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ʧʨʦʝʢʪʫ 
07.09.18 ï 15.11.18 
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ʨʦʙʦʪʠ 
20.12.18 ï 25.12.18 

 

4 ʈʦʟʛʣʷʜ ʤʝʪʦʜʽʚ ʤʘʰʠʥʥʦʛʦ ʥʘʚʯʘʥʥʷ 10.01.19 ï 10.02.19  

5 ʅʘʧʠʩʘʥʥʷ ʜʨʫʛʦʛʦ ʨʦʟʜʽʣʫ ʜʠʧʣʦʤʥʦʾ 
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ʈɽʌɽʈɸʊ 

ɼʠʧʣʦʤʥʘ ʨʦʙʦʪʘ ʩʢʣʘʜʘʻʪʴʩʷ ʟ 56 ʩʪʦʨʽʥʦʢ ʪʘ ʤʽʩʪʠʪʴ 11 ʪʘʙʣʠʮʴ, 17 

ʨʠʩʫʥʢʽʚ ʽ 23 ʣʽʪʝʨʘʪʫʨʥʠʭ ʜʞʝʨʝʣʘ.  

ʆʙ'ʻʢʪʦʤ ʜʦʩʣʽʜʞʝʥʥʷ ʻ ʘʣʛʦʨʠʪʤʠ ʪʝʢʩʪʦʚʦʾ ʩʪʝʛʘʥʦʛʨʘʬʽʾ. ʇʨʝʜʤʝʪʦʤ 

ʜʦʩʣʽʜʞʝʥʥʷ ʻ ʤʝʪʦʜʠ ʛʝʥʝʨʫʚʘʥʥʷ ʪʝʢʩʪʦʚʠʭ ʩʪʝʛʦʢʦʥʪʝʡʥʝʨʽʚ ʟʘ  ʜʦʧʦʤʦʛʦʶ 

ʨʝʢʫʨʝʥʪʥʠʭ ʥʝʡʨʦʥʥʠʭ ʤʝʨʝʞ. 

ʆʩʥʦʚʥʠʤʠ ʤʝʪʦʜʘʤʠ ʜʦʩʣʽʜʞʝʥʴ ʚ ʨʦʙʦʪʽ ʻ ʤʝʪʦʜʠ ʤʘʰʠʥʥʦʛʦ 

ʥʘʚʯʘʥʥʷ, ʘ ʪʘʢʦʞ ʜʣʷ ʦʮʽʥʢʠ ʥʘʚʝʜʝʥʠʭ ʘʣʛʦʨʠʪʤʽʚ ʚʠʢʦʨʠʩʪʦʚʫʚʘʣʠʩʴ 

ʩʪʘʪʠʩʪʠʯʥʽ ʤʝʪʦʜʠ ʘʥʘʣʽʟʫ ʦʪʨʠʤʘʥʠʭ ʨʝʟʫʣʴʪʘʪʽʚ. ɹʫʣʦ ʧʨʦʘʥʘʣʽʟʦʚʘʥʦ 

ʽʩʥʫʶʯʽ ʤʝʪʦʜʠ ʧʨʠʭʦʚʘʥʥʷ ʽʥʬʦʨʤʘʮʽʾ ʚ ʪʝʢʩʪʦʚʠʭ ʧʦʩʣʽʜʦʚʥʦʩʪʷʭ. 

ʈʝʟʫʣʴʪʘʪʦʤ ʚʠʢʦʥʘʥʥʷ ʜʘʥʦʾ ʨʦʙʦʪʠ ʻ ʧʦʙʫʜʦʚʘʥʠʡ ʘʣʛʦʨʠʪʤ 

ʘʚʪʦʤʘʪʠʯʥʦʾ ʛʝʥʝʨʘʮʽʾ ʩʪʝʛʘʥʦʛʨʘʬʽʯʥʠʭ ʪʝʢʩʪʽʚ, ʷʢʠʡ ʤʦʞʝ 

ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠʩʴ ʜʣʷ ʙʝʟʧʝʯʥʦʾ ʧʝʨʝʜʘʯʽ ʪʘ ʟʙʝʨʽʛʘʥʥʷ ʧʨʠʚʘʪʥʦʾ ̔ ʥʬʦʨʤʘʮʽʾ. 

ʇʦʜʘʣʴʰʠʤʠ ʜʦʩʣʽʜʞʝʥʥʷʤʠ ʜʣʷ ʧʦʢʨʘʱʝʥʥʷ ʥʘʚʝʜʝʥʦʛʦ ʘʣʛʦʨʠʪʤʫ ʻ 

ʜʦʩʣʽʜʞʝʥʥʷ ʚ ʛʘʣʫʟʽ ʚʠʢʦʨʠʩʪʘʥʥʷ  ʰʪʫʯʥʦʛʦ ʽʥʪʝʣʝʢʪʫ ʜʣʷ ʛʝʥʝʨʘʮʽʾ ʪʝʢʩʪʽʚ. 

 

ʈɽʂʋʈɽʅʊʅɸ ʅɽʁʈʆʅʅɸ ʄɽʈɽɾɸ, ʃɸʅʎʖɻ ʄɸʈʂʆɺɸ, 

ʉʊɽɻɸʅʆɻʈɸʌɯʏʅʀʁ ɸʃɻʆʈʀʊʄ, ʄɽʊʆɼ ʊɽʂʉʊʆɺʆɰ 

ʉʊɽɻɸʅʆɻʈɸʌɯɰ, ʅɸɹɯʈ ɼɸʅʀʍ, ʊɽʂʉʊʆɺɸ ʇʆʉʃɯɼʆɺʅɯʉʊʔ 
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ABSTRACT  

The thesis consists of 56 pages and contains 11 tables, 17 figures and 23 

literary sources. 

The object of research is the algorithm of text steganography. The subject of 

the study is the method for generating text stego containers using recurrent neural 

networks. 

The main methods of research in this work are methods of machine learning, 

as well as to evaluate the algorithms used statistical methods for analyzing the 

results. Existing methods of concealing information in text sequences were also 

analyzed. 

The result of this work is the algorithm for the automatic generation of 

steganographic texts, which can be used for the safe transfer and storage of private 

information. Further research to improve the above algorithm is the study of the use 

of artificial intelligence for text generation. 

 

RECOVERY NEURAL NETWORK, LANCY MARKOV, 

STEGANOGRAPHIC ALGORITHM, MATHEW OF TEXT 

STEGANOGRAPHY, DATA COLLECTION, TEXT SEQUENCE 
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ɿʄɯʉʊ 

ʇʝʨʝʣʽʢ ʫʤʦʚʥʠʭ ʧʦʟʥʘʯʝʥʴ, ʩʠʤʚʦʣʽʚ, ʦʜʠʥʠʮʴ, ʩʢʦʨʦʯʝʥʴ ʽ ʪʝʨʤʽʥʽʚééé...7 

ɺʩʪʫʧéééééééééééééééééééééééééééééé.8

1 ʆʛʣʷʜ ʽʩʥʫʶʯʠʭ ʤʝʪʦʜʽʚ ʪʝʢʩʪʦʚʦʾ ʩʪʝʛʘʥʦʛʨʘʬʽʾé..ééééééééé..10 

     1.1 ʆʩʥʦʚʥʽ ʧʦʥʷʪʪʷ ʩʪʝʛʘʥʦʛʨʘʬʽʾéééééééééééééééé..10 

     1.2 ɿʘʛʘʣʴʥʘ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ ʪʝʢʩʪʦʚʦʾ ʩʪʝʛʘʥʦʛʨʘʬʽʾééééééééé11 

     1.3 ɸʣʛʦʨʠʪʤʠ ʪʝʢʩʪʦʚʦʾ ʩʪʝʛʘʥʦʛʨʘʬʽʾéééééééééééééé...12 

     ɺʠʩʥʦʚʢʠ ʜʦ ʨʦʟʜʽʣʫ 1ééééééééééééééééééééé..21 

2 ɺʠʢʦʨʠʩʪʘʥʥʷ ʥʝʡʨʦʥʥʠʭ ʤʝʨʝʞ ʜʣʷ ʛʝʥʝʨʫʚʘʥʥʷ ʧʦʩʣʽʜʦʚʥʦʩʪʝʡééé..22 

     2.1 ʆʩʦʙʣʠʚʦʩʪʽ ʨʦʙʦʪʠ ʛʣʠʙʦʢʠʭ ʥʝʡʨʦʥʥʠʭ ʤʝʨʝʞ ʧʨʷʤʦʛʦ ʧʦʰʠʨʝʥʥʷ..22 

     2.2 ʈʝʢʫʨʝʥʪʥʽ ʥʝʡʨʦʥʥʽ ʤʝʨʝʞʽééééééééééééééééé...26 

     2.3 ʄʝʨʝʞʽ  ʜʦʚʛʦʩʪʨʦʢʦʚʦʾ/ʢʦʨʦʪʢʦʩʪʨʦʢʦʚʦʾ ʧʘʤ'ʷʪʽéééééééé..28 

     2.4 ɼʚʦʩʧʨʷʤʦʚʘʥʽ ʨʝʢʫʨʝʥʪʥʽ ʥʝʡʨʦʥʥʽ ʤʝʨʝʞʽééééééééééé30 

     ɺʠʩʥʦʚʢʠ ʜʦ ʨʦʟʜʽʣʫ 2ééééééééééééééééééééé..32 

3 ʇʦʙʫʜʦʚʘ ʘʨʭʽʪʝʢʪʫʨʠ ʥʝʡʨʦʥʥʦʾ ʤʝʨʝʞʽ ʪʘ ʩʪʝʛʘʥʦʛʨʘʬʽʯʥʦʛʦ ʘʣʛʦʨʠʪʤʫ.33 

     3.1 ʆʧʠʩ ʥʘʙʦʨʽʚ ʜʘʥʠʭééééééééééééééééééééé.33 

     3.2 ʇʨʝʜʩʪʘʚʣʝʥʥʷ ʜʘʥʠʭéééééééééééééééééééé..37 

     3.3 ɸʨʭʽʪʝʢʪʫʨʘ ʥʝʡʨʦʥʥʦʾ ʤʝʨʝʞʽéééééééééééééééé..40 

     3.4 ʉʪʝʛʘʥʦʛʨʘʬʽʯʥʠʡ ʘʣʛʦʨʠʪʤééééééééééééééééé...41 

     ɺʠʩʥʦʚʢʠ ʜʦ ʨʦʟʜʽʣʫ 3ééééééééééééééééééééé..43 

4 ɼʦʩʣʽʜʞʝʥʥʷ ʦʪʨʠʤʘʥʥʠʭ ʨʝʟʫʣʴʪʘʪʽʚééééééééééééééé..44 

     4.1 ɸʥʘʣʽʟ ʨʝʟʫʣʴʪʘʪʽʚ ʥʘʚʯʘʥʥʷ word2vec ʤʦʜʝʣʽéééééééééé..44 

     4.2 ɸʥʘʣʽʟ ʨʝʟʫʣʴʪʘʪʽʚ ʥʘʚʯʘʥʥʷ ʨʝʢʫʨʝʥʪʥʦʾ ʤʝʨʝʞʽééééééééé45 

     4.3 ɸʥʘʣʽʟ ʩʪʝʛʘʥʦʛʨʘʬʽʯʥʦʛʦ ʘʣʛʦʨʠʪʤʫéééééééééééééé47 

     ɺʠʩʥʦʚʢʠ ʜʦ ʨʦʟʜʽʣʫ 4ééééééééééééééééééééé..54 

ɺʠʩʥʦʚʢʠéééééééééééééééééééééééééééé55 

ʇʝʨʝʣʽʢ ʜʞʝʨʝʣ ʧʦʩʠʣʘʥʴ..ééééééééééééééééééééé57 

ɼʦʜʘʪʦʢ ɸ ʉʭʝʤʘ ʘʨʭʽʪʝʢʪʫʨʠ ʥʝʡʨʦʥʥʦʾ ʤʝʨʝʞʽééééééééééé...60 
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ʇɽʈɽʃɯʂ ʋʄʆɺʅʀʍ ʇʆɿʅɸʏɽʅʔ, ʉʀʄɺʆʃɯɺ, ʆɼʀʅʀʎʔ, 

ʉʂʆʈʆʏɽʅʔ ɯ ʊɽʈʄɯʅɯɺ 

 

OCR - optical character recognition(ʦʧʪʠʯʥʝ ʨʦʟʧʽʟʥʘʚʘʥʥʷ ʩʠʤʚʦʣʽʚ) 

CFG ï context free grammar(ʥʘʙʽʨ ʧʨʘʚʠʣ ʧʝʨʝʟʘʧʠʩʫ (ʘʙʦ ʧʽʜʩʪʘʥʦʚʦʢ), ʱʦ 

ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʜʣʷ ʩʪʚʦʨʝʥʥʷ ʰʘʙʣʦʥʽʚ ʨʷʜʢʽʚ) 

RNN ï recurrent neural network(ʨʝʢʫʨʝʥʪʥʘ ʥʝʡʨʦʥʥʘ ʤʝʨʝʞʘ) 

LSTM - Long short-term memory(ʤʝʨʝʞʘ ʜʦʚʛʦʩʪʨʦʢʦʚʦ,ʾ ʢʦʨʦʪʢʦʩʪʨʦʢʦʚʦʾ 

ʧʘʤôʷʪ)̔ 

CBOW - Continuous Bag of Words ( ʪʝʢʩʪʦʚʘ ʤʦʜʝʣʴ çʤʽʰʢʫ ʩʣʽʚè) 

ER - Embedding Rate(ʷʢʽʩʪʴ ʚʙʫʜʦʚʫʚʘʥʥʷ) 
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ɺʉʊʋʇ 

ɸʢʪʫʘʣʴʥʽʩʪʴ ʨʦʙʦʪʠ. ɺ ʥʘʰ ʯʘʩ ʫ ʟʚôʷʟʢʫ ʟ ʨʦʟʚʠʪʢʦʤ ʪʝʭʥʦʣʦʛʽʡ ʧʝʨʝʜʘʯʽ 

ʽʥʬʦʨʤʘʮʽʾ ʧʨʦʙʣʝʤʘ ʽʥʬʦʨʤʘʮʽʡʥʦʾ ʙʝʟʧʝʢʠ ʩʪʘʻ ʘʢʪʫʘʣʴʥʦʶ ʷʢ ʥʽʢʦʣʠ. 

ʂʦʞʥʦʛʦ ʜʥʷ ʟʘ ʜʦʧʦʤʦʛʦʶ ʤʝʨʝʞʽ ʽʥʪʝʨʥʝʪ ʧʝʨʝʜʘʻʪʴʩʷ ʽ ʦʙʨʦʙʣʶʻʪʴʩʷ 

ʚʝʣʠʯʝʟʥʘ ʢʽʣʴʢʽʩʪʴ ʽʥʬʦʨʤʘʮʽʾ, ʱʦ ʩʧʨʠʷʻ ʨʦʩʪʫ ʯʠʩʣʘ ʚʠʪʦʢʽʚ ʦʩʦʙʠʩʪʦʾ 

ʽʥʬʦʨʤʘʮʽʾ. ɿʛʽʜʥʦ ʟ ʟʘʢʦʥʽʚ ʢʦʞʥʘ ʣʶʜʠʥʘ ʤʘʻ ʧʨʘʚʦ ʥʘ ʪʘʻʤʥʠʮʶ ʣʠʩʪʫʚʘʥʥʷ 

ʽ ʥʝʜʦʪʦʨʢʘʥʥʽʩʪʴ ʧʨʠʚʘʪʥʦʛʦ ʞʠʪʪʷ, ʧʨʦʪʝ ʤʝʪʦʜʽʚ ʟʘʙʝʟʧʝʯʝʥʥʷ ʮʠʭ ʧʨʘʚ ʥʝ 

ʪʘʢ ʙʘʛʘʪʦ. ʂʨʠʧʪʦʛʨʘʬʽʷ ʽ ʩʪʝʛʘʥʦʛʨʘʬʽʷ ï ʟʘʩʦʙʠ, ʟʘ ʜʦʧʦʤʦʛʦʶ ʷʢʠʭ ʤʦʞʥʘ 

ʙʝʟʧʝʯʥʦ ʧʝʨʝʜʘʚʘʪʠ ʜʘʥʽ. ɿʘ ʜʦʧʦʤʦʛʦʶ ʢʨʠʧʪʦʛʨʘʬʽʯʥʠʭ ʤʝʪʦʜʽʚ ʟʤʽʥʶʶʪʴ 

ʩʘʤʝ ʧʦʚʽʜʦʤʣʝʥʥʷ ʪʘʢʠʤ ʯʠʥʦʤ, ʱʦʙ ʥʝʤʦʞʣʠʚʦ ʙʫʣʦ, ʥʝ ʟʥʘʶʯʠ 

ʩʧʝʮʽʘʣʴʥʦʛʦ ʩʝʢʨʝʪʫ ʨʦʟʰʠʬʨʫʚʘʪʠ ʟʤʽʩʪ ʧʦʚʽʜʦʤʣʝʥʥʷ. ʆʙʤʝʞʝʥʥʷ 

ʢʨʠʧʪʦʛʨʘʬʽʾ ʧʦʣʷʛʘʻ ʚ ʪʦʤʫ, ʱʦ ʪʨʝʪʷ ʩʪʦʨʦʥʘ ʟʘʚʞʜʠ ʟʥʘʻ ʧʨʦ ʟʚ'ʷʟʦʢ ʯʝʨʝʟ 

ʥʝʟʨʦʟʫʤʽʣʫ ʧʨʠʨʦʜʫ ʧʦʚʽʜʦʤʣʝʥʥʷ. ʉʪʝʛʘʥʦʛʨʘʬʽʷ ʜʦʣʘʻ ʮʝ ʦʙʤʝʞʝʥʥʷ, 

ʧʨʠʭʦʚʫʶʯʠ ʧʦʚʽʜʦʤʣʝʥʥʷ ʚ ʥʝʡʪʨʘʣʴʥʦʤʫ  ʦʙ'ʻʢʪʽ, ʷʢʠʡ ʥʝ ʚʠʢʣʠʢʘʻ ʧʽʜʦʟʨ. 

ʊʘʢʠʤ ʯʠʥʦʤ ʟʘ ʜʦʧʦʤʦʛʦʶ ʩʪʝʛʘʥʦʛʨʘʬʽʾ ʧʨʠʭʦʚʫʻʪʴʩʷ ʩʘʤ ʬʘʢʪ ʧʝʨʝʜʘʯʽ 

ʧʦʚʽʜʦʤʣʝʥʥʷ.  

ʊʝʢʩʪ ʻ ʥʘʡʙʽʣʴʰ ʰʠʨʦʢʦ ʚʠʢʦʨʠʩʪʦʚʫʚʘʥʠʤ ʽʥʬʦʨʤʘʮʽʡʥʠʤ ʥʦʩʽʻʤ ʫ 

ʧʦʚʩʷʢʜʝʥʥʦʤʫ ʞʠʪʪʽ ʣʶʜʝʡ, ʪʦʤʫ ʚʠʢʦʨʠʩʪʘʥʥʷ ʪʝʢʩʪʫ ʷʢ ʥʦʩʽʷ ʜʣʷ 

ʧʨʠʭʦʚʫʚʘʥʥʷ ʽʥʬʦʨʤʘʮʽʾ ʤʘʻ ʚʝʣʠʢʝ ʥʘʫʢʦʚʝ ʟʥʘʯʝʥʥʷ ʽ ʧʨʘʢʪʠʯʥʝ 

ʚʠʢʦʨʠʩʪʘʥʥʷ. ɯʩʥʫʻ ʙʘʛʘʪʦ ʤʝʪʦʜʽʚ, ʷʢʽ ʟʤʽʥʶʶʪʴ ʚʭʽʜʥʽ ʪʝʢʩʪʦʚʽ ʜʘʥʽ, ʧʨʦʪʝ 

ʧʨʦʙʣʝʤʘ ʛʝʥʝʨʘʮʽʾ ʪʝʢʩʪʫ ʩʭʦʞʦʛʦ ʥʘ ʣʶʜʩʴʢʫ ʤʦʚʫ, ʚ ʷʢʦʤʫ ʧʨʠʭʦʚʘʥʦ ʚʭʽʜʥʽ 

ʜʘʥʽ, ʱʝ ʥʝ ʤʘʻ ʧʨʠʡʥʷʪʥʦʛʦ ʨʽʰʝʥʥʷ. 

ʄʝʪʘ ʜʦʩʣʽʜʞʝʥʥʷ. ɻʝʥʝʨʘʮʽʷ ʪʝʢʩʪʫ ʩʭʦʞʦʛʦ ʥʘ ʣʶʜʩʴʢʫ ʤʦʚʫ ʟ 

ʧʨʠʭʦʚʘʥʥʷʤ ʚʙʫʜʦʚʘʥʠʭ ʜʘʥʠʭ, ʟʘ ʜʦʧʦʤʦʛʦʶ ʥʝʡʨʦʥʥʦʾ ʤʝʨʝʞʽ. 

ɿʘʚʜʘʥʥʷ ʨʦʙʦʪʠ. 

1. ɺʠʚʯʝʥʥʷ ʽʩʥʫʶʯʠʭ ʘʣʛʦʨʠʪʤʽʚ ʪʝʢʩʪʦʚʦ ʾʩʪʝʛʘʥʦʛʨʘʬʽʾ. 

2. ɸʥʘʣʽʟ ʽʩʥʫʶʯʠʭ ʘʨʭʽʪʝʢʪʫʨ ʥʝʡʨʦʥʥʠʭ ʤʝʨʝʞ ʪʘ ʧʨʝʜʤʝʪʥʠʭ ʦʙʣʘʩʪʝʡ, ʜʝ 

ʚʦʥʠ ʟʘʩʪʦʩʦʚʫʶʪʴʩʷ. 

3. ɺʠʙʽʨ, ʘʥʘʣʽʟ, ʧʦʧʝʨʝʜʥʷ ʦʙʨʦʙʢʘ  ʪʘ ʧʨʝʜʩʪʘʚʣʝʥʥʷ ʜʘʥʠʭ ʜʣʷ ʪʨʝʥʫʚʘʥʥʷ 

ʥʝʡʨʦʥʥʦʾ ʤʝʨʝʞʽ. 
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4. ʈʦʟʨʦʙʢʘ ʘʨʭʽʪʝʢʪʫʨʠ ʥʝʡʨʦʥʥʦʾ ʤʝʨʝʞʽ ʜʣʷ ʛʝʥʝʨʫʚʘʥʥʷ ʪʝʢʩʪʦʚʠʭ 

ʧʦʩʣʽʜʦʚʥʦʩʪʝʡ. 

5. ʈʦʟʨʦʙʢʘ ʩʪʝʛʘʥʦʛʨʘʬʽʯʥʦʛʦ ʘʣʛʦʨʠʪʤʫ. 

6. ʇʨʘʢʪʠʯʥʘ ʨʝʘʣʽʟʘʮʽʷ ʘʣʛʦʨʠʪʤʫ ʤʦʜʝʣʽ ʥʝʡʨʦʥʥʦʾ ʤʝʨʝʞʽ ʽ  

ʩʪʝʛʘʥʦʛʨʘʬʽʯʥʦʛʦ ʘʣʛʦʨʠʪʤʫ  

7. ɸʥʘʣʽʟ ʽ ʪʝʩʪʠ ʦʪʨʠʤʘʥʠʭ ʨʝʟʫʣʴʪʘʪʽʚ 

ʆʙ'ʻʢʪ ʜʦʩʣʽʜʞʝʥʥʷ. ɸʣʛʦʨʠʪʤʠ ʪʝʢʩʪʦʚʦʾ ʩʪʝʛʘʥʦʛʨʘʬʽʾ. 

ʇʨʝʜʤʝʪ ʜʦʩʣʽʜʞʝʥʥʷ. ɻʝʥʝʨʫʚʘʥʥʷ ʪʝʢʩʪʦʚʠʭ ʩʪʝʛʦʢʦʥʪʝʡʥʝʨʽʚ ʟʘ  

ʜʦʧʦʤʦʛʦʶ ʥʝʡʨʦʥʥʠʭ ʤʝʨʝʞ. 

ʄʝʪʦʜʠ ʜʦʩʣʽʜʞʝʥʥʷ. ɺ ʨʦʙʦʪʽ ʨʦʟʛʣʷʥʫʪʦ ʤʝʪʦʜʠ ʤʘʰʠʥʥʦʛʦ 

ʥʘʚʯʘʥʥ,̫ ʩʪʘʪʠʩʪʠʯʥʽ ʪʘ ʝʤʧʽʨʠʯʥʽ ʤʝʪʦʜʠ. 

ʅʘʫʢʦʚʘ ʥʦʚʠʟʥʘ. ɺʠʢʦʨʠʩʪʘʥʥʷ ʨʝʢʫʨʝʥʪʥʦʾ ʥʝʡʨʦʥʥʦʾ ʤʝʨʝʞʽ ʜʣʷ 

ʦʪʨʠʤʘʥʥʷ ʪʝʢʩʪʦʚʦʛʦ ʩʪʝʛʦʢʦʥʪʝʡʥʝʨʘ, ʪʝʢʩʪ ʷʢʦʛʦ ʢʦʧʽʶʻ ʣʶʜʩʴʢʫ ʤʦʚʫ. 

ʇʨʘʢʪʠʯʥʝ ʟʥʘʯʝʥʥʷ. ʈʝʘʣʽʟʘʮʽʷ ʧʨʦʛʨʘʤʠ, ʷʢʘ ʘʚʪʦʤʘʪʠʯʥʦ ʛʝʥʝʨʫʻ 

ʪʝʢʩʪʦʚʽ ʧʦʩʣʽʜʦʚʥʦʩʪʽ ʟ ʧʨʠʭʦʚʘʥʥʷʤ ʚʙʫʜʦʚʘʥʠʭ ʜʘʥʠʭ.  

ʆʪʨʠʤʘʥʽ ʨʝʟʫʣʴʪʘʪʠ ʤʦʞʥʘ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʜʣʷ ʧʦʜʘʣʴʰʠʭ 

ʜʦʩʣʽʜʞʝʥʴ ʽ ʧʦʢʨʘʱʝʥʥʷ ʤʝʪʦʜʽʚ ʩʪʝʛʘʥʦʛʨʘʬʽʾ, ʷʢʽ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʚ ʷʢʦʩʪʽ 

ʢʦʥʪʝʡʥʝʨʘ ʘʚʪʦʤʘʪʠʯʥʦ ʟʛʝʥʝʨʦʚʘʥʠʡ ʪʝʢʩʪ.  
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1 ʆɻʃʗɼ ɯʉʅʋʖʏʀʍ ʄɽʊʆɼɯɺ ʊɽʂʉʊʆɺʆɰ ʉʊɽɻɸʅʆɻʈɸʌɯɰ 

     1.1 ʆʩʥʦʚʥʽ ʧʦʥʷʪʪʷ ʩʪʝʛʘʥʦʛʨʘʬʽʾ 

     ʉʪʝʛʘʥʦʛʨʘʬʽʷ - ʮʝ ʤʠʩʪʝʮʪʚʦ ʧʨʠʭʦʚʫʚʘʥʥʷ ʽʥʬʦʨʤʘʮʽʾ ʪʘ ʧʨʠʭʦʚʫʚʘʥʥʷ 

ʥʘʷʚʥʦʩʪ̔ ʚʙʫʜʦʚʘʥʦʾ ʽʥʬʦʨʤʘʮʽʾ. ɺʦʥʘ ʯʘʩʪʦ ʩʣʫʞʠʪʴ ʢʨʘʱʠʤ ʩʧʦʩʦʙʦʤ 

ʟʘʭʠʩʪʫ ʧʦʚʽʜʦʤʣʝʥʥʷ, ʥʽʞ ʢʨʠʧʪʦʛʨʘʬʽʷ, ʷʢʘ ʣʠʰʝ ʧʨʠʭʦʚʫʻ ʟʤʽʩʪ 

ʧʦʚʽʜʦʤʣʝʥʥʷ, ʘ ʥʝ ʽʩʥʫʚʘʥʥʷ ʧʦʚʽʜʦʤʣʝʥʥʷ. ʇʦʯʘʪʢʦʚʝ ʧʦʚʽʜʦʤʣʝʥʥʷ 

ʧʨʠʭʦʚʫʻʪʴʩʷ ʚʩʝʨʝʜʠʥʽ ʥʦʩʽʷ ʪʘʢ, ʱʦ ʟʤʽʥʠ, ʷʢʽ ʚʽʜʙʫʣʠʩʷ ʚ ʥʦʩʽʾ, ʥʝ ʤʦʞʥʘ 

ʧʦʤʽʪʠʪʠ. 

     ʂʦʨʠʩʪʫʚʘʯʘʤ ʤʝʨʝʞʽ ʥ̔ʪʝʨʥʝʪ ʯʘʩʪʦ ʧʦʪʨʽʙʥʦ ʟʙʝʨʽʛʘʪʠ, ʚʽʜʧʨʘʚʣʷʪʠ ʘʙʦ 

ʦʪʨʠʤʫʚʘʪʠ ʧʨʠʚʘʪʥʫ ʽʥʬʦʨʤʘʮʽʶ. ʅʘʡʙʽʣʴʰ ʧʦʰʠʨʝʥʠʡ ʩʧʦʩʽʙ ʟʨʦʙʠʪʠ ʮʝ - 

ʧʝʨʝʪʚʦʨʠʪʠ ʜʘʥʽ ʚ ʽʥʰʫ ʬʦʨʤʫ. ʆʪʨʠʤʘʥʽ ʜʘʥʽ ʤʦʞʫʪʴ ʙʫʪʠ ʟʨʦʟʫʤʽʣʽ ʣʠʰʝ 

ʪʠʤ, ʭʪʦ ʟʥʘʻ, ʷʢ ʧʦʚʝʨʥʫʪʠ ʾʭ ʚ ʧʦʯʘʪʢʦʚʫ ʬʦʨʤʫ. ʎʝʡ ʤʝʪʦʜ ʟʘʭʠʩʪʫ 

ʽʥʬʦʨʤʘʮʽʾ ʥʘʟʠʚʘʻʪʴʩʷ ʰʠʬʨʫʚʘʥʥʷʤ. ʆʩʥʦʚʥʠʤ ʥʝʜʦʣʽʢʦʤ ʰʠʬʨʫʚʘʥʥʷ ʻ ʪʝ, 

ʱʦ ʽʩʥʫʚʘʥʥʷ ʩʝʢʨʝʪʥʠʭ ʜʘʥʠʭ ʥʝ ʧʨʠʭʦʚʫʻʪʴʩʷ. ɼʘʥʽ, ʷʢʽ ʙʫʣʠ ʟʘʰʠʬʨʦʚʘʥʽ, 

ʭʦʯʘ ʽ ʥʝ ʯʠʪʘʶʪʴʩʷ, ʚʩʝ ʱʝ ʽʩʥʫʶʪʴ ʷʢ ʜʘʥʽ, ʷʢʽ ʟʘ ʧʝʚʥʠʡ ʯʘʩ ʤʦʞʥʘ 

ʨʦʟʩʝʢʨʝʪʠʪʠ. ʈʽʰʝʥʥʷʤ ʮʽʻʾ ʧʨʦʙʣʝʤʠ ʻ ʩʪʝʛʘʥʦʛʨʘʬʽʷ - ʩʪʘʨʦʜʘʚʥʻ ʤʠʩʪʝʮʪʚʦ 

ʧʨʠʭʦʚʫʚʘʥʥʷ ʧʦʚʽʜʦʤʣʝʥʴ ʪʘʢʠʤ ʯʠʥʦʤ, ʱʦʙ ʾʭ ʥʝ ʤʦʞʣʠʚʦ ʙʫʣʦ ʚʠʷʚʠʪʠ. 

ʄʝʪʦʶ ʩʪʝʛʘʥʦʛʨʘʬʽʾ ʻ ʧʨʠʭʦʚʫʚʘʥʥʷ ʽʩʥʫʚʘʥʥʷ ʧʦʚʽʜʦʤʣʝʥʥʷ, ʚ ʪʦʡ ʯʘʩ ʷʢ 

ʢʨʠʧʪʦʛʨʘʬʽʷ ʧʝʨʝʪʚʦʨʶʻ ʧʦʚ̔ʜʦʤʣʝʥʥʷ ʪʘʢ, ʱʦʙ ʡʦʛʦ ʥʝ ʤʦʞʥʘ ʙʫʣʦ 

ʟʨʦʟʫʤʽʪʠ. 

     ʇʝʨʝʜ ʚʠʥʘʭʦʜʦʤ ʮʠʬʨʦʚʠʭ ʟʘʩʦʙʽʚ ʚʠʢʦʨʠʩʪʦʚʫʚʘʣʠʩʷ ʪʨʘʜʠʮʽʡʥʽ ʤʝʪʦʜʠ 

ʥʘʜʩʠʣʘʥʥʷ ʘʙʦ ʦʪʨʠʤʘʥʥʷ ʧʦʚʽʜʦʤʣʝʥʴ. ɼʣʷ ʧʦʚʽʜʦʤʣʝʥʴ, ʜʝ 

ʢʦʥʬʽʜʝʥʮʽʡʥʽʩʪʴ ʙʫʣʘ ʧʝʨʰʦʯʝʨʛʦʚʦʶ, ʰʣʷʭʠ ʨʝʘʣʽʟʘʮʽʾ ʙʝʟʧʝʢʠ ʙʫʣʠ 

ʥʘʩʪʫʧʥʠʤʠ:  

     1. ɺʠʙʽʨ ʧʦʩʣʘʥʥʠʢʘ, ʟʜʘʪʥʦʛʦ ʥʘʜʽʡʥʦ ʧʝʨʝʜʘʚʘʪʠ ʧʦʚʽʜʦʤʣʝʥʥʷ. 

     2. ɿʘʧʠʩ ʧʦʚʽʜʦʤʣʝʥʥʷ, ʚʠʢʦʨʠʩʪʦʚʫʶʯʠ ʪʘʢʽ ʧʦʟʥʘʯʝʥʥʷ, ʱʦʙ ʬʘʢʪʠʯʥʝ 

ʟʥʘʯʝʥʥʷ ʧʦʚʽʜʦʤʣʝʥʥʷ ʥʝ ʤʦʞʣʠʚʦ ʙʫʣʦ ʟʨʦʟʫʤʽʪʠ. 

    3. ʇʨʠʭʦʚʘʥʥʷ ʧʦʚʽʜʦʤʣʝʥʥʷ ʪʘʢ, ʱʦʙ ʥʘʚʽʪʴ ʡʦʛʦ ʧʨʠʩʫʪʥʽʩʪʴ ʥʝʤʦʞʣʠʚʦ 

ʙʫʣʦ ʧʝʨʝʜʙʘʯʠʪʠ. [5, 6]. 



11 
 

    ʋ ʩʫʯʘʩʥʽʡ ʩʪʝʛʘʥʦʛʨʘʬʽʾ ʘʣʛʦʨʠʪʤ ʻ ʜʦʩʠʪʴ ʩʭʦʞʠʤ, ʧʨʦʪʝ ʙʽʣʴʰʽʩʪʴ ʧʦʥʷʪʴ 

ʩʪʘʣʠ ʩʪʘʥʜʘʨʪʥʠʤʠ ʽ ʥʘʙʫʣʠ ʩʪʘʥʫ ʪʝʨʤʽʥʽʚ: 

- ʚʙʫʜʦʚʘʥʽ ʜʘʥʽ - ʧʦʚʽʜʦʤʣʝʥʥʷ, ʷʢʝ ʧʦʪʨʽʙʥʦ ʧʨʠʭʦʚʘʪʠ; 

- ʩʪʝʛʦʢʦʥʪʝʡʥʝʨ - ʩʝʨʝʜʦʚʠʱʝ, ʷʢʝ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʜʣʷ ʧʨʠʭʦʚʫʚʘʥʥʷ 

ʚʙʫʜʦʚʘʥʠʭ ʜʘʥʠʭ, ʥʘʧʨʠʢʣʘʜ ʪʝʢʩʪ, ʟʦʙʨʘʞʝʥʥʷ, ʘʫʜʽʦ ʯʠ ʚʽʜʝʦ ʬʘʡʣ; 

- ʩʪʝʛʦʢʣʶʯ ï ʢʣʶʯ, ʷʢʠʡ ʚʠʢʦʨʠʩʪʦʚʫʚʘʻʪʴʩʷ ʜʣʷ ʧʨʠʭʦʚʘʥʥʷ ʚʙʫʜʦʚʘʥʠʭ 

ʜʘʥʠʭ ʚ ʩʪʝʛʦʢʦʥʪʝʡʥʝʨʽ; 

- ʩʪʝʛʦʦʙôʻʢʪ - ʮʝ ʦʙ'ʻʢʪ, ʷʢʠʡ ʤʠ ʦʪʨʠʤʫʻʤʦ ʧʽʩʣʷ ʧʨʠʭʦʚʫʚʘʥʥʷ 

ʚʙʫʜʦʚʘʥʠʭ ʜʘʥʠʭ ʚ ʢʦʥʪʝʡʥʝʨʽ; 

- ʩʪʝʛʦʢʘʥʘʣ  - ʢʘʥʘʣ, ʧʦ ʷʢʦʤʫ ʧʝʨʝʜʘʻʪʴʩʷ ʩʪʝʛʦʦʙôʻʢʪ [7, 8]. 

