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ʋ ʟʙʽʨʥʠʢʫ ʚʠʢʣʘʜʝʥʽ ʩʪʘʪʪʽ ʥʘʫʢʦʚʠʭ ʪʘ ʥʘʫʢʦʚʦ-

ʧʝʜʘʛʦʛʽʯʥʠʭ ʧʨʘʮʽʚʥʠʢʽʚ, ʜʦʢʪʦʨʘʥʪʽʚ, ʘʜôʁ ʥʢʪʽʚ 

(ʘʩʧʽʨʘʥʪʽʚ), ʢʫʨʩʘʥʪʽʚ, ʟʜʦʙʫʚʘʯʽʚ ʽʥʩʪʠʪʫʪʫ ʪʘ 

ʽʥʰʠʭ ʫʩʪʘʥʦʚ (ʦʨʛʘʥʽʟʘʮʽʡ) ʟʘ ʥʘʩʪʫʧʥʠʤʠ 

ʥʘʫʢʦʚʠʤʠ ʥʘʧʨʷʤʢʘʤʠ: 

¶ ʧʝʨʩʧʝʢʪʠʚʠ ʨʦʟʚʠʪʢʫ ʪʝʣʝʢʦʤʫʥʽʢʘʮʽʡʥʠʭ 

ʩʠʩʪʝʤ, ʢʦʤʧʣʝʢʩʽʚ ʪʘ ʟʘʩʦʙʽʚ ʩʧʝʮʽʘʣʴʥʦʛʦ 

ʧʨʠʟʥʘʯʝʥʥʷ; 

¶ ʟʘʭʠʩʪ ʽʥʬʦʨʤʘʮʽʾ ʚ ʩʧʝʮʽʘʣʴʥʠʭ ʽʥʬʦʨʤʘʮʽʡʥʦ-

ʢʦʤʫʥʽʢʘʮʽʡʥʠʭ ʩʠʩʪʝʤʘʭ; 

¶ ʩʪʘʥ ʽ ʨʦʟʚʠʪʦʢ ʘʚʪʦʤʘʪʠʟʦʚʘʥʠʭ ʩʠʩʪʝʤ 

ʫʧʨʘʚʣʽʥʥʷ ʚʽʡʩʴʢʘʤʠ ʪʘ ʟʙʨʦʻʶ; 

¶ ʽʥʬʦʨʤʘʮʽʡʥʽ ʩʠʩʪʝʤʠ ʪʘ ʤʝʨʝʞʽ, ʩʠʩʪʝʤʠ 

ʧʽʜʪʨʠʤʢʠ ʧʨʠʡʥʷʪʪʷ ʨʽʰʝʥʴ ʩʧʝʮʽʘʣʴʥʦʛʦ 

ʧʨʠʟʥʘʯʝʥʥʷ; 

¶ ʙʦʡʦʚʝ ʟʘʩʪʦʩʫʚʘʥʥʷ ʩʠʩʪʝʤ ʟʚô̫ ʟʢʫ ʪʘ 

ʘʚʪʦʤʘʪʠʟʘʮʽʾ ɿʉ ʋʢʨʘʾʥʠ; 

¶ ʪʝʦʨʽʷ ʽ ʧʨʘʢʪʠʢʘ ʽʥʬʦʨʤʘʮʽʡʥʦʾ ʙʦʨʦʪʴʙʠ ʚ 
ʢʦʤʧôʁ ʪʝʨʠʟʦʚʘʥʠʭ ʩʠʩʪʝʤʘʭ ʽ ʤʝʨʝʞʘʭ. 

ɿʘʧʨʦʰʫʻʤʦ ʜʦ ʩʧʽʚʨʦʙʽʪʥʠʮʪʚʘ ʚʩʽ ʟʘʮʽʢʘʚʣʝʥʽ 

ʫʩʪʘʥʦʚʠ ʪʘ ʦʨʛʘʥʽʟʘʮʽʾ, ʷʢʽ ʧʨʦʚʦʜʷʪʴ ʥʘʫʢʦʚʽ 

ʜʦʩʣʽʜʞʝʥʥʷ ʪʘ ʥʘʫʢʦʚʦ-ʪʝʭʥʽʯʥʽ ʨʦʟʨʦʙʢʠ ʟʘ ʜʘʥʠʤʠ 

ʥʘʧʨʷʤʘʤʠ. 

The book contained articles of scientific and 

teaching staff, students, adjuncts, institute applicants and 

other institutions (organizations) in the following 

directions: 

 

¶ prospects of telecommunications systems 

development, facilities and means of special purpose; 

¶  special information and communication systems 

protection;  

¶  automated systems state and development for 

command and control and weapons; 

¶ information systems and networks, decision 

support systems for special purposes; 

¶ combat use of communications systems and 

automation of Armed Forces of Ukraine; 

¶ theory and practice  of information combating in 

computer systems and networks. 

 

 

We invite to cooperation all interested institutions 

and organizations, who conduct research and  

development according to directions. 

 

 

ʂʠʾʚ ï 2017 ï Kyiv  
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ʄɽʊʆɼʀʂɸ ʉɽʃɽʂʊʀɺʅʆɻʆ ʋʇʈɸɺʃɯʅʅʗ ʇɸʈɸʄɽʊʈɸʄʀ  

ɸʂʊʀɺʅʆɰ ʌɸɿʆɺɸʅʆɰ ɸʅʊɽʅʅʆɰ ʈɽʐɯʊʂʀ 
 

ɺ ʨʦʙʦʪʽ ʟʘʧʨʦʧʦʥʦʚʘʥʦ ʤʝʪʦʜʠʢʫ ʩʝʣʝʢʪʠʚʥʦʛʦ ʫʧʨʘʚʣʽʥʥʷ ʧʘʨʘʤʝʪʨʘʤʠ ʙʘʛʘʪʦʘʥʪʝʥʥʠʭ ʩʠʩʪʝʤ 

ʚʽʡʩʴʢʦʚʦʛʦ ʨʘʜʽʦʟʚôʷʟʢʫ ʟ ʘʢʪʠʚʥʠʤʠ ʬʘʟʦʚʘʥʠʤʠ ʘʥʪʝʥʥʠʤʠ ʨʝʰʽʪʢʘʤʠ. ʄʝʪʦʜʠʢʘ ʜʦʟʚʦʣʷʻ ʟʘʙʝʟʧʝʯʠʪʠ 

ʚʠʙʽʨ ʪʠʧʫ ʫʧʨʘʚʣʽʥʥʷ ʜʽʘʛʨʘʤʦʶ ʥʘʧʨʘʚʣʝʥʦʩʪʽ ʙʘʛʘʪʦʘʥʪʝʥʥʠʭ ʩʠʩʪʝʤ ʚʽʡʩʴʢʦʚʦʛʦ ʧʨʠʟʥʘʯʝʥʥʷ ʟʘ ʨʘʭʫʥʦʢ 

ʩʫʤʽʩʥʦʛʦ ʘʜʘʧʪʠʚʥʦʛʦ ʫʧʨʘʚʣʽʥʥʷ ʧʘʨʘʤʝʪʨʽʚ ʙʘʛʘʪʦʘʥʪʝʥʥʠʭ ʩʠʩʪʝʤ ʚʽʡʩʴʢʦʚʦʛʦ ʨʘʜʽʦʟʚôʷʟʢʫ ʪʘ ʘʢʪʠʚʥʠʭ 

ʬʘʟʦʚʘʥʠʭ ʘʥʪʝʥʥʠʭ ʨʝʰʽʪʦʢ ʥʘ ʨʽʟʥʽ ʚʽʜʩʪʘʥʽ. 

ɹʝʣʷʢʦʚ ʈ.ʆ., ʐʠʰʘʮʢʠʡ ɸ.ɺ., ʃʝʙʠʜʴ ɽ.ɺ. ʄʝʪʦʜʠʢʘ ʩʝʣʝʢʪʠʚʥʦʛʦ ʫʧʨʘʚʣʝʥʠʷ ʧʘʨʘʤʝʪʨʘʤʠ 

ɸʌɸʈ. ɺ ʨʘʙʦʪʝ ʧʨʝʜʣʦʞʝʥʘ ʤʝʪʦʜʠʢʘ ʩʝʣʝʢʪʠʚʥʦʛʦ ʫʧʨʘʚʣʝʥʠʷ ʧʘʨʘʤʝʪʨʘʤʠ ʤʥʦʛʦʘʥʪʝʥʥʳʭ ʩʠʩʪʝʤ 

ʨʘʜʠʦʩʚʷʟʠ ʚʦʝʥʥʦʛʦ ʥʘʟʥʘʯʝʥʠʷ ʩ ʘʢʪʠʚʥʳʤʠ ʬʘʟʠʨʦʚʘʥʥʳʤʠ ʘʥʪʝʥʥʳʤʠ ʨʝʰʝʪʢʘʤʠ. ʄʝʪʦʜʠʢʘ ʧʦʟʚʦʣʷʝʪ 

ʦʙʝʩʧʝʯʠʪʴ ʚʳʙʦʨ ʪʠʧʘ ʫʧʨʘʚʣʝʥʠʷ ʤʥʦʛʦʘʥʪʝʥʥʳʭ ʩʠʩʪʝʤ ʚʦʝʥʥʦʛʦ ʥʘʟʥʘʯʝʥʠʷ ʟʘ ʩʯʝʪ ʩʦʚʤʝʩʪʥʦʛʦ 

ʘʜʘʧʪʠʚʥʦʛʦ ʫʧʨʘʚʣʝʥʠʷ ʧʘʨʘʤʝʪʨʘʤʠ ʤʥʦʛʦʘʥʪʝʥʥʳʭ ʩʠʩʪʝʤ ʚʦʝʥʥʦʡ ʨʘʜʠʦʩʚʷʟʠ  ʠ ʘʢʪʠʚʥʳʭ ʬʘʟʠʨʦʚʘʥʥʳʭ 

ʘʥʪʝʥʥʳʭ ʨʝʰʝʪʦʢ. 

R. Beliakov, A. Shishatsky, E. Lebid Method of seletion management parameters APsAA. In article offered 

method of selection management parameters multiantenna systems military radio communication with active phased 

antenna arrays.Method allow to support different types of management multiantenna systems military appointment due 

to the joint adaptive management parameters multiantenna systems military radio communication and active phased 

antenna arrays. 

ʂʣʶʯʦʚʽ ʩʣʦʚʘ: ʩʠʛʥʘʣʴʥʦ-ʟʘʚʘʜʦʚʘ ʦʙʩʪʘʥʦʚʢʘ, ʘʤʧʣʽʪʫʜʥʦ-ʬʘʟʦʚʠʡ ʨʦʟʧʦʜʽʣ, ʩʠʩʪʝʤʘ ʄɯʄʆ, ʘʢʪʠʚʥʘ 

ʬʘʟʦʚʘʥʘ ʘʥʪʝʥʥʘ ʨʝʰʽʪʢʘ, ʙʝʟʧʽʣʦʪʥʠʡ ʣʽʪʘʣʴʥʠʡ ʘʧʘʨʘʪ. 

 

ɺʩʪʫʧ. ʄʦʞʣʠʚʽʩʪʴ ʟʘʙʝʟʧʝʯʝʥʥʷ ʩʪʽʡʢʦʛʦ ʟʚôʷʟʢʫ ʻ ʦʜʥʽʻʶ ʟ ʥʘʡʚʘʞʣʠʚʽʰʠʭ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢ, ʱʦ ʚʠʟʥʘʯʘʶʪʴ ʝʢʩʧʣʫʘʪʘʮʽʡʥʽ ʤʦʞʣʠʚʦʩʪʽ ʢʦʤʧʣʝʢʩʫ ʫʧʨʘʚʣʽʥʥʷ 

ʙʝʟʧʽʣʦʪʥʠʤʠ ʣʽʪʘʣʴʥʠʤʠ ʘʧʘʨʘʪʘʤʠ (ɹʧʃɸ) ʽ ʟʘʙʝʟʧʝʯʫʻ ʜʦʚʝʜʝʥʥʷ ʚʽʜʦʤʦʩʪʝʡ, ʦʪʨʠʤʘʥʠʭ 

ɹʧʃɸ, ʫ ʨʝʞʠʤʽ Ăʨʝʘʣʴʥʦʛʦ ʯʘʩʫò ʜʦ ʦʧʝʨʘʪʠʚʥʦʛʦ ʧʝʨʩʦʥʘʣʫ ʧʫʥʢʪʫ ʫʧʨʘʚʣʽʥʥʷ (ʇʋ). ɼʣʷ 

ʟʘʙʝʟʧʝʯʝʥʥʷ ʟʚôʷʟʢʫ ʥʘ ʟʥʘʯʥʽ ʚʽʜʩʪʘʥʽ ʽ ʧʽʜʚʠʱʝʥʥʷ ʟʘʚʘʜʦʟʘʭʠʱʝʥʦʩʪʽ ʟʘ ʨʘʭʫʥʦʢ 

ʧʨʦʩʪʦʨʦʚʦʾ ʩʝʣʝʢʮʽʾ ʚ ʢʦʤʧʣʝʢʩʘʭ ʫʧʨʘʚʣʽʥʥʷ ɹʧʃɸ ʰʠʨʦʢʦ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ 

ʚʫʟʴʢʦʩʧʨʷʤʦʚʘʥʽ ʘʥʪʝʥʥʽ ʩʠʩʪʝʤʠ (ɸʉ) ʷʢ ʥʘ ʇʋ, ʪʘʢ ʽ ʥʘ ɹʧʃɸ.  

ʌʫʥʢʮʽʦʥʘʣʴʥʘ ʩʭʝʤʘ ʩʠʩʪʝʤʠ ʫʧʨʘʚʣʽʥʥʷ ʧʨʦʩʪʦʨʦʚʠʤ ʧʦʣʦʞʝʥʥʷʤ ʚʫʟʴʢʦʩʧʨʷʤʦʚʘʥʦʾ 

ɸʉ, ʱʦ ʟʘʙʝʟʧʝʯʫʻ ʦʧʪʠʤʽʟʘʮʽʶ ʧʨʦʮʝʩʫ ʚʭʦʜʞʝʥʥʷ ʫ ʟʚôʷʟʦʢ ʚ ʢʦʤʧʣʝʢʩʘʭ ʫʧʨʘʚʣʽʥʥʷ ɹʧʃɸ 

ʚʢʣʶʯʘʻ ʚ ʩʝʙʝ: ʘʥʪʝʥʥʫ ʩʠʩʪʝʤʫ, ʨʘʜʽʦʪʝʭʥʽʯʥʽ ʧʘʨʘʤʝʪʨʠ ʷʢʦʾ ʚʠʙʠʨʘʶʪʴʩʷ, ʚʠʭʦʜʷʯʠ ʟ 

ʚʠʤʦʛ ʟʘʙʝʟʧʝʯʝʥʥʷ ʥʝʦʙʭʽʜʥʦʾ ʜʘʣʴʥʦʩʪʽ ʟʚôʷʟʢʫ ʧʦ ʨʘʜʽʦʣʽʥʽʾ; ʩʝʨʚʦʧʨʠʚʽʜ ɸʉ, ʱʦ 

ʟʘʙʝʟʧʝʯʫʻ ʧʨʦʩʪʦʨʦʚʫ ʦʨʽʻʥʪʘʮʽʶ ʜʽʘʛʨʘʤʠ ʩʧʨʷʤʦʚʘʥʦʩʪʽ (ɼʉ) ɸʉ ʚ ʥʘʧʨʷʤʢʫ ʦʯʽʢʫʚʘʥʦʾ 

ʧʦʷʚʠ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ ʦʙôʻʢʪʘ ʟʚôʷʟʢʫ; ʩʠʩʪʝʤʫ ʘʚʪʦʤʘʪʠʯʥʦʛʦ ʩʫʧʨʦʚʦʜʫ ʟʘ ʥʘʧʨʷʤʦʤ 

(ɸʉʅ), ʱʦ ʟʘʙʝʟʧʝʯʫʻ ʩʪʽʡʢʝ ʘʚʪʦʤʘʪʠʯʥʝ ʩʫʧʨʦʚʦʜʞʝʥʥʷ ʦʙôʻʢʪʘ ʟʚôʷʟʢʫ ʚ ʟʦʥʽ ʚʧʝʚʥʝʥʦʛʦ 

ʟʘʭʦʧʣʝʥʥʷ ʧʝʣʝʥʛʘʮʽʡʥʦʾ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʩʠʩʪʝʤʠ ɸʉʅ; ʨʘʜʽʦʧʨʠʡʤʘʣʴʥʽ ʧʨʠʩʪʨʦʾ, ʱʦ 

ʟʘʙʝʟʧʝʯʫʶʪʴ ʬʦʨʤʫʚʘʥʥʷ ʫʤʦʚʥʦʛʦ ʩʠʛʥʘʣʫ ʧʨʦ ʧʨʠʡʦʤ ʽʥʬʦʨʤʘʮʽʾ ʟ ʟʘʜʘʥʦʶ ʷʢʽʩʪʶ. 

ʧʨʦʮʝʩʦʨ ʫʧʨʘʚʣʽʥʥʷ ʘʥʪʝʥʥʦʶ ʩʠʩʪʝʤʦʶ, ʱʦ ʟʘʙʝʟʧʝʯʫʻ ʘʥʘʣʽʟ ʧʦʪʦʯʥʦʛʦ ʩʪʘʥʫ ʩʠʩʪʝʤʠ 

ʫʧʨʘʚʣʽʥʥʷ ɸʉ, ʬʦʨʤʫʚʘʥʥʷ ʩʠʛʥʘʣʽʚ ʫʧʨʘʚʣʽʥʥʷ ʩʝʨʚʦʧʨʠʚʦʜʦʤ ʜʣʷ ʟʘʙʝʟʧʝʯʝʥʥʷ 

ʧʨʦʩʪʦʨʦʚʦʾ ʦʨʽʻʥʪʘʮʽʾ ɸʉ ʚʽʜʧʦʚʽʜʥʦ ʜʦ ʧʦʣʴʦʪʥʦʛʦ ʟʘʚʜʘʥʥʷ ʽ ʘʣʛʦʨʠʪʤʦʤ ʧʨʦʩʪʦʨʦʚʦʛʦ 

ʩʢʘʥʫʚʘʥʥʷ.  

ʆʩʥʦʚʥʝ ʟʘʚʜʘʥʥʷ, ʱʦ ʚʠʢʦʥʫʻʪʴʩʷ ʩʠʩʪʝʤʦʶ ʫʧʨʘʚʣʽʥʥʷ ʧʨʦʩʪʦʨʦʚʠʤ ʧʦʣʦʞʝʥʥʷʤ 

ʚʫʟʴʢʦʩʧʨʷʤʦʚʘʥʦʾ ɸʉ, ï ʟʘʙʝʟʧʝʯʠʪʠ ʩʪʽʡʢʝ ʚʭʦʜʞʝʥʥʷ ʚ ʟʚôʷʟʦʢ ʟ ʦʙôʻʢʪʦʤ, ʟʛʽʜʥʦ 

ʧʦʣʴʦʪʥʦʛʦ ʟʘʚʜʘʥʥʷ.  

ʎʶ ʟʘʜʘʯʫ ʨʦʟʧʦʜʽʣʝʥʦ ʥʘ ʨʷʜ ʯʘʩʪʢʦʚʠʭ ʚʟʘʻʤʦʧʦʚôʷʟʘʥʠʭ ʟʘʚʜʘʥʴ:  

1. ɿʘʙʝʟʧʝʯʝʥʥʷ ʧʨʦʩʪʦʨʦʚʦʾ ʦʨʽʻʥʪʘʮʽʾ ɼʉ ɸʉ ʚ ʥʘʧʨʷʤʢʫ ʦʯʽʢʫʚʘʥʦʾ ʧʦʷʚʠ 

ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ ʦʙôʻʢʪʘ ʟʚôʷʟʢʫ ʪʘ ʾʾ ʧʨʦʩʪʦʨʦʚʦʾ ʩʪʘʙʽʣʽʟʘʮʽʾ ʜʣʷ ʚʠʧʘʜʢʫ ʨʦʟʪʘʰʫʚʘʥʥʷ ɸʉ 

ʥʘ ʙʦʨʪʫ ʣʽʪʘʣʴʥʦʛʦ ʘʧʘʨʘʪʫ.  
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2. ʈʦʟʰʠʨʝʥʥʷ ʟʦʥʠ ʩʪʽʡʢʦʛʦ ʟʘʭʦʧʣʝʥʥʷ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ ʦʙôʻʢʪʘ ʟʚôʷʟʢʫ ʟʘ ʨʘʭʫʥʦʢ 

ʟʘʩʪʦʩʫʚʘʥʥʷ ʜʠʩʢʨʝʪʥʦʛʦ ʘʣʛʦʨʠʪʤʫ ʧʨʦʩʪʦʨʦʚʦʛʦ ʩʢʘʥʫʚʘʥʥʷ ʟ ʜʝʪʝʨʤʽʥʦʚʘʥʦʶ 

ʧʨʦʩʪʦʨʦʚʦ-ʯʘʩʦʚʦʶ ʩʪʨʫʢʪʫʨʦʶ.  

3. ʇʝʨʝʭʽʜ ʚ ʨʝʞʠʤ ʩʪʽʡʢʦʛʦ ʘʚʪʦʩʫʧʨʦʚʦʜʫ ʦʙôʻʢʪʘ ʟʚôʷʟʢʫ ʩʠʩʪʝʤʦʶ ɸʉʅ ʧʨʠ 

ʚʠʷʚʣʝʥʥʽ ʦʙôʻʢʪʘ ʟʚôʷʟʢʫ.  

4. ɿʘʙʝʟʧʝʯʝʥʥʷ ʤʦʞʣʠʚʦʩʪʽ ʧʦʚʪʦʨʥʦʛʦ ʚʭʦʜʞʝʥʥʷ ʫ ʟʚôʷʟʦʢ ʫ ʨʘʟʽ ʾʾ ʟʨʠʚʫ.  

ɼʣʷ ʜʠʩʢʨʝʪʥʦʛʦ ʘʣʛʦʨʠʪʤʫ ʧʨʦʩʪʦʨʦʚʦʛʦ ʩʢʘʥʫʚʘʥʥʷ ʟ ʜʝʪʝʨʤʽʥʦʚʘʥʦʶ ʧʨʦʩʪʦʨʦʚʦ-

ʯʘʩʦʚʦʶ ʩʪʨʫʢʪʫʨʦʶ ʤʦʞʥʘ ʚʠʜʽʣʠʪʠ ʥʘʩʪʫʧʥʽ ʦʩʦʙʣʠʚʦʩʪʽ:  

1. ʉʢʘʥʫʚʘʥʥʷ ɼʉ ɸʉ ʟʜʽʡʩʥʶʻʪʴʩʷ ʜʠʩʢʨʝʪʥʦ ʚ ʯʘʩʽ ʽ ʚ ʧʨʦʩʪʦʨʽ.  

2. ʇʨʦʩʪʦʨʦʚʽ ʧʝʨʝʤʽʱʝʥʥʷ ɼʅ ɸʉ ʧʨʠ ʩʢʘʥʫʚʘʥʥʽ ʟʜʽʡʩʥʶʶʪʴʩʷ ʪʘʢʠʤ ʯʠʥʦʤ, ʱʦʙ ʥʝ 

ʟʘʣʠʰʘʣʦʩʷ ʧʨʦʩʪʦʨʦʚʠʭ ʟʦʥ, ʷʢʽ ʥʝ ʧʝʨʝʢʨʠʚʘʶʪʴʩʷ ʟʦʥʦʶ ʚʧʝʚʥʝʥʦʛʦ ʟʘʭʦʧʣʝʥʥʷ ʩʠʩʪʝʤʦʶ 

ɸʉʅ ʟʘ ʚʝʩʴ ʮʠʢʣ ʩʢʘʥʫʚʘʥʥʷ.  

ʊʘʢʠʤ ʯʠʥʦʤ, ʩʣʘʙʢʽ ʩʪʦʨʦʥʠ ʧʨʦʮʝʩʽʚ ʫʧʨʘʚʣʽʥʥʷ ɼʉ:  

ʥʘʷʚʥʽʩʪʴ ʧʨʠʚôʷʟʢʠ ʜʦ ʥʘʚʽʛʘʮʽʡʥʠʭ ʩʠʩʪʝʤ (ʯʝʨʝʟ ʤʦʞʣʠʚʽʩʪʴ ʨʘʜʽʦʝʣʝʢʪʨʦʥʥʦʛʦ 

ʧʦʜʘʚʣʝʥʥʷ); 

ʞʦʨʩʪʢʽ ʚʠʤʦʛʠ ʜʦ ʯʘʩʦʚʠʭ ʽʥʪʝʨʚʘʣʽʚ ʨʝʛʫʣʶʚʘʥʥʷ ʧʨʦʮʝʩʘʤʠ ʚʩʪʘʥʦʚʣʝʥʥʷ ʽ ʚʝʜʝʥʥʷ 

ʟʚôʷʟʢʫ. 

ɺʘʨʽʘʮʽʷ ʘʤʧʣʽʪʫʜʥʦ-ʬʘʟʦʚʦʛʦ ʨʦʟʧʦʜʽʣʫ ʘʚʪʦʤʘʪʠʯʥʦʾ ʬʘʟʦʚʘʥʦʾ ʘʥʪʝʥʥʦʾ ʨʝʰʽʪʢʠ 

(ɸʌɸʈ), ʚʽʜʦʙʨʘʞʘʻ ʧʨʦʮʝʩ ʧʨʦʩʪʦʨʦʚʦʛʦ Ăʧʝʨʝʤʽʱʝʥʥʷò ʜʽʘʛʨʘʤʠ ʧʦʚʠʥʥʘ ʚʨʘʭʦʚʫʚʘʪʠ 

ʰʠʨʠʥʫ ʛʦʣʦʚʥʦʛʦ ʧʝʣʶʩʪʢʘ ɼʉ.  

ʐʠʨʠʥʘ ɼʉ ʧʦʚʠʥʥʘ ʚʩʪʘʥʦʚʣʶʚʘʪʠʩʷ ʚ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʥʝʦʙʭʽʜʥʦʾ ʟʘʜʘʯʽ (ʧʦʰʫʢ 

ʘʙʦʥʝʥʪʘ, ʦʨʛʘʥʽʟʘʮʽʾ ʢʘʥʘʣʫ ʧʝʨʝʜʘʯʽ ʩʠʛʥʘʣʴʥʦʾ ʽʥʬʦʨʤʘʮʽʾ, ʦʨʛʘʥʽʟʘʮʽʷ ʧʦʪʦʢʫ ʧʝʨʝʜʘʯʽ 

ʜʘʥʠʭ. ʊʦʙʪʦ, ʥʝʦʙʭʽʜʥʽʡ ʰʠʨʠʥʽ ʪʘ ʬʦʨʤʽ ʧʨʦʤʝʥʷ ʚʽʜʧʦʚʽʜʘʪʠʤʝ ʘʤʧʣʽʪʫʜʥʦ-ʬʘʟʦʚʠʡ 

ʨʦʟʧʦʜʽʣ ʝʣʝʤʝʥʪʽʚ ɸʌɸʈ, ʷʢʠʡ ʙʫʜʝ ʨʝʘʣʽʟʦʚʘʥʦ ʫ ʦʜʥʦʤʫ ʽʟ ʨʝʞʠʤʽʚ ɸʌɸʈ. ɸʣʝ ʧʨʠ ʮʴʦʤʫ 

ʜʫʞʝ ʚʘʞʣʠʚʠʤ ʻ ʟʙʝʨʝʞʝʥʥʷ ʜʦʩʪʘʪʥʴʦʛʦ ʨʽʚʥʷ ʧʽʜʩʠʣʝʥʥʷ.  

ɺ ʜʘʥʽʡ ʩʪʘʪʪʽ ʨʦʟʛʣʷʥʫʪʦ ʧʨʠʢʣʘʜʠ ʬʦʨʤʫʚʘʥʥʷ ʘʤʧʣʽʪʫʜʥʦ-ʬʘʟʦʚʠʭ ʨʦʟʧʦʜʽʣʽʚ ʜʣʷ 

ʟʤʽʥʠ ʬʦʨʤʠ ʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ɼʉ ʚʽʜʥʦʩʥʦ ʚʠʧʘʜʢʫ ʨʽʚʥʦʤʽʨʥʦʛʦ ʘʤʧʣʽʪʫʜʥʦ-ʬʘʟʦʚʦʛʦ 

ʨʦʟʧʦʜʽʣʫ, ʟ ʤʝʪʦʶ ʟʙʽʣʴʰʝʥʥʷ ʝʥʝʨʛʝʪʠʯʥʦʾ ʝʬʝʢʪʠʚʥʦʩʪʽ ʩʠʩʪʝʤ ʚʽʡʩʴʢʦʚʦʛʦ ʟʚôʷʟʢʫ. 

ʆʜʥʽʻʶ ʟ ʪʝʭʥʦʣʦʛʽʡ, ʱʦ ʜʦʟʚʦʣʷʶʪʴ ʟʥʘʯʥʦ ʟʙʽʣʴʰʠʪʠ ʧʨʦʧʫʩʢʥʫ ʟʜʘʪʥʽʩʪʴ 

ʨʘʜʽʦʢʘʥʘʣʽʚ ʻ ʪʝʭʥʦʣʦʛʽʷ Ăʙʘʛʘʪʦ ʚʭʦʜʽʚ - ʙʘʛʘʪʦ ʚʠʭʦʜʽʚò (MIMO - Multiple-Input Multiple-

Output), ʷʢʘ ʜʦʟʚʦʣʷʻ ʙʽʣʴʰ ʝʬʝʢʪʠʚʥʦ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʧʦʪʫʞʥʽʩʪʴ ʧʝʨʝʜʘʚʘʯʘ ʽ ʙʦʨʦʪʠʩʷ ʽʟ 

ʟʘʚʤʠʨʘʥʥʷʤʠ ʩʠʛʥʘʣʽʚ [1 - 8].  

ʇʽʜʚʠʱʝʥʥʷ ʝʬʝʢʪʠʚʥʦʩʪʽ ʜʦʩʷʛʘʻʪʴʩʷ ʟʘ ʨʘʭʫʥʦʢ ʚʠʢʦʨʠʩʪʘʥʥʷ ʤʝʪʦʜʽʚ ʧʨʦʩʪʦʨʦʚʦ-

ʯʘʩʦʚʦʾ ʦʙʨʦʙʢʠ (STC - Space Time Coding), ʱʦ ʟʘʙʝʟʧʝʯʫʶʪʴ ʧʝʨʝʜʘʯʫ ʽ ʧʨʠʡʤʘʥʥʷ 

ʧʘʨʘʣʝʣʴʥʠʭ ʧʦʪʦʢʽʚ ʽʥʬʦʨʤʘʮʽʾ. 

ʊʝʦʨʝʪʠʯʥʦ ʧʨʦʧʫʩʢʥʘ ʟʜʘʪʥʽʩʪʴ ʩʠʩʪʝʤʠ MIMO ʟ STC ʤʦʞʝ ʙʫʪʠ ʟʙʽʣʴʰʝʥʘ 

ʧʨʦʧʦʨʮʽʡʥʦ ʢʽʣʴʢʦʩʪʽ ʘʥʪʝʥ ʥʘ ʧʝʨʝʜʘʚʘʣʴʥʦʤʫ ʙʦʮʽ (ʟʘ ʫʤʦʚʠ, ʱʦ ʢʽʣʴʢʽʩʪʴ ʧʨʠʡʤʘʣʴʥʠʭ 

ʘʥʪʝʥ ʥʝ ʤʝʥʰʘ ʥʽʞ ʢʽʣʴʢʽʩʪʴ ʧʝʨʝʜʘʚʘʣʴʥʠʭ ʘʥʪʝʥ) ʫ ʧʦʨʽʚʥʷʥʥʽ ʟ ʪʨʘʜʠʮʽʡʥʠʤʠ ʩʠʩʪʝʤʘʤʠ 

ʨʘʜʽʦʟʚô̫ ʟʢʫ ʟ ʦʜʥʽʻʶ ʧʝʨʝʜʘʚʘʣʴʥʦʶ ʘʥʪʝʥʦʶ (SISO - Single-Input Single-Output).  

ɼʣʷ ʧʨʦʩʪʦʨʦʚʦʛʦ ʤʫʣʴʪʠʧʣʝʢʩʫʚʘʥʥʷ ʧʘʨʘʣʝʣʴʥʠʭ ʧʦʪʦʢʽʚ ʚ ʦʩʥʦʚʥʦʤʫ 

ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʤʝʪʦʜ ʧʨʦʩʪʦʨʦʚʦʛʦ ʤʫʣʴʪʠʧʣʝʢʩʫʚʘʥʥʷ ʯʝʨʝʟ ʩʠʥʛʫʣʷʨʥʝ ʨʦʟʢʣʘʜʘʥʥʷ 

(ʇʄʉʈ) ʢʘʥʘʣʴʥʦʾ ʤʘʪʨʠʮʽ ʪʘ ʘʣʛʦʨʠʪʤ V-BLAST (Vertical Bell Laboratories Layered Space 

Time Architecture) [6 - 13].  

ʋ ʭʦʜʽ ʧʨʦʚʝʜʝʥʦʛʦ ʫ ʨʦʙʦʪʽ [15] ʘʥʘʣʽʟʫ, ʚʠʟʥʘʯʝʥʦ ʪʝ, ʱʦ ʦʜʥʠʤ ʟ ʰʣʷʭʽʚ ʧʦʜʘʣʴʰʦʛʦ 

ʨʦʟʚʠʪʢʫ ʟʘʩʦʙʽʚ ʚʽʡʩʴʢʦʚʦʛʦ ʨʘʜʽʦʟʚôʷʟʢʫ ʧʦʣʷʛʘʻ ʫ ʧʨʦʝʢʪʫʚʘʥʥʽ ʩʧʨʷʤʦʚʘʥʠʭ ʘʥʪʝʥʥʠʭ 

ʩʠʩʪʝʤ. ʉʫʯʘʩʥʽ ʘʢʪʠʚʥʽ ʬʘʟʦʚʘʥʽ ʘʥʪʝʥʥʽ ʨʝʰʽʪʢʠ (ɸʌɸʈ) ʥʘʙʫʚʘʶʪʴ ʚʠʩʦʢʠʭ ʪʝʤʧʽʚ 

ʚʧʨʦʚʘʜʞʝʥʥʷ, ʘ ʾʭ ʧʨʦʝʢʪʫʚʘʥʥʷ ʽ ʫʜʦʩʢʦʥʘʣʝʥʥʷ ʚ ʧʨʦʚʽʜʥʠʭ ʢʨʘʾʥʘʭ ʩʚʽʪʫ ʚʠʟʥʘʥʦ 

ʧʝʨʩʧʝʢʪʠʚʥʠʤ.  

ʊʘʢʦʞ ʫ ʨʦʙʦʪʽ [15] ʧʨʦʚʝʜʝʥʦ ʘʥʘʣʽʟ ʽʩʥʫʶʯʦʛʦ ʩʪʘʥʫ ʩʠʩʪʝʤ ʪʘ ʟʘʩʦʙʽʚ ʨʘʜʽʦʟʚôʷʟʢʫ, 

ʱʦ ʟʥʘʭʦʜʷʪʴʩʷ ʥʘ ʦʟʙʨʦʻʥʥʽ ɿʙʨʦʡʥʠʭ ʉʠʣ ʋʢʨʘʾʥʠ, ʪʘ ʦʙˇʨʫʥʪʦʚʘʥʦ ʜʦʮʽʣʴʥʽʩʪʴ 

ʚʠʢʦʨʠʩʪʘʥʥʷ ɸʌɸʈ ʫ ʷʢʦʩʪʽ ʚʫʟʴʢʦʩʧʨʷʤʦʚʘʥʠʭ ʘʥʪʝʥʥʠʭ ʩʠʩʪʝʤ ʤʦʙʽʣʴʥʦʾ ʢʦʤʧʦʥʝʥʪʠ.  
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ʊʦʤʫ, ʜʣʷ ʧʽʜʚʠʱʝʥʥʷ ʩʧʝʢʪʨʘʣʴʥʦʾ ʪʘ ʝʥʝʨʛʝʪʠʯʥʦʾ ʝʬʝʢʪʠʚʥʦʩʪʽ ʩʠʩʪʝʤ ʚʽʡʩʴʢʦʚʦʛʦ 

ʨʘʜʽʦʟʚôʷʟʢʫ ʧʨʦʧʦʥʫʻʪʴʩʷ ʩʫʤʽʩʥʝ ʚʠʢʦʨʠʩʪʘʥʥʷ ʪʝʭʥʦʣʦʛʽʾ ʄɯʄʆ ʩʧʽʣʴʥʦ ʟ ʘʢʪʠʚʥʠʤʠ 

ʬʘʟʦʚʘʥʠʤʠ ʘʥʪʝʥʥʠʤʠ ʨʝʰʽʪʢʘʤʠ. 

ʊʦʤʫ ʤʝʪʦʶ ʩʪʘʪʪʽ ʻ ʨʦʟʢʨʠʪʪʷ ʧʨʦʮʝʩʫ ʘʜʘʧʪʠʚʥʦʛʦ ʫʧʨʘʚʣʽʥʥʷ ʧʘʨʘʤʝʪʨʘʤʠ 

ɸʌɸʈ, ʷʢʘ ʟʘʙʝʟʧʝʯʫʻ ʧʽʜʚʠʱʝʥʥʷ ʝʥʝʨʛʝʪʠʯʥʦʾ ʪʘ ʯʘʩʪʦʪʥʦʾ ʝʬʝʢʪʠʚʥʦʩʪʽ ʟʘʩʦʙʽʚ 

ʚʽʡʩʴʢʦʚʦʛʦ ʨʘʜʽʦʟʚôʷʟʢʫ, ʟʘ ʨʘʭʫʥʦʢ ʩʧʽʣʴʥʦʾ ʘʜʘʧʪʘʮʽʾ ʧʘʨʘʤʝʪʨʽʚ ʙʘʛʘʪʦʘʥʪʝʥʥʠʭ ʩʠʩʪʝʤ, ʟ 

ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʪʝʭʥʦʣʦʛʽʾ ʄɯʄʆ ʪʘ ʘʢʪʠʚʥʠʭ ʬʘʟʦʚʘʥʠʭ ʘʥʪʝʥʥʠʭ ʨʝʰʽʪʦʢ. 

ʋ [16] ʧʨʦʚʝʜʝʥʦ ʬʦʨʤʘʣʽʟʘʮʽʶ ʨʦʙʦʪʠ ʩʠʩʪʝʤʠ ʄɯʄʆ (ʨʠʩ. 1), ʪʘ ʨʦʟʛʣʷʥʫʪʦ 

ʨʦʟʨʦʙʣʝʥʫ ʤʝʪʦʜʠʢʫ ʘʜʘʧʪʠʚʥʦʛʦ ʫʧʨʘʚʣʽʥʥʷ ʧʘʨʘʤʝʪʨʘʤʠ ʄɯʄʆ-ɸʌɸʈ, ʙʝʟ ʨʦʟʢʨʠʪʪʷ 

ʥʶʘʥʩʽʚ ʚʠʙʦʨʫ ʪʠʧʫ ʨʦʟʧʦʜʽʣʫ, ʱʦ ʚʧʣʠʚʘʻ ʚ ʮʽʣʦʤʫ ʥʘ ʧʨʦʮʝʩ ʜʽʘʛʨʘʤʦʫʪʚʦʨʝʥʥʷ.   

ʋ ʟʘʛʘʣʴʥʦʤʫ ʚʠʧʘʜʢʫ ʩʪʨʫʢʪʫʨʘ ʩʠʩʪʝʤʠ MIMO ʤʘʻ ʚ ʩʚʦʻʤʫ ʩʢʣʘʜʽ ʄt ʧʝʨʝʜʘʚʘʯʽʚ 

(ʧʝʨʝʜʘʚʘʣʴʥʠʭ ʘʥʪʝʥ) ʽ ʄr ʧʨʠʡʤʘʯʽʚ (ʧʨʠʡʤʘʣʴʥʠʭ ʘʥʪʝʥ) (ʨʠʩ. 1).  

ʇʝʨʝʜʘʥʽ ʩʠʛʥʘʣʠ ʧʽʩʣʷ ʚʧʣʠʚʫ ʨʝʣʝʻʚʩʴʢʠʭ ʟʘʚʤʠʨʘʥʴ ʽ ʙʽʣʦʛʦ ʛʘʫʩʽʚʩʴʢʦʛʦ ʰʫʤʫ 

(ɹɻʐ) ʫ ʨʘʜʽʦʢʘʥʘʣʽ, ʥʘʜʭʦʜʷʪʴ ʚ ʄr ʧʨʠʡʤʘʣʴʥʠʭ ʪʨʘʢʪʽʚ. 

ʉʪʨʫʢʪʫʨʥʘ ʩʭʝʤʘ ʪʨʘʜʠʮʽʡʥʦʾ ʩʠʩʪʝʤʠ MIMO ʟʦʙʨʘʞʝʥʘ ʥʘ ʨʠʩ. 1 [6].  
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ʜʝ hij ï ʧʝʨʝʜʘʪʦʯʥʘ ʬʫʥʢʮʽʷ ʤʽʞ i-ʦʶ ʧʝʨʝʜʘʚʘʣʴʥʦʶ ʪʘ j-ʦʶ ʧʨʠʡʤʘʣʴʥʦʶ ʘʥʪʝʥʘʤʠ. 

ɸʤʧʣʽʪʫʜʠ ʽ ʬʘʟʠ ʢʦʝʬʽʮʽʻʥʪʽʚ hij ʚ ʟʘʛʘʣʴʥʦʤʫ ʚʠʧʘʜʢʫ ʻ ʚʠʧʘʜʢʦʚʠʤʠ ʚʝʣʠʯʠʥʘʤʠ ʽʟ-ʟʘ 

ʽʥʪʝʨʬʝʨʝʥʮʽʾ ʨʦʟʩʽʷʥʠʭ ʩʠʛʥʘʣʽʚ.  

ʗʢʱʦ ʧʨʷʤʠʡ ʩʠʛʥʘʣ ʚʠʷʚʣʷʻʪʴʩʷ ʽʩʪʦʪʥʦ ʦʩʣʘʙʣʝʥʠʤ, ʪʦ ʬʘʟʘ ʢʦʝʬʽʮʽʻʥʪʽʚ ʙʫʜʝ 

ʨʽʚʥʦʽʤʦʚʽʨʥʦ ʨʦʟʧʦʜʽʣʝʥʘ ʫ ʤʝʞʘʭ [0, 2ˊ], ʘ ʾʭ ʘʤʧʣʽʪʫʜʘ ʨʦʟʧʦʜʽʣʝʥʘ ʟʘ ʨʝʣʝʻʚʩʴʢʠʤ 

ʟʘʢʦʥʦʤ. ʂʦʣʠ ʩʝʨʝʜʥʷ ʘʤʧʣʽʪʫʜʘ ʥʝ ʜʦʨʽʚʥʶʻ ʥʫʣʶ, ʪʦʜʽ ʚʠʧʘʜʢʦʚʠʡ ʢʦʝʬʽʮʽʻʥʪ ʧʝʨʝʜʘʯʽ 

ʤʘʻ ʨʘʡʩʦʚʩʴʢʠʡ ʨʦʟʧʦʜʽʣ, ʘ ʢʘʥʘʣ ʥʘʟʠʚʘʶʪʴ ʨʘʡʩʦʚʩʴʢʠʤ. 

ɼʦ ʤʝʪʦʜʽʚ ʧʨʦʩʪʦʨʦʚʦ-ʯʘʩʦʚʦʛʦ ʢʦʜʫʚʘʥʥʷ, ʷʢʽ ʥʝ ʧʨʠʧʫʩʢʘʶʪʴ ʥʘʷʚʥʽʩʪʴ ʢʘʥʘʣʴʥʦʾ 

ʽʥʬʦʨʤʘʮʽʾ ʥʘ ʧʝʨʝʜʘʚʘʣʴʥʦʤʫ ʢʽʥʮʽ ʣʽʥʽʾ ʟʚôʷʟʢʫ, ʤʦʞʥʘ ʚʽʜʥʝʩʪʠ ʙʣʦʯʥʝ, ʨʝʰʽʪʯʘʩʪʝ 

ʢʦʜʫʚʘʥʥʷ ʽ, ʪʘʢ ʟʚʘʥʫ, BLAST-ʪʝʭʥʦʣʦʛʽʶ [5 ï 7]. 

ɼʣʷ ʧʦʷʩʥʝʥʥʷ ʽʜʝʾ ʪʘʢʦʛʦ ʢʦʜʫʚʘʥʥʷ ʜʦʩʠʪʴ ʨʦʟʛʣʷʥʫʪʠ ʚʠʧʘʜʦʢ ʜʣʷ ʜʚʦʭ 

ʧʝʨʝʜʘʚʘʣʴʥʠʭ ʽ ʦʜʥʽʻʾ ʧʨʠʡʤʘʣʴʥʦʾ ʘʥʪʝʥ, ʢʦʣʠ ʢʦʜʦʚʘʥʠʡ ʙʣʦʢ ʩʢʣʘʜʘʻʪʴʩʷ ʟ ʜʚʦʭ ʚʭʽʜʥʠʭ 

ʩʠʤʚʦʣʽʚ d1 ʽ d2.  

ɺ ʨʝʟʫʣʴʪʘʪʽ ʮʴʦʛʦ ʚ ʧʝʨʰʠʡ ʤʦʤʝʥʪ ʯʘʩʫ ʧʘʨʘʣʝʣʴʥʦ ʚʠʧʨʦʤʽʥʶʶʪʴʩʷ ʩʠʤʚʦʣʠ d1 ʽ d2, 

ʘ ʚ ʜʨʫʛʠʡ ʤʦʤʝʥʪ ʯʘʩʫ ī ʩʠʤʚʦʣʠ *
1d  ʽ *- 2d . ʊʦʜʽ ʚʚʘʞʘʶʯʠ, ʱʦ ʢʘʥʘʣʴʥʽ ʢʦʝʬʽʮʽʻʥʪʠ ʻ 
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ʧʦʩʪʽʡʥʠʤʠ ʟʘ ʯʘʩ ʧʝʨʝʜʘʯʽ ʩʠʤʚʦʣʽʚ d1 ʽ d2, ʚʝʢʪʦʨ ʧʨʠʡʥʷʪʠʭ ʩʠʛʥʘʣʽʚ ʍ ʙʝʟ ʫʨʘʭʫʚʘʥʥʷ 

ʚʣʘʩʥʦʛʦ ʰʫʤʫ ʤʦʞʥʘ ʧʨʝʜʩʪʘʚʠʪʠ ʫ ʚʠʛʣʷʜʽ: 

DHX block= ; öö
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= *
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1
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÷

õ
ææ
ç

å

-
= **
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ɺʝʢʪʦʨ D ʧʝʨʝʜʘʥʠʭ ʩʠʤʚʦʣʽʚ ʤʦʞʥʘ ʟʥʘʡʪʠ ʯʝʨʝʟ ʟʚʦʨʦʪʥʫ ʤʘʪʨʠʮʶ ( )1-
blockH , ʪʘʢ ʷʢ 

( )XHD
1-

= block . ʇʨʦʪʝ ʤʘʪʨʠʮʷ blockH  ʚʦʣʦʜʽʻ ʪʘʢʦʶ ʚʣʘʩʪʠʚʽʩʪʶ, ʱʦ 

( ) IHH ö
÷
õæ

ç
å +=

2
2

2
1 hhblock

H
block , ʪʦʙʪʦ ( )1

~
-

blockblock HH ʪʘ ʧʨʦʩʪʦʨʦʚʦ-ʯʘʩʦʚʠʡ ʜʝʢʦʜʝʨ ʤʦʞʥʘ 

ʟʘʜʘʪʠ ʤʘʪʨʠʮʝʶ ( )HblockH . ʊʦʜʽ ʚʠʭʽʜʥʠʡ ʚʝʢʪʦʨ ( ) DXHY ö
÷
õæ

ç
å +==

2
2

2
1 hh

H
block . 

ʆʪʞʝ ʜʝʢʦʜʝʨ ʟʘʙʝʟʧʝʯʫʻ ʨʦʟʜʽʣʝʥʥʷ ʧʝʨʝʜʘʥʠʭ: ʩʠʤʚʦʣʽʚ ʟʘ ʜʦʧʦʤʦʛʦʶ ʧʨʦʩʪʦʛʦ 

ʣʽʥʽʡʥʦʛʦ ʧʝʨʝʪʚʦʨʝʥʥʷ ʽ ʢʦʛʝʨʝʥʪʥʦʛʦ ʧʽʜʩʫʤʦʚʫʚʘʥʥʷ ʩʠʛʥʘʣʽʚ ʟ ʢʦʞʥʦʾ ʧʝʨʝʜʘʚʘʣʴʥʦʾ 

ʘʥʪʝʥʠ.  

ʇʨʠ ʮʴʦʤʫ ʚʠʭʽʜʥʽ ʚʣʘʩʥʽ ʰʫʤʠ ʙʫʜʫʪʴ ʩʪʘʪʠʯʥʦ ʥʝʟʘʣʝʞʥʽ. 

BLAST-ʪʝʭʥʦʣʦʛʽʷ ʟʘʩʥʦʚʘʥʘ ʥʘ ʨʦʟʜʽʣʝʥʥʽ ʩʠʛʥʘʣʽʚ ʚ ʧʨʠʡʤʘʣʴʥʠʭ ʘʥʪʝʥʘʭ ʟʘ 

ʜʦʧʦʤʦʛʦʶ ʤʝʪʦʜʫ ʥʘʡʤʝʥʰʠʭ ʢʚʘʜʨʘʪʽʚ [6, 7], ʷʢʠʡ ʧʨʠʧʫʩʢʘʻ ʟʥʘʭʦʜʞʝʥʥʷ ʤʘʪʨʠʮʽ 

ʧʩʝʚʜʦʟʚʦʨʦʪʥʴʦʶ ʜʦ ʢʘʥʘʣʴʥʦʾ ʤʘʪʨʠʮʽ ʅ. ɺʝʢʪʦʨ ʚʭʽʜʥʦʛʦ ʧʨʦʮʝʩʫ ʜʦʨʽʚʥʶʻ NHDX += , ʜʝ 

() () () ()[ ]TN tntntnt 2,, 21=N ī ʚʝʢʪʦʨ ʚʣʘʩʥʠʭ ʰʫʤʽʚ.  

ɺʽʜʧʦʚʽʜʥʦ ʜʦ ʜʘʥʦʛʦ ʤʝʪʦʜʫ ʤʽʥʽʤʽʟʫʻʪʴʩʷ ʚʝʣʠʯʠʥʘ 2
HDX- . ɺ ʨʝʟʫʣʴʪʘʪʽ ʥʝʚʘʞʢʦ 

ʦʪʨʠʤʘʪʠ [5 ï 7], ʱʦ ( ) XHHHD
HH 1-

= . 

ɯʥʰʠʡ ʤʝʪʦʜ ʢʦʜʫʚʘʥʥʷ, ʱʦ ʥʝ ʚʠʤʘʛʘʻ ʥʘʷʚʥʦʩʪʽ ʢʘʥʘʣʴʥʦʾ ʽʥʬʦʨʤʘʮʽʾ ʥʘ 

ʧʝʨʝʜʘʚʘʣʴʥʦʤʫ ʢʽʥʮʽ ʣʽʥʽʾ ʟʚô̫ ʟʢʫ, ʮʝ ʨʝʰʽʪʯʘʩʪʝ ʧʨʦʩʪʦʨʦʚʦ-ʯʘʩʦʚʝ ʢʦʜʫʚʘʥʥʷ, ʷʢʝ ʻ 

ʘʥʘʣʦʛʦʤ ʟʘʚʘʜʦʩʪʽʡʢʦʛʦ ʟʛʦʨʪʦʯʥʦʛʦ ʢʦʜʫʚʘʥʥʷ, ʱʦ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʚ ʩʫʯʘʩʥʠʭ ʩʠʩʪʝʤʘʭ 

ʟʚôʷʟʢʫ [5 ï 7]. ʏʠʩʣʦ ʚʠʭʦʜʽʚ ʢʦʜʝʨʘ ʜʦʨʽʚʥʶʻ ʢʽʣʴʢʦʩʪʽ ʧʝʨʝʜʘʚʘʣʴʥʠʭ ʘʥʪʝʥ.  

ɼʣʷ ʜʝʢʦʜʫʚʘʥʥʷ ʧʨʠʡʥʷʪʠʭ ʩʠʛʥʘʣʽʚ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʤʝʪʦʜʠ ʤʘʢʩʠʤʘʣʴʥʦʾ 

ʧʨʘʚʜʦʧʦʜʽʙʥʦʩʪʽ, ʷʢʽ ʟʘʟʚʠʯʘʡ ʨʝʘʣʽʟʫʶʪʴʩʷ ʟʘ ʜʦʧʦʤʦʛʦʶ ʜʝʢʦʜʝʨʘ ɺʽʪʝʨʙʽ. 

ɿʘʧʨʦʧʦʥʦʚʘʥʘ ʤʝʪʦʜʠʢʘ ʩʢʣʘʜʘʻʪʴʩʷ ʟ ʥʘʩʪʫʧʥʠʭ ʝʪʘʧʽʚ. 

ɺʚʝʜʝʥʥʷ ʚʠʭʽʜʥʠʭ ʜʘʥʠʭ.  

ɺʚʦʜʷʪʴʩʷ ʧʘʨʘʤʝʪʨʠ ʩʠʩʪʝʤʠ ʄɯʄʆ ʪʘ ɸʌɸʈ, ʢʘʥʘʣʫ ʟʚôʷʟʢʫ F = {ji}, 8 ,1=i , ʜʝ 

j1 éj8 ï ʢʽʣʴʢʽʩʪʴ ʧʝʨʝʜʘʚʘʣʴʥʠʭ ʪʘ ʧʨʠʡʤʘʣʴʥʠʭ ʘʥʪʝʥ, ʚʠʜ ʤʦʜʫʣʷʮʽʾ, ʨʦʟʤʽʨʥʽʩʪʴ ʘʥʩʘʤʙʣʶ 

ʩʠʛʥʘʣʽʚ, ʪʨʠʚʘʣʽʩʪʴ ʢʘʜʨʫ ʥʘ ʚʠʭʦʜʽ ʜʝʤʦʜʫʣʷʪʦʨʘ, ʪʨʠʚʘʣʽʩʪʴ ʢʘʜʨʫ ʥʘ ʚʠʭʦʜʽ ʜʝʢʦʜʝʨʘ, 

ʰʚʠʜʢʽʩʪʴ ʢʦʨʠʛʫʚʘʣʴʥʦʛʦ ʢʦʜʫ, ʚʝʣʠʯʠʥʘ ʢʦʜʦʚʦʾ ʚʽʜʩʪʘʥʽ.  

ɺʠʟʥʘʯʝʥʥʷ ʫʤʦʚʥʦʾ ʚʽʜʩʪʘʥʽ ʜʦ ʢʦʨʝʩʧʦʥʜʝʥʪʘ, ʘʙʦ ʨʝʪʨʘʥʩʣʷʪʦʨʘ ʟʚôʷʟʢʫ ʜʣʷ ʚʠʙʦʨʫ 

ʪʠʧʫ ʨʦʟʧʦʜʽʣʫ (ʘʤʧʣʽʪʫʜʥʦ-ʬʘʟʦʚʠʡ/ʬʘʟʦʚʠʡ). 

ʆʮʽʥʢʘ ʩʪʘʥʫ ʢʘʥʘʣʫ ʟʚôʷʟʢʫ. ʅʘ ʜʘʥʦʤʫ ʝʪʘʧʽ ʟʘ ʜʦʧʦʤʦʛʦʶ ʦʜʥʦʛʦ ʟ ʚʽʜʦʤʠʭ ʤʝʪʦʜʽʚ 

[11 - 14] ʦʮʽʥʶʻʪʴʩʷ ʩʪʘʥ ʙʘʛʘʪʦʧʨʦʤʝʥʝʚʦʛʦ ʢʘʥʘʣʫ ʟʚôʷʟʢʫ ʪʘ ʚʠʟʥʘʯʘʻʪʴʩʷ ʡʦʛʦ ʢʘʥʘʣʴʥʘ 

ʤʘʪʨʠʮʷ. 

ɸʜʘʧʪʠʚʥʠʡ ʚʠʙʽʨ ʢʽʣʴʢʦʩʪʽ ʢʘʥʘʣʽʚ ʩʠʩʪʝʤʠ ʄɯʄʆ. ʇʨʦʚʦʜʠʪʴʩʷ ʨʦʟʨʘʭʫʥʦʢ 

ʩʠʥʛʫʣʷʨʥʠʭ ʯʠʩʝʣ.  

ʗʢʱʦ ʤʽʥʽʤʘʣʴʥʝ ʩʠʥʛʫʣʷʨʥʝ ʯʠʩʣʦ ʙʽʣʴʰʝ ʛʨʘʥʠʯʥʦʛʦ, ʪʦ ʪʘʢʠʡ ʨʝʞʠʤ ʙʫʜʝ 

ʟʘʜʦʚʦʣʴʥʷʪʠ ʚʠʤʦʛʘʤ ʜʦ ʡʤʦʚʽʨʥʦʩʪʽ ʙʽʪʦʚʦʾ ʧʦʤʠʣʢʠ - ʚʠʭʽʜ ʽʟ ʮʠʢʣʫ. ɺ ʽʥʰʦʤʫ ʚʠʧʘʜʢʫ 

ʟʤʝʥʰʫʻʤʦ ʯʠʩʣʦ ʢʘʥʘʣʽʚ ʥʘ ʦʜʠʥ. 

ɼʣʷ ʢʦʞʥʦʾ ʢʦʤʙʽʥʘʮʽʾ ʢʘʥʘʣʽʚ, ʱʦ ʟʘʣʠʰʠʣʠʩʷ, ʙʫʜʝʤʦ ʤʘʪʠ ʧʦ ʦʜʥʦʤʫ ʤʽʥʽʤʘʣʴʥʦʤʫ 

ʩʠʥʛʫʣʷʨʥʦʤʫ ʯʠʩʣʫ. ɿʘʣʠʰʠʤʦ ʪʽ ʢʦʤʙʽʥʘʮʽʾ, ʫ ʷʢʠʭ ʤʽʥʽʤʘʣʴʥʝ ʩʠʥʛʫʣʷʨʥʝ ʯʠʩʣʦ ʙʽʣʴʰʝ 

ʧʦʨʦʛʘ. ʗʢʱʦ ʪʘʢʽ ʢʦʤʙʽʥʘʮʽʾ ʻ, ʚʠʙʝʨʝʤʦ ʪʫ ʟ ʥʠʭ, ʫ ʷʢʦʾ ʤʽʥʽʤʘʣʴʥʝ ʩʠʥʛʫʣʷʨʥʝ ʯʠʩʣʦ ʻ 

ʤʘʢʩʠʤʘʣʴʥʠʤ. ʗʢʱʦ ʟʘʣʠʰʠʚʩʷ ʦʜʠʥ ʢʘʥʘʣ ʧʝʨʝʜʘʯʽ - ʚʠʭʽʜ ʽʟ ʮʠʢʣʫ.  

ɿʘʧʨʦʧʦʥʦʚʘʥʠʡ ʘʣʛʦʨʠʪʤ ʜʦʟʚʦʣʷʻ ʥʝ ʪʽʣʴʢʠ ʚʠʟʥʘʯʠʪʠ ʤʘʢʩʠʤʘʣʴʥʦ ʧʨʠʧʫʩʪʠʤʝ 

ʯʠʩʣʦ ʧʘʨʘʣʝʣʴʥʠʭ ʢʘʥʘʣʽʚ ʜʣʷ ʧʝʨʝʜʘʯʽ ʜʘʥʠʭ, ʘʣʝ ʡ ʚʠʙʨʘʪʠ ʥʘʡʙʽʣʴʰ ʟʘʚʘʜʦʩʪʽʡʢʽ ʟ ʥʠʭ. 

ʈʦʟʧʦʜʽʣ ʧʦʪʫʞʥʦʩʪʽ ʩʠʛʥʘʣʫ ʤʽʞ ʚʣʘʩʥʠʤʠ ʢʘʥʘʣʘʤʠ.  
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ɿʘ ʜʦʧʦʤʦʛʦʶ ʚʦʜʦʥʘʣʠʚʥʦʛʦ ʤʝʪʦʜʫ [14], ʟʜʽʡʩʥʶʻʪʴʩʷ ʨʦʟʧʦʜʽʣ ʧʦʪʫʞʥʦʩʪʽ ʤʽʞ 

ʚʣʘʩʥʠʤʠ ʢʘʥʘʣʘʤʠ. ɼʘʥʘ ʧʨʦʮʝʜʫʨʘ ʧʦʚʪʦʨʶʻʪʴʩʷ ʟ ʽʥʪʝʨʚʘʣʦʤ ʛʨt  ʪʨʠʚʘʣʽʩʪʴ ʛʨʫʧʠ 

ʩʠʤʚʦʣʽʚ, ʥʘ ʷʢʽ ʨʦʟʜʽʣʷʻʪʴʩʷ ʧʦʪʽʢ ʩʠʛʥʘʣʽʚ. 

ɸʜʘʧʪʠʚʥʝ ʫʧʨʘʚʣʽʥʥʷ ʧʘʨʘʤʝʪʨʘʤʠ ɸʌɸʈ. 

ɺ ʩʠʩʪʝʤʘʭ ʨʘʜʽʦʟʚôʷʟʢʫ ʘʢʪʫʘʣʴʥʦʶ ʻ ʧʨʦʙʣʝʤʘ ʚʠʜʽʣʝʥʥʷ ʩʠʛʥʘʣʽʚ ʟ ʘʜʠʪʠʚʥʦʾ ʩʫʤʽʰʽ 

ʽʟ ʟʘʚʘʜʘʤʠ, ʧʨʠ ʚʽʜʩʫʪʥʦʩʪʽ ʘʧʨʽʦʨʥʦʾ ʽʥʬʦʨʤʘʮʽʾ ʧʨʦ ʟʘʚʘʜʦʚʫ ʦʙʩʪʘʥʦʚʢʫ.  

ʋ ʮʴʦʤʫ ʚʠʧʘʜʢʫ ʧʨʦʩʪʦʨʦʚʘ ʦʙʨʦʙʢʘ ʩʠʛʥʘʣʽʚ ʫ ɸʌɸʈ ʧʦʣʷʛʘʻ ʚ ʚʠʟʥʘʯʝʥʥʽ ʚʘʛʦʚʦʛʦ 

ʚʝʢʪʦʨʘ, ʱʦ ʟʘʙʝʟʧʝʯʫʻ ʘʚʪʦʤʘʪʠʯʥʝ ʬʦʨʤʫʚʘʥʥʷ ʛʣʠʙʦʢʠʭ ʧʨʦʚʘʣʽʚ ʫ ʜʽʘʛʨʘʤʽ ʩʧʨʷʤʦʚʘʥʦʩʪʽ 

ʚ ʥʘʧʨʷʤʢʫ ʥʘ ʜʞʝʨʝʣʘ ʟʘʚʘʜʠ; ʦʮʽʥʮʽ ʢʽʣʴʢʦʩʪʽ ʜʽʶʯʠʭ ʜʞʝʨʝʣ ʩʠʛʥʘʣʽʚ ʘʙʦ ʟʘʚʘʜ, ʘ ʪʘʢʦʞ ʾʭ 

ʧʘʨʘʤʝʪʨʽʚ - ʘʤʧʣʽʪʫʜʥʦ-ʬʘʟʦʚʠʭ ʟʥʘʯʝʥʴ ʥʘ ʢʦʞʥʦʤʫ ʽʟ ʤʦʜʫʣʽʚ ɸʌɸʈ.  

ʇʨʠ ʧʦʜʘʚʣʝʥʥʽ ʟʘʚʘʜʠ ʚ ɸʌɸʈ ʦʩʥʦʚʥʫ ʩʢʣʘʜʥʽʩʪʴ ʧʨʝʜʩʪʘʚʣʷʻ ʥʝʦʙʭʽʜʥʽʩʪʴ 

ʦʙʝʨʥʝʥʥʷ ʚʠʙʽʨʢʦʚʦʾ ʢʦʨʝʣʷʮʽʡʥʦʾ ʤʘʪʨʠʮʽ ʚʭʽʜʥʦʛʦ ʧʨʦʮʝʩʫ ʚ ʧʨʠʡʤʘʣʴʥʠʭ ʘʥʪʝʥʘʭ.  

ɼʣʷ ʟʥʘʭʦʜʞʝʥʥʷ ʚʘʛʦʚʦʛʦ ʚʝʢʪʦʨʘ ʚ ɸʌɸʈ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʛʨʘʜʽʻʥʪʥʽ ʤʝʪʦʜʠ, 

ʤʝʪʦʜʠ ʧʦʚʦʜʞʝʥʥʷ ʦʮʽʥʢʠ ʢʦʨʝʣʷʮʽʡʥʦʾ ʤʘʪʨʠʮʽ ʚʭʽʜʥʦʛʦ ʧʨʦʮʝʩʫ ʽ ʤʝʪʦʜʠ ʨʝʢʫʨʝʥʪʥʦʛʦ 

ʦʮʽʥʶʚʘʥʥʷ ʟʚʦʨʦʪʥʦʾ ʢʦʨʝʣʷʮʽʡʥʦʾ ʤʘʪʨʠʮʽ [15, 17]. 

ʈʦʟʛʣʷʥʝʤʦ ʙʽʣʴʰ ʜʦʢʣʘʜʥʦ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʘʥʪʝʥʥʠʭ ʨʝʰʽʪʦʢ, ʷʢʽ  ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʚ 

ʩʠʩʪʝʤʽ MɯMO. ʗʢ ʚʽʜʦʤʦ [15, 17], ɸʌɸʈ ʩʢʣʘʜʘʶʪʴʩʷ ʟ ʚʝʣʠʢʦʾ ʢʽʣʴʢʦʩʪʽ ʚʠʧʨʦʤʽʥʶʶʯʠʭ 

ʝʣʝʤʝʥʪʽʚ, ʨʦʟʪʘʰʦʚʘʥʠʭ ʚʽʜʧʦʚʽʜʥʠʤ ʯʠʥʦʤ ʦʜʠʥ ʚʽʜʥʦʩʥʦ ʦʜʥʦʛʦ. ʂʦʣʠ ʩʠʛʥʘʣʠ, ʱʦ 

ʥʘʜʭʦʜʷʪʴ ʜʦ ʚʩʽʭ ʝʣʝʤʝʥʪʽʚ, ʫʟʛʦʜʞʫʶʪʴʩʷ ʟʘ ʘʤʧʣʽʪʫʜʦʶ ʽ ʬʘʟʦʶ, ʫʪʚʦʨʶʻʪʴʩʷ ʧʨʦʤʽʥʴ, 

ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʠʡ ʧʣʦʱʠʥʠ ʘʥʪʝʥʥʦʾ ʨʝʰʽʪʢʠ.  

ʇʝʨʝʤʽʱʝʥʥʷ ʧʨʦʤʝʥʽʚ ʚ ʧʨʦʩʪʦʨʽ ʜʦʩʷʛʘʻʪʴʩʷ ʚʽʜʧʦʚʽʜʥʦ ʬʘʟʦʚʦʤʫ, ʘʙʦ ʘʤʧʣʽʪʫʜʥʦ-

ʬʘʟʦʚʦʤʫ ʨʦʟʧʦʜʽʣʫ ʩʠʛʥʘʣʽʚ ʚ ʝʣʝʤʝʥʪʘʭ ʘʥʪʝʥʥʦʾ ʨʝʰʽʪʢʠ.  

ɺʠʙʽʨ ʨʘʮʽʦʥʘʣʴʥʠʭ ʩʠʛʥʘʣʴʥʦ-ʢʦʜʦʚʠʭ ʢʦʥʩʪʨʫʢʮʽʡ.  

ʅʘ ʜʘʥʦʤʫ ʝʪʘʧʽ ʟʽ ʩʢʽʥʯʝʥʦʾ ʢʽʣʴʢʦʩʪʽ ʢʦʨʠʛʫʚʘʣʴʥʠʭ ʢʦʜʽʚ ʪʘ ʚʠʜʽʚ ʤʦʜʫʣʷʮʽʾ, ʱʦ 

ʚʠʟʥʘʯʘʶʪʴʩʷ ʚʠʭʽʜʥʠʤʠ ʜʘʥʠʤʠ, ʚ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʧʦʪʦʯʥʦʛʦ ʚʽʜʥʦʰʝʥʥʷ ʩʠʛʥʘʣ/ʟʘʚʘʜʘ, ʜʣʷ 

ʢʦʞʥʦʛʦ ʧʽʜʢʘʥʘʣʫ ʚʠʟʥʘʯʘʻʪʴʩʷ ʉʂʂ, ʷʢʘ ʜʦʟʚʦʣʷʻ ʦʪʨʠʤʘʪʠ ʤʘʢʩʠʤʘʣʴʥʝ ʟʥʘʯʝʥʥʷ 

ʰʚʠʜʢʦʩʪʽ ʧʝʨʝʜʘʯʽ ʧʨʠ ʟʘʙʝʟʧʝʯʝʥʥʽ ʟʘʜʘʥʦʾ ʡʤʦʚʽʨʥʦʩʪʽ ʙʽʪʦʚʦʾ ʧʦʤʠʣʢʠ.  

ʆʩʥʦʚʥʽ ʝʪʘʧʠ ʚʠʙʦʨʫ ʦʧʪʠʤʘʣʴʥʠʭ ʩʠʛʥʘʣʴʥʦ-ʢʦʜʦʚʠʭ ʢʦʥʩʪʨʫʢʮʽʡ ʥʘʩʪʫʧʥʽ: 

ʅʘ ʧʽʜʩʪʘʚʽ ʧʘʨʘʤʝʪʨʽʚ ʨʘʜʽʦʟʘʩʦʙʽʚ ʪʘ ʢʘʥʘʣʫ ʟʚôʷʟʢʫ Y = {yi}, ʘ ʪʘʢʦʞ ʟʥʘʯʝʥʥʷ 

ʜʦʧʫʩʪʠʤʦʾ ʚʝʣʠʯʠʥʠ ʡʤʦʚʽʨʥʦʩʪʽ ʙʽʪʦʚʦʾ ʧʦʤʠʣʢʠ ʨʘʜʽʦʟʘʩʦʙʽʚ ʚʠʙʠʨʘʻʤʦ ʨʦʟʤʽʨʥʽʩʪʴ 

ʘʥʩʘʤʙʣʶ ʩʠʛʥʘʣʽʚ N (ʢʦʥʩʪʨʫʢʮʽʾ ʟ ʦʜʥʦʤʽʨʥʠʤʠ, ʜʚʦʤʽʨʥʠʤʠ ʠ ʙʘʛʘʪʦʤʽʨʥʠʤʠ ʩʠʛʥʘʣʘʤʠ), 

ʘ ʪʘʢʦʞ ʩʪʨʫʢʪʫʨʘ ʘʥʩʘʤʙʣʶ ʩʠʛʥʘʣʽʚ.  

ʆʪʨʠʤʘʥʦ ʘʥʘʣʽʪʠʯʥʽ ʟʘʣʝʞʥʦʩʪʽ ʜʣʷ ʨʦʟʨʘʭʫʥʢʫ ʡʤʦʚʽʨʥʦʩʪʽ ʙʽʪʦʚʦʾ ʧʦʤʠʣʢʠ ʧʨʠ 

ʚʠʢʦʨʠʩʪʘʥʥʽ ʄ-ʧʦʟʠʮʽʡʥʠʭ ʩʠʛʥʘʣʽʚ ʟ ʬʘʟʦʚʦʶ ʤʘʥʽʧʫʣʷʮʽʻʶ (ʌʄ-ʄ) ʪʘ ʘʤʧʣʽʪʫʜʥʦ-

ʬʘʟʦʚʦʶ ʤʘʥʽʧʫʣʷʮʽʻʶ (ɸʌʄ-ʄ) ʜʣʷ ʚʠʧʘʜʢʫ ʧʝʨʝʜʘʯʽ ʽʥʬʦʨʤʘʮʽʾ ʧʦ ʦʜʥʦʤʫ ʢʘʥʘʣʫ 

ʩʠʩʪʝʤʠ MIMO ʚ ʫʤʦʚʘʭ ʚʧʣʠʚʫ ʬʣʫʢʪʫʘʮʽʡʥʦʛʦ ʰʫʤʫ ʪʘ ʥʘʚʤʠʩʥʠʭ ʟʘʚʘʜ. 

ʋ ʢʘʥʘʣʽ ʟ ʩʝʣʝʢʪʠʚʥʠʤʠ ʟʘʚʤʠʨʘʥʥʷʤʠ ʪʘ ʙʽʣʠʤ ʰʫʤʦʤ ʧʨʠ ʢʦʛʝʨʝʥʪʥʦʤʫ ʧʨʠʡʤʘʥʥʽ 

ʚʽʜʦʤʽ ʪʦʯʥʽ ʬʦʨʤʫʣʠ ʡʤʦʚʽʨʥʦʩʪʽ ʙʽʪʦʚʦʾ ʧʦʤʠʣʢʠ ʜʣʷ ʤʦʜʫʣʷʮʽʾ ʌʄ-ʄ (ʄ>2) [6 ï 9].  

ʋ ʢʘʥʘʣʽ ʟ ʩʝʣʝʢʪʠʚʥʠʤʠ ʟʘʚʤʠʨʘʥʥʷʤʠ ʪʘ ʙʽʣʠʤ ʰʫʤʦʤ ʧʨʠ ʢʦʛʝʨʝʥʪʥʦʤʫ ʧʨʠʡʤʘʥʥʽ 

ʚʽʜʦʤʽ ʪʦʯʥʽ ʬʦʨʤʫʣʠ ʡʤʦʚʽʨʥʦʩʪʽ ʙʽʪʦʚʦʾ ʧʦʤʠʣʢʠ ʜʣʷ ʤʦʜʫʣʷʮʽʾ ʌʄ-ʄ (ʄ>2) [6 ï 9, 17].  

ʈʦʟʨʦʙʣʝʥʘ ʤʝʪʦʜʠʢʘ [16] ʜʦʟʚʦʣʷʻ ʨʦʟʰʠʨʠʪʠ ɼʉ ɸʌɸʈ ʟʘ ʫʤʦʚʠ ʤʽʥʽʤʽʟʘʮʽʾ ʚʪʨʘʪ ʧʦ 

ʢʦʝʬʽʮʽʻʥʪʫ ʧʽʜʩʠʣʝʥʥʷ ʘʥʪʝʥʠ, ʧʦʪʝʥʮʽʘʣʫ ʥʘ ʚʠʭʦʜʽ ʨʘʜʽʦʩʪʘʥʮʽʾ ʘ ʪʘʢʦʞ ʟʘʙʝʟʧʝʯʝʥʥʷ 

ʥʝʦʙʭʽʜʥʦʛʦ ʨʽʚʥʷ ʙʦʢʦʚʠʭ ʧʝʣʶʩʪʢʽʚ ʽ ʥʝʦʙʭʽʜʥʦʾ ʣʽʥʽʡʥʦʩʪʽ ʽ ʢʨʫʪʠʟʥʠ ʧʝʣʝʥʛʘʮʽʡʥʦʾ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ [19].  

ʎʽʣʢʦʤ ʦʯʝʚʠʜʥʦ, ʱʦ ʬʦʨʤʫʚʘʥʥʷ ʚʽʜʧʦʚʽʜʥʦʛʦ ʘʤʧʣʽʪʫʜʥʦʛʦ ʨʦʟʧʦʜʽʣʫ, ʽ ʪʠʤ ʧʘʯʝ 

ʧʦʚʥʝ ʚʽʜʢʣʶʯʝʥʥʷ ʘʢʪʠʚʥʠʭ ʝʣʝʤʝʥʪʽʚ (ʜʣʷ ʟʤʝʥʰʝʥʥʷ ʘʧʝʨʪʫʨʠ) ʧʨʠʟʚʝʜʝ ʜʦ ʚʪʨʘʪ ʥʝ 

ʪʽʣʴʢʠ ʢʦʝʬʽʮʽʻʥʪʘ ʧʽʜʩʠʣʝʥʥʷ ʘ ʡ ʧʦʪʝʥʮʽʘʣʫ.  

ʊʦʤʫ ʘʢʪʫʘʣʴʥʽʩʪʴ ʧʦʰʫʢʫ ʦʧʪʠʤʘʣʴʥʦʛʦ ʬʘʟʦʚʦʛʦ ʘ) ʘʙʦ ʘʤʧʣʽʪʫʜʥʦ-ʬʘʟʦʚʦʛʦ 

ʨʦʟʧʦʜʽʣʫ ʙ) (ʨʠʩ. 2) ʜʣʷ ʟʘʙʝʟʧʝʯʝʥʥʷ ʟʚôʷʟʢʫ ʥʘ ʨʽʟʥʫ ʚʽʜʩʪʘʥʴ ʜʦ ʢʦʨʝʩʧʦʥʜʝʥʪʘ ʥʝ ʚʠʢʣʠʢʘʻ 

ʩʫʤʥʽʚʫ. ɿʘʩʪʦʩʫʚʘʥʥʷ ʪʦʛʦ ʯʠ ʽʥʰʦʛʦ ʤʝʪʦʜʫ ʟʘʣʝʞʠʪʴ ʷʢ ʚʽʜ ʢʦʝʬʽʮʽʻʥʪʫ ʨʦʟʰʠʨʝʥʥʷ, ʪʘʢ ʽ 

ʚʽʜ ʽʥʰʠʭ ʧʘʨʘʤʝʪʨʽʚ ɼʉ ʜʦ ʷʢʠʭ ʚʠʩʫʚʘʶʪʴʩʷ ʩʧʝʮʠʬʽʯʥʽ ʚʠʤʦʛʠ.  
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ʆʜʥʠʤ ʽʟ ʥʘʡʙʽʣʴʰ ʧʨʦʩʪʠʭ ʩʧʦʩʦʙʽʚ ʨʦʟʰʠʨʝʥʥʷ ɼʉ ʧʨʠ ʨʽʚʥʦʤʽʨʥʦʤʫ ʘʤʧʣʽʪʫʜʥʦʤʫ 

ʨʦʟʧʦʜʽʣʽ ʻ ʬʘʟʦʚʠʡ ʨʦʟʧʦʜʽʣ, ʱʦ ʦʧʠʩʫʻʪʴʩʷ ʨʽʚʥʷʥʥʷʤ ʢʦʥʫʩʫ ʪʨʴʦʭʚʠʤʽʨʥʠʡ ʚʠʜ ʷʢʦʛʦ ʽ 

ʚʠʜ ʥʘ ʧʦʣʦʪʥʽ ɸʌɸʈ ʧʨʝʜʩʪʘʚʣʝʥʦ ʥʘ ʨʠʩ. 2ʘ ʡ 3ʙ ʚʽʜʧʦʚʽʜʥʦ.  

ʇʘʨʘʤʝʪʨʠ ʨʽʚʥʷʥʥʷ, ʥʝʦʙʭʽʜʥʽ ʜʣʷ ʟʘʜʘʥʦʛʦ ʚʠʜʫ ʨʦʟʧʦʜʽʣʫ, ʟʘʜʘʶʪʴʩʷ ʘʚʪʦʤʘʪʠʯʥʦ ʽ 

ʟʘʣʝʞʘʪʴ ʚʽʜ ʛʝʦʤʝʪʨʽʾ ɸʌɸʈ.  

ɼʦʩʣʽʜʞʝʥʥʷ ʬʘʟʦʚʦʛʦ ʨʦʟʧʦʜʽʣʫ [19, 20] ʧʨʠ ʨʽʟʥʠʭ ʟʥʘʯʝʥʥʷʭ ʧʘʨʘʤʝʪʨʽʚ ʢʦʥʫʩʘ 

ʧʦʢʘʟʘʣʦ, ʱʦ ʨʦʟʰʠʨʝʥʥʷ ʩʫʤʘʨʥʦʛʦ ʧʨʦʤʝʥʷ ɼʉ ʙʝʟ ʡʦʛʦ ʧʦʜʚʦʻʥʥʷ ï ʥʝʟʥʘʯʥʝ ʽ ʥʝ 

ʧʝʨʝʚʠʱʫʻ ʦʜʠʥʠʮʴ ʚʽʜʩʦʪʢʽʚ (ʜʠʚ. ʨʠʩ. 4).  

ɯʟ ʨʠʩʫʥʢʫ ʚʠʜʥʦ, ʱʦ ʚʠʢʦʨʠʩʪʘʥʥʷ ʚʠʢʣʶʯʥʦ ʬʘʟʦʚʦʛʦ ʩʧʦʩʦʙʫ ʨʦʟʧʦʜʽʣʫ ʜʣʷ 

ʢʝʨʫʚʘʥʥʷ ʧʘʨʘʤʝʪʨʘʤʠ ʧʨʦʤʝʥʷ ɸʌɸʈ ʟʘ ʨʽʚʥʦʤʽʨʥʠʭ ʟʥʘʯʝʥʴ ʘʤʧʣʽʪʫʜʠ ʧʨʠʚʦʜʠʪʴ ʜʦ 

ʧʦʩʽʯʝʥʦʩʪʽ ʛʦʣʦʚʥʦʛʦ ʧʝʣʶʩʪʢʘ ʽ ʟʨʦʩʪʘʥʥʷ ʨʽʚʥʷ ʙʦʢʦʚʠʭ ʧʝʣʶʩʪʢʽʚ.  
 

 
                              ʘ)                                                                           ʙ) 

ʈʠʩ. 2. ʌʘʟʦʚʠʡ ʨʦʟʧʦʜʽʣ ʪʠʧʫ ñʢʦʥʫʩò 

 
ʈʠʩ. 3. ɸʤʧʣʽʪʫʜʥʦ-ʬʘʟʦʚʠʡ ʨʦʟʧʦʜʽʣ ʪʠʧʫ ñʢʦʩʠʥʫʩò 

 

ɼʣʷ ʪʦʛʦ, ʱʦʙ ʮʝ ʢʦʤʧʝʥʩʫʚʘʪʠ, ʜʦʜʘʪʢʦʚʦ ʚʚʦʜʠʪʴʩʷ ʥʝʣʽʥʽʡʥʽʩʪʴ ʘʤʧʣʽʪʫʜʥʦʛʦ 

ʨʦʟʧʦʜʽʣʫ.  

ɿʤʽʰʘʥʠʡ ʘʤʣʽʪʫʜʥʦ-ʬʘʟʦʚʠʡ ʤʝʪʦʜ ʫʧʨʘʚʣʽʥʥʷ ʧʘʨʘʤʝʪʨʘʤʠ ɼʉ ʧʨʠʟʚʦʜʠʪʴ ʜʦ 

ʜʦʜʘʪʢʦʚʠʭ ʚʪʨʘʪ ʧʽʜʩʠʣʝʥʥʷ, ʘʣʝ ʜʦʟʚʦʣʷʻ ʟʙʽʣʴʰʠʪʠ ʢʨʫʪʠʟʥʫ ʡ ʣʽʥʽʡʥʽ ʧʝʣʝʥʛʘʮʽʡʥʽ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ, ʥʽʞ ʧʨʦʩʪʦ ʬʘʟʦʚʠʡ ʤʝʪʦʜ.   

ʇʘʨʘʤʝʪʨʠ ʘʤʧʣʽʪʫʜʥʦʛʦ ʽ ʬʘʟʦʚʦʛʦ ʨʦʟʧʦʜʽʣʽʚ ʟʘʜʘʶʪʴʩʷ ʘʚʪʦʤʘʪʠʯʥʦ.  

ɺʠʢʦʨʠʩʪʘʥʥʷ ʪʘʢʦʛʦ ʚʠʜʫ ʨʦʟʧʦʜʽʣʫ (ʨʠʩ. 5) ʜʦʟʚʦʣʷʻ ʨʦʟʰʠʨʠʪʠ ɼʉ ʜʦ ʚʦʩʴʤʠ ʨʘʟʽʚ 

ʚʽʜʥʦʩʥʦ ʚʠʧʘʜʢʫ ʨʽʚʥʦʤʽʨʥʦʛʦ ʘʤʧʣʽʪʫʜʥʦ-ʬʘʟʦʚʦʛʦ ʨʦʟʧʦʜʽʣʫ ʧʨʠ ʟʙʝʨʝʞʝʥʥʽ ʜʦʩʪʘʪʥʴʦʾ 

ʢʨʫʪʠʟʥʠ ʪʘ ʣʽʥʽʡʥʦʩʪʽ ʧʝʣʝʥʛʘʮʽʡʥʦʾ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ (ʜʠʚ. ʨʠʩ. 5).  

ɯʟ ʛʨʘʬʽʢʘ ʚʠʜʥʦ, ʱʦ ʧʦʯʠʥʘʶʯʠ ʟ ʜʝʷʢʦʛʦ ʟʥʘʯʝʥʥʷ, ɼʉ ʻ ʩʠʣʴʥʦ ʧʦʩʽʯʝʥʦʶ, ʥʝ 

ʜʠʚʣʷʯʠʩʴ ʥʘ ʢʦʤʧʝʥʩʫʶʯʠʡ ʚʧʣʠʚ ʥʝʣʽʥʽʡʥʦʛʦ ʘʤʧʣʽʪʫʜʥʦʛʦ ʨʦʟʧʦʜʽʣʫ. ʎʝ ʧʨʠʟʚʦʜʠʪʴ ʜʦ 

ʟʨʦʩʪʘʥʥʷ ʙʦʢʦʚʠʭ ʧʝʣʶʩʪʢʽʚ, ʟʥʘʯʥʽʡ ʥʝʣʽʥʽʡʥʦʩʪʽ ʧʝʣʝʥʛʘʮʽʡʥʦʾ  ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʡ 

ʟʤʝʥʰʝʥʥʶ ʢʦʝʬʽʮʽʻʥʪʘ ʧʽʜʩʠʣʝʥʥʷ ʘʥʪʝʥʠ.  
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ɺʠʢʦʨʠʩʪʘʥʥʷ ʥʝʣʽʥʽʡʥʦʛʦ ʘʤʧʣʽʪʫʜʥʦ-ʬʘʟʦʚʦʛʦ ʨʦʟʧʦʜʽʣʫ, ʜʝ ʷʢ ʘʤʧʣʽʪʫʜʘ, ʪʘʢ ʽ ʬʘʟʘ 

ʤʘʶʪʴ ʚʠʛʣʷʜ Ăʢʦʩʠʥʫʩʘò ʜʦʟʚʦʣʷʻ ʫʧʨʘʚʣʷʪʠ ʨʦʟʰʠʨʝʥʥʷʤ ʧʨʦʤʝʥʷ ʚ ʰʠʨʦʢʦʤʫ ʜʽʘʧʘʟʦʥʽ 

ʟʥʘʯʝʥʴ (ʨʦʟʰʠʨʝʥʥʷ ʜʦ ʜʝʩʷʪʢʽʚ ʨʘʟʽʚ). 

 

 

 

 

 

 

 

 

 

 

 
 

          ʈʠʩ. 4. ʌʫʥʢʮʽʷ ʨʦʟʧʦʜʽʣʫ ʧʨʠ ʨʽʟʥʠʭ              ʈʠʩ. 5. ʌʫʥʢʮʽʷ ʨʦʟʧʦʜʽʣʫ ʧʨʠ ʘʤʧʣʽʪʫʜʥʦ-   

                          ʟʥʘʯʝʥʥʷʭ ʧʘʨʘʤʝʪʨʽʚ Ăʢʦʥʫʩʘò                       ʬʘʟʦʚʦʤʫ ʨʦʟʧʦʜʽʣʽ ʪʠʧʫ Ăʢʦʩʠʥʫʩò 
 

ɸʣʝ ʧʦʜʽʙʥʝ ʨʦʟʰʠʨʝʥʥʷ ʜʽʘʛʨʘʤʠ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʩʠʣʴʥʦʾ ʧʦʩʽʯʝʥʦʩʪʽ, ʥʝʣʽʥʽʡʥʦʩʪʽ 

ʧʝʣʝʥʛʘʮʽʡʥʦʾ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʡ ʟʥʘʯʥʦʛʦ ʟʤʝʥʰʝʥʥʷ ʢʦʝʬʽʮʽʻʥʪʘ ʧʽʜʩʠʣʝʥʥʷ ʘʥʪʝʥʠ.  

ʆʜʥʘʢ, ʧʦʜʽʙʥʽ ɼʉ ʤʦʞʫʪʴ ʟʘʩʪʦʩʦʚʫʚʘʪʠʩʴ, ʥʘʧʨʠʢʣʘʜ, ʧʨʠ ʨʦʙʦʪʽ ʨʘʜʽʦʩʪʘʥʮʽʡ ʽʟ 

ʚʫʟʴʢʦʩʧʨʷʤʦʚʘʥʠʤʠ ʘʥʪʝʥʘʤʠ ʚ ʙʣʠʞʥʽʡ ʟʦʥʽ, ʢʦʣʠ ʥʝ ʤʘʻ ʥʝʦʙʭʽʜʥʦʩʪʽ ʚʠʟʥʘʯʝʥʥʷ 

ʢʦʦʨʜʠʥʘʪ ʦʙôʻʢʪʘ (ʢʦʨʝʩʧʦʥʜʝʥʪʘ).  

ʈʝʟʫʣʴʪʘʪʠ ʪʘʢʦʛʦ ʩʝʣʝʢʪʠʚʥʦʛʦ ʚʠʙʦʨʫ ʨʦʟʧʦʜʽʣʫ ʜʦʟʚʦʣʷʪʴ ʥʘʡʙʽʣʴʰ ʧʦʚʥʦ 

ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʝʥʝʨʛʝʪʠʯʥʽ ʨʝʩʫʨʩʠ ʨʘʜʽʦʩʪʘʥʮʽʡ ʧʦ ʫʧʨʘʚʣʽʥʥʶ ɼʉ (ʟ ʤʽʥʽʤʘʣʴʥʠʤʠ 

ʚʪʨʘʪʘʤʠ ʟ ʢʦʝʬʽʮʽʻʥʪʘ ʧʽʜʩʠʣʝʥʥʷ ʽ ʰʚʠʜʢʽʩʪʶ ʧʝʨʝʜʘʯʽ ʫʩʽʭ ʚʠʜʽʚ ʪʨʘʬʽʢʫ) ʷʢ ʽʟ ʣʽʪʘʣʴʥʠʤʠ 

ʘʧʘʨʘʪʘʤʠ, ʪʘʢ ʽ ʟ ʥʘʟʝʤʥʠʤʠ ʦʙôʻʢʪʘʤʠ. 
 

ɺʠʩʥʦʚʢʠ 

1. ʋ ʨʦʙʦʪʽ ʨʦʟʢʨʠʪʦ ʚʘʨʽʘʥʪʠ ʚʠʙʦʨʫ ʪʠʧʫ ʨʦʟʧʦʜʽʣʫ ʟʘʧʨʦʧʦʥʦʚʘʥʦʾ [16] ʤʝʪʦʜʠʢʠ 

ʩʝʣʝʢʪʠʚʥʦʛʦ ʫʧʨʘʚʣʽʥʥʷ ʧʘʨʘʤʝʪʨʘʤʠ ʙʘʛʘʪʦʘʥʪʝʥʥʠʭ ʩʠʩʪʝʤ ʚʽʡʩʴʢʦʚʦʛʦ ʨʘʜʽʦʟʚôʷʟʢʫ ʟ 

ʘʢʪʠʚʥʠʤʠ ʬʘʟʦʚʘʥʠʤʠ ʘʥʪʝʥʥʠʤʠ ʨʝʰʽʪʢʘʤʠ. ʉʫʪʥʽʩʪʴ ʤʝʪʦʜʠʢʠ ʧʦʣʷʛʘʻ ʫ ʘʜʘʧʪʘʮʽʾ 

ʧʘʨʘʤʝʪʨʽʚ ʙʘʛʘʪʦʘʥʪʝʥʥʠʭ ʩʠʩʪʝʤ ʚʽʡʩʴʢʦʚʦʛʦ ʨʘʜʽʦʟʚôʷʟʢʫ ʟ ʘʢʪʠʚʥʠʤʠ ʬʘʟʦʚʘʥʠʤʠ 

ʘʥʪʝʥʥʠʤʠ ʨʝʰʽʪʢʘʤʠ ʚ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʩʠʛʥʘʣʴʥʦ-ʟʘʚʘʜʦʚʦʾ ʦʙʩʪʘʥʦʚʢʠ ʪʘ ʚʽʜʩʪʘʥʽ ʜʦ 

ʢʦʨʝʩʧʦʥʜʝʥʪʘ.  

2. ʄʝʪʦʜʠʢʘ ʜʦʟʚʦʣʷʻ ʟʘʙʝʟʧʝʯʠʪʠ ʚʠʙʽʨ ʪʠʧʫ ʫʧʨʘʚʣʽʥʥʷ ʜʽʘʛʨʘʤʦʶ ʥʘʧʨʘʚʣʝʥʦʩʪʽ 

ʙʘʛʘʪʦʘʥʪʝʥʥʠʭ ʩʠʩʪʝʤ ʚʽʡʩʴʢʦʚʦʛʦ ʧʨʠʟʥʘʯʝʥʥʷ ʟʘ ʨʘʭʫʥʦʢ ʩʫʤʽʩʥʦʛʦ ʘʜʘʧʪʠʚʥʦʛʦ 

ʫʧʨʘʚʣʽʥʥʷ ʧʘʨʘʤʝʪʨʽʚ ʙʘʛʘʪʦʘʥʪʝʥʥʠʭ ʩʠʩʪʝʤ ʚʽʡʩʴʢʦʚʦʛʦ ʨʘʜʽʦʟʚôʷʟʢʫ ʪʘ ʘʢʪʠʚʥʠʭ 

ʬʘʟʦʚʘʥʠʭ ʘʥʪʝʥʥʠʭ ʨʝʰʽʪʦʢ ʥʘ ʨʽʟʥʽ ʚʽʜʩʪʘʥʽ. 

3. ʈʝʟʫʣʴʪʘʪʠ ʪʘʢʦʛʦ ʩʝʣʝʢʪʠʚʥʦʛʦ ʚʠʙʦʨʫ ʨʦʟʧʦʜʽʣʫ ʜʦʟʚʦʣʷʪʴ ʥʘʡʙʽʣʴʰ ʧʦʚʥʦ 

ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʝʥʝʨʛʝʪʠʯʥʽ ʨʝʩʫʨʩʠ ʨʘʜʽʦʩʪʘʥʮʽʡ ʩʠʩʪʝʤʠ ʄɯʄʆ ʟ ʫʧʨʘʚʣʽʥʥʷ ɼʉ. 

4. ɺʠʢʦʨʠʩʪʘʥʥʷ ʨʦʟʨʦʙʣʝʥʦʾ ʤʝʪʦʜʠʢʠ ʜʦʟʚʦʣʠʪʴ ʧʽʜʚʠʱʠʪʠ ʟʘʚʘʜʦʟʘʭʠʱʝʥʽʩʪʴ 

ʩʠʩʪʝʤʠ ʨʘʜʽʦʟʚôʷʟʢʫ ʥʘ 12 ï 14 % ʫ ʧʦʨʽʚʥʷʥʥʽ ʟ ʚʽʜʦʤʠʤʠ, ʘ ʟ ʫ ʧʦʻʜʥʘʥʥʽ ʟ ʨʦʟʨʦʙʣʝʥʦʶ 

ʤʝʪʦʜʠʢʦʶ ʙʝʟʝʪʘʣʦʥʥʦʾ ʦʮʽʥʢʠ [14] ʥʘ 15 ï 23 %. 

5. ʅʘʧʨʷʤʢʦʤ ʧʦʜʘʣʴʰʠʭ ʜʦʩʣʽʜʞʝʥʴ ʻ ʨʦʟʨʦʙʢʘ ʤʝʪʦʜʠʢʠ ʚʠʨʽʚʥʶʚʘʥʥʷ ʯʘʩʦʚʠʭ 

ʽʥʪʝʨʚʘʣʽʚ ʫʧʨʘʚʣʽʥʥʷ ʧʘʨʘʤʝʪʨʘʤʠ ʩʠʩʪʝʤʠ ʄɯʄʆ-ɸʌɸʈ ʟ ʤʝʪʦʶ ʟʘʙʝʟʧʝʯʝʥʥʷ ʚʠʤʦʛ ʜʦ 

ʯʘʩʦʚʠʭ ʽʥʪʝʨʚʘʣʽʚ ʨʝʛʫʣʶʚʘʥʥʷ ʧʨʦʮʝʩʘʤʠ ʚʩʪʘʥʦʚʣʝʥʥʷ ʽ ʚʝʜʝʥʥʷ ʟʚôʷʟʢʫ. 
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ʄɽʊʆɼʆʃʆɻɯʗ ʉʀʅʊɽɿʋ ɸɺʊʆʄɸʊʀɿʆɺɸʅʆɰ ʉʀʉʊɽʄʀ ʋʇʈɸɺʃɯʅʅʗ 

ʊɽʃɽʂʆʄʋʅɯʂɸʎɯʁʅʀʄʀ ʉʀʉʊɽʄɸʄʀ ɺɯʁʉʔʂʆɺʆɻʆ ʇʈʀɿʅɸʏɽʅʅʗ 

 

ɿʘʧʨʦʧʦʥʦʚʘʥʦ ʤʝʪʦʜʦʣʦʛʽʶ ʩʪʚʦʨʝʥʥʷ ʘʚʪʦʤʘʪʠʟʦʚʘʥʦʾ ʩʠʩʪʝʤʠ ʫʧʨʘʚʣʽʥʥʷ ʪʝʣʝʢʦʤʫʥʽʢʘʮʽʡʥʠʤʠ 

ʩʠʩʪʝʤʘʤʠ ʚʽʡʩʴʢʦʚʦʛʦ ʧʨʠʟʥʘʯʝʥʥʷ. ɺʠʟʥʘʯʝʥʦ ʦʙôʻʢʪ, ʧʨʝʜʤʝʪ, ʟʘʜʘʯʽ ʪʘ ʟʘʩʦʙʠ ʜʣʷ ʾʭ ʚʠʨʽʰʝʥʥʷ, ʘ ʪʘʢʦʞ 

ʧʦʩʣʽʜʦʚʥʽʩʪʴ ʩʠʥʪʝʟʫ ʩʠʩʪʝʤʠ ʫʧʨʘʚʣʽʥʥʷ, ʦʙˇʨʫʥʪʦʚʘʥʽ ʧʨʠʥʮʠʧʠ ʾʾ ʧʦʙʫʜʦʚʠ, ʩʪʨʫʢʪʫʨʘ ʪʘ ʬʫʥʢʮʽʾ, 

ʧʦʢʘʟʥʠʢʠ ʪʘ ʢʨʠʪʝʨʽʾ ʝʬʝʢʪʠʚʥʦʩʪʽ. 

