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̈́̐̑̏̐̏̎̏̃́̎̏ ̍́ ̘̓̆̍́̓̉̎̔ ̝̍̏̅̆̌ȟ ̃ ̨̠̋̊ ̘̃̉̈̎́̆̎̏ ̨̏̒̎̏̃̎ ̏̑̍̉̕ ̐̑̆̅̒̓́̃̌̆̎ ̠̎ ̖̅́̎̉ ̓́ ̨̗̩̔̎̋̕ ̨̗̏̐̆̑́̊ ̩̖ 
̠̐̆̑̆̓̃̏̑̆̎̎ȟ ̏̚ ̍̏̇̆ ̂̔̓̉ ̃̉̋̏̑̉̒̓́̎̏ ̠̅̌ ̘̍́̓̆̍́̓̉̎̏̄̏ ̟̠̍̏̅̆̌̃́̎̎ ̗̐̑̏̆̅̔̑ ̨̘́̌̄̏̑̉̓̍̎̏ ̩ ̨̨̗̩̑̆́̌̈́ 
̋̏ ̨̍̂̎̏̃́̎̏̄̏ ̍̆̓̏̅̔ ̙̠̉̑̔̃́̎̎̕ ̈́ ̘̈́̈̎́̆̎̉̍ ̒̐̏̒̏̂̏̍Ȣ 

˗̟̘̌̏ ̨̃ ̒̌̏̃́ȡ ̖̈́̉̒̓ ̨̨̗̩̎̏̑̍́̕ȟ ́̌̄̏̑̉̓̍ ̙̠̉̑̔̃́̎̎̕ȟ ̨̨̝̋̑̉̐̓̏̒̓̊̋̒̓ȟ ̝̏̐̓̉̍́̌̎̆ ̋ ̠̏̅̔̃́̎̎Ȣ 
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BASIC OPERATIONS OF SHIFT CODE FORMATION ALGORITHM  USING HUFFMAN EN TROPY CODING 

 
The complexity and relevance of the tasks of cryptographic protection of information in the context of the increased value of 

information resources in the cyberspace causes interest in improving existing encryption algorithms and developing new ones. 
The paper presents the results of a study of the characteristic features of the method for increasing the cryptographic strength of 

encryption algorithms by modifying the input data using the methods of optimal entropy uneven coding using the example of Caesar 
replacement ciphers and optimal Huffman coding. Based on the results of the analysis, a mathematical model is proposed, which defines the 
main forms of data presentation and the functions of their transformation operations. The model provides for work with three types of code 
alphabets, changing which destroys the statistical dependencies of the occurrence of alphabet symbols in the text, which serves as the basis 
for increasing the cryptographic strength of the encryption algorithm. The main functions presented in the mathematical model are the 
functions of performing operations of forming the alphabet based on the text submitted to the encryption algorithm, determining the 
statistical characteristics of the text, optimal uneven coding of the text, generating a sequential binary code of the encoded text, determining 
the composition of the uniform alphabet for encrypting text encoded with Huffman codes, as well as operators of encryption and decryption 
of the transformed text using Caesar ciphers. 

The proposed model is intended for mathematical modeling of algorithmic implementation procedures for a combined encryption 
method using methods of optimal entropy uneven coding, as well as for evaluating the efficiency and cryptanalysis of ciphers. 

Key words: information security, encryption algorithm, cryptographic strength, optimal coding.. 

 

ɺʩʪʫʧ 
ɺ ʫʤʦʚʘʭ ʩʪʨʽʤʢʦʛʦ ʨʦʟʚʠʪʢʫ ʽʥʬʦʨʤʘʮʽʡʥʠʭ ʪʝʭʥʦʣʦʛʽʡ, ʧʦʩʪʽʡʥʦʛʦ ʟʙʽʣʴʰʝʥʥʷ ʦʙʩʷʛʽʚ ʽʥʬʦʨʤʘʮʽʾ 

ʚ ʢʽʙʝʨʧʨʦʩʪʦʨʽ ʽ ʟʨʦʩʪʘʥʥʷ ʾʾ ʮʽʥʥʦʩʪʽ, ʘ ʪʘʢʦʞ ʯʝʨʝʟ ʧʦʷʚʫ ʥʦʚʠʭ ʟʘʛʨʦʟ ʱʦʜʦ ʾʾ ʮʽʣʽʩʥʦʩʪʽ ʽ 

ʢʦʥʬʽʜʝʥʮʽʡʥʦʩʪʽ ʥʘʜʟʚʠʯʘʡʥʦʾ ʘʢʪʫʘʣʴʥʦʩʪʽ ʥʘʙʫʚʘʶʪʴ ʟʘʭʦʜʠ ʢʽʙʝʨʙʝʟʧʝʢʠ.  

ʆʜʥʠʤ ʽʟ ʙʘʟʦʚʠʭ ʟʘʭʦʜʽʚ ʢʽʙʝʨʙʝʟʧʝʢʠ ʻ ʢʨʠʧʪʦʛʨʘʬʽʯʥʠʡ ʟʘʭʠʩʪ ʜʘʥʠʭ, ʧʨʦ ʱʦ ʩʚʽʜʯʠʪʴ ʧʦʷʚʘ ʽ 

ʤʘʩʰʪʘʙʥʝ ʚʠʢʦʨʠʩʪʘʥʥʷ ʚʝʣʠʢʦʾ ʢʽʣʴʢʦʩʪʽ ʤʝʪʦʜʽʚ ʪʘ ʘʣʛʦʨʠʪʤʽʚ ʩʠʤʝʪʨʠʯʥʦʛʦ ʡ ʘʩʠʤʝʪʨʠʯʥʦʛʦ 

ʰʠʬʨʫʚʘʥʥʷ ʟ ʨʽʟʥʠʤʠ ʬʫʥʢʮʽʦʥʘʣʴʥʠʤʠ ʤʦʞʣʠʚʦʩʪʷʤʠ ʽ ʧʨʠʥʮʠʧʘʤʠ ʜʽʾ (ʘʣʛʦʨʠʪʤʠ DES-ʙʘʟʦʚʠʡ, 

ʧʦʜʚʽʡʥʠʡ ʽ ʧʦʪʨʽʡʥʠʡ DES, IDEA, ɻʆʉʊ 28147, ɼʽʬʬʽ-ʍʝʣʤʘʥʘ, RSA, Blowfish, AES, HiSea ʪʦʱʦ [1-7]) ʪʘ 

ʩʧʨʦʙʠ ʾʭ ʧʦʩʪʽʡʥʦʛʦ ʚʜʦʩʢʦʥʘʣʝʥʥʷ ʟ ʤʝʪʦʶ ʧʽʜʚʠʱʝʥʥʷ ʢʨʠʧʪʦʩʪʽʡʢʦʩʪʽ ʰʠʬʨʽʚ. 

ɸʥʘʣʽʟ ʦʩʪʘʥʥʽʭ ʜʦʩʣʽʜʞʝʥʴ ʽ ʧʫʙʣʽʢʘʮʽʡ 

ɿ ʤʝʪʦʶ ʧʽʜʚʠʱʝʥʥʷ ʢʨʠʧʪʦʩʪʽʡʢʦʩʪʽ ʘʣʛʦʨʠʪʤʽʚ ʰʠʬʨʫʚʘʥʥʷ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʩʧʝʮʽʘʣʴʥʽ ʤʝʪʦʜʠ 

ʪʝʦʨʝʪʠʯʥʦʛʦ ʽ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʛʦ ʭʘʨʘʢʪʝʨʫ, ʱʦ ʨʽʟʥʷʪʴʩʷ ʟʘ ʧʨʠʥʮʠʧʘʤʠ ʨʝʘʣʽʟʘʮʽʾ ʪʘ ʝʬʝʢʪʠʚʥʽʩʪʶ [7]. 

ɿʘʛʘʣʴʥʠʡ ʘʥʘʣʽʟ ʤʝʪʦʜʽʚ ʧʽʜʚʠʱʝʥʥʷ ʢʨʠʧʪʦʩʪʽʡʢʦʩʪʽ ʘʣʛʦʨʠʪʤʽʚ ʰʠʬʨʫʚʘʥʥʷ ʜʦʟʚʦʣʷʻ ʚʠʜʽʣʠʪʠ 

ʜʝʢʽʣʴʢʘ ʦʩʥʦʚʥʠʭ ʧʽʜʭʦʜʽʚ [6-17]: 

- ʤʦʜʠʬʽʢʘʮʽʷ ʽʩʥʫʶʯʠʭ ʘʣʛʦʨʠʪʤʽʚ ʰʠʬʨʫʚʘʥʥʷ; 

- ʙʘʛʘʪʦʢʨʘʪʥʝ ʟʘʩʪʦʩʫʚʘʥʥʷ ʘʣʛʦʨʠʪʤʫ ʰʠʬʨʫʚʘʥʥʷ; 

- ʧʦʻʜʥʘʥʥʷ ʜʝʢʽʣʴʢʦʭ ʢʨʠʧʪʦʛʨʘʬʽʯʥʠʭ ʘʣʛʦʨʠʪʤʽʚ; 

- ʟʘʩʪʦʩʫʚʘʥʥʷ ʜʦʜʘʪʢʦʚʠʭ ʥʝʢʨʠʧʪʦʛʨʘʬʽʯʥʠʭ ʤʝʪʦʜʽʚ ʧʽʜʛʦʪʦʚʢʠ ʽ ʟʘʚʝʨʰʘʣʴʥʦʾ ʦʙʨʦʙʢʠ ʜʘʥʠʭ. 

ʇʨʠʢʣʘʜʘʤʠ ʤʦʜʠʬʽʢʘʮʽʾ ʘʣʛʦʨʠʪʤʽʚ ʰʠʬʨʫʚʘʥʥʷ ʜʣʷ ʫʜʦʩʢʦʥʘʣʝʥʥʷ ʾʭ ʟʘ ʢʨʠʪʝʨʽʻʤ 
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ʢʨʠʧʪʦʩʪʽʡʢʦʩʪʽ ʰʠʬʨʦʚʘʥʦʛʦ ʪʝʢʩʪʫ ʻ ʟʘʧʨʦʧʦʥʦʚʘʥʘ ʚ [8] ʤʦʜʠʬʽʢʘʮʽʷ ʰʠʬʨʫ ʛʘʤʫʚʘʥʥʷ ʜʣʷ ʧʽʜʚʠʱʝʥʥʷ 

ʝʬʝʢʪʠʚʥʦʩʪʽ ʟʘʭʠʩʪʫ ʝʣʝʢʪʨʦʥʥʠʭ ʜʦʢʫʤʝʥʪʽʚ ʪʘ ʦʧʠʩʘʥʘ ʚ [9] ʤʦʜʠʬʽʢʘʮʽʷ ʘʣʛʦʨʠʪʤʫ ʰʠʬʨʫʚʘʥʥʷ ʜʘʥʠʭ 

ʄʝʨʢʣʘ-ʍʝʣʤʘʥʘ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʧʨʦʩʪʠʭ ʯʠʩʝʣ ʪʘ ʦʧʝʨʘʮʽʡ ʥʘʜ ʥʠʤʠ ʩʧʝʮʽʘʣʴʥʦʛʦ ʚʠʛʣʷʜʫ. 

ɹʘʛʘʪʦʢʨʘʪʥʝ ʟʘʩʪʦʩʫʚʘʥʥʷ ʘʣʛʦʨʠʪʤʫ ʰʠʬʨʫʚʘʥʥʷ ʻ ʢʣʘʩʠʯʥʠʤ ʚʘʨʽʘʥʪʦʤ, ʚʽʜʦʤʠʤ ʟ ʨʝʘʣʽʟʘʮʽʾ 

ʧʦʜʚʽʡʥʦʛʦ ʽ ʧʦʪʨʽʡʥʦʛʦ ʘʣʛʦʨʠʪʤʫ DES [4], ʷʢʠʡ ʧʨʦʜʦʚʞʫʻ ʰʠʨʦʢʦ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠʩʷ ʽ ʜʦʟʚʦʣʷʻ 

ʦʪʨʠʤʫʚʘʪʠ ʥʦʚʽ ʨʽʰʝʥʥʷ ʥʘ ʦʩʥʦʚʽ ʚʽʜʦʤʠʭ (ʤʫʣʴʪʠʦʧʝʨʘʮʽʡʥʝ ʙʘʛʘʪʦʨʘʟʦʚʝ ʢʦʚʟʥʝ ʰʠʬʨʫʚʘʥʥʷ [10] ʪʦʱʦ).  

ɺ ʨʦʙʦʪʽ [11] ʦʧʠʩʘʥʦ ʤʝʪʦʜ ʛʽʙʨʠʜʥʦʾ ʢʨʠʧʪʦʛʨʘʬʽʾ AES-HMAC, ʷʢʠʡ ʧʝʨʝʜʙʘʯʘʻ ʜʣʷ ʧʦʢʨʘʱʝʥʥʷ 

ʙʝʟʧʝʢʠ ʧʝʨʝʜʘʯʽ ʜʘʥʠʭ ʧʦʻʜʥʘʥʥʷ ʧʦʩʣʽʜʦʚʥʠʤ ʟʘʩʪʦʩʫʚʘʥʥʷʤ ʢʨʠʧʪʦʛʨʘʬʽʯʥʠʭ ʘʣʛʦʨʠʪʤʽʚ AES ʽ HMAC.  

ʆʢʨʝʤʝ ʤʽʩʮʝ ʩʝʨʝʜ ʩʧʦʩʦʙʽʚ ʧʽʜʚʠʱʝʥʥʷ ʢʨʠʧʪʦʩʪʽʡʢʦʩʪʽ ʘʣʛʦʨʠʪʤʽʚ ʰʠʬʨʫʚʘʥʥʷ ʟʘʡʤʘʶʪʴ 

ʤʝʪʦʜʠ, ʱʦ ʙʘʟʫʶʪʴʩʷ ʥʘ ʟʘʩʪʦʩʫʚʘʥʥʽ ʜʦʜʘʪʢʦʚʠʭ ʥʝʢʨʠʧʪʦʛʨʘʬʽʯʥʠʭ ʤʝʪʦʜʽʚ ʧʽʜʛʦʪʦʚʢʠ ʽ ʟʘʚʝʨʰʘʣʴʥʦʾ 

ʦʙʨʦʙʢʠ ʜʘʥʠʭ. ɿʦʢʨʝʤʘ, ʜʦʩʣʽʜʞʝʥʥʷ  [12] ʧʨʠʩʚʷʯʝʥʝ ʤʝʪʦʜʫ ʧʽʜʚʠʱʝʥʥʷ ʝʥʪʨʦʧʽʾ ʧʦʪʦʢʦʚʦʛʦ ʰʠʬʨʫʚʘʥʥʷ 

ʟʘ ʨʘʭʫʥʦʢ ʚʠʢʦʨʠʩʪʘʥʥʷ ʥʦʚʠʭ ʦʧʝʨʘʮʽʡ ʢʨʠʧʪʦʧʝʨʝʪʚʦʨʝʥʥʷ, ʩʠʥʪʝʟʦʚʘʥʠʭ ʟʘ ʢʨʠʪʝʨʽʻʤ ʩʪʨʦʛʦʛʦ ʩʪʽʡʢʦʛʦ 

ʢʦʜʫʚʘʥʥʷ. ɸʚʪʦʨʠ ʨʦʙʦʪʠ [13] ʦʧʠʩʫʶʪʴ  ʤʝʪʦʜ ʦʧʪʠʤʽʟʘʮʽʾ ʚʠʭʽʜʥʦʛʦ ʧʦʚʽʜʦʤʣʝʥʥʷ ʟʘ ʜʦʧʦʤʦʛʦʶ 

ʛʝʥʝʪʠʯʥʦʛʦ ʘʣʛʦʨʠʪʤʫ ʧʽʜʚʠʱʝʥʥʷ ʢʨʠʧʪʦʩʪʽʡʢʦʩʪʽ ʘʣʛʦʨʠʪʤʫ RSA (ʦʪʨʠʤʘʥʽ ʧʦʢʘʟʥʠʢʠ ʩʪʘʪʠʩʪʠʯʥʦʾ 

ʙʝʟʧʝʢʠ ʻ ʚʠʱʠʤʠ ʟʘ ʧʦʢʘʟʥʠʢʠ ʦʨʠʛʽʥʘʣʴʥʦʛʦ ʘʣʛʦʨʠʪʤʫ ʥʘ 1ï3 %). ɺ [14] ʦʧʠʩʘʥʝ ʜʦʩʣʽʜʞʝʥʥʷ ʤʦʞʣʠʚʦʩʪʽ 

ʚʠʢʦʨʠʩʪʘʥʥʷ ʘʣʛʦʨʠʪʤʫ ʮʠʢʣʽʯʥʦʛʦ ʥʘʜʣʠʰʢʦʚʦʛʦ ʢʦʜʫ ʜʣʷ ʧʽʜʚʠʱʝʥʥʷ ʩʪʽʡʢʦʩʪʽ ʢʨʠʧʪʦʩʭʝʤʠ ECIES. 

ɺ ʨʦʙʦʪʘʭ [15,16] ʘʚʪʦʨʘʤʠ ʜʦʩʣʽʜʞʫʻʪʴʩʷ ʩʧʦʩʽʙ ʧʽʜʚʠʱʝʥʥʷ ʢʨʠʧʪʦʩʪʽʡʢʦʩʪʽ ʘʣʛʦʨʠʪʤʽʚ 

ʰʠʬʨʫʚʘʥʥʷ ʧʦʧʝʨʝʜʥʴʦʶ ʤʦʜʠʬʽʢʘʮʽʻʶ ʚʭʽʜʥʠʭ ʜʘʥʠʭ ʽʟ ʟʘʩʪʫʚʘʥʥʷʤ ʤʝʪʦʜʽʚ ʦʧʪʠʤʘʣʴʥʦʛʦ ʝʥʪʨʦʧʽʡʥʦʛʦ 

ʥʝʨʽʚʥʦʤʽʨʥʦʛʦ ʢʦʜʫʚʘʥʥʷ, ʚ ʭʦʜʽ ʷʢʦʛʦ ʟʘʙʝʟʧʝʯʫʻʪʴʩʷ ʥʝ ʣʠʰʝ ʩʪʠʩʢ ʚʭʽʜʥʦʛʦ ʪʝʢʩʪʫ, ʘ ʽ ʜʦʩʷʛʘʻʪʴʩʷ ʟʤʽʥʘ 

ʩʢʣʘʜʫ ʘʣʬʘʚʽʪʫ ʢʦʜʫʚʘʥʥʷ ʪʝʢʩʪʫ ʪʘ ʧʦʨʫʰʝʥʥʷ ʩʪʘʪʠʩʪʠʯʥʠʭ ʜʘʥʠʭ ʧʦʚʪʦʨʶʚʘʥʦʩʪʽ ʩʠʤʚʦʣʽʚ, ʪʦʙʪʦ, 

ʟʙʽʣʴʰʝʥʥʷ ʡʦʛʦ ʝʥʪʨʦʧʽʾ. ɼʣʷ ʰʠʬʨʫʚʘʥʥʷ ʜʘʥʠʭ ʦʙʨʘʥʦ ʦʜʠʥ ʽʟ ʥʘʡʧʨʦʩʪʽʰʠʭ ʽ ʥʘʡʤʝʥʰ ʩʪʽʡʢʠʭ ʜʦ ʟʣʘʤʫ 

ʢʨʠʧʪʦʛʨʘʬʽʯʥʠʭ ʤʝʪʦʜʽʚ, ʚʽʜʦʤʠʡ ʷʢ ʰʠʬʨ ʟʘʤʽʥʠ ʽʟ ʟʩʫʚʦʤ (ʰʠʬʨ ʎʝʟʘʨʷ), ʟʘʩʪʦʩʫʚʘʥʥʷ ʷʢʦʛʦ ʚ ʧʦʜʽʙʥʠʭ 

ʟʘʜʘʯʘʭ ʦʙˇʨʫʥʪʦʚʫʻʪʴʩʷ ʥʘʦʯʥʽʩʪʶ ʜʝʤʦʥʩʪʨʘʮʽʾ ʝʬʝʢʪʫ ʚʽʜ ʚʠʢʦʨʠʩʪʘʥʥʷ ʘʣʛʦʨʠʪʤʽʚ ʧʦʧʝʨʝʜʥʴʦʾ 

ʧʽʜʛʦʪʦʚʢʠ ʜʘʥʠʭ ʜʣʷ ʧʽʜʚʠʱʝʥʥʷ ʢʨʠʧʪʦʩʪʽʡʢʦʩʪʽ ʘʣʛʦʨʠʪʤʫ ʰʠʬʨʫʚʘʥʥʷ  [16,17], ʘ ʟʘʩʦʙʦʤ ʧʽʜʚʠʱʝʥʥʷ 

ʢʨʠʧʪʦʩʪʽʡʢʦʩʪʽ ʘʣʛʦʨʠʪʤʫ ʰʠʬʨʫʚʘʥʥʷ ʚʠʟʥʘʯʝʥʦ ʦʧʪʠʤʘʣʴʥʽ  ʥʝʨʽʚʥʦʤʽʨʥʽ ʢʦʜʠ (ʆʅʂ) ʍʘʬʬʤʝʥʘ ʷʢ 

ʢʣʘʩʠʯʥʠʡ ʤʝʪʦʜ ʝʥʪʨʦʧʽʡʥʦʛʦ ʢʦʜʫʚʘʥʥʷ ʜʘʥʠʭ, ʱʦ ʜʘʻ ʩʪʘʙʽʣʴʥʠʡ ʦʧʪʠʤʘʣʴʥʠʡ ʢʦʜ ʥʘ ʚʠʭʦʜʽ ʫ 

ʚʽʜʧʦʚʽʜʥʦʩʪʽ ʜʦ ʩʪʘʪʠʩʪʠʯʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ ʘʣʬʘʚʽʪʫ ʚʭʽʜʥʦʛʦ ʪʝʢʩʪʫ [16,18].  

ɺ ʨʦʙʦʪʽ [15] ʥʘʚʝʜʝʥʽ ʟʘʛʘʣʴʥʽ ʧʨʠʥʮʠʧʠ ʟʘʩʪʦʩʫʚʘʥʥʷ ʆʅʂ ʍʘʬʬʤʝʥʘ ʜʣʷ ʧʽʜʚʠʱʝʥʥʷ 

ʢʨʠʧʪʦʩʪʽʡʢʦʩʪʽ hʠʬʨʽʚ ʟʩʫʚʫ, ʨʦʙʦʪʘ [16] ʧʨʠʩʚʷʯʝʥʘ ʦʧʠʩʫ ʝʢʩʧʝʨʠʤʝʥʪʫ ʟ ʧʨʘʢʪʠʯʥʦʛʦ ʟʘʩʪʦʩʫʚʘʥʥʷ 

ʟʘʟʥʘʯʝʥʠʭ ʧʨʠʥʮʠʧʽʚ ʜʣʷ ʰʠʬʨʫʚʘʥʥʷ ʜʘʥʠʭ. ʍʦʯʘ ʨʝʟʫʣʴʪʘʪʠ ʝʢʩʧʝʨʠʤʝʥʪʫ ʽ ʧʽʜʪʚʝʨʜʞʫʶʪʴ ʝʬʝʢʪʠʚʥʽʩʪʴ 

ʜʦʩʣʽʜʞʫʚʘʥʠʭ ʧʨʠʥʮʠʧʠ ʟʘʩʪʦʩʫʚʘʥʥʷ ʆʅʂ ʍʘʬʬʤʝʥʘ ʜʣʷ ʧʽʜʚʠʱʝʥʥʷ ʢʨʠʧʪʦʩʪʽʡʢʦʩʪʽ ʰʠʬʨʽʚ ʟʩʫʚʫ, ʾʭ ʥʝ 

ʤʦʞʥʘ ʚʚʘʞʘʪʠ ʩʠʩʪʝʤʘʪʠʟʦʚʘʥʠʤʠ ʽ ˇʨʫʥʪʦʚʥʠʤʠ ʜʣʷ ʘʣʛʦʨʠʪʤʽʯʥʦʾ ʨʝʘʣʽʟʘʮʽʾ ʤʝʪʦʜʫ ʰʠʬʨʫʚʘʥʥʷ. 

ʇʦʩʪʘʥʦʚʢʘ ʧʨʦʙʣʝʤʠ 

ɼʣʷ ʧʽʜʪʚʝʨʜʞʝʥʥʷ ʝʬʝʢʪʠʚʥʦʩʪʽ ʘʧʨʽʦʨʥʠʭ ʛʽʧʦʪʝʟ [15,16] ʱʦʜʦ ʧʽʜʚʠʱʝʥʥʷ ʢʨʠʧʪʦʩʪʽʡʢʦʩʪʽ 

ʘʣʛʦʨʠʪʤʽʚ ʰʠʬʨʫʚʘʥʥʷ ʧʦʧʝʨʝʜʥʴʦʶ ʤʦʜʠʬʽʢʘʮʽʻʶ ʚʭʽʜʥʠʭ ʜʘʥʠʭ ʽʟ ʟʘʩʪʫʚʘʥʥʷʤ ʤʝʪʦʜʽʚ ʦʧʪʠʤʘʣʴʥʦʛʦ 

ʝʥʪʨʦʧʽʡʥʦʛʦ ʥʝʨʽʚʥʦʤʽʨʥʦʛʦ ʢʦʜʫʚʘʥʥʷ, ʘ ʪʘʢʦʞ ʜʣʷ ʟʘʙʝʟʧʝʯʝʥʥʷ ʤʦʞʣʠʚʦʩʪʽ ʘʣʛʦʨʠʪʤʽʯʥʦʾ ʨʝʘʣʽʟʘʮʽʾ 

ʢʦʤʙʽʥʦʚʘʥʦʛʦ ʤʝʪʦʜʫ ʰʠʬʨʫʚʘʥʥʷ, ʘʢʪʫʘʣʴʥʦʩʪʽ ʥʘʙʫʚʘʻ ʟʘʜʘʯʘ ʚʠʟʥʘʯʝʥʥʷ ʬʦʨʤ ʬʦʨʤʘʣʽʟʦʚʘʥʦʛʦ ʪʘ 

ʩʠʩʪʝʤʘʪʠʟʦʚʘʥʦʛʦ ʦʧʠʩʫ ʜʘʥʠʭ, ʱʦ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʘʣʛʦʨʠʪʤʦʤ, ʪʘ ʦʧʝʨʘʪʦʨʽʚ ʾʭ ʧʝʨʝʪʚʦʨʝʥʥʷ. 

ɺʠʢʣʘʜʝʥʥʷ ʦʩʥʦʚʥʦʛʦ ʤʘʪʝʨʽʘʣʫ 

ʆʩʥʦʚʦʶ ʜʣʷ ʨʝʘʣʽʟʘʮʽʾ ʙʫʜʴ-ʷʢʦʛʦ ʘʣʛʦʨʠʪʤʫ ʢʨʠʧʪʦʛʨʘʬʽʯʥʦʛʦ ʰʠʬʨʫʚʘʥʥʷ ʻ ʚʽʜʢʨʠʪʠʡ ʚʭʽʜʥʠʡ 

ʪʝʢʩʪ, ʱʦ ʧʽʜʣʷʛʘʻ ʟʘʭʠʩʪʫ. ɺ ʭʦʜʽ ʜʦʩʣʽʜʞʝʥʥʷ ʚʽʜʢʨʠʪʠʡ ʚʭʽʜʥʠʡ ʪʝʢʩʪ ʽʜʝʥʪʠʬʽʢʫʻʤʦ ʷʢ ʊ1 . 

ɺʽʜʢʨʠʪʠʡ ʚʭʽʜʥʠʡ ʪʝʢʩʪ ʊ1 ʩʢʣʘʜʘʻʪʴʩʷ ʟ ʩʠʤʚʦʣʽʚ ʘʣʬʘʚʽʪʫ, ʷʢʠʡ ʫʪʚʦʨʶʻ ʩʦʙʦʶ ʤʥʦʞʠʥʫ 

ʩʠʤʚʦʣʽʚ, ʧʨʝʜʩʪʘʚʣʝʥʠʭ ʧʨʠʤʽʪʠʚʥʠʤʠ ʨʽʚʥʦʤʽʨʥʠʤʠ ʢʦʜʘʤʠ. ɼʣʷ ʚʽʜʦʙʨʘʞʝʥʥʷ ʧʝʨʚʠʥʥʦʛʦ ʘʣʬʘʚʽʪʫ 

ʚʚʝʜʝʤʦ ʜʦ ʤʘʪʝʤʘʪʠʯʥʦʾ ʤʦʜʝʣʽ ʦʧʠʩʫ ʜʘʥʠʭ ʤʥʦʞʠʥʫ S1: 

S1 : {s1.1, s1.2, é, s1.i, é, s1.k} ï ʤʥʦʞʠʥʘ ʢʦʜʽʚ ʩʠʤʚʦʣʽʚ ʧʝʨʚʠʥʥʦʛʦ ʘʣʬʘʚʽʪʫ ʚʭʽʜʥʦʛʦ ʪʝʢʩʪʫ ʊ1. 

ʅʘ ʦʩʥʦʚʽ ʘʣʬʘʚʽʪʫ S1 ʧʝʨʚʠʥʥʠʡ ʪʝʢʩʪ ʊ1 ʤʦʞʥʘ ʧʨʝʜʩʪʘʚʠʪʠ ʤʥʦʞʠʥʦʶ ʢʦʜʽʚ ʩʠʤʚʦʣʽʚ ʘʣʬʘʚʽʪʫ 

s1.iÍS1: 

T1 : { s1.k, s1.f, é, s1.i, é, s1.k, é, s1.f,é, s1.f, s1.j} ï ʧʨʝʜʩʪʘʚʣʝʥʥʷ ʧʝʨʚʠʥʥʦʛʦ ʪʝʢʩʪʫ ʷʢ ʫʧʦʨʷʜʢʦʚʘʥʦʾ 

ʟʘ ʭʘʨʘʢʪʝʨʦʤ ʪʝʢʩʪʫ ʤʥʦʞʠʥʠ ʢʦʜʽʚ ʩʠʤʚʦʣʽʚ ʘʣʬʘʚʽʪʫ s1.iÍS1 ʟ ʘʧʨʽʦʨʥʦʶ ʧʦʚʪʦʨʶʚʘʥʽʩʪʶ ʢʦʜʽʚ. 

ɼʣʷ ʬʦʨʤʫʚʘʥʥʷ ʆʅʂ ʍʘʬʬʤʝʥʘ ʟ ʤʽʥʽʤʘʣʴʥʦʶ ʥʘʜʣʠʰʢʦʚʽʩʪʶ ʩʢʣʘʜ ʘʣʬʘʚʽʪʫ ʊ1 ʽ ʩʪʘʪʠʩʪʠʯʥʽ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʩʠʤʚʦʣʽʚ s1.iÍS1 ʚʠʟʥʘʯʘʶʪʴʩʷ ʥʘ ʧʽʜʩʪʘʚʽ ʘʥʘʣʽʟʫ ʩʘʤʦʛʦ ʚʭʽʜʥʦʛʦ ʪʝʢʩʪʫ ʊ1. ʊʘʢʠʤ ʯʠʥʦʤ, 

ʦʩʥʦʚʦʶ ʜʣʷ ʨʝʘʣʽʟʘʮʽʾ ʮʴʦʛʦ ʤʝʪʦʜʫ ʢʦʜʫʚʘʥʥʷ ʻ ʚʽʜʢʨʠʪʠʡ ʚʭʽʜʥʠʡ ʪʝʢʩʪ ʷʢ ʊ1, ʥʘ ʦʩʥʦʚʽ ʷʢʦʛʦ ʬʦʨʤʫʶʪʴʩʷ 

ʜʚʘ ʦʧʠʩʠ ʩʪʘʪʠʩʪʠʯʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ: 

- ʘʣʬʘʚʽʪ S1 ʢʦʜʽʚ ʩʠʤʚʦʣʽʚ s1.i ʚʽʜʢʨʠʪʦʛʦ ʚʭʽʜʥʦʛʦ ʪʝʢʩʪʫ ʊ1; 

- ʩʪʘʪʠʩʪʠʯʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʯʘʩʪʦʪʠ ʚʭʦʜʞʝʥʥʷ ʢʦʜʽʚ ʩʠʤʚʦʣʽʚ s1.i  ʘʣʬʘʚʽʪʫ S1 ʚ ʪʝʢʩʪ ʊ1. 

ʆʩʢʽʣʴʢʠ ʢʦʜʠ ʩʠʤʚʦʣʽʚ ʧʝʚʥʦʛʦ ʬʦʨʤʦʚʘʥʦʛʦ ʟ ʪʝʢʩʪʫ ʘʣʬʘʚʽʪʫ Sx ʤʦʞʫʪʴ ʧʦʚʪʦʨʶʚʘʪʠʩʷ ʚ 

ʘʥʘʣʽʟʦʚʘʥʦʤʫ ʪʝʢʩʪʽ ʊx ʧʦ ʜʝʢʽʣʴʢʘ ʨʘʟʽʚ, ʜʣʷ ʬʦʨʤʫʚʘʥʥʷ ʮʽʣʴʦʚʦʛʦ ʘʣʬʘʚʽʪʫ Sx ʚʠʟʥʘʯʠʤʦ ʬʫʥʢʮʽʶ 

ʫʩʫʥʝʥʥʷ ʜʫʙʣʶʚʘʥʥʷ ʢʦʜʽʚ ʩʠʤʚʦʣʽʚ FRD (RD ï ʩʢʦʨʦʯʝʥʥʷ ʚʽʜ Remove Duplicates), ʱʦ ʬʦʨʤʫʻ ʘʣʬʘʚʽʪ 

ʚʠʢʦʨʠʩʪʘʥʠʭ ʚ ʪʝʢʩʪʽ ʊx ʩʠʤʚʦʣʽʚ Sx ʥʘ ʧʽʜʩʪʘʚʽ ʦʙʨʦʙʢʠ ʩʘʤʦʛʦ ʪʝʢʩʪʫ ʊx: 
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ɿʘ ʬʫʥʢʮʽʻʶ (1) ʜʦ ʘʣʬʘʚʽʪʫ Sx  ʚʢʣʶʯʘʻʪʴʩʷ ʢʦʜ ʧʝʨʰʦʛʦ ʩʠʤʚʦʣʫ ʪʝʢʩʪʫ sx.1Íʊx, ʧʽʩʣʷ ʯʦʛʦ ʢʦʜ 

ʢʦʞʥʦʛʦ ʥʘʩʪʫʧʥʦʛʦ ʩʠʤʚʦʣʫ sx.iÍʊx ʧʦʨʽʚʥʶʻʪʴʩʷ ʟ ʫʩʽʤʘ ʩʠʤʚʦʣʘʤʠ ʪʝʢʩʪʫ sx.jÍʊx (ʜʣʷ j< i) ,̔ ʷʢʱʦ ʟʙʽʛʽʚ ʥʝ 

ʚʠʷʚʣʷʻʪʴʩʷ (ʢʦʜ ʩʠʤʚʦʣʫ ʟʫʩʪʨʽʯʘʻʪʴʩʷ ʚʧʝʨʰʝ), ʪʦ ʢʦʜ sx.iÍʊx ʪʘʢʦʞ ʜʦʜʘʻʪʴʩʷ ʜʦ ʘʣʬʘʚʽʪʫ Sx . ʌʫʥʢʮʽʷ (1) 

ʧʨʝʜʩʪʘʚʣʝʥʘ ʚ ʫʟʘʛʘʣʴʥʝʥʦʤʫ ʚʠʛʣʷʜʽ ʜʣʷ ʪʝʢʩʪʫ ʊx ʽ ʤʦʞʝ ʙʫʪʠ ʚʠʢʦʨʠʩʪʘʥʘ ʜʣʷ ʙʫʜʴ-ʷʢʦʛʦ ʢʦʜʦʚʘʥʦʛʦ 

ʜʚʽʡʢʦʚʠʤʠ ʢʦʜʘʤʠ ʪʝʢʩʪʫ, ʚ ʪʦʤʫ ʯʠʩʣʽ ʽ ʜʣʷ ʧʝʨʚʠʥʥʦʛʦ ʪʝʢʩʪʫ ʊ1  ʥʘ ʝʪʘʧʽ ʬʦʨʤʫʚʘʥʥʷ ʧʝʨʚʠʥʥʦʛʦ ʘʣʬʘʚʽʪʫ 

S1.  

ɼʣʷ ʥʘʢʦʧʠʯʝʥʥʷ ʜʘʥʠʭ ʩʪʘʪʠʩʪʠʯʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʯʘʩʪʦʪʠ ʚʭʦʜʞʝʥʥʷ ʩʠʤʚʦʣʽʚ s1.i  ʘʣʬʘʚʽʪʫ S1 ʚ 

ʪʝʢʩʪ ʊ1 ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʤʥʦʞʠʥʘ P1: 

P1 : {p(s1.1), p(s1.2), é, p(s1.i), é, p(s1.k)} ï ʩʪʘʪʠʩʪʠʯʥʽ ʯʘʩʪʦʪʠ ʚʭʦʜʞʝʥʥʷ ʩʠʤʚʦʣʽʚ s1.i ʧʝʨʚʠʥʥʦʛʦ 

ʘʣʬʘʚʽʪʫ S1 ʚ ʪʝʢʩʪ ʊ1 (ʡʤʦʚʽʨʥʦʩʪʽ ʧʦʷʚʠ ʩʠʤʚʦʣʽʚ ʘʣʬʘʚʽʪʫ s1.iÍS1 ʚ ʪʝʢʩʪʽ ʊ1). 

ɺʠʟʥʘʯʝʥʥʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʩʪʘʪʠʩʪʠʯʥʠʭ ʽʤʦʚʽʨʥʦʩʪʝʡ p(sx.i)ÍPx ʧʦʷʚʠ ʩʠʤʚʦʣʽʚ ʘʣʬʘʚʽʪʫ sx.iÍSx ʚ 

ʪʝʢʩʪʽ ʊx ʨʝʘʣʽʟʫʻʤʦ ʟʘ ʬʫʥʢʮʽʻʶ FP: 
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ɼʘʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʧʝʨʚʠʥʥʦʛʦ ʚʭʽʜʥʦʛʦ ʪʝʢʩʪʫ  ʊ1, ʚʽʜʦʙʨʘʞʝʥʠʭ ʤʥʦʞʠʥʘʤʠ ʢʦʜʽʚ ʩʠʤʚʦʣʽʚ 

ʧʝʨʚʠʥʥʦʛʦ ʘʣʬʘʚʽʪʫ S1 ʽ ʡʤʦʚʽʨʥʦʩʪʝʡ ʧʦʷʚʠ ʩʠʤʚʦʣʽʚ ʘʣʬʘʚʽʪʫ P1, ʻ ʜʦʩʪʘʪʥʽʤʠ ʜʣʷ ʨʝʘʣʽʟʘʮʽʾ ʧʨʦʮʝʜʫʨʠ 

ʦʧʪʠʤʘʣʴʥʦʛʦ ʥʝʨʽʚʥʦʤʽʨʥʦʛʦ ʢʦʜʫʚʘʥʥʷ ʍʘʬʬʤʝʥʘ. ʈʝʟʫʣʴʪʘʪʦʤ ʧʨʦʮʝʜʫʨʠ ʢʦʜʫʚʘʥʥʷ ʩʪʘʻ ʦʪʨʠʤʘʥʥʷ 

ʚʪʦʨʠʥʥʦʛʦ ʘʣʬʘʚʽʪʫ ʜʣʷ ʢʦʜʫʚʘʥʥʷ ʧʝʨʚʠʥʥʦʛʦ ʚʭʽʜʥʦʛʦ ʪʝʢʩʪʫ ʊ1, ʱʦ ʜʦʟʚʦʣʷʻ ʦʪʨʠʤʘʪʠ ʚʪʦʨʠʥʥʝ 

ʧʨʝʜʩʪʘʚʣʝʥʥʷ ʊʆʅʂ ʚʭʽʜʥʦʛʦ ʪʝʢʩʪʫ ʟ ʘʥʘʣʦʛʽʯʥʦʶ ʢʽʣɹʢʽʩʪʶ ʝʣʝʤʝʥʪʽʚ (ʪʦʙʪʦ, ʧʦʪʫʞʥʦʩʪʽ ʤʥʦʞʠʥ ʊ1 ʽ ʊʆʅʂ 
ʟʘʣʠʰʘʶʪʴʩʷ ʦʜʥʘʢʦʚʠʤʠ: |ʊ1|=|ʊʆʅʂ|), ʘʣʝ ʟ ʚʣʘʩʪʠʚʦʩʪʷʤʠ ʥʝʨʽʚʥʦʤʽʨʥʦʩʪʽ ʢʦʜʫ ʝʣʝʤʝʥʪʽʚ ʤʥʦʞʠʥʠ, ʱʦ ʽ 

ʟʘʙʝʟʧʝʯʫʻ ʦʧʪʠʤʽʟʘʮʽʶ ʢʦʜʫ ʚʭʽʜʥʦʛʦ ʪʝʢʩʪʫ (ʩʪʠʩʢ ʢʦʜʫ ʪʝʢʩʪʫ). 

ɼʣʷ ʚʽʜʦʙʨʘʞʝʥʥʷ ʚʪʦʨʠʥʥʦʛʦ ʘʣʬʘʚʽʪʫ ʽ ʤʦʞʣʠʚʦʩʪʽ ʦʧʠʩʫ ʟ ʡʦʛʦ ʟʘʩʪʦʩʫʚʘʥʥʷʤ ʪʝʢʩʪʫ ʊʆʅʂ 
ʟʘʩʪʦʩʦʚʫʻʪʴʩʷ ʤʥʦʞʠʥʘ S2: 

S2 : {s2.1, s1.2, é, s2.i, é, s2.k} ï ʤʥʦʞʠʥʘ ʢʦʜʽʚ ʩʠʤʚʦʣʽʚ ʚʪʦʨʠʥʥʦʛʦ ʘʣʬʘʚʽʪʫ (ʘʣʬʘʚʽʪʫ ʦʧʪʠʤʘʣʴʥʦʛʦ 

ʢʦʜʫ). 

ʆʩʦʙʣʠʚʽʩʪʶ ʆʅʂ ʍʘʬʬʤʝʥʘ ʻ ʪʝ, ʱʦ ʜʣʷ ʚʠʟʥʘʯʝʥʥʷ ʦʧʪʠʤʘʣʴʥʦʛʦ ʥʝʨʽʚʥʦʤʽʨʥʦʛʦ ʢʦʜʫ s2.iÍS2 ʜʣʷ 

ʙʫʜʴ-ʷʢʦʛʦ ʩʠʤʚʦʣʫ ʧʝʨʚʠʥʥʦʛʦ ʘʣʬʘʚʽʪʫ s1.iÍS1 ʮʝ ʢʦʜʫʚʘʥʥʷ ʧʦʪʨʝʙʫʻ ʥʘʷʚʥʦʩʪʽ ʩʪʘʪʠʩʪʠʯʥʠʭ ʜʘʥʠʭ (ʷʢ 

ʙʘʟʠʩʫ ʦʮʽʥʢʠ ʝʥʪʨʦʧʽʾ) ʧʝʨʚʠʥʥʦʛʦ ʘʣʬʘʚʽʪʫ S1 ʚ ʮʽʣʦʤʫ, ʘ ʥʝ ʦʢʨʝʤʠʭ ʡʦʛʦ ʩʠʤʚʦʣʽʚ. ʊʦʙʪʦ, ʦʧʝʨʘʮʽʶ 

ʚʠʟʥʘʯʝʥʥʷ ʩʢʣʘʜʫ ʘʣʬʘʚ̔ʪʫ ʦʧʪʠʤʘʣʴʥʦʛʦ ʥʝʨʽʚʥʦʤʽʨʥʦʛʦ ʢʦʜʫ ʍʘʬʬʤʝʥʘ SHC (HC ï ʩʢʦʨʦʯʝʥʥʷ ʚʽʜ 

Huffman Coding) ʜʣʷ ʩʠʤʚʦʣʫ ʧʝʨʚʠʥʥʦʛʦ ʘʣʬʘʚʽʪʫ Sx ʤʦʞʥʘ ʚ ʫʟʘʛʘʣʴʥʝʥʦʤʫ ʚʠʛʣʷʜʽ ʟʘʧʠʩʘʪʠ 

ʘʣʛʦʨʠʪʤʽʯʥʦʶ ʬʫʥʢʮʽʻʶ ʢʦʜʫʚʘʥʥʷ ʍʘʬʬʤʝʥʘ, ʱʦ ʚʨʘʭʦʚʫʻ ʚʣʘʩʪʠʚʦʩʪʽ ʩʠʤʚʦʣʽʚ sx.iÍ Sx
 ʫ ʚʟʘʻʤʦʟʚôʷʟʢʫ 

ʩʪʘʪʠʩʪʠʯʥʠʭ ʜʘʥʠʭ ʤʥʦʞʠʥʠ Px ʚʩʽʭ ʝʣʝʤʝʥʪʽʚ ʤʥʦʞʠʥʠ Sx: 
 

( ) ( ){ }HC HC HC . HC. ., : ,x x x x i x i x i xF S P S F s P s s S= ­ Í        (3) 

 

ʜʝ  ( )HC . HC.,x i x iF s P s­  ï ʘʣʛʦʨʠʪʤʽʯʥʘ ʬʫʥʢʮʽʷ ʚʠʟʥʘʯʝʥʥʷ ʆʅʂ ʩʠʤʚʦʣʫ sx.iÍ Sx
 ʟ 

ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʩʪʘʪʠʩʪʠʯʥʠʭ ʜʘʥʠʭ  ʤʥʦʞʠʥʠ Px. 

ʇʨʠʟʥʘʯʝʥʥʷ ʢʦʜʦʚʘʥʦʛʦ ʥʝʨʽʚʥʦʤʽʨʥʠʤʠ ʢʦʜʘʤʠ ʘʣʬʘʚʽʪʫ S2 ï ʧʝʨʝʪʚʦʨʝʥʥʷ ʧʝʨʚʠʥʥʦʛʦ ʪʝʢʩʪʫ ʊ1 ʚ 

ʦʧʪʠʤʽʟʦʚʘʥʠʡ ʽʟ ʟʘʩʪʦʩʫʚʘʥʥʷʤ ʆʅʂ ʍʘʬʬʤʝʥʘ ʚʪʦʨʠʥʥʠʡ ʪʝʢʩʪ ʊHC, ʷʢʠʡ ʪʘʢʦʞ ʤʦʞʥʘ ʧʨʝʜʩʪʘʚʠʪʠ ʷʢ 

ʫʧʦʨʷʜʢʦʚʘʥʫ ʟʘ ʭʘʨʘʢʪʝʨʦʤ ʪʝʢʩʪʫ ʤʥʦʞʠʥʫ ʢʦʜʽʚ ʩʠʤʚʦʣʽʚ ʘʣʬʘʚʽʪʫ s2.iÍS2: 

THC : { s2.k, s2.f, é, s2.i, é, s2.k, é, s2.f,é, s2.f, s2.j} ï ʧʨʝʜʩʪʘʚʣʝʥʥʷ ʚʪʦʨʠʥʥʦʛʦ ʪʝʢʩʪʫ ʊHC ʷʢ 

ʫʧʦʨʷʜʢʦʚʘʥʦʾ ʟʘ ʭʘʨʘʢʪʝʨʦʤ ʪʝʢʩʪʫ ʤʥʦʞʠʥʠ ʥʝʨʽʚʥʦʤʽʨʥʠʭ ʢʦʜʽʚ ʩʠʤʚʦʣʽʚ ʘʣʬʘʚʽʪʫ s2.iÍS2 ʟ ʘʧʨʽʦʨʥʦʶ 

ʧʦʚʪʦʨʶʚʘʥʽʩʪʶ ʢʦʜʽʚ. 

ʆʧʝʨʘʮʽʶ ʟʘʤʽʥʠ ʩʠʤʚʦʣʫ s1.iÍS1 ʚ ʪʝʢʩʪʽ ʊ1 ʥʘ ʦʧʪʠʤʘʣʴʥʠʡ ʢʦʜ s2.iÍS2, ʱʦ ʜʦʟʚʦʣʷʻ ʦʪʨʠʤʘʪʠ 

ʦʧʪʠʤʘʣʴʥʠʡ ʢʦʜ ʚʩʴʦʛʦ ʪʝʢʩʪʫ THC, ʤʦʞʥʘ ʦʧʠʩʘʪʠ ʷʢ ʫʟʘʛʘʣʴʥʝʥʫ ʦʧʝʨʘʮʽʶ ʟʘʤʽʥʠ ʚ ʟʘʢʦʜʦʚʘʥʦʤʫ ʪʝʢʩʪʽ ʊx, 

ʢʦʜʽʚ ʩʠʤʚʦʣʽʚ ʦʜʥʦʛʦ ʘʣʬʘʚʽʪʫ Sx, ʱʦ ʚʠʢʦʨʠʩʪʦʚʫʚʘʚʩʷ ʜʣʷ ʢʦʜʫʚʘʚʩʷ ʪʝʢʩʪʫ ʊx, ʥʘ  ʩʠʤʚʦʣʠ ʽʥʰʦʛʦ ʘʣʬʘʚʽʪʫ Sy. 

ʊʦʙʪʦ, ʤʦʚʘ ʡʜʝ ʧʨʦ ʨʝʘʣʽʟʘʮʽʶ ʧʝʨʝʢʦʜʫʚʘʥʥʷ ʪʝʢʩʪʫ ʊx ʽʟ ʟʘʤʽʥʦʶ ʢʦʜʽʚ ʩʠʤʚʦʣʽʚ ʦʜʥʦʛʦ ʘʣʬʘʚʽʪʫ Sx ʥʘ ʢʦʜʠ 

ʩʠʤʚʦʣʽʚ ʦʜʥʦʛʦ ʘʣʬʘʚʽʪʫ Sy, ʱʦ ʜʘʻ ʥʘʤ ʥʦʚʝ ʧʨʝʜʩʪʘʚʣʝʥʥʷ ʪʝʢʩʪʫ ʊy. ʌʫʥʢʮʽʷ ʧʝʨʝʢʦʜʫʚʘʥʥʷ Fʊʉ (ʊʉ ï 

ʩʢʦʨʦʯʝʥʥʷ ʚʽʜ TransCoding): 
 

( ) { }TC . . . ., , :x x y y y j y y i y x j x x i xF T S S T s T s S s T s S= Í = Í Í = Í
 .   (4) 

 

ʅʘʩʪʫʧʥʠʤ ʢʨʦʢʦʤ ʢʦʜʦʚʠʭ ʧʝʨʝʪʚʦʨʝʥʴ ʧʨʠ ʨʝʘʣʽʟʘʮʽʾ ʩʧʦʩʦʙʫ ʬʦʨʤʫʚʘʥʥʷ ʰʠʬʨʽʚ ʟʩʫʚʫ ʽʟ 

ʟʘʩʪʦʩʫʚʘʥʥʷʤ ʆʅʂ ʍʘʬʬʤʝʥʘ ʻ ʧʝʨʝʚʝʜʝʥʥʷ ʦʧʪʠʤʘʣʴʥʦʛʦ ʥʝʨʽʚʥʦʤʽʨʥʦʛʦ ʢʦʜʫ ʪʝʢʩʪʫ ʊHC ʚ ʨʽʚʥʦʤʽʨʥʽ 

ʢʦʜʦʚʽ ʢʦʤʙʽʥʘʮʽʾ ʜʣʷ ʟʘʩʪʦʩʫʚʘʥʥʷ ʰʠʬʨʽʚ ʟʩʫʚʫ. ʇʝʨʝʚʝʜʝʥʥʷ ʦʧʪʠʤʘʣʴʥʦʛʦ ʥʝʨʽʚʥʦʤʽʨʥʦʛʦ ʢʦʜʫ ʪʝʢʩʪʫ 

ʊHC ʚ ʨʽʚʥʦʤʽʨʥʽ ʢʦʜʦʚʽ ʢʦʤʙʽʥʘʮʽʾ  ʧʝʨʝʜʙʘʯʘʻ ʚʠʢʦʥʘʥʥʷ ʜʚʦʭ ʦʧʝʨʘʮʽʡ ʟ ʙʽʪʦʚʠʤʠ ʢʦʜʘʤʠ [16]: 

- ʧʝʨʝʪʚʦʨʝʥʥʷ ʟʘʢʦʜʦʚʘʥʦʛʦ ʆʅʂ ʍʘʬʬʤʝʥʘ ʪʝʢʩʪʫ ʊHC ʚ ʥʝʨʦʟʨʠʚʥʝ ʧʦʩʣʽʜʦʚʥʝ ʧʦʚʽʜʦʤʣʝʥʥʷ 

(ʧʦʪʦʢʦʚʝ ʧʨʝʜʩʪʘʚʣʝʥʥʷ ʜʚʽʡʢʦʚʦʛʦ ʢʦʜʫ ʪʝʢʩʪʫ ʊHC); 
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- ʜʨʦʙʣʝʥʥʷ ʧʦʪʦʢʦʚʦʛʦ ʧʨʝʜʩʪʘʚʣʝʥʥʷ ʪʝʢʩʪʫ ʥʘ ʨʽʚʥʦʤʽʨʥʽ ʢʦʜʦʚʽ ʢʦʤʙʽʥʘʮʽʾ ʫ ʚʽʜʧʦʚʽʜʥʦʩʪʽ ʜʦ 

ʧʦʪʨʝʙ ʘʣʛʦʨʠʪʤʫ (ʟʘʩʦʙʽʚ) ʨʝʘʣʽʟʘʮʽʾ ʰʠʬʨʽʚ ʟʩʫʚʫ. 

ʌʫʥʢʮʽʶ ʧʦʩʣʽʜʦʚʥʦʛʦ ʧʦʻʜʥʘʥʥʷ ʢʦʜʽʚ sj.i Í Sj ʽ sj.f Í Sj ʽʜʝʥʪʠʬʽʢʫʻʤʦ ʷʢ FSC (SC ï ʩʢʦʨʦʯʝʥʥʷ ʚʽʜ 

Sequential Combination): 
 

( ) ( )SC SC .

1 str

:
xT

x x x i

i

F T T s
=

=ä .      (5) 

 

ʜʝ ʩʫʤʘ ( ).

1 str

xT

x i

i

s
=

ä  ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʷʢ ʟʘʩʽʙ ʧʦʻʜʥʘʥʥʷ ʢʦʜʽʚ ʩʠʤʚʦʣʽʚ ʪʝʢʩʪʫ ʚ ʻʜʠʥʠʡ ʧʦʩʣʽʜʦʚʥʠʡ 

ʢʦʜ ʽ ʚʠʢʦʥʫʻʪʴʩʷ ʷʢ ʦʧʝʨʘʮʽʷ ʜʦʜʘʚʘʥʥʷ ʩʠʤʚʦʣʴʥʠʭ ʜʘʥʠʭ, ʘ ʥʝ ʮʠʬʨʦʚʠʭ. 

ɿʘʩʪʦʩʫʚʘʥʥʷ  ʬʫʥʢʮʽʾ (5) ʜʣʷ ʚʩʽʭ ʝʣʝʤʝʥʪʽʚ s2.iÍT2 ʜʘʻ ʤʦʞʣʠʚʽʩʪʴ ʚʠʢʦʥʘʪʠ ʧʝʨʝʪʚʦʨʝʥʥʷ 

ʦʧʪʠʤʘʣʴʥʦʛʦ ʥʝʨʽʚʥʦʤʽʨʥʦʛʦ ʢʦʜʫ ʍʘʬʬʤʝʥʘ ʪʝʢʩʪʫ ʊHC ʚ ʥʝʨʦʟʨʠʚʥʝ ʧʦʩʣʽʜʦʚʥʝ ʧʦʚʽʜʦʤʣʝʥʥʷ ʊSC2. 

ʇʨʦʧʦʨʮʽʡʥʝ ʨʦʟʙʠʪʪʷ (ʜʨʦʙʣʝʥʥʷ) ʧʦʪʦʢʦʚʦʛʦ ʧʨʝʜʩʪʘʚʣʝʥʥʷ ʪʝʢʩʪʫ ʊSCʭ ʥʘ ʨʽʚʥʦʤʽʨʥʽ ʢʦʜʦʚʽ 

ʢʦʤʙʽʥʘʮʽʾ ʫ ʚʽʜʧʦʚʽʜʥʦʩʪʽ ʜʦ ʧʦʪʨʝʙ ʘʣʛʦʨʠʪʤʫ ʨʝʘʣʽʟʘʮʽʾ ʰʠʬʨʽʚ ʟʩʫʚʫ ʧʨʝʜʩʪʘʚʣʝʥʦ ʷʢ ʨʝʘʣʽʟʘʮʽʶ ʬʫʥʢʮʽʾ 

FPD (PD ï ʩʢʦʨʦʯʝʥʥʷ ʚʽʜ Proportional Division) ʨʦʟʙʠʪʪʷ ʙʽʪʦʚʦʾ ʧʦʩʣʽʜʦʚʥʦʩʪʽ ʊSCʭ ʥʘ ʨʽʚʥʦʤʽʨʥʽ ʢʦʜʦʚʽ 

ʢʦʤʙʽʥʘʮʽʾ ʨʦʟʨʷʜʥʦʩʪʽ r ʟ ʫʪʚʦʨʝʥʥʷʤ ʨʦʟʧʦʜʽʣʝʥʦʛʦ ʨʽʚʥʦʤʽʨʥʦʛʦ ʢʦʜʫ ʊUC (UC ï ʩʢʦʨʦʯʝʥʥʷ ʚʽʜ Uniform 

Code): 

( ) ( )
UC

PD SC UC UC. UC. SC UC.

1 str

, :

T

x i i x i

i

F T r T s s r T s
=

ë ûî î
= = Ø =ì ü
î îí ý

ä .          (6) 

 

ɺʠʢʦʨʠʩʪʘʥʥʷ ʚ ʫʤʦʚʽ ʬʫʥʢʮʽʾ (6), ʧʦʨʷʜ ʟ ʚʠʤʦʛʦʶ ʱʦʜʦ ʬʽʢʩʦʚʘʥʦʾ ʨʦʟʨʷʜʥʦʩʪʽ UC.is r= ʝʣʝʤʝʥʪʽʚ 

sUC.iÍTUC, ʬʫʥʢʮʽʾ ʧʦʩʣʽʜʦʚʥʦʛʦ ʧʦʻʜʥʘʥʥʷ ʢʦʜʽʚ (5) ʩʪʦʩʦʚʥʦ ʛʝʥʝʨʦʚʘʥʦʛʦ ʪʝʢʩʪʫ ʊUC ʚʢʘʟʫʻ ʥʘ 

ʥʝʦʙʭʽʜʥʦʩʪʽ ʜʦʪʨʠʤʘʥʥʷ ʟʚʦʨʦʪʥʦʩʪʽ ʧʝʨʝʪʚʦʨʝʥʴ  ʊSCʭ ʚ ʊUC ʬʫʥʢʮʽʻʶ (6) ʽ ʊUC ʚ ʊSCʭ ʬʫʥʢʮʽʻʶ (5): 
 

( )( )SC PD SC SC,x xF F T r T= .            (7) 

 

ʈʝʟʫʣʴʪʘʪʦʤ ʟʘʩʪʦʩʫʚʘʥʥʷ ʬʫʥʢʮʽʾ (6) ʜʦ ʧʦʩʣʽʜʦʚʥʦʛʦ ʜʚʽʡʢʦʚʦʛʦ ʢʦʜʫ ʪʝʢʩʪʫ ʊSC2 ʻ ʧʨʝʜʩʪʘʚʣʝʥʥʷ 

ʪʝʢʩʪʫ ʊUC  ̫ ʢ ʤʥʦʞʠʥʠ ʩʠʤʚʦʣʽʚ ʥʦʚʦʛʦ ʘʣʬʘʚʽʪʫ S3: 

S3 : {s3.1, s3.2, é, s3.i, é, s3.n} ï ʤʥʦʞʠʥʘ ʨʽʚʥʦʤʽʨʥʠʭ ʢʦʜʽʚ ʪʨʝʪʠʥʥʦʛʦ ʘʣʬʘʚʽʪʫ ʦʧʪʠʤʘʣʴʥʦʛʦ ʢʦʜʫ 

ʚʭʽʜʥʦʛʦ ʪʝʢʩʪʫ. 

ʉʢʣʘʜ ʢʦʜʦʚʦʛʦ ʘʣʬʘʚʽʪʫ S3 ʚʠʟʥʘʯʘʻʪʴʩʷ ʟʘʩʪʦʩʫʚʘʥʥʷʤ ʬʫʥʢʮʽʾ ʫʩʫʥʝʥʥʷ ʜʫʙʣʶʚʘʥʥʷ ʢʦʜʽʚ (1) 

ʩʠʤʚʦʣʽʚ ʩʪʦʩʦʚʥʦ ʢʦʜʦʚʘʥʦʛʦ ʧʨʝʜʩʪʘʚʣʝʥʥʷ ʪʝʢʩʪʫ  ʊUC. ʍʘʨʘʢʪʝʨʥʦʶ ʦʩʦʙʣʠʚʽʩʪʶ ʘʣʬʘʚʽʪʫ S3 ʧʦʨʽʚʥʷʥʦ 

ʜʦ ʘʣʬʘʚʽʪʫ S1 ʽ S2 ʻ ʧʦʨʫʰʝʥʥʷ ʩʪʘʪʠʩʪʠʯʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʯʘʩʪʦʪʠ ʧʦʷʚʠ ʢʦʜʽʚ ʚ ʪʝʢʩʪʘʭ ʽ, ʷʢ ʧʨʘʚʠʣʦ, 

ʦʥʦʚʣʝʥʥʷ ʥʘʙʦʨʫ ʢʦʜʽʚ ʩʠʤʚʦʣʽʚ. ʆʥʦʚʣʝʥʥʷ ʩʢʣʘʜʫ ʥʘʙʦʨʽʚ ʢʦʜʽʚ ʤʦʞʝ ʜʦʩʷʛʘʪʠʩʷ ʷʢ ʯʝʨʝʟ ʙʝʟʧʦʩʝʨʝʜʥʶ 

ʟʤʽʥʫ ʢʽʣʴʢʦʩʪʽ ʢʦʜʦʚʠʭ ʢʦʤʙʽʥʘʮʽʡ ʥʦʚʦʛʦ ʘʣʬʘʚʽʪʫ ʚʽʜʥʦʩʥʦ ʧʦʯʘʪʢʦʚʦʛʦ, ʪʘʢ ʽ ʚ ʨʝʟʫʣʴʪʘʪʽ ʟʘʩʪʦʩʫʚʘʥʥʷ 

ʨʽʟʥʠʭ ʜʦʚʞʠʥ ʢʦʜʦʚʠʭ ʢʦʤʙʽʥʘʮʽʡ ʨʽʚʥʦʤʽʨʥʠʭ ʢʦʜʽʚ ʘʣʬʘʚʽʪʽʚ S3 ʧʦʨʽʚʥʷʥʦ ʜʦ ʘʣʬʘʚʽʪʫ S1.  

ɿʘ ʘʥʘʣʦʛʽʻʶ ʟ ʧʦʧʝʨʝʜʥʽʤʠ ʦʧʠʩʘʤʠ, ʦʧʪʠʤʽʟʦʚʘʥʠʡ ʪʝʢʩʪ ʊUC ʤʦʞʥʘ ʧʨʝʜʩʪʘʚʠʪʠ ʷʢ ʤʥʦʞʠʥʫ ʢʦʜʽʚ 

ʩʠʤʚʦʣʽʚ ʘʣʬʘʚʽʪʫ S3: 

ʊUC : {s3.h, s3.u, é, s3.j, é, s3.l, é, s3.f, é, s3.j,é, s3.x} ï ʧʨʝʜʩʪʘʚʣʝʥʥʷ ʪʝʢʩʪʫ ʊUC ʷʢ ʫʧʦʨʷʜʢʦʚʘʥʦʾ 

ʤʥʦʞʠʥʠ ʩʠʤʚʦʣʽʚ ʘʣʬʘʚʽʪʫ s3.jÍS3 ʟ ʘʧʨʽʦʨʥʦ ʥʘʷʚʥʠʤʠ ʧʦʚʪʦʨʘʤʠ ʢʦʜʽʚ. 

ʊʨʝʪʠʥʥʠʡ ʘʣʬʘʚʽʪ ʻ ʮʽʣʴʦʚʠʤ ʜʣʷ ʟʘʙʝʟʧʝʯʝʥʥʷ ʤʦʞʣʠʚʦʩʪʽ ʟʘʩʪʦʩʫʚʘʥʥʷ ʰʠʬʨʽʚ ʟʩʫʚʫ ʱʦʜʦ 

ʦʧʪʠʤʘʣʴʥʦʛʦ ʢʦʜʫ ʊUC ʚʭʽʜʥʦʛʦ ʪʝʢʩʪʫ ʊ1. ʊʘʢʠʤ ʯʠʥʦʤ, ʥʘ ʜʘʥʦʤʫ ʝʪʘʧʽ ʚʽʜʙʫʚʘʻʪʴʩʷ ʧʝʨʝʭʽʜ ʚʽʜ 

ʦʧʪʠʤʘʣʴʥʦʛʦ ʢʦʜʫʚʘʥʥʷ ʍʘʬʬʤʝʥʘ ʜʦ ʟʘʩʪʦʩʫʚʘʥʥʷ ʰʠʬʨʽʚ ʟʩʫʚʫ. 

ʌʦʨʤʫʚʘʥʥʷ ʰʠʬʨʽʚ ʟʩʫʚʫ ʪʝʢʩʪʫ ʊx  ʥʘ ʦʩʥʦʚʽ ʘʣʬʘʚʽʪʫ s3.jÍSx ʽ ʢʣʶʯʘ ʰʠʬʨʫʚʘʥʥʷ w ʚʠʢʦʥʫʻʪʴʩʷ 

ʢʣʘʩʠʯʥʠʤ ʤʝʪʦʜʦʤ [1,16,17,20], ʱʦ,  ʥʘ ʦʩʥʦʚʽ ʦʧʝʨʘʪʦʨʘ ʧʝʨʝʢʦʜʫʚʘʥʥʷ (4), ʤʦʞʝ ʙʫʪʠ ʧʨʝʜʩʪʘʚʣʝʥʦ ʷʢ 

ʬʫʥʢʮʽʷ ʰʠʬʨʫʚʘʥʥʷ ʧʝʨʝʢʦʜʫʚʘʥʥʷʤ ʊx ʽʟ ʟʘʩʪʦʩʫʚʘʥʥʷʤ ʮʠʢʣʽʯʥʦ ʟʤʽʱʝʥʦʛʦ ʥʘ w ʧʦʟʠʮʽʡ ʘʣʬʘʚʽʪʫ Sx: 
 

( ) ( ){ }E E E . E . .. mod
, , :

x
w x x x x j x x x j x x i xx i w S

F T S w T s T s S s T s S
+

= Í = Í Í = Í .          (8) 

 

ɿʘʩʪʦʩʫʚʘʥʥʷ ʬʫʥʢʮʽʾ (8) ʜʦ ʦʧʪʠʤʘʣʴʥʦʛʦ ʢʦʜʫ ʊUC ʚʭʽʜʥʦʛʦ ʪʝʢʩʪʫ ʊ1 ʜʘʻ ʚ ʨʝʟʫʣʴʪʘʪʽ ʰʠʬʨʦʚʘʥʠʡ 

ʪʝʢʩʪ ʊE1 ʟ ʧʽʜʚʠʱʝʥʦʶ ʢʨʠʧʪʦʩʪʽʡʢʽʩʪʶ, ʱʦ ʜʦʩʷʛʘʻʪʴʩʷ ʯʝʨʝʟ ʫʩʫʥʝʥʥʷ ʟʘʩʪʦʩʫʚʘʥʥʷʤ ʆʅʂ ʍʘʬʬʤʝʥʘ 

ʦʩʥʦʚʥʦʛʦ ʥʝʜʦʣʽʢʫ ʰʠʬʨʽʚ ʟʩʫʚʫ ï ʥʝʟʤʽʥʥʦʩʪʽ ʩʪʘʪʠʩʪʠʯʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ ʧʝʨʚʠʥʥʦʛʦ ʘʣʬʘʚʽʪʫ ʚ ʘʣʬʘʚʽʪʽ 

ʰʠʬʨʫʚʘʥʥʷ. 

ɼʝʰʠʬʨʫʚʘʥʥʷ ʟʘʰʠʬʨʦʚʘʥʦʛʦ ʊEx ʪʘʢʦʞ ʚʠʢʦʥʫʻʪʴʩʷ ʟʘ ʢʣʘʩʠʯʥʠʤ ʤʝʪʦʜʦʤ ʽ ʦʧʠʩʫʻʪʴʩʷ 

ʬʫʥʢʮʽʻʶ: 
 

( ) ( ){ }D E . . .. mod
, , :

x
w x x x x j x x x j x x i xx i w S

F T S w T s T s S s T s S
-

= Í = Í Í = Í.           (9) 
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ɿʘ ʬʦʨʤʫʣʦʶ (9) ʟ ʟʘʰʠʬʨʦʚʘʥʦʛʦ ʪʝʢʩʪʫ ʊE1 ʚʽʜʙʫʚʘʻʪʴʩʷ ʚʽʜʪʚʦʨʝʥʥʷ ʦʧʪʠʤʽʟʦʚʘʥʦʛʦ ʪʝʢʩʪʫ ʊUC, 

ʷʢʠʡ ʻ ʙʘʟʦʚʠʤ ʜʣʷ ʚʠʢʦʥʘʥʥʷ ʟʚʦʨʦʪʥʠʭ ʧʝʨʝʪʚʦʨʝʥʴ ʽ ʚʽʜʪʚʦʨʝʥʥʷ ʚʽʜʢʨʠʪʦʛʦ ʚʭʽʜʥʦʛʦ ʪʝʢʩʪʫ ʷʢ ʊ1 (ʽʟ 

ʟʘʩʪʦʩʫʚʘʥʥʷʤ ʢʣʘʩʠʯʥʦʛʦ ʚʘʨʽʘʥʪʫ ʨʝʘʣʽʟʘʮʽʾ ʘʣʛʦʨʠʪʤʫ ʜʝʢʦʜʫʚʘʥʥʷ ʆʅʂ ʍʘʬʬʤʝʥʘ). 

ɺʠʩʥʦʚʢʠ 

ɺ ʨʦʙʦʪʽ ʚʠʟʥʘʯʝʥʦ ʦʩʥʦʚʥʽ ʬʦʨʤʠ ʧʨʝʜʩʪʘʚʣʝʥʥʷ ʜʘʥʠʭ ʪʘ ʬʫʥʢʮʽʾ ʦʧʝʨʘʮʽʡ ʾʭ ʧʝʨʝʪʚʦʨʝʥʥʷ, 

ʦʨʽʻʥʪʦʚʘʥʽ  ʥʘ ʩʧʦʩʽʙ ʨʝʘʣʽʟʘʮʽʾ ʰʠʬʨʽʚ ʟʩʫʚʫ ʟ ʧʽʜʚʠʱʝʥʥʷ ʢʨʠʧʪʦʩʪʽʡʢʦʩʪʽ ʘʣʛʦʨʠʪʤʽʚ ʰʠʬʨʫʚʘʥʥʷ 

ʧʦʧʝʨʝʜʥʴʦʶ ʤʦʜʠʬʽʢʘʮʽʻʶ ʚʭʽʜʥʠʭ ʜʘʥʠʭ ʽʟ ʟʘʩʪʫʚʘʥʥʷʤ ʤʝʪʦʜʽʚ ʦʧʪʠʤʘʣʴʥʦʛʦ ʝʥʪʨʦʧʽʡʥʦʛʦ 

ʥʝʨʽʚʥʦʤʽʨʥʦʛʦ ʢʦʜʫʚʘʥʥʷ ʍʘʬʬʤʝʥʘ, ʘ ʪʘʢʦʞ ʧʨʠʟʥʘʯʝʥʽ ʜʣʷ ʤʘʪʝʤʘʪʠʯʥʦʛʦ ʤʦʜʝʣʶʚʘʥʥʷ ʧʨʦʮʝʜʫʨ 

ʘʣʛʦʨʠʪʤʽʯʥʦʾ ʨʝʘʣʽʟʘʮʽʾ ʢʦʤʙʽʥʦʚʘʥʦʛʦ ʤʝʪʦʜʫ ʰʠʬʨʫʚʘʥʥʷ ʟʘ ʟʘʟʥʘʯʝʥʠʤ ʩʧʦʩʦʙʦʤ. 
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METHOD OF ACCELERATING REPLICATION RATIO RENEWAL  

IN DISTRIBUTED DATA STORAGE BASED ON THE NODE'S TRUST LEVEL MONITORING  
 

Considering the collective nature of the functioning of distributed computing systems the necessary mechanism for ensuring the 
quality of service is automatic dispatching, which is a set of control actions that optimize the operation of the entire system as a whole, 
carrying out operational planning and redistribution of running tasks based on the current state of the system. Further, progress of 
distributed computing systems will lead to a manifold increase in the number of resources and their diversity, which will lead to an 
aggravation of the existing problem. 

The monitoring mechanism allows you to track changes in the state of system components, however, predicting the occurrence of 
emergency situations requires the implementation of a method for assessing the degree of trust in a node. A method of assessment based on 
assessing metrics and identifying their most important types is proposed. With the combination of these mechanisms, the need to reconfigure 
the storage becomes more transparent, which allows data balancing procedure to be performed even before the emergency shutdown of a 
problem node. 

A method for drawing up a data migration plan with polynomial computational complexity was proposed which is based on 
allocating part of nodes into a separate subgraph and creating a migration plan for that subgraph firstly. The proposed method has been 
proven to be optimal in terms of migration time of data elements from nodes that are marked by the monitoring system as potentially 
unreliable. Optimization of the migration method by this criterion makes it possible to reduce the replication ratio recovery time in 
distributed storage by increasing total time of migration. 

In this regard, the use of a storage reconfiguration mechanism based on an assessment of the degree of trust in a node is an 
urgent topic that is of scientific and practical interest. It has been shown experimentally that the proposed method is equally effective for 
distributed storages with a different number of storage devices and a different number of data items. 

Keywords: distributed data storage, monitoring, level of trust, replication ratio, data migration 

 

ʇʦʩʪʘʥʦʚʢʘ ʟʘʜʘʯʽ 

ʅʘ ʩʴʦʛʦʜʥʽ ʦʙʩʷʛ ʽʥʬʦʨʤʘʮʽʾ, ʷʢʠʡ ʛʝʥʝʨʫʻʪʴʩʷ ʪʘ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʫ ʩʚʽʪʽ, ʤʘʻ ʩʪʽʡʢʫ ʪʝʥʜʝʥʮʽʶ ʜʦ 

ʟʨʦʩʪʘʥʥʷ. ʎʝ ʧʦʪʨʝʙʫʻ ʧʦʩʪʽʡʥʦʛʦ ʟʨʦʩʪʘʥʥʷ ʦʙʩʷʛʽʚ ʩʭʦʚʠʱ ʜʘʥʠʭ, ʱʦ ʤʦʞʣʠʚʦ ʪʽʣʴʢʠ ʢʦʰʪʦʤ 

ʚʠʢʦʨʠʩʪʘʥʥʷ ʨʦʟʧʦʜʽʣʝʥʠʭ ʩʠʩʪʝʤ ʟʙʝʨʽʛʘʥʥʷ. ɺʠʢʦʨʠʩʪʘʥʥʷ ʨʦʟʧʦʜʽʣʝʥʠʭ ʩʭʦʚʠʱ ʧʽʜʽʡʤʘʻ ʨʷʜ ʧʠʪʘʥʴ, 

ʧʦʚ'ʷʟʘʥʠʭ ʟ ʥʘʜʽʡʥʽʩʪʶ ʟʙʝʨʽʛʘʥʥʷ ʜʘʥʠʭ ʽ ʤʦʞʣʠʚʽʩʪʶ ʰʚʠʜʢʦʛʦ ʤʘʩʰʪʘʙʫʚʘʥʥʷ. 

ʉʫʯʘʩʥʽ ʨʦʟʧʦʜʽʣʝʥʽ ʩʭʦʚʠʱʘ ʜʘʥʠʭ ʚ ʙʽʣʴʰʦʩʪʽ ʟʘʩʥʦʚʘʥʽ ʥʘ ʭʤʘʨʥʽʡ ʽʥʬʨʘʩʪʨʫʢʪʫʨʽ IaaS 

(Infrastructure as a Service). ʊʘʢʘ ʽʥʬʨʘʩʪʨʫʢʪʫʨʘ ʜʦʟʚʦʣʷʻ, ʥʝ ʦʙʤʝʞʫʶʯʠʩʴ ʬʽʢʩʦʚʘʥʦʶ ʢʽʣʴʢʽʩʪʶ ʧʨʠʩʪʨʦʾʚ 

ʟʙʝʨʽʛʘʥʥʷ, ʪʠʤʯʘʩʦʚʦ ʦʨʝʥʜʫʚʘʪʠ ʜʦʜʘʪʢʦʚʽ ʧʨʠʩʪʨʦʾ ʧʨʠ ʥʝʦʙʭʽʜʥʦʩʪʽ. ʊʘ ʥʘʚʧʘʢʠ, ʟʚʽʣʴʥʷʪʠ ʧʨʠʩʪʨʦʾ, 

ʢʦʣʠ ʥʝʦʙʭʽʜʥʽʩʪʴ ʚ ʥʠʭ ʚʽʜʧʘʣʘ. ʊʘʢʦʞ ʢʽʣʴʢʽʩʪʴ ʧʨʠʩʪʨʦʾʚ, ʱʦ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʫ ʨʦʟʧʦʜʽʣʝʥʦʤʫ ʩʭʦʚʠʱʽ 

ʤʦʞʝ ʟʤʝʥʰʫʚʘʪʠʩʴ ʧʨʠ ʘʚʘʨʽʡʥʦʤʫ ʚʽʜʢʣʶʯʝʥʥʽ ʘʙʦ ʜʝʛʨʘʜʘʮʽʾ ʦʢʨʝʤʠʭ ʧʨʠʩʪʨʦʾʚ ʟʙʝʨʽʛʘʥʥʷ ʘʙʦ ʯʘʩʪʠʥ 

ʤʝʨʝʞʽ, ʷʢʽ ʾʭ ʟ'ʻʜʥʫʶʪʴ.  

ʇʦʪʨʝʙʘ ʚ ʥʘʜʽʡʥʦʤʫ ʟʙʝʨʽʛʘʥʥʽ ʜʘʥʠʭ ʚʠʨʽʰʫʻʪʴʩʷ ʟʘ ʜʦʧʦʤʦʛʦʶ ʟʙʝʨʽʛʘʥʥʷ ʚ ʨʦʟʧʦʜʽʣʝʥʦʤʫ 

ʩʭʦʚʠʱʽ ʜʝʢʽʣʴʢʦʭ ʢʦʧʽʡ ʦʢʨʝʤʠʭ ʝʣʝʤʝʥʪʽʚ ʜʘʥʠʭ ʦʜʥʦʯʘʩʥʦ ʥʘ ʨʽʟʥʠʭ ʧʨʠʩʪʨʦʷʭ ʟʙʝʨʽʛʘʥʥʷ, ʪʦʙʪʦ ʰʣʷʭʦʤ 

ʨʝʧʣʽʢʘʮʽʾ ʜʘʥʠʭ. ʇʨʠ ʮʴʦʤʫ ʢʽʣʴʢʽʩʪʴ ʢʦʧʽʡ ʢʦʞʥʦʛʦ ʝʣʝʤʝʥʪʫ ʜʘʥʠʭ ʚ ʩʭʦʚʠʱʽ ʥʘʟʠʚʘʻʪʴʩʷ ʢʦʝʬʽʮʽʻʥʪʦʤ 

ʨʝʧʣʽʢʘʮʽʾ ʪʘ ʤʘʻ ʙʫʪʠ ʧʦʩʪʽʡʥʦʶ ʫ ʯʘʩʽ ʚʝʣʠʯʠʥʦʶ. ʇʨʠ ʧʣʘʥʦʚʦʤʫ ʯʠ ʘʚʘʨʽʡʥʦʤʫ ʟʤʝʥʰʝʥʥʽ ʢʽʣʴʢʦʩʪʽ 

ʚʫʟʣʽʚ ʚ ʨʦʟʧʦʜʽʣʝʥʦʤʫ ʩʭʦʚʠʱʽ ʚʽʜʙʫʚʘʻʪʴʩʷ ʚʪʨʘʪʘ ʜʝʷʢʦʾ ʢʽʣʴʢʦʩʪʽ ʢʦʧʽʡ ʝʣʝʤʝʥʪʽʚ ʜʘʥʠʭ, ʪʦʙʪʦ ʤʠʪʪʻʚʘ 

ʚʝʣʠʯʠʥʘ ʢʦʝʬʽʮʽʻʥʪʫ ʨʝʧʣʽʢʘʮʽʾ ʟʤʝʥʰʫʻʪʴʩʷ ʪʘ ʧʦʪʨʝʙʫʻ ʥʘʡʰʚʠʜʰʦʛʦ ʚʽʜʥʦʚʣʝʥʥʷ.  

ɺʯʘʩʥʝ ʨʝʘʛʫʚʘʥʥʷ ʥʘ ʟʤʽʥʫ ʩʪʘʥʫ ʨʦʟʧʦʜʽʣʝʥʦʛʦ ʩʭʦʚʠʱʘ ʟʘʛʘʣʦʤ ʪʘ ʦʢʨʝʤʠʭ ʡʦʛʦ ʚʫʟʣʽʚ (ʧʨʠʩʪʨʦʾʚ 

ʟʙʝʨʽʛʘʥʥʷ) ʥʘʜʘʻ ʤʦʞʣʠʚʽʩʪʴ ʰʚʠʜʢʦ ʚʽʜʥʦʚʠʪʠ ʢʦʝʬʽʮʽʻʥʪ ʨʝʧʣʽʢʘʮʽʾ ʜʘʥʠʭ ʫ ʩʭʦʚʠʱʽ ʪʘ ʻ ʟʘʧʦʨʫʢʦʶ 

ʥʘʜʽʡʥʦʛʦ ʟʙʝʨʽʛʘʥʥʷ ʜʘʥʠʭ ʪʘ ʟʘʙʝʟʧʝʯʝʥʥʷ ʧʦʩʪʽʡʥʦʾ ʜʦʩʪʫʧʥʦʩʪʽ ʮʠʭ ʜʘʥʠʭ ʜʣʷ ʢʦʨʠʩʪʫʚʘʯʽʚ. ʊʦʤʫ ʛʦʩʪʨʦ 

ʧʦʩʪʘʶʪʴ ʧʠʪʘʥʥʷ ʤʦʥʽʪʦʨʠʥʛʫ ʩʪʘʥʫ ʨʦʟʧʦʜʽʣʝʥʦʛʦ ʩʭʦʚʠʱʘ, ʜʝʪʝʢʮʽʾ ʘʚʘʨʽʡʥʠʭ ʩʠʪʫʘʮʽʡ ʪʘ ʚʯʘʩʥʦʛʦ 

ʨʝʘʛʫʚʘʥʥʷ ʥʘ ʮʽ ʩʠʪʫʘʮʽʾ ʜʣʷ ʟʘʧʦʙʽʛʘʥʥʷ ʚʪʨʘʪʠ ʜʘʥʠʭ ʟ ʨʦʟʧʦʜʽʣʝʥʦʛʦ ʩʭʦʚʠʱʘ. ʄʝʭʘʥʽʟʤ ʤʦʥʽʪʦʨʠʥʛʫ 

ʜʦʟʚʦʣʷʻ ʚʽʜʩʪʝʞʫʚʘʪʠ ʟʤʽʥʫ ʩʪʘʥʫ ʢʦʤʧʦʥʝʥʪʽʚ ʩʠʩʪʝʤʠ, ʧʨʦʪʝ ʧʨʦʛʥʦʟʫʚʘʥʥʷ ʚʠʥʠʢʥʝʥʥʷ ʘʚʘʨʽʡʥʠʭ 

ʩʠʪʫʘʮʽʡ ʚʠʤʘʛʘʻ ʨʝʘʣʽʟʘʮʽʾ ʤʝʪʦʜʫ ʦʮʽʥʢʠ ʩʪʫʧʝʥʷ ʜʦʚʽʨʠ ʜʦ ʚʫʟʣʘ, ʥʘ ʙʘʟʽ ʦʮʽʥʢʠ ʤʝʪʨʠʢ ʧʽʜʢʦʥʪʨʦʣʴʥʦʾ 



 Technical sciences ISSN 2307-5732 
 

Herald of Khmelnytskyi national university, Issue 6, 2020 (291) 14 

ʩʠʩʪʝʤʠ ʽ ʚʠʜʽʣʝʥʥʷ ʥʘʡʙʽʣʴʰ ʚʘʞʣʠʚʠʭ ʾʭ ʪʠʧʽʚ. ɿʘ ʜʦʧʦʤʦʛʦʶ ʩʫʢʫʧʥʦʩʪʽ ʥʘʚʝʜʝʥʠʭ ʤʝʭʘʥʽʟʤʽʚ 

ʥʝʦʙʭʽʜʥʽʩʪʴ ʨʝʢʦʥʬʽʛʫʨʘʮʽʾ ʩʭʦʚʠʱʘ ʩʪʘʻ ʙʽʣʴʰ ʧʨʦʟʦʨʦʶ, ʱʦ ʜʦʟʚʦʣʷʻ ʧʽʜʚʠʱʠʪʠ ʢʦʥʪʨʦʣʴ ʟʘ ʩʝʨʝʜʦʶ 

ʚʠʢʦʥʘʥʥʷ. 

ɺʽʜʥʦʚʣʝʥʥʷ ʢʦʝʬʽʮʽʻʥʪʘ ʨʝʧʣʽʢʘʮʽʾ ʚ ʨʦʟʧʦʜʽʣʝʥʦʤʫ ʩʭʦʚʠʱʽ ʚʽʜʙʫʚʘʻʪʴʩʷ ʰʣʷʭʦʤ ʧʨʦʚʝʜʝʥʥʷ 

ʧʨʦʮʝʜʫʨʠ ʙʘʣʘʥʩʫʚʘʥʥʷ ʩʭʦʚʠʱʘ. ʇʨʦʮʝʜʫʨʘ ʙʘʣʘʥʩʫʚʘʥʥʷ ʜʘʥʠʭ ʩʢʣʘʜʘʻʪʴʩʷ ʟ ʟʘʜʘʯ ʨʦʟʤʽʱʝʥʥʷ ʪʘ 

ʤʽʛʨʘʮʽʾ ʜʘʥʠʭ. ʅʘ ʧʝʨʰʦʤʫ ʝʪʘʧʽ ʧʨʦʮʝʜʫʨʠ ʙʘʣʘʥʩʫʚʘʥʥʷ ʚʠʟʥʘʯʘʻʪʴʩʷ ʦʧʪʠʤʘʣʴʥʝ ʨʦʟʤʽʱʝʥʥʷ ʜʘʥʠʭ ʥʘ 

ʧʨʠʩʪʨʦʷʭ ʟʙʝʨʽʛʘʥʥʷ ʚ ʧʦʪʦʯʥʠʡ ʤʦʤʝʥʪ ʯʘʩʫ, ʱʦ ʚʠʨʽʰʫʻʪʴʩʷ ʟʘʜʘʯʝʶ ʨʦʟʤʽʱʝʥʥʷ. ɺʠʭʽʜʥʠʤʠ ʜʘʥʠʤʠ ʮʽʻʾ 

ʟʘʜʘʯʽ ʻ ʚʽʜʦʙʨʘʞʝʥʥʷ, ʚ ʷʢʦʤʫ ʢʦʞʥʦʤʫ ʝʣʝʤʝʥʪʫ ʜʘʥʠʭ ʟʽʩʪʘʚʣʷʶʪʴʩʷ ʧʨʠʩʪʨʦʾ ʟʙʝʨʽʛʘʥʥʷ, ʥʘ ʷʢʠʭ ʮʝʡ 

ʝʣʝʤʝʥʪ ʧʦʚʠʥʝʥ ʙʫʪʠ ʨʦʟʤʽʱʝʥʠʡ ʧʽʩʣʷ ʙʘʣʘʥʩʫʚʘʥʥʷ. 

ɺʠʟʥʘʯʠʚʰʠ ʥʦʚʝ ʨʦʟʤʽʱʝʥʥʷ ʜʘʥʠʭ, ʘ ʪʘʢʦʞ ʟʥʘʶʯʠ ʧʦʧʝʨʝʜʥʻ ʨʦʟʤʽʱʝʥʥʷ, ʤʦʞʥʘ ʧʦʙʫʜʫʚʘʪʠ 

ʤʫʣʴʪʠʛʨʘʬ ʚʠʤʦʛ G, ʷʢʠʡ ʦʧʠʩʫʻ ʧʝʨʝʤʽʱʝʥʥʷ ʜʘʥʠʭ [1]. ʎʝʡ ʤʫʣʴʪʠʛʨʘʬ ʻ ʥʘʧʨʘʚʣʝʥʠʤ ʽ ʘʮʠʢʣʽʯʥʠʤ: 
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ʜʝ  V ï ʧʨʠʩʪʨʦʾ ʟʙʝʨʽʛʘʥʥʷ, 

E ï ʧʨʦʮʝʜʫʨʠ ʧʝʨʝʤʽʱʝʥʥʷ ʜʘʥʠʭ ʤʽʞ ʧʨʠʩʪʨʦʷʤʠ ʟʙʝʨʽʛʘʥʥʷ, 

P ï ʚʘʛʦʚʘ ʬʫʥʢʮʽʷ ʤʫʣʴʪʠʛʨʘʬʫ (ʚʘʨʪʽʩʪʴ ʧʝʨʝʤʽʱʝʥʥʷ ʜʘʥʠʭ). 

ʆʩʢʽʣʴʢʠ ʚʩʽ ʝʣʝʤʝʥʪʠ ʜʘʥʠʭ ʤʘʶʪʴ ʬʽʢʩʦʚʘʥʠʡ ʨʦʟʤʽʨ ʪʘ ʦʜʥʘʢʦʚʠʡ ʯʘʩ ʧʝʨʝʜʘʯʽ, ʪʦ ʧʣʘʥ ʤʽʛʨʘʮʽʾ 

ʤʦʞʥʘ ʨʦʟʙʠʪʠ ʥʘ ʢʨʦʢʠ ʦʜʥʘʢʦʚʦʾ ʪʨʠʚʘʣʦʩʪʽ. ɿʘʚʜʘʥʥʷ ʤʽʛʨʘʮʽʾ ʧʦʣʷʛʘʻ ʚ ʩʢʣʘʜʘʥʥʽ ʧʣʘʥʫ ʧʝʨʝʤʽʱʝʥʥʷ 

ʜʘʥʠʭ ʤʽʞ ʧʨʠʩʪʨʦʷʤʠ ʟʙʝʨʽʛʘʥʥʷ ʟʛʽʜʥʦ ʤʫʣʴʪʠʛʨʘʬʫ ʚʠʤʦʛ (1) ʟ ʤʽʥʽʤʘʣʴʥʦʶ ʢʽʣʴʢʽʩʪʁ  ʢʨʦʢʽʚ. ʋ ʪʘʢʦʤʫ 

ʚʠʛʣʷʜʽ ʮʷ ʟʘʜʘʯʘ ʟʚʦʜʠʪʴʩʷ ʜʦ ʟʘʜʘʯʽ ʨʦʟʬʘʨʙʦʚʫʚʘʥʥʷ ʜʫʛ ʤʫʣʴʪʠʛʨʘʬʫ. ʇʨʠ ʮʴʦʤʫ ʢʽʣʴʢʽʩʪʴ ʢʨʦʢʽʚ ʫ 

ʦʧʪʠʤʘʣʴʥʦʤʫ ʧʣʘʥʽ ʤʽʛʨʘʮʽʾ ʧʦʚʠʥʥʘ ʜʦʨʽʚʥʶʚʘʪʠ ʤʽʥʽʤʘʣʴʥʽʡ ʢʽʣʴʢʦʩʪʽ ʢʦʣʴʦʨʽʚ ʨʦʟʬʘʨʙʫʚʘʥʥʷ ʜʫʛ 

ʤʫʣʴʪʠʛʨʘʬʫ, ʪʦʙʪʦ ʭʨʦʤʘʪʠʯʥʦʤʫ ʽʥʜʝʢʩʫ ʤʫʣʴʪʠʛʨʘʬʘ. 

ɿʘʜʘʯʘ ʤʽʛʨʘʮʽʾ ʚ ʤʘʩʰʪʘʙʦʚʘʥʦʤʫ ʩʭʦʚʠʱʽ ʻ ʦʢʨʝʤʠʤ ʚʠʧʘʜʢʦʤ ʟʘʜʘʯʽ ʤʽʛʨʘʮʽʾ ʪʘ ʤʘʻ ʢʽʣʴʢʘ 

ʢʨʠʪʝʨʽʾʚ ʦʧʪʠʤʽʟʘʮʽʾ. ʆʜʥʠʤ ʟ ʢʨʠʪʝʨʽʾʚ ʻ ʯʘʩ ʤʽʛʨʘʮʽʾ ʝʣʝʤʝʥʪʽʚ ʜʘʥʠʭ, ʢʦʝʬʽʮʽʻʥʪ ʨʝʧʣʽʢʘʮʽʾ ʷʢʠʭ ʥʝ 

ʜʦʨʽʚʥʶʻ ʮʽʣʴʦʚʦʤʫ, ʪʦʙʪʦ ʯʘʩ ʤʽʛʨʘʮʽʾ ʜʘʥʠʭ, ʢʦʧ̔ʾ  ʷʢʠʭ ʟʥʘʭʦʜʷʪʴʩʷ ʥʘ ʧʨʠʩʪʨʦʷʭ ʟʙʝʨʽʛʘʥʥʷ, ʧʦʤʽʯʝʥʠʭ 

ʧʽʜʩʠʩʪʝʤʦʶ ʤʦʥʽʪʦʨʠʥʛʫ ʷʢ ʧʦʪʝʥʮʽʡʥʦ ʥʝʥʘʜʽʡʥʽ. ʆʧʪʠʤʽʟʘʮʽʷ ʟʘ ʮʠʤ ʢʨʠʪʝʨʽʻʤ ʜʦʟʚʦʣʷʻ ʰʚʠʜʢʦ 

ʚʽʜʥʦʚʠʪʠ ʢʦʝʬʽʮʽʻʥʪ ʨʝʧʣʽʢʘʮʽʾ ʩʭʦʚʠʱʘ ʜʘʥʠʭ, ʧʽʜʚʠʱʫʶʯʠ ʥʘʜʽʡʥʽʩʪʴ ʟʙʝʨʽʛʘʥʥʷ ʜʘʥʠʭ. ɯʥʰʠʤ ʢʨʠʪʝʨʽʻʤ 

ʻ ʟʘʛʘʣʴʥʠʡ ʯʘʩ ʤʽʛʨʘʮʽʾ ʚʩʽʭ ʝʣʝʤʝʥʪʽʚ ʜʘʥʠʭ. 

ʋ ʩʪʘʪʪʽ ʟʘʧʨʦʧʦʥʦʚʘʥʦ ʤʝʪʦʜ ʧʨʠʩʢʦʨʝʥʥʷ ʚʽʜʥʦʚʣʝʥʥʷ ʢʦʝʬʽʮʽʻʥʪʫ ʨʝʧʣʽʢʘʮʽʾ ʚ ʨʦʟʧʦʜʽʣʝʥʦʤʫ 

ʩʭʦʚʠʱʽ ʜʘʥʠʭ, ʷʢʠʡ ʚʠʢʦʨʠʩʪʦʚʫʻ ʟʘʧʨʦʧʦʥʦʚʘʥʠʡ ʘʣʛʦʨʠʪʤ ʤʽʛʨʘʮʽʾ ʜʘʥʠʭ, ʱʦ ʦʧʪʠʤʽʟʦʚʘʥʠʡ ʟʘ ʯʘʩʦʤ 

ʤʽʛʨʘʮʽʾ ʟ ʧʨʠʩʪʨʦʾʚ, ʢ̫ʽ ʧʦʤʽʯʝʥʽ ʧʽʜʩʠʩʪʝʤʦʶ ʤʦʥʽʪʦʨʠʥʛʫ ʷʢ ʧʦʪʝʥʮʽʡʥʦ ʥʝʥʘʜʽʡʥʽ ʥʘ ʦʩʥʦʚʽ ʦʮʽʥʢʠ ʨʽʚʥʷ 

ʜʦʚʽʨʠ ʜʦ ʚʫʟʣʽʚ. 
ɸʥʘʣʽʟ ʜʦʩʣʽʜʞʝʥʴ ʪʘ ʧʫʙʣʽʢʘʮʽʡ 

ʈʽʰʝʥʥʷ ʜʣʷ ʤʦʥʽʪʦʨʠʥʛʫ ʚʫʟʣʽʚ. ʇʨʠ ʚʠʙʦʨʽ ʩʠʩʪʝʤʠ ʤʦʥʽʪʦʨʠʥʛʫ ʨʦʟʧʦʜʽʣʝʥʦʾ ʽʥʬʨʘʩʪʨʫʢʪʫʨʠ 

ʧʦʪʨʽʙʥʦ ʚʨʘʭʫʚʘʪʠ ʨʷʜ ʬʘʢʪʦʨʽʚ. ɺ ʧʝʨʰʫ ʯʝʨʛʫ ʦʮʽʥʠʪʠ ʚʽʜʧʦʚʽʜʥʽʩʪʴ ʬʫʥʢʮʽʦʥʘʣʫ ʩʠʩʪʝʤʠ ʤʦʥʽʪʦʨʠʥʛʫ 

ʚʘʰʠʤ ʪʝʭʥʽʯʥʠʤ ʽ ʙʽʟʥʝʩ-ʚʠʤʦʛʘʤ, ʘ ʪʘʢʦʞ ʨʦʟʛʣʷʥʫʪʠ ʦʩʦʙʣʠʚʦʩʪʽ ʨʦʟʛʦʨʪʘʥʥʷ ʪʘ ʩʫʧʨʦʚʦʜʫ, ʱʦʙ 

ʧʽʜʽʙʨʘʪʠ ʽʥʩʪʨʫʤʝʥʪ, ʱʦ ʤʘʢʩʠʤʘʣʴʥʦ ʚʽʜʧʦʚʽʜʘʻ ʚʘʰʽʡ ʽʥʬʨʘʩʪʨʫʢʪʫʨʽ. 

Zabbix [2] - ʮʝ ʫʥʽʚʝʨʩʘʣʴʥʝ ʨʽʰʝʥʥʷ ʜʣʷ ʤʦʥʽʪʦʨʠʥʛʫ ʟ ʚʽʜʢʨʠʪʠʤ ʚʠʭʽʜʥʠʤ ʢʦʜʦʤ, ʱʦ ʤʘʻ 

ʧʽʜʪʨʠʤʢʫ ʪʝʭʥʦʣʦʛʽʾ ʻʜʠʥʦʛʦ ʚʭʦʜʫ, ʨʦʟʧʦʜʽʣʝʥʦʛʦ ʤʦʥʽʪʦʨʠʥʛʫ, Zabbix Insights (ʥʘʙʽʨ ʪʨʠʛʝʨʥʠʭ ʬʫʥʢʮʽʡ 

ʜʣʷ ʚʠʷʚʣʝʥʥʷ ʘʥʦʤʘʣʽʡ ʽ ʥʝʧʨʘʚʠʣʴʥʦʾ ʧʦʚʝʜʽʥʢʠ ʩʠʩʪʝʤʠ), ʨʦʟʰʠʨʝʥʽ ʥʘʣʘʰʪʫʚʘʥʥʷ ʜʣʷ ʟʘʙʝʟʧʝʯʝʥʥʷ 

ʙʝʟʧʝʢʠ, ʚʽʜʩʫʪʥʽʩʪʴ ʦʙʤʝʞʝʥʴ ʥʘ ʟʙʝʨʽʛʘʥʥʷ ʜʘʥʠʭ ʽ ʪ.ʜ. Zabbix ʩʝʨʚʝʨ - ʮʝʥʪʨʘʣʴʥʠʡ ʧʨʦʮʝʩ ʧʨʦʛʨʘʤʥʦʛʦ 

ʟʘʙʝʟʧʝʯʝʥʥʷ. ʉʝʨʚʝʨ ʚʠʢʦʥʫʻ ʦʧʠʪʫʚʘʥʥʷ ʜʘʥʠʭ, ʦʙʯʠʩʣʶʻ ʪʨʠʛʝʨʠ, ʚʽʜʧʨʘʚʣʷʻ ʦʧʦʚʽʱʝʥʥʷ ʢʦʨʠʩʪʫʚʘʯʘʤ. 

ɺʽʥ ʻ ʮʝʥʪʨʘʣʴʥʠʤ ʢʦʤʧʦʥʝʥʪʦʤ, ʷʢʦʤʫ ʘʛʝʥʪʠ ʽ ʧʨʦʢʩʽ ʧʦʚʽʜʦʤʣʷʶʪʴ ʜʘʥʽ ʧʨʦ ʜʦʩʪʫʧʥʽʩʪʴ ʽ ʮʽʣʽʩʥʽʩʪʴ 

ʩʠʩʪʝʤ. ʉʝʨʚʝʨ ʤʦʞʝ ʩʘʤʦʩʪʽʡʥʦ ʚʽʜʜʘʣʝʥʦ ʧʝʨʝʚʽʨʷʪʠ ʤʝʨʝʞʝʚʽ ʩʣʫʞʙʠ (ʪʘʢʽ ʷʢ ʚʝʙ-ʩʝʨʚʝʨʘ ʽ ʧʦʰʪʦʚʽ 

ʩʝʨʚʝʨʠ), ʚʠʢʦʨʠʩʪʦʚʫʶʯʠ ʧʨʦʩʪʽ ʧʝʨʝʚʽʨʢʠ ʩʝʨʚʽʩʽʚ. ʉʝʨʚʝʨ ʻ ʛʦʣʦʚʥʠʤ ʩʭʦʚʠʱʝʤ, ʚ ʷʢʦʤʫ ʟʙʝʨʽʛʘʁ ʪʴʩʷ ʚʩʽ 

ʢʦʥʬʽʛʫʨʘʮʽʡʥʽ, ʩʪʘʪʠʩʪʠʯʥʽ ʪʘ ʦʧʝʨʘʪʠʚʥʽ ʜʘʥʽ, ʪʘʢʦʞ ʚʽʥ ʨʦʟʩʠʣʘʻ ʧʦʚʽʜʦʤʣʝʥʥʷ ʘʜʤʽʥʽʩʪʨʘʪʦʨʘʤ ʚ ʨʘʟʽ 

ʚʠʥʠʢʥʝʥʥʷ ʧʨʦʙʣʝʤ ʟ ʙʫʜʴ-ʷʢʠʤ ʟ ʧʽʜʢʦʥʪʨʦʣʴʥʠʭ ʩʠʩʪʝʤ. 

 
ʈʠʩ. 1. Zabbix-ʩʮʝʥʘʨʽʡ ʢʦʤʧʣʝʢʩʥʦʛʦ ʙʘʛʘʪʦʩʪʫʧʝʥʝʚʦʛʦ ʟʙʦʨʫ ʜʘʥʠʭ [2] 
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ɸʛʝʥʪʠ ʨʦʟʛʦʨʪʘʶʪʴʩʷ ʥʘ ʧʽʜʢʦʥʪʨʦʣʴʥʠʭ ʮʽʣʷʭ ʜʣʷ ʘʢʪʠʚʥʦʛʦ ʤʦʥʽʪʦʨʠʥʛʫ ʣʦʢʘʣʴʥʠʭ ʨʝʩʫʨʩʽʚ ʽ 

ʜʦʜʘʪʢʽʚ (ʩʪʘʪʠʩʪʠʢʘ ʞʦʨʩʪʢʠʭ ʜʠʩʢʽʚ, ʧʘʤ'ʷʪʽ, ʧʨʦʮʝʩʦʨʽʚ ʽ ʪ.ʜ.). ɸʛʝʥʪ ʣʦʢʘʣʴʥʦ ʟʙʠʨʘʻ ʦʧʝʨʘʪʠʚʥʫ 

ʽʥʬʦʨʤʘʮʽʶ ʽ ʚʽʜʧʨʘʚʣʷʻ ʜʘʥʽ ʩʝʨʚʝʨʫ ʜʣʷ ʧʦʜʘʣʴʰʦʾ ʦʙʨʦʙʢʠ. ɽʬʝʢʪʠʚʥʽʩʪʴ ʘʛʝʥʪ̔ ʚ ʜʦʩʷʛʘʻʪʴʩʷ ʟʘʚʜʷʢʠ 

ʚʠʢʦʨʠʩʪʘʥʥʶ ʨʽʜʥʠʭ ʩʠʩʪʝʤʥʽ ʚʠʢʣʠʢʠ ʜʣʷ ʟʙʦʨʫ ʽʥʬʦʨʤʘʮʽʾ ʩʪʘʪʠʩʪʠʢʠ. ʋ ʨʘʟʽ ʧʨʦʙʣʝʤ (ʪʘʢʠʭ ʷʢ 

ʚʽʜʩʫʪʥʽʩʪʴ ʚʽʣʴʥʦʛʦ ʤʽʩʮʷ ʥʘ ʞʦʨʩʪʢʦʤʫ ʜʠʩʢʫ ʘʙʦ ʘʚʘʨʽʡʥʦʛʦ ʟʘʚʝʨʰʝʥʥʷ ʧʨʦʮʝʩʫ ʩʝʨʚʽʩʫ), ʩʝʨʚʝʨ ʤʦʞʝ 

ʰʚʠʜʢʦ ʧʦʚʽʜʦʤʠʪʠ ʘʜʤʽʥʽʩʪʨʘʪʦʨʽʚ ʩʝʨʚʝʨʫ, ʷʢʠʡ ʧʦʚʽʜʦʤʠʚ ʧʨʦ ʧʦʤʠʣʢʫ. 

ɸʛʝʥʪʠ ʤʦʞʫʪʴ ʚʠʢʦʥʫʚʘʪʠ ʧʘʩʠʚʥʽ ʽ ʘʢʪʠʚʥʽ ʧʝʨʝʚʽʨʢʠ. ʋ ʨʘʟʽ ʧʘʩʠʚʥʦʾ ʧʝʨʝʚʽʨʢʠ ʘʛʝʥʪ ʚʽʜʧʦʚʽʜʘʻ 

ʥʘ ʟʘʧʠʪ ʜʘʥʠʭ. ʩʝʨʚʝʨ (ʘʙʦ ʧʨʦʢʩʽ) ʟʘʧʠʪʫʻ ʜʘʥʽ, ʥʘʧʨʠʢʣʘʜ, ʟʘʚʘʥʪʘʞʝʥʥʷ CPU, ʽ ʘʛʝʥʪ ʧʦʚʝʨʪʘʻ ʨʝʟʫʣʴʪʘʪ. 

ɸʢʪʠʚʥʽ ʧʝʨʝʚʽʨʢʠ ʚʠʤʘʛʘʶʪʴ ʙʽʣʴʰ ʩʢʣʘʜʥʦʾ ʦʙʨʦʙʢʠ. ɸʛʝʥʪ ʩʧʦʯʘʪʢʫ ʦʪʨʠʤʫʻ ʩʧʠʩʦʢ ʝʣʝʤʝʥʪʽʚ ʜʘʥʠʭ ʜʣʷ 

ʥʝʟʘʣʝʞʥʦʾ ʦʙʨʦʙʢʠ ʚʽʜ ʩʝʨʚʝʨʘ. ɼʘʣʽ ʚʽʥ ʙʫʜʝ ʧʝʨʽʦʜʠʯʥʦ ʚʽʜʧʨʘʚʣʷʪʠ ʥʦʚʽ ʟʥʘʯʝʥʥʷ ʩʝʨʚʝʨʘ. 

ɿʘ ʨʘʭʫʥʦʢ ʚʠʢʦʨʠʩʪʘʥʥʷ ʨʽʜʥʠʭ ʩʠʩʪʝʤʥʠʭ ʚʠʢʣʠʢʽʚ, ʘʛʝʥʪʠ ʜʦʟʚʦʣʷʶʪʴ ʝʬʝʢʪʠʚʥʦ ʚʽʜʩʪʝʞʫʚʘʪʠ 

ʟʤʽʥʠ ʤʝʪʨʠʢ ʧʽʜʢʦʥʪʨʦʣʴʥʦʾ ʩʠʩʪʝʤʠ, ʱʦ ʻ ʥʝʦʙʭʽʜʥʦʶ ʫʤʦʚʦʶ ʚʠʢʦʨʠʩʪʘʥʥʷ ʤʝʪʦʜʫ ʦʮʽʥʢʠ ʩʪʫʧʝʥʷ ʜʦʚʽʨʠ 

ʜʦ ʚʫʟʣʘ. 

ɸʣʛʦʨʠʪʤʠ ʤʽʛʨʘʮʽʾ ʜʘʥʠʭ. ɿʘʜʘʯʘ ʨʦʟʬʘʨʙʦʚʫʚʘʥʥʷ ʜʫʛ ʛʨʘʬʘ ʥʘʣʝʞʠʪʴ ʜʦ ʢʣʘʩʫ NP-ʩʢʣʘʜʥʠʭ [3]. 

ɸʣʛʦʨʠʪʤʠ ʪʦʯʥʦʛʦ ʾʾ ʨʽʰʝʥʥʷ ʚʠʤʘʛʘʪʁɹ  ʧʦʚʥʦʛʦ ʧʝʨʝʙʦʨʫ ʽ ʤʘʶʪʴ ʝʢʩʧʦʥʝʥʮʽʘʣʴʥʫ ʦʙʯʠʩʣʶʚʘʣʴʥʫ 

ʩʢʣʘʜʥʽʩʪʴ, ʪʦʙʪʦ ʥʝ ʻ ʧʦʣʽʥʦʤʽʘʣʴʥʠʤʠ. ʆʜʥʘʢ, ʪʘʢʦʞ ʽʩʥʫʶʪʴ ʘʧʨʦʢʩʠʤʘʮʽʡʥʽ ʧʦʣʽʥʦʤʽʘʣʴʥʽ ʘʣʛʦʨʠʪʤʠ 

ʨʦʟʚ'ʷʟʘʥʥʷ ʮʽʻʾ ʟʘʜʘʯʽ. 

ʋ ʩʪʘʪʪʽ [4] ʦʧʠʩʘʥʠʡ ʧʦʣʽʥʦʤʽʘʣʴʥʠʡ ʘʧʨʦʢʩʠʤʘʮʽʡʥʠʡ ʘʣʛʦʨʠʪʤ ʨʦʟʬʘʨʙʦʚʫʚʘʥʥʷ ʨʝʙʝʨ ʛʨʘʬʫ ʟ 

ʦʙʯʠʩʣʶʚʘʣʴʥʦʶ ʩʢʣʘʜʥʽʩʪʶ O(A*(V+ŭ)), ʜʝ A ï ʤʥʦʞʠʥʘ ʜʫʛ ʛʨʘʬʫ; V - ʤʥʦʞʠʥʘ ʚʝʨʰʠʥ; ŭ - ʜʝʷʢʘ 

ʢʦʥʩʪʘʥʪʘ. ʎʝʡ ʘʣʛʦʨʠʪʤ ʟʘʩʥʦʚʘʥʠʡ ʥʘ ʧʨʠʥʮʠʧʽ ñʨʦʟʜʽʣʷʡ ʽ ʚʦʣʦʜʘʨʶʡò. ɿʘʛʘʣʴʥʝ ʨʽʰʝʥʥʷ ʜʣʷ ʚʩʴʦʛʦ 

ʛʨʘʬʘ ʚʠʙʫʜʦʚʫʻʪʴʩʷ ʟ ʦʙ'ʻʜʥʘʥʥʷ ʨʽʰʝʥʴ ʜʣʷ ʤʥʦʞʠʥʠ ʨʦʟʬʘʨʙʦʚʘʥʠʭ ʧʽʜʛʨʘʬʽʚ. ʅʘ ʧʦʯʘʪʢʫ ʨʦʙʦʪʠ 

ʘʣʛʦʨʠʪʤʫ ʤʘʢʩʠʤʘʣʴʥʠʡ ʨʦʟʤʽʨ ʧʽʜʛʨʘʬʽʚ ʦʙʤʝʞʝʥʠʡ ʥʝʚʝʣʠʢʠʤ ʯʠʩʣʦʤ. ɼʫʛʠ ʦʙʠʨʘʶʪʴʩʷ ʧʦʩʣʽʜʦʚʥʦ ʚ 

ʜʦʚʽʣʴʥʦʤʫ ʧʦʨʷʜʢʫ ʽ ʬʦʨʤʫʶʪʴ ʥʦʚʽ ʧʽʜʛʨʘʬʠ ʘʙʦ ʚʭʦʜʷʪʴ ʜʦ ʩʢʣʘʜʫ ʚʞʝ ʚʽʜʦʤʠʭ. ʇʨʠ ʧʝʚʥʠʭ ʫʤʦʚʘʭ ʥʦʚʘ 

ʜʫʛʘ ʤʦʞʝ ʦʙ'ʻʜʥʘʪʠ ʜʚʘ ʧʽʜʛʨʘʬʠ ʚ ʦʜʠʥ. ʋ ʧʨʦʮʝʩʽ ʨʦʙʦʪʠ ʘʣʛʦʨʠʪʤʫ ʤʘʢʩʠʤʘʣʴʥʠʡ ʨʦʟʤʽʨ ʧʽʜʛʨʘʬʽʚ 

ʧʦʩʪʫʧʦʚʦ ʟʙʽʣʴʰʫʻʪʴʩʷ. ʇʽʩʣʷ ʧʨʦʭʦʜʫ ʧʦ ʚʩʽʭ ʜʫʛʘʭ ʨʦʟʬʘʨʙʦʚʘʥʽ ʧʽʜʛʨʘʬʠ ʦʙ'ʻʜʥʫʶʪʴʩʷ ʚ ʻʜʠʥʠʡ ʛʨʘʬ. 

ɿʘʜʘʯʘ ʨʦʟʬʘʨʙʫʚʘʥʥʷ ʜʫʛ ʜʚʦʜʦʣʴʥʦʛʦ ʛʨʘʬʘ ʻ ʦʢʨʝʤʠʤ ʚʠʧʘʜʢʦʤ ʟʘʜʘʯʽ ʨʦʟʬʘʨʙʫʚʘʥʥʷ ʜʫʛ, ʘʣʝ 

ʚʦʥʘ ʥʝ ʥʘʣʝʞʠʪʴ ʜʦ ʢʣʘʩʫ NP-ʧʦʚʥʠʭ. ʋ ʩʪʘʪʪʽ [5] ʤʦʞʥʘ ʟʥʘʡʪʠ ʦʧʠʩ ʦʧʪʠʤʘʣʴʥʦʛʦ ʘʣʛʦʨʠʪʤʫ 

ʨʦʟʬʘʨʙʦʚʫʚʘʥʥʷ ʜʫʛ ʟ ʦʙʯʠʩʣʶʚʘʣʴʥʦʶ ʩʢʣʘʜʥʽʩʪʶ O(A*logD), ʜʝ A ï ʤʥʦʞʠʥʘ ʜʫʛ; D ï ʤʘʢʩʠʤʘʣʴʥʠʡ 

ʩʪʫʧʽʥʴ ʚʝʨʰʠʥ ʛʨʘʬʫ. ɺ ʨʘʟʽ ʧʨʦʩʪʦʛʦ, ʜʚʦʜʦʣʴʥʦʛʦ ʛʨʘʬʘ ʤʦʞʥʘ ʚʠʟʥʘʯʠʪʠ ʧʨʘʚʠʣʘ ʜʦʜʘʚʘʥʥʷ ʜʫʛ ʜʦ ʪʠʭ 

ʯʠ ʽʥʰʠʭ ʧʽʜʛʨʘʬʽʚ ʽ ʧʨʘʚʠʣʘ ʦʙ'ʻʜʥʘʥʥʷ ʧʽʜʛʨʘʬʽʚ, ʷʢʽ ʜʦʟʚʦʣʷʶʪʴ ʬʦʨʤʫʚʘʪʠ ʛʘʨʘʥʪʦʚʘʥʦ ʦʧʪʠʤʘʣʴʥʝ 

ʨʦʟʬʘʨʙʫʚʘʥʥʷ ʜʫʛ ʥʘ ʢʦʞʥʦʤʫ ʢʨʦʮʽ ʘʣʛʦʨʠʪʤʫ. 

ʋ ʩʪʘʪʪʽ [6] ʧʨʠʚʝʜʝʥʦ ʩʧʦʩʽʙ, ʷʢʠʡ ʜʦʟʚʦʣʷʻ ʟʤʝʥh ʠʪʠ ʯʘʩ ʤʽʛʨʘʮʽʾ ʜʘʥʠʭ ʟ ʧʨʠʩʪʨʦʾʚ ʟʙʝʨʽʛʘʥʥʷ, 

ʷʢʽ ʜʦʜʘʶʪʴʩʷ ʘʙʦ ʚʽʜ'ʻʜʥʫʶʪʴʩʷ ʚʽʜ ʩʭʦʚʠʱʘ ʧʽʜ ʯʘʩ ʤʘʩʰʪʘʙʫʚʘʥʥʷ, ʰʣʷʭʦʤ ʟʙʽʣʴʰʝʥʥʷ ʟʘʛʘʣʴʥʦʛʦ ʯʘʩʫ 

ʤʽʛʨʘʮʽʾ ʜʘʥʠʭ. ɺ ʮʴʦʤʫ ʩʧʦʩʦʙʽ ʩʝʨʝʜ ʤʥʦʞʠʥʠ ʧʨʠʩʪʨʦʾʚ ʟʙʝʨʽʛʘʥʥʷ, ʱʦ ʚʭʦʜʷʪʴ ʜʦ ʩʢʣʘʜʫ ʤʘʩʰʪʘʙʦʚʘʥʦʛʦ 

ʨʦʟʧʦʜʽʣʝʥʦʛʦ ʩʭʦʚʠʱʘ, ʚʠʜʽʣʷʻʪʴʩʷ ʧʽʜʤʥʦʞʠʥʘ ʤʘʩʰʪʘʙʫʶʯʠʭ ʧʨʠʩʪʨʦʾʚ ʟʙʝʨʽʛʘʥʥʷ S. ɼʦ ʮʽʻʾ ʧʽʜʤʥʦʞʠʥʠ 

ʚʽʜʥʦʩʷʪʴʩʷ ʧʨʠʩʪʨʦʾ, ʱʦ ʥʘ ʤʦʤʝʥʪ ʧʦʪʦʯʥʦʾ ʧʨʦʮʝʜʫʨʠ ʙʘʣʘʥʩʫʚʘʥʥʷ ʜʦʜʘʶʪʴʩʷ ʘʙʦ ʟʚʽʣʴʥʷʶʪʴʩʷ ʟʽ 

ʩʭʦʚʠʱʘ. ʇʝʨʝʤʽʱʝʥʥʷ ʜʘʥʠʭ ʤʽʞ ʜʚʦʤʘ ʤʘʩʰʪʘʙʫʶʯʠʤʠ ʧʨʠʩʪʨʦʤ̫ʠ ʟʙʝʨʽʛʘʥʥʷ ʧʽʜ ʯʘʩ ʧʨʦʮʝʜʫʨʠ 

ʙʘʣʘʥʩʫʚʘʥʥʷ ʜʘʥʠʭ ʥʝ ʧʨʦʚʦʜʠʪʴʩʷ. 

ʇʽʜ ʯʘʩ ʤʘʩʰʪʘʙʫʚʘʥʥʷ ʥʝʦʙʭʽʜʥʦ ʚʠʢʦʥʘʪʠ ʧʨʦʮʝʜʫʨʫ ʤʽʛʨʘʮʽʾ ʥʘ ʚʩʽʭ ʤʘʩʰʪʘʙʫʶʯʠʭ ʧʨʠʩʪʨʦʷʭ S. 

ʇʽʩʣʷ ʮʴʦʛʦ ʾʭ ʤʦʞʥʘ ʟʚʽʣʴʥʠʪʠ ʪʘ ʚʠʢʦʥʘʪʠ ʤʽʛʨʘʮʽʶ ʥʘ ʧʨʠʩʪʨʦʷʭ, ʱʦ ʟʘʣʠʰʠʣʠʩʷ. ʆʪʞʝ, ʧʨʦʮʝʜʫʨʫ 

ʤʽʛʨʘʮʽʾ ʤʦʞʥʘ ʨʦʟʜʽʣʠʪʠ ʥʘ ʜʚʽ ʯʘʩʪʠʥʠ: ʤʘʩʰʪʘʙʫʚʘʥʥʷ ʪʘ ʟʘʣʠʰʢʦʚʫ ʤʽʛʨʘʮʽʶ. ɼʣʷ ʚʠʨʽʰʝʥʥʷ ʧʦʜʽʙʥʠʭ 

ʟʘʜʘʯ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʨʦʟʜʽʣʝʥʥʷ ʛʨʘʬʫ ʥʘ ʧʽʜʛʨʘʬʠ. ɿ ʦʛʣʷʜʫ ʥʘ ʮʝ ʤʫʣʴʪʠʛʨʘʬ ʚʠʤʦʛ G (1) ʤʦʞʥʘ 

ʨʦʟʜʽʣʠʪʠ ʥʘ ʜʚʘ ʧʽʜʛʨʘʬʘ: ʤʘʩʰʪʘʙʫʶʯʠʡ GS ̔  ʟʘʣʠʰʢʦʚʠʡ GR. 

ʄʘʩʰʪʘʙʫʶʯʠʤ ʧʽʜʛʨʘʬʦʤ GS ̒  ʧʽʜʛʨʘʬ ʤʫʣʴʪʠʛʨʘʬʫ ʚʠʤʦʛ G, ʱʦ ʩʢʣʘʜʘʻʪʴʩʷ ʟ ʤʥʦʞʠʥʠ ʚʝʨʰʠʥ S 

(ʤʘʩʰʪʘʙʫʶʯʠʭ ʧʨʠʩʪʨʦʾʚ ʟʙʝʨʽʛʘʥʥʷ) ʽ ʤʥʦʞʠʥʠ ʚʝʨʰʠʥ Sadj, ʩʫʤʽʞʥʠʭ ʟ S, ʘ ʪʘʢʦʞ ʚʩʽʭ ʜʫʛ, ʱʦ ʟ'ʻʜʥʫʶʪʴ 

ʚʝʨʰʠʥʠ S c Sadj: 
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ɿʘʣʠʰʢʦʚʠʤ ʧʽʜʛʨʘʬʦʤ GR ʻ ʧʽʜʛʨʘʬ ʛʨʘʬʫ ʚʠʤʦʛ G, ʱʦ ʩʢʣʘʜʘʻʪʴʩʷ ʟ ʤʥʦʞʠʥʠ ʚʝʨʰʠʥ ʽ ʜʫʛ ʛʨʘʬʫ 

G ʟʘ ʚʠʥʷʪʢʦʤ ʚʝʨʰʠʥ S ʽ ʜʫʛ, ʱʦ ʟ'ʻʜʥʫʶʪʴ ʚʝʨʰʠʥʠ S ʽ Sadj: 
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ʇʨʠʢʣʘʜ ʧʦʜʽʣʫ ʤʫʣʴʪʠʛʨʘʬʫ ʚʠʤʦʛ ʥʘ ʧʽʜʛʨʘʬʠ ʥʘʚʝʜʝʥʦ ʥʘ ʨʠʩʫʥʢʫ 2. ʆʯʝʚʠʜʥʦ, ʱʦ ʤʥʦʞʠʥʘ 

ʚʝʨʰʠʥ Sadj ʥʘʣʝʞʠʪʴ ʷʢ ʧʽʜʛʨʘʬʫ GS ʪʘʢ ʽ ʧʽʜʛʨʘʬʫ GR, ʟʛʽʜʥʦ ʟ ʾʭ ʚʠʟʥʘʯʝʥʥʷʤʠ. ɼʫʛʠ, ʱʦ ʟôʻʜʥʫʶʪʴ 

ʚʝʨʰʠʥʠ Sadj ʤʽʞ ʩʦʙʦʶ ʥʘʣʝʞʽʪʴ ʪʽʣʴʢʠ ʧʽʜʛʨʘʬʫ GR. 

 

 
ʈʠʩ. 2. ʇʦʜʽʣ ʛʨʘʬʫ ʚʠʤʦʛ ʨʦʟʧʦʜʽʣʝʥʦʛʦ ʤʘʩʰʪʘʙʦʚʘʥʦʛʦ ʩʭʦʚʠʱʘ ʜʘʥʠʭ G ʥʘ ʜʚʘ ʧʽʜʛʨʘʬʘ: GS ʽ GR [6]. 

 

ɺʠʭʦʜʷʯʠ ʟ ʚʠʟʥʘʯʝʥʥʷ ʤʘʩʰʪʘʙʫʶʯʦʛʦ ʧʽʜʛʨʘʬʘ (3) ʚʽʥ ʩʢʣʘʜʘʻʪʴʩʷ ʟ ʤʥʦʞʠʥʠ ʤʘʩʰʪʘʙʫʶʯʠʭ 

ʚʝʨʰʠʥ S ʽ ʤʥʦʞʠʥʠ ʩʫʤʽʞʥʠʭ ʟ ʥʠʤʠ ʚʝʨʰʠʥ Sadj. ɺʝʨʰʠʥʠ S ʥʝ ʤʘʶʪʴ ʩʧʽʣʴʥʠʭ ʜʫʛ, ʪʘʢ ʷʢ ʮʝ ʩʫʧʝʨʝʯʠʪʴ 

ʚʠʟʥʘʯʝʥʥʶ ʤʘʩʰʪʘʙʫʶʯʠʭ ʚʝʨʰʠʥ, ʘ ʚʝʨʰʠʥʠ Sadj ʥʝ ʤʘʶʪʴ ʩʧʽʣʴʥʠʭ ʜʫʛ, ʪʘʢ ʷʢ ʮʝ ʩʫʧʝʨʝʯʠʪʴ ʚʠʟʥʘʯʝʥʥʶ 

ʤʘʩʰʪʘʙʫʶʯʦʛʦ ʧʽʜʛʨʘʬʘ (3). ʆʪʞʝ, ʤʘʩʰʪʘʙʫʶʯʠʡ ʧʽʜʛʨʘʬ GS ʻ ʜʚʦʜʦʣʴʥʠʤ ʛʨʘʬʦʤ ʟ ʜʦʣʷʤʠ, ʱʦ 

ʩʢʣʘʜʘʶʪʴʩʷ ʟ ʤʥʦʞʠʥʠ ʚʝʨʰʠʥ S ʽ Sadj. 

ɺʨʘʭʦʚʫʶʯʠ, ʱʦ ʧʽʜʛʨʘʬ GS ʜʚʦʜʦʣʴʥʠʡ, ʫ ʩʪʘʪʪʽ [6] ʟʘʧʨʦʧʦʥʦʚʘʥʦ ʥʘʩʪʫʧʥʠʡ ʩʧʦʩʽʙ ʨʦʟʚ'ʷʟʘʥʥʷ 

ʟʘʜʘʯʽ ʤʽʛʨʘʮʽʾ ʪʘ ʧʦʢʘʟʘʥʦ, ʱʦ ʚʽʥ ʤʘʻ ʧʦʣʽʥʦʤʽʘʣʴʥʫ ʩʢʣʘʜʥʽʩʪʴ max{O(A*logD), O(A*(V+ŭ))}, ʜʝ ɸ ï 

ʤʥʦʞʠʥʘ ʜʫʛ, V ï ʤʥʦʞʠʥʘ ʚʝʨʰʠʥ, D ï ʤʘʢʩʠʤʘʣʴʥʘ ʩʪʫʧʽʥʴ ʚʝʨʰʠʥʠ, ŭ ï ʜʝʢ̫ʘ ʢʦʥʩʪʘʥʪʘ: 

1. ʚʠʜʽʣʠʪʠ ʧʽʜʛʨʘʬ GS ʟ ʛʨʘʬʫ G ʥʘ ʦʩʥʦʚʽ ʤʥʦʞʠʥʠ ʤʘʩʰʪʘʙʫʶʯʠʭ ʚʝʨʰʠʥ S;  

2. ʚʠʜʽʣʠʪʠ ʧʽʜʛʨʘʬ GR ʟ ʛʨʘʬʫ G ʥʘ ʦʩʥʦʚʽ ʧʽʜʛʨʘʬʫ GS;  

3. ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʘʣʛʦʨʠʪʤ ʟʽ ʩʪʘʪʪʽ [5] ʜʣʷ ʟʥʘʭʦʜʞʝʥʥʷ ʧʣʘʥʫ ʤʽʛʨʘʮʽʾ ʜʣʷ ʜʚʦʜʦʣʴʥʦʛʦ ʛʨʘʬʫ 

ʚʠʤʦʛ GS;  

4. ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʘʣʛʦʨʠʪʤ ʟʽ ʩʪʘʪʪʽ [4] ʜʣʷ ʟʥʘʭʦʜʞʝʥʥʷ ʧʣʘʥʫ ʤʛ̔ʨʘʮʽʾ ʜʣʷ ʛʨʘʬʫ ʚʠʤʦʛ GR;  

5. ʦʪʨʠʤʘʪʠ ʟʘʛʘʣʴʥʠʡ ʧʣʘʥ ʤʽʛʨʘʮʽʾ ʜʣʷ ʛʨʘʬʫ ʚʠʤʦʛ G ʰʣʷʭʦʤ ʧʦʩʣʽʜʦʚʥʦʛʦ ʦʙ'ʻʜʥʘʥʥʷ ʧʣʘʥʽʚ 

ʤʽʛʨʘʮʽʾ ʜʣʷ ʧʽʜʛʨʘʬʽʚ GS ̔  GR. 

ʄʦʜʠʬʽʢʦʚʘʥʠʡ ʤʝʪʦʜ ʦʮʽʥʢʠ ʩʪʫʧʝʥʷ ʜʦʚʽʨʠ ʜʦ ʚʫʟʣʽʚ 

ɹʘʟʦʚʘ ʨʦʣʴ ʩʠʩʪʝʤʠ ʤʦʥʽʪʦʨʠʥʛʫ - ʮʝ ʽʥʬʦʨʤʫʚʘʥʥʷ ʧʨʦ ʥʘʙʣʠʞʝʥʥʷ ʩʪʘʥʫ ʢʦʤʧʦʥʝʥʪʫ ʜʦ 

ʢʨʠʪʠʯʥʠʭ ʟʥʘʯʝʥʴ. ɺʽʟʴʤʝʤʦ ʟʘ ʦʩʥʦʚʫ ʥʘʩʪʫʧʥʠʡ ʧʨʠʥʮʠʧ ʚʟʘʻʤʦʜʽʾ ʩʠʩʪʝʤʠ ʤʦʥʽʪʦʨʠʥʛʫ ʟ 

ʧʽʜʢʦʥʪʨʦʣʴʥʦʶ ʩʠʩʪʝʤʦʶ [7]: 
 

S =  O, P, L, M, p, u      (4) 
 

ʜʝ  O ï ʤʥʦʞʠʥʘ ʤʝʪʨʠʢ ʧʽʜʢʦʥʪʨʦʣʴʥʦʾ ʩʠʩʪʝʤʠ; P ï ʤʥʦʞʠʥʘ ʚʣʘʩʪʠʚʦʩʪʝʡ ʤʝʪʨʠʢ 

ʧʽʜʢʦʥʪʨʦʣʴʥʦʾ ʩʠʩʪʝʤʠ; L ï ʤʥʦʞʠʥʘ ʧʦʚ'ʷʟʘʥʠʭ ʤʽʞ ʩʦʙʦʶ ʤʝʪʨʠʢ, ʱʦ ʚʽʜʦʙʨʘʞʘʻ ʟʘʣʝʞʥʽʩʪʴ ʩʪʘʙʽʣʴʥʦʛʦ 

ʩʪʘʥʫ ʾʭ ʩʘʤʠʭ ʘʙʦ ʾʭ ʚʣʘʩʪʠʚʦʩʪʝʡ ʦʜʠʥ ʚʽʜ ʦʜʥʦʛʦ; M ï ʤʥʦʞʠʥʘ ʜʘʪʯʠʢʽʚ ʘʙʦ ʩʧʦʩʦʙʽʚ ʘʥʘʣʽʟʫ ʩʠʩʪʝʤʠ 

ʤʦʥʽʪʦʨʠʥʛʫ; p ï ʬʫʥʢʮʽʷ, ʱʦ ʚʽʜʦʙʨʘʞʘʻ ʥʘʚ̫ʥʽʩʪʴ ʧʝʚʥʦʾ ʤʝʪʨʠʢʠ ʫ ʢʦʤʧʦʥʝʥʪʘ ʩʠʩʪʝʤʠ: 
 

{0,1}pf O P= Ã ­      (5) 

 

u ï ʬʫʥʢʮʽʷ, ʷʢʘ ʚʽʜʦʙʨʘʞʘʻ ʤʦʞʣʠʚʽʩʪʴ ʚʠʢʦʨʠʩʪʘʥʥʷ ʢʦʥʢʨʝʪʥʦʛʦ ʜʘʪʯʠʢʘ ʘʙʦ ʤʝʪʦʜʫ ʘʥʘʣʽʟʫ ʜʣʷ 

ʢʦʥʪʨʦʣʶ ʩʪʘʥʫ ʜʘʥʦʾ ʤʝʪʨʠʢʠ: 
 

{0,1}uf ʄ P= Ã ­      (6) 

 

ʉʪʫʧʽʥʴ ʦʜʥʦʟʥʘʯʥʦʩʪʽ ʩʪʘʥʫ ʧʽʜʢʦʥʪʨʦʣʴʥʦʾ ʩʠʩʪʝʤʠ ʤʦʞʝ ʙʫʪʠ ʧʨʝʜʩʪʘʚʣʝʥʘ ʷʢ 
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ʜʝ  pi ï ʤʝʪʨʠʢʠ, ʧʽʜʢʦʥʪʨʦʣʴʥʽ ʩʠʩʪʝʤʽ ʤʦʥʽʪʦʨʠʥʛʫ (ʪʦʙʪʦ ʜʣʷ ʷʢʠʭ ʽʩʥʫʻ ( ), 1u if p s = ); pj ï 
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ʚʩʽ ʤʝʪʨʠʢʠ ʧʽʜʢʦʥʪʨʦʣʴʥʦʾ ʩʠʩʪʝʤʠ (ʪʦʙʪʦ ʜʣʷ ʷʢʠʭ ʽʩʥʫ̒ ( ), 1p if o p = ); w ï ʚʥʝʩʦʢ ʤʝʪʨʠʢʠ ʚ 

ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ ʧʽʜʢʦʥʪʨʦʣʴʥʦʾ ʩʠʩʪʝʤʠ; np ï ʯʠʩʣʦ ʢʦʤʧʦʥʝʥʪʽʚ, ʱʦ ʤʘʶʪʴ ʤʝʪʨʠʢʫ p ʚ ʧʽʜʢʦʥʪʨʦʣʴʥʽʡ 

ʩʠʩʪʝʤʽ. 

ɼʦʜʘʤʦ ʜʦʜʘʪʢʦʚʠʡ ʢʨʠʪʝʨʽʡ ʧʨʠ ʦʮʽʥʮʽ ʷʢʦʩʪʽ ʤʦʥʽʪʦʨʠʥʛʫ - ʩʝʨʝʜʥʶ ʽʥʬʦʨʤʘʪʠʚʥʽʩʪʴ 

ʧʦʚʽʜʦʤʣʝʥʥʷ ʧʨʦ ʩʪʘʥ ʧʽʜʢʦʥʪʨʦʣʴʥʦʾ ʩʠʩʪʝʤʠ ʟʘ ʧʝʚʥʠʡ ʧʝʨʽʦʜ ʯʘʩʫ. ɼʣʷ ʚʠʨʽʰʝʥʥʷ ʮʴʦʛʦ ʟʘʚʜʘʥʥʷ 

ʚʠʢʦʨʠʩʪʘʻʤʦ ʩʪʘʥʜʘʨʪʥʽ ʟʘʩʦʙʠ ʩʠʩʪʝʤʠ ʤʦʥʽʪʦʨʠʥʛʫ Zabbix. 

ʅʠʞʯʝ ʧʨʝʜʩʪʘʚʣʝʥʽ ʚʠʜʽʣʝʥʽ ʢʣʘʩʠ ʧʦ ʩʪʫʧʝʥʶ ʽʥʬʦʨʤʘʪʠʚʥʦʩʪʽ ʧʦʚʽʜʦʤʣʝʥʴ (ʥʘʚʝʜʝʥʽ ʧʨʠʢʣʘʜʠ 

ʨʝʘʣʴʥʠʭ ʧʦʚʽʜʦʤʣʝʥʴ ʜʣ̫ ʢʦʞʥʦʛʦ ʢʣʘʩʫ): 

0. ʇʦʚʽʜʦʤʣʝʥʥʷ ʧʨʦ ʚʽʜʩʫʪʥʽʩʪʴ ʢʦʤʧʦʥʝʥʪʘ ʩʠʩʪʝʤʠ ʘʙʦ ʥʝ ʤʽʩʪʠʪʴ ʽʥʬʦʨʤʘʪʠʚʥʦʾ ʜʽʘʛʥʦʩʪʠʯʥʦʾ 

ʽʥʬʦʨʤʘʮʽʾ: 

Switch 1 - WS-C2960S-48LPD-L - Power Supply 0: Device has been replaced (new serial number 

received) 

1. ʇʦʚʽʜʦʤʣʝʥʥʷ ʧʦʚ'ʷʟʘʥʽ ʟ ʥʝʧʨʘʚʠʣʴʥʠʤ ʥʘʣʘʰʪʫʚʘʥʥʷʤ ʢʦʤʧʦʥʝʥʪʽʚ ʩʠʩʪʝʤʠ: 

Interface Fa0/4(ucsfi1-A.cr8.p16a.kiev.mgmt (mgmt_if)): In half-duplex mode 

2. ʇʦʚʽʜʦʤʣʝʥʥʷ ʧʨʦ ʟʘʛʘʣʴʥʫ ʥʝʜʦʩʪʫʧʥʽʩʪʴ ʢʦʤʧʦʥʝʥʪʘ: 

Unavailable by ICMP ping 

3. ʇʦʚʽʜʦʤʣʝʥʥʷ ʧʨʦ ʟʘʛʘʣʴʥʫ ʥʝʧʨʘʮʝʟʜʘʪʥʽʩʪʴ ʧʝʚʥʦʾ ʣʦʢʘʣʽʟʦʚʘʥʦʾ ʩʢʣʘʜʦʚʦʾ ʯʘʩʪʠʥʠ ʢʦʤʧʦʥʝʥʪʘ: 

Interface Gi0/2(): Link down 

4. ʇʦʚʽʜʦʤʣʝʥʥʷ ʤʽʩʪʠʪʴ ʽʥʬʦʨʤʘʮʽʶ ʪʽʣʴʢʠ ʧʨʦ ʬʘʢʪ ʥʝʚʽʜʧʦʚʽʜʥʦʩʪʽ ʟʥʘʯʝʥʥʷ ʢʨʠʪʝʨʽʶ: 

Sw1, PS1 Normal, RPS NotExist: Power supply is in critical state 

5. ʇʦʚʽʜʦʤʣʝʥʥʷ ʤʽʩʪʠʪʴ ʧʦʪʦʯʥʝ ʟʥʘʯʝʥʥʷ ʧʘʨʘʤʝʪʨʘ: 

#1: High CPU utilization (over 90% for 5m) 

ʂʦʞʥʦʤʫ ʧʦʚʽʜʦʤʣʝʥʥʶ ʧʨʠʩʚʦʶʻʪʴʩʷ ʧʝʚʥʘ ʽʥʬʦʨʤʘʮʽʡʥʘ ʚʘʛʘ ʚʽʜ 0 (ʜʣʷ ʧʦʚʽʜʦʤʣʝʥʴ ʢʘʪʝʛʦʨʽʾ 0) 

ʜʦ 1 (ʜʣʷ ʧʦʚʽʜʦʤʣʝʥʴ ʢʘʪʝʛʦʨʽʾ 5) ʚʽʜʧʦʚʽʜʥʦ ʜʦ ʾʾ ʚʥʝʩʢʫ ʚ ʩʠʩʪʝʤʫ ʦʮʽʥʶʚʘʥʥʷ ʩʪʘʥʫ ʩʠʩʪʝʤʠ.  

ʇʽʩʣ ̫ʨʦʟʧʦʜʽʣʫ ʚʘʛʠ Iaver ʨʦʟʨʘʭʦʚʫʻʪʴʩʷ ʟʘ ʬʦʨʤʫʣʦʶ: 
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ʜʝ  Im ï ʽʥʬʦʨʤʘʮʽʡʥʘ ʚʘʛʘ ʧʦʚʽʜʦʤʣʝʥʥʷ m; k ï ʯʠʩʣʦ ʦʧʠʪʫʚʘʥʴ ʩʪʘʥʫ ʚʣʘʩʪʠʚʦʩʪʽ m, 

ʟʜʽʡʩʥʝʥʠʭ ʩʠʩʪʝʤʦʶ ʟʘ ʟʘʜʘʥʠʡ ʧʝʨʽʦʜ ʯʘʩʫ.  

ɼʣʷ ʚʽʜʦʙʨʘʞʝʥʥʷ ʨʽʟʥʠʮʽ ʚ ʽʥʬʦʨʤʘʮʽʡʥʽʡ ʚʘʟʽ ʨʽʟʥʠʭ ʧʦʚʽʜʦʤʣʝʥʴ ʽ ʩʝʥʩʦʨʽʚ (ʤʝʪʦʜʽʚ) ʾʭ ʦʮʽʥʢʠ, 

ʩʣʽʜ ʨʦʟʰʠʨʠʪʠ ʦʙʣʘʩʪʴ ʟʥʘʯʝʥʥʷ ʬʫʥʢʮʽʾ ʟʘʩʪʦʩʦʚʥʦʩʪʽ u: 
 

{0...1}uf ʄ P= Ã ­             (9) 

ʜʝ 

( )
,

,
s pu Averf s p I=      (10) 

 

ʪʦʙʪʦ ʟʥʘʯʝʥʥʷ ʬʫʥʢʮʽʾ ʜʣʷ ʜʝʷʢʦʾ ʧʘʨʠ ʚʣʘʩʪʠʚʦʩʪʽ p ʽ ʩʝʥʩʦʨʘ s ʚʠʟʥʘʯʘʻʪʴʩʷ ʩʝʨʝʜʥʴʦʶ 

ʽʥʬʦʨʤʘʪʠʚʥʽʩʪʶ ʟʤʽʥʠ ʤʝʪʨʠʢʠ, ʟʘʬʽʢʩʦʚʘʥʦʾ ʩʧʦʩʦʙʦʤ ʘʥʘʣʽʟʫ ʘʙʦ ʩʝʥʩʦʨʦʤ s ʚ ʧʨʦʮʝʩʽ ʤʦʥʽʪʦʨʠʥʛʫ 

ʚʣʘʩʪʠʚʦʩʪʽ p. ʊʘʢʠʤ ʯʠʥʦʤ, ʚ ʨʘʟʽ ʥʝʤʦʞʣʠʚʦʩʪʽ ʟʘʩʪʦʩʫʚʘʥʥʷ ʩʧʦʩʦʙʫ ʘʥʘʣʽʟʫ ʘʙʦ ʩʝʥʩʦʨʘ ʜʣʷ ʢʦʥʪʨʦʣʶ 

ʧʝʚʥʦʾ ʤʝʪʨʠʢʠ, ʟʽʙʨʘʥʽ ʥʠʤ ʜʘʥ ̔ʙʫʜʫʪʴ ʥʘʣʝʞʘʪʠ ʜʦ ʢʣʘʩʫ 0, ʽ ʟʥʘʯʝʥʥʷ ʬʫʥʢʮʽʾ ʟʘʩʪʦʩʦʚʥʦʩʪʽ ʷʢ ʽ ʚ 

ʧʦʯʘʪʢʦʚʦʤʫ ʚʠʛʣʷʜʽ ʜʦʨʽʚʥʶʚʘʪʠʤʝ 0. 

ʊʘʢʠʤ ʯʠʥʦʤ: 
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     (11) 

 

ʜʝ  
iepf  - ʢʦʝʬʽʮʽʻʥʪ ʽʥʬʦʨʤʘʪʠʚʥʦʩʪʽ, ʷʢʠʡ ʚʠʟʥʘʯʘʻʪʴʩʷ ʷʢ ʟʥʘʯʝʥʥʷ ʬʫʥʢʮʽʾ ʟʘʩʪʦʩʦʚʥʦʩʪʽ 

ʤʝʪʦʜʫ ʘʥʘʣʟ̔ʫ ʘʙʦ ʩʝʥʩʦʨʫ, ʱʦ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʩʠʩʪʝʤʦʶ ʜʣʷ ʤʦʥʽʪʦʨʠʥʛʫ ʚʣʘʩʪʠʚʦʩʪʽ pi. 
 

ʉʧʦʩʽʙ ʧʘʨʘʣʝʣʴʥʦʛʦ ʨʦʟʨʘʭʫʥʢʫ ʧʣʘʥʫ ʤʽʛʨʘʮʽʾ 
ɿʘʧʨʦʧʦʥʦʚʘʥʠʡ ʩʧʦʩʙʽ ʟʘʩʥʦʚʘʥʠʡ ʥʘ ʩʧʦʩʦʙʽ ʤʽʛʨʘʮʽʾ ʜʘʥʠʭ, ʷʢʠʡ ʧʨʝʜʩʪʘʚʣʝʥʠʡ ʫ ʩʪʘʪʪʽ [6]. ɺ 

ʮʴʦʤʫ ʩʧʦʩʦʙʽ ʚʠʢʦʨʠʩʪʘʥʦ ʟʘʤʽʥʫ ʧʦʩʣ̔ʜʦʚʥʦʛʦ ʦʙôʻʜʥʘʥʥʷ ʜʚʦʭ ʧʣʘʥʽʚ ʤʽʛʨʘʮʽʾ ʥʘ ʾʭ ʧʘʨʘʣʝʣʴʥʝ 

ʦʙôʻʜʥʘʥʥʷ.  
ʇʽʜ ʧʘʨʘʣʝʣʴʥʠʤ ʦʙôʻʜʥʘʥʥʷʤ ʤʘʻʪʴʩʷ ʥʘ ʫʚʘʟʽ ʥʘʩʪʫʧʥʝ: ʨʦʟʜʽʣʴʥʝ ʨʦʟʬʘʨʙʫʚʘʥʥʷ ʧʽʜʛʨʘʬʽʚ GS ʽ 

GR, ʷʢ ʮʝ ʨʦʙʠʪʴʩʷ ʚ ʧʝʨʚʽʩʥʦʤʫ ʩʧʦʩʦʙʽ, ʪʘ ʩʢʣʘʜʘʥʥʷ ʦʢʨʝʤʠʭ ʧʣʘʥʽʚ ʤʽʛʨʘʮʽʾ ʜʣʷ ʮʠʭ ʧʽʜʛʨʘʬʽʚ, ʘʣʝ ʧʨʠ 

ʩʢʣʘʜʘʥʥʽ ʟʘʛʘʣʴʥʦʛʦ ʧʣʘʥʫ ʤʽʛʨʘʮʽʾ G ʜʣʷ ʚʩʽʭ ʧʝʨʝʩʠʣʦʢ ʥʘ ʢʦʞʥʦʤʫ ʢʨʦʮʽ ʚ ʧʣʘʥʽ ʤʽʛʨʘʮʽʾ ʧʽʜʛʨʘʬʘ GS 
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ʧʨʦʚʦʜʠʪʴʩʷ ʧʦʰʫʢ ʪʘʢʠʭ ʧʝʨʝʩʠʣʦʢ ʜʘʥʠʭ ʚ ʧʣʘʥʽ ʤʽʛʨʘʮʽʾ ʧʽʜʛʨʘʬʘ GR, ʱʦʙ ʮʽ ʧʝʨʝʩʠʣʢʠ ʤʦʞʥʘ ʙʫʣʦ 

ʦʙ'ʻʜʥʘʪʠ ʚ ʦʜʠʥ ʢʨʦʢ ʚ ʟʘʛʘʣʴʥʦʤʫ ʧʣʘʥʽ ʤ̔ ʛʨʘʮʽʾ ʤʫʣʴʪʠʛʨʘʬʘ G. ɺʚʘʞʘʻʪʴʩʷ, ʱʦ ʧʝʨʝʩʠʣʢʠ ʤʦʞʥʘ 

ʦʙ'ʻʜʥʘʪʠ ʥʘ ʦʜʥʦʤʫ ʢʨʦʮʽ ʧʣʘʥʫ ʤʽʛʨʘʮʽʾ, ʷʢʱʦ ʥʘ ʮʴʦʤʫ ʢʨʦʮʽ ʞʦʜʝʥ ʟ ʧʨʠʩʪʨʦʾʚ ʟʙʝʨʽʛʘʥʥʷ ʥʝ 

ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʙʽʣʴʰʝ ʦʜʥʦʛʦ ʨʘʟʫ ʷʢ ʜʞʝʨʝʣʦ ʘʙʦ ʧʨʠʡʤʘʯ ʧʝʨʝʩʠʣʢʠ ʜʘʥʠʭ. 
ɺʨʘʭʦʚʫʶʯʠ ʮʝ ʟʘʧʨʦʧʦʥʦʚʘʥʠʡ ʩʧʦʩʽʙ ʨʦʟʚ'ʷʟʘʥʥʷ ʟʘʜʘʯʽ ʤʽʛʨʘʮʽʾ ʜʘʥʠʭ ʚʠʛʣʷʜʘʻ ʪʘʢ: 

1. ʚʠʜʽʣʷʻʪʴʩʷ ʧʽʜʛʨʘʬ GS ʟ ʤʫʣʴʪʠʛʨʘʬʘ G ʥʘ ʦʩʥʦʚʽ ʤʥʦʞʠʥʠ  ʧʨʠʩʪʨʦʾʚ ʟʙʝʨʽʛʘʥʥʷ S, ʷʢʽ ʧʦʟʥʘʯʝʥʽ 

ʧʽʜʩʠʩʪʝʤʦʶ ʤʦʥʽʪʦʨʠʥʛʫ ʷʢ ʧʦʪʝʥʮʽʡʥʦ ʥʝʥʘʜʽʡʥʽ; 

2. ʚʠʜʽʣʷʻʪʴʩʷ ʧʽʜʛʨʘʬ GR ʟ ʤʫʣʴʪʠʛʨʘʬʘ G ʥʘ ʦʩʥʦʚʽ ʧʽʜʛʨʘʬʘ GS; 

3. ʪʨʘʜʠʮʽʡʥʠʤ ʩʧʦʩʦʙʦʤ ʨʦʟʨʘʭʦʚʫʻʪʴʩʷ ʧʣʘʥ ʤʽʛʨʘʮʽʾ MS ʜʣʷ ʧʽʜʛʨʘʬʘ GS, ʷʢʠʡ ʤʽʩʪʠʪʴ m ʢʨʦʢʽʚ, 

MSi ï ʢʨʦʢ ʧʣʘʥʫ ʤʽʛʨʘʮʽʾ, ʽ = 1..m; 

4. ʪʨʘʜʠʮʽʡʥʠʤ ʩʧʦʩʦʙʦʤ ʨʦʟʨʘʭʦʚʫʻʪʴʩʷ ʧʣʘʥ ʤʽʛʨʘʮʽʾ MR ʜʣʷ ʧʽʜʛʨʘʬʘ GR, ʷʢʠʡ ʤʽʩʪʠʪʴ n ʢʨʦʢʽʚ, 

MRj ï ʢʨʦʢ ʧʣʘʥʫ ʤ̔ ʛʨʘʮʽʾ, j = 1..n; 

5. ʰʣʷʭʦʤ ʧʦʢʨʦʢʦʚʦʛʦ ʚʠʢʦʥʘʥʥʷ ʥʘʩʪʫʧʥʠʭ ʦʧʝʨʘʮʽʡ ʟʥʘʭʦʜʠʪʴʩʷ ʟʘʛʘʣʴʥʠʡ ʧʣʘʥ ʤʽʛʨʘʮʽʾ M ʜʣʷ 

ʤʫʣʴʪʠʛʨʘʬʘ G: 

5.1. ʟ ʧʣʘʥʫ ʤʽʛʨʘʮʽʾ MS ʜʣʷ ʧʽʜʛʨʘʬʘ GS ʚʠʙʠʨʘʻʪʴʩʷ ʢʨʦʢ k ʟ ʥʘʡʤʝʥʰʦʶ ʢʽʣʴʢʽʩʪʶ ʦʧʝʨʘʮʽʡ 

ʧʝʨʝʤʽʱʝʥʥʷ ʜʘʥʠʭ; 

5.2. ʟ ʦʙʨʘʥʦʛʦ ʢʨʦʢʫ ʦʪʨʠʤʫʻʪʴʩʷ ʤʥʦʞʠʥʘ ʧʨʠʩʪʨʦʾʚ ʟʙʝʨʽʛʘʥʥʷ XS, ʷʢʠ ʙʝʨʫʪʴ ʫʯʘʩʪʴ ʫ 

ʧʝʨʝʤʽʱʝʥʥʽ ʜʘʥʠʭ ʥʘ ʮʴʦʤʫ ʢʨʦʮʽ; 

5.3. ʜʣʷ ʢʦʞʥʦʛʦ ʢʨʦʢʫ MRj, j = 1..n ʟ ʧʣʘʥʫ ʤʽʛʨʘʮʽʾ MR ʦʪʨʠʤʫʻʪʴʩʷ ʤʥʦʞʠʥʘ ʧʝʨʝʩʠʣʦʢ ʜʘʥʠʭ TRj 

ʷʢʠ ʙʝʨʫʪʴ ʫʯʘʩʪʴ ʫ ʧʝʨʝʤʽʱʝʥʥʽ ʜʘʥʠʭ ʥʘ ʮʴʦʤʫ ʢʨʦʮʽ; 

5.4. ʜʣʷ ʢʦʞʥʦʾ ʧʝʨʝʩʠʣʢʠ ʜʘʥʠʭ ʟ  TRj  ʦʪʨʠʤʫʻʪʴʩʷ ʤʥʦʞʠʥʘ ʧʨʠʩʪʨʦʾʚ ʟʙʝʨʽʛʘʥʥʷ XR, ʷʢʽ ʙʝʨʫʪʴ 

ʫʯʘʩʪʴ ʫ ʮʽʡ ʧʝʨʝʩʠʣʮʽ; 

5.5. ʷʢʱʦ ʤʥʦʞʠʥʠ XS ʪʘ XR ʥʝ ʧʝʨʝʪʠʥʘʶʪʴʩʷ, ʪʦ ʧʝʨʝʩʠʣʢʘ ʜʘʥʠʭ ʜʦʜʘʻʪʴʩʷ ʜʦ ʢʨʦʢʫ k ʪʘ 

ʚʠʜʘʣʷʻʪʴʩʷ ʟ ʧʣʘʥʫ ʤʽʛʨʘʮʽʾ MR; 

5.6. ʧʽʩʣʷ ʪʦʛʦ, ʢ̫ ʧʨʦʛʣʷʥʫʪʦ ʫʩʽ ʢʨʦʢʠ ʟ ʧʣʘʥʫ ʤʽʛʨʘʮʽʾ MR, ʢʨʦʢ k ʜʦʜʘʻʪʴʩʷ ʜʦ ʟʘʛʘʣʴʥʦʛʦ ʧʣʘʥʫ 

ʤʽʛʨʘʮʽʾ M ʪʘ ʚʠʜʘʣʷʻʪʴʩʷ ʟ ʧʣʘʥʫ ʤʽʛʨʘʮʽʾ MS; 

5.7. ʧʽʩʣʷ ʪʦʛʦ, ʷʢ ʟ ʧʣʘʥʫ ʤʽʛʨʘʮʽʾ MS ʚʠʜʘʣʝʥʽ ʫʩʽ ʢʨʦʢʠ ʪʘ ʜʦʜʘʥʽ ʜʦ ʧʣʘʥʫ ʤʽʛʨʘʮʽʾ M, ʜʦ M 

ʜʦʜʘʶʪʴʩʷ ʪʘʢʦʞ ʫʩʽ ʢʨʦʢʠ ʧʣʘʥʫ ʤ̔ ʛʨʘʮʽʾ MR, ʷʢʽ ʟʘʣʠʰʠʣʠʩʴ ʥʝ ʚʠʢʦʨʠʩʪʘʥʠʤʠ. 

ʊʝʧʝʨ ʚʠʟʥʘʯʠʤʦ ʦʙʯʠʩʣʶʚʘʣʴʥʫ ʩʢʣʘʜʥʽʩʪʴ ʟʘʧʨʦʧʦʥʦʚʘʥʦʛʦ ʘʣʛʦʨʠʪʤʫ. ɿʘʜʘʯʘ ʚʠʜʽʣʝʥʥʷ 

ʧ̔ ʜʛʨʘʬʽʚ ʟ ʛʨʘʬʘ ʤʘʻ ʣʽʥʽʡʥʫ ʦʙʯʠʩʣʶʚʘʣʴʥʫ ʩʢʣʘʜʥʽʩʪʴ O(V). ɿʘʚʜʘʥʥʷ ʧʘʨʘʣʝʣʴʥʦʛʦ ʦʙ'ʻʜʥʘʥʥʷ ʧʣʘʥʽʚ 

ʤʽʛʨʘʮʽʾ ʤʘʻ ʧʦʣʽʥʦʤʽʘʣʥɹʫ ʦʙʯʠʩʣʶʚʘʣʴʥʫ ʩʢʣʘʜʥʽʩʪʴ O(m*n), ʜʝ m ï ʢʽʣʴʢʽʩʪʴ ʢʨʦʢʽʚ ʫ ʧʣʘʥʽ ʤʽʛʨʘʮʽʾ ʜʣʷ 

ʧʽʜʛʨʘʬʘ GS, n ï ʢʽʣʴʢʽʩʪʴ ʢʨʦʢʽʚ ʫ ʧʣʘʥʽ ʤʽʛʨʘʮʽʾ ʜʣʷ ʧʽʜʛʨʘʬʘ GR. ɸʣʛʦʨʠʪʤʠ ʟʽ ʩʪʘʪʝʡ [4] ʪʘ [5] ʤʘʶʪʴ 

ʧʦʣʽʥʦʤʽʘʣʴʥʫ ʦʙʯʠʩʣʶʚʘʣʴʥʫ ʩʢʣʘʜʥʽʩʪʴ: O(A*(V+ŭ)) ʽ O(ɸ*logD), ʚʽʜʧʦʚ̔ʜʥʦ. ʆʩʢʽʣʴʢʠ ʧʨʝʜʩʪʘʚʣʝʥʠʡ 

ʘʣʛʦʨʠʪʤ ʷʚʣʷʻ ʩʦʙʦʶ ʧʦʩʣʽʜʦʚʥʝ ʦʙ'ʻʜʥʘʥʥʷ ʢʨʦʢʽʚ ʟ ʧʝʨʰʦʛʦ ʧʦ ʧ'ʷʪʠʡ, ʡʦʛʦ ʦʙʯʠʩʣʶʚʘʣʴʥʘ ʩʢʣʘʜʥʽʩʪʴ 

ʜʦʨʽʚʥʶʻ ʩʢʣʘʜʥʦʩʪʽ ʥʘʡʙʽʣʴʰ ʚʠʪʨʘʪʥʦʛʦ ʢʨʦʢʫ: max{O(V), O(A*logD), O(A*(V+ŭ)), O(m*n)} = 

max{O(A*logD), O(A*(V+ŭ))}. ɿ ʮʴʦʛʦ ʚʠʧʣʠʚʘʻ, ʱʦ ʘʣʛʦʨʠʪʤ ʤʘʻ ʧʦʣʽʥʦʤʽʘʣʴʥʫ ʩʢʣʘʜʥʽʩʪʴ. 

ʆʮʽʥʢʘ ʝʬʝʢʪʠʚʥʦʩʪʽ ʟʘʧʨʦʧʦʥʦʚʘʥʦʛʦ ʩʧʦʩʦʙʫ 

ɺʠʢʦʨʠʩʪʦʚʫʶʯʠ ʪʨʘʜʠʮʽʡʥʽ ʩʧʦʩʦʙʠ ʤʽʛʨʘʮʽʾ, ʚʽʜʥʦʚʣʝʥʥʷ ʢʦʝʬʽʮʽʻʥʪʫ ʨʝʧʣʽʢʘʮʽʾ ʜʘʥʠʭ ʤʦʞʥʘ 

ʟʜʽʡʩʥʠʪʠ ʪʽʣʴʢʠ ʧʽʩʣʷ ʧʦʚʥʦʛʦ ʚʠʢʦʥʘʥʥʷ ʧʨʦʮʝʜʫʨʠ ʤʽʛʨʘʮʽʾ ʜʘʥʠʭ. ʎʝ ʧʦʚ'ʷʟʘʥʦ ʟ ʪʠʤ, ʱʦ ʧʨʠʩʪʨʦʾ 

ʟʙʝʨʽʛʘʥʥʷ, ʷʢʽ ʩʠʩʪʝʤʘ ʤʦʥʽʪʦʨʠʥʛʫ ʚʚʘʞʘʻ ʧʦʪʝʥʮʽʡʥʦ ʥʝʥʘʜʽʡʥʠʤʠ, ʤʦʞʫʪʴ ʙʫʪʠ ʟʘʣʫʯʝʥʽ ʜʦ ʧʨʦʮʝʜʫʨʠ 

ʤ̔ ʛʨʘʮʽʾ ʜʘʥʠʭ ʜʦ ʩʘʤʠʭ ʦʩʪʘʥʥʽʭ ʢʨʦʢʽʚ. ɿʘʧʨʦʧʦʥʦʚʘʥʠʡ ʫ ʩʪʘʪʪʽ [6] ʩʧʦʩʽʙ ʚʠʜʽʣʷʻ ʚ ʤʫʣʴʪʠʛʨʘʬʽ G 

ʤʘʩʰʪʘʙʫʶʯʠʡ ʧʽʜʛʨʘʬ GS, ʦɦ ʤ̔ʩʪʠʪʴ ʚʩʽ ʤʘʩʰʪʘʙʫʶʯʽ ʧʨʠʩʪʨʦʾ, ʘ ʚ ʥʘʰʦʤʫ ʚʠʧʘʜʢʫ ʫʩʽ ʧʽʜʦʟʨʽʣʽ 

ʧʨʠʩʪʨʦʾ. ʎʝ ʜʦʟʚʦʣʷʻ ʰʚʠʜʰʝ ʚʠʢʦʥʘʪʠ ʧʨʦʮʝʜʫʨʫ ʤʽʛʨʘʮʽʾ ʥʘ ʮʠʭ ʧʨʠʩʪʨʦʷʭ. ɿʚʦʨʦʪʥʦʶ ʩʪʦʨʦʥʦʶ ʩʧʦʩʦʙʫ 

ʻ ʥʝʦʙʭʽʜʥʽʩʪʴ ʚʠʢʦʥʘʥʥʷ ʟʘʣʠʰʢʦʚʦʾ ʤʽʛʨʘʮʽʾ ʚ ʧʽʜʛʨʘʬʽ GR ʧʽʩʣʷ ʚʠʢʦʥʘʥʥʷ ʤʽʛʨʘʮʽʾ ʚ GS ʽ ʧʦʩʣʽʜʦʚʥʝ 

ʦʙ'ʻʜʥʘʥʥʷ ʢʨʦʢʽʚ ʤʽʛʨʘʮʽʾ, ʷʢʝ ʟʙʽʣʴʰʫʻ ʟʘʛʘʣʴʥʠʡ ʯʘʩ ʤʽʛʨʘʮʽʾ. ʋ ʟʘʧʨʦʧʦʥʦʚʘʥʦʤʫ ʩʧʦʩʦʙʽ ʧʦʩʣʽʜʦʚʥʝ 

ʦʙ'ʻʜʥʘʥʥʷ ʧʣʘʥʽʚ ʤʽʛʨʘʮʽʾ ʫ ʧʽʜʛʨʘʬʘʭ GS ʪʘ GR ʟʘʤʽʥʶʻʪʴʩʷ ʥʘ ʧʘʨʘʣʝʣʴʥʝ ʦʙ'ʻʜʥʘʥʥʷ ʦʪʨʠʤʘʥʠʭ ʧʣʘʥʽʚ 

ʤʽʛʨʘʮʽʾ. 

ɼʣʷ ʦʮʽʥʢʠ ʝʬʝʢʪʠʚʥʦʩʪʽ ʟʘʧʨʦʧʦʥʦʚʘʥʦʛʦ ʩʧʦʩʦʙʫ ʙʫʣʦ ʧʨʦʚʝʜʝʥʦ ʡʦʛʦ ʧʦʨʽʚʥʷʥʥʷ ʟ ʪʨʘʜʠʮʽʡʥʠʤ 

ʩʧʦʩʦʙʦʤ ʤʽʛʨʘʮʽʾ, ʷʢʽʡ ʦʧʪʠʤʽʟʦʚʘʥʠʡ ʟʘ ʟʘʛʘʣʴʥʠʤ ʯʘʩʦʤ ʤʽʛʨʘʮʽʾ ʥʘ ʚʩʽʭ ʧʨʠʩʪʨʦʷʭ ʟʙʝʨʽʛʘʥʥʷ, ʪʘ ʟʽ 

ʩʧʦʩʦʙʦʤ, ʟʘʧʨʦʧʦʥʦʚʘʥʠʤ ʫ ʩʪʘʪʪʽ [6], ʷʢʽʡ ʪʘʢʦʞ ʦʧʪʠʤʽʟʦʚʘʥʠʡ ʟʘ ʯʘʩʦʤ ʤʽʛʨʘʮʽʾ ʥʘ ʦʢʨʝʤʦ ʚʠʜʽʣʝʥʠʭ 

ʧʨʠʩʪʨʦʷʭ ʟʙʝʨʽʛʘʥʥʷ. 

ʇʽʜ ʯʘʩ ʧʨʦʚʝʜʝʥʥʷ ʝʢʩʧʝʨʠʤʝʥʪʽʚ ʥʘ ʚʭʽʜ ʚʩʽʭ ʩʧʦʩʦʙʽʚ ʧʦʜʘʚʘʣʠʩʷ ʦʜʥʘʢʦʚʽ ʤʫʣʴʪʠʛʨʘʬʠ ʚʠʤʦʛ G, 

ʷʢʽ ʙʫʣʠ ʦʪʨʠʤʘʥʽ ʧʽʩʣʷ ʨʦʟʚ'ʷʟʘʥʥʷ ʟʘʜʘʯʽ ʨʦʟʤʽʱʝʥʥʷ ʟ ʥʘʩʪʫʧʥʠʤʠ ʚʭʽʜʥʠʤʠ ʧʘʨʘʤʝʪʨʘʤʠ: 

Å ʟʘʛʘʣʴʥʘ ʢʽʣʴʢʽʩʪʴ ʧʨʠʩʪʨʦʾʚ ʟʙʝʨʽʛʘʥʥʷ - ʚ̔ ʜ 10 ʜʦ 100 ʟ ʢʨʦʢʦʤ 10; 

Å ʢʽʣʴʢʽʩʪʴ ʧʽʜʦʟʨʽʣʠʭ ʧʨʠʩʪʨʦʾʚ ʟʙʝʨʽʛʘʥʥʷ - 1 ʫ ʚʩʽʭ ʯʝʨʛʘʭ ʝʢʩʧʝʨʠʤʝʥʪʽʚ. 

ɺʠʭʽʜʥʠʤʠ ʧʘʨʘʤʝʪʨʘʤʠ ʩʧʦʩʦʙʽʚ ʻ: 

Å T(G) ï ʟʘʛʘʣʴʥʠʡ ʯʘʩ ʤʽʛʨʘʮʽʾ (ʫ ʢʨʦʢʘʭ) ʥʘ ʚʩʽʭ ʧʨʠʩʪʨʦʷʭ ʟʘ ʪʨʘʜʠʮʽʡʥʠʤ ʩʧʦʩʦʙʦʤ; 

Å T(GS) ï ʯʘʩ ʤʽʛʨʘʮ̔ʾ  (ʫ ʢʨʦʢʘʭ) ʥʘ ʧʦʪʝʥʮʽʡʥʦ ʥʝʥʘʜʽʡʥʠʭ ʧʨʠʩʪʨʦʷʭ ʟʙʝʨʽʛʘʥʥʷ, ʨʦʟʨʘʭʦʚʫʻʪʴʩʷ ʷʢ 

ʯʘʩ ʤʽʛʨʘʮʽʾ ʫ ʧʽʜʛʨʘʬʽ GS; 

Å T(GR) ï ʯʘʩ ʤʽʛʨʘʮʽʾ (ʫ ʢʨʦʢʘʭ) ʥʘ ʟʘʣʠʰʢʦʚʠʭ ʧʨʠʩʪʨʦʷʭ ʟʙʝʨʽʛʘʥʥʷ, ʨʦʟʨʘʭʦʚʫʻʪʴʩʷ ʷʢ ʯʘʩ ʤʽʛʨʘʮʽʾ 

ʫ ʧʽʜʛʨʘʬʽ GR; 

Å T(GS) + T(GR) ð ʟʘʛʘʣʴʥʠʡ ʯʘʩ ʤ̔ʛʨʘʮʽʾ (ʫ ʢʨʦʢʘʭ) ʥʘ ʚʩʽʭ ʧʨʠʩʪʨʦʷʭ ʟʘ ʩʧʦʩʦʙʦʤ ʟʽ ʩʪʘʪʪʽ [7]; 

Å TPARALLEL(G) ï ʟʘʛʘʣʴʥʠʡ ʯʘʩ ʤʽʛʨʘʮʽʾ (ʫ ʢʨʦʢʘʭ) ʥʘ ʚʩʽʭ ʧʨʠʩʪʨʦʷʭ ʟʘ ʟʘʧʨʦʧʦʥʦʚʘʥʠʤ ʩʧʦʩʦʙʦʤ. 
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ʆʯʝʚʠʜʥʦ, ʱʦ ʯʘʩ ʤʽʛʨʘʮʽʾ ʥʘ ʤʘʩʰʪʘʙʫʶʯʠʭ ʧʨʠʩʪʨʦʷʭ ʜʣʷ ʪʨʘʜʠʮʽʡʥʦʛʦ ʩʧʦʩʦʙʫ ʜʦʨʽʚʥʶʻ 

ʟʘʛʘʣʴʥʦʤʫ ʯʘʩʫ ʤʽʛʨʘʮʽʾ T(G). 

ɺʠʭʦʜʷʯʠ ʟ ʢʨʠʪʝʨʽʾʚ ʟʘʜʘʯʽ ʤʽʛʨʘʮʽʾ ʜʘʥʠʭ ʚ ʨʦʟʧʦʜʽʣʝʥʦʤʫ ʩʭʦʚʠʱʽ, ʙʫʜʝʤʦ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ 

ʥʘʩʪʫʧʥʽ ʧʘʨʘʤʝʪʨʠ ʦʮʽʥʢʠ: 

1. P ð ʯʘʩ (ʫ ʢʨʦʢʘʭ), ʥʘ ʷʢʠʡ ʟʤʝʥʰʫʻʪʴʩʷ ʧʨʦʮʝʩ ʤʽʛʨʘʮʽʾ ʟ ʧʦʪʝʥʮʽʡʥʦ ʥʝʥʘʜʽʡʥʠʭ ʧʨʠʩʪʨʦʾʚ 

ʟʙʝʨʽʛʘʥʥʷ, ʜʝ: 
 

() ( )SP T G T G= -      (12) 

 

2. ȹP - ʮʝ ʚʽʜʥʦʩʥʠʡ ʚʠʛʨʘʰ ʫ ʯʘʩʽ ʤʽʛʨʘʮʽʾ ʟ ʧʦʪʝʥʮʽʡʥʦ ʥʝʥʘʜʽʡʥʠʭ ʧʨʠʩʪʨʦʾʚ ʟʙʝʨʽʛʘʥʥʷ, ʘ ʦʪʞʝ ʡ ʫ 

ʯʘʩʽ ʚʽʜʥʦʚʣʝʥʥʷ ʢʦʝʬʽʮʽʻʥʪʫ ʨʝʧʣʽʢʘʮʽʾ) ʧʨʠ ʟʘʩʪʦʩʫʚʘʥʥʽ ʟʘʧʨʦʧʦʥʦʚʘʥʦʛʦ ʩʧʦʩʦʙʫ ʚ ʧʦʨʽʚʥʷʥʥʽ ʟ 

ʪʨʘʜʠʮʽʡʥʠʤ ʩʧʦʩʦʙʦʤ, ʜʝ: 
 

()

() ( )

()
ST G T GP

P
T G T G

-
D = =  (13) 

 

3. ȹ(T(GS) + T(GR)) - ʮʝ ʚʽʜʥʦʩʥʠʡ ʚʠʛʨʘʰ ʫ ʟʘʛʘʣʴʥʦʤʫ ʯʘʩʽ ʤʽʛʨʘʮʽʾ ʧʨʠ ʟʘʩʪʦʩʫʚʘʥʥʽ 

ʟʘʧʨʦʧʦʥʦʚʘʥʦʛʦ ʫ ʩʪʘʪʪʽ [7] ʩʧʦʩʦʙʫ ʚ ʧʦʨʽʚʥʷʥʥʽ ʟ ʪʨʘʜʠʮʽʡʥʠʤ ʩʧʦʩʦʙʦʤ, ʜʝ: 
 

( ) ( )

()
1

S RT G T G
L

T G

+
D = - (14) 

 

4. ȹTPARALLEL(G) - ʮʝ ʚʽʜʥʦʩʥʠʡ ʚʠʛʨʘʰ ʫ ʟʘʛʘʣʴʥʦʤʫ ʯʘʩʽ ʤʽʛʨʘʮʽʾ ʧʨʠ ʟʘʩʪʦʩʫʚʘʥʥʽ ʟʘʧʨʦʧʦʥʦʚʘʥʦʛʦ 

ʩʧʦʩʦʙʫ ʚ ʧʦʨʽʚʥʷʥʥʽ ʟ ʪʨʘʜʠʮʽʡʥʠʤ ʩʧʦʩʦʙʦʤ, ʜʝ: 
 

()

()
1 

PARALLELT G
L

T G
D = - (15) 

 

ɹʫʣʦ ʧʨʦʚʝʜʝʥʦ 3 ʯʝʨʛʠ ʝʢʩʧʝʨʠʤʝʥʪʽʚ ʜʣʷ ʨʽʟʥʦʾ ʚʽʜʥʦʩʥʦʾ ʢʽʣʴʢʦʩʪʽ ʝʣʝʤʝʥʪʽʚ ʜʘʥʠʭ: 

1. ʢʽʣʴʢʽʩʪʴ ʝʣʝʤʝʥʪʚ̔ ʜʘʥʠʭ ʫ 4 ʨʘʟʠ ʙʽʣʴʰʘ ʟʘ ʢʽʣʴʢʽʩʪʴ ʧʨʠʩʪʨʦʾʚ ʟʙʝʨʽʛʘʥʥʷ; 

2. ʢʽʣʴʢʽʩʪʴ ʝʣʝʤʝʥʪʽʚ ʜʘʥʠʭ ʫ 8 ʨʘʟʽʚ ʙʽʣʴʰʘ ʟʘ ʢʽʣʴʢʽʩʪʴ ʧʨʠʩʪʨʦʾʚ ʟʙʝʨʽʛʘʥʥʷ; 

3. ʢʽʣʴʢʽʩʪʴ ʝʣʝʤʝʥʪʽʚ ʜʘʥʠʭ ʫ 16 ʨʘʟʽʚ ʙʽʣʴʰʘ ʟʘ ʢʽʣʴʢʽʩʪʴ ʧʨʠʩʪʨʦʾʚ ʟʙʝʨʽʛʘʥʥʷ. 

ɺ ʢʦʞʥʽʡ ʯʝʨʟʽ ʝʢʩʧʝʨʠʤʝʥʪʽʚ ʙʫʣʦ ʧʨʦʚʝʜʝʥʦ ʝʢʩʧʝʨʠʤʝʥʪʠ ʜʣʷ ʨʽʟʥʦʾ ʢʽʣʴʢʦʩʪʽ ʧʨʠʩʪʨʦʾʚ 

ʟʙʝʨʽʛʘʥʥʷ ʚ ʨʦʟʧʦʜʽʣʝʥʦʤʫ ʩʭʦʚʠʱʽ: ʚʽʜ 10 ʜʦ 100 ʟ ʢʨʦʢʦʤ 10. ɼʣʷ ʢʦʞʥʦʛʦ ʟʥʘʯʝʥʥʷ ʢʽʣʴʢʦʩʪʽ ʧʨʠʩʪʨʦʾʚ 

ʙʫʣʦ ʧʨʦʚʝʜʝʥʦ 100 ʝʢʩʧʝʨʠʤʝʥʪʽʚ. ʆʩʪʘʪʦʯʥʽ ʟʥʘʯʝʥʥʷ ʚʠʭʽʜʥʠʭ ʧʘʨʘʤʝʪʨʽʚ ʦʪʨʠʤʫʚʘʣʠʩʴ ʫʩʝʨʝʜʥʝʥʥʷʤ. 

ʈʝʟʫʣʴʪʘʪʠ ʫʩʽʭ ʯʝʨʛ ʝʢʩʧʝʨʠʤʝʥʪʽʚ ʥʘʚʝʜʝʥʽ ʫ ʪʘʙʣʠʮʽ 1. 

 

ʊʘʙʣʠʮʷ 1 

ʈʝʟʫʣʴʪʘʪʠ ʝʢʩʧʝʨʠʤʝʥʪʽʚ  

V T(G) T(GS) P ȹP T(GS)+T(GR) ȹ(T(GS) + T(GR)) TPARALLEL (G) ȹTPARALLEL (G) 

1 ʯʝʨʛʘ ï ʢʽʣʴʢʽʩʪʴ ʝʣʝʤʝʥʪʽʚ ʜʘʥʠʭ ï 4 * V 

10 14.00 12.26 1.74 12.4% 24.77 76.9% 22.74 62.4% 

20 17.67 13.33 4.34 24.6% 30.13 70.5% 24.63 39.4% 

30 19.22 14.18 5.04 26.2% 33.07 72.1% 24.42 27.1% 

40 20.07 14.47 5.60 27.9% 34.11 70.0% 23.53 17.2% 

50 20.67 14.79 5.88 28.4% 35.05 69.6% 23.39 13.2% 

60 21.57 15.18 6.39 29.6% 36.26 68.1% 23.18 7.5% 

70 21.62 15.47 6.15 28.4% 36.67 69.6% 23.01 6.4% 

80 21.72 15.47 6.25 28.8% 36.94 70.1% 22.57 3.9% 

90 22.11 15.47 6.64 30.0% 37.27 68.6% 22.51 1.8% 

100 22.08 15.28 6.80 30.8% 37.03 67.7% 22.62 2.4% 

2 ʯʝʨʛʘ ï ʢʽʣʴʢʽʩʪʴ ʝʣʝʤʝʥʪʽʚ ʜʘʥʠʭ ï 8 * V 

10 19.74 19.30 0.44 2.2% 37.12 88.0% 33.74 70.9% 

20 28.86 24.45 4.41 15.3% 51.82 79.6% 45.72 58.4% 

30 33.72 25.03 8.69 25.8% 57.53 70.6% 48.84 44.8% 

40 35.98 26.54 9.44 26.2% 61.64 71.3% 48.62 35.1% 
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V T(G) T(GS) P ȹP T(GS)+T(GR) ȹ(T(GS) + T(GR)) TPARALLEL (G) ȹTPARALLEL (G) 

50 37.89 27.17 10.72 28.3% 64.33 69.8% 48.18 27.2% 

60 38.89 27.76 11.13 28.6% 66.13 70.0% 47.29 21.6% 

70 40.04 28.30 11.74 29.3% 68.08 70.0% 46.67 16.6% 

80 40.75 28.97 11.78 28.9% 69.34 70.2% 46.61 14.4% 

90 41.54 29.41 12.13 29.2% 70.40 69.5% 46.14 11.1% 

100 41.99 29.56 12.43 29.6% 71.11 69.3% 45.60 

8.6% 

 

3 ʯʝʨʛʘ ï ʢʽʣʴʢʽʩʪʴ ʝʣʝʤʝʥʪʽʚ ʜʘʥʠʭ ï 16 * V 

10 23.87 23.75 0.12 0.5% 46.20 93.5% 40.59 70.0% 

20 42.04 40.47 1.57 3.7% 80.18 90.7% 70.11 66.8% 

30 52.99 47.29 5.70 10.8% 98.54 86.0% 84.52 59.5% 

40 59.92 48.30 11.62 19.4% 106.93 78.5% 90.89 51.7% 

50 64.95 48.49 16.46 25.3% 112.36 73.0% 94.37 45.3% 

60 68.37 49.81 18.56 27.1% 117.42 71.7% 95.34 39.4% 

70 71.52 51.11 20.41 28.5% 121.28 69.6% 95.52 33.6% 

80 73.61 52.55 21.06 28.6% 125.27 70.2% 95.60 29.9% 

90 75.16 53.82 21.34 28.4% 128.24 70.6% 94.20 25.3% 

100 76.51 55.07 21.44 28.0% 130.90 71.1% 93.94 22.8% 

 

ʅʘ ʨʠʩʫʥʢʘʭ 3 ʪʘ 4 ʟʦʙʨʘʞʝʥʽ ʛʨʘʬʽʢʠ ʚʽʜʥʦʰʝʥʥʷ ʟʥʘʯʝʥʴ ȹP ʪʘ ȹTPARALLEL(G) ʚʽʜ ʢʽʣʴʢʦʩʪʽ 

ʧʨʠʩʪʨʦʾʚ ʟʙʝʨʽʛʘʥʥʷ ʜʘʥʠʭ V ʜʣʷ ʫʩʽʭ ʯʝʨʛ ʝʢʩʧʝʨʠʤʝʥʪʽʚ. 

 

 
ʈʠʩ. 3. ɻʨʘʬʽʢ ʚʽʜʥʦʰʝʥʥʷ ʟʥʘʯʝʥʥʷ  ȹP ʚʽʜ ʢʽʣʴʢʦʩʪʽ ʧʨʠʩʪʨʦʾʚ ʟʙʝʨʽʛʘʥʥʷ ʜʘʥʠʭ V ʜʣʷ ʫʩʽʭ ʯʝʨʛ ʝʢʩʧʝʨʠʤʝʥʪʽʚ. 

 

ʗʢ ʚʠʜʥʦ ʟ ʪʘʙʣʠʮʽ ʪʘ ʛʨʘʬʽʢʽʚ, ʟʘʧʨʦʧʦʥʦʚʘʥʠʡ ʩʧʦʩʽʙ ʤʽʛʨʘʮʽʾ ʜʘʥʠʭ ʜʦʟʚʦʣʷʻ ʟʤʝʥʰʠʪʠ ʯʘʩ 

ʤʽʛʨʘʮʽʾ ʟ ʧʨʠʩʪʨʦʾʚ, ʷʢʽ ʧʦʤʽʯʝʥʽ ʧʽʜʩʠʩʪʝʤʦʶ ʤʦʥʽʪʦʨʠʥʛʫ ʷʢ ʧʦʪʝʥʮʽʡʥʦ ʥʝʥʘʜʽʡʥʽ, ʧʨʠ ʙʫʜʴ-ʷʢʽʡ ʢʽʣʴʢʦʩʪʽ 

ʧʨʠʩʪʨʦʾʚ ʟʙʝʨʽʛʘʥʥʷ ʪʘ ʧʨʠ ʙʫʜʴ-ʷʢʽʡ ʢʽʣʴʢʦʩʪʽ ʝʣʝʤʝʥʪʽʚ ʜʘʥʠʭ. ʎʝ ʩʚʦʻʶ ʯʝʨʛʦʶ ʟʤʝʥʰʫʻ ʯʘʩ ʚʽʜʥʦʚʣʝʥʥʷ 

ʢʦʝʬʽʮʽʻʥʪʫ ʨʝʧʣʽʢʘʮʽʾ ʫ ʨʦʟʧʦʜʽʣʝʥʠʭ ʩʭʦʚʠʱʘʭ ʙʫʜʴ-ʷʢʦʛʦ ʨʦʟʤʽʨʫ. ɿʤʝʥʰʝʥʥʷ ʯʘʩʫ ʚʽʜʥʦʚʣʝʥʥʷ 

ʢʦʝʬʽʮʽʻʥʪʫ ʨʝʧʣʽʢʘʮʽʾ ʜʦʩʷʛʘʻ 30%.  
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ʈʠʩ. 4. ɻʨʘʬʽʢ ʚʽʜʥʦʰʝʥʥʷ ʟʥʘʯʝʥʥʷ  ȹTPARALLEL(G) ʚʽʜ ʢʽʣʴʢʦʩʪʽ ʧʨʠʩʪʨʦʾʚ ʟʙʝʨʽʛʘʥʥʷ ʜʘʥʠʭ V ʜʣʷ ʫʩʽʭ ʯʝʨʛ ʝʢʩʧʝʨʠʤʝʥʪʽʚ. 

ɿʤʝʥʰʝʥʥʷ ʯʘʩʫ ʚʽʜʥʦʚʣʝʥʥʷ ʢʦʝʬʽʮʽʻʥʪʫ ʨʝʧʣʽʢʘʮʽʾ ʚʽʜʙʫʚʘʻʪʴʩʷ ʢʦʰʪʦʤ ʟʙʽʣʴʰʝʥʥʷ ʟʘʛʘʣʴʥʦʛʦ 

ʯʘʩʫ ʤʽʛʨʘʮʽʾ ʜʘʥʠʭ, ʱʦ ʜʦʩʷʛʘʻ 70% ʧʨʠ ʤʘʣʽʡ ʢʽʣʴʢʦʩʪʽ ʧʨʠʩʪʨʦʾʚ ʟʙʝʨʽʛʘʥʥʷ ʪʘ ʧʦʩʪʫʧʦʚʦ ʟʤʝʥʰʫʻʪʴʩʷ ʟ 

ʨʦʩʪʦʤ ʢ̔ ʣʴʢʦʩʪʽ ʧʨʠʩʪʨʦʾʚ. 

ɺʠʩʥʦʚʢʠ 

ɺ ʨʦʙʦʪʽ ʨʦʟʛʣʷʥʫʪʦ ʧʨʦʙʣʝʤʠ ʨʦʟʚ'ʷʟʘʥʥʷ ʟʘʜʘʯ ʤʽʛʨʘʮʽʾ ʜʘʥʠʭ ʪʘ ʚʽʜʥʦʚʣʝʥʥʷ ʢʦʝʬʽʮʽʻʥʪʫ 

ʨʝʧʣʽʢʘʮʽʾ ʚ ʨʦʟʧʦʜʽʣʝʥʠʭ ʤʘʩʰʪʘʙʦʚʘʥʠʭ ʩʭʦʚʠʱʘʭ. ɹʫʣʦ ʟʘʧʨʦʧʦʥʦʚʘʥʦ ʩʧʦʩʽʙ ʩʢʣʘʜʘʥʥʷ ʧʣʘʥʫ ʤʽʛʨʘʮʽʾ 

ʜʘʥʠʭ ʟ ʧʦʣʽʥʦʤʽʘʣʴʥʦʶ ʦʙʯʠʩʣʶʚʘʣʴʥʦʶ ʩʢʣʘʜʥʽʩʪʶ. ʇʦʢʘʟʘʥʦ, ʱʦ ʟʘʧʨʦʧʦʥʦʚʘʥʠʡ ʘʣʛʦʨʠʪʤ ʻ 

ʦʧʪʠʤʘʣʴʥʠʤ ʟʘ ʯʘʩʦʤ ʤʽʛʨʘʮʽʾ ʥʘ ʧʨʠʩʪʨʦʷʭ, ʷʢʽ ʧʦʟʥʘʯʝʥʽ ʧʽʜʩʠʩʪʝʤʦʶ ʤʦʥʽʪʦʨʠʥʛʫ ʷʢ ʧʦʪʝʥʮʽʡʥʦ 

ʥʝʥʘʜʽʡʥʽ, ʘ ʦʪʞʝ ʡ ʟʘ ʯʘʩʦʤ ʚʽʜʥʦʚʣʝʥʥʷ ʢʦʝʬʽʮʽʻʥʪʫ ʨʝʧʣʽʢʘʮʽʾ ʫ ʨʦʟʧʦʜʽʣʝʥʦʤʫ ʩʭʦʚʠʱʽ. 

ɽʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ ʧʦʢʘʟʘʥʦ, ʱʦ ʟʘʧʨʦʧʦʥʦʚʘʥʠʡ ʩʧʦʩʽʙ ʦʜʥʘʢʦʚʦ ʝʬʝʢʪʠʚʥʠʡ ʜʣʷ ʨʦʟʧʦʜʽʣʝʥʠʭ ʩʭʦʚʠʱ ʟ 

ʨʽʟʥʦʶ ʢʽʣʴʢʽʩʪʶ ʧʨʠʩʪʨʦʾʚ ʟʙʝʨʽʛʘʥʥʷ ʪʘ ʨʽʟʥʦʶ ʢʽʣʴʢʽʩʪʶ ʝʣʝʤʝʥʪʽʚ ʜʘʥʠʭ, ʪʘ ʟʜʘʪʥʠʡ ʟʤʝʥʰʫʚʘʪʠ ʯʘʩ 

ʚʽʜʥʦʚʣʝʥʥʷ ʢʦʝʬʽʮʽʻʥʪʫ ʨʝʧʣʽʢʘʮʽʾ ʫ ʨʦʟʧʦʜʽʣʝʥʦʤʫ ʩʭʦʚʠʱʽ ʜʦ 30% ʢʦʰʪʦʤ ʟʙʽʣɹh ʝʥʥʷ ʟʘʛʘʣʴʥʦʛʦ ʯʘʩʫ 

ʤʽʛʨʘʮʽʾ ʜʘʥʠʭ ʥʘ 20%. 
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ʂʃɸʉʊɽʈʀɿɸʎɯʗ ɿʃʆɺʄʀʉʅʀʂɯɺ ʋ ʂʆʄʇôʖʊɽʈʅʀʍ ʄɽʈɽɾɸʍ ɿɸ ɰʍ 

ʇʆɺɽɼɯʅʂʆɺʀʄʀ ʍɸʈɸʂʊɽʈʀʉʊʀʂɸʄʀ 
 
ˏ ̨̒̓́̓̓ ̈́̐̑̏̐̏̎̏̃́̎̏ ̍̆̓̏̅ ̖̠̈̎́̏̅̇̆̎̎ ̖̖̒̏̇̉ ̨̈̌̏̃̍̉̒̎̉̋̃ ̃ ̨̍̆̑̆̇ ̐̑̉̍́̎̏̋ ̈́ ̩̖ 

̨̐̏̃̆̅̎̋̏̃̉̍̉ ̖́̑́̋̓̆̑̉̒̓̉̋́̍̉Ȣ ˝̠̏̈̄̌̎̔̓̏ ̨̘́̒̓̏̓̎ ̖́̑́̋̓̆̑̉̒̓̉̋̉ȟ ̨̠̋ ̠̟̝̅̏̈̃̏̌̓ ̘̃̉̈̎́̉̓̉ ̓̉̐ ́̓́̋̉ȟ 
́ ̓́̋̏̇ ̒̐̑̏̄̎̏̈̔̃́̓̉ ̩̩Ȣ ˔́̐̑̏̐̏̎̏̃́̎̏ ̠̑̏̈̄̌̅́̓̉ ̨̨̐̏̃̆̅̎̋̏̃ ̖́̑́̋̓̆̑̉̒̓̉̋̉ ̨̈̌̏̃̍̉̒̎̉̋̃ ̏̅̏̚ ̨̍̆̑̆̇ 
̐̑̉̍́̎̏̋ ̠̋ ̂́̄́̓̏ ̅̏ ̝̖̂́̄́̓̏ȟ ̂́̄́̓̏ ̅̏ ̏̅̎̏̄̏ȟ ̏̅̉̎ ̅̏ ̝̖̂́̄́̓̏ ̓́ ̏̅̉̎ ̅̏ ̏̅̎̏̄̏Ȣ ˔́ ̨̐̏̃̆̅̎̋̏̃̔ 
̖́̑́̋̓̆̑̉̒̓̉̋̔ ̠̅̌ ̠̑̏̈̄̌̅̔ ̏̂̑́̎̏ ̘́̒̏̃̉̊ ̠̑̅ȟ ̠̋̉̊ ̠̤̐̑̆̅̒̓́̃̌ ̨̝̈́̌̆̇̎̒̓ ̨̨̝̋̌̋̏̒̓ ̨̈́̐̉̓̃ ̨̃̅ ̅̇̆̑̆̌́ 
́̓́̋̉ ̅̏ ̐̑̉̍́̎̋̉ ̈́ ̗̟̏̅̉̎̉ ̘́̒̔Ȣ ˝̠̏̈̄̌̎̔̓̏ ̨̨̨̗̎̏̑̍́̊̎̕ ̨̩̋̑̉̓̆̑ȟ ̨̠̋ ̝̍̏̇̔̓ ̂̔̓̉ ̨̃̉̋̏̑̉̒̓́̎ ̠̅̌ 
̨̗̩̋̌́̒̓̆̑̉̈́ ̨̖̐̏̃̆̅̎̋̏̃̉ ̖́̑́̋̓̆̑̉̒̓̉̋ ̨̈̌̏̃̍̉̒̎̉̋̃Ȣ 

˔́̐̑̏̐̏̎̏̃́̎̏ ̗̐̑̏̆̅̔̑̔ ̩́̄̌̏̍̆̑́̓̉̃̎̏ ̨̗̩̋̌́̒̓̆̑̉̈́ ̨̖̐̏̃̆̅̎̋̏̃̉ ̖́̑́̋̓̆̑̉̒̓̉̋ ̎́ ̨̏̒̎̏̃ 
̨̨̗̎̏̑̍́̊̎̏̄̏̕ ̨̟̋̑̉̓̆̑Ȣ ˏ̘̉̈̎́̆̎̏ ̨̋̑̉̓̆̑̊ ̨̨̃̅̒̓́̎ ̨̍̇ ̋̌́̒̓̆̑́̍̉ ̓́ ̨̝̎̓̆̄̑́̌̎̉̊ ̨̋̑̉̓̆̑̊ ̨̨̃̅̒̓́̎ ̨̍̇ 
̏̂ȭ̤̋̓́̍̉ ̨̃̒̆̑̆̅̉̎ ̋̌́̒̓̆̑̔Ȣ ˏ̘̉̈̎́̆̎̏ ̓̑̉ ̨̩̋̑̉̓̆̑ ̈̔̐̉̎̋̉ ̗̐̑̏̆̒̔ ̨̗̩̋̌́̒̓̆̑̉̈́ȡ ̨̨̝̝̋̌̋̒̓ ̨̋̌́̒̓̆̑̃ȟ 
̟́̂̒̏̌̓̎̉̊ ̨̨̍̎̍̔̍ ̓́ ̨̃̅̎̏̒̎̉̊ ̨̤̄̑́̅̎̓Ȣ ˗̨̨̝̝̌̋̒̓ ̨̋̌́̒̓̆̑̃ ̔ ̨̠̋̏̒̓ ̨̟̋̑̉̓̆̑ ̈̔̐̉̎̋̉ ̠̤̅̏̈̃̏̌ ̘̃̉̈̎́́̓̉ 
̨̝̑̃̆̎ ̎̆̂̆̈̐̆̋̉ ̨̈̌̏̃̍̉̒̎̉̋̃Ȣ ˗̨̑̉̓̆̑̊ ̟́̂̒̏̌̓̎̏̄̏ ̨̨̍̎̍̔̍̔ ̨̨̤̃̅̐̏̃̅́ ̨̝̍́̋̒̉̍́̌̎̊ ̨̘̉̒̓̏̓ ̨̋̌́̒̓̆̑̃ 
̨̈̌̏̃̍̉̒̎̉̋̃Ȣ ˗̨̑̉̓̆̑̊ ̨̃̅̎̏̒̎̏̄̏ ̨̤̄̑́̅̎̓̔ ̘̤̈́̂̆̈̐̆̔ ̎́̊̃̉̔̚ ̐̏̃̎̏̓̔ ̨̋̌́̒̓̆̑̃Ȣ 

˚́ ̨̏̒̎̏̃ ̖̅́̎̉ ̨̍̆̑̆̇ ̐̑̉̍́̎̏̋ ̐̑̏̃̆̅̆̎̏ ̨̝̆̋̒̐̆̑̉̍̆̎̓́̌̎ ̨̠̅̏̒̌̅̇̆̎̎ȟ ̎́ ̩̖ ̨̏̒̎̏̃ ̘̃̉̈̎́̆̎̏ 
̨̨̗̎̏̑̍́̊̎̉̊̕ ̨̋̑̉̓̆̑̊ȟ ̠̋̉̊ ̘̤̈́̂̆̈̐̆̔ ̎́̊̃̉̔̚ ̨̘̝̓̏̎̒̓ ̨̗̩̋̌́̒̓̆̑̉̈́ȟ ̓́ ̨̋̑̉̓̆̑̊ ̈̔̐̉̎̋̉ȟ ̠̋̉̊ ̘̤̈́̂̆̈̐̆̔ 
̝̏̐̓̉̍́̌̎̆ ̨̨̙̠̒̐̃̃̅̎̏̆̎̎ ̨̘̓̏̎̏̒̓ ̓́ ̐̏̃̎̏̓̉ ̨̋̌́̒̓̆̑̃Ȣ 

˗̨̟̘̌̏̃ ̒̌̏̃́ȡ ̐̑̉̍́ ̎̋́, ̋ ̨̗̠̌́̒̓̆̑̉̈́ ̘̖́̒̏̃̉ ̨̠̑̅̃ȟ ̨̝̐̑̏̌̕ ̈̌̏̃̍̉̒̎̉̋́ȟ ̨̘́̒̓̏̓̎ ̖́̑́̋̓̆̑̉̒̓̉̋̉ȟ 
̨̨̗̎̏̑̍́̊̎̉̊̕ ̨̋̑̉̓̆̑̊. 
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CLUSETRING OF INTRUDERS IN COMPUTER NETWORKS BY THEIR BEHEVIOUR CHARACTERISTIC  
 

The method of finding similar intruders in a honeynet by their behavior characteristics is suggested. Frequency characteristics 
which allow to determine ÁÔÔÁÃËȭÓ ÔÙÐÅ ÁÎÄ ÔÏ ÐÒÅÄÉÃÔ ÉÔ ÉÓ ÃÏÎÓÉÄÅÒÅÄȢ )Ô ÉÓ ÐÒÏÐÏÓÅÄ ÔÏ ÃÏÎÓÉÄÅÒ ÂÅÈÁÖÉÏÒ ÃÈÁÒÁÃÔÅÒÉÓÔÉÃ ÏÆ ÉÎÔÒÕÄÅÒÓ ×ÉÔÈ 
regard to a honeynet as many to many, many to one, one to many and one to one. A time series which represents the dependence of the 
number oÆ ÒÅÑÕÅÓÔÓ ÆÒÏÍ ÁÎ ÁÔÔÁÃËȭÓ ÓÏÕÒÃÅ ÔÏ Á ÈÏÎÅÙÐÏÔ ÐÅÒ ÔÉÍÅ ÕÎÉÔ ÉÓ ÃÈÏÓÅÎ ÁÓ Á ÂÅÈÁÖÉÏÒ ÃÈÁÒÁÃÔÅÒÉÓÔÉÃ ÔÏ ÅØÁÍÉÎÅȢ )Ô ÉÓ ÃÏÎÓÉdered the 
ÉÎÆÏÒÍÁÔÉÏÎ ÃÒÉÔÅÒÉÏÎÓ ×ÈÉÃÈ ÃÁÎ ÂÅ ÕÓÅÄ ÆÏÒ ÃÌÕÓÔÅÒÉÎÇ ÉÎÔÒÕÄÅÒÓȭ ÂÅÈÁÖÉÏÒ ÃÈÁÒÁÃÔÅÒÉÓÔÉÃÓȢ 

It is proposed the procedure of agglomerative clustering behavior characteristics on the basis of the information criterion. It is 
defined distances between clusters and the integral criterion of a distance between objects inside a cluster. It is determined three criterions of 
stopping the clustering process: the number of clusters, the absolute minimum, the relative gradient. The number of clusters as a stop 
criterion allows determining the level of a damage of intruders. The absolute minimum criterion corresponds to the maximum purity of 
intruders clusters. The relative gradient criterion provides the highest cluster completeness. 

The experimental researches were conducted based on data of the honeynet. It is defined the information criterion which provides 
the highest accuracy of clustering and the stop criterion which provides the optimal ratio of the accuracy and the completeness of clusters on 
their basis. 

Keywords: honeypot, ÔÉÍÅ ÓÅÒÉÅÓ ÃÌÕÓÔÅÒÉÎÇȟ ÉÎÔÒÕÄÅÒȭÓ ÐÒÏÆÉÌÅȟ ÆÒÅÑÕÅÎÃÙ ÃÈÁÒÁÃÔÅÒÉÓÔÉÃÓȟ ÉÎÆÏÒÍÁÔÉÏÎ ÃÒÉÔÅÒÉÏÎ. 

 

ɺʩʪʫʧ. ʇʦʩʪʘʥʦʚʢʘ ʧʨʦʙʣʝʤʠ 

ɹʽʣʷ 20% ʟʣʦʚʤʠʩʥʠʭ ʜʦʤʝʥʽʚ ʻ ʥʦʚʠʤʠ ʽ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʚ ʩʝʨʝʜʥʴʦʤʫ 1 ʪʠʞʜʝʥʴ ʧʽʩʣʷ 

ʨʝʻʩʪʨʘʮʽʾ [1]. ɿ ʧʦʩʪʽʡʥʦ ʚʠʥʠʢʘʶʯʠʤʠ ʥʦʚʠʤʠ ʟʘʛʨʦʟʘʤʠ ʨʠʟʠʢʠ ʜʣʷ ʙʝʟʧʝʢʠ ʽʥʬʦʨʤʘʮʽʾ ʢʦʤʧôʶʪʝʨʥʠʭ 

ʤʝʨʝʞʘʭ ʟʥʘʯʥʦ ʟʨʦʩʪʘʶʪʴ. ɼʣʷ ʟʘʭʠʩʪʫ ʢʦʤʧôʶʪʝʨʥʠʭ ʤʝʨʝʞ ʨʦʟʨʦʙʣʝʥʦ ʽ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʙʘʛʘʪʦ 

ʨʽʰʝʥʴ, ʷʢʽ ʜʦʟʚʦʣʷʶʪʴ ʝʬʝʢʪʠʚʥʦ ʚʠʷʚʣʷʪʠ ʘʪʘʢʠ ʚ ʧʨʦʮʝʩʽ ʾʭ ʜʽʾ ʪʘ ʘʥʘʣʽʟʫʚʘʪʠ ʘʪʘʢʠ, ʷʢʽ ʚʞʝ ʚʽʜʙʫʣʠʩʷ. 

ʆʜʥʘʢ ʜʣʷ ʙʽʣʴʰ ʝʬʝʢʪʠʚʥʦʛʦ ʟʘʭʠʩʪʫ ʥʝʦʙʭʽʜʥʠʡ ʟʙʽʨ ʪʘ ʘʥʘʣʽʟ ʽʥʬʦʨʤʘʮʽʾ, ʱʦ ʩʪʦʩʫʻʪʴʩʷ ʚʨʘʟʣʠʚʦʩʪʝʡ 

ʩʠʩʪʝʤʠ ʪʘ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʟʣʦʚʤʠʩʥʠʢʽʚ ʜʦ ʪʦʛʦ, ʷʢ ʟʣʦʚʤʠʩʥʽ ʜʽʾ ʟʘʚʜʘʜʫʪʴ ʩʫʪʪʻʚʦʾ ʰʢʦʜʠ. ʉʘʤʝ ʜʣʷ ʮʠʭ 

ʮʽʣʝʡ ʧʨʠʟʥʘʯʝʥʽ ʧʨʠʤʘʥʢʠ ʪʘ ʾʭ ʤʝʨʝʞʽ [2]. ʇʨʠʤʘʥʢʘ ï ʮʝ ʟʘʩʽʙ, ʱʦ ʜʦʟʚʦʣʷʻ çʟʘʤʘʥʠʪʠè ʟʣʦʚʤʠʩʥʠʢʘ ʪʘ 

ʟʽʙʨʘʪʠ ʧʨʦ ʥʴʦʛʦ ʽʥʬʦʨʤʘʮʽʶ ʜʦ ʪʦʛʦ, ʷʢ ʟʣʦʚʤʠʩʥʠʢ ʧʨʦʥʠʢʥʝ ʚ ʨʝʘʣʴʥʫ ʤʝʨʝʞʫ. ʆʩʢʽʣʴʢʠ ʧʨʠʤʘʥʢʘ ʥʝ 

ʚʠʢʦʥʫʻ ʨʝʘʣʴʥʠʭ ʬʫʥʢʮʽʡ, ʪʦ ʫʚʝʩʴ ʪʨʘʬʽʢ, ʷʢʠʡ ʥʘʜʭʦʜʠʪʴ ʥʘ ʥʝʾ, ʤʦʞʥʘ ʚʚʘʞʘʪʠ ʟʣʦʚʤʠʩʥʠʤ. ʗʢʱʦ 

ʨʦʟʛʣʷʜʘʪʠ ʤʝʨʝʞʫ ʧʨʠʤʘʥʦʢ, ʪʦ ʾʾ ʪʨʘʬʽʢ ʧʨʝʜʩʪʘʚʣʷʻ ʩʦʙʦʶ ʨʝʟʫʣʴʪʘʪ ʜʽʡ ʟʣʦʚʤʠʩʥʠʢʽʚ. ɿʣʦʚʤʠʩʥʠʢʠ 

ʤʦʞʫʪʴ ʙʫʪʠ ʨʽʟʥʦʛʦ ʪʠʧʫ ʪʘ ʟʜʽʡʩʥʶʚʘʪʠ ʘʪʘʢʠ ʨʽʟʥʦʛʦ ʪʠʧʫ ʟ ʨʽʟʥʠʤ ʨʽʚʥʝʤ ʥʝʙʝʟʧʝʢʠ. ʅʝʟʚʘʞʘʶʯʠ ʥʘ 

ʟʥʘʯʥʫ ʢʽʣʴʢʽʩʪʴ ʟʣʦʚʤʠʩʥʠʢʽʚ, ʾʭ ʜʽʾ ʻ ʧʦʜʽʙʥʠʤʠ ʟʘ ʩʚʦʻʶ ʤʝʪʦʶ ʪʘ ʩʧʦʩʦʙʦʤ ʟʜʽʡʩʥʝʥʥʷ. ʊʦʤʫ, ʚʘʞʣʠʚʦʶ 

ʟʘʜʘʯʝʶ ʻ ʟʥʘʭʦʜʞʝʥʥʷ ʛʨʫʧ ʧʦʜʽʙʥʠʭ ʟʣʦʚʤʠʩʥʠʢʽʚ ʜʣʷ ʧʦʜʘʣʴʰʦʛʦ ʚʠʢʦʨʠʩʪʘʥʥʷ ʮʽʻʾ ʽʥʬʦʨʤʘʮʽʾ ʚ 

ʩʠʩʪʝʤʘʭ ʚʠʷʚʣʝʥʥʷ ʟʣʦʚʤʠʩʥʠʢʽʚ ʚ ʨʝʘʣʴʥʦʤʫ ʯʘʩʽ. 

ɺ ʙʽʣʴʰʦʩʪʽ ʚʠʧʘʜʢʽʚ ʜʣʷ ʩʠʩʪʝʤ ʚʠʷʚʣʝʥʥʷ ʚʪʨʫʯʘʥʴ ʚʠʢʦʥʫʻʪʴʩʷ ʢʣʘʩʪʝʨʠʟʘʮʽʷ ʚʽʜʥʦʩʥʦ 

ʟʣʦʚʤʠʩʥʠʭ ʜʽʡ ʟʘ ʪʨʘʜʠʮʽʡʥʠʤʠ ʪʘ ʩʫʯʘʩʥʠʤʠ ʧʽʜʭʦʜʘʤʠ. ɺ ʨʦʙʦʪʽ [3] ʧʨʦʧʦʥʫʻʪʴʩʷ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ 

ʢʣʘʩʪʝʨʠʟʘʮʽʶ ʟʘ k-ʩʝʨʝʜʥʽʤʠ. ɺ ʩʫʯʘʩʥʠʭ ʩʠʩʪʝʤʘʭ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʥʝʡʨʦʤʝʨʝʞʝʚʽ ʤʦʜʝʣʽ [4] ʪʘ 

ʛʝʥʝʪʠʯʥʽ ʘʣʛʦʨʠʪʤʠ [5]. ʊʘʢʦʞ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʧʽʜʭʦʜʠ ʜʦ ʢʣʘʩʪʝʨʠʟʘʮʽʾ ʘʪʘʢ ʥʘ ʦʩʥʦʚʽ ʜʝʨʝʚ ʨʽʰʝʥʴ [6] 

ʪʘ ʤʝʪʦʜʫ ʦʧʦʨʥʠʭ ʚʝʢʪʦʨʽʚ [7]. ɺ ʙʘʛʘʪʴʦʭ ʨʦʙʦʪʘʭ ʥʝ ʨʦʟʛʣʷʜʘʻʪʴʩʷ ʧʠʪʘʥʥʷ ʚʠʟʥʘʯʝʥʥʷ ʦʧʪʠʤʘʣʴʥʦʾ 

ʢʽʣʴʢʦʩʪʽ ʢʣʘʩʪʝʨʽʚ ʪʘ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʘʪʘʢ ʯʘʩʪʦ ʨʦʟʛʣʷʜʘʶʪʴʩʷ ʷʢ ʩʪʘʪʠʯʥʽ. ɺ ʜʘʥʽʡ ʨʦʙʦʪʽ ʢʣʘʩʪʝʨʠʟʘʮʽʷ 
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ʟʣʦʚʤʠʩʥʠʭ ʜʽʡ ʧʨʦʚʦʜʠʪʴʩʷ ʛʨʫʧʫʶʯʠʩʴ ʥʘ ʜʠʥʘʤʽʯʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʭ ʜʞʝʨʝʣ ʘʪʘʢ ʪʘ ʢʽʣʴʢʽʩʪʴ ʢʣʘʩʪʝʨʽʚ 

ʚʠʟʥʘʯʘʻʪʴʩʷ ʘʚʪʦʤʘʪʠʯʥʦ. 

1. ʏʘʩʪʦʪʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʜʞʝʨʝʣ ʘʪʘʢ. 