 

 

ʈʠʩʫʥʦʢ 1.1 ï ɿʘʛʘʣʴʥʘ ʤʦʜʝʣʴ ʩʪʝʛʦʩʠʩʪʝʤʠ 

 

     1.2 ɿʘʛʘʣʴʥʘ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ ʪʝʢʩʪʦʚʦʾ ʩʪʝʛʘʥʦʛʨʘʬʽʾ 

     ʉʪʝʛʘʥʦʛʨʘʬʽʶ ʤʦʞʥʘ ʧʦʜʽʣʠʪʠ ʥʘ ʪʝʢʩʪʦʚʫ ʩʪʝʛʘʥʦʛʨʘʬʽʶ, ʩʪʝʛʘʥʦʛʨʘʬʽʶ 

ʟʦʙʨʘʞʝʥʴ, ʘʫʜʽʦ ʪʘ ʚʽʜʝʦ ʩʪʝʛʘʥʦʛʨʘʬʽʶ, ʟʘʣʝʞʥʦ ʚʽʜ ʪʠʧʫ ʢʦʥʪʝʡʥʝʨʫ, ʱʦ 

ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʜʣʷ ʚʙʫʜʦʚʫʚʘʥʥʷ ʩʝʢʨʝʪʥʠʭ ʜʘʥʠʭ. ʊʝʢʩʪ ʜʫʞʝ ʰʠʨʦʢʦ 

ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʧʨʠ ʧʝʨʝʜʘʯʽ ʜʘʥʠʭ, ʪʦʤʫ ʪʝʢʩʪʦʚʽ ʩʪʝʛʘʥʦʛʨʘʤʠ, ʷʢʱʦ ʚʦʥʠ 

ʜʦʙʨʝ ʟʛʝʥʝʨʦʚʘʥʽ, ʜʦʩʠʪʴ ʚʘʞʢʦ ʚʠʟʥʘʯʠʪʠ. ʆʜʥʘʢ, ʫ ʧʦʨʽʚʥʷʥʥʽ ʟ 

ʟʦʙʨʘʞʝʥʥʷʤ ʽ ʘʫʜʽʦ, ʪʝʢʩʪʠ ʤʘʶʪʴ ʙʽʣʴʰ ʚʠʩʦʢʠʡ ʩʪʫʧʽʥʴ ʢʦʜʫʚʘʥʥʷ 
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ʽʥʬʦʨʤʘʮʽʾ, ʱʦ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʜʝʬʽʮʠʪʫ ʥʘʜʣʠʰʢʦʚʦʾ ʽʥʬʦʨʤʘʮʽʾ, ʪʘ ʨʦʙʠʪʴ 

ʜʦʩʠʪʴ ʩʢʣʘʜʥʠʤ ʚʠʢʦʨʠʩʪʘʥʥʷ ʪʝʢʩʪʫ ʷʢ ʥʦʩʽʷ ʜʣʷ ʧʨʠʭʦʚʫʚʘʥʥʷ ʽʥʬʦʨʤʘʮʽʾ. 

     ɸʣʛʦʨʠʪʤʠ ʪʝʢʩʪʦʚʦʾ ʩʪʝʛʘʥʦʛʨʘʬʽʾ ʟʘʛʘʣʦʤ ʤʦʞʥʘ ʨʦʟʜʽʣʠʪʠ ʥʘ ʜʚʽ ʚʝʣʠʢʽ 

ʩʽʤ'ʾ: ʤʝʪʦʜʠ ʟʘʩʥʦʚʘʥʽ ʥʘ ʬʦʨʤʘʪʫʚʘʥʥʽ, ʽ ʤʝʪʦʜʠ ʟʘʩʥʦʚʘʥʽ ʥʘ ʢʦʥʪʝʥʪʽ[3]. 

 - ʄʝʪʦʜʠ ʟʘʩʥʦʚʘʥʽ ʥʘ ʬʦʨʤʘʪʫʚʘʥʥʽ 

     ɺʢʣʶʯʘʶʪʴ ʟʤʽʥʫ ʬʽʟʠʯʥʦʛʦ  ʧʨʝʜʩʪʘʚʣʝʥʥʷ ʪʝʢʩʪʫ ʜʣʷ ʧʨʠʭʦʚʫʚʘʥʥʷ 

ʽʥʬʦʨʤʘʮʽʾ. ʎʝʡ ʤʝʪʦʜ ʤʘʻ ʧʝʚʥʽ ʥʝʜʦʣʽʢʠ. ʗʢʱʦ ʩʪʝʛʦʬʘʡʣ ʚʽʜʢʨʠʻʪʴʩʷ 

ʪʝʢʩʪʦʚʠʤ ʧʨʦʮʝʩʦʨʦʤ, ʪʦ ʙʫʜʫʪʴ ʚʠʷʚʣʝʥʽ ʧʦʤʠʣʢʠ ʪʘ ʜʦʜʘʪʢʦʚʽ ʧʨʦʙʽʣʠ. 

ɿʤʽʥʝʥʽ ʨʦʟʤʽʨʠ ʰʨʠʬʪʽʚ ʤʦʞʫʪʴ ʚʠʢʣʠʢʘʪʠ ʧʽʜʦʟʨʫ ʫ ʯʠʪʘʯʘ. ʂʨʽʤ ʪʦʛʦ, ʷʢʱʦ 

ʦʨʠʛʽʥʘʣʴʥʠʡ ʚʽʜʢʨʠʪʠʡ ʪʝʢʩʪ ʜʦʩʪʫʧʥʠʡ, ʧʦʨʽʚʥʷʥʥʷ ʮʴʦʛʦ ʚʽʜʢʨʠʪʦʛʦ ʪʝʢʩʪʫ 

ʟ ʧʽʜʦʟʨʶʚʘʥʠʤ ʩʪʝʛʘʥʦʛʨʘʬʽʯʥʠʤ ʪʝʢʩʪʦʤ ʟʨʦʙʠʪʴ ʟʤʽʥʝʥʽ ʯʘʩʪʠʥʠ ʪʝʢʩʪʫ 

ʜʦʩʠʪʴ ʚʠʜʠʤʠʤʠ. 

- ʄʝʪʦʜʠ ʟʘʩʥʦʚʘʥʽ ʥʘ ʢʦʥʪʝʥʪʽ 

     ʑʦʙ ʫʥʠʢʥʫʪʠ ʧʦʨʽʚʥʷʥʥʷ ʟ ʚʽʜʦʤʠʤ ʚʽʜʢʨʠʪʠʤ ʪʝʢʩʪʦʤ, ʩʪʝʛʘʥʦʛʨʘʬʠ 

ʯʘʩʪʦ ʚʜʘʶʪʴʩʷ ʜʦ ʩʪʚʦʨʝʥʥʷ ʚʣʘʩʥʠʭ ʪʝʢʩʪʦʚʠʭ ʢʦʥʪʝʡʥʝʨʽʚ. ʆʜʥʠʤ ʟ ʤʝʪʦʜʽʚ 

ʻ ʧʨʠʭʦʚʫʚʘʥʥʷ ʽʥʬʦʨʤʘʮʽʾ ʫ ʚʠʧʘʜʢʦʚʽʡ ʧʦʩʣʽʜʦʚʥʦʩʪʽ ʩʠʤʚʦʣʽʚ. ɯʥʰʽ ʤʝʪʦʜʠ 

ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʩʪʘʪʠʩʪʠʯʥʽ ʚʣʘʩʪʠʚʦʩʪʽ ʤʦʚʠ, ʜʣʷ ʪʦʛʦ ʱʦʙ, ʟʛʝʥʝʨʦʚʘʥʠʡ 

ʪʝʢʩʪʦʚʠʡ ʩʪʝʛʦʢʦʥʪʝʡʥʝʨ ʙʫʚ ʤʘʢʩʠʤʘʣʴʥʦ ʩʭʦʞʠʡ ʥʘ ʣʶʜʩʴʢʫ ʤʦʚʫ. 

 

     1.3 ɸʣʛʦʨʠʪʤʠ ʪʝʢʩʪʦʚʦʾ ʩʪʝʛʘʥʦʛʨʘʬʽʾ 

     - ʄʝʪʦʜ ʣʽʥʽʡʥʦʛʦ ʟʩʫʚʫ 

     ʋ ʮʴʦʤʫ ʤʝʪʦʜʽ ʩʝʢʨʝʪʥʝ ʧʦʚʽʜʦʤʣʝʥʥʷ ʧʨʠʭʦʚʘʥʦ ʚʝʨʪʠʢʘʣʴʥʠʤ 

ʟʤʽʱʝʥʥʷʤ ʨʷʜʢʽʚ ʪʝʢʩʪʫ. ʇʦʟʥʘʯʝʥʘ ʣʽʥʽʷ ʤʘʻ ʜʚʽ ʣʽʥʽʾ ʫʧʨʘʚʣʽʥʥʷ ʧʦ ʦʜʥʽʡ ʟ 

ʦʙʦʭ ʩʪʦʨʽʥ ʜʣʷ ʚʠʷʚʣʝʥʥʷ ʥʘʧʨʷʤʢʫ ʨʫʭʫ ʧʦʟʥʘʯʝʥʦʾ ʣʽʥʽʾ. ʑʦʙ ʧʨʠʭʦʚʘʪʠ ʙʽʪ 

0, ʨʷʜʦʢ ʟʩʫʚʘʻʪʴʩʷ ʚʛʦʨʫ, ʽ ʱʦʙ ʧʨʠʭʦʚʘʪʠ ʙʽʪ 1, ʣʽʥʽʷ ʟʤʽʱʝʥʘ ʚʥʠʟ. 

ɺʠʟʥʘʯʝʥʥʷ ʟʤʽʱʝʥʥʷ ʣʽʥʽʾ ʚʛʦʨʫ ʘʙʦ ʚʥʠʟ ʟʜʽʡʩʥʶʻʪʴʩʷ ʰʣʷʭʦʤ ʚʠʤʽʨʶʚʘʥʥʷ 

ʚʽʜʩʪʘʥʽ ʮʝʥʪʨʦʾʜʘ ʚʽʜ ʧʦʟʥʘʯʝʥʦʾ ʣʽʥʽʾ ʪʘ ʾʾ ʣʽʥʽʡ ʢʝʨʫʚʘʥʥʷ. ʗʢʱʦ ʪʝʢʩʪ 

ʧʝʨʝʧʠʩʘʥʦ ʘʙʦ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʧʨʦʛʨʘʤʘ ʨʦʟʧʽʟʥʘʚʘʥʥʷ ʩʠʤʚʦʣʽʚ (OCR), 
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ʧʨʠʭʦʚʘʥʘ ʽʥʬʦʨʤʘʮʽʷ ʙʫʜʝ ʟʥʠʱʝʥʘ. ʂʨʽʤ ʪʦʛʦ, ʚʽʜʩʪʘʥʽ ʤʦʞʥʘ ʩʧʦʩʪʝʨʽʛʘʪʠ 

ʟʘ ʜʦʧʦʤʦʛʦʶ ʩʧʝʮʽʘʣʴʥʠʭ ʽʥʩʪʨʫʤʝʥʪʽʚ ʦʮʽʥʢʠ ʚʽʜʩʪʘʥʽ[11]. 

     - ʄʝʪʦʜ ʟʩʫʚʫ ʩʣʽʚ 

     ʋ ʮʴʦʤʫ ʩʧʦʩʦʙʽ ʩʝʢʨʝʪʥʝ ʧʦʚʽʜʦʤʣʝʥʥʷ ʧʨʠʭʦʚʘʥʦ ʰʣʷʭʦʤ ʟʩʫʚʫ ʩʣʽʚ 

ʛʦʨʠʟʦʥʪʘʣʴʥʦ, ʪʦʙʪʦ ʣʽʚʦʨʫʯ ʘʙʦ ʧʨʘʚʦʨʫʯ, ʱʦʙ ʧʨʝʜʩʪʘʚʣʷʪʠ ʙʽʪ 0 ʘʙʦ 1 

ʚʽʜʧʦʚʽʜʥʦ[3,11]. ɿʩʫʚ ʩʣʽʚ ʚʠʷʚʣʷʻʪʴʩʷ ʟʘ ʜʦʧʦʤʦʛʦʶ ʤʝʪʦʜʫ ʢʦʨʝʣʷʮʽʾ. ʎʝʡ 

ʤʝʪʦʜ ʤʦʞʥʘ ʽʜʝʥʪʠʬʽʢʫʚʘʪʠ ʤʝʥʰʝ, ʦʩʢʽʣʴʢʠ ʟʤʽʥʘ ʚʽʜʩʪʘʥʽ ʤʽʞ ʩʣʦʚʘʤʠ ʜʣʷ 

ʟʘʧʦʚʥʝʥʥʷ ʨʷʜʢʘ ʜʦʩʠʪʴ ʧʦʰʠʨʝʥʘ. ɸʣʝ ʷʢʱʦ ʭʪʦʩʴ ʟʥʘʻ ʘʣʛʦʨʠʪʤ ʚʽʜʩʪʘʥʝʡ, 

ʚʽʥ ʤʦʞʝ ʧʦʨʽʚʥʶʚʘʪʠ ʩʪʝʛʦʪʝʢʩʪ ʟ ʘʣʛʦʨʠʪʤʦʤ ʽ ʦʪʨʠʤʫʚʘʪʠ ʧʨʠʭʦʚʘʥʠʡ 

ʚʤʽʩʪ, ʚʠʢʦʨʠʩʪʦʚʫʶʯʠ ʨʽʟʥʠʮʶ. ʂʨʽʤ ʪʦʛʦ, ʧʝʨʝʧʠʩʫʚʘʥʥʷ ʘʙʦ ʚʠʢʦʨʠʩʪʘʥʥʷ 

ʧʨʦʛʨʘʤ OCR ʟʥʠʱʫʻ ʧʨʠʭʦʚʘʥʫ ʽʥʬʦʨʤʘʮʽʶ. 

     - ʉʠʥʪʘʢʩʠʯʥʠʡ ʤʝʪʦʜ 

     ʎʷ ʤʝʪʦʜʠʢʘ ʚʠʢʦʨʠʩʪʦʚʫʻ ʟʥʘʢʠ ʧʫʥʢʪʫʘʮʽʾ, ʪʘʢʽ ʷʢ ʢʨʘʧʢʘ (.), ʢʦʤʘ (,) ʽ ʪ.ʧ., 

ʱʦʙ ʧʨʠʭʦʚʘʪʠ ʙʽʪʠ 0 ʽ 1. ɸʣʝ ʧʨʦʙʣʝʤʘ ʟ ʮʠʤ ʤʝʪʦʜʦʤ ʧʦʣʷʛʘʻ ʚ ʪʦʤʫ, ʱʦ ʚʦʥʘ 

ʚʠʤʘʛʘʻ ʽʜʝʥʪʠʬʽʢʘʮʽʾ ʧʨʘʚʠʣʴʥʠʭ ʤʽʩʮʴ ʜʣʷ ʚʩʪʘʚʢʠ ʟʥʘʢʽʚ ʧʫʥʢʪʫʘʮʽʾ. ʊʦʤʫ 

ʩʣʽʜ ʜʦʪʨʠʤʫʚʘʪʠʩʷ ʦʙʝʨʝʞʥʦʩʪʽ ʫ ʚʠʢʦʨʠʩʪʘʥʥʽ ʮʴʦʛʦ ʤʝʪʦʜʫ, ʦʩʢʽʣʴʢʠ ʯʠʪʘʯʽ 

ʤʦʞʫʪʴ ʧʦʤʽʪʠʪʠ ʥʝʧʨʘʚʠʣʴʥʝ ʚʠʢʦʨʠʩʪʘʥʥʷ ʨʦʟʜʽʣʦʚʠʭ ʟʥʘʢʽʚ[11,3]. 

     - White steg ʤʝʪʦʜ 

     ʎʝʡ ʤʝʪʦʜ ʚʠʢʦʨʠʩʪʦʚʫʻ ʧʨʦʙʽʣʠ ʜʣʷ ʧʨʠʭʦʚʫʚʘʥʥʷ ʩʝʢʨʝʪʥʦʛʦ 

ʧʦʚʽʜʦʤʣʝʥʥʷ. ɯʩʥʫʻ ʪʨʠ ʩʧʦʩʦʙʠ ʧʨʠʭʦʚʫʚʘʥʥʷ ʜʘʥʠʭ ʟʘ ʜʦʧʦʤʦʛʦʶ ʧʨʦʙʽʣʽʚ. 

ɺ ʧʝʨʰʦʤʫ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʽʥʪʝʨʚʘʣ ʤʽʞ ʨʝʯʝʥʥʷʤʠ. ʄʠ ʨʦʟʤʽʱʫʻʤʦ ʦʜʠʥ 

ʧʨʦʙʽʣ, ʱʦʙ ʧʨʠʭʦʚʘʪʠ ʙʽʪ 0 ʽ ʜʚʘ ʧʨʦʙʽʣʠ, ʱʦʙ ʧʨʠʭʦʚʘʪʠ ʙʽʪ 1. ɺ ʜʨʫʛʦʤʫ 

ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʢʽʥʝʮʴ ʨʷʜʢʘ, ʢʦʜʫʚʘʥʥʷ ʪʘʢʘ ʞ ʩʘʤʝ. ʊʨʝʪʷ ʪʝʭʥʽʢʘ 

ʚʠʢʦʨʠʩʪʦʚʫʻ ʧʨʦʩʪʽʨ ʤʽʞ ʩʣʦʚʘʤʠ. ɸʣʝ ʥʝʧʦʩʣʽʜʦʚʥʝ ʚʠʢʦʨʠʩʪʘʥʥʷ ʧʨʦʙʽʣʫ 

ʥʝ ʻ ʧʨʦʟʦʨʠʤ[12]. 

     - ʄʝʪʦʜ ʩʧʘʤ-ʪʝʢʩʪʫ 

     ɼʣʷ ʥʴʦʛʦ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʬʘʡʣʠ HTML ʽ XML ʜʣʷ ʧʨʠʭʦʚʫʚʘʥʥʷ ʙʽʪʽʚ. 

ʗʢʱʦ ʻ ʨʽʟʥʽ ʧʦʯʘʪʢʦʚʽ ʽ ʟʘʢʨʠʚʘʶʯʽ ʪʝʛʠ, ʽʥʪʝʨʧʨʝʪʫʻʪʴʩʷ ʙʽʪ 0, ʽ ʷʢʱʦ ʜʣʷ 

ʚʽʜʢʨʠʪʪʷ ʽ ʟʘʢʨʠʪʪʷ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʦʜʠʥ ʪʝʛ, ʪʦ ʽʥʪʝʨʧʨʝʪʫʻʪʴʩʷ ʙʽʪ 1. ɺ 
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ʽʥʰʽʡ ʪʝʭʥʽʮʽ, ʙʽʪ 0 ʧʨʝʜʩʪʘʚʣʝʥʠʡ ʚʽʜʩʫʪʥʽʩʪʶ ʧʨʦʙʽʣʫ ʚ ʪʝʟʽ, ʘ ʙʽʪ 1 - 

ʨʦʟʤʽʱʝʥʥʷʤ ʧʨʦʙʽʣʫ ʚʩʝʨʝʜʠʥʽ ʪʝʛʘ[13]. 

     - ʄʝʪʦʜ ʢʦʜʫʚʘʥʥʷ ʦʩʦʙʣʠʚʦʩʪʝʡ 

     ʋ ʤʝʪʦʜʽ ʢʦʜʫʚʘʥʥʽ ʦʩʦʙʣʠʚʦʩʪʝʡ ʩʝʢʨʝʪʥʝ ʧʦʚʽʜʦʤʣʝʥʥʷ ʧʨʠʭʦʚʘʥʦ, 

ʟʤʽʥʶʶʯʠ ʦʜʥʫ ʘʙʦ ʢʽʣʴʢʘ ʦʩʦʙʣʠʚʦʩʪʝʡ ʪʝʢʩʪʫ. ʉʠʥʪʘʢʩʠʯʥʠʡ ʘʥʘʣʽʟʘʪʦʨ 

ʚʠʚʯʘʻ ʜʦʢʫʤʝʥʪ ʽ ʚʠʙʠʨʘʻ ʚʩʽ ʬʫʥʢʮʽʾ, ʷʢʽ ʚʽʥ ʤʦʞʝ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʜʣʷ 

ʧʨʠʭʦʚʫʚʘʥʥʷ ʽʥʬʦʨʤʘʮʽʾ. ʅʘʧʨʠʢʣʘʜ, ʪʦʯʢʫ ʚ ʣʽʪʝʨʘʭ i ʽ j ʤʦʞʥʘ ʟʤʽʱʫʚʘʪʠ 

ʘʙʦ ʟʤʽʥʶʚʘʪʠ ʚʠʩʦʪʫ ʙʫʢʚ b, d, h[11,13]. ʅʝʜʦʣʽʢ ʮʴʦʛʦ ʤʝʪʦʜʫ ʧʦʣʷʛʘʻ ʚ ʪʦʤʫ, 

ʱʦ ʷʢʱʦ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʧʨʦʛʨʘʤʘ ʨʦʟʧʽʟʥʘʚʘʥʥʷ, ʪʦ ʧʨʠʭʦʚʘʥʠʡ ʚʤʽʩʪ ʙʫʜʝ 

ʟʥʠʱʝʥʦ. 

     - ʄʝʪʦʜ ʢʨʠʢʝʪʥʦʛʦ ʤʘʪʯʫ 

     ʋ ʮʴʦʤʫ ʤʝʪʦʜʽ ʜʘʥʽ ʧʨʠʭʦʚʘʥʽ ʚ ʩʠʩʪʝʤʽ ʧʦʢʘʟʥʠʢʽʚ ʢʨʠʢʝʪʫ, ʧʦʧʝʨʝʜʥʴʦ 

ʜʦʜʘʶʯʠ ʥʫʣʴʦʚʠʡ ʥʫʣʴ ʧʝʨʝʜ ʯʠʩʣʦʤ, ʱʦʙ ʧʨʝʜʩʪʘʚʠʪʠ ʙʽʪ 1 ʽ ʟʘʣʠʰʠʚʰʠ 

ʯʠʩʣʦ ʪʘʢʠʤ, ʷʢ ʚʦʥʦ ʻ, ʱʦʙ ʧʨʝʜʩʪʘʚʠʪʠ ʙʽʪ 0[3]. 

     - ʄʝʪʦʜ ʟʤʽʥʥʦʾ ʜʦʚʞʠʥʠ ʩʣʦʚʘ 

     ʋ ʮʴʦʤʫ ʤʝʪʦʜʽ ʩʣʦʚʘ, ʷʢʽ ʛʝʥʝʨʫʻ ʣʶʜʠʥʘ ʘʙʦ ʤʘʰʠʥʘ ʧʦʚʠʥʥʽ ʚʽʜʧʦʚʽʜʘʪʠ 

ʜʦʚʞʠʥʽ, ʷʢʫ ʚʠʟʥʘʯʠʪʴ ʧʨʦʛʨʘʤʘ - ʟʘʟʚʠʯʘʡ ʚ ʦʜʥʝ ʩʣʦʚʦ ʢʦʜʫʻʪʴʩʷ ʜʚʘ ʙʽʪʠ 

ʽʥʬʦʨʤʘʮʽʾ ʟ ʚʭʽʜʥʠʭ ʜʘʥʠʭ[14]. ʅʘʧʨʠʢʣʘʜ, ʩʣʦʚʘ ʜʦʚʞʠʥʦʶ ʚ 4 ʽ 8 ʩʠʤʚʦʣʽʚ 

ʤʦʞʫʪʴ ʦʟʥʘʯʘʪʠ ʢʦʤʙʽʥʘʮʽʶ ʙʽʪ "00", ʜʦʚʞʠʥʦʶ ʚ 5 ʽ 9 - "01", 6 ʽ 10 - "10", 7 ʽ 

11 ʙʫʢʚ - "11". ʉʣʦʚʘ, ʢʦʨʦʪʰʝ 4 ʽ ʜʦʚʰʝ 11 ʙʫʢʚ, ʤʦʞʥʘ ʚʩʪʘʚʣʷʪʠ ʙʫʜʴ-ʜʝ ʜʣʷ 

ʣʝʢʩʠʯʥʦʛʦ ʽ ʛʨʘʤʘʪʠʯʥʦʛʦ ʟʚ'ʷʟʢʫ ʩʣʽʚ ʫ ʨʝʯʝʥʥʽ - ʧʨʦʛʨʘʤʘ-ʜʝʢʦʜʝʨ ʙʫʜʝ 

ʧʨʦʩʪʦ ʽʛʥʦʨʫʚʘʪʠ ʾʭ. 

     - ʄʝʪʦʜ ʧʝʨʰʦʾ ʣʽʪʝʨʠ 

     ʎʝʡ ʤʝʪʦʜ ʟʘʟʚʠʯʘʡ ʢʦʜʫʻ ʜʦʩʠʪʴ ʚʝʣʠʢʫ ʢʽʣʴʢʽʩʪʴ ʽʥʬʦʨʤʘʮʽʾ ʚ ʦʜʥʦʤʫ 

ʩʣʦʚʽ: ʟʘʟʚʠʯʘʡ ʮʝ 3 ʘʙʦ 4 ʙʽʪʘ. ʇʨʦʛʨʘʤʘ-ʧʦʤʽʯʥʠʢ ʚ ʮʴʦʤʫ ʤʝʪʦʜʽ ʥʘʢʣʘʜʘʻ 

ʦʙʤʝʞʝʥʥʷ ʚʞʝ ʥʝ ʥʘ ʜʦʚʞʠʥʫ ʩʣʦʚʘ, ʘ ʥʘ ʧʝʨʰʫ (ʤʦʞʥʘ ʥʘ ʜʨʫʛʫ) ʙʫʢʚʫ[14]. 

ɿʘʟʚʠʯʘʡ ʦʜʥʫ ʡ ʪʫ ʞ ʩʘʤʫ ʢʦʤʙʽʥʘʮʽʶ ʤʦʞʫʪʴ ʢʦʜʫʚʘʪʠ ʢʽʣʴʢʘ ʙʫʢʚ, 

ʥʘʧʨʠʢʣʘʜ, ʢʦʤʙʽʥʘʮʽ ʁ"101" ʧʦʟʥʘʯʘʶʪʴ ʩʣʦʚʘ, ʱʦ ʧʦʯʠʥʘʶʪʴʩʷ ʟ "ɸ", "ɻ" ʘʙʦ 

"ʊ". ʎʝ ʜʘʻ ʜʦʩʠʪʴ ʚʝʣʠʢʫ ʩʚʦʙʦʜʫ ʪʦʤʫ, ʭʪʦ ʛʝʥʝʨʫʻ ʪʝʢʩʪ. 
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     - ʄʝʪʦʜ ʟʘʩʥʦʚʘʥʠʡ ʥʘ ʩʠʥʦʥʽʤʘʭ ʤʦʚʠ 

     ʇʨʦʚʝʜʝʥʽ ʜʦʩʣʽʜʠ ʚʠʷʚʠʣʠ, ʱʦ ʜʣʷ ʘʥʛʣʽʡʩʴʢʦʾ ʤʦʚʠ ʩʝʨʝʜʥʷ ʢʽʣʴʢʽʩʪʴ 

ʩʠʥʦʥʽʤʽʚ ʚ ʦʜʥʽʡ ʧʽʜʤʥʦʞʠʥʽ ʜʦʨʽʚʥʶʻ 2.56. ʄʽʥʽʤʘʣʴʥʘ ʢʽʣʴʢʽʩʪʴ ʩʠʥʦʥʽʤʽʚ 

ʚ ʤʥʦʞʠʥʽ ʜʦʨʽʚʥʶʻ 2, ʘ ʤʘʢʩʠʤʘʣʴʥʘ 13. ɺ ʷʢʦʩʪʽ ʧʨʠʢʣʘʜʫ ʨʦʟʛʣʷʥʝʤʦ 

ʧʽʜʤʥʦʞʠʥʫ S0:{ ñʜʫʤʢʘò,   ñʧʦʛʣʷʜò,   ñʫʷʚʣʝʥʥʷò,   ñʤʽʨʢʫʚʘʥʥʷò}. ɺ 

ʥʘʚʝʜʝʥʽʡ ʧʦʩʣʽʜʦʚʥʦʩʪʽ ʢʦʞʥʝ ʩʣʦʚʦ ʤʘʻ ʻʜʠʥʝ ʩʤʠʩʣʦʚʝ ʟʥʘʯʝʥʥʷ, ʱʦ 

ʜʦʟʚʦʣʷʻ ʟʘʢʦʜʫʚʘʪʠ ʢʦʞʥʝ ʩʣʦʚʦ ʩʚʦʾʤ ʫʥʽʢʘʣʴʥʠʤ ʢʦʜʦʤ, ʥʘʧʨʠʢʣʘʜ ʜʫʤʢʘ = 

ç00è, ʧʦʛʣʷʜ = ç01è, ʫʷʚʣʝʥʥʷ = ç10è, ʤʽʨʢʫʚʘʥʥʷ = ç11è. ʇʦʜʽʙʥʝ ʢʦʜʫʚʘʥʥʷ 

ʜʦʟʚʦʣʷʻ ʦʙʠʨʘʪʠ ʦʜʥʝ ʟ ʯʦʪʠʨʴʦʭ ʩʣʽʚ, ʚ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ 2ʭ ʙʽʪ ʩʝʢʨʝʪʥʦʾ 

ʧʦʩʣʽʜʦʚʥʦʩʪʽ. ʊʨʝʙʘ ʟʘʫʚʘʞʠʪʠ, ʱʦ ʚ ʪʘʢʦʤʫ ʨʘʟʽ ʩʝʤʘʥʪʠʢʘ(ʟʤʽʩʪʦʚʝ 

ʥʘʧʦʚʥʝʥʥʷ) ʧʦʚʽʜʦʤʣʝʥʥʷ ʥʝ ʟʤʽʥʠʪʴʩʷ, ʥʝ ʟʘʣʝʞʥʦ ʚʽʜ ʪʦʛʦ, ʷʢʝ ʩʣʦʚʦ ʙʫʜʝ 

ʦʙʨʘʥʝ.  

     ɼʣʷ ʪʦʛʦ ʱʦʙ ʧʨʠʭʦʚʘʪʠ ʽ ʧʦʪʽʤ ʚʽʜʥʦʚʠʪʠ ʩʝʢʨʝʪʥʫ ʧʦʩʣʽʜʦʚʥʽʩʪʴ, 

ʚʽʜʧʨʘʚʥʠʢ ʽ ʦʪʨʠʤʫʚʘʯ ʧʦʚʠʥʥʽ ʤʘʪʠ ʦʜʥʘʢʦʚʠʡ ʩʣʦʚʥʠʢ ʩʠʥʦʥʽʤʽʚ.  

     ʇʨʦʮʝʜʫʨʘ ʧʨʠʭʦʚʘʥʥʷ: 

1) ʚʽʜʧʨʘʚʥʠʢ ʦʙʠʨʘʻ ʪʝʢʩʪʦʚʠʡ ʬʘʡʣ, ʷʢʠʡ ʙʫʜʝ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠʩʴ ʷʢ 

ʢʦʥʪʝʡʥʝʨ; 

2) ʧʦʩʣʽʜʦʚʥʝ ʘʥʘʣʽʟʫʻ ʪʝʢʩʪ ʮʴʦʛʦ ʬʘʡʣʫ, ʧʦʢʠ ʥʝ ʟʥʘʡʜʝ ʩʣʦʚʦ ʟ ʩʣʦʚʥʠʢʫ, 

ʷʢʘ ʤʘʻ N ʩʠʥʦʥʽʤʽʚ; 

3) ʦʙʨʘʭʦʚʫʻ ʮʽʣʫ ʯʘʩʪʠʥʫ ʚʽʜ log2(N). ʎʝ ʢʽʣʴʢʽʩʪʴ ʙʽʪ, ʷʢʽ ʤʦʞʥʘ 

ʟʘʢʦʜʫʚʘʪʠ ʚʠʙʨʘʚʰʠ ʦʜʥʝ ʽʟ ʩʣʽʚ ʟ ʩʣʦʚʥʠʢʫ ʩʠʥʦʥʽʤʽʚ; 

4) ʧʦʚʪʦʨʶʻ ʜʽʾ 2-3 ʜʦʢʠ ʥʝ ʙʫʜʝ ʧʨʠʭʦʚʘʥʫ ʫʩʶ ʧʦʩʣʽʜʦʚʥʽʩʪʴ. 

     ɸʥʘʣʦʛʽʯʥʽ ʜʽʾ ʚʠʢʦʥʫʻ ʪʦʡ, ʭʪʦ ʭʦʯʝ ʚʽʜʥʦʚʠʪʠ ʩʝʢʨʝʪʥʫ ʧʦʩʣʽʜʦʚʥʽʩʪʴ.  

1) ʊʘʢ ʩʘʤʦ ʧʦʩʣʽʜʦʚʥʦ ʘʥʘʣʽʟʫʻ ʪʝʢʩʪ ʬʘʡʣʫ, ʧʦʢʠ ʥʝ ʟʥʘʡʜʝ ʩʣʦʚʦ ʟ 

ʩʣʦʚʥʠʢʫ.  

2) ɿ ʩʣʦʚʥʠʢʫ ʦʪʨʠʤʫʻ ʚʽʜʦʙʨʘʞʝʥʥʷ ʩʣʦʚʘ ʚ ʙʽʪʦʚʫ ʧʦʩʣʽʜʦʚʥʽʩʪʴ. 

3) ʇʦʚʪʦʨʶʻ ʜʽʾ 1-2 ʜʦʢʠ ʥʝ ʜʽʡʜʝ ʜʦ ʢʽʥʮʷ ʪʝʢʩʪʦʚʦʛʦ ʬʘʡʣʫ 

ʇʨʦʪʝ ʷʢʱʦ ʩʣʦʚʦ ʤʘʻ ʜʝʢʽʣʴʢʘ ʟʥʘʯʝʥʴ ʧʦʜʽʙʥʝ ʢʦʜʫʚʘʥʥʷ ʚʠʷʚʣʷʻʪʴʩʷ 

ʥʝʤʦʞʣʠʚʠʤ. ʊʘʢʦʞ ʥʝʤʦʞʣʠʚʝ ʧʦʜʽʙʥʝ ʢʦʜʫʚʘʥʥʷ ʷʢʱʦ ʦʜʠʥ ʟ ʩʠʥʦʥʽʤʽʚ 

ʩʢʣʘʜʘʻʪʴʩʷ ʟ ʜʚʦʭ(ʘʙʦ ʙʽʣʴʰʝ) ʩʣʽʚ, ʷʢʽ ʚʽʜʦʢʨʝʤʣʶʶʪʴʩʷ ʧʨʦʙʽʣʦʤ.  
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     ʊʘʢʦʞ ʜʘʣʝʢʦ ʥʝ ʟʘʚʞʜʠ ʢʽʣʴʢʽʩʪʴ ʩʠʥʦʥʽʤʽʚ ʜʦʨʽʚʥʶʻ 2k. ʅʘʧʨʠʢʣʘʜ, 

ʨʦʟʛʣʷʥʝʤʦ 3 ʤʥʦʞʠʥʠ, ʜʦʚʞʠʥʦʶ 3, 3, 5. ɺʠʢʦʨʠʩʪʘʥʥʷ ʪʘʢʠʭ ʪʨʴʦʭ ʤʥʦʞʠʥ, 

ʟʛʽʜʥʦ ʟ ʦʙʨʘʭʫʚʘʥʥʷʤ ʮʽʣʦʾ ʯʘʩʪʠʥʫ ʚʽʜ log2(N), ʟʘʛʘʣʦʤ ʜʦʟʚʦʣʷʻ ʟʘʢʦʜʫʚʘʪʠ 

4 ʙʽʪʘ ʽʥʬʦʨʤʘʮʽʡ. ɺ ʪʦʡ ʯʘʩ ʷʢ ʧʦʪʫʞʥʽʩʪʴ ʮʠʭ ʪʨʴʦʭ ʤʥʦʞʠʥ ʜʦʨʽʚʥʶʻ 3*3*5 

= 45 ʩʪʘʥʽʚ, ʘʙʦ ʪʨʦʭʠ ʙʽʣʴʰʝ ʥʽʞ 5 ʙʽʪ ʽʥʬʦʨʤʘʮʽʾ. 