ɹʦʚʜʘ ʕ.ʄ., ʈʦʤʘʥʶʢ ɺ.ɸ., ɾʫʢ ʆ.ɺ. ʄʝʪʦʜʦʣʦʛʠʷ ʩʠʥʪʝʟʫ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʦʡ ʩʠʩʪʝʤʳ 

ʫʧʨʘʚʣʝʥʠʷ ʩʚʷʟʴʶ ʚʦʝʥʥʦʛʦ ʥʘʟʥʘʯʝʥʠʷ. ʇʨʝʜʣʦʞʝʥʘ ʤʝʪʦʜʦʣʦʛʠʷ ʩʦʟʜʘʥʠʷ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʦʡ ʩʠʩʪʝʤʳ 

ʫʧʨʘʚʣʝʥʠʷ ʪʝʣʝʢʦʤʫʥʠʢʘʮʠʦʥʥʳʤʠ ʩʠʩʪʝʤʘʤʠ ʚʦʝʥʥʦʛʦ ʥʘʟʥʘʯʝʥʠʷ. ʆʧʨʝʜʝʣʝʥʳ ʦʙʲʝʢʪ, ʧʨʝʜʤʝʪ, ʟʘʜʘʯʠ ʠ 

ʩʨʝʜʩʪʚʘ ʜʣʷ ʠʭ ʨʝʰʝʥʠʷ, ʘ ʪʘʢʞʝ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴ ʩʠʥʪʝʟʘ ʩʠʩʪʝʤʳ ʫʧʨʘʚʣʝʥʠʷ, ʦʙʦʩʥʦʚʘʥʳ ʧʨʠʥʮʠʧʳ ʝʝ 

ʧʦʩʪʨʦʝʥʠʷ, ʩʪʨʫʢʪʫʨʘ ʠ ʬʫʥʢʮʠʠ, ʧʦʢʘʟʘʪʝʣʠ ʠ ʢʨʠʪʝʨʠʠ ʵʬʬʝʢʪʠʚʥʦʩʪʠ. 

E.Bovda, V.Romanyuk, O.Zuk Methodology the synthesis of the automated system for control of 

communications for military purposes. The proposed methodology of the automated system of management of 

communication networks for military purposes. Defined the object, subject, objectives and tools for their solutions, as 

well as the sequence of synthesis of a control system and substantiates the principles of its construction, structure and 

functions, indicators and criteria of efficiency. 

ʂʣʶʯʦʚʽ ʩʣʦʚʘ: ʘʚʪʦʤʘʪʠʟʦʚʘʥʘ ʩʠʩʪʝʤʘ ʫʧʨʘʚʣʽʥʥʷ ʟʚôʷʟʢʦʤ; ʩʠʩʪʝʤʘ ʫʧʨʘʚʣʽʥʥʷ, ʩʠʥʪʝʟ ʩʠʩʪʝʤʠ 

ʫʧʨʘʚʣʽʥʥʷ. 

ʇʦʩʪʘʥʦʚʢʘ ʧʨʦʙʣʝʤʠ ʚ ʟʘʛʘʣʴʥʦʤʫ ʚʠʛʣʷʜʽ. ɼʦ ʩʢʣʘʜʫ ʩʠʩʪʝʤʠ ʫʧʨʘʚʣʽʥʥʷ 

ʚʽʡʩʴʢʦʚʦʛʦ ʧʨʠʟʥʘʯʝʥʥʷ ʚʭʦʜʠʪʴ ʚʘʞʣʠʚʘ ʩʢʣʘʜʦʚʘ ï ʩʠʩʪʝʤʘ ʟʚôʷʟʢʫ (ʉɿ). ɺʦʥʘ ʻ 

ʪʨʘʥʩʧʦʨʪʥʠʤ ʩʝʨʝʜʦʚʠʱʝʤ, ʱʦ ʦʙôʻʜʥʫʻ ʦʨʛʘʥʠ ʪʘ ʧʫʥʢʪʠ ʫʧʨʘʚʣʽʥʥʷ ʨʽʟʥʠʭ ʨʽʚʥʽʚ ʽʻʨʘʨʭʽʾ 

ʩʠʩʪʝʤʠ ʫʧʨʘʚʣʽʥʥʷ [1]. ɼʣʷ ʦʧʝʨʘʪʠʚʥʦʛʦ ʫʧʨʘʚʣʽʥʥʷ ʩʠʩʪʝʤʦʶ ʟʚôʷʟʢʫ ʩʪʚʦʨʶʻʪʴʩʷ ʩʠʩʪʝʤʘ 

ʫʧʨʘʚʣʽʥʥʷ ʟʚôʷʟʢʦʤ (ʉʋɿ). ɺʦʥʘ ʩʢʣʘʜʘʻʪʴʩʷ ʟ ʦʨʛʘʥʽʚ, ʧʫʥʢʪʽʚ ʫʧʨʘʚʣʽʥʥʷ ʪʘ 

ʘʚʪʦʤʘʪʠʟʦʚʘʥʠʭ ʩʠʩʪʝʤ ʫʧʨʘʚʣʽʥʥʷ ʟʚôʷʟʢʦʤ (ɸʉʋɿ), ʘ ʪʘʢʦʞ ʪʝʣʝʢʦʤʫʥʽʢʘʮʽʡʥʠʭ 

ʧʽʜʩʠʩʪʝʤ, ʷʢʠʤʠ ʫʧʨʘʚʣʷʶʪʴ ʧʝʨʰʽ [2]. ɺ ʦʩʪʘʥʥʽ ʨʦʢʠ ʥʘʤʽʪʠʣʘʩʴ ʪʝʥʜʝʥʮʽʷ ʰʠʨʦʢʦʛʦ 

ʚʠʢʦʨʠʩʪʘʥʥʷ ʥʦʚʽʪʥʽʭ ʽʥʬʦʨʤʘʮʽʡʥʠʭ ʪʘ ʤʝʨʝʞʝʚʠʭ ʪʝʭʥʦʣʦʛʽʡ ʫ ʧʦʙʫʜʦʚʽ ʪʘ ʨʦʟʚʠʪʢʫ 

ʪʝʣʝʢʦʤʫʥʽʢʘʮʽʡʥʠʭ ʩʠʩʪʝʤ, ʟʘʚʜʷʢʠ ʷʢʠʤ ʟʜʽʡʩʥʶʻʪʴʩʷ ʽʥʬʦʨʤʘʮʽʡʥʘ ʧʽʜʪʨʠʤʢʘ ʧʨʠʡʥʷʪʪʷ 

ʨʽʰʝʥʴ ʚ ʮʠʭ ʩʠʩʪʝʤʘʭ. ʊʘʢʦʛʦ ʨʦʜʫ ʩʠʩʪʝʤʠ ʚʽʜʥʦʩʷʪʴʩʷ ʜʦ ʣʶʜʠʥʦ-ʤʘʰʠʥʥʠʭ ʩʠʩʪʝʤ, ʜʝ 

ʧʨʦʚʽʜʥʘ ʫʧʨʘʚʣʷʶʯʘ ʨʦʣʴ ʥʘʣʝʞʠʪʴ ʣʶʜʠʥʽ ï ʦʩʦʙʽ, ʱʦ ʧʨʠʡʤʘʻ ʨʽʰʝʥʥʷ.  

ɸʚʪʦʤʘʪʠʟʦʚʘʥʘ ʩʠʩʪʝʤʘ ʫʧʨʘʚʣʽʥʥʷ ʟʚô̫ ʟʢʦʤ ʻ ʦʩʥʦʚʥʠʤ ʽʥʩʪʨʫʤʝʥʪʦʤ ʙʘʛʘʪʦʨʽʚʥʝʚʦʾ 

ʧʽʜʪʨʠʤʢʠ ʧʨʠʡʥʷʪʪʷ ʨʽʰʝʥʴ ʧʦʩʘʜʦʚʠʭ ʦʩʽʙ ʫʧʨʘʚʣʽʥʥʷ ʟʚô̫ ʟʢʦʤ ʜʣʷ ʟʘʙʝʟʧʝʯʝʥʥʷ 

ʧʣʘʥʫʚʘʥʥʷ, ʧʽʜʛʦʪʦʚʢʠ ʜʦ ʟʘʩʪʦʩʫʚʘʥʥʷ ʟʘ ʧʨʠʟʥʘʯʝʥʥʷʤ, ʟʘʩʪʦʩʫʚʘʥʥʷ ʽ ʚʽʜʥʦʚʣʝʥʥʷ 

ʩʠʩʪʝʤʠ ʟʚô̫ ʟʢʫ ʽ ʙʦʻʟʜʘʪʥʦʩʪʽ ʩʠʣ  (ʟʘʩʦʙʽʚ), ʘ ʪʘʢʦʞ ʙʦʡʦʚʦʛʦ ʟʘʩʪʦʩʫʚʘʥʥʷ ʟô̒ ʜʥʘʥʴ ʽ 

ʯʘʩʪʠʥ ʫʧʨʘʚʣʽʥʥʷ ʽ ʟʚô̫ ʟʢʫ ʟ ʚʠʢʦʥʘʥʥʷʤ ʚʠʤʦʛ ʜʦ ʩʪʽʡʢʦʩʪʽ, ʙʝʟʧʝʨʝʨʚʥʦʩʪʽ, ʦʧʝʨʘʪʠʚʥʦʩʪʽ 

ʪʘ ʩʢʨʠʪʥʦʩʪʽ. 

ɯʩʥʫʶʯʽ ʟʘʨʘʟ ʪʝʭʥʦʣʦʛʽʾ ʫʧʨʘʚʣʽʥʥʷ ʪʝʣʝʢʦʤʫʥʽʢʘʮʽʡʥʠʤʠ ʩʠʩʪʝʤʘʤʠ (ʤʝʨʝʞʘʤʠ) 

ʨʦʟʨʘʭʦʚʘʥʽ ʥʘ ʩʪʘʪʠʯʥʽ ʘʙʦ ʢʚʘʟʽʩʪʘʪʠʯʥʽ ʫʤʦʚʠ ʾʭ ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ ʪʘ ʚʨʘʭʦʚʫʶʪʴ 

ʦʩʦʙʣʠʚʦʩʪʽ, ʱʦ ʭʘʨʘʢʪʝʨʥʽ ʜʣʷ ʮʠʚʽʣʴʥʠʭ ʩʠʩʪʝʤ [3 ï 5]. ʅʘʧʨʠʢʣʘʜ, ʪʝʭʥʦʣʦʛʽʷ TMN ʻ 

ʮʝʥʪʨʘʣʽʟʦʚʘʥʦʶ, ʜʣʷ ʫʧʨʘʚʣʽʥʥʷ ʪʝʣʝʢʦʤʫʥʽʢʘʮʽʡʥʦʶ ʤʝʨʝʞʝʶ ʟʘʩʪʦʩʦʚʫʻʪʴʩʷ ʚʠʜʽʣʝʥʘ 

ʤʝʨʝʞʘ ʫʧʨʘʚʣʽʥʥʷ, ʷʢʘ ʧʦʙʫʜʦʚʘʥʘ ʥʘ ʪʝʭʥʦʣʦʛʽʾ ʘʛʝʥʪ-ʤʝʥʝʜʞʝʨ ʟ ʥʠʟʴʢʠʤ ʨʽʚʥʝʤ 

ʘʚʪʦʤʘʪʠʟʘʮʽʾ ʧʨʦʮʝʩʽʚ ʫʧʨʘʚʣʽʥʥʷ [6 ï 8], ʘ ʚ ʤʝʨʝʞʘʭ ʚʽʡʩʴʢʦʚʦʛʦ ʧʨʠʟʥʘʯʝʥʥʷ ʥʝ ʟʘʚʞʜʠ 

ʤʦʞʝ ʙʫʪʠ ʚʠʜʽʣʝʥʘ. ɺʽʜʤʽʥʥʦʩʪʷʤʠ ʤʽʞ ʮʠʚʽʣʴʥʠʤʠ ʪʘ ʚʽʡʩʴʢʦʚʠʤʠ ʩʠʩʪʝʤʘʤʠ ʫʧʨʘʚʣʽʥʥʷ 

ʤʝʨʝʞʘʤʠ ʧʦʣʷʛʘʶʪʴ ʚ ʥʘʩʪʫʧʥʦʤʫ: ʨʽʟʥʽ ʮʽʣʽ, ʝʪʘʧʠ, ʬʫʥʢʮʽʾ, ʨʽʚʥʽ ʫʧʨʘʚʣʽʥʥʷ, ʚʠʤʦʛʠ ʜʦ 

ʦʧʝʨʘʪʠʚʥʦʩʪʽ ʫʧʨʘʚʣʽʥʥʷ, ʽʥʪʝʥʩʠʚʥʽʩʪʴ ʟʦʚʥʽʰʥʴʦʛʦ ʚʧʣʠʚʫ ʜʝʩʪʘʙʽʣʽʟʫʶʯʠʭ ʬʘʢʪʦʨʽʚ 

(ʚʦʛʥʝʚʝ ʚʨʘʞʝʥʥʷ, ʘʢʪʠʚʥʽ ʟʘʚʘʜʠ, ʨʘʜʽʦʝʣʝʢʪʨʦʥʥʘ ʪʘ ʽʥʬʦʨʤʘʮʽʡʥʘ ʙʦʨʦʪʴʙʘ ʪʦʱʦ), ʪʦʙʪʦ, 

ʫ ʚʽʡʩʴʢʦʚʠʭ ʩʠʩʪʝʤʘʭ ʟʚ'ʷʟʦʢ ʧʦʚʠʥʝʥ ʙʫʪʠ ʟʘ ʙʫʜʴ-ʷʢʠʭ ʫʤʦʚ. 
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ʇʝʨʰʦʶ ʦʩʦʙʣʠʚʽʩʪʶ ʩʠʩʪʝʤʠ ʫʧʨʘʚʣʽʥʥʷ (ʉʋ) ʪʝʣʝʢʦʤʫʥʽʢʘʮʽʡʥʠʤʠ ʤʝʨʝʞʘʤʠ 

ʚʽʡʩʴʢʦʚʦʛʦ ʧʨʠʟʥʘʯʝʥʥʷ ʻ ʪʝ, ʱʦ ʧʦʪʨʽʙʥʦ ʧʦʻʜʥʘʪʠ ʚ ʻʜʠʥʝ ʮʽʣʝ ʩʪʘʮʽʦʥʘʨʥʫ ʪʘ ʤʦʙʽʣʴʥʫ 

(ʧʦʣʴʦʚʫ) ʢʦʤʧʦʥʝʥʪʠ. ɼʨʫʛʦʶ ʦʩʦʙʣʠʚʽʩʪʶ ʻ ï ʥʝʦʙʭʽʜʥʽʩʪʴ ʽʥʪʝʛʨʘʮʽʾ ʨʽʟʥʠʭ ʪʝʭʥʦʣʦʛʽʡ 

ʫʧʨʘʚʣʽʥʥʷ ʤʝʨʝʞʘʤʠ: ʚ ʩʪʘʮʽʦʥʘʨʥʽʡ ʢʦʤʧʦʥʝʥʪʽ ï ʢʦʥʮʝʧʮʽʷ TMN (Smart TMN), ʪʝʭʥʦʣʦʛʽʾ 

CORBA, SDN (SDN ï Software-defined Networking ï ʧʨʦʛʨʘʤʥʦ-ʢʦʥʬʽʛʫʨʦʚʘʥʘ ʤʝʨʝʞʘ); ʚ 

ʪʘʢʪʠʯʥʠʭ ʤʝʨʝʞʘʭ (ʤʦʙʽʣʴʥʘ, ʧʦʣʴʦʚʘ) ï ʧʦʪʨʽʙʥʦ ʚʨʘʭʦʚʫʚʘʪʠ ʦʩʦʙʣʠʚʦʩʪʽ ʾʭ ʧʦʙʫʜʦʚʠ 

(MANET-ʪʝʭʥʦʣʦʛʽʾ, ʥʘʷʚʥʽʩʪʴ SDR ï ʨʘʜʽʦʟʘʩʦʙʽʚ, ʱʦ ʧʨʦʛʨʘʤʫʶʪʴʩʷ, ʚʽʜʩʫʪʥʽʩʪʴ ʚʠʜʽʣʝʥʦʾ 

ʤʝʨʝʞʽ ʫʧʨʘʚʣʽʥʥʷ ʪʘ ʽʥʰʽ). ʊʦʙʪʦ, ʩʠʩʪʝʤʘ ʫʧʨʘʚʣʽʥʥʷ ʧʦʚʠʥʥʘ ʚʨʘʭʦʚʫʚʘʪʠ ʦʩʦʙʣʠʚʦʩʪʽ 

ʟʘʩʪʦʩʫʚʘʥʥʷ TMN ʪʘ ʽʥʰʠʭ ʧʝʨʩʧʝʢʪʠʚʥʠʭ ʪʝʭʥʦʣʦʛʽʡ.  

ʅʘ ʩʴʦʛʦʜʥʽ ʩʢʣʘʣʘʩʷ ʪʘʢʘ ʩʠʪʫʘʮʽʷ, ʱʦ ʚ ɿʙʨʦʡʥʠʭ ʉʠʣʘʭ ʋʢʨʘʾʥʠ ʥʝʤʘʻ ʝʬʝʢʪʠʚʥʦʾ 

ʘʚʪʦʤʘʪʠʟʦʚʘʥʦʾ ʩʠʩʪʝʤʠ ʫʧʨʘʚʣʽʥʥʷ ʪʝʣʝʢʦʤʫʥʽʢʘʮʽʡʥʠʤʠ ʩʠʩʪʝʤʘʤʠ. ɺʩʽ ʜʦ ʮʴʦʛʦ 

ʥʘʤʘʛʘʥʥʷ ʩʪʚʦʨʠʪʠ ʪʘʢʽ ʩʠʩʪʝʤʠ ʩʪʠʥʘʣʠʩʷ ʟ ʚʝʣʠʯʝʟʥʦʶ ʢʽʣʴʢʽʩʪʶ ʪʨʫʜʥʦʱʽʚ 

ʦʨʛʘʥʽʟʘʮʽʡʥʦʛʦ ʪʘ ʪʝʭʥʦʣʦʛʽʯʥʦʛʦ ʭʘʨʘʢʪʝʨʫ. ɺ ʾʭ ʩʪʚʦʨʝʥʥʽ ʜʦʧʫʩʢʘʣʠʩʴ ʧʝʚʥʽ ʧʨʦʨʘʭʫʥʢʠ, 

ʦʩʢʽʣʴʢʠ ʥʝ ʚʨʘʭʦʚʫʚʘʚʩʷ ʩʠʩʪʝʤʥʠʡ ʧʽʜʭʽʜ ʜʦ ʩʠʥʪʝʟʫ ʚʽʡʩʴʢʦʚʠʭ ɸʉʋ. 

ʄʝʪʦʶ ʩʪʘʪʪʽ ʻ ʩʪʚʦʨʝʥʥʷ ʤʝʪʦʜʦʣʦʛʽʾ ʩʠʥʪʝʟʫ ʩʠʩʪʝʤʠ ʫʧʨʘʚʣʽʥʥʷ 

ʪʝʣʝʢʦʤʫʥʽʢʘʮʽʡʥʠʤʠ ʩʠʩʪʝʤʘʤʠ ʚʽʡʩʴʢʦʚʦʛʦ ʧʨʠʟʥʘʯʝʥʥʷ. 

ɸʥʘʣʽʟ ʦʩʪʘʥʥʽʭ ʧʫʙʣʽʢʘʮʽʡ. ʇʽʜʚʠʱʝʥʥʷ ʝʬʝʢʪʠʚʥʦʩʪʽ ʚʠʢʦʨʠʩʪʘʥʥʷ ʨʝʩʫʨʩʽʚ ʩʠʩʪʝʤʠ 

ʟʚô̫ ʟʢʫ, ʝʬʝʢʪʠʚʥʝ ʚʠʢʦʥʘʥʥʷ ʟʘʚʜʘʥʴ ʤʦʞʝ ʙʫʪʠ ʜʦʩʷʛʥʫʪʦ ʟʘ ʨʘʭʫʥʦʢ ʨʦʟʚʠʪʢʫ ʽ 

ʚʜʦʩʢʦʥʘʣʝʥʥʷ ʩʠʩʪʝʤʠ ʫʧʨʘʚʣʽʥʥʷ ʟʚô̫ ʟʢʦʤ ɿʉʋ, ʚ ʧʝʨʯʫ ʯʝʨʛʫ ʟʘ ʨʘʭʫʥʦʢ ʾʾ ʘʚʪʦʤʘʪʠʟʘʮʽʾ. 

ɸʚʪʦʨʦʤ [9] ʨʦʟʛʣʷʥʫʪʦ ʤʝʪʦʜʠ ʬʦʨʤʘʣʽʟʦʚʘʥʦʛʦ ʦʧʠʩʫ ʝʣʝʤʝʥʪʽʚ ʩʠʩʪʝʤʠ ʪʘ ʾʭ 

ʩʪʨʫʢʪʫʨʥʠʭ ʚʟʘʻʤʦʟʚôʷʟʢʽʚ, ʦʧʪʠʤʽʟʘʮʽʷ ʩʪʨʫʢʪʫʨʥʦʾ ʧʦʙʫʜʦʚʠ ʘʚʪʦʤʘʪʠʟʦʚʘʥʠʭ 

ʽʥʬʦʨʤʘʮʽʡʥʦ-ʫʧʨʘʚʣʷʶʯʠʭ ʩʠʩʪʝʤ ʪʘ ʽʥʰ. ʇʦʢʘʟʘʥʦ, ʱʦ ʩʠʥʪʝʟ ʩʪʨʫʢʪʫʨʠ ʚʢʣʶʯʘʻ ʥʘʩʪʫʧʥʽ 

ʢʨʦʢʠ: ʩʠʥʪʝʟ ʩʪʨʫʢʪʫʨʠ ʩʠʩʪʝʤʠ, ʷʢʦʶ ʫʧʨʘʚʣʷʶʪʴ; ʩʠʥʪʝʟ ʩʪʨʫʢʪʫʨʠ ʩʠʩʪʝʤʠ, ʷʢʘ ʫʧʨʘʚʣʷʻ; 

ʦʧʪʠʤʘʣʴʥʠʡ ʨʦʟʧʦʜʽʣ ʬʫʥʢʮʽʡ ʤʽʞ ʨʽʚʥʷʤʠ ʪʘ ʚʫʟʣʘʤʠ ʩʠʩʪʝʤʠ; ʚʠʙʽʨ ʩʪʨʫʢʪʫʨʠ ʩʠʩʪʝʤʠ 

ʧʝʨʝʜʘʯʽ ʪʘ ʦʙʨʦʙʢʠ ʽʥʬʦʨʤʘʮʽʾ, ʪʦʱʦ. 

ɺ ʨʦʙʦʪʽ [10] ʟʘʧʨʦʧʦʥʦʚʘʥʠʡ ʬʫʥʢʮʽʦʥʘʣʴʥʠʡ ʧʽʜʭʽʜ ʜʦ ʩʠʥʪʝʟʫ ʩʠʩʪʝʤʠ ʫʧʨʘʚʣʽʥʥʷ 

ʤʝʨʝʞʘʤʠ ʪʘ ʘʣʛʦʨʠʪʤʠ ʦʧʝʨʘʪʠʚʥʦʛʦ ʫʧʨʘʚʣʽʥʥʷ ʤʝʨʝʞʝʶ ʧʝʨʝʜʘʯʽ ʜʘʥʠʭ ʟ ʢʦʤʫʪʘʮʽʻʶ 

ʧʘʢʝʪʽʚ. ʇʦʢʘʟʘʥʦ ʧʽʜʭʦʜʠ ʱʦʜʦ ʫʧʨʘʚʣʽʥʥʷ ʟʦʚʥʽʰʥʽʤʠ ʪʘ ʚʥʫʪʨʽʰʥʽʤʠ ʧʦʪʦʢʘʤʠ, ʨʦʟʧʦʜʽʣ 

ʮʠʭ ʧʦʪʦʢʽʚ, ʫʧʨʘʚʣʽʥʥʷ ʩʪʨʫʢʪʫʨʦʶ ʤʝʨʝʞʽ ʧʝʨʝʜʘʯʽ ʜʘʥʠʭ. 

ɸʚʪʦʨʦʤ [11] ʨʦʟʛʣʷʥʫʪʦ ʧʨʠʥʮʠʧʠ ʘʚʪʦʤʘʪʠʟʘʮʽʾ ʧʨʦʮʝʩʽʚ ʫʧʨʘʚʣʽʥʥʷ ʤʝʨʝʞʘʤʠ ʪʘ 

ʚʫʟʣʘʤʠ ʟʚôʷʟʢʫ, ʬʫʥʢʮʽʦʥʘʣʴʥʦ-ʩʪʨʫʢʪʫʨʥʘ ʦʨʛʘʥʽʟʘʮʽʷ ʮʝʥʪʨʽʚ ʫʧʨʘʚʣʽʥʥʷ ʤʝʨʝʞʝʶ ʪʘ 

ʚʫʟʣʘʤʠ ʟʚôʷʟʢʫ. ʇʨʦʚʝʜʝʥʦ ʜʦʩʣʽʜʞʝʥʥʷ ʤʦʞʣʠʚʦʛʦ ʟʘʩʪʦʩʫʚʘʥʥʷ ʤʝʪʦʜʽʚ ʪʘ ʟʘʩʦʙʽʚ 

ʰʪʫʯʥʦʛʦ ʽʥʪʝʣʝʢʪʫ ʜʣʷ ʫʧʨʘʚʣʽʥʥʷ ʤʝʨʝʞʘʤʠ ʟʚôʷʟʢʫ ʪʘ ʾʭ ʝʣʝʤʝʥʪʽʚ. 

ɺ ʨʦʙʦʪʽ [12] ʨʦʟʛʣʷʥʫʪʦ ʧʨʦʮʝʩ ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ ʩʠʩʪʝʤ ʫʧʨʘʚʣʽʥʥʷ ʤʝʨʝʞʝʶ ʧʝʨʝʜʘʯʽ 

ʜʘʥʠʭ ʚ ʫʤʦʚʘʭ ʚʽʜʤʦʚ ʤʝʨʝʞʝʚʦʛʦ ʦʙʣʘʜʥʘʥʥʷ, ʜʣʷ ʷʢʦʛʦ ʨʦʟʨʦʙʣʝʥʘ ʤʘʪʝʤʘʪʠʯʥʘ ʤʦʜʝʣʴ ʫ 

ʚʠʛʣʷʜʽ ʩʪʦʭʘʩʪʠʯʥʦʾ ʤʝʨʝʞʽ, ʷʢʘ ʜʦʟʚʦʣʷʻ ʦʪʨʠʤʘʪʠ ʦʮʽʥʢʫ ʡʤʦʚʽʨʥʦʩʪʥʦ-ʯʘʩʦʚʠʭ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʧʨʦʮʝʩʫ ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ ʩʠʩʪʝʤ ʫʧʨʘʚʣʽʥʥʷ ʤʝʨʝʞʝʶ ʧʝʨʝʜʘʯʽ ʜʘʥʠʭ ʫ 

ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʡʤʦʚʽʨʥʦʩʪʥʦ-ʯʘʩʦʚʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʨʝʘʣʽʟʘʮʽʾ ʯʘʩʪʢʦʚʠʭ ʧʽʜʧʨʦʮʝʩʽʚ ʧʨʠ 

ʫʧʨʘʚʣʽʥʥʽ ʤʝʨʝʞʝʶ ʧʝʨʝʜʘʯʽ ʜʘʥʠʭ. ɸʚʪʦʨʘʤʠ [13] ʨʦʟʛʣʷʜʘʶʪʴʩʷ ʧʠʪʘʥʥʷ ʨʦʣʽ ʪʘ ʤʽʩʮʷ 

ʧʽʜʩʠʩʪʝʤʠ ʧʽʜʪʨʠʤʢʠ ʧʨʦʮʝʩʽʚ ʦʨʛʘʥʽʟʘʮʽʡʥʦʛʦ ʫʧʨʘʚʣʽʥʥʷ ʫ ʢʦʥʪʫʨʽ ʟʘʩʪʦʩʫʚʘʥʥʷ 

ʘʚʪʦʤʘʪʠʟʦʚʘʥʦʾ ʩʠʩʪʝʤʠ ʫʧʨʘʚʣʽʥʥʷ. ʅʘʚʝʜʝʥʦ ʤʦʜʝʣʽ ʧʽʜʩʠʩʪʝʤʠ ʧʽʜʪʨʠʤʢʠ ʧʨʦʮʝʩʽʚ 

ʦʨʛʘʥʽʟʘʮʽʡʥʦʛʦ ʫʧʨʘʚʣʽʥʥʷ ʪʘ ʾʭ ʦʮʽʥʢʘ ʦʩʥʦʚʥʠʭ ʧʘʨʘʤʝʪʨʽʚ ʡ ʽʤʦʚʽʨʥʦʩʪʥʦ-ʯʘʩʦʚʠʭ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢ. 

ɺ ʨʦʙʦʪʽ [14] ʧʨʦʧʦʥʫʻʪʴʩʷ ʤʝʨʝʞʝʮʝʥʪʨʠʯʥʠʡ ʧʨʠʥʮʠʧ ʧʦʙʫʜʦʚʠ ʽʥʬʦʢʦʤʫʥʽʢʘʮʽʡʥʦʾ 

ʩʠʩʪʝʤʠ, ʜʝ ʫʧʨʘʚʣʽʥʥʷ ʪʘʢʦʶ ʩʢʣʘʜʥʦʶ ʩʠʩʪʝʤʦʶ ʤʦʞʣʠʚʦ ʪʽʣʴʢʠ ʧʨʠ ʝʢʩʪʨʘʧʦʣʷʮʽʾ ʾʾ 

ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ. ʇʦʢʘʟʘʥʦ, ʷʢ ʧʨʦʚʦʜʠʪʠ ʜʣʷ ʪʘʢʠʭ ʩʠʩʪʝʤ ʦʮʽʥʢʫ ʝʬʝʢʪʠʚʥʦʩʪʽ. 

ɸʚʪʦʨʘʤʠ [15] ʨʦʙʠʪʴʩʷ ʧʨʦʛʥʦʟʫʚʘʥʥʷ, ʱʦ ʚ ʧʦʜʘʣʴʰʦʤʫ ʜʣʷ ʘʚʪʦʤʘʪʠʟʦʚʘʥʠʭ ʩʠʩʪʝʤ 

ʩʧʝʮʽʘʣʴʥʦʛʦ ʧʨʠʟʥʘʯʝʥʥʷ ʙʫʜʝ ʭʘʨʘʢʪʝʨʥʠʤ ʚʧʨʦʚʘʜʞʝʥʥʷ ʨʽʰʝʥʥʷ ʟʘʜʘʯ ʧʝʨʝʜʙʘʯʝʥʥʷ 

ʤʦʞʣʠʚʦʛʦ ʨʦʟʚʠʪʢʫ ʦʧʝʨʘʪʠʚʥʦʾ ʪʘ ʙʦʡʦʚʦʾ ʦʙʩʪʘʥʦʚʢʠ, ʬʦʨʤʫʚʘʥʥʷ ʨʘʮʽʦʥʘʣʴʥʠʭ ʩʧʦʩʦʙʽʚ 

ʙʦʡʦʚʠʭ ʜʽʡ. ʅʘ ʦʩʥʦʚʽ ʧʨʦʚʝʜʝʥʦʛʦ ʘʥʘʣʽʟʫ ʤʘʻʤʦ ʟʨʦʙʠʪʠ ʚʠʩʥʦʚʦʢ, ʱʦ ʧʝʨʝʚʘʞʥʘ 

ʙʽʣʴʰʽʩʪʴ ʚʠʱʝ ʥʘʚʝʜʝʥʠʭ ʘʚʪʦʨʽʚ ʧʨʦʚʦʜʠʣʠ ʩʚʦʾ ʜʦʩʣʽʜʞʝʥʥʷ ʜʣʷ ʩʪʘʪʠʯʥʠʭ 

(ʢʚʘʟʽʩʪʘʪʠʯʥʠʭ) ʫʤʦʚ ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ ʪʝʣʝʢʦʤʫʥʽʢʘʮʽʡʥʠʭ ʤʝʨʝʞ (ʊʂʄ), ʜʝ ʥʝ 
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ʚʨʘʭʦʚʫʚʘʚʩʷ ʟʦʚʥʽʰʥʽʡ ʚʧʣʠʚ ʥʘ ʫʧʨʘʚʣʽʥʥʷ ʪʘʢʠʤʠ ʩʠʩʪʝʤʘʤʠ ʪʘ ʚʠʩʦʢʘ ʜʠʥʘʤʽʢʘ ʟʤʽʥʠ 

ʩʪʘʥʽʚ ʊʂʄ. ʊʦʤʫ, ʚ ʦʩʥʦʚʫ ʩʠʥʪʝʟʫ ʘʚʪʦʤʘʪʠʟʦʚʘʥʦʾ ʩʠʩʪʝʤʠ ʫʧʨʘʚʣʽʥʥʷ 

ʪʝʣʝʢʦʤʫʥʽʢʘʮʽʡʥʠʤʠ ʩʠʩʪʝʤʘʤʠ ʚʽʡʩʴʢʦʚʦʛʦ ʧʨʠʟʥʘʯʝʥʥʷ ʧʦʚʠʥʥʦ ʤʘʢʩʠʤʘʣʴʥʦ 

ʚʠʢʦʨʠʩʪʘʪʠ ʚʩʽ ʟʘʟʥʘʯʝʥʽ ʚʠʱʝ ʧʨʠʥʮʠʧʠ ʽʟ ʟʘʩʪʦʩʫʚʘʥʥʷʤ ʩʠʩʪʝʤʥʦʛʦ ʧʽʜʭʦʜʫ ʪʘ ʚʠʟʥʘʯʠʪʠ 

ʩʭʝʤʫ ʩʠʥʪʝʟʫ, ʷʢʘ ʙʫʜʝ ʩʢʣʘʜʘʪʠʩʷ ʟ ʥʘʩʪʫʧʥʠʭ ʝʪʘʧʽʚ: ʚʠʟʥʘʯʝʥʥʷ ʚʠʭʽʜʥʠʭ ʜʘʥʠʭ; 

ʚʠʟʥʘʯʝʥʥʷ ʮʽʣʝʡ ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ ʊʂʄ ʪʘ ʉʋ; ʚʠʟʥʘʯʝʥʥʷ ʝʪʘʧʽʚ ʪʘ ʮʽʣʝʡ ʫʧʨʘʚʣʽʥʥʷ 

ʤʝʨʝʞʘʤʠ; ʚʠʟʥʘʯʝʥʥʷ ʬʫʥʢʮʽʡ ʪʘ ʟʘʜʘʯ ʫʧʨʘʚʣʽʥʥʷ ʤʝʨʝʞʘʤʠ; ʚʠʟʥʘʯʝʥʥʷ ʤʦʜʝʣʝʡ, 

ʘʣʛʦʨʠʪʤʽʚ ʫʧʨʘʚʣʽʥʥʷ ʪʘ ʢʨʠʪʝʨʽʾʚ ʦʮʽʥʢʠ ʝʬʝʢʪʠʚʥʦʩʪʽ ʉʋ; ʚʠʟʥʘʯʝʥʥʷ ʚʘʨʽʘʥʪʽʚ ʨʝʘʣʽʟʘʮʽʾ 

ʉʋ ʪʘ ʚʠʙʽʨ ʨʘʮʽʦʥʘʣʴʥʦʛʦ (ʦʧʪʠʤʘʣʴʥʦʛʦ) ʚʘʨʽʘʥʪʫ ʉʋ. ɺ ʧʦʜʘʣʴʰʦʤʫ ʧʨʦʚʝʩʪʠ ʥʘ ʦʩʥʦʚʽ 

ʢʨʠʪʝʨʽʾʚ ʦʮʽʥʢʠ ʝʬʝʢʪʠʚʥʦʩʪʽ ʚʠʙʽʨ ʦʧʪʠʤʘʣʴʥʦʛʦ ʚʘʨʽʘʥʪʫ ʧʦʙʫʜʦʚʠ ʩʠʩʪʝʤʠ ʫʧʨʘʚʣʽʥʥʷ. 

ʉʫʯʘʩʥʽ ʩʠʩʪʝʤʠ ʫʧʨʘʚʣʽʥʥʷ ʧʦʚʠʥʥʽ ʤʘʪʠ ʚ ʩʚʦʻʤʫ ʩʢʣʘʜʽ ʢʽʣʴʢʘ ʨʽʚʥʽʚ ʫʧʨʘʚʣʽʥʥʷ 

(ʜʠʚ. ʨʠʩ. 1.) [2]. ɺ ʩʘʤʦʤʫ ʥʘʡʧʨʦʩʪʽʰʦʤʫ ʚʠʧʘʜʢʫ ï ʦʜʥʦʨʽʚʥʝʚʘ ʩʠʩʪʝʤʘ ʫʧʨʘʚʣʽʥʥʷ 

ʟʜʽʡʩʥʶʻ ʫʧʨʘʚʣʷʶʯʠʡ ʚʧʣʠʚ ʥʘ ʪʝʣʝʢʦʤʫʥʽʢʘʮʽʡʥʫ ʤʝʨʝʞʫ (ʦʙôʻʢʪ ʫʧʨʘʚʣʽʥʥʷ). 

ʇ̔ʜʩʠʩʪʝʤʘ ʚʠʢʦʥʘʥʥ̫ 

ʚʠʨʦʙʣʝʥʠʭ ʨ̔h ʝʥɹ

ʇ̔ʜʩʠʩʪʝʤʘ ʢʦʥʪʨʦʣʁ 

ʩʪʘʥʫ ʝʣʝʤʝʥʪ̔ʚ ʤʝʨʝʞ̔ 

ʪʘ ʦʙʩʣʫʛʦʚʫʚʘʥʥ̫ 

ʧʦʪʦʢ̔ʚ ʜʘʥʠʭ

ʊʂʄ

(ʦʙô̒ʢʪ ʫʧʨʘʚʣ̔ʥʥ̫)

ʉʠʩʪʝʤʘ 

ʫʧʨʘʚʣ̔ʥʥ̫ 

ɿʦʚʥ̔h ʥ̔ʡ ʚʧʣʠʚ 

E(t)

ɺʭ̔ʜʥ̔ ʧʦʪʦʢʠ ʜʘʥʠʭ ȿ(t)
ʇʦʪʦʢʠ ʜʘʥʠʭ, ʦɦ ʦʙʩʣʫʛʦʚʘʥ̔ 

Yʦʙʩʣ(t)

ʇ̔ʜʩʠʩʪʝʤʘ ʚʠʨʦʙʣʝʥʥ̫ ʨ̔h ʝʥɹ ʧʦ 

ʟʘʙʝʟʧʝʯʝʥʥʁ  ʧʦʪʨ̔ʙʥʦʛʦ ʩʪʘʥʫ ʤʝʨʝʞ̔

ʇʦʪʦʢʠ ʜʘʥʠʭ, ʦɦ 

ʥʝ  ʦʙʩʣʫʛʦʚʘʥ̔ 

(ʚʪʨʘʯʝʥ̔) Yʚʪʨʘʪ(t)

ʇ̔ʜʩʠʩʪʝʤʘ 

ʧʣʘʥʫʚʘʥʥ̫

ʇ̔ʜʩʠʩʪʝʤʘ 

ʨʦʟʛʦʨʪʘʥʥ̫ 

(ʚ̔ʜʥʦʚʣʝʥʥ̫)
Uʧ

))(()( tYʌtY =

Uʨ

U(t)

ɿʦʚʥ̔h ʥ̔ʡ ʚʧʣʠʚ 

E(t)

Uʉ, Uʈʝʩ, Uʄ, Uɹ, Uʅ

Uʅ, Uʈʝʩ, Uɹ
ʉʪʨʫʢʪʫʨʘ ʇʦʪʦʢʠ ʄʘʨh ʨʫʪʠ ʈʝʩʫʨʩʠ

Z  ʎ̔ʣ̔ ʫʧʨʘʚʣ̔ʥʥ̫ ʆʙʤʝʞʝʥʥ̫  T(U(t))ÒTʜ;  ʉ(U(t))Òʉʜ

ʆʇʈ

 - ʦʩʦʙʘ, ʦɦ

 ʧʨʠʡʤʘ̒ 

ʨ̔h ʝʥʥ̫ 

ʆʇʈ

 

ʈʠʩ. 1. ʇʨʠʢʣʘʜ ʤʦʜʝʣʽ ʩʠʩʪʝʤʠ ʫʧʨʘʚʣʽʥʥʷ (ɸʉʋɿ) ʊʂʄ 
  

ʅʘ ʚʭʽʜ ʦʙôʻʢʪʘ ʫʧʨʘʚʣʽʥʥʷ ʧʦʩʪʫʧʘʶʪʴ ʚʭʽʜʥʽ ʧʦʪʦʢʠ ʜʘʥʠʭ ʟ ʽʥʪʝʥʩʠʚʥʽʩʪʶ ȿ(t), ʷʢʽ 

ʧʦʪʨʽʙʥʦ ʦʙʩʣʫʞʠʪʠ ʊʂʄ. ʂʨʽʤ ʮʴʦʛʦ, ʥʘ ʦʙôʻʢʪ ʫʧʨʘʚʣʽʥʥʷ ʪʘ ʩʠʩʪʝʤʫ ʫʧʨʘʚʣʽʥʥʷ ʧʦʩʪʽʡʥʦ 

ʜʽʶʪʴ ʟʦʚʥʽʰʥʽ ʚʧʣʠʚʠ E(t), ʷʢʽ ʟʘʚʘʞʘʶʪʴ ʷʢʽʩʥʦ ʟʜʽʡʩʥʶʚʘʪʠ ʧʨʦʮʝʩʠ ʧʝʨʝʜʘʯʽ ʜʘʥʠʭ ʪʘ 

ʫʧʨʘʚʣʽʥʥʷ ʮʠʤʠ ʧʨʦʮʝʩʘʤʠ. ʊʦʤʫ, ʥʘ ʚʠʭʦʜʽ ʦʙôʻʢʪʘ ʫʧʨʘʚʣʽʥʥʷ ʤʘʻʤʦ ʩʫʤʘʨʥʠʡ ʚʠʭʽʜʥʠʡ 

ʧʦʪʽʢ, ʷʢʠʡ ʩʢʣʘʜʘʻʪʴʩʷ ʟ ʧʦʪʦʢʫ ʜʘʥʠʭ, ʱʦ ʦʙʩʣʫʛʦʚʘʥʦ ʊʂʄ Yʦʙʩʣ(t) ʽʟ ʟʘʜʘʥʦʶ ʷʢʽʩʪʶ ʪʘ 

ʧʦʪʦʢʫ ʜʘʥʠʭ, ʱʦ ʚʪʨʘʯʝʥʠʡ ʯʝʨʝʟ: ʟʦʚʥʽʰʥʽ ʚʧʣʠʚʠ, ʥʝʤʦʞʣʠʚʽʩʪʴ ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ ʯʝʨʝʟ 

ʚʽʜʤʦʚʫ ʝʣʝʤʝʥʪʽʚ ʤʝʨʝʞʽ ʘʙʦ ʧʝʨʝʚʘʥʪʘʞʝʥʥʷ, ʥʝ ʜʦʩʢʦʥʘʣʽʩʪʴ ʘʣʛʦʨʠʪʤʽʚ ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ 

ʤʝʨʝʞʽ Yʚʪʨʘʪ(t). ɼʣʷ ʧʦʜʦʣʘʥʥʷ ʮʠʭ ʬʘʢʪʦʨʽʚ ʩʠʩʪʝʤʘ ʫʧʨʘʚʣʽʥʥʷ ʟʘʚʜʷʢʠ ʧʽʜʩʠʩʪʝʤʽ 

ʢʦʥʪʨʦʣʶ ʩʪʘʥʫ ʝʣʝʤʝʥʪʽʚ ʤʝʨʝʞʽ ʪʘ ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ ʧʦʪʦʢʽʚ ʜʘʥʠʭ ʥʘ ʦʩʥʦʚʽ ʦʮʽʥʢʠ ʩʪʘʥʫ 

ὣὸ ˡὣὸ  ʤʝʨʝʞʽ ʪʘ ʮʽʣʝʡ ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ Z ʬʦʨʤʫʻ ʪʘ ʚʠʨʦʙʣʷʻ ʚʽʜʧʦʚʽʜʥʽ ʚʧʣʠʚʠ ʥʘ 

ʚʭʽʜʥʽ ʧʦʪʦʢʠ ʜʘʥʠʭ (ʥʘʧʨʠʢʣʘʜ, ʜʣʷ ʾʭ ʦʙʤʝʞʝʥʥʷ) ʪʘ ʙʝʟʧʦʩʝʨʝʜʥʴʦ ʥʘ ʊʂʄ, ʩʪʨʫʢʪʫʨʫ, 

ʧʦʪʦʢʠ, ʤʘʨʰʨʫʪʠ, ʨʝʩʫʨʩʠ, ʪʦʱʦ. ʇʦʪʽʢ ʜʘʥʠʭ ʥʘ ʚʠʭʦʜʽ ʤʝʨʝʞʽ ʤʦʞʥʘ ʟʦʙʨʘʟʠʪʠ ʷʢ ὣὸ
ὊΏὸȟὉὸȟὟὸ. ʋʧʨʘʚʣʷʶʯʽ ʚʧʣʠʚʠ U(t) ï ʮʝ ʩʫʢʫʧʥʽʩʪʴ ʫʧʨʘʚʣʷʶʯʠʭ ʧʽʜʩʠʩʪʝʤ, ʱʦ 

ʚʭʦʜʷʪʴ ʜʦ ʧʽʜʩʠʩʪʝʤʠ ʚʠʨʦʙʣʝʥʥʷ ʨʽʰʝʥʴ ʧʦ ʟʘʙʝʟʧʝʯʝʥʥʶ ʧʦʪʨʽʙʥʦʛʦ ʩʪʘʥʫ ʤʝʨʝʞʽ, ʷʢʽ 

ʟʜʽʡʩʥʶʶʪʴ ʚʧʣʠʚ ʥʘ ʩʪʨʫʢʪʫʨʫ ʤʝʨʝʞʽ Ὗ, ʾʾ ʨʝʩʫʨʩʠ Ὗ̋ ̆,̒ ʬʫʥʢʮʽʾ F, ʤʘʨʰʨʫʪʠʟʘʮʽʶ Ὗ , 

ʙʝʟʧʝʢʫ ʜʘʥʠʭ Ὗˎ, ʥʘʚʘʥʪʘʞʝʥʥʷ Ὗ̊, ʪʦʱʦ: Ὗὸ Ὗ ὸȟὟ̋ ̆ὸ̒ȟὟ ὸȟὟˎ ὸȟὟ̊ ὸȢ  ɯʥʰʠʤʠ 
ʩʣʦʚʘʤʠ, ʱʦʙ ʟʜʽʡʩʥʶʚʘʪʠ ʫʧʨʘʚʣʽʥʥʷ ʤʝʨʝʞʘʤʠ, ʧʦʪʨʽʙʥʦ ʚʨʘʭʦʚʫʚʘʪʠ ʚʭʽʜʥʽ ʧʦʪʦʢʠ ʜʘʥʠʭ 

ȿ(t), ʦʮʽʥʢʫ ʚʠʭʽʜʥʦʛʦ ʧʦʪʦʢʫ ὣὸ ʪʘ ʮʽʣʽ ʫʧʨʘʚʣʽʥʥʷ Z(t): Ὗὸ ὟΏὸȟ ὣὸȟὤὸȢ ɼʣʷ 
ʦʮʽʥʢʠ ʝʬʝʢʪʠʚʥʦʩʪʽ ʫʧʨʘʚʣʽʥʥʷ ʤʦʞʥʘ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʤʥʦʞʠʥʫ ʢʨʠʪʝʨʽʾʚ, ʷʢʽ ʙʽʣʴʰ 

ʜʦʢʣʘʜʥʦ ʨʦʟʛʣʷʥʫʪʦ ʚ [16]. ɺ ʊʂʄ ʚ ʷʢʦʩʪʽ ʛʣʦʙʘʣʴʥʦʛʦ ʢʨʠʪʝʨʽʶ ʤʦʞʥʘ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ 

ʢʨʠʪʝʨʽʡ ʝʬʝʢʪʠʚʥʦʩʪʽ ʤʘʢʩʠʤʘʣʴʥʦʾ ʧʨʦʧʫʩʢʥʦʾ ʩʧʦʩʽʙʥʦʩʪʽ: ”ὸ ”ΏὸȟὣὸȢ 
ɺʨʘʭʦʚʫʶʯʠ ʚʠʱʝʟʘʟʥʘʯʝʥʝ, ʦʧʪʠʤʘʣʴʥʝ ʫʧʨʘʚʣʽʥʥʷ ʙʫʜʝ ʚʠʛʣʷʜʘʪʠ ʥʘʩʪʫʧʥʠʤ ʯʠʥʦʤ: 
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Ὗᶻὸ ὃὶὫ  ÍÁØ” ὊΏὸȟὉὸȟὣὸȟὤὸȟὟὸ Ȣ                   (1) 

ʅʘ ʨʽʚʥʷʥʥʷ (1) ʥʘʢʣʘʜʘʶʪʴʩʷ ʥʘʩʪʫʧʥʽ ʦʙʤʝʞʝʥʥʷ: 
ὝὟὸ Ὕ̅Ƞ

ὅὟὸ ὅ̅Ȣ
  

ʎʽ ʦʙʤʝʞʝʥʥʷ ʚʧʣʠʚʘʪʠʤʫʪʴ ʥʘ ʚʠʙʽʨ ʫʧʨʘʚʣʽʥʥʷ ʪʝʣʝʢʦʤʫʥʽʢʘʮʽʡʥʠʤʠ ʤʝʨʝʞʘʤʠ ʚ 

ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʚʠʢʦʨʠʩʪʘʥʥʷ ʧʦ ʩʠʪʫʘʮʽʾ ʪʠʭ ʘʙʦ ʽʥʰʠʭ ʘʣʛʦʨʠʪʤʽʚ (ɸ) ʪʘ ʤʦʜʝʣʝʡ (ʄ) 

ʫʧʨʘʚʣʽʥʥʷ. 

1. ɺʠʭʽʜʥʽ ʜʘʥʽ ʪʘ ʮʽʣʽ ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ. 

ʇʝʨʩʧʝʢʪʠʚʥʘ ʪʝʣʝʢʦʤʫʥʽʢʘʮʽʡʥʘ ʩʠʩʪʝʤʘ ʩʢʣʘʜʘʻʪʴʩʷ ʟ ʩʠʩʪʝʤʠ ʫʧʨʘʚʣʽʥʥʷ 

ʪʝʣʝʢʦʤʫʥʽʢʘʮʽʡʥʠʤʠ ʤʝʨʝʞʘʤʠ (ʉʋ ʊʂʄ) ʪʘ ʪʝʣʝʢʦʤʫʥʽʢʘʮʽʡʥʠʭ ʤʝʨʝʞ (ʨʠʩ. 2, 3). ʅʘ ʮʽ ʜʚʽ 

ʩʢʣʘʜʦʚʽ ʩʠʩʪʝʤʠ ʧʦʩʪʽʡʥʦ ʚʧʣʠʚʘʶʪʴ ʟʦʚʥʽʰʥʻ ʩʝʨʝʜʦʚʠʱʝ ʪʘ ʩʫʧʨʦʪʠʚʥʠʢ (ɽ), ʱʦ 

ʙʝʟʧʦʩʝʨʝʜʥʴʦ ʚʠʷʚʣʷʻʪʴʩʷ ʚ ʚʠʛʣʷʜʽ ʙʦʡʦʚʦʛʦ ʟʘʩʪʦʩʫʚʘʥʥʷ ʚʽʡʩʴʢ, ʚʦʛʥʝʚʦʛʦ ʚʨʘʞʝʥʥʷ, 

ʨʘʜʽʦʝʣʝʢʪʨʦʥʥʦʾ ʙʦʨʦʪʴʙʠ. 
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ʫʧʨʘʚʣ̔ʥʥ̫

 
ʈʠʩ. 2. ɺʘʨʽʘʥʪ ʩʪʨʫʢʪʫʨʠ ʩʠʩʪʝʤʠ ʫʧʨʘʚʣʽʥʥʷ ʪʝʣʝʢʦʤʫʥʽʢʘʮʽʡʥʠʤʠ ʤʝʨʝʞʘʤʠ ɿʉʋ 

 

ʊʝʣʝʢʦʤʫʥʽʢʘʮʽʡʥʽ ʤʝʨʝʞʽ ί ρȣὛ ʤʘʶʪʴ ʛʦʣʦʚʥʫ ʤʝʪʫ ὤ  ï ʧʝʨʝʜʘʯʘ ʽʥʬʦʨʤʘʮʽʾ 

ʤʽʞ ʦʨʛʘʥʘʤʠ ʚʽʡʩʴʢʦʚʦʛʦ ʫʧʨʘʚʣʽʥʥʷ ʟ ʟʘʜʘʥʠʤʠ ʧʘʨʘʤʝʪʨʘʤʠ.  

ʊʂʄ ʩʢʣʘʜʘʶʪʴʩʷ ʟ ʥʘʩʪʫʧʥʠʭ ʤʝʨʝʞ: ʧʨʦʚʦʜʦʚʦʛʦ ʟʚôʷʟʢʫ, ʨʘʜʽʦʟʚôʷʟʢʫ,  

ʨʘʜʽʦʨʝʣʝʡʥʦʛʦ ʟʚô̫ ʟʢʫ, ʪʨʦʧʦʩʬʝʨʥʦʛʦ  ʟʚ'ʷʟʢʫ, ʩʫʧʫʪʥʠʢʦʚʦʛʦ ʟʚô̫ ʟʢʫ, ʦʧʪʦʝʣʝʢʪʨʦʥʥʦʛʦ 

ʟʚô̫ ʟʢʫ. ɺʩʽ ʚʦʥʠ ʦʧʠʩʫʶʪʴʩʷ ʥʘʩʪʫʧʥʠʤʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ, ʱʦ ʚ ʢʽʥʮʝʚʦʤʫ ʚʠʧʘʜʢʫ 

ʚʠʟʥʘʯʘʶʪʴ ʚʠʭʽʜʥʽ ʜʘʥʽ ʤʝʨʝʞ {X jS = X1S, X2S, X3S, X4S, X5S, X6S, X7S } :  

ʧʘʨʘʤʝʪʨʠ ʤʝʨʝʞʽ: ʢʽʣʴʢʽʩʪʴ ʚʫʟʣʽʚ, ʨʦʟʤʽʱʝʥʥʷ ʥʘ ʤʽʩʮʝʚʦʩʪʽ, ʩʪʫʧʽʥʴ ʧʦʢʨʠʪʪʷ 

ʪʝʨʠʪʦʨʽʾ ʤʝʨʝʞʝʶ, ʢʽʣʴʢʽʩʪʴ ʙʘʟʦʚʠʭ ʩʪʘʥʮʽʡ, ʯʘʩ ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ ʤʝʨʝʞ, ʧʨʦʪʦʢʦʣʠ 

ʽʥʬʦʨʤʘʮʽʡʥʦʛʦ ʦʙʤʽʥʫ ʫ ʚʽʜʧʦʚʽʜʥʦʩʪʽ ʟ ʝʪʘʣʦʥʥʦʶ ʤʦʜʝʣʣʶ OSI, ʪʦʱʦ {X1S};  

ʩʪʨʫʢʪʫʨʘ (ʪʦʧʦʣʦʛʽʷ) ʤʝʨʝʞ {X2S};  
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         ʩʢʣʘʜ ʚʫʟʣʽʚ {X3S}, ʢʘʥʘʣʽʚ {X4S} (ʪʠʧ ʘʧʘʨʘʪʫʨʠ, ʦʙʣʘʜʥʘʥʥʷ; ʪʠʧ ʪʨʘʬʽʢʫ;  

ʨʽʚʝʥʴ ʫʧʨʘʚʣʽʥʥʷ; ʢʽʣʴʢʽʩʪʴ ʨʘʜʽʦʩʪʘʥʮʽʡ ʪʘ ʾʭ ʪʠʧʠ, ʪʦʱʦ);  

ʥʘʚʘʥʪʘʞʝʥʥʷ (ʪʠʧ, ʤʘʢʩʠʤʘʣʴʥʝ ʟʥʘʯʝʥʥʷ) {X5S}, ʪʦʱʦ.  

ʧʘʨʘʤʝʪʨʠ ʚʫʟʣʽʚ {X6S}, ʢʘʥʘʣʽʚ {X7S} (ʧʨʦʧʫʩʢʥʘ ʩʧʨʦʤʦʞʥʽʩʪʴ; ʢʽʣʴʢʽʩʪʴ ʘʙʦʥʝʥʪʽʚ, 

ʱʦ ʦʙʩʣʫʛʦʚʫʶʪʴʩʷ; ʧʦʪʫʞʥʽʩʪʴ ʧʝʨʝʜʘʚʘʯʽʚ; ʯʘʩʪʦʪʥʠʡ ʜʽʘʧʘʟʦʥ; ʘʣʛʦʨʠʪʤʠ ʫʧʨʘʚʣʽʥʥʷ, 

ʪʦʱʦ). 

ʈʘʟʦʤ ʟ ʪʠʤ, ʢʦʞʥʘ ʟ ʮʠʭ ʤʝʨʝʞ ʤʘʻ ʩʚʦʶ ʩʠʩʪʝʤʫ ʫʧʨʘʚʣʽʥʥʷ ï ʧʨʦʚʦʜʦʚʠʤʠ ʟʘʩʦʙʘʤʠ, 

ʨʘʜʽʦʟʘʩʦʙʘʤʠ, ʦʧʪʦʝʣʝʢʪʨʦʥʠʤʠ ʟʘʩʦʙʘʤʠ, ʧʦʚʽʪʨʷʥʠʤʠ ʟʘʩʦʙʘʤʠ, ʨʘʜʽʦʨʝʣʝʡʥʠʤʠ, 

ʪʨʦʧʦʩʬʝʨʥʠʤʠ, ʩʫʧʫʪʥʠʢʦʚʠʤʠ ʟʘʩʦʙʘʤʠ. 

ɽʣʝʤʝʥʪʘʤʠ ʪʘ ʦʙôʻʢʪʘʤʠ ʫʧʨʘʚʣʽʥʥʷ ʊʂʄ ʻ: ʦʢʨʝʤʽ ʤʝʨʝʞʽ, ʟʦʥʠ, ʥʘʧʨʷʤʠ, ʤʘʨʰʨʫʪʠ, 

ʚʫʟʣʠ, ʢʘʥʘʣʠ, ʨʘʜʽʦʩʪʘʥʮʽʾ, ʤʘʨʰʨʫʪʠʟʘʪʦʨʠ, ʢʦʤʫʪʘʪʦʨʠ, ʰʣʶʟʠ, ʪʝʣʝʢʦʤʫʥʽʢʘʮʽʡʥʽ 

ʧʣʘʪʬʦʨʤʠ, ʩʝʨʚʝʨʘ, ɸʈʄʠ ʧʦʩʘʜʦʚʠʭ ʦʩʽʙ, ʪʦʱʦ. 

ɼʦ ʪʝʣʝʢʦʤʫʥʽʢʘʮʽʡʥʠʭ ʤʝʨʝʞ ʧʨʝʜôʷʚʣʷʶʪʴʩʷ ʥʘʩʪʫʧʥʽ ʚʠʤʦʛʠ [17]: 

1. ɿʘ ʩʪʽʡʢʽʩʪʶ: ʞʠʚʫʯʽʩʪʴ, ʟʘʚʘʜʦʩʪʽʡʢʽʩʪʴ, ʥʘʜʽʡʥʽʩʪʴ, ʝʣʝʢʪʨʦʤʘʛʥʽʪʥʘ ʩʫʤʽʩʥʽʩʪʴ. 

2. ɿʘ ʤʦʙʽʣʴʥʽʩʪʶ. 

3. ɿʘ ʙʝʟʧʝʢʦʶ: ʧʨʦʪʠʨʦʟʚʽʜʟʘʭʠʱʝʥʽʩʪʴ, ʽʤʽʪʦʩʪʽʡʢʽʩʪʴ. 

4. ɿʘ ʧʨʦʧʫʩʢʥʦʶ ʩʧʨʦʤʦʞʥʽʩʪʶ. 

ɺ ʧʨʦʮʝʩʽ ʝʢʩʧʣʫʘʪʘʮʽʾ ʪʝʣʝʢʦʤʫʥʽʢʘʮʽʡʥʠʭ ʤʝʨʝʞ ʜʦ ʧʘʨʘʤʝʪʨʽʚ ʧʝʨʝʜʘʯʽ ʜʘʥʠʭ 

(ʨʝʢʦʤʝʥʜʘʮʽʾ ʤʽʞʥʘʨʦʜʥʦʛʦ ʩʦʶʟʫ ʝʣʝʢʪʨʦʟʚôʷʟʢʫ ï ʩʝʢʪʦʨ ʪʝʣʝʢʦʤʫʥʽʢʘʮʽʡ ITU-T) 

ʧʨʝʜôʷʚʣʷʶʪʴ ʚʠʤʦʛʠ ʜʦ [18]: 

ï ʟʘʪʨʠʤʦʢ ʧʝʨʝʜʘʯʽ ʽʥʬʦʨʤʘʮʽʾ; 

ï ʰʚʠʜʢʦʩʪʽ ʧʝʨʝʜʘʯʽ ʜʘʥʠʭ; 

ï ʽʤʦʚʽʨʥʦʩʪʽ ʧʦʤʠʣʦʢ ʚ ʧʘʢʝʪʘʭ; 

ï ʧʨʦʧʫʩʢʥʦʾ ʟʜʘʪʥʦʩʪʽ ʤʝʨʝʞʽ, ʪʦʱʦ. 

ʉʠʩʪʝʤʘ ʫʧʨʘʚʣʽʥʥʷ ʊʂʄ ʪʘ ʪʝʣʝʢʦʤʫʥʽʢʘʮʽʡʥʽ ʤʝʨʝʞʽ ʩʪʦʩʦʚʥʦ ʚʠʢʦʥʘʥʥʷ ʩʚʦʾʭ 

ʬʫʥʢʮʽʡ ʚ ʩʢʣʘʜʽ ʙʦʡʦʚʠʭ ʧʽʜʨʦʟʜʽʣʽʚ ʪʘʢʦʞ ʤʘʶʪʴ ʩʚʦʾ ʚʠʤʦʛʠ, ʥʘʧʨʠʢʣʘʜ ï ʟʘʙʝʟʧʝʯʠʪʠ 

ʟʚ'ʷʟʦʢ ʤʽʞ ʤʝʭʘʥʽʟʦʚʘʥʦʶ ʙʨʠʛʘʜʦʶ ʪʘ ʦʧʝʨʘʪʠʚʥʠʤ ʢʦʤʘʥʜʫʚʘʥʥʷʤ, ʪʦʱʦ. 

ɺ ʦʩʥʦʚʫ ʩʠʥʪʝʟʫ ʉʋ ʊʂʄ ʧʦʢʣʘʜʝʥʦ ʘʛʨʝʛʘʪʠʚʥʦ-ʜʝʢʦʤʧʦʟʠʮʽʡʥʠʡ ʧʽʜʭʽʜ, ʱʦ 

ʜʦʟʚʦʣʷʻ ʧʨʝʜʩʪʘʚʠʪʠ ʤʘʡʙʫʪʥʶ ʩʠʩʪʝʤʫ ʫ ʚʠʛʣʷʜʽ ʩʫʢʫʧʥʦʩʪʽ ʚʟʘʻʤʦʧʦʚôʷʟʘʥʠʭ ʝʣʝʤʝʥʪʽʚ 

ʨʽʟʥʦʛʦ ʨʽʚʥʷ ʜʝʪʘʣʽʟʘʮʽʾ [9]. ʎʝʡ ʧʽʜʭʽʜ ʚʢʣʶʯʘʻ ʧʦʩʣʽʜʦʚʥʫ ʜʝʢʦʤʧʦʟʠʮʽʶ ʮʽʣʝʡ, ʬʫʥʢʮʽʡ, 

ʟʘʜʘʯ, ʱʦ ʚʠʢʦʥʫʶʪʴʩʷ ʩʠʩʪʝʤʦʶ ʪʘ ʘʛʨʝʛʫʚʘʥʥʷ ʥʘ ʚʽʜʧʦʚʽʜʥʦʤʫ ʨʽʚʥʽ ʜʝʪʘʣʽʟʘʮʽʾ ʝʣʝʤʝʥʪʽʚ 

ʜʣʷ ʛʝʥʝʨʫʚʘʥʥʷ ʚʘʨʽʘʥʪʽʚ ʧʦʙʫʜʦʚʠ ʩʠʩʪʝʤʠ ʥʘ ʨʽʚʥʽ ʜʝʪʘʣʽʟʘʮʽʾ, ʱʦ ʨʦʟʛʣʷʜʘʻʪʴʩʷ. ɺ 

ʧʦʜʘʣʴʰʦʤʫ ʙʫʜʝʤʦ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʮʝʡ ʧʽʜʭʽʜ. 

ʉʠʩʪʝʤʘ ʫʧʨʘʚʣʽʥʥʷ U ʪʝʣʝʢʦʤʫʥʽʢʘʮʽʡʥʠʤʠ ʤʝʨʝʞʘʤʠ (ʊʂʄ) ʤʘʻ ʛʣʦʙʘʣʴʥʫ ʤʝʪʫ ὤï 
ʟʘʙʝʟʧʝʯʝʥʥʷ ʧʝʨʝʜʘʯʽ ʜʘʥʠʭ ʽʟ ʟʘʜʘʥʦʶ ʷʢʽʩʪʶ ʚ ʫʤʦʚʘʭ ʟʦʚʥʽʰʥʽʭ ʚʧʣʠʚʽʚ ʪʘ ʚʠʢʦʥʘʥʥʷ 

ʙʦʡʦʚʠʭ ʟʘʚʜʘʥʴ. 

ɼʦ ʩʠʩʪʝʤʠ ʫʧʨʘʚʣʽʥʥʷ ʪʝʣʝʢʦʤʫʥʽʢʘʮʽʡʥʦʶ ʤʝʨʝʞʝʶ ʧʨʝʜôʷʚʣʷʶʪʴʩʷ ʥʘʩʪʫʧʥʽ  

ʚʠʤʦʛʠ [3, 4]:  

1. ɿʘʙʝʟʧʝʯʝʥʥʷ ʧʝʨʝʜʘʯʽ ʚʩʽʭ ʚʠʜʽʚ ʪʨʘʬʽʢʘ ʟ ʟʘʜʘʥʦʶ ʷʢʽʩʪʶ. 

2. ʄʘʢʩʠʤʘʣʴʥʘ ʘʚʪʦʤʘʪʠʟʘʮʽʷ ʧʨʦʮʝʩʽʚ ʫʧʨʘʚʣʽʥʥʷ. 

3. ʈʽʰʝʥʥʷ ʟʘʜʘʯ ʧʦ ʙʦʡʦʚʦʤʫ ʟʘʙʝʟʧʝʯʝʥʥʶ ʧʽʜʨʦʟʜʽʣʽʚ ʟʚôʷʟʢʫ.  

4. ɿʘʙʝʟʧʝʯʝʥʥʷ ʘʜʘʧʪʠʚʥʦʛʦ ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ ʤʝʨʝʞʽ ʟ ʤʦʞʣʠʚʽʩʪʶ ʾʾ ʩʘʤʦʦʨʛʘʥʽʟʘʮʽʾ. 

5. ɿʘʙʝʟʧʝʯʝʥʥʷ ʧʨʠʡʥʷʪʪʷ ʨʽʰʝʥʴ ʚ ʨʝʘʣʴʥʦʤʫ ʤʘʩʰʪʘʙʽ ʯʘʩʫ. 

6. ʆʧʪʠʤʽʟʘʮʽʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʤʝʨʝʞ. 

7. ʄʽʥʽʤʘʣʴʥʝ ʟʘʚʘʥʪʘʞʝʥʥʷ ʤʝʨʝʞʽ ʩʣʫʞʙʦʚʦʶ ʽʥʬʦʨʤʘʮʽʻʶ. 

8. ɿʘʙʝʟʧʝʯʝʥʥʷ ʢʦʥʪʨʦʣʶ ʩʪʘʥʫ ʟʘʩʦʙʽʚ ʟʚôʷʟʢʫ ʪʘ ʧʨʦʭʦʜʞʝʥʥʷ ʽʥʬʦʨʤʘʮʽʾ. 

9. ʇʽʜʪʨʠʤʢʘ ʩʪʨʫʢʪʫʨʠ (ʪʦʧʦʣʦʛʽʾ) ʤʝʨʝʞ ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʟʤʽʥ ʫʤʦʚ ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ. 

10. ɿʘʙʝʟʧʝʯʝʥʥʷ ʧʣʘʥʫʚʘʥʥʷ, ʧʦʥʦʚʣʝʥʥʷ, ʨʝʢʦʥʬʽʛʫʨʘʮʽʾ ʪʘ ʥʘʨʦʱʫʚʘʥʥʷ ʤʝʨʝʞ. 

11. ɿʘʙʝʟʧʝʯʝʥʥʷ ʫʧʨʘʚʣʽʥʥʷ ʤʘʨʰʨʫʪʠʟʘʮʽʻʶ. 

12. ʋʧʨʘʚʣʽʥʥʷ ʧʦʪʦʢʘʤʠ (ʟʦʚʥʽʰʥʽʤʠ, ʚʥʫʪʨʽʰʥʽʤʠ). 

13. ɿʘʙʝʟʧʝʯʝʥʥʷ ʟʘʭʠʩʪʫ ʤʝʨʝʞ, ʪʦʱʦ. 
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ɺʠʭʽʜʥʠʤʠ ʜʘʥʠʤʠ ʜʣʷ ʩʠʩʪʝʤʠ ʫʧʨʘʚʣʽʥʥʷ ʪʝʣʝʢʦʤʫʥʽʢʘʮʽʡʥʦʶ ʤʝʨʝʞʝʶ ʤʘʶʪʴ ʙʫʪʠ 

ʥʘʩʪʫʧʥʽ ʜʘʥʽ  Ὗ Ὗ ȟὭ ρȟὍ: 
1. ʂʽʣʴʢʽʩʪʴ ʨʽʚʥʽʚ ʫʧʨʘʚʣʽʥʥʷ {U1}.  

2. ʂʽʣʴʢʽʩʪʴ ʪʝʣʝʢʦʤʫʥʽʢʘʮʽʡʥʠʭ ʤʝʨʝʞ, ʷʢʠʤʠ ʫʧʨʘʚʣʷʶʪʴ {U2}.  

3. ʎʝʥʪʨʘʣʽʟʦʚʘʥʠʡ, ʜʝʮʝʥʪʨʘʣʽʟʦʚʘʥʠʡ, ʟʤʽʰʘʥʠʡ ʨʝʞʠʤʠ ʨʦʙʦʪʠ {U3}.  

4. ʂʽʣʴʢʽʩʪʴ ʘʧʘʨʘʪʥʠʭ ʪʘ ʧʨʦʛʨʘʤʥʠʭ ʨʝʩʫʨʩʽʚ ʤʝʨʝʞ {U4}.  

5. ʆʙʩʷʛ ʩʣʫʞʙʦʚʦʛʦ ʪʨʘʬʽʢʫ {U5}.  

6. ʄʥʦʞʠʥʘ ʤʦʞʣʠʚʠʭ ʚʘʨʽʘʥʪʽʚ ʨʝʘʣʽʟʘʮʽʾ ʪʝʭʥʦʣʦʛʽʾ ʫʧʨʘʚʣʽʥʥʷ ʤʝʨʝʞʘʤʠ {U6}.  

7. ʇʘʨʘʤʝʪʨʠ ʙʝʟʧʝʢʠ {U7}, ʪʦʱʦ. 

2. ɽʪʘʧʠ, ʮʽʣʽ ʫʧʨʘʚʣʽʥʥʷ ʤʝʨʝʞʘʤʠ (ʨʠʩ. 3). 

ɽʪʘʧʘʤʠ ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ ʩʠʩʪʝʤʠ ʫʧʨʘʚʣʽʥʥʷ ʻ ʧʣʘʥʫʚʘʥʥʷ, ʨʦʟʛʦʨʪʘʥʥʷ (ʦʨʛʘʥʽʟʘʮʽʡʥʽ 

ʩʧʦʩʦʙʠ ʨʝʘʣʽʟʘʮʽʾ) ʽ ʦʧʝʨʘʪʠʚʥʦʛʦ ʫʧʨʘʚʣʽʥʥʷ (ʦʨʛʘʥʽʟʘʮʽʡʥʦ-ʪʝʭʥʦʣʦʛʽʯʥʠʡ ʩʧʦʩʽʙ). 

ɽʪʘʧ ʧʣʘʥʫʚʘʥʥʷ ʟʜʽʡʩʥʶʻʪʴʩʷ ʮʝʥʪʨʦʤ ʫʧʨʘʚʣʽʥʥʷ ʤʝʨʝʞʽ. ʉʫʪʥʽʩʪʴ ʧʣʘʥʫʚʘʥʥʷ 

ʧʦʣʷʛʘʻ ʚ ʦʨʛʘʥʽʟʘʮʽʾ ʜʽʷʣʴʥʦʩʪʽ ʦʨʛʘʥʫ ʫʧʨʘʚʣʽʥʥʷ, ʷʢʘ ʥʘʧʨʘʚʣʝʥʘ ʥʘ ʬʦʨʤʫʚʘʥʥʷ ʽ 

ʧʨʠʡʥʷʪʪʷ ʨʽʰʝʥʥʷ ʧʦ ʦʨʛʘʥʽʟʘʮʽʾ ʤʝʨʝʞʽ (ʩʧʦʩʦʙʠ ʧʦʙʫʜʦʚʠ ʤʝʨʝʞʽ), ʩʚʦʻʯʘʩʥʫ ʨʦʟʨʦʙʢʫ 

ʜʦʢʫʤʝʥʪʽʚ ʽ ʜʦʚʝʜʝʥʥʷ ʾʭ ʜʦ ʧʽʜʣʝʛʣʠʭ (ʧʦʩʪʘʥʦʚʢʘ ʟʘʜʘʯ ʧʝʨʝʜ ʩʠʣʘʤʠ ʟʚôʷʟʢʫ ʪʘ ʨʦʟʧʦʜʽʣ 

ʩʠʣ ʪʘ ʟʘʩʦʙʽʚ [3, 4].  

ʉʠʩʪʝʤʘ ʫʧʨʘʚʣʽʥʥʷ ʧʦʚʠʥʥʘ ʨʝʘʣʽʟʦʚʫʚʘʪʠ ʥʘʩʪʫʧʥʽ ʚʠʜʠ ʫʧʨʘʚʣʽʥʥʷ ʟʚ'ʷʟʢʦʤ: 

ʦʨʛʘʥʽʟʘʮʽʡʥʝ, ʦʨʛʘʥʽʟʘʮʽʡʥʦʥʦ-ʪʝʭʥʦʣʦʛʽʯʥʝ ʽ ʪʝʭʥʦʣʦʛʽʯʥʝ [3, 4]. 

1. ʅʘ ʨʽʚʥʽ ʦʨʛʘʥʽʟʘʮʽʡʥʦʛʦ ʫʧʨʘʚʣʽʥʥʷ ʧʦʚʠʥʥʽ ʨʝʘʣʽʟʦʚʫʚʘʪʠʩʷ ʮʽʣʴʦʚʽ ʟʘʚʜʘʥʥʷ 

ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ ʩʠʩʪʝʤʠ ʟʚô̫ ʟʢʫ ʰʣʷʭʦʤ ʧʣʘʥʫʚʘʥʥʷ ʟʚô̫ ʟʢʫ, ʫʧʨʘʚʣʽʥʥʷ ʧʦʙʫʜʦʚʦʶ ʩʠʩʪʝʤʠ 

ʟʚô̫ ʟʢʫ ʽ ʙʦʡʦʚʠʤ ʟʘʩʪʦʩʫʚʘʥʥʷʤ ʟô̒ ʜʥʘʥʴ ʽ ʯʘʩʪʠʥ ʟʚô̫ ʟʢʫ. 

ɿʘʚʜʘʥʥʷ ʧʣʘʥʫʚʘʥʥʷ ʧʨʠ ʫʧʨʘʚʣʽʥʥʽ ʤʝʨʝʞʘʤʠ ʷʚʣʷʶʪʴ ʩʦʙʦʶ ʧʨʦʮʝʩ ʧʦʩʪʘʥʦʚʢʠ 

ʮʽʣʝʡ, ʷʢʽ ʧʦʪʨʝʙʫʶʪʴ ʜʦʩʷʛʥʝʥʥʷ ʽ ʨʦʟʨʦʙʢʠ ʧʨʦʛʨʘʤʠ ʾʭ ʜʦʩʷʛʥʝʥʥʷ, ʦʬʦʨʤʣʝʥʦʾ ʫ ʚʠʛʣʷʜʽ 

ʩʫʢʫʧʥʦʩʪʽ ʜʦʢʫʤʝʥʪʽʚ ʧʦ ʟʚô̫ ʟʢʫ, ʦʩʥʦʚʥʠʤ ʟ ʷʢʠʭ ʻ ʧʣʘʥ ʟʚô̫ ʟʢʫ. ɿʤʽʩʪʦʤ ʧʨʦʮʝʩʫ 

ʧʣʘʥʫʚʘʥʥʷ ʻ ʨʦʟʧʦʜʽʣ ʨʝʩʫʨʩʽʚ ʤʝʨʝʞ ʽ ʚʠʟʥʘʯʝʥʥʷ ʧʦʨʷʜʢʫ ʾʭ ʚʠʢʦʨʠʩʪʘʥʥʷ. ʉʫʪʥʽʩʪʴ ʽ ʟʤʽʩʪ 

ʧʣʘʥʫʚʘʥʥʷ ʟʚô̫ ʟʢʫ ʚʠʟʥʘʯʘʻʪʴʩʷ ʾʾ ʮʽʣʴʦʚʠʤ ʧʨʠʟʥʘʯʝʥʥʷʤ, ʭʘʨʘʢʪʝʨʦʤ ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ ʪʘ 

ʧʨʠʥʮʠʧʘʤʠ ʟʘʩʪʦʩʫʚʘʥʥʷ ʚ ʪʦʡ ʘʙʦ ʽʥʰʦʾ ʦʙʩʪʘʥʦʚʢʠ. 

ɿʘʚʜʘʥʥʷ ʧʣʘʥʫʚʘʥʥʷ ʨʦʟʙʠʚʘʶʪʴʩʷ ʥʘ ʛʨʫʧʠ: ʜʣʷ ʩʪʘʮʽʦʥʘʨʥʦʛʦ ʪʘ ʤʦʙʽʣʴʥʦʛʦ 

ʢʦʤʧʦʥʝʥʪʠ, ʜʣʷ ʨʘʜʽʦʟʚô̫ ʟʢʫ, ʜʣʷ ʨʘʜʽʦʨʝʣʝʡʥʦʛʦ, ʜʣʷ ʪʨʦʧʦʩʬʝʨʥʦʛʦ ʪʘ ʢʦʩʤʽʯʥʦʛʦ ʟʚô̫ ʟʢʫ, 

ʜʣʷ ʚʫʟʣʽʚ ʟʚô̫ ʟʢʫ ʪʘ ʣʽʥʽʡ ʧʨʠʚô̫ ʟʢʠ, ʜʣʷ ʤʝʨʝʞ ʜʦʩʪʫʧʫ. 

ʅʘʷʚʥʽʩʪʴ ʤʦʙʽʣʴʥʠʭ ʢʦʤʧʦʥʝʥʪ, ʘ ʪʘʢʦʞ ʧʦʪʦʯʥʽ ʟʤʽʥʠ ʚ ʪʦʧʦʣʦʛʽʾ ʤʝʨʝʞ ʽ ʩʠʩʪʝʤ 

ʫʧʨʘʚʣʽʥʥʷ, ʧʨʠʟʚʦʜʷʪʴ ʜʦ ʥʝʦʙʭʽʜʥʦʩʪʽ ʧʝʨʝʨʦʟʧʦʜʽʣʫ ʬʫʥʢʮʽʡ ʫʧʨʘʚʣʽʥʥʷ ʟʚô̫ ʟʢʦʤ ʧʦ 

ʣʘʥʢʘʭ ʽ ʨʽʚʥʷʭ ʫʧʨʘʚʣʽʥʥʷ ɸʉʋ, ʘ ʪʘʢʦʞ ʚʽʜʧʦʚʽʜʥʦʛʦ ʫʪʦʯʥʝʥʥʷ ʩʢʣʘʜʫ ʽ ʚʟʘʻʤʦʟʚô̫ ʟʢʫ 

ʟʘʚʜʘʥʴ, ʱʦ ʚʠʨʽʰʫʶʪʴʩʷ ʧʦʩʘʜʦʚʠʤʠ ʦʩʦʙʘʤʠ ʧʨʠ ʫʧʨʘʚʣʽʥʥʽ ʤʝʨʝʞʘʤʠ. 

ʇʨʠ ʮʴʦʤʫ ʟʘʚʜʘʥʥʷ ʘʚʪʦʤʘʪʠʟʦʚʘʥʦʛʦ ʫʧʨʘʚʣʽʥʥʷ ʟʚô̫ ʟʢʦʤ ʥʘ ʦʨʛʘʥʽʟʘʮʽʡʥʦʤʫ ʨʽʚʥʽ 

ʧʦʚʠʥʥʽ ʚʠʨʽʰʫʚʘʪʠʩʷ ʥʘ ʦʩʥʦʚʽ ʟʘʩʪʦʩʫʚʘʥʥʷ ʢʦʤʧʣʝʢʩʽʚ ʟʘʩʦʙʽʚ ʘʚʪʦʤʘʪʠʟʘʮʽʾ ʫʧʨʘʚʣʽʥʥʷ 

ʟʚô̫ ʟʢʦʤ, ʟʘʛʘʣʴʥʦʛʦ ʧʨʦʛʨʘʤʥʦʛʦ ʟʘʙʝʟʧʝʯʝʥʥʷ, ʩʧʝʮʽʘʣʴʥʦʛʦ ʧʨʦʛʨʘʤʥʦʛʦ ʟʘʙʝʟʧʝʯʝʥʥʷ 

ʦʨʛʘʥʽʟʘʮʽʡʥʦʛʦ ʫʧʨʘʚʣʽʥʥʷ ʪʘ ʝʣʝʤʝʥʪʽʚ ʽʥʬʦʨʤʘʮʽʡʥʦʛʦ ʟʘʙʝʟʧʝʯʝʥʥʷ ï ʙʘʟ ʜʘʥʠʭ 

ʦʨʛʘʥʽʟʘʮʽʡʥʦʛʦ ʫʧʨʘʚʣʽʥʥʷ, ʨʝʘʣʽʟʦʚʘʥʠʭ ʥʘ ʦʩʥʦʚʽ ʩʫʯʘʩʥʠʭ ʟʘʩʦʙʽʚ ʧʨʠʢʣʘʜʥʦʾ ʩʝʨʝʜʦʚʠʱʘ 

ʩʠʩʪʝʤ ʧʽʜʪʨʠʤʢʠ ʧʨʠʡʥʷʪʪʷ ʨʽʰʝʥʴ (ʜʘʣʽ ʉʇʇʈ). 

ʇʨʠ ʮʴʦʤʫ ʚ ʟʘʛʘʣʴʥʦʤʫ ʚʠʧʘʜʢʫ ʧʝʨʩʧʝʢʪʠʚʥʽ ʉʇʇʈ, ʱʦ ʨʝʘʣʽʟʫʶʪʴʩʷ ʚ ɸʉʋʉ, ʷʢ 

ʧʘʩʠʚʥʽ, ʪʘʢ ʽ ʘʢʪʠʚʥʽ, ʤʦʞʫʪʴ ʧʦʻʜʥʫʚʘʪʠ ʤʝʪʦʜʠ ʽʥʬʦʨʤʘʮʽʡʥʦʛʦ ʧʦʰʫʢʫ, ʽʥʪʝʣʝʢʪʫʘʣʴʥʦʛʦ 

ʘʥʘʣʽʟʫ ʜʘʥʠʭ, ʧʦʰʫʢʫ ʟʥʘʥʴ ʚ ʙʘʟʘʭ ʜʘʥʠʭ, ʤʽʨʢʫʚʘʥʴ ʥʘ ʦʩʥʦʚʽ ʧʨʝʮʝʜʝʥʪʽʚ, ʽʤʽʪʘʮʽʡʥʦʛʦ 

ʤʦʜʝʣʶʚʘʥʥʷ, ʛʝʥʝʪʠʯʥʠʭ ʘʣʛʦʨʠʪʤʽʚ, ʥʝʡʨʦʥʥʠʭ ʤʝʨʝʞ ʪʘ ʽʥ. ʚ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʢʦʥʢʨʝʪʥʠʭ 

ʟʘʚʜʘʥʴ, ʽ ʙʫʜʫʚʘʪʠʩʷ ʥʘ ʦʩʥʦʚʽ ʪʝʭʥʦʣʦʛʽʾ ʘʥʘʣʽʪʠʯʥʦʾ ʦʙʨʦʙʢʠ ʽʥʬʦʨʤʘʮʽʾ ʚ ʨʝʘʣʴʥʦʤʫ ʯʘʩʽ 

(OLAP ï online analytical processing) ʽ ʚʘʨʽʘʥʪʽʚ ʾʾ ʨʝʘʣʽʟʘʮʽʾ. 

ɼʣʷ ʙʝʟʧʦʩʝʨʝʜʥʴʦʛʦ ʚʠʨʽʰʝʥʥʷ ʟʘʚʜʘʥʴ ʦʨʛʘʥʽʟʘʮʽʡʥʦʛʦ ʫʧʨʘʚʣʽʥʥʷ ʟʚô̫ ʟʢʦʤ ʥʘ 

ʦʨʛʘʥʽʟʘʮʽʡʥʦʤʫ ʨʽʚʥʽ ʫʧʨʘʚʣʽʥʥʷ ʧʦʚʠʥʥʽ ʚʠʜʽʣʷʪʠʩʷ ʥʘʩʪʫʧʥʽ ʦʩʥʦʚʥʽ ʣʦʛʽʯʥʽ ʧʽʜʩʠʩʪʝʤʠ: 

ʧʽʜʩʠʩʪʝʤʘ ʦʙʣʽʢʫ ʜʘʥʠʭ ʦʙʩʪʘʥʦʚʢʠ ʧʦ ʟʚô̫ ʟʢʫ; 

ʧʽʜʩʠʩʪʝʤʘ ʤʦʜʝʣʶʚʘʥʥʷ ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ ʤʝʨʝʞ ʟʚô̫ ʟʢʫ; 

ʧʽʜʩʠʩʪʝʤʘ ʧʣʘʥʫʚʘʥʥʷ ʟʚ'ʷʟʢʫ; 
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ʧʽʜʩʠʩʪʝʤʘ ʧʣʘʥʫʚʘʥʥʷ ʟʘʩʪʦʩʫʚʘʥʥʷ ʝʣʝʤʝʥʪʽʚ ʩʠʩʪʝʤʠ ʟʚô̫ ʟʢʫ (ʚʫʟʣʽʚ, ʮʝʥʪʨʽʚ, ʣʽʥʽʡ, 

ʤʝʨʝʞ, 

ʩʠʩʪʝʤʠ ʪʝʭʥʽʯʥʦʛʦ ʟʘʙʝʟʧʝʯʝʥʥʷ ʟʚô̫ ʟʢʫ ʽ ɸʉʋ, ʨʝʟʝʨʚʫ ʩʠʣ ʽ ʟʘʩʦʙʽʚ ʟʚô̫ ʟʢʫ ʪʘ 

ʘʚʪʦʤʘʪʠʟʘʮʽʾ); 

ʧʽʜʩʠʩʪʝʤʘ ʦʧʝʨʘʪʠʚʥʦʛʦ ʫʧʨʘʚʣʽʥʥʷ ʟʚô̫ ʟʢʦʤ; 

ʧʽʜʩʠʩʪʝʤʘ ʟʘʙʝʟʧʝʯʝʥʥʷ ʦʧʝʨʘʪʠʚʥʦ-ʪʝʭʥʽʯʥʦʾ ʩʣʫʞʙʠ ʥʘ ʝʣʝʤʝʥʪʘʭ ʩʠʩʪʝʤʠ ʟʚô̫ ʟʢʫ; 

ʧʽʜʩʠʩʪʝʤʘ ʚʩʝʙʽʯʥʦʛʦ ʟʘʙʝʟʧʝʯʝʥʥʷ ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ ʩʠʩʪʝʤʠ ʟʚô̫ ʟʢʫ. 

2. ʅʘ ʨʽʚʥʽ ʦʨʛʘʥʽʟʘʮʽʡʥʦ-ʪʝʭʥʦʣʦʛʽʯʥʦʛʦ ʫʧʨʘʚʣʽʥʥʷ ʧʦʚʠʥʥʽ ʚʠʨʽʰʫʚʘʪʠʩʷ ʟʘʚʜʘʥʥʷ 

ʧʦ ʫʧʨʘʚʣʽʥʥʶ ʤʝʨʝʞʘʤʠ ʽ ʧʦʩʣʫʛʘʤʠ ʟʚ'ʷʟʢʫ ʫ ʚʟʘʻʤʦʜʽʾ ʟ ʧʽʜʩʠʩʪʝʤʘʤʠ ʦʨʛʘʥʽʟʘʮʽʡʥʦʛʦ ʪʘ 

ʪʝʭʥʦʣʦʛʽʯʥʦʛʦ ʫʧʨʘʚʣʽʥʥʷ. 

ɼʣʷ ʚʠʨʽʰʝʥʥʷ ʟʘʚʜʘʥʴ ʦʨʛʘʥʽʟʘʮʽʡʥʦ-ʪʝʭʥʦʣʦʛʽʯʥʦʛʦ ʫʧʨʘʚʣʽʥʥʷ ʟʚô̫ ʟʢʦʤ ʥʘ 

ʚʽʜʧʦʚʽʜʥʦʤʫ ʨʽʚʥʽ ʫʧʨʘʚʣʽʥʥʷ ʧʦʚʠʥʥʽ ʚʠʜʽʣʷʪʠʩʷ ʥʘʩʪʫʧʥʽ ʦʩʥʦʚʥʽ ʣʦʛʽʯʥʽ ʧʽʜʩʠʩʪʝʤʠ: 

ʧʽʜʩʠʩʪʝʤʘ ʫʧʨʘʚʣʽʥʥʷ ʷʢʽʩʪʶ ʥʘʜʘʥʥʷ ʚʠʜʽʚ ʽ ʧʦʩʣʫʛ ʟʚô̫ ʟʢʫ, 

ʧʽʜʩʠʩʪʝʤʘ ʢʦʥʪʨʦʣʶ ʩʪʘʥʫ ʽ ʟʤʽʥʘ ʩʪʨʫʢʪʫʨʠ ʤʝʨʝʞ ʟʚô̫ ʟʢʫ. 

ʆʩʥʦʚʫ ʪʝʭʥʽʯʥʦʾ ʨʝʘʣʽʟʘʮʽʾ ʜʘʥʦʛʦ ʨʽʚʥʷ ʧʦʚʠʥʝʥ ʩʪʘʥʦʚʠʪʠ ʢʦʤʧʣʝʢʩ ʟʘʩʦʙʽʚ 

ʘʚʪʦʤʘʪʠʟʘʮʽʾ ʦʧʝʨʘʪʠʚʥʦ-ʪʝʭʥʽʯʥʦʛʦ ʫʧʨʘʚʣʽʥʥʷ ʤʝʨʝʞʘʤʠ ʟʚô̫ ʟʢʫ, ʱʦ ʚʢʣʶʯʘʻ: 

ʘʚʪʦʤʘʪʠʟʦʚʘʥʽ ʨʦʙʦʯʽ ʤʽʩʮʷ ʧʦʩʘʜʦʚʠʭ ʦʩʽʙ, ʦʙô̒ ʜʥʘʥʽ ʣʦʢʘʣʴʥʦʶ ʦʙʯʠʩʣʶʚʘʣʴʥʦʶ 

ʤʝʨʝʞʝʶ ʟ ʩʝʨʚʝʨʘʤʠ ʜʦʜʘʪʢʽʚ, ʽ ʙʘʟʠ ʜʘʥʠʭ; 

ʧʨʦʛʨʘʤʥʝ ʪʘ ʽʥʬʦʨʤʘʮʽʡʥʝ ʟʘʙʝʟʧʝʯʝʥʥʷ, ʱʦ ʟʘʙʝʟʧʝʯʫʻ ʘʚʪʦʤʘʪʠʟʦʚʘʥʝ ʨʽʰʝʥʥʷ ʟʘʜʘʯ 

ʦʧʝʨʘʪʠʚʥʦ-ʪʝʭʥʽʯʥʦʛʦ ʫʧʨʘʚʣʽʥʥʷ. 

3. ʅʘ ʨʽʚʥʽ ʪʝʭʥʦʣʦʛʽʯʥʦʛʦ ʫʧʨʘʚʣʽʥʥʷ ʧʦʚʠʥʥʽ ʚʠʨʽʰʫʚʘʪʠʩʷ ʟʘʚʜʘʥʥʷ ʢʦʥʪʨʦʣʶ ʽ 

ʟʤʽʥʠ ʪʝʭʥʽʯʥʦʛʦ ʩʪʘʥʫ ʟʘʩʦʙʽʚ ʟʚô̫ ʟʢʫ (ʤʝʨʝʞʝʚʠʭ ʝʣʝʤʝʥʪʽʚ) ʤʝʨʝʞ ʟʚô̫ ʟʢʫ ʰʣʷʭʦʤ 

ʩʪʚʦʨʝʥʥʷ ʚʽʜʧʦʚʽʜʥʦʾ ʧʽʜʩʠʩʪʝʤʠ. 

ʊʝʭʥʦʣʦʛʽʯʥʝ ʫʧʨʘʚʣʽʥʥʷ ʟʚô̫ ʟʢʦʤ ʟʜʽʡʩʥʶʻʪʴʩʷ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʤʦʞʣʠʚʦʩʪʝʡ 

ʩʫʯʘʩʥʠʭ ʟʘʩʦʙʽʚ ʟʚô̫ ʟʢʫ ʩʧʨʠʡʤʘʪʠ ʢʝʨʫʶʯʽ ʢʦʤʘʥʜʠ ʽ ʩʠʛʥʘʣʠ ʟ ʙʦʢʫ ɸʉʋɿ, ʟʤʽʥʶʚʘʪʠ ʧʽʜ 

ʾʭ ʚʧʣʠʚʦʤ ʩʚʦʾ ʩʪʘʥʠ, ʘ ʪʘʢʦʞ ʚʠʜʘʚʘʪʠ ʚ ɸʉʋɿ ʽʥʬʦʨʤʘʮʽʶ ʧʨʦ ʩʚʽʡ ʩʪʘʥ. 

ɼʣʷ ʫʧʨʘʚʣʽʥʥʷ ʟʚô̫ ʟʢʦʤ ʽ ʚʽʡʩʴʢʘʤʠ ʟʚô̫ ʟʢʫ ʚ ʨʽʟʥʠʭ ʫʤʦʚʘʭ ʦʙʩʪʘʥʦʚʢʠ ʤʦʞʝ 

ʦʨʛʘʥʽʟʦʚʫʚʘʪʠʩʷ ʰʣʷʭʦʤ ʩʪʚʦʨʝʥʥʷ ʦʢʨʝʤʠʭ ʤʝʨʝʞ ʫʧʨʘʚʣʽʥʥʷ (ʩʣʫʞʙʦʚʦʛʦ ʟʚô̫ ʟʢʫ) ʘʙʦ 

ʰʣʷʭʦʤ ʚʠʢʦʨʠʩʪʘʥʥʷ ʢʘʥʘʣʴʥʦʛʦ ʨʝʩʫʨʩʫ ʤʝʨʝʞ ʟʚô̫ ʟʢʫ. 

ʅʘ ʤʝʨʝʞʫ ʫʧʨʘʚʣʽʥʥʷ ʧʦʢʣʘʜʘʶʪʴʩʷ ʟʘʚʜʘʥʥʷ ʧʦ ʧʝʨʝʜʘʯʽ ʢʦʤʘʥʜʥʦʾ ʽʥʬʦʨʤʘʮʽʾ, 

ʧʝʨʝʜʘʯʽ ʜʘʥʠʭ, ʧʝʨʝʜʘʯʽ ʢʦʤʘʥʜ ʪʝʭʥʦʣʦʛʽʯʥʦʛʦ ʫʧʨʘʚʣʽʥʥʷ ʢʦʤʧʣʝʢʩʘʤʠ ʪʝʭʥʽʯʥʠʭ ʟʘʩʦʙʽʚ 

ʩʠʩʪʝʤʠ ʟʚô̫ ʟʢʫ ɿʉʋ, ʫʧʨʘʚʣʽʥʥʷ ʨʫʭʦʤʠʤʠ ʦʜʠʥʠʮʷʤʠ ʪʦʱʦ. ɺʠʢʦʥʘʥʥʷ ʜʘʥʠʭ ʟʘʚʜʘʥʴ 

ʤʦʞʝ ʟʘʙʝʟʧʝʯʫʚʘʪʠʩʷ ʟʘ ʨʘʭʫʥʦʢ ʩʪʚʦʨʝʥʥʷ ʚʽʜʧʦʚʽʜʥʠʭ ʧʽʜʩʠʩʪʝʤ ʤʝʨʝʞʽ ʫʧʨʘʚʣʽʥʥʷ. 

ʂʨʽʤ ʮʴʦʛʦ ʚ ɸʉʋɿ ʧʦʚʠʥʥʘ ʩʪʚʦʨʶʚʘʪʠʩʷ ʧʽʜʩʠʩʪʝʤʘ ʙʝʟʧʝʢʠ ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ, ʷʢʘ 

ʩʧʨʷʤʦʚʘʥʘ ʥʘ ʟʘʙʝʟʧʝʯʝʥʥʷ ʩʭʦʨʦʥʥʦʩʪʽ ʜʘʥʠʭ, ʱʦ ʮʠʨʢʫʣʶʶʪʴ ʚ ʩʠʩʪʝʤʽ, ʨʦʟʤʝʞʫʚʘʥʥʷ 

ʜʦʩʪʫʧʫ ʧʦʩʘʜʦʚʠʭ ʦʩʽʙ ʦʨʛʘʥʽʚ ʫʧʨʘʚʣʽʥʥʷ ʟʚô̫ ʟʢʦʤ ʜʦ ʽʥʬʦʨʤʘʮʽʾ, ʾʭ ʘʫʪʝʥʪʠʬʽʢʘʮʽʶ ʽ 

ʥʝʜʦʧʫʱʝʥʥʷ ʥʝʩʘʥʢʮʽʦʥʦʚʘʥʦʛʦ ʚʪʨʫʯʘʥʥʷ. 