ɯʥʬʦʨʤʘʮʽʷ, ʷʢʫ ʟʙʠʨʘʻ ʧʨʠʤʘʥʢʘ, ʦʧʠʩʫʻ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʟʣʦʚʤʠʩʥʠʢʽʚ. ʉʝʨʝʜ ʪʘʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ 

ʚʘʞʣʠʚʝ ʤʽʩʮʝ ʟʘʡʤʘʶʪʴ ʯʘʩʪʦʪʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ, ʜʦ ʷʢʠʭ ʤʦʞʥʘ ʚʽʜʥʝʩʪʠ: ʢʽʣʴʢʽʩʪʴ ʜʞʝʨʝʣ ʘʪʘʢ ʟʘ 

ʦʜʠʥʠʮʶ ʯʘʩʫ; ʢʽʣʴʢʽʩʪʴ ʥʦʚʠʭ ʜʞʝʨʝʣ, ʱʦ ʜʦʜʘʶʪʴʩʷ ʟʘ ʦʜʠʥʠʮʶ ʯʘʩʫ; ʢʽʣʴʢʽʩʪʴ ʜʞʝʨʝʣ ʘʪʘʢ ʚ ʧʝʚʥʽʡ IP-

ʘʛʣʦʤʝʨʘʮʽʾ; ʢʽʣʴʢʽʩʪʴ ʜʞʝʨʝʣ ʥʘ ʢʽʣʴʢʽʩʪʴ ʘʪʘʢ;  ʢʽʣʴʢʽʩʪʴ ʟʘʧʠʪʽʚ ʟʘ ʦʜʠʥʠʮʶ ʯʘʩʫ; ʢʽʣʴʢʽʩʪʴ ʧʝʨʝʜʘʥʠʭ 

ʧʘʢʝʪʽʚ ʟʘ ʦʜʠʥʠʮʶ ʯʘʩʫ. ʉʧʦʩʪʝʨʝʞʝʥʥʷ ʩʚʽʜʯʘʪʴ, ʱʦ ʫ ʚʠʧʘʜʢʫ ʚʠʢʦʨʠʩʪʘʥʥʷ TCP ʧʨʦʪʦʢʦʣʫ, ʨʦʟʤʽʨʠ 

ʧʘʢʝʪʽʚ ʻ ʧʨʘʢʪʠʯʥʦ ʦʜʥʘʢʦʚʠʤʠ [8]. 

ʏʘʩʪʦʪʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʘʪʘʢ ʚ ʙʘʛʘʪʴʦʭ ʚʠʧʘʜʢʘʭ ʜʦʟʚʦʣʷʶʪʴ ʚʠʟʥʘʯʠʪʠ ʪʠʧ ʘʪʘʢʠ, ʘ ʦʪʞʝ ʜʘʶʪʴ 

ʤʦʞʣʠʚʽʩʪʴ ʾʾ ʧʨʦʛʥʦʟʫʚʘʪʠ. ɸ ʪʘʢʦʞ ʥʘ ʦʩʥʦʚʽ ʯʘʩʪʦʪʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʤʦʞʥʘ ʚʠʟʥʘʯʠʪʠ ʨʽʚʝʥʴ ʥʝʙʝʟʧʝʢʠ 

ʟʣʦʚʤʠʩʥʠʢʘ ʚ ʨʝʘʣʴʥʦʤʫ ʯʘʩʽ ʪʘ ʚʞʠʪʠ ʚʽʜʧʦʚʽʜʥʠʭ ʟʘʭʦʜʽʚ. 

ɺʽʜʥʦʰʝʥʥʷ ʜʞʝʨʝʣ ʘʪʘʢ ʜʦ ʧʨʠʤʘʥʦʢ ʤʦʞʥʘ ʦʧʠʩʘʪʠ ʷʢ ʙʘʛʘʪʦ ʜʦ ʙʘʛʘʪʴʦʭ, ʦʩʢʽʣʴʢʠ ʦʜʠʥ 

ʟʣʦʚʤʠʩʥʠʢ ʟʜʽʡʩʥʶʻ ʘʪʘʢʠ ʥʘ ʨʽʟʥʽ ʮʽʣʽ, ʪʘʢ ʩʘʤʦ ʦʜʥʘ ʧʨʠʤʘʥʢʘ ʧʽʜʜʘʻʪʴʩʷ ʚʧʣʠʚʫ ʘʪʘʢ ʙʘʛʘʪʴʦʭ ʜʞʝʨʝʣ. 

ʗʢʱʦ ʨʦʟʛʣʷʜʘʪʠ ʚʽʜʥʦʰʝʥʥʷ ʦʜʠʥ ʜʦ ʙʘʛʘʪʴʦʭ (ʦʜʥʝ ʜʞʝʨʝʣʦ ʘʪʘʢʠ, ʙʘʛʘʪʦ ʧʨʠʤʘʥʦʢ), ʦʪʨʠʤʘʻʤʦ ʧʨʦʬʽʣʴ 

ʟʣʦʚʤʠʩʥʠʢʘ. ʗʢʱʦ ʨʦʟʛʣʷʜʘʪʠ ʚʽʜʥʦʰʝʥʥʷ ʙʘʛʘʪʦ ʜʦ ʦʜʥʦʛʦ (ʙʘʛʘʪʦ ʜʞʝʨʝʣ ʘʪʘʢ, ʦʜʥʘ ʧʨʠʤʘʥʢʘ), 

ʦʪʨʠʤʘʻʤʦ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʨʦʟʧʦʜʽʣʝʥʦʾ ʘʪʘʢʠ, ʘ ʪʘʢʦʞ ʧʨʦʬʽʣʴ ʚʨʘʟʣʠʚʦʩʪʝʡ ʧʨʠʤʘʥʢʠ. 

ʇʨʦʬʽʣʴ ʟʣʦʚʤʠʩʥʠʢʘ, ʷʢʠʡ ʤʦʞʝ ʘʪʘʢʫʚʘʪʠ ʧʝʚʥʫ ʢʽʣʴʢʽʩʪʴ ʧʨʠʤʘʥʦʢ, ʤʦʞʝ ʙʫʪʠ ʨʦʟʛʣʷʥʫʪʠʡ ʷʢ 

ʽʥʪʝʛʨʘʣʴʥʠʡ ʧʨʦʬʽʣʴ, ʱʦ ʩʢʣʘʜʘʻʪʴʩʷ ʟ ʧʨʦʬʽʣʽʚ ʦʜʠʥ ʜʦ ʦʜʥʦʛʦ (ʦʜʥʝ ʜʞʝʨʝʣʦ ʘʪʘʢʠ, ʦʜʥʘ ʧʨʠʤʘʥʢʘ). ɼʣʷ 

ʦʪʨʠʤʘʥʥʷ ʽʥʪʝʛʨʘʣʴʥʦʛʦ ʧʨʦʬʽʣʶ ʟʣʦʚʤʠʩʥʠʢʘ ʥʝʦʙʭʽʜʥʦ ʦʪʨʠʤʘʪʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʘʪʘʢ ʥʘ ʧʨʠʤʘʥʢʠ ʟ 

ʪʦʯʢʠ ʟʦʨʫ ʚʽʜʥʦʰʝʥʥʷ ʦʜʠʥ ʜʦ ʦʜʥʦʛʦ. ʗʢʱʦ ʨʦʟʛʣʷʜʘʪʠ ʚʩʽ ʘʪʘʢʠ ʥʘ ʧʨʠʤʘʥʢʫ ʚ ʤʝʞʘʭ ʟʘʜʘʥʦʛʦ ʯʘʩʦʚʦʛʦ 

ʽʥʪʝʨʚʘʣʫ, ʪʦ ʚʦʥʠ ʚ ʟʘʛʘʣʴʥʦʤʫ ʚʠʧʘʜʢʫ ʤʦʞʫʪʴ ʙʫʪʠ ʨʝʟʫʣʴʪʘʪʦʤ ʨʽʟʥʠʭ ʪʠʧʽʚ ʘʪʘʢ. 

ʈʦʟʛʣʷʥʝʤʦ ʚ ʷʢʦʩʪʽ ʧʦʚʝʜʽʥʢʦʚʦʾ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʟʣʦʚʤʠʩʥʠʢʘ ʯʘʩʦʚʠʡ ʨʷʜ, ʱʦ ʧʨʝʜʩʪʘʚʣʷʻ ʩʦʙʦʶ 

ʢʽʣʴʢʽʩʪʴ ʟʘʧʠʪʽʚ ʚʽʜ ʦʜʥʦʛʦ ʜʞʝʨʝʣʘ ʘʪʘʢʠ ʜʦ ʦʜʥʽʻʾ ʧʨʠʤʘʥʢʠ ʟʘ ʽʥʪʝʨʚʘʣ ʯʘʩʫ ʚ 1 ʩʝʢʫʥʜʫ. ɺʨʘʭʫʻʤʦ ʪʦʡ 

ʬʘʢʪ, ʱʦ ʚʩʽ ʟʘʧʠʪʠ ʧʨʝʜʩʪʘʚʣʷʶʪʴ ʩʦʙʦʶ ʟʣʦʚʤʠʩʥʫ ʘʢʪʠʚʥʽʩʪʴ. 

ʏʘʩʦʚʠʡ ʨʷʜ ʢʽʣʴʢʦʩʪʽ ʟʘʧʠʪʽʚ ʚʽʜ i-ʛʦ ʜʞʝʨʝʣʘ ʘʪʘʢʠ ʜʦ j-ʾ ʧʨʠʤʘʥʢʠ ʟʘ ʦʜʠʥʠʮʶ ʯʘʩʫ: 
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ʜʝ 
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kx  ï ʢʽʣʴʢʽʩʪʴ ʟʘʧʠʪʽʚ ʚʽʜ i-ʛʦ ʜʞʝʨʝʣʘ ʜʦ j-ʾ ʧʨʠʤʘʥʢʠ ʟʘ 1 ʩʝʢ.; k ï ʪʨʠʚʘʣʽʩʪʴ ʜʦʩʣʽʜʞʫʚʘʥʦʛʦ 

ʯʘʩʦʚʦʛʦ ʚʢ̔ʥʘ; i=1,2,3,é,m, m ï ʢʽʣʴʢʽʩʪʴ ʜʞʝʨʝʣ ʘʪʘʢ; j=1,2,3,én, n ï ʢʽʣʴʢʽʩʪʴ ʧʨʠʤʘʥʦʢ. 

2. ɯʥʬʦʨʤʘʮʽʡʥʽ ʢʨʠʪʝʨʽʾ, ʚʠʢʦʨʠʩʪʘʥʽ ʜʣʷ ʢʣʘʩʪʝʨʠʟʘʮʽʾ. 

ɿʘʚʜʘʥʥʷ ʢʣʘʩʪʝʨʠʟʘʮʽʾ ʯʘʩʦʚʠʭ ʨʷʜʽʚ ʧʝʨʝʜʙʘʯʘʻ ʚʠʷʚʣʝʥʥʷ ʧʘʪʝʨʥʽʚ, ʷʢʽ ʧʨʝʜʩʪʘʚʣʷʶʪʴ ʯʘʩʦʚʠʡ 

ʨʷʜ ʷʢʦʤʦʛʘ ʽʥʬʦʨʤʘʪʠʚʥʽʰʝ [9]. ʆʩʦʙʣʠʚʽʩʪʴ ʢʣʘʩʪʝʨʠʟʘʮʽʾ ʯʘʩʦʚʠʭ ʨʷʜʽʚ ʧʦʣʷʛʘʻ ʚ ʪʦʤʫ, ʱʦ ʦʟʥʘʢʠ 

ʟʤʽʥʶʶʪʴʩʷ ʚ ʯʘʩʽ. ʄʝʪʦʜʠ ʢʣʘʩʪʝʨʠʟʘʮʽʾ ʯʘʩʦʚʠʭ ʨʷʜʽʚ ʤʦʞʥʘ ʨʦʟʜʽʣʠʪʠ ʪʘ ʪʨʠ ʪʠʧʠ: ʤʝʪʦʜʠ, ʚ ʷʢʠʭ 

ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʙʝʟʧʦʩʝʨʝʜʥʴʦ ʥʝʦʙʨʦʙʣʝʥʽ ʜʘʥʽ; ʤʝʪʦʜʠ, ʷʢʽ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʚʠʣʫʯʝʥʽ ʦʟʥʘʢʠ; ʤʝʪʦʜʠ, 

ʷʢʽ ˇʨʫʥʪʫʶʪʴʩʷ ʥʘ ʤʦʜʝʣʷʭ ʯʘʩʦʚʠʭ ʨʷʜʽʚ. [10]. 

ʄʝʪʦʜʠ, ʱʦ ˇʨʫʥʪʫʶʪʴʩʷ ʥʘ ʤʦʜʝʣʷʭ, ʧʝʨʝʜʙʘʯʘʶʪʴ ʧʦʧʝʨʝʜʥʶ ʪʨʘʥʩʬʦʨʤʘʮʽʶ ʜʘʥʠʭ ʯʘʩʦʚʠʭ ʨʷʜʽʚ 

ʰʣʷʭʦʤ ʚʠʟʥʘʯʝʥʥʷ ʧʘʨʘʤʝʪʨʽʚ ʤʦʜʝʣʽ. ɺʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʤʦʜʝʣʽ ʨʽʟʥʦʛʦ ʪʠʧʫ, ʟʦʢʨʝʤʘ: ʜʠʥʘʤʽʯʥʘ ʨʝʛʨʝʩʽʷ; 

ARMA, ARIMA , ARFIMA; GARCH, NGARCH; ʥʝʡʨʦʤʝʨʝʞʝʚʽ ʤʦʜʝʣʽ. ʄʝʪʦʶ ʚʠʢʦʨʠʩʪʘʥʥʷ ʧʘʨʘʤʝʪʨʽʚ 

ʤʦʜʝʣʽ ʯʘʩʦʚʦʛʦ ʨʷʜʫ ʟʘʤʽʩʪʴ ʡʦʛʦ ʟʥʘʯʝʥʴ ʻ ʧʝʨʝʭʽʜ ʜʦ ʧʨʦʩʪʦʨʫ ʦʟʥʘʢ, ʚ ʷʢʦʤʫ ʤʦʞʥʘ ʚʠʢʦʥʘʪʠ 

ʢʣʘʩʪʝʨʠʟʘʮʽʶ. ɼʣʷ ʚʠʟʥʘʯʝʥʥʷ ʚʽʜʩʪʘʥʝʡ ʤʽʞ ʧʘʨʘʤʝʪʨʘʤʠ ʤʦʜʝʣʝʡ ʯʘʩʦʚʠʭ ʨʷʜʽʚ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʨʷʜ 

ʽʥʬʦʨʤʘʮʽʡʥʠʭ ʢʨʠʪʝʨʽʾʚ. 

ɯʥʬʦʨʤʘʮʽʡʥʠʡ ʢʨʠʪʝʨʽʡ ʚʠʟʥʘʯʘʻʪʴʩʷ ʷʢ ʧʦʜʚʦʻʥʝ ʥʝʛʘʪʠʚʥʝ ʟʥʘʯʝʥʥʷ ʟʤʽʱʝʥʦʾ ʢʦʨʝʢʮʽʾ 
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ʜʝ  L ï ʬʫʥʢʮʽʷ ʤʘʢʩʠʤʘʣʴʥʦʾ ʧʨʘʚʜʦʧʦʜʽʙʥʦʩʪʽ, Y
%

 ï ʚʝʢʪʦʨ ʧʘʨʘʤʝʪʨʽʚ, ʉ ï ʤ̔ ʨʘ ʩʢʣʘʜʥʦʩʪʽ 

(ʰʪʨʘʬʥʠʡ ʯʣʝʥ). ʂʨʠʪʝʨʽʡ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʜʣʷ ʚʠʙʦʨʫ ʤʦʜʝʣʽ, ʷʢʘ ʟʘʙʝʟʧʝʯʫʻ ʡʦʛʦ ʤʽʥʽʤʫʤ. 

ɯʥʬʦʨʤʘʮʽʡʥʠʡ ʢʨʠʪʝʨʽʡ ɸʢʘʽʢʝ [11] 
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ʜʝ  d ïʯʠʩʣʦ ʧʘʨʘʤʝʪʨʽʚ ʤʦʜʝʣʽ. 

ʄʦʜʠʬʽʢʦʚʘʥʠʡ ʢʨʠʪʝʨʽʡ ɸʢʘʽʢʝ ʫ ʚʠʧʘʜʢʫ ʯʠʩʣʘ ʧʘʨʘʤʝʪʨʽʚ ʤʦʜʝʣʽ d ʜʦʩʪʘʪʥʴʦ ʚʝʣʠʢʦʛʦ ʚʽʜʥʦʩʥʦ 

ʨʦʟʤʽʨʫ ʚʠʙʽʨʢʠ n. 
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ɯʥʬʦʨʤʘʮʽʡʥʠʡ ʢʨʠʪʝʨʽʡ ʂʫʣʴʙʘʢʘ [12] 

() ( )13log2 ++Y-= dLKIC
%

. 



 Technical sciences ISSN 2307-5732 
 

Herald of Khmelnytskyi national university, Issue 6, 2020 (291) 24 

ɹʘʡʻʩʽʚʩʴʢʠʡ ʽʥʬʦʨʤʘʮʽʡʥʠʡ ʢʨʠʪʝʨʽʡ [13] 
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ʈʦʟʛʣʷʥʝʤʦ ʙʽʣʴʰ ʜʝʪʘʣʴʥʦ ʨʦʟʨʘʭʫʥʦʢ ʽʥʬʦʨʤʘʮʽʡʥʦʛʦ ʢʨʠʪʝʨʽʶ ʷʢ ʤʽʨʠ ʧʦʜʽʙʥʦʩʪʽ ʜʚʦʭ ʯʘʩʦʚʠʭ 

ʨʷʜʽʚ ʥʘ ʦʩʥʦʚʽ ʙʘʡʻʩʽʚʩʴʢʦʛʦ ʽʥʬʦʨʤʘʮʽʡʥʦʛʦ ʢʨʠʪʝʨʽʶ. ʅʝʭʘʡ ʟʘʜʘʥʽ ʜʚʘ ʯʘʩʦʚʠʭ ʨʷʜʠ, ʧʨʝʜʩʪʘʚʣʝʥʽ 

ʚʝʢʪʦʨʘʤʠ { }
xnX xxx ,,, 21 2=  ʪʘ { }

ynY yyy ,,, 21 2= . ʅʝʦʙʭʽʜʥʦ ʦʮʽʥʠʪʠ ʥʘʩʪʫʧʥʽ ʜʚʽ ʛʽʧʦʪʝʟʠ [14]: 
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ɻʽʧʦʪʝʟʘ ʅ1 ʧʝʨʝʜʙʘʯʘʻ, ʱʦ X ʪʘ Y ʦʪʨʠʤʘʥʽ ʟ ʦʜʥʽʻʾ ʤʦʜʝʣʽ, ʛʽʧʦʪʝʟʘ ʅ2 ʦʟʥʘʯʘʻ, ʱʦ X ʪʘ Y 

ʬʦʨʤʫʶʪʴʩʷ ʜʚʦʤʘ ʤʦʜʝʣʷʤʠ. ʅʝʭʘʡ YXZ Ç=  ʪʘ yx nnn += . ʊʦʜʽ, ʨʽʟʥʠʮʷ ʤʽʞ ʚʝʣʠʯʠʥʘʤʠ ʙʘʡʻʩʽʚʩʴʢʦʛʦ 

ʢʨʠʪʝʨʽʶ ʜʣʷ ʜʚʦʭ ʛʽʧʦʪʝʟ ʤʦʞʝ ʙʫʪʠ ʚʠʟʥʘʯʝʥʘ ʪʘʢʠʤ ʯʠʥʦʤ: 
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ʜʝ  ɛ
%

, Xɛ
%

 ʪʘ Yɛ
%

 - ʚʝʢʪʦʨʠ ʩʝʨʝʜʥʽʭ ʟʥʘʯʝʥʴ ʚʠʙʽʨʦʢ Z, X ʪʘ Y ʚʽʜʧʦʚʽʜʥʦ; Ɇ
%

, XɆ
%

 ʪʘ YɆ
%

 - 

ʢʦʚʘʨʽʘʮʽʡʥʽ ʤʘʪʨʠʮʽ ʚʠʙʽʨʦʢ; d ï ʨʦʟʤʽʨʥʽʩʪʴ ʚʝʢʪʦʨʘ ʦʟʥʘʢ [15]. ʏʠʤ ʤʝʥʰʘ ʚʝʣʠʯʠʥʘ ȹBIC, ʪʠʤ ʙʽʣʴʰ 

ʩʭʦʞʠʤʠ ʻ ʜʚʘ ʯʘʩʦʚʠʭ ʨʷʜʠ. ɿʘ ʫʤʦʚʠ 0=l  ʚʽʜʩʪʘʥʴ ȹBIC ʻ ʝʢʚʽʚʘʣʝʥʪʥʦʶ ʚʽʜʥʦʰʝʥʥʶ ʧʨʘʚʜʦʧʦʜʽʙʥʦʩʪʽ.  

3. ɸʛʣʦʤʝʨʘʪʠʚʥʘ ʢʣʘʩʪʝʨʠʟʘʮʽʷ ʟʣʦʚʤʠʩʥʠʢʽʚ ʟʘ ʧʦʚʝʜʽʥʢʦʚʠʤʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ. 

ʇʨʦʮʝʜʫʨʘ ʢʣʘʩʪʝʨʠʟʘʮʽʾ ʯʘʩʦʚʠʭ ʨʷʜʽʚ, ʷʢʽ ʭʘʨʘʢʪʝʨʠʟʫʶʪʴ ʧʨʦʬʽʣʽ ʟʣʦʚʤʠʩʥʠʢʽʚ, ˇʨʫʥʪʫʻʪʴʩʷ ʥʘ 

ʧʨʦʮʝʜʫʨʽ ʘʛʣʦʤʝʨʘʪʠʚʥʦʾ ʢʣʘʩʪʝʨʠʟʘʮʽʾ ʪʘ ʚʢʣʶʯʘʻ ʪʘʢʽ ʢʨʦʢʠ: 

1. ɺʠʟʥʘʯʝʥʥʷ ʧʦʯʘʪʢʦʚʠʭ ʢʣʘʩʪʝʨʽʚ. ʅʘ ʧʝʨʰʦʤʫ ʝʪʘʧʽ ʢʣʘʩʪʝʨʠʟʘʮʽʾ ʢʦʞʥʠʡ ʯʘʩʦʚʠʡ ʨʷʜ 

ʧʨʝʜʩʪʘʚʣʷʻ ʩʦʙʦʶ ʢʣʘʩʪʝʨ. ɺʽʜʧʦʚʽʜʥʦ ʤʥʦʞʠʥʘ ʢʣʘʩʪʝʨʽʚ ʤʘʻ ʚʠʛʣʷʜ: 
 

{ }lCCCCʉ ,,,, 321 2=  

 

ʜʝ  { }11
1 Xʉ= , { }12

2 Xʉ =  ,

 

{ }13
3 Xʉ=  , ʽ ʪʘʢ ʜʘʣʽ, { }mn

l xʉ= ; nml ³=  - ʢʽʣʴʢʽʩʪʴ ʧʦʯʘʪʢʦʚʠʭ 

ʢʣʘʩʪʝʨʽʚ. 

2. ɺʠʟʥʘʯʝʥʥʷ ʚʽʜʩʪʘʥʝʡ ʤʽʞ ʧʘʨʘʤʠ ʢʣʘʩʪʝʨʽʚ, ʷʢʽ ʚʠʟʥʘʯʘʶʪʴ ʥʘ ʦʩʥʦʚʽ ʦʜʥʦʛʦ ʟ ʽʥʬʦʨʤʘʮʽʡʥʠʭ 

ʢʨʠʪʝʨʽʾʚ, ʥʘʚʝʜʝʥʠʭ ʚʠʱʝ. ʗʢʱʦ ʚ ʷʢʦʩʪʽ ʪʘʢʦʛʦ ʽʥʬʦʨʤʘʮʽʡʥʦʛʦ ʢʨʠʪʝʨʽʶ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʙʘʡʻʩʽʚʩʴʢʠʡ 

ʽʥʬʦʨʤʘʮʽʡʥʠʡ ʢʨʠʪʝʨʽʡ, ʪʦ ʚʽʜʩʪʘʥʴ ʤʽʞ ʜʚʦʤʘ ʢʣʘʩʪʝʨʘʤʠ { }mi XXXXʉ ,,,, 321 2=  ʪʘ { }nj YYYYʉ ,,,, 321 2=  
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ʜʝ  m ï ʢʽʣʴʢʽʩʪʴ ʦʙôʻʢʪʽʚ (ʯʘʩʦʚʠʭ ʨʷʜʽʚ) ʚ ʢʣʘʩʪʝʨʽ Ci; n ï ʢʽʣʴʢʽʩʪʴ ʦʙôʻʢʪʽʚ (ʯʘʩʦʚʠʭ ʨʷʜʽʚ) ʚ 

ʢʣʘʩʪʝʨʽ; i,j=1,2,3él ï ʢʽʣʴʢʽʩʪʴ ʢʣʘʩʪʝʨʽʚ ʧʦʪʦʯʥʦʾ ʽʪʝʨʘʮʽʾ ʧʨʦʮʝʩʫ ʢʣʘʩʪʝʨʠʟʘʮʽʾ. 

3. ɺʠʟʥʘʯʝʥʥʷ ʟ ʤʥʦʞʠʥʠ ʚʽʜʩʪʘʥʝʡ { }llij DDDDD ,11312 ,,,,, -= 22  ʤʽʥʽʤʘʣʴʥʦʾ ʜʣʷ ʧʦʪʦʯʥʦʾ ʽʪʝʨʘʮʽʾ 

() ijiter DDD ==minmin , ʚʠʙʽʨ ʚʽʜʧʦʚʽʜʥʦʾ ʧʘʨʠ ʢʣʘʩʪʝʨʽʚ Ci ʪʘ Cj ʪʘ ʦʙôʻʜʥʘʥʥʷ ʤʥʦʞʠʥ ʦʙôʻʢʪʽʚ ʮʠʭ ʜʚʦʭ 

ʢʣʘʩʪʝʨʽʚ ʚ ʦʜʠʥ ʢʣʘʩʪʝʨ () jiijjoin CCʉ Ç= . 

4. ɺʠʟʥʘʯʝʥʥʷ ʽʥʪʝʛʨʘʣʴʥʦʛʦ ʢʨʠʪʝʨʽʶ ʚʽʜʩʪʘʥʝʡ ʤʽʞ ʦʙôʻʢʪʘʤʠ ʚʩʝʨʝʜʠʥʽ ʢʣʘʩʪʝʨʘ. ɯʥʪʝʛʨʘʣʴʥʠʡ 

ʢʨʠʪʝʨʽʡ ʚʠʟʥʘʯʘʻʪʴʩʷ ʥʘ ʦʩʥʦʚʽ ʦʜʥʦʛʦ ʟ ʽʥʬʦʨʤʘʮʽʡʥʠʭ ʢʨʠʪʝʨʽʾʚ. ʗʢʱʦ ʮʝʡ ʢʨʠʪʝʨʽʡ ʚʠʟʥʘʯʘʻʪʴʩʷ ʥʘ 

ʦʩʥʦʚʽ ʙʘʡʻʩʽʚʩʴʢʦʛʦ ʽʥʬʦʨʤʘʮʽʡʥʦʛʦ ʢʨʠʪʝʨʽʶ, ʪʦ ʚʽʥ ʤʘʻ ʚʠʛʣʷʜ: 
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ʜʝ  ()iCBICD  - ʚʽʜʩʪʘʥʴ ʤʽʞ ʦʙôʻʢʪʘʤʠ ʚʩʝʨʝʜʠʥʽ ʦʜʥʦʛʦ ʢʣʘʩʪʝʨʫ; i=1,2,3,é,l; l ï ʢʽʣʴʢʽʩʪʴ ʢʣʘʩʪʝʨʽʚ. 

ʎʷ ʚʽʜʩʪʘʥʴ ʜʣʷ ʢʣʘʩʪʝʨʘ { }mi XXXXʉ ,,,, 321 2=  ʚʠʟʥʘʯʘʻʪʴʩʷ ʟʘ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷʤ: 
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5. ʇʝʨʝʚʽʨʢʘ ʫʤʦʚʠ ʟʫʧʠʥʢʠ ʧʨʦʮʝʩʫ ʦʙôʻʜʥʘʥʥʷ ʢʣʘʩʪʝʨʽʚ. ʗʢʱʦ ʫʤʦʚʘ ʚʠʢʦʥʘʥʘ, ʦʪʨʠʤʫʶʪʴ 

ʦʩʪʘʪʦʯʥʫ ʤʥʦʞʠʥʫ ʢʣʘʩʪʝʨʽʚ { }lresres CCCCʉ ,,,, 321 2= , ʜʝ lres ï ʦʩʪʘʪʦʯʥʘ ʢʽʣʴʢʽʩʪʴ ʢʣʘʩʪʝʨʽʚ. ɺʠʢʦʥʘʥʥʷ 

ʧʫʥʢʪʽʚ 2-5 ʧʦʚʪʦʨʶʻʪʴʩʷ ʜʦ ʪʠʭ ʧʽʨ, ʧʦʢʠ ʫʤʦʚʘ ʟʫʧʠʥʢʠ ʥʝ ʙʫʜʝ ʚʠʢʦʥʘʥʘ. 

ɼʣʷ ʟʫʧʠʥʢʠ ʧʨʦʮʝʩʫ ʦʙôʻʜʥʘʥʥʷ ʢʣʘʩʪʝʨʽʚ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʦʜʠʥ ʟ ʪʨʴʦʭ ʢʨʠʪʝʨʽʾʚ: 

1. ʂʽʣʴʢʽʩʪʴ ʢʣʘʩʪʝʨʽʚ. ɺʠʤʘʛʘʻ ʟʘʜʘʥʥʷ ʯʠʩʣʘ ʢʣʘʩʪʝʨʽʚ, ʱʦ ʤʦʞʝ ʧʦʪʨʝʙʫʚʘʪʠ ʧʦʧʝʨʝʜʥʴʦʾ ʦʮʽʥʢʠ. 

ɺ ʟʘʛʘʣʴʥʦʤʫ ʚʠʧʘʜʢʫ ʢʽʣʴʢʽʩʪʴ ʢʣʘʩʪʝʨʽʚ ʧʨʦʬʽʣʽʚ ʟʣʦʚʤʠʩʥʠʢʽʚ ʥʝ ʻ ʧʦʧʝʨʝʜʥʴʦ ʚʽʜʦʤʦʶ. ʊʦʤʫ 

ʨʝʢʦʤʝʥʜʫʻʪʴʩʷ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʮʝʡ ʢʨʠʪʝʨʽʡ ʟʫʧʠʥʢʠ ʜʣʷ ʟʘʜʘʯʽ ʚʠʟʥʘʯʝʥʥʷ ʨʽʚʥʷ ʥʝʙʝʟʧʝʢʠ ʟʣʦʚʤʠʩʥʠʢʘ. 

2. ɸʙʩʦʣʶʪʥʠʡ ʤʽʥʽʤʫʤ ʬʫʥʢʮʽʾ ʟʘʣʝʞʥʦʩʪʽ ʽʥʪʝʛʨʘʣʴʥʦʛʦ ʢʨʠʪʝʨʽʶ ʚʽʜ ʯʠʩʣʘ ʽʪʝʨʘʮʽʡ ʦʙôʻʜʥʘʥʥʷ 

ʢʣʘʩʪʝʨʽʚ ()( )kJmin , ʜʝ k ï ʯʠʩʣʦ ʽʪʝʨʘʮʽʡ. ʋ ʮʴʦʤʫ ʚʠʧʘʜʢʫ ʦʙʠʨʘʻʪʴʩʷ ʤʥʦʞʠʥʘ ʢʣʘʩʪʝʨʽʚ, ʱʦ ʚʽʜʧʦʚʽʜʘʻ 

ʽʪʝʨʘʮʽʾ, ʥʘ ʷʢʽʡ ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ ʤʽʥʽʤʫʤ J(k) (ʨʠʩ. 1(1)). ʎʝʡ ʢʨʠʪʝʨʽʡ ʟʫʧʠʥʢʠ ʟʘʙʝʟʧʝʯʫʻ ʤʘʢʩʠʤʘʣʴʥʦ 

ʯʠʩʪʦʪʫ ʦʪʨʠʤʘʥʠʭ ʢʣʘʩʪʝʨʽʚ. ʅʝʜʦʣʽʢʦʤ ʻ ʪʝ, ʱʦ ʯʘʩʪʠʥʘ ʢʣʘʩʪʝʨʽʚ ʤʦʞʝ ʙʫʪʠ ʥʝʧʦʚʥʦʶ, ʽ ʟʣʦʚʤʠʩʥʠʢʽʚ 

ʦʜʥʦʛʦ ʪʠʧʫ ʤʦʞʝ ʤʽʩʪʠʪʠ ʙʽʣʴʰʝ ʥʽʞ ʦʜʠʥ ʢʣʘʩʪʝʨ. 

3. ɻʨʘʜʽʻʥʪʥʠʡ ʢʨʠʪʝʨʽʡ. ʋ ʮʴʦʤʫ ʚʠʧʘʜʢʫ ʚʠʟʥʘʯʘʻʪʴʩʷ ʩʪʨʠʙʦʢ ʬʫʥʢʮʽʾ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜʥʦʩʥʦʛʦ 

ʛʨʘʜʽʻʥʪʘ ()()kJkJÐ  ʚʽʜ ʯʠʩʣʘ ʽʪʝʨʘʮʽʡ ʪʘ ʦʙʠʨʘʻʪʴʩʷ ʤʥʦʞʠʥʘ ʢʣʘʩʪʝʨʽʚ, ʚʽʜʧʦʚʽʜʥʘ ʮʽʡ ʽʪʝʨʘʮʽʾ (ʨʠʩ. 1(2)).  

 
ʈʠʩ. 1. ʂʨʠʪʝʨʽʾ ʟʫʧʠʥʢʠ ʧʨʦʮʝʩʫ ʦʙôʻʜʥʘʥʥʷ ʢʣʘʩʪʝʨʽʚ. (1)ɿʘʣʝʞʥʽʩʪʴ ʽʥʪʝʛʨʘʣʴʥʦʛʦ ʢʨʠʪʝʨʽʶ ʚʽʜʩʪʘʥʝʡ ʤʽʞ ʦʙôʻʢʪʘʤʠ 

ʚʩʝʨʝʜʠʥʽ ʢʣʘʩʪʝʨʘ ʚʽʜ ʢʽʣʴʢʦʩʪʽ ʽʪʝʨʘʮʽʡ J(k). (2)ɿʘʣʝʞʥʽʩʪʴ ʚʽʜʥʦʩʥʦʛʦ ʛʨʘʜʽʻʥʪʫ ʬʫʥʢʮʽʾ ()()kJkJÐ ʚʽʜ ʢʽʣʴʢʦʩʪʽ ʽʪʝʨʘʮʽʡ. 

 

4. ʈʝʟʫʣʴʪʘʪʠ ʢʣʘʩʪʝʨʠʟʘʮʽʾ ʟʣʦʚʤʠʩʥʠʢʽʚ 

ɼʣʷ ʧʨʦʚʝʜʝʥʥʷ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʜʦʩʣʽʜʞʝʥʴ ʙʫʣʦ ʚʠʢʦʨʠʩʪʘʥʦ ʜʘʪʘʩʝʪ ʤʝʨʝʞʽ ʧʨʠʤʘʥʦʢ [16]. ɿ 

ʜʘʪʘʩʝʪʫ ʙʫʣʠ ʚʽʜʽʙʨʘʥʽ ʯʘʩʦʚʽ ʨʷʜʠ ʢʽʣʴʢʦʩʪʽ ʟʘʧʠʪʽʚ ʟʘ 1 ʩʝʢʫʥʜʫ ʚʽʜ ʦʜʥʦʛʦ ʜʞʝʨʝʣʘ ʘʪʘʢʠ ʜʦ ʦʜʥʽʻʾ 

ʧʨʠʤʘʥʢʠ, ʷʢʽ ʩʬʦʨʤʫʚʘʣʠ ʥʘʙʽʨ ʯʘʩʦʚʠʭ ʨʷʜʽʚ ʜʣʷ ʢʣʘʩʪʝʨʠʟʘʮʽʾ. ʂʣʘʩʪʝʨʠʟʘʮʽʷ ʧʨʦʚʦʜʠʣʘʩʷ ʽʟ 

ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʪʨʴʦʭ ʽʥʬʦʨʤʘʮʽʡʥʠʭ ʢʨʠʪʝʨʽʾʚ (AIC, KIC, BIC), ʪʘʢʦʞ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʜʚʦʭ ʢʨʠʪʝʨʽʾʚ 

ʟʫʧʠʥʢʠ ʧʨʦʮʝʩʫ ʢʣʘʩʪʝʨʠʟʘʮʽʾ (ʘʙʩʦʣʶʪʥʠʡ ʤʽʥʽʤʫʤ ʪʘ ʚʽʜʥʦʩʥʠʡ ʛʨʘʜʽʻʥʪ). ʅʘʡʚʠʱʽ ʧʦʢʘʟʥʠʢʠ ʪʦʯʥʦʩʪʽ 

ʧʦʢʘʟʘʣʘ ʢʣʘʩʪʝʨʠʟʘʮʽʷ ʥʘ ʦʩʥʦʚʽ BIC ʢʨʠʪʝʨʽʶ ʽʟ ʟʫʧʠʥʢʦʶ ʟʘ ʚʽʜʥʦʩʥʠʤ ʛʨʘʜʽʻʥʪʦʤ. ʊʦʯʥʽʩʪʴ ʢʣʘʩʪʝʨʠʟʘʮʽʾ 

ʧʝʨʝʚʠʱʠʣʘ 80%, ʘ ʟʫʧʠʥʢʘ ʟʘ ʚʽʜʥʦʩʥʠʤ ʛʨʘʜʽʻʥʪʦʤ ʟʘʙʝʟʧʝʯʠʣʘ ʦʧʪʠʤʘʣʴʥʝ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ ʯʠʩʪʦʪʠ 

ʢʣʘʩʪʝʨʽʚ ʪʘ ʾʭ ʧʦʚʥʦʪʠ. ʊʘʢʦʞ, ʙʫʣʦ ʧʨʦʚʝʜʝʥʦ ʢʣʘʩʪʝʨʠʟʘʮʽʶ ʟ ʯʠʩʣʦʤ ʢʣʘʩʪʝʨʽʚ 3 ʜʣʷ ʚʠʟʥʘʯʝʥʥʷ 

ʚʽʜʥʦʩʥʦʛʦ ʨʽʚʥʷ ʥʝʙʝʟʧʝʢʠ ʟʣʦʚʤʠʩʥʠʢʘ: ʚʠʩʦʢʦʛʦ, ʩʝʨʝʜʥʴʦʛʦ ʪʘ ʥʠʟʴʢʦʛʦ (ʨʠʩ. 2). 
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ʈʠʩ. 2. ʇʨʠʢʣʘʜʠ ʯʘʩʪʦʪʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʟʣʦʚʤʠʩʥʠʢʽʚ ʟ ʨʽʟʥʠʤʠ ʨʽʚʥʷʤʠ ʟʘʛʨʦʟʠ. 

 

ɺʠʩʥʦʚʢʠ 

ɿʙʽʨ ʪʘ ʘʥʘʣʽʟ ʧʨʠʤʘʥʢʘʤʠ ʧʦʚʝʜʽʥʢʦʚʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʟʣʦʚʤʠʩʥʠʢʽʚ ʜʦʟʚʦʣʷʻ ʚʠʷʚʣʷʪʠ ʪʘ 

ʛʨʫʧʫʚʘʪʠ ʥʦʚʽ ʪʠʧʠ ʘʪʘʢ, ʱʦ ʻ ʥʘʜʟʚʠʯʘʡʥʦ ʚʘʞʣʠʚʠʤ ʜʣʷ ʩʠʩʪʝʤ ʚʠʷʚʣʝʥʥʷ ʚʪʨʫʯʘʥʴ. ɿʘʧʨʦʧʦʥʦʚʘʥʠʡ 

ʧʽʜʭʽʜ ʜʦʟʚʦʣʷʻ ʧʨʦʚʦʜʠʪʠ ʥʝʧʝʨʝʨʚʥʠʡ ʧʦʰʫʢ ʧʦʜʽʙʥʠʭ ʟʣʦʚʤʠʩʥʠʢʽʚ ʟ ʚʨʘʭʫʚʘʥʥʷʤ ʾʭ ʜʠʥʘʤʽʯʥʠʭ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢ. ɿʘʧʨʦʧʦʥʦʚʘʥʘ ʧʨʦʮʝʜʫʨʘ ʘʛʣʦʤʝʨʘʪʠʚʥʦʾ ʢʣʘʩʪʝʨʠʟʘʮʽʾ ʥʘ ʦʩʥʦʚʽ ʽʥʬʦʨʤʘʮʽʡʥʠʭ ʢʨʠʪʝʨʽʾʚ 

ʜʦʟʚʦʣʷʻ ʦʪʨʠʤʘʪʠ ʜʦʩʪʘʪʥʶ ʪʦʯʥʽʩʪʴ ʢʣʘʩʪʝʨʠʟʘʮʽʾ ʪʘ ʚʠʟʥʘʯʠʪʠ ʨʽʚʝʥʴ ʥʝʙʝʟʧʝʢʠ ʟʣʦʚʤʠʩʥʠʢʘ. 

ʇʦʜʘʣʴʰʝ ʜʦʩʣʽʜʞʝʥʥʷ ʧʨʦʚʦʜʠʪʴʩʷ ʚ ʥʘʧʨʷʤʢʫ ʚʠʟʥʘʯʝʥʥʷ ʧʦʚʝʜʽʥʢʦʚʠʭ ʧʘʪʝʨʥʽʚ ʟʣʦʚʤʠʩʥʠʢʽʚ ʥʘ 

ʦʩʥʦʚʽ ʚʽʜʥʦʰʝʥʥʷ çʦʜʠʥ ʜʦ ʙʘʛʘʪʴʦʭè, ʧʽʜʚʠʱʝʥʥʷ ʪʦʯʥʦʩʪʽ ʢʣʘʩʪʝʨʠʟʘʮʽʾ ʪʘ ʚʨʘʭʫʚʘʥʥʷ ʜʦʜʘʪʢʦʚʠʭ 

ʧʦʚʝʜʽʥʢʦʚʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ. 
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ɼɽʊɽʂʊʋɺɸʅʅʗ ʇʆʆɼʀʅʆʂʀʍ ʌʆʊʆʅɯɺ ɺ ʂɺɸʅʊʆɺʀʍ 

ʂʈʀʇʊʆɻʈɸʌɯʏʅʀʍ ʉʀʉʊɽʄɸʍ 
 
˟̨̖̠̆̎̏̌̏̄ ̩̋̃́̎̓̏̃̏ ̨̩̋̑̉̐̓̏̄̑́̕ȟ ̏̒̎̏̃́̎́ ̎́ ̖̋̃́̎̓̏̃̉ ̠̖̃̌́̒̓̉̃̏̒̓ ̨̒̃̓̌́ȟ ̠̤̅̏̈̃̏̌ ̐̆̑̆̅́̃́̓̉ 

̐̏ ̖̎̆̈́̉̆̎̏̍̔̚ ̋́̎́̌̔ ̈̃ȭ̠̈̋̔ ̃̉̐́̅̋̏̃̔ ̨̨̝̐̏̒̌̅̏̃̎̒̓ ̨̂̓ ̓́̋̉̍ ̘̉̎̏̍ȟ ̏̚ ̘̠̃̓̑̔́̎̎ ̈̌̏̃̍̉̒̎̉̋́ ̃ ̗̐̑̏̆̒ 
̨̘̐̆̑̆̅́ ̤̐̏̑̏̅̇̔ ̅̏̅́̓̋̏̃̉̊ ̙̔̍ ̃ ̨̋́̎́̌ ̨ ̠̠̤̝̠̃̉̃̌̓̒ ̨̌̆̄̓̉̍̎̉̍̉ ̘̋̏̑̉̒̓̔̃́́̍̉Ȣ ˛̅̎̉̍ ̨̈ ̖̃́̇̌̉̃̉ 
̨̆̌̆̍̆̎̓̃ ̒̉̒̓̆̍̉ ̩̋̃́̎̓̏̃̏ ̑̏̈̒̉̌̋̉ ̟̘̋̌́ ̤ ̅̆̓̆̋̓̏̑ ̖̐̏̏̅̉̎̏̋̉ ̨̏̓̏̎̃̕Ȣ 

˗̃́̎̓̏̃́ ̨̠̋̑̉̐̓̏̄̑́̕ ̝̃̉̃̏̅̉̓ ̎́ ̎̏̃̉̊ ̨̝̑̃̆̎ ̒̓́̎̅́̑̓̉ ̖̩̈́̉̆̎̏̚ ̨̘̐̆̑̆̅́ ̖̅́̎̉ ̘̆̑̆̈ ̨̨̃̅̋̑̉̓ 
̋́̎́̌̉ ̈̃΄̠̈̋̔Ȣ ˜̑̏̓̆ȟ ̘̐̑́̋̓̉̎́ ̨̨̗̠̑̆́̌̈́ ̨̐̑̏̓̏̋̏̌̃ ̩̋̃́̎̓̏̃̏ ̨̩̋̑̉̐̓̏̄̑́̕ ̎́ ̨̂́̈ ̖̅̏̒̓̔̐̎̉ ̎́ 
̨̨̝̙̒̏̄̏̅̎̎̊ ̝̅̆̎ ̨̋̏̍̐̏̎̆̎̓̃ ̤̝̠̒̓̉̋́̓̒ ̨̈ ̘̈̎́̎̉̍̉ ̓̑̔̅̎̏́̍̉̚Ȣ  

ˏ ̨̒̓́̓̓ ̈́̐̑̏̐̏̎̏̃́̎́ ́̐́̑́̓̎́ ̨̨̗̠̑̆́̌̈́ ̟̐̑̉̒̓̑̏ ̨̤̗̩̑̆̒̓̑́ ̖̐̏̏̅̉̎̏̋̉ ̨̏̓̏̎̃̕ ̎́ ESP8266. 
˔́̐̑̏̐̏̎̏̃́̎̉̊ ̨̐̑̉̒̓̑̊ ̨̤̐̅̃̉̔̚ ̨̘̝̓̏̎̒̓ ̨̟̠̃̉̍̑̃́̎̎ ̨̨̎̓̆̎̒̉̃̎̏̒̓ ̨̟̠̃̉̐̑̏̍̎̃́̎̎ ̈ ̟̅̏̐̏̍̏̄̏ ̌́̃̉̎̎̏̄̏ 
̨̏̓̏̅̏̅́̕ȟ ̏̚ ̗̟̤̐̑́ ̃ ̨̑̆̇̉̍ ̨̘̝̌̉̌̎̉̋́ ̨̏̓̏̎̃̕ȟ ̈́ ̟̅̏̐̏̍̏̄̏ ̨̨̨̗̩̒̓́̂̌̈́ ̘̃̆̌̉̉̎̉ ̨̨̗̑̈̎̉ ̨̍̇ ̟̎́̐̑̔̄̏ 
̠̇̉̃̌̆̎̎ ̨ ̟̎́̐̑̔̄̏ ̟̐̑̏̂̏ ̌́̃̉̎̎̏̄̏ ̨̏̓̏̅̏̅́̕ ̂̆̈ ̃̓̑́̓ ̘́̒̔ ̨̟̠̃̉̍̑̃́̎̎Ȣ  

˗̨̟̘̌̏̃ ̒̌̏̃́ȡ ̋̃́̎̓̏̃́ ̨̠̋̑̉̐̓̏̄̑́̕ȟ ̅̆̓̆̋̓̏̑̉ ̖̐̏̏̅̉̎̏̋̉ ̨̏̓̏̎̃̕ȟ ̨̌́̃̉̎̎ ̨̏̓̏̅̏̅̉̕ȟ 
̨̏̐̓̏̃̏̌̏̋̏̎̎ ̨̨̩̌̎ ̈̃ȭ̠̈̋̔ȟ ̨̠̑̏̈̐̏̅̌̆̎̎ ̋̃́̎̓̏̃̏̄̏ ̟̘̋̌́Ȣ 
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DETECTION OF SINGLE PHOTONS IN QUANTUM CRYPTOGRAPHIC SYSTEMS  
 

Quantum cryptography technology, based on the quantum properties of light, allows an unsecured sequence of bits to be 
transmitted over an unsecured communication channel in such a way that an intruder interferes with the transmission process and creates 
additional noise in the channel and is legitimate by users. One of the important elements of the quantum key distribution system is the single 
photon detector. 

The basic principles of data protection in quantum communication lines are the impossibility of copying the previously unknown 
state of an individual quantum object and the impossibility of obtaining any information about the quantum states of this object without 
damaging them. Thus, the guarantee of protection of transmitted information are the fundamental laws of quantum mechanics. 

Quantum cryptography takes to a new level the standards of secure data transmission over open communication channels. 
However, the practical implementation of quantum cryptography protocols based on currently available components faces significant 
difficulties. 

Therefore, the development of new protocols for quantum key distribution, as well as achieving a high level of their cryptographic 
stability through the use of sensitive detectors of single photons based on avalanche photodiodes is an actual problem. 

The article proposes a hardware implementation of a single photon detection device on ESP8266. The proposed device increases 
the accuracy of measuring the intensity of radiation using an avalanche photodiode operating in the mode of a photon counter, by stabilizing 
the value of the difference between the supply voltage and the breakdown voltage of the avalanche photodiode without loss of measurement 
time. With this system, measurements can be made at room temperature without the use of energy-intensive refrigerants. Dark noise and 

temperature instability are taken into account in the value of the voltage DU. The developed device allows to increase the quantum efficiency 
of registration up to 45%. 

Keywords: quantum cryptography, single photon detectors, avalanche photodiodes, fiber optic communication lines, quantum key 
distribution.  

 

ʇʦʩʪʘʥʦʚʢʘ ʧʨʦʙʣʝʤʠ. ʅʝʦʙʭʽʜʥʽʩʪʴ ʨʝʻʩʪʨʘʮʽʾ ʧʦʦʜʠʥʦʢʠʭ ʬʦʪʦʥʽʚ ʚʠʥʠʢʣʘ ʱʝ ʚ 20 ʩʪʦʣʽʪʪʽ ʧʽʩʣʷ 

ʬʫʥʜʘʤʝʥʪʘʣʴʥʠʭ ʨʦʙʽʪ ʄ. ʇʣʘʥʢʘ ʪʘ ɸ.ɽʡʥʰʪʝʡʥʘ. ʇʝʨʰʽ ʧʨʠʣʘʜʠ, ʱʦ ʜʦʟʚʦʣʷʶʪʴ ʟʜʽʡʩʥʶʚʘʪʠ ʪʘʢʫ 

ʨʝʻʩʪʨʘʮʽʶ, ʙʘʛʘʪʦʢʘʩʢʘʜʥʽ ʬʦʪʦʝʣʝʢʪʨʦʥʥʽ ʧʦʤʥʦʞʫʚʘʯʽ, ʙʫʣʠ ʩʪʚʦʨʝʥʽ ʚ 30-ʭ ʨʦʢʘʭ ʤʠʥʫʣʦʛʦ ʩʪʦʣʽʪʪʷ. 

ʇʦʜʘʣʴʰʽ ʚʜʦʩʢʦʥʘʣʝʥʥʷ ʬʦʪʦʝʣʝʢʪʨʦʥʥʠʭ ʧʦʤʥʦʞʫʚʘʯʽʚ ʧʦʣʷʛʘʣʠ ʚ ʨʦʟʰʠʨʝʥʥʽ ʾʭ ʦʧʪʠʯʥʦʛʦ ʜʽʘʧʘʟʦʥʫ ʽ 

ʟʙʽʣʴʰʝʥʥʽ ʢʦʝʬʽʮʽʻʥʪʫ ʧʽʜʩʠʣʝʥʥʷ. ʊʝʥʜʝʥʮʽʷ ʧʽʜʚʠʱʝʥʥʷ ʰʚʠʜʢʦʜʽʾ ʪʘ ʢʚʘʥʪʦʚʦʾ ʝʬʝʢʪʠʚʥʦʩʪʽ ʧʨʠʚʝʣʘ ʜʦ 

ʩʪʚʦʨʝʥʥʷ ʣʘʚʠʥʥʠʭ ʬʦʪʦʜʽʦʜʽʚ (ʃʌɼ). ʇʨʠ ʨʦʙʦʪʽ ʚ ʷʢʦʩʪʽ ʜʝʪʝʢʪʦʨʘ ʬʦʪʦʥʽʚ ʃʌɼ ʧʝʨʝʚʦʜʠʪʴʩʷ ʚ ʨʝʞʠʤ, 

ʙʣʠʟʴʢʠʡ ʜʦ ʣʘʚʠʥʥʦʛʦ ʧʨʦʙʦʶ. ʇʦʦʜʠʥʦʢʠʡ ʬʦʪʦʥ ʚ ʪʘʢʦʤʫ ʨʝʞʠʤʽ ʟʜʘʪʥʠʡ ʚʠʢʣʠʢʘʪʠ ʣʘʚʠʥʥʠʡ ʧʨʦʙʽʡ. 

ʉʘʤʝ ʩʪʨʫʤ ʧʨʦʙʦʶ ʽ ʜʦʟʚʦʣʷʻ ʟʘʨʝʻʩʪʨʫʚʘʪʠ ʘʢʪ ʧʦʛʣʠʥʘʥʥʷ ʬʦʪʦʥʘ. ʆʩʢʽʣʴʢʠ ʜʘʥʠʡ ʨʝʞʠʤ  ʥʝ ʻ 

ʩʪʘʥʜʘʨʪʥʠʤ, ʽʩʥʫʻ ʜʦʩʪʘʪʥʴʦ ʚʝʣʠʢʘ ʢʽʣʴʢʽʩʪʴ ʧʘʨʘʤʝʪʨʽʚ ʩʭʝʤʠ ʚʚʽʤʢʥʝʥʥʷ, ʟʤʽʥʘ ʷʢʠʭ ʜʘʻ ʤʦʞʣʠʚʽʩʪʴ 

ʜʦʩʷʛʪʠ ʧʦʢʨʘʱʝʥʥʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʧʨʠʡʤʘʯʘ ʬʦʪʦʥʽʚ ʚ ʮʽʣʦʤʫ. 

ʊʝʭʥʦʣʦʛʽʷ ʢʚʘʥʪʦʚʦʾ ʢʨʠʧʪʦʛʨʘʬʽʾ, ʦʩʥʦʚʘʥʘ ʥʘ ʢʚʘʥʪʦʚʠʭ ʚʣʘʩʪʠʚʦʩʪʷʭ ʩʚʽʪʣʘ, ʜʦʟʚʦʣʷʻ ʧʝʨʝʜʘʚʘʪʠ 

ʧʦ ʥʝʟʘʭʠʱʝʥʦʤʫ ʢʘʥʘʣʫ ʟʚôʷʟʢʫ ʚʠʧʘʜʢʦʚʫ ʧʦʩʣʽʜʦʚʥʽʩʪʴ ʙʽʪ ʪʘʢʠʤ ʯʠʥʦʤ, ʱʦ ʚʪʨʫʯʘʥʥʷ ʟʣʦʚʤʠʩʥʠʢʘ ʚ 

ʧʨʦʮʝʩ ʧʝʨʝʜʘʯʽ ʧʦʨʦʜʞʫʻ ʜʦʜʘʪʢʦʚʠʡ ʰʫʤ ʚ ʢʘʥʘʣʽ ʽ ʚʠʷʚʣʷʻʪʴʩʷ ʣʝʛʽʪʠʤʥʠʤʠ ʢʦʨʠʩʪʫʚʘʯʘʤʠ [1]. ʆʜʥʠʤ ʽʟ 

ʚʘʞʣʠʚʠʭ ʝʣʝʤʝʥʪʽʚ ʩʠʩʪʝʤʠ ʢʚʘʥʪʦʚʦʾ ʨʦʟʩʠʣʢʠ ʢʣʶʯʘ ʻ ʜʝʪʝʢʪʦʨ ʧʦʦʜʠʥʦʢʠʭ ʬʦʪʦʥʽʚ. 

ɸʥʘʣʽʟ ʦʩʥʦʚʥʠʭ ʧʫʙʣʽʢʘʮʽʡ. ɺ ʩʫʯʘʩʥʠʭ ʨʦʙʦʪʘʭ ʨʦʟʨʽʟʥʷʶʪʴ ʜʚʘ ʦʩʥʦʚʥʠʭ ʧʽʜʭʦʜʠ ʜʦ ʨʦʟʫʤʽʥʥʷ 

ʢʚʘʥʪʦʚʦʛʦ ʩʠʛʥʘʣʫ: ʧʦʦʜʠʥʦʢʽ ʬʦʪʦʥʠ ʽ ʢʦʛʝʨʝʥʪʥʽ ʩʪʘʥʠ [2, 3]. ɺʽʜʦʤʦ ʜʝʢʽʣʴʢʘ ʤʝʭʘʥʽʟʤʽʚ ʛʝʥʝʨʘʮʽʾ 

ʧʦʦʜʠʥʦʢʠʭ ʬʦʪʦʥʽʚ, ʟʦʢʨʝʤʘ, ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʢʚʘʥʪʦʚʠʭ ʪʦʯʦʢ [4] ʠ ʩʧʦʥʪʘʥʥʦʛʦ ʧʘʨʘʤʝʪʨʠʯʥʦʛʦ 

ʨʦʟʩʽʶʚʘʥʥʷ [5]. 

ɸʣʴʪʝʨʥʘʪʠʚʥʠʤ ʻ ʚʠʢʦʨʠʩʪʘʥʥʷ ʢʦʨʦʪʢʠʭ ʣʘʟʝʨʥʠʭ ʽʤʧʫʣʴʩʽʚ, ʷʢʽ ʧʦʩʣʘʙʣʝʥʽ ʜʦ ʢʨʠʪʠʯʥʦʛʦ ʨʽʚʥʷ 

ʪʘʢ, ʱʦ ʩʝʨʝʜʥʻ ʯʠʩʣʦ ʬʦʪʦʥʽʚ ʚ ʥʠʭ ʤʝʥʰʝ ʦʜʠʥʠʮʽ [2, 6]. ɺ ʢʚʘʥʪʦʚʽʡ ʢʨʠʧʪʦʛʨʘʬʽʾ ʫ ʟʚôʷʟʢʫ ʟ ʮʠʤ ʯʘʩʪʦ 
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ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʪʝʨʤʽʥ çʦʜʥʘ ʜʝʩʷʪʘ ʬʦʪʦʥʘè, ʷʢʠʡ ʦʟʥʘʯʘʻ, ʱʦ ʦʜʠʥʦʯʥʠʡ ʬʦʪʦʥ ʧʨʠʩʫʪʥʽʡ ʚ ʩʝʨʝʜʥʴʦʤʫ 

ʣʠʰʝʥʴ ʚ ʦʜʥʦʤʫ ʽʟ ʜʝʩʷʪʠ ʯʘʩʦʚʠʭ ʚʽʜʣʽʢʽʚ. 

ʆʩʥʦʚʦʧʦʣʦʞʥʠʤʠ ʧʨʠʥʮʠʧʘʤʠ ʟʘʭʠʩʪʫ ʜʘʥʠʭ ʚ ʢʚʘʥʪʦʚʠʭ ʣʽʥʽʷʭ ʟʚ'ʷʟʢʫ ʻ ʥʝʤʦʞʣʠʚʽʩʪʴ 

ʢʦʧʽʶʚʘʥʥʷ ʟʘʟʜʘʣʝʛʽʜʴ ʥʝʚʽʜʦʤʦʛʦ ʩʪʘʥʫ ʦʢʨʝʤʦʛʦ ʢʚʘʥʪʦʚʦʛʦ ʦʙ'ʻʢʪʘ ʽ ʥʝʤʦʞʣʠʚʽʩʪʴ ʦʪʨʠʤʘʥʥʷ ʙʫʜʴ-ʷʢʦʾ 

ʽʥʬʦʨʤʘʮʽʾ ʧʨʦ ʢʚʘʥʪʦʚʽ ʩʪʘʥʠ ʮʴʦʛʦ ʦʙ'ʻʢʪʘ ʙʝʟ ʾʭ ʧʦʰʢʦʜʞʝʥʥʷ. ʊʘʢʠʤ ʯʠʥʦʤ, ʛʘʨʘʥʪʽʻʶ ʟʘʭʠʩʪʫ ʧʝʨʝʜʘʥʦʾ 

ʽʥʬʦʨʤʘʮʽʾ ʚʠʩʪʫʧʘʶʪʴ ʬʫʥʜʘʤʝʥʪʘʣʴʥʽ ʟʘʢʦʥʠ ʢʚʘʥʪʦʚʦʾ ʤʝʭʘʥʽʢʠ. ɹʘʛʘʪʴʤʘ ʝʢʩʧʝʨʪʘʤʠ ʢʚʘʥʪʦʚʘ 

ʢʨʠʧʪʦʛʨʘʬʽʷ ʨʦʟʛʣʷʜʘʻʪʴʩʷ ʷʢ ʻʜʠʥʠʡ ʤʝʪʦʜ, ʟʜʘʪʥʠʡ ʟʘʙʝʟʧʝʯʠʪʠ ʨʝʘʣʴʥʠʡ ʟʘʭʠʩʪ ʩʠʩʪʝʤ ʢʦʤʫʥʽʢʘʮʽʡ. ɯʜʝʾ 

ʽ ʧʝʨʩʧʝʢʪʠʚʠ ʮʴʦʛʦ ʥʘʧʨʷʤʫ ʜʦʩʣʽʜʞʝʥʴ ʚʠʷʚʠʣʠʩʷ ʥʘʩʪʽʣʴʢʠ ʧʨʠʚʘʙʣʠʚʠʤʠ, ʱʦ ʜʦʩʣʽʜʥʠʮʴʢʽ ʛʨʫʧʠ ʚʽʜʨʘʟʫ 

ʞ ʧʦʯʘʣʠ ʘʢʪʠʚʥʫ ʨʦʙʦʪʫ ʟʽ ʩʪʚʦʨʝʥʥʷ ʨʝʘʣʴʥʦ ʧʨʘʮʶʶʯʠʭ ʫʩʪʘʥʦʚʦʢ ʽ ʧʨʠʩʪʨʦʾʚ. ʅʘ ʜʘʥʠʡ ʤʦʤʝʥʪ 

ʧʨʦʙʣʝʤʠ ʩʪʚʦʨʝʥʥʷ ʢʚʘʥʪʦʚʠʭ ʩʠʩʪʝʤ ʟʚ'ʷʟʢʫ ʻ ʘʢʪʫʘʣʴʥʠʤʠ, ʽ ʮʷ ʦʙʣʘʩʪʴ ʜʠʥʘʤʽʯʥʦ ʨʦʟʚʠʚʘʻʪʴʩʷ. 

ɼʣʷ ʟʙʽʣʴʰʝʥʥʷ ʚʽʜʩʪʘʥʽ ʽ ʰʚʠʜʢʦʩʪʽ ʧʝʨʝʜʘʯʽ ʥʝʦʙʭʽʜʥʠʡ ʧʦʰʫʢ ʥʦʚʠʭ ʪʝʦʨʝʪʠʯʥʠʭ ʧʽʜʭʦʜʽʚ 

ʤʦʜʠʬʽʢʘʮʽʡ ʧʨʦʪʦʢʦʣʽʚ ʢʚʘʥʪʦʚʦʾ ʢʨʠʧʪʦʛʨʘʬʽʾ, ʱʦ ʜʦʟʚʦʣʷʶʪʴ ʝʬʝʢʪʠʚʥʽʰʝ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʣʘʟʝʨʥʽ 

ʽʤʧʫʣʴʩʠ ʚ ʷʢʦʩʪʽ ʜʞʝʨʝʣ ʢʚʘʥʪʦʚʠʭ ʩʪʘʥʽʚ ʽ ʟʥʠʞʫʚʘʪʠ ʦʙʤʝʞʝʥʥʷ ʥʘ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ ʩʠʛʥʘʣ / ʰʫʤ 

ʋ ʢʚʘʥʪʦʚʦʾ ʢʨʠʧʪʦʛʨʘʬʽʾ ʩʪʽʡʢʽʩʪʴ ʧʨʦʪʦʢʦʣʽʚ ʢʚʘʥʪʦʚʦʛʦ ʨʦʟʧʦʜʽʣʫ ʢʣʶʯʽʚ ʦʙˇʨʫʥʪʦʚʫʻʪʴʩʷ 

ʪʝʦʨʝʪʠʯʥʦ. ʊʘʢʠʤ ʯʠʥʦʤ ʢʚʘʥʪʦʚʘ ʢʨʠʧʪʦʛʨʘʬʽʷ ʚʠʚʦʜʠʪʴ ʥʘ ʥʦʚʠʡ ʨʽʚʝʥʴ ʩʪʘʥʜʘʨʪʠ ʟʘʭʠʱʝʥʦʾ ʧʝʨʝʜʘʯʽ 

ʜʘʥʠʭ ʯʝʨʝʟ ʚʽʜʢʨʠʪʽ ʢʘʥʘʣʠ ʟʚ'ʷʟʢʫ [7]. ʇʨʦʪʝ, ʧʨʘʢʪʠʯʥʘ ʨʝʘʣʽʟʘʮʽʷ ʧʨʦʪʦʢʦʣʽʚ ʢʚʘʥʪʦʚʦʾ ʢʨʠʧʪʦʛʨʘʬʽʾ ʥʘ 

ʙʘʟʽ ʜʦʩʪʫʧʥʠʭ ʥʘ ʩʴʦʛʦʜʥʽʰʥʽʡ ʜʝʥʴ ʢʦʤʧʦʥʝʥʪʽʚ ʩʪʠʢʘʻʪʴʩʷ ʟʽ ʟʥʘʯʥʠʤʠ ʪʨʫʜʥʦʱʘʤʠ.  

ʄʝʪʦʶ ʨʦʙʦʪʠ ʻ ʨʦʟʨʦʙʢʘ ʥʦʚʠʭ ʧʨʦʪʦʢʦʣʽʚ ʢʚʘʥʪʦʚʦʛʦ ʨʦʟʧʦʜʽʣʫ ʢʣʶʯʽʚ, ʘ ʪʘʢʦʞ ʜʦʩʷʛʥʝʥʥʷ 

ʚʠʩʦʢʦʛʦ ʨʽʚʥʷ ʾʭ ʢʨʠʧʪʦʛʨʘʬʽʯʥʦʾ ʩʪʽʡʢʦʩʪʽ ʟʘʚʜʷʢʠ ʟʘʩʪʦʩʫʚʘʥʥʶ ʯʫʪʣʠʚʠʭ ʜʝʪʝʢʪʦʨʽʚ ʧʦʦʜʠʥʦʢʠʭ ʬʦʪʦʥʽʚ 

ʥʘ ʦʩʥʦʚʽ ʣʘʚʠʥʥʠʭ ʬʦʪʦʜʽʦʜʽʚ. 

ʉʪʨʫʢʪʫʨʥʘ ʩʭʝʤʘ ʢʚʘʥʪʦʚʦ-ʢʨʠʧʪʦʛʨʘʬʽʯʥʦʾ ʩʠʩʪʝʤʠ 

ʇʨʠ ʘʥʘʣʽʟʽ ʽʩʥʫʶʯʠʭ ʢʚʘʥʪʦʚʦ-ʢʨʠʧʪʦʛʨʘʬʽʯʥʠʭ ʩʠʩʪʝʤ ʤʦʞʥʘ ʚʠʜʽʣʠʪʠ ʪʨʠ ʦʩʥʦʚʥʽ ʚʠʜʠ ʪʘʢʠʭ 

ʩʠʩʪʝʤ: ʟ ʧʦʣʷʨʠʟʘʮʽʡʥʠʤ ʢʦʜʫʚʘʥʥʷʤ, ʟ ʬʘʟʦʚʠʤ ʢʦʜʫʚʘʥʥʷʤ ʽ ʯʘʩʦʚʠʤ ʢʦʜʫʚʘʥʥʷʤ. ʏʠʤ ʙʽʣʴʰʝ ʧʘʨʘʤʝʪʨʽʚ 

ʙʝʟʧʝʢʠ ʜʦʩʣʽʜʥʠʢ ʥʘʢʣʘʜʘʻ ʥʘ ʩʠʩʪʝʤʫ ʽ ʢʦʥʪʨʦʣʶʻ ʾʭ, ʪʠʤ ʙʽʣʴʰʦʶ ʤʽʨʦʶ ʢʦʨʠʩʪʫʚʘʯ ʤʦʞʝ ʦʪʨʠʤʘʪʠ 

ʨʽʚʝʥʴ ʙʝʟʧʝʢʠ ʽ ʟʘʭʠʩʪʫ ʚʽʜ ʟʣʦʚʤʠʩʥʠʢʘ. ʇʨʠ ʘʥʘʣʽʟʽ ʥʝʜʦʣʽʢʠ ʙʫʣʠ ʚʠʷʚʣʝʥʽ ʚ ʢʦʞʥʽʡ ʩʠʩʪʝʤʽ. ʊʦʤʫ ʧʨʠ 

ʢʦʤʙʽʥʫʚʘʥʥʽ ʩʠʩʪʝʤ ʚ ʦʜʠʥ ʢʦʤʧʣʝʢʩ ʤʠ ʥʘʤʘʛʘʣʠʩʷ ʧʦʟʙʫʪʠʩʷ ʚʽʜ ʪʘʢʠʭ ʥʝʛʘʪʠʚʥʠʭ ʨʠʩ. 

ʇʝʨʝʜ ʨʦʟʛʣʷʜʦʤ ʩʪʨʫʢʪʫʨʥʦʾ ʩʭʝʤʠ ʩʣʽʜ ʚʚʝʩʪʠ ʜʝʷʢʽ ʬʫʥʜʘʤʝʥʪʘʣʴʥʽ ʧʦʥʷʪʪʷ ʜʣʷ ʢʚʘʥʪʦʚʦʾ 

ʩʠʩʪʝʤʠ. 

ʋ ʜʘʥʽʡ ʩʠʩʪʝʤʽ ʤʠ ʚʚʦʜʠʤʦ ʧʦʥʷʪʪʷ ʩʠʥʭʨʦʥʽʟʘʮʽʡʥʠʭ ʪʘ ʽʥʬʦʨʤʘʮʽʡʥʠʭ ʬʦʪʦʥʽʚ. ɯʥʬʦʨʤʘʮʽʡʥʠʡ 

ʬʦʪʦʥ - ʥʦʩʽʡ ʽʥʬʦʨʤʘʮʽʾ, ʷʢʠʡ ʧʝʨʝʜʘʻ ʦʩʥʦʚʥʫ (ʢʦʨʠʩʥʫ) ʽʥʬʦʨʤʘʮʽʶ. 

ʉʠʥʭʨʦʥʽʟʘʮʽʡʥʠʡ ʬʦʪʦʥ - ʮʝ ʬʦʪʦʥ, ʷʢʠʡ ʥʝʦʙʭʽʜʥʠʡ ʜʣʷ ʩʠʥʭʨʦʥʽʟʘʮʽʾ ʜʽʡ ʚʽʜʧʨʘʚʥʠʢʘ ʽ 

ʦʪʨʠʤʫʚʘʯʘ ʽ ʻ ʪʦʯʢʦʶ ʚʽʜʣʽʢʫ ʧʨʠ ʧʝʨʝʜʘʯʽ ʢʣʶʯʦʚʠʡ ʧʦʩʣʽʜʦʚʥʦʩʪʽ. ʅʝʦʙʭʽʜʥʦ ʧʽʜʢʨʝʩʣʠʪʠ ʥʝʦʙʭʽʜʥʽʩʪʴ ʽ 

ʢʦʨʠʩʥʽʩʪʴ ʜʘʥʦʛʦ ʢʨʦʢʫ: ʷʢʱʦ ʟʣʦʚʤʠʩʥʠʢ ʷʢʠʤʦʩʴ ʯʠʥʦʤ ʽ ʧʨʦʥʠʢʥʝ ʚ ʢʘʥʘʣ ʧʝʨʝʜʘʯʽ ʽʥʬʦʨʤʘʮʽʾ, ʪʦ, ʥʝ 

ʟʥʘʶʯʠ ʧʦʧʝʨʝʜʥʴʦʾ ʜʦʤʦʚʣʝʥʦʩʪʽ ʫʯʘʩʥʠʢʽʚ ʧʝʨʝʜʘʯʽ, ʚʽʥ ʞʦʜʥʠʤ ʯʠʥʦʤ ʥʝ ʚʽʜʨʽʟʥʠʪʴ ʽʥʬʦʨʤʘʮʽʡʥʠʡ 

ʬʦʪʦʥ ʚʽʜ ʩʠʥʭʨʦʥʽʟʘʮʽʡʥʦʛʦ. 

ʆʪʞʝ, ʧʝʨʝʡʜʝʤʦ ʜʦ ʨʦʟʛʣʷʜʫ ʩʪʨʫʢʪʫʨʥʦʾ ʩʭʝʤʠ ʢʦʤʧʣʝʢʩʫ, ʷʢʘ ʧʨʝʜʩʪʘʚʣʝʥʘ ʥʘ ʨʠʩ. 1. 

ʗʢ ʧʦʢʘʟʘʥʦ ʥʘ ʨʠʩ. 1, ʩʠʩʪʝʤʘ ʤʘʻ ʦʜʠʥ ʥʘʧʽʚʧʨʦʚʽʜʥʠʢʦʚʠʡ ʜʽʦʜʥʠʡ ʣʘʟʝʨ, ʱʦ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ 

ʜʣʷ ʛʝʥʝʨʘʮʽʾ ʽʥʬʦʨʤʘʮʽʡʥʦʛʦ ʽ ʩʠʥʭʨʦʥʽʟʘʮʽʡʥʦʛʦ ʬʦʪʦʥʽʚ. 

 
ʈʠʩ. 1. ʉʪʨʫʢʪʫʨʥʘ ʩʭʝʤʘ ʢʨʠʧʪʦʛʨʘʬʽʯʥʦʾ ʩʠʩʪʝʤʠ 

 

ɿʚʠʯʘʡʥʦ, ʣʘʟʝʨ ʧʦʚʠʥʝʥ ʙʫʪʠ ʪʝʨʤʦʩʪʘʙʽʣʽʟʦʚʘʥʠʤ. ɿ ʧʝʨʩʦʥʘʣʴʥʦʛʦ ʢʦʤʧ'ʶʪʝʨʘ ʜʣʷ ʧʦʯʘʪʢʫ ʽ 

ʟʘʚʝʨʰʝʥʥʷ ʛʝʥʝʨʘʮʽʾ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ ʥʘ ʣʘʟʝʨ ʧʦʜʘʶʪʴʩʷ ʢʝʨʫʶʯʽ ʩʠʛʥʘʣʠ. ʇʽʩʣʷ ʧʦʣʷʨʠʟʘʪʦʨʘ ʽʤʧʫʣʴʩ 

ʣʘʟʝʨʥʦʛʦ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ ʧʦʪʨʘʧʣʷʻ ʥʘ ʩʚʽʪʣʦʧʦʜʽʣʶʚʘʯ 90/10. ʉʠʛʥʘʣ ʟ ʙʽʣʴʰʦʶ ʧʦʪʫʞʥʽʩʪʶ ʥʘʟʠʚʘʶʪʴ 
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ʣʦʢʘʣʴʥʠʤ ʦʩʮʠʣʷʪʦʨʦʤ (local oscillator, LO). ʆʜʠʥ ʽʟ ʩʚʽʪʣʦʚʠʭ ʩʠʛʥʘʣʽʚ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʜʣʷ 

ʩʠʥʭʨʦʥʽʟʘʮʽʾ, ʘ ʽʥʰʠʡ ï ʻ ʽʥʬʦʨʤʘʮʽʡʥʠʤ. ʇʽʩʣʷ ʬʘʟʦʚʦʛʦ ʤʦʜʫʣʷʪʦʨʘ ʚʩʪʘʥʦʚʣʝʥʠʡ ʘʪʝʥʶʘʪʦʨ, ʷʢʠʡ 

ʧʦʩʣʘʙʣʶʻ ʧʫʯʦʢ, ʽ ʟʘʙʝʟʧʝʯʫʻ ʥʝʦʙʭʽʜʥʫ ʩʪʫʧʽʥʴ ʦʜʥʦʬʦʪʦʥʥʦʩʪʽ. ʇʽʩʣʷ ʘʪʝʥʶʘʪʦʨʘ ʤʠ ʦʪʨʠʤʘʣʠ çʞʠʚʠʡ 

ʤʘʪʝʨʽʘʣè, ʟ ʷʢʠʤ ʤʦʞʥʘ ʧʨʘʮʶʚʘʪʠ ʽ ʟ ʷʢʠʤ ʤʦʞʥʘ ʟʘʜʘʚʘʪʠ ʧʦʪʨʽʙʥʽ ʧʘʨʘʤʝʪʨʠ. ʇʦʪʽʤ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ 

ʧʦʪʨʘʧʣʷʻ ʥʘ ʧʦʣʷʨʠʟʘʮʽʡʥʠʡ ʦʧʪʠʯʥʠʡ ʟʤʽʰʫʚʘʯ ʽ ʧʝʨʝʜʘʻʪʴʩʷ ʚ ʦʧʪʠʯʥʫ ʣʽʥʽʶ ʟʚôʷʟʢʫ. ʅʘ ʧʨʠʡʤʘʣʴʥʽʡ 

ʩʪʦʨʦʥʽ ʟʜʽʡʩʥʶʶʪʴʩʷ ʟʚʦʨʦʪʥʽ ʜʽʾ. ʉʠʛʥʘʣ ʧʦʩʪʫʧʘʻ ʥʘ ʧʦʣʷʨʠʟʘʮʽʡʥʠʡ ʩʚʽʪʣʦʧʦʜʽʣʶʚʘʯ, ʜʝ ʟʜʽʡʩʥʶʻʪʴʩʷ 

ʨʦʟʧʦʜʽʣ ʽʥʬʦʨʤʘʮʽʡʥʦʛʦ ʽ ʩʠʥʭʨʦʥʽʟʘʮʽʡʥʦʛʦ ʬʦʪʦʥʽʚ.  

ʉʣʽʜ ʟʘʫʚʘʞʠʪʠ, ʱʦ ʯʘʩ ʧʨʠʭʦʜʫ ʦʙʦʭ ʩʠʛʥʘʣʽʚ ʥʘ ʧʨʠʡʤʘʯ ʨʽʟʥʠʡ ʽ ʡʦʛʦ ʥʝʦʙʭʽʜʥʦ ʢʦʤʧʝʥʩʫʚʘʪʠ. 

ʆʙʠʜʚʘ ʩʠʛʥʘʣʠ ʧʦʪʨʘʧʣʷʶʪʴ ʥʘ ʧʦʣʷʨʠʟʘʮʽʡʥʠʡ ʩʚʽʪʣʦʧʦʜʽʣʶʚʘʯ ʽ, ʦʩʢʽʣʴʢʠ ʚʦʥʠ ʤʘʶʪʴ ʦʨʪʦʛʦʥʘʣʴʥʫ 

ʧʦʣʷʨʠʟʘʮʽʶ, ʧʨʦʭʦʜʷʪʴ ʟʥʦʚʫ ʧʦ ʨʽʟʥʠʤ ʧʣʝʯʘʤ ʽʥʪʝʨʬʝʨʦʤʝʪʨʘ. ɸʣʝ ʪʝʧʝʨ ʧʫʯʦʢ, ʷʢʠʡ ʧʨʦʭʦʜʠʚ ʧʦ 

ʢʦʨʦʪʢʦʤʫ ʧʣʝʯʫ ʙʫʜʝ ʧʨʦʭʦʜʠʪʠ ʧʦ ʜʦʚʛʦʤʫ ʧʣʝʯʫ, ʽ ʥʘʚʧʘʢʠ ʜʣʷ ʽʥʰʦʛʦ ʧʫʯʢʘ. ʇʨʠʡʤʘʯ ʚʤʠʢʘʻ ʩʚʽʡ 

ʬʘʟʦʚʠʡ ʤʦʜʫʣʷʪʦʨ (ʌʄ), ʷʢʠʡ ʪʘʢ ʩʘʤʦ ʷʢ ʽ ʥʘ ʩʪʦʨʦʥʽ ʧʝʨʝʜʘʚʘʯʘ, ʛʝʥʝʨʫʻ ʚʽʜʧʦʚʽʜʥʠʡ ʟʩʫʚ ʬʘʟʠ, ʷʢʠʡ 

ʥʝʦʙʭʽʜʥʠʡ ʜʣʷ ʦʪʨʠʤʘʥʥʷ ʽʥʬʦʨʤʘʮʽʾ ʰʣʷʭʦʤ ʜʝʪʝʢʪʫʚʘʥʥʷ. ʇʨʠʡʤʘʯ ʥʘʜʘʻ ʬʘʟʦʚʠʡ ʟʩʫʚ ʩʚʦʾʤ 

ʤʦʜʫʣʷʪʦʨʦʤ ʣʦʢʘʣʴʥʦʤʫ ʦʩʮʠʣʷʪʦʨʫ ʧʽʩʣʷ ʯʦʛʦ ʩʠʛʥʘʣ ʣʦʢʘʣʴʥʦʛʦ ʦʩʮʠʣʷʪʦʨʘ ʧʦʪʨʘʧʣʷʻ ʚ ʣʽʥʽʶ ʟʘʪʨʠʤʢʠ, 

ʜʝ ʚʽʜʙʫʚʘʻʪʴʩʷ ʢʦʤʧʝʥʩʘʮʽʷ ʯʘʩʦʚʦʾ ʨʽʟʥʠʮʽ ʥʘʜʭʦʜʞʝʥʥʷ ʤʽʞ ʢʦʨʠʩʥʠʤ ʩʠʛʥʘʣʦʤ ʪʘ ʩʠʛʥʘʣʦʤ  ʣʦʢʘʣʴʥʦʛʦ 

ʦʩʮʠʣʷʪʦʨʘ. ʇʽʩʣʷ ʮʴʦʛʦ ʦʙʠʜʚʘ ʧʨʦʤʝʥʽ ʧʦʪʨʘʧʣʷʶʪʴ ʜʦ ʧʦʣʷʨʠʟʘʮʽʡʥʦʛʦ ʦʧʪʠʯʥʦʛʦ ʨʦʟʛʘʣʫʞʫʚʘʯʘ, ʷʢʠʡ 

ʧʽʜʢʣʶʯʝʥʠʡ ʜʦ ʜʝʪʝʢʪʦʨʘ ʧʦʦʜʠʥʦʢʠʭ ʬʦʪʦʥʽʚ. 

ʇʝʨʝʜ ʧʦʯʘʪʢʦʤ ʧʝʨʝʜʘʯʽ ʢʣʶʯʦʚʦʾ ʧʦʩʣʽʜʦʚʥʦʩʪʽ ʫʯʘʩʥʠʢʠ ʽʥʬʦʨʤʘʮʽʡʥʦʛʦ ʦʙʤʽʥʫ ʧʨʦʚʦʜʷʪʴ 

ʧʦʧʝʨʝʜʥʶ ʜʦʤʦʚʣʝʥʽʩʪʴ. ʋ ʜʘʥʽʡ ʩʠʩʪʝʤʽ ʧʝʨʝʜʘʚʘʯʫ ʽ ʦʪʨʠʤʫʚʘʯʫ ʥʝʦʙʭʽʜʥʦ ʜʦʤʦʚʠʪʠʩʷ ʧʨʦ ʬʘʟʠ ʬʦʪʦʥʘ, 

ʷʢʠʡ ʛʝʥʝʨʫʻ ʧʝʨʝʜʘʚʘʯ, ʽ ʟʘʜʘʥʥʷ ʯʘʩʦʚʠʭ ʧʨʦʤʽʞʢʽʚ ʤʽʞ ʧʘʨʘʤʠ ʩʠʥʭʨʦʥʽʟʘʮʽʡʥʠʭ ʬʦʪʦʥ - ʽʥʬʦʨʤʘʮʽʡʥʠʡ 

ʬʦʪʦʥ. ʄʦʞʝ ʚʠʥʠʢʥʫʪʠ ʧʠʪʘʥʥʷ, ʥʘʚʽʱʦ ʧʦʪʨʽʙʥʦ ʟʘʜʘʚʘʪʠ ʧʦʩʣʽʜʦʚʥʽʩʪʴ ʬʘʟʠ ʬʦʪʦʥʽʚ, ʷʢʽ ʙʫʜʫʪʴ 

ʛʝʥʝʨʫʚʘʪʠʩʷ ʧʝʨʝʜʘʚʘʯʝʤ.  

ʋ ʜʘʥʽʡ ʛʽʙʨʠʜʥʽʡ ʩʠʩʪʝʤʽ ʤʠ ʚʠʢʦʨʠʩʪʦʚʫʻʤʦ ʧʨʦʛʥʦʟʫʚʘʥʥʷ ʚ ʯʘʩʦʚʽʡ ʽ ʬʘʟʦʚʽʡ ʦʙʣʘʩʪʽ. ʇʝʨʝʜʘʚʘʯ 

ʽ ʦʪʨʠʤʫʚʘʯ ʟʥʘʶʪʴ ʪʝʭʥʦʣʦʛʽʯʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʩʠʩʪʝʤʠ ʽ ʪʘʢʠʤ ʯʠʥʦʤ ʤʦʞʫʪʴ ʩʧʨʦʛʥʦʟʫʚʘʪʠ, ʷʢʫ ʬʘʟʫ ʤʠ 

ʦʪʨʠʤʘʻʤʦ ʥʘ ʚʠʭʦʜʽ. ʗʢʱʦ ʟʣʦʚʤʠʩʥʠʢ ʧʝʨʝʭʦʧʠʪʴ ʪʘʢʠʡ ʬʦʪʦʥ ʽ ʟʘʩʪʦʩʫʻ ʘʪʘʢʫ ʪʠʧʫ ʚʠʤʽʨʶʚʘʥʥʷ - 

ʧʝʨʝʩʠʣʘʥʥʷ, ʪʦ ʮʷ ʩʧʨʦʙʘ ʧʽʜʨʦʙʢʠ ʢʣʶʯʘ ʧʨʦʚʘʣʠʪʴʩʷ, ʦʩʢʽʣʴʢʠ ʚʽʥ ʥʝ ʟʥʘʻ, ʥʘ ʷʢʠʡ ʢʫʪ ʧʦʚʦʨʦʪʫ ʧʦʚʠʥʥʘ 

ʧʦʚʝʨʥʫʪʠʩʷ ʬʘʟʘ. ʊʘʢʦʞ ʚ ʩʠʩʪʝʤʽ ʚʝʣʠʢʫ ʨʦʣʴ ʚʽʜʽʛʨʘʻ ʯʘʩ ʽ ʯʘʩʦʚʽ ʟʘʪʨʠʤʢʠ, ʧʨʦ ʷʢʽ ʟʣʦʚʤʠʩʥʠʢ, ʜʦ ʨʝʯʽ, 

ʥʝ ʟʥʘʻ ʥʽʯʦʛʦ. ɯ ʷʢʱʦ ʚʽʥ ʽ ʧʝʨʝʭʦʧʠʪʴ ʭʦʯ ʯʘʩʪʠʥʫ ʢʣʶʯʦʚʦʾ ʧʦʩʣʽʜʦʚʥʦʩʪʽ, ʪʦ ʪʦʯʥʦ ʥʝ ʟʤʦʞʝ ʩʢʘʟʘʪʠ, ʜʝ 

ʽʥʬʦʨʤʘʮʽʡʥʽ ʙʽʪʠ (ʬʦʪʦʥʠ), ʘ ʜʝ ʩʠʥʭʨʦʥʽʟʘʮʽʡʥʽ. ʆʪʞʝ, ʧʽʩʣʷ ʧʦʧʝʨʝʜʥʴʦʾ ʜʦʤʦʚʣʝʥʦʩʪʽ ʩʪʦʨʦʥʠ 

ʽʥʬʦʨʤʘʮʽʡʥʦʛʦ ʦʙʤʽʥʫ ʧʦʯʠʥʘʶʪʴ ʧʝʨʝʜʘʯʫ ʢʣʶʯʦʚʦʾ ʧʦʩʣʽʜʦʚʥʦʩʪʽ.  

ʂʚʘʥʪʦʚʦ-ʢʨʠʧʪʦʛʨʘʬʽʯʥʠʡ ʩʠʩʪʝʤʘ ʟ ʤʦʞʣʠʚʦʩʪʷʤʠ ʧʨʦʛʥʦʟʫʚʘʥʥʷ ʞʦʨʩʪʢʦ ʟʘʢʨʽʧʣʶʻ ʧʘʨʘʤʝʪʨʠ 

ʬʦʪʦʥʘ ʽ ʜʦʟʚʦʣʷʻ ʥʠʤʠ ʢʝʨʫʚʘʪʠ, ʟʘʙʝʟʧʝʯʫʶʯʠ ʪʠʤ ʩʘʤʠʤ ʧʽʜʚʠʱʝʥʥʷ ʩʝʢʨʝʪʥʦʩʪʽ ʢʣʶʯʦʚʦʾ ʧʦʩʣʽʜʦʚʥʦʩʪʽ. 

ɿʚʠʯʘʡʥʦ, ʢʚʘʥʪʦʚʽ ʢʨʠʧʪʦʛʨʘʬʽʯʥʽ ʩʠʩʪʝʤʠ ʟʚ'ʷʟʢʫ ʥʝ ʻ ʧʘʥʘʮʝʻʶ ʚʽʜ ʚʠʪʦʢʫ ʽʥʬʦʨʤʘʮʽʾ, ʘʣʝ ʥʘʜʘʶʪʴ 

ʜʦʩʪʘʪʥʽʡ ʨʽʚʝʥʴ ʟʘʭʠʩʪʫ ʜʣʷ ʚʠʢʦʨʠʩʪʘʥʥʷ ʚ ʤʝʨʝʞʘʭ ʟʚ'ʷʟʢʫ. 

ʇʨʠʡʤʘʯ ʧʦʦʜʠʥʦʢʠʭ ʬʦʪʦʥʽʚ ʥʘ ʦʩʥʦʚʽ ʣʘʚʠʥʥʠʭ ʬʦʪʦʜʽʦʜʽʚ 

ʅʘʡʙʽʣʴʰ ʙʣʠʟʴʢʠʤ ʜʣʷ ʚʠʨʽʰʝʥʥʷ ʜʘʥʦʾ ʟʘʜʘʯʽ ʻ ʧʨʠʩʪʨʽʡ ʨʝʻʩʪʨʘʮʽʾ ʧʦʦʜʠʥʦʢʠʭ ʬʦʪʦʥʽʚ ʟ 

ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʣʘʚʠʥʥʠʭ ʬʦʪʦʜʽʦʜʽʚ (ʃʌɼ) [8 ï 10, 13]. ʇʨʠ ʮʴʦʤʫ ʥʘ ʟʚʦʨʦʪʥʦ ʟʤʽʱʝʥʠʡ ʣʘʚʠʥʥʠʡ 

ʬʦʪʦʜʽʦʜ ʧʦʜʘʻʪʴʩʷ ʥʘʧʨʫʛʘ, ʱʦ ʧʝʨʝʚʠʱʫʻ ʥʘʧʨʫʛʫ ʧʨʦʙʦʶ ʃʌɼ ʥʘ ʚʝʣʠʯʠʥʫ DU. ʇʨʦʙʽʡ ʬʦʪʦʜʽʦʜʘ ʥʝ 

ʚʽʜʙʫʚʘʻʪʴʩʷ ʜʦ ʪʠʭ ʧʽʨ ʧʦʢʠ ʚ ʦʙʣʘʩʪʽ ʩʠʣʴʥʦʛʦ ʝʣʝʢʪʨʠʯʥʦʛʦ ʧʦʣʷ ʥʝ ʟôʷʚʠʪʴʩʷ ʪʝʨʤʦ- ʘʙʦ ʬʦʪʦʛʝʥʝʨʦʚʘʥʠʡ 

ʥʦʩʽʡ ʝʣʝʢʪʨʠʯʥʦʛʦ ʟʘʨʷʜʫ. ʊʦʜʽ ʫ ʬʦʪʦʜʽʦʜʽ ʟʘ ʨʘʭʫʥʦʢ ʣʘʚʠʥʥʦʛʦ ʧʦʤʥʦʞʝʥʥʷ ʮʴʦʛʦ ʟʘʨʷʜʫ ʚʠʥʠʢʘʻ 

ʽʤʧʫʣʴʩ ʩʪʨʫʤʫ. ʇʦʤʥʦʞʝʥʥʷ ʟʘʨʷʜʫ ʙʫʜʝ ʚʽʜʙʫʚʘʪʠʩʷ ʜʦ ʪʠʭ ʧʽʨ, ʧʦʢʠ ʥʘʧʨʫʛʘ ʥʘ ʜʽʦʜʽ ʥʝ ʟʤʝʥʰʠʪʴʩʷ ʜʦ 

ʚʝʣʠʯʠʥʠ, ʤʝʥʰʦʾ ʥʘʧʨʫʛʠ ʧʨʦʙʦʶ. ʄʽʞ ʩʪʨʫʤʦʤ, ʱʦ ʧʨʦʪʽʢʘʻ ʯʝʨʝʟ ʃʌɼ ʧʽʜ ʯʘʩ ʧʨʦʙʦʶ, ʽ DU ʽʩʥʫʻ 

ʧʨʷʤʦʧʨʦʧʦʨʮʽʡʥʘ ʟʘʣʝʞʥʽʩʪʴ, ʪʦʤʫ ʽ ʩʝʨʝʜʥʷ ʘʤʧʣʽʪʫʜʘ ʽʤʧʫʣʴʩʽʚ, ʱʦ ʬʦʨʤʫʶʪʴʩʷ ʥʘ ʨʝʟʠʩʪʦʨʽ 

ʥʘʚʘʥʪʘʞʝʥʥʷ, ʧʨʦʧʦʨʮʽʡʥʘ ʚʝʣʠʯʠʥʽ DU. ʆʜʥʘʢ ʘ ʧʨʦʮʝʩʽ ʨʦʙʦʪʠ ʃʌɼ ʥʘʧʨʫʛʘ ʡʦʛʦ ʧʨʦʙʦʶ ʟʤʽʥʶʻʪʴʩʷ ʽʟ-

ʟʘ ʟʤʽʥʠ ʧʘʨʘʤʝʪʨʽʚ ʥʘʚʢʦʣʠʰʥʴʦʛʦ ʩʝʨʝʜʦʚʠʱʘ ʽ ʫʤʦʚ ʨʝʻʩʪʨʘʮʽʾ ʦʧʪʠʯʥʦʛʦ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ. ʇʨʠ ʮʴʦʤʫ 

ʟʤʽʥʶʻʪʴʩʷ ʽ ʚʝʣʠʯʠʥʘDU, ʚʽʜ ʷʢʦʾ ʟʘʣʝʞʘʪʴ ʪʘʢʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʬʦʪʦʜʽʦʜʘ ʷʢ ʢʚʘʥʪʦʚʘ ʝʬʝʢʪʠʚʥʽʩʪʴ 

ʨʝʻʩʪʨʘʮʽʾ, ʰʚʠʜʢʽʩʪʴ ʧʽʜʨʘʭʫʥʢʫ ʽʤʧʫʣʴʩʽʚ ʪʘ ʽʥ. ɺʝʣʠʯʠʥʘ DU ʪʘʢʦʞ ʤʦʞʝ ʟʤʽʥʶʚʘʪʠʩʷ ʽʟ-ʟʘ ʥʝʩʪʘʙʽʣʴʥʦʩʪʽ 

ʥʘʧʨʫʛʠ ʜʞʝʨʝʣʘ ʞʠʚʣʝʥʥʷ. ʊʦʤʫ ʜʣʷ ʩʪʘʙʽʣʴʥʦʾ ʨʦʙʦʪʠ ʃʌɼ ʥʝʦʙʭʽʜʥʦ ʧʽʜʪʨʠʤʫʚʘʪʠ ʧʦʩʪʽʡʥʝ ʟʥʘʯʝʥʥʷ DU. 

ɿʘʜʘʯʘ ʩʪʘʙʽʣʽʟʘʮʽʾ æU ʚʠʨʽʰʫʻʪʴʩʷ ʟʘ ʜʦʧʦʤʦʛʦʶ ʬʫʥʢʮʽʦʥʘʣʴʥʦʾ ʩʭʝʤʠ, ʟʦʙʨʘʞʝʥʦʾ ʥʘ ʨʠʩ. 2. 

ɿʘ ʜʦʧʦʤʦʛʦʶ ʜʞʝʨʝʣʘ ʞʠʚʣʝʥʥʷ ʚʩʪʘʥʦʚʣʶʻʪʴʩʷ ʥʘʧʨʫʛʘ ʞʠʚʣʝʥʥʷ ʬʦʪʦʜʽʦʜʘ ʚʠʱʝ ʡʦʛʦ ʥʘʧʨʫʛʠ 

ʧʨʦʙʦʶ. ʇʽʜ ʜʽʻʶ ʦʧʪʠʯʥʦʛʦ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ ʚ ʬʦʪʦʜʽʦʜʽ ʚʠʥʠʢʘʻ ʣʘʚʠʥʥʠʡ ʧʨʦʙʽʡ ʽ ʯʝʨʝʟ ʨʝʟʠʩʪʦʨ 

ʥʘʚʘʥʪʘʞʝʥʥʷ ʧʨʦʪʽʢʘʶʪʴ ʽʤʧʫʣʴʩʠ ʩʪʨʫʤʫ, ʷʢʽ ʧʦʩʪʫʧʘʶʪʴ ʥʘ ʚʭʽʜ ʧʜ̔ʩʠʣʶʚʘʯʘ ʇ1. ʇʽʩʣʷ ʧʽʜʩʠʣʝʥʥʷ 

ʽʤʧʫʣʴʩʠ ʧʦʩʪʫʧʘʶʪʴ ʥʘ ʚʭʦʜʠ ʢʦʤʧʘʨʘʪʦʨʽʚ ʂ1 ʽ ʂ2. ʇʦʨʽʛ ʘʤʧʣʽʪʫʜʥʦʾ ʜʠʩʢʨʠʤʽʥʘʮʽʾ ʂ1 ʚʠʙʠʨʘʻʪʴʩʷ ʥʘʜ 

ʨʽʚʥʝʤ ʚʣʘʩʥʠʭ ʰʫʤʽʚ ʧʽʜʩʠʣʶʚʘʯʘ. ʇʦʨʽʛ ʘʤʧʣʽʪʫʜʥʦʾ ʜʠʩʢʨʠʤʽʥʘʮʽʾ ʂ2 ʚʠʙʠʨʘʻʪʴʩʷ ʪʘʢʠʤ ʯʠʥʦʤ, ʱʦʙ 

ʰʚʠʜʢʽʩʪʴ ʧʽʜʨʘʭʫʥʢʫ ʽʤʧʫʣʴʩʽʚ ʥʘ ʚʠʭʦʜʽ ʢʦʤʧʘʨʘʪʦʨʘ ʂ1 ʙʫʣʘ ʚ n ʨʘʟ ʙʽʣʴʰʦʶ, ʥʽʞ ʥʘ ʚʠʭʦʜʽ ʂ2. ɿ ʚʠʭʦʜʫ 

ʂ1 ʽʤʧʫʣʴʩʠ ʧʦʩʪʫʧʘʶʪʴ ʥʘ ʚʭʽʜ D5 ʤʽʢʨʦʢʦʥʪʨʦʣʝʨʘ MCU (ESP8266). ɿ ʚʠʭʦʜʫ ʂ2 ʽʤʧʫʣʴʩʠ ʧʦʩʪʫʧʘʶʪʴ ʥʘ 

ʚʭʽʜ D6 ʤʽʢʨʦʢʦʥʪʨʦʣʝʨʘ MCU. ʂʦʣʠ ʤʽʢʨʦʢʦʥʪʨʦʣʝʨ ʥʘʨʘʭʦʚʫʻ ʟʘʜʘʥʝ ʯʠʩʣʦ N ʽʤʧʫʣʴʩʽʚ, ʥʘ ʡʦʛʦ ʚʠʭʦʜʽ 

ʬʦʨʤʫʻʪʴʩʷ ʚʽʜʧʦʚʽʜʥʠʡ ʩʠʛʥʘʣ ʜʣʷ ʎɸʇ (MCP4728). 

ɼʘʥʽ ʟ ʚʠʭʦʜʽʚ D1 ï D4 ʧʦʩʪʫʧʘʶʪʴ ʥʘ ʯʦʪʠʨʴʦʭ-ʢʘʥʘʣʴʥʠʡ ʮʠʬʨʦ-ʘʥʘʣʦʛʦʚʠʡ ʧʝʨʝʪʚʦʨʶʚʘʯ ʎɸʇ, 

ʱʦ ʧʝʨʝʪʚʦʨʶʻ ʮʠʬʨʦʚʠʡ ʩʠʛʥʘʣ ʚ ʥʘʧʨʫʛʫ ʢʝʨʫʚʘʥʥʷ ʜʞʝʨʝʣʦʤ ʞʠʚʣʝʥʥʷ. ʗʢʱʦ ʥʘʧʨʫʛʘ ʎɸʇ ʚʠʱʘ 

ʜʝʷʢʦʛʦ ʟʘʜʘʥʦʛʦ ʟʥʘʯʝʥʥʷ, ʪʦ ʥʘʧʨʫʛʘ ʜʞʝʨʝʣʘ ʞʠʚʣʝʥʥʷ ʃʌɼ ʟʤʝʥʰʫʻʪʴʩʷ, ʷʢʱʦ ʥʠʞʯʘ ï ʟʙʽʣʴʰʫʻʪʴʩʷ. 

ʊʘʢʠʤ ʯʠʥʦʤ ʟʜʽʡʩʥʶʻʪʴʩʷ ʧʦʩʪʽʡʥʝ ʧʽʜʥʘʣʘʛʦʜʞʝʥʥʷ ʥʘʧʨʫʛʠ DU. ɿʘʜʘʚʘʪʠ ʟʥʘʯʝʥʥʷ ʧʦʨʦʛʽʚ ʘʤʧʣʽʪʫʜʥʦʾ 

ʜʠʩʢʨʠʤʽʥʘʮʽʾ ʢʦʤʧʘʨʘʪʦʨʽʚ ʪʘ ʢʦʥʪʨʦʣʶʚʘʪʠ ʟʥʘʯʝʥʥʷ ʚʩʪʘʥʦʚʣʝʥʠʭ ʧʘʨʘʤʝʪʨʽʚ ʤʦʞʥʘ ʟ ʜʦʧʦʤʦʛʦʶ 
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ʧʝʨʩʦʥʘʣʴʥʦʛʦ ʢʦʤʧôʶʪʝʨʘ (ʇʂ), ʱʦ ʟʚôʷʟʫʻʪʴʩʷ ʟ ʤʽʢʨʦʢʦʥʪʨʦʣʝʨʦʤ ʙʝʟʜʨʦʪʦʚʦʶ ʤʝʨʝʞʝʶ WiFi, ʘʙʦ 

ʜʠʩʧʣʝʷ Nextiion, ʱʦ ʦʩʥʘʱʝʥʠʡ ʪʘʯʩʢʨʽʥʦʤ.  

 
ʈʠʩ. 2. ʌʫʥʢʮʽʦʥʘʣʴʥʘ ʩʭʝʤʘ ʧʨʠʩʪʨʦʶ ʨʝʻʩʪʨʘʮʽʾ ʧʦʦʜʠʥʦʢʠʭ ʬʦʪʦʥʽʚ 

 

ʇʨʠ ʨʦʙʦʪʽ ʃʌɼ ʚ ʨʝʞʠʤʽ ʣʽʯʠʣʴʥʠʢʘ ʬʦʪʦʥʽʚ ʘʤʧʣʽʪʫʜʥʠʡ ʨʦʟʧʦʜʽʣ ʚʠʭʽʜʥʠʭ ʽʤʧʫʣʴʩʽʚ ʬʦʪʦʜʽʦʜʘ 

ʟʘʣʝʞʠʪʴ ʚʽʜ DU. ʇʽʜ ʘʤʧʣʽʪʫʜʥʠʤ ʨʦʟʧʦʜʽʣʦʤ ʨʦʟʫʤʽʶʪʴ ʟʘʣʝʞʥʽʩʪʴ ʡʤʦʚʽʨʥʦʩʪʽ ʧʦʷʚʠ ʽʤʧʫʣʴʩʽʚ ʚʽʜ 

ʚʝʣʠʯʠʥʠ ʘʤʧʣʽʪʫʜʠ. ʊʘʢʘ ʚʽʜʤʽʥʥʽʩʪʴ ʘʤʧʣʽʪʫʜ ʽʤʧʫʣʴʩʽʚ ʧʦʚôʷʟʘʥʘ ʟʽ ʩʪʘʪʠʯʥʠʤ ʭʘʨʘʢʪʝʨʦʤ ʧʨʦʮʝʩʫ 

ʧʦʤʥʦʞʝʥʥʷ ʥʦʩʽʾʚ ʟʘʨʷʜʫ. ɼʣʷ ʦʜʥʘʢʦʚʠʭ ʘʤʧʣʽʪʫʜ ʨʦʟʧʦʜʽʣʠ ʙʫʜʫʪʴ ʦʜʥʘʢʦʚʠʤʠ ʽ ʡʤʦʚʽʨʥʽʩʪʴ 

ʧʝʨʝʚʠʱʝʥʥʷ ʘʙʦ ʥʝ ʧʝʨʝʚʠʱʝʥʥʷ ʽʤʧʫʣʴʩʘʤʠ ʜʝʷʢʦʛʦ ʧʦʨʦʛʫ ʘʤʧʣʽʪʫʜʥʦʾ ʜʠʩʢʨʠʤʽʥʘʮʽʾ. ʊʦʤʫ, ʷʢʱʦ ʚ 

ʧʨʦʮʝʩʽ ʚʠʤʽʨʶʚʘʥʥʷ ʽʥʪʝʥʩʠʚʥʦʩʪʽ ʦʧʪʠʯʥʦʛʦ ʚʠʧʨʦʤ̔ʥʁ ʚʘʥʥʷ ʙʫʜʫʪʴ ʢʦʥʪʨʦʣʶʚʘʪʠʩʷ ʡʤʦʚʽʨʥʦʩʪʽ 

ʧʝʨʝʚʠʱʝʥʥʷ ʽʤʧʫʣʴʩʘʤʠ ʜʝʷʢʦʛʦ ʧʦʨʦʛʫ ʘʤʧʣʽʪʫʜʥʦʾ ʜʠʩʢʨʠʤʽʥʘʮʽʾ, ʪʦ ʤʦʞʥʘ ʟʜʽʡʩʥʠʪʠ ʩʪʘʙʽʣʽʟʘʮʽʶ 

ʚʝʣʠʯʠʥʠ DU ʧʦ ʚʽʜʭʠʣʝʥʥʶ ʡʤʦʚʽʨʥʦʩʪʽ ʧʝʨʝʚʠʱʝʥʥʷ ʽʤʧʫʣʴʩʘʤʠ ʜʝʷʢʦʛʦ ʧʦʨʦʛʫ ʘʤʧʣʽʪʫʜʥʦʾ 

ʜʠʩʢʨʠʤʽʥʘʮʽʾ ʚʽʜ ʥʘʧʝʨʝʜ ʟʘʜʘʥʦʛʦ ʟʥʘʯʝʥʥʷ. ʗʢʱʦ ʥʘ ʚʠʭʦʜʽ ʬʦʪʦʧʨʠʡʤʘʯʘ ʟʘʛʘʣʴʥʝ ʯʠʩʣʦ ʽʤʧʫʣʴʩʽʚ ʨʽʚʥʝ 

N, ʪʦ ʽʟ ʥʠʭ ʪʽʣʴʢʠ N1 ʽʤʧʫʣʴʩʽʚ ʧʝʨʝʚʠʱʘʪʴ ʟʘʜʘʥʠʡ ʧʦʨʽʛ ʘʤʧʣʽʪʫʜʥʦʾ ʜʠʩʢʨʠʤʽʥʘʮʽʾ. ʊʦʜʽ ʡʤʦʚʽʨʥʽʩʪʴ 

ʧʝʨʝʚʠʱʝʥʥʷ ʧʦʨʦʛʫ ʤʦʞʝ ʙʫʪʠ ʚʠʟʥʘʯʝʥʘ ʟʘ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷʤ N1/N [14, 15]. ʂʦʥʪʨʦʣʁ ʶʯʠ ʮʝ 

ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ, ʤʦʞʥʘ ʟʨʦʙʠʪʠ ʚʠʩʥʦʚʦʢ ʧʨʦ ʟʤʽʥʫ ʚʝʣʠʯʠʥʠ DU. ʗʢʱʦ DU ʟʤʽʥʠʣʘʩʴ, ʪʦ ʘʚʪʦʤʘʪʠʯʥʦ 

ʟʜʽʡʩʥʶʻʪʴʩʷ ʾʾ ʧʽʜʥʘʣʘʛʦʜʞʝʥʥʷ. ʇʨʠ ʟʙʽʣʴʰʝʥʥʽ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ N1/N ʚʝʣʠʯʠʥʫ DU ʥʝʦʙʭʽʜʥʦ ʟʤʝʥʰʠʪʠ, ʘ 

ʧʨʠ ʟʤʝʥʰʝʥʥʽ N1/N ï ʟʙʽʣʴʰʠʪʠ DU. 

ɺʠʤʽʨʷʥ̔ ʟʥʘʯʝʥʥ̫  ʢʚʘʥʪʦʚʦʾ ʝʬʝʢʪʠʚʥʦʩʪʽ ʨʝʻʩʪʨʘʮʽʾ ʚʽʜ ʚʝʣʠʯʠʥʠ ʰʫʤʽʚ ʚ ʧʝʨʝʨʘʭʫʥʢʫ ʥʘ ʦʜʠʥ 

ʽʤʧʫʣʴʩ ʩʪʘʥʦʚʣʷʪʴ 30 õ 45%. ʁʤʦʚʽʨʥʽʩʪʴ ʨʝʻʩʪʨʘʮʽʾ ʽ ʨʽʚʝʥʴ ʪʝʤʥʦʚʦʛʦ ʰʫʤʫ ʚʠʟʥʘʯʘʣʠʩʴ ʩʫʤʘʨʥʦʶ 

ʟʚʦʨʦʪʥʦʶ ʥʘʧʨʫʛʦʶ ʟʤʽʱʝʥʥʷ ʃʌɼ, ʷʢʘ ʟʤʽʥʶʚʘʣʘʩʴ ʧʨʠ ʧʨʦʚʝʜʝʥʥʽ ʚʠʤʽʨʶʚʘʥɹ. 

 
ʈʠʩ. 2.7. ɿʘʣʝʞʥʽʩʪʴ ʢʚʘʥʪʦʚʦʾ ʝʬʝʢʪʠʚʥʦʩʪʽ ʚʽʜ ʜʦʚʞʠʥʠ ʭʚʠʣʽ 

 

ɺʠʩʥʦʚʢʠ 

ʈʦʟʨʦʙʣʝʥʠʡ ʧʨʠʩʪʨʽʡ ʨʝʻʩʪʨʘʮʽʾ ʧʦʦʜʠʥʦʢʠʭ ʬʦʪʦʥʽʚ ʧʽʜʚʠʱʫʻ ʪʦʯʥʽʩʪʴ ʚʠʤʽʨʶʚʘʥʥʷ ʽʥʪʝʥʩʠʚʥʦʩʪʽ 

ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ ʟ ʜʦʧʦʤʦʛʦʶ ʣʘʚʠʥʥʦʛʦ ʬʦʪʦʜʽʦʜʘ, ʱʦ ʧʨʘʮʶʻ ʚ ʨʝʞʠʤʽ ʣʽʯʠʣʴʥʠʢʘ ʬʦʪʦʥʽʚ, ʟʘ ʜʦʧʦʤʦʛʦʶ 

ʩʪʘʙʽʣʽʟʘʮʽʾ ʚʝʣʠʯʠʥʠ ʨʽʟʥʠʮʽ ʤʽʞ ʥʘʧʨʫʛʦʶ ʞʠʚʣʝʥʥʷ ʽ ʥʘʧʨʫʛʦʶ ʧʨʦʙʦʶ ʣʘʚʠʥʥʦʛʦ ʬʦʪʦʜʽʦʜʘ ʙʝʟ ʚʪʨʘʪ 

ʯʘʩʫ ʚʠʤʽʨʶʚʘʥʥʷ. ɿʘ ʜʦʧʦʤʦʛʦʶ ʜʘʥʦʾ ʩʠʩʪʝʤʠ ʤʦʞʥʘ ʧʨʦʚʦʜʠʪʠ ʚʠʤʽʨʶʚʘʥʥʷ ʧʨʠ ʢʽʤʥʘʪʥʠʭ ʪʝʤʧʝʨʘʪʫʨʘʭ 

ʙʝʟ ʚʠʢʦʨʠʩʪʘʥʥʷ ʝʥʝʨʛʦʟʘʪʨʘʪʥʠʭ ʟʘʩʦʙʽʚ ʦʭʦʣʦʜʞʝʥʥ̫. ʊʝʤʥʦʚʽ ʰʫʤʠ ʽ ʪʝʤʧʝʨʘʪʫʨʥʘ ʥʝʩʪʘʙʽʣʴʥʽʩʪʴ 

ʚʨʘʭʦʚʘʥʽ ʫ ʟʥʘʯʝʥʥʽ ʚʝʣʠʯʠʥʠ ʥʘʧʨʫʛʠ DU. ʈʦʟʨʦʙʣʝʥʠʡ ʧʨʠʩʪʨʽʡ ʜʦʟʚʦʣʷʻ ʧʽʜʚʠʱʠʪʠ ʢʚʘʥʪʦʚʫ 

ʝʬʝʢʪʠʚʥʽʩʪʴ ʨʝʻʩʪʨʘʮʽʾ ʜʦ 45 %. 
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̙̉̑́̍̕ȟ ̎́ ̨̂́̈ ̨̍̆̑̆̇ ˡ̠̆̊̒̓̆̌ȟ ̓́ ̐̏̒̓̔̐̏̃̏ ̃̒̆ ̨̝̙̂̌̆ ̓́ ̨̝̙̂̌̆ ̨̠̟̝̃̉̓̒̎̓ ̩̖ȟ ̟̘̈́̊̍́̉ ̩̖ ̨̗̍̒̆Ȣ 

ˏ ̨̒̓́̓̓ ̈́̐̑̏̐̏̎̏̃́̎̉̊ ́̌̄̏̑̉̓̍ ̙̠̉̑̔̃́̎̎̕ȟ ̠̋̉̊ ̤̍́ ̐̑̏̒̓̔ ̒̓̑̔̋̓̔̑̔ ̓́ ̌̆̄̋̉ ̊̃ ̨̨̗̩̑̆́̌̈́ȟ ́̌̆ 
̐̑̉ ̗̝̏̍̔ȟ ̐̑̏̄̎̏̈̏̃́̎̏ȟ ̨̃̎ ̤ ̝̅̏̒̓́̓̎̏ ̨̒̓̊̋̉̍ ̠̅̌ ̋̑̉̐̓̏́̓́̋ȟ ̤̍́ ̃̉̒̏̋̔ ̨̙̝̃̉̅̋̒̓ ̑̏̂̏̓̉ ̓́ 
̤̃̉̋̏̑̉̒̓̏̃̔ ̨̃̒ ̐̆̑̆̃́̄̉ ̘̖̒̔́̒̎̉ ́ ̨̌̄̏̑̉̓̍̃ ̙̠̉̑̔̃́̎̎̕ ̓ ́ ̤̍́ ̨̗̐̏̓̆̎́̌ ̠̅̌ ̠̍́̒̋̔̃́̎̎ ̙̖̉̑̏̃́̎̉̕ ̖̅́̎̉. 

˝̏̈̑̏̂̌̆̎̏ ̖̒̆̍̔ ̙̠̉̑̔̃́̎̎̕ȟ ̃ ̨̠̋̊ ̐̆̑̆̒̓́̎̏̃̋̉ ̨̟̝̠̃̅̂̔̃́̓̒ ̔ ̃̉̐́̅̋̏̃̏̍̔ ̠̐̏̑̅̋̔ȟ ̓́ȟ ̠̋ ̨̎́̒̌̅̏̋ȟ 
̤̒̓́ ̟̍̏̇̌̉̃̏ ̨̗̠̒̉̓̔́ȟ ̋̏̌̉ ̏̅̎̏̍̔ ̨̃̅̋̑̉̓̏̍̔ ̓̆̋̒̓̔ ̐̑̉ ̏̅̎̏̍̔ ̨ ̓̏̍̔ ̇ ̨̟̘̋̌ ̨̨̤̃̅̐̏̃̅́ ̨̘̂̆̈̌ 
̨̙̉̑̏̓̆̋̒̓̃̕ȟ ̏̚ ̒̆̑̊̏̈̎̏ ̟̤̔̒̋̌́̅̎ ̑̏̂̏̓̔ ̨̨̋̑̉̐̓̏́̎́̌̓̉̋̃ȟ ̟̟̘̔̒̋̌́̅̎̉ ̨́̎́̌̈ ̓́ ̈̌̏̍ ̙̉̕ ̑̔ȟ ́ ̓́̋̏̇ 
̤̒̔̓̓̃̏ ̨̝̙̤̈̂̌̔ ̝̏̂̌́̒̓ ̐̑̉̋̌́̅̎̏̄̏ ̠̃̉̋̏̑̉̒̓́̎̎ ̩̅́̎̏ ̋̑̉̐̓̏̒̉̒̓̆̍̉Ȣ ˟́̋̏̇ ̅́̎́ ̋̑̉̐̓̏̒̉̒̓̆̍́ ̤̍́ 
̨̘̒̓̆̄́̎̏̄̑́̎̉̊̕ ̨̗̐̏̓̆̎́̌, ̨̝̏̒̋̌̋̉ ̨̨̨̝̎̆̌̎̊̎̒̓ȟ ̠̋́ ̤̐̏̑̏̅̇̔ ̨̨̝̃́̑́̓̉̃̎̒̓ ̨̙̉̑̏̓̆̋̒̓̃̕ȟ ̠̤̅̏̈̃̏̌ȟ 
̘́̋̓̉̎̏̕ȟ ̏̅̉̎ ̨ ̓̏̊ ̇ ̒́̍̉̊ ̂́̊̓ ̙̈́̉̑̔̃́̓̉̕ ̠̅̆̒̓̋́̍̉ȟ ́̂̏ ̨̝̎́̃̓ ̠̒̏̓̎̍̉ ̨̨̗̋̏̍̂̎́̊Ȣ 

˔́̐̑̏̐̏̎̏̃́̎̏ ̎̏̃̉̊ ̨̨̖̐̅̅ ̅̏ ̠̒̓̃̏̑̆̎̎ ̙̝̩̉̑̔̃́̌̎̏̕ ̨̨̃́̑́̓̉̃̎̏̒̓ ̓́ ̃̉̐́̅̋̏̃̏̄̏ ̃̉̂̏̑̔ȟ ̏̚ ̤̅́ 
̨̝̍̏̇̌̉̃̒̓ ̨̨̗̩̍̏̅̉̋́̕ ̃̇̆ ̨̟̘̖̒̎̔̉ ̨́̌̄̏̑̉̓̍̃ ̙̠̉̑̔̃́̎̎̕Ȣ 

˗̨̟̘̌̏̃ ̒̌̏̃́ȡ ̨̠̋̑̉̐̓̏̄̑́̕ȟ ̨̠̒̓̆̄́̎̏̄̑́̕ȟ ̘̒̉̍̆̓̑̉̎́ ̋̑̉̐̓̏̒̉̒̓̆̍́ȟ ̘̐̆̑̆̒̓́̎̏̃̏̎̉̊ ̙̉̑̕ȟ 
̃̉̐́̅̋̏̃́ ̨̗̠̄̆̎̆̑́ȟ ̖̈́̉̒̓ ̨̨̗̩̎̏̑̍́̕Ȣ 
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SYMMETRIC CRYPTOSYSTEM WITH NONLINEAR ENCRYPTION A ND THE POSSIBILITY OF CONTROL OF 

CIPHERTEXT FOR CONCEALMENT  
 

The article proposes a simple symmetric permutation cryptosystem, in which permutations occur based on streaming generation 
of random numbers.  

Substitution-permutation algorithms are quite common today. They have proven to be reliable crypto-strong ciphers that have 
seriously competed with iterative mathematical ciphers, based on the Feistel network, and are gradually displacing them more and more, 
taking their place.  

The aim of the article is to propose an encryption algorithm that has a simple structure and is easy to implement. At the same 
time, it is estimated to be quite resistant to crypto attacks. This encryption algorithm has a high speed and uses all the advantages of 
permutation encryption algorithms.  

Developed an encryption scheme in which permutations occur randomly, and as a result, a situation becomes possible when one 
plaintext with the same key corresponds to many ciphertexts, which seriously complicates the work of cryptanalysts, complicating the 
analysis and cracking of the cipher, and significantly increases the scope of application of this cryptosystem. Also, this cryptosystem has 
steganographic potential, because the nonlinearity that creates the variability of ciphertexts, allows the same byte to encrypt dozens or even 
hundreds of combinations.  

This paper has clearly shown a new approach to the creation of encryption variability and random selection is proposed. It makes 
possible to modify existing encryption algorithms.  

Key words: cryptography, steganography, symmetric cryptosystem, permutation cipher, random generation, information 
protection. 

 

ɺʩʪʫʧ 

ʋ ʚʩʽ ʯʘʩʠ ʣʶʜʠ ʥʘʤʘʛʘʣʠʩʷ ʟʘʭʠʱʘʪʠ ʽʥʬʦʨʤʘʮʽʶ, ʷʢʫ ʚʚʘʞʘʶʪʴ ʚʘʞʣʠʚʦʶ, ʧʦʩʪʽʡʥʦ ʨʦʟʚʠʚʘʶʯʠ 

ʪʘ ʫʜʦʩʢʦʥʘʣʶʶʯʠ ʟʘʩʦʙʠ ʜʣʷ ʾʾ ʟʘʭʠʩʪʫ. ʉʪʠʩʣʠʡ ʆʢʩʬʦʨʜʩʴʢʠʡ ʩʣʦʚʥʠʢ ʘʥʛʣʽʡʩʴʢʦʾ ʤʦʚʠ ʚʠʟʥʘʯʘʻ 

ʢʨʠʧʪʦʛʨʘʬʽʶ ʷʢ çʤʠʩʪʝʮʪʚʦ ʥʘʧʠʩʘʥʥʷ ʘʙʦ ʨʦʟʚôʷʟʫʚʘʥʥʷ ʢʦʜʽʚ". ʎʝ ʽʩʪʦʨʠʯʥʦ ʪʦʯʥʦ, ʘʣʝ ʚʦʥʦ ʥʝ ʚʨʘʭʦʚʫʻ 

ʩʫʯʘʩʥʦʾ ʨʦʟʧʦʚʩʶʜʞʝʥʦʩʪʽ ʛʘʣʫʟʽ ʪʘ ʾʾ ʩʴʦʛʦʜʝʥʥʠʭ ʥʘʫʢʦʚʠʭ ʦʩʥʦʚ [1]. ʅʘ ʩʴʦʛʦʜʥʽʰʥʽʡ ʜʝʥʴ ʢʨʠʧʪʦʛʨʘʬʽʷ 

ʤʘʻ ʚʢʨʘʡ ʰʠʨʦʢʠʡ ʩʧʝʢʪʨ ʟʘʩʪʦʩʫʚʘʥʴ, ʧʦʯʠʥʘʶʯʠ ʚʽʜ ʢʣʘʩʠʯʥʦʛʦ ʟʘʭʠʩʪʫ ʽʥʬʦʨʤʘʮʽʾ ʧʨʠ ʟʙʝʨʽʛʘʥʥʽ, ʯʠ 

ʧʝʨʝʜʘʯʽ, ʟʘʢʽʥʯʫʶʯʠ ʢʦʥʪʨʦʣʝʤ ʮʽʣʽʩʥʦʩʪʽ ʧʦʚʽʜʦʤʣʝʥʴ ʪʘ ʮʠʬʨʦʚʠʤʠ ʧʽʜʧʠʩʘʤʠ, ʜʣʷ ʚʝʨʠʬʽʢʘʮʽʾ ʜʘʥʠʭ.  

ʊʘʢʦʞ ʟʜʘʚʥʘ ʣʶʜʠ ʥʘʤʘʛʘʣʠʩʴ ʧʨʠʭʦʚʫʚʘʪʠ ʪʫ ʯʠ ʽʥʰʫ ʽʥʬʦʨʤʘʮʽʶ, ʨʽʟʥʦʤʘʥʽʪʥʠʤʠ ʩʧʦʩʦʙʘʤʠ 

ʤʘʩʢʫʶʯʠ ʾʾ. ʊʘʢʽ ʧʦʯʠʥʘʥʥʷ ʟʛʦʜʦʤ ʧʝʨʝʨʦʩʣʠ ʚ ʥʘʫʢʫ ʧʽʜ ʥʘʟʚʦʶ ʩʪʝʛʘʥʦʛʨʘʬʽʷ, ʱʦ ʥʘ ʩʴʦʛʦʜʥʽʰʥʽʡ ʜʝʥʴ 

ʰʠʨʦʢʦ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʚ ʩʬʝʨʽ ʟʘʭʠʩʪʫ ʽʥʬʦʨʤʘʮʽʾ.  

ʋ ʨʦʟʨʽʟʽ ʮʴʦʛʦ, ʥʝ ʚʠʜʘʻʪʴʩʷ ʜʠʚʥʠʤ ʱʦ ʟʜʘʚʥʘ ʽ ʜʦ ʩʴʦʛʦʜʥʽ ʣʶʜʠ ʧʨʘʮʶʶʪʴ ʥʘʜ ʨʦʟʨʦʙʢʦʶ ʥʦʚʠʭ 

ʽ ʥʦʚʠʭ ʢʨʠʧʪʦʩʠʩʪʝʤ: ʰʠʬʨ ʎʝʟʘʨʷ ʟʤʽʥʠʣʠ ʢʨʠʧʪʦʩʠʩʪʝʤʠ ʧʨʦʩʪʦʾ ʟʘʤʽʥʠ, ʾʭ, ʚ ʩʚʦʶ ʯʝʨʛʫ, ʚʠʪʽʩʥʠʣʠ 

ʧʦʣʽʘʣʬʘʚʽʪʥʽ ʩʠʩʪʝʤʠ, ʥʘ ʢʰʪʘʣʪ ʰʠʬʨʽʚ ɻʨʦʥʩʬʝʣʴʜʘ ʪʘ ɺʽʞʝʥʝʨʘ [2], ʘ ʾʭ, ʧʽʟʥʽʰʝ, ï ʽʪʝʨʘʪʠʚʥʽ ʙʣʦʯʥʽ 

ʰʠʬʨʠ, ʥʘ ʦʩʥʦʚʽ ʤʝʨʝʞʽ ʌʝʡʩʪʝʣʷ, ʷʩʢʨʘʚʠʤ ʧʨʠʢʣʘʜʦʤ ʷʢʠʭ ʻ DES [3], ʨʽʟʥʦʤʘʥʽʪʥʽ ʤʦʜʠʬʽʢʘʮʽʾ ʷʢʦʛʦ 

ʰʠʨʦʢʦ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʜʦ ʩʴʦʛʦʜʥʽʰʥʴʦʛʦ ʜʥʷ. 
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ʈʘʟʦʤ ʽʟ ʨʦʟʚʠʪʢʦʤ ʢʨʠʧʪʦʩʠʩʪʝʤ, ʥʝʚʧʠʥʥʦ ʨʦʟʚʠʚʘʚʩʷ ʽ ʢʨʠʧʪʦʘʥʘʣʽʟ, ʥʘʢʦʧʠʯʝʥʠʡ ʽʥʩʪʨʫʤʝʥʪʘʨʽʡ 

ʷʢʦʛʦ [4], ʫ ʧʦʻʜʥʘʥʥ̔ ʟ ʪʝʭʥʽʯʥʠʤʠ ʤʦʞʣʠʚʦʩʪʷʤʠ ʩʫʯʘʩʥʦʾ ʦʙʯʠʩʣʶʚʘʣʴʥʦʾ ʪʝʭʥʽʢʠ, ʟʘʜʘʻ ʚʢʨʘʡ ʚʠʩʦʢʫ 

ʧʣʘʥʢʫ ʚʠʤʦʛ ʜʣʷ ʩʫʯʘʩʥʦʾ ʢʨʠʧʪʦʛʨʘʬʽʾ ʚʮʽʣʦʤʫ ʪʘ ʙʝʟʧʦʩʝʨʝʜʥʴʦ ʜʣʷ ʚʠʢʦʨʠʩʪʦʚʫʚʘʥʠʭ ʢʨʠʧʪʦʩʠʩʪʝʤ. 

ʅʘ ʩʴʦʛʦʜʥʽʰʥʽʡ ʜʝʥʴ ʦʜʥʠʤʠ ʟ ʥʘʡʙʽʣʴʰ ʟʘʭʠʱʝʥʠʭ ʢʨʠʧʪʦʩʠʩʪʝʤ ʫ ʩʚʽʪʽ ʻ ʰʠʬʨʠ, ʥʘ ʦʩʥʦʚʽ 

ʧʽʜʩʪʘʥʦʚʦʯʥʦïʧʝʨʝʩʪʘʥʦʚʦʯʥʠʭ ʩʠʩʪʝʤ, ʥʘʧʨʠʢʣʘʜ SQUARE ʪʘ Rijndael, ʦʩʪʘʥʥʽʡ ʚʽʜʦʤʠʡ ʥʘ ʰʠʨʦʢʠʡ 

ʟʘʛʘʣ ʷʢ Advanced Encryption Standard (AES) [3, 5]. 

ɿ ʦʛʣʷʜʫ ʥʘ ʮʝ, ʤʦʞʥʘ ʩʪʚʝʨʜʞʫʚʘʪʠ ʱʦ ʧʽʜʩʪʘʥʦʚʦʯʥʦïʧʝʨʝʩʪʘʥʦʚʦʯʥʽ ʩʠʩʪʝʤʠ, ʩʧʨʦʝʢʪʦʚʘʥʽ ʪʘʢʠʤ 

ʯʠʥʦʤ, ʱʦʙ ʤʘʢʩʠʤʘʣʴʥʦ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʩʫʯʘʩʥʽ ʦʙʯʠʩʣʶʚʘʣʴʥʽ ʧʦʪʫʞʥʦʩʪʽ ʪʘ ʜʦʩʷʛʘʪʠ ʚʠʩʦʢʦʾ ʝʥʪʨʦʧʽʾ 

ʧʨʠ ʰʠʬʨʫʚʘʥʥʽ, ʟʜʘʪʥʽ ʥʘʜʽʡʥʦ ʟʘʭʠʱʘʪʠ ʽʥʬʦʨʤʘʮʽʶ ʪʘ ʻ ʩʪʽʡʢʠʤʠ ʜʦ ʩʫʯʘʩʥʠʭ ʢʨʠʧʪʦʘʪʘʢ. 

ʊʘʢʦʞ, ʙʝʟʫʤʦʚʥʦ, ʚʘʞʣʠʚʦʶ ʩʢʣʘʜʦʚʦʶ ʟʘʭʠʩʪʫ ʽʥʬʦʨʤʘʮʽʾ ʻ ʥʝʧʦʤʽʪʥʩ̔ʪʴ. ʃʦʛʽʯʥʦ, ʱʦ 

ʽʥʬʦʨʤʘʮʽʶ, ʷʢʘ ʚʠʛʣʷʜʘʻ ʮʽʣʽʩʥʦ, ʦʩʤʠʩʣʝʥʦ, ʙʝʟ ʩʣʽʜʽʚ ʪʦʛʦ ʱʦ ʚ ʥʽʡ ʱʦʩʴ ʧʨʠʭʦʚʘʥʦ, ʘʙʦ ʟʘʰʠʬʨʦʚʘʥʦ, 

ʥʘʚʨʷʜ ʯʠ ʭʪʦ ʙʫʜʝ ʜʦʩʣʽʜʞʫʚʘʪʠ ʙʝʟ ʩʫʪʪʻʚʠʭ ʥʘ ʪʝ ʧʽʜʩʪʘʚ. ʉʘʤʝ ʯʝʨʝʟ ʮʝ ʚ ʩʫʯʘʩʥʦʤʫ ʩʚʽʪʽ, ʫ ʩʬʝʨʽ 

ʢʽʙʝʨʙʝʟʧʝʢʠ, ʚʩʝ ʯʘʩʪʽʰʝ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʩʪʝʛʘʥʦʛʨʘʬʽʷ ï ʥʘʫʢʘ, ʱʦ ʜʦ ʥʘʜʘʻ ʽʥʩʪʨʫʤʝʥʪʘʨʽʡ ʜʣʷ 

ʧʨʠʭʦʚʫʚʘʥʥʷ ʦʜʥʽʻʾ, ʫʤʦʚʥʦ çʪʘʻʤʥʦʾè, ʽʥʬʦʨʤʘʮʽʾ ʚʩʝʨʝʜʠʥʽ ʽʥʰʦʾ ï ʧʫʙʣʽʯʥʦʾ, ʪʽʻʾ ʱʦ ʥʝ ʧʨʝʜʩʪʘʚʣʷʻ ʜʣʷ 

ʩʪʦʨʦʥʥʽʭ ʦʩʽʙ ʞʦʜʥʦʛʦ ʽʥʪʝʨʝʩʫ. ɺ ʟʚôʷʟʢʫ ʟ ʮʠʤ, ʚʠʥʠʢʘʻ ʚʝʣʠʢʠʡ ʧʦʧʠʪ ʥʘ ʘʣʛʦʨʠʪʤʠ, ʷʢ̔ ʧʽʜʭʦʜʷʪʴ ʜʦ 

ʟʘʭʠʩʪʫ ʢʦʤʧʣʝʢʩʥʦ: ʚʦʥʠ ʟʜʘʪʥʽ ʷʢ ʟʘʭʠʩʪʠʪʠ ʽʥʬʦʨʤʘʮʽʶ ʢʨʠʧʪʦʛʨʘʬʽʯʥʦ, ʪʘʢ ʽ, ʧʦʚʥʽʩʪʶ, ʘʙʦ ʯʘʩʪʢʦʚʦ, 

ʟʘʤʘʩʢʫʚʘʪʠ ʩʘʤ ʬʘʢʪ ʪʦʛʦ ʱʦ ʜʝʷʢʘ ʽʥʬʦʨʤʘʮʽʷ ʙʫʣʘ ʧʨʠʭʦʚʘʥʘ. 

ʆʛʣʷʜ ʣʽʪʝʨʘʪʫʨʥʠʭ ʜʞʝʨʝʣ 

ʉʠʤʝʪʨʠʯʥʽ ʢʨʠʧʪʦʩʠʩʪʝʤʠ ʜʘʚʥʦ ʚʽʜʦʤʽ ʥʘʫʮʽ ʪʘ ʻ ʚ ʜʦʩʪʘʪʥʽʡ ʤʽʨʽ ʚʠʚʯʝʥʽ ʪʘ ʧʨʦʘʥʘʣʽʟʦʚʘʥʽ. ɺ 

ʟʚôʷʟʢʫ ʟ ʮʠʤ, ʜʦʩʣʽʜʞʝʥʥʷ ʩʠʤʝʪʨʠʯʥʠʭ ʩʠʩʪʝʤ ʰʠʬʨʫʚʘʥʥʷ ʟʥʘʡʰʣʦ ʚʽʜʙʠʪʦʢ ʫ ʚʝʣʠʢʽʡ ʢʽʣʴʢʦʩʪʽ ʥʘʫʢʦʚʠʭ 

ʩʪʘʪʝʡ ʪʘ ʣʽʪʝʨʘʪʫʨʽ. ɼʘʥʽ ʥʘʧʨʘʮʶʚʘʥʥʷ ʦʙʦʚôʷʟʢʦʚʦ ʩʣʽʜ ʚʨʘʭʦʚʫʚʘʪʠ ʧʨʠ ʨʦʟʨʦʙʮʽ ʢʨʠʧʪʦʩʠʩʪʝʤʠ. 

ʉʠʤʝʪʨʠʯʥʽ ʢʨʠʧʪʦʩʠʩʪʝʤʠ ʥʘ ʧʨʦʪʷʟʽ ʙʘʛʘʪʴʦʭ ʩʪʦʣʽʪʴ ʚʠʢʦʨʠʩʪʦʚʫʚʘʣʠʩʴ ʜʣʷ ʟʘʭʠʩʪʫ ʽʥʬʦʨʤʘʮʽʾ 

ʪʘ çʟʘʢʨʠʪʪʷè ʚʘʞʣʠʚʦʾ ʽʥʬʦʨʤʘʮʽʾ ʚʽʜ ʥʝʩʘʥʢʮʽʦʥʦʚʘʥʦʛʦ ʚʠʢʦʨʠʩʪʘʥʥʷ [6, 7, 8] 

ʉʠʤʝʪʨʠʯʥʽ ʘʣʛʦʨʠʪʤʠ ʰʠʬʨʫʚʘʥʥʷ ʧʝʨʝʪʚʦʨʶʶʪʴ ʜʝʷʢʫ ʢʦʥʬʽʜʝʥʮʽʡʥʫ ʽʥʬʦʨʤʘʮʽʶ, ʥʘ ʦʩʥʦʚʽ 

ʢʨʠʧʪʦʛʨʘʬʽʯʥʦʛʦ ʢʣʶʯʘ, ʫ ʰʠʬʨʦʚʘʥʫ ʬʦʨʤʫ. ɿʚʦʨʦʪʥʝ ʧʝʨʝʪʚʦʨʝʥʥʷ, ʷʢʝ ʚʽʜʥʦʚʣʶʻ ʚʭʽʜʥʫ ʽʥʬʦʨʤʘʮʽʶ, 

ʚʽʜʙʫʚʘʻʪʴʩʷ ʧʨʠ ʟʚʦʨʦʪʥʦʤʫ ʚʠʢʦʥʘʥʥʽ ʘʣʛʦʨʠʪʤʫ, ʟʘ ʫʤʦʚʠ, ʱʦ ʫ ʚʘʩ ʻ ʪʘʢʠʡ ʮʝʡ ʞ ʩʘʤʠʡ ʢʣʶʯ [8]. ʉʫʯʘʩʥʽ 

ʩʠʤʝʪʨʠʯʥʽ ʢʨʠʧʪʦʩʠʩʪʝʤʠ, ʭʦʯ ʽ ʻ ʙʽʣʴʰ ʚʠʪʦʥʯʝʥʠʤʠ, ʤʘʪʝʤʘʪʠʯʥʦ ʪʘ ʢʦʤʙʽʥʘʪʦʨʥʦ ʦʙˇʨʫʥʪʦʚʘʥʠʤʠ, ʚʩʝ 

ʦʜʥʦ, ʷʢ ʧʨʘʚʠʣʦ ʜʦʪʨʠʤʫʶʪʴʩʷ ʪʘʢʠʭ ʧʨʠʥʮʠʧʽʚ. 

ʊʘʢʦʞ ʚʘʞʣʠʚʦʶ ʩʢʣʘʜʦʚʦʶ ʧʨʠ ʨʦʟʨʦʙʮʽ ʢʨʠʧʪʦʩʠʩʪʝʤʠ ʻ ʦʮʽʥʢʘ ʽʥʩʪʨʫʤʝʥʪʘʨʽʶ ʢʨʠʧʪʦʘʥʘʣʽʟʫ, ʪʘ 

ʩʫʯʘʩʥʽ ʤʦʞʣʠʚʦʩʪʽ ʫ ʩʬʝʨʽ çʚʟʣʦʤʫè ʩʠʩʪʝʤ ʰʠʬʨʫʚʘʥʥʷ. ɼʣʷ ʩʪʚʦʨʝʥʥʷ ʢʨʠʧʪʦʩʪʽʡʢʦʛʦ ʘʣʛʦʨʠʪʤʫ ʩʣʽʜ ʥʘ 

ʝʪʘʧʽ ʧʨʦʝʢʪʫʚʘʥʥʷ ʚʨʘʭʦʚʫʚʘʪʠ ʪʝ, ʷʢʠʤ ʯʠʥʦʤ ʚʽʥ ʙʫʜʝ ʧʦʚʦʜʠʪʠʩʴ ʧʽʜ ʯʘʩ ʢʨʠʧʪʦʘʪʘʢʠ ʪʘ ʟʘʙʝʟʧʝʯʠʪʠ 

ʜʦʩʪʘʪʥʽʡ ʟʘʧʘʩ ʤʽʮʥʦʩʪʽ ʪʘ ʩʪʽʡʢʦʩʪʽ [9 - 11]. 

ʇʦʩʪʘʥʦʚʢʘ ʟʘʜʘʯʽ 

ʅʝʦʙʭʽʜʥʦ ʩʪʚʦʨʠʪʠ ʧʨʦʩʪʠʡ ʫ ʨʝʘʣʽʟʘʮʽʾ ʢʨʠʧʪʦʩʪʽʡʢʠʡ ʧʝʨʝʩʪʘʥʦʚʦʯʥʠʡ ʩʠʤʝʪʨʠʯʥʠʡ ʘʣʛʦʨʠʪʤ 

ʰʠʬʨʫʚʘʥʥʷ, ʷʢʠʡ ʙʠ ʚʽʜʧʦʚʽʜʘʚ ʩʫʯʘʩʥʠʤ ʚʠʤʦʛʘʤ ʙʝʟʧʝʢʠ ʪʘ ʟʥʘʯʥʦ ʫʩʢʣʘʜʥʶʚʘʚ ʽʩʥʫʶʯʽ ʩʧʦʩʦʙʠ 

ʢʨʠʧʪʦʘʥʘʣʽʟʫ, ʧʨʠ ʮʴʦʤʫ ʟ ʤʦʞʣʠʚʽʩʪʶ ʢʦʨʝʛʫʚʘʥʥʷ ʚʠʭʽʜʥʦʛʦ ʰʠʬʨʦʪʝʢʩʪʫ. 

ʆʩʥʦʚʥʘ ʽʜʝʷ ʜʘʥʦʛʦ ʘʣʛʦʨʠʪʤʫ ʧʦʣʷʛʘʻ ʚ ʪʦʤʫ, ʱʦ P-ʙʣʦʢ, ʟʘ ʷʢʠʤ ʚʽʜʙʫʚʘʪʠʤʝʪʴʩʷ ʧʝʨʝʩʪʘʥʦʚʢʘ, 

ʜʣʷ ʢʦʞʥʦʛʦ ʙʘʡʪʫ ʦʙʠʨʘʻʪʴʩʷ ʚʠʧʘʜʢʦʚʦ, ʥʘ ʦʩʥʦʚʽ ʛʝʥʝʨʘʪʦʨʘ ʚʠʧʘʜʢʦʚʠʭ ʯʠʩʝʣ. ʊʘʢʠʡ ʧʽʜʭʽʜ ʟʥʘʯʥʦ 

ʫʩʢʣʘʜʥʠʪʴ ʙʫʜʴ-ʷʢʠʡ ʩʪʘʪʠʩʪʠʯʥʠʡ ʢʨʠʧʪʦʘʥʘʣʽʟ, ʦʩʢʽʣʴʢʠ ʙʫʜʴ-ʷʢʽ ʟʘʢʦʥʦʤʽʨʥʦʩʪʽ ʤʽʞ ʚʽʜʢʨʠʪʠʤʠ 

ʙʘʡʪʘʤʠ ʪʘ ʟʘʰʠʬʨʦʚʘʥʠʤʠ ʙʫʜʫʪʴ ʚʽʜʩʫʪʥʽ. ʇʦʪʦʢʦʚʘ ʚʠʧʘʜʢʦʚʘ ʛʝʥʝʨʘʮʽʷ ʢʦʝʬʽʮʽʻʥʪʘ ʧʝʨʝʩʪʘʥʦʚʢʠ 

ʜʦʟʚʦʣʠʪʴ ʜʦʩʷʛʪʠ ʥʝʦʜʥʦʨʽʜʥʦʩʪʽ ʰʠʬʨʫʚʘʥʥʷ ʪʘ ʚʽʜʩʫʪʥʦʩʪʽ ʟʘʢʦʥʦʤʽʨʥʦʩʪʝʡ ʫ ʥʴʦʤʫ. 

ʊʘʢʦʞ, ʯʝʨʝʟ ʚʽʜʩʫʪʥʽʩʪʴ ʩʢʣʘʜʥʦʾ ʽʪʝʨʘʪʠʚʥʦʩʪʽ, ʜʘʥʠʡ ʘʣʛʦʨʠʪʤ ʧʦʚʠʥʝʥ ʤʘʪʠ ʚʠʩʦʢʫ ʰʚʠʜʢʽʩʪʴ 

ʨʦʙʦʪʠ, ʧʦʨʽʚʥʷʥʦ ʟ ʘʥʘʣʦʛʘʤʠ. 

ʆʩʥʦʚʥʘ ʯʘʩʪʠʥʘ 

ɺʽʜʧʦʚʽʜʥʦ ʜʦ ʧʦʩʪʘʚʣʝʥʦʾ ʟʘʜʘʯʽ, ʢʨʠʧʪʦʩʠʩʪʝʤʘ ʧʦʚʠʥʥʘ ʚʽʜʧʦʚʽʜʘʪʠ ʩʫʯʘʩʥʠʤ ʚʠʤʦʛʘʤ ʙʝʟʧʝʢʠ, 

ʙʫʪʠ ʥʘʜʽʡʥʦʶ ʪʘ ʧʨʠʜʘʪʥʦʶ ʜʣʷ ʧʨʘʢʪʠʯʥʦʛʦ ʚʠʢʦʨʠʩʪʘʥʥʷ, ʟʘʙʝʟʧʝʯʫʶʯʠ ʚʠʩʦʢʫ ʥʘʜʽʡʥʽʩʪʴ, ʘ ʦʪʞʝ, ʜʘʥʠʡ 

ʰʠʬʨ ʧʦʚʠʥʝʥ ʙʫʪʠ ʩʪʽʡʢʠʤ ʧʝʨʝʜ ʽʥʩʪʨʫʤʝʥʪʘʨʝʤ ʩʫʯʘʩʥʦʛʦ ʢʨʠʧʪʦʘʥʘʣʽʟʫ. 

ʆʜʥʦʶ ʟ ʛʦʣʦʚʥʠʭ ʧʦʪʫʞʥʦʩʪʝʡ ʢʨʠʧʪʦʘʥʘʣʽʟʫ ʥʘ ʩʴʦʛʦʜʥʽ ʻ ʦʙʯʠʩʣʶʚʘʣʴʥʘ ʧʦʪʫʞʥʽʩʪʴ 

ʢʦʤʧôʶʪʝʨʥʦʾ ʪʝʭʥʽʢʠ, ʷʢʘ ʩʝʨʡʦʟʥʦ ʟʙʽʣʴʰʫʻʪʴʩʷ ʟ ʢʦʞʥʠʤ ʥʦʚʠʤ ʧʦʢʦʣʽʥʥʷʤ. ʌʘʢʪʠʯʥʦ ʙʫʜʴ-ʷʢʠʡ 

ʩʠʤʝʪʨʠʯʥʠʡ ʰʠʬʨ ʤʦʞʣʠʚʦ ʚʟʣʘʤʘʪʠ ʘʪʘʢʦʶ çʛʨʫʙʦʾ ʩʠʣʠè, ʪʦʙʪʦ ʧʦʚʥʠʤ ʧʝʨʝʙʦʨʦʤ ʚʩʽʭ ʤʦʞʣʠʚʠʭ 

ʢʨʠʧʪʦʛʨʘʬʽʯʥʠʭ ʢʣʶʯʽʚ, ʪʘ ʧʦʯʝʨʛʦʚʠʤʠ ʩʧʨʦʙʘʤʠ ʨʦʟʰʠʬʨʫʚʘʥʥʷ ʢʦʞʥʠʤ ʟ ʥʠʭ. ɼʦ ʩʴʦʛʦʜʥʽʰʥʴʦʛʦ ʜʥʷ 

ʜʘʥʠʡ ʤʝʪʦʜ ï ʥʘʡʙʽʣʴʰ ʫʥʽʚʝʨʩʘʣʴʥʠʡ ʩʝʨʝʜ ʚʩʽʭ ʽʩʥʫʶʯʠʭ, ʟʘ ʫʤʦʚʠ ʱʦ ʥʘʤ ʚʽʜʦʤʦ ʪʠʧ ʘʣʛʦʨʠʪʤʫ ʪʘ 

ʧʨʠʥʮʠʧ ʡʦʛʦ ʨʦʙʦʪʠ, ʧʨʠ ʮʴʦʤʫ ʥʝ ʚʘʞʢʦ ʟʜʦʛʘʜʘʪʠʩʴ, ʱʦ ʂʂɼ ʜʘʥʦʛʦ ʤʝʪʦʜʫ ʻ ʚʢʨʘʡ ʥʠʟʴʢʠʤ.  

ɼʣʷ ʦʮʽʥʢʠ ʨʝʘʣʴʥʦʩʪʽ ʟʘʛʨʦʟʠ ʘʪʘʢʠ ʛʨʫʙʦʾ ʩʠʣʠ ʚʚʦʜʠʪʴʩʷ ʪʝʨʤʽʥ çʧʨʘʢʪʠʯʥʠʡ ʯʘʩè, ʷʢ ʜʝʷʢʘ 

ʚʽʜʧʦʚʽʜʥʽʩʪʴ ʪʝʦʨʝʪʠʯʥʦʤʫ ʯʘʩʫ, ʟʘ ʷʢʠʡ ʤʘʰʠʥʘ ʧʨʦʛʥʦʟʦʚʘʥʦ ʟʤʦʞʝ ʧʽʜʽʙʨʘʪʠ ʢʣʶʯ, ʜʦ ʯʘʩʫ ʟʙʝʨʝʞʝʥʥʷ 

ʘʢʪʫʘʣʴʥʦʩʪʽ ʪʘ ʮʽʥʥʦʩʪʽ ʧʨʠʭʦʚʘʥʦʾ ʽʥʬʦʨʤʘʮʽʾ. ʇʨʦʩʪʽʰʝ ʢʘʞʫʯʠ, ʷʢʱʦ ʫʤʦʚʥʘ ɭʚʘ ʧʝʨʝʭʦʧʠʣʘ 

ʟʘʰʠʬʨʦʚʘʥʝ ʧʦʚʽʜʦʤʣʝʥʥʷ ʢʦʤʧʘʥʽʾ ʢʦʥʢʫʨʝʥʪʘ, ʽ ʥʘ ʘʪʘʢʫ ʛʨʫʙʦʾ ʩʠʣʠ, ʧʨʦʛʥʦʟʦʚʘʥʦ ʙʫʜʝ ʟʘʪʨʘʯʝʥʦ 50 

ʨʦʢʽʚ, ʪʦ ʪʘʢʠʡ ʯʘʩ ʤʦʞʥʘ ʚʚʘʞʘʪʠ ʥʝʧʨʘʢʪʠʯʥʠʤ, ʘʜʞʝ ʟʘ 50 ʨʦʢʽʚ ʨʦʟʰʠʬʨʦʚʘʥʝ ʧʦʚʽʜʦʤʣʝʥʥʷ ʜʘʩʪʴ ɭʚʽ 

ʤʽʥʽʤʫʤ ʢʦʨʠʩʪʽ. ʇʨʠ ʮʴʦʤʫ ʦʙʦʚôʷʟʢʦʚʦ ʩʣʽʜ ʚʨʘʭʫʚʘʪʠ ʪʦʡ ʬʘʢʪ, ʱʦ ʷʢʱʦ ʥʘ ʩʴʦʛʦʜʥʽʰʥʽʡ ʜʝʥʴ 

ʧʨʦʛʥʦʟʦʚʘʥʠʡ ʯʘʩ ʘʪʘʢʠ ʡ ʩʢʣʘʜʘʪʠʤʝ 50 ʨʦʢʽʚ, ʪʦ ʘʙʩʦʣʶʪʥʦ ʥʝ ʬʘʢʪ, ʱʦ ʯʝʨʝʟ ʢʽʣʴʢʘ ʨʦʢ̔ ʚ, ʟ ʫʨʘʭʫʚʘʥʥʷʤ 

ʥʦʚʠʭ ʪʝʭʥʦʣʦʛʽʡ ʪʘ ʧʦʪʫʞʥʦʩʪʝʡ, ʮʝʡ ʯʘʩ ʥʝ ʩʢʣʘʜʘʪʠʤʝ 50 ʛʦʜʠʥ, ʯʠ ʥʘʚʽʪʴ ʭʚʠʣʠʥ. ʆʢʨʽʤ ʮʴʦʛʦ ʥʘ 

ʩʴʦʛʦʜʥʽʰʥʽʡ ʜʝʥʴ ʚʩʝ ʙʽʣʴʰʦʾ ʧʦʧʫʣʷʨʥʦʩʪʽ ʥʘʙʫʚʘʶʪʴ ʨʦʟʧʦʜʽʣʝʥʽ ʦʙʯʠʩʣʝʥʥʷ, ʱʦ ʧʝʨʝʛʘʥʷʶʪʴ ʟʘ 

ʰʚʠʜʢʽʩʪʶ ʨʦʙʦʪʠ ʥʘʚʽʪʴ ʧʝʨʝʜʦʚʽ ʩʫʧʝʨʢʦʤʧôʪʁʝʨʠ [12].  
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ʊʘʢʠʤ ʯʠʥʦʤ ʟʘʧʘʩ ʤʽʮʥʦʩʪʽ, ʚ ʢʦʥʪʝʢʩʪʽ ʩʪʽʡʢʦʩʪʽ ʢʨʠʧʪʦʩʠʩʪʝʤʠ ʜʦ ʘʪʘʢʠ ʛʨʫʙʦʾ ʩʠʣʠ, ʷʢ ʦʜʥʘ ʟ 

ʙʘʟʦʚʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʥʘʜʽʡʥʦʩʪʽ ʰʠʬʨʫ ʧʦʚʠʥʥʘ ʚʨʘʭʦʚʫʚʘʪʠ ʥʝ ʣʠʰʝ ʦʙʯʠʩʣʶʚʘʣʴʥʽ ʧʦʪʫʞʥʦʩʪʽ, ʽʩʥʫʶʯʽ 

ʩʴʦʛʦʜʥʽ, ʘ ʽ ʾʭ ʧʨʦʛʥʦʟʦʚʘʥʝ ʟʨʦʩʪʘʥʥʷ, ʷʢʝ ʻ ʥʝʤʠʥʫʯʠʤ. 

ʉʣʽʜ ʚʨʘʭʦʚʫʚʘʪʠ ʡ ʙʝʟʣʽʯ ʽʥʰʠʭ ʽʩʥʫʶʯʠʭ ʢʨʠʧʪʦʘʪʘʢ, ʪʘʢʠʡ ʷʢ, ʥʘʧʨʠʢʣʘʜ,  ʘʪʘʢʘ ʥʘ ʦʩʥʦʚʽ 

ʧʝʨʝʭʦʧʣʝʥʦʛʦ ʚʽʜʢʨʠʪʦʛʦ ʪʝʢʩʪʫ, ʘʪʘʢʘ ʥʘ ʦʩʥʦʚʽ ʧʽʜʽʙʨʘʥʦʛʦ ʚʽʜʢʨʠʪʦʛʦ ʪʝʢʩʪʫ, ʜʠʬʝʨʝʥʮʽʘʣʴʥʠʡ 

ʢʨʠʧʪʦʘʥʘʣʽʟ ʪʘ ʽʥʰʽ ʽʩʥʫʶʯʽ ʧʽʜʭʦʜʠ. 

ɻʦʣʦʚʥʘ ʩʠʣʘ ʟʘʧʨʦʧʦʥʦʚʘʥʦʾ ʢʨʠʧʪʦʩʠʩʪʝʤʠ ï ʥʝʣʽʥʽʡʥʽʩʪʴ ʪʘ ʨʘʥʜʦʤʽʟʘʮʽʷ ʘʣʛʦʨʠʪʤʫ, ʩʘʤʝ ʮʝ ʽ 

ʧʦʚʠʥʥʦ ʟʘʙʝʟʧʝʯʠʪʠ ʡʦʛʦ ʚʠʩʦʢʫ ʢʨʠʧʪʦʩʪʽʡʢʽʩʪʴ. ɺ ʮʽʣʦʤʫ, ʽʜʝʷ ʧʦʣʷʛʘʻ ʫ ʩʪʚʦʨʝʥʥʽ ʢʽʣʴʢʦʭ ʤʦʞʣʠʚʠʭ 

ʚʘʨʽʘʥʪʽʚ ʨʦʙʦʪʠ ʰʠʬʨʫ ʥʘ ʪʦʤʫ, ʯʠ ʽʥʰʦʤʫ ʝʪʘʧʽ ʡʦʛʦ ʚʠʢʦʥʘʥʥʷ, ʩʝʨʝʜ ʷʢʠʭ ʚʠʧʘʜʢʦʚʠʤ ʯʠʥʦʤ ʦʙʠʨʘʻʪʴʩʷ 

ʦʜʠʥ. ɼʣʷ ʤʦʞʣʠʚʦʩʪʽ ʜʝʰʠʬʨʫʚʘʥʥʷ, ʧʦʟʥʘʯʘʻʪʴʩʷ ʣʠʰʝ ʽʥʜʝʢʩ ʦʙʨʘʥʦʛʦ ʚʘʨʽʘʥʪʫ, ʷʢʠʡ ʥʝ ʜʘʻ 

ʢʨʠʧʪʦʘʥʘʣʽʪʠʢʫ ʞʦʜʥʦʾ ʜʦʜʘʪʢʦʚʦʾ ʽʥʬʦʨʤʘʮʽʾ ʧʨʦ ʪʝ, ʱʦ ʟʘ ʥʠʤ ʩʪʦʾʪʴ.  

 

  
ʈʠʩ. 1. ʉʭʝʤʘ ʟʚʠʯʘʡʥʦʛʦ ʪʘ ʤʦʜʠʬʽʢʦʚʘʥʦʛʦ ʘʣʛʦʨʠʪʤʫ DES 

 

ɼʘʥʠʡ ʧʽʜʭ̔ ʜ ʤʦʞʥʘ ʧʨʦʜʝʤʦʥʩʪʨʫʚʘʪʠ ʥʘ ʧʨʠʢʣʘʜʽ ʘʣʛʦʨʠʪʤʫ DES (ʈʠʩ. 1).  

ɺ ʢʣʘʩʠʯʥʦʤʫ ʧʨʝʜʩʪʘʚʣʝʥʽ ʜʘʥʦʛʦ ʘʣʛʦʨʠʪʤʫ ʫ ʥʘʩ ʻ ʦʜʥʘ ʬʫʥʢʮʽʷ, ʷʢʘ ʥʘ ʦʩʥʦʚʽ ʨʘʫʥʜʦʚʦʛʦ ʢʣʶʯʘ 

ʪʘ ʧʝʨʰʦʛʦ ʧʽʜʙʣʦʢʫ ʤʝʨʝʞʽ ʌʝʡʩʪʝʣʷ, ʨʦʟʤʽʨʦʤ 48 ʪʘ 32 ʙʽʪʘ, ʚʽʜʧʦʚʽʜʥʦ, ʪʘ ʧʦʚʝʨʪʘʻ ʥʦʚʠʡ 32-ʙʪ̔ʥʠʡ ʙʣʦʢ 

ʜʘʥʠʭ. ʇʨʦʪʝ ʜʘʚʘʡʪʝ ʟʤʦʜʝʣʶʻʤʦ ʩʠʪʫʘʮʽʶ, ʧʨʠ ʷʢʽʡ ʚ ʜʘʥʦʤʫ ʘʣʛʦʨʠʪʤʽ ʫ ʥʘʩ ʥʝ ʦʜʥʘ ʬʫʥʢʮʽʷ, ʘ, ʜʦ 

ʧʨʠʢʣʘʜʫ, ʾʭ ʚʽʩʽʤ. ʂʦʞʥʘ ʟ ʮʠʭ ʬʫʥʢʮʽʡ ʪʘʢʦʞ ʧʨʠʡʤʘʪʠʤʝ ʥʘ ʚʭʽʜ ʜʚʘ ʙʣʦʢʘ ʫ 48 ʪʘ 32 ʙʽʪ ʪʘ ʧʦʚʝʨʪʘʪʠʤʝ, 

ʥʘ ʾʭ ʦʩʥʦʚʽ, ʥʦʚʠʡ 32-ʙʽʪʥʠʡ ʙʣʦʢ, ʧʨʠ ʮʦɹʤʫ ʢʦʞʥʘ ʟ ʥʠʭ ʙʫʜʝ ʨʦʙʠʪʠ ʮʝ ʧʦ-ʨʽʟʥʦʤʫ. ʗʢʱʦ ʪʦʯʥʽʰʝ, ʚʦʥʠ 

ʙʫʜʫʪʴ ʽ ʜʘʣʽ ʧʨʘʮʶʚʘʪʠ ʟʘ ʩʭʝʤʦʶ ʢʣʘʩʠʯʥʦʾ ʬʫʥʢʮʽʾ DES, ʧʨʦʪʝ, ʢʦʞʥʘ ʟ ʮʠʭ 8 ʬʫʥʢʮʽʡ ʤʘʪʠʤʝ ʜʝʷʢʽ 

ʦʩʦʙʣʠʚʦʩʪʽ: ʦʜʥʘ, ʥʘʧʨʠʢʣʘʜ, ʧʦ-ʽʥʰʦʤʫ ʨʦʟʰʠʨʶʚʘʪʠʤʝ ʚʭʽʜʥʠʡ ʙʣʦʢ, ʜʨʫʛʘ ï ʧʝʨʝʜ ʨʦʟʰʠʨʝʥʥʷʤ 

ʧʨʦʚʦʜʠʪʠʤʝ ʮʠʢʣʽʯʥʠʡ ʟʩʫʚ ʚʭʽʜʥʦʛʦ ʙʣʦʢʫ ʥʘ ʜʝʷʢʝ ʯʠʩʣʦ, ʪʨʝʪʷ ï ʧʨʦʚʦʜʠʪʠʤʝ ʘʥʘʣʦʛʽʯʥʠʡ ʟʩʫʚ, ʘʣʝ ʚʞʝ 

ʧʽʩʣʷ ʨʦʟʰʠʨʝʥʥʷ, ʯʝʪʚʝʨʪʘ ï ʟʘʣʠʰʠʪʴʩʷ ʫ ʢʣʘʩʠʯʥʦʤʫ ʚʠʛʣʷʜʽ, ʙʝʟ ʟʤʽʥ, ʘ ʧôʷʪʘ ï ʜʦʜʘʚʘʪʠʤʝ 27, ʟʘ 

ʤʦʜʫʣʝʤ 256, ʜʦ ʢʦʞʥʦʛʦ ʧʘʨʥʦʛʦ ʙʘʡʪʫ ʧʽʩʣʷ ʨʦʟʠhʨʝʥʥ̫  ʚʭʽʜʥʦʛʦ ʙʣʦʢʫ ʽ ʪʘʢ ʜʘʣʽ. ʗʢ ʨʝʟʫʣʴʪʘʪ ï ʢʦʞʥʘ 

ʬʫʥʢʮʽʷ, ʚ ʮʽʣʦʤʫ, ʧʦʜʽʙʥʘ ʜʦ ʽʥʰʠʭ ʪʘ ʢʦʞʥʫ ʟ ʥʠʭ ʤʦʞʥʘ ʙʝʟ ʧʨʦʙʣʝʤ ʟʘʤʽʥʠʪʠ ʽʥʰʦʶ, ʧʨʦʪʝ 32-ʙʽʪʥʽ 

ʙʣʦʢʠ ʷʢʽ ʙʫʜʝ ʧʦʚʝʨʪʘʪʠ ʪʘ, ʯʠ ʽʥʰʘ ʬʫʥʢʮʽʷ, ʷʢ ʧʨʘʚʠʣʦ, ʙʫʜʫʪʴ ʨʽʟʥʽ. 

ʊʝʧʝʨ ʥʘʤ ʟʘʣʠʰʘʻʪʴʩʷ ʣʠʰʝ ʥʝʟʥʘʯʥʦ ʤʦʜʠʬʽʢʫʚʘʪʠ ʟʘʛʘʣʴʥʠʡ ʘʣʛʦʨʠʪʤ ʰʠʬʨʫʚʘʥʥʷ: ʧʨʠ 

ʛʝʥʝʨʘʮʽʾ ʢʣʶʯʘ, ʜʦʜʘʪʢʦʚʦ, ʚʠʧʘʜʢʦʚʠʤ ʯʠʥʦʤ ʮʠʤ ʬʫʥʢʮʽʷʤ ʙʫʜʝ ʧʨʠʩʚʦʻʥʦ ʽʥʜʝʢʩʠ ʚʽʜ 0 ʜʦ 9. ɯʥʬʦʨʤʘʮʽʷ 

ʧʨʦ ʜʘʥʽ ʽʥʜʝʢʩʠ ʪʘ ʾʭ ʚʽʜʧʦʚʽʜʥʦʩʪʽ ʙʫʜʝ ʯʘʩʪʠʥʦʶ ʩʝʢʨʝʪʥʦʛʦ ʢʣʶʯʘ. ɸ ʧʨʠ ʰʠʬʨʫʚʘʥʥʽ, ʧʝʨʝʜ ʧʝʨʠhʤ 

ʨʘʫʥʜʦʤ ʢʦʞʥʦʛʦ ʙʣʦʢʫ, ʤʠ ʦʙʠʨʘʪʠʤʝʤʦ ʚʠʧʘʜʢʦʚʝ ʮʽʣʝ ʯʠʩʣʦ ʚ ʜʽʘʧʘʟʦʥʽ , ʷʢʝ ʽ ʚʢʘʟʫʚʘʪʠʤʝ ʷʢʫ 

ʬʫʥʢʮʽʶ ʟ ʧʝʨʝʣʽʢʫ ʤʠ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠʤʝʤʦ ʫ ʥʘʩʪʫʧʥʠʭ 16 ʨʘʫʥʜʘʭ. ɯʥʬʦʨʤʘʮʽʶ ʧʨʦ ʪʝ ʷʢʘ ʬʫʥʢʮʽʷ ʙʫʣʘ 

ʚʠʢʦʨʠʩʪʘʥʘ ʤʦʞʝʤʦ ʟʘʧʠʩʘʪʠ ʫ ʚʠʛʣʷʜʽ 3-ʙʽʪʥʦʾ ʢʦʤʙʽʥʘʮʽʾ ʚ ʢʽʥʮʽ, ʧʽʩʣʷ ʟʘʰʠʬʨʦʚʘʥʦʛʦ 64-ʙʽʪʥʦʛʦ ʙʣʦʢʫ. 

ʇʨʠ ʪʘʢʽʡ ʤʦʜʠʬʽʢʘʮʽʾ ʘʣʛʦʨʠʪʤʫ ʰʠʬʨʦʚʘʥʠʡ ʪʝʢʩʪ ʨʦʟʰʠʨʠʪʴʩʷ ʥʘ  ʙʽʪ, ʜʝ , 

ʪʦʙʪʦ, ʧʨʠʙʣʠʟʥʦ, ʥʘ 4,5%. 

ɺ ʦʧʠʩʘʥʦʤʫ ʚʠʧʘʜʢʫ, ʧʨʠ ʧʝʨʝʭʦʧʣʝʥʥʽ ʰʠʬʨʦʚʘʥʦʛʦ ʧʦʚʽʜʦʤʣʝʥʥʷ, ʫ ʢʨʠʧʪʦʘʥʘʣʽʪʠʢʘ ʙʫʜʫʪʴ ʥʘ 

ʨʫʢʘʭ ʩʘʤʽ ʰʠʬʨʦʙʣʦʢʠ, ʘ ʪʘʢʦʞ ʽʥʜʝʢʩʠ ʚʠʢʦʨʠʩʪʘʥʠʭ ʬʫʥʢʮʽʡ, ʙʝʟ ʙʫʜʴ-ʷʢʦʾ ʚʘʞʣʠʚʦʾ ʽʥʬʦʨʤʘʮʽʾ, 

ʟʚʠʯʘʡʥʦ, ʷʢʱʦ ʢʨʠʧʪʦʘʥʘʣʽʪʠʢ ʟʥʘʻ ʧʨʠʥʮʠʧ ʨʦʙʦʪʠ ʜʘʥʦʾ ʤʦʜʠʬʽʢʘʮʽʾ. ʇʨʦʪʝ ʚ ʜʘʥʽʡ ʩʠʪʫʘʮʽʾ ʩʧʝʮʽʘʣʽʩʪ 

ʟʤʦʞʝ ʦʜʥʦʟʥʘʯʥʦ ʩʢʘʟʘʪʠ ʯʠ ʦʜʥʘʢʦʚʽ ʬʫʥʢʮʽʾ ʙʫʣʠ ʚʠʢʦʨʠʩʪʘʥʽ, ʚ ʪʦʤʫ, ʯʠ ʽʥʰʦʤʫ ʚʠʧʘʜʢʫ, ʯʠ ʥʽ, 

ʝʣʝʤʝʥʪʘʨʥʦ ʟʨʽʚʥʷʚʰʠ ʮʽ ʩʘʤʽ ʽʥʜʝʢʩʠ ʚʢʽʥʮʽ ʙʣʦʢʽʚ. ʅʘ ʦʩʥʦʚʽ ʜʘʥʦʾ ʽʥʬʦʨʤʘʮʽʾ ʚʽʥ ʟʤʦʞʝ ʟʛʨʫʧʫʚʘʪʠ 

ʙʣʦʢʠ, ʚ ʷʢʠʭ ʙʫʣʠ ʚʠʢʦʨʠʩʪʘʥʽ ʦʜʥʘʢʦʚʽ ʬʫʥʢʮʽʾ ʪʘ ʜʦʩʣʽʜʞʫʚʘʪʠ ʾʭ ʦʢʨʝʤʦ. 

ɼʣʷ ʪʦʛʦ ʱʦʙ ʧʦʟʙʘʚʠʪʠ ʢʨʠʧʪʦʘʥʘʣʽʪʠʢʘ ʪʘʢʦʾ ʤʦʞʣʠʚʦʩʪʽ, ʚʚʝʜʝʤʦ ʱʝ ʦʜʥʫ ʟʤʽʥʫ: ʽʥʜʝʢʩʽʚ ʙʫʜʝ 

ʙʽʣʴʰʝ ʥʽʞ ʩʘʤʠʭ ʬʫʥʢʮʽʡ. ʅʘ ʦʧʠʩʘʥʦʤʫ ʚʠʱʝ ʧʨʠʢʣʘʜʽ, ʮʝ ʤʦʞʥʘ ʟʨʦʙʠʪʠ ʜʚʦʤʘ ʰʣʷʭʘʤʠ: ʘʙʦ ʟʤʝʥʰʠʪʠ 

ʢʽʣʴʢʽʩʪʴ ʬʫʥʢʮʽʡ, ʪʦʜʽ ʚ ʥʘʩ ʙʫʜʝ, ʥʘʧʨʠʢʣʘʜ, 4 ʬʫʥʢʮʽʾ ʪʘ 8 ʽʥʜʝʢʩʽʚ, ʘʙʦ ʟʙʽʣɹhʠʪʠ ʢʽʣʴʢʽʩʪʴ ʽʥʜʝʢʩʽʚ, ʪʦʜʽ 

ʧʨʠ 8 ʬʫʥʢʮʽʷʭ ʤʠ ʤʘʪʠʤʝʤʦ 16 ʽʥʜʝʢʩʽʚ.  
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ʇʨʠ ʛʝʥʝʨʘʮʽʾ ʥʦʚʦʛʦ ʢʣʶʯʘ, ʷʢ ʽ ʨʘʥʽʰʝ, ʤʠ ʚʠʧʘʜʢʦʚʦ ʛʝʥʝʨʫʻʤʦ ʪʘ ʟʘʧʠʩʫʻʤʦ ʚʽʜʧʦʚʽʜʥʦʩʪʽ ʤʽʞ 

ʬʫʥʢʮʽʷʤʠ ʪʘ ʽʥʜʝʢʩʘʤʠ, ʧʨʦʪʝ ʚʞʝ ʥʝ ʫ ʚʽʜʥʦʰʝʥʥʽ 1:1, ʘ ʫ ʚʽʜʥʦʰʝʥʥʽ 1:m, ʜʝ ʦʜʥʽʡ ʬʫʥʢʮ̔ʾ ʚ̔ ʜʧʦʚʽʜʘʪʠʤʝ 

ʢʽʣʴʢʘ ʽʥʜʝʢʩʽʚ. ʇʨʠ ʰʠʬʨʫʚʘʥʥʽ ʪʝʧʝʨ ʤʠ ʢʠʜʘʪʠʤʝʤʦ ʤʦʥʝʪʢʫ ʜʚʽʯʽ: ʧʝʨʰʠʡ ʨʘʟ ï ʱʦʙ ʚʠʙʨʘʪʠ ʬʫʥʢʮʽʶ, 

ʜʨʫʛʠʡ ï ʱʦʙ ʦʙʨʘʪʠ ʦʜʠʥ ʽʥʜʝʢʩ, ʩʝʨʝʜ ʚʩʽʭ, ʧʦʚóʷʟʘʥʠʭ ʟ ʜʘʥʦʶ ʬʫʥʢʮʽʻʶ.  

ʉʣʽʜ ʟʘʟʥʘʯʠʪʠ ʱʦ ʜʘʥʽ ʯʠʩʣʘ ʢʨʘʱʝ ʦʙʠʨʘʪʠ ʨʽʚʥʠʤ , ʘ ʢʽʣʴʢʽʩʪʴ ʬʫʥʢʮʽʡ, ʨʝʢʦʤʝʥʜʦʚʘʥʦ, ʤʘʻ 

ʙʫʪʠ ʢʨʘʪʥʦʶ ʢʽʣʴʢʦʩʪʽ ʽʥʜʝʢʩʽʚ, ʧʨʠ ʯʦʤʫ ʚʦʥʠ ʧʦʚʠʥʥʽ ʙʫʪʠ ʨʽʚʥʦʤʽʨʥʦ ʨʦʟʧʦʜʽʣʝʥʽ ʤʽʞ ʬʫʥʢʮʽʷʤʠ. ʎʝ 

ʜʦʟʚʦʣʠʪʴ ʚ ʧʦʚʥʽʡ ʤʽʨʽ, ʙʝʟ ʥʘʜʣʠʰʢʦʚʦʩʪʽ, ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʜʽʘʧʘʟʦʥ ʟʥʘʯʝʥʴ, ʧʨʠ ʰʠʬʨʫʚʘʥʥʽ, ʘ ʪʘʢʦʞ 

ʟʘʙʝʟʧʝʯʠʪʴ ʦʜʥʘʢʦʚʫ ʡʤʦʚʽʨʥʽʩʪʴ ʚʠʧʘʜʘʥʥʷ ʬʫʥʢʮʽʡ. 

ʊʝʧʝʨ, ʧʝʨʝʭʦʧʠʚʰʠ ʧʦʚʽʜʦʤʣʝʥʥʷ, ʢʨʠʧʪʦʘʥʘʣʽʪʠʢ ʥʝ ʟʤʦʞʝ ʦʜʥʦʟʥʘʯʥʦ ʩʢʘʟʘʪʠ ʯʠ ʙʫʣʠ 

ʚʠʢʦʨʠʩʪʘʥʽ ʦʜʥʘʢʦʚʽ ʬʫʥʢʮʽʾ ʚ ʙʣʦʢʘʭ ʟ ʨʽʟʥʠʤʠ ʽʥʜʝʢʩʘʤʠ, ʘʜʞʝ ʮʝ ʤʦʞʝ ʙʫʪʠ ʷʢ ʽʥʰʠʡ ʽʜʝʥʪʠʬʽʢʘʪʦʨ ʪʽʻʾ 

ʞ ʩʘʤʦʾ ʬʫʥʢʮʽʾ, ʪʘʢ ʡ ʽʜʝʥʪʠʬʽʢʘʪʦʨ ʽʥʰʦʾ ʬʫʥʢʮʽʾ. 

ʊʘʢʦʞ ʟʚʽʜʩʠ ʚʠʪʽʢʘʻ ʮʽʢʘʚʘ ʚʣʘʩʪʠʚʽʩʪʴ ʜʘʥʦʛʦ ʘʣʛʦʨʠʪʤʫ: ʟʘʰʠʬʨʫʚʘʚʰʠ ʦʜʥʝ ʽ ʪʝ ʞ ʩʘʤʝ 

ʧʦʚʽʜʦʤʣʝʥʥʷ, ʚʠʢʦʨʠʩʪʦʚʫʶʯʠ ʦʜʠʥ ʽ ʪʦʡ ʞ ʩʘʤʠʡ ʢʣʶʯ, ʤʠ ʦʪʨʠʤʘʻʤʦ ʨʽʟʥʽ ʰʠʬʨʦʪʝʢʩʪʠ, ʦʩʢʽʣʴʢʠ ʪʝʧʝʨ 

ʪʝ ʷʢ ʙʫʜʝ ʟʘʰʠʬʨʦʚʘʥʦ ʪʦʡ ʯʠ ʽʥʰʠʡ ʙʣʦʢ, ʟʘʣʝʞʘʪʠʤʝ ʚʽʜ ʚʠʧʘʜʢʦʚʦʛʦ ʧʦʢʘʟʥʠʢʘ, ʧʨʠ ʰʠʬʨʫʚʘʥʥʽ. ʆʪʞʝ, 

ʢʨʠʧʪʦʘʥʘʣʽʪʠʢ, ʧʝʨʝʭʦʧʠʚʰʠʡ n ʟʘʰʠʬʨʦʚʘʥʠʭ ʧʦʚʽʜʦʤʣʝʥʴ, ʥʝ ʟʤʦʞʝ ʦʜʥʦʟʥʘʯʥʦ ʚʠʷʚʠʪʠ ʷʢʽ ʩʝʨʝʜ ʥʠʭ 

ʙʫʜʫʪʴ ʽʜʝʥʪʠʯʥʠʤʠ ʧʽʩʣʷ ʜʝʰʠʬʨʦʚʢʠ. 

ʇʨʠʢʣʘʜ, ʥʘʚʝʜʝʥʠʡ ʥʘ ʦʩʥʦʚʽ ʢʨʠʧʪʦʛʨʘʬʽʯʥʦʛʦ ʘʣʛʦʨʠʪʤʫ DES, ʥʘʛʣʷʜʥʦ ʪʘ ʚ ʧʦʚʥʽʡ ʤʽʨʽ 

ʜʝʤʦʥʩʪʨʫʻ ʧʨʠʥʮʠʧʠ ʨʦʙʦʪʠ, ʥʘ ʙʘʟʽ ʷʢʠʭ ʧʨʦʧʦʥʫʻʪʴʩʷ ʩʪʚʦʨʠʪʠ ʦʢʨʝʤʫ ʢʨʠʧʪʦʩʠʩʪʝʤʫ.  

ʅʘʚʽʪʴ ʫ ʚʠʛʣʷʜʽ ʤʦʜʠʬʽʢʘʮʽʾ ʜʦ ʚʞʝ ʽʩʥʫʶʯʦʛʦ ʘʣʛʦʨʠʪʤʫ, ʪʘʢʘ ʥʝʣʽʥʽʡʥʽʩʪʴ, ʥʘʷʚʥʽʩʪʴ ʢʽʣʴʢʦʭ 

çʩʮʝʥʘʨʽʾʚè ʨʦʙʦʪʠ, ʩʝʨʝʜ ʷʢʠʭ ʦʙʠʨʘʻʪʴʩʷ ʚʠʧʘʜʢʦʚʠʡ, ʜʦʟʚʦʣʷʻ ʟʥʘʯʥʦ ʫʩʢʣʘʜʥʠʪʠ ʨʦʙʦʪʫ 

ʢʨʠʧʪʦʘʥʘʣʽʪʠʢʽʚ ʪʘ ʧʦʥʠʟʠʪʠ ʝʬʝʢʪʠʚʥʽʩʪʴ ʤʘʰʠʥʥʦʛʦ ʢʨʠʧʪʦʘʥʘʣʽʟʫ. ʇʨʠʯʦʤʫ ʩʣʽʜ ʟʘʟʥʘʯʠʪʠ, ʱʦ ʚ 

ʦʧʠʩʘʥʽʡ ʤʦʜʠʬʽʢʘʮʽʾ ʟʘʟʥʘʯʝʥʘ ʚʘʨʽʘʪʠʚʥʽʩʪʴ ʙʫʣʘ ʜʦʜʘʥʘ ʣʠʰʝ ʜʣʷ ʨʘʫʥʜʦʚʠʭ ʬʫʥʢʮʽʡ, ʭʦʯʘ ʮʝ ʟʦʚʩʽʤ ʥʝ 

ʻʜʠʥʠʡ ʘʩʧʝʢʪ, ʜʝ ʜʘʥʠʡ ʧʽʜʭʽʜ ʤʦʞʥʘ ʙʫʣʦ ʙ ʟʘʩʪʦʩʫʚʘʪʠ, ʥʘʚʽʪʴ ʫ ʚʠʧʘʜʢʫ ʰʠʬʨʫ DES. 

ʊʘʢʠʤ ʯʠʥʦʤ, ʘʥʘʣʦʛʽʯʥʦ ʜʦ ʥʘʚʝʜʝʥʦʛʦ ʧʨʠʢʣʘʜʫ ʤʠ ʤʦʞʝʤʦ ʩʧʨʦʝʢʪʫʚʘʪʠ ʦʢʨʝʤʠʡ ʘʣʛʦʨʠʪʤ, ʚ 

ʷʢʦʤʫ ʦʧʠʩʘʥʠʡ ʧʨʠʥʮʠʧ ʥʝʣʽʥʽʡʥʦʩʪʽ ʙʫʜʝ ʥʝ ʤʦʜʠʬʽʢʘʮʽʻʶ, ʘ ʦʩʥʦʚʦʶ ʡʦʛʦ ʨʦʙʦʪʠ. 

ʃʦʛʽʢʦʶ ʰʠʬʨʫʚʘʥʥʷ ʚ ʜʘʥʦʤʫ ʘʣʛʦʨʠʪʤʽ ʙʫʜʝ ʟʘʤʽʥʘ ʦʜʥʦʛʦ ʙʘʡʪʫ ʥʘ ʽʥʰʠʡ, ʚʽʜʧʦʚʽʜʥʦ ʜʦ ʜʝʷʢʦʾ 

ʧʦʣʽʘʣʬʘʚʽʪʥʦʾ ʪʘʙʣʠʮʽ ʧʝʨʝʩʪʘʥʦʚʦʢ. ɼʘʥʘ ʪʘʙʣʠʮʷ ʤʽʩʪʠʪʠʤʝ ʚ ʩʦʙʽ n ʨʷʜʢʽʚ ʪʘ 256 ʩʪʦʚʧʮʽʚ, ʷʢʱʦ ʟʘ 

ʫʤʦʚʥʠʡ ʙʣʦʢ ʜʘʥʠʭ ʤʠ ʚʽʟʴʤʝʤʦ ʦʜʠʥ ʙʘʡʪ. ɺ ʢʦʞʥʦʤʫ ʨʷʜʢʫ ʙʫʜʝ ʧʦʩʣʽʜʦʚʥʽʩʪʴ ʚʽʜ 0 ʜʦ 255, ʧʝʨʝʤʽʰʘʥʘ 

ʚʠʧʘʜʢʦʚʠʤ ʯʠʥʦʤ. ʂʽʣʴʢʽʩʪʴ ʨʷʜʢʽʚ, ʘ ʚʽʜʧʦʚʽʜʥʦ çʘʣʬʘʚʽʪʽʚ ʧʝʨʝʩʪʘʥʦʚʢʠè, ʤʦʞʝ ʙʫʪʠ ʷʢʦʶ ʟʘʚʛʦʜʥʦ.  

ʂʦʞʥʦʤʫ ʨʷʜʢʫ, ʪʦʯʥʦ ʷʢ ʽ ʬʫʥʢʮʽʾ, ʫ ʧʨʠʢʣʘʜʽ ʟ DES, ʧʨʠʩʚʦʶʻʪʴʩʷ m ʚʠʧʘʜʢʦʚʠʭ ʜʚʽʡʢʦʚʠʭ 

ʽʜʝʥʪʠʬʽʢʘʪʦʨʽʚ. ʈʦʟʨʷʜʥʽʩʪʴ ʮʠʭ ʽʜʝʥʪʠʬʽʢʘʪʦʨʽʚ ʪʘʢʦʞ ʤʦʞʝ ʙʫʪʠ ʦʙʨʘʥʘ ʨʽʟʥʘ, ʧʨʦʪʝ ʚʦʥʘ ʧʦʚʠʥʥʘ ʙʫʪʠ 

ʦʜʥʘʢʦʚʦʶ ʜʣʷ ʚʩʽʭ ʽʜʝʥʪʠʬʽʢʘʪʦʨʽʚ. ɺʽʜ ʦʙʨʘʥʦʾ ʨʦʟʨʷʜʥʦʩʪʽ ʟʘʣʝʞʘʪʠʤʝ, ʧʦ-ʧʝʨʰʝ, ʢʽʣʴʢʽʩʪʴ ʘʣʬʘʚʽʪʽʚ, ʷʢʫ 

ʤʠ ʤʦʞʝʤʦ ʚʠʟʥʘʯʠʪʠ, ʥʘʧʨʠʢʣʘʜ ʷʢʱʦ ʨʦʟʨʷʜʥʽʩʪʴ ʜʦʨʽʚʥʶʚʘʪʠʤʝ ʜʚʦʤ, ʪʦ ʤʘʢʩʠʤʫʤ ʫ ʥʘʩ ʤʦʞʝ ʙʫʪʠ 4 

ʘʣʬʘʚʽʪʠ, ʘ ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʨʝʢʦʤʝʥʜʘʮʽʾ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʥʝ ʤʝʥʰʝ ʜʚʦʭ ʽʜʝʥʪʠʬʽʢʘʪʦʨʽʚ ʥʘ ʦʜʠʥ ʘʣʬʘʚʽʪ ï 

ʚʩʴʦʛʦ 2. ʇʦ-ʜʨʫʛʝ, ʚʽʜ ʨʦʟʨʷʜʥʦʩʪʽ ʟʘʣʝʞʘʪʠʤʝ ʪʝ, ʥʘʩʢʽʣʴʢʠ ʟʙʽʣʴʰʠʪʴʩʷ ʰʠʬʨʦʚʘʥʠʡ ʪʝʢʩʪ, ʧʦʨʽʚʥʷʥʦ ʟ 

ʚʭʽʜʥʠʤ ʧʦʚʽʜʦʤʣʝʥʥʷʤ. ʗʢʱʦ ʨʦʟʨʷʜʥʽʩʪʴ ʽʜʝʥʪʠʬʽʢʘʪʦʨʘ ʙʫʜʝ ʨʽʚʥʦʶ ʨʦʟʨʷʜʥʦʩʪʽ ʥʘʰʦʛʦ ʙʣʦʢʫ ʜʘʥʠʭ, ʘ ʫ 

ʥʘʰʦʤʫ ʚʠʧʘʜʢʫ ï ʮʝ 8 ʙʽʪ, ʪʦ ʰʠʬʨʦʚʘʥʝ ʧʦʚʽʜʦʤʣʝʥʥʷ ʙʫʜʝ ʚʜʚʽʯʽ ʙʽʣʴʰʝ ʟʘ ʚʭʽʜʥʝ. ʏʠʤ ʤʝʥʰʘ 

ʨʦʟʨʷʜʥʽʩʪʴ ʽʜʝʥʪʠʬʽʢʘʪʦʨʘ, ʧʦ ʚʽʜʥʦʰʝʥʥʶ ʜʦ ʨʦʟʤʽʨʫ ʙʣʦʢʫ ʜʘʥʠʭ, ʪʠʤ ʤʝʥʰʝ ʙʫʜʝ ʟʙʽʣʴʰʝʥʥʷ ʚʠʭʽʜʥʦʛʦ 

ʧʦʚʽʜʦʤʣʝʥʥʷ ʧʨʠ ʰʠʬʨʫʚʘʥʥʽ ʽ ʥʘʚʧʘʢʠ. 

ɼʘʥʘ ʪʘʙʣʠʮʷ ʟʘʤʽʥ, ʨʘʟʦʤ ʽʟ ʚʽʜʧʦʚʽʜʥʠʤʠ ʽʜʝʥʪʠʬʽʢʘʪʦʨʘʤʠ, ʩʢʣʘʜʘʪʠʤʝ ʩʦʙʦʶ ʩʝʢʨʝʪʥʠʡ ʢʣʶʯ. 

ɼʣʷ ʾʾ ʢʦʤʧʘʢʪʥʦʛʦ ʟʘʧʠʩʫ ʤʦʞʥʘ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʨʽʟʥʦʤʘʥʽʪʥʽ ʪʝʭʥʦʣʦʛʽʾ ʩʪʠʩʥʝʥʥʷ. 

 
ʈʠʩ. 2. ʉʭʝʤʘ ʰʠʬʨʫʚʘʥʥʷ  
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ʉʭʝʤʘ ʰʠʬʨʫʚʘʥʥʷ ʜʘʥʠʤ ʤʝʪʦʜʦʤ ʧʦʢʘʟʘʥʘ ʥʘ ʨʠʩ. 2 ʪʘ ʚ ʮʽʣʦʤʫ ʧʦʜʽʙʥʘ ʜʦ ʦʧʠʩʘʥʦʾ ʥʘ ʧʨʠʢʣʘʜʽ 

DES: ʩʧʦʯʘʪʢʫ ʤʠ ʦʙʠʨʘʻʤʦ ʜʚʘ ʚʠʧʘʜʢʦʚʠʭ ʯʠʩʣʘ, ʟ ʷʢʠʭ ʧʝʨʰʝ ï ʚ ʜʽʘʧʘʟʦʥʽ , ʜʝ  ï ʢʽʣʴʢʽʩʪʴ 

ʘʣʬʘʚʽʪʽʚ, ʘ ʜʨʫʛʝ ï ʚ ʜʽʘʧʘʟʦʥʽ , ʜʝ ï ʢʽʣʴʢʽʩʪʴ ʽʜʝʥʪʠʬʽʢʘʪʦʨʽʚ, ʚʽʜʧʦʚʽʜʥʠʭ ʜʘʥʦʤʫ ʘʣʬʘʚʽʪʫ. ʇʽʩʣʷ 

ʮʴʦʛʦ ʤʠ ʟʘʤʽʥʷʻʤʦ ʚʭʽʜʥʠʡ ʙʣʦʢ ʜʘʥʠʭ ʥʘ ʚʠʨʘʟ, ʱʦ ʩʢʣʘʜʘʻʪʴʩʷ ʟ ʦʙʨʘʥʦʛʦ ʽʜʝʥʪʠʬʽʢʘʪʦʨʘ ʪʘ ʯʠʩʣʘ, ʱʦ 

ʟʥʘʭʦʜʠʪʴʩʷ ʚ ʦʙʨʘʥʦʤʫ ʘʣʬʘʚʽʪʽ ʥʘ ʧʦʟʠʮʽʾ, ʥʦʤʝʨ ʷʢʦʾ ʚʽʜʧʦʚʽʜʘʻ ʯʠʩʣʫ, ʫʪʚʦʨʝʥʦʛʦ ʟ ʙʣʦʢʘ ʚʭʽʜʥʠʭ ʜʘʥʠʭ. 

ʊʦʙʪʦ, ̫ ʢʱʦ ʤʠ ʰʠʬʨʫʻʤʦ  8-ʙʽʪʥʽ ʙʣʦʢʠ, ̔  ʥʘ ʚʭʦʜʽ, ̫ ʢ ʧʨʠʢʣʘʜ, ʦʪʨʠʤʘʣʠ ʙʣʦʢ ç10001010è, ʱʦ ʫ ʜʝʩʷʪʢʦʚʽʡ 

ʬʦʨʤʽ ʚʽʜʧʦʚʽʜʘʻ ʯʠʩʣʫ 138, ʘ ʚʠʧʘʜʢʦʚʽ ʯʠʩʣʘ ʚʠʧʘʣʠ 2  ̔ 0, ʟʘ ʫʤʦʚʠ, ʱʦ ʚʦʥʠ ʚʽʜʧʦʚʽʜʘʪʠʤʫʪʴ ʤʝʞʘʤ 

ʟʘʟʥʘʯʝʥʠʭ ʜʽʘʧʘʟʦʥʽʚ, ʪʦ ʰʠʬʨʦʚʘʥʠʡ ʚʠʨʘʟ ʜʣʷ ʜʘʥʦʛʦ ʙʣʦʢʫ ʩʢʣʘʜʘʪʠʤʝʪʴʩʷ ʟ 0-ʛʦ ʽʜʝʥʪʠʬʽʢʘʪʦʨʘ 2-ʛʦ 

ʘʣʬʘʚʽʪʫ ʧʝʨʝʩʪʘʥʦʚʦʢ ʪʘ ʯʠʩʣʘ, ʱʦ ʟʥʘʭʦʜʠʪʴʩʷ ʥʘ 138-ʡ ʧʦʟʠʮʽʾ ʫ 2-ʤʫ ʘʣʬʘʚʽʪʽ. ʊʘʢʽ ʧʝʨʝʪʚʦʨʝʥʥʷ 

ʧʦʯʝʨʛʦʚʦ ʧʨʦʚʦʜʷʪʴʩʷ ʜʣʷ ʢʦʞʥʦʛʦ ʙʣʦʢʫ ʜʘʥʠʭ, ʜʦ ʢʽʥʮʷ ʚʽʜʢʨʠʪʦʛʦ ʧʦʚʽʜʦʤʣʝʥʥʷ. 

ɺ ʧʨʠʢʣʘʜʽ ʟ DES ʥʘ ʮʴʦʤʫ ʤʠ ʟʘʢʽʥʯʫʚʘʣʠ, ʧʨʦʪʝ ʚ ʜʘʥʦʤʫ ʚʠʧʘʜʢʫ ʥʝ ʩʣʽʜ ʟʘʣʠʰʘʪʠ ʰʠʬʨʦʚʘʥʝ 

ʧʦʚʽʜʦʤʣʝʥʥʷ ʚ ʪʘʢʦʤʫ ʚʠʛʣʷʜʽ, ʦʩʢʽʣʴʢʠ ʫ ʦʙʽʟʥʘʥʦʛʦ ʢʨʠʧʪʦʘʥʘʣʽʪʠʢʘ, ʧʨʠ ʧʝʨʝʭʦʧʣʝʥʥʽ ʙʫʜʝ ʤʦʞʣʠʚʽʩʪʴ 

ʧʨʦʘʥʘʣʽʟʫʚʘʪʠ ʦʜʥʘʢʦʚʽ ʽʜʝʥʪʠʬʽʢʘʪʦʨʠ ʪʘ ʚʽʜʧʦʚʽʜʥʦ, ʥʘ ʦʩʥʦʚʽ ʚʝʣʠʢʦʾ ʢʽʣʴʢʦʩʪʽ ʧʦʚʽʜʦʤʣʝʥʴ ʩʢʣʘʩʪʠ 

ʜʝʷʢʫ ʢʦʨʝʣʷʮʽʶ. ʑʦʙ ʧʦʟʙʘʚʠʪʠ ʡʦʛʦ ʪʘʢʦʾ ʤʦʞʣʠʚʦʩʪʽ, ʤʠ ʚʠʢʦʨʠʩʪʘʻʤʦ ʜʚʘ ʧʨʠʡʦʤʠ.  

ʇʦ-ʧʝʨʰʝ, ʤʠ ʜʦʜʘʤʦ ʚʘʨʽʘʪʠʚʥʦʩʪʽ ʜʦ ʧʨʠʥʮʠʧʫ ʟʯʝʧʣʝʥʥʷ ʽʜʝʥʪʠʬʽʢʘʪʦʨʘ ʪʘ ʙʣʦʢʫ ʟʘʤʽʥʠ. ʎʝ 

ʜʦʟʚʦʣʠʪʴ ʫʩʢʣʘʜʥʠʪʠ ʨʦʟʧʽʟʥʘʚʘʥʥʷ ʽʜʝʥʪʠʬʽʢʘʪʦʨʽʚ ʪʘ ʫʩʢʣʘʜʥʠʪʴ ʢʨʠʧʪʦʘʥʘʣʽʟ. ʇʨʠʢʣʘʜʠ ʟʯʝʧʣʝʥʴ 

ʝʣʝʤʝʥʪʽʚ ʧʨʦʜʝʤʦʥʩʪʨʦʚʘʥʦ ʥʘ ʨʠʩ. 3. 

ʇʦ-ʜʨʫʛʝ, ʧʽʩʣʷ ʬʦʨʤʫʚʘʥʥʷ ʚʠʭʽʜʥʦʛʦ ʤʘʩʠʚʫ ʙʘʡʪ, ʧʽʩʣʷ ʟʘʚʝʨʰʝʥʥʷ ʟʘʤʽʥ, ʤʠ çʟʤʽʰʘʻʤʦè ʡʦʛʦ ʟʘ 

ʜʦʧʦʤʦʛʦʶ ʘʣʛʦʨʠʪʤʫ ʢʽʥʮʝʚʦʛʦ ʧʝʨʝʪʚʦʨʝʥʥʷ. ʅʘʡʧʨʦʩʪʽʰʠʤ ʚʘʨʽʘʥʪʦʤ ʜʘʥʦʛʦ ʘʣʛʦʨʠʪʤʫ ʤʦʞʝ ʙʫʪʠ 

ʧʦʙʣʦʢʦʚʝ ʜʦʜʘʚʘʥʥʷ ʟʘ ʤʦʜʫʣʝʤ 2, ʚ ʨʝʞʠʤʽ ʟʯʝʧʣʝʥʥʷ ʙʣʦʢʽʚ, ʜʝ ʢʣʶʯ ʪʘ ʧʝʨʰʠʡ ʙʣʦʢ ʜʝʷʢʠʤ ʯʠʥʦʤ 

ʬʦʨʤʫʶʪʴʩʷ ʥʘ ʦʩʥʦʚʽ ʪʘʙʣʠʮʽ. ɼʘʥʠʡ ʘʣʛʦʨʠʪʤ ʤʦʞʝ ʙʫʪʠ ʨʝʘʣʽʟʦʚʘʥʦ ʥʘ ʦʩʥʦʚʽ ʤʝʨʝʞʽ ʌʝʡʩʪʝʣʷ ʟ 

ʥʝʚʝʣʠʢʦʶ ʢʽʣʴʢʽʩʪʶ ʨʘʫʥʜʽʚ, ʥʘ ʦʩʥʦʚʽ ʤʘʪʨʠʯʥʠʭ ʧʝʨʝʩʪʘʥʦʚʦʢ, ʯʠ ʥʘ ʦʩʥʦʚʽ ʙʫʜʴ-ʷʢʦʛʦ ʽʥʰʦʛʦ ʽʩʥʫʶʯʦʛʦ 

ʘʣʛʦʨʠʪʤʫ, ʱʦ ʟʘʙʝʟʧʝʯʫʻ ʥʘʜʽʡʥʝ çʨʦʟʤʠʪʪʷè. 

ʊʘʢʠʤ ʯʠʥʦʤ ʜʘʥʠʡ ʘʣʛʦʨʠʪʤ ʙʫʜʝ ʩʪʽʡʢʠʤ ʜʦ ʘʪʘʢʠ ʛʨʫʙʦʶ ʩʠʣʦʶ, ʦʩʢʽʣʴʢʠ ʧʨʦʩʪʠʤ ʧʝʨʝʙʦʨʦʤ 

ʚʽʜʥʦʚʠʪʠ ʪʘʙʣʠʮʶ ʟʘʤʽʥ ʥʝ ʤʦʞʣʠʚʦ ʟʘ ʧʨʘʢʪʠʯʥʠʡ ʯʘʩ, ʘ ʟʘ ʥʝʦʙʭʽʜʥʦʩʪʽ, ʨʦʟʤʽʨ ʚʭʽʜʥʦʛʦ ʙʣʦʢʘ ʜʘʥʠʭ 

ʤʦʞʥʘ ʜʦʜʘʪʢʦʚʦ ʟʙʽʣʴʰʠʪʠ. ʂʽʣʴʢʽʩʪʴ ʤʦʞʣʠʚʠʭ ʚʘʨʽʘʥʪʽʚ ʧʝʨʝʩʪʘʥʦʚʦʢ ʜʣʷ ʦʜʥʦʛʦ 8-ʙʽʪʥʦʛʦ ʘʣʬʘʚʽʪʫ 

ʩʢʣʘʜʘʻ 256!, ʘ ʟʘ ʫʤʦʚʠ ʱʦ ʘʣʬʘʚʽʪʽʚ ʙʘʛʘʪʦ, ʢʽʣʴʢʽʩʪʴ ʤʦʞʣʠʚʠʭ ʢʦʤʙʽʥʘʮʽʡ ʟʘʙʝʟʧʝʯʫʻ ʥʘʜʽʡʥʽʩʪʴ ʢʣʶʯʘ 

ʥʘʚʽʪʴ ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʨʦʟʚʠʪʢʫ ʪʝʭʥʦʣʦʛʽʡ. 

ʉʣʽʜ ʟʘʫʚʘʞʠʪʠ, ʱʦ ʧʨʠ ʘʙʩʦʣʶʪʥʦ ʚʠʧʘʜʢʦʚʽʡ ʛʝʥʝʨʘʮʽʾ ʢʣʶʯʘ, ʰʠʬʨʦʪʝʢʩ, ʟʚʽʩʥʦ, ʪʘʢʦʞ ʚʠʡʜʝ 

ʚʠʧʘʜʢʦʚʠʡ. ʇʨʠ ʮʴʦʤʫ, ʤʠ ʤʦʞʝʤʦ ʧʽʪʠ ʚʽʜ ʟʚʦʨʦʪʥʴʦʛʦ: ʧʨʠʧʫʩʪʠʤʦ ʱʦ ʚ ʥʘʩ ʚʞʝ ʻ ʰʠʬʨʦʪʝʢʩʪ, ʷʢʠʡ ʤʠ 

ʤʘʻʤʦ ʦʪʨʠʤʘʪʠ. ʄʠ ʤʦʞʝʤʦ ʟʛʝʥʝʨʫʚʘʪʠ ʪʘʢʠʡ ʢʣʶʯ, ʱʦʙ ʧʨʠ ʰʠʬʨʫʚʘʥʥʽ ʢʦʥʢʨʝʪʥʠʤ ʩʧʦʩʦʙʦʤ, ʙʝʟ 

ʚʠʢʠʜʘʥʥʷ ʚʠʧʘʜʢʦʚʠʭ ʯʠʩʝʣ, ʤʠ ʦʪʨʠʤʘʣʠ ʥʝʦʙʭʽʜʥʠʡ ʥʘʤ ʰʠʬʨʦʪʝʢʩʪ. ʇʨʠ ʜʘʥʦʤʫ ʧʽʜʭʦʜʽ ʪʘʢʦʞ 

ʟ'ʷʚʣʷʶʪʴʩʷ ʜʦʜʘʪʢʦʚʽ ʚʠʤʦʛʠ ʜʦ ʘʣʛʦʨʠʪʤʫ ʢʽʥʮʝʚʦʛʦ ʧʝʨʝʪʚʦʨʝʥʥʷ: ʚʽʥ ʧʦʚʠʥʝʥ ʤʘʪʠ ʟʤʦʛʫ ʨʦʟʰʠʬʨʫʚʘʪʠ 

ʙʫʜʴ-ʷʢʠʡ ʚʠʧʘʜʢʦʚʠʡ ʤʘʩʠʚ ʙʘʡʪ. 

  
ʈʠʩ. 3 ʇʨʠʢʣʘʜʠ ʟʯʝʧʣʝʥʥʷ ʽʜʝʥʪʠʬʽʢʘʪʦʨʘ ʪʘ ʙʣʦʢʫ ʟʘʤʽʥʠ 

 

ʅʝʣʽʥʽʡʥʽʩʪʴ ʘʣʛʦʨʠʪʤʫ ʫʩʢʣʘʜʥʠʪʴ ʤʘʰʠʥʥʠʡ ʪʘ ʣʶʜʩʴʢʠʡ ʢʨʠʧʪʦʘʥʘʣʽʟ ʪʘ ʟʘʪʨʫʜʥʠʪʴ ʩʪʘʪʠʩʪʠʯʥʽ 

ʜʦʩʣʽʜʞʝʥʥʷ. 

ɼʘʥʠʡ ʘʣʛʦʨʠʪʤ ʪʘʢʦʞ ʙʫʜʝ ʩʪʽʡʢʠʤ ʥʘ ʜʦ ʘʪʘʢʠ ʥʘ ʦʩʥʦʚʽ ʚʽʜʢʨʠʪʦʛʦ ʪʝʢʩʪʫ, ʦʩʢʽʣʴʢʠ, ʤʘʶʯʠ ʥʘ 

ʨʫʢʘʭ ʚʽʜʧʦʚʽʜʥʝ ʰʠʬʨʦʚʘʥʝ ʧʦʚʽʜʦʤʣʝʥʥʷ, ʢʨʠʧʪʦʘʥʘʣʽʪʠʢ ʤʘʪʠʤʝ ʣʠʰʝ ʦʜʠʥ ʟ ʤʦʞʣʠʚʠʭ ʚʘʨʽʘʥʪʽʚ 

ʰʠʬʨʦʪʝʢʩʪʫ, ʧʨʠ ʮʴʦʤʫ ʢʨʠʧʪʦʘʥʘʣʽʪʠʢ ʥʝ ʤʘʪʠʤʝ ʜʦʩʪʫʧʫ ʜʦ ʚʩʽʭ ʽʥʰʠʭ ʤʦʞʣʠʚʠʭ ʚʘʨʽʘʥʪʽʚ ʰʠʬʨʫʚʘʥʥʷ. 

ɺ ʮʽʣʦʤʫ ʟʘʧʨʦʧʦʥʦʚʘʥʠʡ ʘʣʛʦʨʠʪʤ ʧʨʝʜʩʪʘʚʣʷʻ ʩʦʙʦʶ ʮʽʢʘʚʠʡ ʪʘ ʧʝʨʩʧʝʢʪʠʚʥʠʡ ʤʝʪʦʜ 

ʢʨʠʧʪʦʛʨʘʬʽʯʥʦʛʦ ʟʘʭʠʩʪʫ, ʙʝʟʫʤʦʚʥʦ ʧʦʪʨʝʙʫʶʯʠ ʨʦʟʚʠʪʢʫ ʪʘ ʧʦʜʘʣʴʰʠʭ ʜʦʩʣʽʜʞʝʥʴ. ʆʢʨʽʤ 

ʢʨʠʧʪʦʛʨʘʬʽʯʥʦʛʦ, ʜʘʥʠʡ ʘʣʛʦʨʠʪʤ ʧʨʝʜʩʪʘʚʣʷʻ ʪʘʢʦʞ ʩʪʝʛʘʥʦʛʨʘʬʽʯʥʠʡ ʽʥʪʝʨʝʩ, ʦʩʢʽʣʴʢʠ ʥʝʣʽʥʽʡʥʽʩʪʴ, ʷʢʘ 

ʧʦʨʦʜʞʫʻ ʚʘʨʽʘʪʠʚʥʽʩʪʴ ʰʠʬʨʦʪʝʢʩʪʽʚ, ʜʦʟʚʦʣʷʻ, ʬʘʢʪʠʯʥʦ, ʦʜʠʥ ʽ ʪʦʡ ʞ ʩʘʤʠʡ ʙʘʡʪ ʟʘʰʠʬʨʫʚʘʪʠ 

ʜʝʩʷʪʢʘʤʠ, ʘʙʦ ʥʘʚʽʪʴ ʩʦʪʥʷʤʠ ʢʦʤʙʽʥʘʮʽʡ. ɺʠʭʦʜʷʯʠ ʟ ʮʴʦʛʦ, ʪʝʦʨʝʪʠʯʥʦ, ʤʦʞʣʠʚʦ ʩʪʚʦʨʠʪʠ ʪʘʢʠʡ ʢʣʶʯ, 

ʧʨʠ ʷʢʦʤʫ ʜʝʷʢʠʡ ʢʦʥʬʽʜʝʥʮʽʡʥʠʡ ʪʝʢʩʪ ʚ ʟʘʰʠʬʨʦʚʘʥʦʤʫ ʚʠʛʣʷʜʽ ʧʨʝʜʩʪʘʚʣʷʪʠʤʝ ʽʥʰʠʡ ʦʩʤʠʩʣʝʥʠʡ ʪʝʢʩʪ, 

ʱʦ ʥʝ ʚʠʢʣʠʢʘʪʠʤʝ ʧʽʜʦʟʨ. ɼʘʥʠʡ ʘʩʧʝʢʪ ʪʘʢʦʞ ʧʦʪʨʝʙʫʻ ʜʦʜʘʪʢʦʚʠʭ ʜʦʩʣʽʜʞʝʥʴ. 
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ɺʠʩʥʦʚʢʠ 

ʊʘʢʠʤ ʯʠʥʦʤ, ʘʣʛʦʨʠʪʤʠ ʰʠʬʨʫʚʘʥʥʷ, ʱʦ ʤʘʶʪʴ ʚ ʩʦʙʽ ʝʣʝʤʝʥʪʠ ʥʝʣʽʥʽʡʥʦʩʪʽ, ʚʢʣʶʯʘʶʪʴ 

ʨʽʚʥʦʤʦʞʣʠʚʽ ʚʘʨʽʘʥʪʠ ʚʠʢʦʥʘʥʥʷ, ʩʝʨʝʜ ʷʢʠʭ ʚ ʧʨʦʮʝʩʽ ʚʠʢʦʥʘʥʥʷ ʦʙʠʨʘʻʪʴʩʷ ʦʜʠʥ, ʟʥʘʯʥʦ ʧʽʜʚʠʱʫʶʪʴ 

ʡʦʛʦ ʩʪʽʡʢʽʩʪʴ ʪʘ ʟʘʭʠʱʝʥʥʽʩʪʴ. 

ɿʘʧʨʦʧʦʥʦʚʘʥʠʡ ʘʣʛʦʨʠʪʤ, ʷʢʠʡ ʚ ʧʦʚʥʽʡ ʤʽʨʽ ʚʽʜʧʦʚʽʜʘʻ ʦʧʠʩʘʥʠʤ ʧʨʠʥʮʠʧʘʤ, ʧʨʦʷʚʣʷʻ ʮʽʢʘʚʽ 

ʚʣʘʩʪʠʚʦʩʪʽ, ʘ ʧʨʦʚʝʜʝʥʥʽ ʜʦʩʣʽʜʞʝʥʥʷ ʛʦʚʦʨʷʪʴ ʧʨʦ ʡʦʛʦ ʜʦʩʪʘʪʥʶ ʟʘʭʠʱʝʥʽʩʪʴ ʪʘ ʩʪʽʡʢʽʩʪʴ. 

ɹʝʟʫʤʦʚʥʦ, ʥʘʚʝʜʝʥʽ ʘʣʛʦʨʠʪʤʠ ʧʦʪʨʝʙʫʶʪʴ ʜʦʜʘʪʢʦʚʦʛʦ ʚʠʚʯʝʥʥʷ, ʧʨʦʪʝ ʚʞʝ ʥʘ ʜʘʥʦʤʫ ʝʪʘʧʽ 

ʤʦʞʥʘ ʛʦʚʦʨʠʪʠ ʧʨʦ ʪʝ, ʱʦ ʥʘʚʽʪʴ ʤʦʜʠʬʽʢʘʮʽʷ ʚʞʝ ʽʩʥʫʶʯʠʭ ʘʣʛʦʨʠʪʤʽʚ, ʚʚʝʜʝʥʥʷ ʚ ʥʠʭ ʚʘʨʽʘʪʠʚʥʠʭ 

ʝʣʝʤʝʥʪʽʚ, ʻ ʣʝʛʢʠʤ ʩʧʦʩʦʙʦʤ ʧʽʜʚʠʱʝʥʥʷ ʾʭ ʥʘʜʽʡʥʦʩʪʽ. 