     ɼʣʷ ʪʦʛʦ ʱʦʙ ʟʙʽʣʴʰʠʪʠ ʦʙôʻʤ ʽʥʬʦʨʤʘʮʽʾ, ʷʢʫ ʙʫʜʝ ʧʨʠʭʦʚʘʥʦ ʚ ʢʦʥʪʝʡʥʝʨʽ 

ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʩʠʩʪʝʤʫ ʦʙʯʠʩʣʝʥʥʷ ʟʽ ʟʤʽʱʝʥʦʶ ʦʩʥʦʚʦʶ. ɺ ʮʴʦʤʫ ʚʠʧʘʜʢʫ 

ʧʨʘʮʶʶʪʴ ʥʝ ʟ ʦʜʥʽʻʶ ʧʽʜʤʥʦʞʠʥʦʶ, ʘ ʟ ʛʨʫʧʦʶ ʧʽʜʤʥʦʞʠʥ ʩʠʥʦʥʽʤʽʚ. 

ʅʘʧʨʠʢʣʘʜ ʜʣʷ ʪʨʴʦʭ ʤʥʦʞʠʥ, ʷʢʽ ʙʫʣʦ ʨʦʟʛʣʷʥʫʪʦ ʚʠʱʝ ʚ ʪʘʢʦʤʫ ʨʘʟʫ ʤʦʞʥʘ 

ʙʫʜʝ ʟʘʢʦʜʫʚʘʪʠ [log2(45)] = 5 ʙʽʪ ʽʥʬʦʨʤʘʮʽʾ.  ɼʣʷ ʮʴʦʛʦ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʢʦʜ 

ʟʽ ʟʤʽʱʝʥʦʶ ʦʩʥʦʚʦʶ ʟ ʪʨʴʦʭ ʮʠʬʨ, ʚ ʷʢʦʤʫ ʧʝʨʰʘ ʽ ʪʨʝʪʷ ʮʠʬʨʠ ʤʦʞʫʪʴ 

ʧʨʠʡʤʘʪʠ ʟʥʘʯʝʥʥʷ ʚʽʜ 0 ʜʦ 2ʭ, ʘ 2 ʮʠʬʨʘ ʧʨʠʡʤʘʻ ʟʥʘʯʝʥʥʷ ʚʽʜ 0 ʜʦ 4ʭ. ʅʠʞʯʝ 

ʥʘʚʝʜʝʥʦ ʪʘʙʣʠʮʶ ʜʣʷ ʧʝʨʝʚʦʜʫ ʟ ʜʚʽʡʢʦʚʦʛʦ ʢʦʜʫ ʜʦ ʢʦʜʫ ʟʽ ʟʤʽʱʝʥʦʶ 

ʦʩʥʦʚʦʶ[14]. 

     ʊʘʙʣʠʮʷ 1.1 ï ɺʽʜʧʦʚʽʜʥʽʩʪʴ ʤʽʞ ʜʚʽʡʢʦʚʠʤ ʢʦʜʦʤ ʽ ʢʦʜʦʤ ʟʽ ʟʤʽʱʝʥʦʶ 

ʦʩʥʦʚʦʶ 

ɼʚʽʡʢʦʚʠʡ 

ʢʦʜ 
00000 00001 00010 é 01110 01111 é 11111 

ʂʦʜ ʟʽ 

ʟʤʽʱʝʥʦʶ 

ʦʩʥʦʚʦʶ 

000 001 002 é 042 100 é 201 

 

     - ʄʝʪʦʜ ʤʽʤʢ̔ʨʽʾ 

     ʄʝʪʦʜ ʤʽʤʽʢʨʽʾ ʛʝʥʝʨʫʻ ʟʤʽʩʪʦʚʥʠʡ ʪʝʢʩʪ, ʚʠʢʦʨʠʩʪʦʚʫʶʯʠ ʩʠʥʪʘʢʩʠʩ, ʷʢʠʡ 

ʦʧʠʩʘʥʦ ʚ CFG ʽ ʧʨʠʭʦʚʫʻ ʽʥʬʦʨʤʘʮʽʶ, ʦʙʠʨʘʶʯʠ ʽʟ CFG ʧʝʚʥʽ ʬʨʘʟʠ ʽ ʩʣʦʚʘ. 

CFG ï ʦʜʠʥ ʽʟ ʩʧʦʩʦʙʽʚ ʦʧʠʩʫ ʤʦʚʠ, ʷʢʠʡ ʩʢʣʘʜʘʻʪʴʩʷ ʟ ʩʪʘʪʠʯʥʠʭ ʩʣʽʚ, ʬʨʘʟ ʪʘ 

ʚʫʟʣʽʚ, ʜʝ ʤʦʞʝ ʙʫʪʠ ʧʨʠʡʥʷʪʝ ʨʽʰʝʥʥʷ, ʷʢʝ ʩʣʦʚʦ ʯʠ ʬʨʘʟʫ ʚʩʪʘʚʣʷʪʠ 

ʥʘʩʪʫʧʥʠʤ. ʄʽʤʽʢʨʽʷ ʩʪʚʦʨʶʻ ʙʽʥʘʨʥʝ ʜʝʨʝʚʦ, ʷʢʝ ʟʘʩʥʦʚʘʥʝ ʥʘ ʤʦʞʣʠʚʦʩʪʷʭ 

CFG, ʽ ʦʙʠʨʘʶʯʠ ʪʽ ʟ ʣʠʩʪʢʽʚ ʜʝʨʝʚʘ, ʷʢʽ ʢʦʜʫʶʪʴ ʧʦʪʨʽʙʥʠʡ ʙʽʪ[14]. ʅʘʧʨʠʢʣʘʜ 

ʧʦʪʨʽʙʥʦ ʧʨʠʭʦʚʘʪʠ ʥʘʩʪʫʧʥʽ ʙʽʪʠ ï ç0101è, ʚʠʢʦʨʠʩʪʦʚʫʶʯʠ ʥʘʩʪʫʧʥʝ ʙʽʥʘʨʥʝ 

ʜʝʨʝʚʦ: 

     ʉʪʘʨʪ -> ʽʤʝʥʥʠʢ | ʜʽʻʩʣʦʚʦ 
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     ɯʤʝʥʥʠʢ -> ʆʣʝʛ | ʊʘʨʘʩ 

     ɼʽʻʩʣʦʚʦ -> ʧʦʾʭʘʚ ʫ ʚʽʜʨʷʜʞʝʥʥʷ ʢʫʜʠ | ʧʦʾʭʘʚ ʧʦʜʦʨʦʞʫʚʘʪʠ ʢʫʜʠ 

     ʂʫʜʠ -> ʚ ʥʘʧʨʷʤ ʂʦʨʝʶ | ʚ ʥʘʧʨʷʤ ʄʽʥʝʩʦʪʫ 

     ʅʘʧʨʷʤ -> ʧʽʚʥʽʯʥʫ | ʧʽʚʜʝʥʥʫ 

     ʊʘʙʣʠʮʷ 1.2 ï ʌʦʨʤʫʚʘʥʥʷ ʪʝʢʩʪʫ ʤʝʪʦʜʦʤ ʤʽʤʽʢʨʽʾ 

ʐʘʛ 
ɺʽʜʧʦʚʽʜʽ, ʦʪʨʠʤʘʥʽ ʚ 

ʧʨʦʮʝʩʽ 

ʇʨʠʭʦʚʘʥʠʡ 

ʙʽʪ 
ɺʠʙʽʨ ʧʨʦʮʝʜʫʨʠ 

1 ʉʪʘʨʪ - ʽʤʝʥʥʠʢ | ʜʽʻʩʣʦʚʦ 

2 ʽʤʝʥʥʠʢ | ʜʽʻʩʣʦʚʦ 1 ɯʤʝʥʥʠʢ -> ʊʘʨʘʩ 

3 ʊʘʨʘʩ ʜʽʻʩʣʦʚʦ 0 
ɼʽʻʩʣʦʚʦ -> ʧʦʾʭʘʚ ʫ 

ʚʽʜʨʷʜʞʝʥʥʷ ʢʫʜʠ 

4 
ʊʘʨʘʩ ʧʦʾʭʘʚ ʫ 

ʚʽʜʨʷʜʞʝʥʥʷ ʢʫʜʠ 
1 ʂʫʜʠ -> ʚ ʥʘʧʨʷʤ ʄʽʥʝʩʦʪʫ 

5 

ʊʘʨʘʩ ʧʦʾʭʘʚ ʫ 

ʚʽʜʨʷʜʞʝʥʥʷ ʚ ʥʘʧʨʷʤ 

ʄʽʥʝʩʦʪʫ 

0 ʅʘʧʨʷʤ -> ʧʽʚʥʽʯʥʫ 

 

     ʊʘʢʠʤ ʯʠʥʦʤ ʦʪʨʠʤʫʻʤʦ ʨʝʯʝʥʥʷ: ʊʘʨʘʩ ʧʦʾʭʘʚ ʫ ʚʽʜʨʷʜʞʝʥʥʷ ʚ ʧʽʚʥʽʯʥʫ 

ʄʽʥʝʩʦʪʫ. 

     ʅʝʜʦʣʽʢʘʤʠ ʮʴʦʛʦ ʤʝʪʦʜʫ ʻ: ʥʝʤʦʞʣʠʚʽʩʪʴ ʰʠʬʨʫʚʘʥʥʷ ʚʝʣʠʢʦʾ ʢʽʣʴʢʦʩʪʽ 

ʜʘʥʠʭ, ʥʠʟʴʢʘ ʧʨʦʜʫʢʪʠʚʥʽʩʪʴ ʽ ʥʝʚʠʩʦʢʘ ʩʢʨʠʪʥʽʩʪʴ. 

     - ʄʝʪʦʜ ʟʘʩʥʦʚʘʥʠʡ ʥʘ ʣʘʥʮʶʛʫ ʄʘʨʢʦʚʘ 

     ʋ ʛʘʣʫʟʽ ʦʙʨʦʙʢʠ ʧʨʠʨʦʜʥʦʾ ʤʦʚʠ ʟʘʟʚʠʯʘʡ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʩʪʘʪʠʩʪʠʯʥʫ 

ʤʦʜʝʣʴ ʤʦʚʠ ʜʣʷ ʤʦʜʝʣʶʚʘʥʥʷ ʪʝʢʩʪʽʚ. ʄʦʚʥʘ ʤʦʜʝʣʴ ʻ ʨʦʟʧʦʜʽʣʦʤ 

ʡʤʦʚʽʨʥʦʩʪʝʡ ʥʘʜ ʧʦʩʣʽʜʦʚʥʦʩʪʷʤʠ ʩʣʽʚ, ʚʦʥʘ ʤʦʞʝ ʙʫʪʠ ʚʠʨʘʞʝʥʘ ʥʘʩʪʫʧʥʦʶ 

ʬʦʨʤʫʣʦʶ: 

p(S) = p (w1, w2, w3, é, wn) = p(w1) * p(w2| w1) *é* p(wn| w1, w2, w3, é, wn-1), 

(1.1) 

     ʜʝ S ʧʦʟʥʘʯʘʻ ʮʽʣʝ ʨʝʯʝʥʥʷ ʜʦʚʞʠʥʦʶ n, ʘ wi ʧʦʟʥʘʯʘʻ i-ʪʝ ʩʣʦʚʦ ʚ ʥʴʦʤʫ. 

p(S) ʧʦʟʥʘʯʘʻ ʡʤʦʚʽʨʥʽʩʪʴ ʚʩʴʦʛʦ ʨʝʯʝʥʥʷ. ɺʦʥʦ ʬʘʢʪʠʯʥʦ ʩʢʣʘʜʘʻʪʴʩʷ ʟ 



18 
 

ʜʦʙʫʪʢʫ n-ʫʤʦʚʥʠʭ ʡʤʦʚʽʨʥʦʩʪʝʡ, ʢʦʞʥʘ ʟ ʫʤʦʚʥʠʭ ʡʤʦʚʽʨʥʦʩʪʝʡ ʦʙʯʠʩʣʶʻ 

ʨʦʟʧʦʜʽʣ ʡʤʦʚʽʨʥʦʩʪʽ n-ʛʦ ʩʣʦʚʘ, ʢʦʣʠ ʥʘʚʝʜʝʥʦ ʧʝʨʰʽ n-1 ʩʣʦʚʘ, ʪʦʙʪʦ p(wn| 

w1, w2, w3, é, wn-1). ʊʦʤʫ ʜʣʷ ʘʚʪʦʤʘʪʠʯʥʦʾ ʛʝʥʝʨʘʮʽʾ ʚʠʩʦʢʦʷʢʽʩʥʠʭ ʪʝʢʩʪʽʚ, 

ʥʝʦʙʭʽʜʥʦ ʦʪʨʠʤʘʪʠ ʛʘʨʥʫ ʦʮʽʥʢʫ ʩʪʘʪʠʩʪʠʯʥʦʾ ʤʦʚʥʦʾ ʤʦʜʝʣʽ ʥʘʙʦʨʫ 

ʥʘʚʯʘʣʴʥʠʭ ʚʠʙʽʨʦʢ[4]. 

     ɺ ʪʝʦʨʽʾ ʡʤʦʚʽʨʥʦʩʪʝʡ ʣʘʥʮʶʛ ʄʘʨʢʦʚʘ ʻ ʩʪʦʭʘʩʪʠʯʥʦʶ ʤʦʜʝʣʣʶ, ʱʦ 

ʦʧʠʩʫʻ ʧʦʩʣʽʜʦʚʥʽʩʪʴ ʤʦʞʣʠʚʠʭ ʧʦʜʽʡ, ʚ ʷʢʠʭ ʡʤʦʚʽʨʥʽʩʪʴ ʢʦʞʥʦʾ ʧʦʜʽʾ 

ʟʘʣʝʞʠʪʴ ʪʽʣʴʢʠ ʚʽʜ ʩʪʘʥʫ, ʚ ʧʦʧʝʨʝʜʥʽʡ ʧʦʜʽʾ. ʄʦʜʝʣʴ ʣʘʥʮʶʛʘ ʄʘʨʢʦʚʘ 

ʧʽʜʭʦʜʠʪʴ ʜʣʷ ʤʦʜʝʣʶʚʘʥʥʷ ʩʠʛʥʘʣʽʚ ʯʘʩʦʚʠʭ ʨʷʜʽʚ. ʅʘʧʨʠʢʣʘʜ, ʧʨʠʧʫʩʪʠʤʦ, 

ʱʦ ʽʩʥʫʻ ʧʨʦʩʪʽʨ ʚʝʣʠʯʠʥ X = {x1, x2, é, xm}, ʪʘ Q = {q1, q2, é, qn}, ʩʪʦʭʘʩʪʠʯʥʘ 

ʟʤʽʥʥʘ ʧʦʩʣʽʜʦʚʥʽʩʪʴ, ʟʥʘʯʝʥʥʷ ʷʢʦʾ ʚʽʜʙʠʨʘʶʪʴʩʷ ʟ X. ɼʣʷ ʟʨʫʯʥʦʩʪʽ 

ʥʘʚʝʜʝʥʦʛʦ ʦʧʠʩʫ ʧʦʟʥʘʯʠʤʦ ʟʥʘʯʝʥʥʷ t-ʛʦ ʩʪʘʥʫ ʷʢ xt, ʪʘʢʦʛʦ ʱʦ qt = xt, xt  ɴX.  

     ʗʢʱʦ ʤʠ ʚʚʘʞʘʻʤʦ, ʱʦ ʟʥʘʯʝʥʥʷ ʩʪʘʥʫ ʚ ʢʦʞʥʦʤʫ ʤʦʤʝʥʪʽ ʧʦʩʣʽʜʦʚʥʦʩʪʽ 

ʧʦʚ'ʷʟʘʥʝ ʟʽ ʩʪʘʥʦʤ ʫʩʽʭ ʧʦʧʝʨʝʜʥʽʭ ʤʦʤʝʥʪʽʚ, ʪʦʙʪʦ p(qt | q1, q2, q3, é, qt-1) ʪʦ 

ʣʘʥʮʶʛʦʚʘ ʤʦʜʝʣʴ ʄʘʨʢʦʚʘ ʚʠʛʣʷʜʘʻ ʥʘʩʪʫʧʥʠʤ ʯʠʥʦʤ: 

                      P(qt = xt) = f(P(qt-1 = xt-1), P(qt-2 = xt-2), é, P(q1 = x1)),                   (1.2) 

                                          0ή  ὼ ρȟᶅ ὼᶰὢ   

     ɼʝ f - ʬʫʥʢʮʽʷ ʧʝʨʝʜʘʯʽ ʡʤʦʚʽʨʥʦʩʪʝʡ. ʊʦʜʽ ʡʤʦʚʽʨʥʽʩʪʴ ʚʩʽʻʾ ʧʦʩʣʽʜʦʚʥʦʩʪʽ 

ʤʦʞʝ ʙʫʪʠ ʚʠʨʘʞʝʥʘ ʥʘʩʪʫʧʥʠʤ ʯʠʥʦʤ: 

p(Q) = p (q1, q2, q3, é, qn) = p(q1 = x1) p(q2 = x2) é p(qn = xn) = p(q1) * p(q2|q1) 

*é* p(qn| q1, q2, q3, é, qn-1)                                                                                  (1.3) 

     ʇʦʨʽʚʥʶʯʁʠ ʬʦʨʤʫʣʫ (1.1) ʟ ʬʦʨʤʫʣʦʶ (1.3), ʤʦʞʥʘ ʧʦʙʘʯʠʪʠ, ʱʦ ʷʢʱʦ 

ʨʦʟʛʣʷʜʘʪʠ ʩʠʛʥʘʣ ὼ ʚ ʢʦʞʥʠʡ ʤʦʤʝʥʪ ʯʘʩʫ ʫ ʬʦʨʤʫʣʽ (3), ʷʢ i-ʝ ʩʣʦʚʦ ʚ 

ʨʝʯʝʥʥʽ, ʪʦ ʚʽʥ ʤʦʞʝ ʪʦʯʥʦ ʧʨʝʜʩʪʘʚʣʷʪʠ ʫʤʦʚʥʠʡ ʨʦʟʧʦʜʽʣ ʡʤʦʚʽʨʥʦʩʪʽ 

ʢʦʞʥʦʛʦ ʩʣʦʚʘ ʚ ʪʝʢʩʪ, ʷʢʠʡ ʧʨʝʜʩʪʘʚʣʷʻʪʴʩʷ ʷʢ p(wn| w1, w2, w3, é, wn-1), ʘ 

ʧʦʪʽʤ ʚʽʥ ʤʦʞʝ ʮʽʣʢʦʤ ʤʦʜʝʣʶʚʘʪʠ ʩʪʘʪʠʩʪʠʯʥʫ ʤʦʜʝʣʴ ʤʦʚʠ ʪʝʢʩʪʫ. ʉʘʤʝ 

ʯʝʨʝʟ ʮʶ ʩʧʽʣʴʥʽʩʪʴ ʤʦʜʝʣʴ ʣʘʥʮʶʛʘ ʄʘʨʢʦʚʘ ʜʫʞʝ ʧʽʜʭʦʜʠʪʴ ʜʣʷ 

ʤʦʜʝʣʶʚʘʥʥʷ ʪʝʢʩʪʫ ʽ ʰʠʨʦʢʦ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʚ ʛʘʣʫʟʽ ʦʙʨʦʙʢʠ ʧʨʠʨʦʜʥʦʾ 

ʤʦʚʠ, ʦʩʦʙʣʠʚʦ ʚ ʦʙʣʘʩʪʽ ʘʚʪʦʤʘʪʠʯʥʦʛʦ ʬʦʨʤʫʚʘʥʥʷ ʪʝʢʩʪʫ. 
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     ʗʢ ʧʨʘʚʠʣʦ, ʚ ʨʝʘʣʴʥʠʭ ʩʠʪʫʘʮʽʷʭ ʚʧʣʠʚ ʩʠʛʥʘʣʫ ʚ ʢʦʞʥʠʡ ʤʦʤʝʥʪ ʯʘʩʫ ʚ 

ʧʦʩʣʽʜʦʚʥʦʩʪʽ ʥʘ ʥʘʩʪʫʧʥʠʡ ʩʠʛʥʘʣ ʦʙʤʝʞʝʥʠʡ, ʪʦʙʪʦ ʽʩʥʫʻ çʜʦʚʞʠʥʘè ʚʧʣʠʚʫ, 

ʽ ʟʘ ʾʾ ʤʝʞʘʤʠ ʥʝ ʙʫʜʝ ʧʨʦʜʦʚʞʫʚʘʪʠʩʴ ʚʧʣʠʚ ʥʘ ʥʘʩʪʫʧʥʠʡ ʩʠʛʥʘʣ. ɺ ʪʘʢʦʤʫ 

ʚʠʧʘʜʢʫ ʧʨʠʧʫʩʢʘʶʪʴ, ʱʦ ʜʣʷ ʩʠʛʥʘʣʫ ʯʘʩʦʚʦʛʦ ʨʷʜʫ ʟʥʘʯʝʥʥʷ ʢʦʞʥʦʛʦ 

ʩʠʛʥʘʣʫ ʯʘʩʫ ʚʧʣʠʚʘʻ ʪʽʣʴʢʠ ʥʘ ʢʽʣʴʢʘ ʧʝʨʰʠʭ ʥʘʩʪʫʧʥʠʭ ʤʦʤʝʥʪʽʚ. ʗʢʱʦ ʥʘ 

ʚʝʣʠʯʠʥʫ ʩʠʛʥʘʣʫ ʚ ʢʦʞʥʠʡ ʤʦʤʝʥʪ ʚʧʣʠʚʘʶʪʴ ʪʽʣʴʢʠ ʩʠʛʥʘʣʠ ʧʦʧʝʨʝʜʥʽʭ m 

ʤʦʤʝʥʪʽʚ, ʤʘʨʢʽʚʩʴʢʫ ʤʦʜʝʣ ɹʥʘʟʠʚʘʶʪʴ m-ʧʦʨʷʜʢʦʚʦʁ ̔  ʚʦʥʘ ʤʦʞʝ ʙʫʪʠ 

ʚʠʨʘʞʝʥʦ ʥʘʩʪʫʧʥʠʤ ʯʠʥʦʤ: 

P(Qt=xt| Qt-1=xt-1, Qt-2=xt-2,  é, Q1=x1)  = P(Qt=xt| Qt-1=xt-1, Qt-2=xt-2,  é, Qt-m=xt-m), 

ʜʝ n > t > m                 (1.4) 

     ʇʨʠ ʚʠʢʦʨʠʩʪʘʥʥʽ ʤʦʜʝʣʽ ʄʘʨʢʦʚʘ ʜʣʷ ʘʚʪʦʤʘʪʠʯʥʦʛʦ ʛʝʥʝʨʫʚʘʥʥʷ ʪʝʢʩʪʫ, 

ʜʣʷ ʚʝʣʠʢʦʛʦ ʥʘʚʯʘʣʴʥʦʛʦ ʥʘʙʦʨʫ ʜʘʥʠʭ, ʱʦ ʤʽʩʪʠʪʴ ʙʘʛʘʪʦ ʨʝʯʝʥʴ, ʩʧʦʯʘʪʢʫ 

ʙʫʜʫʻʪʴʩʷ ʚʝʣʠʢʠʡ ʩʣʦʚʥʠʢ D, ʷʢʠʡ ʤʽʩʪʠʪʴ ʚʩʽ ʩʣʦʚʘ, ʱʦ ʟ'ʷʚʣʷʣʠʩʷ ʚ 

ʥʘʚʯʘʣʴʥʦʤʫ ʥʘʙʦʨʽ, ʪʦʙʪʦ D = {wordD1, wordD2, wordD3, é, wordDn},  ʜʝ wordDi 

ʧʦʟʥʘʯʘʻ i-ʪʝ ʩʣʦʚʦ ʚ ʩʣʦʚʥʠʢʫ ʽ N- ʟʘʛʘʣʴʥʘ ʢʽʣʴʢʽʩʪʴ ʩʣʽʚ ʚ ʩʣʦʚʥʠʢʫ. ʉʣʦʚʥʠʢ 

D ʚʽʜʧʦʚʽʜʘʻ ʟʥʘʯʝʥʥʷʤ ʧʨʦʩʪʦʨʫ X, ʦʧʠʩʘʥʦʤʫ ʚʠʱʝ. ʗʢ ʟʛʘʜʫʚʘʣʦʩ ɹʨʘʥʽʰʝ, 

ʢʦʞʥʝ ʨʝʯʝʥʥʷ S ʤʦʞʥʘ ʨʦʟʛʣʷʜʘʪʠ ʷʢ ʧʦʩʣʽʜʦʚʥʠʡ ʩʠʛʥʘʣ i-ʪʝ ʩʣʦʚʦ ʚ S ʤʦʞʝ 

ʙʫʪʠ ʧʨʝʜʩʪʘʚʣʝʥʦ ʷʢ ʩʠʛʥʘʣ ʚ ʤʦʤʝʥʪ ʯʘʩʫ i, ʪʦʙʪʦ: 

                               S = {wordS1, wordS2, wordS3, é, wordSL},                  (1.5) 

ʜʝ wordsi  ɴD, wordsi ʚʢʘʟʫʻ i-ʪʝ ʩʣʦʚʦ ʫ ʨʝʯʝʥʥʽ S ʽ L ʡʦʛʦ ʜʦʚʞʠʥʘ. ʋ ʧʨʦʮʝʩʽ 

ʘʚʪʦʤʘʪʠʯʥʦʛʦ ʬʦʨʤʫʚʘʥʥʷ ʪʝʢʩʪʫ ʥʝʦʙʭʽʜʥʦ ʦʙʯʠʩʣʠʪʠ ʡʤʦʚʽʨʥʽʩʪʴ ʧʝʨʝʭʦʜʫ 

ʢʦʞʥʦʛʦ ʩʣʦʚʘ. ɼʣʷ ʤʘʨʢʚ̔ʩʴʢʦʾ ʣʘʥʮʶʛʦʚʦʾ ʤʦʜʝʣʽ ʟʘ ʪʝʦʨʝʤʦʶ ʚʝʣʠʢʠʭ ʯʠʩʝʣ 

ʟʘʟʚʠʯʘʡ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʯʘʩʪʦʪʘ ʢʦʞʥʦʾ ʬʨʘʟʠ ʚ ʥʘʙʦʨʽ ʜʘʥʠʭ ʜʣʷ 

ʥʘʙʣʠʞʝʥʥʷ ʡʤʦʚʽʨʥʦʩʪʽ. ʅʘʧʨʠʢʣʘʜ, ʜʣʷ ʤʦʜʝʣʽ ʣʘʥʮʶʛʘ ʄʘʨʢʦʚʘ ʜʨʫʛʦʛʦ 

ʧʦʨʷʜʢʫ ʬʦʨʤʫʣʘ ʨʦʟʨʘʭʫʥʢʫ ʚʠʛʣʷʜʘʻ ʪʘʢ: 

ὖύέὶὨ  ύέὶὨȿ ύέὶὨȟύέὶὨ

 
ὧέόὲὸύέὶὨȟ ύέὶὨȟύέὶὨ

ὧέόὲὸύέὶὨȟ ύέὶὨ
ȟ 

      (1.6) 

̅ ̆В ὴύέὶὨ  ύέὶὨȿύέὶὨȟύέὶὨ ρ             
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 ὧέόὲὸύέὶὨȟ ύέὶὨȟύέὶὨ - ʢʽʣʴʢʽʩʪʴ ʧʦʷʚ ʮʽʻʾ ʬʨʘʟʠ ʚ 

ʥʘʙʦʨʽ ʜʘʥʠʭ.  

     ʗʢʱʦ ʥʝ ʧʦʪʨʽʙʥʦ ʚʙʫʜʦʚʫʚʘʪʠ ʽʥʬʦʨʤʘʮʽʶ, ʘ ʟʘʜʘʯʝʶ ʻ ʧʨʦʩʪʦ ʛʝʥʝʨʫʚʘʥʥʷ 

ʧʨʠʨʦʜʥʦʛʦ ʪʝʢʩʪʫ, ʟʘʟʚʠʯʘʡ ʚʠʙʠʨʘʶʪʴ ʩʣʦʚʦ ʟ ʥʘʡʙʽʣʴʰʦʶ ʡʤʦʚʽʨʥʽʩʪʶ ʷʢ 

ʚʠʭʽʜʥʝ ʥʘ ʢʦʞʥʽʡ ʽʪʝʨʘʮʽʾ. 

 

     ɼʣʷ ʧʨʠʭʦʚʫʚʘʥʥʷ ʽʥʬʦʨʤʘʮʽʾ ʽʩʥʫʻ ʜʝʢʽʣʴʢʘ ʘʣʛʦʨʠʪʤʽʚ, ʦʜʠʥ ʟ ʥʠʭ 

ʟʘʩʥʦʚʘʥʠʡ ʥʘ ʢʦʜʫʚʘʥʥʽ ɻʘʬʬʤʘʥʘ. ɯʩʥʫʻ ʜʚʽ ʦʩʥʦʚʥʽ ʯʘʩʪʠʥʠ ʮʴʦʛʦ 

ʘʣʛʦʨʠʪʤʫ ʢʦʜʫʚʘʥʥʷ: 

     1) ʉʪʚʦʨʝʥʥʷ ʜʝʨʝʚʘ ɻʘʬʬʤʘʥʘ ʟ ʩʠʤʚʦʣʽʚ ʚʚʦʜʫ. 

     2) ʉʪʘʚʣʝʥʥʷ ʫ ʚʽʜʧʦʚʽʜʥʽʩʪʴ ʩʠʤʚʦʣʘʤ ʜʝʨʝʚʘ ɻʘʬʬʤʘʥʘ ʢʦʜʦʚʠʭ ʟʥʘʯʝʥʴ.  

          ʂʨʦʢʠ ʜʣʷ ʩʪʚʦʨʝʥʥʷ ʜʝʨʝʚʘ ɻʘʬʬʤʘʥʘ: 

     ɺʭʽʜʥʽ ʜʘʥʽ: ʤʘʩʠʚ ʫʥʽʢʘʣʴʥʠʭ ʩʠʤʚʦʣʽʚ ʨʘʟʦʤ ʟ ʯʘʩʪʦʪʦʶ ʾʭ ʚʠʥʠʢʥʝʥʥʷ 

     ɺʠʭʽʜ: ɼʝʨʝʚʦ ɻʘʬʬʤʘʥʘ. 

     1. ʉʪʚʦʨʝʥʥʷ ʚʫʟʣʘ(ʣʠʩʪʘ) ʜʣʷ ʢʦʞʥʦʛʦ ʫʥʽʢʘʣʴʥʦʛʦ ʩʠʤʚʦʣʫ ʪʘ ʧʦʙʫʜʦʚʘ 

ʤʽʥʽʤʘʣʴʥʦʾ çʢʫʧʠè ʚʩʽʭ ʚʫʟʣʽʚ(ʣʠʩʪʽʚ).  

     2. ɺʠʪʷʛʘʥʥʷ ʜʚʦʭ ʚʫʟʣʽʚ ʟ ʤʽʥʽʤʘʣʴʥʦʶ ʯʘʩʪʦʪʦʶ ʟ çʢʫʧʠè. 

     3. ʉʪʚʦʨʝʥʥʷ ʥʦʚʦʛʦ ʚʥʫʪʨʽʰʥʴʦʛʦ ʚʫʟʣʘ ʟ ʯʘʩʪʦʪʦʶ, ʱʦ ʜʦʨʽʚʥʶʻ ʩʫʤʽ 

ʯʘʩʪʦʪ ʜʚʦʭ ʚʫʟʣʽʚ. ʇʨʠʟʥʘʯʝʥʥʷ ʧʝʨʦhʛʦ ʚʠʪʷʛʥʫʪʦʛʦ ʚʫʟʣʘ ï ʣʽʚʦʶ ʜʠʪʠʥʦʶ, 

ʘ ʽʥʰʦʛʦ ʚʠʪʷʛʥʫʪʦʛʦ ʚʫʟʣʘ - ʧʨʘʚʦʶ ʜʠʪʠʥʦʶ. ɼʦʜʘʚʘʥʥʷ ʮɹ ʦʛʦ ʚʫʟʣʘ ʜʦ 

çʢʫʧʠè. 

4. ʇʦʚʪʦʨʝʥʥʷ ʢʨʦʢʚ̔ 2 ʽ 3 ʜʦ ʪʠʭ ʧʽʨ, ʧʦʢʠ ʚ çʢʫʧʽè ʥʝ ʙʫʜʝ ʣʠʰʝ ʦʜʥʦʛʦ 

ʚʫʟʣʘ. ɿʘʣʠʰʠʚʰʠʡʩʷ ʚʫʟʝʣ - ʢʦʨʝʥʝʚʠʡ ʚʫʟʝʣ. ɼʝʨʝʚʦ ʟʘʚʝʨʰʝʥʦ[4].  

 

ʅʠʞʯʝ ʥʘ ʨʠʩʫʥʢʫ 1.2 ʤʦʞʥʘ ʧʦʙʘʯʠʪʠ ʷʢ ʚ ʙʽʪʦʚʫ ʧʦʩʣʽʜʦʚʥʽʩʪʴ ʟʘ 

ʜʦʧʦʤʦʛʦʶ ʢʦʜʫʚʘʥʥʷ ɻʘʬʬʤʘʥʘ ʩʪʘʚʠʪʴʩʷ ʫ ʚʽʜʧʦʚʽʜʥʽʩʪʴ ʧʦʩʣʽʜʦʚʥʽʩʪʴ ʩʣʽʚ, 

ʷʢʘ ʧʦʝʪʘʧʥʦ ʛʝʥʝʨʫʻʪʴʩʷ ʤʘʨʢʽʚʩʴʢʦʶ ʣʘʥʮʶʛʦʚʦʶ ʤʦʜʝʣʣʶ. 
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ʈʠʩʫʥʦʢ 1.2  ï ɿʘʛʘʣʴʥʘ ʩʭʝʤʘ ʘʣʛʦʨʠʪʤʫ, ʟʘʩʥʦʚʘʥʦʤʫ ʥʘ ʄʘʨʢʽʚʩʴʢʦʤʫ 

ʣʘʥʮʶʛʫ ʽ ʢʦʜʫʚʘʥʥʽ ɻʘʬʬʤʘʥʘ 

     ɺʠʩʥʦʚʢʠ ʜʦ ʨʦʟʜʽʣʫ 1 

     ɺ ʜʘʥʦʤʫ ʨʦʟʜʽʣʽ ʙʫʣʦ ʨʦʟʛʣʷʥʫʪʦ ʟʘʛʘʣʴʥʫ ʩʭʝʤʫ ʪʦʛʦ, ʷʢ ʧʨʘʮʶʻ 

ʩʪʝʛʘʥʦʩʠʩʪʝʤʘ, ʘ ʪʘʢʦʞ ʚʚʝʜʝʥʦ ʪʝʨʤʽʥʠ, ʷʢʠʤʠ ʦʧʝʨʫʻ ʛʘʣʫʟʴ ʩʪʝʛʘʥʦʛʨʘʬʽʾ. 