ɽʪʘʧ ʨʦʟʛʦʨʪʘʥʥʷ ʧʦʣʷʛʘʻ ʚ ʨʦʟʛʦʨʪʘʥʥʽ ʤʝʨʝʞʽ ʚ ʟʘʜʘʥʦʤʫ ʨʘʡʦʥʽ. ʇʨʠ ʮʴʦʤʫ ʟʘʜʘʯʽ 

ʝʪʘʧʫ ʨʦʟʛʦʨʪʘʥʥʷ (ʧʝʨʝʧʣʘʥʫʚʘʥʥʷ) ʤʝʨʝʞʽ ʤʦʞʫʪʴ ʚʠʢʦʥʫʚʘʪʠʩʷ ʡ ʥʘ ʝʪʘʧʽ ʦʧʝʨʘʪʠʚʥʦʛʦ 

ʫʧʨʘʚʣʽʥʥʷ ʧʨʠ ʟʥʘʯʥʠʭ ʾʾ ʟʤʽʥʘʭ (ʫʰʢʦʜʞʝʥʥʽ, ʚʚʝʜʝʥʥʽ ʥʦʚʠʭ ʫʛʨʫʧʦʚʘʥʴ ʚʽʡʩʴʢ ʡ ʽʥ.). 

ʂʦʥʪʨʦʣʴ ʟʘ ʝʪʘʧʦʤ ʨʦʟʛʦʨʪʘʥʥʷ ʤʝʨʝʞʽ  ʟʜʽʡʩʥʶʻʪʴʩʷ ʽʟ ʮʝʥʪʨʫ ʫʧʨʘʚʣʽʥʥʷ ʤʝʨʝʞʝʶ. 

ʅʘ ʝʪʘʧʽ ʦʧʝʨʘʪʠʚʥʦʛʦ ʫʧʨʘʚʣʽʥʥʷ ʟʘ ʧʨʠʡʥʷʪʠʤʠ ʢʨʠʪʝʨʽʷʤʠ ʝʬʝʢʪʠʚʥʦʩʪʽ ʧʦʩʪʽʡʥʦ 

ʦʮʽʥʶʻʪʴʩʷ ʩʪʘʥ ʤʝʨʝʞ, ʽ ʧʨʠʡʤʘʶʪʴʩʷ ʤʽʨʠ (ʚʽʜʧʦʚʽʜʥʦ ʜʦ ʧʣʘʥʫ ʪʘ ʨʝʘʣʴʥʦʾ ʦʙʩʪʘʥʦʚʢʠ) ʧʦ 

ʚʪʨʠʤʘʥʥʶ ʧʦʢʘʟʥʠʢʽʚ ʝʬʝʢʪʠʚʥʦʩʪʽ ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ ʚ ʟʘʜʘʥʠʭ ʤʝʞʘʭ ʘʙʦ ʟʜʽʡʩʥʶʻʪʴʩʷ ʾʭ 

ʩʠʩʪʝʤʥʘ (ʢʦʨʠʩʪʫʚʘʣʴʥʠʮʴʢʘ) ʦʧʪʠʤʽʟʘʮʽʷ.  

ɿʘʜʘʯʽ ʦʧʝʨʘʪʠʚʥʦʛʦ ʫʧʨʘʚʣʽʥʥʷ (ʥʘ ʚʽʜʤʽʥʥʽʩʪʴ ʟʘʜʘʯ ʧʣʘʥʫʚʘʥʥʷ) ʚʠʨʽʰʫʶʪʴʩʷ 

ʟʤʽʰʘʥʠʤ ʩʧʦʩʦʙʦʤ (ʮʝʥʪʨʘʣʽʟʦʚʘʥʦ/ʜʝʮʝʥʪʨʘʣʽʟʦʚʘʥʦ) ʫ ʨʝʞʠʤʽ ʨʝʘʣʴʥʦʛʦ ʯʘʩʫ, ʘ ʟʘ ʟʤʽʩʪʦʤ 

ʙʘʛʘʪʦʨʘʟʦʚʦ ʾʭ ʧʦʚʪʦʨʶʶʪʴ. ʎʠʢʣ ʫʧʨʘʚʣʽʥʥʷ (ʎ) ʤʝʨʝʞʽ ʟʜʽʡʩʥʶʻʪʴʩʷ ʦʨʛʘʥʦʤ ʫʧʨʘʚʣʽʥʥʷ 

(ʦʩʦʙʦʶ, ʱʦ ʧʨʠʡʤʘʻ ʨʽʰʝʥʥʷ) ʪʘ ʚʢʣʶʯʘʻ (ʜʠʚ. ʨʠʩ. 2) [4, 5]: 

ï ʟʙʽʨ ʽʥʬʦʨʤʘʮʽʾ ʧʨʦ ʩʪʘʥ ʤʝʨʝʞʽ (ʧʨʠ ʮʴʦʤʫ ʥʝʦʙʭʽʜʥʦ ʧʨʠʡʤʘʪʠ ʨʽʰʝʥʥʷ ʟʘ 

ʦʙôʻʤʦʤ, ʪʠʧʦʤ, ʨʽʚʥʷʤʠ, ʬʫʥʢʮʽʷʤʠ ʟʙʦʨʫ ʩʣʫʞʙʦʚʦʾ ʽʥʬʦʨʤʘʮʽʾ);  

ï ʘʥʘʣʽʟ ʜʘʥʦʾ ʽʥʬʦʨʤʘʮʽʾ ʪʘ ʾʾ ʦʙʨʦʙʢʘ ï ʚʠʟʥʘʯʘʶʪʴʩʷ: ʩʪʫʧʽʥʴ ʚʠʢʦʥʘʥʥʷ ʤʝʨʝʞʝʶ 
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ʩʚʦʾʭ ʬʫʥʢʮʽʡ, ʥʝʦʙʭʽʜʥʽʩʪʴ ʫʧʨʘʚʣʷʶʯʦʛʦ ʚʧʣʠʚʫ, ʮʽʣʽ ʫʧʨʘʚʣʽʥʥʷ ʟ ʧʦʜʘʣʴʰʦʶ ʜʝʪʘʣʽʟʘʮʽʻʶ 

ʾʭ ʥʘ ʧʽʜʮʽʣʽ;  

ï ʧʨʠʡʥʷʪʪʷ ʨʽʰʝʥʥʷ  (ʨʝʢʦʥʬʽʛʫʨʘʮʽʷ ʤʝʨʝʞʽ, ʧʝʨʝʨʦʟʧʦʜʽʣ ʢʘʥʘʣʽʚ ʪʨʘʥʩʧʦʨʪʥʦʾ 

ʤʝʨʝʞʽ ʪʘ ʤʝʨʝʞʽ ʜʦʩʪʫʧʫ, ʤʘʨʰʨʫʪʠʟʘʮʽʷ ʪʘ ʦʙʤʝʞʝʥʥʷ ʧʦʪʦʢʽʚ, ʦʥʦʚʣʝʥʥʷ ʝʣʝʤʝʥʪʽʚ 

ʤʝʨʝʞʽ ʪʦʱʦ);  

ï ʜʦʚʝʜʝʥʥʷ ʪʘ ʚʠʢʦʥʘʥʥʷ ʨʽʰʝʥʥʷ (ʚʠʜʘʯʘ ʪʘ ʜʦʚʝʜʝʥʥʷ ʫʧʨʘʚʣʷʶʯʠʭ ʢʦʤʘʥʜ, 

ʨʦʟʩʠʣʘʥʥʷ ʩʣʫʞʙʦʚʦʾ ʽʥʬʦʨʤʘʮʽʾ, ʨʝʟʝʨʚʫʚʘʥʥʷ ʨʝʩʫʨʩʫ, ʥʘʣʘʰʪʫʚʘʥʥʷ ʦʙʨʘʥʥʷ, 

ʚʩʪʘʥʦʚʣʝʥʥʷ ʧʦʪʫʞʥʦʩʪʽ ʧʝʨʝʜʘʚʘʯʽʚ, ʩʧʨʷʤʦʚʘʥʽʩʪʴ ʘʥʪʝʥ ʪʦʱʦ);  

ï ʢʦʥʪʨʦʣʴ ʚʠʢʦʥʘʥʥʷ ʨʽʰʝʥʴ ʫ ʟʘʜʘʥʽ ʯʘʩʦʚʽ ʽʥʪʝʨʚʘʣʠ. 

ʎʽʣʷʤʠ ʩʠʩʪʝʤʠ ʫʧʨʘʚʣʽʥʥʷ (ὤ) (ʨʠʩ. 2., 3) ʤʦʞʫʪʴ ʙʫʪʠ ʝʢʩʪʨʝʤʫʤ ʘʙʦ ʧʽʜʪʨʠʤʢʘ 
(ʚʠʩʪʫʧʘʶʪʴ ʷʢ ʦʙʤʝʞʝʥʥʷ) ʟʘʜʘʥʠʭ ʧʘʨʘʤʝʪʨʽʚ ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ ʚʩʽʻʾ ʤʝʨʝʞʽ ʘʙʦ ʾʾ ʝʣʝʤʝʥʪʽʚ 

(ʟʦʥʘ, ʥʘʧʨʷʤʦʢ, ʤʘʨʰʨʫʪ, ʚʫʟʦʣ, ʢʘʥʘʣ), ʱʦ ʤʦʞʥʘ ʧʨʝʜʩʪʘʚʠʪʠ ʚ ʚʠʛʣʷʜʽ [3, 4]: 

 

ὤ Ὢὅȟὖȟὖ̈̃ȟὊȟὣ˞ˠȟὕȟὙ ᴼέὴὸ 
          ̐ ̑ ̠̖̉̏̂̍̆̇̆̎̎ Ὑ Ὑ̅ ̏ ̐̓  ́ὕ ὕ̅ ̏ ̐ȟ Ὕ̗ Ὕ̅̏̐ᴼάὭὲ 
 

ʜʝ C ï ʩʪʨʫʢʪʫʨʘ ʩʠʩʪʝʤʠ ʫʧʨʘʚʣʽʥʥʷ; 

ὖ  ï ʤʥʦʞʠʥʘ ʧʘʨʘʤʝʪʨʠ ʝʣʝʤʝʥʪʽʚ ʩʠʩʪʝʤʠ ʫʧʨʘʚʣʽʥʥʷ; 

ὖ̈̃ ï ʤʥʦʞʠʥʘ ʧʘʨʘʤʝʪʨʽʚ ʟʚôʷʟʢʽʚ ʤʽʞ ʝʣʝʤʝʥʪʘʤʠ ʩʠʩʪʝʤʠ ʫʧʨʘʚʣʽʥʥʷ; 

Ὂ  ï ʩʫʢʫʧʥʽʩʪʴ ʬʫʥʢʮʽʡ, ʱʦ ʨʝʘʣʽʟʫʶʪʴʩʷ ʩʠʩʪʝʤʦʶ ʫʧʨʘʚʣʽʥʥʷ ʊʂʄ; 

ὣ˞ˠ ï ʫʤʦʚʠ ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ ʩʠʩʪʝʤʠ ʫʧʨʘʚʣʽʥʥʷ; 

ὕ ï ʦʙʤʝʞʝʥʥʷ ʥʘ ʟʥʘʯʝʥʥʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʚʣʘʩʪʠʚʦʩʪʝʡ ʩʠʩʪʝʤʠ ʫʧʨʘʚʣʽʥʥʷ, ʱʦ 

ʩʪʚʦʨʶʻʪʴʩʷ; 

Ὑ ï ʦʙʤʝʞʝʥʥʷ ʥʘ ʨʝʩʫʨʩʠ, ʟʘ ʜʦʧʦʤʦʛʦʶ ʷʢʠʭ ʙʫʜʝ ʩʠʥʪʝʟʫʚʘʪʠʩʷ ʩʠʩʪʝʤʘ ʫʧʨʘʚʣʽʥʥʷ; 

ʊʮ ï ʯʘʩ ʮʠʢʣʫ ʦʧʝʨʘʪʠʚʥʦʛʦ ʫʧʨʘʚʣʽʥʥʷ ʤʝʨʝʞʝʶ; 

ʊʜʦʧ ï ʯʘʩ, ʱʦ ʚʽʜʚʝʜʝʥʠʡ ʥʘ ʫʧʨʘʚʣʽʥʥʷ ʤʝʨʝʞʝʶ ʘʙʦ ʾʾ ʝʪʘʧʠ, ʷʢʠʡ ʚʠʟʥʘʯʘʻʪʴʩʷ 

ʜʠʨʝʢʪʠʚʥʠʤʠ ʜʦʢʫʤʝʥʪʘʤʠ.  

ʈʘʟʦʤ ʟ ʪʠʤ, ʫ ʩʠʩʪʝʤʽ ʫʧʨʘʚʣʽʥʥʷ ʤʝʨʝʞʝʶ ʽʩʥʫʻ ʽʻʨʘʨʭʽʷ ʮʽʣʝʡ ὤ. ɿʘʛʘʣʴʥʘ ʮʽʣʴ 
ʧʦʜʽʣʷʻʪʴʩʷ ʥʘ ʧʽʜʮʽʣʽ: ʧʣʘʥʫʚʘʥʥʷ ʪʘ ʦʧʝʨʘʪʠʚʥʦʛʦ ʫʧʨʘʚʣʽʥʥʷ. ʆʧʝʨʘʪʠʚʥʝ ʫʧʨʘʚʣʽʥʥʷ ʚ 

ʩʚʦʶ ʯʝʨʛʫ ʧʦʜʽʣʷʻʪʴʩʷ ʥʘ ʫʧʨʘʚʣʽʥʥʷ ʷʢʽʩʪʶ ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ, ʢʦʥʬʽʛʫʨʘʮʽʻʶ, 

ʥʝʩʧʨʘʚʥʦʩʪʷʤʠ, ʨʝʩʫʨʩʘʤʠ ʪʦʱʦ. ɺ ʟʘʛʘʣʴʥʦʤʫ ʚʠʧʘʜʢʫ ὤ  ʤʦʞʥʘ ʧʨʝʜʩʪʘʚʠʪʠ ʫ ʚʠʛʣʷʜʽ 

ʩʧʠʩʢʽʚ ʧʽʜʮʽʣʝʡ, ʷʢʽ ʧʦʚôʷʟʘʥʽ ʚʠʟʥʘʯʝʥʠʤʠ ʚʽʜʥʦʰʝʥʥʷʤʠ [5, 11]: 

 

ὤ ὤῸ ὤ ȟὤ ȟȣȟὤ Ὸ ὤ ȟὤ ȟȣȟὤ ȣῸ ὤ ȟὤ ȟȣȟὤ ȟ 
 

ʜʝ ὤ  ï ʽʻʨʘʨʭʽʷ ʮʽʣʝʡ ʩʠʩʪʝʤʠ ʫʧʨʘʚʣʽʥʥʷ; ὤ ï ʛʣʦʙʘʣʴʥʘ ʮʽʣʴ; ὤ  ï i-ʘ ʧʽʜʮʽʣʴ j-ʛʦ ʨʽʚʥʷ 

ʽʻʨʘʨʭʽʾ ʮʽʣʝʡ, JjIi ,1;,1 == ; Ὸ  ï ʤʥʦʞʠʥʘ ʚʽʜʥʦʰʝʥʴ ʥʘ ʧʽʜʮʽʣʽ ʽʻʨʘʨʭʽʾ ʮʽʣʝʡ.  

ʅʘʧʨʠʢʣʘʜ, ʜʦ ʤʝʨʝʞʝʚʠʭ (ʟʦʥʦʚʠʭ) ʮʽʣʝʡ ʫʧʨʘʚʣʽʥʥʷ ʤʦʞʥʘ ʚʽʜʥʝʩʪʠ ʦʧʪʠʤʫʤ 

ʥʘʩʪʫʧʥʠʭ ʧʘʨʘʤʝʪʨʽʚ Z = {Z1, Z2, ..., Zn}:  

Z1 ï ʧʨʦʜʫʢʪʠʚʥʽʩʪʴ ʚʩʽʻʾ ʤʝʨʝʞʽ, ʤʝʨʝʞʽ ʧʝʚʥʦʛʦ ʨʽʚʥʷ ʘʙʦ ʾʾ ʟʦʥʠ, ʥʘʧʨʷʤʫ, ʤʘʨʰʨʫʪʫ, 

ʢʘʥʘʣʫ; Z2 ï ʧʦʪʫʞʥʽʩʪʴ ʨʘʜʽʦʧʝʨʝʜʘʯʽʚ ʤʝʨʝʞʽ ʯʠ ʾʾ ʟʦʥʠ; Z3 ï ʩʪʫʧʽʥʴ ʧʦʢʨʠʪʪʷ ʪʝʨʠʪʦʨʽʾ 

(ʘʙʦʥʝʥʪʽʚ) ʤʝʨʝʞʝʶ (ʘʝʨʦʧʣʘʪʬʦʨʤʘʤʠ); Z4 ï ʩʪʨʫʢʪʫʨʥʘ ʥʘʜʽʡʥʽʩʪʴ (ʟʚô̫ ʟʥʽʩʪʴ) ʤʝʨʝʞʽ, ʾʾ 

ʟʦʥʠ; Z5ï ʢʽʣʴʢʽʩʪʴ ʘʧʘʨʘʪʥʠʭ ʨʝʩʫʨʩʽʚ (ʘʝʨʦʧʣʘʪʬʦʨʤ, ʙʘʟʦʚʠʭ ʩʪʘʥʮʽʡ, ʩʝʨʚʝʨʽʚ ʪʦʱʦ); Z6 ï 

ʯʘʩ ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ ʤʝʨʝʞʽ ʾʾ ʟʦʥʠ, ʥʘʧʨʷʤʫ, ʤʘʨʰʨʫʪʫ; Z7 ï ʦʙʩʷʛ ʩʣʫʞʙʦʚʦʛʦ ʪʨʘʬʽʢʘ; Z8 ï 

ʯʘʩ ʧʣʘʥʫʚʘʥʥʷ, ʨʦʟʛʦʨʪʘʥʥʷ, ʚʽʜʥʦʚʣʝʥʥʷ ʤʝʨʝʞʽ ʯʠ ʾʾ ʟʦʥʠ, ʥʘʧʨʷʤʫ; Z9 ï ʧʘʨʘʤʝʪʨʠ 

ʙʝʟʧʝʢʠ ʡ ʪ. ʜ.  

3. ʌʫʥʢʮʽʾ ʪʘ ʟʘʜʘʯʽ ʫʧʨʘʚʣʽʥʥʷ ʤʝʨʝʞʘʤʠ (ʨʠʩ. 3). 

ʉʠʩʪʝʤʘ ʫʧʨʘʚʣʽʥʥʷ ʊʂʄ ʧʦʚʠʥʥʘ ʟʘʙʝʟʧʝʯʠʪʠ ʚʠʢʦʥʘʥʥʷ ʦʩʥʦʚʥʠʭ ʬʫʥʢʮʽʡ 

Ὂ Ὂ ȟ‚ ρȟ‚, ʷʢ ʚ ʮʠʢʣʽ ʫʧʨʘʚʣʽʥʥʷ ʪʘʢ ʦʢʨʝʤʽ ʬʫʥʢʮʽʾ. 

ʎʠʢʣ ʫʧʨʘʚʣʽʥʥʷ ʩʢʣʘʜʘʻʪʴʩʷ ʟ ʬʫʥʢʮʽʡ: 

1. ʂʦʥʪʨʦʣʴ ʩʪʘʥʫ ʝʣʝʤʝʥʪʽʚ ʤʝʨʝʞʽ, ʢʦʥʬʽʛʫʨʘʮʽʾ, ʪʦʧʦʣʦʛʽʾ ʤʝʨʝʞʽ F1. 
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2. ɸʥʘʣʽʟ ʩʪʘʥʫ ʤʝʨʝʞʽ F2. 

3. ʇʨʠʡʥʷʪʪʷ ʨʽʰʝʥʥʷ ʧʦ ʫʧʨʘʚʣʽʥʥʶ ʤʝʨʝʞʝʶ F3. 

4. ɼʦʚʝʜʝʥʥʷ ʨʽʰʝʥʥʷ ʧʦ ʫʧʨʘʚʣʽʥʥʶ F4. 

ʆʢʨʝʤʽ ʬʫʥʢʮʽʾ, ʱʦ ʙʝʟʧʦʩʝʨʝʜʥʴʦ ʥʝ ʚʭʦʜʷʪʴ ʜʦ ʮʠʢʣʫ ʫʧʨʘʚʣʽʥʥʷ. 

5. ʋʧʨʘʚʣʽʥʥʷ ʧʦʪʦʢʘʤʠ ʜʘʥʠʭ F5. 

6. ʄʘʨʰʨʫʪʠʟʘʮʽʷ ʧʦʪʦʢʽʚ F6. 

7. ʋʧʨʘʚʣʽʥʥʷ ʩʪʨʫʢʪʫʨʦʶ (ʪʦʧʦʣʦʛʽʻʶ) ʤʝʨʝʞʽ F7. 

8. ʇʨʦʛʥʦʟʫʚʘʥʥʷ ʧʦʚʝʜʽʥʢʠ ʤʝʨʝʞʽ F8. 

9. ʗʢʽʩʪʴ ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ QoS F9. 

10. ɹʝʟʧʝʢʘ F10, ʪʦʱʦ. 

ʅʘ ʩʠʩʪʝʤʫ ʫʧʨʘʚʣʽʥʥʷ ʤʝʨʝʞʝʶ ʧʦʢʣʘʜʘʶʪʴʩʷ ʥʘʩʪʫʧʥʽ ʟʘʜʘʯʽ ˔ ˔ ȟ– ρȟ–: 

1. ɿʘʜʘʯʘ ʟʙʦʨʫ ʽʥʬʦʨʤʘʮʽʾ ʧʨʦ ʩʪʘʥ ʤʝʨʝʞʽ ɿ1. 

2. ɿʘʜʘʯʘ ʦʮʽʥʢʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʤʝʨʝʞʽ ɿ2. 

3. ɿʘʜʘʯʘ ʽʜʝʥʪʠʬʽʢʘʮʽʾ ʩʪʘʥʫ ʤʝʨʝʞʽ ɿ3. 

4. ɿʘʜʘʯʘ ʚʠʨʦʙʣʝʥʥʷ ʫʧʨʘʚʣʽʥʩʴʢʠʭ ʨʽʰʝʥʴ ɿ4. 

5. ɿʘʜʘʯʘ ʜʦʚʝʜʝʥʥʷ ʫʧʨʘʚʣʽʥʩʴʢʠʭ ʚʧʣʠʚʽʚ ʜʦ ʦʙôʻʢʪʽʚ ʫʧʨʘʚʣʽʥʥʷ ɿ5. 

6. ɿʘʜʘʯʘ ʨʦʟʧʦʜʽʣʫ ʧʦʪʦʢʽʚ ʫ ʚʫʟʣʘʭ ɿ6. 

7. ɿʘʜʘʯʘ ʦʙʤʝʞʝʥʥʷ ʚʭʽʜʥʦʛʦ ʥʘʚʘʥʪʘʞʝʥʥʷ ʥʘ ʚʫʟʣʘʭ ɿ7. 

8. ɿʘʜʘʯʘ ʫʧʨʘʚʣʽʥʥʷ ʧʦʪʦʢʘʤʠ ʧʨʠ ʧʝʨʝʜʘʚʘʥʥʽ ʧʦ ʚʠʙʨʘʥʠʤ ʤʘʨʰʨʫʪʘʤ ɿ8. 

9. ɿʘʜʘʯʘ ʫʧʨʘʚʣʽʥʥʷ ʧʦʪʦʢʘʤʠ ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʨʝʟʝʨʚʫ ʧʨʦʧʫʩʢʥʦʾ ʟʜʘʪʥʦʩʪʽ ɿ9. 

10. ɿʘʜʘʯʘ ʧʦʙʫʜʦʚʠ ʤʘʨʰʨʫʪʽʚ ɿ10. 

11. ɿʘʜʘʯʘ ʧʽʜʪʨʠʤʢʠ ʤʘʨʰʨʫʪʽʚ ɿ11. 

12. ɿʘʜʘʯʘ ʧʝʨʝʙʫʜʦʚʠ ʤʘʨʰʨʫʪʽʚ ɿ12. 

13. ɿʘʜʘʯʘ ʫʧʨʘʚʣʽʥʥʷ ʩʪʨʫʢʪʫʨʦʶ (ʪʦʧʦʣʦʛʽʻʶ) ʤʝʨʝʞʽ ɿ13. 

14. ɿʘʜʘʯʘ ʫʧʨʘʚʣʽʥʥʷ ʨʦʟʛʦʨʪʘʥʥʷʤ (ʟʛʦʨʪʘʥʥʷʤ) ʤʝʨʝʞʽ ɿ14. 

15. ɿʘʜʘʯʘ ʫʧʨʘʚʣʽʥʥʷ ʧʦʥʦʚʣʝʥʥʷʤ ʧʘʨʘʤʝʪʨʽʚ ʤʝʨʝʞʽ ɿ15. 

16. ɿʘʜʘʯʘ ʢʦʨʝʛʫʚʘʥʥʷ ʧʨʦʮʝʩʽʚ ʦʧʝʨʘʪʠʚʥʦʛʦ ʫʧʨʘʚʣʽʥʥʷ ʥʘ ʦʩʥʦʚʽ ʧʨʦʛʥʦʟʫʚʘʥʥʷ ʪʘ 
ʧʣʘʥʫʚʘʥʥʷ ʚʧʣʠʚʽʚ ʥʘ ʤʝʨʝʞʫ ɿ16. 

17. ɿʘʜʘʯʘ ʫʧʨʘʚʣʽʥʥʷ ʷʢʽʩʪʶ ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ ʧʦʪʦʢʽʚ ʜʘʥʠʭ ɿ17. 

18. ɿʘʜʘʯʘ ʚʠʷʚʣʝʥʥʷ ʚʪʦʨʛʥʝʥʴ ɿ18. 

19. ɿʘʜʘʯʘ ʽʜʝʥʪʠʬʽʢʘʮʽʾ ɿ19. 

20. ɿʘʜʘʯʘ ʰʠʬʨʫʚʘʥʥʷ ɿ20, ʪʦʱʦ. 

ʌʫʥʢʮʽʾ ʪʘ ʟʘʜʘʯʽ ʫʧʨʘʚʣʽʥʥʷ ʤʝʨʝʞʘʤʠ ʚʠʟʥʘʯʘʶʪʴ ʤʘʡʙʫʪʥʶ ʣʦʛʽʢʫ ʨʦʙʦʪʠ ʉʋ ʊʂʄ 

ʥʘ ʚʩʽʭ ʝʪʘʧʘʭ ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ. 

ʇʨʠ ʚʠʢʦʥʘʥʥʽ ʢʦʞʥʦʾ ʬʫʥʢʮʽʾ ʫʧʨʘʚʣʽʥʥʷ ʤʦʞʣʠʚʝ ʚʠʨʽʰʝʥʥʷ ʦʜʥʽʻʾ ʘʙʦ ʢʽʣʴʢʦʭ ʟʘʜʘʯ 

ʫʧʨʘʚʣʽʥʥʷ. 

ˉ 

ʟ/ʧ 

ʌʫʥʢʮʽʾ ʫʧʨʘʚʣʽʥʥʷ ɿʘʜʘʯʽ ʫʧʨʘʚʣʽʥʥʷ 

1. ʂʦʥʪʨʦʣʴ ʩʪʘʥʫ ʝʣʝʤʝʥʪʽʚ ʤʝʨʝʞʽ, 

ʢʦʥʬʽʛʫʨʘʮʽʾ, ʪʦʧʦʣʦʛʽʾ ʤʝʨʝʞʽ F1. 

ɿʘʜʘʯʘ ʟʙʦʨʫ ʽʥʬʦʨʤʘʮʽʾ ʧʨʦ ʩʪʘʥ ʤʝʨʝʞʽ ɿ1 

(ʜʣʷ ʚʩʽʭ ʬʫʥʢʮʽʡ ʫʧʨʘʚʣʽʥʥʷ). 

2. ɸʥʘʣʽʟ ʩʪʘʥʫ ʤʝʨʝʞʽ F2. ɿʘʜʘʯʘ ʦʮʽʥʢʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʤʝʨʝʞʽ ɿ2. 

ɿʘʜʘʯʘ ʽʜʝʥʪʠʬʽʢʘʮʽʾ ʩʪʘʥʫ ʤʝʨʝʞʽ ɿ3. 

3. ʇʨʠʡʥʷʪʪʷ ʨʽʰʝʥʥʷ ʧʦ ʫʧʨʘʚʣʽʥʥʶ 

ʤʝʨʝʞʝʶ F3. 

ɿʘʜʘʯʘ ʚʠʨʦʙʣʝʥʥʷ ʫʧʨʘʚʣʽʥʩʴʢʠʭ ʨʽʰʝʥʴ ɿ4. 

4. ɼʦʚʝʜʝʥʥʷ ʨʽʰʝʥʥʷ ʧʦ ʫʧʨʘʚʣʽʥʥʶ F4. ɿʘʜʘʯʘ ʜʦʚʝʜʝʥʥʷ ʫʧʨʘʚʣʽʥʩʴʢʠʭ ʚʧʣʠʚʽʚ ʜʦ 

ʦʙôʻʢʪʽʚ ʫʧʨʘʚʣʽʥʥʷ ɿ5. 

5. ʋʧʨʘʚʣʽʥʥʷ ʧʦʪʦʢʘʤʠ ʜʘʥʠʭ F5. ɿʘʜʘʯʘ ʨʦʟʧʦʜʽʣʫ ʧʦʪʦʢʽʚ ʫ ʚʫʟʣʘʭ ɿ6. 

ɿʘʜʘʯʘ ʦʙʤʝʞʝʥʥʷ ʚʭʽʜʥʦʛʦ ʥʘʚʘʥʪʘʞʝʥʥʷ ʥʘ 

ʚʫʟʣʘʭ ɿ7. 

ɿʘʜʘʯʘ ʫʧʨʘʚʣʽʥʥʷ ʧʦʪʦʢʘʤʠ ʧʨʠ ʧʝʨʝʜʘʚʘʥʥʽ 

ʧʦ ʚʠʙʨʘʥʠʤ ʤʘʨʰʨʫʪʘʤ ɿ8. 
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ɿʘʜʘʯʘ ʫʧʨʘʚʣʽʥʥʷ ʧʦʪʦʢʘʤʠ ʟ ʫʨʘʭʫʚʘʥʥʷʤ 

ʨʝʟʝʨʚʫ ʧʨʦʧʫʩʢʥʦʾ ʟʜʘʪʥʦʩʪʽ ɿ9. 

6. ʄʘʨʰʨʫʪʠʟʘʮʽʷ ʧʦʪʦʢʽʚ F6. ɿʘʜʘʯʘ ʧʦʙʫʜʦʚʠ ʤʘʨʰʨʫʪʽʚ ɿ10. 

ɿʘʜʘʯʘ ʧʽʜʪʨʠʤʢʠ ʤʘʨʰʨʫʪʽʚ ɿ11. 

ɿʘʜʘʯʘ ʧʝʨʝʙʫʜʦʚʠ ʤʘʨʰʨʫʪʽʚ ɿ12. 

7. ʋʧʨʘʚʣʽʥʥʷ ʩʪʨʫʢʪʫʨʦʶ (ʪʦʧʦʣʦʛʽʻʶ) 

ʤʝʨʝʞʽ F7. 

ɿʘʜʘʯʘ ʫʧʨʘʚʣʽʥʥʷ ʩʪʨʫʢʪʫʨʦʶ (ʪʦʧʦʣʦʛʽʻʶ) 

ʤʝʨʝʞʽ ɿ13. 

ɿʘʜʘʯʘ ʫʧʨʘʚʣʽʥʥʷ ʨʦʟʛʦʨʪʘʥʥʷʤ 

(ʟʛʦʨʪʘʥʥʷʤ) ʤʝʨʝʞʽ ɿ14. 

ɿʘʜʘʯʘ ʫʧʨʘʚʣʽʥʥʷ ʧʦʥʦʚʣʝʥʥʷʤ ʧʘʨʘʤʝʪʨʽʚ 

ʤʝʨʝʞʽ ɿ15. 

8. ʇʨʦʛʥʦʟʫʚʘʥʥʷ ʧʦʚʝʜʽʥʢʠ ʤʝʨʝʞʽ F8. ɿʘʜʘʯʘ ʢʦʨʝʛʫʚʘʥʥʷ ʧʨʦʮʝʩʽʚ ʦʧʝʨʘʪʠʚʥʦʛʦ 

ʫʧʨʘʚʣʽʥʥʷ ʥʘ ʦʩʥʦʚʽ ʧʨʦʛʥʦʟʫʚʘʥʥʷ ʪʘ 

ʧʣʘʥʫʚʘʥʥʷ ʚʧʣʠʚʽʚ ʥʘ ʤʝʨʝʞʫ ɿ16. 

9. ʗʢʽʩʪʴ ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ QoS F9. ɿʘʜʘʯʘ ʫʧʨʘʚʣʽʥʥʷ ʷʢʽʩʪʶ ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ 

ʧʦʪʦʢʽʚ ʜʘʥʠʭ ɿ17. 

10. ɹʝʟʧʝʢʘ F10. ɿʘʜʘʯʘ ʚʠʷʚʣʝʥʥʷ ʚʪʦʨʛʥʝʥʴ ɿ18. 

ɿʘʜʘʯʘ ʽʜʝʥʪʠʬʽʢʘʮʽʾ ɿ19. 

ɿʘʜʘʯʘ ʰʠʬʨʫʚʘʥʥʷ ɿ20. 

 

4. ʄʦʜʝʣʽ, ʘʣʛʦʨʠʪʤʠ ʫʧʨʘʚʣʽʥʥʷ, ʢʨʠʪʝʨʽʾ ʦʮʽʥʢʠ ʝʬʝʢʪʠʚʥʦʩʪʽ ʩʠʩʪʝʤʠ 

ʫʧʨʘʚʣʽʥʥʷ, ʤʦʜʝʣʽ ʦʮʽʥʢʠ ʝʬʝʢʪʠʚʥʦʩʪʽ ʫʧʨʘʚʣʽʥʥʷ. 

ʅʘ ʦʩʥʦʚʽ ʚʠʟʥʘʯʝʥʠʭ ʬʫʥʢʮʽʡ { F}, ʟʘʜʘʯ ʫʧʨʘʚʣʽʥʥʷ {ɿ}  ʟʜʽʡʩʥʶʻʪʴʩʷ ʾʭ ʤʘʪʝʤʘʪʠʯʥʘ 

ʧʦʩʪʘʥʦʚʢʘ ʪʘ ʚʠʟʥʘʯʘʶʪʴʩʷ ʤʝʪʦʜʠ ʨʽʰʝʥʥʷ. ɼʣʷ ʮʴʦʛʦ ʤʦʞʝ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠʩʷ 

ʤʘʪʝʤʘʪʠʯʥʠʡ ʘʧʘʨʘʪ ʪʝʦʨʽʾ ʤʥʦʞʠʥ, ʥʝʯʽʪʢʠʭ ʤʥʦʞʠʥ, ʛʨʘʬʽʚ, ʪʝʦʨʽʾ ʽʛʦʨ ʪʦʱʦ. ɼʘʣʽ 

ʩʠʥʪʝʟʫʶʪʴʩʷ ʚʽʜʧʦʚʽʜʥʽ ʘʣʛʦʨʠʪʤʠ ʫʧʨʘʚʣʽʥʥʷ {A}. ɺ ʧʦʜʘʣʴʰʦʤʫ, ʥʘ ʦʩʥʦʚʽ ʩʪʚʦʨʝʥʠʭ 

ʘʣʛʦʨʠʪʤʽʚ ʨʝʘʣʽʟʫʶʪʴʩʷ ʤʦʜʝʣʽ ʫʧʨʘʚʣʽʥʥʷ {M} ʧʽʜ ʤʦʞʣʠʚʽ ʚʘʨʽʘʥʪʠ ʧʦʜʽʡ ʚ ʤʝʨʝʞʽ, 

ʟʜʽʡʩʥʶʻʪʴʩʷ ʾʭ ʢʦʦʨʜʠʥʘʮʽʷ ʨʦʙʦʪʠ ʪʘ ʽʥʪʝʛʨʘʮʽʷ ʚ ʩʠʩʪʝʤʥʝ ʩʝʨʝʜʦʚʠʱʝ.  

ɺʠʢʦʥʘʥʥʷ ʮʽʣʝʡ {Z}, ʬʫʥʢʮʽʡ {F}, ʟʘʜʘʯ ʫʧʨʘʚʣʽʥʥʷ {ɿ}, ʱʦ ʙʫʣʠ ʧʦʩʪʘʚʣʝʥʽ ʧʝʨʝʜ 

ʩʠʩʪʝʤʦʶ ʫʧʨʘʚʣʽʥʥʷ ʤʝʨʝʞʘʤʠ, ʧʦʚʠʥʥʦ ʛʘʨʘʥʪʫʚʘʪʠ ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ ʊʂʄ ʚ ʮʽʣʦʤʫ, 

ʦʢʨʝʤʠʭ ʤʝʨʝʞ, ʥʘʧʨʷʤʫ, ʢʘʥʘʣʫ, ʚʫʟʣʘ, ʤʘʨʰʨʫʪʫ, ʦʙʣʘʜʥʘʥʥʷ ʟ ʥʝʦʙʭʽʜʥʦʶ ʝʬʝʢʪʠʚʥʽʩʪʶ. 

ʉʠʩʪʝʤʘ ʫʧʨʘʚʣʽʥʥʷ ʤʝʨʝʞʘʤʠ ʜʦʩʠʪʴ ʝʬʝʢʪʠʚʥʘ, ʷʢʱʦ ʚʦʥʘ ʟʘʙʝʟʧʝʯʫʻ ʟʘʜʘʥʠʡ ʧʨʠʨʽʩʪ 

ʧʦʢʘʟʥʠʢʘ ʾʾ ʝʬʝʢʪʠʚʥʦʩʪʽ. ʅʘʷʚʥʽʩʪʴ ʩʫʢʫʧʥʦʩʪʽ ʢʨʠʪʝʨʽʾʚ ʝʬʝʢʪʠʚʥʦʩʪʽ ʦʙʫʤʦʚʣʶʻ 

ʙʘʛʘʪʦʢʨʠʪʝʨʽʘʣʴʥʽʩʪʴ ʟʘʜʘʯ ʫʧʨʘʚʣʽʥʥʷ ʪʘ ʟʥʘʯʥʦ ʫʩʢʣʘʜʥʶʻ ʨʦʟʨʦʙʢʫ ʬʦʨʤʘʣʴʥʠʭ ʤʝʪʦʜʽʚ:  

 

ὑ ὑ ȟ‡ ρȟ . 
 

ɯʩʥʫʻ ʚʝʣʠʢʘ ʢʽʣʴʢʽʩʪʴ ʤʝʪʦʜʽʚ ʙʘʛʘʪʦʢʨʠʪʝʨʽʘʣʴʥʦʾ ʦʧʪʠʤʽʟʘʮʽʾ [5]. ɿʚʠʯʘʡʥʠʤ 

ʨʽʰʝʥʥʷʤ ʻ ʚʠʟʥʘʯʝʥʥʷ ʛʦʣʦʚʥʦʛʦ ʢʨʠʪʝʨʽʡ ʝʬʝʢʪʠʚʥʦʩʪʽ (ʚʠʭʦʜʷʯʠ ʟ ʧʦʪʦʯʥʦʾ ʩʠʪʫʘʮʽʾ ʚ 

ʤʝʨʝʞʽ), ʷʢʠʡ ʧʽʜʣʷʛʘʻ ʦʧʪʠʤʽʟʘʮʽʾ, ʘ ʽʥʰʽ ʧʝʨʝʚʦʜʠʪʠ ʚ ʨʦʟʨʷʜ ʦʙʤʝʞʝʥʴ. ʅʘʧʨʠʢʣʘʜ, 

ʘʚʪʦʨʘʤʠ ʧʨʦʧʦʥʫʻʪʴʩʷ ʚʠʢʦʨʠʩʪʘʪʠ ʤʝʪʦʜ ʽʻʨʘʨʭʽʯʥʦʛʦ ʮʽʣʴʦʚʦʛʦ ʜʠʥʘʤʽʯʥʦʛʦ ʦʮʽʥʶʚʘʥʥʷ 

ʘʣʴʪʝʨʥʘʪʠʚ [2, 19], ʘ ʩʘʤʝ ʛʣʦʙʘʣʴʥʽ (ʤʘʢʩʠʤʘʣʴʥʘ ʧʨʦʧʫʩʢʥʘ ʟʜʘʪʥʽʩʪʴ, ʤʽʥʽʤʘʣʴʥʠʡ ʯʘʩ 

ʟʘʪʨʠʤʢʠ) ʪʘ ʣʦʢʘʣʴʥʽ (ʯʘʩ ʮʠʢʣʫ ʫʧʨʘʚʣʽʥʥʷ, ʦʙôʻʤ ʩʣʫʞʙʦʚʦʛʦ ʪʨʘʬʽʢʫ) ʢʨʠʪʝʨʽʾ. 

ʈʦʟʛʣʷʥʝʤʦ ʜʝʢʽʣʴʢʘ ʢʨʠʪʝʨʽʾʚ ʦʮʽʥʢʠ ʝʬʝʢʪʠʚʥʦʩʪʽ ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ ʉʋ ʊʂʄ.  

ɻʣʦʙʘʣʴʥʽ ʢʨʠʪʝʨʽʾ (ʦʮʽʥʶʶʪʴ ʷʢʽʩʪʴ ʧʨʠʡʥʷʪʠʭ ʨʽʰʝʥʴ ʩʠʩʪʝʤʦʶ ʫʧʨʘʚʣʽʥʥʷ): 

1. ʄʘʢʩʠʤʫʤ (ʟʘʚʜʘʥʝ ʟʥʘʯʝʥʥʷ) ʧʨʦʧʫʩʢʥʦʾ ʟʜʘʪʥʦʩʪʽ ɟ ʤʝʨʝʞʽ, ʷʢʘ ʚʠʟʥʘʯʘʻ ʩʫʤʘʨʥʫ 

ʧʨʦʧʫʩʢʥʫ ʟʜʘʪʥʽʩʪʴ ʚʩʽʭ ʥʘʧʨʷʤʢʽʚ ʧʝʨʝʜʘʯʽ:  

ʤʝʨʝʞʽ ʍ̇ В ʍ . 

2. ʄʽʥʽʤʘʣʴʥʠʡ ʯʘʩ ʟʘʪʨʠʤʢʠ ʧʘʢʝʪʽʚ (ʟʘʚʜʘʥʝ ʟʥʘʯʝʥʥʷ) tʟ: 

min tʟ (tʟ Ò tʟ ʟʘʜ). 

ʃʦʢʘʣʴʥʽ ʢʨʠʪʝʨʽʾ (ʦʮʽʥʶʶʪʴ ʩʘʤʫ ʩʠʩʪʝʤʫ ʫʧʨʘʚʣʽʥʥʷ): 

1. ʄʽʥʽʤʘʣʴʥʠʡ ʯʘʩ ʮʠʢʣʫ ʫʧʨʘʚʣʽʥʥʷ: 
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Ὕxˠ ὸ̨̈ ὸ́̎ ὸ̐̑ ὸ̅̏ȟ̃    Ὕxˠ ὸ̅̏̐ᴼάὭὲȟ 

 

ʜʝ ï Ὕx  ɣï ʯʘʩ ʮʠʢʣʫ ʦʧʝʨʘʪʠʚʥʦʛʦ ʫʧʨʘʚʣʽʥʥʷ ʤʝʨʝʞʝʶ ï ʧʨʦʤʽʞʦʢ ʯʘʩʫ, ʧʨʦʪʷʛʦʤ ʷʢʦʛʦ 

ʟʜʽʡʩʥʶʻʪʴʩʷ ʧʦʩʣʽʜʦʚʥʝ ʨʽʰʝʥʥʷ ʟʘʜʘʯ ʫʧʨʘʚʣʽʥʥʷ ʜʦ ʧʦʚʥʦʛʦ ʾʾ ʚʠʢʦʥʘʥʥʷ ʚ ʤʘʩʰʪʘʙʽ ʜʘʥʦʾ 

ʩʠʩʪʝʤʠ ʫʧʨʘʚʣʽʥʥʷ; 

tʟ ̔ï ʯʘʩ ʥʘ ʟʙʽʨ ʽʥʬʦʨʤʘʮʽʾ ʧʨʦ ʩʪʘʥ ʤʝʨʝʞʽ; 

tʘʥ ï ʯʘʩ ʥʘ ʦʮʽʥʢʫ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʤʝʨʝʞʽ ʪʘ ʽʜʝʥʪʠʬʽʢʘʮʽʶ ʩʪʘʥʫ ʤʝʨʝʞʽ; 

tʧʨ ï ʯʘʩ, ʷʢʠʡ ʥʝʦʙʭʽʜʥʠʡ ʥʘ ʚʠʨʦʙʣʝʥʥʷ ʫʧʨʘʚʣʽʥʩʴʢʠʭ ʨʽʰʝʥʴ; 

tʜʦʚ ï ʯʘʩ ʜʦʚʝʜʝʥʥʷ ʫʧʨʘʚʣʽʥʩʴʢʠʭ ʚʧʣʠʚʽʚ ʜʦ ʦʙôʻʢʪʽʚ ʫʧʨʘʚʣʽʥʥʷ; 

ὸ̅̏̐ ï ʯʘʩ, ʱʦ ʚʽʜʚʝʜʝʥʠʡ ʥʘ ʦʧʝʨʘʪʠʚʥʝ ʫʧʨʘʚʣʽʥʥʷ ʤʝʨʝʞʝʶ, ʷʢʠʡ ʚʠʟʥʘʯʘʻʪʴʩʷ 

ʜʠʨʝʢʪʠʚʥʠʤʠ ʜʦʢʫʤʝʥʪʘʤʠ. 

2. ʄʽʥʽʤʘʣʴʥʠʡ ʦʙôʻʤ ʩʣʫʞʙʦʚʦʛʦ ʪʨʘʬʽʢʫ ὠ˞ ˟O άὭὲ ï ʟʘʣʝʞʠʪʴ ʚʽʜ ʧʨʠʡʥʷʪʦʛʦ ʚ ʉʋ 
ʤʝʨʝʞʝʶ ʩʧʦʩʦʙʫ, ʦʙôʻʤʫ, ʧʝʨʽʦʜʫ ʨʦʟʩʠʣʘʥʥʷ ʩʣʫʞʙʦʚʦʾ ʽʥʬʦʨʤʘʮʽʾ (ʤʘʨʰʨʫʪʥʽ 

ʧʦʚʽʜʦʤʣʝʥʥʷ, ʢʚʠʪʘʥʮʽʾ, hello-ʧʦʚʽʜʦʤʣʝʥʥʷ, ʚʠʤʽʨʠ ʪʨʘʬʽʢʫ), ʩʢʣʘʜʥʦʩʪʽ ʧʨʠʡʥʷʪʠʭ 

ʘʣʛʦʨʠʪʤʽʚ ʫʧʨʘʚʣʽʥʥʷ, ʨʦʟʤʽʨʥʽʩʪʶ ʤʝʨʝʞʽ, ʪʦʱʦ. 

3. ʌʽʥʘʥʩʦʚʦ-ʝʢʦʥʦʤʽʯʥʽ: ʚʘʨʪʽʩʪʴ ʨʦʟʨʦʙʢʠ ʪʘ ʝʢʩʧʣʫʘʪʘʮʽʾ ʩʠʩʪʝʤʠ ʫʧʨʘʚʣʽʥʥʷ. 

ɼʣʷ ʦʮʽʥʢʠ ʝʬʝʢʪʠʚʥʦʩʪʽ ʩʠʩʪʝʤʠ ʫʧʨʘʚʣʽʥʥʷ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʜʚʘ ʪʠʧʠ ʤʦʜʝʣʝʡ ï 

ʘʥʘʣʽʪʠʯʥʽ ʡ ̔ʤ̔ʪʘʮʽʡʥʽ (ʩʪʘʪʠʩʪʠʯʥʽ).  

ɿʘ ʜʦʧʦʤʦʛʦʶ ʚʠʢʦʨʠʩʪʘʥʥʷ ʘʥʘʣʽʪʠʯʥʦʛʦ ʘʙʦ ʽʤʽʪʘʮʽʡʥʦʛʦ ʤʦʜʝʣʶʚʘʥʥʷ ʧʨʦʚʦʜʠʪʴʩʷ 

ʦʮʽʥʢʘ ʩʪʫʧʝʥʷ ʚʠʢʦʥʘʥʥʷ ʧʦʩʪʘʚʣʝʥʠʭ ʮʽʣʝʡ ʫʧʨʘʚʣʽʥʥʷ ʢʦʞʥʦʛʦ ʨʽʚʥʷ ʫʧʨʘʚʣʽʥʥʷ ʪʘ 

ʩʠʩʪʝʤʠ ʫʧʨʘʚʣʽʥʥʷ ʟʘʛʘʣʦʤ ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʮʽʣʝʡ ʫʧʨʘʚʣʽʥʥʷ, ʧʦʢʘʟʥʠʢʽʚ ʷʢʦʩʪʽ 

ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ ʊʂʄ, ʚʠʜʽʣʝʥʦʛʦ ʨʝʩʫʨʩʫ ʤʝʨʝʞʽ, ʧʨʦʮʝʩʫ ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ ʊʂʄ ʟʘ 

ʚʽʜʦʤʠʤʠ ʘʣʛʦʨʠʪʤʘʤʠ.  

ʅʘʡʚʘʞʣʠʚʽʰʦʶ ʧʝʨʝʚʘʛʦʶ ʘʥʘʣʽʪʠʯʥʠʭ ʤʦʜʝʣʝʡ ʻ ʪʝ, ʱʦ ʨʝʟʫʣʴʪʘʪʠ, ʦʪʨʠʤʘʥʽ ʥʘ 

ʦʩʥʦʚʽ ʾʭ ʚʠʢʦʨʠʩʪʘʥʥʷ, ʤʦʞʫʪʴ ʙʫʪʠ ʚʠʟʥʘʯʝʥʽ ʚ ʨʝʟʫʣʴʪʘʪʽ ʦʜʥʦʢʨʘʪʥʦʛʦ ʚʠʢʦʥʘʥʥʷ ʜʽʡ ʫ 

ʟʘʛʘʣʴʥʦʤʫ ʚʠʜʽ. ʆʩʪʘʥʥʻ ʜʦʟʚʦʣʷʻ ʧʨʦʚʦʜʠʪʠ ʚʩʝʙʽʯʥʝ ʜʦʩʣʽʜʞʝʥʥʷ ʦʪʨʠʤʘʥʦʛʦ ʨʝʟʫʣʴʪʘʪʫ ʟ 

ʤʝʪʦʶ ʡʦʛʦ ʦʧʪʠʤʽʟʘʮʽʾ. ʆʜʥʘʢ ʧʦʙʫʜʦʚʘ ʘʥʘʣʽʪʠʯʥʦʾ ʤʦʜʝʣʽ ʩʠʩʪʝʤʠ ʟʚôʷʟʢʫ ʯʘʩʪʦ ʧʦʚôʷʟʘʥʘ 

ʽʟ ʧʨʠʡʥʷʪʪʷʤ ʨʷʜʫ ʜʦʧʫʱʝʥʴ, ʱʦ ʟʥʘʯʥʦ ʩʧʨʦʱʫʶʪʴ ʧʨʦʮʝʩ ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ. ʎʝ ʻ ʥʘʩʣʽʜʢʦʤ 

ʩʢʣʘʜʥʦʩʪʽ ʘʜʝʢʚʘʪʥʦʛʦ ʚʽʜʦʙʨʘʞʝʥʥʷ ʜʦʩʣʽʜʞʫʚʘʥʦʛʦ ʦʙôʻʢʪʘ. 

ɯʤʽʪʘʮʽʡʥʘ ʤʦʜʝʣʴ, ʷʢ ʧʨʘʚʠʣʦ, ʥʝ ʥʘʢʣʘʜʘʻ ʥʽʷʢʠʭ ʦʙʤʝʞʝʥʴ ʥʘ ʩʢʣʘʜʥʽʩʪʴ 

ʤʦʜʝʣʴʦʚʘʥʦʾ ʩʠʩʪʝʤʠ ʡ ʜʦʟʚʦʣʷʻ ʚʨʘʭʦʚʫʚʘʪʠ ʚ ʤʦʜʝʣʽ ʙʫʜʴ-ʷʢʝ ʯʠʩʣʦ ʬʘʢʪʦʨʽʚ, ʱʦ 

ʚʧʣʠʚʘʶʪʴ. ɿʘ ʧʝʚʥʠʭ ʫʤʦʚ ʤʦʞʫʪʴ ʙʫʪʠ ʚʠʢʦʨʠʩʪʘʥʽ ʢʦʤʙʽʥʦʚʘʥʽ ʤʦʜʝʣʽ, ʫ ʷʢʠʭ 

ʩʧʦʣʫʯʘʶʪʴʩʷ ʘʥʘʣʽʪʠʯʥʽ ʡ ʩʪʘʪʠʩʪʠʯʥʽ ʤʝʪʦʜʠ. 

ʄʥʦʞʠʥʘ ʬʫʥʢʮʽʡ ʪʘ ʟʘʜʘʯ ʫʧʨʘʚʣʽʥʥʷ ʨʘʟʦʤ ʟ ʚʠʭʽʜʥʠʤʠ ʜʘʥʠʤʠ { X, U, E}  ʚʠʟʥʘʯʘʶʪʴ  

ʬʫʥʢʮʽʦʥʘʣʴʥʫ ʤʦʜʝʣʴ ʫʧʨʘʚʣʽʥʥʷ. ɸʚʪʦʨʘʤʠ ʧʨʦʧʦʥʫʻʪʴʩʷ ʟʜʽʡʩʥʶʚʘʪʠ ʮʽʣʴʦʚʫ 

ʢʦʦʨʜʠʥʘʮʽʶ ʬʫʥʢʮʽʦʥʘʣʴʥʠʭ ʤʦʜʝʣʝʡ ʧʽʜʩʠʩʪʝʤ ʪʘ ʽʥʪʝʛʨʘʮʽʶ ʨʽʚʥʽʚ ʝʪʘʣʦʥʥʦʾ ʤʦʜʝʣʽ OSI. 

5. ɺʘʨʽʘʥʪʠ ʨʝʘʣʽʟʘʮʽʾ (Wŭ). 

ʅʘ ʦʩʥʦʚʽ ʦʪʨʠʤʘʥʠʭ ʤʦʜʝʣʝʡ (M), ʘʣʛʦʨʠʪʤʽʚ (A) ʫʧʨʘʚʣʽʥʥʷ ʬʦʨʤʫʻʪʴʩʷ ʤʥʦʞʠʥʘ 

ʩʧʦʩʦʙʽʚ ʨʝʘʣʽʟʘʮʽʾ ʩʠʩʪʝʤʠ ʫʧʨʘʚʣʽʥʥʷ, ʜʝ ʚʨʘʭʦʚʫʶʪʴʩʷ ʪʝʭʥʦʣʦʛʽʾ ʉʋ ʊʂʄ, ʪʝʭʥʽʯʥʽ ʟʘʩʦʙʠ 

ʾʭ ʨʝʘʣʽʟʘʮʽʾ, ʘʧʘʨʘʪʥʝ ʪʘ ʧʨʦʛʨʘʤʥʝ ʟʘʙʝʟʧʝʯʝʥʥʷ. ɿ ʫʨʘʭʫʚʘʥʥʷʤ ʩʧʦʩʦʙʽʚ ʨʝʘʣʽʟʘʮʽʾ ʩʠʩʪʝʤʠ 

ʫʧʨʘʚʣʽʥʥʷ, ʚʠʭʽʜʥʠʭ ʜʘʥʠʭ, ʢʨʠʪʝʨʽʾʚ ʪʘ ʤʦʜʝʣʝʡ ʦʮʽʥʢʠ ʝʬʝʢʪʠʚʥʦʩʪʽ ʫʧʨʘʚʣʽʥʥʷ 

ʬʦʨʤʫʻʪʴʩʷ ʤʥʦʞʠʥʘ ʚʘʨʽʘʥʪʽʚ ʧʦʙʫʜʦʚʠ ʩʠʩʪʝʤʠ ʫʧʨʘʚʣʽʥʥʷ (Wŭ), ʷʢʘ ʚʢʣʶʯʘʻ ʥʘʩʪʫʧʥʽ 

ʩʢʣʘʜʦʚʽ: ʩʪʨʫʢʪʫʨʘ ʩʠʩʪʝʤʠ ʫʧʨʘʚʣʽʥʥʷ (C); ʩʢʣʘʜ ʩʠʩʪʝʤʠ ʫʧʨʘʚʣʽʥʥʷ (ɼ); ʨʦʟʧʦʜʽʣ ʬʫʥʢʮʽʡ 

ʟʘ ʨʽʚʥʷʤʠ ʫʧʨʘʚʣʽʥʥʷ (Fl); ʘʣʛʦʨʠʪʤʠ ʫʧʨʘʚʣʽʥʥʷ ʧʽʜʩʠʩʪʝʤʘʤʠ ʉʋ (Aʇ); ʨʦʟʧʦʜʽʣ ʬʫʥʢʮʽʡ 

(ʟʘʜʘʯ) ʧʦ ʮʝʥʪʨʘʤ ʫʧʨʘʚʣʽʥʥʷ (Fʎʋ); ʯʠʩʣʦ ʧʦʩʘʜʦʚʠʭ ʦʩʽʙ ʥʘ ʨʽʚʥʷʭ ʫʧʨʘʚʣʽʥʥʷ (Hl); 

ʪʝʭʥʦʣʦʛʽʾ ʨʝʘʣʽʟʘʮʽʾ ʩʠʩʪʝʤʠ ʫʧʨʘʚʣʽʥʥʷ (Tʝʭʥʉʋ); ʘʧʘʨʘʪʥʽ ʪʘ ʧʨʦʛʨʘʤʥʽ ʟʘʩʦʙʠ (AP), ʪʦʱʦ: 

 

Wŭ = F (Y (S, U), ȿ, E, R, Z, C, ɼ, Fl, Aʇ, Fʎʋ, Hl, Tʝʭʥʉʋ, AP) 
 

ʜʝ Wŭ ï ŭ-ʡ ʚʘʨʽʘʥʪ ʧʦʙʫʜʦʚʠ ʩʠʩʪʝʤʠ ʫʧʨʘʚʣʽʥʥʷ; Z ï ʮʽʣʽ ʫʧʨʘʚʣʽʥʥʷ; R ï ʚʠʜʽʣʝʥʠʡ ʨʝʩʫʨʩ; 

ȿ ï ʚʭʽʜʥʽ ʧʦʪʦʢʠ ʜʘʥʠʭ; E ï ʟʦʚʥʽʰʥʽ ʚʧʣʠʚʠ; S ï ʪʝʣʝʢʦʤʫʥʽʢʘʮʽʡʥʘ ʤʝʨʝʞʘ; U ï 

ʫʧʨʘʚʣʷʶʯʠʡ ʚʧʣʠʚ ʉʋ ʥʘ ʊʂʄ; Y ï ʨʝʘʣʽʟʘʮʽʷ ʚʠʭʽʜʥʦʛʦ ʧʨʦʮʝʩʫ ʫʧʨʘʚʣʽʥʥʷ; C ï ʩʪʨʫʢʪʫʨʘ 
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ʩʠʩʪʝʤʠ ʫʧʨʘʚʣʽʥʥʷ; ɼ ï ʩʢʣʘʜ ʩʠʩʪʝʤʠ ʫʧʨʘʚʣʽʥʥʷ; Fl ï ʨʦʟʧʦʜʽʣ ʬʫʥʢʮʽʡ ʟʘ l-ʤ ʨʽʚʥʝʤ 

ʫʧʨʘʚʣʽʥʥʷ; Aʇ ï ʘʣʛʦʨʠʪʤʠ ʫʧʨʘʚʣʽʥʥʷ ʩʢʣʘʜʦʚʠʤʠ ʯʘʩʪʠʥʘʤʠ ʉʋ; Fʎʋ ï ʨʦʟʧʦʜʽʣ ʬʫʥʢʮʽʡ, 

ʟʘʜʘʯ ʧʦ ʮʝʥʪʨʘʤ ʫʧʨʘʚʣʽʥʥʷ; Hl ï ʯʠʩʣʦ ʧʦʩʘʜʦʚʠʭ ʦʩʽʙ ʥʘ ʨʽʚʥʷʭ ʫʧʨʘʚʣʽʥʥʷ; Tʝʭʥʉʋ ï 

ʪʝʭʥʦʣʦʛʽʾ ʨʝʘʣʽʟʘʮʽʾ ʩʠʩʪʝʤʠ ʫʧʨʘʚʣʽʥʥʷ; AP ï ʚʠʙʨʘʥʽ ʘʧʘʨʘʪʥʽ ʪʘ ʧʨʦʛʨʘʤʥʽ ʟʘʩʦʙʠ; l ï ʨʽʚʥʽ 

ʫʧʨʘʚʣʽʥʥʷ ʉʋ. 

ʉʪʨʫʢʪʫʨʘ ʩʠʩʪʝʤʠ ʫʧʨʘʚʣʽʥʥʷ ʧʦʚʠʥʥʘ ʚʽʜʧʦʚʽʜʘʪʠ ʪʠʤ ʟʘʚʜʘʥʥʷʤ, ʷʢʽ ʩʪʘʚʣʷʪʴʩʷ 

ʧʝʨʝʜ ʩʠʩʪʝʤʦʶ ʫʧʨʘʚʣʽʥʥʷ ʧʦ ʫʧʨʘʚʣʽʥʥʶ ʊʂʄ. ʉʠʩʪʝʤʘ ʫʧʨʘʚʣʽʥʥʷ ʧʦʚʠʥʥʘ ʷʚʣʷʪʠ ʩʦʙʦʶ 

ʽʻʨʘʨʭʽʯʥʫ ʦʨʛʘʥʽʟʘʮʽʡʥʦ-ʪʝʭʥʦʣʦʛʽʯʥʫ ʩʠʩʪʝʤʫ, ʱʦ ʟʘʙʝʟʧʝʯʫʻ ʟʤʽʰʘʥʝ 

(ʮʝʥʪʨʘʣʽʟʦʚʘʥʝ/ʜʝʮʝʥʪʨʘʣʽʟʦʚʘʥʝ) ʫʧʨʘʚʣʽʥʥʷ ʪʝʣʝʢʦʤʫʥʽʢʘʮʽʡʥʠʤʠ ʧʽʜʩʠʩʪʝʤʘʤʠ. 

ʋʧʨʘʚʣʽʥʥʷ ʧʦʚʠʥʥʦ ʟʜʽʡʩʥʶʚʘʪʠʩʷ ʚ ʨʝʘʣʴʥʦʤʫ ʤʘʩʰʪʘʙʽ ʯʘʩʫ. 

ʆʨʛʘʥʽʟʘʮʽʡʥʦ-ʪʝʭʥʽʯʥʝ ʦʙô̒ʜʥʘʥʥʷ ʦʨʛʘʥʽʚ ʘʚʪʦʤʘʪʠʟʦʚʘʥʦʛʦ ʫʧʨʘʚʣʽʥʥʷ ʤʝʨʝʞʘʤʠ 

ʟʚô̫ ʟʢʫ, ʱʦ ʚʭʦʜʷʪʴ ʜʦ ʩʢʣʘʜʫ ʩʠʩʪʝʤʠ ʟʚôʷʟʢʫ (ʉɿ) ɿʉʋ, ʤʘʻ ʟʜʽʡʩʥʶʚʘʪʠʩʷ ʥʘ ʦʩʥʦʚʽ 

ʫʥʽʬʽʢʘʮʽʾ ʪʝʭʥʽʯʥʠʭ, ʽʥʬʦʨʤʘʮʽʡʥʠʭ ʪʘ ʧʨʦʛʨʘʤʥʦ-ʘʧʘʨʘʪʥʠʭ ʟʘʩʦʙʽʚ. 

ʉʠʩʪʝʤʘ ʫʧʨʘʚʣʽʥʥʷ ʧʦʚʠʥʥʘ ʩʪʚʦʨʶʚʘʪʠʩʷ ʟ ʦʨʽʻʥʪʘʮʽʻʶ ʥʘ ʥʦʚʽ ʽʥʬʦʨʤʘʮʽʡʥʽ 

ʪʝʭʥʦʣʦʛʽʾ, ʧʝʨʩʧʝʢʪʠʚʫ ʟʨʦʱʫʚʘʥʥʷ ʪʝʣʝʢʦʤʫʥʽʢʘʮʽʡʥʠʭ ʽ ʢʦʤʧ'ʶʪʝʨʥʠʭ ʤʝʨʝʞ, ʤʝʪʦʜʠ 

ʨʦʟʧʦʜʽʣʝʥʦʾ ʦʙʨʦʙʢʠ ʽʥʬʦʨʤʘʮʽʾ, ʚʠʢʦʨʠʩʪʘʥʥʷ ʪʝʭʥʦʣʦʛʽʡ Internet, SDN, IP, ʘ ʪʘʢʦʞ ʭʤʘʨʥʽ 

ʪʝʭʥʦʣʦʛʽʾ ʪʘ ʽʥʰʽ ʪʝʭʥʦʣʦʛʽʾ ʚʽʨʪʫʘʣʽʟʘʮʽʾ.  

ɺ ʩʠʩʪʝʤʽ ʫʧʨʘʚʣʽʥʥʷ ʧʦʚʠʥʥʽ ʧʝʨʝʜʙʘʯʘʪʠʩʷ ʨʝʟʝʨʚʥʽ ʝʢʩʧʣʫʘʪʘʮʽʡʥʦ-ʪʝʭʥʽʯʥʽ ʟʘʩʦʙʠ 

ʜʣʷ ʚʽʜʥʦʚʣʝʥʥʷ ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ ʦʩʥʦʚʥʠʭ ʥʘʧʨʷʤʢʽʚ ʟʚô̫ ʟʢʫ, ʘ ʪʘʢʦʞ ʚʽʜʥʦʚʣʝʥʥʷ 

ʫʧʨʘʚʣʽʥʥʷ ʤʝʨʝʞʘʤʠ ʫ ʟʦʥʘʭ ʚʽʜʧʦʚʽʜʘʣʴʥʦʩʪʽ. ʅʘʜʽʡʥʽʩʪʴ ʽ ʞʠʚʫʯʽʩʪʴ ʩʠʩʪʝʤʠ ʫʧʨʘʚʣʽʥʥʷ 

ʧʦʚʠʥʥʽ ʙʫʪʠ ʚʠʱʝ ʟʥʘʯʝʥʴ ʮʠʭ ʧʘʨʘʤʝʪʨʽʚ ʊʂʄ. ɼʣʷ ʟʘʙʝʟʧʝʯʝʥʥʷ ʥʘʜʽʡʥʦʩʪʽ ʪʘ ʞʠʚʫʯʦʩʪʽ 

ʘʚʪʦʤʘʪʠʟʦʚʘʥʦʾ ʩʠʩʪʝʤʠ ʫʧʨʘʚʣʽʥʥʷ ʟʚô̫ ʟʢʦʤ ɿʉʋ ʦʩʥʦʚʥʽ ʽʥʬʦʨʤʘʮʽʡʥʽ ʪʘ ʦʙʯʠʩʣʶʚʘʣʴʥʽ 

ʨʝʩʫʨʩʠ ʧʦʚʠʥʥʽ ʙʫʪʠ ʨʦʟʤʽʱʝʥʽ ʚ ʛʝʦʛʨʘʬʽʯʥʦ ʨʦʟʥʝʩʝʥʠʭ ʧʫʥʢʪʘʭ ʫʧʨʘʚʣʽʥʥʷ. ɺ 

ʧʝʨʩʧʝʢʪʠʚʽ ʧʨʦʧʦʥʫʻʪʴʩʷ ʟʘʩʪʦʩʫʚʘʥʥʷ ʪʝʭʥʦʣʦʛʽʡ ʭʤʘʨʥʠʭ ʩʝʨʝʜʦʚʠʱ, ʱʦ ʙʫʜʫʪʴ 

ʨʝʘʣʽʟʦʚʘʥʽ ʮʝʥʪʨʘʤʠ ʦʙʨʦʙʢʠ ʜʘʥʠʭ (ʎʆɼ). 

ʆʮʽʥʢʘ ʚʘʨʽʘʥʪʽʚ ʧʦʙʫʜʦʚʠ ʩʠʩʪʝʤʠ ʫʧʨʘʚʣʽʥʥʷ ʧʨʦʚʦʜʠʪʴʩʷ ʟʘ ʥʘʚʝʜʝʥʠʤʠ ʨʘʥʽʰʝ 

ʢʨʠʪʝʨʽʷʤʠ. ɼʣʷ ʦʪʨʠʤʘʥʥʷ ʦʧʪʠʤʘʣʴʥʦʛʦ ʚʘʨʽʘʥʪʫ ʩʠʩʪʝʤʠ ʫʧʨʘʚʣʽʥʥʷ ʤʝʨʝʞʘʤʠ ʢʨʘʱʝ 

ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʤʝʪʦʜ (ʚʝʢʪʦʨʥʦʾ) ʧʦʩʣʽʜʦʚʥʦʾ ʦʧʪʠʤʽʟʘʮʽʾ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʧʨʠʥʮʠʧʫ 

ʤʘʢʩʠʤʽʟʘʮʽʾ ʩʫʤʠ ʟʚʘʞʝʥʠʭ ʢʨʠʪʝʨʽʾʚ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʤʝʪʦʜʽʚ ʝʢʩʧʝʨʪʥʠʭ ʦʮʽʥʦʢ. ʊʦʜʽ 

ʨʘʮʽʦʥʘʣʴʥʠʡ (ʦʧʪʠʤʘʣʴʥʠʡ) ʚʘʨʽʘʥʪ ʩʠʩʪʝʤʠ ʫʧʨʘʚʣʽʥʥʷ ʤʝʨʝʞʘʤʠ: 
 

W*  = opt Wŭ,  ɿ ρȟ . 
 

ʊʘʢʠʤ ʯʠʥʦʤ, ʟʘʧʨʦʧʦʥʦʚʘʥʘ ʤʝʪʦʜʦʣʦʛʽʷ ʩʠʥʪʝʟʫ ʩʫʯʘʩʥʦʾ ʘʚʪʦʤʘʪʠʟʦʚʘʥʦʾ ʩʠʩʪʝʤʠ 

ʫʧʨʘʚʣʽʥʥʷ ʪʝʣʝʢʦʤʫʥʽʢʘʮʽʡʥʠʤʠ ʩʠʩʪʝʤʘʤʠ ʚʽʡʩʴʢʦʚʦʛʦ ʧʨʠʟʥʘʯʝʥʥʷ ʟʘ ʧôʷʪʴʤʘ ʝʪʘʧʘʤʠ. 

ʈʦʟʛʣʷʥʫʪʦ ʮʽʣʽ ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ ʊʂʄ ʪʘ ʩʠʩʪʝʤʠ ʾʾ ʫʧʨʘʚʣʽʥʥʷ, ʚʠʟʥʘʯʝʥʦ ʚʠʤʦʛʠ ʜʦ 

ʪʝʣʝʢʦʤʫʥʽʢʘʮʽʡʥʠʭ ʧʽʜʩʠʩʪʝʤ ʡ ʩʠʩʪʝʤʠ ʫʧʨʘʚʣʽʥʥʷ ʪʘ ʧʨʦʚʝʜʝʥʦ ʾʭ ʜʝʪʘʣʴʥʠʡ ʦʧʠʩ. 

ʇʨʝʜʩʪʘʚʣʝʥʠʡ ʧʨʦʮʝʩ ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ ʩʠʩʪʝʤʠ ʫʧʨʘʚʣʽʥʥʷ ʟʘ ʝʪʘʧʘʤʠ ʪʘ ʮʠʢʣʘʤʠ 

ʫʧʨʘʚʣʽʥʥʷ. ʆʧʠʩʘʥʦ ʦʩʥʦʚʥʽ ʬʫʥʢʮʽʾ ʪʘ ʟʘʜʘʯʽ ʫʧʨʘʚʣʽʥʥʷ, ʷʢʽ ʧʦʪʨʽʙʥʦ ʚʠʨʽʰʫʚʘʪʠ ʚ ʮʠʢʣʽ 

ʫʧʨʘʚʣʽʥʥʷ. ɺʠʟʥʘʯʝʥʦ ʧʝʨʝʣʽʢ ʤʦʜʝʣʝʡ ʡ ʘʣʛʦʨʠʪʤʽʚ ʫʧʨʘʚʣʽʥʥʷ, ʤʥʦʞʠʥʘ ʬʫʥʢʮʽʡ, ʟʘʜʘʯ 

ʫʧʨʘʚʣʽʥʥʷ, ʷʢʽ ʬʦʨʤʫʶʪʴ  ʬʫʥʢʮʽʦʥʘʣʴʥʫ ʤʦʜʝʣʴ ʫʧʨʘʚʣʽʥʥʷ.  

ɺʘʨʽʘʥʪʠ ʧʦʙʫʜʦʚʠ ʩʠʩʪʝʤʠ ʫʧʨʘʚʣʽʥʥʷ ʬʦʨʤʫʶʪʴʩʷ ʥʘ ʦʩʥʦʚʽ: ʩʪʨʫʢʪʫʨʠ ʩʠʩʪʝʤʠ 

ʫʧʨʘʚʣʽʥʥʷ; ʩʢʣʘʜʫ ʩʠʩʪʝʤʠ ʫʧʨʘʚʣʽʥʥʷ; ʨʦʟʧʦʜʽʣʫ ʬʫʥʢʮʽʡ ʟʘ ʨʽʚʥʷʤʠ ʫʧʨʘʚʣʽʥʥʷ; 

ʘʣʛʦʨʠʪʤʽʚ ʫʧʨʘʚʣʽʥʥʷ ʟʘ ʧʽʜʩʠʩʪʝʤʘʤʠ ʉʋ; ʨʦʟʧʦʜʽʣʫ ʬʫʥʢʮʽʡ (ʟʘʜʘʯ) ʧʦ ʮʝʥʪʨʘʤ 

ʫʧʨʘʚʣʽʥʥʷ; ʢʽʣʴʢʦʩʪʽ ʧʦʩʘʜʦʚʠʭ ʦʩʽʙ ʥʘ ʨʽʟʥʠʭ ʨʽʚʥʷʭ ʫʧʨʘʚʣʽʥʥʷ; ʥʘʷʚʥʠʭ ʪʝʭʥʦʣʦʛʽʡ 

ʨʝʘʣʽʟʘʮʽʾ ʩʠʩʪʝʤʠ ʫʧʨʘʚʣʽʥʥʷ, ʘʧʘʨʘʪʥʠʭ ʪʘ ʧʨʦʛʨʘʤʥʠʭ ʟʘʩʦʙʽʚ. 

ʆʪʨʠʤʘʥʽ ʥʦʚʽ ʥʘʫʢʦʚʽ ʨʝʟʫʣʴʪʘʪʠ ʩʢʣʘʜʘʶʪʴ ʦʩʥʦʚʫ ʤʝʪʦʜʦʣʦʛʽʾ ʩʠʥʪʝʟʫ 

ʘʚʪʦʤʘʪʠʟʦʚʘʥʠʭ ʩʠʩʪʝʤ ʫʧʨʘʚʣʽʥʥʷ ʪʝʣʝʢʦʤʫʥʽʢʘʮʽʡʥʠʤʠ ʩʠʩʪʝʤʘʤʠ ʚʽʡʩʴʢʦʚʦʛʦ 

ʧʨʠʟʥʘʯʝʥʥʷ. ʎʝ ʜʦʟʚʦʣʠʪʴ ʫ ʤʘʡʙʫʪʥʴʦʤʫ ʧʦʙʫʜʫʚʘʪʠ ʝʬʝʢʪʠʚʥʫ ʩʠʩʪʝʤʫ ʫʧʨʘʚʣʽʥʥʷ 

ʩʠʩʪʝʤʦʶ ʟʚôʷʟʢʫ ɿʙʨʦʡʥʠʭ ʉʠʣ ʋʢʨʘʾʥʠ ʜʣʷ ʨʽʰʝʥʥʷ ʨʽʟʥʦʛʦ ʨʦʜʫ ʟʘʚʜʘʥʴ ʧʣʘʥʫʚʘʥʥʷ, 

ʨʦʟʛʦʨʪʘʥʥʷ ʪʘ ʦʧʝʨʘʪʠʚʥʦʛʦ ʫʧʨʘʚʣʽʥʥʷ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʪʝʭʥʦʣʦʛʽʡ ʽʥʪʝʣʝʢʪʫʘʣʽʟʘʮʽʾ. 
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ʆʉʆɹʃʀɺʆʉʊɯ ɺʀɿʅɸʏɽʅʅʗ ʌʋʅʂʎɯʁ ɻʋʉʊʀʅʀ  

ʈʆɿʇʆɼɯʃʋ ɺʀʉʆʊ ʄɯʉʎɽɺʆʉʊɯ 
 

ɺ ʦʢʨʝʤʠʭ ʡʤʦʚʽʨʥʽʩʥʠʭ ʤʦʜʝʣʷʭ ʤʦʞʝ ʙʫʪʠ ʟʘʬʽʢʩʦʚʘʥʠʤ ʜʽʘʧʘʟʦʥ ʤʦʞʣʠʚʠʭ ʟʥʘʯʝʥʴ ʚʠʧʘʜʢʦʚʦʾ 

ʚʝʣʠʯʠʥʠ. ɼʦ ʟʘʜʘʯ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʪʘʢʠʭ ʤʦʜʝʣʝʡ ʥʘʣʝʞʘʪʴ, ʟʦʢʨʝʤʘ, ʟʘʜʘʯʽ ʚ ʷʢʠʭ ʚʨʘʭʦʚʫʻʪʴʩʷ 

ʩʪʦʭʘʩʪʠʯʥʘ ʧʨʠʨʦʜʘ ʨʝʣʴʻʬʫ ʤʽʩʮʝʚʦʩʪʽ. ʇʨʠ ʾʭ ʨʦʟʚôʷʟʘʥʥʽ ʚʠʥʠʢʘʻ ʧʨʦʙʣʝʤʘ ʘʧʨʦʢʩʠʤʘʮʽʾ ʟʘʢʦʥʫ ʨʦʟʧʦʜʽʣʫ 

ʚʠʧʘʜʢʦʚʦʾ ʚʝʣʠʯʠʥʠ. ʋ ʨʦʙʦʪʽ ʧʦʢʘʟʘʥʽ ʦʩʦʙʣʠʚʦʩʪʽ, ʷʢʽ ʧʦʪʨʽʙʥʦ ʧʨʠ ʮʴʦʤʫ ʚʨʘʭʫʚʘʪʠ. ɺʠʟʥʘʯʝʥʽ ʩʧʦʩʦʙʠ 

ʢʦʨʝʛʫʚʘʥʥʷ ʢʣʘʩʠʯʥʠʭ ʨʦʟʧʦʜʽʣʽʚ. 

ɹʦʨʦʚʠʢ ʆ.ɺ., ʈʘʯʦʢ ʈ.ɺ. ʆʩʦʙʝʥʥʦʩʪʠ ʦʧʨʝʜʝʣʝʥʠʷ ʬʫʥʢʮʠʡ ʧʣʦʪʥʦʩʪʠ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʚʳʩʦʪ 

ʤʝʩʪʥʦʩʪʠ. ɺ ʦʪʜʝʣʴʥʳʭ ʚʝʨʦʷʪʥʦʩʪʥʳʭ ʤʦʜʝʣʷʭ ʤʦʞʝʪ ʙʳʪʴ ʟʘʬʠʢʩʠʨʦʚʘʥʥʳʤ ʜʠʘʧʘʟʦʥ ʚʦʟʤʦʞʥʳʭ 

ʟʥʘʯʝʥʠʡ ʩʣʫʯʘʡʥʦʡ ʚʝʣʠʯʠʥʳ. ʂ ʟʘʜʘʯ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʪʘʢʠʭ ʤʦʜʝʣʝʡ ʦʪʥʦʩʷʪʩʷ, ʚ ʯʘʩʪʥʦʩʪʠ, ʟʘʜʘʯʠ ʚ 

ʢʦʪʦʨʳʭ ʫʯʠʪʳʚʘʝʪʩʷ ʩʪʦʭʘʩʪʠʯʝʩʢʘʷ ʧʨʠʨʦʜʘ ʨʝʣʴʝʬʘ ʤʝʩʪʥʦʩʪʠ. ʇʨʠ ʠʭ ʨʝʰʝʥʠʠ ʚʦʟʥʠʢʘʝʪ ʧʨʦʙʣʝʤʘ 

ʘʧʧʨʦʢʩʠʤʘʮʠʠ ʟʘʢʦʥʘ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʩʣʫʯʘʡʥʦʡ ʚʝʣʠʯʠʥʳ. ɺ ʨʘʙʦʪʝ ʧʦʢʘʟʘʥʳ ʦʩʦʙʝʥʥʦʩʪʠ, ʢʦʪʦʨʳʝ ʥʫʞʥʦ 

ʧʨʠ ʵʪʦʤ ʫʯʝʩʪʴ. ʆʧʨʝʜʝʣʝʥʳ ʩʧʦʩʦʙʳ ʢʦʨʨʝʢʪʠʨʦʚʢʠ ʢʣʘʩʩʠʯʝʩʢʠʭ ʨʘʩʧʨʝʜʝʣʝʥʠʡ. 

O. Borovik, R. Rachok Determination of the probability density function of heights of terrain. In a separate 

probabilistic models can be fixed the range of possible values of a random variable. To problems with the use of such 

models includes, in particular, tasks which take into account the stochastic nature of the terrain. Their solution to the 

problem of approximation of probability distribution of a random variable. The work shows the features that need to be 

considered. The adjustments to the classical distributions. 

ʂʣʶʯʦʚʽ ʩʣʦʚʘ: ʚʠʧʘʜʢʦʚʘ ʚʝʣʠʯʠʥʘ, ʡʤʦʚʽʨʥʽʩʪʴ, ʟʘʢʦʥ ʨʦʟʧʦʜʽʣʫ, ʬʫʥʢʮʽʷ ʛʫʩʪʠʥʠ ʨʦʟʧʦʜʽʣʫ. 

ʇʦʩʪʘʥʦʚʢʘ ʧʨʦʙʣʝʤʠ ʫ ʟʘʛʘʣʴʥʦʤʫ ʚʠʛʣʷʜʽ. ɺʘʞʣʠʚʠʤ ʝʣʝʤʝʥʪʦʤ ʟʘʙʝʟʧʝʯʝʥʥʷ 

ʧʨʠʢʦʨʜʦʥʥʦʾ ʙʝʟʧʝʢʠ ʻ ʽʥʬʦʨʤʘʮʽʡʥʘ ʩʢʣʘʜʦʚʘ, ʷʢʘ ʨʝʘʣʽʟʫʻʪʴʩʷ, ʟʦʢʨʝʤʘ, ʚ ʤʝʞʘʭ 

ʽʥʪʝʛʨʦʚʘʥʦʾ ʽʥʬʦʨʤʘʮʽʡʥʦ-ʪʝʣʝʢʦʤʫʥʽʢʘʮʽʡʥʦʾ ʩʠʩʪʝʤʠ (ɯɯʊʉ) ɼʝʨʞʘʚʥʦʾ ʧʨʠʢʦʨʜʦʥʥʦʾ 

ʩʣʫʞʙʠ ʋʢʨʘʾʥʠ (ɼʇʉʋ) Ăɻʘʨʪò. ɼʦ ʩʢʣʘʜʫ ɯɯʊʉ Ăɻʘʨʪò ʥʘ ʩʴʦʛʦʜʥʽ ʚʭʦʜʠʪʴ ʧʦʥʘʜ ʜʚʘ 

ʜʝʩʷʪʢʘ ʽʥʬʦʨʤʘʮʽʡʥʦ-ʪʝʣʝʢʦʤʫʥʽʢʘʮʽʡʥʠʭ ʩʠʩʪʝʤ (ɯʊʉ). ʉʝʨʝʜ ʮʠʭ ʩʠʩʪʝʤ ʦʩʪʘʥʥʽʤ ʯʘʩʦʤ 

ʟʨʦʩʪʘʻ ʨʦʣʴ ɯʊʉ ʛʝʦʽʥʬʦʨʤʘʮʽʡʥʦʛʦ ʟʘʙʝʟʧʝʯʝʥʥʷ Ăɻʘʨʪ-17ò. ʇʝʨʩʧʝʢʪʠʚʥʠʤ ʻ ʚʠʢʦʨʠʩʪʘʥʥʷ 

ɯʊʉ Ăɻʘʨʪ-17òʜʣʷ ʧʨʦʚʝʜʝʥʥʷ ʛʝʦʦʙʨʦʙʢʠ ʚ ʟʘʜʘʯʘʭ ʟʘʙʝʟʧʝʯʝʥʥʷ ʧʨʠʢʦʨʜʦʥʥʦʾ ʙʝʟʧʝʢʠ. ɺ 

ʦʢʨʝʤʠʭ ʟ ʥʠʭ ʥʝʤʦʞʣʠʚʝ ʚʠʢʦʨʠʩʪʘʥʥʷ ʜʝʪʝʨʤʽʥʦʚʘʥʦʛʦ ʧʽʜʭʦʜʫ ʽ ʜʦʚʦʜʠʪʴʩʷ ʟʘʩʪʦʩʦʚʫʚʘʪʠ 

ʡʤʦʚʽʨʥʽʩʥʽ ʤʦʜʝʣʽ ʟ ʩʪʘʪʠʩʪʠʯʥʠʤ ʦʧʠʩʦʤ ʨʝʣʴʻʬʫ ʤʽʩʮʝʚʦʩʪʽ [1]. ɺʘʞʣʠʚʦʶ ʩʢʣʘʜʦʚʦʶ ʮʠʭ 

ʤʦʜʝʣʝʡ ʻ ʟʘʢʦʥ ʨʦʟʧʦʜʽʣʫ ʚʠʩʦʪ ʤʽʩʮʝʚʦʩʪʽ. ɺʽʜ ʡʦʛʦ ʢʦʨʝʢʪʥʦʛʦ ʚʠʙʦʨʫ ʩʫʪʪʻʚʦ ʟʘʣʝʞʠʪʴ 

ʪʦʯʥʽʩʪʴ ʦʧʠʩʫ ʨʝʣʴʻʬʫ. ɺ ʦʢʨʝʤʠʭ ʟʘʜʘʯʘʭ ʩʪʘʪʠʩʪʠʯʥʦʾ ʨʘʜʽʦʬʽʟʠʢʠ, ʤʝʪʦʜʦʣʦʛʽʶ 

ʚʠʨʽʰʝʥʥʷ ʷʢʠʭ ʜʦʮʽʣʴʥʦ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʧʨʠ ʧʨʦʚʝʜʝʥʥʽ ʛʝʦʦʙʨʦʙʢʠ ʚ Ăɻʘʨʪ-17ò, ʜʣʷ 

ʦʧʠʩʫ ʨʝʣʴʻʬʫ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʢʣʘʩʠʯʥʽ ʟʘʢʦʥʠ ʨʦʟʧʦʜʽʣʫ (ʥʦʨʤʘʣʴʥʠʡ, ʨʽʚʥʦʤʽʨʥʠʡ, 

ʝʢʩʧʦʥʝʥʮʽʘʣʴʥʠʡ). ʆʜʥʘʢ ʨʝʣʴʻʬʫ ʤʽʩʮʝʚʦʩʪʽ ʧʨʠʪʘʤʘʥʥʠʡ ʨʷʜ ʦʩʦʙʣʠʚʦʩʪʝʡ. 

ʅʘʡʩʫʪʪʻʚʽʰʠʤʠ ʟ ʥʠʭ ʧʨʠ ʩʪʘʪʠʩʪʠʯʥʦʤʫ ʦʧʠʩʽ ʻ ʥʝʚʽʜôʻʤʥʽʩʪʴ ʚʠʩʦʪ ʪʘ ʚ ʦʢʨʝʤʠʭ ʚʠʧʘʜʢʘʭ 

ʩʫʪʪʻʚʘ ʦʙʤʝʞʝʥʽʩʪʴ ʤʥʦʞʠʥʠ ʾʭ ʤʦʞʣʠʚʠʭ ʟʥʘʯʝʥʴ. ɼʣʷ ʥʝʚʝʣʠʢʠʭ ʟʘ ʨʦʟʤʽʨʦʤ ʜʽʣʷʥʦʢ 

ʤʽʩʮʝʚʦʩʪʽ ʪʘ ʜʽʣʷʥʦʢ ʨʽʚʥʠʥʥʦʾ ʤʽʩʮʝʚʦʩʪʽ ʜʽʘʧʘʟʦʥ ʟʤʽʥʠ ʚʠʩʦʪ ʟʚʠʯʘʡʥʦ ʻ ʥʝʟʥʘʯʥʠʤ. ʊʦʤʫ 

ʬʫʥʢʮʽʷ ʛʫʩʪʠʥʠ ʨʦʟʧʦʜʽʣʫ ʚʠʩʦʪ ʤʘʻ ʙʫʪʠ ʥʝʥʫʣʴʦʚʦʶ ʣʠʰʝ ʚ ʜʽʘʧʘʟʦʥʽ ʚʽʜ ʤʽʥʽʤʘʣʴʥʦʾ ʜʦ 

ʤʘʢʩʠʤʘʣʴʥʦʾ ʚʠʩʦʪʠ ʜʣʷ ʜʦʩʣʽʜʞʫʚʘʥʦʾ ʜʽʣʷʥʢʠ. ʋ ʟʚôʷʟʢʫ ʟ ʮʠʤ, ʙʝʟʧʦʩʝʨʝʜʥʻ ʚʠʢʦʨʠʩʪʘʥʥʷ 

ʢʣʘʩʠʯʥʠʭ ʟʘʢʦʥʽʚ ʨʦʟʧʦʜʽʣʫ (ʥʦʨʤʘʣʴʥʦʛʦ, ʧʦʢʘʟʥʠʢʦʚʦʛʦ, ʝʢʩʧʦʥʝʥʮʽʘʣʴʥʦʛʦ) ʷʢʽ ʚʠʟʥʘʯʝʥʽ 

ʥʘ ʥʝʩʢʽʥʯʝʥʥʠʭ ʤʥʦʞʠʥʘʭ ʥʝ ʻ ʨʘʮʽʦʥʘʣʴʥʠʤ. ʊʦʤʫ ʚ ʦʢʨʝʤʠʭ ʟʘʩʪʦʩʫʚʘʥʥʷʭ (ʟʦʢʨʝʤʘ ʧʨʠ 

ʦʧʠʩʽ ʚʠʩʦʪ ʤʽʩʮʝʚʦʩʪʽ) ʜʦʮʽʣʴʥʠʤ ʻ ʧʦʰʫʢ ʧʽʜʭʦʜʽʚ ʜʦ ʚʨʘʭʫʚʘʥʥʷ ʮʠʭ ʦʩʦʙʣʠʚʦʩʪʝʡ ʧʨʠ 

ʚʠʟʥʘʯʝʥʥʽ ʟʘʢʦʥʽʚ ʨʦʟʧʦʜʽʣʫ. 

ɸʥʘʣʽʟ ʦʩʪʘʥʥʽʭ ʜʦʩʣʽʜʞʝʥʴ ʽ ʧʫʙʣʽʢʘʮʽʡ, ʚ ʷʢʠʭ ʟʘʧʦʯʘʪʢʦʚʘʥʦ ʚʠʨʽʰʝʥʥʷ ʜʘʥʦʾ 

ʧʨʦʙʣʝʤʠ ʪʘ ʥʘ ʷʢʽ ʦʧʠʨʘʶʪʴʩʷ ʘʚʪʦʨʠ. ʆʩʪʘʥʥʽʤ ʯʘʩʦʤ ʙʘʛʘʪʦ ʨʦʙʽʪ ʧʨʠʩʚʷʯʝʥʦ 

ʜʦʩʣʽʜʞʝʥʥʶ ʘʧʨʦʢʩʠʤʘʮʽʾ ʟʘʢʦʥʽʚ ʨʦʟʧʦʜʽʣʫ ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʩʧʝʮʠʬʽʢʠ ʟʘʜʘʯ, ʚ ʷʢʠʭ ʚʦʥʠ 

ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ. ʊʘʢ, ʫ [1] ʨʦʟʛʣʷʜʘʶʪʴʩʷ ʦʩʦʙʣʠʚʦʩʪʽ ʟʘʢʦʥʽʚ ʨʦʟʧʦʜʽʣʫ ʧʨʠ ʾʭ 

ʚʠʢʦʨʠʩʪʘʥʥʽ ʚ ʩʠʩʪʝʤʘʭ ʤʘʩʦʚʦʛʦ ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ. ɼʣʷ ʘʧʨʦʢʩʠʤʘʮʽʾ ʨʦʟʧʦʜʽʣʽʚ ʟ 

ʢʦʝʬʽʮʽʻʥʪʘʤʠ ʚʘʨʽʘʮʽʾ ʤʝʥʰʠʤʠ ʟʘ 1 ʘʚʪʦʨ ʨʦʙʦʪʠ ʧʨʦʧʦʥʫʻ ʚʠʢʦʨʠʩʪʘʥʥʷ 

ʛʽʧʦʝʢʩʧʦʥʝʥʮʽʘʣʴʥʦʛʦ ʟʘʢʦʥʫ. ʂʦʨʝʛʫʚʘʥʥʷ ʨʦʟʧʦʜʽʣʫ ɼʞʦʥʩʦʥʘ ʟ ʤʝʪʦʶ ʦʧʠʩʫ 



ɿʙʽʨʥʠʢ ʥʘʫʢʦʚʠʭ ʧʨʘʮʴ ɺɯʊɯ ˉ 1 ï 2017 

ƏƏƏƏƏƏƏƏƏƏƏƏƏƏƏƏƏƏƏƏƏƏƏƏƏƏƏƏƏƏƏƏƏƏƏƏƏƏƏƏƏƏƏƏƏƏƏƏƏƏƏƏƏƏƏƏ 

29 

ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʜʘʥʠʭ, ʷʢʽ ʧʨʠʡʤʘʶʪʴ ʣʠʰʝ ʜʦʜʘʪʥʽ ʟʥʘʯʝʥʥʷ, ʧʨʦʚʦʜʠʪʴʩʷ ʚ [2]. ʋ [3] 

ʧʽʜʥʽʤʘʶʪʴʩʷ ʧʠʪʘʥʥʷ ʧʽʜʚʠʱʝʥʥʷ ʪʦʯʥʦʩʪʽ ʽ ʩʧʨʦʱʝʥʥʷ ʧʨʦʮʝʜʫʨʠ ʘʧʨʦʢʩʠʤʘʮʽʾ ʟʘʢʦʥʽʚ 

ʨʦʟʧʦʜʽʣʫ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʜʘʥʠʭ. ʋ ʜʠʩʝʨʪʘʮʽʡʥʦʤʫ ʜʦʩʣʽʜʞʝʥʥʽ [4] ʨʦʟʛʣʷʜʘʻʪʴʩʷ 

ʧʨʝʜʩʪʘʚʣʝʥʥʷ ʬʫʥʢʮʽʾ ʨʦʟʧʦʜʽʣʫ ʚʠʧʘʜʢʦʚʦʾ ʚʝʣʠʯʠʥʠ ʫ ʚʠʛʣʷʜʽ ʘʧʨʦʢʩʠʤʘʮʽʡʥʦʾ ʩʫʤʠ 

ɿʫʙʦʚʘ ʟ ʤʽʥʽʤʽʟʘʮʽʻʶ ʯʠʩʣʘ ʯʣʝʥʽʚ. ɿʦʢʨʝʤʘ, ʫ [4] ʧʦʢʘʟʘʥʦ, ʱʦ ʚ ʙʘʛʘʪʴʦʭ ʚʠʧʘʜʢʘʭ ʤʦʞʣʠʚʦ 

ʦʙʤʝʞʠʪʠʩʴ ʣʠʰʝ ʜʚʦʤʘ ʜʦʜʘʥʢʘʤʠ ʘʧʨʦʢʩʠʤʘʮʽʡʥʦʾ ʩʫʤʠ ɿʫʙʦʚʘ. ʈʽʟʥʽ ʧʽʜʭʦʜʠ ʜʦ 

ʘʧʨʦʢʩʠʤʘʮʽʾ ʟʘʢʦʥʽʚ ʨʦʟʧʦʜʽʣʫ ʧʨʝʜʩʪʘʚʣʝʥʽ ʚ [5]. ʉʝʨʝʜ ʥʠʭ ʭʘʨʘʢʪʝʨʥʝ ʚʠʢʦʨʠʩʪʘʥʥʷ 

ʦʨʪʦʛʦʥʘʣʴʥʠʭ ʧʦʣʽʥʦʤʽʚ ʽ ʥʝʡʨʦʥʥʠʭ ʤʝʨʝʞ. ʆʮʽʥʢʘ ʨʝʟʫʣʴʪʘʪʽʚ ʘʧʨʦʢʩʠʤʘʮʽʾ ʫ [5] 

ʧʨʦʚʦʜʠʣʘʩʴ ʟʘ ʜʦʧʦʤʦʛʦʶ ʤʘʢʩʠʤʫʤʫ ʽ ʚʝʨʭʥʴʦʾ ʛʨʘʥʠʮʽ ʜʦʚʽʨʯʦʛʦ ʽʥʪʝʨʚʘʣʫ ʟʘ ʧʨʘʚʠʣʦʤ 

ʪʨʴʦʭ ʩʽʛʤ ʜʣʷ ʩʝʨʝʜʥʴʦʛʦ ʢʚʘʜʨʘʪʠʯʥʦʛʦ ʚʽʜʭʠʣʝʥʥʷ, ʘ ʪʘʢʦʞ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʢʨʠʪʝʨʽʾʚ 

ʇʽʨʩʦʥʘ ʽ ʂʦʣʤʦʛʦʨʦʚʘ.  