ʆʢʨʽʤ ʟʘʟʥʘʯʝʥʦʛʦ, ʜʘʥʠʡ ʘʣʛʦʨʠʪʤ ʤʦʞʝ ʟʥʘʡʪʠ ʨʦʟʚʠʪʦʢ ʫ ʩʬʝʨʽ ʩʪʝʛʘʥʦʛʨʘʬʽʾ. 
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SOFTWARE QUALITY MANAGEMENT DEVELOPMENT TOOLS  

 
At the present stage of development of software tools in the field of web development, the number of web frameworks (VFK) has 

increased sharply. All of them have a number of advantages and disadvantages, and therefore it is important to choose the right and 
appropriate framework or set for each project, because the right choice depends on the quality, implementation time and reliability of each 
software product being developed. 

Generally speaking, web frameworks have definitely changed and improved their programming capabilities and become an 
integral part of the development process. There is a large amount of information related to VFK, but often this information contains only 
definitions and complex terms that do not give any idea about these tools. That is why the question of justifying the variable choice of 
frameworks and their impact on software quality is an urgent task at the present stage of programming development. 

This article presents the results of research on existing tools and the definition of theoretical aspects of the use of modern 
frameworks for software development, as well as justification of the feasibility and impact of choice variability on the software applications 
quality. The main results of the study are the rationale for the framewÏÒËÓȭ ÃÈÏÉÃÅ ÆÏÒ ÓÏÆÔ×ÁÒÅ ÄÅÖelopment. It should be noted that despite 
the large number of frameworks, the structured analysis was carried out by a rather small number of researchers, which determines the 
scientific novelty of this issue. The practical significance lies in the possibility of using certain frameworks in accordance with the needs of the 
customer and the developer to achieve certain results in software development. 

Keywords. Framework, CSS, software, software product, programming language. 

 

ʇʦʩʪʘʥʦʚʢʘ ʧʨʦʙʣʝʤʠ. 

ʅʘ ʩʫʯʘʩʥʦʤʫ ʝʪʘʧʽ ʨʦʟʚʠʪʢʫ ʟʘʩʦʙʽʚ ʧʨʦʛʨʘʤʫʚʘʥʥʷ ʚ ʛʘʣʫʟʽ ʚʝʙ-ʨʦʟʨʦʙʢʠ ʢʽʣʴʢʽʩʪʴ ʚʝʙ-

ʬʨʝʡʤʚʦʨʢʽʚ (ɺʌʂ) ʨʽʟʢʦ ʟʨʦʩʣʘ. ɺʩʽ ʚʦʥʠ ʚʦʣʦʜʽʶʪʴ ʧʝʚʥʦʶ ʥʠʟʢʦʶ ʧʝʨʝʚʘʛ ʪʘ ʥʝʜʦʣʽʢʽʚ, ʘ ʪʦʤʫ 

ʘʢʪʫʘʣʴʥʠʤ ʻ ʧʠʪʘʥʥʷ ʚʠʙʦʨʫ ʧʨʘʚʠʣʴʥʦʛʦ ʪʘ ʚʽʜʧʦʚʽʜʥʦʛʦ ʬʨʝʡʤʚʦʨʢʫ ʘʙʦ ʾʭ ʥʘʙʦʨʫ ʜʣʷ ʢʦʞʥʦʛʦ 

ʢʦʥʢʨʝʪʥʦʛʦ ʧʨʦʝʢʪʫ, ʘʜʞʝ ʚʽʜ ʧʨʘʚʠʣʴʥʦʛʦ ʚʠʙʦʨʫ ʟʘʣʝʞʠʪʴ ʷʢʽʩʪʴ, ʯʘʩ ʨʝʘʣʽʟʘʮʽʾ ʪʘ ʥʘʜʽʡʥʽʩʪʴ ʢʦʞʥʦʛʦ 

ʨʦʟʨʦʙʣʶʚʘʥʦʛʦ ʧʨʦʛʨʘʤʥʦʛʦ ʧʨʦʜʫʢʪʫ. 

ɺʟʘʛʘʣʽ ʢʘʞʫʯʠ, ʚʝʙ-ʬʨʝʡʤʚʦʨʢʠ ʦʜʥʦʟʥʘʯʥʦ ʟʤʽʥʠʣʠ ʪʘ ʧʦʢʨʘʱʠʣʠ ʩʚʦʻʶ ʧʦʷʚʦʶ ʤʦʞʣʠʚʦʩʪʽ 

ʧʨʦʛʨʘʤʫʚʘʥʥʷ ʽ ʩʪʘʣʠ ʥʝʚʽʜ'ʻʤʥʦʶ ʯʘʩʪʠʥʦʶ ʧʨʦʮʝʩʫ ʨʦʟʨʦʙʢʠ. ɯʩʥʫʻ ʚʝʣʠʢʘ ʢʽʣʴʢʽʩʪʴ ʽʥʬʦʨʤʘʮʽʾ, ʱʦ 

ʩʪʦʩʫʻʪʴʩʷ ɺʌʂ, ʘʣʝ ʯʘʩʪʦ ʮʷ ʽʥʬʦʨʤʘʮʽʷ ʤʽʩʪʠʪʴ ʪʽʣʴʢʠ ʚʠʟʥʘʯʝʥʥ ̫ʪʘ ʩʢʣʘʜʥ ̔ʪʝʨʤʽʥʠ, ʷʢʽ ʥʝ ʜʘʶʪʴ ʥʽʷʢʦʛʦ 

ʫʷʚʣʝʥʥʷ ʧʨʦ ʜʘʥʽ ʟʘʩʦʙʠ. ʉʘʤʝ ʪʦʤʫ ʧʠʪʘʥʥ ̫ ʦʙˇʨʫʥʪʫʚʘʥʥʷ ʚʘʨʽʘʪʠʚʥʦʛʦ ʚʠʙʦʨʫ ʬʨʝʡʤʚʦʨʢʽʚ ʪʘ ʾʭ ʚʧʣʠʚ 

ʥʘ ʷʢʽʩʪʴ ʧʨʦʛʨʘʤʥʦʛʦ ʟʘʙʝʟʧʝʯʝʥʥʷ ʻ ʘʢʪʫʘʣʴʥʠʤ ʟʘʚʜʘʥʥʷʤ ʥʘ ʩʫʯʘʩʥʦʤʫ ʝʪʘʧʽ ʨʦʟʚʠʪʢʫ ʧʨʦʛʨʘʤʫʚʘʥʥʷ. 

ɸʥʘʣʽʟ ʦʩʪʘʥʥʽʭ ʜʦʩʣʽʜʞʝʥʴ ʽ ʧʫʙʣʽʢʘʮʽʡ. 

ʄʝʪʦʜʦʣʦʛʽʯʥʦʶ ʦʩʥʦʚʦʶ ʜʘʥʦʛʦ ʜʦʩʣʽʜʞʝʥʥʷ  ̒ʧʨʘʮʽ ʪʘʢʠʭ ʜʦʩʣʽʜʥʠʢʽʚ ʷʢ Jacek Schae, ʄʘʻʨʪ ʆ.ɼ., 

ʄʘʩʣʷʢ ʊ.ɸ., ʂʦʣʝʩʥʠʢʦʚʘ ʊ.ɸ. ʪʘ ʙʘʛʘʪʦ ʽʥʰʠʭ. ɼʝʷʢʠʤʠ ʟʘʛʘʣʴʥʠʤʠ ʘʩʧʝʢʪʘʤʠ ʚʠʢʦʨʠʩʪʘʥʥʷ ʬʨʝʡʤʚʦʨʢʽʚ 

ʟʘʡʤʘʣʠʩʴ  ʊʘʪʫʨ ʖ.ʃ., ɹʽʣʦʢʦʥʥʘ ʂ.ɺ. ɺʠʢʦʨʠʩʪʘʥʥʷ CSS-ʬʨʝʡʤʚʦʨʢʽʚ ʫ ʩʚʦʾʭ ʨʦʙʦʪʘʭ ʦʧʠʩʫʶʪʴ  ʄʘʩʣʷʢ 

ʊ.ɸ., ʂʦʣʝʩʥʠʢʦʚʘ ʊ.ɸ.ɿʘʛʘʣʦʤ. ʈʘʟʦʤ ʽʟ ʪʠʤ,  ʚ ʪʝʧʝʨʽʰʥʽʡ ʯʘʩ, ʚʠʢʦʥʫʻʪʴʩʷ ʚʝʣʠʢʘ ʢʽʣɹʢ̔ ʩʪʴ ʨʽʟʥʦʤʘʥʽʪʥʠʭ 

ʜʦʩʣʽʜʞʝʥʴ, ʧʨʠʩʚʷʯʝʥʠʭ ʟʘʩʪʦʩʫʚʘʥʥʶ ʪʠʭ ʯʠ ʽʥʰʠʭ ɺʌʂ ʪʘ ʾʭ ʜʦʮʽʣʴʥʦʩʪʽ ʱʦʜʦ  ʨʦʟʨʦʙʢʠ ʧʝʚʥʦʛʦ 

ʧʨʦʛʨʘʤʥʦʛʦ ʧʨʦʜʫʢʪʫ. ʆʜʥʘʢ, ʧʦʪʨʽʙʥʦ ʚʽʜʤʽʪʠʪʠ, ʱʦ ʧʨʦʙʣʝʤʘ ʚʘʨʽʘʪʠʚʥʦʩʪʽ ʚʠʙʦʨʫ ʚʝʙ-ʬʨʝʡʤʚʦʨʢʽʚ ʧʨʠ 

ʩʪʚʦʨʝʥʥʽ ʧʨʦʛʨʘʤʥʠʭ ʧʨʦʜʫʢʪʽʚ ʟʘʡʤʘʻ ʥʝʟʥʘʯʥʝ ʤʽʩʮʝ ʫ ʚʽʪʯʠʟʥʷʥʠʭ ʪʘ ʟʘʨʫʙʽʞʥʠʭ ʨʦʙʦʪʘʭ.  

ʅʝ ʟʚʘʞʘʶʯʠ ʥʘ ʪʝ, ʱʦ ʜʦʩʣʽʜʞʝʥʥʷ ʚ ʛʘʣʫʟʽ ʟʘʩʪʦʩʫʚʘʥʥʷ ʬʨʝʡʤʚʦʨʢʽʚ ʧʦʩʪʽʡʥʦ ʧʨʦʚʦʜʷʪʴʩʷ, 

ʥʘʫʢʦʚʠʭ ʨʦʙʽʪ, ʧʨʠʩʚʷʯʝʥʠʭ ʚʘʨʽʘʪʠʚʥʦʩʪʽ ʚʠʙʦʨʫ ʪʘ ʜʦʮʽʣʴʥʦʩʪʽ ʾʭ ʚʠʢʦʨʠʩʪʘʥʥʷ ʚ ʪʽʡ ʯʠ ʽʥʰʽʡ ʩʬʝʨʽ 

ʨʦʟʨʦʙʢʠ ʪʘ ʚʧʨʦʚʘʜʞʝʥʥʷ ʧʨʦʛʨʘʤʥʦʛʦ ʟʘʙʝʟʧʝʯʝʥʥʷ ʥʝʜʦʩʪʘʪʥʴʦ, ʱʦ ʽ ʦʙʫʤʦʚʠʣʦ ʚʠʷʚʣʝʥʥʷ ʜʦ ʜʘʥʦʛʦ 

ʟʘʚʜʘʥʥʷ ʧʽʜʚʠʱʝʥʦʛʦ ʥʘʫʢʦʚʦʛʦ ʪʘ ʧʨʘʢʪʠʯʥʦʛʦ ʽʥʪʝʨʝʩʫ. 

 

https://medium.freecodecamp.org/a-real-world-comparison-of-front-end-frameworks-with-benchmarks-2018-update-e5760fb4a962
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ʄʝʪʘ ʜʦʩʣʽʜʞʝʥʥʷ. ɺʠʟʥʘʯʝʥʥʷ ʪʝʦʨʝʪʠʯʥʠʭ ʘʩʧʝʢʪʽʚ ʟʘʩʪʦʩʫʚʘʥʥʷ ʩʫʯʘʩʥʠʭ ʬʨʝʡʤʚʦʨʢʽʚ ʜʣʷ 

ʨʦʟʨʦʙʢʠ ʧʨʦʛʨʘʤʥʦʛʦ ʟʘʙʝʟʧʝʯʝʥʥʷ, ʘ ʪʘʢʦʞ ʦʙˇʨʫʥʪʫʚʘʥʥʷ ʜʦʮʽʣʴʥʦʩʪʽ ʪʘ ʚʧʣʠʚʫ ʚʘʨʽʘʪʠʚʥʦʩʪʽ ʚʠʙʦʨʫ ʥʘ 

ʷʢʽʩʪʴ ʨʦʟʨʦʙʣʶʚʘʥʠʭ ʧʨʦʛʨʘʤʥʠʭ ʜʦʜʘʪʢʽʚ. 

ɺʠʢʣʘʜ ʤʘʪʝʨʽʘʣʫ ʜʦʩʣʽʜʞʝʥʥʷ. 

ɿ ʫʨʘʭʫʚʘʥʥʷʤ ʪʦʛʦ, ʱʦ ʚʝʙ-ʬʨʝʡʤʚʦʨʢ  ̒ʽʥʩʪʨʫʤʝʥʪʦʤ ʧʦʣʝʛʰʝʥʥʷ ʥʘʧʠʩʘʥʥʷ ʽ ʟʘʧʫʩʢʫ ʚʝʙ-

ʜʦʜʘʪʢʽʚ, ʨʦʟʨʦʙʥʠʢʫ ʥʝ ʧʦʪʨʽʙʥʦ ʩʘʤʦʩʪʽʡʥʦ ʧʨʦʧʠʩʫʚʘʪʠ ʚʝʣʠʢʫ ʢʽʣʴʢʽʩʪʴ ʢʦʜʫ ʪʘ ʚʠʪʨʘʯʘʪʠ ʯʘʩ ʥʘ ʧʦʰʫʢ 

ʧʦʪʝʥʮʽʡʥʠʭ ʧʨʦʨʘʭʫʥʢʽʚ ʽ ʧʦʤʠʣʦʢ [1,2,3]. ɺ ʩʫʯʘʩʥʠʭ ʫʤʦʚʘʭ ʽʩʥʫʻ ʤʦʞʣʠʚʽʩʪʴ ʚʠʙʨʦʨʫ ʟ ʥʘʷʚʥʠʭ ʤʦʚ ʜʣʷ 

ʚʝʙ-ʧʨʦʛʨʘʤʫʚʘʥʥʷ ʚʽʜʧʦʚʽʜʥʦʛʦ ʬʨʝʡʤʚʦʨʢʫ, ʷʢ ʜʣʷ ʩʪʘʪʠʯʥʠʭ, ʪʘʢ ʽ ʜʣʷ ʜʠʥʘʤʽʯʥʠʭ ʩʪʦʨʽʥʦʢ. ʊʘʢ, ʚ 

ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʧʦʩʪʘʚʣʝʥʦʛʦ ʟʘʚʜʘʥʥʷ, ʥʝʦʙʭʽʜʥʠʤ ʻ ʚʠʙʽʨ ʦʜʥʦʛʦ ɺʌʂ, ʱʦ ʟʜʘʪʥʠʡ ʟʘʜʦʚʽʣʴʥʠʪʠ ʚʩʽ 

ʧʦʪʨʝʙʠ, ʘʙʦ ʧʦʻʜʥʘʥʥʷ ʜʝʢʽʣʴʢʦʭ. 

ʉʣʽʜ ʧʨʠʡʤʘʪʠ ʜʦ ʫʚʘʛʠ, ʱʦ ʫ ɺʌʂ ʻ ʜʚʽ ʦʩʥʦʚʥʽ ʬʫʥʢʮʽʾ: ʨʦʙʦʪʘ ʥʘ ʩʝʨʚʝʨʥʽʡ ʩʪʦʨʦʥʽ (ʙʝʢʝʥʜ)  ̔

ʨʦʙʦʪʘ ʥʘ ʢʣʽʻʥʪʩʴʢʽʡ ʩʪʦʨʦʥʽ (ʬʨʦʥʪʝʥʜ). ʇʨʠ ʮʴʦʤʫ, ʬʨʦʥʪʝʥʜ-ʬʨʝʡʤʚʦʨʢʠ ʧʦʚ'ʷʟʘʥʽ ʽʟ ʟʦʚʥʽʰʥʴʦʶ 

ʯʘʩʪʠʥʦʶ ʧʨʦʛʨʘʤʠ, ʪʦʙʪʦ ʚʽʜʧʦʚʽʜʘʶʪʴ ʟʘ ʽʥʪʝʨʬʝʡʩ, ʘ ʙʝʢʝʥʜ-ʬʨʝʡʤʚʦʨʢʠ ʚʽʜʧʦʚʽʜʘʶʪʴ ʟʘ ʚʥʫʪʨʽʰʥʶ 

ʯʘʪʠʥʫ ʜʦʜʘʪʢʫ, ʪʦʙʪʦ ʣʦʛʽʢʫʜʦʜʘʪʢʫ. 

ʗʢ ʧʦʢʘʟʫʻ ʧʨʘʢʪʠʢʘ, ʩʝʨʚʝʨʥʽ ʚʝʙ-ʬʨʝʡʤʚʦʨʢʠ (ʉɺʌʂ) ʥʝ ʜʘʶʪʴ ʤʦʞʣʠʚʦʩʪʽ ʩʪʚʦʨʝʥʥʷ ʚʝʙ-

ʜʦʜʘʪʢʽʚ ʟ ʥʘʩʠʯʝʥʠʤ ʽʥʪʝʨʬʝʡʩʦʤ. ɺʦʥʠ ʦʙʤʝʞʝʥʽ ʚ ʩʚʦʾʡ ʬʫʥʢʮʽʦʥʘʣʴʥʦʩʪʽ, ʦʜʥʘʢ ʟʘʙʝʟʧʝʯʫʶʪʴ ʩʪʚʦʨʝʥʥʷ 

ʧʨʦʩʪʠʭ ʩʪʦʨʽʥʦʢ ʽ ʨʽʟʥʠʭ ʬʦʨʤ. ʊʘʢʦʞ, ʉɺʌʂ ʟʜʘʪʥʽ ʟʘʙʝʟʧʝʯʠʪʠ ʬʦʨʤʫʚʘʥ ̫ʚʠʭʽʜʥʠʭ ʜʘʥʠʭ  ̔ʚʽʜʧʦʚʽʜʘʪʠ 

ʟʘ ʙʝʟʧʝʢʫ ʚ ʨʘʟʽ ʘʪʘʢ. ɺʩʝ ʮʝ, ʙʝʟʫʤʦʚʥʦ, ʤʦʞʝ ʩʧʨʦʩʪʠʪʠ ʧʨʦʮʝʩ ʨʦʟʨʦʙʢʠ. ʉʝʨʚʝʨʥʽ ʬʨʝʡʤʚʦʨʢʠ, ʚ 

ʦʩʥʦʚʥʦʤʫ, ʚʽʜʧʦʚʽʜʘʶʪʴ ʟʘ ʦʢʨʝʤʽ, ʘʣʝ ʢʨʠʪʠʯʥʦ ʚʘʞʣʠʚʽ ʯʘʩʪʠʥʠ ʧʨʦʛʨʘʤʠ, ʙʝʟ ʷʢʠʭ ʥʝʤʦʞʣʠʚʝ ʩʪʘʣʝ 

ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ. ʅʘʡʙʽʣʴʰ ʧʦʰʠʨʝʥʠʤʠ ʬʨʝʡʤʚʦʨʢʘʤʠ ʪʘʢʦʛʦ ʪʠʧʫ ʽ ʤʦʚʠ ʧʨʦʛʨʘʤʫʚʘʥʥʷ, ʟ ʷʢʠʤʠ ʚʦʥʠ 

ʧʨʘʮʶʶʪʴ, ʩʣʽʜ ʚʠʜʽʣʠʪʠ ʥʘʩʪʫʧʥʽ: 

- Django ï Python; 

- Zend ï PHP; 

- Express.js ï JavaScript; 

- Ruby on Rails ï Ruby. 
ʅʘ ʚʽʜʤʽʥʫ ʚʽʜ ʩʝʨʚʝʨʥʠʭ, ʢʣʽʻʥʪʩʴʢʽ ʚʝʙ-ʬʨʝʡʤʚʦʨʢʠ (ʂɺʌʂ) ʥʽʷʢ ʥʝ ʧʦʚ'ʷʟʘʥʽ ʟ ʣʦʛʽʢʦʶ ʧʨʦʛʨʘʤʠ. 

ʎʝʡ ʪʠʧ ʬʨʝʡʤʚʦʨʢʽʚ ʧʨʘʮʶʻ ʚ ʙʨʘʫʟʝʨʽ. ɿ ʾʭ ʜʦʧʦʤʦʛʦʶ ʤʦʞʥʘ ʧʦʣʽʧʰʠʪʠ ʽ ʚʧʨʦʚʘʜʠʪʠ ʥʦʚʽ 

ʢʦʨʠʩʪʫʚʘʣʴʥʠʮʴʢʽ ʽʥʪʝʨʬʝʡʩʠ. ʌʨʦʥʪʝʥʜ-ʬʨʝʡʤʚʦʨʢʠ ʜʦʟʚʦʣʷʶʪʴ ʩʪʚʦʨʶʚʘʪʠ ʨʽʟʥʽ ʘʥʽʤʘʮʽʾ ʽ 

ʦʜʥʦʩʪʦʨʽʥʢʦʚʽ ʜʦʜʘʪʢʠ. ɺʩʽ ʢʣʽʻʥʪʩʴʢʽ ʬʨʝʡʤʚʦʨʢʠ ʚʽʜʨʽʟʥʷʶʪʴʩʷ ʧʦ ʬʫʥʢʮʽʦʥʘʣʥɹʦʩʪʽ ʽ ʚʠʢʦʨʠʩʪʘʥʥʶ. 

ʅʘʡʙʽʣʴʰ ʧʦʰʠʨʝʥʠʤʠ ʬʨʝʡʤʚʦʨʢʘʤʠ ʪʘʢʦʛʦ ʪʠʧʫ ʩʣʽʜ ʚʠʜʽʣʠʪʠ ʥʘʩʪʫʧʥʽ: 

- Backbone+Marionette; 

- Angular; 

- Ember.js; 

- Vue.js. 

ɺʩʽ ʮʽ ʬʨʝʡʤʚʦʨʢʠ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʤʦʚʫ ʧʨʦʛʨʘʤʫʚʘʥʥʷ - JavaScript. 

ʈʘʟʦʤ ʟ ʪʠʧʘʤʠ ʬʨʝʡʤʚʦʨʢʽʚ, ʱʦ ʧʨʠʚʝʜʝʥʽ ʚʠʱʝ, ʥʘʙʫʣʠ ʰʠʨʦʢʦʛʦ ʚʠʢʦʨʠʩʪʘʥʥʷ ʜʣʷ ʚʠʨʽʰʝʥʥʷ 

ʦʢʨʝʤʠʭ ʟʘʚʜʘʥʴ ʧʨʦʛʨʘʤʫʚʘʥʥʷ ʡ ʙʘʛʘʪʦʬʫʥʢʮʽʦʥʘʣʴʥʽ ʬʨʝʡʤʚʦʨʢʠ. Meteor ʚʽʜʦʤʠʡ ʷʢ ʬʫʣ-ʩʪʝʢ ʚʝʙ-

ʬʨʝʡʤʚʦʨʢ. ʎʝ ʦʟʥʘʯʘʻ, ʱʦ ʚʽʥ ʟʜʘʪʥʠʡ ʟʘʜʦʚʣ̔ʴʥʠʪʠ ʤʘʡʞʝ ʚʩʽ ʧʦʪʨʝʙʠ ʷʢ ʟ ʙʦʢʫ ʢʣʽʻʥʪʘ, ʪʘʢ ʽ ʟ ʙʦʢʫ 

ʩʝʨʚʝʨʘ, ʱʦ ʨʦʙʠʪʴ Meteor ʥʘʜʟʚʠʯʘʡʥʦ ʧʦʧʫʣʷʨʥʠʤ. ʁʦʛʦ ʚʠʢʦʨʠʩʪʘʥʥʷ ʟʘʙʝʟʧʝʯʫʻ ʟʘʦʱʘʜʞʝʥʥʷ ʯʘʩʫ, 

ʥʘʧʨʠʢʣʘʜ, ʥʘ ʥʘʣʘʛʦʜʞʝʥʥʷ ʚʟʘʻʤʦʜʽʽ ʤʽʞ ʜʚʦʤʘ ɺʌʂ ʯʝʨʝʟ RESTAPI. ɺʠʢʦʨʠʩʪʘʥʥʷ, ʧʨʠ ʮʴʦʤʫ,  ɺʌʂ 

Meteor ʟʘʙʝʟʧʝʯʠʪʴ ʚʠʢʦʥʘʥʥʷ ʚʽʜʧʦʚʽʜʥʠʭ ʧʨʦʮʝʜʫʨ ʽ ʧʨʠʩʢʦʨʠʪ ɹ ʧʨʦʮʝʩ ʨʦʟʨʦʙʢʠ. ʆʩʢ̔ʣɹ ʢʠ ʦʙʠʜʚʽ 

ʩʪʦʨʦʥʠ ð ʩʝʨʚʝʨʥʘ ʪʘ ʢʣʽʻʥʪʩʴʢʘ ð ʧʨʘʮʶʶʪʴ ʥʘ ʦʜʥʽʡ ʤʦʚʽ, ʪʦ ʽʩʥʫʻ ʤʦʞʣʠʚʽʩʪʴ ʩʪʚʦʨʝʥʥʷ ʽ 

ʚʠʢʦʨʠʩʪʘʥʥʷ ʜʣʷ ʥʠʭ ʦʜʥʦʛʦ ʢʦʜʫ. ʆʜʥʘ ʟ ʦʩʦʙʣʠʚʦʩʪʝʡ ʜʘʥʦʛʦ ɺʌʂ ð çʨʝʞʠʤ ʨʝʘʣʴʥʦʛʦ ʯʘʩʫè ð 

ʚʥʝʩʝʥʥʷ ʟʤʽʥ ʚ ʦʜʥʦʤʫ ʽʥʪʝʨʬʝʡʩʽ, ʦʙʫʤʦʚʣʶʻ ʟʤʽʥʠ ʽ ʚ ʽʥʰʠʭ. ʅʘʧʨʠʢʣʘʜ, ʧʨʠ ʜʦʜʘʚʘʥʥʽ ʢʦʤʝʥʪʘʨʽʚ ʘʙʦ 

ʟʤʽʥʽ ʟʤʽʩʪʫ ʜʦʢʫʤʝʥʪʫ ʘʙʦ ʪʘʙʣʠʮʽ ʽʟ ʟʘʛʘʣʴʥʠʤ ʜʦʩʪʫʧʦʤ, ʽʥʰʽ ʢʦʨʠʩʪʫʚʘʯʽ ʮʝ ʪʘʢʦʞ ʙʫʜʫʪʴ ʙʘʯʠʪʠ. 

ʆʢʨʝʤʫ ʫʚʘʛʫ ʩʣʽʜ ʧʨʠʜʽʣʠʪʠ ʡ  ʨʦʟʤʽʨʘʤ (ʤʘʩʰʪʘʙʘʤ) ʬʨʝʡʤʚʦʨʢʽʚ. ʈʦʟʨʽʟʥʷʶʪʴ ɺʌʂ, ʱʦ ʟʜʘʪʥʽ 

ʟʘʙʝʟʧʝʯʠʪʠ ʨʽʰʝʥʥʷ ʜʣʷ ʚʩʽʭ ʟʘʚʜʘʥʴ, ʽ ʙʽʣʴʰ ʣʝʛʢʽ ʚʘʨʽʘʥʪʠ, ʷʢʽ ʩʧʝʮʽʘʣʽʟʫʶʪʴʩʷ ʥʘ ʚʠʨʽʰʝʥʥʽ ʢʦʥʢʨʝʪʥʠʭ 

ʟʘʚʜʘʥʴ ð ʪʘʢʽ ʬʨʝʡʤʚʦʨʢʠ ʥʘʟʠʚʘʶʪʴʩʷ ʤʽʢʨʦʬʨʝʡʤʚʦʨʢʘʤʠ. ʆʩʪʘʥʥʽ ʥʝ ʟʜʘʪʥʽ ʟʘʙʝʟʧʝʯʠʪʠ ʚʠʨʽʰʝʥʥʷ ʚʩ̔ ʭ 

ʟʘʚʜʘʥʴ, ʧʨʦʪʝ ʽʥʦʜʽ ʢʨʘʱʝ ʨʦʟʢʣʘʩʪʠ ʬʫʥʢʮʽʦʥʘʣʴʥʽʩʪʴ ʥʘ ʢʽʣʴʢʘ ʧʽʜʭʦʜʽʚ (ʬʨʝʡʤʚʦʨʢʠ, ʤʽʢʨʦʬʨʝʡʤʚʦʨʢʠ, 

ʙʽʙʣʽʦʪʝʢʠ). ʇʨʠ ʮʴʦʤʫ, ʩʣʽʜ ʟʘʫʚʘʞʠʪʠ, ʱʦ ʨʦʟʰʠʨʝʥʥʷ ʬʫʥʢʮʽʦʥʘʣʴʥʦʩʪ̔ ʤʽʢʨʦʬʨʝʡʤʚʦʨʢʽʚ ʤʦʞʣʠʚʝ ʟʘ 

ʜʦʧʦʤʦʛʦʶ ʩʪʦʨʦʥʥʽʭ ʜʦʜʘʪʢʽʚ ʽ ʩʪʚʦʨʝʥʥʷʤ ʥʝʚʝʣʠʢʠʭ ʧʨʦʝʢʪʽʚ ʥʘ ʾʭ ʦʩʥʦʚʽ, ʘʙʦ ʰʣʷʭʦʤ ʧʦʻʜʥʘʥʥʷ 

ʤʽʢʨʦʬʨʝʡʤʚʦʨʢʫ ʟ ʦʩʥʦʚʥʠʤ çʚʝʣʠʢʠʤè ʬʨʝʡʤʚʦʨʢʦʤ. 

ʅʘʧʨʠʢʣʘʜ, ʷʢʱʦ ʜʦʜʘʪʦʢ ʟʘʩʥʦʚʘʥʠʡ ʥʘ ɺʌʂ Django ʽ ʧʦʪʨʽʙʥʽ ʚʝʙ-ʩʦʢʝʪʠ, ʪʦ ʻ ʜʦʮʽʣʴʥʠʤ 

ʚʠʢʦʨʠʩʪʘʥʥʷ ʤʽʢʨʦʬʨʝʡʤʚʦʨʢʫ aiohttp. ɸʙʦ, ʷʢʱʦ ʜʦʜʘʪʦʢ ʥʝ ʜʫʞʝ ʚʝʣʠʢʠʡ ʽ ʧʦʪʨʽʙʥʘ ʣʠʰʝ ʧʨʦʩʪʘ 

ʤʘʨʰʨʫʪʠʟʘʮʽʷ URL ʽ ʰʘʙʣʦʥʠ ʟ ʥʝʩʢʣʘʜʥʠʤ ʢʦʥʪʝʢʩʪʦʤ, ʪʦ ʤʦʞʣʠʚʝ ʚʠʢʦʨʠʩʪʘʥʥʷ ɺʌʂ Flask ʟʘʤʽʩʪʴ 

Django. 

ʅʝʟʚʘʞʘʶʯʠ ʥʘ ʪʝ, ʱʦ ʽʩʥʫʶʯʽ ɺʌʂ ʚʽʜʨʽʟʥʷʶʪʴʩʷ ʦʜʠʥ ʚʽʜ ʦʜʥʦʛʦ, ʽʾʭ ʚʠʙ̔ʨ ʤʦʞʝ ʙʫʪʠ ʩʢʣʘʜʥʠʤ 

ʟʘʚʜʘʥʷʤ, ʪʦʤʫ, ʩʣʽʜ ʥʘʚʝʩʪʠ ʢʽʣʴʢʘ ʦʟʥʘʢ, ʷʢʽ ʻ ʟʘʛʘʣʴʥʠʤʠ ʜʣʷ ʥʠʭ ʫʩʽʭ. ʎʝ ʘʨʭʽʪʝʢʪʫʨʘ ʽ ʦʩʦʙʣʠʚʦʩʪʽ, ʷʢʽ 

ʚʘʞʣʠʚ̔ ʪʘʢ, ʷʢ ʽ ʬʫʥʢʮʽʾ. 

ɸʨʭʽʪʝʢʪʫʨʘ ʚʩʽʭ ɺʌʂ ʟʘʩʥʦʚʘʥʘ ʥʘ ʜʝʢʦʤʧʦʟʠʮʽʾ ʜʝʢʽʣʴʢʦʭ ʦʢʨʝʤʠʭ ʧʨʦʰʘʨʢʽʚ (ʜʦʜʘʪʢʠ, ʤʦʜʫʣʽ ʽ 

ʽʥ.h), ʱʦ ʦʟʥʘʯʘʻ, ʤʦʞʣʠʚʽʩʪʴ ʨʦʟʰʠʨʝʥʥʷ ʬʫʥʢʮʽʦʥʘʣʴʥʦʩʪ̔ ʚ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʧʦʪʨʝʙ ʽ ʚʠʢʦʨʠʩʪʘʥʥʷ 

ʟʤʽʥʝʥʦ ʾʚʝʨʩʽ ʾʨʘʟʦʤ ʟ ʢʦʜʦʤ ɺʌʂ ʘʙʦ ʚʠʢʦʨʠʩʪʘʥʥʷ ʩʪʦʨʦʥʥʽʭ ʜʦʜʘʪʢʽʚ. ʊʘʢʘ ʛʥʫʯʢʩ̔ʪʴ ʚʚʘʞʘʻʪʴʩʷ ʱʝ 

ʦʜʥʽʻʶ ʢʣʶʯʦʚʦʶ ʧʝʨʝʚʘʛʦʶ ʬʨʝʡʤʚʦʨʢʽʚ. ɯʩʥʫʻ ʙʝʟʣʽʯ ʜʦʜʘʪʢʽʚ ʟ ʚʽʜʢʨʠʪʠʤ ʚʠʭʽʜʥʠʤ ʢʦʜʦʤ (open source), 
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ʩʧʽʣʴʥʦʪ ʽ ʢʦʤʝʨʮʽʡʥʠʭ ʦʨʛʘʥʽʟʘʮʽʡ, ʷʢʽ ʩʪʚʦʨʶʶʪʴ ʧʨʦʛʨʘʤʠ ʘʙʦ ʾʭ ʨʦʟʰʠʨʶʶʪʴ ʜʣʷ ʧʦʧʫʣʷʨʥʠʭ 

ʬʨʝʡʤʚʦʨʢʽʚ, ʥʘʧʨʠʢʣʘʜ, Django REST Framework, ng-bootstrap ʽ ̔ʥʰ. 

ʊʘʢʠʤ ʯʠʥʦʤ, ʟʤʽʩʪ ʢʦʞʥʦʛʦ ʚʝʙ-ʬʨʝʡʤʚʦʨʢʘ ʬʦʨʤʫʻʪʴʩʷ ʪʨʦʤʘ ʩʢʣʘʜʦʚʠʤʠ: ʤʦʜʝʣʴ, 

ʧʨʝʜʩʪʘʚʣʝʥʥʷ, ʢʦʥʪʨʦʣʝʨ (model, view,controller), ʩʢʦʨʦʯʝʥʦ MVC, ʱʦ ʧʦʜʘʥʦ ʥʘ ʨʠʩ. 1. 

 

 
ʈʠʩ. 1. ɿʤʽʩʪ ʚʝʙ-ʬʨʝʡʤʚʦʨʢʘ. 

 

ʄʦʜʝʣʴ ʤʽʩʪʠʪʴ ʚʩʽ ʜʘʥʽ ʽ ʨʽʚʥʽ ʙʽʟʥʝʩ-ʣʦʛʽʢʠ, ʾʾ ʧʨʘʚʠʣʘ ʽ ʬʫʥʢʮʽʾ. 

ʇʨʝʜʩʪʘʚʣʝʥʥʷ ʚʽʜʧʦʚʽʜʘʻ ʟʘ ʚʽʟʫʘʣʴʥʝ ʚʽʜʦʙʨʘʞʝʥʥʷ ʜʘʥʠʭ, ʥʘʧʨʠʢʣʘʜ, ʜʽʘʛʨʘʤʠ, ʛʨʘʬʽʢʠ ʽ ʪ. ʜ. 

ʂʦʥʪʨʦʣʝʨ ʧʨʦʩʪʦ ʪʨʘʥʩʬʦʨʤʫʻ ʜʘʥʽ ʜʣʷ ʢʦʤʘʥʜ ʧʦʧʝʨʝʜʥʽʭ ʜʚʦʭ ʩʢʣʘʜʦʚʠʭ. 

ɺʦʥʠ ʥʝʚʽʜʜʽʣʥɹ̔  ʦʜʠʥ ʚʽʜ ʦʜʥʦʛʦ, ʪʦʤʫ ʚʘʞʣʠʚʦ ʷʢ ʩʣʽʜ ʫ ʚʩʴʦʤʫ ʨʦʟʽʙʨʘʪʠʩʷ, ʱʦʙ ʫʥʠʢʥʫʪʠ 

ʧʦʤʠʣʦʢ ʧʽʜ ʯʘʩ ʨʦʙʦʪʠ ʧʨʦʛʨʘʤʠ. 

ɺʘʞʣʠʚʦʛʦ ʟʥʘʯʝʥʥʷ ʥʘʙʫʚʘʶʪʴ ʦʩʦʙʣʠʚʦʩʪʽ ʬʨʝʡʤʚʦʨʢʽʚ, ʦʩʥʦʚʥʽ ʟ ʥʠʭ ʧʦʜʘʥʽ ʥʘ ʨʠʩ.2, ʷʢʽ ʨʦʙʣʷʪʴ 

ʾʭ ʙʘʛʘʪʦʬʫʥʢʮʽʦʥʘʣʴʥʠʤʠ ʽ ʟʨʫʯʥʠʤʠ ʥʘ ʧʨʘʢʪʠʮʽ. 

 

 
ʈʠʩ. 2. ʆʩʦʙʣʠʚʦʩʪʽ ʚʝʙ-ʬʨʝʡʤʚʦʨʢʽʚ. 

 

ɺʝʙ-ʢʝhʫʚʘʥʥʷ ʟʘʙʝʟʧʝʯʫʻ ʟʙʝʨʝʞʝʥʥʷ ʨʽʟʥʠʭ ʜʦʢʫʤʝʥʪʽʚ ̔ ʜʦʟʚʦʣʷʻ ʫʥʠʢʥʫʪʠ ʧʝʨʝʚʘʥʪʘʞʝʥʥʷ 

ʩʝʨʚʝʨʘ. ʊʦʤʫ ʥʘʷʚʥʘ ʤʦʞʣʠʚʽʩʪʴ ʡʦʛʦ ʚʠʢʦʨʠʩʪʘʥʥʷ ʚ ʨʽʟʥʠʭ ʩʠʩʪʝʤʘʭ ʟʘ ʧʝʚʥʠʭ ʫʤʦʚ. ʊʘʢʦʞ ʚʝʙ-

ʢʝʰʫʚʘʥʥʷ ʧʨʘʮʶʻ ʥʘ ʩʝʨʚʝʨʥʽʡ ʩʪʦʨʦʥʽ. ʅʘʧʨʠʢʣʘʜ, ʽʩʥʫʶʪʴ ʢʝʰʦʚʘʥʽ ʚʝʙ-ʩʪʦʨʽʥʢʠ ʥʘ ʩʪʦʨʽʥʮʽ ʧʦʰʫʢʦʚʦʾ 

ʚʠʜʘʯʽ Google. 

ʉʢʘʬʦʣʜʠʥʛ ï ʮʝ ʱʝ ʦʜʥʘ ʪʝʭʥʦʣʦʛʽʷ, ʱʦ ʧʦʣʷʛʘʻ ʚ ʘʚʪʦʤʘʪʠʯʥʦʤʫ ʛʝʥʝʨʫʚʘʥʥʽ ʪʠʧʦʚʠʭ ʯʘʩʪʠʥ 

ʧʨʦʛʨʘʤʠ ʘʙʦ ʩʪʨʫʢʫʪʨʠ ʧʨʦʝʢʪʫ. ʎʝ ʜʦʟʚʦʣʷʻ ʽʩʪʦʪʥʦ ʟʙʽʣʴʰʠʪʠ ʰʚʠʜʢʽʩʪʴ ʨʦʟʨʦʙʢʠ  ̔ʩʪʘʥʜʘʨʪʠʟʫʻ ʢʦʜʦʚʫ 

ʙʘʟʫ. 

ʉʠʩʪʝʤʘ ʚʝʙ-ʰʘʙʣʦʥʽʚ ʷʚʣʷʻ ʩʦʙʦʶ ʥʘʙʽʨ ʨʽʟʥʠʭ ʤʝʪʦʜʦʣʦʛʽʡ ʽ ʧʨʦʛʨʘʤʥʦʛʦ ʟʘʙʝʟʧʝʯʝʥʥʷ, 

ʨʝʘʣʽʟʦʚʘʥʠʭ ʜʣʷ ʩʪʚʦʨʝʥʥʷ ʽ ʨʦʟʛʦʨʪʘʥʥʷ ʚʝʙ-ʩʪʦʨʽʥʦʢ. ɼʣʷ ʦʙʨʦʙʢʠ ʚʝʙ-ʰʘʙʣʦʥʽʚ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ 

ʰʘʙʣʦʥʽʟʘʪʦʨʠ, ʱʦ ʚʚʘʞʘʶʪʴʩʷ ʽʥʩʪʨʫʤʝʥʪʦʤ ʬʨʝʡʤʚʦʨʢʫ, ʷʢʠʡ ʚʽʜʧʦʚʽʜʘʻ ʟʘ ʚʝʙ-ʧʫʙʣʽʢʘʮʽʶ. 
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ɿʽʩʪʘʚʣʝʥʥʷ URL ï ʮʝ ʬʫʥʢʮʽʷ ʬʨʝʡʤʚʦʨʢʽʚ, ʱʦ ʩʧʨʠʷʻ ʩʧʨʦʱʝʥʥʶ ʜʦʩʪʫʧʫ ʜʦ ʩʪʦʨʽʥʦʢ ʚʝʙ ï ʩʘʡʪʫ, 

ʽʥʜʝʢʩʘʮʽʾʡʦʛʦ ʧʦʰʫʢʦʚʠʤʠ ʨʫʰʠʷʤʠ, ʩʪʚʦʨʶʶʯʠ ʧʨʠʚʘʙʣʠʚʫ ʥʘʟʚʫ.  

ɺʝʣʠʢʘ ʢʽʣʴʢʽʩʪʴ ʪʠʧʽʚ ʚʝʙ-ʜʦʜʘʪʢʽʚ ʧʽʜʪʨʠʤʫʶʪʴʩʷ ʚʝʙ-ʬʨʝʡʤʚʦʨʢʘʤʠ, ʱʦ ʟʘʩʪʦʩʦʚʫʶʪʴʩ,̫ ʚ 

ʦʩʥʦʚʥʦʤʫ, ʜʣʷ ʩʪʚʦʨʝʥʥʷ ʪʘʢʠʭ ʜʦʜʘʪʢʽʚ, ʷʢ ʙʣʦʛʠ, ʬʦʨʫʤʠ, CMS ʽ ̔ʥʰ. 

ʅʘʚʝʜʝʥʘ ʽʥʬʦʨʤʘʮʽʷ ʱʦʜʦ ʬʫʥʢʮʽʦʥʘʣʴʥʦʩʪ̔ ʚʣʘʩʪʠʚʘ ʚʩʽʤ ɺʌʂ. ʈʘʟʦʤ ʽʟ ʪʠʤ, ʰʠʨʦʢʠʡ 

ʘʩʦʨʪʠʤʝʥʪ ʬʨʝʡʤʚʦʨʢʽʚ, ʷʢ ʧʨʘʚʠʣʦ, ʫʩʢʣʘʜʥʶʻ ʾʭ ʚʠʙʽʨ.ʊʦʤʫ, ʜʣʷ ʧʦʣʝʛʝhʥʥʷ ʨʦʟʨʦʙʢʠ ʚʘʨʪʦ 

ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʢʨʠʪʝʨʽʾ, ʱʦ ʦʙʫʤʦʚʣʶʶʪʴ ʢʨʘʱʠʡ ʽʥʩʪʨʫʤʝʥʪ. ʅʘʧʨʠʢʣʘʜ, ɺʌʂ Angularʥʘ ʤʦʚʽ 

ʧʨʦʛʨʘʤʫʚʘʥʥʷ JavaScriptï ʮʝ ʬʨʝʡʤʚʦʨʢ ʚʽʜ Google, ʨʦʟʨʦʙʣʝʥʠʡ ʩʧʝʮʽʘʣʴʥʦ ʜʣʷ ʩʪʚʦʨʝʥʥʷ ʜʠʥʘʤʽʯʥʠʭ 

ʚʝʙ-ʜʦʜʘʪʢʽʚ, ʚ ʪʦʯʫ ʯʠʩʣʽ ʽʥʪʝʨʬʝʡʩʥʠʭ ʜʦʜʘʪʢ̔ ʚ ʙʝʟ ʥʝʦʙʭʽʜʥʦʩʪʽ ʟʘʩʪʦʩʦʚʫʚʘʥʥʷ ʥ̔ ʠhʭ ʧʣʘʛʽʥʽʚ ʘʙʦ 

ʬʨʝʡʤʚʦʨʢʽʚ. ʁʦʛʦ ʩʪʨʫʢʪʫʨʘ ʫʪʨʠʤʫʻʥʠʟʢʫ ʮʽʢʘʚʠʭ ʬʫʥʢʮʽʡ. ɿʦʢʨʝʤʘ, ʚʠʢʦʨʠʩʪʦʚʫʶʯʠ ʰʘʙʣʦʥʠ, 

ʚʽʜʢʨʠʚʘʻʪʴʩʷ ʤʦʞʣʠʚʽʩʪʴ ʚʽʜʦʙʨʘʞʝʥʥʷ ʽʥʬʦʨʤʘʮʽ ʾ ʟ ʤʦʜʝʣʽ ʽ ʢʦʥʪʨʦʣʝʨʘ. ʇʨʠ ʮʴʦʤʫ, ɺʌʂ Angular 

ʧʽʜʪʨʠʤʫʻ ʘʨʭʪ̔ʝʢʪʫʨʫ MVC, ʱʦ ʚʽʜʢʨʠʚʘʻ ʤʦʞʣʠʚʽʩʪʴ ʨʦʟʜʽʣʝʥʥʷ ʜʦʜʘʪʢʫ ʥʘ MVC ʢʦʤʧʦʥʝʥʪʠ. ʇʨʠ ʮʴʦʤʫ, 

ʚʩʝ ʽʥʰʝ ʫʧʨʘʚʣʷʻʪʩɹʷ ʟʘʩʦʙʘʤʠ ʬʨʝʡʤʚʦʨʢʘ. 

ɺʩʽ ʮʽ ʬʫʥʢʮʽʾ ʻ ʯʘʩʪʠʥʦʶ ʧʣʘʪʬʦʨʤʠ, ʷʢʘ ʩʧʨʠʷʻ ʨʦʟʨʦʙʮʽ ʝʬʝʢʪʠʚʥʦʛʦ ʚʝʙ-ʩʘʡʪʫ. ʆʩʴ ʣʠʰʝ ʜʝʷʢʽ 

ʧʨʠʢʣʘʜʠ ʤʘʡʜʘʥʯʠʢʽʚ, ʨʦʟʨʦʙʣʝʥʠʭ ʟʘ ʜʦʧʦʤʦʛʦʶ ʮʴʦʛʦ ʬʨʝʡʤʚʦʨʢʘ: Netflix, Freelancer.com, GoodFIlms ʽ 

ʽʥʰ. 

ʌʨʝʡʤʚʦʨʢ RubyonRails ʩʪʚʦʨʝʥʠʡ ʤʦʚʦʶ ʧʨʦʛʨʘʤʫʚʘʥʥʷ Ruby. ʆʜʥʽʻʶ ʟ ʡʦʛʦ ʧʝʨʝʚʘʛ ʚʚʘʞʘʻʪʴʩʷ 

ʜʦʢʦʨʽʥʥʝ ʩʧʨʦʱʝʥʥʷ ʽ ʧʨʠʩʢʦʨʝʥʥʷ ʨʦʟʨʦʙʢʠ ʚʝʙ-ʜʦʜʘʪʢʽʚ ʟʘ ʨʘʭʫʥʦʢ ʧʦʚʪʦʨʥʦʛʦ ʚʠʢʦʨʠʩʪʘʥʥ ̫ʢʦʜʫ. ʊʘʢʠʡ 

ʧʽʜʭʽʜ ʜʦʟʚʦʣʷʻ ʜʦʜʘʚʘʪʠ ʜʝʷʢʽ ʜʦʜʘʪʢʦʚʽ ʬʫʥʢʮʽʾ. ʉʝʨʝʜ ʧʦʧʫʣʷʨʥʠʭ ʚʝʙ-ʩʘʡʪʽʚ, ʥʘʧʠʩʘʥʠʭ ʥʘ Ruby on Rails, 

ʤʦʞʥʘ ʚʠʜʽʣʠʪʠ Basecamp, Ask.fm, GitHub, 500px̔  ̔ʥʰ. ɸʣʝ, ʦʩʥʦʚʥʦʶ ʧʝʨʝʚʘʛʦʶ ʮʴʦʛʦ ʬʨʝʡʤʚʦʨʢʫ ʩʣʽʜ 

ʚʚʘʞʘʪʠ ʰʚʠʜʢʫ ʨʦʟʨʦʙʢʫ ʟ ʤʝʥʰʦʶ ʢʽʣʢɹ̔ ʩʪʶ ʥʘʧʠʩʘʥʦʛʦ ʢʦʜʫ ʪʘ ʧʦʤʠʣʦʢ. ɼʦ ʥ̔ ʠhʭ ʡʦʛʦ ʧʝʨʝʚʘʛ 

ʜʦʮʽʣʴʥʦ ʚʽʜʥʝʩʪʠ ʛʥʫʯʢʽʩʪʴ, ʱʦ ʧʦʣʷʛʘʻ ʚ ʤʦʞʣʠʚʦʩʪʽ ʰʠʨʦʢʦʛʦ ʢʦʣʘ ʟʘʩʪʦʩʫʚʘʥʥʷ (ʥʘʧʨʠʢʣʘʜ, ʚʽʜ 

ʫʧʨʘʚʣʽʥʥʷ ʧʨʦʝʢʪʘʤʠ ʜʦ ʙʫʜʽʚʥʠʮʪʚʘ), ʰʚʠʜʢʽʩʪʴ, ʱʦ ʧʦʣʷʛʘʻ ʚ ʟʜʘʪʥʦʩʪʽ ʩʢʦʨʦʯʝʥʥʷ ʯʘʩʫ ʨʦʟʨʦʙʢʠ ʚʝʙ-

ʜʦʜʘʪʢʽʚ ʧʨʠʙʣʠʟʥʦ ʥʘ 30-40%,ʽ ʤʦʞʣʠʚʽʩʪʴ ʚʥʦʩʝʥʥʷ ʟʤʽʥ ʚ ʢʦʜ. ʉʘʤʝ ʪʦʤʫ ʬʨʝʡʤʚʦʨʢ RoR ʽʜʝʘʣʴʥʦ 

ʧʽʜʭʦʜʠʪʴ ʜʣʷ ʜʦʚʛʦʪʨʠʚʘʣʠʭ ʧʨʦʝʢʪʽʚ.  

ʌʨʝʡʤʚʦʨʢ YII  ̒ ʧʣʘʪʬʦʨʤʦ  ʁ ʟ ʚʽʜʢʨʠʪʠʤ ʚʠʭʽʜʥʠʤ ʢʦʜʦʤ, ʱʦ ʚʙʫʜʦʚʘʥʘ ʚ PHP5. ɿʘʚʜʷʢʠ 

ʟʨʦʟʫʤʽʣʦʤʫ ʜʠʟʘʡʥʫ ʽ ʟʨʫʯʥʦʤʫ ʽʥʪʝʨʬʝʡʩʫ, ʮʝʡ ʬʨʝʡʤʚʦʨʢ ʟʘʙʝʟʧʝʯʫʻ ʥʘʜʟʚʠʯʘʡʥʦ ʧʨʦʩʪʫ ʽ ʰʚʠʜʢʫ ʚʝʙ-

ʨʦʟʨʦʙʢʫ. ɺʽʥ ʦʧʪʠʤʽʟʦʚʘʥʠʡ ʧʦ ʧʨʦʜʫʢʪʠʚʥʦʩʪʽ, ʱʦ ʜʦʟʚʦʣʷʻ ʡʦʛʦ ʚʠʢʦʨʠʩʪʘʥʥʷ ʜʣʷ ʙʫʜʴ-ʷʢʠʭ ʧʨʦʝʢʪʽʚ. 

ʂʨʽʤ ʪʦʛʦ, ʜʘʥʘ ʧʣʘʪʬʦʨʤʘ ʫʪʨʠʤʫʻ ʽʥʩʪʨʫʤʝʥʪʠ, ʷʢʽ ʚʦʣʦʜʽʶʪʴ ʟʜʘʪʥʽʩʪʶ ʥʘʣʘʛʦʜʞʝʥʥʷ ʽ ʪʝʩʪʫʚʘʥʥ̫ 

ʜʦʜʘʪʢʫ. ʎʽʢʘʚʦʶ ʦʩʦʙʣʠʚʽʩʪʶ ʧʣʘʪʬʦʨʤʠ ʩʣʽʜ ʚʚʘʞʘʪʠ ʤʦʞʣʠʚʽʩʪʴ ʫʚʽʤʢʥʝʥʥʷ ʢʣʘʩʽʚ ʪʘ ʦʙ'ʻʢʪʽʚ, ʣʠʰʝ, ʟʘ 

ʧʦʪʨʝʙʠ, ʱʦ ʧʨʠʩʢʦʨʶʻ ʟʘʚʘʥʪʘʞʝʥʥʷ ʜʦʜʘʪʢʽʚ. ɼʘʥʽ ʬʫʥʢʮʽʾ ʩʧʨʠʷʶʪʴ ʩʪʚʦʨʝʥʥʶ ʚʠʩʦʢʦʧʨʦʜʫʢʪʠʚʥʦʾ 

ʩʪʨʫʢʪʫʨʠ, ʱʦ ʩʧʨʠʷʻ ʨʦʟʨʦʙʮʽ ʝʬʝʢʪʠʚʥʠʭ ʚʝʙ-ʩʘʡʪʽʚ (ʥʘʧʨʠʢʣʘʜ, ʊɸʉʉ, Craftcms, Hum Hub ʽ ̔ʥʰ.). 

ʌʨʝʡʤʚʦʨʢ Meteor JS ʨʦʟʨʦʙʣʝʥʠʡ ʥʘ ʧʣʘʪʬʦʨʤʽ Node.js ʜʦʟʚʦʣʷʻ ʩʪʚʦʨʶʚʘʪʠ ʨʽʟʥʽ real-time ʚʝʙ-

ʜʦʜʘʪʢʠ. ʆʜʥʘ ʟ ʦʩʥʦʚʥʠʭ ʦʩʦʙʣʠʚʦʩʪʝʡ Meteor JS ð ʥʘʣʝʞʥʘ ʦʩʥʦʚʘ ʜʣʷ ʩʪʚʦʨʝʥʥʷ ʧʨʦʩʪʠʭ ʩʘʡʪʽʚ 

ʦʩʦʙʠʩʪʦʛʦ ʢʦʨʠʩʪʫʚʘʥʥʷ. 

Meteor JS ʮʝ ʽʟʦʤʦʨʬʥʠʡ JavaScript ʚʝʙ-ʬʨʝʡʤʚʦʨʢ ʟ ʚʽʜʢʨʠʪʠʤ ʚʠʭʽʜʥʠʤ ʢʦʜʦʤ, ʱʦ ʩʧʨʠʷʻ 

ʰʚʠʜʢʦʤʫ ʟʘʚʘʥʪʘʞʝʥʥʶ ʩʪʦʨʽʥʦʢ. ʂʨʽʤ ʪʦʛʦ, ʟʘʚʜʷʢʠ ʽʥʪʝʛʨʦʚʘʥʦʤʫ ʩʪʝʢʫ JavaScript, ʷʢʠʡ ʧʨʦʩʪʷʛʘʻʪʴʩʷ 

ʚʽʜ ʙʘʟʠ ʜʘʥʠʭ ʢʽʥʮʝʚʦʛʦ ʢʦʨʠʩʪʫʚʘʯʘ ʜʦ ʝʢʨʘʥʫ, ʽʩʥʫʻ ʤʦʞʣʠʚʽʩʪʴ ʚʠʢʦʥʘʥʥʷ ʚ 10 ʨʷʜʢʘʭ ʢʦʜʫ ʪʝ, ʱʦ, 

ʟʘʟʚʠʯʘʡ, ʨʦʟʪʷʛʫʻʪʴʩʷ ʥʘ 1000 ʨʷʜʢʽʚ. 

ʆʜʥʘ ʟ ʦʩʦʙʣʠʚʦʩʪʝʡ ʜʘʥʦʛʦ ʬʨʝʡʤʚʦʨʢʫ ʧʦʣʷʛʘʻ ʚ ʤʦʞʣʠʚʦʩʪʽ ʚʠʢʦʨʠʩʪʘʥʥʷ ʦʜʥʦʛʦ ʢʦʜʫ ʧʨʠ 

ʨʦʟʨʦʙʮʽ ʧʽʜ ʦʧʝʨʘʮʽʡʥʽ ʩʠʩʪʝʤʠ iOS, web, Android ʘʙʦ desktop. ʊʘʢʦʞ ʽʩʥʫʻ ʤʦʞʣʠʚʽʩʪʴ ʚʠʢʦʨʠʩʪʘʥʥ̫ ʨʽʟʥʠʭ 

ʧʦʧʫʣʷʨʥʠʭ ʬʨʝʡʤʚʦʨʢʽʚ ʪʘ ʽʥʩʪʨʫʤʝʥʪʽʚ ʜʣʷ ʩʪʚʦʨʝʥʥ ̫ʬʫʥʢʮʽʡ. 

ʌʨʝʡʤʚʦʨʢ Express.js ʥʘ ʧʣʘʪʬʦʨʤʽ Node.js ʧʦʢʨʠʚʘʻ ʮʽʣʠʡ ʨʷʜ ʚʘʞʣʠʚʠʭ ʬʫʥʢʮʽʡ ʧʣʘʛʽʥʘʤʠ, ʪʦʤʫ 

ʜʦʮʽʣʴʥʠʤ ʚʚʘʞʘʻʪʴʩʷ ʚʠʢʦʨʠʩʪʘʥʥʷ ʜʣʷ ʰʚʠʜʢʦʾ ʨʦʟʨʦʙʢʠ ʚʝʙ-ʜʦʜʘʪʦʢʫ ʽ ʧʨʠʢʣʘʜʥʦʛʦ ʧʨʦʛʨʘӢʤʥʦʛʦ 

ʽʥʪʝʨʬʝӢʡʩʫ(API). ʊʘʢʦʞ ʜʘʥʠʡ ʬʨʝʡʤʚʦʨʢ ʧʨʠʜʘʪʥʠʡ ʜʦ ʚʠʢʦʨʠʩʪʘʥʥʷ ʜʣʷ ʩʪʚʦʨʝʥʥʷ ʤʦʙʽʣʴʥʠʭ ʜʦʜʘʪʢʽʚ. 

ʇʦ ʩʫʪʽ, Express.js ʩʢʣʘʜʘʻʪʴʩʷ ʟ Angular ʽ ʙʘʟʠ ʜʘʥʠʭ MongoDB. ʎʝ ʦʟʥʘʯʘʻ, ʱʦ ʜʣʷ ʨʦʟʨʦʙʢʠ ʚʝʙ-

ʩʘʡʪʽʚ ʜʦʩʪʘʪʥʴʦ ʟʥʘʥʥʷ ʪʘʢʠʭ ʤʦʚ, ʷʢ: HTML, CSS ʽ JavaScript. ɸ ʚʠʢʦʨʠʩʪʦʚʫʶʯʠ ʤʦʜʫʣʽ npm, 

ʚ̔ ʜʢʨʠʚʘʻʪʴʩʷ ʤʦʞʣʠʚʽʩʪʴ ʨʦʟʰʠʨʝʥʥʷ ʬʫʥʢʮʽʦʥʘʣʫ ʜʦʜʘʪʢʽʚ. ʊʘʢʦʞ Express.js ʽʜʝʘʣʴʥʠʡ ʜʣʷ ʩʪʚʦʨʝʥʥʷ 

ʧʨʦʩʪʠʭ ʚʝʙ-ʩʝʨʚʽʩʽʚ.  

Zend ð ʮʝ opensource ʬʨʝʡʤʚʦʨʢ, ʱʦ ʨʦʟʨʦʙʣʝʥʠʡ ʥʘ ʤʦʚʽ PHP. ɺʽʥ ʦʨʽʻʥʪʦʚʘʥʠʡ ʥʘ ʨʦʟʨʦʙʢʫ 

ʩʫʯʘʩʥʠʭ, ʥʘʜʽʡʥʠʭ ʽ ʙʝʟʧʝʯʥʠʭ ʚʝʙ-ʩʝʨʚʽʩʽʚ. ʇʨʠ ʮʴʦʤʫ ʟʘʩʪʦʩʦʚʫʶʪʴʩʷ ʨʽʟʥʽ ʧʨʦʬʝʩʽʡʥʽ ʧʘʢʝʪʠ PHP, ʷʢʽ 

ʨʦʙʣʷʪʴ ʨʦʟʨʦʙʢʫ ʚʝʙ-ʩʘʡʪʽʚ ʥʘʡʚʠʱʦʛʦ ʢʣʘʩʫ ʟʥʘʯʥʦ ʧʨʦʩʪʽʰʝ ʽ ʰʚʠʜʰʝ. ʂʨʽʤ ʪʦʛʦ, ɺʌʂ ʚʠʢʦʨʠʩʪʦʚʫʻ 

ʘʨʭʽʪʝʢʪʫʨʫ MVC, ʱʦ ʚʽʜʦʢʨʝʤʣʶʻ ʙʘʟʫ ʜʘʥʠʭ ʽ ʙʽʟʥʝʩ-ʣʦʛʽʢʫ ʚʽʜ ʧʨʝʜʩʪʘʚʥʠʮʴʢʦʛʦ ʨʽʚʥʷ. ʎʝ ʩʧʨʠʷ ̒

ʦʪʨʠʤʘʥʥ  ʁ ʙʽʣʴʰ ʟʨʦʟʫʤʽʣʦʛʦ ʽ ʯʠʩʪʦʛʦ ʢʦʜʫ. ɺʝʙ-ʬʨʝʡʤʚʦʨʢ Zend ʙʘʟʫʻʪʴʩʷʥʘ ʢʦʥʮʝʧʮʽʷʭ ʦʙ'ʻʢʪʥʦ-

ʦʨʽʻʥʪʦʚʘʥʦʛʦ ʧʨʦʛʨʘʤʫʚʘʥʥʷ, ʱʦ ʚʽʜʢʨʠʚʘʻ ʤʦʞʣʠʚʽʩʪʴ ʨʦʟʰʠʨʝʥʥʷ ʨʽʟʥʠʭ ʢʦʤʧʦʥʝʥʪ ʬʨʝʡʤʚʦʨʢʫ. ʊʘʢʦʞ 

ʩʣʽʜ ʚʽʜʟʥʘʯʠʪʠ ʤʘʨʰʨʫʪʠʟʘʮʽʶ, ʷʢʘ ʚʠʢʦʥʫʻ ʩʚʦʶ ʨʦʙʦʪʫ ʙʝʟʜʦʛʘʥʥʦ, ̔  ʬʫʥʢʮʽʾ ʢʝʰʘ. 

Django- ʥʘʡʧʦʧʫʣʷʨʥʽʰʠʡ ʬʨʝʡʤʚʦʨʢ ʜʣʷ ʚʝʙ-ʨʦʟʨʦʙʢʠ, ʥʘʧʠʩʘʥʠʡ ʥʘ ʤʦʚʽ ʧʨʦʛʨʘʤʫʚʘʥʥʷ Python ʽ 

ʚʠʢʦʨʠʩʪʦʚʫʻ ʘʨʭʽʪʝʢʪʫʨʫ MVC. ʂʣʶʯʦʚʠʤʠ ʦʩʦʙʣʠʚʦʩʪʷʤʠ ʮʽʻʾ ʧʣʘʪʬʦʨʤʠ ʩʣʽʜ ʚʚʘʞʘʪʠ ʥʘʩʪʫʧʥʽ. 

ʐʚʠʜʢʽʩʪʴ. ɻʦʣʦʚʥʘ ʤʝʪʘ ʬʨʝʡʤʚʦʨʢʘ-ʜʦʧʦʤʦʛʪʠ ʨʦʟʨʦʙʥʠʢʘʤ ʟʨʦʙʠʪʠ ʜʦʜʘʪʦʢ, ʷʢ ʤʦʞʥʘ ʰʚʠʜʰʝ. 

ʇʨʠʯʦʤʫ, ʥʘ ʚʩʽʭ ʝʪʘʧʘʭ ʨʦʟʨʦʙʢʠ ð ʚʽʜ ʽʜʝʾ ʜʦ ʨʝʣʽʟʫ. ɽʬʝʢʪʠʚʥʽʩʪʴ ʽ ʝʢʦʥʦʤʽʯʥʽʩʪʴ ï ʩʘʤʝ ʪʘʢ ʤʦʞʥʘ 

ʩʬʦʨʤʫʣʶʚʘʪʠ ʜʝʚʽʟ Django.  

ɹʝʟʧʝʢʘ. ʗʢ ʧʨʘʚʠʣʦ, ʜʝʷʢʽ ʙʝʟʧʝʢʦʚʽ ʧʦʤʠʣʢʠ, ʱʦ ʧʦʚ'ʟ̫ʘʥʽ ʟ ç̔ ʥ'ʻʢʮʽʷʤʠè ʤʦʚʠ ʧʨʦʛʨʘʤʫʚʘʥʠʷ 

ʩʪʨʫʢʪʫʨʦʚʘʥʠʭ ʟʘʧʠʪʚ̔ SQL, ʘ ʪʘʢʦʞ ʧʽʜʨʦʙʢʦʶ ʤʽʞʩʘʡʪʦʚʠʭ ʟʘʧʠʪʽʚ ʽ ʤʽʞʩʘʡʪʦʚʠʤ ʩʢʨʠʧʪʠʥʛʦʤ. Django 
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ʝʬʝʢʪʠʚʥʦ ʫʧʨʘʚʣʷʻ ʥʘʷʚʥʠʤʠ ʽʤʝʥʘʤʠ ʢʦʨʠʩʪʫʚʘʯʘ ʽ ʧʘʨʦʣʷʤʠ, ʘ ʩʠʩʪʝʤʘ ʘʫʪʝʥʪʠʬʽʢʘʮʽʾ ʢʦʨʠʩʪʫʚʘʯʘ, ʷʢ 

ʚʽʜʦʤʦ, ʚʽʜʽʛʨʘ ̒ʚʠʨʽʰʘʣʴʥʫ ʨʦʣʴ. 

ʄʘʩʰʪʘʙʦʚʘʥʽʩʪʴ. ɹʽʣʴʰʽʩʪʴ ʙʽʟʥʝʩ-ʩʘʡʪʽʚ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ɺʌʂ Django ʜʣʷ ʰʚʠʜʢʦʛʦ ʟʘʜʦʚʦʣʝʥʥʷ 

ʧʦʪʨʝʙ ʪʨʘʬʽʢʫ. 

ɹʘʛʘʪʦʬʫʥʢʮʽʦʥʘʣʴʥʽʩʪʴ. ʌʨʝʡʤʚʦʨʢ ʚʢʣʶʯʘʻ ʚ ʩʝʙʝ ʜʦʜʘʪʢʦʚʽ ʦʧʮʽʾ ʜʣʷ ʜʦʧʦʤʦʛʠ ʟ ʢʘʨʪʘʤʠ ʩʘʡʪʫ, 

ʘʫʪʝʥʪʠʬʽʢʘʮʽʻʶ ʢʦʨʠʩʪʫʚʘʯʽʚ, ʘʜʤʽʥ̔ʩʪʨʫʚʘʥʥʷʤ ʢʦʥʪʝʥʪʫ, RSS-ʢʘʥʘʣʠ ʽ ʙʘʛʘʪʦ ʽʥʰʦʛʦ. ʂʦʞʥʘ ʟ ʥʠʭ ʥʘʜʘʻ 

ʽʩʪʦʪʥʫ ʜʦʧʦʤʦʛʫ ʚ ʧʨʦʮʝʩ ʚʝʙ-ʨʦʟʨʦʙʢʠ. 

ɺʌʂ Laravel ʚʚʘʞʘʻʪʴʩʷ ʦʜʥʠʤ ʟ ʢʨʘʱʠʭ PHP ʬʨʝʡʤʚʦʨʢʽʚ. ɺʽʥ ʟʜʘʪʥʠʡ ʟʘʙʝʟʧʝʯʠʪʠ ʣʝʛʢʫ 

ʨʦʟʨʦʙʢʫ, ʷʢ ʚʝʙ, ʪʘʢ ʽ ʤʦʙʽʣʴʥʠʭ ʜʦʜʘʪʢʽʚ ʜʣʷ ʥʝʚʝʣʠʢʠʭ ʩʘʡʪʽʚ ʽ ʚʝʣʠʢʦʛʦ ʙʽʟʥʝʩʫ. ʇʨʠ ʮʴʦʤʫ, ɺʌʂ Laravel 

ʚʽʜʨʽʟʥʷʻʪʴʩʷ ʥʘʷʚʥʽʩʪʶ ʙʘʛʘʪʴʦʭ ʮʽʢʘʚʠʭ ʬʫʥʢʮʽʡ, ʪʘʢʠʭ ʷʢ, ʥʘʧʨʠʢʣʘʜ, ʪʝʭʥʽʢʘ ʘʚʪʦʨʠʟʘʮʽʾ, ʦʙ'ʻʢʪʥʦ-

ʦʨʽʻʥʪʦʚʘʥʽ ʙʽʙʣʽʦʪʝʢʠ, ʧʽʜʪʨʠʤʢʘ MVC, ʤʽʛʨʘʮʽʾ ʙʘʟ ʜʘʥʠʭ, ʤʽʞʩʘʡʪʦʚʽ ʟʘʧʠʪʠ ʽ ʽʥʰ. 

ɼʦ ʦʩʥʦʚʥʠʭ ʧʝʨʝʚʘʛ ʮʴʦʛʦ ʬʨʝʡʤʚʦʨʢʫ ʤʦʞʥʘ ʚʽʜʥʝʩʪʠ: 

- ʄʦʞʣʠʚʽʩʪʴ ʟʙʽʣʴʰʝʥʥʷ ʪʨʘʬʽʢʫ  ʩʘʡʪʫ, ʱʦ ʦʙʫʤʦʚʣʶʻ ʟʘʩʪʦʩʫʚʘʥʥʷ ʜʦ ʙʫʜʴ-ʷʢʦʛʦ ʙʨʘʫʟʝʨʘ ʪʘ 

ʧʨʠʩʪʨʦʶ. 

- ɻʥʫʯʢʽʩʪʴ. ʌʨʝʡʤʚʦʨʢ ʤʘʻ ʤʦʜʫʣʴʥʫ ʩʪʨʫʢʪʫʨʫ, ʱʦ ʜʦʧʦʤʘʛʘʻ ʩʧʨʦʩʪʠʪʠ ʩʘʤ ʚʝʙ-ʩʘʡʪ ʽ ʧʨʦʮʝʩ 

ʡʦʛʦ ʨʦʟʨʦʙʢʠ. 

- PHP ʥʝ ʧʦʪʨʝʙʫʻ ʩʧʝʮʽʘʣʴʥʠʭ ʩʧʦʩʦʙʽʚ ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ, ʱʦ ʧʦʚ'ʷʟʘʥʦ ʟ ʘʚʪʦʤʘʪʠʯʥʠʤ 

ʟʘʚʘʥʪʘʞʝʥʥʷʤ ʦʙ'ʻʢʪʘ, ʷʢʠʡ ʤʽʩʪʠʪʴʩʷ ʚ ʧʨʦʛʨʘʤʥʦʤʫ ʟʘʙʝʟʧʝʯʝʥʥʽ. 

- ʌʨʝʡʤʚʦʨʢ Laravel ʤʦʞʝ ʩʪʚʦʨʶʚʘʪʠ ʫʥʽʢʘʣʴʥʽ URL-ʘʜʨʝʩʠ, ʪʘʢ ʷʢ ʨʝʘʣʽʟʫʻ ʨʽʟʥʽ ʤʘʨʰʨʫʪʠ ʟ 

ʦʜʥʽʻʶ ʽ ʪʽʻʶ ʞ ʥʘʟʚʦʶ. 

ʗʢ ʧʦʢʘʟʫʻ ʜʦʩʚʽʜ, ʢʦʞʝʥ ʬʨʝʡʤʚʦʨʢ ʚʦʣʦʜʽʻ ʥʠʟʢʦʶ ʧʝʨʝʚʘʛ ʽ ʥʝʜʦʣʽʢʽʚ, ʱʦ ʧʨʦʷʚʣʷʶʪʴʩʷ ʧʨʠ 

ʚʠʨʽʰʝʥʥʽ ʧʝʚʥʠʭ ʟʘʜʘʯ. ʇʨʠ ʚʠʙʦʨʽ ʬʨʝʡʤʚʦʨʢʫ ʥʝʦʙʭʽʜʥʦ ʚʨʘʭʦʚʫʚʘʪʠ ʜʝʢʽʣʴʢʘ ʯʠʥʥʠʢʽʚ, ʘ ʩʘʤʝ: 

1) ʤʦʞʣʠʚʦʩʪʽ ʬʨʝʡʤʚʦʨʢʫ ʧʦʚʠʥʥʽ ʯʽʪʢʦ ʚʽʜʧʦʚʽʜʘʪʠ ʟʘʚʜʘʥʥʷʤ ʧʨʦʝʢʪʫ. ɿʘʡʚʠʡ ʬʫʥʢʮʽʦʥʘʣ ʥʝ 

ʧʦʪʨ̔ ʙʝʥ, ʘʣʝ ʧʨʠ ʮʴʦʤʫ ʥʽʢʦʣʠ ʥʝ ʧʦʚʠʥʥʦ ʚʠʥʠʢʘʪʠ ʦʙʤʝʞʝʥʴ ʧʨʠ ʜʦʦʧʨʘʮʶʚʘʥʥʽ ʧʨʦʝʢʪʫ; 

2) ʬʨʝʡʤʚʦʨʢ ʧʦʚʠʥʝʥ ʩʧʨʠʷʪʠ ʟʤʝʥʝhʥʥʶ ʯʘʩʫʨʦʟʨʦʙʢʠ ʩʘʡʪʫ; 

3) ʜʣʷ ʟʨʫʯʥʦʩʪʽ ʚʠʢʦʨʠʩʪʘʥʥʷ ʬʨʝʡʤʚʦʨʢʫ ʽʥʰʠʤ ʨʦʟʨʦʙʥʠʢʦʤ ʚʽʥ ʧʦʚʠʥʝʥ ʙʫʪʠ ʧʦʰʠʨʝʥʠʤ; 

4) ʙʝʟʧʝʢʘ ʬʨʝʡʤʚʦʨʢʘ-ʦʜʠʥ ʟ ʥʘʡʚʘʞʣʠʚʽʰʠʭ ʡʦʛʦ ʧʦʢʘʟʥʠʢʽʚ.  

ʋ ʚʠʧʘʜʢʘʭ ʧʨʠʡʥʷʪʪʷ ʨʽʰʝʥʥʷ ʱʦʜʦ ʚʠʙʦʨʫ ʬʨʝʡʤʚʦʨʢʫ, ʟʘʟʚʠʯʘʡ ʧʦʨʽʚʥʶʻʪʴʩʷ, ʟ ʦʜʥʦʛʦ ʙʦʢʫ, 

ʟʘʦʱʘʜʞʝʥʠʡ ʯʘʩ ʟʘ ʨʘʭʫʥʦʢ ʨʽʰʝʥʴ, ʧʨʦʧʦʥʦʚʘʥʠʭ ʬʨʝʡʤʚʦʨʢʦʤ, ʘ ʟ ʜʨʫʛʦʛʦ ʙʦʢʫ, ʯʘʩ, ʱʦ ʚʠʪʨʘʯʝʥʠʡ ʥʘ 

ʚʠʚʯʝʥʥʷ ʥʦʚʦʾ ʧʣʘʪʬʦʨʤʠ. ɿʘ ʪʘʢʠʭ ʫʤʦʚ ʚʠʙ̔ʨ ʜʦʮʽʣʴʥʦ ʩʧʨʷʤʦʚʫʚʘʪʠ ʥʘ  ʪʝʭʥʦʣʦʛʽʶ, ʱʦ ʜʦʟʚʦʣʷʻ ʚ 

ʤʽʥʽʤʘʣʴʥʽ ʪʝʨʤʽʥʠ ʚʠʨʽʰʠʪʠ ʧʦʪʨʽʙʥʝ ʟʘʚʜʘʥʥʷ. ʈʘʟʦʤ ʽʟ ʪʠʤ ʩʣʽʜ ʚʽʜʤʽʪʠʪʠ, ʱʦ ʚʠʙʽʨ ʜʦ ʟʘʩʪʦʩʫʚʘʥʥʷ ʥʦʚʦʾ 

ʪʝʭʥʦʣʦʛʽʾ ʤʦʞʝ ʩʪʘʪʠ ʜʝʨʝʣʦʤ ʪʘʢʠʭ ʨʠʟʠʢʽʚ, ʷʢ: ʚʥʫʪʨʽʰʥʽ ʧʦʤʠʣʢʠ, ʩʣʘʙʢʘ ʧʽʜʪʨʠʤʢʘ ʽ ʜʦʢʫʤʝʥʪʘʮʽʷ ʚʽʜ 

ʨʦʟʨʦʙʥʠʢʘ, ʥʝʦʧʨʘʮʴʦʚʘʥʽʩʪʴ ʨʽʰʝʥʴ ʧʽʜ ʢʦʥʢʨʝʪʥʽ ʟʘʜʘʯʽ. 

ɺʟʘʛʘʣʽ, ʧʨʠ ʚʠʙʦʨʽ ʥʘʡʙʽʣʴʰ ʝʬʝʢʪʠʚʥʦʛʦ ɺʌʂ ʜʦʮʽʣʴʥʦ ʧʨʦʘʥʘʣʽʟʫʚʘʪʠ ʟʘʚʜʘʥʥʷ, ʯʽʪʢʦ ʡʦʛʦ 

ʬʦʨʤʘʣʽʟʫʚʘʪʠ, ʚʠʙʨʘʪʠ çʪʦʧ-5è ʚʽʜʧʦʚʽʜʥʠʭ ʚʘʨʽʘʥʪʽʚ, ʥʘʧʠʩʘʪʠ ʥʘ ʥʠʭ ʥʝʚʝʣʠʢʠʡ ʜʦʜʘʪʦʢ ʽ ʦʙʨʘʪʠ 

ʥʘʡʢʨʘʱʠʡ. 

ʊʘʢʦʞ, ʽʩʥʫʻ ʧʦʪʨʝʙʘ ʦʮ̔ʥʁʚʘʥʥʷ ʩʪʫʧʝʥʶ ʚʽʜʧʦʚʽʜʥʦʩʪʽ ʬʫʥʢʮʽʦʥʘʣʫ, ʟ ʧʝʨʝʣʽʢʫ ʧʨʝʪʝʥʜʝʥʪʽʚ, 

ʚʠʤʦʛʘʤ ʧʨʦʝʢʪʫ, ʘ ʪʘʢʦʞ ʪʨʠʚʘʣʽʩʪʴ ʟʘʩʪʦʩʫʚʘʥʥʷ ʛʦʪʦʚʦʛʦ ʬʫʥʢʮʽʦʥʘʣʫ. ʇʨʠ ʮʴʦʤʫ,ʦʙʦʚ'ʷʟʢʦʚʦ ʧʦʪʨʽʙʥʦ 

ʟʚʝʨʥʫʪʠ ʫʚʘʛʫ ʥʘ ʤʦʞʣʠʚʽʩʪʴ ʟʚʦʨʦʪʥʴʦʾ ʩʫʤʽʩʥʦʩʪ,̔ ʷʢʱʦ ʬʨʝʡʤʚʦʨʢ ʟʤʽʥʶʻʪʴʩʷ ʜʦ ʚʝʨʩʽʾ API. ɿʘ 

ʚʽʜʩʫʪʥʦʩʪʽ ʜʘʥʦʾ ʤʦʞʣʠʚʦʩʪʽ ʪʘʢʠʡ ɺʌʂ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʥʝ ʜʦʮʽʣʴʥʦ. 

ʗʢ ʥʘ ʜʫʤʢʫ ʘʚʪʦʨʽʚ, ʦʙʨʘʥʥʷ ʟ ʚʽʜʦʤʦʛʦ ʥʘʙʦʨʫ ɺʌʂ  ʚʚʘʞʘʻʪʴʩʷ ʥʝʩʢʣʘʜʥʠʤ ʟʘʚʜʘʥʥʷʤ ʪʦʤʫ, ʱʦ 

ʧʨʠ ʧʨʦʝʢʪʫʚʘʥʥʽ ʚʽʜʨʘʟʫ ʚʠʜʥʦ ʧʦʪʨʝʙʫ ʚ ʪʠʭ ʯʠ ʽʥʰʠʭ ʪʝʭʥʦʣʦʛʽʷʭ. ɼʘʣʽ ʧʦʩʪʘʻ ʟʘʚʜʘʥʥʷ ʟʙʽʣʴʰʝʥʥʷ 

ʚʽʜʦʤʠʭ ʬʨʝʡʤʚʦʨʢʽʚ, ʪʦʤʫ, ʚ ʜʘʥʦʤʫ ʚʠʧʘʜʢʫ, ʚʘʨʪʦ, ʚ ʧʝʨʰʫ ʯʝʨʛʫ, ʚʠʚʯʠʪʠ ʬʨʝʡʤʚʦʨʢʠ, ʷʢʽ ʦʭʦʧʣʶʶʪʴ 

ʨʽʟʥʽ ʪʝʭʥʦʣʦʛʽʾ ʽ ʥʘʡʙʽʣʴʰ ʚʽʜʨʽʟʥʷʶʪʴʩʷ ʦʜʠʥ ʚʽʜ ʦʜʥʦʛʦ. ʅʘʧʨʠʢʣʘʜ, ʙʫʜʴ-ʷʢʠʡ ʢʣʘʩʠʯʥʠʡ MVC-

ʬʨʝʡʤʚʦʨʢ ʪʘ ɺʌʂ   ʽʥʦhʾ ʽʥʬʨʘʩʪʨʫʢʪʫʨʠ. 

ʊʘʢʦʞ, ʩʣʽʜ ʚʽʜʤʽʪʠʪʠ, ʱʦ ʚʠʙʽʨ ɺʌʂ, ʷʢ ʙʫʜʴ-ʷʢʦʛʦ ʽʥʩʪʨʫʤʝʥʪʫ, ʟʘʣʝʞʠʪʴ ʚʽʜ ʪʝʨʤʽʥʽʚ ʧʨʦʝʢʪʫ. 

ʗʢʱʦ ʧʨʦʝʢʪ ʢʦʨʦʪʢʦʪʨʠʚʘʣʠʡ, ʪʦʩʣʽʜ ʦʙʠʨʘʪʠ, ʥʘʧʨʠʢʣʘʜ, ʟ ʛʨʫʧʠ Bootstrap, ʘʙʦ ʱʦʩʴ ʥʦʚʝ ʽ ʧʘʨʘʣʝʣʴʥʦ 

ʡʦʛʦ ʚʠʚʯʘʪʠ. ʗʢʱʦ ʧʨʦʝʢʪ ʜʦʚʛʦʪʨʠʚʘʣʠʡ, ʪʦ ʢʨʘʱʝ ʬʦʨʤʫʚʘʪʠ ʦʢʨʝʤʫ ʙʽʙʣʽʦʪʝʢʫ ʩʪʨʫʢʪʫʨ. 

ʉʫʯʘʩʥʽ ɺʌʂ ʤʽʩʪʷʪʴ ʚʝʣʠʢʫ ʢʽʣʴʢʽʩʪʴ ʛʦʪʦʚʦʛʦ ʬʫʥʢʮʽʦʥʘʣʫ ʽ ʧʦʤʽʪʥʦ ʧʨʠʩʢʦʨʶʶʪʴ ʨʦʟʨʦʙʢʫ 

ʧʨʦʝʢʪʽʚ. ʊʦʤʫ, ʩʴʦʛʦʜʥʽ ʙʽʣʴʰ ʘʢʪʫʘʣʴʥʠʤ ʚʚʘʞʘʻʪʴʩʷ ʟʘʚʜʘʥʥʷ ʚʠʙʦʨʫ ʬʨʝʡʤʚʦʨʢʽʚ, ʘ ʥʝ ʤʦʚ 

ʧʨʦʛʨʘʤʫʚʘʥʥʷ. ɿʘʟʚʠʯʘʡ,  ʚʙʫʜʦʚʘʥʠʡ ʛʦʪʦʚʠʡ ʬʫʥʢʮʽʦʥʘʣ ʜʦʟʚʦʣ̫ʻ ʟʽʙʨʘʪʠ ʜʦʩʠʪʴ ʝʬʝʢʪʠʚʥʫ ʙʽʙʣʽʦʪʝʢʫ 

ʩʪʨʫʢʪʫʨ. ɺʘʞʣʠʚʦʶ ʧʝʨʝʚʘʛʦʶ ʛʦʪʦʚʦʛʦ ʬʫʥʢʮʽʦʥʘʣʫ, ʙʝʟʧʝʨʝʯʥʦ, ʟʘʣʠʰʘʻʪʴʩʷ ʫʥʠʢʥʝʥʥʷ  ʨʫʪʠʥʥʦʛʦ 

ʧʨʦʛʨʘʤʫʚʘʥʥʷ. ʈʘʟʦʤ ʽʟ ʪʠʤ, ʦʜʥʠʤ ʟ ʦʩʥʦʚʥʠʭ ʨʠʟʠʢʽʚ ʟʘʩʪʦʩʫʚʘʥʥʷ ʨʽʟʥʠʭ ɺʌʂ ʽ ʾʭ ʘʜʘʧʪʘʮʽʾ ʜʦ 

ʢʦʥʢʨʝʪʥʠʭ ʟʘʜʘʯ, ʻ çʣʶʜʩʴʢʠʡ ʯʠʥʥʠʢè. ʗʢ ʪʽʣʴʢʠ ʟʘʚʜʘʥʥʷ ʚʠʭʦʜʷʪʴ ʟʘ ʤʝʞʽ ʧʝʚʥʦʛʦ ʬʨʝʡʤʚʦʨʢʘ ʘʙʦ 

ʚʠʥʠʢʘ ̒ ʥʝʦʙʭʽʜʥʽʩʪʴ ʫ ʚʠʢʦʨʠʩʪʘʥʥʽ ʽʥʰʦʛʦ, ʯʘʩʪʦ ʚʠʥʠʢʘʻ ʧʦʪʨʝʙʘ ʟʘʣʫʯʝʥʥʷ ʽʥʰʠʭ ʬʘʭʽʚʮʽʚ.ʗʢʱʦ 

ʩʝʛʤʝʥʪʘʮʽʷ ʪʝʭʥʽʯʥʠʭ ʨʽʰʝʥʴ ʧʦʛʣʠʙʣʶʚʘʪʠʤʝʪʴʩʷ, ʪʦ ʪʘʢ ʽ ʙʫʜʝ. ɸʣʝ ʚ ʜʘʥʠʡ ʤʦʤʝʥʪ ʙʽʣʴʰʽʩʪʴ 

ʬʨʝʡʤʚʦʨʢʽʚ ʧʽʜʪʨʠʤʫʶʪʴ ʩʭʦʞʠʡ ʬʫʥʢʮʽʦʥʘʣ, ʽ ʩʝʛʤʝʥʪʘʮʽʷ ʥʝ ʥʘʜʪʦ ʚʠʩʦʢʘ. ʉʧʝʮʠʬʽʯʥʽ ʨʽʰʝʥʥʷ ʻ ʪʽʣʴʢʠ 

ʜʣʷ ʥʘʡʤʘʩʦʚʽʰʠʭ ʚʠʜʽʚ ʟʘʚʜʘʥʴ. 

ʊʘʢʦʞ, ʩʣʽʜ ʟʘʫʚʘʞʠʪʠ, ʱʦ ʤʦʚʠ ʽ ʬʨʝʡʤʚʦʨʢʠ, ʦʩʦʙʣʠʚʦ ʥʘ ʧʽʟʥʽʭ ʩʪʘʜ̫̔ ʭ ʨʦʟʚʠʪʢʫ, ʮʝ ʦʨʪʦʛʦʥʘʣʴʥʽ 

ʨʝʯʽ. ʋ ʨʦʟʚʠʥʝʥʠʭ ʝʢʦʩʠʩʪʝʤʘʭ ʬʨʝʡʤʚʦʨʢʠ, ʷʢ ʧʨʘʚʠʣʦ, ʤʘʶʪʴ API ʜʣʷ ʨʦʙʦʪʠ ʟ ʜʝʢʽʣʴʢʦʤʘ ʤʦʚʘʤʠ ʽ 

ʥʘʚʧʘʢʠ: ʤʦʚʠ ʟ ʚʝʣʠʢʦʶ ʝʢʦʩʠʩʪʝʤʦʶ ʤʘʶʪʴ ʥʠʟʢʫ ʬʨʝʡʤʚʦʨʢʽʚ, ʛʦʪʦʚʠʭ ʜʣʷ ʚʠʢʦʨʠʩʪʘʥʥʷ.ɺ ʩʫʯʘʩʥʠʭ 

ʫʤʦʚʘʭ, ʧʨʠ ʩʪʘʨʪʽ ʧʨʦʝʢʪʫ, ʚʠʙ̔ʨ ʬʨʝʡʤʚʦʨʢʫ, ʟʘʟʚʠʯʘʡ, ʩʪʦʾʪʴ ʥʘ ʧʝʨhʦʤʫ ʤʽʩʮʽ, ʱʝ ʜʦ ʚʠʙʦʨʫ ʤʦʚʠ. ʗʢʱʦ 

ʞ, ʥʘʧʨʠʢʣʘʜ,  ʜʽʩʪʘʚʩʷ legacy-ʧʨʦʝʢʪ, ʪʦ, ʷʢ ʧʨʘʚʠʣʦ, ʚʠʙʨ̔ ʤʦʚʠ ʚʽʜʩʫʪʥʽʡ. ʄʽʢʨʦʩʝʨʚʠʩʠ, ʦʜʠʥ ʟ ʛʦʣʦʚʥʠʭ 
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ʘʨʭʽʪʝʢʪʫʨʥʠʭ ʪʨʝʥʜʽʚ ʩʴʦʛʦʜʥʽʰʥʴʦʛʦ ʜʥʷ, ʥʘʤʘʛʘʻʪʴʩʷ ʚʠʨʽʰʠʪʠ ʚ ʪʦʤʫ ʯʠʩʣ ̔ ʽ ʮʶ ʧʨʦʙʣʝʤʫ ð 

çʟʚʽʣʴʥʠʪʠè ʨʦʟʨʦʙʥʠʢʽʚ ʚʽʜ ʚʠʢʦʨʠʩʪʘʥʥʷ ʢʦʥʢʨʝʪʥʦʾ ʤʦʚʠ ʘʙʦ ʬʨʝʡʤʚʦʨʢʫ, ʱʦʙ ʢʦʞʥʘ ʯʘʩʪʠʥʘ ʧʨʦʝʢʪʫ 

ʨʦʟʨʦʙʣʷʣʘʩʷ ʥʘ ʥʘʡʙʽʣʴʰ ʘʜʝʢʚʘʪʥʠʭ  ʜʣʷ ʥʝʾ ʪʝʭʥʦʣʦʛʽʷʭ. 

ʉʣʽʜ ʚʠʜʽʣʠʪʠ ʚʘʞʣʠʚʽ ʯʠʥʥʠʢʠ, ʱʦ ʜʘʶʪʴ ʛʘʨʘʥʪʽʶ ʥʘʜʽʡʥʦʩʪʽ ʽ ʩʪʘʙʽʣʴʥʦʩʪʽ ʬʨʝʡʤʚʦʨʢʫ. ɻʘʨʘʥʪʽʷ 

ʥʘʜʽʡʥʦʩʪʽ ʬʨʝʡʤʚʦʨʢʘ ï ʡʦʛʦ ʚʽʜʤʦʚʦʩʪʽʡʢʽʩʪʴ. ʇʨʘʚʠʣʴʥʘ ʨʦʟʨʦʙʢʘ, ʦʧʪʠʤʽʟʘʮʽʷ ʟʘʧʠʪʽʚ, ʝʬʝʢʪʠʚʥʝ 

ʢʝʰʫʚʘʥʥʷ ï ʦʩʴ ʟʘʧʦʨʫʢʘ ʫʩʧʽʭʫ. ʅʘʷʚʥʽʩʪʴ ʩʪʘʙʽʣʴʥʠʭ ʨʝʣʽʟʽʚ, ʚʝʣʠʢʘ ʢʽʣʴʢʽʩʪʴ ʢʦʨʠʩʪʫʚʘʯʽʚ, ʥʘʷʚʥʽʩʪʴ 

ʘʚʪʦʤʘʪʠʟʦʚʘʥʠʭ ʪʝʩʪʽʚ, ʥʘʷʚʥʽʩʪʴ ʘʢʪʠʚʥʦʩʪʽ, opensource (ʚʽʜʢʨʠʪʠʡ ʢʦʜ). 

ʇʨʠʡʤʘʶʯʠ ʜʦ ʫʚʘʛʠ ʘʢʪʠʚʥʽʩʪʴ ʟʘʩʪʦʩʫʚʘʥʥʷ ɺʌʂ ʩʣʽʜ ʩʠʩʪʝʤʘʪʠʟʫʚʘʪʠ ʧʨʦʚʝʜʝʥʽ ʜʦʩʣʽʜʞʝʥʥʷ 

ʥʘʧʨʷʤʽʚ ʾʭ ʨʦʟʚʠʪʢʫ. ʊʘʢ, ʧʨʦʚʝʜʝʥʠʡ ʘʥʘʣʽʟ ʩʚʽʜʯʠʪʴ ʧʨʦ ʪʝ, ʱʦ  ʬʨʝʡʤʚʦʨʢʠ ʙʫʜʫʪʴ ʨʫʭʘʪʠʩʷ ʧʦ ʰʣʷʭʫ 

çʧʦʣʝʛʰʝʥʥʷè ʨʦʟʨʦʙʢʠ. ʊʠʧʦʚʽ ʨ̔ ʰʝʥʥʷ, ʛʦʪʦʚʽ ʤʦʜʫʣʽ ʪʘ ʽʥʰʝ ï ʚʩʝ ʜʣʷ ʪʦʛʦ, ʱʦʙ ʥʝʧʽʜʛʦʪʦʚʣʝʥʘ ʣʶʜʠʥʘ 

ʟʤʦʛʣʘ ʨʦʟʛʦʨʥʫʪʠ ʩʘʡʪ. 

ɼʣʷ ʙʘʛʘʪʴʦʭ ʧʦʧʫʣʷʨʥʠʭ ʧʣʘʪʬʦʨʤ ʧʝʨʽʦʜ ʥʘʨʦʱʫʚʘʥʥʷ ʬʫʥʢʮʽʦʥʘʣʴʥʦʩʪʽ ʧʨʦʡʰʦʚ. ʅʘ ʜʘʥʠʡ 

ʤʦʤʝʥʪ ʨʦʟʚʠʪʦʢ ʩʬʦʢʫʩʦʚʘʥʦ ʥʘ ʟʙʽʣʴʰʝʥʥʽ ʰʚʠʜʢʦʜʽʾ. ʎʝ ʩʧʨʘʚʝʜʣʠʚʦ ʽ ʜʣ̫ frontend-, ʽ ʜʣʷ backend-

ʬʨʝʡʤʚʦʨʢʽʚ. ɺ ʷʢʦʩʪʽ ʯʘʩʪʢʦʚʦʛʦ ʨʽʰʝʥʥʷ ʨʦʟʛʣʷʜʘʻʪʴʩʷ ʧʦʜʽʣ ʬʨʝʡʤʚʦʨʢʘ ʥʘ ʣʦʛʽʯʥʽ ʤʦʜʫʣʽ. ɼʣʷ ʧʨʦʝʢʪʫ 

ʧʦʚʠʥʝʥ ʟʙʠʨʘʪʠʩʷ ʢʦʤʧʣʝʢʪ ʙʽʙʣʽʦʪʝʢ, ʱʦ ʚʠʨʽʰʫʶʪʴ ʪʽʣʴʢʠ ʥʝʦʙʭʽʜʥʽ ʟʘʚʜʘʥʥʷ. ɸ ʦʜʥʠʤ ʟ ʨʽʰʝʥʴ ʩʣʽʜ 

ʚʚʘʞʘʪʠ ʱʽʣʴʥʽʰʝ ʟ'ʻʜʥʘʥʥ ̫ʢʣʽʻʥʪʩʴʢʦʾ ʪʘ ʩʝʨʚʝʨʥʦ ʾʯʘʩʪʠʥ ʬʨʝʡʤʚʦʨʢʽʚ ʟ ʻʜʠʥʠʤ ʩʠʥʪʘʢʩʠʩʦʤ ʪʘ ʣʦʛʽʢʦʶ 

ʨʦʙʦʪʠ ʟ̔ ʢʦʥʪʝʥʪʦʤ. ʇʨʠʥʮʠʧ çʩʧʨʦʱʝʥʥʷè, ʷʢʠʡ ʦʧʠʩʘʥʦ ʚʠʱʝ, ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʪʦʛʦ, ʱʦ ʬʨʝʡʤʚʦʨʢʠ 

ʩʪʘʶʪʴ ʩʢʣʘʜʥʽʰʠʤʠ ʟʘ ʟʤʽʩʪʦʤ, ʘʣʝ ʚʩʝ ʧʨʦʩʪʽʰʠʤʠ ʜʣʷ ʢʦʨʠʩʪʫʚʘʯʘ.  

ʈʦʟʚʠʪʦʢ ʬʨʝʡʤʚʦʨʢʽʚ ʟʘʣʝʞʠʪʴ ʚʽʜ ʧʦʪʨʝʙ ʨʠʥʢʫ ʪʘ ʤʦʞʣʠʚʦʩʪʝʡ ʙʨʘʫʟʝʨʽʚ ʽ ʧʨʠʟʥʘʯʝʥʠʭ ʜʣʷ 

ʢʦʨʠʩʪʫʚʘʯʘ ʜʝʚʘʡʩʽʚ. ʇʦʜʘʣʴʰʝ ʫʜʦʩʢʦʥʘʣʝʥʥʷ ʬʨʝʡʤʚʦʨʢʽʚ, ʙʝʟʧʦʩʝʨʝʜʥʴʦ, ʟʘʣʝʞʠʪʴ ʚʽʜ ʨʦʟʚʠʪʢʫ ʽ ʧʦʷʚʠ 

ʥʦʚʠʭ ʧʣʘʪʬʦʨʤ, ʷʢ, ʥʘʧʨʠʢʣʘʜ, ʨʦʟʨʦʙʢʘ ʪʝʭʥʦʣʦʛʽʾ Canvas, WebGL Node.jsïʦʙʫʤʦʚʠʣʘ ʧʦʷʚʫ ɺʌʂ ʧʦ 

ʨʦʙʦʪʽ ʟ ʥʠʤʠ.  

ɺʠʩʥʦʚʢʠ. ʆʪʞʝ, ʧʨʦʘʥʘʣʽʟʫʚʘʚʰʠ ʨʷʜ ʥʘʫʢʦʚʠʭ ʨʦʙʽʪ, ʱʦ ʩʪʦʩʫʶʪʴʩʷ ʚʠʢʦʨʠʩʪʘʥʥʷ ʬʨʝʡʤʚʦʨʢʽʚ 

ʜʣʷ ʨʦʟʨʦʙʢʠ ʧʨʦʛʨʘʤʥʦʛʦ ʟʘʙʝʟʧʝʯʝʥʥʷ ʥʘʦʯʥʠʤ ʻ  ʚʠʩʥʦʚʦʢ, ʱʦ ʥʝʟʚʘʞʘʶʯʠ ʥʘ ʚʝʣʠʢʫ ʧʦʧʫʣʷʨʥʽʩʪʴ ʜʘʥʠʭ 

ʟʘʩʦʙʽʚ, ʽʩʥʫʶʪʴ ʡ ʧʨʦʪʠʨʽʯʯʷ ʫ ʾʭ ʚʠʢʦʨʠʩʪʘʥʥʽ. 

ɺʠʙ̔ʨ ʚʽʜʧʦʚʽʜʥʦʛʦ ʬʨʝʡʤʚʦʨʢʘ  ̒ʦʜʥ̔̒ ʶ ʟ ʦʩʥʦʚʥʠʭ ʟʘʩʘʜ, ʱʦ ʚʠʟʥʘʯʘʻ ʷʢʽʩʪʴ ʤʘʡʙʫʪʥʴʦʛʦ ʩʘʡʪʫ. 

ʂʦʞʥʫ ʟ ʪʝʭʥʦʣʦʛʡ̔, ʱʦ ʥʘʚʝʜʝʥʽ ʫ ʜʘʥʽʡ ʩʪʘʪʪʽ ʤʦʞʥʘ ʚʚʘʞʘʪʠ ʚʠʯʝʨʧʥʦʶ ʫ ʚʩʽʭ ʚʽʜʥʦʰʝʥʥʷʭ ʪʦʤʫ, ʱʦ ʾʭ 

ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ, ʷʢ ʫ ʧʨʘʢʪʠʮʽ ʧʝʨʝʪʚʦʨʝʥʥ̫ ʚ ʛʨʘʬʽʯʥʠʡ ʽʥʪʝʨʬʝʡʩ (frontend), ʪʘʢ ̔ ʜʣʷ ʨʦʟʨʦʙʢʠ ʚʘʨ̔ʘʥʪʫ 

ʘʨʭ̔ʪʝʢʪʫʨʠ ʧʨʦʛʨʘʤʥʦʛʦ ʟʘʙʝʟʧʝʯʝʥʥʷ (backend). ʊʦʤʫ, ʩʣʽʜ ʦʙʠʨʘʪʠ  ʧʣʘʪʬʦʨʤʫ ʫ ʚʽʜʧʦʚʽʜʥʦʩʪʽ ʜʦ 

ʟʨʫʯʥʦʩʪʝʡ ʱʦʜʦ ʤʦʚ ʧʨʦʛʨʘʤʫʚʘʥʥʷ. 

ʆʪʞʝ, Agile ʥʘʡʙʽʣʴʰʝ ʧʽʜʭʦʜʠʪʴ ʜʣʷ ʧʨʦʝʢʪʽʚ ʽʟ çʚʽʜʢʨʠʪʠʤ ʢ̔ʥʮʝʤè, ʥʘʧʨʠʢʣʘʜ, ʟʘʧʫʩʢ ʽʥʪʝʨʥʝʪ-

ʩʝʨʚʽʩʽʚ, ʨʦʟʨʦʙʢʘ ʢʦʤʧôʶʪʝʨʥʠʭ ʽʛʦʨ, ʦʧʝʨʘʮʽʡʥʠʭ ʩʠʩʪʝʤ. ʆʜʥʘʢ, ʛʥʫʯʢʽʩʪʴ ʤʦʞʝ ʧʨʠʚʦʜʠʪʠ ʜʦ ʚʪʨʘʪʠ 

ʬʦʢʫʩʫ ʪʘ ʚʪʨʘʪʠ ʧʝʨʝʜʙʘʯʫʚʘʥʦʩʪʽ. ɼʫʞʝ ʚʘʞʣʠʚʦ ʚʽʜʦʢʨʝʤʣʶʚʘʪʠ ʧʦʤʠʣʢʠ ʟʘʩʪʦʩʫʚʘʥʥʷ ʛʥʫʯʢʦʛʦ ʧʽʜʭʦʜʫ 

ʚʽʜ ʥʝʜʦʣʽʢʽʚ ʩʘʤʦ ʾʤʝʪʦʜʦʣʦʛʽʾ. ʇʝʨʰ, ʥʽʞ ʙʫʜʫʪʴ ʨʝʘʣʽʟʦʚʘʥʽ ʚʩʽ ʧʝʨʝʚʘʛʠ ʧʽʜʭʦʜʫ, ʧʦʪʨʽʙʥʦ ʙʫʜʝ ʜʝʷʢʠʡ 

ʯʘʩ ʥʘ ʘʜʘʧʪʘʮʽʶ ʜʦ ʨʝʘʣʽʡ ʢʦʥʢʨʝʪʥʠʭ ʟʘʚʜʘʥʴ.  
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ˠ ̨̅́̎̊ ̨̑̏̂̏̓ ̎́ ̨̏̒̎̏̃ ̨́̎́̌̈̔ ̨̝̅̏̒̌̅̇̆̎ ̨ ̨̨̗̐̔̂̌̋́̊ ̨̘̤̝̠̃̅̈̎́́̓̒ȟ ̏̚ ̨̨̍̇̎́̑̏̅̎ ̨̎̅̉̋́̓̏̑̉ ̎̆ 

̟̐̏̃̎̏ ̨̟̍̑̏ ̨̟̝̃̅̏̂̑́̇́̓ ̨̗̝̎́̏̎́̌̎̔ ̨̗̒̐̆̉̋̔̕ ̨ ̝̎̆̅̏̒̓́̓̎̏ ̨́̅̆̋̃́̓̎ ̠̅̌ ̠̑̅̔ ̩̋̑́̎Ȣ ˚̨̖̆̏̂̅̎́ ̑̏̈̑̏̂̋́ 
̨̨̎̅̉̋́̓̏̑̃ȟ ̨̠̋ ̨̟̝̃̅̏̂̑́̇́̓ ̨̗̒̐̆̉̋̔̕ ̨̏̒̃̓̉ ̈ ̖̠̔̑́̔̃́̎̎̍ ̨̠̠̐̏̑̃̎̎̎ ̠̒̓̔̐̆̎ ̑̏̈̃̉̓̋̔ ̐̏ ̨̖̑̆̄̏̎́ ̩̋̑́̎̉ȟ 
̃̐̌̉̃̔ ̨̗̘̒̐̆̉̎̏̄̏̕ ̠̐̏̌̏̇̆̎̎ ̖̏̋̑̆̍̉ ̩̩ ̨̨̑̆̄̏̎̃Ȣ ˝̏̈̑̏̂̌̆̎̏ ̨̎̅̆̋̒ ̨̝̑̆̄̏̎́̌̎̏̄̏ ̑̏̈̃̉̓̋̔ȟ ̠̋̉̊ ̠̤̅̏̈̃̏̌ȟ ̐̏-
̙̐̆̑̆ȟ ̘̃̉̈̎́̉̓̉ ̙̙̉̑̉̊ ̒̐̆̋̓̑ ̃̌́̒̓̉̃̏̒̓̆̊ ̨̑̆̒̔̑̒̃ȟ ̐̏-̅̑̔̄̆ȟ ́̅́̐̓̔̃́̓̉ ̎́̃̆̅̆̎̔ ̖̒̆̍̔ ̅̏ ̘̖̐̑́̋̓̉̎̉ 
̘̈́̅́ȟ ̐̏-̤̓̑̆̓ȟ ̨́̎́̌̈̔̃́̓̉ ̨̒̌́̂̋ ̨̗̠̍̒ ̑̏̈̃̉̓̋̔ ̨̑̆̄̏̎̔ ̃ ̨̨̠̐̏̑̃̎̎̎ ̈ ̨̙̎̉̍̉. 

˗̨̟̘̌̏̃ ̒̌̏̃́: ̨̂́̈̏̃ ̨̎̅̉̋́̓̏̑̉ȟ ̨̎̅̆̋̒ȟ  ̨̏̒̃̓́ȟ ̨̨̠̋̒̎ ̨̗̏̎̋̉ ̨̑̆̒̔̑̒̃ȟ ́̄̑̆̄̏̃́̎́ ̨̗̏̎̋́ȟ ̨̃́̄̏̃ 
̨̨̗̤̋̏̆̎̓̉̕Ȣ 
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INTERNATIONAL INDICATORS OF EDUCATION LEVEL 
 

Education is one of the factors influencing the development of the country. To assess the degree of development of education 
requires the definition and comparison of the degree of development of education and socio - economic condition of the country, systematic 
analysis of a large number of multifaceted factors of interaction of economy, education, social sphere including all their components. 

International organizations have been building such indicators for the world for many years. For example, the UN has been 
publishing the Human Capital Development Index annually since the 1990s. This index includes an assessment of the level of education. 
Organization of economic cooperation and development, etc. Integrated indices are introduced to analyze the development of education and 
the socio-economic system, which assess the degree of development of education in the world, and allow to identify weaknesses that need to 
be addressed in the first place. 

In this paper, based on the analysis of research and publications, it is noted that international indicators do not fully reflect 
national specifics and are not adequate for a number of countries. It is necessary to develop indicators that reflect the specifics of education 
on the basis of comparing the degree of development in the regions of the country, the influence of the specific position of its individual 
regions. An index of regional development has been developed, which allows, firstly, to determine a wide range of properties of resources, 
secondly, to adapt the given scheme to practical tasks, and thirdly, to analyze the weaknesses of the development of the region in comparison 
with others. 

Keywords: basic indicators, index, education, qualitative resource assessments, aggregated assessment, weights. 

 

ɺʩʪʫʧ 

ʆʩʚʽʪʘ ʻ ʦʜʥʠʤ ʟ ʬʘʢʪʦʨʽʚ, ʱʦ ʚʧʣʠʚʘʶʪʴ ʥʘ ʨʦʟʚʠʪʦʢ ʢʨʘʾʥʠ. ɼʣʷ ʦʮʽʥʢʠ ʩʪʫʧʝʥʷ ʨʦʟʚʠʪʢʫ ʦʩʚʽʪʠ 

ʧʦʪʨʽʙʥʦ ʚʠʟʥʘʯʝʥʥʷ ʽ ʟʽʩʪʘʚʣʝʥʥʷ ʩʪʫʧʝʥʷ ʨʦʟʚʠʪʢʫ ʦʩʚʽʪʠ ʽ ʩʦʮʽʦ - ʝʢʦʥʦʤʽʯʥʦʛʦ ʩʪʘʥʫ ʢʨʘʾʥʠ, ʩʠʩʪʝʤʥʦʛʦ 

ʘʥʘʣʽʟʫ ʚʝʣʠʢʦʛʦ ʯʠʩʣʘ ʙʘʛʘʪʦʧʣʘʥʦʚʠʭ ʬʘʢʪʦʨʽʚ ʚʟʘʻʤʦʜʽʾ ʝʢʦʥʦʤʽʢʠ, ʦʩʚʽʪʠ, ʩʦʮʽʘʣʴʥʦʾ ʩʬʝʨʠ ʚʢʣʶʯʘʶʯʠ 

ʚʩʽ ʾʭ ʢʦʤʧʦʥʝʥʪʠ. 

ʇʦʙʫʜʦʚʦʶ ʪʘʢʠʭ ʽʥʜʠʢʘʪʦʨʽʚ ʜʣʷ ʢʨʘʾʥ ʩʚʽʪʫ ʙʘʛʘʪʦ ʨʦʢʽʚ ʟʘʡʤʘʶʪʴʩʷ ʤʽʞʥʘʨʦʜʥʽ ʦʨʛʘʥʽʟʘʮʽʾ. 

ʅʘʧʨʠʢʣʘʜ, ʆʆʅ, ʟ 90-ʭ ʨʦʢʽʚ ʧʫʙʣʽʢʫʻ ɯʥʜʝʢʩ ʨʦʟʚʠʪʢʫ ʣʶʜʩʴʢʦʛʦ ʢʘʧʽʪʘʣʫ ʱʦʨʽʯʥʦ. ɺ ʮʝʡ ʽʥʜʝʢʩ ʚʭʦʜʠʪʴ 

ʦʮʽʥʢʘ ʨʽʚʥʷ ʦʩʚʽʪʠ [1]. ʆʨʛʘʥʽʟʘʮʽʷ ʝʢʦʥʦʤʽʯʥʦʛʦ ʩʧʽʚʨʦʙʽʪʥʠʮʪʚʘ ʪʘ ʨʦʟʚʠʪʢʫ [2] ʪʘ ʽʥ. ɺʚʦʜʷʪʴ ʽʥʪʝʛʨʘʣʴʥʽ 

ʽʥʜʝʢʩʠ ʜʣʷ ʘʥʘʣʽʟʫ ʨʦʟʚʠʪʢʫ ʦʩʚʽʪʠ ʪʘ ʩʦʮʽʘʣʴʥʦ-ʝʢʦʥʦʤʽʯʥʦʾ ʩʠʩʪʝʤʠ, ʷʢʽ ʦʮʽʥʶʶʪʴ ʩʪʫʧʽʥʴ ʨʦʟʚʠʪʢʫ ʦʩʚʽʪʠ 

ʧʦ ʢʨʘʾʥʘʤ ʩʚʽʪʫ, ʽ ʜʦʟʚʦʣʷʶʪʴ ʚʠʟʥʘʯʠʪʠ ʩʣʘʙʢʽ ʤʽʩʮʷ, ʥʘ ʷʢʽ ʥʝʦʙʭʽʜʥʦ ʟʚʝʨʥʫʪʠ ʫʚʘʛʫ ʚ ʧʝʨʰʫ ʯʝʨʛʫ. 

ɸʥʘʣʽʟ ʦʩʪʘʥʥʽʭ ʜʦʩʣʽʜʞʝʥʴ ʽ ʧʫʙʣʽʢʘʮʽʡ 

ɺ ʜʘʥʠʡ ʯʘʩ ʽʩʥʫʻ ʨʷʜ ʩʠʩʪʝʤ ʽʥʜʠʢʘʪʦʨʽʚ, ʷʢʽ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʽʥʬʦʨʤʘʮʽʶ ʧʨʦ ʪʠʭ, ʭʪʦ ʥʘʚʯʘʻʪʴʩʷ, 

ʧʨʦ ʽʥʚʝʩʪʠʮʽʾ ʚ ʦʩʚʽʪʫ, ʧʨʦ ʥʘʚʯʘʥʥʷ ʚʧʨʦʜʦʚʞ ʞʠʪʪʷ, ʧʨʦ ʦʩʚʽʪʥʻ ʩʝʨʝʜʦʚʠʱʝ [1, 2]. ʆʮʽʥʶʻʪʴʩʷ ʟʘʛʘʣʴʥʘ 

ʢʽʣʴʢʽʩʪʴ ʚʠʧʫʩʢʥʠʢʽʚ, ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʪʠʧʦʚʽ ʚʽʢʦʚʽ ʢʦʝʬʽʮʽʻʥʪʠ ʜʣʷ ʨʦʟʨʘʭʫʥʢʫ ʚʩʽʭ ʚʠʧʫʩʢʥʠʢʽʚ ʟ 

ʤʽʞʥʘʨʦʜʥʦʾ ʩʪʘʥʜʘʨʪʥʦʾ ʢʣʘʩʠʬʽʢʘʮʽʾ ʦʩʚʽʪʠ (International Standard Classification of Education - ISCED) [3]. 

ʉʦʮʽʘʣʴʥʠʡ, ʝʢʦʥʦʤʽʯʥʠʡ ʪʘ ʢʫʣʴʪʫʨʥʠʡ ʩʪʘʪʫʩ ʚʠʤʽʨʶʻʪʴʩʷ ʟʘ ʜʦʧʦʤʦʛʦʶ ʽʥʜʝʢʩʫ ESCS-Index of Economic, 

Social and Cultural Status [4]. ʈʦʟʨʘʭʦʚʫʻʪʴʩʷ HISEI-Highest Occupational Status of Parents, PARED-Highest 

Parental Education, HOMEPOS-Home Possessions [5, 6]. ɼʣʷ ʚʠʟʥʘʯʝʥʥʷ ʽʥʜʝʢʩʽʚ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʜʦʩʠʪʴ 

ʩʢʣʘʜʥʽ ʦʙʯʠʩʣʝʥʥʷ [7,  8]. 

ʄʽʞʥʘʨʦʜʥʽ ʽʥʜʠʢʘʪʦʨʠ ʫʟʘʛʘʣʴʥʝʥʽ, ʧʦʨʽʚʥʶʶʪʴ ʧʦʢʘʟʥʠʢʠ ʧʦ ʢʨʘʾʥʘʤ ʩʚʽʪʫ, ʥʝ ʧʦʚʥʦʶ ʤʽʨʦʶ 

ʚʽʜʦʙʨʘʞʘʶʪʴ ʥʘʮʽʦʥʘʣʴʥʫ ʩʧʝʮʠʬʽʢʫ ʽ ʥʝʜʦʩʪʘʪʥʴʦ ʘʜʝʢʚʘʪʥʽ ʜʣʷ ʨʷʜʫ ʢʨʘʾʥ. ʅʝʦʙʭʽʜʥʘ ʨʦʟʨʦʙʢʘ 

ʽʥʜʠʢʘʪʦʨʽʚ, ʷʢʽ ʚʽʜʦʙʨʘʞʘʶʪʴ ʩʧʝʮʠʬʽʢʫ ʦʩʚʽʪʠ ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʧʦʨʽʚʥʷʥʥʷ ʩʪʫʧʝʥʷ ʨʦʟʚʠʪʢʫ ʧʦ ʨʝʛʽʦʥʘʭ 

ʢʨʘʾʥʠ, ʚʧʣʠʚʫ ʩʧʝʮʠʬʽʯʥʦʛʦ ʧʦʣʦʞʝʥʥʷ ʦʢʨʝʤʠʭ ʾʾ ʨʝʛʽʦʥʽʚ. 

ʄʝʪʘ ʽ ʟʘʜʘʯʽ ʜʦʩʣʽʜʞʝʥʥʷ 

ʈʦʟʨʦʙʠʪʠ ʩʠʩʪʝʤʫ ʦʮʽʥʦʢ ʜʣʷ ʚʠʟʥʘʯʝʥʥʷ ʩʪʘʥʫ ʦʩʚʽʪʠ, ʟ ʤʝʪʦʶ ʘʥʘʣʽʟʫ ʧʦʪʦʯʥʦʾ ʩʠʪʫʘʮʽʾ ʽ 

ʤʘʡʙʫʪʥʴʦʛʦ ʨʦʟʚʠʪʢʫ. 

ʈʝʟʫʣʴʪʘʪʠ ʜʦʩʣʽʜʞʝʥʥʷ 

ʈʦʟʨʦʙʣʝʥʦ ʧʨʠʥʮʠʧʦʚʦ ʥʦʚʠʡ ʽʥʜʝʢʩ ʨʝʛʽʦʥʘʣʴʥʦʛʦ ʨʦʟʚʠʪʢʫ, ʷʢʠʡ ʜʘʻ ʧʽʜʩʫʤʢʦʚʫ ʦʮʽʥʢʫ ʩʪʘʥʫ 

ʨʝʛʽʦʥʘʣʴʥʠʭ ʨʝʩʫʨʩʽʚ.  

ʂʘʪʝʛʦʨʽʾ ʨʝʩʫʨʩʽʚ ʧʦʟʥʘʯʠʤʦ ʯʝʨʝʟ l, ʚʠʜʠ ʨʝʩʫʨʩʽʚ k, ʾʭ ʧʦʨʽʚʥʷʣʴʥʠʡ ʦʙʩʷʛ ʧʦ ʨʝʛʽʦʥʘʭ n ʦʙʩʷʛ 
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ʯʝʨʝʟ kl,n,r , ʧʨʠ ʮʴʦʤʫ [8]: 

.1r0,1r kl,n,kl,n, ¢¢=ä
n

 

 

ɼʠʚʠʩʴ ʥʘʧʨʠʢʣʘʜ ʪʘʙʣ 1.  

ʊʘʙʣʠʮʷ 1 

ʉʦʮʽʘʣʴʥʽ ʨʝʩʫʨʩʠ. 

ɹʘʟʦʚʽ ʽʥʜʠʢʘʪʦʨʠ ʇʦʟʥʘʯʝʥʥʷ 

ʄʘʪʝʨʽʘʣʴʥʝ ʟʘʙʝʟʧʝʯʝʥʥʷ   

ʏʠʩʝʣʴʥʽʩʪʴ ʧʨʘʮʶʶʯʠʭ ʯʦʣʦʚʽʢʽʚ r2,3,1 

ʏʠʩʝʣʴʥʽʩʪʴ ʧʨʘʮʶʶʯʠʭ ʞʽʥʦʢ r2,3,2 

ʏʠʩʝʣʴʥʽʩʪʴ ʛʨʦʤʘʜʷʥ, ʟʘʡʥ̫ʪʠʭ ʥʝʢʚʘʣʽʬʽʢʦʚʘʥʦʶ ʧʨʘʮʝʶ ʘʙʦ ʧʨʘʮʝʶ, ʱʦ ʥʝ 

ʚʽʜʧʦʚʽʜʘʻ ʾʭ ʢʚʘʣʽʬʽʢʘʮʽʾ 
r2,3,3 

ʏʠʩʝʣʴʥʽʩʪʴ ʟʘʨʝʻʩʪʨʦʚʘʥʠʭ ʙʝʟʨʦʙʽʪʥʠʭ ʯʦʣʦʚʽʢʽʚ r2,3,4 

ʏʠʩʝʣʴʥʽʩʪʴ ʟʘʨʝʻʩʪʨʦʚʘʥʠʭ ʙʝʟʨʦʙʽʪʥʠʭ ʞʽʥʦʢ r2,3,5 

ʏʠʩʝʣʴʥʽʩʪʴ ʙʝʟʨʦʙʽʪʥʠʭ ʩʝʨʝʜ ʦʪʨʠʤʘʚʰʠʭ ʚʠʱʫ ʦʩʚʽʪʫ r2,3,6 

ʏʠʩʝʣʥɹʽʩʪʴ ʥʘʩʝʣʝʥʥʷ, ʱʦ ʞʠʚʝ ʟʘ ʤʝʞʝʶ ʙʽʜʥʦʩʪʽ r2,3,7 

ʂʽʣʴʢʽʩʪʴ ʟʘʭʚʦʨʶʚʘʥʴ, ʥʝʱʘʩʥʠʭ ʚʠʧʘʜʢʽʚ, ʧʦʚôʷʟʘʥʠʭ ʟ ʚʠʨʦʙʥʠʮʪʚʦʤ r2,3,8 

ʂʽʣʴʢʽʩʪʴ ʟʘʭʚʦʨʶʚʘʥʴ ʯʝʨʝʟ ʟʘʙʨʫʜʥʝʥʥʷ ʜʦʚʢʽʣʣʷ r2,3,9 

éééééééééééééééééééé  

 

ɺʠʟʥʘʯʠʤʦ ʙʘʟʦʚʽ ʽʥʜʠʢʘʪʦʨʠ ʨʽʚʥʷ ʨʦʟʚʠʪʢʫ ʦʩʚʽʪʠ [8]. (ʊʘʙʣ. 2.). 

 

ʊʘʙʣʠʮʷ 2 

ʆʩʚʽʪʘ (ʩʦʮʽʘʣʴʥʽ ʨʝʩʫʨʩʠ). 

ɹʘʟʦʚʽ ʽʥʜʠʢʘʪʦʨʠ ʇʦʟʥʘʯʝʥʥʷ 

ʆʩʚʽʪʘ  

ʂʽʣʴʢʽʩʪʴ ʜʽʪʝʡ ʫ ʜʦʰʢʽʣʴʥʠʭ ʟʘʢʣʘʜʘʭ r2,5,1 

ʂʽʣʴʢʽʩʪʴ ʦʩʽʙ ʰʢʽʣʴʥʦʛʦ ʚʽʢʫ r2,5,2 

ʂʽʣʴʢʽʩʪʴ ʦʩʽʙ, ʷʢʽ ʥʘʚʯʘʶʪʴʩʷ ʚ ʰʢʦʣ ̔ r2,5,3 

ʂʽʣɹʢʩ̔ʪʴ ʦʩʽʙ, ʷʢʽ ʟʘʢʽʥʯʠʣʠ ʰʢʦʣʫ r2,5,4 

ʂʽʣʴʢʽʩʪʴ ʜʦʨʦʩʣʠʭ ʟ ʩʝʨʝʜʥʴʦʶ ʦʩʚʽʪʦʶ r2,5,5 

ʂʽʣʴʢʽʩʪʴ ʚʠʭʦʚʘʪʝʣʽʚ ʜʦʰʢʽʣʴʥʠʭ ʟʘʢʣʘʜʽʚ r2,5,6 

ʂʽʣʴʢʽʩʪʴ ʚʯʠʪʝʣʽʚ ʰʢʽʣ r2,5,7 

ʂʽʣʴʢʽʩʪʴ ʚʠʱʠʭ ʥʘʚʯʘʣʴʥʠʭ ʟʘʢʣʘʜʽʚ ɯɯɯ-IV ʨʽʚʥʷ ʘʢʨʝʜʠʪʘʮʽʾ r2,5,8 

ʂʽʣʴʢʽʩʪʴ ʫʥʽʚʝʨʩʠʪʝʪʽʚ ʟ ʛʣʦʙʘʣʴʥʠʤ ʨʘʥʞʫʚʘʥʥʷʤ r2,5,9 

 

ʇʦʤʽʞʥʽ ʦʮʽʥʢʠ ʫʪʚʦʨʶʶʪʴʩʷ ʥ ʾʭ ʦʩʥʦʚʽ: 

- ʚʽʜʥʦʰʝʥʥʷ ʢʽʣʴʢʦʩʪʽ ʧʨʘʮʶʶʯʠʭ ʪʘ ʙʝʟʨʦʙʽʪʥʠʭ ʯʦʣʦʚʽʢʽʚ ʽ ʞʽʥʦʢ 
 

a2,3,1=((r2,3,1-r2,3,4)/r2,1,8+(r2,3,2-r2,3,5)/r2,1,9)/2; 
 

ʚʠʢʦʨʠʩʪʘʥʥʷ ʢʚʘʣʽʬʽʢʦʚʘʥʦʾ ʨʦʙʦʯʦʾ ʩʠʣʠ: a2,3,3=1- r2,3,3/(r2,3,1+r2,3,2); 

ʢʽʣʴʢʽʩʪʴ ʙʝʟʨʦʙʽʪʥʠʭ ʟ ʚʠʱʦʶ ʦʩʚʽʪʦʶ: a2,3,4=1-r2,3,6/(r2,3,4+r2,3,5); 

ʉʫʢʫʧʥʘ ʦʮʽʥʢʘ ʤʘʪʝʨʽʘʣʴʥʦʛʦ ʟʘʙʝʟʧʝʯʝʥʥʷ ʤʘʻ ʚʠʛʣʷʜ: 
 

A2,3,1=a2,3,1*(a2,3,2+é+a2,3,7)/6, A2,3,2=(a2,3,8+a2,3,9)/2. 
 

ɺʚʦʜʷʪʴʩʷ ʷʢʽʩʥʽ ʦʮʽʥʢʠ ʨʝʩʫʨʩʽʚ q2,3,p(A2,3) ʪʘ ʘʛʨʝʛʦʚʘʥʘ ʦʮʽʥʢʘ 
 

Aq2,3=A2,3*q(A2,3), 

ä
=

=
28

1p

2,3p2,3,3,2 )(Aq
112

1
)A(q

. 

ʇʨʦʤʽʞʥʽ ʚʝʣʠʯʠʥʠ [8] 
 

a2,5,1=(r2,5,1+r2,5,2)/r2,1,1, a2,5,2=r2,5,3/r2,5,2, a2,5,3=r2,5,4/r2,5,3, 

a2,5,4=(r2,5,4+r2,5,5)/(r2,1,2+r2,1,3), a2,5,5=(r2,5,6+r2,5,7)/2, 
 

ʜʝ  r2,1,1 ʪʘ r2,1,2+r2,1,3 - ʯʠʩʝʣʴʥʽʩʪʴ ʥʘʩʝʣʝʥʥʷ ʤʦʣʦʜʰʦʛʦ ʪʘ ʩʪʘʨʰʦʛʦ 17 ʨʦʢʽʚ.  

ɸʛʨʝʛʦʚʘʥʘ ʦʮʽʥʢʘ ʨʽʚʥʷ ʜʦʰʢʽʣʴʥʦʾ ʪʘ ʩʝʨʝʜʥʴʦʾ ʦʩʚʽʪʠ 
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A2,5,1=(a2,5,1+a2,5,2+a2,5,3+a2,5,4+a2,5,5)/5. 
 

ʆʮʽʥʢʘ ʧʦ ʚʠʱʠʭ ʥʘʚʯʘʣʴʥʠʭ ʟʘʢʣʘʜʘʭ: 

- ʫʩʝʨʝʜʥʝʥʘ ʢʽʣʴʢʽʩʪʴ ɺʅɿ ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʾʭ ʨʝʡʪʠʥʛʽʚ 
 

a2,5,6=( r2,5,8+r2,5,9)/2; 
 

- ʫʩʝʨʝʜʥʝʥʘ ʢʽʣʴʢʽʩʪʴ ʚʠʢʣʘʜʘʯʽʚ ʪʘ ʩʪʫʜʝʥʪʽʚ ɺʅɿ ï  
 

a2,5,7=(r2,5,10+r2,5,11+r2,5,12)/3. 
 

ʅʘʫʢʦʚʦ-ʧʝʜʘʛʦʛʽʯʥʫ ʜʽʷʣʴʥʽʩʪʴ ʙʫʜʝʤʦ ʦʮʽʥʶʚʘʪʠ ʟʘ ʜʦʧʦʤʦʛʦʶ ʢʽʣʴʢʦʩʪʽ ʧʫʙʣʽʢʘʮʽʡ ʚ Scopus- ʪʘ ʫ 

ʬʘʭʦʚʠʭ ʚʠʜʘʥʥʷʭ 
 

a2,5,8=(r2,5,13+r2,5,14)/2. 
 

ʗʢʽʩʥʽ ʦʮʽʥʢʠ [8]: 

-  q2,5,1(A2,5) ï ʜʦʩʪʫʧʥʽʩʪʴ; 

- q2,5,2(A2,5) ï q2,5,8(A2,5), ï ʪʠʩʢ ʽʥʰʠʭ ʢʘʪʝʛʦʨʽʡ ʨʝʩʫʨʩʽʚ: 

- q2,5,9(A2,5) ï ʪʠʩʢ ʟʽ ʩʪʦʨʦʥʠ ʽʥʰʠʭ ʢʨʘʾʥ; 

- q2,5,10(A2,5) ï ʷʢʽʩʪʴ ʟʘʢʣʘʜʽʚ ʦʩʚʽʪʠ, ʚʢʣʶʯʘʶʯʠ ʦʮʽʥʢʫ ʨʽʚʥʷ ʚʘʨʪʦʩʪʽ; 

- q2,5,11(A2,5) ï ʷʢʽʩʪʴ ʦʜʝʨʞʘʥʦʾ ʦʩʚʽʪʠ; 

- q2,5,12(A2,5) ï ʚʠʪʨʘʪʠ ʯʘʩʫ ʥʘ ʦʩʚʽʪʫ; 

 

ɸʛʨʝʛʦʚʘʥʘ ʦʮʽʥʢʘ 

Aq2,5=A2,5*q2,5 (A2,5), 

ä
=

=
20

1p

2,5p2,5,5,2 )(Aq
80

1
)A(q

.                                                          (1) 
 

ʏʝʨʝʟ ʘʛʨʝʛʦʚʘʥʽ ʦʮʽʥʢʠ ʘʥʘʣʽʟʫʶʪʴʩʷ ʯʠʥʥʠʢʠ ʨʦʟʚʠʪʢʫ ʦʩʚʽʪʠ, ʷʢʽ ʥʝ ʚʽʜʦʙʨʘʞʘʶʪʴʩʷ ʷʢ ʥʘʷʚʥʽ 

ʨʝʩʫʨʩʠ. 

ɼʣʷ ʙʽʣʴʰ ʪʦʯʥʦʾ ʤʦʜʝʣʽ ʥʝʦʙʭʽʜʥʦ ʚʨʘʭʦʚʫʚʘʪʠ ʚʟʘʻʤʦʟʘʣʝʞʥʦʩʪʽ ʨʝʩʫʨʩʽʚ. ʋ ʪʘʙʣ. 1 ʟʘʣʝʞʥʦ 

ʧʨʝʜʩʪʘʚʣʝʥʽ ʧʦ ʢʣʶʯʦʚʠʤ ʚʟʘʻʤʦʧʦʚ'ʷʟʘʥʠʤ ʨʝʩʫʨʩʽʚ. ɰʭ ʜʝʪʘʣʴʥʠʡ ʘʥʘʣʽʟ ʙʫʜʝ ʨʦʟʚʠʪʢʦʤ ʨʦʙʦʪʠ. 

ʋ ʙʘʛʘʪʴʦʭ ʤʽʞʥʘʨʦʜʥʠʭ ʽʥʜʝʢʩʘʭ ʚʽʜʙʠʚʘʻʪʴʩʷ ʚʟʘʻʤʦʟʘʣʝʞʥʽʩʪʴ ʨʝʩʫʨʩʽʚ. ʅʘʧʨʠʢʣʘʜ, ʽʥʜʝʢʩ 

ʯʠʩʪʠʭ ʚʥʫʪʨʽʰʥʽʭ ʟʘʦʱʘʜʞʝʥʴ GS ʚʢʣʶʯʘʻ ʩʫʙʽʥʜʝʢʩʠ GS - ʯʠʩʪʽ ʚʥʫʪʨʽʰʥʽ ʟʘʦʱʘʜʞʝʥʥʷ, EDE - ʚʝʣʠʯʠʥʘ 

ʚʠʪʨʘʪ ʥʘ ʦʩʚʽʪʫ, DPNR - ʚʝʣʠʯʠʥʘ ʚʠʩʥʘʞʝʥʥʷ ʧʨʠʨʦʜʥʠʭ ʨʝʩʫʨʩʽʚ ʪʘ ʽʥ.  [9]. 

ɺʟʘʻʤʦʚʧʣʠʚ ʨʝʩʫʨʩʽʚ ʚʠʨʘʞʘʻʪʴʩʷ, ʥʘʧʨʠʢʣʘʜ, ʚ ʧʽʜʛʦʪʦʚʮʽ ʬʘʭʽʚʮʽʚ, ʾʭ ʚʽʜʧʦʚʽʜʥʦʩʪʽ ʧʦʪʦʯʥʠʤ ʽ 

ʧʝʨʩʧʝʢʪʠʚʥʠʤ ʪʝʭʥʦʣʦʛʽʷʤ. ʅʘʧʨʠʢʣʘʜ, ʚʟʘʻʤʦʟʚ'ʷʟʦʢ ʥʘʚʯʘʥʥʷ ʽ ʟʘʡʥʷʪʦʩʪʽ ʩʪʫʜʝʥʪʽʚ ʃʅʋ ʽʤ. 

ʊ.ɻ.ʐʝʚʯʝʥʢʘ (ʪʘʙʣ.2). 

ɺʠʢʦʨʠʩʪʦʚʫʻʤʦ ʨʝʛʽʦʥʘʣʴʥʽ ʦʮʽʥʢʠ rn,l,k(t) ʚ ʤʦʤʝʥʪ ʯʘʩʫ t. ʅʘ ʾʭ ʦʩʥʦʚʽ ʚʠʟʥʘʯʘʻʤʦ ʦʮʽʥʢʠ, ʷʢʽ 

ʚʨʘʭʦʚʫʶʪʴ ʪʘʢʽ ʯʠʥʥʠʢʠ:  

- ʤʦʞʣʠʚʽʩʪʴ ʩʧʨʠʡʥʷʪʪʷ ʦʮʽʥʦʢ ʥʝʧʽʜʛʦʪʦʚʣʝʥʠʤʠ ʦʩʦʙʘʤʠ; 

- ʫʥʽʚʝʨʩʘʣʴʥʽʩʪʴ ʨʦʟʨʘʭʫʥʢʫ ʽ ʚʠʢʦʨʠʩʪʘʥʥʷ ʽʥʜʝʢʩʽʚ ʜʣʷ ʚ ʨʽʟʥʠʭ ʩʬʝʨʘʭ ʜʽʷʣʴʥʦʩʪʽ; 

- ʚʠʢʦʨʠʩʪʘʥʥʷ ʜʣʷ ʨʦʟʨʘʭʫʥʢʽʚ ʤʽʥʽʤʘʣʴʥʦʛʦ ʦʙʩʷʛʫ ʽʥʬʦʨʤʘʮʽʾ; 

- ʤʦʞʣʠʚʽʩʪʴ ʚʠʢʦʨʠʩʪʘʥʥʷ ʜʣʷ ʚʠʟʥʘʯʝʥʥʷ ʩʪʨʘʪʝʛʽʡ ʨʦʟʚʠʪʢʫ ʨʝʛʽʦʥʘʣʴʥʠʭ ʩʦʮʽʦ - ʝʢʦʥʦʤʽʯʥʠʭ 

ʩʠʩʪʝʤ. 

ɺʝʣʠʯʠʥʠ 

),(rmin)( kl,n,
n

min

kl, jj ttr =  

),(rmax)( kl,n,
n

max

kl, jj ttr =  

 

ʚʢʘʟʫʶʪʴ ʧʦ ʚʩʽʭ ʨʝʛʽʦʥʘʭ ʢʨʘʾʥʠ n, n=1,.., N, ʤʽʥʽʤʘʣʴʥʝ ʪʘ ʤʘʢʩʠʤʘʣʴʥʝ ʟʥʘʯʝʥʥʷ ʦʮʽʥʦʢ rn,l,k(tj) 

ʨʝʩʫʨʩʫ ʢʘʪʝʛʦʨʽʾ l ʚʠʜʫ k ʚ ʤʦʤʝʥʪ ʯʘʩʫ tjÍ[t0,T]. 

ɺʝʣʠʯʠʥʘ 
 

,
)()(

)()(
)(

minmax

min

kl,n,

kl,n,

kl,kl,

kl,

jj

jj

j
trtr

trtr
tpr

-

-
=  

 

ʚʢʘʟʫʻ ʧʦ ʚʩʽʭ ʨʝʛʽʦʥʘʭ ʢʨʘʾʥʠ n ʧʦʨʽʚʥʷʣʴʥʝ ʟʥʘʯʝʥʥʷ ʨʝʩʫʨʩʫ ʢʘʪʝʛʦʨʽʾ l ʚʠʜʫ k ʚ ʤʦʤʝʥʪ ʯʘʩʫ tj. 

ɺʝʣʠʯʠʥʘ 
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rcn,l,k(tj+1)=prn,l,k(tj+1)-prn,l,k(tj), 
 

ʚʢʘʟʫʚʘʪʠʤʝ ʥʦʨʤʦʚʘʥʫ ʧʦʨʽʚʥʷʣʴʥʫ ʦʮʽʥʢʫ ʟʤʽʥʠ n,l,k-ʨʝʩʫʨʩʫ ʚ ʤʦʤʝʥʪ tj+1 (ʨʦʟʢʠʜ ʟʥʘʯʝʥʴ ʧʦ 

ʨʝʛʽʦʥʘʭ ʢʨʘʾʥʠ ʚʨʘʭʦʚʫʻʪʴʩʷ. ɿʨʦʩʪʘʥʥʷ rcn,l,k(tj+1) ʚʢʘʟʫʻ ʥʘ ʟʙʽʣʴʰʝʥʥʷ ʧʝʚʥʦʛʦ ʨʝʩʫʨʩʫ ʚ ʨʝʛʽʦʥʽ., ʪʘʢʝ 

ʟʨʦʩʪʘʥʥʷ ʚʢʘʟʫʻ ʥʘ ʟʙʘʣʘʥʩʦʚʘʥʽʩʪʴ ʩʪʘʥʫ ʨʝʩʫʨʩʽʚ.  

 

ʊʘʙʣʠʮʷ 1 

ɺʟʘʻʤʥʽ ʟʘʣʝʞʥʦʩʪʽ ʙʘʟʦʚʠʭ ʽʥʜʠʢʘʪʦʨʽʚ ʤʘʪʝʨʽʘʣʴʥʦʛʦ ʟʘʙʝʟʧʝʯʝʥʥʷ ʪʘ ʦʩʚʽʪʠ 
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  r2,3,1 r2,3,2 r2,3,3 r2,3,4 r2,3,5 r2,3,6 r2,3,7 r2,3,13 r2,3,15 r2,3,16 R1 

ʂʽʣʴʢʽʩʪʴ ʜʽʪʝʡ ʫ ʜʦʰʢʽʣʴʥʠʭ 

ʟʘʢʣʘʜʘʭ r2,5,1  1  1 1 1 1    5 

ʂʽʣʴʢʽʩʪʴ ʦʩʽʙ ʰʢʽʣʴʥʦʛʦ ʚʽʢʫ r2,5,2  1         1 

ʂʽʣʴʢʽʩʪʴ ʦʩʽʙ, ʷʢʽ ʥʘʚʯʘʶʪʴʩʷ 

ʚ ʰʢʦʣʽ r2,5,3  1  1 1 1 1    5 

ʂʽʣʴʢʽʩʪʴ ʦʩʽʙ, ʷʢʽ ʟʘʢʽʥʯʠʣʠ 

ʢhʦʣʫ r2,5,4   1 1 1    1  4 

ʂʽʣʴʢʽʩʪʴ ʜʦʨʦʩʣʠʭ ʟ 

ʩʝʨʝʜʥʴʦʶ ʦʩʚʽʪʦʶ r2,5,5 1 1  1 1      4 

ʂʽʣʴʢʽʩʪʴ ʚʠʱʠʭ ʥʘʚʯʘʣʴʥʠʭ 

ʟʘʢʣʘʜʽʚ ɯɯɯ-IV ʨʽʚʥʷ 

ʘʢʨʝʜʠʪʘʮʽʾ r2,5,8 1 1         2 

ʂʽʣʴʢʽʩʪʴ ʫʥʽʚʝʨʩʠʪʝʪʽʚ ʟ 

ʛʣʦʙʘʣʴʥʠʤ ʨʘʥʞʫʚʘʥʥʷʤ r2,5,9 1 1         2 

ʂʽʣʴʢʽʩʪʴ ʩʪʫʜʝʥʪʽʚ ʫ ʚʠʱʠʭ 

ʥʘʚʯʘʣʴʥʠʭ ʟʘʢʣʘʜʘʭ r2,5,11 1 1       1  3 

ʂʽʣʴʢʽʩʪʴ ʽʥʦʟʝʤʥʠʭ ʩʪʫʜʝʥʪʽʚ r2,5,12          1 1 

ɹʝʟʢʦʰʪʦʚʥʠʭ ɽʂ r2,5,15 1 1 1 1 1 1  1   7 

ʇʣʘʪʥʠʭ ɽʂ r2,5,16 1 1 1 1 1 1  1   7 

ééééééééééééé éé. éé           

 

ʋ ʪʘʙʣʠʮʽ ç1è ʚʢʘʟʫʻ ʥʘ ʥʘʷʚʥʽʩʪʴ ʟʘʣʝʞʥʦʩʪʽ. 
ʈʦʟʛʣʷʜʘʻʤʦ, ʷʢ ʽ ʚʠʱʝ, ʷʢʽʩʥʽ ʦʮʽʥʢʠ ʨʝʩʫʨʩʽʚ qn,l,k(t), ʷʢʽ ʚʽʜʦʙʨʘʞʘʶʪʴ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʨʝʩʫʨʩʽʚ 

ɺʚʝʜʝʤʦ ʚʘʛʦʚʽ ʢʦʝʬʽʮʽʻʥʪʠ un,l,k ʜʣʷ ʨʝʛʽʦʥʽʚ 

ɺʝʣʠʯʠʥʘ 

(t),(t)q*(t)u*(t)rnq ,,kl,n,kl,n,kl,n,,, klnkln qpr =  

 

ʦʮʽʥʶʻ n, l, k-ʨʝʩʫʨʩ ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʚʘʛʦʚʠʭ ʢʦʝʬʽʮʽʻʥʪʽʚ ʽ ʷʢʽʩʥʠʭ ʦʮʽʥʦʢ. 

ɺʝʣʠʯʠʥʘ 

(t)rnq(t)
)(

1

jl,n,, ä
=

=
lK

j

lnrpk , 

ʦʮʽʥʶʻ ʨʝʩʫʨʩ ʚʠʜʫ k. 

ɺʚʝʜʝʤʦ ʜʦʜʘʪʢʦʚʽ ʚʘʛʦʚʽ ʢʦʝʬʽʮʽʻʥʪʠ ʜʣʷ ʢʘʪʝʛʦʨʽʾ l ʨʝʛʽʦʥʫ n wn,l ʾʭ ʚʘʞʣʠʚʦʩʪʽ, ʷʢ ʽ ʚʠʧʘʜʢʫ 

ʢʦʝʬʽʮʽʻʥʪʽʚ ʚʠʜʽʚ ʨʝʩʫʨʩʽʚ un,l,k . 
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ɺʝʣʠʯʠʥʘ 

ä
=

=
L

1l

ln,ln,n w*(t)rpk(t)DIR

, 

1w0,1w ln,

L

1l

ln, ¢¢=ä
= , 

 

ʫʪʚʦʨʶʻ ʧʽʜʩʫʤʢʦʚʫ ʦʮʽʥʢʫ ʨʝʛʽʦʥʘʣʴʥʠʭ ʨʝʩʫʨʩʽʚ. ɺʠʢʦʨʠʩʪʦʚʫʻʤʦ RDIn ʚ ʨʦʣʽ ʽʥʜʝʢʩʫ 

ʨʝʛʽʦʥʘʣʴʥʦʛʦ ʨʦʟʚʠʪʢʫ. 

 

ʊʘʙʣʠʮʷ 2 

ʂʽʣʴʢʽʩʪʴ ʩʪʫʜʝʥʪʽʚ, ʱʦ ʧʨʘʮʶʶʪʴ ʧʦ ʛʨʫʧʘʭ ʃʅʋ ʽʤ. ʊʘʨʘʩʘ ʐʝʚʯʝʥʢʘ. 

ʨʽʢ ɻʨʫʧʘ 
ʇʨʠʚʘʪʥʝ 

ʧʽʜʧʨʠʻʤʩʪʚʦ 

ʨʦʙʦʪʘ 

ʚ ɯʊ 

ʨʦʙʦʪʘ ʚ 

ʪʦʨʛʽʚʣʽ 

ʨʦʙʦʪʘ ʫ ʩʬʝʨʽ 

ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ 

ʽʥʰʽ 

ʨʦʙʦʪʠ 
ɺʩʴʦʛʦ 

2015 

ʢʦʤʧôʶʪʝʨʥʘ ʽʥʞʝʥʝʨʽʷ ʤʘʛʽʩʪʨ 1 ʨʽʢ 

ʥʘʚʯʘʥʥʷ 1 2 1 1 1 6 

  ʽʥʬʦʨʤʘʪʠʢʘ, 3 ʢʫʨʩ  1  2 2 5 

  ʽʥʬʦʨʤʘʪʠʢʘ ʤʘʛʽʩʪʨ 2 ʨʽʢ ʥʘʚʯʘʥʥʷ  2  2 1 5 

  ʥ̔ʬʦʨʤʘʪʠʢʘ ʤʘʛʽʩʪʨ 1 ʨʽʢ ʥʘʚʯʘʥʥʷ  2  1  3 

2016 

ʢʦʤʧôʶʪʝʨʥʘ ʽʥʞʝʥʝʨʽʷ ʤʘʛʽʩʪʨ 1 ʨʽʢ 

ʥʘʚʯʘʥʥʷ  3 1   4 

  

ʜʦʢʫʤʝʥʪʦʟʥʘʚʩʪʚʦ  ʪʘ ʽʥʬʦʨʤʘʮʽʡʥʘ 

ʜʽʷʣʴʥʽʩʪʴ, 2 ʢʫʨʩ 1 1  1  3 

  

ʢʦʤʧôʶʪʝʨʥʘ ʽʥʞʝʥʝʨʽʷ ʤʦʣʦʜʰʠʡ 

ʩʧʝʮʽʘʣʽʩʪ, 3 ʢʫʨʩ  2  2  4 

  
ʧʨʦʛʨʘʤʥʘ ʽʥʞʝʥʝʨʽʷ/ʽʥʞʝʥʝʨʽʷ 
ʧʨʦʛʨʘʤʥʦʛʦ ʟʘʙʝʟʧʝʯʝʥʥʷ, 3 ʢʫʨʩ  1 1 2  4 

2017 
ʧʨʦʛʨʘʤʥʘ ʽʥʞʝʥʝʨʽʷ/ʽʥʞʝʥʝʨʽʷ 
ʧʨʦʛʨʘʤʥʦʛʦ ʟʘʙʝʟʧʝʯʝʥʥʷ, 2 ʢʫʨʩ  3 1   4 

  

ʢʦʤʧôʶʪʝʨʥʘ ʽʥʞʝʥʝʨʽʷ ʤʦʣʦʜʰʠʡ 

ʩʧʝʮʽʘʣʽʩʪ, 3 ʢʫʨʩ  2  1  3 

  ʢʦʤʧôʶʪʝʨʥʘ ʽʥʞʝʥʝʨʽʷ, 3 ʢʫʨʩ      0 

  ʽʥʬʦʨʤʘʪʠʢʘ ʤʘʛʽʩʪʨ 2 ʨʽʢ ʥʘʚʯʘʥʥʷ  1  1  2 

2018 ʢʦʤʧôʶʪʝʨʥʘ ʽʥʞʝʥʝʨʽʷ ʤʘʛʽʩʪʨ 1 ʨʽʢ 

ʥʘʚʯʘʥʥʷ 

1 2    

3 

  ʢʦʤʧôʶʪʝʨʥʘ ʽʥʞʝʥʝʨʽʷ ʤʦʣʦʜʰʠʡ 

ʩʧʝʮʽʘʣʽʩʪ, 3 ʢʫʨʩ 

 3 1   

4 

  ʧʨʦʛʨʘʤʥʘ ʽʥʞʝʥʝʨʽʷ/ʽʥʞʝʥʝʨʽʷ 

ʧʨʦʛʨʘʤʥʦʛʦ ʟʘʙʝʟʧʝʯʝʥʥʷ, 3 ʢʫʨʩ 

 2    

2 

  ʽʥʬʦʨʤʘʪʠʢʘ, 3 ʢʫʨʩ, ʟʘʦʯʥʝ ʚʽʜʜʽʣʝʥʥʷ  1  1  2 

2019 ʢʦʤʧôʶʪʝʨʥʘ ʽʥʞʝʥʝʨʽʷ, 3 ʢʫʨʩ     1 1 

  ʢʦʤʧôʶʪʝʨʥʘ ʽʥʞʝʥʝʨʽʷ ʤʦʣʦʜʰʠʡ 
ʩʧʝʮʽʘʣʽʩʪ, 3 ʢʫʨʩ 

1 2 1   
4 

  ʽʥʞʝʥʝʨʽʷ ʧʨʦʛʨʘʤʥʦʛʦ ʟʘʙʝʟʧʝʯʝʥʥʷ, 
ʤʘʛʽʩʪʨ 1 ʨʽʢ ʥʘʚʯʘʥʥʷ 

   1 1 
2 

  ʢʦʤʧôʶʪʝʨʥʽ ʥʘʫʢʠ ʪʘ ʽʥʬʦʨʤʘʮʽʡʥʽ 
ʪʝʭʥʦʣʦʛʽʾ 

 1  2 1 
4 

  ɺʩʦɹʛʦ ʧʦ ʛʨʫʧʘʭ 4 31 6 17 7 65 

  ʉʝʨʝʜʥʻ 0,06 0,48 0,09 0,26 0,11 1 

 

ɺʠʩʥʦʚʢʠ 

ʈʦʟʨʦʙʣʝʥʦ ʽʥʜʝʢʩ ʨʝʛʽʦʥʘʣʴʥʦʛʦ ʨʦʟʚʠʪʢʫ, ʷʢʠʡ ʜʦʟʚʦʣʷʻ, ʧʦ-ʧʝʨʰʝ, ʚʠʟʥʘʯʠʪʠ ʰʠʨʰʠʡ ʩʧʝʢʪʨ 

ʚʣʘʩʪʠʚʦʩʪʝʡ ʨʝʩʫʨʩʽʚ, ʧʦ-ʜʨʫʛʝ, ʘʜʘʧʪʫʚʘʪʠ ʥʘʚʝʜʝʥʫ ʩʭʝʤʫ ʜʦ ʧʨʘʢʪʠʯʥʠʭ ʟʘʜʘʯ, ʧʦ-ʪʨʝʪʻ, ʘʥʘʣʽʟʫʚʘʪʠ 

ʩʣʘʙʢʽ ʤʽʩʮʷ ʨʦʟʚʠʪʢʫ ʨʝʛʽʦʥʫ ʚ ʧʦʨʽʚʥʷʥʥʽ ʟ ʽʥʰʠʤʠ.  
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ɭ.ɻ. ɼʋɼʅʀʂ 
ɺʽʥʥʠʮʴʢʠʡ ʥʘʮʽʦʥʘʣʴʥʠʡ ʘʛʨʘʨʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ 

 

ɸʅɸʃɯɿ ɺʇʃʀɺʋ ʊɽʍʅʆɻɽʅʅʀʍ ʌɸʂʊʆʈɯɺ ʅɸ ɼɽʅɼʈʆʌʆʈʋ ʄ. ɺɯʅʅʀʎɯ 
 
ˑ̨̆̑̆̃̎ ̠̎́̒́̅̇̆̎̎ ̃ ̖̔̑̂̏̆̋̏̒̉̒̓̆̍́ ̟̝̃̉̋̏̎̔̓ ̎̉̈̋̔ ̤̇̉̓̓̃̏ ̖̃́̇̌̉̃̉ ̨̗̔̎̋̊̕ȟ ̏̒̏̂̌̉̃̏ ̃ ̖̔̍̏̃́ 

̨̙̠̐̏̄̑̆̎̎ ̨̘̩̆̋̏̌̏̄̎̏ ̨̗̩̒̉̓̔́ ̔ ̨̠̃̉̄̌̅ ̖̓̆̎̏̄̆̎̎̏̄̏ ̠̈́̂̑̔̅̎̆̎̎Ȣ ˟̏̍̔ ̤̐̏̒̓́ ̨̨̖̝̎̆̏̂̅̎̒̓ ̨̠̅̏̒̌̅̇̆̎̎ ̒̓́̎̔ 
̅̆ ̑̆̃ȟ ̃̉ ̘̃̆̎ ̠̎ ̨̃̐̌̉̃̃ ̠̈́̂̑̔̅̎̆̎̎ ̎́ ̨̅̆̑̆̃̎ ̠̎́̒́̅̇̆̎̎ȟ ̨̗̏̎̋̉ ̩̖ ̒̆̑̆̅̏̃̉̆̚ ̨̨̨̗̩̒̓́̂̌̈́̊̎̏ ̨̆̆̋̓̉̃̎̏̒̓̕ȟ ́ 
̓́̋̏̇ ̑̏̈̑̏̂̋̉ ̐̑̏̄̑́̍ ̐̏ ̟̐̏̋̑́̆̎̎̚ȟ ̖̈́̉̒̓̔ ̨ ̟̈̂̆̑̆̇̆̎̎ ̅̆̎̅̑̏̌̏̑̉̕ ̔ ̎́̌̆̇̎̏̍̔ ̨̒̓́̎Ȣ 

˜̑̏̃̆̅̆̎̏ ̨́̎́̌̈ ̖̏̒̎̏̃̎̉ ̖̖̓̆̎̏̄̆̎̎̉ ̨́̋̓̏̑̃̕ ̃̐̌̉̃̔ ̎́ ̠̈̑̏̒̓́̎̎ ̨̍̒ ̝̖̋̉ ̖̅̆̑̆̃̎̉ ̝̎́̒́̅̇̆̎Ȣ 
˛̋̑̆̒̌̆̎̏ ̨̨̙̎́̊̃́̇̌̉̃ ̐̑̏̂̌̆̍̉ ̠̏̈̆̌̆̎̆̎̎ ̘̒̔́̒̎̏̄̏ ̨̍̒̓́ȟ ̝̔̈́̄́̌̎̆̎̏ ̨̎̆̅̏̌̋̉ ̠̔̓̑̉̍́̎̎ ̓́ ̨̗̩̆̋̒̐̌̔́̓́ 
̖̈̆̌̆̎̉ ̝̎́̒́̅̇̆̎Ȣ  

˔̠̑̏̒̓́̎̎ ̨̨̝̋̌̋̏̒̓ ̠̎́̒̆̌̆̎̎ȟ ̙̠̑̏̈̉̑̆̎̎ ̨̍̒̓ȟ ̨̨̗̠̔̑̂́̎̈́ ̓́ ̨̨̨̨̗̠̎̅̔̒̓̑́̌̈́ȟ ̨̝̙̠̈̂̌̆̎̎ 
́̃̓̏̍ ̨̏̂̌ ̝̎̏ ̄̏ ̓̑́̎̒̐̏̑̓̔ ̨ ̨̗̗̠̋̏̎̆̎̓̑́ ̊̏̄̏ ̃ ̨̖̍̒̓́ ̐̑̉̈̃̆̌̉ ̅̏ ̘̈̎́̎̏̄̏ ̠̈́̂̑̔̅̎̆̎̎ ̨̝̍̒̋̏̄̏ ̒̆̑̆̅̏̃̉́̚ 
̐̑̏̅̔̋̓́̍̉ ̠̈̄̏̑́̎̎ ̂̆̎̈̉̎̔ ̓́ ̨̙̖̎̉ ̨̃̉̅̃ ̨̘̏̑̄́̎̎̏̄̏ ̐́̌̉̃́Ȣ ˏ ̝̒̆̑̆̅̎̏̍̔ ̎́ ̨̩̓̆̑̉̓̏̑ ˠ̩̋̑́̎̉ ̨̖̃̉̌̏̐̎ ̄́̈̉ 
̖́̃̓̏̓̑́̎̒̐̏̑̓̎̉ ̨̈́̒̏̂̃ ̟̟̝̈̔̍̏̃̌̓ ψ0-45 % ̈ ̠́̂̑̔̅̎̆̎̎ ̨̠̐̏̃̓̑Ȣ 

˜̟̏̌̓́̎̓̉ȟ ̨̋̏̑̓ ̠̟̝̐̏̓̑́̐̌̓ ̔ ̨̠̐̏̃̓̑ ̈ ̖̃̉̌̏̐̎̉̍̉ ̄́̈́̍̉ ̨̨́̃̓̏̍̏̂̌̃ȟ ̟̝̍́̓ ̨̘̓̏̋̒̉̋̏̌̏̄̎̔ 
̨̟̅Ȣ ˞̆̑̆̅ ̩̃̆̌̉̋̏ ̨̨̝̋̌̋̏̒̓ ̖̒̋̌́̅̏̃̉ ̎̆̂̆̈̐̆̋̔ ̝̒̓́̎̏̃̉̓ ̃̒̆ ̨̝̙̂̌̆ ̠̈̑̏̒̓́̎̎ ̠̈́̂̑̔̅̎̆̎̎ ̃́̇̋̉̍̉ 
̍̆̓́̌́̍̉ȟ ̏̒̏̂̌̉̃̏ ̒̐̏̌̔̋́̍̉ ̗̒̃̉̎.̟ 

ˏ̨̒̓́̎̏̃̌̆̎ ̨̗̗̩̋̏̎̆̎̓̑́ ̗̟̒̃̉̎ ̐̏ ̖̅̃̏ ̖̃̉̅́ ̅̆̑̆̃ ɉ˘̉̐́ ̗̒̆̑̆̌̉̒̓́ȟ ˗̙́̓́̎ ̨̝̋̎̒̋̉̊Ɋ ̎́ ̨̖̑̈̎̉ ̗̠̖̃̔̌̉ ̈ 
̨̑̈̎̉̍ ́̎̓̑̏̐̏̄̆̎̎̉̍ ̠̎́̃́̎̓́̇̆̎̎̍ ɉ̃̔̌Ȣ ˜̨̑̏̄̏̃́ȟ ˢ̝̗̝̍̆̌̎̉̋̆ ̙̏̒̆ɊȢ ˜̨̑̏́̎́̌̈̏̃́̎̏ ̒̓́̎ ̠̌̉̎̉ ̘̩̈̃̉́̊̎̏ ̔ ̖̍̆̇́ 
̨̍̒̓́ ˏ̨̨̗̎̎̉Ȣ ˜̝̑̏̃̏̅̉̌̏̒ ̨̅̏̒̌̅̇̎̆ ̠̎ ̃ ̅ ̆̃ȭ̠̓̉ ̨̗̠̖̍̒ ̠̈̑̏̒̓́̎̎ ̝̎́̒́̅̇̆̎ ̠̌̉̎̉ ̘̩̈̃̉́̊̎̏Ȣ 

ˠ ̨̒̓́̓̓ ̨̠̃̉̃̌̆̎̎ ̨̨̈́̋̏̎̏̍̑̎̏̒̓ ̨̗̩́̅́̐̓́ ̖̅̆̑̆̃̎̉ ̑̏̒̌̉̎ ̅̏ ̔̍̏̃ ̨̝̍̒̋̏̄̏ ̒̆̑̆̅̏̃̉́̚ ̈́ 
̨̗̝̔̎̋̏̎́̌̎̉̍̉̕ ̨̈̍̎́̍̉ ̃ ̩̖̝̎̏̍̔ ̨̨̠̗́̒̉̍̌̊̎̏̍̔ ̨́̐́̑́̓ ̐̑̉ ̨̩̅ ̎́ ̖̎̉ ̖̃́̇̋̉ ̨̍̆̓́̌̃. ˔́ ̨̐̑̏́̎́̌̈̏̃́̎̉̍̉ 
̅́ ̎̉̍̉ ȟ ̔ ̨̨̓̏̍́̒̕ ̅̆̎̅̑̏̌̏̑̉̕ȟ ̋̏̓̑́ ̤̈̑̏̒̓́ ̠̐̏̑̅ ̨̈ ̩̟̐̑̏̇̅̇̏ ̘̟́̒̓̉̎̏ ̨̝̖̍̒̋̉ ̗̝̃̔̌̉ ̈́ ̨̗̃̆̄̆̓́̊̎̉̊ 
̨̐̆̑̏̅ ̃ ̠̖̅̆̋̉ ̖̃̉̐́̅̋́ ̍̏̇̆ ̘̠̎́̋̏̐̉̔̃́̌̏̒ ̃ φτ-ψτ ̨̑́̈̃ ̨̝̙̂̌̆ ̒̐̏̌̔̋ ̗̟̒̃̉̎ ̨̠̐̏̑̃̎̎̏ ̈ ̏̎̏̃̉̍̕ ̨̃̍̒̓̏̍. 

˗̨̟̘̌̏̃ ̒̌̏̃́ȡ ̨̃́̇̋ ̍̆̓́̌̉ȟ ̅̆̎̅̑̏̌̏̑́̕ȟ ̈̆ ̨̌̆̎  ̎́ ̠̒́̅̇̆̎̎ȟ ̙̋́̓́̎ ̨̝̋̎̒̋̉̊ȟ ̌̉̐́ ̨̅̑̂̎̏̌̉̒̓́ȟ 
̔̑̂̏̆̋̏̒̉̒̓̆̍́ȟ ̠̌̉̎́ ̘̈̃̉́̊̎́Ȣ 
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ANALYSIS OF THE INFLUENCE OF TECHNOGENIC FACTORS ON THE DENROPHOR OF VINNITSA  
 

Tree plantations in urban ecosystems perform a number of vital functions, especially in conditions of deteriorating environmental situation in 
the form of man-made pollution. Therefore, there is a need to study the condition of trees, study the effects of pollution on tree plantations, assess their 
environmental stabilization efficiency, as well as develop programs to improve, protect and preserve dendroflora in good condition. 

The analysis of the main urbogenic factors influencing the growth of urban tree plantations is carried out. The most important 
problems of landscaping of the modern city are outlined, the shortcomings of maintenance and operation of green areas are generalized. 

Population growth, urban expansion, urbanization and industrialization, the increase in road transport and its concentration in 
cities have led to significant pollution of the urban environment by the combustion of gasoline and other fossil fuels. On average, in Ukraine 
the exhaust gases of vehicles cause 40-45% of air pollution. 

Pollutants that get into the air with car exhaust have a toxicological effect. Among the large number of components, the danger is 
an increasing increase in pollution by heavy metals, especially lead compounds 

Concentrations of heavy metals on two types of trees (Linden heart, Horse chestnut) on different streets with different 
anthropogenic load (Pirogov Street, Khmelnitsky Highway) were established. The condition of spruce within the city of Vinnytsia was 
analyzed. The study was conducted in nine places of growth of spruce plantations. 

The article reveals the regularities of adaptation of woody plants to the conditions of the urban environment by functional 
changes in their assimilation system under the action of heavy metals. According to the analyzed data, in the phytomass of dendroflora, 
which grows near the roadway of city streets during the growing season in some cases may have accumulated 20-40 times more lead 
compounds compared to the background content. 

Key words: heavy metals, dendroflora, greenery, horse chestnut, small-leaved linden, urban ecosystem, spruce. 

 

ʇʦʩʪʘʥʦʚʢʘ ʧʨʦʙʣʝʤʠ 

ɼʝʨʝʚʥʽ ʥʘʩʘʜʞʝʥʥʷ ʻ ʧʦʪʫʞʥʠʤ ʧʨʠʨʦʜʥʠʤ ʩʝʛʤʝʥʪʦʤ ʧʨʦʪʠʜʽʾ ʥʝʛʘʪʠʚʥʠʤ ʜʣʷ ʥʘʚʢʦʣʠʰʥʴʦʛʦ 

ʩʝʨʝʜʦʚʠʱʘ ʥʘʩʣʽʜʢʘʤ ʫʨʙʘʥʽʟʘʮʽʾ ʽ ʪʝʭʥʦʛʝʥʥʦʛʦ ʟʘʙʨʫʜʥʝʥʥʷ [1]. ʋ ʪʦʡ ʞʝ ʯʘʩ ʞʠʪʪʻʚʠʡ ʩʪʘʥ ʨʦʩʣʠʥ ʚ 

ʫʨʙʦʪʝʭʥʦʛʝʥʥʠʭ ʝʢʦʩʠʩʪʝʤʘʭ ʯʘʩʪʦ ʩʠʣʴʥʦ ʚʽʜʨʽʟʥʷʻʪʴʩʷ ʚʽʜ ʥʘʣʝʞʥʦʛʦ ʧʨʠʨʦʜʥʦʛʦ ʩʪʘʥʫ, ʱʦ ʟʤʝʥʰʫʻ 

ʬʽʪʦʤʝʣʽʦʨʘʪʠʚʥʫ ʽ ʜʝʢʦʨʘʪʠʚʥʫ ʨʦʣʴ ʜʝʨʝʚʥʠʭ ʥʘʩʘʜʞʝʥʴ. ʈʘʮʽʦʥʘʣʴʥʠʡ, ʩʚʦʻʯʘʩʥʠʡ ʢʦʥʪʨʦʣʴ ʪʘ 

ʜʽʘʛʥʦʩʪʠʢʘ ʬʫʥʢʮʽʦʥʘʣʴʥʦʛʦ ʩʪʘʥʫ ʜʝʨʝʚʥʠʭ ʨʦʩʣʠʥ, ʦʮʽʥʢʘ ʩʝʨʝʜʦʚʠʱʝ ʩʪʘʙʽʣʽʟʘʮ̔ʡʥʦʾ ʝʬʝʢʪʠʚʥʦʩʪʽ 

ʥʘʩʘʜʞʝʥʴ, ʻ ʘʢʪʫʘʣʴʥʠʤʠ ʥʘʫʢʦʚʠʤʠ ʽ ʧʨʘʢʪʠʯʥʠʤʠ ʧʨʦʙʣʝʤʘʤʠ ʩʴʦʛʦʜʝʥʥʷ, ʱʦ ʚʽʜʦʙʨʘʞʝʥʽ ʚ ʦʩʥʦʚʥʠʭ 

ʥʘʧʨʷʤʢʘʭ ʜʝʨʞʘʚʥʦʾ ʝʢʦʣʦʛʽʯʥʦʾ ʧʦʣʽʪʠʢʠ. 

ɸʥʘʣʽʟ ʦʩʪʘʥʥʽʭ ʜʞʝʨʝʣ 

ʇʨʦʚʝʜʝʥʽ ʥʘ ʜʘʥʠʡ ʯʘʩ ʜʦʩʣʽʜʞʝʥʥʷ ʩʪʦʩʦʚʥʦ ʚʧʣʠʚʫ ʫʨʙʘʥʽʟʦʚʘʥʦʛʦ ʩʝʨʝʜʦʚʠɦʘ ʥʘ ʥʘʩʘʜʞʝʥʥʷ 

ʩʪʦʩʫʶʪʴʩʷ ʧʝʨʝʚʘʞʥʦ ʤʽʩʪ ʚʝʣʠʢʠʭ ʧʨʦʤʠʩʣʦʚʠʭ ʨʝʛʽʦʥʽʚ, ʜʝ ʜʝʨʝʚʥʽ ʨʦʩʣʠʥʠ ʟʘʟʥʘʶʪʴ ʩʫʪʪʻʚʠʭ 
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ʫʰʢʦʜʞʝʥʴ ʚʽʜ ʢʨʠʪʠʯʥʦʛʦ ʟʘʙʨʫʜʥʝʥʥʷ ʜʦʚʢʽʣʣʷ. ɺʦʜʥʦʯʘʩ ʚ ʫʨʙʦʝʢʦʩʠʩʪʝʤʘʭ ʟ ʧʦʩʪʽʡʥʠʤ ʧʦʤʽʨʥʠʤ 

ʚʧʣʠʚʦʤ ʧʦʣʶʪʘʥʪʽʚ ʧʦʤʽʨʥʠʭ ʢʦʥʮʝʥʪʨʘʮʽʡ ʩʧʦʩʪʝʨʝʞʝʥ̫ ʟʘ ʨʝʘʢʮʽʷʤʠ ʨʦʩʣʠʥ ʫ ʛʣʠʙʦʢʦ 

ʪʨʘʥʩʬʦʨʤʦʚʘʥʦʤʫ ʩʝʨʝʜʦʚʠʱʽ ʧʨʦʚʦʜʷʪʴʩʷ ʤʘʣʦ. ʊʘʢʽ ʫʤʦʚʠ ʭʦʯ ʽ ʥʝ ʩʧʨʠʯʠʥʶʶʪʴ ʤʘʩʦʚʠʭ ʚʽʟʫʘʣʴʥʠʭ 

ʫʰʢʦʜʞʝʥʴ, ʘʣʝ ʧʨʠʰʚʠʜʰʫʶʪʴ ʽ ʩʢʦʨʦʯʫʶʪʴ ʞʠʪʪʻʚʠʡ ʮʠʢʣ, ʟʫʤʦʚʣʶʶʪʴ ʧʝʨʝʜʯʘʩʥʝ ʦʩʣʘʙʣʝʥʥʷ, ʩʪʘʨʽʥʥʷ 

ʽ ʚʪʨʘʪʠ ʚʠʜʦʚʦʛʦ ʬʽʪʦʨʟ̔ʥʦʤʘʥʽʪʪʷ ʥʘʩʘʜʞʝʥʴ [2]. 

ʈʦʟʚʠʪʦʢ ʤʽʩʪ, ʦʩʦʙʣʠʚʦ ʚʝʣʠʢʠʭ, ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʬʦʨʤʫʚʘʥʥʷ ʩʚʦʻʨʽʜʥʦʛʦ ʫʨʙʘʥʽʟʦʚʘʥʦʛʦ ʜʦʚʢʽʣʣʷ ʟ 

ʢʦʤʧʣʝʢʩʦʤ ʬʘʢʪʦʨʽʚ, ʱʦ ʥʝʛʘʪʠʚʥʦ ʚʧʣʠʚʘʶʪʴ ʥʘ ʞʠʪʪʻʚʽʩʪʴ ʜʝʨʝʚʥʠʭ ʨʦʩʣʠʥ. ɼʽʷ ʥʝʩʧʨʠʷʪʣʠʚʠʭ ʯʠʥʥʠʢʽʚ 

ʟʫʤʦʚʣʶʻ ʧʦʰʢʦʜʞʝʥʥʷ ʘʩʠʤʽʣʷʮʽʡʥʦʛʦ ʘʧʘʨʘʪʫ, ʩʢʦʨʦʯʝʥʥʷ ʚʝʛʝʪʘʮʽʾ, ʟʥʠʞʝʥʥʷ ʽʥʪʝʥʩʠʚʥʦʩʪʽ ʨʦʩʪʦʚʠʭ ʪʘ 

ʛʝʥʝʨʘʪʠʚʥʠʭ ʧʨʦʮʝʩʽʚ ʽ, ʟʘʛʘʣʦʤ, ʜʦ ʟʤʝʥʰʝʥʥʷ ʪʨʠʚʘʣʦʩʪʽ ʞʠʪʪʷ ʤʽʩʴʢʠʭ ʥʘʩʘʜʞʝʥʴ. ʊʦʤʫ, ʚʝʣʴʤʠ 

ʘʢʪʫʘʣʴʥʠʤ ʻ ʚʠʚʯʝʥʥʷ ʢʦʤʧʣʝʢʩʥʦʛʦ ʚʧʣʠʚʫ ʥʝʛʘʪʠʚʥʠʭ ʫʨʙʦʛʝʥʥʠʭ ʬʘʢʪʦʨʽʚ ʥʘ ʞʠʪʪʻʚʽʩʪʴ ʜʝʨʝʚʥʠʭ ʧʦʨ̔ʜ 

ʟ ʤʝʪʦʶ ʜʦʙʦʨʫ ʩʪʽʡʢʠʭ ʜʦ ʥʝʩʧʨʠʷʪʣʠʚʠʭ ʫʤʦʚ ʤʽʩʴʢʦʛʦ ʩʝʨʝʜʦʚʠʱʘ ʚʠʜʽʚ, ʧʽʜʚʠʱʝʥʥʷ ʧʨʦʜʫʢʪʠʚʥʦʩʪʽ ʪʘ 

ʜʝʢʦʨʘʪʠʚʥʦʩʪʽ ʟʝʣʝʥʠʭ ʥʘʩʘʜʞʝʥʴ, ʧʦʩʠʣʝʥʥʷ ʾʭ ʨʝʢʨʝʘʮʽʡʥʠʭ, ʩʘʥʽʪʘʨʥʦ-ʛʽʛʽʻʥʽʯʥʠʭ, ʝʩʪʝʪʠʯʥʠʭ, ʟʘʭʠʩʥʠʭ 

ʪʘ ʽʥʰʠʭ ʬʫʥʢʮʽʡ. 

ʄʝʪʘ ʮʽʻʾ ʧʫʙʣʽʢʘʮʽ ʾʧʦʣ̫ʛʘʻ ʚ ʚʠʷʚʣʝʥʥʽ ʟʘʢʦʥʦʤʽʨʥʦʩʪʽ ʘʜʘʧʪʘʮʽʾ ʜʝʨʝʚʥʠʭ ʨʦʩʣʠʥ ʚ ʫʨʙʘʥʽʩʪʠʯʥʽʡ 

ʝʢʦʩʠʩʪʝʤʽ ʟʘ ʬʫʥʢʮʽʦʥʘʣʴʥʠʤʠ ʟʤʽʥʘʤʠ ʚ ʾʭʥʴʦʤʫ ʘʩʠʤʽʣʷʮʽʡʥʦʤʫ ʘʧʘʨʘʪʽ ʡ ʦʭʘʨʘʢʪʝʨʠʟʫʚʘʪʠ ʜʝʢʦʨʘʪʠʚʥʽ 

ʚʠʜʠ ʱʦʜʦ ʚʠʢʦʨʠʩʪʘʥʥʷ ʾʭ ʜʣʷ ʦʧʪʠʤʽʟʘʮʽʾ ʤʽʩʴʢʦʛʦ ʩʝʨʝʜʦʚʠʱʘ. 

ʋʤʦʚʠ ʪʘ ʤʝʪʦʜʠʢʘ ʜʦʩʣʽʜʞʝʥ  ɹ

ʋ ʷʢʦʩʪʽ ʜʦʩʣʽʜʥʠʭ ʦʙ'ʻʢʪʽʚ ʚʠʢʦʨʠʩʪʦʚʫʚʘʣʠ ʥʘʩʪʫʧʥʽ ʚʠʜʠ ʜʝʨʝʚʥʠʭ ʨʦʩʣʠʥ: ʣʠʧʘ ʜʨʽʙʥʦʣʠʩʪʘ 

(Tilia cordata) ʪʘ ʛʽʨʢʦʢʘʰʪʘʥ ʟʚʠʯʘʡʥʠʡ (Aesculus hippocastanum L.), ʱʦ ʟʨʦʩʪʘʣʠ ʫ ʚʫʣʠʯʥʠʭ ʥʘʩʘʜʞʝʥʥʷʭ 

ʥʘ ʨʽʟʥʠʭ ʟʘ ʘʥʪʨʦʧʦʛʝʥʥʠʤ ʥʘʚʘʥʪʘʞʝʥʥʷʤ ʚʫʣʠʮ̫ʭ ʤʽʩʪʘ ɺʽʥʥʠʮʽ, ʘ ʩʘʤʝ ʚʫʣ. ʍʤʝʣʴʥʠʮʴʢʝ ʰʦʩʝ ʪʘ ʚʫʣ. 

ʇʠʨʦʛʦʚʘ. ʂʦʥʪʨʦʣʴʥʽ ʨʦʩʣʠʥʠ ʟʨʦʩʪʘʣʠ ʚ ʫʤʦʚʥʦ ʯʠʩʪʽʡ ʟʦʥʽ ʚ ʧʘʨʢʦʚʠʭ ʽ ʽʥʰʠʭ ʥʘʩʘʜʞʝʥʥʷʭ ʥʘ ʟʥʘʯʥʽʡ 

ʚʽʜʜʘʣʽ ʚʽʜ ʘʚʪʦʪʨʘʩ. 

ɼʣʷ ʦʮʽʥʢʠ ʟʘʙʨʫʜʥʝʥʦʩʪʽ ʤʽʩʴʢʦʛʦ ʧʦʚʽʪʨʷʥʦʛʦ ʩʝʨʝʜʦʚʠʱʘ ʚʠʭʣʦʧʥʠʤʠ ʛʘʟʘʤʠ ʘʚʪʦʤʦʙʽʣʽʚ 

ʚʠʢʦʨʠʩʪʘʥʦ ʙʽʦʣʦʛʽʯʥʠʡ ʤʝʪʦʜ, ʱʦ ʙʘʟʫʻʪʴʩʷ ʥʘ ʚʠʟʥʘʯʝʥʥʽ ʢʽʣʴʢʦʩʪʽ ʩʚʠʥʮʶ,  ʟʘʪʨʠʤʫʻʪʴʩʷ ʣʠʩʪʷʤ 

ʜʝʨʝʚʥʠʭ ʽ ʢʫʱʦʚʠʭ ʧʦʨʽʜ ʫ ʨʽʟʥʠʭ ʫʤʦʚʘʭ. ʆʩʢʽʣʴʢʠ ʫ ʤʽʩʴʢʠʭ ʫʤʦʚʘʭ ʘʚʪʦʪʨʘʥʩʧʦʨʪ ʻ ʻʜʠʥʠʤ ʥʘʡʙʽʣʴʰʠʤ 

ʜʞʝʨʝʣʦʤ ʚʠʢʠʜʽʚ ʩʚʠʥʮʶ ʚ ʥʘʚʢʦʣʠʰʥʻ ʩʝʨʝʜʦʚʠɦ ʝ, ʢʽʣʴʢʽʩʪʴ ʟʘʪʨʠʤʘʥʦʛʦ ʣʠʩʪʷʤ ʩʚʠʥʮʶ ʤʦʞʝ ʩʣʫʛʫʚʘʪʠ 

ʦʙôʻʢʪʠʚʥʠʤ ʧʦʢʘʟʥʠʢʦʤ ʩʪʫʧʝʥʷ ʟʘʙʨʫʜʥʝʥʦʩʪʽ ʧʦʚʽʪʨʷ ʚʠʭʣʦʧʥʠʤʠ ʛʘʟʘʤʠ ʘʚʪʦʤʦʙʽʣʽʚ.  

ʇʨʦʙʠ ʣʠʩʪʷ ʚʽʜʙʠʨʘʣʠ ʟ ʧʽʚʜʝʥʥʦ-ʩʭʽʜʥʦʛʦ ʙʦʢʫ ʩʝʨʝʜʥʴʦʾ ʯʘʩʪʠʥʠ ʢʨʦʥʠ. ʃʠʩʪʷ ʨʝʪʝʣʴʥʦ 

ʧʨʦʪʠʨʘʣʠ ʚʦʣʦʛʠʤ ʬʽʣʴʪʨʫʚʘʣʥɹʠʤ ʧʘʧʝʨʦʤ ʚʽʜ ʧʠʣʫ ʽ, ʱʦʙ ʫʥʠʢʥʫʪʠ ʚʠʤʠʚʘʥʥʷ ʝʣʝʤʝʥʪʽʚ, ʰʚʠʜʢʦ 

ʦʙʧʦʣʽʩʢʫʚʘʣʠ ʜʠʩʪʠʣʴʦʚʘʥʦʶ ʚʦʜʦʶ.  

ʊʝʦʨʝʪʠʯʥʘ, ʥʘʫʢʦʚʘ ʪʘ ʤʝʪʦʜʦʣʦʛʽʯʥʘ ʦʩʥʦʚʘ ʜʦʩʣʽʜʞʝʥʥʷ ˇʨʫʥʪʫʻʪʴʩʷ ʥʘ ʙʽʦʛʝʦʮʝʥʦʣʦʛʽʯʥʦʤʫ 

ʧʨʠʥʮʠʧʽ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʢʣʘʩʠʯʥʠʭ ʤʝʪʦʜʽʚ, ʧʨʠʡʥʷʪʠʭ ʚ ʝʢʦʣʦʛʽ,ʾ ʛʝʦʙʦʪʘʥʽʮʽ, ˇʨʫʥʪʦʟʥʘʚʩʪʚʽ, 

ʢʣʽʤʘʪʦʣʦʛʽʾ, ʜʝʥʜʨʦʣʦʛʽʾ, ʟʘʭʠʩʥʦʤʫ ʣʽʩʦʟʥʘʚʩʪʚʽ ʪʘ ʦʟʝʣʝʥʝʥʽ [3].  

ɿʨʘʟʢʠ ʨʦʩʣʠʥʥʦʾ ʙʽʦʤʘʩʠ ʚʽʜʙʠʨʘʣʠ ʟʘ ɻʆʉʊ 27262. ʆʟʦʣʝʥʥʷ ʨʦʩʣʠʥʥʦʛʦ ʤʘʪʝʨʽʘʣʫ ʧʨʦʚʦʜʠʣʠ ʟʘ 

ʟʘʛʘʣʴʥʦʧʨʠʡʥʷʪʦʶ ʤʝʪʦʜʠʢʦʶ. ɺʤʽʩʪ ʚʘʞʢʠʭ ʤʝʪʘʣʽʚ ʚʠʟʥʘʯʘʣʠ ʤʝʪʦʜʦʤ ʘʪʦʤʥʦ-ʘʙʩʦʨʙʮʽʦʥʥʦʾ 

ʩʧʝʢʪʨʦʩʢʦʧʽʾ  ʥʘ ʙʘʟʽ ʥʘʫʢʦʚʦ-ʚʠʤʽʨʶʚʘʣʴʥʽ ʘʛʨʦʭʽʤʽʯʥʦʾ ʣʘʙʦʨʘʪʦʨʽʾ ʢʘʬʝʜʨʠ ʝʢʦʣʦʛʽʾ ʪʘ ʦʭʦʨʦʥʠ ʧʨʠʨʦʜʠ 

ɺʅɸʋ. ɼʘʥʽ ʦʙʨʦʙʣʷʣʠ ʤʘʪʝʤʘʪʠʯʥʦ ʥʘ ʦʩʥʦʚʽ ʤʝʪʦʜʽʚ ʩʪʘʪʠʩʪʠʢʠ ʟʘ ʜʦʧʦʤʦʛʦʶ ʧʘʢʝʪʫ 

ʙʘʛʘʪʦʬʫʥʢʮʽʦʥʘʣʴʥʠʭ ʢʦʤʧôʶʪʝʨʥʠʭ ʧʨʦʛʨʘʤ. 

ɺʤʩ̔ʪ ʚʘʞʢʠʭ ʤʝʪʘʣʽʚ ʫ ʙʽʦʤʘʩʽ ʨʦʩʣʠʥ ʚʠʚʯʘʣʠ ʟʘʛʘʣʴʥʦʧʨʠʡʥʷʪʠʤʠ ʤʝʪʦʜʠʢʘʤʠ çʄʝʪʦʜʠʯʝʩʢʠʝ 

ʫʢʘʟʘʥʠʷ ʧʦ ʦʧʨʝʜʝʣʝʥʠʶ ʪʷʞʝʣʳʭ ʤʝʪʘʣʣʦʚ ʚ ʧʦʯʚʘʭ ʩʝʣʴʭʦʟʫʛʦʜʠʡ ʠ ʧʨʦʜʫʢʮʠʠ ʨʘʩʪʝʥʠʝʚʦʜʩʪʚʘè [4]. 

ʈʦʩʣʠʥʥʽ ʧʨʦʙʠ ʤʽʥʝʨʘʣʽʟʫʚʘʣʠ ʟʘ ʤʝʪʦʜʦʤ ʩʫʭʦʛʦ ʦʟʦʣʝʥʥʷ ʜʦ ʧʦʚʥʦʛʦ ʦʛʦʣʝʥʥʷ ʨʦʩʣʠʥʥʦʛʦ ʤʘʪʝʨʽʘʣʫ. 

ʂʠʩʣʦʪʥʫ ʝʢʩʪʨʘʢʮʽʶ ʧʨʦʚʦʜʠʣʠ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʥʽʪʨʦʛʝʥʦʚʦʾ ʢʠʩʣʦʪʠ ʫ ʨʦʟʚʝʜʝʥʥʽ 1:1. ʂʦʥʮʝʥʪʨʘʮʽʶ ʚʘʞʢʠʭ 

ʤʝʪʘʣʽʚ ʚʠʟʥʘʯʘʣʠ ʟʘ ʜʦʧʦʤʦʛʦʶ ʘʪʦʤʥʦ-ʘʜʩʦʨʙʮʽʡʥʦʛʦ ʩʧʝʢʪʨʦʬʦʪʦʤʝʪʨʘ ʉ- 115 (ʋʢʨʘʾʥʘ). 

ɺʤʽʩʪ ʚʘʞʢʠʭ ʤʝʪʘʣʽʚ ʫ ʣʠʩʪʽ ʜʝʨʝʚ  ̔ʯʘʛʘʨʥʠʢʽʚ ʚ ʫʤʦʚʘʭ ʪʝʭʥʦʛʝʥʥʦʛʦ ʟʘʙʨʫʜʥʝʥʥʷ ʨʽʟʥʦʛʦ 

ʧʦʭʦʜʞʝʥʥʷ ʜʦʩʣʽʜʞʫʚʘʣʠ  ɺ.ʇ. ɹʝʩʩʦʥʦʚʘ ʪʘ  ɯ.ɸ. ɿʘʡʮʝʚʘ. ɼʝʥʜʨʦʣʦʛʽʯʥʽ ʦʩʦʙʣʠʚʦʩʪʽ ʜʦʩʣʽʜʞʫʚʘʥʠʭ 

ʨʦʩʣʠʥ ʨʦʟʛʣʷʜʘʣʠ ʟʘ ʂʦʭʥʦ ʄ.ɸ., ʇʘʨʭʦʤʝʥʢʦ ʃ.ɯ., ɿʘʨʫʙʝʥʢʦ ɸ.ʋ. ʪʘ ʽʥ. ɼʝʥʜʨʦʬʣʦʨʘ ʋʢʨʘʾʥʠ. ɼʠʢʦʨʦʩʣ̔ 

ʡ ʢʫʣʴʪʠʚʦʚʘʥʽ ʜʝʨʝʚʘ ʽ ʢʫʱʽ [6]. 

ɿʘ ʤʝʪʦʜʘʤʠ ɹ. ɼʦʩʧʻʭʦʚʠʤ çʄʝʪʦʜʠʢʘ ʧʦʣʝʚʦʛʦ ʦʧʳʪʘè ʟʜʽʡʩʥʶʚʘʣʠ ʩʪʘʪʠʩʪʠʯʥʫ ʦʙʨʦʙʢʫ 

ʦʪʨʠʤʘʥʠʭ ʜʘʥʠʭ. ʇʨʦʚʝʜʝʥʥʷ ʜʝʪʘʣʴʥʠʭ ʜʦʩʣʽʜʞʝʥʴ ʧʦ ʚʠʷʚʣʝʥʥʶ ʚʧʣʠʚʫ ʘʝʨʦʛʝʥʥʦʛʦ ʟʘʙʨʫʜʥʝʥʥʷ ʥʘ 

ʟʝʣʝʥʽ ʥʘʩʘʜʞʝʥʥʷ ʚ ʧʨʠʜʦʨʦʞʥʠʭ ʩʤʫʛʘʭ ʧʨʦʚʦʜʠʣʦʩʴ ʟʘ ʨʦʟʨʦʙʣʝʥʦʶ ʢʦʤʧʣʝʢʩʥʦʶ ʤʝʪʦʜʠʢʦʶ 

ɻʥʘʪʽʚ ʇ.ʉ., ʄʘʟʝʧʘ ʄ.ɻ., ɸʨʪʝʤʦʚʩʴʢʘ ɼ.ɺ. çɹʫʬʝʨʥʽ ʚʣʘʩʪʠʚʦʩʪʽ ʪʘ ʤʦʨʬʦ-ʘʥʘʪʦʤʽʯʥʽ ʦʟʥʘʢʠ ʣʠʩʪʢʽʚ ʫ 

ʪʝʭʥʦʛʝʥʥʠʭ ʫʤʦʚʘʭ ʟʨʦʩʪʘʥʥʷ ʜʝʨʝʚè [5]. 

ʌʽʪʦʮʝʥʦʪʠʯʥʽ ʦʩʦʙʣʠʚʦʩʪʽ ʜʦʩʣʽʜʞʫʚʘʣʠ ʟʘ çʄʝʪʦʜʠ ʝʢʦʣʦʛʽʯʥʠʭ ʜʦʩʣ̔ʜʞʝʥɹ . ʌʽʪʦʮʝʥʦʪʠʯʥʽ 

ʜʦʩʣʽʜʞʝʥʥʷ. ʏʘʩʪʠʥʘ 1è ɻ.ɯ. ʂʨʘʚʯʫʢ. 

ɺʠʢʣʘʜ ʦʩʥʦʚʥʦʛʦ ʤʘʪʝʨʽʘʣʫ 

ɿʨʦʩʪʘʥʥʷ ʢʽʣʴʢʦʩʪʽ ʥʘʩʝʣʝʥʥʷ, ʨʦʟʰʠʨʝʥʥʷ ʤʽʩʪ, ʫʨʙʘʥʽʟʘʮʽʷ ʪʘ ʽʥʜʫʩʪʨʽʘʣʽʟʘʮʽʷ, ʟʙʽʣʴʰʝʥʥʷ 

ʘʚʪʦʤʦʙʽʣʴʥʦʛʦ ʪʨʘʥʩʧʦʨʪʫ ʽ ʢʦʥʮʝʥʪʨʘʮʽʷ ʡʦʛʦ ʚ ʤʽʩʪʘʭ ʧʨʠʟʚʝʣʠ ʜʦ ʟʥʘʯʥʦʛʦ ʟʘʙʨʫʜʥʝʥʥʷ ʤʽʩʴʢʦʛʦ ʩʝʨʝʜʦʚʠʱʘ 

ʧʨʦʜʫʢʪʘʤʠ ʟʛʦʨʘʥʥʷ ʙʝʥʟʠʥʫ ʪʘ ʽʥʰʠʭ ʚʠʜʽʚ ʦʨʛʘʥʽʯʥʦʛʦ ʧʘʣʠʚʘ. ɺ ʩʝʨʝʜʥʴʦʤʫ ʥʘ ʪʝʨʠʪʦʨʽʾ ʋʢʨʘʾʥʠ ʚʠʭʣʦʧʥʽ 

ʛʘʟʠ ʘʚʪʦʪʨʘʥʩʧʦʨʪʥʠʭ ʟʘʩʦʙʽʚ ʟʫʤʦʚʣʶʶʪʴ 40-45 % ʟʘʙʨʫʜʥʝʥʥʷ ʧʦʚʽʪʨʷ. ʋ ʤʝʞʘʭ ʤʽʩʴʢʦʛʦ ʩʝʨʝʜʦʚʠʱʘ ʚʦʥʠ 

ʩʪʚʦʨʶʶʪʴ ʙʽʣʴʰʝ 50 % ʟʘʙʨʫʜʥʝʥʥʷ ʧʦʚʽʪʨʷ, ʧʨʠʯʦʤʫ ʫ ʚʝʣʠʢʠʭ ʤʽʩʪʘʭ (ʚʽʜ 0,5 ʤʣʥ ʜʦ 1-1,5 ʤʣʥ ʞʠʪʝʣʽʚ) ʥʘ ʾʭ 

ʯʘʩʪʢʫ ʧʨʠʧʘʜʘʻ 55-70 %, ʘ ʚ ʜʫʞʝ ʚʝʣʠʢʠʭ (ʜʝʢʽʣʴʢʘ ʤʽʣʴʡʦʥʽʚ ʞʠʪʝʣʽʚ) ʤʽʩʪʘʭ ï ʙʽʣʴʰʝ 85 % ʚʽʜ ʟʘʛʘʣʴʥʦʛʦ 

ʦʙʩʷʛʫ ʟʘʙʨʫʜʥʝʥʥʷ ʘʪʤʦʩʬʝʨʥʦʛʦ ʧʦʚʽʪʨʷ. ʋʢʨʘʾʥʩʴʢʽ ʘʚʪʦʤʦʙ̔ʣ̔  çʩʝʨʝʜʥʴʦʛʦ ʚʽʢʫè ʚʠʢʠʜʘʶʪʴ ʚ ʘʪʤʦʩʬʝʨʫ ʫ 8-

10 ʨʘʟʽʚ ʙʽʣʴʰʝ ʰʢʽʜʣʠʚʠʭ ʨʝʯʦʚʠʥ, ʥʽʞ ʧʦʜʽʙʥʽ ʻʚʨʦʧʝʡʩʴʢʽ. ʇʨʘʚʠʣʴʥʝ ʨʝʛʫʣʶʚʘʥʥʷ ʧʘʣʠʚʥʦʾ ʩʠʩʪʝʤʠ 
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ʘʚʪʦʤʦʙʽʣʽʚ ʜʘʻ ʟʤʦʛʫ ʟʥʠʟʠʪʠ ʢʽʣʴʢʽʩʪʴ ʰʢʽʜʣʠʚʠʭ ʨʝʯʦʚʠʥ ʚ 1,5 ʨʘʟʘ, ʘ ʩʧʝʮʽʘʣʴʥʽ ʥʝʡʪʨʘʣʽʟʘʪʦʨʠ (ʢʘʪʘʣʽʪʠʯʥ̔ 

ʜʦʩʧʘʣʶʚʘʯʽ) ï ʟʥʠʟʠʪʠ ʪʦʢʩʠʯʥʽʩʪʴ ʚʠʭʣʦʧʥʠʭ ʛʘʟʽʚ ʫ 6 ʽ ʙʽʣʴʰʝ ʨʘʟ.  

ʋ ʚʽʜʧʨʘʮʴʦʚʘʥʠʭ ʛʘʟʘʭ ʘʚʪʦʤʦʙʽʣʴʥʠʭ ʜʚʠʛʫʥʽʚ ʥʘʣʽʯʫʻʪʴʩʷ ʧʦʥʘʜ 100 ʨʽʟʥʠʭ ʢʦʤʧʦʥʝʥʪʽʚ, 

ʙʽʣʴʰʽʩʪʴ ʟ ʷʢʠʭ ʪʦʢʩʠʯʥʽ ʪʘ ʥʝʛʘʪʠʚʥʦ ʚʧʣʠʚʘʶʪʴ ʥʘ ʣʶʜʠʥʫ ʽ ʜʦʚʢʽʣʣʷ. ʉʝʨʝʜ ʪʦʢʩʠʯʥʠʭ ʢʦʤʧʦʥʝʥʪ̔ʚ, ʷʢʽ 

ʚʠʢʠʜʘʶʪʴʩʷ ʘʚʪʦʪʨʘʥʩʧʦʨʪʦʤ 73 % ʩʪʘʥʦʚʣʷʪʴ ʦʢʩʠʜʠ ʢʘʨʙʦʥʫ, 11 % ï ʥʝʤʝʪʘʥʦʚʽ ʣʝʪʢʽ ʦʨʛʘʥʽʯʥʽ ʩʧʦʣʫʢʠ, 

13 % ï ʦʢʩʠʜʠ ʥʽʪʨʦʛʝʥʫ, 1,6 % ï ʩʘʞʘ, 1,4 % ï ʦʢʩʠʜ ʩʫʣʴʬʫʨʫ, ʩʧʦʣʫʢʠ ʩʚʠʥʮʶ (ʤʝʪʘʙʦʣʽʪʠ ʈbʆ4) (ʪʘʙʣ.1). 

ɺʝʣʠʢʠʡ ʦʙʩʷʛ ʚʠʢʠʜʽʚ ʚʽʜ ʘʚʪʦʪʨʘʥʩʧʦʨʪʫ ʧʦʷʩʥʶʻʪɹʩʷ, ʥʘʩʘʤʧʝʨʝʜ, ʟʙʽʣʴʰʝʥʥʷʤ ʢʽʣʴʢʦʩʪʽ ʧʨʠʚʘʪʥʦʛʦ 

ʘʚʪʦʪʨʘʥʩʧʦʨʪʫ, ʝʢʩʧʣʫʘʪʘʮʽʻʶ ʪʝʭʥʽʯʥʦ-ʟʘʩʪʘʨʽʣʦʛʦ ʘʚʪʦʤʦʙʽʣʴʥʦʛʦ ʧʘʨʢʫ, ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʧʘʣʠʚʘ ʥʠʟʴʢʦʾ 

ʷʢʦʩʪʽ, ʘʚʘʨʽʡʥʠʤ ʩʪʘʥʦʤ ʜʦʨʽʛ. 

ʊʘʙʣʠʮʷ 1 

ʉʢʣʘʜ ʚʠʭʣʦʧʥʠʭ ʛʘʟʽʚ ʙʝʥʟʠʥʦʚʠʭ ʽ ʜʠʟʝʣʴʥʠʭ ʜʚʠʛʫʥ̔ʚ ʚʥʫʪʨʽʥhʴʦʛʦ ʟʛʦʨʷʥʥʷ 

ʅʘʟʚʘ ʨʝʯʦʚʠʥʠ 
ɺʠʜ ʜʚʠʛʫʥʘ 

ɹʝʥʟʠʥʦʚʽ ɼʠʟʝʣʴʥʽ 

ɸʟʦʪ N2, ʦʙ.% 74-77 76-78 

ʂʠʩʝʥʴ O2, ʦʙ.% 0,3-8,0 2,0-18,0 

ɺʦʜʘ H2O (ʧʘʨʘ), ʦʙ.% 3,0-5,5 0,5-4,0 

ɺʫʛʣʝʢʠʩʣʠʡ ʛʘʟ CO2, ʦʙ.% 0,0-16,0 1,0-10,0 

ʏʘʜʥʠʡ ʛʘʟ CO, ʦʙ.% 0,1-5,0 0,01-0,5 

ʆʢʩʠʜʠ ʥʽʪʨʦʛʝʥʫ NOx, ʦʙ.% 0,0-0,8 0,0002-0,5 

ɺʫʛʣʝʚʦʜʥʽ ʉmʅn, ʦʙ.% 0,2-3,0 0,09-0,5 

ɸʣɹʜʝʛʽʜʠ RCHO, % 0,0-0,2 0,001-0,009 

ʉʘʞʘ, ʛ/ʤ3 0,0-0,04 0,01-1,10 

ɹʝʥʟ(ʘ)ʧʽʨʝʥ, ʛ/ʤ3 10-20Ĭ10ī6 10Ĭ10ī6 

ɼʚʦʦʢʩʠʜ ʩʽʨʢʠ, ʤʛ/ʤ3 0,003 0,015 

ʉʧʦʣʫʢʠ ʩʚʠʥʮʶ, ʤʛ/ʤ3 60 ï 

 

ʉʣ̔ ʜ ʚʽʜʤʽʪʠʪʠ, ʱʦ 40 % ʚʩʽʭ ʰʢʽʜʣʠʚʠʭ ʨʝʯʦʚʠʥ, ʱʦ ʧʦʪʨʘʧʣʷʶʪʴ ʚ ʘʪʤʦʩʬʝʨʫ, ʻ ʧʨʦʜʫʢʪʘʤʠ 

ʟʛʦʨʘʥʥʷ ʘʚʪʦʤʦʙʽʣʴʥʦʛʦ ʧʘʣʠʚʘ.  

 
ʈʠʩ. 1. ʏʘʩʪʢʘ ʧʦʣʶʪʘʥʪʽʚ ʫ ʚʠʭʣʦʧʥʠʭ ʛʘʟʘʭ ʘʚʪʦʤʦʙʽʣʴʥʦʛʦ ʪʨʘʥʩʧʦʨʪʫ ʚ ʋʢʨʘʾʥʽ 

 

ʗʢʱʦ ʦʮʽʥʶʚʘʪʠ ʚʥʝʩʦʢ ʘʚʪʦʤʦʙʽʣʴʥʦʛʦ ʪʨʘʥʩʧʦʨʪʫ ʚ ʟʘʛʘʣʴʥʝ ʟʘʙʨʫʜʥʝʥʥʷ ʘʪʤʦʩʬʝʨʥʦʛʦ ʧʦʚʽʪʨʷ ʚ 

ʋʢʨʘʾʥʽ (ʨʠʩ.1), ʪʦ ʡʦʛʦ ʯʘʩʪʢʘ ʟʘ ʦʢʩʠʜʦʤ ʚʫʛʣʝʮʶ ʩʪʘʥʦʚʠʪʠʤʝ 49 %, ʟʘ ʚʫʛʣʝʚʦʜʥʷʤʠ ï 32 %, ʟʘ ʦʢʩʠʜʘʤʠ 

ʘʟʦʪʫ ï 20 %. ʈʘʟʦʤ ʟ ʪʠʤ ʚ ʙʘʛʘʪʴʦʭ ʤʽʩʪʘʭ ʋʢʨʘʾʥʠ ʚʠʢʠʜʠ ʘʚʪʦʪʨʘʥʩʧʦʨʪʫ ʩʪʘʥʦʚʣʷʪʴ ʚʽʜ 60 ʜʦ 90 % 

ʟʘʛʘʣʴʥʦʾ ʢʽʣʴʢʦʩʪʽ ʚʠʢʠʜʽʚ. 

ʇʦʣʶʪʘʥʪʠ, ʢʦʨʪʽ ʧʦʪʨʘʧʣʷʶʪʴ ʫ ʧʦʚʽʪʨʷ ʟ ʚʠʭʣʦʧʥʠʤʠ ʛʘʟʘʤʠ ʘʚʪʦʤʦʙʽʣʽʚ, ʤʘʶʪʴ ʪʦʢʩʠʢʦʣʦʛʽʯʥʫ 

ʜʽʶ. ʉʝʨʝʜ ʚʝʣʠʢʦʾ ʢʽʣʴʢʦʩʪʽ ʩʢʣʘʜʦʚʠʭ ʥʝʙʝʟʧʝʢʫ ʩʪʘʥʦʚʠʪʴ ʚʩʝ ʙʽʣʴʰʝ ʟʨʦʩʪʘʥʥʷ ʟʘʙʨʫʜʥʝʥʥʷ ʚʘʞʢʠʤʠ 

ʤʝʪʘʣʘʤʠ, ʦʩʦʙʣʠʚʦ ʩʧʦʣʫʢʘʤʠ ʩʚʠʥʮ.ʁ ʆʩʢʽʣʴʢʠ ʩʚʠʥʮʝʚʠʤ ʩʧʦʣʫʢʘʤ ʚʣʘʩʪʠʚʘ ʥʝʡʨʦʪʦʢʩʠʯʥʘ ʜʽʷ 

(ʦʩʦʙʣʠʚʦ ʥʝʙʝʟʧʝʯʥʘ ʜʣʷ ʟʜʦʨʦʚôʷ ʜʽʪʝʡ). 

ʋ ʟʥʘʯʥʠʭ ʜʦʟʘʭ ʩʧʦʣʫʢʠ ʩʚʠʥʮʶ ʚʠʢʣʠʢʘʶʪʴ ʭʨʦʤʦʩʦʤʥʽ ʘʙʝʨʘʮʽʾ ʫ ʣʶʜʝʡ. ʋ ʣʽʪʝʨʘʪʫʨʽ ʻ ʡ ʽʥʰʽ 

ʚʽʜʦʤʦʩʪʽ, ʱʦ ʩʚʽʜʯʘʪʴ ʧʨʦ ʥʝʩʧʨʠʷʪʣʠʚʠʡ ʚʧʣʠʚ ʩʚʠʥʮʶ ʟʘ ʫʤʦʚ ʥʘʢʦʧʠʯʝʥʥʷ ʡʦʛʦ ʫ ʟʦʚʥʽʰʥʴʦʤʫ 

ʩʝʨʝʜʦʚʠʱʽ. 

ʊʘʢʠʤ ʯʠʥʦʤ ʫ ʟʚôʷʟʢʫ ʟ ʰʚʠʜʢʠʤʠ ʪʝʤʧʘʤʠ ʧʦʛʽʨʰʝʥʥʷ ʝʢʦʣʦʛʽʯʥʦʾ ʩʠʪʫʘʮʽʾ ʪʘ ʟʘʛʨʦʟʣʠʚʦʛʦ 

ʭʘʨʘʢʪʝʨʫ ʟʤʽʥ, ʫʞʝ ʚ 70-ʪʽ ʨʦʢʠ ʙʫʣʦ ʚʠʟʥʘʥʦ ʘʢʪʫʘʣʴʥʽʩʪʴ ʽ ʥʝʚʽʜʢʣʘʜʥʽʩʪʴ ʟʦʩʝʨʝʜʞʝʥʥʷ ʫʚʘʛʠ ʥʘ ʧʨʦʙʣʝʤʽ 

ʙʦʨʦʪʴʙʠ ʟ ʟʘʙʨʫʜʥʝʥʥ̫ʤ ʧʦʚʽʪʨʷ, ʘ ʨʘʟʦʤ ʟ ʪʠʤ ʛʨʫʥʪʫ, ʧʦʣʶʪʘʥʪʘʤʠ ʚʠʭʣʦʧʥʠʭ ʛʘʟʽʚ ʘʚʪʦʤʦʙʽʣʽʚ. ʎʝ ʜʘʣʦ 

ʧʦʰʪʦʚʭ ʦʙˇʨʫʥʪʫʚʘʥʥʶ ʚʽʜʧʦʚʽʜʥʦʾ ʪʝʤʘʪʠʢʠ ʪʘ ʨʦʟʛʦʨʪʘʥʥʷ ʨʦʙʽʪ ʟ ʚʠʚʯʝʥʥʷ, ʘʥʘʣʽʟʫ ʪʘ ʦʮʽʥʢʠ ʨʽʚʥʷ 

ʟʘʙʨʫʜʥʝʥʦʩʪʽ ʤʽʩʴʢʦʛʦ ʩʝʨʝʜʦʚʠʱʘ ʚʠʭʣʦʧʥʠʤʠ ʛʘʟʘʤʠ ʘʚʪʦʤʦʙʽʣʽʚ. ʆʜʥʠʤ ̔ʟ ʧʝʨʩʧʝʢʪʠʚʥʽʰʠʭ ʟʘʩʦʙʽʚ 

ʟʘʭʠʩʪʫ ʚʽʜ ʜʽʾ ʟʘʙʨʫʜʥʶʚʘʯʽʚ ʙʫʣʦ ʦʙʨʘʥʦ ʦʟʝʣʝʥʝʥʥʷ [6].  

ʆʟʝʣʝʥʝʥʥʷ ʥʘʩʝʣʝʥʠʭ ʧʫʥʢʪʽʚ ʟʘʟʚʠʯʘʡ ʧʨʝʜʩʪʘʚʣʝʥʦ ʧʘʨʢʘʤʠ, ʛʘʟʦʥʘʤʠ, ʩʢʚʝʨʘʤʠ, ʘʣʝʷʤʠ, 

ʢʚʽʪʥʠʢʘʤʠ ʪʘ ʧʨʠʜʦʨʦʞʥʽʤʠ ʩʤʫʛʘʤʠ. ʋ ɺʽʥʥʠʮʴʢʽʡ ʦʙʣʘʩʪʽ ʽʩʥʫʻ ʤʘʡʞʝ 200 ʧʘʨʢʽʚ ʪʘ ʧʦʥʘʜ 470 ʩʢʚʝʨʽʚ. 

ɿʘ ʽʥʬʦʨʤʘʮʽʻʶ, ʥʘʜʘʥʦʶ ʨʘʡʦʥʥʠʤʠ ʜʝʨʞʘʚʥʠʤʠ ʘʜʤʽʥʽʩʪʨʘʮʽʷʤʠ ʪʘ ʚʠʢʦʥʘʚʯʠʤʠ ʢʦʤʽʪʝʪʘʤʠ ʤʽʩʪ 

ʦʙʣʘʩʥʦʛʦ ʟʥʘʯʝʥʥʷ, ʩʪʘʥʦʤ ʥʘ 01.01.2018 ʨʦʢʫ: ʟʘʛʘʣʴʥʘ ʧʣʦʱʘ ʟʝʣʝʥʠʭ ʥʘʩʘʜʞʝʥʴ 10961,5 ʛʘ, ʟ ʥʠʭ 38% 

ʫʨʘʞʝʥʠʭ ʬʽʪʦʟʘʭʚʦʨʶʚʘʥʥʷʤʠ, ʘ ʩʘʤʝ 1,6% ʧʦʪʝʨʧʘʻ ʚʽʜ ʢʚʽʪʢʦʚʠʭ ʧʘʨʘʟʠʪʽʚ, 1,8% ʧʦʰʢʦʜʞʝʥʽ ʤʽʢʦʟʘʤʠ 

(ʛʨʠʙʘʤʠ) ʪʘ 34,6% ʫʨʘʞʝʥʽ ʝʥʪʦʤʦʰʢʽʜʥʠʢʘʤʠ [6]. 
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ɿʝʣʝʥʽ ʟʦʥʠ ʬʦʨʤʫʶʪʴ ʝʩʪʝʪʠʯʥʠʡ ʚʠʛʣʷʜ ʤʽʩʪ ʪʘ ʩʪʚʦʨʶʶʪʴ ʢʦʤʬʦʨʪʥʽ ʫʤʦʚʠ ʜʣʷ ʞʠʪʪʷ ʥʘʩʝʣʝʥʥʷ. 