ʇʦʜʘʥʘ ʟʘʛʘʣʴʥʘ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ ʩʪʝʛʘʥʦʛʨʘʬʽʾ ʪʝʢʩʪʽʚ, ʘ ʪʘʢʦʞ ʚʚʝʜʝʥʦ 

ʢʣʘʩʠʬʽʢʘʮʽʶ.  

     ɼʦʩʣʽʜʞʝʥʦ ʽʩʥʫʶʯʠ ʘʣʛʦʨʠʪʤʠ ʪʝʢʩʪʦʚʦʾ ʩʪʝʛʘʥʦʛʨʘʬʽʾ. ʆʧʠʩʘʥʦ ʟʘʛʘʣʴʥʽ 

ʟʘʩʘʜʠ ʥʘ ʷʢʠʭ ʚʦʥʠ ʟʘʩʥʦʚʘʥʽ, ʘ ʪʘʢʦʞ ʧʝʨʝʚʘʛʠ ʪʘ ʥʝʜʦʣʽʢʠ ʢʦʞʥʦʛʦ ʟ 

ʘʣʛʦʨʠʪʤʽʚ. ʉʭʝʤʫ ʨʦʙʦʪʫ ʘʣʛʦʨʠʪʤʽʚ, ʷʢʽ ʻ ʥʘʡʙʽʣʴʰ ʘʢʪʫʘʣʴʥʠʤʠ ʽ ʩʣʫʛʫʚʘʣʠ 

ʦʩʥʦʚʦʶ ʜʣʷ ʩʪʚʦʨʝʥʥʷ ʚʣʘʩʥʦʛʦ ʤʝʪʦʜʫ ʨʦʟʛʣʷʥʫʪʦ ʙʽʣʴʰ ʜʝʪʘʣʴʥʦ. 
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2 ɺʀʂʆʈʀʉʊɸʅʅʗ ʅɽʁʈʆʅʅʀʍ ʄɽʈɽɾ ɼʃʗ ɻɽʅɽʈʋɺɸʅʅʗ 

ʇʆʉʃɯɼʆɺʅʆʉʊɽʁ 

     2.1 ʆʩʦʙʣʠʚʦʩʪʽ ʨʦʙʦʪʠ ʛʣʠʙʦʢʠʭ ʥʝʡʨʦʥʥʠʭ ʤʝʨʝʞ ʧʨʷʤʦʛʦ 

ʧʦʰʠʨʝʥʥʷ 

     ʉʫʯʘʩʥʝ ʛʣʠʙʦʢʝ ʥʘʚʯʘʥʥʷ ʧʨʦʧʦʥʫʻ ʨʦʟʚʠʥʝʥʫ ʽʥʬʨʘʩʪʨʫʢʪʫʨʫ ʥʘʚʯʘʥʥʷ ʟ 

ʚʯʠʪʝʣʝʤ. ɿʘʚʜʷʢʠ ʜʦʜʘʚʘʥʥʶ ʜʦʜʘʪʢʦʚʠʭ ʰʘʨʽʚ ʽ ʙʣʦʢʽʚ ʚ ʤʝʞʘʭ ʦʜʥʦʛʦ ʰʘʨʫ, 

ʛʣʠʙʦʢʘ ʤʝʨʝʞʘ ʤʦʞʝ ʧʨʝʜʩʪʘʚʣʷʪʠ ʚʩʝ ʙʽʣʴʰ ʽ ʙʽʣʴʰ ʩʢʣʘʜʥʽ ʬʫʥʢʮʽʾ. 

ɹʽʣʴʰʽʩʪʴ ʟʘʚʜʘʥʴ, ʱʦ ʟʚʦʜʷʪʴʩʷ ʜʦ ʚʽʜʦʙʨʘʞʝʥʥʷ ʚʭʽʜʥʦʛʦ ʚʝʢʪʦʨʘ ʥʘ 

ʚʠʭʽʜʥʠʡ, ʟ ʢʦʪʨʠʤʠ ʣʶʜʠʥʘ ʩʧʨʘʚʣʷʻʪʴʩʷ ʣʝʛʢʦ ʽ ʥʝʚʠʤʫʰʝʥʦ, ʤʦʞʝ ʙʫʪʠ 

ʚʠʨʽʰʝʥʦ ʤʝʪʦʜʘʤʠ ʛʣʠʙʦʢʦʛʦ ʥʘʚʯʘʥʥʷ ʧʨʠ ʥʘʷʚʥʦʩʪʽ ʜʦʩʠʪʴ ʚʝʣʠʢʠʭ 

ʤʦʜʝʣʝʡ ʽ ʥʘʙʦʨʽʚ ʧʦʟʥʘʯʝʥʠʭ ʧʨʠʢʣʘʜʽʚ. ɯʥʰʽ ʟʘʚʜʘʥʥʷ, ʷʢʽ ʥʝ ʤʦʞʥʘ ʦʧʠʩʘʪʠ 

ʷʢ ʘʩʦʮʽʶʚʘʥʥʷ ʦʜʥʦʛʦ ʚʝʢʪʦʨʘ ʟ ʽʥʰʠʤ, ʥʘʩʪʽʣʴʢʠ ʚʘʞʢʽ, ʱʦ ʣʶʜʠʥʽ ʧʦʪʨʽʙʝʥ 

ʯʘʩ ʜʣʷ ʾʭ ʚʠʨʽʰʝʥʥʷ, ʽ ʧʦʢʠ ʥʝ ʧʽʜʜʘʶʪʴʩʷ ʛʣʠʙʦʢʦʤʫ ʥʘʚʯʘʥʥʶ. 

     ɻʣʠʙʦʢʽ ʤʝʨʝʞʽ ʧʨʷʤʦʛʦ ʧʦʰʠʨʝʥʥʷ, ʷʢʽ ʥʘʟʠʚʘʶʪʴ ʪʘʢʦʞ ʥʝʡʨʦʥʥʠʤʠ 

ʤʝʨʝʞʘʤʠ ʧʨʷʤʦʛʦ ʧʦʰʠʨʝʥʥʷ, ʘʙʦ ʙʘʛʘʪʦʰʘʨʦʚʠʤʠ ʧʝʨʮʝʧʪʨʦʥʦʤʘ - 

ʥʘʡʪʠʧʦʚʽʰʽ ʧʨʠʢʣʘʜʠ ʤʦʜʝʣʝʡ ʛʣʠʙʦʢʦʛʦ ʥʘʚʯʘʥʥʷ. ʄʝʪʘ ʤʝʨʝʞʽ ʧʨʷʤʦʛʦ 

ʧʦʰʠʨʝʥʥʷ - ʘʧʨʦʢʩʠʤʫʚʘʪʠ ʜʝʷʢʫ ʬʫʥʢʮʽʶ f*. ʅʘʧʨʠʢʣʘʜ, ʚ ʨʘʟʽ 

ʢʣʘʩʠʬʽʢʘʪʦʨʘ y = f * (x) ï ʚʽʜʦʙʨʘʞʝʥʥʷ ʚʭʦʜʫ x ʚ ʢʘʪʝʛʦʨʽʶ y. ʄʝʨʝʞʘ 

ʧʨʷʤʦʛʦ ʧʦʰʠʨʝʥʥʷ ʚʠʟʥʘʯʘʻ ʚʽʜʦʙʨʘʞʝʥʥʷ y = f (x; ɗ) ʽ ʰʣʷʭʦʤ ʥʘʚʯʘʥʥʷ 

ʟʥʘʭʦʜʠʪʴ ʟʥʘʯʝʥʥʷ ʧʘʨʘʤʝʪʨʽʚ ɗ, ʱʦ ʜʘʶʪʴ ʥʘʡʢʨʘʱʫ ʘʧʨʦʢʩʠʤʘʮʽʶ 

     ʉʣʦʚʘ çʧʨʷʤʝ ʧʦʰʠʨʝʥʥʷè ʦʟʥʘʯʘʶʪʴ, ʱʦ ʧʦʰʠʨʝʥʥʷ ʽʥʬʦʨʤʘʮʽʾ 

ʧʦʯʠʥʘʻʪʴʩʷ ʟ x, ʧʨʦʭʦʜʠʪʴ ʯʝʨʝʟ ʧʨʦʤʽʞʥʽ ʦʙʯʠʩʣʝʥʥʷ, ʥʝʦʙʭʽʜʥʽ ʜʣʷ 

ʚʠʟʥʘʯʝʥʥʷ f, ʽ ʟʘʢʽʥʯʫʻʪʴʩʷ ʚʠʭʦʜʦʤ y. ʅʝ ʽʩʥʫʻ ʟʚʦʨʦʪʥʽʭ ʟʚ'ʷʟʢʽʚ, ʟʘ ʷʢʠʤʠ 

ʚʠʭʦʜʠ ʤʦʜʝʣʽ ʧʦʜʘʶʪʴʩʷ ʥʘ ʾʾ ʚʭʽʜ. ʋʟʘʛʘʣʴʥʝʥʽ ʥʝʡʨʦʥʥʽ ʤʝʨʝʞʽ, ʱʦ 

ʚʢʣʶʯʘʶʪʴ ʪʘʢʽ ʟʚʦʨʦʪʥʽ ʟʚ'ʷʟʢʠ, ʥʘʟʠʚʘʶʪʴʩʷ ʨʝʢʫʨʝʥʪʥʠʤʠ[15]. 

     ɼʣʷ ʧʦʯʘʪʢʫ ʨʦʟʛʣʷʥʝʤʦ ʩʭʝʤʫ, ʷʢ ʚʣʘʰʪʦʚʘʥʦ ʧʝʨʮʝʧʪʨʦʥ ï ʥʘʡʧʨʦʩʪʽʰʫ 

ʩʭʝʤʫ ʦʜʥʦʛʦ ʰʪʫʯʥʦʛʦ ʥʝʡʨʦʥʫ ʷʢʫ ʙʫʣʦ ʟʘʧʨʦʧʦʥʦʚʘʥʦ ʱʝ ʚ 50ʭ -60ʭ ʨʦʢʘʭ 

ʤʠʥʫʣʦʛʦ ʩʪʦʨʽʯʯʷ. ʅʘ ʨʠʩʫʥʢʫ 2.1 ʭ1,ʭ2, ʭ3 ï ʧʦʟʥʘʯʘʶʪʴ ʚʭʽʜʥʽ ʜʘʥʽ, ʘ ʥʘ 

ʚʠʭʦʜʽ ʤʠ ʦʪʨʠʤʫʻʤʦ ʻʜʠʥʝ ʟʥʘʯʝʥʥʷ output. 
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ʈʠʩʫʥʦʢ 2.1 ï ʉʭʝʤʘ ʦʜʥʦʛʦ ʰʪʫʯʥʦʛʦ ʥʝʡʨʦʥʫ 

     ɺ ʥʘʚʝʜʝʥʦʤʫ ʚʠʱʝ ʨʠʩʫʥʢʫ ʧʝʨʮʝʧʪʨʦʥ ʤʘʻ ʪʨʠ ʚʭʦʜʠ, ʭ1,ʭ2, ʭ3. ɺ 

ʟʘʛʘʣʴʥʦʤʫ ʚʠʧʘʜʢʫ ʢʽʣʴʢʽʩʪʴ ʚʭʦʜʽʚ ʤʦʞʝ ʙʫʪʠ ʙʫʜʴ-ʷʢʦ.ʁ ʆʙʯʠʩʣʝʥʥʷ 

ʨʝʟʫʣʴʪʘʪʽʚ ʚʚʦʜʠʪʴʩʷ ʟʘ ʜʦʧʦʤʦʛʦʶ ʚʘʛ, w1, w2 ,. . ., ʨʝʘʣʴʥʠʭ ʯʠʩʝʣ, ʱʦ 

ʤʦʞʫʪʴ ʽʥʪʝʨʧʨʝʪʫʚʘʪʠʩʷ ʷʢ ʟʥʘʯʠʤʽʩʪʴ ʚʭʽʜʥʠʭ ʜʘʥʠʭ. ɺʠʭʽʜ ʥʝʡʨʦʥʽʚ, ç0è ʯʠ 

ç1è, ʟʘʣʝʞʠʪʴ ʚʠʜ ʪʦʛʦ, ʯʠ ʟʥʘʯʝʥʥʷ ʚʠʨʘʟʫ Вύὼ  ʧʝʨʝʚʠɦ ʫʻ ʧʦʨʦʛʦʚʝ. ɺ 

ʬʦʨʤʫʣʴʥʦʤʫ ʚʠʛʣʷʜʽ: 

                          έόὸὴόὸ 
π ὭὪ Вύὼ ὸὬὶὩίὬέὰὨ 

ρ ὭὪ Вύὼ   ὸὬὶὩίὬέὰὨ
                          (2.1) 

     ʑʦʙ ʩʧʨʦʩʪʠʪʠ ʩʧʦʩʽʙ ʦʧʠʩʫ ʧʝʨʮʝʧʪʨʦʥʽʚ ʫ ʚʠʨʘʟʽ Вύὼ   ὸὬὶὩίὬέὰὨ 

ʟʘʟʚʠʯʘʡ ʟʘʤʽʥʷʶʪʴ ʟʘʧʠʩ Вύὼ ʪʘʢʠʤ ʯʠʥʦʤ: ύ Ͻὼ  Вύὼ , ʜʝ w ʽ x - 

ʚʝʢʪʦʨʠ, ʚʘʛ ʽ ʚʭʦʜʽʚ ʚʽʜʧʦʚʽʜʥʦ. ʊʘʢʦʞ ʟʘʟʚʠʯʘʡ ʟʥʘʯʝʥʥʷ ʧʦʨʦʛʫ ʧʝʨʝʥʦʩ̫ ʪʴ 

ʚ ʽʥʰʫ ʩʪʦʨʦʥʫ ʥʝʨʽʚʥʦʩʪʽ ʽ ʟʘʤʽʥʷʶʪʴ ʾʾ ʥʘ ʟʤʽʱʝʥʥʷ ʧʝʨʮʝʧʪʨʦʥʫ, b ſ - 

ὸὬὶὩίὬέὰὨ . ɿ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʟʤʽʱʝʥʥʷ, ʘ ʥʝ ʧʦʨʦʛʫ, ʬʦʨʤʫʣʘ (2.1) ʥʘʙʫʚʘʻ 

ʚʠʜʫ: 

                                 έόὸὴόὸ 
π ὭὪ ύ Ͻὼ ὦ π 

ρ ὭὪ ύ Ͻὼ ὦ π
                                  (2.2) 

     ʊʘʢʦʞ ʩʫʯʘʩʥʽ ʥʝʡʨʦʥʠ ʟʘʤʽʩʪʴ ʪʦʛʦ, ʱʦʙ ʥʘʙʫʚʘʪʠ ʥʘ ʚʠʭʦʜʽ ʣʠʰʝ  

ʟʥʘʯʝʥʥʷ 0 ʘʙʦ 1, ʟʘʤʽʥʶʶʪʴ ʧʦʨʦʛʦʚʫ ʬʫʥʢʮʽʶ ʥʘ ʽʥʰʽ ʪʘʢ ʟʚʘʥʽ ʬʫʥʢʮʽʾ 

ʘʢʪʠʚʘʮʽʾ. ʆʜʥʠʤ ʟ ʧʨʠʢʣʘʜʽʚ ʻ ʬʫʥʢʮʽʷ ʩʠʛʤʦʾʜʫ. ʈʦʟʨʘʭʫʥʦʢ ʚʠʭʦʜʫ 

ʦʪʨʠʤʫʻʪʴʩʷ ʟʘ ʪʘʢʦʶ ʬʦʨʤʫʣʦʶ ů(wx + b), ʜʝ ů ʥʘʟʠʚʘʻʪʴʩʷ ʩʠʛʤʦʧʦʜʽʙʥʦʶ 

ʬʫʥʢʮʽʻʶ, ʽ ʚʠʟʥʘʯʘʻʪʴʩʷ: 

                                                                     ʎÚḳ                                            (2.3) 
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     ʗʢʱʦ ʟʘʤʽʩʪʴ Z ʧʽʜʩʪʘʚʠʪʠ ʦʪʨʠʤʘʥʠʡ ʚʠʨʘʟ ʜʣʷ ʚʭʦʜʽʚ ʭ1, ʭ2, ʭ3, é ʽ 

ʟʥʘʯʝʥʴ ʚʘʛʠ w1, w2 , ... ʦʪʨʠʤʘʻʤʦ: 

                                                                   ʎÚḳ 
 

                                     (2.4)     

     ɺʠʢʦʨʠʩʪʘʥʥʷ ʥʘ ʚʠʭʦʜʽ ʬʫʥʢʮʽʾ ʧʦ ʪʠʧʫ ʩʠʛʤʦʾʜʘ ʜʘʻ ʤʦʞʣʠʚʽʩʪʴ ʟʛʣʘʜʠʪʠ 

ʟʥʘʯʝʥʥʷ ʚʠʭʦʜʫ, ʜʣʷ ʪʦʛʦ ʱʦʙ ʧʨʠ ʥʘʚʯʘʥʥʽ ʥʝʡʨʦʥʥʦʾ ʤʝʨʝʞʽ ʥʝʚʝʣʠʢʘ ʟʤʽʥʘ 

ʚʝʢʪʦʨʫ ʟʤʽʱʝʥʥʷ ʘʙʦ ʚʘʛ ʥʝ ʪʘʢ ʩʠʣʴʥʦ ʚʧʣʠʚʘʣʘ ʥʘ ʚʠʭʽʜ. ɿʘʚʜʷʢʠ ʮʴʦʤʫ 

ʪʨʝʥʫʚʘʥʥʷ ʥʝʡʨʦʥʥʦʾ ʤʝʨʝʞʽ ʜʘʻ ʢʨʘʱʽ ʨʝʟʫʣʴʪʘʪʠ[15]. ɼʣʷ ʧʦʨʽʚʥʷʥʥ ̫

ʛʨʘʬʽʢʠ ʩʠʛʤʦʾʜʠ ʽ ʬʫʥʢʮʽʾ ʢʨʦʢʫ ʧʨʝʜʩʪʘʚʣʝʥʦ ʥʠʞʯʝ ʥʘ ʨʠʩʫʥʢʘʭ 2.2 ʽ 2.3. 

ʈʠʩʫʥʦʢ 2.2 ï ʉʠʛʤʦʾʜʘʣʴʥʘ ʬʫʥʢʮʽʷ                  ʈʠʩʫʥʦʢ 2.3 ï ʌʫʥʢʮʽʷ ʢʨʦʢʫ 

      

     ɼʣʷ ʧʦʙʫʜʦʚʠ ʥʝʡʨʦʥʥʦʾ ʤʝʨʝʞʽ, ʦʢʨʝʤʽ ʥʝʡʨʦʥʠ ʦʙôʻʜʥʫʶʪʴ ʚ ʰʘʨʠ 

ʥʝʡʨʦʥʽʚ, ʮʽ ʰʘʨʠ ʨʦʟʤʽʱʫʶʪʴ ʧʦʩʣʽʜʦʚʥʦ ʦʜʠʥ ʟʘ ʦʜʥʠʤ. ʂʨʘʡʥʽʡ ʣʽʚʠʡ ʰʘʨ 

ʫ ʮʽʡ ʤʝʨʝʞʽ ʥʘʟʠʚʘʻʪʴʩʷ ʚʭʽʜʥʠʤ ʰʘʨʦʤ, ʘ ʥʝʡʨʦʥʠ ʚʩʝʨʝʜʠʥʽ ʰʘʨʫ 

ʥʘʟʠʚʘʶʪʴʩʷ ʚʭʽʜʥʠʤʠ ʥʝʡʨʦʥʘʤʠ. ʂʨʘʡʥʽʡ ʧʨʘʚʠʡ ʚʠʭʽʜʥʠʡ ʰʘʨ ʤʽʩʪʠʪʴ 

ʚʠʭʽʜʥʽ ʥʝʡʨʦʥʠ. ʉʝʨʝʜʥʽʡ ʰʘʨ ʥʘʟʠʚʘʻʪʴʩʷ ʧʨʠʭʦʚʘʥʠʤ ʰʘʨʦʤ, ʦʩʢʽʣʴʢʠ 

ʥʝʡʨʦʥʠ ʚ ʮʴʦʤʫ ʰʘʨʽ ʥʝ ʻ ʥʽ ʚʭʦʜʘʤʠ, ʥʽ ʚʠʭʦʜʘʤʠ ʤʝʨʝʞʽ. ʉʭʝʤʫ ʥʝʡʨʦʥʥʦʾ 

ʤʝʨʝʞʽ ʽʣʶʩʪʨʫʻ ʨʠʩʫʥʦʢ 2.4. ʅʘ ʮʴʦʤʫ ʧʨʠʢʣʘʜʽ ʤʝʨʝʞʘ ʤʘʻ 2 ʧʨʠʭʦʚʘʥʽ ʰʘʨʠ 

ʽ ʣʠʰʝ ʦʜʠʥ ʥʝʡʨʦʥ ʥʘ ʚʠʭʦʜʽ 
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ʈʠʩʫʥʦʢ 2.4 ï ɿʘʛʘʣʴʥʘ ʩʭʝʤʘ ʥʝʡʨʦʥʥʦʾ ʤʝʨʝʞʽ 

     ɻʣʠʙʦʢʠʤʠ ʥʝʡʨʦʥʥʠʤʠ ʤʝʨʝʞʘʤʠ ʥʘʟʠʚʘʶʪʴ ʪʽ, ʷʢʽ ʤʘʶʪʴ 2 ʘʙʦ ʙʽʣʴʰʝ 

ʧʨʠʭʦʚʘʥʠʭ ʰʘʨʽʚ. ʂʦʞʝʥ ʟ ʮʠʭ ʰʘʨʽʚ ʤʦʞʝ ʤʘʪʠ ʜʦʚʽʣʴʥʫ ʢʽʣʴʢʽʩʪʴ ʥʝʡʨʦʥʽʚ 

ʽ ʥʘ ʚʠʭʦʜʽ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʨʽʟʥʽ ʬʫʥʢʮʽʾ ʘʢʪʠʚʘʮʽʾ. ɼʦ ʪʦʛʦ ʞ ʢʨʽʤ ʟʚʠʯʘʡʥʠʭ  

ʮʽʣʴʥʦʟʚôʷʟʘʥʠʭ ʰʘʨʽʚ ʽʩʥʫʻ ʚʝʣʠʢʘ ʢʽʣʴʢʽʩʪʴ ʽʥʰʠʭ, ʪʘʢʠʭ ʷʢ ʟʛʦʨʪʢʦʚʽ, 

ʨʝʢʫʨʝʥʪʥʽ, ʚʽʜʩʽʶʚʘʥʥʷ ʪʦʱʦ. ɹʫʜʫʚʘʥʥʷ ʘʨʭʽʪʝʢʪʫʨʠ ʥʝʡʨʦʥʥʦʾ ʤʝʨʝʞʽ 

ʜʦʩʠʪʴ ʩʢʣʘʜʥʘ ʟʘʜʘʯʘ, ʙʦ ʪʨʝʙʘ ʨʦʟʫʤʽʪʠ ʟʘ ʜʦʧʦʤʦʛʦʶ ʷʢʠʭ ʰʘʨʽʚ ʙʫʜʝ ʢʨʘʱʝ 

ʧʨʝʜʩʪʘʚʠʪʠ ʚʭʽʜʥʽ ʜʘʥʽ, ʱʦʙ ʨʝʟʫʣʴʪʘʪ ʦʪʨʠʤʘʥʠʡ ʥʘ ʚʠʭʦʜʽ ʙʫʚ ʟʘʜʦʚʽʣʴʥʠʤ. 

     ɯʥʰʠʤ ʚʘʞʣʠʚʠʤ ʘʩʧʝʢʪʦʤ ʥʝʡʨʦʥʥʠʭ ʤʝʨʝʞ ʻ ʪʝ, ʷʢʠʤ ʯʠʥʦʤ ʚʽʜʙʫʚʘʻʪʴʩʷ 

ʾʭ ʪʨʝʥʫʚʘʥʥʷ, ʘ ʩʘʤʝ ʟʤʽʥʘ ʚʝʢʪʦʨʽʚ ʚʘʛʠ ʪʘʢʠʤ ʯʠʥʦʤ, ʱʦʙ ʚʠʭʽʜ ʤʝʨʝʞʽ 

ʩʧʽʚʧʘʜʘʚ ʟ ʥʝʦʙʭʽʜʥʠʤ ʨʝʟʫʣʴʪʘʪʦʤ. ɼʣʷ ʮʴʦʛʦ ʚʚʦʜʷʪʴ ʧʦʥʷʪʪʷ ʬʫʥʢʮʽʾ 

ʧʦʤʠʣʢʠ, ʷʢʘ ʧʦʢʘʟʫʻ ʷʢ ʚʽʜʨʽʟʥʷʻʪʴʩʷ ʦʪʨʠʤʘʥʠʡ ʨʝʟʫʣʴʪʘʪ ʚʽʜ ʝʪʘʣʦʥʥʦʛʦ. 

ɼʣʷ ʥʘʚʯʘʥʥʷ ʥʝʡʨʦʥʥʦʾ ʤʝʨʝʞʽ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʘʣʛʦʨʠʪʤ ʟʚʦʨʦʪʥʴʦʛʦ 

ʧʦʰʠʨʝʥʥʷ, ʷʢʠʡ ʩʢʣʘʜʘʻʪʴʩʷ ʟ ʪʘʢʠʭ ʢʨʦʢʽʚ[16]: 

     1.ʅʘ ʚʭʽʜʥʠʡ ʰʘʨ ʧʦʜʘʶʪʴʩʷ ʜʘʥʽ ʜʣʷ ʥʘʚʯʘʥʥʷ. 

     2.ʇʦʩʣʽʜʦʚʥʦ ʜʣʷ ʢʦʞʥʦʛʦ ʰʘʨʫ ʦʙʨʘʭʦʚʫʻʪʴʩʷ ʟʥʘʯʝʥʥʷ ʡʦʛʦ ʚʠʭʦʜʫ ʽ 

ʟʘʩʪʦʩʦʚʫʻʪʴʩʷ ʬʫʥʢʮʽʷ ʘʢʪʠʚʘʮʽʾ. 

     3. ʆʙʨʘʭʦʚʫʻʪʴʩʷ ʟʥʘʯʝʥʥʷ ʧʦʤʠʣʢʠ ʥʘ ʚʠʭʦʜʽ, 



26 
 

     4.ɺ ʟʚʦʨʦʪʥʽʡ ʧʦʩʣʽʜʦʚʥʦʩʪʽ ʜʣʷ ʢʦʞʥʦʛʦ ʰʘʨʫ ʦʙʯʠʩʣʶʻʪʴʩʷ ʟʥʘʯʝʥʥʷ 

ʧʦʤʠʣʢʠ ʽ ʛʨʘʜʽʻʥʪ ʥʘ ʷʢʠʡ ʟʤʽʥʶʻʪʴʩʷ ʚʝʢʪʦʨ ʚʘʛʠ. 

     2.2 ʈʝʢʫʨʝʥʪʥʽ ʥʝʡʨʦʥʥʽ ʤʝʨʝʞʽ 

     ʈʝʢʫʨʝʥʪʥʽ ʥʝʡʨʦʥʥʽ ʤʝʨʝʞʽ, ʘʙʦ ʈʅʄ - ʮʝ ʩʽʤʝʡʩʪʚʦ ʥʝʡʨʦʥʥʠʭ ʤʝʨʝʞ ʜʣʷ 

ʦʙʨʦʙʢʠ ʧʦʩʣʽʜʦʚʥʠʭ ʜʘʥʠʭ x (1), ..., x (Ű). ʈʝʢʫʨʝʥʪʥʘ ʤʝʨʝʞʘ ʤʘʩʰʪʘʙʫʻʪʴʩʷ 

ʥʘ ʥʘʙʘʛʘʪʦ ʜʦʚʰʽ ʧʦʩʣʽʜʦʚʥʦʩʪʽ, ʥʽʞ ʥʝʩʧʝʮʽʘʣʽʟʦʚʘʥʽ ʥʝʡʨʦʥʥʽ ʤʝʨʝʞʽ. 

ɹʽʣʴʰʽʩʪʴ ʨʝʢʫʨʝʥʪʥʠʭ ʤʝʨʝʞ ʟʜʘʪʥʘ ʪʘʢʦʞ ʦʙʨʦʙʣʷʪʠ ʧʦʩʣʽʜʦʚʥʦʩʪʽ ʟʤʽʥʥʦʾ 

ʜʦʚʞʠʥʠ. 

     ɼʣʷ ʧʝʨʝʭʦʜʫ ʚʽʜ ʙʘʛʘʪʦʰʘʨʦʚʠʭ ʤʝʨʝʞ ʜʦ ʨʝʢʫʨʝʥʪʥʠʭ ʩʢʦʨʠʩʪʘʻʤʦʩʷ 

ʦʜʥʽʻʶ ʟ ʨʘʥʥʽʭ ʽʜʝʡ ʤʘʰʠʥʥʦʛʦ ʥʘʚʯʘʥʥʷ ʽ ʩʪʘʪʠʩʪʠʯʥʦʛʦ ʤʦʜʝʣʶʚʘʥʥʷ: ʧʦʜʽʣ 

ʧʘʨʘʤʝʪʨʽʚ ʤʽʞ ʨʽʟʥʠʤʠ ʯʘʩʪʠʥʘʤʠ ʤʦʜʝʣʽ. ʇʦʜʽʣ ʧʘʨʘʤʝʪʨʽʚ ʜʦʟʚʦʣʷʻ 

ʟʘʩʪʦʩʫʚʘʪʠ ʤʦʜʝʣʴ ʜʦ ʧʨʠʢʣʘʜʽʚ ʨʽʟʥʦʾ ʬʦʨʤʠ (ʚ ʜʘʥʦʤʫ ʚʠʧʘʜʢʫ - ʜʦʚʞʠʥʠ) ʽ 

ʚʠʢʦʥʘʪʠ ʜʣʷ ʥʠʭ ʫʟʘʛʘʣʴʥʝʥʥʷ. ʗʢʙʠ ʜʣʷ ʢʦʞʥʦʛʦ ʪʠʤʯʘʩʦʚʦʛʦ ʽʥʜʝʢʩʫ ʙʫʣʠ 

ʦʢʨʝʤʽ ʧʘʨʘʤʝʪʨʠ, ʪʦ ʤʠ ʥʝ ʟʤʦʛʣʠ ʙ ʥʽ ʫʟʘʛʘʣʴʥʠʪʠ ʤʦʜʝʣʴ ʥʘ ʜʦʚʞʠʥʠ 

ʧʦʩʣʽʜʦʚʥʦʩʪʝʡ, ʱʦ ʥʝ ʟʫʩʪʨʽʯʘʣʠʩʷ ʥʘ ʝʪʘʧʽ ʥʘʚʯʘʥʥʷ, ʥʽ ʨʦʟʧʦʚʩʶʜʠʪʠ 

ʩʪʘʪʠʩʪʠʯʥʫ ʩʠʣʫ ʥʘ ʧʦʩʣʽʜʦʚʥʦʩʪʽ ʨʽʟʥʦʾ ʜʦʚʞʠʥʠ ʽ ʥʘ ʨʽʟʥʽ ʤʦʤʝʥʪʽ ʯʘʩʫ. 

ʊʘʢʠʡ ʧʦʜʽʣ ʦʩʦʙʣʠʚʦ ʚʘʞʣʠʚʦ, ʷʢʱʦ ʜʝʷʢʘ ʯʘʩʪʠʥʘ ʽʥʬʦʨʤʘʮʽʾ ʤʦʞʝ 

ʟʫʩʪʨʽʯʘʪʠʩʷ ʚ ʜʝʢʽʣʴʢʦʭ ʤʽʩʮʷʭ ʧʦʩʣʽʜʦʚʥʦʩʪʽ, ʱʦ ʭʘʨʘʢʪʝʨʥʦ ʜʣʷ ʪʝʩʪʦʚʠʭ 

ʧʦʩʣʽʜʦʚʥʦʩʪʝʡ. 

     ɺ ʨʝʢʫʨʝʥʪʥʠʭ ʥʝʡʨʦʥʥʠʭ ʤʝʨʝʞʘʭ ʥʘ ʚʽʜʤʽʥʫ ʚʽʜ ʟʚʠʯʘʡʥʠʭ ʽʥʬʦʨʤʘʮʽʷ 

ʧʝʨʝʜʘʻʪʴʩʷ ʥʝ ʪʽʣʴʢʠ ʧʦʩʣʽʜʦʚʥʦ ʚʽʜ ʦʜʥʦʛʦ ʰʘʨʫ ʜʦ ʽʥʰʦʛʦ, ʘ ʱʝ ʡ 

ʧʦʰʠʨʶʻʪʴʩʷ ʤʽʞ ʥʝʡʨʦʥʘʤʠ ʦʜʥʦʛʦ ʰʘʨʫ. ʊʘʢʠʤ ʯʠʥʦʤ ʚ ʤʝʨʝʞʽ ʨʝʘʣʽʟʫʻʪʴʩʷ 

çʧʘʤ'ʷʪʴè. ʎʝ ʟʤʽʥʶʻ ʭʘʨʘʢʪʝʨ ʾʾ ʨʦʙʦʪʠ ʪʘʢʠʤ ʯʠʥʦʤ, ʱʦ ʟôʷʚʣʷʻʪʴʩʷ 

ʤʦʞʣʠʚʽʩʪʴ ʘʥʘʣʽʟʫʚʘʪʠ ʧʦʩʣʽʜʦʚʥʦʩʪʽ  ʙʫʜʴ-ʷʢʠʭ ʜʘʥʠʭ, ʜʣʷ ʷʢʠʭ ʻ ʚʘʞʣʠʚʠʤ 

ʧʦʨʷʜʦʢ[2]. ʅʘ ʨʠʩʫʥʢʫ 2.5 ʤʦʞʥʘ ʙʘʯʠʪʠ, ʱʦ ʥʘ ʢʦʞʥʦʤʫ ʮʠʢʣʽ ʨʦʙʦʪʠ 

ʚʥʫʪʨʽʰʥʽʡ ʰʘʨ ʥʝʡʨʦʥʽʚ ʦʪʨʠʤʫʻ ʥʘʙʽʨ ʚʭʽʜʥʠʭ ʜʘʥʠʭ ʍ ʽ ʽʥʬʦʨʤʘʮʽʶ ʧʦ 

ʧʦʧʝʨʝʜʥʴʦʤʫ ʩʪʘʥʽ ʚʥʫʪʨʽʰʥʴʦʛʦ ʰʘʨʫ ɸ, ʥʘ ʧʽʜʩʪʘʚʽ ʯʦʛʦ ʛʝʥʝʨʫʻ ʚʽʜʧʦʚʽʜʴ 

h. 
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ʈʠʩʫʥʦʢ 2.5 ï ʉʭʝʤʘ ʦʜʥʦʰʘʨʦʚʦʾ ʨʝʢʫʨʝʥʪʥʦʾ ʥʝʡʨʦʥʥʦʾ ʤʝʨʝʞʽ 

     ʆʙʯʠʩʣʝʥʥʷ ʚ ʙʽʣʴʰʦʩʪʽ ʈʅʄ ʤʦʞʥʘ ʨʦʟʢʣʘʩʪʠ ʥʘ ʪʨʠ ʙʣʦʢʠ ʧʘʨʘʤʝʪʨʽʚ ʽ 

ʘʩʦʮʽʡʦʚʘʥʽ ʟ ʥʠʤʠ ʧʝʨʝʪʚʦʨʝʥʥʷʤʠ: 

     1) ʽʟ ʚʭʦʜʫ ʚ ʧʨʠʭʦʚʘʥʝ ʩʪʘʥ; 

     2) ʟ ʧʦʧʝʨʝʜʥʴʦʛʦ ʧʨʠʭʦʚʘʥʦʛʦ ʩʪʘʥʫ ʚ ʥʘʩʪʫʧʥʝ; 

     3) ʟ ʧʨʠʭʦʚʘʥʦʛʦ ʩʪʘʥʫ ʚ ʚʠʭʽʜ. 