ʋ ʜʦʩʣʽʜʞʝʥʥʽ [6] ʥʘ ʦʩʥʦʚʽ ʩʪʘʪʠʩʪʠʯʥʦʾ ʦʙʨʦʙʢʠ ʜʘʥʠʭ ʧʨʦ ʚʠʩʦʪʠ ʤʽʩʮʝʚʦʩʪʽ 

ʚʠʟʥʘʯʘʶʪʴʩʷ ʧʘʨʘʤʝʪʨʠ ʥʦʨʤʘʣʴʥʦʛʦ ʟʘʢʦʥʫ ʨʦʟʧʦʜʽʣʫ. ɿ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʮʴʦʛʦ ʟʘʢʦʥʫ 

ʟʜʽʡʩʥʶʻʪʴʩʷ ʦʮʽʥʢʘ ʚʠʩʦʪ ʥʘʩʪʫʧʥʠʭ ʪʦʯʦʢ ʧʦ ʪʨʘʻʢʪʦʨʽʾ ʨʫʭʫ ʧʦʚʽʪʨʷʥʦʛʦ ʩʫʜʥʘ, ʷʢʽ 

ʨʦʟʛʣʷʜʘʶʪʴʩʷ ʷʢ ʚʠʧʘʜʢʦʚʽ ʚʝʣʠʯʠʥʠ. ʇʨʠ ʮʴʦʤʫ ʟʘʙʝʟʧʝʯʫʶʪʴʩʷ ʟʘʜʘʥʽ ʡʤʦʚʽʨʥʽʩʥʽ 

ʧʦʢʘʟʥʠʢʠ ʙʝʟʧʝʢʠ ʧʦʣʴʦʪʫ. 

ɿ ʽʥʰʦʛʦ ʙʦʢʫ, ʚ ʨʷʜʽ ʨʦʙʽʪ, ʟʦʢʨʝʤʘ, ʚ [7 ï 8] ʦʧʠʩ ʨʝʣʴʻʬʫ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʚ ʟʘʜʘʯʘʭ 

ʩʪʘʪʠʩʪʠʯʥʦʾ ʨʘʜʽʦʬʽʟʠʢʠ. ɼʣʷ ʧʨʦʚʝʜʝʥʥʷ ʪʘʢʦʛʦ ʦʧʠʩʫ ʟʘʩʪʦʩʦʚʫʶʪʴʩʷ ʨʽʟʥʽ ʢʣʘʩʠʯʥʽ 

ʟʘʢʦʥʠ ʨʦʟʧʦʜʽʣʫ (ʨʽʚʥʦʤʽʨʥʠʡ, ʥʦʨʤʘʣʴʥʠʡ, ʝʢʩʧʦʥʝʥʮʽʘʣʴʥʠʡ).  

ʆʜʥʘʢ ʫ [6 ï 8] ʥʝ ʚʨʘʭʦʚʫʶʪʴʩʷ ʦʩʦʙʣʠʚʦʩʪʽ ʨʦʟʧʦʜʽʣʽʚ ʚʠʩʦʪ ʨʝʣʴʻʬʫ ʤʽʩʮʝʚʦʩʪʽ. ɸ 

ʩʘʤʝ ʪʝ, ʱʦ ʬʫʥʢʮʽʷ ʛʫʩʪʠʥʠ ʨʦʟʧʦʜʽʣʫ ʚʠʩʦʪ ʜʽʣʷʥʢʠ ʤʽʩʮʝʚʦʩʪʽ ʻ ʚʽʜʤʽʥʥʦʶ ʚʽʜ ʥʫʣʷ ʣʠʰʝ 

ʥʘ ʚʽʜʨʽʟʢʫ ʚʽʜ ʤʽʥʽʤʘʣʴʥʦʾ ʜʦ ʤʘʢʩʠʤʘʣʴʥʦʾ ʚʠʩʦʪʠ ʜʣʷ ʮʽʻʾ ʜʽʣʷʥʢʠ. ʂʣʘʩʠʯʥʽ ʞ ʟʘʢʦʥʠ 

ʨʦʟʧʦʜʽʣʫ ʚʠʟʥʘʯʘʶʪʴʩʷ, ʟʚʠʯʘʡʥʦ, ʥʘ ʙʝʟʤʝʞʥʽʡ ʤʥʦʞʠʥʽ. ɿ ʽʥʰʦʛʦ ʙʦʢʫ, ʫ [5] 

ʨʦʟʛʣʷʜʘʶʪʴʩʷ ʚʠʧʘʜʢʠ ʟʘʥʫʣʝʥʥʷ ʬʫʥʢʮʽʾ ʛʫʩʪʠʥʠ ʡʤʦʚʽʨʥʦʩʪʽ ʥʘ ʛʨʘʥʠʮʷʭ ʽʥʪʝʨʚʘʣʫ, ʧʨʦʪʝ 

ʜʣʷ ʮʴʦʛʦ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʥʝʡʨʦʤʝʨʝʞʝʚʽ ʤʦʜʝʣʽ. ʆʜʥʘʢ ʜʣʷ ʚʠʨʽʰʝʥʥʷ ʨʷʜʫ ʟʘʜʘʯ, 

ʟʦʢʨʝʤʘ, ʩʪʘʪʠʩʪʠʯʥʦʾ ʨʘʜʽʦʬʽʟʠʢʠ, ʥʝʦʙʭʽʜʥʝ ʘʥʘʣʽʪʠʯʥʝ ʧʨʝʜʩʪʘʚʣʝʥʥʷ ʬʫʥʢʮʽʾ ʛʫʩʪʠʥʠ 

ʨʦʟʧʦʜʽʣʫ. ɯʩʥʫʻ ʙʘʛʘʪʦ ʤʝʪʦʜʽʚ ʘʥʘʣʽʪʠʯʥʦʛʦ ʚʠʟʥʘʯʝʥʥʷ ʩʽʤʝʡʩʪʚ ʨʦʟʧʦʜʽʣʽʚ, ʟʦʢʨʝʤʘ ʢʨʠʚʽ 

ʇʽʨʩʦʥʘ ʘʙʦ ʨʦʟʧʦʜʽʣʠ, ʧʦʙʫʜʦʚʘʥʽ ʧʦ ʤʝʪʦʜʫ ɻʨʘʤʘ-ʐʘʨʣʴʝ [9]. ʇʨʦʪʝ ʢʨʠʚʽ ʇʽʨʩʦʥʘ ʤʘʶʪʴ 

ʩʢʣʘʜʥʝ ʘʥʘʣʽʪʠʯʥʝ ʧʨʝʜʩʪʘʚʣʝʥʥʷ, ʘ ʢʨʠʚʽ ɻʨʘʤʘ-ʐʘʨʣʴʝ ʻ ʙʣʠʟʴʢʠʤʠ ʜʦ ʥʦʨʤʘʣʴʥʦʛʦ ʪʘ 

ʇʫʘʩʦʥʽʚʩʴʢʦʛʦ ʨʦʟʧʦʜʽʣʽʚ. ʎʝ ʦʙʤʝʞʫʻ ʾʭ ʙʝʟʧʦʩʝʨʝʜʥʻ ʚʠʢʦʨʠʩʪʘʥʥʷ ʚ ʦʧʠʩʘʥʠʭ ʚʠʱʝ 

ʟʘʜʘʯʘʭ, ʜʝ ʜʦʩʣʽʜʞʫʚʘʥʘ ʚʝʣʠʯʠʥʘ ʚʠʟʥʘʯʝʥʘ ʥʘ ʚʫʟʴʢʦʤʫ ʚʽʜʨʽʟʢʫ. 

ɺʩʝ ʮʝ ʦʙʫʤʦʚʣʶʻ ʘʢʪʫʘʣʴʥʽʩʪʴ ʚʠʟʥʘʯʝʥʥʷ ʧʽʜʭʦʜʽʚ ʜʦ ʧʦʙʫʜʦʚʠ ʬʫʥʢʮʽʡ ʛʫʩʪʠʥʠ 

ʨʦʟʧʦʜʽʣʫ ʚʝʣʠʯʠʥ, ʷʢʽ ʘʧʨʽʦʨʽ ʧʨʠʡʤʘʶʪʴ ʦʙʤʝʞʝʥʠʡ ʜʽʘʧʘʟʦʥ ʤʦʞʣʠʚʠʭ ʟʥʘʯʝʥʴ, ʟʦʢʨʝʤʘ 

ʚʠʩʦʪ ʨʝʣʴʻʬʫ ʤʽʩʮʝʚʦʩʪʽ. 

ʄʝʪʘ ʩʪʘʪʪʽ ï ʚʨʘʭʫʚʘʥʥʷ ʦʩʦʙʣʠʚʦʩʪʝʡ ʩʪʘʪʠʩʪʠʯʥʦʛʦ ʦʧʠʩʫ ʨʝʣʴʻʬʫ ʤʽʩʮʝʚʦʩʪʽ ʧʨʠ 

ʚʠʟʥʘʯʝʥʥʽ ʟʘʢʦʥʫ ʨʦʟʧʦʜʽʣʫ ʚʠʩʦʪ. 

ɺʠʢʣʘʜ ʦʩʥʦʚʥʦʛʦ ʤʘʪʝʨʽʘʣʫ ʜʦʩʣʽʜʞʝʥʥʷ. ɼʣʷ ʦʧʠʩʫ ʨʽʟʥʦʤʘʥʽʪʥʠʭ ʛʝʦʬʽʟʠʯʥʠʭ 

ʧʦʣʽʚ ʤʦʞʣʠʚʝ ʚʠʢʦʨʠʩʪʘʥʥʷ ʡʤʦʚʽʨʥʽʩʥʦʛʦ ʧʽʜʭʦʜʫ (ʥʘʡʯʘʩʪʽʰʝ ʚʽʥ ʟʘʩʪʦʩʦʚʫʻʪʴʩʷ ʜʣʷ 

ʩʣʘʙʦʜʠʬʝʨʝʥʮʽʡʦʚʘʥʠʭ ʧʦʣʽʚ). ɺ ʦʢʨʝʤʠʭ ʟʘʜʘʯʘʭ ʛʝʦʦʙʨʦʙʢʠ, ʟʦʢʨʝʤʘ ʧʨʠʢʣʘʜʥʠʭ 

ʟʘʩʪʦʩʫʚʘʥʥʷʭ ʩʪʘʪʠʩʪʠʯʥʦʾ ʨʘʜʽʦʬʽʟʠʢʠ [4], ʧʨʠ ʦʧʠʩʽ ʨʝʣʴʻʬʫ ʤʽʩʮʝʚʦʩʪʽ ʪʘʢʦʞ ʻ ʜʦʮʽʣʴʥʠʤ 

ʚʠʢʦʨʠʩʪʘʥʥʷ ʮʴʦʛʦ ʧʽʜʭʦʜʫ. ʇʨʠ ʮʴʦʤʫ ʚʠʩʦʪʘ ʤʽʩʮʝʚʦʩʪʽ ʨʦʟʛʣʷʜʘʻʪʴʩʷ ʷʢ ʚʠʧʘʜʢʦʚʘ 

ʚʝʣʠʯʠʥʘ H, ʷʢʘ ʨʝʘʣʽʟʫʻʪʴʩʷ ʚʠʙʽʨʢʦʶ ʟ N ʟʥʘʯʝʥʴ { }nhh ,...,1 , ʱʦ ʭʘʨʘʢʪʝʨʠʟʫʻʪʴʩʷ ʬʫʥʢʮʽʻʶ 

ʨʦʟʧʦʜʽʣʫ ʡʤʦʚʽʨʥʦʩʪʽ ʌ(h) (ʡʤʦʚʽʨʥʽʩʪʴ ʪʦʛʦ, ʱʦ ʚʠʩʦʪʘ ʤʝʥʰʘ ʟʘ h). ʅʘ ʧʨʘʢʪʠʮʽ ʚ ʙʘʛʘʪʴʦʭ 

ʧʨʠʢʣʘʜʥʠʭ ʟʘʜʘʯʘʭ ʙʽʣʴʰ ʟʨʫʯʥʦʶ ʻ ʛʫʩʪʠʥʘ ʨʦʟʧʦʜʽʣʫ ʡʤʦʚʽʨʥʦʩʪʽ p(h). ɯʥʪʝʛʨʘʣ ʮʽʻʾ 

ʬʫʥʢʮʽʾ ʚ ʤʝʞʘʭ [ ]21,hh  ʜʦʨʽʚʥʶʚʘʪʠʤʝ ʡʤʦʚʽʨʥʦʩʪʽ ʪʦʛʦ, ʱʦ 21 hhh ¢¢ .  

ʆʩʥʦʚʦʶ ʜʣʷ ʧʦʙʫʜʦʚʠ ʬʫʥʢʮʽʾ ʨʦʟʧʦʜʽʣʫ ʚʠʧʘʜʢʦʚʦʾ ʚʝʣʠʯʠʥʠ p(h) ʻ ʥʘʙʽʨ ʟʥʘʯʝʥʴ  

{ }nhh ,...,1 . ʎʝʡ ʥʘʙʽʨ ʟʥʘʯʝʥʴ ʧʨʝʜʩʪʘʚʣʷʻ ʩʦʙʦʶ ʪʘʢ ʟʚʘʥʫ ʧʨʦʩʪʫ ʚʠʙʽʨʢʫ, ʷʢʘ ʧʨʝʜʩʪʘʚʣʷʻ 

ʩʦʙʦʶ ʨʝʘʣʽʟʘʮʽʶ ʚʝʢʪʦʨʘ ʥʝʟʘʣʝʞʥʠʭ ʦʜʥʘʢʦʚʦ ʨʦʟʧʦʜʽʣʝʥʠʭ ʚʠʧʘʜʢʦʚʠʭ ʚʝʣʠʯʠʥ. ʗʢʱʦ 

ʥʽʷʢʦʾ ʜʦʜʘʪʢʦʚʦʾ ʽʥʬʦʨʤʘʮʽʾ ʧʨʦ ʭʘʨʘʢʪʝʨ ʨʦʟʧʦʜʽʣʫ H ʥʝʤʘʻ, ʟʘ ʦʩʥʦʚʫ ʤʦʞʣʠʚʦ ʚʟʷʪʠ 

ʝʤʧʽʨʠʯʥʠʡ ʨʦʟʧʦʜʽʣ (ʛʽʩʪʦʛʨʘʤʫ). ɽʤʧʽʨʠʯʥʠʡ ʨʦʟʧʦʜʽʣ ʙʫʜʫʻʪʴʩʷ ʥʘ ʦʩʥʦʚʽ ʯʘʩʪʦʪʠ 

ʧʦʪʨʘʧʣʷʥʥʷ ʟʥʘʯʝʥʴ ʚʝʣʠʯʠʥʠ ʅ ʚ ʧʽʜʤʥʦʞʠʥʠ ʥʘ ʜʽʡʩʥʽʡ ʦʩʽ. ʇʨʠ ʜʦʩʪʘʪʥʴʦ ʚʝʣʠʢʦʤʫ N 
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30 

ʪʘʢʠʡ ʨʦʟʧʦʜʽʣ ʜʦʩʪʘʪʥʴʦ ʪʦʯʥʦ ʭʘʨʘʢʪʝʨʠʟʫʻ ʛʫʩʪʠʥʫ ʨʦʟʧʦʜʽʣʫ ʡʤʦʚʽʨʥʦʩʪʝʡ. ʇʨʠʢʣʘʜʠ 

ʪʘʢʠʭ ʝʤʧʽʨʠʯʥʠʭ ʨʦʟʧʦʜʽʣʽʚ ʜʣʷ ʨʽʟʥʠʭ ʜʽʣʷʥʦʢ ʤʽʩʮʝʚʦʩʪʽ ʥʘʚʝʜʝʥʽ ʥʘ ʨʠʩ.1. ɺʘʞʣʠʚʦʶ ʾʭ 

ʦʩʦʙʣʠʚʽʩʪʶ ʻ ʚʽʜʤʽʥʥʽʩʪʴ ʚʽʜ ʥʫʣʷ ʣʠʰʝ ʥʘ ʚʽʜʨʽʟʢʫ [ ]maxmin ,hh . 

 

 

 

 

 

 

 

 

 
ʈʠʩ. 1 ï ɽʤʧʽʨʠʯʥʽ ʨʦʟʧʦʜʽʣʠ ʚʠʩʦʪ ʨʽʟʥʠʭ ʜʽʣʷʥʦʢ ʤʽʩʮʝʚʦʩʪʽ 

 

ʆʜʥʘʢ ʚ ʙʘʛʘʪʴʦʭ ʧʨʠʢʣʘʜʥʠʭ ʟʘʜʘʯʘʭ, ʟʦʢʨʝʤʘ, ʩʪʘʪʠʩʪʠʯʥʦʾ ʨʘʜʽʦʬʽʟʠʢʠ, ʧʦʪʨʽʙʥʝ 

ʘʥʘʣʽʪʠʯʥʝ ʧʨʝʜʩʪʘʚʣʝʥʥʷ p(h). ɺ ʦʢʨʝʤʠʭ ʚʠʧʘʜʢʘʭ ʚʽʜʧʦʚʽʜʥʦ ʜʦ ʭʘʨʘʢʪʝʨʫ ʜʦʩʣʽʜʞʫʚʘʥʦʾ 

ʚʠʧʘʜʢʦʚʦʾ ʚʝʣʠʯʠʥʠ ʤʦʞʣʠʚʦ ʚʠʟʥʘʯʠʪʠ ʘʥʘʣʽʪʠʯʥʽ ʧʨʝʜʩʪʘʚʣʝʥʥʷ ʬʫʥʢʮʽʡ ʛʫʩʪʠʥʠ 

ʨʦʟʧʦʜʽʣʫ. ɿʘʟʚʠʯʘʡ ʪʘʢʽ ʩʽʤʝʡʩʪʚʘ ʨʦʟʧʦʜʽʣʽʚ ʻ ʧʘʨʘʤʝʪʨʠʯʥʠʤʠ. ʊʦʜʽ ʟʘʜʘʯʘ ʚʽʜʰʫʢʘʥʥʷ 

p(h) ʟʚʦʜʠʪʴʩʷ ʜʦ ʦʮʽʥʶʚʘʥʥʷ ʥʝʚʽʜʦʤʠʭ ʧʘʨʘʤʝʪʨʽʚ. ɯʩʥʫʻ ʙʘʛʘʪʦ ʩʧʦʩʦʙʽʚ ʧʦʙʫʜʦʚʠ 

ʩʽʤʝʡʩʪʚ ʨʦʟʧʦʜʽʣʽʚ. ʅʘʧʨʠʢʣʘʜ, ʮʝ ʢʨʠʚʽ ʇʽʨʩʦʥʘ, ʢʨʠʚʽ ɻʨʘʤʘ-ʐʘʨʣʴʝ. ʆʜʥʘʢ ʛʨʦʤʽʟʜʢʽʩʪʴ 

ʘʥʘʣʽʪʠʯʥʦʛʦ ʧʨʝʜʩʪʘʚʣʝʥʥʷ ʧʝʨʰʠʭ ʦʙʤʝʞʫʻ ʾʭ ʚʠʢʦʨʠʩʪʘʥʥʷ ʚ ʩʢʣʘʜʥʠʭ ʟʘʩʪʦʩʫʚʘʥʥʷʭ. 

ʂʨʠʚʽ ɻʨʘʤʘ-ʐʘʨʣʴʝ ʻ ʙʣʠʟʴʢʠʤʠ ʜʦ ʙʽʣʴʰ ʧʨʦʩʪʠʭ ʢʣʘʩʠʯʥʠʭ ʨʦʟʧʦʜʽʣʽʚ: ʥʦʨʤʘʣʴʥʦʛʦ ʽ 

ʧʫʘʩʦʥʽʚʩʴʢʦʛʦ. ɸʧʨʦʢʩʠʤʘʮʽʷ ʟʘʢʦʥʽʚ ʨʦʟʧʦʜʽʣʫ ʚʠʩʦʪ ʤʝʪʦʜʦʤ ʤʦʤʝʥʪʽʚ ʘʙʦ 

ʧʘʨʘʤʝʪʨʠʯʥʠʤʠ ʤʝʪʦʜʘʤʠ ʥʝ ʟʘʚʞʜʠ ʻ ʤʦʞʣʠʚʦʶ, ʦʩʢʽʣʴʢʠ ʥʝ ʟʘʚʞʜʠ ʤʦʞʣʠʚʦ ʚʠʟʥʘʯʠʪʠ, 

ʷʢʦʤʫ ʟʘʢʦʥʫ ʧʽʜʧʦʨʷʜʢʦʚʘʥʘ ʚʠʙʽʨʢʘ ʚʠʩʦʪ (ʨʠʩ. 1). ʆʢʨʽʤ ʮʴʦʛʦ ʜʦʩʣʽʜʞʫʚʘʥʠʡ ʟʘʢʦʥ 

ʨʦʟʧʦʜʽʣʫ ʤʦʞʝ ʩʫʪʪʻʚʦ ʚʽʜʨʽʟʥʷʪʠʩʴ ʚʽʜ ʥʘʙʦʨʫ ʩʪʘʥʜʘʨʪʥʠʭ ʟʘʢʦʥʽʚ. ʇʽʜʩʫʤʦʚʫʶʯʠ, 

ʤʦʞʣʠʚʦ ʩʬʦʨʤʫʣʶʚʘʪʠ ʨʷʜ ʚʠʤʦʛ ʜʦ ʟʘʢʦʥʽʚ ʨʦʟʧʦʜʽʣʫ ʚʠʩʦʪ ʤʽʩʮʝʚʦʩʪʽ ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʾʭ 

ʧʦʜʘʣʴʰʦʛʦ ʚʠʢʦʨʠʩʪʘʥʥʷ ʚ ʟʘʜʘʯʘʭ ʩʪʘʪʠʩʪʠʯʥʦʾ ʨʘʜʽʦʬʽʟʠʢʠ: 

1) ʟʨʫʯʥʝ ʘʥʘʣʽʪʠʯʥʝ ʧʨʝʜʩʪʘʚʣʝʥʥʷ ʬʫʥʢʮʽʾ ʛʫʩʪʠʥʠ ʨʦʟʧʦʜʽʣʫ ʚʠʩʦʪ; 

2) ʚʠʢʦʥʘʥʥʷ ʚʠʤʦʛ, ʷʢʽ ʚʠʩʫʚʘʶʪʴʩʷ ʜʦ ʬʫʥʢʮʽʾ ʛʫʩʪʠʥʠ ʨʦʟʧʦʜʽʣʫ ʚʠʩʦʪ; 

3) ʚʨʘʭʫʚʘʥʥʷ ʦʩʦʙʣʠʚʦʩʪʝʡ ʝʤʧʽʨʠʯʥʠʭ ʨʦʟʧʦʜʽʣʽʚ ʚʠʩʦʪ. 

ɿ ʤʝʪʦʶ ʩʧʨʦʱʝʥʥʷ ʘʥʘʣʽʪʠʯʥʦʛʦ ʦʧʠʩʫ ʛʫʩʪʠʥʠ ʨʦʟʧʦʜʽʣʫ ʚʠʩʦʪ ʜʦʮʽʣʴʥʦ 

ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʚʽʜʦʤʽ ʢʣʘʩʠʯʥʽ ʟʘʢʦʥʠ ʨʦʟʧʦʜʽʣʽʚ (ʥʦʨʤʘʣʴʥʠʡ, ʝʢʩʧʦʥʝʥʮʽʘʣʴʥʠʡ, 

ʇʫʘʩʦʥʘ, ʨʽʚʥʦʤʽʨʥʠʡ). ɿ ʘʥʘʣʽʟʫ ʝʤʧʽʨʠʯʥʦʛʦ ʨʦʟʧʦʜʽʣʫ ʥʘ ʦʩʥʦʚʽ ʢʨʠʪʝʨʽʶ ʤʽʥʽʤʘʣʴʥʦʩʪʽ 

ʩʝʨʝʜʥʴʦʛʦ ʢʚʘʜʨʘʪʠʯʥʦʛʦ ʚʽʜʭʠʣʝʥʥʷ ʤʦʞʣʠʚʦ ʚʠʟʥʘʯʠʪʠ ʥʘʡʙʽʣʴʰ ʙʣʠʟʴʢʠʡ ʟʘʢʦʥ 

ʨʦʟʧʦʜʽʣʫ. ʆʜʥʘʢ, ʷʢ ʙʫʜʝ ʧʦʢʘʟʘʥʦ ʜʘʣʽ, ʦʢʨʽʤ ʨʽʚʥʦʤʽʨʥʦʛʦ, ʮʽ ʟʘʢʦʥʠ ʥʝ ʚʨʘʭʦʚʫʶʪʴ 

ʦʩʦʙʣʠʚʦʩʪʽ ʨʦʟʧʦʜʽʣʽʚ ʚʠʩʦʪ. ʋ ʟʚôʷʟʢʫ ʟ ʮʠʤ, ʚʠʥʠʢʘʻ ʧʦʪʨʝʙʘ ʢʦʨʝʛʫʚʘʥʥʷ ʮʠʭ ʟʘʢʦʥʽʚ. 

ʊʦʤʫ ʽʥʰʠʡ ʨʘʮʽʦʥʘʣʴʥʠʡ ʧʽʜʭʽʜ ʧʦʣʷʛʘʻ ʚ ʧʨʦʚʝʜʝʥʥʽ ʘʧʨʦʢʩʠʤʘʮʽʾ ʝʤʧʽʨʠʯʥʦʛʦ ʨʦʟʧʦʜʽʣʫ 

ʧʦʣʽʥʦʤʦʤ ʥʘ [ ]maxmin ,hh  ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʚʠʤʦʛ ʜʦ ʬʫʥʢʮʽʾ ʛʫʩʪʠʥʠ ʨʦʟʧʦʜʽʣʫ. 

ʈʦʟʛʣʷʥʝʤʦ ʚʠʢʦʥʘʥʥʷ ʚʠʤʦʛ, ʷʢʽ ʚʠʩʫʚʘʶʪʴʩʷ ʜʦ ʬʫʥʢʮʽʾ ʛʫʩʪʠʥʠ ʨʦʟʧʦʜʽʣʫ ʚʠʩʦʪ. 

ɺʘʞʣʠʚʦʶ ʟʘʛʘʣʴʥʦʶ ʚʣʘʩʪʠʚʽʩʪʶ ʬʫʥʢʮʽʾ p(h) ʻ ʫʤʦʚʘ ʥʦʨʤʫʚʘʥʥʷ 

ñ
¤

¤-

=1)( dhhp .      (1) 

ʎʷ ʫʤʦʚʘ ʚʽʜʧʦʚʽʜʘʻ ʪʦʤʫ, ʱʦ ʯʠʩʣʦʚʝ ʟʥʘʯʝʥʥʷ ʚʝʣʠʯʠʥʠ h ʟʥʘʭʦʜʠʪʴʩʷ ʚ ʤʝʞʘʭ ʚʽʜ -Ð 

ʜʦ Ð. ʆʜʥʘʢ ʜʣʷ ʥʝʚʽʜôʻʤʥʠʭ ʚʠʩʦʪ ʤʽʩʮʝʚʦʩʪʽ ʥʠʞʥʶ ʤʝʞʫ ʽʥʪʝʛʨʫʚʘʥʥʷ ʚ (1) ʜʦʮʽʣʴʥʦ 

ʟʤʽʥʠʪʠ ʥʘ 0. ɼʣʷ ʧʝʚʥʦʾ ʜʽʣʷʥʢʠ ʤʽʩʮʝʚʦʩʪʽ ʤʦʞʣʠʚʦ ʚʠʟʥʘʯʠʪʠ ʤʽʥʽʤʘʣʴʥʫ hmin ʽ 

ʤʘʢʩʠʤʘʣʴʥʫ hmax ʚʠʩʦʪʫ. ʆʩʢʽʣʴʢʠ ʜʣʷ ʮʽʻʾ ʜʽʣʷʥʢʠ ʘʧʨʽʦʨʽ ʚʠʩʦʪʘ ʥʝ ʤʦʞʝ ʙʫʪʠ ʤʝʥʰʦʶ ʟʘ 

hmin ʽ ʙʽʣʴʰʦʶ ʟʘ hmax   

p(h) 

h 

p(h) 

h 

p(h) 

h hmin hmax hmin hmax hmin hmax 
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hhhhp
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hp  ,    (2) 

ʘ ʫʤʦʚʘ (1) ʪʨʘʥʩʬʦʨʤʫʻʪʴʩʷ ʚ  

ñ =
max
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1)(1

h

h

dhhp  .      (3) 

ʉʣʽʜ ʚʽʜʤʽʪʠʪʠ, ʱʦ ʜʣʷ ʨʽʚʥʦʤʽʨʥʦʛʦ ʟʘʢʦʥʫ ʨʦʟʧʦʜʽʣʫ ʬʫʥʢʮʽʷ ʛʫʩʪʠʥʠ ʨʦʟʧʦʜʽʣʫ  

î
î
í

îî
ì

ë

>

¢¢
-

<

=

max

maxmin

minmax

min

,0

,
1

,0

)(

hh
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hpr    (4) 

ʤʘʻ ʚʠʛʣʷʜ ʨʠʩ.2 ʽ Ăʘʚʪʦʤʘʪʠʯʥʦò ʚʽʜʧʦʚʽʜʘʻ ʚʠʤʦʛʘʤ (2) ï (3). 

 

 

 

 

 

 

 

 
ʈʠʩ. 2 ï ʌʫʥʢʮʽʷ ʛʫʩʪʠʥʠ ʨʽʚʥʦʤʽʨʥʦʛʦ ʨʦʟʧʦʜʽʣʫ ʚʠʩʦʪ 

 

ʈʽʚʥʦʤʽʨʥʠʡ ʨʦʟʧʦʜʽʣ ʚʠʩʦʪ ʚʠʢʦʨʠʩʪʦʚʫʚʘʚʩʷ ʚ ʟʘʜʘʯʘʭ ʩʪʘʪʠʩʪʠʯʥʦʾ ʨʘʜʽʦʬʽʟʠʢʠ ʫ  

[7 ï 8]. ʇʨʦʩʪʦʪʘ ʘʥʘʣʽʪʠʯʥʦʛʦ ʧʨʝʜʩʪʘʚʣʝʥʥʷ (4) ʩʧʨʦʱʫʚʘʣʘ ʚʠʟʥʘʯʝʥʥʷ ʡʤʦʚʽʨʥʦʩʪʽ 

ʥʘʷʚʥʦʩʪʽ ʨʘʜʽʦʟʚôʷʟʢʫ. ʆʜʥʘʢ ʧʨʠ ʚʠʢʦʨʠʩʪʘʥʥʽ ʨʽʚʥʦʤʽʨʥʦʛʦ ʟʘʢʦʥʫ ʚʪʨʘʯʘʻʪʴʩʷ ʽʥʬʦʨʤʘʮʽʷ 

ʧʨʦ ʭʘʨʘʢʪʝʨ ʥʝʨʽʚʥʦʤʽʨʥʦʩʪʽ ʨʦʟʧʦʜʽʣʫ ʚʠʩʦʪ ʚ ʤʝʞʘʭ [ ]maxmin ,hh . ʎʝ ʤʦʞʝ ʧʨʠʚʝʩʪʠ ʜʦ 

ʩʫʪʪʻʚʦʛʦ ʩʧʦʪʚʦʨʝʥʥʷ ʨʝʟʫʣʴʪʘʪʽʚ, ʦʪʨʠʤʘʥʠʭ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʪʘʢʦʛʦ ʟʘʢʦʥʫ. 

ɼʣʷ ʝʢʩʧʦʥʝʥʮʽʘʣʴʥʦʛʦ (ʧʦʢʘʟʥʠʢʦʚʦʛʦ) ʪʘ ʥʦʨʤʘʣʴʥʦʛʦ ʨʦʟʧʦʜʽʣʽʚ ʚʠʤʦʛʠ (2) ï (3) ʥʝ 

ʚʠʢʦʥʫʶʪʴʩʷ. 

ɽʢʩʧʦʥʝʥʮʽʘʣʴʥʠʡ ʟʘʢʦʥ ʨʦʟʧʦʜʽʣʫ pe(h)=ŬĿexp(-ŬĿh) ʚʠʟʥʘʯʝʥʠʡ ʥʘ [ )¤,0 . ʊʦʤʫ, ʷʢʱʦ 

ʙʝʟʧʦʩʝʨʝʜʥʴʦ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʮʝʡ ʟʘʢʦʥ, ʤʠ ʧʨʠʧʫʩʢʘʻʤʦ, ʱʦ ʚʠʩʦʪʠ ʜʽʣʷʥʢʠ ʤʽʩʮʝʚʦʩʪʽ 

ʟʤʽʥʶʶʪʴʩʷ ʚʽʜ 0 ʜʦ Ð. ʇʨʠ ʮʴʦʤʫ ʟʽ ʟʨʦʩʪʘʥʥʷʤ ʚʠʩʦʪʠ ʟʤʝʥʰʫʻʪʴʩʷ ʯʘʩʪʦʪʘ ʾʾ ʧʦʷʚʠ. 

ɿʚʠʯʘʡʥʦ, ʚ ʙʘʛʘʪʴʦʭ ʚʠʧʘʜʢʘʭ ʮʝ ʥʝ ʚʠʢʦʥʫʻʪʴʩʷ ʽ ʪʦʜʽ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʮʝʡ ʟʘʢʦʥ ʥʝ 

ʨʘʮʽʦʥʘʣʴʥʦ.  

ɼʣʷ ʝʢʩʧʦʥʝʥʮʽʘʣʴʥʦʛʦ ʨʦʟʧʦʜʽʣʫ ʥʦʨʤʫʶʯʘ ʫʤʦʚʘ ʚʠʢʦʥʫʻʪʴʩʷ ʥʘ [ )¤,0  (ʨʠʩ. 3). ʊʦʤʫ 

ʥʘ ʨʠʩ. 3 ʧʣʦʱʘ ʬʽʛʫʨʠ ʦʙʤʝʞʝʥʦʾ ʦʩʷʤʠ ʢʦʦʨʜʠʥʘʪ ʪʘ ʛʨʘʬʽʢʦʤ ʬʫʥʢʮʽʾ ʜʦʨʽʚʥʶʚʘʪʠʤʝ 1. 

ʇʨʦʪʝ ʚʝʣʠʯʠʥʘ ʽʥʪʝʛʨʘʣʫ pe(h) ʥʘ ʽʥʪʝʨʚʘʣʽ [ ]maxmin ,hh  (ʧʣʦʱʘ ʟʘʰʪʨʠʭʦʚʘʥʦʾ ʥʘ ʨʠʩ. 3 

ʬʽʛʫʨʠ) ʙʫʜʝ ʤʝʥʰʘ ʟʘ 1. ɿ ʨʠʩ. 3 ʟʨʦʟʫʤʽʣʦ, ʱʦ ʥʝʚʽʜʧʦʚʽʜʥʽʩʪʴ ʧʣʦʱ ʙʫʜʝ ʪʠʤ ʙʽʣʴʰʦʶ, ʯʠʤ 

ʤʝʥʰʦʶ ʻ ʚʝʣʠʯʠʥʘ minmax hh -  (ʪʘ ʜʣʷ ʝʢʩʧʦʥʝʥʮʽʘʣʴʥʦʛʦ ʨʦʟʧʦʜʽʣʫ ʯʠʤ ʙʽʣʴʰʦʶ ʻ hmin). 

ʊʦʤʫ ʫ ʚʠʧʘʜʢʘʭ ʥʝʚʝʣʠʢʠʭ ʽʥʪʝʨʚʘʣʽʚ [ ]maxmin ,hh  ʢʦʨʝʛʫʚʘʥʥʷ ʨʦʟʧʦʜʽʣʽʚ ʻ ʦʩʦʙʣʠʚʦ 

ʚʘʞʣʠʚʠʤ. 

ʗʢʱʦ ʨʦʟʛʣʷʥʫʪʠ ʙʽʣʴʰ ʩʢʣʘʜʥʫ ʬʫʥʢʮʽʶ he ÖÖba  ʽ ʟʘʩʪʦʩʫʚʘʪʠ ʜʦ ʥʝʾ ʫʤʦʚʫ 

ʥʦʨʤʫʚʘʥʥʷ ʥʘ [ )¤,0  ʦʪʨʠʤʘʻʤʦ ɓ = -Ŭ, ʱʦ ʚʽʜʧʦʚʽʜʘʻ ʢʣʘʩʠʯʥʦʤʫ ʝʢʩʧʦʥʝʥʮʽʘʣʴʥʦʤʫ ʟʘʢʦʥʫ 
h

e ehp Ö-Ö= aa)( . ɼʣʷ ʦʪʨʠʤʘʥʥʷ ʩʢʦʨʝʛʦʚʘʥʦʛʦ ʝʢʩʧʦʥʝʥʮʽʘʣʴʥʦʛʦ ʟʘʢʦʥʫ, ʷʢʠʡ ʚʽʜʧʦʚʽʜʘʪʠʤʝ 

(2) ʪʘ (3), ʚʠʢʦʨʠʩʪʘʻʤʦ ʘʥʘʣʦʛʽʯʥʠʡ ʧʽʜʭʽʜ. 

hmin hmax 

minmax

1
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h 

pr(h) 
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ɼʣʷ ʦʪʨʠʤʘʥʥʷ (5) ʤʦʞʣʠʚʦ ʟʘʩʪʦʩʫʚʘʪʠ ʽ ʽʥʰʠʡ ʧʽʜʭʽʜ ï ʧʨʦʚʝʩʪʠ ʽʥʪʝʛʨʫʚʘʥʥʷ pe(h) ʥʘ 

[ ]maxmin ,hh  ʽ ʦʙʝʨʥʝʥʫ ʜʦ ʨʝʟʫʣʴʪʘʪʫ ʚʝʣʠʯʠʥʫ 1)( maxmin -Ö-Ö-
-

hh
ee
aa

 ʚʠʢʦʨʠʩʪʘʪʠ ʷʢ ʢʦʨʝʛʫʶʯʠʡ 

ʤʥʦʞʥʠʢ. 

 

 

 

 

 

 

 

 
 

ʈʠʩ. 3 ï ʌʫʥʢʮʽʷ ʛʫʩʪʠʥʠ ʝʢʩʧʦʥʝʥʮʽʘʣʴʥʦʛʦ ʨʦʟʧʦʜʽʣʫ ʚʠʩʦʪ 
 

ɼʣʷ ʙʘʛʘʪʴʦʭ ʚʠʧʘʜʢʦʚʠʭ ʚʝʣʠʯʠʥ ʦʜʥʽ ʟʥʘʯʝʥʥʷ ʟʚʠʯʘʡʥʦ ʙʽʣʴʰ ʡʤʦʚʽʨʥʽ ʥʽʞ ʽʥʰʽ ʽ 

ʥʘʡʙʽʣʴʰ ʡʤʦʚʽʨʥʝ ʟʥʘʯʝʥʥʷ ʻ ʻʜʠʥʠʤ.  

ʎʴʦʤʫ ʟʥʘʯʝʥʥʶ ʚʽʜʧʦʚʽʜʘʻ ʤʘʢʩʠʤʫʤ ʛʫʩʪʠʥʠ ʨʦʟʧʦʜʽʣʫ. ʇʨʠ ʚʽʜʭʠʣʝʥʥʽ ʚʽʜ ʮʴʦʛʦ 

ʤʘʢʩʠʤʫʤʫ ʡʤʦʚʽʨʥʽʩʪʴ ʟʤʝʥʰʫʻʪʴʩʷ. ɺ ʪʘʢʠʭ ʚʠʧʘʜʢʘʭ ʜʦʮʽʣʴʥʝ ʚʠʢʦʨʠʩʪʘʥʥʷ ʥʦʨʤʘʣʴʥʦʛʦ 

ʟʘʢʦʥʫ ʨʦʟʧʦʜʽʣʫ (6), ʷʢʠʡ ʚʠʟʥʘʯʝʥʠʡ ʥʘ ( )+¤¤- , . 
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ʆʜʥʘʢ ʪʘʢʘ ʰʠʨʦʢʘ ʦʙʣʘʩʪʴ ʚʠʟʥʘʯʝʥʥʷ ʥʝ ʧʦʚʥʦʶ ʤʽʨʦʶ ʚʽʜʧʦʚʽʜʘʻ ʦʧʠʩʫ ʚʠʩʦʪ 

ʤʽʩʮʝʚʦʩʪʽ. ɺʠʢʦʨʠʩʪʦʚʫʶʯʠ ʢʣʘʩʠʯʥʠʡ ʥʦʨʤʘʣʴʥʠʡ ʨʦʟʧʦʜʽʣ, ʤʠ ʧʨʠʧʫʩʢʘʻʤʦ, ʱʦ ʥʘʷʚʥʽ 

ʚʠʩʦʪʠ ʤʝʥʰʽ ʟʘ hmin ʽ ʙʽʣʴʰʽ ʟʘ hmax (ʨʠʩ. 4).  

ɯ ʭʦʯʘ ʽʤʦʚʽʨʥʽʩʪʴ ʮʴʦʛʦ ʻ ʧʦʨʽʚʥʷʥʦ ʥʝʚʝʣʠʢʦʶ, ʧʨʦʪʝ ʧʨʠ ʚʠʢʦʨʠʩʪʘʥʥʽ ʮʴʦʛʦ 

ʨʦʟʧʦʜʽʣʫ ʥʝʦʙʭʽʜʥʦ ʧʨʦʚʦʜʠʪʠ ʽʥʪʝʛʨʫʚʘʥʥʷ ʚʽʜ -Ð ʜʦ Ð.  

ʆʜʥʘʢ ʮʝ ʥʝ ʧʦʚʥʦʶ ʤʽʨʦʶ ʚʽʜʧʦʚʽʜʘʻ ʬʽʟʠʯʥʦʤʫ ʟʤʽʩʪʫ ʧʨʠ ʦʧʠʩʽ ʚʠʩʦʪ, ʦʩʢʽʣʴʢʠ 

ʚʠʩʦʪʠ ʻ ʜʦʜʘʪʥʠʤʠ ʽ ʜʣʷ ʚʠʟʥʘʯʝʥʦʾ ʜʽʣʷʥʢʠ ʟʥʘʭʦʜʷʪʴʩʷ ʚ ʤʝʞʘʭ [ ]maxmin ,hh . 

 

 

 

 

 

 

 

 

 
ʈʠʩ. 3 ï ʌʫʥʢʮʽʷ ʛʫʩʪʠʥʠ ʥʦʨʤʘʣʴʥʦʛʦ ʨʦʟʧʦʜʽʣʫ ʚʠʩʦʪ 

 

hmin hmax h 

pe(h) 

hmin hmax h 

Pn(h) 
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ʋ ʟʚôʷʟʢʫ ʟ ʮʠʤ, ʧʨʦʧʦʥʫʻʪʴʩʷ ʧʨʦʚʝʩʪʠ ʢʦʨʝʛʫʚʘʥʥʷ ʥʦʨʤʘʣʴʥʦʛʦ ʟʘʢʦʥʫ ʚʽʜʧʦʚʽʜʥʦ ʜʦ 

(2). ʆʜʥʘʢ ʧʨʠ ʮʴʦʤʫ ʟʘ ʨʘʭʫʥʦʢ Ăʚʽʜʩʽʢʘʥʥʷò ʯʘʩʪʠʥ ʟʘʣʝʞʥʦʩʪʽ ʧʝʨʝʩʪʘʥʝ ʚʠʢʦʥʫʚʘʪʠʩʴ 

ʫʤʦʚʘ ʥʦʨʤʫʚʘʥʥʷ.  

ɼʣʷ ʾʾ ʚʠʢʦʥʘʥʥʷ ʥʝʦʙʭʽʜʥʝ ʢʦʨʝʛʫʚʘʥʥʷ ʥʦʨʤʘʣʴʥʦʛʦ ʟʘʢʦʥʫ.  

ʆʪʨʠʤʘʥʥʷ ʢʦʨʠʛʫʶʯʦʛʦ ʤʥʦʞʥʠʢʘ ʫ ʚʠʧʘʜʢʫ ʚʠʢʦʨʠʩʪʘʥʥʷ ʥʦʨʤʘʣʴʥʦʛʦ ʟʘʢʦʥʫ 

ʨʦʟʧʦʜʽʣʫ ʧʨʦʧʦʥʫʻʪʴʩʷ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʯʠʩʝʣʴʥʠʭ ʤʝʪʦʜʽʚ (ʪʨʘʧʝʮʽʡ, ʤʝʪʦʜʘ ʉʽʤʧʩʦʥʘ) 

ʥʘʩʪʫʧʥʠʤ ʯʠʥʦʤ: 
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ʆʢʨʽʤ ʫʤʦʚʠ ʥʦʨʤʫʚʘʥʥʷ ʬʫʥʢʮʽʷ ʛʫʩʪʠʥʠ ʨʦʟʧʦʜʽʣʫ ʤʘʻ ʟʘʙʝʟʧʝʯʫʚʘʪʠ ʚʽʜʧʦʚʽʜʥʽʩʪʴ 

ʚʠʙʽʨʮʽ ʧʦ ʤʦʤʝʥʪʘʤ ʚʠʧʘʜʢʦʚʦʾ ʚʝʣʠʯʠʥʠ. ɿʫʧʠʥʠʤʦʩʴ ʥʘ ʜʚʦʭ ʧʝʨʰʠʭ ʤʦʤʝʥʪʘʭ. 

ʇʝʨʰʠʡ ʤʦʤʝʥʪ ʚʽʜʧʦʚʽʜʘʻ ʤʘʪʝʤʘʪʠʯʥʦʤʫ ʦʯʽʢʫʚʘʥʥʶ. ʇʨʠ ʚʠʢʦʨʠʩʪʘʥʥʽ ʥʦʨʤʘʣʴʥʦʛʦ 

ʨʦʟʧʦʜʽʣʫ ʧʨʦʚʝʜʝʥʥʷ ʡʦʛʦ ʢʦʨʝʛʫʚʘʥʥʷ (7) ʤʦʞʝ ʧʨʠʚʝʩʪʠ ʜʦ ʩʧʦʪʚʦʨʝʥʥʷ ʮʽʻʾ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ.  

ɺʽʜʢʠʜʘʥʥʷ ʣʽʚʦʾ ʽ ʧʨʘʚʦʾ ʯʘʩʪʠʥ (ʟʘʥʫʣʝʥʥʷ) ʬʫʥʢʮʽʾ ʧʦʟʘ ʤʝʞʘʤʠ [ ]maxmin ,hh  ʤʦʞʝ 

ʧʨʠʟʚʝʩʪʠ ʜʦ ʟʤʽʱʝʥʥʷ ʤʘʪʝʤʘʪʠʯʥʦʛʦ ʦʯʽʢʫʚʘʥʥʷ.  

ɼʣʷ ʢʨʘʱʦʛʦ ʨʦʟʫʤʽʥʥʷ ʭʘʨʘʢʪʝʨʫ ʮʴʦʛʦ ʟʤʽʱʝʥʥʷ ʤʦʞʥʘ ʚʠʢʦʨʠʩʪʘʪʠ ʘʥʘʣʦʛʽʶ ʤʽʞ 

ʤʘʪʝʤʘʪʠʯʥʠʤ ʦʯʽʢʫʚʘʥʥʷʤ ʽ ʮʝʥʪʨʦʤ ʚʘʛʠ ʩʪʝʨʞʥʷ. ɸʥʘʣʦʛʦʤ ʬʫʥʢʮʽʾ ʛʫʩʪʠʥʠ ʨʦʟʧʦʜʽʣʫ 

ʚʠʩʪʫʧʘʻ ʬʫʥʢʮʽʷ ʛʫʩʪʠʥʠ ʤʘʪʝʨʽʘʣʫ ʩʪʝʨʞʥʷ. ʗ 

ʢʱʦ ʤʘʪʝʤʘʪʠʯʥʝ ʦʯʽʢʫʚʘʥʥʷ ʟʥʘʭʦʜʠʪʠʤʝʪʴʩʷ ʧʦʩʝʨʝʜʠʥʽ [ ]maxmin ,hh , ʪʦʙʪʦ ʙʫʜʝ ʨʽʚʥʝ 

2

maxmin hh +
 ʢʦʨʝʛʫʚʘʥʥʷ (7) ʡʦʛʦ ʥʝ ʟʤʽʩʪʠʪʴ.  

ʉʠʤʝʪʨʠʯʥʝ ʚʽʜʢʠʜʘʥʥʷ ʦʜʥʘʢʦʚʠʭ ʟʘ ʧʣʦʱʝʶ ʯʘʩʪʠʥ ʬʫʥʢʮʽʾ ʥʝ ʟʤʽʩʪʠʪʴ ʧʦʣʦʞʝʥʥʷ 

ʮʝʥʪʨʫ ʚʘʛʠ ʽ ʚʽʜʧʦʚʽʜʥʦ ʤʘʪʝʤʘʪʠʯʥʦʛʦ ʦʯʽʢʫʚʘʥʥʷ.  

ɿ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʮʽʻʾ ʘʥʘʣʦʛʽʾ ʟʨʦʟʫʤʽʣʦ, ʱʦ ʤʘʢʩʠʤʘʣʴʥʝ ʩʧʦʪʚʦʨʝʥʥʷ ʧʝʨʰʦʛʦ 

ʤʦʤʝʥʪʫ ʚʽʜʙʫʚʘʪʠʤʝʪʴʩʷ, ʢʦʣʠ ʚʽʥ ʥʘʙʣʠʞʘʪʠʤʝʪʴʩʷ ʜʦ ʛʨʘʥʠʮʴ ʽʥʪʝʨʚʘʣʫ [ ]maxmin ,hh . ʇʨʠ 

ʮʴʦʤʫ ʪʝʦʨʝʪʠʯʥʦ ʤʘʢʩʠʤʘʣʴʥʦ ʤʦʞʣʠʚʝ ʚʽʜʭʠʣʝʥʥʷ ʥʝ ʧʝʨʝʚʠʱʫʚʘʪʠʤʝ 
2

minmax hh -
.  

ʇʨʠ ʚʠʢʦʨʠʩʪʘʥʥʽ ʝʢʩʧʦʥʝʥʮʽʘʣʴʥʦʛʦ ʨʦʟʧʦʜʽʣʫ ʧʨʦʚʝʜʝʥʥʷ ʡʦʛʦ ʢʦʨʝʛʫʚʘʥʥʷ (5) ʤʦʞʝ 

ʧʨʠʚʝʩʪʠ ʜʦ ʩʫʪʪʻʚʠʭ ʩʧʦʪʚʦʨʝʥʴ ʤʘʪʝʤʘʪʠʯʥʦʛʦ ʦʯʽʢʫʚʘʥʥʷ. ɿʽ ʟʙʽʣʴʰʝʥʥʷʤ hmin ʚʝʣʠʯʠʥʘ 

ʩʧʦʪʚʦʨʝʥʥʷ ʟʨʦʩʪʘʪʠʤʝ.  

ʋ ʟʚôʷʟʢʫ ʟ ʮʠʤ, ʤʦʞʥʘ ʟʨʦʙʠʪʠ ʚʠʩʥʦʚʦʢ, ʱʦ ʝʢʩʧʦʥʝʥʮʽʘʣʴʥʠʡ ʨʦʟʧʦʜʽʣ ʜʦʮʽʣʴʥʦ 

ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʣʠʰʝ ʚ ʦʢʨʝʤʠʭ ʚʠʧʘʜʢʘʭ, ʢʦʣʠ: hmin=0, hmax >> 0, ʯʘʩʪʦʪʘ ʧʦʷʚʠ ʚʠʩʦʪ ʟ ʾʭ 

ʟʙʽʣʴʰʝʥʥʷʤ ʨʽʟʢʦ ʩʧʘʜʘʻ (ʙʘʞʘʥʦ ʟʘ ʝʢʩʧʦʥʝʥʮʽʘʣʴʥʠʤ ʟʘʢʦʥʦʤ). 

ʈʝʟʫʣʴʪʘʪʠ ʜʦʩʣʽʜʞʝʥʥʷ ʤʘʪʝʤʘʪʠʯʥʦʛʦ ʦʯʽʢʫʚʘʥʥʷ ʧʨʠ ʽʥʪʝʛʨʫʚʘʥʥʽ ʚ ʤʝʞʘʭ [ ]maxmin ,hh  

ʧʨʠ ʚʠʢʦʨʠʩʪʘʥʥʽ ʥʦʨʤʘʣʴʥʦʛʦ ʽ ʝʢʩʧʦʥʝʥʮʽʘʣʴʥʦʛʦ ʟʘʢʦʥʽʚ ʙʝʟ ʽ ʟ ʢʦʨʠʛʫʚʘʥʥʷʤ ʥʘʚʝʜʝʥʽ ʚ 

ʪʘʙʣ. 1. 
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ʊʘʙʣʠʮʷ 1  

ʄʘʪʝʤʘʪʠʯʥʝ ʦʯʽʢʫʚʘʥʥʷ ʚʠʩʦʪʠ ʜʣʷ ʨʽʟʥʠʭ ʜʽʣʷʥʦʢ ʤʽʩʮʝʚʦʩʪʽ ʆʜʝʩʴʢʦʾ ʦʙʣʘʩʪʽ  

ˉ 

ʜʽʣʷʥʢʠ H , ʤ 
ʅʦʨʤʘʣʴʥʠʡ ʟʘʢʦʥ 

ʅʦʨʤʘʣʴʥʠʡ ʟʘʢʦʥ 

ʟ ʢʦʨʝʛʫʚʘʥʥʷʤ 

ɽʢʩʧʦʥʝʥʮʽʘʣʴʥʠʡ 

ʟʘʢʦʥ 

ɽʢʩʧʦʥʝʥʮʽʘʣʴʥʠʡ 

ʟʘʢʦʥ ʟ ʢʦʨʝʛʫʚʘʥʥʷʤ 

H , ʤ Hd , % H , ʤ Hd , % H , ʤ Hd , % H , ʤ Hd , % 

1 185 170 8 181 2 52 72 153 17 
2 161 147 21 158 15 53 71 131 29 
3 142 129 30 138 25 51 72 111 40 
4 173 163 12 170 8 55 70 141 24 

 

ʋ ʜʨʫʛʦʤʫ ʩʪʦʚʧʮʽ ʪʘʙʣʠʮʽ ʥʘʚʝʜʝʥʝ ʤʘʪʝʤʘʪʠʯʥʝ ʦʯʽʢʫʚʘʥʥʷ ʚʠʩʦʪʠ ʜʣʷ ʚʭʽʜʥʦʾ 

ʚʠʙʽʨʢʠ ʚʠʩʦʪ. ɿʚʠʯʘʡʥʦ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʢʣʘʩʠʯʥʠʭ ʟʘʢʦʥʽʚ ʨʦʟʧʦʜʽʣʫ ʧʨʠ ʽʥʪʝʛʨʫʚʘʥʥʽ ʥʘ 

ʙʝʟʤʝʞʥʦʤʫ ʽʥʪʝʨʚʘʣʽ (ʚʽʜ 0 ʜʦ Ð ʜʣʷ ʝʢʩʧʦʥʝʥʮʽʘʣʴʥʦʛʦ ʽ ʚʽʜ ï Ð ʜʦ Ð ʜʣʷ ʥʦʨʤʘʣʴʥʦʛʦ) 

ʤʘʪʝʤʘʪʠʯʥʽ ʦʯʽʢʫʚʘʥʥʷ ʧʦʚʥʽʩʪʶ ʚʽʜʧʦʚʽʜʘʪʠʤʫʪʴ ʚʭʽʜʥʽʡ ʚʠʙʽʨʮʽ. ʆʜʥʘʢ ʚ ʥʘʰʽʡ ʟʘʜʘʯʽ 

ʘʧʨʽʦʨʽ ʚʽʜʦʤʦ, ʱʦ ʚʠʩʦʪʠ ʟʥʘʭʦʜʷʪʴʩʷ ʚ ʤʝʞʘʭ [ ]maxmin ,hh . ʊʦʤʫ ʟʘ ʨʘʭʫʥʦʢ ʩʢʦʨʦʯʝʥʥʷ ʤʝʞ 

ʽʥʪʝʛʨʫʚʘʥʥʷ ʜʦ [ ]maxmin ,hh  ʦʪʨʠʤʘʥʘ ʟʥʘʯʥʘ ʨʦʟʙʽʞʥʽʩʪʴ ʜʦ 30 % ʜʣʷ ʥʦʨʤʘʣʴʥʦʛʦ ʽ ʜʦ 72 % 

ʜʣʷ ʝʢʩʧʦʥʝʥʮʽʘʣʴʥʦʛʦ ʟʘʢʦʥʽʚ ʨʦʟʧʦʜʽʣʫ. ɿʨʦʟʫʤʽʣʦ, ʱʦ ʜʣʷ ʦʧʠʩʫ ʚʠʩʦʪ ʦʙʨʘʥʦʾ ʤʽʩʮʝʚʦʩʪʽ 

ʚʠʢʦʨʠʩʪʘʥʥʷ ʝʢʩʧʦʥʝʥʮʽʘʣʴʥʦʛʦ ʟʘʢʦʥʫ ʥʝʜʦʮʽʣʴʥʝ.  

ʆʜʥʘʢ ʧʨʠ ʚʠʢʦʨʠʩʪʘʥʥʽ ʢʦʨʝʛʫʚʘʥʥʷ (5) ʪʘ (7) ʩʠʪʫʘʮʽʷ ʜʝʱʦ ʚʠʧʨʘʚʣʷʻʪʴʩʷ.  

ɼʣʷ ʥʦʨʤʘʣʴʥʦʛʦ ʟʘʢʦʥʫ ʨʦʟʧʦʜʽʣʫ ʟ ʢʦʨʝʛʫʚʘʥʥʷʤ ʤʘʢʩʠʤʘʣʴʥʝ ʚʽʜʭʠʣʝʥʥʷ 

ʤʘʪʝʤʘʪʠʯʥʦʛʦ ʦʯʽʢʫʚʘʥʥʷ ʚʠʩʦʪʠ ʥʝ ʧʝʨʝʚʠʱʫʻ 25 %, ʘ ʜʣʷ ʝʢʩʧʦʥʝʥʮʽʘʣʴʥʦʛʦ ʟʘʢʦʥʫ ʟ 

ʢʦʨʝʛʫʚʘʥʥʷʤ ʥʝ ʧʝʨʝʚʠʱʫʻ 40 %. 

ɸʥʘʣʦʛʽʯʥʦ ʙʫʣʦ ʜʦʩʣʽʜʞʝʥʦ ʜʨʫʛʠʡ ʤʦʤʝʥʪ ʚʠʧʘʜʢʦʚʦʾ ʚʝʣʠʯʠʥʠ. ʎʝʥʪʨʦʚʘʥʠʡ ʜʨʫʛʠʡ 

ʤʦʤʝʥʪ ʚʽʜʧʦʚʽʜʘʻ ʜʠʩʧʝʨʩʽʾ ʚʝʣʠʯʠʥʠ. ʁʦʛʦ ʘʥʘʣʽʪʠʯʥʝ ʜʦʩʣʽʜʞʝʥʥʷ ʧʨʠ ʦʙʤʝʞʝʥʥʽ ʤʝʞ 

ʽʥʪʝʛʨʫʚʘʥʥʷ ʪʘ ʧʨʦʚʝʜʝʥʥʽ ʢʦʨʝʛʫʚʘʥʥʷ ʻ ʜʦʩʪʘʪʥʴʦ ʩʢʣʘʜʥʠʤ. ʊʦʤʫ ʘʥʘʣʽʟ ʮʽʻʾ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʙʫʣʦ ʧʨʦʚʝʜʝʥʝ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʯʠʩʝʣʴʥʠʭ ʤʝʪʦʜʽʚ. ʈʝʟʫʣʴʪʘʪʠ ʦʙʯʠʩʣʝʥʴ 

ʥʘʚʝʜʝʥʽ ʚ ʪʘʙʣ. 2. 

ʊʘʙʣʠʮʷ 2 

ɼʠʩʧʝʨʩʽʷ ʚʠʩʦʪʠ ʜʣʷ ʨʽʟʥʠʭ ʜʽʣʷʥʦʢ ʤʽʩʮʝʚʦʩʪʽ ʆʜʝʩʴʢʦʾ ʦʙʣʘʩʪʽ 

ˉ 

ʜʽʣʷʥʢʠ 
D, ʤ2 

ʅʦʨʤʘʣʴʥʠʡ ʟʘʢʦʥ 
ʅʦʨʤʘʣʴʥʠʡ ʟʘʢʦʥ 

ʟ ʢʦʨʝʛʫʚʘʥʥʷʤ 

ɽʢʩʧʦʥʝʥʮʽʘʣʴʥʠʡ 

ʟʘʢʦʥ 

ɽʢʩʧʦʥʝʥʮʽʘʣʴʥʠʡ 

ʟʘʢʦʥ ʟ ʢʦʨʝʛʫʚʘʥʥʷʤ 

D, ʤ2 ŭD, % D, ʤ2 ŭD, % D, ʤ2 ŭD, % D, ʤ2 ŭD, % 

1 1103 914 17 846 23 4074 269 1745 58 
2 1354 1044 5 1007 9 3216 192 1820 65 
3 1336 1006 9 993 10 2466 124 1752 59 
4 1174 965 13 954 14 3674 233 2020 83 

 

ɿ ʥʘʚʝʜʝʥʠʭ ʫ ʪʘʙʣʠʮʽ 2 ʨʝʟʫʣʴʪʘʪʽʚ ʚʠʧʣʠʚʘʻ, ʱʦ ʧʨʦʚʝʜʝʥʥʷ ʢʦʨʝʛʫʚʘʥʥʷ ʥʝʟʥʘʯʥʦ 

ʧʦʛʽʨʰʫʻ ʩʠʪʫʘʮʽʶ ʜʣʷ ʥʦʨʤʘʣʴʥʦʛʦ ʟʘʢʦʥʫ ʨʦʟʧʦʜʽʣʫ ʽ ʩʫʪʪʻʚʦ ʧʦʢʨʘʱʫʻ ʜʣʷ 

ʝʢʩʧʦʥʝʥʮʽʘʣʴʥʦʛʦ ʟʘʢʦʥʫ. ʆʜʥʘʢ ʨʝʟʫʣʴʪʘʪʠ ʜʣʷ ʝʢʩʧʦʥʝʥʮʽʘʣʴʥʦʛʦ ʟʘʢʦʥʫ ʙʝʟ ʢʦʨʝʛʫʚʘʥʥʷ 

ʩʚʽʜʯʘʪʴ ʧʨʦ ʥʝʜʦʨʝʯʥʽʩʪʴ ʡʦʛʦ ʚʠʢʦʨʠʩʪʘʥʥʷ ʜʣʷ ʜʘʥʠʭ ʜʽʣʷʥʦʢ. 

ɺʠʩʥʦʚʢʠ. ʈʦʟʧʦʜʽʣʠ ʚʠʩʦʪ ʜʽʣʷʥʦʢ ʤʽʩʮʝʚʦʩʪʽ ʭʘʨʘʢʪʝʨʠʟʫʻʪʴʩʷ, ʟʦʢʨʝʤʘ, 

ʤʽʥʽʤʘʣʴʥʠʤʠ ʪʘ ʤʘʢʩʠʤʘʣʴʥʠʤʠ ʚʠʩʦʪʘʤʠ. ʁʤʦʚʽʨʥʽʩʪʴ ʥʘʷʚʥʦʩʪʽ ʚʠʩʦʪ ʤʝʥʰʠʭ ʟʘ 

ʤʽʥʽʤʘʣʴʥʫ ʽ ʙʽʣʴʰʠʭ ʟʘ ʤʘʢʩʠʤʘʣʴʥʫ ʤʘʶʪʴ ʜʦʨʽʚʥʶʚʘʪʠ ʥʫʣʶ. ʎʷ ʫʤʦʚʘ ʚʠʢʦʥʫʻʪʴʩʷ ʜʣʷ 

ʨʽʚʥʦʤʽʨʥʦʛʦ ʟʘʢʦʥʫ ʨʦʟʧʦʜʽʣʫ.  

ʆʜʥʘʢ ʧʨʠ ʡʦʛʦ ʚʠʢʦʨʠʩʪʘʥʥʽ ʚʪʨʘʯʘʻʪʴʩʷ ʚʥʫʪʨʽʰʥʷ ʩʪʨʫʢʪʫʨʘ ʨʦʟʧʦʜʽʣʫ ʚʠʩʦʪ ʚ 

ʤʝʞʘʭ [ ]maxmin ,hh .  

ʊʦʤʫ ʡʦʛʦ ʟʘʩʪʦʩʫʚʘʥʥʷ ʤʦʞʝ ʧʨʠʚʝʩʪʠ ʜʦ ʩʫʪʪʻʚʦʛʦ ʩʧʨʦʱʝʥʥʷ ʦʧʠʩʫ ʽ ʚʽʜʧʦʚʽʜʥʦ 

ʩʧʦʪʚʦʨʝʥʥʷ ʨʝʟʫʣʴʪʘʪʽʚ. ʇʨʠ ʚʠʢʦʨʠʩʪʘʥʥʽ ʢʣʘʩʠʯʥʠʭ ʥʦʨʤʘʣʴʥʦʛʦ ʪʘ ʝʢʩʧʦʥʝʥʮʽʘʣʴʥʦʛʦ 

ʨʦʟʧʦʜʽʣʽʚ ʚʠʤʦʛʘ ʟʥʘʭʦʜʞʝʥʥʷ ʚʠʩʦʪ ʚ ʤʝʞʘʭ [ ]maxmin ,hh  ʧʦʨʫʰʫʻʪʴʩʷ. ɺʠʢʦʨʠʩʪʦʚʫʶʯʠ ʮʽ 

ʨʦʟʧʦʜʽʣʠ, ʤʠ ʧʨʠʧʫʩʢʘʻʤʦ, ʱʦ ʥʘ ʜʽʣʷʥʮʽ ʤʦʞʫʪʴ ʙʫʪʠ ʚʠʩʦʪʠ ʧʦʟʘ ʤʝʞʘʤʠ ʮʴʦʛʦ ʽʥʪʝʨʚʘʣʫ. 
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ʗʢʱʦ ʚ ʧʨʠʢʣʘʜʥʠʭ ʟʘʜʘʯʘʭ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʮʽ ʢʣʘʩʠʯʥʽ ʟʘʢʦʥʠ, ʧʨʦʚʝʜʝʥʥʷ ʽʥʪʝʛʨʫʚʘʥʥʷ 

ʣʠʰʝ ʚ ʤʝʞʘʭ [ ]maxmin ,hh  ʥʝ ʻ ʢʦʨʝʢʪʥʠʤ.  

ʏʠʤ ʚʫʞʯʠʤ ʻ ʽʥʪʝʨʚʘʣ [ ]maxmin ,hh , ʪʠʤ ʙʽʣʴʰʠʤ ʻ ʧʦʨʫʰʝʥʥʷ ʫʤʦʚʠ ʥʦʨʤʫʚʘʥʥʷ ʧʨʠ 

ʚʠʢʦʨʠʩʪʘʥʥʽ ʢʣʘʩʠʯʥʠʭ ʥʦʨʤʘʣʴʥʦʛʦ ʽ ʝʢʩʧʦʥʝʥʮʽʘʣʴʥʦʛʦ ʟʘʢʦʥʽʚ ʨʦʟʧʦʜʽʣʫ. ɼʣʷ 

ʟʘʙʝʟʧʝʯʝʥʥʷ ʚʠʢʦʥʘʥʥʷ ʫʤʦʚʠ ʥʦʨʤʫʚʘʥʥʷ ʧʨʠ ʦʧʠʩʽ ʚʠʩʦʪ ʜʽʣʷʥʦʢ ʤʽʩʮʝʚʦʩʪʽ ʫ ʚʠʧʘʜʢʫ 

ʝʢʩʧʦʥʝʥʮʽʘʣʴʥʦʛʦ ʽ ʥʦʨʤʘʣʴʥʦʛʦ ʟʘʢʦʥʽʚ ʨʦʟʧʦʜʽʣʫ ʤʦʞʣʠʚʠʤ ʻ ʾʭ ʢʦʨʝʛʫʚʘʥʥʷ ʚʽʜʧʦʚʽʜʥʦ 

ʜʦ (5) ʪʘ (7).  

ɸʧʨʦʢʩʠʤʘʮʽʶ ʛʫʩʪʠʥʠ ʨʦʟʧʦʜʽʣʫ ʚʠʩʦʪ ʚ ʟʘʜʘʯʘʭ ʜʦʩʣʽʜʞʝʥʥʷ ʨʝʣʴʻʬʫ ʥʝʚʝʣʠʢʠʭ ʟʘ 

ʨʦʟʤʽʨʦʤ ʜʽʣʷʥʦʢ ʜʦʮʽʣʴʥʦ ʧʨʦʚʦʜʠʪʠ ʬʫʥʢʮʽʷʤʠ ʚʠʜʫ (2). 

ʅʘʧʨʷʤʦʤ ʧʦʜʘʣʴʰʠʭ ʜʦʩʣʽʜʞʝʥʴ ʻ ʧʨʦʚʝʜʝʥʥʷ ʘʧʨʦʢʩʠʤʘʮʽʾ ʝʤʧʽʨʠʯʥʦʛʦ ʟʘʢʦʥʫ 

ʨʦʟʧʦʜʽʣʫ ʚʠʩʦʪ ʤʽʩʮʝʚʦʩʪʽ ʬʫʥʢʮʽʷʤʠ ʨʽʟʥʦʛʦ ʚʠʜʫ ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʫʤʦʚʠ (2). 

 

ʃɯʊɽʈɸʊʋʈɸ: 

1. ɸʣʠʝʚ ʊ.ʀ. ɸʧʧʨʦʢʩʠʤʘʮʠʷ ʚʝʨʦʷʪʥʦʩʪʥʳʭ ʨʘʩʧʨʝʜʝʣʝʥʠʡ ʚ ʤʦʜʝʣʷʭ ʤʘʩʩʦʚʦʛʦ 

ʦʙʩʣʫʞʠʚʘʥʠʷ // ʅʘʫʯʥʦ-ʪʝʭʥʠʯʝʩʢʠʡ ʚʝʩʪʥʠʢ ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʪʝʭʥʦʣʦʛʠʡ, ʤʝʭʘʥʠʢʠ ʠ 

ʦʧʪʠʢʠ. ï2013. ï ˉ. 2 (84). ï ʉ. 88 ï 93. 

2. ʂʘʨʧʦʚ ʀ.ɻ., ɿʳʨʷʥʦʚ ʖ.ʊ., ɻʨʠʙʢʦʚ ɸ.ʅ. ʄʦʜʠʬʠʮʠʨʦʚʘʥʥʳʝ ʨʘʩʧʨʝʜʝʣʝʥʠʷ 

ɼʞʦʥʩʦʥʘ ʠ ʠʭ ʧʨʠʤʝʥʝʥʠʝ ʜʣʷ ʘʧʧʨʦʢʩʠʤʘʮʠʠ ʟʘʢʦʥʦʚ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ 

ʜʘʥʥʳʭ // ʀʟʚʝʩʪʠʷ ʊʦʤʩʢʦʛʦ ʧʦʣʠʪʝʭʥʠʯʝʩʢʦʛʦ ʫʥʠʚʝʨʩʠʪʝʪʘ. ï 2013. ï ʊ. 322. ï ˉ 2.  

ï ʉ. 46 ï 50. 

3. ʂʘʨʧʦʚ ʀ.ɻ., ɻʨʠʙʢʦʚ ɸ.ʅ. ʄʦʜʝʨʥʠʟʘʮʠʷ ʨʘʩʧʨʝʜʝʣʝʥʠʡ ʇʠʨʩʦʥʘ ʜʣʷ 

ʘʧʧʨʦʢʩʠʤʘʮʠʠ ʜʚʫʭʩʪʦʨʦʥʥʠʭ ʟʘʢʦʥʦʚ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʜʘʥʥʳʭ // 

ʀʟʚʝʩʪʠʷ ʊʦʤʩʢʦʛʦ ʧʦʣʠʪʝʭʥʠʯʝʩʢʦʛʦ ʫʥʠʚʝʨʩʠʪʝʪʘ. ï 2014. ï ʊ. 324. ï ˉ 2. ï ʉ. 5 ï 10. 

4. ʊʫʢʘʯʝʚ ʇ. ɸ. ʇʦʩʪʨʦʝʥʠʝ ʬʫʥʢʮʠʡ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʚ ʤʘʪʝʤʘʪʠʯʝʩʢʠʭ ʤʦʜʝʣʷʭ: ʜʠʩ. 

é ʢʘʥʜ. ʬʠʟ.-ʤʘʪ. ʥʘʫʢ: 05.13.18 / ʊʫʢʘʯʝʚ ʇʘʚʝʣ ɸʥʘʪʦʣʴʝʚʠʯ; ʉʘʥʢʪ-ʇʝʪʝʨʙʫʨʛʩʢʠʡ 

ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ . ï ʉʘʥʢʪ-ʇʝʪʝʨʙʫʨʛ, 2002. ï 102 ʩ.  

5. ʃʸʟʠʥʘ ʀ. ɺ. ɸʧʧʨʦʢʩʠʤʘʪʠʚʥʳʡ ʘʥʘʣʠʟ ʟʘʢʦʥʦʚ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʦʨʪʦʛʦʥʘʣʴʥʳʤʠ 

ʧʦʣʠʥʦʤʘʤʠ ʠ ʥʝʡʨʦʩʝʪʝʚʳʤʠ ʤʦʜʝʣʷʤʠ: ʜʠʩ. é ʢʘʥʜ. ʪʝʭ. ʥʘʫʢ: 05.13.18 / ʃʸʟʠʥʘ ʀʨʠʥʘ 

ɺʠʢʪʦʨʦʚʥʘ; ʉʘʤʘʨʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʘʵʨʦʢʦʩʤʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ. ï ʉʘʤʘʨʘ,  

2007. ï 113 ʩ.  

6. ʗʤʧʦʣʴʩʢʠʡ ʉ.ʄ., ʅʘʫʤʦʚ ɸ.ʀ., ʂʠʯʠʛʠʥ ɽ.ʂ., ʈʫʙʠʥʦʚ ɺ.ʀ. ʉʪʘʪʠʩʪʠʯʝʩʢʘʷ ʤʦʜʝʣʴ 

ʧʨʦʛʥʦʟʥʦʛʦ ʧʨʦʬʠʣʷ ʨʝʣʴʝʬʘ ʤʝʩʪʥʦʩʪʠ ʚ ʟʘʜʘʯʝ ʚʳʧʦʣʥʝʥʠʷ ʤʘʣʦʚʳʩʦʪʥʦʛʦ ʧʦʣʝʪʘ 

ʚʦʟʜʫʰʥʦʛʦ ʩʫʜʥʘ ʧʦ ʮʠʬʨʦʚʦʡ ʢʘʨʪʝ ʚʳʩʦʪ // ʕʣʝʢʪʨʦʥʥʳʡ ʞʫʨʥʘʣ Ăʊʨʫʜʳ ʄʦʩʢʦʚʩʢʦʛʦ 

ʘʚʠʘʮʠʦʥʥʦʛʦ ʠʥʩʪʠʪʫʪʘò. ï 2014. ï ˉ 76. ï ʉ. 14 ï 29. 

7. ʐʧʦʨʪ ʄ.ʄ. ʋʨʘʭʫʚʘʥʥʷ ʟʘʙʝʟʧʝʯʝʥʦʩʪʽ ʨʘʜʽʦʟʚôʷʟʢʦʤ ʧʨʠ ʧʦʙʫʜʦʚʽ ʨʘʮʽʦʥʘʣʴʥʠʭ 

ʤʘʨʰʨʫʪʽʚ ʚ ʭʦʜʽ ʚʠʨʽʰʝʥʥʷ ʟʘʜʘʯ ʦʧʝʨʘʪʠʚʥʦ-ʩʣʫʞʙʦʚʦʾ ʜʽʷʣʴʥʦʩʪʽ ɼʝʨʞʘʚʥʦʾ ʧʨʠʢʦʨʜʦʥʥʦʾ 

ʩʣʫʞʙʠ ʋʢʨʘʾʥʠ / ʄ.ʄ. ʐʧʦʨʪ // ɿʙʽʨʥʠʢ ʥʘʫʢʦʚʠʭ ʧʨʘʮʴ ʅʘʮʽʦʥʘʣʴʥʦʾ ʘʢʘʜʝʤʽʾ ɼʝʨʞʘʚʥʦʾ 

ʧʨʠʢʦʨʜʦʥʥʦʾ ʩʣʫʞʙʠ ʋʢʨʘʾʥʠ. ʉʝʨʽʷ: ɺʽʡʩʴʢʦʚʽ ʪʘ ʪʝʭʥʽʯʥʽ ʥʘʫʢʠ ï 2013 ï ˉ 1(59)  

ï ʉ. 312 ï 320. 

8. ʈʘʯʦʢ ʈ.ɺ. ʆʮʽʥʢʘ ʟʘʚʘʜʦʩʪʽʡʢʦʩʪʽ ʩʠʩʪʝʤʠ ʟʚôʷʟʢʫ ʧʨʠ ʫʨʘʭʫʚʘʥʥʽ ʨʽʟʥʠʭ ʟʘʢʦʥʽʚ 

ʨʦʟʧʦʜʽʣʫ ʚʠʩʦʪ ʤʽʩʮʝʚʦʩʪʽ ʽ ʚʽʜʩʪʘʥʽ ʤʽʞ ʘʙʦʥʝʥʪʘʤʠ // ɺʠʤʽʨʶʚʘʣʴʥʘ ʪʘ ʦʙʯʠʩʣʶʚʘʣʴʥʘ 

ʪʝʭʥʽʢʘ ʚ ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʧʨʦʮʝʩʘʭ. ï 2002. ï  ̄1. ï ʉ.186 ï 188. 

9. ʀʛʦʣʢʠʥ ɺ.ʅ., ʂʦʚʨʠʛʠʥ ɸ.ɹ., ʉʪʘʨʰʠʥʦʚ ɸ.ʀ., ʍʦʭʣʦʚ ɺ.ɸ. ʉʪʘʪʠʩʪʠʯʝʩʢʘʷ 

ʢʣʘʩʩʠʬʠʢʘʮʠʷ, ʦʩʥʦʚʘʥʥʘʷ ʥʘ ʚʳʙʦʨʦʯʥʳʭ ʨʘʩʧʨʝʜʝʣʝʥʠʷʭ.ï ʃ.: ʀʟʜ-ʚʦ ʃʝʥʠʥʛʨ. ʫʥ-ʪʘ, 

1978. ï  104 ʩ. 

  



ɿʙʽʨʥʠʢ ʥʘʫʢʦʚʠʭ ʧʨʘʮʴ ɺɯʊɯ ˉ 1 ï 2017 

ƏƏƏƏƏƏƏƏƏƏƏƏƏƏƏƏƏƏƏƏƏƏƏƏƏƏƏƏƏƏƏƏƏƏƏƏƏƏƏƏƏƏƏƏƏƏƏƏƏƏƏƏƏƏƏƏ 

36 

ʢ.ʪ.ʥ. ɿʘʩʪʝʣʦ ɻ.ɯ. (ɺɯʊɯ) 

ʢ.ʪ.ʥ. ʂʫʣʽʥʽʯ ʆ.ʄ. (ɺɯʊɯ) 

ʢ.ʪ.ʥ. ʃʠʧʩʴʢʠʡ ʆ.ɸ. (ɯʉɿɿɯ ʅʊʋʋ ʂʇɯ) 
 

ʉʇʆʉʆɹʀ ɺʀʗɺʃɽʅʅʗ ɺɹʋɼʆɺɸʅʀʍ ɿɸʂʃɸɼʅʀʍ ɺʋɿʃɯɺ 

ʋ ʉʇɽʎɯɸʃɯɿʆɺɸʅʀʍ ɯʅʊɽɻʈɸʃʔʅʀʍ ʉʍɽʄɸʍ 
 

ʈʦʟʛʣʷʜʘʶʪʴʩʷ ʧʨʦʙʣʝʤʥʽ ʧʠʪʘʥʥʷ ʚʠʷʚʣʝʥʥʷ ʚʩʪʘʥʦʚʣʝʥʠʭ ʟʘʢʣʘʜʥʠʭ ʧʨʠʩʪʨʦʾʚ ʫ ʚʠʛʣʷʜʽ ʘʧʘʨʘʪʥʦʛʦ 

ʤʦʜʫʣʷ, ʱʦ ʽʥʪʝʛʨʫʻʪʴʩʷ ʚ ʦʢʨʝʤʫ ʩʧʝʮʽʘʣʽʟʦʚʘʥʫ ʽʥʪʝʛʨʘʣʴʥʫ ʤʽʢʨʦʩʭʝʤʫ ï ʦʩʥʦʚʫ ʝʣʝʤʝʥʪʥʽʡ ʙʘʟʽ, ʱʦ 

ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʜʣʷ ʧʦʙʫʜʦʚʠ ʩʧʝʮʽʘʣʽʟʦʚʘʥʠʭ ʽʥʬʦʨʤʘʮʽʡʥʠʭ ʩʠʩʪʝʤ. 

ɿʘʩʪʝʣʦ ɻ. ʀ., ʂʫʣʠʥʠʯ ʆ. ʅ., ʃʠʧʩʢʠʡ ɸ. ɸ. ʉʧʦʩʦʙ rʦʙʥʘʨʫʞʝʥʠʷ ʟʘʢʣʘʜʥʭr ʫʟʣʦʚ, ʚʩʪʨʦʝʥʥʳʭ ʚ 

ʩʧʝʮʠʘʣʠʟʠʨʦʚʘʥʥr ʝ ʠʥʪʝʛʨʘʣʴʥʳʝ ʩʭʝʤ.r ʈʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʧʨʦʙʣʝʤʥʳʝ ʚʦʧʨʦʩʳ ʦʙʥʘʨʫʞʝʥʠʷ 

ʫʩʪʘʥʦʚʣʝʥʥʳʭ ʟʘʢʣʘʜʥʳʭ ʫʩʪʨʦʡʩʪʚ ʚ ʚʠʜʝ ʘʧʧʘʨʘʪʥʦʛʦ ʤʦʜʫʣʷ, ʢʦʪʦʨʳʝ ʠʥʪʝʛʨʠʨʫʝʪʩʷ ʚ ʦʪʜʝʣʴʥʫʶ 

ʩʧʝʮʠʘʣʠʟʠʨʦʚʘʥʥʫʶ ʠʥʪʝʛʨʘʣʴʥʫʶ ʤʠʢʨʦʩʭʝʤʫ ï ʦʩʥʦʚʫ ʵʣʝʤʝʥʪʥʦʡ ʙʘʟʳ, ʠʩʧʦʣʴʟʫʝʤʦʡ ʜʣʷ ʩʦʟʜʘʥʠʷ 

ʩʧʝʮʠʘʣʠʟʠʨʦʚʘʥʥʳʭ ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʩʠʩʪʝʤ. 

G. Zastelo, ʆ. Kulinich, A. Lipski Some techniques of exposure of the tabs built in the specialized integral 

systems. The issues of exposure of the module tabs are examined, that are integrated into a separate specialized 

integral microcircuit ï a basis of the element base that is used for the construction of the specialized information 

systems. 

ʂʣʶʯʦʚʽ ʩʣʦʚʘ: ʟʘʢʣʘʜʥʽ ʧʨʠʩʪʨʦʾ, ʘʧʘʨʘʪʥʠʡ ʪʨʦʷʥ, ʩʧʝʮʽʘʣʽʟʦʚʘʥʘ ʽʥʪʝʛʨʘʣʴʥʘ ʤʽʢʨʦʩʭʝʤʘ. 

ʇʦʩʪʘʥʦʚʢʘ ʟʘʚʜʘʥʥʷ. ɸʥʘʣʽʟ ʩʫʯʘʩʥʠʭ ʟʘʩʦʙʽʚ ʩʧʝʮʽʘʣʴʥʦʛʦ ʧʨʠʟʥʘʯʝʥʥʷ ʪʘ ʩʠʩʪʝʤ 

ʢʝʨʫʚʘʥʥʷ ʧʦʢʘʟʫʻ, ʱʦ ʾʭ ʨʦʟʚʠʪʦʢ ʟʜʽʡʩʥʶʻʪʴʩʷ ʰʣʷʭʦʤ ʟʤʝʥʰʝʥʥʷ ʣʽʥʽʡʥʠʭ ʨʦʟʤʽʨʽʚ ʧʨʠ 

ʦʜʥʦʯʘʩʥʦʤʫ ʟʙʽʣʴʰʝʥʽ ʦʙʯʠʩʣʶʚʘʣʴʥʦʾ ʧʦʪʫʞʥʦʩʪʽ ʪʘ ʨʦʟʰʠʨʝʥʽ ʬʫʥʢʮʽʦʥʘʣʴʥʠʭ 

ʤʦʞʣʠʚʦʩʪʝʡ ʟʘ ʨʘʭʫʥʦʢ ʚʠʢʦʨʠʩʪʘʥʥʷ ʩʧʝʮʽʘʣʽʟʦʚʘʥʠʭ ʽʥʪʝʛʨʘʣʴʥʠʭ ʩʭʝʤ (ASIC ï 

Application ï Specific Integrated Circuit). ʎʝ ʫ ʩʚʦʶ ʯʝʨʛʫ ʤʦʞʝ ʧʨʠʟʚʝʩʪʠ ʜʦ 

ʥʝʩʘʥʢʮʽʦʥʦʚʘʥʦʛʦ ʜʦʩʪʫʧʫ ʪʘ ʚʩʪʘʥʦʚʣʝʥʥʷ ʘʧʘʨʘʪʥʠʭ ʟʘʢʣʘʜʥʠʭ ʧʨʠʩʪʨʦʾʚ. ʇʦʥʷʪʪʷ 

ʬʽʟʠʯʥʦʾ ʙʝʟʧʝʢʠ ʚʢʣʶʯʘʻ ʧʨʦʪʠʜʽʶ ʟʦʚʥʽʰʥʴʦʤʫ ʚʪʨʫʯʘʥʥʶ ʪʘ ʟʜʘʪʥʽʩʪʴ ʚʠʷʚʠʪʠ ʪʘʢʝ 

ʚʪʨʫʯʘʥʥʷ, ʷʢʱʦ ʚʦʥʦ ʚʽʜʙʫʣʦʩʷ. ʆʜʥʠʤ ʟ ʝʣʝʤʝʥʪʽʚ ʬʽʟʠʯʥʦʾ ʙʝʟʧʝʢʠ ʻ ʢʦʤʧʦʥʫʚʘʥʥʷ 

ʤʽʢʨʦʩʭʝʤʠ, ʱʦ ʟʜʽʡʩʥʶʻ ʦʙʨʦʙʢʫ ʽʥʬʦʨʤʘʮʽʾ. ʎʝ ʢʦʤʧʦʥʫʚʘʥʥʷ ʟʘʙʝʟʧʝʯʫʻ ʷʢ ʟʘʭʠʱʝʥʽʩʪʴ 

ʚʽʜ ʜʝʷʢʠʭ ʚʠʜʽʚ ʟʦʚʥʽʰʥʴʦʛʦ ʚʪʨʫʯʘʥʥʷ, ʪʘʢ ʽ ʟʜʘʪʥʽʩʪʴ ʪʘʢʝ ʚʪʨʫʯʘʥʥʷ ʚʠʷʚʠʪʠ [1]. 

ʄʠ ʜʘʚʥʦ ʟʚʠʢʣʠ ʜʦ ʪʦʛʦ, ʱʦ ʧʨʘʢʪʠʯʥʦ ʙʫʜʴ-ʷʢʝ ʧʨʦʛʨʘʤʥʝ ʟʘʙʝʟʧʝʯʝʥʥʷ ʤʦʞʝ ʙʫʪʠ 

ʟʘʨʘʞʝʥʝ ï ʽ, ʟʘ ʚʠʟʥʘʯʝʥʥʷʤ, ʥʝ ʛʘʨʘʥʪʫʻ ʧʦʚʥʽʡ ʙʝʟʧʝʮʽ. ʇʨʦʪʝ ʪʝʧʝʨ ʫʞʝ ʨʠʩʫʶʪʴ ʩʮʝʥʘʨʽʡ 

ʥʦʚʦʾ ʥʝʙʝʟʧʝʢʠ. ʊʦʜʽ ʷʢ ʚ ʧʨʦʮʝʩʦʨ ʽʥʪʝʛʨʫʻʪʴʩʷ ʚʩʝ ʙʽʣʴʰʝ ʢʦʨʠʩʥʠʭ ʬʫʥʢʮʽʡ, ʧʦʩʪʽʡʥʦʶ 

ʯʘʩʪʠʥʦʶ ʦʙʯʠʩʣʶʚʘʣʴʥʦʾ ʩʠʩʪʝʤʠ ʤʦʞʝ ʩʪʘʪʠ ʜʠʩʪʘʥʮʽʡʥʦ ʢʝʨʦʚʘʥʠʡ ʪʨʦʷʥ. ʎʝ 

ʧʦʧʝʨʝʜʞʝʥʥʷ ʥʝ ʤʦʞʥʘ ʚʚʘʞʘʪʠ ʙʝʟʧʽʜʩʪʘʚʥʠʤ ʭʦʯ ʙʠ ʪʦʤʫ, ʱʦ ʫ ʩʚʽʪʽ ʚʩʝ ʯʘʩʪʽʰʝ 

ʟô̫ ʚʣʷʶʪʴʩʷ ʬʣʝ -hʥʘʢʦʧʠʯʫʚʘʯʽ ʟ ʽʥʪʝʨʬʝʡʩʦʤ USB, ʱʦ ʟʘʨʘʞʘʶʪʴʩʷ ʰʢʽʜʣʠʚʠʤʠ 

ʧʨʦʛʨʘʤʘʤʠ ʚʞʝ ʫ ʤʦʤʝʥʪ ʚʠʨʦʙʥʠʮʪʚʘ. 

ʋ ʚʝʨʝʩʥʽ 2007 ʨʦʢʫ ɯʟʨʘʾʣʴ ʘʪʘʢʫʚʘʚ ʧʽʜʦʟʨʽʣʠʡ ʷʜʝʨʥʠʡ ʦʙô̒ ʢʪ, ʨʦʟʪʘʰʦʚʘʥʠʡ ʥʘ 

ʪʝʨʠʪʦʨʽʾ ʉʠʨʽʾ. ʅʝʟʘʜʦʚʛʦ ʜʦ ʧʦʯʘʪʢʫ ʥʘʣʴʦʪʫ ʽʟʨʘʾʣʴʩʴʢʦʾ ʘʚʽʘʮʽʾ ʩʫʧʝʨʩʫʯʘʩʥʽ ʨʘʜʘʨʠ 

ʩʠʨʽʡʩʴʢʦʾ ʘʨʤʽʾ, ʷʢʽ ʚʠʢʦʨʠʩʪʦʚʫʚʘʣʠʩʷ ʚ ʩʠʩʪʝʤʽ ʇʇʆ, ʚʠʡʰʣʠ ʟ ʣʘʜʫ. ʇʽʩʣʷ ʮʴʦʛʦ ʚʠʧʘʜʢʫ 

ʝʢʩʧʝʨʪʠ ʧʦ ʢʦʤʧôʁ ʪʝʨʥʽʡ ʙʝʟʧʝʮʽ ʟʘʙʠʣʠ ʥʘ ʩʧʦʣʦʭ: ʥʘ ʾʭ ʜʫʤʢʫ, ʧʨʠʯʠʥʦʶ ʪʘʢʦʾ 

ʥʝʩʧʦʜʽʚʘʥʦʾ ʚʽʜʤʦʚʠ ʪʝʭʥʽʢʠ ʩʪʘʚ Ăʙʵʢʜʦʨò, ʟʘʢʣʘʜʝʥʠʡ ʚ ʯʽʧʠ ʨʘʜʘʨʽʚ ʱʝ ʥʘ ʝʪʘʧʽ 

ʚʠʨʦʙʥʠʮʪʚʘ. ʋ ʚʽʡʩʴʢʦʚʠʭ ʚʽʜʦʤʩʪʚʘʭ ʨʽʟʥʠʭ ʢʨʘʾʥ ʜʦ ʧʦʜʽʙʥʦʾ ʤʦʞʣʠʚʦʩʪʽ ʚʽʜʥʦʩʷʪʴʩʷ ʜʫʞʝ 

ʩʝʨʡʦʟʥʦ ʽ ʧʦʙʦʶʶʪʴʩʷ, ʱʦ ʽʩʥʫʶʯʽ ʩʠʩʪʝʤʠ ʦʟʙʨʦʻʥʴ ʚʞʝ ʟʘʨʘʞʝʥʽ ʽ ʦʜʥʦʛʦ ʧʨʝʢʨʘʩʥʦʛʦ ʜʥʷ 

ʤʦʞʫʪʴ ʜʠʩʪʘʥʮʽʡʥʦ ʜʝʘʢʪʠʚʫʚʘʪʠ. ɿʘʨʘʜʠ ʛʘʨʘʥʪʽʡ, ʱʦʥʘʡʤʝʥʰʝ, ʥʘ ʤʘʡʙʫʪʥʻ, ʚʩʝ ʯʘʩʪʽʰʝ 

ʚʠʩʫʚʘʻʪʴʩʷ ʚʠʤʦʛʘ, ʱʦʙ ʧʦʩʪʘʯʘʣʴʥʠʢʠ ʢʦʤʧôʁ ʪʝʨʥʠʭ ʩʠʩʪʝʤ ʥʘʜʘʚʘʣʠ ʪʦʯʥʽ ʜʘʥʽ ʢʦʤʧʘʥʽʡ, 

ʱʦ ʙʝʨʫʪʴ ʫʯʘʩʪʴ ʚ ʨʦʟʨʦʙʮʽ ʧʨʦʮʝʩʦʨʽʚ, ʽ ʾʭ ʧʝʨʩʦʥʘʣʫ ʪʦʛʦ, ʱʦ ʤʘʻ ʚʽʜʧʦʚʽʜʥʠʡ ʜʦʧʫʩʢ [2]. 

ʇʨʝʜʩʪʘʚʣʝʥʘ ʧʨʦʙʣʝʤʘ ʩʪʘʻ ʥʘʩʫʱʥʦʶ ʨʘʟ ʬʘʭʽʚʮʽ ʚʚʘʞʘʶʪʴ, ʱʦ ʚ ʦʙʦʨʦʪʽ ʚʞʝ ʻ 

ʟʘʨʘʞʝʥʽ ʧʨʦʮʝʩʦʨʥʽ ʯʽʧʠ, ʷʢʽ ʪʽʣʴʢʠ ʽ ʯʝʢʘʶʪʴ ʢʦʤʘʥʜʠ ʥʘ ʘʢʪʠʚʘʮʽʶ. ʋ ʧʨʦʩʪʦʤʫ ʚʠʧʘʜʢʫ 

ʚʦʥʠ ʤʦʞʫʪʴ ʟʘʙʣʦʢʫʚʘʪʠ ʬʫʥʢʮʽʦʥʘʣʴʥʽ ʤʦʞʣʠʚʦʩʪʽ ʇʂ ʘʙʦ ʤʦʙʽʣʴʥʠʭ ʪʝʣʝʬʦʥʽʚ. ʇʨʦʪʝ 

ʥʘʡʚʽʨʦʛʽʜʥʽʰʠʡ, ʩʮʝʥʘʨʽʡ ï ʮʝ ʥʝʧʦʤʽʪʥʝ ʰʧʠʛʫʥʩʪʚʦ ʥʘ ʩʠʩʪʝʤʥʦʤʫ ʨʽʚʥʽ, ʥʘʧʨʠʢʣʘʜ, 

ʚʽʜʧʨʘʚʢʘ ʢʦʧʽʡ ʝʣʝʢʪʨʦʥʥʠʭ ʣʠʩʪʽʚ ʘʙʦ ʜʘʥʠʭ ʥʘ ʜʝʷʢʽ ʩʝʢʨʝʪʥʽ ʩʝʨʚʝʨʠ. ʊʦʤʫ ʤʝʪʦʶ 
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ʩʪʘʪʪʽ ʻ ʘʥʘʣʽʟ ʚʘʨʽʘʥʪʽʚ ʚʩʪʘʥʦʚʣʝʥʥʷ ʘʧʘʨʘʪʥʠʭ ʟʘʢʣʘʜʥʠʭ ʧʨʠʩʪʨʦʾʚ ʪʘ ʧʽʜʭʦʜʽʚ ʱʦʜʦ 

ʚʠʷʚʣʝʥʥʷ ʮʴʦʛʦ ʬʘʢʪʫ. 

ɸʥʘʣʽʟ ʦʩʪʘʥʥʽʭ ʧʫʙʣʽʢʘʮʽʡ. ʆʩʥʦʚʠ ʩʪʚʦʨʝʥʥʷ ʩʧʝʮʽʘʣʽʟʦʚʘʥʠʭ ʽʥʪʝʛʨʘʣʴʥʠʭ 

ʤʽʢʨʦʩʭʝʤ ʪʘ ʦʩʦʙʣʠʚʦʩʪʽ ʨʦʟʨʦʙʮʽ ʾʭ ʜʠʟʘʡʥʫ ʚʠʢʣʘʜʝʥʽ ʫ [3]. 

ʇʝʨʝʜʙʘʯʘʻʪʴʩʷ ʥʘʷʚʥʽʩʪʴ ʜʝʢʽʣʴʢʦʭ ʰʣʷʭʽʚ, ʱʦ ʜʦʟʚʦʣʷʶʪʴ ʟʜʽʡʩʥʠʪʠ ʥʝʩʘʥʢʮʽʦʥʦʚʘʥʫ 

ʤʦʜʠʬʽʢʘʮʽʶ ʩʪʨʫʢʪʫʨʥʠʭ ʝʣʝʤʝʥʪʽʚ ʯʠʧʫ, ʨʝʘʣʽʟʫʚʘʚ ʪʠʤ ʩʘʤʠʤ ʘʧʘʨʘʪʥʫ ʟʘʢʣʘʜʢʫ [4]. 