ʇʦʨʷʜ ʽʟ ʮʠʤ ʟʝʣʝʥʽ ʥʘʩʘʜʞʝʥʥʷ ʩʣʫʛʫʶʪʴ ʚʘʞʣʠʚʠʤ ʝʣʝʤʝʥʪʦʤ ʤʽʩɹʢʦʾ ʽʥʬʨʘʩʪʨʫʢʪʫʨʠ, ʦʩʢʽʣʴʢʠ ʤʘʶʪʴ 

ʬʫʥʢʮʽʾ ʟʥʠʞʝʥʥʷ ʰʫʤʫ, ʦʯʠʱʝʥʥʷ ʧʦʚʽʪʨʷ, ʘ ʪʘʢʦʞ ʧʦʤôʷʢʰʝʥʥʷ ʥʝʛʘʪʠʚʥʠʭ ʥʘʩʣʽʜʢʽʚ ʟʤʽʥʠ ʢʣʽʤʘʪʫ. 

ɸʢʪʫʘʣʴʥʽʩʪʴ ʟʙʝʨʝʞʝʥʥʷ ʟʝʣʝʥʠʭ ʟʦʥ ʟʙʽʣʴʰʫʻʪʴʩʷ ʫ ʤʽʩʪʘʭ ʟ ʙʽʣʴʰʦʶ ʢʽʣʴʢʽʩʪʶ ʥʘʩʝʣʝʥʥʷ, 

ʽʥʪʝʥʩʠʚʥʽʰʠʤ ʨʫʭʦʤ ʘʚʪʦʪʨʘʥʩʧʦʨʪʫ, ʙʽʣʴʰʦʶ ʢʽʣʴʢʽʩʪʶ ʧʨʦʤʠʩʣʦʚʠʭ, ʚʠʨʦʙʥʠʯʠʭ ʪʘ ʢʦʤʫʥʘʣʴʥʠʭ 

ʧʽʜʧʨʠʻʤʩʪʚ. ʅʘʡʙʽʣʴʰʘ ʢʽʣʴʢʽʩʪʴ ʣʶʜʝʡ ʧʨʦʞʠʚʘʻ ʫ ʦʙʣʘʩʥʦʤʫ ʮʝʥʪʨʽ ʤʽʩʪʽ ɺʽʥʥʠʮʷ ï 370707 ʦʩʽʙ (ʥʘ 

01.01.2020 ʨʦʢʫ). ʊʘʢ, ʫ ʤ. ɺʽʥʥʠʮʷ ʚʠʢʠʜʠ ʚʽʜ ʘʚʪʦʪʨʘʥʩʧʦʨʪʫ ʜʦʩʷʛʘʶʪʴ 80%, ʘ ʫ ʨʦʟʨʘʭʫʥʢʫ ʥʘ ʜʫʫh 

ʥʘʩʝʣʝʥʥʷ ʩʪʘʥʦʚʠʪʴ 36,7 ʢʛ, ʱʽʣʴʥʽʩʪʴ ʚʠʢʠʜʽʚ ʫ ʨʦʟʨʘʭʫʥʢʫ ʥʘ ʢʚʘʜʨʘʪʥʠʡ ʢʽʣʦʤʝʪʨ ʪʝʨʠʪʦʨʽʾ ï 197,7 ʪ. 

ʇʨʦʚʝʜʝʥʥʽ ʜʦʩʣʽʜʞʝʥʴ ʙʫʣʦ ʚʠʢʦʨʠʩʪʘʥʦ ʙʽʦʣʦʛʽʯʥʠʡ ʤʝʪʦʜ ʟ ʤʝʪʦʶ ʦʮʽʥʢʠ ʟʘʙʨʫʜʥʝʥʦʩʪʽ ʤʽʩʴʢʦʛʦ 

ʧʦʚʽʪʨʷʥʦʛʦ ʩʝʨʝʜʦʚʠʱʘ ʚʠʭʣʦʧʥʠʤʠ ʛʘʟʘʤʠ ʘʚʪʦʤʦʙ̔ʣ̔ʚ. ɼʘʥʠʡ ʤʝʪʦʜ ʙʘʟʫʚʘʚʩʷ ʥʘ ʚʠʟʥʘʯʝʥʥʽ ʢʽʣʴʢʦʩʪʽ 

ʩʚʠʥʮʶ, ʟʘʪʨʠʤʫʚʘʥʦʛʦ ʣʠʩʪʷʤʠ ʜʝʨʝʚʥʠʭ ʧʦʨʽʜ ʫ ʧʨʠʜʦʨʦʞʥʽʭ ʥʘʩʘʜʞʝʥʥʷʭ ʟ ʨʽʟʥʦʶ ʽʥʪʝʥʩʠʚʥʽʩʪʶ ʨʫʭʫ 

ʘʚʪʦʪʨʘʥʩʧʦʨʪʫ. ʂʽʣʴʢʽʩʪʴ ʫʪʨʠʤʫʚʘʥʦʛʦ ʣʠʩʪʷʤʠ ʩʚʠʥʮʶ ʤʦʞʝ ʩʣʫʛʫʚʘʪʠ ʦʙ'ʻʢʪʠʚʥʠʤ ʧʦʢʘʟʥʠʢʦʤ ʩʪʫʧʝʥʷ 

ʟʘʙʨʫʜʥʝʥʦʩʪʽ ʧʦʚʽʪʨʷ ʚʠʭʣʦʧʥʠʤʠ ʛʘʟʘʤʠ ʘʚʪʦʤʦʙʽʣʽʚ, ʦʩʢʽʣʴʢʠ ʫ ʤʽʩʴʢʠʭ ʫʤʦʚʘʭ ʘʚʪʦʪʨʘʥʩʧʦʨʪ ʻ 

ʥʘʡʩʫʪʪʻʚʽʰʠʤ ʜʞʝʨʝʣʦʤ ʚʠʢʠʜʽʚ ʩʚʠʥʮʶ ʚ ʥʘʚʢʦʣʠʰʥʻ ʩʝʨʝʜʦʚʠʱʝ. 

ʆʙ'ʻʢʪʦʤ ʜʦʩʣʽʜʞʝʥʥʷ ʙʫʣʠ ʜʝʨʝʚʥʽ ʨʦʩʣʠʥʠ, ʱʦ ʟʨʦʩʪʘʣʠ ʥʘʚʢʦʣʦ ʜʦʨʽʛ ʧʦ ʚʫʣʠʮʷʭ ʟ ʥʘʡʙʽʣʴʰʦʶ 

ʽʥʪʝʥʩʠʚʥ̔ʩʪʶ ʨʫʭʫ ʣʝʛʢʦʚʠʭ ʽ ʚʘʥʪʘʞʥʠʭ ʘʚʪʦʤʦʙʽʣʽʚ, ʘ ʩʘʤʝ ʤʘʛʽʩʪʨʘʣʽ ʟʘʛʘʣʴʥʦʤʽʩʴʢʦʛʦ ʟʥʘʯʝʥʥʷ 

ʍʤʝʣʴʥʠʮʴʢʦʤʫ ʰʦʩʝ ʪʘ ʧʦ ʚʫʣ. ʇʠʨʦʛʦʚʘ. ɼʘʥʽ ʚʫʣʠʮʽ ʤʘʶʪʴ ʨʽʟʥʫ ʽʥʪʝʥʩʠʚʥʽʩʪʴ ʨʫʭʫ ʘʚʪʦʪʨʘʥʩʧʦʨʪʫ, ʱʦ 

ʧʨʦʭʦʜʠʪʴ ʟʘ ʦʜʠʥʠʮʶ ʯʘʩʫ ʚ ʯʘʩ ʧʽʢ, ʘ ʦʪʞʝ ʭʘʨʘʢʪʝʨʠʟʫʶʪʴʩʷ ʨʽʟʥʦʁ  ʢʽʣɹʢʽʩʪʶ ʟʘʙʨʫʜʥʶʶʯʠʭ ʜʦʚʢʽʣʣʷ 

ʨʝʯʦʚʠʥ. 

ʄʘʢʩʠʤʘʣʴʥʦʶ ʫʪʨʠʤʫʶʯʦʶ ʟʜʘʪʥʽʩʪʶ ʧʦ ʚʽʜʥʦʰʝʥʥʶ ʜʦ ʩʚʠʥʮʶ ʚʽʜʨʽʟʥʷʶʪʴʩʷ ʣʠʩʪʢʠ 

ʛʽʨʢʦʢʘʰʪʘʥʘ ʢʽʥʩʴʢʦʛʦ (ʪʘʙʣ. 2). 

ɯʥʪʝʥʩʠʚʥʠʡ ʨʦʟʚʠʪʦʢ ʘʚʪʦʤʦʙʽʣʴʥʦʛʦ ʪʨʘʥʩʧʦʨʪʫ ʽ ʢʦʥʮʝʥʪʨʘʮʽʷ ʡʦʛʦ ʚ ʤʽʩʪʘʭ ʧʨʠʚʝʣʠ ʜʦ ʟʥʘʯʥʦʛʦ 

ʟʘʙʨʫʜʥʝʥʥʷ ʤʽʩʴʢʦʛʦ ʩʝʨʝʜʦʚʠʱʘ ʧʨʦʜʫʢʪʘʤʠ ʟʛʦʨʘʥʥʷ ʙʝʥʟʠʥʫ ʪʘ ʽʥʰʠʭ ʚʠʜʽʚ ʦʨʛʘʥʽʯʥʦʛʦ ʧʘʣʠʚʘ. ɿʛʽʜʥʦ ʟ 

ʩʪʘʪʠʩʪʠʯʥʠʤʠ ʜʘʥʠʤʠ ʫ ʩʚʽʪʦʚʦʤʫ ʤʘʩʰʪʘʙʽ ʫʞʝ ʚ 70-ʪʽ ʨʦʢʠ ʥʘ ʜʦʣʶ ʘʚʪʦʪʨʘʥʩʧʦʨʪʥʠʭ ʚʠʢʠʜʽʚ ʧʨʠʧʘʜʘʣʦ 

ʙʣʠʟʴʢʦ 60 % ʟʘʙʨʫʜʥʝʥʥʷ ʘʪʤʦʩʬʝʨʠ, ʥʘ ʧʦʯʘʪʢʫ 90-ʭ ʨʦʢ̔ ʚ - ʧʦʥʘʜ 70 %. ɿʘ ʦʮʽʥʢʘʤʠ ʩʧʝʮʽʘʣʽʩʪʽʚ, ʫʞʝ ʚ 

70-ʪʽ ʨʦʢʠ ʪʨʘʥʩʧʦʨʪ ʩʪʘʚ ʦʩʥʦʚʥʠʤ ʜʞʝʨʝʣʦʤ ʟʘʙʨʫʜʥʝʥʥʷ ʧʦʚʽʪʨʷʥʦʛʦ ʩʝʨʝʜʦʚʠʱʘ ʫ ʚʝʣʠʢʠʭ ʤʽʩʪʘʭ.  

 

ʊʘʙʣʠʮʷ 2 

ʂʽʣʴʢʽʩʪʴ ʩʚʠʥʮʶ (ʤʛ/ʢʛ) ʚ ʣʠʩʪʽ ʜʝʨʝʚʥʠʭ ʨʦʩʣʠʥ ʤ. ɺʽʥʥʠʮʽ 
ɺʠʜ ʄʽʩʮʝʟʨʦʩʪʘʥʥʷ ʨʦʩʣʠʥ ɺʤʽʩʪ ʩʚʠʥʮʁ , ʤʛ/ʢʛ 

ɻʽʨʢʦʢʘʰʪʘʥ ʢʽʥʩʴʢʠʡ 
ʍʤʝʣʴʥʠʮʴʢʝ ʰʦʩʝ 5,55 

ʚʫʣʠʮʷ ʇʠʨʦʛʦʚʦ 3,75 

ʃʠʧʘ ʜʨʽʙʥʦʣʠʩʪʘ 
ʍʤʝʣʴʥʠʮʴʢʝ ʰʦʩʝ 5,2 

ʚʫʣʠʮʷ ʇʠʨʦʛʦʚʦ 4,44 

 

ʄʘʢʩʠʤʘʣʴʥʽ ʚʝʣʠʯʠʥʠ ʥʘʢʦʧʠʯʝʥʥʷ ʩʚʠʥʮʶ ʚ ʣʠʩʪʢʘʭ ʜʝʨʝʚʥʠʭ ʨʦʩʣʠʥ ʚʽʜʤʽʯʝʥʽ ʧʦ ʚʫʣ. 

ʍʤʝʣʴʥʠʮʴʢʝ ʰʦʩʝ ʟ ʙʽʣʴʰʦʶ ʽʥʪʝʥʩʠʚʥʽʩʪʶ ʣʝʛʢʦʚʦʛʦ ʘʚʪʦʪʨʘʥʩʧʦʨʪʫ. 

ɿʘ ʧʨʦʘʥʘʣʽʟʦʚʘʥʠʤʠ ʜʘʥʠʤʠ, ʫ ʬʽʪʦʤʘʩʽ ʜʝʥʜʨʦʬʣʦʨʠ, ʢʦʪʨʘ ʟʨʦʩʪʘʻ ʧʦʨʷʜ ʽʟ ʧʨʦʾʞʜʞʦʶ ʯʘʩʪʠʥʦʶ 

ʤʽʩʴʢʠʭ ʚʫʣʠʮʴ ʟʘ ʚʝʛʝʪʘʮʽʡʥʠʡ ʧʝʨʽʦʜ ʚ ʜʝʷʢʠʭ ʚʠʧʘʜʢʘʭ ʤʦʞʝ ʥʘʢʦʧʠʯʫʚʘʣʦʩʷ ʚ 20-40 ʨʘʟʽʚ ʙʽʣʴʰʝ ʩʧʦʣʫʢ 

ʩʚʠʥʮʶ ʧʦʨʽʚʥʷʥʦ ʟ ʬʦʥʦʚʠʤ ʚʤʽʩʪʦʤ (ʫ ʛʣʠʙʠʥʽ ʧʘʨʢʽʚ, ʥʘ ʟʥʘʯʥʽʡ ʚʽʜʜʘʣʽ ʚʽʜ ʘʚʪʦʤʘʛʽʩʪʨʘʣʝʡ). ʆʩʥʦʚʥʘ 

ʤʘʩʘ ʧʦʣʶʪʘʥʪʘ ʦʩʽʜʘʻ ʥʘ ʚʽʜʩʪʘʥʽ ʜʦ 20 ʤ ʚʽʜ ʘʚʪʦʰʣʷʭʽʚ.  

ʈʘʮʽʦʥʘʣʴʥʦ ʧʽʜʽʙʨʘʥʠʡ ʪʘʢʩʦʥʦʤʽʯʥʠʡ ʩʢʣʘʜ ʤʽʩʴʢʠʭ ʟʝʣʝʥʠʭ ʥʘʩʘʜʞʝʥʴ ʧʦʢʨʘʱʫʻ ʩʪʽʡʢʽʩʪʴ ʨʦʩʣʠʥ 

ʜʦ ʫʤʦʚ ʫʨʙʘʥʽʟʦʚʘʥʦʛʦ ʩʝʨʝʜʦʚʠʱʘ ʽ ʩʣʫʛʫʻ ʟʘʧʦʨʫʢʦʶ ʚʠʨʽʰʝʥʥʷ ʧʠʪʘʥʴ ʧʦʚôʷʟʘʥʠʭ ʟ ʬʦʨʤʫʚʘʥʥʷʤ 

ʤʽʩʴʢʦʛʦ ʣʘʥʜʰʘʬʪʫ ʪʘ ʧʦʢʨʘʱʝʥʥʷʤ ʝʢʦʣʦʛʦ-ʝʩʪʝʪʠʯʥʦʾ ʮʽʥʥʦʩʪʽ ʪʝʨʠʪʦʨʽʡ. 

ɼʣʷ ʦʙʩʪʝʞʝʥʴ ʚʫʣʠʯʥʠʭ ʥʘʩʘʜʞʝʥʴ ʙʫʣʦ ʚʠʢʦʨʠʩʪʘʥʦ ʰʢʘʣʫ ʦʮʽʥʢʠ ʩʪʘʥʫ ʜʝʨʝʚʥʠʭ ʨʦʩʣʠʥ. ʅʘʤʠ 

ʙʫʣʦ ʦʙʩʪʝʞʝʥʦ ʥʘʩʘʜʞʝʥʥʷ ʥʘ ʯʦʪʠʨʴʦʭ ʥʘʡʙʽʣʴʰʠʭ ʚʫʣʠʮʷʭ ɺʽʥʥʠʮʽ, ʢʦʨʪʽ ʷʩʢʨʘʚʦ ʚʽʜʦʙʨʘʞʘʶʪʴ ʚʠʜʦʚʠʡ 

ʩʢʣʘʜ ʽ ʟʘʛʘʣʴʥʠʡ ʩʪʘʥ ʚʫʣʠʯʥʠʭ ʥʘʩʘʜʞʝʥʴ ʤʽʩʪʘ. ɿʘ ʫʟʘʛʘʣʴʥʝʥʠʤʠ ʜʘʥʠʤʠ, ʧʨʦʩʪʝʞʫʻʪʴʩʷ ʜʦʩʠʪʴ ʥʝʚʪʽʰʥʘ 

ʢʘʨʪʠʥʘ ʩʪʦʩʦʚʥʦ ʨʦʟʧʦʜʽʣʫ ʜʝʨʝʚ ʷʢ ʟʘ ʢʘʪʝʛʦʨʽʷʤʠ ʩʪʘʥʫ, ʪʘʢ ʽ ʟʘ ʚʠʜʦʚʠʤ ʩʢʣʘʜʦʤ. 

ɼʦʩʠʪʴ ʙʽʜʥʠʡ ʘʩʦʨʪʠʤʝʥʪ ʜʝʨʝʚʥʠʭ ʨʦʩʣʠʥ ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ ʫ ʚʫʣʠʯʥʠʭ ʥʘʩʘʜʞʝʥʥʷʭ. ʅʘʡʧʦʚʥʽʰʝ 

ʧʨʝʜʩʪʘʚʣʝʥʽ ʪʘʢʽ ʧʦʨʦʜʠ ʜʝʨʝʚ ʷʢ: ʣʠʧʘ ʜʨʽʙʥʦʣʠʩʪʘ, ʛʽʨʢʦʢʘʰʪʘʥ ʢʽʥʩʴʢʠʡ, ʪʦʧʦʣʷ ʜʝʣʴʪʦʣʠʩʪʘ, ʢʣʝʥ 

ʛʦʩʪʨʦʣʠʩʪʠʡ ʪʘ ʷʣʠʥʘ ʟʚʠʯʘʡʥʘ. 

ʇʦʣʦʚʠʥʘ ʦʙʩʪʝʞʝʥʠʭ ʜʝʨʝʚ ʚʽʜʧʦʚʽʜʘʶʪʴ ʚʠʤʦʛʘʤ ʬʽʪʦʤʝʣʽʦʨʘʪʠʚʥʠʭ ʪʘ ʜʝʢʦʨʘʪʠʚʥʠʭ ʬʫʥʢʮʽʡ ʪʘ 

ʦʮʽʥʝʥʘ 4 ʪʘ 5 ʙʘʣʘʤʠ ʟʛʽʜʥʦ ʰʢʘʣʠ ʦʮʽʥʢʠ ʩʪʘʥʫ ʜʝʨʝʚʥʠʭ ʨʦʩʣʠʥ.  

ʇʦʨʷʜ ʽʟ ʮʠʤ ʧʨʠʜʦʨʦʞʥʽ ʟʝʣʝʥʽ ʥʘʩʘʜʞʝʥʥʷ ʫʨʘʞʫʶʪʴʩʷ ʦʤʝʣʦʶ ʙʽʣʦʶ (Viscum album L.). 

ɿʜʝʙʽʣʴʰʦʛʦ ʙʘʣ ʧʦʰʢʦʜʞʝʥʥʷ ʩʪʘʥʦʚʠʪʴ 3-5 ʙʘʣʠ. ʇʨʠ ʮʴʦʤʫ ʫʨʘʞʘʶʪʴʩʷ ʚʝʨʭʥʽ ʯʘʩʪʠʥʠ ʢʨʦʥ, ʛʽʣʢʠ 2-5-

ʨʽʯʥʦʾ ʜʘʚʥʦʩʪʽ. ɹʽʣʴʰʽʩʪʴ ʜʝʨʝʚ, ʷʢʽ ʧʦʰʢʦʜʞʝʥʽ ʦʤʝʣʦʶ, ʤʘʶʪʴ ʚʽʢ 50-60 ʨʦʢʽʚ ʪʘ ʙʽʣʴʰʝ, ʦʩʢʽʣʴʢʠ ʫ 

ʩʪʘʨʰʦʤʫ ʚʽʮʽ ʩʪʽʡʢʽʩʪʴ ʜʝʨʝʚ ʜʦ ʫʨʘʞʝʥʥʷ ʟʥʘʯʥʦ ʟʥʠʞʫʻʪʴʩʷ [6]. 

ɼʣʷ ʮʽʣʝʡ ʙʽʦʽʥʜʠʢʘʮ̔ʾ  ʟʘʙʨʫʜʥʝʥʦʩʪʽ ʥʘʚʢʦʣʠʰʥʴʦʛʦ ʩʝʨʝʜʦʚʠʱʘ ʦʩʦʙʣʠʚʦʾ ʫʚʘʛʠ ʩʝʨʝʜ ʜʝʨʝʚʥʠʭ 

ʨʦʩʣʠʥ ʟʘʩʣʫʛʦʚʫʶʪʴ ʭʚʦʡʥʽ ʧʦʨʦʜʠ. 

ɺ ʤ. ɺʽʥʥʠʮʽ ʧʨʦʚʦʜʠʣʦʩʴ ʜʦʩʣʽʜʞʝʥʥʷ ʚ ʜʝʚôʷʪʠ ʤʽʩʮʷʭ ʟʨʦʩʪʘʥʥʷ ʥʘʩʘʜʞʝʥʴ ʷʣʠʥʠ ʟʚʠʯʘʡʥʦʾ, ʘ 

ʩʘʤʝ, ʚ ʃʽʩʦʧʘʨʢʫ, ʥʘ ʇʨʦʩʧʝʢʪʽ-ʂʦʩʤʦʥʘʚʪʽʚ, ʚ ʇʦʜʽʣʩɹɹʢʦʤʫ ʙʦʪʘʥʽʯʥʦʤʫ ʩʘʜʫ, ʚ ʅʘʮʽʦʥʘʣʴʥʦʤʫ ʤʫʟʝʡ-

ʩʘʜʠʙʽ ʄ.ɯ. ʇʠʨʦʛʦʚʘ, ʚ ʇʘʨʢʫ ʽʤ. ʣʽʢʘʨʷ ʆ.ɯ. ʖʱʝʥʢʘ, ʚ ʇʘʨʢʫ ɼʨʫʞʙʠ ʥʘʨʦʜʽʚ, ʥʘ ʚʫʣ. ʇʨʠʚʦʢʟʘʣʴʥʽʡ, ʚ 

ʇ'ʷʪʥʠʯʘʥʩʴʢʦʤʫ ʧʘʨʢʫ ʪʘ ʚ ʎʝʥʪʨʘʣʴʥʦʤʫ ʤʽʩʴʢʦʤʫ ʧʘʨʢʫ. ɼʘʥʽ ʤʽʩʮʷ ʻ ʥʘʡʙʽʣʴʰ ʪʠʧʦʚʠʤʠ ʜʣʷ ʤ. ɺʽʥʥʠʮʽ, 

ʘ ʪʘʢʦʞ ʽ ʡʦʛʦ ʦʢʦʣʠʮʴ. ɺʩʽ ʷʣʠʥʠ ʟʨʦʩʪʘʶʯʽ ʚ ʮʠʭ ʤʽʩʮʷʭ ʻ ʰʪʫʯʥʦ ʥʘʩʘʜʞʝʥʠʤʠ. 
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ʇʨʠ ʧʨʦʚʝʜʝʥʥʽ ʜʦʩʣʽʜʞʝʥʴ ʙʫʣʦ ʦʭʘʨʘʢʪʝʨʠʟʦʚʘʥʦ ʧʨʠʙʣʠʟʥʦ 345 ʜʝʨʝʚ ʨʽʟʥʦʛʦ ʚʽʢʫ. ʉʪʘʥ ʷʣʠʥʠ 

ʻʚʨʦʧʝʡʩʴʢʦʾ ʫ ʨʽʟʥʠʭ ʤʽʩʮʷʭ ʟʨʦʩʪʘʥʥʷ ʜʦʩʠʪʴ ʩʠʣʴʥʦ ʚʽʜʨʽʟʥʷʻʪʴʩʷ, ʘ ʩʘʤʝ, ʭʘʨʘʢʪʝʨ ʧʦhʢʦʜʞʝʥɹ (ʫʨʘʞʝʥʴ) 

ʜʝʨʝʚ, ʩʪʫʧʽʥʴ ʧʦʰʢʦʜʞʝʥʥʷ ʪʘ ʨʽʚʝʥʴ ʧʦʰʢʦʜʞʝʥʥʷ.  

ʅʘʡʙʽʣʴʰʠʡ ʚʽʜʩʦʪʦʢ ʚʠʩʦʭʣʠʭ ʜʝʨʝʚ ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ ʫ ʅʘʮʽʦʥʘʣʴʥʦʤʫ ʤʫʟʝʾ-ʩʘʜʠʙʽ ʄ.ɯ. ʇʠʨʦʛʦʚʘ 

(85%), ʇʦʜʽʣʴʩʴʢʦʤʫ ʙʦʪʘʥʽʯʥʦʤʫ ʩʘʜʫ (70%) ʪʘ ʇʘʨʢʫ ɼʨʫʞʙʠ ʥʘʨʦʜʽʚ (70%).  ʊʘʢʘ ʩʠʪʫʘʮʽʷ ʫ  

ʅʘʮ̔ ʦʥʘʣʴʥʦʤʫ ʤʫʟʝʾ-ʩʘʜʠʙʽ ʄ.ɯ. ʇʠʨʦʛʦʚʘ ʦʙʫʤʦʚʣʝʥʘ ʪʠʤ, ʱʦ ʚʽʢ ʜʝʨʝʚ ʙʽʣʴʰʝ 50 ʨʦʢʽʚ, ʘ ʧʽʩʣʷ 30 ʨʦʢʽʚ 

ʷʣʠʥʘ ʩʪʘʻ ʤʝʥʰ ʚʠʪʨʠʚʘʣʦʶ ʜʦ ʢʣʽʤʘʪʠʯʥʠʭ ʫʤʦʚ, ʷʢʽ ʥʝ ʚʽʜʧʦʚʽʜʘʶʪʴ ʦʧʪʠʤʘʣʴʥʠʤ ʜʣʷ ʾʾ ʟʨʦʩʪʘʥʥʷ. 

ʆʩʣʘʙʣʝʥʽ ʮʠʤ ʷʣʠʥʠ, ʫʨʘʞʫʶʪʴʩʷ ʢʦʨʝʥʝʚʦʶ ʛʫʙʢʦʶ, ʷʢʘ ʚʠʢʣʠʢʘʻ ʨʦʟʚʠʪʦʢ ʢʦʨʝʥʝʚʠʭ ʛʥʠʣʝʡ. ɺ ʥʘʩʣʽʜʦʢ 

ʮʴʦʛʦ ʜʝʨʝʚʘ ʱʝ ʙʽʣʴʰʝ ʩʣʘʙʰʘʶʪʴ ʽ ʾʭ ʟʘʩʝʣʷʶʪʴ ʩʪʦʚʙʫʨʦʚʽ ʰʢʽʜʥʠʢʠ, ʽ ʜʝʨʝʚʦ ʧʦʩʪʫʧʦʚʦ ʛʠʥʝ (ʚʩʠʭʘʻ). ʋ 

ʇʦʜʽʣʴʩʴʢʦʤʫ ʙʦʪʘʥʽʯʥʦʤʫ ʩʘʜʫ ʩʠʪʫʘʮʽʷ ʩʭʦʞʘ, ʘʣʝ ʜʦʜʘʻʪʴʩʷ ʱʝ ʦʜʥʘ ʜʫʞʝ ʚʘʞʣʠʚʘ ʦʩʦʙʣʠʚʽʩʪʴ. ɺʩʠʭʘʥʥʷ 

ʜʝʨʝʚ ʪʫʪ ʧʨʠʰʚʠʜʰʠʣʦ ʜʫʞʝ ʱʽʣʴʥʝ ʥʘʩʘʜʞʝʥʥʷ ʜʝʨʝʚ ʷʣʠʥʠ. ʄʦʞʥʘ ʧʽʜʩʫʤʫʚʘʪʠ, ʱʦ ʟ ʚʽʢʦʤ ʷʣʠʥʘ ʩʪʘʻ 

ʜʫʞʝ ʚʨʘʟʣʠʚʦʶ ʜʦ ʥʝ ʩʧʨʠʷʪʣʠʚʠʭ ʢʣʽʤʘʪʠʯʥʠʭ ʫʤʦʚ. ʊʦʤʫ ʩʠʪʫʘʮʽʷ ʟ ʾʾ ʥʘʩʘʜʞʝʥʥʷʤʠ ʫ ɺʽʥʥʠʮʽ ʪʘ 

ɺʽʥʥʠʮʴʢʽʡ ʦʙʣʘʩʪʽ ʟ ʢʦʞʥʠʤ ʨʦʢʦʤ ʧʦʛʽʨʰʫʻʪʴʩʷ. 

ʋʪʨʠʤʘʥʥʷ ʟʝʣʝʥʠʭ ʥʘʩʘʜʞʝʥʴ ʫ ʤʽʩʪʽ ɺʽʥʥʠʮʷ ʚʝʜʝʪʴʩʷ ʙʝʟ ʚʨʘʭʫʚʘʥʥʷ ʥʘʫʢʦʚʠʭ ʨʝʢʦʤʝʥʜʘʮʽʡ: ʥʝ 

ʟʘʚʞʜʠ ʜʦʪʨʠʤʫʶʪʴʩʷ ʧʨʘʚʠʣ ʪʘ ʪʝʨʤʽʥʽʚ ʦʙʨʽʟʢʠ ʜʝʨʝʚ, ʰʠʨʦʢʝ ʟʘʩʪʦʩʫʚʘʥʥʷ ʪʦʧʽʥʛʦʚʦʾ ʦʙʨʽʟʢʠ ʪʦʱʦ. ʅʝ 

ʟʘʙʝʟʧʝʯʫʶʪʴʩʷ ʜʦʩʪʘʪʥʽ ʫʤʦʚʠ ʜʣʷ ʨʦʩʪʫ ʪʘ ʨʦʟʚʠʪʢʫ ʨʦʩʣʠʥ. ɿʦʢʨʝʤʘ, ʥʝʧʦʦʜʠʥʦʢʽ ʧʨʠʢʣʘʜʠ, ʢʦʣʠ ʩʪʦʚʙʫʨ 

ʜʝʨʝʚʘ ʤʘʡʞʝ ʚʧʨʠʪʫʣ ʦʪʦʯʫʻʪʴʩʷ ʘʩʬʘʣʴʪʥʠʤ ʧʦʢʨʠʪʪʷʤ ʘʙʦ ʪʨʦʪʫʘʨʥʦʶ ʧʣʠʪʢʦʶ.  

ʊʘʢʽ ʪʝʥʜʝʥʮʽʾ ʧʦʛʽʨʰʫʶʪʴ ʩʪʘʥ ʟʝʣʝʥʠʭ ʥʘʩʘʜʞʝʥʴ ʤʽʩʪ, ʾʭ ʟʦʚʥʽʰʥʽʡ ʚʠʛʣʷʜ, ʧʽʜʚʠʱʫʻʪʴʩʷ ʧʠʣʦʚʝ 

ʟʘʙʨʫʜʥʝʥʥʷ, ʟʤʽʥʶʶʪʴʩʷ ʽʥʰʽ ʧʦʢʘʟʥʠʢʠ ʷʢʦʩʪʽ ʧʦʚʽʪʨ̫. 

ʇʽʜʩʫʤʦʚʫʶʯʠ ʩʣʽʟ ʟʘʟʥʘʯʠʪʠ, ʱʦ ʧʨʠʜʦʨʦʞʥʽ ʥʘʩʘʜʞʝʥʥʷ ʤʽʩʪʘ ʧʦʪʨʝʙʫʶʪʴ ʧʨʦʚʝʜʝʥʥʷ ʚ ʥʠʭ 

ʩʘʥʽʪʘʨʥʦ-ʦʟʜʦʨʦʚʯʠʭ ʟʘʭʦʜʽʚ, ʫʜʦʩʢʦʥʘʣʝʥʥʷ ʘʛʨʦʪʝʭʥʽʢʠ ʩʪʚʦʨʝʥʥʷ ʥʘʩʘʜʞʝʥʴ ʪʘ ʜʦʛʣʷʜʫ ʟʘ ʥʠʤʠ ʟ 

ʚʨʘʭʫʚʘʥʥʷʤ ʦʩʦʙʣʠʚʦʩʪʝʡ ʫʤʦʚ ʤʽʩʮʝʟʨʦʩʪʘʥʥʷ ʥʘ ʚʫʣʠʮʷʭ ʤʽʩʪʘ.  

ʄʝʪʦʜʠ ʙʽʦʽʥʜʠʢʘʮʽʾ ʟʘʙʨʫʜʥʝʥʦʩʪʽ ʧʨʠʨʦʜʥʦʛʦ ʩʝʨʝʜʦʚʠʱʘ ʥʘʙʫʚʘʶʪʴ ʙʽʣʴʰ ʰʠʨʦʢʦʛʦ ʚʞʠʪʢʫ, 

ʦʩʢʽʣʴʢʠ ʨʦʩʣʠʥʠ ʤʘʶʪʴ ʚʠʩʦʢʫ ʯʫʪʣʠʚʽʩʪʴ ʽ ʩʧʝʮʠʬʽʯʥʽ ʨʝʘʢʮʽʾ ʥʘ ʢʦʥʢʨʝʪʥʽ ʟʘʙʨʫʜʥʶʚʘʯʽ, ʚʠʩʦʢʫ 

ʽʥʪʝʥʩʠʚʥʽʩʪʴ ʛʘʟʦʦʙʤʽʥʫ ʟ ʦʪʦʯʫʶʯʠʤ ʩʝʨʝʜʦʚʠʱʝʤ, ʢʦʪʨʘ ʚ ʨʘʟʠ ʚʠʱʘ, ʥʽʞ ʫ ʧʨʝʜʩʪʘʚʥʠʢʽʚ ʪʚʘʨʠʥʥʦʛʦ 

ʩʚʽʪʫ. ɸ ʦʪʞʝ, ʩʪʘʻ ʤʦʞʣʠʚʠʤ ʦʪʨʠʤʘʥʥʷ ʫʟʘʛʘʣʴʥʝʥʠʭ ʧʦʢʘʟʥʠʢʽʚ ʨʝʘʢʮʽʡ-ʚʽʜʧʦʚʽʜʝʡ ʥʘ ʜʽʶ ʘʥʪʨʦʧʦʛʝʥʥʠʭ 

ʬʘʢʪʦʨʽʚ ʫ ʢʦʤʧʣʝʢʩʽ. 

ɺʠʩʥʦʚʢʠ 

ɿʘʛʘʣʴʥʠʡ ʩʫʯʘʩʥʠʡ ʩʪʘʥ ʪʘ ʪʘʢʩʦʥʦʤʽʯʥʠʡ ʩʢʣʘʜ ʤʽʩʴʢʠʭ ʟʝʣʝʥʠʭ ʥʘʩʘʜʞʝʥʴ ʽ ʫʤʦʚʠ ʤʽʩʮʝʟʨʦʩʪʘʥʥʷ 

ʨʦʩʣʠʥ ʚ ʫʨʙʘʥʽʟʦʚʘʥʦʤʫ ʩʝʨʝʜʦʚʠʱʽ ʻ ʦʜʥʽʻʶ ʟ ʚʘʞʣʠʚʠʭ ʧʝʨʝʜʫʤʦʚ ʫʩʧʽʰʥʦʛʦ ʚʠʨʽʰʝʥʥʷ ʢʦʤʧʣʝʢʩʫ ʧʠʪʘʥʴ, 

ʧʦʚôʷʟʘʥʠʭ ʟ ʬʦʨʤʫʚʘʥʥʷʤ ʤʽʩʴʢʦʛʦ ʣʘʥʜʰʘʬʪʫ ʽ ʧʦʣʽʧʰʝʥʥʷ ʡʦʛʦ ʝʢʦʣʦʛʦ-ʝʩʪʝʪʠʯʥʦʾ ʮʽʥʥʦʩʪʽ. 

ʇʽʜʩʫʤʦʚʫʶʯʠ, ʚʽʜʟʥʘʯʠʤʦ, ʱʦ ʚʫʣʠʯʥʽ ʥʘʩʘʜʞʝʥʥʷ ʤʽʩʪʘ ʧʦʪʨʝʙʫʶʪɹ ʧʨʦʚʝʜʝʥʥʷ ʚ ʥʠʭ ʝʢʩʪʨʝʥʠʭ 

ʩʘʥʽʪʘʨʥʦ-ʦʟʜʦʨʦʚʯʠʭ ʟʘʭʦʜʽʚ, ʫʜʦʩʢʦʥʘʣʝʥʥʷ ʘʛʨʦʪʝʭʥʽʢʠ ʩʪʚʦʨʝʥʥʷ ʥʘʩʘʜʞʝʥʴ ʪʘ ʜʦʛʣʷʜʫ ʟʘ ʥʠʤʠ ʟ 

ʚʨʘʭʫʚʘʥʥʷʤ ʦʩʦʙʣʠʚʦʩʪʝʡ ʫʤʦʚ ʤʽʩʮʝʟʨʦʩʪʘʥʥʷ ʥʘ ʚʫʣʠʮʷʭ ʤʽʩʪʘ. 
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ˏ ̨̒̓́̓̓ ̠̟̝̠̑̏̈̄̌̅́̓̒  ̨̖̍̆́̎̈̍̉ ̠̅̌ ̠̐̆̑̆̓̃̏̑̆̎̎ ̝̏̂̆̑̓́̌̎̏̄̏ ̖̑̔  ̔̃ ̝̋̏̌̉̃́̌̎̉̊ ̖̑̔ ̨ ̎́̃̐́̋̉Ȣ 

˙̟̆̓̏ ̑̏̂̏̓̉ ̤ ̝̠̔̈́̄́̌̎̆̎̎ ̨̃̅̏̍̏̒̓̆̊ ̏̅̏̚ ̠̐̑̏̆̋̓̔̃́̎̎ ̟̘̐̆̑̆̓̃̏̑̃́́ ̠̎́̐̑̍̋̔ ̖̑̔̔ȟ ̠̋̉̊ ̠̒̐̑̉̃ ̂̉ 
̟̒̓̃̏̑̆̎̎ ̙̍́̉̎ ̈ ̨̝̙̂̌ ̘̟̈̑̔̎̏ ̟̋̏̍̐̏̎̏̃̋̏Ȣ 

˜̤̝̠̑̏̐̏̎̔̓̒ ̨̝̏̑̉̄̎́̌̎̉̊ ̘̒̆̑̉̎̉̊̕ ̙̋̑̉̃̏̉̐̎̏-̐̏̃̈̔̎̎̉̊ ̨̖̍̆́̎̈̍ ̠̅̌ ̖̏̂̏̑̏̓̎̉ ̨̟̘̐̆̑̆̓̃̏̑̃́̃ 
̠̎́̐̑̍̋̔ ̖̑̔̔ȟ ̔ ̠̋̏̍̔ ̨̘̄̆̏̍̆̓̑̉̎ ̨̏̒ ̨̖̔̒ ̖̔̒̓́̎̏̃̌̆̎̉ ̈ ̨̟̍̏̇̌̉̃̒̓ ̠̏̂̆̑̓́̎̎ ̅̆̓́̌̆̊ ̟̝̠̐̆̑̆̓̉̎́̓̒ ̃ 
̨̏̅̎̊ Ⱥ̨̗̝̆̎̓̑́̌̎̊Ȼ ̨̘̗̓̏ȟ ̐̑̉ ̗̝̏̍̔ ̤̎̆̍́ ̐̏̓̑̆̂̉ ̔ ̨̂́̌́̎̒̔̃́̎̎ ̨̨̗̖̎̆̑̊̎̉ ̍́̒ȟ ̤̎̆̍́ ̨̨̗̩̃̂̑́ȟ ̠̟̝̠̅̏̒̄́̓̒ 
̨̃̉̒̏̋ ̖́̑́̋̓̆̑̉̒̓̉̋̉ ̈  ̨̨̎́̅̊̎̏̒̓ ̓́ ̑̆̒̔̑̒̔ ̑̏̂̏̓̉Ȣ ˜̟̘̆̑̆̓̃̏̑̃́ ̠̎́̐̑̍̋̔ ̖̑̔̔ ̍̏̇̆ ̠̃̉̋̏̑̉̒̓̏̃̔̃́̓̉̒ ̔ 
̨̖̑̈̎̉ ̨̖̖̍̆́̎̈̍́ȟ ̠̖̐̑̉̒̓̑̏ȟ ̙̖̍́̉̎́ ̨ ̃̉̋̏̎̔̃́̓̉ ̨̨̑̈̎ ̨̗̩̔̎̋̕Ȣ 

ˏ̠̉̋̏̑̉̒̓́̎̎ ̏̂̏̑̏̓̎̏̄̏ ̟̘̐̆̑̆̓̃̏̑̃́́ ̠̎́̐̑̍̋̔ ̖̑̔̔ ̔ ̨̖̑̈̎̉ ̠̖̄́̌̔̈ ̠̤̅̏̈̃̏̌ ̏̓̑̉̍́̓̉ ̘̈̎́̎̉̊ 
̨̘̆̋̏̎̏̍̎̉̊ ̆̕ ̆̋ ̓Ȣ ˝̏̂̏̓̔ ̤̝̠̐̌́̎̔̓̒ ̐̑̏̅̏̃̇̉̓̉ ̔ ̠̎́̐̑̍̋̔ ̨̨̗̏̐̓̉̍̈́̊̎̏̄̏ ̒̉̎̓̆̈̔ ̏̂̏̑̏̓̎̏̄̏ 
̟̘̐̆̑̆̓̃̏̑̃́́ ̠̎́̐̑̍̋̔ ̖̑̔̔ȟ ̏̚ ̃́̇̌̉̃̏ ̠̅̌ ̊̏̄̏ ̘̐̑́̋̓̉̎̏̄̏ ̠̃̉̋̏̑̉̒̓́̎̎Ȣ 
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DESIGN OF MOVEMENT DIRECTION REVERSE CONVERTER  
 

Direction transducers are used in many branches of mechanical engineering to convert the continuous rotation of the master link 
into reciprocating or reciprocating oscillating motion of the slave and, conversely, to convert the reciprocating motion into continuous. They 
are used in motion-converting mechanisms, internal combustion engines, reciprocating compressors and pumps, reciprocating feeders and 
other technological equipment. Designing mechanisms for converting rotational motion into oscillating motion and vice versa is an 
extremely important task. 

The present article deals with the mechanisms for converting rotational motion into oscillatory motion and vice versa. The 
purpose of the work is to summarize information about the design of a motion direction converter, which would contribute to the creation of 
machines with a more convenient layout. 

The invention proposes an original spherical crank-slider mechanism for reversible motion direction converters, in which the 
geometric axes of all parts installed with the possibility of rotation intersect at one "central" point, while there is no need for balancing 
inertial masses, no vibration, high reliability and service life characteristics are achieved. The direction converter can be used in various 
mechanisms, devices, machines and perform various functions. 

The use of a reversible direction convert er in various industries allows obtaining a significant economic effect. The work is 
planned to be continued in terms of optimization synthesis of the reverse converter of the direction of movement, which is crucial for its 
practical use. 

Key words: motion direction converter, crank-slider mechanism, volumetric squeezing machines, transmissions, motors, 
compressors, pumps. 

 

ɺʩʪʫʧ. ʇʝʨʝʪʚʦʨʶʚʘʯʽ ʥʘʧʨʷʤʢʫ ʨʫʭʫ (ʇʅʈ) ʟʘʩʪʦʩʦʚʫʶʪʴʩʷ ʚ ʙʘʛʘʪʴʦʭ ʛʘʣʫʟʷʭ ʤʘʰʠʥʦʙʫʜʫʚʘʥʥʷ 

ʜʣʷ ʧʝʨʝʪʚʦʨʝʥʥʷ ʙʝʟʧʝʨʝʨʚʥʦʛʦ ʦʙʝʨʪʘʥʥʷ ʚʝʜʫʯʦʾ ʣʘʥʢʠ ʚ ʟʚʦʨʦʪʥʦ-ʧʦʩʪʫʧʘʣʴʥʠʡ ʘʙʦ ʟʚʦʨʦʪʥʦ-ʢʦʣʠʚʥʠʡ 

ʨʫʭ ʚʝʜʝʥʦʾ ʽ, ʥʘʚʧʘʢʠ, ʜʣʷ ʧʝʨʝʪʚʦʨʝʥʥʷ ʧʦʚʦʨʦʪʥʦʛʦ ʨʫʭʫ ʚ ʙʝʟʧʝʨʝʨʚʥʠʡ. ɰʭ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʚ 

ʤʝʭʘʥʽʟʤʘʭ, ʱʦ ʧʝʨʝʪʚʦʨʶʶʪʴ ʨʫʭ, ʜʚʠʛʫʥʘʭ ʚʥʫʪʨʽʰʥʴʦʛʦ ʟʛʦʨʷʥʥʷ, ʧʦʨʰʥʝʚʠʭ ʢʦʤʧʨʝʩʦʨʘʭ ʽ ʥʘʩʦʩʘʭ, 

ʧʦʨʥhʝʚʠʭ ʞʠʚʠʣʴʥʠʢʘʭ ʪʘ ʚ ʽʥʰʦʤʫ ʪʝʭʥʦʣʦʛʽʯʥʦʤʫ ʦʙʣʘʜʥʘʥʥʽ. ʇʨʦʻʢʪʫʚʘʥʥʷ ʤʝʭʘʥʽʟʤʽʚ ʜʣʷ 

ʧʝʨʝʪʚʦʨʝʥʥʷ ʦʙʝʨʪʘʣʴʥʦʛʦ ʨʫʭʫ ʚ ʢʦʣʠʚʘʣʴʥʠʡ ʨʫʭ ʽ ʥʘʚʧʘʢʠ ʻ ʥʘʜʟʚʠʯʘʡʥʦ ʘʢʪʫʘʣʴʥʠʤ ʟʘʚʜʘʥʥʷʤ. 

ɸʥʘʣʽʟ ʦʩʪʘʥʥʽʭ ʜʦʩʣʽʜʞʝʥʴ ʽ ʧʫʙʣʽʢʘʮʽʡ. ɺ ʽʩʪʦʨʽʾ ʪʝʭʥʽʢʠ ʥʘʚʨʷʜ ʯʠ ʤʦʞʥʘ ʟʥʘʡʪʠ ʧʨʠʩʪʨʦʾ, ʷʢʠʤ 

ʧʨʠʜʽʣʷʣʦʩʷ ʙ ʩʪʽʣʴʢʠ ʫʚʘʛʠ, ʩʢʽʣʴʢʠ ʚʠʧʘʣʦ ʥʘ ʜʦʣʶ ʤʝʭʘʥʽʟʤʽʚ ʧʝʨʝʪʚʦʨʝʥʥʷ ʟʚʦʨʦʪʥʦ-ʧʦʩʪʫʧʘʣʴʥʦʛʦ ʨʫʭʫ ʚ 

ʦʙʝʨʪʘʣʴʥʠʡ. ɿ ʯʘʩʽʚ ɼʞ. ʇʘʢʘʨʜʘ, (1780 ʨ - ʧʘʪʝʥʪ ʥʘ ʢʨʠʚʦʰʠʧʥʦ-ʰʘʪʫʥʥʠʡ ʤʝʭʘʥʽʟʤ (ʂʐʄ)) ʽ ɼʞ. ʋʘʪʪʘ (1784 

ʛ. - ʧʝʨʰʘ ʧʘʨʦʚʘ ʤʘʰʠʥʘ ʟ ʂʐʄ) ʪʠʩʷʯʽ ʚʠʥʘʭʽʜʥʠʢʽʚ ʨʽʟʥʠʭ ʢʨʘʾʥ ʽ ʧʦʢʦʣʽʥʴ ʥʘʪʭʥʝʥʥʦ ʰʫʢʘʣʠ ʽʜʝʘʣʴʥʫ ʩʭʝʤʫ, 

ʚʽʣʴʥʫ ʚʽʜ ʥʝʜʦʣʽʢʽʚ ʂʐʄ. ʆʩʦʙʣʠʚʦ ʽʥʪʝʥʩʠʚʥʦ ʮʝʡ ʧʨʦʮʝʩ ʧʨʦʭʦʜʠʚ ʚ ʍʍ ʩʪʦʣʽʪʪʽ ʽ ʪʨʠʚʘʻ ʜʦʩʽ [1].  

ʂʐʄ ʚʽʜʨʽʟʥʷʻʪʴʩʷ ʧʨʦʩʪʦʪʦʶ, ʪʝʭʥʦʣʦʛʽʯʥʽʩʪʶ ʽ ʥʘʜʽʡʥʽʩʪʶ, ʦʜʥʘʢ ʚʽʥ ʤʘ̒ ʪʘʢʽ ʥʝʜʦʣʽʢʠ, ʷʢ 

ʥʝʚʨʽʚʥʦʚʘʞʝʥʽʩʪʴ ʧʦʩʪʫʧʘʣʴʥʦ ʨʫʭʦʤʠʭ ʽ ʦʙʝʨʪʦʚʠʭ ʤʘʩ, ʱʦ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʟʙʽʣʴʰʝʥʥʷ ʤʘʩʠ ʤʝʭʘʥʽʟʤʫ, 

ʥʘʷʚʥʽʩʪʴ çʤʝʨʪʚʠʭ ʪʦʯʦʢè, ʟʥʘʯʥʠʡ ʧʨʦʩʪʽʨ, ʥʝʦʙʭʽʜʥʠʡ ʜʣʷ ʨʫʭʫ, ʘ ʪʘʢʦʞ ʥʝʤʦʞʣʠʚʽʩʪʴ ʚʽʜʪʚʦʨʝʥʥʷ 

ʥʝʦʙʭʽʜʥʦʛʦ ʟʘʢʦʥʫ ʨʫʭʫ ʧʦʚʟʫʥʘ (ʧʦʨʥh̫). 

ɯʩʥʫʶʪʴ ʧʝʨʝʪʚʦʨʶʚʘʯʽ ʨʫʭʫ, ʷʢʽ ʚʽʜʤʽʥʥʽ ʚʽʜ ʂʐʄ ʽ ʤʘʶʪʴ ʢʨʘʱʽ ʤʘʩʦʛʘʙʘʨʠʪʥʽ ʧʦʢʘʟʥʠʢʠ: 

ʤʝʭʘʥʽʟʤʠ ʟ ʧʣʦʩʢʦʶ ʽ ʧʨʦʩʪʦʨʦʚʦʶ ʦʙʝʨʪʦʚʠʤʠ ʰʘʡʙʘʤʠ, ʤʝʭʘʥʽʟʤ ʟ ʭʠʪʥʦʶ ʰʘʡʙʦʶ, ʤʝʭʘʥʽʟʤ "ɾʽʨʦʜʽʥ", 

ʢʨʠʚʦʰʠʧʥʦ-ʢʘʨʜʘʥʥʠʡ ʧʝʨʝʪʚʦʨʶʶʯʠʡ ʤʝʭʘʥʽʟʤ ʪʦʱʦ [2]. 

ɸʚʪʦʨʘʤʠ ʧʨʦʧʦʥʫʻʪʴʩʷ ʦʨʠʛʽʥʘʣʴʥʠʡ ʩʬʝʨʠʯʥʠʡ ʢʨʠʚʦʰʠʧʥʦ-ʧʦʚʟʫʥʥʠʡ ʤʝʭʘʥʽʟʤ ʜʣʷ ʦʙʦʨʦʪʥʠʭ 

ʇʅʈ, ʫ ʷʢʦʤʫ ʛʝʦʤʝʪʨʠʯʥʽ ʦʩʽ ʫʩʽʭ ʫʩʪʘʥʦʚʣʝʥʠʭ ʟ ʤʦʞʣʠʚʽʩʪʶ ʦʙʝʨʪʘʥʥʷ ʜʝʪʘʣʝʡ ʧʝʨʝʪʠʥʘʶʪʴʩʷ ʚ ʦʜʥʽʡ 

çʮʝʥʪʨʘʣʴʥʽʡè ʪʦʯʮʽ [3-5]. ɺʽʥ ʽ ʻ ʦʙ'ʻʢʪʦʤ ʜʦʩʣʽʜʞʝʥʥʷ. 
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ʄʝʪʘ ʩʪʘʪʪʽ - ʫʟʘʛʘʣɹʥʝʥʥʷ ʚʽʜʦʤʦʩʪʝʡ ʱʦʜʦ ʧʨʦʝʢʪʫʚʘʥʥʷ ʦʙʦʨʦʪʥʦʛʦ ʇʅʈ ʥʘ ʦʩʥʦʚʽ ʩʬʝʨʠʯʥʦʛʦ 

ʢʨʠʚʦʰʠʧʥʦ-ʧʦʚʟʫʥʥʦʛʦ ʤʝʭʘʥʽʟʤʫ. 

ɺʠʢʣʘʜ ʦʩʥʦʚʥʦʛʦ ʤʘʪʝʨʽʘʣʫ ʜʦʩʣʽʜʞʝʥʥʷ. ʇʽʜʚʠʱʝʥʥʷ ʧʨʦʜʫʢʪʠʚʥʦʩʪʽ ʪʘ ʥʘʜʽʡʥʦʩʪʽ ʤʘʰʠʥ 

ʦʙôʻʤʥʦʛʦ ʚʠʪʠʩʥʝʥʥʷ ʤʘʻ ʚʘʞʣʠʚʝ ʥʘʨʦʜʥʦʛʦʩʧʦʜʘʨʩʴʢʝ ʟʥʘʯʝʥʥʷ. ʅʘ ʥʘʰʫ ʜʫʤʢʫ, ʧʝʨʩʧʝʢʪʠʚʥʠʤ ʻ 

ʚʠʢʦʨʠʩʪʘʥʥʷ ʦʙʦʨʦʪʥʦʛʦ ʇʅʈ ʥʘ ʦʩʥʦʚʽ ʩʬʝʨʠʯʥʦʛʦ ʢʨʠʚʦʰʠʧʥʦ-ʧʦʚʟʫʥʥʦʛʦ ʤʝʭʘʥʽʟʤʫ ʟʦʢʨʝʤʘ, ʷʢ 

ʚʠʢʦʥʘʚʯʦʛʦ ʤʝʭʘʥʽʟʤʫ ʢʦʤʧʨʝʩʦʨʽʚ, ʥʘʩʦʩʽʚ,   ʧʥʝʚʤʦ- ʽ ʛʽʜʨʦʤʦʪʦʨʽʚ, ʘ ʪʘʢʦʞ ʫ ʩʢʣʘʜʽ ʪʨʘʥʩʤʽʩʽʡ ʽʥʰʠʭ 

ʧʨʠʩʪʨʦʾʚ [4, 5]. 

ʅʘ ʨʠʩ. 1 ʧʨʝʜʩʪʘʚʣʝʥʘ ʢʦʥʩʪʨʫʢʪʠʚʥʘ ʩʭʝʤʘ ʦʙʦʨʦʪʥʦʛʦ ʇʅʈ. ɺ ʢʦʨʧʫʩʽ 1 (ʚʝʨʭʥʷ ʯʘʩʪʠʥʘ ʢʦʨʧʫʩʫ 

ʽ ʢʨʠʰʢʠ ʧʽʜʰʠʧʥʠʢʦʚʦʛʦ ʚʫʟʣʘ ʥʝ ʧʦʢʘʟʘʥʽ)  ʷʢʦʛʦ ʚʩʪʘʥʦʚʣʝʥʦ ʨʦʪʦʨ, ʱʦ ʚʢʣʶʯʘʻ ʚ ʩʝʙʝ ʜʚʘ ʚʘʣʠ 2 ʽ 3  ʟ 

ʧʨʷʤʦʣʽʥʽʡʥʠʤʠ ʢʽʥʮʝʚʠʤʠ ʽ ʨʦʙʦʯʠʤ ʜʽʣʷʥʢʘʤʠ, ʷʢʽ ʤʘʶʪʴ ʧʨʠ ʧʦʻʜʥʘʥʥ̔ Z-ʧʦʜʽʙʥʫ ʬʦʨʤʫ, ʧʨʠʯʦʤʫ ʨʦʪʦʨ 

ʚʩʪʘʥʦʚʣʝʥʦ ʚ ʧʨʦʪʠʣʝʞʥʠʭ ʩʧʽʚʚʽʩʥʠʭ ʧʽʜʰʠʧʥʠʢʘʭ 4 ʽ 5, ʮʝʥʪʨ ʩʠʤʝʪʨʽʾ ʩʝʨʝʜʥʴʦʾ ʯʘʩʪʠʥʠ Z-ʧʦʜʽʙʥʦʾ 

ʨʦʙʦʯʦʾ ʜʽʣʷʥʢʠ ʨʦʪʦʨʘ ʟʙʽʛʘʻʪʴʩʷ ʟ ʡʦʛʦ ʚʽʩʩʶ ʦʙʝʨʪʘʥʥʷ, ʢʫʪ ʤʽʞ ʧʦʟʜʦʚʞʥʽʤʠ ʦʩʷʤʠ ʢʽʥʮʝʚʠʭ ʜʽʣʷʥʦʢ ʽ 

ʩʝʨʝʜʥʴʦʶ ʯʘʩʪʠʥʦʶ Z-ʧʦʜʽʙʥʦʾ ʨʦʙʦʯʦʾ ʜʽʣʷʥʢʠ ʧʝʨʝʚʠʱʫʻ 0Á, ʘʣʝ ʤʝʥʰʠʡ 90Á, ʘ ʢʽʥʝʤʘʪʠʯʥʠʡ ʽ ʩʠʣʦʚʠʡ 

ʟʚ'ʷʟʦʢ ʟʜʽʡʩʥʶʻʪʴʩʷ ʯʝʨʝʟ ʧʽʜʰʠʧʥʠʢ 6, ʚʥʫʪʨʽʰʥʻ ʢʽʣʴʮʝ ʷʢʦʛʦ ʟʘʢʨʽʧʣʝʥʦ ʥʘ Z-ʧʦʜʽʙʥʽʡ ʨʦʙʦʯʽʡ ʜʽʣʷʥʮʽ, 

ʧʦʚʟʫʥʘ 7, ʚʠʢʦʥʘʥʦʛʦ ʥʘ ʦʩʥʦʚʽ ʟʦʚʥʽʰʥʴʦʛʦ ʢʽʣʴʮʷ ʟʘʟʥʘʯʝʥʦʛʦ ʧʽʜʰʠʧʥʠʢʘ, ʱʦʥʘʡʤʝʥʰʝ, ʦʜʥʦʛʦ ʰʠʧʘ 8 ʽ 

ʧʽʜʰʠʧʥʠʢʦʚʦʛʦ ʚʫʟʣʘ 9, ʱʦ ʟʘʙʝʟʧʝʯʫʻ ʟʚ'ʷʟʦʢ ʤʽʞ ʧʦʚʟʫʥʦʤ 7 ʽ ʢʦʣʠʚʘʣʴʥʦʶ ʢʽʥʝʤʘʪʠʯʥʦʶ ʣʘʥʢʦʶ, 

ʚʠʢʦʥʘʥʦʶ ʫ ʚʠʛʣʷʜʽ ʦʙʦʡʤʠ 10, ʷʢʘ ʟ ʙʝʟʧʝʨʝʨʚʥʠʤ ʟʘʟʦʨʦʤ ʚʽʣʴʥʦ ʦʭʦʧʣʶʻ ʧʦʚʟʫʥ 7, ʚʩʪʘʥʦʚʣʝʥʘ ʫ 

ʢʦʨʧʫʩʽ 1  ʚ ʜʚʦʭ ʧʨʦʪʠʣʝʞʥʠʭ ʩʧʽʚʚʽʩʥʠʭ ʧʽʜʰʠʧʥʠʢʘʭ 11 ʽ 12 ʪʘʢ, ʱʦ ʾʭ ʩʧʽʣʴʥʘ ʛʝʦʤʝʪʨʠʯʥʘ ʚʽʩʴ 

ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʘ ʛʝʦʤʝʪʨʠʯʥʽʡ ʦʩʽ ʨʦʪʦʨʘ ʽ ʞʦʨʩʪʢʦ ʟʚ'ʷʟʘʥʘ ʟ ʚʩʪʘʥʦʚʣʝʥʠʤʠ ʚ ʟʘʟʥʘʯʝʥʠʭ ʧʽʜʰʠʧʥʠʢʘʭ 

ʜʚʦʤʘ ʚʘʣʘʤʠ 13 ʽ 14, ʷʢʽ ʚʠʩʪʫʧʘʶʪʴ ʟʘ ʤʝʞʽ ʢʦʨʧʫʩʘ 1 ʧʝʨʝʪʚʦʨʶʚʘʯʘ ʥʘʧʨʷʤʢʫ ʨʫʭʫ ʟ ʡʦʛʦ ʧʨʦʪʠʣʝʞʥʠʭ 

ʩʪʦʨʽʥ. 

 

ʘ)                                               ʙ)                                                                       ʚ) 

      
ʈʠʩ. 1. ʂʦʥʩʪʨʫʢʪʠʚʥʘ ʩʭʝʤʘ ʇʅʈ: 

ʘ ï ʧʨʦʩʪʦʨʦʚʘ ʩʭʝʤʘ ʇʅʈ; ʙ -  ʧʦʟʜʦʚʞʥʽʡ ʨʦʟʨʽʟ ʇʅʈ ʧʦ ʨʦʪʦʨʫ; ʚ - ʨʦʟʨʽʟ ɸ-ɸ ʧʝʨʝʪʚʦʨʶʚʘʯʘ ʥʘʧʨʷʤʢʫ ʨʫʭʫ. 

 

ɺ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʪʝʭʥʽʯʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʦʙʦʨʦʪʥʦʛʦ ʧʝʨʝʪʚʦʨʶʚʘʯʘ ʥʘʧʨʷʤʢʫ ʨʫʭʫ,  ʫʤʦʚ 

ʝʢʩʧʣʫʘʪʘʮʽʾ ʤʦʞʣʠʚʽ ʨʽʟʥʽ ʢʦʥʩʪʨʫʢʪʠʚʥʽ ʚʘʨʽʘʥʪʠ ʡʦʛʦ ʚʠʢʦʥʘʥʥʷ.  ʅʘ ʨʠʩ. 2. ʧʨʝʜʩʪʘʚʣʝʥʽ ʢʦʥʩʪʨʫʢʪʠʚʥʽ 

ʩʭʝʤʠ ʢʨʠʚʦʰʠʧʥʦ-ʧʦʚʟʫʥʥʦʛʦ ʤʝʭʘʥʽʟʤʫ ʦʙʦʨʦʪʥʦʛʦ ʇʅʈ ʥʘ ʦʩʥʦʚʽ: ʧʽʜʰʠʧʥʠʢʘ ʢʦʚʟʘʥʥʷ; ʧʽʜʰʠʧʥʠʢʘ 

ʢʦʯʝʥʥʷ ʽ ʟʜʚʦʻʥʦʛʦ ʮʠʣʽʥʜʨʠʯʥʦʛʦ ʧʽʜʰʠʧʥʠʢʦʚʦʛʦ ʚʫʟʣʘ. 

ʘ)                                                      ʙ)                                                        ʚ) 

                         
 

ʈʠʩ. 2. ʂʦʥʩʪʨʫʢʪʠʚʥʽ ʩʭʝʤʠ ʢʨʠʚʦʰʠʧʥʦ-ʧʦʚʟʫʥʥʦʛʦ ʤʝʭʘʥʽʟʤʫ ʦʙʦʨʦʪʥʦʛʦ ʇʅʈ ʥʘ ʦʩʥʦʚʽ: 

ʘ ïʧʽʜʰʠʧʥʠʢʘ ʢʦʚʟʘʥʥʷ; ʙ ïʧʽʜʰʠʧʥʠʢʘ ʢʦʯʝʥʥʷ; ʚ - ʟʜʚʦʻʥʦʛʦ ʮʠʣʽʥʜʨʠʯʥʦʛʦ ʧʽʜʰʠʧʥʠʢʘ ʢʦʯʝʥʥʷ; 

1 - ʢʨʠʚʦʰʠʧ; 2 - ʧʽʜʰʠʧʥʠʢ ʢʦʚʟʘʥʥʷ; 3 - ʧʽʜʰʠʧʥʠʢ ʢʦʚʟʘʥʥʷ; 4 - ʧʽʜʰʠʧʥʠʢ ʢʦʯʝʥʥʷ; 5 - ʧʽʜʰʠʧʥʠʢ ʢʦʯʝʥʥʷ; 6 - ʟʜʚʦʻʥʠʡ 

ʧʽʜʰʠʧʥʠʢ ʢʦʯʝʥʥʷ;  7 - ʛʦʣʢʦʚʠʡ ʧʽʜʰʠʧʥʠʢ. 

 

ʋʥʽʢʘʣʴʥʽʩʪʴ ʩʬʝʨʠʯʥʦʛʦ ʢʨʠʚʦʰʠʧʥʦ-ʧʦʚʟʫʥʥʦʛʦ ʤʝʭʘʥʽʟʤʫ ʦʙʦʨʦʪʥʦʛʦ ʧʝʨʝʪʚʦʨʶʚʘʯʘ ʥʘʧʨʷʤʢʫ 

ʨʫʭʫ ʧʦʣʷʛʘʻ ʚ ʪʦʤʫ, ʱʦ ʦʩʽ ʩʠʤʝʪʨʽʾ ʚʩʽʭ ʜʝʪʘʣʝʡ, ʷʢ ̔ʦʙʝʨʪʘʶʪʴʩʷ ʽ ʨʫʭʘʶʪʴʩʷ, ʧʝʨʝʪʠʥʘʶʪʴʩʷ ʣʠʰʝ ʚ ʦʜʥʽʡ 

çʮʝʥʪʨʘʣʴʥʽʡè ʪʦʯʮʽ, ʧʨʠ ʮʴʦʤʫ ʥʝʤʘʻ ʧʦʪʨʝʙʠ ʫ ʙʘʣʘʥʩʫʚʘʥʥʽ ʽʥʝʨʮʽʡʥʠʭ ʤʘʩ, ʚʽʜʩʫʪʥʷ ʚʽʙʨʘʮʽʷ, 

ʜʦʩʷʛʘʶʪʴʩʷ ʚʠʩʦʢʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʟ ʥʘʜʽʡʥʦʩʪʽ ʪʘ ʨʝʩʫʨʩʫ ʨʦʙʦʪʠ. 

ʇʨʦʚʝʜʝʥʦ ʢʦʤʧʣʝʢʩ ʚʽʨʪʫʘʣʴʥʠʭ ʜʦʩʣʽʜʞʝʥʴ ʦʙʦʨʦʪʥʦʛʦ ʇʅʈ ʫ ʧʨʦʛʨʘʤʥʦʤʫ ʧʨʦʜʫʢʪʽ  SolidWorks 

Simulation. ʎʝ ʜʦʟʚʦʣʷʻ ʱʝ ʥʘ ʩʪʘʜʽʾ ʧʨʦʝʢʪʫʚʘʥʥʷ ʰʚʠʜʢʦ ʧʨʦʚʝʩʪʠ ʽʤʽʪʘʮʽʡʥʝ ʤʦʜʝʣʶʚʘʥʥʷ ʪʘ ʨʦʟʨʘʭʫʥʢʠ 

ʤʝʪʦʜʦʤ ʢʽʥʮʝʚʠʭ ʝʣʝʤʝʥʪʽʚ ʟ ʜʦʩʠʪʴ ʚʠʩʦʢʠʤ ʩʪʫʧʝʥʝʤ ʜʦʩʪʦʚʽʨʥʦʩʪʽ, ʦʪʨʠʤʘʪʠ ʪʘ ʧʨʦʘʥʘʣʽʟʦʚʘʪʠ 

ʨʝʟʫʣʴʪʘʪʠ ʤʦʜʝʣʶʚʘʥʥʷ, ʷʢ ʫ ʯʠʩʣʦʚʦʤʫ, ʪʘʢ ʽ ʛʨʘʬʽʯʥʦʤʫ ʚʠʛʣʷʜʽ. ʅʘ ʨʠʩ. 3 ʧʨʝʜʩʪʘʚʣʝʥʘ ʢʽʥʮʝʚʦ-

ʝʣʝʤʝʥʪʥʘ ʤʦʜʝʣʴ ʽ  ʬʨʘʛʤʝʥʪ ʟʚʽʪʫ ʽʥʞʝʥʝʨʥʦʛʦ ʘʥʘʣʽʟʫ ʇʅʈ. ʇʨʦʚʝʜʝʥʽ ʤʦʜʝʣʶʚʘʥʥʷ ʜʦʟʚʦʣʷʶʪʴ 

ʧʦʣʽʧʰʠʪʠ ʷʢʽʩʪʴ ʧʨʦʝʢʪʫʚʘʥʥʷ, ʚʠʟʥʘʯʠʪʠ ʛʨʘʥʠʯʥʽ ʨʽʚʥʽ ʥʘʚʘʥʪʘʞʝʥʴ ʽ ʜʝʬʦʨʤʘʮʽʡ ʧʨʠ ʧʨʠʢʣʘʜʝʥʠʭ 
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ʥʘʚʘʥʪʘʞʝʥʥʷʭ, ʧʨʠ ʮʴʦʤʫ ʦʪʨʠʤʫʚʘʪʠ ʪʦʯʥʽ ʨʝʟʫʣʴʪʘʪʠ ʜʣʷ ʢʨʠʪʠʯʥʠʭ ʢʦʤʧʦʥʝʥʪʽʚ, ʦʧʪʠʤʽʟʫʚʘʪʠ 

ʢʦʥʩʪʨʫʢʮʽʶ ʇʅʈ ʪʘ ʜʝʪʘʣʝʡ ʡ ʫʥʠʢʥʫʪʠ ʥʝʧʦʪʨʽʙʥʠʭ ʚʠʪʨʘʪ ʥʘ  ʤʘʪʝʨʽʘʣ. ʉʧʠʨʘʶʯʠʩʴ ʥʘ ʨʝʟʫʣʴʪʘʪʠ 

ʢʦʤʧôʶʪʝʨʥʦʛʦ ʧʨʦʝʢʪʫʚʘʥʥʷ ʽ ʢʦʤʧ'ʶʪʝʨʥʦʛʦ ʥ̔ʞʠʥʽʨʠʥʛʫ, ʤʦʞʥʘ ʟʨʦʙʠʪʠ ʢʦʥʩʪʨʫʢʮʽʶ ʇʅʈ ʝʢʦʥʦʤʽʯʥʦ 

ʚʠʛʽʜʥʽʰʦʶ ʽ ʧʨʘʢʪʠʯʥʽʰʦʶ. 

 

ʘ)                                                                                   ʙ) 

                                         
 

ʈʠʩ. 3. ʄʦʜʝʣʽ ʧʝʨʝʪʚʦʨʶʚʘʯʘ ʥʘʧʨʷʤʢʫ ʨʫʭʫ: 

ʘ - ʢʽʥʮʝʚʦ-ʝʣʝʤʝʥʪʥʘ ʤʦʜʝʣʴ ʇʅʈ; ʙ ï ʬʨʘʛʤʝʥʪ ʟʚʽʪʫ ʽʥʞʝʥʝʨʥʦʛʦ ʘʥʘʣʽʟʫ ʇʅʈ;. 

 

ʅʘ ʨʘʥʥʽʭ ʝʪʘʧʘʭ ʧʨʦʝʢʪʫʚʘʥʥʷ ʇʅʈ ʧʝʨʝʜ ʨʦʟʨʦʙʥʠʢʘʤʠ ʧʦʩʪʘʻ ʧʠʪʘʥʥʷ ʧʨʦ ʧʨʘʮʝʟʜʘʪʥʽʩʪʴ 

ʤʝʭʘʥʽʟʤʫ ʚ ʮʽʣʦʤʫ, ʧʨʠʯʦʤʫ ʟ ʪʦʯʢʠ ʟʦʨʫ ʥʝ ʪʽʣʴʢʠ ʟʘʙʝʟʧʝʯʝʥʥʷ ʤʽʮʥʦʩʪʽ ʦʢʨʝʤʠʭ ʡʦʛʦ ʯʘʩʪʠʥ, ʘ ʡ 

ʚʟʘʻʤʦʜʽʾ ʯʘʩʪʠʥ ʽ ʚʫʟʣʽʚ ʫ ʧʨʦʮʝʩʽ ʨʦʙʦʪʠ. ɺʠʢʦʨʠʩʪʦʚʫʶʯʠ ʨʦʟʨʘʭʫʥʢʦʚʫ ʩʭʝʤʫ, ʧʨʝʜʩʪʘʚʣʝʥʫ ʥʘ ʨʠʩ. 4, 

ʦʪʨʠʤʘʥʦ ʘʥʘʣʽʪʠʯʥʽ ʟʘʣʝʞʥʦʩʪʽ, ʷʢʽ ʤʦʞʫʪʴ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠʩʷ ʧʨʠ ʧʨʦʝʢʪʫʚʘʥʥʽ ʇʅʈ [6,7]. 

 

ʘ)                                                                                            ʙ) 

                     
 

ʈʠʩ. 4. ʈʦʟʨʘʭʫʥʢʦʚʘ ʩʭʝʤʘ ʇʅʈ: 

ʘ - ʧʦʟʜʦʚʞʥʽʡ ʨʦʟʨʽʟ ʧʦ ʚʭʽʜʥʦʤʫ ʚʘʣʫ; ʙ - ʨʦʟʨʽʟ ɸ-ɸ ʧʦ ʚʠʭʽʜʥʠʭ ʚʘʣʘʭ. 

 

ʂʽʥʝʤʘʪʠʯʥʝ ʨʽʚʥʷʥʥʷ ʦʙʝʨʪʘʣʴʥʦʛʦ ʨʫʭʫ ʤʘʻ ʚʠʛʣʷʜ: 
 

( )f tj= . 

 

ʜʝ j ï ʢʫʪ ʧʦʚʦʨʦʪʫ (ʢʫʪʦʚʝ ʧʝʨʝʤʽʱʝʥʥʷ). 

ʂʫʪʦʚʝ ʧʝʨʝʤʽʱʝʥʥʷ ʚʭʽʜʥʦʛʦ ʚʘʣʫ 
 

1 1tj w= , 

 

ʜʝ ʢʫʪʦʚʘ ʰʚʠʜʢʽʩʪʴ ʚʭʽʜʥʦʛʦ ʚʘʣʫ 1w  

 

1 1
1

2
   .

60 30

n np p
w= =  

 

ʆʩʢʽʣʴʢʠ ʢʫʪʦʚʘ ʰʚʠʜʢʽʩʪʴ ʚʭʽʜʥʦʛʦ ʚʘʣʘ  
1 ɤ const= , ʪʦ ʢʫʪʦʚʝ ʧʨʠʩʢʦʨʝʥʥʷ 

 

 1e = 0. 

 

ɿʥʘʯʝʥʥʷ ʢʫʪʦʚʦʾ ʰʚʠʜʢʦʩʪʽ ʚʠʭʽʜʥʠʭ ʚʘʣʽʚ ʚʠʟʥʘʯʘʻʪʴʩʷ ʟʘ ʬʦʨʤʫʣʦʶ: 
 

2 1 1 1  1tan sin tan sin tw w g j w g w= = , 

 

ʜʝ , constg= ʢʫʪ ʥʘʭʠʣʫ ʢʨʠʚʦʰʠʧʘ. 

 

ʂʫʪʦʚʝ ʧʨʠʩʢʦʨʝʥʥʷ ʚʠʭʽʜʥʠʭ ʚʘʣʽʚ ʚʠʟʥʘʯʘʻʪʴʩʷ ʟʘ ʬʦʨʤʫʣʦʶ: 
 

2 2

1 1 1 1  1 tan cos tan cos te w g j w g w= =  
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ʇʝʨʝʤʽʱʝʥʥʷ ʦʙʦʡʤʠ ʚʠʟʥʘʯʘʻʪʴʩʷ ʟʘ ʬʦʨʤʫʣʦʶ: 
 

( )  1   1tan  (1 cos ) tan  1 cos .S R R tg j g w= - = -  

 

ʇʨʠ t=0 ʧʝʨʝʤʽʱʝʥʥʷ 0.S=  

ʇʝʨʝʜʘʪʦʯʥʝ ʯʠʩʣʦ ʇʅʈ ʚʠʟʥʘʯʘʻʪʴʩʷ ʟʘ ʬʦʨʤʫʣʦʶ: 
 

1  12
1 
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tan sin
  tan  sin .t
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ʅʘ ʧʨʘʢʪʠʮʽ ʯʘʩʪʦ ʙʫʚʘʶʪʴ ʟʘʜʘʥʠʤʠ ʥʝ ʤʦʤʝʥʪʠ (ʄʢ, ʅĀʤ), ʧʨʠʢʣʘʜʝʥʽ ʜʦ ʚʘʣʽʚ, ʘ ʧʦʪʫʞʥʦʩʪʽ (N, 

ʢɺʪ), ʷʢʽ ʧʝʨʝʜʘʶʪʴʩʷ ʥʘ ʥʠʭ ʘʙʦ ʟʥʽʤʘʶʪʴʩʷ ʟ ʥʠʭ, ʘ ʪʘʢʦʞ ʯʠʩʣʦ ʦʙʝʨʪʽʚ ʚʘʣʘ ʟʘ ʭʚʠʣʠʥʫ (ʧ, ʦʙ/ʭʚ.). 

ɿʘʣʝʞʥʽʩʪʴ ʤʽʞ ʮʠʤʠ ʚʝʣʠʯʠʥʘʤʠ: 
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ʜʝ N - ʚʠʨʘʞʝʥʦ ʚ ʢʽʣʦʚʘʪʘʭ, ʘ ʧ - ʫ ʦʙʝʨʪʘʭ ʟʘ ʭʚʠʣʠʥʫ. 

ʅʘ ʰʠʧ ʧʦʚʟʫʥʘ ʇʅʈ ʜʽʻ ʩʠʣʘ P (ʨʠʩ.4 ). ɺʝʣʠʯʠʥʘ ʮʽʻʾ ʩʠʣʠ ʚʠʟʥʘʯʘʻʪʴʩʷ ʟʘ ʬʦʨʤʫʣʦʶ: 
 

 ,
2

ʟM
P

R
=  

 

ʜʝ  
ʟM  ï ʟʛʠʥʘʣʴʥʠʡ ʤʦʤʝʥʪ ʫ ʥʝʙʝʟʧʝʯʥʦʤʫ ʧʝʨʝʨʽʟʽ ʰʠʧʘ, ʅĿʤ: R ï ʚʽʜʩʪʘʥʴ ʚʽʜ ʦʩʽ ʜʦ ʩʝʨʝʜʠʥʠ 

ʰʠʧʘ, ʤ. 

ʉʠʣʘ P ʜʽʻ ʥʘ ʰʠʧ ʧʦʚʟʫʥʘ ʚʠʢʣʠʢʘʶʯʠ ʡʦʛʦ ʟʛʠʥ ʽ ʟʨʽʟ. 
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W ï ʤʦʤʝʥʪ ʦʧʦʨʫ ʟʛʠʥʫ, ʤ3: 
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ʜʝ d ï ʜʽʘʤʝʪʨ ʰʠʧʘ ʢʨʠʚʦʰʠʧʘ, ʤ. 

ʆʩʢʽʣʴʢʠ ʥʘ ʰʠʧ ʧʦʚʟʫʥʘ ʜʽʻ ʟʫʩʠʣʣʷ ʟʨʽʟʫ P, ʪʦ ʩʧʨʘʚʝʜʣʠʚʘ ʟʘʣʝʞʥʽʩʪʴ: 
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ɿʜʽʡʩʥʶʶʪʴ ʧʝʨʝʚʽʨʢʫ ʫʤʦʚʠ ʤʽʮʥʦʩʪʽ ʰʠʧʘ, ʧʦʨʽʚʥʶʶʯʠ ʚʝʣʠʯʠʥʫ ʚʠʟʥʘʯʝʥʠʭ ʥʘʧʨʫʞʝʥʴ ʟ 

ʜʦʧʫʩʪʠʤʠʤʠ ʥʘʧʨʫʞʝʥʥʷʤʠ ʟʛʠʥʫ ʽ ʟʨʽʟʫ ʜʣʷ ʤʘʪʝʨʽʘʣʫ ʰʠʧʘ 
 

[]  ʟ ʟ
s s¢  ;  []  ʟʨ ʟ

t t¢  , 

ʜʝ []
ʟ

s  - ʜʦʧʫʩʪʠʤʝ ʥʘʧʨʫʞʝʥʥʷ ʟʛʠʥʫ ʽ []
ʟ
t  - ʜʦʧʫʩʪʠʤʝ ʥʘʧʨʫʞʝʥʥʷ ʟʨʽʟʫ ʜʣʷ ʤʘʪʝʨʽʘʣʫ ʰʠʧʘ. 

ɿʥʘʯʝʥʥʷ ʢʫʪʦʚʦʾ ʰʚʠʜʢʦʩʪʽ ʽ ʢʫʪʦʚʦʛʦ ʧʨʠʩʢʦʨʝʥʥʷ ʚʠʭʽʜʥʠʭ ʚʘʣʽʚ ʟʘʣʝʞʥʦ ʚʽʜ ʢʫʪʘ ʧʦʚʦʨʦʪʫ 

ʚʭʽʜʥʦʛʦ ʚʘʣʘ ʚʠʟʥʘʯʝʥʽ ʚ ʩʠʩʪʝʤʽ Mathcad ʧʨʝʜʩʪʘʚʣʝʥʽ ʚ ʪʘʙʣʠʮʽ 1. ɻʨʘʬʽʢ ʟʘʣʝʞʥʦʩʪʽ - ʥʘ ʨʠʩ.5. 
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ʊʘʙʣʠʮʷ 1.  

ɿʥʘʯʝʥʥʷ ʢʫʪʦʚʦʾ ʰʚʠʜʢʦʩʪʽ ʽ ʢʫʪʦʚʦʛʦ ʧʨʠʩʢʦʨʝʥʥʷ ʚʠʭʽʜʥʠʭ ʚʘʣʽʚ ʧʨʠ ʨʽʟʥʠʭ ʢʫʪʘʭ ʧʦʚʦʨʦʪʫ 

ʚʭʽʜʥʦʛʦ ʚʘʣʘ 
ʂʫʪ ʧʦʚʦʨʦʪʫ ʚʭʽʜʥʦʛʦ ʚʘʣʘ, ű 

ʛʨʘʜ. 
0 45 90 135 180 225 270 315 360 

ʂʫʪʦʚʘ ʰʚʠʜʢʽʩʪʴ ʚʭʽʜʥʦʛʦ 

ʚʘʣʫ, ɤ1 ʨʘʜ/ʩ 
52,36 52,36 52,36 52,36 52,36 52,36 52,36 52,36 52,36 

ʂʫʪʦʚʘ ʚhʠʜʢʽʩʪʴ ʚʠʭʽʜʥʦʛʦ 

ʚʘʣʫ, ɤ2 ʨʘʜ/ʩ 
0 37,02 52,36 37,02 0 -37,02 -52,36 -37,02 0 

ʂʫʪʦʚʝ ʧʨʠʩʢʦʨʝʥʥʷ ʚʠʭʽʜʥʦʛʦ 

ʚʘʣʫ, Ů2 ʨʘʜ/ʩ
2 2741 1938 0 -1938 -2741 -1938 0 1938 2741 

 

ʘ)                                                                                 ʙ) 

             
ʈʠʩ.5. ɿʥʘʯʝʥʥʷ ʢʫʪʦʚʦʾ ʰʚʠʜʢʦʩʪʽ (ʘ) ʽ ʢʫʪʦʚʦʛʦ ʧʨʠʩʢʦʨʝʥʥʷ (ʙ) ʚʠʭʽʜʥʠʭ ʚʘʣʽʚ 

ʟʘʣʝʞʥʦ ʚʽʜ ʢʫʪʘ ʧʦʚʦʨʦʪʫ ʚʭʽʜʥʦʛʦ ʚʘʣʘ 

 

ɸʥʘʣʽʟ ʧʦʢʘʟʫʻ, ʱʦ ʢʫʪʦʚʽ ʧʨʠʩʢʦʨʝʥʥʷ ʚʠʭʽʜʥʠʭ ʚʘʣʽʚ ʚ ʢʨʘʡʥʽʭ ʧʦʣʦʞʝʥʥʷʭ ʤʘʣʽ. ʎʝ ʻ ʧʦʟʠʪʠʚʥʦʶ 

ʚʣʘʩʪʠʚʽʩʪʶ ʇʅʈ. ɺʠʭʽʜʥʠʡ ʚʘʣ ʧʣʘʚʥʦ ʧʽʜʭʦʜʠʪʴ ʜʦ ʢʨʘʡʥʴʦʛʦ ʧʦʣʦʞʝʥʥʷ ʽ ʨʽʟʢʦ ʨʦʟʛʘʥʷʻʪʴʩʷ ʚ ʤʽʩʮʷʭ, 

ʙʣʠʟʴʢʠʭ ʜʦ ʩʝʨʝʜʥʴʦʛʦ ʧʦʣʦʞʝʥʥʷ, ʜʝ ʚʠʥʠʢʘʻ ʤʘʢʩʠʤʘʣʴʥʘ ʢʫʪʦʚʘ ʰʚʠʜʢʽʩʪʴ. ʊʘʢʠʡ ʨʝʞʠʤ ʢʦʣʠʚʘʥʥʷ 

ʚʘʣʽʚ ʥʝ ʚʠʤʘʛʘʻ ʫʩʪʘʥʦʚʢʠ ʛʘʣʴʤ (ʜʝʤʧʬʝʨʽʚ).  

ʆʙʦʨʦʪʥʠʡ ʇʅʈ ʚʠʛʦʪʦʚʣʷʶʪʴ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʚʽʜʦʤʠʭ ʫ ʧʨʦʤʠʩʣʦʚʦʩʪʽ ʤʘʪʝʨʽʘʣʽʚ, ʫʩʪʘʪʢʫʚʘʥʥʷ 

ʪʘ ʽʥʩʪʨʫʤʝʥʪʽʚ. ɺʽʥ ʤʦʞʝ ʚʠʢʦʥʫʚʘʪʠ ʨʽʟʥʽ ʬʫʥʢʮʽʾ ʽ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠʩʷ ʫ ʨʽʟʥʠʭ ʤʝʭʘʥʽʟʤʘʭ, ʧʨʠʩʪʨʦʷʭ, 

ʤʘʰʠʥʘʭ: 

1) ʤʝʭʘʥʽʟʤ ʧʝʨʝʨʠʚʯʘʩʪʦʛʦ ʨʫʭʫ ʽʟ ʟʫʧʠʥʢʘʤʠ, ʷʢʽ ʩʣʫʞʘʪʴ ʜʣʷ: 

- ʚʠʩʘʜʢʠ ʛʦʣʦʚʦʢ ʮʚʷʭʽʚ, ʙʦʣʪʚ̔, ʢʦʚʧʘʢʽʚ, ʢʦʨʧʫʩʽʚ ʢʦʥʜʝʥʩʘʪʦʨʽʚ ʪʘ ʽʥʰʠʭ ʚʠʨʦʙʽʚ ʫ ʭʦʣʦʜʥʦ-

ʚʠʩʘʜʦʯʥʠʭ ʘʚʪʦʤʘʪʽʚ; 

- ʚʠʩʘʜʢʠ ʪʘ ʚʠʨʫʙʢʠ ʫ ʧʨʝʩʘʭ ʽ ʤʦʣʦʪʘʭ; 

- ʧʦʚʦʨʦʪʫ ʩʪʝʨʥʘ ʢʦʨʘʙʣʷ ʪʘ ʝʣʝʨʦʥʽʚ ʫ ʣʽʪʘʢʘʭ; 

- ʭʠʪʘʥʥʷ ʽ ʧʦʚʦʨʦʪʫ ʟʘʩʣʽʥʦʢ ʪʘ ʽʥ. 

2) ʚ ʤʘʰʠʥʘʭ ʽʟ ʟʚʦʨʦʪʥʽʤ ʨʫʭʦʤ ʚʠʢʦʥʘʚʯʠʭ ʦʨʛʘʥʽʚ: 

- ʚhʝʡʥʠʭ ï ʜʣʷ ʭʠʪʘʥʥʷ ʚʝʨʪʠʢʘʣʴʥʦʛʦ ʚʘʣʘ, ʚ ʤʝʭʘʥʽʟʤʘʭ ʧʦʜʘʯʽ ʨʝʡʢʠ, ʛʦʣʢʠ ʪʘ ʧʨʦʪʷʛʫʚʘʯʘ 

ʥʠʪʢʠ ʟ ʦʜʥʦʯʘʩʥʠʤ ʦʙʝʨʪʘʥʥʷʤ ʛʦʣʦʚʥʦʛʦ ʚʘʣʘ ʤʘʰʠʥʠ; 

- ʚ ʪʢʘʮʴʢʠʭ ʽ ʚôʷʟʘʣʴʥʠʭ ʚʝʨʩʪʘʪʘʭ; 

- ʚ ʪʽʩʪʦ- ʽ ʙʝʪʦʥʦʤʽʰʘʣʢʘʭ; 

3) ʪʠʭʦʭʽʜʥʽ ʛʽʜʨʦʥʘʩʦʩʠ: 

- ʜʣʷ ʧʝʨʝʢʘʯʫʚʘʥʥʷ ʨʽʟʥʠʭ ʨʽʜʠʥ ʧʨʠ ʧʦʨʽʚʥʷʥʦ ʥʝʚʝʣʠʢʠʭ ʪʠʩʢʘʭ (ʜʦ 2 ʄʇʘ) ʽ ʚʝʣʠʢʠʭ ʧʦʜʘʯʘʭ; 

- ʩʚʝʨʜʣʦʚʠʥʥʽ: ʜʣʷ  ʧʝʨʝʢʘʯʢʠ ʥʘʬʪʠ, ʛʘʟʫ, ʚʦʜʠ ʽʟ ʚʝʣʠʢʠʤʠ ʧʦʜʘʯʘʤʠ; 

4) ʚʠʩʦʢʦʤʦʤʝʥʪʥʽ ʛʽʜʨʦ- ʽ ʧʥʝʚʤʦʜʚʠʛʫʥʠ; 

5) ʜʦʾʣʴʥʽ ʘʧʘʨʘʪʠ; 

6) ʜʚʠʛʫʥʠ: 

- ʚʥʫʪʨʽʰʥʴʦʛʦ ʟʛʦʨʘʥʥʷ (ʜʚʦ-, ʪʨʠ- ʽ ʯʦʪʠʨʴʦʭʪʘʢʪʥʽ); 

- ʟʦʚʥʽʥhʴʦʛʦ ʟʛʦʨʘʥʥʷ: 

- ʷʢʽ ʧʨʘʮʶʶʪʴ ʥʘ ʝʥʝʨʛʽʾ ʩʪʠʩʥʫʪʠʭ ʛʘʟʽʚ; 

7) ʢʦʤʧʨʝʩʦʨʠ ʽ ʚʘʢʫʫʤʥʽ ʘʧʘʨʘʪʠ; 

8) ʚʠʩʦʢʦʧʨʦʜʫʢʪʠʚʥʽ, ʘʣʝ ʪʠʭʦʭʽʜʥʽ  ʪʘ ʤʘʣʦʛʘʙʘʨʠʪʥʽ ʭʦʣʦʜʠʣʴʥʽ ʢʦʤʧʨʝʩʦʨʠ ʜʣʷ ʧʦʙʫʪʦʚʠʭ ʽ 
ʧʨʦʤʠʩʣʦʚʠʭ ʭʦʣʦʜʠʣʴʥʠʢʽʚ; 

9) ʛʽʜʨʦʤʘʩʘʞʝʨʠ ʟ ʧʫʣʴʩʫʶʯʠʤʠ ʩʪʨʫʤʝʥʷʤʠ; 

10) ʛʽʜʨʦʚʽʙʨʘʪʦʨʠ ʪʘ ʛʽʜʨʦʧʫʣʴʩʘʪʦʨʠ, ʷʢʽ ʤʦʞʥʘ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʫ ʤʘʰʠʥʦʙʫʜʫʚʘʥʥʽ, ʙʫʜʽʚʥʠʮʪʚʽ, 

ʪʨʘʥʩʧʦʨʪʽ, ʛʽʨʥʠʯʽʡ ʩʧʨʘʚʽ (ʛʽʜʨʦ ʫʜʘʨʥʠʢʠ), ʩʽʣʴʩʴʢʦʤʫ ʛʦʩʧʦʜʘʨʩʪʚʽ, ʤʝʜʠʮʠʥʽ ʪʦʱʦ. 

ɺʠʢʦʨʠʩʪʘʥʥʷ ʦʙʦʨʦʪʥʦʛʦ ʇʅʈ ʥʘ ʦʩʥʦʚʽ ʩʬʝʨʠʯʥʦʛʦ ʢʨʠʚʦʰʠʧʥʦ-ʧʦʚʟʫʥʥʦʛʦ ʤʝʭʘʥʽʟʤʫ ʫ ʨʽʟʥʠʭ 

ʛʘʣʫʟʷʭ ʜʦʟʚʦʣʷʻ ʦʪʨʠʤʘʪʠ ʟʥʘʯʥʠʡ ʝʢʦʥʦʤʽʯʥʠʡ ʝʬʝʢʪ. 

ɺʠʩʥʦʚʦʢ. ʋ ʨʦʙʦʪʽ ʨʦʟʛʣʷʥʫʪʦ ʢʦʥʩʪʨʫʢʪʠʚʥʽ ʽ ʬʫʥʢʮʽʦʥʘʣʴʥʽ ʦʩʦʙʣʠʚʦʩʪʽ ʩʬʝʨʠʯʥʦʛʦ 

ʢʨʠʚʦʰʠʧʥʦ-ʧʦʚʟʫʥʥʦʛʦ ʤʝʭʘʥʽʟʤʫ ʜʣʷ ʧʝʨʝʪʚʦʨʝʥʥʷ ʦʙʝʨʪʘʣʴʥʦʛʦ ʨʫʭʫ ʚ ʢʦʣʠʚʘʣʴʥʠʡ ʨʫʭ ʽ ʥʘʚʧʘʢʠ. 

ʅʘʚʝʜʝʥʦ ʨʝʟʫʣʴʪʘʪʠ ʚʽʨʪʫʘʣʴʥʦʛʦ ʝʢʩʧʝʨʠʤʝʥʪʫ, ʧʨʦʚʝʜʝʥʦʛʦ ʥʘ ʦʩʥʦʚʽ ʪʚʝʨʜʦʪʽʣʴʥʦʛʦ ʤʦʜʝʣʶʚʘʥʥʷ 

ʤʝʭʘʥʽʟʤʫ ʇʅʈ ʫ ʧʨʦʛʨʘʤʥʦʤʫ ʧʨʦʜʫʢʪʽ SolidWorks Simulation. ʆʪʨʠʤʘʥʦ ʘʥʘʣʽʪʠʯʥʽ ʟʘʣʝʞʥʦʩʪʽ, ʷʢʽ ʤʦʞʫʪʴ 

ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠʩʷ ʧʨʠ ʧʨʦʝʢʪʫʚʘʥʥʽ ʇʅʈ. ʋ ʧʨʦʛʨʘʤʥʦʤʫ ʧʨʦʜʫʢʪʽ MathCAD ʚʠʟʥʘʯʝʥ ̔ʟʥʘʯʝʥʥʷ ʢʫʪʦʚʦʾ 
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ʰʚʠʜʢʦʩʪʽ ʽ ʢʫʪʦʚʦʛʦ ʧʨʠʩʢʦʨʝʥʥʷ ʚʠʭʽʜʥʠʭ ʚʘʣʽʚ ʟʘʣʝʞʥʦ ʚʽʜ ʢʫʪʘ ʧʦʚʦʨʦʪʫ ʚʭʽʜʥʦʛʦ ʚʘʣʘ. ʆʙʦʨʦʪʥʠʡ ʇʅʈ 

ʤʦʞʝ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠʩʷ, ʷʢ ʚʠʢʦʥʘʚʯʠʡ ʤʝʭʘʥʽʟʤ ʢʦʤʧʨʝʩʦʨʽʚ, ʥʘʩʦʩʽʚ,   ʧʥʝʚʤʦ- ʽ ʛʽʜʨʦʤʦʪʦʨʽʚ, ʘ ʪʘʢʦʞ ʫ 

ʩʢʣʘʜʽ ʪʨʘʥʩʤʽʩʽʡ ʽʥʰʠʭ ʧʨʠʩʪʨʦʾʚ. ʁʦʛʦ ʚʠʢʦʨʠʩʪʘʥʥʷ ʫ ʨʽʟʥʠʭ ʛʘʣʫʟʷʭ ʜʦʟʚʦʣʷʻ ʦʪʨʠʤʘʪʠ ʟʥʘʯʥʠʡ 

ʝʢʦʥʦʤʽʯʥʠʡ ʝʬʝʢʪ. ʈʦʙʦʪʫ ʧʣʘʥʫʻʪʴʩʷ ʧʨʦʜʦʚʞʠʪʠ ʫ ʥʘʧʨʷʤʢʫ ʦʧʪʠʤʽʟʘʮʽʡʥʦʛʦ ʩʠʥʪʝʟʫ ʦʙʦʨʦʪʥʦʛʦ ʇʅʈ, 

ʱʦ ʚʘʞʣʠʚʦ ʜʣʷ ʡʦʛʦ ʧʨʘʢʪʠʯʥʦʛʦ ʚʠʢʦʨʠʩʪʘʥʥʷ. 
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ʍʤʝʣʴʥʠʮʴʢʠʡ ʥʘʮʽʦʥʘʣʴʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ 

 

ʈʆɿʈɸʍʋʅʆʂ ʊɽʄʇɽʈɸʊʋʈʅʆɻʆ ʇʆʃʗ ʂʈʋɻʃʆɰ ʈɯɿɸʃʔʅʆɰ ʇʃɸʉʊʀʅʂʀ 

ɯɿ ʇʆɿʀʊʀɺʅʀʄ ɿɸɼʅɯʄ ʂʋʊʆʄ 
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̨̝̩̑̈́̌̎̏ ̐̌́̒̓̉̎̋̉Ȣ ˚̨̨̨̝̆̑̃̎̏̍̑̎̒̓ ̨̨̎̓̆̎̒̉̃̎̏̒̓ ̖̓̆̐̌̏̃̉ ̅̇̆̑̆̌ ̖̤̝̠̃̑́̏̃̔̓̒ ̠̑̏̈̂̉̓̓̍ ̩̖  ̎́ 
̨̆̌̆̍̆̎̓́̑̎ ̅̇̆̑̆̌́ ̔̈̅̏̃̇ ̨̝̩̑̈́̌̎̏ ̋̑̏̍̋̉Ȣ ˜̤̝̠̑̉̊̍́̓̒ȟ ̏̚ ̓̆̍̐̆̑́̓̔̑́ ̔ ̝̂̔̅-̨̠̋̊ ̨̘̗̓̏ ̤ ̟̒̔̍̏ 
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THE CALCULATION OF THE  TEMPERATURE FIELD OF A CUTTING TOOL INSERT WITH A POSITIVE 

CLEARANCE ANGLE  
 

This work addresses the question of calculating the temperature fields of the rake and flank faces of a cutting tool insert. During 
the cutting process with such inserts, irregularities of the thickness of the cut layer along the cutting edge occur, along with the length of 
contact of the shavings on the front surface and the difficulty of the formation of the shavings due to their deformation occurring in differing 
directions. This causes irregularities in the intensity of heat sources along the cutting edge and the front surface of the instrument. In this 
work, this irregularity is accounted for by dividing the contact zone into small areas-sources along the cutting edge and the front surface in 
the direction of the flow of the shavings. It is assumed that the temperature in any point of contact is equal to the sum of the temperatures 
which are created at that point by each of the heat sources. To calculate these temperatures it is required to know the spatial coordinates of 
the heat sources on the front and back faces of the instrument relative to the specified point. This orientation is influenced by the form of the 
cutting edge of a specific tool, its location relative to the vector of cutting speed, and the form of the front surface of the instrument on each 
of the individual elementary sections (the presence of chamfers, grooves, etc.) After geometric transformations, the relations for the 
calculation of coordinates are given and the peculiarities of their uses in various models of the location of the heat source and the point in 
which the temperature is calculated are shown. The work shows the peculiarity of using the obtained technique for the case of working with 
a circular plate with a positive back angle. Such plates are installed with the surface of the cutting edge perpendicular to the cutting speed. 
Therefore the relative coordinates of the heat sources for a circular cutting edge are defined by the center coordinates of the point sources 
relative to the point where the temperature is calculated.  

Keywords: Temperature field during cutting, circular cutting edge, heat sources, relative coordinates of heat sources. 

 

ʇʦʩʪʘʥʦʚʢʘ ʧʨʦʙʣʝʤʠ 

ʈʦʟʨʦʙʣʝʥʽ ʙʘʛʘʪʴʤʘ ʘʚʪʦʨʘʤʠ ʪʝʨʤʦʤʝʭʘʥʽʯʥʽ ʤʦʜʝʣʽ ʧʨʦʮʝʩʫ ʨʽʟʘʥʥʷ  [1, 2] ʩʪʦʩʫʚʘʣʠʩʷ ʚʽʣʴʥʦʛʦ 

ʨʽʟʘʥʥʷ ʽʟ ʧʦʩʪʽʡʥʠʤʠ ʚʟʜʦʚʞ ʨʽʟʘʣʴʥʦʛʦ ʣʝʟʘ ʫʤʦʚʘʤʠ ʦʙʨʦʙʣʝʥʥʷ ʘʙʦ ʚʘʨʽʘʥʪʽʚ, ʷʢʽ ʤʦʛʣʠ ʙʠ ʙʫʪʠ ʟʚʝʜʝʥʽ 

ʜʦ ʚʽʣʴʥʦʛʦ ʨʽʟʘʥʥʷ (ʚʽʜʩʫʪʥʽʩʪʴ ʟʘʦʢʨʫʛʣʝʥʥʷ ʚʝʨʰʠʥʠ ʽ ʢʫʪ ʟʘʛʦʩʪʨʝʥʥʷ ʚ ʧʣʘʥʽ ¯=e 90 ). ʅʘ ʧʨʘʢʪʠʮʽ ʞʝ 

ʙʽʣʴʰ ʧʦʰʠʨʝʥʽ ʽʥʩʪʨʫʤʝʥʪʠ ʽʟ ʟʘʦʢʨʫʛʣʝʥʦʶ ʜʝʷʢʠʤ ʨʘʜʽʫʩʦʤ ʤʽʩʮʷ ʧʝʨʝʭʦʜʫ ʚʽʜ ʛʦʣʦʚʥʦʾ ʜʦ ʜʦʧʦʤʽʞʥʦʾ 

ʨʽʟʘʣʴʥʠʭ ʢʨʦʤʦʢ. ʎʷ ʜʽʣʷʥʢʘ, ʦʩʦʙʣʠʚʦ ʭʘʨʘʢʪʝʨʥʘ ʜʣʷ ʥʝʧʝʨʝʪʦʯʫʚʘʥʠʭ ʧʣʘʩʪʠʥʦʢ, ʤʦʞʝ ʟʘʡʤʘʪʠ ʟʥʘʯʥʫ 

ʯʘʩʪʠʥʫ ʘʢʪʠʚʥʦʛʦ ʨʽʟʘʣʴʥʦʛʦ ʣʝʟʘ ʘʙʦ ʚʩʝ ʨʽʟʘʣʴʥʝ ʣʝʟʦ ʤʦʞʝ ʤʘʪʠ ʢʨʫʛʦʚʫ ʬʦʨʤʫ.  

ɸʥʘʣʽʟ ʦʩʪʘʥʥʽʭ ʜʞʝʨʝʣ 

ʈʦʟʛʣʷʜʘʶʯʠ ʘʥʘʣʦʛʽʯʥʫ ʟʘʜʘʯʫ, P.Oxley [3] ʚʚʽʚ ʧʦʥʷʪʪʷ ʝʢʚʽʚʘʣʝʥʪʥʦʾ ʨʽʟʘʣʴʥʦʾ ʢʨʦʤʢʠ, 

ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʦʾ ʜʦ ʥʘʧʨʷʤʢʫ ʩʭʦʜʫ ʩʪʨʫʞʢʠ. ɼʣʷ ʨʦʟʨʘʭʫʥʢʫ ʮʴʦʛʦ ʥʘʧʨʷʤʢʫ ʩʪʨʫʞʢʘ ʧʨʠʡʤʘʣʘʩʴ ʷʢ ʨʷʜ 

ʝʣʝʤʝʥʪʽʚ ʥʝʩʢʽʥʯʝʥʥʦ ʤʘʣʦʾ ʰʠʨʠʥʠ, ʥʘ ʢʦʞʥʽʤ ʟ ʷʢʠʭ ʜʽʶʪʴ ʩʠʣʠ ʪʝʨʪʷ, ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʽ ʜʦ ʝʣʝʤʝʥʪʘʨʥʦʾ 

ʜʽʣʷʥʢʠ ʨʽʟʘʣʴʥʦʾ ʢʨʦʤʢʠ. ʈʽʚʥʦʜʽʶʯʘ ʮʠʭ ʩʠʣ ʧʨʠʡʤʘʣʘʩʴ ʟʘ ʥʘʧʨʷʤ ʩʭʦʜʫ ʩʪʨʫʞʢʠ, ʘ ʢʫʪ ʤʽʞ ʥʠʤ ʽ 

ʧʝʨʧʝʥʜʠʢʫʣʷʨʦʤ ʜʦ ʛʦʣʦʚʥʦʾ ʨʽʟʘʣʴʥʦʾ ʢʨʦʤʢʠ ʨʦʟʨʘʭʦʚʫʚʘʚʩʷ. 

ʊʘʢʠʡ ʧʽʜʭʽʜ, ʥʘ ʥʘʰ ʧʦʛʣʷʜ, ʮʽʣʢʦʤ ʜʦʧʫʩʪʠʤʠʡ ʧʨʠ ʚʠʟʥʘʯʝʥʥʽ ʩʠʣ ʨʽʟʘʥʥʷ, ʢʦʣʠ ʚʩʽ ʝʣʝʤʝʥʪʘʨʥʽ 

ʨʽʟʘʣʴʥʽ ʣʝʟʘ ʤʦʞʫʪʴ ʨʦʟʛʣʷʜʘʪʠʩʴ ʦʢʨʝʤʦ, ʤʘʻ ʮʽʣʠʡ ʨʷʜ ʦʙʤʝʞʝʥʴ ʜʣʷ ʡʦʛʦ ʧʨʷʤʦʛʦ ʟʘʩʪʦʩʫʚʘʥʥʷ ʧʨʠ 

ʘʥʘʣʽʟʽ ʢʦʥʪʘʢʪʥʠʭ ʪʝʧʣʦʚʠʭ ʧʨʦʮʝʩʽʚ: 

ʘ) ʛʝʦʤʝʪʨʠʯʥʽ ʧʘʨʘʤʝʪʨʠ ʨʽʟʘʣʴʥʦʾ ʯʘʩʪʠʥʠ ʧʨʠʡʤʘʶʪʴʩʷ ʧʦʩʪʽʡʥʠʤʠ ʜʣʷ ʚʩʽʻʾ ʝʢʚʽʚʘʣʝʥʪʥʦʾ 

ʨʽʟʘʣʴʥʦʾ ʢʨʦʤʢʠ, ʪʦʜʽ ʷʢ ʥʘ ʜʽʡʩʥʦʤʫ ʨʽʟʘʣʴʥʦʤʫ ʣʝʟʽ ʚʦʥʠ, ʷʢ ʧʨʘʚʠʣʦ, ʟʤʽʥʥʽ, ʦʩʦʙʣʠʚʦ ʥʘ ʢʨʠʚʦʣʽʥʽʡʥʽʡ 

ʜʽʣʷʥʮʽ; 

ʙ) ʜʣʷ ʚʨʘʭʫʚʘʥʥʷ ʚʟʘʻʤʦʚʧʣʠʚʫ ʝʣʝʤʝʥʪʘʨʥʠʭ ʪʝʧʣʦʚʠʭ ʜʞʝʨʝʣ,  ʱʦ ʜʽʶʪʴ ʥʘ ʧʝʨʝʜʥʽʡ ʽ ʟʘʜʥʽʡ ʧʦʚʝʨʭʥʷʭ, 

ʥʝʦʙʭʽʜʥʦ ʟʥʘʪʠ ʾʭ ʨʝʘʣʴʥʝ ʨʦʟʤʽʱʝʥʥʷ ʚ ʧʨʦʩʪʦʨʽ, ʘ ʥʝ ʟʚʝʜʝʥʝ ʜʦ ʦʜʥʽʻʾ ʧʨʷʤʦʣʽʥʽʡʥʦʾ ʨʽʟʘʣʴʥʦʾ ʢʨʦʤʢʠ; 

ʊʦʤʫ ʧʨʠ ʘʥʘʣʽʟʽ ʢʦʥʪʘʢʪʥʠʭ ʧʨʦʮʝʩʽʚ ʥʘ ʢʨʠʚʦʣʽʥʽʡʥʦʤʫ ʨʽʟʘʣʴʥʦʤʫ ʣʝʟʽ ʽʟ ʟʤʽʥʥʠʤʠ ʫʤʦʚʘʤʠ 

ʨʽʟʘʥʥʷ ʟʚʝʜʝʥʥʷ ʡʦʛʦ ʜʦ ʝʢʚʽʚʘʣʝʥʪʥʦʛʦ ʨʽʟʘʣʴʥʦʛʦ ʣʝʟʘ ʟ ʧʦʩʪʽʡʥʠʤʠ ʫʤʦʚʘʤʠ ʥʝ ʻ ʦʙˇʨʫʥʪʦʚʘʥʠʤ ʽ ʤʦʞʝ 

ʧʨʠʟʚʝʩʪʠ ʜʦ ʩʧʦʪʚʦʨʝʥʥʷ ʨʝʘʣʴʥʦʾ ʢʘʨʪʠʥʠ.  

ʄʝʪʦʶ ʨʦʙʦʪʠ ʻ:  ʈʦʟʨʦʙʣʝʥʥʷ ʤʝʪʦʜʠʢʠ ʚʠʢʦʨʠʩʪʘʥʥʷ ʪʝʨʤʦʤʝʭʘʥʽʯʥʦʾ ʤʦʜʝʣʽ ʨʽʟʘʥʥʷ ʩʘʤʝ ʜʣʷ 

ʧʨʦʮʝʩʫ ʦʙʨʦʙʣʝʥʥʷ ʮʠʣʽʥʜʨʠʯʥʠʭ ʜʝʪʘʣʝʡ ʢʨʫʛʣʠʤʠ ʥʝʧʝʨʝʪʦʯʫʚʘʥʠʤʠ ʧʣʘʩʪʠʥʢʘʤʠ ʽʟ ʧʦʟʠʪʠʚʥʠʤ ʟʘʜʥʽʤ 

ʢʫʪʦʤ. 
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ɺʠʢʣʘʜ ʦʩʥʦʚʥʦʛʦ ʤʘʪʝʨʽʘʣʫ 

 
ʈʠʩ.1. ʉʭʝʤʘ ʨʦʟʙʠʪʪʷ ʰʘʨʫ, ʟʨʽʟʫʚʘʥʦʛʦ ʢʨʫʛʦʚʦʶ ʨʽʟʘʣʴʥʦʶ ʢʨʦʤʢʦʶ 

 

ɺ ʜʘʥʽʡ ʟʘʜʘʯʽ ʧʨʦʧʦʥʫʻʪʴʩʷ ʟʘʤʽʥʠʪʠ ʨʝʘʣʴʥʝ ʢʨʫʛʦʚʝ ʨʽʟʘʣʴʥʝ ʣʝʟʦ ï ʩʪʫʧʽʥʯʘʩʪʠʤ ʽʟ ʂʜ ʜʽʣʷʥʦʢ 

(ʨʠʩ.1), ʜʝ ʰʠʨʠʥʘ ʢʦʞʥʦʛʦ ʝʣʝʤʝʥʪʘʨʥʦʛʦ ʨʽʟʘʣʴʥʦʛʦ ʣʝʟʘ ʙʫʜʝ ʜʦʨʽʚʥʶʚʘʪʠ ʰʠʨʠʥʽ ʝʣʝʤʝʥʪʘ ʟʨʽʟʫʚʘʥʦʛʦ 

ʰʘʨʫ 2 bÖD, ʚʠʤʽʨʷʥʦʛʦ ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʦ ʥʘʧʨʷʤʢʫ ʩʭʦʜʫ ʩʪʨʫʞʢʠ. ɺ ʨʦʙʦʪʘʭ ʄ.ɯ. ʂʣʫʰʠʥʘ [4] ʪʘ ʉ.ʉ. 

ʉʽʣʽʥʘ [5] ʮʠʤ ʥʘʧʨʷʤʢʦʤ ʧʨʠʡʤʘʚʩʷ ʧʝʨʧʝʥʜʠʢʫʣʷʨ ʜʦ ʣʽʥʽʾ, ʱʦ ʟóʻʜʥʫʻ ʪʦʯʢʠ ʧʦʯʘʪʢʫ ʽ ʢʽʥʮʷ ʟʨʽʟʫʚʘʥʦʛʦ 

ʰʘʨʫ. 

ɼʣʷ ʘʥʘʣʽʟʫ ʫʤʦʚ ʨʦʙʦʪʠ ʥʘ ʢʦʞʥʽʡ ʜʽʣʷʥʮʽ ʢʦʥʢʨʝʪʥʘ ʛʝʦʤʝʪʨʽʷ ʟʘʛʦʩʪʨʶʚʘʥʥʷ ʽʥʩʪʨʫʤʝʥʪʘ ʤʘʻ 

ʙʫʪʠ ʧʝʨʝʨʘʭʦʚʘʥʘ ʫ ʢʦʞʥʽʡ ʜʽʣʷʥʮʽ ʥʘ ʥʘʧʨʷʤʦʢ ʩʭʦʜʫ ʩʪʨʫʞʢʠ [6]. 

ɼʣʷ ʘʥʘʣʽʟʫ ʢʘʨʪʠʥʠ ʨʦʟʧʦʜʽʣʫ ʪʝʧʣʦʚʠʭ ʧʦʪʦʢʽʚ ʟ ʙʦʢʫ ʽʥʩʪʨʫʤʝʥʪʘ ʧʨʝʜʩʪʘʚʠʤʦ ʬʦʨʤʫ ʡʦʛʦ 

ʧʝʨʝʜʥʴʦʾ ʽ ʟʘʜʥʴʦʾ ʧʦʚʝʨʭʦʥʴ ʚ ʚʠʛʣʷʜʽ N1 ʧʨʷʤʦʣʽʥʽʡʥʠʭ ʜʽʣʷʥʦʢ 
111 N/ll jj =D  (ʨʠʩ. 2). ʂʦʞʥʘ ʟ ʜʽʣʷʥʦʢ ʥʘ 

ʧʝʨʝʜʥʽʡ ʧʦʚʝʨʭʥʽ ʥʘʭʠʣʝʥʘ ʧʽʜ ʢʫʪʦʤ ( ), 1...jk ʜj Kg = , ʱʦ ʚʠʟʥʘʯʘʻʪʴʩʷ ʢʦʥʢʨʝʪʥʦʶ ʬʦʨʤʦʶ ʧʝʨʝʜʥʴʦʾ 

ʧʦʚʝʨʭʥʽ. ʊʝʤʧʝʨʘʪʫʨʘ ʩʝʨʝʜʠʥ ʢʦʥʪʘʢʪʥʠʭ ʜʽʣʷʥʦʢ ʟ ʙʦʢʫ ʽʥʩʪʨʫʤʝʥʪʘ ʚ ʮʠʭ ʜʽʣʷʥʢʘʭ ʙʫʜʝ ʚʠʟʥʘʯʘʪʠʩʷ 

ʩʫʤʦʶ ʪʝʤʧʝʨʘʪʫʨ, ʩʪʚʦʨʶʚʘʥʠʭ ʫʩʽʤʘ ʜʞʝʨʝʣʘʤʠ 
1kq  ʽ 

2kq  (
11...k N=  ), ʨʦʟʤʽʱʝʥʠʭ ʥʘ ʢʦʞʥʽʡ j-ʡ 

ʜʽʣʷʥʮʽ ʨʽʟʘʣʴʥʦʾ ʢʨʦʤʢʠ [1]: 
 

1 1

1 1 1 2 2

1 1 1 1

N NKʜ Kʜ

mi mijk jk mijk jk

j k j k

T q T qq
= = = =

= Ö Ö + Ö Öää ää  ;                        

1 1

2 1 1 2 2

1 1 1 1

N NKʜ Kʜ

mi mijk jk mijk jk

j k j k

T q T qq
= = = =

¡ ¡= Ö Ö + Ö Öää ää ,                      (1) 

ʜʝ 
1

1
2

mijk

mijk

i

T
À

=
ÖpÖl

;         

 

1mijkÀ  ï ʽʥʪʝʛʨʘʣʴʥʘ ʬʫʥʢʮʽʷ, ʱʦ ʚʠʟʥʘʯʘʻ ʪʝʤʧʝʨʘʪʫʨʫ ʚ i-ʡ ʪʦʯʮʽ m-  ʾ  ʜʽʣʷʥʢʠ ʨʽʟʘʣʴʥʦʾ ʢʨʦʤʢʠ, 

ʩʪʚʦʨʶʚʘʥʫ k-ʤ ʧʣʦʩʢʠʤ ʜʞʝʨʝʣʦʤ ʟ ʨʦʟʤʽʨʘʤʠ ( ) 12 b lÖ ³D, ʨʦʟʤʽʱʝʥʠʤ ʥʘ j-ʡ ʜʽʣʷʥʮʽ ʨʽʟʘʣʴʥʦʾ ʢʨʦʤʢʠ [7].  

 
ʈʠʩ. 2 ʉʭʝʤʘ ʧʨʝʜʩʪʘʚʣʝʥʥʷ ʜʞʝʨʝʣ ʪʝʧʣʘ ʥʝʨʽʚʥʦʤʽʨʥʦʾ ʽʥʪʝʥʩʠʚʥʦʩʪʽ ʚʟʜʦʚʞ ʧʝʨʝʜʥʴʦʾ ʧʦʚʝʨʭʥʽ ʽ ʨʽʟʘʣʴʥʦʾ ʢʨʦʤʢʠ 
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ʊʦʯʥʝ ʨʽʰʝʥʥʷ ʮʴʦʛʦ ʽʥʪʝʛʨʘʣʘ ʚʠʤʘʛʘʻ ʟʥʘʥʥʷ ʚʽʜʥʦʩʥʠʭ  ʢʦʦʨʜʠʥʘʪ X, Y, Z - i-ʾ  ʪʦʯʢʠ  m-ʾ  ʜʽʣʷʥʢʠ 

ʨʽʟʘʣʴʥʦʛʦ ʣʝʟʘ ʚ ʩʠʩʪʝʤʽ ʢʦʦʨʜʠʥʘʪ k-ʛʦ ʜʞʝʨʝʣʘ j-ʾ ʜʽʣʷʥʢʠ ʨʽʟʘʣʴʥʦʛʦ ʣʝʟʘ. ʂʦʞʥʘ ʟ ʮʠʭ ʜʽʣʷʥʦʢ ʟʤʽʱʝʥʘ 

ʦʜʥʘ ʚʽʜʥʦʩʥʦ ʦʜʥʦʾ ʫ ʧʨʦʩʪʦʨʽ, ʘ ʢʨʽʤ ʪʦʛʦ, ʾʭ ʨʽʟʘʣʴʥʽ ʢʨʦʤʢʠ ʥʘʭʠʣʝʥʽ ʧʦ ʚʽʜʥʦʰʝʥʥʶ ʜʦ ʥʘʧʨʷʤʢʫ 

ʰʚʠʜʢʦʩʪʽ ʨʽʟʘʥʥʷ ʧʽʜ ʢʫʪʦʤ 
ml . ɼʣʷ ʢʦʞʥʦʛʦ ʽʥʪʝʨʚʘʣʫ ʨʽʟʘʣʴʥʦʾ ʢʨʦʤʢʠ ʚʚʝʜʝʤʦ ʧʦʩʪʽʡʥʠʡ ʤʘʩʠʚ ʮʝʥʪʨʽʚ 

ʢʦʦʨʜʠʥʘʪ ʜʞʝʨʝʣ 1 jkq ʽ 2 jkq  ʚ ʩʠʩʪʝʤʽ ʢʦʦʨʜʠʥʘʪ 0 0j j jX O Y , ʦʨʽʻʥʪʦʚʘʥʽʡ ʚʽʩʩʶ 0 jY  ʟʘ  ʥʘʧʨʷʤʢʦʤ 

ʰʚʠʜʢʦʩʪʽ  ʨʽʟʘʥʥʷ: 
 

ʘ) ʜʣʷ ʜʞʝʨʝʣ 1 jkq : 

0 1 0 10; 0j jX Y= =; 

0 0 1 1 1cosjk jk j jkX X l g- -= +D Ö ; 

0 0 1 1 1sin ,jk jk j jkY Y l g- -= +D Ö  ( 12 N...k= ); 

 

ʙ) ʜʣʷ ʜʞʝʨʝʣ 2 jkq  : 

 

( )0 0 20; 1 ,jk jk jX Y k l= = - ³D ( 
1 11...2k N N= + Ö), 

 

ʜʝ 2 2 1/j jl l ND = . 

ʇʦʚʝʨʥʝʤʦ ʩʠʩʪʝʤʫ ʢʦʦʨʜʠʥʘʪ 0 0j j jX O Y  ʥʘ ʢʫʪ jkg  ʪʘʢ,  ʱʦʙ  ʚʦʥʘ ʩʪʘʣʘ ʧʘʨʘʣʝʣʴʥʦʶk k kX O Y  . 

ʊʦʜʽ ʢʦʦʨʜʠʥʘʪʠ  ʮʝʥʪʨʽʚ  ʩʠʩʪʝʤʠ  k-ʛʦ ʜʞʝʨʝʣʘ  
kO  ʥʘ j-ʡ ʜʽʣʷʥʮʽ ʚ ʩʠʩʪʝʤʽ 

jjj YOX 00
¡¡¡  ʚʠʟʥʘʯʘʶʪʴʩʷ: 

 

0 0 0sin cosjk jk jk jk jkX Y Xg g¡= Ö + Ö ; 

0 0 0cos sinjk jk jk jk jkY Y Xg g¡= Ö - Ö . 

 

ɼʣʷ ʨʦʟʨʘʭʫʥʢʫ ʢʦʦʨʜʠʥʘʪ i-ʾ ʜʽʣʷʥʢʠ ʧʝʨʝʜʥʴʦʾ ʧʦʚʝʨʭʥʽ  m-ʛʦ  ʽʥʪʝʨʚʘʣʫ ʨʽʟʘʣʴʥʦʛʦ ʣʝʟʘ,  ʜʝ  ʙʫʜʝ 

ʚʠʟʥʘʯʘʪʠʩʷ ʪʝʤʧʝʨʘʪʫʨʘ, ʥʝʦʙʭʽʜʥʦ ʩʧʦʯʘʪʢʫ ʧʘʨʘʣʝʣʴʥʦ  ʧʝʨʝʥʝʩʪʠ ʩʠʩʪʝʤʫ mmm ZYX 000   ʚ ʘʙʩʦʣʶʪʥʫ 

ʩʠʩʪʝʤʫ ʢʦʦʨʜʠʥʘʪ ʜʞʝʨʝʣʘ 
jjj ZYX 000
,  ʘ  ʧʦʪʽʤ ʧʦʩʣʽʜʦʚʥʦ ʧʦʚʝʨʥʫʪʠ ʾʾ ʥʘ ʢʫʪʠ jl  ʪʘ jkg  . ʊʦʜʽ ʧʽʩʣʷ 

ʚʽʜʧʦʚʽʜʥʠʭ ʧʝʨʝʪʚʦʨʝʥʴ ʽ ʦʙóʻʜʥʘʥʥʷ ʬʦʨʤʫʣ, ʦʜʝʨʞʘʥʠʭ ʜʣʷ ʜʞʝʨʝʣ, ʱʦ ʜʽʶʪʴ ʥʘ ʧʝʨʝʜʥʽʡ ʽ ʟʘʜʥʽʡ 

ʧʦʚʝʨʭʥʷʭ, ʩʝʨʝʜʠʥʘ i-ʛʦ  ʽʥʪʝʨʚʘʣʫ ʧʦʚʝʨʭʥʽ, ʜʝ ʨʦʟʨʘʭʦʚʫʻʪʴʩʷ  ʪʝʤʧʝʨʘʪʫʨʘ,  ʚ  ʩʠʩʪʝʤʽ 
kkk YOX   ʜʞʝʨʝʣʘ 

ʤʘʻ ʢʦʦʨʜʠʥʘʪʠ: 
 

( )0 0

0 0

sin cos sin sin
2
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2

pm
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( )0 0

0 0

sin cos sin cos
2

cos sin ;
2

pm

mi mi ʎj ʎm j ʎm ʎj j jk jk

pm

mi mi ʎj ʎm jk jk
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( )0 sin sin cos
2

pm

mi mi ʎj ʎm j ʎm ʎj j

l
Z Y Y Y Z Zg l l

Då õ
= + Ö - + Ö + - Öæ ö
ç ÷

.                                     (2) 

 

ʜʝ ʍʎ, Yʎ ʽ Zʎ ʟ ʚʽʜʧʦʚʽʜʥʠʤʠ ʽʥʜʝʢʩʘʤʠ  -  ʢʦʦʨʜʠʥʘʪʠ  ʮʝʥʪʨʽʚ ʩʠʩʪʝʤ mmm ZYX 000   ʢʦʞʥʦʾ 

ʜʽʣʷʥʢʠ ʨʽʟʘʣʴʥʦʛʦ ʣʝʟʘ ʚ ʜʝʷʢʽʡ ʘʙʩʦʣʶʪʥʽʡ ʩʠʩʪʝʤʽ ʢʦʦʨʜʠʥʘʪ ʽʥʩʪʨʫʤʝʥʪʘ. ʗʢ ʪʘʢʫ ʩʠʩʪʝʤʫ ʤʦʞʥʘ ʚʟʷʪʠ 

ʩʠʩʪʝʤʫ ʢʦʦʨʜʠʥʘʪ ʙʫʜʴ-ʷʢʦʾ ʜʽʣʷʥʢʠ, ʥʘʧʨʠʢʣʘʜ, ʧʝʨʰʦʾ. 

ɺ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʨʦʟʤʽʱʝʥʥʷ ʪʝʧʣʦʚʦʛʦ ʜʞʝʨʝʣʘ ʽ ʪʦʯʢʠ, ʜʝ ʨʦʟʨʘʭʦʚʫʻʪʴʩʷ ʪʝʤʧʝʨʘʪʫʨʘ, ʧʘʨʘʤʝʪʨ T  

(1) ʪʘ ʦʜʝʨʞʘʥʽ ʟʘʛʘʣʴʥʽ ʚʠʨʘʟʠ (2) ʧʝʨʝʪʚʦʨʶʶʪʴʩʷ ʚ ʯʘʩʪʢʦʚʽ ʜʣʷ ʢʦʥʢʨʝʪʥʠʭ ʚʠʧʘʜʢʽʚ ʟʘ ʜʦʧʦʤʦʛʦʶ 

ʥʘʩʪʫʧʥʠʭ ʧʽʜʩʪʘʥʦʚʦʢ [7]: 
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ʘ) ̫ʢʦɦ 
1 11... ; 1...k N i N= =  (ʪʦʯʢʠ, ʜʝ ʚʠʟʥʘʯʘʻʪʴʩʷ ʪʝʤʧʝʨʘʪʫʨʘ, ʽ ʜʞʝʨʝʣʘ ʟʥʘʭʦʜʷʪʴʩʷ ʥʘ 

ʧʝʨʝʜʥʽʡ ʧʦʚʝʨʭʥʽ, ʬʫʥʢʮʽʷ 1mijkT ), ʪʦ ʧʽʜʩʪʘʚʣʷʻʪʴʩʷ ʪʽʣʴʢʠ D Dl lpm m= 1
; 

ʙ) ʷʢʱʦ 
1 1 1( 1)...2 ; 1...k N N i N= + =  (ʪʦʯʢʠ, ʜʝ ʚʠʟʥʘʯʘʻʪʴʩʷ ʪʝʤʧʝʨʘʪʫʨʘ, ʟʥʘʭʦʜʷʪʴʩʷ ʥʘ 

ʧʝʨʝʜʥʽʡ ʧʦʚʝʨʭʽ, ʘ ʜʞʝʨʝʣʘ ï ʥʘ ʟʘʜʥʽʡ, ʬʫʥʢʮʽʷ 2mijkT ), ʪʦ ʧʽʜʩʪʘʚʣʷʻʪʴʩʷ D Dl lpm m= 1
; 

0=lj
; ¯=g 90jk

 ʽ ʧʨʠʡʤʘʻʪʴʩʷ  Y=-Y; 

ʚ) ʷʢʱʦ 
1 1 11... ; ( 1)...2k N i N N= = +  (ʪʦʯʢʠ, ʜʝ ʚʠʟʥʘʯʘʻʪʴʩʷ ʪʝʤʧʝʨʘʪʫʨʘ, ʟʥʘʭʦʜʷʪʴʩʷ ʥʘ ʟʘʜʥʽʡ 

ʧʦʚʝʨʭʥʽ, ʘ ʜʞʝʨʝʣʘ ï ʥʘ ʧʝʨʝʜʥʽʡ, ʬʫʥʢʮʽʷ 1mijkT¡ ), ʪʦ ʧʽʜʩʪʘʚʣʷʻʪʴʩʷ D Dl lpm m= 2 ; ¯=g 90mi . 

ʛ) ʷʢʱʦ 
1 1 1 1( 1)...2 ; ( 1)...2k N N i N N= + = +  (ʪʦʯʢʠ, ʜʝ ʚʠʟʥʘʯʘʻʪʴʩʷ ʪʝʤʧʝʨʘʪʫʨʘ, ʽ ʜʞʝʨʝʣʘ 

ʟʥʘʭʦʜʷʪʴʩʷ ʥʘ ʟʘʜʥʽʡ ʧʦʚʝʨʭʥʽ, ʬʫʥʢʮʽʷ  2mijkT¡ ),  ʪʦ ʧʽʜʩʪʘʚʣʷʻʪʴʩʷ 2pm ml lD =D; 0=lj
; 

¯=g=g 90jkmi
. 

ʇʨʦʚʝʜʝʤʦ ʮʽ ʚʠʢʣʘʜʢʠ ʜʣʷ ʚʠʧʘʜʢʫ ʢʨʫʛʣʦʾ ʨʽʟʘʣʴʥʦʾ ʧʣʘʩʪʠʥʢʠ ʜʽʘʤʝʪʨʦʤ d ʽʟ ʧʦʟʠʪʠʚʥʠʤ ʟʘʜʥʽʤ 

ʢʫʪʦʤ (ʜʠʚ. ʨʠʩ.1). ɺʦʥʘ ʨʦʟʤʽʱʘʻʪʴʩʷ ʫ ʢʦʨʧʫʩʽ ʨʽʟʮʷ ʧʽʜ ʢʫʪʦʤ ɚ=0, ʪʦʙʪʦ ʧʣʦʱʠʥʘ ʢʨʫʛʦʚʦʾ ʨʽʟʘʣʴʥʦʾ 

ʢʨʦʤʢʠ ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʘ ʥʘʧʨʷʤʢʫ ʰʚʠʜʢʦʩʪʽ ʨʽʟʘʥʥʷ. ʆʙʨʦʙʣʝʥʥʷ ʧʨʦʚʦʜʠʪʴʩʷ ʟ ʛʣʠʙʠʥʦʶ t ʽ 

ʧʦʟʜʦʚʞʥʴʦʶ ʧʦʜʘʯʝʶ S. ɺʩʷ ʘʢʪʠʚʥʘ ʜʦʚʞʠʥʘ ʨʽʟʘʣʴʥʦʾ ʢʨʦʤʢʠ ɸʆ ʨʦʟʙʠʚʘʻʪʴʩʷ ʥʘ ʂʜ ʜʽʣʷʥʦʢ, ʱʦ 

ʧʨʝʜʩʪʘʚʣʷʶʪʴ ʩʦʙʦʶ ʧʨʷʤʦʢʫʪʥʽ ʜʞʝʨʝʣʘ ʪʝʧʣʦʚʠʜʽʣʝʥʥʷ ʨʦʟʤʽʨʘʤʠ: ʥʘ ʧʝʨʝʜʥʽʡ ʧʦʚʝʨʭʥʽ 2ȹb³l1 ʽ ʥʘ 

ʟʘʜʥʽʡ - 2ȹb³l2. ɿʘʜʘʯʘ ʧʦʣʷʛʘʻ ʫ ʚʠʟʥʘʯʝʥʥʽ ʢʦʦʨʜʠʥʘʪ ʮʝʥʪʨʽʚ ʝʣʝʤʝʥʪʘʨʥʠʭ ʜʞʝʨʝʣ Xʮj  ̔Zʮj ʚ ʘʙʩʦʣʶʪʥʽʡ 

ʩʠʩʪʝʤʽ ʢʦʦʨʜʠʥʘʪ XʮʆZʮ, ʧʦʚôʷʟʘʥʦʶ ʽʟ ʧʣʘʩʪʠʥʢʦʶ, ʘ ʪʘʢʦʞ ʪʦʚʱʠʥʠ ʟʨʽʟʫʚʘʥʦʛʦ ʰʘʨʫ ʚ ʥʘʧʨʷʤʢʫ 

ʩʭʦʜʞʝʥʥʷ ʩʪʨʫʞʢʠ. 

ʎʝʥʪʨʘʣʴʥʠʡ ʢʫʪ ɗ0 ʘʢʪʠʚʥʦʾ ʜʦʚʞʠʥʠ ʢʨʫʛʦʚʦʾ ʨʽʟʘʣʴʥʦʾ ʢʨʦʤʢʠ ʜʦʨʽʚʥʶʻ: 
 

0 arccos(1 2 / )t dq= - . 

 

ɺʚʽʚʰʠ ʂʜ ʜʽʣʷʥʦʢ ʨʽʟʘʣʴʥʦʾ ʢʨʦʤʢʠ, ʦʜʝʨʞʫʻʤʦ ʮʝʥʪʨʘʣʴʥʠʡ ʢʫʪ ʢʦʞʥʦʾ ʜʽʣʷʥʢʠ: 
 

0 0 / ʜʂq qD =  ʽ ʾʾ ʰʠʨʠʥʫ 
02 / 2b dqÖD =D Ö. 

 

ɼʣʷ ʢʦʞʥʦʾ j-ʾ ʩʠʩʪʝʤʠ ʢʦʦʨʜʠʥʘʪ ʜʽʣʷʥʢʠ ʨʽʟʘʣʴʥʦʾ ʢʨʦʤʢʠ ( )1... ʜj K= ʚʠʟʥʘʯʘʻʪʴʩʷ ʮʝʥʪʨʘʣʴʥʠʡ 

ʢʫʪ ʮʝʥʪʨʫ ʮʽʻʾ ʩʠʩʪʝʤʠ: 

0 0( 0,5)j jq q q= -D - , 

 

ʽ ʡʦʛʦ ʢʦʦʨʜʠʥʘʪʠ ʚ ʩʠʩʪʝʤʽ XʮjʆZʮj: 
 

Xʮj= (1 cos )
2

j

d
q- ; 

Zʮj= sin
2

j

d
q. 

 

ʎʝʥʪʨ ʮʽʻʾ ʩʠʩʪʝʤʠ ʟʥʘʭʦʜʠʪʴʩʷ ʥʘ ʤʽʥʽʤʘʣʴʥʦʤʫ ʜʽʘʤʝʪʨʽ ʟʘʛʦʪʦʚʢʠ ʚ ʪʦʯʮʽ ʆ, ʘ ʜʽʘʤʝʪʨ ʟʘʛʦʪʦʚʢʠ 

jd  ʚ j-ʡ ʪʦʯʮʽ ʜʦʨʽʚʥʶʻ: 

0 2j ʮjd d x= + , 

 

ʜʝ 0d  - ʜʽʘʤʝʪʨ ʟʘʛʦʪʦʚʢʠ ʚ ʪʦʯʮʽ ʆ.  

ʊʦʚʱʠʥʘ ʟʨʽʟʫʚʘʥʦʛʦ ʰʘʨʫ cja  ʚ ʥʘʧʨʷʤʢʫ ʩʭʦʜʞʝʥʥʷ ʩʪʨʫʞʢʠ ʚʠʟʥʘʯʘʻʪʴʩʷ ʽʟ ʥʝʩʢʣʘʜʥʠʭ 

ʛʝʦʤʝʪʨʠʯʥʠʭ ʧʦʙʫʜʦʚ: 

0sin cos
2

cj j ja S
q

q q
å õ

= Ö -æ ö
ç ÷

. 

 

ɺʠʩʥʦʚʢʠ 

ɺ ʨʦʙʦʪʽ ʧʨʝʜʩʪʘʚʣʝʥʘ ʟʘʛʘʣʴʥʘ ʤʝʪʦʜʠʢʘ ʨʦʟʨʘʭʫʥʢʫ ʚʽʜʥʦʩʥʠʭ ʢʦʦʨʜʠʥʘʪ ʪʦʯʢʠ, ʜʝ ʨʦʟʨʘʭʦʚʫʻʪʴʩʷ 

ʪʝʤʧʝʨʘʪʫʨʘ ʥʘ ʢʦʥʪʘʢʪʥʽʡ ʧʦʚʝʨʭʥʽ ʽʥʩʪʨʫʤʝʥʪʘ, ʽ ʝʣʝʤʝʥʪʘʨʥʠʭ ʪʝʧʣʦʚʠʭ ʜʞʝʨʝʣ, ʱʦ ʜʽʶʪʴ ʥʘ ʧʝʨʝʜʥʽʡ ʯʠ 

ʟʘʜʥʽʡ ʧʦʚʝʨʭʥʽ ʨʽʟʘʣʴʥʦʛʦ ʣʝʟʘ. ʇʨʠʡʤʘʻʪʴʩʷ, ʱʦ ʪʝʤʧʝʨʘʪʫʨʘ ʫ ʙʫʜʴ-ʷʢʽʡ ʪʦʯʮʽ ʻ ʩʫʤʦʶ ʪʝʤʧʝʨʘʪʫʨ, ʷʢʽ 
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ʩʪʚʦʨʶʶʪʴʩʷ ʚ ʮʽʡ ʪʦʯʮʽ ʢʦʞʥʠʤ ʽʟ ʝʣʝʤʝʥʪʘʨʥʠʭ ʜʞʝʨʝʣ. ʆʩʦʙʣʠʚʦʩʪʽ ʨʦʟʨʘʭʫʥʢʫ ʜʣʷ ʢʦʥʢʨʝʪʥʦʾ ʬʦʨʤʠ 

ʨʽʟʘʣʴʥʦʾ ʢʨʦʤʢʠ ʧʦʣʷʛʘʻ ʫ ʚʠʟʥʘʯʝʥʥʽ ʢʦʦʨʜʠʥʘʪ ʮʝʥʪʨʘ ʢʦʞʥʦʛʦ ʜʞʝʨʝʣʘ. ɺ ʨʦʙʦʪʽ ʧʦʢʘʟʘʥʽ ʦʩʦʙʣʠʚʦʩʪʽ 

ʟʘʩʪʦʩʫʚʘʥʥʷ ʟʘʛʘʣʴʥʦʾ ʤʝʪʦʜʠʢʠ ʜʣʷ ʢʨʫʛʣʠʭ ʨʽʟʘʣʴʥʠʭ ʧʣʘʩʪʠʥʦʢ. 
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ʖ.ʉ. ʉʆʂʆʃɸʅ, ʂ.ɸ. ʇɸʈʐɽʅʂʆ 
ʍʤʝʣʴʥʠʮʴʢʠʡ ʥʘʮʽʦʥʘʣʴʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ 

 

ɸʅɸʃɯɿ ɿʄɯʅ ʋ ʅʆʈʄʋɺɸʅʅɯ ʇʈʀʈʆɼʅʆɻʆ ʆʉɺɯʊʃɽʅʅʗ ʇʈʀʄɯʑɽʅʔ ʋ 

ɺɯɼʇʆɺɯɼʅʆʉʊɯ ɯɿ ɼɽʈɾɸɺʅʀʄʀ ɹʋɼɯɺɽʃʔʅʀʄʀ ʅʆʈʄɸʄʀ 
 
ˠ ̨̑̏̂̏̓ ̐̑̏̃̆̅̆̎̏ ̨́̎́̌̈ ̎̏̃̏̄̏ ̍̆̓̏̅̔ ̖̑̏̈̑́̔̎̋̔ ̨̐̌̏̚ ̨̖̒̃̓̌̏̃̉ ̨̨̐̑̏̑̈̃ ̃ ̨̠̖̐̑̉̍̆̎̎̚ ̘̃̉̑̏̂̎̉̏̄̏ 

̓́ ̘̎̆̃̉̑̏̂̎̉̏̄̏ ̖́̑́̋̓̆̑̔Ȣ ˗̨̑̍ ̓̏̄̏ȟ ̐̑̏̃̆̅̆̎̏ ̝̅̆̓́̌̎̉̊ ̨́̎́̌̈ ̨̨̃̅̍̎̎̏̒̓̆̊ ̔ ̠̎̏̑̍̔̃́̎̎ ̐̑̉̑̏̅̎̏̄̏ 
̨̠̏̒̃̓̌̆̎̎ ̨̝̐̑̉̍̆̎̚ ̔ ̨̨̨̃̅̐̏̃̅̎̏̒̓ ̨̈ ̎̏̃̏̃̃̆̅̆̎̉̍̉ ̎̏̑̍́̍̉ ̈́ ˑˎ˚ ˏȢφȢωȡφό-φτυό ˜̑̉̑̏̅̎̆ ̨ ̙̘̓̔̎̆ 
̨̠̏̒̃̓̌̆̎̎ȟ ̠ ̨̋ ̨̟̝̅̓ ̈ τυȢτχȢφτφτ ̑̏̋̔Ȣ  

˚́̃̆̅̆̎̏ ̏̑̍̔̌̉̕ ̖̑̏̈̑́̔̎̋̔ ̨̐̌̏̚ ̨̨̨̒̃̓̌̏̐̑̏̑̈̃ ̎́ ̨̩̒̓́̅ ̨̆̒̋̈̎̏̄̏ ̠̐̑̏̆̋̓̔̃́̎̎ ̠̅̌ ̒̉̒̓̆̍ 
̖̝̃̆̑̎̏̄̏ ̓́ ̂̏̋̏̃̏̄̏ ̨̠̏̒̃̓̌̆̎̎ ̔ ̨̨̨̃̅̐̏̃̅̎̏̒̓ ̨̈ ˑˎ˚ ˏȢφȢω ɀ 28 ɀ φττϊ ̓́ ˑˎ˚ ˏȢφȢωȡφό-φτυόȢ ˏ̉̏̋̑̆̍̌̆̎̏ 
̨̨̨̃̅̍̎̎̏̒̓ ̖̒̋̌́̅̏̃̉ ̨̨̨̗̤̋̏̆̎̓̃̕ ̠̅̌ ̘̈́̈̎́̆̎̏̄̏ ̖̑̏̈̑́̔̎̋̔ȟ ̅̏ ̠̖̋̉ ̨̠̝̠̃̅̎̏̒̓̒ȡ ̝̈́̄́̌̎̉̊ ̨̨̗̤̋̏̆̎̓̕ 
̨̠̒̃̓̌̏̐̑̏̐̔̒̋́̎̎ ̨̍́̓̆̑́̌̔ȟ ̨̨̗̤̋̏̆̎̓̕ ̨̠̒̃̓̌̏̐̑̏̐̔̒̋́̎̎ ̨̍́̓̆̑́̌̔ȟ ̨̨̗̤̋̏̆̎̓̕ȟ ̏̚ ̖̤̃̑́̏̃̔ ̃̓̑́̓̉ ̨̒̃̓̌́ 
̃ ̖̑́̍́ ̨̨̒̃̓̌̏̐̑̏̑̈̔ȟ ̨̨̗̤̋̏̆̎̓̕ȟ ̏̚ ̖̤̃̑́̏̃̔ ̃̓̑́̓̉ ̨̒̃̓̌́ ̔ ̗̖̖̒̏̎̆̈́̉̒̎̉ ̠̖̐̑̉̒̓̑̏ȟ ̨̨̗̤̋̏̆̎̓̕ ̨̒̃̓̌̏̃̏̄̏ 
̨̋̌̍́̓̔ ̓́ ̎̏̑̍̏̃́̎̉̊ ̨̨̗̤̋̏̆̎̓̕ ̐̑̉̑̏̅̎̏̄̏ ̨̠̏̒̃̓̌̆̎̎Ȣ  

ˏ ̨̝̑̆̈̔̌̓́̓ ̐̑̏̃̆̅̆̎̏̄̏ ̨́̎́̌̈̔ ̃̒̓́̎̏̃̌̆̎̏ ̐̆̑̆̃́̄̉ ̩̎̏̃̏ ̍̆̓̏̅̉̋̉ ̖̑̏̈̑́̔̎̋̔ ̨̐̌̏̚ ̨̖̒̃̓̌̏̃̉ 
̨̨̐̑̏̑̈̃ ̠̅̌ ̒̉̒̓̆̍ ̖̝̃̆̑̎̏̄̏ ̓́ ̂̏̋̏̃̏̄̏ ̨̠̏̒̃̓̌̆̎̎Ȣ ˞̆̑̆̅ ̖̏̒̎̏̃̎̉ ̐̆̑̆̃́̄ ̨̒̌̅ ̨̘̃̅̈̎́̉̓̉ ̠̃̃̆̅̆̎̎ 
̨̨̗̤̋̏̆̎̓̔̕ ̠̅̌ ̖̍̆̓́̌̏̐̌́̒̓̉̋̏̃̉ ̑́̍ ̨̖̒̃̓̌̏̃̉ ̨̨̐̑̏̑̈̃ȟ ̨̝̏̒̋̌̋̉ ̨̨̤̝̠̃̅̒̌̅̋̏̃̔̓̒ ̨̗̠̓̆̎̅̆̎ ̅̏ ̨̘̏̑̎̏̄̏̚ 
̨̝̙̠̈̂̌̆̎̎ ̨̃̅̒̏̓̋̔ ̠̃̉̋̏̑̉̒̓́̎̎ ̨̃̋̏̎ȟ ̖̃̉̄̏̓̏̃̌̆̎̉ ̨̈ ̖̍̆̓́̌̏̐̌́̒̓̉̋̏̃̉ ̑́̍Ȣ ˟́̋̏̇ ̃̒̓́̎̏̃̌̆̎̏ȟ ̏̚ ̨̈̍̎̉ 
̔ ̈̃ȭ̠̈̋̔ ̨̈ ̠̃̃̆̅̆̎̎̍ ̩̎̏̃̏ ̍̆̓̏̅̉̋̉ ̖̑̏̈̑́̔̎̋̔ ̨̐̌̏̚ ̨̖̒̃̓̌̏̃̉ ̨̨̐̑̏̑̈̃ ̨̖́̑́̋̓̆̑̎ ̘̏̅̎̏́̒̎̏ ̠̋ ̠̅̌ ̂̏̋̏̃̏̄̏ȟ 
̓́̋ ̨ ̖̝̃̆̑̎̏̄̏ ̐̑̉̑̏̅̎̏̄̏ ̨̠̏̒̃̓̌̆̎̎Ȣ  

˜̑̏̃̆̅̆̎̉̊ ̨́̎́̌̈ ̤̅́ ̨̝̍̏̇̌̉̃̒̓ ̈̑̏̂̉̓̉ ̃̉̒̎̏̃̏̋ȟ ̏̚ ̎̏̃̏̃̃̆̅̆̎́ ̍̆̓̏̅̉̋́ ̠̑̆̄̌́̍̆̎̓̔̃́̎̎ 
̖̑̏̈̑́̔̎̋̔ ̨̐̌̏̚ ̨̖̒̃̓̌̏̃̉ ̨̨̐̑̏̑̈̃ ̐̑̉ ̐̑̉̑̏̅̎̏̍̔ ̨̨̏̒̃̓̌̆̎̎ ̘̤̈́̂̆̈̐̆̔ ̨̝̙̂̌̔ ̨̘̝̓̏̎̒̓ȟ ̨̝̏̒̋̌̋̉ ̖̤̃̑́̏̃̔ 
̨̝̙̂̌̔ ̨̨̝̝̋̌̋̒̓ ̨́̋̓̏̑̃̕ȟ ̨̠̋ ̝̍̏̇̔̓ ̃̐̌̉̎̔̓̉ ̎́ ̨̈̍̎̔ ̨̨̏̒̃̓̌̆̎̏̒̓ȟ ̠̋́ ̟̤̝̠̔̓̃̏̑̓̒ ̨̐̑̉̑̏̅̎̍ ̨̒̃̓̌̏̍Ȣ 

˗̨̟̘̌̏̃ ̒̌̏̃́ȡ ̐̑̉̑̏̅̎̆ ̨̠̏̒̃̓̌̆̎̎ȟ ̂̏̋̏̃̆ ̨̠̏̒̃̓̌̆̎̎ȟ ̖̤̃̆̑̎ ̨̠̏̒̃̓̌̆̎̎ȟ ̨̅̆̑̇́̃̎ ̨̨̝̂̔̅̃̆̌̎ ̎̏̑̍̉ȟ 
̨̨̗̤̋̏̆̎̓̕ ̐̑̉̑̏̅̎̏̄̏ ̨̠̏̒̃̓̌̆̎̎ȟ ̖̑̏̈̑́̔̎̏̋ ̨̐̌̏̚ ̨̨̨̒̃̓̌̏̐̑̏̑̈̃Ȣ 
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ANALYSIS OF CHANGES IN REGULATION OF NATURAL ILLUMINATION IN ACCORDANCE WITH STATE 

CONSTRUCTION REGULATIONS  
 

Analysis of new calculation method of light opening area in premises of manufacturing and nonproduction character was realized 
in the article. Furthermore, the detailed analysis of differences in natural illumination regulation in accordance with newly-introduced 
ÒÅÇÕÌÁÔÉÏÎ ˑˎ˚ ˏȢφȢωȡφ8-2018 Natural and artificial illumination, functioning from 01.03.2019 was made.  

Calculation formulas for light opening area at the stage of initial design for overhead and side illumination systems in accordance 
with ˑˎ˚ ˏȢφȢω ɀ 28 ɀ 2006 and ˑˎ˚ ˏȢφȢωȡ28-2018 were presented. Differences in component coefficients for indicated calculation were 
emphasized, videlicet: overall coefficient of light transmittance of the material, coefficient of light transmittance of the material, coefficient, 
considering light losses in frame of light opening, coefficient, considering light losses in sun-protective devices, light climate coefficient and 
standardized coefficient of natural illumination.  

As a result of conducted analysis advantages of new method in light opening area calculation for overhead and side illumination 
systems were established. AmÏÎÇ ÍÁÉÎ ÁÄÖÁÎÔÁÇÅÓ ÉÔȭÓ ×ÏÒÔÈ ÎÏÔÉÎÇ ÔÈÁÔ ÔÈÅ ÉÎÔÒÏÄÕÃÔÉÏÎ ÏÆ ÃÏÅÆÆÉÃÉÅÎÔ ÆÏÒ ÒÅÉÎÆÏÒÃÅÄ-plastic light opening 
frames was made, inasmuch as overseen trend in annual increasing of windows, made of reinforced-plastic frames. It was also established 
that changes in connection with introduction of new calculation method of light opening area under conditions of natural illumination are 
simultaneously typical for side and overhead natural illumination.  

Carried out analysis provides a possibility of drawing the conclusion that newly-introduced method of regulation of light opening 
area calculation under conditions of natural illumination provides higher accuracy, forasmuch as takes into account more factors, effecting 
on the change of illumination, created by natural light.  

Keywords: natural illumination, side illumination, overhead illumination, State Construction Regulations, natural 
illumination coefficient, calculation of light opening area.  

 

ʇʦʩʪʘʥʦʚʢʘ ʧʨʦʙʣʝʤʠ 

ʆʩʢʽʣʴʢʠ ʙʣʠʟʴʢʦ 90% ʽʥʬʦʨʤʘʮʽʾ ʩʧʨʠʡʤʘʻʪʴʩʷ ʣʶʜʠʥʦʶ ʯʝʨʝʟ ʟʦʨʦʚʠʡ ʢʘʥʘʣ, ʦʩʚʽʪʣʝʥʥʷ ʚʽʜʽʛʨʘʻ 

ʚʘʞʣʠʚʫ ʨʦʣʴ ʫ ʚʠʨʦʙʥʠʯʽʡ ʜʽʷʣʴʥʦʩʪʽ, ʘ ʪʘʢʦʞ ʧʨʘʚʠʣʴʥʦ ʟʘʧʨʦʝʢʪʦʚʘʥʝ ʨʘʮʽʦʥʘʣʴʥʝ ʦʩʚʽʪʣʝʥʥʷ ʤʘʻ 

ʚʘʞʣʠʚʝ ʟʥʘʯʝʥʥʷ ʜʣʷ ʚʠʢʦʥʘʥʥʷ ʙʫʜʴ-ʷʢʠʭ ʚʠʜʽʚ ʨʦʙʽʪ. ʅʝʜʦʩʪʘʪʥʷ ʦʩʚʽʪʣʝʥʽʩʪʴ ʘʙʦ ʾʾ ʥʘʜʤʽʨʥʘ ʢʽʣʴʢʽʩʪʴ 

ʟʥʠʞʫʶʪʴ ʨʽʚʝʥʴ ʟʙʫʜʞʝʥʦʩʪʽ ʮʝʥʪʨʘʣʴʥʦʾ ʥʝʨʚʦʚʦʾ ʩʠʩʪʝʤʠ ʽ ʘʢʪʠʚʥʽʩʪʴ ʚʩʽʭ ʞʠʪʪʻʚʠʭ ʧʨʦʮʝʩʽʚ.  

ʉʪʘʥ ʦʩʚʽʪʣʝʥʥʷ ʚʠʨʦʙʥʠʯʠʭ ʧʨʠʤʽʱʝʥʴ ʚʽʜʽʛʨʘʻ ʚʘʞʣʠʚʫ ʨʦʣʴ ʽ ʜʣʷ ʧʦʧʝʨʝʜʞʝʥʥʷ ʚʠʨʦʙʥʠʯʦʛʦ 

ʪʨʘʚʤʘʪʠʟʤʫ. ɺʝʣʠʢʘ ʢʽʣʴʢʽʩʪʴ ʥʝʱʘʩʥʠʭ ʚʠʧʘʜʢʽʚ ʥʘ ʚʠʨʦʙʥʠʮʪʚʽ ʚʽʜʙʫʚʘʻʪʴʩʷ ʯʝʨʝʟ ʥʝʜʦʩʪʘʪʥʽʡ ʨʽʚʝʥʴ 

ʦʩʚʽʪʣʝʥʥʷ. ʉʦʥʷʯʥʝ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ ʟʽʛʨʽʚʘʻ ʪʘ ʟʥʝʟʘʨʘʞʫʻ ʧʦʚʽʪʨʷ, ʦʯʠʱʫʻ ʡʦʛʦ ʚʽʜ ʟʙʫʜʥʠʢʽʚ ʙʘʛʘʪʴʦʭ 

ʭʚʦʨʦʙ. ʆʢʨʽʤ ʪʦʛʦ, ʧʨʠʨʦʜʥʝ ʩʚʽʪʣʦ ʤʘʻ ʽ ʧʩʠʭʦʣʦʛʽʯʥʫ ʜʽʶ, ʩʪʚʦʨʶʶʯʠ ʫ ʧʨʠʤʽʱʝʥʥʽ ʜʣʷ ʧʨʘʮʽʚʥʠʢʽʚ 

ʚʽʜʯʫʪʪʷ ʙʝʟʧʦʩʝʨʝʜʥʴʦʛʦ ʟʚôʷʟʢʫ ʟ ʜʦʚʢʽʣʣʷʤ.  

ɺʨʘʭʦʚʫʶʯʠ ʚʘʞʣʠʚʽʩʪʴ ʚʧʣʠʚʫ ʧʨʠʨʦʜʥʦʛʦ ʦʩʚʽʪʣʝʥʥʷ ʥʘ ʚʠʨʦʙʥʠʯʽ ʧʨʦʮʝʩʠ ʣʶʜʠʥʠ, ʽʩʥʫʚʘʣʠ 

ʥʘʩʪʫʧʥʽ ʥʦʨʤʘʪʠʚʥʽ ʜʦʢʫʤʝʥʪʠ, ʷʢʽ ʨʝʛʣʘʤʝʥʪʫʚʘʣʠ ʥʦʨʤʦʚʘʥʽ ʟʥʘʯʝʥʥʷ ʪʘ ʤʝʪʦʜʠʢʠ ʨʦʟʨʘʭʫʥʢʫ 

ʧʨʠʨʦʜʥʦʛʦ ʦʩʚʽʪʣʝʥʥʷ ʚ ʧʨʠʤʽʱʝʥʥʷʭ: 
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1. ʉʅʠʇ ɯɯ-4-79. ɽʩʪʝʩʪʚʝʥʥʦʝ ʠ ʠʩʢʫʩʪʚʝʥʥʦʝ ʦʩʚʝʱʝʥʠʝ. ɼʘʥʠʡ ʜʦʢʫʤʝʥʪ ʜʽʷʚ ʟ 1979 ʨʦʢʫ ʪʘ ʙʫʚ 

ʨʦʟʨʦʙʣʝʥʠʡ ʱʝ ʫ ʈʘʜʷʥʩʴʢʦʤʫ ʉʦʶʟʽ [1].  

2. ɼɹʅ ɺ.2.5-28-2006 ʇʨʠʨʦʜʥʝ ʽ ʰʪʫʯʥʝ ʦʩʚʽʪʣʝʥʥʷ. ʅʘ ʟʘʤʽʥʫ ʉʅʠʇ ɯɯ-4-79 ʥʘ ʪʝʨʠʪʦʨʽʾ ʋʢʨʘʾʥʠ ʟ 

01.10.2006 ʧʦʯʘʚ ʜʽʷʪʠ ʜʘʥʠʡ ɼɹʅ [2].  

3. ɼɹʅ ɺ.2.5-28:2018 ʇʨʠʨʦʜʥʝ ʽ ʰʪʫʯʥʝ ʦʩʚʽʪʣʝʥʥʷ. ʋ 2018 ʨʦʮʽ ʙʫʣʘ ʨʦʟʨʦʙʣʝʥʘ ʥʦʚʘ ʤʝʪʦʜʠʢʘ 

ʨʦʟʨʘʭʫʥʢʫ ʧʨʠʨʦʜʥʦʛʦ ʦʩʚʽʪʣʝʥʥʷ ʚʠʨʦʙʥʠʯʠʭ ʧʨʠʤʽʱʝʥʴ, ʚʩʪʘʥʦʚʣʝʥʽ ʥʦʚʽ ʥʦʨʤʠ ʪʘ ʚʽʜʨʝʜʘʛʦʚʘʥʽ 

ʥʝʜʦʣʽʢʠ ʧʦʧʝʨʝʜʥʴʦʾ ʚʝʨʩʽʾ 2006 ʨʦʢʫ. ʏʠʥʥʠʡ ʚʽʜ 01.03.2019 ʨ [3].  

ʊʘʢʠʤ ʯʠʥʦʤ, ʘʢʪʫʘʣʴʥʦʶ ʻ ʟʘʜʘʯʘ ʘʥʘʣʽʟʫ ʚʽʜʤʽʥʥʦʩʪʝʡ ʫ ʥʦʨʤʫʚʘʥʥʽ ʧʨʠʨʦʜʥʦʛʦ ʦʩʚʽʪʣʝʥʥʷ 

ʧʨʠʤʽʱʝʥʴ ʫ ʚʽʜʧʦʚʽʜʥʦʩʪʽ ʽʟ ʥʦʚʦʚʚʝʜʝʥʠʤ ɼɹʅ ɺ.2.5:28 ï 2018 ʇʨʠʨʦʜʥʝ ʽ ʰʪʫʯʥʝ ʦʩʚʽʪʣʝʥʥʷ.  

ɺʠʢʣʘʜ ʦʩʥʦʚʥʦʛʦ ʤʘʪʝʨʽʘʣʫ 

ʇʨʦʝʢʪʫʚʘʥʥʷ ʧʨʠʨʦʜʥʦʛʦ ʦʩʚʽʪʣʝʥʥʷ ʫ ʥʦʚʦʟʙʫʜʦʚʘʥʠʭ ʙʫʜʠʥʢʘʭ ʚʠʢʦʥʫʻʪʴʩʷ ʟʛʽʜʥʦ ʟ ʽʩʥʫʶʯʠʤʠ 

ʥʦʨʤʘʤʠ ʧʨʦʝʢʪʫʚʘʥʥʷ. ʇʨʠʨʦʜʥʝ ʦʩʚʽʪʣʝʥʥʷ ʥʝʦʙʭʽʜʥʦ ʧʝʨʝʜʙʘʯʠʪʠ ʜʣʷ ʧʨʠʤʽʱʝʥʴ ʽʟ ʧʦʩʪʽʡʥʠʤ 

ʧʝʨʝʙʫʚʘʥʥʷʤ ʫ ʥʠʭ ʣʶʜʝʡ. ɼʽʶʯʽ ʥʦʨʤʠ [3] ʨʦʟʨʽʟʥʷʶʪʴ ʙʽʯʥʝ, ʚʝʨʭʥʻ ʽ ʢʦʤʙʽʥʦʚʘʥʝ ʧʨʠʨʦʜʥʝ ʦʩʚʽʪʣʝʥʥʷ. 

ʇʨʠ ʮʴʦʤʫ ʚʝʨʭʥʻ ʪʘ ʢʦʤʙʽʥʦʚʘʥʝ ʦʩʚʽʪʣʝʥʥʷ ʚʠʨʦʙʥʠʯʠʭ ʽ ʛʨʦʤʘʜʩʴʢʠʭ ʙʫʜʠʥʢʽʚ ʜʦʟʚʦʣʷʻʪʴʩʷ ʧʨʦʝʢʪʫʚʘʪʠ 

ʣʠʰʝ ʫ ʚʠʧʘʜʢʫ, ʢʦʣʠ ʮʝ ʥʝʦʙʭʽʜʥʦ ʟʘ ʪʝʭʥʦʣʦʛʽʯʥʠʤ ʧʨʦʮʝʩʦʤ ʚʠʨʦʙʥʠʮʪʚʘ ʟʽ ʩʧʝʮʽʘʣʴʥʠʤ ʦʙˇʨʫʥʪʫʚʘʥʥʷʤ 

ʪʘʢʦʛʦ ʨʽʰʝʥʥʷ, ʘ ʪʘʢʦʞ ʫ ʪʠʭ ʚʠʨʦʙʥʠʯʠʭ ʧʨʠʤʽʱʝʥʥʷʭ, ʜʝ ʥʝ ʧʝʨʝʜʙʘʯʘʻʪʴʩʷ ʧʝʨʝʙʫʚʘʥʥʷ ʣʶʜʝʡ ʙʽʣʴʰʝ 

ʚʽʜ 50% ʨʦʙʦʯʦʛʦ ʯʘʩʫ [4]. ʊʦʤʫ ʨʦʟʛʣʷʜ ʚʽʜʤʽʥʥʦʩʪʝʡ ʫ ʥʦʨʤʫʚʘʥʥʽ ʧʨʠʨʦʜʥʦʛʦ ʦʩʚʽʪʣʝʥʥʷ ʩʣʽʜ ʨʦʟʧʦʯʘʪʠ 

ʽʟ ʙʦʢʦʚʦʛʦ ʦʩʚʽʪʣʝʥʥʷ.  

ɹʦʢʦʚʝ ʦʩʚʽʪʣʝʥʥʷ. ʅʘ ʩʪʘʜʽʾ ʝʩʢʽʟʥʦʛʦ ʧʨʦʝʢʪʫʚʘʥʥʷ ʟʥʘʯʝʥʥʷ ʥʝʦʙʭʽʜʥʦʾ ʧʣʦʱʽ ʩʚʽʪʣʦʧʨʦʨʽʟʽʚ ʧʨʠ 

ʙʦʢʦʚʦʤʫ ʦʩʚʽʪʣʝʥʥʽ ʧʨʠʤʽʱʝʥʴ ʫ ʚʽʜʧʦʚʽʜʥʦʩʪʽ ʽʟ ɼɹʅ ɺ.2.5:28-2018 ʨʦʟʨʘʭʦʚʫʻʪʴʩʷ ʟʘ ʬʦʨʤʫʣʦʶ (1) [3], ʚ 

ʪʦʡ ʯʘʩ ʷʢ ʜʦ 01.03.2019 ʟʘ ɼɹʅ ɺ.2.5 ï 28 ï 2006 ʨʦʟʨʘʭʦʚʫʚʘʚʩʷ ʟʘ ʬʦʨʤʫʣʦʶ (3) [2].  
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ʜʝ ʚS  ï ʧʣʦʱʘ ʩʚʽʪʣʦʚʠʭ ʧʨʦʨʽʟʽʚ, ʤ2; 

ʧS  ï ʧʣʦʱʘ ʧʽʜʣʦʛʠ ʧʨʠʤʽʱʝʥʥʷ, ʤ2; 

ʥD  ï ʥʦʨʤʦʚʘʥʝ ʟʥʘʯʝʥʥʷ ʢʦʝʬʽʮʽʻʥʪʫ ʧʨʠʨʦʜʥʦʛʦ ʦʩʚʽʪʣʝʥʥʷ (ʂʇʆ), %; 

m ï ʢʦʝʬʽʮʽʻʥʪ ʩʚʽʪʣʦʚʦʛʦ ʢʣʽʤʘʪʫ ʩʚʽʪʣʦʧʨʦʨʽʟʫ, ʷʢʠʡ ʚʠʟʥʘʯʘʻʪʴʩʷ ʟʘ ʪʘʙʣʠʮʝʶ 1 ʪʘ ʨʠʩʫʥʢʦʤ 1; 

ʟʂ  ï ʢʦʝʬʽʮʽʻʥʪ ʟʘʧʘʩʫ; 

ʚh  ï ʢʦʝʬʽʮʽʻʥʪ, ʷʢʠʡ ʚʨʘʭʦʚʫʻ ʩʚʽʪʣʦʚʫ ʘʢʪʠʚʥʽʩʪʴ ʚʽʢʦʥ; 

ʙʫʜʂ  ï ʢʦʝʬʽʮʽʻʥʪ, ʷʢʠʡ ʚʨʘʭʦʚʫʻ ʟʘʪʽʥʶʚʘʥʥʷ ʚʽʢʦʥ ʧʨʦʪʠʣʝʞʥʠʤʠ ʙʫʜʠʥʢʘʤʠ; 

1r  ï ʢʦʝʬʽʮʽʻʥʪ, ʷʢʠʡ ʚʨʘʭʦʚʫʻ ʧʽʜʚʠʱʝʥʥʷ ʂʇʆ ʟʘ ʨʘʭʫʥʦʢ ʩʚʽʪʣʘ, ʚʽʜʙʠʪʦʛʦ ʚʽʜ ʚʥʫʪʨʽʰʥʽʭ 

ʧʦʚʝʨʭʦʥʴ ʧʨʠʤʽʱʝʥʥʷ; 

0t  ï ʟʘʛʘʣʴʥʠʡ ʢʦʝʬʽʮʽʻʥʪ ʩʚʽʪʣʦʧʨʦʧʫʩʢʘʥʥʷ ʤʘʪʝʨʽʘʣʫ, ʷʢʠʡ ʚʠʟʥʘʯʘʻʪʴʩʷ ʟʘ ʬʦʨʤʫʣʦʶ: 

 

0 1 2 3 4 5 t t t t t t= Ö Ö Ö Ö,      (2) 

 

ʜʝ 
1t ï ʢʦʝʬʽʮʽʻʥʪ ʩʚʽʪʣʦʧʨʦʧʫʩʢʘʥʥʷ ʤʘʪʝʨʽʘʣʫ; 

2t  ï ʢʦʝʬʽʮʽʻʥʪ, ʱʦ ʚʨʘʭʦʚʫʻ ʚʪʨʘʪʠ ʩʚʽʪʣʘ ʚ ʨʘʤʘʭ ʩʚʽʪʣʦʧʨʦʨʽʟʫ; 

3t ï ʢʦʝʬʽʮʽʻʥʪ, ʷʢʠʡ ʚʨʘʭʦʚʫʻ ʚʪʨʘʪʠ ʩʚʽʪʣʘ ʫ ʥʝʩʫʯʠʭ ʢʦʥʩʪʨʫʢʮʽʷʭ (ʧʨʠ ʙʦʢʦʚʦʤʫ ʦʩʚʽʪʣʝʥʥʽ 

3 1t= ); 

4t  ï ʢʦʝʬʽʮʽʻʥʪ, ʷʢʠʡ ʚʨʘʭʦʚʫʻ ʚʪʨʘʪʠ ʩʚʽʪʣʘ ʫ ʩʦʥʮʝʟʘʭʠʩʥʠʭ ʧʨʠʩʪʨʦʷʭ (ʧʨʠ ʚʽʜʩʫʪʥʦʩʪʽ 

ʩʦʥʮʝʟʘʭʠʩʥʠʭ ʧʨʠʩʪʨʦʾ 
4 1t= ); 

5t ï ʢʦʝʬʽʮʽʻʥʪ, ʷʢʠʡ ʚʨʘʭʦʚʫʻ ʚʪʨʘʪʠ ʩʚʽʪʣʘ ʫ ʩʦʥʮʝʟʘʭʠʩʥʽʡ ʩʽʪʮʽ (ʟʘ ʾʾ ʥʘʷʚʥʦʩʪʽ Ű5 = 0,9, ʧʨʠ 

ʚʽʜʩʫʪʥʦʩʪʽ ï Ű5 = 1,0) [3]. 
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ʜʝ ʚS , ʧS , ʟʂ , ʚh , ʙʫʜʂ , 1r , 0t  ï ʪʝ ʞ ʩʘʤʝ, ʱʦ ʽ ʚ ʬʦʨʤʫʣʽ (1); 
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eN ï ʥʦʨʤʦʚʘʥʝ ʟʥʘʯʝʥʥʷ ʂʇʆ ʟʘ ɼɹʅ ɺ.2.5 ï 28 ï 2006 [2], ʷʢʠʡ ʚʠʟʥʘʯʘʚʩʷ ʟʘ ʬʦʨʤʫʣʦʶ (4): 

 

   N n Ne e m= Ö ,        (4) 

 

ʜʝ eN ï ʟʥʘʯʝʥʥʷ ʂʇʆ ʟʘ ʪʘʙʣʠʮʷʤʠ; 

mN ï ʢʦʝʬʽʮʽʻʥʪ ʩʚʽʪʣʦʚʦʛʦ ʢʣʽʤʘʪʫ; 

N ï ʥʦʤʝʨ ʛʨʫʧʠ ʟʘʙʝʟʧʝʯʝʥʦʩʪʽ ʧʨʠʨʦʜʥʠʤ ʩʚʽʪʣʦʤ. 

 

 
ʈʠʩ. 1. ʂʘʨʪʘ ʩʚʽʪʣʦʢʣʽʤʘʪʠʯʥʦʛʦ ʨʘʡʦʥʫʚʘʥʥʷ ʪʝʨʠʪʦʨʽʾ ʋʢʨʘʾʥʠ ʟʘ ɼɹʅ ɺ.2.5:28-2018 

 

ʗʢ ʚʠʜʥʦ ʟ ʬʦʨʤʫʣ (1) ʪʘ (3), ʜʣʷ ʥʦʨʤʦʚʘʥʦʛʦ ʂʇʆ ʟʤʽʥʠʣʦʩʴ ʥʘʚʽʪʴ ʧʦʟʥʘʯʝʥʥʷ ï ʟʘʤʽʩʪʴ 
Ne  

ʧʦʟʥʘʯʘʻʪʴʩʷ Dʥ. 

ʅʦʨʤʦʚʘʥʝ ʟʥʘʯʝʥʥʷ ʂʇʆ Dʥ ʚʠʟʥʘʯʘʻʪʴʩʷ ʚ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʪʠʧʫ ʪʘ ʧʨʠʟʥʘʯʝʥʥʷ ʧʨʠʤʽʱʝʥʥʷ, ʷʢʽ 

ʥʘʚʝʜʝʥʽ ʫ ʪʘʙʣʠʮʷʭ 5.1, 5.2 ʯʠ ʜʦʜʘʪʢʘʭ ɼ, ɾ [3]. ʇʨʠʤʽʱʝʥʥʷ ʧʦʜʽʣʝʥʽ ʥʘ ʮʠʚʽʣʴʥʽ, ʛʨʦʤʘʜʩʴʢʽ, ʢʦʤʫʥʘʣʴʥʽ 

ʪʘ ʚʠʨʦʙʥʠʯʽ. ʇʨʠ ʚʠʙʦʨʽ Dʥ ʻ ʤʦʞʣʠʚʽʩʪʴ ʦʙʨʘʪʠ 2 ʚʘʨʽʘʥʪʠ ʨʦʟʨʘʭʫʥʢʫ: 

- ʟʘ ʤʽʥʽʤʘʣʴʥʠʤ ʟʥʘʯʝʥʥʷʤ ʥʦʨʤʦʚʘʥʦʛʦ ʂʇʆ; 

- ʟʘ ʩʝʨʝʜʥʽʤ ʟʥʘʯʝʥʥʷʤ ʥʦʨʤʦʚʘʥʦʛʦ ʂʇʆ.ʆʩʥʦʚʥʦʶ ʚʽʜʤʽʥʥʽʩʪʶ ʻ ʪʝ, ʱʦ ʥʦʨʤʦʚʘʥʝ 

ʟʥʘʯʝʥʥʷ ʂʇʆ ʟ 2006 ʧʦ 2018 ʨʽʢ ʚʠʟʥʘʯʘʣʦʩʷ ʚ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʩʚʽʪʣʦʚʦʛʦ ʢʣʽʤʘʪʫ, ʚ ʷʢʦʤʫ ʟʥʘʭʦʜʠʪʴʩʷ 

ʧʨʠʤʽʱʝʥʥʷ, ʘ ʩʪʘʥʦʤ ʥʘ 2019 ʩʚʽʪʣʦʢʣʽʤʘʪʠʯʥʠʡ ʧʦʷʩ ʨʘʡʦʥʫ, ʚ ʷʢʦʤʫ ʟʥʘʭʦʜʠʪʴʩʷ ʧʨʠʤʽʱʝʥʥʷ ʥʝ ʚʧʣʠʚʘʻ 

ʥʘ ʟʥʘʯʝʥʥʷ ʂʇʆ [2]. 

ʇʨʠ ʚʠʙʦʨʽ ʢʦʝʬʽʮʽʻʥʪʫ ʩʚʽʪʣʦʚʦʛʦ ʢʣʽʤʘʪʫ ʚ ʧʝʨʰʫ ʯʝʨʛʫ ʥʝʦʙʭʽʜʥʦ ʚʠʟʥʘʯʠʪʠ ʩʚʽʪʣʦʢʣʽʤʘʪʠʯʥʠʡ 

ʨʘʡʦʥ ʧʨʠʤʽʱʝʥʥʷ, ʜʣʷ ʷʢʦʛʦ ʧʨʦʚʦʜʠʪʴʩʷ ʨʦʟʨʘʭʫʥʦʢ. ɺʽʥ ʦʙʠʨʘʻʪʴʩʷ ʥʘ ʦʩʥʦʚʽ ʨʠʩ. 1. ɺʩʴʦʛʦ ʪʝʨʠʪʦʨʽʷ 

ʋʢʨʘʾʥʠ ʧʦʜʽʣʝʥʘ ʥʘ 4 ʩʚʽʪʣʦʢʣʽʤʘʪʠʯʥʽ ʨʘʡʦʥʠ: 

ɯ ʨʘʡʦʥ ï ʃʴʚʽʚʩʴʢʘ, ʈʽʚʥʝʥʩʴʢʘ, ɾʠʪʦʤʠʨʩʴʢʘ, ʍʤʝʣʴʥʠʮʴʢʘ, ʊʝʨʥʦʧʽʣʴʩʴʢʘ, ɯʚʘʥʦ-ʌʨʘʥʢʽʚʩʴʢʘ, 

ɺʦʣʠʥʩʴʢʘ ʦʙʣʘʩʪʽ; 

ɯɯ ʨʘʡʦʥ ï ɿʘʢʘʨʧʘʪʩʴʢʘ, ʏʝʨʥʽʚʝʮʴʢʘ, ɺʽʥʥʠʮʴʢʘ, ʂʠʾʚʩʴʢʘ, ʏʝʨʢʘʩʴʢʘ, ʏʝʨʥʽʛʽʚʩʴʢʘ, ʉʫʤʩʴʢʘ, 

ʇʦʣʪʘʚʩʴʢʘ, ʍʘʨʢʽʚʩʴʢʘ ʦʙʣʘʩʪʽ; 

ɯɯɯ ʨʘʡʦʥ ï ʂʽʨʦʚʦʛʨʘʜʩʴʢʘ, ɼʥʽʧʨʦʧʝʪʨʦʚʩʴʢʘ, ɼʦʥʝʮʴʢʘ, ʃʫʛʘʥʩʴʢʘ ʦʙʣʘʩʪʽ; 

ɯV ʨʘʡʦʥ ï ʆʜʝʩʴʢʘ, ʄʠʢʦʣʘʾʚʩʴʢʘ, ʍʝʨʩʦʥʩʴʢʘ, ɿʘʧʦʨʽʟʴʢʘ ʦʙʣʘʩʪʽ ʪʘ ɸʚʪʦʥʦʤʥʘ ʈʝʩʧʫʙʣʽʢʘ ʂʨʠʤ.  

ʇʽʩʣʷ ʚʠʙʦʨʫ ʩʚʪʣʦʢʣʽʤʘʪʠʯʥʦʛʦ ʨʘʡʦʥʫ, ʜʣʷ ʚʠʙʦʨʫ ʢʦʝʬʽʮʽʻʥʪʫ ʩʚʽʪʣʦʚʦʛʦ ʢʣʽʤʘʪʫ ʥʝʦʙʭʽʜʥʦ 

ʚʠʟʥʘʯʠʪʠ ʦʨʽʻʥʪʘʮʽʶ ʩʚʽʪʣʦʚʠʭ ʧʨʦʨʽʟʽʚ ʚʽʜʥʦʩʥʦ ʩʪʦʨʽʥ ʩʚʽʪʫ (ʘʟʠʤʫʪ). ɺʠʙʽʨ ʢʦʝʬʽʮʽʻʥʪʫ ʩʚʽʪʣʦʚʦʛʦ 

ʢʣʽʤʘʪʫ ʚʽʜʙʫʚʘʻʪʴʩʷ ʟʘ ʪʘʙʣʠʮʝʶ 1.  

 

ʊʘʙʣʠʮʷ 1 

ɿʥʘʯʝʥʥʷ ʢʦʝʬʽʮʽʻʥʪʫ ʩʚʽʪʣʦʚʦʛʦ ʢʣʽʤʘʪʫ m [3] 
ʉʚʽʪʣʦʢʣʽʤʘʪʠʯʥʠʡ 

ʨʘʡʦʥ 

ɿʥʘʯʝʥʥʷ m ʜʣʷ ʚʝʨʪʠʢʘʣʴʥʠʭ ʩʚʽʪʣʦʧʨʦʨʽʟʽʚ, ʦʨʽʻʥʪʦʚʘʥʠʭ ʟʘ ʘʟʠʤʫʪʦʤ 

ɺʝʨʪʠʢʘʣʴʥʠʭ, ʦʨʽʻʥʪʦʚʘʥʠʭ ʥʘ: ʆʨʽʻʥʪʦʚʘʥʠʭ ʥʘ 

ʟʝʥʽʪ ʇʥ ʇʥʉ ʉ ʇʜʉ ʇʜ ʇʜɿ ɿ ʇʥɿ 

ɯ 1,93 0,96 1,00 1,02 1,03 1,02 1,01 0,96 0,99 

ɯɯ 1,05 1,09 1,14 1,16 1,18 1,17 1,15 1,09 1,12 

ɯɯɯ 1,07 1,12 1,18 1,22 1,23 1,22 1,20 1,12 1,17 

ɯV 1,15 1,21 1,28 1,32 1,33 1,32 1,29 1,21 1,26 
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ʆʨʽʻʥʪʘʮʽʷ ʩʚʽʪʣʦʧʨʦʨʽʟʽʚ ʚʠʟʥʘʯʘʻʪʴʩʷ ʟʘ ʘʟʠʤʫʪʦʤ ɸ ï ʢʫʪʦʤ ʚ ʧʣʘʥʽ ʤʽʞ ʥʘʧʨʷʤʦʤ ʥʘ ʧʽʚʥʽʯ ʪʘ 

ʚʝʢʪʦʨʦʤ, ʩʧʨʷʤʦʚʘʥʠʤ ʟʩʝʨʝʜʠʥʠ ʧʨʠʤʽʱʝʥʥʷ ʥʘʟʦʚʥʽ, ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʦ ʜʦ ʧʣʦʱʠʥʠ ʩʚʽʪʣʦʧʨʦʨʽʟʫ. 

ɸʟʠʤʫʪ ʚʽʜʨʘʭʦʚʫʻʪʴʩʷ ʚʽʜ ʥʘʧʨʷʤʫ ʥʘ ʧʽʚʥʽʯ ʟʘ ʛʦʜʠʥʥʠʢʦʚʦʶ ʩʪʨʽʣʢʦʶ: 

ʇʥ ï ʧʽʚʥʽʯʥʘ, 0 < A Ò 22,5ę, 337,5 < A Ò 360ę; 

ʇʥʉ ï ʧʽʚʥʽʯʥʦ-ʩʭʽʜʥʘ, 22,5 < A Ò 67,5ę; 

ʉ ï ʩʭʽʜʥʘ, 67,5 < A Ò 112,5ę; 

ʇʜʉ ï ʧʽʚʜʝʥʥʦ-ʩʭʽʜʥʘ, 112,5 < A Ò 157,5ę; 

ʇʜ ï ʧʽʚʜʝʥʥʘ, 157,5 < A Ò 202,5ę; 

ʇʜɿ ï ʧʽʚʜʝʥʥʦ-ʟʘʭʽʜʥʘ, 202,5 < A Ò 247,5ę; 

ɿ ï ʟʘʭʽʜʥʘ, 247,5 < A Ò 292,5ę; 

ʇʥɿ ï ʧʽʚʥʽʯʥʦ-ʟʘʭʽʜʥʘ, 292,5 < A Ò 337,5ę [3]. 

ʇʨʠ ʧʦʨʽʚʥʷʥʥʽ ʚʠʙʦʨʫ ʢʦʝʬʽʮʽʻʥʪʫ ʩʚʽʪʣʦʚʦʛʦ ʢʣʽʤʘʪʫ m ʟʘ ʥʦʨʤʘʤʠ 2006 (ʪʘʙʣ. 2) ʪʘ 2019 ʨʦʢʫ 

(ʪʘʙʣ. 1), ʤʦʞʥʘ ʟʨʦʙʠʪʠ ʚʠʩʥʦʚʦʢ, ʱʦ ʩʪʘʥʦʤ ʥʘ 2019 ʢʦʝʬʽʮʽʻʥʪ ʩʚʽʪʣʦʚʦʛʦ ʢʣʽʤʘʪʫ ʥʘʙʫʚ ʙʽʣʴʰʦʾ ʪʦʯʥʦʩʪʽ, 

ʦʩʢʽʣʴʢʠ ʪʝʨʠʪʦʨʽʷ ʋʢʨʘʾʥʠ ʨʦʟʙʠʪʘ ʥʘ IV ʩʚʽʪʣʦʢʣʽʤʘʪʠʯʥʽ ʨʘʡʦʥʠ, ʢʦʞʥʦʤʫ ʟ ʷʢʠʭ ʧʨʠʪʘʤʘʥʥʠʡ ʩʚʽʡ 

ʢʦʝʬʽʮʽʻʥʪ ʩʚʽʪʣʦʚʦʛʦ ʢʣʽʤʘʪʫ. 

ʇʨʠʥʮʠʧʦʚʠʭ ʟʤʽʥ ʟʘʟʥʘʣʠ ʩʢʣʘʜʦʚʽ ʢʦʝʬʽʮʽʻʥʪʽ ʜʣʷ ʨʦʟʨʘʭʫʥʢʫ ʟʘʛʘʣʴʥʦʛʦ ʢʦʝʬʽʮʽʻʥʪʫ 

ʩʚʽʪʣʦʧʨʦʧʫʩʢʘʥʥʷ. ʌʦʨʤʫʣʘ ʜʣʷ ʨʦʟʨʘʭʫʥʢʫ ʟʘʣʠʰʠʣʘʩʴ ʥʝʟʤʽʥʥʦʶ (2), ʘʣʝ ʙʫʣʠ ʟʤʽʥʝʥʽ ʟʥʘʯʝʥʥʷ 

ʥʘʩʪʫʧʥʠʭ ʢʦʝʬʽʮʽʻʥʪʽʚ: 

- ʢʦʝʬʽʮʽʻʥʪ ʩʚʽʪʣʦʧʨʦʧʫʩʢʘʥʥʷ ʤʘʪʝʨʽʘʣʫ Ű1 (ʪʘʙʣ. 3 [3] ʪʘ ʪʘʙʣ. 4 [2]); 

- ʢʦʝʬʽʮʽʻʥʪ, ʱʦ ʚʨʘʭʦʚʫʻ ʚʪʨʘʪʠ ʩʚʽʪʣʘ ʚ ʨʘʤʘʭ ʩʚʽʪʣʦʧʨʦʨʽʟʫ Ű2; 

- ʢʦʝʬʽʮʽʻʥʪ, ʷʢʠʡ ʚʨʘʭʦʚʫʻ ʚʪʨʘʪʠ ʩʚʽʪʣʘ ʫ ʩʦʥʮʝʟʘʭʠʩʥʠʭ ʧʨʠʩʪʨʦʷʭ Ű4. 

 

ʊʘʙʣʠʮʷ 2 

ɿʥʘʯʝʥʥʷ ʢʦʝʬʽʮʽʻʥʪʫ ʩʚʽʪʣʦʚʦʛʦ ʢʣʽʤʘʪʫ ʫ ʚʽʜʧʦʚʽʜʥʦʩʪʽ ʟ ɼɹʅ ɺ.2.5-28-2006 [2] 
ʉʚʽʪʣʦʚʽ ʧʨʦʨʽʟʠ ʆʨʽʻʥʪʘʮʽʷ ʩʚʽʪʣʦʚʠʭ ʧʨʦʨʽʟʽʚ 

ʟʘ ʩʪʦʨʦʥʘʤʠ ʛʦʨʠʟʦʥʪʫ 

ʂʦʝʬʽʮʽʻʥʪ ʩʚʽʪʣʦʚʦʛʦ ʢʣʽʤʘʪʫ, m 

ɸʚʪʦʥʦʤʥʘ ʈʝʩʧʫʙʣʽʢʘ ʂʨʠʤ, 

ʆʜʝʩʴʢʘ ʦʙʣ. 

ʈʝʰʪʘ ʪʝʨʠʪʦʨʽʾ ʋʢʨʘʾʥʠ 

ɺ ʟʦʚʥʽʰʥʽʭ ʩʪʽʥʘʭ ʙʫʜʠʥʢʽʚ ʇʽʚʥʽʯ 0,85 0,90 

ʇʽʚʥʽʯ-ʉʭʽʜ, ʇʽʚʥʽʯ-ɿʘʭʽʜ 0,85 0,90 

ɿʘʭʽʜ, ʉʭʽʜ 0,80 0,85 

ʇʽʚʜʝʥʴ-ɿʘʭʽʜ, ʇʽʚʜʝʥʴ-ʉʭʽʜ 0,80 0,85 

ʇʽʚʜʝʥʴ 0,75 0,85 

 
ʊʘʙʣʠʮʷ 3 

ɿʥʘʯʝʥʥʷ ʢʦʝʬʽʮʽʻʥʪʘ Ű1 [3] 
ɺʠʜ ʩʚʽʪʣʦʧʨʦʟʦʨʦʛʦ ʤʘʪʝʨʽʘʣʫ ɿʥʘʯʝʥʥʷ Ű1 ɺʠʜ ʩʚʽʪʣʦʧʨʦʟʦʨʦʛʦ ʤʘʪʝʨʽʘʣʫ ɿʥʘʯʝʥʥʷ Ű1 

ʉʢʣʦ ʙʝʟʢʦʣʴʦʨʦʚʝ ʟʘʚʪʦʚʰʢʠ, ʤʤ 

2,0 

 

0,89 

ʉʢʣʦʧʨʦʬʽʣʽʪ: 

ʰʚʝʣʝʨʥʦʛʦ ʧʝʨʝʨʽʟʫ 

 

0,8 

3,0 0,88 ʢʦʨʦʙʯʘʩʪʦʛʦ ʧʝʨʝʨʽʟʫ 0,65 

4,0 0,87 ʉʢʣʦ ʩʧʝʢʪʨʘʣʴʥʦ-ʩʝʣʝʢʪʠʚʥʝ 0,75 

5,0 0,86 ʆʨʛʘʥʽʯʥʝ ʩʢʣʦ: 

ʧʨʦʟʦʨʝ 

 

0,9 6,0 0,85 

8,0 0,83 ʤʦʣʦʯʥʝ 0,6 

10 0,81 ʉʢʣʦʙʣʦʢʠ: 

ʩʚʽʪʣʦʨʦʟʩʽʶʚʘʣʴʥʽ 

 

0,5 
12 0,79 

15 0,76 ʩʚʽʪʣʦʧʨʦʥʠʢʥʽ 0,55 

19 0,72 ʉʢʣʦ ʣʠʩʪʦʚʝ ʘʨʤʦʚʘʥʝ 0,6 

25 0,67 ʉʢʣʦ ʣʠʩʪʦʚʝ ʚʽʟʝʨʫʥʢʦʚʝ 0,65 

 

ʗʢʱʦ ʧʦʨʽʚʥʷʪʠ ʟʥʘʯʝʥʥʷ ʪʘʙʣʠʮʴ 3 ʪʘ 4, ʤʦʞʥʘ ʟʨʦʙʠʪʠ ʚʠʩʥʦʚʦʢ, ʱʦ ʟʥʘʯʝʥʥʷ ʢʦʝʬʽʮʽʻʥʪʫ 

ʩʚʽʪʣʦʧʨʦʧʫʩʢʘʥʥʷ ʤʘʪʝʨʽʘʣʫ Ű1 ʫ ɼɹʅ 2018 ʨʦʢʫ ʩʪʘʣʦ ʙʽʣʴʰ ʰʠʨʦʢʠʤ. ʅʘʧʨʠʢʣʘʜ, ʜʣʷ ʙʝʟʢʦʣʴʦʨʦʚʦʛʦ ʩʢʣʘ 

ʫ ʥʦʚʦʤʫ ɼɹʅ ʥʘʷʚʥʽ 11 ʟʥʘʯʝʥʴ ʢʦʝʬʽʮʽʻʥʪʫ ʩʚʽʪʣʦʧʨʦʧʫʩʢʘʥʥʷ ʤʘʪʝʨʽʘʣʫ ʚ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʡʦʛʦ ʪʦʚʱʠʥʠ. 

 
ʊʘʙʣʠʮʷ 4 

ɿʥʘʯʝʥʥʷ ʢʦʝʬʽʮʽʻʥʪʫ Ű1 ʫ ʚʽʜʧʦʚʽʜʥʦʩʪʽ ʟ ɼɹʅ ɺ.2.5-28-2006 ʇʨʠʨʦʜʥʝ ʽ ʰʪʫʯʥʝ ʦʩʚʽʪʣʝʥʥʷ 
ɺʠʜ ʩʚʽʪʣʦʧʨʦʧʫʩʢʘʶʯʦʛʦ ʤʘʪʝʨʽʘʣʫ ɿʥʘʯʝʥʥʷ Ű1 ɺʠʜ ʩʚʽʪʣʦʧʨʦʧʫʩʢʘʶʯʦʛʦ ʤʘʪʝʨʽʘʣʫ ɿʥʘʯʝʥʥʷ Ű1 

ʉʢʣʦ ʚʽʢʦʥʥʝ ʣʠʩʪʦʚʝ: 

ʆʜʠʥʘʨʥʝ 

ʇʦʜʚʽʡʥʝ 

ʇʦʪʨʽʡʥʝ 

 

0,9 

0,8 

0,75 

ʆʨʛʘʥʽʯʥʝ ʩʢʣʦ 

ʇʨʦʟʦʨʝ 

ʤʦʣʦʯʥʝ 

 

0,9 

0,6 

 

ʉʢʣʦ ʣʠʩʪʦʚʝ ʚʽʟʝʨʫʥʯʘʩʪʝ 0,65 ʉʢʣʦ ʚʽʪʨʠʥʥʝ ʟʘʚʪʦʚʰʢʠ 6-8 ʤʤ 0,8 

ʉʢʣʦ ʣʠʩʪʦʚʝ ʟ ʩʧʝʮʽʘʣʴʥʠʤʠ ʚʣʘʩʪʠʚʦʩʪʷʤʠ: 

ʉʦʥʮʝʟʘʭʠʩʥʝ 

ʂʦʥʪʨʘʩʪʥʝ 

 

0,65 

0,75 

ʇʦʨʦʞʥʠʩʪʽ ʩʢʣʷʥʽ ʙʣʦʢʠ: 

ʉʚʽʪʣʦʨʦʟʩʽʶʶʯʽ 

ʉʚʽʪʣʦʧʨʦʟʦʨʽ 

 

0,5 

0,55 

ʉʢʣʦ ʣʠʩʪʦʚʝ ʘʨʤʦʚʘʥʝ 0,6 ʉʢʣʦʧʘʢʝʪʠ 0,8 
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ʆʜʥʠʤ ʽʟ ʚʘʛʦʤʠʭ ʽ ʦʩʥʦʚʥʠʭ ʥʝʜʦʣʽʢʽʚ ɼɹʅ 2006 ʨʦʢʫ ʙʫʣʘ ʚʽʜʩʫʪʥʽʩʪʴ ʢʦʝʬʽʮʽʻʥʪʫ Ű2 ʜʣʷ 

ʤʝʪʘʣʦʧʣʘʩʪʠʢʦʚʠʭ ʨʘʤ ʚʽʢʦʥ. ʑʝ ʜʦ 1997 ʨʦʢʫ ʤʝʪʘʣʦʧʣʘʩʪʠʢʦʚʽ ʢʦʥʩʪʨʫʢʮʽʾ ʟʘʡʤʘʣʠ ʥʝʚʝʣʠʢʠʡ ʩʝʛʤʝʥʪ ʫ 

3% ʚʽʜ ʟʘʛʘʣʴʥʦʛʦ ʦʙʩʷʛʫ ʚʠʨʦʙʥʠʮʪʚʘ ʚʽʢʦʥʥʠʭ ʩʠʩʪʝʤ [5]. ʅʘ ʩʴʦʛʦʜʥʽʰʥʽʡ ʜʝʥʴ ʤʝʪʘʣʦʧʣʘʩʪʠʢʦʚʽ ʚʽʢʥʘ 

ʩʢʣʘʜʘʶʪʴ ʚʽʜ 55 ʜʦ 60% ʚʩʽʭ ʚʽʢʦʥ, ʱʦ ʚʠʧʫʩʢʘʶʪʴʩʷ. ʆʙʩʷʛʠ ʧʨʦʜʘʞʽʚ ʧʦʩʪʽʡʥʦ ʟʨʦʩʪʘʶʪʴ, ʪʘʢ ʩʘʤʦ, ʷʢ ʽ 

ʢʽʣʴʢʽʩʪʴ ʢʦʤʧʘʥʽʡ, ʱʦ ʾʭ ʚʠʛʦʪʦʚʣʷʻ ï ʚ ʜʘʥʠʡ ʯʘʩ ʚ ʋʢʨʘʾʥʽ ʧʨʝʜʩʪʘʚʣʝʥʦ ʙʣʠʟʴʢʦ 60 ʚʠʨʦʙʥʠʢʽʚ 

ʤʝʪʘʣʦʧʣʘʩʪʠʢʦʚʠʭ ʧʨʦʬʽʣʽʚ, ʭʦʯʘ ʩʫʤʘʨʥʘ ʨʠʥʢʦʚʘ ʯʘʩʪʢʘ ʩʝʤʠ ʥʘʡʙʽʣʴʰʠʭ ʽʤʧʦʨʪʝʨʽʚ ʩʢʣʘʜʘʻ 

ʙʣʠʟʴʢʦ 70%.  

ʉʫʤʘʨʥʠʡ ʦʙʩʷʛ ʧʨʦʜʘʞʽʚ ʧʨʦʬʽʣʽʚ ʟʘ 2002 ʨʽʢ ʩʢʣʘʚ ʙʣʠʟʴʢʦ 15-17 ʪʠʩ. ʪʦʥ ʥʘ ʩʫʤʫ ʧʨʠʙʣʠʟʥʦ 40-

45 ʤʣʥ. ʜʦʣʘʨʽʚ [5]. ʊʦʙʪʦ, ʥʘ ʤʦʤʝʥʪ ʚʠʭʦʜʫ ɼɹʅ ɺ.2.5-2006 ʇʨʠʨʦʜʥʝ ʽ ʰʪʫʯʥʝ ʦʩʚʽʪʣʝʥʥʷ, 

ʤʝʪʘʣʦʧʣʘʩʪʠʢʦʚʽ ʨʘʤʠ ʜʣʷ ʚʽʢʦʥ ʚʞʝ ʥʘʙʠʨʘʣʠ ʰʠʨʦʢʦʛʦ ʟʘʩʪʦʩʫʚʘʥʥʷ, ʘʣʝ ʢʦʝʬʽʮʽʻʥʪ, ʷʢʠʡ ʙʠ ʚʨʘʭʦʚʫʚʘʚ 

ʚʪʨʘʪʠ ʩʚʽʪʣʘ ʚ ʨʘʤʘʭ ʪʘʢʦʛʦ ʪʠʧʫ ʥʝ ʙʫʚ ʚʚʝʜʝʥʠʡ. ɼʘʥʠʡ ʬʘʢʪʦʨ ʩʪʘʚ ʦʜʥʠʤ ʽʟ ʥʘʡʚʘʛʦʤʽʰʠʭ ʥʝʜʦʣʽʢʽʚ ʧʨʠ 

ʥʦʨʤʫʚʘʥʥʽ ʧʨʠʨʦʜʥʦʛʦ ʦʩʚʽʪʣʝʥʥʷ ʧʨʠʤʽʱʝʥʴ, ʦʩʢʽʣʴʢʠ ʥʝʤʦʞʣʠʚʦ ʙʫʣʦ ʪʦʯʥʦ ʚʨʘʭʫʚʘʪʠ ʚʩʽ ʬʘʢʪʦʨʠ ʫ 

ʚʠʧʘʜʢʫ ʚʩʪʘʥʦʚʣʝʥʥʷ ʚ ʙʫʜʽʚʣʷʭ ʤʝʪʘʣʦʧʣʘʩʪʠʢʦʚʠʭ ʚʽʢʦʥ.  

ʋ ɼɹʅ ɺ.2.5 - 28:2018 ʇʨʠʨʦʜʥʝ ʽ ʰʪʫʯʥʝ ʦʩʚʽʪʣʝʥʥʷ ʙʫʣʦ ʚʠʧʨʘʚʣʝʥʦ ʥʝʜʦʣʽʢ ʚʽʜʩʫʪʥʦʩʪʽ 

ʢʦʝʬʽʮʽʻʥʪʫ ʜʣʷ ʤʝʪʘʣʦʧʣʘʩʪʠʢʦʚʠʭ ʚʽʢʦʥʥʠʭ ʨʘʤ (ʪʘʙʣ. 5).  
 

ʊʘʙʣʠʮʷ 5  

ɿʥʘʯʝʥʥʷ ʢʦʝʬʽʮʽʻʥʪʫ Ű2 [2] 
ɺʠʜ ʨʘʤʠ ɿʥʘʯʝʥʥʷ Ű2 ɺʠʜ ʨʘʤʠ ɿʥʘʯʝʥʥʷ Ű2 

ʈʘʤʠ ʜʣʷ ʚʽʢʦʥ ʽ ʣʽʭʪʘʨʽʚ ʧʨʦʤʠʩʣʦʚʠʭ 

ʙʫʜʽʚʝʣʴ: 

ʘ) ʜʝʨʝʚôʷʥʽ: 

ʦʜʠʥʘʨʥʽ 

ʩʧʘʨʝʥʽ 

ʧʦʜʚʽʡʥʽ ʦʢʨʝʤʽ 

 

ʙ) ʩʪʘʣʝʚʽ: 

ʦʜʠʥʘʨʥʽ, ʷʢʽ ʚʽʜʢʨʠʚʘʶʪʴʩʷ 

ʦʜʠʥʘʨʥʽ ʛʣʫʭʽ 

ʧʦʜʚʽʡʥʽ ʛʣʫʭʽ 

 

 

 

0,75 

0,7 

0,6 

 

 

0,75 

0,9 

0,8 

ʈʘʤʠ ʜʣʷ ʚʽʢʦʥ ʞʠʪʣʦʚʠʭ, ʛʨʦʤʘʜʩʴʢʠʭ ʪʘ 

ʜʦʧʦʤʽʞʥʠʭ ʙʫʜʽʚʝʣʴ: 

ʘ) ʜʝʨʝʚôʷʥʽ: 

ʦʜʠʥʘʨʥʽ 

ʩʧʘʨʝʥʽ 

ʧʦʜʚʽʡʥʽ ʦʢʨʝʤʽ 

ʟ ʧʦʪʨʽʡʥʠʤ ʟʘʩʢʣʝʥʥʷʤ 

 

ʙ) ʤʝʪʘʣʝʚʽ: 

ʦʜʠʥʘʨʥʽ 

ʩʧʘʨʝʥʽ 

ʧʦʜʚʽʡʥʽ ʦʢʨʝʤʽ ʟ ʧʦʪʨʽʡʥʠʤ ʟʘʩʢʣʝʥʥʷʤ 

 

 

 

0,8 

0,75 

0,65 

0,5 

 

0,9 

0,85 

0,8 

0,7 

 

ʂʨʽʤ ʪʦʛʦ, ʙʫʣʦ ʩʧʨʦʱʝʥʦ ʚʠʙʽʨ ʢʦʝʬʽʮʽʻʥʪʫ Ű2 ʜʣʷ ʤʝʪʘʣʝʚʠʭ ʪʘ ʜʝʨʝʚôʷʥʠʭ ʨʘʤ. ɿʘ ʥʦʚʦʚʚʝʜʝʥʦʶ 

ʤʝʪʦʜʠʢʦʶ ʤʝʪʘʣʦʧʣʘʩʪʠʢʦʚʠʭ, ʜʝʨʝʚôʷʥʠʭ ʪʘ ʩʪʘʣʝʚʠʭ ʨʘʤ ʜʘʥʠʡ ʢʦʝʬʽʮʽʻʥʪ ʩʪʘʥʜʘʨʪʥʠʡ ʪʘ ʩʪʘʥʦʚʠʪʴ, 

ʚʽʜʧʦʚʽʜʥʦ 0,75, 0,75 ʪʘ 0,85. 

ɿʤʽʥ ʟʘʟʥʘʣʠ ʽ ʟʥʘʯʝʥʥʷ ʢʦʝʬʽʮʽʻʥʪʫ Ű4, ʷʢʠʡ ʚʨʘʭʦʚʫʻ ʚʪʨʘʪʠ ʩʚʽʪʣʘ ʚ ʩʦʥʮʝʟʘʭʠʩʥʠʭ ʧʨʠʩʪʨʦʷʭ. ɿʘ 

ɼɹʅ ɺ.2.5-28-2006 ʚʽʥ ʚʠʟʥʘʯʘʚʩʷ ʟʘ ʪʘʙʣ. 7, ʘ ʟʘ ʥʦʚʦʚʚʝʜʝʥʠʤ ɼɹʅ ï ʟʘ ʪʘʙʣ. 6. ʇʦʨʽʚʥʷʚʰʠ ʪʘʙʣʠʮʽ 6 ʪʘ 7 

ʤʦʞʥʘ ʟʨʦʙʠʪʠ ʚʠʩʥʦʚʦʢ, ʱʦ ʢʦʝʬʽʮʽʻʥʪ Ű4, ʷʢʠʡ ʚʨʘʭʦʚʫʻ ʩʦʥʮʝʟʘʭʠʩʥʽ ʧʨʠʩʪʨʦʾ, ʟʘ ʥʦʚʠʤ ɼɹʅ ʜʘʻ 

ʤʦʞʣʠʚʽʩʪʴ ʚʨʘʭʫʚʘʪʠ ʪʠʧ ʩʦʥʮʝʟʘʭʠʩʥʦʛʦ ʧʨʠʩʪʨʦʶ ʙʽʣʴʰ ʪʦʯʥʦ ʪʘ ʥʘʜʘʻ 13 ʟʥʘʯʝʥʴ ʢʦʝʬʽʮʽʻʥʪʫ ʟʘʤʽʩʪʴ 4. 
 

ʊʘʙʣʠʮʷ 6 

ɿʥʘʯʝʥʥʷ ʢʦʝʬʽʮʽʻʥʪʫ Ű4 [2] 
ʉʦʥʮʝʟʘʭʠʩʥʽ ʧʨʠʩʪʨʦʾ, ʚʠʨʦʙʠ ʽ ʤʘʪʝʨʽʘʣʠ ɿʥʘʯʝʥʥʷ Ű4 

ʈʝʛʫʣʶʶʯʽ ʞʘʣʶʟʽ, ʱʦ ʩʢʣʘʜʘʶʪʴʩʷ, ʪʘ ʰʪʦʨʠ (ʤʽʞʩʢʣʷʥʽ, ʚʥʫʪʨʽʰʥʽ, ʟʦʚʥʽʰʥʽ) 1 

ʉʪʘʮʽʦʥʘʨʥʽ ʞʘʣʶʟʽ ʪʘ ʝʢʨʘʥʠ ʽʟ ʟʘʭʠʩʥʠʤ ʢʫʪʦʤ ʥʝ ʙʽʣʴʰʝ 45Á ʧʨʠ ʨʦʟʪʘʰʫʚʘʥʥʽ ʧʣʘʩʪʠʥʠ 

ʞʘʣʶʟʽ ʘʙʦ ʝʢʨʘʥʫ ʧʽʜ ʢʫʪʦʤ ʜʦ 90Á ʜʦ ʧʣʦʱʠʥʠ ʚʽʢʥʘ: 

ɻʦʨʠʟʦʥʪʘʣʴʥʽ 

ɺʝʨʪʠʢʘʣʴʥʽ 

 

 

0,65 

0,75 

ɻʦʨʠʟʦʥʪʘʣʴʥʽ ʢʦʟʠʨʢʠ: 

ɯʟ ʟʘʭʠʩʥʠʤ ʢʫʪʦʤ ʥʝ ʙʽʣʴʰʝ 30Á 

ɯʟ ʟʘʭʠʩʥʠʤ ʢʫʪʦʤ ʚʽʜ 15Á ʜʦ 45Á (ʙʘʛʘʪʦʩʪʫʧʽʥʯʘʪʽ)  

 

0,8 

0,9-0,6 

 

ʆʪʞʝ, ʧʨʦʚʽʚʰʠ ʘʥʘʣʽʟ ʫ ʪʦʯʥʦʩʪʽ ʨʦʟʨʘʭʫʥʢʫ ʙʦʢʦʚʦʛʦ ʧʨʠʨʦʜʥʦʛʦ ʦʩʚʽʪʣʝʥʥʷ ʫ ʚʽʜʧʦʚʽʜʥʦʩʪʽ ʟ 

ɼɹʅ ɺ.2.5 ï 28 ï 2006 ʽ ɼɹʅ ɺ.2.5 ï 28:2018 ʇʨʠʨʦʜʥʝ ʽ ʰʪʫʯʥʝ ʦʩʚʽʪʣʝʥʥʷ ʤʦʞʥʘ ʟʨʦʙʠʪʠ ʚʠʩʥʦʚʦʢ, ʱʦ 

ʨʦʟʨʘʭʫʥʦʢ ʧʨʠʨʦʜʥʦʛʦ ʦʩʚʽʪʣʝʥʥʷ ʟʘ ʥʦʚʦʚʚʝʜʝʥʠʤ ɼɹʅ ʤʘʻ ʙʽʣʴʰʫ ʪʦʯʥʽʩʪʴ ʪʘ ʚʨʘʭʦʚʫʻ ʙʽʣʴʰʫ ʢʽʣʴʢʽʩʪʴ 

ʬʘʢʪʦʨʽʚ, ʷʢʽ ʤʦʞʫʪʴ ʚʧʣʠʥʫʪʠ ʥʘ ʟʤʽʥʫ ʦʩʚʽʪʣʝʥʦʩʪʽ, ʷʢʘ ʫʪʚʦʨʶʻʪʴʩʷ ʧʨʠʨʦʜʥʽʤ ʩʚʽʪʣʦʤ. 

ɺʝʨʭʥʻ ʦʩʚʽʪʣʝʥʥʷ. ʇʨʠ ʚʝʨʭʥʴʦʤʫ ʦʩʚʽʪʣʝʥʥʽ ʧʨʠʤʽʱʝʥʴ ʥʘ ʩʪʘʜʽʾ ʝʩʢʽʟʥʦʛʦ ʧʨʦʝʢʪʫʚʘʥʥʷ ʫ 

ʚʽʜʧʦʚʽʜʥʦʩʪʽ ʟ ɼɹʅ ɺ.2.5:28-2018 ʇʨʠʨʦʜʥʝ ʽ ʰʪʫʯʥʝ ʦʩʚʽʪʣʝʥʥʷ ʥʘʙʣʠʞʝʥʝ ʟʥʘʯʝʥʥʷ ʥʝʦʙʭʽʜʥʦʾ ʧʣʦʱʽ 

ʩʚʽʪʣʦʧʨʦʨʽʟʽʚ ʨʦʟʨʘʭʦʚʫʻʪʴʩʷ ʟʘ ʬʦʨʤʫʣʦʶ (5) [3], ʚ ʪʦʡ ʯʘʩ ʷʢ ʟʘ ɼɹʅ ɺ.2.5-28-2006 ʨʦʟʨʘʭʦʚʫʚʘʣʘʩʴ ʟʘ 

ʬʦʨʤʫʣʦʶ (6) [2]: 
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ʜʝ Sʣ ï ʧʣʦʱʘ ʩʚʽʪʣʦʚʠʭ ʧʨʦʨʽʟʽʚ ʧʨʠ ʚʝʨʭʥʴʦʤʫ ʦʩʚʽʪʣʝʥʥʽ, ʤ2; 
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ʣh  ï ʢʦʝʬʽʮʽʻʥʪ, ʷʢʠʡ ʚʨʘʭʦʚʫʻ ʩʚʽʪʣʦʚʫ ʘʢʪʠʚʥʽʩʪʴ ʚʽʢʦʥ; 

ʣʂ  ï ʢʦʝʬʽʮʽʻʥʪ, ʷʢʠʡ ʚʨʘʭʦʚʫʻ ʪʠʧ ʣʽʭʪʘʨʷ; 

2r  ï ʢʦʝʬʽʮʽʻʥʪ, ʷʢʠʡ ʚʨʘʭʦʚʫʻ ʧʽʜʚʠʱʝʥʥ ̫ʂʇʆ ʟʘ ʨʘʭʫʥʦʢ ʩʚʽʪʣʘ, ʚʽʜʙʠʪʦʛʦ ʚʽʜ ʚʥʫʪʨʽʰʥʽʭ 

ʧʦʚʝʨʭʦʥʴ ʧʨʠʤʽʱʝʥʥʷ; 

nD , ʟʂ , m , 0t , ʧS  ï ʪʝ ʞ ʩʘʤʝ, ʱʦ ʫ ʬʦʨʤʫʣʽ (1); 

Ne  ï ʪʝ ʞ ʩʘʤʝ, ʱʦ ʫ ʬʦʨʤʫʣʽ (3).  