     ɿ ʦʛʣʷʜʫ ʥʘ ʮʽ ʧʝʨʝʪʚʦʨʝʥʥʷ ʛʣʠʙʦʢʫ ʨʝʢʫʨʝʥʪʥʫ ʥʝʡʨʦʥʥʫ ʤʝʨʝʞʫ ʤʦʞʥʘ 

ʟʨʦʙʠʪʠ ʛʣʠʙʦʢʦʾ ʨʽʟʥʠʤʠ ʩʧʦʩʦʙʘʤʠ. ʅʘ ʨʠʩʫʥʢʫ 2.6 ʧʨʠʚʝʜʝʥʦ ʩʭʝʤʠ ʨʽʟʥʠʭ 

ʚʘʨʽʘʮʽʡ ʛʣʠʙʦʢʠʭ ʥʝʡʨʦʥʥʠʭ ʤʝʨʝʞ. ʅʘ ʨʠʩʫʥʢʫ 2.6(A) ʧʦʢʘʟʘʥʦ, ʷʢ 

ʧʨʠʭʦʚʘʥʠʡ ʨʝʢʫʨʝʥʪʥʠʡ ʩʪʘʥ ʤʦʞʥʘ ʨʦʟʜʽʣʠʪʠ ʥʘ ʽʻʨʘʨʭʽʯʥʦ ʦʨʛʘʥʽʟʦʚʘʥʽ 

ʛʨʫʧʠ. ʅʘ ʨʠʩʫʥʢʫ 2.6(B) ʤ̔ ʞ ʚʭʦʜʦʤ ʽ ʧʨʠʭʦʚʘʥʠʤ ʩʪʘʥʦʤ, ʤʽʞ ʜʚʦʤʘ 

ʧʨʠʭʦʚʘʥʠʤʠ ʨʽʚʥʷʤʠ ʧʨʠʭʦʚʘʥʦʛʦ ʩʪʘʥʫ ʽ ʤʽʞ ʧʨʠʭʦʚʘʥʠʤ ʩʪʘʥʦʤ ʽ ʚʠʭʦʜʦʤ 

ʤʦʞʥʘ ʧʦʤʽʩʪʠʪʠ ʛʣʠʙʰʝ ʦʙʯʠʩʣʝʥʥʷ. ʎʝ ʤʦʞʝ ʧʦʜʦʚʞʠʪʠ ʥʘʡʢʦʨʦʪʰʠʡ 

ʰʣʷʭ, ʱʦ ʟ'ʻʜʥʫʻ ʨʽʟʥʽ ʯʘʩʦʚʽ ʢʨʦʢʠ. ʅʘ ʨʠʩʫʥʢʫ 2.6(C) ʧʦʢʘʟʘʥʦ ʷʢ ʝʬʝʢʪ 

ʧʦʜʦʚʞʝʥʥʷ ʰʣʷʭʫ ʤʦʞʥʘ ʟʛʣʘʜʠʪʠ ʰʣʷʭʦʤ ʜʦʜʘʚʘʥʥʷ ʧʨʷʤʠʭ ʟʚ'ʷʟʢʽʚ ʚ 

ʤʝʨʝʞʽ. 
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ʈʠʩʫʥʦʢ 2.6 ï ʇʨʠʢʣʘʜʠ ʛʣʠʙʦʢʠʭ RNN 

     ʇʨʦʪʝ ʚ ʢʣʘʩʠʯʥʠʭ ʨʝʢʫʨʝʥʪʥʠʭ ʤʝʨʝʞʘʭ ʚʠʥʠʢʘʻ ʧʨʦʙʣʝʤʘ ʥʘʚʯʘʥʥʷ 

ʜʦʚʛʦʩʪʨʦʢʦʚʠʭ ʟʘʣʝʞʥʦʩʪʝʡ. ʆʩʥʦʚʥʘ ʩʢʣʘʜʥʽʩʪʴ ʧʦʣʷʛʘʻ ʚ ʪʦʤʫ, ʱʦ 

ʛʨʘʜʽʻʥʪʠ, ʱʦ ʧʦʰʠʨʶʶʪʴʩʷ ʯʝʨʝʟ ʙʘʛʘʪʦ ʰʘʨʽʚ, ʘʙʦ ʟʥʠʢʘʶʪʴ (ʚ ʙʽʣʴʰʦʩʪʽ 

ʚʠʧʘʜʢʽʚ), ʘʙʦ ʧʦʯʠʥʘʶʪʴ ʚʠʙʫʭʦʚʦ ʨʦʩʪʠ (ʨʽʜʢʦ, ʘʣʝ ʟ ʚʝʣʠʢʦʶ ʚʪʨʘʪʦʶ ʜʣʷ 

ʦʧʪʠʤʽʟʘʮʽʾ). ʅʘʚʽʪʴ ʷʢʱʦ ʧʨʠʧʫʩʪʠʪʠ, ʱʦ ʧʨʠ ʟʘʜʘʥʠʭ ʧʘʨʘʤʝʪʨʘʭ ʨʝʢʫʨʝʥʪʥʘ 

ʤʝʨʝʞʘ ʩʪʽʡʢʘ (ʤʦʞʝ ʟʙʝʨʽʛʘʪʠ ʩʧʦʛʘʜʠ ʙʝʟ ʚʠʙʫʭʦʚʦʛʦ ʟʨʦʩʪʘʥʥʷ ʛʨʘʜʽʻʥʪʽʚ), 

ʚʩʝ ʦʜʥʦ ʟʘʣʠʰʘʻʪʴʩʷ ʧʨʦʙʣʝʤʘ ʧʨʠʟʥʘʯʝʥʥʷ ʜʦʚʛʦʩʪʨʦʢʦʚʠʤ ʟʘʣʝʞʥʦʩʪʷʤ 

ʝʢʩʧʦʥʝʥʮʽʘʣʴʥʦ ʤʝʥʰʠʭ ʚʘʛ, ʥʽʞ ʢʦʨʦʪʢʦʩʪʨʦʢʦʚʠʤ[15]. 

 

     2.3 ʄʝʨʝʞʽ  ʜʦʚʛʦʩʪʨʦʢʦʚʦʾ/ʢʦʨʦʪʢʦʩʪʨʦʢʦʚʦʾ ʧʘʤ'ʷʪʽ 

     ʇʨʦʙʣʝʤʘ ʟʥʠʢʘʶʯʦʛʦ ʽ ʚʠʙʫʭʦʚʦʛʦ ʛʨʘʜʽʻʥʪʘ ʜʣʷ ʈʅʄ ʙʫʣʘ ʥʝʟʘʣʝʞʥʦ 

ʚʠʷʚʣʝʥʘ ʜʝʢʽʣʴʢʦʤʘ ʜʦʩʣʽʜʥʠʢʘʤʠ. ʄʦʞʥʘ ʙʫʣʦ ʙ ʩʧʦʜʽʚʘʪʠʩʷ ʫʥʠʢʥʫʪʠ ʾʾ, 

ʧʨʦʩʪʦ ʟʘʣʠʰʘʶʯʠʩʴ ʚ ʦʙʣʘʩʪʽ ʧʨʦʩʪʦʨʫ ʧʘʨʘʤʝʪʨʽʚ, ʜʝ ʛʨʘʜʽʻʥʪʠ ʥʝ ʟʥʠʢʘʶʪʴ 

ʽ ʥʝ ʨʦʩʪʫʪʴ ʚʠʙʫʭʦʚʦ. ʅʘ ʞʘʣʴ, ʜʣʷ ʟʙʝʨʽʛʘʥʥʷ çʩʧʦʛʘʜʽʚè ʩʧʦʩʦʙʦʤ, ʩʪʽʡʢʠʤ 
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ʜʦ ʤʘʣʠʭ ʟʙʫʨʝʥʴ, ʈʅʄ ʧʦʚʠʥʥʘ ʫʚʽʡʪʠ ʚ ʦʙʣʘʩʪʴ ʧʨʦʩʪʦʨʫ ʧʘʨʘʤʝʪʨʽʚ, ʜʝ 

ʛʨʘʜʽʻʥʪʠ ʟʥʠʢʘʶʪʴ. ʊʦʯʥʽʰʝ ʢʘʞʫʯʠ, ʷʢʱʦ ʤʦʜʝʣʴ ʟʜʘʪʥʘ ʫʷʚʠʪʠ 

ʜʦʚʛʦʩʪʨʦʢʦʚʽ ʟʘʣʝʞʥʦʩʪʽ, ʪʦ ʘʙʩʦʣʶʪʥʘ ʚʝʣʠʯʠʥʘ ʛʨʘʜʽʻʥʪʘ ʜʦʚʛʦʩʪʨʦʢʦʚʦʾ 

ʚʟʘʻʤʦʜʽʾ ʝʢʩʧʦʥʝʥʮʽʘʣʴʥʦ ʤʝʥʰʝ, ʥʽʞ ʢʦʨʦʪʢʦʩʪʨʦʢʦʚʦʛʦ. ʎʝ ʥʝ ʦʟʥʘʯʘʻ, ʱʦ 

ʤʝʨʝʞʫ ʚʟʘʛʘʣʽ ʥʝʤʦʞʣʠʚʦ ʥʘʚʯʠʪʠ, ʧʨʦʩʪʦ ʥʘʚʯʘʥʥʷ ʜʦʚʛʦʩʪʨʦʢʦʚʠʭ 

ʟʘʣʝʞʥʦʩʪʝʡ ʤʦʞʝ ʟʘʡʥʷʪʠ ʜʫʞʝ ʙʘʛʘʪʦ ʯʘʩʫ, ʪʦʤʫ ʱʦ ʩʠʛʥʘʣ ʧʨʦ ʮʽ ʟʘʣʝʞʥʦʩʪʽ 

ʙʫʜʝ ʟʘʤʘʩʢʦʚʘʥʠʡ ʥʘʡʜʨʽʙʥʽʰʠʤʠ ʬʣʫʢʪʫʘʮʽʷʤʠ, ʱʦ ʚʠʥʠʢʘʶʪʴ ʯʝʨʝʟ 

ʢʦʨʦʪʢʦʩʪʨʦʢʦʚʽ ʟʘʣʝʞʥʦʩʪʽ. ɽʢʩʧʝʨʠʤʝʥʪʠ, ʦʧʠʩʘʥʽ ʚ ʨʦʙʦʪʽ Bengio et al. 

(1994), ʧʦʢʘʟʫʶʪʴ, ʱʦ ʥʘ ʧʨʘʢʪʠʮʽ ʧʨʠ ʟʙʽʣʴʰʝʥʽ ʧʨʦʪʷʞʥʦʩʪʽ ʟʘʣʝʞʥʦʩʪʝʡ, ʷʢʽ 

ʧʦʪʨʽʙʥʦ ʟʘʧʘʤ'ʷʪʦʚʫʚʘʪʠ, ʛʨʘʜʽʻʥʪʥʘ ʦʧʪʠʤʽʟʘʮʽʷ ʩʪʘʻ ʚʩʝ ʚʘʞʯʦʶ, ʽ 

ʡʤʦʚʽʨʥʽʩʪʴ ʫʩʧʽʰʥʦ ʥʘʚʯʠʪʠ ʪʨʘʜʠʮʽʡʥʫ ʈʅʄ ʤʝʪʦʜʦʤ ʩʪʦʭʘʩʪʠʯʥʦʛʦ 

ʛʨʘʜʽʻʥʪʥʦʛʦ ʩʧʫʩʢʫ ʰʚʠʜʢʦ ʩʧʘʜʘʻ ʜʦ 0, ʢʦʣʠ ʜʦʚʞʠʥʘ ʧʦʩʣʽʜʦʚʥʦʩʪʝʡ 

ʜʦʨʽʚʥʶʻ ʚʩʴʦʛʦ 10 ʘʙʦ 20. 

     ɼʣʷ ʚʠʨʽʰʝʥʥʷ ʮʽʻʾ ʧʨʦʙʣʝʤʠ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʚʝʥʪʠʣʴʥʽ ʈʅʄ, ʷʢʽ 

ʟʘʩʥʦʚʘʥʽ ʥʘ ʽʜʝʾ ʧʨʦʢʣʘʜʘʥʥʷ ʪʘʢʠʭ ʰʣʷʭʽʚ ʢʨʽʟʴ ʯʘʩ, ʥʘ ʷʢʠʭ ʧʦʭʽʜʥʽ ʥʝ 

ʦʙʥʫʣʷʶʪʴʩʷ ʽ ʥʝ ʩʧʨʷʤʦʚʫʶʪʴʩʷ ʨʽʟʢʦ ʚʛʦʨʫ. ɺʝʥʪʠʣʴʥʽ ʈʅʄ ʫʟʘʛʘʣʴʥʶʶʪʴ 

ʽʜʝʶ ʙʣʦʢʽʚ ʟ ʚʠʪʦʢʦʤ ʥʘ ʚʘʛʠ ʟʚ'ʷʟʢʽʚ, ʷʢʽ ʤʦʞʫʪʴ ʟʤʽʥʶʚʘʪʠʩʷ ʥʘ ʢʦʞʥʦʤʫ 

ʯʘʩʦʚʦʤʫ ʢʨʦʮʽ[15]. 

     ɹʣʦʢʠ ʟ ʚʠʪʦʢʦʤ ʜʦʟʚʦʣʷʶʪʴ ʤʝʨʝʞʽ ʥʘʢʦʧʠʯʫʚʘʪʠ ʽʥʬʦʨʤʘʮʽʶ (ʥʘʧʨʠʢʣʘʜ, 

ʩʚʽʜʦʮʪʚʘ ʥʘ ʢʦʨʠʩʪʴ ʢʦʥʢʨʝʪʥʦʾ ʦʟʥʘʢʠ ʘʙʦ ʢʘʪʝʛʦʨʽʾ) ʧʨʦʪʷʛʦʤ ʪʨʠʚʘʣʦʛʦ 

ʯʘʩʫ. ɸʣʝ ʽʥʦʜʽ ʢʦʨʠʩʥʦ, ʱʦʙ ʧʽʩʣʷ ʚʠʢʦʨʠʩʪʘʥʥʷ ʮʽʻʾ ʽʥʬʦʨʤʘʮʽʾ ʥʝʡʨʦʥʥʘ 

ʤʝʨʝʞʘ ʟʘʙʫʣʘ ʩʪʘʨʠʡ ʩʪʘʥ. ʅʘʧʨʠʢʣʘʜ, ʷʢʱʦ ʧʦʩʣʽʜʦʚʥʽʩʪʴ ʩʢʣʘʜʘʻʪʴʩʷ ʟ ʧʽʜ-

ʧʦʩʣʽʜʦʚʥʦʩʪʝʡ ʽ ʤʠ ʭʦʯʝʤʦ, ʱʦʙ ʙʣʦʢ ʟ ʚʠʪʦʢʦʤ ʥʘʢʦʧʠʯʫʚʘʚ ʩʚʽʜʦʮʪʚʘ 

ʚʩʝʨʝʜʠʥʽ ʢʦʞʥʦʾ ʧʽʜʧʦʩʣʽʜʦʚʥʦʩʪʽ, ʪʦ ʥʝʦʙʭʽʜʥʠʡ ʤʝʭʘʥʽʟʤ ʟʘʙʫʚʘʥʥʷ ʩʪʘʨʦʛʦ 

ʩʪʘʥʫ - ʩʢʠʜʘʥʥʷ ʡʦʛʦ ʚ ʥʫʣʴ. ɯ ʜʦʙʨʝ ʙ, ʱʦʙ ʥʝʡʨʦʥʥʘ ʤʝʨʝʞʘ ʥʘʚʯʠʣʘʩʷ, ʢʦʣʠ 

ʮʝ ʧʦʪʨʽʙʥʦ ʨʦʙʠʪʠ, ʥʝ ʦʙʪʷʞʫʶʯʠ ʥʘʩ ʧʨʠʡʥʷʪʪʷʤ ʨʽʰʝʥʥʷ. ʉʘʤʝ ʜʣʷ ʮʴʦʛʦ ʽ 

ʧʨʠʟʥʘʯʝʥʽ ʚʝʥʪʠʣʴʥʽ ʈʅʄ. 

     ʆʜʥʽʻʶ ʟ ʨʝʘʣʽʟʘʮʽʡ ʚʝʥʪʠʣʴʥʦʾ ʈʅʄ LSTM-ʤʝʨʝʞʘ. ʋ LSTM-ʤʝʨʝʞʘʭ 

ʚʥʫʪʨʽʰʥʽ ʥʝʡʨʦʥʠ ʤʘʶʪʴ ʚ ʩʚʦʻʤʫ ʨʦʟʧʦʨʷʜʞʝʥʥʽ ʩʢʣʘʜʥʫ ʩʠʩʪʝʤʫ ʚʦʨʽʪ, ʘ 

ʪʘʢʦʞ ʢʦʥʮʝʧʮʽʻʶ ʢʣʽʪʠʥʥʦʛʦ ʩʪʘʥʫ, ʱʦ ʽ ʷʚʣʷʻ ʩʦʙʦʶ ʚʠʜ ʜʦʚʛʦʩʪʨʦʢʦʚʦʾ 
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ʧʘʤ'ʷʪʽ. ɺʦʨʦʪʘ ʚʠʟʥʘʯʘʶʪʴ ʽʥʬʦʨʤʘʮʽʶ, ʱʦ ʧʦʪʨʘʧʠʪʴ ʚ ʢʣʽʪʠʥʥʠʡ ʩʪʘʥ, ʪʘ 

ʽʥʬʦʨʤʘʮʽʶ, ʷʢʘ ʟʽʪʨʝʪʴʩʷ ʟ ʥʴʦʛʦ, ʪʘʢʠʤ ʯʠʥʦʤ ʦʙʠʨʘʶʯʠ ʽʥʬʦʨʤʘʮʽʶ ʷʢʘ 

ʚʧʣʠʥʝ ʥʘ ʨʝʟʫʣʴʪʘʪ, ʷʢʠʡ ʟʛʝʥʝʨʫʻ RNN ʥʘ ʜʘʥʦʤʫ ʝʪʘʧʽ. ʅʘ ʨʠʩʫʥʢʫ 2.7 

ʟʦʙʨʘʞʝʥʦ ʩʭʝʤʫ ʰʘʨʫ LSTM, ʷʢʠʡ ʧʨʘʮʶʻ ʟʘ ʪʘʢʠʤ ʧʨʠʥʮʠʧʦʤ: ʥʝʡʨʦʥʠ ʫ 

LSTM ʰʘʨʘʭ ʤʦʞʫʪʴ ʟʯʠʪʫʚʘʪʠ ʽ ʟʤʽʥʶʚʘʪʠ ʩʪʘʥ ʢʣʽʪʠʥʠ[10].  

 

ʈʠʩʫʥʦʢ 2.7 ï ʉʭʝʤʘ LSTM ʤʝʨʝʞʽ 

 

     2.4 ɼʚʦʩʧʨʷʤʦʚʘʥʽ ʨʝʢʫʨʝʥʪʥʽ ʥʝʡʨʦʥʥʽ ʤʝʨʝʞʽ 

     ɺʩʽ ʨʦʟʛʣʷʥʫʪʽ ʜʦ ʩʠʭ ʧʽʨ ʨʝʢʫʨʝʥʪʥʽ ʤʝʨʝʞʽ ʤʘʣʠ çʢʘʟʫʘʣʴʥʫè ʩʪʨʫʢʪʫʨʫ, 

ʪʦʙʪʦ ʥʘ ʩʪʘʥ ʚ ʤʦʤʝʥʪ t ʚʧʣʠʚʘʻ ʪʽʣʴʢʠ ʽʥʬʦʨʤʘʮʽʷ ʟ ʧʦʧʝʨʝʜʥʽʭ ʤʦʤʝʥʪʽ ʯʘʩʫ  

x1,  ..., xt-1 ̔  ʧʦʪʦʯʥʠʡ ʚʭʽʜ xt. ɸʣʝ ʚ ʙʘʛʘʪʴʦʭ ʟʘʩʪʦʩʫʥʢʘʭ ʤʠ ʭʦʯʝʤʦ ʦʪʨʠʤʫʚʘʪʠ 

ʧʝʨʝʜʙʘʯʝʥʥʷ yt , ʷʢʝ ʤʦʞʝ ʟʘʣʝʞʘʪʠ ʚʽʜ ʚʩʽʻʾ ʚʭʽʜʥʦʾ ʧʦʩʣʽʜʦʚʥʦʩʪʽ. 

ʅʘʧʨʠʢʣʘʜ, ʚ ʟʘʜʘʯʽ ʨʦʟʧʽʟʥʘʚʘʥʥʷ ʤʦʚʠ ʧʨʘʚʠʣʴʥʘ ʽʥʪʝʨʧʨʝʪʘʮʽʷ ʧʦʪʦʯʥʦʛʦ 

ʟʚʫʢʫ ʷʢ ʬʦʥʝʤʠ ʤʦʞʝ ʟʘʣʝʞʘʪʠ ʚʽʜ ʢʽʣʴʢʦʭ ʥʘʩʪʫʧʥʠʭ ʬʦʥʝʤ ʯʝʨʝʟ 

ʢʦʘʨʪʠʢʫʣʷʮʽʶ ʽ ʥʘʚʽʪʴ ʚʽʜ ʜʝʢʽʣʴʢʦʭ ʥʘʩʪʫʧʥʠʭ ʩʣʽʚ ʯʝʨʝʟ ʣʽʥʛʚʽʩʪʠʯʥ ̔

ʟʘʣʝʞʥʦʩʪ ̔ ʤʽʞ ʩʫʩʽʜʥʽʤʠ ʩʣʦʚʘʤʠ: ʷʢʱʦ ʘʢʫʩʪʠʯʥʦ ʜʦʧʫʩʪʠʤʽ ʜʚʽ 

ʽʥʪʝʨʧʨʝʪʘʮʽʾ ʧʦʪʦʯʥʦʛʦ ʩʣʦʚʘ, ʪʦ , ʱʦʙ ʨʦʟʨʽʟʥʠʪʠ ʾʭ, ʤʦʞʣʠʚʦ, ʟʥʘʜʦʙʠʪʴʩʷ 

ʟʘʛʣʷʥʫʪʠ ʜʘʣʝʢʦ ʚ ʤʘʡʙʫʪʥʻ (ʘʙʦ ʚ ʤʠʥʫʣʝ). ʎʝ ʚʽʜʥʦʩʠʪʴʩʷ ʪʘʢʦʞ ʜʦ 

ʨʦʟʧʽʟʥʘʚʘʥʥʷ ʨʫʢʦʧʠʩʥʠʭ ʪʝʢʩʪʽʚ ʽ ʙʘʛʘʪʴʦʭ ʽʥʰʠʭ ʟʘʚʜʘʥʴ ʥʘʚʯʘʥʥʷ ʦʜʥʽʻʾ 

ʧʦʩʣʽʜʦʚʥʦʩʪʽ ʥʘ ʦʩʥʦʚʽ ʽʥʰʦ.ʾ 
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     ɼʚʦʩʧʨʷʤʦʚʘʥʽ ʨʝʢʫʨʝʥʪʥʽ ʥʝʡʨʦʥʥʽ ʤʝʨʝʞʽ ʙʫʣʠ ʧʨʠʜʫʤʘʥʽ ʜʣʷ ʨʽʰʝʥʥʷ 

ʩʘʤʝ ʮʽʻʾ ʧʦʪʨʝʙʠ. ʗʢ ʚʠʧʣʠʚʘʻ ʽʟ ʩʘʤʦʾ ʥʘʟʚʠ, ʜʚʦʩʧʨʷʤʦʚʘʥʽ ʈʅʄ ʻ 

ʢʦʤʙʽʥʘʮʽʻʶ ʈʅʄ, ʱʦ ʨʫʭʘʻʪʴʩʷ ʚʧʝʨʝʜ ʫ ʯʘʩʽ (ʚʽʜ ʧʦʯʘʪʢʫ ʧʦʩʣʽʜʦʚʥʦʩʪʽ ʜʦ ʾʾ 

ʢʽʥʮʷ), ʽ ʈʅʄ, ʱʦ ʨʫʭʘʻʪʴʩʷ ʚ ʟʚʦʨʦʪʥʦʤʫ ʥʘʧʨʷʤʢʫ. ʅʘ ʨʠʩ. 2.8 ʧʦʢʘʟʘʥʘ 

ʪʠʧʦʚʘ ʜʚʦʩʧʨʷʤʦʚʘʥʘ ʈʅʄ; h(t) ʧʦʟʥʘʯʘʻ ʩʪʘʥ ʪʽʻʾ ʈʅʄ, ʱʦ ʨʫʭʘʻʪʴʩʷ ʚʧʝʨʝʜ, 

ʘ g(t) - ʪʽʻʾ, ʱʦ ʨʫʭʘʻʪʴʩʷ ʥʘʟʘʜ. ʎʝ ʜʦʟʚʦʣʷʻ ʚʠʭʽʜʥʠʤ ʙʣʦʢʘʤ o(t) ʦʙʯʠʩʣʶʚʘʪʠ 

ʧʨʝʜʩʪʘʚʣʝʥʥʷ, ʷʢʝ ʟʘʣʝʞʠʪʴ ʷʢ ʚʽʜ ʤʠʥʫʣʦʛʦ, ʪʘʢ ʽ ʚʽʜ ʤʘʡʙʫʪʥʴʦʛʦ, ʘʣʝ 

ʥʘʡʙʽʣʴʰ ʯʫʪʣʠʚʦ ʜʦ ʚʭʽʜʥʠʭ ʟʥʘʯʝʥʴ ʧʦʙʣʠʟʫ ʤʦʤʝʥʪʫ t; ʧʨʠ ʮʴʦʤʫ ʟʘʜʘʚʘʪʠ 

ʚʽʢʥʦ ʬʽʢʩʦʚʘʥʦʛʦ ʨʦʟʤʽʨʫ ʥʘʚʢʦʣʦ t ʥʝʦʙʦʚ'ʷʟʢʦʚʦ (ʥʘ ʚʽʜʤʽʥʫ ʚʽʜ ʤʝʨʝʞ 

ʧʨʷʤʦʛʦ ʧʦʰʠʨʝʥʥʷ, ʟʛʦʨʪʢʦʚʠʭ ʤʝʨʝʞ ʽ ʟʚʠʯʘʡʥʠʭ ʈʅʄ ʟ ʙʫʬʝʨʦʤ 

ʬʽʢʩʦʚʘʥʦʛʦ ʨʦʟʤʽʨʫ)[15]. 

ʈʠʩʫʥʦʢ 2.8 ï ɼʚʦʩʧʨʷʤʦʚʘʥʘ ʈʅʄ 
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     ɺʠʩʥʦʚʢʠ ʜʦ ʨʦʟʜʽʣʫ 2 

     ɺ ʜʘʥʦʤʫ ʨʦʟʜʽʣʽ ʙʫʣʦ ʨʦʟʛʣʷʥʫʪʦ ʟʘʛʘʣʴʥʝ ʚʣʘʰʪʫʚʘʥʥʷ ʥʝʡʨʦʥʥʦʾ ʤʝʨʝʞʽ. 

ʗʢʠʤ ʯʠʥʦʤ ʚʦʥʘ ʧʨʘʮʶʻ ʽ ʱʦ ʚʠʢʦʨʠʩʪʦʚʫʻ ʜʣʷ ʘʧʨʦʢʩʠʤʘʮʽʾ ʧʝʚʥʠʭ ʬʫʥʢʮʽʡ. 

     ʊʘʢʦʞ ʙʫʣʦ ʜʦʩʣʽʜʞʝʥʦ ʦʜʠʥ ʽʟ ʚʠʜʽʚ ʥʝʡʨʦʥʥʠʭ ʤʝʨʝʞ - ʨʝʢʫʨʝʥʪʥʽ 

ʥʝʡʨʦʥʥʽ ʤʝʨʝʞʽ, ʷʢʽ ʦʙʨʦʙʣʶʶʪʴ ʧʦʩʣʽʜʦʚʥʦʩʪʽ. ɿʘʛʘʣʴʥʠʡ ʧʨʠʥʮʠʧ ʾʭ ʨʦʙʦʪʠ 

ʽ ʛʘʣʫʟʽ, ʜʝ ʾʭ ʜʦʮʽʣʴʥʦ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ. ʇʨʦʙʣʝʤʠ ʷʢʽ ʽʩʥʫʶʪʴ ʚ ʨʝʢʫʨʝʥʪʥʠʭ 

ʥʝʡʨʦʥʥʠʭ ʤʝʨʝʞʘʭ ʪʘ ʤʝʪʦʜʠ ʾʭ ʚʠʨʽʰʝʥʥʷ, ʘ ʪʘʢʦʞ ʦʧʪʠʤʽʟʘʮʽʶ ʈʅʄ ʜʣʷ 

ʦʪʨʠʤʘʥʥʷ ʢʨʘʱʠʭ ʨʝʟʫʣʴʪʘʪʽʚ. 
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3 ʇʆɹʋɼʆɺɸ ɸʈʍɯʊɽʂʊʋʈʀ ʅɽʁʈʆʅʅʆɰ ʄɽʈɽɾɯ ʊɸ 

ʉʊɽɻɸʅʆɻʈɸʌɯʏʅʆɻʆ ɸʃɻʆʈʀʊʄʋ  

     3.1 ʆʧʠʩ ʥʘʙʦʨʽʚ ʜʘʥʠʭ 

     ɼʣʷ ʨʦʟʛʣʷʜʫ ʙʫʣʦ ʦʙʨʘʥʦ 3 ʥʘʙʦʨʠ ʜʘʥʠʭ: 

- IMDB Dataset ï ʥʘʙʽʨ ʜʘʥʠʭ ʤʽʩʪʠʪʴ 50 000 ʚʽʜʛʫʢʽʚ ʢʦʨʠʩʪʫʚʘʯʽʚ ʥʘ 

ʬʽʣʴʤʠ, ʦʧʠʩ ʷʢʠʭ ʻ ʥʘ ʩʘʡʪʽ www.imdb.com. ʋ ʚʩʽʡ ʢʦʣʝʢʮʽʾ ʥʝ ʙʽʣʴʰʝ 

30 ʚʽʜʛʫʢʽʚ ʜʣʷ ʙʫʜʴ-ʷʢʦʛʦ ʬʽʣʴʤʫ, ʪʦʤʫ ʱʦ ʚʽʜʛʫʢʠ ʧʨʦ ʦʜʠʥ ʬʽʣʴʤ 

ʯʘʩʪʦ ʤʘʶʪʴ ʢʦʨʝʣʴʦʚʘʥʽ ʨʝʡʪʠʥʛʠ. 

- Twitter sentiment140 ï ʥʘʨʘʭʦʚʫʻ 16000000 ʪʝʢʩʪʦʚʠʭ çʪʚʽʪʽʚè, 

ʢʦʨʠʩʪʫʚʘʯʽʚ ʤʝʨʝʞʽ twitter. ʎʝʡ ʥʘʙʽʨ ʜʘʥʠʭ ʙʫʣʦ ʩʪʚʦʨʝʥʦ ʘʚʪʦʤʘʪʠʯʥʦ 

ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ twitter API [1]. 

- News dataset - ʤʽʩʪʠʪʴ 143 000 ʩʪʘʪʝʡ ʟ 15 ʘʤʝʨʠʢʘʥʩʴʢʠʭ ʧʫʙʣʽʢʘʮʽʡ, 

ʚʢʣʶʯʘʶʯʠ New York Times, Breitbart, CNN ʽ ʪʘ ʽʥʰʠʭ. 

 

     ʇʦʧʝʨʝʜʥʷ ʦʙʨʦʙʢʘ ʜʘʥʠʭ: 

¶ ʚʠʜʘʣʝʥʦ ʫʩʽ ʧʦʩʠʣʘʥʥʷ; 

¶ ʚʠʜʘʣʝʥʦ html-ʪʝʛʠ; 

¶ ʚʠʜʘʣʝʥʦ ʩʧʝʮʽʘʣʴʥʽ ʧʦʟʥʘʯʝʥʥʷ ʧʦʩʠʣʘʥʴ ʥʘ ʽʥʰʠʭ ʢʦʨʠʩʪʫʚʘʯʽʚ 

(ʅʘʧʨʠʢʣʘʜ @user); 

¶ ʚʠʜʘʣʝʥʦ ʨʦʟʜʽʣʦʚʽ ʟʥʘʢʠ ʽ ʩʠʤʚʦʣʠ ʷʢʽ ʥʝ ʚʭʦʜʷʪʴ ʜʦ ʣʘʪʠʥʩʴʢʦʛʦ 

ʘʣʬʘʚʽʪʫ ʯʠ ʥʝ ʻ ʮʠʬʨʘʤʠ; 

¶ ʚʩʽ ʪʝʢʩʪʠ ʙʫʣʦ ʧʨʠʚʝʜʝʥʦ ʜʦ ʥʠʞʥʴʦʛʦ ʨʝʛʽʩʪʨʫ; 

¶ ʟʘ ʜʦʧʦʤʦʛʦʶ ʪʦʢʝʥʠʟʘʪʦʨʽʚ ʤʦʚʠ ʧʦʜʽʣʝʥʦ ʥʘ ʨʝʯʝʥʥʷ, ʘ ʢʦʞʥʝ 

ʨʝʯʝʥʥʷ ʧʦʜʽʣʝʥʦ ʥʘ ʦʢʨʝʤʽ ʩʣʦʚʘ. ʂʦʞʥʝ ʨʝʯʝʥʥʷ, ʙʫʣʦ 

ʚʽʜʬʦʨʤʘʪʦʚʘʥʝ ʪʘʢʠʤ ʯʠʥʦʤ, ʱʦʙ ʡʦʛʦ ʜʦʚʞʠʥʘ ʥʝ ʧʝʨʝʚʠʱʫʚʘʣʘ 40 

ʩʣʽʚ; 

¶ ɼʣʷ ʩʣʽʚ, ʷʢʽ ʟʫʩʪʨʽʯʘʣʠʩʴ ʚ ʪʝʢʩʪʽ 1 ʨʘʟ ʙʫʣʦ ʟʘʩʪʦʩʦʚʘʥʦ ʬʫʥʢʮʽʶ 

ʘʚʪʦʤʘʪʠʯʥʦʾ ʦʨʬʦʛʨʘʬʽʯʥʦʾ ʢʦʨʝʢʮʽʾ, ʷʢʱʦ ʮʷ ʬʫʥʢʮʽʷ ʥʝ 

ʜʦʧʦʤʘʛʘʣʘ ʫʩʝ ʨʝʯʝʥʥʷ ʚʠʜʘʣʷʣʦʩʴ ʟ ʥʘʙʦʨʫ ʜʘʥʠʭ; 

http://www.imdb.com/
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     ʅʘ ʨʠʩʫʥʢʫ 3.1 ʤʦʞʥʘ ʙʘʯʠʪʠ, ʷʢ ʟʤʽʥʠʣʘʩʴ ʢʽʣʴʢʽʩʪʴ ʩʠʤʚʦʣʽʚ ʧʽʩʣʷ 

ʦʙʨʦʙʢʠ ʜʣʷ ʢʦʞʥʦʛʦ ʥʘʙʦʨʫ. 

ʈʠʩʫʥʦʢ 3.1 ï ʂʽʣʴʢʽʩʪʴ ʩʠʤʚʦʣʽʚ ʥʘ ʥʘʙʦʨʘʭ ʜʘʥʠʭ. 