ʂʨʦʢʠ, ʷʢʽ ʟʘʧʨʦʧʦʥʦʚʘʥʽ ʬʘʭʽʚʮʷʤʠ ʟ ʤʝʪʦʶ ʧʦʩʠʣʝʥʥʷ ʚʙʫʜʦʚʘʥʠʭ ʢʦʥʪʨʦʣʶʶʯʠʭ 

ʬʫʥʢʮʽʾ ʯʠʧʫ, ʥʘʚʝʜʝʥʽ ʫ [5]. ʆʜʥʘʢ ʧʠʪʘʥʥʷ ʧʦʰʫʢʫ ʤʦʞʣʠʚʠʭ ʤʝʪʦʜʽʚ ʚʠʷʚʣʝʥʥʷ ʘʧʘʨʘʪʥʠʭ 

ʪʨʦʷʥʽʚ ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʨʝʟʫʣʴʪʘʪʽʚ ʘʥʘʣʽʟʫ ʚʘʨʽʘʥʪʽʚ ʚʩʪʘʥʦʚʣʝʥʥʷ ʘʧʘʨʘʪʥʠʭ ʟʘʢʣʘʜʥʠʭ 

ʧʨʠʩʪʨʦʾʚ ʧʦʪʨʝʙʫʶʪʴ ʜʦʜʘʪʢʦʚʦʛʦ ʦʧʨʘʮʶʚʘʥʥʷ. 

ɺʠʢʣʘʜ ʦʩʥʦʚʥʦʛʦ ʤʘʪʝʨʽʘʣʫ. ʉʫʯʘʩʥʘ ʩʠʪʫʘʮʽʷ ʚ ʦʙʣʘʩʪʽ ʨʦʟʨʦʙʢʠ 

ʥʘʧʽʚʧʨʦʚʽʜʥʠʢʦʚʠʭ ʤʽʢʨʦʩʭʝʤ, ʱʦ ʩʢʣʘʣʘʩʷ ʫ ʩʚʽʪʽ ʪʘʢʘ, ʱʦ ʚ ʨʦʟʨʦʙʮʽ ʜʠʟʘʡʥʫ ʦʜʥʦʛʦ ʯʽʧʘ 

ʩʴʦʛʦʜʥʽ ʟʘʡʥʷʪʽ ʩʦʪʥʽ ʧʽʜʧʨʠʻʤʩʪʚ, ʨʦʟʢʠʜʘʥʠʭ ʧʦ ʫʩʽʡ ʧʣʘʥʝʪʽ. ɺʩʴʦʛʦ ʫ ʩʚʽʪʽ ʽʩʥʫʻ ʙʣʠʟʴʢʦ 

1550 ʪʘʢʠʭ ʬʽʨʤ, ʢʦʞʥʘ ʟ ʷʢʠʭ ʩʧʝʮʽʘʣʽʟʫʻʪʴʩʷ ʥʘ ʧʝʚʥʠʭ ʬʫʥʢʮʽʦʥʘʣʴʥʠʭ ʙʣʦʢʘʭ ʜʣʷ 

ʧʨʦʮʝʩʦʨʽʚ. ʎʽ ʢʦʤʧʘʥʽʾ ʱʦʨʽʯʥʦ ʨʦʟʨʦʙʣʷʶʪʴ ʪʠʩʷʯʽ CPU [6]. 

ʆʩʥʦʚʦʶ ʩʪʚʦʨʝʥʥʷ ʩʧʝʮʽʘʣʽʟʦʚʘʥʠʭ ʽʥʪʝʛʨʘʣʴʥʠʭ ʩʭʝʤ ʻ ʤʦʜʫʣʽ ʽʥʪʝʣʝʢʪʫʘʣʴʥʦʾ 

ʚʣʘʩʥʦʩʪʽ IP (Intellectual Properties), ʱʦ ʨʦʟʧʦʚʩʶʜʞʫʶʪʴʩʷ ʫ ʚʠʛʣʷʜʽ ʧʨʦʛʨʘʤʥʠʭ ʤʦʜʫʣʽʚ 

ʦʧʠʩʘʥʠʭ ʥʘ ʤʦʚʽ HDL (Hardware Distribution Language). ʆʩʦʙʣʠʚʽʩʪʶ ASIC (Application - 

Specific Integrated Circuit) ʻ ʚʠʩʦʢʘ ʰʚʠʜʢʦʜʽʷ, ʤʘʣʠʡ ʨʽʚʝʥʴ ʯʫʪʣʠʚʦʩʪʽ ʜʦ ʟʦʚʥʽʰʥʽʭ 

ʬʘʢʪʦʨʽʚ ʪʘ ʤʘʣʘ ʮʽʥʘ ʧʨʠ ʚʝʣʠʢʠʭ ʦʙôʻʤʘʭ ʚʠʨʦʙʥʠʮʪʚʘ. ɹʽʣʴʰʽʩʪʴ ʩʚʽʪʦʚʠʭ ʚʠʨʦʙʥʠʢʽʚ 

ʥʘʧʽʚʧʨʦʚʽʜʥʠʢʦʚʦʾ ʧʨʦʜʫʢʮʽʾ ʧʨʠ ʩʪʚʦʨʝʥʥʽ ASIC ʢʦʨʧʫʩʽʚ ʥʘ ʩʚʦʾʭ ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʣʽʥʽʷʭ 

ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʥʘʜʽʡʥʽ ʽ ʧʝʨʝʚʽʨʝʥʽ ʯʘʩʦʤ ʘʨʭʽʪʝʢʪʫʨʥʽ ʨʽʰʝʥʥʷ ʚʽʜʦʤʠʭ ʚʠʨʦʙʥʠʢʽʚ ʪʘʢʠʭ 

ʷʢ: PowerPC, ARM, MIPS, SPARC ʪʘ ʽʥ. ʆʩʦʙʣʠʚʽʩʪʶ ʦʩʪʘʥʥʽʭ ASIC ʻ ʤʦʞʣʠʚʽʩʪʴ 

ʚʩʪʘʥʦʚʣʝʥʥʷ ʧʦʚʥʦʮʽʥʥʦʾ ʦʧʝʨʘʮʽʡʥʦʾ ʩʠʩʪʝʤʠ ʥʘ ʙʘʟʽ Open Source ʪʘ ʥʘʷʚʥʽʩʪʴ ʜʝʢʽʣʴʢʦʭ 

ʦʙʯʠʩʣʶʚʘʣʴʥʠʭ ʧʨʦʮʝʩʦʨʥʠʭ ʤʦʜʫʣʽʚ [7]. 

ʆʪʞʝ, ʥʝʙʝʟʧʝʯʥʦʶ ʻ ʪʝʥʜʝʥʮʽʷ, ʢʦʣʠ ʟʘʢʣʘʜʥʽ ʧʨʠʩʪʨʦʾ ʚʭʦʜʷʪʴ ʜʦ ʩʢʣʘʜʫ ʚʙʫʜʦʚʘʥʦʾ 

ʩʠʩʪʝʤʠ ʫ ʚʠʛʣʷʜʽ ʧʨʦʛʨʘʤʥʦʛʦ ʘʙʦ ʘʧʘʨʘʪʥʦʛʦ ʤʦʜʫʣʷ, ʱʦ ʽʥʪʝʛʨʫʻʪʴʩʷ ʚ ʦʢʨʝʤʫ 

ʩʧʝʮʽʘʣʽʟʦʚʘʥʫ ʽʥʪʝʛʨʘʣʴʥʫ ʤʽʢʨʦʩʭʝʤʫ ASIC. ʅʘʞʘʣʴ, ʥʘ ʜʘʥʠʡ ʛʦʜʠʥʫ ʚʽʜʩʫʪʥʽ ʥʘʜʽʡʥʽ ʪʘ 

ʧʝʨʝʚʽʨʝʥʽ ʤʝʪʦʜʠ ʱʦʜʦ ʧʦʰʫʢʫ ʟʘʢʣʘʜʥʠʭ ʧʨʠʩʪʨʦʾʚ ʥʘ ʘʧʘʨʘʪʥʦʤʫ ʪʘ ʧʨʦʛʨʘʤʥʦʤʫ ʨʽʚʥʽ, ʘ 

ʮʝ ʨʦʙʠʪʴ ʩʧʝʮʽʘʣʽʩʪʽʚ ʽʟ ʟʘʭʠʩʪʫ ʽʥʬʦʨʤʘʮʽʾ ʙʝʟʟʘʭʠʩʥʠʤʠ ʧʝʨʝʜ ʜʘʥʠʤʠ ʚʠʜʘʤʠ ʟʘʛʨʦʟ. 

ʊʘʢʠʤ ʯʠʥʦʤ, ʥʘ ʧʽʜʩʪʘʚʽ ʚʠʱʝ ʟʘʟʥʘʯʝʥʦʛʦ ʽʩʥʫʻ ʘʢʪʫʘʣʴʥʝ ʟʘʚʜʘʥʥʷ ʱʦʜʦ ʨʦʟʨʦʙʢʠ ʥʦʚʠʭ 

ʤʝʪʦʜʽʚ ʧʦʰʫʢʫ ʟʘʢʣʘʜʥʠʭ ʧʨʠʩʪʨʦʾʚ ʫ ʝʣʝʤʝʥʪʥʽʡ ʙʘʟʽ, ʱʦ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʜʣʷ ʧʦʙʫʜʦʚʠ 

ʟʘʩʦʙʽʚ ʟʘʭʠʩʪʫ ʽʥʬʦʨʤʘʮʽʾ. ʇʦʰʫʢ ʟʘʢʣʘʜʥʠʭ ʧʨʠʩʪʨʦʾʚ ʥʘ ʘʧʘʨʘʪʥʦʤʫ ʨʽʚʥʽ ASIC, ʟʘʟʚʠʯʘʡ 

ʨʝʘʣʽʟʫʻʪʴʩʷ ʟʘ ʨʘʭʫʥʦʢ ʨʫʡʥʫʚʘʥʥʷ ʟʘʭʠʩʥʦʛʦ ʢʫʣʽ ʤʽʢʨʦʩʭʝʤʠ ʽʟ ʧʦʜʘʣʴʰʠʤ 

ʬʦʪʦʛʨʘʬʫʚʘʥʥʷʤ ʪʘ ʜʦʩʣʽʜʞʝʥʥʷʤ. ʎʝʡ ʤʝʪʦʜ ʻ ʜʫʞʝ ʩʢʣʘʜʥʠʡ ʽ ʧʦʪʨʝʙʫʻ ʚʝʣʠʢʠʭ 

ʢʘʧʽʪʘʣʦʚʢʣʘʜʝʥʴ, ʘ ʚʨʘʭʦʚʫʶʯʠ, ʪʽ ʱʦ ʙʽʣʴʰʽʩʪʴ ʤʝʨʝʞʝʚʦʛʦ ʽ ʢʦʤʫʥʽʢʘʮʽʡʥʦʛʦ ʦʙʣʘʜʥʘʥʥʷ 

ʚʠʛʦʪʦʚʣʷʻʪʴʩʷ ʥʘ ʩʧʝʮʽʘʣʽʟʦʚʘʥʠʭ ʤʽʢʨʦʩʭʝʤʘʭ, ʪʦ ʧʨʦʮʝʩ ʜʦʩʣʽʜʞʝʥʥʷ ʦʙʣʘʜʥʘʥʥʷ ʥʘ 

ʥʘʷʚʥʽʩʪʴ ʟʘʢʣʘʜʥʠʭ ʧʨʠʩʪʨʦʾʚ ʤʦʞʝ ʪʨʠʚʘʪʠ ʜʦ ʙʝʟʢʽʥʝʯʥʦʩʪʽ. ɼʦʩʣʽʜʞʝʥʥʷ ʚʙʫʜʦʚʘʥʠʭ 

ʩʠʩʪʝʤ ʥʘ ʧʨʦʛʨʘʤʥʦʤʫ ʨʽʚʥʽ ʚʠʤʘʛʘʻ ʥʘʷʚʥʦʩʪʽ ʚʽʣʴʥʦʛʦ ʜʦʩʪʫʧʫ ʜʦ ʧʨʦʛʨʘʤʥʦʛʦ 

ʟʘʙʝʟʧʝʯʝʥʥʷ ʜʦʩʣʽʜʥʦʛʦ ʟʨʘʟʢʘ, ʚʩʪʘʥʦʚʣʝʥʥʷ ʥʘ ʥʴʦʤʫ ʧʨʦʛʨʘʤʥʦʛʦ ʜʝʟʘʩʝʤʙʣʝʨʘ ʪʘ ʟʘʩʦʙʽʚ 

ʚʽʜʣʘʛʦʜʞʝʥʥʷ, ʱʦ ʥʝ ʟʘʚʞʜʠ ʤʦʞʣʠʚʦ. ʊʘʢʠʤ ʯʠʥʦʤ, ʧʨʠ ʥʠʥʽʰʥʽʭ ʤʝʪʦʜʘʭ ʨʦʟʨʦʙʢʠ ʯʽʧʽʚ 

ʽʩʥʫʻ ʯʠʩʪʦ ʩʪʘʪʠʩʪʠʯʥʘ ʚʽʨʦʛʽʜʥʽʩʪʴ ʥʝʢʦʥʪʨʦʣʴʦʚʘʥʦʛʦ ʜʠʟʘʡʥʫ 

ɿʘʣʝʞʥʦ ʚʽʜ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʘʧʘʨʘʪʥʽ ʪʨʦʷʥʠ (ɸʊ) ʜʽʣʷʪʴʩʷ ʥʘ ʜʝʢʽʣʴʢʘ ʛʨʫʧ (ʨʠʩ. 1). 

ɼʝʷʢʽ ʣʠʰʝ ʢʨʘʜʫʪʴ ʦʩʦʙʠʩʪʽ ʜʘʥʽ, ʽʥʰʽ ʟʜʘʪʥʽ ʥʘʥʝʩʪʠ ʩʝʨʡʦʟʥʠʡ ʫʱʝʨʙ ʦʙô̒ ʢʪʘʤ 

ʽʥʬʨʘʩʪʨʫʢʪʫʨʠ, ʟʥʠʱʠʚʰʠ ʾʭ ʧʨʦʮʝʩʦʨʠ ʚ ʩʘʤʠʡ ʥʝʧʽʜʭʦʜʷʱʠʡ ʤʦʤʝʥʪ. 

ʉʴʦʛʦʜʥʽʰʥʷ ʩʭʝʤʘ ʜʠʟʘʡʥʫ ʧʨʦʮʝʩʦʨʽʚ ʟʘʟʚʠʯʘʡ ʚʠʛʣʷʜʘʻ ʪʘʢ: ʬʽʨʤʘ-ʟʘʤʦʚʥʠʢ, ʱʦ 

ʟʜʽʡʩʥʶʻ ʟʘʛʘʣʴʥʝ ʚʠʨʦʙʥʠʮʪʚʦ, ʽʥʪʝʛʨʫʻ ʫ ʩʚʽʡ ʧʨʦʜʫʢʪ ʦʢʨʝʤʽ ʙʣʦʢʠ, ʱʦ ʨʦʟʨʦʙʣʷʶʪʴʩʷ 

ʯʠʩʣʝʥʥʠʤʠ ʩʫʤʽʞʥʠʤʠ ʧʽʜʧʨʠʻʤʩʪʚʘʤʠ. ʉʘʤʝ ʪʫʪ ʙʘʯʠʪʴʩʷ ʛʦʣʦʚʥʝ ʚʨʘʟʣʠʚʝ ʤʽʩʮʝ. ʗʢʱʦ 

ʭʪʦʩʴ ʟʘʭʦʯʝ ʚʧʨʦʚʘʜʠʪʠ ʚ ʯʽʧ ʪʨʦʷʥ, ʚʽʥ ʤʦʞʝ ʟʜʽʡʩʥʠʪʠ ʩʚʽʡ ʟʣʠʡ ʥʘʤʽʨ ʬʘʢʪʠʯʥʦ ʥʘ ʙʫʜʴ-

ʷʢʽʡ ʩʪʘʜʽʾ ʨʦʟʨʦʙʢʠ ʽ ʚʠʨʦʙʥʠʮʪʚʘ ï ʚʽʜ ʧʦʙʫʜʦʚʠ ʣʦʛʽʯʥʦʾ ʩʭʝʤʠ ʜʦ ʚʠʛʦʪʦʚʣʝʥʥʷ ʥʘ ʟʘʚʦʜʽ. 
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ʈʠʩ. 1 ʂʣʘʩʠʬʽʢʘʮʽʷ ʘʧʘʨʘʪʥʠʭ ʪʨʦʷʥʽʚ 
 

ʇʨʠ ʩʫʯʘʩʥʽʡ ʩʢʣʘʜʥʦʩʪʽ ʦʢʨʝʤʠʭ ʙʣʦʢʽʚ ʞʦʜʥʝ ʧʽʜʧʨʠʻʤʩʪʚʦ ʥʝ ʚ ʟʤʦʟʽ ʧʝʨʝʚʽʨʠʪʠ ʫʩʽ 

ʪʝʦʨʝʪʠʯʥʦ ʤʦʞʣʠʚʽ ʩʮʝʥʘʨʽʾ ʾʭ ʚʠʢʦʨʠʩʪʘʥʥʷ, ʪʦʤʫ ʟʘʟʚʠʯʘʡ ʪʝʩʪʫʶʪʴ ʣʠʰʝ ʦʩʥʦʚʥʽ 

ʬʫʥʢʮʽʦʥʘʣʴʥʽ ʤʦʞʣʠʚʦʩʪʽ, ʘ ʪʘʢʦʞ ʪʠʧʦʚʽ ʚʘʨʽʘʥʪʠ ʧʦʤʠʣʦʢ. ʇʨʦʪʝ ʥʽʭʪʦ ʥʝ ʟʥʘʻ, ʷʢ 

ʨʝʘʛʫʚʘʪʠʤʝ ʪʦʡ ʘʙʦ ʽʥʰʠʡ ʙʣʦʢ, ʷʢʱʦ ʚʽʥ ʦʪʨʠʤʘʻ ʜʝʷʢʠʡ ʥʝʟʘʧʣʘʥʦʚʘʥʠʡ ʚʭʽʜʥʠʡ ʩʠʛʥʘʣ. 

ʗʢʱʦ ʚʧʨʦʚʘʜʠʪʠʩʷ ʫ ʚʠʨʦʙʥʠʯʫ ʬʽʨʤʫ ʥʝ ʚʜʘʣʦʩʷ, ʪʦ ʟʘʚʞʜʠ ʟʘʣʠʰʘʻʪʴʩʷ ʤʦʞʣʠʚʽʩʪʴ 

ʤʦʜʠʬʽʢʘʮʽʾ ʚʞʝ ʛʦʪʦʚʠʭ ʯʽʧʽʚ. ʇʨʘʚʜʘ, ʜʣʷ ʮʴʦʛʦ ʟʥʘʜʦʙʠʪʴʩʷ ʜʫʞʝ ʜʦʨʦʛʝ ʫʩʪʘʪʢʫʚʘʥʥʷ ï 

ʦʧʝʨʘʪʦʨ ʫʩʪʘʥʦʚʢʠ ʜʣʷ ʪʦʛʦ, ʱʦ ʽʦʥʥʦʛʦ, ʱʦ ʪʨʫʾʪʴ ʟʘ ʜʦʧʦʤʦʛʦʶ ʩʬʦʢʫʩʦʚʘʥʦʛʦ ʧʫʯʢʘ ʽʦʥʽʚ 

ʟʤʽʥʶʻ ʟʚô̫ ʟʢʠ ʤʽʞ ʦʢʨʝʤʠʤʠ ʣʦʛʽʯʥʠʤʠ ʝʣʝʤʝʥʪʘʤʠ ʯʽʧʘ. ʗʢʱʦ ʮʷ ʤʽʢʨʦʩʭʝʤʘ ʰʠʨʦʢʦ 

ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʚ ʦʙô̒ ʢʪʘʭ ʽʥʬʨʘʩʪʨʫʢʪʫʨʠ, ʘʪʦʤʥʠʭ ʩʪʘʥʮʽʷʭ ʽ ʥʘʚʽʪʴ ʩʠʩʪʝʤʘʭ ʦʟʙʨʦʻʥʥʷ, 

ʪʦ ʥʘʩʣʽʜʢʠ ʧʦʜʽʙʥʦʾ ʘʪʘʢʠ ʤʦʞʫʪʴ ʤʘʪʠ ʥʘʡʨʫʡʥʽʚʥʽʰʽ ʥʘʩʣʽʜʢʠ. ʂʨʽʤ ʪʦʛʦ, ʧʦʪʝʥʮʽʡʥʠʤ 

ʭʘʢʝʨʘʤ ʚʠʛʽʜʥʦ ʟʘʨʘʞʘʪʠ ʯʽʧʠ ʩʝʨʚʝʨʽʚ ʘʙʦ ʢʦʤʧôʁ ʪʝʨʽʚ ʧʨʠʚʘʪʥʠʭ ʧʽʜʧʨʠʻʤʩʪʚ, ʘʜʞʝ ʪʘʢʽ 

ʜʽʾ ʤʦʞʫʪʴ ʧʨʠʥʝʩʪʠ ʚʝʣʠʢʽ ʛʨʦʰʽ. ʇʨʦʪʝʩʪʫʚʘʪʠ ʤʽʢʨʦʩʭʝʤʫ ʥʘ ʥʘʷʚʥʽʩʪʴ ʚ ʥʽʡ ʫʩʽʭ 

ʥʝʟʘʜʦʢʫʤʝʥʪʦʚʘʥʠʭ ʨʦʟʨʦʙʥʠʢʦʤ ʬʫʥʢʮʽʡ ʥʝʤʦʞʣʠʚʦ ʟʚʘʞʘʶʯʠ ʥʘ ʚʠʩʦʢʫ ʩʢʣʘʜʥʽʩʪʴ 

ʩʫʯʘʩʥʠʭ ʢʨʝʤʥʽʻʚʠʭ ʯʽʧʽʚ. ɸʜʞʝ ʥʘʚʽʪʴ ʥʘ ʝʪʘʧʽ ʧʝʨʝʚʽʨʢʠ ʩʧʝʮʠʬʽʯʥʠʭ ʬʫʥʢʮʽʡ ʩʠʩʪʝʤ ʥʘ 

ʯʽʧʽ, ʚ ʷʢʽ, ʦʢʨʽʤ ʦʙʯʠʩʣʶʚʘʣʴʥʠʭ ʷʜʝʨ, ʚʙʫʜʦʚʘʥʽ ʨʽʟʥʽ ʢʦʥʪʨʦʣʝʨʠ, ʧʘʤô̫ ʪʴ ʽ ʽʥʰʽ ʝʣʝʤʝʥʪʠ, 

ʧʨʘʢʪʠʯʥʦ ʥʝʤʦʞʣʠʚʦ ʜʦʩʣʽʜʞʫʚʘʪʠ ʫʩʽ 100 % ʧʣʦʱʽ ʧʦʚʝʨʭʥʽ ʧʨʦʮʝʩʦʨʘ. 

ɼʣʷ ʦʮʽʥʢʠ ʡʤʦʚʽʨʥʦʩʪʽ ʦʪʨʠʤʘʥʥʷ ʽʥʬʦʨʤʘʮʽʾ, ʱʦ ʟʥʘʭʦʜʠʪʴʩʷ ʚ ʩʝʨʝʜʠʥʽ 

ʦʙʯʠʩʣʶʚʘʣʴʥʦʛʦ ʤʦʜʫʣʷ ʩʧʽʚʧʨʦʮʝʩʦʨʽʚ ʤʦʞʝ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʢʨʠʪʝʨʽʡ ʧʝʨʝʚʘʛ ʮʝ 

ʟʫʤʦʚʣʝʥʦ ʪʠʤ, ʱʦ ʩʪʘʪʠʩʪʠʯʥʘ ʽʥʬʦʨʤʘʮʽʷ, ʱʦʜʦ ʤʝʪʦʜʽʚ ʽ ʩʧʨʦʙ ʥʝʩʘʥʢʮʽʦʥʦʚʘʥʦʛʦ 

ʦʪʨʠʤʘʥʥʷ ʽʥʬʦʨʤʘʮʽʾ ʽʟ ʦʙʯʠʩʣʶʚʘʣʴʥʠʭ ʧʨʦʮʝʩʦʨʽʚ ʽ ʤʽʢʨʦʢʦʥʪʨʦʣʝʨʽʚ ʥʝ ʟʘʚʞʜʠ ʻ 

ʧʨʘʚʜʠʚʦʶ. ɺ ʮʴʦʤʫ ʚʠʧʘʜʢʫ ʧʝʨʝʜʙʘʯʘʻʪʴʩʷ, ʱʦ ʡʤʦʚʽʨʥʽʩʪʴ ʨʝʘʣʽʟʘʮʽʾ ʟʘʛʨʦʟʠ ʚʠʟʥʘʯʘʻʪʴʩʷ 

ʥʘʩʪʫʧʥʠʤʠ ʬʘʢʪʦʨʘʤʠ: 

- ʧʨʠʚʘʙʣʠʚʽʩʪʶ ʘʢʪʠʚʫ (ʮʝʡ ʧʦʢʘʟʥʠʢ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʧʨʠ ʨʦʟʛʣʷʜʽ ʟʘʛʨʦʟ 

ʥʘʚʤʠʩʥʦʛʦ ʚʧʣʠʚʫ ʟ ʙʦʢʫ ʣʶʜʠʥʠ); 

- ʤʦʞʣʠʚʽʩʪʶ ʚʠʢʦʨʠʩʪʘʥʥʷ ʘʢʪʠʚʫ ʜʣʷ ʦʜʝʨʞʘʥʥʷ ʜʦʭʦʜʫ (ʮʝʡ ʧʦʢʘʟʥʠʢ 

ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʧʨʠ ʨʦʟʛʣʷʜʽ ʟʘʛʨʦʟ ʥʘʚʤʠʩʥʦʛʦ ʚʧʣʠʚʫ ʟ ʙʦʢʫ ʣʶʜʠʥʠ); 

- ʪʝʭʥʽʯʥʠʤʠ ʤʦʞʣʠʚʦʩʪʷʤʠ ʨʝʘʣʽʟʘʮʽʾ ʟʘʛʨʦʟʠ ʟ ʙʦʢʫ ʟʣʦʚʤʠʩʥʠʢʘ ʧʨʠ ʟʜʽʡʩʥʝʥʽ 

ʘʪʘʢʠ; 

- ʩʪʫʧʝʥʝʤ ʣʝʛʢʦʩʪʽ, ʟ ʷʢʠʤ ʤʦʞʝ ʙʫʪʠ ʚʠʢʦʨʠʩʪʘʥʘ ʪʘ ʯʠ ʽʥʰʘ ʘʪʘʢʘ. 

ʋʥʽʚʝʨʩʘʣʴʥʠʤ ʢʨʠʪʝʨʽʻʤ ʝʬʝʢʪʠʚʥʦʩʪʽ ʻ ʢʨʠʪʝʨʽʡ Ăʟʘʪʨʘʪʠ ï ʝʬʝʢʪʠʚʥʽʩʪʴò. ɿʛʽʜʥʦ ʟ 

ʮʠʤ ʢʨʠʪʝʨʽʻʤ, ʥʘʡʙʽʣʴʰ ʧʨʠʚʘʙʣʠʚʠʤ ʻ ʪʘʢʠʡ ʚʘʨʽʘʥʪ, ʚ ʷʢʦʤʫ ʧʨʠ ʥʘʡʤʝʥʰʠʭ ʚʠʪʨʘʪʘʭ 

ʟʘʙʝʟʧʝʯʫʻʪʴʩʷ ʥʘʡʙʽʣʴʰʘ ʝʬʝʢʪʠʚʥʽʩʪʴ. ɿ ʫʨʘʭʫʚʘʥʥʷʤ ʪʦʛʦ, ʱʦ ʫ ʚʘʨʪʽʩʥʦʤʫ ʚʠʨʘʟʽ ʝʬʝʢʪ 

ʜʽʡ ʟʣʦʚʤʠʩʥʠʢʘ ʚʠʟʥʘʯʘʻʪʴʩʷ ʚʝʣʠʯʠʥʦʶ ʟʙʠʪʢʫ, ʧʦʚôʷʟʘʥʦʛʦ ʟ ʨʝʘʣʽʟʘʮʽʻʶ ʽʥʬʦʨʤʘʮʽʡʥʦʾ 

ʟʘʛʨʦʟʠ, ʚʠʨʘʟ ʜʣʷ ʦʮʽʥʢʠ ʡʤʦʚʽʨʥʦʩʪʽ Pj ʨʝʘʣʽʟʘʮʽʾ  jïʾ  ʟʘʛʨʦʟʠ ʽʥʬʦʨʤʘʮʽʾ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ 

ʢʨʠʪʝʨʽʶ ʧʝʨʝʚʘʛʠ ʤʦʞʥʘ ʟʘʧʠʩʘʪʠ ʫ ʚʠʜʽ: 
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39 

ʜʝ j ï ʥʦʤʝʨ ʟʘʛʨʦʟʠ ʽʥʬʦʨʤʘʮʽʾ; ʧ ï ʢʽʣʴʢʽʩʪʴ ʨʦʟʛʣʷʥʫʪʠʭ ʫ ʭʦʜʽ ʘʥʘʣʽʟʫ ʨʠʟʠʢʽʚ ʩʧʦʩʦʙʽʚ 

ʨʝʘʣʽʟʘʮʽʾ ʟʘʛʨʦʟ ʽʥʬʦʨʤʘʮʽʾ; Qi ï ʦʮʽʥʢʘ ʟʙʠʪʢʫ, ʧʦʚôʷʟʘʥʦʛʦ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ i ï ʛʦ ʩʧʦʩʦʙʫ 

ʨʝʘʣʽʟʘʮʽʾ ʟʘʛʨʦʟʠ; ʉi ï ʦʮʽʥʢʘ ʚʠʪʨʘʪ ʧʦʨʫʰʥʠʢʘ ʧʦ ʧʽʜʛʦʪʦʚʮʽ ʽ ʨʝʘʣʽʟʘʮʽʾ ʟʘʛʨʦʟʠ ʚ i ï ʡ 

ʩʧʦʩʽʙ. 

ʉʧʦʩʦʙʠ ʚʠʷʚʣʝʥʥʷ ʘʧʘʨʘʪʥʠʭ ʪʨʦʷʥʽʚ ʜʽʣʷʪʴʩʷ ʥʘ ʜʚʽ ʛʨʫʧʠ:  

ï  ʧʝʨʝʜʚʠʨʦʙʥʠʯʽ; 

ï  ʧʦʩʪʚʠʨʦʙʥʠʯʽ. 

ʋ ʧʝʨʰʦʤʫ ʚʠʧʘʜʢʫ ʟʘʚʜʘʥʥʷʤ ʽʥʞʝʥʝʨʽʚ ʻ ʟʥʘʭʦʜʞʝʥʥʷ ʧʽʜʦʟʨʽʣʠʭ ʙʣʦʢʽʚ ʚ ʣʦʛʽʯʥʽʡ 

ʩʪʨʫʢʪʫʨʽ ʯʽʧʘ, ʷʢʽ ʤʦʛʣʠ ʟô̫ ʚʠʪʠʩʷ ʚ ʥʽʤ ʟ ʚʠʥʠ ʥʝʜʦʙʨʦʩʦʚʽʩʥʠʭ ʩʧʽʚʨʦʙʽʪʥʠʢʽʚ ʘʙʦ 

ʩʪʦʨʦʥʥʽʭ ʢʦʤʧʘʥʽʡ, ʟʘʣʫʯʝʥʠʭ ʜʦ ʨʦʟʨʦʙʢʠ ʤʽʢʨʦʩʭʝʤʠ. ɺʠʷʚʠʪʠ ʚʧʨʦʚʘʜʞʝʥʽ ʥʘ ʝʪʘʧʽ 

ʚʠʨʦʙʥʠʮʪʚʘ ʪʨʦʷʥʠ ʤʦʞʥʘ ʪʘʢʦʞ ʤʝʪʦʜʘʤʠ ʜʨʫʛʦʾ ʛʨʫʧʠ. 

ʆʜʥʠʤ ʟ ʧʦʩʪʚʠʨʦʙʥʠʯʠʭ ʩʧʦʩʦʙʽʚ ʚʠʷʚʣʝʥʥʷ ɸʊ ʻ ʤʝʪʦʜ ʜʝʩʪʨʫʢʪʠʚʥʦʛʦ ʪʝʩʪʫʚʘʥʥʷ. 

ʁʦʛʦ ʩʫʪʴ ʧʦʣʷʛʘʻ ʚ ʧʦʩʣʽʜʦʚʥʦʤʫ ʚʠʜʘʣʝʥʥʽ ʽ ʬʦʪʦʛʨʘʬʫʚʘʥʥʽ ʢʦʞʥʦʛʦ ʟ ʰʘʨʽʚ ʯʽʧʘ (ʫ 

ʩʫʯʘʩʥʠʭ ʧʨʦʮʝʩʦʨʘʭ ʤʦʞʝ ʙʫʪʠ ʙʽʣʴʰʝ ʜʝʩʷʪʠ ʰʘʨʽʚ) ʽ ʧʦʜʘʣʴʰʦʤʫ ʧʦʨʽʚʥʷʥʥʽ ʦʪʨʠʤʘʥʠʭ 

ʬʦʪʦʛʨʘʬʽʡ ʟ ʧʦʯʘʪʢʦʚʦʶ ʤʘʩʢʦʶ ʧʨʦʮʝʩʦʨʘ, ʧʦ ʷʢʽʡ ʚʽʥ ʚʠʛʦʪʦʚʣʷʚʩʷ ʥʘ ʬʘʙʨʠʮʽ. 

ɼʣʷ ʚʽʜʪʚʦʨʝʥʥʷ ʢʦʤʧʦʥʫʚʘʥʥʷ ʤʦʜʫʣʽʚ ʤʦʞʥʘ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʦʧʪʠʯʥʠʡ ʤʽʢʨʦʩʢʦʧ, 

ʦʩʥʘʱʝʥʴ CCD ï ʢʘʤʝʨʦʶ. ʆʩʥʦʚʥʽ ʤʦʜʫʣʽ ʤʽʢʨʦʩʭʝʤʠ (ROM, EEPROM, RAM, ʧʨʦʮʝʩʦʨ, 

ʰʠʥʠ) ʜʦʙʨʽ ʚʠʜʥʦ ʥʘ ʬʦʪʦʟʥʽʤʢʫ, ʦʪʨʠʤʘʥʠʭ ʟʘ ʜʦʧʦʤʦʛʦʶ CCD ï ʢʘʤʝʨʠ ʽʟ ʚʠʩʦʢʦʶ 

ʨʦʟʜʽʣʴʥʦʶ ʟʜʘʪʥʽʩʪʶ. ɼʣʷ ʦʪʨʠʤʘʥʥʷ ʛʣʠʙʰʠʭ ʰʘʨʽʚ ʤʽʢʨʦʩʭʝʤ, ʟʘʩʪʦʩʦʚʫʶʪʴ ʬʽʟʠʯʥʝ 

ʪʨʘʚʣʝʥʥʷ ʽʟ ʧʦʜʘʣʴʰʦʶ ʦʙʨʦʙʢʦʶ ʥʘ ʦʩʥʦʚʽ ʨʦʟʧʽʟʥʘʥʥʷ ʦʙʨʘʟʽʚ ʪʘ ʩʪʚʦʨʝʥʥʷʤ ʪʨʠʚʠʤʽʨʥʦʾ 

ʤʦʜʝʣʽ ʯʽʧʘ. ɯʥʰʠʡ ʩʧʦʩʽʙ ʦʙʩʪʝʞʝʥʥʷ ʢʨʠʩʪʘʣʫ ʤʽʢʨʦʩʭʝʤʠ ʦʪʨʠʤʘʚ ʥʘʟʚʫ ʨʫʯʥʦʛʦ 

ʟʦʥʜʫʚʘʥʥʷ. ɺʽʥ ʟʘʩʥʦʚʘʥʠʡ ʥʘ ʚʠʢʦʨʠʩʪʘʥʥʽ ʦʧʪʠʯʥʦʛʦ ʤʽʢʨʦʩʢʦʧʘ ʽ ʟʦʥʜʫ, ʚ ʷʢʦʩʪʽ ʟʦʥʜʫ 

ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʪʦʥʢʘ ʚʦʣʴʬʨʘʤʦʚʘ ʛʦʣʢʘ, ʷʢʘ ʟô̒ ʜʥʫʻʪʴʩʷ ʽʟ ʰʠʥʘʤʠ ʢʨʠʩʪʘʣʫ ʙʝʟ ʾʭ 

ʨʫʡʥʫʚʘʥʥʷ. ɿʦʥʜ ʦʩʥʘʱʝʥʴ ʧʽʜʩʠʣʶʚʘʯʝʤ ʽ ʧʽʜʢʣʶʯʘʻʪʴʩʷ ʜʦ ʩʧʝʮʽʘʣʴʥʦʛʦ ʮʠʬʨʦʚʦʛʦ 

ʧʨʦʮʝʩʦʨʘ ʦʙʨʦʙʢʠ ʩʠʛʥʘʣʽʚ, ʷʢʠʡ ʟʘʧʠʩʫʻ ʩʠʛʥʘʣʠ ʦʪʨʠʤʘʥʽ ʚʽʜ ʧʨʦʮʝʩʦʨʘ, ʘ ʪʘʢʦʞ 

ʟʘʙʝʟʧʝʯʫʻ ʥʘʧʨʫʛʫ, ʚʩʪʘʥʦʚʣʝʥʥʷ ʩʠʛʥʘʣʽʚ Reset, ʪʘʢʪʦʚʠʡ ʩʠʛʥʘʣ (Clock) ʪʘ ʽʥʰʽ ʚʭʽʜʥʽ 

ʩʠʛʥʘʣʠ, ʥʝʦʙʭʽʜʥʽ ʜʣʷ ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ ʤʽʢʨʦʩʭʝʤʠ ʚ ʘʢʪʠʚʥʦʤʫ ʨʝʞʠʤʽ. 

ɼʣʷ ʨʝʘʣʽʟʘʮʽʾ ʨʫʯʥʦʛʦ ʽ ʧʨʦʤʝʥʝʚʦʛʦ ʩʧʦʩʦʙʫ ʟʦʥʜʫʚʘʥʥʷ ʦʢʨʽʤ ʚʠʢʦʥʘʥʥʷ ʧʨʦʮʝʜʫʨʠ 

ʚʠʪʷʛʘʥʥʷ ʢʨʠʩʪʘʣʫ ʤʽʢʨʦʩʭʝʤʠ ʥʝʦʙʭʽʜʥʦ ʟʨʫʡʥʫʚʘʪʠ ʜʝʷʢʫ ʯʘʩʪʠʥʠ ʧʘʩʠʚʘʮʽʾ. ʐʘʨ 

ʧʘʩʠʚʘʮʽʾ ʟʘʭʠʱʘʻ ʤʽʢʨʦʩʭʝʤʫ ʚʽʜ ʜʝʷʢʠʭ ʚʠʜʽʚ ʦʧʨʦʤʽʥʶʚʘʥʥʷ ʽ ʰʢʽʜʣʠʚʠʭ ʜʽʡ 

ʥʘʚʢʦʣʠʰʥʴʦʛʦ ʩʝʨʝʜʦʚʠʱʘ. ɼʣʷ ʚʠʜʘʣʝʥʥʷ ʢʫʣʽ ʧʘʩʠʚʘʮʽʾ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʫʣʴʪʨʘʬʽʦʣʝʪʦʚʝ 

ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ ʘʙʦ Ăʟʝʣʝʥʽò ʣʘʟʝʨʠ, ʷʢʽ ʨʫʡʥʫʶʪʴ ʢʫʣʷ ʧʘʩʠʚʘʮʽʾ. ɯʥʦʜʽ ʜʣʷ ʨʫʡʥʫʚʘʥʥʷ 

ʥʝʚʝʣʠʢʦʾ ʟʘ ʨʦʟʤʽʨʘʤʠ ʜʽʣʷʥʢʠ ʧʘʩʠʚʘʮʽʾ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʩʚʝʨʜʣʝʥʥʷ. 

ʍʦʯʘ ʮʷ ʪʘʢʪʠʢʘ ʟ ʚʠʩʦʢʦʶ ʤʽʨʦʶ ʚʽʨʦʛʽʜʥʦʩʪʽ ʜʦʟʚʦʣʷʻ ʚʠʷʚʠʪʠ ʟʘʡʚʽ ʪʨʘʥʟʠʩʪʦʨʠ ʽ 

ʜʦʨʽʞʢʠ, ʚʦʥʘ ʜʫʞʝ ʪʨʫʜʦʤʽʩʪʢʘ. ʂʨʽʤ ʪʦʛʦ, ʧʝʨʝʚʽʨʠʪʠ ʫʩʶ ʧʘʨʪʽʶ ʤʽʢʨʦʩʭʝʤ ʜʝʩʪʨʫʢʪʠʚʥʠʤ 

ʤʝʪʦʜʦʤ ʥʝʤʦʞʣʠʚʦ, ʦʩʢʽʣʴʢʠ ʚ ʡʦʛʦ ʧʨʦʮʝʩʽ ʯʽʧ ʧʦʚʥʽʩʪʶ ʨʫʡʥʫʻʪʴʩʷ. ɸʣʴʪʝʨʥʘʪʠʚʘ 

ʜʝʩʪʨʫʢʪʠʚʥʦʤʫ ʪʝʩʪʫʚʘʥʥʶ ï ʮʝ ʤʝʪʦʜ ʩʢʘʥʫʚʘʥʥʷ ʤʽʢʨʦʩʭʝʤʠ ʨʝʥʪʛʝʥʽʚʩʴʢʠʤʠ ʧʨʦʤʝʥʷʤʠ, 

ʷʢʠʡ ʜʦʟʚʦʣʷʻ ʜʦʙʠʪʠʩʷ ʘʥʘʣʦʛʽʯʥʦʛʦ ʝʬʝʢʪʫ ʙʝʟ ʨʫʡʥʫʚʘʥʥʷ ʢʨʠʩʪʘʣʘ. ɯʩʥʫʻ ʪʘʢʦʞ 

ʧʨʦʤʝʥʝʚʠʡ ʩʧʦʩʽʙ ʟʦʥʜʫʚʘʥʥʷ ʯʽʧʘ, ʧʨʠ ʷʢʦʤʫ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʩʬʦʢʫʩʦʚʘʥʠʡ ʧʨʦʤʽʥʴ 

ʽʦʥʽʚ ʛʘʣʽʶ (Focused Ion Beams ʘʙʦ FIB). ɯʦʥʠ ʛʘʣʽʶ ʧʨʠʩʢʦʨʶʶʪʴʩʷ ʽ ʬʦʢʫʩʫʶʪʴʩʷ ʫ 

ʚʘʢʫʫʤʥʽʡ ʢʘʤʝʨʽ ʚ ʧʨʦʤʽʥʴ ʜʽʘʤʝʪʨʦʤ 5 ï 10 ʥʘʥʦʤʝʪʨʽʚ. ɺʽʥ ʚʠʧʨʦʤʽʥʶʻʪʴʩʷ ʨʽʜʢʠʤ 

ʢʘʪʦʜʦʤ ʽʟ ʥʘʧʨʫʛʦʶ 30 ʢʽʣʦʚʦʣʴʪ, ʽʦʥʠ ʛʘʣʽʶ ʤʘʶʪʴ ʩʪʨʫʤ ʚʽʜ 10 ï 12 ʜʦ 10 ï 8 ʘʤʧʝʨ. 

ʉʬʦʢʫʩʦʚʘʥʠʡ ʧʨʦʤʽʥʴ ʽʦʥʽʚ ʛʘʣʽʶ ʤʦʞʝ ʚʽʜʪʚʦʨʠʪʠ ʢʦʤʧʦʥʫʚʘʥʥʷ ʤʽʢʨʦʩʭʝʤʠ ʟʘʚʜʷʢʠ 

ʬʽʢʩʘʮʽʾ ʚʪʦʨʠʥʥʦʛʦ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ. ʈʦʟʜʽʣʴʥʘ ʟʜʘʪʥʽʩʪʴ ʩʢʣʘʜʘʻ ʜʦ 5 ʥʘʥʦʤʝʪʨʽʚ.  

ɯʥʰʠʤ ʨʽʟʥʦʚʠʜʦʤ ʧʨʦʤʝʥʝʚʦʛʦ ʩʧʦʩʦʙʫ ʟʦʥʜʫʚʘʥʥʷ ʢʨʠʩʪʘʣʫ ʤʽʢʨʦʩʭʝʤʠ ʻ 

ʚʠʢʦʨʠʩʪʘʥʥʷ ʝʣʝʢʪʨʦʥʥʠʭ ʧʨʦʤʝʥʽʚ. ɼʣʷ ʨʦʟʛʦʥʫ ʝʣʝʢʪʨʦʥʽʚ ʟʘʩʪʦʩʦʚʫʻʪʴʩʷ ʝʣʝʢʪʨʠʯʥʘ 

ʥʘʧʨʫʛʘ ʙʣʠʟʴʢʦ 2,5 ʢʽʣʦʚʦʣʴʪ, ʫ ʨʝʟʫʣʴʪʘʪʽ ʩʪʚʦʨʶʻʪʴʩʷ ʩʪʨʫʤ ʩʠʣʦʶ ʙʣʠʟʴʢʦ 5 ʥʘʥʦʘʤʧʝʨ. 

ʇʨʠ ʮʴʦʤʫ ʢʽʣʴʢʽʩʪʴ ʽ ʝʥʝʨʛʽʷ ʚʪʦʨʠʥʥʠʭ ʝʣʝʢʪʨʦʥʽʚ ʟô̫ ʚʣʷʶʪʴʩʷ ʽʥʜʠʢʘʪʦʨʘʤʠ ʝʣʝʢʪʨʠʯʥʦʛʦ 

ʧʦʣʶ ʥʘ ʧʦʚʝʨʭʥʽ ʢʨʠʩʪʘʣʫ ʽ ʜʦʟʚʦʣʷʻ ʨʦʙʠʪʠ ʦʙʩʪʝʞʝʥʥʷ ʩʠʛʥʘʣʴʥʠʭ ʣʽʥʽʡ ʽʟ ʨʦʟʜʽʣʴʥʦʶ 

ʟʜʘʪʥʽʩʪʶ ʫ ʜʦʣʽ ʤʽʢʨʦʥʘ. ʆʩʪʘʥʥʽʤ ʯʘʩʦʤ ʟô̫ ʚʠʚʩʷ ʱʝ ʦʜʠʥ ʨʽʟʥʦʚʠʜ ʧʨʦʤʝʥʝʚʦʛʦ ʩʧʦʩʦʙʫ 

ʦʙʩʪʝʞʝʥʥʷ ʢʨʠʩʪʘʣʫ ʤʽʢʨʦʩʭʝʤʠ ʽʟ ʟʘʩʪʦʩʫʚʘʥʥʷʤ ʽʥʬʨʘʯʝʨʚʦʥʦʛʦ ʣʘʟʝʨʘ. ɺʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ 

ʪʘʢʘ ʯʘʩʪʦʪʘ ʦʧʨʦʤʽʥʶʚʘʥʥʷ ʢʨʠʩʪʘʣʫ, ʧʨʠ ʷʢʽʡ ʾʾ ʢʨʝʤʥʽʻʚʘ ʦʩʥʦʚʘ ʩʪʘʻ ʧʨʦʟʦʨʦʶ ʜʣʷ 
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ʣʘʟʝʨʥʦʛʦ ʧʨʦʤʝʥʶ. ʇʨʠ ʮʴʦʤʫ ʚʠʢʦʥʫʻʪʴʩʷ ʚʠʤʽʨʠ ʩʪʨʫʤʽʚ, ʱʦ ʚʽʜʦʙʨʘʞʘʶʪʴ ʣʦʛʽʯʥʠʡ ʩʪʘʥ 

ʦʢʨʝʤʠʭ ʪʨʘʥʟʠʩʪʦʨʽʚ. ʊʘʢʦʞ ʧʨʘʢʪʠʢʫʻʪʴʩʷ ʩʧʦʩʽʙ ʧʦʨʽʚʥʷʥʥʷ ʨʝʟʫʣʴʪʘʪʽʚ ʨʦʙʦʪʠ 

ʚʠʧʨʦʙʦʚʫʚʘʥʦʾ ʤʽʢʨʦʩʭʝʤʠ ʟ ʪʠʤʠ, ʱʦ ʚʠʜʘʻ ʪʘʢ ʟʚʘʥʠʡ Ăʟʦʣʦʪʠʡò ʯʽʧ (ʽʜʝʘʣʴʥʠʡ ʟʨʘʟʦʢ), 

ʪʨʦʷʥʠ ʚ ʷʢʦʤʫ ʩʚʽʜʦʤʦ ʚʽʜʩʫʪʥʽ. ɯʩʥʫʶʪʴ ʽ ʤʝʥʰ ʚʠʪʨʘʪʥʽ ʤʝʪʦʜʠʢʠ ï ʥʘʧʨʠʢʣʘʜ, ʬʘʟʟʠʥʛ 

(fuzz testing). ɿʚʘʞʘʶʯʠ ʥʘ ʪʝ ʱʦ ʩʫʯʘʩʥʽ ʤʽʢʨʦʩʭʝʤʠ ʤʘʶʪʴ ʜʫʞʝ ʩʢʣʘʜʥʫ ʩʪʨʫʢʪʫʨʫ, ʾʭ 

ʨʦʟʨʦʙʥʠʢʠ ʯʘʩʪʝʥʴʢʦ ʢʦʨʠʩʪʫʶʪʴʩʷ ʩʪʘʥʜʘʨʪʥʠʤʠ ʙʣʦʢʘʤʠ, ʩʝʨʝʜ ʷʢʠʭ, ï ʚʽʜʣʘʜʯʠʢ JTAG. 

ɺʽʥ ʧʦʪʨʽʙʥʠʡ ʜʣʷ ʪʦʛʦ, ʱʦʙ ʧʨʦʯʠʪʫʚʘʪʠ ʥʘʣʘʛʦʜʞʫʚʘʣʴʥʫ ʽʥʬʦʨʤʘʮʽʶ ʟ Ăʥʽʛò ʯʽʧʘ, ʥʝ 

ʚʩʪʘʚʣʷʶʯʠ ʡʦʛʦ ʚ ʨʦʟô̒ ʤ. ʐʣʷʭʦʤ ʧʦʩʠʣʢʠ ʥʝʩʪʘʥʜʘʨʪʥʠʭ ʟʘʧʠʪʽʚ ʤʦʞʥʘ ʚʠʯʠʩʣʠʪʠ ʜʝʷʢʽ 

ʩʪʚʦʨʝʥʽ ʘʙʦ ʟʤʽʥʝʥʽ ʽʟ ʟʣʠʤ ʥʘʤʽʨʦʤ ʙʣʦʢʠ ʪʝʩʪʫʻʤʦʾ ʤʽʢʨʦʩʭʝʤʠ. 

ʇʦʜʽʙʥʽ ʧʽʜʭʦʜʠ ʜʦʧʦʤʦʛʣʠ ʩʧʽʚʨʦʙʽʪʥʠʢʘʤ ʚʽʜʜʽʣʫ ʙʝʟʧʝʢʠ ʚ ʢʦʤʧôʁ ʪʝʨʥʽʡ ʣʘʙʦʨʘʪʦʨʽʾ 

ʂʝʤʙʨʽʜʞʩʴʢʦʛʦ ʫʥʽʚʝʨʩʠʪʝʪʫ, ʚʠʯʠʩʣʠʪʠ Ăʙʵʢʜʦʨò ʚ ʢʠʪʘʡʩʴʢʦʤʫ ʯʽʧʽ. ʇʽʩʣʷ ʩʢʘʥʫʚʘʥʥʷ ʟʘ 

ʤʝʪʦʜʠʢʦʶ, ʨʦʟʨʦʙʣʝʥʦʶ ʫʯʝʥʠʤʠ ʫʥʽʚʝʨʩʠʪʝʪʫ, ʚ ʤʽʢʨʦʩʭʝʤʽ ʙʫʣʘ ʚʠʷʚʣʝʥʘ ʥʝʙʝʟʧʝʯʥʘ 

ʫʨʘʟʣʠʚʽʩʪʴ, ʷʢʘ ʜʦʟʚʦʣʷʣʘ ʚʽʜʢʣʶʯʘʪʠ ʢʨʠʧʪʦʛʨʘʬʽʯʥʠʡ ʟʘʭʠʩʪ, ʤʽʥʷʪʠ ʢʣʶʯ ʰʠʬʨʫʚʘʥʥʷ 

AES, ʜʽʩʪʘʚʘʪʠ ʜʦʩʪʫʧ ʜʦ ʥʝʟʘʰʠʬʨʦʚʘʥʦʛʦ ʧʦʪʦʢʫ ʜʘʥʠʭ ʘʙʦ ʥʘʚʽʪʴ ʟʦʚʩʽʤ ʚʠʚʝʩʪʠ ʯʽʧ ʟ 

ʣʘʜʫ. ɼʦʩʣʽʜʥʠʢʘʤ ʚʜʘʣʦʩʷ ʚʠʪʷʛʥʫʪʠ ʩʝʢʨʝʪʥʠʡ ʢʣʶʯ, ʷʢʠʡ ʘʢʪʠʚʫʚʘʚ Ăʙʵʢʜʦʨò. 

ʅʘ ʜʫʤʢʫ ʬʘʭʽʚʮʽʚ, ʜʣʷ ʟʘʭʠʩʪʫ ʚʽʜ ʘʧʘʨʘʪʥʠʭ ʪʨʦʷʥʽʚ, ʥʝʦʙʭʽʜʥʦ ʨʝʘʣʽʟʫʚʘʪʠ ʚ ʯʽʧʽ 

ʰʽʩʪʴ ʬʫʥʢʮʽʡ: 

1. ʂʦʥʪʨʦʣʴ ʧʘʤô̫ ʪʽ. ʂʦʞʥʦʤʫ ʙʣʦʢʫ ʯʽʧʘ ʧʨʠʟʥʘʯʘʻʪʴʩʷ ʦʜʥʘ, ʩʪʨʦʛʦ ʧʝʚʥʘ ʨʦʙʦʯʘ 

ʦʙʣʘʩʪʴ ʧʘʤ'ʷʪʽ. ɹʫʜʴ-ʷʢʘ ʩʧʨʦʙʘ ʟʚʝʨʥʫʪʠʩʷ ʜʦ ʽʥʰʦʾ ʦʙʣʘʩʪʽ ʚʽʜʭʠʣʷʻʪʴʩʷ. 

2. ʂʦʥʪʨʦʣʴ ʰʠʥʠ ʟʘʧʦʙʽʛʘʻ ʙʣʦʢʫʚʘʥʥʶ ʰʠʥʠ ʤʽʢʨʦʩʭʝʤʠ ʟ ʙʦʢʫ ʟʘʨʘʞʝʥʦʛʦ ʙʣʦʢʫ. 

ʎʝ ʜʦʟʚʦʣʠʪʴ ʟʙʝʨʝʛʪʠ ʬʫʥʢʮʽʦʥʘʣʴʥʽ ʤʦʞʣʠʚʦʩʪʽ ʫʩʽʻʾ ʩʠʩʪʝʤʠ ʚ ʮʽʣʦʤʫ. 

3. ʄʦʥʽʪʦʨʠʥʛ ʚʚʝʜʝʥʥʷ/ʚʠʚʦʜʫ ʫʙʝʨʽʛʘʻ ʚʽʜ ʢʨʘʜʽʞʢʠ ʜʘʥʠʭ, ʟʘʜʘʶʯʠ ʢʦʞʥʦʤʫ ʙʣʦʢʫ 

ʧʝʚʥʫ ʧʦʚʝʜʽʥʢʫ ʜʣʷ ʦʧʝʨʘʮʽʡ ʚʚʝʜʝʥʥʷ/ʚʠʚʦʜʫ ʽ ʥʝ ʜʦʧʫʩʢʘʶʯʠ ʥʽʷʢʠʭ ʚʽʜʭʠʣʝʥʴ. 

4. ʉʘʤʦʪʝʩʪʫʚʘʥʥʷ ʬʫʥʢʮʽʦʥʘʣʴʥʠʭ ʙʣʦʢʽʚ. ʏʽʧ ʩʘʤʦʩʪʽʡʥʦ ʧʨʦʚʦʜʠʪʴ ʨʝʛʫʣʷʨʥʫ 

ʧʝʨʝʚʽʨʢʫ ʦʢʨʝʤʠʭ ʙʣʦʢʽʚ, ʟ ʷʢʠʭ ʚʽʥ ʩʢʣʘʜʘʻʪʴʩʷ, ʥʘ ʧʨʝʜʤʝʪ ʧʨʘʚʠʣʴʥʦʩʪʽ ʾʭ ʧʦʚʝʜʽʥʢʠ. ʇʨʠ 

ʙʫʜʴ-ʷʢʠʭ ʘʥʦʤʘʣʽʷʭ ʙʣʦʢ ʟʘʢʨʠʚʘʻʪʴʩʷ. 

5. ʉʘʤʦʧʨʦʛʨʘʤʫʶʯʘʷʩʷ ʘʧʘʨʘʪʥʘ ʣʦʛʽʢʘ, ʟʘʙʝʟʧʝʯʫʻ ʟʘʤʽʥʫ ʬʫʥʢʮʽʦʥʘʣʴʥʦʛʦ 

ʤʽʥʽʤʫʤʫ ʟʘʨʘʞʝʥʦʛʦ ʽ ʟʘʤʢʥʫʪʦʛʦ ʙʣʦʢʫ, ʱʦʙ ʚʽʜʢʣʶʯʝʥʥʷ ʽʥʬʽʢʦʚʘʥʠʭ ʯʘʩʪʠʥ ʧʨʦʮʝʩʦʨʘ ʥʝ 

ʧʨʠʚʝʣʦ ʜʦ ʚʽʜʤʦʚʠ ʫʩʽʻʾ ʩʠʩʪʝʤʠ. 

6. ʇʦʧʝʨʝʜʞʝʥʥʷ ʫ ʨʘʟʽ ʘʪʘʢʠ. ɹʣʦʢ, ʱʦ ʧʽʜʜʘʚʩʷ ʘʪʘʮʽ, ʧʦʩʠʣʘʻ ʧʦʧʝʨʝʜʞʝʥʥʷ ʽʥʰʠʤ 

ʙʣʦʢʘʤ, ʘ ʚʦʥʠ ʨʝʘʛʫʶʪʴ ʩʪʨʦʛʦ ʧʝʚʥʠʤ ʯʠʥʦʤ ï ʚʽʜʧʨʘʚʣʷʶʪʴ ʧʦʰʢʦʜʞʝʥʠʡ ʙʣʦʢ ʚ 

ʢʘʨʘʥʪʠʥ. 

ɼʦʜʘʪʢʦʚʝ ʦʙʯʠʩʣʶʚʘʣʴʥʝ ʥʘʚʘʥʪʘʞʝʥʥʷ, ʥʝʦʙʭʽʜʥʝ ʜʣʷ ʨʝʘʣʽʟʘʮʽʾ ʚ ʧʨʦʮʝʩʦʨʽ ʰʝʩʪʠ 

ʟʘʧʨʦʧʦʥʦʚʘʥʠʭ ʾʤ ʬʫʥʢʮʽʡ, ʱʦ ʧʽʜʚʠʱʫʶʪʴ ʙʝʟʧʝʢʫ, ʥʝ ʧʨʝʜʩʪʘʚʣʷʻ ʜʣʷ ʘʢʪʫʘʣʴʥʠʭ ʯʽʧʽʚ 

ʩʝʨʡʦʟʥʦʾ ʧʨʦʙʣʝʤʠ. ɻʨʫʧʘ 

ʘʤʝʨʠʢʘʥʩʴʢʠʭ ʽ ʻʚʨʦʧʝʡʩʴʢʠʭ 

ʜʦʩʣʽʜʥʠʢʽʚ ʦʧʫʙʣʽʢʫʚʘʣʘ ʥʘʫʢʦʚʫ 

ʨʦʙʦʪʦʚʽ, ʚ ʷʢʽʡ ʦʧʠʩʘʣʘ ʥʦʚʠʡ 

ʧʦʪʘʡʥʠʡ ʤʝʪʦʜ ʚʧʨʦʚʘʜʞʝʥʥʷ ʪʨʦʷʥʽʚ 

ʚ ʤʽʢʨʦʩʭʝʤʫ ʪʘʢʠʤ ʯʠʥʦʤ, ʱʦʙ ʮʽ 

ʟʤʽʥʠ ʥʝ ʤʦʞʥʘ ʙʫʣʦ ʚʠʷʚʠʪʠ ʟʘ 

ʜʦʧʦʤʦʛʦʶ ʤʽʢʨʦʩʢʦʧʘ ʘʙʦ 

ʬʫʥʢʮʽʦʥʘʣʴʥʠʭ ʪʝʩʪʽʚ. ʄʝʪʦʜ ʧʦʣʷʛʘʻ 

ʚ ʪʦʤʫ, ʱʦʙ ʟʤʽʥʶʚʘʪʠ ʧʦʣʷʨʥʽʩʪʴ 

ʜʦʧʘʥʪʘ ʥʘ ʧʝʚʥʠʭ ʜʽʣʷʥʢʘʭ 

ʪʨʘʥʟʠʩʪʦʨʘ (ʨʠʩ. 2). ʋ ʤʽʢʨʦʩʭʝʤʘʭ 

ʧʨʦʮʝʩʦʨʘ ʜʦʧʘʥʪ ʚʠʢʦʥʫʻ ʟʘʚʜʘʥʥʷ ʟ ʧʽʜʚʠʱʝʥʥʷ ʧʠʪʦʤʦʾ ʝʣʝʢʪʨʠʯʥʦʾ ʧʨʦʚʽʜʥʦʩʪʽ. ʋ 

ʧʨʦʮʝʩʽ ʚʠʨʦʙʥʠʮʪʚʘ ʪʝʦʨʝʪʠʯʥʠʡ ʤʦʞʥʘ ʟʤʽʥʠʪʠ ʚʣʘʩʪʠʚʦʩʪʽ ʪʨʘʥʟʠʩʪʦʨʘ ʧʦʪʨʽʙʥʠʤ 

ʟʣʦʚʤʠʩʥʠʢʦʚʽ ʯʠʥʦʤ ʪʘ ʦʪʨʠʤʘʪʠ ʢʦʥʪʨʦʣʴ ʥʘʜ ʮʽʣʴʦʚʠʤ ʧʨʠʩʪʨʦʻʤ [8]. ʋ ʨʦʙʦʪʽ 

ʧʨʝʜʩʪʘʚʣʝʥʦ ʜʚʘ ʧʨʠʢʣʘʜʠ ʪʦʛʦ, ʷʢ ʧʦʜʽʙʥʫ ʘʪʘʢʫ ʤʦʞʥʘ ʧʨʦʚʝʩʪʠ ʥʘ ʧʨʘʢʪʠʮʽ. ʋ ʦʜʥʦʤʫ ʟ 

ʮʠʭ ʧʨʠʢʣʘʜʽʚ ʥʘʚʦʜʠʪʠʩʷ ʤʦʜʠʬʽʢʘʮʽʷ ʤʦʜʫʣʷ ɻʇɺʏ ʚ ʧʨʦʮʝʩʦʨʘʭ Intel Ivy Bridge. ʋ ʮʴʦʤʫ 

ʧʨʦʮʝʩʦʨʽ ʛʝʥʝʨʫʶʪʴʩʷ 128 ï ʙʽʪʦʚʽ ʧʩʝʚʜʦʚʠʧʘʜʢʦʚʽ ʯʠʩʣʘ, ɻʇɺʏ ʚ ʥʴʦʤʫ ʩʢʣʘʜʘʻʪʴʩʷ ʟ ʜʚʦʭ 

ʈʠʩ. 2 ʇʨʠʢʣʘʜ ʚʙʫʜʦʚʽ ʘʧʘʨʘʪʥʦʛʦ ʪʨʦʷʥʘ ʚ ʤʽʢʨʦʩʭʝʤʫ. 
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ʯʘʩʪʠʥ ï ʜʞʝʨʝʣʦ ʝʥʪʨʦʧʽʾ ʽ ʩʠʩʪʝʤʘ ʮʠʬʨʦʚʦʾ ʧʦʩʪ-ʦʙʨʦʙʢʠ. ʆʜʠʥ ʟ ʤʦʜʫʣʽʚ ʧʦʩʪ-ʦʙʨʦʙʢʠ 

ʚʠʜʘʻ ʨʝʟʫʣʴʪʘʪ ʥʘ ʦʩʥʦʚʽ ʥʝʚʽʜʦʤʠʭ 128 ï ʙʽʪʥʠʭ ʚʠʧʘʜʢʦʚʠʭ ʯʠʩʝʣ ʚʽʜ ʜʞʝʨʝʣʘ ʝʥʪʨʦʧʽʾ ʽ 

ʥʝʚʽʜʦʤʠʭ 128 ï ʙʽʪʥʠʭ ʯʠʩʝʣ, ʦʙʯʠʩʣʶʚʘʥʠʭ ʚ ʧʨʦʮʝʩʽ ʦʙʨʦʙʢʠ, ʚʠʢʦʨʠʩʪʦʚʫʶʯʠ ʘʣʛʦʨʠʪʤ 

ʰʠʬʨʫʚʘʥʥʷ AES. ʗʢʱʦ ʟʣʦʚʤʠʩʥʠʢʫ ʚʜʘʩʪʴʩʷ ʟʤʽʥʠʪʠ ʧʝʚʥʘ ʢʽʣʴʢʽʩʪʴ ʟ 128 ʨʝʛʽʩʪʨʽʚ ʥʘ 

ʧʦʩʪʽʡʥʽ ʟʥʘʯʝʥʥʷ, ʪʦ ʚʽʨʦʛʽʜʥʽʩʪʴ ʚʛʘʜʫʚʘʥʥʷ ʟʛʝʥʝʨʦʚʘʥʦʛʦ ʙʣʦʢʦʤ ɻʇɺʏ ʯʠʩʣʘ (ʪʦʙʪʦ ʽ 

ʟʣʦʤʫ ʰʠʬʨʫ) ʟʨʦʩʪʝ ʟ 1/2128 ʜʦ 1/2m, ʜʝ m ï ʢʽʣʴʢʽʩʪʴ ʟʘʣʠʰʝʥʠʭ ʙʝʟ ʟʤʽʥʠ ʨʝʛʽʩʪʨʽʚ. ɺʠʷʚʠʪʠ 

ʟʙʽʡ ʚ ʨʦʙʦʪʽ ʙʣʦʢʫ ɻʇɺʏ ʤʦʜʠʬʽʢʦʚʘʥʦʛʦ ʧʨʦʮʝʩʦʨʘ ʥʘʚʽʪʴ ʧʨʠ m = 32 ʙʫʜʝ ʧʨʘʢʪʠʯʥʦ 

ʥʝʤʦʞʣʠʚʦ, ʘʜʞʝ ʚʽʥ ʫʩʧʽʰʥʦ ʧʨʦʡʜʝ ʫʩʽ ʪʝʩʪʠ. 

ʇʽʜʩʫʤʫʻʤʦ, ʱʦ ʫʨʘʟʣʠʚʦʩʪʽ ʤʦʞʫʪʴ ʙʫʪʠ ʚʧʨʦʚʘʜʞʝʥʽ ʚ ʤʽʢʨʦʩʭʝʤʫ ʷʢ ʥʘ ʝʪʘʧʽ 

ʧʨʦʝʢʪʫʚʘʥʥʷ, ʪʘʢ ʽ ʚʠʨʦʙʥʠʮʪʚʘ. ɺʽʜʰʫʢʘʪʠ ʜʝʢʽʣʴʢʘ ʪʠʩʷʯ ʰʢʽʜʣʠʚʠʭ ʪʨʘʥʟʠʩʪʦʨʽʚ ʩʝʨʝʜ 

ʤʽʣʴʡʦʥʽʚ ʢʦʨʠʩʥʠʭ ʥʝʧʨʦʩʪʦ. ʊʦʤʫ ʚʝʣʠʢʽ ʢʦʥʮʝʨʥʠ, CPU, ʱʦ ʚʠʨʦʙʣʷʶʪʴ, ʧʦʚʠʥʥʽ ʟʤʽʥʠʪʠ 

ʜʠʟʘʡʥ ʩʚʦʾʭ ʧʨʦʜʫʢʪʽʚ ï ʯʽʧʠ ʧʦʚʠʥʥʽ ʤʘʪʠ ʚʙʫʜʦʚʘʥʠʡ ʢʦʤʧʦʥʝʥʪ, ʱʦ ʚʽʜʧʦʚʽʜʘʻ ʟʘ ʙʝʟʧʝʢʫ. 

ɺʠʩʥʦʚʢʠ. ʊʘʢʠʤ ʯʠʥʦʤ, ʟʘʤʽʩʪʴ ʪʦʛʦ, ʱʦʙ ʚʧʨʦʚʘʜʞʫʚʘʪʠ ʚ ʤʽʢʨʦʩʭʝʤʫ ʜʦʜʘʪʢʦʚʽ 

ʥʘʧʽʚʧʨʦʚʽʜʥʠʢʦʚʽ ʝʣʝʤʝʥʪʠ, ʜʣʷ ʚʠʛʦʪʦʚʣʝʥʥʷ ʘʧʘʨʘʪʥʦʛʦ ʪʨʦʷʥʘ ʜʦʩʠʪʴ ʚʠʙʽʨʢʦʚʦ ʟʤʽʥʠʪʠ 

ʧʦʣʷʨʥʽʩʪʴ ʜʦʧʘʥʪʘ (ʟʤʽʥʠʪʠ ʨʦʙʦʪʫ ʥʘʷʚʥʠʭ ʚ ʯʽʧʽ ʪʨʘʥʟʠʩʪʦʨʽʚ) ʽ ʪʠʤ ʩʘʤʠʤ ʚʧʣʠʥʫʪʠ ʥʘ 

ʨʦʙʦʪʫ ʢʨʠʧʪʦʛʨʘʬʽʯʥʦʛʦ ʙʣʦʢʫ ʧʨʦʮʝʩʦʨʘ ʧʦʪʨʽʙʥʠʤ ʯʠʥʦʤ. ʉʪʚʦʨʝʥʽ ʟʘ ʮʽʻʶ ʤʝʪʦʜʠʢʦʶ 

ʘʧʘʨʘʪʥʽ ʟʘʢʣʘʜʢʠ ʥʝʤʦʞʣʠʚʦ ʚʠʷʚʠʪʠ ʙʽʣʴʰʽʩʪʶ ʤʝʪʦʜʽʚ, ʚʢʣʶʯʘʶʯʠ ʩʢʘʥʫʶʯʫ ʤʽʢʨʦʩʢʦʧʽʶ 

ʽ ʧʦʨʽʚʥʷʥʥʷ ʟ ʝʪʘʣʦʥʥʠʤʠ ʯʽʧʘʤʠ. ɼʣʷ ʚʠʨʽʰʝʥʥʷ ʟʘʚʜʘʥʥʷ ʱʦʜʦ ʟʘʭʠʩʪʫ ʚʽʜ ʟʘʢʣʘʜʥʠʭ 

ʧʨʠʩʪʨʦʾʚ ʤʦʞʫʪʴ ʩʣʫʛʫʚʘʪʠ ʚʣʘʩʥʽ ʨʦʟʨʦʙʢʠ, ʱʦ ʚʽʜʙʫʚʘʶʪʴʩʷ ʽʟ ʧʦʝʪʘʧʥʠʤ ʾʭ 

ʜʦʩʣʽʜʞʝʥʥʷʤ, ʨʦʟʨʦʙʢʦʶ ʚʽʜʧʦʚʽʜʥʠʭ ʪʝʭʥʽʯʥʠʭ ʫʤʽʚ ʪʘ ʤʘʪʝʤʘʪʠʯʥʠʭ ʤʦʜʝʣʝʡ, ʚʠʙʦʨʦʤ 

ʝʣʝʤʝʥʪʥʦʾ ʙʘʟʠ, ʧʨʦʛʨʘʤʥʦʛʦ ʟʘʙʝʟʧʝʯʝʥʥʷ, ʚʠʛʦʪʦʚʣʝʥʥʷʤ ʛʦʪʦʚʦʾ ʧʨʦʜʫʢʮʽʾ, ʘ ʧʨʠ ʚʜʘʣʽʡ 

ʨʝʘʣʽʟʘʮʽʾ ʟʘʟʥʘʯʝʥʠʭ ʝʪʘʧʽʚ ï ʟʘʢʫʧʽʚʣʷ ɯʈ ʤʦʜʫʣʽʚ ʜʣʷ ʨʝʘʣʽʟʘʮʽʾ ʚʽʪʯʠʟʥʷʥʠʭ ASIC. ʎʝ 

ʜʦʟʚʦʣʠʪʠ ʩʪʚʦʨʠʪʠ ʚʣʘʩʥʫ ʣʽʥʽʡʢʫ ʦʙʣʘʜʥʘʥʥʷ ʽʟ ʧʦʚʥʠʤ ʪʝʭʥʦʣʦʛʽʯʥʠʤ ʮʠʢʣʦʤ, ʧʦʯʠʥʘʶʯʠ 

ʚʽʜ ʨʦʟʨʦʙʢʠ ʽʟ ʟʘʢʽʥʯʫʶʯʠ ʝʪʘʧʦʤ ʫʪʠʣʽʟʘʮʽʾ, ʱʦ ʟʘʙʝʟʧʝʯʠʪʴ ʙʽʣʴʰ ʚʠʩʦʢʠʡ ʨʽʚʝʥʴ ʟʘʭʠʩʪʫ 

ʚʽʜ ʘʧʘʨʘʪʥʠʭ ʟʘʢʣʘʜʥʠʭ ʧʨʠʩʪʨʦʾʚ. ʅʘʧʨʷʤʦʤ ʧʦʜʘʣʴʰʠʭ ʜʦʩʣʽʜʞʝʥʴ ʻ ʘʥʘʣʽʟ ʥʘʷʚʥʠʭ 

ʤʝʪʦʜʽʚ ʚʠʷʚʣʝʥʥʷ ʜʦʧʘʥʪʽʚ, ʷʢʽ ʦʩʥʦʚʘʥʽ ʥʘ ʜʦʩʣʽʜʞʝʥʥʷʭ ʫ ʛʘʣʫʟʽ ʥʝʦʨʛʘʥʽʯʥʦʛʦ 

ʤʝʪʘʣʦʚʝʜʝʥʥʷ ʪʘ ʥʘʥʦʪʝʭʥʦʣʦʛʽʡ. 
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ʐʀʈʆʂʆʉʄʋɻʆɺʀʁ ʉʀʄɽʊʈʀʏʅʀʁ ɺɯɹʈɸʊʆʈ 

 

ɺ ʜʘʥʽʡ ʨʦʙʦʪʽ ʨʦʟʛʣʷʥʫʪʦ ʪʝʭʥʽʯʥʝ ʨʽʰʝʥʥʷ ʧʦ ʢʦʤʧʦʥʦʚʮʽ ʋʂʍ ʘʥʪʝʥʠ ʟ ʥʝʥʘʧʨʘʚʣʝʥʠʤ 

ʚʠʧʨʦʤʽʥʶʚʘʥʥʷʤ ʫ ʘʟʠʤʫʪʘʣʴʥʽʡ ʧʣʦʱʠʥʽ ʽ ʚʝʨʪʠʢʘʣʴʥʽʡ ʧʦʣʷʨʠʟʘʮʽʾ ʚʠʧʨʦʤʽʥʶʶʯʦʛʦ ʧʦʣʷ. ɸʥʪʝʥʘ ʧʨʠʟʥʘʯʝʥʘ 

ʜʣʷ ʨʦʙʦʪʠ ʫ ʩʢʣʘʜʽ ʙʘʟʦʚʦʾ ʩʪʘʥʮʽʾ ʪʨʘʥʢʽʥʛʦʚʦʛʦ ʟʚôʷʟʢʫ ʽ ʤʘʻ ʤʽʥʽʤʘʣʴʥʠʡ ʘʥʪʝʥʥʠʡ ʝʬʝʢʪ. 

ɯʣʴʾʥʦʚ ʄ.ɼ., ʆʩʪʘʧʫʢ ʆ.ɯ., ɺʣʘʩʝʥʢʦ ɯ.ʆ. ʐʠʨʦʢʦʧʦʣʦʩʥʳʡ ʩʝʤʝʪʨʠʯʥʳʡ ʚʠʙʨʘʪʦʨ. ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ 

ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʪʝʭʥʠʯʝʩʢʦʝ ʨʝʰʝʥʠʝ ʧʦ ʢʦʤʧʦʥʦʚʢʝ ʋʂɺ ʘʥʪʝʥʥʳ ʩ ʥʝʥʘʧʨʘʚʣʝʥʥʳʤ ʠʟʣʫʯʝʥʠʝʤ ʚ 

ʘʟʠʤʫʪʘʣʴʥʦʡ ʧʣʦʩʢʦʩʪʠ ʠ ʚʝʨʪʠʢʘʣʴʥʦʡ ʧʦʣʷʨʠʟʘʮʠʝʡ ʠʟʣʫʯʘʝʤʦʛʦ ʧʦʣʷ. ɸʥʪʝʥʥʘ ʧʨʝʜʥʘʟʥʘʯʝʥʘ ʜʣʷ ʨʘʙʦʪʳ ʚ 

ʩʦʩʪʘʚʝ ʙʘʟʦʚʦʡ ʪʨʘʥʢʠʥʛʦʚʦʡ ʩʚʷʟʠ ʠ ʠʤʝʝʪ ʤʠʥʠʤʘʣʴʥʳʡ ʘʥʪʝʥʥʳʡ ʵʬʬʝʢʪ. 

M. Ilienov, O. Ostapchyk, I. Vlasenko Broad band symmetric vibrator. In this paper, a solution linking VHF 

antenna with omnidirectional radiation in the azimuthal plane and vertical polarization of the radiating field. The 

antenna is intended for operation in the base station and trunking communication has a minimal antenna effect. 

ʂʣʶʯʦʚʽ ʩʣʦʚʘ: ʘʥʪʝʥʥʠʡ ʝʬʝʢʪ, ʟʘʧʠʨʘʶʯʠʡ ʮʠʣʽʥʜʨ, ʚʭʽʜʥʠʡ ʦʧʽʨ ʘʥʪʝʥʠ, ʢʦʤʧʝʥʩʫʶʯʠʡ ʝʣʝʤʝʥʪ, 

ʙʘʟʦʚʘ ʩʪʘʥʮʽʷ. 

ʇʦʩʪʘʥʦʚʢʘ ʟʘʚʜʘʥʥʷ. ɸʥʪʝʥʥʠʡ ʧʨʠʩʪʨʽʡ ʙʘʟʦʚʠʭ ʩʪʘʥʮʽʡ ʩʠʩʪʝʤ ʤʦʙʽʣʴʥʦʛʦ 

ʨʘʜʽʦʟʚôʷʟʢʫ ʻ ʥʘʡʚʘʞʣʠʚʽʰʠʤ ʝʣʝʤʝʥʪʦʤ ʩʠʩʪʝʤʠ ʚ ʮʽʣʦʤʫ, ʷʢʠʡ ʚʠʟʥʘʯʘʻ ʾʾ ʪʘʢʪʠʢʦ-

ʪʝʭʥʽʯʥʽ ʤʦʞʣʠʚʦʩʪʽ. ʉʧʝʮʠʬʽʯʥʠʤʠ ʚʠʤʦʛʘʤʠ ʜʦ ʘʥʪʝʥʥʠʭ ʧʨʠʩʪʨʦʾʚ ʙʘʟʦʚʠʭ ʩʪʘʥʮʽʡ ʻ 

ʟʘʙʝʟʧʝʯʝʥʥʷ ʟʘʜʘʥʠʭ ʾʾ ʟʦʚʥʽʰʥʽʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʽ ʫ ʧʝʨʰʫ ʯʝʨʛʫ ʨʦʟʧʦʜʽʣ ʧʦʣʷ 

ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ ʚ ʧʨʦʩʪʦʨʽ, ʷʢʝ ʧʦʚʠʥʥʝ ʥʝ ʪʽʣʴʢʠ ʟʘʙʝʟʧʝʯʫʚʘʪʠ ʝʥʝʨʛʝʪʠʯʥʠʡ ʧʦʪʝʥʮʽʘʣ 

ʨʘʜʽʦʣʽʥʽʾ, ʘ ʡ ʬʫʥʢʮʽʦʥʘʣʴʥʽ ʤʦʞʣʠʚʦʩʪʽ ʩʠʩʪʝʤ ʤʦʙʽʣʴʥʦʛʦ ʨʘʜʽʦʟʚôʷʟʢʫ. ɯʥʰʦʶ ʚʠʤʦʛʦʶ ʜʦ 

ʘʥʪʝʥ ʙʘʟʦʚʠʭ ʩʪʘʥʮʽʡ ʻ ʾʭ ʜʽʘʧʘʟʦʥʥʽ ʚʣʘʩʪʠʚʦʩʪʽ, ʧʽʜ ʷʢʠʤʠ ʩʣʽʜ ʨʦʟʫʤʽʪʠ ʟʙʝʨʝʞʝʥʥʷ 

ʙʘʟʦʚʠʭ ʧʘʨʘʤʝʪʨʽʚ ʘʥʪʝʥ ʫ ʨʦʙʦʯʽʡ ʩʤʫʟʽ ʯʘʩʪʦʪ. ʊʦʤʫ ʧʠʪʘʥʥʷ, ʧʦʚôʷʟʘʥʽ ʟ ʨʦʟʨʦʙʢʦʶ ʥʦʚʠʭ 

ʪʝʭʥʽʯʥʠʭ ʨʽʰʝʥʴ ʟ ʢʦʤʧʦʥʦʚʢʠ ʘʥʪʝʥʥʠʭ ʧʨʠʩʪʨʦʾʚ ʙʘʟʦʚʠʭ ʩʪʘʥʮʽʡ, ʤʦʜʝʨʥʽʟʘʮʽʾ ʚʞʝ 

ʽʩʥʫʶʯʠʭ, ʷʢʽ ʨʝʘʣʽʟʦʚʘʥʽ ʚ ʜʽʶʯʠʭ ʩʠʩʪʝʤʘʭ ʤʦʙʽʣʴʥʦʛʦ ʨʘʜʽʦʟʚôʷʟʢʫ, ʥʘʧʨʘʚʣʝʥʽ ʥʘ 

ʧʦʢʨʘʱʝʥʥʷ ʾʭ ʚʥʫʪʨʽʰʥʽʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ, ʧʽʜʚʠʱʝʥʥʷ ʝʬʝʢʪʠʚʥʦʩʪʽ, ʱʦ ʻ ʘʢʪʫʘʣʴʥʠʤʠ ʽ 

ʤʘʶʪʴ ʧʨʘʢʪʠʯʥʫ ʥʘʧʨʘʚʣʝʥʽʩʪʴ. 

ɸʥʘʣʽʟ ʦʩʪʘʥʥʽʭ ʜʦʩʣʽʜʞʝʥʴ ʽ ʧʫʙʣʽʢʘʮʽʡ  

ɺ ʪʝʭʥʽʯʥʽʡ ʣʽʪʝʨʘʪʫʨʽ ʧʦ ʘʥʪʝʥʥʽʡ ʪʝʭʥʽʮʽ [1], [2] ʜʦʩʪʘʪʥʴʦ ʜʝʪʘʣʴʥʦ ʚʠʢʣʘʜʝʥʦ 

ʧʠʪʘʥʥʷ ʧʨʦ ʘʥʪʝʥʠ ʙʘʟʦʚʠʭ ʩʪʘʥʮʽʡ ʩʠʩʪʝʤ ʤʦʙʽʣʴʥʦʛʦ ʨʘʜʽʦʟʚôʷʟʢʫ, ʷʢʠʡ ʜʦʟʚʦʣʷʻ 

ʧʨʦʘʥʘʣʽʟʫʚʘʪʠ ʧʠʪʘʥʥʷ ʧʨʦ ʩʪʘʥ ʾʭ ʨʦʟʨʦʙʢʠ, ʝʢʩʧʣʫʘʪʘʮʽʶ, ʥʘʧʨʷʤʦʢ ʾʭ ʧʦʜʘʣʴʰʦʛʦ 

ʨʦʟʚʠʪʢʫ. 

ʅʘʡʙʽʣʴʰ ʰʠʨʦʢʦʛʦ ʧʦʰʠʨʝʥʥʷ ʚ ʷʢʦʩʪʽ ʘʥʪʝʥ ʙʘʟʦʚʠʭ ʩʪʘʥʮʽʡ ʦʪʨʠʤʘʣʠ  ʚʝʨʪʠʢʘʣʴʥʽ 

ʥʝʩʠʤʝʪʨʠʯʥʽ ʚʽʙʨʘʪʦʨʠ (ɸʐ-h) ʟ ʜʦʚʞʠʥʦʶ ʧʨʦʚʽʜʥʠʢʘ l
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ʨʦʙʦʯʦʛʦ ʜʽʘʧʘʟʦʥʫ. ʊʘʢʽ ʘʥʪʝʥʠ ʟʘʙʝʟʧʝʯʫʶʪʴ ʥʝʩʧʨʷʤʦʚʘʥʝ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ ʚ 

ʘʟʠʤʫʪʘʣʴʥʽʡ ʧʣʦʱʠʥʽ, ʧʦʨʽʚʥʷʥʦ ʧʨʦʩʪʽ ʫ ʚʠʛʦʪʦʚʣʝʥʥʽ, ʧʦʪʨʝʙʫʶʪʴ ʚʽʜʥʦʩʥʦ ʤʘʣʠʭ ʟʘʪʨʘʪ. 

ʆʜʥʠʤ ʟ ʥʝʜʦʣʽʢʽʚ ʪʘʢʠʭ ʘʥʪʝʥ ʻ ʦʙʤʝʞʝʥʠʡ ʾʭ ʢʦʝʬʽʮʽʻʥʪ ʧʽʜʩʠʣʝʥʥʷ, ʱʦ ʥʝʛʘʪʠʚʥʦ 

ʚʽʜʦʙʨʘʞʘʻʪʴʩʷ ʥʘ ʝʥʝʨʛʝʪʠʯʥʦʤʫ ʧʦʪʝʥʮʽʘʣʽ ʨʘʜʽʦʣʽʥʽʾ. 

ʃʦʛʽʯʥʠʤ ʝʪʘʧʦʤ ʤʦʜʝʨʥʽʟʘʮʽʾ ʰʪʠʨʴʦʚʠʭ ʚʠʧʨʦʤʽʥʶʚʘʯʽʚ, ʩʧʨʷʤʦʚʘʥʠʭ ʥʘ ʚʠʢʣʶʯʝʥʥʷ 

ʾʭ ʛʦʣʦʚʥʦʛʦ ʥʝʜʦʣʽʢʫ, ʩʪʘʣʦ ʩʪʚʦʨʝʥʥʷ ʢʦʣʽʥʝʘʨʥʠʭ ʘʥʪʝʥ. ʆʩʥʦʚʥʠʤʠ ʝʣʝʤʝʥʪʘʤʠ ʪʘʢʠʭ 

ʘʥʪʝʥ ʻ ʨʦʟʪʘʰʦʚʘʥʽ ʥʘ ʦʜʥʽʡ ʦʩʽ ʪʘ ʩʠʥʬʘʟʥʦ ʟʙʫʜʞʝʥʽ ʚʠʧʨʦʤʽʥʶʶʯʽ ʝʣʝʤʝʥʪʠ ʪʘ 

ʬʘʟʦʟʩʫʚʘʶʯʠʡ ʚʫʟʦʣ, ʷʢʠʡ ʤʦʞʝ ʙʫʪʠ ʨʝʘʣʽʟʦʚʘʥʠʡ ʫ ʚʠʛʣʷʜʽ ʢʦʨʦʪʢʦʟʘʤʢʥʝʥʦʛʦ ʚʽʜʨʽʟʢʫ 

ʜʚʦʧʨʦʚʦʜʦʚʦʾ ʣʽʥʽʾ, ʽʥʜʫʢʪʠʚʥʦʛʦ ʜʨʦʩʝʣʷ ʽ ʪ.ʽʥ. ɼʦ ʥʝʜʦʣʽʢʽʚ ʢʦʣʽʥʝʘʨʥʠʭ ʘʥʪʝʥ ʤʦʞʥʘ 

ʚʽʜʥʝʩʪʠ: ʤʘʣʘ ʤʝʭʘʥʽʯʥʘ ʤʽʮʥʽʩʪʴ (ʟʘ ʚʠʢʣʶʯʝʥʥʷʤ ʢʦʘʢʩʽʘʣʴʥʠʭ ʢʦʣʽʥʝʘʨʥʠʭ ʘʥʪʝʥ); 

ʚʫʟʴʢʠʡ ʜʽʘʧʘʟʦʥ ʨʦʙʦʯʠʭ ʯʘʩʪʦʪ ʟʘ ʚʭʽʜʥʠʤ ʦʧʦʨʦʤ; ʩʢʣʘʜʥʽʩʪʴ ʥʘʣʘʰʪʫʚʘʥʥʷ ʘʥʪʝʥʠ ʥʘ 

ʝʪʘʧʽ ʾʾ ʨʦʟʨʦʙʢʠ. ɺʢʘʟʘʥʽ ʥʝʜʦʣʽʢʠ ʢʦʣʽʥʝʘʨʥʠʭ ʘʥʪʝʥ ʚ ʜʝʷʢʽʡ ʤʽʨʽ ʦʙʤʝʞʫʶʪʴ ʾʭ 

ʚʠʢʦʨʠʩʪʘʥʥʷ [2]. 
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ʅʘʡʙʽʣʴʰ ʰʠʨʦʢʽ ʬʫʥʢʮʽʦʥʘʣʴʥʽ ʤʦʞʣʠʚʦʩʪʽ ʚ ʧʣʘʥʽ ʬʦʨʤʫʚʘʥʥʷ ʟʘʜʘʥʠʭ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʥʘʧʨʘʚʣʝʥʦʩʪʽ ʚ ʘʟʠʤʫʪʘʣʴʥʽʡ ʧʣʦʱʠʥʽ ʤʦʞʫʪʴ ʟʘʙʝʟʧʝʯʠʪʠ ʘʥʪʝʥʥʽ ʨʝʰʽʪʢʠ 

(ɸʈ), ʷʢʽ ʚʠʢʦʥʘʥʽ ʫ ʚʠʛʣʷʜʽ ʩʠʤʝʪʨʠʯʥʦʛʦ ʚʽʙʨʘʪʦʨʘ ʥʘʜ ʮʠʣʽʥʜʨʠʯʥʦʶ ʧʦʚʝʨʭʥʝʶ (ʪʨʫʙʦʶ), 

ʘʙʦ ʥʘʜ ʧʣʦʩʢʠʤ ʝʢʨʘʥʦʤ (ʧʘʥʝʣʴʥʽ ʘʥʪʝʥʠ). ɿʦʚʥʽʰʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʪʘʢʠʭ ʘʥʪʝʥ 

ʚʠʟʥʘʯʘʶʪʴʩʷ ʥʘʩʪʫʧʥʠʤʠ ʧʘʨʘʤʝʪʨʘʤʠ: ʩʧʽʚʚʽʜʥʦʰʝʥʥʷʤ a/ɚ, ʜʝ ʘ ï ʨʘʜʽʫʩ ʮʠʣʽʥʜʨʘ; 

ʩʧʽʚʚʽʜʥʦʰʝʥʥʷʤ h/ɚ ʜʝ h ï ʚʽʜʩʪʘʥʴ ʚʠʧʨʦʤʽʥʶʚʘʯʘ ʜʦ ʮʠʣʽʥʜʨʠʯʥʦʾ ʧʦʚʝʨʭʥʽ; ʪʠʧʦʤ 

ʝʣʝʤʝʥʪʘ, ʷʢʠʡ ʚʠʧʨʦʤʽʥʶʻ. 

ʋ ʚʝʨʭʥʽʡ ʯʘʩʪʠʥʽ ʜʝʮʠʤʝʪʨʦʚʦʛʦ ʜʽʘʧʘʟʦʥʫ ʜʦʚʞʠʥ ʭʚʠʣʴ ʨʝʘʣʽʟʘʮʽʷ ʘʥʪʝʥʥʠʭ ʨʝʰʽʪʦʢ 

ʟ ʚʠʧʨʦʤʽʥʶʶʯʠʤ ʝʣʝʤʝʥʪʦʤ ʫ ʚʠʛʣʷʜʽ ʚʽʙʨʘʪʦʨʘ ʥʘʜ ʮʠʣʽʥʜʨʠʯʥʦʶ ʧʦʚʝʨʭʥʝʶ ʫʩʢʣʘʜʥʝʥʘ, 

ʧʝʨʰ ʟʘ ʚʩʝ, ʧʨʠ ʚʠʛʦʪʦʚʣʝʥʥʽ ʢʦʥʩʪʨʫʢʮʽʾ ʘʥʪʝʥʠ, ʪʦʤʫ ʜʦʮʽʣʴʥʦ ʚʽʙʨʘʪʦʨʥʽ ʘʥʪʝʥʥʽ ʨʝʰʽʪʢʠ 

ʩʪʚʦʨʶʚʘʪʠ ʥʘ ʚʠʧʨʦʤʽʥʶʚʘʯʘʭ ʫ ʚʠʛʣʷʜʽ ʩʠʤʝʪʨʠʯʥʦʛʦ ʚʽʙʨʘʪʦʨʘ ʥʘʜ ʧʣʦʩʢʠʤ ʝʢʨʘʥʦʤ, ʪʘʢ 

ʟʚʘʥʽ Ăʧʘʥʝʣʴʥʽ ʘʥʪʝʥʠò. ʊʘʢʽ ʘʥʪʝʥʠ ʰʠʨʦʢʦ ʟʘʩʪʦʩʦʚʫʶʪʴʩʷ ʪʘ ʫʩʧʽʰʥʦ ʝʢʩʧʣʫʘʪʫʶʪʴʩʷ 

ʨʽʟʥʠʤʠ ʦʧʝʨʘʪʦʨʘʤʠ ʩʪʽʣʴʥʠʢʦʚʦʛʦ ʟʚôʷʟʢʫ. 

ʇʨʠ ʚʩʽʭ ʧʝʨʝʚʘʛʘʭ ʚʽʙʨʘʪʦʨʥʠʭ ʘʥʪʝʥ ʜʣʷ ʙʘʟʦʚʠʭ ʩʪʘʥʮʽʡ ʩʠʩʪʝʤ ʤʦʙʽʣʴʥʦʛʦ ʟʚôʷʟʢʫ, 

ʦʩʦʙʣʠʚʦ ʤʝʪʨʦʚʦʛʦ ʜʽʘʧʘʟʦʥʫ ʪʘ ʥʠʞʥʴʦʾ ʯʘʩʪʠʥʠ ʜʝʮʠʤʝʪʨʦʚʦʛʦ, ʢʦʪʨʽ ʚʠʢʦʥʘʥʽ ʥʘ ʦʩʥʦʚʽ 

ʚʽʙʨʘʪʦʨʘ ʥʘʜ ʮʠʣʽʥʜʨʠʯʥʦʶ ʧʦʚʝʨʭʥʝʶ, ʥʝʦʙʭʽʜʥʦ ʟʘʫʚʘʞʠʪʠ ʡ ʥʠʟʢʫ ʾʭ ʩʫʪʪʻʚʠʭ ʥʝʜʦʣʽʢʽʚ. 

ʇʦ-ʧʝʨʰʝ: ʚʠʩʦʢʽ ʤʘʩʦʛʘʙʘʨʠʪʥʽ ʧʦʢʘʟʥʠʢʠ; ʧʦ-ʜʨʫʛʝ: ʦʙʤʝʞʝʥʥʷ ʟʘ ʬʦʨʤʫʚʘʥʥʷʤ ʧʦʪʨʽʙʥʠʭ 

ʍʅ ʚ ʘʟʠʤʫʪʘʣʴʥʽʡ ʧʣʦʱʠʥʽ; ʧʦ-ʪʨʝʪʻ: ʫʨʘʟʣʠʚʽʩʪʴ ʘʥʪʝʥʥʦʾ ʩʠʩʪʝʤʠ ʜʦ ʟʦʚʥʽʰʥʴʦʛʦ ʚʧʣʠʚʫ 

ʥʘʚʢʦʣʠʰʥʴʦʛʦ ʩʝʨʝʜʦʚʠʱʘ; ʧʦ-ʯʝʪʚʝʨʪʝ: ʚʠʩʦʢʘ ʤʝʪʘʣʦʻʤʥʽʩʪʴ ʘʥʪʝʥʠ. 

ɺ ʧʽʜʩʫʤʢʫ ʚʢʘʟʘʥʽ ʥʝʜʦʣʽʢʠ, ʷʢʽ ʧʨʠʟʚʦʜʷʪʴ ʜʦ ʚʠʩʦʢʠʭ ʤʘʪʝʨʽʘʣʴʥʠʭ ʚʠʪʨʘʪ ʧʨʠ 

ʚʠʛʦʪʦʚʣʝʥʥʽ, ʱʦ ʚ ʩʚʦʶ ʯʝʨʛʫ ʩʧʦʥʫʢʘʻ ʜʦ ʧʦʰʫʢʫ ʥʦʚʠʭ ʪʝʭʥʽʯʥʠʭ ʨʽʰʝʥʴ ʧʨʠ ʨʦʟʨʦʙʮʽ 

ʘʥʪʝʥʥʠʭ ʧʨʠʩʪʨʦʾʚ ʙʘʟʦʚʠʭ ʩʪʘʥʮʽʡ ʜʣʷ ʩʠʩʪʝʤ ʟʚôʷʟʢʫ ʟ ʨʫʭʦʤʠʤʠ ʦʙôʻʢʪʘʤʠ. [3]  

ɼʦʩʚʽʜ ʝʢʩʧʣʫʘʪʘʮʽʾ ʩʠʩʪʝʤ ʤʦʙʽʣʴʥʦʛʦ ʨʘʜʽʦʟʚôʷʟʢʫ, ʦʩʦʙʣʠʚʦ ʫ ʥʠʞʥʽʭ ʣʘʥʢʘʭ 

ʫʧʨʘʚʣʽʥʥʷ ɿʙʨʦʡʥʠʭ ʉʠʣ ʋʢʨʘʾʥʠ ʧʨʠ ʧʨʦʚʝʜʝʥʥʽ ʘʥʪʠʪʝʨʦʨʠʩʪʠʯʥʦʾ ʦʧʝʨʘʮʽʾ ʫ ʩʭʽʜʥʠʭ 

ʦʙʣʘʩʪʷʭ, ʥʘʛʣʷʜʥʦ ʧʦʢʘʟʫʻ, ʱʦ ʜʣʷ ʦʨʛʘʥʽʟʘʮʽʾ ʨʘʜʽʦʟʚôʷʟʢʫ ʫ ʢʦʨʦʪʢʦʭʚʠʣʴʦʚʠʭ ʽ 

ʫʣʴʪʨʘʢʦʨʦʪʢʦʭʚʠʣʴʦʚʠʭ ʜʽʘʧʘʟʦʥʘʭ ʥʘʡʙʽʣʴʰ ʰʠʨʦʢʝ ʧʦʰʠʨʝʥʥʷ ʚ ʷʢʦʩʪʽ ʘʥʪʝʥʠ, 

ʦʪʨʠʤʘʻʤʦ ʚʝʨʪʠʢʘʣʴʥʠʡ ʥʝʩʠʤʝʪʨʠʯʥʠʡ ʚʽʙʨʘʪʦʨ (ɸʐ-h), ʜʝ h ï ʚʠʩʦʪʘ ʚʠʧʨʦʤʽʥʶʶʯʦʛʦ 

ʧʨʦʚʽʜʥʠʢʘ. ʇʨʦʩʪʦʪʘ ʢʦʥʩʪʨʫʢʮʽʾ, ʥʝʥʘʧʨʘʚʣʝʥʝ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ ʚ ʘʟʠʤʫʪʘʣʴʥʽʡ ʧʣʦʱʠʥʽ, 

ʚʝʨʪʠʢʘʣʴʥʘ ʧʦʣʷʨʠʟʘʮʽʷ, ʥʘʜʽʡʥʽʩʪʴ ʨʦʙʦʪʠ ʚ ʧʦʚʥʽʡ ʤʽʨʽ ʚʽʜʧʦʚʽʜʘʻ ʚʠʤʦʛʘʤ ʧʨʝʜôʷʚʣʝʥʠʭ 
ʜʦ ʘʥʪʝʥ, ʷʢʽ ʟʥʘʡʰʣʠ ʰʠʨʦʢʝ ʟʘʩʪʦʩʫʚʘʥʥʷ ʚ ʷʢʦʩʪʽ ʘʥʪʝʥ ʙʘʟʦʚʠʭ ʩʪʘʥʮʽʡ ʩʠʩʪʝʤ 
ʤʦʙʽʣʴʥʦʛʦ ʨʘʜʽʦʟʚôʷʟʢʫ [4]. 