ʊʘʙʣʠʮʷ 7 

ɿʥʘʯʝʥʥʷ ʢʦʝʬʽʮʽʻʥʪʫ Ű4 [3] 
ʉʭʝʤʘ ʂʫʪ ɿʥʘʯʝʥʥʷ Ű4 ʉʭʝʤʘ ʂʫʪ ɿʥʘʯʝʥʥʷ Ű4 

ɻʦʨʠʟʦʥʪʘʣʴʥʽ ʞʘʣʶʟʽ 

 

Ŭ = 0Á 0,75 

ʄʘʨʢʽʟʠ ʥʘʧʽʚʧʨʦʟʦʨʽ 

 

ɓ = 45Á 0,4 

Ŭ = 45Á 0,35 

ʂʦʟʠʨʦʢ ʨʝʰʽʪʯʘʩʪʠʡ 

 

ɓ = 45Á 0,65 
ʂʦʟʠʨʦʢ ʩʫʮʽʣʴʥʠʡ 

 

ɓ = 45Á 0,6 

ɓ = 30Á 0,82 ɓ = 30Á 0,8 

ɓ = 15Á 0,95 ɓ = 15Á 0,95 

ɺʝʨʪʠʢʘʣʴʥʽ ʝʢʨʘʥʠ 

 

ɔ = 15Á 0,95 
ɺʝʨʪʠʢʘʣʴʥʽ ʞʘʣʶʟʽ 

 

ɔ = 45Á, 

Ŭ = 90Á 
0,7 

ɔ = 30Á 0,85 
ɔ = 45Á, 

Ŭ = 45Á 
0,6 

 

ʇʨʦʚʽʚʰʠ ʘʥʘʣʽʟ ʟʤʽʥ ʩʢʣʘʜʦʚʠʭ ʯʘʩʪʠʥ ʬʦʨʤʫʣ ʜʣʷ ʨʦʟʨʘʭʫʥʢʫ ʚʝʨʭʥʴʦʛʦ ʧʨʠʨʦʜʥʦʛʦ ʦʩʚʽʪʣʝʥʥʷ 

ʧʨʠʤʽʱʝʥʴ ʙʫʣʦ ʚʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʟʥʘʯʝʥʥʷ ʪʘ ʧʨʠʥʮʠʧ ʚʠʟʥʘʯʝʥʥʷ ʢʦʝʬʽʮʽʻʥʪʽʚ ʣh , ʣʂ , 
2r , ʟʂ  

ʟʘʣʠʰʠʣʦʩʴ ʥʝʟʤʽʥʥʠʤ. ʂʨ̔ ʤ ʪʦʛʦ ʙʫʣʦ ʚʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʚʽʜʤʽʥʥʦʩʪʽ ʫ ʨʦʟʨʘʭʫʥʢʫ ʧʣʦʱʽ ʩʚʽʪʣʦʧʨʦʨʽʟʽʚ ʜʣʷ 

ʚʝʨʭʥʴʦʛʦ ʦʩʚʽʪʣʝʥʥʷ ʫ ʚʽʜʧʦʚʽʜʥʦʩʪʽ ʽʟ ʥʦʚʦʚʚʝʜʝʥʠʤ ɼɹʅ ʩʪʦʩʫʶʪʴʩʷ ʪʠʭ ʩʘʤʠʭ ʢʦʝʬʽʮʽʻʥʪʽʚ, ʱʦ ʽ ʜʣʷ 

ʙʦʢʦʚʦʛʦ ʦʩʚʽʪʣʝʥʥʷ. ʊʦʙʪʦ, ʚʠʱʝʟʘʟʥʘʯʝʥʽ ʟʤʽʥʠ ʩʪʦʩʫʶʪʴʩʷ ʷʢ ʙʦʢʦʚʦʛʦ, ʪʘʢ ʽ ʚʝʨʭʥʴʦʛʦ ʧʨʠʨʦʜʥʦʛʦ 

ʦʩʚʽʪʣʝʥʥʷ ʧʨʠʤʽʱʝʥʴ.  

ɺʠʩʥʦʚʢʠ 

ʇʨʦʚʝʜʝʥʠʡ ʘʥʘʣʽʟ ʜʘʻ ʤʦʞʣʠʚʽʩʪʴ ʟʨʦʙʠʪʠ ʚʠʩʥʦʚʦʢ, ʱʦ ʥʦʚʦʚʚʝʜʝʥʘ ʤʝʪʦʜʠʢʘ ʨʝʛʣʘʤʝʥʪʫʚʘʥʥʷ 

ʨʦʟʨʘʭʫʥʢʫ ʧʣʦʱʽ ʩʚʽʪʣʦʚʠʭ ʧʨʦʨʽʟʽʚ ʧʨʠ ʧʨʠʨʦʜʥʦʤʫ ʦʩʚʽʪʣʝʥʥʽ ʟʘʙʝʟʧʝʯʫʻ ʙʽʣʴʰʫ ʪʦʯʥʽʩʪʴ, ʦʩʢʽʣʴʢʠ 

ʚʨʘʭʦʚʫʻ ʙʣ̔ʴʰʫ ʢʽʣʴʢʽʩʪʴ ʬʘʢʪʦʨʽʚ, ʷʢʽ ʤʦʞʫʪʴ ʚʧʣʠʥʫʪʠ ʥʘ ʟʤʽʥʫ ʦʩʚʽʪʣʝʥʦʩʪʽ, ʷʢʘ ʫʪʚʦʨʶʻʪʴʩʷ ʧʨʠʨʦʜʥʽʤ 

ʩʚʽʪʣʦʤ. ʂʨʽʤ ʪʦʛʦ, ʫ ʥʦʚʦʚʚʝʜʝʥʽʡ ʤʝʪʦʜʠʮʽ ʫʩʫʥʝʥʠʡ ʚʘʛʦʤʠʡ ʥʝʜʦʣʽʢ ʩʪʦʩʦʚʥʦ ʚʽʜʩʫʪʥʦʩʪʽ ʢʦʝʬʽʮʽʻʥʪʫ 

ʤʘʪʝʨʽʘʣʫ ʨʘʤʠ ʜʣʷ ʤʝʪʘʣʦʧʣʘʩʪʠʢʦʚʠʭ ʚʽʢʦʥ, ʱʦ ʨʦʙʠʣʦ ʥʝʤʦʞʣʠʚʠʤ ʨʦʟʨʘʭʫʥʦʢ ʧʣʦʱʽ ʩʚʽʪʣʦʚʠʭ ʧʨʦʨʽʟʽʚ 

ʧʨʠ ʚʠʢʦʨʠʩʪʘʥʥʽ ʪʘʢʠʭ ʨʘʤ.  

 

ʃiʪʝʨʘʪʫʨʘ 

1. ʉʅʠʇ II ï 4 ï 79 ɽʩʪʝʩʪʚʝʥʥʦʝ ʠ ʠʩʢʫʩʩʪʚʝʥʥʦʝ ʦʩʚʝʱʝʥʠʝ. ï ʄʦʩʢʚʘ, ʉʪʨʦʡʠʟʜʘʪ. ï 1980. ï 50 ʩ. 

2. ɼɹʅ ɺ.2.5 ï 28 ï 2006 ʇʨʠʨʦʜʥʝ ʽ ʰʪʫʯʥʝ ʦʩʚʽʪʣʝʥʥʷ. ï ʂʠʾʚ, ʄʽʥʨʝʛʽʦʥʙʫʜ ʋʢʨʘʾʥʠ. ï 2006. ï 142 ʩ. 

3. ɼɹʅ ɺ.2.5:28 ï 2018 ʇʨʠʨʦʜʥʝ ʽ ʰʪʫʯʥʝ ʦʩʚʽʪʣʝʥʥʷ. ï ʂʠʾʚ, ʄʽʥʨʝʛʽʦʥʙʫʜ ʋʢʨʘʾʥʠ. ï 2018. ï 137 ʩ. 

4. ʉʢʨʠʣʴ ɯ.ʅ. ɯʥʩʦʣʷʮʽʷ ʞʠʪʣʘ / ɯ.ʅ. ʉʢʨʠʣʴ. ï ʂ.: ɹʫʜʽʚʝʣʴʥʠʢ, 1981. ï 75 ʩ. 

5. ʋʢʨʘʾʥʩʴʢʠʡ ʨʠʥʦʢ ʚʽʢʦʥ ʪʘ ʬʘʩʘʜʽʚ. [ɽʣʝʢʪʨʦʥʥʠʡ ʨʝʩʫʨʩ]. ï ʈʝʞʠʤ ʜʦʩʪʫʧʫ: 

https://fasadinfo.ua/articles/market/79 
 

References  
1. SHiP II ï 4 ï 79 Natural and artificial illumination. ï Moscow, Stroyizdat. ï 1980. ï 50 p.  

2. DBN V.2.5 ï 28 ï 2006 Natural and artificial illumination. ï Kyiv, Minregionbud of Ukraine. ï 2006. ï 142 p.  

3. DBN V.2.5:28-2018 Natural and artificial illumination. ï Kyiv, Minregionbud of Ukraine. ï 2018. ï 137 p. 

4. Skryl I.N. Solar exposure of housing accommodations. / I. N. Skryl. ï K.: Budivelnyk, 1981. ï 75 p. 

5. Ukrainian market of windows and frontispieces. [Electronic source]. ï Available at: https://fasadinfo.ua/articles/market/79 

 

ʅʘʜʽʡʰʣʘ / Paper received : 08.12.2020 ʨ. ʅʘʜʨʫʢʦʚʘʥʘ/Printed :04.01.2021 ʨ. 

https://fasadinfo.ua/articles/market/79


 ˟̨̨̖̘̆̎̎ ̎ ́̔̋̉ ISSN 2307-5732 
 

ˏ̨̒̎̉̋ ˢ̝̗̝̍̆̌̎̉̋̏̄̏ ̨̗̝̎́̏̎́̌̎̏̄̏ ̨̔̎̃̆̑̒̉̓̆̓̔, Τ6, 2020 (291) 73 

DOI 10.31891/2307-5732-2020-291-6-73-78 

ʋɼʂ 621.01: 620.193.16 

ʅ.ʆ. ʂʆʉʊʖʂ, ɸ.ɯ. ɻʆʈɼɭɭɺ, ʆ.ɸ. ɻʆʈɼɭɭɺ  
ʍʤʝʣʴʥʠʮʴʢʠʡ ʥʘʮʽʦʥʘʣʥɹʠʡ ʫʥʽʚʝʨʩʠʪʝʪ 

 

ɼʆʉʃɯɼɾɽʅʅʗ ʈʆɿʇʆɼɯʃʋ ɽʅɽʈɻʆɺʀʊʈɸʊ ʇʈʀɺʆɼʋ ɺɯɹʈɸʎɯʁʅʆɰ 

ʄɸʐʀʅʀ ʇʆʈʐʅɽɺʆɻʆ ʊʀʇʋ ɼʃʗ ɿʅɽɿɸʈɸɾʋɺɸʅʅʗ ʊɸ ɿʄɯʅʀ 

ɺʃɸʉʊʀɺʆʉʊɽʁ ɺʆɼʀ 
 
˜̑̉ ̨̒̓̃̏̑̆̎̎ ̨̗̋̏̎̒̓̑̔̋̊ ̨̨̖̑̈̎̏̍́̎̓̎̉ ̙̍́̉̎ ̈́̃̇̅̉ ̝̠̒̓́̃̉̓̒ ̠̈́̃̅́̎̎ ̠̠̅̏̒̄̎̆̎̎ 

̠̆̎̆̑̄̏̈̂̆̑̆̇̆̎̎ ̨̖̘̓̆̎̏̌̏̄̎̏̄ ̗̏̐̑̏̆̒̔ ̓́ ̙̍́̉̎̉ȟ ̏̚ ̟̝̠̐̑̏̆̋̓̔̓̒Ȣ ˔́̐̑̏̐̏̎̏̃́̎̏ ̨̨̗̃̂̑́̊̎̔ ̙̍́̉̎̔ȟ ̠̋́ 
̤̈́̒̓̏̒̏̃̔ ̨̝̘̎̉̈̋̏́̒̓̏̓̎ ̨̨̗̩̃̂̑́ ̠̅̌ ̠̏̑̍̔̃́̎̎̕ ̨̨̗̖̋́̃̓́̊̎̉ ̨̐̏̌̃ ̔ ̨̖̑̅̉̎̎̉ ̨̗̠̖̒̔̂̒̓́̎ȟ ̏̚ ̠̟̝̠̏̂̑̏̂̌̓̒ 
̈ ̟̍̆̓̏ ̨̈̍̎̉ ̩̖ ̃̌́̒̓̉̃̏̒̓̆̊ ̓́ ̠̈̎̆̈́̑́̇̔̃́̎̎Ȣ ˜̑̏̃̆̅̆̎̏ ̨̠̅̏̒̌̅̇̆̎̎ ̨̑̏̈̐̏̅̌̔ ̆̎̆̑̄̏̃̉̓̑́̓ ̐̑̉̃̏̅̔ 
̨̨̗̩̃̂̑́̊̎̏ ̙̍́̉̎̉ ̎́ ̗̐̑̏̆̒ ̠̈̎̆̈́̑́̇̔̃́̎̎ ̓́ ̨̈̍̎̉ ̃̌́̒̓̉̃̏̒̓̆̊ ̃̏̅̉ ̨ ̘̃̉̈̎́̆̎̏ ̃̉̓̑́̓̉ ̨̐̏̓̔̇̎̏̒̓ 
̐̑̉̃̏̅̔ ̐̑̉ ̨̨̈̍̎ ̘́̒̓̉ ̝̋̏̌̉̃́̎ ̐̑̉̃̏̅̔Ȣ ˔́̐̑̏̐̏̎̏̃́̎́ ̨̗̠̋̏̎̒̓̑̔̋ ̨̨̗̩̃̂̑́̊̎̏ ̙̍́̉̎̉ ̐̏̋́̈́̌́ 
̨̝̐̆̑̒̐̆̋̓̉̃̎̒̓ ̠̈́̒̓̏̒̔̃́̎̎ ̈́̐̑̏̐̏̎̏̃́̎̏̄̏ ̍̆̓̏̅̔ ̠̈̎̆̈́̑́̇̔̃́̎̎ ̨ ̨̗̩́̋̓̉̃́ ̃̏̅̉ ̐̑̉ ̨̒̓̃̏̑̆̎̎ 
̨̨̗̖̃̂̑́̊̎̉ ̙̍́̉̎ ̨̨̝̎̅̉̃̅̔́̌̎̏̄̏ ̠̋̏̑̉̒̓̔̃́̎̎Ȣ 

˗̨̟̘̌̏̃ ̒̌̏̃́ȡ ̨̨̗̃̂̑́̊̎́ ̙̍́̉̎́ȟ ̨̨̗̠̋́̃̓́ȟ ̠̈̎̆̈́̑́̇̔̃́̎̎ ̓́ ̨̃̌́̒̓̉̃̏̒̓ ̃̏̅̉Ȣ 
 

N.O. KOSTIUK, A.I. HORDEEV ʆ.A. HORDEEV 
Khmelnytskyi National University 

 

A GROUND OF PARAMETERS OF COMPENSATIVE RESILIENT SYSTEM OF OSCILLATION MACHINE IS 

WITH ECCENTRIC PERSON OCCASION  
 

The greatest technological interest is attracted by hydrodynamic cavitation devices, in which a local pressure drop is formed in 
the flow of the processed liquid and hydrodynamic cavitation develops due to a sharp change in the geometry of the fluid flow. Increasing the 
time of periodic action of cavitation on a liquid medium gives a vibrational change in pressure in the pulsation chamber, which forms the 
generation of shock waves and leads to disinfection of water and intensification of its structural transformations. When creating designs of 
various machines, the task is always to achieve energy efficiency of the proposed process and machine. A machine that uses low-frequency 
vibrations to form cavitation fields in liquid substances that are treated to change their properties and disinfect is proposed. The vibrating 
machine uses a piston-type activator with an eccentric drive. In order to determine the energy consumption of a piston-type vibrating 
machine, studies of changes in the energy consumption of the drive when changing the oscillation frequency of the piston by changing the 
voltage on a DC motor with registration of the current consumed by the eccentric drive of the vibrating machine. Researches of distribution 
of power consumption of the drive of the vibrating car on process of disinfection and change of properties of water are carried out and 
expenses of power of the drive are defined. The created design of the vibrating machine showed the prospects of application of the proposed 
method of disinfection and activation of water in the creation of vibrating machines for individual use. 

Keywords: vibrating machine, cavitation, disinfection and water properties. 

 

ɺʩʪʫʧ 

ɺʦʜʘ ʻ ʚʘʞʣʠʚʦʶ ʩʢʣʘʜʦʚʦʶ ʞʠʪʪʻʚʦʛʦ ʧʨʦʮʝʩʫ. ɺʦʥʘ ʛʨʘʻ ʨʦʣʴ ʥʝ ʪʽʣʴʢʠ ʭʽʤʽʯʥʦʛʦ ʨʦʟʯʠʥʥʠʢʘ, ʘʣʝ ʻ 

ʭʨʘʥʠʪʝʣʝʤ ʽ ʧʝʨʝʥʦʩʥʠʢʦʤ ʽʥʬʦʨʤʘʮʽʾ, ʥʝʩʝ ʢʦʜʠ ʞʠʪʪʻʚʠʭ ʧʨʦʮʝʩʽʚ, ʽ ʚ ʤʽʨʫ ʨʦʟʚʠʪʢʫ ʥʘʫʢʠ ʚʽʜʢʨʠʚʘʶʪʴʩʷ 

ʚʩʝ ʥʦʚʽ ʧʨʦʮʝʩʠ ʚʧʣʠʚʫ ʥʘ ʣʶʜʠʥʫ ʽ ʪʝʭʥʽʢʫ ʯʝʨʝʟ ʚʧʣʠʚ ʥʘ ʚʦʜʫ, ʯʝʨʝʟ ʥʦʚʽ ʬʽʟʠʯʥʽ ʧʨʠʥʮʠʧʠ ʽ ʷʚʠʱʘ 

ʘʢʪʠʚʘʮʽʾ ʚʦʜʠ ʽ ʚʦʜʥʠʭ ʩʠʩʪʝʤ. 

ʋ ʨʦʟʨʦʙʢʫ ʪʝʦʨʝʪʠʯʥʠʭ ʦʩʥʦʚ ʽ ʪʝʭʥʦʣʦʛʽʾ ʚʦʜʥʦʾ ʧʽʜʛʦʪʦʚʢʠ ʽ ʦʯʠʱʝʥʥʷ ʩʪʽʯʥʠʭ ʚʦʜ ʚʘʛʦʤʠʡ ʚʥʝʩʦʢ 

ʚʥʝʩʣʠ ʃ.ɸ. ʂʫʣʴʩʴʢʽʡ, ɯ.ʄ. ɻʦʨʦʥʦʚʩʴʢʽʡ, ʆ.ʄ. ʂʦʛʘʥʦʚʩʴʢʽʡ, ʄ.ʆ. ʐʝʚʯʝʥʢʦ, ʄ.ʂ. ʈʦʪʤʶʪʨʦʚ ʽ ʙʘʛʘʪʦ 

ʽʥʰʠʭ ʚʽʜʦʤʠʭ ʚʯʝʥʠʭ. ɺ ʦʩʪʘʥʥʽ ʨʦʢʠ ʚʧʣʠʚ ʝʬʝʢʪʽʚ ʛʽʜʨʦʢʘʚʽʪʘʮʽʽ ʥʘ ʟʥʝʟʘʨʘʞʫʚʘʥʥʷ ʪʘ ʟʤʽʥʫ ʚʣʘʩʪʠʚʦʩʪʝʡ 

ʚʦʜʥʦʛʦ ʩʝʨʝʜʦʚʠʱʘ ʚʠʚʯʘʣʠ ɯ.ʄ. ʌʝʜʦʪʢʽʥ, ɯ.ʉ. ɻʫʣʠʡ, ɸ.ɯ. ʅʝʢʦʟ, ɸ.ɸ. ʃʠʪʚʠʥʝʥʢʦ, ʇ.ʄ. ʅʝʤʠʨʦʚʠʯ, 

ʊ.ʄ. ɺʽʪʝʥʴʢʦ, ʃ.ɯ. ʐʝʚʯʫʢ,  ɯ.ʉ. ɸʬʪʘʥʘʟʽʚ, ʈ.ɯ. ʉʽʣʽʥ ʽ ʽʥʰʽ ʚʯʝʥʽ [1-4]. 

ɸʥʘʣʽʟ ʦʩʪʘʥʥʽʭ ʜʦʩʣʽʜʞʝʥʴ ʽ ʧʫʙʣʽʢʘʮʽʡ 

ʄʦʣʝʢʫʣʘ ʚʦʜʠ ʻ ʘʢʪʠʚʥʠʤ ʜʠʧʦʣʝʤ, ʜʝ ʢʠʩʥʝʚʘ ʩʪʦʨʦʥʘ ʥʝʛʘʪʠʚʥʘ, ʘ ʚʦʜʥʝʚʘ ʧʦʟʠʪʠʚʥʘ. ɺ ʨʝʟʫʣʴʪʘʪʽ 

ʤʦʣʝʢʫʣʠ ʚʦʜʠ ʧʨʠʪʷʛʫʶʪʴʩʷ ʩʚʦʾʤʠ ʧʨʦʪʠʣʝʞʥʠʤʠ ʧʦʣʶʩʘʤʠ, ʽ ʫʪʚʦʨʶʁ ʪʴ ʧʦʣʷʨʥʽ ʟʚ'ʷʟʢʠ, ʥʘ ʨʦʟʨʠʚ ʷʢʠʭ 

ʧʦʪʨʽʙʥʦ ʚʠʪʨʘʪʠʪʠ ʧʝʚʥʫ ʝʥʝʨʛʽʶ. ʋ ʩʢʣʘʜʽ ʢʦʞʥʦʾ ʤʦʣʝʢʫʣʠ ʽʦʥ ʚʦʜʥʶ (ʧʨʦʪʦʥ) ʥʝ ʤʘʻ ʚʥʫʪʨʽʰʥʽʭ 

ʝʣʝʢʪʨʦʥʥʠʭ ʰʘʨʽʚ ʽ ʤʘʻ ʤʘʣʽ ʨʦʟʤʽʨʠ, ʚ ʨʝʟʫʣʴʪʘʪʽ ʯʦʛʦ ʚʽʥ ʤʦʞʝ ʧʨʦʥʠʢʘʪʠ ʚ ʝʣʝʢʪʨʦʥʥʫ ʦʙʦʣʦʥʢʫ 

ʥʝʛʘʪʠʚʥʦ ʧʦʣʷʨʠʟʦʚʘʥʦʛʦ ʘʪʦʤʘ ʢʠʩʥʶ ʩʫʩʽʜʥʴʦʾ ʤʦʣʝʢʫʣʠ, ʫʪʚʦʨʠʪʠ ʚʦʜʥʝʚʠʡ ʟʚ'ʷʟʦʢ ʟ ʽʥʰʦʶ ʤʦʣʝʢʫʣʦʶ, 

ʪʦʙʪʦ ʚʦʥʠ ʻ ʜʠʧʦʣʷʤʠ ʚʦʜʠ. ɼʠʧʦʣʽ ʻ ʦʩʥʦʚʥʦʶ ʧʨʠʯʠʥʦʶ ʫʪʚʦʨʝʥʥʷ ʤʽʢʨʦʢʣʘʩʪʝʨʥʦʡ ʩʪʨʫʢʪʫʨʠ ʚʦʜʠ. 

ʂʘʚʽʪʘʮʽʡʥʝ ʧʦʣʝ ʻ ʦʜʥʠʤ ʟ ʬʘʢʪʦʨʽʚ ʷʢʠʡ ʚʧʣʠʚʘʻ ʥʘ ʩʪʘʥ ʫʧʦʨʷʜʢʦʚʘʥʦʩʪʽ ʩʪʨʫʢʪʫʨʠ ʚʦʜʠ ʪʘ ʾʾ 

ʟʥʝʟʘʨʘʞʫʚʘʥʥʷ. 

  ʅʘʡʙʽʣʴʰʠʡ ʪʝʭʥʦʣʦʛʽʯʥʠʡ ʽʥʪʝʨʝʩ ʧʨʠʚʝʨʪʘʶʪʴ ʛʽʜʨʦʜʠʥʘʤʽʯʥʽ ʢʘʚʽʪʘʮʽʡʥʽ ʧʨʠʩʪʨʦʾ, ʫ ʷʢʠʭ ʚ 

ʧʦʪʦʮʽ ʨʽʜʠʥʠ, ʱʦ ʦʙʨʦʙʣʶʻʪʴʩʷ, ʫʪʚʦʨʶʻʪʴʩʷ ʤʽʩʮʝʚʝ ʟʥʠʞʝʥʥʷ ʪʠʩʢʫ ʽ ʟʘ ʨʘʭʫʥʦʢ ʨʽʟʢʦʾ ʟʤʽʥʠ ʛʝʦʤʝʪʨʽʾ 

ʪʝʯʽʾ ʨʽʜʠʥʘ ʨʦʟʚʠʚʘʻʪʴʩʷ ʛʽʜʨʦʜʠʥʘʤʽʯʥʘ ʢʘʚʽʪʘʮʽʷ [1]. ɽʥʝʨʛʽʷ ʜʣʷ ʚʠʥʠʢʥʝʥʥʷ ʢʘʚʽʪʘʮʽʾ ʧʽʜʚʦʜʠʪʴʩʷ 

ʙʝʟʧʦʩʝʨʝʜʥʴʦ ʪʝʭʥʦʣʦʛʽʯʥʠʤ ʧʦʪʦʢʦʤ ʨʽʜʠʥʠ (ʛʽʜʨʦʜʠʥʘʤʽʯʥʽ ʧʨʠʩʪʨʦʾ ʩʪʘʪʠʯʥʦʛʦ ʪʠʧʫ), ʘʙʦ ʦʙʝʨʪʦʚʠʤ 

ʢʘʚʽʪʘʪʦʨʦʤ (ʛʽʜʨʦʜʠʥʘʤʽʯʥʽ ʧʨʠʩʪʨʦʾ ʜʠʥʘʤʽʯʥʦʛʦ ʪʠʧʫ) [2]. 

ʂʘʚʽʪʘʮʽʷ ʫ ʨʽʜʠʥʠ ʚʠʥʠʢʘʻ ʥʘ ʦʜʠʥʠʯʥʦʤʫ ʟʘʨʦʜʢʫ. ʇʦʪʽʤ ʟʘ ʯʘʩ, ʚ ʢʽʣʴʢʘ ʜʝʩʷʪʢʽʚ ʧʝʨʽʦʜʽʚ 

ʢʦʣʠʚʘʥʴ, ʤʽʢʨʦʙʫʣʴʙʘʰʢʠ ʨʦʟʚʠʚʘʶʪʴʩʷ ʚ ʩʪʘʙʽʣʴʥʫ ʦʙʣʘʩʪʴ, ʷʢʘ ʩʢʣʘʜʘʻʪʴʩʷ ʟ ʙʝʟʣʽʯʽ ʢʘʚʽʪʘʮʽʡʥʠʭ 

ʙʫʣʴʙʘʰʦʢ. ʇʨʦʮʝʩ ʨʦʟʚʠʪʢʫ ʢʘʚʽʪʘʮʽʡʥʦʾ ʦʙʣʘʩʪʽ ʧʨʝʜʩʪʘʚʣʷʻʪʴʩʷ ʫ ʪʘʢʠʡ ʩʧʦʩʽʙ. ʇʨʠ ʩʧʣʝʩʢʫʚʘʥʥ ̔

ʢʘʚʽʪʘʮʽʡʥʘ ʙʫʣʴʙʘʰʢʘ ʤʦʞʝ ʚʪʨʘʯʘʪʠ ʩʪʽʡʢʽʩʪʴ ʽ ʨʦʟʧʘʜʘʪʠʩʷ ʥʘ ʯʘʩʪʠʥʠ, ʘ ʧʨʠ ʪʦʤʫ, ʱʦ ʪʠʩʢ ʽ ʪʝʤʧʝʨʘʪʫʨʘ 
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ʚ ʮʝʡ ʤʦʤʝʥʪ ʚ ʙʫʣʴʙʘʰʮʽ ʤʘʢʩʠʤʘʣʴʥʽ, ʪʦ ʪʠʩʢ ʽ ʪʝʤʧʝʨʘʪʫʨʘ ʛʘʟʦʚʦʾ ʩʫʤʽʰʽ, ʱʦ çʫʪʚʦʨʠʣʠʩʷ ʚ ʦʩʢʦʣʢʘʭè 

ʪʝʞ ʧʽʜʚʠʱʝʥʽ. ʋ ʬʘʟʽ ʨʦʟʪʷʛʫʚʘʥʥʷ ʚʦʥʠ ʣʝʛʢʦ ʨʦʟʰʠʨʶʶʪʴʩʷ ʽ ʩʪʘʶʪʴ ʥʦʚʠʤʠ ʟʘʨʦʜʢʘʤʠ ʢʘʚʽʪʘʮʽʾ, ʤʝʥʰ 

ʤʽʮʥʠʤʠ, ʥʽʞ ʧʦʩʪʽʡʥʦ ʥʘʷʚʥʽ ʚ ʨʽʜʠʥʽ. ʂʘʚʽʪʘʮʽʡʥʽ ʧʦʨʦʞʥʠʥʠ, ʱʦ ʚʠʥʠʢʣʠ ʥʘ ʮʠʭ ʟʘʨʦʜʢʘʭ, ʧʦʨʦʜʞʫʶʪʴ 

ʥʦʚʽ. ʋʩʝʨʝʜʠʥʽ ʢʘʚʽʪʘʮʽʡʥʦʾ ʦʙʣʘʩʪʽ ʡʜʝ ʙʝʟʧʝʨʝʨʚʥʠʡ ʧʨʦʮʝʩ ʨʦʟʤʥʦʞʝʥʥʷ ʽ ʢʦʘʛʫʣʷʮʽʾ ʢʘʚʽʪʘʮʽʡʥʠʭ 

ʙʫʣʴʙʘʰʦʢ, ʧʨʠʯʦʤʫ ʢʘʚʽʪʘʮʽʡʥʠʡ ʧʦʨʽʛ ʪʨʦʭʠ ʟʤʝʥʰʫʻʪʴʩʷ, ʪʦʤʫ, ʱʦ ʚ ʩʪʘʣʦʤʫ ʨʝʞʠʤʽ ʨʦʣʴ ʢʘʚʽʪʘʮʽʡʥʠʭ 

ʟʘʨʦʜʢʽʚ ʧʦʯʠʥʘʶʪʴ ʚʠʢʦʥʫʚʘʪʠ ʨʽʚʥʦʚʘʞʥʽ ʙʫʣʴʙʘʰʢʠ, ʦʙʩʷʛ ʽ ʛʘʟʦʚʤʽʩʪ ʚ ʷʢʠʭ ʙʽʣʴʰʝ ʥʽʞ ʫ ʟʘʨʦʜʢʽʚ. 

ɺʠʢʦʨʠʩʪʘʥʥʷ ʚʽʙʨʘʮʽʡʥʠʭ ʢʦʣʠʚʘʥʴ ʚ ʪʝʭʥʦʣʦʛʽʷʭ ʟ ʨʽʜʢʠʤ ʩʝʨʝʜʦʚʠʱʝʤ ʦʙʫʤʦʚʣʝʥʦ ʧʦʣʽʧʰʝʥʥʷʤ 

ʷʢʽʩʥʠʭ ʧʦʢʘʟʥʠʢʽʚ, ʘ ʚ ʜʝʷʢʠʭ ʚʠʧʘʜʢʘʭ ʻʜʠʥʦʶ ʤʦʞʣʠʚʽʩʪʶ ʨʝʘʣʽʟʘʮʽʾ ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʧʨʦʮʝʩʽʚ. ɿʘʟʚʠʯʘʡ, 
ʢʘʚʽʪʘʮʽʡʥʠʡ ʚʧʣʠʚ  ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʷʢ ʦʜʠʥ ʟ ʝʪʘʧʽʚ ʟʥʝʟʘʨʘʞʫʚʘʥʥʷ ʪʘ ʦʯʠʱʝʥʥʷ ʚʦʜʥʦʛʦ ʩʝʨʝʜʦʚʠʱʘ. 

ɿ ʧʨʦʚʝʜʝʥʠʭ ʜʦʩʣ̔ ʜʞʝʥʴ ʧʦ ʟʥʝʟʘʨʘʞʫʚʘʥʥʶ ʪʘ ʟʤʽʥʽ ʚʣʘʩʪʠʚʦʩʪʝʡ ʚʦʜʠ ʽ ʾʾ ʩʪʨʫʢʪʫʨʥʦʛʦ ʩʪʘʥʫ ʟ 

ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʨʽʟʥʠʭ ʤʝʪʦʜʽʚ ʘʢʪʠʚʘʮʽʾ [4], ʙʫʣʦ ʚʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʥʘ ʟʥʝʟʘʨʘʞʫʚʘʥʥʷ ʚʦʜʠ ʽ ʾʾ 

ʩʪʨʫʢʪʫʨʠʟʘʮʽʶ ʧʨʠʟʚʦʜʠʪʴ ʚʧʣʠʚ ʥʘʩʪʫʧʥʠʭ ʢʘʚʽʪʘʮʽʡʥʠʭ ʬʘʢʪʦʨʽʚ: ʧʝʨʽʦʜʠʯʥʽʩʪʴ ʪʘ ʪʨʠʚʘʣʽʩʪʴ ʟʤʽʥʠ 

ʚʝʣʠʯʠʥʠ ʪʠʩʢʫ, ʧʦʷʚʘ ʪʝʨʤʦʙʘʨʠʯʥʠʭ ʝʬʝʢʪʽʚ, ʟʤʽʥʘ ʚʝʣʠʯʠʥʠ ʝʣʝʢʪʨʦʩʪʘʪʠʯʥʦʛʦ ʧʦʣʷ ʥʘ ʧʦʚʝʨʭʥʽ 

ʙʫʣʴʙʘʰʦʢ, ʟʤʽʥʘ ʢʦʝʬʽʮʽʻʥʪʘ ʧʦʚʝʨʭʥʝʚʦʛʦ ʥʘʪʷʛʫ, ʧʨʦʭʦʜʞʝʥʥʷ ʭʽʤʽʯʥʠʭ ʨʝʘʢʮʽʡ ʟʘ ʫʯʘʩʪʶ ʘʢʪʠʚʥʠʭ ʛʘʟʽʚ 

ʟ ʫʪʚʦʨʝʥʥʷʤ ʥʦʚʠʭ ʩʧʦʣʫʢ. ɿ ʜʦʩʣʽʜʞʝʥʴ [4] ʚʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʦʪʨʠʤʘʥʠʡ ʩʪʘʥ ʘʢʪʠʚʦʚʘʥʦʾ ʚʦʜʠ ʟʙʝʨʽʛʘʻʪʴʩʷ 

ʜʦ ʪʨʴʦʭ ʜʽʙ, ʧʽʩʣʷ ʯʦʛʦ ʚʽʜʙʫʚʘʻʪʴʩʷ ʩʪʘʙʽʣʽʟʘʮʽʷ ʧʦʢʘʟʥʠʢʽʚ: ʨʅ, ORP, ʘʣʝ ʥʘ ʨʽʚʥʽ ʟʥʘʯʥʦ ʙʽʣʴʰʦʤʫ ʜʣʷ ʨʅ 

ʽ ʤʝʥʰʠʤ ʜʣʷ ORP, ʥʽʞ ʚʠʭʽʜʥʠʡ ʨʽʚʝʥʴ. ʎʝ ʜʦʟʚʦʣʷʻ ʩʪʚʝʨʜʞʫʚʘʪʠ ʧʨʦ ʧʦʣʽʧʰʝʥʥʷ ʚʣʘʩʪʠʚʦʩʪʝʡ ʚʦʜʠ. 

ɿʤʝʥʰʫʻʪʴʩʷ ʧʦʢʘʟʥʠʢ ʟʘʛʘʣʴʥʦʾ ʢʦʥʮʝʥʪʨʘʮʽʾ ʚʤʽʩʪʫ ʨʦʟʯʠʥʝʥʠʭ ʩʦʣʝʡ ʚʽʜ 400 ʜʦ 300 ʦʜʠʥʠʮʴ, ʱʦ ʛʦʚʦʨʠʪʴ 

ʪʘʢʦʞ ʧʨʦ ʧʦʣʽʧʰʝʥʥʷ ʷʢʦʩʪʽ ʚʦʜʠ. ʆʩʥʦʚʥʦʶ ʽʜʝʻʶ ʩʪʚʦʨʝʥʥʷ ʝʬʝʢʪʠʚʥʦʛʦ ʨʝʞʠʤʫ ʨʦʙʦʪʠ ʚʽʙʨʘʮʽʡʥʠʭ 

ʤʘʰʠʥ ʻ ʩʪʚʦʨʝʥʥʷ ʨʝʞʠʤʫ ʛʝʥʝʨʘʮʽʾ ʢʘʚʽʪʘʮ̔ʡʥʠʭ ʙʫʣʴʙʘʰʦʢ, ʧʨʠ ʷʢʦʤʫ ʚʦʥʠ ʟʘʨʦʜʞʫʶʪʴʩʷ ʚ ʤʘʩʦʚʽʡ 

ʢʽʣʴʢʦʩʪʽ ʟʘʚʜʷʢʠ ʟʚʦʨʦʪʥʦ-ʧʦʩʪʫʧʘʣʴʥʦʤʫ ʧʨʦʭʦʜʞʝʥʥʶ ʨʽʜʠʥʠ ʢʨʽʟʴ ʦʪʚʦʨʠ ʟ ʛʦʩʪʨʠʤʠ ʢʨʘʡʢʘʤʠ. ʆʧʠʩʘʥʽ 

ʝʬʝʢʪʠ ʦʪʨʠʤʘʥʽ ʥʘ ʟʘʧʨʦʧʦʥʦʚʘʥʠʭ ʚʽʙʨʘʮʽʡʥʠʭ ʤʘʰʠʥʘʭ [5,6]. ʅʝʦʙʭʽʜʥʽʩʪʴ ʟʙʽʣʴʰʝʥʥʷ ʯʘʩʫ ʧʝʨʽʦʜʠʯʥʦʾ  

ʜʽʾ ʢʘʚʽʪʘʮʽʾ ʥʘ ʨʽʜʠʥʥʝ ʩʝʨʝʜʦʚʠʱʝ ʜʦʟʚʦʣʷʻ ʚʠʢʦʨʠʩʪʘʥʥʷ ʚʽʙʨʘʮʽʡʥʦʾ ʟʤʽʥʠ ʪʠʩʢʫ ʫ ʢʘʤʝʨʽ ʧʫʣʴʩʘʮʽʾ, ʱʦ 

ʫʪʚʦʨʶʻ ʛʝʥʝʨʘʮʽʶ ʫʜʘʨʥʠʭ ʭʚʠʣʴ ʪʘ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʟʥʝʟʘʨʘʞʫʚʘʥʥʷ ʚʦʜʠ ʽ ʽʥʪʝʥʩʠʬʽʢʘʮʽʶ ʾʾ ʩʪʨʫʢʪʫʨʥʠʭ 

ʧʝʨʝʪʚʦʨʝʥʴ. ʉʪʚʦʨʝʥʥʷ ʢʣʘʩʫ ʝʥʝʨʛʦʦʱʘʜʥʠʭ ʤʘʣʦʛʘʙʘʨʠʪʥʠʭ ʚʽʙʨʘʮʽʡʥʠʭ ʛʽʜʨʦʢʘʚʽʪʘʮʽʡʥʠʭ ʤʘʰʠʥ ʜʣʷ 

ʽʥʜʠʚʽʜʫʘʣʴʥʦʛʦ ʚʠʢʦʨʠʩʪʘʥʥʷ ʟ ʤʝʪʦʶ ʙʝʟʨʝʘʛʝʥʪʥʦʛʦ  ʟʥʝʟʘʨʘʞʫʚʘʥʥʷ ʚʦʜʠ ʪʘ ʟʤʽʥʠ ʾʾ  ʚʣʘʩʪʠʚʦʩʪʝʡ ʚʦʜʠ ʻ 

ʘʢʪʫʘʣʴʥʠʤ ʟʘʚʜʘʥʥʷʤ. 

ɺʠʢʣʘʜ ʦʩʥʦʚʥʦʛʦ ʤʘʪʝʨʽʘʣʫ 

ʇʨʠ ʩʪʚʦʨʝʥʥʽ ʢʦʥʩʪʨʫʢʮʽʡ ʨʽʟʥʦʤʘʥʽʪʥʠʭ ʤʘʰʠʥ ʟʘʚʞʜʠ ʩʪʘʚʠʪʴʩʷ ʟʘʚʜʘʥʥʷ ʜʦʩʷʛʥʝʥʥʷ 

ʝʥʝʨʛʦʟʙʝʨʝʞʝʥʥʷ ʪʝʭʥʦʣʦʛʽʯʥʦʛʦ ʧʨʦʮʝʩʫ ʪʘ ʤʘʰʠʥ, ʱʦ ʧʨʦʝʢʪʫʶʪʴʩʷ. ɿ ʤʝʪʦʶ ʚʠʟʥʘʯʝʥʥʷ ʝʥʝʨʛʦʚʠʪʨʘʪ 

ʚʽʙʨʘʮʽʡʥʦʾ ʤʘʰʠʥʠ ʧʦʨʰʥʝʚʦʛʦ ʪʠʧʫ [5] (ʨʠʩ.1 ʪʘ ʨʠʩ.2) ʙʫʣʦ ʧʨʦʚʝʜʝʥʦ ʜʦʩʣʽʜʞʝʥʥʷ ʝʥʝʨʛʦʚʠʪʨʘʪ ʧʨʠʚʦʜʫ 

ʧʨʠ ʟʤʽʥʽ ʯʘʩʪʦʪʠ ʢʦʣʠʚʘʥʴ ʧʦʨʰʥʷ ʟʘ ʜʦʧʦʤʦʛʦʶ ʚʘʨʽʘʮʽʾ ʚʝʣʠʯʠʥʠ ʥʘʧʨʫʛʠ ʥʘ ʝʣʝʢʪʨʦʜʚʠʛʫʥʽ ʧʦʩʪʽʡʥʦʛʦ 

ʩʪʨʫʤʫ ʟ ʨʝʻʩʪʨʘʮʽʻʶ ʚʝʣʠʯʠʥʠ ʩʠʣʠ ʩʪʨʫʤʫ, ʱʦ ʩʧʦʞʠʚʘʻ ʝʢʩʮʝʥʪʨʠʢʦʚʠʡ ʧʨʠʚʦʜ ʚʽʙʨʘʮʽʡʥʦʾ ʤʘʰʠʥʠ ʜʣʷ 

ʧʨʦʚʝʜʝʥʥʷ ʪʝʭʥʦʣʦʛʽʯʥʦʛʦ ʧʨʦʮʝʩʫ. 

 

  
 

ʈʠʩ.1 ï ʇʨʦʩʪʦʨʦʚʘ 3D-ʤʦʜʝʣʴ ʚʽʙʨʘʮʽʡʥʦʾ 

ʤʘʰʠʥʠ ʧʦʨʰʥʝʚʦʛʦ ʪʠʧʫ 

 

ʈʠʩ.2 ï ʟʘʛʘʣʴʥʠʡ ʚʠʛʣʷʜ ʜʦʩʣʽʜʥʦʾ ʚʽʙʨʘʮʽʡʥʦʾ ʤʘʰʠʥʠ: 

 1 ï ʝʢʩʮʝʥʪʨʠʢʦʚʠʡ ʚʫʟʦʣ; 2 ï ʝʣʝʢʪʨʦʜʚʠʛʫʥ; 3 ï ʢʘʤʝʨʘ 

ʧʫʣʴʩʘʮʽʾ; 4 ï ʧʨʠʣʘʜ ʢʝʨʫʚʘʥʥʷ ʯʘʩʪʦʪʦʶ ʢʦʣʠʚʘʥʴ;  

5 ï ʜʘʪʯʠʢ ʪʠʩʢʫ; 6 ï ʢʨʘʥ ʜʣʷ ʟʣʠʚʫ ʚʦʜʠ 

 

ʇʨʠʣʘʜ ʢʝʨʫʚʘʥʥ̫ ʯʘʩʪʦʪʦʶ ʢʦʣʠʚʘʥʴ 4 ʦʩʥʘʱʝʥʦ ʘʤʧʝʨʤʝʪʨʦʤ ʪʘ ʚʦʣʴʪʤʝʪʨʦʤ ʧʦʩʪʽʡʥʦʛʦ ʩʪʨʫʤʫ, 

ʱʦ ʜʦʟʚʦʣʷʣʦ ʧʨʠ ʟʤʽʥʽ ʥʘʧʨʫʛʠ ʧʦʩʪʽʡʥʦʛʦ ʩʪʨʫʤʫ ʟʤʽʥʶʚʘʪʠ ʯʘʩʪʦʪʫ ʢʦʣʠʚʘʥʴ ʧʦʨʰʥʷ ʪʘ ʢʦʥʪʨʦʣʶʚʘʪʠ 

ʟʤʽʥʫ ʚʝʣʠʯʠʥʠ ʩʠʣʠ ʩʪʨʫʤʫ, ʷʢʠʡ ʩʧʦʞʠʚʘʻ ʝʣʝʢʪʨʦʜʚʠʛʫʥ ʧʦʩʪʽʡʥʦʛʦ ʩʪʨʫʤʫ 2. ɿ ʛʨʘʬ̔ʢʘ (ʨʠʩ.3) 

ʚʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʩʠʣʘ ʩʪʨʫʤʫ ʟʨʦʩʪʘʻ ʧʨʠ ʟʙʽʣʴʰʝʥʥʽ ʯʘʩʪʦʪʠ ʢʦʣʠʚʘʥʴ ʧʨʠʚʦʜʫ ʧʨʠ ʢʦʣʠʚʘʥʥʽ ʧʦʨʰʥʷ ʥʘ 

ʧʦʚʽʪʨʽ ʪʘ ʧʨʠ ʟʙʽʣʴʰʝʥʽ ʯʘʩʪʦʪʠ ʚʽʜ 15 ɻʮ ʽ ʜʘʣʽ ʩʠʣʘ ʩʪʨʫʤʫ ʩʪʘʻ ʩʪʘʣʘ. ʎʷ ʝʥʝʨʛʽʷ ʚʠʪʨʘʯʘʻʪʴʩʷ ʥʘ ʩʠʣʠ 

ʪʝʨʪʷ ʫ ʤʘʰʠʥʽ, ʽʥʝʨʮʽʡʥʽ ʩʠʣʠ ʪʘ ʩʠʣʠ ʧʨʫʞʥʦʾ ʩʠʩʪʝʤʠ. 
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ʈʠʩ.3 ï ɻʨʘʬʽʢʽ ʟʘʣʝʞʥʦʩʪʽ ʟʤʽʥʠ ʩʠʣʠ ʩʪʨʫʤʫ 

ʧʨʠʚʦʜʘ ʨʦʙʦʯʦʛʦ ʦʨʛʘʥʘ ʚʽʙʨʘʮʽʡʥʦʾ ʤʘʰʠʥʠ ʜʣʷ 

ʟʥʝʟʘʨʘʞʫʚʘʥʥʷ ʚʦʜʠ ʚʽʜ ʯʘʩʪʦʪʠ  ʢʦʣʠʚʘʥʥʷ ʧʦʨʰʥʷ  

ʚ ʨʽʟʥʠʭ ʩʝʨʝʜʦʚʠʱʘʭ  

 

 

ʈʠʩ.4 ï ɻʨʘʬʽʢʽ ʟʘʣʝʞʥʦʩʪʽ ʚʠʪʨʘʪ ʧʦʪʫʞʥʦʩʪʽ 

ʧʨʠʚʦʜʘ ʨʦʙʦʯʦʛʦ ʦʨʛʘʥʘ ʚʽʙʨʘʮʽʡʥʦʾ ʤʘʰʠʥʠ ʜʣʷ 

ʟʥʝʟʘʨʘʞʫʚʘʥʥʷ ʚʦʜʠ ʚʽʜ ʯʘʩʪʦʪʠ ʢʦʣʠʚʘʥʥʷ ʧʦʨʰʥʷ  ʚ 

ʨʽʟʥʠʭ ʩʝʨʝʜʦʚʠʱʘʭ 

 

ʊʘʢʦʞ ʟ ʛʨʘʬʽʢʘ (ʨʠʩ.3) ʚʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʩʠʣʘ ʩʪʨʫʤʫ ʟʨʦʩʪʘʻ ʧʨʠ ʟʙʽʣʴʰʝʥʥʽ ʯʘʩʪʦʪʠ ʢʦʣʠʚʘʥʴ 

ʧʨʠʚʦʜʫ ʪʘ ʙʽʣʴʰʝ ʥʘ 1,5ɸ ʧʨʠ ʢʦʣʠʚʘʥʥʽ ʧʦʨʰʥʷ ʫ ʚʦʜʽ ʯʠʤ ʥʘ ʧʦʚʽʪʨʽ. ɺʽʜʧʦʚʽʜʥʦ ʜʦ ʧʦʧʝʨʝʜʥʽʭ 

ʝʥʝʨʛʦʚʠʪʨʘʪ ʜʦʜʘʶʪʴʩʷ ʚʠʪʨʘʪʠ ʥʘ ʛʝʥʝʨʘʮʽʶ ʫʜʘʨʥʠʭ ʭʚʠʣʴ ʪʘ ʢʘʚʽʪʘʮʽʡʥʠʡ ʧʨʦʮʝʩ ʫ ʦʪʚʦʨʘʭ ʚ ʧʦʨʰʥʽ, ʘʣʝ 

ʧʦʯʠʥʘʶʯʠ ʟ ʯʘʩʪʦʪʠ 15 ɻʮ ʩʠʣʘ ʩʪʨʫʤʫ ʟʥʠʞʫʻʪʴʩʷ ʟ 6,5 ʜʦ 6 ɸ, ʱʦ ʛʦʚʦʨʠʪʴ ʧʨʦ ʫʪʚʦʨʝʥʥʷ ʚ ʢʘʤʝʨʽ 

ʧʫʣʴʩʘʮʽʾ 3 ʟʥʘʯʥʦʾ ʢʽʣʴʢʦʩʪʽ ʙʫʣʴʙʘʰʦʢ ʚʝʣʠʢʠʭ ʨʦʟʤʽʨʽʚ (ʚʠʥʠʢʘʻ ʜʦʜʘʪʢʦʚʠʡ ʧʨʫʞʥʠʡ ʝʣʝʤʝʥʪ), ʱʦ 

ʟʥʠʞʫʻ ʚʠʪʦʢ (ʧʨʦʭʦʜʞʝʥʥʷ) ʨʽʜʠʥʠ ʢʨʽʟʴ ʦʪʚʦʨʠ ʫ ʧʦʨʰʥʽ ʪʘ ʟʥʠʞʫʻ ʰʚʠʜʢʽʩʪʴ ʧʝʨʝʤʽʰʫʚʘʥʥʷ ʚʦʜʠ ʚ 

ʢʘʤʝʨʽ ʧʫʣʴʩʘʮʽʾ ï ʚʽʜʧʦʚʽʜʥʦ ʟʥʠʞʫʻʪʴʩʷ ʧʨʦʜʫʢʪʠʚʥʽʩʪʴ ʢʘʚʽʪʘʮʽʡʥʦʾ ʜʽʾ. 

ʅʘ ʦʩʥʦʚʽ ʦʪʨʠʤʘʥʠʭ ʚʠʤʽʨʶʚʘʥʴ, ʧʦʙʫʜʦʚʘʥʦ ʛʨʘʬʽʢ ʚʠʪʨʘʪ ʧʦʪʫʞʥʦʩʪʽ ʧʨʠʚʦʜʫ ʨʦʙʦʯʦʛʦ ʦʨʛʘʥʘ 

ʚʽʙʨʘʮʽʡʥʦʾ ʤʘʰʠʥʠ, ʧʨʝʜʩʪʘʚʣʝʥʠʡ ʥʘ ʨʠʩ.4. ɿ ʷʢʦʛʦ ʚʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʧʦʪʫʞʥʽʩʪʴ ʧʨʠʚʦʜʫ ʥʘ ʧʨʦʚʝʜʝʥʥʷ 

ʢʦʣʠʚʘʥʴ ʧʦʨʰʥʷ ʫ ʚʦʜʽ ʪʘʢʦʞ ʤʘʻ ʥʝʣʽʥʽʡʥʠʡ ʭʘʨʘʢʪʝʨ (ʚʽʜʭʠʣʝʥʥʷ ʚʽʜ ʰʪʨʠʭʦʚʦʾ ʣʽʥʽʾ ʧʽʩʣʷ ʯʘʩʪʦʪʠ 15ɻʮ). 

ʈʝʟʫʣʴʪʘʪʦʤ ʘʥʘʣʽʟʫ ʬʽʟʠʯʥʠʭ ʪʘ ʬʽʟʠʢʦ-ʤʝʭʘʥʽʯʥʠʭ ʷʚʠʱ, ʱʦ ʧʨʦʪʽʢʘʶʪʴ ʚ ʧʨʦʮʝʩʽ ʢʘʚʽʪʘʮʽʡʥʦʾ 

ʦʙʨʦʙʢʠ ʚʦʜʠ, ʩʪʘʣʦ ʨʽʚʥʷʥʥʷ ʙʘʣʘʥʩʫ ʝʥʝʨʛʦʚʠʪʨʘʪ ʥʘ ʨʦʙʦʪʫ ʧʨʠʚʦʜʫ ʚʽʙʨʘʮʽʡʥʦʾ ʤʘʰʠʥ ʧʦʨʰʥʝʚʦʛʦ ʪʠʧʫ.  

ɿʘʛʘʣʴʥʽ  ʝʥʝʨʛʦʚʠʪʨʘʪʠ ʥʘ ʚʠʢʦʥʘʥʫ ʨʦʙʦʪʫʚʠʪʨʟʘʛA  .  ʤʦʞʥʘ ʧʨʝʜʩʪʘʚʠʪʠ ʷʢ ʩʫʤʫ ʥʘʩʪʫʧʥʠʭ ʚʠʜʽʚ 

ʨʦʙʽʪ:  

,  ... . . ʨʝʘʢʮʽʾʢʘʚʽʪʥʘʛʨʽʚʚʠʪʨʤʝʭʚʠʪʨʟʘʛ AAAA ++=                                               (1) 

 

ʜʝ   . .ʚʠʪʨʤʝʭA ï ʨʦʙʦʪʘ, ʷʢʘ ʚʠʪʨʘʯʘʻʪʴʩʷ ʥʘ ʽʥʝʨʮʽʡʥʽ ʩʠʣʠ ʪʘ ʪʝʨʪʷ ʚ ʦʙʣʘʜʥʘʥʥʽ;  

.ʥʘʛʨʽʚA ï ʨʦʙʦʪʘ ʥʘ ʥʘʛʨʽʚʘʥʥʷ ʚʦʜʠ ʪʘ ʝʣʝʤʝʥʪʽʚ ʦʙʣʘʜʥʘʥʥʷ (ʙʝʟ ʫʨʘʭʫʚʘʥʥʷ  ʜʠʩʠʧʘʮʽʾ ʪʝʧʣʘ ʚ 

ʧʦʚʽʪʨʷ);                   

  .ʨʝʘʢʮʽʾʢʘʚʽʪA ï ʨʦʙʦʪʘ, ʱʦ ʥʝʦʙʭʽʜʥʘ ʜʣʷ ʧʨʦʪʽʢʘʥʥʷ ʢʘʚʽʪʘʮʽʡʥʠʭ ʨʝʘʢʮʽʡ. 

ʇʨʠ ʧʨʦʚʝʜʝʥʥʽ ʜʦʩʣʽʜʽʚ ʧʦ ʦʙʨʦʙʣʝʥʥʽ ʚʦʜʠ ʧʨʠ ʘʤʧʣʽʪʫʜʽ ʢʦʣʠʚʘʥʴ 0,002 ʤ ʙʫʣʦ ʚʠʟʥʘʯʝʥʦ 

ʟʘʛʘʣʴʥʫ ʨʦʙʦʪʫ, ʱʦ ʚʠʢʦʥʘʚ ʧʨʠʚʦʜ ʦʙʣʘʜʥʘʥʥʷ ʥʘ ʨʽʟʥʠʭ ʯʘʩʪʦʪʘʭ ʢʦʣʠʚʘʥʴ ʟʘ ʧʝʨʽʦʜ  t  = 15 ʭʚ. 

ʈʦʟʨʘʭʫʥʦʢ ʚʝʣʠʯʠʥʠ ʨʦʙʦʪʠ ʥʘ ʟʘʛʘʣʴʥʽ ʚʠʪʨʘʪʠ ʧʨʠʚʦʜʫ ʧʨʦʚʦʜʠʚʩʷ ʟʘ ʬʦʨʤʫʣʦʶ: 
 

,  . tIUA ʚʠʪʨʟʘʛ ÖÖ=

                                                                        

 (2) 

 

ʜʝ  U ï ʥʘʧʨʫʛʘ ʚ ʤʝʨʝʞʽ ʞʠʚʣʝʥʥʷ ʝʣʝʢʪʨʦʜʚʠʛʫʥʘ, ɺ;   

ɯ ï ʩʠʣʘ ʩʪʨʫʤʫ, ʱʦ ʡʦʛʦ ʩʧʦʞʠʚʘʻ ʝʣʝʢʪʨʦʜʚʠʛʫʥ ʧʨʠʚʦʜʫ, ɸ ,  

t ï ʪʨʠʚʘʣʽʩʪʴ ʯʘʩʫ ʦʙʨʦʙʢʠ, ʩ. 

ʈʝʟʫʣʴʪʘʪʠ ʨʦʟʨʘʭʫʥʢʽʚ . .ʚʠʪʨʟʘʛA ʧʨʝʜʩʪʘʚʣʝʥʽ ʫ ʪʘʙʣ.1. 

 

ʊʘʙʣʠʮʷ 1 

ɿʘʛʘʣʴʥʘ ʨʦʙʦʪʘ ʧʨʠʚʦʜʫ, ʚʠʪʨʘʯʝʥʘ ʥʘ ʢʦʣʠʚʘʥʥʷ ʧʦʨʰʥʷ ʫ ʚʦʜʽ 
ˉ ʇʘʨʘʤʝʪʨ ɿʤʽʥʘ ʧʘʨʘʤʝʪʨʽʚ ʪʘ ʨʝʟʫʣʴʪʘʪ ʨʦʟʨʘʭʫʥʢʫ 

1 U, (ɺ) 5 10 15 20 25 30 

2 I, (A) 4.5 6 6.4 6.2 6 5.9 

3 ,. .ʚʠʪʨʟʘʛA (ɼʞ) 
20250 54000 86400 111600 135000 159300 
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ʄʝʭʘʥʽʯʥʽ ʚʪʨʘʪʠ ʧʨʠ ʨʦʙʦʪʽ ʦʙʣʘʜʥʘʥʥʷ ʥʘ ʭʦʣʦʩʪʦʤʫ ʭʦʜʫ ʫ ʧʦʚʽʪʨʽ ʙʫʣʠ ʚʠʟʥʘʯʝʥʽ 

ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ ʪʘ ʨʦʟʨʘʭʦʚʘʥʽ ʟʘ ʟʘʣʝʞʥʽʩʪʶ (1) ʽ ʧʨʝʜʩʪʘʚʣʝʥʽ ʫ ʪʘʙʣʠʮʽ  2.   

 

ʊʘʙʣʠʮʷ 2    

ɿʘʛʘʣʴʥʘ ʨʦʙʦʪʘ ʧʨʠʚʦʜʫ, ʚʠʪʨʘʯʝʥʘ ʥʘ ʤʝʭʘʥʽʯʥʽ ʚʠʪʨʘʪʠ ʧʨʠ ʢʦʣʠʚʘʥʥʷ ʧʦʨʰʥʷ ʫ ʧʦʚʽʪʨʽ 
ˉ ʇʘʨʘʤʝʪʨ ɿʤʽʥʘ ʧʘʨʘʤʝʪʨʽʚ ʪʘ ʨʝʟʫʣʴʪʘʪ ʨʦʟʨʘʭʫʥʢʫ 

1 U, (ɺ) 5 10 15 20 25 30 

2 I, (A) 3.5 4.8 5 5 4.9 4.9 

3 . .ʚʠʪʨʤʝʭA ,(ɼʞ) 
15750 43200 67500 90000 110250 132300 

 

ɽʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ ʙʫʣʦ ʚʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʯʘʩʪʠʥʘ ʨʦʙʦʪʠ ʚʠʪʨʘʯʘʻʪʴʩʷ ʥʘ ʨʦʟʽʛʨʽʚ ʨʽʜʠʥʠ ʪʘ 

ʝʣʝʤʝʥʪʽʚ ʤʘʰʠʥʠ. ɹʫʣʦ ʚʠʟʥʘʯʝʥʦ ʟʤʽʥʫ ʪʝʤʧʝʨʘʪʫʨʠ ʥʘʛʨʽʚʘʥʥʷ ʚʦʜʠ ʪʘ ʝʣʝʤʝʥʪʽʚ ʦʙʣʘʜʥʘʥʥʷ ʧʨʠ 

ʘʤʧʣʽʪʫʜʽ 0,002 ʤ ʪʘ ʯʘʩʪʦʪʽ ʢʦʣʠʚʘʥʴ ʧʨʠʚʦʜʫ 15 ɻʮ (U=15ɺ), ʷʢʘ ʩʢʣʘʣʘ ï D t = 30 C ʟʘ ʧʝʨʽʦʜ 15 ʭʚ. 

ʅʘʛʨʽʚʘʣʘʩʴ ʚʦʜʘ  m1 = 1,0 ʢʛ,  ʩʪʘʣʴʥʠʡ ʢʦʨʧʫʩ ʤʘʩʦʶ m2 = 1,6 ʢʛ, ʧʣʘʩʪʤʘʩʦʚʠʡ ʧʦʨʰʝʥʴ m3 = 0,3ʢʛ. ʈʦʙʦʪʘ, 

ʚʠʪʨʘʯʝʥʘ ʥʘ ʥʘʛʨʽʚʘʥʥʷ ʚʦʜʠ ʪʘ ʝʣʝʤʝʥʪʽʚ ʤʘʰʠʥʠ, ʚʠʟʥʘʯʘʣʘʩʷ ʟʘ ʬʦʨʤʫʣʦʶ: 
 

,11120),()()( 123312221211. ɼʞttmcttmcttmcAʥʘʛʨʽʚ =-Ö+-Ö+-Ö=                            (3) 

 

ʜʝ   ʩ1  = 4190 ɼʞ/ʢʛ ï ʪʝʧʣʦʻʤʥʽʩʪʴ ʚʦʜʠ; 

ʩ2  = 500 ɼʞ/ʢʛ ï ʪʝʧʣʦʻʤʥʽʩʪʴ  ʟʘʣʽʟʘ;  

ʩ3  = 1900 ɼʞ/ʢʛ ï ʪʝʧʣʦʻʤʥʽʩʪʴ ʧʣʘʩʪʤʘʩʠ.  

ʈʦʙʦʪʘ ʧʨʠʚʦʜʫ ʥʘ ʚʠʢʦʥʘʥʥʷ ʢʘʚʽʪʘʮʽʡʥʠʭ ʨʝʘʢʮʽʡ ʟʘ ʧʝʨʽʦʜ 15 ʭʚʠʣʠʥ ʚʠʟʥʘʯʘʣʘʩʷ ʟʘ ʬʦʨʤʫʣʦʶ: 
 

.7780)1112067500(86400)( .. . .. ɼʞAAAA ʥʘʛʨʽʚʚʠʪʨʤʝʭʚʠʪʨʟʘʛʨʝʘʢʮʽʾʢʘʚʽʪ =+-==+-=

  

ʇʨʦʚʝʜʝʤʦ ʘʥʘʣʽʟ ʧʨʦʮʝʩʽʚ ʧʝʨʝʪʚʦʨʝʥʥʷ ʩʢʣʘʜʫ ʚʦʜʠ, ʥʘ ʷʢʽ ʚʠʪʨʘʯʘʻʪʴʩʷ ʝʥʝʨʛʽʷ ʧʨʠ ʧʨʦʭʦʜʞʝʥʥʽ 

ʢʘʚʽʪʘʮʽʡʥʠʭ ʨʝʘʢʮʽʡ. ɽʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʤʠ ʜʦʩʣʽʜʞʝʥʥʷʤʠ [7] ʙʫʣʦ ʚʠʟʥʘʯʝʥʦ, ʱʦ ʟʘ ʪʦʡ ʞʝ ʧʝʨʽʦʜ ʦʙʨʦʙʢʠ 

(15 ʭʚ.) ʟʤʽʥʶʻʪʴʩʷ ʩʢʣʘʜ ʛʘʟʦʚʦʛʦ ʥʘʧʦʚʥʝʥʥʷ ʚʦʜʥʦʛʦ ʩʝʨʝʜʦʚʠʱʘ. ʆʪʨʠʤʘʥʽ ʨʝʟʫʣʴʪʘʪʠ ʜʦʩʣʽʜʞʝʥʴ 

ʧʨʦʮʝʩʫ ʢʘʚʽʪʘʮʽʡʥʦʛʦ ʚʧʣʠʚʫ  ʧʦʢʘʟʘʣʠ, ʱʦ ʚʧʣʠʚ ʛʽʜʨʦʢʘʚʽʪʘʮʽʾ ʟʙʽʣʴʰʫʻ ʚʤʽʩʪ ʘʟʦʪʫ ʫ ʙʽʜʽʩʪʝʣʷʪʽ ʚʦʜʠ ʜʦ 5 

ʨʘʟʽʚ [8]. ʇʽʩʣʷ ʘʥʘʣʽʟʫ ʦʪʨʠʤʘʥʠʭ ʨʝʟʫʣʴʪʘʪʽʚ, ʷʢʱʦ ʚʨʘʭʫʚʘʪʠ ʪʝ, ʱʦ ʘʟʦʪ ʙʝʨʝʪʴʩʷ ʟ ʧʦʚʽʪʨʷ, ʘ ʘʤʽʘʢ 

ʨʦʟʯʠʥʷʻʪʴʩʷ ʫ ʚʦʜʽ, ʪʦ ʚʽʜôʻʤʥʝ ʟʥʘʯʝʥʥʷ ʚʽʣʴʥʦʾ ʝʥʝʨʛʽʾ ɻʽʙʩʘ ʧʨʠ ʟʤʽʥʥʦʤʫ ʪʠʩʢʫ ʤʦʞʣʠʚʝ ʟʘ ʫʤʦʚ 

ʚʽʜôʻʤʥʦʾ ʨʽʟʥʠʮʽ ʢʽʥʮʝʚʠʭ ʪʘ ʧʦʯʘʪʢʦʚʠʭ ʦʙôʻʤʽʚ ʨʝʘʛʫʶʯʠʭ ʨʝʯʦʚʠʥ ʪʘ ʧʨʦʜʫʢʪʽʚ ʨʝʘʢʮʽʾ, ʱʦ ʜʘʻ 

ʤʦʞʣʠʚʽʩʪʴ ʧʨʦʚʝʜʝʥʥʷ ʨʝʘʢʮʽʾ ʟʘ ʜʘʥʠʭ ʫʤʦʚ: 
 

, nk VVV -=D      ,0ÏDV                                                                          (4) 

 

ʜʝ   VD  ï  ʟʤʽʥʘ    ʦʙôʻʤʽʚ; 

kV  ï ʦʙôʻʤ   ʧʨʦʜʫʢʪʽʚ ʨʝʘʢʮʽʾ; 

 nV ï ʦʙôʻʤ  ʨʝʯʦʚʠʥ, ʱʦ ʚʩʪʫʧʘʶʪʴ ʫ ʨʝʘʢʮʽʶ.  

ʊʦʜʽ ʧʨʦʪʽʢʘʥʥʷ ʢʘʚʽʪʘʮʽʡʥʠʭ ʨʝʘʢʮʽʾ ʤʦʞʣʠʚʝ ʧʨʠ ʫʤʦʚʘʭ, ʪʦʙʪʦ: 
 

, V
p

G

T

D=öö
÷

õ
ææ
ç

å

µ

µD

    

,0ÏDV                                                                (5)  

 

ʜʝ    GD ï  ʟʤʽʥʘ ʚʽʣʴʥʦʾ ʝʥʝʨʛʽʾ ɻʽʙʩʘ; 

p  ï ʪʠʩʢ;  

Tï ʪʝʤʧʝʨʘʪʫʨʘ. 

ʎʽ ʫʤʦʚʠ ʧʽʜʪʚʝʨʜʞʫʻʪʴʩʷ ʪʘʢʦʞ ʨʦʟʨʘʭʫʥʢʘʤʠ: 
 

.38,421408,100303

690,562976,3257,115

2232)(

ʤʦʣʴ

ʢɼʞ

ʤʦʣʴ

ʢʢʘʣ

ʤʦʣʴ

ʢʢʘʣ

ʤʦʣʴ

ʢʢʘʣ

ʤʦʣʴ

ʢʢʘʣ

ʤʦʣʴ

ʢʢʘʣ

ʤʦʣʴ

ʢʢʘʣ

GGGGGG FeNOHNHOHFeʨʝʘʢʮʽʾ

-=-=Ö-Ö-

-ö
÷

õ
æ
ç

å
--ö

÷

õ
æ
ç

å
-+-=

=---+= DDDDDD

 

 

 

ʆʪʞʝ, ʨʦʟʨʘʭʫʥʢʠ ʧʦʢʘʟʘʣʠ, ʱʦ,0<DG ʟʚʽʜʩʠ ʚʠʩʥʦʚʦʢ ï ʨʝʘʢʮʽʷ ʤʦʞʣʠʚʘ ʟʘ ʜʘʥʠʭ ʫʤʦʚ. 
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ɿʤʝʥʰʝʥʥʷ ʧʨʦʪʷʛʦʤ ʢʘʚʽʪʘʮʽʡʥʦʾ ʦʙʨʦʙʢʠ ʢʦʥʮʝʥʪʨʘʮʽʾ ʥʽʪʨʠʪʽʚ ʪʘ ʟʙʽʣʴʰʝʥʥʷ ʢʦʥʮʝʥʪʨʘʮʽʾ 

ʥʽʪʨʘʪʽʚ ʤʦʞʥʘ ʧʦʷʩʥʠʪʠ ʧʦʩʪʫʧʦʚʠʤ ʦʢʠʩʥʝʥʥʷʤ ʥʽʪʨʠʪʽʚ (N3+) ʜʦ ʥʽʪʨʘʪʽʚ (N5+) ʢʠʩʥʝʤ ʧʦʚʽʪʨʷ. 

ɿʨʦʩʪʘʥʥʷʤ ʩʪʫʧʝʥʷ ʦʢʠʩʥʝʥʥʷ ʥʽʪʨʠʪʽʚ ʜʦ ʥʽʪʨʘʪʽʚ ʤʦʞʥʘ ʧʦʷʩʥʠʪʠ ʟʙʽʣʴʰʝʥʥʷʤ ʚʘʣʝʥʪʥʦʩʪʽ ʘʪʦʤʘʨʥʦʛʦ 

ʘʟʦʪʫ (N3+ ­ N5+)  ʪʘ ʥʘʷʚʥʽʩʪʶ ʦʨʛʘʥʽʯʥʠʭ ʨʝʯʦʚʠʥ, ʷʢʽ ʤʽʩʪʷʪʴʩʷ ʫ ʚʦʜʽ. ʆʪʨʠʤʘʥʠʡ ʝʬʝʢʪ ʧʦʷʩʥʶʻʪʴʩʷ 

ʪʠʤ, ʱʦ ʧʨʠ ʟʘʢʨʠʪʪʽ ʢʘʚʽʪʘʮʽʡʥʠʭ ʙʫʣʴʙʘʰʦʢ ʚʠʥʠʢʘʻ ʟʤʽʥʘ ʩʪʘʪʠʯʥʦʾ ʝʣʝʢʪʨʠʢʠ ʥʘ ʧʦʚʝʨʭʥʽ ʙʫʣʴʙʘʰʢʠ, 

ʟʥʘʯʥʠʡ ʪʠʩʢ ʪʘ ʪʝʤʧʝʨʘʪʫʨʘ. ʋʩʝ ʮʝ ʩʧʨʠʯʠʥʶʻ ʛʝʤʦʣʽʪʠʯʥʠʡ ʨʦʟʨʠʚ ʢʦʚʘʣʝʥʪʥʠʭ ʟʚôʷʟʢʽʚ ʫ ʤʦʣʝʢʫʣʽ ʚʦʜʠ 

ʪʘ ʫʪʚʦʨʝʥʥʷ ʨʘʜʠʢʘʣʴʥʠʭ ʯʘʩʪʠʥʦʢ ʅ+ ʪʘ ʽʦʥʽʚ ʆʅľ ʽ ʆ, ʱʦ ʤʘʶʪʴ ʧʽʜʚʠʱʝʥʫ ʦʢʠʩʥʶʚʘʣʴʥʫ ʟʜʘʪʥʽʩʪʴ. ʍʦʯʘ 

ʟʥʘʯʥʘ ʯʘʩʪʠʥʘ ʽʦʥʽʚ ʅ+ ʽ ʟʘʣʠʰʘʻʪʴʩʷ ʫ ʧʦʪʦʮʽ ʨʽʜʠʥʠ, ʚʦʥʠ ʭʘʨʘʢʪʝʨʠʟʫʶʪʴʩʷ ʚʠʩʦʢʦʶ ʨʫʭʣʠʚʽʩʪʶ ʽ ʤʦʞʫʪʴ 

ʰʚʠʜʢʦ ʜʠʬʫʥʜʫʚʘʪʠ ʟ ʧʦʪʦʢʫ. ɯʦʥʠ  ʆʅľ, ʥʘʚʧʘʢʠ, ʥʘʢʦʧʠʯʫʶʪʴʩʷ, ʱʦ ʟʘʛʘʣʦʤ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʟʨʦʩʪʘʥʥʷ 

ʧʦʢʘʟʥʠʢʘ pH. 

ʆʪʞʝ, ʨʦʟʨʘʭʦʚʘʥʘ ʝʥʝʨʛʽʷ, ʷʢʘ ʚʠʪʨʘʯʘʻʪʴʩʷ ʥʘ ʚʠʢʦʥʘʥʥʷ ʨʦʙʦʪʠ ʢʘʚʽʪʘʮʽʡʥʠʭ ʨʝʘʢʮʽʡ, ʤʘʻ 

ʜʦʩʪʘʪʥʶ ʚʝʣʠʯʠʥʫ ʜʣʷ ʧʨʦʭʦʜʞʝʥʥʷ ʢʘʚʽʪʘʮʽʡʥʠʭ ʧʝʨʝʪʚʦʨʝʥʴ ʩʢʣʘʜʫ ʚʦʜʠ. 

ʆʪʨʠʤʘʥʠʡ ʨʦʟʧʦʜʽʣ ʨʦʙʽʪ, ʚʠʪʨʘʯʝʥʠʭ ʥʘ ʨʽʟʥʽ ʧʨʦʮʝʩʠ, ʜʦʟʚʦʣʷʻ ʨʦʟʨʘʭʫʚʘʪʠ ʢʦʝʬʽʮʽʻʥʪ ʚʠʪʨʘʪ 

ʝʥʝʨʛʽʾ ʥʘ ʢʘʚʽʪʘʮʽʡʥʽ ʨʝʘʢʮʽʾ ʧʨʠ ʨʦʙʦʪʽ ʚʽʙʨʘʮʽʡʥʦʾ ʤʘʰʠʥʠ ʟʘ ʧʝʚʥʠʡ ʧʝʨʽʦʜ (ʷʢ ʧʨʠʢʣʘʜ ʧʨʠʚʝʜʝʥʦ ʡʦʛʦ 

ʨʦʟʨʘʭʫʥʦʢ ʟʘ ʧʝʨʽʦʜ 15 ʭʚʠʣʠʥ). 
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ɺʠʩʥʦʚʢʠ 

ʋ ʨʝʟʫʣʴʪʘʪʽ ʘʥʘʣʽʟʫ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʪʘ ʘʥʘʣʽʪʠʯʥʠʭ ʚʠʪʨʘʪ ʝʥʝʨʛʽʾ ʧʨʠʚʦʜʫ ʚʽʙʨʘʮʽʡʥʦʾ ʤʘʰʠʥʠ 

ʧʦʨʰʥʝʚʦʛʦ ʪʠʧʫ ʚʩʪʘʥʦʚʣʝʥʦ ʥʘʧʨʷʤʠ ʨʦʟʧʦʜʽʣʫ ʚʠʪʨʘʪ ʧʦʪʫʞʥʦʩʪʽ ʧʨʠʚʦʜʫ ʤʘʰʠʥʠ ʧʨʠ ʟʤʽʥʽ ʯʘʩʪʠ 

ʢʦʣʠʚʘʥʴ ʧʨʠʚʦʜʫ ʟʘ ʦʩʥʦʚʥʠʤʠ ʚʠʜʘʤʠ: ʤʝʭʘʥʽʯʥʽ,  ʥʘʛʨʽʚʘʥʥʷ ʩʝʨʝʜʦʚʠʱʘ ʪʘ ʢʘʚʽʪʘʮʽʡʥʽ ʨʝʘʢʮʽʾ. 

ʆʪʨʠʤʘʥʽ ʟʘʣʝʞʥʦʩʪʽ ʚʠʪʨʘʪ ʧʦʪʫʞʥʦʩʪʽ ʧʨʠʚʦʜʘ ʨʦʙʦʯʦʛʦ ʦʨʛʘʥʘ ʚʽʙʨʘʮʽʡʥʦʾ ʤʘʰʠʥʠ ʜʣʷ 

ʟʥʝʟʘʨʘʞʫʚʘʥʥʷ ʚʦʜʠ ʚʽʜ ʯʘʩʪʦʪʠ ʢʦʣʠʚʘʥʥʷ ʧʦʨʰʥʷ  ʧʦʢʘʟʘʣʠ, ʱʦ ʝʥʝʨʛʦʚʠʪʨʘʪʠ ʥʘ ʧʨʦʮʝʩ ʟʥʝʟʘʨʘʞʫʚʘʥʥʷ 

ʪʘ ʟʤʽʥʠ ʚʣʘʩʪʠʚʦʩʪʝʡ ʧʦʪʨʝʙʫʶʪʴ ʚʽʜ 100 ʜʦ 175 ɺʪ, ʱʦ ʛʦʚʦʨʠʪʴ ʧʨʦ ʝʥʝʨʛʦʱʘʜʥʽʩʪʴ ʚ ʧʦʨʽʚʥʷʥʥʽ ʟ ʽʥʰʠʤʠ 

ʚʠʜʘʤʠ ʦʙʣʘʜʥʘʥʥʷ, ʧʨʠʟʥʘʯʝʥʦʛʦ ʜʣʷ ʟʥʝʟʘʨʘʞʫʚʘʥʥʷ.  

ɽʢʩʧʝʨʠʤʝʥʪʘʣʴʥʽ ʪʘ ʘʥʘʣʽʪʠʯʥʽ ʜʦʩʣʽʜʞʝʥʥʷ ʧʽʜʪʚʝʨʜʠʣʠ ʤʦʞʣʠʚʽʩʪʴ ʧʨʦʭʦʜʞʝʥʥʷ ʢʘʚʽʪʘʮʽʡʥʠʭ 

ʭʽʤʽʯʥʠʭ ʨʝʘʢʮʽʡ ʪʘ ʟʤʽʥʠ ʩʢʣʘʜʫ ʚʦʜʥʦʛʦ ʩʝʨʝʜʦʚʠɦ ʘ ʧʨʠ ʚʠʢʦʨʠʩʪʘʥʥʽ ʚʽʙʨʘʮʽʡʥʦʾ ʤʘʰʠʥʠ ʧʦʨʰʥʝʚʦʛʦ 

ʪʠʧʫ. 

ʆʪʨʠʤʘʥʽ ʨʝʟʫʣʴʪʘʪʠ ʤʦʞʫʪʴ ʙʫʪʠ ʚʨʘʭʦʚʘʥʽ ʧʨʠ ʨʦʟʨʦʙʣʝʥʥʽ ʪʝʭʥʦʣʦʛʽʡ ʪʘ ʢʦʥʩʪʨʫʢʮʽʡ 

ʚʽʙʨʘʮʽʡʥʦʛʦ ʦʙʣʘʜʥʘʥʥʷ ʜʣʷ ʦʯʠʱʝʥʥʷ ʩʪʽʯʥʠʭ ʚʦʜ ʧʨʦʤʠʩʣʦʚʠʭ, ʢʦʤʫʥʘʣʴʥʠʭ ʧʽʜʧʨʠʻʤʩʪʚ, ʪʚʘʨʠʥʥʠʮʴʢʠʭ 

ʢʦʤʧʣʝʢʩʽʚ ʪʦʱʦ. 
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˚́ ̨̏̒̎̏̃ ̨̩̓̆̏̑ ̖̘̖̒̓̏́̒̓̉̎̉ ̨̗̐̑̏̆̒̃ ̑̏̈̑̏̂̌̆̎̏ ̍̆̓̏̅ ̆̆̋̓̉̃̎̏̄̏̕ ̨̠̑̃̎ ̨̗̩̅̆̏̑̍́̕ ̟̘̖̋̏̎̓́̋̓̔̉ 

̖̝̐̏̃̆̑̏̎ ̨̗̉̌̎̅̑̏-̙̐̏̑̎ ̖̆̃̉ ̨̝̝̔̌̎̆̎̚Ȣ ˝̝̆̈̔̌̓́̓̏̍ ̤ ̠̒̓̃̏̑̆̎̎ ̨̎̇̆̎̆̑̎̏̄̏ ̍̆̓̏̅̔ ̖̑̏̈̑́̔̎̋̔ ̆̆̋̓̉̃̎̏̄̏̕ 
̨̠̑̃̎ ̨̗̩̅̆̏̑̍́̕ ̟̘̖̋̏̎̓́̋̓̔̉ ̖̝̐̏̃̆̑̏̎ ̙̖̐̏̑̎̆̃̉ ̨̖̍̆̓́̌̏̐̏̌̍̆̑̎̉ ̨̝̝̔̌̎̆̎̎̚ȟ ́ ̓́̋̏̇ ̨̗̏̎̋́ ̨̘̓̏̎̏̒̓ 
̑̏̈̑̏̂̌̆̎̏̄̏ ̍̆̓̏̅̔ ̠̅̌ ̠̈́̒̓̏̒̔̃́̎̎ ̃ ̨̨̎̇̆̎̆̑̎̊ ̨̗̐̑́̋̓̉ ̐̑̏̆̋̓̔̃́̎̎  ̠̙̐̏̑̎ ̆̃̉ ̖ ̨̝̝̔̌̎̆̎̎̚Ȣ ˏ ̨̒̓́̓̓ 
̑̏̈̄ ̠̤̝̠̌̅́̓̒ ̐̑̔̇̎̉̊ ̋̏̎̓́̋̓ ̝̒̉̌̎̏ ̨̩́̎̈̏̓̑̏̐̎̏ ̙̩̏̑̒̓̋̏ ̨̖̐̏̃̆̑̎ ɉ̨̩̐̏̌̍̆̑̎̏ ̨̖̐̏̃̆̑̎Ɋ ̈ ̟̄̌́̅̋̏ 
ɉ̟̍̆̓́̌̆̃̏Ɋ ̖̟̐̏̃̆̑̎̆Ȣ ˑ̨̏̒̌̅̇̆̎̏ ̈̃ȭ̠̈̏̋ ̨̍̇ ̨̑̃̎̆̍ ̨̗̩̅̆̏̑̍́̕ È ̨ ̆̆̋̓̉̃̎̉̍̕ ̨̑̃̎̆̍ ̨̗̩̅̆̏̑̍́̕ Õ ̎́ ̨̏̒̎̏̃ 
̨̩̓̆̏̑ ̖̘̖̒̓̏́̒̓̉̎̉ ̨̐̏̌̃Ȣ ˝̖̏̈̑́̏̃́̎̉̊ ̈̃ȭ̠̈̏̋ ̆̆̋̓̉̃̎̏̄̏̕ ̨̠̑̃̎ ̨̗̩̅̆̏̑̍́̕ ̈ ̋̏̍̐̌̆̋̒̏̍ ̔̍̏̃ 
̠̋̏̎̓́̋̓̔̃́̎̎ ̨ ́̐̑̏̋̒̉̍̏̃́̎̉̊ ̎́ ̨̏̒̎̏̃ ̨̝̖̏̑̉̄̎́̌̎̉ ̐̑̏̄̑́̍ !ÐÐÒ;˒;υȟ !ÐÐÒ;˒;φȟ !ÐÐÒ;˒;χ ɍυɎȢ ˗̏̍̐̌̆̋̒ ̔̍̏̃ 
̠̋̏̎̓́̋̓̔̃́̎̎ ɉ̨̂̆̈̑̏̈̍̑̎́ ̘̃̆̌̉̉̎́Ɋ ˗ ̝̈́̌̆̇̉̓ ̨̃̅ ̨̝̎̏̍̎́̌̎̏̄̏ ̠̎́̐̑̔̇̆̎̎ ̃ ̨̋̏̎̓́̋̓ ɉɊȟ ̨̈̉̋̏̕-
̨̖̘̖̍̆́̎̎̉ ̃̌́̒̓̉̃̏̒̓̆̊ ̨̨̍́̓̆̑́̌̃ ɉ̈̃̆̅̆̎̏̄̏ ̠̍̏̅̔̌ ˫̎̄́ ˒  ̓́ ̨̙̏̑̒̓̋̏̒̓ ̟̘̖̋̏̎̓́̋̓̔̉ ̖̝̐̏̃̆̑̏̎ 
ɉ̨̤̄̑́̅̎̓́ ̨̖̐̏̃̆̑̎ q). ˏ̉̋̏̎́̎̏ ̨́̎́̌̈ ̨ ̨̗̏̎̋̔ ̨̘̓̏̎̏̒̓ ̑̏̈̑̏̂̌̆̎̏̄̏ ̍̆̓̏̅̔ ̖̑̏̈̑́̔̎̋̔ ̆̆̋̓̉̃̎̏̄̏̕ ̨̠̑̃̎ 
̨̗̩̅̆̏̑̍́̕ ̟̘̖̋̏̎̓́̋̓̔̉ ̖̝̐̏̃̆̑̏̎ ̨̗̉̌̎̅̑ -̙̖̏̐̏̑̎̆̃̉ ̨̝̝̔̌̎̆̎̚Ȣ ˔̘̠̎́̆̎̎ȟ ̨̖̑̏̈̑́̏̃́̎ ̈́ ̘̟̓̏̎̏ ̓́ 
̖̟̑̏̈̑́̔̎̋̏̃̏ ̟̏̑̍̔̌̏̕ ̆̆̋̓̉̃̎̏̄̏̕ ̨̠̑̃̎ ̨̗̩̅̆̏̑̍́̕ ̨̠̝̠̑̈̎̓̒ ̎̆ ̨̝̙̂̌̆ȟ ̨̎̇ ̎́ τȟυυ ̐̑̉ ˗ ¢  0,7, 0,065 ɀ ̐̑̉ 
0,7 < ̠  ¢  φ ̓́ ̎̆ ̨̝̙̂̌̆ȟ ̨̎̇ ̎́ 0,15 ̐ ̑̉ φ <  ̠  ¢  5. 

˗̨̟̘̌̏̃ ̒̌̏̃́ȡ ̨̠̓̆̏̑ ̖̘̖̒̓̏́̒̓̉̎̉ ̨̐̏̌̃Ƞ ̆̆̋̓̉̃̎̉̊̕ ̨̝̑̃̆̎ ̨̗̩̅̆̏̑̍́̕ ̟̘̖̋̏̎̓́̋̓̔̉ ̖̝̐̏̃̆̑̏̎ ; 
̐̉̓̏̍́ ̐̌̏́̚ ̙̩̏̑̒̓̋̏ ̨̖̐̏̃̆̑̎ ̋̏̎̓́̋̓̔Ƞ ̨̘̝̄̆̑̍̆̓̉̎̒̓ ̨̗̉̌̎̅̑̏-̙̖̐̏̑̎̆̃̉ ̨̝̝̔̌̎̆̎̚Ƞ ̨̠̎́̓̋́̎̎ ̄́̈̔Ƞ 
̐̑̔̇̎̉̊ ̋̏̎̓́̋̓Ȣ 

 
 O.G. TYMOSHCHUK, S.P. LISEVYCH 

Khmelnytsky National University 

 

EVALUATION OF THE ACCURACY OF THE METHOD OF CALCULATING THE EFFECTIVE LEVEL OF 

DEFORMATION OF THE CONTACT SURFACES OF THE CYLINDER-PISTON SEALS 

 
Based on the theory of stochastic processes, a method for the effective level of deformation of the contact surfaces of cylinder-

piston seals has been developed. The result is the creation of an engineering method for calculating the effective level of deformation of the 
contact surfaces of the piston metal-polymer seals, as well as assessing the accuracy of the developed method for application in engineering 
practice of piston seals. The article considers the elastic contact of a strongly anisotropic rough surface (polymer surface) with a smooth 
(metal) surface. 

In the process of contact loading there are two average planes of the rough surface - the average plane of the rough surface before 

deformation (the distance from the smooth surface to this average plane is called the deformation level h) and the average plane of the 

rough surface after deformation (the corresponding distance is called the effective deformation level u). The value of h characterizes the 

contact displacement of the surfaces and the normal contact stiffness of the joint. The value of u is important when calculating the flow of 
gas through the joint. 

 The relationship between the strain level h and the effective strain level u is investigated based on stochastic field theory. The 
connection of the effective level of deformation with a set of contact conditions is calculated and approximated on the basis of the original 
programs Appr_E_1, Appr_E_2, Appr_E_3 [1]. The set of contact conditions (dimensionless value) K depends on the nominal stress in the 
ÃÏÎÔÁÃÔ ʎn, physical and mechanical properties of materials (consolidated Young's modulus E and roughness of contact surfaces (surface 
gradient q)). Values calculated by the exact and approximate formula of the effective level of deformation differ by no more than 0.11 at K ¢  
0.7, 0.065 - at 0.7 < K ¢  2 and no more than 0.15 at 2 < K ¢  5. 

Keywords: stochastic field theory; effective level of deformation of contact surfaces; specific area of the rough contact surface; 
tightness of cylinder-piston seals; gas leakage; elastic contact. 

 

ʌʦʨʤʫʣʶʚʘʥʥʷ ʮʽʣʽ ʩʪʘʪʪʽ 

ʅʝʦʙʭʽʜʥʦ ʚʠʢʦʥʘʪʠ ʘʥʘʣʽʟ ʽ ʦʮʽʥʢʫ ʪʦʯʥʦʩʪʽ ʨʦʟʨʦʙʣʝʥʦʛʦ ʤʝʪʦʜʫ ʨʦʟʨʘʭʫʥʢʫ ʝʬʝʢʪʠʚʥʦʛʦ ʨʽʚʥʷ 

ʜʝʬʦʨʤʘʮʽʾ ʢʦʥʪʘʢʪʫʶʯʠʭ ʧʦʚʝʨʭʦʥʴ ʮʠʣʽʥʜʨʦ-ʧʦʨʰʥʝʚʠʭ ʫʱʽʣʴʥʝʥʴ. 

ʈʝʟʫʣʴʪʘʪʠ ʜʦʩʣʽʜʞʝʥʴ 

ɺ ʨʦʙʦʪʽ ʨʦʟʛʣʷʜʘʻʪʴʩʷ ʧʨʫʞʥʠʡ ʢʦʥʪʘʢʪ ʩʠʣʴʥʦ ʘʥʽʟʦʪʨʦʧʥʦʾ ʰʦʨʩʪʢʦʾ ʧʦʚʝʨʭʥʽ (ʧʦʣʽʤʝʨʥʘ 

ʧʦʚʝʨʭʥʷ) ʟ ʛʣʘʜʢʦʶ (ʤʝʪʘʣʝʚʘ ʧʦʚʝʨʭʥʷ). 

ɿ-ʟʘ ʧʝʨʝʬʦʨʤʫʚʘʥʥʷ ʤʘʪʝʨʽʘʣʫ ʰʦʨʩʪʢʦʾ ʧʦʚʝʨʭʥʽ ʚ ʧʨʦʮʝʩʽ ʢʦʥʪʘʢʪʥʦʛʦ ʥʘʚʘʥʪʘʞʝʥʥʷ ʩʣʽʜ 

ʨʦʟʨʽʟʥʷʪʠ ʜʚʽ ʩʝʨʝʜʥʽ ʧʣʦʱʠʥʠ ʰʦʨʩʪʢʦʾ ʧʦʚʝʨʭʥʽ (ʨʠʩ.1) ï ʩʝʨʝʜʥʶ ʧʣʦʱʠʥʫ ʰʦʨʩʪʢʦʾ ʧʦʚʝʨʭʥ̔ ʜʦ 

ʜʝʬʦʨʤʫʚʘʥʥʷ (ʚʽʜʩʪʘʥʴ ʚʽʜ ʛʣʘʜʢʦʾ ʧʦʚʝʨʭʥʽ ʜʦ ʮʽʻʾ ʩʝʨʝʜʥʴʦʾ ʧʣʦʱʠʥʠ ʥʘʟʠʚʘʻʪʴʩʷ ʨʽʚʥʝʤ ʜʝʬʦʨʤʘʮʽʾ ) ʽ 

ʩʝʨʝʜʥʶ ʧʣʦʱʠʥʫ ʰʦʨʩʪʢʦʾ ʧʦʚʝʨʭʥʽ ʧʽʩʣʷ ʜʝʬʦʨʤʫʚʘʥʥʷ (ʚʽʜʧʦʚʽʜʥʘ ʚʽʜʩʪʘʥʴ ʥʘʟʠʚʘʻʪʴʩʷ ʝʬʝʢʪʠʚʥʠʤ 

ʨʽʚʥʝʤ ʜʝʬʦʨʤʘʮʽʾ ). ɺʝʣʠʯʠʥʘ  ʭʘʨʘʢʪʝʨʠʟʫʻ ʢʦʥʪʘʢʪʥʝ ʟʤʽʱʝʥʥʷ ʧʦʚʝʨʭʦʥʴ ʪʘ ʥʦʨʤʘʣʴʥʫ ʢʦʥʪʘʢʪʥʫ 

ʞʦʨʩʪʢʽʩʪʴ ʩʪʠʢʫ. ɺʝʣʠʯʠʥʘ 
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ʈʠʩ. 1. ʉʭʝʤʘ ʢʦʥʪʘʢʪʫʚʘʥʥʷ ʩʧʨʷʞʝʥʠʭ ʧʦʚʝʨʭʦʥʴ 

 

  ʚʘʞʣʠʚʘ ʧʨʠ ʨʦʟʨʘʭʫʥʢʘʭ ʥʘʪʽʢʘʥʥʷ ʨʽʜʠʥʠ ʯʠ ʛʘʟʫ ʯʝʨʝʟ ʩʪʠʢ. ɿʚôʷʟʦʢ ʤʽʞ ʨʽʚʥʝʤ ʜʝʬʦʨʤʘʮʽʾ  ʽ 

ʝʬʝʢʪʠʚʥʠʤ ʨʽʚʥʝʤ ʜʝʬʦʨʤʘʮʽʾ  ʦʧʠʩʫʻʪʴʩʷ ʨʽʚʥʷʥʥʷʤ [1]: 
 

 
 

                            (1) 

 

  ,    

 

ʜʝ ; 

 ï ʛʨʘʥʠʯʥʠʡ ʨʽʚʝʥʴ ʜʝʬʦʨʤʘʮʽʾ (ʨʽʚʝʥʴ ʜʝʬʦʨʤʘʮʽʾ, ʧʨʠ ʷʢʦʤʫ ʧʣʦʱʘ ʢʦʥʪʘʢʪʫ ʨʽʚʥʘ 

ʧʣʦʱʽ ʧʝʨʝʨʽʟʫ). 

ʆʙôʻʤ ʧʨʦʩʪʦʨʫ, ʦʙʤʝʞʝʥʦʛʦ ʰʦʨʩʪʢʦʶ ʧʦʚʝʨʭʥʝʶ ʽ ʧʣʦʱʠʥʦʶ, ʱʦ ʧʝʨʝʪʠʥʘʻ ʧʦʚʝʨʭʥʶ ʥʘ ʨʽʚʥʽ u  

[2]: 

 

  .                           (2) 

 

ɹʫʣʦ ʦʪʨʠʤʘʥʦ ʬʦʨʤʫʣʫ ʤʽʞʢʦʥʪʘʢʪʥʦʛʦ ʦʙôʻʤʫ [1]: 

 

 
 

  .                                 (3) 

 

ʇʨʠ ʥʝʩʢʽʥʯʝʥʥʦ ʚʝʣʠʢʠʭ ʥʘʚʘʥʪʘʞʝʥʥʷʭ, ʢʦʣʠ , ʤʽʞʢʦʥʪʘʢʪʥʠʡ ʦʙôʻʤ  

ʧʨʷʤʫʻ ʜʦ ʥʫʣʷ. ʇʨʠ ʤʘʣʠʭ ʥʘʚʘʥʪʘʞʝʥʥʷʭ, ʢʦʣʠ , ʤʘʻʤʦ: 

 

  ,                                                                        (4) 

 

  , 

 

ʜʝ  ï ʩʧʝʢʪʨʘʣʴʥʠʡ ʤʦʤʝʥʪ ʥʫʣʴʦʚʦʛʦ ʧʦʨʷʜʢʫ. 

ʇʨʠ ʤʘʣʠʭ ʥʘʚʘʥʪʘʞʝʥʥʷʭ ʟʥʘʯʝʥʥʷ ʨʽʚʥʷ ʜʝʬʦʨʤʘʮʽʾ  ʽ ʝʬʝʢʪʠʚʥʦʛʦ ʨʽʚʥʷ ʜʝʬʦʨʤʘʮʽʾ  ʨʽʚʥʽ. 

ɿʚôʷʟʦʢ ʤʽʞ ʨʽʚʥʝʤ ʜʝʬʦʨʤʘʮʽʾ  ʽ ʝʬʝʢʪʠʚʥʠʤ ʨʽʚʥʝʤ ʜʝʬʦʨʤʘʮʽʾ , ʨʦʟʨʘʭʦʚʘʥʠʡ ʥʘ ʧʽʜʩʪʘʚʽ 

ʨʽʚʥʷʥʥʷ (1), ʧʨʝʜʩʪʘʚʣʝʥʠʡ ʥʘ ʨʠʩ. 2. ʈʦʟʨʘʭʫʥʢʠ ʚʠʢʦʥʘʥʽ ʟʘ ʜʦʧʦʤʦʛʦʶ ʧʨʦʛʨʘʤʠ Niveau [1], ʥʘʧʠʩʘʥʦʾ ʟ 

ʚʠʢʦ-ʨʠʩʪʘʥʥʷʤ ʧʨʦʛʨʘʤʥʦʛʦ ʧʨʦʜʫʢʪʫ Mathcad Professional. 
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ʈʠʩ. 2. ɿʚôʷʟʦʢ ʤʽʞ ʨʽʚʥʝʤ ʜʝʬʦʨʤʘʮʽʾ ʽ ʝʬʝʢʪʠʚʥʠʤ ʨʽʚʥʝʤ ʜʝʬʦʨʤʘʮʽʾ  

 

ʆʧʦʨʥʘ ʧʣʦʱʘ ʧʦʚʝʨʭʥʽ, ʱʦ ʚʽʜʧʦʚʽʜʘʻ ʨʽʚʥʶ , ʤʦʞʝ ʙʫʪʠ ʨʦʟʨʘʭʦʚʘʥʘ ʟʘ ʬʦʨʤʫʣʦʶ [3]: 

 

  .                                                    (5) 

 

ɿʚôʷʟʦʢ ʝʬʝʢʪʠʚʥʦʛʦ ʨʽʚʥʷ ʜʝʬʦʨʤʘʮʽʾ ʟ ʢʦʤʧʣʝʢʩʦʤ ʫʤʦʚ ʢʦʥʪʘʢʪʫʚʘʥʥʷ ʤʦʞʥʘ ʦʪʨʠʤʘʪʠ 

ʥʘʩʪʫʧʥʠʤ ʯʠʥʦʤ. ʌʘʢʪʠʯʥʫ ʧʣʦʱʫ ʢʦʥʪʘʢʪʫ  ʤʦʞʥʘ ʚʠʟʥʘʯʠʪʠ ʷʢ ʦʧʦʨʥʫ ʧʣʦʱʫ ʰʦʨʩʪʢʦʾ ʜʝʬʦʨʤʦʚʘʥʦʾ 

ʧʦʚʝʨʭʥʽ, ʱʦ ʚʽʜʧʦʚʽʜʘʻ ʨʽʚʥ ʁ . ʊʦʜʽ, ʟʛʽʜʥʦ ʟ (5), ʤʘʻʤʦ: 
 

  .                                                                  (6 ) 

 

 

ɺ ʪʦʡ ʞʝ ʯʘʩ, ʚ [4] ʦʪʨʠʤʘʥʦ ʥʘʩʪʫʧʥʠʡ ʟʚôʷʟʦʢ ʬʘʢʪʠʯʥʦʾ ʧʣʦʱʽ ʢʦʥʪʘʢʪʫ ʟ ʢʦʤʧʣʝʢʩʦʤ ʫʤʦʚ 

ʢʦʥʪʘʢʪʫʚʘʥʥʷ: 
 

  .                                                               (7) 
 

ʊʘʢʠʤ ʯʠʥʦʤ, ʦʪʨʠʤʘʥʦ ʥʘʩʪʫʧʥʝ ʨʽʚʥʷʥʥʷ ʜʣʷ ʚʠʟʥʘʯʝʥʥʷ ʝʬʝʢʪʠʚʥʦʛʦ ʨʽʚʥʷ ʜʝʬʦʨʤʘʮʽʾ ʟʘ 

ʟʘʜʘʥʦʶ ʚʝʣʠʯʠʥʦʶ ʢʦʤʧʣʝʢʩʫ ʫʤʦʚ ʢʦʥʪʘʢʪʫʚʘʥʥʷ: 
 

  ,                                                 (8) 

 

  . 

 

ʅʘ ʧʽʜʩʪʘʚʽ (8) ʟʘ ʜʦʧʦʤʦʛʦʶ ʧʨʦʛʨʘʤʠ Effectiv [1], ʥʘʧʠʩʘʥʦʾ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʧʨʦʛʨʘʤʥʦʛʦ 

ʧʨʦʜʫʢʪʫ Mathcad Professional, ʨʦʟʨʘʭʦʚʘʥʠʡ ʟʚôʷʟʦʢ ʝʬʝʢʪʠʚʥʦʛʦ ʨʽʚʥʷ ʜʝʬʦʨʤʘʮʽʾ ʟ ʢʦʤʧʣʝʢʩʦʤ ʫʤʦʚ 

ʢʦʥʪʘʢʪʫʚʘʥʥʷ. ʆʪʨʠʤʘʥʽ ʨʝʟʫʣʴʪʘʪʠ ʧʨʝʜʩʪʘʚʣʝʥʽ ʥʘ ʨʠʩ. 3. 

ɿʘʣʝʞʥʽʩʪʴ, ʧʨʝʜʩʪʘʚʣʝʥʘ ʥʘ ʨʠʩ. 3, ʙʫʣʘ ʘʧʨʦʢʩʠʤʦʚʘʥʘ ʬʦʨʤʫʣʦʶ (9), ʷʢʘ ʦʪʨʠʤʘʥʘ ʚ ʨʝʟʫʣʴʪʘʪʽ 

ʨʦʟʨʘʭʫʥʢʽʚ ʟʘ ʧʨʦʛʨʘʤʘʤʠ Appr_ɽ_1, Appr_ɽ_2, Appr_ɽ_3 [1], ʥʘʧʠʩʘʥʠʤʠ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʧʨʦʛʨʘʤʥʦʛʦ 

ʧʨʦʜʫʢʪʫ Mathcad Professional: 

 

  .                            (9) 
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ʈʠʩ. 3. ɿʘʣʝʞʥʽʩʪʴ ʝʬʝʢʪʠʚʥʦʛʦ ʨʽʚʥʷ ʜʝʬʦʨʤʘʮʽʾ ʚʽʜ ʢʦʤʧʣʝʢʩʫ ʫʤʦʚ ʢʦʥʪʘʢʪʫʚʘʥʥʷ 

 

ʅʘ ʨʠʩ. 4 ʩʧʽʚʩʪʘʚʣʝʥʽ ʟʘʜʘʥʽ ʪʘ ʨʦʟʨʘʭʦʚʘʥʽ ʟʥʘʯʝʥʥʷ ʝʬʝʢʪʠʚʥʦʛʦ ʨʽʚʥʷ ʜʝʬʦʨʤʘʮʽʾ. ʇʽʜ ʟʘʜʘʥʠʤʠ 

ʩʣʽʜ ʨʦʟʫʤʽʪʠ ʟʥʘʯʝʥʥʷ, ʚʠʟʥʘʯʝʥʽ ʟ ʨʽʚʥʷʥʥʷ (8). ʇʽʜ ʨʦʟʨʘʭʦʚʘʥʠʤʠ ï ʚʠʟʥʘʯʝʥʽ ʟʘ ʬʦʨʤʫʣʦʶ (9). ʆʩʢʽʣʴʢʠ 

ʟʘʜʘʥʽ ʪʘ ʨʦʟʨʘʭʦʚʘʥʽ ʟʥʘʯʝʥʥʷ ʧʨʘʢʪʠʯʥʦ ʟʙʽʛʘʶʪʴʩʷ, ʪʦ ʜʣʷ ʪʦʛʦ, ʱʦʙ ʦʮʽʥʠʪʠ ʧʦʭʠʙʢʫ, ʷʢʘ ʚʠʥʠʢʘʻ ʧʨʠ 

ʟʘʤʽʥʽ ʨʦʟʨʘʭʫʥʢʦʚʦʛʦ ʨʽʚʥʷʥʥʷ ʥʘʙʣʠʞʝʥʦʶ ʬʦʨʤʫʣʦʶ (9), ʥʘ ʨʠʩ. 5 ʧʨʝʜʩʪʘʚʣʝʥʘ ʟʘʣʝʞʥʽʩʪʴ ʨʽʟʥʠʮʽ 

ʟʘʜʘʥʠʭ ʪʘ ʨʦʟʨʘʭʦʚʘʥʠʭ ʟʥʘʯʝʥʴ ʝʬʝʢʪʠʚʥʦʛʦ ʨʽʚʥʷ ʜʝʬʦʨʤʘʮʽʾ (ʚʦʥʘ ʧʦʟʥʘʯʝʥʘ ʷʢ ) ʚʽʜ ʢʦʤʧʣʝʢʩʫ ʫʤʦʚ 

ʢʦʥʪʘʢʪʫʚʘʥʥʷ. 
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ʈʠʩ. 4. ʉʧʽʚʩʪʘʚʣʝʥʥʷ ʟʘʜʘʥʠʭ ʪʘ ʨʦʟʨʘʭʦʚʘʥʠʭ ʟʥʘʯʝʥʴ ʝʬʝʢʪʠʚʥʦʛʦ ʨʽʚʥʷ ʜʝʬʦʨʤʘʮʽʾ 
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ʈʠʩ. 5. ʆʮʽʥʢʘ ʧʦʭʠʙʢʠ, ʷʢʘ ʚʠʥʠʢʘʻ ʧʨʠ ʟʘʤʽʥʽ ʪʦʯʥʦʛʦ ʨʽʚʥʷʥʥʷ ʨʦʟʨʘʭʫʥʢʫ 

ʝʬʝʢʪʠʚʥʦʛʦ ʨʽʚʥʷ ʜʝʬʦʨʤʘʮʽʾ ʥʘʙʣʠʞʝʥʦʶ ʬʦʨʤʫʣʦʶ (9) 

ɺʠʩʥʦʚʢʠ 
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ɯʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʤʦʜʝʣʶʚʘʥʥʷ ʰʦʨʩʪʢʠʭ ʩʧʨʷʞʝʥʠʭ ʧʦʚʝʨʭʦʥʴ ʫʱʽʣʴʥʝʥʥʷ ʩʪʦʭʘʩʪʠʯʥʠʤ ʧʦʣʝʤ 

ʙʫʣʦ ʨʦʟʨʦʙʣʝʥʦ ʤʝʪʦʜ ʨʦʟʨʘʭʫʥʢʫ ʝʬʝʢʪʠʚʥʦʛʦ ʨʽʚʥʷ ʜʝʬʦʨʤʘʮʽʾ ʢʦʥʪʘʢʪʫʶʯʠʭ ʧʦʚʝʨʭʦʥʴ ʮʠʣʽʥʜʨʦ-

ʧʦʨʰʥʝʚʠʭ ʫʱʽʣʴʥʝʥʴ [1]. 

ɼʣʷ ʨʦʟʨʘʭʫʥʢʫ ʝʬʝʢʪʠʚʥʦʛʦ ʨʽʚʥʷ ʜʝʬʦʨʤʘʮʽʾ ʦʪʨʠʤʘʥʦ ʨʽʚʥʷʥʥʷ 

 

  ,                                                (10) 

 

ʥʘ ʧʽʜʩʪʘʚʽ ʷʢʦʛʦ ʚʠʚʝʜʝʥʘ ʨʦʟʨʘʭʫʥʢʦʚʘ ʬʦʨʤʫʣʘ: 

 

  .                     (11) 

 

ɿʥʘʯʝʥʥʷ, ʨʦʟʨʘʭʦʚʘʥʽ ʟʘ ʪʦʯʥʦʶ ʪʘ ʨʦʟʨʘʭʫʥʢʦʚʦʶ ʬʦʨʤʫʣʦʶ ʝʬʝʢʪʠʚʥʦʛʦ ʨʽʚʥʷ ʜʝʬʦʨʤʘʮʽʾ 

ʨʽʟʥʷʪʴʩʷ ʥʝ ʙʽʣʴʰʝ, ʥʽʞ ʥʘ 0,11 ʧʨʠ ʂ ¢ 0,7, 0,065 - ʧʨʠ 0,7 < ʂ ¢ 2 ʪʘ ʥʝ ʙʽʣʴʰʝ, ʥʽʞ ʥʘ 0,15 ʧʨʠ 2 < ʂ ¢ 5. 

 

ʃʽʪʝʨʘʪʫʨʘ 
 

1. ʊʠʤʦʱʫʢ ʆ.ɻ. ʈʦʟʨʦʙʢʘ ʤʝʪʦʜʽʚ ʨʦʟʨʘʭʫʥʢʫ ʪʘ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʛʦ ʜʦʩʣʽʜʞʝʥʥʷ ʛʝʨʤʝʪʠʯʥʦʩʪʽ 

ʙʝʟʟʤʘʱʫʚʘʣʴʥʠʭ ʮʠʣʽʥʜʨʦ-ʧʦʨʰʥʝʚʠʭ ʫʱʽʣʴʥʝʥʴ : ʜʠʩ. é ʢʘʥʜ. ʪʝʭʥ. ʥʘʫʢ / ʆ.ɻ.ʊʠʤʦʱʫʢ ï ʍʤʝʣʴʥʠʮʢɹʠʡ, 

2003. ï 386 ʩ. 

2. ʉʝʤʝʥʶʢ ʅ.ʌ., ʉʠʨʝʥʢʦ ɻ.ɸ. ʆʧʠʩʘʥʠʝ ʪʦʧʦʛʨʘʬʠʠ ʘʥʠʟʦʪʨʦʧʥʳʭ ʰʝʨʦʭʦʚʘʪʳʭ ʧʦʚʝʨʭʥʦʩʪʝʡ 
ʪʨʝʥʠʷ ʩ ʧʦʤʦʱʴʶ ʤʦʜʝʣʠ ʩʣʫʯʘʡʥʦʛʦ ʧʦʣʷ. ʇʦʣʥʘʷ ʢʨʠʚʠʟʥʘ, ʛʣʘʚʥʳʝ ʢʨʠʚʠʟʥʳ ʠ ʦʪʥʦʰʝʥʠʝ ʛʣʘʚʥʳʭ 

ʢʨʠʚʠʟʥ ʚ ʚʝʨʰʠʥʘʭ ʤʠʢʨʦʥʝʨʦʚʥʦʩʪʝʡ. ʋʜʝʣʴʥʘʷ ʧʣʦʱʘʜʴ ʛʘʫʩʩʦʚʩʢʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʠ ʫʜʝʣʴʥʳʡ ʦʙʲʝʤ 

ʟʘʟʦʨʘ // ʊʨʝʥʠʝ ʠ ʠʟʥʦʩ. ï 1980. ï ˉ 5. ï ʉ. 815 ï 823. 

3. ʍʫʩʫ ɸ.ʇ., ɺʠʪʝʥʙʝʨʛ ʖ.ʈ., ʇʘʣʴʤʦʚ ɺ.ɸ. ʐʝʨʦʭʦʚʘʪʦʩʪʴ ʧʦʚʝʨʭʥʦʩʪʝʡ / ʪʝʦʨʝʪʠʢʦ-

ʚʝʨʦʷʪʥʦʩʪʥʳʡ ʧʦʜʭʦʜ. ï ʄ.: ʅʘʫʢʘ, 1975. ï 344 ʩ. 

4. ʉʦʢʦʣʘʥ ʂ.ʉ. ʈʦʟʨʦʙʢʘ ʥʘ ʦʩʥʦʚʽ ʪʝʦʨʽʾ ʩʪʦʭʘʩʪʠʯʥʠʭ ʧʨʦʮʝʩʽʚ ʤʝʪʦʜʫ ʨʦʟʨʘʭʫʥʢʫ ʢʦʝʬʽʮʽʻʥʪʫ 

ʪʝʨʪʷ ʢʦʚʟʘʥʥʷ ʙʝʟʟʤʘʱʫʚʘʣʴʥʠʭ ʧʦʨʰʥʝʚʠʭ ʫʱʽʣʴʥʝʥʴ. ɼʠʩ. ... ʢʘʥʜ. ʪʝʭʥ. ʥʘʫʢ. ï ʍʤʝʣʴʥʠʮʴʢʠʡ, 2001. ï 

204 ʩ. 
 

References 

 

1.Timoshchuk O.G. Development of methods for calculation and experimental study of the tightness of non-lubricating cylinder-

piston seals: dis. é Cand. tech. Sciences / O.G. Timoshchuk ï Khmelnitsky, 2003. ï 386 p. 

2. Semenyuk N.F., Sirenko G.A. Description of the topography of anisotropic rough friction surfaces using a random field model. 

Total curvature, principal curvatures, and ratio of principal curvatures at the vertices of microroughnesses. Specific area of the Gaussian surface 

and the specific volume of the gap // Friction and wear. ï 1980. ï ˉ 5. ï P. 815 ï 823. 

3. Husu A.P., Wittenberg J.R., Palmov V.A. Surface roughness / theoretical-probabilistic approach. ï ʄ .: ʅʘʫʢʘ, 1975. ï 344 ʩ.  

4. Sokolan K.S. Development on the basis of the theory of stochastic processes of a method of calculation of coefficient of sliding 

friction of non-lubricating piston consolidations. Dis. ... cand. tech. Science. ï Khmelnytsky, 2001. ï 204 p. 

 

ʅʘʜʽʡʰʣʘ / Paper received : 12.12.2020 ʨ. ʅʘʜʨʫʢʦʚʘʥʘ/Printed :04.01.2021 ʨ. 

 



 Technical sciences ISSN 2307-5732 
 

Herald of Khmelnytskyi national university, Issue 6, 2020 (291) 84 

DOI 10.31891/2307-5732-2020-291-6-84-92 

ʋɼʂ 631.3.033 

ɸ.ʈ. ʉʊɸʈʀʁ, ɸ.ɯ. ɻʆʈɼɭɭɺ 
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ʆɹɻʈʋʅʊʋɺɸʅʅʗ ʇɸʈɸʄɽʊʈɯɺ ɼʀʅɸʄɯʏʅʀʍ ʇʈʆʎɽʉɯɺ ʆʏʀʉʊʂʀ ʊɸ 

ʄʀʁʂʀ ʋ ɺɯɹʈɸʎɯʁʅɯʁ ʄɸʐʀʅɯ ɿɸʅʋʈɽʅʀʄ ʇʋʃʔʉʋʖʏʀʄ 

ʉʊʈʋʄɽʅɽʄ ʈɯɼʀʅʀ ɿ ʊɺɽʈɼʀʄʀ ʏɸʉʊʀʅʂɸʄʀ 
 
˜̨̑̏́̎́̌̈̏̃́̎̏ ̒̐̏̒̏̂̉ ̘̉̒̓̋̉ ̨ ̍̉̊̋̉ ̓́ ̨̗̩̋̏̎̒̓̑̔̋ ̙̍́̉̎ ̨ ̩̐̑̉̒̓̑̏̃ ̈ ̨̨̗̃̂̑́̊̎̉̍ ̐̑̉̃̏̅̏̍ȟ ̨̠̋ 

̨̟̝̑̆́̌̈̔̓ ̨̗ ̒̐̏̒̏̂̉Ȣ ˏ̨̉̂̑ ̋̏̎̋̑̆̓̎̏̄̏ ̒̐̏̒̏̂̔ ̘̏̉̒̓̋̉ ̓́ ̍̉̊̋̉ ̟̤̝̠̏̂̔̍̏̃̌̓̒ ̃ ̨̈́̌̆̇̎̏̒̓ ̨̃̅ ̃̉̅̔ ̓́ 
̃̌́̒̓̉̃̏̒̓̆̊ ̝̈́̂̑̔̅̎̆̎ȟ ̨̃̅ ̃̉̍̏̄ȟ ̏̚ ̠̝̠̒̓́̃̌̓̒ ̏̅̏̚ ̘̉̒̓̏̓̉ ̨̃̉̑̏̂̃ȟ ̔̍̏̃ ̓́ ̓̉̐̔ ̗̃̉̑̏̂̎̉̓̃́Ȣ 
˝̠̏̈̄̌̎̔̓̏ ̨̨̘̈̉̎̕ ̏̒̎̏̃̉ ̨̤̩̃̈́̍̏̅ ̝̟̘̐̔̌̒̔̏̄̏ ̓̔̑̂̔̌̆̎̓̎̏̄̏ ̐̏̓̏̋̔ ̨̑̅̉̎̉ ̈ ̓̃̆̑̅̉̍̉ ̘́̒̓̉̎̋́̍̉ ̨̈ 
̟̈́̂̑̔̅̎̆̎̏ ̖̟̐̏̃̆̑̎̆Ȣ ˝̠̏̈̄̌̎̔̓̏  ̨̨̘̈̉̎̕ ̏̒̎̏̃̉ ̠̒̓̃̏̑̆̎̎ ̔ ̎́̒́̅̋̔ ̨̨̗̩̃̂̑́̊̎̏ ̙̍́̉̎̉ ̝̟̘̐̔̌̒̔̏̄̏ 
̓̔̑̂̔̌̆̎̓̎̏̄̏ ̐̏̓̏̋̔ ̨̑̅̉̎̉Ȣ ˜̏̂̔̅̏̃́̎̏ ̨́̍̐̌̓̔̅̎̏-̘́̒̓̏̓̎̔ ̖́̑́̋̓̆̑̉̒̓̉̋̔ ̝̋̏̌̉̃́̎ ̨̑̅̉̎̉ ̔ ̎́̒́̅̋̔ 
̋́̍̆̑̉ ̨̝̗̩̐̔̌̒́ ̨̨̗̩̃̂̑́̊̎̏ ̙̍́̉̎̉Ȣ ˞̨̏̑̍̏̃́̎̕ ̠̈́̃̅́̎̎ ̝̙̖̐̏̅́̌̉ ̝̖̆̋̒̐̆̑̉̍̆̎̓́̌̎̉ ̅̒̏ ̨̝̌̅̇̆̎Ȣ 

˗̨̟̘̌̏̃ ̒̌̏̃́ȡ  ̘̏̉̒̓̋́ȟ ̍̉̊̋́ ̝̈́̂̑̔̅̎̆̎ȟ ̨̨̗̃̂̑́̊̎́ ̙̍́̉̎́ȟ̨̨̘̅̉̎́̍̎ ̐́̑́̍̆̓̑̉ ̗̐̑̏̆̒̔ ̓́ ̙̍́̉̎̉Ȣ 
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TECHNOLOGY OF CLEANING AND MIXING OF POLLUTION OF MACHINE PARTS AT THE REPAIR O F THE 

FLOW OF LIQUID WITH SOLID PARTICLES AND A V IBRATING  MACHINE FOR ITS REALZATION   

 
On the surface of parts and assemblies in the process of their manufacture, operation of machinery and equipment, technological 

and industrial contaminants are formed. Qualitative cleaning of objects from contaminants is achieved by a complex physico-chemical and 
mechanical impact on it, the first - is provided by the use of chemicals that affect pollution, the second - the use of mechanical energy of 
pollution (scrapers, brushes, liquid jets, abrasive jets). To ensure proper cleanliness and surface quality of machine parts, a number of 
processes using mechanical action have been developed. The share of special equipment that is made for washing to clean parts is quite high. 
To meet the needs of industry in this regard is possible through the introduction of cleaning and washing machines, built on aggregate and 
modular element base, which are not inferior to similar, special and provide high unification and flexibility. 

The methods of cleaning and washing and the design of machines and devices with vibrating drive, which implement these 
methods, are analyzed. They all have their advantages and disadvantages. The choice of a particular method of cleaning and washing 
depends on the type and properties of contaminants, the requirements for the purity of products, conditions and type of production. The need 
to create special installations for the operation of cleaning and washing of machine parts during repairs in small-scale production is an 
urgent scientific and technical task. The aim of the work is to create new methods of cleaning and washing and vibrating machines with the 
use of flooded pulsating jets of liquid with solid particles. The theoretical bases of the cleaning and washing process are considered. The 
dependence of the productivity of the cleaning process in a vibrating machine with a pulsating jet of liquid and solid particles is obtained. It 
is established that to increase the productivity of the cleaning process it is necessary to find the optimal ratio of the number of particles in the 
jet at the smallest distance from the nozzle to the surface to be cleaned when reaching the highest particle velocity. The physical bases of the 
interaction of a pulsating turbulent fluid flow with solid particles with a contaminated surface are considered. The physical bases of creation 
of a pulsating turbulent liquid flow in the nozzle of the vibrating machine are considered. The amplitude-frequency characteristic of fluid 
oscillations in the nozzle of the pulsation chamber of the vibrating machine is constructed. Tasks of further researches are formed. 

Keywords: cleaning, dirt washing, vibrating machine, dynamic process and machine parameters. 
 

ɺʩʪʫʧ 

ʅʘ ʧʦʚʝʨʭʥʽ ʜʝʪʘʣʝʡ ʽ ʩʢʣʘʜʘʣʴʥʠʭ ʚʫʟʣʽʚ ʚ ʧʨʦʮʝʩʽ ʾʭ ʚʠʛʦʪʦʚʣʝʥʥʷ, ʝʢʩʧʣʫʘʪʘʮʽʾ ʤʘʰʠʥ ʽ 

ʫʩʪʘʪʢʫʚʘʥʥʷ ʫʪʚʦʨʶʶʪʴʩʷ ʪʝʭʥʦʣʦʛʽʯʥʽ ʪʘ ʚʠʨʦʙʥʠʯʽ ʟʘʙʨʫʜʥʝʥʥʷ. ʗʢʽʩʥʝ ʦʯʠʱʝʥʥʷ ʦʙ'ʻʢʪʽʚ ʚʽʜ ʟʘʙʨʫʜʥʝʥʴ 

ʜʦʩʷʛʘʻʪʴʩʷ ʢʦʤʧʣʝʢʩʥʠʤ ʬʽʟʠʢʦ-ʭʽʤʽʯʥʠʤ ʽ ʤʝʭʘʥʽʯʥʠʤ ʚʧʣʠʚʦʤ ʥʘ ʥʴʦʛʦ, ʧʝʨʰʝ ï ʟʘʙʝʟʧʝʯʫʻʪʴʩʷ 

ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʭʽʤʽʯʥʠʭ ʨʝʯʦʚʠʥ, ʱʦ ʚʧʣʠʚʘʶʪʴ ʥʘ ʟʘʙʨʫʜʥʝʥʥʷ, ʜʨʫʛʝ ï ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʤʝʭʘʥʽʯʥʦʾ ʝʥʝʨʛʽʾ 

ʚʧʣʠʚʫ ʥʘ ʟʘʙʨʫʜʥʝʥʥʷ (ʩʢʨʝʙʢʠ, ʱʽʪʢʠ, ʩʪʨʫʤʝʥʽ ʨʽʜʠʥʠ, ʩʪʨʫʤʝʥʽ ʘʙʨʘʟʠʚʫ). ɼʣʷ ʟʘʙʝʟʧʝʯʝʥʥʷ ʥʘʣʝʞʥʦʾ 

ʯʠʩʪʦʪʠ ʽ ʷʢʦʩʪ̔ ʧʦʚʝʨʭʥʽ ʜʝʪʘʣʝʡ ʤʘʰʠʥ ʨʦʟʨʦʙʣʝʥʦ ʨʷʜ ʧʨʦʮʝʩʽʚ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʤʝʭʘʥʽʯʥʦʾ ʜʽʾ. ʏʘʩʪʢʘ 

ʩʧʝʮʽʘʣʴʥʦʛʦ ʦʙʣʘʜʥʘʥʥʷ, ʷʢʝ ʚʠʛʦʪʦʚʣʷʻʪʴʩʷ ʜʣʷ ʤʠʪʪʷ ʜʣʷ ʦʯʠʱʝʥʥʷ ʜʝʪʘʣʝʡ ʜʦʩʠʪʴ ʚʠʩʦʢʘ. ɿʘʜʦʚʦʣʴʥʠʪʠ 

ʧʦʪʨʝʙʠ ʧʨʦʤʠʩʣʦʚʦʩʪʽ ʚ ʮʴʦʤʫ ʧʣʘʥʽ ʤʦʞʣʠʚʦ ʟʘ ʨʘʭʫʥʦʢ ʚʧʨʦʚʘʜʞʝʥʥ̫  ʦʯʠʩʥʠʭ ʪʘ ʤʠʡʥʠʭ ʤʘʰʠʥ, 

ʧʦʙʫʜʦʚʘʥʠʭ ʥʘ ʘʛʨʝʛʘʪʥʽʡ ʽ ʤʦʜʫʣʴʥʦʾ ʝʣʝʤʝʥʪʥʽʡ ʙʘʟʽ, ʷʢʽ ʥʝ ʧʦʩʪʫʧʘʶʪʴʩʷ ʧʦʜʽʙʥʠʤ, ʩʧʝʮʽʘʣʴʥʠʤ ʽ 

ʟʘʙʝʟʧʝʯʫʶʪʴ ʚʠʩʦʢʫ ʫʥʽʬʽʢʘʮʽʶ ʽ ʛʥʫʯʢʽʩʪʴ. 

ɸʥʘʣʽʟ ʦʩʪʘʥʥʽʭ ʜʦʩʣʽʜʞʝʥʴ ʽ ʧʫʙʣʽʢʘʮʽʡ 

ʇʠʪʘʥʥʷʤʠ ʪʝʦʨʽʾ ʪʘ ʧʨʘʢʪʠʢʠ ʦʯʠʩʪʢʠ ʽ ʤʠʡʢʠ ʜʝʪʘʣʝʡ ʧʨʠ ʚʠʛʦʪʦʚʣʝʥʽ ʪʘ ʨʝʤʦʥʪʽ ʟʘʡʤʘʣʠʩʷ ʙʘʛʘʪʦ 

ʚʯʝʥʠʭ ʜʦʩʣʽʜʥʠʢʽʚ, ʘ ʩʘʤʝ: ʃ. ʄ. ɻʫʨʝʚʠʯ, ʖ. ʉ. ʂʦʟʣʦʚ, ɸ. ɸ. ʂʫʣʠʢʦʚ, ʄ. ɹ. ʃʘʪʠʰʝʥʢʦ, 

ɸ. ʇ. ʉʘʜʦʚʩʴʢʠʡ, ʄ. ʌ. ʊʝʣʴʥʦʚ, ʈ. ɯ. ʉʽʣʽʥ, ʅ. ɸ. ʉʽʚʯʝʥʢʦ, ʘʣʝ ʧʦʷʚʘ ʥʦʚʠʭ ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʧʨʦʮʝʩʽʚ 

ʚʠʛʦʪʦʚʣʝʥʥʷ ʜʝʪʘʣʝʡ, ʥʦʚʠʭ ʚʠʤʦʛ ʜʦ ʷʢʦʩʪʽ ʨʝʤʦʥʪʫ ʨʽʟʥʦʤʘʥʽʪʥʠʭ ʦʙ'ʻʢʪʽʚ ʪʝʭʥʽʢʠ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʧʦʰʫʢʫ 

ʥʦʚʠʭ ʪʝʭʥʦʣʦʛʽʡ ʽ ʤʝʪʦʜʽʚ ʪʘ ʩʪʚʦʨʝʥʥʷ ʥʦʚʠʭ ʢʦʥʩʪʨʫʢʮʽʡ ʫʩʪʘʥʦʚʦʢ ʜʣʷ ʪʘ ʤʠʡʢʠ ʜʝʪʘʣʝʡ ʦʙ'ʻʢʪʽʚ, 

ʦʩʦʙʣʠʚʦ ʫ ʩʝʨʽʡʥʦʤʫ ʽ  ʜʨ̔ʙʥʦʩʝʨʽʡʥʦʤʫ ʪʘ ʦʜʠʥʠʯʥʦʤʫ ʪʠʧʘʭ ʚʠʨʦʙʥʠʮʪʚʘ ʧʨʠ ʚʠʛʦʪʦʚʣʝʥʽ ʜʝʪʘʣʝʡ ʪʘ 

ʨʝʤʦʥʪʫ ʦʙʣʘʜʥʘʥʥʷ. 

ʇʨʦʮʝʩʘʤʠ  ʦʟʜʦʙʣʶʚʘʣʴʥʦ-ʟʘʯʠʱʫʚʘʣʴʥʦʾ ʚʽʙʨʦʦʙʨʦʙʢʠ ʟʘʡʤʘʣʠʩʴ ɸ. ʇ. ɹʘʙʽʯʝʚ, ʄ. ɽ. ʐʘʽʥʩʴʢʠʡ, 

ɸ. ɺ. ʄʽʮʠʢ, ɺ. ɸ. ʌʝʜʦʨʦʚʽʯ, ʩʪʨʫʤʽʥʦ-ʘʙʨʘʟʠʚʥʦʶ ʦʙʨʦʙʢʦʶ ʤʽʣʢʠʭ ʜʝʪʘʣʝʡ ɸ. ɽ. ʇʨʦʚʦʣʦʮʢʠʡ,  

ɸ. ɸ. ɸʥʜʽʣʘʭʘʡ, ʌ. ɺ. ʅʦʚʽʢʦʚ, ɸ. ɹ.  ʎʠʛʘʥʦʚʩʴʢʽʡ. ʋ ʨʝʟʫʣʴʪʘʪʽ ʧʨʦʚʝʜʝʥʠʭ ʪʝʦʨʝʪʠʯʥʠʭ ʪʘ 

ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʜʦʩʣʽʜʞʝʥʴ ʚʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʛʽʜʨʦʘʙʨʘʟʠʚʥʝ ʟʥʦʰʫʚʘʥʥʷ ʚʽʜʙʫʚʘʻʪʴʩʷ ʚ ʫʤʦʚʘʭ ʫʜʘʨʥʦʾ 
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ʜʽʾ ʪʚʝʨʜʠʭ ʯʘʩʪʠʥʦʢ ʥʘ ʧʦʚʝʨʭʥʶ ʪʽʣʘ. ɿʘʣʝʞʥʦ ʚʽʜ ʚʣʘʩʪʠʚʦʩʪʝʡ ʤʘʪʝʨʽʘʣʽʚ ̔ ʢʫʪʘ ʘʪʘʢʠ ʘʙʨʘʟʠʚʥʠʤʠ 

ʯʘʩʪʠʥʢʘʤʠ ʟʥʦʰʫʚʘʥʥʷ ʤʦʞʝ ʤʘʪʠ ʧʨʠʨʦʜʫ ʢʨʠʭʢʦʛʦ ʨʫʡʥʫʚʘʥʥʷ (ʟʥʦʩ ʩʠʣʽʢʘʪʥʦʛʦ ʩʢʣʘ), ʤʽʢʨʦʨʽʟʥʘʥʥʷ 

(ʟʥʦʩ ʤʽʜʽ), ʧʣʘʩʪʠʯʥʦʛʦ ʚʽʜʪʠʩʢʫʚʘʥʥʷ, ʚʠʥʠʢʥʝʥʥʷ ʽ ʟʨʦʩʪʘʥʥʷ ʤʽʢʨʦʪʨʽʱʠʥ. ɯʥʪʝʥʩʠʚʥʽʩʪʴ ʟʥʦʰʫʚʘʥʥʷ 

ʟʘʣʝʞʠʪʴ ʚʽʜ ʢʫʪʘ ʘʪʘʢʠ [1], ʰʚʠʜʢʦʩʪʽ ʧʦʪʦʢʫ, ʢʦʥʮʝʥʪʨʘʮʽʾ, ʨʦʟʤʽʨʫ, ʪʚʝʨʜʦʩʪʽ ʘʙʨʘʟʠʚʥʠʭ ʯʘʩʪʠʥʦʢ, 

ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ ʪʚʝʨʜʦʩʪʽ ʧʦʚʝʨʭʥʽ ʤʘʪʝʨʽʘʣʫ ʽ ʘʙʨʘʟʠʚʥʠʭ ʯʘʩʪʠʥʦʢ. ɿʽ ʟʤʝʥʰʝʥʥʷʤ ʢʫʪʘ ʘʪʘʢʠ ʟʥʠʞʫʻʪʴʩʷ 

ʚʝʣʠʯʠʥʘ ʫʜʘʨʥʦʛʦ ʽʤʧʫʣʴʩʫ, ʟʙʽʣʴʰʫʻʪʴʩʷ ʡʤʦʚʽʨʥʽʩʪʴ ʤʽʢʨʦʨʽʟʘʥʥʷ ʧʦʚʝʨʭʥʽ. 

ʗʢʩ̔ʥʝ ʦʯʠʝɦʥʥʷ ʦʙ'ʻʢʪʽʚ ʜʦʩʷʛʘʻʪʴʩʷ ʟʘ ʨʘʭʫʥʦʢ ʢʦʤʧʣʝʢʩʥʦʾ ʚʟʘʻʤʦʜʽʾ ʬʽʟʠʢʦ-ʭʽʤʽʯʥʦʛʦ ʪʘ 

ʤʝʭʘʥʽʯʥʦʛʦ ʚʧʣʠʚʫ ʤʠʶʯʦʛʦ ʩʪʨʫʤʝʥʷ ʥʘ ʟʘʙʨʫʜʥʝʥʥʷ. ʌʽʟʠʢʦ-ʭʽʤʽʯʥʠʡ ʬʘʢʪʦʨ ʟʘʙʝʟʧʝʯʫʻʪʴʩʷ 

ʟʘʩʪʦʩʫʚʘʥʥʷʤ ʥʘʛʨʽʪʠʭ ʤʠʶʯʠʭ ʨʦʟʯʠʥʽʚ, ʱʦ ʧʦʚ'ʷʟʘʥʦ ʟʽ ʟʥʘʯʥʠʤʠ ʤʘʪʝʨʽʘʣʴʥʠʤʠ ʚʠʪʨʘʪʘʤʠ ʥʘ ʧʨʠʜʙʘʥʥʷ 

ʽ ʥʘʛʨʽʚ ʮʠʭ ʨʦʟʯʠʥʽʚ ʧʨʠ ʥʝʩʧʨʠʷʪʣʠʚʦʤʫ ʚʧʣʠʚʽ ʾʭ ʥʘ ʥʘʚʢʦʣʠʰʥʻ ʧʨʠʨʦʜʥʝ ʩʝʨʝʜʦʚʠʱʝ. ʊʦʤʫ, ʨʦʟʨʦʙʢʘ 

ʪʝʭʥʦʣʦʛʽʾ ʜʣʷ ʧʦʣʽʧʰʝʥʥʷ ʷʢʦʩʪʽ ʨʝʤʦʥʪʫ ʽ ʪʝʭʥʽʯʥʦʛʦ ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ ʦʙʣʘʜʥʘʥʥʷ, ʟ ʧʦʚʝʨʭʥʽ ʜʝʪʘʣʝʡ ʪʘ 

ʚʫʟʣʽʚ ʥʝʦʙʭʽʜʥʦ ʚʠʜʘʣʷʪʠ ʥʝ ʪʽʣʴʢʠ ʩʣʘʙʦ ʽ ʩʝʨʝʜʥʴʦ ʟʚôʷʟʘʥʽ ʟʘʙʨʫʜʥʝʥʥʷ (ʜʦʨʦʞʥʽʡ ʙʨʫʜ, ʦʣʽʡʥʦ-ʛʨʷʟʴʦʚʽ 

ʚ̔ ʜʢʣʘʜʝʥʥʷ ʽ ʪ.ʜ.), ʘʣʝ ʽ ʤʽʮʥʦ ʟʚôʷʟʘʥʽ (ʧʨʦʜʫʢʪʠ ʢʦʨʦʟʽʡʥʦʛʦ ʨʫʡʥʫʚʘʥʥʷ, ʩʪʘʨʝ ʣʘʢʦʬʘʨʙʦʚʝ ʧʦʢʨʠʪʪʷ ʪʘ 

ʪ.ʧ.), ʷʢʽ ʟʘʡʤʘʶʪʴ ʙʣʠʟʴʢʦ 10% ʟʘʛʘʣʴʥʦʾ ʧʣʦʱʽ ʧʦʚʝʨʭʥʽ ʦʙ'ʻʢʪʽʚ ʽ ʤʘʶʪʴ ʥʘʡʙʽʣʴʰʫ ʪʨʫʜʦʤʽʩʪʢʽʩʪʴ 

ʚʠʜʘʣʝʥʥʷ. 

ʇʽʜʚʠʱʝʥʥʷ ʝʬʝʢʪʠʚʥʦʩʪʽ ʦʯʠʩʥʠʭ ʪʘ ʤʠʶʯʠʭ ʫʩʪʘʥʦʚʦʢ ʜʦʩʷʛʘʻʪʴʩʷ ʟʘ ʨʘʭʫʥʦʢ ʧʽʜʚʠʱʝʥʥʷ 

ʤʝʭʘʥʽʯʥʦʾ ʜʽʾ ʩʪʨʫʤʝʥʷ ʥʘ ʟʘʙʨʫʜʥʝʥʥʷ. ʅʘʡʙʽʣʴʰ ʧʝʨʩʧʝʢʪʠʚʥʠʤʠ ʽ ʧʦʰʠʨʝʥʠʤʠ ʟ ʽʩʥʫʶʯʠʭ ʥʘ 

ʩʴʦʛʦʜʥʽʰʥʽʡ ʜʝʥʴ ʪʝʭʥʦʣʦʛʽʡ ʦʯʠʱʝʥʥʷ ʪʘ ʤʠʪʪʷ ʦʙ'ʻʢʪʽʚ ʻ ʪʝʭʥʦʣʦʛʽʾ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʚʦʜʷʥʠʭ ʩʪʨʫʤʝʥʽʚ 

ʚʠʩʦʢʦʛʦ ʪʠʩʢʫ [2-4]. ʆʩʪʘʥʥʽʤ ʯʘʩʦʤ ʟʨʦʩʪʘʥʥʷ ʝʬʝʢʪʠʚʥʦʩʪʽ ʦʯʠʱʝʥʥʷ ʤʘʰʠʥ ʧʨʠ ʚʠʢʦʨʠʩʪʘʥʥʽ 

ʪʝʭʥʦʣʦʛʽʡ ʩʪʨʫʤʠʥʥʦʛʦ ʦʯʠʱʝʥʥʷ ʜʦʩʷʛʘʻʪʴʩʷ ʟʘ ʨʘʭʫʥʦʢ ʟʙʽʣʴʰʝʥʥʷ ʢʽʥʝʪʠʯʥʦʾ ʝʥʝʨʛʽʾ ʩʪʨʫʤʝʥʷ ʰʣʷʭʦʤ 

ʧʽʜʚʠʱʝʥʥʷ ʪʠʩʢʫ ʧʦʜʘʯʽ ʤʠʶʯʦʾ ʨʽʜʠʥʠ ʘʙʦ ʜʦʜʘʚʘʥʥʷʤ ʜʦ ʥʝʾ ʘʙʨʘʟʠʚʥʦʛʦ ʤʘʪʝʨʽʘʣʫ. ʗʢ ʟʙʽʣʴʰʝʥʥʷ 

ʤʝʭʘʥʽʯʥʦʛʦ ʬʘʢʪʦʨʘ, ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʟʘʩʪʦʩʫʚʘʥʥʷ ʘʙʨʘʟʠʚʫ, ʷʢ ʦʢʨʝʤʦ (ʩʫʭʽ ʩʪʨʫʤʝʥʽ), ʪʘʢ ʽ ʩʧʽʣʴʥʦ ʟ 

ʤʠʶʯʠʤ ʨʦʟʯʠʥʦʤ (ʚʦʜʦ-ʧʽʩʢʦʩʪʨʫʤʠʥʥʘ ʦʙʨʦʙʢʘ) ʘʙʦ ʧʽʜʚʠʱʝʥʥʷ ʪʠʩʢʫ ʤʠʡʥʦʛʦ ʩʪʨʫʤʝʥʷ [5].  

ɼʘʥʽ ʩʧʦʩʦʙʠ ʟʘʙʝʟʧʝʯʫʶʪʴ ʟʥʘʯʥʫ ʷʢʽʩʪʴ ʤʠʪʪʷ ʪʘ ʦʯʠʩʪʢʠ ʽ ʚʠʩʦʢʫ ʧʨʦʜʫʢʪʠʚʥʽʩʪʴ, ʘʣʝ ʾʭ ʨʦʙʦʪʘ 

ʧʦʚ'ʷʟʘʥʘ ʟʽ ʟʥʘʯʥʠʤʠ ʝʥʝʨʛʝʪʠʯʥʠʤʠ ʟʘʪʨʘʪʘʤʠ ʯʝʨʝʟ ʚʝʣʠʢʫ ʧʦʪʫʞʥʽʩʪʴ ʧʨʠʚʦʜʫ, ʷʢʘ ʥʝʦʙʭʽʜʥʘ ʜʣʷ ʧʦʜʘʯʽ 

ʚʦʜʠ ʽ ʘʙʨʘʟʠʚʫ. ɿ ʤʝʪʦʶ ʦʯʠʩʪʢʠ ʢʦʥʢʨʝʪʥʦʛʦ ʟʘʙʨʫʜʥʝʥʥʷ ʥʝʦʙʭʽʜʥʦ ʨʦʟʨʦʙʣʷʪʠ ʪʝʭʥʦʣʦʛʽʾ ʦʯʠʩʪʢʠ, ʷʢʽ 

ʟʜʽʡʩʥʶʶʪʴ ʟʨʠʚ ʟʘʙʨʫʜʥʶʶʯʦʛʦ ʤʘʪʝʨʽʘʣʫ ʧʽʜ ʜʽʻʶ ʜʦʜʘʪʢʦʚʠʭ ʥʘʧʨʫʞʝʥʴ, ʩʪʚʦʨʝʥʠʭ ʫ ʧʦʪʦʮʽ ʤʠʶʯʦʾ 

ʨʽʜʠʥʠ ʟʘ ʜʦʧʦʤʦʛʦʶ ʘʙʨʘʟʠʚʫ ʘʙʦ ʯʘʩʪʠʥʦʢ ʧʦʣʽʤʝʨʥʦʾ ʢʨʠʭʪʠ. ɼʣʷ ʤʠʡʢʠ ʟʘʙʨʫʜʥʝʥʴ ʧʝʨʩʧʝʢʪʠʚʥʠʤ ʻ 

ʟʘʩʪʦʩʫʚʘʥʥʷ ʚʽʙʨʘʮʽʡʥʠʭ ʧʨʠʚʦʜʽʚ ʚ ʦʙʣʘʜʥʘʥʥʽ ʪʘ ʷʚʠʱʝ ʢʘʚʽʪʘʮʽʾ, ʷʢʝ ʤʘʻ ʟʥʘʯʥʫ ʨʫʡʥʽʚʥʫ ʝʥʝʨʛʽʻʶ, ʘ 

ʛʘʟʦʚʽ ʧʫʭʠʨʮʽ, ʷʢʽ ʥʝ ʩʧʣʝʩʥʫʣʠʩʴ, ʟʙʽʣʴʰʫʶʪʴ ʩʠʣʫ ʪʝʨʪʷ ʛʘʟʦʨʽʜʠʥʥʦʛʦ ʧʦʪʦʢʫ ʥʘ ʧʦʚʝʨʭʥʽ 

ʟʘʙʨʫʜʥʝʥʥʷ [6]. 

ɺʽʜʦʤʽ ʩʧʦʩʦʙʠ ʪʘ ʢʦʥʩʪʨʫʢʮʽʾ ʤʘʰʠʥ ʪʘ ʧʨʠʩʪʨʦʾʚ ʟ ʚʽʙʨʘʮʽʡʥʠʤ ʧʨʠʚʦʜʦʤ ʜʣʷ ʯʠʩʪʢʠ ʪʘ ʤʠʡʢʠ 

ʜʝʪʘʣʝʡ ʪʘ ʚʫʟʣʽʚ ʜʣʷ ʨʽʟʥʠʭ ʟʘʙʨʫʜʥʝʥʴ, ʷʢʽ ʚʠʥʠʢʘʶʪʴ ʧʨʠ ʚʠʨʦʙʥʠʮʪʚʽ ʘʙʦ ʨʝʤʦʥʪʽ ʦʙʣʘʜʥʘʥʥʷ ʪʘ ʪʝʭʥʽʢʠ 

[7-9]. ʇʨʠʩʪʨʽʡ [7] ʜʣʷ ʤʠʡʢʠ ʜʝʪʘʣʝʡ ʤʽʩʪʠʪʴ ʚʘʥʥʫ ʜʣʷ ʤʠʶʯʦʾ ʨʽʜʠʥʠ, ʜʽʘʬʨʘʛʤʫ, ʪʨʫʙʢʫ ʩʦʧʣʦ, ʩʽʪʢʫ ʜʣʷ 

ʨʦʟʤʽʱʝʥʥʷ ʜʝʪʘʣʝʡ, ʝʣʝʢʪʨʦʤʘʛʥʽʪʥʠʡ ʚʽʙʨʘʮʽʡʥʠʡ ʧʨʠʚʦʜ. ɺʘʜʦʶ ʜʘʥʦʛʦ ʧʨʠʩʪʨʦʶ ʻ ʥʝʚʝʣʠʢʘ ʘʤʧʣʽʪʫʜʘ 

ʢʦʣʠʚʘʥʴ ʤʝʤʙʨʘʥʠ ʧʨʠ ʟʥʘʯʥʽʡ ʯʘʩʪʦʪʽ (50 ɻʮ), ʱʦ ʩʪʚʦʨʶʻ ʥʝʚʝʣʠʢʫ ʰʚʠʜʢʽʩʪʴ ʩʪʨʫʤʝʥʶ ʟ ʥʘʩʘʜʢʘ, ʘ 

ʪʘʢʦʞ ʥʝʤʦʞʣʠʚʽʩʪʴ ʧʨʦʤʠʚʘʪʠ ʚʠʨʽʙ ʟ ʨʽʟʥʠʭ ʙʦʢʽʚ. ʇʨʠʩʪʨʽʡ [8] ʜʣʷ ʤʠʡʢʠ ʤʽʣʢʠʭ ʜʝʪʘʣʝʡ ʤʽʩʪʠʪʴ ʚʘʥʥʫ 

ʜʣʷ ʤʠʶʯʦʛʦ ʨʦʟʯʠʥʫ, ʜʥʦ ʷʢʦʾ ʤʘʻ ʤʦʞʣʠʚʽʩʪʴ ʢʦʣʠʚʘʪʠʩʷ, ʢʘʩʝʪʫ ʟ ʜʝʪʘʣʷʤʠ, ʷʢʘ ʚʩʪʘʥʦʚʣʶʻʪʴʩʷ ʫ ʚʘʥʥʫ. 

ʄʠʡʢʘ ʜʝʪʘʣʝʡ ʟʜʽʡʩʥʶʻʪʴʩʷ ʧʝʨʽʦʜʠʯʥʠʤ ʦʤʠʚʘʥʥʷʤ ʧʦʚʝʨʭʦʥʴ ʜʝʪʘʣʽ ʤʠʡʥʦʶ ʨʽʜʠʥʦʶ ʟ ʚʝʣʠʢʠʤʠ 

ʰʚʠʜʢʦʩʪʷʤʠ. 

ʉʪʚʦʨʝʥʥʷ ʚʽʙʨʘʮʽʡʥʦʛʦ ʦʙʣʘʜʥʘʥʥʷ ʟ ʧʫʣʴʩʫʶʯʠʤ ʨʦʙʦʯʠʤ ʪʽʣʦʤ ʥʘ ʦʩʥʦʚʽ  ʛʽʜʨʦʧʫʣʴʩʘʪʦʨʘ (ɻʇ) 

[6,9], ʫ ʷʢʦʤʫ ʨʦʙʦʯʝ ʪʽʣʦ ʚʠʩʪʫʧʘʻ ʷʢ  ʽʥʩʪʨʫʤʝʥʪ, ʩʪʨʠʤʫʻʪʴʩʷ ʥʝʜʦʩʪʘʪʥʽʩʪʶ ʪʝʦʨʝʪʠʯʥʠʭ ʪʘ 

ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʜʦʩʣʽʜʞʝʥʴ ʚ ʮʽʡ ʦʙʣʘʩʪʽ. ʎʠʤ ʟʫʤʦʚʣʶʻʪʴʩʷ ʘʢʪʫʘʣʴʥʽʩʪʴ ʨʦʙʦʪʠ. ʗʢ ʧʦʢʘʟʘʣʠ ʨʘʥʽʰʝ 

ʚʠʢʦʥʘʥʽ ʜʦʩʣʽʜʞʝʥʥʷ ʜʠʥʘʤʽʯʥʠʭ ʷʚʠʱ ʫ ʨʽʜʠʥʥʠʭ ʩʝʨʝʜʦʚʠʱʘʭ [6], ʧʽʜʜʘʥʠʭ ʢʝʨʦʚʘʥʠʤ ʚʽʙʨʘʮʽʡʥʠʤ 

ʚʧʣʠʚʘʤ, ʱʦ ʚʦʥʠ ʤʦʞʫʪʴ ʙʫʪʠ ʫʩʧʽʰʥʦ ʚʠʢʦʨʠʩʪʘʥʽ ʜʣʷ ʟʜʽʡʩʥʝʥʥʷ ʪʘ ʽʥʪʝʥʩʠʬʽʢʘʮʽʾ ʟʘʟʥʘʯʝʥʠʭ ʧʨʦʮʝʩʽʚ. 

ɸʢʪʫʘʣʴʥʽʩʪʴ ʜʦʩʣʽʜʞʝʥʥʷ 

ʇʦʪʨʝʙʘ ʫ ʩʪʚʦʨʝʥʽ ʩʧʝʮʽʘʣʴʥʠʭ ʫʩʪʘʥʦʚʦʢ ʜʣʷ ʚʠʢʦʥʘʥʥʷ ʦʧʝʨʘʮʽʾ ʦʯʠʩʪʢʠ ʪʘ ʤʠʡʢʠ ʜʝʪʘʣʝʡ ʤʘʰʠʥ 

ʧʨʠ ʨʝʤʦʥʪʽ ʫ ʜʨʽʙʥʦʩʝʨʽʡʥʦʤʫ ʚʠʨʦʙʥʠʮʪʚʽ ʻ ʘʢʪʫʘʣʴʥʠʤ ʥʘʫʢʦʚʦ-ʪʝʭʥʽʯʥʠʤ ʟʘʚʜʘʥʥʷʤ. ʄʝʪʦʶ ʨʦʙʦʪʠ ʻ 

ʩʪʚʦʨʝʥʥʷ ʥʦʚʠʭ ʩʧʦʩʦʙʽʚ ʦʯʠʱʝʥʥʷ ʽ ʤʠʡʢʠ ʪʘ ʚʙ̔ʨʘʮʽʡʥʠʭ ʤʘʰʠʥ ʽʟ ʟʘʩʪʦʩʫʚʘʥʥʷʤ ʟʘʪʦʧʣʝʥʠʭ ʧʫʣʴʩʫʶʯʠʭ 

ʩʪʨʫʤʝʥʽʚ ʨʽʜʠʥʠ ʟ ʪʚʝʨʜʠʤʠ ʯʘʩʪʠʥʢʘʤʠ.  

ɺʠʢʣʘʜ ʦʩʥʦʚʥʦʛʦ ʤʘʪʝʨʽʘʣʫ 

ʈʝʞʠʤʠ ʦʯʠʩʪʢʠ ʪʘ ʤʠʡʢʠ ʧʦʚʝʨʭʥʽ ʜʝʪʘʣʽ ʧʦʪʦʢʦʤ ʤʠʶʯʦʾ ʨʽʜʠʥʠ (ʦʧʪʠʤʘʣʴʥʫ ʪʝʭʥʦʣʦʛʽʶ) 

ʚʠʟʥʘʯʘʶʪʴ, ʚʠʭʦʜʷʯʠ ʟ ʘʥʘʣʽʟʫ ʛʽʜʨʦʜʠʥʘʤʽʯʥʦʾ ʚʟʘʻʤʦʜʽʾ ʤʠʶʯʦʾ ʨʽʜʠʥʠ ʟ ʯʘʩʪʠʥʢʘʤʠ ʟ ʽʩʥʫʶʯʠʤ 

ʟʘʙʨʫʜʥʝʥʥʷʤ ʥʘ ʜʝʪʘʣʷʭ, ʘ ʪʘʢʦʞ ʥʘ ʧʽʜʩʪʘʚʽ ʘʥʘʣʽʟʫ ʨʝʟʫʣʴʪʘʪʽʚ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʜʦʩʣʽʜʞʝʥʴ. ʋ ʮʴʦʤʫ 

ʟʚ'ʷʟʢʫ, ʨʦʟʛʣʷʥʝʤʦ ʤʝʭʘʥʽʟʤ ʚʠʜʘʣʝʥʥʷ ʟʘʙʨʫʜʥʝʥʴ ʟʘʥʫʨʝʥʠʤ ʧʫʣʴʩʫʶʯʠʤ ʧʦʪʦʢʦʤ ʤʠʶʯʦʾ ʨʽʜʠʥʠ ʽʟ 

ʚʢʣʶʯʝʥʥʤ̫ʠ ʪʚʝʨʜʠʭ ʯʘʩʪʠʥʦʢ. ʅʝ ʧʨʠʤʝʥʰʫʶʯʠ ʧʨʠ ʮʴʦʤʫ ʟʥʘʯʝʥʥʷ ʬʽʟʠʢʦ-ʭʽʤʽʯʥʠʭ ʬʘʢʪʦʨʽʚ, 

ʦʙʫʤʦʚʣʝʥʠʭ ʘʢʪʠʚʥʽʩʪʶ ʤʠʶʯʦʛʦ ʩʝʨʝʜʦʚʠʱʘ, ʚʚʘʞʘʻʪʴʩʷ, ʱʦ ʧʨʦʮʝʩ ʤʝʭʘʥʽʯʥʦʛʦ ʚʧʣʠʚʫ ʨʽʜʠʥʠ ʥʘ 

ʟʘʙʨʫʜʥʝʥʥʷ ʻ ʦʜʥʽʻʶ ʟ ʦʩʥʦʚʥʠʭ ʫʤʦʚ, ʱʦ ʚʠʟʥʘʯʘʻ ʝʬʝʢʪʠʚʥʽʩʪʴ ʦʯʠʩʪʢʠ ʪʘ  ʤʠʡʢʠ. ʇʨʦʮʝʩ ʦʯʠʩʪʢʠ ʪʘ 

ʤʠʡʢʠ ʧʦʚʝʨʭʥʽ ʚʠʨʦʙʫ ʧʦʪʦʢʦʤ ʨʽʜʠʥʠ ʟ ʪʚʝʨʜʠʤʠ ʯʘʩʪʠʥʢʘʤʠ  ʤʦʞʥʘ ʨʦʟʜʽʣʠʪʠ ʥʘ ʥʘʩʪʫʧʥʽ, ʟʚ'ʷʟʘʥʽ ʤʽʞ 

ʩʦʙʦʶ, ʝʣʝʤʝʥʪʘʨʥʽ ʧʨʦʮʝʩʠ: ʬʦʨʤʫʚʘʥʥʷ ʧʫʣʴʩʫʶʯʦʛʦ ʩʪʨʫʤʝʥʶ ʨʽʜʠʥʠ ʟ ʪʚʝʨʜʠʤʠ ʯʘʩʪʠʥʢʘʤʠ, ʧʦʜʘʯʘ 

ʧʦʪʦʢʫ ʨʽʜʠʥʠ ʜʦ ʧʦʚʝʨʭʥʽ, ʱʦ ʦʯʠʱʫʻʪʩɹ̫ , ʚʽʜʨʠʚ ʯʘʩʪʠʥʦʢ ʟʘʙʨʫʜʥʝʥʴ ʪʘ ʾʭ ʟʤʠʚʘʥʥʷ ʟ ʧʦʚʝʨʭʥʽ, ʱʦ 

ʦʯʠʱʘʻʪʴʩʷ, ʟʘʚʠʩʘʥʥʷ ʟʘʙʨʫʜʥʝʥʴ ʫ ʧʦʪʦʮʽ ʨʽʜʠʥʠ, ʪʨʘʥʩʧʦʨʪʫʚʘʥʥʷ ʟʘʙʨʫʜʥʝʥʴ ʜʦ ʬʽʣʴʪʨʫʶʯʦʛʦ 

ʧʨʠʩʪʨʦʶ.  
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ʅʘ ʨʠʩ.1 ʧʨʝʜʩʪʘʚʣʝʥʘ ʩʭʝʤʘ ʨʦʙʦʪʠ ʚʽʙʨʘʮʽʡʥʦʾ ʤʘʰʠʥʠ ʜʣʷ ʦʯʠʱʝʥʥʷ ʪʘ ʤʠʡʢʠ ʜʝʪʘʣʝʡ ʤʘʰʠʥ ʫ 

ʧʫʣʴʩʫʶʯʦʤʫ ʧʦʪʦʮʽ ʨʽʜʠʥʠ ʟ ʪʚʝʨʜʠʤʠ ʯʘʩʪʠʥʢʘʤʠ [10]. ɺʦʥʘ ʩʢʣʘʜʘʻʪʴʩʷ ʟ ʚʘʥʥʠ 1 ʫ ʷʢʽʡ ʥʘ ʜʥʽ 

ʚʩʪʘʥʦʚʣʝʥʦ ʢʘʤʝʨʫ ʧʫʣʴʩʘʮʽʾ 2, ʷʢʘ ʟôʻʜʥʘʥʘ ʰʪʦʢʦʤ ʟ ʚʽʙʨʘʮʽʡʥʠʤ ʧʨʠʚʦʜʦʤ 4. ɺ ʥʝʾ ʚʩʪʘʥʦʚʣʝʥʦ ʢʦʨʦʙ 7 

ʜʣʷ ʟʙʦʨʫ ʪʚʝʨʜʠʭ ʯʘʩʪʠʥʦʢ 11 ʽʟ ʩʽʪʢʦʶ 6 ʟʥʠʟʫ ʥʘʜ ʩʦʧʣʦʤ ʪʘ ʥʘ ʙʽʯʥʠʭ ʧʦʚʝʨʭʥʷʭ 9 ʜʣʷ ʨʦʟʪʽʢʘʥʥʷ ʧʦʪʦʢʫ 

ʨʽʜʠʥʠ. ʋ ʢʦʨʦʙʽ 7 ʥʘʜ ʩʽʪʢʦʶ 6 ʥʘ ʷʢʫ ʥʘʧʨʘʚʣʝʥʠʡ ʩʪʨʫʤʽʥʴ ʟ ʥʘʩʘʜʢʘ 5 ʚʩʪʘʥʦʚʣʝʥʦ ʩʦʧʣʦ 8 ʽʟ ʟʘʟʦʨʦʤ 

h1ʜʣʷ ʧʦʧʘʜʘʥʥʷ ʪʚʝʨʜʠʭ ʯʘʩʪʠʥʦʢ ʥʘ ʩʽʪʢʫ 6, ʷʢʽ ʟʘʩʠʧʘʶʪʴʩʷ ʫ ʢʦʨʦʙ 7. ʇʨʘʮʶʻ ʚʽʙʨʘʮʽʡʥʘ ʤʘʰʠʥʘ 

ʥʘʩʪʫʧʥʠʤ ʯʠʥʦʤ. ɼʝʪʘʣʴ 12, ʱʦ ʦʯʠʱʫʻʪʴʩʷ, ʨʦʟʪʘʰʦʚʫʻʪʴʩʷ ʥʘ ʩʦʧʣʦʤ 8 ʽʟ ʟʘʟʦʨʦʤ ʅ (ʙʽʣʴʰʠʤ ʟʘ 

ʤʘʢʩʠʤʘʣʴʥʠʡ ʨʦʟʤʽʨ ʪʚʝʨʜʦʾ ʯʘʩʪʠʥʢʠ). ɺʢʣʶʯʘʻʪʴʩʷ ʚʽʙʨʦʧʨʠʚʽʜ ʤʘʰʠʥʠ 4. ɿʘʚʜʷʢʠ ʢʦʣʠʚʘʥʥʷʤ ʤʝʤʙʨʘʥʠ 

ʟ ʜʠʩʢʘʤʠ 3 ʫ ʢʘʤʝʨʽ ʧʫʣʴʩʘʮʽʾ 2 ʧʦʯʝʨʛʦʚʦ ʚʠʥʠʢʘʻ ʩʪʠʩʥʝʥʥʷ ʨʽʜʠʥʠ ʧʨʠ ʭʦʜʽ ʾʾ ʚʚʝʨʭ ï ʚʠʥʠʢʘʻ ʩʪʨʫʤʽʥʴ ʟ 

ʥʘʩʘʜʢʘ 5, ʘ ʧʨʠ ʭʦʜʽ ʾʾ ʚʥʠʟ ʨʦʟʨʷʜʞʝʥʥʷ ʨʽʜʠʥʠ ï ʚʦʥʘ ʚʪʷʛʫʻʪʴʩʷ ʢʨʽʟʴ ʥʘʩʘʜʦʢ 5 ʫ ʢʘʤʝʨʫ ʧʫʣʴʩʘʮʽʾ. 

ʉʪʨʫʤʽʥʴ ʟ ʥʘʩʘʜʢʘ 5 ʧʨʦʭʦʜʠʪʴ ʢʨʽʟʴ ʩʽʪʢʫ 6 ʽ ʝʞʝʢʪʫʻ ʪʚʝʨʜʽ ʯʘʩʪʠʥʢʠ 11 ʪʘ ʢʨʽʟʴ ʩʦʧʣʦ 8 ʧʦʪʽʢ ʩʫʤʽʰʽ 

ʚʜʘʨʷʻ ʧʦ ʧʦʚʝʨʭʥʽ12, ʱʦ ʦʯʠʱʘʻʪʴʩʷ. ʊʚʝʨʜʽ ʯʘʩʪʠʥʢʠ 11, ʧʽʩʣʷ ʚʟʘʻʤʦʜʽʾ ʟ ʧʦʚʝʨʭʥʝʶ12, ʧʦʪʦʢʦʤ ʨʽʜʠʥʠ 

ʚʽʜʢʠʜʘʶʪʴʩʷ ʥʘ ʩʪʽʥʢʠ ʢʦʨʦʙʫ7 ʪʘ ʧʘʜʘʶʪʴ ʥʘ ʡʦʛʦ ʜʥʦ. ʇʨʠ ʭʦʜʽ ʤʝʤʙʨʘʥʠ ʟ ʜʠʩʢʘʤʠ 3 ʚʥʠʟ ʚʠʥʠʢʘʻ ʧʦʪʽʢ 

ʨʽʜʠʥʠ ʥʘ ʟʨʽʟʽ ʥʘʩʘʜʢʘ, ʷʢʠʡ ʟʘʪʷʛʫʻ ʪʚʝʨʜʽ ʯʘʩʪʠʥʢʠ 11 ʥʘ ʩʽʪʢʫ 6 ʥʘʜ ʩʦʧʣʦʤ 5. ɼʘʣʽ ʮʠʢʣ ʧʦʚʪʦʨʶʻʪʴʩʷ. 

 
ʈʠʩ.1 - ʉʭʝʤʘ ʨʦʙʦʪʠ ʚʽʙʨʘʮʽʡʥʦʾ ʤʘʰʠʥʠ ʜʣʷ ʦʯʠʱʝʥʥʷ ʪʘ ʤʠʡʢʠ ʜʝʪʘʣʝʡ ʤʘʰʠʥ ʫ ʧʫʣʴʩʫʶʯʦʤʫ ʧʦʪʦʮʽ ʨʽʜʠʥʠ ʟ ʪʚʝʨʜʠʤʠ 

ʯʘʩʪʠʥʢʘʤʠ: 1 ï ʢʦʨʧʫʩ ʚʘʥʥʠ; 2 ï ʢʘʤʝʨʘ ʧʫʣʴʩʘʮʽʾ; 3 ï ʤʝʤʙʨʘʥʘ ʟ ʜʠʩʢʘʤʠ; 4 ï ʚ̔ ʙʨʦʧʨʠʚ̔ʜ;  

5 ï ʥʘʩʘʜʦʢ; 6 ï ʩʽʪʢʘ; 7 ï ʢʦʨʦʙ ʜʣʷ ʟʙʦʨʫ ʪʚʝʨʜʠʭ ʯʘʩʪʠʥʦʢ; 8 ï ʩʦʧʣʦ; 9 ï ʩʽʪʢʘ; 10 ï ʤʠʶʯʘ ʨʽʜʠʥʘ; 11 ï ʪʚʝʨʜʽ ʯʘʩʪʠʥʢʠ; 12 ï 

ʧʦʚʝʨʭʥʷ, ʱʦ ʦʯʠʱʫʻʪʴʩʷ; ʅ ï ʚʽʜʩʪʘʥʴ ʚʽʜ ʩʦʧʣʘ ʜʦ ʧʦʚʝʨʭʥʽ, ʱʦ ʦʯʠʱʫʻʪʴʩʷ; ʅʩ ï ʚʠʩʦʪʘ ʩʦʧʣʘ; h ï ʚʽʜʩʪʘʥʴ ʚʽʜ ʥʘʩʘʜʢʘ ʜʦ 

ʩʽʪʢʠ; h1 ï ʚʽʜʩʪʘʥʴ ʚʽʜ ʩʽʪʢʠ ʜʦ ʩʦʧʣʘ; dʥ ï ʜʽʘʤʝʪʨ ʥʘʩʘʜʢʘ; Dʢ ï ʜʽʘʤʝʪʨ ʢʘʤʝʨʠ ʧʫʣʴʩʘʮʽʾ; Dʩ ï ʜʽʘʤʝʪʨ ʩʦʧʣʘ; f ï ʯʘʩʪʦʪʘ 

ʢʦʣʠʚʘʥʴ ʚʽʙʨʦʧʨʠʚʦʜʫ; ɸ ï ʘʤʧʣʽʪʫʜʘ ʢʦʣʠʚʘʥʴ ʚʽʙʨʦʧʨʠʚʦʜʫ 

 

ʈʦʟʛʣʷʥʝʤʦ ʧʨʦʮʝʩ ʟʥʷʪʪʷ ʟʘʙʨʫʜʥʝʥʥʷ ʟ ʧʦʚʝʨʭʥʽ ʜʝʪʘʣʽ ʪʘ ʧʨʦʘʥʘʣʽʟʫ̒ʤʦ ʚʧʣʠʚ ʨʽʟʥʠʭ ʬʽʟʠʯʥʠʭ 

ʧʘʨʘʤʝʪʨʽʚ ʥʘ ʡʦʛʦ ʧʨʦʜʫʢʪʠʚʥʽʩʪʴ. ɺʠʭʦʜʷʯʠ ʟ ʨʝʟʫʣʴʪʘʪʽʚ ʜʦʩʣʽʜʞʝʥʴ ʘʚʪʦʨʘ [11] ʧʨʦʜʫʢʪʠʚʥʽʩʪʴ ʧʨʦʮʝʩʫ 

ʦʯʠʱʝʥʥʷ ʟʘʣʝʞʠʪʴ ʚʽʜ ʙʘʛʘʪʴʦʭ ʬʘʢʪʦʨʽʚ ʘʣʝ ʜʦʤʽʥʫʶʯʠʤ ʻ ʰʚʠʜʢʽʩʪʴ ʧʦʪʦʢʫ ʨʽʜʠʥʠ ʟ ʪʚʝʨʜʠʤʠ 

ʯʘʩʪʠʥʢʘʤʠ. ɺʝʣʠʯʠʥʘ ʟʥʷʪʪʷ ʤʘʪʝʨʘ̔ʣʫSG  ʟ ʯʘʩʦʤ ʦʙʨʦʙʢʠ ʚ ʟʘʣʝʞʥʦʩʪʽ ʨʽʟʥʠʭ ʬʘʢʪʦʨʽ ʚʠʟʥʘʯʘʻʪʴʩʷ ʟʘ 

ʟʘʣʝʞʥʽʩʪʶ: 
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ʜʝ ï ʢʦʝʬʽʮʽʻʥʪ, ʷʢʠʡ ʭʘʨʘʢʪʝʨʠʟʫʻ ʚʠʜ ʟʥʦʰʫʚʘʥʥʷ; ï ʙʝʟʨʦʟʤʽʨʥʠʡ ʢʦʝʬʽʮ̔̒ ʥʪ;  ï 

ʢʦʝʬʽʮʽʻʥʪ, ʷʢʠʡ ʚʨʘʭʦʚʫʻ ʧʨʦʩʪʽʨ ʤʽʞ ʯʘʩʪʠʥʢʘʤʠ;  ï ʢʦʥʮʝʥʪʨʘʮʽʷ ʯʘʩʪʠʥʦʢ ʚ ʦʜʠʥʠʮʽ ʦʙôʻʤʫ ʩʫʩʧʝʥʟʽʾ; 

 ï ʛʫʩʪʠʥʘ ʤʘʪʝʨʽʘʣʫ ʯʘʩʪʠʥʦʢ ʽ ʜʝʪʘʣʽ;  ï ʭʘʨʘʢʪʝʨʥʠʡ ʨʦʟʤʽʨ ʯʘʩʪʠʥʢʠ;  ï ʢʦʝʬ̔ʮ̔ ʻʥʪ, ʷʢʠʡ 

ʭʘʨʘʢʪʝʨʠʟʫʻ ʚʠʜ ʟʥʦʰʫʚʘʥʥʷ;  ï ʰʚʠʜʢʩ̔ʪʴ ʫʜʘʨʫ ʯʘʩʪʠʥʢʠ ʧʦ ʧʦʚʝʨʭʥʽ;  ï ʚʽʜʩʪʘʥʴ ʚʽʜ ʩʦʧʣʘ ʩʪʨʫʤʝʥʶ 

ʜʦ ʧʦʚʝʨʭʥʽ, ʱʦ ʦʙʨʦʙʣʶʻʪʴʩʷ;  ï ʢʦʝʬʽʮʽʻʥʪ, ʷʢʠʡ ʭʘʨʘʢʪʝʨʠʟʫʻ ʚʠʜ ʟʥʦʰʫʚʘʥʥʷ;  ï ʜʠʥʘʤʽʯʥʘ 

ʪʚʝʨʜʽʩʪʴ ʤʘʪʝʨʽʘʣʫ ʟʘ ʄʘʡʻʨʦʤ;  ï ʢʫʪ, ʥʘʭʠʣʫ ʟʦʚʥʽʰʥʽʭ ʛʨʘʥʠʮʴ ʩʪʨʫʤʝʥʶ ʜʦ ʾʾ ʦʩʽ;  ï ʯʘʩ ʦʙʨʦʙʣʝʥʥʷ.

 ɸʚʪʦʨ [12] ʚʠʭʦʜʷʯʠ ʟ ʘʥʘʣʽʟʫ ʟʘʣʝʞʥʦʩʪʽ (1) ʥʘʚʦʜʠʪʴ ʨʦʟʨʘʭʫʥʢʦʚʫ ʟʘʣʝʞʥʽʩʪʴ ʧʨʦʜʫʢʪʠʚʥʦʩʪʽ  

ʧʨʦʮʝʩʫ ʟʨʽʟʘʥʥʷ ʤʘʪʝʨʽʘʣʫWʦʜʥʽʻʶ ʯʘʩʪʠʥʢʦʶ ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʧʽʜʚʠʱʝʥʥʷ ʝʬʝʢʪʠʚʥʦʩʪʽ ʟʘ ʨʘʭʫʥʦʢ 

ʟʙʽʣʴʰʝʥʥʷ ʢʽʥʝʪʠʯʥʦʾ ʝʥʝʨʛ̔ʾ  ʯʘʩʪʠʥʢʠ ʪʘ ʟʤʝʥʰʝʥʥʷʤ ʫʤʦʚʥʦʛʦ ʥʘʧʨʫʞʝʥʥʷ ʨʽʟʘʥʥʷ ʽ ʚ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜʩʪʘʥʽ 

ʚʽʜ ʩʦʧʣʘ ʩʪʨʫʤʝʥʷ ʜʦ ʧʦʚʝʨʭʥʽ, ʱʦ ʦʙʨʦʙʣʶʻʪʴʩʷ. 
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ʜʝ 0k ï ʢʽʣʴʢʽʩʪʴ ʘʙʨʘʟʠʚʥʠʭ ʟʝʨʝʥ, ʷʢʽ ʧʨʠʡʤʘʶʪʴ ʫʯʘʩʪʴ ʚ ʧʨʦʮʝʩʽ ʦʙʨʦʙʢʠ;

 

mï ʤʘʩʘ ʯʘʩʪʠʥʢʠ;

 

ʯV ï ʰʚʠʜʢʽʩʪʴ ʫʜʘʨʫ ʯʘʩʪʠʥʢʠ ʧʦ ʧʦʚʝʨʭʥʽ;

 

sï ʫʤʦʚʥʝ ʥʘʧʨʫʞʝʥʥʷ ʨʽʟʘʥʥʷ ʤʘʪʝʨʽʘʣʫ (ʝʥʝʨʛʦʻʤʥʽʩʪʴ 

ʦʙʨʦʙʣʝʥʥʷ);

 

Hï  ʚʽʜʩʪʘʥʴ ʚʽʜ ʩʦʧʣʘ ʩʪʨʫʤʝʥʶ ʜʦ ʧʦʚʝʨʭʥʽ, ʱʦ ʦʙʨʦʙʣʶʻʪʴʩʷ. 
ɿ ʘʥʘʣʽʟʫ ʟʘʣʝʞʥʦʩʪʝʡ (1) ʪʘ (2) ʤʦʞʥʘ ʟʨʦʙʠʪʠ ʚʠʩʥʦʚʦʢ, ʱʦ ʜʣʷ ʟʙʽʣʴʰʝʥʥʷ ʧʨʦʜʫʢʪʠʚʥʦʩʪʽ 

ʧʨʦʮʝʩʫ ʦʯʠʱʝʥʥʷ ʥʝʦʙʭʽʜʥʦ ʟʥʘʡʪʠ ʦʧʪʠʤʘʣʴʥʝ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ ʢʽʣʴʢʦʩʪʽ ʯʘʩʪʠʥʦʢ ʫ ʩʪʨʫʤʝʥʽ ʧʨʠ 

ʥʘʡʤʝʥʰʽʡ ʚʽʜʩʪʘʥʽ ʚʽʜ ʩʦʧʣʘ ʜʦ ʧʦʚʝʨʭʥʽ, ʱʦ ʦʯʠʱʫʻʪʴʩʷ ʧʨʠ ʜʦʩʷʛʥʝʥʥʽ ʥʘʡʤʝʥʰʠʭ ʥʘʧʨʫʞʝʥʴ ʨʽʟʘʥʥʷ 

ʤʘʪʝʨʽʘʣʫ ʪʘ ʦʩʥʦʚʥʠʤ ʬʘʢʪʦʨʦʤ, ʷʢʠʡ ʚʧʣʠʚʘʻ ʥʘ ʧʨʦʜʫʢʪʠʚʥʽʩʪʴ ʧʨʦʮʝʩʫ ʻ ʰʚʠʜʢʽʩʪʴ ʯʘʩʪʠʥʢʠ, ʷʢʘ ʤʘʻ ʫ 

ʬʦʨʤʫʣʘʭ  (1) ʪʘ (2) ʪʨʝʪʶ ʩʪʫʧʽʥʴ ʽ ʥʝʚʝʣʠʢʘ ʾʾ ʟʤʽʥʘ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʟʥʘʯʥʦʛʦ ʧʽʜʚʠʱʝʥʥʷ ʧʨʦʜʫʢʪʠʚʥʦʩʪʽ. 
ɼʣʷ ʟʘʧʨʦʧʦʥʦʚʘʥʦʾ ʩʭʝʤʠ ʨʠʩ.1 ʟ ʫʨʘʭʫʚʘʥʥʷʤ, ʱʦ ʧʫʣʴʩʫʶʯʠʡ ʧʦʪʽʢ ʨʽʜʠʥʠ ʫʪʚʦʨʶʻʪʴʩʷ 

ʚʽʙʨʘʮʽʡʥʠʤ ʧʨʠʚʦʜʦʤ ʫ ʢʘʤʝʨʽ ʧʫʣʴʩʘʮʽʾ ʟ ʥʘʩʘʜʢʦʤ, ʰʚʠʜʢʽʩʪʴ ʨʫʭʫ ʨʽʜʠʥʠ ʫ ʢʘʤʝʨʽ ʧʫʣʴʩʘʮʽʾ ʟʥʘʭʦʜʠʪʴʩʷ 

ʟʘ ʟʘʣʝʞʥʽʩʪʶ: 
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ʜʝ Aï ʘʤʧʣʽʪʫʜʘ ʢʦʣʠʚʘʥʴ ʨʽʜʠʥʠ ʫ ʢʘʤʝʨʽ ʧʫʣʴʩʘʮʽʾ;  f ï ʯʘʩʪʦʪʘ ʢʦʣʠʚʘʥʴ ʨʽʜʠʥʠ ʫ ʢʘʤʝʨʽ 
ʧʫʣʴʩʘʮʽʾ;  

ɿ ʫʨʘʭʫʚʘʥʥʷʤ ʥʝʨʦʟʨʠʚʥʦʩʪʽ ʧʦʪʦʢʫ ʨʽʜʠʥʠʥʥʢ SɸSA Ö=Ö

 

ʪʘ ʫʤʦʚʦʶ, ʱʦ ʰʚʠʜʢʽʩʪʴ ʪʚʝʨʜʠʭ 

ʯʘʩʪʠʥʦʢ ʜʦʨʽʚʥʶʻ ʰʚʠʜʢʦʩʪʽ ʨʽʜʠʥʠ ʥʘ ʚʠʭʦʜʽ ʟ ʥʘʩʘʜʢʫ, V ʟʘʧʠʰʝʤʦ ʥʘʩʪʫʧʥʫ ʟʘʣʝʞʥʽʩʪʴ: 
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ʜʝ eï ʢʦʝʬʽʮʽʻʥʪ ʟʚʫʞʝʥʥʷ ʧʦʪʦʢʫ ʫ ʥʘʩʘʜʢʫ;
 
ʢD ï ʜʽʘʤʝʪʨ ʢʘʤʝʨʠ ʧʫʣʴʩʘʮʽʾ;

 
ʥd ï ʜʽʘʤʝʪʨ ʥʘʩʘʜʢʘ. 

ɿʨʦʙʠʚʰʠ ʧʨʠʧʫʱʝʥʥʷ, ʱʦ ʰʚʠʜʢʽʩʪʴ  ʧʦʪʦʢʫ ʨʽʜʠʥʠ ʪʘ ʪʚʝʨʜʠʭ ʯʘʩʪʠʥʦʢ ʥʝʟʤʽʥʥʘ ʧʨʠ 

ʧʨʦʭʦʜʞʝʥʥʽ ʩʦʧʣʘ ʪʘ ʚʨʘʭʫʚʘʚʰʠ ʛʘʩʽʥʥʷ ʰʚʠʜʢʦʩʪʽ ʩʪʨʫʤʝʥʶ ʟ ʥʘʩʘʜʢʘ ʧʨʠ ʧʨʦʭʦʜʞʝʥʥʽ ʩʽʪʢʠ 

ʢʦʝʬʽʮʽʻʥʪʦʤ ʂʩ=0,9 ʦʪʨʠʤʘʻʤʦ ʥʘʩʪʫʧʥʫ ʟʘʣʝʞʥʽʩʪʴ: 
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ʅʘ ʚʽʜʨʽʟʢʫ ʅ ʚʝʣʠʯʠʥʘ ʰʚʠʜʢʦʩʪʽ ʢʨʫʛʣʦʛʦ ʩʪʨʫʤʝʥʷ ʟ ʩʦʧʣʘ ʟʤʽʥʶʻʪʴʩʷ ʟʘ ʟʘʣʝʞʥʽʩʪʶ 

ɸʙʨʘʤʦʚʠʯʘ: 
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ʜʝ 0.ʯV  - ʧʦʯʘʪʢʦʚʘ ʰʚʠʜʢʽʩʪʴ ʧʦʪʦʢʫ ʨʽʜʠʥʠ ʪʘ ʯʘʩʪʠʥʦʢ ʟ ʩʦʧʣʘ; cD - ʜʽʘʤʝʪʨ ʩʦʧʣʘ;  a- ʢʫʪ 

ʦʜʥʦʩʪʦʨʦʥʥʴʦʛʦ ʨʦʟʰʠʨʝʥʥʷ ʩʪʨʫʤʝʥʶ ʟ ʩʦʧʣʘ, a= 120 40/.   

ɿ ʫʨʘʭʫʚʘʥʥʷʤ ʟʘʣʝʞʥʦʩʪʽ (6) ʦʪʨʠʤʘʻʤʦ: 
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ɺʨʘʭʦʚʫʶʯʠ ʟʤʽʥʫ ʧʦʯʘʪʢʦʚʦʾ ʚʝʣʠʯʠʥʠ ʰʚʠʜʢʦʩʪʽ ʪʘ ʯʘʩʪʠʥʦʢ ʧʨʠ ʚʠʭʦʜʽ ʧʦʪʦʢʫ ʨʽʜʠʥʠ ʟ ʩʦʧʣʘ ʽʟ 

ʚʽʜʩʪʘʥʥʶ ʜʦ ʧʦʚʝʨʭʥʽ (6), ʱʦ ʦʯʠʱʫʻʪʴʩʷ, ʤʦʞʥʘ ʟʘʧʠʩʘʪʠ ʥʘʩʪʫʧʥʫ ʟʘʣʝʞʥʽʩʪʴ ʜʣʷ ʚʠʟʥʘʯʝʥʥʷ 

ʧʨʦʜʫʢʪʠʚʥʦʩʪʽ ʚʽʙʨʘʮʽʡʥʦʾ ʤʘʰʠʥʠ: 
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ɿ ʦʪʨʠʤʘʥʦʾ ʟʘʣʝʞʥʦʩʪʽ (8) ʚʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʥʘ ʧʨʦʜʫʢʪʠʚʥʽʩʪʴ ʧʨʦʮʝʩʫ ʦʯʠʱʝʥʥʷ ʫ ʚʽʙʨʘʮʽʡʥ̔ ʡ 

ʤʘʰʠʥʽ ʧʨʠ ʥʝʟʤʽʥʥʠʭ ʧʘʨʘʤʝʪʨʘʭ, ʷʢʽ ʚʭʦʜʷʪʴ ʫ ʟʘʣʝʞʥʽʩʪʴ, ʚʧʣʠʚʘʶʪʴ ʷʢ ʢʦʥʩʪʨʫʢʪʠʚʥʽ ʧʘʨʘʤʝʪʨʠ 

ʤʘʰʠʥʠ  (ʨʦʟʤʽʨʠ ʢʘʤʝʨʠ ʧʫʣʴʩʘʮʽʾ ʪʘ ʥʘʩʘʜʢʫ, ʜʽʘʤʝʪʨ ʩʦʧʣʘ, ʚʽʜʩʪʘʥʴ ʚʽʜ ʩʦʧʣʘ ʩʪʨʫʤʝʥʶ ʜʦ ʧʦʚʝʨʭʥʽ, ʱʦ 

ʦʙʨʦʙʣʶʻʪʴʩʷ) ʪʘʢ ʽ ʨʝʞʠʤʠ ʨʦʙʦʪʠ ʚʽʙʨʦʧʨʠʚʦʜʫ (ʯʘʩʪʦʪʘ ʪʘ ʘʤʧʣʽʪʫʜʘ ʢʦʣʠʚʘʥʴ). 

 ʈʦʟʛʣʷʥʝʤʦ ʬʽʟʠʯʥʽ ʦʩʥʦʚʠ ʚʟʘʻʤʦʜʽʾ ʧʫʣʴʩʫʶʯʦʛʦ ʪʫʨʙʫʣʝʥʪʥʦʛʦ ʧʦʪʦʢʫ ʨʽʜʠʥʠ ʟ ʪʚʝʨʜʠʤʠ 

ʯʘʩʪʠʥʢʘʤʠ ʽʟ ʟʘʙʨʫʜʥʝʥʦʶ ʧʦʚʝʨʭʥʝʶ. ʇʨʠ ʚʠʤʽʨʶʚʘʥʥʽ ʤʘʢʩʠʤʘʣʴʥʦʾ ʰʚʠʜʢʦʩʪʽ ʧʦʪʦʢʫ, ʷʢʘ ʚʠʥʠʢʘʻ ʫ 

ʚʽʙʨʘʮʽʡʥʽʡ ʤʘʰʠʥʽ ʽ ʤʘʻ ʪʫʨʙʫʣʝʥʪʥʠʡ ʧʫʣɹʩʫʶʯʠʡ ʭʘʨʘʢʪʝʨ, ʚʠʥʠʢʘʶʪʴ ʩʢʣʘʜʥʦʩʪʽ ʬʽʢʩʘʮʽʾ ʰʚʠʜʢʦʩʪʽ 

ʧʨʦʮʝʩʫ (ʥʘʷʚʥʽʩʪʴ ʜʘʪʯʠʢʽʚ ʰʚʠʜʢʦʩʪʽ, ʾʭ ʨʦʟʤʽʨʠ, ʽʥʝʨʮʽʡʥʽʩʪʴ ʪʘ ʧʨʦʮʝʩ ʪʘʨʫʚʘʥʥʷ). ʊʦʤʫ ʜʣʷ ʟʨʫʯʥʦʩʪʽ 

ʦʮʽʥʶʚʘʥʥʷ ʚʝʣʠʯʠʥʠ ʰʚʠʜʢʦʩʪʽ ʧʦʪʦʢʫ ʤʦʞʥʘ ʧʝʨʝʡʪʠ ʥʘ ʚʠʤʽʨʶʚʘʥʥʷ ʡʦʛʦ ʤʘʢʩʠʤʘʣʴʥʦʛʦ ʪʠʩʢʫ. ʉʠʣʘ 

ʪʠʩʢʫ ʧʦʪʦʢʫ ʨʽʜʠʥʠ, ʱʦ ʜʽʻ ʥʘ ʧʦʚʝʨʭʥʶ, ʟʘʣʝʞʠʪʴ ʚʽʜ ʰʚʠʜʢʦʩʪʽ ʽ ʚʠʟʥʘʯʘʶʪʴʩʷ ʟʘ ʬʦʨʤʫʣʦʶ 

ɼ. ɹʝʨʥʫʣʣʽ [13]: 
 

xsin
ɔ 2SV
g

P=   ,                                                                           (9) 

 

ʜʝ ɔï ʧʠʪʦʤʘ ʚʘʛʘ ʨʽʜʠʥʠ;  g  ï ʧʨʠʩʢʦʨʝʥʥʷ ʚʽʣʴʥʦʛʦ ʧʘʜʽʥʥʷ;  S  ï ʧʣʦʱʠʥʘ ʧʝʨʝʨʽʟʫ ʧʦʪʦʢʫ;  

V ï ʰʚʠʜʢʽʩʪʴ ʧʦʪʦʢʫ ʟ ʥʘʩʘʜʢʘ; x ï ʢʫʪ ʥʘʭʠʣʫ ʧʣʦʱʠʥʠ, ʱʦ ʦʯʠʱʫʻʪʴʩʷ ʜʦ ʣʽʥʽʾ ʜʽʾ ʧʦʪʦʢʫ.  

ɼʽʡʩʥʝ ʟʥʘʯʝʥʥʷ P  ʚʽʜʧʦʚʽʜʥʦ ʜʝʱʦ ʤʝʥʰʝ ʟʘ ʨʦʟʨʘʭʫʥʢʦʚʝ [14]:   
 

 ( ) xsin
ɔ

96,0...92,0 2SV
g

P= .                                                            (10) 

 

ʇʦʪʽʢ ʤʠʶʯʦʾ ʨʽʜʠʥʠ ʫ ʧʫʣʴʩʫʶʯʦʤʫ ʩʪʨʫʤʝʥʽ, ʧʨʠ ʚʟʘʻʤʦʜʽʾ ʽʟ ʟʘʙʨʫʜʥʝʥʦʶ ʧʦʚʝʨʭʥʝʶ, 

ʨʦʟʧʣʶʱʫʻʪʴʩʷ ʪʘ ʨʦʟʪʽʢʘʻʪʴʩʷ ʚ ʩʪʦʨʦʥʠ ʚʽʜ ʮʝʥʪʨʫ ʢʦʥʪʘʢʪʫ ʟ ʧʦʚʝʨʭʥʝʶ (ʨʠʩ.2). ʇʨʠ ʮʴʦʤʫ, ʥʘ 

ʟʘʙʨʫʜʥʝʥʫ ʧʦʚʝʨʭʥʶ ʟ ʙʦʢʫ ʧʦʪʦʢʫ ʟ ʯʘʩʪʠʥʢʘʤʠ, ʜʽʻ ʦʩʝʨʝʜʥʝʥʠʡ ʛʽʜʨʦʜʠʥʘʤʽʯʥʠʡ ʪʠʩʢ ʯʘʩʪʠʥʢʠ ʪʘ 

ʧʦʪʦʢʫ (ʥʦʨʤʘʣʴʥʠʡ ʪʘ ʜʦʪʠʯʥʠʡ), ʷʢʠʡ ʚʠʟʥʘʯʘʻʪʴʩʷ ʟʘ ʟʘʣʝʞʥʽʩʪʶ: 
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ʜʝ P  ï ʦʩʝʨʝʜʥʝʥʠʡ ʪʠʩʢ ʯʘʩʪʠʥʢʠ ʪʘ ʩʪʨʫʤʝʥʷ ʨʽʜʠʥʠ; ʯrï ʱʽʣʴʥʽʩʪʴ ʤʘʪʝʨʽʘʣʫ ʪʚʝʨʜʦʾ ʯʘʩʪʠʥʢʠ;  

ʯV  ï ʦʩʝʨʝʜʥʝʥʘ ʰʚʠʜʢʽʩʪʴ ʯʘʩʪʠʥʢʠ ʪʘ ʩʪʨʫʤʝʥʷ ʨʽʜʠʥʠ; x ï ʢʫʪ ʥʘʭʠʣʫ ʧʦʚʝʨʭʥʽ ʜʦ ʦʩʽ ʩʪʨʫʤʝʥʷ. 

 

 
ʈʠʩ.2 ï ʉʭʝʤʘ ʚʟʘʻʤʦʜʽʾ ʧʦʪʦʢʫ ʨʽʜʠʥʠ ʟ ʟʘʙʨʫʜʥʝʥʦʶ ʧʦʚʝʨʭʥʝʶ: - ʰʚʠʜʢʽʩʪʴ ʧʦʪʦʢʫ ʨʽʜʠʥʠ ʟ ʪʚʝʨʜʠʤʠ ʯʘʩʪʠʥʢʘʤʠ ʥʘ ʚʠʭʦʜʽ 

ʟ ʩʦʧʣʘ;  - ʩʠʣʘ ʪʝʨʪʷ ʧʦʪʦʢʫ ʨʽʜʠʥʠ ʟ ʯʘʩʪʠʥʢʘʤʠ;   - ʢʫʪ ʥʘʭʠʣʫ ʧʦʚʝʨʭʥʽ ʜʝʪʘʣʽ ʽʟ ʟʘʙʨʫʜʥʝʥʥʷʤ;  - ʰʚʠʜʢʽʩʪʴ ʨʦʟʪʽʢʘʥʥʷ 

ʨʽʜʠʥʠ ʧʦ ʧʦʚʝʨʭʥʽ 

 

ʇʨʠ ʪʫʨʙʫʣʝʥʪʥʦʤʫ ʨʝʞʠʤʽ ʨʫʭʫ ʨʽʜʠʥʠ ʟ ʯʘʩʪʠʥʢʘʤʠ ʧʦʚʟʜʦʚʞ ʧʦʚʝʨʭʥʽ ʽʟ ʟʘʙʨʫʜʥʝʥʥʷʤ 

ʚʽʜʙʫʚʘʻʪʴʩʷ ʝʥʝʨʛʽʡʥʝ ʭʘʦʪʠʯʥʝ ʧʝʨʝʤʽʰʫʚʘʥʥʷ ʨʽʜʠʥʠ ʪʘ ʚʠʥʠʢʘʶʪʴ ʜʦʪʠʯʥʽ ʥʘʧʨʫʞʝʥʥʷ ʪʝʨʪʷ ʧʦʪʦʢʫ 

ʨʽʜʠʥʠ. ɺ ʟʘʛʘʣʴʥʦʤʫ ʚʠʧʘʜʢʫ ʦʩʝʨʝʜʥʝʥʠʡ ʪʫʨʙʫʣʝʥʪʥʠʡ ʧʦʪʽʢ ʦʜʥʦʯʘʩʥʦ ʤʘʻ ʤʦʣʝʢʫʣʷʨʥʫ ʡ ʪʫʨʙʫʣʝʥʪʥʫ 

ʚ'ʷʟʢʽʩʪʴ. ʊʦʤʫ ʧʦʚʥʝ ʩʫʤʘʨʥʝ ʜʦʪʠʯʥʝ ʥʘʧʨʫʞʝʥʥʷ ʪʝʨʪʷ ʧʦʪʦʢʫ ʨʽʜʠʥʠ ʙʝʟ ʚʢʣʶʯʝʥʴ ʥʘ ʧʦʚʝʨʭʥʽ 

ʚʠʟʥʘʯʘʻʪʴʩʷ ʟʘ ʬʦʨʤʫʣʦʶ: 

 



 ˟̨̨̖̘̆̎̎ ̎ ́̔̋̉ ISSN 2307-5732 
 

ˏ̨̒̎̉̋ ˢ̝̗̝̍̆̌̎̉̋̏̄̏ ̨̗̝̎́̏̎́̌̎̏̄̏ ̨̔̎̃̆̑̒̉̓̆̓̔, Τ6, 2020 (291) 89 

( )
dy

ud
A+=mt   ,                                                                     (12) 

 

ʜʝ   m ï ʜʠʥʘʤʽʯʥʠʡ ʢʦʝʬʽʮʽʻʥʪ ʚ'ʷʟʢʦʩʪʽ ʥʝʩʫʯʦʾ ʬʘʟʠ; A  ï ʢʦʝʬʽʮʽʻʥʪ ʧʨʦʧʦʨʮʽʡʥʦʩʪʽ, ʱʦ 

ʥʘʟʠʚʘʻʪʴʩʷ ʜʠʥʘʤʽʯʥʠʤ ʢʦʝʬʽʮʽʻʥʪʦʤ ʪʫʨʙʫʣʝʥʪʥʦʛʦ ʦʙʤʽʥʫ;  
dy

ud
 ï ʛʨʘʜʽʻʥʪ ʰʚʠʜʢʦʩʪʽ. 

ɼʣʷ ʜʚʦʬʘʟʥʠʭ ʩʝʨʝʜʦʚʠʱ (ʨʽʜʠʥʘ ʟ ʚʢʣʶʯʝʥʥʷʤʠ ʪʚʝʨʜʠʭ ʯʘʩʪʠʥʦʢ) ʰʠʨʦʢʝ ʨʦʟʧʦʚʩʶʜʞʝʥʥʷ ʤʘʻ 

ʧʦʧʨʘʚʢʘ ɽʡʥʰʪʝʡʥʘ ʜʦ ʜʠʥʘʤʽʯʥʦʛʦ ʢʦʝʬʽʮʽʻʥʪʘ ʥʝʩʫʯʦʾ ʬʘʟʠ.  

ɺʨʘʭʫʚʘʚʰʠ ʾʾ, ʪʦʜʽ ʫʟʘʛʘʣʴʥʝʥʠʡ ʜʠʥʘʤʽʯʥʠʡ ʢʦʝʬʽʮʽʻʥʪ ʥʝʩʫʯʦʾ ʬʘʟʠ ʤʦʞʥʘ ʚʠʨʘʟʠʪʠ ʯʝʨʝʟ 

ʚʽʜʧʦʚʽʜʥʽ ʢʦʝʬʽʮʽʻʥʪʠ: m ï ʜʣʷ ʯʠʩʪʦʾ ʥʝʩʫʯʦʾ ʬʘʟʠ;
*mï ʜʣʷ ʜʦʤʽʰʦʢ ʪʚʝʨʜʠʭ ʯʘʩʪʠʥʦʢ ʽʟ ʩʬʝʨʠʯʥʦʶ 

ʬʦʨʤʦʶ ʯʘʩʪʠʥʦʢ. 

ʊʦʤʫ ʜʠʥʘʤʽʯʥʠʡ ʢʦʝʬʽʮʽʻʥʪ ʚ'ʷʟʢʦʩʪʽ ʥʝʩʫʯʦʾ ʬʘʟʠ ʧʨʠʡʤʝ ʚʠʛʣʷʜ: 
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1 ,                                                            (13) 

 

ʜʝ      aï ʦʙ'ʻʤʥʘ ʜʦʣʷ ʜʦʤʽʰʦʢ ʪʚʝʨʜʠʭ ʯʘʩʪʠʥʦʢ. 

ɿ ʫʨʘʭʫʚʘʥʥʷʤ (13) ʜʦʪʠʯʥʽ ʥʘʧʨʫʞʝʥʥʷ ʪʝʨʪʷ ʪʫʨʙʫʣʝʥʪʥʦʛʦ ʧʦʪʦʢʫ ʥʝʩʫʯʦʾ ʬʘʟʠ ʟ ʚʢʣʶʯʝʥʥʷʤʠ 

ʪʚʝʨʜʠʭ ʯʘʩʪʠʥʦʢ ʤʦʞʥʘ ʧʨʝʜʩʪʘʚʠʪʠ ʥʘʩʪʫʧʥʠʤ ʚʠʨʘʟʦʤ: 
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ɼʦʪʠʯʥʽ ʥʘʧʨʫʞʝʥʥʷ ʪʝʨʪʷ ʪʫʨʙʫʣʝʥʪʥʦʛʦ ʧʦʪʦʢʫ ʥʝʩʫʯʦʾ ʬʘʟʠ ʟ ʚʢʣʶʯʝʥʥʷʤʠ ʪʚʝʨʜʠʭ ʯʘʩʪʠʥʦʢ 

ʟʥʘʯʥʦ ʙʽʣʴʰʝ ʽ ʟʘʣʝʞʘʪʴ ʚʽʜ ʦʙ'ʻʤʥʦʾ ʜʦʣʽ ʜʦʤʽʰʦʢ ʪʚʝʨʜʠʭ ʯʘʩʪʠʥʦʢ. 

ʆʢʨʽʤ ʟʙʽʣʴʰʝʥʥʷ ʜʦʪʠʯʥʠʭ ʥʘʧʨʫʞʝʥʴ ʤʽʞ ʧʦʪʦʢʦʤ ʨʽʜʠʥʠ ʪʘ ʟʘʙʨʫʜʥʝʥʥʷʤ ʤʦʞʣʠʚʠʡ ʧʨʦʮʝʩ 

ʚʜʘʚʣʶʚʘʥʥʷ ʪʚʝʨʜʦʾ ʯʘʩʪʢʠ ʫ ʟʘʙʨʫʜʥʝʥʥʷ, ʘ ʧʦʪʽʤ ʽʥʽʮʽʶʚʘʥʥʷ ʧʨʦʮʝʩʫ ʟʨʽʟʘʥʥʷ ʟʘʙʨʫʜʥʝʥʥʷ ʟʘʚʜʷʢʠ 

ʥʘʷʚʥʦʩʪʽ ʛʦʩʪʨʠʭ ʢʨʘʡʦʢ ʥʘ ʧʦʣʽʩʪʠʨʦʣʦʚʽ ʢʨʠʭʪʽ ʟʘʚʜʷʢʠ ʨʦʟʪʽʢʘʥʥʶ ʧʦʪʦʢʫ ʧʦ ʧʦʚʝʨʭʥʽ (ʨʠʩ.2). 

ʈʦʟʛʣʷʥʝʤʦ ʬʽʟʠʯʥʽ ʦʩʥʦʚʠ ʩʪʚʦʨʝʥʥʷ ʫ ʚʽʙʨʘʮʽʡʥʽʡ ʤʘʰʠʥʽ ʧʫʣʴʩʫʶʯʦʛʦ ʪʫʨʙʫʣʝʥʪʥʦʛʦ ʧʦʪʦʢʫ 

ʨʽʜʠʥʠ. ʉʠʩʪʝʤʘ ʜʠʬʝʨʝʥʮʽʡʥʠʭ ʨʽʚʥʷʥʴ, ʷʢʘ ʦʧʠʩʫʻ ʢʦʣʠʚʘʥʥʷ ʨʽʜʠʥʠ ʫ ʢʘʤʝʨʽ ʧʫʣʴʩʘʮʽʾ (ʨʠʩ.1) ʤʘʻ ʚʠʛʣʷʜ: 
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###                                                                   (15) 

 

ʜʝ  F ï ʩʠʣʘ, ʷʢʘ ʜʽʻ ʥʘ ʤʝʤʙʨʘʥʫ ʟ ʜʠʩʢʘʤʠ,  
4

)(max
2 wp PD

F ʤÖÖ
= ; mï ʤʘʩʘ ʨʽʜʠʥʠ, ʷʢʘ 

ʦʪʨʠʤʫʻ ʢʦʣʠʚʘʣʴʥʠʡ ʨʫʭ; ʥS  ï ʧʣʦʱʘ  ʥʘʩʘʜʢʘ; ʤS ï ʧʣʦʱʘ ʤʝʤʙʨʘʥʠ; maxP ï ʤʘʢʩʠʤʘʣʴʥʠʡ ʪʠʩʢ ʫ 

ʢʘʤʝʨʽ ʧʫʣʴʩʘʮʽʾ, ʷʢʠʡ ʟʘʣʝʞʠʪʴ ʚʽʜ ʯʘʩʪʦʪʠ ʢʦʣʠʚʘʥʴ; ʉï ʞʦʨʩʪʢʽʩʪʴ ʧʨʫʞʥʦʾ ʤʝʤʙʨʘʥʠ; k  ï ʜʝʤʧʬʫʶʯʘ 

ʟʜʘʪʥʽʩʪʴ. 

ɼʝʤʧʬʫʶʯʫ ʟʜʘʪʥʽʩʪʴ kʨʽʜʠʥʠ ʟʥʘʡʜʝʤʦ ʟʘ ʬʦʨʤʫʣʦʶ:
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ʜʝ m ï ʜʠʥʘʤʽʯʥʠʡ ʢʦʝʬʽʮʽʻʥʪ ʱʽʣʴʥʦʩʪʽ, m= 8,94Ö10-4 ʇʘÖ ʩ; lï ʜʦʚʞʠʥʘ ʦʪʚʦʨʫ, l = 

0,045ʤ. 
ɼʣʷ ʘʥʘʣʽʟʫ ʟʘʣʝʞʥʦʩʪʽ ʰʚʠʜʢʦʩʪʽ ʚ ʥʘʩʘʜʢʫ ʚʽʜ ʯʘʩʪʦʪʠ ʢʦʣʠʚʘʥʴ ʧʨʠʚʦʜʫ ʧʦʙʫʜʫʻʤʦ ʘʤʧʣʽʪʫʜʥʦ-

ʯʘʩʪʦʪʥʫ ʭʘʨʘʢʪʝʨʠʩʪʠʢʫ ʢʦʣʠʚʘʥʴ ʨʽʜʠʥʠ ʫ ʥʘʩʘʜʢʫ ʢʘʤʝʨʠ ʧʫʣʴʩʘʮʽʾ ʚʽʙʨʘʮʽʡʥʦʾ ʤʘʰʠʥʠ. ɼʣʷ ʮʴʦʛʦ 

ʧʨʦʚʝʜʝʤʦ ʧʝʨʝʪʚʦʨʝʥʥʷ ʜʨʫʛʦʛʦ ʨʽʚʥʷʥʥʷ ʩʠʩʪʝʤʠ (15) ʧʦʜʽʣʠʚʰʠ ʡʦʛʦ ʣʽʚʫ ʪʘ ʧʨʘʚʫ ʯʘʩʪʠʥʫ ʥʘ  ʉ ʪʘ 

ʧʨʦʚʽʚʰʠ ʟʘʤʽʥʠ. 
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ɼʨʫʛʝ ʨʽʚʥʷʥʥʷ ʩʠʩʪʝʤʠ (15), ʧʽʩʣʷ ʧʝʨʝʪʚʦʨʝʥʴ ʟʘ ʃʘʧʣʘʩʦʤ ʤʘʻ ʥʘʩʪʫʧʥʠʡ ʚʠʛʣʷʜ ʚ ʦʧʝʨʘʪʦʨʥʽʡ 

ʬʦʨʤʽ: 
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ʇʝʨʝʜʘʪʦʯʥʘ ʬʫʥʢʮʽʷ ʜʣʷ ʨʽʚʥʷʥʥʷ (18) ʤʘʻ ʥʘʩʪʫʧʥʠʡ ʚʠʛʣʷʜ: 
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ʇʽʜʩʪʘʚʠʚʰʠ ʟʘʤʽʥʫ wjp=  ʦʪʨʠʤʘʻʤʦ ʥʘʩʪʫʧʥʫ ʟʘʣʝʞʥʽʩʪ:ɹ 
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 ɸʤʧʣʽʪʫʜʥʦ-ʯʘʩʪʦʪʥʘ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ ʟ ʨʽʚʥʷʥʥʷ (20) ʚʠʟʥʘʯʘʻʪʴʩʷ ʥʘʩʪʫʧʥʠʤ ʯʠʥʦʤ: 
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ɺʠʟʥʘʯʠʤʦ ʥʝʦʙʭʽʜʥʽ ʜʘʥʥʽ  ʜʣʷ ʨʦʟʨʘʭʫʥʢʫ: ʜʽʘʤʝʪʨ ʢʘʤʝʨʠ 100 ʤʤ; ʜʽʘʤʝʪʨ ʥʘʩʘʜʢʘ 10 ʤʤ; ʤʘʩʘ 

ʨʽʜʠʥʠ, ʱʦ ʢʦʣʠʚʘʻʪʴʩʷ ;01,0 ʢʛm=  ʞʦʨʩʪʢʽʩʪʴ ʛʫʤʦʚʦʾ ʤʝʤʙʨʘʥʠʄʇʘC 6,0= [15];  ;0113,0 cʇʘk Ö=  

);(0785,0 maxwPF Ö=   5,0=x - ʢʦʝʬʽʮʽʻʥʪ, ʷʢʠʡ ʚʨʘʭʦʚʫʻ ʟʚʫʞʝʥʥʷ ʧʦʪʦʢʫ ʨʽʜʠʥʠ ʧʨʠ ʧʝʨʝʪʽʢʘʥʥʽ ʟ 

ʢʘʤʝʨʠ ʜʦ ʥʘʩʘʜʢʘ; 
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ɿʘʩʪʦʩʫʚʘʚʰʠ ʜʦʩʣʽʜʥʫ ʫʩʪʘʥʦʚʢʫ, ʜʘʪʯʠʢ ʪʠʩʢʫ ʄʈʄ489 ʪʘ USB ʦʩʮʠʣʦʛʨʘʬ ɺʄ8020, ʷʢʠʡ 

ʟôʻʜʥʘʥʦ ʟ  ʧʝʨʩʦʥʘʣʴʥʠʤ ʢʦʤʧôʁ ʪʝʨʦʤ ʯʝʨʝʟ ʧʦʨʪ USB ʠ ʦʙʩʣʫʛʦʚʫʻʪʴʩʷ ʧʨʦʛʨʘʤʥʠʤ ʧʨʦʜʫʢʪʦʤ çDiScoè, 

ʙʫʣʦ ʧʨʦʚʝʜʝʥʦ ʚʠʤ̔ʨʶʚʘʥʥʷ ʚʝʣʠʯʠʥʠ ʟʤʽʥʠ ʤʘʢʩʠʤʘʣʴʥʦʛʦ ʪʠʩʢʫ ʫ ʢʘʤʝʨʽ ʧʫʣʴʩʘʮʽʾ ʚʽʜ ʯʘʩʪʦʪʠ. ʋ 

ʨʝʟʫʣʴʪʘʪʽ ʧʨʦʚʝʜʝʥʠʭ ʝʢʩʧʝʨʠʤʝʥʪʽʚ ʙʫʣʦ ʚʩʪʘʥʦʚʣʝʥʦ ʟʘʣʝʞʥʽʩʪʴ ʪʠʩʢʫ ʫ ʢʘʤʝʨʽ ʧʫʣʴʩʘʮʽʾ ʈ ʤʘʭ ʚʽʜ 
ʯʘʩʪʦʪʠ. ʈʝʟʫʣʴʪʘʪʠ ʧʨʝʜʩʪʘʚʣʝʥʽ ʥʘ ʛʨʘʬʽʢʫ ʨʠʩ. 3 ʽ ʚʨʘʭʦʚʘʥʽ ʧʨʠ ʨʦʟʨʘʭʫʥʢʫ. 