     ʊʘʢʦʞ ʜʣʷ ʢʦʞʥʦʛʦ ʟ ʥʘʙʦʨʽʚ ʜʘʥʠʭ ʙʫʣʦ ʧʦʨʘʭʦʚʘʥʦ ʟʘʛʘʣʴʥʫ ʢʽʣʴʢʽʩʪʴ 

ʩʣʽʚ, ʢʽʣʴʢʽʩʪʴ ʫʥʽʢʘʣʴʥʠʭ ʩʣʽʚ ʽ ʨʝʯʝʥʴ. ʗʢ ʤʦʞʥʘ ʙʘʯʠʪʠ ʟ ʨʠʩʫʥʢʫ 3.2 

ʢʽʣʴʢʽʩʪʴ ʩʣʽʚ ʽ ʨʝʯʝʥʴ ʥʘʡʙʽʣʴʰʘ ʜʣʷ ʥʘʙʦʨʫ ʜʘʥʠʭ newsò, ʘʜʞʝ ʚʽʥ ʤʽʩʪʠʪʴ 

ʥʘʡʙʽʣʴʰʫ ʢʽʣʴʢʽʩʪʴ ʜʘʥʠʭ ʟʘʛʘʣʦʤ. ʂʽʣʴʢʽʩʪʴ ʫʥʽʢʘʣʴʥʠʭ ʩʣʽʚ ʥʘʙʫʚʘʣʘ 

ʥʘʡʙʽʣʴʰʦʛʦ ʟʥʘʯʝʥʥʷ ʜʣʷ ʥʘʙʦʨʫ ñtwitterò, ʧʨʦʪʝ ʧʽʩʣʷ ʦʨʬʦʛʨʘʬʽʯʥʦʾ ʢʦʨʝʢʮʽʾ 

ʽ ʚʠʜʘʣʝʥʥʷ ʥʝʟʥʘʯʥʦʾ ʢʽʣʴʢʦʩʪʽ ʨʝʯʝʥʥʷ ʢʽʣʴʢʽʩʪʴ ʫʥʽʢʘʣʴʥʠʭ ʩʣʽʚ ʟʤʝʥʰʠʣʠʩʴ 

ʙʽʣʴʰʝ ʥʽʞ ʚ 3 ʨʘʟʠ. ʎʝ ʧʦʷʩʥʶʻʪʴʩʷ ʪʠʤ, ʱʦ ʢʦʨʠʩʪʫʚʘʯʽ ʤʝʨʝʞʽ ʯʘʩʪʦ 

ʜʦʧʫʩʢʘʶʪʴ ʦʨʬʦʛʨʘʬʽʯʥʽ ʧʦʤʠʣʢʠ, ʘ ʪʘʢʦʞ ʩʘʤ ʥʘʙʽʨ ʜʘʥʠʭ ʟʙʠʨʘʚʩʷ 

ʘʚʪʦʤʘʪʠʯʥʦ, ʪʦʞ ʦʙʣʽʢʦʚʽ ʟʘʧʠʩʠ, ʟ ʷʢʠʭ ʟʙʠʨʘʣʠʩʴ ʜʘʥʽ ʤʦʛʣʠ ʙʫʪʠ 

ʦʙʣʽʢʦʚʠʤʠ ʟʘʧʠʩʘʤʠ ʙʦʪʽʚ. 



35 
 

    (a) ʢʽʣʴʢʽʩʪʴ ʩʣʽʚ                                            (b) ʢʽʣʴʢʽʩʪʴ ʨʝʯʝʥʴ 

(c) ʢʽʣʴʢʽʩʪʴ ʫʥʽʢʘʣʴʥʠʭ ʩʣʽʚ 

ʈʠʩʫʥʦʢ 3.2 ï ʂʽʣʴʢʽʩʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʥʘʙʦʨʽʚ ʜʘʥʠʭ 

     ɿ ʨʠʩʫʥʢʫ 3.3, ʜʝ ʧʨʝʜʩʪʘʚʣʝʥʦ ʫʩʝʨʝʜʥʝʥʽ ʟʥʘʯʝʥʥʷ ʜʦʚʞʠʥʠ ʨʝʯʝʥʥʷ ʽ 

ʩʣʦʚʘ ʚʠʤʽʨʷʥʽ ʚ ʩʠʤʚʦʣʘʭ ʤʦʞʥʘ ʟʨʦʙʠʪʠ ʚʠʩʥʦʚʦʢ, ʱʦ ʚ ʥʘʙʦʨʽ ʜʘʥʠʭ 

ñtwitterò, ʨʝʯʝʥʥʷ ʤʘʡʞʝ ʚʪʨʠʯʽ ʢʦʨʦʪʰʽ ʘʥʽʞ ʚ ʽʥʰʠʭ ʥʘʙʦʨʘʭ ʜʘʥʠʭ, ʘ ʪʘʢʦʞ 

ʩʝʨʝʜʥʷ ʜʦʚʞʠʥʘ ʦʜʥʦʛʦ ʩʣʦʚʘ ʤʝʥʰʘ ʧʨʠʙʣʠʟʥʦ ʥʘ ʧʦʣʦʚʠʥʫ ʩʠʤʚʦʣʫ. ʎʝ 

ʧʦʷʩʥʶʻʪʴʩʷ ʪʠʤ, ʱʦ ʫ ʢʦʨʠʩʪʫʚʘʯʽʚ ʩʦʮʽʘʣʴʥʦʾ ʤʝʨʝʞʽ ʦʙʤʝʞʝʥʘ ʜʦʚʞʠʥʘ 

ʦʜʥʦʛʦ çʪʚʽʪʘè - 280 ʩʠʤʚʦʣʽʚ ʽ ʾʤ ʜʦʚʦʜʠʪʴʩʷ ʩʪʠʩʣʦ ʚʠʩʣʦʚʣʶʚʘʪʠ ʩʚʦʾ ʜʫʤʢʠ. 
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    (a) ʩʝʨʝʜʥʷ ʜʦʚʞʠʥʘ ʩʣʦʚʘ                             (b) ʩʝʨʝʜʥʷ ʜʦʚʞʠʥʘ ʨʝʯʝʥʥʷ 

ʈʠʩʫʥʦʢ 3.3 ï ʋʩʝʨʝʜʥʝʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʥʘʙʦʨʽʚ ʜʘʥʠʭ 

 

     ʊʦʯʥʽ ʯʠʩʝʣʴʥʽ ʟʥʘʯʝʥʥʷ ʫʩʽʭ ʚʝʣʠʯʠʥ ʟ ʥʘʚʝʜʝʥʠʭ ʚʠʱʝ ʛʨʘʬʽʢʽʚ 

ʧʨʝʜʩʪʘʚʣʝʥʦ ʚ ʪʘʙʣʠʮʽ 4.1. 

 

     ʊʘʙʣʠʮʷ 4.1 ï ʍʘʨʘʢʪʝʨʠʩʪʠʢʠ ʥʘʙʦʨʽʚ ʜʘʥʠʭ 

 
count of 

strings 

(dirty) 

count of 

strings 

(clean) 

count of 

words 

count of 

unique 

words 

count of 

sentences 

average 

length of 

sentence 

(str) 

average 

length 

of word 

(str) 

Twitter 
11854417

8 
68273863 17186326 130799 2173882 31.40 3.97 

News 
62934913

7 

46435989

1 
97451830 195132 4839065 95.96 4.76 

Imdb 65471551 46044728 10352835 148210 526909 87.38 4.44 
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     3.2 ʇʨʝʜʩʪʘʚʣʝʥʥʷ ʜʘʥʠʭ 

     ɼʣʷ ʪʦʛʦ ʱʦʙ ʜʘʥʽ ʤʦʞʥʘ ʙʫʣʦ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʜʣʷ ʥʘʚʯʘʥʥʷ ʤʦʜʝʣʽ ʾʭ 

ʪʨʝʙʘ ʧʨʝʜʩʪʘʚʠʪʠ ʚ ʚʝʢʪʦʨʥʦʤʫ ʚʠʛʣʷʜʽ. ʅʘʡʙʽʣʴʰ ʧʨʦʩʪʠʤ ʧʨʝʜʩʪʘʚʣʝʥʥʷʤ ʻ 

ʩʧʽʚʩʪʘʚʣʝʥʥʷ ʢʦʞʥʦʤʫ ʩʣʦʚʫ ʚʝʢʪʦʨʫ ʨʦʟʤʽʨʥʦʩʪʽ (1, d), ʜʝ d - ʜʦʚʞʠʥʘ 

ʩʣʦʚʥʠʢʫ ʫʥʽʢʘʣʴʥʠʭ ʩʣʽʚ. ɼʣʷ ʢʦʞʥʦʛʦ ʩʣʦʚʘ ʚʝʢʪʦʨ ʤʘʪʠʤʝ ʚʠʜ: (0, 0, ... 0, 1, 

0, é, 0), ʫʩʽ ʧʦʟʠʮʽʾ ʢʨʽʤ i-ʪʦʾ ʟʘʧʦʚʥʝʥʽ ʥʫʣʷʤʠ, ʘ ʥʘ i-ʪʽʡ ʧʦʟʠʮʽʾ ʩʪʦʾʪʴ 

ʦʜʠʥʠʮʷ, ʜʝ i ï ʮʝ ʽʥʜʝʢʩ ʧʦʨʷʜʢʫ ʮʴʦʛʦ ʩʣʦʚʘ ʚ ʩʣʦʚʥʠʢʫ ʫʥʽʢʘʣʴʥʠʭ ʩʣʽʚ. ʊʘʢʝ 

ʧʨʝʜʩʪʘʚʣʝʥʥʷ ʥʘʟʠʚʘʻʪʴʩʷ ñone hot encodingò, ʚʦʥʦ ʜʘʻ ʤʦʞʣʠʚʽʩʪʴ 

ʛʝʥʝʨʫʶʯʽʡ ʤʦʜʝʣʽ ʧʨʘʮʶʚʘʪʠ ʟ ʪʝʢʩʪʦʚʠʤ ʥʘʙʦʨʦʤ ʜʘʥʠʭ, ʧʨʦʪʝ ʚ ʪʦʡ ʞʝ ʯʘʩ 

ʚʦʥʦ ʜʘʻ ʜʫʞʝ ʤʘʣʦ ʽʥʬʦʨʤʘʮʽʾ ʧʨʦ ʩʘʤʝ ʩʣʦʚʦ. 

     ɹʽʣʴʰ ʚʜʘʣʠʤ ʧʨʝʜʩʪʘʚʣʝʥʥʷʤ ʻ ñword2vecò, ʷʢʝ ʢʦʞʥʦʤʫ ʩʣʦʚʫ ʩʪʘʚʠʪʴ ʫ 

ʚʽʜʧʦʚʽʜʥʽʩʪʴ ʚʝʢʪʦʨ ʨʦʟʤʽʨʥʦʩʪʽ (1, n), ʜʝ n ï ʢʽʣʴʢʽʩʪʴ ʦʟʥʘʢ ʩʣʦʚʘ. ɼʣʷ ʪʘʢʦʛʦ 

ʧʨʝʜʩʪʘʚʣʝʥʥʷ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʩʧʝʮʽʘʣʴʥʘ word2vec ʪʝʢʩʪʦʚʘ ʤʦʜʝʣʴ, ʷʢʘ ʥʘ 

ʚʭʽʜ ʧʨʠʡʤʘʻ ʦʢʨʝʤʽ ʨʝʯʝʥʥʷ, ʘ ʥʘ ʚʠʭʦʜʽ ʩʪʨʦʾʪʴ ʤʘʪʨʠʮʶ ʨʦʟʤʽʨʥʦʩʪʽ (d, n), 

ʪʘʢʠʤ ʯʠʥʦʤ ʢʦʞʥʝ ʟ d ʫʥʽʢʘʣʴʥʠʭ ʩʣʽʚ ʧʨʝʜʩʪʘʚʣʷʻʪʴʩʷ ʚʝʢʪʦʨʦʤ ʦʟʥʘʢ 

ʜʦʚʞʠʥʠ n. ɼʣʷ ʨʦʟʨʘʭʫʥʢʫ ʚʝʢʪʦʨʥʠʭ ʧʨʝʜʩʪʘʚʣʝʥʴ ʩʣʽʚ, word2vec ʤʦʜʝʣʴ 

ʨʝʘʣʽʟʫʻ ʜʚʽ ʦʩʥʦʚʥʽ ʘʨʭʽʪʝʢʪʫʨʠ - Continuous Bag of Words (CBOW) ʽ Skip-

gram[9]. 

     ʉʭʝʤʘ ʨʦʙʦʪʠ Continuous Bag of Words (CBOW) 

     ʅʘ ʚʭʦʜʽ: ʩʣʦʚʥʠʢ V, ʩʣʦʚʦ  ̔ʧʨʝʜʩʪʘʚʣʷʻʪʴʩʷ ʷʢ wi  

1) ʉʪʚʦʨʶʻʤʦ ʚʝʢʪʦʨʥʝ one hot ʧʨʝʜʩʪʘʚʣʝʥʥʷ ʜʣʷ ʚʭʽʜʥʦʛʦ ʢʦʥʪʝʢʩʪʫ 

ʜʦʚʞʠʥʦʶ m: (x (c ī m), ..., x (c ī 1), x (c + 1), ..., x (c + m)). 

2) ɼʣʷ ʢʦʥʪʝʢʩʪʫ ʦʪʨʠʤʫʤ̒ʦ ʚʙʫʜʦʚʘʥʽ ʚʝʢʪʦʨʠ ʩʣʽʚ: 

(vc-m = nx(c-m), vc-m+1 = nx(c-m+1), é, vc+m = nx(c+m)),                                   (3.1) 

ʜʝ n ʻ ʚʭʽʜʥʦʶ ʤʘʪʨʠʮʝʶ ʩʣʽʚ ʪʘʢʦ ,ʁ ʱʦ i-ʡ ʩʪʦʚʧʝʮʴ n ʻ ʪʠʤʯʘʩʦʚʠʤ 

ʚʙʫʜʦʚʘʥʠʤ ʚʝʢʪʦʨʦʤ ʜʣʷ ʩʣʦʚʘ wi, ʢʦʣʠ ʚʦʥʦ ʻ ʚʭʦʜʦʤ ʜʣ ̫ʮʽʻʾ ʤʦʜʝʣʽ. 

ʇʦʟʥʘʯʘʶʪʴ ʮʝʡ ʚʝʢʪʦʨ ʷʢ vi. 

3) ʋʩʝʨʝʜʥʶʻʤʦ ʮʽ ʚʝʢʪʦʨʠ:     

                                      ὺ  
Ễ  

                                     (3.2) 
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4) ɻʝʥʝʨʫʻʤʦ ʦʮʽʥʦʯʥʠʡ ʚʝʢʪʦʨ ὤ Ὗὺ  

ʜʝ U - ʤʘʪʨʠʮʷ ʚʠʭʽʜʥʦʛʦ ʩʣʦʚʘ. J-ʡ ʨʷʜʦʢ U ʻ n-ʨʦʟʤʽʨʥʠʤ ʚʙʫʜʦʚʘʥʠʤ 

ʚʝʢʪʦʨʦʤ ʩʣʦʚʘ wj, ʢʦʣʠ ʚʦʥʦ ʻ ʚʠʭʦʜʦʤ ʤʦʜʝʣʽ. ʇʦʟʥʘʯʘʶʪʴ ʮʝʡ ʨʷʜ U 

ʷʢ uj. 

5) ʇʝʨʝʪʚʦʨʶʻʤʦ ʦʮʽʥʦʯʥʠʡ ʚʝʢʪʦʨ ʥʘ ʡʤʦʚʽʨʥʦʩʪʽ ʟʘ ʜʦʧʦʤʦʛʦʶ ʬʫʥʢʮʽʾ 

ʩʦʬʪʤʘʢʩ: ώ  softmax (Z). 

6) ʆʧʪʠʤʽʟʫʻʤʦ ʪʘʢ, ʱʦʙ ʥʘʰʽ ʡʤʦʚʽʨʥʦʩʪʽ ώ, ʷʢʽ ʛʝʥʝʨʫʶʪʴʩʷ ʚʽʜʧʦʚʽʜʘʣʠ 

ʩʧʨʘʚʞʥʽʤ ʡʤʦʚʽʨʥʦʩʪʷʤ y, ʱʦ ʻ one hot ʧʨʝʜʩʪʘʚʣʝʥʥʷʤ ʬʘʢʪʠʯʥʦʛʦ 

ʩʣʦʚʘ[17]. 

 

     ʉʭʝʤʘ ʨʦʙʦʪʠ Skip-gram 

     ʅʘ ʚʭʦʜʽ: ʩʣʦʚʥʠʢ V, ʩʣʦʚʦ  ̔ʧʨʝʜʩʪʘʚʣʷʻʪʴʩʷ ʷʢ wi 

     ʄʘʪʨʠʮʽ  n ʽ U ʪʘʢʽ ʩʘʤʽ ʷʢ ʽ ʚ ʤʦʜʝʣʽ Continuous Bag of Words. 

1) ɻʝʥʝʨʫʻʤʦ ʚʭʽʜʥʠʡ one hot ʚʝʢʪʦʨ x. 

2) ʆʪʨʠʤʫʻʤʦ ʚʙʫʜʦʚʘʥʽ ʚʝʢʪʦʨʠ ʜʣʷ ʢʦʥʪʝʢʩʪʫ vc = nx. 

3) ʆʩʢʽʣʴʢʠ ʥʝʤʘʻ ʫʩʝʨʝʜʥʝʥʥʷ, ʧʨʦʩʪʦ ʧʨʠʩʚʦʶʻʤʦ ὺ  vc. 

4) ɻʝʥʝʨʫʻʤʦ 2m ʚʝʢʪʦʨʽʚ ʦʮʽʥʢʠ (u (c ī m), ..., u (c ī 1), u (c + 1), ..., u (c + m)) ʟ 

ʚʠʢʦʨʠʩʪʘʥʥʷʤ u = U vc. 

5) ʇʝʨʝʪʚʦʨʠʪʠ ʢʦʞʥʠʡ ʚʝʢʪʦʨ ʦʮʽʥʢʠ ʥʘ ʡʤʦʚʽʨʥʦʩʪʽ ʟʘ ʜʦʧʦʤʦʛʦʶ 

ʬʫʥʢʮʽʾ ʩʦʬʪʤʘʢʩ: y = softmax (u). 

6)  ʆʧʪʠʤʽʟʫʻʤʦ ʪʘʢ, ʱʦʙ ʥʘʰ ʚʝʢʪʦʨ ʡʤʦʚʽʨʥʦʩʪʝʡ ʛʝʥʝʨʫʚʘʚʩʷ ʽ 

ʚʽʜʧʦʚʽʜʘʚ ʽʩʪʠʥʥʠʤ ʡʤʦʚʽʨʥʦʩʪʷʤ y (c ī m), ..., y (c ī 1), y (c + 1), ..., y (c + m)), 

ʷʢʽ ʻ ʦʜʥʠʤ ʟ one hot ʚʝʢʪʦʨʽʚ ʨʝʘʣʴʥʦʛʦ ʚʠʭʦʜʫ[17]. 

 

     ɿʘʛʘʣʴʥʫ ʩʭʝʤʫ ʦʙʦʭ ʘʣʛʦʨʠʪʤʽʚ ʜʝʤʦʥʩʪʨʫʻ ʨʠʩʫʥʦʢ 3.4. ɸʨʭʽʪʝʢʪʫʨʘ 

CBOW ʧʝʨʝʜʙʘʯʘʻ ʧʦʪʦʯʥʝ ʩʣʦʚʦ ʥʘ ʦʩʥʦʚʽ ʢʦʥʪʝʢʩʪʫ, ʘ Skip-gram ʧʨʦʛʥʦʟʫʻ 

çʥʘʚʢʦʣʠʰʥʽè ʩʣʦʚʘ, ʱʦ ʚʽʜʧʦʚʽʜʘʶʪʴ ʧʦʪʦʯʥʦʤʫ ʩʣʦʚʫ[18]. 



39 
 

 

ʈʠʩʫʥʦʢ 3.4 ï ʉʭʝʤʘ ʨʦʙʦʪʠ ʉBOW  ʽ Skip-gram ʤʦʜʝʣʝʡ 

     ʗʢʱʦ ʦʧʠʩʫʚʘʪʠ ʧʨʠʥʮʠʧ ʨʦʙʦʪʠ word2vec ʩʣʦʚʘʤʠ - ʪʦ ʮʝ ʟʥʘʭʦʜʞʝʥʥʷ 

ʟʚ'ʷʟʢʽʚ ʤʽʞ ʢʦʥʪʝʢʩʪʘʤʠ ʩʣʽʚ ʟʛʽʜʥʦ ʟ ʧʨʠʧʫʱʝʥʥʷʤ, ʱʦ ʩʣʦʚʘ, ʱʦ ʟʥʘʭʦʜʷʪʴʩʷ 

ʚ ʩʭʦʞʠʭ ʢʦʥʪʝʢʩʪʘʭ, ʤʘʶʪʴ ʪʝʥʜʝʥʮʽʶ ʦʟʥʘʯʘʪʠ ʩʭʦʞʽ ʨʝʯʽ, ʪʦʙʪʦ ʙʫʪʠ 

ʩʝʤʘʥʪʠʯʥʦ ʙʣʠʟʴʢʠʤʠ. ʗʢʱʦ ʬʦʨʤʘʣʽʟʫʚʘʪʠ, ʪʦ ʟʘʚʜʘʥʥʷ ʩʪʦʾʪʴ ʪʘʢʠʤ ʯʠʥʦʤ: 

ʤʘʢʩʠʤʽʟʘʮʽʷ ʢʦʩʠʥʫʩʥʦʾ ʙʣʠʟʴʢʦʩʪʽ ʤʽʞ ʚʝʢʪʦʨʘʤʠ ʩʣʽʚ, ʷʢʽ ʟʥʘʭʦʜʷʪʴʩʷ ʧʦʨʫʯ 

ʦʜʠʥ ʟ ʦʜʥʠʤ, ʽ ʤʽʥʽʤʽʟʘʮʽʷ ʢʦʩʠʥʫʩʥʦʾ ʙʣʠʟʴʢʦʩʪʽ ʤʽʞ ʚʝʢʪʦʨʘʤʠ ʩʣʽʚ, ʱʦ ʥʝ 

ʟʥʘʭʦʜʷʪʴʩʷ ʜʘʣʝʢʦ ʦʜʠʥ ʚʽʜ ʦʜʥʦʛʦ. ɹʣʠʟʢɹʽʩʪʴ ʚ ʜʘʥʦʤʫ ʚʠʧʘʜʢʫ 

ʨʦʟʛʣʷʜʘʻʪʴʩʷ, ʷʢ ʙʣʠʟʴʢʽʩʪʴ ʚ ʢʦʥʪʝʢʩʪʘʭ.   

     ʅʘʧʨʠʢʣʘʜ, ʩʣʦʚʘ çʫʥʽʚʝʨʩʠʪʝʪè ʽ çʽʥʩʪʠʪʫʪè ʯʘʩʪʦ ʟʫʩʪʨʽʯʘʶʪʴʩʷ ʚ ʩʭʦʞʠʭ 

ʢʦʥʪʝʢʩʪʘʭ, ʥʘ ʢʰʪʘʣʪ çʉʪʫʜʝʥʪʠ ʟ ʫʥʽʚʝʨʩʠʪʝʪʫ ʜʦʩʣʽʜʠʣʠè ʘʙʦ çʉʪʫʜʝʥʪʠ ʟ 

ʽʥʩʪʠʪʫʪʫ ʜʦʩʣʽʜʠʣʠè. Word2vec ʧʨʦʘʥʘʣʽʟʫʚʘʚʰʠ ʮʽ ʢʦʥʪʝʢʩʪʠ ʨʦʙʠʪʴ 

ʚʠʩʥʦʚʦʢ, ʱʦ ʩʣʦʚʘ çʫʥʽʚʝʨʩʠʪʝʪè ʽ çʽʥʩʪʠʪʫʪè ʻ ʙʣʠʟʴʢʠʤʠ ʟʘ ʟʤʽʩʪʦʤ. ʊʦʤʫ 

ʚʝʢʪʦʨʥʽ ʧʨʝʜʩʪʘʚʣʝʥʥʷ ʮʠʭ ʜʚʦʭ ʩʣʽʚ ʙʫʜʫʪʴ ʜʫʞʝ ʩʭʦʞʠʤʠ. 
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     3.3 ɸʨʭʽʪʝʢʪʫʨʘ ʥʝʡʨʦʥʥʦʾ ʤʝʨʝʞʽ 

     ʅʘ ʦʩʥʦʚʽ ʘʥʘʣʽʟʫ ʧʫʥʢʪʫ 2 ʜʠʧʣʦʤʥʦʾ ʨʦʙʦʪʠ, ʘ ʪʘʢʦʞ ʟʚʘʞʘʶʯʠ ʥʘ ʨʦʟʤʽʨ 

ʧʘʤôʷʪʽ ʧʨʠʩʪʨʦʶ, ʥʘ ʷʢʦʤʫ ʧʦʪʽʤ ʪʨʝʥʫʚʘʣʘʩʷ ʥʝʡʨʦʥʥʘ ʤʝʨʝʞʘ ʙʫʣʦ 

ʧʦʙʫʜʦʚʘʥʦ ʪʘʢʫ ʘʨʭʽʪʝʢʪʫʨʫ(ʩʭʝʤʫ ʥʘʚʝʜʝʥʦ ʚ ʜʦʜʘʪʢʫ ɸ): 

 

_________________________________________________________________ 

Layer (type)                 Output Shape              Param # 

=========================================================== 

embedding_1 (Embedding)      (None, None, 100)         14821000 

_________________________________________________________________ 

bidirectional_1 (Bidirection (None, None, 200)         160800 

_________________________________________________________________ 

bidirectional_2 (Bidirection (None, 800)               1923200 

_________________________________________________________________ 

dense_1 (Dense)              (None, d)             1923200*d 

_________________________________________________________________ 

activation_1 (Activation)    (None, d)            0 

=========================================================== 

Total params: 16,905,000 +  1923200*d 

_________________________________________________________________ 

 

 

-  d ï ʢʽʣʴʢʽʩʪʴ ʩʣʽʚ ʚ ʩʣʦʚʥʠʢʫ ʫʥʽʢʘʣʴʥʠʭ ʩʣʽʚ; 

- embedding_1 ï h ʘʨ, ʷʢʠʡ ʧʨʝʜʩʪʘʚʣʷʻ ʩʣʦʚʦ ʥʘ ʦʩʥʦʚʽ ʥʘʚʯʝʥʦʾ word2vec 

ʤʦʜʝʣʽ; 

- bidirectional_1 ï ʧʝʨʰʠʡ ʜʚʦʥʘʧʨʷʤʣʝʥʠʡ lstm ʰʘʨ; 

- bidirectional_2 ï ʜʨʫʛʠʡ ʜʚʦʥʘʧʨʷʤʣʝʥʠʡ lstm ʰʘʨ; 

- dense_1 ï ʧʦʚʥʦʟʚôʷʟʥʠʡ ʰʘʨ; 

- activation_1 ï ʬʫʥʢʮʽʷ ʘʢʪʠʚʘʮʽʾ. 
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ɿʘʛʘʣʴʥʘ ʢʽʣʴʢʽʩʪʴ ʧʘʨʘʤʝʪʨʽʚ, ʷʢʽ ʪʨʝʙʘ ʧʽʜʽʙʨʘʪʠ ʩʢʣʘʜʘʻ 16,905,000 +  

1923200*d, ʚʦʥʘ ʟʘʣʝʞʠʪʴ ʚʽʜ ʩʣʦʚʥʠʢʫ ʫʥʽʢʘʣʴʥʠʭ ʩʣʽʚ. ɺ ʢ̫ʦʩʪʽ ʬʫʥʢʮʽʾ 

ʘʢʪʠʚʘʮʽʾ ʙʫʣʦ ʦʙʨʘʥʦ softmax. ʊʘʢʠʤ ʯʠʥʦʤ ʥʘ ʚʠʭʦʜʽ ʤʠ ʦʪʨʠʤʫʻʤʦ ʚʝʢʪʦʨ, 

ʷʢʠʡ ʤʘʻ ʜʦʚʞʠʥʫ d ʽ ʜʣʷ ʢʦʞʥʦʛʦ ʩʣʦʚʘ ʟ ʩʣʦʚʥʠʢʘ ʟʘʟʥʘʯʝʥʘ ʽʤʦʚʽʨʥʽʩʪʴ ʚʽʜ 

0 ʜʦ 1 ʪʦʛʦ, ʱʦ ʚʦʥʦ ʙʫʜʝ ʥʘʩʪʫʧʥʠʤ. ɺ ʷʢʦʩʪʽ ʬʫʥʢʮʽʾ ʚʠʪʨʘʪ ʦʙʨʘʥʦ 

sparse_categorical_crossentropy - ʮʝ ʬʫʥʢʮʽʷ ʚʪʨʘʪ, ʷʢʘ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʜʣʷ 

ʚʠʤ̔ʨʶʚʘʥʥʷ ʥʝʩʭʦʞʦʩʪʽ ʤʽʞ ʨʦʟʧʦʜʽʣʦʤ ʩʧʦʩʪʝʨʝʞʫʚʘʥʠʭ ʢʣʘʩʦʚʠʭ ʤʽʪʦʢ ʽ 

ʧʝʨʝʜʙʘʯʝʥʠʤʠ ʡʤʦʚʽʨʥʦʩʪʷʤʠ ʢʣʘʩʦʚʦ ʾʧʨʠʥʘʣʝʞʥʦʩʪʽ. 

ɺʠʢʦʨʠʩʪʘʥʥʷ ʙʽʣʴʰʦʾ ʢʽʣʴʢʦʩʪʽ ʧʨʠʭʦʚʘʥʠʭ LSTM ʘʙʦ ʧʦʚʥʦʟʚôʟ̫ʥʠʭ 

ʰʘʨʽʚ ʚ ʤʝʨʝʞʽ, ʘʙʦ ʟʙʽʣʴʰʝʥʥʷ ʢʽʣʴʢʦʩʪʽ ʥʝʡʨʦʥʽʚ ʧʨʠʟʚʦʜʠʣʦ ʜʦ ʧʦʤʠʣʦʢ, 

ʧʦʚôʷʟʘʥʠʭ ʟ ʧʘʤôʷʪʪʶ ʥʘ ʧʨʠʩʪʨʦʾ, ʜʝ ʮʷ ʤʦʜʝʣʴ ʧʦʪʽʤ ʧʨʦʭʦʜʠʣʘ ʪʨʝʥʫʚʘʥʥʷ 

ʧʘʨʘʤʝʪʨʽʚ. 

 

     3.4 ʉʪʝʛʘʥʦʛʨʘʬʽʯʥʠʡ ʘʣʛʦʨʠʪʤ 

     ʇʝʨʰ ʥʽʞ ʨʝʘʣʽʟʫʚʘʪʠ ʘʣʛʦʨʠʪʤ ʧʨʠʭʦʚʫʚʘʥʥʷ ʽʥʬʦʨʤʘʮʽʾ ʚ ʪʝʢʩʪʽ ʽ 

ʟʜʦʙʫʪʪʷ ʽʥʬʦʨʤʘʮʽʾ ʽʟ ʪʝʢʩʪʫ, ʪʨʝʙʘ ʧʦʙʫʜʫʚʘʪʠ ʩʣʦʚʥʠʢ, ʷʢʠʡ ʤʽʩʪʠʚ ʙʠ ʩʣʦʚʘ, 

ʷʢʽ ʥʘʡʯʘʩʪʽʰʝ ʟʫʩʪʨʽʯʘʶʪʴʩʷ ʥʘ ʧʝʨʰʦʤʫ ʤʽʩʮʽ ʚ ʨʝʯʝʥʥʷ. ʇʦʟʥʘʯʠʤʦ ʪʘʢʠʡ 

ʩʣʦʚʥʠʢ, ʷʢ first_popular_words. 

ʌʫʥʢʮʽʷ ʧʨʠʭʦʚʘʥʥʷ ʽʥʬʦʨʤʘʮʽʾ 

ʅʘ ʚʭʦʜʽ:  

     ʧʦʩʣʽʜʦʚʥʽʩʪʴ ʩʝʢʨʝʪʥʠʭ ʙʽʪʽʚ,  

     ʩʣʦʚʥʠʢ first_popular_words,  

     ʛʝʥʝʨʘʪʠʚʥʘ ʤʦʜʝʣʴ,  

     word2vec ʤʦʜʝʣʴ,  

     n - ʢʽʣʴʢʽʩʪʴ ʙʽʪʽʚ, ʷʢʝ ʰʠʬʨʫʻ ʦʜʥʝ ʩʣʦʚʦ. 

 

ʇʨʠʥʮʠʧ ʨʦʙʦʪʠ:  

1) ʗʢʱʦ ʜʦʚʞʠʥʘ ʩʝʢʨʝʪʥʠʭ ʙʽʪ ʥʝ ʻ ʢʨʘʪʥʦʶ 2**n, ʚʦʥʘ ʜʦʧʦʚʥʶʻʪʴʩʷ 

ʥʫʣʷʤʠ ʫ ʢʽʥʮʽ; 
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2) ɺʠʧʘʜʢʦʚʦ ʦʙʠʨʘʻʪʴʩʷ ʦʜʥʝ ʟ ʩʣʽʚ ʟ ʩʣʦʚʥʠʢʫ first_popular_words, ʟʘ 

ʜʦʧʦʤʦʛʦʶ word2vec ʤʦʜʝʣʽ ʧʨʝʜʩʪʘʚʣʷʻʪʴʩʷ ʫ ʚʠʛʣʷʜʽ ʽʥʜʝʢʩʫ ʽ 

ʟʘʥʦʩʠʪʴʩʷ ʚ ʤʘʩʠʚ word_idxs; 

3) ʅʘ ʦʩʥʦʚʽ ʤʘʩʠʚʫ word_idxs ʤʦʜʝʣʴ ʨʦʙʠʪʴ ʧʝʨʝʜʙʘʯʝʥʥʷ ʽ ʜʘʻ ʥʘ ʚʠʭʦʜʽ 

ʚʝʢʪʦʨ y ʜʦʚʞʠʥʦʶ d.  

ɿ ʚʝʢʪʦʨʫ y ʦʙʠʨʘʶʪʴʩʷ 2**n  ʽʥʜʝʢʩʽʚ, ʷʢʽ ʤʘʶʪʴ ʥʘʡʙʽʣʴʰʽ ʟʥʘʯʝʥʥʷ 

ʡʤʦʚʽʨʥʦʩʪʽ ʽ ʟʘʥʦʩʷʪʴʩʷ ʚ candidate_pool.  

ɿ ʧʦʩʣʽʜʦʚʥʦʩʪʽ ʙʽʪʽʚ ʦʙʠʨʘʶʪʴʩʷ ʧʝʨʰʽ n ʙʽʪ ʽ ʧʨʝʜʩʪʘʚʣʷʶʪʴʩʷ ʚ 

ʜʝʩʷʪʢʦʚʦʤʫ ʚʠʛʣʷʜʽ, ʧʦʟʥʘʯʠʤʦ ʷʢ dec_b. 

ɿ candidate_pool ʦʙʠʨʘʻʪʴʩʷ ʪʦʡ ʽʥʜʝʢʩ, ʧʦʩʣʽʜʦʚʥʠʡ ʥʦʤʝʨ ʷʢʦʛʦ 

ʩʧʽʚʧʘʜʘʻ ʟ ʟʥʘʯʝʥʥʷʤ dec_b.  ɯʥʜʝʢʩ ʟʘʥʦʩʠʪʴʩʷ ʚ ʤʘʩʠʚ word_idxs.  

ʇʝʨʰʽ n ʙʽʪ ʩʝʢʨʝʪʥʦʾ ʧʦʩʣʽʜʦʚʥʦʩʪʽ ʚʠʜʘʣʷʶʪʴʩʷ. 

4) ʐʘʛ 3 ʧʦʚʪʦʨʶʻʪʴʩʷ ʜʦʢʠ ʧʦʩʣʽʜʦʚʥʽʩʪʴ ʩʝʢʨʝʪʥʠʭ ʙʽʪ ʥʝ ʙʫʜʝ 

ʧʦʨʦʞʥʴʦʶ. 

5) ʆʪʨʠʤʘʥʠʡ ʤʘʩʠʚ ʽʥʜʝʢʩʽʚ word_idxs ʟʘ ʜʦʧʦʤʦʛʦʶ word2vec ʤʦʜʝʣʽ 

ʧʝʨʝʚʦʜʠʪʴʩʷ ʚ ʪʝʢʩʪʦʚʝ ʧʨʝʜʩʪʘʚʣʝʥʥʷ. 

ʅʘ ʚʠʭʦʜʽ: ʘʚʪʦʤʘʪʠʯʥʦ ʟʛʝʥʝʨʦʚʘʥʘ ʪʝʢʩʪʦʚʘ ʧʦʩʣʽʜʦʚʥʽʩʪʴ. 

 

ʌʫʥʢʮʽʷ ʟʜʦʙʫʪʪʷ ʽʥʬʦʨʤʘʮʽʾ 

ʅʘ ʚʭʦʜʽ:  

     phrase - ʘʚʪʦʤʘʪʠʯʥʦ ʟʛʝʥʝʨʦʚʘʥʘ ʪʝʢʩʪʦʚʘ ʧʦʩʣʽʜʦʚʥʽʩʪʴ,  

     ʛʝʥʝʨʘʪʠʚʥʘ ʤʦʜʝʣʴ,  

     word2vec ʤʦʜʝʣʴ,  

     n - ʢʽʣʴʢʽʩʪʴ ʙʽʪʽʚ, ʷʢʝ ʰʠʬʨʫʻ ʦʜʥʝ ʩʣʦʚʦ. 