ʊʠʤ ʥʝ ʤʝʥʰʝ ʪʘʢʽ ʘʥʪʝʥʠ (ɸʐ-h ʽ ʡʦʛʦ ʤʦʜʠʬʽʢʘʮʽʾ, ʥʘʧʨʠʢʣʘʜ, ʢʦʣʽʥʝʘʨʥʽ ʘʥʪʝʥʠ) 

ʤʘʶʪʴ ʨʷʜ ʩʫʪʪʻʚʠʭ ʥʝʜʦʣʽʢʽʚ. ʇʦ-ʧʝʨʰʝ, ʦʙʤʝʞʝʥʽʩʪʴ ʩʤʫʛ ʨʦʙʦʯʠʭ ʯʘʩʪʦʪ ʧʦ ʚʭʽʜʥʦʤʫ 

ʦʧʦʨʫ, ʧʦ-ʜʨʫʛʝ, ʨʷʜ ʥʝʜʦʣʽʢʽʚ ʧʨʠʯʠʥʦʶ ʷʢʠʭ ʻ ʚʽʜʩʫʪʥʽʩʪʴ ʧʦʚʥʦʮʽʥʥʦʛʦ ʝʢʨʘʥʘ ʥʘʜ ʷʢʠʤ 

ʧʦʚʠʥʥʘ ʨʦʟʤʽʱʘʪʠʩʷ ʘʥʪʝʥʘ. ɼʽʡʩʥʦ, ʚ ʙʽʣʴʰʦʩʪʽ ʚʠʧʘʜʢʽʚ, ʚ ʷʢʦʩʪʽ ʝʢʨʘʥʘ ʚʠʩʪʫʧʘʻ ʢʦʨʧʫʩ 

ʨʘʜʽʦʩʪʘʥʮʽʾ, ʢʦʨʧʫʩ ʨʫʭʦʤʦʛʦ ʦʙôʻʢʪʘ, ʧʨʦʪʠʚʘʛʘ, ʷʢʱʦ ɸʐ-h ʨʦʟʤʽʱʫʻʪʴʩʷ ʥʘ ʤʘʯʪʽ. 

ʆʙʤʝʞʝʥʽ ʨʦʟʤʽʨʠ ʝʢʨʘʥʘ ʧʨʠʟʚʦʜʷʪʴ ʜʦ ʟʤʽʥʠ ʥʝ ʪʽʣʴʢʠ ʚʥʫʪʨʽʰʥʽʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʘʥʪʝʥʠ, 

ʥʘʧʨʠʢʣʘʜ, 
AZ  ï ʚʭʽʜʥʦʛʦ ʦʧʦʨʫ ʘʥʪʝʥʠ, ʘʣʝ ʽ ʟʦʚʥʽʰʥʽʭ, ʫ ʪʦʤʫ ʯʠʩʣʽ ʦʨʽʻʥʪʘʮʽʶ ʤʘʢʩʠʤʫʤʫ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʥʘʧʨʘʚʣʝʥʦʩʪʽ ʚʟʜʦʚʞ ʧʦʚʝʨʭʥʽ ʟʝʤʣʽ. 

ʇʨʠ ʨʦʟʤʽʱʝʥʥʽ ɸʐ-h ʥʘ ʱʦʛʣʽ ʟ ʤʝʪʦʶ ʟʤʝʥʰʝʥʥʷ ʚʧʣʠʚʫ ʧʽʜʩʪʠʣʘʶʯʦʾ ʧʦʚʝʨʭʥʽ 

(ɿʝʤʣʽ) ʚ ʷʢʦʩʪʽ ʝʢʨʘʥʘ ʚʠʩʪʫʧʘʶʪʴ ʨʽʟʥʦʤʘʥʽʪʥʽ ʟʘ ʢʦʥʩʪʨʫʢʮʽʻʶ ʧʨʦʪʠʚʘʛʠ ʦʙʤʝʞʝʥʥʷ ʧʦ 

ʛʝʦʤʝʪʨʠʯʥʠʭ ʨʦʟʤʽʨʘʭ. ʅʘʷʚʥʽʩʪʴ ʧʨʦʪʠʚʘʛ ʥʝ ʜʦʟʚʦʣʷʻ ʚʠʢʣʶʯʠʪʠ ʪʘʢʝ ʥʝʛʘʪʠʚʥʝ ʷʚʠʱʝ ʫ 

ʘʥʪʝʥʥʽʡ ʪʝʭʥʽʮʽ, ʷʢ Ăʘʥʪʝʥʥʠʡ ʝʬʝʢʪò ʬʽʜʝʨʘ. ʉʫʢʫʧʥʽʩʪʴ ʦʙʤʝʞʝʥʦʛʦ ʨʦʟʤʽʨʫ ʝʢʨʘʥʘ 

(ʧʨʦʪʠʚʘʛʠ) ʽ Ăʘʥʪʝʥʥʦʛʦ ʝʬʝʢʪʫò ʬʽʜʝʨʫ ʧʨʠʟʚʦʜʠʪʴ, ʢʨʽʤ ʧʝʨʝʨʘʭʦʚʘʥʦʛʦ, ʜʦ ʟʤʽʥʠ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʚʠʧʨʦʤʽʥʶʚʘʯʘ  ʜʦ ʟʙʽʣʴʰʝʥʥʷ ʚʪʨʘʪ ʫ ʬʽʜʝʨʽ, ʘ ʚʽʜʧʦʚʽʜʥʦ ʜʦ ʟʤʝʥʰʝʥʥʷ
Ah  ï 

ʢʦʬʽʮʽʻʥʪʘ ʢʦʨʠʩʥʦʾ ʜʽʾ ʘʥʪʝʥʦ-ʬʽʜʝʨʥʦʾ ʩʠʩʪʝʤʠ ʚ ʮʝʣʦʤ. ɺʠʢʨʠʚʣʝʥʥʷ ʜʽʘʛʨʘʤʠ 

ʥʘʧʨʘʚʣʝʥʦʩʪʽ, ʟʤʽʥʘ ʢʦʤʧʣʝʢʩʥʦʛʦ ʚʭʽʜʥʦʛʦ ʦʧʦʨʫ ʘʥʪʝʥ, ʟʤʝʥʰʝʥʥʷ ʢʦʝʬʽʮʽʻʥʪʘ ʢʦʨʠʩʥʦʾ 

ʜʽʾ ʘʥʪʝʥʦ-ʬʽʜʝʨʥʦʛʦ ʧʨʠʩʪʨʦʶ ʚ ʢʽʥʮʝʚʦʤʫ ʧʽʜʩʫʤʢʫ ʟʥʠʞʫʻ ʝʥʝʨʛʝʪʠʯʥʠʡ ʧʦʪʝʥʮʽʘʣ 

ʨʘʜʽʦʣʽʥʽʾ, ʘ ʚʽʜʧʦʚʽʜʥʦ ʽ ʷʢʽʩʪʴ ʪʘ ʜʘʣʴʥʽʩʪʴ ʨʘʜʽʦʟʚôʷʟʢʫ.  

ɯʩʥʫʻ ʨʷʜ ʪʝʭʥʽʯʥʠʭ ʨʽʰʝʥʴ, ʷʢʽ ʜʦʟʚʦʣʷʶʪʴ ʚ ʜʝʷʢʦʤʫ ʩʪʫʧʝʥʽ ʟʤʝʥʰʠʪʠ ʮʽ ʥʝʛʘʪʠʚʥʽ 

ʬʘʢʪʦʨʠ, ʘ ʩʘʤʝ [5]: ʚʢʣʶʯʝʥʥʷ ʽʟʦʣʷʪʦʨʘ ʚ ʪʦʯʮʽ ʧʽʜʢʣʶʯʝʥʥʷ ʬʽʜʝʨʘ; ʜʨʦʙʣʝʥʥʷ ʟʦʚʥʽʰʥʴʦʾ 
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ʧʦʚʝʨʭʥʽ ʽʟʦʣʷʪʦʨʘʤʠ (ʟʘʧʠʨʘʶʯʽ ʮʠʣʽʥʜʨʠ, ʜʨʦʩʝʣʽ, ʧʝʪʣʽ ʢʘʙʝʣʶ); ʚʠʢʦʨʠʩʪʘʥʥʷ ʧʦʛʣʠʥʘʯʽʚ 
(ʬʝʨʠʪʦʚʽ ʢʽʣʴʮʷ); ʧʽʜʙʽʨ ʥʝʨʝʟʦʥʘʥʩʥʦʾ ʜʦʚʞʠʥʠ ʬʽʜʝʨʘ. 

ʄʝʪʦʶ ʨʦʙʦʪʠ ʻ: ʨʦʟʨʦʙʢʘ ʪʝʭʥʽʯʥʦʛʦ ʨʽʰʝʥʥʷ ʧʦ ʢʦʤʧʦʥʦʚʮʽ ʚʝʨʪʠʢʘʣʴʥʦʛʦ 

ʩʠʤʝʪʨʠʯʥʦʛʦ ʚʽʙʨʘʪʦʨʘ ʢʦʘʢʩʽʘʣʴʥʦʛʦ ʪʠʧʫ, ʧʨʠʟʥʘʯʝʥʦʛʦ ʜʣʷ ʨʦʙʦʪʠ ʫ ʰʠʨʦʢʽʡ ʧʦʣʦʩʽ 

ʨʦʙʦʯʠʭ ʯʘʩʪʦʪ ʽ ʟʤʝʥʰʝʥʥʷ ʘʥʪʝʥʥʦʛʦ ʝʬʝʢʪʫ ʫ ʬʽʜʝʨʥʽʡ ʢʦʘʢʩʽʘʣʴʥʽʡ ʘʥʪʝʥʽ. 

ʆʩʥʦʚʥʘ ʯʘʩʪʠʥʘ. 

ʇʨʦʧʦʥʫʻʪʴʩʷ ʪʝʭʥʽʯʥʝ ʨʽʰʝʥʥʷ ʧʦ ʢʦʤʧʦʥʦʚʮʽ ʘʥʪʝʥ ʟ ʥʝʥʘʧʨʘʚʣʝʥʠʤ 

ʚʠʧʨʦʤʽʥʶʚʘʥʥʷʤ ʚ ʘʟʠʤʫʪʘʣʴʥʽʡ ʧʣʦʱʠʥʽ ʜʣʷ ʨʦʙʦʪʠ ʫ ʰʠʨʦʢʽʡ ʩʤʫʟʽ ʯʘʩʪʦʪ ʟ 

ʚʝʨʪʠʢʘʣʴʥʦʶ ʧʦʣʷʨʠʟʘʮʽʻʶ ʚʠʧʨʦʤʽʥʶʶʯʦʛʦ ʧʦʣʷ ʽ ʟʤʝʥʰʝʥʠʤ ʘʥʪʝʥʥʠʤ ʝʬʝʢʪʦʤ ʬʽʜʝʨʘ. 

ɺʽʜʦʤʠʡ ʨʷʜ ʪʝʭʥʽʯʥʠʭ ʨʽʰʝʥʴ, ʷʢʽ ʜʦʩʪʘʪʥʴʦ ʰʠʨʦʢʦ ʚʠʩʚʽʪʣʝʥʽ ʚ ʪʝʭʥʽʯʥʽʡ ʣʽʪʝʨʘʪʫʨʽ 

ʧʦ ʘʥʪʝʥʥʽʡ ʪʝʭʥʽʮʽ, ʷʢʽ ʜʦʟʚʦʣʷʶʪʴ ʨʦʟʰʠʨʠʪʠ ʧʦʣʦʩʫ ʨʦʙʦʯʠʭ ʯʘʩʪʠʥ ʧʦ ʚʭʽʜʥʦʤʫ ʦʧʦʨʫ 

ʚʽʙʨʘʪʦʨʥʠʭ ʘʥʪʝʥ. ʆʜʥʝ ʟ ʥʠʭ ï ʟʤʝʥʰʝʥʥʷ arï ʭʚʠʣʴʦʚʦʛʦ ʦʧʦʨʫ ʘʥʪʝʥʠ, ʧʨʠʢʣʘʜʦʤ 

ʨʝʘʣʽʟʘʮʽʾ ʷʢʦʛʦ ʻ ʰʠʨʦʢʦʚʽʜʦʤʘ ʢʦʨʦʪʢʦʭʚʠʣʴʦʚʘ ʘʥʪʝʥʘ ï ɺɻɼ
h

?³2
ï ʘʙʦ ʜʠʧʦʣʴ 

ʅʘʜʝʥʝʥʢʦ. 

ɼʨʫʛʠʤ ʚʽʜʦʤʠʤ ʨʽʰʝʥʥʷʤ ʧʨʦʙʣʝʤʠ ʜʽʘʧʘʟʦʥʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ ʫ ʚʽʙʨʘʪʦʨʥʠʭ ʘʥʪʝʥʘʭ ʻ 

ʟʤʽʥʝʥʥʷ ʨʦʟʧʦʜʽʣʫ ʭʚʠʣʴʦʚʦʛʦ ʦʧʦʨʫ ʚʟʜʦʚʞ ʧʣʝʯʝʡ ʚʽʙʨʘʪʦʨʘ. ʈʝʘʣʽʟʘʮʽʷ ʮʴʦʛʦ ʧʨʠʥʮʠʧʫ 

ʜʝʤʦʥʩʪʨʫʻʪʴʩʷ ʢʦʥʽʯʥʠʤʠ ʚʽʙʨʘʪʦʨʘʤʠ, ʝʢʩʧʦʪʝʥʮʽʘʣʴʥʠʤʠ, ʥʝʦʜʥʦʨʽʜʥʠʤʠ ʚʽʙʨʘʪʦʨʘʤʠ ʽ 

ʪ.ʧ. ɿʘʛʘʣʴʥʠʤ ʥʝʜʦʣʽʢʦʤ ʨʝʘʣʽʟʘʮʽʾ ʮʠʭ ʪʝʭʥʽʯʥʠʭ ʨʽʰʝʥʴ ʟʽ ʟʙʽʣʴʰʝʥʥʷ ʜʽʘʧʘʟʦʥʥʠʭ 

ʚʣʘʩʪʠʚʦʩʪʝʡ ʚʽʙʨʘʪʦʨʥʠʭ ʘʥʪʝʥ ʧʦʚô̫ ʟʘʥʠʡ ʟ ʧʦʛʽʨʰʝʥʥʷʤ ʤʘʩʦ-ʛʘʙʘʨʠʪʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ, 

ʱʦ ʥʝʧʨʠʡʥʷʪʥʦ ʜʣʷ ʘʥʪʝʥ, ʷʢʽ ʧʨʠʧʫʩʢʘʻʪʴʩʷ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʚ ʥʠʞʥʽʭ ʣʘʥʢʘʭ ʫʧʨʘʚʣʽʥʥʷ.  

 

 

 

 

 

 
 

 

 

 

 

 

 

 

ʈʠʩ.1. ʐʠʨʦʢʦʩʤʫʛʦʚʠʡ ʢʦʘʢʩʘ̔ʣʴʥʠʡ ʩʠʤʝʪʨʠʯʥʠʡ ʚʙ̔ʨʘʪʦʨ 

 

ʇʨʦʧʦʥʦʚʘʥʘ ʢʦʤʧʦʥʦʚʢʘ ʘʥʪʝʥ ʚʠʢʦʥʘʥʘ ʫ ʚʠʛʣʷʜʽ ʢʦʘʢʩʽʘʣʴʥʦʛʦ ʩʠʤʝʪʨʠʯʥʦʛʦ 

ʚʽʙʨʘʪʦʨʘ, ʢʦʥʩʪʨʫʢʮʽʷ ʷʢʦʾ ʧʦʢʘʟʘʥʘ ʥʘ ʨʠʩ.1, ʪʫʪ ʚʚʝʜʝʥʽ ʥʘʩʪʫʧʥʽ ʧʦʟʥʘʯʝʥʷ: 

1 ï ʧʣʝʯʽ ʚʽʙʨʘʪʦʨʘ; 2 ï ʟʘʧʠʨʘʶʯʠʡ ʮʠʣʽʥʜʨ; 3 ï ʨʘʜʽʘʣʴʥʘ ʧʨʦʪʠʚʘʛʘ; 4 ï ʚʠʩʦʢʦ-

ʯʘʩʪʦʪʥʠʡ ʨʦʟôʻʤ; 5 ï ʚʭʽʜʥʽ ʢʣʝʤʠ ʘʥʪʝʥʠ; 6 ï ʝʣʝʤʝʥʪ ʥʘʩʪʨʦʡʢʠ, 7 ï ʨʝʘʢʪʠʚʥʠʡ ʦʧʽʨ 
ʟʘʧʠʨʘʶʯʦʛʦ ʮʠʣʽʥʜʨʘ; 8 ï ʦʧʽʨ ʟʦʚʥʽʰʥʴʦʾ ʦʙʦʣʦʥʢʠ ʢʦʘʢʩʽʘʣʴʥʦʾ ʣʽʥʽʾ. 

ɾʠʚʣʝʥʥʷ ʘʥʪʝʥʠ ʟʜʽʡʩʥʶʻʪʴʩʷ ʨʘʜʽʦʯʘʩʪʦʪʥʠʤ ʢʦʘʢʩʽʘʣʴʥʠʤ ʢʘʙʝʣʝʤ ʈʂ-50-d-N1N2 

ʯʝʨʝʟ ʚʠʩʦʢʦʯʘʩʪʦʪʥʠʡ ʨʦʟôʻʤ (4). ɺʝʨʭʥʻ ʽ ʥʠʞʥʻ ʧʣʝʯʽ ʚʽʙʨʘʪʦʨ ʦʢʨʝʤʦ ʩʚʦʾʭ ʧʨʷʤʠʭ 

ʬʫʥʢʮʽʡ ʚʠʢʦʥʫʶʪʴ: ʚʝʨʭʥʻ ï ʨʦʣʴ ʯʘʩʪʦʪʥʦʛʦ ʢʦʤʧʝʥʩʘʪʦʨʘ; ʥʠʞʥʻ ï ʟʘʧʠʨʘʶʯʦʛʦ ʮʠʣʽʥʜʨʘ.  

ɿ ʤʝʪʦʶ ʧʽʜʚʠʱʝʥʥʷ ʝʬʝʢʪʠʚʥʦʩʪʽ ʘʥʪʝʥʠ, ʟʘ ʮʠʤ ʟʤʝʥʰʝʥʥʷ ʘʥʪʝʥʥʦʛʦ ʝʬʝʢʪʫ, 

ʚʚʦʜʠʪʴʩʷ ʚ ʢʦʥʩʪʨʫʢʮʽʶ ʘʥʪʝʥʠ ʜʦʜʘʪʢʦʚʠʡ ʟʘʧʠʨʘʶʯʠʡ ʮʠʣʽʥʜʨ (2) ʟ ʨʘʜʽʘʣʴʥʦʶ 

ʧʨʦʪʠʚʘʛʦʶ (3), ʱʦ ʨʦʟʰʠʨʶʻʪʴʩʷ ʥʘ ʚʽʜʩʪʘʥʽ 0,15 l ʚʽʜ ʥʠʞʥʴʦʛʦ ʢʨʘʶ ʩʠʤʝʪʨʠʯʥʦʛʦ 

ʚʽʙʨʘʪʦʨʘ, ʜʝ l ï ʜʦʚʞʠʥʘ ʭʚʠʣʽ. ʊʘʢʠʤ ʯʠʥʦʤ ʘʥʪʝʥʘ ʤʘʻ ʜʚʘ ʟʘʧʠʨʘʶʯʠʭ ʮʠʣʽʥʜʨʘ, 

ʨʦʟʥʝʩʝʥʠʭ ʧʦ ʦʩʽ ʚʽʙʨʘʪʦʨʘ. ɺ ʩʫʢʫʧʥʦʩʪʽ ʟ ʨʘʜʽʘʣʴʥʦʶ ʧʨʦʪʠʚʘʛʦʶ ʪʘʢʘ ʢʦʥʩʪʨʫʢʮʽʷ 

ʜʦʟʚʦʣʷʻ ʽʩʪʦʪʥʦ ʟʤʝʥʰʠʪʠ ʘʥʪʝʥʥʠʡ ʝʬʝʢʪ. 
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ɿʙʽʣʴʰʝʥʥʷ ʨʦʙʦʯʦʛʦ ʜʽʘʧʘʟʦʥʫ ʟʘʙʝʟʧʝʯʫʻʪʴʩʷ ʯʘʩʪʦʪʥʠʤ ʢʦʤʧʝʥʩʘʪʦʨʦʤ ʽ ʝʣʝʤʝʥʪʦʤ 

ʥʘʣʘʰʪʫʚʘʥʥʷ (6), ʚʠʢʦʥʘʥʦʛʦ ʫ ʚʠʛʣʷʜʽ ʻʤʥʦʩʪʽ ʤʽʞ ʥʠʞʥʽʤ ʧʣʝʯʝʤ ʚʽʙʨʘʪʦʨʘ ʽ ʟʦʚʥʽʰʥʽʤ 

ʧʨʦʚʽʜʥʠʢʦʤ ʬʽʜʝʨʘ. 

ʇʨʠʥʮʠʧ ʨʦʙʦʪʠ ʯʘʩʪʦʪʥʦʛʦ ʢʦʤʧʝʥʩʘʪʦʨʘ ʟʦʙʨʘʞʝʥʠʡ ʥʘ ʝʢʚʽʚʘʣʝʥʪʥʽʡ ʩʭʝʤʽ 

ʤʦʜʝʬʽʢʦʚʘʥʦʛʦ ʢʦʘʢʩʽʘʣʴʥʦʛʦ ʩʠʤʝʪʨʠʯʥʦʛʦ ʚʽʙʨʘʪʦʨʘ (ʨʠʩ.1.ʚ). ʏʘʩʪʦʪʥʘ ʢʦʤʧʝʥʩʘʮʽʷ 

ʨʝʘʢʪʠʚʥʦʾ ʩʢʣʘʜʦʚʦʾ ʚʭʽʜʥʦʛʦ ʦʧʦʨʫ ʘʥʪʝʥʠ ʟʜʽʡʩʥʶʻʪʴʩʷ ʟʘ ʨʘʭʫʥʦʢ ʧʘʨʘʣʣʝʣʴʥʦʛʦ 

ʚʚʽʤʢʥʝʥʥʷ ʜʚʦʭ ʯʚʝʨʪʴʭʚʠʣʴʦʚʠʭ ʣʽʥʽʡ ʨʦʟʽʤʢʥʫʪʦʾ (ʩʠʤʝʪʨʠʯʥʠʡ ʚʽʙʨʘʪʦʨ) ʽ ʟʘʤʢʥʫʪʦʾ 

(ʚʥʫʪʨʽʰʥʷ ʧʦʚʝʨʭʥʷ ʢʦʘʢʩʽʘʣʴʥʦʾ ʣʽʥʽʾ) ʥʘ ʢʽʥʮʷʭ. 

ɺʭʽʜʥʘ ʧʨʦʚʽʜʥʽʩʪʴ ʘʥʪʝʥʠ ʚ ʪʦʯʮʽ ʧʽʜʢʣʶʯʝʥʥʷ ʢʦʘʢʩʽʘʣʴʥʦʛʦ ʢʘʙʝʣʶ (ʚʭʽʜʥʽ ʢʣʝʤʠ 

ʘʥʪʝʥʠ ɸ-ɸ) ʫ ʮʴʦʤʫ ʚʠʧʘʜʢʫ ʚʠʟʥʘʯʘʻʪʴʩʷ ʚʠʨʘʟʦʤ: 
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ʜʝ: ar ï ʭʚʠʣʴʦʚʠʡ ʦʧʽʨ ʩʠʤʝʪʨʠʯʥʦʛʦ ʚʽʙʨʘʪʦʨʘ; 

      kr ï ʭʚʠʣʴʦʚʠʡ ʦʧʽʨ ʯʘʩʪʦʪʥʦʛʦ ʢʦʤʧʝʥʩʘʪʦʨʘ. 

ʇʝʨʝʪʚʦʨʶʶʯʠ ʚʠʨʘʟ (1) ʤʦʞʥʘ ʟʘʧʠʩʘʪʠ ,ʱʦ 
BXZ  ï ʚʭʽʜʥʠʡ ʦʧʽʨ ʘʥʪʝʥʠ ʫ ʮʴʦʤʫ 

ʚʠʧʘʜʢʫ ʙʫʜʝ ʜʦʨʽʚʥʶʚʘʪʠ 
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ʜʝ: 
AR  ï ʘʢʪʠʚʥʘ ʩʢʣʘʜʦʚʘ ʚʭʽʜʥʦʛʦ ʦʧʦʨʫ ʘʥʪʝʥʠ; l  ï ʜʦʚʞʠʥʘ ʧʣʝʯʘ ʘʥʪʝʥʠ. 

ɿ ʚʠʨʘʟʫ (2) ʤʦʞʥʘ ʧʦʢʘʟʘʪʠ, ʱʦ ʜʣʷ ʧʦʚʥʦʾ ʢʦʤʧʝʥʩʘʮʽʾ ʨʝʘʢʪʠʚʥʦʾ ʩʢʣʘʜʦʚʦʾ ʚʭʽʜʥʦʛʦ 

ʦʧʦʨʫ ʘʥʪʝʥʠ ʧʨʠ ʥʝʚʝʣʠʢʽʡ ʨʦʟʩʪʨʦʡʮʽ ʯʘʩʪʦʪʠ ʥʝʦʙʭʽʜʥʦ ʚʠʢʦʥʘʪʠ ʫʤʦʚʫ  
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ʇʨʠ ʚʠʢʦʥʘʥʥʽ ʫʤʦʚʠ (3) ʚʭʽʜʥʠʡ ʦʧʽʨ ʘʥʪʝʥʠ ( )BXZ  ʙʫʜʝ ʯʠʩʪʦ ʘʥʪʝʥʥʠʤ ʽ ʨʽʚʥʝ 

AR

ʇʨʠ ʜʦʚʞʠʥʽ ʧʣʝʯʘ ʩʠʤʝʪʨʠʯ-ʥʦʛʦ ʚʽʙʨʘʪʦʨʘ, ʱʦ ʜʦʨʽʚʥʶʻ 4l , ʜʝ: l ï ʜʦʚʞʠʥʘ ʭʚʠʣʽ, 

ʚʠʣʠʯʠʥʘ 
AR  ʙʫʜʝ ʨʽʚʥʘ ʧʨʠʙʣʠʟʥʦ 75 [ʆʤ]. ʋʤʦʚʘ (3) ʧʦ ʚʠʙʦʨʫ ʭʚʠʣʴʦʚʦʛʦ ʦʧʦʨʫ 

ʯʘʩʪʦʪʥʦʛʦ ʢʦʤʧʝʥʩʘʪʦʨʘ ʜʦʩʪʘʪʥʴʦ ʣʝʛʢʦ ʨʝʘʣʽʟʫʻʪʴʩʷ  ʥʘ ʢʦʘʢʩʽʘʣʴʥʽʡ ʣʽʥʽʾ .  

ɼʣʷ ʜʦʜʘʪʢʦʚʦʛʦ ʨʦʟʰʠʨʝʥʥʷ ʜʽʘʧʘʟʦʥʫ ʨʦʙʦʯʠʭ ʯʘʩʪʦʪ ʧʦ ʚʭʽʜʥʦʤʫ ʦʧʦʨʫ 
AZ  ʚ 

ʢʦʥʩʪʨʫʢʮʽʶ ʘʥʪʝʥʠ ʚʚʦʜʠʪʴʩʷ ʢʦʨʦʪʢʦʟʘʤʢʥʝʥʘ ʚʪʫʣʢʘ (6), ʨʝʛʫʣʶʻʪʴʩʷ ʟʚô̫ ʟʦʢ ʘʥʪʝʥʠ ʟ 

ʟʦʚʥʽʰʥʴʦʶ ʧʦʚʝʨʭʥʴʦʶ ʬʽʜʝʨʘ (8), ʨʦʣʴ ʷʢʦʛʦ ʚʠʢʦʥʫʻ ʚʥʫʪʨʽʰʥʷ ʪʨʫʙʘ ʘʥʪʝʥʠ. ʎʝʡ 

ʜʦʜʘʪʢʦʚʠʡ ʝʣʝʤʝʥʪ ʜʦʟʚʦʣʷʻ ʫ 2 ʨʘʟʠ ʟʙʽʣʴʰʠʪʠ ʩʤʫʛʫ ʨʦʙʦʯʠʭ ʯʘʩʪʦʪ ʧʦ ʚʭʽʜʥʦʤʫ ʦʧʦʨʫ. 

ɼʦʜʘʪʢʦʚʠʡ ʟʘʧʠʨʘʶʯʠʡ ʮʠʣʽʥʜʨ ʟ ʨʘʜʽʘʣʴʥʦʶ ʧʨʦʪʠʚʘʛʦʶ ʟʘʙʝʟʧʝʯʫʻ ʟʥʠʞʝʥʥʷ 

ʘʥʪʝʥʥʦʛʦ ʝʬʝʢʪʫ ʬʽʜʝʨʘ. ɽʬʝʢʪʠʚʥʽʩʪʴ ʨʦʙʦʪʠ ʮʴʦʛʦ ʝʣʝʤʝʥʪʘ ʚʠʟʥʘʯʘʻʪʴʩʷ ʡʦʛʦ ʚʭʽʜʥʠʤ 

ʦʧʦʨʦʤ ( )BXR , ʷʢʠʡ ʚʠʟʥʘʯʘʻʪʴʩʷ ʚʽʜʥʦʰʝʥʥʷʤ  

( )

( )
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ʜʝ a ,b  ï ʧʦʧʝʨʝʯʥʽ ʨʦʟʨʽʟʠ ʢʦʘʢʩʽʘʣʴʥʦʾ ʣʽʥʽʾ; d ï ʫʜʽʣʴʥʘ ʧʨʦʚʽʜʥʽʩʪʴ ʤʘʪʝʨʽʘʣʫ. 

ɺʠʨʘʟ (4) ʜʦʟʚʦʣʷʻ ʟʨʦʙʠʪʠ ʚʘʞʣʠʚʠʡ ʚʠʩʥʦʚʦʢ: ʯʠʤ ʙʽʣʴʰʠʡ ʧʦʧʝʨʝʯʥʠʡ ʧʝʨʝʨʽʟ 

ʟʘʧʠʨʘʶʯʦʛʦ ʮʠʣʽʥʜʨʘ, ʪʠʤ ʚʠʱʝ ʡʦʛʦ ʚʭʽʜʥʠʡ ʦʧʽʨ, ʽ ʷʢ ʥʘʩʣʽʜʦʢ, ʤʝʥʰʝ ʟʘʪʽʢʘʥʥʷ ʩʪʨʫʤʽʚ 

ʥʘ ʟʦʚʥʽʰʥʽʡ ʧʨʦʚʽʜʥʠʢ ʢʦʘʢʩʽʘʣʴʥʦʛʦ ʬʽʜʝʨʘ. ɿʤʝʥʴʰʝʥʥʷ ʨʦʟʤʽʨʽʚ ʟʘʧʠʨʘʶʯʦʛʦ ʮʠʣʽʥʜʨʘ 

ʜʦʩʷʛʘʻʪʴʩʷ ʟʘ ʨʘʭʫʥʦʢ ʚʚʝʜʝʥʥʷ ʚʠʩʦʢʦʯʘʩʪʦʪʥʦʛʦ ʜʽʝʣʝʢʪʨʠʢʘ ʫ ʦʙʻʤ ʢʦʘʢʩʽʘʣʴʥʦʛʦ, 

ʟʘʢʦʨʦʯʝʥʦʛʦ ʚʽʜʨʽʟʢʘ.  
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ʇʨʝʜʩʪʘʚʣʝʥʝ ʪʝʭʥʽʯʥʝ ʨʽʰʝʥʥʷ ʧʦ ʢʦʤʧʦʥʦʚʮʽ ʰʠʨʦʢʦʩʤʫʛʦʚʦʛʦ ʩʠʤʤʝʪʨʠʯʥʦʛʦ 

ʚʽʙʨʘʪʦʨʘ ʤʘʻ ʱʝ ʦʜʥʫ ʧʝʨʝʚʘʛʫ, ʘ ʩʘʤʝ ï ʧʽʜʚʠʱʝʥʥʠʡ ʢʦʝʬʽʮʽʻʥʪ ʧʽʜʩʠʣʝʥʥʷ ʫ ʧʦʨʽʚʥʷʥʥʽ ʟ 

ʢʣʘʩʠʯʥʠʤ ʩʠʤʝʪʨʠʯʥʠʤ ʚʽʙʨʘʪʦʨʦʤ ʫ ʚʽʣʴʥʦʤʫ ʧʨʦʩʪʦʨʽ. ʎʝ ʜʦʩʷʛʘʻʪʴʩʷ ʟʘ ʨʘʭʫʥʦʢ 

ʚʚʝʜʝʥʥʷ ʨʘʜʽʘʣʴʥʠʭ ʧʨʦʪʠʚʘʛ, ʷʢʽ ʨʦʟʤʽʱʫʶʪʴʩʷ ʥʘ ʚʽʜʜʘʣʝʥʥʽ l15,0  ʚʽʜ ʚʽʙʨʘʪʦʨʘ. ʋ 

ʚʽʜʧʦʚʽʜʥʦʩʪʽ ʜʦ ʪʝʦʨʽʾ ʘʥʪʝʥʥʠʭ ʨʝʰʽʪʦʢ ʪʘʢʝ ʨʦʟʤʽʱʝʥʥʷ ʚʽʜʧʦʚʽʜʘʻ ʦʧʪʠʤʘʣʴʥʦʤʫ 

ʨʦʟʥʝʩʝʥʥʽ ʜʚʦʭ ʚʠʧʨʦʤʽʥʶʚʘʯʽʚ (ʢʦʘʢʩʽʘʣʴʥʠʡ ʚʽʙʨʘʪʦʨ ʽ ʡʦʛʦ ʜʟʝʨʢʘʣʴʥʝ ʚʽʜʦʙʨʘʞʝʥʥʷ ʥʘʜ 

ʝʢʨʘʥʦʤ) ʧʦ ʢʨʠʪʝʨʽʶ ʤʘʢʩʠʤʘʣʴʥʦʛʦ ʢʦʝʬʽʮʽʻʥʪʘ ʧʽʜʩʠʣʝʥʥʷ. ʂʦʝʬʽʮʽʻʥʪ ʧʽʜʩʠʣʝʥʥʷ ʤʦʞʥʘ 

ʟʙʽʣʴʰʠʪʠ ʜʦ 4 ʜɹʽ, ʷʢʱʦ ʧʣʝʯʽ ʚʽʙʨʘʪʦʨʘ ʟʙʽʣʴʰʠʪʠ ʜʦ ʧʦʣʦʚʠʥʠ ʜʦʚʞʠʥʠ ʭʚʠʣʽ, ʪʦʙʪʦ 

ʧʝʨʝʡʪʠ ʥʘ ʭʚʠʣʴʦʚʠʡ ʢʦʘʢʩʽʘʣʴʥʠʡ ʚʽʙʨʘʪʦʨ. 

ʊʘʢʠʤ ʯʠʥʦʤ, ʩʫʢʫʧʥʽʩʪʴ ʜʦʜʘʪʢʦʚʦʛʦ ʽʟʦʣʷʪʦʨʘ ʫ ʚʠʛʣʷʜʽ ʟʘʧʠʨʘʶʯʦʛʦ ʮʠʣʽʥʜʨʘ, 

ʨʘʜʽʘʣʴʥʠʭ ʧʨʦʪʠʚʘʛ, ʝʣʝʤʝʥʪʘ ʧʝʨʝʙʫʜʦʚʠ ʚʭʽʜʥʦʛʦ ʦʧʦʨʫ ʜʦʟʚʦʣʷʻ ʧʦʟʙʘʚʠʪʠʩʴ ʚʽʜ 

Ăʘʥʪʝʥʥʦʛʦ ʝʬʝʢʪʘò ʬʽʜʝʨʘ, ʨʦʟʰʠʨʠʪʠ ʜʽʘʧʘʟʦʥʥʽ ʚʣʘʩʪʠʚʦʩʪʽ ʘʥʪʝʥʠ, ʟʙʽʣʴʰʠʪʠ ʢʦʝʬʽʮʽʻʥʪ 

ʧʽʜʩʠʣʝʥʥʷ, ʱʦ ʦʩʦʙʣʠʚʦ ʚʘʞʣʠʚʦ ʧʨʠ ʨʦʙʦʪʽ ʙʘʟʦʚʠʭ ʩʪʘʥʮʽʡ ʘʙʦ ʨʝʪʨʘʥʩʣʷʪʦʨʽʚ ʥʘ 

ʨʦʟʥʝʩʝʥʥʷ ʘʥʪʝʥ ʧʦ ʢʫʪʫ ʤʽʩʮʷ, ʘ ʪʘʢʦʞ ʟʥʠʟʠʪʠ ʩʪʘʥʮʽʡʥʽ ʟʘʚʘʜʠ ʩʚʦʾʤ ʨʘʜʽʦʩʪʘʥʮʽʷʤ. 

ɺʠʩʥʦʚʦʢ. 

ʅʘʧʽʚʭʚʠʣʴʦʚʠʡ ʚʝʨʪʠʢʘʣʴʥʠʡ ʩʠʤʝʪʨʠʯʥʠʡ ʚʽʙʨʘʪʦʨ ʢʦʘʢʩʽʘʣʴʥʦʛʦ ʪʠʧʫ ʤʦʞʝ ʙʫʪʠ 

ʚʠʢʦʨʠʩʪʘʥʠʡ ʚ ʷʢʦʩʪʽ ʝʬʝʢʪʠʚʥʦʾ ʘʥʪʝʥʠ ʙʘʟʦʚʦʾ ʩʪʘʥʮʽʾ ʨʽʟʥʦʤʘʥʽʪʥʠʭ ʩʠʩʪʝʤ ʤʦʙʽʣʴʥʦʛʦ 

ʨʘʜʽʦʟʚôʷʟʢʫ, ʱʦ ʜʦʟʚʦʣʷʻ ʬʦʨʤʫʚʘʪʠ ʥʝʥʘʧʨʘʚʣʝʥʝ ʧʦʣʝ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ ʫ ʘʟʠʤʫʪʘʣʴʥʽʡ 

ʧʣʦʱʠʥʽ ʟ ʚʝʨʪʠʢʘʣʴʥʦʶ ʧʦʣʷʨʠʟʘʮʽʻʶ. ʇʨʠ ʨʦʙʦʪʽ ʘʥʪʝʥʠ ʚ ʜʽʘʧʘʟʦʥʽ 174...1362 =Df [ʄɻʮ], 

ʾʾ ʛʝʦʤʝʪʨʠʯʥʽ ʨʦʟʤʽʨʠ ʜʦʨʽʚʥʶʚʘʪʠʤʫʪʴ 10001650³=³WL . 

ʆʩʥʦʚʥʠʤʠ ʥʘʧʨʷʤʢʘʤʠ ʧʦʜʘʣʴʰʠʭ ʜʦʩʣʽʜʞʝʥʴ ʻ ʥʘʩʪʫʧʥʽ: 

ʨʦʟʨʦʙʢʘ ʰʠʨʦʢʦʩʤʫʛʦʚʦʛʦ ʩʠʤʝʪʨʠʯʥʦʛʦ ʚʽʙʨʘʪʦʨʘ ʽ ʜʦʩʣʽʜʞʝʥʥʷ ʡʦʛʦ ʚʥʫʪʨʽʰʥʽʭ ʽ 

ʟʦʚʥʽʰʥʽʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ; 

ʟʤʽʥʝʥʥʷ ʪʝʭʥʽʯʥʠʭ ʨʽʰʝʥʴ ʧʦ ʟʤʝʥʰʝʥʥʶ ʤʝʪʘʣʦʻʤʥʦʩʪʽ ʰʠʨʦʢʦʩʤʫʛʦʚʦʛʦ ʚʽʙʨʘʪʦʨʘ; 

ʨʦʟʨʦʙʢʘ ʪʝʭʥʽʯʥʠʭ ʨʽʰʝʥʴ ʧʦ ʢʦʤʧʦʥʦʚʮʽ ʰʠʨʦʢʦʩʤʫʛʦʚʠʭ ʘʥʪʝʥ ʜʣʷ ʙʘʟʦʚʠʭ ʩʪʘʥʮʽʡ ʟ 

ʤʦʞʣʠʚʽʩʪʶ ʬʦʨʤʫʚʘʥʥʷ ʨʦʟʧʦʜʽʣʫ ʧʦʣʷ ʚ ʘʟʠʤʫʪʘʣʴʥʽʡ ʧʣʦʱʠʥʽ ʟʘʜʘʥʦʾ ʢʦʥʬʽʛʫʨʘʮʽʾ. 
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ɸʃɻʆʈʀʊʄ ɺʀɿʅɸʏɽʅʅʗ ʊʈʋɼʆɺʀʊʈɸʊ  

ʉʋʇʈʆɺʆɼɾɽʅʅʗ ʇʈʆɻʈɸʄʅʆɻʆ ɿɸɹɽɿʇɽʏɽʅʅʗ  

ʅɸ ʆʉʅʆɺɯ ʄʆɼɽʃɯ COCOMO II  

 
ʋ ʩʪʘʪʪʽ ʨʦʟʛʣʷʥʫʪʦ ʘʣʛʦʨʠʪʤ ʚʠʟʥʘʯʝʥʥʷ ʪʨʫʜʦʚʠʪʨʘʪ ʩʫʧʨʦʚʦʜʞʝʥʥʷ ʧʨʦʛʨʘʤʥʦʛʦ ʟʘʙʝʟʧʝʯʝʥʥʷ 

ʽʥʬʦʨʤʘʮʽʡʥʠʭ ʩʠʩʪʝʤ ʥʘ ʦʩʥʦʚʽ ʤʦʜʝʣʽ COCOMO II, ʱʦ ʜʘʻ ʤʦʞʣʠʚʽʩʪʴ ɿʘʤʦʚʥʠʢʫ ʦʮʽʥʠʪʠ ʩʧʨʦʤʦʞʥʦʩʪʽ 

ʈʦʟʨʦʙʥʠʢʘ ʟʘ ʦʩʥʦʚʥʠʤʠ ʧʦʢʘʟʥʠʢʘʤʠ. 

ʂʨʠʚʦʥʦʞʢʦ ɻ.ɽ.,  ʇʝʪʨʦʚ ɼ.ɺ.,  ɾʦʚʪʫʥ ɸ.ɸ. ɸʣʛʦʨʠʪʤ ʦʧʨʝʜʝʣʝʥʠʷ ʪʨʫʜʦʟʘʪʨʘʪ ʩʦʧʨʦʚʦʞʜʝʥʠʷ 

ʧʨʦʛʨʘʤʤʥʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ ʥʘ ʦʩʥʦʚʝ ʤʦʜʝʣʠ COCOMO II. ɺ ʩʪʘʪʴʝ ʨʘʩʩʤʦʪʨʝʥ ʘʣʛʦʨʠʪʤ ʦʧʨʝʜʝʣʝʥʠʷ 

ʪʨʫʜʦʟʘʪʨʘʪ ʥʘ ʩʦʧʨʦʚʦʞʜʝʥʠʝ ʧʨʦʛʨʘʤʤʥʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʩʠʩʪʝʤ ʥʘ ʦʩʥʦʚʝ ʤʦʜʝʣʠ 

COCOMO II, ʯʪʦ ʜʘʝʪ ʚʦʟʤʦʞʥʦʩʪʴ ɿʘʢʘʟʯʠʢʫ ʦʮʝʥʠʪʴ ʩʧʦʩʦʙʥʦʩʪʠ ʨʘʟʨʘʙʦʪʯʠʢʘ ʧʦ ʦʩʥʦʚʥʳʤ 

ʧʦʢʘʟʘʪʝʣʷʤ. 

G. Kryvonozhko, D. Petrov, A. Zhovtun Algorithm for determining the labor cost of software maintaining 
based COCOMO II model. The article considers the algorithm for determining labor costs of software information 

systems based on the COCOMO II model, which allows Customer ability to assess the Developerôs key indicators. 

ʂʣʶʯʦʚʽ ʩʣʦʚʘ: ʞʠʪʪʻʚʠʡ ʮʠʢʣ ʧʨʦʛʨʘʤʥʦʛʦ ʟʘʙʝʟʧʝʯʝʥʥʷ, ʩʫʧʨʦʚʦʜʞʝʥʥʷ, ʪʨʫʜʦʚʠʪʨʘʪʠ, Constructive 

Cost Model, COCOMO II. 

ʇʽʜ ʯʘʩ ʨʦʟʨʦʙʢʠ ʪʘ ʚʧʨʦʚʘʜʞʝʥʥʷ ʽʥʬʦʨʤʘʮʽʡʥʠʭ ʩʠʩʪʝʤ ʚʘʞʣʠʚʦʶ ʩʪʘʜʽʻʶ ʻ 

ʩʫʧʨʦʚʦʜʞʝʥʥʷ ʧʨʦʛʨʘʤʥʦʛʦ ʟʘʙʝʟʧʝʯʝʥʥʷ [1 ï 5]. ʗʢʽʩʪʴ ʧʨʦʛʨʘʤʥʦʛʦ ʟʘʙʝʟʧʝʯʝʥʥʷ 

ʥʝʜʦʩʷʞʥʘ ʙʝʟ ʢʦʥʪʨʦʣʶ ʧʨʦʮʝʩʫ ʡʦʛʦ ʨʦʟʨʦʙʢʠ ʪʘ ʩʫʧʨʦʚʦʜʞʝʥʥʷ [6 ï 7]. ʅʝʦʙʭʽʜʥʠʤ ʻ 

ʢʦʥʪʨʦʣʴ ʩʪʚʦʨʝʥʥʷ ʧʨʦʛʨʘʤʥʦʛʦ ʟʘʙʝʟʧʝʯʝʥʥʷ, ʧʨʦʛʥʦʟ ʡʦʛʦ ʚʘʨʪʦʩʪʽ, ʥʝʦʙʭʽʜʥʽʩʪʴ 

ʜʦʪʨʠʤʘʥʥʷ ʪʝʨʤʽʥʽʚ ʽ ʷʢʦʩʪʽ ʨʝʟʫʣʴʪʘʪʽʚ, ʧʨʦʛʥʦʟ ʚʘʨʪʦʩʪʽ ʩʫʧʨʦʚʦʜʞʝʥʥʷ ʧʨʦʛʨʘʤʥʦʛʦ 

ʟʘʙʝʟʧʝʯʝʥʥʷ ʫ ʚʠʟʥʘʯʝʥʽ ʪʝʨʤʽʥʠ ʧʨʠ ʜʦʪʨʠʤʘʥʥʽ ʧʦʢʘʟʥʠʢʽʚ [6].  

ɽʪʘʧʠ ʨʦʟʨʦʙʢʠ ʪʘ ʚʧʨʦʚʘʜʞʝʥʥʷ ʧʨʦʛʨʘʤʥʦʛʦ ʟʘʙʝʟʧʝʯʝʥʥʷ ʽʥʬʦʨʤʘʮʽʡʥʠʭ ʩʠʩʪʝʤ  

ʨʝʛʣʘʤʝʥʪʦʚʘʥʽ ʚʽʪʯʠʟʥʷʥʦʶ ʛʘʣʫʟʝʚʦʶ ʪʘ ʤʽʞʥʘʨʦʜʥʦʶ ʥʦʨʤʘʪʠʚʥʦʶ ʙʘʟʦʶ [4 ï 5]. 

ʉʪʘʥʜʘʨʪ [4] ʻ ʦʩʥʦʚʥʠʤ ʥʦʨʤʘʪʠʚʥʠʤ ʜʦʢʫʤʝʥʪʦʤ, ʷʢʠʡ ʨʝʛʣʘʤʝʥʪʫʻ ʩʭʝʤʫ ʧʨʦʮʝʩʫ 

ʞʠʪʪʻʚʦʛʦ ʮʠʢʣʫ ʇɿ. ʉʫʧʨʦʚʽʜ ʧʨʦʛʨʘʤʥʦʛʦ ʟʘʙʝʟʧʝʯʝʥʥʷ (ʩʫʧʨʦʚʦʜʞʝʥʥʷ) ʚʠʟʥʘʯʘʻʪʴʩʷ ʷʢ 

ʧʨʦʮʝʩ ʟʤʽʥʠ ʽʩʥʫʶʯʦʛʦ ʧʨʦʛʨʘʤʥʦʛʦ ʟʘʙʝʟʧʝʯʝʥʥʷ ʧʨʠ ʮʴʦʤʫ ʥʝ ʟʤʽʥʶʶʯʠ ʡʦʛʦ ʦʩʥʦʚʥʠʭ 

ʬʫʥʢʮʽʡ [5]. ɺ ʩʠʣʫ ʩʧʝʮʠʬʽʢʠ ʩʪʚʦʨʝʥʥʷ ʧʨʦʛʨʘʤʥʦʛʦ ʟʘʙʝʟʧʝʯʝʥʥʷ, ʧʨʦʮʝʩ ʩʫʧʨʦʚʦʜʞʝʥʥʷ 

ʪʘʢʦʞ ʻ ʜʦʩʠʪʴ ʜʦʨʦʛʠʤ, ʪʨʠʚʘʣʠʤ ʪʘ ʚʘʞʢʦ ʧʝʨʝʜʙʘʯʫʚʘʥʠʤ [6].  

ʋ ʙʽʣʴʰʦʩʪʽ ʢʦʤʧʘʥʽʡ ʧʦ ʩʪʚʦʨʝʥʥʶ ʧʨʦʛʨʘʤʥʦʛʦ ʟʘʙʝʟʧʝʯʝʥʥʷ ʨʝʟʫʣʴʪʘʪʠʚʥʝ 

ʚʠʢʦʥʘʥʥʷ ʨʦʙʽʪ ʫ ʚʠʟʥʘʯʝʥʽ ʪʝʨʤʽʥʠ ʟʜʽʡʩʥʶʻʪʴʩʷ ʣʠʰʝ ʫ 25 % ʧʨʦʝʢʪʽʚ, ʜʣʷ ʨʝʰʪʠ ʧʨʦʝʢʪʽʚ 

ʫʤʦʚʠ ʜʦʛʦʚʦʨʽʚ ʥʝ ʚʠʢʦʥʫʶʪʴʩʷ ʟʘ ʨʽʟʥʠʤʠ ʧʦʢʘʟʥʠʢʘʤʠ: ʧʦʨʫʰʝʥʥʷ ʪʝʨʤʽʥʽʚ ʚʠʢʦʥʘʥʥʷ, 

ʟʙʽʣʴʰʝʥʥʷ ʙʶʜʞʝʪʫ ʪʦʱʦ.  

ʋ ʙʽʣʴʰʦʩʪʽ ʢʦʤʧʘʥʽʡ ʧʦ ʩʪʚʦʨʝʥʥʶ ʧʨʦʛʨʘʤʥʦʛʦ ʟʘʙʝʟʧʝʯʝʥʥʷ ʽʥʬʦʨʤʘʮʽʡʥʠʭ ʩʠʩʪʝʤ 

ʙʽʣʴʰʝ 50 % ʰʪʘʪʫ ʟʘʡʥʷʪʦ ʩʫʧʨʦʚʦʜʦʤ ʧʨʦʛʨʘʤ, ʱʦ ʚʭʦʜʷʪʴ ʜʦ ʩʢʣʘʜʫ ʩʠʩʪʝʤ. ɺ ʪʘʢʠʭ 

ʫʤʦʚʘʭ ʚʠʥʠʢʘʻ ʧʦʪʨʝʙʘ ʥʘ ʧʦʯʘʪʢʦʚʦʤʫ ʝʪʘʧʽ ʚʠʢʦʥʘʥʥʷ ʨʦʙʽʪ ʚʠʟʥʘʯʘʪʠ ʈʦʟʨʦʙʥʠʢʘ ʟ 

ʜʦʩʪʘʪʥʽʤʠ ʩʧʨʦʤʦʞʥʦʩʪʷʤʠ ʜʣʷ ʫʩʧʽʰʥʦʾ ʨʝʘʣʽʟʘʮʽʾ ʧʨʦʝʢʪʫ (ʚʠʟʥʘʯʝʥʥʷ ʪʨʫʜʦʚʠʪʨʘʪ). 

ʇʦʩʪʘʥʦʚʢʘ ʟʘʜʘʯʽ. ʄʝʪʦʶ ʨʦʙʦʪʠ ʻ ʨʦʟʨʦʙʢʘ ʘʣʛʦʨʠʪʤʫ ʚʠʟʥʘʯʝʥʥʷ ʪʨʫʜʦʚʠʪʨʘʪ ʥʘ 

ʩʫʧʨʦʚʦʜʞʝʥʥʷ ʧʨʦʛʨʘʤʥʦʛʦ ʟʘʙʝʟʧʝʯʝʥʥʷ. ɼʦʩʣʽʜʞʝʥʥʷ ʩʧʨʷʤʦʚʘʥʝ ʥʘ ʧʽʜʚʠʱʝʥʥʷ ʨʽʚʥʷ 

ʥʦʨʤʫʚʘʥʥʷ ʪʨʫʜʦʚʠʪʨʘʪ, ʧʣʘʥʫʚʘʥʥʷ ʪʘ ʦʙʣʽʢʫ ʚʠʪʨʘʪ ʥʘ ʩʫʧʨʦʚʦʜʞʝʥʥʷ ʧʨʦʛʨʘʤʥʦʛʦ 

ʟʘʙʝʟʧʝʯʝʥʥʷ. 

ɸʥʘʣʽʟ ʦʩʪʘʥʥʽʭ ʜʦʩʣʽʜʞʝʥʴ ʽ ʧʫʙʣʽʢʘʮʽʡ. ɸʥʘʣʽʟ ʜʦʩʣʽʜʞʝʥʴ ʽ ʧʫʙʣʽʢʘʮʽʡ ʩʚʽʜʯʠʪʴ ʧʨʦ 

ʪʝ, ʱʦ ʜʘʥʦʤʫ ʧʠʪʘʥʥʶ ʧʨʠʜʽʣʷʻʪʴʩʷ ʧʝʚʥʘ ʫʚʘʛʘ [1 ï 3, 6 ï 9].  

ʆʮʽʥʢʘ ʪʨʫʜʦʚʠʪʨʘʪ ʧʨʦʛʨʘʤʥʦʛʦ ʟʘʙʝʟʧʝʯʝʥʥʷ ʻ ʦʜʥʽʻʶ ʟ ʢʣʶʯʦʚʠʭ ʬʽʥʘʥʩʦʚʠʭ 

ʧʨʦʙʣʝʤ, ʷʢʽ ʚʠʥʠʢʘʶʪʴ ʚ ʧʨʦʮʝʩʽ ʩʪʚʦʨʝʥʥʷ ʪʘ ʨʦʟʚʠʪʢʫ ʽʥʬʦʨʤʘʮʽʡʥʠʭ ʪʝʭʥʦʣʦʛʽʡ [6], 

ʚʽʜʥʦʩʠʪʴʩʷ ʜʦ ʽʤʦʚʽʨʥʽʩʥʠʭ ʪʚʝʨʜʞʝʥʴ. 
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ɺʠʭʦʜʷʯʠ ʟ ʧʨʦʮʝʩʫ ʧʨʦʝʢʪʫʚʘʥʥʷ, ʧʦʜʽʣʷʶʪʴ ʽʩʥʫʶʯʠ ʤʦʜʝʣʽ ʦʮʽʥʶʚʘʥʥʷ ʪʨʫʜʦʚʠʪʨʘʪ 

ʧʨʦʛʨʘʤʥʦʛʦ ʟʘʙʝʟʧʝʯʝʥʥʷ ʥʘ ʜʚʽ ʛʨʫʧʠ [10]: ʥʝʘʣʛʦʨʠʪʤʽʯʥʽ, ʱʦ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʚʠʟʥʘʯʝʥʽ 

ʩʭʝʤʠ ʘʙʦ ʧʨʠʥʮʠʧʠ (ʜʦ ʥʘʡʙʽʣʴʰ ʚʽʜʦʤʠʭ ʟ ʥʠʭ ʚʽʜʥʦʩʷʪʴʩʷ ʝʢʩʧʝʨʪʥʽ ʦʮʽʥʢʠ), ʪʘ 

ʘʣʛʦʨʠʪʤʽʯʥʽ, ʱʦ ʟʘʩʥʦʚʘʥʽ ʥʘ ʧʽʜʨʘʭʫʥʢʫ ʢʽʣʴʢʽʩʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʧʨʦʛʨʘʤʠ ʫ ʚʠʛʣʷʜʽ 

ʯʠʩʣʘ ʦʧʝʨʘʪʦʨʽʚ ʘʙʦ ʬʫʥʢʮʽʦʥʘʣʴʥʠʭ ʪʦʯʦʢ. 

ɽʢʩʧʝʨʪʥʽ ʦʮʽʥʢʠ, ʚ ʧʝʨʰʫ ʯʝʨʛʫ, ʟʘʩʪʦʩʦʚʫʶʪʴʩʷ ʜʣʷ ʧʨʦʝʢʪʽʚ, ʱʦ ʚʠʨʽʰʫʶʪʴ 

ʽʥʥʦʚʘʮʽʡʥʽ ʟʘʚʜʘʥʥʷ ʘʙʦ ʟʘʩʥʦʚʘʥʽ ʥʘ ʥʦʚʽʪʥʽʭ ʪʝʭʥʦʣʦʛʽʷʭ ʪʘ ʧʨʦʮʝʩʘʭ. ɿʚʘʞʘʶʯʠ ʥʘ 

ʽʥʥʦʚʘʮʽʡʥʽʩʪʴ ʟʥʘʯʥʦʾ ʯʘʩʪʠʥʠ ʩʪʚʦʨʶʚʘʥʦʛʦ ʧʨʦʛʨʘʤʥʦʛʦ ʟʘʙʝʟʧʝʯʝʥʥʷ, ʪʘʢʽ ʦʮʽʥʢʠ ʥʘʙʫʣʠ 

ʟʥʘʯʥʦʛʦ ʧʦʰʠʨʝʥʥʷ ʫ ʧʨʘʢʪʠʮʽ ʨʦʟʨʦʙʣʝʥʥʷ ʧʨʦʛʨʘʤ [6].  

ʏʘʩʪʦ ʝʢʩʧʝʨʪʘʤʠ ʚʠʩʪʫʧʘʶʪʴ ʙʝʟʧʦʩʝʨʝʜʥʴʦ ʟʘʤʦʚʥʠʢʠ ʪʘ ʨʦʟʨʦʙʥʠʢʠ, ʱʦ ʤʘʶʪʴ 

ʧʝʚʥʠʡ ʜʦʩʚʽʜ. ʅʘ ʦʩʥʦʚʽ ʦʮʽʥʦʢ ʦʢʨʝʤʠʭ ʝʢʩʧʝʨʪʽʚ ʫ ʚʽʜʧʦʚʽʜʥʦʩʪʽ ʜʦ ʽʩʥʫʶʯʠʭ ʤʝʪʦʜʠʢ 

ʬʦʨʤʫʻʪʴʩʷ ʽʥʪʝʛʨʦʚʘʥʘ ʦʮʽʥʢʘ. ɼʦ ʟʘʛʘʣʴʥʠʭ ʥʝʜʦʣʽʢʽʚ ʤʝʪʦʜʽʚ ʝʢʩʧʝʨʪʥʦʛʦ ʦʮʽʥʶʚʘʥʥʷ 

ʚʽʜʥʦʩʠʪʴʩʷ ʥʝʧʨʦʛʥʦʟʦʚʘʥʠʡ Ăʣʶʜʩʴʢʠʡò ʬʘʢʪʦʨ. ʉʪʫʧʽʥʴ ʧʦʚʥʦʪʠ ʽ ʜʦʩʪʦʚʽʨʥʦʩʪʽ 

ʽʥʬʦʨʤʘʮʽʾ, ʧʦʜʘʥʦʾ ʝʢʩʧʝʨʪʘʤʠ, ʦʮʽʥʠʪʠ ʚʘʞʢʦ ʪʘ  ʚʽʜʩʫʪʥʽ ʘʥʘʣʽʪʠʯʥʝ ʦʙˇʨʫʥʪʫʚʘʥʥʷ.  

ʄʝʪʦʜ ʦʮʽʥʢʠ ʟ ʘʥʘʣʦʛʽʾ [11] ʻ ʟʘʛʘʣʴʥʦʧʨʠʡʥʷʪʠʤ ʜʣʷ ʙʫʜʴ-ʷʢʦʛʦ ʦʮʽʥʶʚʘʥʥʷ ʽ 

ʚʚʘʞʘʻʪʴʩʷ ʨʽʟʥʦʚʠʜʦʤ ʝʢʩʧʝʨʪʥʦʾ ʦʮʽʥʢʠ. ɺʽʥ ʚʠʢʦʨʠʩʪʦʚʫʻ ʫ ʷʢʦʩʪʽ ʦʮʽʥʢʠ ʝʤʧʽʨʠʯʥʽ ʜʘʥʽ 

ʧʨʦ ʚʞʝ ʟʘʚʝʨʰʝʥʽ ʧʨʦʝʢʪʠ ʩʭʦʞʦʛʦ ʪʠʧʫ. 

ɸʣʛʦʨʠʪʤʽʯʥʽ ʤʦʜʝʣʽ ʙʘʟʫʶʪʴʩʷ ʥʘ ʤʘʪʝʤʘʪʠʯʥʠʭ ʤʦʜʝʣʷʭ ʽ ʧʦʩʪʽʡʥʦ ʫʜʦʩʢʦʥʘʣʶʶʪʴʩʷ 

ʟ ʤʝʪʦʶ ʧʽʜʚʠʱʝʥʥʷ ʾʭ ʪʦʯʥʦʩʪʽ ʦʮʽʥʶʚʘʥʥʷ. ʅʘʡʯʘʩʪʽʰʝ ʨʝʘʣʽʟʦʚʘʥʠʤʠ ʽ ʜʦʙʨʝ 

ʜʦʢʫʤʝʥʪʦʚʘʥʠʤʠ ʤʦʜʝʣʷʤʠ ʻ ʤʦʜʝʣʴ ʇʫʪʥʝʤ (ʩʪʫʧʝʥʝʚʘ, ʘʥʘʣʽʪʠʯʥʘ) ʽ ʤʦʜʝʣʴ COCOMO 

(ʩʪʫʧʝʥʝʚʘ, ʝʤʧʽʨʠʯʥʘ) [12 ï 13]. 

ʄʦʜʝʣʴ ʇʫʪʥʝʤ (SLIM) [6] ʻ ʥʘʡʙʽʣʴʰ ʧʦʰʠʨʝʥʦʶ ʤʦʜʝʣʣʶ ʘʥʘʣʽʪʠʯʥʦʾ ʛʨʫʧʠ. ɺʦʥʘ 

ʩʪʚʦʨʝʥʘ ʜʣʷ ʧʨʦʝʢʪʽʚ ʦʙôʻʤʦʤ ʙʽʣʴʰʝ 70 000 ʨʷʜʢʽʚ ʢʦʜʫ. ʄʦʜʝʣʴ ˇʨʫʥʪʫʻʪʴʩʷ ʥʘ 

ʪʚʝʨʜʞʝʥʥʽ, ʱʦ ʚʠʪʨʘʪʠ ʥʘ ʨʦʟʨʦʙʢʫ ʧʨʦʛʨʘʤʥʦʛʦ ʟʘʙʝʟʧʝʯʝʥʥʷ ʨʦʟʧʦʜʽʣʷʶʪʴʩʷ ʟʛʽʜʥʦ 

ʢʨʠʚʠʤ ʅʦʨʜʝʥʘ-ʈʝʡʣʽ, ʷʢʽ ʻ ʛʨʘʬʽʢʘʤʠ ʬʫʥʢʮʽʾ, ʱʦ ʧʨʝʜʩʪʘʚʣʷʻ ʨʦʟʧʦʜʽʣ ʨʦʙʦʯʦʾ ʩʠʣʠ ʫ ʯʘʩʽ. 

ʆʜʥʘʢ ʚ ʤʦʜʝʣʽ ʻ ʨʷʜ ʥʝʜʦʣʽʢʽʚ [6], ʱʦ ʫ ʨʷʜʽ ʚʠʧʘʜʢʽʚ ʨʦʙʠʪʴ ʦʮʽʥʢʫ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʜʘʥʦʾ 

ʤʦʜʝʣʽ ʥʝʧʨʠʜʘʪʥʦʶ ʜʦ ʚʠʢʦʨʠʩʪʘʥʥʷ. ʇʝʨʝʚʘʛʦʶ ʤʦʜʝʣʽ ʇʫʪʥʝʤ ʧʝʨʝʜ COCOMO 1.1 ʘʙʦ 

COCOMO 2.0, ʻ ʥʝʚʝʣʠʢʘ ʢʽʣʴʢʽʩʪʴ ʧʘʨʘʤʝʪʨʽʚ, ʥʝʦʙʭʽʜʥʠʭ ʜʣʷ ʦʮʽʥʢʠ. 

ʄʦʜʝʣʴ ʉʆʉʆMO ʙʫʣʘ ʧʨʝʜʩʪʘʚʣʝʥʘ ʷʢ ʘʣʴʪʝʨʥʘʪʠʚʥʘ ʨʝʘʣʽʟʘʮʽʷ ʤʦʜʝʣʽ ʇʫʪʥʝʤ ʽ 

ʟʘʩʪʦʩʦʚʘʥʘ ʚ ʢʦʤʧʣʝʢʩʽ SLIM Estimate ʜʣʷ ʦʮʽʥʢʠ ʚʘʨʪʦʩʪʽ ʧʨʦʛʨʘʤʥʦʛʦ ʟʘʙʝʟʧʝʯʝʥʥʷ [6]. 

ʆʙʤʝʞʝʥʥʷʤ ʮʽʻʾ ʤʦʜʝʣʽ ʻ ʪʝ, ʱʦ ʚʦʥʘ ʤʦʞʝ ʙʫʪʠ ʚʠʢʦʨʠʩʪʘʥʘ, ʷʢʱʦ ʧʝʨʝʜʙʘʯʫʚʘʥʽ ʚʠʪʨʘʪʠ 

ʥʘ ʩʪʚʦʨʝʥʥʷ ʧʨʦʛʨʘʤʥʦʛʦ ʟʘʙʝʟʧʝʯʝʥʥʷ ʙʽʣʴʰʝ 20 ʣʶʜʠʥʦ-ʤʽʩʷʮʽʚ. ʋ ʮʽʣʦʤʫ ʚʚʘʞʘʻʪʴʩʷ, ʱʦ 

ʜʣʷ ʥʝʚʝʣʠʢʠʭ ʧʨʦʝʢʪʽʚ ʟʘʩʪʦʩʫʚʘʥʥʷ ʚʠʩʦʢʠʭ ʨʽʚʥʽʚ ʦʮʽʥʶʚʘʥʥʷ COCOMO ʥʝʝʬʝʢʪʠʚʥʝ, ʘ 

ʙʘʟʦʚʠʡ ʨʽʚʝʥʴ ʜʘʻ ʥʝʜʦʩʪʘʪʥʶ ʪʦʯʥʽʩʪʴ.  

ɼʣʷ ʢʦʤʝʨʮʽʡʥʠʭ ʟʘʩʪʦʩʫʚʘʥʴ ʤʝʪʦʜ COCOMO ʜʘʻ, ʷʢ ʧʨʘʚʠʣʦ, ʟʘʚʠʱʝʥʽ ʦʮʽʥʢʠ, ʪʦʤʫ 

ʡʦʛʦ ʟʘʩʪʦʩʦʚʫʶʪʴ ʙʽʣʴʰʝ ʚ ʧʨʦʝʢʪʘʭ, ʱʦ ʚʽʜʥʦʩʷʪʴʩʷ ʜʦ ʧʨʦʛʨʘʤʥʦʛʦ ʟʘʙʝʟʧʝʯʝʥʥʷ 

ʽʥʞʝʥʝʨʥʠʭ ʨʦʟʨʘʭʫʥʢʽʚ [13]. ʄʦʜʝʣʴ COCOMO II  ʻ ʥʘʡʙʽʣʴʰ ʩʫʯʘʩʥʦʶ: ʧʽʜʪʨʠʤʫʻ ʧʽʜʭʦʜʠ 

ʱʦʜʦ ʟʘʩʪʦʩʫʚʘʥʥʷʤ ʢʦʤʝʨʮʽʡʥʠʭ ʛʦʪʦʚʠʭ ʧʨʦʜʫʢʪʽʚ, ʚʘʨʽʘʥʪʠ ʯʘʩʪʢʦʚʦʛʦ ʧʦʚʪʦʨʥʦʛʦ ʪʘ 

ʤʦʜʠʬʽʢʦʚʘʥʦʛʦ ʢʦʜʫ; ʢʝʨʦʚʘʥʠʡ ʨʠʟʠʢʘʤʠ ʽ ʩʧʽʣʴʥʠʡ ʧʨʦʛʨʘʤʥʠʡ ʧʨʦʮʝʩ; ʚʨʘʭʦʚʫʻ ʟʨʽʣʽʩʪʴ 

ʧʨʦʛʨʘʤʥʠʭ ʧʨʦʮʝʩʽʚ ʪʦʱʦ. 

ʅʘʡʧʦʧʫʣʷʨʥʽʰʦʶ ʩʝʨʝʜ ʘʣʛʦʨʠʪʤʽʯʥʠʭ ʤʦʜʝʣʝʡ ʻ ʩʽʤʝʡʩʪʚʦ ʤʦʜʝʣʝʡ COCOMO 

(Constructive Cost Model), ʩʪʚʦʨʝʥʝ ʫ 1981 ʨ. ʄʦʜʝʣʴ ʚʠʢʦʨʠʩʪʦʚʫʻ ʬʦʨʤʫʣʫ ʨʝʛʨʝʩʽʾ ʟ 

ʧʘʨʘʤʝʪʨʘʤʠ, ʚʠʟʥʘʯʝʥʠʤʠ ʟ ʜʘʥʠʭ, ʟʽʙʨʘʥʠʭ ʧʦ ʨʷʜʫ ʧʨʦʝʢʪʽʚ. ɺʽʜʦʤʽ ʤʦʜʠʬʽʢʘʮʽʾ COCOMO 

ʫ ʚʠʛʣʷʜʽ ʩʽʤʝʡʩʪʚʘ ʤʦʜʝʣʝʡ COCOMO ɯɯ [13], ʱʦ ʩʪʚʦʨʝʥʽ ʫ 1999 ʨ. ʆʩʥʦʚʥʠʤʠ 

ʚʽʜʤʽʥʥʦʩʪʷʤʠ COCOMO ɯɯ ʚʽʜ COCOMO ʻ ʚʠʢʦʨʠʩʪʘʥʥʷ ʜʣʷ ʦʮʽʥʶʚʘʥʥʷ ʩʢʣʘʜʥʦʩʪʽ ʚʭʽʜʥʠʭ 

ʜʘʥʠʭ ʫ ʚʠʛʣʷʜʽ ʬʫʥʢʮʽʦʥʘʣʴʥʠʭ ʪʦʯʦʢ, ʦʮʽʥʶʚʘʥʥʷ ʝʣʝʤʝʥʪʽʚ ʧʦʚʪʦʨʥʦʛʦ ʚʠʢʦʨʠʩʪʘʥʥʷ ʪʘ 

ʽʥʪʝʛʨʘʮʽʾ ʧʨʦʛʨʘʤʥʠʭ ʧʨʦʜʫʢʪʽʚ, ʦʙôʻʢʪʥʦ-ʦʨʽʻʥʪʦʚʘʥʽ ʧʽʜʭʦʜʠ ʜʦ ʦʮʽʥʢʠ ʢʦʤʧʦʥʝʥʪʽʚ 

ʧʨʦʛʨʘʤʥʦʛʦ ʟʘʙʝʟʧʝʯʝʥʥʷ ʪʘ ʽʥ.  

ɯʩʥʫʶʪʴ ʡ ʽʥʰʽ ʧʽʜʭʦʜʠ ʱʦʜʦ ʚʩʪʘʥʦʚʣʝʥʥʷ ʧʦʢʘʟʥʠʢʽʚ ʪʨʫʜʦʚʠʪʨʘʪ, ʘʣʝ ʚʦʥʠ 

ˇʨʫʥʪʫʶʪʴʩʷ ʥʘ ʙʘʟʦʚʠʭ ʥʦʨʤʘʭ, ʷʢʽ ʚʩʪʘʥʦʚʣʶʶʪʴʩʷ ʥʘ ʦʩʥʦʚʽ ʜʦʩʣʽʜʥʦ-ʩʪʘʪʠʩʪʠʯʥʠʭ ʘʙʦ 

ʝʢʩʧʝʨʪʥʠʭ ʥʦʨʤ, ʷʢʽ ʢʦʨʝʢʪʫʶʪʴʩʷ ʥʘ ʧʦʢʘʟʥʠʢʠ ʩʢʣʘʜʥʦʩʪʽ ʧʨʦʛʨʘʤ. ɸʣʝ ʪʘʢʽ ʥʦʨʤʠ ʥʝ 

ʚʨʘʭʦʚʫʶʪʴ ʩʪʘʥ ʢʫʣʴʪʫʨʠ ʧʨʦʛʨʘʤʫʚʘʥʥʷ, ʢʚʘʣʽʬʽʢʘʮʽʶ ʧʨʦʛʨʘʤʽʩʪʽʚ ʪʦʱʦ. 
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ʊʘʢʦʞ ʟʚʝʨʥʝʤʦ ʫʚʘʛʫ ʥʘ ʽʩʥʫʶʯʝ ʧʨʦʪʠʨʽʯʯʷ ʫ ʪʝʨʤʽʥʦʣʦʛʽʾ ʥʘ ʜʘʥʠʡ ʯʘʩ. ʊʘʢ, 

ʽʥʬʦʨʤʘʮʽʡʥʘ (ʘʚʪʦʤʘʪʠʟʦʚʘʥʘ) ʩʠʩʪʝʤʘ (ʘʥʛʣ. Information system, ɯʉ, ɸʉ, ʉʠʩʪʝʤʘ) ï ʮʝ 

ʦʨʛʘʥʽʟʘʮʽʡʥʦ-ʪʝʭʥʽʯʥʘ ʩʠʩʪʝʤʘ, ʚ ʷʢʽʡ  ʨʝʘʣʽʟʫʻʪʴʩʷ ʪʝʭʥʦʣʦʛʽʷ ʦʙʨʦʙʢʠ ʽʥʬʦʨʤʘʮʽʾ ʟ 

ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʪʝʭʥʽʯʥʠʭ ʽ ʧʨʦʛʨʘʤʥʠʭ ʟʘʩʦʙʽʚ [14]. ʄʽʞ ʧʦʥʷʪʪʷʤʠ çʧʨʦʛʨʘʤʘè ʪʘ 

çʧʨʦʛʨʘʤʥʝ ʟʘʙʝʟʧʝʯʝʥʥʷè ʻ ʚʽʜʤʽʥʥʦʩʪʽ. ʊʘʢʦʞ ʻ ʨʷʜ ʨʦʟʙʽʞʥʦʩʪʝʡ ʱʦʜʦ ʽʩʥʫʶʯʠʭ ʧʽʜʭʦʜʽʚ 

ʜʦ ʚʠʟʥʘʯʝʥʥʷ ʪʘ ʧʦʥʷʪʴ ʢʦʤʧôʶʪʝʨʥʘ ʧʨʦʛʨʘʤʘ, ʙʘʟʘ ʜʘʥʠʭ. ʊʦʙʪʦ, ʧʽʜ ʯʘʩ ʧʨʦʚʝʜʝʥʥʷ 

ʜʦʩʣʽʜʞʝʥʴ ʪʘ ʨʦʟʨʘʭʫʥʢʽʚ ʱʦʜʦ ʪʨʫʜʦʚʠʪʨʘʪ ʩʫʧʨʦʚʦʜʞʝʥʥʷ ʇɿ ʩʣʽʜ ʦʭʦʧʣʶʚʘʪʠ  ʚʩʽ ʩʫʪʪʻʚʽ 

ʦʟʥʘʢʠ ʦʙôʻʢʪʘ ʜʦʩʣʽʜʞʝʥʥʷ.  

ʅʘʧʨʠʢʣʘʜ, ʜʣʷ ʧʦʥʷʪʪʷ Ăʢʦʤʧôʶʪʝʨʥʘ ʧʨʦʛʨʘʤʘò ʪʘʢʠʤʠ ʦʟʥʘʢʘʤʠ ʻ: 1) ʥʘʙʽʨ ʢʦʤʘʥʜ 

(ʽʥʩʪʨʫʢʮʽʡ) ʜʣʷ ʢʦʤʧôʶʪʝʨʘ ʪʦʱʦ; 2) ʬʫʥʢʮʽʦʥʘʣʴʥʝ ʧʨʠʟʥʘʯʝʥʥʷ ʽʟ ʟʘʟʥʘʯʝʥʥʷʤ ʰʠʨʦʢʦʾ 

ʘʧʘʨʘʪʥʦʾ ʩʬʝʨʠ ʟʘʩʪʦʩʫʚʘʥʥʷ; 3) ʬʦʨʤʘ ʚʠʨʘʞʝʥʥʷ ʙʝʟ ʜʝʪʘʣʴʥʦʾ ʢʦʥʢʨʝʪʠʟʘʮʽʾ ʪʦʱʦ. 

ʇʨʦʛʨʘʤʥʝ ʟʘʙʝʟʧʝʯʝʥʥʷ (ʘʥʛʣ. Software, ʧʨʦʛʨʘʤʥʠʡ ʧʨʦʜʫʢʪ, ʧʨʦʛʨʘʤʥʠʡ ʟʘʩʽʙ, ʇɿ) ï ʮʝ 

ʩʫʢʫʧʥʽʩʪʴ ʧʨʦʛʨʘʤ ʩʠʩʪʝʤ ʦʙʨʦʙʢʠ ʽʥʬʦʨʤʘʮʽʾ ʪʘ ʧʨʦʛʨʘʤʥʠʭ ʜʦʢʫʤʝʥʪʽʚ, ʥʝʦʙʭʽʜʥʠʭ ʜʣʷ ʾʭ 

ʝʢʩʧʣʫʘʪʘʮʽʾ. ʅʘ ʩʴʦʛʦʜʥʽ ʤʦʞʥʘ ʩʢʘʟʘʪʠ, ʱʦ ʩʢʣʘʣʠʩʷ ʪʘʢʽ ʛʨʫʧʠ ʧʨʦʛʨʘʤʥʦʛʦ ʟʘʙʝʟʧʝʯʝʥʥʷ: 

ʦʧʝʨʘʮʽʡʥʽ ʩʠʩʪʝʤʠ ʪʘ ʦʙʦʣʦʥʢʠ; ʩʠʩʪʝʤʠ ʧʨʦʛʨʘʤʫʚʘʥʥʷ (ʪʨʘʥʩʣʷʪʦʨʠ, ʙʽʙʣʽʦʪʝʢʠ 

ʧʽʜʧʨʦʛʨʘʤ ʪʦʱʦ); ʽʥʩʪʨʫʤʝʥʪʘʣʴʥʽ ʩʠʩʪʝʤʠ; ʽʥʪʝʛʨʦʚʘʥʽ ʧʘʢʝʪʠ ʧʨʦʛʨʘʤ; ʜʠʥʘʤʽʯʥʽ 

ʝʣʝʢʪʨʦʥʥʽ ʪʘʙʣʠʮʽ; ʩʠʩʪʝʤʠ ʤʘʰʠʥʥʦʾ ʛʨʘʬʽʢʠ; ʩʠʩʪʝʤʠ ʫʧʨʘʚʣʽʥʥʷ ʙʘʟʘʤʠ ʜʘʥʠʭ; 

ʧʨʠʢʣʘʜʥʝ ʧʨʦʛʨʘʤʥʝ ʟʘʙʝʟʧʝʯʝʥʥʷ. 

ʊʝʧʝʨ ʨʦʟʨʘʭʫʥʦʢ ʪʨʫʜʦʚʠʪʨʘʪ ʥʘ ʩʫʧʨʦʚʦʜʞʝʥʥʷ ʧʨʦʛʨʘʤʥʦʛʦ ʟʘʙʝʟʧʝʯʝʥʥʷ 

ʽʥʬʦʨʤʘʮʽʡʥʠʭ ʩʠʩʪʝʤ ʥʘ ʧʨʘʢʪʠʮʽ ʧʨʦʚʦʜʠʪʴʩʷ ʚ ʦʩʥʦʚʥʦʤʫ ʥʘ ʙʘʟʽ ʝʢʩʧʝʨʪʥʠʭ ʦʮʽʥʦʢ. ɯʩʥʫʻ 

ʤʦʞʣʠʚʽʩʪʴ ʜʣʷ ʢʨʫʧʥʠʭ ʧʨʦʝʢʪʽʚ ʜʣʷ ʨʦʟʨʘʭʫʥʢʫ ʦʨʽʻʥʪʦʚʥʠʭ ʪʨʫʜʦʚʠʪʨʘʪ ʩʫʧʨʦʚʦʜʞʝʥʥʷ 

ʧʨʦʛʨʘʤʥʦʛʦ ʟʘʙʝʟʧʝʯʝʥʥʷ. 

ɺʠʢʣʘʜʝʤʦ ʙʽʣʴʰ ʜʝʪʘʣʴʥʦ ʘʣʛʦʨʠʪʤ ʨʦʟʨʘʭʫʥʢʫ ʪʨʫʜʦʚʠʪʨʘʪ ʥʘ ʩʫʧʨʦʚʦʜʞʝʥʥʷ 

ʧʨʦʛʨʘʤʥʦʛʦ ʟʘʙʝʟʧʝʯʝʥʥʷ ʥʘ ʦʩʥʦʚʽ ʤʦʜʝʣʽ ʢʦʥʩʪʨʫʢʪʠʚʥʠʭ ʚʠʪʨʘʪ COCOMO Iɯ, ʱʦ 

ʚʠʢʦʨʠʩʪʦʚʫʻ ɹʝʡʝʩʦʚʩʴʢʠʡ ʘʥʘʣʽʟ ʜʣʷ ʦʙʨʦʙʢʠ ʩʪʘʪʠʩʪʠʯʥʠʭ ʜʘʥʠʭ, ʷʢʠʡ ʫ ʙʽʣʴʰʦʤʫ 

ʩʪʫʧʝʥʽ ʚʽʜʧʦʚʽʜʘʻ ʦʩʦʙʣʠʚʦʩʪʷʤ ʩʪʘʪʠʩʪʠʯʥʠʭ ʜʘʥʠʭ ʧʨʦʛʨʘʤʥʠʭ ʧʨʦʝʢʪʽʚ, ʱʦ 

ʭʘʨʘʢʪʝʨʠʟʫʶʪʴʩʷ ʥʝʧʦʚʥʦʪʦʶ ʽ ʥʝʦʜʥʦʟʥʘʯʥʽʩʪʶ.  

ɺʠʢʣʘʜ ʦʩʥʦʚʥʦʛʦ ʤʘʪʝʨʽʘʣʫ ʜʦʩʣʽʜʞʝʥʥʷ. ʇʽʜ ʯʘʩ ʨʦʟʨʘʭʫʥʢʽʚ ʱʦʜʦ ʚʠʟʥʘʯʝʥʥʷ 

ʪʨʫʜʦʚʠʪʨʘʪ ʩʫʧʨʦʚʦʜʞʝʥʥʷ ʧʨʦʛʨʘʤʥʦʛʦ ʟʘʙʝʟʧʝʯʝʥʥʷ ʦʙôʻʢʪʘʤʠ ʜʦʩʣʽʜʞʝʥʥʷ ʻ ʚʠʭʽʜʥʽ 

ʢʦʜʠ, ʪʝʭʥʽʯʥʦ-ʝʢʩʧʣʫʘʪʘʮʽʡʥʘ ʪʘ ʜʦʛʦʚʽʨʥʘ ʜʦʢʫʤʝʥʪʘʮʽʷ. 

ʆʙʤʝʞʝʥʥʷ. ʉʣʽʜ ʟʚʝʨʥʫʪʠ ʫʚʘʛʫ, ʱʦ ʚʘʨʽʘʥʪ ʨʦʟʨʘʭʫʥʢʫ ʪʨʫʜʦʚʠʪʨʘʪ ʥʘ ʩʪʘʜʽʾ 

ʩʫʧʨʦʚʦʜʞʝʥʥʷ ʇɿ ʤʦʞʣʠʚʠʡ ʫ ʨʘʟʽ ʥʘʷʚʥʦʩʪʽ ʟʤʽʥ ʫ ʚʠʭʽʜʥʦʤʫ ʢʦʜʽ. ʋ ʚʠʧʘʜʢʘʭ, ʢʦʣʠ 

ɿʘʤʦʚʥʠʢ ʪʘ ʈʦʟʨʦʙʥʠʢ ʨʦʟʛʣʷʜʘʻ ʩʫʧʨʦʚʦʜʞʝʥʥʷ ʷʢ ʪʝʭʥʽʯʥʫ ʧʽʜʪʨʠʤʢʫ, ʚʘʨʽʘʥʪ ʨʦʟʨʘʭʫʥʢʫ 

ʤʦʞʣʠʚʠʡ ʥʘ ʦʩʥʦʚʽ ʽʥʰʠʭ ʤʦʜʝʣʝʡ ʪʘ ʤʝʪʦʜʽʚ.  

ʄʦʜʝʣʴ COCOMO II  ʽʩʥʫʻ ʚ ʪʨʴʦʭ ʚʠʜʘʭ, ʘʜʘʧʪʦʚʘʥʘ ʜʦ ʩʫʯʘʩʥʠʭ ʤʝʪʦʜʦʣʦʛʽʡ 

ʨʦʟʨʦʙʢʠ ʧʨʦʛʨʘʤʥʦʛʦ ʟʘʙʝʟʧʝʯʝʥʥʷ, ʘ ʪʘʢʦʞ ʧʨʠʜʘʪʥʘ ʜʣʷ ʚʠʢʦʨʠʩʪʘʥʥʷ ʟʽ ʩʧʽʨʘʣʴʥʦʶ ʪʘ 

ʽʪʝʨʘʮʽʡʥʦʶ ʤʦʜʝʣʷʤʠ ʞʠʪʪʻʚʦʛʦ ʮʠʢʣʫ. 

ʏʠʥʥʠʢʘʤʠ, ʱʦ ʚʧʣʠʚʘʶʪʴ ʥʘ ʪʦʯʥʽʩʪʴ ʦʮʽʥʢʠ ʪʨʫʜʦʚʠʪʨʘʪ, ʧʨʠ ʚʠʢʦʨʠʩʪʘʥʥʽ ʟʘʩʦʙʽʚ ʥʘ 

ʦʩʥʦʚʽ ʤʦʜʝʣʽ COCOMO II, ʻ ʥʘʩʪʫʧʥʽ: ʧʨʘʚʠʣʴʥʠʡ ʚʠʙʽʨ ʢʦʥʢʨʝʪʥʦʾ ʨʝʘʣʽʟʘʮʽʾ ʤʦʜʝʣʽ; 

ʪʦʯʥʽʩʪʴ ʢʘʣʽʙʨʫʚʘʥʥʷ ï ʚʽʜʧʦʚʽʜʥʽʩʪʴ ʫʩʪʘʥʦʚʦʢ ʚʠʭʽʜʥʠʤ ʜʘʥʠʤ. ʋ ʟʚôʷʟʢʫ ʟ ʮʠʤ, ʜʣʷ 

ʟʘʩʪʦʩʫʚʘʥʥʷ ʟʘʩʦʙʽʚ ʧʦʚʠʥʝʥ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠʩʷ ʧʝʨʩʦʥʘʣ (ʝʢʩʧʝʨʪ, ʩʧʝʮʽʘʣʽʩʪ), ʷʢʠʡ ʥʝ 

ʤʘʻ ʧʨʷʤʦʛʦ ʚʽʜʥʦʰʝʥʥʷ ʜʦ ʧʨʦʮʝʩʽʚ ʧʨʦʝʢʪʫʚʘʥʥʷ ʽ ʨʦʟʨʦʙʢʠ ʇɿ. 

ɺʠʙʽʨ ʪʦʛʦ ʘʙʦ ʽʥʰʦʛʦ ʚʠʜʫ ʤʦʜʝʣʽ ʉOCOMO II ʜʣʷ ʦʮʽʥʢʠ ʪʨʫʜʦʚʠʪʨʘʪ ʩʫʧʨʦʚʦʜʞʝʥʥʷ 

ʧʨʦʛʨʘʤʥʦʛʦ ʟʘʙʝʟʧʝʯʝʥʥʷ ʟʘʣʝʞʠʪʴ ʚʽʜ ʪʠʧʫ ʧʨʦʝʢʪʫ ʽ ʩʪʘʜʽʾ ʨʦʟʨʦʙʢʠ [13]. ʅʘ ʨʘʥʥʽʭ 

ʩʪʘʜʽʷʭ ʨʦʟʨʦʙʢʠ ʧʨʦʝʢʪʫ ʟʘʩʪʦʩʦʚʫʶʪʴ ʤʦʜʝʣʴ ʢʦʤʧʦʟʠʮʽʾ ʜʦʜʘʪʢʽʚ ï ACM (Application 

Composition Model), ʷʢʘ ʧʨʠʜʘʪʥʘ ʜʣʷ ʚʠʢʦʨʠʩʪʘʥʥʷ ʫ ʧʨʦʝʢʪʘʭ, ʱʦ ʨʦʟʨʦʙʣʷʶʪʴʩʷ ʟ 

ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʩʫʯʘʩʥʠʭ ʽʥʩʪʨʫʤʝʥʪʘʣʴʥʠʭ ʟʘʩʦʙʽʚ, ʦʩʥʦʚʘʥʠʭ ʥʘ ʦʙôʻʢʪʥʦ-ʦʨʽʻʥʪʦʚʘʥʠʭ 

ʪʝʭʥʦʣʦʛʽʷʭ. ʄʦʜʝʣʴ ʨʘʥʥʴʦʛʦ ʧʨʦʝʢʪʫʚʘʥʥʷ ï EDM (Early Design Model) ʚʢʣʶʯʘʻ ʚʠʚʯʝʥʥʷ 

ʘʣʴʪʝʨʥʘʪʠʚʥʦʾ ʘʨʭʽʪʝʢʪʫʨʠ ʽ ʢʦʥʮʝʧʮʽʡ ʨʦʙʦʪʠ.  ʅʘ ʮʽʡ ʩʪʘʜʽʾ ʥʝʜʦʩʪʘʪʥʴʦ ʟʘʛʘʣʴʥʦʛʦ ʦʧʠʩʫ 

ʧʨʦʝʢʪʫ, ʧʦʪʨʽʙʥʦ ʜʝʪʘʣʽ.  

ʇʨʠʜʘʪʥʘ ʜʣʷ ʧʨʠʙʣʠʟʥʦʛʦ ʦʮʽʥʶʚʘʥʥʷ ʚʠʪʨʘʪ ʥʘ ʨʦʟʨʦʙʢʫ ʧʨʦʝʢʪʫ ʜʦ ʪʦʛʦ, ʷʢ ʙʫʣʘ 

ʚʠʟʥʘʯʝʥʘ ʡʦʛʦ ʘʨʭʽʪʝʢʪʫʨʘ. ʄʦʞʝ ʟʘʩʪʦʩʦʚʫʚʘʪʠʩʷ ʜʣʷ ʪʝʭʥʽʢʦ-ʝʢʦʥʦʤʽʯʥʦʛʦ ʦʙˇʨʫʥʪʫʚʘʥʥʷ 
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ʚʠʪʨʘʪ ʥʘ ʩʪʚʦʨʝʥʥʷ ʇɿ, ʘ ʪʘʢʦʞ ʜʣʷ ʨʦʟʧʦʜʽʣʫ ʚʠʪʨʘʪ ʧʦ ʩʪʘʜʽʷʭ ʨʦʟʨʦʙʢʠ. ʇʦʩʪ-

ʘʨʭʽʪʝʢʪʫʨʥʘ ʤʦʜʝʣʴ ï PAM (Post Architecture Model)  ʧʦʚôʷʟʘʥʘ ʟ ʨʝʘʣʴʥʦʶ ʨʦʟʨʦʙʢʦʶ ʽ 

ʝʢʩʧʣʫʘʪʘʮʽʻʶ ʧʨʦʛʨʘʤʥʦʛʦ ʧʨʦʜʫʢʪʫ. ʎʷ ʤʦʜʝʣʴ ʧʨʘʮʶʻ ʥʘʡʝʬʝʢʪʠʚʥʽʰʝ. ʄʽʞ ʨʽʟʥʠʤʠ 

ʤʦʜʝʣʷʤʠ ʽʩʥʫʻ ʧʝʚʥʘ ʩʭʦʞʽʩʪʴ. ʂʦʞʥʘ ʤʦʜʝʣʴ ʦʮʽʥʶʚʘʥʥʷ ʤʘʻ ʩʚʦʾ ʧʝʨʝʚʘʛʠ ʪʘ  

ʥʝʜʦʣʽʢʠ [13]. 

ʅʘʡʙʽʣʴʰ ʬʫʥʜʘʤʝʥʪʘʣʴʥʠʤʠ ʨʦʟʨʘʭʫʥʢʘʤʠ ʚ ʤʦʜʝʣʽ COCOMO II ʻ ʚʠʢʦʨʠʩʪʘʥʥʷ 

ʨʽʚʥʷʥʥʷ ʜʣʷ ʦʮʽʥʢʠ ʢʽʣʴʢʦʩʪʽ ʣʶʜʠʥʦ-ʤʽʩʷʮʽʚ, ʥʝʦʙʭʽʜʥʠʭ ʜʣʷ ʨʦʟʨʦʙʢʠ ʧʨʦʝʢʪʫ. ɹʽʣʴʰʽʩʪʴ 

ʽʥʰʠʭ ʨʝʟʫʣʴʪʘʪʽʚ COCOMO II, ʚ ʪʦʤʫ ʯʠʩʣʽ ʦʮʽʥʢʠ ʚʠʤʦʛ ʪʘ ʪʝʭʥʽʯʥʝ ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ, ʻ 

ʧʦʭʽʜʥʠʤʠ ʚʽʜ ʮʽʻʾ ʚʝʣʠʯʠʥʠ. ɼʣʷ ʨʦʟʨʘʭʫʥʢʫ ʪʨʫʜʦʚʠʪʨʘʪ ʥʝʦʙʭʽʜʥʦ ʚʠʟʥʘʯʠʪʠʩʴ ʽʟ ʚʭʽʜʥʠʤʠ 

ʜʘʥʠʤʠ (ʟʥʘʯʝʥʥʷ ʢʦʥʩʪʘʥʪ, ʝʢʩʧʦʥʝʥʪ, ʬʘʢʪʦʨʽʚ ʤʘʩʰʪʘʙʫ, ʤʥʦʞʥʠʢʽʚ ʚʠʪʨʘʪ) ʚ ʟʘʣʝʞʥʦʩʪʽ 

ʚʽʜ ʚʠʜʫ ʤʦʜʝʣʽ COCOMO II.  

ʅʘʡʙʽʣʴʰ ʧʦʰʠʨʝʥʠʤʠ ʻ ʥʘʩʪʫʧʥʽ ʦʜʠʥʠʮʽ ʦʮʽʥʢʠ ʨʦʟʤʽʨʫ ʇɿ [13]:  

ï ʢʽʣʴʢʽʩʪʴ ʨʷʜʢʽʚ ʢʦʜʫ (Lines Of Code, LOC);  

ï ʬʫʥʢʮʽʦʥʘʣʴʥʽ ʪʦʯʢʠ (Function Points, FP); 

ï ʢʽʣʴʢʽʩʪʴ ʨʽʟʥʠʭ ʝʣʝʤʝʥʪʽʚ ʫ ʩʢʣʘʜʽ ʫʧʨʘʚʣʽʥʩʴʢʦʾ ʩʧʝʮʠʬʽʢʘʮʽʾ;  

ï ʦʙʩʷʛ ʜʦʢʫʤʝʥʪʘʮʽʾ ʪʦʱʦ. 

ʂʽʣʴʢʽʩʪʴ ʨʷʜʢʽʚ ʢʦʜʫ (Lines Of Code, LOC; Source Lines of Code, SLOC) ʻ ʥʘʡʧʨʦʩʪʽʰʦʶ 

ʽ ʥʘʡʧʦʰʠʨʝʥʽʰʦʶ ʩʝʨʝʜ ʟʘʟʥʘʯʝʥʠʭ ʦʜʠʥʠʮʴ ʚʠʤʽʨʫ. ʋ ʟʘʛʘʣʴʥʦʤʫ ʚʠʧʘʜʢʫ LOC ʦʟʥʘʯʘʻ 

ʢʽʣʴʢʽʩʪʴ ʨʷʜʢʽʚ ʢʦʜʫ ʥʘ ʚʽʜʧʦʚʽʜʥʽʡ ʤʦʚʽ ʧʨʦʛʨʘʤʫʚʘʥʥʷ, ʷʢʽ ʤʘʶʪʴ ʙʫʪʠ ʥʘʧʠʩʘʥʽ ʜʣʷ ʪʦʛʦ, 

ʱʦʙ ʧʨʦʝʢʪ ʙʫʚ ʚʠʢʦʥʘʥʠʡ [13].  