 
ʈʠʩ.2. ɿʘʣʝʞʥʽʩʪʴ ʤʘʢʩʠʤʘʣʴʥʦʛʦ ʪʠʩʢʫ ʫ ʢʘʤʝʨʽ ʧʫʣʴʩʘʮʽ ʾʜʽʘʤʝʪʨʦʤ 100 ʤʤ ʚʽʜ ʯʘʩʪʦʪʠ 

 

ʇʨʦʚʽʚʰʠ ʧʽʜʩʪʘʥʦʚʢʫ ʜʘʥʠʭ ʫ (21) ʪʘ ʟʘ ʜʦʧʦʤʦʛʦʶ ʧʨʦʛʨʘʤʥʦʛʦ ʧʨʦʜʫʢʪʫ MatchCad ʙʫʣʠ 

ʧʨʦʚʝʜʝʥʽ ʨʦʟʨʘʭʫʥʢʠ ʟʛʽʜʥʦ ʨʽʚʥʷʥʥʷ (21) ʽ ʧʦʙʫʜʦʚʘʥʦ ʛʨʘʬʽʢ ʘʤʧʣʽʪʫʜʥʦ-ʯʘʩʪʦʪʥʦʾ  ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ, 

ʧʨʝʜʩʪʘʚʣʝʥʦʾ ʥʘ ʨʠʩ.3. 
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ʈʠʩ.3. ɸʤʧʣʽʪʫʜʥʦ-ʯʘʩʪʦʪʥʘ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ ʨʫʭʫ ʨʽʜʠʥʠ ʫ ʥʘʩʘʜʢʫ ʚʽʙʨʘʮʽʡʥʦʾ ʤʘʰʠʥʠ 

 

ɿʥʘʶʯʠ ʚʝʣʠʯʠʥʫ ʘʤʧʣʽʪʫʜʠ ʢʦʣʠʚʘʥʥʷ ʩʪʨʫʤʝʥ̫  ʫ ʥʘʩʘʜʢʫ ʤʦʞʥʘ ʨʦʟʨʘʭʫʚʘʪʠ ʰʚʠʜʢʽʩʪʴ ʨʫʭʫ 

ʨʽʜʠʥʠ ʥʘ ʚʠʭʦʜʽ ʟ ʥʘʩʘʜʢʘ ʟʘ ʬʦʨʤʫʣʦʶ [16]: 
 

,2gHV j=                                                      (22) 

 

ʜʝ  - ʢʦʝʬʽʮʽʻʥʪ ʰʚʠʜʢʦʩʪʽ,;  - ʧʨʠʩʢʦʨʝʥʥ ̫ʩʠʣʠ ʪʷʞʽʥʥʷ;  - ʛʝʦʤʝʪʨʠʯʥʠʡ ʥʘʪʠʩʢ 

ʨ̔ ʜʠʥʠ,  

ɿ ʧʨʦʚʝʜʝʥʠʭ ʨʦʟʨʘʭʫʥʢʽʚ ʪʘ ʟ ʛʨʘʬʽʢʘ ʨʠʩ.3 ʚʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʟʘʣʝʞʥʽʩʪʴ ʚʝʣʠʯʠʥʠ ʧʝʨʝʤʽʱʝʥʥʷ 

ʨʽʜʠʥʠ ʫ ʥʘʩʘʜʢʫ ʚʽʜ ʯʘʩʪʦʪʠ ʤʘʻ ʥʝʣʽʥʽʡʥʠʡ ʭʘʨʘʢʪʝʨ ʽ ʚʽʜʧʦʚʽʜʥʦ ʤʘʢʩʠʤʘʣʴʥʠʡ ʪʠʩʢ ʫ ʩʪʨʫʤʝʥʽ ʟ ʥʘʩʘʜʢʘ 

ʟʥʘʭʦʜʠʪʴʩʷ ʫ ʤʝʞʘʭ ʯʘʩʪʦʪ ʚʜ̔ 16 ʜʦ 22ʪʦʤʫ ʽ ʩʪʨʫʤʽʥʴ ʟ ʥʘʩʘʜʢʫ ʤʘʻ ʤʘʢʩʠʤʘʣʴʥʫ ʰʚʠʜʢʽʩʪʴ ʫ ʮʠʭ 

ʤʝʞʘʭ. 

ʋ ʨʝʟʫʣʴʪʘʪʽ ʘʥʘʣʽʪʠʯʥʠʭ ʜʦʩʣʽʜʞʝʥʴ ʚʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʥʘʷʚʥʽʩʪʴ ʫ ʧʦʪʦʮʽ ʨʽʜʠʥʠ ʯʘʩʪʠʥʦʢ ʘʙʦ 

ʛʘʟʦʚʠʭ ʧʫʭʠʨʮʽʚ, ʷʢʽ ʫʪʚʦʨʶʶʪʴʩʷ ʧʨʠ ʧʨʦʪʽʢʘʥʥʽ ʨʽʜʠʥʠ ʯʝʨʝʟ ʥʘʩʘʜʦʢ ʟ ʛʦʩʪʨʠʤʠ ʢʨʘʡʢʘʤʠ ʥʘ ʚʭʦʜʽ, 

ʟʙʽʣʴʰʫʶʪʴʩʷ ʜʦʪʠʯʥʽ ʥʘʧʨʫʞʝʥʥʷ ʪʝʨʪʷ, ʘ ʤʽʣʢʽ ʛʘʟʦʚʽ ʙʫʣʴʙʘʰʢʠ ʧʦʚʦʜʷʪʴʩʷ ʷʢ çʪʚʝʨʜʽ ʯʘʩʪʢʠè ʫ 

ʜʚʦʬʘʟʥʦʤʫ ʩʝʨʝʜʦʚʠʱʽ, ʱʦ ʜʦʟʚʦʣʷʻ ʧʽʜʚʠʱʠʪʠ ʽʥʪʝʥʩʠʚʥʽʩʪʴ ʧʨʦʮʝʩʫ ʤʠʡʢʠ ʟʘʙʨʫʜʥʝʥʴ. ɸ ʧʨʠ ʥʘʚ̫ʥʦʩʪʽ 

ʫ ʧʦʪʦʮʽ ʨʽʜʠʥʠ ʯʘʩʪʠʥʦʢ (ʧʦʣʽʩʪʠʨʦʣʦʚʦʾ ʢʨʠʭʪʠ), ʟ ʪʚʝʨʜʽʩʪʶ ʙʽʣʴʰʝ ʥʽʞ ʪʚʝʨʜʽʩʪʴ ʟʘʙʨʫʜʥʝʥʥʷ, ʜʦʟʚʦʣʷʻ 

ʟʙʽʣʴʰʠʪʠ ʥʦʨʤʘʣʴʥʽ ʪʘ ʜʦʪʠʯʥʽ ʥʘʧʨʫʞʝʥʥʷ ʧʦʪʦʢʫ ʨʽʜʠʥʠ ʪʘ ʩʪʚʦʨʠʪʠ ʫʤʦʚʠ ʤʽʢʨʦʟʨʽʟʘʥʥʷ ʟʘʙʨʫʜʥʝʥʥʷ. 

ʋʩʽ ʮʽ ʬʘʢʪʦʨʠ ʥʘʧʨʘʚʣʝʥʽ ʥʘ ʟʙʽʣʴʰʝʥʥʷ ʧʨʦʜʫʢʪʠʚʥʦʩʪʽ ʦʯʠʱʝʥʥʷ ʪʘ ʤʠʡʢʠ ʟʘʙʨʫʜʥʝʥʴ. 

ʈʘʥʽʰʝ ʚʩʪʘʥʦʚʣʝʥʦ [6,12,13], ʱʦ ʰʚʠʜʢʽʩʪʴ ʩʪʨʫʤʝʥʶ ʟʥʘʯʥʦ ʟʤʝʥʰʫʻʪʴʩʷ ʟ ʚʽʜʩʪʘʥʥʶ ʚʽʜ ʩʦʧʣʘ ʜʦ 

ʧʦʚʝʨʭʥʽ, ʱʦ ʦʯʠʱʫʻʪʴʩʷ. ɿ ʤʝʪʦʶ ʟʙʝʨʝʞʝʥʥʷ ʤʘʢʩʠʤʘʣʴʥʦʾ ʰʚʠʜʢʦʩʪʽ ʧʦʪʦʢʫ ʨʽʜʠʥʠ ʟ ʪʚʝʨʜʠʤʠ 

ʯʘʩʪʠʥʢʘʤʠ ʥʝʦʙʭʽʜʥʦ ʚʠʪʨʠʤʫʚʘʪʠ ʥʘʩʪʫʧʥʽ ʨʝʢʦʤʝʥʜʘʮʽʾ ʧʦ ʢʦʥʩʪʨʫʢʪʠʚʥʠʤ ʟʘʣʝʞʥʦʩʪʷʤ ʚʫʟʣʘ ʩʪʚʦʨʝʥʥʷ 

ʧʦʪʦʢʫ ʟ ʪʚʝʨʜʠʤʠ ʯʘʩʪʠʥʢʘʤʠ ʚʽʙʨʘʮʽʡʥʦʾ ʤʘʰʠʥʠ: ʟʘʟʦʨ ʤʽʞ ʟʨʽʟʦʤ ʥʘʩʘʜʢʘ ʪʘ ʩʽʪʢʦʶ 6 (ʨʠʩ.1) ʚʠʙʠʨʘʻʤʦ 

ʟʘ ʫʤʦʚʠ  ʚʽʜʩʪʘʥʴ ʤʽʞ ʩʽʪʢʦʶ 6 (ʨʠʩ.1) ʪʘ ʟʨʽʟʦʤ ʩʦʧʣʘ ʚʠʙʠʨʘʻʤʦ ʟʘ ʫʤʦʚʠ 

 ʜʦʚʞʠʥʫ ʩʦʧʣʘ ʚʠʙʠʨʘʻʤʦ ʟʘ ʫʤʦʚʠ  

ɺʠʩʥʦʚʢʠ 

ʈʦʟʛʣʷʥʫʪʦ ʘʥʘʣʽʪʠʯʥʫ ʤʦʜʝʣʴ ʧʨʦʜʫʢʪʠʚʥʦʩʪʽ ʧʨʦʮʝʩʫ ʟʥʷʪʪʷ ʟʘʙʨʫʜʥʝʥʥʷ ʟ ʧʦʚʝʨʭʥʽ ʜʝʪʘʣʽ ʪʘ 

ʚʩʪʘʥʦʚʣʝʥʦ ʚʧʣʠʚ ʨʽʟʥʠʭ ʬʽʟʠʯʥʠʭ ʧʘʨʘʤʝʪʨʽʚ ʥʘ ʡʦʛʦ ʧʨʦʜʫʢʪʠʚʥʽʩʪʴ, ʘ ʩʘʤʝ: ʦʧʪʠʤʘʣɹʥʝ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ 

ʢʽʣʴʢʦʩʪʽ ʯʘʩʪʠʥʦʢ ʫ ʩʪʨʫʤʝʥʽ ʧʨʠ ʥʘʡʤʝʥʰʽʡ ʚʽʜʩʪʘʥʽ ʚʽʜ ʩʦʧʣʘ ʜʦ ʧʦʚʝʨʭʥʽ, ʱʦ ʦʯʠʱʫʻʪʴʩʷ, ʥʘʡʤʝʥʰʠʭ 

ʥʘʧʨʫʞʝʥʴ ʨʽʟʘʥʥʷ ʤʘʪʝʨʽʘʣʫ ʪʘ ʰʚʠʜʢʦʩʪʽ ʧʦʪʦʢʫ ʟ ʯʘʩʪʠʥʢʘʤʠ, ʷʢʘ ʟʘʣʝʞʠʪʴ ʚʽʜ ʧʘʨʘʤʝʪʨʽʚ ʨʝʞʠʤʫ ʨʦʙʦʪʠ 

ʧʨʠʚʦʜʫ ʚʽʙʨʘʮʽʡʥʦʾ ʤʘʰʠʥʠ. 

ʈʦʟʛʣ̫ʥʫʪʦ ʘʥʘʣʽʪʠʯʥʫ ʤʦʜʝʣʴ ʚʟʘʻʤʦʜʽʾ ʧʫʣʴʩʫʶʯʦʛʦ ʪʫʨʙʫʣʝʥʪʥʦʛʦ ʧʦʪʦʢʫ ʨʽʜʠʥʠ ʟ ʪʚʝʨʜʠʤʠ 

ʯʘʩʪʠʥʢʘʤʠ ʽʟ ʟʘʙʨʫʜʥʝʥʦʶ ʧʦʚʝʨʭʥʝʶ ʪʘ ʚʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʪʫʨʙʫʣʝʥʪʥʠʡ ʧʫʣʴʩʫʶʯʠʡ ʧʦʪʽʢ ʨʽʜʠʥʠ ʽʟ 

ʯʘʩʪʠʢʘʤʠ ʤʘʻ ʙʽʣʴʰ ʟʥʘʯʥʽ ʩʠʣʠ ʪʝʨʪʷ ʧʨʠ ʨʦʟʪʽʢʘʥʥʽ ʧʦ ʧʦʚʝʨʭʥʽ ʽʟ ʟʘʙʨʫʜʥʝʥʥ̫ʤ ʪʘ ʤʦʞʣʠʚʠʡ ʧʨʦʮʝʩ 

ʡʦʛʦ ʤʽʢʨʦʟʨʽʟʘʥʥʷ ʪʚʝʨʜʠʤʠ ʯʘʩʪʢʘʤʠ. 

ɿ ʘʥʘʣʽʟʫ ʧʦʙʫʜʦʚʘʥʦʾ ʘʥʘʣʽʪʠʯʥʦʾ ʤʦʜʝʣʽ ʢʦʣʠʚʘʣʴʥʦʛʦ ʧʨʦʮʝʩʫ ʨʽʜʠʥʠ ʫ ʢʘʤʝʨʽ ʧʫʣʴʩʘʮʽʾ ʟ 

ʥʘʩʘʜʢʦʤ ʚ ʨʦʙʦʯʦʤʫ ʦʨʛʘʥʽ ʚʽʙʨʘʮʽʡʥʦʾ ʤʘʰʠʥʠ ʦʪʨʠʤʘʥʦ ʘʤʧʣʽʪʫʜʥʦ-ʯʘʩʪʦʪʥʫ ʭʘʨʘʢʪʝʨʠʩʪʠʢʫ ʨʫʭʫ ʨʽʜʠʥʠ 

ʫ ʥʘʩʘʜʢʫ, ʷʢʘ ʧʦʚôʷʟʘʥʘ ʽʟ ʚʝʣʠʯʠʥʦʶ ʰʚʠʜʢʦʩʪʽ ʪʘ ʪʠʩʢʦʤ ʩʪʨʫʤʝʥʷ ʟ ʥʘʩʘʜʢʘ ʽ ʤʘʻ ʥʝʣ̔ʥʽʡʥʠʡ ʭʘʨʘʢʪʝʨ, ʘ ʫ 

ʤʝʞʘʭ ʯʘʩʪʦʪ ʚʽʜ 16 ʜʦ 22 ʤʘʻ ʤʘʢʩʠʤʘʣʴʥʫ ʰʚʠʜʢʽʩʪʴ ʪʘ ʚʽʜʧʦʚʽʜʥʦ ʪʠʩʢ ʫ ʩʪʨʫʤʝʥʶ. 

ɼʣʷ ʧʦʜʘʣʴʰʦʛʦ ʧʨʦʚʝʜʝʥʥʷ ʜʦʩʣʽʜʞʝʥʴ ʪʘ ʩʪʚʦʨʝʥʥʷ ʤʝʪʦʜʠʢʠ ʧʨʦʝʢʪʫʚʘʥʥʷ ʚʽʙʨʘʮʽʡʥʦʾ ʤʘʰʠʥʠ 

ʜʣʷ  ʦʯʠʩʪʢʠ ʽ ʤʠʡʢʠ ʥʝʦʙʭʽʜʥʦ ʚʠʢʦʥʘʪʠ ʥʘʩʪʫʧʥ̔ ʟʘʚʜʘʥʥʷ: ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ ʚʩʪʘʥʦʚʠʪʠ ʚʟʘʻʤʦʟʚôʷʟʦʢ 

ʢʦʥʩʪʨʫʢʪʠʚʥʠʭ ʧʘʨʘʤʝʪʨʽʚ  ʟ ʨʝʞʠʤʘʤʠ ʨʦʙʦʪʠ ʧʨʠʚʦʜʫ ʚʽʙʨʘʮʽʡʥʦʾ ʤʘʰʠʥʠ; ʚʠʟʥʘʯʠʪʠ ʦʧʪʠʤʘʣʴʥʠʡ ʦʙôʻʤ 

ʪʚʝʨʜʠʭ ʯʘʩʪʦʢ; ʚʠʟʥʘʯʠʪʠ ʦʧʪʠʤʘʣʴʥʫ ʘʤʧʣʽʪʫʜʫ ʪʘ ʯʘʩʪʦʪʫ ʢʦʣʠʚʘʥʥʷ ʧʨʠʚʦʜʫ ʜʣʷ ʩʪʚʦʨʝʥʥʷ ʩʪʨʫʤʝʥʷ ʟ 

ʤʘʢʩʠʤʘʣʴʥʠʤ ʪʠʩʢʦʤ ʫ ʥʘʩʘʜʢʫ; ʧʨʦʚʝʩʪʠ ʧʦʨʽʚʥʷʣʴʥʽ ʜʦʩʣʽʜʞʝʥʥʷ ʧʦ ʧʨʦʜʫʢʪʠʚʥʦʩʪʽ ʦʯʠʱʝʥʥʷ ʪʘ ʤʠʡʢʠ 

ʤʦʜʝʣʴʥʠʭ ʟʘʙʨʫʜʥʝʥʴ.  
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IMPROVEMENT OF UMM -5 MACHINE FOR DETERMINATION OF MECHANICAL CHARACTERISTICS OF 

CONSTRUCTION MATERIALS  
 

Determining the mechanical characteristics of structural materials is very important in the manufacture of products from them 
for certain operating conditions, in particular under the influence of external deforming forces. The maximum allowable values of relative 
elongation and tensile strength in tension are determined on a test bench of the type of rupture machine. 

The rapid pace of computerization of all aspects of human activity has led to the fact that today computers, and, above all, 
personal computers, have become an essential attribute of various technical systems. This also applies to modern control and data collection 
systems, control and measurement and laboratory equipment, ie any complexes, the main task of which is the processing and interpretation 
of information coming from the "outside world". 

As a result, developers and users of specialized systems face the task of adequate docking of devices that receive information from 
the outside world, namely sensors of various types, with a personal computer, which is the central node of such a system and perform tasks of 
coordinating system, information processing comes and issues it to the user in the most convenient form for him. 

The analysis of modern machines is conducted for the test of construction materials. The analysis of machines is conducted for the 
test of construction materials that need an improvement. Ways of possible improvement of existing machines are determined. The 
advantages and disadvantages of the known means for measuring forces and deformation are determined. The paper proposes the 
improvement of test machines of obsolete type by equipping them with systems for measuring forces and displacements without significantly 
changing the basic structures. The methodological and theoretical bases of the study are the main provisions of theoretical mechanics, 
strength of materials and machine elements. Was developed the elements of construction and circuit solutions for improvement the UMM-5 
machine, which is used for experimental determination of mechanical characteristics of construction materials in the strength of material 
laboratory of the Department of Applied Mechanics and Machines of Kyiv National University of Technology and Design. The developed 
system of combined effort measurement advantageously combines the advantages of classical mechanical meters and electronic data 
recording means. Improving existing testing machines with the help of the developed system is attractive with low re-equipment costs and 
does not require significant changes in their design. The research results can be used to improve the existing equipment at machine-building 
enterprises of the industry. 

Keywords: construction materials, strength, test machine, sensor, electrical scheme, computer. 

 

ɺʩʪʫʧ 

ɺʠʟʥʘʯʝʥʥʷ ʤʝʭʘʥʽʯʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʢʦʥʩʪʨʫʢʮʽʡʥʠʭ ʤʘʪʝʨʽʘʣʽʚ ʤʘʻ ʜʫʞʝ ʚʘʞʣʠʚʝ ʟʥʘʯʝʥʥʷ ʧʨʠ 

ʚʠʛʦʪʦʚʣʝʥʥʽ ʚʠʨʦʙʽʚ ʟ ʥʠʭ ʜʣʷ ʧʝʚʥʠʭ ʫʤʦʚ ʝʢʩʧʣʫʘʪʘʮʽʾ, ʟʦʢʨʝʤʘ ʧʨʠ ʚʧʣʠʚʽ ʟʦʚʥʽʰʥʽʭ ʜʝʬʦʨʤʫʶʯʠʭ ʩʠʣ. 

ʄʘʢʩʠʤʘʣʴʥʦ ʜʦʧʫʩʪʠʤʽ ʟʥʘʯʝʥʥʷ ʚʽʜʥʦʩʥʦʛʦ ʧʦʜʦʚʞʝʥʥʷ ʽ ʨʦʟʨʠʚʥʦʾ ʤʽʮʥʦʩʪʽ ʧʨʠ ʨʦʟʪʷʛʫʚʘʥʥʽ 

ʚʠʟʥʘʯʘʶʪʴʩʷ ʥʘ ʚʠʧʨʦʙʫʚʘʣʴʥʦʤʫ ʩʪʝʥʜʽ ʪʠʧʫ ʨʦʟʨʠʚʥʦʾ ʤʘʰʠʥʠ. 

ʉʪʨʽʤʢʽ ʪʝʤʧʠ ʢʦʤʧ'ʶʪʝʨʠʟʘʮʽʾ ʚʩʽʭ ʩʪʦʨʽʥ ʣʶʜʩʴʢʦʾ ʜʽʷʣʴʥʦʩʪʽ ʧʨʠʟʚʝʣʠ ʜʦ ʪʦʛʦ, ʱʦ ʩʴʦʛʦʜʥʽ 

ʢʦʤʧ'ʶʪʝʨʠ, ʽ, ʧʝʨʰ ʟʘ ʚʩʝ, ʧʝʨʩʦʥʘʣʴʥʽ ɽʆʄ, ʩʪʘʣʠ ʥʝʦʜʤʽʥʥʠʤ ʘʪʨʠʙʫʪʦʤ ʩʘʤʠʭ ʨʽʟʥʠʭ ʪʝʭʥʽʯʥʠʭ 

ʢʦʤʧʣʝʢʩʽʚ. ʎʝ ʩʪʦʩʫʻʪʴʩʷ ʽ ʩʫʯʘʩʥʠʭ ʩʠʩʪʝʤ ʫʧʨʘʚʣʽʥʥʷ ʪʘ ʟʙʦʨʫ ʜʘʥʠʭ, ʢʦʥʪʨʦʣʴʥʦ-ʚʠʤʽʨʶʚʘʣʴʥʦʛʦ ʪʘ 

ʣʘʙʦʨʘʪʦʨʥʦʛʦ ʦʙʣʘʜʥʘʥʥʷ, ʪʦʙʪʦ ʙʫʜʴ-ʷʢʠʭ ʢʦʤʧʣʝʢʩʽʚ, ʦʩʥʦʚʥʠʤ ʟʘʚʜʘʥʥʷʤ ʷʢʠʭ ʻ ʦʙʨʦʙʢʘ ʪʘ 

ʽʥʪʝʨʧʨʝʪʘʮʽʷ ʽʥʬʦʨʤʘʮʽʾ, ʱʦ ʥʘʜʭʦʜʠʪʴ ʽʟ "ʟʦʚʥʽʰʥʴʦʛʦ ʩʚʽʪʫ". 

ɺ ʨʝʟʫʣʴʪʘʪʽ ʧʝʨʝʜ ʨʦʟʨʦʙʥʠʢʘʤʠ ʽ ʢʦʨʠʩʪʫʚʘʯʘʤʠ ʩʧʝʮʽʘʣʽʟʦʚʘʥʦʾ ʩʠʩʪʝʤʠ ʧʦʩʪʘʻ ʟʘʚʜʘʥʥʷ 

ʘʜʝʢʚʘʪʥʦʾ ʩʪʠʢʫʚʘʥʥʷ ʧʨʠʩʪʨʦʾʚ, ʷʢʽ ʩʧʨʠʡʤʘʶʪʴ ʽʥʬʦʨʤʘʮʽʶ ʽʟ ʟʦʚʥʽʰʥʴʦʛʦ ʩʚʽʪʫ, ʘ ʩʘʤʝ ʜʘʪʯʠʢʽʚ ʨʽʟʥʦʛʦ 

ʪʠʧʫ, ʟ ʧʝʨʩʦʥʘʣʴʥʠʤ ʢʦʤʧ'ʶʪʝʨʦʤ, ʱʦ ʻ ʮʝʥʪʨʘʣʴʥʠʤ ʚʫʟʣʦʤ ʪʘʢʦʾ ʩʠʩʪʝʤʠ ʽ ʚʠʢʦʥʫʶʪʴ ʟʘʚʜʘʥʥʷ 

ʢʦʦʨʜʠʥʘʮʽʾ ʨʦʙʦʪʠ ʩʠʩʪʝʤʠ, ʦʙʨʦʙʢʠ ʽʥʬʦʨʤʘʮʽʾ, ʱʦ ʥʘʜʭʦʜʠʪʴ ʽ ʚʠʜʘʯʽ ʾʾ ʢʦʨʠʩʪʫʚʘʯʝʚʽ ʚ ʥʘʡʙʽʣʴʰ 

ʟʨʫʯʥʦʶ ʜʣʷ ʥʴʦʛʦ ʬʦʨʤʽ. 
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ʆʙôʻʢʪ ʪʘ ʤʝʪʦʜʠ ʜʦʩʣʽʜʞʝʥʥʷ 

ʆʙôʻʢʪʦʤ ʜʦʩʣʽʜʞʝʥʴ ʻ ʧʨʦʮʝʩʠ ʚʠʧʨʦʙʫʚʘʥʴ ʢʦʥʩʪʨʫʢʮʽʡʥʠʭ ʤʘʪʝʨʽʘʣʽʚ ʧʨʠ ʾʭ ʜʝʬʦʨʤʫʚʘʥʥʽ ʽ 

ʨʫʡʥʫʚʘʥʥʽ. ʇʨʠ ʚʠʨʽʰʝʥʥʽ ʧʦʩʪʘʚʣʝʥʠʭ ʟʘʜʘʯ ʙʫʣʠ ʚʠʢʦʨʠʩʪʘʥʽ ʩʫʯʘʩʥʽ ʤʝʪʦʜʠ ʚʠʟʥʘʯʝʥʥʷ ʤʝʭʘʥʽʯʥʠʭ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʢʦʥʩʪʨʫʢʮʽʡʥʠʭ ʤʘʪʝʨʽʘʣʽʚ, ʱʦ ʙʘʟʫʶʪʴʩʷ ʥʘ ʦʩʥʦʚʥʠʭ ʧʦʣʦʞʝʥʥʷʭ ʪʝʦʨʝʪʠʯʥʦʾ ʤʝʭʘʥʽʢʠ, 

ʦʧʦʨʫ ʤʘʪʝʨʽʘʣʽʚ ʪʘ ʜʝʪʘʣʝʡ ʤʘʰʠʥ. 

ʇʦʩʪʘʥʦʚʢʘ ʟʘʚʜʘʥʥʷ 

ɺʨʘʭʦʚʫʶʯʠ ʘʢʪʫʘʣʴʥʽʩʪʴ ʧʠʪʘʥʥʷ ʤʦʜʝʨʥʽʟʘʮʽʾ ʣʘʙʦʨʘʪʦʨʥʠʭ ʤʘʰʠʥ ʜʣʷ ʚʠʟʥʘʯʝʥʥʷ ʤʝʭʘʥʽʯʥʠʭ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʢʦʥʩʪʨʫʢʮʽʡʥʠʭ ʤʘʪʝʨʽʘʣʽʚ, ʟʘʚʜʘʥʥʷʤ ʜʦʩʣʽʜʞʝʥʴ ʻ ʚʠʟʥʘʯʝʥʥʷ ʤʦʞʣʠʚʠʭ ʰʣʷʭʽʚ 

ʫʜʦʩʢʦʥʘʣʝʥʥʷ ʽʩʥʫʶʯʦʛʦ ʦʙʣʘʜʥʘʥʥʷ ʣʘʙʦʨʘʪʦʨʽʾ ʦʧʦʨʫ ʤʘʪʝʨʽʘʣʽʚ, ʱʦ ʜʦʟʚʦʣʠʪʴ ʧʽʜʚʠʱʠʪʠ ʪʦʯʥʽʩʪʴ 

ʝʢʩʧʝʨʠʤʝʥʪʫ, ʽʩʪʦʪʥʦ ʧʦʣʝʛʰʠʪʠ ʦʙʨʦʙʢʫ ʦʪʨʠʤʘʥʠʭ ʨʝʟʫʣʴʪʘʪʽʚ, ʾʭ ʩʠʩʪʝʤʘʪʠʟʘʮʽʶ, ʟʙʝʨʽʛʘʥʥʷ, ʘ ʪʘʢʦʞ 

ʦʨʛʘʥʽʟʫʚʘʪʠ ʚʠʜʘʯʫ ʽʥʬʦʨʤʘʮʽʾ, ʷʢ ʚ ʧʨʦʮʝʩʽ ʚʠʤʽʨʶʚʘʥʥʷ, ʪʘʢ ʽ ʧʦ ʡʦʛʦ ʟʘʢʽʥʯʝʥʥʽ ʚ ʥʘʡʙʽʣʴʰ ʟʨʫʯʥʦʤʫ ʜʣʷ 

ʢʦʨʠʩʪʫʚʘʯʘ ʚʠʛʣʷʜʽ. 

ʈʝʟʫʣʴʪʘʪʠ ʪʘ ʾʭ ʦʙʛʦʚʦʨʝʥʥʷ 

ɼʣʷ ʧʨʦʚʝʜʝʥʥʷ ʚʠʧʨʦʙʫʚʘʥʴ ʢʦʥʩʪʨʫʢʮʽʡʥʠʭ ʤʘʪʝʨʽʘʣʽʚ ʥʘ ʨʦʟʪʷʛ ʽ ʩʪʠʩʢʘʥʥʷ ʟʘʩʪʦʩʦʚʫʶʪʴ 

ʩʧʝʮʽʘʣʴʥʽ ʧʨʠʩʪʨʦʾ (ʫʥʽʚʝʨʩʘʣʴʥʽ ʨʦʟʨʠʚʥʽ ʤʘʰʠʥʠ, ʚʠʧʨʦʙʫʚʘʣʴʥʽ ʧʨʝʩʠ ʪʦʱʦ) [1-4]. ʈʦʟʨʠʚʥʘ ʤʘʰʠʥʘ ʤʘʻ 

ʩʧʝʮʽʘʣʴʥʽ ʟʘʪʠʩʢʘʯʽ, ʚ ʷʢʠʭ ʟʘʢʨʽʧʣʶʻʪʴʩʷ ʚʠʧʨʦʙʫʚʘʥʠʡ ʟʨʘʟʦʢ, ʱʦ ʧʽʜʜʘʻʪʴʩʷ ʜʽʾ ʧʦʩʪʫʧʦʚʦ ʟʨʦʩʪʘʶʯʦʛʦ 

ʥʘʚʘʥʪʘʞʝʥʥʷ, ʘ ʪʘʢʦʞ ʧʨʠʩʪʨʦʾ ʜʣʷ ʚʠʤʽʨʶʚʘʥʥʷ ʜʽʶʯʦʛʦ ʥʘ ʟʨʘʟʦʢ ʟʫʩʠʣʣʷ ʪʘ ʚʝʣʠʯʠʥʠ ʜʝʬʦʨʤʘʮʽʾ. ɼʣʷ 

ʚʠʟʥʘʯʝʥʥʷ ʤʝʭʘʥʽʯʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʢʦʥʩʪʨʫʢʮʽʡʥʠʭ ʤʘʪʝʨʽʘʣʽʚ ʟʘʩʪʦʩʦʚʫʶʪʴʩʷ ʫʥʽʚʝʨʩʘʣʴʥʽ ʨʦʟʨʠʚʥʽ 

ʤʘʰʠʥʠ ʩʘʤʠʭ ʨʽʟʥʠʭ ʨʦʟʤʽʨʽʚ, ʧʘʨʘʤʝʪʨʽʚ ʽ ʚʽʜʧʦʚʽʜʥʦ ʪʝʭʥʽʯʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ, ʨʦʟʨʘʭʦʚʘʥʽ ʥʘ 

ʥʘʚʘʥʪʘʞʝʥʥʷ ʚʽʜ ʩʦʪʠʭ ʯʘʩʪʦʢ ʥʴʶʪʦʥʘ ʜʦ ʙʘʛʘʪʴʦʭ ʢʽʣʦʥʴʶʪʦʥ [5, 6]. ɺʠʤʦʛʠ ʜʦ ʪʘʢʦʛʦ ʨʦʜʫ ʦʙʣʘʜʥʘʥʥʷ 

ʨʝʛʣʘʤʝʥʪʫʶʪʴʩʷ ʨʷʜʦʤ ʜʝʨʞʘʚʥʠʭ ʩʪʘʥʜʘʨʪʽʚ [7-9]. ʊʘʢ, ʨʦʟʨʠʚʥʽ ʤʘʰʠʥʠ, ʷʢʽ ʟʘʩʪʦʩʦʚʫʶʪʴʩʷ ʧʨʠ 

ʚʠʧʨʦʙʫʚʘʥʥʽ ʛʫʤʠ ʪʘ ʧʣʘʩʪʤʘʩʠ ʥʘ ʨʦʟʪʷʛ, ʟʛʠʥ ʽ ʩʪʠʩʢʘʥʥʷ ʟʘ ʧʦʩʪʽʡʥʦʾ ʰʚʠʜʢʦʩʪʽ ʧʝʨʝʤʽʱʝʥʥʷ ʧʦʚʠʥʥʽ ʟʘ 

ʩʚʦʾʤʠ ʪʝʭʥʽʯʥʠʤʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ ʟʘʜʦʚʦʣʴʥʷʪʠ ʚʠʤʦʛʘʤ ʩʪʘʥʜʘʨʪʫ ɼʉʊʋ ISO 5893:2019. ʈʦʟʨʠʚʥʽ 

ʤʘʰʠʥʠ ʤʦʞʫʪʴ ʤʘʪʠ ʨʽʟʥʠʡ ʧʨʠʚʽʜ ï ʨʫʯʥʠʡ, ʝʣʝʢʪʨʦʤʝʭʘʥʽʯʥʠʡ (ʝʣʝʢʪʨʦʜʚʠʛʫʥ ï ʤʝʭʘʥʽʯʥʘ ʧʝʨʝʜʘʯʘ) ʪʘ 

ʝʣʝʢʪʨʦʛʽʜʨʘʚʣʽʯʥʠʡ. ʅʘʡʙʽʣʴʰ ʨʦʟʧʦʚʩʶʜʞʝʥʽ ʤʘʰʠʥʠ ʟ ʝʣʝʢʪʨʦʤʝʭʘʥʽʯʥʠʤ ʧʨʠʚʦʜʦʤ, ʪʦʜʽ ʷʢ 

ʝʣʝʢʪʨʦʛʽʜʨʘʚʣʽʯʥʠʡ ʟʘʩʪʦʩʦʚʫʶʪʴ ʚ ʦʙʣʘʜʥʘʥʥʽ ʜʣʷ ʚʠʧʨʦʙʫʚʘʥʴ ʤʘʪʝʨʽʘʣʽʚ ʧʨʠ ʟʥʘʯʥʦ ʙʽʣʴʰʠʭ ʨʦʙʦʯʠʭ 

ʥʘʚʘʥʪʘʞʝʥʥʷʭ. 

ʅʘ ʨʠʩ. 1 ʧʨʝʜʩʪʘʚʣʝʥʦ ʟʦʚʥʽʰʥʽʡ ʚʠʛʣʷʜ ʫʥʽʚʝʨʩʘʣʴʥʦʾ ʨʦʟʨʠʚʥʦʾ ʤʘʰʠʥʠ ʜʣʷ ʚʠʧʨʦʙʫʚʘʥʥʷ 

ʢʦʥʩʪʨʫʢʮʽʡʥʠʭ ʤʘʪʝʨʽʘʣʽʚ, ʷʢʦʶ ʦʙʣʘʜʥʘʥʦ ʣʘʙʦʨʘʪʦʨʽʶ ʦʧʦʨʫ ʤʘʪʝʨʽʘʣʽʚ ʢʘʬʝʜʨʠ ʧʨʠʢʣʘʜʥʦʾ ʤʝʭʘʥʽʢʠ ʪʘ 

ʤʘʠhʥ ʂʠʾʚʩʴʢʦʛʦ ʥʘʮʽʦʥʘʣʴʥʦʛʦ ʫʥʽʚʝʨʩʠʪʝʪʫ ʪʝʭʥʦʣʦʛʽʡ ʪʘ ʜʠʟʘʡʥʫ.  

ʋʥʽʚʝʨʩʘʣʴʥʘ ʚʠʧʨʦʙʫʚʘʣʴʥʘ ʨʦʟʨʠʚʥʘ ʤʘʰʠʥʘ ʋʄʄ-5 ʧʨʠʟʥʘʯʝʥʘ ʜʣʷ ʩʪʘʪʠʯʥʠʭ ʚʠʧʨʦʙʫʚʘʥʴ ʥʘ 

ʨʦʟʪʷʛ, ʩʪʠʩʢ, ʟʨʽʟ ʤʝʪʘʣʝʚʠʭ ʟʨʘʟʢʽʚ ʪʘ ʽʥʰʠʭ ʤʘʪʝʨʽʘʣʽʚ ʚ ʤʝʞʘʭ ʪʝʭʥʽʯʥʠʭ ʤʦʞʣʠʚʦʩʪʝʡ ʤʘʰʠʥʠ. ʈʦʟʨʠʚʥʘ 

ʤʘʰʠʥʘ ʋʄʄ-5 ʧʦʙʫʜʦʚʘʥʘ ʟʘ ʧʨʠʥʮʠʧʦʤ ʨʦʟʨʠʚʥʠʭ ʤʘʰʠʥ ʟ ʤʝʭʘʥʽʯʥʠʤ ʥʘʚʘʥʪʘʞʝʥʥʷʤ ʟʨʘʟʢʘ ʽ ʟ 

ʚʘʞʽʣʴʥʦ-ʤʘʷʪʥʠʢʦʚʠʤ ʩʠʣʦʚʠʤʽʨʶʚʘʯʝʤ.  

ɼʘʥʝ ʦʙʣʘʜʥʘʥʥʷ ʚʽʜʥʦʩʠʪʴʩʷ ʜʦ ʚʠʧʨʦʙʫʚʘʣʴʥʠʭ ʤʘʰʠʥ ʤʦʨʘʣʴʥʦ ʟʘʩʪʘʨʽʣʦʛʦ ʪʠʧʫ ʪʘ ʧʦʪʨʝʙʫʻ 

ʤʦʜʝʨʥʽʟʘʮʽʾ, ʤʝʪʦʶ ʷʢʦʾ ʻ ʜʦʚʝʜʝʥʥʷ ʤʝʪʨʦʣʦʛʽʯʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʜʦ ʚʽʜʧʦʚʽʜʥʦʩʪʽ ʚʠʤʦʛʘʤ ʩʪʘʥʜʘʨʪʽʚ 

ASTM, ISO, DIN, GB ʽ ʜʦʦʩʥʘʱʝʥʥʷ ʥʝʦʙʭʽʜʥʠʤʠ ʧʨʠʩʪʨʦʷʤʠ ʚʠʤʽʨʶʚʘʥʥʷ. 

ʅʘ ʩʴʦʛʦʜʥʽʰʥʽʡ ʯʘʩ ʤʦʨʘʣʴʥʦ ʟʘʩʪʘʨʽʣʽ ʚʠʧʨʦʙʫʚʘʣʴʥʽ ʤʘʰʠʥʠ ʤʦʞʫʪʴ ʙʫʪʠ ʫʜʦʩʢʦʥʘʣʝʥʽ ʚ 

ʨʽʟʥʦʤʫ ʩʪʫʧʝʥʽ ʛʣʠʙʠʥʠ ʤʦʜʝʨʥʽʟʘʮʽʾ. ɸʚʪʦʨʘʤʠ ʧʨʦʧʦʥʫʻʪʴʩʷ ʥʘʩʪʫʧʥʠʡ ʚʘʨʽʘʥʪ ʤʦʜʝʨʥʽʟʘʮʽʾ ʜʘʥʦʛʦ 

ʦʙʣʘʜʥʘʥʥʷ, ʱʦ ʧʝʨʝʜʙʘʯʘʻ ʚʩʪʘʥʦʚʣʝʥʥʷ ʝʣʝʢʪʨʦʥʥʦʛʦ ʨʝʻʩʪʨʘʪʦʨʘ. ʈʝʛʫʣʶʚʘʥʥʷ ʰʚʠʜʢʦʩʪʽ ʥʘʚʘʥʪʘʞʝʥʥʷ 

ʟʘʣʠʰʘʻʪʴʩʷ ʙʝʟ ʟʤʽʥʠ (ʚʠʢʣʶʯʥʦ ʟʘ ʨʘʭʫʥʦʢ ʤʝʭʘʥʽʯʥʦʾ ʢʦʨʦʙʢʠ ʧʝʨʝʜʘʯ). ɽʣʝʢʪʨʦʥʥʠʡ ʨʝʻʩʪʨʘʪʦʨ 

ʚʩʪʘʥʦʚʣʶʻʪʴʩʷ ʥʘ ʨʦʟʨʠʚʥʫ ʤʘʰʠʥʫ ʚ ʢʦʤʧʣʝʢʪʽ ʟ:  

- ʤʽʢʨʦʧʨʦʮʝʩʦʨʥʠʡ ʙʣʦʢ ʟʽ ʩʧʝʮʽʘʣʴʥʠʤ ʧʨʦʛʨʘʤʥʠʤ ʟʘʙʝʟʧʝʯʝʥʥʷʤ (ʇɿ); 

- ʜʘʪʯʠʢ ʟʫʩʠʣʣʷ (ʦʜʠʥ ʘʙʦ ʜʚʘ); 

- ʜʘʪʯʠʢ ʧʝʨʝʤʽʱʝʥʥʷ; 

- ʧʝʨʩʦʥʘʣʴʥʠʡ ʢʦʤʧ'ʶʪʝʨ (ʇʂ); 

- ʧʨʠʥʪʝʨ. 

ʎʝʡ ʚʘʨʽʘʥʪ ʤʦʜʝʨʥʽʟʘʮʽʾ ʜʦʟʚʦʣʠʪʴ: ʧʨʦʚʦʜʠʪʠ ʚʩʽ ʚʠʜʠ ʚʠʧʨʦʙʫʚʘʥʴ ʚ ʤʝʞʘʭ ʪʝʭʥʽʯʥʠʭ 

ʤʦʞʣʠʚʦʩʪʝʡ ʤʘʰʠʥʠ; ʨʝʻʩʪʨʫʚʘʪʠ ʛʨʘʬʽʢʠ ʚʠʧʨʦʙʫʚʘʥʴ ʪʘ ʚʽʜʦʙʨʘʞʘʪʠ ʚʩʽ ʧʦʪʦʯʥʽ ʟʥʘʯʝʥʥʷ ʚʠʤʽʨʶʚʘʥʠʭ 

ʚʝʣʠʯʠʥ ʥʘ ʜʠʩʧʣʝʾ ʚ ʨʝʞʠʤʽ ʨʝʘʣʴʥʦʛʦ ʯʘʩʫ; ʘʥʘʣʽʟʫʚʘʪʠ ʦʪʨʠʤʘʥʽ ʜʘʥʽ ʩʝʨʽʾ ʚʠʧʨʦʙʫʚʘʥʴ ʟ ʥʘʢʣʘʜʝʥʥʷʤ 

ʢʨʠʚʠʭ; ʘʚʪʦʤʘʪʠʯʥʦ ʦʙʨʦʙʣʷʪʠ ʦʪʨʠʤʘʥʽ ʨʝʟʫʣʴʪʘʪʠ ʪʘ ʧʨʝʜʩʪʘʚʣʷʪʠ ʾʭ ʫ ʚʠʛʣʷʜʽ ʛʨʘʬʽʢʽʚ ʽ ʧʨʦʪʦʢʦʣʽʚ ʟ 

ʤʦʞʣʠʚʽʩʪʶ ʨʦʟʜʨʫʢʫʚʘʥʥʷ; ʧʨʠ ʥʝʦʙʭʽʜʥʦʩʪʽ ʝʢʩʧʦʨʪʫʚʘʪʠ ʦʪʨʠʤʘʥʽ ʜʘʥʽ ʚ ʧʨʦʛʨʘʤʥʝ ʟʘʙʝʟʧʝʯʝʥʥʷ 

çMicrosoft Office Excel 2007è ʪʘ çMicrosoft Office Word 2007è, çAdobe Acrobat XI  Proè; ʧʨʘʮʶʚʘʪʠ ʟ 

ʙʽʙʣʽʦʪʝʢʘʤʠ ʤʝʪʦʜʽʚ ʚʠʧʨʦʙʫʚʘʥʴ ʟʛʽʜʥʦ ʥʦʨʤʘʪʠʚʥʦʾ ʜʦʢʫʤʝʥʪʘʮʽʾ; ʩʪʚʦʨʶʚʘʪʠ ʢʦʨʦʪʢʽ ʽ ʨʦʟʰʠʨʝʥʽ ʟʚʽʪʠ 

ʧʦ ʨʝʟʫʣʴʪʘʪʘʤ ʚʠʧʨʦʙʫʚʘʥʴ; ʘʚʪʦʤʘʪʠʯʥʦ ʟʫʧʠʥʷʪʠ ʧʨʦʮʝʩ ʚʠʧʨʦʙʫʚʘʥʥʷ ʧʨʠ ʨʫʡʥʫʚʘʥʥʽ ʟʨʘʟʢʘ ʘʙʦ 

ʚʠʢʦʥʘʥʥʽ ʟʘʜʘʥʠʭ ʫʤʦʚ. 

ʇʝʨʝʜ ʤʦʜʝʨʥʽʟʘʮʽʻʶ ʥʝʦʙʭʽʜʥʦ ʧʨʦʚʝʩʪʠ ʪʝʭʥʽʯʥʝ ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ ʤʝʭʘʥʽʯʥʦʾ ʯʘʩʪʠʥʠ 

ʥʘʚʘʥʪʘʞʫʚʘʣʴʥʦʛʦ ʧʨʠʩʪʨʦʶ ʽ ʧʨʠ ʥʝʦʙʭʽʜʥʦʩʪʽ ʟʜʽʡʩʥʠʪʠ ʨʝʤʦʥʪ. 
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ʈʠʩ. 1. ɿʦʚʥʽʰʥʽʡ ʚʠʛʣʷʜ ʫʥʽʚʝʨʩʘʣʴʥʦʾ ʚʠʧʨʦʙʫʚʘʣʴʥʦʾ ʨʦʟʨʠʚʥʦʾ ʤʘʰʠʥʠ ʋʄʄ-5:  

1 ï ʩʠʣʦʚʘ ʯʘʩʪʠʥʘ; 2 ï ʩʠʣʦʚʠʤʽʨʶʚʘʣʴʥʘ ʯʘʩʪʠʥʘ; 3 ï ʤʝʭʘʥʽʟʤ ʩʘʤʦʧʠʩʮʷ; 4 ï ʢʦʣʦʥʠ; 5 ï ʥʠʞʥʷ ʨʫʭʦʤʘ ʪʨʘʚʝʨʩʘ;  

6 ï ʚʝʨʭʥʷ ʥʝʨʫʭʦʤʘ ʪʨʘʚʝʨʩʘ; 7 ï ʟʘʭʦʧʣʶʚʘʯʽ; 8 ï ʚʠʧʨʦʙʫʚʘʣʴʥʠʡ ʟʨʘʟʦʢ  

 

ɼʣʷ ʫʜʦʩʢʦʥʘʣʝʥʥʷ ʩʠʩʪʝʤʠ ʚʠʤʽʨʶʚʘʥʥʷ ʟʫʩʠʣʣʷ, ʱʦ ʜʽʻ ʥʘ ʚʝʨʭʥʽʡ ʟʘʭʚʘʪ ʨʘʮʽʦʥʘʣʴʥʦ 

ʚʠʢʦʨʠʩʪʘʪʠ ʨʝʟʠʩʪʦʨʥʠʡ ʜʘʪʯʠʢ ʢʫʪʘ ʧʦʚʦʨʦʪʫ, ʷʢʠʡ ʧʦʪʨʽʙʥʦ ʚʩʪʘʥʦʚʠʪʠ ʥʘ ʚʽʩʴ ʦʙʝʨʪʘʥʥʷ ʩʪʨʽʣʢʠ 

ʜʠʥʘʤʦʤʝʪʨʘ. ʇʨʠ ʮʴʦʤʫ ʢʫʪ ʧʦʚʦʨʦʪʫ ʜʘʪʯʠʢʘ ʙʫʜʝ ʧʨʷʤʦ ʧʨʦʧʦʨʮʽʡʥʠʡ ʟʫʩʠʣʣʶ, ʱʦ ʜʽʻ ʥʘ ʚʝʨʭʥʽʡ ʟʘʭʚʘʪ.  

ʇʨʠ ʧʨʦʚʝʜʝʥʥʽ ʝʢʩʧʝʨʠʤʝʥʪʫ ʨʝʟʫʣʴʪʘʪʠ ʚʽʟʫʘʣʴʥʦʛʦ ʩʧʦʩʪʝʨʝʞʝʥʥʷ (ʟʘ ʰʢʘʣʦʶ ʥʘʚʘʥʪʘʞʝʥʴ) 

ʤʘʢʩʠʤʘʣʴʥʦʛʦ ʥʘʚʘʥʪʘʞʝʥʥʷ ʧʝʨʝʜ ʨʫʡʥʫʚʘʥʥʷʤ ʟʨʘʟʢʘ ʙʫʜʫʪʴ ʚʠʢʦʨʠʩʪʘʥʽ ʜʣʷ ʪʘʨʫʚʘʥʥʷ ʜʽʘʛʨʘʤʠ, ʷʢʘ 

ʦʪʨʠʤʘʥʘ ʚ ʮʠʬʨʦʚʦʤʫ ʚʠʛʣʷʜʽ. 

ʈʦʟʨʦʙʣʝʥʘ ʘʚʪʦʨʘʤʠ ʩʪʘʪʪʽ ʩʪʨʫʢʪʫʨʥʘ ʩʭʝʤʘ ʩʠʩʪʝʤʠ ʚʠʤʽʨʶʚʘʥʥʷ ʽ ʨʝʻʩʪʨʘʮʽʾ ʦʪʨʠʤʘʥʠʭ ʜʘʥʠʭ 

ʧʽʜ ʯʘʩ ʚʠʧʨʦʙʫʚʘʥʴ ʥʘ ʨʦʟʨʠʚʥʽʡ ʤʘʰʠʥʽ ʋʄʄ-5 ʧʨʝʜʩʪʘʚʣʝʥʘ ʥʘ ʨʠʩ. 2. 

 
ʈʠʩ. 2. ʉʭʝʤʘ ʩʪʨʫʢʪʫʨʥʘ ʩʠʩʪʝʤʠ ʚʠʤʽʨʶʚʘʥʥʷ ʽ ʨʝʻʩʪʨʘʮʽʾ ʜʘʥʠʭ ʚʠʧʨʦʙʫʚʘʣʴʥʦʾ ʤʘʰʠʥʠ ʋʄʄ-5 

 

ʋ ʚʽʜʧʦʚʽʜʥʦʩʪʽ ʜʦ ʩʭʝʤʠ, ʚʽʩʴ ʩʪʨʽʣʢʠ ʚʠʤʽʨʶʚʘʯʽʚ ʟʫʩʠʣʣʷ (ʢʨʫʪʥʦʛʦ ʤʦʤʝʥʪʫ) ʚʠʧʨʦʙʫʚʘʣʴʥʠʭ 

ʤʘʰʠʥ ʞʦʨʩʪʢʦ ʟôʻʜʥʫʻʪʴʩʷ ʟ ʚʘʣʦʤ ʨʝʟʠʩʪʦʨʥʦʛʦ ʜʘʪʯʠʢʘ ʢʫʪʘ ʧʦʚʦʨʦʪʫ ʟʘ ʜʦʧʦʤʦʛʦʶ ʛʥʫʯʢʦʾ ʤʫʬʪʠ 

(ʪʨʫʙʢʘ ʟ ʇɺʍ). ɿʘʚʜʷʢʠ ʮʴʦʤʫ ʢʫʪ ʧʦʚʦʨʦʪʫ ʚʘʣʫ ʜʘʪʯʠʢʘ ʙʫʜʝ ʚʽʜʧʦʚʽʜʘʪʠ ʢʫʪʫ ʧʦʚʦʨʦʪʫ ʦʩʽ ʩʪʨʽʣʢʠ 

ʚʠʤʽʨʶʚʘʯʘ. 

ɼʣʷ ʧʝʨʝʪʚʦʨʝʥʥʷ ʢʫʪʦʚʦʛʦ ʧʦʢʘʟʥʠʢʘ ʜʘʪʯʠʢʘ ʚ ʝʣʝʢʪʨʠʯʥʠʡ ʩʠʛʥʘʣ ʩʣʫʛʫʻ ʜʽʣʴʥʠʢ ʥʘʧʨʫʛʠ, ʷʢʠʡ 

ʬʦʨʤʫʻ ʚʠʭʽʜʥʫ ʥʘʧʨʫʛʫ ʚ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʦʧʦʨʫ ʨʝʟʠʩʪʦʨʥʦʛʦ ʜʘʪʯʠʢʘ. ʇʦʯʘʪʢʦʚʠʡ ʨʽʚʝʥʴ ʥʘʧʨʫʛʠ ʟ 

ʜʽʣʴʥʠʢʘ ʚʠʟʥʘʯʘʻʪʴʩʷ ʟʥʘʯʝʥʥʷʤ ʦʧʦʨʥʦʾ ʥʘʧʨʫʛʠ, ʷʢʘ ʤʦʞʝ ʙʫʪʠ ʦʪʨʠʤʘʥʘ ʟ ʝʣʝʤʝʥʪʫ ʞʠʚʣʝʥʥʷ, ʘʙʦ 

ʩʪʘʙʽʣʽʟʦʚʘʥʦʛʦ ʝʣʝʢʪʨʠʯʥʦʛʦ ʙʣʦʢʫ. 

ɼʣʷ ʧʝʨʝʪʚʦʨʝʥʥʷ ʘʥʘʣʦʛʦʚʦʛʦ ʩʠʛʥʘʣʫ ʟ ʜʽʣʴʥʠʢʘ ʥʘʧʨʫʛʠ ʚ ʮʠʬʨʦʚʠʡ ʩʠʛʥʘʣ ʩʣʫʛʫʻ ʘʥʘʣʦʛʦ-

ʮʠʬʨʦʚʠʡ ʧʝʨʝʪʚʦʨʶʚʘʯ, ʷʢʠʡ ʧʽʜʢʣʶʯʝʥʠʡ ʜʦ ʧʝʨʩʦʥʘʣʴʥʦʛʦ ʢʦʤʧôʶʪʝʨʘ ʯʝʨʝʟ USB ʧʦʨʪ [10-12]. 

ʇʽʜʢʣʶʯʝʥʥʷ ʚʠʭʦʜʫ ʧʽʜʩʠʣʶʚʘʯʘ ʜʦ ʢʦʤʧôʶʪʝʨʘ ʤʦʞʝ ʙʫʪʠ ʚʠʢʦʥʘʥʦ ʟʘ ʜʦʧʦʤʦʛʦʶ ʜʚʦʢʘʥʘʣʴʥʦʛʦ 

ʘʥʘʣʦʛʦ-ʮʠʬʨʦʚʦʛʦ ʧʝʨʝʪʚʦʨʶʚʘʯʘ (ɸʎʇ) ʟ USB ʚʠʭʦʜʦʤ ɺɸ8020 (ʨʠʩ. 3), ʷʢʠʡ ʤʦʞʝ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠʩʷ 

ʜʣʷ ʘʥʘʣʽʟʫ ʥʠʟʴʢʦʯʘʩʪʦʪʥʠʭ ʘʥʘʣʦʛʦʚʠʭ ʩʠʛʥʘʣʽʚ, ʨʝʻʩʪʨʘʮʽʾ ʪʨʠʚʘʣʠʭ ʧʦʚʦʣʽ ʟʤʽʥʥʠʭ ʧʨʦʮʝʩʽʚ, ʘ ʪʘʢʦʞ 

ʜʦʩʣʽʜʞʝʥʥʷ ʜʚʽʡʢʦʚʠʭ ʩʠʛʥʘʣʽʚ.  
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ʈʠʩ. 3. ɿʦʚʥʽʰʥʽʡ ʚʠʛʣʷʜ ʘʥʘʣʦʛʦ-ʮʠʬʨʦʚʦʛʦ ʧʝʨʝʪʚʦʨʶʚʘʯʘ ʟ USB ʚʠʭʦʜʦʤ ɺɸ8020 

 

ɼʣʷ ʪʦʛʦ, ʱʦʙ ʦʪʨʠʤʘʪʠ ʟ ʚʭʽʜʥʦʾ ʥʘʧʨʫʛʠ ʦʧʦʨʥʦʛʦ ʜʞʝʨʝʣʘ ʣʠʰʝ ʾʾ ʯʘʩʪʠʥʫ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ 

ʜʽʣʴʥʠʢ ʥʘʧʨʫʛʠ (voltage divider). ʎʝ ʩʭʝʤʘ, ʷʢʘ ʙʫʜʫʻʪʴʩʷ ʥʘ ʦʩʥʦʚ̔  ʧʘʨʠ ʨʝʟʠʩʪʦʨʽʚ (ʨʠʩ. 4).  

 
ʈʠʩ. 4. ʉʭʝʤʘ ʜʽʣʴʥʠʢʘ ʥʘʧʨʫʛʠ 

 

ʅʘʧʨʠʢʣʘʜ, ʥʘ ʚʭʽʜ ʧʦʜʘʻʪʴʩʷ ʥʘʧʨʫʛʘ ʚʝʣʠʯʠʥʦʶ 9 ɺ. ɸʣʝ ʷʢʫ ʥʘʧʨʫʛʫ ʦʪʨʠʤʘʻʤʦ ʥʘ ʚʠʭʦʜʽ Uʚʠʭ 

(ʨʠʩ. 3.4)? ʇʨʠʧʫʩʪʠʤʦ, ʱʦ ʚ ʩʭʝʤʽ ʚʩʪʘʥʦʚʣʝʥʦ ʨʝʟʠʩʪʦʨʠ ʟ ʥʘʩʪʫʧʥʠʤ ʦʧʦʨʦʤ: R1=400 ʆʤ; R2=500 ʆʤ. 

ʉʪʨʫʤ, ʱʦ ʧʨʦʪʽʢʘʻ ʯʝʨʝʟ ʨʝʟʠʩʪʦʨʠ R1 ʽ R2 ʦʜʥʘʢʦʚʠʡ, ʦʩʢʽʣʴʢʠ ʜʦ ʚʠʭʦʜʫ Uʚʠʭ ʥʽʯʦʛʦ ʥʝ 

ʧʽʜʢʣʶʯʝʥʦ. ɿʘʛʘʣʴʥʠʡ ʦʧʽʨ ʧʘʨʠ ʨʝʟʠʩʪʦʨʽʚ ʧʨʠ ʧʦʩʣʽʜʦʚʥʦʤʫ ʟôʻʜʥʘʥʥʽ ʚʠʟʥʘʯʘʻʪʴʩʷ ʟʘ ʥʘʩʪʫʧʥʠʤ 

ʚʠʨʘʟʦʤ: Rʟʘʛ=R1+R2=900 ʆʤ. 

ʉʠʣʫ ʩʪʨʫʤʫ, ʱʦ ʧʨʦʪʽʢʘʻ ʯʝʨʝʟ ʨʝʟʠʩʪʦʨʠ ʤʦʞʥʘ ʚʠʨʘʭʦʚʫʚʘʪʠ ʟʘ ʬʦʨʤʫʣʦʶ: 

I=U/Rʟʘʛ=9/900=0,01ɸ=10ʤɸ.  

ʊʝʧʝʨ, ʢʦʣʠ ʥʘʤ ʚʽʜʦʤʠʡ ʩʪʨʫʤ, ʱʦ ʧʨʦʪʽʢʘʻ ʯʝʨʝʟ ʨʝʟʠʩʪʦʨ R2, ʨʦʟʨʘʭʫʻʤʦ ʥʘʧʨʫʛʫ ʥʘ ʥʴʦʤʫ: 

Uʚʠʭ=IĀR2=0,01Ŀ500=5ɺ. 

ɸʙʦ, ʷʢʱʦ ʟʘʣʠʰʠʪʠ ʬʦʨʤʫʣʫ ʜʣʷ ʚʠʟʥʘʯʝʥʥʷ ʚʠʭʽʜʥʦʾ ʥʘʧʨʫʛʠ ʚ ʟʘʛʘʣʴʥʦʤʫ ʚʠʛʣʷʜʽ, ʦʪʨʠʤʫʻʤʦ: 
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ʊʘʢ ʟʘ ʜʦʧʦʤʦʛʦʶ ʧʘʨʠ ʨʝʟʠʩʪʦʨʽʚ ʤʠ ʟʤʽʥʠʣʠ ʟʥʘʯʝʥʥʷ ʚʠʭʽʜʥʦʾ ʥʘʧʨʫʛʠ ʟ 9 ʜʦ 5 ɺ. ʎʝ ʧʨʦʩʪʠʡ 

ʩʧʦʩʽʙ ʦʪʨʠʤʘʪʠ ʜʝʢʽʣʴʢʘ ʨʽʟʥʠʭ ʥʘʧʨʫʛ ʚ ʦʜʥʽʡ ʩʭʝʤʽ, ʟʘʣʠʰʠʚʰʠ ʧʨʠ ʮʴʦʤʫ ʪʽʣʴʢʠ ʦʜʥʝ ʜʞʝʨʝʣʦ ʞʠʚʣʝʥʥʷ. 

ʗʢʱʦ ʚ ʥʘʚʝʜʝʥʽʡ ʚʠʱʝ ʩʭʝʤʽ (ʨʠʩ. 4) ʟʘʤʽʥʠʪʠ R1 ʘʙʦ R2 ʥʘ ʨʝʟʠʩʪʦʨ ʟʤʽʥʥʦʛʦ ʦʧʦʨʫ (ʜʘʪʯʠʢ), Uʚʠʭ 

ʙʫʜʝ ʟʤʽʥʶʚʘʪʠʩʷ ʚ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʟʦʚʥʽʰʥʽʭ ʫʤʦʚ, ʱʦ ʚʧʣʠʚʘʶʪʴ ʥʘ ʜʘʪʯʠʢ. ʇʽʜʢʣʶʯʠʚʰʠ ʮʶ ʚʠʭʜ̔ʥʫ 

ʥʘʧʨʫʛʫ ʜʦ ʘʥʘʣʦʛʦʚʦʛʦ ʚʭʦʜʫ ʘʥʘʣʦʛʦ-ʮʠʬʨʦʚʦʛʦ ʧʝʨʝʪʚʦʨʶʚʘʯʘ, ʤʦʞʥʘ ʦʪʨʠʤʫʚʘʪʠ ʽʥʬʦʨʤʘʮʽʶ ʧʨʦ ʨʽʚʝʥʴ 

ʜʽʶʯʠʭ ʟʫʩʠʣʴ ʽ ʤʦʤʝʥʪʽʚ. 

ɿʥʘʯʝʥʥʷ ʚʠʭʽʜʥʦʾ ʥʘʧʨʫʛʠ ʧʨʠ ʧʝʚʥʠʭ ʧʘʨʘʤʝʪʨʘʭ ʩʠʩʪʝʤʠ ʤʦʞʥʘ ʨʦʟʨʘʭʫʚʘʪʠ, ʟʽʩʪʘʚʠʚʰʠ 

ʜʦʢʫʤʝʥʪʘʮʽʶ ʥʘ ʟʤʽʥʥʠʡ ʢʦʤʧʦʥʝʥʪ ʽ ʟʘʛʘʣʥɹʫ ʬʦʨʤʫʣʫ ʨʦʟʨʘʭʫʥʢʫ Uʚʠʭ. 

ʗʢʱʦ ʟʘʤʽʩʪʴ ʧʦʩʪʽʡʥʦʛʦ ʨʝʟʠʩʪʦʨʘ R1 ʚʩʪʘʥʦʚʠʪʠ ʨʝʟʠʩʪʦʨ ʟʤʽʥʥʦʛʦ ʦʧʦʨʫ, ʪʦ ʤʦʞʣʠʚʦ ʦʪʨʠʤʘʪʠ 

ʟʘʣʝʞʥʽʩʪʴ ʚʠʭʽʜʥʦʾ ʥʘʧʨʫʛʠ ʚʽʜ ʧʦʣʦʞʝʥʥʷ ʧʦʚʟʫʥʢʘ ʨʝʟʠʩʪʦʨʘ, ʪʦʙʪʦ ʚʽʥ ʙʫʜʝ ʚʠʢʦʥʫʚʘʪʠ ʬʫʥʢʮʽʶ ʜʘʪʯʠʢʘ 

ʧʝʨʝʤʽʱʝʥʥʷ ʘʙʦ ʢʫʪʘ ʧʦʚʦʨʦʪʫ. 

ɺ ʷʢʦʩʪʽ ʜʘʪʯʠʢʘ ʚʠʢʦʨʠʩʪʘʥʦ ʟʤʽʥʥʠʡ ʨʝʟʠʩʪʦʨ ʪʠʧʫ ʇʊʇ (ʧʦʪʝʥʮʽʦʤʝʪʨ ʪʝʧʣʦʩʪʽʡʢʠʡ 

ʧʨʝʮʠʟʽʡʥʠʡ) ʟ ʥʦʤʽʥʘʣʴʥʠʤ ʦʧʦʨʦʤ 630 ʆʤ (ʨʠʩ. 5) [13, 14].  

ɺʠʟʥʘʯʠʤʦ ʟʥʘʯʝʥʥʷ ʦʧʦʨʫ ʧʦʩʪʽʡʥʦʛʦ ʨʝʟʠʩʪʦʨʘ R2, ʷʢʠʡ ʧʦʪʨʽʙʥʦ ʚʩʪʘʥʦʚʠʪʠ ʚ ʜʽʣʴʥʠʢʫ ʥʘʧʨʫʛʠ. 

ɿ ʬʦʨʤʫʣʠ (1) ʤʘʻʤʦ: 
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ʆʪʞʝ ʟʥʘʯʝʥʥʷ ʦʧʦʨʫ ʧʦʩʪʽʡʥʦʛʦ ʨʝʟʠʩʪʦʨʘ R1 ʜʣʷ ʟʤʝʥʰʝʥʥʷ ʥʘʧʨʫʛʠ ʟ 9ɺ ʜʦ 2ɺ ʧʦʚʠʥʥʦ 

ʩʪʘʥʦʚʠʪʠ: 
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ʇʨʠʡʤʘʻʤʦ ʩʪʘʥʜʘʨʪʥʠʡ ʨʝʟʠʩʪʦʨ ʟ ʦʧʦʨʦʤ 2,2 ʢʆʤ. 

ʊʦʜʽ ʧʨʠ ʤʘʢʩʠʤʘʣʴʥʦʤʫ ʦʧʦʨʽ ʧʦʪʝʥʮʽʦʤʝʪʨʘ R2=630 ʆʤ, ʚʠʭʽʜʥʘ ʥʘʧʨʫʛʘ ʟ ʜʽʣʴʥʠʢʘ ʩʪʘʥʦʚʠʪʠʤʝ: 
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ʆʯʝʚʠʜʥʦ, ʱʦ ʧʨʠ ʧʦʚʥʽʩʪʶ ʚʠʤʢʥʝʥʦʤʫ ʧʦʪʝʥʮʽʦʤʝʪʨʽ Uʚʠʭ=9ɺ. 

 

ʇʦʤʠʣʢʘ! ʅʝ ʤʦʞʥʘ ʩʪʚʦʨʶʚʘʪʠ ʦʙ'ʻʢʪ ʽʟ ʢʦʜʽʚ ʧʦʣʽʚ ʨʝʜʘʛʫʚʘʥʥʷ. 

ʈʠʩ. 5. ɿʦʚʥʽʰʥʽʡ ʚʠʛʣʷʜ ʧʦʪʝʥʮʽʦʤʝʪʨʘ ʪʝʧʣʦʩʪʽʡʢʦʛʦ ʧʨʝʮʠʟʽʡʥʦʛʦ, ʱʦ ʙʫʣʦ ʚʢʣʶʯʝʥʦ ʜʦ ʝʣʝʢʪʨʠʯʥʦʾ ʩʭʝʤʠ ʜʽʣʴʥʠʢʘ ʥʘʧʨʫʛʠ 

ʪʘ ʟôʻʜʥʘʥʦ ʛʥʫʯʢʠʤ ʚʘʣʦʤ ʟ ʚʽʩʩʶ ʩʪʨʽʣʢʠ ʜʠʥʘʤʦʤʝʪʨʘ ʚʠʧʨʦʙʫʚʘʣʴʥʦʾ ʨʦʟʨʠʚʥʦʾ ʤʘh ʠʥʠ ʋʄʄ-5  

 

ɼʣʷ ʨʦʙʦʪʠ ʟ ɸʎʇ ʚʠʢʦʨʠʩʪʘʥʦ ʩʧʝʮʽʘʣʽʟʦʚʘʥʝ ʧʨʦʛʨʘʤʥʝ ʟʘʙʝʟʧʝʯʝʥʥʷ çDisco Applicationè, ʷʢʝ 

ʤʽʩʪʠʪʴ ʜʨʘʡʚʝʨ ʧʨʠʩʪʨʦʶ ʽ ʧʨʦʛʨʘʤʫ ʜʣʷ ʚʽʟʫʘʣʽʟʘʮʽʾ ʨʝʟʫʣʴʪʘʪʽʚ ʚʠʤʽʨʶʚʘʥʥʷ ʥʘ ʧʝʨʩʦʥʘʣʴʥʦʤʫ 

ʢʦʤʧôʶʪʝʨʽ. ʊʘʢʦʞ, ʧʨʠ ʨʦʙʦʪʽ ʩʠʩʪʝʤʠ ʚʽʜʙʫʚʘʻʪʴʩʷ ʟʘʧʠʩ ʮʠʬʨʦʚʠʭ ʜʘʥʠʭ ʚʠʤʽʨʶʚʘʥʥʷ ʫ ʬʘʡʣʠ ʬʦʨʤʘʪʫ 

çtxtè, ʷʢʽ ʤʦʞʫʪʴ ʙʫʪʠ ʚʠʢʦʨʠʩʪʘʥʽ ʜʣʷ ʧʦʜʘʣʴʰʦʾ ʦʙʨʦʙʢʠ ʚ ʜʦʜʘʪʢʘʭ çMicrosoft Office Exel 2007è, 

çMathCadè, çGraphical Analisè ʪʘ ʽʥʰʠʭ, ʱʦ ʧʽʜʪʨʠʤʫʶʪʴ ʬʦʨʤʘʪ çtxtè [15]. ɺʽʢʥʦ ʧʨʦʛʨʘʤʠ ʜʣʷ 

ʥʘʣʘʰʪʫʚʘʥʴ ʽ ʚʽʜʦʙʨʘʞʝʥʥʷ ʜʘʥʠʭ ʚʠʤʽʨʶʚʘʥʴ ʧʨʝʜʩʪʘʚʣʝʥʦ ʥʘ ʨʠʩ. 6. 

 
ʈʠʩ. 6. ɺʽʢʥʦ ʧʨʦʛʨʘʤʠ ʜʣʷ ʥʘʣʘʰʪʫʚʘʥʴ ʽ ʚʽʜʦʙʨʘʞʝʥʥʷ ʜʘʥʠʭ (ʟʤʽʥʝʥʥʷ ʚʭʽʜʥʦʾ ʥʘʧʨʫʛʠ ʚ ʯʘʩʽ):  

1 ï ʚʩʪʘʥʦʚʣʝʥʥʷ ʤʝʞʽ ʥʘʧʨʫʛʠ ʢʘʥʘʣʫ ɸ; 2 ï ʚʩʪʘʥʦʚʣʝʥʥʷ ʤʝʞʽ ʥʘʧʨʫʛʠ ʢʘʥʘʣʫ ɺ; 3 ï ʚʩʪʘʥʦʚʣʝʥʥʷ ʧʝʨʽʦʜʫ ʚʽʜʣʽʢʫ ʯʘʩʫ; 4 ï 

ʟʘʧʫʩʢ ʧʨʦʛʨʘʤʠ ʜʣʷ ʟʘʧʠʩʫ ʜʘʥʠʭ 
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ʇʽʩʣʷ ʚʩʪʘʥʦʚʣʝʥʥʷ ʥʘ ʚʠʧʨʦʙʫʚʘʣʴʥʫ ʤʘʰʠʥʫ ʋʄʄ-5 ʨʦʟʨʦʙʣʝʥʦʾ ʩʠʩʪʝʤʠ ʚʠʤʽʨʶʚʘʥʥʷ ʟʫʩʠʣʣʷ 

ʙʫʣʦ ʧʨʦʚʝʜʝʥʦ ʚʠʧʨʦʙʫʚʘʥʥʷ ʟʨʘʟʢʽʚ ʢʦʥʩʪʨʫʢʮʽʡʥʠʭ ʤʘʪʝʨʽʘʣʽʚ [16, 17] ʥʘ ʨʦʟʪʷʛ ʜʦ ʤʦʤʝʥʪʫ ʨʦʟʨʠʚʫ [7-

9]. 

ʅʘ ʨʠʩ. 7. ʧʨʝʜʩʪʘʚʣʝʥʦ ʟʦʚʥʽʰʥʽʡ ʚʠʛʣʷʜ ʪʘ ʝʩʢʽʟ ʚʠʧʨʦʙʫʚʘʣʴʥʦʛʦ ʟʨʘʟʢʘ ʚʠʛʦʪʦʚʣʝʥʦʛʦ ʽʟ ʩʪʘʣʽ 

ʉʪ.3. ɺʠʧʨʦʙʫʚʘʣʴʥʠʡ ʟʨʘʟʦʢ ʤʘʚ ʥʘʩʪʫʧʥʽ ʨʦʟʤʽʨʠ: ʧʦʯʘʪʢʦʚʘ ʜʦʚʞʠʥʘ ʨʦʙʦʯʦʾ ʯʘʩʪʠʥʠ l0=80 ʤʤ; ʜʽʘʤʝʪʨ 

ʨʦʙʦʯʦʾ ʯʘʩʪʠʥʠ d0=7,3 ʤʤ. 

 
ʘ 

 
ʙ 

ʈʠʩ. 7. ɿʨʘʟʦʢ ʜʣʷ ʚʠʧʨʦʙʫʚʘʥʥʷ ʥʘ ʨʦʟʪʷʛ: ʘ ï ʟʦʚʥʽʰʥʽʡ ʚʠʛʣʷʜ; ʙ ï ʝʩʢʽʟ 

ɺ ʭʦʜʽ ʚʠʧʨʦʙʫʚʘʥʥʷ ʟʨʘʟʢʘ ʥʘ ʨʦʟʪʷʛ ʜʦ ʤʦʤʝʥʪʫ ʨʦʟʨʠʚʫ ʧʨʦʚʦʜʠʣʦʩʴ ʧʘʨʘʣʝʣʴʥʝ ʚʠʤʽʨʶʚʘʥʥʷ 

ʟʫʩʠʣʣʷ ʽ ʨʝʻʩʪʨʘʮʽʷ ʜʘʥʠʭ ʟʘ ʜʦʧʦʤʦʛʦʶ ʽʩʥʫʶʯʦʾ ʩʠʩʪʝʤʠ (ʩʪʨʽʣʦʯʥʠʡ ʜʠʥʘʤʦʤʝʪʨ) ʽ ʩʘʤʦʧʠʩʮʷ (ʨʠʩ. 8, 9) 

ʪʘ ʝʣʝʢʪʨʦʥʥʦʾ ʩʠʩʪʝʤʠ ʥʘ ʦʩʥʦʚʽ ʧʝʨʩʦʥʘʣʴʥʦʛʦ ʢʦʤʧôʶʪʝʨʘ (ʨʠʩ. 10). 

ɺ ʨʝʟʫʣʴʪʘʪʽ ʚʠʧʨʦʙʫʚʘʥʴ ʦʪʨʠʤʘʥʦ ʥʘʩʪʫʧʥʽ ʨʝʟʫʣʴʪʘʪʠ: ʢʽʥʮʝʚʘ ʜʦʚʞʠʥʘ ʨʦʙʦʯʦʾ ʯʘʩʪʠʥʠ ʟʨʘʟʢʘ 

lʢ=94 ʤʤ; ʢʽʥʮʝʚʠʡ ʜʽʘʤʝʪʨ ʫʪʚʦʨʝʥʦʾ ʰʠʡʢʠ ʟʨʘʟʢʘ d =h5,2 ʤʤ; ʤʘʢʩʠʤʘʣʴʥʝ ʟʫʩʠʣʣʷ ʟʘ ʧʦʢʘʟʥʠʢʘʤʠ 

ʜʠʥʘʤʦʤʝʪʨʘ Fmax=2950 ʢɻʩ = 29500 ʅ. 

ʇʨʠ ʮʴʦʤʫ ʥʘʧʨʫʛʘ ʥʘ ʚʠʭʦʜʽ ʟ ʜʘʪʯʠʢʘ ʢʫʪʘ ʧʦʚʦʨʦʪʫ ʩʪʨʽʣʢʠ ʜʠʥʘʤʦʤʝʪʨʘ ʟʨʦʩʣʘ ʚʽʜ 2 ɺ 

(ʤʽʥʽʤʘʣʴʥʝ ʟʫʩʠʣʣʷ) ʜʦ 8 ɺ (ʤʘʢʩʠʤʘʣʴʥʝ ʟʫʩʠʣʣʷ). 

ʆʪʨʠʤʘʥʽ ʜʘʥʽ ʣʝʛʢʦ ʚʠʢʦʨʠʩʪʘʪʠ ʜʣʷ ʤʘʩʰʪʘʙʫʚʘʥʥʷ ʽ ʚʽʜʦʙʨʘʞʝʥʥʷ ʜʽʘʛʨʘʤʠ ʨʦʟʪʷʛʫ ʟʨʘʟʢʘ ʜʦ 

ʤʦʤʝʥʪʫ ʨʦʟʨʠʚʫ ʚ ʙʫʜʴ ʷʢʦʤʫ ʧʨʦʛʨʘʤʥʦʤʫ ʩʝʨʝʜʦʚʠʱʽ, ʥʘʧʨʠʢʣʘʜ ʚ çMicrosoft Office Exel 2007è. 

 
     ʘ                 ʙ 

ʈʠʩ. 8. ʈʝʟʫʣʴʪʘʪ ʚʠʧʨʦʙʫʚʘʥʴ ʟʨʘʟʢʘ ʥʘ ʨʦʟʪʷʛ: 

 ʘ ï ʤʦʤʝʥʪ ʨʦʟʨʠʚʫ ʟʨʘʟʢʘ; ʙ ï ʬʽʢʩʘʮʽʷ ʩʪʨʽʣʢʠ ʜʠʥʘʤʦʤʝʪʨʘ ʚ ʤʦʤʝʥʪ ʨʦʟʨʠʚʫ ʟʨʘʟʢʘ 

 

 
ʈʠʩ. 9. ɼʽʘʛʨʘʤʘ ʨʦʟʪʷʛʫ ʟʨʘʟʢʘ ʜʦ ʤʦʤʝʥʪʫ ʨʦʟʨʠʚʫ, ʦʪʨʠʤʘʥʘ ʥʘ ʩʘʤʦʧʠʩʮʽ ʚʠʧʨʦʙʫʚʘʣʴʥʦʾ ʤʘʰʠʥʠ ʋʄʄ-5 
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ʈʠʩ. 10. ɼʽʘʛʨʘʤʘ ʨʦʟʪʷʛʫ ʟʨʘʟʢʘ ʜʦ ʤʦʤʝʥʪʫ ʨʦʟʨʠʚʫ, ʦʪʨʠʤʘʥʘ ʥʘ ʢʦʤʧôʶʪʝʨʽ ʟʘ ʜʦʧʦʤʦʛʦʶ ʨʦʟʨʦʙʣʝʥʦʾ ʩʠʩʪʝʤʠ ʚʠʤʽʨʶʚʘʥʥʷ 

 

ɿ ʨʠʩ. 9 ʪʘ 10 ʚʠʜʥʦ, ʱʦ ʷʢʽʩʪʴ ʜʽʘʛʨʘʤʠ ʦʪʨʠʤʘʥʦʶ ʟʘ ʜʦʧʦʤʦʛʦʶ ʥʦʚʦʾ ʩʠʩʪʝʤʠ ʚʠʤʽʨʶʚʘʥʥʷ 

ʟʥʘʯʥʦ ʢʨʘʱʘ. ʎʝ ʤʦʞʥʘ ʧʦʷʩʥʠʪʠ ʪʠʤ, ʱʦ ʩʠʩʪʝʤʘ ʤʝʭʘʥʽʯʥʦʛʦ ʩʘʤʦʧʠʩʮʷ ʚʞʝ ʜʦʩʪʘʪʥʴʦ ʟʥʦʰʝʥʘ ʟʘ ʙʘʛʘʪʦ 

ʨʦʢʽʚ ʝʢʩʧʣʫʘʪʘʮʽʾ, ʧʨʠ ʾʾ ʨʦʙʦʪʽ ʤʘʶʪʴ ʤʽʩʮʝ ʫʨʠʚʯʘʩʪʽ ʦʙʝʨʪʘʥʥʷ ʚʘʣʠʢʘ ʽ ʧʝʨʝʤʽʱʝʥʥʷ çʧʝʨʘè, ʘ ʪʘʢʦʞ 

ʧʨʦʢʦʚʟʫʚʘʥʥʷ ʧʘʧʝʨʦʚʦʾ ʩʪʨʽʯʢʠ. 

ɺʠʩʥʦʚʢʠ 

ɸʥʘʣʽʪʠʯʥʠʡ ʦʛʣʷʜ ʩʫʯʘʩʥʦʛʦ ʦʙʣʘʜʥʘʥʥ̫ ʜʣʷ ʚʠʧʨʦʙʫʚʘʥʥʷ ʢʦʥʩʪʨʫʢʮʽʡʥʠʭ ʤʘʪʝʨʽʘʣʽʚ ʧʦʢʘʟʘʚ 

ʪʝʥʜʝʥʮʽʶ ʟʘʩʪʦʩʫʚʘʥʥʷ ʚ ʥʠʭ ʝʣʝʢʪʨʦʥʥʠʭ ʩʠʩʪʝʤ ʚʠʤʽʨʶʚʘʥʥʷ ʪʘ ʨʝʻʩʪʨʘʮʽʾ ʜʘʥʠʭ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ 

ʧʝʨʩʦʥʘʣʴʥʦʛʦ ʢʦʤʧôʶʪʝʨʘ. ɼʣʷ ʚʠʤʽʨʶʚʘʥʥʷ ʩʠʣʦʚʠʭ ʧʘʨʘʤʝʪʨʽʚ ʧʝʨʝʚʘʞʥʦ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʜʘʪʯʠʢʠ ʟ 

ʧʨʷʤʠʤ ʧʝʨʝʪʚʦʨʝʥʥʷʤ ʟʫʩʠʣʣʷ (ʜʝʬʦʨʤʘʮʽʾ) ʚ ʝʣʝʢʪʨʠʯʥʠʡ ʩʠʛʥʘʣ. 
ʄʦʨʘʣʴʥʦ ʟʘʩʪʘʨʽʣʽ ʚʠʧʨʦʙʫʚʘʣʴʥʽ ʤʘʰʠʥʠ ʤʘʶʪʴ ʩʠʩʪʝʤʠ ʤʝʭʘʥʽʯʥʦʛʦ ʥʘʚʘʥʪʘʞʝʥʥʷ ʟʨʘʟʢʽʚ, ʱʦ ʚ 

ʧʦʚʥʽʡ ʤʽʨʽ ʚʽʜʧʦʚʽʜʘʶʪʴ ʩʫʯʘʩʥʦʤʫ ʨʽʚʥʶ ʪʝʭʥʽʢʠ. ɺ ʪʘʢʠʭ ʤʘʰʠʥʘʭ ʜʦʮʽʣʴʥʦ ʫʜʦʩʢʦʥʘʣʶʚʘʪʠ ʩʠʩʪʝʤʠ 

ʚʠʤʽʨʶʚʘʥʥʷ ʽ ʨʝʻʩʪʨʘʮʽʾ ʜʘʥʠʭ. 

ʈʦʟʨʦʙʣʝʥʘ ʩʠʩʪʝʤʘ ʢʦʤʙʽʥʦʚʘʥʦʛʦ ʚʠʤʽʨʶʚʘʥʥʷ ʟʫʩʠʣʴ ʚʠʛʽʜʥʦ ʧʦʻʜʥʫʻ ʧʝʨʝʚʘʛʠ ʢʣʘʩʠʯʥʠʭ 

ʤʝʭʘʥʽʯʥʠʭ ʚʠʤʽʨʶʚʘʯʽʚ ʽ ʝʣʝʢʪʨʦʥʥʽ ʟʘʩʦʙʠ ʨʝʻʩʪʨʘʮʽʾ ʜʘʥʠʭ. 

ʋʜʦʩʢʦʥʘʣʝʥʥʷ ʽʩʥʫʶʯʠʭ ʚʠʧʨʦʙʫʚʘʣʴʥʠʭ ʤʘʰʠʥ ʟʘ ʜʦʧʦʤʦʛʦʶ ʨʦʟʨʦʙʣʝʥʦʾ ʩʠʩʪʝʤʠ ʧʨʠʚʘʙʣʠʚʝ 

ʤʘʣʠʤʠ ʚʠʪʨʘʪʘʤʠ ʥʘ ʧʝʨʝʦʙʣʘʜʥʘʥʥʷ ʽ ʥʝ ʚʠʤʘʛʘʻ ʟʥʘʯʥʠʭ ʟʤʽʥ ʾʭ ʢʦʥʩʪʨʫʢʮʽʾ. 
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ʄ.ʄ. ʂʆʉɯʖʂ, ʉ.ɸ. ʂʆʉʊʖʂ 
ʍʤʝʣʴʥʠʮʴʢʠʡ ʥʘʮʽʦʥʘʣʴʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ 

 

ʄɸʐʀʅɸ ɼʃʗ ɿʄɯʎʅɽʅʅʗ ɿʆɺʅɯʐʅɯʍ ʇʆɺɽʈʍʆʅʔ ʆɹɽʈʊɸʅʅʗ 

ʉʊɸʊʀʂʆ-ɯʄʇʋʃʔʉʅʆʖ ʆɹʈʆɹʂʆʖ 
 
ˏ ̨̒̓́̓̓ ̨̠̑̏̈̄̌̎̔̓ ̨̄̏̌̏̃̎ ́̒̐̆̋̓̉ ̠̒̓̃̏̑̆̎̎ ̙̍́̉̎̉ ̠̅̌ ̨̠̐̅̃̉̆̎̎̚ ̨̗̐̑́̆̈̅́̓̎̏̒̓  ̅̆̓́̌̆̊ ̈ 

̘̒̆̑̉̎̉̍̉̕ ̓́ ̨̗̘̉̌̎̅̑̉̎̉̍̉ ̖̠̐̏̃̆̑̎̍̉ ̨̠̟̂̐̏̌̑̎̏ ̒̓́̓̉̋̏-̨̝̟̍̐̔̌̒̎̏ ̟̏̂̑̏̂̋̏. ˚́ ̨̏̒̎̏̃ ̖̐̑̏̃̆̅̆̎̉ 
̓̆ ̘̖̏̑̆̓̉̎̉ ̓́ ̝̖̆̋̒̐̆̑̉̍̆̎̓́̌̎̉ ̨̝̅̏̒̌̅̇̆̎ ̈́̐̑̏̐̏̎̏̃́̎̏ ̙̍́̉̎̔ ̠̅̌ ̨̠̂̐̏̌̑̎̏̄̏ ̒̓́̓̉̋̏-̨̝̍̐̔̌̒̎̏̄̏ 
̨̗̠̈̍̎̆̎̎ ̨̨̙̖̈̏̃̎̎ ̖̝̐̏̃̆̑̏̎ ̠̏̂̆̑̓́̎̎ȟ ̠̋́ ̙̟̤̑̏̈̉̑ ̨̨̖̘̓̆̎̏̌̏̄̎ ̨̍̏̇̌̉̃̏̒̓ ̖̐̏̃̆̑̎̆̃̏-̘̐̌́̒̓̉̎̏̄̏ 
̠̅̆̏̑̍̔̃́̎̎̕ ̓́ ̨̤̐̅̃̉̔̚ ̨̝̐̑̏̅̔̋̓̉̃̎̒̓ ̨ ̨̘̝̓̏̎̒̓ ̏̂̑̏̂̋̉ȟ ̠̤̅̏̈̃̏̌ ̋̆̑̔̃́̓̉ ̒̓̔̐̆̎̆̍ ̨̗̠̈̍̎̆̎̎ȟ ́ ̓́̋̏̇ 
̏̑̍̔̃́̓̉̕ ̖̐̏̃̆̑̎̆̃̉̊ ̙́̑ ̈ ̘̄̆̏̍̆̓̑̉̎̏ ̘̃̉̈̎́̆̎̉  ̍̍ ̨̝̤̋̑̏̑̆̌̏̕ .̍ 

˗̨̟̘̌̏̃ ̒̌̏̃́ȡ ̖̐̏̃̆̑̎̆̃̆ ̘̐̌́̒̓̉̎̆ ̠̅̆̏̑̍̔̃́̎̎̕ȟ ̒̓́̓̉̋̏-̨̝̍̐̔̌̒̎́ ̏̂̑̏̂̋́ȟ ̔̅́̑ȟ ̨̠̆̎̆̑̄ȟ 
̨̗̠̈̍̎̆̎̎ȟ ̨̝̤̍̋̑̏̑̆̌̕Ȣ 
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MACHINE FOR STRENGTHENING EXTERNAL SURFACES OF ROTATION BY STA TIC -PULSE TREATMENT  
 

The article considers the main aspects of the machine to improve working capacity parts with sphericals and cylindricals surfaces 
bipolar static-pulse processing. The aim of the work is to generalize the results of research on the development of technology and equipment 
for strengthening cylindricals and incomplete sphericals surfaces of machine parts by surface plastic deformation.  

The authors conducted a set of theoreticals and experimentals studies of static-pulse processing, which allows to strengthen the 
surface layer of parts in a combined static and dynamic force. To increase the productivity of the processing process and energy efficiency, a 
scheme of bipolar hardening. In this processing scheme, the workpiece in the form of a cylindricals or sphericals surface simultaneously 
receives two counter deformation waves, the energy of which is maximally used during the deformation of the surface layer of the workpiece. 
This intensifies the process of strengthening the surface layer of the workpiece and increases the energy efficiency of the strikes. A machine 
for bipolar static-pulse hardening of the outer surfaces of rotation of machine parts has been developed, the percussion devices of which have 
low metal consumption and provide the transfer of impact energy to the deformation zone with maximum efficiency. This is achieved by a 
rational ratio of the geometric parameters of the elements of the impact system. The machine increases productivity and accuracy of 
processing, allows to control depth of the strengthened layer, degree of strengthening and a microrelief of external surfaces of rotation of 
details of cars in the automatic mode according to the set algorithm.  

The machine is made modular, which expands the technological capabilities of surface-plastic deformation and is important for 
its practical use. 

Keywords: surface plastic deformation, static-pulse processing, impact, energy, hardening, microrelief. 

 

ɺʩʪʫʧ. ʆʜʥʠʤ ʽʟ ʛʦʣʦʚʥʠʭ ʟʘʚʜʘʥʴ ʩʫʯʘʩʥʦʛʦ ʤʘʰʠʥʦʙʫʜʫʚʘʥʥʷ ʻ ʟʘʙʝʟʧʝʯʝʥʥʷ ʚʠʩʦʢʦʾ ʥʘʜʽʡʥʦʩʪʽ 

ʪʝʭʥʽʢʠ ʚ ʧʝʨʽʦʜ ʾʾ ʝʢʩʧʣʫʘʪʘʮʽʾ. ʈʦʟʨʦʙʢʘ ʟʘʭʦʜʽʚ ʟ ʧʽʜʚʠʱʝʥʥʷ ʧʨʘʮʝʟʜʘʪʥʦʩʪʽ, ʥʘʜʽʡʥʦʩʪʽ, ʜʦʚʛʦʚʽʯʥʦʩʪʽ 

ʤʝʭʘʥʽʟʤʽʚ ʽ ʤʘʰʠʥ  ̒ʦʜʥʽʻʁ ʽʟ ʧʨʠʢʣʘʜʥʠʭ ʧʨʦʙʣʝʤ ʤʘʰʠʥʦʟʥʘʚʩʪʚʘ, ʚʠʨʽʰʝʥʥʷ ʷʢʦʾ ʤʦʞʣʠʚʝ ʟʘʚʜʷʢʠ 

ʧʽʜʚʠʱʝʥʥʶ ʝʢʩʧʣʫʘʪʘʮʽʡʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ ʧʦʚʝʨʭʥʝʚʦʛʦ ʰʘʨʫ ʜʝʪʘʣʝʡ ʤʘʰʠʥ ʢʦʤʙʽʥʦʚʘʥʠʤʠ 

ʪʝʭʥʦʣʦʛʽʯʥʠʤʠ ʤʝʪʦʜʘʤʠ ʩʪʨʫʢʪʫʨʥʦʾ ʤʦʜʠʬʽʢʘʮʽʾ ʽ ʧʦʚʝʨʭʥʝʚʦʛʦ ʟʤʽʮʥʝʥʥʷ. ʆʜʥʠʤ ʟ ʥʘʡʙʽʣʴʰ 

ʝʬʝʢʪʠʚʥʠʭ ʩʧʦʩʦʙʽʚ ʫʧʨʘʚʣʽʥʥʷ ʧʘʨʘʤʝʪʨʘʤʠ ʷʢʦʩʪʽ ʧʦʚʝʨʭʥʝʚʦʛʦ ʰʘʨʫ ʻ ʦʙʨʦʙʢʘ ʧʦʚʝʨʭʥʝʚʠʤ ʧʣʘʩʪʠʯʥʠʤ 

ʜʝʬʦʨʤʫʚʘʥʥʷʤ (ʇʇɼ). ʄʝʪʦʜʠ ʦʙʨʦʙʢʠ ʇʇɼ ʧʨʦʩʪʽ ʚ ʨʝʘʣʽʟʘʮʽʾ, ʟʘʙʝʟʧʝʯʫʶʪʴ ʬʦʨʤʫʚʘʥʥʷ ʥʠʟʴʢʦʾ 

ʰʦʨʩʪʢʦʩʪʽ, ʟʘʜʘʥʦʾ ʛʣʠʙʠʥʠ ʽ ʩʪʫʧʝʥʷ ʟʤʽʮʥʝʥʥʷ, ʜʨʽʙʥʦʟʝʨʥʠʩʪʦʾ ʩʪʨʫʢʪʫʨʠ ʪʘ ʽʥʰʠʭ ʧʦʢʘʟʥʠʢʽʚ ʷʢʦʩʪʽ 

ʦʙʨʦʙʣʝʥʠʭ ʜʝʪʘʣʝʡ. ɯʩʪʦʪʥʦʶ ʧʝʨʝʚʘʛʦʶ ʮʠʭ ʤʝʪʦʜʽʚ ʻ ʪʘʢʦʞ ʚʠʩʦʢʘ ʧʨʦʜʫʢʪʠʚʥʽʩʪʴ ʽ ʝʢʦʥʦʤʽʯʥʽʩʪʴ 

ʧʨʦʮʝʩʫ. ʂʨʽʤ ʪʦʛʦ, ʚʦʥʠ ʥʝ ʚʠʤʘʛʘʶʪʴ ʚʝʣʠʢʠʭ ʢʘʧʽʪʘʣʦʚʢʣʘʜʝʥʴ. ɽʬʝʢʪʠʚʥʽʩʪʴ ʇʇɼ ʚʠʢʣʶʯʥʦ ʚʠʩʦʢʘ ʜʣʷ 

ʜʝʪʘʣʝʡ, ʱʦ ʧʨʘʮʶʶʪʴ ʚ ʫʤʦʚʘʭ ʮʠʢʣʽʯʥʠʭ ʥʘʚʘʥʪʘʞʝʥʴ, ʚ ʢʦʨʦʟʽʡʥʠʭ ʩʝʨʝʜʦʚʠʱʘʭ, ʘ ʪʘʢʦʞ ʤʘʶʪʴ 

ʢʦʥʮʝʥʪʨʘʪʦʨʠ ʥʘʧʨʫʞʝʥʴ. ʆʜʥʘʢ ʤʦʞʣʠʚʽʩʪʴ ʩʪʚʦʨʝʥʥʷ ʧʦʚʝʨʭʥʝʚʦʛʦ ʰʘʨʫ ʟ ʨʽʚʥʦʤʽʨʥʠʤ ʟʤʽʮʥʝʥʥʷʤ, ʘ 

ʪʘʢʦʞ ʬʦʨʤʫʚʘʥʥʷ ʇʇɼ ʪʚʝʨʜʦʩʪʽ ʦʙʨʦʙʣʶʚʘʥʦʛʦ ʤʘʪʝʨʽʘʣʫ ʽ ʟʘʣʠʰʢʦʚʠʭ ʥʘʧʨʫʞʝʥʴ ʩʪʠʩʢʫ ʜʦ ʮʴʦʛʦ ʯʘʩʫ 

ʟʘʣʠʰʘʻʪʴʩʷ ʥʝ ʧʦʚʥʽʩʪʶ ʨʝʘʣʽʟʦʚʘʥʦʶ [1-3]. 

ʈʦʟʚʠʪʦʢ ʥʦʚʠʭ ʧʨʦʛʨʝʩʠʚʥʠʭ ʟʤʽʮʥʶʶʯʠʭ ʪʝʭʥʦʣʦʛʽʡ ʩʧʨʠʷʻ ʨʦʟʨʦʙʮʽ  ʩʫʯʘʩʥʦʛʦ ʦʙʣʘʜʥʘʥʥʷ ʪʘ 

ʝʥʝʨʛʦʝʬʝʢʪʠʚʥʠʭ ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʤʘʰʠʥ. ʉʪʚʦʨʝʥʥʷ ʩʧʝʮʽʘʣʴʥʦʛʦ ʪʝʭʥʦʣʦʛʽʯʥʦʛʦ ʦʙʣʘʜʥʘʥʥʷ ʜʣʷ ʟʤʽʮʥʝʥʥʷ 

ʟʦʚʥʽʰʥʽʭ ʧʦʚʝʨʭʦʥʴ ʦʙʝʨʪʘʥʥʷ ʪʘ ʦʙˇʨʫʥʪʫʚʘʥʥʷ ʧʘʨʘʤʝʪʨʽʚ ʽ ʨʝʞʠʤʽʚ ʡʦʛʦ ʨʦʙʦʪʠ ʻ ʘʢʪʫʘʣʴʥʦʶ ʟʘʜʘʯʝʶ 

ʜʣʷ ʨʽʟʥʠʭ ʛʘʣʫʟʝʡ ʤʘʰʠʥʦʙʫʜʫʚʘʥʥʷ. 

ɸʥʘʣʽʟ ʦʩʪʘʥʥʽʭ ʜʦʩʣʽʜʞʝʥʴ ʽ ʧʫʙʣʽʢʘʮʽʡ. ɺ ʧʝʨʝʜʦʚʠʭ ʨʦʟʚʠʥʝʥʠʭ ʢʨʘʾʥʘʭ ʫ ʚʩʽʭ ʛʘʣʫʟʷʭ 

ʧʨʦʤʠʩʣʦʚʦʩʪʽ ʚʩʝ ʯʘʩʪʽʰʝ ʟʘʩʪʦʩʦʚʫʶʪʴ ʤʝʪʦʜʠ ʇʇɼ, ʨʽʟʥʦʤʘʥʽʪʥʽ ʢʦʥʩʪʨʫʢʮʽʾ ʨʦʙʦʯʠʭ ʽʥʩʪʨʫʤʝʥʪʽʚ ʽ 

ʪʝʭʥʦʣʦʛʽʯʥʦʛʦ ʦʩʥʘʱʝʥʥʷ, ʚʠʢʦʥʘʥʦ ʚʝʣʠʢʠʡ ʦʙʩʷʛ ʜʦʩʣʽʜʥʠʭ ʨʦʙʽʪ ʧʦ ʦʮʽʥʮʽ ʷʢʦʩʪʽ ʟʤʽʮʥʝʥʠʭ ʜʝʪʘʣʝʡ, ʾʭ 

ʥʘʜʽʡʥʦʩʪʽ, ʜʦʚʛʦʚʽʯʥʦʩʪʽ ʽ ʜʝʢʦʨʘʪʠʚʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ. 

ɺ ʥʘʫʢʦʚʠʭ ʧʨʘʮʷʭ ʽ ʜʦʚʽʜʢʦʚʽʡ ʣʽʪʝʨʘʪʫʨ ̔ʚʽʜʤʽʯʝʥʘ ʚʠʩʦʢʘ ʝʬʝʢʪʠʚʥʽʩʪʴ ʟʤʽʮʥʝʥʥʷ ʧʦʚʝʨʭʥʝʚʦʛʦ 

ʰʘʨʫ ʜʝʪʘʣʝʡ ʤʘʰʠʥ  ʇʇɼ, ʷʢʽ ʜʦʟʚʦʣʷʶʪʴ ʧʦʨʷʜ ʟ ʽʩʪʦʪʥʠʤ ʟʥʠʞʝʥʥʷʤ ʰʦʨʩʪʢʦʩʪʽ ʽ ʭʚʠʣʷʩʪʦʩʪʽ ʩʪʚʦʨʠʪʠ 

ʧʦʚʝʨʭʥʝʚʠʡ ʰʘʨ ʽʟ ʪʝʭʥʦʣʦʛʽʯʥʠʤʠ ʥʘʧʨʫʞʝʥʥʷʤʠ ʩʪʠʩʢʫ  ʽ ʚʠʩʦʢʦʶ ʤʽʢʨʦʪʚʝʨʜʽʩʪʶ, ʩʝʨʡʦʟʥʦ ʟʙʽʣʴʰʠʪʠ 

ʨʝʩʫʨʩ ʜʝʪʘʣʽ [4 -7]. ʆʜʥʘʢ, ʪʝʭʥʦʣʦʛʽʯʥʽ ʤʦʞʣʠʚʦʩʪʽ ʙʽʣʴʰʦʩʪʽ ʚʽʜʦʤʠʭ ʚʠʜʽʚ ʇʇɼ ʚ ʫʧʨʘʚʣʽʥʥʽ 

ʧʘʨʘʤʝʪʨʘʤʠ ʷʢʦʩʪʽ ʧʦʚʝʨʭʥʝʚʦʛʦ ʰʘʨʫ ʦʙʤʝʞʝʥʽ. 
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ʉʪʘʪʠʢʦ-ʽʤʧʫʣʴʩʥʘ ʦʙʨʦʙʢʘ (ʉɯʆ) ʻ ʧʨʦʛʨʝʩʠʚʥʠʤ ʤʝʪʦʜʦʤ ʦʙʨʦʙʢʠ ʇʇɼ, ʱʦ ʜʦʟʚʦʣʷʻ ʟʜʽʡʩʥʶʚʘʪʠ 

ʟʤʽʮʥʝʥʥʷ ʤʘʪʝʨʽʘʣʫ ʚ ʫʤʦʚʘʭ ʢʦʤʙʽʥʦʚʘʥʦʛʦ ʩʪʘʪʠʯʥʦʛʦ ʽ ʜʠʥʘʤʽʯʥʦʛʦ ʩʠʣʦʚʦʛʦ ʚʧʣʠʚʫ. ʊʝʭʥʦʣʦʛʽʷ 

ʟʤʽʮʥʝʥʥʷ ʉɯʆ ʚʢʣʶʯʘʻ ʥʘʩʪʫʧʥʽ ʝʪʘʧʠ: ʧʦʧʝʨʝʜʥʻ ʩʪʘʪʠʯʥʝ ʽ ʧʦʜʘʣʴʰʝ ʧʝʨʽʦʜʠʯʥʝ ʽʤʧʫʣʴʩʥʝ ʥʘʚʘʥʪʘʞʝʥʥʷ 

ʽʥʩʪʨʫʤʝʥʪʫ. ɺʥʘʩʣʽʜʦʢ ʨʘʮʽʦʥʘʣʴʥʦʛʦ ʚʠʢʦʨʠʩʪʘʥʥʷ ʭʚʠʣʴʦʚʠʭ ʧʨʦʮʝʩʽʚ ʉɯʆ ʚʽʜʨʽʟʥʷʻʪʴʩʷ ʚʠʩʦʢʦʶ 

ʝʥʝʨʛʝʪʠʯʥʦʶ ʝʬʝʢʪʠʚʥʽʩʪʶ. ɿ ʣʽʪʝʨʘʪʫʨʥʠʭ ʜʞʝʨʝʣ ʚʽʜʦʤʦ ʥʠʟʢʫ ʩʫʪʪʻʚʠʭ ʧʝʨʝʚʘʛ ʉɯʆ, ʷʢʘ ʜʦʟʚʦʣʷʻ 

ʚʘʨʽʶʚʘʪʠ ʚ ʰʠʨʦʢʠʭ ʤʝʞʘʭ ʤʽʮʥʽʩʪʶ ʪʘ ʟʥʦʩʦʩʪʽʡʢʽʩʪʶ ʧʦʚʝʨʭʥʝʚʦʛʦ ʰʘʨʫ, ʩʪʚʦʨʶʚʘʪʠ ʩʧʨʠʷʪʣʠʚʽ 

ʩʪʠʩʢʘʶʯʽ ʟʘʣʠʰʢʦʚʽ ʥʘʧʨʫʞʝʥʥʷ, ʘ ʪʘʢʦʞ ʬʦʨʤʫʚʘʪʠ ʛʝʪʝʨʦʛʝʥʥʫ ʩʪʨʫʢʪʫʨʫ ʨʦʙʦʯʠʭ ʧʦʚʝʨʭʦʥʴ ʜʝʪʘʣʝʡ 

ʤʘʰʠʥ [8, 9]. 

ɸʥʘʣʽʟ ʩʧʦʩʦʙʽʚ ʟʤʽʮʥʝʥʥʷ ʧʦʚʝʨʭʥʝʚʦʛʦ ʰʘʨʫ ʜʝʪʘʣʝʡ ʤʘʰʠʥ ʤʝʪʦʜʘʤʠ ʇʇɼ ʚʢʘʟʫʻ ʥʘ ʜʦʮʽʣʴʥʽʩʪʴ 

ʟʘʩʪʦʩʫʚʘʥʥʷ ʉɯʆ ʪʘ ʧʨʦʚʝʜʝʥʥʷ ʟʘʭʦʜʽʚ ʟ ʧʽʜʚʠʱʝʥʥʷ ʝʬʝʢʪʠʚʥʦʩʪʽ ʚʠʢʦʨʠʩʪʘʥʥʷ ʝʥʝʨʛʽʾ ʫʜʘʨʫ, ʘ ʪʘʢʦʞ 

ʨʦʟʨʦʙʣʝʥʥʷ ʫʩʪʘʪʢʫʚʘʥʥʷ, ʜʣʷ ʬʦʨʤʫʚʘʥʥʷ ʟʤʽʮʥʝʥʦʛʦ ʧʦʚʝʨʭʥʝʚʦʛʦ ʰʘʨʫ ʟ ʦʜʥʦʯʘʩʥʠʤ ʬʦʨʤʫʚʘʥʥʷʤ 

ʛʝʦʤʝʪʨʠʯʥʦ ʚʠʟʥʘʯʝʥʦʛʦ ʤʽʢʨʦʨʝʣʴʻʬʫ. ɺʽʜʦʤʦ, ʱʦ ʧʨʠ  ʥʘʚʘʥʪʘʞʝʥʥʽ ʤʘʪʝʨʽʘʣʫ  ʫʜʘʨʘʤʠ ʟ ʦʜʥʘʢʦʚʦʶ 

ʝʥʝʨʛʽʻʶ ʧʨʠ ʚʠʢʦʨʠʩʪʘʥʥʽ ʨʽʟʥʠʭ ʫʜʘʨʥʠʭ ʩʠʩʪʝʤ, ʧʝʨʝʥʝʩʝʥʘ ʝʥʝʨʛʽʷ ʚ ʟʦʥʫ ʜʝʬʦʨʤʘʮʽʻʶ ʙʫʜʝ ʨʽʟʥʦʁ . ʎʝ 

ʧʦʚôʷʟʘʥʦ ʟ ʭʚʠʣʴʦʚʠʤʠ ʧʨʦʮʝʩʘʤʠ, ʱʦ ʧʨʦʪʽʢʘʶʪʴ ʚ ʫʜʘʨʥʽʡ ʩʠʩʪʝʤʽ ʽ ʟʘʣʝʞʘʪʴ ʚʽʜ ʛʝʦʤʝʪʨʠʯʥʠʭ 

ʧʘʨʘʤʝʪʨʽʚ  ʝʣʝʤʝʥʪʽʚ ʫʜʘʨʥʦʾ ʩʠʩʪʝʤʠ, ʬʽʟʠʢʦ-ʤʝʭʘʥʽʯʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ ʾʭ ʤʘʪʝʨʽʘʣʽʚ ʽ ʰʚʠʜʢʦʩʪʽ 

ʩʧʽʚʫʜʘʨʷʥʥʷ [10]. 

ʄʝʪʦʶ ʨʦʙʦʪʠ ʻ ʫʟʘʛʘʣʴʥʝʥʥʷ ʨʝʟʫʣʴʪʘʪʽʚ ʜʦʩʣʽʜʞʝʥʴ ʟ ʨʦʟʨʦʙʢʠ ʪʝʭʥʦʣʦʛʽʾ ʽ ʦʙʣʘʜʥʘʥʥʷ ʜʣʷ 

ʩʪʘʪʠʢʦ-ʽʤʧʫʣʴʩʥʦʛʦ ʟʤʽʮʥʝʥʥʷ ʮʠʣʽʥʜʨʠʯʥʠʭ ʽ ʥʝʧʦʚʥʠʭ ʩʬʝʨʠʯʥʠʭ ʧʦʚʝʨʭʦʥʴ ʜʝʪʘʣʝʡ ʤʘʰʠʥ. 

ɺʠʢʣʘʜ ʦʩʥʦʚʥʦʛʦ ʤʘʪʝʨʽʘʣʫ ʜʦʩʣʽʜʞʝʥʴ. ʅʘ ʦʩʥʦʚʽ ʘʥʘʣʽʟʫ ʥʘʫʢʦʚʦ-ʪʝʭʥʽʯʥʠʭ ʜʞʝʨʝʣ ʘʚʪʦʨʘʤʠ 

ʧʨʦʚʝʜʝʥʦ ʢʦʤʧʣʝʢʩ ʪʝʦʨʝʪʠʯʥʠʭ ʽ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʜʦʩʣʽʜʞʝʥʴ, ʨʝʟʫʣʴʪʘʪʠ ʷʢʠʭ ʦʧʫʙʣʽʢʦʚʘʥʽ ʚ ʨʦʙʦʪʘʭ 

[11ï16]. ʇʨʠ ʉɯʆ ʟʘʩʪʦʩʦʚʫʶʪʴʩʷ ʤʘʰʠʥʠ ʫʜʘʨʥʦʾ ʜʽʾ ʟʽ ʩʪʘʪʠʯʥʠʤ ʥʘʚʘʥʪʘʞʝʥʥʷʤ ʽʥʩʪʨʫʤʝʥʪʘ, ʚʝʢʪʦʨ ʜʽʾ 

ʷʢʦʛʦ ʟʙʽʛʘʻʪʴʩʷ ʟ ʥʘʧʨʷʤʢʦʤ ʜʽʾ ʫʜʘʨʥʦʛʦ ʽʤʧʫʣʴʩʫ, ʟʘ ʨʘʭʫʥʦʢ ʯʦʛʦ ʜʦʩʷʛʘʻʪʴʩ ̫ʩʪʘʙʽʣʴʥʽʩʪʴ ʧʨʦʮʝʩʫ 

ʟʤʽʮʥʝʥʥʷ ʪʘ ʟʤʝʥʰʝʥʥʷ ʚʪʨʘʪ ʝʥʝʨʛʽʾ ʫʜʘʨʫ (ʨʠʩ.1). 

 
ʈʠʩ. 1. ʉʭʝʤʘ ʫʜʘʨʥʦʾ ʩʠʩʪʝʤʠ 

1 ï ʙʦʡʦʢ; 2 ï ʽʥʩʪʨʫʤʝʥʪ; 3 ï ʟʘʛʦʪʦʚʢʘ. 

 

ʆʩʦʙʣʠʚʽʩʪʶ ʉɯʆ ʻ ʢʦʤʙʽʥʦʚʘʥʝ ʩʪʘʪʠʯʥʝ ʽ ʜʠʥʘʤʽʯʥʝ ʥʘʚʘʥʪʘʞʝʥʥʷ ʤʘʪʝʨʽʘʣʫ ʚ ʟʦʥʽ ʢʦʥʪʘʢʪʫ 

ʽʥʩʪʨʫʤʝʥʪʘ ʽ ʟʘʛʦʪʦʚʢʠ. ɺ ʧʨʦʮʝʩʽ ʉɯʆ ʝʥʝʨʛʽʷ ʫʜʘʨʫ ʧʦʜʘʻʪʴʩʷ ʚ ʦʩʝʨʝʜʦʢ ʜʝʬʦʨʤʘʮʽʾ ʯʝʨʝʟ ʧʨʦʤʽʞʥʫ ʣʘʥʢʫ 

ï̔ ʥʩʪʨʫʤʝʥʪ ʟ ʜʝʬʦʨʤʫʶʯʠʤ ʝʣʝʤʝʥʪʦʤ. ɺʨʘʭʦʚʫʶʯʠ ʦʩʦʙʣʠʚʦʩʪʽ ʉɯʆ ʫʜʘʨʥʽ ʧʨʠʩʪʨʦʾ ʧʦʚʠʥʥʽ 

ʟʘʙʝʟʧʝʯʫʚʘʪʠ ʧʝʨʝʜʘʯʫ ʝʥʝʨʛʽʾ ʫʜʘʨʫ ʚ ʟʦʥʫ ʜʝʬʦʨʤʘʮʽʾ ʟ ʤʘʢʩʠʤʘʣʴʥʠʤ ʂʂɼ, ʱʦ ʜʦʩʷʛʘʻʪʴʩʷ ʨʘʮʽʦʥʘʣʴʥʠʤ 

ʩʧʽʚʚʽʜʥʦʰʝʥʥʷʤ ʛʝʦʤʝʪʨʠʯʥʠʭ ʧʘʨʘʤʝʪʨʽʚ ʫʜʘʨʥʦʾ ʩʠʩʪʝʤʠ (ʙʦʡʦʢ-ʽʥʩʪʨʫʤʝʥʪ) ʽ ʤʘʪʠ ʥʠʟʴʢʫ 

ʤʝʪʘʣʦʻʤʥʽʩʪʴ. 

ɼʣʷ ʜʦʩʣʽʜʞʝʥʥʷ ʧʘʨʘʤʝʪʨʽʚ ʫʜʘʨʥʦʛʦ ʽʤʧʫʣʴʩʫ ʚ ʟʦʥʽ ʜʝʬʦʨʤʘʮʽʾ ʧʨʠ ʧʦʚʝʨʭʥʝʚʦ-ʧʣʘʩʪʠʯʥʦʤʫ 

ʟʤʮ̔ʥʝʥʥʽ ʨʦʟʨʦʙʣʝʥʦ  ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ-ʚʠʤʽʨʶʚʘʣʴʥʠʡ ʢʦʤʧʣʝʢʩ ʦʨʠʛʽʥʘʣʴʥʦʾ ʢʦʥʩʪʨʫʢʮʽʾ, ʷʢʠʡ ʜʦʟʚʦʣʷʻ 

ʤʦʜʝʣʶʚʘʪʠ ʧʨʦʮʝʩ ʦʜʠʥʠʯʥʦʛʦ ʫʜʘʨʥʦʛʦ ʥʘʚʘʥʪʘʞʝʥʥʷ ʟ ʨʽʟʥʠʤʠ ʧʦʯʘʪʢʦʚʠʤʠ ʫʤʦʚʘʤʠ, ʘ ʪʘʢʦʞ 

ʨʝʻʩʪʨʫʚʘʪʠ ʧʘʨʘʤʝʪʨʠ ʫʜʘʨʥʦʛʦ ʽʤʧʫʣʴʩʫ ʚ ʟʦʥʽ ʜʝʬʦʨʤʘʮʽʾ. 

ʇʦʯʘʪʢʦʚ̔ ʫʤʦʚʠ ʥʘʚʘʥʪʘʞʝʥʥʷ ʪʘ ʨʝʟʫʣʴʪʘʪʠ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʜʦʩʣʽʜʞʝʥʴ ʧʨʠ ʦʙʨʦʙʮʽ 

ʟʘʛʦʪʦʚʢʠ, ʚʠʛʦʪʦʚʣʝʥʦʾ ʽʟ ʩʪʘʣʽ 40ʍ, ʥʦʨʤʘʣʽʟʦʚʘʥʦʾ ʜʦ ʪʚʝʨʜʦʩʪʽ ʅV100 = 313 ʥʘʚʝʜʝʥʽ ʚ ʪʘʙʣʠʮʽ 2. 

ɸʥʘʣʽʟ ʨʝʟʫʣʴʪʘʪʽʚ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʜʦʩʣʽʜʞʝʥʴ ʧʦʢʘʟʘʚ, ʱʦ ʚ ʫʜʘʨʥʽʡ ʩʠʩʪʝʤʽ ʬʦʨʤʫʻʪʴʩʷ 

ʧʨʦʣʦʥʛʦʚʘʥʠʡ ʫʜʘʨʥʠʡ ʽʤʧʫʣʴʩ, ʷʢʠʡ ʩʢʣʘʜʘʻʪʴʩʷ ʟ ʦʩʥʦʚʥʦʾ ʪʘ ʜʦʜʘʪʢʦʚʦʾ (ʭʚʦʩʪʦʚʦʾ) ʯʘʩʪʠʥʠ. 

ʋʩʪʘʥʦʚʣʝʥʦ, ʱʦ  ʬʦʨʤʘ ʽʤʧʫʣʴʩʫ ʬʦʨʤʫʻʪʴʩʷ ʟʘ ʨʘʭʫʥʦʢ ʨʝʢʫʧʝʨʘʮʽʾ ʚʽʜʙʠʪʠʭ ʭʚʠʣʴ, ʛʝʦʤʝʪʨʠʯʥʠʭ 

ʩʧʽʚʚʽʜʥʦʰʝʥʴ ʝʣʝʤʝʥʪʽʚ ʫʜʘʨʥʦʾ ʩʠʩʪʝʤʠ ʪʘ ʦʧʪʠʤʘʣʴʥʦʛʦ ʩʪʘʪʠʯʥʦʛʦ ʥʘʚʘʥʪʘʞʝʥʥʷ ʙʦʡʢʘ ʡ ʽʥʩʪʨʫʤʝʥʪʘ. 

ʇʨʦʚʝʜʝʥʦ ʜʦʩʣʽʜʞʝʥʥʷ ʢʦʝʬʽʮʽʻʥʪʘ ʢʦʨʠʩʥʦʾ ʜʽʾ ʫʜʘʨʥʦʾ ʩʠʩʪʝʤʠ ʚ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʛʝʦʤʝʪʨʠʯʥʠʭ ʪʘ 

ʘʢʫʩʪʠʯʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ ʫʜʘʨʥʦʾ ʩʠʩʪʝʤʠ ʪʘ ʫʤʦʚ ʥʘʚʘʥʪʘʞʝʥʥʷ. ʅʘʡʢʨʘʱʠʡ ʨʝʟʫʣʴʪʘʪ ʟʘʬʽʢʩʦʚʘʥʦ ʜʣʷ 

ʩʭʝʤʠ ʽʟ ʩʪʘʪʠʯʥʠʤ ʥʘʚʘʥʪʘʞʝʥʥʷʤ ʙʦʡʢʘ ʪʘ ʽʥʩʪʨʫʤʝʥʪʘ ʽ ʚʠʢʦʨʠʩʪʘʥʥʷ ʩʪʫʧʽʥʯʘʩʪʦʾ ʬʦʨʤʠ ʙʦʡʢʘ ʧʨʠ 

ʩʧʽʚʚʽʜʥʦʰʝʥʥʽ ʜʦʚʞʠʥ ʽʥʩʪʨʫʤʝʥʪʘ ʟ ʜʝʬʦʨʤʫʶʯʠʤʠ ʝʣʝʤʝʥʪʘʤʠ ʪʘ ʙʦʡʢʘ, ʷʢ 1/3.ɸʥʘʣʽʟ ʦʪʨʠʤʘʥʠʭ 

ʨʝʟʫʣʴʪʘʪʽʚ ʧʦʢʘʟʘʚ, ʱʦ ʮʷ ʩʭʝʤʘ ʧʨʠ ʦʜʥʘʢʦʚʽʡ ʝʥʝʨʛʽʾ ʫʜʘʨʫ ʟʘʙʝʟʧʝʯʫʻ ʧʽʜʚʠʱʝʥʥʷ ʤʽʢʨʦʪʚʝʨʜʦʩʪʽ ʜʦ 20% 

ʫ ʧʦʨʽʚʥʷʥʽ ʟ ʪʨʘʜʠʮʽʡʥʦʶ ʩʭʝʤʦʶ ʦʙʨʦʙʢʠ (ʙʝʟ ʩʪʘʪʠʯʥʦʛʦ ʥʘʚʘʥʪʘʞʝʥʥʷ), ʱʦ ʚʢʘʟʫʻ ʥʘ ʟʨʦʩʪʘʥʥʷ 

ʢʦʝʬʽʮʽʻʥʪʘ ʚʠʢʦʨʠʩʪʘʥʥʷ ʝʥʝʨʛʽʾ ʫʜʘʨʫ. 

ɼʣʷ ʧʽʜʚʠʱʝʥʥʷ ʧʨʦʜʫʢʪʠʚʥʦʩʪʽ ʧʨʦʮʝʩʫ ʦʙʨʦʙʢʠ ʪʘ ʢʦʝʬʽʮʽʻʥʪʘ ʚʠʢʦʨʠʩʪʘʥʥʷ ʝʥʝʨʛʽʾ 

ʟʘʧʨʦʧʦʥʦʚʘʥʦ ʩʭʝʤʫ ʙʽʧʦʣʷʨʥʦʛʦ ʟʤʽʮʥʝʥʥʷ, ʟʦʙʨʘʞʝʥʦʾ ʥʘ ʨʠʩ. 2. ɿʘ ʪʘʢʦʾ ʩʭʝʤʠ ʦʙʨʦʙʢʠ, ʟʘʛʦʪʦʚʢʘ ʫ 

ʚʠʛʣʷʜʽ ʮʠʣʽʥʜʨʠʯʥʦʾ ʘʙʦ ʩʬʝʨʠʯʥʦʾ ʧʦʚʝʨʭʥʽ, ʦʜʥʦʯʘʩʥʦ ʩʧʨʠʡʤʘʻ ʜʚʽ ʟʫʩʪʨʽʯʥʽ ʜʝʬʦʨʤʘʮʽʡʥʽ ʭʚʠʣʽ, ʝʥʝʨʛʽʷ 

ʷʢʠʭ ʤʘʢʩʠʤʘʣʴʥʦ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʧʽʜ ʯʘʩ  ʜʝʬʦʨʤʘʮʽʾ ʧʦʚʝʨʭʥʝʚʦʛʦ ʰʘʨʫ ʜʝʪʘʣʽ. ʎʝ ʩʧʨʠʷʻ ʧʽʜʚʠʱʝʥʥʶ 

ʢʦʝʬʽʮʽʻʥʪʘ ʚʠʢʦʨʠʩʪʘʥʥʷ ʝʥʝʨʛʽʾ ʫʜʘʨʫ ʙʦʡʢʽʚ, ʽʥʪʝʥʩʠʬʽʢʫʻ ʧʨʦʮʝʩ ʟʤʽʮʥʝʥʥʷ ʧʦʚʝʨʭʥʝʚʦʛʦ ʰʘʨʫ 

ʟʘʛʦʪʦʚʢʠ ʟ ʦʜʥʦʯʘʩʥʠʤ ʬʦʨʤʫʚʘʥʥʷʤ ʛʝʦʤʝʪʨʠʯʥʦ ʚʠʟʥʘʯʝʥʦʛʦ ʤʽʢʨʦʨʝʣʴʻʬʫ. 
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ʊʘʙʣʠʮʷ 2 

ʈʝʟʫʣʴʪʘʪʠ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʜʦʩʣʽʜʞʝʥ ɹ
ʇʦʯʘʪʢʦʚʽ ʫʤʦʚʠ ʈʝʟʫʣʴʪʘʪʠ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʜʦʩʣʽʜʞʝʥʴ 

ʉʭʝʤʘ 

ʥʘʚʘʥʪʘʞʝʥʥʷ 

ʋʤʦʚʠ 

ʥʘʚʘʥʪʘʞʝʥʥʷ 

ɼʽʘʤʝʪʨ 

ʚʽʜʙʠʪʢʘ 
ʄʽʢʨʦʪʚʝʨʜʽʩʪʴ ʌʦʨʤʘ ʽʤʧʫʣʴʩʫ 

 

Wʫʜ = 2.35 ɼʞ 

Fʩʪ.i = 40 ʅ; 

Ri = 1.5 ʤʤ 

2.23 412 

 

 

Wʫʜ = 2.35 ɼʞ 

Fʩʪ.i = 40 ʅ; 

Fʩʪ1 = 150 ʅ; 

Ri =1.5 ʤʤ 

2.28 430 

 

 

 
ʈʠʩ. 2. ʉʭʝʤʘ ʙʽʧʦʣʷʨʥʦʛʦ ʟʤ̔ʮʥʝʥʥʷ 

1 ï ʙʦʡʦʢ; 2 ï ʜʝʬʦʨʤʫʶʯʠʡ ʽʥʩʪʨʫʤʝʥʪ; 3 ï ʟʘʛʦʪʦʚʢʘ 

 

ʇʨʦʚʝʜʝʥʽ ʜʦʩʣʽʜʞʝʥʥʷ ʧʨʦʮʝʩʫ ʙʽʧʦʣʷʨʥʦʾ ʉɯʆ ʫ ʧʨʦʛʨʘʤʥʦʤʫ ʢʦʤʧʣʝʢʩʽ Abaqus. ʅʘ ʨʠʩ. 3 

ʥʘʚʝʜʝʥʦ ʢʦʥʪʫʨʥʽ ʛʨʘʬʽʢʠ ʨʦʟʧʦʜʽʣʫ ʥʘʧʨʫʞʝʥʴ ʧʨʠ ʟʤʽʮʥʝʥʽ ʟʨʘʟʢʽʚ ʧʨʷʤʦʢʫʪʥʦʛʦ ʪʘ ʢʨʫʛʣʦʛʦ ʩʽʯʝʥʥʷ ʜʣʷ 

ʦʜʥʦʛʦ ʽʟ ʢʨʦʢʽʚ ʝʢʩʧʝʨʠʤʝʥʪʫ. 

 

 
 

ʈʠʩ. 3 ï ʂʦʥʪʫʨʥʠʡ ʛʨʘʬʽʢ ʨʦʟʧʦʜʽʣʫ ʥʘʧʨʫʞʝʥʴ ʧʽʜ ʜʽʻʶ ʙʽʧʦʣʷʨʥʦʛʦ ʫʜʘʨʫ 

ʘ ï ʟʨʘʟʦʢ ʧʨʷʤʦʢʫʪʥʦʛʦ ʩʽʯʝʥʥʷ; ʙ ï ʟʨʘʟʦʢ ʩʬʝʨʠʯʥʦʾ ʬʦʨʤʠ 

 

ʅʘ ʨʠʩ. 4 ï ʟʦʙʨʘʞʝʥʦ ʤʦʜʝʣʴ ʫʜʘʨʥʦʾ ʩʠʩʪʝʤʠ ʟ ʩʪʘʪʠʯʥʠʤ ʥʘʚʘʥʪʘʞʝʥʥʷʤ ʽʥʩʪʨʫʤʝʥʪʘ ʟ 

ʜʝʬʦʨʤʫʶʯʠʤ ʝʣʝʤʝʥʪʦʤ ʪʘ ʢʦʤʙʽʥʦʚʘʥʠʤ ʥʘʚʘʥʪʘʞʝʥʥʷʤ ʙʦʡʢʘ. ʆʙʨʦʙʣʶʚʘʥʘ ʧʦʚʝʨʭʥʷ ʟʘʛʦʪʦʚʢʠ 3 

ʟʥʘʭʦʜʠʪʴʩʷ ʫ ʧʦʩʪʽʡʥʦʤʫ ʢʦʥʪʘʢʪʽ ʟ ʩʪʘʪʠʯʥʦ ʥʘʚʘʥʪʘʞʝʥʠʤʠ ʽʥʩʪʨʫʤʝʥʪʘʤʠ ʩʠʣʦʶ Fcm..̔ ʉʪʘʪʠʯʥʝ ʪʘ 

ʜʠʥʘʤʽʯʥʝ ʥʘʚʘʥʪʘʞʝʥʥʷ ʙʦʡʢʘ ʫʜʘʨʥʦʾ ʩʠʩʪʝʤʠ ʽʥʩʪʨʫʤʝʥʪʘʣʴʥʦʾ ʛʦʣʦʚʢʠ ʟʘʙʝʟʧʝʯʫʻʪʴʩʷ ʟʘ ʨʘʭʫʥʦʢ ʝʥʝʨʛʽʾ 

ʧʨʫʞʥʦ-ʜʝʬʦʨʤʦʚʘʥʦʛʦ ʪʽʣʘ (ʩʪʠʩʥʝʥʦʾ ʧʨʫʞʠʥʠ), ʧʘʨʘʤʝʪʨʠ ʷʢʦʾ ʨʦʟʨʘʭʦʚʫʶʪʴʩʷ ʪʘʢ, ʱʦʙ ʯʘʩʪʠʥʘ ʾʾ 

ʧʦʪʝʥʮʽʘʣʴʥʦʾ ʝʥʝʨʛʽʾ ʧʝʨʝʪʚʦʨʶʚʘʣʘʩʴ ʚ ʢʽʥʝʪʠʯʥʫ ʝʥʝʨʛʽʶ ʙʦʡʢʘ Wʫʜ, ʘ ʽʥʰʘ ʚʠʪʨʘʯʘʣʘʩʴ ʥʘ ʩʪʘʪʠʯʥʝ 

ʥʘʚʘʥʪʘʞʝʥʥʷ ʙʦʡʢʘ F cm.1 , ʽ ʫʥʝʤʦʞʣʠʚʣʶʚʘʣʘ ʡʦʛʦ ʚʽʜʩʢʦʢ. 
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ʈʠʩ. 4 . ʄʦʜʝʣʴ ʫʜʘʨʥʦʾ ʩʠʩʪʝʤʠ 

1 ï ʙʦʡʦʢ; 2 ï ʽʥʩʪʨʫʤʝʥʪ; 3 ï ʟʘʛʦʪʦʚʢʘ; 4 ï ʛʝʥʝʨʘʪʦʨ ʽʤʧʫʣʴʩʽʚ; 

ʭ1 ï ʧʦʧʝʨʝʜʥʻ ʩʪʠʩʥʝʥʥʷ ʧʨʫʞʠʥʠ  ʙʦʡʢʘ; ʭ2 ï ʚʝʣʠʯʠʥʘ ʧʽʜʡʦʤʫ ʙʦʡʢʘ;  

ʭ̔ ï ʧʦʧʝʨʝʜʥʻ ʩʪʠʩʥʝʥʥʷ ʧʨʫʞʠʥʠ  ʽʥʩʪʨʫʤʝʥʪʘ 

 

ɸʚʪʦʨʘʤʠ ʧʨʦʧʦʥʫʻʪʴʩʷ ʤʘʰʠʥʘ ʤʦʜʫʣʴʥʦʾ ʢʦʥʩʪʨʫʢʮʽʾ ʜʣʷ ʙʽʧʦʣʷʨʥʦʛʦ ʩʪʘʪʠʢʦ-ʽʤʧʫʣʴʩʥʦʛʦ 

ʟʤʽʮʥʝʥʥʷ ʜʝʪʘʣʝʡ ʟ  ʮʠʣʽʥʜʨʠʯʥʠʤʠ  ʪʘ ʩʬʝʨʠʯʥʠʤʠ ʧʦʚʝʨʭʥʷʤʠ, ʟʘʛʘʣʴʥʠʡ ʚʠʛʣʷʜ ʷʢʦʾ ʟʦʙʨʘʞʝʥʦ ʥʘ ʨʠʩ. 

5. ʄʘʰʠʥʘ ʜʣʷ ʙʽʧʦʣʷʨʥʦʛʦ ʟʤʽʮʥʝʥʥʷ ʩʬʝʨʠʯʥʠʭ ʪʘ ʮʠʣʽʥʜʨʠʯʥʠʭ ʧʦʚʝʨʭʦʥʴ ʤʝʪʦʜʦʤ ʇʇɼ ʤʽʩʪʠʪʴ 

ʩʪʘʥʠʥʫ 1 ʥʘ ʥʘʧʨʷʤʥʠʭ 2 ʷʢʦʾ ʚʩʪʘʥʦʚʣʝʥʦ ʩʫʧʦʨʪ ʧʦʟʜʦʚʞʥʽʭ ʧʝʨʝʤʽʱʝʥʴ 3, ʧʝʨʝʜʥʶ ʙʘʙʢʫ 4, ʚ ʷʢʽʡ 

ʚʩʪʘʥʦʚʣʝʥʦ ʧʨʠʚʽʜ (ʥʝ ʧʦʢʘʟʘʥʦ) ʽ ʧʨʠʩʪʦʩʫʚʘʥʥʷ ʜʣʷ ʟʘʢʨʽʧʣʝʥʥʷ ʽ ʦʙʝʨʪʘʥʥʷ ʟʘʛʦʪʦʚʢʠ 5, ʟʘʜʥʶ ʙʘʙʢʫ 6,  

ʷʢʘ ʚʩʪʘʥʦʚʣʝʥʘ ʥʘ ʥʘʧʨʷʤʥʽ 7. ɿʘʛʦʪʦʚʢʘ ʟʘʢʨʽʧʣʶʻʪʴʩʷ ʫ ʧʨʠʩʪʦʩʫʚʘʥʥʽ 5,  ʦʙʝʨʪʘʥʥʷ ʷʢʦʛʦ ʟʘʙʝʟʧʝʯʫʻʪʴʩʷ 

ʧʨʠʚʦʜʦʤ (ʥʝ ʧʦʢʘʟʘʥʦ), ʨʦʟʤʽʱʝʥʠʤ ʚ ʧʝʨʝʜʥʽʡ ʙʘʙʮʽ 4. 

ʅʘ ʩʫʧʦʨʪ ʧʦʟʜʦʚʞʥʽʭ ʧʝʨʝʤʽʱʝʥʴ 3 ʚʩʪʘʥʦʚʣʝʥʦ ʧʦʚʦʨʦʪʥʠʡ  ʩʪʽʣ 8 ʟ ʽʥʜʠʚʽʜʫʘʣʴʥʠʤ ʧʨʠʚʦʜʦʤ (ʥʝ 

ʧʦʢʘʟʘʥʦ). ɼʚʽ ʽʥʩʪʨʫʤʝʥʪʘʣʥɹʽ ʛʦʣʦʚʢʠ 9, ʟʘʢʨʽʧʣʝʥʽ ʫ ʧʨʠʩʪʦʩʫʚʘʥʥʽ  10,  ʚʩʪʘʥʦʚʣʝʥʦʤʫ ʥʘ ʧʦʚʦʨʦʪʥʦʤʫ 

ʩʪʦʣʽ 8 ʪʘʢʠʤ ʯʠʥʦʤ, ʱʦ ʦʩʽ ʽʥʩʪʨʫʤʝʥʪʽʚ ʟ ʜʝʬʦʨʤʫʶʯʠʤʠ ʝʣʝʤʝʥʪʘʤʠ ʛʦʣʦʚʦʢ 9  ʽ ʚʽʩʴ ʦʙʝʨʪʘʥʥʷ ʩʪʦʣʘ 8 

ʥʘʭʦʜʷʪʴʩʷ ʚ ʦʜʥʽʡ ʧʣʦʱʠʥʽ, ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʽʡ ʧʣʦʱʠʥʽ, ʚ ʷʢʽʡ ʟʥʘʭʦʜʠʪʴʩʷ ʚ̔ʩʴ ʦʙʝʨʪʘʥʥʷ ʧʨʠʩʪʦʩʫʚʘʥʥʷ 

ʜʣʷ ʟʘʢʨʽʧʣʝʥʥʷ ʟʘʛʦʪʦʚʢʠ 5. ʇʨʠʩʪʦʩʫʚʘʥʥʷ 10 ʦʩʥʘʱʝʥʦ ʤʝʭʘʥʽʟʤʦʤ ʨʝʛʫʣʶʚʘʥʥʷ ʽʥʩʪʨʫʤʝʥʪʘʣʴʥʠʭ 

ʛʦʣʦʚʦʢ (ʥʝ ʧʦʢʘʟʘʥʦ)    ʚʽʜʥʦʩʥʦ ʦʩʽ ʦʙʝʨʪʘʥʥʷ ʟʘʛʦʪʦʚʢʠ, ʟʘʢʨʽʧʣʝʥʦʾ ʫ ʧʨʠʩʪʦʩʫʚʘʥʥʽ 5. ɯʥʩʪʨʫʤʝʥʪʘʣʴʥʽ 

ʛʦʣʦʚʢʠ 9, ʦʩʥʘʱʝʥʽ ʩʠʥʭʨʦʥ̔ʟʦʚʘʥʠʤʠ ʫʜʘʨʥʠʤʠ ʩʠʩʪʝʤʘʤʠ ʟ ʝʣʝʢʪʨʦʤʘʛʥʽʪʥʠʤʠ (ʧʥʝʚʤʘʪʠʯʥʠʤʠ ʘʙʦ 

ʛʽʜʨʘʚʣʽʯʥʠʤʠ), ʘʙʦ ʤʝʭʘʥʽʯʥʠʤʠ, ʧʝʨʝʚʘʞʥʦ ʢʫʣʘʯʢʦʚʠʤʠ, ʛʝʥʝʨʘʪʦʨʘʤʠ ʽʤʧʫʣʴʩʽʚ ʟ ʙʝʟʩʪʫʧʽʥʯʘʩʪʠʤ 

ʧʨʠʚʦʜʦʤ (ʥʝ ʧʦʢʘʟʘʥʦ) ʽ ʮʠʬʨʦʚʦʶ ʩʠʩʪʝʤʦʶ ʢʝʨʫʚʘʥʥʷ. ʇʦʟʜʦʚʞʥʻ ʧʝʨʝʤʽʱʝʥʥʷ ʩʫʧʦʨʪʘ 3  

ʟʘʙʝʟʧʝʯʫʻʪʴʩʷ ʤʝʭʘʥʽʟʤʦʤ ʧʦʜʘʯʽ (ʥʝ ʧʦʢʘʟʘʥʦ), ʦʩʥʘʱʝʥʦʛʦ ʙʝʟʩʪʫʧʽʥʯʘʩʪʠʤ ʧʨʠʚʦʜʦʤ ʟ ʮʠʬʨʦʚʦʶ 

ʩʠʩʪʝʤʦʶ ʢʝʨʫʚʘʥʥʷ. 

ʄʦʜʫʣʴ ʫʧʨʘʚʣʽʥʥʷ ʤʘʰʠʥʦʶ, ʚʠʢʦʥʘʥʠʡ ʥʘ  ʦʩʥʦʚʽ ʢʦʤʧ'ʶʪʝʨʠʟʦʚʘʥʦʾ ʩʠʩʪʝʤʠ ʟ ʯʠʩʣʦʚʠʤ 

ʧʨʦʛʨʘʤʥʠʤ ʢʝʨʫʚʘʥʥʷʤ, ʤʽʩʪʠʪʴ ʧʫʣʴʪ ʢʝʨʫʚʘʥʥʷ 11 ʪʘ ʧʘʥʝʣʴ ̔ʥʜʠʢʘʮʽʾ 12. 

ʈʦʙʦʪʘ ʤʘʰʠʥʠ ʟʜʽʡʩʥʶʻʪʴʩʷ ʥʘʩʪʫʧʥʠʤ ʯʠʥʦʤ. ɯʥʩʪʨʫʤʝʥʪʘʣʴʥʽ ʛʦʣʦʚʢʠ 9, ʷʢʽ ʟʘʢʨʽʧʣʝʥʽ ʥʘ 

ʧʦʚʦʨʦʪʥʦʤʫ ʩʪʦʣʽ 8 ʥʘʣʘʛʦʜʞʫʶʪʴʩʷ ʥʘ ʟʘʜʘʥʠʡ ʨʦʟʤʽʨ ʟʘ ʜʦʧʦʤʦʛʦʶ ʧʨʠʩʪʦʩʫʚʘʥʥʷ 10, ʦʩʥʘʱʝʥʦʛʦ 

ʤʝʭʘʥʽʟʤʦʤ ʨʝʛʫʣʶʚʘʥʥʷ (ʥʝ ʧʦʢʘʟʘʥʦ) ʽʥʩʪʨʫʤʝʥʪʘʣʴʥʠʭ ʛʦʣʦʚʦʢ 9 ʚʽʜʥʦʩʥʦ ʦʩʽ ʦʙʝʨʪʘʥʥʷ ʧʨʠʩʪʦʩʫʚʘʥʥʷ 5 

ʜʣʷ ʟʘʢʨʽʧʣʝʥʥʷ ʟʘʛʦʪʦʚʢʠ. 

ʇʨʠ ʦʙʨʦʙʮʽ ʟʦʚʥʽʰʥʽʭ ʮʠʣʽʥʜʨʠʯʥʠʭ ʧʦʚʝʨʭʦʥʴ ʟʘʛʦʪʦʚʢʫ  ʟʘʢʨʽʧʣʶʶʪʴ ʫ ʧʨʠʩʪʦʩʫʚʘʥʥʽ 5 ʽ ʟʘʜʥʽʡ 

ʙʘʙʮʽ 6, ʷʢʘ ʩʣʫʞʠʪʴ ʜʣʷ ʜʦʜʘʪʢʦʚʦʾ ʧʽʜʪʨʠʤʢʠ ʦʙʨʦʙʣʶʚʘʥʦʾ ʟʘʛʦʪʦʚʢʠ. ʅʘʜʘʶʪʴ ʦʙʝʨʪʦʚʠʡ ʨʫʭ ʟʘʛʦʪʦʚʮʽ Vʟ 
ʽ  ʧʦʟʜʦʚʞʥʶ ʧʦʜʘʯʫ Sʧ. ʉʠʩʪʝʤʘ ʢʝʨʫʚʘʥʥʷ ʤʘʰʠʥʠ ʫ ʚʽʜʧʦʚʽʜʥʦʩʪʽ ʜʦ ʘʣʛʦʨʠʪʤʫ ʟʘʙʝʟʧʝʯʫʻ ʙʽʧʦʣʷʨʥʝ 

ʩʪʘʪʠʢʦ-ʽʤʧʫʣʴʩʥʝ ʟʤʽʮʥʝʥʥʷ ʪʘ ʬʦʨʤʫʚʘʥʥʷ ʛʝʦʤʝʪʨʠʯʥʦ ʚʠʟʥʘʯʝʥʦʛʦ ʤʽʢʨʦʨʝʣʴʻʬʫ ʧʦʚʝʨʭʥʝʚʦʛʦ ʰʘʨʫ. 

ʇʨʠ ʦʙʨʦʙʮʽ ʥʝʧʦʚʥʠʭ ʩʬʝʨʠʯʥʠʭ ʧʦʚʝʨʭʦʥʴ, ʟʘʛʦʪʦʚʢʫ, ʥʘʧʨʠʢʣʘʜ, ʘʚʪʦʤʦʙʽʣʴʥʦʛʦ ʢʫʣʴʦʚʦʛʦ 

ʧʘʣʴʮʷ, ʟʘʢʨʽʧʣʶʶʪʴ ʫ ʧʨʠʩʪʦʩʫʚʘʥʥʽ  5, ʥʘʜʘʶʪʴ ʦʙʝʨʪʦʚʠʡ ʨʫʭ Vʟ ʽ ʧʦʟʜʦʚʞʥʶ ʧʦʜʘʯʫ Sʧ ʜʣʷ ʧʽʜʚʝʜʝʥʥʷ 

ʩʬʝʨʠʯʥʦʾ ʧʦʚʝʨʭʥʽ ʟʘʛʦʪʦʚʢʠ  ʜʦ ʢʦʥʪʘʢʪʫ ʟ ʜʝʬʦʨʤʫʶʯʠʤʠ ʝʣʝʤʝʥʪʘʤʠ ʽʥʩʪʨʫʤʝʥʪʽʚ ʛʦʣʦʚʦʢ 9.  

ʂʫʪʦʚʘ ʧʦʜʘʯʘ SŬ ʟʘʙʝʟʧʝʯʫʻʪʴʩʷ ʟʘʚʜʷʢʠ ʧʦʚʦʨʦʪʫ ʩʪʦʣʘ 8 ʥʘ ʢʫʪ Ŭ. ʇʽʜ ʜʽʻʶ ʫʜʘʨʥʦʾ ʩʠʩʪʝʤʠ 

ʽʥʩʪʨʫʤʝʥʪʘʣʴʥʠʭ ʛʦʣʦʚʦʢ 9  ʬʦʨʤʫʻʪʴʩʷ ʙʽʧʦʣʷʨʥʝ ʩʪʘʪʠʢʦ-ʽʤʧʫʣʴʩʥʝ ʥʘʚʘʥʪʘʞʝʥʥʷ ʥʘ ʩʬʝʨʠʯʥʫ ʧʦʚʝʨʭʥʶ 

ʟʘʛʦʪʦʚʢʠ. ʉʠʩʪʝʤʘ ʢʝʨʫʚʘʥʥʷ ʤʘʰʠʥʠ ʫ ʚʽʜʧʦʚʽʜʥʦʩʪʽ ʜʦ ʘʣʛʦʨʠʪʤʫ, ʟʘʙʝʟʧʝʯʫʻ ʦʙʨʦʙʣʝʥʥʷ ʚʩʽʻʾ ʩʬʝʨʠʯʥʦʾ 

ʧʦʚʝʨʭʥʽ, ʥʘʥʝʩʝʥʥʷ ʛʝʦʤʝʪʨʠʯʥʦ ʚʠʟʥʘʯʝʥʦʛʦ ʤʽʢʨʦʨʝʣʴʻʬʫ ʟ ʟʘʜʘʥʠʤ ʢʦʝʬʽʮʽʻʥʪʦʤ ʧʝʨʝʢʨʠʪʪʷ ʧʣʘʩʪʠʯʥʠʭ 

ʚʽʜʙʠʪʢʽʚ. 

ʈʦʙʦʪʘ ʤʘʰʠʥʠ ʧʨʠ ʟʤʽʮʥʝʥʥʽ ʩʬʝʨʠʯʥʠʭ ʧʦʚʝʨʭʦʥʴ ˇʨʫʥʪʫʻʪʴʩʷ ʥʘ ʚʣʘʩʪʠʚʦʩʪʽ ʩʬʝʨʠʯʥʦʾ ʧʦʚʝʨʭʥʽ, 

ʷʢʘ ʧʦʣʷʛʘʻ ʫ ʪʦʤʫ, ʱʦ ʙʫʜʴ-ʷʢʠʡ ʾʾ ʧʝʨʝʪʠʥ ʧʣʦʱʠʥʦʶ, ʜʘʻ ʦʢʨʫʞʥʽʩʪʴ. ʊʘʢʠʤ ʯʠʥʦʤ, ʪʦʯʥʽʩʪʴ ʦʙʨʦʙʣʝʥʥʷ 

ʩʬʝʨʠʯʥʦʾ ʧʦʚʝʨʭʥʽ ʚʠʟʥʘʯʘʻʪʴʩʷ ʢʽʥʝʤʘʪʠʢʦʶ ʧʨʦʮʝʩʫ, ʱʦ ʜʦʟʚʦʣʷʻ ʦʪʨʠʤʘʪʠ ʥʝʧʦʚʥʽ ʩʬʝʨʠʯʥʽ ʧʦʚʝʨʭʥʽ 

ʚʠʩʦʢʦʾ ʪʦʯʥʦʩʪʽ. 

ɿʘʧʨʦʧʦʥʦʚʘʥʘ ʤʘʰʠʥʘ ʨʦʟʰʠʨʶʻ ʪʝʭʥʦʣʦʛʽʯʥʽ ʤʦʞʣʠʚʦʩʪʽ ʧʦʚʝʨʭʥʝʚʦʛʦ ʧʣʘʩʪʠʯʥʦʛʦ ʟʤʽʮʥʝʥʥʷ 

ʟʘʚʜʷʢʠ ʚʠʢʦʨʠʩʪʘʥʥʶ ʙʽʧʦʣʷʨʥʦʛʦ ʩʪʘʪʠʢʦ-ʽʤʧʫʣʴʩʥʦʛʦ ʦʙʨʦʙʣʝʥʥʷ. ʎʝ ʧʽʜʚʠʱʫʻ ʧʨʦʜʫʢʪʠʚʥʽʩʪʴ ʽ 

ʪʦʯʥʽʩʪʴ ʦʙʨʦʙʢʠ, ʜʦʟʚʦʣʷʻ ʢʝʨʫʚʘʪʠ ʛʣʠʙʠʥʦʶ ʟʤʽʮʥʝʥʦʛʦ ʰʘʨʫ, ʩʪʫʧʝʥʝʤ ʟʤʽʮʥʝʥʥʷ ʽ ʤʽʢʨʦʨʝʣʴʻʬʦʤ 

ʟʦʚʥʽʰʥʽʭ ʧʦʚʝʨʭʦʥʴ ʦʙʝʨʪʘʥʥʷ ʜʝʪʘʣʝʡ ʤʘʰʠʥ ʚ ʘʚʪʦʤʘʪʠʯʥʦʤʫ ʨʝʞʠʤʽ ʫ ʚʽʜʧʦʚʽʜʥʦʩʪʽ ʜʦ ʟʘʜʘʥʦʛʦ 

ʘʣʛʦʨʠʪʤʫ. 

 



 ˟̨̨̖̘̆̎̎ ̎ ́̔̋̉ ISSN 2307-5732 
 

ˏ̨̒̎̉̋ ˢ̝̗̝̍̆̌̎̉̋̏̄̏ ̨̗̝̎́̏̎́̌̎̏̄̏ ̨̔̎̃̆̑̒̉̓̆̓̔, Τ6, 2020 (291) 105 

 

 
ʈʠʩ. 6. ʄʘʰʠʥʘ ʜʣʷ ʙʽʧʦʣʷʨʥʦʛʦ ʩʪʘʪʠʢʦ-ʽʤʧʫʣʴʩʥʦʛʦ ʟʤʽʮʥʝʥʥʷ 

 

ɺʠʩʥʦʚʦʢ. ʅʘ ʦʩʥʦʚʽ ʧʨʦʚʝʜʝʥʠʭ ʪʝʦʨʝʪʠʯʥʠʭ ʪʘ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʜʦʩʣʽʜʞʝʥʴ ʨʦʟʨʦʙʣʝʥʦ 

ʤʘʰʠʥʫ ʜʣʷ ʙʽʧʦʣʷʨʥʦʛʦ ʩʪʘʪʠʢʦ-ʽʤʧʫʣʴʩʥʦʛʦ ʟʤʽʮʥʝʥʥʷ ʟʦʚʥʽʰʥʽʭ ʧʦʚʝʨʭʦʥʴ ʦʙʝʨʪʘʥʥʷ ʜʝʪʘʣʝʡ ʤʘʰʠʥ, 

ʫʜʘʨʥʽ ʧʨʠʩʪʨʦʾ ʷʢʦʾ ʤʘʶʪʴ ʥʠʟʴʢʫ ʤʝʪʘʣʦʻʤʥʽʩʪʴ ʽ ʟʘʙʝʟʧʝʯʫʶʪʴ ʧʝʨʝʜʘʯʫ ʝʥʝʨʛʽʾ ʫʜʘʨʫ ʚ ʟʦʥʫ ʜʝʬʦʨʤʘʮʽʾ ʟ 

ʤʘʢʩʠʤʘʣʴʥʠʤ ʂʂɼ. ʎʝ ʜʦʩʷʛʘʻʪʴʩʷ ʨʘʮʽʦʥʘʣʴʥʠʤ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷʤ ʛʝʦʤʝʪʨʠʯʥʠʭ ʧʘʨʘʤʝʪʨʽʚ ʫʜʘʨʥʦʾ 

ʩʠʩʪʝʤʠ. ʄʘʰʠʥʘ ʧʽʜʚʠʱʫʻ ʧʨʦʜʫʢʪʠʚʥʽʩʪʴ ʽ ʪʦʯʥʽʩʪʴ ʦʙʨʦʙʢʠ, ʜʦʟʚʦʣʷʻ ʢʝʨʫʚʘʪʠ ʛʣʠʙʠʥʦʶ ʟʤʽʮʥʝʥʦʛʦ 

ʰʘʨʫ, ʩʪʫʧʝʥʝʤ ʟʤʽʮʥʝʥʥʷ ʽ ʤʽʢʨʦʨʝʣʴʻʬʦʤ ʟʦʚʥʽʰʥʽʭ ʧʦʚʝʨʭʦʥʴ ʦʙʝʨʪʘʥʥʷ ʜʝʪʘʣʝʡ ʤʘʰʠʥ ʚ ʘʚʪʦʤʘʪʠʯʥʦʤʫ 

ʨʝʞʠʤʽ ʫ ʚʽʜʧʦʚʽʜʥʦʩʪʽ ʜʦ ʟʘʜʘʥʦʛʦ ʘʣʛʦʨʠʪʤʫ. ʈʦʙʦʪʫ ʧʣʘʥʫʻʪʴʩʷ ʧʨʦʜʦʚʞʠʪʠ ʫ ʥʘʧʨʷʤʢʫ ʦʧʪʠʤʽʟʘʮʽʡʥʦʛʦ 

ʩʠʥʪʝʟʫ ʬʫʥʢʮʽʦʥʘʣʴʥʦ-ʤʦʜʫʣʴʥʦʾ ʩʪʨʫʢʪʫʨʠ ʤʘʰʠʥʠ, ʱʦ ʚʘʞʣʠʚʦ ʜʣʷ ʾʾ ʧʨʘʢʪʠʯʥʦʛʦ ʚʠʢʦʨʠʩʪʘʥʥʷ. 
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ʎʝʥʪʨʘʣʴʥʦʫʢʨʘʾʥʩʴʢʠʡ ʥʘʮʽʦʥʘʣʴʥʠʡ ʪʝʭʥʽʯʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ 

 

ɼʆʉʃɯɼɾɽʅʅʗ ʇʈʆʎɽʉʋ ɯʄʇʋʃʔʉʅʆɻʆ ɯʆʅʅʆɻʆ ɺɸʂʋʋʄʅʆɻʆ 

ʊɽʈʄʆʎʀʂʃɯʏʅʆɻʆ ɸɿʆʊʋɺɸʅʅʗ ʋ ʇʃɸɿʄɯ ʇʋʃʔʉʋʖʏʆɻʆ 

ʊʃɯʖʏʆɻʆ ʈʆɿʈʗɼʋ 
 
ˎ̨̨̝̙̝̌̒̓ ̘̐̑̉̉̎ ̠̑̔̊̎̔̃́̎̎ ̨̗̖̋̏̎̒̓̑̔̋̊̎̉ ̨̆̌̆̍̆̎̓̃ ̅̆̓́̌̆̊ ̙̍́̉̎ ̨ ̨̨̖̍̆́̎̈̍̃ ̐̏̃ȭ̠̈́̎̏ ̈ ̩̖ 

̨̗̘̟̉̋̌̎̏ ̨̨̗̟̍̎̒̓ȟ ́ ̒́̍̆ ̨̖̘̟̓̆̑̍̏̍̆́̎̎̏ ̟̃̓̏̍̏ȟ ̠̋́ ̤̝̠̃̉̑́̇́̓̒ ̔ ̐̏̒̓̔̐̏̃̏̍̔ ̨̘̎́̋̏̐̉̆̎̎ ̙̝̐̏̋̏̅̇̆̎ 
 ̨̨̔̍́̓̆̑́̌ ̃ ̖̔̍̏̃́ ̘̏̅̎̏́̒̎̏̄̏ ̃̐̌̉̃̔ ̨̖̈̍̎̎̉ ̝̎́̃́̎̓́̇̆̎ȟ ́̄̑̆̒̉̃̎̏̄̏ ̒̆̑̆̅̏̃̉́̚ ̓́ ̓̆̍̐̆̑́̓̔̑̉Ȣ ˣ̆ 
̝̐̑̉̈̃̏̅̉̓ ̅ ̠̏̃̉̎̉̋̎̆̎̎ ̨̓̑̉̎̉̚ ̨̃̅ ̃̓̏̍̉ȟ ̩̩ ̑̏̈̃̉̓̋̔ ̓́ ̘̏̒̓́̓̏̎̏̄̏ ̠̑̔̊̎̔̃́̎̎ ̨̍́̓̆̑́̌̔Ȣ ˛̅̎̉̍ ̨̈ 
̃́̇̌̉̃ ̖̉ ̓́ ̖̐̆̑̒̐̆̋̓̉̃̎̉ ̨̠̎́̐̑̍̋̃ ̔ ̨̨̙̃̉̑̆̎̎ ̘̈́̅́ ̏̅̏̚ ̨̠̐̅̃̉̆̎̎̚ ̏̐̏̑̔ ̨̨̖̘̓̆̑̍̏̍̆́̎̎̊ ̨̃̓̏̍ 
̨̆̌̆̍̆̎̓̃ ̨̗̋̏̎̒̓̑̔̋̊ ̤ ̠̃̉̋̏̑̉̒̓́̎̎ ˏ˟ˍ˜˜˟˝Ȣ ˑ̠̌ ̨́̎́̌̈̔ ̨̖̍̆́̎̈̍̔ ̠̃ ̉̚ ̓́ ̨̠̔̐̑́̃̌̎̎ ̨̖̘̓̆̎̏̌̏̄̎̉̍ 
̗̐̑̏̆̒̏̍ ɉ˟˜Ɋ ˏ˟ˍˍ˜˟˝ ̎ ̨̖̆̏̂̅̎̏ ̠̃̉̃̉̓̉ ̤̃̈́̍̏̈̃΄̠̈̏̋ ̕ ̨́̋̓̏̑̃ȟ ̏̚ ̃ ̘̟̝̉̈̎́́̓ ̨̖̅ ̗̐̑̏̆̒̔Ȣ 

˛̅̎̉̍ ̨̈ ̖̃́̇̌̉̃̉ ̓́ ̖̐̆̑̒̐̆̋̓̉̃̎̉ ̨̠̎́̐̑̍̋̃ ̔ ̨̨̙̃̉̑̆̎̎ ̘̈́̅́ ̏̅̏̚ ̨̠̐̅̃̉̆̎̎̚ ̏̐̏̑̔ 
̨̨̖̘̓̆̑̍̏̍̆́̎̎̊ ̨̃̓̏̍ ̨̆̌̆̍̆̎̓̃ ̨̗̋̏̎̒̓̑̔̋̊ ̤ ̠̃̉̋̏̑̉̒̓́̎̎ ̃́̋̔̔̍̎̏̄̏ ̨̗̘̓̆̑̍̏̉̋̌̎̏̄̏ ̠́̈̏̓̔̃́̎̎ ̔ ̨̐̌́̈̍ 
̐̔ ̝̟̘̌̒̔̏̄̏ ̨̟̘̓̌̏̄̏ ̠̑̏̈̑̅̔Ȣ ˛̅̎́̋ ̙̉̑̏̋̆  ̠̃̉̋̏̑̉̒̓́̎̎ ̨̖̩̓̆̎̏̌̏̄ ˏ˟ˍ˜˜˟˝ ̏̂̍̆̇̆̎̏ ̨̨̟̃̅̒̔̓̎̒̓ 
̘̠̃̉̈̎́̆̎̎ ̤̃̈́̍̏̈̃΄̠̈̋̔ ̨́̋̓̏̑̃̕ȟ ̏̚ ̘̟̝̃̉̈̎́́̓ ̨̖̅ ̗̐̑̏̆̒̔ ̃́̋̔̔̍̎̏̄̏ ̨̗̘̓̆̑̍̏̉̋̌̎̏̄̏ ̠́̈̏̓̔̃́̎̎ ̔ ̐̌ ̨́̈̍ 
̝̟̘̐̔̌̒̔̏̄̏ ̨̟̘̓̌̏̄̏ ̠̑̏̈̑̅̔ ̓́ ̨̨̟̃̅̒̔̓̎̒̓ ̨̗̑̆̋̏̍̆̎̅́̊ ̐̏ ̃̉̂̏̑̔ ̝̖̏̐̓̉̍́̌̎̉ ̨̖̘̖̓̆̎̏̌̏̄̎̉ ̨̐́̑́̍̆̓̑̃ 
ˏ˟ˍ˜˜˟˝ȟ x ̨ ̏̂̒̓́̃̉̎̉ ̨̟̝̐̅̓̃̆̑̅̇̔̓ ̨̨̖̝̎̆̏̂̅̎̒̓ ̝̙̐̏̅́̌̏̄̏ ̘̠̃̉̃̆̎̎ ̗̐̑̏̆̒̔ ˏ˟ˍ˜˜˟˝Ȣ 
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RESEARCH OF THE VACUUM THERMO CYCLIC NITROGEN PROCESS IN  A PLASMA PULSING GLOW  

DISCHARGE 
 

An analysis of literature and recent studies, as well as a patent information search, showed the absence of general conclusions and 
recommendations on the selection of optimal technological parameters of vacuum thermocyclic nitriding in a pulsating glow discharge 
plasma (VTAPTTR) for the practical application of this technology. These circumstances confirm the relevance of optimizing the VTAPTTR 
technology and the need for further study. 

Most of the causes of the destruction of structural elements of machine parts and mechanisms are associated with their cyclic 
strength, namely thermomechanical fatigue, which is expressed in the gradual accumulation of damage in the material under the conditions 
of simultaneous exposure to variable loads, aggressive environment and temperature. This leads to the appearance of a crack from fatigue, 
its development and the final destruction of the material. One of the important and promising directions in solving problems of increasing 
the thermomechanical fatigue resistance of structural elements is the use of VTAPTTR. To analyze the mechanism of phenomena and process 
control (TP) VTAAPTR, it is necessary to identify the relationship of factors that determine the course of the process, and present them in the 
form of a mathematical model. 

Based on the theory of thermocyclic fatigue and the phenomenon of abnormal mass transfer under pulsed action, the Institute of 
Strength Problems of the National Academy of Sciences of Ukraine developed a technology for accelerated nitriding in a glow discharge 
during cyclic temperature changes due to periodic supply of discharge voltage. The technology of ion-plasma thermocyclic nitriding (IPTA) is 
protected by patents of Ukraine and has no analogues in domestic and world practice. Using the VTAPTTR technology, various parts can be 
machined. For example, crankshafts, sleeves of internal combustion engines, gears of various modules, extruder screws, shafts, dies, molds, 
lengthy parts with holes, etc. Ion nitriding is used to process cast irons and various steels and alloys: structural and tool, maraging, 
corrosion-resistant, chromium and chromium-nickel steels of ferritic and austenitic class and the like. A promising new technology for 
hardening titanium, refractory metals - niobium, molybdenum. 

One of the important and promising directions in solving problems of increasing the resistance to thermomechanical fatigue of 
structural elements is the use of vacuum thermocyclic nitriding in a plasma of a pulsating glow discharge. However, the widespread use of 
the VTAPTTR technology is limited by the lack of determining the relationship between the factors determining the process of vacuum 
thermocyclic nitriding in a pulsating glow discharge plasma and the lack of recommendations for choosing the optimal technological 
parameters of the VTAPTTR, these circumstances confirm the need for further study of the VTAPTTR process and its optimization. 

The problem statement is to give an analysis of the phenomena in the process of vacuum thermocyclic nitriding in a plasma of a 
pulsating glow discharge, to determine the interconnections of factors that determine the course of the process of the STAPTTR and present 
them in the form of a mathematical model 

As a result of the studies, the regulariti es of the influence of the HTAPPTR TP parameters on the microhardness, the diffusion 
saturation depth, the magnitude and distribution of residual stresses in the hardened layers of steel surfaces are established. Based on the 
use of expert assessment methods and the results of a series of screening experiments, optimization criteria (endurance limit and corrosion 
resistance) and controlled factors for mathematical modeling of the formation of strengthened ion-nitrated surface layers are determined. A 
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mathematical model of the TP of the formation of reinforced surfaces of the VTAPPTR TP according to the criteria of endurance and 
corrosion resistance is obtained. 

An analysis of the studies showed that there are no general conclusions and recommendations on the selection of optimal 
technological parameters of the VTAPTTR that would be used for the practical application of this technology. These circumstances confirm 
the need for further study of the VTAPTTR technology and the feasibility of its optimization. 

Keywords. Vacuum thermocyclic nitriding, mathematical model, technological process, plasma, pulsating glow discharge. 

 

ɸʢʪʫʘʣʴʥʽʩʪʴ ʪʝʤʠ ʜʦʩʣʽʜʞʝʥʥʷ. ɸʥʘʣʽʟ ʣʽʪʝʨʘʪʫʨʥʠʭ ʜʞʝʨʝʣ ʪʘ ʦʩʪʘʥʥʽʭ ʜʦʩʣʽʜʞʝʥʴ, ʘ ʪʘʢʦʞ 

ʧʘʪʝʥʪʥʦ-ʽʥʬʦʨʤʘʮʽʡʥʠʡ ʧʦʰʫʢ ʧʦʢʘʟʘʚ, ʱʦ ʰʠʨʦʢʝ ʚʠʢʦʨʠʩʪʘʥʥʷ ʪʝʭʥʦʣʦʛʽʾ ʚʘʢʫʫʤʥʦʛʦ ʪʝʨʤʦʮʠʢʣʽʯʥʦʛʦ 

ʘʟʦʪʫʚʘʥʥʷ ʫ ʧʣʘʟʤʽ ʧʫʣʴʩʫʶʯʦʛʦ ʪʣʽʶʯʦʛʦ ʨʦʟʨʷʜʫ (ɺʊɸʇʇʊʈ) ʦʙʤʝʞʝʥʦ ʚʽʜʩʫʪʥʽʩʪʶ ʜʦʩʣʽʜʞʝʥʴ 

ʚʟʘʻʤʦʟʚ'ʷʟʢʫ ʬʘʢʪʦʨʽʚ, ʱʦ ʚʠʟʥʘʯʘʶʪʴ ʭʽʜ ʧʨʦʮʝʩʫ ɺʊɸʇʇʊʈ ʪʘ ʫʟʘʛʘʣʴʥʶʶʯʠʭ ʚʠʩʥʦʚʢʽʚ ʪʘ ʨʝʢʦʤʝʥʜʘʮʽʡ 

ʧʦ ʚʠʙʦʨʫ ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʧʘʨʘʤʝʪʨʽʚ ʮʽʻʾ ʪʝʭʥʦʣʦʛʽʾ. ʎʽ ʦʙʩʪʘʚʠʥʠ ʧʽʜʪʚʝʨʜʞʫʶʪʴ ʘʢʪʫʘʣʴʥʽʩʪʴ ʪʘ 

ʥʝʦʙʭʽʜʥʽʩʪʴ ʜʦʩʣʽʜʞʝʥʥʷ ʧʨʦʮʝʩʫ ɺʊɸʇʇʊʈ.  

ʇʦʩʪʘʥʦʚʢʘ ʧʨʦʙʣʝʤʠ. ɹʽʣʴʰʽʩʪʴ ʧʨʠʯʠʥ ʨʫʡʥʫʚʘʥʥʷ ʢʦʥʩʪʨʫʢʮʽʡʥʠʭ ʝʣʝʤʝʥʪʽʚ ʜʝʪʘʣʝʡ ʤʘʰʠʥ ʽ 

ʤʝʭʘʥʽʟʤʽʚ ʧʦʚôʷʟʘʥʦ ʟ ʾʭ ʮʠʢʣʽʯʥʦʶ ʤʽʮʥʽʩʪʶ, ʘ ʩʘʤʝ ʪʝʨʤʦʤʝʭʘʥʽʯʥʦʶ ʚʪʦʤʦʶ, ʷʢʘ ʚʠʨʘʞʘʻʪʴʩʷ ʫ 

ʧʦʩʪʫʧʦʚʦʤʫ ʥʘʢʦʧʠʯʝʥʥʽ ʧʦʰʢʦʜʞʝʥʴ ʫ ʤʘʪʝʨʽʘʣʽ ʚ ʫʤʦʚʘʭ ʦʜʥʦʯʘʩʥʦʛʦ ʚʧʣʠʚʫ ʟʤʽʥʥʠʭ ʥʘʚʘʥʪʘʞʝʥʴ, 

ʘʛʨʝʩʠʚʥʦʛʦ ʩʝʨʝʜʦʚʠʱʘ ʪʘ ʪʝʤʧʝʨʘʪʫʨʠ. ʎʝ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʚʠʥʠʢʥʝʥʥʷ ʪʨʽʱʠʥʠ ʚʽʜ ʚʪʦʤʠ, ʾʾ ʨʦʟʚʠʪʢʫ ʪʘ 

ʦʩʪʘʪʦʯʥʦʛʦ ʨʫʡʥʫʚʘʥʥʷ ʤʘʪʝʨʽʘʣʫ.  

ʆʜʥʠʤ ʽʟ ʚʘʞʣʠʚʠʭ ʪʘ ʧʝʨʩʧʝʢʪʠʚʥʠʭ ʥʘʧʨʷʤʢʽʚ ʫ ʚʠʨʽʰʝʥʥʽ ʟʘʜʘʯ ʱʦʜʦ ʧʽʜʚʠʱʝʥʥʷ ʦʧʦʨʫ 

ʪʝʨʤʦʤʝʭʘʥʽʯʥʽʡ ʚʪʦʤʽ ʝʣʝʤʝʥʪʽʚ ʢʦʥʩʪʨʫʢʮʽʡ ʻ ʚʠʢʦʨʠʩʪʘʥʥʷ ʚʘʢʫʫʤʥʦʛʦ ʪʝʨʤʦʮʠʢʣʽʯʥʦʛʦ ʘʟʦʪʫʚʘʥʥʷ ʫ 

ʧʣʘʟʤʽ ʧʫʣʴʩʫʶʯʦʛʦ ʪʣʽʶʯʦʛʦ ʨʦʟʨʷʜʫ (ɺʊɸʇʇʊʈ). ɼʣʷ ʝʬʝʢʪʠʚʥʦʛʦ ʘʥʘʣʽʟʫ ʤʝʭʘʥʽʟʤʫ ʷʚʠʱ ʪʘ ʫʧʨʘʚʣʽʥʥʷ 

ʪʝʭʥʦʣʦʛʽʯʥʠʤ ʧʨʦʮʝʩʦʤ (ʊʇ) ʚʘʢʫʫʤʥʦʛʦ ʪʝʨʤʦʮʠʢʣʽʯʥʦʛʦ ʘʟʦʪʫʚʘʥʥʷ ʫ ʧʣʘʟʤʽ ʧʫʣʴʩʫʶʯʦʛʦ ʪʣʽʶʯʦʛʦ 

ʨʦʟʨʷʜʫ (ɺʊɸɸʇʊʈ) ʥʝʦʙʭʽʜʥʦ ʚʠʷʚʠʪʠ ʚʟʘʻʤʦʟʚ'ʷʟʦʢ ʬʘʢʪʦʨʽʚ, ʱʦ ʚʠʟʥʘʯʘʶʪʴ ʭʽʜ ʧʨʦʮʝʩʫ. 

ɸʥʘʣʽʟ ʦʩʪʘʥʥʽʭ ʜʦʩʣʽʜʞʝʥʴ ʽ ʧʫʙʣʽʢʘʮʽʡ. ʅʘ ʦʩʥʦʚʽ ʪʝʦʨʽʾ ʪʝʨʤʦʮʠʢʣʽʯʥʦʾ ʚʪʦʤʠ ʽ ʷʚʠʱʘ 

ʘʥʦʤʘʣʴʥʦʛʦ ʤʘʩʦʧʝʨʝʥʦʩʫ ʧʨʠ ʽʤʧʫʣʴʩʥʦʤʫ ʚʧʣʠʚʽ ʚ ɯʥʩʪʠʪʫʪʽ ʧʨʦʙʣʝʤ ʤʽʮʥʦʩʪʽ ʽʤ. ɻ.ʉ. ʇʠʩʘʨʝʥʢʘ ʅɸʅ 

ʋʢʨʘʾʥʠ ʨʦʟʨʦʙʣʝʥʦ ʪʝʭʥʦʣʦʛʽʶ ʧʨʠʩʢʦʨʝʥʦʛʦ ʘʟʦʪʫʚʘʥʥʷ ʚ ʪʣʽʶʯʦʤʫ ʨʦʟʨʷʜʽ ʧʨʠ ʮʠʢʣʽʯʥʦʤʫ ʟʤʽʥʽ 

ʪʝʤʧʝʨʘʪʫʨʠ ʟʘ ʨʘʭʫʥʦʢ ʧʝʨʽʦʜʠʯʥʦʾ ʧʦʜʘʯʽ ʥʘʧʨʫʛʠ ʨʦʟʨʷʜʫ. ʊʝʭʥʦʣʦʛʽʷ ʽʦʥʥʦ-ʧʣʘʟʤʦʚʦʛʦ ʪʝʨʤʦʮʠʢʣʽʯʥʦʛʦ 

ʘʟʦʪʫʚʘʥʥʷ ʟʘʭʠʱʝʥʘ ʧʘʪʝʥʪʘʤʠ ʋʢʨʘʾʥʠ ʽ ʥʝ ʤʘʻ ʘʥʘʣʦʛʽʚ ʫ ʚʽʪʯʠʟʥʷʥʽʡ ʪʘ ʩʚʽʪʦʚʽʡ ʧʨʘʢʪʠʮʽ [1-4]..  

ɿʘ ʜʦʧʦʤʦʛʦʶ ʪʝʭʥʦʣʦʛʽʾ ɺʊɸʇʇʊʈ ʤʦʞʣʠʚʘ ʦʙʨʦʙʢʘ ʨʽʟʥʦʤʘʥʽʪʥʠʭ ʜʝʪʘʣʝʡ. ʅʘʧʨʠʢʣʘʜ, ʢʦʣʽʥʯʘʪʽ 

ʚʘʣʠ, ʛʽʣʴʟʠ ʜʚʠʛʫʥʽʚ ʚʥʫʪʨʽʰʥʴʦʛʦ ʟʛʦʨʷʥʥʷ, ʰʝʩʪʝʨʥʽ ʨʽʟʥʠʭ ʤʦʜʫʣʽʚ, ʰʥʝʢʠ ʝʢʩʪʨʫʜʝʨʽʚ, ʚʘʣʠ, ʰʪʘʤʧʠ, 

ʧʨʝʩ-ʬʦʨʤʠ, ʜʦʚʛʦʤʽʨʥʽ ʜʝʪʘʣʽ ʟ ʦʪʚʦʨʘʤʠ ʪʘ ʽʥ. ɯʦʥʥʝ ʘʟʦʪʫʚʘʥʥʷ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʜʣʷ ʦʙʨʦʙʢʠ ʯʘʚʫʥʽʚ ʽ 

ʨʽʟʥʦʤʘʥʽʪʥʠʭ ʩʪʘʣʝʡ ʽ ʩʧʣʘʚʽʚ: ʢʦʥʩʪʨʫʢʮʽʡʥʠʭ ʽ ʽʥʩʪʨʫʤʝʥʪʘʣʴʥʠʭ, ʤʘʨʪʝʥʩʠʪʥʦʩʪʘʨʽʶʯʠʭ, 

ʢʦʨʦʟʽʡʥʦʩʪʽʡʢʠʭ, ʭʨʦʤʠʩʪʠʭ ʽ ʭʨʦʤʦʥʽʢʝʣʝʚʠʭ ʩʪʘʣʝʡ ʬʝʨʠʪʥʦʛʦ ʽ ʘʫʩʪʝʥʽʪʥʦʛʦ ʢʣʘʩʫ ʪʦʱʦ. ʇʝʨʩʧʝʢʪʠʚʥʘ 

ʥʦʚʘ ʪʝʭʥʦʣʦʛʽʷ ʜʣʷ ʟʤʽʮʥʝʥʥʷ ʪʠʪʘʥʫ, ʪʫʛʦʧʣʘʚʢʠʭ ʤʝʪʘʣʽʚ ï ʥʦ̔ʙʽʶ, ʤʦʣʽʙʜʝʥʫ. 

ʅʦʚʘ ʪʝʭʥʦʣʦʛʽʷ ʩʠʥʪʝʟʦʚʘʥʘ ʥʘ ʦʩʥʦʚʽ ʪʨʴʦʭ ʪʝʦʨʽʡ, ʷʚʠʱ ʪʘ ʝʬʝʢʪʽʚ: ʪʝʦʨʽʾ ʪʝʨʤʦʚʪʦʤʠ; ʜʠʩʢʨʝʪʥʦ-

ʽʤʧʫʣʴʩʥʦʤʫ ʚʚʦʜʽ ʝʥʝʨʛʽʾ ʚ ʪʝʧʣʦʪʝʭʥʦʣʦʛʽʷʭ; ʝʬʝʢʪʫ ʘʥʦʤʘʣʴʥʦʛʦ ʤʘʩʦʧʝʨʝʥʦʩʫ ʧʨʠ ʜʽʾ ʽʤʧʫʣʴʩʥʠʭ 

ʜʝʬʦʨʤʘʮʽʡ. ɽʬʝʢʪ ʘʥʦʤʘʣʴʥʦʛʦ ʤʘʩʦʧʝʨʝʥʦʩʫ ʟʘʙʝʟʧʝʯʫʻʪʴʩʷ ʪʝʨʤʽʯʥʠʤʠ ʥʘʧʨʫʞʝʥʥʷʤʠ, ʱʦ ʚʠʥʠʢʘʶʪʴ ʟʘ 

ʨʘʭʫʥʦʢ ʮʠʢʣʽʯʥʠʭ ʟʤʽʥ ʪʝʤʧʝʨʘʪʫʨʠ ʧʨʦʮʝʩʫ. ʊʝʦʨʽʷ ʪʝʨʤʽʯʥʦʾ ʚʪʦʤʠ ʚʠʟʥʘʯʘʻ ʫʤʦʚʠ ʦʪʨʠʤʘʥʥʷ ʚʝʣʠʯʠʥ 

ʪʝʨʤʽʯʥʠʭ ʥʘʧʨʫʞʝʥʴ, ʜʦʩʪʘʪʥʽʭ ʜʣʷ ʧʨʠʰʚʠʜʰʝʥʥʷ ʜʠʬʫʟʽʾ ʘʟʦʪʫ ʚ ʤʝʪʘʣ, ʘʣʝ ʙʝʟʧʝʯʥʠʭ, ʱʦʙ ʥʝ 

ʧʦʢhʦʜʠʪʠ ʚʠʨʽʙ. ɼʠʩʢʨʝʪʥʦ-ʽʤʧʫʣʴʩʥʠʡ ʚʚʽʜ ʝʥʝʨʛʽʾ ʟʘʙʝʟʧʝʯʫʻ ʟʙʽʣʴʰʝʥʥʷ ʰʚʠʜʢʦʩʪʽ ʥʘʛʨʽʚʫ ʚ 2é5 ʨʘʟʽʚ, 

ʱʦ ʜʦʟʚʦʣʷʻ ʟʙʽʣʴʰʠʪʠ ʪʝʨʤʽʯʥʽ ʥʘʧʨʫʛʠ ʪʘ, ʚʽʜʧʦʚʽʜʥʦ, ʰʚʠʜʢʽʩʪʴ ʜʠʬʫʟʽʾ ʘʟʦʪʫ [1-4]:. 

ʊʝʭʥʦʣʦʛʽʷ ʧʨʠʩʢʦʨʝʥʦʛʦ ʘʟʦʪʫʚʘʥʥʷ ʚ ʪʣʽʶʯʦʤʫ ʨʦʟʨʷʜʽ ʧʨʠ ʮʠʢʣʽʯʥʦʤʫ ʟʤʽʥʽ ʪʝʤʧʝʨʘʪʫʨʠ ʟʘ 

ʨʘʭʫʥʦʢ ʧʝʨʽʦʜʠʯʥʦʾ ʧʦʜʘʯʽ ʥʘʧʨʫʛʠ ʨʦʟʨʷʜʫ ʪʘ ˇʨʫʥʪʫʻʪʴʩʷ ʥʘ Ăʪʨʴʦʭ ʂʠʪʘʭò ï ʝʬʝʢʪʠʚʥʦʤʫ ʨʽʰʝʥʥʽ 

ʢʦʤʧʣʝʢʩʫ ʚʟʘʻʤʦʟʚôʷʟʘʥʠʭ ʥʘʫʢʦʚʦ-ʤʝʪʦʜʦʣʦʛʽʯʥʠʭ ʧʨʦʙʣʝʤ ʥʘ ʤʝʞʽ ʪʝʨʤʦʤʝʭʘʥʽʢʠ, ʤʝʪʘʣʦʬʽʟʠʢʠ ʽ 

ʪʝʧʣʦʬʽʟʠʢʠ [1-4]:. 

ʊʝʭʥʦʣʦʛʽʶ ʚʘʢʫʫʤʥʦʛʦ ʪʝʨʤʦʮʠʢʣʽʯʥʦʛʦ ʘʟʦʪʫʚʘʥʥʷ ʫ ʧʣʘʟʤʽ ʧʫʣʴʩʫʶʯʦʛʦ ʪʣʽʶʯʦʛʦ ʨʦʟʨʷʜʫ 

(ɺʊɸʇʇʊʈ) ʩʣʽʜ ʨʦʟʛʣʷʜʘʪʠ ʷʢ ʘʣʴʪʝʨʥʘʪʠʚʫ ʢʣʘʩʠʯʥʽʡ ʮʝʤʝʥʪʘʮʽʾ ʟ ʥʘʩʪʫʧʥʠʤ ʛʘʨʪʫʚʘʥʥʷʤ. ʉʣʽʜ 

ʧʽʜʢʨʝʩʣʠʪʠ, ʱʦ ʘʤʝʨʠʢʘʥʩʴʢʠʡ ʩʪʘʥʜʘʨʪ ASTM A 706 ʦʙʤʝʞʫʻ ʽ ʟʘʙʦʨʦʥʷʻ ʛʘʨʪʫʚʘʥʥʷ ʟ ʚʽʜʧʫʩʢʦʤ ʽ 

ʬʽʥh̔ʥʦʶ ʤʝʭʘʥʯ̔ʥʦʶ ʦʙʨʦʙʢʦʶ ʯʝʨʝʟ ʪʝʭʥʽʯʥʽ ʩʢʣʘʜʥʦʩʪʽ ʽ ʧʽʜʚʠʱʝʥʥʷ ʚʘʨʪʦʩʪʽ. ʅʦʚʘ ʪʝʭʥʦʣʦʛʽʷ ʥʝ 

ʧʦʪʨʝʙʫʻ ʬʽʥʽʰʥʦʾ ʤʝʭʘʥʽʯʥʦʾ ʦʙʨʦʙʢʠ [1, 2, 4]:. 

ɻʦʣʦʚʥʘ ʦʩʦʙʣʠʚʽʩʪʴ ʪʝʭʥʦʣʦʛʽʾ ɺʊɸʇʇʊʈ ï ʚʠʢʦʨʠʩʪʘʥʥʷ ʝʬʝʢʪʫ ʘʥʦʤʘʣʴʥʦʛʦ ʤʘʩʦʧʝʨʝʥʦʩʫ ʘʟʦʪʫ 

ʚ ʧʦʚʝʨʭʥʽ ʜʝʪʘʣʽ, ʱʦ ʦʙʨʦʙʣʷʻʪʴʩ̫, ʰʣʷʭʦʤ ʩʪʚʦʨʝʥʥʷ ʧʦʣʷ ʪʝʨʤʽʯʥʠʭ ʥʘʧʨʫʞʝʥʴ ʚ ʧʦʚʝʨʭʥʝʚʦʤʫ ʰʘʨʽ ʟʘ 

ʨʘʭʫʥʦʢ ʮʠʢʣʽʯʥʦʛʦ ʚʢʣʶʯʝʥʥʷ ʪʘ ʚʠʢʣʶʯʝʥʥʷ ʪʣʽʶʯʦʛʦ ʨʦʟʨʷʜʫ. ɺʨʘʭʦʚʫʶʯʠ ʧʨʠʰʚʠʜʰʝʥʥʷ ʤʘʩʦʧʝʨʝʥʦʩʫ 

ʧʨʠ ʪʝʨʤʦʮʠʢʣʶʚʘʥʥʽ ʟʘ ʨʘʭʫʥʦʢ ʚʠʥʠʢʥʝʥʥʷ ʪʝʨʤʽʯʥʠʭ ʥʘʧʨʫʞʝʥʴ ʙʫʣʦ ʧʨʠʡʥʷʪʦ ʨʽʝhʥʥʷ ʨʦʟʨʦʙʠʪʠ 

ʪʝʭʥʦʣʦʛʽʶ ʭʽʤʽʢʦ-ʪʝʨʤʽʯʥʦʾ ʦʙʨʦʙʢʠ (ʍʊʆ) ʥʘ ʙʘʟʽ ʢʣʘʩʠʯʥʦʾ ʪʝʭʥʦʣʦʛʽʾ ʽʦʥʥʦʛʦ ʘʟʦʪʫʚʘʥʥʷ (ɯɸ), ʷʢʘ ʚ 

ʫʩʴʦʤʫ ʩʚʽʪʽ ʧʨʘʮʶʻ ʚ ʽʟʦʪʝʨʤʽʯʥʦʤʫ ʨʝʞʠʤʽ. ʊʝʭʥʦʣʦʛʽʷ ʽʦʥʥʦʛʦ ʘʟʦʪʫʚʘʥʥʷ ʧʨʠʚʘʙʣʠʚʘ ʜʣʷ ʚʜʦʩʢʦʥʘʣʝʥʥʷ 

ʪʦʤʫ, ʱʦ ʩʚʽʪʦʚʘ ʪʝʥʜʝʥʮʽʷ ʧʦʣʷʛʘʻ ʚ ʩʢʦʨʦʯʝʥʥʽ ʪʨʠʚʘʣʦʩʪʽ ʍʊʆ, ʷʢʘ ʚʽʜʥʦʩʠʪʴʩʷ ʜʦ ʥʘʡʙʽʣʴʰ ʝʥʝʨʛʦʻʤʥʠʭ 

ʚ ʤʘʰʠʥʦʙʫʜʫʚʘʥʥʽ. ʇʦʧʝʨʝʜʥʽ ʩʧʨʦʙʠ ʩʪʚʦʨʠʪʠ ʪʝʭʥʦʣʦʛʽʶ ʪʝʨʤʦʮʠʢʣʽʯʥʦʛʦ ʽʦʥʥʦʛʦ ʘʟʦʪʫʚʘʥʥʷ (ʊʎɯɸ) 

ʜʘʣʦ ʧʦʟʠʪʠʚʥʽ ʨʝʟʫʣʴʪʘʪʠ. [1-4]: 

ʊʝʭʥʦʣʦʛʽʷ ɺʊɸʇʇʊʈ ʥʝ ʚʠʢʦʨʠʩʪʦʚʫʻ ʧʽʯʥʽ ʧʨʠʩʪʨʦʾ. ɯʦʥʥʝ ʘʟʦʪʫʚʘʥʥʷ ʚ ʧʦʨʽʚʥʷʥʥʽ ʟ ʧʽʯʥʠʤ ʤʘʻ 

ʥʘʩʪʫʧʥʽ ʧʝʨʝʚʘʛʠ [1-4]: 

- ʧʨʠʩʢʦʨʶʻ ʜʠʬʫʟʽʡʥʽ ʧʨʦʮʝʩʠ ʚ 0,5-2 ʨʘʟʠ;  

- ʜʦʟʚʦʣʷʻ ʦʪʨʠʤʫʚʘʪʠ ʜʠʬʫʟʽʡʥʠʡ ʰʘʨ ʨʝʛʫʣʴʦʚʘʥʦʛʦ ʩʢʣʘʜʫ ʽ ʙʫʜʦʚʠ;  

- ʭʘʨʘʢʪʝʨʠʟʫʻʪʴʩʷ ʥʝʟʥʘʯʥʠʤʠ ʜʝʬʦʨʤʘʮʽʷʤʠ ʚʠʨʦʙʽʚ ʽ ʚʠʩʦʢʠʤ ʢʣʘʩʦʤ ʯʠʩʪʦʪʠ ʧʦʚʝʨʭʥʽ;  
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- ʜʘʻ ʤʦʞʣʠʚʽʩʪʴ ʘʟʦʪʫʚʘʪʠ ʢʦʨʦʟʽʡʥʦʩʪʽʡʢʽ, ʞʘʨʦʤʽʮʥʽ ʽ ʤʘʨʪʝʥʩʠʪʥʦ-ʩʪʘʨʽʶʯʽ ʩʪʘʣʽ ʙʝʟ ʜʦʜʘʪʢʦʚʦʾ 

ʜʝʧʘʩʠʚʽʨʫʶʯʦʾ ʦʙʨʦʙʢʠ;  

- ʟʥʘʯʥʦ ʩʢʦʨʦʯʫʻ ʟʘʛʘʣʴʥʠʡ ʯʘʩ ʧʨʦʮʝʩʫ ʟʘ ʨʘʭʫʥʦʢ ʟʤʝʥʰʝʥʥʷ ʯʘʩʫ ʥʘʛʨʽʚʫ ʽ ʦʭʦʣʦʜʞʝʥʥʷ ʩʘʜʢʠ;  

- ʚʦʣʦʜʽʻ ʚʝʣʠʢʦʶ ʝʢʦʥʦʤʽʯʥʽʩʪʶ, ʧʽʜʚʠʱʫʻ ʢʦʝʬʽʮʽʻʥʪ ʚʠʢʦʨʠʩʪʘʥʥʷ ʝʣʝʢʪʨʦʝʥʝʨʛʽʾ, ʩʢʦʨʦʯʫʻ 

ʚʠʪʨʘʪʫ ʥʘʩʠʯʫʶʯʠʭ ʛʘʟʽʚ;  

- ʥʝʪʦʢʩʠʯʥʘ ʽ ʚʽʜʧʦʚʽʜʘʻ ʚʠʤʦʛʘʤ ʧʦ ʟʘʭʠʩʪʫ ʥʘʚʢʦʣʠʰʥʴʦʛʦ ʩʝʨʝʜʦʚʠʱʘ.  

ɺ ʩʚʽʪʦʚʽʡ ʧʨʘʢʪʠʮʽ ʘʟʦʪʫʚʘʥʥʷ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʘʤʽʘʢ. ɽʢʦʣʦʛʽʯʥʘ ʧʝʨʝʚʘʛʘ ʪʝʭʥʦʣʦʛʽʾ ɺʊɸʇʇʊʈ 

ʧʦʣʷʛʘ ̒ʫ ʚʽʜʤʦʚʽ ʚʽʜ ʚʠʢʦʨʠʩʪʘʥʥʷ ʘʤʽʘʢʫ. ʆʙʨʦʙʢʘ ʚʽʜʙʫʚʘʻʪʴʩʷ ʪʣʽʶʯʠʤ ʨʦʟʨʷʜʦʤ ʫ ʩʫʤʽʰʽ ʘʨʛʦʥʫ ʟ 

ʘʟʦʪʦʤ. ʎʠʤ ʪʘʢʦʞ ʫʩʫʚʘʻʪʴʩʷ ʥʝʛʘʪʠʚʥʠʡ ʚʧʣʠʚ ʚʦʜʥʶ ʥʘ ʩʝʨʮʝʚʠʥʫ ʜʝʪʘʣʽ ï ʚʦʜʥʝʚʝ ʦʢʨʠʭʯʝʥʥʷ ʪʘ 

ʚʦʜʥʝʚʘ ʢʦʨʦʟʽʷ. ɿʘʤʽʥʘ ʢʣʘʩʠʯʥʦʛʦ ʛʘʟʦʚʦʛʦ ʘʟʦʪʫʚʘʥʥʷ ʚ ʩʝʨʝʜʦʚʠʱʽ ʘʤʽʘʢʫ ʥʘ ʪʝʭʥʦʣʦʛʽʶ ɺʊɸʇʇʊʈ ʚ 

ʩʫʤʽʰʽ ʘʟʦʪʫ ʽ ʘʨʛʦʥʫ ʟʘʙʝʟʧʝʯʫʻ ʩʢʦʨʦʯʝʥʥʷ ʪʨʠʚʘʣʦʩʪʽ ʦʙʨʦʙʢʠ ʚ 10 ʨʘʟʽʚ [1-4]:.  

ʅʘ ʚʽʜʤʽʥʫ ʚʽʜ ʢʣʘʩʠʯʥʠʭ ʪʝʭʥʦʣʦʛʽʡ ʍʊʆ ʪʝʭʥʦʣʦʛʽʷ ɺʊɸʇʇʊʈ ʥʝ ʩʪʚʦʨʶʻ ʩʫʮʽʣʴʥʦʛʦ ʥʘʛʨʽʚʫ 

ʜʝʪʘʣʽ, ʘ ʟʘʙʝʟʧʝʯʫʻ ʥʘʛʨʽʚ ʪʽʣʴʢʠ ʧʦʚʝʨʭʥʝʚʦʛʦ ʘhʨʫ ʥʘ ʛʣʠʙʠʥʫ, ʥʝʦʙʭʽʜʥʫ ʜʣʷ ʡʦʛʦ ʟʤʽʮʥʝʥʥʷ. ʅʘʛʨʽʚʘʥʥʷ 

ʚʽʜʙʫʚʘʻʪʴʩʷ ʟʘ ʨʘʭʫʥʦʢ ʝʥʝʨʛʽʾ ʪʣʽʶʯʦʛʦ ʨʦʟʨʷʜʫ, ʪʦʤʫ ʥʝʤʘʻ ʥʝʦʙʭʽʜʥʦʩʪʽ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʧʝʯʽ [1-4].  

ɺʽʜʤʽʥʥʽʩʪʴ ʪʝʭʥʦʣʦʛʽʾ ɺʊɸʇʇʊʈ ʚʽʜ ʢʣʘʩʠʯʥʠʭ ʪʝʭʥʦʣʦʛʽʡ ʍʊʆ, ʷʢʽ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʽʟʦʪʝʨʤʽʯʥʠʡ 

ʨʝʞʠʤ: ʧʨʦʮʝʩ ʍʊʆ ʧʨʠʰʚʠʜʰʝʥʦ ʚ 2é6 ʨʘʟʽʚ; ʟʘ ʨʘʭʫʥʦʢ ʚʽʜʩʫʪʥʦʩʪʽ ʧʽʯʥʠʭ ʧʨʠʩʪʨʦʾʚ ʪʘ ʥʘʩʢʨʽʟʥʦʛʦ 

ʧʨʦʛʨʽʚʫ ʜʝʪʘʣʽ, ʘ ʪʘʢʦʞ ʟʘ ʨʘʭʫʥʦʢ ʧʘʫʟ ʚ ʝʣʝʢʪʨʦʞʠʚʣʝʥʥʽ ʚ ʧʽʚʮʠʢʣʽ ʦʭʦʣʦʜʞʝʥʥʷ ʜʝʪʘʣʽ, ʮʠʢʣʽʯʥʦʛʦ 

ʭʘʨʘʢʪʝʨʫ ʰʚʠʜʢʽʩʥʦʛʦ ʜʠʩʢʨʝʪʥʦʛʦ ʝʥʝʨʛʦʚʚʦʜʫ,  ʧʨʠʩʢʦʨʝʥʥʷ ʜʠʬʫʟʽʡʥʠʭ ʧʨʦʮʝʩʽʚ  ʩʢʦʨʦʯʫʻʪʴʩʷ ʚ 2-3 

ʨʘʟʠ ʯʘʩ ʦʙʨʦʙʢʠ, ʟʥʠʞʫʶʪʴʩʷ  ʝʣʝʢʪʨʦʚʠʪʨʘʪʠ ʪʘ ʟʤʝʥʰʫʶʪʴʩʷ ʝʥʝʨʛʦʻʤʥʽʩʪʴ ʪʝʭʥʦʣʦʛʽʾ ʚ 10 ʨʘʟʽʚ [1-4]:.  

ʊʘʢʠʤ ʯʠʥʦʤ, ʮʠʢʣʽʯʥʠʡ ʭʘʨʘʢʪʝʨ ʥʘʛʨʽʚʫ ʚʠʨʦʙʫ ʜʦʟʚʦʣʷʻ ʩʢʦʨʦʪʠʪʠ ʚ 2é5 ʨʘʟʽʚ ʧʦʪʨʽʙʥʫ 

ʧʦʪʫʞʥʽʩʪʴ ʜʞʝʨʝʣ ʝʣʝʢʪʨʠʯʥʦʛʦ ʞʠʚʣʝʥʥʷ, ʱʦ ʚʽʜʥʦʩʠʪʴ ʪʝʭʥʦʣʦʛʽʶ ɺʊɸʇʇʊʈ ʜʦ ʢʘʪʝʛʦʨʽʾ 

ʝʥʝʨʛʦʟʙʝʨʽʛʘʶʯʠʭ. ʊʝʭʥʦʣʦʛʽʷ ɺʊɸʇʇʊʈ ʧʽʜʚʠʱʫʻ ʪʚʝʨʜʽʩʪʴ ʧʦʚʝʨʭʥʽ ʥʘ 20%, ʥʝ ʟʤʽʥʶʻ ʬʦʨʤʠ ʽ ʨʦʟʤʽʨʠ 

ʜʝʪʘʣʽ, ʘ ʪʘʢʦʞ ʰʦʨʩʪʢʽʩʪʴ ʧʦʚʝʨʭʥʽ. ʊʦʤʫ ʚʦʥʘ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʷʢ ʬʽʥʽʰʥʘ, ʙʝʟ ʟʘʢʣʶʯʥʦʾ ʤʝʭʘʥʽʯʥʦʾ 

ʦʙʨʦʙʢʠ. ʎʝ ʟʥʘʯʥʦ ʩʧʨʦʱʫʻ ʊʇ ʚʠʨʦʙʥʠʮʪʚʘ ʧʨʠ ʧʽʜʚʠʱʝʥʥʽ ʜʦʚʛʦʚʽʯʥʦʩʪʽ ʪʘ ʟʥʦʩʦʩʪʽʡʢʦʩʪʽ  ʜʝʪʘʣʽ ʚ 4 

ʨʘʟʠ, ʤʝʞʽ ʙʘʛʘʪʦʮʠʢʣʦʚʦʾ ʚʪʦʤʠ ï ʥʘ 25% [1-4]. 

ɺʠʜʽʣʝʥʥʷ ʥʝʜʦʩʣʽʜʞʝʥʠʭ ʨʘʥʽʰʝ ʯʘʩʪʠʥ ʟʘʛʘʣʴʥʦʾ ʧʨʦʙʣʝʤʠ. ʆʜʥʠʤ ʽʟ ʚʘʞʣʠʚʠʭ ʪʘ 

ʧʝʨʩʧʝʢʪʠʚʥʠʭ ʥʘʧʨʷʤʢʽʚ ʫ ʚʠʨʽʰʝʥʥʽ ʟʘʜʘʯ ʱʦʜʦ ʧʽʜʚʠʱʝʥʥʷ ʦʧʦʨʫ ʪʝʨʤʦʤʝʭʘʥʽʯʥʽʡ ʚʪʦʤʽ ʝʣʝʤʝʥʪʽʚ 

ʢʦʥʩʪʨʫʢʮʽʡ ʻ ʚʠʢʦʨʠʩʪʘʥʥʷ ʚʘʢʫʫʤʥʦʛʦ ʪʝʨʤʦʮʠʢʣʽʯʥʦʛʦ ʘʟʦʪʫʚʘʥʥʷ ʫ ʧʣʘʟʤʽ ʧʫʣʴʩʫʶʯʦʛʦ ʪʣʽʶʯʦʛʦ 

ʨʦʟʨʷʜʫ. ʆʜʥʘʢ ʰʠʨʦʢʝ ʚʠʢʦʨʠʩʪʘʥʥʷ ʪʝʭʥʦʣʦʛʽʾ ɺʊɸʇʇʊʈ ʦʙʤʝʞʝʥʦ ʚʽʜʩʫʪʥʽʩʪʶ ʚʠʟʥʘʯʝʥʥʷ ʚʟʘʻʤʦʟʚ'ʷʟʢʫ 

ʬʘʢʪʦʨʽʚ, ʱʦ ʚʠʟʥʘʯʘʶʪʴ ʭʽʜ ʧʨʦʮʝʩʫ ʚʘʢʫʫʤʥʦʛʦ ʪʝʨʤʦʮʠʢʣʽʯʥʦʛʦ ʘʟʦʪʫʚʘʥʥʷ ʫ ʧʣʘʟʤʽ ʧʫʣʴʩʫʶʯʦʛʦ 

ʪʣʽʶʯʦʛʦ ʨʦʟʨʷʜʫ ʪʘ ʚʽʜʩʫʪʥʽʩʪʶ ʨʝʢʦʤʝʥʜʘʮʽʡ ʧʦ ʚʠʙʦʨʫ ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʧʘʨʘʤʝʪʨʽʚ ɺʊɸʇʇʊʈ, ʎʽ 

ʦʙʩʪʘʚʠʥʠ ʧʽʜʪʚʝʨʜʞʫʶʪʴ ʥʝʦʙʭʽʜʥʽʩʪʴ ʧʦʜʘʣʴʰʦʛʦ ʚʠʚʯʝʥʥʷ ʧʨʦʮʝʩʫ ɺʊɸʇʇʊʈ. 

ʄʝʪʦʶ ʩʪʘʪʪʽ ʻ ʜʘʪʠ ʘʥʘʣʽʟ ʷʚʠʱ ʚ ʧʨʦʮʝʩʽ  ʚʘʢʫʫʤʥʦʛʦ ʪʝʨʤʦʮʠʢʣʽʯʥʦʛʦ ʘʟʦʪʫʚʘʥʥʷ ʫ ʧʣʘʟʤʽ 

ʧʫʣʴʩʫʶʯʦʛʦ ʪʣʽʶʯʦʛʦ ʨʦʟʨʷʜʫ ʪʘ ʚʠʟʥʘʯʠʪʠ ʚʟʘʻʤʦʟʚ'ʷʟʢʫ ʬʘʢʪʦʨʽʚ, ʱʦ ʚʠʟʥʘʯʘʶʪʴ ʭʽʜ ʧʨʦʮʝʩʫ ɺʊɸʇʇʊʈ. 

ɺʠʢʣʘʜ ʦʩʥʦʚʥʦʛʦ ʤʘʪʝʨʽʘʣʫ.  ʆʙʣʘʜʥʘʥʥʷ ʜʣʷ ʚʘʢʫʫʤʥʦʛʦ ʪʝʨʤʦʮʠʢʣʽʯʥʦʛʦ ʘʟʦʪʫʚʘʥʥʷ ʫ ʧʣʘʟʤʽ 

ʧʫʣʴʩʫʶʯʦʛʦ ʪʣʽʶʯʦʛʦ ʨʦʟʨʷʜʫ. ɼʣʷ ʜʦʩʣʽʜʞʝʥʥʷ ʧʨʦʮʝʩʫ ʚʘʢʫʫʤʥʦʛʦ ʪʝʨʤʦʮʠʢʣʽʯʥʦʛʦ ʘʟʦʪʫʚʘʥʥʷ ʫ ʧʣʘʟʤʽ 

ʧʫʣʴʩʫʶʯʦʛʦ ʪʣʽʶʯʦʛʦ ʨʦʟʨʷʜʫ ʚʠʢʦʨʠʩʪʦʚʫʚʘʣʘʩʷ ʫʥʽʚʝʨʩʘʣʴʥʘ ʫʩʪʘʥʦʚʢʘ çɺɯʇɸ-1è, ʨʦʟʨʦʙʣʝʥʘ ʚ 

ɯʥʩʪʠʪʫʪʽ ʧʨʦʙʣʝʤ ʤʽʮʥʦʩʪʽ ʽʤ. ɻ.ʉ. ʇʠʩʘʨʝʥʢʦ ʅɸʅ ʋʢʨʘʾʥʠ (ʨʠʩ.1) [1, 4].  

 

              
ʈʠʩ. 1. ʋʩʪʘʥʦʚʢʘ ʜʣʷ ʚʘʢʫʫʤʥʦʛʦ ʪʝʨʤʦʮʠʢʣʽʯʥʦʛʦ ʘʟʦʪʫʚʘʥʥʷ ʫ ʧʣʘʟʤʽ ʧʫʣʴʩʫʶʯʦʛʦ ʪʣʽʶʯʦʛʦ ʨʦʟʨʷʜʫ 

 

ɺ ʫʩʪʘʥʦʚʮʽ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʘʙʩʦʣʶʪʥʦ ʝʢʦʣʦʛʽʯʥʦ ʯʠʩʪʠʡ ʚʘʢʫʫʤʥʠʡ ʧʨʦʮʝʩ, ʩʧʦʞʠʚʘʥʥʷ 

ʝʣʝʢʪʨʦʝʥʝʨʛʽʾ ʟʥʠʞʝʥʦ ʚ 4 ʽ ʙʽʣʴʰʝ ʨʘʟʠ, ʪʨʠʚʘʣʽʩʪʴ ʧʨʦʮʝʩʫ ʩʢʦʨʦʯʝʥʘ ʚ 2 ʨʘʟʠ, ʚʽʜʩʫʪʥʽ ʧʦʚʦʜʢʠ ʜʝʪʘʣʝʡ 

(ʦʩʦʙʣʠʚʦ ʜʦʚʛʦʤʽʨʥʠʭ) ʪʘ ʢʨʠʭʢʽʩʪʴ ʧʦʚʝʨʭʥʝʚʦʛʦ ʰʘʨʫ. 

ʇʨʠʥʮʠʧ ʨʦʙʦʪʠ ʚʘʢʫʫʤʥʦʛʦ ʫʩʪʘʪʢʫʚʘʥʥʷ ʜʣʷ ʧʨʦʚʝʜʝʥʥʷ ɺʊɸʇʇʊʈ ʟʘʩʥʦʚʘʥʠʡ ʥʘ ʤʦʞʣʠʚʦʩʪʽ 

ʽʦʥʽʟʘʮʽʾ ʛʘʟʫ, ʷʢʠʡ ʧʦʜʘʻʪʴʩʷ ʚ ʚʘʢʫʫʤʥʫ ʢʘʤʝʨʫ ʟ ʥʘʩʪʫʧʥʠʤ ʦʪʨʠʤʘʥʥʷʤ ʧʣʘʟʤʦ-ʭʽʤʽʯʥʦʛʦ ʟôʻʜʥʘʥʥʷ ʥʘ 

ʧʦʚʝʨʭʥʽ ʜʝʪʘʣʽ. ʊʘʢʠʤ ʯʠʥʦʤ, ʥʘ ʧʦʚʝʨʭʥʽ ʜʝʪʘʣʽ ʦʪʨʠʤʫʶʪʴʩʷ ʪʚʝʨʜʽ ʨʦʟʯʠʥʠ ʘʟʦʪʫ, ʧʨʠ ʮʴʦʤʫ ʩʣʫʞʙʦʚʽ 

ʚʣʘʩʪʠʚʦʩʪʽ ʜʝʪʘʣʝʡ (ʪʚʝʨʜʽʩʪʴ, ʟʥʦʩʦʩʪʽʡʢʽʩʪʴ ʠ ʪ. ʜ.), ʘ ʪʘʢʦʞ ʾʭ ʨʝʩʫʨʩ ʙʘʛʘʪʦʨʘʟʦʚʦ ʧʽʜʚʠʱʫʻʪʴʩʷ. 

ʍʘʨʘʢʪʝʨʠʩʪʠʢʘ ʧʨʦʮʝʩʫ ʚʘʢʫʫʤʥʦʛʦ ʪʝʨʤʦʮʠʢʣʽʯʥʦʛʦ ʘʟʦʪʫʚʘʥʥʷ ʫ ʧʣʘʟʤʽ ʧʫʣʴʩʫʶʯʦʛʦ ʪʣʽʶʯʦʛʦ 

ʨʦʟʨʷʜʫ. ʇʨʦʮʝʩ ɺʊɸʇʇʊʈ ʨʝʘʣʽʟʫʻʪʴʩʷ ʚ ʜʚʽ ʩʪʘʜʽʾ: ʦʯʠʩʪʢʘ ʧʦʚʝʨʭʥʽ ʧʝʜ ʘʟʦʪʫʚʘʥʥʷʤ ʽ ʩʘʤʝ ʘʟʦʪʫʚʘʥʥʷ. 