 

ʇʨʠʥʮʠʧ ʨʦʙʦʪʠ:  

1) ʟʘ ʜʦʧʦʤʦʛʦʶ word2vec ʤʦʜʝʣʽ ʧʨʝʜʩʪʘʚʣʷʻʪʴʩʷ ʧʝʨʰʝ ʩʣʦʚʦ ʟ phrase ʫ 

ʚʠʛʣʷʜʽ ʽʥʜʝʢʩʫ ʽ ʟʘʥʦʩʠʪʴʩʷ ʚ ʤʘʩʠʚ word_idxs, ʧʝʨʰʝ ʩʣʦʚʦ ʟ 

ʧʦʩʣʽʜʦʚʥʦʩʪʽ text  ʚʠʜʘʣʷʻʪʴʩʷ. 
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2) ʅʘ ʦʩʥʦʚʽ word_idxs ʤʦʜʝʣʴ ʨʦʙʠʪʴ ʧʝʨʝʜʙʘʯʝʥʥʷ ʽ ʜʘʻ ʥʘ ʚʠʭʦʜʽ ʚʝʢʪʦʨ 

y ʜʦʚʞʠʥʦʶ d.  

ɿ ʮʴʦʛʦ ʚʝʢʪʦʨʫ ʦʙʠʨʘʶʪʴʩʷ 2**n  ʽʥʜʝʢʩʽʚ, ʷʢʽ ʤʘʶʪʴ ʥʘʡʙʽʣʴʰʠʡ 

ʟʥʘʯʝʥʥʷ ʡʤʦʚʽʨʥʦʩʪʽ. ʎʽ ʽʥʜʝʢʩʠ ʧʨʝʜʩʪʘʚʣʷʶʪʴʩʷ ʫ ʚʠʛʣʷʜʽ ʩʣʽʚ ʽ 

ʟʘʥʦʩʷʪʴʩʷ ʚ ʤʘʩʠʚ candidate_pool.  

ɿ candidate_pool ʦʙʠʨʘʻʪʴʩʷ ʪʦʡ ʝʣʝʤʝʥʪ, ʟʥʘʯʝʥʥʷ ʷʢʦʛʦ ʩʧʽʚʧʘʜʘʻ ʟ 

ʟʥʘʯʝʥʥʷʤ ʧʝʨʰʦʛʦ ʩʣʦʚʘ ʚ  phrase.  

ʇʦʩʣʽʜʦʚʥʠʡ ʥʦʤʝʨ ʮʴʦʛʦ ʝʣʝʤʝʥʪʫ ʧʝʨʝʚʦʜʠʪʴʩʷ ʫ ʜʚʽʡʢʦʚʠʡ ʚʠʛʣʷʜ ʽ 

ʟʘʥʦʩʠʪʴʩʷ ʚ ʧʦʩʣʽʜʦʚʥʽʩʪʴ ʩʝʢʨʝʪʥʠʭ ʙʽʪ.  

ɯʥʜʝʢʩ ʮʴʦʛʦ ʝʣʝʤʝʥʪʫ ʟʘʥʦʩʠʪʴʩʷ ʚ word_idxs.  

ʇʝʨʰʝ ʩʣʦʚʦ ʟ ʧʦʩʣʽʜʦʚʥʦʩʪʽ text  ʚʠʜʘʣʷʻʪʴʩʷ. 

3) ʐʘʛ 2 ʧʦʚʪʦʨʶʻʪʴʩʷ ʜʦʢʠ ʫʩʷ ʧʦʩʣʽʜʦʚʥʽʩʪʴ ʩʣʽʚ text ʥʝ ʙʫʜʝ ʧʦʨʦʞʥʴʦʶ. 

ʅʘ ʚʠʭʦʜʽ: ʧʦʩʣʽʜʦʚʥʽʩʪʴ ʩʝʢʨʝʪʥʠʭ ʙʽʪʽʚ. 

 

     ɺʠʩʥʦʚʢʠ ʜʦ ʨʦʟʜʽʣʫ 3 

     ɺ ʮʴʦʤʫ ʨʦʟʜʽʣʽ ʙʫʣʦ ʧʨʦʘʥʘʣʽʟʦʚʘʥʦ ʜʘʥʽ, ʷʢʽ ʚʠʢʦʨʠʩʪʦʚʫʚʘʣʠʩʴ ʜʣʷ 

ʪʨʝʥʫʚʘʥʥʷ ʥʝʡʨʦʥʥʦʾ ʤʝʨʝʞʽ ʽ ʥʘ ʦʩʥʦʚʽ ʷʢʠʭ ʙʫʜʫʪʴ ʛʝʥʝʨʫʚʘʪʠʩʷ ʪʝʢʩʪʦʚʽ 

ʧʦʩʣʽʜʦʚʥʦʩʪʽ. ʊʘʢʦʞ ʙʫʣʦ ʜʦʩʣʽʜʞʝʥʦ ʤʝʪʦʜʠ ʧʨʝʜʩʪʘʚʣʝʥʥʷ ʮʠʭ ʜʘʥʠʭ ʜʣʷ 

ʪʨʝʥʫʚʘʥʥʷ ʥʝʡʨʦʥʥʦʾ ʤʝʨʝʞʽ. 

     ʆʧʠʩʘʥʦ ʘʨʭʽʪʝʢʪʫʨʫ ʥʝʡʨʦʥʥʦʾ ʤʝʨʝʞʽ, ʷʢʽ ʚʠʢʦʨʠʩʪʦʚʫʚʘʣʘʩʴ ʜʣʷ 

ʛʝʥʝʨʘʮʽʾ ʪʝʢʩʪʦʚʠʭ ʧʦʩʣʽʜʦʚʥʦʩʪʝʡ, ʘ ʪʘʢʦʞ ʦʧʠʩʘʥʦ ʘʣʛʦʨʠʪʤʠ ʧʨʠʭʦʚʘʥʥʷ ʽ 

ʚʽʜʥʦʚʣʝʥʥʷ ʽʥʬʦʨʤʘʮʽʾ. 
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4 ɼʆʉʃɯɼɾɽʅʅʗ ʆʊʈʀʄɸʅʅʀʍ ʈɽɿʋʃʔʊɸʊɯɺ 

     4.1 ɸʥʘʣʽʟ ʨʝʟʫʣʴʪʘʪʽʚ ʥʘʚʯʘʥʥʷ word2vec ʤʦʜʝʣʽ 

     ɼʣʷ ʧʨʝʜʩʪʘʚʣʝʥʥʷ ʩʣʦʚʘ ʟʘ ʜʦʧʦʤʦʛʦʶ ʮʽʻʾ ʤʦʜʝʣʽ, ʯʠʩʣʦ ʦʟʥʘʢ ʥʘ ʚʠʭʦʜʽ 

ʙʫʣʦ ʦʙʨʘʥʦ: n=100, ʪʘʢʠʤ ʯʠʥʦʤ ʜʣʷ ʢʦʞʥʦʛʦ ʟ ʥʘʙʦʨʽʚ ʜʘʥʠʭ ʦʪʨʠʤʫʻʤʦ 

ʤʘʪʨʠʮʶ ʨʦʟʤʽʨʦʤ (100, d), ʜʝ d ï ʢʽʣʴʢʽʩʪʴ ʫʥʽʢʘʣʴʥʠʭ ʩʣʽʚ ʜʣʷ ʢʦʞʥʦʾ ʟ 

ʤʦʜʝʣʝʡ, ʜʣʷ ʢʦʞʥʦʛʦ ʥʘʙʦʨʫ ʨʦʟʤʽʨʥʽʩʪʴ ʤʘʪʨʠʮʽ ʧʨʝʜʩʪʘʚʣʝʥʦ ʚ ʪʘʙʣʠʮʽ 4.1. 

ʄʦʞʥʘ ʙʫʣʦ ʧʦʙʫʜʫʚʘʪʠ ʦʜʥʫ ʤʘʪʨʠʮʶ ʜʣʷ ʚʩʽʭ 3ʭ ʥʘʙʦʨʽʚ ʜʘʥʠʭ, ʧʨʦʪʝ ʢʦʞʝʥ 

ʟ ʥʘʙʦʨʽʚ ʤʘʻ ʩʚʦʾ ʩʧʝʮʠʬʽʯʥʽ ʩʣʦʚʘ, ʭʘʨʘʢʪʝʨʥʽ ʜʣʷ ʡʦʛʦ ʪʝʤʘʪʠʢʠ ʽ ʚ ʪʘʢʦʤʫ 

ʨʘʟʽ ʩʣʦʚʥʠʢ ʚʠʷʚʠʚʩʷ ʙ ʟʘʥʘʜʪʦ ʚʝʣʠʢʠʤ, ʱʦ ʧʦʛʘʥʦ ʚʧʣʠʥʫʣʦ ʙ ʥʘ ʪʨʝʥʫʚʘʥʥʷ 

ʛʝʥʝʨʘʪʠʚʥʦʾ ʤʦʜʝʣ.̔ 

 

     ʊʘʙʣʠʮʷ 4.1 ï ʈʦʟʤʽʨʥʦʩʪʽ ʚʠʭʽʜʥʠʭ ʤʘʪʨʠʮʴ 

ʅʘʙʽʨ ʜʘʥʠʭ ʈʦʟʤʽʨʥʽʩʪʴ 

twitter (130799, 100) 

 

news (195132, 100) 

imdb (148210, 100) 

 

     ɼʣʷ ʢʦʞʥʦʾ ʟ ʤʘʪʨʠʮʴ, ʦʪʨʠʤʘʥʠʭ ʚ ʨʝʟʫʣʴʪʘʪʽ ʥʘʚʯʘʥʥʷ ʤʦʜʝʣʽ ʥʘʚʝʜʝʤʦ 

ʧʨʠʢʣʘʜʠ ʧʦʰʫʢʫ ʩʝʤʘʥʪʠʯʥʦ ʙʣʠʟʴʢʠʭ ʩʣʽʚ ʥʘ ʦʩʥʦʚʽ ʟʥʘʭʦʜʞʝʥʥʷ 

ʢʦʩʠʥʫʩʥʦʾ ʚʽʜʩʪʘʥʽ ʤʽʞ ʚʝʢʪʦʨʘʤʠ(5 ʥʘʡʙʣʠʞʯʠʭ): 

     ɼʣʷ ʥʘʙʦʨʫ ʜʘʥʠʭ çtwitterè: 

  hi: hello (0.83), hey (0.71), hii (0.71), heyy (0.66), quothiquot (0.66); 

  today: tonight (0.67), yesterday (0.62), todays (0.60), tomorrow (0.59), 2day (0.54

); 

  try: attempt (0.63), continue (0.57), manage (0.56), stick (0.55), maybe (0.54). 

 

     ɼʣʷ ʥʘʙʦʨʫ ʜʘʥʠʭ çnewsè: 

  security: securitys (0.73), counterterrorism (0.64), guardsmen (0.62), cybersecurit

y (0.60), reciprocity (0.57); 
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  technology: software (0.79), ai (0.76), computing (0.76), technologies (0.75), bloc

kchain (0.75); 

  institute: center (0.81), institutes (0.78), thinktank (0.70), university (0.68), univer

sitys (0.64). 

 

     ɼʣʷ ʥʘʙʦʨʫ ʜʘʥʠʭ ñimdbò: 

 film: movie (0.95), documentary (0.75), picture (0.74), flick (0.69), films (0.62); 

 good: decent (0.80), great (0.77), bad (0.75), cool (0.68), nice (0.68); 

 review: comment (0.82), reviews (0.70), summary (0.68), comments (0.68), imdb (

0.67). 

 

     4.2 ɸʥʘʣʽʟ ʨʝʟʫʣʴʪʘʪʽʚ ʥʘʚʯʘʥʥʷ ʨʝʢʫʨʝʥʪʥʦʾ ʤʝʨʝʞʽ 

     ʂʦʞʥʘ ʤʦʜʝʣʴ ʥʘʚʯʘʣʘʩʴ 300 ʝʧʦʭ ʥʘ ʦʜʥʽʡ ʚʜ̔ʝʦʢʘʨʪʽ Nvidia GeForce GTX 

1060 3GB, ʧʨʦʪʝ ʟʚʘʞʘʶʯʠ ʥʘ ʪʝ, ʱʦ ʢʦʞʝʥ ʟ ʥʘʙʦʨʽʚ ʜʘʥʠʭ ʤʘʻ ʨʽʟʥʠʡ ʨʦʟʤʽʨ 

ʩʣʦʚʥʠʢʫ ʽ ʨʽʟʥʫ ʢʽʣʴʢʽʩʪʴ ʨʝʯʝʥʴ, ʪʨʠʚʘʣʽʩʪʴ ʦʜʥʽʻ ʾʝʧʦʭʠ ʜʣʷ ʢʦʞʥʦʤʫ ʟ 

ʥʘʙʦʨʽʚ ʙʫʣʘ ʚʽʜʤʽʥʥʦʶ. ʊʘʢʦʞ ʟ ʧʨʠʚʦʜʫ ʜʦʩʠʪʴ ʥʝʟʥʘʯʥʦʾ ʢʽʣʴʢʦʩʪʽ ʧʘʤôʷʪʽ 

ʦʜʥʽʻʾ ʚʽʜʝʦʢʘʨʪʠ, ʧʦʨʽʚʥʷʥʦ ʟ ʨʦʟʤʽʨʦʤ ʩʣʦʚʥʠʢʫ, ʤʽʥʽ-ʧʘʨʪʽʾ ʧʽʩʣʷ ʷʢʠʭ 

ʟʤʽʥʶʚʘʣʦʩʴ ʟʥʘʯʝʥʥʷ ʛʨʘʜʽʻʥʪʘ ʜʣʷ ʢʦʞʥʦʛʦ ʟ ʥʘʙʦʨʽʚ ʙʫʣʠ ʥʝʚʝʣʠʢʽ ʽ 

ʚʽʜʨʽʟʥʷʣʠʩʴ ʚ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʥʘʙʦʨʫ. ʇʨʦʪʷʛʦʤ ʥʘʚʯʘʥʥʷ ʜʣʷ ʦʮʽʥʢʠ 

ʚʠʢʦʨʠʩʪʦʚʫʚʘʣʘʩʴ ʤʝʪʨʠʢʘ ñAccuracyò, ʷʢʘ ʨʦʟʨʘʭʦʚʫʻʪʴʩʷ ʪʘʢʠʤ ʯʠʥʦʤ: 

 

                                                        ὃὧὧόὶὥὧώὖȾὔ,                                       (4.1) 

 

     ʜʝ P ï ʟʥʘʯʝʥʥʷ ʧʨʠʢʣʘʜʽʚ, ʜʣʷ ʷʢʠʭ ʤʦʜʝʣʴ ʜʘʻ ʧʨʘʚʠʣʴʥʝ ʧʝʨʝʜʙʘʯʝʥʥʷ 

ʥʘʩʪʫʧʥʦʛʦ ʩʣʦʚʘ. 

     ʊ ï ʟʘʛʘʣʴʥʘ ʢʽʣʴʢʽʩʪʴ ʧʨʠʢʣʘʜʽʚ, ʥʘ ʷʢʠʭ ʥʘʚʯʘʣʘʩʴ ʤʦʜʝʣʴ ʜʣʷ ʢʦʞʥʦʛʦ ʟ 

ʥʘʙʦʨʽʚ 

 

ɿʥʘʯʝʥʥʷ ʚʩʽʭ ʧʘʨʘʤʝʪʨʽʚ ʜʣʷ ʥʘʚʯʘʥʥʷ ʥʘʚʝʜʝʥʦ ʚ ʪʘʙʣʠʮʽ ʥʠʞʯʝ. 
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     ʊʘʙʣʠʮʷ 4.2 ï ʇʘʨʘʤʝʪʨʠ ʥʘʚʯʘʥʥʷ ʤʦʜʝʣʽ 

ʅʘʙʽʨ 

ʜʘʥʠʭ 

ʈʦʟʤʽʨ ʄʽʥʽ-

ʧʘʨʪʽʾ 

ɿʘʛʘʣʴʥʠʡ ʯʘʩ 

ʥʘʚʯʘʥʥʷ 
Accuracy 

twitter 200 150 ʛʦʜʠʥ 82.4% 

news 150 400 ʛʦʜʠʥ 73.8% 

imdb 200 50 ʛʦʜʠʥ 91.5% 

 

     ʇʨʠʢʣʘʜʠ ʪʝʢʩʪʽʚ, ʟʛʝʥʝʨʦʚʘʥʠʭ ʤʦʜʝʣʷʤʠ ʧʽʩʣʷ ʥʘʚʯʘʥʥʷ: 

- ɻʝʥʝʨʫʚʘʥʥʷ ʪʝʢʩʪʫ ʜʦʚʞʠʥʦʶ 5 ʩʣʽʚ: 

Imdb: 

ñmaybe professor entirely change graphicò 

ñshe is agreeable housewife and girlfriendò 

ñall soft and solid materialsò 

News: 

ñcome under pressure from advocatesò 

 ñsee crime scenes gone coldò 

 ñaccording to a new yorkò 

Twitter: 

ñstarting report time totally changeò 

ñgive improved subject for alertò 

ñworst bonus sweat result againò 

- ɻʝʥʝʨʫʚʘʥʥʷ ʪʝʢʩʪʫ ʜʦʚʞʠʥʦʶ 10 ʩʣʽʚ: 

Imdb: 

 ñshe is professional killer and really knows how to killò 

ñMike completed programming only when he wanted really to sleepò 

ñhis delivery was appreciated intensely he succeeds working in darknessò 

News: 

ñif in washington tomorrow again tune  revolt it wake presidentò 

ñupon taking office the trump administration will evaluate this caseò 
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ñwhite house said that the spending was a permanent partò 

Twitter: 

ñusually it give improved subject force for some specific stuffò 

 ñbeautiful priceless flowers oh watching on it all the timeò 

ñfunny scenes from this video rly love it so funnyò 

 

     4.3 ɸʥʘʣʽʟ ʩʪʝʛʘʥʦʛʨʘʬʯ̔ʥʦʛʦ ʘʣʛʦʨʠʪʤʫ 

     4.3.1 Embedding Rate 

     ʆʜʥʽʻʶ ʟ ʦʮʽʥʦʢ ʻ ʤʝʪʨʠʢʘ Embedding Rate(ER), ʷʢʘ ʧʦʢʘʟʫʻ ʩʢʽʣʴʢʠ 

ʽʥʬʦʨʤʘʮʽʾ ʤʦʞʝ ʙʫʪʠ ʚʙʫʜʦʚʘʥʦ ʚ ʪʝʢʩʪʠ, ʱʦ ʻ ʚʘʞʣʠʚʠʤ ʧʦʢʘʟʥʠʢʦʤ ʜʣʷ 

ʦʮʽʥʢʠ ʧʨʦʜʫʢʪʠʚʥʦʩʪʽ ʩʪʝʥʦʛʨʘʬʽʯʥʦʛʦ ʘʣʛʦʨʠʪʤʫ.  ʄʝʪʦʜ ʨʦʟʨʘʭʫʥʢʫ ER 

ʧʦʣʷʛʘʻ ʚ ʪʦʤʫ, ʱʦʙ ʨʦʟʜʽʣʠʪʠ ʬʘʢʪʠʯʥʝ ʯʠʩʣʦ ʚʙʫʜʦʚʘʥʠʭ ʙʽʪʽʚ ʥʘ ʢʽʣʴʢʽʩʪʴ 

ʙʽʪʽʚ ʚʩʴʦʛʦ ʛʝʥʝʨʦʚʘʥʦʛʦ ʪʝʢʩʪʫ[4]. 

     ʄʘʪʝʤʘʪʠʯʥʠʡ ʚʠʨʘʟ ʜʣʷ ER ʤʘʻ ʪʘʢʠʡ ʚʠʛʣʷʜ: 

 

        ὉὙ  В  В
  В ȟ

             (4.2) 

     ʜʝ N - ʢʽʣʴʢʽʩʪʴ ʟʛʝʥʝʨʦʚʘʥʠʭ ʨʝʯʝʥʴ, ʘ Li - ʜʦʚʞʠʥʘ i-ʛʦ ʨʝʯʝʥʥʷ. k ʚʢʘʟʫʻ 

ʯʠʩʣʦ ʙʽʪʽʚ, ʚʙʫʜʦʚʘʥʠʭ ʫ ʢʦʞʥʝ ʩʣʦʚʦ, ʘ B (Si) - ʯʠʩʣʦ ʙʽʪʽʚ i-ʛʦ ʨʝʯʝʥʥʷ. 

ʆʩʢʽʣʴʢʠ ʢʦʞʥʘ ʘʥʛʣʽʡʩʴʢʘ ʙʫʢʚʘ ʬʘʢʪʠʯʥʦ ʟʘʡʤʘʻ ʦʜʠʥ ʙʘʡʪ ʚ ʢʦʤʧ'ʶʪʝʨʽ, 

ʪʦʙʪʦ 8 ʙʽʪ, ʯʠʩʣʦ ʙʽʪ, ʟʘʡʥʷʪʠʭ ʢʦʞʥʠʤ ʘʥʛʣʽʡʩʴʢʠʤ ʨʝʯʝʥʥʷʤ, ʻ B (Si) = 8 Ĭ 

В άȟ, ʜʝ mi,j ʷʚʣʷʻ ʩʦʙʦʶ ʢʽʣʴʢʽʩʪʴ ʙʫʢʚ, ʱʦ ʤʽʩʪʷʪʴʩʷ ʚ j-ʤʫ ʩʣʦʚʽ i-ʛʦ 

ʨʝʯʝʥʥʷ. ὒ  ʽ ά  ʧʦʟʥʘʯʘʶʪʴ ʩʝʨʝʜʥʶ ʜʦʚʞʠʥʫ ʢʦʞʥʦʛʦ ʨʝʯʝʥʥʷ ʫ 

ʩʬʦʨʤʦʚʘʥʦʤʫ ʪʝʢʩʪʽ ʽ ʩʝʨʝʜʥʶ ʢʽʣʴʢʽʩʪʴ ʙʫʢʚ, ʱʦ ʤʽʩʪʷʪʴʩʷ ʚ ʢʦʞʥʦʤʫ 

ʩʣʦʚʽ[4].  

     ɺ ʪʘʙʣʠʮʽ 4.3 ʥʘʚʝʜʝʥʦ ʨʝʟʫʣʴʪʘʪʠ ʜʣʷ ʨʽʟʥʠʭ ʥʘʙʦʨʽʚ ʜʘʥʠʭ ʽ ʨʽʟʥʦʛʦ 

ʧʘʨʘʤʝʪʨʫ k, ʷʢʠʡ ʚʢʘʟʫʻ ʩʢʽʣʴʢʠ ʙʽʪ ʰʠʬʨʫʻ ʦʜʥʝ ʩʣʦʚʦ. ʋ ʪʘʙʣʠʮʽ 4.4 ʚʢʘʟʘʥʦ 

ʟʥʘʯʝʥʥʷ ʟʥʘʯʝʥʥʷ ER ʜʣʷ ʜʝʷʢʠʭ ʽʥʰʠʭ ʘʣʛʦʨʠʪʤʽʚ. 
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     ʊʘʙʣʠʮʷ 4.3 ï Embedding Rate ʜʣʷ ʨʽʟʥʠʭ ʥʘʙʦʨʽʚ ʜʘʥʠʭ. 

 ER for twitter ER for imdb ER for news ὉὙ 

k = 1 2.75% 2.67% 2.49% 2.63% 

k = 2 5.50% 5.34% 4.99% 5.27% 

k = 3 8.25% 8.01% 7.48% 7.91% 

k = 4 11.00% 10.68% 9.98% 10.55% 

k = 5 13.75% 13.36% 12.47% 13.19% 

    

     ʊʘʙʣʠʮʷ 4.4 ï ER ʽʥʰʠʭ ʘʣʛʦʨʠʪʤʽʚ ʪʝʢʩʪʦʚʦʾ ʩʪʝʛʘʥʦʛʨʘʬʽʾ 

ʄʝʪʦʜʠ ER 

ʄʝʪʦʜ ʟʘʧʨʦʧʦʥʦʚʘʥʠʡ ʚ [19] 0.3% 

ʄʝʪʦʜ ʟʘʧʨʦʧʦʥʦʚʘʥʠʡ ʚ [20] 0.35% 

ʄʝʪʦʜ ʟʘʧʨʦʧʦʥʦʚʘʥʠʡ ʚ [21] 1.0% 

ʄʝʪʦʜ ʟʘʧʨʦʧʦʥʦʚʘʥʠʡ ʚ [22] 1.57% 

 

     ʇʦʨʽʚʥʶʶʯʠ ʟʥʘʯʝʥʥʷ ʫ ʪʘʙʣʠʮʷʭ 4.3 ʽ 4.4 ʤʦʞʥʘ ʟʘʟʥʘʯʠʪʠ, ʱʦ  

ʟʘʧʨʦʧʦʥʦʚʘʥʠʡ ʘʣʛʦʨʠʪʤ ʤʘʻ ʜʦʩʠʪʴ ʚʠʩʦʢʽ ʟʥʘʯʝʥʥʷ ER ʥʘ ʚʽʜʤʽʥʫ ʚʽʜ  

ʧʦʧʝʨʝʜʥʽʭ ʘʣʛʦʨʠʪʤʽʚ ʪʝʢʩʪʦʚʦʾ ʩʪʝʛʘʥʦʛʨʘʬʽʾ. 

     4.3.2 ʐʚʠʜʢ̔ʩʪʴ ʨʦʙʦʪʠ 

     ɺʘʞʣʠʚʠʤ ʧʘʨʘʤʝʪʨʦʤ ʻ ʰʚʠʜʢʽʩʪʴ ʟ ʷʢʦʶ ʘʣʛʦʨʠʪʤ ʛʝʥʝʨʫʻ ʪʝʢʩʪ ʟ 

ʧʨʠʭʦʚʘʥʥʷʤ ʚ ʥʴʦʤʫ ʩʝʢʨʝʪʥʦʾ ʽʥʬʦʨʤʘʮʽʾ, ʘ ʧʦʪʽʤ ʟ ʮʴʦʛʦ ʪʝʢʩʪʫ ʪʘ 

ʚʽʜʥʦʚʣʶʻ ʩʝʢʨʝʪ. ɺʠʤʽʨʶʻʪʴʩʷ ʚʦʥʘ ʫ ʙʘʡʪʘʭ ʥʘ ʩʝʢʫʥʜʫ, ʪʦʙʪʦ ʩʢʽʣʴʢʠ ʙʘʡʪ 

ʥ̔ʬʦʨʤʘʮʽʾ ʤʦʞʥʘ ʧʨʠʭʦʚʘʪʠ/ʚʽʜʥʦʚʠʪʠ ʟʘ 1 ʩʝʢʫʥʜʫ.  

     ɺ ʪʘʙʣʠʮʽ 4.5 ʥʘʚʝʜʝʥʦ ʧʦʨʽʚʥʷʥʥʷ ʰʚʠʜʢʦʩʪʽ ʨʦʙʦʪʠ ʟʘʧʨʦʧʦʥʦʚʘʥʦʛʦ

 ʘʣʛʦʨʠʪʤʫ ʟ ʽʩʥʫʶʯʠʤʠ ʘʥʘʣʦʛʘʤʠ. 

     ʊʘʙʣʠʮʷ 4.5 ï ʐʚʠʜʢʽʩʪʴ ʨʦʙʦʪʠ 

ʤʝʪʦʜ Encoding time Decoding time 

ɿʘʧʨʦʧʦʥʦʚʘʥʠʡ ʫ ʮʽʡ ʨʦʙʦʪʽ 
 

1.2 kB/s 1.15 kB/s 

ʄʝʪʦʜ ʟʘʧʨʦʧʦʥʦʚʘʥʠʡ ʫ [23] 0.2 kB/s 0.2 kB/s 

ʄʝʪʦʜ ʟʘʧʨʦʧʦʥʦʚʘʥʠʡ ʫ [4] 0.1 kB/s 0.1 kB/s 
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     4.3.3 ʇʝʨʧʣʝʢʩʽ ̫

     ʄʝʪʦʶ, ʩʪʚʦʨʝʥʦʾ ʩʠʩʪʝʤʠ ʻ ʧʨʠʭʦʚʫʚʘʥʥʷ ʥʘʷʚʥʦʩʪʽ ʽʥʬʦʨʤʘʮʽʾ ʚ 

ʢʦʥʪʝʡʥʝʨʽ ʜʣʷ ʟʘʙʝʟʧʝʯʝʥʥʷ ʙʝʟʧʝʢʠ ʚʘʞʣʠʚʦʾ ʽʥʬʦʨʤʘʮʽʾ. ʊʘʢʠʤ ʯʠʥʦʤ, 

ʤʘʩʢʫʚʘʥʥʷ ʽʥʬʦʨʤʘʮʽʾ ʻ ʥʘʡʚʘʞʣʠʚʽʰʠʤ ʬʘʢʪʦʨʦʤ ʦʮʽʥʢʠ ʧʨʦʜʫʢʪʠʚʥʦʩʪʽ 

ʩʠʩʪʝʤʠ ʧʨʠʭʦʚʫʚʘʥʥʷ. ʊʦʙʪʦ ʩʪʝʛʘʥʦʛʨʘʬʽʯʥʘ ʦʧʝʨʘʮʽʷ ʥʝ ʧʦʚʠʥʥʘ 

ʧʨʠʟʚʦʜʠʪʠ ʜʦ ʚʽʜʤʽʥʥʦʩʪʝʡ ʫ ʨʦʟʧʦʜʽʣʽ ʥʦʩʽʾʚ ʫ ʩʝʤʘʥʪʠʯʥʦʤʫ ʧʨʦʩʪʦʨʽ. 

ɺʠʭʦʜʷʯʠ ʟ ʮʴʦʛʦ ʤʠ ʧʦʚʠʥʥʽ ʧʝʨʝʚʽʨʠʪʠ, ʱʦ ʨʝʯʝʥʥʷ, ʩʪʚʦʨʝʥʽ ʥʘʰʦʶ 

ʤʦʜʝʣʣʶ, ʜʦʩʪʘʪʥʴʦ ʙʣʠʟʴʢʠʤʠ ʜʦ ʥʝʩʪʝʛʘʥʦʛʨʘʬʽʯʥʦʛʦ ʥʦʩʽʷ (ʪʦʙʪʦ, 

ʪʨʝʥʫʚʘʣʴʥʠʭ ʪʝʢʩʪʽʚ) ʥʘ ʩʪʘʪʠʩʪʠʯʥʽʡ ʤʦʜʝʣʽ ʤʦʚʠ. ʋ ʪʝʦʨʽʾ ʽʥʬʦʨʤʘʮʽʾ, 

ʧʝʨʧʣʝʢʩʽʷ ʻ ʚʠʤʽʨʶʚʘʥʥʷʤ ʪʦʛʦ, ʥʘʩʢʽʣʴʢʠ ʜʦʙʨʝ ʨʦʟʧʦʜʽʣ ʡʤʦʚʽʨʥʦʩʪʽ ʘʙʦ 

ʡʤʦʚʽʨʥʽʩʥʘ ʤʦʜʝʣʴ ʧʝʨʝʜʙʘʯʘʻ ʟʨʘʟʦʢ. ɺ ʛʘʣʫʟʽ ʦʙʨʦʙʢʠ ʧʨʠʨʦʜʥʽʭ ʤʦʚ, 

ʧʝʨʧʣʝʢʩʽʷ ʻ ʩʪʘʥʜʘʨʪʥʦʶ ʤʝʪʨʠʢʦʶ ʜʣʷ ʧʝʨʝʚʽʨʢʠ ʷʢʦʩʪʽ ʨʝʯʝʥʴ. ɺʦʥʘ 

ʚʠʟʥʘʯʘʻʪʴʩʷ, ʷʢ ʩʝʨʝʜʥʷ ʣʦʛ-ʡʤʦʚʽʨʥʽʩʪʴ ʟʘ ʩʣʦʚʦʤ ʚ ʪʝʩʪʦʚʠʭ ʪʝʢʩʪʘʭ: 

                                ὴὩὶὴὰὩὼὭὸώ ς  ς  ȟ ȟ ȟȢȢ

                                                ς  В ȿ ȟ ȟȢȢ                                                         
(4.3) 

     ʜʝ S={w1, w2, w3,é, wn} ï ʟʛʝʥʝʨʦʚʘʥʝ ʨʝʯʝʥʥʷ, p(S) ʚʢʘʟʫʻ ʥʘ ʨʦʟʧʦʜʽʣ 

ʡʤʦʚʽʨʥʦʩʪʝʡ ʫ ʩʣʦʚʘʭ ʚ ʨʝʯʝʥʥʽ, ʡʤʦʚʽʨʥʽʩʪʴ ʨʦʟʨʘʭʦʚʫʻʪʴʩʷ ʟ ʤʦʚʥʦʾ ʤʦʜʝʣʽ 

ʥʘʚʯʘʣʴʥʠʭ ʪʝʢʩʪʽʚ. n - ʢʽʣʴʢʽʩʪʴ ʩʣʽʚ ʫ ʛʝʥʝʨʦʚʘʥʠʭ ʨʝʯʝʥʥʷʭ.  