ʆʩʢʽʣʴʢʠ ʨʽʟʥʽ ʤʦʚʠ ʧʨʦʛʨʘʤʫʚʘʥʥʷ ʤʘʶʪʴ ʨʽʟʥʽ ʤʦʞʣʠʚʦʩʪʽ ʽ ʨʽʟʥʫ ʧʨʦʜʫʢʪʠʚʥʽʩʪʴ ʧʦ 

ʚʠʨʽʰʝʥʥʶ ʟʘʜʘʯ ʧʨʦʛʨʘʤʫʚʘʥʥʷ, ʪʦ ʦʜʠʥʠʮʽ LOC ʤʘʶʪʴ ʙʫʪʠ ʧʨʠʚʝʜʝʥʽ ʜʦ ʧʝʚʥʦʾ 

ʩʧʽʚʨʦʟʤʽʨʥʦʾ ʚʝʣʠʯʠʥʠ.  

ʇʨʠʚʝʜʝʥʥʷ ʟʜʽʡʩʥʶʻʪʴʩʷ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʪʘʙʣʠʮʴ ʧʝʨʝʪʚʦʨʝʥʴ, ʷʢʽ ʧʝʨʽʦʜʠʯʥʦ 

ʧʦʥʦʚʣʶʶʪʴʩʷ, ʱʦʙ ʚʨʘʭʦʚʫʚʘʪʠ ʝʚʦʣʶʮʽʶ ʤʦʚ ʧʨʦʛʨʘʤʫʚʘʥʥʷ [13]. ʉʣʽʜ ʟʚʝʨʥʫʪʠ ʫʚʘʛʫ, 

ʦʜʠʥʠʮʷ ʨʦʟʤʽʨʫ LOC ʥʝ ʚʽʜʦʙʨʘʞʘʻ ʬʫʥʢʮʽʦʥʘʣʴʥʽ ʚʣʘʩʪʠʚʦʩʪʽ ʢʦʜʫ.  

ʈʝʢʦʤʝʥʜʘʮʽʾ ʱʦʜʦ ʦʮʽʥʢʠ ʬʘʢʪʦʨʽʚ ʘʜʘʧʪʦʚʘʥʦʛʦ ʧʨʦʛʨʘʤʥʦʛʦ ʟʘʙʝʟʧʝʯʝʥʥʷ ʜʣʷ ʨʽʟʥʠʭ 

ʢʘʪʝʛʦʨʽʡ ʢʦʜʫ (ʥʦʚʠʡ, ʧʦʚʪʦʨʥʦ ʚʠʢʦʨʠʩʪʘʥʠʡ, ʘʚʪʦʤʘʪʠʯʥʦ ʧʝʨʝʚʝʜʝʥʠʡ ʢʦʜ ʪʦʱʦ), 

ʚʠʢʦʨʠʩʪʦʚʫʶʯʠ COCOMO II, ʜʝʪʘʣʴʥʦ ʚʠʢʣʘʜʝʥʦ ʚ [13]. 

ʉʫʧʨʦʚʦʜʞʝʥʥʷ ʧʨʦʛʨʘʤʥʦʛʦ ʟʘʙʝʟʧʝʯʝʥʥʷ ʚʢʣʶʯʘʻ ʚ ʩʝʙʝ ʜʦʜʘʚʘʥʥʷ ʥʦʚʠʭ 

ʤʦʞʣʠʚʦʩʪʝʡ ʽ ʬʽʢʩʘʮʽʶ ʘʙʦ ʘʜʘʧʪʘʮʽʶ ʽʩʥʫʶʯʠʭ ʤʦʞʣʠʚʦʩʪʝʡ, ʚʠʢʣʶʯʘʻ ʟʤʽʥʠ ʚʽʜʥʦʚʣʝʥʥʷ 

ʦʩʥʦʚʥʦʛʦ ʧʨʦʜʫʢʪʫ ʙʽʣʴʰʝ 50 % ʚʽʜ ʽʩʥʫʶʯʦʛʦ ʧʨʦʛʨʘʤʥʦʛʦ ʟʘʙʝʟʧʝʯʝʥʥʷ ʽ ʨʦʟʚʠʪʦʢ ʟʥʘʯʥʦʾ 

(ʙʽʣʴʰʝ 20 % ʟʤʽʥ) ʚʟʘʻʤʦʜʽʾ ʩʠʩʪʝʤ, ʱʦ ʚʠʤʘʛʘʶʪʴ ʥʝʚʝʣʠʢʦʛʦ ʜʦʦʧʨʘʮʶʚʘʥʥʷ ʽʩʥʫʶʯʦʾ 

ʩʠʩʪʝʤʠ. ɯʩʥʫʶʪʴ ʧʨʠʧʫʱʝʥʥʷ, ʟʨʦʙʣʝʥʽ ʚ ʤʦʜʝʣʽ COCOMO II [13],  ʱʦ ʚ ʮʽʣʦʤʫ ʚʘʨʪʽʩʪʴ 

ʩʫʧʨʦʚʦʜʞʝʥʥʷ ʧʨʦʛʨʘʤʥʦʛʦ ʟʘʙʝʟʧʝʯʝʥʥʷ ʤʘʻ ʘʪʨʠʙʫʪʠ ʧʘʨʘʤʝʪʨʽʚ ʚʘʨʪʦʩʪʽ ʷʢ ʧʽʜ ʯʘʩ 

ʨʦʟʨʦʙʢʠ ʧʨʦʛʨʘʤʥʦʛʦ ʟʘʙʝʟʧʝʯʝʥʥʷ.  

ʉʫʧʨʦʚʦʜʞʝʥʥʷ ʚʢʣʶʯʘʻ ʚ ʩʝʙʝ ʧʝʨʝʧʨʦʝʢʪʫʚʘʥʥʷ ʪʘ ʧʝʨʝʢʦʜʫʚʘʥʥʷ ʥʝʚʝʣʠʢʠʤʠ 

ʯʘʩʪʠʥʘʤʠ ʦʨʠʛʽʥʘʣʴʥʦʛʦ ʧʨʦʜʫʢʪʫ, ʧʝʨʝʧʨʦʝʢʪʫʚʘʥʥʷ ʪʘ ʨʦʟʨʦʙʢʫ ʽʥʪʝʨʬʝʡʩʽʚ, ʽ ʥʝʚʝʣʠʢʫ 

ʤʦʜʠʬʽʢʘʮʽʶ ʩʪʨʫʢʪʫʨʠ ʧʨʦʜʫʢʪʫ. ʉʫʧʨʦʚʽʜ ʤʦʞʝ ʙʫʪʠ ʢʣʘʩʠʬʽʢʦʚʘʥʠʡ ʷʢ ʧʦʥʦʚʣʝʥʥʷ ʘʙʦ 

ʜʦʨʦʙʢʘ ʧʨʦʜʫʢʪʫ. 

ʋ COCOMO II ʪʨʫʜʦʚʠʪʨʘʪʠ ʚʠʨʘʞʘʶʪʴʩʷ ʚ ʣʶʜʠʥ-/ʤʽʩʷʮʷʭ (PM). ʃʶʜʠʥʦ-ʤʽʩʷʮʴ ï 

ʢʽʣʴʢʽʩʪʴ ʯʘʩʫ, ʷʢʝ ʦʜʥʘ ʣʶʜʠʥʘ ʚʠʪʨʘʯʘʻ, ʢʦʣʠ ʧʨʘʮʶʻ ʥʘʜ ʨʦʟʨʦʙʢʦʶ ʧʨʦʛʨʘʤʥʦʛʦ 

ʟʘʙʝʟʧʝʯʝʥʥʷ ʧʨʦʪʷʛʦʤ ʦʜʥʦʛʦ ʤʽʩʷʮʷ. COCOMO II ʨʦʟʛʣʷʜʘʻ ʢʽʣʴʢʽʩʪʴ ʣʶʜʠʥʦ/ʛʦʜʠʥ ʥʘ 

ʣʶʜʠʥʦ-ʤʽʩʷʮʴ, PH/PM, ʷʢ ʨʝʛʫʣʴʦʚʘʥʠʡ ʬʘʢʪʦʨ ʟ ʥʦʤʽʥʘʣʴʥʦʶ ʚʘʨʪʽʩʪʶ 152 ʛʦʜʠʥ ʥʘ 

ʣʶʜʠʥʦ-ʤʽʩʷʮʴ (ʮʝ ʯʠʩʣʦ ʥʝ ʚʢʣʶʯʘʻ, ʟʘʟʚʠʯʘʡ, ʩʚʷʪʘ, ʢʘʥʽʢʫʣʠ, ʚʠʭʽʜʥʽ ʪʘ ʚʽʣʴʥʠʡ ʯʘʩ).  

ɼʣʷ ʨʦʟʨʘʭʫʥʢʫ ʪʨʫʜʦʚʠʪʨʘʪ ʩʫʧʨʦʚʦʜʞʝʥʥʷ (ʈʽʚʥʷʥʥʷ 1) ʚʭʽʜʥʠʤʠ ʜʘʥʠʤʠ ʻ ʨʦʟʤʽʨ 

ʨʦʟʨʦʙʢʠ ʧʨʦʛʨʘʤʥʦʛʦ ʟʘʙʝʟʧʝʯʝʥʥʷ Size, ʢʦʥʩʪʘʥʪʘ A, ʝʢʩʧʦʥʝʥʪʘ ɽ ʽ ʨʷʜ ʟʥʘʯʝʥʴ ʬʘʢʪʦʨʽʚ 

ʤʘʩʰʪʘʙʫ SM ʪʘ ʤʥʦʞʥʠʢʽʚ ʚʠʪʨʘʪ EM, ʢʽʣʴʢʽʩʪʴ ʷʢʠʭ ʟʘʣʝʞʠʪʴ ʚʽʜ ʚʠʙʨʘʥʦʾ ʤʦʜʝʣʽ [13]. 

 

ὖὓ ὃ ὛὭᾀὩБ Ὁὓ ,                (1) 

 

ʜʝ A = 2,94 (ʜʣʷ COCOMO II.2000),   
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ʨʦʟʤʽʨ ὛὭᾀὩ ʚʠʨʘʞʘʻʪʴʩʷ ʚ ʪʠʩʷʯʘʭ ʨʷʜʢʽʚ ʚʠʭʽʜʥʦʛʦ ʢʦʜʫ (kilolines of code, KSLOC) 

ʘʙʦ ʥʝʢʦʨʝʢʪʦʚʘʥʠʭ ʬʫʥʢʮʽʦʥʘʣʴʥʠʭ ʪʦʯʢʘʭ (UFP),  

E (cost driver, ʧʘʨʘʤʝʪʨ ʚʘʨʪʦʩʪʽ) ï ʚʝʣʠʯʠʥʘ, ʷʢʘ ʦʮʽʥʶʻ ʨʽʟʥʽ ʪʠʤʯʘʩʦʚʽ, ʷʢʽʩʥʽ ʪʘ 

ʨʝʩʫʨʩʥʽ ʘʩʧʝʢʪʠ ʨʦʟʨʦʙʢʠ ʇɿ, ʧʘʨʘʤʝʪʨ, ʷʢʠʡ ʤʦʞʝ ʙʫʪʠ ʚʽʜʢʘʣʽʙʨʦʚʘʥʠʡ, 

Ὁὓ ï (Effort  Multiplier, ʤʥʦʞʥʠʢ ʚʠʪʨʘʪ) ï ʟʥʘʯʝʥʥʷ, ʧʦʚôʷʟʘʥʝ ʟ ʧʝʚʥʠʤ ʨʝʡʪʠʥʛʦʤ 

ʧʘʨʘʤʝʪʨʫ ʚʘʨʪʦʩʪʽ. 

 

ʅʘʡʙʽʣʴʰ ʟʥʘʯʥʠʤ ʚʥʝʩʢʦʤ ʫ ʤʦʜʝʣʽ COCOMO II ʻ ʨʦʟʤʽʨ ʩʫʧʨʦʚʦʜʞʝʥʥʷ ὛὭᾀὩ, 
ʷʢʠʡ, ʟʘʟʚʠʯʘʡ, ʨʦʟʨʘʭʦʚʫʻʪʴʩʷ ʟʘ ʈʽʚʥʷʥʥʷʤ 2, ʢʦʣʠ ʚʽʜʦʤʽ ʨʦʟʤʽʨ ʦʩʥʦʚʥʦʛʦ ʢʦʜʫ ʽ ʚʽʜʩʦʪʦʢ 

ʟʤʽʥ ʚ ʦʩʥʦʚʥʦʤʫ ʢʦʜʽ. 

 

ὛὭᾀὩ ὄὥίὩὅέὨὩὛὭᾀὩὓὅὊ ὓὃὊȟ      (2) 

 

ʜʝ ὄὥίὩὅέὨὩὛὭᾀὩ ï ʨʦʟʤʽʨ ʦʩʥʦʚʥʦʛʦ ʢʦʜʫ, 

MCF (Maintenance Change Factor, ʢʦʝʬʽʮʽʻʥʪ ʟʤʽʥʠ ʩʫʧʨʦʚʦʜʫ) ï ʚʽʜʩʦʪʦʢ ʟʤʽʥ ʚ ʦʩʥʦʚʥʦʤʫ 

ʢʦʜʽ, 

MɸF (Maintenance Adjustment Factor, ʧʦʧʨʘʚʦʯʥʠʡ ʢʦʝʬʽʮʽʻʥʪ ʩʫʧʨʦʚʦʜʫ) ï ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ 

ʜʣʷ ʦʙʣʽʢʫ ʧʨʦʛʨʘʤʥʦʛʦ ʟʘʙʝʟʧʝʯʝʥʥʷ ʽ ʨʦʟʫʤʽʥʥʷ ʥʝʟʨʦʟʫʤʽʣʠʭ ʝʬʝʢʪʽʚ. 

 

MCF ʧʨʝʜʩʪʘʚʣʷʻ ʚʽʜʥʦʰʝʥʥʷ ʫ ʈʽʚʥʷʥʥʽ 3. 

 

ὓὅὊ  ,       (3) 

 

ʜʝ ὛὭᾀὩὃὨὨὩὨ ï ʨʦʟʤʽʨ ʧʦʚʪʦʨʥʦ ʚʠʢʦʨʠʩʪʘʥʦʛʦ ʢʦʜʫ, 

ὛὭᾀὩὓέὨὭὪὭὩὨ  ï ʨʦʟʤʽʨ ʤʦʜʠʬʽʢʦʚʘʥʦʛʦ ʢʦʜʫ. 

 

ɺʽʜʦʤʘ ʧʨʦʩʪʽʰʘ ʚʝʨʩʽʷ, ʱʦ ʤʦʞʝ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠʩʷ, ʢʦʣʠ ʯʘʩʪʠʥʫ ʢʦʜʫ ʙʫʣʦ ʜʦʜʘʥʦ 

ʘʙʦ ʟʤʽʥʝʥʦ ʜʦ ʽʩʥʫʶʯʦʛʦ ʦʩʥʦʚʥʦʛʦ ʢʦʜʫ ʚʧʨʦʜʦʚʞ ʽʥʪʝʨʚʘʣʫ ʩʫʧʨʦʚʦʜʫ. ɺʠʜʘʣʝʥʠʡ ʢʦʜ ʥʝ 

ʚʨʘʭʦʚʫʻʪʴʩʷ (ʈʽʚʥʷʥʥʷ 4). 

 

ὛὭᾀὩ ὛὭᾀὩὃὨὨὩὨὛὭᾀὩὓέὨὭὪὭὩὨὓὃὊ.   (4) 

 

ʈʦʟʤʽʨ ʤʦʞʝ ʚʽʜʥʦʩʠʪʠʩʷ ʜʦ ʪʠʩʷʯ ʨʷʜʢʽʚ ʚʠʭʽʜʥʦʛʦ ʢʦʜʫ (KSLOC), ʬʫʥʢʮʽʦʥʘʣʴʥʠʭ 

ʪʦʯʦʢ ʪʦʱʦ. ʇʦʧʨʘʚʦʯʥʠʡ ʢʦʝʬʽʮʽʻʥʪ ʩʫʧʨʦʚʦʜʫ MAF (ʈ̔ʚʥʷʥʥʷʤ 5) ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ, ʱʦʙ 

ʩʢʦʨʝʢʪʫʚʘʪʠ ʝʬʝʢʪʠʚʥʠʡ ʨʦʟʤʽʨ ʩʫʧʨʦʚʦʜʫ ʜʣʷ ʨʦʟʫʤʽʥʥʷ ʧʨʦʛʨʘʤʥʦʛʦ ʟʘʙʝʟʧʝʯʝʥʥʷ ʪʘ 

ʝʬʝʢʪʫ ʥʝʟʥʘʥʥʷ ʧʨʦʛʨʘʤʥʦʛʦ ʟʘʙʝʟʧʝʯʝʥʥʷ ʧʨʠ ʧʦʚʪʦʨʥʦʤʫ ʚʠʢʦʨʠʩʪʘʥʥʽ. COCOMO II  

ʚʠʢʦʨʠʩʪʦʚʫʻ ʢʦʝʬʽʮʽʻʥʪʠ ʨʦʟʫʤʽʥʥʷ ʧʨʦʛʨʘʤʥʦʛʦ ʟʘʙʝʟʧʝʯʝʥʥʷ (Software Understanding ï 

SU) ʽ ʥʝʟʥʘʥʥʷ ʧʨʦʛʨʘʤʥʦʛʦ ʟʘʙʝʟʧʝʯʝʥʥʷ (Programmer Unfamiliarity with Software ï UNFM) 

ʚʽʜʧʦʚʽʜʥʦ ʜʦ ʧ. 2.4 [13]. 

 

ὓὃὊ ρ ὟὔὊὓ.     (5) 

 

ɺʽʜʧʦʚʽʜʥʦ ʜʦ [13] COCOMO II ʧʨʠ ʨʦʟʨʘʭʫʥʢʘʭ ʥʝʦʙʭʽʜʥʦʶ ʫʤʦʚʦʶ ʻ  ʟʘʩʪʦʩʫʚʘʥʥʷ 

ʤʘʩʰʪʘʙʥʠʭ ʢʦʝʬʽʮʽʻʥʪʽʚ. 

ɽʢʩʧʦʥʝʥʪʘ ɽ ʻ ʩʫʢʫʧʥʽʩʪʶ ʧôʷʪʠ ʤʘʩʰʪʘʙʥʠʭ ʢʦʝʬʽʮʽʻʥʪʽʚ (SF), ʱʦ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ 

ʜʣʷ ʨʦʟʨʦʙʢʠ ʧʨʦʛʨʘʤ ʨʽʟʥʦʛʦ ʨʦʟʤʽʨʫ. ʂʦʞʥʠʡ ʟ ʬʘʢʪʦʨʽʚ ʤʘʩʰʪʘʙʫ ʤʘʻ ʜʽʘʧʘʟʦʥ  ʨʽʚʥʽʚ 

ʨʝʡʪʠʥʛʫ ʚʽʜ ʜʫʞʝ ʥʠʟʴʢʦʛʦ (Very Low, VL) ʜʦ ʥʘʜʚʠʩʦʢʦʛʦ (Extra High, XH). ʂʦʞʝʥ ʨʽʚʝʥʴ 

ʨʝʡʪʠʥʛʫ ʤʘʻ ʚʘʛʫ. ʂʦʥʢʨʝʪʥʝ ʟʥʘʯʝʥʥʷ ʚʘʛʠ ʥʘʟʠʚʘʻʪʴʩʷ ʤʘʩʰʪʘʙʥʠʤ ʢʦʝʬʽʮʽʻʥʪʦʤ (SF). 

ʄʘʩʰʪʘʙʥʽ ʢʦʝʬʽʮʽʻʥʪʠ ʧʨʦʝʢʪʫ, ʦʙʨʘʥʠʤ ʤʘʩʰʪʘʙʦʤ ʬʘʢʪʦʨʽʚ ʨʝʡʪʠʥʛʽʚ ʧʽʜʩʫʤʦʚʫʶʪʴʩʷ ʽ 

ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʜʣʷ ʚʠʟʥʘʯʝʥʥʷ ʧʦʢʘʟʥʠʢʘ ʤʘʩʰʪʘʙʫ E. 
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 Ὁ ὄ πȟπρВ ὛὊ,    (6) 

ʜʝ ɺ=0,91 (ʜʣʷ COCOMO II.2000),  

SF  (Scale Factor, ʬʘʢʪʦʨ ʤʘʩʰʪʘʙʫ, ʤʘʩʰʪʘʙʥʠʡ ʢʦʝʬʽʮʽʻʥʪ) ï ʟʥʘʯʝʥʥʷ ʧʝʚʥʦʛʦ ʨʝʡʪʠʥʛʫ 

ʤʘʩʰʪʘʙʥʦʛʦ ʢʦʝʬʽʮʽʻʥʪʘ, ʱʦ ʚʠʟʥʘʯʘʶʪʴʩʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ ʧʨʦʝʢʪʫ.  

ɼʣʷ ʨʦʟʨʘʭʫʥʢʫ ʪʨʫʜʦʚʠʪʨʘʪ ʩʫʧʨʦʚʦʜʞʝʥʥʷ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʥʘʩʪʫʧʥʽ ʬʘʢʪʦʨʠ 

ʤʘʩʰʪʘʙʫ: PREC ï Precedentedness scale factor (ʬʘʢʪʦʨ ʤʘʩʰʪʘʙʫ Ăʇʨʝʮʝʜʝʥʪʥʽʩʪʴò) ï 

ʥʘʷʚʥʽʩʪʴ ʜʦʩʚʽʜʫ ʘʥʘʣʦʛʽʯʥʠʭ ʨʦʟʨʦʙʦʢ (Very Low ï ʜʦʩʚʽʜ ʚ ʧʨʦʜʫʢʪʽ ʽ ʧʣʘʪʬʦʨʤʽ ʚʽʜʩʫʪʥʽ; 

Extra High ï ʧʨʦʜʫʢʪ ʽ ʧʣʘʪʬʦʨʤʘ ʧʦʚʥʽʩʪʶ ʟʥʘʡʦʤʽ); FLEX ï Development Flexibility (ʬʘʢʪʦʨ 

ʤʘʩʰʪʘʙʫ Ăɻʥʫʯʢʽʩʪʴ ʨʦʟʚʠʪʢʫò) ï ʛʥʫʯʢʽʩʪʴ ʧʨʦʮʝʩʫ ʨʦʟʨʦʙʢʠ (Very Low ï ʧʨʦʮʝʩ ʩʪʨʦʛʦ 

ʜʝʪʝʨʤʽʥʦʚʘʥʠʡ; Extra High ï ʚʠʟʥʘʯʝʥʽ ʪʽʣʴʢʠ ʩʧʽʣʴʥʽ ʮʽʣʽ); RESL ï Architecture and Risk 

Resolution scale factor (ʬʘʢʪʦʨ ʤʘʩʰʪʘʙʫ Ăɸʨʭʽʪʝʢʪʫʨʘ ʽ ʜʦʟʚʽʣ ʨʠʟʠʢʽʚò) (Very Low ï ʨʠʟʠʢʠ 

ʥʝʚʽʜʦʤʽ / ʥʝ ʧʨʦʘʥʘʣʽʟʦʚʘʥʽ; Extra High ï ʨʠʟʠʢʠ ʜʦʟʚʦʣʝʥʽ ʥʘ 100 %); TEAM ï Execution Time 

Constraint Cost Driver (ʦʙʤʝʞʝʥʥʷ ʟ ʜʦʩʪʫʧʥʦʩʪʽ ʧʨʦʛʨʘʤʥʦʛʦ ʩʝʨʝʜʦʚʠʱʘ) ï ʚʨʘʭʦʚʫʻ ʯʘʩʦʚʽ 

ʨʝʩʫʨʩʠ, ʷʢʽ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʇɿ ʧʨʠ ʚʠʢʦʥʘʥʥʽ ʧʦʩʪʘʚʣʝʥʦʛʦ ʟʘʚʜʘʥʥʷ; PMAT ï Process 

Maturity scale factor (ʬʘʢʪʦʨ ʤʘʩʰʪʘʙʫ Ăɿʨʽʣʽʩʪʴ ʧʨʦʮʝʩʽʚò) ï ʪʝʭʥʦʣʦʛʽʯʥʘ ʟʨʽʣʽʩʪʴ ʨʦʟʨʦʙʢʠ. 

ɼʝʪʘʣʴʥʦ ʪʘʙʣʠʮʽ ʨʦʟʨʘʭʫʥʢʫ ʟʥʘʯʝʥʴ ʬʘʢʪʦʨʽʚ ʤʘʩʰʪʘʙʫ ʥʘʚʝʜʝʥʦ ʚ [13].  

ʇʘʨʘʤʝʪʨʠ ʚʘʨʪʦʩʪʽ (cost drivers) ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʜʣʷ ʦʧʠʩʫ ʭʘʨʘʢʪʝʨʠʩʪʠʢ 

ʨʦʟʨʦʙʢʠ ʧʨʦʛʨʘʤʥʦʛʦ ʟʘʙʝʟʧʝʯʝʥʥʷ, ʷʢʽ ʚʧʣʠʚʘʶʪʴ ʥʘ ʪʨʫʜʦʚʠʪʨʘʪʠ ʜʣʷ ʟʘʚʝʨʰʝʥʥʷ 

ʧʨʦʝʢʪʫ. ɺʩʽ ʧʘʨʘʤʝʪʨʠ ʚʘʨʪʦʩʪʽ COCOMO II ʤʘʶʪʴ ʷʢʽʩʥʽ ʨʽʚʥʽ ʨʝʡʪʠʥʛʫ, ʷʢʽ ʚʠʩʣʦʚʣʶʶʪʴ 

ʚʧʣʠʚ ʧʘʨʘʤʝʪʨʘ ʥʘ ʪʨʫʜʦʚʠʪʨʘʪ ʱʦʜʦ ʨʦʟʚʠʪʢʫ.  

ʎʽ ʨʝʡʪʠʥʛʠ ʤʦʞʫʪʴ ʚʘʨʽʶʚʘʪʠʩʷ ʚʽʜ ʥʘʜʥʠʟʴʢʦʾ (Extra Low, XL) ʜʦ ʥʘʜʚʠʩʦʢʦʾ (Extra 

High, XH). ʂʦʞʝʥ ʨʽʚʝʥʴ ʨʝʡʪʠʥʛʫ ʙʫʜʴ ʷʢʦʛʦ ʤʫʣʴʪʠʧʣʽʢʘʪʠʚʥʦʛʦ ʧʘʨʘʤʝʪʨʫ ʚʘʨʪʦʩʪʽ ʤʘʻ 

ʟʥʘʯʝʥʥʷ, ʱʦ ʥʘʟʠʚʘʻʪʴʩʷ ʤʥʦʞʥʠʢ ʪʨʫʜʦʚʠʪʨʘʪ (effort multiplier, EM). ʎʷ ʩʭʝʤʘ 

ʧʝʨʝʚʦʜʠʪʴ ʨʝʡʪʠʥʛ ʧʘʨʘʤʝʪʨʘ ʚʘʨʪʦʩʪʽ ʚ ʢʽʣʴʢʽʩʥʫ ʚʝʣʠʯʠʥʫ ʜʣʷ ʚʠʢʦʨʠʩʪʘʥʥʷ ʚ ʤʦʜʝʣʽ. 

ʇʘʨʘʤʝʪʨ ʚʘʨʪʦʩʪʽ ï ʮʝ ʩʫʙôʻʢʪʠʚʥʘ ʚʝʣʠʯʠʥʘ, ʷʢʘ ʦʮʽʥʶʻ ʨʽʟʥʽ ʪʠʤʯʘʩʦʚʽ, ʷʢʽʩʥʽ ʪʘ ʨʝʩʫʨʩʥʽ 

ʘʩʧʝʢʪʠ ʨʦʟʨʦʙʢʠ ʇɿ. ʂʦʞʝʥ ʟ ʧʘʨʘʤʝʪʨʽʚ ʤʦʞʝ ʙʫʪʠ ʚʽʜʢʘʣʽʙʨʦʚʘʥʠʡ. ʂʘʣʽʙʨʫʚʘʥʥʷ 

ʧʘʨʘʤʝʪʨʽʚ ʚʘʨʪʦʩʪʽ ï ʮʝ ʢʦʨʠʛʫʚʘʥʥʷ ʟʥʘʯʝʥʴ ʧʘʨʘʤʝʪʨʽʚ, ʷʢʘ ʚʧʣʠʚʘʻ ʥʘ ʟʥʘʯʝʥʥʷ 

ʪʨʫʜʦʚʠʪʨʘʪ, ʽ ʦʪʞʝ ʥʘ ʯʘʩ ʽ ʚʘʨʪʽʩʪʴ, ʧʨʠ ʦʮʽʥʮʽ ʧʨʦʛʨʘʤʥʦʛʦ ʧʨʦʝʢʪʫ.  

ʈʝʡʪʠʥʛ ʧʘʨʘʤʝʪʨʽʚ ʚʘʨʪʦʩʪʽ ʟʘʩʥʦʚʘʥʠʡ ʥʘ ʚʘʛʦʤʠʭ ʘʨʛʫʤʝʥʪʘʭ. ʄʦʜʝʣʴ ʨʘʥʥʴʦʛʦ 

ʧʨʦʝʢʪʫʚʘʥʥʷ ʪʘ ʧʦʩʪʘʨʭʽʪʝʢʪʫʨʥʘ ʤʦʜʝʣʴ ʚʽʜʨʽʟʥʷʶʪʴʩʷ ʢʽʣʴʢʽʩʪʶ ʤʫʣʴʪʠʧʣʽʢʘʪʠʚʥʠʭ 

ʧʘʨʘʤʝʪʨʽʚ ʚʘʨʪʦʩʪʽ. ɭ ʩʽʤ ʤʫʣʴʪʠʧʣʽʢʘʪʠʚʥʠʭ ʧʘʨʘʤʝʪʨʽʚ ʚʘʨʪʦʩʪʽ ʜʣʷ ʤʦʜʝʣʽ ʨʘʥʥʴʦʛʦ 

ʧʨʦʝʢʪʫʚʘʥʥʷ ʽ ʩʽʤʥʘʜʮʷʪʴ ʤʫʣʴʪʠʧʣʽʢʘʪʠʚʥʠʭ ʧʘʨʘʤʝʪʨʽʚ ʚʘʨʪʦʩʪʽ ʜʣʷ ʧʦʩʪ-ʘʨʭʽʪʝʢʪʫʨʥʦʾ 

ʤʦʜʝʣʽ. 

ʄʘʩʰʪʘʙʥʽ ʢʦʝʬʽʮʽʻʥʪʠ ʚ ʝʢʩʧʦʥʝʥʪʽ E ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʪʽʣʴʢʠ ʥʘ ʨʽʚʥʽ ʧʨʦʝʢʪʫ. ʂʨʽʤ 

ʪʦʛʦ, ʦʜʠʥ ʽʟ ʤʥʦʞʥʠʢʽʚ ʪʨʫʜʦʚʠʪʨʘʪ, ʱʦ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʚ ʧʨʦʜʫʢʪʽ, ʥʝʦʙʭʽʜʥʠʡ ʛʨʘʬʽʢ 

ʨʦʟʨʦʙʢʠ (Required Development Schedule, SCED) ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʪʽʣʴʢʠ ʥʘ ʨʽʚʥʽ ʧʨʦʝʢʪʫ. 

ɯʥʰʽ ʤʫʣʴʪʠʧʣʽʢʘʪʠʚʥʽ ʧʘʨʘʤʝʪʨʠ ʚʘʨʪʦʩʪʽ, ʢʦʞʥʠʡ ʟ ʷʢʠʭ ʧʨʝʜʩʪʘʚʣʝʥʠʡ ʚ ʧʨʦʜʫʢʪʽ ʷʢ 

ʤʥʦʞʥʠʢʠ ʟʫʩʠʣʴ, ʽ ʨʦʟʤʽʨ ʟʘʩʪʦʩʦʚʫʶʪʴʩʷ ʜʦ ʦʢʨʝʤʠʭ ʢʦʤʧʦʥʝʥʪʽʚ ʧʨʦʝʢʪʫ. ʄʦʜʝʣʴ ʤʦʞʝ 

ʙʫʪʠ ʚʠʢʦʨʠʩʪʘʥʘ ʜʣʷ ʦʮʽʥʢʠ ʟʫʩʠʣʴ ʜʣʷ ʧʨʦʝʢʪʫ, ʷʢʠʡ ʤʘʻ ʪʽʣʴʢʠ ʦʜʠʥ ʢʦʤʧʦʥʝʥʪ ʘʙʦ 

ʜʝʢʽʣʴʢʦʭ ʢʦʤʧʦʥʝʥʪʽʚ. 

ɯʩʥʫʶʪʴ ʩʧʝʮʽʘʣʴʥʽ ʨʝʢʦʤʝʥʜʘʮʽʾ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷ COCOMO II  ʚ ʩʫʧʨʦʚʦʜʽ ʧʨʦʛʨʘʤʥʦʛʦ 

ʟʘʙʝʟʧʝʯʝʥʥʷ, ʜʝʷʢʽ ʟ ʥʠʭ ʚʟʷʪʽ ʟ [12]. 

ʇʘʨʘʤʝʪʨ ʚʘʨʪʦʩʪʽ SCED (ʥʝʦʙʭʽʜʥʠʡ ʛʨʘʬʽʢ ʨʦʟʨʦʙʢʠ) ʥʝ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʚ ʦʮʽʥʮʽ 

ʟʫʩʠʣʴ ʥʘ ʩʫʧʨʦʚʽʜ. ʎʝ ʪʦʤʫ, ʱʦ ʮʠʢʣ ʩʫʧʨʦʚʦʜʫ ʟʘʟʚʠʯʘʡ ʤʘʻ ʬʽʢʩʦʚʘʥʫ ʪʨʠʚʘʣʽʩʪʴ. 

ʇʘʨʘʤʝʪʨ ʚʘʨʪʦʩʪʽ RUSE (ʤʦʞʣʠʚʽʩʪʴ ʚʠʢʦʨʠʩʪʘʥʥʷ ʧʨʦʜʫʢʪʫ ʚ ʧʦʜʘʣʴʰʠʭ ʨʦʟʨʦʙʢʘʭ) 

ʥʝ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʚ ʦʮʽʥʮʽ ʟʫʩʠʣʴ ʥʘ ʩʫʧʨʦʚʽʜ.  

ʎʝ ʚʽʜʙʫʚʘʻʪʴʩʷ ʪʦʤʫ, ʱʦ ʜʦʜʘʪʢʦʚʽ ʪʨʫʜʦʚʠʪʨʘʪ, ʥʝʦʙʭʽʜʥʽ ʜʣʷ ʧʽʜʪʨʠʤʢʠ ʧʦʚʪʦʨʥʦʛʦ 

ʚʠʢʦʨʠʩʪʘʥʥʷ ʢʦʤʧʦʥʝʥʪ, ʧʨʠʙʣʠʟʥʦ ʚʨʽʚʥʦʚʘʞʫʶʪʴʩʷ ʟʥʠʞʝʥʥʷʤ ʚʠʪʨʘʪ ʥʘ ʩʫʧʨʦʚʽʜ 

ʟʘʚʜʷʢʠ ʨʝʪʝʣʴʥʦʤʫ ʧʨʦʝʢʪʫʚʘʥʥʶ ʜʠʟʘʡʥʫ, ʜʦʢʫʤʝʥʪʘʮʽʾ ʪʘ ʪʝʩʪʫʚʘʥʥʷ. 

ʇʘʨʘʤʝʪʨ ʚʘʨʪʦʩʪʽ RELY (ʥʝʦʙʭʽʜʥʘ ʥʘʜʽʡʥʽʩʪʴ ʧʨʦʛʨʘʤʥʦʛʦ ʟʘʙʝʟʧʝʯʝʥʥʷ) ʤʘʻ ʨʽʟʥʠʡ 

ʥʘʙʽʨ ʤʥʦʞʥʠʢʽʚ ʚʠʪʨʘʪ ʥʘ ʩʫʧʨʦʚʽʜ. ɼʣʷ ʩʫʧʨʦʚʦʜʫ ʧʘʨʘʤʝʪʨ ʚʘʨʪʦʩʪʽ RELY ʟʘʣʝʞʠʪʴ ʚʽʜ 
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ʟʥʘʯʝʥʥʷ ʥʝʦʙʭʽʜʥʦʾ ʥʘʜʽʡʥʦʩʪʽ, ʧʨʠ ʷʢʦʤʫ ʧʨʦʜʫʢʪ ʙʫʚ ʨʦʟʨʦʙʣʝʥʠʡ. ʗʢʱʦ ʧʨʦʜʫʢʪ ʙʫʚ 

ʨʦʟʨʦʙʣʝʥʠʡ ʟ ʥʠʟʴʢʦʶ ʥʘʜʽʡʥʽʩʪʶ, ʮʝ ʧʦʪʨʝʙʫʻ ʙʽʣʴʰʝ ʟʫʩʠʣʴ, ʘʙʠ ʚʠʧʨʘʚʠʪʠ ʧʨʠʭʦʚʘʥʽ 

ʥʝʜʦʣʽʢʠ. ʗʢʱʦ ʧʨʦʜʫʢʪ ʙʫʚ ʨʦʟʨʦʙʣʝʥʠʡ ʟ ʜʫʞʝ ʚʠʩʦʢʦʶ ʥʘʜʽʡʥʽʩʪʶ, ʪʨʫʜʦʚʠʪʨʘʪ, 

ʥʝʦʙʭʽʜʥʝ ʜʣʷ ʧʽʜʪʨʠʤʢʠ ʮʴʦʛʦ ʨʽʚʥʷ ʥʘʜʽʡʥʦʩʪʽ, ʙʫʜʝ ʚʠʱʝ ʥʦʤʽʥʘʣʴʥʦʛʦ ʟʥʘʯʝʥʥʷ.  

ɼʣʷ ʨʦʟʨʘʭʫʥʢʫ ʪʨʫʜʦʚʠʪʨʘʪ ʩʫʧʨʦʚʦʜʞʝʥʥʷ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʥʘʩʪʫʧʥʽ ʧʘʨʘʤʝʪʨʠ 

ʚʘʨʪʦʩʪʽ: RELY ï Required Software Reliability Cost Driver (ʥʝʦʙʭʽʜʥʘ ʥʘʜʽʡʥʽʩʪʴ ʇɿ) ï 

ʚʨʘʭʦʚʫʻ ʤʽʨʫ ʚʠʢʦʥʘʥʥʷ ʧʨʦʛʨʘʤʦʶ ʟʘʜʫʤʘʥʦʾ ʜʽʾ ʧʨʦʪʷʛʦʤ ʧʝʚʥʦʛʦ ʯʘʩʫ; DATA ï Database 

Size Cost Driver (ʨʦʟʤʽʨ ʪʝʩʪʦʚʠʭ ʜʘʥʠʭ) ï ʚʨʘʭʦʚʫʻ ʚʧʣʠʚ ʦʙʩʷʛʫ ʪʝʩʪʦʚʠʭ ʜʘʥʠʭ ʥʘ ʨʦʟʨʦʙʢʫ 

ʧʨʦʜʫʢʪʫ; CPLX ï Product Complexity Cost Driver (ʩʢʣʘʜʥʽʩʪʴ ʧʨʦʜʫʢʪʫ) ï ʚʢʣʶʯʘʻ ʧôʷʪʴ 

ʪʠʧʽʚ ʦʧʝʨʘʮʽʡ: ʫʧʨʘʚʣʽʥʥʷ, ʨʘʭʫʥʢʦʚʽ, ʧʨʠʩʪʨʽʡ-ʟʘʣʝʞʥʽ, ʫʧʨʘʚʣʽʥʥʷ ʜʘʥʠʤʠ, ʫʧʨʘʚʣʽʥʥʷ 

ʧʨʠʟʥʘʯʝʥʠʤ ʜʣʷ ʢʦʨʠʩʪʫʚʘʯʘ ʽʥʪʝʨʬʝʡʩʦʤ. ʈʽʚʝʥʴ ʩʢʣʘʜʥʦʩʪʽ ï ʮʝ ʩʫʙôʻʢʪʠʚʥʝ ʩʝʨʝʜʥʴʦ 

ʟʚʘʞʝʥʝ ʟʥʘʯʝʥʥʷ ʨʽʚʥʽʚ ʪʠʧʽʚ ʦʧʝʨʘʮʽʡ; DOCU ï Documentation Match to Life-cycle Needs 

Cost Driver (ʧʦʚʥʦʪʘ ʜʦʢʫʤʝʥʪʘʮʽʾ) ï ʚʨʘʭʦʚʫʻ ʩʪʫʧʽʥʴ ʚʽʜʧʦʚʽʜʥʦʩʪʽ ʜʦʢʫʤʝʥʪʘʮʽʾ ʧʨʦʝʢʪʫ 

ʡʦʛʦ ʞʠʪʪʻʚʦʤʫ ʮʠʢʣʫ; TIME ï Execution Time Constraint Cost Driver (ʦʙʤʝʞʝʥʥʷ ʟ 

ʜʦʩʪʫʧʥʦʩʪʽ ʧʨʦʛʨʘʤʥʦʛʦ ʩʝʨʝʜʦʚʠʱʘ) ï ʚʨʘʭʦʚʫʻ ʯʘʩʦʚʽ ʨʝʩʫʨʩʠ, ʚʠʢʦʨʠʩʪʦʚʫʚʘʥʽ ʇɿ ʧʨʠ 

ʚʠʢʦʥʘʥʥʽ ʧʦʩʪʘʚʣʝʥʦʛʦ ʟʘʚʜʘʥʥʷ; STOR ï Main Storage Constraint Cost Driver (ʦʙʤʝʞʝʥʥʷ 

ʧʘʤôʷʪʽ) ï ʚʨʘʭʦʚʫʻ ʚʽʜʩʦʪʦʢ ʚʠʢʦʨʠʩʪʘʥʥʷ ʩʭʦʚʠʱ ʜʘʥʠʭ; PVOL ï Platform Volatility Cost 

Driver (ʨʦʟʨʦʙʢʘ ʧʣʘʪʬʦʨʤʠ) ï ʚʨʘʭʦʚʫʻ ʪʝʨʤʽʥ ʞʠʪʪʷ ʧʣʘʪʬʦʨʤʠ (ʢʦʤʧʣʝʢʩ ʘʧʘʨʘʪʥʦʛʦ ʽ 

ʧʨʦʛʨʘʤʥʦʛʦ ʟʘʙʝʟʧʝʯʝʥʥʷ, ʷʢʠʡ ʧʦʪʨʽʙʥʦ ʜʣʷ ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ ʇɿ, ʱʦ ʨʦʟʨʦʙʣʷʻʪʴʩʷ); ACAP 

ï Analyst Capability Cost Driver (ʢʚʘʣʽʬʽʢʘʮʽʷ ʘʥʘʣʽʪʠʢʽʚ) ï ʚʨʘʭʦʚʫʻ ʘʥʘʣʽʟ, ʟʜʘʪʥʽʩʪʴ 

ʧʨʦʝʢʪʫʚʘʪʠ, ʝʬʝʢʪʠʚʥʽʩʪʴ ʽ ʢʦʤʫʥʽʢʘʪʠʚʥʽ ʟʜʽʙʥʦʩʪʽ ʛʨʫʧʠ ʬʘʭʽʚʮʽʚ, ʷʢʽ ʨʦʟʨʦʙʣʷʶʪʴ ʚʠʤʦʛʠ 

ʽ ʩʧʝʮʠʬʽʢʘʮʽʾ ʧʨʦʝʢʪʫ. ʇʘʨʘʤʝʪʨ ʥʝ ʧʦʚʠʥʝʥ ʦʮʽʥʶʚʘʪʠ ʨʽʚʝʥʴ ʢʚʘʣʽʬʽʢʘʮʽʾ ʦʢʨʝʤʦ ʚʟʷʪʦʛʦ 

ʬʘʭʽʚʮʷ; PCAP ï Programmer Capability Cost Driver (ʢʚʘʣʽʬʽʢʘʮʽʷ ʧʨʦʛʨʘʤʽʩʪʽʚ) ï ʚʨʘʭʦʚʫʻ 

ʨʽʚʝʥʴ ʧʨʦʛʨʘʤʽʩʪʽʚ ʚ ʢʦʣʝʢʪʠʚʽ.  

ʇʨʠ ʚʠʙʦʨʽ ʟʥʘʯʝʥʥʷ ʜʣʷ ʮʴʦʛʦ ʧʘʨʘʤʝʪʨʘ ʩʣʽʜ ʦʩʦʙʣʠʚʦ ʟʚʝʨʥʫʪʠ ʫʚʘʛʫ ʥʘ 

ʢʦʤʫʥʽʢʘʪʠʚʥʽ ʪʘ ʧʨʦʬʝʩʽʡʥʽ ʟʜʽʙʥʦʩʪʽ ʧʨʦʛʨʘʤʽʩʪʽʚ ʽ ʥʘ ʢʦʤʘʥʜʥʫ ʨʦʙʦʪʫ ʚ ʮʽʣʦʤʫ; PCON ï 

Personnel Continuity Cost Driver (ʧʨʦʝʢʪʥʘ ʢʦʤʘʥʜʘ) ï ʚʨʘʭʦʚʫʻ ʪʝʢʫʯʽʩʪʴ ʢʘʜʨʽʚ ʫ ʢʦʣʝʢʪʠʚʽ; 

APEX ï Applications Experience Cost Driver (ʜʦʩʚʽʜ ʨʦʙʦʪʠ ʥʘʜ ʟʘʩʪʦʩʫʚʘʥʥʷʤʠ) ï ʚʨʘʭʦʚʫʻ 

ʜʦʩʚʽʜ ʢʦʣʝʢʪʠʚʫ ʧʨʠ ʨʦʙʦʪʽ ʥʘʜ ʟʘʩʪʦʩʫʚʘʥʥʷʤʠ ʧʝʚʥʦʛʦ ʪʠʧʫ; PLEX ï Platform Experience 

Cost Driver (ʟʥʘʥʥʷ ʧʣʘʪʬʦʨʤʠ) ï ʚʨʘʭʦʚʫʻ ʚʤʽʥʥʷ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʦʩʦʙʣʠʚʦʩʪʽ ʧʣʘʪʬʦʨʤ, 

ʪʘʢʽ ʷʢ ʛʨʘʬʽʯʥʠʡ ʽʥʪʝʨʬʝʡʩ, ʙʘʟʠ ʜʘʥʠʭ, ʤʝʨʝʞʝʚʠʡ ʽʥʪʝʨʬʝʡʩ, ʨʦʟʧʦʜʽʣʝʥʽ ʩʠʩʪʝʤʠ; LTEX ï 

Language and Tool Experience Cost Driver (ʟʥʘʥʥʷ ʤʦʚʠ ʽ ʩʝʨʝʜʦʚʠʱʘ ʨʦʟʨʦʙʢʠ) ï ʚʨʘʭʦʚʫʻ 

ʜʦʩʚʽʜ ʧʨʦʛʨʘʤʽʩʪʽʚ (ʤʦʚʠ, ʩʝʨʝʜʦʚʠʱʘ ʪʘ ʽʥʩʪʨʫʤʝʥʪʽʚ); TOOL ï Use of Software Tools Cost 

Driver (ʩʝʨʝʜʦʚʠʱʝ ʨʦʟʨʦʙʢʠ) ï ʚʨʘʭʦʚʫʻ ʨʽʚʝʥʴ ʚʠʢʦʨʠʩʪʘʥʥʷ ʽʥʩʪʨʫʤʝʥʪʽʚ ʨʦʟʨʦʙʢʠ; SITE ï 

Multisite Development Cost Driver (ʨʦʟʧʦʜʽʣʝʥʘ ʨʦʟʨʦʙʢʘ) ï ʚʨʘʭʦʚʫʻ ʪʝʨʠʪʦʨʽʘʣʴʥʫ 

ʚʽʜʜʘʣʝʥʽʩʪʴ (ʚʽʜ ʦʬʽʩʫ ʜʦ ʤʽʞʥʘʨʦʜʥʠʭ ʦʬʽʩʽʚ) ʯʣʝʥʽʚ ʢʦʤʘʥʜʠ ʨʦʟʨʦʙʥʠʢʽʚ ʽ 

ʚʠʢʦʨʠʩʪʦʚʫʚʘʥʽ ʥʠʤʠ ʟʘʩʦʙʠ ʢʦʤʫʥʽʢʘʮʽʾ (ʚʽʜ ʪʝʣʝʬʦʥʫ ʜʦ ʚʽʜʝʦ ʢʦʥʬʝʨʝʥʮ-ʟʚôʷʟʢʫ). 

ɼʝʪʘʣʴʥʦ ʪʘʙʣʠʮʽ ʨʦʟʨʘʭʫʥʢʫ ʟʥʘʯʝʥʴ ʧʘʨʘʤʝʪʨʽʚ ʚʘʨʪʦʩʪʽ ʥʘʚʝʜʝʥʦ ʚ [13].  

ʊʘʢʠʤ ʯʠʥʦʤ, ʟʚʝʨʥʝʤʦ ʫʚʘʛʫ, ʱʦ ʤʘʩʰʪʘʙʫʶʯʠʡ ʧʦʢʘʟʥʠʢ E ʟʘʩʪʦʩʦʚʫʻʪʴʩʷ ʜʣʷ ʯʠʩʣʘ 

ʟʤʽʥʝʥʠʭ KSLOC (ʜʦʜʘʥʠʭ ʪʘ ʟʤʽʥʝʥʠʭ, ʥʝʚʠʜʘʣʝʥʠʭ), ʜʣʷ ʟʘʛʘʣʴʥʦʾ ʢʽʣʴʢʦʩʪʽ ʫʩʧʘʜʢʦʚʘʥʠʭ 

KSLOC ʩʠʩʪʝʤʠ. ɽʬʝʢʪʠʚʥʠʡ ʨʦʟʤʽʨ ʩʫʧʨʦʚʦʜʫ ὛὭᾀὩ ʢʦʨʠʛʫʻʪʴʩʷ ʇʦʧʨʘʚʦʯʥʠʤ 

ʢʦʝʬʽʮʽʻʥʪʦʤ ʩʫʧʨʦʚʦʜʫ (MAF) ʜʣʷ ʦʙʣʽʢʫ ʝʬʝʢʪʽʚ ʫʩʧʘʜʢʦʚʘʥʦʾ ʩʠʩʪʝʤʠ. 

ʌʦʨʤʫʣʘ ʦʮʽʥʢʠ ʪʨʫʜʦʚʠʪʨʘʪ ʥʘ ʩʫʧʨʦʚʦʜʞʝʥʥʷ ʪʘʢʘ ʞ, ʷʢ ʚ COCOMO II  ʜʣʷ ʇʦʩʪ-

ʘʨʭʽʪʝʢʪʫʨʥʦʾ ʤʦʜʝʣʽ ʨʦʟʚʠʪʢʫ (ʟʘ ʚʠʥʷʪʢʦʤ SCED ʪʘ RUSE): 

 

ὖὓ ὃ ὛὍὤὉ Б Ὁὓ    (7) 

 

ʇʽʜʭʽʜ COCOMO II  ʚʽʜʨʽʟʥʷʻʪʴʩʷ ʚʽʜ COCOMO 81 ʩʪʦʩʦʚʥʦ ʦʮʽʥʢʠ ʚʠʪʨʘʪ ʥʘ ʩʫʧʨʦʚʽʜ, 

ʜʦʟʚʦʣʷʶʯʠ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʙʫʜʴ-ʷʢʫ ʪʨʠʚʘʣʽʩʪʴ ʩʫʧʨʦʚʦʜʫ, TM. ʉʝʨʝʜʥʷ ʯʠʩʝʣʴʥʽʩʪʴ 

ʧʝʨʩʦʥʘʣʫ ʩʫʧʨʦʚʦʜʫ (FSPM) ʤʦʞʝ ʙʫʪʠ ʦʪʨʠʤʘʥʘ ʟʘ ʈʽʚʥʷʥʥʷʤ 8: 

 

ὊὛὖὓὖὓ Ὕὓϳ      (8) 
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ɸʥʘʣʽʟ ʚʽʪʯʠʟʥʷʥʦʾ ʪʘ ʟʘʨʫʙʽʞʥʦʾ ʣʽʪʝʨʘʪʫʨʠ, ʘ ʪʘʢʦʞ ʜʽʶʯʠʭ ʥʦʨʤʘʪʠʚʥʠʭ ʜʦʢʫʤʝʥʪʽʚ 

ʜʣʷ ʚʠʟʥʘʯʝʥʥʷ ʪʨʫʜʦʚʠʪʨʘʪ ʧʨʦʛʨʘʤʥʦʛʦ ʟʘʙʝʟʧʝʯʝʥʥʷ ʧʦʢʘʟʫʻ, ʱʦ ʪʨʘʜʠʮʽʡʥʽ ʧʽʜʭʦʜʠ, ʱʦ 

ʟʘʩʥʦʚʘʥʽ ʥʘ ʧʽʜʨʘʭʫʥʢʫ ʢʽʣʴʢʽʩʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʧʨʦʛʨʘʤʠ ʪʘ ʟʘʩʪʦʩʫʚʘʥʥʽ ʚʠʟʥʘʯʝʥʠʭ 

ʈʦʟʨʦʙʥʠʢʦʤ ʪʘ ɿʘʤʦʚʥʠʢʦʤ ʩʭʝʤ ʘʙʦ ʧʨʠʥʮʠʧʽʚ, ʥʝ ʻ ʫʥʽʚʝʨʩʘʣʴʥʠʤʠ ʽ ʥʝ ʚʨʘʭʦʚʫʶʪʴ ʚʩʽʭ 

ʯʠʥʥʠʢʽʚ ʪʘ ʦʩʦʙʣʠʚʦʩʪʝʡ ʜʦʩʣʽʜʞʫʚʘʥʦʾ ʟʘʜʘʯʽ. 

ʊʘʢʠʤ ʯʠʥʦʤ, ʤʦʞʣʠʚʦ ʥʘʚʝʩʪʠ ʟʘʛʘʣʴʥʠʡ ʘʣʛʦʨʠʪʤ ʨʦʟʨʘʭʫʥʢʫ ʪʨʫʜʦʚʠʪʨʘʪ 

ʩʫʧʨʦʚʦʜʞʝʥʥʷ ʇɿ ʟʘ ʤʦʜʝʣʣʶ COCOMO II (ʟʘ ʨʝʟʫʣʴʪʘʪʦʤ ʫʩʚʽʜʦʤʣʝʥʥʷ ʟʘʩʘʜ ʪʘ ʧʽʜʭʦʜʽʚ, 

ʷʢʽ ʟʘʩʪʦʩʦʚʫʶʪʴʩʷ ʫ ʤʝʪʦʜʠʮʽ), ʚʠʟʥʘʯʠʪʠ ʧʦʩʣʽʜʦʚʥʽʩʪʴ ʜʽʡ ʝʢʩʧʝʨʪʘ, ʩʧʝʮʽʘʣʽʩʪʘ (ʘʣʛʦʨʠʪʤ 

ʜʽʡ) ʪʘ ʦʙʤʝʞʝʥʥʷ. 

ʉʣʽʜ ʟʘʟʥʘʯʠʪʠ, ʱʦ ʧʝʨʝʜ ʧʦʯʘʪʢʦʤ ʜʽʡ ʝʢʩʧʝʨʪ (ʩʧʝʮʽʘʣʽʩʪ), ʷʢʠʡ ʧʨʦʚʦʜʠʪʴ ʦʮʽʥʢʫ ʪʘ 

ʢʘʣʽʙʨʫʚʘʥʥʷ ʧʦʢʘʟʥʠʢʽʚ ʜʣʷ ʜʘʥʦʛʦ ʧʨʦʝʢʪʫ, ʚʠʟʥʘʯʘʻʪʴʩʷ ʽʟ ʦʙʤʝʞʝʥʥʷʤʠ (ʚʠʭʦʜʷʯʠ ʽʟ 

ʟʘʩʘʜ ʤʝʪʦʜʠʢʠ COCOMO II ),  ʩʘʤʝ ʝʢʩʧʝʨʪ ʤʘʻ ʦʪʨʠʤʘʪʠ ʚʽʜʦʤʦʩʪʽ: 

1. ʂʦʥʮʝʧʮʽʷ, ʩʪʨʘʪʝʛʽʷ, ʙʽʟʥʝʩ-ʧʣʘʥ ʧʨʦʝʢʪʫ ʂʇ; 

ɼʦʚʽʜʢʦʚʦ. ʅʘʷʚʥʽʩʪʴ ʜʘʥʠʭ ʜʦʢʫʤʝʥʪʽʚ ʻ ʥʝʦʙʭʽʜʥʦʶ, ʘʣʝ ʥʝ ʢʨʠʪʠʯʥʦʶ ʜʣʷ 

ʧʨʦʚʝʜʝʥʥʷ ʜʦʩʣʽʜʞʝʥʥʷ. ʋ ʚʠʧʘʜʢʫ ʾʭ ʚʽʜʩʫʪʥʦʩʪʽ ʧʨʦʚʝʜʝʥʥʷ ʜʦʩʣʽʜʞʝʥʥʷ ʚʙʘʯʘʻʪʴʩʷ 

ʤʦʞʣʠʚʠʤ. 

2. ɺʠʭʽʜʥʽ ʢʦʜʠ (ʪʝʢʩʪʠ) ʢʦʤʧôʶʪʝʨʥʦʾ ʧʨʦʛʨʘʤʠ ʫ ʧʦʚʥʦʤʫ ʦʙʩʷʟʽ. 

ɼʦʚʽʜʢʦʚʦ. ʅʘʷʚʥʽʩʪʴ ʜʘʥʠʭ ʻ ʥʝʦʙʭʽʜʥʦʶ ʪʘ ʢʨʠʪʠʯʥʦʶ ʜʣʷ ʧʨʦʚʝʜʝʥʥʷ ʜʦʩʣʽʜʞʝʥʥʷ. 

ʋ ʚʠʧʘʜʢʫ ʾʭ ʚʽʜʩʫʪʥʦʩʪʽ ʧʨʦʚʝʜʝʥʥʷ ʜʦʩʣʽʜʞʝʥʥʷ ʚʙʘʯʘʻʪʴʩʷ ʥʝʤʦʞʣʠʚʠʤ. ʋ ʚʠʧʘʜʢʫ 

ʜʦʩʣʽʜʞʝʥʥʷ ʙʘʛʘʪʦʤʦʜʫʣʴʥʦʾ/ʙʘʛʘʪʦʢʦʤʧʦʥʝʥʪʥʦʾ ʩʠʩʪʝʤʠ (ʢʦʤʧʣʝʢʩʫ), ʚʽʜʦʤʦʩʪʽ ʤʘʶʪʴ 

ʙʫʪʠ ʧʨʝʜʩʪʘʚʣʝʥʽ ʧʦʝʣʝʤʝʥʪʥʦ. 

3. ʆʙôʻʢʪʥʽ ʢʦʜʠ ʢʦʤʧôʶʪʝʨʥʦʾ ʧʨʦʛʨʘʤʠ ʫ ʧʦʚʥʦʤʫ ʦʙʩʷʟʽ. 

ɼʦʚʽʜʢʦʚʦ. ʋ ʚʠʧʘʜʢʫ ʥʘʷʚʥʦʩʪʽ ʽʥʩʪʘʣʷʮʽʡʥʦʛʦ ʧʘʢʝʪʫ ʂʇ ʥʘ ʜʦʩʣʽʜʞʝʥʥʷ ʤʘʶʪʴ 

ʙʫʪʠ ʧʨʝʜʩʪʘʚʣʝʥʘ ʢʦʨʦʙʢʦʚʘ ʚʝʨʩʽʷ ʽʟ ʢʦʤʧʣʝʢʪʦʤ ʪʝʭʥʽʯʥʦ-ʝʢʩʧʣʫʘʪʘʮʽʡʥʦʾ ʜʦʢʫʤʝʥʪʘʮʽʾ. 

ʊʘʢʠʤ ʯʠʥʦʤ, ʝʢʩʧʝʨʪ ʧʽʜ ʯʘʩ ʧʨʦʚʝʜʝʥʥʷ ʜʦʩʣʽʜʞʝʥʥʷ: 

ï ʦʪʨʠʤʫʻ ʪʘ ʚʠʚʯʘʻ ʦʙôʻʢʪʠ ʪʘ ʜʦʢʫʤʝʥʪʘʮʽʶ, ʥʘʜʘʥʽ ʥʘ ʜʦʩʣʽʜʞʝʥʥʷ;  

ï ʫʩʚʽʜʦʤʣʶʻ ʟʘʚʜʘʥʥʷ; 

ï ʫ ʨʘʟʽ ʥʝʧʦʚʥʦʛʦ ʢʦʤʧʣʝʢʪʫ ʥʘʜʘʥʠʭ ʥʘ ʜʦʩʣʽʜʞʝʥʥʷ ʦʙôʻʢʪʽʚ ʪʘ ʜʦʢʫʤʝʥʪʘʮʽʾ, 
ʥʘʧʨʘʚʣʷʻ ʢʣʦʧʦʪʘʥʥʷ ʧʨʦ ʥʘʜʘʥʥʷ ʜʦʜʘʪʢʦʚʠʭ ʤʘʪʝʨʽʘʣʽʚ; 

ï ʧʨʦʚʦʜʠʪʴ  ʜʦʩʣʽʜʞʝʥʥʷ; 

ï ʧʨʦʚʦʜʠʪʴ ʝʢʩʧʝʨʠʤʝʥʪʠ (ʽʥʩʪʨʫʤʝʥʪʘʣʴʥʝ ʪʘ ʧʨʦʛʨʘʤʥʝ ʪʝʩʪʫʚʘʥʥʷ); 

ï ʟʜʽʡʩʥʶʻ ʦʮʽʥʢʫ ʦʪʨʠʤʘʥʠʭ ʨʝʟʫʣʴʪʘʪʽʚ, ʬʦʨʤʫʣʶʻ ʚʠʩʥʦʚʢʠ (ʩʣʽʜ ʟʚʝʨʥʫʪʠ ʫʚʘʛʫ, 

ʱʦ ʚʽʜʧʦʚʽʜʥʦ ʜʦ [13] ʫ ʨʘʟʽ ʥʝʯʽʪʢʦʛʦ ʚʠʟʥʘʯʝʥʥʷ ʩʪʘʥʫ ʤʘʩʰʪʘʙʫʶʯʠʭ ʬʘʢʪʦʨʽʚ ʪʘ 

ʤʥʦʞʥʠʢʽʚ ʚʠʪʨʘʪ ʚʠʩʪʘʚʣʷʻʪʴʩʷ ʨʽʚʝʥʴ ʦʮʽʥʢʠ ʥʦʤʽʥʘʣʴʥʦʛʦ ʟʥʘʯʝʥʥʷ ʟʘ ʟʘʤʦʚʯʝʥʥʷʤ); 

ï ʦʬʦʨʤʣʶʻ ɺʠʩʥʦʚʦʢ; 

ï ʟʜʽʡʩʥʶʻ ʧʝʨʝʚʽʨʢʫ ʥʘ ʦʙˇʨʫʥʪʦʚʘʥʽʩʪʴ, ʧʦʚʥʦʪʫ ʪʦʱʦ. 

ʇʨʘʢʪʠʢʘ ʧʦʢʘʟʫʻ, ʱʦ ʧʨʦʮʝʩ ʨʦʟʨʦʙʢʠ ʧʨʦʛʨʘʤʥʦʛʦ ʟʘʙʝʟʧʝʯʝʥʥʷ ʜʦʩʠʪʴ ʩʢʣʘʜʥʦ 

ʧʽʜʜʘʻʪʴʩʷ ʥʦʨʤʫʚʘʥʥʶ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʪʨʘʜʠʮʽʡʥʠʭ ʬʦʨʤʘʣʴʥʠʭ ʤʦʜʝʣʝʡ, ʱʦ ʧʨʠ 

ʦʮʽʥʶʚʘʥʥʽ ʪʨʫʜʦʚʠʪʨʘʪ ʯʘʩʪʦ ʚʠʤʘʛʘʻ ʜʦʜʘʪʢʦʚʦʛʦ ʟʘʩʪʦʩʫʚʘʥʥʷ ʝʢʩʧʝʨʪʥʠʭ ʯʠ 

ʽʥʪʝʨʚʘʣʴʥʠʭ ʧʽʜʭʦʜʽʚ [6]. 

ɺʠʩʥʦʚʢʠ ʪʘ ʧʝʨʩʧʝʢʪʠʚʠ ʧʦʜʘʣʴʰʠʭ ʜʦʩʣʽʜʞʝʥʴ. ʊʘʢʠʤ ʯʠʥʦʤ, ʚ ʜʘʥʽʡ ʩʪʘʪʪʽ 

ʧʨʦʘʥʘʣʽʟʦʚʘʥʦ ʽʩʥʫʶʯʽ ʚʘʨʽʘʥʪʠ ʨʦʟʨʘʭʫʥʢʫ ʪʨʫʜʦʚʠʪʨʘʪ ʩʫʧʨʦʚʦʜʞʝʥʥʷ ʧʨʦʛʨʘʤʥʦʛʦ 

ʟʘʙʝʟʧʝʯʝʥʥʷ ʽʥʬʦʨʤʘʮʽʡʥʠʭ ʩʠʩʪʝʤ, ʦʙˇʨʫʥʪʦʚʘʥʦ ʥʝʜʦʣʽʢʠ ʪʘ ʧʝʨʝʚʘʛʠ ʽʩʥʫʶʯʠʭ ʤʝʪʦʜʽʚ 

ʨʦʟʨʘʭʫʥʢʫ, ʚʠʢʣʘʜʝʥʦ ʘʣʛʦʨʠʪʤ ʧʦʩʣʽʜʦʚʥʦʩʪʽ ʜʽʡ ʨʦʟʨʘʭʫʥʢʫ ʥʘ ʦʩʥʦʚʽ ʤʦʜʝʣʽ 

ʢʦʥʩʪʨʫʢʪʠʚʥʠʭ ʚʠʪʨʘʪ COCOMO II. 

ɼʘʥʫ ʤʦʜʝʣʴ ʤʦʞʣʠʚʦ ʟʘʩʪʦʩʦʚʫʚʘʪʠ ʪʘʢʦʞ ʜʣʷ ʨʦʟʨʘʭʫʥʢʫ ʪʨʫʜʦʚʠʪʨʘʪ ʧʽʜ ʯʘʩ  

ʨʦʟʨʦʙʢʠ, ʤʦʜʝʨʥʽʟʘʮʽʾ, ʚʧʨʦʚʘʜʞʝʥʥʷ ʧʨʦʛʨʘʤʥʦʛʦ ʟʘʙʝʟʧʝʯʝʥʥʷ ʽʥʬʦʨʤʘʮʽʡʥʠʭ 

(ʘʚʪʦʤʘʪʠʟʦʚʘʥʠʭ) ʩʠʩʪʝʤ. ɿ ʙʦʢʫ ɿʘʤʦʚʥʠʢʘ ʻ ʤʦʞʣʠʚʽʩʪʴ ʦʨʽʻʥʪʦʚʘʥʦʛʦ ʨʦʟʨʘʭʫʥʢʫ 

ʪʨʫʜʦʚʠʪʨʘʪ ʜʣʷ ʨʝʟʫʣʴʪʘʪʠʚʥʦʛʦ ʚʠʢʦʥʘʥʥʷ ʨʦʙʽʪ ʈʦʟʨʦʙʥʠʢʦʤ ʫ ʚʠʟʥʘʯʝʥʽ ʪʝʨʤʽʥʠ ʧʨʠ 

ʚʠʟʥʘʯʝʥʠʭ ʧʦʢʘʟʥʠʢʘʭ. 

ʇʝʨʩʧʝʢʪʠʚʦʶ ʧʦʜʘʣʴʰʠʭ ʜʦʩʣʽʜʞʝʥʴ ʻ ʟʘʜʘʯʘ ʨʦʟʨʦʙʢʠ ʘʣʛʦʨʠʪʤʽʚ ʪʘ ʤʝʪʦʜʠʢʠ 

ʨʦʟʨʘʭʫʥʢʫ ʥʘ ʦʩʥʦʚʽ ʢʦʥʩʪʨʫʢʪʠʚʥʦʾ ʤʦʜʝʣʽ ʚʠʪʨʘʪ COCOMO II ʜʣʷ ʚʠʟʥʘʯʝʥʥʷ ʯʘʩʦʚʠʭ 
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ʚʠʪʨʘʪ ʥʘ ʧʦʚʥʠʡ ʞʠʪʪʻʚʠʡ ʮʠʢʣ ʧʨʦʛʨʘʤʥʦʛʦ ʟʘʙʝʟʧʝʯʝʥʥʷ (ʨʦʟʨʦʙʢʘ, ʩʫʧʨʦʚʦʜʞʝʥʥʷ, 

ʤʦʜʝʨʥʽʟʘʮʽʷ ʪʦʱʦ). ʉʪʫʧʽʥʴ ʚʧʨʦʚʘʜʞʝʥʥʷ ʨʝʟʫʣʴʪʘʪʽʚ ʟʥʘʭʦʜʠʪʴʩʷ ʥʘ ʧʦʯʘʪʢʦʚʦʤʫ ʨʽʚʥʽ. 
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ʄɽʊʆɼ ʋɿɻʆɼɾɽʅʅʗ ʈɽʐɯʊʆʂ ʈɯɺʅɯɺ ʂʆʅʌɯɼɽʅʎɯʁʅʆʉʊɯ ʉʀʉʊɽʄ 

ʄɸʅɼɸʊʅʆɻʆ ʈʆɿʄɽɾʋɺɸʅʅʗ ɼʆʉʊʋʇʋ ɯʅʌʆʈʄɸʎɯʁʅʆ-

ʊɽʃɽʂʆʄʋʅɯʂɸʎɯʁʅʀʍ ʉʀʉʊɽʄ ʅɸ ʉʊɸɼɯɰ ʄʆɼɽʈʅɯɿɸʎɯɰ 

 
ɺ ʩʪʘʪʪʽ ʧʨʦʚʝʜʝʥʦ ʘʥʘʣʽʟ ʫʤʦʚ ʧʨʠ ʷʢʠʭ ʤʦʞʣʠʚʝ ʚʠʥʠʢʥʝʥʥʷ ʥʝʜʦʟʚʦʣʝʥʦʛʦ ʽʥʬʦʨʤʘʮʽʡʥʦʛʦ ʧʦʪʦʢʫ ʚ 

ʦʜʥʽʡ ʽʟ ʚʝʨʩʽʡ ʩʠʩʪʝʤ ʤʘʥʜʘʪʥʦʛʦ ʨʦʟʤʝʞʫʚʘʥʥʷ ʜʦʩʪʫʧʫ ʧʨʠ ʩʧʽʣʴʥʦʤʫ ʾʭ ʬʫʥʢʮʽʦʥʫʚʘʥʥʽ. ʈʦʟʨʦʙʣʝʥʦ ʤʝʪʦʜ 

ʫʟʛʦʜʞʝʥʥʷ ʨʝʰʽʪʦʢ ʨʽʚʥʽʚ ʢʦʥʬʽʜʝʥʮʽʡʥʦʩʪʽ ʩʠʩʪʝʤ ʤʘʥʜʘʪʥʦʛʦ ʨʦʟʤʝʞʫʚʘʥʥʷ ʜʦʩʪʫʧʫ, ʷʢʠʡ ʜʦʟʚʦʣʠʪʴ 

ʬʦʨʤʘʣʴʥʦ ʦʧʠʩʘʪʠ ʧʨʦʮʝʜʫʨʫ ʩʧʽʣʴʥʦʛʦ ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ ʦʙʦʭ ʩʠʩʪʝʤ ʥʘ ʟʘʛʘʣʴʥʦʤʫ ʧʦʣʽ ʜʘʥʠʭ ʪʘ ʚʠʟʥʘʯʠʪʠ 

ʫʤʦʚʠ, ʧʨʠ ʷʢʠʭ ʥʝʤʦʞʣʠʚʝ ʚʠʥʠʢʥʝʥʥʷ ʥʝʜʦʟʚʦʣʝʥʠʭ ʽʥʬʦʨʤʘʮʽʡʥʠʭ ʧʦʪʦʢʽʚ. 

ʂʫʟʘʚʢʦʚ ɺ.ɺ., ʉʪʨʝʣʴʙʠʮʢʠʡ ʄ.ɸ., ɼʘʥʴʢʦ ɺ.ʆ. ʄʝʪʦʜ ʩʦʛʣʘʩʦʚʘʥʠʷ ʨʝʰʝʪʦʢ ʫʨʦʚʥʝʡ 

ʢʦʥʬʠʜʝʥʮʠʘʣʴʥʦʩʪʠ ʩʠʩʪʝʤ ʤʘʥʜʘʪʥʦʛʦ ʨʘʟʛʨʘʥʠʯʝʥʠʷ ʜʦʩʪʫʧʘ ʠʥʬʦʨʤʘʮʠʦʥʥʦ-

ʪʝʣʝʢʦʤʤʫʥʠʢʘʮʠʦʥʥʳʭ ʩʠʩʪʝʤ ʥʘ ʩʪʘʜʠʠ ʤʦʜʝʨʥʠʟʘʮʠʠ. ɺ ʩʪʘʪʴʝ ʧʨʦʚʝʜʝʥ ʘʥʘʣʠʟ ʫʩʣʦʚʠʡ ʧʨʠ ʢʦʪʦʨʳʭ 

ʚʦʟʤʦʞʥʦ ʚʦʟʥʠʢʥʦʚʝʥʠʝ ʥʝʨʘʟʨʝʰʝʥʥʦʛʦ ʠʥʬʦʨʤʘʮʠʦʥʥʦʛʦ ʧʦʪʦʢʘ ʚ ʦʜʥʦʡ ʠʟ ʚʝʨʩʠʡ ʩʠʩʪʝʤ ʤʘʥʜʘʪʥʦʛʦ 

ʨʘʟʛʨʘʥʠʯʝʥʠʷ ʜʦʩʪʫʧʘ ʧʨʠ ʩʦʚʤʝʩʪʥʦʤ ʠʭ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʠ. ʈʘʟʨʘʙʦʪʘʥ ʤʝʪʦʜ ʩʦʛʣʘʩʦʚʘʥʠʷ ʨʝʰʝʪʦʢ 

ʫʨʦʚʥʝʡ ʢʦʥʬʠʜʝʥʮʠʘʣʴʥʦʩʪʠ ʩʠʩʪʝʤ ʤʘʥʜʘʪʥʦʛʦ ʨʘʟʛʨʘʥʠʯʝʥʠʷ ʜʦʩʪʫʧʘ, ʢʦʪʦʨʳʡ ʧʦʟʚʦʣʠʪ ʬʦʨʤʘʣʴʥʦ 

ʦʧʠʩʘʪʴ ʧʨʦʮʝʜʫʨʫ ʩʦʚʤʝʩʪʥʦʛʦ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ ʦʙʝʠʭ ʩʠʩʪʝʤ ʥʘ ʦʙʱʝʤ ʧʦʣʝ ʜʘʥʥʳʭ ʠ ʦʧʨʝʜʝʣʠʪʴ ʫʩʣʦʚʠʷ, 

ʧʨʠ ʢʦʪʦʨʳʭ ʥʝʚʦʟʤʦʞʥʦ ʚʦʟʥʠʢʥʦʚʝʥʠʝ ʥʝʨʘʟʨʝʰʝʥʥʳʭ ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʧʦʪʦʢʦʚ. 

V. Kuzavkov, M. Strelbitskiy, V. Danko Method of the reconciliation of the privacy grids of the mandate 

access control systems of the information and telecommunication systems at the stage modernization. The article 

analyzes the conditions under which may cause unauthorized information flow in one of the versions of mandate access 

control systems while their joint operation. The method of harmonization of the grids of levels of confidentiality of 

access credentials systems is developed that will formally describe the procedure for joint operation of both systems at 

the general data field and determine the conditions under which cannot be origin the unauthorized information flows. 

ʂʣʶʯʦʚʽ ʩʣʦʚʘ: ʨʝʰʽʪʢʘ ʨʽʚʥʽʚ ʢʦʥʬʽʜʝʥʮʽʡʥʦʩʪʽ, ʤʦʜʝʣʴ ʤʘʥʜʘʪʥʦʛʦ ʨʦʟʤʝʞʫʚʘʥʥʷ ʜʦʩʪʫʧʫ, 

ʤʦʜʝʨʥʽʟʘʮʽʷ. 

ʇʦʩʪʘʥʦʚʢʘ ʧʨʦʙʣʝʤʠ 

ʌʫʥʢʮʽʦʥʫʚʘʥʥʷ ʽʥʬʦʨʤʘʮʽʡʥʦ-ʪʝʣʝʢʦʤʫʥʽʢʘʮʽʡʥʠʭ ʩʠʩʪʝʤ ɼʝʨʞʘʚʥʦʾ ʧʨʠʢʦʨʜʦʥʥʦʾ 

ʩʣʫʞʙʠ ʷʢ ʩʫʙôʻʢʪʘ ʟʘʙʝʟʧʝʯʝʥʥʷ ʥʘʮʽʦʥʘʣʴʥʦʾ ʙʝʟʧʝʢʠ ʋʢʨʘʾʥʠ [1] ʙʝʟʧʦʩʝʨʝʜʥʴʦ ʧʦʚôʷʟʘʥʦ 

ʽʟ ʟʘʧʦʙʽʛʘʥʥʷʤ ʦʩʥʦʚʥʠʭ ʟʘʛʨʦʟ ʥʘʮʽʦʥʘʣʴʥʠʤ ʽʥʪʝʨʝʩʘʤ ʽ ʥʘʮʽʦʥʘʣʴʥʽʡ ʙʝʟʧʝʮʽ ʋʢʨʘʾʥʠ ʚ 

ʽʥʬʦʨʤʘʮʽʡʥʽʡ ʩʬʝʨʽ. ʐʠʨʦʢʦʤʘʩʰʪʘʙʥʘ ʽʥʪʝʛʨʘʮʽʷ ʧʨʦʛʨʘʤʥʦ-ʪʝʭʥʽʯʥʠʭ ʟʘʩʦʙʽʚ 

ʘʚʪʦʤʘʪʠʟʘʮʽʾ ʫ ʧʨʘʢʪʠʯʥʦ ʫ ʚʩʽ ʩʬʝʨʠ ʜʽʷʣʴʥʦʩʪʽ ʧʨʠʢʦʨʜʦʥʥʦʛʦ ʚʽʜʦʤʩʪʚʘ ʚʠʤʘʛʘʻ 

ʧʦʩʪʽʡʥʦʛʦ ʚʜʦʩʢʦʥʘʣʝʥʥʷ ʪʘ ʤʦʜʝʨʥʽʟʘʮʽʾ ʩʢʣʘʜʦʚʠʭ ʽʥʪʝʛʨʦʚʘʥʦʾ ʽʥʬʦʨʤʘʮʽʡʥʦ-

ʪʝʣʝʢʦʤʫʥʽʢʘʮʽʡʥʦʾ ʩʠʩʪʝʤʠ (ɯɯʊʉ). ʅʘ ʪʝʧʝʨʽʰʥʽʡ ʯʘʩ ɯɯʊʉ ʩʢʣʘʜʘʻʪʴʩʷ ʙʽʣʴʰ ʷʢ ʟ 20 

ʽʥʬʦʨʤʘʮʽʡʥʦ-ʪʝʣʝʢʦʤʫʥʽʢʘʮʽʡʥʠʭ (ɯʊʉ) ʪʘ ʽʥʬʦʨʤʘʮʽʡʥʠʭ ʩʠʩʪʝʤ (ɯʉ) ʪʘ 10 ʧʽʜʩʠʩʪʝʤ, ʱʦ 

ʟʘʙʝʟʧʝʯʫʶʪʴ ʚʠʢʦʥʘʥʥʷ ʨʽʟʥʠʭ ʬʫʥʢʮʽʦʥʘʣʴʥʠʭ ʟʘʚʜʘʥʴ, ʩʠʩʪʝʤ ʟʘʙʝʟʧʝʯʝʥʥʷ ʪʘ ʚʟʘʻʤʦʜʽʾ ʟ 

ʽʥʰʠʤʠ ʚʽʜʦʤʩʪʚʘʤʠ ʟ ʧʠʪʘʥʴ ʥʘʮʽʦʥʘʣʴʥʦʾ ʙʝʟʧʝʢʠ ʋʢʨʘʾʥʠ ʚ ʧʨʠʢʦʨʜʦʥʥʽʡ ʩʬʝʨʽ. 

ʆʩʦʙʣʠʚʽʩʪʶ ɯɯʊʉ Ăɻʘʨʪò ʻ ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ ʾʾ ʩʢʣʘʜʦʚʠʭ (ɯʊʉ, ɯʉ, ʧʽʜʩʠʩʪʝʤ) ʥʘ ʟʘʛʘʣʴʥʦʤʫ 

ʧʦʣʽ ʜʘʥʠʭ, ʱʦ ʜʦʟʚʦʣʷʻ ʤʘʢʩʠʤʘʣʴʥʦ ʝʬʝʢʪʠʚʥʦ ʘʥʘʣʽʟʫʚʘʪʠ ʧʨʠʢʦʨʜʦʥʥʫ ʽʥʬʦʨʤʘʮʽʶ. 

ʉʪʫʧʽʥʴ ʙʝʟʧʝʢʠ ʽʥʬʦʨʤʘʮʽʾ ʚ ʽʥʬʦʨʤʘʮʽʡʥʦ ʪʝʣʝʢʦʤʫʥʽʢʘʮʽʡʥʠʭ ʩʠʩʪʝʤʘʭ ɼʝʨʞʘʚʥʦʾ 

ʧʨʠʢʦʨʜʦʥʥʦʾ ʩʣʫʞʙʠ, ʷʢ ʩʫʙôʻʢʪʘ ʟʘʙʝʟʧʝʯʝʥʥʷ ʥʘʮʽʦʥʘʣʴʥʦʾ ʙʝʟʧʝʢʠ, ʚʧʣʠʚʘʻ ʥʘ ʷʢʽʩʪʴ 

ʚʠʢʦʥʘʥʥʷ ʟʘʚʜʘʥʴ ʧʨʠʢʦʨʜʦʥʥʦʛʦ ʚʽʜʦʤʩʪʚʘ ʪʘ, ʚʽʜʧʦʚʽʜʥʦ, ʥʘ ʨʽʚʝʥʴ ʥʘʮʽʦʥʘʣʴʥʦʾ  

ʙʝʟʧʝʢʠ ʋʢʨʘʾʥʠ. 

ʈʘʟʦʤ ʽʟ ʪʠʤ, ʚʠʢʣʠʢʠ ʪʘ ʟʘʛʨʦʟʠ ʥʘʮʽʦʥʘʣʴʥʽʡ ʙʝʟʧʝʮʽ ʜʝʨʞʘʚʠ ʫ ʧʨʠʢʦʨʜʦʥʥʽʡ ʩʬʝʨʽ 

ʚʠʤʘʛʘʶʪʴ ʧʦʩʪʽʡʥʦʾ ʘʜʘʧʪʘʮʽʾ ʟʘʩʦʙʽʚ ʘʚʪʦʤʘʪʠʟʘʮʽʾ ʜʦ ʚʠʤʦʛ ʩʴʦʛʦʜʝʥʥʷ. ʎʝ ʚʠʤʘʛʘʻ 

ʫʟʛʦʜʞʝʥʥʷ ʟʘʩʦʙʽʚ ʟʘʭʠʩʪʫ ʽʥʬʦʨʤʘʮʽʾ ʧʨʠ ʤʦʜʝʨʥʽʟʘʮʽʾ ʩʢʣʘʜʦʚʠʭ ɯɯʊʉ (ʚʧʨʦʚʘʜʞʝʥʥʷ 

ʥʦʚʠʭ ʩʠʩʪʝʤ) ʷʢʽ ʬʫʥʢʮʽʦʥʫʶʪʴ ʥʘ ʟʘʛʘʣʴʥʦʤʫ ʧʦʣʽ ʜʘʥʠʭ. 

ɸʥʘʣʽʟ ʦʩʪʘʥʥʽʭ ʜʦʩʣʽʜʞʝʥʴ ʽ ʧʫʙʣʽʢʘʮʽʡ 

ʈʦʟʨʦʙʢʦʶ ʪʘ ʜʦʩʣʽʜʞʝʥʥʷʤ ʤʦʜʝʣʝʡ ʤʘʥʜʘʪʥʦʛʦ ʨʦʟʤʝʞʫʚʘʥʥʷ ʜʦʩʪʫʧʫ (ʄʈɼ) 

ʧʨʠʩʚʷʯʝʥʘ ʟʥʘʯʥʘ ʢʽʣʴʢʽʩʪʴ ʨʦʙʽʪ ʜʦʩʣʽʜʥʠʢʽʚ, ʩʝʨʝʜ ʷʢʠʭ Leonard J. LaPadula [2 ï 3], 

D. Elliot Bell, ɻʝʨʘʩʠʤʝʥʢʦ ɺ.ɸ., ɻʨʫʰʦ ɸ.ɸ. ʪʘ ʽʥʰʽ [4 ï 11]. ʇʨʠ ʯʦʤʫ, ʥʘ ʪʝʧʝʨʽʰʥʽʡ ʯʘʩ 
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ʪʘʢʦʞ ʨʦʟʨʦʙʣʝʥʘ ʪʘ ʚʧʨʦʚʘʜʞʝʥʘ ʚ ʜʽʶ ʚʝʣʠʢʘ ʩʫʢʫʧʥʽʩʪʴ ʤʽʞʥʘʨʦʜʥʠʭ ʪʘ ʚʽʪʯʠʟʥʷʥʠʭ 

ʩʪʘʥʜʘʨʪʽʚ ʪʘ ʥʦʨʤʘʪʠʚʥʠʭ ʜʦʢʫʤʝʥʪʽʚ ʫ ʛʘʣʫʟʽ ʽʥʬʦʨʤʘʮʽʡʥʦʾ ʙʝʟʧʝʢʠ. 

ʈʘʟʦʤ ʽʟ ʪʠʤ, ʩʪʨʫʢʪʫʨʘ ʤʦʜʝʣʝʡ ʤʘʥʜʘʪʥʦʛʦ ʨʦʟʤʝʞʫʚʘʥʥʷ ʜʦʩʪʫʧʫ ʥʝ ʧʝʨʝʜʙʘʯʘʻ 

ʩʧʽʣʴʥʝ ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ ʟ ʽʥʰʠʤʠ ʤʦʜʝʣʷʤʠ ʥʘ ʟʘʛʘʣʴʥʦʤʫ ʧʦʣʽ ʜʘʥʠʭ, ʷʢ ʮʝ ʤʦʞʣʠʚʦ ʧʨʠ 

ʤʦʜʝʨʥʽʟʘʮʽʾ ʽʥʬʦʨʤʘʮʽʡʥʦ-ʪʝʣʝʢʦʤʫʥʽʢʘʮʽʡʥʠʭ ʩʠʩʪʝʤʠ ʫ ʩʢʣʘʜʽ ɯɯʊʉ. ʇʨʘʢʪʠʯʥʦ ʚʩʽ ʤʦʜʝʣʽ 

ʧʨʠʩʚʷʯʝʥʽ ʨʦʟʛʣʷʜʫ ʩʪʘʪʠʯʥʦʾ ʩʠʩʪʝʤʠ ʟʘʭʠʩʪʫ, ʷʢʘ ʬʫʥʢʮʽʦʥʫʻ ʘʚʪʦʥʦʤʥʦ ʪʘ ʧʦʚʠʥʥʘ 

ʟʘʙʝʟʧʝʯʫʚʘʪʠ ʟʘʭʠʩʪ ʽʥʬʦʨʤʘʮʽʾ. 

ʄʝʪʘ ʩʪʘʪʪʽ. ʅʘ ʧʽʜʩʪʘʚʽ ʘʥʘʣʽʟʫ ʩʧʽʣʴʥʦʛʦ ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ ʤʦʜʝʣʝʡ ʤʘʥʜʘʪʥʦʛʦ 

ʨʦʟʤʝʞʫʚʘʥʥʷ ʜʦʩʪʫʧʫ ʨʦʟʨʦʙʠʪʠ ʤʝʪʦʜ ʫʟʛʦʜʞʝʥʥʷ ʨʝʰʽʪʦʢ ʨʽʚʥʽʚ ʢʦʥʬʽʜʝʥʮʽʡʥʦʩʪʽ ʨʽʟʥʠʭ 

ʚʝʨʩʽʡ ʩʠʩʪʝʤ ʨʦʟʤʝʞʫʚʘʥʥʷ ʜʦʩʪʫʧʫ ʽʥʬʦʨʤʘʮʽʡʥʦ-ʪʝʣʝʢʦʤʫʥʽʢʘʮʽʡʥʠʭ ʩʠʩʪʝʤ ʥʘ ʩʪʘʜʽʾ 

ʤʦʜʝʨʥʽʟʘʮʽʾ. 

ʆʩʥʦʚʥʠʡ ʤʘʪʝʨʽʘʣ 

ʄʦʜʝʣʽ ʽʥʬʦʨʤʘʮʽʡʥʦʾ ʙʝʟʧʝʢʠ ʻ ʙʘʟʠʩʦʤ ʬʦʨʤʫʚʘʥʥʷ ʧʦʣʽʪʠʢ ʙʝʟʧʝʢʠ ʨʽʟʥʠʭ 

ʽʥʬʦʨʤʘʮʽʡʥʦ-ʪʝʣʝʢʦʤʫʥʽʢʘʮʽʡʥʠʭ ʩʠʩʪʝʤ. ʌʦʨʤʘʣʴʥʽ ʤʦʜʝʣʽ ʜʦʟʚʦʣʷʶʪʴ ʜʦʚʝʩʪʠ ʙʝʟʧʝʢʫ 

ʩʠʩʪʝʤʠ ʚʽʜʦʤʠʤʠ ʪʘ ʘʧʨʦʙʦʚʘʥʠʤʠ ʤʝʪʦʜʘʤʠ ʥʘʫʢʦʚʠʭ ʜʦʩʣʽʜʞʝʥʴ. ʊʘʢʠʤ ʯʠʥʦʤ, ʧʦʣʽʪʠʢʘ 

ʙʝʟʧʝʢʠ ɯʊʉ, ʷʢʘ ʧʦʙʫʜʦʚʘʥʘ ʟʘ ʧʦʩʪʫʣʘʪʘʤʠ ʧʝʚʥʦʾ ʤʦʜʝʣʽ ʽʥʬʦʨʤʘʮʽʡʥʦʾ ʙʝʟʧʝʢʠ ʟʜʘʪʥʘ 

ʛʘʨʘʥʪʦʚʘʥʦ ʚʠʢʦʥʘʪʠ ʬʫʥʢʮʽʾ ʱʦʜʦ ʟʘʭʠʩʪʫ ʽʥʬʦʨʤʘʮʽʾ. 

ʇʨʠ ʨʦʟʨʦʙʮʽ ʩʢʣʘʜʦʚʠʭ ɯɯʊʉ ʬʦʨʤʘʣʽʟʫʻʪʴʩʷ ʪʘ ʨʝʘʣʽʟʦʚʫʻʪʴʩʷ ʧʝʚʥʘ ʧʦʣʽʪʠʢʘ ʙʝʟʧʝʢʠ, 

ʷʢʘ ʙʘʟʫʻʪʴʩʷ ʥʘ ʚʽʜʦʤʠʭ ʤʦʜʝʣʷʭ ʽʥʬʦʨʤʘʮʽʡʥʦʾ ʙʝʟʧʝʢʠ. ɰʭ ʚʠʢʦʨʠʩʪʘʥʥʷ ʚ ʦʢʨʝʤʠʭ ɯʊʉ, ɯʉ 

ʪʘ ʧʽʜʩʠʩʪʝʤʘʭ ʟʘʙʝʟʧʝʯʫʻ ʚʠʢʦʥʘʥʥʷ ʬʫʥʢʮʽʡ ʟʘʭʠʩʪʫ ʽʥʬʦʨʤʘʮʽʾ. ʈʘʟʦʤ ʽʟ ʪʠʤ, ʧʨʠ 

ʤʦʜʝʨʥʽʟʘʮʽʾ ʽʩʥʫʶʯʠʭ ʩʢʣʘʜʦʚʠʭ ɯɯʊʉ ʘʙʦ ʽʥʪʝʛʨʘʮʽʾ ʥʦʚʠʭ ʚʠʥʠʢʘʻ ʩʠʪʫʘʮʽʷ ʩʧʽʣʴʥʦʛʦ 

ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ ʩʠʩʪʝʤ ʟʘʭʠʩʪʫ ʽʥʬʦʨʤʘʮʽʾ ʥʘ ʟʘʛʘʣʴʥʦʤʫ ʧʦʣʽ ʜʘʥʠʭ. 

ʄʦʜʝʣʽ ʤʘʥʜʘʪʥʦʛʦ ʨʦʟʤʝʞʫʚʘʥʥʷ ʜʦʩʪʫʧʫ (ʢʣʘʩʠʯʥʘ ʤʦʜʝʣʴ ɹʝʣʣʘïʃʘʇʘʜʫʣʠ, ʤʦʜʝʣʴ 

ʙʝʟʧʝʯʥʦʛʦ ʧʝʨʝʭʦʜʫ, ʤʦʜʝʣʴ ʩʠʩʪʝʤ ʚʦʻʥʥʠʭ ʧʦʚʽʜʦʤʣʝʥʴ, ʧʦʣʽʪʠʢʘ lowïwatermark, ʤʦʜʝʣʴ 

ʮʽʣʽʩʥʦʩʪʽ ɹʽʙʘ ʪʘ ʽʥʰʽ) ʘʥʘʣʽʟʫʶʪʴ ʫʤʦʚʠ, ʧʨʠ ʚʠʢʦʥʘʥʥʽ ʷʢʠʭ ʥʝʤʦʞʣʠʚʠʡ ʽʥʬʦʨʤʘʮʽʡʥʠʡ 

ʧʦʪʽʢ ʚʽʜ ʦʙôʻʢʪʽʚ ʟ ʙʽʣʴʰʠʤ ʨʽʚʥʝʤ ʢʦʥʬʽʜʝʥʮʽʡʥʦʩʪʽ ʜʦ ʦʙôʻʢʪʽʚ ʟ ʤʝʥʰʠʤ ʨʽʚʥʝʤ 

ʢʦʥʬʽʜʝʥʮʽʡʥʦʩʪʽ [12]. ɺ ʜʘʥʠʭ ʤʦʜʝʣʷʭ ʢʦʞʥʠʡ ʩʫʙôʻʢʪ ʽ ʦʙôʻʢʪ ʩʠʩʪʝʤʠ ʘʩʦʮʽʶʻʪʴʩʷ ʟ 

ʚʽʜʧʦʚʽʜʥʠʤ ʨʽʚʥʝʤ ʙʝʟʧʝʢʠ (ʢʦʥʬʽʜʝʥʮʽʡʥʦʩʪʽ). 

ʌʦʨʤʘʣʽʟʫʻʤʦ ʤʘʥʜʘʪʥʫ ʤʦʜʝʣʴ ʨʦʟʤʝʞʫʚʘʥʥʷ ʜʦʩʪʫʧʫ ʷʢ ʩʫʢʫʧʥʽʩʪʴ ʤʥʦʞʠʥ:  ʦʙ'ʻʢʪʽʚ 

{}O , ʩʫʙô̒ ʢʪʽʚ {}S  ʪʘ ʜʦʟʚʦʣʝʥʠʭ ʤʦʜʝʣʣʶ ʦʧʝʨʘʮʽʡ (ʽʥʬʦʨʤʘʮʽʡʥʠʭ ʧʦʪʦʢʽʚ) {}W .  

ʗʢʱʦ ʩʠʩʪʝʤʘ ʄʈɼ ʚ ʩʢʣʘʜʽ ʩʪʘʨʦʾ ʚʝʨʩʽʾ ʧʨʝʜʩʪʘʚʠʪʠ ʫ ʚʠʛʣʷʜʽ { }111 ,, WOS , ʘ ʥʦʚʦʾ 

ʚʝʨʩʽʾ ʷʢ { }222 ,, WOS , ʪʦ ʜʣʷ ʚʠʧʘʜʢʫ, ʢʦʣʠ ʽʩʪʠʥʥʠʡ, ʪʘʢʠʡ ʚʠʨʘʟ: 
 

 
( ) ( ) ( )

( ) ( ) ( )Å=WWÆÅ=ÆÅ=Ç

ÇÅ=WÆWÆÅ=ÆÆÅ=Æ

212121

212121

\\\ OOSS

OOSS
 (1) 

 

ʢʦʣʽʟʽʾ ʤʽʞ ʥʦʚʦʶ ʽ ʩʪʘʨʦʶ ʚʝʨʩʽʷʤʠ ʉɿɯ ʚ ɯɯʊʉ ʚʽʜʩʫʪʥʽ. ɼʘʥʘ ʚʠʨʦʜʞʝʥʘ ʩʠʪʫʘʮʽʷ ʥʝ ʚʭʦʜʠʪʴ 

ʚ ʦʙʣʘʩʪʴ ʜʦʩʣʽʜʞʝʥʥʷ. 

ɼʦʩʣʽʜʞʫʚʘʥʽ ʩʫʧʝʨʝʯʥʦʩʪʽ ʤʘʶʪʴ ʤʽʩʮʝ, ʷʢʱʦ ʨʝʟʫʣʴʪʘʪʦʤ ʚʟʷʪʪʷ ʜʝʢʘʨʪʦʚʦʾ ʨʽʟʥʠʮʽ 

ʤʽʞ 111 W³³OS  ʪʘ 222 W³³OS  ʙʫʜʝ ʚʽʜʤʽʥʥʘ ʚʽʜ Å ʧʽʜʤʥʦʞʠʥʘRRR OS W³³ , ʷʢʘ, ʚ 

ʟʘʛʘʣʴʥʦʤʫ ʚʠʧʘʜʢʫ, ʙʫʜʝ ʩʢʣʘʜʘʪʠʩʷ ʟ ʢʦʤʧʦʥʝʥʪʽʚ ʦʙʦʭ ʧʦʢʦʣʽʥʴ ʩʠʩʪʝʤʠ ʨʦʟʤʝʞʫʚʘʥʥʷ 

ʜʦʩʪʫʧʫ (ʉʈɼ).  