ʊʝʭʥʦʣʦʛʽʯʥʠʡ ʧʨʦʮʝʩ ɺʊɸʇʇʊʈ ʟʚʦʜʠʪʴʩʷ ʜʦ ʩʣʽʜʫʶʯʠʭ ʦʧʝʨʘʮʽʡ [1-4]: 
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- ʦʙʝʟʞʠʨʶʚʘʥʥʷ ʜʝʪʘʣʝʡ;  

- ʫʩʪʘʥʦʚʢʘ ʜʝʪʘʣʝʡ ʥʘ ʧʨʠʩʪʨʦʾ, ʷʢʠʡ ʦʜʥʦʯʘʩʥʦ ʧʦʚʠʥʝʥ ʩʣʫʞʠʪʠ ʜʣʷ ʤʽʩʮʝʚʦʛʦ ʟʘʭʠʩʪʫ ʚʽʜ 

ʘʟʦʪʫʚʘʥʥʷ (ʧʦʢʨʠʪʠ ʟʘʭʠʩʥʫ ʧʦʚʝʨʭʥʶ ʤʝʪʘʣʽʯʥʠʤ ʽ ʜʽʝʣʝʢʪʨʠʯʥʠʤ ʝʢʨʘʥʦʤ). ɿʘʟʦʨ ʤʽʞ ʜʝʪʘʣʣʶ ʽ ʝʢʨʘʥʦʤ 

ʜʦʧʫʩʢʘʻʪʴʩʷ ʥʝ ʙʽʣʴʰʝ 0,3-0,5 ʤʤ;  

- ʫʩʪʘʥʦʚʢʘ ʚ ʢʘʤʝʨʫ ʧʝʯʽ ʜʝʪʘʣʝʡ, ʪʝʨʤʦʧʘʨʠ ʽ ʩʚʽʜʢʘ ʜʣʷ ʢʦʥʪʨʦʣʶ ʨʝʟʫʣʴʪʘʪʽʚ ʘʟʦʪʫʚʘʥʥʷ;  

- ʦʯʠʩʪʢʘ ʧʦʚʝʨʭʥʽ ʜʝʪʘʣʽ ʢʘʪʦʜʥʠʤ ʨʦʟʧʠʣʝʥʥʷʤ ʧʨʦʪʷʛʦʤ 15-40 ʭʚʠʣʠʥ ʧʽʜ ʥʘʧʨʫʛʦʶ 800-1000 ɺ 

ʧʨʠ  ʪʠʩʢʫ ʙʣʠʟʴʢʦ 133 ʇʘ. ʂʘʪʦʜʥʝ ʨʦʟʧʠʣʝʥʥʷ ʦʙʨʦʙʣʶʚʘʥʦʾ ʧʦʚʝʨʭʥʽ ʟʘʙʝʟʧʝʯʫʻ ʥʘʛʨʽʚ ʜʝʪʘʣʝʡ ʜʦ 300-

400ʦʉ;  

- ʚʠʭʽʜ ʥʘ ʟʘʜʘʥʫ ʪʝʤʧʝʨʘʪʫʨʫ ʘʟʦʪʫʚʘʥʥʷ ʽ ʚʠʪʨʠʤʢʘ ʜʣʷ ʦʪʨʠʤʘʥʥʷ ʧʦʪʨʽʙʥʦʾ ʪʦʚʱʠʥʠ ʘʟʦʪʦʚʘʥʦʛʦ 

ʰʘʨʫ (ʪʘʙʣ. 1, 2). ʊʠʩʢ ʚ ʧʝʨʽʦʜ ʥʘʩʠʯʝʥʥʷ ʘʟʦʪʦʤ ʧʽʜʪʨʠʤʫʻʪʴʩʷ ʚ ʽʥʪʝʨʚʘʣʽ 400-650 ʇʘ, ʘ ʨʦʙʦʯʘ ʥʘʧʨʫʛʘ  - 

350-550 ɺ; 

- ʦʭʦʣʦʜʞʝʥʥʷ ʜʝʪʘʣʝʡ ʚ ʢʘʤʝʨʽ ʧʝʯʽ ʜʦ 150-200ʦʉ ʧʨʠ ʪʠʩʢʦʚʽ 13,0-65 ʇʘ. ʧʨʦʜʦʚʞʫʻʪʴʩʷ 1,0-2,0 

ʛʦʜʠʥʠ.  

 

ʊʘʙʣʠʮʷ 1  
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ʄʘʨʢʘ ʩʪʘʣʽ 
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ʆʨʽʻʥʪʦʚʥʘ ʚʠʪʨʠʤʢʘ, ʛʦʜ., ʜʣʷ ʦʪʨʠʤʘʥʥʷ ʰʘʨʫ ʪʦʚʱʠʥʦʶ, ʤʤ 
ʊʚʝʨʜʽʩʪʴ ʥʘ 

ʧʦʚʝʨʭʥʽ, HV 

0,15-0,2 0,2-0,25 0,25-0,3 0,3-0,35 0,35-0,4 

40ʍ 520 1,2 4-5 7-9 9-12 12-15 15-18 500-550 

40ʍʌɸ 520 

520 

1 

2 

4-5 

4-5 

6-8 

6-8 

9-12 

8-10 

15-18 

12-15 

- 

15-18 

- 

510-560 

18ʍɻʊ 530 

550 

1,2 

1,2 

4-5 

3-4 

6-8 

4-5 

9-12 

6-8 

15-18 

9-12 

- 

15-18 

620-680 

530-600 

30ʍ3ʄʌ 530 

530 

1 

2 

4-5 

4-5 

6-8 

5-7 

9-12 

6-8 

15-18 

9-12 

- 

15-18 

700-760 

- 

38ʍ2ʄʖɸ 550 1,2 4-5 5-7 7-9 9-12 15-18 900-950 

 

ʇʨʠ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʜʦʩʣʽʜʞʝʥʥʷʭ ʚʠʢʦʨʠʩʪʦʚʫʚʘʣʠ ʟʨʘʟʢʠ ʟʽ ʩʪʘʣʽ 40ʍ13 ʨʦʟʤʽʨʦʤ 30ʭ30 ʤʤ ʽ 

ʪʦʚʱʠʥʦʶ 10 ʤʤ.  ɻʘʟʦʚʠʡ ʨʝʞʠʤ ʘʟʦʪʫʚʘʥʥʷ (ʪʘʙʣ. 2) ʟʘʙʝʟʧʝʯʫʻ ʨ̔ʚʥʦʤʽʨʥʝ ʟʤʽʮʥʝʥʥʷ ʧʦʚʝʨʭʦʥʴ ʟʨʘʟʢʽʚ  

(ʨʽʚʥʦʤʽʨʥʫ ʪʦʚʱʠʥʫ ʜʠʬʫʟʽʡʥʦʛʦ ʰʘʨʫ).  

ʊʝʭʥʦʣʦʛʽʯʥʽ ʧʘʨʘʤʝʪʨʠ ʬʦʨʤʫʚʘʥʥʷ ʟʤʽʮʥʝʥʠʭ ʰʘʨʽʚ:  

- ʪʝʤʧʝʨʘʪʫʨʘ ʪʝʨʤʦʮʠʢʣʶʚʘʥʥʷ - 550 Ñ 30 ę ʉ,  

- ʪʠʩʢ - 25-150 ʇʘ,  

- ʯʘʩ ʦʙʨʦʙʢʠ - 10 ʛʦʜʠʥ, 

-  ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ ʨʝʘʢʮʽʡʥʠʭ ʛʘʟʽʚ ï 80% Ar + 20% N2..  

ʊʘʙʣʠʮʷ 2  

ʆʩʥʦʚʥʽ ʪʝʭʥʦʣʦʛʽʯʥʽ ʧʘʨʘʤʝʪʨʠ ʧʨʦʮʝʩʫ ɺʊɸʇʇʊʈ ʜʝʪʘʣʝʡ ʟ ʨʽʟʥʠʭ ʩʪʘʣʝʡ 

ˉ 

ʵʢʩʧ. 

ʏ
ʘ
ʩ
 
ʜ
ʠ
ʬ
ʫ
ʟ
ʽ
ʡ
ʥ
ʦ

ʛ
ʦ 

ʥ
ʘʩ
ʠʯ
ʝ
ʥ
ʥ
ʷ

,
 
ʭ
ʚ
.

 

ʊ
ʠ
ʩ
ʢ
 

ʨ
ʝ
ʘ
ʢ
ʮ
ʽ
ʡ
ʥ
ʦ
ʛ
ʦ

 

ʛ
ʘ
ʟ
ʫ
,
 
ʇ
ʘ

 

ʉ
ʢ
ʣ
ʘ
ʜ

 

ʨ
ʝ
ʘ
ʢ
ʮ
ʽ
ʡ
ʥ
ʦ
ʛ
ʦ

 

ʛ
ʘ
ʟ
ʫ

 

ʊ
ʝ
ʤ
ʧ
ʝ
ʨ
ʘ
ʪ
ʫ
ʨ
ʘ

 

ʛ
ʘ
ʟ
ʫ
,
 

0
ʂ

 

 

ɽ
ʢ
ʩ
ʧ
ʣ
ʫ
ʘ
ʪ
ʘ
ʮ
ʽ
ʡ
ʥ
ʘ

 

ʪ
ʝ
ʤ
ʧ
ʝ
ʨ
ʘ
ʪ
ʫ
ʨ
ʘ
,
 

0
ʂ

 

 

ʄ
ʽ
ʢ
ʨ
ʦ
ʪ
ʚ

ʝ
ʨ
ʜ
ʽ
ʩ
ʪ
ʴ

 

ʧ
ʦ
ʚ
ʝ
ʨ
ʭ
ʥ
ʝ
ʚ
ʦ
ʛ
ʦ

 

ʰ
ʘ
ʨ
ʫ
,
 
ʄ
ʇ
ʘ

 

ʊ
ʦ
ʚ
ʱ
ʠ
ʥ
ʘ
 

ʜ
ʠ
ʬ
ʫ
ʟ
ʽ
ʡ
ʥ
ʦ
ʛ
ʦ

 

ʰ
ʘ
ʨ
ʫ
,
 
ʤ
ʢ
ʤ

 

1 180 125 90%N2 + 5%ʉ3ʅ8 + 5%ɸʛ 773 788 3700 288 

2 150 200 95%N2+ 5%ʉ3ʅ8 873 725,5 10062 125 

3 210 75 80%N2 + 5%ʉ3ʅ8 + 15%ɸʛ 673 850,5 9955 286 

4 150 175 80%N2 + 5%ʉ3ʅ8 + 15%ɸʛ 873 819,2 8175 215 

5 210 50 90%N, + 5%ʉ,ʅ8 + 5%ɸʛ 773 694,3 10590 142 

6 180 100 90%N2 + 5%ʉ3ʅ8 + 5%ɸʛ 673 881,8 8270 253 

7 240 225 95%N2- 5%ʉ3ʅ8 773 756,8 8985 208 

8 90 250 80%N2 + 5%ʉ3ʅ8 + 15%ɸʛ 673 709,9 9100 267 

9 180 125 95%N2+ 5%ʉ,ʅ8 873 834,9 8945 181 

10 150 50 80%N2 + 5%ʉ3ʅ8 + 15% ɸʛ 773 772,4 10235 179 

11 210 175 90%N2 + 5%ʉ3ʅ8 + 5% ɸʛ 673 897,3 8144 312 

12 150 100 95%N2+ 5%ʉ3ʅ8 873 803,6 8335 228 

13 210 225 80%N2 + 5%ʉ3ʅ8 + 15% ɸʛ 673 678,6 10835 267 

14 180 150 95%N2+ 5%ʉ3ʅ8 773 866 8841 215 

15 240 25 90%N2 + 5%ʉ3ʅ8 + 5% ɸʛ 873 741 9150 191 

16 90 150 90% N2 + 5%ʉ3ʅ8 + 5% ɸʛ 673 780 8659 212 
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ɿʘ ʜʦʧʦʤʦʛʦʶ ʟʘʧʨʦʧʦʥʦʚʘʥʦʾ ʪʝʭʥʦʣʦʛʽʾ ʤʦʞʣʠʚʘ ʦʙʨʦʙʢʘ ʨʽʟʥʦʤʘʥʽʪʥʠʭ ʜʝʪʘʣʝʡ. ʅʘʧʨʠʢʣʘʜ, 

ʢʦʣʽʥʯʘʪʽ ʚʘʣʠ, ʛʽʣʴʟʠ ʜʚʠʛʫʥʽʚ ʚʥʫʪʨʽʰʥʴʦʛʦ ʟʛʦʨʷʥʥʷ, ʰʝʩʪʝʨʥʽ ʨʽʟʥʠʭ ʤʦʜʫʣʽʚ, ʰʥʝʢʠ ʝʢʩʪʨʫʜʝʨʽʚ, ʚʘʣʠ, 

ʰʪʘʤʧʠ, ʧʨʝʩ-ʬʦʨʤʠ, ʜʦʚʛʦʤʽʨʥʽ ʜʝʪʘʣʽ ʟ ʦʪʚʦʨʘʤʠ ʪʘ ʽʥ. ɯʦʥʥʝ ʘʟʦʪʫʚʘʥʥʷ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʜʣʷ ʦʙʨʦʙʢʠ 

ʯʘʚʫʥʽʚ ʽ ʨʽʟʥʦʤʘʥʽʪʥʠʭ ʩʪʘʣʝʡ ʽ ʩʧʣʘʚʽʚ: ʢʦʥʩʪʨʫʢʮʽʡʥʠʭ ʽ ʽʥʩʪʨʫʤʝʥʪʘʣʴʥʠʭ, ʤʘʨʪʝʥʩʠʪʥʦʩʪʘʨʽʶʯʠʭ, 

ʢʦʨʦʟʽʡʥʦʩʪʽʡʢʠʭ, ʭʨʦʤʠʩʪʠʭ ʽ ʭʨʦʤʦʥʽʢʝʣʝʚʠʭ ʩʪʘʣʝʡ ʬʝʨʠʪʥʦʛʦ ʽ ʘʫʩʪʝʥʽʪʥʦʛʦ ʢʣʘʩʫ ʪʦʱʦ. ʇʝʨʩʧʝʢʪʠʚʥʘ 

ʥʦʚʘ ʪʝʭʥʦʣʦʛʽʷ ʜʣ ̫ʟʤʽʮʥʝʥʥʷ ʪʠʪʘʥʫ, ʪʫʛʦʧʣʘʚʢʠʭ ʤʝʪʘʣʽʚ ï ʥʽʦʙʽʶ, ʤʦʣʽʙʜʝʥʫ. 

ɸʥʘʣʽʟ ʣʽʪʝʨʘʪʫʨʥʠʭ ʜʞʝʨʝʣ ʪʘ ʦʩʪʘʥʥʽʭ ʜʦʩʣʽʜʞʝʥʴ, ʘ ʪʘʢʦʞ ʧʘʪʝʥʪʥʦ-ʽʥʬʦʨʤʘʮʽʡʥʠʡ ʧʦʰʫʢ [1-4] 

ʧʦʢʘʟʫʻ ʱʦ ʰʠʨʦʢʝ ʚʠʢʦʨʠʩʪʘʥʥʷ ʪʝʭʥʦʣʦʛʽʾ ʚʘʢʫʫʤʥʦʛʦ ʪʝʨʤʦʮʠʢʣʽʯʥʦʛʦ ʘʟʦʪʫʚʘʥʥʷ ʫ ʧʣʘʟʤʽ ʧʫʣʴʩʫʶʯʦʛʦ 

ʪʣʽʁʯʦʛʦ ʨʦʟʨʷʜʫ (ɺʊɸʇʇʊʈ) ʦʙʤʝʞʝʥʦ ʚʽʜʩʫʪʥʽʩʪʶ ʜʦʩʣʽʜʞʝʥʴ ʚʟʘʻʤʦʟʚ'ʷʟʢʫ ʬʘʢʪʦʨʽʚ, ʱʦ ʚʠʟʥʘʯʘʶʪʴ ʭʽʜ 

ʧʨʦʮʝʩʫ ɺʊɸʇʇʊʈ ʪʘ ʫʟʘʛʘʣʴʥʶʶʯʠʭ ʚʠʩʥʦʚʢʽʚ ʪʘ ʨʝʢʦʤʝʥʜʘʮʽʡ ʧʦ ʚʠʙʦʨʫ ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʧʘʨʘʤʝʪʨʽʚ ʮʽʻʾ 

ʪʝʭʥʦʣʦʛʽʾ. ʎʽ ʦʙʩʪʘʚʠʥʠ ʧʽʜʪʚʝʨʜʞʫʶʪʴ ʘʢʪʫʘʣʴʥʽʩʪʴ ʪʘ ʥʝʦʙʭʽʜʥʽʩʪʴ ʜʦʩʣʽʜʞʝʥʥʷ ʧʨʦʮʝʩʫ ɺʊɸʇʇʊʈ.  

ɼʦʩʣʽʜʞʝʥʥʷ ʧʨʦʮʝʩʫ ɺʊɸɰ II1ʊʈ ʪʘ ʚʣʘʩʪʠʚʦʩʪʝʡ ʽʦʥʥʦʘʟʦʪʦʚʘʥʠʭ ʰʘʨʽʚ. ɿʥʘʯʥʘ ʢʽʣʴʢʽʩʪʴ 

ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʧʘʨʘʤʝʪʨʽʚ ʧʨʦʮʝʩʫ ɺʊɸɰ II1ʊʈ ʫ ʩʧʦʣʫʯʝʥʥʽ ʽʟ ʰʠʨʦʢʦʶ ʥʦʤʝʥʢʣʘʪʫʨʦʶ ʤʘʪʝʨʽʘʣʽʚ, ʽʟ ʷʢʠʭ 

ʬʦʨʤʫʶʪʴ ʟʤʽʮʥʝʥʠʡ ʧʦʚʝʨʭʥʝʚʠʡ ʰʘʨ (ɿʇʐ), ʜʘʶʪʴ ʪʝʭʥʦʣʦʛʘʤ ʰʠʨʦʢʠʡ ʨʷʜ ʘʣʴʪʝʨʥʘʪʠʚʥʠʭ ʚʘʨʽʘʥʪʽʚ. ʋ 

ʪʘʢʽʡ ʩʠʪʫʘʮʽʾ ʝʬʝʢʪʠʚʥʽʩʪʴ ʧʨʠʡʥʷʪʠʭ ʨʽʰʝʥʴ ʙʫʜʝ ʟʘʣʝʞʘʪʠ ʚʽʜ ʥʘʷʚʥʦʩʪʽ ʥʝʦʙʭʽʜʥʠʭ ʢʨʠʪʝʨʽʾʚ ʦʮʽʥʢʠ 

ʧʨʘʮʝʟʜʘʪʥʦʩʪʽ ʢʦʥʩʪʨʫʢʪʠʚʥʦʛʦ ʤʘʪʝʨʽʘʣʫ ʟʽ ɿʇʐ ʫ ʟʘʜʘʥʠʭ ʫʤʦʚʘʭ ʝʢʩʧʣʫʘʪʘʮʽʾ. ɼʣ ̫ʫʩʧʽʰʥʦʾ ʨʦʟʨʦʙʢʠ 

ʪʝʭʥʦʣʦʛʽʯʥʦʛʦ ʧʨʦʮʝʩʫ (ʊʇ) ɺʊɸɰ II1ʊʈ ʥʝʦʙʭʽʜʥʦ ʤʘʪʠ ʬʽʟʠʯʥʠʡ ʟʤʽʩʪ ʽ ʜʦʩʠʪʴ ʧʦʚʥʦ ʭʘʨʘʢʪʝʨʠʟʫʚʘʪʠ 

ʧʨʦʮʝʩ ʚʘʢʫʫʤʥʦʛʦ ʪʝʨʤʦʮʠʢʣʽʯʥʦʛʦ ʘʟʦʪʫʚʘʥʥʷ ʫ ʧʣʘʟʤʽ ʧʫʣʴʩʫʶʯʦʛʦ ʪʣʽʶʯʦʛʦ ʨʦʟʨʷʜʫ [1-7].  

ʇʨʠ ʟʤʽʮʥʝʥʥʽ ʧʦʚʝʨʭʦʥʴ ʢʦʥʩʪʨʫʢʪʠʚʥʠʭ ʝʣʝʤʝʥʪ̔ʚ ʰʠʨʦʢʦ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʪʝʨʤʽʥ 

ʢʦʥʩʪʨʫʢʪʠʚʥʘ ʘʙʦ ʢʦʥʩʪʨʫʢʮʽʡʥʘ ʤʽʮʥʽʩʪʴ ʤʝʪʘʣʽʚ [8-10]. ʇʦʥʷʪʪʷ ʢʦʥʩʪʨʫʢʪʠʚʥʦʾ ʤʽʮʥʦʩʪʽ ʚʢʣʶʯʘʻ ʨʷʜ 

ʧʘʨʘʤʝʪʨʽʚ ʘʙʦ ʧʦʢʘʟʥʠʢʽʚ, ʱʦ ʭʘʨʘʢʪʝʨʠʟʫʶʪʴ ʥʝ ʪʽʣʴʢʠ ʤʽʮʥʽʩʪʴ ʢʦʥʩʪʨʫʢʪʠʚʥʠʭ ʝʣʝʤʝʥʪʽʚ, ʘʣʝ ʽ ʾʭ 

ʜʦʚʛʦʚʽʯʥʽʩʪʴ (ʨʝʩʫʨʩ), ʥʝʩʫʯʫ ʟʜʘʪʥʽʩʪʴ, ʘ ʛʦʣʦʚʥʝ ʥʘʜʽʡʥʽʩʪʴ. ɼʦ ʧʦʢʘʟʥʠʢʽʚ ʢʦʥʩʪʨʫʢʮʽʡʥʦʾ ʤʽʮʥʦʩʪʽ 

ʝʣʝʤʝʥʪʽʚ ʤʦʞʥʘ ʚʽʜʥʝʩʪʠ ʤʽʮʥʽʩʪʴ ʧʨʠ ʨʽʟʥʦʤʘʥʽʪʥʠʭ ʚʠʜʘʭ ʥʘʚʘʥʪʘʞʝʥʥʷ (ʨʦʟʪʷʛʫʚʘʥʥʷ, ʟʛʠʥʘʥʥʷ, 

ʢʦʥʪʘʢʪʥʽ ʥʘʚʘʥʪʘʞʝʥʥʷ ʽ ʪ. ʧ.) ʧʨʠ ʣʽʥʽʡʥʦʤʫ, ʜʚʦʭ ʽ ʪʨʴʦʭʚʽʩʥʦʤʫ ʥʘʧʨʫʞʝʥʦʤʫ ʩʪʘʥʽ ʟ ʨʽʟʥʠʤ ʭʘʨʘʢʪʝʨʦʤ 

ʧʨʠʢʣʘʜʝʥʥʷ ʥʘʚʘʥʪʘʞʝʥʥʷ (ʽʤʧʫʣʴʩʥʠʤ, ʪʨʠʚʘʣʠʤ, ʩʪʘʮʽʦʥʘʨʥʠʤ ʘʙʦ ʟʤʽʥʥʠʤ), ʫ ʪʦʤʫ ʯʠʩʣʽ ʧʨʦʛʨʘʤʥʠʤ 

ʥʘʚʘʥʪʘʞʝʥʥʷʤ, ʧʨʠ ʥʠʟʴʢʠʭ ʪʘ ʚʠʩʦʢʠʭ ʪʝʤʧʝʨʘʪʫʨʘʭ, ʚ ʫʤʦʚʘʭ ʚʧʣʠʚʫ ʦʪʦʯʫʶʯʦʛʦ ʩʝʨʝʜʦʚʠʱʘ (ʢʦʨʦʟʽʡʥʦ-

ʝʨʦʟʽʡʥʝ ʩʝʨʝʜʦʚʠʱʝ ʽ ʪ. ʧ.) [8-10]. ɿʘ ʜʦʧʦʤʦʛʦʶ ʚʠʢʦʨʠʩʪʘʥʥʷ ʊʇ ɺʊɸɰ II1ʊʈ, ʷʢʠʡ ʚʧʣʠʚʘʻ ʥʘ ʷʢʽʩʪʴ 

ʧʦʚʝʨʭʥʝʚʦʛʦ ʰʘʨʫ, ʤʦʞʥʘ ʢʝʨʫʚʘʪʠ ʟʥʘʯʝʥʥʷʤʠ ʧʘʨʘʤʝʪʨʽʚ ʢʦʥʩʪʨʫʢʪʠʚʥʦʾ ʤʽʮʥʦʩʪʽ ʤʘʪʝʨʽʘʣʽʚ. ʆʮʽʥʶʶʯʠ 

ʫʤʦʚʠ ʨʦʙʦʪʠ ʥʘʡʙʽʣʴʰ ʥʘʚʘʥʪʘʞʝʥʠʭ ʢʦʥʩʪʨʫʢʪʠʚʥʠʭ ʝʣʝʤʝʥʪʽʚ, ʚʩʪʘʥʦʚʣʝʥʦ ʦʜʥʦʯʘʩʥʠʡ ʚʧʣʠʚ 

ʜʠʥʘʤʽʯʥʠʭ ʥʘʚʘʥʪʘʞʝʥʴ, ʧʽʜʚʠʱʝʥʠʭ ʪʝʤʧʝʨʘʪʫʨ ʪʘ ʢʦʨʦʟʽʡʥʦʛʦ ʩʝʨʝʜʦʚʠʱʘ. 

ʉʝʨʝʜ ʜʠʥʘʤʽʯʥʠʭ ʥʘʚʘʥʪʘʞʝʥʴ ʦʩʦʙʣʠʚʠʡ ʽʥʪʝʨʝʩ ʧʨʝʜʩʪʘʚʣʷʶʪʴ ʮʠʢʣʽʯʥʽ ʥʘʚʘʥʪʘʞʝʥʥʷ. ʇʨʠ 

ʩʠʩʪʝʤʘʪʠʯʥʦʤʫ ʧʦʚʪʦʨʝʥʥʽ ʥʘʚʘʥʪʘʞʝʥʥʷ ʪʘ ʨʦʟʚʘʥʪʘʞʝʥʥʷ ʧʨʦʭʦʜʠʪʴ ʥʘʢʦʧʠʯʝʥʥʷ ʜʝʬʝʢʪʽʚ ʩʪʨʫʢʪʫʨʠ 

ʤʘʪʝʨʽʘʣʫ, ʱʦ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʚʠʥʠʢʥʝʥʥʷ ʤʽʢʨʦʩʢʦʧʽʯʥʠʭ ʪʨʽʱʠʥ, ʧʦʻʜʥʘʥʥʷ ʷʢʠʭ ʚʠʢʣʠʢʘʻ ʨʫʡʥʫʚʘʥʥʷ ʚʽʜ 

ʚʪʦʤʠ. ʋʩʪʘʥʦʚʠʪʠ ʤʘʢʩʠʤʘʣʴʥʝ ʮʠʢʣʽʯʥʝ ʥʘʚʘʥʪʘʞʝʥʥʷ, ʧʨʠ ʷʢʦʤʫ ʤʘʪʝʨʽʘʣ ʥʝ ʨʫʡʥʫʻʪʴʩʷ ʤʦʞʥʘ ʟʘ 

ʜʦʧʦʤʦʛʦʶ ʪʝʨʤʦʤʝʭʘʥʽʯʥʠʭ ʚʠʩʦʢʦʯʘʩʪʦʪʥʠʭ ʚʠʧʨʦʙʫʚʘʥʴ ʥʘ ʚʪʦʤʫ, ʘ ʩʘʤʝ ʫ ʥʝʦʙʭʽʜʥʦʩʪʽ ʚʠʟʥʘʯʝʥʥʷ 

ʟʥʘʯʝʥʥʷ ʤʝʞʽ ʚʠʪʨʠʚʘʣʦʩʪʽ ʟʤʽʮʥʝʥʦʛʦ ʢʦʥʩʪʨʫʢʪʠʚʥʦʛʦ ʤʘʪʝʨʽʘʣʫ.  

ʂʦʨʦʟʽʡʥʝ ʧʦʰʢʦʜʞʝʥʥʷ ʽʩʪʦʪʥʦ ʟʥʠʞʫʻ ʤʝʭʘʥʽʯʥʽ ʚʣʘʩʪʠʚʦʩʪʽ ʢʦʥʩʪʨʫʢʮʽʡʥʦʛʦ ʤʘʪʝʨʽʘʣʫ. ʊʘʢʠʤ 

ʯʠʥʦʤ, ʚ ʷʢʦʩʪʽ ʧʦʚʝʨʭʦʥʴ, ʟʤʽʮʥʝʥʠʭ ɺʊɸʇʇʊʈ ʜʦʮʽʣʴʥʦ ʜʦʩʣʽʜʞʫʚʘʪʠ ʤʝʞʫ ʚʠʪʨʠʚʘʣʦʩʪʽ ʪʘ ʢʦʨʦʟʽʡʥʫ 

ʩʪʽʡʢʽʩʪʴ, ʱʦ ʭʘʨʘʢʪʝʨʠʟʫʻʪʴʩʷ ʧʠʪʦʤʠʤ ʟʙʽʣʴʰʝʥʥʷʤ ʤʘʩʠ. 

ɼʣʷ ʜʦʩʣʽʜʞʝʥʥʷ ʧʨʦʮʝʩʫ ɺʊɸʇʇʊʈ ʙʫʣʦ ʚʠʟʥʘʯʝʥʦ ʧʘʨʘʤʝʪʨʠ, ʱʦ ʥʘʡʙʽʣʴʰʝ ʚʧʣʠʚʘʶʪʴ ʥʘ ʤʝʞʫ 

ʚʠʪʨʠʚʘʣʦʩʪʽ ʪʘ ʢʦʨʦʟʽʡʥʫ ʩʪʽʡʢʽʩʪʴ ʟʤʽʮʥʝʥʠʭ ʧʦʚʝʨʭʥʝʚʠʭ ʰʘʨʽʚ (ɿʇʐ): ʯʘʩ ʜʠʬʫʟʽʡʥʦʛʦ ʥʘʩʠʯʝʥʥʷ, ʪʠʩʢ 

ʪʘ ʩʢʣʘʜ ʨʝʘʢʮʽʡʥʦʛʦ ʛʘʟʫ, ʪʝʤʧʝʨʘʪʫʨʫ ʧʨʦʮʝʩʫ ʜʠʬʫʟʽʡʥʦʛʦ ʥʘʩʠʯʝʥʥʷ, ʝʢʩʧʣʫʘʪʘʮʽʡʥʫ ʪʝʤʧʝʨʘʪʫʨʫ 

(ʪʘʙʣ. 3). 

ʊʘʙʣʠʮʷ 3 

ʇʘʨʘʤʝʪʨʠ ɺʊɸʇʇʊʈ, ʱʦ ʚʧʣʠʚʘʶʪʴ ʥʘ  ʷʢʽʩʪʴ ɿʇʐ 

ˉ ʇʘʨʘʤʝʪʨʠ ɿʥʘʯʝʥʥʷ 

1 ʏʘʩ ʜʠʬʫʟʽʡʥʦʛʦ ʥʘʩʠʯʝʥʥʷ, ʭʚ. 90...240 (ʢʨʦʢ 30) 

2 ʊʠʩʢ ʨʝʘʢʮʽʡʥʦʛʦ ʛʘʟʫ, ʇʘ 25...250 (ʢʨʦʢ 25) 

3 ʉʢʣʘʜ ʨʝʘʢʮʽʡʥʦʛʦ ʛʘʟʫ 
1) 90%N2 + 5%ʉ3ʅ8 + 5% ɸr; 

2) 95%N2+ 5%ʉ3ʅ8; 

3) 80%N2 + 5%ʉ3ʅ8 + 15% ɸr 

4 ʊʝʤʧʝʨʘʪʫʨʘ ʛʘʟʫ, Áʂ 673...873 (ʢʨʦʢ 100) 

5 ɽʢʩʧʣʫʘʪʘʮʽʡʥʘ ʪʝʤʧʝʨʘʪʫʨʘ, Áʂ 663...913 

 

ʅʝʦʙʭʽʜʥʦ ʟʘʫʚʘʞʠʪʠ, ʱʦ ʟʥʘʯʝʥʥʷ ʪʘʢʠʭ ʧʘʨʘʤʝʪʨʽʚ ʷʢ ʪʠʩʢ ʪʘ ʪʝʤʧʝʨʘʪʫʨʘ ʨʝʘʢʮʽʡʥʦʛʦ ʛʘʟʫ, ʱʦ 

ʥʘʚʝʜʝʥʽ ʫ ʪʘʙʣʠʮʽ, ʧʨʦʪʷʛʦʤ ʧʨʦʮʝʩʫ ɺʊɸʇʇʊʈ ʥʝ ʻ ʧʦʩʪʽʡʥʠʤʠ: ʪʠʩʢ ʨʝʘʢʮʽʡʥʦʛʦ ʛʘʟʫ ʟʤʽʥʶʻʪʴʩʷ 

ʧʝʨʽʦʜʠʯʥʦ (ʟ ʧʝʨʽʦʜʦʤ 15...ɿ0 ʭʚ.), ʘ ʪʝʤʧʝʨʘʪʫʨʘ - ʢʦʣʠʚʘʻʪʴʩʷ ʫ ʤʝʞʘʭ 25...35Áʉ.  

ɼʦʩʣʽʜʞʝʥʥʷ ʤʽʢʨʦʪʚʝʨʜʦʩʪʽ ʧʦʚʝʨʭʥʝʚʠʭ ʰʘʨʽʚ ʧʽʩʣʷ ɺʊɸʇʇʊʈ ʚʠʷʚʠʣʠ ʟʨʦʩʪʘʥʥʷ ʾʾ ʟʥʘʯʝʥʴ ʜʦ 

11250 ʄʇʘ (ʪʘʙʣ. 4.) ʪʘ ʧʦʩʪʫʧʦʚʝ ʾʾ ʟʤʝʥʰʝʥʥʷ ʜʦ 4200 ʄʇʘ ʥʘ ʛʣʠʙʠʥʽ ʜʦ 310 ʤʢʤ. ʈʝʞʠʤʠ ʦʙʨʦʙʢʠ 

ʧʨʝʜʩʪʘʚʣʝʥʽ ʚ ʪʘʙʣʠʮʽ 2 ʪʘ ɿ. ɯʟ ʘʥʘʣʽʟʫ ʨʝʟʫʣʴʪʘʪʽʚ, ʥʘʚʝʜʝʥʠʭ ʚ ʪʘʙʣʠʮʽ 4 ʚʠʜʥʦ, ʱʦ ʧʨʦʚʝʜʝʥʥʷ ʘʟʦʪʫʚʘʥʥʷ 

ʫ ʧʫʣʴʩʫʶʯʦʤʫ ʪʣʽʶʯʦʤʫ ʨʦʟʨʷʜʽ ʩʧʨʠʷʻ ʟʙʽʣʴʰʝʥʥʶ ʤʽʢʨʦʪʚʝʨʜʦʩʪʽ ʪʘ ʛʣʠʙʠʥʠ ʟʤʽʮʥʝʥʥʷ ʦʙʨʦʙʣʝʥʠʭ 

ʧʦʚʝʨʭʥʝʚʠʭ ʰʘʨʽʚ. ʋ ʙʫʜʴ-ʷʢʦʤʫ ʚʠʧʘʜʢʫ ʪʘʢʽ ʟʥʘʯʝʥʥʷ ʤʽʢʨʦʪʚʝʨʜʦʩʪʽ ʟʨʘʟʢʽʚ ʫ 2,5...3,0 ʨʘʟʠ ʙʽʣʴʰʽ ʥʽʞ 
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ʙʝʟ ʚʧʣʠʚʫ ʧʫʣʴʩʫʶʯʦʛʦ ʪʣʽʶʯʦʛʦ ʨʦʟʨʷʜʫ ʪʘ ʫ 1,5 ʨʘʟʠ ʙʽʣʴʰʠʤʠ, ʥʽʞ ʫ ʟʨʘʟʢʽʚ ʧʽʩʣʷ ʛʘʟʦʚʦʛʦ ʘʟʦʪʫʚʘʥʥʷ 

(90%N2+10%ɸr; ʊ=600Áʉ; 1=4,0 ʛʦʜ). 

 

ʊʘʙʣʠʮʷ  4  

ʄʽʢʨʦʪʚʝʨʜʽʩʪʴ ɿʇʐ ʟʨʘʟʢʘ ʧʽʩʣʷ ɺʊɸʇʇʊʈ 

 

ɸʥʘʣʽʟ ʜʘʥʠʭ ʚ ʪʘʙʣʠʮʽ 4 ʜʦʟʚʦʣʷʻ ʟʨʦʙʠʪʠ ʚʠʩʥʦʚʦʢ ʧʨʦ ʽʩʥʫʚʘʥʥʷ ʜʝʷʢʠʭ ʜʽʘʧʘʟʦʥʽʚ ʪʝʤʧʝʨʘʪʫʨʠ 

ʘʟʦʪʫʚʘʥʥʷ ʊ (Áʉ) ʪʘ ʪʠʩʢʫ ʨʝʘʢʮʽʡʥʦʛʦ ʛʘʟʫ ʈ (ʇʘ), ʟʘ ʷʢʠʭ ʤʽʢʨʦʪʚʝʨʜʽʩʪʴ ʧʦʚʝʨʭʥʝʚʠʭ ʰʘʨʽʚ ʩʷʛʘʻ ʩʚʦʾʭ 

ʤʘʢʩʠʤʘʣʴʥʠʭ ʟʥʘʯʝʥʴ: ʜʣʷ ʪʝʤʧʝʨʘʪʫʨʠ ʘʟʦʪʫʚʘʥʥʷ ʊ (Áʉ) ʮʝʡ ʜʽʘʧʘʟʦʥ ʟʥʘʭʦʜʷʪʴʩʷ ʫ ʤʝʞʘʭ 550...600 Áʉ, 

ʜʣʷ ʪʠʩʢʫ ʛʘʟʫ ʈ (ʇʘ) - ʫ ʤʝʞʘʭ 200...230 ʇʘ. ɿʽ ʟʙʽʣʴʰʝʥʥʷʤ ʯʘʩʫ ʜʠʬʫʟʽʡʥʦʛʦ ʥʘʩʠʯʝʥʥʷ ʤʽʢʨʦʪʚʝʨʜʽʩʪʴ 

ʧʦʚʝʨʭʥʝʚʦʛʦ ʰʘʨʫ ʟʤʝʥʰʫʻʪʴʩʷ, ʧʨʠʯʦʤʫ ʙʽʣʴʰ ʽʥʪʝʥʩʠʚʥʦ - ʧʽʩʣʷ 2 ʛʦʜʠʥ ʦʙʨʦʙʢʠ. 

ʉʪʦʩʦʚʥʦ ʚʧʣʠʚʫ ʥʘ ʤʽʢʨʦʪʚʝʨʜʽʩʪʴ ʩʢʣʘʜʫ ʨʝʘʢʮʽʡʥʦʛʦ ʛʘʟʫ ʚʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʤʘʢʩʠʤʘʣʴʥʠʭ ʟʥʘʯʝʥʴ 

ʚʦʥʘ ʥʘʙʫʚʘʻ ʟʘ ʫʤʦʚʠ ʚʠʢʦʨʠʩʪʘʥʥʷ ʩʫʤʽʰʽ 90%N2+ 5%ʉʟʅ8 + 5%Ar, ʘ ʤʽʥʽʤʘʣʴʥʠʭ - ʟʘ ʩʫʤʽʰʽ 80%N2 + 

5%ʉ3ʅ8 + 15%Ar. ʗʢʽʩʪʴ ʧʦʚʝʨʭʥʝʚʦʛʦ ʰʘʨʫ ʚʠʟʥʘʯʘʻʪʴʩʷ ʰʦʨʩʪʢʽʩʪʶ ʧʦʚʝʨʭʥʽ (ʪʘʙʣ.5), ʬʽʟʠʯʥʠʤ ʩʪʘʥʦʤ 

ʧʦʚʝʨʭʥʝʚʦʛʦ ʰʘʨʫ ʢʦʥʩʪʨʫʢʮʽʡʥʦʛʦ ʤʘʪʝʨʽʘʣʫ ʪʘ ʡʦʛʦ ʥʘʧʨʫʞʝʥʠʤ ʩʪʘʥʦʤ. ɼʦʩʣʽʜʞʝʥʥʷʤʠ ʷʢʦʩʪʽ ʧʦʚʝʨʭʥʽ 

ʟʤʽʮʥʝʥʠʭ ʟʨʘʟʢʽʚ (ʪʘʙʣ.. 5) ʚʠʷʚʣʝʥʦ ʥʝʟʥʘʯʥʝ ʾʾ ʧʦʛʽʨʰʝʥʥʷ ʧʽʩʣʷ ʦʙʨʦʙʢʠ ʟ Rʘ= 0,25 ʤʢʤ ʫ ʥʝʘʟʦʪʦʚʘʥʠʭ 

ʟʨʘʟʢʽʚ ʜʦ Rʘ = 0,29...0,39 ʤʢʤ ʫ ʘʟʦʪʦʚʘʥʠʭ. ʈʝʞʠʤʠ ʦʙʨʦʙʢʠ ɺʊɸʇʇʊʈ ʜʣʷ ʜʘʥʠʭ ʪʘʙʣʠʮʴ 5 ʪʘ 6 

ʧʨʝʜʩʪʘʚʣʝʥʽ ʚ ʪʘʙʣʠʮʽ 2.  

ʐʣʷʭʦʤ ʪʝʭʥʦʣʦʛʽʾ ɺʊɸʇʇʊʈ ʤʦʞʥʘ ʦʪʨʠʤʘʪʠ ʘʥʪʠʢʦʨʦʟʽʡʥʫ ʟʜʘʪʥʽʩʪʴ ʪʘʢʫ ʷʢ ʽ ʧʨʠ ʚʠʢʦʨʠʩʪʘʥʥʽ 

ʛʘʣʴʚʘʥʽʯʥʠʭ ʧʦʢʨʠʪʪʽʚ (ʪʘʙʣ. 6). ʋ ʨʝʟʫʣʴʪʘʪʽ ʧʨʦʚʝʜʝʥʥʷ ʜʦʩʣʽʜʞʝʥʴ ʘʥʪʠʢʦʨʦʟʽʡʥʦʾ ʟʜʘʪʥʦʩʪʽ ʽʦʥʥʦ-

ʘʟʦʪʦʚʘʥʠʭ ʩʪʘʣʝʚʠʭ ʟʨʘʟʢʽʚ ʚʠʷʚʣʝʥʦ ʧʽʜʚʠʱʝʥʥʷ ʢʦʨʦʟʽʡʥʦʾ ʩʪʽʡʢʦʩʪʽ ʫ 1,7...3,1 ʨʘʟʠ (ʪʘʙʣ. 6). ʎʝ ʷʚʣʷʻ 

ʩʦʙʦʶ ʦʩʦʙʣʠʚʠʡ ʽʥʪʝʨʝʩ ʫ ʚʠʧʘʜʢʫ, ʢʦʣʠ ʧʝʨʝʚʘʛʠ ʘʟʦʪʫʚʘʥʥʷ ʩʧʨʷʤʦʚʘʥʽ ʪʘʢʦʞ ʥʘ ʧʽʜʚʠʱʝʥʥʷ ʚʪʦʤʥʦʾ 

ʤʽʮʥʦʩʪʽ.  

ɼʣʷ ʚʠʟʥʘʯʝʥʥʷ ʦʧʦʨʫ ʚʪʦʤʽ ʟʤʽʮʥʝʥʠʭ ɺʊɸʇʇʊʈ ʟʨʘʟʢʽʚ ʜʦʩʣʽʜʞʫʚʘʣʠ ʥʝ ʤʝʥʰʝ 10... 15 ʟʨʘʟʢʽʚ. 

ʂʦʞʥʠʡ ʟʨʘʟʦʢ ʜʦʚʦʜʠʣʠ ʜʦ ʨʫʡʥʫʚʘʥʥʷ, ʧʨʠ ʮʴʦʤʫ ʘʤʧʣʽʪʫʜʫ ʢʦʣʠʚʘʥʥʷ ʟʨʘʟʢʘ ʡ ʯʘʩʪʦʪʫ ʥʘʚʘʥʪʘʞʝʥʥʷ ʥʘ 

ʧʨʦʪʷʟʽ ʚʩʴʦʛʦ ʯʘʩʫ ʜʦʩʣʽʜʞʝʥʥʷ ʤʘʡʞʝ ʜʦ ʡʦʛʦ ʨʫʡʥʫʚʘʥʥʷ ʧʽʜʪʨʠʤʫʚʘʣʠ ʧʦʩʪʽʡʥʦʶ. ɹʘʟʘ ʚʠʧʨʦʙʫʚʘʥʴ ʥʘ 

ʚʪʦʤʫ N=107 ʮʠʢʣʽʚ ʥʘʚʘʥʪʘʞʝʥʥʷ. ʇʨʠ ʜʦʩʣʽʜʞʝʥʥʽ ʥʘ ʚʪʦʤʫ ʚ ʫʤʦʚʘʭ ʧʽʜʚʠʱʝʥʠʭ ʪʝʤʧʝʨʘʪʫʨ ʟʨʘʟʦʢ ʧʝʨʝʜ 

ʥʘʚʘʥʪʘʞʝʥʥʷʤ (ʪʦʙʪʦ ʜʦ ʧʦʯʘʪʢʫ ʚʠʧʨʦʙʫʚʘʥʴ) ʥʘʛʨʽʚʘʣʠ ʜʦ ʟʘʜʘʥʦʾ ʪʝʤʧʝʨʘʪʫʨʠ ʽ ʚʠʪʨʠʤʫʚʘʣʠ ʚ ʢʘʤʝʨʽ 

ʥʘʛʨʽʚʘʥʥʷ ʜʦʜʘʪʢʦʚʦ ʥʘ ʧʨʦʪʷʟʽ ɿ0 ʭʚ. ʄʦʤʝʥʪ ʧʦʯʘʪʢʫ ʨʫʡʥʫʚʘʥʥʷ ʟʨʘʟʢʘ ʚʩʪʘʥʦʚʣʶʚʘʣʠ ʟʘ ʧʘʜʽʥʥʷʤ 

ʨʝʟʦʥʘʥʩʥʦʾ ʯʘʩʪʦʪʠ ʡʦʛʦ ʢʦʣʠʚʘʥʴ ʥʘ 10... 15 ɻʮ. ʅʘ ʢʽʣʴʢʽʩʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʚʪʦʤʠ ʟʜʽʡʩʥʶʻ ʚʧʣʠʚ 

ʪʝʤʧʝʨʘʪʫʨʘ ʦʪʦʯʫʶʯʦʛʦ ʩʝʨʝʜʦʚʠʱʘ. ɿ ʧʽʜʚʠʱʝʥʥʷʤ ʪʝʤʧʝʨʘʪʫʨʠ ʚʠʧʨʦʙʫʚʘʥʥʷ, ʧʦʯʠʥʘʶʯʠ ʟ 500 Áʉ, ʤʝʞʘ 

ʚʠʪʨʠʚʘʣʦʩʪʽ ʟʤʝʥʰʫʻʪʴʩʷ.  

ɸʢʪʠʚʽʟʫʶʪʴʩʷ ʜʠʬʫʟʽʡʥʽ ʧʨʦʮʝʩʠ ʥʘ ʧʦʚʝʨʭʥʽ ʟʨʘʟʢʘ ʧʽʜ ʥʝʘʜʠʪʠʚʥʠʤ ʚʧʣʠʚʦʤ ʪʝʤʧʝʨʘʪʫʨʠ ʪʘ 

ʟʦʚʥʽʰʥʴʦʛʦ ʩʝʨʝʜʦʚʠʱʘ, ʱʦ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʧʦʷʚʠ ʤʽʢʨʦʩʢʦʧʽʯʥʠʭ ʧʦʚʝʨʭʥʝʚʠʭ ʪʨʽʱʠʥ, ʷʢʽ ʻ ʧʦʯʘʪʢʦʤ 

ʨʫʡʥʫʚʘʥʥʷ ʚʽʜ ʚʪʦʤʠ. ʅʘ ʦʧʽʨ ʚʪʦʤʽ ʟʜʽʡʩʥʶʻ ʚʧʣʠʚ ʷʢ ʯʠʩʣʦ ʮʠʢʣʽʚ ʥʘʚʘʥʪʘʞʝʥʥʷ, ʪʘʢ ʽ ʯʘʩ ʟʥʘʭʦʜʞʝʥʥʷ 

ʟʨʘʟʢʘ ʧʨʠ ʚʠʩʦʢʠʭ ʪʝʤʧʝʨʘʪʫʨʘʭ ʚ ʫʤʦʚʘʭ ʮʠʢʣʽʯʥʦʛʦ ʥʘʚʘʥʪʘʞʝʥʥʷ. 

ɺʊɸʇʇʊʈ ʦʙʤʝʞʫʻ ʰʚʠʜʢʽʩʪʴ ʧʨʦʭʦʜʞʝʥʥʷ ʜʠʬʫʟʽʡʥʠʭ ʧʨʦʮʝʩʽʚ, ʱʦ ʟʥʘʯʥʦ ʚʧʣʠʚʘʻ ʥʘ 

ʧʽʜʚʠʱʝʥʥʷ ʤʝʞʽ ʚʠʪʨʠʚʘʣʦʩʪʽ. ɿʘʚʜʷʢʠ ʊʇ ɺʊɸʇʇʊʈ ʚʜʘʣʦʩʷ ʧʽʜʚʠʱʠʪʠ ʤʝʞʫ ʚʠʪʨʠʚʘʣʦʩʪʽ ʟʨʘʟʢʽʚ ʥʘ 

ˉ ʨʝʞʠʤʫ ʦʙʨʦʙʢʠ 

 

ʄʽʢʨʦʪʚʝʨʜʽʩʪʴ ʧʦʚʝʨʭʥʝʚʦʛʦ ʰʘʨʫ, ʄʇʘ 

ʙʝʟ ʧʫʣʴʩʫʶʯʦʛʦ ʪʣʽʶʯʦʛʦ ʨʦʟʨʷʜʫ ʟ ʧʫʣʴʩʫʶʯʠʤ ʪʣʽʶʯʠʤ ʨʦʟʨʷʜʦʤ  

   
0 3100 3700 

1 9032 10062 

2 8164 9955 

3 7414 8175 

4 8614 10590 

5 8047 8270 

6 8089 8985 

7 8154 9100 

8 7534 8945 

9 9111 10235 

10 9904 8144 

11 7040 8335 

12 9898 10835 

13 7950 8841 

14 8061 9150 

15 7769 8659 

16 7179 8663 
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15...20% ʟʽ ʟʙʽʣʴʰʝʥʥʷʤ ʢʽʣʴʢʦʩʪʽ ʮʠʢʣʽʚ ʜʦ ʨʫʡʥʫʚʘʥʥʷ ʫ ʤʦʚʘʭ ʦʜʥʦʯʘʩʥʦʾ ʜʽʾ ʮʠʢʣʽʯʥʠʭ ʥʘʚʘʥʪʘʞʝʥʴ ʪʘ 

ʪʝʤʧʝʨʘʪʫʨʠ. 

 

ʊʘʙʣʠʮʷ 5 

ʐʦʨʩʪʢʽʩʪʴ ʧʦʚʝʨʭʥʽ ɿʇʐ ʟʨʘʟʢʽʚ ʧʽʩʣʷ ɺʊɸʇʇʊʈ 

ˉ ʈʝʞʠʤʫ 

ʦʙʨʦʙʢʠ 
ɿʨʘʟʢʠ ʦʙʨʦʙʣʝʥʽ ʚʘʢʫʫʤʥʠʤ ʘʟʦʪʫʚʘʥʥʷʤ, Rʘ, ʤʢʤ ɿʨʘʟʢʠ  ʦʙʨʦʙʣʝʥʽ ʪʝʨʤʦʮʠʢʣʽʯʥʠʤ ʘʟʦʪʫʚʘʥʥʷʤ, Rʘ, ʤʢʤ 

0 0,248 0,218 

1 0,324 0,291 

2 0,385 0,364 

3 0,335 0,353 

4 0,310 0,312 

5 0,284 0,347 

6 0,330 0,326 

7 0,275 0,242 

8 0,294 0,385 

9 0,286 0,381 

10 0,315 0,294 

11 0,304 0,236 

12 0,294 0,308 

13 0,328 0,315 

14 0,302 0,319 

15 0,299 0,290 

16 0,330 0,361 

 

ʅʘ ʧʽʜʩʪʘʚʽ ʧʨʦʚʝʜʝʥʠʭ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʜʦʩʣʽʜʞʝʥʴ ʚʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʦʩʥʦʚʥʠʤʠ ʤʝʭʘʥʽʟʤʘʤʠ 

ʧʽʜʚʠʱʝʥʥʷ ʤʝʞʽ ʚʠʪʨʠʚʘʣʦʩʪʽ ʤʘʪʝʨʽʘʣʽʚ ʚʥʘʩʣʽʜʦʢ ʟʘʩʪʦʩʫʚʘʥʥʷ ʊʇ ʜʠʬʫʟʽʡʥʦʛʦ ʥʘʩʠʯʝʥʥʷ ʧʦʚʝʨʭʥʽ 

ʘʟʦʪʦʤ ʫ ʧʫʣʴʩʫʶʯʦʤʫ ʪʣʽʶʯʦʤʫ ʨʦʟʨʷʜʽ ʫ ʪʝʨʤʦʮʠʢʣʽʯʥʦʤʫ ʨʝʞʠʤʽ ʻ: ʟʤʽʮʥʝʥʥʷ ʧʦʚʝʨʭʥʝʚʠʭ ʰʘʨʽʚ; 

ʩʪʚʦʨʝʥʥʷ ʩʧʨʠʷʪʣʠʚʦʾ ʩʭʝʤʠ ʟʘʣʠʰʢʦʚʠʭ ʥʘʧʨʫʞʝʥʴ; ʟʤʽʥʘ ʟʘʢʦʥʦʤʽʨʥʦʩʪʝʡ ʜʝʬʦʨʤʫʚʘʥʥʷ ʧʦʚʝʨʭʥʝʚʠʭ 

ʰʘʨʽʚ; ʟʤʽʥʘ ʭʽʤʽʯʥʠʭ ʪʘ ʘʜʛʝʟʽʡʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ ʧʦʚʝʨʭʥʽ. 

 

ʊʘʙʣʠʮʷ 6 

ʈʝʟʫʣʴʪʘʪʠ ʜʦʩʣʽʜʞʝʥʥʷ ʢʦʨʦʟʽʡʥʦʾ ʩʪʽʡʢʦʩʪʽ ʘʟʦʪʦʚʘʥʠʭ ʟʨʘʟʢʽʚ 

 

 

ˉ ʨʝʞʠʤʫ 

ʦʙʨʦʙʢʠ 

ʇʠʪʦʤʝ ʟʙʽʣʴʰʝʥʥʷ ʤʘʩʠ ʟʨʘʟʢʘ ɸ ʪ/ʪ, ʧʽʩʣʷ 10 ʛʦʜʠʥ ʚʠʧʨʦʙʫʚʘʥʴ 

ʙʝʟ ʧʫʣʴʩʫʶʯʦʛʦ ʪʣʽʶʯʦʛʦ ʨʦʟʨʷʜʫ ʟ ʧʫʣʴʩʫʶʯʠʤ ʪʣʽʶʯʠʤ ʨʦʟʨʷʜʦʤ 

0 0,58 0,40 

1 0,17 0,12 

2 0,22 0,18 

3 0,19 0,17 

4 0,17 0,15 

5 0,20 0,18 

6 0,20 0,19 

7 0,21 0,18 

8 0,19 

. 
0,16 

9 0,16 0,14 

10 0,18 0,18 

11 0,21 0,20 

12 0,16 0,14 

13 0,19 0,16 

14 0,18 0,15 

15 0,20 0,20 

16 0,21 0,18 

Å 
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ɺʽʜʥʦʩʥʦ ʥʝʚʝʣʠʢʘ ʛʣʠʙʠʥʘ ʧʨʦʥʠʢʥʝʥʥʷ ʽʦʥʽʚ ʘʟʦʪʫ ʥʝ ʤʦʞʝ ʨʦʟʛʣʷʜʘʪʠʩʷ ʷʢ ʬʘʢʪʦʨ, ʱʦ ʦʙʤʝʞʫʻ 

ʤʦʞʣʠʚʦʩʪʽ ʮʴʦʛʦ ʨʽʟʥʦʚʠʜʫ ʦʙʨʦʙʢʠ ʱʦʜʦ ʧʽʜʚʠʱʝʥʥʷ ʤʝʞʽ ʚʠʪʨʠʚʘʣʦʩʪʽ, ʘʜʞʝ ʨʝʘʣʽʟʘʮʽʷ ʨʝʞʠʤʽʚ 

ʦʙʨʦʙʢʠ, ʧʦʚ'ʷʟʘʥʘ ʽʟ ʤʦʜʠʬʽʢʫʚʘʥʥʷʤ ʧʦʚʝʨʭʥʝʚʠʭ ʰʘʨʽʚ ʩʫʙʤʽʢʨʦʥʥʦʾ ʪʦʚʱʠʥʠ. ɼʦ ʪʦʛʦ ʞ, 

ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ ʚʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʧʽʜʚʠʱʝʥʫ ʤʝʞʫ ʚʠʪʨʠʚʘʣʦʩʪʽ ʤʦʞʫʪʴ ʤʘʪʠ ʰʘʨʠ, ʪʦʚʱʠʥʘ ʷʢʠʭ ʫ 

ʜʝʢʽʣʴʢʘ ʨʘʟʽʚ ʧʝʨʝʚʠʱʫʻ ʽʦʥʥʦʘʟʦʪʦʚʘʥʫ ʦʙʣʘʩʪʴ.  

ɿʤʽʮʥʝʥʥʷ ʧʦʚʝʨʭʥʝʚʠʭ ʰʘʨʽʚ ʚʽʜʙʫʚʘʻʪʴʩʷ ʟʘ ʥʘʩʪʫʧʥʠʤʠ ʤʝʭʘʥʽʟʤʘʤʠ, ʚʢʣʘʜ ʷʢʠʭ ʟʘʣʝʞʠʪʴ ʚʽʜ 

ʨ̔ ʟʥʠʭ ʬʘʢʪʦʨʽʚ (ʪʝʤʧʝʨʘʪʫʨʠ ʪʘ ʤʘʨʢʠ ʤʘʪʝʨʽʘʣʫ, ʱʦ ʦʙʨʦʙʣʷʻʪʴʩʷ, ʧʘʨʘʤʝʪʨʽʚ ʊʇ, ʪʦʰʦ): ʫʪʚʦʨʝʥʥʷ 

ʩʪʨʫʢʪʫʨ ʟʽ ʟʤʽʮʥʶʶʯʠʤʠ ʬʘʟʘʤʠ (ʥʽʪʨʠʜʽʚ, ʢʘʨʙʦʥʽʪʨʠʜʽʚ ʪʦʱʦ), ʱʦ ʚʠʢʣʠʢʘʶʪʴ ʜʠʩʧʝʨʩʽʡʥʝ ʪʚʝʨʜʽʥʥʷ; 

ʜʝʬʦʨʤʘʮʽʡʥʝ ʟʤʽʮʥʝʥʥʷ ʧʨʠ ʧʣʘʩʪʠʯʥʽʡ ʟʤʽʥʽ ʬʦʨʤʠ ʽʦʥʥʦʘʟʦʪʦʚʘʥʦʛʦ ʰʘʨʫ; ʟʤʽʮʥʝʥʥʷ ʟʘ ʨʘʭʫʥʦʢ 

ʫʪʚʦʨʝʥʥʷ ʪʚʝʨʜʠʭ ʨʦʟʯʠʥʽʚ, ʷʢʽ ʩʪʚʦʨʶʶʪʴ ʝʥʝʨʛʝʪʠʯʥʠʡ ʙʘʨôʻʨ ʪʘ ʫʪʨʫʜʥʶʶʪʴ ʧʝʨʝʤʽʱʝʥʥʷ ʜʠʩʣʦʢʘʮʽʡ; 

ʟʤʝʥʰʝʥʥʷ ʨʦʟʤʽʨʽʚ ʟʝʨʝʥ, ʱʦ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʟʙʽʣʴʰʝʥʥʷ ʧʣʦʱʽ ʤʽʞʟʝʨʥʠʭ ʛʨʘʥʠʮʴ ʪʘ ʧʝʨʝʰʢʦʜʞʘʻ ʨʫʭʫ 

ʜʠʩʣʦʢʘʮʽʡ. 

ʗʢ ʚʽʜʦʤʦ, ʥʘʡʙʽʣʴʰʫ ʥʝʙʝʟʧʝʢʫ ʟ ʪʦʯʢʠ ʟʦʨʫ ʟʘʙʝʟʧʝʯʝʥʥʷ ʚʠʩʦʢʦʛʦ ʨʽʚʥʷ ʤʝʞʽ ʚʠʪʨʠʚʘʣʦʩʪʽ 

ʤʘʪʝʨʽʘʣʽʚ ʷʚʣʷʶʪʴ ʩʦʙʦʶ ʟʘʣʠʰʢʦʚʽ ʥʘʧʨʫʞʝʥʥʷ ʨʦʟʪʷʛʫ. ɺʦʥʠ ʩʧʨʠʷʶʪʴ ʨʦʟʚʠʪʢʫ ʧʨʠʧʦʚʝʨʭʥʝʚʠʭ ʪʨʽʱʠʥ, 

ʧʨʦʥʠʢʥʝʥʥʶ ʤʦʣʝʢʫʣ ʟʦʚʥʽʰʥʴʦʛʦ ʩʝʨʝʜʦʚʠʱʘ ʫ ʚʠʪʦʢʠ ʤʽʢʨʦʪʨʽʱʠʥ ʪʘ ʧʨʠʩʢʦʨʶʶʪʴ ʜʠʬʫʟʽʶ ʘʪʦʤʽʚ 

ʜʦʤʽʰʢʽʚ. ɺ ʫʤʦʚʘʭ ʙʘʛʘʪʦʮʠʢʣʦʚʦʾ ʚʪʦʤʠ ʚʝʣʠʢʦʛʦ ʟʥʘʯʝʥʥʷ ʥʘʙʫʚʘʶʪʴ ʟʘʣʠʰʢʦʚʽ ʥʘʧʨʫʞʝʥʥʷ ʩʪʠʩʢʫ, ʱʦ 

ʚʠʥʠʢʘʶʪʴ ʧʨʠ ʜʠʬʫʟʽʾ ʘʟʦʪʫ ʫ ʧʦʚʝʨʭʥʝʚʽ ʰʘʨʠ. ʋ ʚʠʧʘʜʢʫ ʜʠʬʫʟʽʡʥʦʛʦ ʥʘʩʠʯʝʥʥʷ ʧʦʚʝʨʭʥʽ ʘʟʦʪʦʤ ʫ 

ʪʣʽʶʯʦʤʫ ʨʦʟʨʷʜʽ, ʫʧʨʦʚʘʜʞʝʥʠʡ ʫ ʤʘʪʨʠʮʶ ʘʪʦʤ ʘʟʦʪʫ ʨʦʟʩʫʚʘʻ ʩʫʩʽʜʥʽ ʘʪʦʤʠ, ʩʪʚʦʨʶʶʯʠ ʟʘʣʠʰʢʦʚʽ 

ʥʘʧʨʫʞʝʥʥʷ ʩʪʠʩʢʫ. ʎʽ ʥʘʧʨʫʞʝʥʥʷ ʝʬʝʢʪʠʚʥʦ ʟʙʝʨʽʛʘʶʪʴ ʧʦʚʝʨʭʥʶ ʚʽʜ ʨʫʡʥʫʚʘʥʥʷ.  

ɯʦʥʥʦ-ʘʟʦʪʫʶʯʘ ʦʙʨʦʙʢʘ ʟʥʘʯʥʦ ʚʧʣʠʚʘʻ ʥʘ ʭʽʤʽʯʥʽ ʪʘ ʘʜʛʝʟʽʡʥʽ ʚʣʘʩʪʠʚʦʩʪʽ ʧʦʚʝʨʭʥʽ ʟʤʽʮʥʝʥʠʭ 

ʤʘʪʝʨʽʘʣʽʚ. ʋʪʚʦʨʝʥʥʷ ʭʽʤʽʯʥʠʭ ʩʧʦʣʫʢ ʫ ʩʪʘʣʷʭ ʪʘ ʩʧʣʘʚʘʭ ʟʘ ʨʘʭʫʥʦʢ ʫʧʨʦʚʘʜʞʝʥʥʷ ʘʟʦʪʫ ʘʙʦ ʧʽʜʚʠʱʝʥʥʷ 

ʤʝʞʽ ʡʦʛʦ ʢʦʥʮʝʥʪʨʘʮʽʾ ʟʤʽʥʶʻ ʰʚʠʜʢʽʩʪʴ ʭʽʤʽʯʥʠʭ ʨʝʘʢʮʽʡ ʪʘ ʢʽʥʝʪʠʢʫ ʟʨʦʩʪʘʥʥʷ ʦʢʩʠʜʥʠʭ ʧʣʽʚʦʢ, 

ʧʽʜʚʠʱʫʻ ʾʭ ʟʯʝʧʣʝʥʥʷ ʟ ʦʩʥʦʚʦʶ. ʎʝ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʟʤʝʥʰʝʥʥʷ ʽʥʪʝʥʩʠʚʥʦʩʪʽ ʫʪʚʦʨʝʥʥʷ ʘʜʛʝʟʽʡʥʠʭ ʚʫʟʣʽʚ 

ʩʭʦʧʣʶʚʘʥʥʷ ʪʘ ʩʧʨʠʷʻ ʧʦʢʨʘʱʝʥʥʶ ʤʝʭʘʥʽʯʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ ʤʘʪʝʨʽʘʣʽʚ. 

ɺʠʩʥʦʚʢʠ. ɸʥʘʣʽʟ ʣʽʪʝʨʘʪʫʨʥʠʭ ʜʞʝʨʝʣ ʪʘ ʦʩʪʘʥʥʽʭ ʜʦʩʣʽʜʞʝʥʴ ʧʦʢʘʟʘʚ, ʱʦ ʰʠʨʦʢʝ ʚʠʢʦʨʠʩʪʘʥʥʷ 

ʪʝʭʥʦʣʦʛʽʾ ʚʘʢʫʫʤʥʦʛʦ ʪʝʨʤʦʮʠʢʣʽʯʥʦʛʦ ʘʟʦʪʫʚʘʥʥʷ ʫ ʧʣʘʟʤʽ ʧʫʣʴʩʫʶʯʦʛʦ ʪʣʽʶʯʦʛʦ ʨʦʟʨʷʜʫ (ɺʊɸʇʇʊʈ) 

ʦʙʤʝʞʝʥʦ ʚʽʜʩʫʪʥʽʩʪʶ ʜʦʩʣʽʜʞʝʥʴ ʚʟʘʻʤʦʟʚ'ʷʟʢʫ ʬʘʢʪʦʨʽʚ, ʱʦ ʚʠʟʥʘʯʘʶʪʴ ʭʽʜ ʧʨʦʮʝʩʫ ɺʊɸʇʇʊʈ ʪʘ 

ʫʟʘʛʘʣʴʥʶʶʯʠʭ ʚʠʩʥʦʚʢʽʚ ʪʘ ʨʝʢʦʤʝʥʜʘʮʽʡ ʧʦ ʚʠʙʦʨʫ ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʧʘʨʘʤʝʪʨʽʚ ʮʽʻʾ ʪʝʭʥʦʣʦʛʽʾ.  

ʅʘ ʦʩʥʦʚʽ ʜʦʩʣʽʜʞʝʥʴ ʚʧʣʠʚʫ ʥʘʧʨʫʞʝʥʦʛʦ ʩʪʘʥʫ ʽ ʤʝʭʘʥʽʯʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ ʥʘ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ 

ʤʽʮʥʦʩʪʽ ʚʩʪʘʥʦʚʣʝʥʦ ʤʝʭʘʥʽʟʤ ʧʽʜʚʠʱʝʥʥʷ ʤʝʞʽ ʚʠʪʨʠʚʘʣʦʩʪʽ ʽʦʥʥʦʘʟʦʪʦʚʘʥʠʭ ʧʦʚʝʨʭʥʝʚʠʭ ʰʘʨʽʚ. ʅʘ 

ʧʽʜʩʪʘʚʽ ʘʥʘʣʽʟʫ ʥʘʧʨʫʞʝʥʦ-ʜʝʬʦʨʤʦʚʘʥʦʛʦ ʩʪʘʥʫ (ʅɼʉ) ʩʪʚʦʨʝʥʦ ʤʦʞʣʠʚʽʩʪʴ ʧʨʦʛʥʦʟʫʚʘʥʥʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢ 

ʮʠʢʣʽʯʥʦʾ ʤʽʮʥʦʩʪʽ, ʱʦ ʜʦʟʚʦʣʷʻ ʚ ʰʠʨʦʢʠʭ ʤʝʞʘʭ ʢʝʨʫʚʘʪʠ ʨʝʞʠʤʘʤʠ ʊʇ ɺʊɸʇʇʊʈ. 

ʋ ʨʝʟʫʣʴʪʘʪʽ ʧʨʦʚʝʜʝʥʠʭ ʜʦʩʣʽʜʞʝʥʴ ʚʩʪʘʥʦʚʣʝʥʦ ʟʘʢʦʥʦʤʽʨʥʦʩʪʽ ʚʧʣʠʚʫ ʧʘʨʘʤʝʪʨʽʚ ʊʇ ɺʊɸʇ1ɯʊʈ 

ʥʘ ʤʽʢʨʦʪʚʝʨʜʽʩʪʴ, ʛʣʠʙʠʥʫ ʜʠʬʫʟʽʡʥʦʛʦ ʥʘʩʠʯʝʥʥʷ, ʚʝʣʠʯʠʥʫ ʪʘ ʨʦʟʧʦʜʽʣ ʟʘʣʠʰʢʦʚʠʭ ʥʘʧʨʫʞʝʥʴ ʫ 

ʟʤʽʮʥʝʥʠʭ ʰʘʨʘʭ ʩʪʘʣʝʚʠʭ ʧʦʚʝʨʭʦʥʴ. ʇʦʢʘʟʘʥʦ, ʱʦ: 

- ʜʣʷ ʦʪʨʠʤʘʥʥʷ ʤʘʢʩʠʤʘʣʴʥʦʾ ʤʽʢʨʦʪʚʝʨʜʦʩʪʽ ʧʦʚʝʨʭʥʝʚʦʛʦ ʰʘʨʫ, ʱʦ  ʜʦʩʷʛʘʻ 7600 ʄʇʘ, ʪʠʩʢ 

ʨʝʘʢʮʽʡʥʦʛʦ ʛʘʟʫ ʧʦʚʠʥʝʥ ʟʥʘʭʦʜʠʪʠʩʷ ʫ ʤʝʞʘʭ 200...250 ʇʘ, ʯʘʩ ʜʠʬʫʟʽʡʥʦʛʦ ʥʘʩʠʯʝʥʥʷ - 90... 150 ʭʚ.; 

ʪʝʤʧʝʨʘʪʫʨʘ ʧʨʦʮʝʩʫ -- 500...600 Áʉ; 

- ʜʣʷ ʦʪʨʠʤʘʥʥʷ ʤʘʢʩʠʤʘʣʴʥʦʾ ʪʦʚʱʠʥʠ ʜʠʬʫʟʽʡʥʦʛʦ ʰʘʨʫ 150..305 ʤʢʤ ʪʠʩʢ ʨʝʘʢʮʽʡʥʦʛʦ ʛʘʟʫ 

ʧʦʚʠʥʝʥ ʟʥʘʭʦʜʠʪʠʩʷ ʫ ʤʝʞʘʭ 200...250 ʇʘ, ʯʘʩ ʜʠʬʫʟʽʡʥʦʛʦ ʥʘʩʠʯʝʥʥʷ ï 180é240 ʭʚ.; ʪʝʤʧʝʨʘʪʫʨʘ ʧʨʦʮʝʩʫ 

- 550.. .600 Áʉ; 

- ʚ ʽʦʥʥʦʘʟʦʪʦʚʘʥʠʭ ʰʘʨʘʭ ʚʠʥʠʢʘʶʪʴ ʟʘʣʠʰʢʦʚʽ ʥʘʧʨʫʞʝʥʥʷ ʩʪʠʩʢʫ ʧʦʨʷʜʢʫ 445é950 ʄʇʘ, ʨʽʚʝʥʴ 

ʽ ʨʦʟʧʦʜʽʣ ʷʢʠʭ ʟʘʣʝʞʘʪʴ ʚʽʜ ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʧʘʨʘʤʝʪʨʽʚ ʧʨʦʮʝʩʫ ɺʊɸɻʐʊʈ ʪʘ ʚʽʜ ʧʦʧʝʨʝʜʥʴʦʾ 

ʪʝʨʤʦʦʙʨʦʙʢʠ (ʊʆ). 

ʋ ʨʝʟʫʣʴʪʘʪʽ ʧʨʦʚʝʜʝʥʥʷ ʜʦʩʣʽʜʞʝʥʴ ʚʣʘʩʪʠʚʦʩʪʝʡ ʧʦʚʝʨʭʥʝʚʠʭ ʰʘʨʽʚ ʟʨʘʟʢʽʚ, ʟʤʽʮʥʝʥʠʭ 

ʘʟʦʪʫʚʘʥʥʷʤ, ʚʩʪʘʥʦʚʣʝʥʦ: ʱʦ ʟʘʚʜʷʢʠ ʚʠʢʦʨʠʩʪʘʥʥʶ ɺʊɸʇʇʊʈ ʢʦʨʦʟʽʡʥʘ ʩʪʽʡʢʽʩʪʴ ʧʽʜʚʠʱʫʻʪʴʩʷ ʫ 3,1 

ʨʘʟʠ, ʘ. ʤʝʞʘ ʚʠʪʨʠʚʘʣʦʩʪʽ ʩʪʘʣʝʚʠʭ ʢʦʥʩʪʨʫʢʮʽʡ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʘʭ ʜʦ 640 Áʉ ʧʽʜʚʠʱʫʻʪʴʩʷ ʥʘ 15...20%.  
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RESEARCH OF METHODS OF FILTRATION OF THE O UTPUT SIGNAL  OF THE SENSITIVE ELEMENT OF 

THE WEAPON  STABILIZATION SYSTEM   
 

The article considers the purpose of the weapon stabilization system, which allows you to keep the position of the gun in space, as 
well as to aim the weapon at the target regardless of the oscillations of the hull. Ways to increase the accuracy of stabilization are identified. 
The results of researches of use of various methods of filtering of an output signal of a sensitive element of system of stabilizat ion of 
armament with use of analog and digital filters are resulted. Approximations of Butterworth, Chebyshev, and Cower polynomials are most 
commonly used. Filters obtained on the basis of these approximations are called by the appropriate names - Butterworth filter, Chebyshev 
filt er and Cower filter. Elliptical filters and Bessel filters are also used. The influence of the change of the natural frequency of the sensitive 
element on its accuracy is also analyzed. It is established that the best method of filtering the output signal of the sensitive element of the 
weapon stabilization system is the two-channel Petrov method. Based on this method, a new three-coordinate piezoelectric sensing element 
has been developed. The piezoelectric element of one channel, which is installed by inertial mass on the piezoelectric plates, works on 
compression. An identical piezoelectric element of another channel, installed by the inertial mass under the piezoelectric plates, works in 
tension. The output electrical signals of the piezoelectric plates of both channels are summed in the adder. The resulting useful electrical 
signal will be proportional to twice the useful signal. Due to the use of an additional second measuring channel, there is no error in the 
output signal of the sensing element errors from the influence of vertical acceleration, from the residual non-identity of the structures of the 
same piezoelectric plates and masses, from the influence of temperature, humidity and ambient pressure. 

Keywords: stabilization, accuracy, filter, dual channel. 

 

ɺʩʪʫʧ 

ʆʜʥʽʻʶ ʟ ʪʝʥʜʝʥʮʽʡ ʨʦʟʚʠʪʢʫ ʩʠʩʪʝʤ ʫʧʨʘʚʣʽʥʥʷ ʚʦʛʥʝʤ ʩʫʯʘʩʥʠʭ ʙʦʡʦʚʠʭ ʤʘʰʠʥ ʻ ʩʪʚʦʨʝʥʥʷ ʙʽʣʴʰ 

ʝʬʝʢʪʠʚʥʦʛʦ ʩʪʘʙʽʣʽʟʘʪʦʨʘ ʦʟʙʨʦʻʥʥʷ ʟ ʚʠʩʦʢʠʤʠ ʧʘʨʘʤʝʪʨʘʤʠ ʪʦʯʥʦʩʪʽ, ʱʦ ʩʧʨʠʷʻ ʧʽʜʚʠʱʝʥʥʶ ʚʽʡʩʴʢʦʚʦʾ 

ʧʦʪʫʞʥʦʩʪʽ ʙʦʡʦʚʦʾ ʤʘʰʠʥʠ ʽ ʞʠʚʫʯʦʩʪʽ ʩʠʩʪʝʤʠ çʝʢʽʧʘʞ-ʤʘʰʠʥʘè. ʋ ʮʴʦʤʫ ʟʚ'ʷʟʢʫ ʘʥʘʣʽʟ ʨʦʟʚʠʪʢʫ 

ʩʫʯʘʩʥʠʭ ʩʪʘʙʽʣʽʟʘʪʦʨʽʚ ʦʟʙʨʦʻʥʥʷ ʻ ʘʢʪʫʘʣʴʥʠʤ ʟʘʚʜʘʥʥʷʤ [1-2]. 

ʉʪʘʙʽʣʽʟʘʪʦʨ ʦʟʙʨʦʻʥʥʷ  ʷʚʣʷʻ ʩʦʙʦʶ ʧʨʠʩʪʨʽʡ, ʱʦ ʟʜʽʡʩʥʶʻ ʩʪʘʙʽʣʽʟʘʮʽʶ ʧʨʠʮʽʣʶʚʘʥʥʷ ʟʙʨʦʾ ʧʨʠ 

ʧʝʨʝʤʽʱʝʥʥʽ ʧʣʘʪʬʦʨʤʠ, ʥʘ ʷʢʽʡ ʮʶ ʟʙʨʦʶ ʚʩʪʘʥʦʚʣʝʥʦ. ʉʪʘʙʣ̔ʽʟʘʪʦʨ ʦʟʙʨʦʻʥʥʷ ʜʦʟʚʦʣʷʻ ʟʙʝʨʽʛʘʪʠ 

ʥʝʟʤʽʥʥʠʤ ʧʦʣʦʞʝʥʥʷ ʛʘʨʤʘʪʠ ʚ ʧʨʦʩʪʦʨʽ, ʘ ʪʘʢʦʞ ʟʜʽʡʩʥʶʚʘʪʠ ʥʘʚʝʜʝʥʥʷ ʦʟʙʨʦʻʥʥʷ ʥʘ ʮʽʣʴ ʥʝʟʘʣʝʞʥʦ ʚʽʜ 

ʢʦʣʠʚʘʥʴ ʢʦʨʧʫʩʫ ʃɹʊ, ʱʦ ʚʠʥʠʢʘʶʪʴ ʧʨʠ ʨʫʩʽ ʧʦ ʧʝʨʝʩʽʯʥʽʡ ʤʽʩʮʝʚʦʩʪʽ.  

ɸʥʘʣʽʟ ʩʫʯʘʩʥʦʛʦ ʩʪʘʥʫ ʚʽʪʯʠʟʥʷʥʦʾ ʪʘ ʟʘʨʫʙʽʞʥʦʾ ʣʝʛʢʦʾ ʙʨʦʥʴʦʚʘʥʦʾ ʪʝʭʥʽʢʠ (ʃɹʊ) ʧʦʢʘʟʫʻ, ʱʦ 

ʙʘʛʘʪʦ ʢʨʘʾʥ ʤʘʶʪʴ ʫ ʩʚʦʻʤʫ ʨʦʟʧʦʨʷʜʞʝʥʥʽ ʚʝʣʠʢʦʶ ʢʽʣʴʢʽʩʪʶ ʙʦʡʦʚʠʭ ʤʘʰʠʥ ʟ ʦʟʙʨʦʻʥʥʷʤ, ʱʦ ʥʝ 

ʚʽʜʧʦʚʽʜʘʻ ʩʫʯʘʩʥʠʤ ʚʠʤʦʛʘʤ. ʆʜʥʘʢ, ʮʽ ʤʘʰʠʥʠ ʭʘʨʘʢʪʝʨʠʟʫʶʪʴʩʷ ʜʦʩʠʪʴ ʥʘʜʽʡʥʦʶ ʭʦʜʦʚʦʶ ʯʘʩʪʠʥʦʶ, ʱʦ 

ʥʝ ʚʠʨʦʙʠʣʘ ʩʚʦʛʦ ʨʝʩʫʨʩʫ. ɿʘʤʽʥʘ ʚʩʴʦʛʦ ʧʘʨʢʫ ʙʨʦʥʝʤʘʰʠʥ ʥʘ ʥʦʚʽ ʚ ʜʘʥʠʡ ʯʘʩ ʻ ʥʝʤʦʞʣʠʚʦʶ ʥʘʚʽʪʴ ʜʣʷ 

ʩʘʤʠʭ ʝʢʦʥʦʤʽʯʥʦ ʨʦʟʚʠʥʝʥʠʭ ʜʝʨʞʘʚ, ʪʦʤʫ ʥʘʡʙʽʣʴʰ ʧʨʠʡʥʷʪʥʠʤ ʚʠʭʦʜʦʤ ʻ ʤʦʜʝʨʥʽʟʘʮʽʷ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ 

ʫʥʽʚʝʨʩʘʣʴʥʠʭ ʙʦʡʦʚʠʭ ʤʦʜʫʣʽʚ.  

ʋʢʨʘʾʥʩʴʢʠʤʠ ʧʽʜʧʨʠʻʤʩʪʚʘʤʠ ʨʦʟʨʦʙʣʝʥʦ ʚʝʣʠʢʫ ʢʽʣʴʢʽʩʪʴ ʙʦʡʦʚʠʭ ʤʦʜʫʣʽʚ (ʚ ʪ.ʯ. ʩʪʘʙʽʣʽʟʘʪʦʨʽʚ ʷʢ 

ʢʦʤʧʦʥʝʥʪʽʚ ʮʠʭ ʤʦʜʫʣʽʚ), ʷʢʽ ʟʘ ʦʩʥʦʚʥʠʤʠ ʧʦʢʘʟʥʠʢʘʤʠ ʚʽʜʧʦʚʽʜʘʶʪʴ ʢʨʘʱʠʤ ʩʚʽʪʦʚʠʤ ʟʨʘʟʢʘʤ, ʘ ʟʘ 

ʙʘʛʘʪʴʤʘ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ ʧʝʨʝʚʝʨʰʫʶʪʴ [1-2]. 

ɼʦʩʷʛʥʝʥʥʷ ʚʠʩʦʢʦʾ ʪʦʯʥʦʩʪʽ ʩʠʩʪʝʤ ʩʪʘʙʽʣʽʟʘʮʽʾ (ʉʉ) ʩʪʘʣʦ ʤʦʞʣʠʚʠʤ ʩʴʦʛʦʜʥʽ ʟʘʚʜʷʢʠ ʟʥʘʯʥʦʤʫ 

ʨʦʟʚʠʪʢʫ ʪʝʦʨʽʾ ʛʽʨʦʩʢʦʧʽʯʥʠʭ ʧʨʠʩʪʨʦʾʚ ʧʨʘʮʷʤʠ ʥʘʡʚʠʟʥʘʯʥʽʰʠʭ ʚʯʝʥʠʭ-ʤʘʪʝʤʘʪʠʢʽʚ ʽ ʤʝʭʘʥʽʢʽʚ: 

ɸ.ʅ. ʂʨʠʣʦʚʘ, ɹ.ɺ. ɹʫʣʛʘʢʦʚʘ, ʆ.ʖ. ɯʰʣʽʥʩʴʢʦʛʦ, ʗ.ʄ. ʈʦʡʪʝʥʙʝʨʛʘ, ʉ.ʉ. ʈʽʚʢʽʥʘ, ɺ. ɸ. ʇʘʚʣʦʚʘ, 

ɽ. ɻ. ʇʦʧʦʚʘ, ɸ. ɯ. ʃʫʨ'ʻ, ɺ.ɺ. ʉʦʣʦʜʦʚʥʽʢʦʚʘ  ʪʘ ʽʥʰʠʭ. ʇʨʦʚʽʜʥʫ ʨʦʣʴ ʤʘʶʪʴ ʽ ʜʦʩʷʛʥʝʥʥʷ ʫ ʛʘʣʫʟʽ 

ʽʥʝʨʮʽʘʣʴʥʠʭ ʩʠʩʪʝʤ ʥʘʚʽʛʘʮʽʾ (ɯʅʉ) ʪʘ ʯʫʪʣʠʚʠʭ ʝʣʝʤʝʥʪʽʚ ɯʅʉ, ʚʠʩʚʽʪʣʝʥʠʭ ʫ ʥʘʫʢʦʚʠʭ ʧʨʘʮʷʭ ʰʢʦʣʠ 

ʚʠʜʘʪʥʠʭ ʚʯʝʥʠʭ ʅʊʋʋ çʂʇɯ ʽʤ. ɯʛʦʨʷ ʉʽʢʦʨʩʴʢʦʛʦè: ʆʜʠʥʮʦʚʘ ɸ.ɸ., ʇʘʚʣʦʚʩʴʢʦʛʦ ʄ.ɸ., ɿʙʨʫʮʴʢʦʛʦ ʆ.ɺ., 
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ʉʘʤʦʪʦʢʽʥʘ ɹ.ɹ., ʂʘʨʘʯʫʥʘ ɺ.ɺ., ʈʠʞʢʦʚʘ ʃ.ʄ. ʪʘ ʽʥʰʠʭ. ʇʠʪʘʥʥ̫  ʤʝʪʨʦʣʦʛʽʾ, ʢʦʨʠʩʥʽ ʧʨʠ ʜʦʩʣʽʜʞʝʥʥʷʭ 

ʧʦʭʠʙʦʢ ʯʫʪʣʠʚʠʭ ʝʣʝʤʝʥʪʽʚ ʢʦʤʧʣʝʢʩʽʚ ʩʪʘʙʽʣʽʟʘʮʽʾ, ʰʠʨʦʢʦ ʚʠʩʚʽʪʣʝʥʽ ʫ ʨʦʙʦʪʘʭ ʂʚʘʩʥʽʢʦʚʘ ɺ.ʇ., 

ʂʦʣʦʤʽʡʮʷ ʃ.ɺ., ɹʝʟʚʝʩʽʣʴʥʦʾ ʆ.ʄ., ʅʦʚʠʮʴʢʦʛʦ ʇ.ɺ. ʪʘ ʽʥʰʠʭ. 

ʋ ʨʦʙʦʪʽ [3] ʧʦʙʫʜʦʚʘʥʦ ʩʭʝʤʦʪʝʭʥʽʯʥʽ ʤʦʜʝʣʽ ʪʘ ʧʨʦʚʝʜʝʥʦ ʤʦʜʝʣʶʚʘʥʥʷ ʧôʻʟʦʝʣʝʢʪʨʠʯʥʠʭ 

ʦʜʥʦʢʘʥʘʣʴʥʠʭ ʧʝʨʝʪʚʦʨʶʚʘʯʽʚ ʟ ʜʦʜʘʪʢʦʚʠʤʠ ʝʣʝʢʪʨʠʯʥʠʤʠ ʢʦʣʠʚʘʣʴʥʠʤʠ  ʢʦʥʪʫʨʘʤʠ, ʷʢʽ ʤʦʞʫʪʴ ʙʫʪʠ 

ʚʠʢʦʨʠʩʪʘʥʽ ʚ ʷʢʦʩʪʽ ʯʫʪʣʠʚʦʛʦ ʝʣʝʤʝʥʪʘ ʩʪʘʙʽʣʽʟʘʪʦʨʘ ʦʟʙʨʦʻʥʥʷ. ɺʠʢʦʨʠʩʪʘʥʥʷ ʪʘʢʠʭ ʤʦʜʝʣʝʡ ʜʦʟʚʦʣʷʻ ʟʘ 

ʜʦʧʦʤʦʛʦʶ ʧʨʠʢʣʘʜʥʠʭ ʧʨʦʛʨʘʤ ʧʨʦʚʦʜʠʪʠ ʦʮʽʥʢʫ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʽ ʧʨʦʛʥʦʟʫʚʘʥʥʷ ʧʘʨʘʤʝʪʨʽʚ ʽ ʨʝʞʠʤʽʚ 

ʨʦʙʦʪʠ ʧ'ʻʟʦʝʣʝʢʪʨʠʯʥʠʭ ʧʝʨʝʪʚʦʨʶʚʘʯʽʚ. 

ʋ ʨʦʙʦʪʽ [4] ʚʠʢʦʥʘʥʦ ʩʠʥʪʝʟ ʥʝʡʨʦʤʝʨʝʞʝʚʦʾ ʩʠʩʪʝʤʠ ʥʘʚʝʜʝʥʥʷ ʽ ʩʪʘʙʽʣʽʟʘʮʽʾ ʦʟʙʨʦʻʥʥʷ ʣʝʛʢʦʾ 

ʙʨʦʥʴʦʚʘʥʦʾ ʪʝʭʥʽʢʠ. ʈʦʟʨʦʙʣʝʥʦ ʩʪʨʫʢʪʫʨʥʫ ʩʭʝʤʫ ʩʠʩʪʝʤʠ, ʢʦʤʧʦʥʝʥʪʘʤʠ ʷʢʦʾ ʻ: ʧʨʦʧʦʨʮʽʡʥʦ-

ʜʠʬʝʨʝʥʮʽʘʣʴʥʠʡ ʨʝʛʫʣʷʪʦʨ ʧʦʣʦʞʝʥʥʷ ʽ ʥʝʡʨʦʤʝʨʝʞʝʚʠʡ ʨʝʛʫʣʷʪʦʨ ʰʚʠʜʢʦʩʪʽ. ɺʠʢʦʥʘʥʦ ʩʠʥʪʝʟ 

ʥʝʡʨʦʨʝʛʫʣʷʪʦʨʘ ʟ ʧʨʦʛʥʦʟʫʚʘʥʥʷʤ.  

ʋ ʨʦʙʦʪʘʭ [5-9] ʟʘʧʨʦʧʦʥʦʚʘʥʦ ʚ ʷʢʦʩʪʽ ʯʫʪʣʠʚʦʛʦ ʝʣʝʤʝʥʪʫ ʩʠʩʪʝʤʠ ʩʪʘʙʽʣʽʟʘʮʽʾ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ 

ʢʦʨʽʦʣʽʩʦʚʠʡ ʚʽʙʨʘʮʽʡʥʠʡ ʛʽʨʦʩʢʦʧ. ʇʨʦʘʥʘʣʽʟʦʚʘʥʦ ʩʢʣʘʜ ʽ ʧʨʠʥʮʠʧ ʨʦʙʦʪʠ ʚʽʜʦʤʦʾ ʩʠʩʪʝʤʠ ʫʜʘʨʦ- ʽ 

ʚʽʙʨʦʟʘʭʠʩʪʫ ʥʘʚʽʛʘʮʽʡʥʦʛʦ ʢʦʤʧʣʝʢʩʫ ʣʝʛʢʦʾ ʙʨʦʥʴʦʚʘʥʦʾ ʪʝʭʥʽʢʠ.  

ʋ ʩʪʘʪʪ̫ ʭ [10-11] ʨʦʟʛʣʷʥʫʪʦ ʩʠʩʪʝʤʫ ʩʪʘʙʽʣʽʟʘʮʽʾ ʟ ʦʧʪʠʯʥʠʤ ʛʽʨʦʩʢʦʧʦʤ ʪʘ ʧʨʠʚʝʜʝʥʦ ʦʩʥʦʚʥʽ 

ʢʦʥʩʪʨʫʢʮʽʡʥʽ ʨʦʟʨʘʭʫʥʢʠ. ɿʘʧʨʦʧʦʥʦʚʘʥʦ ʧʨʦʛʨʘʤʥʽ ʤʝʪʦʜʠ ʬʽʣʴʪʨʘʮʽʾ ʚʠʭʽʜʥʠʭ ʩʠʛʥʘʣʽʚ ʘʢʩʝʣʝʨʦʤʝʪʨʽʚ ʪʘ 

ʛʨʘʚʽʤʝʪʨʽʚ. ɺʽʜʩʫʪʥʻ ʧʦʨʽʚʥʷʥʥʷ ʽʟ ʚʽʜʦʤʠʤʠ ʘʥʘʣʦʛʘʤʠ. 

ʋ ʨʦʙʦʪʽ [12] ʦʧʠʩʘʥʦ ʥʦʚʠʡ ʤʦʙʽʣʴʥʠʡ ʧʨʠʣʘʜ ʜʣʷ ʚʠʤʽʨʶʚʘʥʥʷ ʜʠʥʘʤʽʯʥʦʛʦ ʚʝʢʪʦʨʘ ʧʨʠʩʢʦʨʝʥʥ ̫

ʩʠʣʠ ʪʷʞʽʥʥʷ ʽ ʡʦʛʦ ʛʨʘʜʽʻʥʪʽʚ ʫ ʧʽʜʚʦʜʥʦʤʫ ʩʝʨʝʜʦʚʠʱʽ. ɼʘʥʠʡ ʜʘʪʯʠʢ ʤʦʞʝ ʚʩʪʘʥʦʚʣʶʚʘʪʠʩʴ ʥʘ ʦʟʙʨʦʻʥʥʽ 

ʚʽʡʩʴʢʦʚʠʭ ʧʽʜʚʦʜʥʠʭ ʯʦʚʥʽʚ. ʆʪʨʠʤʘʥʽ ʨʝʟʫʣʴʪʘʪʠ ʜʦʩʣʽʜʞʝʥʴ ʤʦʞʥʘ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʽ ʫ ʧʨʦʝʢʪʫʚʘʥʥʽ 

ʩʠʩʪʝʤʠ ʩʪʘʙʽʣʽʟʘʮʽʾ ʦʟʙʨʦʻʥʥʷ ʣʝʛʢʠʭ ʙʨʦʥʴʦʚʘʥʠʭ ʤʘʠhʥ, ʧʨʦʪʝ ʥʝʦʙʭʽʜʥʦ ʚʨʘʭʦʚʫʚʘʪʠ ʦʩʦʙʣʠʚʦʩʪʽ 

ʥʘʟʝʤʥʦʾ ʝʢʩʧʣʫʘʪʘʮʽʾ ʩʠʩʪʝʤʠ. 

ʄʝʪʦʶ ʩʪʘʪʪʽ ʻ ʜʦʩʣʽʜʞʝʥʥʷ ʚʠʢʦʨʠʩʪʘʥʥʷ ʨʽʟʥʠʭ ʤʝʪʦʜʽʚ ʬʽʣʴʪʨʘʮʽʾ ʚʠʭʽʜʥʠʭ ʩʠʛʥʘʣʽʚ ʯʫʪʣʠʚʠʭ 

ʝʣʝʤʝʥʪʽʚ ʩʠʩʪʝʤʠ ʩʪʘʙʽʣʽʟʘʮʽʾ ʦʟʙʨʦʻʥʥʷ ʜʣʷ ʧʽʜʚʠʱʝʥʥʷ ʾʾ ʪʦʯʥʦʩʪʽ. 

1. ɿʘʩʪʦʩʫʚʘʥʥʷ ʘʥʘʣʦʛʦʚʠʭ ʪʘ ʮʠʬʨʦʚʠʭ ʬʽʣʴʪʨʽʚ ʜʣʷ  ʬʽʣʴʪʨʘʮʽʾ ʚʠʭʽʜʥʦʛʦ ʩʠʛʥʘʣʫ 

ʯʫʪʣʠʚʦʛʦ ʝʣʝʤʝʥʪʘ ʩʪʘʙʽʣʽʟʘʪʦʨʘ ʦʟʙʨʦʻʥʥʷ 

ɸʤʧʣʽʪʫʜʥʦ-ʯʘʩʪʦʪʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʽʜʝʘʣʴʥʠʭ ʬʽʣʴʪʨʽʚ, ʷʢ ʙʫʣʦ ʧʦʢʘʟʘʥʦ ʥʘ ʨʠʩ.4.1. ʤʘʶʪʴ ʨʽʟʢʫ 

ʛʨʘʥʠʮʶ ʤʽʞ ʦʙʣʘʩʪʷʤʠ ʧʨʦʧʫʩʢʫ ʪʘ ʟʘʪʨʠʤʢʠ ʩʠʛʥʘʣʽʚ. 

ʌʽʟʠʯʥʘ ʨʝʘʣʽʟʘʮʽʷ ʬʽʣʴʪʨʽʚ ʟ ʪʘʢʦʛʦ ʚʠʜʫ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ ʥʝʤʦʞʣʠʚʘ, ʪʦʤʫ ʜʦʚʦʜʠʪʴʩʷ 

ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʬʽʣʴʪʨʠ, ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʷʢʠʭ, ʧʦ ʤʦʞʣʠʚʦʩʪʽ, ʥʘʙʣʠʞʝʥʽ ʜʦ ʽʜʝʘʣʴʥʠʭ. ʉʪʝʧ̔ ʥʴ ʙʣʠʟʴʢʦʩʪʽ 

ʽʜʝʘʣʴʥʦʾ ʽ ʨʝʘʣʴʥʦʾ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʬʽʣʴʪʨʘ ʧʨʠʡʥʷʪʦ ʦʮʽʥʶʚʘʪʠ ʥʘʩʪʫʧʥʠʤʠ ʧʘʨʘʤʝʪʨʘʤʠ ɤʩ - ʯʘʩʪʦʪʘ ʟʨʽʟʫ, 

ʷʢʘ ʚʠʟʥʘʯʘʻ ʧʦʣʦʩʫ ʧʨʦʧʫʩʢʫ ʟʨʽʟʫ, ɤʟ - ʛʨʘʥʠʮʷ ʦʙʣʘʩʪʽ ʟʘʪʫʭʘʥʥʷ, ʂʩ - ʨʽʚʝʥʴ ɸʏʍ, ʱʦ ʚʠʟʥʘʯʘʻ 

ʥʝʨʽʚʥʦʤʽʨʥʽʩʪʴ ʧʝʨʝʜʘʯʽ ʩʠʛʥʘʣʫ ʚ ʧʦʣʦʩʽ ʧʨʦʧʫʩʢʫ, ʂʩ - ʨʽʚʝʥʴ ɸʏʍ, ʱʦ ʚʠʟʥʘʯʘʻ ʦʩʣʘʙʣʝʥʥʷ ʚ ʦʙʣʘʩʪʽ 

ʟʘʪʫʭʘʥʥʷ. 

ʌʽʟʠʯʥʠʡ ʟʤʽʩʪ ʚʢʘʟʘʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʥʘʛʣʷʜʥʦ ʧʨʝʜʩʪʘʚʣʝʥʦ ʥʘ ʧʨʠʢʣʘʜʽ ɸʏʍ ʌʅʏ, 

ʟʦʙʨʘʞʝʥʦʤʫ ʥʘ ʨʠʩ.1 [13]. 

 
ʈʠʩ. 1. ɸʏʍ ʬʽʣʴʪʨʘ [13] 

 

ʇʦʚʝʜʽʥʢʘ ɸʏʍ ʚ ʦʙʣʘʩʪʽ ʧʨʦʧʫʩʢʫ ʽ ʦʙʣʘʩʪʽ ʟʘʪʫʭʘʥʥʷ, ʘ ʩʘʤʝ ʜʦʧʫʩʪʠʤʽʩʪʴ ʧʫʣʴʩʘʮʽʡ ʚ ʜʘʥʠʭ 

ʦʙʣʘʩʪʷʭ ʷʚʣʷʻʪʴʩʷ ʜʦʜʘʪʢʦʚʠʤʠ ʫʤʦʚʘʤʠ.  

ʋ ʟʘʛʘʣʴʥʦʤʫ ʚʠʧʘʜʢʫ ʤʦʞʣʠʚʽ ʯʦʪʠʨʠ ʦʩʥʦʚʥʽ ʚʘʨʽʘʥʪʠ ʧʦʚʝʜʽʥʢʠ ɸʏʍ:  

- ʤʦʥʦʪʦʥʥʘ; 

- ʟ ʧʫʣʴʩʘʮʽʻʶ ʚ ʧʦʣʦʩʽ ʧʨʦʧʫʩʢʫ;  

- ʟ ʧʫʣʴʩʘʮʽʻʶ ʚ ʧʦʣʦʩʽ ʟʘʪʨʠʤʢʠ;  

- ʟ ʧʫʣʴʩʘʮʽʻʶ ʚ ʧʦʣʦʩʽ ʧʨʦʧʫʩʢʫ ʽ ʟʘʪʫʭʘʥʥʷ.  

ʅʘ ʧʨʘʢʪʠʮʽ ʧʨʦʝʢʪʫʚʘʥʥʷ ʘʥʘʣʦʛʦʚʠʭ ʽ ʮʠʬʨʦʚʠʭ ʬʽʣʴʪʨʽʚ ʥʘʡʯʘʩʪʽʰʝ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʥʘʩʪʫʧʥʽ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ: 

- ʢʨʫʪʠʟʥʘ ɸʏʍ - ʪʝʨʤʽʥ, ʱʦ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʜʣʷ ʦʧʠʩʫ ʥʘʭʠʣʫ ʘʤʧʣʽʪʫʜʥʦ-ʯʘʩʪʦʪʥʦʾ 
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ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʚ ʧʝʨʝʭʽʜʥʽʡ ʧʦʣʦʩ,̔ ʨʦʟʪʘʰʦʚʘʥʽʡ ʤʽʞ ʧʦʣʦʩʘʤʠ ʧʨʦʧʫʩʢʫ ʽ ʟʘʪʨʠʤʢʠ. ʗʢʱʦ ɸʏʍ ʬʽʣʴʪʨ 

ʤʘ̒ ʢʨʫʪʠʟʥʫ -20 ʜɹ/ʜʝʢ, ʦʩʣʘʙʣʝʥʥʷ ʛʘʨʤʦʥʽʯʥʦʛʦ ʩʠʛʥʘʣʫ ʟʽ ʟʙʽʣʴʰʝʥʥʷʤ ʯʘʩʪʦʪʠ ʚ ʜʝʩʷʪʴ ʨʘʟʽʚ (ʥʘ ʜʝʢʘʜʫ) 

ʙʫʜʝ ʙʽʣʴʰʝ ʥʘ 20 ʜɹ; 

- ʥʝʨʽʚʥʦʤʽʨʥʽʩʪʴ ɸʏʍ ʚ ʧʦʣʦʩʽ ʧʨʦʧʫʩʢʫ - ʨʦʟʤʽʨ ʬʣʫʢʪʫʘʮʽʾ ɸʍʏ ʚʽʜ ʧʽʢʘ ʜʦ ʧʽʢʘ ʚ ʧʦʣʦʩʽ 

ʧʨʦʧʫʩʢʫ; 

- ʦʩʣʘʙʣʝʥʥʷ - ʟʤʝʥʰʝʥʥʷ ʘʤʧʣʽʪʫʜʠ ʛʘʨʤʦʥʽʯʥʦʛʦ ʩʠʛʥʘʣʫ (ʜɹ), ʧʽʩʣʷ ʧʨʦʭʦʜʞʝʥʥʷ ʯʝʨʝʟ ʬʽʣʴʪʨ. 

ʆʩʣʘʙʣʝʥʥʷ ʬʽʣʴʪʨʘ ʷʚʣʷʻ ʩʦʙʦʶ ʚʽʜʥʦʰʝʥʥʷ ʘʤʧʣʽʪʫʜʠ ʚʠʭʽʜʥʦʛʦ ʛʘʨʤʦʥʽʯʥʦʛʦ ʩʠʛʥʘʣʫ ʥʘ ʧʝʚʥʽʡ 

ʯʘʩʪʦʪʽ, ʷʢʝ ʚʠʟʥʘʯʘʻʪʴʩʷ ʪʘʢʠʤ ʯʠʥʦʤ: 
 

)(lg20 ʜɹ
Xm

Xm
L

ʚʭ

ʚʠʭ=                                                                               (1) 

 

ʏʝʨʝʟ ʚʠʢʦʨʠʩʪʘʥʥʷ ʣʦʛʘʨʠʬʤʽʯʥʦʾ ʟʘʣʝʞʥʦʩʪʽ ʫ ʚʠʧʘʜʢʫ, ʷʢʱʦ ʥʘ ʟʘʜʘʥʽʡ ʯʘʩʪʦʪʽ ʘʤʧʣʽʪʫʜʘ 

ʚʠʭʽʜʥʦʛʦ ʛʘʨʤʦʥʽʯʥʦʛʦ ʩʠʛʥʘʣʫ ʬʽʣʴʪʨʘ ʤʝʥʰʝ ʘʤʧʣʽʪʫʜʠ ʚʭʽʜʥʦʛʦ ʩʠʛʥʘʣʫ, ʪʦ ʦʩʣʘʙʣʝʥʥʷ ʚʠʨʘʞʘʻʪʴʩʷ 

ʚʽʜôʻʤʥʠʤ ʯʠʩʣʦʤ. 

- ʚ̔ʜʥʦʩʥʝ ʦʩʣʘʙʣʝʥʥʷ - ʦʩʣʘʙʣʝʥʥʷ, ʚʠʤʽʨʷʥʝ ʧʦ ʚʽʜʥʦʰʝʥʥʶ ʜʦ ʥʘʡʙʽʣʴʰʦʛʦ ʟʥʘʯʝʥʥʷ ʘʤʧʣʽʪʫʜʠ. 

ʅʘʡʙʽʣʴʰʦʤʫ ʨʽʚʥʶ ʩʠʛʥʘʣʫ ʟʘʟʚʠʯʘʡ ʧʨʠʩʚʦʶʻʪʴʩʷ ʦʧʦʨʥʠʡ ʨʽʚʝʥʴ 0 ʜɹ, ʚ ʨʝʟʫʣʴʪʘʪʽ ʯʦʛʦ ʫʩʽ ʽʥʰʽ 

ʟʥʘʯʝʥʥʷ ɸʏʍ ʚʠʷʚʣʷʶʪʴʩʷ ʚʽʜôʻʤʥʠʤʠ; 

- ʧʝʨʝʭʽʜʥʘ ʧʦʣʦʩʘ - ʜʽʘʧʘʟʦʥ ʯʘʩʪʦʪ, ʚ ʷʢʦʤʫ ɸʏʍ ʬʽʣʴʪʨ ʧʝʨʝʭʦʜʠʪʴ ʚʽʜ ʧʦʣʦʩʠ ʧʨʦʧʫʩʢʫ ʜʦ 

ʧʦʣʦʩʠ ʟʘʪʨʠʤʢʠ; 

- ʧʦʣʦʩʘ ʟʘʪʨʠʤʢʠ - ʜʽʘʧʘʟʦʥ ʯʘʩʪʦʪ, ʚ ʷʢʦʤʫ ʬʽʣʴʪʨ ʦʩʣʘʙʣʷʻ ʩʠʛʥʘʣʠ; 

- ʧʦʣʦʩʘ ʧʨʦʧʫʩʢʫ - ʜʽʘʧʘʟʦʥ ʯʘʩʪʦʪ ʩʠʛʥʘʣʫ, ʚ ʷʢʦʤʫ ʬʽʣʴʪʨ ʧʨʦʧʫʩʢʘʻ ʝʥʝʨʛʽʶ ʩʠʛʥʘʣʫ ʥʘ ʚʠʭʽʜ ʟ 

ʤʽʥʽʤʘʣʴʥʠʤ ʦʩʣʘʙʣʝʥʥʷʤ. ɿʘʟʚʠʯʘʡ ʚʠʟʥʘʯʘʻʪʴʩʷ ʷʢ ʜʽʘʧʘʟʦʥ ʯʘʩʪʦʪ, ʚ ʷʢʦʤʫ ɸʏʍ ʬʽʣʴʪʨ ʥʝ ʚʠʭʦʜʠʪʴ ʟʘ 

ʤʝʞʽ ʟʤʝʥʰʝʥʥʷ ʧʦʪʫʞʥʦʩʪʽ ʩʠʛʥʘʣʫ ʚʜʚʽʯʽ, ʱʦ ʚʽʜʧʦʚʽʜʘʻ ʟʤʝʥʰʝʥʥʶ ɸʏʍ ʥʘ 3 ʜɹ; 

- ʧʦʨʷʜʦʢ ʬʽʣʴʪʨʘ - ʯʠʩʣʦ, ʱʦ ʚʠʟʥʘʯʘʻ ʥʘʡʙʽʣʴʰʫ ʩʪʝʧʽʥʴ ʯʠʩʝʣʴʥʠʢʘ ʘʙʦ ʟʥʘʤʝʥʥʠʢʘ ʧʝʨʝʜʘʪʥʦʾ 

ʬʫʥʢʮʽʾ ʬʽʣʴʪʨʘ; 

- ʧʫʣʴʩʘʮʽʾ - ʬʣʫʢʪʫʘʮʽʾ ɸʏʍ ʚ ʧʦʣʦʩʽ ʧʨʦʧʫʩʢʫ ʘʙʦ ʟʘʪʨʠʤʢʠ; 

- ʮʝʥʪʨʘʣʴʥʘ ʯʘʩʪʦʪʘ (f0 ʘʙʦ ɤ0) - ʯʘʩʪʦʪʘ, ʱʦ ʣʝʞʠʪʴ ʚ ʮʝʥʪʨʽ ʧʦʣʦʩʠ ʧʨʦʧʫʩʢʫ ʬʽʣʴʪʨʘ; 

- ʯʘʩʪʦʪʘ ʟʨʟ̔ʫ ʬʣ̔ʴʪʨʘ - ʚʠʱʘ (ʜʣʷ ʌʅʏ) ʘʙʦ ʥʠʞʯʘ (ʜʣʷ ʌɺʏ) ʯʘʩʪʦʪʘ, ʥʘ ʷʢʽʡ ɸʏʍ ʥʝ ʚʠʭʦʜʠʪʴ 

ʟʘ ʤʝʞʽ ʧʫʣʴʩʘʮʽʡ ʧʦʣʦʩʠ ʧʨʦʧʫʩʢʫ ʬʽʣʴʪʨʘ. 

ʋ ʩʠʩʪʝʤʽ ʩʪʘʙʽʣʽʟʘʮʽʾ ʚʘʞʣʠʚʠʤ ʻ ʤʘʪʠ ʤʦʞʣʠʚʽʩʪʴ ʟʙʝʨʝʞʝʥʥʷ ʬʦʨʤʠ ʩʠʛʥʘʣʫ, ʱʦ ʥʘʢʣʘʜʘʻ 

ʜʦʜʘʪʢʦʚʽ ʦʙʤʝʞʝʥʥʷ ʥʘ ʚʠʛʣʷʜ ʬʘʟʦʯʘʩʪʦʪʥʦʾ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʽʜʝʘʣʴʥʦʛʦ ʬʽʣʴʪʨʘ. 

ɿʥʘʡʪʠ ʧʦʪʨʽʙʥʠʡ ʚʠʛʣʷʜ ʽʜʝʘʣʴʥʦʾ ʌʏʍ ʬʽʟʠʯʥʦʛʦ ʨʝʘʣʽʟʦʚʘʥʦʛʦ ʬʽʣʴʪʨʘ ʜʦʚʦʣʽ ʧʨʦʩʪʦ. ɼʣʷ ʪʦʛʦ, 

ʱʦʙ ʩʠʛʥʘʣ u(t), ʱʦ ʥʘʜʭʦʜʠʪʴ ʥʘ ʚʭʽʜ ʬʽʣʴʪʨʘ, ʟʙʝʨʽʛ ʩʚʦʶ ʬʦʨʤʫ, ʚʠʭʽʜʥʠʡ ʩʠʛʥʘʣ ʬʽʣʴʪʨʘ y(t) ʧʦʚʠʥʝʥ 

ʙʫʪʠ ʧʦʚôʷʟʘʥʠʡ ʟ ʥʠʤ ʩʧʽʚʚʜ̔ʥʦʝhʥʥʷʤ 
 

y(t) = kĀuĀ(t - t0),                                                                                      (2) 
 

ʜʝ k = const - ʤʘʩʰʪʘʙʥʠʡ ʢʦʝʬʽʮʽʻʥʪ, t0 = const - ʯʘʩ ʟʘʪʨʠʤʢʠ ʧʦʷʚʠ ʚʠʭʽʜʥʦʛʦ ʩʠʛʥʘʣʫ ʧʦ 

ʚʽʜʥʦʰʝʥʥʶ ʜʦ ʚʭʽʜʥʦʛʦ ʩʠʛʥʘʣʫ.  

ʊʦʙʪʦ ʻʜʠʥʘ ʟʤʽʥʘ ʩʠʛʥʘʣʫ, ʱʦ ʜʦʧʫʩʢʘʻʪʴʩʷ ʚ ʪʘʢʦʤʫ ʬʽʣʴʪʨʽ - ʮʝ ʟʘʪʨʠʤʢʘ ʚ ʯʘʩʽ ʽ ʤʘʩʰʪʘʙʫʚʘʥʥʷ 

ʧʦ ʘʤʧʣʽʪʫʜʽ. 

ʆʯʝʚʠʜʥʦ, ʱʦ ʧʝʨʝʜʘʪʥʘ ʬʫʥʢʮʽʷ ʚʢʘʟʘʥʦʛʦ ʬʽʣʴʪʨʘ ʤʘʻ ʚʠʛʣʷʜʘʪʠ ʪʘʢʠʤ ʯʠʥʦʤ: 
 

W(s) = ke-st0,                                                                                          (3) 
 

ʱʦ ʧʨʠʚʦʜʠʪʴ ʜʦ ʌʏʍ ʫ ʚʠʛʣʷʜʽ: 
 

ű(ɤ) = -ɤt0                                                                                                                                             (4) 
 

ʪʦʙʪʦ ʜʘʥʘ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ ʧʦʚʠʥʥʘ ʙʫʪʠ ʣʽʥʽʡʥʦʶ ʚʽʜʥʦʩʥʦ ʯʘʩʪʦʪʠ [13]. ʗʢʱʦ ʌʏʍ ʥʝ ʙʫʜʝ 

ʣʽʥʽʡʥʦʶ ʦʜʥʦʨʽʜʥʦʶ ʬʫʥʢʮʽʻʶ ʢʨʫʛʦʚʦʾ ʯʘʩʪʦʪʠ , ʪʦ ʨʽʟʥʽ ʛʘʨʤʦʥʽʡʥʽ ʩʢʣʘʜʦʚʽ ʩʠʛʥʘʣʫ ʙʫʜʫʪʴ ʟʤʽʱʝʥʽ 

ʬʽʣʴʪʨʦʤ ʥʘ ʨʽʟʥʽ ʽʥʪʝʨʚʘʣʠ ʯʘʩʫ, ʱʦ ʧʨʠʚʝʜʝ ʜʦ ʚʠʢʨʠʚʣʝʥʥʷ ʬʦʨʤʠ ʩʠʛʥʘʣʫ, ʱʦ ʤʽʩʪʠʪʴ ʙʽʣʴʰʝ ʦʜʥʽʻʾ 

ʛʘʨʤʦʥʽʡʥʦʾ ʩʢʣʘʜʦʚʦʾ. ʏʠʤ ʙʣʠʞʯʝ ʌʏʍ ʬʽʣʴʪʨʘ ʜʦ ʣʽʥʽʡʥʦʾ ʦʜʥʦʨʽʜʥʦʾ ʬʫʥʢʮʽʾ, ʪʠʤ ʚʠʢʨʠʚʣʝʥʥʷ ʙʫʜʫʪʴ 

ʤʝʥʰʽ ʥʽʞ ʚʠʢʨʠʚʣʝʥʥʷ ʬʦʨʤʠ ʩʠʛʥʘʣʫ. 

ɼʣʷ ʩʠʩʪʝʤ ʩʪʘʙʽʣʽʟʘʮʽʾ ʜʦʨʝʯʥʠʤ ʙʫʣʦ ʙ ʪʘʢʦʞ ʧʨʦʘʥʘʣʽʟʫʚʘʪʠ ʤʦʞʣʠʚʦʩʪʽ ʚʠʢʦʨʠʩʪʘʥʥʷ ʩʘʤʝ 

ʬʽʣʴʪʨʽʚ ʥʠʞʥʽʭ ʯʘʩʪʦʪ ʜʣʷ ʯʫʪʣʠʚʠʭ ʝʣʝʤʝʥʪʽʚ (ʛʽʨʦʩʢʦʧʽʚ, ʘʢʩʝʣʝʨʦʤʝʪʨʽʚ). ɺʣʘʩʪʠʚʦʩʪʽ ʪʘʢʠʭ ʬʣ̔ʴʪʨʽʚ 

ʩʠʣʴʥʦ ʟʘʣʝʞʘʪʴ ʚʽʜ ʪʦʛʦ, ʷʢʘ ʩʘʤʝ ʤʘʪʝʤʘʪʠʯʥʘ ʬʫʥʢʮʽʷ ʦʙʨʘʥʘ ʜʣʷ ʘʧʨʦʢʩʠʤʘʮʽʾ ʯʘʩʪʦʪʥʦʾ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ 

ʽʜʝʘʣʴʥʦʛʦ ʬʽʣʴʪʨʘ, ʪʦʙʪʦ ʚʽʜ ʪʦʛʦ ʷʢʠʤʠ ʧʦʣʽʥʦʤʘʤʠ ʦʧʠʩʫʶʪʴʩʷ ʾʭ ʧʝʨʝʜʘʪʥʽ ʬʫʥʢʮ̔ ʾ. ʉʘʤʝ ʚʠʙʽʨ ʚʠʜʫ 

ʘʧʨʦʢʩʠʤʫʶʯʦʛʦ ʧʦʣʽʥʦʤʘ (ʘ, ʦʪʞʝ, ʚʽʜʧʦʚʽʜʥʦ ʽ ʨʦʟʪʘʰʫʚʘʥʥʷ ʥʫʣʽʚ ʽ ʧʦʣʶʩʽʚ ʥʘ ʢʦʤʧʣʝʢʩʥʽʡ ʧʣʦʱʠʥʽ) 

ʚʠʟʥʘʯʘʶʪʴ ʚʠʜ ʘʤʧʣʽʪʫʜʥʦ-ʯʘʩʪʦʪʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʚ ʧʦʣʦʩʽ ʧʨʦʧʫʩʢʫ, ʚ ʧʝʨʝʭʽʜʥʽʡ ʧʦʣʦʩʽ ʽ ʚ ʧʦʣʦʩʽ 

ʟʘʪʨʠʤʢʠ. 

ʅʘʡʯʘʩʪʽʰʝ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩ̫  ʘʧʨʦʢʩʠʤʘʮʽʾ ʧʦʣʽʥʦʤʘʤʠ ɹʘʪʪʝʨʚʦʨʪʘ, ʏʝʙʠʰʝʚʘ ʽ ʂʘʫʝʨʘ. ʌʽʣʴʪʨʠ, 

ʦʪʨʠʤʘʥʽ ʥʘ ʦʩʥʦʚʽ ʜʘʥʠʭ ʘʧʨʦʢʩʠʤʘʮʽʡ ʥʘʟʠʚʘʶʪʴ ʚʽʜʧʦʚʽʜʥʠʤʠ ʽʤʝʥʘʤʠ ï ʬʽʣʴʪʨ ɹʘʪʪʝʨʚʦʨʪʘ, ʬʽʣʴʪʨ 

ʏʝʙʠʰʝʚʘ ʽ ʬʽʣʴʪʨ ʂʘʫʝʨʘ. ʊʘʢʦʞ ʟʘʩʪʦʩʦʚʫʶʪʴʩʷ ʝʣʽʧʪʠʯʥʽ ʬʽʣʴʪʨʠ ʽ ʬʽʣʴʪʨʠ ɹʝʩʩʝʣʷ [13]. 
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ʌ̔ʣʪɹʨʠ ɹʘʪʪʝʨʚʦʨʪʘ ʭʘʨʘʢʪʝʨʠʟʫʶʪʴʩʷ ʤʦʥʦʪʦʥʥʦʶ ʽ ʥʘʡʙʽʣʴʰ ʧʣʦʩʢʦʶ ɸʏʍ ʚ ʧʦʣʦʩʽ ʧʨʦʧʫʩʢʫ, 

ʧʨʠ ʮʴʦʤʫ ʧʘʜʽʥʥʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʚʽʜʙʫʚʘʻʪʴʩʷ ʥʝʜʦʩʪʘʪʥʴʦ ʨʽʟʢʦ. 

ʌʽʣʴʪʨʠ ʏʝʙʠʰʝʚʘ ʚʽʜʨʽʟʥʷʶʪʴʩʷ ʨʽʟʢʠʤ ʩʧʘʜʦʤ ɸʏʍ ʚ ʧʝʨʝʭʽʜʥʽʡ ʧʦʣʦʩʽ, ʘʣʝ ʚ ʧʦʣʦʩʽ ʧʨʦʧʫʩʢʫ ʮʽ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʥʝ ʷʚʣʷʶʪʴʩʷ ʤʦʥʦʪʦʥʥʠʤʠ (ʧʣʦʩʢʠʤʠ). ʅʘ ʧʨʘʢʪʠʮʽ ʟʘʩʪʦʩʦʚʫʶʪʴʩʷ ʜʚʘ ʚʠʜʠ ʬʽʣʴʪʨʽʚ 

ʏʝʙʠʰʝʚʘ, ʱʦ ʦʪʨʠʤʘʣʠ ʥʘʟʚʠ ʬʽʣʴʪʨʽʚ ʧʝʨʰʦʛʦ ʽ ʜʨʫʛʦʛʦ ʨʦʜʫ. 

ʌʽʣʴʪʨʠ ɹʝʩʩʝʣʷ ʭʘʨʘʢʪʝʨʠʟʫʶʪʴʩʷ ʌʏʍ ʙʣʠʟʴʢʠʤʠ ʜʦ ʽʜʝʘʣʴʥʠʭ, ʱʦ ʚʽʜʧʦʚʽʜʘʶʪʴ ʦʜʥʦʨʽʜʥʽʡ 

ʣʽʥʽʡʥʽʡ ʬʫʥʢʮʽʾ ʚ̔ ʜ ʯʘʩʪʦʪʠ. ʎʝʡ ʪʠʧ ʬʽʣʴʪʨʽʚ ʧʨʘʢʪʠʯʥʦ ʥʝ ʚʠʢʨʠʚʣʷʻ ʬʦʨʤʫ ʚʭʽʜʥʦʛʦ ʩʠʛʥʘʣʫ, ʘʣʝ ʾʭ ɸʏʍ 

ʚ ʧʝʨʝʭʽʜʥʽʡ ʧʦʣʦʩʽ, ʱʝ ʙʽʣʴʰ ʧʦʣʦʛʽ, ʥʘʚʽʪʴ ʚ ʧʦʨʽʚʥʷʥʥʽ ʟ ʬʽʣʴʪʨʘʤʠ ɹʘʪʪʝʨʚʦʨʪʘ. 

2. ʄʝʪʦʜ ʬʽʣʴʪʨʘʮʽʾ ʥʘ ʦʩʥʦʚʽ ʧʽʜʙʦʨʫ ʚʣʘʩʥʦʾ ʯʘʩʪʦʪʠ ʯʫʪʣʠʚʦʛʦ ʝʣʝʤʝʥʪʫ 

ʈʝʟʫʣʴʪʘʪʠ ʚʠʤʽʨʚʁʘʥʴ, ʦʪʨʠʤʘʥʽ ʟʘ ʜʦʧʦʤʦʛʦʶ ʨʽʟʥʠʭ ʯʫʪʣʠʚʠʭ ʝʣʝʤʝʥʪʽʚ (ʩʪʨʫʥʥʦʛʦ, ʻʤʥʽʩʥʦʛʦ, 

ʜʚʦʛʽʨʦʩʢʦʧʥʦʛʦ, ʧôʻʟʦʝʣʝʢʪʨʠʯʥʦʛʦ) ʩʪʘʙʽʣʽʟʘʪʦʨʘ ʦʟʙʨʦʻʥʥʷ ʣʝʛʢʦʾ ʙʨʦʥʴʦʚʘʥʦʾ ʪʝʭʥʽʢʠ, ʤʽʩʪʷʪʴ ʧʦʭʠʙʢʠ 

ʚʠʤʽʨʶʚʘʥʴ. ʎʽ ʧʦʭʠʙʢʠ ʚʠʢʣʠʢʘʥʽ ʪʠʤ, ʱʦ ʯʫʪʣʠʚʠʡ ʝʣʝʤʝʥʪ ʚʠʤʽʨʶʻ ʧʨʦʝʢʮʽʶ ʩʫʢʫʧʥʦʩʪʽ ʩʠʛʥʘʣʽʚ ʥʘ 

ʚʣʘʩʥʫ ʚʽʩʴ ʯʫʪʣʠʚʦʩʪʽ: ʢʦʨʠʩʥʦʛʦ ʩʠʛʥʘʣʫ ʪʘ ʩʠʛʥʘʣʫ ʧʝʨʝʰʢʦʜʠ (ʷʢʠʡ ʫ ʜʝʢʽʣʴʢʘ ʨʘʟʽʚ ʧʝʨʝʚʠʱʫʻ ʢʦʨʠʩʥʠʡ 

ʩʠʛʥʘʣ) [1, 14]. 

ʈʦʟʛʣʷʥʝʤʦ ʚʠʨʽʰʝʥʥʷ ʜʘʥʦʾ ʧʨʦʙʣʝʤʠ ʬʽʣʴʪʨʘʮʽʾ ʚʠʭʽʜʥʦʛʦ ʩʠʛʥʘʣʫ ʥʘ ʧʨʠʢʣʘʜʽ ʧôʻʟʦʝʣʝʢʪʨʠʯʥʦʛʦ 

ʛʨʘʚʽʤʝʪʨʘ (ʇɻ) [14-15]. 

ʈʽʚʥʷʥʥʷ ʨʫʭʫ ʘʚʪʦʤʘʪʠʟʦʚʘʥʦʾ ʛʨʘʚʽʤʝʪʨʠʯʥʦʾ ʩʠʩʪʝʤʠ   ʜʣʷ ʚʠʟʥʘʯʝʥʥʷ ʘʥʦʤʘʣʽʾ ʧʨʠʩʢʦʨʝʥʥʷ ʩʠʣʠ 

ʪʷʞʽʥʥʷ ȹg  ʤʘʻ ʚʠʛʣʷʜ [14]: 
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(5) 

 

ʜʝ fz ī ʚʠʭʽʜʥʠʡ ʩʠʛʥʘʣ ʇɻ; gz ï ʧʨʠʩʢʦʨʝʥʥʷ ʩʠʣʠ ʪʷʞʽʥʥʷ ʚʟʜʦʚʞ ʦʩʽ ʯʫʪʣʠʚʦʩʪʽ ʇɻ; v ï ʰʚʠʜʢʽʩʪʴ 

ʦʙô̒ʢʪʘ; r ï ʨʘʜʽʫʩ ʤʽʩʮʝʟʥʘʭʦʜʞʝʥʥʷ ʦʙôʻʢʪʘ; ʝ ï ʩʪʠʩʢ ʝʣʽʧʩʦʾʜʘ; ű ï ʛʝʦʛʨʘʬʽʯʥʘ ʰʠʨʦʪʘ; k ï ʢʫʨʩ; ɤ3 ï 

ʢʫʪʦʚʘ ʰʚʠʜʢʽʩʪʴ ʦʙʝʨʪʘʥʥʷ ɿʝʤʣʽ; h ï ʚʠʩʦʪʘ ʣʽʪʘʢʘ ʥʘʜ ʝʣʽʧʩʦʾʜʦʤ; h# ī ʚʝʨʪʠʢʘʣʴʥʘ ʰʚʠʜʢʽʩʪʴ; h## ī 

ʚʝʨʪʠʢʘʣʴʥʝ ʧʨʠʩʢʦʨʝʥʥʷ; ɔ0 ï ʜʦʚʽʜʢʦʚʝ ʟʥʘʯʝʥʥʷ ʧʨʠʩʢʦʨʝʥʥʷ ʩʠʣʠ ʪʷʞʽʥʥʷ. 

ɺʠʭʽʜʥʠʡ ʩʠʛʥʘʣ ʛʨʘʚʽʤʝʪʨʘ ɸɻʉ ʧʽʩʣʷ ʦʙʯʠʩʣʝʥʥʷ ʽ ʚʚʝʜʝʥʥʷ ʚʩʽʭ ʧʦʧʨʘʚʦʢ ʤʦʞʥʘ ʟʘʧʠʩʘʪʠ ʫ 

ʚʠʛʣʷʜʽ [1, 14]: 
 

,hzz gfT s+==
 

(6) 

 

ʜʝ 
h##
s   - ʧʦʭʠʙʢʘ ʚʽʜ ʚʧʣʠʚʫ ʚʝʨʪʠʢʘʣʴʥʦʛʦ ʧʨʠʩʢʦʨʝʥʥʷ ʦʙô̒ʢʪʘ. 

ʋ ʨʦʙʦʪʽ [14] ʦʪʨʠʤʘʥʦ ʘʥʘʣʽʪʠʯʥʽ ʚʠʨʘʟʠ ʩʧʝʢʪʨʘʣʴʥʠʭ ʱʽʣʴʥʦʩʪʝʡ ʢʦʨʠʩʥʦʛʦ ʩʠʛʥʘʣʫ  ʪʘ 

ʚʝʨʪʠʢʘʣʴʥʦʛʦ ʧʨʠʩʢʦʨʝʥʥʷ ʦʙôʻʢʪʘ ʪʘ ʧʦʙʫʜʦʚʘʥʦ ʾʭ ʛʨʘʬʽʢʠ.  ɯʟ ʮʠʭ ʛʨʘʬʽʢʽʚ ʚʠʜʥʦ, ʱʦ ʧʨʠ ʯʘʩʪʦʪʘʭ, 

ʤʝʥʰʠʭ ʟʘ 0,1 ʨʘʜ/ʩ, ʩʠʩʪʝʤʘ ʣʽʪʘʢ-ʘʚʪʦʧʽʣʦʪ ʩʫʪʪʻʚʦ ʟʤʝʥʰʫʻ ʝʬʝʢʪʠ ʚʧʣʠʚʫ ʚʝʨʪʠʢʘʣʴʥʦʛʦ ʧʨʠʩʢʦʨʝʥʥʷ; 

ʧʨʠ ʯʘʩʪʦʪʘʭ ʧʦʥʘʜ 0,1 ʨʘʜ/ʩ ʩʧʝʢʪʨʘʣʴʥʘ ʛʫʩʪʠʥʘ ʚʝʨʪʠʢʘʣʴʥʦʛʦ ʧʨʠʩʢʦʨʝʥʥʷ ʧʨʷʤʫʻ ʜʦ ʥʝʩʢʽʥʯʝʥʥʦʩʪʽ. 

ʊʦʤʫ ʥʝʦʙʭʽʜʥʦ ʟʘʙʝʟʧʝʯʠʪʠ ʧʨʦʮʝʩ ʬʽʣʴʪʨʘʮʽʾ ʚʠʭʽʜʥʦʛʦ ʩʠʛʥʘʣʫ ʇɻ ʽʟ ʯʘʩʪʦʪʦʶ 0,1 ʨʘʜ/ʩ. 

ʅʘʡʧʦʰʠʨʝʥʽʰʠʤ ʤʝʪʦʜʦʤ ʢʦʥʩʪʨʫʢʪʠʚʥʦʾ ʨʝʘʣʽʟʘʮʽʾ ʜʘʥʦʛʦ ʧʨʦʮʝʩʫ ʫ ʚʽʜʦʤʠʭ ʛʨʘʚʽʤʝʪʨʽʚ ʻ ʚʠʢʦʨʠʩʪʘʥʥʷ 

ʥʠʟʴʢʦʯʘʩʪʦʪʥʠʭ ʬʽʣʴʪʨʽʚ ʽʟ ʯʘʩʪʦʪʦʶ ʟʨʽʟʫ 0,1 ʨʘʜ/ʩ. ʆʜʥʘʢ, ʫ ʪʠʭ ʫʤʦʚʘʭ, ʫ ʷʢʠʭ ʧʝʨʝʜʙʘʯʝʥʘ ʝʢʩʧʣʫʘʪʘʮʽʷ 

ʇɻ, ʨʦʙʦʪʘ ʝʣʝʢʪʨʦʥʥʠʭ ʢʦʤʧʦʥʝʥʪʽʚ ʬʽʣʴʪʨʘ ʩʪʘʻ ʥʝʩʪʘʙʽʣʴʥʦʶ, ʮʠʤ ʟʤʽʥʶʶʯʠ ʡʦʛʦ ʯʘʩʪʦʪʫ ʟʨʽʟʫ. ʋ 

ʢʽʥʮʝʚʦʤʫ ʨʝʟʫʣʴʪʘʪʽ ʬʽʣʴʪʨ ʧʦʯʠʥʘʻ ʧʨʦʧʫʩʢʘʪʠ ʟʘʚʘʜʠ ʥʘ ʚʠʭʽʜ ʇɻ ʘʙʦ ʥʝ ʧʨʦʧʫʩʢʘʪʠ ʯʘʩʪʠʥʫ ʢʦʨʠʩʥʦʛʦ 

ʩʠʛʥʘʣʫ ʚʟʘʛʘʣʽ. ʊʦʤʫ ʥʘʷʚʥʽʩʪʴ ʬʽʣʴʪʨʘ ʥʠʟʴʢʠʭ ʯʘʩʪʦʪ, ʷʢ ʦʢʨʝʤʦʛʦ ʙʣʦʢʘ ʫ ʩʢʣʘʜʽ ʛʨʘʚʽʤʝʪʨʘ, ʩʫʪʪʻʚʦ 

ʟʤʝʥʰʫʻ, ʫ ʧʝʨʰʫ ʯʝʨʛʫ, ʥʘʜʽʡʥʩ̔ʪʴ ʧʨʠʣʘʜʫ ʪʘ ʪʦʯʥʽʩʪʴ.  

ɿʘʧʨʦʧʦʥʦʚʘʥʦ ʥʦʚʠʡ ʩʧʦʩʽʙ ʬʽʣʴʪʨʘʮʽʾ ʚʠʭʽʜʥʦʛʦ ʩʠʛʥʘʣʫ ʇɻ (ʯʫʪʣʠʚʦʛʦ ʝʣʝʤʝʥʪʘʘ ʩʠʩʪʝʤʠ 

ʩʪʘʙʽʣʽʟʘʮʽʾ) ʟʘ ʨʘʭʫʥʦʢ ʚʠʢʦʨʠʩʪʘʥʥʷ ʧôʻʟʦʧʘʢʝʪʘ, ʯʘʩʪʦʪʘ ʚʣʘʩʥʠʭ ʢʦʣʠʚʘʥʴ ʷʢʦʛʦ ʜʦʨʽʚʥʶʻ ʥʘʡʙʽʣʴʰʽʡ 

ʯʘʩʪʦʪʽ ʛʨʘʚʽʪʘʮʽʡʥʠʭ ʧʨʠʩʢʦʨʝʥʴ, ʱʦ ʤʦʞʝ ʙʫʪʠ ʚʠʤʽʨʷʥʘ ʥʘ ʬʦʥʽ ʧʝʨʝʰʢʦʜ - 0,1 ʨʘʜ/ʩ. 

ʊʦʤʫ, ʟʘʚʜʷʢʠ ʚʣʘʩʪʠʚʦʩʪʷʤ ʧô̒ ʟʦʧʘʢʝʪʘ, ʜʣʷ ʚʠʭʽʜʥʦʛʦ ʩʠʛʥʘʣʫ ʤʦʞʥʘ ʟʘʧʠʩʘʪʠ 

ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ [14]: 
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ʜʝ w(t-Ű) ï ʚʘʛʦʚʘ ʬʫʥʢʮʽʷ ʬʽʣʴʪʨʘʮʽʾ, ʱʦ ʨʝʘʣʽʟʫʻʪʴʩʷ ʧôʻʟʦʧʘʢʝʪʦʤ; Ű = 2ḱ (k= 1,2é) ï ʽʥʪʝʨʚʘʣ 

ʯʘʩʫ ʦʙʯʠʩʣʝʥʴ ʧʨʠʩʪʨʦʶ ʦʙʯʠʩʣʝʥʥʷ ʚʠʭʽʜʥʦʛʦ ʩʠʛʥʘʣʫ ʛʨʘʚʽʤʝʪʨʘ. ʇʨʠ ʮʴʦʤʫ: 
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ʜʝ ɤ0 ï ʚʣʘʩʥʘ ʯʘʩʪʦʪʘ ʛʨʘʚʽʤʝʪʨʘ; W(jɤ) ï ʬʫʥʢʮʽʷ ʧʝʨʝʜʘʯʽ ʬʽʣʴʪʨʘʮʽʾ, ʱʦ ʚʠʟʥʘʯʘʻʪʴʩʷ ʥʘ ʦʩʥʦʚʽ 

ʩʧʝʢʪʨʘʣʴʥʠʭ ʱʽʣʴʥʦʩʪʝʡ ʢʦʨʠʩʥʦʛʦ ʩʠʛʥʘʣʫ ʧʨʠʩʢʦʨʝʥʥʷ ʩʠʣʠ ʪʷʞʽʥʥʷ ʽ ʟʘʚʘʜ. 

ʉʘʤʝ ʟʘ ʜʦʧʦʤʦʛʦʶ ʥʠʟʴʢʦʯʘʩʪʦʪʥʦʾ ʬʽʣʴʪʨʘʮʽʾ ʟ ʯʘʩʪʦʪʦʶ ʟʨʽʟʫ 0,1 ʨʘʜ/ʩ, ʤʦʞʥʘ ʚʽʜʦʢʨʝʤʣʶʚʘʪʠ g 

ʚʽʜ h## ʽʟ ʪʦʯʥʽʩʪʶ 1 ʤɻʘʣ. ʆʪʞʝ, ʯʘʩʪʦʪʘ ʚʣʘʩʥʠʭ ʢʦʣʠʚʘʥʴ ʇɻ ʜʦʨʽʚʥʶʻ: 

ʆʜʥʘʢ, ʜʘʥʠʡ ʩʧʦʩʽʙ ʬʽʣʴʪʨʘʮʽʾ ʧʝʨʝʜʙʘʯʘʻ ʟʥʘʯʥʝ ʟʙʽʣʴʰʝʥʥʷ ʪʦʚʱʠʥʠ ʧô̒ ʟʦʧʘʢʝʪʫ (ʛʘʙʘʨʠʪʽʚ 

ʯʫʪʣʠʚʦʛʦ ʝʣʝʤʝʥʪʫ), ʪʦʤʫ ʜʦʮʽʣʴʥʦ ʨʦʟʛʣʷʥʫʪʠ ʽʥʰʠʡ ʩʧʦʩʽʙ ʜʦʩʷʛʥʝʥʥʷ ʚʣʘʩʥʦʾ ʯʘʩʪʦʪʠ ʇɻ ʚʝʣʠʯʠʥʦʶ 0.1 

ʨʘʜ/ʩ ʟ ʫʥʠʢʥʝʥʥʷʤ ʧʦʪʦʚʱʝʥʥʷ. 

ɯʩʥʫʻ ʟʘʣʝʞʥʽʩʪʴ ʯʘʩʪʦʪʠ ʚʠʤʽʨʶʚʘʥʥʷ ʚʽʜ ʧʦʩʪʽʡʥʦʾ ʯʘʩʫ, ʷʢʘ ʤʘʻ ʚʠʛʣʷʜ: 
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ʜʝ R× - ʩʫʤʘʨʥʠʡ ʦʧʽʨ ʚʠʪʦʢʫ, ʫʪʚʦʨʝʥʠʡ ʧʦʚʝʨʭʥʝʚʠʤ ʪʘ ʦʙôʻʤʥʠʤ ʦʧʦʨʘʤʠ ʇɻ ʽ ʚʭʽʜʥʠʤ ʦʧʦʨʦʤ 

ʚʠʤʽʨʶʚʘʣʴʥʦʛʦ ʢʦʣʘ;    ʉ× - ʩʫʤʘʨʥʘ ʻʤʥʽʩʪʴ ʤʽʞ ʛʨʘʥʷʤʠ ʧʣʘʩʪʠʥ ʇɻ ʪʘ ʚʭʽʜʥʦʛʦ ʢʦʣʘ. 

ʆʩʢʽʣʴʢʠ ʚʣʘʩʥʘ ʯʘʩʪʦʪʘ ʇɻ ɤ0 = 0,1 ʨʘʜ/ʩ, ʪʦʜʽ ʤʘʻʤʦ: 
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ʋ ʨʝʘʣʴʥʠʭ ʫʤʦʚʘʭ ʇɻ ʚʤʠʢʘʶʪʴ ʫ ʩʧʝʮʽʘʣʴʥʽ ʚʠʤʽʨʶʚʘʣʴʥʽ ʩʭʝʤʠ, ʘ ʪʦʤʫ ʧʘʨʘʣʝʣʴʥʦ ʡʦʛʦ ʚʣʘʩʥʽʡ 

ʻʤʥʦʩʪʽ ʉʇɽ ʙʫʜʫʪʴ ʫʚʽʤʢʥʝʥʽ ʻʤʥʦʩʪʽ ʚʭʽʜʥʦʛʦ ʢʦʣʘ ʦʧʝʨʘʮʽʡʥʦʛʦ ʧʽʜʩʠʣʶʚʘʯʘ ʉɺʍ ʪʘ ʟôʻʜʥʫʚʘʣʴʥʦʛʦ 

ʢʘʙʝʣʶ ʉʂ. ɸʥʘʣʦʛʽʯʥʘ ʩʠʪʫʘʮʽʷ ʚʽʜʙʫʚʘʻʪʴʩʷ ʽ ʟ ʦʧʦʨʦʤ ʇɻ Rʇɽ, ʜʦ ʷʢʦʛʦ ʱʝ ʜʦʜʘʻʪʴʩʷ ʦʧʽʨ ʽʟʦʣʷʮʽʾ ʢʘʙʝʣʶ 

Rʂ ʪʘ ʚʭʽʜʥʠʡ ʦʧʽʨ ʦʧʝʨʘʮʽʡʥʦʛʦ ʧʽʜʩʠʣʶʚʘʯʘ Rɺʍ.  ʊʦʤʫ ʟʥʘʯʝʥʥʷ ʩʫʤʘʨʥʦʛʦ ʦʧʦʨʫ ʪʘ ʻʤʥʦʩʪʽ ʤʘʻ 

ʥʘʩʪʫʧʥʠʡ ʚʠʛʣʷʜ: 
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ɯʟ ʬʦʨʤʫʣʠ (10) ʚʠʜʥʦ, ʱʦ ʯʠʤ ʙʽʣʴʰʝ Ű, ʪʠʤ ʤʝʥʰʘ ʚʣʘʩʥʘ ʯʘʩʪʦʪʘ ʇɻ, ʦʜʥʘʢ ʪʠʤ ʧʦʚʽʣʴʥʽʰʠʡ ʩʪʘʻ 

ʧʨʦʮʝʩ ʨʦʟʨʷʜʫ ʧôʻʟʦʝʣʝʤʝʥʪʫ. ʏʝʨʝʟ ʽʥʪʝʨʚʘʣ ʯʘʩʫ 5Ű=5 R×ʉ× ʥʘʧʨʫʛʘ ʪʘ ʩʪʨʫʤ ʫ ʢʦʣʽ ʟʤʝʥʰʠʪʴʩʷ 

ʧʨʠʙʣʠʟʥʦ 1% ʚʽʜ ʧʦʯʘʪʢʦʚʦʛʦ ʟʥʘʯʝʥʥʷ, ʽ ʧʨʦʮʝʩ ʨʦʟʨʷʜʫ ʧôʻʟʦʝʣʝʤʝʥʪʫ ʤʦʞʥʘ ʚʚʘʞʘʪʠ ʟʘʚʝʨʰʝʥʠʤ. 

3. ʄʝʪʦʜ ʜʚʦʢʘʥʘʣʴʥʦʩʪʽ ʇʝʪʨʦʚʘ 

ʗʢ ʙʘʯʠʤʦ, ʪʦʯʥʽʩʪʴ ʩʪʘʙʽʣʽʟʘʮʽʾ ʩʠʣʴʥʦ ʟʘʣʝʞʠʪʴ ʚʽʜ ʪʦʯʥʦʩʪʽ ʯʫʪʣʠʚʠʭ ʝʣʝʤʝʥʪʽʚ ʩʠʩʪʝʤʠ 

ʩʪʘʙʽʣʽʟʘʮʽʾ. ɺʠʭʽʜʥʽ ʩʠʛʥʘʣʠ ʮʠʭ ʯʫʪʣʠʚʠʭ ʝʣʝʤʝʥʪʽʚ ʤʽʩʪʷʪʴ ʟʥʘʯʥʽ ʧʦʭʠʙʢʠ, ʦʧʠʩʘʥʽ ʚ [1]. 

ʅʘʡʧʦʰʠʨʝʥʽʰʠʤ ʤʝʪʦʜʦʤ ʾʭ ʣʽʢʚʽʜʘʮʽʾ ʻ ʚʠʢʦʨʠʩʪʘʥʥʷ ʬʽʣʴʪʨʽʚ ʥʠʞʥʽʭ ʯʘʩʪʦʪ. ʇʨʦʪʝ ʽʩʥʫʶʪʴ ʡ ʽʥʰʽ 

ʤʝʪʦʜʠ ʬʽʣʴʪʨʘʮʽʾ, ʷʢʽ ʫʥʠʢʘʶʪʴ ʥʝʦʙʭʽʜʥʽʩʪʴ ʚʠʢʦʨʠʩʪʘʥʥʷ ʬʽʣʴʪʨʽʚ ʷʢ ʦʢʨʝʤʠʭ ʙʣʦʢʽʚ ʢʦʥʩʪʨʫʢʮʽʾ ʩʠʩʪʝʤʠ 

ʩʪʘʙʽʣʽʟʘʮʽʾ ʦʟʙʨʦʻʥʥʷ. ʆʜʥʠʤ ʽʟ ʥʠʭ ʻ ʤʝʪʦʜ ʜʚʦʢʘʥʘʣʴʥʦʩʪʽ ʇʝʪʨʦʚʘ [17]. 

ʆʜʥʝ ʟ ʥʘʡʛʦʣʦʚʥʽʰʠʭ ʧʠʪʘʥʴ ʪʝʦʨʽʾ ʨʝʛʫʣʶʚʘʥʥʷ ʟʘ ʟʙʫʨʝʥʥʷʤ ʻ ʧʠʪʘʥʥʷ ʨʝʘʣʽʟʘʮʽʾ ʫʤʦʚ 

ʽʥʚʘʨʽʘʥʪʥʦʩʪʽ. ʗʢʱʦ ʟʘʩʪʦʩʫʚʘʥʥʷ ʧʨʠʥʮʠʧʫ ʨʝʛʫʣʶʚʘʥʥʷ ʟʘ ʟʙʫʨʝʥʥʷʤ ʜʘʻ ʨʷʜ ʩʫʪʪʻʚʠʭ ʧʝʨʝʚʘʛ ʽ ʜʦʟʚʦʣʷʻ 

ʧʦʙʫʜʫʚʘʪʠ ʩʠʩʪʝʤʠ ʘʚʪʦʤʘʪʠʯʥʦʛʦ ʨʝʛʫʣʶʚʘʥʥʷ, ʱʦ ʭʘʨʘʢʪʝʨʠʟʫʶʪʴʩʷ ʚʠʩʦʢʦʶ ʜʠʥʘʤʽʯʥʦʶ ʪʦʯʥʽʩʪʶ ʽ 

ʙʘʟʫʶʪʴʩʷ ʥʘ ʚʠʢʦʥʘʥʥʽ ʫʤʦʚ ʽʥʚʘʨʽʘʥʪʥʦʩʪʽ, ʪʦ ʛʦʣʦʚʥʦʶ ʟʘʜʘʯʝʶ ʟʘʣʠʰʘʻʪʴʩʷ ʟʘʜʘʯʘ ʨʝʘʣʽʟʘʮʽʾ ʮʠʭ ʫʤʦʚ ʚ 

ʨʝʘʣʴʥʠʭ ʩʠʩʪʝʤʘʭ ʘʚʪʦʤʘʪʠʯʥʦʛʦ ʨʝʛʫʣʶʚʘʥʥʷ. ʅʘʡʙʽʣʴʰ ʩʫʪʪʻʚʽ ʨʝʟʫʣʴʪʘʪʠ ʫ ʚʠʨʽʰʝʥʥʽ ʜʘʥʦʾ ʟʘʜʘʯʽ 

ʦʪʨʠʤʘʥʽ ʚ ʨʦʙʦʪʘʭ ɹ.ʅ. ʇʝʪʨʦʚʘ [17]. 

ʇʦʩʪʘʥʦʚʢʘ ʟʘʜʘʯʽ ʨʝʘʣʽʟʘʮʽʾ ʫʤʦʚ ʽʥʚʘʨʽʘʥʪʥʦʩʪʽ ʧʦʣʷʛʘʻ ʚ ʥʘʩʪʫʧʥʦʤʫ: ʚʢʘʟʘʪʠ ʟʘʛʘʣʴʥʠʡ 

çʢʨʠʪʝʨʽʡ, ʢʦʪʨʠʡ ʜʦʟʚʦʣʠʚ ʙʠ ʚʠʟʥʘʯʠʪʠ ʥʝʦʙʭʽʜʥʽ ʫʤʦʚʠ ʤʦʞʣʠʚʦʩʪʽ ʟʘʩʪʦʩʫʚʘʥʥʷ ʫʤʦʚ ʽʥʚʘʨʽʘʥʪʥʦʩʪʽ, ʷʢ 

ʦʜʥʦʛʦ ʽʟ ʤʝʪʦʜʚ̔ ʨʦʟʨʘʭʫʥʢʫ ʜʠʥʘʤʽʯʥʠʭ ʩʠʩʪʝʤ ʽ ʚʠʢʣʶʯʘʪʠ ʪʽ ʩʠʩʪʝʤʠ, ʜʣʷ ʷʢʠʭ ʟʘʩʪʦʩʫʚʘʥʥʷ ʜʘʥʠʭ ʫʤʦʚ 

ʻ ʥʝʜʦʧʫʩʪʠʤʠʤ, ʪʦʙʪʦ ʤʦʞʝ ʧʨʠʟʚʝʩʪʠ ʜʦ ʬʽʟʠʯʥʦ ʥʝʟʜʽʡʩʥʝʥʥʠʭ ʨʝʟʫʣʴʪʘʪʽʚè. 

ɺʠʨʽʰʝʥʥʷ ʚʢʘʟʘʥʦʾ ʟʘʜʘʯʽ ʩʬʦʨʤʫʣʴʦʚʘʥʦ ɹ.ʅ. ʇʝʪʨʦʚʠʤ ʫ ʚʠʜʽ ʥʘʩʪʫʧʥʦʛʦ ʢʨʠʪʝʨʽʶ:  

çʅʝʦʙʭʽʜʥʦʶ (ʘʣʝ ʥʝ ʜʦʩʪʘʪʥʴʦʶ) ʦʟʥʘʢʦʶ ʤʦʞʣʠʚʦʩʪʽ ʟʘʩʪʦʩʫʚʘʥʥʷ ʫʤʦʚ ʽʥʚʘʨʽʘʥʪʥʦʩʪʽ ʧʨʠ 

ʨʦʟʨʘʭʫʥʢʫ ʨʽʟʥʠʭ ʜʠʥʘʤʽʯʥʠʭ ʩʠʩʪʝʤ ʷʚʣʷʻʪʴʩʷ ʦʙʦʚôʷʟʢʦʚʘ ʥʘʷʚʥʽʩʪʴ ʚ ʩʭʝʤʽ, ʧʦ ʤʝʥʰʽʡ ʤʽʨʽ, ʜʚʦʭ ʢʘʥʘʣʽʚ 

ʚʧʣʠʚʫ ʤʽʞ ʪʦʯʢʘʤʠ ʧʨʠʢʣʘʜʘʥʥʷ ʩʠʣʠ ʟʙʫʨʝʥʥʷ ʽ ʚʠʤʽʨʫ ʧʦʪʨʽʙʥʦʾ ʥʘʤ ʚʝʣʠʯʠʥʠè. 

ʅʘ ʨʷʜʽ ʢʦʥʢʨʝʪʥʠʭ ʧʨʠʢʣʘʜʽʚ ɹ.ʅ. ʇʝʪʨʦʚʠʤ ʧʨʦʽʣʶʩʪʨʦʚʘʥʦ ʚʠʧʘʜʢʠ ʩʠʩʪʝʤ, ʧʨʠ ʨʦʟʨʘʭʫʥʢʫ ʷʢʠʭ 

ʤʦʞʣʠʚʝ ʟʘʩʪʦʩʫʚʘʥʥʷ ʫʤʦʚ ʽʥʚʘʨʽʘʥʪʥʦʩʪʽ, ʘ ʪʘʢʦʞ ʚʢʘʟʘʥʦ ʧʨʦʪʠʣʝʞʥʠʡ ʢʣʘʩ ʩʠʩʪʝʤ. ʆʜʥʠʤ ʟ ʪʘʢʠʭ 

ʧʨʠʢʣʘʜʽʚ, ʷʚʣʷʻʪʴʩʷ ʩʠʩʪʝʤʘ, ʱʦ ʦʧʠʩʫʻʪʴʩʷ ʨʽʚʥʷʥʥʷʤ [17]: 
 

ʘ11ʭ1 + é + ʘ13ʭ3 = f1(t); 

ʘ31ʭ1 + ʘ22ʭ2 + ʘ23ʭ3 = 0;                                                               (13) 

ʘ32ʭ2 + ʘ33ʭ3 = 0 

 

ʽ ʜʦʧʫʩʢʘʻ ʫ ʚʠʧʘʜʢʫ, ʷʢʱʦ ʚʦʥʘ ʚʧʦʨʷʜʢʦʚʘʥʘ, ʧʨʝʜʩʪʘʚʠʪʠ ʾʾ ʚ ʩʪʨʫʢʪʫʨʥʽʡ ʬʦʨʤʽ (ʨʠʩ. 2). 
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ʈʠʩ. 2. ʉʪʨʫʢʪʫʨʥʽ ʧʝʨʝʪʚʦʨʝʥʥʷ ʩʭʝʤ 

 

ɺʽʟʴʤʝʤʦ ʪʫ ʩʘʤʫ ʩʠʩʪʝʤʫ ʜʠʬʝʨʝʥʮʽʡʥʠʭ ʨʽʚʥʷʥʴ, ʘʣʝ ʧʦʤʽʥʷʻʤʦ ʾʭ ʤʩ̔ʮʷʤʠ, ʪʦʙʪʦ ʥʘʧʠʰʝʤʦ ʫ 

ʚʠʛʣʷʜʽ: 
 

ʘ21ʭ1 + ʘ23ʭ3 + ʘ33ʭ3 = 0; 

ʘ32ʭ2 + ʘ33ʭ3 = 0;                                                                       (14) 

ʘ11ʭ1 + ʘ12ʭ3 + ʘ13ʭ3 = f1(t); 
 

ʉʪʨʫʢʪʫʨʥʘ ʩʭʝʤʘ ʮʽʻʾ ʩʠʩʪʝʤʠ ʫ ʚʠʧʘʜʢʫ ʾʾ ʚʧʦʨ̫ʜʢʦʚʘʥʦʩʪʽ ʧʦʜʘʥʘ ʥʘ ʨʠʩ.3. 

 

 
ʈʠʩ. 3. ʇʨʠʢʣʘʜ ʩʪʨʫʢʪʫʨʥʦʛʦ ʧʝʨʝʪʚʦʨʝʥʥʷ ʩʭʝʤʠ 

 

ʇʝʨʰʘ ʩʠʩʪʝʤʘ ʤʘʻ ʣʠʰʝ ʦʜʠʥ ʢʘʥʘʣ ʚʟʘʻʤʦʜʽʾ ʤʽʞ ʪʦʯʢʦʶ ʧʨʠʢʣʘʜʘʥʥʷ ʟʙʫʨʝʥʥʷ f(t) ʪʘ ʭ1(t), ʘ 

ʽʥʰʘ ï ʜʚʘ ʢʘʥʘʣʠ ʜʣʷ ʚʟʘʻʤʦʜʽʾ ʤʽʞ f(t) ʪʘ ʭ1(t). 

ɿʛʽʜʥʦ ʢʨʠʪʝʨʽʶ ɹ.ʅ. ʇʝʪʨʦʚʘ ʧʝʨʰʘ ʩʠʩʪʝʤʘ ʷʚʣʷʻʪʴʩʷ ʪʘʢʦʶ ʩʠʩʪʝʤʦʶ, ʜʣʷ ʷʢʦʾ ʫʤʦʚʠ 

ʽʥʚʘʨʽʘʥʪʥʦʩʪʽ ʥʝʧʨʠʡʥʷʪʥʽ, ʽ ʥʘʚʧʘʢʠ, ʫ ʚʠʧʘʜʢʫ ʜʨʫʛʦʾ ʩʠʩʪʝʤʠ (ʨʠʩ.3) ʫʤʦʚʠ ʽʥʚʘʨʽʘʥʪʥʦʩʪʽ ʤʘʶʪʴ ʬʽʟʠʯʥʫ 

ʨʝʘʣʽʟʘʮʽʶ. 

ʉʣʽʜ ʪʘʢʦʞ ʚʢʘʟʘʪʠ ʥʘ ʪʝ, ʱʦ ʚʢʘʟʘʥʠʡ ʢʨʠʪʝʨʽʡ ʜʽʡʩʥʠʡ ʜʣʷ ʢʣʘʩʫ ʘʚʪʦʥʦʤʥʠʭ ʩʠʩʪʝʤ, 

ʢʦʤʙʽʥʦʚʘʥʠʭ ʩʠʩʪʝʤ, ʤʦʩʪʦʚʠʭ ʩʭʝʤ ʽ ʪʜ. [17]. 

ʇʽʜʚʠʱʝʥʥʷ ʪʦʯʥʦʩʪʽ ʚʠʤʽʨʶʚʘʥʥʷ ʫ ʥʦʚʦʤʫ ʯʫʪʣʠʚʦʤʫ ʝʣʝʤʝʥʪʽ ʩʪʘʙʽʣʽʟʘʪʦʨʘ ʦʟʙʨʦʻʥʥʷ 

ʟʘʙʝʟʧʝʯʫʻʪʴʩʷ ʟʘ ʨʘʭʫʥʦʢ ʪʦʛʦ, ʱʦ ʩʪʚʦʨʝʥʦ ʜʨʫʛʠʡ ʢʘʥʘʣ ʚʠʤʨ̔ʶʚʘʥʥʷ. ɼʣʷ ʮʴʦʛʦ ʯʫʪʣʠʚʠʡ 

ʧôʻʟʦʝʣʝʢʪʨʠʯʥʠʡ ʝʣʝʤʝʥʪ ʚʠʢʦʥʘʥʦ ʟ ʜʚʦʤʘ ʢʘʥʘʣʘʤʠ [16].  ʇôʻʟʦʝʣʝʤʝʥʪ ʦʜʥʦʛʦ ʢʘʥʘʣʫ, ʱʦ ʚʩʪʘʥʦʚʣʝʥʠʡ 

ʽʥʝʨʮʽʡʥʦʶ ʤʘʩʦʶ ʥʘ ʧôʻʟʦʧʣʘʩʪʠʥʘʭ, ʧʨʘʮʶʻ ʥʘ ʩʪʠʩʥʝʥʥʷ. ɯʜʝʥʪʠʯʥʠʡ ʡʦʤʫ ʧôʻʟʦʝʣʝʤʝʥʪ ʽʥʰʦʛʦ ʢʘʥʘʣʫ, 

ʱʦ ʚʩʪʘʥʦʚʣʝʥʠʡ ʽʥʝʨʮʽʡʥʦʁ ʤʘʩʦʶ ʧʽʜ ʧôʻʟʦʧʣʘʩʪʠʥʘʤʠ, ʧʨʘʮʶʻ ʥʘ ʨʦʟʪʷʛ. ɺʠʭʽʜʥʽ ʝʣʝʢʪʨʠʯʥʽ ʩʠʛʥʘʣʠ 

ʧôʻʟʦʧʣʘʩʪʠʥ ʦʙʦʭ ʢʘʥʘʣʽʚ ʩʫʤʫʶʪʴʩʷ ʫ ʩʫʤʘʪʦʨʽ. ʈʝʟʫʣʴʪʫʶʯʠʡ ʢʦʨʠʩʥʠʡ ʝʣʝʢʪʨʠʯʥʠʡ ʩʠʛʥʘʣ ʙʫʜʝ 

ʧʨʦʧʦʨʮʽʡʥʠʤ ʧʦʜʚʦʻʥʦʤʫ ʢʦʨʠʩʥʦʤʫ ʩʠʛʥʘʣʫ.  

ʆʪʞʝ, ʟʘʚʜʷʢʠ ʚʠʢʦʨʠʩʪʘʥʥʶ ʜʦʜʘʪʢʦʚʦ ʚʚʝʜʝʥʦʛʦ ʜʨʫʛʦʛʦ ʢʘʥʘʣʫ ʚʠʤʽʨʶʚʘʥʥʷ, ʟʘʙʝʟʧʝʯʫʻʪʴʩʷ 

ʚʽʜʩʫʪʥʽʩʪʴ ʫ ʚʠʭʽʜʥʦʤʫ ʩʠʛʥʘʣʽ ʯʫʪʣʠʚʦʛʦ ʝʣʝʤʝʥʪʘ ʩʠʛʥʘʣʽʚ ʧʦʭʠʙʦʢ ʚʽʜ ʚʧʣʠʚʫ ʚʝʨʪʠʢʘʣʴʥʦʛʦ 

ʧʨʠʩʢʦʨʝʥʥʷ, ʚʽʜ ʟʘʣʠʰʢʦʚʦʾ ʥʝʽʜʝʥʪʠʯʥʦʩʪʽ ʢʦʥʩʪʨʫʢʮʽʡ ʦʜʥʘʢʦʚʠʭ ʧôʻʟʦʧʣʘʩʪʠʥ ʪʘ ʤʘʩ, ʚʽʜ ʚʧʣʠʚʫ ʟʤʽʥʠ 

ʪʝʤʧʝʨʘʪʫʨʠ, ʚʦʣʦʛʦʩʪʽ ʪʘ ʪʠʩʢʫ ʟʦʚʥʽʰʥʴʦʛʦ ʩʝʨʝʜʦʚʠʱʘ (ʪʦʙʪʦ ʽʥʩʪʨʫʤʝʥʪʘʣʴʥʠʭ ʧʦʭʠʙʦʢ), ʷʢʽ ʤʦʞʫʪʴ 

ʙʫʪʠ ʟʥʘʯʥʠʤʠ [16]. 

ɺʠʩʥʦʚʢʠ. ʋ ʨʦʙʦʪʽ ʧʨʠʚʝʜʝʥʦ ʨʝʟʫʣʴʪʘʪʠ ʜʦʩʣʽʜʞʝʥʴ ʚʠʢʦʨʠʩʪʘʥʥʷ ʨʽʟʥʠʭ ʤʝʪʦʜʽʚ ʬʽʣʴʪʨʘʮʽʾ 

ʚʠʭʽʜʥʦʛʦ ʩʠʛʥʘʣʫ ʯʫʪʣʠʚʦʛʦ ʝʣʝʤʝʥʪʫ ʩʠʩʪʝʤʠ ʩʪʘʙʽʣʽʟʘʮʽʾ ʦʟʙʨʦʻʥʥʷ. ɺʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʘʣʴʪʝʨʥʘʪʠʚʥʠʤ 

ʤʝʪʦʜʦʤ ʚʠʢʦʨʠʩʪʘʥʥʷ ʘʥʘʣʦʛʦʚʠʭ ʪʘ ʮʠʬʨʦʚʠʭ ʬʽʣʴʪʨʽʚ ʜʣʷ ʩʠʩʪʝʤʠ ʩʪʘʙʽʣʽʟʘʮʽʾ ʻ ʟʘʩʪʦʩʫʚʘʥʥʷ 

ʜʚʦʢʘʥʘʣʴʥʦʛʦ ʤʝʪʦʜʫ ʇʝʪʨʦʚʘ. ʆʧʠʩʘʥʦ ʚʠʢʦʨʠʩʪʘʥʥʷ ʜʘʥʦʛʦ ʤʝʪʦʜʫ ʥʘ ʦʩʥʦʚʽ ʧʨʝʮʠʟʽʡʥʦʛʦ 

ʧôʻʟʦʝʣʝʢʪʨʠʯʥʦʛʦ ʯʫʪʣʠʚʦʛʦ ʝʣʝʤʝʥʪʘ. 
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ʇɯɼɺʀʑɽʅʅʗ ʉʇʆʉʊɽʈɽɾʅʆʉʊɯ ʈʆɿʇʆɼɯʃʔʅʀʍ ɽʃɽʂʊʈʀʏʅʀʍ ʄɽʈɽɾ 

ɿ ɺʀʂʆʈʀʉʊɸʅʅʗʄ ʇʈʀʉʊʈʆɰɺ SMART METERING ʊɸ 

ʇʉɽɺɼʆɺʀʄɯʈʖɺɸʅʔ 
 
˞̉̒̓̆̍́̓̉̈̏̃́̎̏ ̓́ ̨̅̏̒̌̅̇ ̆̎̏ ̨̍̏̇̌̉̃̏̒̓ ̨̠̐̅̃̉̆̎̎̚ ̨̒̐̏̒̓̆̑̆̇̎̏̒̓ ̨̝̖̑̏̈̐̏̅̌̎̉ ̘̖̆̌̆̋̓̑̉̎̉ 

̍̆̑̆̇  ̈ ̠̃̉̋̏̑̉̒̓́̎̎̍ ̩̐̑̉̒̓̑̏̃ 3ÍÁÒÔ -ÅÔÅÒÉÎÇȟ ̩́̄̑̆̄̏̃́̎̏ ̨̨̗̩̎̏̑̍́̕ ̖́̃̓̏̍́̓̉̈̏̃́̎̉ ̒̉̒̓̆̍ ̨̗̋̏̍̆̑̊̎̏̄̏ 
̨̏̂̌̋̔ ̨̩̆̌̆̋̓̑̏̆̎̆̑̄ ̓́ ̨̟̝̐̒̆̃̅̏̃̉̍̑̃́̎Ȣ ˜̏̋́̈́̎̏ ̨̨̗̝̝̅̏̌̎̒̓ ̠̈́̒̓̏̒̔̃́̎̎ ̝̑̆̈̔̌ ̨̓́̓ ̃ ̨̗̟̠̏̎̃́̎̎ ̒̓́̎̔ 
̨̝̖̑̏̈̐̏̅̌̎̉ ̘̖̆̌̆̋̓̑̉̎̉ ̍̆̑̆̇ ̔ ̨̨̗̖̎̏̑̍́̊̎̉̕ ̖̒̉̒̓̆̍́ ̠̅̌  ̨́̎́̌̈̔ ̨̆̎̆̑̄̏̆̆̋̓̉̃̎̏̒̓̕ ̘̖̆̌̆̋̓̑̉̎̉ 
̍̆̑̆̇Ȣ ˝̏̈̑̏̂̌̆̎̏ ̍̆̓̏̅ ̈̃̏̑̏̓̎̏̄̏ ̠̐̆̑̆̓̃̏̑̆̎̎ ̨̖̈́̋̒̏̃́̎̉̕ ̨̠̏̂̒̄̃ ̩̒̐̏̇̉̓̏ ̨̩̆̌̆̋̓̑̏̆̎̆̑̄ ̔ 
̨̟̠̐̒̆̃̅̏̃̉̍̑̃́̎̎ ̨̨̄̑́̋̃̕ ̘̖̆̌̆̋̓̑̉̎̉  ̝̎́̃́̎̓́̇̆̎ ̨̘̒̐̏̇̉̃́̃ ̈ ̠̃̉̋̏̑̉̒̓́̎̎̍ ̖̓̉̐̏̃̉ ̨̨̄̑́̋̃̕ 
̠̎́̃́̎̓́̇̆̎̎. 

˗̨̟̘̌̏̃ ̒̌̏̃́ȡ ̑ ̨̨̝̏̈̐̏̅̌̎ ̨̘̆̌̆̋̓̑̉̎ ̨̍̆̑̆̇, ̏ ̨̗̎̋́ ̒̓́̎̔, ̓ ̨̉̐̏̃ ̨̄̑́̋̉̕ ̠̎́̃́̎̓́̇̆̎̎, ̒ ̨̝̐̏̒̓̆̑̆̇̎̒̓. 
 

ʆ. B. BURYKIN, YU.V. MALOHULKO , A.V. SYNTYK, V.A. HRYNYK  

Vinnytsia National Technical University 

 

THE INCREASING  OF DISTRIBUTION ELECTRICAL NETWORK S OBSERVATION USING SMART 

METERING D EVICES AND FALSE MEASUREMENTS  
 

The availability of synchronized information about the measured operating parameters of the distribution electrical network 
makes it possible to determine the amount of electricity consumed by standard algebraic methods. However, often due to hardware or 
information failure, this data may not be available throughout the day or part of it. During measurements, as well as information 
transmission, the influence of electromagnetic interference, resynchronization, loss of individual information packets or targeted attacks on 
the information network by third parties in the form of manual or "viral" interference in the information system. Thus, a necessary condition 
for the information system functioning is the analysis of the obtained data, their verification and recovery of lost information. 

The possibilities of increasing the observation of distribution electric networks with the use of Smart Metering devices, aggregated 
information of automated systems of commercial electricity metering and pseudo-measurements are systematized and investigated in the 
work. It was shown the expediency of using the results of assessing the state of electrical distribution networks in information systems for 
energy efficiency analysis of electrical networks is shown. 

It was developed the method of inverse conversion of the fixed volumes of the consumed electric power into pseudo-measurement 
of schedules of electric loadings of consumers with use of standard schedules of loading, and also a state estimation of electric networks. It is 
shown that the use of data from electricity metering systems to supplement the vector of the state of electrical networks with information 
about power changes in unobserved nodes allows to increase the adequacy of modeling of 10 (6) kV distribution networks and the quality of 
electricity saving measures.  

The efficiency and effectiveness of the proposed method is confirmed by computational experiments to determine and evaluate the 
reliabil ity of pseudo-measurements of substation load schedules. The error in the calculation of voltages on the buses of 10 kV TP is within 0.2%, which 
compared to the imbalance of supply and consumption is acceptable for the preparation of a revised structure of the electricity balance. 

Keywords: distribution power networks, state estimation, typical load schedules, observation. 

 

ʇʦʩʪʘʥʦʚʢʘ ʧʨʦʙʣʝʤʠ 

ʅʘʷʚʥʽʩʪʴ ʩʠʥʭʨʦʥʽʟʦʚʘʥʦʾ ʽʥʬʦʨʤʘʮʽʾ ʧʨʦ ʚʠʤ̔ʨʷʥ̔ ʨʝʞʠʤʥʽ ʧʘʨʘʤʝʪʨʠ ʨʦʟʧʦʜʽʣʴʥʦʾ ʝʣʝʢʪʨʠʯʥʦʾ 

ʤʝʨʝʞʽ ʜʘʻ ʟʤʦʛʫ ʚʠʟʥʘʯʘʪʠ ʦʙʩʷʛʠ ʩʧʦʞʠʪʦʾ ʝʣʝʢʪʨʦʝʥʝʨʛʽʾ ʩʪʘʥʜʘʨʪʥʠʤʠ ʘʣʛʝʙʨʘʾʯʥʠʤʠ ʤʝʪʦʜʘʤʠ [1],[2]. 

ʇʨʦʪʝ, ʜʦʩʠʪʴ ʯʘʩʪʦ ʯʝʨʝʟ ʚʽʜʤʦʚʫ ʘʧʘʨʘʪʥʦʛʦ ʘʙʦ ʽʥʬʦʨʤʘʮʽʡʥʦʛʦ ʟʘʙʝʟʧʝʯʝʥʥʷ ʮʽ ʜʘʥʽ ʤʦʞʫʪʴ ʥʝ 

ʥʘʜʭʦʜʠʪʠ ʧʨʦʪʷʛʦʤ ʚʩʽʻʾ ʜʦʙʠ ʘʙʦ ʾʾ ʯʘʩʪʠʥʠ. ʇʽʜ ʯʘʩ ʚʠʤʽʨʶʚʘʥʴ, ʘ ʪʘʢʦʞ ʧʝʨʝʜʘʯʽ ʽʥʬʦʨʤʘʮʽʾ 

ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ ʚʧʣʠʚ ʝʣʝʢʪʨʦʤʘʛʥʽʪʥʠʭ ʟʘʚʘʜ, ʨʝʩʠʥʭʨʦʥʽʟʘʮʽʷ, ʚʪʨʘʪʠ ʦʢʨʝʤʠʭ ʧʘʢʝʪʽʚ ʽʥʬʦʨʤʘʮʽʾ ʘʙʦ 

ʩʧʨʷʤʦʚʘʥʽ ʘʪʘʢʠ ʥʘ ʽʥʬʦʨʤʘʮʽʡʥʫ ʤʝʨʝʞʫ ʩʪʦʨʦʥʥʽʤʠ ʦʩʦʙʘʤʠ ʫ ʚʠʛʣʷʜʽ ʨʫʯʥʦʛʦ ʘʙʦ çʚʽʨʫʩʥʦʛʦè 

ʚʪʨʫʯʘʥʥʷ ʫ ʨʦʙʦʪʫ ʽʥʬʦʨʤʘʮʽʡʥʦʾ ʩʠʩʪʝʤʠ [1]-[4]. ʊʘʢʠʤ ʯʠʥʦʤ, ʥʝʦʙʭʽʜʥʦʶ ʫʤʦʚʦʶ ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ 

ʽʥʬʦʨʤʘʮʽʡʥʦʾ ʩʠʩʪʝʤʠ ʻ ʘʥʘʣʽʟ ʦʪʨʠʤʘʥʠʭ ʜʘʥʠʭ, ʾʭ ʧʝʨʝʚʽʨʢʘ ʪʘ ʚʽʜʥʦʚʣʝʥʥʷ ʚʪʨʘʯʝʥʦʾ ʽʥʬʦʨʤʘʮʽʾ. 

ɸʥʘʣʽʟ ʦʩʪʘʥʥʽʭ ʜʞʝʨʝʣ 

ʅʘ ʩʴʦʛʦʜʥʽ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʜʝʢʽʣʴʢʘ ʧʽʜʭʦʜʽʚ ʜʦ ʩʠʥʭʨʦʥʽʟʘʮʽʾ, ʚʽʜʥʦʚʣʝʥʥʷ ʚʪʨʘʯʝʥʦʾ ʪʘ 

ʧʝʨʝʚʽʨʢʠ ʚʠʤʽʨʷʥʦʾ ʽʥʬʦʨʤʘʮʽʾ (ʨʠʩ.1). 

ʆʩʥʦʚʥʦʶ ʩʧʽʣʴʥʦʶ ʚʠʤʦʛʦʶ ʥʘʚʝʜʝʥʠʭ ʧʽʜʭʦʜʽʚ ʻ ʥʘʷʚʥʽʩʪʴ ʥʝ ʚʪʨʘʯʝʥʠʭ ʜʘʥʠʭ. ʊʦʙʪʦ ʜʣʷ 

ʯʘʩʪʠʥʠ ʤʝʨʝʞʽ ʥʝʦʙʭʽʜʥʽ ʚʠʤʽʨʶʚʘʥʥʷ ʫ ʦʙôʻʤʘʭ, ʜʦʩʪʘʪʥʭ̔ ʜʣʷ ʚʽʜʥʦʚʣʝʥʥʷ ʽʥʬʦʨʤʘʮʽʾ. ɿʘ ʚʽʜʩʫʪʥʦʩʪʽ 

ʚʠʤʽʨʶʚʘʥʴ ʟʘʩʪʦʩʦʚʫʶʪʴ ʨʝʪʨʦʩʧʝʢʪʠʚʥʽ ʜʘʥʽ ʜʣʷ ʾʭ ʚʽʜʥʦʚʣʝʥʥʷ ʪʘ ʚʠʷʚʣʝʥʥʷ ʚʠʢʠʜʽʚ ʫ ʚʠʤʽʨʶʚʘʥʥʷʭ. 

ɺʽʜʧʦʚʽʜʥʦ ʜʦ ʧʨʦʚʝʜʝʥʦʛʦ ʘʥʘʣʽʟʫ ʧʝʨʩʧʝʢʪʠʚʥʠʤ ʻ ʟʘʩʪʦʩʫʚʘʥʥʷ ʢʦʤʙʽʥʦʚʘʥʦʛʦ ʧʽʜʭʦʜʫ ʤʝʪʦʜʽʚ 

ʦʮʽʥʢʠ ʩʪʘʥʫ [12]-[18] ʜʣʷ ʯʘʩʦʚʦʾ ʩʠʥʭʨʦʥʽʟʘʮʽʾ ʽʥʬʦʨʤʘʮʽʾ ʪʘ ʟʘʩʪʦʩʫʚʘʥʥʷ ʪʠʧʦʚʠʭ ʛʨʘʬʽʢʽʚ ʝʣʝʢʪʨʠʯʥʠʭ 

ʥʘʚʘʥʪʘʞʝʥʴ ʜʣʷ ʚʽʜʥʦʚʣʝʥʥʷ ʘʛʨʝʛʦʚʘʥʦʾ ʫ ʯʘʩʽ ʽʥʬʦʨʤʘʮʽʾ [9]-[11] ʧʨʦ ʧʝʨʝʪʽʢʘʥʥʷ ʝʣʝʢʪʨʦʝʥʝʨʛʽʾ. 

ʇʝʨʝʚʘʛʦʶ ʟʘʩʪʦʩʫʚʘʥʥʷ ʪʘʢʦʛʦ ʧʽʜʭʦʜʫ ʻ ʤʦʞʣʠʚʽʩʪʴ ʘʥʘʣʽʟʫ ʝʥʝʨʛʦʝʬʝʢʪʠʚʥʦʩʪʽ ʨʦʟʧʦʜʽʣʴʥʠʭ ɽʄ ʟʽ 

ʟʥʘʯʥʦʶ ʯʘʩʪʢʦʶ ʨʦʟʦʩʝʨʝʜʞʝʥʠʭ ʜʞʝʨʝʣ ʝʥʝʨʛʽʾ. ʆʩʦʙʣʠʚʦ ʮʝ ʩʪʦʩʫʻʪʴʩʷ ʬʦʪʦʚʦʣʴʪʘʾʯʥʠʭ ʝʣʝʢʪʨʠʯʥʠʭ 

ʩʪʘʥʮʽʡ, ʦʩʢʽʣʴʢʠ ʚʦʥʠ ʤʘʶʪʴ ʜʦʩʠʪʴ ʧʝʨʝʜʙʘʯʫʚʘʥʠʡ ʛʨʘʬʽʢ ʛʝʥʝʨʫʚʘʥʥʷ ʚʽʜʧʦʚʽʜʥʦ ʜʦ ʪʠʧʦʚʦʛʦ 

ʤʝʪʨʦʣʦʛʽʯʥʦʛʦ ʨʦʢʫ [19], [20]. ʎʝ ʜʘ ̒ʟʤʦʛʫ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʡʦʛʦ ʫ ʤʘʪʝʤʘʪʠʯʥʽʡ ʤʦʜʝʣʽ ʚ ʷʢʦʩʪʽ ʪʠʧʦʚʦʛʦ, 

ʥʘʨʽʚʥʽ ʽʟ ʛʨʘʬʽʢʘʤʠ ʝʣʝʢʪʨʦʩʧʦʞʠʚʘʥʥʷ. 
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˟̨̖̠̆̎̏̌̏̄ ̖̃̆̌̉̋̉ ̖̅́̎̉ȟ [5] 

˛̘̠̂̉̒̌̆̎̎ ̎́ ̨̏̒̎̏̃ ̎̆ ̘̖̃̓̑́̆̎̉ 
̖̅́̎̉, [6] 

ˏ̠̉̋̏̑̉̒̓́̎̎ ̖̓̉̐̏̃̉ ̨̨̄̑́̋̃̕ 
̘̖̆̌̆̋̓̑̉̎̉ ̝̎́̃́̎̓́̇̆̎, [7]-[11] 

˔̠́̒̓̏̒̔̃́̎̎ ̨̍̆̓̏̅̃ ̨̗̏̎̋̉ ̒̓́̎̔, [12]-[18]

 
ʈʠʩ. 1. ʄʝʪʦʜʠ ʚʽʜʥʦʚʣʝʥʥʷ ʪʘ ʩʠʥʭʨʦʥʽʟʘʮʽʾ ʽʥʬʦʨʤʘʮʽʾ ʧʨʦ ʚʠʤʽʨʷʥʽ ʨʝʞʠʤʥʽ ʧʘʨʘʤʝʪʨʠ ʧʨʠʣʘʜʘʤʠ Smart Metering 

 

ʄʝʪʦʁ ʨʦʙʦʪʠ ʻ: ʧʽʜʚʠʱʝʥʥʷ ʜʦʩʪʦʚʽʨʥʦʩʪʽ ʨʝʟʫʣʴʪʘʪʽʚ ʘʥʘʣʽʟʫ ʝʥʝʨʛʦʝʬʝʢʪʠʚʥʦʩʪʽ ʨʦʟʧʦʜʽʣʴʥʠʭ 

ʝʣʝʢʪʨʠʯʥʠʭ ʤʝʨʝʞ ʰʣʷʭʦʤ ʚʜʦʩʢʦʥʘʣʝʥʥʷ ʤʝʪʦʜʽʚ ʧʽʜʚʠʱʝʥʥʷ ʾʭ ʩʧʦʩʪʝʨʝʞʥʦʩʪʽ 

ɺʠʢʣʘʜ ʦʩʥʦʚʥʦʛʦ ʤʘʪʝʨʽʘʣʫ 

ɺʽʜʧʦʚʽʜʥʦ ʜʦ ʧʨʦʚʝʜʝʥʦʛʦ ʘʥʘʣʽʟʫ ʜʣʷ ʧʦʜʘʣʴʰʦʛʦ ʜʦʩʣʽʜʞʝʥʥʷ ʧʨʦʧʦʥʫ̒ʪʴʩʷ ʧʽʜʚʠʱʝʥʥʷ 

ʩʧʦʩʪʝʨʝʞʥʦʩʪʽ ʨʦʟʧʦʜʽʣʴʥʦʾ ʝʣʝʢʪʨʠʯʥʦʾ ʤʝʨʝʞʽ ʰʣʷʭʦʤ ʟʘʩʪʦʩʫʚʘʥʥʷ ʪʠʧʦʚʠʭ ʛʨʘʬʽʢʽʚ ʝʣʝʢʪʨʠʯʥʠʭ 

ʥʘʚʘʥʪʘʞʝʥʴ ʜʣʷ ʚʽʜʥʦʚʣʝʥʥʷ ʘʛʨʝʛʦʚʘʥʦʾ ʫ ʯʘʩʽ ʽʥʬʦʨʤʘʮʽʾ ʙʽʣʽʥʛʦʚʦʾ ʧʽʜʩʠʩʪʝʤʠ ʧʨʦ ʦʙʣʽʢ ʝʣʝʢʪʨʦʝʥʝʨʛʽʾ. 

ɼʣʷ ʝʣʝʢʪʨʠʯʥʠʭ ʤʝʨʝʞ ʟʽ ʟʥʘʯʥʦʶ ̔ʥʪʝʛʨʘʮʽʻʶ ʚʽʜʥʦʚʣʶʚʘʣʴʥʠʭ ʜʞʝʨʝʣ ʝʥʝʨʛʽʾ ʧʨʦʧʦʥʫʻʪʴʩʷ 

ʚʠʢʦʨʠʩʪʘʥʥʷ ʛʨʘʬʽʢʘ ʛʝʥʝʨʫʚʘʥʥʷ ʚʽʜʧʦʚʽʜʥʦ ʜʦ ʪʠʧʦʚʦʛʦ ʤʝʪʨʦʣʦʛʽʯʥʦʛʦ ʨʦʢʫ ʘʙʦ ʧʨʦʛʥʦʟʦʚʘʥʦʛʦ ʛʨʘʬʽʢʘ 

ʛʝʥʝʨʫʚʘʥʥʷ. ʎʝ ʜʦʟʚʦʣʠʪʴ ʧʽʜʚʠʱʠʪʠ ʩʧʦʩʪʝʨʝʞʥʽʩʪʴ ʨʦʟʧʦʜʽʣʴʥʠʭ ʝʣʝʢʪʨʠʯʥʠʭ ʰʣʷʭʦʤ ʥʘʧʦʚʥʝʥʥʷ 

ʨʦʟʨʘʭʫʥʢʦʚʦʾ ʤʦʜʝʣʽ ʦʮʽʥʢʠ ʩʪʘʥʫ ʧʩʝʚʜʦʚʠʤʽʨʶʚʘʥʥʷʤʠ ʟʘ ʤʽʥʽʤʘʣʴʥʦʾ ʢʽʣʴʢʦʩʪʽ ʚʩʪʘʥʦʚʣʝʥʠʭ ʧʨʠʩʪʨʦʾʚ 

Smart Metering. 

ɺʠʢʦʨʠʩʪʘʥʥʷ ʪʠʧʦʚʠʭ ʛʨʘʬʽʢʽʚ ʝʣʝʢʪʨʠʯʥʠʭ ʥʘʚʘʥʪʘʞʝʥʴ ʜʣʷ ʧʽʜʚʠʱʝʥʥʷ ʩʧʦʩʪʝʨʝʞʥʦʩʪʽ 

ʨʦʟʧʦʜʽʣʴʥʦʾ ʝʣʝʢʪʨʠʯʥʦʾ ʤʝʨʝʞʽ 

ʊʠʧʦʚʠʡ ʛʨʘʬʽʢ ʥʘʚʘʥʪʘʞʝʥʥ̫  (ʊɻʅ) ï ʫʩʝʨʝʜʥʝʥʠʡ ʟʘ ʯʘʩʦʤ ʪʘ ʥʘʙʦʨʦʤ ʝʣʝʢʪʨʦʧʨʠʡʤʘʯʽʚ ʛʨʘʬʽʢ 

ʥʘʚʘʥʪʘʞʝʥʥʷ, ʘʥʘʣʦʛʽʯʥʠʭ ʟʘ ʨʝʞʠʤʦʤ ʨʦʙʦʪʠ ʩʧʦʞʠʚʘʯʽʚ. ʅʘʚʘʥʪʘʞʝʥʥʷ ʪʠʧʦʚʦʛʦ ʛʨʘʬʽʢʘ, ʷʢ ʧʨʘʚʠʣʦ, 

ʥʦʨʤʫʻʪʴʩʷ ʚʽʜʥʦʩʥʦ ʤʘʢʩʠʤʘʣʴʥʦʾ ʚʝʣʠʯʠʥʠ ʽ ʥʘʜʘʻʪʴʩʷ ʫ ʚʽʜʩʦʪʢʘʭ. ʊʨʘʜʠʮʽʡʥʦ ʊɻʅ ʚʠʢʦʨʠʩʪʦʚʫʚʘʣʠʩʴ 

ʧʽʜ ʯʘʩ ʝʣʝʢʪʨʠʯʥʠʭ ʨʦʟʨʘʭʫʥʢʽʚ ʜʣʷ ʩʢʣʘʜʘʥʥʷ ʙʘʣʘʥʩʫ ʧʦʪʫʞʥʦʩʪʽ, ʧʨʦʝʢʪʫʚʘʥʥʷ ʝʣʝʢʪʨʠʯʥʠʭ ʤʝʨʝʞ, ʘ 

ʪʘʢʦʞ ʧʨʠ ʨʦʟʨʘʭʫʥʢʘʭ ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʚʠʪʨʘʪ ʝʣʝʢʪʨʦʝʥʝʨʛʽʾ ʥʘ ʾʾ ʧʝʨʝʜʘʯʫ ʪʘ ʨʦʟʧʦʜʽʣ ʝʣʝʢʪʨʠʯʥʠʤʠ 

ʤʝʨʝʞʘʤʠ [11]. 

ʅʘ ʩʴʦʛʦʜʥʽ ʚ ʫʤʦʚʘʭ ʙʘʣʘʥʩʫʶʯʦʛʦ ʨʠʥʢʫ ʝʣʝʢʪʨʦʝʥʝʨʛʽʾ ʽ ʝʣʝʢʪʨʦʧʦʩʪʘʯʘʥʥʷ ʟʘ ʜʚʦʩʪʦʨʦʥʥʽʤʠ 

ʜʦʛʦʚʦʨʘʤʠ ʧʨʠ ʧʣʘʥʫʚʘʥʥʽ ʨʝʞʠʤʽʚ ɽɽʉ ʥʘ ʥʘʩʪʫʧʥʫ ʜʦʙʫ ʊɻʅ ʤʘʶʪʴ ʩʫʪʪʻʚʝ ʟʥʘʯʝʥʥʷ. ɺʽʜʧʦʚʽʜʘʣʴʥʽʩʪʴ 

ʟʘ ʙʘʣʘʥʩ ʝʣʝʢʪʨʦʝʥʝʨʛʽʾ ʚ ɽɽʉ ʽ ʡʦʛʦ ʧʽʜʪʨʠʤʫʚʘʥʥʷ ʧʝʨʝʢʣʘʜʘʻʪʴʩʷ ʥʘ ʚʩʽʭ ʫʯʘʩʥʠʢʽʚ ʱʦʜʦ ʩʢʣʘʜʘʥʥ̫  

ʜʦʙʦʚʠʭ ʛʨʘʬʽʢʽʚ ʩʧʦʞʠʚʘʥʥʷ ʝʣʝʢʪʨʠʯʥʦʾ ʝʥʝʨʛʽʾ, ʝʥʝʨʛʦʝʬʝʢʪʠʚʥʦʩʪʽ ʛʝʥʝʨʫʚʘʥʥʷ ʪʘ ʩʧʦʞʠʚʘʥʥʷ 

ʝʣʝʢʪʨʦʝʥʝʨʛʽʾ. 

ʇʨʠ ʬʦʨʤʫʚʘʥʥʽ ʥʦʚʠʭ ʝʢʦʥʦʤʽʯʥʠʭ ʚʽʜʥʦʩʠʥ ʥʘ ʨʠʥʢʫ ʝʣʝʢʪʨʦʝʥʝʨʛʽʾ ʩʧʦʞʠʚʘʥʥʷ ʨʦʟʨʘʭʦʚʫʻʪʴʩʷ 

ʧʦ ʛʦʜʠʥʘʭ, ʦʩʢʽʣʴʢʠ ʮʽʥʘ ʥʘ ʝʣʝʢʪʨʦʝʥʝʨʛʽʶ ʟʤʽʥʶʻʪɹʩʷ ʢʦʞʥʫ ʛʦʜʠʥʫ. ɺʽʜ ʪʦʯʥʦʩʪʽ ʧʨʦʛʥʦʟʫʚʘʥʥʷ 

ʧʦʛʦʜʠʥʥʦʛʦ ʜʦʙʦʚʦʛʦ ʛʨʘʬʽʢʘ ʩʧʦʞʠʚʘʥʥʷ ʝʣʝʢʪʨʦʝʥʝʨʛʽʾ ʝʣʝʢʪʨʦʧʦʩʪʘʯʘʣʴʥʠʢʘʤʠ ʟʘʣʝʞʠʪʴ, ʥʘʩʢʽʣʴʢʠ 

ʪʘʨʠʬʥʠʡ ʧʣʘʥ ʜʣʷ ʩʧʦʞʠʚʘʯʘ ʙʫʜʝ ʧʨʠʚʘʙʣʠʚʠʤ. 

ʆʜʥʽʻʶ ʟ ʬʫʥʢʮʽʡ ʦʧʝʨʘʪʦʨʘ ʩʠʩʪʝʤʠ ʨʦʟʧʦʜʽʣʫ ʻ ʨʦʟʨʦʙʣʝʥʥʷ ʪʠʧʦʚʠʭ ʛʨʘʬ̔ʢʽʚ (ʧʨʦʬʽʣʽʚ) 

ʥʘʚʘʥʪʘʞʝʥʥʷ ʜʣʷ ʦʢʨʝʤʠʭ ʢʘʪʝʛʦʨʽʡ ʩʧʦʞʠʚʘʯʽʚ. ɺʠʭʽʜʥʦʶ ʽʥʬʦʨʤʘʮʽʻʶ ʜʣʷ ʘʥʘʣʽʟʫ ʪʘ ʛʨʫʧʫʚʘʥʥʷ ʛʨʘʬʽʢʽʚ 

ʝʣʝʢʪʨʠʯʥʠʭ ʥʘʚʘʥʪʘʞʝʥʴ ʚʠʢʦʨʠʩʪʦʚʫʚʘʣʠʩʷ ʤʘʩʠʚʠ ʜʘʥʠʭ, ʷʢʽ ʘʨʭʽʚʦʚʘʥʽ ʧʽʜ ʯʘʩ ʨʦʙʦʪʠ ɸʉʂʆɽ. ʇʨʠ 

ʮʴʦʤʫ ʜʣʷ ʢʦʞʥʦʛʦ ʇɻʅ ʚʠʟʥʘʯʘʚʩʷ ʢʦʜ ʩʧʦʞʠʚʘʯʘ ï ʜʞʝʨʝʣʘ ʮʴʦʛʦ ʇɻʅ ʟʛʽʜʥʦ ʂɺɽɼ-2010, ʱʦ ʚ 

ʧʦʜʘʣʴʰʦʤʫ ʤʘʻ ʩʧʨʦʩʪʠʪʠ ʢʦʨʠʩʪʫʚʘʥʥʷ ʨʦʟʨʦʙʣʝʥʠʤʠ ʛʨʘʬʽʢʘʤʠ ʥʘʚʘʥʪʘʞʝʥʴ ʽ ʜʦʟʚʦʣʠʪʴ ʚʽʜʥʦʩʠʪʠ 

ʜʘʥʦʛʦ ʩʧʦʞʠʚʘʯʘ ʜʦ ʪʦʛʦ ʯʠ ʽʥʰʦʛʦ ʊɻʅ [21]. 

ʆʧʝʨʘʪʦʨʠ ʩʠʩʪʝʤʠ ʧʝʨʝʜʘʯʽ ʪʘ ʨʦʟʧʦʜʽʣʫ ʝʣʝʢʪʨʦʝʥʝʨʛʽʾ ʤʦʞʫʪʴ ʟʙʠʨʘʪʠ ʱʦʛʦʜʠʥʥʽ ʜʘʥʽ ʧʨʦ 

ʝʣʝʢʪʨʦʩʧʦʞʠʚʘʥʥʷ ʜʚʦʤʘ ʰʣʷʭʘʤʠ: ʟʘ ʜʦʧʦʤʦʛʦʶ ʧʦʛʦʜʠʥʥʦʛʦ ʣʽʯʠʣʴʥʠʢʘ ʟ ʜʠʩʪʘʥʮʽʡʥʠʤ ʟʯʠʪʫʚʘʥʥʷʤ ʪʘ 

ʥʘ ʧʽʜʩʪʘʚʽ ʪʠʧʦʚʦʛʦ ʛʨʘʬʽʢʘ ʥʘʚʘʥʪʘʞʝʥʥʷ.  

ʊʠʧʦʚʽ ʛʨʘʬʽʢʠ ʧʦʜʘʶʪʴʩʷ ʫ ʚʠʛʣʷʜʽ ʧʦʛʦʜʠʥʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʤʘʪʝʤʘʪʠʯʥʦʛʦ ʦʯʽʢʫʚʘʥʥʷ ʪʘ 

ʩʝʨʝʜʥʴʦʢʚʘʜʨʘʪʠʯʥʦʛʦ ʚʽʜʭʠʣʝʥʥʷ ʘʢʪʠʚʥʦʛʦ ʡ ʨʝʘʢʪʠʚʥʦʛʦ ʥʘʚʘʥʪʘʞʝʥʴ, ʘ ʪʘʢʦʞ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ 

ʢʦʝʬʽʮʽʻʥʪʫ ʢʦʨʝʣʷʮʽʾ ʘʢʪʠʚʥʦʛʦ ʡ ʨʝʘʢʪʠʚʥʦʛʦ ʥʘʚʘʥʪʘʞʝʥʴ (ʨʠʩ. 2). 
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ʈʠʩ. 2. ɯʥʬʦʨʤʘʮʽʷ ʧʦʜʘʥʘ ʫ çɸʣʴʙʦʤʽ ʪʠʧʦʚʠʭ ʛʨʘʬʽʢʽʚ ʝʣʝʢʪʨʠʯʥʠʭ ʥʘʚʘʥʪʘʞʝʥʴè 

 

ʄʘʪʝʤʘʪʠʯʥʝ ʦʯʽʢʫʚʘʥʥʷ ʥʘʚʘʥʪʘʞʝʥʥʷ ʥʦʨʤʫʻʪʴʩʷ ʚʽʜʥʦʩʥʦ ʤʘʢʩʠʤʘʣʴʥʦʛʦ ʟʥʘʯʝʥʥʷ ʽ ʧʦʜʘʻʪʴʩʷ ʫ 

ʚʽʜʩʦʪʢʘʭ. ʊʘʢʠʤ ʯʠʥʦʤ, ʊɻʅ ʜʘʻ ʟʤʦʛʫ ʨʦʟʢʣʘʩʪʠ ʟʥʘʯʝʥʥʷ ʩʫʤʘʨʥʦʾ ʩʧʦʞʠʪʦʾ ʝʥʝʨʛʽʾ ʟʘ ʦʙʣʽʢʦʚʠʡ ʧʝʨʽʦʜ 

ʜʦ ʚʠʛʣʷʜʫ ʧʦʛʦʜʠʥʥʦʛʦ ʛʨʘʬʽʢʘ ʽʤʦʚʽʨʥʦʛʦ ʥʘʚʘʥʪʘʞʝʥʥʷ, ʜʦʧʦʚʥʶʶʯʠ ʚʝʢʪʦʨ ʚʠʤʽʨʶʚʘʥʴ ʜʣʷ ʟʘʜʘʯʽ 

ʦʮʽʥʢʠ ʩʪʘʥʫ ʨʦʟʧʦʜʽʣʴʥʦʾ ʝʣʝʢʪʨʠʯʥʦʾ ʤʝʨʝʞʽ ʜʦʜʘʪʢʦʚʠʤʠ ʟʥʘʯʝʥʥʷʤʠ: 
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ij iʄ P Pz = Ö
 ï ʧʩʝʚʜʦʚʠʤʽʨʶʚʘʥʥʷ ʦʪʨʠʤʘʥʝ ʥʘ ʦʩʥʦʚʽ ʽʥʬʦʨʤʘʮʽʾ ʧʨʦ ʂɺɽɼ ʪʘ 

ʚ̔ ʜʧʦʚʽʜʥʠʡ ʡʦʤʫ ʊɻʅ ̔-ʛʦ ʩʧʦʞʠʚʘʯʘ. 

ʋ ʷʢʦʩʪʽ ʦʯʽʢʫʚʘʥʠʭ ʩʝʨʝʜʥʴʦʢʚʘʜʨʘʪʠʯʥʠʭ ʚʽʜʭʠʣʝʥʴ ʧʩʝʚʜʦʚʠʤʽʨʶʚʘʥʥʷ  ʜʣʷ ʥʝʩʧʦʩʪʝʨʝʞʥʠʭ 

ʚʫʟʣʽʚ ʧʨʦʧʦʥʫʻʪʴʩʷ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʟʥʘʯʝʥʥʷ ʩʝʨʝʜʥʴʦʢʚʘʜʨʘʪʠʯʥʠʭ ʚʽʜʭʠʣʝʥʴ ʜʣʷ ʘʢʪʠʚʥʦʾ ʪʘ ʨʝʘʢʪʠʚʥʦʾ 

ʧʦʪʫʞʥʦʩʪʝʡ , ʥʘʚʝʜʝʥʽ ʫ ʘʪʣʘʩʽ ʪʠʧʦʚʠʭ ʛʨʘʬʽʢʽʚ ʥʘʚʘʥʪʘʞʝʥʥʷ ʜʣʷ ʩʧʦʞʠʚʘʯʘ (ʜʠʚ. ʨʠʩ.2), ʟʛʽʜʥʦ ʡʦʛʦ 

ʢʦʜʫ ʂɺɽɼ [21]. 

ʆʩʢʽʣʴʢʠ ʽʥʬʦʨʤʘʮʽʷ ʫ ʙʽʣʣʽʥʛʦʚʽʡ ʩʠʩʪʝʤʽ ʧʦʜʘʻʪʴʩʷ ʫ ʽʥʪʝʛʨʦʚʘʥʦʤʫ ʚʠʛʣʷʜʽ ʟʘ ʧʝʚʥʽ ʧʝʨʽʦʜʠ ʯʘʩʫ, 

ʘ ʽʥʬʦʨʤʘʮʽʷ ʧʨʦ ʊɻʅ ʥʦʨʤʫʻʪʴʩʷ ʚʽʜʧʦʚʽʜʥʦ ʤʘʢʩʠʤʘʣʴʥʦʛʦ ʩʧʦʞʠʪʦʛʦ ʟʥʘʯʝʥʥʷ ʧʦʪʫʞʥʦʩʪʽ Piʤʘʭ, ʪʦ 

ʦʜʥʠʤ ʽʟ ʰʣʷʭʽʚ ʧʝʨʝʪʚʦʨʝʥʥʷ ʽʥʬʦʨʤʘʮʽʾ ʽʟ ʙʽʣʽʥʛʦʚʦʾ ʩʠʩʪʝʤʠ ʫ ʧʩʝʚʜʦʚʠʤʽʨʶʚʘʥʥʷ, ʷʢʝ ʚʽʜʧʦʚʽʜʘʻ 

ʦʢʨʝʤʦʤʫ ʩʪʫʧʝʥʶ ʛʨʘʬʽʢʫ ʥʘʚʘʥʪʘʞʝʥʥʷ ʙʫʜʝ ʧʨʦʮʝʜʫʨʘ ʟʚʦʨʦʪʥʴʦʛʦ ʽʥʪʝʛʨʫʚʘʥʥʷ. 

ʊʘʢ ʷʢ ʊɻʅ ʧʦʟʠʪʠʚʥʘ ʽ ʟʨʦʩʪʘʶʯʘ ʬʫʥʢʮʽʷ, ʪʦ ʽʥʪʝʛʨʘʣ ʊɻʅ ʚʠʨʘʞʘʻ ʧʣʦʱʫ ʩʪʫʧʽʥʯʘʩʪʦʾ ʬʽʛʫʨʠ, 

ʩʢʣʘʜʝʥʦʾ ʟ çʚʭʽʜʥʠʭè ʧʨʷʤʦʢʫʪʥʠʢʽʚ ʘʙʦ ʣʽʚʠʭ ʧʨʷʤʦʢʫʪʥʠʢʽʚ. ʊʦʤʫ ʚʠʨʘʟ ʜʣʷ ʨʦʟʨʘʭʫʥʢʫ ʤʘʢʩʠʤʘʣʴʥʦʛʦ 

ʩʧʦʞʠʪʦʛʦ ʟʥʘʯʝʥʥʷ ʧʦʪʫʞʥʦʩʪʽ ʤʦʞʥʘ ʦʪʨʠʤʘʪʠ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʤʝʪʦʜʫ ʯʠʩʝʣʴʥʦʛʦ ʽʥʪʝʛʨʫʚʘʥʥʷ ʥʘ 

ʽʥʪʝʨʚʘʣʽ ʚʽʜ a ʜʦ b ʜʣʷ n ʽʥʪʝʨʚʘʣʽʚ. ʆʩʢʽʣʴʢʠ ʜʣʷ ʢʦʞʥʦʛʦ ʽʥʪʝʨʚʘʣʫ ʥ̔ʪʝʛʨʫʚʘʥʥʷ ʢʨʦʢ ʩʽʪʢʠ ʦʜʥʘʢʦʚʠʡ, ʪʦ 

ʚʠʨʘʟ ʜʣʷ ʚʠʟʥʘʯʝʥʥʷ ʤʘʢʩʠʤʘʣʴʥʦʛʦ ʩʧʦʞʠʪʦʛʦ ʟʥʘʯʝʥʥʷ ʧʦʪʫʞʥʦʩʪʽ Piʤʘʭ ʟʘʧʠʰʝʪʴʩʷ ʪʘʢ: 
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ʘʙʦ ʜʣʷ ʜʦʙʦʚʦʛʦ ʽʥʪʝʨʚʘʣʫ [0;24] ʟ ʧʦʜʽʣʦʤ ʧʨʦʤʽʞʢʫ ʽʥʪʝʛʨʫʚʘʥʥʷ n=24 ʨʽʚʥʠʭ ʯʘʩʪʠʥ: 
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ʊʘʢʠʤ ʯʠʥʦʤ, ʮʽʣʴʦʚʘ ʬʫʥʢʮʽʷ (1) ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʽʥʬʦʨʤʘʮʽʾ ʊɻʅ ʫ ʷʚʥʦʤʫ ʚʠʛʣʷʜʽ ʪʘ ʤʘʪʨʠʯʥʽʡ 

ʬʦʨʤʽ ʤʦʞʝ ʙʫʪʠ ʟʘʧʠʩʘʥʘ ʪʘʢʠʤ ʯʠʥʦʤ: 
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ʊʘʢʠʤ ʯʠʥʦʤ ʥʝʜʦʩʪʘʪʥʽʩʪʴ ʚʝʢʪʦʨʫ ʩʧʦʩʪʝʨʝʞʝʥʥʷ z ʫ ʮʽʣʴʦʚʽʡ ʬʫʥʢʮʽʾ  (1) ʤʦʞʥʘ ʢʦʤʧʝʥʩʫʚʘʪʠ 

ʽʥʬʦʨʤʘʮʽʻʶ ʟ çɸʣʴʙʦʤʫ ʪʠʧʦʚʠʭ ʛʨʘʬʽʢʽʚ ʝʣʝʢʪʨʠʯʥʠʭ ʥʘʚʘʥʪʘʞʝʥʴè, ʘ ʩʘʤʝ ʤʘʪʝʤʘʪʠʯʥʠʤ ʦʯʽʢʫʚʘʥʥʷʤ 

ʘʢʪʠʚʥʦʛʦ ʥʘʚʘʥʪʘʞʝʥʥ ̫ ʄ(Pij
ʊɻʅ) i-ʛʦ ʚʫʟʣʘ ʚʠʤ̔ ʨʚʁʘʥʥʷ ʥʘ ʩʪʫʧʝʥʽ j, ʡʦʛʦ ʩʝʨʝʜʥʴʦʢʚʘʜʨʘʪʠʯʥʠʤ 
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is  ʪʘ ʽʥʬʦʨʤʘʮʽʾ ʧʨʦ ʩʧʦʞʠʪʫ ʧʦʪʫʞʥʽʩʪʴ ʫ ʥʝʩʧʦʩʪʝʨʝʞʥʦʤʫ ʚʫʟʣʽ ʟ ʙʽʣʽʥʛʦʚʦʾ ʩʠʩʪʝʤʠ Pi
ɹ

 ʫ 

ʚʠʛʣʷʜʽ ʮʽʣʴʦʚʦʾ ʬʫʥʢʮʽʾ (2). 

ʇʝʨʝʚʽʨʢʘ ʧʨʘʮʝʟʜʘʪʥʦʩʪʽ ʧʨʦʧʦʥʦʚʘʥʦʛʦ ʤʝʪʦʜʫ ʧʽʜʚʠʱʝʥʥʷ ʩʧʦʩʪʝʨʝʞʥʦʩʪʽ 

ʨʦʟʧʦʜʽʣʴʥʠʭ ʝʣʝʢʪʨʠʯʥʠʭ ʤʝʨʝʞ 

ɼʣʷ ʧʝʨʝʚʽʨʢʠ ʘʜʝʢʚʘʪʥʦʩʪʽ ʧʨʦʧʦʥʦʚʘʥʦʛʦ ʤʝʪʦʜʫ ʧʽʜʚʠʱʝʥʥʷ ʩʧʦʩʪʝʨʝʞʥʦʩʪʽ ʨʦʟʧʦʜʽʣʴʥʠʭ 

ʝʣʝʢʪʨʠʯʥʠʭ ʤʝʨʝʞ ʥʘ ʦʩʥʦʚʽ ʊɻʅ ʙʫʣʦ ʚʠʢʦʨʠʩʪʘʥʦ ʬʨʘʛʤʝʥʪ ʤʽʩʴʢʠʭ ʤʝʨʝʞ 10 ʢɺ ʤ. ɺʽʥʥʠʮʷ ï ʬʽʜʝʨ ʌ-

165 ʧʽʜʩʪʘʥʮʽʾ 110/10 ʢɺ çɿʘʭʽʜʥʘè. ʌʽʜʝʨ ʤʽʩʪʠʪʴ 5 ʩʧʦʞʠʚʘʣʴʥʠʭ ʧʽʜʩʪʘʥʮʽʾ (ʨʠʩ. 3) ʟ ʪʨʘʥʩʬʦʨʤʘʪʦʨʘʤʠ 

10/0,4 ʢɺ ʨʽʟʥʠʭ ʧʦʪʫʞʥʦʩʪʝʡ. ɺʽʜ ʧʽʜʩʪʘʥʮʽʡ ʬʽʜʝʨʘ ʦʪʨʠʤʫʶʪʴ ʞʠʚʣʝʥʥʷ ʧʨʦʤʠʩʣʦʚʽ (17 %) ʪʘ ʧʦʙʫʪʦʚʽ 

(83 %) ʩʧʦʞʠʚʘʯʽ. ɺʠʢʦʨʠʩʪʦʚʫʶʯʠ ʝʣʝʢʪʨʦʥʥʽ ʣʽʯʠʣʴʥʠʢʠ, ʜʣʷ ʬʽʜʝʨʘ ʙʫʣʦ ʟʘʙʝʟʧʝʯʝʥʦ ʩʠʥʭʨʦʥʽʟʦʚʘʥʫ 

ʨʝʻʩʪʨʘʮʽʶ ʧʘʨʘʤʝʪʨʽʚ ʥʘʜʭʦʜʞʝʥʥʷ ʪʘ ʚʽʜʧʫʩʢʫ ʝʣʝʢʪʨʦʝʥʝʨʛʽʾ ʟ ʧʽʚʛʦʜʠʥʥʠʤ ʽʥʪʝʨʚʘʣʦʤ ʧʨʦʪʷʛʦʤ 11 ʜʽʙ. 

ʊʘʢʠʤ ʯʠʥʦʤ ʙʫʣʦ ʟʘʙʝʟʧʝʯʝʥʦ ʧʦʚʥʫ ʩʧʦʩʪʝʨʝʞʥʽʩʪʴ ʤʝʨʝʞʽ ʜʣʷ ʚʠʟʥʘʯʝʥʥʷ ʙʘʣʘʥʩʦʚʠʭ ʚʪʨʘʪ 

ʝʣʝʢʪʨʦʝʥʝʨʛʽʾ.  

ɺʽʜʧʦʚʽʜʥʦ ʜʦ ʨʦʟʨʦʙʣʝʥʦʛʦ ʤʝʪʦʜʫ ʥʘ ʨʠʩ. 4 ʧʦʢʘʟʘʥʦ ʚʽʜʧʫʩʢ ʝʣʝʢʪʨʦʝʥʝʨʛʽʾ, ʟʘʬʽʢʩʦʚʘʥʠʡ ʥʘ 

ʰʠʥʘʭ 0,4 ʢɺ ʊʇ-455 (ʧʦʙʫʪʦʚʘ) ʪʘ ʚʽʜʧʦʚʽʜʥʠʡ ʡʦʤʫ ʛʨʘʬʽʢ ʥʘʚʘʥʪʘʞʝʥʥʷ ʟʘ ʦʜʥʫ ʜʦʙʫ 26.04, ʚʽʜʥʦʚʣʝʥʠʡ 

ʟʘ ʊɻʅ ʪʘ ʽʥʬʦʨʤʘʮʽʻʶ ʟ ʙʽʣʽʥʛʦʚʦʾ ʧʽʜʩʠʩʪʝʤʠ.  

ɼʣʷ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʛʦ ʧʽʜʪʚʝʨʜʞʝʥʥʷ ʤʦʞʣʠʚʦʩʪʽ ʚʠʢʦʨʠʩʪʘʥʥʷ ʊɻʅ ʟ ʤʝʪʦʶ ʬʦʨʤʫʚʘʥʥʷ 

ʧʩʝʚʜʦʚʠʤʽʨʽʚ, ʙʫʣʦ ʚʠʢʦʥʘʥʦ ʟʘʤʽʥʫ ʚʠʤʽʨʷʥʠʭ ʧʦʪʫʞʥʦʩʪʝʡ ʥʘʚʘʥʪʘʞʝʥʥʷ ʜʣʷ ʚʩʽʭ ʊʇ ʥʘ ʚʽʜʪʚʦʨʝʥʽ ʟʘ 

ʪʠʧʦʚʠʤʠ ʛʨʘʬʽʢʘʤʠ ʪʘ ʩʫʤʘʨʥʠʤ ʩʧʦʞʠʚʘʥʥʷʤ ʝʣʝʢʪʨʦʝʥʝʨʛʽʾ ʧʨʦʪʷʛʦʤ ʧʝʨʽʦʜʫ ʝʢʩʧʝʨʠʤʝʥʪʫ. 

ɽʬʝʢʪʠʚʥʽʩʪɹ  ʦʮʽʥʶʚʘʥʥʷ ʩʪʘʥʫ ʨʦʟʧʦʜʽʣʴʥʠʭ ʝʣʝʢʪʨʠʯʥʠʭ ʤʝʨʝʞ ʟʘ ʚʽʜʩʫʪʥʦʩʪʽ ʜʦʩʪʘʪʥʴʦʾ ʽʥʬʦʨʤʘʮʽ ʾ

ʧʦʢʘʟʘʥʦ ʥʘ ʨʠʩ. 5. ʇʽʩʣʷ ʦʮʽʥʶʚʘʥʥʷ ʩʪʘʥʫ ɽʄ ʪʘ ʚʠʟʥʘʯʝʥʥʷ h(x) ʙʫʣʦ ʨʦʟʨʘʭʦʚʘʥʦ ʚʽʜʥʦʩʥʽ ʧʦʭʠʙʢʠ 

ʦʮʽʥʶʚʘʥʥʷ ʧʘʨʘʤʝʪʨʽʚ ʨʝʞʠʤʽʚ. ʇʦʭʠʙʢʘ ʨʦʟʨʘʭʫʥʢʫ ʥʘʧʨʫʛʠ ʥʘ ʰʠʥʘʭ ʊʇ 10 ʢɺ ʟʥʘʭʦʜʠʪʴʩʷ ʫ ʤʝʞʘʭ 

0,2%, ʷʢʘ ʧʦʨʽʚʥʷʥʦ ʟ ʥʝʙʘʣʘʥʩʦʤ ʥʘʜʭʦʜʞʝʥʥʷ ʪʘ ʩʧʦʞʠʚʘʥʥʷ  ̒ʧʨʠʧʫʩʪʠʤʦʶ ʜʣʷ ʩʢʣʘʜʘʥʥʷ ʫʪʦʯʥʝʥʦʾ 

ʩʪʨʫʢʪʫʨʠ ʙʘʣʘʥʩʫ ʝʣʝʢʪʨʦʝʥʝʨʛʽʾ. 
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ʈʠʩ. 3. ʌʨʘʛʤʝʥʪ ʩʧʦʩʪʝʨʝʞʥʦʾ ʝʣʝʢʪʨʠʯʥʦʾ ʤʝʨʝʞʽ 10 ʢɺ 
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ʈʠʩ. 4. ɺʜ̔ʧʫʩʢ ʝʣʝʢʪʨʦʝʥʝʨʛʽʾ, ʟʘʬʽʢʩʦʚʘʥʠʡ ʥʘ ʰʠʥʘʭ 0,4 ʢɺ ʊʇ-455 (ʧʦʙʫʪʦʚʘ) 

ʪʘ ʚʽʜʥʦʚʣʝʥʠʡ ʧʦ ʊɻʅ ʛʨʘʬʽʢ ʥʘʚʘʥʪʘʞʝʥʥʷ ʟʘ ʦʜʥʫ ʜʦʙʫ 26.04 

 
ʈʠʩ. 5. ʇʦʭʠʙʢʘ ʨʦʟʨʘʭʫʥʢʫ ʥʘʧʨʫʛʠ ʊʇ ʟ ʦʮʽʥʢʠ ʩʪʘʥʫ ʟʘ ʚʽʜʥʦʚʣʝʥʠʤʠ ʊɻʅ ʪʘ ʨʝʘʣʴʥʠʤʠ ʛʨʘʬʽʢʘʤʠ ʥʘʚʘʥʪʘʞʝʥʥʷ 

 

ɺʠʩʥʦʚʢʠ 

ɺ ʨʦʙʦʪʽ ʦʪʨʠʤʘʥʦ ʥʦʚʝ ʚʠʨʽʰʝʥʥʷ ʘʢʪʫʘʣʴʥʦʾ ʥʘʫʢʦʚʦ-ʧʨʠʢʣʘʜʥʦʾ ʟʘʜʘʯʽ ʧʽʜʚʠʱʝʥʥʷ ʜʦʩʪʦʚʽʨʥʦʩʪʽ 

ʨʝʟʫʣʴʪʘʪʽʚ ʘʥʘʣʽʟʫ ʝʥʝʨʛʦʝʬʝʢʪʠʚʥʦʩʪʽ ʨʦʟʧʦʜʽʣʴʥʠʭ ʝʣʝʢʪʨʠʯʥʠʭ ʤʝʨʝʞ ʰʣʷʭʦʤ ʚʜʦʩʢʦʥʘʣʝʥʥʷ ʤʝʪʦʜʽʚ 

ʧʽʜʚʠʱʝʥʥʷ ʾʭ ʩʧʦʩʪʝʨʝʞʥʦʩʪʽ. 

ʈʦʟʨʦʙʣʝʥʦ ʤʝʪʦʜ ʟʚʦʨʦʪʥʦʛʦ ʧʝʨʝʪʚʦʨʝʥʥʷ ʟʘʬʽʢʩʦʚʘʥʠʭ ʦʙʩʷʛʽʚ ʩʧʦʞʠʪʦʾ ʝʣʝʢʪʨʦʝʥʝʨʛʽʾ ʫ 

ʧʩʝʚʜʦʚʠʤʽʨʶʚʘʥʥʷ ʛʨʘʬʽʢʽʚ ʝʣʝʢʪʨʠʯʥʠʭ ʥʘʚʘʥʪʘʞʝʥʴ ʩʧʦʞʠʚʘʯʽʚ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʪʠʧʦʚʠʭ ʛʨʘʬʽʢʽʚ 

ʥʘʚʘʥʪʘʞʝʥʥʷ, ʘ ʪʘʢʦʞ ʦʮʽʥʢʠ ʩʪʘʥʫ ʝʣʝʢʪʨʠʯʥʠʭ ʤʝʨʝʞ. ʇʦʢʘʟʘʥʦ, ʱʦ ʚʠʢʦʨʠʩʪʘʥʥʷ ʜʘʥʠʭ ʟ ʩʠʩʪʝʤ ʦʙʣʽʢʫ 

ʝʣʝʢʪʨʦʝʥʝʨʛ̔ʾ  ʜʣʷ ʜʦʧʦʚʥʝʥʥʷ ʚʝʢʪʦʨʫ ʩʪʘʥʫ ʝʣʝʢʪʨʠʯʥʠʭ ʤʝʨʝʞ ʽʥʬʦʨʤʘʮʽʻʶ ʧʨʦ ʟʤʽʥʠ ʧʦʪʫʞʥʦʩʪʽ ʫ 

ʥʝʩʧʦʩʪʝʨʝʞʥʠʭ ʚʫʟʣʘʭ ʜʘʻ ʟʤʦʛʫ ʧʽʜʚʠʱʠʪʠ ʘʜʝʢʚʘʪʥʽʩʪʴ ʤʦʜʝʣʶʚʘʥʥʷ ʨʝʞʠʤʽʚ ʨʦʟʧʦʜʽʣʴʥʠʭ ʤʝʨʝʞ 10(6) 

ʢɺ ʪʘ ʷʢʽʩʪʴ ʨʦʟʨʦʙʣʝʥʥʷ ʝʣʝʢʪʨʦʦʱʘʜʥʠʭ ʟʘʭʦʜʽʚ. 
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ʆ.ʗ. ɺʆʃʆʐɸʅʖʂ, ʆ.ɺ.ʅɽʏʀʇʆʈɽʅʂʆ 
ʏʝʨʢʘʩʴʢʠʡ ʜʝʨʞʘʚʥʠʡ ʪʝʭʥʦʣʦʛʽʯʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ 

 

ʉʀʅʊɽɿ ʇʆɼʆɹʀ ɽʃɽʂʊʈʆʅʅʆɰ ʉʀʉʊɽʄʀ ʂɽʈʋɺɸʅʅʗ ʐɺʀɼʂʆɼɯʖʏʆʖ 

ʈɽɼʋʂʎɯʁʅʆ-ʆʍʆʃʆɼɾʋɺɸʃʔʅʆʖ ʋʉʊɸʅʆɺʂʆʖ 
 
ˍ̨̗̠̎̏̓́Ȣ ˠ ̨̒̓́̓̓ ̠̑̏̈̄̌̎̔̓̏ ̐̑̏̂̌̆̍̔ ̨̙̃̉̅̋̏̒̓ ̨̗̩̑̆́̋ ̒̉̒̓̆̍̉ ̠̋̆̑̔̃́̎̎ ̨̙̟̘̩̃̉̅̋̏̅̏ 

̨̗̑̆̅̔̋̊̎̏-̖̝̩̏̏̌̏̅̇̔̃́̌̎̏ ̔̒̓́̎̏̃̋̉ ̐́̑̉ ̔ ̨̟̘̆̎̆̑̄̏̄̆̎̆̑̔̊ ̨̄́̌̔̈ ̨ ̨̨̨̖̘̍̎̊ ̐̑̏̍̉̒̌̏̃̏̒̓Ȣ̨ ˔́̐̑̏̐̏̎̏̃́̎̏ 
̨̟̒̓̑́̓̆̄ ̠̋̆̑̔̃́̎̎ ̗̐̑̏̆̒̏̍ ̈́ ̟̘̃̉̐̆̑̆̅̇̔̉̍ ̐̑̏̄̎̏̈̏̍Ȣ ˏ ̨̠̋̏̒̓ ̨̟̋̑̉̓̆̑ ̈́̐̑̏̐̏̎̏̃́̎̏ ̍̏̍̆̎̓ 
̠̎́̒̓́̎̎ ̨̐̆̑̆̅̃̅̍̏̃̎̏̄̏ ̒̓́̎̔ȟ ̠̋̉̊ ̘̟̤̝̠̏̂̉̒̌̓̒ ̨̠̠̐̏̑̃̎̎̎̍ ̘̏̂̉̒̌̆̎̏̄̏ ̈́ ̠̐̏̋́̈́̎̎̍̉ ̨̘̅́̓̉̋̃ 
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The problem of quick-response steam flow reduction-cooling device control system used in energy branch and chemical industry is 
considered in the paper. The experience of last disasters with nuclear power plants and in chemical industry shows that the safety problem is 
still acute there and that the comparative rareness of such matters is balanced by severity of damages and number of casualties. The key 
factor which strongly limiÔÓ ÁÎÙ ÅÆÆÏÒÔ ÔÏ ÕÐÇÒÁÄÅ ÓÁÆÅÔÙ ÉÓ ÍÅÃÈÁÎÉÃÁÌ ÉÎÅÒÔÉÁ ÏÆ ÅØÅÃÕÔÉÖÅ ÄÅÖÉÃÅÓȢ 4ÈÅ ÃÏÎÔÒÏÌ ÓÙÓÔÅÍȭÓ ÒÅÓÐÏÎÓÅ ÔÉÍÅ ÉÓ ÔÈÅ 
sole criteria, determining either disaÓÔÅÒȭÓ Ålimination or its increaseȢ "ÕÔ ÊÕÓÔ ÔÈÅ ÓÙÓÔÅÍȭÓ ÒÅÓÐÏÎÄ ÔÉÍÅ ÒÅÍÁÉÎÓ ÉÎ ÒÉÇÈÔ dependence of 
ÅØÅÃÕÔÉÖÅ ÄÅÖÉÃÅÓȭ ÍÁÓÓÅÓ ÁÓ ×ÅÌÌ ÔÏÔÁÌ ÁÍÏÕÎÔÓ ÏÆ ÅÎÅÒÇÙ-carrying media, their temperature, pressure, flow rates, etc. As about quick-
response reduction cooling devices (QRCD) the problem is multiplied by such a fact that consumers of steam prefabricated by the QRCD also 
need a lot of time for preparing in order to avoid their damage. It seems this problem has no resolving via traditional methods. Because all 
known algorithms embodied in practice act in post-ÆÁÃÔÕÍ ÍÏÄÅȢ )ȢÅȢ ÃÏÎÔÒÏÌ ÓÙÓÔÅÍȭs command signals are generated upon receiving alarm. 
So the principally novel approach is proposed in this paper both for QRCD control systems and other ones of similar  purpose. Namely it is 
proposed to change reactive control system acting post-factum by active one based on advanced forecast. It includes involving of the term of 
prior -to-ÆÁÉÌ ÓÙÓÔÅÍȭÓ ÓÔÁÔÅȢ 4ÈÅ ÐÒÉÏÒ-to-fail time is proposed as criteria to realize control together with the term of full energy reserve. This 
algorithm envisages the foregoing definition of maximal allowed overheated steam flow parameters and full energy (per second) value 
calculated on a basis of them. While operating current parameters values are measured via sensors and current full energy figure is 
calculated together with its first and second derivatives. Time between current and maximal full energy (rate) values is calculated. While this 
figures approaches to the sysÔÅÍȭÓ ÒÅÓÐÏÎÓÅ time such state is considered as the prior -to-fail state, and preparation-to-bypassing routine 
starts at this moment. The version of control system algorithm is proposed. 

Keywords: high-speed reduction and cooling unit, energy generating industry, process control according to the advanced forecast, 
pre-failure state, control system algorithm. 

 

ʇʦʩʪʘʥʦʚʢʘ ʧʨʦʙʣʝʤʠ ʫ ʟʘʛʘʣʴʥʦʤʫ ʚʠʛʣʷʜʽ ʪʘ ʾʾ ʟʚôʷʟʦʢ ʽʟ ʚʘʞʣʠʚʠʤʠ ʥʘʫʢʦʚʠʤʠ ʯʠ 

ʧʨʘʢʪʠʯʥʠʤʠ ʟʘʚʜʘʥʥʷʤʠ 

ʗʢ ʚʽʜʦʤʦ, ʨʝʜʫʢʮʽʡʥʦ-ʦʭʦʣʦʜʞʫʚʘʣʴʥʽ ʫʩʪʘʥʦʚʢʠ (ʈʆʋ) ʪʘ ʰʚʠʜʢʦʜʽʶʯʽ ʨʝʜʫʢʮʽʡʥʦ-

ʦʭʦʣʦʜʞʫʚʘʣʴʥʽ ʫʩʪʘʥʦʚʢʠ (ʐʈʆʋ) ʟʘʩʪʦʩʦʚʫʶʪʴʩʷ ʫ ʝʥʝʨʛʝʪʠʮʽ (ʫ ʩʭʝʤʘʭ ʝʥʝʨʛʦʙʣʦʢʽʚ) ʪʘ ʫ ʭʽʤʽʯʥʽʡ 

ʧʨʦʤʠʩʣʦʚʦʩʪʽ (ʥʘʧʨʠʢʣʘʜ, ʫ ʚʠʨʦʙʥʠʮʪʚʽ ʧʦʣʽʝʪʠʣʝʥʫ) ʜʣʷ ʨʝʜʫʢʫʚʘʥʥʷ ʪʠʩʢʫ ʪʘ ʟʥʠʞʝʥʥʷ ʪʝʤʧʝʨʘʪʫʨʠ 

ʧʘʨʠ ʜʦ ʟʘʜʘʥʠʭ ʧʘʨʘʤʝʪʨʽʚ. ʐʈʆʋ ʧʨʠʟʥʘʯʝʥʽ ʜʣʷ ʚʽʜʚʝʜʝʥʥ̫ ʧʘʨʠ, ʷʢʘ ʧʨʦʜʫʢʫʻʪʴʩʷ ʢʦʪʣʦʤ ʯʠ 

ʧʘʨʦʛʝʥʝʨʘʪʦʨʦʤ, ʘʣʝ ʥʝ ʩʧʦʞʠʚʘʻʪʴʩʷ ʪʫʨʙʽʥʦʶ, ʘ ʧʦʪʨʘʧʣʷʻ ʫ ʧʘʨʦʧʨʠʡʤʘʣʴʥʽ ʧʨʠʩʪʨʦʾ ʢʦʥʜʝʥʩʘʪʦʨʘ ʯʠ 

ʜʦ ʢʦʣʝʢʪʦʨʘ ʚʣʘʩʥʠʭ ʧʦʪʨʝʙ ʙʣʦʢʘ ʜʣʷ ʨʝʟʝʨʚʫʚʘʥʥʷ ʞʠʚʣʝʥʥʷ ʧʨʠʚʽʜʥʠʭ ʪʫʨʙʽʥ, ʞʠʚʠʣʴʥʠʭ ʥʘʩʦʩʽʚ ʽ 

ʧʦʚʽʪʨʦʥʘʛʥʽʪʘʯʽʚ, ʘ ʪʘʢʦʞ ʜʣʷ  ʧʦʜʘʚʘʥʥʷ ʧʘʨʠ ʥʘ ʧʨʦʛʨʽʚʘʥʥʷ ʪʨʫʙʦʧʨʦʚʦʜʽʚ ʧʨʦʤʽʞʥʦʛʦ ʧʝʨʝʛʨʽʚʫ. 

ɺʜ̔ʤʽʥʥʽʩʪʴ ʈʆʋ ʽ ʐʈʆʋ ʚ ʪʦʤʫ, ʱʦ ʈʆʋ ʧʨʠʟʥʘʯʝʥʽ ʜʣʷ ʧʦʩʪʽʡʥʦʾ ʨʦʙʦʪʠ ʥʘ ʩʧʦʞʠʚʘʯʘ. ɸ ʐʈʆʋ, ʚ 

ʧʝʚʥʦʤʫ ʩʝʥʩʽ, ʛʨʘʶʪʴ ʨʦʣʴ ʟʘʧʦʙʽʞʥʦʛʦ ʢʣʘʧʘʥʘ ʩʠʩʪʝʤʠ ï ʟʘʙʝʟʧʝʯʫʶʯʠ ʧʦʛʣʠʥʘʥʥʷ, ʯʠ ʩʢʠʜʘʥʥʷ ʪʦʛʦ 

ʥʘʜʣʠʰʢʫ ʝʥʝʨʛʽʾ, ʷʢʠʡ, ʟ ʪʽʻʾ, ʯʠ ʽʥʰʦʾ ʧʨʠʯʠʥʠ, ʩʠʩʪʝʤʘ ʥʝ ʤʦʞʝ ʩʧʦʞʠʪʠ. ɸʣʝ, ʥʘ ʚʽʜʤʽʥʫ ʚʽʜ ʢʣʘʩʠʯʥʦʛʦ 

ʟʘʧʦʙʽʞʥʦʛʦ ʢʣʘʧʘʥʘ, ʷʢʠʡ ʧʨʦʩʪʦ ʨʦʟʩʽʶʻ ʝʥʝʨʛʽʶ ʧʘʨʠ ʫ ʟʦʚʥʽʰʥʴʦʤʫ ʩʝʨʝʜʦʚʠʱʽ, ʐʈʆʋ ʜʦʟʚʦʣʷʻ, 

ʧʝʚʥʦʶ ʤʽʨʦʶ, ʫʪʠʣʽʟʫʚʘʪʠ ʪʘʢʫ ʝʥʝʨʛʽʶ, ʪʠʤ ʩʘʤʠʤ ʧʽʜʚʠʱʫʶʯʠ ʂʂɼ ʫʩʽʻʾ ʩʠʩʪʝʤʠ.  

ɺʽʜʧʦʚʽʜʥʦ ʜʦ ʥʘʟʚʠ, ʈʆʋ ʽ ʐʈʆʋ ʤʘʶʪʴ ʜʚʦʭʩʪʫʧʽʥʯʘʩʪʫ ʩʭʝʤʠ ʨʦʙʦʪʠ (ʚʽʜʤʽʥʥʽʩʪʴ ʐʈʆʋ ʪʫʪ 

ʣʠʰʝ ʫ ʰʚʠʜʢʦʜʽʾ, ʧʝʨʽʦʜʠʯʥʦʩʪʽ ʜʽʾ ʪʘ ʫ ʧʝʨʝʣʽʢʫ ʩʧʦʞʠʚʘʯʽʚ ʧʘʨʠ). ʅʘ ʧʝʨʰʦʤʫ ʩʪʫʧʝʥʽ ʚ ʫʩʽʭ ʚʠʧʘʜʢʘʭ 

ʟʜʽʡʩʥʶʻʪʴʩʷ ʨʝʜʫʢʮʽʷ ʪʠʩʢʫ ʛʦʩʪʨʦʾ (ʧʝʨʝʛʨʽʪʦʾ) ʧʘʨʠ ï ʢʣʘʩʠʯʥʠʤ ʟʘʩʦʙʦʤ ʛʘʟʦʜʠʥʘʤʽʢʠ, ʜʨʦʩʝʣʶʚʘʥʥʷʤ. 

ʇʨʠʨʦʜʥʦ, ʱʦ ʝʥʝʨʛʝʪʠʯʥʠʡ ʙʘʣʘʥʩ ʪʫʪ ʧʨʘʢʪʠʯʥʦ ʥʝ ʟʤʽʥʶʻʪʴʩʷ.  

ʉʧʘʜʘʥʥʷ ʧʦʪʝʥʮʽʡʥʦʾ ʝʥʝʨʛʽʾ ʪʝʤʧʝʨʘʪʫʨʠ ʽ ʪʠʩʢʫ ʧʘʨʠ ʢʦʥʚʝʨʪʫʻʪʴʩʷ ʫ ʟʨʽʩʪ ʢʽʥʝʪʠʯʥʦʾ ʝʥʝʨʛʽʾ 

ʰʚʠʜʢʦʩʪʽ ʧʦʪʦʢʫ ʉʪʦʩʦʚʥʦ ʞ ʜʨʫʛʦʛʦ ʝʪʘʧʫ, ʦʭʦʣʦʜʞʝʥʥʷ ʧʘʨʠ ʟ ʧʝʨʝʛʨʽʪʦʾ ʜʦ ʥʘʩʠʯʝʥʦʾ, ʟʘʨʘʟ ʚʽʜʦʤ̔ ʪʨʠ 

ʨʽʟʥʠʭ ʩʧʦʩʦʙʠ. ʇʝʨʰʠʡ (ʚʽʜʦʤʘ, ʧʦʚʩʶʜʥʦ ʟʘʩʪʦʩʦʚʘʥʘ ʪʝʭʥʦʣʦʛʽʷ) ï ʮʝ ʚʧʦʨʩʢʫʚʘʥʥʷ ʚʦʜʠ ʫ ʧʦʪʽʢ ʧʘʨʠ ʟʘ 

ʜʦʧʦʤʦʛʦʶ ʽʥʞʝʢʪʦʨʽʚ. ɿ-ʟʘ ʧʦʨʽʚʥʷʥʦ ʚʝʣʠʢʦʾ ʪʝʧʣʦʻʤʥʦʩʪʽ ʧʨʦʮʝʩʽʚ ʥʘʛʨʽʚʘʥʥʷ ʢʨʘʧʝʣʴ ʚʦʜʠ ʪʘ 

ʧʘʨʦʫʪʚʦʨʝʥʥʷ, ʥʘ ʥʠʭ ʚʠʪʨʘʯʘʻʪʴʩʷ ʥʘʜʣʠʰʦʢ ʝʥʝʨʛʽʾ ʧʘʨʠ. ʗʢʠʡ, ʚ ʜʘʥʦʤʫ ʚʠʧʘʜʢʫ ʢʦʥʚʝʨʪʫʻʪʴʩʷ ʫ 

ʟʙʽʣʴʰʝʥʥʷ ʟʘʛʘʣʴʥʦʾ ʤʘʩʠ ʧʘʨʠ (ʟ-ʟʘ ʨʘʭʫʥʦʢ ʜʦʜʘʥʦʾ ʤʘʩʠ ʚʦʜʠ), ʧʨʦʪʝ ʟ ʥʠʞʯʠʤʠ ʝʥʝʨʛʝʪʠʯʥʠʤʠ 

ʧʘʨʘʤʝʪʨʘʤʠ (ʥʘʩʠʯʝʥʘ ʧʘʨʘ ʟʘʤʽʩʪʴ ʧʝʨʝʛʨʽʪʦʾ).  
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ʆʩʦʙʣʠʚʽʩʪʶ ʪʘʢʠʭ ʛʘʣʫʟʝʡ, ʷʢ ʝʥʝʨʛʝʪʠʢʘ ʪʘ ʭʽʤʽʯʥʘ ʧʨʦʤʠʩʣʦʚʽʩʪʴ  ̒ʪʝ, ʱʦ ʧʦʨʽʚʥʷʥʦ ʥʠʟʴʢʘ 

ʯʘʩʪʦʪʘ ʥʘʜʟʚʠʯʘʡʥʠʭ ʧʦʜʽʡ ʫ ʥʠʭ ʧʦʻʜʥʘʥʘ ʟ ʪʷʞʢʠʤʠ ʥʘʩʣʽʜʢʘʤʠ ʢʦʞʥʦʾ ʘʚʘʨʽʡ ʯʠ ʢʘʪʘʩʪʨʦʬʠ. ʇʨʠʯʠʥʘ 

ʢʨʠʻʪʴʩʷ ʫ ʪʦʤʫ, ʱʦ ʦʙʠʜʚʽ ʮʽ ʛʘʣʫʟʽ ʦʧʝʨʫʶʪʴ ʟ ʨʝʯʦʚʠʥʘʤʠ ʟ ʚʝʣʠʢʠʤ ʨʽʚʥʝʤ ʝʥʝʨʛʽʾ, ʥʝʢʦʥʪʨʦʣʴʦʚʘʥʝ 

ʚʠʚʽʣʴʥʝʥʥʷ ʷʢʦʾ ʤʦʞʝ ʩʧʨʠʯʠʥʠʪʠ ʣʶʜʩʴʢʽ ʞʝʨʪʚʠ, ʧʦʰʢʦʜʞʝʥʥʷ ʤʘʡʥʘ ʪʘ ʰʢʦʜʫ ʥʘʚʢʦʣʠʰʥʴʦʤʫ 

ʩʝʨʝʜʦʚʠʱʫ. ʇʨʠ ʥʘʩʪʘʥʥʽ ʪʘʢʠʭ ʧʦʜʽʡ ʢʨʠʪʠʯʥʠʤ ʻ ʯʠʥʥʠʢ ʯʘʩʫ. ʏʠʤ ʪʦʯʥʽʰʝ ʽ ʨʘʥʽʰʝ ʩʠʩʪʝʤʘ ʢʝʨʫʚʘʥʥʷ 

ʝʥʝʨʛʝʪʠʯʥʠʤ ʯʠ ʭ̔ʤʽʯʥʠʤ ʦʙôʻʢʪʦʤ ʤʦʞʝ ʚʽʜʩʪʝʞʠʪʠ ʽ ʚʽʜʨʝʘʛʫʚʘʪʠ ʥʘ ʥʘʩʪʘʥʥʷ ʥʘʜʟʚʠʯʘʡʥʦʾ ʧʦʜʽ,ʾ ʪʠʤ 

ʤʝʥʰʦʶ ʻ ʽʤʦʚʽʨʥʽʩʪʴ ʰʢʦʜʠ. ɸʣʝ ʰʚʠʜʢʦʜʽʷ ʩʠʩʪʝʤʠ ʢʝʨʫʚʘʥʥʷ ʟʘʚʞʜʠ ʤʘʻ ʬʽʟʠʯʥʽ ʦʙʤʝʞʝʥʥʷ, ʩʧʨʠʯʠʥʝʥʽ 

ʷʢ ʽʥʝʨʮʽʡʥʽʩʪʶ ʚʠʢʦʥʘʥʥʷ ʦʙʯʠʩʣʝʥʴ ʪʘ ʬʦʨʤʫʚʘʥʥʷ ʢʦʤʘʥʜʥʠʭ ʩʠʛʥʘʣʽʚ, ʪʘʢ ʽ ʽʥʝʨʮʽʡʥʽʩʪʶ ʚʠʢʦʥʘʚʯʠʭ 

ʤʝʭʘʥʽʟʤʽʚ: ʢʣʘʧʘʥʽʚ, ʜʨʦʩʝʣʽʚ, ʪʦʱʦ ï ʦʩʦʙʣʠʚʦ ʚʝʣʠʢʦʛʘʙʘʨʠʪʥʠʭ, ʪʘ ʪʘʢʠʭ, ʱʦ ʦʧʝʨʫʶʪʴ ʽʟ ʚʝʣʠʢʠʤ 

ʪʠʩʢʦʤ, ʪʝʤʧʝʨʘʪʫʨʦʶ ʪʘ ʽʥʰʠʤʠ ʧʘʨʘʤʝʪʨʘʤʠ ʝʥʝʨʛʦʥʦʩʽʾʚ. 

ɸʥʘʣʽʟ ʦʩʪʘʥʥʽʭ ʜʦʩʣʽʜʞʝʥʴ 

ʑʦʜʦ ʢʦʥʢʨʝʪʥʦ ʰʚʠʜʢʦʜʽʶʯʠʭ ʨʝʜʫʢʮʽʡʥʦ-ʦʭʦʣʦʜʞʫʚʘʣʴʥʠʭ ʫʩʪʘʥʦʚʦʢ, ʨʷʜ ʧʫʙʣʽʢʘʮʽʡ, ʦʢʨʽʤ 

ʥʠʟʴʢʦʾ ʰʚʠʜʢʦʜʽʾ ʚʟʘʛʘʣʽ, ʥʘʨʽʢʘʪʁʴ ʽʱʝ ʡ ʥʘ ʩʧʝʮʠʬʽʯʥʽ ʥʝʜʦʣʽʢʠ, ʧʨʠʪʘʤʘʥʥʽ ʩʘʤʝ ʜʘʥʽʡ ʩʭʝʤʽ. ʆʩʪʘʥʥʽ 

ʧʦʚôʷʟʘʥʽ ʟ ʚʝʣʠʢʦʶ ʰʚʠʜʢʽʩʪʶ ʧʦʪʦʢʫ ʽ, ʚʽʜʧʦʚʽʜʥʦ, ʟ ʥʝʩʪʘʯʝʶ ʯʘʩʫ ʥʘ ʥʘʛʨʽʚ ʢʨʘʧʝʣʴ ʚʦʜʠ ʽ ʧʝʨʝʪʚʦʨʝʥʥʷ 

ʾʭ ʥʘ ʧʘʨʫ. ʊʦʤʫ ʢʨʘʧʣʽ ʚʦʜʠ ʚʠʥʦʩʷʪʴʩʷ ʟ ʦʭʦʣʦʜʞʫʚʘʯʘ ʫ ʚʠʭʽʜʥʠʡ ʪʨʫʙʦʧʨʦʚʽʜ, ʦʩʽʜʘʶʪʴ ʥʘ ʡʦʛʦ ʩʪʽʥʢʘʭ, 

ʚʠʢʣʠʢʘʶʯʠ ʣʦʢʘʣʴʥʠʡ ʪʝʨʤʽʯʥʠʡ ʰʦʢ, ʢʦʥʮʝʥʪʨʘʮʽʶ ʪʝʨʤʽʯʥʠʭ ʥʘʧʨʫʞʝʥʴ ʽ ʧʦʜʘʣʴʰʝ ʨʦʟʪʨʽʩʢʫʚʘʥʥʷ 

ʩʪʽʥʦʢ ʪʨʫʙ. ɼʣʷ ʚʠʨʽʰʝʥʥʷ ʚʠʱʝʥʘʚʝʜʝʥʠʭ ʧʨʦʙʣʝʤ ʫ ʣʽʪʝʨʘʪʫʨʽ, ʚʠʚʯʝʥʽʡ ʟʘ ʜʘʥʦʶ ʪʝʤʘʪʠʢʦʶ, 

ʧʨʦʧʦʥʫʶʪʴʩʷ ʘʣʴʪʝʨʥʘʪʠʚʥʽ ʚʘʨʽʘʥʪʠ ʚʠʢʦʥʘʥʥ̫ ʦʭʦʣʦʜʞʫʚʘʣʴʥʦʾ ʯʘʩʪʠʥʠ ʢʦʥʪʫʨʫ ʐʈʆʋ. ʇʝʨʰʠʡ [1] 

ʧʝʨʝʜʙʘʯʘʻ ʧʨʦʧʫʩʢʘʥʥʷ ʧʘʨʠ (ʜʦʪʠʯʥʦ, ʘʙʦ ʧʽʜ ʛʦʩʪʨʠʤ ʢʫʪʦʤ) ʢʨʽʟʴ ʢʽʣʴʮʝ ʚʦʜʠ, ʷʢʝ ʦʙʝʨʪʘʻʪʴʩʷ. ɼʣʷ 

ʫʪʨʠʤʘʥʥʷ ʚʦʜʠ ʘʙʦ ʧʘʨʦʚʦʜ̫ʥʦʾ ʩʫʤʽʰʽ ʚʽʜ ʚʠʥʝʩʝʥʥʷ ʟ-ʟʘ ʧʨʠʜʘʥʥʷ ʾʤ ʢʽʥʝʪʠʯʥʦʾ ʝʥʝʨʛʽʾ ʧʘʨʠ ʧʨʦʮʝʩ 

ʟʜ̔ʡʩʥʶʶʪʴ ʫ ʧʦʣʽ ʚʽʜʮʝʥʪʨʦʚʠʭ ʩʠʣ ʫ ʩʧʝʮʽʘʣʴʥʦ ʩʧʨʦʬʽʣʴʦʚʘʥʽʡ ʢʘʤʝʨʽ  ʟʤʽʰʫʚʘʥʥʷ, ʜʝ ʽ ʩʪʚʦʨʶʶʪʴ 

ʦʙʝʨʪʘʣʴʥʠʡ ʢʽʣʴʮʝʚʠʡ ʰʘʨ ʚʦʜʠ, ʧʨʦʭʦʜʷʯʠ ʢʨʽʟʴ ʷʢʠʡ ʚʽʜ ʧʝʨʠʬʝʨʽʾ ʜʦ ʮʝʥʪʨʘ ʧʘʨ ʟʥʠʞʫʻ ʩʚʦʾ ʧʘʨʘʤʝʪʨʠ. 

ɿʘʚʜʷʢʠ ʚʽʜʮʝʥʪʨʦʚʠʤ ʩʠʣʘʤ ʪʠʩʢ ʥʘ ʟʦʚʥʽʰʥʴʦʤʫ ʢʽʣʴʮʷ ʙʽʣʴhʝ ʪʠʩʢʫ ʥʘ ʡʦʛʦ ʚʥʫʪʨʽʰʥʴʦʤʫ ʙʦʮʽ, ʽ ʮʷ 

ʨʽʟʥʠʮʷ ʟʘʣʝʞʠʪʴ ʚʽʜ ʰʚʠʜʢʦʩʪʽ ʦʙʝʨʪʘʥʥʷ ʢʽʣʴʮʷ, ʡʦʛʦ ʪʦʚʱʠʥʠ, ʜʽʘʤʝʪʨʘ ʠ ʛʫʩʪʠʥʠ. ʇʨʦʭʦʜʷʯʠ ʢʨʽʟʴ ʮʝ 

ʦʙʝʨʪʘʣʴʥʝ ʢʽʣʴʮʝ ʚʽʜ ʧʝʨʠʬʝʨʽʾ ʜʦ ʢ ʮʝʥʪʨʫ, ʧʘʨʘ ʧʝʨʝʤʽʱʫʻʪʴʩʷ ʟ ʦʙʣʘʩʪʽ ʟ ʙʽʣʴʰ ʚʠʩʦʢʠʤ ʪʠʩʢʦʤ ʜʦ 

ʦʙʣʘʩʪʽ ʟ ʥʠʞʯʠʤ ʪʠʩʢʦʤ, ʽ ʪʘʢʠʤ ʯʠʥʦʤ, ʟʥʠʞʫʻ ʩʚʽʡ ʪʠʩʢ. ʇʨʠ ʮʴʦʤʫ ʧʘʨʘ ʧʨʦʭʦʜʠʪʴ ʥʘʙʘʛʘʪʦ ʙʽʣʴʰʠʡ 

ʰʣʷʭ, ʘʥʽʞ ʫ ʟʚʠʯʘʡʥʦʤʫ ʦʭʦʣʦʜʞʫʚʘʯʽ. ʆʢʨʽʤ ʪʦʛʦ, ʚʦʜʷʥʝ ʢʽʣʴʮʝ, ʩʘʤʝ ʧʦ ʩʦʙʽ ʜʽʻ, ʷʢ ʩʝʧʘʨʘʪʦʨ ʢʨʘʧʝʣʴ: 

ʚʽʜʮʝʥʪʨʦʚʘ ʩʠʣʘ ʥʘʙʘʛʘʪʦ ʩʠʣʴʥʽʰʝ ʜʽʻ ʥʘ ʢʦʥʮʝʥʪʨʦʚʘʥʽ ʤʘʩʠ ʢʨʘʧʝʣʴ, ʘʥʽʞ ʥʘ ʤʦʣʝʢʫʣʠ ʧʘʨʠ, ʽ ʧʨʠʪʠʩʢʘʻ 

ʧʝʨʰʽ ʜʦ ʩʪʽʥʦʢ ʢʽʣʴʮʷ. ʏʘʩʪʠʥʘ ʧʝʨʚʠʥʥʦʾ ʧʘʨʠ ʢʦʥʜʝʥʩʫʻʪʴʩʷ ʫ ʚʦʜʽ ʢʽʣʴʮʷ, ʘ ʚʪʦʨʠʥʥʘ ʧʘʨʘ (ʟ ʥʠʞʯʠʤʠ 

ʧʘʨʘʤʝʪʨʘʤʠ) ʚʠʜʽʣʷʻʪʴʩʷ  ʧʨʠ ʦʙôʤ̒ʥʦʤʫ ʢʠʧʽʥʥʽ ʧʦʙʣʠʟʫ ʚʥʫʪʨʽʰʥʴʦʛʦ ʙʦʢʫ ʢʽʣʴʮʷ. ɺʠʭʽʜʥʘ ʧʘʨʘ, ʚ 

ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʧʦʪʨʝʙʠ, ʤʦʞʝ ʙʫʪʠ ʧʝʨʝʛʨʽʪʦʶ, ʩʫʭʦʶ ʯʠ ʚʦʣʦʛʦʶ, ʥʘʩʠʯʝʥʦʶ. 

ʅʘʨʝʰʪʽ, ʪʨʝʪʽʤ ʚʘʨʽʘʥʪʦʤ ʚʠʢʦʥʘʥʥʷ ʦʭʦʣʦʜʞʫʚʘʣʴʥʦʾ ʯʘʩʪʠʥʠ ʢʦʥʪʫʨʫ ʐʈʆʋ ʻ ʚʩʪʘʥʦʚʣʝʥʥʷ 

ʜʦʜʘʪʢʦʚʦʾ ʧʘʨʦʪʫʨʙʽʥʥʦʾ ʫʩʪʘʥʦʚʢʠ [2]. ɺ ʜʘʥʦʤʫ ʚʠʧʘʜʢʫ ʢʽʥʝʪʠʯʥʘ ʝʥʝʨʛʽʾ ʧʦʪʦʢʫ ʧʘʨʠ ʥʘʧʨʷʤʫ 

ʪʨʘʥʩʬʦʨʤʫʻʪɹʩʷ ʫ ʝʣʝʢʪʨʠʯʥʫ ʝʥʝʨʛʽʶ, ʦʪʞʝ, ʫʪʠʣʽʟʘʮʽʷ ʥʘʜʣʠʰʢʦʚʦʾ ʝʥʝʨʛʽʾ ʟʜʽʡʩʥʶʻʪʴʩʷ ʥʘʡʙʽʣʴʰ ʝʬʝʢʪʠʚʥʦ. 

ʑʦ ʞ ʜʦ ʥʘʫʢʦʚʦʛʦ ʘʧʘʨʘʪʫ ʚʽʜʦʙʨʘʞʝʥʥʷ ʧʝʨʝʭʽʜʥʠʭ ʧʨʦʮʝʩʽʚ ʫ ʩʠʩʪʝʤʽ, ʪʘ ʟʛʽʜʥʦ ʟ [3] ʧʘʨʘʤʝʪʨʠ 

ʧʦʪʦʢʫ ʧʘʨʠ ʚʠʟʥʘʯʘʶʪʴʩʷ, ʷʢ: 
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ɺʓʍ

=s  ï ʟʤʽʥʘ ʚʠʭʽʜʥʦʛʦ ʧʘʨʘʤʝʪʨʘ ɺʓʍs  ʧʨʠ ʟʘʜʘʥʦʤʫ ʟʙʫʨʝʥʥʽ ʧʨʠ constp= ; 

var)( =p

ɺʀʍs  ï ʟʤ̔ʥʘ ʧʘʨʘʤʝʪʨʘ ɺʀʍs ʧʨʠ ʟʘʜʘʥʦʤʫ ʟʙʫʨʝʥʥʽ ʚ ʫʤʦʚʘʭ var=p ; 

)(ɺʓʍ

ʈɽɻK ï ʧʝʨʝʜʘʪʦʯʥʘ ʬʫʥʢʮʽʷ ʚʠʭʽʜʥʦʛʦ ʧʘʨʘʤʝʪʨʘ ʚʽʜʥʦʩʥʦ ʨʝʛʫʣʶʚʘʣʴʥʦʛʦ ʜʽʷʥʥʷ; 

)constp

ʈɽɻX =
 ï ʟʤʽʥʘ ʧʘʨʘʤʝʪʨʘ ʧʨʠ ʜʘʥʦʤʫ ʨʝʛʫʣʶʚʘʣʴʥʦʤʫ ʜʽʷʥʥʽ ʩʠʩʪʝʤʠ ʨʝʛʫʣʶʚʘʥʥʷ ʪʠʩʢʫ ʧʝʨʝʜ 

ʩʧʦʞʠʚʘʯʝʤ. ɼʣʷ ʦʮʽʥʢʠ ʷʢʦʩʪʽ ʨʝʛʫʣʶʚʘʥʥʷ ʫ [3] ʧʨʦʧʦʥʫʻʪʴʩʷ ʽʥʪʝʛʨʘʣʴʥʠʡ ʢʨʠʪʝʨʽʡ: 
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dtI s ,      (2) 

 

ʜʝ  sï ʨʝʛʫʣʴʦʚʘʥʠʡ ʧʘʨʘʤʝʪʨ. 

ɼʣʷ ʯʘʩʫ ʩʝʨʚʦʤʦʪʦʨʘ (ʚʠʢʦʥʘʚʯʦʛʦ ʤʝʭʘʥʽʟʤʫ) ʥʘʚʦʜʷʪʴʩʷ ʪʘʢʽ ʦʧʪʠʤʘʣʴʥʽ ʟʥʘʯʝʥʥʷ conmT : 

ɼʣʷ ʇ ʪʘ ʇɯ-ʨʝʛʫʣʷʪʦʨʽʚ t2ºconmT , ʟ ʜʦʧʫʩʢʦʤ t)4...1(ºconmT ; 

ɼʣʷ ʇɯɼ-ʨʝʛʫʣʷʪʦʨʽʚ tºconmT , ʟ ʜʦʧʫʩʢʦʤ t)2...75,0(ºconmT  

ʋ [4] ʨʦʟʛʣʷʜʘʻʪʴʩʷ ʧʠʪʘʥʥʷ ʽʜʝʥʪʠʬʽʢʘʮʽʾ ʜʠʥʘʤʽʯʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʦʙôʻʢʪʽʚ ʢʝʨʫʚʘʥʥʷ 

ʪʝʧʣʦʪʝʭʥʽʯʥʦʛʦ ʦʙʣʘʜʥʘʥʥʷ. ɼʣʷ ʚʠʧʘʜʢʫ ʩʪʨʠʙʢʦʧʦʜʽʙʥʦʛʦ ʚʭʽʜʥʦʛʦ ʩʠʛʥʘʣʫ ʧʝʨʝʜʘʪʦʯʥʘ ʬʫʥʢʮʽʷ ʤʦʜʝʣʽ 

ʚʠʱʦʛʦ ʧʦʨʷʜʢʫ ʽʟ ʟʘʧʽʟʥʶʚʘʥʥʷʤ ʚʽʜʦʙʨʘʞʘʻʪʴʩʷ, ʷʢ: 
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ʜʝ  
1K , 02>K , ̫ ʢʱʦ 

12 TT >  

ʋ [5] ʥʘʚʝʜʝʥʽ ʨʽʚʥʷʥʥʷ ʪʝʧʣʦʚʦʛʦ ʙʘʣʘʥʩʫ ʝʥʝʨʛʦʛʝʥʝʨʫʶʯʦʾ ʩʠʩʪʝʤʠ. ʅʘ ʚʭʦʜʽ ʜʦ ʪʫʨʙʽʥʠ 

ʛʝʥʝʨʘʪʦʨʘ: 
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ʜʝ eN  - ʟʘʜʘʥʘ ʝʣʝʢʪʨʠʯʥʘ ʧʦʪʫʞʥʽʩʪʴ ʪʫʨʙʦʛʝʥʝʨʘʪʦʨʘ; 

Th ,
ɻh  ï ʤʝʭʘʥʽʯʥʠʡ ʂʂɼ ʪʫʨʙʽʥʠ ʽ ʛʝʥʝʨʘʪʦʨʘ; 

ja , iH ï ʚʥʫʪʨʽʰʥʷ ʨʦʙʦʪʘ ʥʘ 1 ʢʛ ʩʚʽʞʦʾ ʧʘʨʠ 

ʅʘ ʚʠʭʦʜʽ ʟ ʢʦʪʣʘ: 
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ʜʝ  )02,0(1 º+º yyK aaa  

ʈʽʚʥʷʥʥʷ ʪʝʧʣʦʚʦʛʦ ʥʘʚʘʥʪʘʞʝʥʥʷ ʢʦʪʣʘ: 
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ʈʽʚʥʷʥʥʷ ʚʠʪʨʘʪʠ ʪʝʧʣʘ ʥʘ ʪʫʨʙʦʫʩʪʘʥʦʚʢʫ: 
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ɺʇh   ï ʨʽʟʥʠʮʷ ʝʥʪʘʣʴʧʽʡ ʜʦ ʽ ʧʽʩʣʷ ʚʪʦʨʠʥʥʦʛʦ ʧʝʨʝʛʨʽʚʫ  

ʋ [6] ʜʣʷ ʩʢʦʨʦʯʝʥʥʷ ʯʘʩʫ ʨʝʘʢʮʽʾ ʩʠʩʪʝʤʠ ʘʚʪʦʤʘʪʠʯʥʦʛʦ ʨʝʛʫʣʶʚʘʥʥʷ ʧʨʦʧʦʥʫʻʪʴʩʷ ʚʠʢʦʨʠʩʪʘʥʥʷ 

ʇɯɼ-ʨʝʛʫʣʷʪʦʨʘ ʩʧʽʣʴʥʦ ʟ ʜʦʜʘʪʢʦʚʠʤ ʧʨʠʩʪʨʦʻʤ ʢʦʤʧʝʥʩʘʮʽʾ ʚʥʫʪʨʽʰʥʴʦʛʦ ʟʙʫʨʝʥʥʷ ʩʠʩʪʝʤʠ. ʇʝʨʝʜʘʪʦʯʥʘ 

ʬʫʥʢʮʽʷ ʨʝʛʫʣʷʪʦʨʘ ʧʨʦʧʦʥʫʻʪʴʩʷ ʫ ʚʠʛʣʷʜʽ: 
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ʜʝ  pk , iT , ɼT  ʚʽʜʧʦʚʽʜʥʦ, ʢʦʝʬʽʮʽʻʥʪ ʧʝʨʝʜʘʯʽ ʨʝʛʫʣʷʪʦʨʘ, ʯʘʩ ̔ʥʪʝʛʨʫʚʘʥʥʷ, ʯʘʩ 

ʜʠʬʝʨʝʥʮʽʶʚʘʥʥʷ. ɸ ʧʝʨʝʜʘʪʦʯʥʘ ʬʫʥʢʮʽʷ ʧʨʠʩʪʨʦʶ ʢʦʤʧʝʥʩʘʮʽʾ ʚʥʫʪʨʽʰʥʴʦʛʦ ʟʙʫʨʝʥʥʷ ʧʨʝʜʩʪʘʚʣʝʥʘ 

ʜʠʬʝʨʝʥʮʽʶʚʘʣʴʥʦʶ ʣʘʥʢʦʶ ʜʨʫʛʦʛʦ ʧʦʨʷʜʢʫ ʽʥʝʨʮʽʡʥʦʩʪʽ: 
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ʜʝ  pɼ kk /1=* ; 
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T  - ʯʘʩ ʜʠʬʝʨʝʥʮʽʶʚʘʥʥʷ;  1T   - ʤʝʥʰʘ ʧʦʩʪʽʡʥʘ ʯʘʩʫ. 

ɺ ʷʢʦʩʪʽ ʢʨʠʪʠʢʠ ʽʩʥʫʶʯʠʭ ʣʽʪʝʨʘʪʫʨʥʠʭ ʜʞʝʨʝʣ ʩʣʽʜ ʟʘʟʥʘʯʠʪʠ, ʱʦ ʚʩʽ ʟʘʧʨʦʧʦʥʦʚʘʥʽ ʥʦʚʽ 

ʨʽʰʝʥʥʷ ʟʜʘʪʥʽ, ʧʝʚʥʦʶ ʤʽʨʦʶ, ʧʽʜʚʠʱʠʪʠ ʝʢʦʥʦʤʽʯʥʽʩʪʴ ʐʈʆʋ. ɺ ʪʦʡ ʞʝ ʯʘʩ ʞʦʜʥʝ ʨʽʰʝʥʥʷ ʧʨʘʢʪʠʯʥʦ ʥʝ 

ʟʜʘʪʥʝ ʷʢʽʩʥʦ ʧʦʣʽʧʰʠʪʠ ʰʚʠʜʢʦʜʽʶ ʐʈʆʋ ʫ ʘʚʘʨʽʡʥʽʡ ʩʠʪʫʘʮʽʾ. ɯ, ʥʘʨʝʪhʽ, ʟʦʚʩʽʤ ʥʝ ʚʨʘʭʦʚʫʻʪʴʩʷ ʪʘ 

ʦʙʩʪʘʚʠʥʘ, ʱʦ ʩʪʨʠʙʢʦʧʦʜʽʙʥʠʡ ʧʨʠʨʽʩʪ ʝʥʝʨʛʽʾ, ʷʢʘ ʚʠʜʘʻʪʴʩʷ ʐʈʆʋ ʧʨʠ ʙʘʡʧʘʩʫʚʘʥʥʽ ʧʦʪʦʢʫ ʧʘʨʠ ʤʦʞʝ 

ʤʘʪʠ ʨʫʡʥʽʚʥʝ ʜʽʷʥʥʷ ʥʘ ʩʧʦʞʠʚʘʯʽʚ ʐʈʆʋ. ʎʽʣʢʦʤ ʦʯʝʚʠʜʥʠʤ ʻ ʪʦʡ ʬʘʢʪ, ʱʦ, ʧʦ-ʧʝʨʰʝ, ʩʧʦʞʠʚʘʯʽ ʧʦʪʦʢʫ 

ʧʘʨʠ, ʱʦ ʦʙʨʦʙʣʷʻʪʴʩʷ ʫ ʐʈʆʋ, ʧʦʪʨʝʙʫʶʪʴ ʧʝʚʥʦʛʦ ʧʨʦʤʽʞʢʫ ʯʘʩʫ ʜʣʷ ʧʽʜʛʦʪʦʚʢʫ ʧʨʠʡʦʤʫ ʧʘʨʠ. ɯ, ʧʦ-

ʜʨʫʛʝ, ʬʦʨʤʘ ʛʨʘʬʽʢʫ ʧʦʪʦʢʫ ʧʘʨʠ ʚʽʜ ʯʘʩʫ ʤʘʻ ʙʫʪʠ ʷʢʦʤʦʛʘ ʧʦʣʦʛʦʶ, ʙʝʟ ʨʽʟʢʠʭ ʧʝʨʝʧʘʜʽʚ. ʆʪʞʝ, ʤʘʻ 

ʤʽʩʮʝ ʧʝʚʥʝ ʧʨʦʪʠʨʽʯʯʷ ʤʽʞ ʚʠʤʦʛʘʤʠ ʧʨʘʢʪʠʢʠ ʧʨʝʜʤʝʪʥʦʾ ʦʙʣʘʩʪʽ ʪʘ ʧʦʪʦʯʥʠʤ ʩʪʘʥʦʤ ʥʘʫʢʠ, ʷʢʘ ʽʱʝ ʥʝ 

ʟʘʧʨʦʧʦʥʫʚʘʣʘ ʩʪʨʘʪʝʛʽʾ ʢʝʨʫʚʘʥʥʷ ʧʨʦʮʝʩʘʤʠ ʪʘ ʘʣʛʦʨʠʪʤʠ, ʷʢʽ ʙ ʟʘʜʦʚʦʣʴʥʠʣʠ ʚʠʤʦʛʠ ʧʨʘʢʪʠʢʠ. 
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ʌʦʨʤʫʣʶʚʘʥʥʷ ʮʽʣʝʡ ʩʪʘʪʪʽ (ʧʦʩʪʘʥʦʚʢʘ ʟʘʚʜʘʥʥʷ) 

ɼʘʥʘ ʩʪʘʪʪʷ ʤʘʻ ʥʘ ʤʝʪʽ ʨʦʟʨʦʙʢʫ ʪʘʢʦʾ ʩʪʨʘʪʝʛʽʾ ʢʝʨʫʚʘʥʥʷ ʐʈʆʋ, ʘʣʛʦʨʠʪʤʽʚ ʨʦʙʦʪʠ ʽ ʩʢʣʘʜʫ 

ʩʠʩʪʝʤʠ ʐʈʆʋ, ʷʢʽ ʙ ʜʦʟʚʦʣʠʣʠ ʩʢʦʨʦʪʠʪʠ, ʘʙʦ ʥʘʚʽʪʴ ʟʚʝʩʪʠ ʜʦ ʥʫʣʷ ʟʘʧ̔ʟʥʝʥʥʷ ʚ ʯʘʩʽ (ʱʦʜʦ ʥʘʩʪʘʥʥʷ 

ʥʘʜʟʚʠʯʘʡʥʦʾ ʧʦʜʽʾ) ʧʨʦʮʝʩʫ ʧʽʜʛʦʪʦʚʢʠ ʩʧʦʞʠʚʘʯʽʚ ʧʦʪʦʢʫ ʧʘʨʠ, ʧʨʦʜʫʢʦʚʘʥʦʛʦ ʐʈʆʋ, ʪʘ ʤʽʥʽʤʽʟʫʚʘʪʠ 

ʰʚʠʜʢʽʩʪʴ ʟʨʦʩʪʘʥʥʷ ʝʥʝʨʛʝʪʠʯʥʠʭ ʧʘʨʘʤʝʪʨʽʚ ʧʘʨʠ, ʱʦ ʥʘʜʭʦʜʠʪʴ ʜʦ ʩʧʦʞʠʚʘʯʽʚ. 

ɺʠʢʣʘʜ ʦʩʥʦʚʥʦʛʦ ʤʘʪʝʨʽʘʣʫ 

ʇʨʠ ʤʦʜʝʣʶʚʘʥʥʽ ʙʫʜ-ɹʷʢʦʾ ʪʝʭʥʽʯʥʦʾ ʩʠʩʪʝʤʠ ʟ ʢʝʨʦʚʘʥʠʤʠ/ʨʝʛʫʣʴʦʚʘʥʠʤʠ ʧʘʨʘʤʝʪʨʘʤʠ ʨʦʙʦʪʠ 

ʦʙʦʚôʷʟʢʦʚʦ ʪʨʝʙʘ ʚʨʘʭʦʚʫʚʘʪʠ ʽ ʩʠʩʪʝʤʫ ʢʝʨʫʚʘʥʥʷ/ʨʝʛʫʣʶʚʘʥʥʷ. ɹʦ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʦʩʪʘʥʥʴʦʾ: ʘʣʛʦʨʠʪʤʠ 

ʧʨʦʛʨʘʤʥʦʛʦ ʟʘʙʝʟʧʝʯʝʥʥʷ, ʧʨʦʜʫʢʪʠʚʥʽʩʪʴ ʦʙʯʠʩʣʶʚʘʯʘ, ʧʦʭʠʙʢʘ ʦʙʯʠʩʣʝʥʴ, ʧʦʨʦʛʦʚʽ ʟʥʘʯʝʥʥʷ ʯʫʪʣʠʚʦʩʪʽ ʽ 

ʨʦʙʦʯʽ ʜʽʘʧʘʟʦʥʠ ʜʘʪʯʠʢʽʚ, ʽʥʝʨʮʽʡʥʽʩʪʴ ʪʘ ʧʘʨʘʤʝʪʨʠ ʨʦʙʦʪʠ ʚʠʢʦʥʘʚʯʠʭ ʤʝʭʘʥʽʟʤʽʚ (ʧʨʠʚʦʜʽʚ ʢʣʘʧʘʥʽʚ, 

ʪʦʱʦ) ʥʘʡʩʫʪʪʻʚʽʰʠʤ ʯʠʥʦʤ ʚʧʣʠʚʘʶʪʴ ʥʘ ʧʘʨʘʤʝʪʨʠ ʫʩʽʻʾ ʩʠʩʪʝʤʠ ʚ ʨʝʘʣɹʥʽʡ ʝʢʩʧʣʫʘʪʘʮʽʾ. ʇʨʠʨʦʜʥʦ, ʱʦ 

ʩʢʣʘʜ ʽ ʘʣʛʦʨʠʪʤʠ ʨʦʙʦʪʠ ʩʠʩʪʝʤʠ ʢʝʨʫʚʘʥʥʷ ʚʠʟʥʘʯʘʪʠʤʫʪʴʩʷ ʾʾ ʧʨʠʟʥʘʯʝʥʥʷʤ ʪʘ ʫʤʦʚʘʤʠ ʨʦʙʦʪʠ [7]: 

ʉʠʩʪʝʤʫ ʐʈʆʋ ʤʠ ʨʦʟʛʣʷʜʘʪʠʤʝʤʦ, ʷʢ ʩʠʩʪʝʤʫ ʘʚʘʨʽʡʥʦʛʦ ʩʢʠʜʘʥʥʷ ʥʘʜʣʠʰʢʫ ʝʥʝʨʛʽʾ. ʇʦʜʽʙʥʽ 

ʩʠʩʪʝʤʠ ʭʘʨʘʢʪʝʨʠʟʫʶʪʴʩʷ ʩʽʤʦʤʘ ʨʝʞʠʤʘʤʠ ʨʦʙʦʪʠ : 

1) ɿʘʧʫʩʢ: ʚʤʠʢʘʥʥʷ ʐʈʆʋ, ʩʘʤʦʢʦʥʪʨʦʣʴ ʦʙʯʠʩʣʶʚʘʣʴʥʦʛʦ ʙʣʦʢʫ (ʙʣʦʢʽʚ), ʢʦʥʪʨʦʣʴ ʨʦʙʦʪʠ 

ʜʘʪʯʠʢʽʚ ʪʘ ʚʠʢʦʥʘʚʯʠʭ ʤʝʭʘʥʽʟʤʽʚ (ʧʨʠʚʦʜʽʚ ʢʣʘʧʘʥʽʚ, ʪʦʱʦ), ʚʠʚʝʜʝʥʥʷ ʚʠʢʦʥʘʚʯʠʭ ʤʝʭʘʥʽʟʤʽʚ ʥʘ ʨʝʞʠʤ 

ʭʦʣʦʩʪʦʛʦ ʭʦʜʫ (ʷʢʱʦ ʾʭ ʢʦʥʩʪʨʫʢʮʽʷ ʧʝʨʝʜʙʘʯʘʻ ʧʝʨʝʙʫʚʘʥʥ̫ ʥʘ ʭʦʣʦʩʪʦʤʫ ʭʦʜʽ ʧʨʠ ʰʪʘʪʥʦʤʫ ʨʝʞʠʤʽ 

ʨʦʙʦʪʠ ʦʩʥʦʚʥʦʾ ʩʠʩʪʝʤʠ);  

2) ʇʘʩʠʚʥʠʡ ʨʝʞʠʤ (ʨʝʞʠʤ ʩʪʝʞʝʥʥʷ, ʚʽʜʧʦʚʽʜʘʻ ʥʦʨʤʘʣʴʥʦʤʫ ʨʝʞʠʤʦʚʽ ʨʦʙʦʪʠ ʦʩʥʦʚʥʦʾ 

ʩʠʩʪʝʤʠ): ʜʘʪʯʠʢʠ ʪʘ ʦʙʯʠʩʣʶʚʘʣʴʥʠʡ ʙʣʦʢ (ʙʣʦʢʠ) ʧʨʘʮʶʶʪʴ ʫ ʰʪʘʪʥʦʤʫ ʨʝʞʠʤʽ, ʟʜʽʡʩʥʶʻʪʴʩʷ ʧʨʠʡʤʘʥʥʷ 

ʪʘ ʦʙʨʦʙʢʘ ʩʠʛʥʘʣʽʚ. ɸʣʝ ʢʦʤʘʥʜʠ ʥʝ ʛʝʥʝʨʫʶʪʴʩʷ, ʚʠʢʦʥʘʚʯʽ ʤʝʭʘʥʽʟʤʠ ʟʘʣʠʰʘʁʪʴʩʷ ʚʠʤʢʥʝʥʠʤʠ, ʘʙʦ ʥʘ 

ʭʦʣʦʩʪʦʤʫ ʭʦʜʽ, ʚ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʢʦʥʩʪʨʫʢʮʽʾ; 

3) ɺʤʠʢʘʥʥʷ ʘʢʪʠʚʥʦʛʦ ʨʝʞʠʤʫ ʐʈʆʋ (ɺʽʜʧʦʚʽʜʘʻ ʧʦʯʘʪʢʫ ʥʝʰʪʘʪʥʦʾ ʨʦʙʦʪʠ ʦʩʥʦʚʥʦʾ 

ʩʠʩʪʝʤʠ. ʊʫʪ ʤʦʞʣʠʚʽ ʜʚʘ ʚʘʨʽʘʥʪʠ: ʘʙʦ ʚʠʭ̔ʜ ʧʘʨʘʤʝʪʨʽʚ ʧʘʨʠ ʟʘ ʧʨʠʧʫʩʪʠʤʽ ʤʝʞʽ, ʫʤʦʚʥʦ çʚʠʱʝè ʟʘ 

ʧʦʪʦʢʦʤ, ʘʥʽʞ ʐʈʆʋ ï ʘʙʦ ʞ ʥʝʩʧʨʘʚʥʽʩʪʴ ʯʠ ʽʥʰʽ ʧʨʦʙʣʝʤʠ ʩʧʦʞʠʚʘʯʽʚ ʧʘʨʠ ʫʤʦʚʥʦ çʥʠʞʯʝè ʐʈʆʋ ʟʘ 

ʧʦʪʦʢʦʤ. ʅʘʧʨʠʢʣʘʜ, ʥʝʩʧʨʘʚʥʽʩʪʴ ʪʫʨʙʦʛʝʥʝʨʘʪʦʨʘ). ʉʠʩʪʝʤʘ ʐʈʆʋ ʧʦʚʠʥʥʘ ʦʙʯʠʩʣʠʪʠ ʧʘʨʘʤʝʪʨʠ ʽ 

ʩʬʦʨʤʫʚʘʪʠ ʢʦʤʘʥʜʥʽ ʩʠʛʥʘʣʠ, ʚʠʢʦʥʘʪʠ ʥʝʦʙʭʽʜʥʽ ʧʽʜʛʦʪʦʚʯʽ ʜʽʾ ʪʘ ʥʘʜʽʩʣʘʪʠ ʢʦʤʘʥʜʥʽ ʩʠʛʥʘʣʠ ʚʠʢʦʥʘʚʯʠʤ 

ʤʝʭʘʥʽʟʤʘʤ; 

4) ɸʢʪʠʚʥʠʡ ʨʝʞʠʤ ʐʈʆʋ: ʚʽʜʙʫʚʘʻʪʴʩʷ ʨʝʜʫʢʫʚʘʥʥʷ ʪʠʩʢʫ ʪʘ ʟʥʠʞʝʥʥʷ ʪʝʤʧʝʨʘʪʫʨʠ ʧʘʨʠ ʫ 

ʢʦʥʪʫʨʽ ʐʈʆʋ, ʜʘʪʯʠʢʠ ʚʽʜʩʪʝʞʫʶʪʴ ʧʘʨʘʤʝʪʨʠ ʚ ʢʦʥʪʫʨʽ ʐʈʆʋ, ʘ ʪʘʢʦʞ ʚ ʦʩʥʦʚʥʽʡ ʩʠʩʪʝʤʽ, ʷʢ ʚʠʱʝ, ʪʘʢ ʽ 

ʥʠʞʯʝ ʟʘ ʧʦʪʦʢʦʤ ʚʽʜ ʐʈʆʋ, ʦʙʯʠʩʣʶʚʘʣʴʥʠʡ ʙʣʦʢ ʢʝʨʫʻ ʨʦʙʦʪʦʶ ʢʦʥʪʫʨʫ ʐʈʆʋ ʽ ʫʪʨʠʤʫʻ ʧʘʨʘʤʝʪʨʠ ʫ 

ʟʘʜʘʥʠʭ ʤʝʞʘʭ, ʛʝʥʝʨʫʶʯʠ ʪʘ ʥʘʜʩʠʣʘʶʯʠ ʢʦʨʠʛʫʚʘʣʴʥʽ ʢʦʤʘʥʜʥʽ ʩʠʛʥʘʣʠ, ʚ ʨʘʟʽ ʧʦʪʨʝʙʠ; 

5) ɿʘʚʝʨʰʝʥʥʷ ʘʢʪʠʚʥʦʛʦ ʨʝʞʠʤʫ ʐʈʆʋ (ɺʜ̔ʧʦʚʽʜʘʻ ʧʦʚʝʨʥʝʥʥʶ ʦʩʥʦʚʥʦʾ ʩʠʩʪʝʤʠ ʫ 

ʰʪʘʪʥʠʡ ʨʝʞʠʤ). ɻʝʥʝʨʫʶʪʴʩʷ  ̔ʥʘʜʩʠʣʘʶʪʴʩʷ ʚʽʜʧʦʚʽʜʥʽ ʢʦʤʘʥʜʥʽ ʩʠʛʥʘʣʠ, ʚʠʢʦʥʘʚʯʽ ʤʝʭʘʥʽʟʤʠ ʐʈʆʋ 

ʚʠʤʠʢʘʶʪʴʩʷ, ʘʙʦ ʧʝʨʝʚʦʜʷʪʴʩʷ ʥʘ ʭʦʣʦʩʪʠʡ ʭʽʜ; 

6) ʅʝʰʪʘʪʥʠʡ (ʘʚʘʨʽʡʥʠʡ) ʨʝʞʠʤ ʨʦʙʦʪʠ ʩʘʤʦʛʦ ʐʈʆʋ: ʚʠʤʢʥʝʥʥʷ ʞʠʚʣʝʥʥʷ ʐʈʆʋ, 

ʥʝʩʧʨʘʚʥʽʩʪʴ ʦʙʯʠʩʣʶʚʘʣʴʥʦʛʦ ʙʣʦʢʫ, ʚʽʜʤʦʚʘ ʜʘʪʯʠʢʽʚ, ʥʝʩʧʨʘʚʥʽʩʪʴ ʚʠʢʦʥʘʚʯʠʭ ʤʝʭʘʥʽʟʤʽʚ ʫ ʢʦʥʪʫʨʽ 

ʐʈʆʋ, ʪʦʱʦ. ɺ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʭʘʨʘʢʪʝʨʫ ʥʝʩʧʨʘʚʥʦʩʪʽ, ʚʠʢʦʥʫʚʘʪʠʤʝʪʴʩʷ ʚʽʜʧʦʚʽʜʥʠʡ ʘʚʘʨʽʡʥʠʡ ʘʣʛʦʨʠʪʤ; 

7) ʐʪʘʪʥʝ ʚʠʤʢʥʝʥʥʷ ʩʠʩʪʝʤʠ: ʚʠʢʦʥʫʶʪʴʩʷ ʰʪʘʪʥʽ ʜʽʾ ʧʦ ʚʠʤʢʥʝʥʥʶ ʨʦʙʦʯʠʭ ʤʝʭʘʥʽʟʤʽʚ 

ʐʈʆʋ, ʟʘʧʠʩ ʩʪʘʪʠʩʪʠʢʠ ʨʦʙʦʪʠ ʫ ʧʘʤ'ʷʪʴ ʦʙʯʠʩʣʶʚʘʣʴʥʦʛʦ ʙʣʦʢʫ ʐʈʆʋ, ʟʘʢʣʶʯʥʘ ʩʘʤʦʧʝʨʝʚʽʨʢʘ ʩʠʩʪʝʤʠ 

ʐʈʆʋ, ʚʠʤʢʥʝʥʥʷ ʞʠʚʣʝʥʥʷ.  

ɺʠʱʝ ʩʠʩʪʝʤʘ ʐʈʆʋ ʧʦʨʽʚʥʶʚʘʣʘʩʷ ʽʟ ʟʘʧʦʙʽʞʥʠʤ ʢʣʘʧʘʥʦʤ. ɸʣʝ ʩʣʽʜ ʟʘʟʥʘʯʠʪʠ ʾʭ ʧʨʠʥʮʠʧʦʚʫ 

ʚʽʜʤʽʥʥʽʩʪʴ ʤʽʞ ʩʦʙʦʶ. ʋ ʢʣʘʧʘʥʽ ʰʚʠʜʢʽʩʪʴ ʟʤʽʥʠ ʧʦʪʫʞʥʦʩʪʽ ʚ ʯʘʩʽ ʥʝ ʤʘʻ ʩʫʪʪʻʚʦʛʦ ʟʥʘʯʝʥʥʷ. ɺʠʢʦʥʘʚʯʠʡ 

ʤʝʭʘʥʽʟʤ, ʪʦʙʪʦ ʩʘʤ ʢʣʘʧʘʥ, ʤʘʻ ʩʧʨʘʮʶʚʘʪʠ ʷʢʥʘʡʰʚʠʜʰʝ. ʅʘʜʣʠʰʢʦʚʘ ʢʽʣʴʢʽʩʪʴ ʧʘʨʠ ʤʘʻ ʙʫʪʠ ʚʠʢʠʥʫʪʘ ʫ 

ʥʘʚʢʦʣʠʰʥʻ ʩʝʨʝʜʦʚʠʱʝ ʟʘ ʥʘʡʢʦʨʦʪʰʠʡ ʘʩ. ʂʣʘʧʘʥ ʤʘʻ ʘʚʪʦʤʘʪʠʯʥʦ, ʘʙʦ ʟʘ ʢʦʤʘʥʜʦʶ ʟʘʯʠʥʠʪʠʩʷ, ʢʦʣʠ 

ʥʘʜʟʚʠʯʘʡʥʘ ʩʠʪʫʘʮʽʷ ʤʠʥʝ ð ʦʪ ʽ ʫʩʽ ʚʠʤʦʛʠ ʱʦʜʦ ʜʠʥʘʤʽʢʠ. ɸʣʝ ʽ ʚ ʧʨʘʢʪʠʮʽ ʧʨʝʜʤʝʪʥʦʾ ʦʙʣʘʩʪʽ, ʽ ʫ 

ʚʽʜʧʦʚʽʜʥʽʡ ʾʡ ʛʘʣʫʟʽ ʧʨʠʢʣʘʜʥʦʾ ʥʘʫʢʠ ʻ ʩʫʪʪʻʚʘ ʧʨʦʛʘʣʠʥʘ, ʱʦ ʩʪʦʩʫʻʪʴʩʷ ʜʠʥʘʤʽʢʠ ʧʝʨʝʪʚʦʨʝʥʥʷ ʝʥʝʨʛʽʾ ʫ 

ʐʈʆʋ. ɺʣʘʩʥʝ, ʧʦʩʪʘʥʦʚʢʘ ʜʘʥʦʛʦ ʧʠʪʘʥʥʷ ʽ ʡʦʛʦ ʨʽʰʝʥʥʷ ʩʢʣʘʜʘʻ ʥʘʫʢʦʚʫ ʥʦʚʠʟʥʫ ʜʘʥʦ ʾʩʪʘʪʪʽ. ɹʦ ʫ 

ʐʈʆʋ ʚʽʜʙʫʚʘʻʪʴʩʷ ʥʝ ʨʦʟʩʽʶʚʘʥʥʷ (ʪʦʙʪʦ ʚʪʨʘʪʘ) ʥʘʜʣʠʰʢʦʚʦʾ ʝʥʝʨʛʽʾ, ʘ ʾʾ ʫʪʠʣʽʟʘʮʽʷ, ʟ ʧʝʨʝʪʚʦʨʝʥʥʷʤ ʥʘ 

ʽʥʰʠʡ ʚʠʜ ʝʥʝʨʛʽʾ. ɸʣʝ ʟ ʪʦʯʢʠ ʟʦʨʫ ʟʘʧʦʙʽʛʘʥʥʷ ʘʚʘʨʽʡʥʠʭ ʩʠʪʫʘʮʽʡ, ʛʨʘʜʽʻʥʪ ʟʙʽʣʴʰʝʥʥʷ/ʟʤʝʥʰʝʥʥʷ ʝʥʝʨʛʽʾ 

ʤʘʻ ʙʫʪʠ ʷʢ ʥʘʡʤʝʥʰʠʤʠ ʧʨʠ ʙʫʜ-ɹʷʢʦʤʫ ʩʧʦʩʦʙʽ ʫʪʠʣʽʟʘʮʽʾ ʝʥʝʨʛʽʾ. ɹʘʞʘʥʦ, ʱʦʙ ʩʫʤʘʨʥʘ ʧʦʪʫʞʥʽʩʪʴ, 

ʛʝʥʝʨʦʚʘʥʘ ʩʠʩʪʝʤʦʶ ʚʟʘʛʘʣʽ ʟʘʣʠʰʘʣʘʩʷ ʧʦʩʪʽʡʥʦʶ. ɿ ʽʥʰʦʛʦ ʙʦʢʫ, ʨʝʘʛʫʚʘʥʥʷ ʩʠʩʪʝʤʠ ʐʈʆʋ ʥʘ ʘʚʘʨʽʡʥʫ 

ʩʠʪʫʘʮʽʶ ʤʘʻ ʙʫʪʠ ʷʢʥʘʡʰʚʠʜʰʠʤ. ɸʣʝ ʰʚʠʜʢʦʜʽʷ ʦʙʯʠʩʣʶʚʘʣʴʥʦʛʦ ʙʣʦʢʫ ʤʘʻ ʚʢʨʘʡ ʥʝʟʥʘʯʥʠʡ ʚʧʣʠʚ ʥʘ 

ʟʘʛʘʣʴʥʠʡ ʯʘʩ ʨʝʘʢʮʽʾ ʩʠʩʪʝʤʠ. ʦʙʯʠʩʣʶʚʘʣʴʥʘ ʢʦʤʧʦʥʝʥʪʘ ʥʠʥʽ ʻ ʚʢʨʘʡ ʜʝʰʝʚʦʶ (ʧʦʨʽʚʥʷʥʦ ʟ ʤʝʭʘʥʽʯʥʦʶ 

ʩʢʣʘʜʦʚʦʶ ʩʠʩʪʝʤʠ). ɯ ʥʝʤʘʻ ʧʝʨʝʰʢʦʜʠ ʚ ʪʦʤʫ, ʱʦʙ ʟʘʩʪʦʩʫʚʘʪʠ ʙʽʣʴʰ ʧʨʦʜʫʢʪʠʚʥʠʡ ʧʨʦʮʝʩʦʨ ʽ ʪʠʤ 

ʟʤʝʥʰʠʪʠ ʯʘʩ ʨʝʘʢʮʽʾ. ɸʣʝ ʤʝʭʘʥʽʯʥʘ ʩʢʣʘʜʦʚʘ ʤʘʻ ʟʥʘʯʥʦ ʙʽʣʴʰʫ ʽʥʝʨʪʥʽʩʪʴ. ʏʘʩ ʚʽʜʢʨʠʪʪʷ ʢʣʘʧʘʥʽʚ 

ʚʠʤʽʨʶʻʪʴʩʷ ʜʝʩʷʪʠʤʠ ʜʦʣʷʤʠ ʩʝʢʫʥʜʠ. ʗʢʱʦ ʞ ʧʝʨʝʪʚʦʨʝʥʥʷ ʝʥʝʨʛʽʾ  ʜʣʷ ʾʾ ʧʦʜʘʣʴʰʦʾ ʫʪʠʣʽʟʘʮʽʾ 

ʟʜʽʡʩʥʶʻʪʴʩʷ ʟʘ ʜʦʧʦʤʦʛʦʶ ʷʢʠʭʦʩʴ ʤʝʭʘʥʽʯʥʠʭ ʧʨʠʩʪʨʦʾʚ:  ʚʧʦʨʩʢʫʚʘʥʥʷ ʚʦʜʠ, ʧʨʦʧʫʩʢʘʥʥʷ ʩʪʨʫʤʝʥʷ ʧʘʨʠ 

ʯʝʨʝʟ ʚʠʭʨʦʚʝ ʚʦʜʷʥʝ ʢʽʣʴʮʝ, ʯʠ ʢʨʽʟʴ  ʧʘʨʦʚʫ ʪʫʨʙʽʥʫ ð ʯʘʩ ʨʝʘʢʮʽʾ ʩʪʘʻ ʽʱʝ ʙʽʣʴʰʠʤ. ʉʠʪʫʘʮʽʷ ʽʱʝ 

ʧʦʛʽʨʰʫʻʪʴʩʷ ʪʠʤ, ʱʦ ʙʫʜʴ-ʷʢʠʡ ʧʨʠʩʪʨʽʡ ʫʪʠʣʽʟʘʮʽʾ ʝʥʝʨʛʽʾ ʤʘʻ ʪʝʭʥʽʯʥʽ ʦʙʤʝʞʝʥʥʷ ʱʦʜʦ ʰʚʠʜʢʦʩʪʽ ʟʤʽʥʠ 

ʧʦʪʫʞʥʦʩʪʽ ʚ ʯʘʩʽ. ʇʨʠʯʦʤʫ, ʷʢ ʝʥʝʨʛʽʾ, ʱʦ ʚʭʦʜʠʪʴ ʫ ʥʴʦʛʦ, ʪʘʢ ʽ ʚʭʽʜʥʦʾ, ʥʠʤ ʧʝʨʝʪʚʦʨʝʥʦʾ ʝʥʝʨʛʽʾ. ʊʦʙʪʦ, 

ʝʥʝʨʛʽʶ ʥʘ ʫʪʠʣʽʟʘʮʽʡʥʠʡ ʧʨʠʩʪʨʽʡ ʩʣʽʜ ʧʦʜʘʚʘʪʠ ʜʦʟʦʚʘʥʦ, ʧʦʩʪʫʧʦʚʦ ʥʘʨʦʱʫʶʯʠ ʾʾ ʚʝʣʠʯʠʥʫ ʪʘʢ, ʱʦʙ ʥʝ 

ʧʝʨʝʚʠʱʠʪʠ ʪʝʭʥʽʯʥʽ ʤʦʞʣʠʚʦʩʪʽ ʦʩʪʘʥʥʴʦʛʦ. ʅʘʧʨʠʢʣʘʜ, ʪʫʨʙʽʥʘ, ʷʢʘ ʧʨʘʮʶʻ ʥʘ ʥʦʤʽʥʘʣʴʥʦʤʫ ʨʝʞʠʤʽ, 
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ʤʦʞʝ ʚʠʪʨʠʤʘʪʠ ʨʘʧʪʦʚʝ ʧʽʜʚʠʱʝʥʥʷ ʝʥʝʨʛʽʾ ʚʭʽʜʥʦʛʦ ʧʦʪʦʢʫ ʥʘ 10%. ɸʣʝ ʷʢʱʦ ʪʘʢʘ ʩʘʤʘ, ʟʘ ʘʙʩʦʣʶʪʥʦʶ 

ʚʝʣʠʯʠʥʦʶ, ʝʥʝʨʛʽʷ ʧʦʪʦʢʫ ʙʫʜʝ ʧʨʠʢʣʘʜʝʥʘ ʜʦ ʪʫʨʙʽʥʠ ʥʘ ʤʘʣʠʭ ʦʙʝʨʪʘʭ, ʪʘ ʤʦʞʝ ʥʝ ʚʠʪʨʠʤʘʪʠ 

ʤʝʭʘʥʽʯʥʦʛʦ ʥʘʚʘʥʪʘʞʝʥʥʷ ʽ ʚʠʡʜʝ ʟ ʣʘʜʫ. ʊʨʝʙʘ ʧʽʜʛʦʪʫʚʘʪʠ ʩʠʩʪʝʤʫ ʚʧʦʨʩʢʫʚʘʥʥ̫  ʦʜʠ, ʘʙʦ ʨʦʟʢʨʫʪʠʪʠ 

ʢʽʣʴʮʝ ʟ ʚʦʜʦʶ, ʘʙʦ ʞ ʚʠʢʦʥʘʪʠ ʩʪʘʨʪʦʚʝ ʨʦʟʢʨʫʯʫʚʘʥʥʷ ʪʫʨʙʽʥʠ. ʆʪʞʝ, ʚʽʜ ʤʦʤʝʥʪʫ ʦʪʨʠʤʘʥʥʷ ʘʚʘʨʽʡʥʦʛʦ 

ʩʠʛʥʘʣʫ ʽ ʜʦ ʚʠʭʦʜʫ ʢʦʥʪʫʨʫ ʐʈʆʋ ʥʘ ʤʘʢʩʠʤʘʣʴʥʠʡ ʨʝʞʠʤ ʧʦʪʨʽʙʝʥ ʯʘʩ ʚʽʜ ʢʽʣʴʢʦʭ ʩʝʢʫʥʜ ʜʦ ʜʝʩʷʪʢʽʚ 

ʩʝʢʫʥʜ ð ʚ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʪʝʭʥʽʯʥʦʛʦ ʚʠʢʦʥʘʥʥʷ ʽ ʧʘʨʘʤʝʪʨʽʚ ʩʠʩʪʝʤʠ. ʄʦʞʥʘ ʩʪʚʝʨʜʞʫʚʘʪʠ, ʱʦ ʤʽʥʽʤʘʣʴʥʦ 

ʤʦʞʣʠʚʠʡ ʯʘʩ ʩʧʨʘʮʶʚʘʥʥʷ ʤʝʭʘʥʽʯʥʠʭ ʢʦʤʧʦʥʝʥʪʽʚ ʩʠʩʪʝʤʠ ʐʈʆʋ ʻ ʥʘ  ʦʜʠʥ, ʘʙʦ ʢʽʣʴʢʘ ʧʦʨʷʜʢʽʚ ʚʠʱʝ, 

ʘʥʽʞ ʤʘʢʩʠʤʘʣʴʥʦ ʧʨʠʧʫʩʪʠʤʠʡ ʯʘʩ ʨʝʘʢʮʽʾ, ʷʢʠʡ ʚʽʜ ʥʝʾ  ʚʠʤʘʛʘʻʪʴʩʷ ʟʘ ʫʤʦʚʘʤʠ ʝʢʩʧʣʫʘʪʘʮʽʾ. ʆʩʦʙʣʠʚʦ 

ʢʨʠʪʠʯʥʦʶ ʩʠʪʫʘʮʽʷ ʚʠʛʣʷʜʘʻ ʫ ʘʪʦʤʥʽʡ  ʝʥʝʨʛʝʪʠʮʽ, ʜʝ ʧʨʦʮʝʩʠ ʨʦʟʚʠʚʘʶʪʴʩʷ ʟʘ ʯʘʩ ʫ ʩʦʪʽ ʽ ʥʘʚʽʪʴ ʪʠʩʷʯʥʽ 

ʯʘʩʪʢʠ ʩʝʢʫʥʜʠ. ʇʨʠʯʦʤʫ ʧʨʦʙʣʝʤʘ ʟʙʝʨʽʛʘʻʪʴʩʷ ʜʣʷ ʥʝʩʧʨʘʚʥʦʩʪʝʡ ʪʘ ʧʦʟʘʰʪʘʪʥʠʭ ʨʝʞʠʤʽʚ ʽ ñʚʠʱʝò, ʽ 

ñʥʠʞʯʝò ʐʈʆʋ ʟʘ ʧʦʪʦʢʦʤ.  

ʆʯʝʚʠʜʥʦ, ʱʦ ʢʣʘʩʠʯʥʠʤʠ ʤʝʪʦʜʘʤʠ ʜʘʥʘ ʧʨʦʙʣʝʤʘ ʥʝ ʚʠʨʽʰʫʻʪʴʩʷ, ʦʪʞʝ ʧʦʪʨʽʙʝʥ ʷʢʠʡʩʴ ʥʦʚʠʡ 

ʧʽʜʭʽʜ. ʇʨʦʘʥʘʣʽʟʫʚʘʚʰʠ ʟʘʛʘʣʴʥʫ ʩʭʝʤʫ ʢʝʨʫʚʘʥʥʷ ʐʈʆʋ, ʤʠ ʙʘʯʠʤʦ ʱʦ ʚʦʥʘ ʤʘʻ ʷʩʢʨʘʚʦ ʚʠʨʘʞʝʥʠʡ 

ʨʝʘʢʪʠʚʥʠʡ ʭʘʨʘʢʪʝʨ. ʊʦʙʪʦ, ʩʧʦʯʘʪʢʫ ʚʽʜʙʫʚʘʻʪʴʩʷ ʷʢʘʩʴ ʥʘʜʟʚʠʯʘʡʥʘ ʩʠʪʫʘʮʽʷ, ʽ ʪʽʣʴʢʠ ʧʽʩʣʷ ʮʴʦʛʦ 

ʦʙʯʠʩʣʶʚʘʣʴʥʠʡ ʙʣʦʢ ʐʈʆʋ ʨʦʟʧʽʟʥʘʻ ʮʶ ʩʠʪʫʘʮʽʶ ʽ ʾʾ ʭʘʨʘʢʪʝʨ, ʛʝʥʝʨʫʻ ʚʽʜʧʦʚʽʜʥʽ ʢʦʤʘʥʜʥʽ ʩʠʛʥʘʣʠ ʽ 

ʥʘʜʩʠʣʘʻ ʾʭ ʥʘ ʚʠʢʦʥʘʚʯʽ ʤʝʭʘʥʽʟʤʠ, ʷʢʽ ʩʧʨʘʮʴʦʚʫʶʪʴ ʽʱʝ ʧʽʟʥʽʰʝ. ɿʘʧ̔ʟʥʝʥʥʷ ʨʝʘʢʮʽʾ ʩʠʩʪʝʤʠ ʪʷʛʥʝ ʟʘ 

ʩʦʙʦʶ ʥʝʛʘʪʠʚʥʽ, ʘ ʯʘʩʦʤ ʽ ʢʘʪʘʩʪʨʦʬʽʯʥʽ ʥʘʩʣʽʜʢʠ. ɭʜʠʥʠʤ ʨʽʰʝʥʥʷʤ ʪʫʪ ʤʦʞʝ ʙʫʪʠ ʧʝʨʝʭʽʜ ʚʽʜ 

ʨʝʘʢʪʠʚʥʦʛʦ ʜʦ ʘʢʪʠʚʥʦʛʦ ʢʝʨʫʚʘʥʥʷ ʩʠʩʪʝʤʦʶ. ʊʦʙʪʦ ʚʽʜ ʢʝʨʫʚʘʥʥʷ ʟʘ ʥʘʩʣʽʜʢʘʤʠ ʜʦ ʢʝʨʫʚʘʥʥʷ ʟʘ 

ʧʨʦʛʥʦʟʦʤ. ʌ̔ʟʠʯʥʦ ʮʝ ʤʦʞʝ ʙʫʪʠ ʚʪʣ̔ʝʥʦ ʚ ʪʦʤʫ ʨʘʟʽ, ʢʦʣʠ ʥʘʡʙʽʣʴʰ ʪʨʠʚʘʣʽ ʧʽʜʛʦʪʦʚʯʽ ʦʧʝʨʘʮʽʾ ʙʫʜʫʪʴ 

ʨʦʟʧʦʯʘʪʽ ʜʦ ʤʦʤʝʥʪʫ ʥʘʩʪʘʥʥʷ ʘʚʘʨʽʡʥʦʾ ʩʠʪʫʘʮʽʾ. ɿʘ ʘʥʘʣʦʛ ʮʴʦʛʦ ʫʟʷʪʦ ʚʽʜʦʤʠʡ ʟ ʽʥʰʦʾ ʛʘʣʫʟʽ ʩʧʦʩʽʙ [8]. 

ʇʽʜˇʨʫʥʪʷʤ ʡʦʛʦ ʻ ʬʘʢʪ ʚʠʩʦʢʠʭ ʧʦʩʘʜʦʯʥʠʭ ʰʚʠʜʢʦʩʪʝʡ ʩʫʯʘʩʥʠʭ ʣʽʪʘʢʽʚ ð ʧʨʠʙʣʠʟʥʦ 100 ʤ/ʩ. ɺ ʤʦʤʝʥʪ 

ʪʦʨʢʘʥʥʷ ʧʦʚʝʨʭʥʽ ʟʝʤʣʽ ʥʝʨʫʭʦʤʝ, ʧʝʨʝʜ ʪʠʤ, ʢʦʣʝʩʦ ʰʘʩʽ ʦʪʨʠʤʫʻ ʪʘʢʫ ʞ ʩʘʤʫ ʦʢʨʫʞʥʫ ʰʚʠʜʢʽʩʪʴ. ʎʝ 

ʚʽʜʙʫʚʘʻʪʴʩʷ ʧʨʘʢʪʠʯʥʦ ʤʦʤʝʥʪʘʣʴʥʦ, ʽʟ ʚʢʨʘʡ ʤʘʣʠʤ ʟʘʧʽʟʥʝʥʥʷʤ,  ʧʦʨʦʜʞʝʥʠʤ ʪʝʨʪʷʤ ʫ ʧʽʜʰʠʧʥʠʢʘʭ ʪʘ 

ʤʝʭʘʥʽʯʥʦʶ ʧʨʫʞʥʽʩʪʶ ʩʠʩʪʝʤʠ. ɿ ʪʦʯʢʠ ʟʦʨʫ ʤʽʮʥʦʩʪʽ ʮʝ ʻ ʨʽʚʥʦʟʥʘʯʥʠʤ ʜʦ ʤʠʪʪʻʚʦʛʦ ʧʨʠʢʣʘʜʝʥʥʷ ʜʦ 

ʢʦʥʩʪʨʫʢʮ̔ʾ ʢʨʫʪʥʦʛʦ ʤʦʤʝʥʪʫ ʟʥʘʯʥʦʾ ʚʝʣʠʯʠʥʠ. (ɯ ʻ ʜʫʞʝ ʙʣʠʟʴʢʠʤ ʤʝʭʘʥʽʯʥʠʤ ʘʥʘʣʦʛʦʤ ʜʦ ʩʠʩʪʝʤʠ 

ʐʈʆʋ, ʷʢʘ ʻ ʧʨʝʜʤʝʪʦʤ ʜʘʥʦʾ ʩʪʘʪʪʽ). ʑʦʙ ʟʘʧʦʙʽʛʪʠ ʨʫʡʥʫʚʘʥʥʶ ʢʦʥʩʪʨʫʢʮʽʾ ʰʘʩʽ, ʘʚʪʦʨʠ [8] ʪʘ ʽʥʰʠʭ 

ʧʘʪʝʥʪʽʚ ʥʘ ʟʘʟʥʘʯʝʥʫ ʪʝʤʫ ʧʨʦʧʦʥʫʶʪʴ ʧʦʧʝʨʝʜʥʻ ʨʦʟʢʨʫʯʫʚʘʥʥʷ ʢʦʣʽʩ. ʊʦʙʪʦ ʧʦʧʝʨʝʜʥʴʦʛʦ ʥʘʜʘʥʥʷ 

ʤʝʭʘʥʽʯʥʦʤʫ ʧʨʠʩʪʨʦʻʚʽ ʢʽʥʝʪʠʯʥʦʾ ʝʥʝʨʛʽʾ, ʩʧʽʚʨʦʟʤʽʨʥʦʾ ʟʘ ʚʝʣʠʯʠʥʦʶ ʪʦʤʫ ʧʦʪʦʢʦʚʽ ʝʥʝʨʛʽʾ, ʱʦ ʙʫʜʝ 

ʧʦʜʘʥʦ ʥʘ ʧʨʠʩʪʨʽʡ ʚ ʤʦʤʝʥʪ ʥʘʩʪʘʥʥʷ ʥʘʜʟʚʠʯʘʡʥʦʾ ʩʠʪʫʘʮʽʾ (ʪʦʨʢʘʥʥʷ ʟʝʤʥʦʾ ʧʦʚʝʨʭʥʽ ʫ ʚʠʧʘʜʢʫ ʟ 

ʣʽʪʘʢʦʤ). ɼʘʥʝ ʪʝʭʥʽʯʥʝ ʨʽʰʝʥʥ̫ ʤʦʞʥʘ ʚʚʘʞʘʪʠ ʫʩʧʽʰʥʠʤ, ʦʩʢʽʣʴʢʠ ʚʦʥʦ ʚʠʢʣʶʯʘʻ ʧʦʟʜʦʚʞʥʶ ʰʚʠʜʢʽʩʪʴ 

ʣʽʪʘʢʘ ʟ ʯʠʥʥʠʢʽʚ ʤʝʭʘʥʽʯʥʦʛʦ ʚʧʣʠʚʫ ʥʘ ʢʦʥʩʪʨʫʢʮʽʶ ð ʟʘʣʠʰʘʶʯʠ ʪʽʣʴʢʠ ʚʝʨʪʠʢʘʣʴʥʫ ʰʚʠʜʢʽʩʪʴ 

ʟʥʠʞʝʥʥʷ, ʷʢʘ ʻ ʥʘ ʧʦʨʷʜʦʢ ʤʝʥʰʦʶ. ʊʦʤʫ, ʫ ʚʠʛʣʷʜʽ ʧʨʷʤʦʛʦ ʤʝʭʘʥʽʯʥʦʛʦ ʘʥʘʣʦʛʫ (ʷʢʱʦ ʫ ʩʠʩʪʝʤ ̔ʐʈʆʋ 

ʟʘʩʪʦʩʦʚʫʚʘʪʠʤʝʪʴʩʷ ʪʫʨʙʽʥʘ, ʯʠ ʽʥʰʠʡ ʥʘʢʦʧʠʯʫʚʘʯ/ʧʝʨʝʪʚʦʨʶʚʘʯ ʝʥʝʨʛʽʾ), ʘʙʦ ʥʝʧʨʷʤʦʛʦ ʘʥʘʣʦʛʫ 

(ʚʠʢʦʥʘʥʥʷ ʽʥʰʠʭ ʜʽʡ ʧʦ ʧʽʜʛʦʪʦʚʮʽ ʩʧʦʞʠʚʘʯʘ ʜʦ ʧʨʠʡʤʘʥʥʷ ʥʘʜʣʠʰʢʦʚʦʾ ʢʽʣʴʢʦʩʪʽ ʝʥʝʨʛʽʾ) ʧʨʠʥʮʠʧ 

ʚʠʧʝʨʝʜʞʫʶʯʦʛʦ ʚʠʢʦʥʘʥʥʷ ʧʽʜʛʦʪʦʚʯʠʭ ʜʽʡ ʤʦʞʝ ʙʫʪʠ ʨʝʢʦʤʝʥʜʦʚʘʥʠʡ ʜʣʷ ʩʠʩʪʝʤʠ ʐʈʆʋ. 

ʇʨʦʪʝ, ʧʨʠ ʚʪʽʣʝʥʥʽ ʮʴʦʛʦ ʧʨʠʥʮʠʧʫ ʚ ʘʚʽʘʮʽʾ, ʥʘ ʚʽʜʤʽʥʫ ʚʽʜ ʩʠʩʪʝʤʠ ʐʈʆʋ, ʟʘʟʜʘʣʝʛʽʜʴ ʻ ʚʽʜʦʤʠʤ 

ʥʘʡʩʫʪʪʻʚʽʰʠʡ ʧʘʨʘʤʝʪʨ: ʤʦʤʝʥʪ ʯʘʩʫ ʧʦʜʘʥʥʷ ʥʘʜʣʠʰʢʦʚʦʛʦ ʧʦʪʦʢʫ ʝʥʝʨʛʽʾ. ʗʢʠʡ, ʫ ʚʠʧʘʜʢʫ ʟ ʣʽʪʘʢʦʤ, 

ʚʠʟʥʘʯʘʻʪʴʩʷ ʧʦʣʴʦʪʥʠʤ ʟʘʚʜʘʥʥʷʤ ʪʘ ʨʽʰʝʥʥʷʤʠ ʢʦʤʘʥʜʠʨʘ ʧʦʚʽʪʨʷʥʦʛʦ ʩʫʜʥʘ ʧʨʦ ʧʦʩʘʜʢʫ. ʊʦʜʽ, ʷʢ 

ʐʈʆʋ, ʟʘ ʩʚʦʾʤ ʧʨʠʟʥʘʯʝʥʥʷʤ, ʻ ʩʠʩʪʝʤʦʶ ʜʣʷ ʜʽʾ ʫ ʥʘʜʟʚʠʯʘʡʥʽʡ (ʘʚʘʨʽʡʥʽʡ) ʩʠʪʫʘʮʽʾ. ɸ ʧʦʜʽʙʥʽ ʩʠʪʫʘʮʽʾ 

ʟʘʟʜʘʣʝʛʽʜʴ ʥʝ ʧʨʦʛʨʘʤʫʁʪʴʩʷ ʽ ʚʽʜʙʫʚʘʶʪʴʩʷ ʫ ʜʦʚʽʣʴʥʠʡ ʤʦʤʝʥʪ ʯʘʩʫ. ʇʨʦʪʝ, ʷʢ ʚʽʜʦʤʦ, ʘʚʘʨʽʡʥʽ ʩʠʪʫʘʮʽʾ 

ʧʦʜʽʣʷʶʪʴʩʷ ʥʘ ʜʚʽ ʢʘʪʝʛʦʨʽʾ: ʪʽ, ʱʦ ʤʘʶʪʴ ʪʘʢ ʟʚʘʥʠʡ ʧʝʨʝʜʚʽʜʤʦʚʥʠʡ ʩʪʘʥ, ʽ ʪʘʢʽ, ʱʦ ʡʦʛʦ ʥʝ ʤʘʶʪʴ. ʇʽʜ 

ʧʝʨʝʜʚʽʜʤʦʚʥʠʤ ʩʪʘʥʦʤ ʤʠ ʨʦʟʫʤʽʻʤʦ ʪʘʢʠʡ ʩʪʘʥ ʩʠʩʪʝʤʠ, ʷʢʠʡ ʤʦʞʝ ʙʫʪʠ ʚʠʷʚʣʝʥʠʡ ʽʩʥʫʶʯʠʤʠ 

ʜʘʪʯʠʢʘʤʠ ʪʘ ʘʣʛʦʨʠʪʤʘʤʠ, ʽ ʧʨʠ ʷʢʦʤʫ ʧʘʨʘʤʝʪʨʠ ʨʦʙʦʯʦʛʦ ʧʨʦʮʝʩʫ ʽ ʩʪʘʥ ʩʘʤʦʾ ʩʠʩʪʝʤʠ ʽʱʝ 

ʧʝʨʝʙʫʚʘʶʪʴ ʚ ʧʨʠʧʫʩʪʠʤʠʭ ʤʝʞʘʭ, ʘʣʝ ʜʠʥʘʤʽʢʘ ʟʤʽʥʠ ʮʠʭ ʧʘʨʘʤʝʪʨʽʚ ʽʟ ʜʦʩʪʘʪʥʽʤ ʩʪʫʧʝʥʝʤ ʽʤʦʚʽʨʥʦʩʪʽ 

ʚʢʘʟʫʻ ʥʘ ʤʦʞʣʠʚʽʩʪʴ ʥʘʩʪʘʥʥʷ ʥʘʜʟʚʠʯʘʡʥʦ ʾʧʦʜʽʾ (ʧʦʰʢʦʜʞʝʥʥʷ/ʚʽʜʤʦʚʠ/ʚʠʭʦʜʫ ʧʘʨʘʤʝʪʨʽʚ ʟʘ ʧʨʠʧʫʩʪʠʤʽ 

ʤʝʞʽ) ʫ ʥʘʡʙʣʠʞʯʦʤʫ ʤʘʡʙʫʪʥʴʦʤʫ. ʉʠʪʫʘʮʽʾ ʙʝʟ ʧʝʨʝʜʚʽʜʤʦʚʥʦʛʦ ʩʪʘʥʫ ʪʨʘʧʣʷʶʪʴʩʷ ʤʠʪʪʻʚʦ ð ʘʙʦ ʞ ʾʭ 

ʧʝʨʝʜʚʽʜʤʦʚʥʠʡ ʩʪʘʥ ʻ ʧʨʠʭʦʚʘʥʠʤ, ʟ-ʟʘ ʪʽʻʾ ʯʠ ʽʥʰʦʾ ʧʨʠʯʠʥʠ, ʽ ʥʝ ʤʦʞʝ ʙʫʪʠ ʚʠʷʚʣʝʥʠʤ ʽʥʩʪʨʫʤʝʥʪʘʣɹʥʦ. 

ɺʣʘʩʥʝ, ʨʽʟʥʠʮʷ ʤʽʞ ʮʠʤʠ ʚʠʜʘʤʠ ʧʦʜʽʡ ʻ ʢʽʣʴʢʽʩʥʦʶ ʽ ʚʠʟʥʘʯʘʪ̒ʴʩʷ ʚʝʣʠʯʠʥʦʶ ʧʨʦʤʽʞʢʫ ʯʘʩʫ ʜʦ ʾʭ 

ʥʘʩʪʘʥʥʷ. ɸʣʝ ʚʦʥʘ ʪʷʛʥʝ ʟʘ ʩʦʙʦʶ ʷʢʽʩʥʫ ʚʽʜʤʽʥʥʽʩʪʴ ʫ ʘʣʛʦʨʠʪʤʽ ʨʦʙʦʪʠ ʐʈʆʋ. ʇʦʜʽʷ ʙʝʟ ʧʝʨʝʜʚʽʜʤʦʚʥʦʛʦ 

ʩʪʘʥʫ ʚʠʤʘʛʘʻ ʟʘʩʪʦʩʫʚʘʥʥʷ ʘʚʘʨʽʡʥʦʛʦ ʘʣʛʦʨʠʪʤʫ ʨʦʙʦʪʠ ʐʈʆʋ. ɿʛʽʜʥʦ ʟ ʷʢʠʤ, ʧʝʨʰ ʟʘ ʚʩʝ ʚʠʢʦʥʫʶʪʴʩʷ ʜʽʾ 

ʧʦ ʟʘʧʦʙʽʛʘʥʥʁ ʘʚʘʨʽʾ/ʢʘʪʘʩʪʨʦʬʠ: ʚʽʜʢʨʠʪʪʷ ʘʚʘʨʽʡʥʠʭ ʢʣʘʧʘʥʽʚ, ʪʦʱʦ ð ʟʤʠʨʠʚʰʠʩʴ ʽʟ ʪʠʤ, ʱʦ ʯʘʩʪʠʥʘ 

ʝʥʝʨʛʽʾ ʧʨʠ ʮʴʦʤʫ ʙʫʜʝ ʚʪʨʘʯʝʥʘ ʥʝʟʚʦʨʦʪʥʴʦ. ɺʦʜʥʦʯʘʩ ʨʦʟʧʦʯʠʥʘʻʪʴʩʷ ʚʠʢʦʥʘʥʥʷ ʧʽʜʛʦʪʦʚʯʠʭ ʜʽʡ (ʘʣʝ ʚʞʝ 

ʙʝʟ ʚʠʧʝʨʝʜʞʝʥʥʷ ʫ ʯʘʩʽ, postfactum) ʪʘ ʧʨʦʜʦʚʞʫʻʪʴʩʷ ʚʠʤʽʨʶʚʘʥʥ̫ ʝʥʝʨʛʝʪʠʯʥʠʭ ʧʘʨʘʤʝʪʨʽʚ ʧʨʦʮʝʩʫ. ʂʦʣʠ 

ʦʩʪʘʥʥʽ ʟʥʠʟʷʪʴʩʷ ʜʦ ʚʝʣʠʯʠʥʠ, ʧʨʠʧʫʩʪʠʤʦʾ ʜʣʷ ʰʪʘʪʥʦʾ ʨʦʙʦʪʠ ʩʠʩʪʝʤʠ ʐʈʆʋ, ʨʦʟʧʦʯʠʥʘʻʪʴʩʷ ʫʪʠʣʽʟʘʮʽʷ 

ʝʥʝʨʛʽʾ.  

ʋ ʩʚʦʶ ʯʝʨʛʫ, ʧʝʨʝʜʚʽʜʤʦʚʥʽ ʩʪʘʥʠ ʧʦʜʣ̔ʷʶʪʴʩʷ ʥʘ ʪʘʢʽ, ʱʦ ʤʦʞʫʪʴ ʙʫʪʠ ʚʠʢʨʠʪʽ ʚʣʘʩʥʠʤʠ 

ʽʥʩʪʨʫʤʝʥʪʘʣʴʥʠʤʠ ʟʘʩʦʙʘʤʠ ʩʠʩʪʝʤʠ ʐʈʆʋ, ʽ ʪʘʢʽ, ʱʦ ʤʦʞʫʪʴ ʙʫʪʠ ʚʠʢʨʠʪʽ ʟʦʚʥʽʰʥʽʤʠ ʟʘʩʦʙʘʤʠ ð ʟ 

ʧʝʨʝʜʘʯʝʶ ʦʪʨʠʤʘʥʠʭ ʧʘʨʘʤʝʪʨʽʚ ʜʦ ʐʈʆʋ. ʎʝ ʚʠʢʣʠʢʘʥʦ ʪʠʤ, ʱʦ ʟʘ ʩʚʦʻʶ ʩʫʪʪʶ ʐʈʆʋ ʻ ʜʦʧʦʤʽʞʥʦʶ 

ʩʠʩʪʝʤʦʶ. ɯ ʥʘʚʨʜ̫ ʯʠ ʥʘ ʥʝʾ ʙʫʜʝ ʧʦʢʣʘʜʝʥʦ ʢʦʥʪʨʦʣʴ ʦʩʥʦʚʥʦʾ ʩʠʩʪʝʤʠ (ʝʥʝʨʛʦʛʝʥʝʨʫʁʯʦʾ, ʭʽʤʽʯʥʦʛʦ 

ʚʠʨʦʙʥʠʮʪʚʘ, ʪʦʱʦ). ɺ ʜʘʥʽʡ ʩʪʘʪʪʽ ʧʨʠʧʫʩʢʘʻʪʴʩʷ, ʱʦ ʦʩʥʦʚʥʘ ʩʠʩʪʝʤʘ ʦʩʥʘʱʝʥʘ ʚʣʘʩʥʦʶ ʩʠʩʪʝʤʦʶ 

ʩʘʤʦʢʦʥʪʨʦʣʶ ʪʘ ʜʽʘʛʥʦʩʪʠʢʠ, ʟʜʘʪʥʦʶ ʨʦʟʧʽʟʥʘʪʠ ʧʝʨʝʜʚʽʜʤʦʚʥʠʡ ʩʪʘʥ ʢʦʥʩʪʨʫʢʮ̔ʾ ʽ ʧʝʨʝʜʘʪʠ ʡʦʛʦ 

ʧʘʨʘʤʝʪʨʠ ʽʥʰʠʤ ʩʧʦʞʠʚʘʯʘʤ. ɯ ʧʨʠʨʦʜʥʦ, ʩʪʨʫʢʪʫʨʘ ʮʽʣʦʾ ʩʠʩʪʝʤʠ ʤʦʞʝ ʙʫʪʠ ʽʥʰʦʶ. ʅʘʧʨʠʢʣʘʜ, 

ʽʥʬʦʨʤʘʮʽʡʥʠʡ ʢʦʥʪʫʨ ʐʈʆʋ ʤʦʞʝ ʥʝ ʽʩʥʫʚʘʪʠ, ʷʢ ʦʢʨʝʤʘ ʧʽʜʩʠʩʪʝʤʘ, ʘ ʙʫʪʠ ʦʜʥʽʻʶ ʟ ʬʫʥʢʮʽʡ ʟʘʛʘʣʴʥʦʾ 
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ʩʠʩʪʝʤʠ ʢʝʨʫʚʘʥʥʷ. ʇʨʦʪʝ ʨʽʟʥʠʮʷ ʚ ʜʘʥʦʤʫ ʚʠʧʘʜʢʫ ʥʝ ʻ ʧʨʠʥʮʠʧʦʚʦʶ. ʇʨʠʧʫʩʪʠʤʦ, ʱʦ ʐʈʆʋ ʷʚʣʷʻ 

ʩʦʙʦʶ ʘʚʪʦʥʦʤʥʫ ʧʽʜʩʠʩʪʝʤʫ. ɺ ʪʘʢʦʤʫ ʚʠʧʘʜʢʫ ʐʈʆʋ ʩʢʣʘʜʘʪʠʤʝʪʴʩʷ ʟ ʪʘʢʠʭ ʢʦʤʧʦʥʝʥʪʽʚ: 

ʦʙʯʠʩʣʶʚʘʣʴʥʠʡ ʙʣʦʢ, ʢʦʤʧʣʝʢʪ ʜʘʪʯʠʢʽʚ, ʧʨʠʚʦʜʠ ʚʠʢʦʥʘʚʯʠʭ ʤʝʭʘʥʽʟʤʽʚ, ʢʘʥʘʣʠ ʽʥʬʦʨʤʘʮʽʡʥʦʛʦ ʦʙʤʽʥʫ ʟ 

ʮʝʥʪʨʘʣʴʥʦʶ ʩʠʩʪʝʤʦʁ ʢʝʨʫʚʘʥʥʷ ʪʘ ʽʥʰʠʤʠ ʧʽʜʩʠʩʪʝʤʘʤʠ. ʇʨʠʥʮʠʧʦʚʘ ʩʭʝʤʘ ʐʈʆʋ ʧʦʢʘʟʘʥʘ ʥʘ ʨʠʩ. 1. 
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ɻʦʩʪʨʘ ʧʘʨʘ ʈʝʜʫʢʦʚʘʥʘ ʽ  

ʦʭʦʣʦʜʞʝʥʘ ʧʘʨʘ 

ʆʭʦʣʦʜʞʫʚʘʣʴʥʘ 

ʚʦʜʘ 

 
ʈʠʩ. 1. ʉʭʝʤʘ ʐʈʆʋ ʢʣʘʩʠʯʥʦʛʦ ʪʠʧʫ: 

1 - ʟʘʩʣʽʥʢʘ; 2 - ʢʣʘʧʘʥ ʜʨʦʩʝʣʴʥʠʡ, 3 ï ʦʭʦʣʦʜʞʫʚʘʯ ʧʘʨʠ; 4 - ʢʣʘʧʘʥ ʽʤʧʫʣʴʩʥʠʡ; 5 - ɻʇʂ, 6, 9 ï ʢʣʘʧʘʥʠ ʟʘʧʠʨʘʥʥʷ 7 - ʢʣʘʧʘʥ 

ʟʚʦʨʦʪʥʽʡ; 8 - ʢʣʘʧʘʥ ʨʝʛʫʣʶʚʘʣʴʥʠʡ. 10 - ʬʦʨʩʫʥʢʘ ʤʝʭʘʥʽʯʥʦʛʦ ʨʦʟʧʠʣʶʚʘʥʥʷ ʚʦʜʠ [9] 

 

ʂʣʶʯʦʚʠʤ ʤʦʤʝʥʪʦʤ ʫ ʟʘʧʨʦʧʦʥʦʚʘʥʦʤʫ ʨʽʰʝʥʥʽ ʻ ʚʠʙʽʨ ʨʘʮʽʦʥʘʣʴʥʦʛʦ ʘʣʛʦʨʠʪʤʫ ʚʠʢʨʠʪʪʷ 

ʧʝʨʝʜʚʽʤʦʚʥʦʛʦ ʩʪʘʥʫ. ʅʠʥʽ ʚʝʣʠʢʦʾ ʧʦʧʫʣʷʨʥʦʩʪʽ ʥʘʙʫʣʠ ʨʽʟʥʦʤʘʥʽʪʥʽ ʚʘʨʽʘʥʪʠ ʥʝʡʨʦʥʥʠʭ ʤʝʨʝʞ. ɸʣʝ, ʧʨʠ 

ʫʩʽʭ ʾʭ ʧʝʨʝʚʘʛʘʭ, ʩʣʽʜ ʟʘʟʥʘʯʠʪʠ, ʱʦ ʚʦʥʠ ʧʦʪʨʝʙʫʶʪʴ ʟʥʘʯʥʦʛʦ ʯʘʩʫ ʥʘ ʦʙʯʠʩʣʝʥʥʷ. ʊʦʜʽ, ʷʢ ʚ ʧʨʝʜʤʝʪʥʽʡ 

ʦʙʣʘʩʪʽ ʧʨʦʮʝʩʠ ʻ ʰʚʠʜʢʦʧʣʠʥʥʠʤʠ, ʽ ʟʘʪʨʠʤʢʘ ʟ ʨʝʘʢʮʽʻʶ ʥʘ ʚʠʥʠʢʥʝʥʥʷ ʥʘʜʟʚʠʯʘʡʥʦʾ ʧʦʜʽʾ ʤʦʞʝ ʧʦʪʷʛʪʠ 

ʟʘ ʩʦʙʦʶ ʢʘʪʘʩʪʨʦʬʽʯʥʽ ʥʘʩʣʽʜʢʠ. ʆʪʞʝ, ʟʘ ʫʤʦʚʘʤʠ ʧʨʘʢʪʠʢʠ ʧʨʝʜʤʝʪʥʦʾ ʦʙʣʘʩʪʽ, ʤʦʞʫʪɹ ʟʘʩʪʦʩʦʚʫʚʘʪʠʩʷ 

ʚʠʢʣʶʯʥʦ ʥʘʡʧʨʦʩʪʽʰʽ ʘʣʛʦʨʠʪʤʠ, ʱʦ ʚʠʤʘʛʘʶʪʴ ʤʽʥʽʤʫʤʫ ʯʘʩʫ ʥʘ ʾʭ ʦʙʯʠʩʣʝʥʥʷ. ʊʫʪ ʤʦʞʝ ʙʫʪʠ ʚʪʽʣʝʥʠʡ 

ʨʘʮʽʦʥʘʣʴʥʠʡ ʧʨʠʡʦʤ, ʷʢʠʡ ʰʠʨʦʢʦ ʟʘʩʪʦʩʦʚʫʻʪʴʩʷ ʫ ʧʨʦʤʠʩʣʦʚʽʡ ʝʣʝʢʪʨʦʥʽʮʽ: ʩʢʣʘʜʥʽ ʬʫʥʢʮʽʦʥʘʣʴʥʽ 

ʟʘʣʝʞʥʦʩʪʽ ʟʘʤʽʥʶʶʪʴʩʷ ʥʘ ʥʘʡʧʨʦʩʪʽʰʽ, ʣʥ̔ʽʡʥʽ. ʉʢʣʘʜʥʽ ʡ ʛʨʦʤʽʟʜʢʽ ʚ ʦʙʯʠʩʣʝʥʥʷʭ ʬʫʥʢʮʽʾ ʟʘʤʽʥʶʶʪʴʩʷ ʥʘ 

ʚʽʜʨʽʟʢʠ ʧʨʷʤʠʭ, ʷʢʽ ʚʠʟʥʘʯʘʶʪʴʩʷ ʢʦʝʬʽʮʽʻʥʪʦʤ (ʪʦʙʪʦ ʪʘʥʛʝʥʩʦʤ ʢʫʪʘ ʥʘʭʠʣʫ) ʽ ʟʤʽʱʝʥʥʷʤ. ʅʘʡʛʦʣʦʚʥʽʰʠʤ 

ʧʠʪʘʥʥʷʤ, ʚʽʜʧʦʚʽʜʴ ʥʘ ʷʢʝ ʩʢʣʘʜʘʻ ʥʘʫʢʦʚʫ ʥʦʚʠʟʥʫ ʜʘʥʦʾ ʩʪʘʪʪʽ, ʻ ʤʘʪʝʤʘʪʠʯʥʝ ʚʠʨʘʞʝʥʥ ̫ʤʦʤʝʥʪʫ 

ʥʘʩʪʘʥʥʷ ʧʝʨʝʜʚʽʜʤʦʚʥʦʛʦ ʩʪʘʥʫ.  

ʈʦʟʛʣʷʥʝʤʦ ʧʝʨʝʜʚʽʜʤʦʚʥʠʡ ʩʪʘʥ ʩʠʩʪʝʤʠ. ʁʦʛʦ ʦʩʦʙʣʠʚʽʩʪʶ ʻ ʪʝ, ʱʦ ʚʽʥ ʷʚʣʷʻ ʩʦʙʦʶ ʧʝʨʝʭʽʜʥʠʡ 

ʧʨʦʮʝʩ ʽʟ ʯʽʪʢʦ ʚʠʨʘʞʝʥʠʤ ʟʘʢʽʥʯʝʥʥʷʤ: ʥʘʩʪʘʥʥʷ ʘʚʘʨʽʾ/ʚʽʜʤʦʚʠ/ʢʘʪʘʩʪʨʦʬʠ ð ʘʙʦ ʟʦʚʥʽʰʥʻ ʚʪʨʫʯʘʥʥʷ ʫ 

ʧʨʦʮʝʩ, ʟ ʫʩʫʥʝʥʥʷʤ ʧʨʠʯʠʥʠ, ʱʦ ʚʠʢʣʠʢʘʣʘ ʧʝʨʝʜʚʽʜʤʦʚʥʠʡ ʩʪʘʥ ʪʘ ʟ ʧʦʚʝʨʥʝʥʥʷʤ ʜʦ ʰʪʘʪʥʦʛʦ ʨʝʞʠʤʫ 

ʨʦʙʦʪʠ ʩʠʩʪʝʤʠ. ʅʘʪʦʤʽʩʪʴ, ʧʦʯʘʪʦʢ ʧʝʨʝʜʚʽʜʤʦʚʥʦʛʦ ʧʨʦʮʝʩʫ ʻ ñʨʦʟʤʠʪʠʤò ʫ ʯʘʩʽ. ɸ ʧʨʠʯʠʥʘ, ʱʦ ʡʦʛʦ 

ʚʠʢʣʠʢʘʣʘ, ʘʙʦ ʚʟʘʛʘʣʽ ʥʝ ʚʽʜʦʙʨʘʞʘʻʪʴʩʷ ʫ ʟʤʽʥʽ ʧʦʚʝʜʽʥʢʠ ʪʘ ʧʘʨʘʤʝʪʨʽʚ ʩʠʩʪʝʤʠ, ʘʙʦ ʮʽ ʟʤʽʥʠ ʚʘʞʢʦ 

ʚʽʜʨʽʟʥʠʪʠ ʚʽʜ ʾʭ ʬʣʫʢʪʫʘʮʽʡ ʫ ʥʦʨʤʘʣʴʥʦʤʫ ʨʝʞʠʤʽ ʨʦʙʦʪʠ. ʆʩʢʽʣʴʢʠ ʥʘʜʟʚʠʯʘʡʥʽ ʧʦʜʽʾ ʽ ʧʝʨʝʜʚʽʜʤʦʚʥʽ 

ʩʪʘʥʠ ʤʦʞʫʪʴ ʤʘʪʠ ʨʽʟʥʦʤʘʥʽʪʥʫ ʧʨʠʨʦʜʫ, ʜʣʷ ʧʦʙʫʜʦʚʠ ʘʣʛʦʨʠʪʤʫ ʨʦʙʦʪʠ ʐʈʆʋ ʥʝʦʙʭʽʜʥʦ ʟʚʝʩʪʠ ʾʭ ʜʦ 

ʻʜʠʥʦʛʦ ʢʨʠʪʝʨʽʶ. ɺ ʷʢʦʩʪʽ ʪʘʢʦʛʦ ʧʨʦʧʦʥʫʻʪʴʩʷ ʦʯʽʢʫʚʘʥʠʡ ʯʘʩ ʥʘʩʪʘʥʥʷ ʥʘʜʟʚʠʯʘʡʥʦʾ ʧʦʜʽʾ. ɺʠʱʝ 

ʟʛʘʜʫʚʘʣʦʩʷ, ʱʦ ʧʝʨʝʜʚʽʜʤʦʚʥʠʡ ʪʝʭʥʽʯʥʠʡ ʩʪʘʥ ʦʩʥʦʚʥʦʾ ʩʠʩʪʝʤʠ ʤʘʻ ʚʠʟʥʘʯʘʪʠʩʷ ʾʾ ʚʣʘʩʥʠʤʠ ʟʘʩʦʙʘʤʠ 

ʩʘʤʦʜʽʘʛʥʦʩʪʠʢʠ ð ʽ ʧʝʨʝʜʘʚʘʪʠʩʷ ʜʦ ʦʙʯʠʩʣʶʚʘʣʴʥʦʛʦ ʙʣʦʢʫ ʐʈʆʋ ʧʦ ʢʘʥʘʣʘʭ ʽʥʬʦʨʤʘʮʽʡʥʦʛʦ ʦʙʤʽʥʫ. ʎʝ 

ʩʪʦʩʫʻʪʴʩʷ ʷʢ ʩʪʘʥʫ ʩʠʩʪʝʤʠ ʫʤʦʚʥʦ ñʚʠʱʝò ʐʈʆʋ, ʪʦʙʪʦ ʝʥʝʨʛʦʛʝʥʝʨʫʶʯʦʾ ʩʢʣʘʜʦʚʦʾ (ʢʦʪʣʘ, ʨʝʘʢʪʦʨʘ, 

ʪʦʱʦ), ʪʘʢ ʽ ʩʧʦʞʠʚʘʯʽʚ ʝʥʝʨʛʽʾ ʧʘʨʠ ʫʤʦʚʥʦ ñʥʠʞʯʝò ʐʈʆʋ (ʧʘʨʦʪʫʨʙʽʥʥʠʭ ʘʛʨʝʛʘʪʽʚ, ʪʦʱʦ). ʇʨʝʜʤʝʪʦʤ 

ʜʘʥʦʾ ʩʪʘʪʪʽ ʻ ʧʘʨʘʤʝʪʨʠ ʨʦʙʦʯʦʛʦ ʧʨʦʮʝʩʫ, ʷʢʽ ʚʠʤʽʨʶʶʪʴʩʷ ʚʣʘʩʥʠʤʠ ʜʘʪʯʠʢʘʤʠ ʐʈʆʋ, ʪʦʙʪʦ ʧʘʨʘʤʝʪʨʠ 

ʧʦʪʦʢʫ ʧʘʨʠ. ʆʩʢʽʣʴʢʠ ʧʦʪʝʥʮʽʡʥʘ ʽ ʢʽʥʝʪʠʯʥʘ ʝʥʝʨʛʽʷ ʧʘʨʠ ʣʝʛʢʦ ʪʨʘʥʩʬʦʨʤʫʶʪʴʩʷ ʦʜʥʘ ʚ ʽʥʰʫ ʽ ʥʘʚʧʘʢʠ, 

ʚʠʟʥʘʯʘʣʴʥʦʶ ʻ ʧʦʚʥʘ ʝʥʝʨʛʽʷ, ʱʦ ʻ ʩʫʤʦʶ ʧʦʪʝʥʮʽʡʥʦʾ ʽ ʢʽʥʝʪʠʯʥʦʾ ʝʥʝʨʛʽʡ. ɼʣʷ ʾʾ ʚʠʟʥʘʯʝʥʥʷ ʜʦʩʪʘʪʥʴʦ 

ʚʠʤʽʨʶʚʘʪʠ ʪʨʠ ʧʘʨʘʤʝʪʨʠ: ʪʝʤʧʝʨʘʪʫʨʫ, ʧʘʨʮʽʘʣʴʥʠʡ ʪʠʩʢ ʧʘʨʠ ʽ ʰʚʠʜʢʽʩʪʴ ʧʦʪʦʢʫ. ʆʩʢʽʣʴʢʠ ʡʜʝʪʴʩʷ ʤʦʚʘ 

ʧʨʦ ʜʠʥʘʤʽʯʥʠʡ ʧʨʦʮʝʩ, ʬʽʟʠʯʥʦʶ ʚʝʣʠʯʠʥʦʶ ʤʘʻ ʙʫʪʠ ʥʝ ʝʥʝʨʛʽʷ, ʷʢ ʪʘʢʘ, ʘ ʩʝʢʫʥʜʥʠʡ ʧʦʪʽʢ ʝʥʝʨʛʽʾ ʯʝʨʝʟ 

ʟʘʜʘʥʠʡ ʧʝʨʝʨʽʟ ʧʘʨʦʧʨʦʚʦʜʘ. ʇʦʜʽʻʶ ñʚʽʜʤʦʚʘò ʪʦʜʽ ʚʚʘʞʘʪʠʤʝʪʴʩʷ ʪʘʢʝ ʟʥʘʯʝʥʥʷ ʧʦʚʥʦʾ ʝʥʝʨʛʽʾ ʇE , ʷʢʝ 

ʜʦʨʽʚʥʶʻ ʛʨʘʥʠʯʥʦ ʧʨʠʧʫʩʪʠʤʦʤʫ ʟʥʘʯʝʥʥʶ),,( PTVEʇʈ= , ʱʦ ʻ ʚʝʨʭʥʴʦʶ ʤʝʞʝʶ ʥʦʨʤʘʣʴʥʦʛʦ 

ʝʢʩʧʣʫʘʪʘʮʽʡʥʦʛʦ ʜʽʘʧʘʟʦʥʫ, ʜʝ V ʰʚʠʜʢʽʩʪʴ, T - ʪʝʤʧʝʨʘʪʫʨʘ, ʘ ʇɸʈP  ð ʧʘʨʮʽʘʣʴʥʠʡ ʪʠʩʢ ʧʦʪʦʢʫ ʛʘʟʽʚ. ʅʘ 

ʢʦʞʥʦʤʫ ʢʨʦʮʽ ʯʘʩʫ ʤʘʶʪʴ ʦʙʯʠʩʣʶʚʘʪʠʩʷ ʪʘʢʽ ʧʘʨʘʤʝʪʨʠ: ʨʽʟʥʠʮʷ ɽD  ʤʽʞ ʛʨʘʥʠʯʥʦ ʧʨʠʧʫʩʪʠʤʠʤ ʇʈE  ʽ 

ʧʦʪʦʯʥʠʤ )( iʇ tE  ʟʥʘʯʝʥʥʷʤʠ ʧʦʚʥʦʾ ʝʥʝʨʛʽʾ ʧʦʪʦʢʫ ʧʘʨʠ: 

 

)( inʇʈ tEEɽ -=D ,      (11) 

 

ʇʦʭʽʜʥʘ ʬʫʥʢʮʽʾ ʧʦʚʥʦʾ ʝʥʝʨʛʽʾ ʟʘ ʯʘʩʦʤ, ʪʦʙʪʦ ʰʚʠʜʢʽʩʪʴ ʟʤʽʥʠ ʧʦʚʥʦʾ ʝʥʝʨʛʽʾ ʦʙʯʠʩʣʶʻʪʴʩʷ, ʷʢ: 
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ɼʨʫʛʘ ʧʦʭʽʜʥʘ ʬʫʥʢʮʽʾ ʧʦʚʥʦʾ ʝʥʝʨʛʽʾ ʟʘ ʯʘʩʦʤ: 
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ɽʥʝʨʛʝʪʠʯʥʠʡ ʙʘʣʘʥʩ ʦʙʯʠʩʣʶʻʪʴʩʷ ʟʛʽʜʥʦ [10]. 

ɼʣʷ ʧʦʪʦʢʫ ʥʘʩʠʯʝʥʦʾ ʧʘʨʠ ʧʦʚʥʘ ʝʥʝʨʛʽʷ ʷʚʣʷʻ ʩʦʙʦʶ ʩʫʤʫ ʢʽʥʝʪʠʯʥʦʾ ʝʥʝʨʛʽʾ 
KE , ʱʦ ʚʠʟʥʘʯʘʻʪʴʩʷ 

ʰʚʠʜʢʽʩʪʶ ʪʘ ʩʝʢʫʥʜʥʦʶ ʚʠʪʨʘʪʦʶ ʤʘʩʠ ʧʘʨʠ, ʧʦʪʝʥʮʽʡʥʦʾ ʝʥʝʨʛʽʾ ʤʝʭʘʥʽʯʥʦʛʦ ʪʠʩʢʫ ʧʘʨʠ pE  ʪʘ ʪʝʧʣʦʚʦʶ 

ʝʥʝʨʛʽʻʶ 
TE , ʥʘʜʘʥʦʶ ʧʘʨʽ ʚ ʧʨʦʮʝʩʽ ʾʾ ʧʝʨʝʛʨʽʚʘʥʥʷ. 

ʇʦʪʽʢ ʢʽʥʝʪʠʯʥʦʾ ʝʥʝʨʛʽʾ ʚʠʟʥʘʯʘʻʪʴʩʷ ʟʘʛʘʣʴʥʦʚʽʜʦʤʦʶ ʬʦʨʤʫʣʦʶ  
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VV
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=       (14) 

 

ʜʝ  V ï ʰʚʠʜʢʽʩʪʴ ʧʦʪʦʢʫ, ɟ ð ʛʫʩʪʠʥʘ ʧʘʨʠ, S ï ʧʣʦʱʘ ʧʝʨʝʪʠʥʫ ʢʘʥʘʣʫ. 

ʇʦʪʽʢ ʧʦʪʝʥʮʽʡʥʦʾ ʝʥʝʨʛʽʾ ʦʙʯʠʩʣʶʻʪʴʩʷ, ʷʢ 
 

pVɽp ³='
,      (15) 

 

ʜʝ  ʨ ï ʧʘʨʮʽʘʣʴʥʠʡ ʪʠʩʢ ʧʘʨʠ. 

ʊʝʧʣʦʪʘ ʧʝʨʝʛʨʽʚʘʥʥʷ ʧʘʨʠ ʇq , ʪʦʙʪʦ ʪʝʧʣʦʪʘ, ʥʝʦʙʭʽʜʥʘ ʜʣʷ ʧʝʨʝʚʝʜʝʥʥʷ ʦʜʠʥʠʮʽ ʤʘʩʠ ʩʫʭʦʾ 

ʥʘʩʠʯʝʥʦʾ ʧʘʨʠ ʫ ʧʝʨʝʛʨʽʪʫ ʧʘʨʫ ʟ ʪʝʤʧʝʨʘʪʫʨʦʶ t  ʧʨʠ ʾʾ ʽʟʦʙʘʨʥʦʤʫ ʥʘʛʨʽʚʘʥʥʽ ʦʙʯʠʩʣʶʻʪʴʩʷ ʟʘ ʬʦʨʤʫʣʦʶ:  
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vvPuuhhdtcq )(' ####     (16) 

 

ʜʝ  pc  ð ʤʘʩʦʚʘ ʽʟʦʙʘʨʥʘ ʪʝʧʣʦʻʤʥʽʩʪʴ ʧʝʨʝʛʨʽʪʦʾ ʧʘʨʠ (ʟʤʽʥʥʘ ʚʝʣʠʯʠʥʘ, ʱʦ ʟʘʣʝʞʠʪʴ ʚʽʜ 

ʪʠʩʢʫ ʽ ʪʝʤʧʝʨʘʪʫʨʠ, ʚʠʟʥʘʯʘʻʪʴʩʷ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ). 

ɼʘʣʽ ʧʝʨʝʚʽʨʷʻʤʦ ʟʥʘʢ ʜʨʫʛʦʾ ʧʦʭʽʜʥʦʾ 
''

ʇE  ʚʝʣʠʯʠʥʠ ʧʦʚʥʦʾ ʝʥʝʨʛʽʾ. ʗʢʱʦ 0'' >ʇE , ʚʚʘʞʘʻʤʦ, ʱʦ 

ʥʘʜʘʣʽ ʰʚʠʜʢʽʩʪʴ ʟʤʽʥʠ ʧʦʚʥʦʾ ʝʥʝʨʛʽʾ ttEtE iʇiʇ D³= )()( '''
. ʗʢʱʦ ʞ 0'' <ʇE , ʚʚʘʞʘʻʤʦ, ʱʦ ʰʚʠʜʢʽʩʪʴ 

ʟʤʽʥʠ ʧʦʚʥʦʾ ʝʥʝʨʛʽʾ ʥʘʜʘʣʽ ʟʘʣʠʰʘʻʪʴʩʷ, ʷʢ ʦʙʯʠʩʣʝʥʦ ʫ [2]. 

ɯ ʚʽʜʧʦʚʽʜʥʦ, ʢʨʠʪʠʯʥʠʡ ʯʘʩ ʂʈt  ʜʦ ʤʦʤʝʥʪʫ ʥʘʩʪʘʥʥʷ ʥʘʜʟʚʠʯʘʡʥʦʾ ʧʦʜʽʾ ʦʙʯʠʩʣʶʻʪʴʩʷ ʟʘ 

ʬʦʨʤʫʣʦʶ: 
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ʆʙʯʠʩʣʝʥʝ ʟʥʘʯʝʥʥʷ ʂʈt  ʧʦʨʽʚʥʶʻʪʴʩʷ ʟ ʤʽʥʽʤʘʣʴʥʠʤ ʯʘʩʦʤ ʚʠʢʦʥʘʥʥʷ ʧʽʜʛʦʪʦʚʯʠʭ ʜʽʡ ɺʇɼt  ʱʦ ʻ 

ʪʝʭʥʽʯʥʦʶ ʭʘʨʘʢʪʝʨʠʩʪʠʢʦʶ ʐʈʆʋ. ʋ ʚʠʧʘʜʢʫ, ʷʢʱʦ ʚ ʤʦʤʝʥʪ ʯʘʩʫ ʇt  ʦʙʯʠʩʣʝʥʝ ʟʥʘʯʝʥʥʷ 

ɿɺʇɼʂʈ ttt += , ʜʝ ɿt  ð ʦʙʨʘʥʠʡ ʯʘʩ ʟʘʧʘʩʫ (ʟʘʟʜʘʣʝʛʽʜʴ ʚʠʟʥʘʯʝʥʠʡ ʨʝʟʝʨʚ ʯʘʩʫ ʥʘ ʟʘʪʨʠʤʢʫ ʟ ʧʨʠʡʥʷʪʪʷʤ 

ʨʽʰʝʥʥʷ, ʪʦʱʦ), ʮʝʡ ʤʦʤʝʥʪ ʯʘʩʫ ʚʚʘʞʘʪʠʤʝʪʴʩʷ ʤʦʤʝʥʪʦʤ ʧʦʯʘʪʢʫ ʧʽʜʛʦʪʦʚʯʠʭ ʜʽʡ. ɺ ʤʦʤʝʥʪ ʇt  ʩʠʩʪʝʤʘ 

ʢʝʨʫʚʘʥʥʷ ʐʈʆʋ ʛʝʥʝʨʫʻ ʢʦʤʘʥʜʥʠʡ ʩʠʛʥʘʣ ʚʠʢʦʥʘʚʯʠʤ ʤʝʭʘʥʽʟʤʘʤ ʥʘ ʟʘʧʫʩʢ ʧʽʜʛʦʪʦʚʯʠʭ ʜʽʡ 

(ʨʦʟʢʨʫʯʫʚʘʥʥʷ ʪʫʨʙʽʥʠ, ʧʽʜʛʦʪʦʚʢʫ ʜʦ ʧʫʩʢʫ ʚʦʜʠ ʫ ʧʦʪʽʢ ʧʘʨʠ, ʪʦʱʦ). ɺ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʦʙʨʘʥʦʛʦ 

ʘʣʛʦʨʠʪʤʫ. ʆʜʥʦʯʘʩʥʦ ʩʠʛʥʘʣ ʧʨʦ ʧʦʯʘʪʦʢ ʧʽʜʛʦʪʦʚʯʠʭ ʜʽʡ ʥʘʜʩʠʣʘʻʪʴʩʷ ʧʦ ʢʘʥʘʣʘʭ ʽʥʬʦʨʤʘʮʽʡʥʦʛʦ ʦʙʤʽʥʫ 

ʜʦ ʩʠʩʪʝʤʠ (ʩʠʩʪʝʤ) ʢʝʨʫʚʘʥʥʷ ʩʧʦʞʠʚʘʯʘʤʠ ʐʈʆʋ ð ʚ ʨʘʟʽ, ʷʢʱʦ ʚʦʥʠ ʪʝʞ ʧʦʪʨʝʙʫʶʪʴ ʚʠʢʦʥʘʥʥʷ 

ʧʦʩʣʽʜʦʚʥʦʩʪʽ ʧʽʜʛʦʪʦʚʯʠʭ ʜʽʡ ʧʝʨʝʜ ʧʨʠʡʥʷʪʪʷʤ ʧʘʨʠ ʧʦ ʢʘʥʘʣʫ ʐʈʆʋ. ɼʣʷ ʟʘʧʦʙʽʛʘʥʥʷ ʫʜʘʨʥʠʭ 

ʥʘʚʘʥʪʘʞʝʥʴ ʪʘ ʩʪʨʠʙʢʽʚ ʧʦʪʦʢʫ ʝʥʝʨʛʽʾ ʚʞʝ ʚ ʤʦʤʝʥʪ ʯʘʩʫ ʇt  ʘʙʦ ʞ ʫ ʜʦʚʽʣʴʥʠʡ ʤʦʤʝʥʪ ʯʘʩʫ s+=ʇtt , ʜʝ 

ɺʇɼt¢s , ʪʦʙʪʦ ʽʱʝ ʜʦ ʥʘʩʪʘʥʥʷ ʥʘʜʟʚʠʯʘʡʥʦʾ ʧʦʜʽʾ, ʽ ʚʽʜʧʦʚʽʜʥʦ ʜʦ ʦʙʨʘʥʦʛʦ ʘʣʛʦʨʠʪʤʫ, ʤʦʞʝ 
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ʨʦʟʧʦʯʘʪʠʩʷ ʙʘʡʧʘʩʫʚʘʥʥʷ ʧʘʨʠ ʯʝʨʝʟ ʐʈʆʋ, ʟ ʧʦʩʪʫʧʦʚʠʤ ʟʙʽʣʴʰʝʥʥʷʤ ʧʦʪʦʢʫ ʚʽʜ ʥʫʣʴʦʚʦʛʦ ʜʦ 

ʤʘʢʩʠʤʘʣʴʥʦʛʦ ʟʥʘʯʝʥʥʷ. ʎʠʤ ʜʦʩʷʛʘʻʪʴʩʷ ʪʝ, ʱʦ ʛʨʘʬʽʢ ʟʤʽʥʠ ʝʥʝʨʛʽʾ ʧʘʨʠ, ʷʢʫ ʦʪʨʠʤʫʻ ʩʧʦʞʠʚʘʯ ʐʈʆʋ, 

ʙʫʜʝ ʤʘʢʩʠʤʘʣʴʥʦ ʧʦʣʦʛʠʤ, ʽ ʥʝ ʧʨʠʟʚʝʜʝ ʜʦ ʘʚʘʨʽʡʥʦʾ ʩʠʪʫʘʮʽʾ ʫ ʩʧʦʞʠʚʘʯʘ. ɺʦʜʥʦʯʘʩ ʩʠʩʪʝʤʘ ʢʝʨʫʚʘʥʥʷ 

ʐʈʆʋ ʧʨʦʜʦʚʞʫʻ ʚʽʜʩʪʝʞʫʚʘʪʠ ʩʠʛʥʘʣʠ ʟ ʦʩʥʦʚʥʦʾ ʩʠʩʪʝʤʠ ʪʘ ʚʠʤʽʨʶʚʘʪʠ ʧʘʨʘʤʝʪʨʠ ʧʦʪʦʢʫ [11]. ʋ 

ʚʠʧʘʜʢʫ, ʷʢʱʦ ʟ ʩʠʩʪʝʤʠ ʢʝʨʫʚʘʥʥʷ ʦʩʥʦʚʥʦʶ ʩʠʩʪʝʤʦʶ ʙʫʜʝ ʦʪʨʠʤʘʥʦ ʩʠʛʥʘʣ ʧʨʦ ʫʩʫʥʝʥʥʷ ʧʨʠʯʠʥʠ, ʱʦ 

ʚʠʢʣʠʢʘʣʘ ʥʘʜʟʚʠʯʘʡʥʫ ʧʦʜʽʶ, ʩʠʩʪʝʤʘ ʢʝʨʫʚʘʥʥʷ ʐʈʆʋ ʟʛʝʥʝʨʫʻ ʢʦʤʘʥʜʥʽ ʩʠʛʥʘʣʠ ʥʘ ʚʠʢʦʥʘʥʥʷ 

ʟʘʚʝʨʰʘʣʴʥʠʭ ʜʽʡ: ʧʣʘʚʥʝ ʟʤʝʥʰʝʥʥʷ ʧʦʪʦʢʫ ʧʘʨʠ ʯʝʨʝʟ ʐʈʆʋ ʪʘ ʚʠʤʢʥʝʥʥʷ ʚʠʢʦʥʘʚʯʠʭ ʤʝʭʘʥʽʟʤʽʚ ʐʈʆʋ 

(ʧʝʨʝʢʨʠʪʪʷ ʩʠʩʪʝʤʠ ʚʧʦʨʩʢʫʚʘʥʥʷ ʚʦʜʠ, ʟʘʢʨʠʪʪʷ ʢʣʘʧʘʥʽʚ, ʪʦʱʦ). ʗʢʱʦ ʩʠʩʪʝʤʘ ʢʝʨʫʚʘʥʥʷ ʐʈʆʋ 

ʦʪʨʠʤʫʚʘʪʠʤʝ ʚʽʜ ʜʘʪʯʠʢʽʚ ʚʠʤʽʨʶʚʘʥʥʷ ʧʘʨʘʤʝʪʨʽʚ ʩʠʛʥʘʣʠ ʧʨʦ ʩʪʘʙʽʣʽʟʘʮʽʶ ʪʘʢʠʭ ʧʘʨʘʤʝʪʨʽʚ ʫ 

ʧʨʠʡʥʷʪʥʠʭ ʤʝʞʘʭ ʧʨʦʪʷʛʦʤ ʟʘʟʜʘʣʝʛʽʜʴ ʚʠʟʥʘʯʝʥʦʛʦ ʧʨʦʤʽʞʢʫ ʯʘʩʫ, ʩʠʩʪʝʤʘ ʢʝʨʫʚʘʥʥʷ ʐʈʆʋ ʪʘʢʦʞ 

ʟʛʝʥʝʨʫʻ ʢʦʤʘʥʜʥʽ ʩʠʛʥʘʣʠ ʥʘ ʚʠʢʦʥʘʥʥʷ ʚʠʱʝʟʘʟʥʘʯʝʥʠʭ ʟʘʚʝʨʰʘʣʴʥʠʭ ʜʽʡ. ɻʽʧʦʪʝʪʠʯʥʘ ʬʫʥʢʮʽʦʥʘʣʴʥʘ 

ʩʭʝʤʘ ʐʈʆʋ ʟʦʙʨʘʞʝʥʘ ʥʘ ʨʠʩ. 2.  

 

ʊʨʫʙʦʧʨʦʚʽʜ 

ʙʘʡʧʘʩʫʚʘʥʥʷ  

ʧʘʨʠ 

ʉʠʛʥʘʣʽʟʘʮʽʷ ʩʧʦʞʠʚʘʯʘʤ ʧʘʨʠ 

ɼʘʪʯʠʢʠ P, V, T 

 

ɻʦʣʦʚʥʘ ʤʘʛʽʩʪʨʘʣʴ ʧʘʨʠ 

ɻʦʩʪʨʘ ʧʘʨʘ 
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ʜʘʪʯʠʢʽʚ 

ʂʦʥʪʨʦʣʣʝʨ ʐʈʆʋ 

 

ʉʠʛʥʘʣʠ ʧʨʦ ʘʚʘʨʽʶ ʽ 

ʧʝʨʝʜ ʚʽʜʤʦʚʥʠʡ ʩʪʘʥ 

ɼʦ ʩʧʦʞʠʚʘʯʽʚ ʧʘʨʠ 

ʆʭʦʣʦʜʞʝʥʘ  

ʧʘʨʘ 

 

ʊʝʧʣʦʦʙʤʽʥʥʠʢ ʐʈʆʋ ɸʉʋ ʧʘʨʦʛʝʥʝʨʘʪʦʨʘ 

ʎʇ 
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ɸʉʋ 

ɸʚʘʨʽʡʥʠʡ ʢʣʘʧʘʥ 

 

ʂʣʘʧʘʥ ʧʝʨʝʤʠʢʘʥʥʷ ʧʘʨʠ 

ɼʨʦʩʝʣʴʥʘ 

ʟʘʩʣʽʥʢʘ 

TE PE SE 

 
ʈʠʩ. 2. ʌʫʥʢʮʽʦʥʘʣʴʥʘ ʩʭʝʤʘ ʐʈʆʋ (ʚʘʨʽʘʥʪ) 

 

ʅʘ ʩʭʝʤʽ ʥʘʚʝʜʝʥʦ ʛʦʣʦʚʥʽ ʢʦʤʧʦʥʝʥʪʠ ʐʈʆʋ ʪʘ ʧʦʢʘʟʘʥʦ ʦʩʥʦʚʥʽ ʟʚôʷʟʢʠ ʤʽʞ ʥʠʤʠ. ɸʉʋ 

ʧʘʨʦʛʝʥʝʨʘʪʦʨʘ ʧʦʜʘʻ ʩʠʛʥʘʣʠ ʧʨʦ ʘʚʘʨʽʶ ʽ ʧʝʨʝʜʚʽʜʤʦʚʥʠʡ ʩʪʘʥ ʥʘ ʢʦʥʪʨʦʣʝʨ, ʪʠʤ ʯʘʩʦʤ ʜʘʪʯʠʢʠ ʟ ʛʦʣʦʚʥʦʾ 

ʤʘʛʽʩʪʨʘʣʽ ʥʘʜʩʠʣʘʶʪʴ ʩʠʛʥʘʣʠ ʱʦʜʦ ʪʝʤʧʝʨʘʪʫʨʥʦʾ ʩʢʣʘʜʦʚʦʾ ʪʘ ʪʠʩʢʫ ʧʘʨʠ. ʋ ʨʘʟʽ ʚʠʥʠʢʥʝʥʥʷ ʘʚʘʨʽʡ ʎʇ 

ʐʈʆʋ ʥʘʜʩʠʣʘʻ ʩʠʛʥʘʣ ʥʘ ʘʚʘʨʽʡʥʠʡ ʢʣʘʧʘʥ ʧʨʦ ʧʝʨʝʢʨʠʪʪʷ ʤʘʛʽʩʪʨʘʣʽ ʪʘ ʥʘ ʢʣʘʧʘʥ ʧʝʨʝʤʠʢʘʥʥʷ ʧʘʨʠ ʜʣʷ 

ʩʧʨʷʤʫʚʘʥʥʷ ʧʦʪʦʢʫ ʧʘʨʠ ʥʘ ʽʥʰʫ ʣʽʥʽʶ. ɺʽʜʢʨʠʪʪʷ ʜʨʦʩʝʣʴʥʦʾ ʟʘʩʣʽʥʢʠ ʩʧʨʠʷʻ ʧʝʨʝʭʦʜʫ ʥʘʨʠ ʧʦ 

ʪʨʫʙʦʧʨʦʚʽʜʫ ʙʘʡ ʧʘʩʫʚʘʥʥʷ ʧʘʨʠ ʥʘ ʪʝʧʣʦʦʙʤʽʥʥʠʢ ʐʈʆʋ ʟʚʽʜʢʠ ʚʠʭʦʜʠʪʴ ʦʭʦʣʦʜʞʝʥʘ ʚʦʜʘ.  

ɿʘʧʨʦʧʦʥʦʚʘʥʠʡ ʘʣʛʦʨʠʪʤ ʨʦʙʦʪʠ ʐʈʆʋ ʚʽʜʦʙʨʘʞʝʥʠʡ ʥʘ ʨʠʩ. 3. ʅʘ ʧʦʯʘʪʢʫ ʨʦʙʦʪʠ ʐʈʆʋ 

ʟʜʽʡʩʥʶʻʪʴʩʷ ʧʝʨʝʚʽʨʢʘ ʢʘʥʘʣʽʚ ʽʥʬʦʨʤʘʮʽʡʥʦʛʦ ʦʙʤʽʥʫ ʽʟ ʟʦʚʥʽʰʥʽʤʠ ʩʠʩʪʝʤʘʤʠ ʉʋ ʛʝʥʝʨʘʪʦʨʘ ʽ 

ʩʧʦʞʠʚʘʯʽʚ ʧʘʨʠ, ʷʢʱʦ ʩʠʛʥʘʣ ʧʨʦ ʘʚʘʨʽʶ ʧʽʜʪʚʝʨʜʞʝʥʦ ʩʠʩʪʝʤʘ ʧʦʜʘʻ ʢʦʤʘʥʜʥʠʡ ʩʠʛʥʘʣ ʥʘ ʚʽʜʢʨʠʪʪʷ 

ʘʚʘʨʽʡʥʠʭ ʢʣʘʧʘʥʽʚ ʚʠʧʫʩʢʫ ʧʘʨʠ. ʋ ʨʘʟʽ ʥʝʛʘʪʠʚʥʦʾ ʚʽʜʧʦʚʽʜʽ ʱʦʜʦ ʘʚʘʨʽʾ ʧʝʨʝʚʽʨʷʻʪʴʩʷ ʩʠʩʪʝʤʘ ʥʘ 

ʧʝʨʝʜʚʽʜʤʦʚʥʠʡ ʩʪʘʥ, ʷʢʱʦ ʻ ʪʘʢʠʡ ʩʠʛʥʘʣ ʩʠʩʪʝʤʘ ʧʦʜʘʻ ʽʥʬʦʨʤʘʮʽʡʥʠʡ ʩʠʛʥʘʣ ʉʋ ʩʧʦʞʠʚʘʯʘʤ ʧʘʨʠ ʧʨʦ 

ʧʦʯʘʪʦʢ ʧʽʜʛʦʪʦʚʯʦʛʦ ʮʠʢʣʫ, ʫ ʨʘʟʽ ʚʽʜʩʫʪʥʦʩʪʽ ʩʠʛʥʘʣʫ ʧʨʦ ʧʝʨʝʜʚʽʜʤʦʚʥʠʡ ʩʪʘʥ ʟʜʽʡʩʥʶʻʪʴʩʷ ʚʠʤʽʨʶʚʘʥʥʷ 

P.T.V. ʧʦʪʦʢʫ ʧʘʨʠ, ʦʙʯʠʩʣʶʚʘʥʥʷ ʧʦʪʦʯʥʦʛʦ ʟʥʘʯʝʥʥʷ )( iʇ tE , )('

itE
ʇ

, )(''

itE
ʇ

. ʅʘ ʦʩʥʦʚʽ ʦʪʨʠʤʘʥʠʭ 

ʟʥʘʯʝʥʴ ʧʝʨʝʚʽʨʷʻʪʴʩʷ ʫʤʦʚʘ 0)('' >itE
ʇ

 ʫ ʨʘʟʽ ʩʪʚʝʨʜʞʝʥʥʷ ʧʨʠʡʤʘʻʤʦ, ʱʦttEtE ii ʇʇ
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=  ʥʘ 

ʦʩʥʦʚʽ ʦʪʨʠʤʘʥʠʭ ʟʥʘʯʝʥʴ ʧʝʨʝʚʽʨʷʻʤʦ ʫʤʦʚʫ ɿɺʇɼʂʈ ttt +> , ʷʢʱʦ ʫʤʦʚʫ ʧʽʜʪʚʝʨʜʞʝʥʦ ʟʜʽʡʩʥʶʻʪʴʩʷ 

ʢʽʥʝʮʴ ʮʠʢʣʫ. ʋ ʨʘʟʽ ʟʘʧʝʨʝʯʝʥʥʷ ʧʦʜʘʻʪʴʩʷ ʽʥʬʦʨʤʘʮʽʡʥʠʡ ʩʠʛʥʘʣ ʉʋ ʩʧʦʞʠʚʘʯʘʤ ʧʘʨʠ ʧʨʦ ʧʦʯʘʪʦʢ 

ʧʽʜʛʦʪʦʚʯʦʛʦ ʮʠʢʣʫ, ʽʥʬʦʨʤʘʮʽʡʥʠʡ ʩʠʛʥʘʣ ʉʋ ʛʝʥʝʨʘʪʦʨʘ ʧʘʨʠ ʧʨʦ ʧʦʯʘʪʦʢ ʧʽʜʛʦʪʦʚʯʦʛʦ ʮʠʢʣʫ ʪʘ 

ʟʜʽʡʩʥʶʻʪʴʩʷ ʢʽʥʝʮʴ ʮʠʢʣʫ. 

ɺʠʩʥʦʚʢʠ ʟ ʜʘʥʦʛʦ ʜʦʩʣʽʜʞʝʥʥʷ ʽ ʧʝʨʩʧʝʢʪʠʚʠ ʧʦʜʘʣʴʰʠʭ ʨʦʟʚʽʜʦʢ ʫ ʜʘʥʦʤʫ ʥʘʧʨʷʤʢʫ 

ʋ ʜʘʥʽʡ ʩʠʩʪʝʤʽ ʧʨʦʧʦʥʫʻʪʴʩʷ ʧʨʠʥʮʠʧʦʚʦ ʥʦʚʘ ʩʪʨʘʪʝʛʽʷ ʢʝʨʫʚʘʥʥʷ ʩʠʩʪʝʤʦʶ ʰʚʠʜʢʦʜʽʶʯʦʶ 

ʨʝʜʫʢʮʽʡʥʦ-ʦʭʦʣʦʜʞʫʚʘʣʴʥʦʶ ʫʩʪʘʥʦʚʢʦʶ, ʘ ʪʘʢʦʞ ʽʥʰʠʤʠ ʪʝʭʥʽʯʥʠʤʠ ʩʠʩʪʝʤʘʤʠ ʘʥʘʣʦʛʽʯʥʦʛʦ 

ʧʨʠʟʥʘʯʝʥʥʷ, ʚʽʜ ʷʢʠʭ ʚʠʤʘʛʘʻʪʴʩʷ ʰʚʠʜʢʘ ʨʝʘʢʮʽʷ. ɸ ʩʘʤʝ, ʧʨʦʧʦʥʫʻʪʴʩʷ ʟʘʤʽʩʪʴ ʨʝʘʢʪʠʚʥʦʛʦ ʢʝʨʫʚʘʥʥʷ, 

ʪʦʙʪʦ ʢʝʨʫʚʘʥʥʷ postfactum, ʟ ʛʝʥʝʨʘʮʽʻʶ ʢʦʤʘʥʜʥʠʭ ʩʠʛʥʘʣʽʚ ʧʽʩʣʷ ʥʘʩʪʘʥʥʷ ʥʘʜʟʚʠʯʘʡʥʦʾ ʧʦʜʽʾ, ʧʝʨʝʡʪʠ ʜʦ 

ʘʢʪʠʚʥʦʛʦ ʢʝʨʫʚʘʥʥʷ, ʪʦʙʪʦ ʢʝʨʫʚʘʥʥʷ ʟʘ ʚʠʧʝʨʝʜʞʫʶʯʠʤ ʧʨʦʛʥʦʟʦʤ. ɺʦʥʦ ʤʘʻ ˇʨʫʥʪʫʚʘʪʠʩʷ ʥʘ ʚʠʷʚʣʝʥʥʽ 

ʧʝʨʝʜʚʽʜʤʦʚʥʦʛʦ ʩʪʘʥʫ ʩʠʩʪʝʤʠ, ʷʢʠʡ ʷʚʣʷʻ ʩʦʙʦʶ ʪʘʢʫ ʩʫʢʫʧʥʽʩʪʴ ʧʘʨʘʤʝʪʨʽʚ ʩʠʩʪʝʤʠ, ʱʦ ʟ ʧʝʚʥʠʤ 

ʩʪʫʧʝʥʝʤ ʽʤʦʚʽʨʥʦʩʪʽ ʩʚʽʜʯʠʪʴ ʧʨʦ ʤʦʞʣʠʚʽʩʪʴ ʥʘʩʪʘʥʥʷ ʥʘʜʟʚʠʯʘʡʥʦʾ ʧʦʜʽʾ ʧʨʦʪʷʛʦʤ ʟʘʜʘʥʦʛʦ, ʢʽʥʮʝʚʦʛʦ 

ʧʨʦʤʽʞʢʫ ʯʘʩʫ. 
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ʅ ̔

ʊʘʢ 

ʅ ̔

ɭ ʩʠʛʥʘʣ ʧʨʦ ʘʚʘʨʽʶ? 

ʅ ̔

ʅ ̔

ʊʘʢ 

ʊʘʢ 

ʊʘʢ 

ʇʦʯʘʪʦʢ ʮʠʢʣʫ 

ʇʝʨʝʚʽʨʢʘ ʢʘʥʘʣʽʚ ʽʥʬ. ʦʙʤʽʥʫ ʟ ʟʦʚʥʽʰʥ. ʩʠʩʪʝʤʘʤʠ ʉʋ ʛʝʥʝʨʘʪʦʨʘ ʽ ʩʧʦʞʠʚʘʯʽʚ ʧʘʨʠ 

ɭ ʩʠʛʥʘʣ ʧʨʦ ʧʝʨʝʜ-

ʚʽʜʤʦʚʥʠʡ ʩʪʘʥ? 
 

ɺʠʤʽʨʶʚʘʥʥʷ P,T,V ʧʦʪʦʢʫ ʧʘʨʠ 

ʆʙʯʠʩʣʝʥʥʷ ʧʦʪʦʯʥʦʛʦ ʟʥʘʯʝʥʥʷ E (̃t i) 
 

ʆʙʯʠʩʣʝʥʥʷ ʧʦʪʦʯʥʦʛʦ ʟʥʘʯʝʥʥʷ Ὁ̃ᴂ(ὸὭ) 

ʆʙʯʠʩʣʝʥʥʷ ʧʦʪʦʯʥʦʛʦ ʟʥʘʯʝʥʥʷ Ὁ̃ᴂᴂ(ὸὭ) 

Ὁ̃ᴂᴂὸὭ > 0 Ὁ̃ᴂὸὭ = Ὁ̃ᴂᴂὸὭ ɝt Ὁ̃ᴂὸὭ = Ὁ̃ᴂὸὭ 

ὸ̋ =̑ ῳ˒ ὸὭ/ Ὁ̃ᴂ(ὸὭ) 

ὸ̋ >̑ὸˏ˜ +ˑ ὸ̈ ? 

ʂʦʤʘʥʜʥʠʡ ʩʠʛʥʘʣ ʥʘ ʧʦʯʘʪʦʢ ʧʽʜʛʦʪʦʚʯʦʛʦ ʮʠʢʣʫ  

ʚʠʢʦʥʘʚʯʠʤ ʦʨʛʘʥʘʤ ʐʈʆʋ 

ɯʥʬʦʨʤʘʮʽʡʥʠʡ ʩʠʛʥʘʣ ʉʋ ʩʧʦʞʠʚʘʯʘʤ ʧʘʨʠ ʧʨʦ ʧʦʯʘʪʦʢ 
ʧʽʜʛʦʪʦʚʯʦʛʦ ʮʠʢʣʫ 

ɯʥʬʦʨʤʘʮʽʡʥʠʡ ʩʠʛʥʘʣ ʉʋ ʛʝʥʝʨʘʪʦʨʘ ʧʘʨʠ ʧʨʦ ʧʦʯʘʪʦʢ 

ʧʽʜʛʦʪʦʚʯʦʛʦ ʮʠʢʣʫ 

ʂʦʤʘʥʜʥʠʡ ʩʠʛʥʘʣ ʥʘ ʚʽʜʢʨʠʪʪʷ ʘʚʘʨʽʡʥʠʭ  
ʢʣʘʧʘʥʽʚ ʚʠʧʫʩʢʫ ʧʘʨʫ 

   ʂʽʥʝʮʴ ʮʠʢʣʫ 

ʈʠʩ. 3. ʉʧʨʦʱʝʥʠʡ ʘʣʛʦʨʠʪʤ ʨʦʙʦʪʠ ʩʠʩʪʝʤʠ ʢʝʨʫʚʘʥʥʷ ʐʈʆʋ ʟ ʚʠʧʝʨʝʜʞʘʶʯʠʤ ʧʨʦʛʥʦʟʦʤ 

 

ɺ ʢ̫ʦʩʪʽ ʻʜʠʥʦʛʦ ʢʨʠʪʝʨʽʶ ʚʠʟʥʘʯʝʥʥʷ ʧʝʨʝʜʚʽʜʤʦʚʥʦʛʦ ʩʪʘʥʫ ʦʙʨʘʥʦ ʧʦʚʥʫ ʝʥʝʨʛʽʶ ʧʦʪʦʢʫ ʧʘʨʠ, 

ʢ̫ʘ ʦʙʯʠʩʣʶʻʪʴʩʷ ʟʘ ʨʝʟʫʣʴʪʘʪʘʤʠ ʚʠʤʽʨʶʚʘʥʴ ʰʚʠʜʢʦʩʪʽ ʧʦʪʦʢʫ, ʧʘʨʮʽʘʣʴʥʦʛʦ ʪʠʩʢʫ ʪʘ ʪʝʤʧʝʨʘʪʫʨʠ 

ʧʝʨʝʛʨʽʪʦʾ ʧʘʨʠ. ɺ ʷʢʦʩʪʽ ʥʘʧʨʷʤʢʽʚ ʧʦʜʘʣʴʰʦʛʦ ʨʦʟʚʠʪʢʫ ʜʘʥʦʾ ʪʝʤʠ ʘʚʪʦʨ ʚʙʘʯʘʻ ʫʪʦʯʥʝʥʥʷ ʚʠʢʣʘʜʝʥʠʭ 

ʘʣʛʦʨʠʪʤʽʚ ʪʘ ʜʝʪʘʣʴʥʝ ʜʦʩʣʽʜʞʝʥʥʷ ʚʟʘʻʤʦʜʽʾ ʩʠʩʪʝʤ ʢʝʨʫʚʘʥʥʷ ʐʈʆʋ ʪʘ ʦʩʥʦʚʥʦʾ (ʥʘʧʨʠʢʣʘʜ, 

ʝʥʝʨʛʦʛʝʥʝʨʫʶʯʦʾ) ʩʠʩʪʝʤʠ. 
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SIMULATI ON OF THERMAL PROCESSES OF ELECTRICAL MACHINES  
 

The paper presents a method of analysis of thermal fields of electric machines, built on the basis of solutions of the 
equations of thermal conductivity and volume distribution of heat fluxes. Since energy losses are released inside the 
structural elements of the engine, its temperature field is a field with internal heat sources, and the thermal conductivity 
equation that describes this field is inhomogeneous. The derivation of the differential equation of thermal conductivity is 
based on the law of conservation of energy. It is shown that temperature analysis can be a universal indicator of the quality 
of complex electromechanical systems, which directly include electric machines. This analysis characterizes the energy 
efficiency of the system as a whole or its individual components. The actual values of temperature in the nodes and their 
relative difference with the corresponding maximum allowable values are an indicator of the optimality of the designed 
system. Electromagnetic and thermal fields have a mutual influence and are mutually correlated components in the 
calculations of electric motors. This connection directly affects the design of any type of electric machine. For a rational 
analysis it is necessary to find the optimal relationship between the intensity and distribution of electromagnetic and thermal 
fields. It is necessary to carry out a symbiosis of methods of electromagnetic and thermal calculations, integrating them into 
a general mathematical model, which should provide a clear picture of the general processes occurring in electric motors. 
The most suitable methods for modeling the processes of magnetic and thermal fields, as well as taking into account the 
nonlinearity of ferromagnetic properties are numerical methods. Numerical solution of field equations with the help of 
software and hardware and special programs based, for example, on the methods of finite differences (MCP) or finite 
elements (ITU) and others, allows almost without any simplifications and assumptions with high accuracy to calculate the 
field distribution in any electromechanical device, for example, using ANSYS, Matlab & Simulink, Femlab. The paper also 
performs a full-scale modeling of a real synchronous motor with excitation from permanent magnets with the internal 
arrangement of magnets in the rotor (Interior Permanent Magnet, IPM). Mathematical modeling of synchronous motors on 
permanent magnets, aimed at studying thermal processes, revealed the universality of this technique for all other classes of 
electric machines. 

Keywords: electric motor, temperature, heat field, heat losses, heat conduction equation, heat flux, vector, 
gradient. 

 

ɺʩʪʫʧ. 

ʇʨʦʤʠʩʣʦʚʽʩʪʶ ʚʠʧʫʩʢʘʻʪʴʩʷ ʜʦʩʠʪʴ ʰʠʨʦʢʘ ʥʦʤʝʥʢʣʘʪʫʨʘ ʝʣʝʢʪʨʠʯʥʠʭ ʤʘʰʠʥ, ʩʝʨʝʜ ʷʢʠʭ 

ʥʘʡʙʽʣʴʰʫ ʮʽʢʘʚʽʩʪʴ ʧʨʝʜʩʪʘʚʣʷʶʪʴ ʩʠʥʭʨʦʥʥʽ ʜʚʠʛʫʥʠ ʽʟ ʟʙʫʜʞʝʥʥʷʤ ʚʽʜ ʧʦʩʪʽʡʥʠʭ ʤʘʛʥʽʪʽʚ (ʉɼʇʄ). ʋ 

ʧʦʨʽʚʥʷʥʥʽ ʟ ʢʦʣʝʢʪʦʨʥʠʤʠ ʽ ʘʩʠʥʭʨʦʥʥʠʤʠ ʤʘʰʠʥʘʤʠ ʉɼʇʄ ʤʘʶʪʴ ʨʷʜ ʽʩʪʦʪʥʠʭ ʧʝʨʝʚʘʛ: ʚʠʩʦʢʠʡ ʂʂɼ, 

ʤʦʞʣʠʚʽʩʪʴ ʨʦʙʦʪʠ ʥʘ ʤʘʣʠʭ ʦʙʝʨʪʘʭ, ʚʠʩʦʢʽ ʨʝʛʫʣʶʚʘʣʥɹ̔  ʚʣʘʩʪʠʚʦʩʪʽ, ʧʽʜʚʠʱʝʥʘ ʧʝʨʝʚʘʥʪʘʞʫʚʘʣʴʥʘ 

ʟʜʘʪʥʽʩʪʴ, ʚʠʩʦʢʽ ʜʠʥʘʤʽʯʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ, ʥʘʜʽʡʥʽʩʪʴ ʪʘ ʧʽʜʚʠʱʝʥʠʡ ʨʝʩʫʨʩ ʨʦʙʦʪʠ, ʚʠʩʦʢʽ ʧʠʪʦʤʽ 

ʝʥʝʨʛʝʪʠʯʥʽ ʧʦʢʘʟʥʠʢʠ (ʚʽʜʩʫʪʥʽʩʪʴ ʚʪʨʘʪ ʥʘ ʟʙʫʜʞʝʥʥʷ ʟʘ ʨʘʭʫʥʦʢ ʟʘʩʪʦʩʫʚʘʥʥʷ ʧʦʩʪʽʡʥʠʭ ʨʽʜʢʦʟʝʤʝʣʴʥʠʭ 

ʤʘʛʥʽʪʽʚ), ʪʦʰʦ. ʆʜʥʘʢ, ʟʘʙʝʟʧʝʯʝʥʥʷ ʷʢʽʩʥʠʭ ʧʦʢʘʟʥʠʢʽʚ ʝʣʝʢʪʨʠʯʥʠʭ ʤʘʰʠʥ ʚ ʧʦʚʥʽʡ ʤʽʨʽ ʟʘʣʝʞʠʪʴ ʚʽʜ 

ʛʨʘʤʦʪʥʦʛʦ ʧʨʦʝʢʪʫʚʘʥʥʷ ʢʦʥʩʪʨʫʢʮʽʾ, ʧʽʜʙʦʨʫ ʽ ʧʦʻʜʥʘʥʥʷ ʤʘʪʝʨʽʘʣʽʚ, ʚʠʙʦʨʫ ʦʧʪʠʤʘʣʴʥʠʭ ʨʝʞʠʤʽʚ ʨʦʙʦʪʠ, 

ʚ ʪʦʤʫ ʯʠʩʣʽ ʽ ʪʝʧʣʦʚʠʭ. ɺʩʝ ʚʠʱʝʩʢʘʟʘʥʝ ʩʪʦʩʫʻʪʴʩʷ ʚʩʽʭ ʝʣʝʢʪʨʠʯʥʠʭ ʤʘʰʠʥ, ʥʝ ʟʘʣʝʞʥʦ ʚʽʜ ʾʭ ʪʠʧʫ ʪʘ 

ʧʨʠʥʮʠʧʫ ʜʽʾ. ɻʨʘʤʦʪʥʠʡ ʪʘʧʣʦʚʠʡ ʘʥʘʣʽʟ ï ʟʘʧʦʨʫʢʘ ʪʨʠʚʘʣʦʾ ʪʘ ʥʘʜʽʡʥʦʾ ʨʦʙʦʪʠ  ʙʫʜʴ-ʷʢʦʛʦ 

ʝʣʝʢʪʨʦʜʚʠʛʫʥʘ. 

ʆʩʥʦʚʥʘ ʯʘʩʪʠʥʘ. 

ʉʫʤʘʨʥʫ ʚʝʣʠʯʠʥʫ ʪʝʧʣʦʚʠʭ ʚʪʨʘʪ ʚ ʚʫʟʣʘʭ ʩʠʥʭʨʦʥʥʦʛʦ ʜʚʠʛʫʥʘ ʥʘ ʧʦʩʪʽʡʥʠʭ ʤʘʛʥʽʪʘʭ ʤʦʞʥʘ 

ʦʮʽʥʠʪʠ ʯʝʨʝʟ ʪʝʧʣʦʚʠʡ ʧʦʪʽʢ. ɿʥʘʯʝʥʥʷ ʪʝʧʣʦʚʦʛʦ ʧʦʪʦʢʫ ʚʽʜ ʙʫʜʴ-ʷʢʦʛʦ ʤʘʪʝʨʽʘʣʴʥʦʛʦ ʪʽʣʘ ï ʫʥʽʚʝʨʩʘʣʴʥʠʡ 
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ʧʦʢʘʟʥʠʢ ʷʢʦʩʪʽ, ʱʦ ʭʘʨʘʢʪʝʨʠʟʫʻ ʝʥʝʨʛʝʪʠʢʫ ʽ ʟʜʘʪʥʽʩʪʴ ʚʫʟʣʘ ʚʽʜʧʨʘʮʶʚʘʪʠ ʥʝʦʙʭʽʜʥʠʡ ʨʝʩʫʨʩ. ʌʘʢʪʠʯʥʽ 

ʟʥʘʯʝʥʥʷ ʪʝʤʧʝʨʘʪʫʨʠ ʫ ʚʫʟʣʘʭ ʽ ʾʭ ʚʽʜʥʦʩʥʘ ʨʽʟʥʠʮʷ ʟ ʚʽʜʧʦʚʽʜʥʠʤʠ ʛʨʘʥʠʯʥʦ ʜʦʧʫʩʪʠʤʠʤʠ ʟʥʘʯʝʥʥʷʤʠ ʻ 

ʧʦʢʘʟʥʠʢʦʤ ʦʧʪʠʤʘʣʴʥʦʩʪʽ ʩʧʨʦʝʢʪʦʚʘʥʦʛʦ ʝʣʝʢʪʨʦʜʚʠʛʫʥʘ. ʇʨʠ ʮʴʦʤʫ ʧʦʚʠʥʥʦ ʚʠʢʦʥʫʚʘʪʠʩʷ ʥʘʩʪʫʧʥʝ 

ʢʨʠʪʝʨʽʘʣʴʥʝ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ: 
 

01 C
T

TT

maxi

imaxi -¢
-

,     (1) 

 

ʊimax ï ʛʨʘʥʠʯʥʦ ʜʦʧʫʩʪʠʤʝ ʟʥʘʯʝʥʥʷ ʪʝʤʧʝʨʘʪʫʨʠ ʚʫʟʣʘ (ʦʙʣʘʩʪʽ) ʜʚʠʛʫʥʘ; 

Ti ï ʟʥʘʯʝʥʥʷ ʪʝʤʧʝʨʘʪʫʨʠ ʚʽʜʧʦʚʽʜʥʦʛʦ ʚʫʟʣʘ;  

ʉ0 ï ʨʝʢʦʤʝʥʜʦʚʘʥʠʡ ʟʘʧʘʩ, ʦʙʫʤʦʚʣʝʥʠʡ ʧʝʚʥʠʤ ʽʥʞʝʥʝʨʥʠʤ ʜʦʩʚʽʜʦʤ ʧʦʙʫʜʦʚʠ ʝʣʝʢʪʨʠʯʥʠʭ 

ʤʘʰʠʥ.  

ɺʠʙʽʨ ʢʦʥʩʪʨʫʢʮʽʾ, ʪʠʧʫ ʽ ʧʘʨʘʤʝʪʨʽʚ ʦʙʤʦʪʦʢ, ʤʘʛʥʽʪʥʦʾ ʩʠʩʪʝʤʠ ʚ ʮʽʣʦʤʫ,  ʧʦʚʠʥʥʽ ʟʜʽʡʩʥʶʚʘʪʠʩʷ 

ʥʝ ʪʽʣʴʢʠ ʥʘ ʧʽʜʩʪʘʚʽ ʦʩʥʦʚʥʠʭ ʪʝʭʥʽʯʥʠʭ ʧʘʨʘʤʝʪʨʽʚ (ʥʘʧʨʠʢʣʘʜ, ʟʘʜʘʥʠʭ ʫ ʊɿ), ʘʣʝ ʽ ʟ ʚʨʘʭʫʚʘʥʥʷʤ 

ʪʝʧʣʦʚʠʭ ʨʝʞʠʤʽʚ ʝʣʝʢʪʨʦʜʚʠʛʫʥʘ (ʚʝʣʠʯʠʥʠ ʪʝʧʣʦʚʠʭ ʚʪʨʘʪ).  

ʄʝʪʦʜʠʢʘ ʪʝʧʣʦʚʦʛʦ ʨʦʟʨʘʭʫʥʢʫ ʝʣʝʢʪʨʦʜʚʠʛʫʥʘ, ʷʢ ʧʨʘʚʠʣʦ, ʧʦʙʫʜʦʚʘʥʘ ʥʘ ʦʩʥʦʚʽ ʨʽʰʝʥʴ ʨ̔ ʚʥʷʥʴ 

ʪʝʧʣʦʧʨʦʚʽʜʥʦʩʪʽ. ʆʩʢʽʣʴʢʠ ʚʪʨʘʪʠ ʝʥʝʨʛʽʾ ʚʠʜʽʣʷʶʪʴʩʷ ʚʩʝʨʝʜʠʥ ̔ʝʣʝʤʝʥʪʽʚ ʢʦʥʩʪʨʫʢʮʽʾ ʜʚʠʛʫʥʘ, ʧʦʣʝ ʡʦʛʦ 

ʪʝʤʧʝʨʘʪʫʨʠ  ̒ʧʦʣʝʤ ʟ ʚʥʫʪʨʽʰʥʽʤʠ ʜʞʝʨʝʣʘʤʠ ʪʝʧʣʘ,  ̔ʨʽʚʥʷʥʥʷ ʪʝʧʣʦʧʨʦʚʽʜʥʦʩʪʽĚ ʷʢʝ ʦʧʠʩʫʻ ʮʝ ʧʦʣʝ  ̒

ʥʝʦʜʥʦʨʽʜʥʠʤ [1]. ɺ ʦʩʥʦʚʫ ʚʠʚʝʜʝʥʥʷ ʜʠʬʝʨʝʥʮʽʘʣʴʥʦʛʦ ʨʽʚʥʷʥʥʷ ʪʝʧʣʦʧʨʦʚʽʜʥʦʩʪʽ ʧʦʢʣʘʜʝʥʦ ʟʘʢʦʥ 

ʟʙʝʨʝʞʝʥʥʷ ʝʥʝʨʛʽʾ, ʷʢʠʡ ʚ ʜʘʥʦʤʫ ʚʠʧʘʜʢʫ ʤʦʞʝ ʙʫʪʠ ʩʬʦʨʤʫʣʴʦʚʘʥʦ ʪʘʢʠʤ ʯʠʥʦʤ: ʢʽʣʴʢʽʩʪʴ ʪʝʧʣʦʪʠ dQ, 

ʚʚʝʜʝʥʘ ʚ ʝʣʝʤʝʥʪʘʨʥʠʡ ʦʙ'ʻʤ ʟʟʦʚʥʽ ʟʘ ʯʘʩ dt ʚʥʘʩʣʽʜʦʢ ʪʝʧʣʦʧʨʦʚʽʜʥʦʩʪʽ, ʘ ʪʘʢʦʞ ʚʽʜ ʚʥʫʪʨʽʰʥʽʭ ʜʞʝʨʝʣ, 

ʜʦʨʽʚʥʶʻ ʟʤʽʥʽ ʚʥʫʪʨʽʰʥʴʦʾ ʝʥʝʨʛʽʾ ʘʙʦ ʝʥʪʘʣʴʧʽʾ ʨʝʯʦʚʠʥʠ, ʱʦ ʤʽʩʪʠʪʴʩʷ ʚ ʝʣʝʤʝʥʪʘʨʥʦʤʫ ʦʙôʻʤʽ: 
 

dQ= dQ1+ dQ2,          (2) 
 

ʜʝ dQ1 ï ʢʽʣʴʢʽʩʪʴ ʪʝʧʣʦʪʠ, [ɼʞ], ʚʚʝʜʝʥʦʾ ʚ ʝʣʝʤʝʥʪʘʨʥʠʡ ʦʙ'ʻʤ ʰʣʷʭʦʤ ʪʝʧʣʦʧʨʦʚʽʜʥʦʩʪʽ ʟʘ ʯʘʩ dt;  

dQ2 ï ʢʽʣʴʢʽʩʪʴ ʪʝʧʣʦʪʠ, ʷʢʘ ʟʘ ʯʘʩ dt ʚʠʜʽʣʠʣʘʩʷ ʚ ʝʣʝʤʝʥʪʘʨʥʦʤʫ ʦʙôʻʤʽ dV ʟʘ ʨʘʭʫʥʦʢ ʚʥʫʪʨʽʰʥʽʭ 

ʜʞʝʨʝʣ;  

dQ ï ʟʤʽʥʘ ʚʥʫʪʨʽʰʥʴʦʾ ʝʥʝʨʛʽʾ, ʱʦ ʤʽʩʪʠʪʴʩʷ ʚ ʝʣʝʤʝʥʪʘʨʥʦʤʫ ʦʙôʻʤʽ dV ʟʘ ʯʘʩ dt.  
ʂʽʣʴʢʽʩʪʴ ʪʝʧʣʦʪʠ dQ, ʧʽʜʚʝʜʝʥʘ ʚ ʨʝʟʫʣʴʪʘʪʽ ʪʝʧʣʦʧʨʦʚʽʜʥʦʩʪʽ ʜʦ ʦʙôʻʤʫ dV  ʽʟ ʨʽʚʥʷʥʥʷ (2.2) ʤʦʞʝ 

ʙʫʪʠ ʚʠʟʥʘʯʝʥʘ ʥʘʩʪʫʧʥʠʤ ʯʠʥʦʤ: 

tdxdydzd
z

q

y

q

x

q
dQ zyx

ö
ö

÷

õ

æ
æ

ç

å

µ

µ
+

µ

µ
+

µ

µ
-=1 ,    (3) 

 

ʇʦʰʠʨʝʥʥʷ ʪʝʧʣʦʚʠʭ ʧʦʪʦʢʽʚ ʚ ʟʘʛʘʣʴʥʦʤʫ ʚʠʧʘʜʢʫ ʚ ʦʜʠʥʠʯʥʦʤʫ ʦʙôʻʤʽ ʧʨʠʚʝʜʝʥʦ ʥʘ ʨʠʩ. 1. 
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ʈʠʩ. 1. ʆʙ'ʻʤʥʠʡ ʨʦʟʧʦʜʽʣ ʪʝʧʣʦʚʠʭ ʧʦʪʦʢʽʚ 

 

ʂʽʣʴʢʽʩʪʴ ʪʝʧʣʦʪʠ dQ2 ʽʟ ʨʽʚʥʷʥʥʷ (2): 
 

tJddqdQ V=2 ,      (4) 

 

ʜʝ qV ï ʧʦʪʫʞʥʽʩʪʴ ʚʥʫʪʨʽʰʥʽʭ ʜʞʝʨʝʣ ʪʝʧʣʦʪʠ, [ɺʪ/ʤ3].  

ɯ, ʥʘʨʝʰʪʽ, ʟʤʽʥʘ ʚʥʫʪʨʽʰʥʴʦʾ ʝʥʝʨʛʽʾ dQ ʽʟ ʨʽʚʥʷʥʥʷ (2): 
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ʜʝ ʉV ï ʪʝʧʣʦʻʤʥʽʩʪʴ ʦʜʠʥʠʮʽ ʦʙ'ʻʤʫ, [ɼʞ/(ʤ3Öʂ)]; cV ï ʪʝʧʣʦʻʤʥʽʩʪʴ ʝʜʠʥʠʮʽ  ʤʘʩʠ, [ɼʞ/(ʢʛÖʂ) ] ; r ï 

ʱʽʣʴʥʽʩʪʴ ʨʝʯʦʚʠʥʠ, [ʢʛÖ ʤ3] . 
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ɼʣ̫ ʬʫʥʢʮʽʾ u(x, y, z, t) ʪʨʴʦʭ ʧʨʦʩʪʦʨʦʚʠʭ ʟʤʽʥʥʠʭ (x, y, z)  ̔ʯʘʩʫ t, ʨ̔ ʚʥʷʥʥʷ ʪʝʧʣʦʧʨʦʚʽʜʥʦʩʪʽ ʤʘʻ 

ʚʠʛʣʷʜ: 
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ɼʣʷ ʜʦʚʽʣʴʥʦʾ ʩʠʩʪʝʤʠ ʢʦʦʨʜʠʥʘʪ: 
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x ,           (9) 

 

ʜʝ x ï ʜʦʜʘʪʥʘ ʢʦʥʩʪʘʥʪʘ, Ð2 ï ʦʧʝʨʘʪʦʨ ʃʘʧʣʘʩʘ.  

ɯʟ ʚʨʘʭʫʚʘʥʥʷʤ ʜʠʥʘʤʽʢʠ ʧʨʦʮʝʩʫ ʧʦʰʠʨʝʥʥʷ ʪʝʧʣʦʪʠ, ʫ ʚʠʨʘʟ ̔ʜʣʷ ʱʽʣʴʥʦʩʪʽ ʪʝʧʣʦʚʦʛʦ ʧʦʪʦʢʫ 

ʌʫʨ'ʻ ʟ'̫ʚʣʷʻʪʴʩʷ ʜʦʜʘʪʢʦʚʠʡ ʯʣʝʥ: 

t
ts
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              (10) 

 

ʜʝ st ï ʢʦʝʬʽʮʽʻʥʪ ʪʝʧʣʦʧʨʦʚʽʜʥʦʩʪʽ ʤʘʪʝʨʽʘʣʫ,  [ɺʪ/(ʤÖʂ)]. 

ʆʩʥʦʚʥʠʤ ʥʝʜʦʣʽʢʦʤ ʪʘʢʦʛʦ ʧʽʜʭʦʜʫ ʜʣʷ ʘʥʘʣʽʟʫ ʧʦʣʷ ʪʝʤʧʝʨʘʪʫʨʠ ʻ ʥʝʚʠʟʥʘʯʝʥʽʩʪʴ ʧʨʠ ʚʠʙʦʨʽ 

ʢʦʝʬʽʮʽʻʥʪʽʚ ʪʝʧʣʦʧʨʦʚʽʜʥʦʩʪʽ ʚʫʟʣʽʚ ʝʣʝʢʪʨʦʜʚʠʛʫʥʘ ʽ ʟʥʘʯʝʥʴ ʢʦʝʬʽʮʽʻʥʪʽʚ ʪʝʧʣʦʧʝʨʝʜʘʯʽ [1]. ɿ ʤʝʪʦʶ 

ʫʪʦʯʥʝʥʥʷ ʮʠʭ ʧʘʨʘʤʝʪʨʽʚ ʨʦʟʨʘʭʫʥʦʢ ʚʠʢʦʥʫʻʪʴʩʷ ʥʘ ʦʩʥʦʚʽ ʟʘʩʪʦʩʫʚʘʥʥʷ ʟʘʢʦʥʽʚ ʪʝʧʣʦʧʨʦʚʽʜʥʦʩʪʽ, ʘ 

ʚʝʣʠʯʠʥʠ ʢʦʝʬʽʮʽʻʥʪʽʚ ʪʝʧʣʦʧʨʦʚʽʜʥʦʩʪʽ ʽ ʪʝʧʣʦʦʙʤʽʥʫ ʚʠʟʥʘʯʘʶʪʴʩʷ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ ʥʘ ʤʦʜʝʣʴʥʠʭ 

ʫʩʪʘʥʦʚʢʘʭ. ʇʨʠ ʮʴʦʤʫ ʜʦʚʦʜʠʪʴʩʷ ʦʧʝʨʫʚʘʪʠ ʧʦʥʷʪʪʷʤʠ ʩʝʨʝʜʥʽʭ ʚʝʣʠʯʠʥ ʢʦʝʬʽʮʽʻʥʪʽʚ ʪʝʧʣʦʧʨʦʚʽʜʥʦʩʪʽ ʽ 

ʪʝʧʣʦʦʙʤʽʥʫ, ʱʦ ʚʽʜʥʦʩʷʪʴʩʷ ʜʦ ʜʚʠʛʫʥʽʚ ʚ ʮʽʣʦʤʫ, ʘʙʦ ʜʦ ʚʝʣʠʢʠʭ ʢʦʥʩʪʨʫʢʪʠʚʥʠʭ ʚʫʟʣʽʚ. 

ʆʩʥʦʚʥʠʡ ʟʘʢʦʥ ʪʝʧʣʦʧʨʦʚʽʜʥʦʩʪʽ ʚʩʪʘʥʦʚʣʶʻ ʢʽʣʴʢʽʩʪʴ ʪʝʧʣʘ, ʱʦ ʧʨʦʭʦʜʠʪʴ ʯʝʨʝʟ ʧʦʚʝʨʭʥʶ dF ʟʘ 

ʯʘʩ dt ʚ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ grad ʽ ʚʣʘʩʪʠʚʦʩʪʝʡ ʤʘʪʝʨʽʘʣʫ ï ʚʩʪʘʥʦʚʣʝʥʠʡ ʝʤʧʽʨʠʯʥʦ. ʗʢʱʦ 0=td/qd
C

 ʚʠʨʘʟʫ 

(10), ʪʦ: 
 

)t(gradq ts-=
C

,          (11) 

 

ɺ ʽʥʪʝʛʨʘʣʴʥʦʾ ʬʦʨʤʽ ʮʝ ʚʠʨʘʟ ʟʘʧʠʰʝʪʴʩʷ ʪʘʢ (ʷʢʱʦ ʤʦʚʘ ʡʜʝ ʧʨʦ ʩʪʘʮʽʦʥʘʨʥʠʡ ʧʦʪʽʢ ʪʝʧʣʘ ʚʽʜ 

ʦʜʥʽʻʾ ʛʨʘʥʽ ʧʘʨʘʣʝʣʝʧʽʧʝʜʘ ʜʦ ʽʥʰʦʾ, ʨʠʩ. 1): 
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ʜʝ P ï ʧʦʚʥʘ ʧʦʪʫʞʥʽʩʪʴ ʪʝʧʣʦʚʠʭ ʚʪʨʘʪ, S ï ʧʣʦʱʘ ʧʝʨʝʪʠʥʫ ʧʘʨʘʣʝʣʝʧʽʧʝʜʘ, ȹt ï ʧʝʨʝʧʘʜ 

ʪʝʤʧʝʨʘʪʫʨʠ ʛʨʘʥʝʡ, lʧ ï ʣʽʥʽʡʥʽ ʨʦʟʤʽʨʠ ʧʘʨʘʣʝʣʝʧʽʧʝʜʘ, ʪʦʙʪʦ ʚʽʜʩʪʘʥʴ ʤʽʞ ʛʨʘʥʷʤʠ.  

ɻʨʘʜʽʻʥʪ ʪʝʤʧʝʨʘʪʫʨʠ ʷʚʣʷʻʪʴʩʷ ʚʝʢʪʦʨʦʤ, ʩʧʨʷʤʦʚʘʥʠʤ ʧʦ ʥʦʨʤʘʣʽ ʜʦ ʽʟʦʪʝʨʤʽʯʥʦʾ ʧʦʚʝʨʭʥʽ ʚ ʙʽʢ 

ʟʨʦʩʪʘʥʥʷ ʪʝʤʧʝʨʘʪʫʨʠ  ̔ ʯʠʩʝʣʴʥʦ ʨʽʚʥʠʡ ʯʘʩʪʢʦʚʽʡ ʧʦʭʽʜʥʽʡ ʚʽʜ ʪʝʤʧʝʨʘʪʫʨʠ ʟʘ ʮʠʤ ʥʘʧʨʷʤʢʦʤ. ɿʘ 

ʜʦʜʘʪʥʠʡ ʥʘʧʨʷʤʦʢ ʛʨʘʜʽʻʥʪʘ ʧʨʠʡʤʘʻʪʴʩʷ ʥʘʧʨʷʤ ʟʨʦʩʪʘʥʥʷ ʪʝʤʧʝʨʘʪʫʨʠ: 
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ʈʦʟʛʣʷʥʝʤʦ ʭʘʨʘʢʪʝʨ ʟʤʽʥʠ ʪʝʤʧʝʨʘʪʫʨʠ ʧʦ ʪʦʚʱʠʥʽ ʩʪʽʥʢʠ  ̔ ʪʝʧʣʦʚʠʡ ʧʦʪʽʢ ʯʝʨʝʟ ʩʪʽʥʢʫ. 

ʅʝʩʢʽʥʯʝʥʥʦ ʚʝʣʠʢʘ ʧʣʦʩʢʘ ʩʪʽʥʢʘ ʪʦʚʱʠʥʦʶ l ʽ ʪʝʧʣʦʧʨʦʚʽʜʥʽʩʪʶ s ʧʝʨʝʜʘʻ ʪʝʧʣʦ ʧʨʠ ʧʦʩʪʽʡʥʠʭ 

ʪʝʤʧʝʨʘʪʫʨʘʭ ʥʘ ʛʨʘʥʠʮʽ t1 ʽ t2  (ʛʨʘʥʠʯʥʽ ʫʤʦʚʠ): 
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ʇʨʠ ʨʦʟʛʣʷʥʫʪʠʭ ʫʤʦʚʘʭ ʪʝʧʣʦʪʘ ʤʦʞʝ ʧʦʰʠʨʶʚʘʪʠʩʷ ʪʽʣʴʢʠ ʚʟʜʦʚʞ ʦʩʽ x  ̔ʪʝʤʧʝʨʘʪʫʨʥʝ ʧʦʣʝ ʙʫʜʝ 

ʦʜʥʦʚʠʤʽʨʥʠʤ: 
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ʇʽʩʣʷ ʽʥʪʝʛʨʫʚʘʥʥʷ ʚʠʨʘʟʫ (14) ʪʘ ʧʽʜʩʪʘʥʦʚʦʢ t1 ʽ t2, ʦʪʨʠʤʘʻʤʦ ʨʽʚʥʷʥʥʷ ʪʝʤʧʝʨʘʪʫʨʥʦʛʦ ʧʦʣʷ: 
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ʜʝ l t2 ï ʪʦʚʱʠʥʘ ʩʪʽʥʢʠ ʟ ʙʦʢʫ ʪʝʤʧʝʨʘʪʫʨʠ t2.  

ʑʽʣʴʥʽʩʪʴ ʪʝʧʣʦʚʦʛʦ ʧʦʪʦʢʫ ʯʝʨʝʟ ʧʣʦʩʢʫ ʩʪʽʥʢʫ: 
 

.
l

R,
R

tt

l

)tt(

dx

dt
q

t
t

t

t
t

s

s
s =

-
=

-
=-= 2121      (17) 

 

ʜʝ  Rt ï ʪʝʨʤʽʯʥʠʡ ʦʧʽʨ ʧʣʦʩʢʦʾ ʩʪʽʥʢʠ.  

ʇʦʜʘʣʴʰʝ ʨʽʰʝʥʥʷ ʟʚʦʜʠʪʴʩʷ ʜʦ ʨʦʟʛʣʷʜʫ ʪʝʧʣʦʚʦʾ ʩʭʝʤʠ ʟʘʤʽʱʝʥʥʷ, ʜʝ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʘʥʘʣʦʛʽʷ 

ʟ̔ ʟʘʢʦʥʦʤ ʆʤʘ ʜʣʷ ʝʣʝʢʪʨʠʯʥʦʛʦ ʢʦʣʘ. ʊʝʨʤʽʯʥʽ ʦʧʦʨʠ ʚʠʣʫʯʘʶʪʴʩʷ ʽʟ ʧʨʦʩʪʠʭ ʛʝʦʤʝʪʨʠʯʥʠʭ ʬʽʛʫʨ, ʥʘ ʷʢʽ 

ʤʦʞʥʘ ʨʦʟʙʠʪʠ ʚʝʩʴ ʘʥʘʣʽʟʦʚʘʥʠʡ ʦʙôʻʤ ʝʣʝʢʪʨʠʯʥʦʛʦ ʜʚʠʛʫʥʘ. 

ɿʚ'ʷʟʦʢ ʢʦʝʬʽʮʽʻʥʪʘ ʪʝʧʣʦʧʨʦʚʽʜʥʦʩʪʽ st ʟ ʧʠʪʦʤʦʶ ʝʣʝʢʪʨʠʯʥʦʶ ʧʨʦʚʽʜʥʽʩʪʶ ůʝ ʚ ʤʝʪʘʣʘʭ 

ʚʩʪʘʥʦʚʣʶʻ ʟʘʢʦʥ ɺʽʜʝʤʘʥʘ-ʌʨʘʥʮʘ: 
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ʜʝ k ï ʧʦʩʪʽʡʥʘ ɹʦʣʴʮʤʘʥʘ; 

e ï ʟʘʨʷʜ ʝʣʝʢʪʨʦʥʘ; 

T ï ʘʙʩʦʣʶʪʥʘ ʪʝʤʧʝʨʘʪʫʨʘ. 

ɺʽʜʧʦʚʽʜʥʦ ʜʦ ʨʽʟʥʦʤʘʥʽʪʥʦʩʪʽ ʫʤʦʚ ʪʝʧʣʦʚʽʜʚʦʜʫ ʜʣʷ ʪʝʧʣʦʚʦʛʦ ʨʦʟʨʘʭʫʥʢʫ ʝʣʝʢʪʨʠʯʥʠʭ ʜʚʠʛʫʥʽʚ 

ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʨʽʟʥʽ ʤʝʪʦʜʠ [2]: 

1. ʄʝʪʦʜ ʪʦʯʥʦʛʦ ʘʙʦ ʥʘʙʣʠʞʝʥʦʛʦ ʘʥʘʣʽʪʠʯʥʦʛʦ ʨʽʰʝʥʥʷ ʨʽʚʥʷʥʴ ʜʣʷ ʪʨʴʦʭ ʘʙʦ ʜʚʦʤʽʨʥʠʭ 

ʪʝʤʧʝʨʘʪʫʨʥʠʭ ʧʦʣʽʚ ʟʘʟʚʠʯʘʡ ʟʘʩʪʦʩʦʚʫʻʪʴʩʷ ʧʨʠ ʟʥʘʯʥʽʡ ʥʝʨʽʚʥʦʤʽʨʥʦʩʪʽ ʧʦʣʷ. ʇʨʠ ʮʴʦʤʫ ʯʘʩʪʦ ʧʦʪʨʽʙʥʽ 

ʧʝʚʥʽ ʩʧʨʦʱʝʥʥʷ ʛʝʦʤʝʪʨʠʯʥʦʾ ʬʦʨʤʠ ʽ ʛʨʘʥʠʯʥʠʭ ʫʤʦʚ ʚ ʤʘʪʝʤʘʪʠʯʥʽʡ ʤʦʜʝʣʽ. 

2. ʏʠʩʝʣʴʥʠʡ ʤʝʪʦʜ ʩʽʪʦʢ ʟʘʩʪʦʩʦʚʫʻʪʴʩʷ ʚ ʧʦʜʽʙʥʠʭ ʚʠʧʘʜʢʘʭ, ʘʣʝ ʥʝ ʚʠʤʘʛʘʻ ʟʥʘʯʥʠʭ ʩʧʨʦʱʝʥʴ 

ʬʦʨʤʠ ʨʦʟʨʘʭʫʥʢʫ ʦʙʣʘʩʪʝʡ ʧʨʦʩʪʦʨʫ. 

3. ʄʝʪʦʜ ʦʜʥʦʚʠʤʽʨʥʦʛʦ ʪʝʤʧʝʨʘʪʫʨʥʦʛʦ ʧʦʣʷ ʟʘʩʪʦʩʦʚʫʻʪʴʩʷ ʜʣʷ ʨʦʟʨʘʭʫʥʢʫ ʨʦʟʧʦʜʽʣʫ 

ʪʝʤʧʝʨʘʪʫʨʠ ʧʦ ʜʦʚʞʠʥʽ ʦʙʤʦʪʦʢ ʽ ʽʥʰʠʭ ʯʘʩʪʠʥ ʝʣʝʢʪʨʠʯʥʠʭ ʤʘʰʠʥ. ʆʩʥʦʚʘʥʠʡ ʥʘ ʧʨʠʚʝʜʝʥʥʽ ʪʨʴʦʭ-  ̔

ʜʚʦʤʽʨʥʠʭ ʧʦʣʽʚ ʜʦ ʦʜʥʦʚʠʤʽʨʥʦʛʦ ʰʣʷʭʦʤ ʩʧʨʦʱʝʥʦʛʦ ʧʨʝʜʩʪʘʚʣʝʥʥʷ ʪʝʧʣʦʧʝʨʝʜʘʯʽ ʚʟʜʦʚʞ ʚʩʽʭ ʦʩʝʡ 

ʢʦʦʨʜʠʥʘʪ, ʢʨʽʤ ʦʜʥʽʻʾ, ʟʘ ʜʦʧʦʤʦʛʦʶ ʜʠʩʢʨʝʪʥʠʭ ʧʘʨʘʤʝʪʨʽʚ (ʪʝʧʣʦʚʠʭ ʦʧʦʨʽʚ). 

4. ʄʝʪʦʜ ʝʢʚʽʚʘʣʝʥʪʥʠʭ ʪʝʧʣʦʚʠʭ ʩʭʝʤ (ɽʊʉ) ʥʘʙʫʚ ʥʘʡʙʽʣʴʰʦʛʦ ʧʦʰʠʨʝʥʥʷ ʟʚʘʞʘʶʯʠ ʥʘ ʧʨʦʩʪʦʪʫ ʽ 

ʜʦʩʪʘʪʥʶ ʪʦʯʥʦʩʪʽ ʨʦʟʨʘʭʫʥʢʫ. ʅʝʜʦʣʽʢ ʤʝʪʦʜʫ ʧʦʣʷʛʘʻ ʚ ʪʦʤʫ, ʱʦ ʚʽʥ ʜʘʻ ʥʝ ʧʦʚʥʫ ʢʘʨʪʠʥʫ ʪʝʤʧʝʨʘʪʫʨʥʦʛʦ 

ʧʦʣʷ, ʘ ʪʽʣʴʢʠ ʜʝʷʢʽ ʩʝʨʝʜʥʽ ʟʥʘʯʝʥʥʷ ʪʝʤʧʝʨʘʪʫʨʠ ʜʣʷ ʦʢʨʝʤʠʭ ʝʣʝʤʝʥʪʽʚ ʤʘʰʠʥʠ. ɼʘʥʠʡ ʤʝʪʦʜ ʦʩʥʦʚʘʥʠʡ 

ʥʘ ʚʠʢʦʨʠʩʪʘʥʥʽ ʪʝʧʣʦʚʠʭ ʦʧʦʨʽʚ, ʱʦ ʟ'ʻʜʥʫʶʪʴʩʷ ʚ ʪʝʧʣʦʚʫ ʤʝʨʝʞʫ, ʷʢʘ ʽʤʽʪʫʻ ʨʝʘʣʴʥʽ ʰʣʷʭʠ ʧʝʨʝʜʘʯʽ 

ʪʝʧʣʦʚʠʭ ʧʦʪʦʢʽʚ ʚ ʤʘʰʠʥʽ, ʽ ʧʝʨʝʜʙʘʯʘʻ ʘʥʘʣʦʛʽʶ ʪʝʧʣʦʚʦʛʦ ʧʦʪʦʢʫ ʟ ʝʣʝʢʪʨʠʯʥʠʤ ʩʪʨʫʤʦʤ, ʦʩʥʦʚʘʥʫ ʥʘ 

ʦʜʥʘʢʦʚʽʡ ʬʦʨʤʽ ʦʩʥʦʚʥʦʛʦ ʟʘʢʦʥʫ ʪʝʧʣʦʧʨʦʚʽʜʥʦʩʪʽ (ʟʘʢʦʥ ʌʫʨ'ʻ). 

ʅʘʡʙʽʣʴʰ ʧʨʠʜʘʪʥʠʤʠ ʤʝʪʦʜʘʤʠ ʜʣʷ ʤʦʜʝʣʶʚʘʥʥʷ ʧʨʦʮʝʩʽʚ ʤʘʛʥʽʪʥʠʭ ʽ ʪʝʧʣʦʚʠʭ ʧʦʣʽʚ, ʘ ʪʘʢʦʞ 

ʦʙʣʽʢʫ ʥʝʣʽʥʽʡʥʦʩʪʽ ʬʝʨʦʤʘʛʥʽʪʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ ʻ ʯʠʩʝʣʴʥʽ ʤʝʪʦʜʠ. ʏʠʩʝʣʴʥʝ ʨʽʰʝʥʥʷ ʨʽʚʥʷʥʴ ʧʦʣʷ ʟʘ 

ʜʦʧʦʤʦʛʦʶ ʧʨʦʛʨʘʤʥʦ-ʘʧʘʨʘʪʥʠʭ ʟʘʦʩʙʽʚ ʪʘ ʩʧʝʮʽʘʣʴʥʠʭ ʧʨʦʛʨʘʤ, ʦʩʥʦʚʘʥʠʭ, ʥʘʧʨʠʢʣʘʜ, ʥʘ ʤʝʪʦʜʘʭ 

ʩʢʽʥʯʝʥʥʠʭ ʨʽʟʥʠʮʴ (ʄʉʈ) ʘʙʦ ʩʢʽʥʯʝʥʥʠʭ ʝʣʝʤʝʥʪʽʚ (ʄʉɽ) ʪʘ ʽʥʰʠʭ, ʜʦʟʚʦʣʷʻ ʧʨʘʢʪʠʯʥʦ ʙʝʟ ʙʫʜʴ-ʷʢʠʭ 

ʩʧʨʦʱʝʥʴ ʽ ʧʨʠʧʫʱʝʥʴ ʟ ʚʠʩʦʢʦʶ ʪʦʯʥʽʩʪʶ ʨʦʟʨʘʭʫʚʘʪʠ ʨʦʟʧʦʜʽʣ ʧʦʣʷ ʚ ʙʫʜʴ-ʷʢʦʤʫ ʝʣʝʢʪʨʦʤʝʭʘʥʽʯʥʦʤʫ 

ʧʨʠʩʪʨʦʾ, ʥʘʧʨʠʢʣʘʜ, ʟʘ ʜʦʧʦʤʦʛʦʶ ANSYS, Matlab&Simulink, Femlab [3, 4]. ɼʣʷ ʧʨʦʚʝʜʝʥʥʷ ʥʘʪʫʨʥʦʛʦ 

ʤʦʜʝʣʶʚʘʥʥʷ ʚʽʟʴʤʝʤʦ ʨʝʘʣʴʥʠʡ ʩʠʥʭʨʦʥʥʠʡ ʜʚʠʛʫʥ MITRON ʪʠʧʫ IPM (ʨʠʩ. 2) 

ɺʠʩʥʦʚʢʠ. 

ɺ ʨʦʙʦʪʽ ʧʨʝʜʩʪʘʚʣʝʥʘ ʤʝʪʦʜʠʢʘ ʘʥʘʣʽʟʫ ʪʝʧʣʦʚʠʭ ʧʦʣʽʚ ʝʣʝʢʪʨʠʯʥʠʭ ʤʘʰʠʥ, ʧʦʙʫʜʦʚʘʥʘ ʥʘ ʦʩʥʦʚʽ 

ʨʽʰʝʥʴ ʨʽʚʥʷʥʴ ʪʝʧʣʦʧʨʦʚʽʜʥʦʩʪʽ. ɿʥʘʯʝʥʥʷ ʪʝʧʣʦʚʦʛʦ ʧʦʪʦʢʫ ʚʽʜ ʙʫʜ-ɹʷʢʦʛʦ ʤʘʪʝʨʽʘʣʴʥʦʛʦ ʪʽʣʘ ï 

ʫʥʽʚʝʨʩʘʣʴʥʠʡ ʧʦʢʘʟʥʠʢ ʷʢʦʩʪʽ, ʱʦ ʭʘʨʘʢʪʝʨʠʟʫʻ ʝʥʝʨʛʝʪʠʢʫ ʽ ʟʜʘʪʥʽʩʪʴ ʚʫʟʣʘ ʚʽʜʧʨʘʮʶʚʘʪʠ ʥʝʦʙʭʽʜʥʠʡ 

ʨʝʩʫʨʩ. ʌʘʢʪʠʯʥʽ ʟʥʘʯʝʥʥʷ ʪʝʤʧʝʨʘʪʫʨʠ ʫ ʚʫʟʣʘʭ ʽ ʾʭ ʚʽʜʥʦʩʥʘ ʨʽʟʥʠʮʷ ʟ ʚʽʜʧʦʚʽʜʥʠʤʠ ʛʨʘʥʠʯʥʦ 

ʜʦʧʫʩʪʠʤʠʤʠ ʟʥʘʯʝʥʥʷʤʠ ʻ ʧʦʢʘʟʥʠʢʦʤ ʦʧʪʠʤʘʣʴʥʦʩʪʽ ʩʧʨʦʝʢʪʦʚʘʥʦʛʦ ʝʣʝʢʪʨʦʜʚʠʛʫʥʘ.  
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ʈʠʩʫʥʦʢ 2 ï ʌʦʪʦ ʨʝʘʣʴʥʦʛʦ ʩʠʥʭʨʦʥʥʦʛʦ ʜʚʠʛʫʥʘ MITRON ʪʠʧʫ IPM 

 

  
ʈʠʩʫʥʦʢ 3 ï ɻʝʦʤʝʪʨʽʷ ʘʢʪʠʚʥʦʾ ʯʘʩʪʠʥʠ ʉɼʇʄ ʟ 

ʩʪ̔ʢʦʶ ʢʽʥʮʝʚʠʭ ʝʣʝʤʝʥʪʽʚ 

ʈʠʩʫʥʦʢ 4 ï ʈʦʟʧʦʜʽʣ ʤʦʜʫʣʷ ʚʝʢʪʦʨʘ ʛʨʘʜʽʻʥʪʘ  

ʪʝʤʧʝʨʘʪʫʨʠ (ÜC/ʤ) 

  
ʈʠʩʫʥʦʢ 5 ï ʈʦʟʧʦʜʽʣ ʤʦʜʫʣʷ ʚʝʢʪʦʨʘ ʪʝʧʣʦʚʦʛʦ 

ʛʨʘʜʽʻʥʪʘ ʫ ʚʠʛʣʷʜʽ ʚʝʢʪʦʨʽʚ (ÜC/ʤ) 

ʈʠʩʫʥʦʢ 6 ï ʈʦʟʧʦʜʽʣ ʤʦʜʫʣʷ ʚʝʢʪʦʨʘ ʪʝʧʣʦʚʦʛʦ 

ʧʦʪʦʢʫ (ɼʞ/c)  

 

ɽʣʝʢʪʨʦʤʘʛʥʽʪʥʝ ʽ ʪʝʧʣʦʚʝ ʧʦʣʷ ʤʘʶʪʴ ʚʟʘʻʤʥʠʡ ʚʧʣʠʚ ʽ ʷʚʣʷʶʪʴʩʷ ʚʟʘʻʤʥʦʢʦʨʝʣʷʮʽʡʥʠʤʠ 

ʩʢʣʘʜʦʚʠʤʠ ʧʨʠ ʨʦʟʨʘʭʫʥʢʘʭ ʝʣʝʢʪʨʦʜʚʠʛʫʥʽʚ. ʎʝʡ ʟʚ'ʷʟʦʢ ʙʝʟʧʦʩʝʨʝʜʥʴʦ ʚʧʣʠʚʘʻ ʥʘ ʢʦʥʩʪʨʫʢʮʽʶ 

ʝʣʝʢʪʨʠʯʥʦʾ ʤʘʰʠʥʠ ʙʫʜʴ-ʷʢʦʛʦ ʪʠʧʫ. ɼʣʷ ʨʘʮʽʦʥʘʣʴʥʦʛʦ ʘʥʘʣʽʟʫ ʥʝʦʙʭʽʜʥʦ ʟʥʘʡʪʠ ʦʧʪʠʤʘʣʴʥʝ 

ʩʧʚ̔ʚʽʜʥʦʰʝʥʥʷ ʤʽʞ ʽʥʪʝʥʩʠʚʥʽʩʪʶ ʽ ʨʦʟʧʦʜʽʣʦʤ ʝʣʝʢʪʨʦʤʘʛʥʽʪʥʠʭ ʽ ʪʝʧʣʦʚʠʭ ʧʦʣʽʚ. ʅʝʦʙʭʽʜʥʦ ʟʜʽʡʩʥʠʪʠ 

ʩʠʤʙʽʦʟ ʤʝʪʦʜʠʢ ʝʣʝʢʪʨʦʤʘʛʥʽʪʥʠʭ ʽ ʪʝʧʣʦʚʠʭ ʨʦʟʨʘʭʫʥʢʽʚ, ʽʥʪʝʛʨʫʚʘʚʰʠ ʾʭ ʚ ʟʘʛʘʣʴʥʽʡ ʤʘʪʝʤʘʪʠʯʥ̔ʡ 

ʤʦʜʝʣʽ, ʷʢʘ ʧʦʚʠʥʥʘ ʥʘʜʘʪʠ ʥʘʦʯʥʫ ʢʘʨʪʠʥʫ ʟʘʛʘʣʴʥʠʭ ʧʨʦʮʝʩʽʚ, ʱʦ ʧʨʦʪʽʢʘʶʪʴ ʚ ʝʣʝʢʪʨʦʜʚʠʛʫʥʘʭ.  

 ʄʘʪʝʤʘʪʠʯʥʝ ʤʦʜʝʣʶʚʘʥʥʷ ʩʠʥʭʨʦʥʥʠʭ ʜʚʠʛʫʥʽʚ ʥʘ ʧʦʩʪʽʡʥʠʭ ʤʘʛʥʽʪʘʭ, ʥʘʧʨʘʚʣʝʥʝ ʥʘ ʚʠʚʯʝʥʥʷ 

ʪʝʧʣʦʚʠʭ ʧʨʦʮʝʩʽʚ ʚʠʷʚʠʣʦ ʫʥʽʚʝʨʩʘʣʴʥʽʩʪʴ ʜʘʥʦʾ ʤʝʪʦʜʠʢʠ ʜʣʷ ʚʩʽʭ ʽʥʰʠʭ ʢʣʘʩʽʚ ʝʣʝʢʪʨʠʯʥʠʭ ʤʘʰʠʥ.   
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