ʊʘʢʠʤ ʯʠʥʦʤ, ʧʨʠ ʩʧʽʣʴʥʦʤʫ ʚʠʢʦʨʠʩʪʘʥʥʽ ʦʙʦʤʘ ʚʝʨʩʽʷʤʠ ʩʠʩʪʝʤʠ ʄʈɼ ʦʙôʻʢʪʽʚ ʪʘ 

ʩʫʙôʻʢʪʽʚ ʟʘʛʘʣʴʥʦʛʦ ʧʦʣʷ ʜʘʥʠʭ ʤʦʞʣʠʚʝ ʚʠʥʠʢʥʝʥʥʷ ʥʝʜʦʟʚʦʣʝʥʦʛʦ ʽʥʬʦʨʤʘʮʽʡʥʦʛʦ ʧʦʪʦʢʫ 

ʚ ʦʜʥʽʡ ʽʟ ʚʝʨʩʽʡ ʟ ʧʨʠʯʠʥʠ ʥʝʚʽʜʧʦʚʽʜʥʦʩʪʽ ʨʝʰʽʪʦʢ ʨʽʚʥʽʚ ʢʦʥʬʽʜʝʥʮʽʡʥʦʩʪʽ ʦʙôʻʢʪʽʚ (ʨʠʩ. 1); 

ɺʠʱʝʟʘʟʥʘʯʝʥʝ ʚʠʤʘʛʘʻ ʨʦʟʨʦʙʢʠ ʤʝʪʦʜʫ ʫʟʛʦʜʞʝʥʥʷ ʨʝʰʽʪʦʢ ʨʽʚʥʽʚ ʢʦʥʬʽʜʝʥʮʽʡʥʦʩʪʽ 

ʨʽʟʥʠʭ ʚʝʨʩʽʡ ʩʠʩʪʝʤ ʤʘʥʜʘʪʥʦʛʦ ʨʦʟʤʝʞʫʚʘʥʥʷ ʜʦʩʪʫʧʫ. 

ʄʝʪʦʜ ʫʟʛʦʜʞʝʥʥʷ ʨʝʰʽʪʦʢ ʨʽʚʥʽʚ ʢʦʥʬʽʜʝʥʮʽʡʥʦʩʪʽ ʨʽʟʥʠʭ ʚʝʨʩʽʡ ʩʠʩʪʝʤ ʤʘʥʜʘʪʥʦʛʦ 

ʨʦʟʤʝʞʫʚʘʥʥʷ ʜʦʩʪʫʧʫ ʧʨʠʟʥʘʯʝʥʠʡ ʜʣʷ ʬʦʨʤʫʚʘʥʥʷ ʩʧʽʣʴʥʦʾ ʜʣʷ ʦʙʦʭ ʚʝʨʩʽʡ ʉʈɼ ʨʝʰʽʪʢʠ 

ʨ̔ ʚʥʽʚ ʢʦʥʬʽʜʝʥʮʽʡʥʦʩʪʽ ʥʘ ʩʪʘʜʽʾ ʤʦʜʝʨʥʽʟʘʮʽʾ ʽʥʬʦʨʤʘʮʽʡʥʦ-ʪʝʣʝʢʦʤʫʥʽʢʘʮʽʡʥʠʭ ʩʠʩʪʝʤ. 
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ʉʫʪʴ ʤʝʪʦʜʫ ʫʟʛʦʜʞʝʥʥʷ ʨʝʰʽʪʦʢ ʨʽʚʥʽʚ ʢʦʥʬʽʜʝʥʮʽʡʥʦʩʪʽ ʨʽʟʥʠʭ ʚʝʨʩʽʡ ʩʠʩʪʝʤ 

ʤʘʥʜʘʪʥʦʛʦ ʨʦʟʤʝʞʫʚʘʥʥʷ ʜʦʩʪʫʧʫ ʧʦʣʷʛʘʻ ʫ ʬʦʨʤʫʚʘʥʥʽ ʩʧʽʣʴʥʦʾ ʜʣʷ ʦʙʦʭ ʚʝʨʩʽʡ ʻʜʠʥʦʾ 

ʨʝʰʽʪʢʠ ʨʽʚʥʽʚ ʢʦʥʬʽʜʝʥʮʽʡʥʦʩʪʽ ʚ ʷʢʽʡ ʥʝʤʦʞʣʠʚʦ ʨʝʘʣʽʟʫʚʘʪʠ ʥʝʜʦʟʚʦʣʝʥʠʡ ʽʥʬʦʨʤʘʮʽʡʥʠʡ 

ʧʦʪʽʢ ʚ ʢʦʞʥʽʡ ʟ ʚʝʨʩʽʡ ʉʈɼ ʦʢʨʝʤʦ (ʨʠʩ. 1).  
 

 
 

ʈʠʩ. 1 ï ʈʝʘʣʽʟʘʮʽʷ ʽʥʬʦʨʤʘʮʽʡʥʦʛʦ ʧʦʪʦʢʫ ʚ ʦʙʭʽʜ ʧʦʣʽʪʠʢʠ ʙʝʟʧʝʢʠ ʦʜʥʽʻʾ ʽʟ ʚʝʨʩʽʡ ʩʠʩʪʝʤʠ 

ʨʦʟʤʝʞʫʚʘʥʥʷ ʜʦʩʪʫʧʫ ʧʨʠ ʥʝʚʽʜʧʦʚʽʜʥʦʩʪʽ ʨʝʰʽʪʦʢ ʨʽʚʥʽʚ ʢʦʥʬʽʜʝʥʮʽʡʥʦʩʪʽ 
 

ʜʝ 21,LL  ï ʨʝʰʽʪʢʠ ʨʽʚʥʽʚ ʢʦʥʬʽʜʝʥʮʽʡʥʦʩʪʽ ʩʪʘʨʦʾ ʪʘ ʥʦʚʦʾ ʚʝʨʩʽʡ ʩʠʩʪʝʤʠ ʄʈɼ. 

ʉʪʨʫʢʪʫʨʥʘ ʤʦʜʝʣʴ ʤʝʪʦʜʫ ʫʟʛʦʜʞʝʥʥʷ ʨʝʰʽʪʦʢ ʨʽʚʥʽʚ ʢʦʥʬʽʜʝʥʮʽʡʥʦʩʪʽ ʨʽʟʥʠʭ ʚʝʨʩʽʡ 

ʩʠʩʪʝʤ ʨʦʟʤʝʞʫʚʘʥʥʷ ʜʦʩʪʫʧʫ ʧʨʝʜʩʪʘʚʣʝʥʘ ʥʘ ʨʠʩʫʥʢʫ 2. 

 

 
 

ʈʠʩ. 2 ï ʉʪʨʫʢʪʫʨʥʘ ʤʦʜʝʣʴ ʤʝʪʦʜʫ ʫʟʛʦʜʞʝʥʥʷ ʨʝʰʽʪʦʢ ʨʽʚʥʽʚ ʢʦʥʬʽʜʝʥʮʽʡʥʦʩʪʽ  

ʨʽʟʥʠʭ ʚʝʨʩʽʡ ʩʠʩʪʝʤ ʨʦʟʤʝʞʫʚʘʥʥʷ ʜʦʩʪʫʧʫ 

 

ɺʠʟʥʘʯʝʥʥʷ ʩʧʽʣʴʥʦʾ ʜʣʷ ʦʙʦʭ ʚʝʨʩʽʡ ʉʈɼ ʬʫʥʢʮʽʾ ʧʝʨʝʪʚʦʨʝʥʥʷ ʤʝʞ ʨʝʰʽʪʢʠ 

ʢʦʥʬʽʜʝʥʮʽʡʥʦʩʪʽ ʟʜʽʡʩʥʶʻʪʴʩʷ ʚ ʢʦʞʥʦʤʫ ʚʠʧʘʜʢʫ ʦʢʨʝʤʦ. ʇʨʠʢʣʘʜʘʤʠ ʪʘʢʦʾ ʬʫʥʢʮʽʾ ʤʦʞʝ 

ʙʫʪʠ ʚʘʨʪʽʩʪʴ ʚʪʨʘʪʠ ʽʥʬʦʨʤʘʮʽʾ, ʤʦʞʣʠʚʠʡ ʟʙʠʪʦʢ ʚʽʜ ʧʦʨʫʰʝʥʥʷ ʢʦʥʬʽʜʝʥʮʽʡʥʦʩʪʽ, ʪʦʱʦ. 

ʅʘ ʪʝʧʝʨʽʰʥʽʡ ʯʘʩ ʨʦʟʨʦʙʣʝʥʦ ʜʦʩʪʘʪʥʴʦ ʧʨʝʜʩʪʘʚʥʠʮʴʢʠʡ ʘʨʩʝʥʘʣ ʤʦʜʝʣʝʡ ʦʮʽʥʢʠ 

ʽʥʬʦʨʤʘʮʽʾ. ɺ ʨʦʙʦʪʽ [13] ʥʘʚʝʜʝʥʦ ʦʢʨʝʤʽ ʟ ʥʠʭ, ʘ ʩʘʤʝ: 

ʘʜʠʪʠʚʥʘ ʤʦʜʝʣʴ, ʚ ʷʢʽʡ ʽʥʬʦʨʤʘʮʽʷ ʧʨʝʜʩʪʘʚʣʝʥʘ ʷʢ ʢʽʥʮʝʚʘ ʤʥʦʞʠʥʘ ʝʣʝʤʝʥʪʽʚ, ʜʝ 

ʝʢʩʧʝʨʪʠ ʟʜʽʡʩʥʶʶʪʴ ʦʮʽʥʢʫ ʢʦʞʥʦʛʦ ʝʣʝʤʝʥʪʫ ʦʢʨʝʤʦ, ʘ ʚʘʨʪʽʩʪʴ ʽʥʬʦʨʤʘʮʽʾ 

ʧʨʝʜʩʪʘʚʣʷʻʪʴʩʷ ʩʫʤʦʶ ʚʘʨʪʦʩʪʝʡ ʾʾ ʝʣʝʤʝʥʪʽʚ; 

ʘʥʘʣʽʟ ʨʠʟʠʢʫ ï ʤʦʜʝʣʴ, ʷʢʘ ʙʘʟʫʻʪʴʩʷ ʥʘ ʘʜʠʪʠʚʥʽʡ ʤʦʜʝʣʽ, ʘʣʝ ʦʮʽʥʶʻʪʴʩʷ ʚʘʨʪʽʩʪʴ 

ʚʪʨʘʪ, ʚʠʭʦʜʷʯʠ ʽʟ ʧʨʦʛʥʦʟʫ ʤʦʞʣʠʚʠʭ ʟʘʛʨʦʟ ʢʦʤʧʦʥʝʥʪʘʤ ʽʥʬʦʨʤʘʮʽʾ; 
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ʧʦʨʷʜʢʦʚʘ ʰʢʘʣʘ ʮʽʥʥʦʩʪʝʡ ï ʤʦʜʝʣʴ, ʷʢʘ ʦʮʽʥʶʻ ʽʥʬʦʨʤʘʮʽʶ ʥʝ ʟʘ ʾʾ ʛʨʦʰʦʚʦʶ 

ʦʮʽʥʢʦʶ, ʘ ʷʢ ʧʦʨʽʚʥʷʥʥʷ ʮʽʥʥʦʩʪʝʡ ʦʢʨʝʤʠʭ ʽʥʬʦʨʤʘʮʽʡʥʠʭ ʝʣʝʤʝʥʪʽʚ ʤʽʞ ʩʦʙʦʶ; 

ʤʦʜʝʣʴ ʨʝʰʽʪʢʠ ʮʽʥʥʦʩʪʝʡ  ï ʫʟʘʛʘʣʴʥʝʥʘ ʤʦʜʝʣʴ ʧʦʨʷʜʢʦʚʦʾ ʰʢʘʣʠ ʮʽʥʥʦʩʪʝʡ. 

ʇʨʠʟʥʘʯʝʥʥʷ ʟʘʟʥʘʯʝʥʦʾ ʬʫʥʢʮʽʷ ʧʦʣʷʛʘʻ ʫ ʧʝʨʝʪʚʦʨʝʥʥʽ ʬʦʨʤʘʣʴʥʦ ʦʧʠʩʘʥʠʭ ʤʝʞ 

ʨʝʰʽʪʢʠ ʢʦʥʬʽʜʝʥʮʽʡʥʦʩʪʽ ʚ ʯʠʩʣʦʚʽ ʟʥʘʯʝʥʥʷ. ɸʥʘʣʽʪʠʯʥʦ ʤʝʪʦʜ ʫʟʛʦʜʞʝʥʥʷ ʨʝʰʽʪʦʢ ʨʽʚʥʽʚ 

ʢʦʥʬʽʜʝʥʮʽʡʥʦʩʪʽ ʨʽʟʥʠʭ ʚʝʨʩʽʡ ʩʠʩʪʝʤ ʨʦʟʤʝʞʫʚʘʥʥʷ ʜʦʩʪʫʧʫ ʧʨʝʜʩʪʘʚʣʷʻʪʴʩʷ ʥʘʩʪʫʧʥʠʤ 

ʯʠʥʦʤ. 

ʅʝʭʘʡ: 

),( ¢oldL , ),( ¢newL   ʪʘ ),( ¢joinL  ï ʨʝʰʽʪʢʠ ʨʽʚʥʽʚ ʢʦʥʬʽʜʝʥʮʽʡʥʦʩʪʽ ʩʪʘʨʦʾ, ʥʦʚʦʾ ʪʘ ʩʧʽʣʴʥʦʾ 

ʩʠʩʪʝʤ ʤʘʥʜʘʪʥʦʛʦ ʨʦʟʤʝʞʫʚʘʥʥʷ ʜʦʩʪʫʧʫ; 

)(Lf  ï ʬʫʥʢʮʽʷ ʧʝʨʝʪʚʦʨʝʥʥʷ ʤʝʞ ʨʝʰʽʪʢʠ ʢʦʥʬʽʜʝʥʮʽʡʥʦʩʪʽ; 

ʊʦʜʽ ʩʧʽʣʴʥʘ ʜʣʷ ʦʙʦʭ ʚʝʨʩʽʡ ʉʈɼ ʨʝʰʽʪʢʘ ʢʦʥʬʽʜʝʥʮʽʡʥʦʩʪʽ ʻ: 

 

 ( )),(),(),( 1 ¢Ç¢=¢ - newoldjoin LfLffL  (2) 

ʜʝ )(1 Lf -  ï ʦʙʝʨʥʝʥʘ ʬʫʥʢʮʽʷ ʧʝʨʝʪʚʦʨʝʥʥʷ ʤʝʞ ʨʝʰʽʪʢʠ ʢʦʥʬʽʜʝʥʮʽʡʥʦʩʪʽ; 

ɺʠʱʝʥʘʚʝʜʝʥʠʡ ʤʝʪʦʜ ʚʠʤʘʛʘʻ ʬʦʨʤʫʣʶʚʘʥʥʷ ʪʘ ʜʦʢʘʟʫ ʪʦʛʦ, ʱʦ ʫ ʟʘʧʨʦʧʦʥʦʚʘʥʽʡ 

ʩʧʽʣʴʥʽʡ ʨʝʰʽʪʮʽ ʢʦʥʬʽʜʝʥʮʽʡʥʦʩʪʽ ʥʝʤʦʞʣʠʚʦ ʨʝʘʣʽʟʫʚʘʪʠ ʟʘʙʦʨʦʥʝʥʠʡ ʽʥʬʦʨʤʘʮʽʡʥʠʡ ʧʦʪʽʢ 

ʚ ʦʜʥʽʻʾ ʚʝʨʩʽʾ ʉʈɼ ʪʘ ʜʦʟʚʦʣʝʥʠʡ ʚ ʽʥʰʽʡ ʚʝʨʩʽʾ ʉʈɼ (ʨʠʩ. 1). 

ʊʝʦʨʝʤʘ ʙʝʟʧʝʢʠ ʩʧʽʣʴʥʦʾ ʨʝʰʽʪʢʠ ʢʦʥʬʽʜʝʥʮʽʡʥʦʩʪʽ. ʋ ʩʧʽʣʴʥʽʡ ʨʝʰʽʪʮʽ 

ʢʦʥʬʽʜʝʥʮʽʡʥʦʩʪʽ ʥʝʤʦʞʣʠʚʦ ʨʝʘʣʽʟʫʚʘʪʠ ʟʘʙʦʨʦʥʝʥʠʡ ʽʥʬʦʨʤʘʮʽʡʥʠʡ ʧʦʪʽʢ ʚ ʦʜʥʽʻʾ ʚʝʨʩʽʾ 

ʉʈɼ ʪʘ ʜʦʟʚʦʣʝʥʠʡ ʚ ʽʥʰʽʡ ʚʝʨʩʽʾ ʉʈɼ. 

ɼʦʢʘʟ. ɺ ʩʠʩʪʝʤʘʭ ʨʦʟʤʝʞʫʚʘʥʥʷ ʜʦʩʪʫʧʫ ʧʨʠ ʚʠʢʦʨʠʩʪʘʥʥʽ ʨʝʰʽʪʦʢ ʢʦʥʬʽʜʝʥʮʽʡʥʦʩʪʽ 

ʥʝʜʦʟʚʦʣʝʥʠʤ ʽʥʬʦʨʤʘʮʽʡʥʠʤ ʧʦʪʦʢʦʤ ʻ ʧʦʪʽʢ ʚʽʜ ʦʙôʻʢʪʽʚ ʟ ʚʠʱʠʤ ʨʽʚʥʝʤ ʢʦʥʬʽʜʝʥʮʽʡʥʦʩʪʽ 

ʜʦ ʦʙôʻʢʪʽʚ ʟ ʥʠʞʯʠʤ ʨʽʚʥʝʤ ʢʦʥʬʽʜʝʥʮʽʡʥʦʩʪʽ. ʇʨʠʧʫʩʪʠʤʦ, ʱʦ ʚ ʩʧʽʣʴʥʽʡ ʨʝʰʽʪʮʽ 

ʢʦʥʬʽʜʝʥʮʽʡʥʦʩʪʽ ʤʦʞʣʠʚʠʡ ʪʘʢʠʡ ʧʦʪʽʢ, ʷʢʠʡ ʚ ʦʜʥʽʡ ʽʟ ʚʝʨʩʽʡ ʉʈɼ ʜʦʟʚʦʣʝʥʠʡ, ʘ ʚ ʽʥʰʽʡ 

ʟʘʙʦʨʦʥʝʥʠʡ. ʎʝ ʦʟʥʘʯʘʻ, ʱʦ ʦʙôʻʢʪʠ ʧʦʚʠʥʥʽ ʟʥʘʭʦʜʠʪʠʩʴ ʚ ʦʜʥʽʡ ʤʥʦʞʠʥʽ ʨʝʰʽʪʢʠ 

ʢʦʥʬʽʜʝʥʮʽʡʥʦʩʪʽ ʦʜʥʽʻʾ ʚʝʨʩʽʾ (ʜʦʟʚʦʣʝʥʠʡ ʽʥʬʦʨʤʘʮʽʡʥʠʡ ʧʦʪʽʢ) ʪʘ ʚ ʨʽʟʥʠʭ ʤʥʦʞʠʥʘʭ 

ʨʝʰʽʪʢʠ ʢʦʥʬʽʜʝʥʮʽʡʥʦʩʪʽ ʽʥʰʦʾ ʚʝʨʩʽʾ (ʥʝʜʦʟʚʦʣʝʥʠʡ ʽʥʬʦʨʤʘʮʽʡʥʠʡ ʧʦʪʽʢ). ʈʘʟʦʤ ʽʟ ʪʠʤ, 

ʨʦʟʙʠʪʪʷ ʩʧʽʣʴʥʦʾ ʨʝʰʽʪʢʠ ʢʦʥʬʽʜʝʥʮʽʡʥʦʩʪʽ ʧʝʨʝʜʙʘʯʘʻ ʟʥʘʭʦʜʞʝʥʥʷ ʪʘʢʠʭ ʦʙôʻʢʪʽʚ ʚ ʨʽʟʥʠʭ 

ʤʥʦʞʠʥʘʭ ʩʧʽʣʴʥʦʾ ʨʝʰʽʪʢʠ ʢʦʥʬʽʜʝʥʮʽʡʥʦʩʪʽ (ʨʠʩʫʥʦʢ 3). ʊʘʢʠʤ ʯʠʥʦʤ, ʟʘʟʥʘʯʝʥʠʡ 

ʽʥʬʦʨʤʘʮʽʡʥʠʡ ʧʦʪʽʢ ʙʫʜʝ ʟʘʙʦʨʦʥʝʥʠʤ, ʱʦ ʩʫʧʝʨʝʯʠʪʴ ʧʨʠʧʫʱʝʥʥʶ ʧʨʦ ʡʦʛʦ ʽʩʥʫʚʘʥʥʷ. 

 

 

ʈʠʩ. 3. ɼʦ ʜʦʢʘʟʫ ʪʝʦʨʝʤʠ ʙʝʟʧʝʢʠ ʩʧʽʣʴʥʦʾ ʨʝʰʽʪʢʠ ʢʦʥʬʽʜʝʥʮʽʡʥʦʩʪʽ 
 

ɿʘʩʪʦʩʫʚʘʥʥʷ ʤʝʪʦʜʫ ʫʟʛʦʜʞʝʥʥʷ ʨʝʰʽʪʦʢ ʨʽʚʥʽʚ ʢʦʥʬʽʜʝʥʮʽʡʥʦʩʪʽ ʨʽʟʥʠʭ ʚʝʨʩʽʡ ʩʠʩʪʝʤ 

ʤʘʥʜʘʪʥʦʛʦ ʨʦʟʤʝʞʫʚʘʥʥʷ ʜʦʩʪʫʧʫ ʟʜʽʡʩʥʶʻʪʴʩʷ ʥʘʩʪʫʧʥʠʤ ʯʠʥʦʤ. ʇʝʨʝʜ ʩʧʽʣʴʥʠʤ 

ʬʫʥʢʮʽʦʥʫʚʘʥʥʷʤ ʽʩʥʫʶʯʦʾ ʪʘ ʤʦʜʝʨʥʽʟʦʚʘʥʦʾ ʩʠʩʪʝʤʠ ʨʦʟʤʝʞʫʚʘʥʥʷ ʜʦʩʪʫʧʫ ʟʜʽʡʩʥʶʻʪʴʩʷ 

ʫʟʛʦʜʞʝʥʥʷ ʨʝʰʽʪʦʢ ʨʽʚʥʽʚ ʢʦʥʬʽʜʝʥʮʽʡʥʦʩʪʽ ʪʘ ʚʠʟʥʘʯʘʻʪʴʩʷ ʩʧʽʣʴʥʘ ʜʣʷ ʦʙʦʭ ʚʝʨʩʽʡ ʨʝʰʽʪʢʘ 

ʨʽʚʥʽʚ ʢʦʥʬʽʜʝʥʮʽʡʥʦʩʪʽ. ʅʘʩʪʫʧʥʠʤ ʝʪʘʧʦʤ ʻ ʟʤʽʥʘ ʧʘʨʘʤʝʪʨʽʚ ʢʦʞʥʦʾ ʽʟ ʚʝʨʩʽʡ ʉʈɼ ʫ 

ʚʽʜʧʦʚʽʜʥʦʩʪʽ ʜʦ ʩʬʦʨʤʦʚʘʥʦʾ ʩʧʽʣʴʥʦʾ ʨʝʰʽʪʢʠ ʨʽʚʥʽʚ ʢʦʥʬʽʜʝʥʮʽʡʥʦʩʪʽ. ɿʘʢʣʶʯʥʠʤ ʝʪʘʧʦʤ ʻ 

ʥ̔ʪʝʛʨʘʮʽʷ ʤʦʜʝʨʥʽʟʦʚʘʥʦʾ ʩʢʣʘʜʦʚʦʾ ɯʊʉ ʜʦ ʟʘʛʘʣʴʥʦʾ ʩʠʩʪʝʤʠ, ʧʨʠ ʯʦʤʫ ʧʘʨʘʤʝʪʨʠ ʉʈɼ ʷʢʠʭ 
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ʚʞʝ ʫʟʛʦʜʞʝʥʽ. ʊʘʢʠʤ ʯʠʥʦʤ, ʧʨʠ ʩʧʽʣʴʥʦʤʫ ʬʫʥʢʮʽʦʥʫʚʘʥʥʽ ʽʩʥʫʶʯʦʾ ʪʘ ʤʦʜʝʨʥʽʟʦʚʘʥʦʾ ɯʊʉ 

ʥʝʤʦʞʣʠʚʝ ʚʠʥʠʢʥʝʥʥʷ ʥʝʜʦʟʚʦʣʝʥʠʭ ʽʥʬʦʨʤʘʮʽʡʥʠʭ ʧʦʪʦʢʽʚ ʽ, ʷʢ ʥʘʩʣʽʜʦʢ, ʧʦʨʫʰʝʥʥʷ 

ʙʝʟʧʝʢʠ ʽʥʬʦʨʤʘʮʽʾ. 

ɺʠʩʥʦʚʢʠ ʜʦʩʣʽʜʞʝʥʥʷ ʧʝʨʩʧʝʢʪʠʚʠ ʧʦʜʘʣʴʰʠʭ ʨʦʟʚʽʜʦʢ ʫ ʜʘʥʦʤʫ ʥʘʧʨʷʤʢʫ. 
ʈʦʟʨʦʙʣʝʥʠʡ ʤʝʪʦʜ ʫʟʛʦʜʞʝʥʥʷ ʨʝʰʽʪʦʢ ʨʽʚʥʽʚ ʢʦʥʬʽʜʝʥʮʽʡʥʦʩʪʽ ʨʽʟʥʠʭ ʚʝʨʩʽʡ ʩʠʩʪʝʤ 

ʤʘʥʜʘʪʥʦʛʦ ʨʦʟʤʝʞʫʚʘʥʥʷ ʜʦʩʪʫʧʫ ʜʦʟʚʦʣʠʪʴ ʬʦʨʤʘʣʴʥʦ ʦʧʠʩʘʪʠ ʧʨʦʮʝʜʫʨʫ ʩʧʽʣʴʥʦʛʦ 

ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ ʦʙʦʭ ʽʥʬʦʨʤʘʮʽʡʥʦ-ʪʝʣʝʢʦʤʫʥʽʢʘʮʽʡʥʠʭ ʩʠʩʪʝʤ ʟ ʧʠʪʘʥʴ ʙʝʟʧʝʢʠ ʽʥʬʦʨʤʘʮʽʾ 

ʪʘ ʚʠʟʥʘʯʠʪʠ ʫʤʦʚʠ, ʧʨʠ ʷʢʠʭ ʥʝʤʦʞʣʠʚʝ ʚʠʥʠʢʥʝʥʥʷ ʥʝʜʦʟʚʦʣʝʥʠʭ ʽʥʬʦʨʤʘʮʽʡʥʠʭ ʧʦʪʦʢʽʚ.  

ʊʘʢʠʤ ʯʠʥʦʤ, ʟʘʧʨʦʧʦʥʦʚʘʥʠʡ ʤʝʪʦʜ ʻ ʦʜʥʠʤ ʽʟ ʙʘʟʦʚʠʭ ʚ ʪʝʭʥʦʣʦʛʽʾ ʟʘʭʠʩʪʫ 

ʽʥʬʦʨʤʘʮʽʾ ʚ ʽʥʪʝʛʨʦʚʘʥʽʡ ʽʥʬʦʨʤʘʮʽʡʥʦ-ʪʝʣʝʢʦʤʫʥʽʢʘʮʽʡʥʽʡ ʩʠʩʪʝʤʽ ɼʝʨʞʘʚʥʦʾ 

ʧʨʠʢʦʨʜʦʥʥʦʾ ʩʣʫʞʙʠ ʋʢʨʘʾʥʠ ʥʘ ʩʪʘʜʽʾ ʤʦʜʝʨʥʽʟʘʮʽʾ. ʇʦʜʘʣʴʰʠʤ ʥʘʧʨʷʤʢʦʤ ʜʦʩʣʽʜʞʝʥʥʷ 

ʤʦʞʝ ʙʫʪʠ ʨʦʟʨʦʙʢʘ ʤʝʪʦʜʽʚ ʫʟʛʦʜʞʝʥʥʷ ʽʟ ʩʠʩʪʝʤʘʤʠ ʨʦʟʤʝʞʫʚʘʥʥʷ ʜʦʩʪʫʧʫ ʧʦʙʫʜʦʚʘʥʠʭ ʟʘ 

ʽʥʰʠʤʠ ʤʦʜʝʣʷʤʠ. 
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ɸʅɸʃɯɿ ɺʀʂʆʈʀʉʊɸʅʅʗ ɹɽɿʇɯʃʆʊʅʀʍ ʃɯʊɸʃʔʅʀʍ ɸʇɸʈɸʊɯɺ ʋ ʗʂʆʉʊɯ 

ʈɽʊʈɸʅʉʃʗʊʆʈɯɺ ʊɸʂʊʀʏʅʀʍ ʄʆɹɯʃʔʅʀʍ ʈɸɼɯʆʄɽʈɽɾ 

 

ʋ ʩʪʘʪʪʽ ʧʨʦʚʝʜʝʥʦ ʘʥʘʣʽʟ ʟʘʩʪʦʩʫʚʘʥʥʷ ʙʝʟʧʽʣʦʪʥʠʭ ʣʽʪʘʣʴʥʠʭ ʘʧʘʨʘʪʽʚ ʫ ʷʢʦʩʪʽ ʨʝʪʨʘʥʩʣʷʪʦʨʽʚ 

ʪʘʢʪʠʯʥʠʭ ʤʦʙʽʣʴʥʠʭ ʨʘʜʽʦʤʝʨʝʞ. ʇʨʦʚʝʜʝʥʦ ʢʣʘʩʠʬʽʢʘʮʽʶ ʙʝʟʧʽʣʦʪʥʠʭ ʣʽʪʘʣʴʥʠʭ ʘʧʘʨʘʪʽʚ ʪʘ ʚʩʪʘʥʦʚʣʝʥʦ 

ʧʝʨʝʣʽʢ ʟʘʚʜʘʥʴ, ʱʦ ʚʠʢʦʥʫʶʪʴʩʷ ʙʝʟʧʽʣʦʪʥʠʭ ʣʽʪʘʣʴʥʠʭ ʘʧʘʨʘʪʽʚ ʫ ʮʠʚʽʣʴʥʽʡ ʪʘ ʚʽʡʩʴʢʦʚʽʡ ʩʬʝʨʘʭ. ʈʦʟʛʣʷʥʫʪʦ 

ʩʪʨʫʢʪʫʨʫ ʤʦʙʽʣʴʥʦʾ ʢʦʤʧʦʥʝʥʪʠ ʪʘ ʨʦʣʴ ʪʘʢʪʠʯʥʠʭ ʤʦʙʽʣʴʥʠʭ ʨʘʜʽʦʤʝʨʝʞ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʙʝʟʧʽʣʦʪʥʠʭ 

ʣʽʪʘʣʴʥʠʭ ʘʧʘʨʘʪʽʚ ʫ ʥʠʭ. 

ʄʠʥʦʯʢʠʥ ɸ.ʀ., ʉʦʚʘ ʆ.ʗ., ʄʘʨʳʣʠʚ ɽ.ɸ., ʊʨʦʮʢɹʦ ɸ.ɸ. ɸʥʘʣʠʟ ʙʝʩʧʠʣʦʪʥʳʭ ʣʝʪʘʪʝʣʴʥʳʭ 

ʘʧʧʘʨʘʪʦʚ ʚ ʢʘʯʝʩʪʚʝ ʨʝʪʨʘʥʩʣʷʪʦʨʦʚ ʪʘʢʪʠʯʝʩʢʠʭ ʤʦʙʠʣʴʥʳʭ ʨʘʜʠʦʩʝʪʝʡ. ɺ ʩʪʘʪʴʝ ʧʨʦʚʝʜʝʥ ʘʥʘʣʠʟ 

ʧʨʠʤʝʥʝʥʠʷ ʙʝʩʧʠʣʦʪʥʳʭ ʣʝʪʘʪʝʣʴʥʳʭ ʘʧʧʘʨʘʪʦʚ ʚ ʢʘʯʝʩʪʚʝ ʨʝʪʨʘʥʩʣʷʪʦʨʦʚ ʪʘʢʪʠʯʝʩʢʠʭ ʤʦʙʠʣʴʥʳʭ 

ʨʘʜʠʦʩʝʪʝʡ. ʇʨʦʚʝʜʝʥʘ ʢʣʘʩʩʠʬʠʢʘʮʠʷ ʙʝʩʧʠʣʦʪʥʳʭ ʣʝʪʘʪʝʣʴʥʳʭ ʘʧʧʘʨʘʪʦʚ ʠ ʫʩʪʘʥʦʚʣʝʥ ʧʝʨʝʯʝʥʴ ʟʘʜʘʯ, 

ʚʳʧʦʣʥʷʝʤʳʭ ʙʝʩʧʠʣʦʪʥʳʤʠ ʣʝʪʘʪʝʣʴʥʳʤʠ ʘʧʧʘʨʘʪʘʤʠ ʚ ʛʨʘʞʜʘʥʩʢʦʡ ʠ ʚʦʝʥʥʦʡ ʩʬʝʨʘʭ. ʈʘʩʩʤʦʪʨʝʥʘ 

ʩʪʨʫʢʪʫʨʘ ʤʦʙʠʣʴʥʦʡ ʢʦʤʧʦʥʝʥʪʳ ʠ ʨʦʣʴ ʪʘʢʪʠʯʝʩʢʠʭ ʤʦʙʠʣʴʥʳʭ ʨʘʜʠʦʩʝʪʝʡ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʚ ʥʠʭ 

ʙʝʩʧʠʣʦʪʥʳʭ ʣʝʪʘʪʝʣʴʥʳʭ ʘʧʧʘʨʘʪʦʚ. 

ɸ. Minochkin, O. Sova, O. Maryliv, O. Trotsko Analysis of unmanned aerial vehicles as relays tactical mobile 

radio networks. The article analyzes the use of unmanned aerial vehicles as repeaters mobile tactical radio networks. 

Classification of unmanned aerial vehicles, and established a list of tasks performed by unmanned aircraft in the civil 

and military spheres. The structure of the mobile components and the role of tactical mobile radio networks using these 

unmanned aerial vehicles. 

ʂʣʶʯʦʚʽ ʩʣʦʚʘ: ʙʝʟʧʽʣʦʪʥʠʡ ʣʽʪʘʣʴʥʠʡ ʘʧʘʨʘʪ, ʙʝʟʧʨʦʚʦʜʦʚʽ ʩʘʤʦʦʨʛʘʥʽʟʦʚʘʥʽ ʤʝʨʝʞʽ, ʪʘʢʪʠʯʥʽ 

ʤʦʙʽʣʴʥʽ ʨʘʜʽʦʤʝʨʝʞʽ, ʤʦʙʽʣʴʥʽ ʨʘʜʽʦʤʝʨʝʞʽ, ʤʦʙʽʣʴʥʘ ʙʘʟʦʚʘ ʩʪʘʥʮʽʷ, ʤʦʙʽʣʴʥʠʡ ʘʙʦʥʝʥʪ, Flying Ad-hoc 

networks, Mobile Ad-hoc Networks, Vehicle Ad-hoc networks. 

ɸʢʪʫʘʣʴʥʽʩʪʴ. ɿʤʽʥʠ ʚ ʩʫʯʘʩʥʦʤʫ ʭʘʨʘʢʪʝʨʽ ʙʦʡʦʚʠʡ ʜʽʡ, ʧʦʚô̫ ʟʘʥʽ, ʟʦʢʨʝʤʘ, ʟ 

ʧʽʜʚʠʱʝʥʥʷʤ ʟʥʘʯʫʱʦʩʪʽ ʨʽʟʥʠʭ ʩʧʦʩʦʙʽʚ ʜʠʩʪʘʥʮʽʡʥʦʛʦ ʚʧʣʠʚʫ ʥʘ ʩʫʧʨʦʪʠʚʥʠʢʘ; 

ʧʨʽʦʨʠʪʝʪʦʤ ʚʠʩʦʢʦʪʝʭʥʦʣʦʛʽʯʥʠʭ ʚʠʜʽʚ ʟʙʨʦʾ; ʨʦʟʰʠʨʝʥʥʷʤ ʧʨʦʩʪʦʨʫ ʚʝʜʝʥʥʷ ʚʽʡʩʴʢʦʚʠʭ 

ʜʽʡ, ʘ ʩʘʤʝ, ʟʙʽʣʴʰʝʥʥʷʤ ʨʦʟʦʩʝʨʝʜʞʝʥʦʩʪʽ ʬʦʨʤʫʚʘʥʴ ʥʘ ʧʦʣʽ ʙʦʶ, ʨʦʩʪʦʤ ʛʣʠʙʠʥʠ 

ʝʰʝʣʦʥʫʚʘʥʥʷ ʫʛʨʫʧʦʚʘʥʴ ʚʽʡʩʴʢ ʚʥʘʩʣʽʜʦʢ ʟʙʽʣʴʰʝʥʥʷ ʜʘʣʴʥʦʩʪʽ ʟʘʩʦʙʽʚ ʫʨʘʞʝʥʥʷ ʩʪʦʨʽʥ; 

ʟʨʦʩʪʘʥʥʷʤ ʘʢʪʠʚʥʦʩʪʽ ʦʙʦʨʦʥʥʠʭ ʜʽʡ; ʧʽʜʚʠʱʝʥʥʷʤ ʟʥʘʯʫʱʦʩʪʽ ʨʦʟʚʽʜʫʚʘʣʴʥʦ-ʜʠʚʝʨʩʽʡʥʠʭ 

ʜʽʡ ʚ ʪʠʣʫ ʧʨʦʪʠʚʥʠʢʘ; ʟʜʽʡʩʥʝʥʥʷʤ Ăʩʬʦʢʫʩʦʚʘʥʦʛʦò ʧʦʩʪʘʯʘʥʥʷ ʟʘʤʽʩʪʴ ʩʪʚʦʨʝʥʥʷ 

ʨʦʟʦʩʝʨʝʜʞʝʥʠʭ ʟʘʧʘʩʽʚ ʦʟʙʨʦʻʥʴ ʽ ʚʽʡʩʴʢʦʚʦʾ ʪʝʭʥʽʢʠ ʪʘ ʽʥʰʠʭ ʤʘʪʝʨʽʘʣʴʥʠʭ ʟʘʩʦʙʽʚ 

ʚʠʤʘʛʘʶʪʴ ʧʦʩʠʣʝʥʥʷ ʽʥʪʝʣʝʢʪʫʘʣʽʟʘʮʽʾ ʽ ʨʦʙʦʪʠʟʘʮʽʾ ʦʟʙʨʦʻʥʥʷ ʪʘ ʚʽʡʩʴʢʦʚʦʾ ʪʝʭʥʽʢʠ. 

ʅʘ ʩʴʦʛʦʜʥʽ ʦʜʥʠʤ ʟ ʥʘʡʙʽʣʴʰ ʧʝʨʩʧʝʢʪʠʚʥʠʭ ʥʘʧʨʷʤʢʽʚ ʨʦʟʚʠʪʢʫ ʫ ʩʬʝʨʽ ʪʘʢʪʠʯʥʠʭ 

ʤʝʨʝʞ ʟʚôʷʟʢʫ ʻ ʟʘʩʪʦʩʫʚʘʥʥʷ ʤʦʙʽʣʴʥʠʭ ʨʘʜʽʦʤʝʨʝʞ (ʄʈ), ʱʦ ʚʽʜʥʦʩʷʪʴʩʷ ʜʦ ʢʣʘʩʫ Mobile 

Ad-hoc Networks (MANET). ɺ ʩʚʦʶ ʯʝʨʛʫ ʨʦʟʰʠʨʝʥʥʷ ʤʦʞʣʠʚʦʩʪʝʡ ʱʦʜʦ ʧʝʨʝʜʘʯʽ 

ʽʥʬʦʨʤʘʮʽʾ (ʄʈ) ʤʦʞʝ ʜʦʩʷʛʘʪʠʩʷ ʰʣʷʭʦʤ ʚʠʢʦʨʠʩʪʘʥʥʷ ʤʦʙʽʣʴʥʠʭ ʚʫʟʣʽʚ ʥʘ ʙʘʟʽ 

ʙʝʟʧʽʣʦʪʥʠʭ ʣʽʪʘʣʴʥʠʭ ʘʧʘʨʘʪʽʚ (ɹʧʃɸ). ɹʝʟʧʽʣʦʪʥʽ ʣʽʪʘʣʴʥʽ ʘʧʘʨʘʪʠ ʤʦʞʫʪʴ ʟʘʩʪʦʩʦʚʫʚʘʪʠʩʴ 

ʜʣʷ ʩʪʚʦʨʝʥʥʷ ʙʝʟʧʨʦʚʦʜʦʚʠʭ ʩʘʤʦʦʨʛʘʥʽʟʦʚʘʥʠʭ ʤʝʨʝʞ Flying Ad-hoc networks (FANET) [1-

3]. ʄʝʨʝʞʽ ʢʣʘʩʫ FANET ʤʦʞʫʪʴ ʙʫʪʠ ʨʦʟʛʣʷʥʫʪʽ ʷʢ ʦʩʦʙʣʠʚʠʡ ʨʽʟʥʦʚʠʜ ʤʝʨʝʞ ʢʣʘʩʫ 

MANET ʪʘ Vehicle Ad-hoc networks (VANET) [4,5]. 

ɺ ʪʦʡ ʞʝ ʯʘʩ ʦʩʥʦʚʥʠʤʠ ʪʝʭʥʽʯʥʠʤʠ ʚʠʤʦʛʘʤʠ ʜʣʷ ʥʘʩʪʫʧʥʦʛʦ ʧʦʢʦʣʽʥʥʷ ʪʘʢʪʠʯʥʠʭ ʄʈ 

ʟʚô̫ ʟʢʫ ʻ: 

ï ʽʥʪʝʛʨʘʮʽʷ ʚʩʽʭ ʚʠʜʽʚ ʪʨʘʬʽʢʘ (ʤʦʚʘ, ʜʘʥʽ, ʚʽʜʝʦ, ʚʽʜʝʦʢʦʥʬʝʨʝʥʮʽʷ); 

ï ʧʦʚʥʘ ʤʦʙʽʣʴʥʽʩʪʴ ʚʩʽʭ ʘʙʦʥʝʥʪʽʚ ʽ ʝʣʝʤʝʥʪʽʚ ʤʝʨʝʞʽ; 

ï ʟʘʙʝʟʧʝʯʝʥʥʷ ʟʘʜʘʥʦʾ ʷʢʦʩʪʽ ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ ʢʦʨʠʩʪʫʚʘʯʽʚ (QoS) ʥʘ ʟʥʘʯʥʠʭ 

ʛʝʦʛʨʘʬʽʯʥʠʭ ʪʝʨʠʪʦʨʽʷʭ ʚ ʫʤʦʚʘʭ ʟʘʩʪʦʩʫʚʘʥʥʷ ʷʢ ʟʚʠʯʘʡʥʦʾ, ʪʘʢ ʽ ʷʜʝʨʥʦʾ, ʙʽʦʣʦʛʽʯʥʦʾ ʪʘ 

ʭʽʤʽʯʥʦʾ ʟʙʨʦʾ; 
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ï ʛʘʨʘʥʪʦʚʘʥʘ ʟʘʩʝʢʨʝʯʝʥʽʩʪʴ ʫʩʽʭ ʚʠʜʽʚ ʽʥʬʦʨʤʘʮʽʾ; 

ï ʤʽʥʽʤʘʣʴʥʘ ʫʯʘʩʪʴ ʣʶʜʠʥʠ ʚ ʧʠʪʘʥʥʷʭ ʧʣʘʥʫʚʘʥʥʷ ʡ ʚʝʜʝʥʥʷ ʟʚô̫ ʟʢʫ[1]. 

ʆʩʥʦʚʥʦʶ ʧʝʨʝʚʘʛʦʶ ʟʘʩʪʦʩʫʚʘʥʥʷ ɹʧʃɸ ʻ ʚʠʢʦʥʘʥʥʷ ʟʘʚʜʘʥʴ, ʱʦ ʧʦʚôʷʟʘʥʽ ʟ ʨʠʟʠʢʦʤ 

ʜʣʷ ʣʶʜʠʥʠ. ɺ ʮʴʦʤʫ ʩʝʥʩʽ ʟʘʩʪʦʩʫʚʘʥʥʷ ʛʨʫʧʠ ɹʧʃɸ ʻ ʱʝ ʙʽʣʴʰ ʜʦʮʽʣʴʥʠʤ: ʜʣʷ ʨʝʪʨʘʥʩʣʷʮʽʾ 

ʟʚô̫ ʟʢʫ ʫ ʪʠʭ ʤʽʩʮʷʭ ï ʜʝ ʥʝʤʦʞʣʠʚʦ ʚʩʪʘʥʦʚʠʪʠ ʘʥʪʝʥʠ ʧʦʢʨʠʪʪʷ ʯʝʨʝʟ ʩʢʣʘʜʥʠʡ ʨʝʣʴʻʬ, ʫ 

ʩʽʣʴʩʴʢʦʤʫ ʛʦʩʧʦʜʘʨʩʪʚʽ (ʛʨʫʧʦʚʽ ʦʙʧʨʠʩʢʫʚʘʥʥʷ ʧʦʣʽʚ), ʧʨʠ ʘʝʨʦʬʦʪʦʟʡʦʤʮʽ (ʛʨʫʧʦʚʘ ʟʡʦʤʢʘ 

ʚʝʣʠʢʠʭ ʪʝʨʠʪʦʨʽʡ, ʤʦʥʽʪʦʨʠʥʛ ʣʽʩʦʚʠʭ ʧʦʞʝʞ, ʧʘʪʨʫʣʶʚʘʥʥʷ ʪʝʨʠʪʦʨʽʡ ʪʦʱʦ), ʧʝʨʝʤʽʱʝʥʥʷ 

ʚʘʥʪʘʞʫ. ɺʦʯʝʚʠʜʴ ʘʢʪʫʘʣʴʥʠʤ ʻ ʟʘʩʪʦʩʫʚʘʥʥʷ ʛʨʫʧʠ ɹʧʃɸ ʫ ʚʽʡʩʴʢʦʚʠʭ ʮʽʣʷʭ ʜʣʷ ʚʠʢʦʥʘʥʥʷ 

ʨʦʟʚʽʜʫʚʘʣʴʥʠʭ ʦʧʝʨʘʮʽʡ, ʢʦʥʪʨʦʣʶ ʨʘʡʦʥʫ ʚʝʜʝʥʥʷ ʙʦʡʦʚʠʭ ʜʽʡ ʪʘ ʟʘʙʝʟʧʝʯʝʥʥʷ ʟʚ'ʷʟʢʫ. 

ʆʙôʻʢʪʦʤ ʜʦʩʣʽʜʞʝʥʥʷ ʻ ʦʨʛʘʥʽʟʘʮʽʷ ʟʚô̫ ʟʢʫ ʫ ʪʘʢʪʠʯʥʠʭ ʄʈ. 

ʇʨʝʜʤʝʪ ʜʦʩʣʽʜʞʝʥʥʷ ï ʪʘʢʪʠʯʥʽ ʄʈ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ɹʧʃɸ ʫ ʷʢʦʩʪʽ ʨʝʪʨʘʥʩʣʷʪʦʨʽʚ. 

ʄʝʪʦʶ ʜʦʩʣʽʜʞʝʥʥʷ ʻ ʧʨʦʚʝʜʝʥʥʷ ʘʥʘʣʽʟʫ ʚʠʢʦʨʠʩʪʘʥʥʷ ɹʧʃɸ ʫ ʷʢʦʩʪʽ ʨʝʪʨʘʥʩʣʷʪʦʨʽʚ 

ʤʦʙʽʣʴʥʦʾ ʢʦʤʧʦʥʝʥʪʠ ʪʘʢʪʠʯʥʠʭ ʨʘʜʽʦʤʝʨʝʞ. 

ɸʥʘʣʽʟ ʩʫʯʘʩʥʦʛʦ ʩʪʘʥʫ ʜʦʩʣʽʜʞʝʥʥʷ. ɹʧʃɸ ʥʘ ʩʴʦʛʦʜʥʽ ʚʠʢʦʥʫʶʪʴ ʟʘʜʘʯʽ ʫ ʙʘʛʘʪʴʦʭ 

ʛʘʣʫʟʷʭ ʷʢ ʮʠʚʽʣʴʥʦʾ ʪʘʢ ʽ ʚʽʡʩʴʢʦʚʦʾ ʩʬʝʨ (ʨʠʩ. 1) [6, 7]. ɻʦʣʦʚʥʦʶ ʦʩʦʙʣʠʚʽʩʪʶ ɹʇʃɸ ʻ ʪʝ, 

ʱʦ ʘʧʘʨʘʪʠ ʤʦʞʫʪʴ ʚʠʢʦʥʫʚʘʪʠ ʩʚʦʾ ʟʘʜʘʯʽ ʚ ʘʚʪʦʤʘʪʠʯʥʦʤʫ ʨʝʞʠʤʽ, ʘʙʦ ʟʘ ʤʽʥʽʤʘʣʴʥʦʾ 

ʫʯʘʩʪʽ ʣʶʜʠʥʠ ʚ ʧʨʦʮʝʩʽ ʫʧʨʘʚʣʽʥʥʷ. 

ʎʠʚ̔ʣɹʥʘ ʩʬʝʨʘ ɺ̔ʡʩɹʢʦʚʘ ʩʬʝʨʘ

ɿʘʜʘʯ̔, ʢ̫̔ ʚʠʢʦʥʫʁ ʪɹ ɹʧʃɸ

ɺʠ̫ʚʣʝʥʥ̫ ʤʘʣʦʨʦʟʤ̔ʨʥʠʭ 

ʦʙô̒ʢʪ̔ʚ

    ï  ʧʦʚ̔ʪʨ̫ʥʠʭ;

    ï  ʥʘʜʚʦʜʥʠʭ; 

    ï  ʥʘʟʝʤʥʠʭ;

    ï  ʧʦh ʫʢ ̔ ʧʦʨ̫ʪʫʥʦʢ;

    ï ʜʦʧʦʤʦʛʘ ʚ ʥʘʜʟʚʠʯʘʡʥʠʭ 

ʩʠʪʫʘʮ̫̔ ʭ

ʈʦʟʚʠʪʦʢ ʨʝʛ̔ʦʥʘʣɹʥʠʭ ̔ 

ʤ̔ʞʨʝʛ̔ʦʥʘʣɹʥʠʭ 

ʪʝʣʝʢʦʤʫʥ̔ʢʘʮ̔ʡʥʠʭ ʤʝʨʝʞ:

     ï ʩʠʩʪʝʤʠ ʟʚô̫ʟʢʫ, ʫ ʪʦʤʫ 

ʯʠʩʣ̔ ʤʦʙ̔ʣɹʥʠʭ;

    ï ʪʝʣʝʨʘʜ̔ʦʤʦʚʣʝʥʥ̫;

    ï ʨʝʪʨʘʥʩʣ̫ʮ̫̔ ;

    ï ʥʘʚ̔ʛʘʮ̔ʡʥ̔ ʩʠʩʪʝʤʠ;

    ï ʨʝʢʣʘʤʘ, ʪʝʣʝʙʘʯʝʥʥ̫, ʢ̔ʥʦ

ɸʝʨʦʬʦʪʦʟʥ̔ʤʘʥʥ̫ ʡ 

ʢʦʥʪʨʦʣɹ ʟʝʤʥʦʾ ʧʦʚʝʨʭʥ̔:

    ï ʢʘʨʪʦʛʨʘʬ̔ ;̫

    ï ʥ̔ʩʧʝʢʮ̫̔  ʜʦʪʨʠʤʘʥʥ̫ 

ʜʦʛʦʚ̔ʨʥʠʭ ʟʦʙʦʚô̫ʟʘʥɹ;

    ï ʢʦʥʪʨʦʣɹ ʛ̔ʜʨʦ- ʪʘ, 

ʤʝʪʝʦʦʙʩʪʘʥʦʚʢʠ;

    ï  ʢʦʥʪʨʦʣɹ ʟʘ ʥʝʟʘʢʦʥʥʦʁ 

ʤ̔ʛʨʘʮ̔̒  ʁʣʁ ʜʝʡ;

    ï ʧʨʘʚʦʦʭʦʨʦʥʥʘ ʜ̫̔ ʣɹʥ̔ʩʪɹ;

    ï ʚʠ̫ʚʣʝʥʥ̫ ʣ̔ʩʦʚʠʭ ʧʦʞʝʞ;

    ï ʩʧʦʩʪʝʨʝʞʝʥʥ̫ ʧʝʨʠʤʝʪʨʘ 

ʦʙô̒ʢʪ̔ʚ;

    ï ʢʦʥʪʨʦʣɹ ʟʘʣ̔ʟʥʠʯʥʠʭ 

ʢʦʣ̔ʡ ʪʘ ̔ʥh ʠʭ ʣ̔ʥ̔ʡʥʠʭ 

ʦʙô̒ʢʪ̔ʚ

ʂʦʥʪʨʦʣɹ ʝʢʦʣʦʛ̔ʯʥʦʾ 

ʦʙʩʪʘʥʦʚʢʠ:

    ï ʨʘʜ̔ʘʮ̔ʡʥʠʡ ʢʦʥʪʨʦʣɹ;

    ï ʛʘʟʦʭ̔ʤ̔ʯʥʠʡ ʢʦʥʪʨʦʣɹ;

    ï  ʢʦʥʪʨʦʣɹ ʩʪʘʥʫ ʛʘʟʦ-  ̔

ʥʘʬʪʦʧʨʦʚʦʜ̔ʚ;

    ï  ʦʧʠʪʫʚʘʥʥ̫ ʩʝʡʩʤ̔ʯʥʠʭ 

ʜʘʪʯʠʢ̔ʚ;

    ï  ʢʦʥʪʨʦʣɹ ʩʪʘʥʫ ʣʘʚʠʥ

ɿʘʩʪʦʩʫʚʘʥʥ̫ ʚ ʩ̔ʣɹʩɹʢʦʤʫ 

ʛʦʩʧʦʜʘʨʩʪʚ̔ ̔ 

ʛʝʦʣʦʛʦʨʦʟʚ̔ʜʮ̔:

    ï  ʚʠʢʦʥʘʥʥ̫ ʘʚ̔ʘʮ̔ʡʥʦ-

ʭ̔ʤ̔ʯʥʠʭ ʨʦʙ̔ʪ;

    ï  ʚʠʟʥʘʯʝʥʥ̫ ʭʘʨʘʢʪʝʨʠʩʪʠʢ 

ʨ̌ʫʥʪʫ; ʨʦʟʚ̔ʜʢʘ ʢʦʨʠʩʥʠʭ 

ʢʦʧʘʣʠʥ; ʧ̔ʜʧʦʚʝʨʭʥʝʚʝ (ʜʦ 100 

ʤ) ʟʦʥʜʫʚʘʥʥ̫ ɿʝʤʣ̔.

ʈʦʟʚ̔ʜʢʘ:

    ï ʚʝʜʝʥʥ̫ ʧʦʚ̔ʪʨ̫ʥʦʾ ʨʦʟʚ̔ʜʢʠ ʟ ʤʘʣʠʭ ̔ ʩʝʨʝʜʥ̔ʭ 

ʚʠʩʦʪ ʚ ʫʤʦʚʘʭ ʩʠʣɹʥʦʾ ʧʨʦʪʠʜ̔ʾ ʇɺʆ ʡ ʩʢʣʘʜʥʦʾ 

ʨʘʜ̔ʦʝʣʝʢʪʨʦʥʥʦʾ ʦʙʩʪʘʥʦʚʢʠ ʟ ʤʦʞʣʠʚ̔ʩʪʁ ʧʝʨʝʜʘʯ̔ 

ʦʪʨʠʤʘʥʦʾ ʨʦʟʚ̔ʜʫʚʘʣɹʥʦʾ ̔ʥʬʦʨʤʘʮ̔ʾ ̔ʟ ʟʘʭʠɦ ʝʥʠʭ 

ʨʘʜ̔ʦʢʘʥʘʣ̔ʚ ʫ ʨʝʘʣɹʥʦʤʫ ʤʘʩhʪʘʙ̔ ʯʘʩʫ;

    ï ʚʠ̫ʚʣʝʥʥ̫ ʪʘ ̔ʜʝʥʪʠʬ̔ʢʘʮ̫̔  ʥʘʟʝʤʥʠʭ, ʥʘʚʦʜʥʠʭ ʪʘ 

ʧʦʚ̔ʪʨ̫ʥʠʭ ʮ̔ʣʝʡ, ʫʛʨʫʧʫʚʘʥɹ ʚ̔ʡʩɹʢ ʪʘ ʪʝʭʥ̔ʢʠ, 

ʚʦʛʥʝʚʠʭ ʪʦʯʦʢ ʪʘ ʬʦʨʪʠʬ̔ʢʘʮ̔ʡʥʠʭ ʩʧʦʨʫʜ;

    ï  ʚʠ̫ʚʣʝʥʥ̫ ʘʢʪʠʚʥʦ ʚʠʧʨʦʤ̔ʥʁ ʯʁʠʭ ʦʙô̒ʢʪ̔ʚ 

(ʨʘʜ̔ʘʮ̔ʡʥʘ, ʭ̔ʤ̔ʯʥʘ ̔ ʙ̔ʦʣʦʛ̔ʯʥʘ ʨʦʟʚ̔ʜʢʘ)

ɺʦʛʥʝʚ̔ (ʫʜʘʨʥ̔) :

    ï ʫʨʘʞʝʥʥ̫ ʪʝʭʥ̔ʢʠ ʪʘ ʞʠʚʦʾ ʩʠʣʠ ʧʨʦʪʠʚʥʠʢʘ hʣ̫ʭʦʤ 

ʥʘʥʝʩʝʥʥ̫ ʫʜʘʨ̔ʚ ʧʦ ʥʘʟʝʤʥʠʭ ʪʘ ʤʦʨʩɹʢʠʭ ʮ̔ʣ̫ʭ;

    ï ʫʨʘʞʝʥʥ̫ ʝʣʝʤʝʥʪ̔ʚ ʩʠʩʪʝʤ ʇʇʆ (ʫ ʧʝʨh ʫ ʯʝʨʛʫ 

ʈʃʉ);

    ï ʙʦʨʦʪɹʙʘ ʟ ʧʦʚ̔ʪʨ̫ʥʠʤʠ ʮ̔ʣ̫ʤʠ ʪʘ ʟʥʠɦ ʝʥʥ̫ 

ʙʦ̒ʛʦʣʦʚʦʢ ʙʘʣ̔ʩʪʠʯʥʠʭ ʨʘʢʝʪ ʧʨʠ ʟʘʩʪʦʩʫʚʘʥʥ̔ ʫ ʩʢʣʘʜ̔ 

ʩʠʩʪʝʤ ʇʇʆ;

    ï ʜʠʩʪʘʥʮ̔ʡʥʝ ʚʩʪʘʥʦʚʣʝʥʥ̫ ʤ̔ʥʥʠʭ ʧʦʣ̔ʚ, ʤ̔ʥʫʚʘʥʥ̫ 

ʪʝʨʠʪʦʨ̔ʡ

ɿʘʙʝʟʧʝʯʝʥʥ̫:

    ï ʧʝʨʝʚʝʟʝʥʥ̫ ʚʘʥʪʘʞ̔ʚ, ʚ ʨ̔ʟʥʠʭ ʫʤʦʚʘʭ ʙʦʡʦʚʦʾ 

ʦʙʩʪʘʥʦʚʢʠ ʫ ʪʦʤʫ ʯʠʩʣ̔ ʧ̔ʜ ʯʘʩ ʘʢʪʠʚʥʦʛʦ ʚʝʜʝʥʥ̫ 

ʙʦʡʦʚʠʭ ʜ̔ʡ ʪʘ ʫ ʨʘʡʦʥʠ ʟʘʨʘʞʝʥ̔ ʟʘʩʦʙʘʤʠ 

ʨʘʜ̔ʦʘʢʪʠʚʥʦʛʦ, ʭ̔ʤ̔ʯʥʦʛʦ, ʪʘ ʙ̔ʦʣʦʛ̔ʯʥʦʛʦ ʚʧʣʠʚʫ;

    ï ʧʦʩʪʘʥʦʚʢʘ ʟʘʚʘʜ ʨʘʜ̔ʦ-  ̔ʨʘʜ̔ʦʪʝʭʥ̔ʯʥʠʤ ʟʘʩʦʙʘʤ 

ʩʫʧʨʦʪʠʚʥʠʢʘ, ʚʠʢʦʥʘʥʥ̫ ̔ʥh ʠʭ ʟʘʜʘʯ ʈɽɹ;

    ï ʫʧʨʘʚʣ̔ʥʥ̫ ʚʦʛʥʝʤ ̔ ʮ̔ʣʝʚʢʘʟ̔ʚʢʘ ʥʘʟʝʤʥʠʤ, 

ʧʦʚ̔ʪʨ̫ʥʠʤ ̔ ʤʦʨʩɹʢʠʤ ʚʦʛʥ̫ʥʠʤ ʟʘʩʦʙʘʤ;

    ï ʦʮ̔ʥʢʘ ʨʝʟʫʣɹʪʘʪ̔ʚ ʟʘʚʜʘʥʦʛʦ ʧʦ ʧʨʦʪʠʚʥʠʢʫ ʫʜʘʨʫ;

    ï ʨʝʪʨʘʥʩʣ̫ʮ̫̔  ʧʦʚ̔ʜʦʤʣʝʥɹ ̔ ʜʘʥʠʭ;

    ï ʧʦh ʫʢ ʪʘ ʝʚʘʢʫʘʮ̫̔  ʧʦʨʘʥʝʥʠʭ ʟ ʧʦʣ̫ ʙʦʁ .

ʂʝʨʫʚʘʥʥ̫ ʧʦʚ̔ʪʨ̫ʥʠʤ 

ʨʫʭʦʤ:

    ï ʫ ʚʘʞʢʦʜʦʩʪʫʧʥʠʭ ʨʘʡʦʥʘʭ;

    ï ʧʨʠ ʩʪʠʭ̔ʡʥʠʭ ʣʠʭʘʭ ̔ 

ʘʚʘʨ̫̔ʭ;

    ï ʥʘ ʪʠʤʯʘʩʦʚʠʭ ʧʦʚ̔ʪʨ̫ʥʠʭ 

ʪʨʘʩʘʭ ʧʨʠ ʚʠʢʦʥʘʥʥ̔ ʚ̔ʘʮ̔ʡʥʠʭ 

ʨʦʙ̔ʪ

ʂʦʥʪʨʦʣɹ ʤʦʨʩɹʢʦʛʦ 

ʩʫʜʥʦʧʣʘʚʩʪʚʘ:

   ï ʧʦh ʫʢ ̔ ʚʠ̫ʚʣʝʥʥ̫ ʩʫʜʝʥ;

   ï ʧʦʧʝʨʝʜʞʝʥʥ̫ ʘʚʘʨ̔ʡʥʠʭ 

ʩʠʪʫʘʮ̔ʡ ʫ ʧʦʨʪʘʭ;

   ï ʢʦʥʪʨʦʣɹ ʤʦʨʩɹʢʠʭ 

ʢʦʨʜʦʥ̔ʚ;

   ï ʢʦʥʪʨʦʣɹ ʧʨʘʚʠʣ ʨʠʙʘʣɹʩʪʚʘ

 
ʈʠʩ.1. ɿʘʜʘʯʽ, ʷʢʽ ʚʠʢʦʥʫʶʪʴ ɹʧʃɸ ʚ ʮʠʚʽʣʴʥʽʡ ʪʘ ʚʽʡʩʴʢʦʚʽʡ ʩʬʝʨʘʭ ʜʽʷʣʴʥʦʩʪʽ 

 

ʗʢ ʚʠʜʥʦ ʟ ʨʠʩ. 1 ʜʝʷʢʽ ʟʘʜʘʯʽ ʻ ʧʨʠʪʘʤʘʥʥʠʤʠ ʜʣʷ ɹʧʃɸ, ʱʦ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʩʫʪʦ ʫ 

ʮʠʚʽʣʴʥʽʡ ʩʬʝʨʽ. ʆʜʥʘʢ ʚʠʢʦʨʠʩʪʘʥʥʷ ɹʧʃɸ ʫ ʷʢʦʩʪʽ ʨʝʪʨʘʥʩʣʷʪʦʨʽʚ ʻ ʘʢʪʫʘʣʴʥʠʤ ʷʢ ʜʣʷ 

ʮʠʚʽʣʴʥʠʭ ʪʘʢ ʽ ʚʽʡʩʴʢʦʚʠʭ ɹʧʃɸ. ɿʦʢʨʝʤʘ ʚ ʪʘʢʪʠʯʥʽʡ ʣʘʥʮʽ ʫʧʨʘʚʣʽʥʥʷ ʚʠʢʦʨʠʩʪʘʥʥʷ ɹʧʃɸ 

ʟʘʙʝʟʧʝʯʠʪʴ ʤʦʞʣʠʚʽʩʪʴ ʦʨʛʘʥʽʟʘʮʽʾ ʟʚôʷʟʢʫ ʤʽʞ ʪʝʨʠʪʦʨʽʘʣʴʥʦ-ʨʦʟʥʝʩʝʥʠʤʠ 

ʫʛʨʫʧʦʚʫʚʘʥʥʷʤʠ ʚʽʡʩʴʢ. 
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ʋ ʩʫʯʘʩʥʦʤʫ ʩʚʽʪʽ ʣʽʜʝʨʘʤʠ ʫ ʩʬʝʨʽ ʚʠʨʦʙʥʠʮʪʚʘ ɹʧʃɸ ʚʽʡʩʴʢʦʚʦʛʦ ʧʨʠʟʥʘʯʝʥʥʷ ʻ ɯʟʨʘʾʣʴ, 

ʉʐɸ ʪʘ ʂʘʥʘʜʘ.  

ʈʘʟʦʤ ʟ ʪʠʤ, ʙʦʡʦʚʽ ʜʽʾ ʥʘ ʩʭʦʜʽ ʋʢʨʘʾʥʠ ʩʧʨʠʷʣʠ ʨʦʟʚʠʪʢʫ ʧʽʜʧʨʠʻʤʩʪʚ, ʷʢʽ ʟʘʡʤʘʶʪʴʩʷ 

ʚʠʨʦʙʥʠʮʪʚʦʤ ɹʧʃɸ. ɿ ʧʝʨʝʣʽʢʫ ʟʘʟʥʘʯʝʥʠʭ ʧʽʜʧʨʠʻʤʩʪʚ ʚ ʋʢʨʘʾʥʽ (ʪʘʙʣ. 1), ʚʠʜʥʦ, ʱʦ 

ʜʝʚôʷʪʴ ʟ ʥʠʭ ʧʨʘʮʶʶʪʴ ʥʘʜ ʚʠʨʦʙʥʠʮʪʚʦʤ ɹʧʃɸ ʚʽʡʩʴʢʦʚʦʛʦ ʧʨʠʟʥʘʯʝʥʥʷ (ʜʨʦʥʽʚ). 

ʊʘʙʣʠʮʷ 1 

ʇʽʜʧʨʠʻʤʩʪʚʘ ʟ ʚʠʨʦʙʥʠʮʪʚʘ ɹʧʃɸ ʟʘʨʝʻʩʪʨʦʚʘʥʽ ʥʘ ʪʝʨʠʪʦʨʽʾ ʋʢʨʘʾʥʠ 

ʇʽʜʧʨʠʻʤʩʪʚʦ ʄʦʜʝʣʴ ʪʘ ʧʨʠʟʥʘʯʝʥʥʷ 

ɹʧʃɸ 
ʈʽʢ ʨʝʻʩʪʨʘʮʽʾ ʄʽʩʪʦ ʨʝʻʩʪʨʘʮʽʾ 

ɺɸʊ Ăʄʝʨʠʜʽʘʥò ʄʇ-1 Spectator 1992 ʂʠʾʚ 

ʊʆɺ Ăʅʇʇ "ɸʪʣʦʥɸʚʽʘò ɸ1-ʉ Ăʌʫʨʽʷò 2014 ʂʠʾʚ 

ʊʆɺ Ăʋʢʨʩʧʝʮʩʠʩʪʝʤʩò Peopleôs Drone PD-1 2014 ʂʠʾʚ 

ʊʆɺ Ăʖʘ ʪʝʭʥʦʣʦʜʞʽò UA-ɹɽʊɸ, UA-GAMMA  2010 ʂʠʾʚ 

ʊʆɺ Ăɼʝʬʩʽò Observer-S 2007 ʂʠʾʚ 

ʅɺʇ Ăʉʧʘʡʪʝʢò 

Sparrow (ʨʘʟʦʤ ʟ ɼʇ 

Ăʉʧʝʮʪʝʭʥʦʝʢʩʧʦʨʪò 

(ʂʠʾʚ)), Columba 

2015 ʆʜʝʩʘ 

ɼʇ Ăʏʫʛʫʻʚʩʴʢʠʡ 

ʘʚʽʘʮʽʡʥʠʡ ʨʝʤʦʥʪʥʠʡ 

ʟʘʚʦʜò 

ʉʪʨʝʧʝʪ-L 1998 
ʏʫʛʫʻʚ, ʍʘʨʢʽʚʩʴʢʘ 

ʦʙʣ. 

ʊʆɺ ʅɺʇ Ăɸʡʪʝʢò 
Patriot RV010, Skif 

(ʩʽʣʴʛʦʩʧʧʨʠʟʥʘʯʝʥʥʷ) 
2014 ʂʠʾʚ 

ʊʆɺ ɺʀʂ Ăɼʝʚʽʨʦò Ăʃʝʣʝʢʘ-100ò 2015 ɼʥʽʧʨʦ 

ʊʆɺ Ăɼʽʜʞʠ ʬʣʘʡò 
PD1900 

(ʩʽʣʴʛʦʩʧʧʨʠʟʥʘʯʝʥʥʷ) 
2014 ʂʠʾʚ 

ʊʆɺ Ăʂʘʨʙʦʣʘʡʥò 
Ăʄɸʈɸ-3ʤò 

(ʩʽʣʴʛʦʩʧʧʨʠʟʥʘʯʝʥʥʷ) 
2014 ʍʘʨʢʽʚ 

ɿʘʨʘʟ ʱʝ ʨʘʥʦ ʛʦʚʦʨʠʪʠ ʧʨʦ ʤʘʩʦʚʝ ʚʠʨʦʙʥʠʮʪʚʦ ɹʧʃɸ (ʡʜʝ ʤʦʚʘ ʧʨʦ ʟʙʽʨʢʫ ʜʝʩʷʪʢʽʚ 

ʚʠʨʦʙʽʚ ʧʨʦʪʷʛʦʤ ʢʽʣʴʢʦʭ ʤʽʩʷʮʽʚ), ʘʣʝ ʩʘʤ ʬʘʢʪ ʧʦʷʚʠ  ʝʢʦʩʠʩʪʝʤʠ ʙʝʟʧʽʣʦʪʥʠʭ ʪʝʭʥʦʣʦʛʽʡ ʟʘ 

ʪʘʢʽ  ʢʦʨʦʪʢʽ ʪʝʨʤʽʥʠ ʛʦʚʦʨʠʪʴ ʧʨʦ  ʧʝʨʩʧʝʢʪʠʚʫ ʨʦʟʚʠʪʢʫ ʜʘʥʦʛʦ ʥʘʧʨʷʤʢʫ ʚʠʨʦʙʥʠʮʪʚʘ. 

ɺ ʪʘʙʣ. 2 ʥʘʚʝʜʝʥʦ ʧʦʨʽʚʥʷʥʥʷ ʪʘʢʪʠʢʦ-ʪʝʭʥʽʯʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ɹʧʃɸ ʢʦʤʧʣʝʢʩʽʚ, ʷʢʽ 

ʚ ʥʘʡʙʽʣʴʰʽʡ ʢʽʣʴʢʦʩʪʽ ʧʦʩʪʫʧʠʣʠ ʚ ɿʉ ʋʢʨʘʾʥʠ ʪʘ ʅʘʮʛʚʘʨʜʽʶ. 

ʗʢ ʟʘʟʥʘʯʘʣʦʩʷ ʚʠʱʝ ʥʘ ʩʴʦʛʦʜʥʽ ʦʨʛʘʥʽʟʘʮʽʶ ʟʚôʷʟʢʫ ʚ ʪʘʢʪʠʯʥʽʡ ʣʘʥʮʽ ʫʧʨʘʚʣʽʥʥʷ 

ʟʘʧʨʦʧʦʥʦʚʘʥʦ ʟʜʽʡʩʥʶʚʘʪʠ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʨʘʜʽʦʤʝʨʝʞ, ʱʦ ʚʽʜʥʦʩʷʪʴʩʷ ʜʦ ʢʣʘʩʫ 

MANET[8]. ɼʣʷ ʚʠʨʽʰʝʥʥʷ ʥʠʟʢʠ ʧʨʦʙʣʝʤʥʠʭ ʧʠʪʘʥʴ, ʱʦ ʚʠʥʠʢʘʶʪʴ ʫ ʩʬʝʨʽ ʪʘʢʪʠʯʥʠʭ ʄʈ 

ʟʚôʷʟʢʫ, ʤʦʞʫʪʴ ʙʫʪʠ ʟʘʩʪʦʩʦʚʘʥʽ ʽ ɹʧʃɸ.  

ɿʦʢʨʝʤʘ, ʚ ʭʦʜʽ ʧʦʧʝʨʝʜʥʽʭ ʜʦʩʣʽʜʞʝʥʴ ʙʫʣʦ ʟʘʧʨʦʧʦʥʦʚʘʥʦ ʙʘʛʘʪʦʨʽʚʥʝʚʫ ʘʨʭʽʪʝʢʪʫʨʫ 

ʤʦʙʽʣʴʥʦʾ ʢʦʤʧʦʥʝʥʪʠ ʤʝʨʝʞ ʟʚôʷʟʢʫ ʚʽʡʩʴʢʦʚʦʛʦ ʧʨʠʟʥʘʯʝʥʥʷ, ʷʢʘ ʧʦʢʣʠʢʘʥʘ ʟʘʙʝʟʧʝʯʠʪʠ 

ʽʥʬʦʨʤʘʮʽʡʥʠʡ ʦʙʤʽʥ ʚ ʽʥʪʝʨʝʩʘʭ ʫʩʽʭ ʚʽʡʩʴʢ, ʱʦ ʜʽʶʪʴ ʚ ʪʘʢʪʠʯʥʽʡ ʣʘʥʮʽ ʥʝʟʘʣʝʞʥʦ ʚʽʜ 

ʾʭʥʴʦʛʦ ʧʽʜʧʦʨʷʜʢʫʚʘʥʥʷ ʽ ʟʘʜʘʯ, ʷʢʽ ʚʦʥʠ ʚʠʢʦʥʫʶʪʴ. ʇʝʨʝʜʙʘʯʘʻʪʴʩʷ, ʱʦ ʾʾ ʘʨʭʽʪʝʢʪʫʨʘ ʙʫʜʝ 

ʥʝʦʜʥʦʨʽʜʥʦʶ ʪʘ ʩʢʣʘʜʘʪʠʤʝʪʴʩʷ ʟ ʧôʷʪʠ ʨʽʚʥʽʚ (ʨʠʩ. 2): 0-ʡ ï ʩʝʥʩʦʨʥʽ ʤʝʨʝʞʽ (ʤʝʨʝʞʽ 

ʪʝʣʝʤʝʪʨʽʾ); 1-ʡ ï ʄʈ ʥʠʟʦʚʦʾ ʣʘʥʢʠ ʫʧʨʘʚʣʽʥʥʷ; 2-ʡ ï ʤʝʨʝʞʽ ʤʦʙʽʣʴʥʠʭ ʙʘʟʦʚʠʭ ʩʪʘʥʮʽʡ 

(ʄɹʉ), ʱʦ ʫʪʚʦʨʷʪʴ ʦʧʦʨʥʫ ʤʝʨʝʞʫ; 3-ʡ ï ʧʦʚʽʪʨʷʥʘ ʤʝʨʝʞʘ, ʷʢʘ ʤʦʞʝ ʙʫʪʠ ʨʝʘʣʽʟʦʚʘʥʘ ʥʘ 

ʙʝʟʧʽʣʦʪʥʠʭ ʣʽʪʘʣʴʥʠʭ ʘʧʘʨʘʪʘʭ (FANET); 4-ʡ ï ʤʝʨʝʞʘ, ʷʢʘ ʨʝʘʣʽʟʫʻʪʴʩʷ ʥʘ ʩʫʧʫʪʥʠʢʘʭ [9].  

ʉʪʚʦʨʝʥʥʷ ʢʦʞʥʦʛʦ ʨʽʚʥʷ ʧʝʨʝʜʙʘʯʘʻ ʧʦʣʽʧʰʝʥʥʷ ʧʦʢʘʟʥʠʢʽʚ ʷʢʦʩʪʽ ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ 

ʚʩʽʻʾ ʩʠʩʪʝʤʠ ʟʚôʷʟʢʫ. ʂʦʞʝʥ ʨʽʚʝʥʴ ʤʦʙʽʣʴʥʦʾ ʢʦʤʧʦʥʝʥʪʠ ʚʠʢʦʨʠʩʪʦʚʫʻ ʩʚʽʡ ʧʽʜʜʽʘʧʘʟʦʥ 

ʯʘʩʪʦʪ. 

 

http://www.merydian.kiev.ua/production/bespilotnik.php
http://www.epravda.com.ua/publications/2017/02/3/619624/
http://www.ukrspecsystems.com/uk/products-view/uav-peoples-drone-pd-1/
http://uatechnology.com.ua/
http://def-c.com/ua/
http://www.spaitech.net/
http://charz.com.ua/bpla
http://charz.com.ua/bpla
http://charz.com.ua/bpla
http://www.itec.kiev.ua/
http://drone.ua/
http://www.carboline.in.ua/
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ʊʘʙʣʠʮʷ 2 

ʇʦʨʽʚʥʷʥʥʷ ʪʘʢʪʠʢʦ-ʪʝʭʥʽʯʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ɹʧʃɸ 

 

                ʅʘʟʚʘ ɹʧʃɸ 

 

 

ʍʘʨʘʢʪʝʨʠʩʪʠʢʘ 

RQ-11 Raven

 

ɸ1ʉ "ʌʫʨʽʷ"

 

ʄʇ-1 Spectator

 

ʐʚʠʜʢʽʩʪʴ ʧʦʣʴʦʪʫ, ʢʤ/ʛʦʜ 45-100 65-130 40-120 

ʄʘʢʩʠʤʘʣʴʥʘ ʚʠʩʦʪʘ ʧʦʣʴʦʪʫ, ʤ 5000 2500 2000 

ʊʨʠʚʘʣʽʩʪʴ ʧʦʣʴʦʪʫ, ʭʚ. 60-90 120 120 

ʄʘʩʘ ʢʦʨʠʩʥʦʾ ʥʘʛʨʫʟʢʠ, ʢʛ ʥ/ʜ ʥ/ʜ 1,5 

ʄʘʢʩʠʤʘʣʴʥʘ ʟʣʽʪʥʘ  ʤʘʩʘ, ʢʛ 1,9 5 7 

ʊʠʧ ʩʠʣʦʚʦʾ ʫʩʪʘʥʦʚʢʠ ɽʣʝʢʪʨʠʯʥʘ ɽʣʝʢʪʨʠʯʥʘ ɽʣʝʢʪʨʠʯʥʘ 

ɿʘʧʫʩʢ ɿ ʨʫʢʠ ɿ ʧʨʠʩʪʨʦʶ ʟʘʧʫʩʢʫ 
ɿ ʨʫʢʠ ʯʠ ʟ ʧʨʠʩʪʨʦʶ 

ʟʘʧʫʩʢʫ 

ʇʨʠʟʝʤʣʝʥʥʷ ʥ/ʜ ʅʘ ʧʘʨʘʰʫʪʽ 
ʅʘ ʧʘʨʘʰʫʪʽ ʯʠ 

ʣʽʪʘʢʦʚʠʤ ʩʧʦʩʦʙʦʤ 

ʈʘʜʽʫʩ ʜʽʾ, ʢʤ 10 30 30 

ʈʝʞʠʤʠ ʫʧʨʘʚʣʝʥʥʷ 

ɸʚʪʦʤʘʪʠʯʥʠʡ, 

ʥʘʧʽʚ-

ʘʚʪʦʤʘʪʠʯʥʠʡ, 

ʨʫʯʥʠʡ 

ʥ/ʜ 

ɸʚʪʦʤʘʪʠʯʥʠʡ, 

ʥʘʧʽʚ-ʘʚʪʦʤʘʪʠʯʥʠʡ, 

ʨʫʯʥʠʡ 

ʎʽʥʘ ɹʧʃɸ ʢʦʤʧʣʝʢʩʫ ʟ 3 ʜʨʦʥʽʚ, 

ʤʣʥ ʛʨʥ 
14 2,5 2 

 

0-ʨ̔ʚʝʥɹ ï 

ʩʝʥʩʦʨʥ̔ ʤʝʨʝʞ͜

3-ʨ̔ʚʝʥɹ ï ʤʝʨʝʞʘ 

ʥʘ ɹʧʃɸ

4-ʨ̔ʚʝʥɹ ï ʤʝʨʝʞʘ 

ʥʘ ʩʫʧʫʪʥʠʢʘʭ

1-ʨ̔ʚʝʥɹ ï 

ʤʦʙ̔ʣɹʥ̔ 

ʨʘʜ̔ʦʤʝʨʝʞ̔
2-ʨ̔ʚʝʥɹ ï ʤʝʨʝʞʘ 

ʥʘ ʤʦʙ̔ʣɹʥʠʭ 

ʙʘʟʦʚʠʭ ʩʪʘʥʮ̫̔ ʭ

 
 

ʈʠʩ.2 ʇʨʠʢʣʘʜ ʘʨʭʽʪʝʢʪʫʨʠ ʤʦʙʽʣʴʥʦʾ ʢʦʤʧʦʥʝʥʪʠ ʪʘʢʪʠʯʥʦʾ ʄʈ 
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ʋ ʟʘʛʘʣʴʥʦʤʫ ʄʈ ʥʘ ʢʦʞʥʦʤʫ ʟ ʨʽʚʥʽʚ ʧʝʨʩʧʝʢʪʠʚʥʦʾ ʤʦʙʽʣʴʥʦʾ ʢʦʤʧʦʥʝʥʪʠ 

ʭʘʨʘʢʪʝʨʠʟʫʶʪʴʩʷ ʥʘʩʪʫʧʥʠʤʠ ʦʩʦʙʣʠʚʦʩʪʷʤʠ: 

ï ʜʠʥʘʤʽʯʥʘ ʪʦʧʦʣʦʛʽʷ (ʚʫʟʣʠ ʤʝʨʝʞʽ ʤʦʙʽʣʴʥʽ, ʧʽʜʜʘʶʪʴʩʷ ʟʥʠʱʝʥʥʶ ʪʘ ʚʽʜʤʦʚʘʤ; 
ʢʘʥʘʣʠ ʨʘʜʽʦʟʚô̫ ʟʢʫ ʥʝʩʪʘʙʽʣʴʥʽ, ʤʘʶʪʴ ʦʙʤʝʞʝʥʽ ʜʘʣʴʥʽʩʪʴ ʟʚô̫ ʟʢʫ ʡ ʧʨʦʧʫʩʢʥʫ ʟʜʘʪʥʽʩʪʴ 

ʯʝʨʝʟ ʚʧʣʠʚ ʨʘʜʽʦʝʣʝʢʪʨʦʥʥʦʾ ʧʨʦʪʠʜʽʾ ʩʫʧʨʦʪʠʚʥʠʢʘ, ʚʟʘʻʤʥʠʭ ʧʝʨʝʰʢʦʜ, ʫʤʦʚ ʧʦʰʠʨʝʥʥʷ 

ʨʘʜʽʦʭʚʠʣʴ ʪʦʱʦ); 

ï ʦʙʤʝʞʝʥʽ ʧʦʪʫʞʥʽʩʪʴ ʽ ʯʘʩ ʧʝʨʝʜʘʯʽ ʘʙʦʥʝʥʪʽʚ, ʦʩʥʘʱʝʥʠʭ ʨʘʜʽʦʪʝʨʤʽʥʘʣʘʤʠ ʟ 

ʘʢʫʤʫʣʷʪʦʨʥʠʤʠ ʙʘʪʘʨʝʷʤʠ; 

ï ʟʥʘʯʥʘ ʨʦʟʤʽʨʥʽʩʪʴ ʤʝʨʝʞ (ʩʦʪʥʽ ʘʙʦ ʪʠʩʷʯʽ ʝʣʝʤʝʥʪʽʚ); 

ï  ʥʝʦʜʥʦʨʽʜʥʽʩʪʴ ʝʣʝʤʝʥʪʽʚ ʤʝʨʝʞʽ: ʟʘ ʤʦʙʽʣʴʥʽʩʪʶ (ʪʘʥʢ, ʩʦʣʜʘʪ, ʚʝʨʪʦʣʽʪ, ʣʽʪʘʢ), ʟʘ 

ʨʽʚʥʝʤ ʧʨʦʜʫʢʪʠʚʥʦʩʪʽ (ʤʦʙʽʣʴʥʘ ʙʘʟʦʚʘ ʩʪʘʥʮʽʷ (ʄɹʉ), ʤʦʙʽʣʴʥʠʡ ʘʙʦʥʝʥʪ). 

ʆʜʥʘʢ ʽʩʥʫʻ ʥʠʟʢʘ ʦʩʦʙʣʠʚʦʩʪʝʡ ʄʈ ʥʘ ʢʦʞʥʦʤʫ ʨʽʚʥʽ, ʷʢʽ ʥʝʦʙʭʽʜʥʽ ʧʨʠ ʧʨʦʝʢʪʫʚʘʥʥʽ 

ʈʄ ʜʘʥʦʛʦ ʢʣʘʩʫ. ɿʦʢʨʝʤʘ ʜʣʷ ʤʝʨʝʞ FANET ʭʘʨʘʢʪʝʨʥʠʤʠ ʦʩʦʙʣʠʚʦʩʪʷʤʠ ʻ: 

ï ʨʽʚʝʥʴ ʤʦʙʽʣʴʥʦʩʪʽ ʚʫʟʣʽʚ ʚ ʤʝʨʝʞʘʭ FANET ʟʥʘʯʥʦ ʚʠʱʠʡ, ʥʽʞ ʚ MANET ʯʠ 
VANET; 

ï ʫ ʨʝʟʫʣʴʪʘʪʽ ʚʠʩʦʢʦʾ ʤʦʙʽʣʴʥʦʩʪʽ ʚʫʟʣʽʚ ʤʘʻ ʤʽʩʮʝ ʩʪʨʽʤʢʘ ʟʤʽʥʘ ʪʦʧʦʣʦʛʽʾ ʤʝʨʝʞʽ; 

ï ʽʩʥʫʶʯʽ ʤʝʨʝʞʽ ʥʘʧʨʘʚʣʝʥʽ ʥʘ ʚʩʪʘʥʦʚʣʝʥʥʷ ʟôʻʜʥʘʥʥʷ ʪʠʧʫ peer-to-peer. ʄʝʨʝʞʽ 

FANET ʪʘʢʦʞ ʧʦʪʨʝʙʫʶʪʴ ʟôʻʜʥʘʥʥʷ peer-to-peer ʜʣʷ ʢʦʦʨʜʠʥʘʮʽʾ ʙʝʟʧʽʣʦʪʥʠʭ ʣʽʪʘʣʴʥʠʭ 

ʘʧʘʨʘʪʽʚ ʽ ʚʟʘʻʤʦʜʽʾ ʤʽʞ ʥʠʤʠ. ʂʨʽʤ ʪʦʛʦ, ʙʽʣʴʰʫ ʯʘʩʪʠʥʫ ʯʘʩʫ ʚ FANET ʚʽʜʙʫʚʘʻʪʴʩʷ ʟʙʽʨ 

ʜʘʥʠʭ (ʚʽʜʝʦ, ʟʦʙʨʘʞʝʥʥʷ ʪʘ ʽʥ.) ʟ ʦʪʦʯʫʶʯʦʛʦ ʩʝʨʝʜʦʚʠʱʘ ʪʘ ʧʝʨʝʜʘʯʘ ʾʭ ʚ ʮʝʥʪʨ ʫʧʨʘʚʣʽʥʥʷ, 

ʧʦʜʽʙʥʦ ʩʝʥʩʦʨʥʠʤ ʤʝʨʝʞʘʤ. ʊʦʤʫ ʤʝʨʝʞʘ FANET ʧʦʚʠʥʥʘ ʦʜʥʦʯʘʩʥʦ ʧʽʜʪʨʠʤʫʚʘʪʠ 

ʦʜʥʦʨʘʥʛʦʚʝ ʟôʻʜʥʘʥʥʷ ʤʽʞ ʚʫʟʣʘʤʠ ʽ ʟʚʦʜʠʪʠ ʤʝʜʽʘʪʨʘʬʽʢ ʚ ʦʜʥʫ ʪʦʯʢʫ ʤʝʨʝʞʽ; 

ï ʚʽʜʩʪʘʥʽ ʤʽʞ ʚʫʟʣʘʤʠ ʚ ʤʝʨʝʞʘʭ FANET, ʷʢ ʧʨʘʚʠʣʦ, ʙʽʣʴʰʽ ʥʽʞ ʚ MANET ʯʠ 
VANET. ʊʦʤʫ, ʱʦʙ ʚʩʪʘʥʦʚʠʪʠ ʢʘʥʘʣ ʟʚôʷʟʢʫ ʤʽʞ ɹʧʃɸ, ʥʝʦʙʭʽʜʥʦ ʟʘʙʝʟʧʝʯʠʪʠ ʙʽʣʴʰʫ 

ʜʘʣʴʥʽʩʪʴ ʟʚôʷʟʢʫ. ʎʝ, ʚ ʩʚʦʶ ʯʝʨʛʫ, ʚʽʜʦʙʨʘʟʠʪʴʩʷ ʥʘ ʭʘʨʘʢʪʝʨʽ ʨʘʜʽʦʢʘʥʘʣʫ ʪʘ ʥʘ ʚʠʙʦʨʽ 

ʦʙʣʘʜʥʘʥʥʷ; 

ï ʤʝʨʝʞʘ, ʷʢʘ ʩʢʣʘʜʘʻʪʴʩʷ ʟ ʜʝʢʽʣʴʢʦʭ ɹʧʃɸ, ʤʦʞʝ ʤʘʪʠ ʨʽʟʥʽ ʚʠʜʠ ʩʝʥʩʦʨʽʚ, ʜʣʷ 
ʢʦʞʥʦʛʦ ʟ ʷʢʠʭ ʤʦʞʫʪʴ ʟʥʘʜʦʙʠʪʠʩʴ ʨʽʟʥʽ ʘʣʛʦʨʠʪʤʠ ʧʝʨʝʜʘʯʽ ʜʘʥʠʭ. 

ʇʝʨʝʚʘʛʠ ʟʘʩʪʦʩʫʚʘʥʥʷ ʤʝʨʝʞʽ ɹʧʃɸ ʧʦʣʷʛʘʶʪʴ ʫ ʥʘʩʪʫʧʥʦʤʫ [10]: 

1. ɿʘʙʝʟʧʝʯʫʻʪʴʩʷ ʟʚôʷʟʥʽʩʪʴ ʤʽʞ ʛʝʦʛʨʘʬʽʯʥʦ ʨʦʟʜʽʣʝʥʠʤʠ ʫʛʨʫʧʦʚʘʥʥʷʤʠ ʚʽʡʩʴʢ 

(ʪʘʢʪʠʯʥʠʤʠ ʄʈ) [11]. 

2. ʇʽʜʚʠʱʫʻʪʴʩʷ ʥʘʜʽʡʥʽʩʪʴ ʟʚ'ʷʟʢʫ ʤʽʞ ʄɹʉ ʫ ʤʝʞʘʭ ʦʜʥʽʻʾ ʟʦʥʠ ʟʘ ʨʘʭʫʥʦʢ ʧʦʷʚʠ 

ʘʣʴʪʝʨʥʘʪʠʚʥʠʭ ʥʝʟʘʣʝʞʥʠʭ ʤʘʨʰʨʫʪʽʚ ʧʝʨʝʜʘʯʽ. 

3. ʇʽʜʚʠʱʫʻʪʴʩʷ ʧʨʦʜʫʢʪʠʚʥʽʩʪʴ ʤʝʨʝʞʽ ʟʘ ʨʘʭʫʥʦʢ: ʚʠʢʦʨʠʩʪʘʥʥʷ ʨʘʜʽʦʢʘʥʘʣʽʚ ʤʽʞ 

ɹʧʃɸ ʟ ʙʽʣʴʰʦʶ ʧʨʦʧʫʩʢʥʦʶ ʟʜʘʪʥʽʩʪʶ ʚ ʧʦʨʽʚʥʷʥʥʽ ʟ ʨʘʜʽʦʢʘʥʘʣʦʤ ʄɹʉ-ʄɹʉ, 

ʝʬʝʢʪʠʚʥʽʩʪʴ ʢʝʨʫʚʘʥʥʷ ʤʦʙʽʣʴʥʠʤ ʢʦʤʧʦʥʝʥʪʦʤ (ʟʤʝʥʰʫʻʪʴʩʷ ʦʙʩʷʛ ʧʝʨʝʜʘʥʦʾ ʩʣʫʞʙʦʚʦʾ 

ʽʥʬʦʨʤʘʮʽʾ ʡ ʟʤʝʥʰʫʻʪʴʩʷ ʯʘʩ ʾʾ ʟʙʦʨʫ [12]), ʩʢʦʨʦʯʝʥʥʷ ʚ ʢʽʣʴʢʘ ʨʘʟʽʚ ʜʦʚʞʠʥ ʤʘʨʰʨʫʪʽʚ 

ʧʝʨʝʜʘʯʽ ʽʥʬʦʨʤʘʮʽʾ ʡ ʪ. ʜ. 

4. ɿʘʙʝʟʧʝʯʫʻʪʴʩʷ ʟʘʜʘʥʘ ʷʢʽʩʪʴ ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ ʘʙʦʥʝʥʪʽʚ (QoS) ʟʘ ʨʘʭʫʥʦʢ 

ʟʘʩʪʦʩʫʚʘʥʥʷ ʜʝʪʝʨʤʽʥʦʚʘʥʠʭ ʧʨʦʪʦʢʦʣʽʚ ʤʥʦʞʠʥʥʦʛʦ ʜʦʩʪʫʧʫ [13]. 

5. ɿʘʙʝʟʧʝʯʫʻʪʴʩʷ ʜʠʩʪʘʥʮʽʡʥʠʡ ʟʙʽʨ ʨʦʟʚʽʜʫʚʘʣʴʥʦʾ ʽʥʬʦʨʤʘʮʽʾ ʘʙʦ ʾʾ ʟʥʽʤʘʥʥʷ ʟ 

ʜʘʪʯʠʢʽʚ ʩʝʥʩʦʨʥʠʭ ʤʝʨʝʞ. 

ʅʝʜʦʣʽʢʠ ʟʘʩʪʦʩʫʚʘʥʥʷ ʤʝʨʝʞʽ ɹʧʃɸ ʧʦʣʷʛʘʶʪʴ ʫ ʥʘʩʪʫʧʥʦʤʫ: 

1. ɺʧʣʠʚ ʝʬʝʢʪʫ ɼʦʧʧʣʝʨʘ ʥʘ ʷʢʽʩʪʴ ʢʘʥʘʣʽʚ ʟʚôʷʟʢʫ ʚ ʩʘʤʦ ʦʨʛʘʥʽʟʦʚʘʥʠʭ ʤʝʨʝʞʘʭ 
ɹʧʃɸ. ʎʝ ʧʦʚô̫ ʟʘʥʦ ʟ ʪʠʤ, ʱʦ ʚʫʟʣʠ ʪʘʢʦʾ ʤʝʨʝʞʽ ʤʦʞʫʪʴ ʤʘʪʠ ʚʠʩʦʢʫ ʰʚʠʜʢʽʩʪʴ ʨʫʭʫ ʷʢ 

ʚʽʜʥʦʩʥʦ ʟʝʤʣʽ, ʪʘʢ ʽ ʚʽʜʥʦʩʥʦ ʦʜʠʥ ʦʜʥʦʛʦ. 

2. ɼʽʶʯʽ ʚʫʟʣʠ ʤʦʞʫʪʴ ʚʽʜʢʣʶʯʘʪʠʩʷ, ʘ ʥʦʚʽ ʚʫʟʣʠ ï ʧʨʠʻʜʥʫʶʪʴʩʷ ʜʦ ʤʝʨʝʞʽ ʧʽʜ ʯʘʩ 

ʚʠʢʦʥʘʥʥʷ ʤʽʩʽʾ. 

3. ʊʦʧʦʣʦʛʽʷ ʤʝʨʝʞʽ ʩʭʠʣʴʥʘ ʜʦ ʰʚʠʜʢʠʭ ʽ ʯʘʩʪʠʭ ʟʤʽʥ, ʽ, ʷʢ ʥʘʩʣʽʜʦʢ, ʪʘʢʠʤ ʞʝ ʟʤʽʥʘʤ 
ʩʭʠʣʴʥʽ ʤʘʨʰʨʫʪʠ ʜʦʩʪʘʚʢʠ ʚʽʜʝʦʜʘʥʠʭ ʽ ʟʦʙʨʘʞʝʥʴ ʚʽʜ ʜʞʝʨʝʣʘ (ʢʘʤʝʨʠ ʥʘ ʙʦʨʪʫ ɹʧʃɸ) ʜʦ 

ʦʜʝʨʞʫʚʘʯʘ (ʥʘʟʝʤʥʦʾ ʩʪʘʥʮʽʾ). ʎʝ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʪʦʛʦ, ʱʦ ʟʘʩʪʦʩʫʚʘʥʥʷ ʚʽʜʦʤʠʭ ʧʨʦʪʦʢʦʣʽʚ 

ʤʘʨʰʨʫʪʠʟʘʮʽʾ (AODV, OLSR) ʚ ʙʽʣʴʰʦʩʪʽ ʚʠʧʘʜʢʽʚ ʥʝ ʪʽʣʴʢʠ ʥʝ ʟʘʙʝʟʧʝʯʫʻ ʧʨʠʡʥʷʪʥʫ ʷʢʽʩʪʴ 