     ʊʘʢʠʤ ʯʠʥʦʤ ʧʝʨʧʣʝʢʩʽʷ ʦʙʯʠʩʣʶʻ ʨʽʟʥʠʮʶ ʫ ʩʪʘʪʠʩʪʠʯʥʦʤʫ ʨʦʟʧʦʜʽʣʽ 

ʤʦʚʥʦʾ ʤʦʜʝʣʽ ʤʽʞ ʛʝʥʝʨʦʚʘʥʠʤʠ ʪʝʢʩʪʘʤʠ ʪʘ ʥʘʚʯʘʣʴʥʠʤʠ ʪʝʢʩʪʘʤʠ. ʏʠʤ 

ʤʝʥʰʠʤ ʻ ʡʦʛʦ ʟʥʘʯʝʥʥʷ, ʪʠʤ ʙʽʣʴʰ ʧʦʜʽʙʥʠʤ ʙʫʜʝ ʟʛʝʥʝʨʦʚʘʥʠʡ ʪʝʢʩʪ ʜʦ 

ʩʪʘʪʠʩʪʠʯʥʦʛʦ ʨʦʟʧʦʜʽʣʫ ʥʘʚʯʘʣʴʥʦʛʦ ʪʝʢʩʪʫ. ɼʣʷ ʪʦʛʦ, ʱʦʙ ʦʮʽʥʠʪʠ 

ʧʝʨʧʣʝʢʩʽʶ ʙʫʣʦ ʟʛʝʥʝʨʦʚʘʥʦ ʧʦ 1000 ʨʝʯʝʥʴ ʜʣʷ ʨʽʟʥʠʭ ʟʥʘʯʝʥʴ bpw ï 

ʢʽʣʴʢʦʩʪʽ ʙʽʪ, ʷʢʽ ʰʠʬʨʫʶʪʴʩʷ ʚ ʦʜʥʦʤʫ ʧʦʚʽʜʦʤʣʝʥʽ, ʜʣʷ ʢʦʞʥʦʛʦ ʟ ʥʘʙʦʨʽʚ 

ʜʘʥʠʭ. ʉʧʠʨʘʶʯʠʩʴ ʥʘ ʦʪʨʠʤʘʥʽ ʨʝʟʫʣʴʪʘʪʠ ʙʫʣʦ ʧʦʙʫʜʦʚʘʥʦ ʧʦʨʽʚʥʷʣʴʥʫ 

ʪʘʙʣʠʮʶ 4.6, ʜʝ ʟʥʘʯʝʥʥʷ ʧʝʨʧʣʝʢʩʽʾ ʜʘʥʦʛʦ ʘʣʛʦʨʠʪʤʫ ʧʦʨʽʚʥʶʶʪʴʩʷ ʽʟ 

ʟʥʘʯʝʥʥʷʤʠ ʧʝʨʧʣʝʢʩʽʾ ʜʚʦʭ ʤʝʪʦʜʽʚ, ʟʘʩʥʦʚʘʥʠʭ ʥʘ ʤʘʨʢʦʚʩʴʢʽʡ ʣʘʥʮʶʛʦʚʽʡ 

ʤʦʜʝʣʽ. ʊʘʢʦʞ ʥʘ ʨʠʩʫʥʢʫ 4.1 ʧʦʙʫʜʦʚʘʥʦ ʛʨʘʬʽʢʠ ʧʦʨʽʚʥʷʥʥʷ ʧʝʨʧʣʝʢʩʽʾ ʪʨʴʦʭ 

ʘʣʛʦʨʠʪʤʽʚ ʜʣʷ ʢʦʞʥʦʛʦ ʟ ʥʘʙʦʨʽʚ. 
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      ʊʘʙʣʠʮʷ 4.6 ï ɿʥʘʯʝʥʥʷ ʧʝʨʧʣʝʢʩʽʾ ʜʣʷ ʨʽʟʥʠʭ ʘʣʛʦʨʠʪʤʽʚ 

 

ɺʭʽʜʥʽ ʜʘʥʽ ʄʝʪʦʜ ʟʘʧʨʦʧʦʥʦ

ʚʘʥʠʡ ʫ [23] 

ʄʝʪʦʜ ʟʘʧʨʦʧʦ

ʥʦʚʘʥʠʡ ʫ [22] 

 

ʄʝʪʦʜ, ʟʘʧʨʦʧʦʥ

ʦʚʘʥʠʡ ʫ ʮʽʡ ʨʦʙ

ʦʪʽ 
ʅʘʙʽʨ ʜʘʥʠʭ bpw 

IMDB 

1 430.38 212.58 

 

23.10 

 

2 432.16 269.51 

 

28.64 

 

3 430.61 304.71 

 

32.44 

 

4 436.19 332.32 

 

35.26 

 

5 433.95 348.36 

 

36.25 

 

News 

1 485.47 243.57 

 

17.63 

 

2 487.65 302.43 

 

30.27 

 

3 483.03 326.62 

 

44.32 

 

4 493.30 368.07 

 

72.00 

 

5 485.31 382.99 

 

103.25 
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     ʂʽʥʝʮʴ ʪʘʙʣʠʮʽ 4.6 

 (a) ʄʝʪʦʜ ʟʘʧʨʦʧʦʥʦʚʘʥʠʡ ʫ [23]            (b) ʄʝʪʦʜ ʟʘʧʨʦʧʦʥʦʚʘʥʠʡ ʫ [22] 

(c) ʄʝʪʦʜ, ʟʘʧʨʦʧʦʥʦʚʘʥʠʡ ʫ ʮʽʡ ʨʦʙʦʪʽ 

ʈʠʩʫʥʦʢ 4.1 ï ʇʦʨʽʚʥʷʥʥʷ ʟʥʘʯʝʥʴ ʧʝʨʧʣʝʢʩʽʾ ʪʨʴʦʭ ʘʣʛʦʨʠʪʤʽʚ 

Twitter 

1 445.16 184.09 

 

11.15 

 

2 445.64 257.36 

 

16.33 

 

3 448.52 302.66 

 

21.11 

 

4 440.26 333.20 

 

24.76 

 

5 440.08 349.78 

 

27.85 
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     ʗʢ ʤʦʞʥʘ ʙʘʯʠʪʠ ʟ ʪʘʙʣʠʮʽ 4.6, ʟʘʧʨʦʧʦʥʦʚʘʥʘ ʤʦʜʝʣʴ ʜʦʩʠʪʴ ʜʦʙʨʝ 

ʧʨʠʩʪʦʩʦʚʫʻʪʴʩʷ ʜʦ ʨʦʟʧʦʜʽʣʫ ʥʘʚʯʘʣʴʥʦʛʦ ʪʝʢʩʪʫ ʫ ʧʦʨʽʚʥʷʥʥʽ ʟ ʧʦʧʝʨʝʜʥʽʤʠ 

ʘʣʛʦʨʠʪʤʘʤʠ.  

     ʊʘʢʦʞ ʮʽʢʘʚʦ ʧʦʜʠʚʠʪʠʩʴ ʟʥʘʯʝʥʥʷ ʧʝʨʧʣʝʢʩʽʾ ʢʦʞʥʦʾ ʟ ʤʦʜʝʣʝʡ ʥʝ ʥʘ 

ʪʨʝʥʫʚʘʣʴʥʦʤʫ ʥʘʙʦʨʽ, ʘ ʥʘ ʽʥʰʦʤʫ, ʷʢʠʡ ʥʝ ʚʠʢʦʨʠʩʪʦʚʫʚʘʚʩʷ ʜʣʷ ʥʘʚʯʘʥʥʷ. 

ɼʣʷ ʮʴʦʛʦ ʚ ʬʦʨʤʫʣʽ 4.3 ʟʥʘʯʝʥʥʷ ʡʤʦʚʽʨʥʽʩʪʝʡ p(S) ʨʦʟʨʘʭʦʚʫʚʘʣʠʩʴ ʟ ʤʦʚʥʦʾ 

ʤʦʜʝʣʽ ʜʚʦʭ ʽʥʰʠʭ ʥʘʙʦʨʽʚ, ʚʽʜʤʽʥʥʠʭ ʚʽʜ ʪʦʛʦ, ʥʘ ʷʢʦʤʫ ʥʘʚʯʘʣʘʩʷ ʥʝʡʨʦʥʥʘ 

ʤʝʨʝʞʘ, ʘ ʨʝʯʝʥʥʷ ʛʝʥʝʨʫʚʘʣʠʩʴ ʥʘ ʢʦʞʥʽʡ ʟ ʪʨʴʦʭ ʤʦʜʝʣʝʡ. ɿʥʘʯʝʥʥʷ, ʷʢʽ ʙʫʣʦ 

ʦʪʨʠʤʘʥʦ, ʥʘʚʝʜʝʥʦ ʚ ʪʘʙʣʠʮʽ 4.7, ʘ ʪʘʢʦʞ ʥʘ ʨʠʩʫʥʢʫ 4.2.  

     ʊʘʙʣʠʮʷ 4.7 ï ɿʥʘʯʝʥʥʷ ʧʝʨʧʣʝʢʩʽʾ ʥʘ ʨʽʟʥʠʭ ʤʦʜʝʣʷʭ  

 

ʈʠʩʫʥʦʢ 4.2 ï ʇʦʨʽʚʥʷʥʥʷ ʟʥʘʯʝʥʴ ʧʝʨʧʣʝʢʩʽʾ ʥʘ ʨʽʟʥʠʭ ʤʦʜʝʣʷʭ  

bpw IMDB model News model Twitter model 

1 94.35 87.42 80.44 

2 143.01 144.00 144.00 

3 159.78 195.36 221.32 

4 176.06 240.51 168.89 

5 186.10 284.049 243.87 



53 
 

     ʗʢ ʤʦʞʥʘ ʙʘʯʠʪʠ ʦʪʨʠʤʘʥʽ ʨʝʟʫʣʴʪʘʪʠ ʚʽʜʨʽʟʥʷʶʪʴʩʷ ʚʽʜ ʨʝʟʫʣʴʪʘʪʽʚ ʫ 

ʪʘʙʣʠʮʽ 4.6, ʱʦ ʩʚʽʜʯʠʪʴ ʧʨʦ ʪʝ, ʱʦ ʘʣʛʦʨʠʪʤ ʻ ʜʦʩʠʪʴ ʯʫʪʣʠʚʠʤ ʜʦ ʜʘʥʠʭ, ʷʢʽ 

ʚʠʢʦʨʠʩʪʦʚʫʚʘʣʠʩʴ ʜʣʷ ʥʘʚʯʘʥʥʷ. ʊʦʤʫ ʜʣʷ ʪʦʛʦ ʱʦʙ ʨʝʯʝʥʥʷ, ʷʢʽ 

ʦʪʨʠʤʫʶʪʴʩʷ ʥʘ ʚʠʭʦʜʽ ʙʫʣʠ ʜʦʙʨʝ ʟʛʝʥʝʨʦʚʘʥʽ, ʥʘʙʽʨ ʚʭʽʜʥʠʭ ʜʘʥʠʭ ʧʦʚʠʥʝʥ 

ʙʫʪʠ ʜʦʩʪʘʪʥʴʦ ʚʝʣʠʢʠʤ, ʘ ʪʘʢʦʞ ʜʣʷ ʪʦʛʦ, ʱʦʙ ʟʛʝʥʝʨʦʚʘʥʽ ʪʝʢʩʪʠ ʙʫʣʠ 

ʘʢʪʫʘʣʴʥʠʤʠ ʯʝʨʝʟ ʜʝʷʢʠʡ ʯʘʩ, ʤʦʜʝʣʴ ʪʨʝʙʘ ʜʦʪʨʝʥʦʚʫʚʘʪʠ ʥʘ ʥʦʚʠʭ ʜʘʥʠʭ, 

ʱʦʙ ʨʦʟʰʠʨʶʚʘʪʠ ʩʣʦʚʥʠʢ ʽ ʦʥʦʚʣʶʚʘʪʠ ʚʘʛʠ.  

     4.3.4 ɽʢʩʧʝʨʪʥʘ ʦʮʽʥʢʘ 

     ɯʥʰʠʤ ʤʝʪʦʜʦʤ ʦʮʽʥʠʪʠ ʷʢʦʩʪʽ ʤʘʰʠʥʥʦ-ʛʝʥʝʨʦʚʘʥʠʭ ʪʝʢʩʪʽʚ ʻ ʝʢʩʧʝʨʪʥʘ 

ʣʶʜʩʴʢʘ ʦʮʽʥʢʘ. ɿʘʧʨʦʧʦʥʦʚʘʥʘ ʩʠʩʪʝʤʘ ʩʠʩʪʝʤʘ ʦʨʽʻʥʪʦʚʘʥʘ ʥʘ 

ʩʪʝʛʘʥʦʛʨʘʬʽʶ, ʽ ʾʾ ʤʝʪʘ ʧʦʣʷʛʘʻ ʚ ʪʦʤʫ, ʱʦʙ ʛʝʥʝʨʫʚʘʪʠ ʪʝʢʩʪʠ, ʷʢʽ ʥʝ ʙʫʜʫʪʴ 

ʟʘʣʫʯʘʪʠ ʧʽʜʦʟʨʠ ʟ ʙʦʢʫ ʪʨʝʪʴʦʾ ʩʪʦʨʦʥʠ. ʊʘʢʠʤ ʯʠʥʦʤ, ʤʠ ʚʠʢʦʨʠʩʪʦʚʫʻʤʦ 

ʟʥʘʤʝʥʠʪʠʡ ʪʝʩʪ ʊʴʶʨʽʥʛʘ ʜʣʷ ʦʮʽʥʢʠ ʥʘʰʦʾ ʤʦʜʝʣʽ. ɽʢʩʧʝʨʪʫ ʙʫʣʦ 

ʟʘʧʨʦʧʦʥʦʚʘʥʦ ʩʫʜʠʪʠ, ʯʠ ʙʫʣʠ ʮʽ ʪʝʢʩʪʠ ʩʪʚʦʨʝʥʽ ʤʘʰʠʥʦʶ ʘʙʦ ʥʘʧʠʩʘʥʽ 

ʣʶʜʠʥʦʶ. ɺʽʜʧʦʚʽʜʥʦ ʜʦ ʪʦʛʦ, ʷʢ ʙʘʛʘʪʦ ʤʘʰʠʥʥʦ-ʛʝʥʝʨʦʚʘʥʠʭ ʪʝʢʩʪʽʚ 

ʽʜʝʥʪʠʬʽʢʫʶʪʴʩʷ, ʷʢ ʩʪʚʦʨʝʥʽ ʣʶʜʠʥʦʶ, ʤʠ ʤʦʞʝʤʦ ʦʮʽʥʠʪʠ ʧʨʠʨʦʜʥʽʩʪʴ 

ʪʝʢʩʪʽʚ, ʩʬʦʨʤʦʚʘʥʠʭ ʥʘʰʠʤ ʤʝʪʦʜʦʤ ʩʪʝʛʘʥʦʨʘʬʽʾ.  

     ɼʣʷ ʦʮʽʥʢʠ ʙʫʣʦ ʚʠʢʦʨʠʩʪʘʥʦ 18 ʪʝʢʩʪʽ ʜʦʚʞʠʥʦʶ 5 ʩʣʽʚ, ʜʝʚôʷʪʴ ʪʝʢʩʪʽʚ,  

ʟʛʝʥʝʨʦʚʘʥʠʭ ʜʘʥʦʶ ʤʦʜʝʣʣʶ ʽ ʜʝʚôʷʪʴ ʪʝʢʩʪʽʚ ʪʘʢʦʾ ʞ ʜʦʚʞʠʥʠ ʥʘʧʠʩʘʥʽ 

ʣʶʜʠʥʦʶ. ɺ ʷʢʦʩʪʽ ʝʢʩʧʝʨʪʽʚ ʚʠʩʪʫʧʠʣʠ ʩʪʫʜʝʥʪʠ,  ʘ ʪʘʢʦʞ ʣʶʜʠ, ʷʢʽ ʟʘʢʽʥʯʠʣʠ 

ɺʅɿ. ʈʝʟʫʣʴʪʘʪʠ ʧʨʝʜʩʪʘʚʣʝʥʦ ʚ ʪʘʙʣʠʮʽ 4.8.  

     ʊʘʙʣʠʮʷ 4.8 ï ɽʢʩʧʝʨʪʥʘ ʦʮʽʥʢʘ ʨʝʟʫʣʴʪʘʪʽʚ 

 
ɯʜʝʥʪʠʬʽʢʦʚʘʥʽ ʷʢ 

ʣʶʜʩʴʢʽ 

ɯʜʝʥʪʠʬʽʢʦʚʘʥʽ ʷʢ ʟʛʝʥʝ

ʨʦʚʘʥʽ ʤʘʰʠʥʦʶ 

ʊʝʢʩʪʠ ʟʛʝʥʝʨʦʚʘʥʽ ʤʦʜʝʣʣʶ 33% 67% 

ʃʶʜʩʴʢʽ ʪʝʢʩʪʠ 79% 21% 

      

     ɹʘʯʠʤʦ, ʱʦ ʤʝʪʦʜ ʩʣʘʙʢʦ ʧʨʦʡʰʦʚ ʪʝʩʪ ʊʴʶʨʽʥʛʘ, ʢʨʠʪʝʨʽʻʤ ʷʢʦʛʦ ʻ 

ʦʙʜʫʨʠʪʠ ʣʶʜʝʡ ʥʝ ʤʝʥʰʝ ʥʽʞ ʥʘ 30% ʟʘʧʠʪʘʥʴ. ɿʚʽʩʥʦ ʷʢʱʦ ʛʝʥʝʨʫʚʘʪʠ 

ʪʝʢʩʪʠ ʙʽʣʴʰʦʾ ʜʦʚʞʠʥʠ, ʚʦʥʠ ʭʦʯ ʽ ʙʫʜʫʪʴ ʚʠʛʣʷʜʘʪʠ ʩʭʦʞʠʤʠ ʥʘ ʣʶʜʩʴʢʽ, 
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ʧʨʦʪʝ ʟʤʽʩʪʦʚʝ ʥʘʧʦʚʥʝʥʥʷ ʮʴʦʛʦ ʪʝʢʩʪʫ ʥʝ ʤʘʪʠʤʝ ʥʽʷʢʦʛʦ ʩʝʥʩʫ ʽ ʚ ʪʘʢʦʤʫ 

ʨʘʟʽ ʚʠʦʢʨʝʤʠʪʠ ʘʚʪʦʤʘʪʠʯʥʦ ʟʛʝʥʝʨʦʚʘʥʽ ʪʝʢʩʪʠ ʙʫʜʝ ʜʦʩʠʪʴ ʧʨʦʩʪʦ.  

     ɺʠʩʥʦʚʢʠ ʜʦ ʨʦʟʜʽʣʫ 4 

     ɺ ʜʘʥʦʤʫ ʨʦʟʜʽʣʽ ʙʫʣʦ ʨʦʟʛʣʷʥʫʪʦ ʨʝʟʫʣʴʪʘʪʠ ʪʨʝʥʫʚʘʥʥʷ ʪʝʢʩʪʦʚʦʾ 

word2vec ʤʦʜʝʣʽ. ɸ ʪʘʢʦʞ ʧʨʦʘʥʘʣʽʟʦʚʘʥʦ ʪʨʝʥʫʚʘʥʥʷ ʥʝʡʨʦʥʥʦʶ ʤʦʜʝʣʽ ʽ 

ʥʘʚʝʜʝʥʦ ʧʨʠʢʣʘʜʠ ʟʛʝʥʝʨʦʚʘʥʠʭ ʪʝʢʩʪʽʚ. 

     ɼʦʩʣʽʜʞʝʥʦ ʩʪʝʛʘʥʦʛʨʘʬʽʯʥʠʡ ʘʣʛʦʨʠʪʤ, ʰʚʠʜʢʽʩʪʴ ʪʘ ʷʢʽʩʪʴ ʡʦʛʦ ʨʦʙʦʪʠ ʫ 

ʧʦʨʽʚʥʷʥʥʽ ʟ ʽʥʰʠʤʠ, ʘ ʪʘʢʦʞ ʥʘʚʝʜʝʥʦ ʝʢʩʧʝʨʪʥʫ ʦʮʽʥʢʫ ʨʝʟʫʣʴʪʘʪʽʚ ʪʝʢʩʪʦʚʦʾ 

ʛʝʥʝʨʘʮʽʾ ʟ ʧʨʠʭʦʚʘʥʥʷʤ ʚ ʮʴʦʤʫ ʪʝʢʩʪʽ ʩʝʢʨʝʪʥʦʾ ʽʥʬʦʨʤʘʮʽʾ. 

  



55 
 

ɺʀʉʅʆɺʂʀ 

     ʃʽʥʛʚʽʩʪʠʯʥʘ ʩʪʝʛʘʥʦʛʨʘʬʽʷ ʟʘʩʥʦʚʘʥʘ ʥʘ ʪʝʭʥʦʣʦʛʽʾ ʘʚʪʦʛʝʥʝʨʘʮʽʾ ʪʝʢʩʪʫ, ʻ 

ʜʦʩʠʪʴ ʧʝʨʩʧʝʢʪʠʚʥʦʶ, ʘ ʪʘʢʦʞ ʩʢʣʘʜʥʦʶ. ʏʝʨʝʟ ʚʠʩʦʢʠʡ ʩʪʫʧʽʥʴ ʢʦʜʫʚʘʥʥʷ 

ʪʘ ʤʝʥʰʫ ʽʥʬʦʨʤʘʮʽʡʥʫ ʥʘʜʣʠʰʢʦʚʽʩʪʴ ʫ ʪʝʢʩʪʽ, ʜʫʞʝ ʩʢʣʘʜʥʦʶ ʧʨʦʙʣʝʤʦʶ ʻ 

ʧʨʠʭʦʚʘʥʥʷ ʽʥʬʦʨʤʘʮʽʾ ʚ ʥʴʦʤʫ ʥʘ ʜʦʚʛʠʡ ʯʘʩ. 

     ʋ ʜʘʥʽʡ ʙʘʢʘʣʘʚʨʩʴʢʽʡ ʜʠʧʣʦʤʥʽʡ ʨʦʙʦʪʽ ʙʫʣʦ ʧʨʦʚʝʜʝʥʦ ʦʛʣʷʜ ʦʩʥʦʚʥʠʭ 

ʤʝʪʦʜʽʚ ʪʝʢʩʪʦʚʦʾ ʩʪʝʛʘʥʦʛʨʘʬʽʾ. ʈʦʟʛʣʷʥʫʪʦ ʘʣʛʦʨʠʪʤʠ, ʥʘ ʦʩʥʦʚʽ ʷʢʠʭ ʚʦʥʠ 

ʧʨʘʮʶʶʪʴ, ʧʨʦʘʥʘʣʽʟʦʚʘʥʦ ʧʝʨʝʚʘʛʠ ʽ ʥʝʜʦʣʽʢʠ ʢʦʞʥʦʛʦ ʟ ʥʠʭ. 

     ʅʘʚʝʜʝʥʦ ʦʧʠʩʘʥʥʷ ʪʦʛʦ, ʷʢ ʧʨʘʮʶʶʪʴ ʥʝʡʨʦʥʥʽ ʤʝʨʝʞʽ, ʨʦʟʛʣʷʥʫʪʦ ʦʩʥʦʚʥʽ 

ʤʝʪʦʜʠ, ʷʢʽ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʜʣʷ ʚʠʨʽʰʝʥʥʷ ʟʘʜʘʯ ʦʧʪʠʤʽʟʘʮʽʾ ʽ ʘʧʨʦʢʩʠʤʘʮʽʾ 

ʧʝʚʥʠʭ ʬʫʥʢʮʽʡ. 

     ɼʝʪʘʣʴʥʦ ʜʦʩʣʽʜʞʝʥʦ ʨʝʢʫʨʝʥʪʥʽ ʥʝʡʨʦʥʥʽ ʤʝʨʝʞʽ, ʷʢʽ ʦʙʨʦʙʣʶʶʪʴ 

ʧʦʩʣʽʜʦʚʥʦʩʪʽ ʽ ʦʙʫʤʦʚʣʝʥʦ ʯʦʤʫ ʩʘʤʝ ʮʝʡ ʪʠʧ ʤʝʨʝʞ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʜʣʷ 

ʪʝʢʩʪʦʚʠʭ ʜʘʥʠʭ. ʈʦʟʛʣʷʥʫʪʦ ʧʨʦʙʣʝʤʠ ʷʢʽ ʽʩʥʫʶʪʴ ʚ ʈʅʄ ʪʘ ʤʝʪʦʜʠ 

ʚʠʨʽʰʝʥʥʷ ʮʠʭ ʧʨʦʙʣʝʤ, ʦʩʪʘʥʥʽ ʘʨʭʽʪʝʢʪʫʨʠ ʈʅʄ ʪʘ ʟʘʩʦʙʠ, ʷʢʽ ʜʦʟʚʦʣʷʶʪʴ 

ʧʦʢʨʘʱʠʪʠ ʚʠʭʽʜʥʽ ʧʦʩʣʽʜʦʚʥʦʩʪʽ. 

     ʇʨʦʘʥʘʣʽʟʦʚʘʥʦ ʩʧʦʩʦʙʠ ʧʨʝʜʩʪʘʚʣʝʥʥʷ ʪʝʢʩʪʦʚʠʭ ʧʦʩʣʽʜʦʚʥʦʩʪʝʡ, ʷʢ ʾʭ 

ʤʦʞʥʘ ʽʥʪʝʨʧʨʝʪʫʚʘʪʠ ʚ ʚʝʢʪʦʨʥʦʤʫ ʚʠʛʣʷʜʽ ʪʘ ʷʢʝ ʚʝʢʪʦʨʥʝ ʧʨʝʜʩʪʘʚʣʝʥʥʷ  

ʥʘʡʢʨʘʱʝ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʜʣʷ ʥʝʡʨʦʥʥʠʭ ʤʝʨʝʞ. 

     ʋ ʜʘʥʽʡ ʨʦʙʦʪʽ ʙʫʣʦ ʟʘʧʨʦʧʦʥʦʚʘʥʦ ʤʝʪʦʜ ʩʪʝʛʘʥʦʛʨʘʬʽʾ, ʷʢʠʡ ʤʦʞʝ 

ʘʚʪʦʤʘʪʠʯʥʦ ʛʝʥʝʨʫʚʘʪʠ ʩʪʝʛʘʥʦʛʨʘʬʽʯʥʠʡ ʪʝʢʩʪ ʥʘ ʦʩʥʦʚʽ ʨʝʢʫʨʝʥʪʥʠʭ 

ʥʝʡʨʦʥʥʠʭ ʤʝʨʝʞ. ɺʽʥ ʤʦʞʝ ʘʚʪʦʤʘʪʠʯʥʦ ʛʝʥʝʨʫʚʘʪʠ ʪʝʢʩʪʦʚʠʡ ʥʦʩʽʡ ʟ ʪʦʯʢʠ 

ʟʦʨʫ ʩʝʢʨʝʪʥʦʾ ʽʥʬʦʨʤʘʮʽʾ, ʷʢʫ ʥʝʦʙʭʽʜʥʦ ʚʙʫʜʫʚʘʪʠ.  

     ʈʦʟʨʦʙʣʝʥʦ ʧʨʦʛʨʘʤʥʝ ʟʘʙʝʟʧʝʯʝʥʥʷ, ʷʢʝ ʻ ʢʦʤʧʣʝʢʩʥʠʤ ʚʠʨʽʰʝʥʥʷʤ ʟʘʜʘʯʽ 

ʧʨʠʭʦʚʫʚʘʥʥʷ ʜʘʥʠʭ. 

     ɼʣʷ ʨʝʘʣʽʟʘʮʽʾ ʧʦʩʪʘʚʣʝʥʠʭ ʟʘʜʘʯ ʙʫʣʦ ʚʠʢʦʨʠʩʪʘʥʦ ʤʦʚʫ ʧʨʦʛʨʘʤʫʚʘʥʥʷ 

Python ʪʘ ʙʽʙʣʽʦʪʝʢʠ ʜʣʷ ʨʦʟʨʦʙʢʠ ʛʣʠʙʦʢʠʭ ʥʝʡʨʦʥʥʠʭ ʤʝʨʝʞ Keras, 

TensorFlow, Scikit-learn ʪʘ ʽʥ. 

     ɽʢʩʧʝʨʠʤʝʥʪʘʣʴʥʽ ʨʝʟʫʣʴʪʘʪʠ ʧʦʢʘʟʫʶʪʴ, ʱʦ ʧʨʦʜʫʢʪʠʚʥʽʩʪʴ 

ʟʘʧʨʦʧʦʥʦʚʘʥʦʾ ʤʦʜʝʣʽ ʧʝʨʝʚʝʨʰʫʻ ʚʩʽ ʧʦʧʝʨʝʜʥʽ ʩʧʦʨʽʜʥʝʥʽ ʤʝʪʦʜʠ ʟ ʪʦʯʢʠ 
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ʟʦʨʫ ʽʥʬʦʨʤʘʮʽʡʥʦʾ ʧʨʠʭʦʚʘʥʦʾ ʻʤʥʦʩʪʽ ʽ ʰʚʠʜʢʦʩʪʽ ʨʦʙʦʪʠ ʘʣʛʦʨʠʪʤʽʚ 

ʧʨʠʭʦʚʘʥʥʷ/ʚʽʜʥʦʚʣʝʥʥʷ ʩʝʢʨʝʪʥʠʭ ʜʘʥʠʭ, ʘ ʪʘʢʦʞ ʪʝʢʩʪʠ, ʷʢʽ ʛʝʥʝʨʫʻʪʴʩʷ ʟʘ 

ʜʦʧʦʤʦʛʦʶ ʤʦʜʝʣʽ ʚ ʧʨʠʙʣʠʟʥʦ ʪʨʝʪʠʥʽ ʚʠʧʘʜʢʽʚ ʨʦʟʧʽʟʥʘʶʪʴʩʷ, ʷʢ ʩʪʚʦʨʝʥʽ 

ʣʶʜʠʥʦʶ. 

  



57 
 

ʇɽʈɽʃɯʂ ɼɾɽʈɽʃ ʇʆʉʀʃɸʅʔ 

1. Go A. Twitter sentiment classification using distant supervision[J] / A. Go, R. 

Bhayani, L. Huang. // CS224N. ï 2009.  

2. Karpathy A. The Unreasonable Effectiveness of Recurrent Neural Networks 

[ɽʣʝʢʪʨʦʥʥʠʡ ʨʝʩʫʨʩ] / A. Karpathy. ï 2015. ï ʈʝʞʠʤ ʜʦʩʪʫʧʫ ʜʦ ʨʝʩʫʨʩʫ: 

http://karpathy.github.io/2015/05/21/rnn-effectiveness/. 

3. ɭʣʽʩʻʻʚ ɸ. ʀʩʩʣʝʜʦʚʘʥʠʝ ʠ ʨʘʟʨʘʙʦʪʢʘ ʤʝʪʦʜʦʚ ʠ ʘʣʛʦʨʠʪʤʦʚ 

ʩʪʝʛʘʥʦʛʨʘʬʠʯʝʩʢʦʛʦ ʘʥʘʣʠʟʘ ʦʪʜʝʣʴʥʳʭ ʢʦʥʪʝʡʥʝʨʦʚ ʠ ʠʭ ʩʚʷʟʘʥʥʳʭ 

ʥʘʙʦʨʦʚ : ʜʠʩ. ʢʘʥʜ. ʪʝʭʥ. ʥʘʫʢ : ɺɸʂ / ɭʣʽʩʻʻʚ ɸ. ï ʈʦʩʪʦʚ-ʥʘ-ɼʦʥʫ, 2013. 

ï 173 ʩ. 

4. Automatically Generate Steganographic Text Based on Markov Model and 

Huffman Coding [ɽʣʝʢʪʨʦʥʥʠʡ ʨʝʩʫʨʩ] / [Y. Zhongliang, J. Shuyu, H. 

Yongfeng ʪʘ ʽʥ.]. ï 2018. ï ʈʝʞʠʤ ʜʦʩʪʫʧʫ ʜʦ ʨʝʩʫʨʩʫ: 

https://arxiv.org/pdf/1811.04720.pdf. 

5. Agarwal M. TEXT STEGANOGRAPHIC APPROACHES: A 

COMPARISON [ɽʣʝʢʪʨʦʥʥʠʡ ʨʝʩʫʨʩ] / Monika Agarwal. ï 2013. ï ʈʝʞʠʤ 

ʜʦʩʪʫʧʫ ʜʦ ʨʝʩʫʨʩʫ: https://arxiv.org/pdf/1302.2718.pdf. 

6. Fabien A. Information Hiding|A Survey [ɽʣʝʢʪʨʦʥʥʠʡ ʨʝʩʫʨʩ] / A. Fabien, 

P. Petitcolas, J. Ross // Proceedings of the IEEE. ï 1999. ï ʈʝʞʠʤ ʜʦʩʪʫʧʫ 

ʜʦ ʨʝʩʫʨʩʫ: https://www.petitcolas.net/fabien/publications/ieee99-

infohiding.pdf. 

7. Kumar A. Steganography-A Data HidingTechnique [ɽʣʝʢʪʨʦʥʥʠʡ ʨʝʩʫʨʩ] / 

A. Kumar, K. Pooja // International Journal of Computer Applications. ï 

2010. ï ʈʝʞʠʤ ʜʦʩʪʫʧʫ ʜʦ ʨʝʩʫʨʩʫ: chrome-

extension://oemmndcbldboiebfnladdacbdfmadadm/https://pdfs.semanticscho

lar.org/48f3/3b8cc8cb733b70c584825f3170a755ec30e6.pdf. 

8. Rabah K. Steganography-The Art of Hiding Data [ɽʣʝʢʪʨʦʥʥʠʡ ʨʝʩʫʨʩ] / 

Kefa Rabah. ï 2004. ï ʈʝʞʠʤ ʜʦʩʪʫʧʫ ʜʦ ʨʝʩʫʨʩʫ: 

https://www.researchgate.net/publication/45949372_Steganography-

The_Art_of_Hiding_Data. 

http://karpathy.github.io/2015/05/21/rnn-effectiveness/
https://www.researchgate.net/publication/45949372_Steganography-The_Art_of_Hiding_Data
https://www.researchgate.net/publication/45949372_Steganography-The_Art_of_Hiding_Data


58 
 

9. Huang S. Word2Vec and FastText Word Embedding with Gensim 

[ɽʣʝʢʪʨʦʥʥʠʡ ʨʝʩʫʨʩ] / Steeve Huang. ï 2018. ï ʈʝʞʠʤ ʜʦʩʪʫʧʫ ʜʦ 

ʨʝʩʫʨʩʫ: https://towardsdatascience.com/word-embedding-with-word2vec-

and-fasttext-a209c1d3e12c. 

10.  MOAWAD A. The magic of LSTM neural networks [ɽʣʝʢʪʨʦʥʥʠʡ ʨʝʩʫʨʩ] 

/ Assaad MOAWAD. ï 2018. ï ʈʝʞʠʤ ʜʦʩʪʫʧʫ ʜʦ ʨʝʩʫʨʩʫ: 

https://medium.com/datathings/the-magic-of-lstm-neural-networks-

6775e8b540cd. 

11.  Hassan Shirali-Shahreza M. A New Synonym Text Steganography 

[ɽʣʝʢʪʨʦʥʥʠʡ ʨʝʩʫʨʩ] / M. Hassan Shirali-Shahreza // IEEE. ï 2008. ï 

ʈʝʞʠʤ ʜʦʩʪʫʧʫ ʜʦ ʨʝʩʫʨʩʫ: https://ieeexplore.ieee.org/document/4604331. 

12.  Bender W. Techniques for datahiding [ɽʣʝʢʪʨʦʥʥʠʡ ʨʝʩʫʨʩ] / W. Bender, 

D. Gruhl, N. Morimoto // IBM SYSTEMS JOURNAL ï ʈʝʞʠʤ ʜʦʩʪʫʧʫ ʜʦ 

ʨʝʩʫʨʩʫ: 

https://pdfs.semanticscholar.org/8c82/c93dfc7d3672e58efd982a23791a8a41

9053.pdf. 

13.  Cummins J. Steganography And Digital Watermarking [ɽʣʝʢʪʨʦʥʥʠʡ 

ʨʝʩʫʨʩ] / J. Cummins, P. Diskin, S. Lau // Arizona State University. ï 2004. 

ï ʈʝʞʠʤ ʜʦʩʪʫʧʫ ʜʦ ʨʝʩʫʨʩʫ 

https://www.cs.bham.ac.uk/~mdr/teaching/modules03/security/students/SS5/

Steganography.pdf. 

14.  ʗʨʤʦʣʠʢ ʉ. ɺ. ɿʘʱʠʪʘ ʠʥʬʦʨʤʘʮʠʠ [ɽʣʝʢʪʨʦʥʥʠʡ ʨʝʩʫʨʩ] / ʉ. ɺ. 

ʗʨʤʦʣʠʢ, ʖ. ʅ. ʃʠʩʪʦʧʘʜ // ʀʥʬʦʨʤʘʪʠʟʘʮʠʷ ʦʙʨʘʟʦʚʘʥʠʷ. ï 2005. ï 

ʈʝʞʠʤ ʜʦʩʪʫʧʫ ʜʦ ʨʝʩʫʨʩʫ: 

http://www.giac.unibel.by/sm_full.aspx?guid=7933. 

15.  Goodfellow I. Deep Learning / I. Goodfellow., 2018. ï 652 ʩ. ï 

(Massachusetts Institute of Technology). 

16.  Nielsen M. Neural Networks and Deep Learning / Michael Nielsen., 2006. ï 

212 ʩ. 

https://medium.com/datathings/the-magic-of-lstm-neural-networks-6775e8b540cd
https://medium.com/datathings/the-magic-of-lstm-neural-networks-6775e8b540cd


59 
 

17. Chaubard F. Deep Learning for NLP [ɽʣʝʢʪʨʦʥʥʠʡ ʨʝʩʫʨʩ] / F. Chaubard, 

R. Mundra, R. Soche. ï 2016. ï ʈʝʞʠʤ ʜʦʩʪʫʧʫ ʜʦ ʨʝʩʫʨʩʫ: 

https://cs224d.stanford.edu/lecture_notes/notes1.pdf. 

18. Mikolov T. Efficient Estimation of Word Representations inVector Space 

[ɽʣʝʢʪʨʦʥʥʠʡ ʨʝʩʫʨʩ] / T. Mikolov, G. Corrado, K. Chen. ï 2013. ï ʈʝʞʠʤ 

ʜʦʩʪʫʧʫ ʜʦ ʨʝʩʫʨʩʫ: https://arxiv.org/pdf/1301.3781.pdf. 

19. Murphy B. The syntax of concealment: reliable methods for plain 

textinformation hiding [ɽʣʝʢʪʨʦʥʥʠʡ ʨʝʩʫʨʩ] / B. Murphy, C. Vogel. ï 2014. 

ï ʈʝʞʠʤ ʜʦʩʪʫʧʫ ʜʦ ʨʝʩʫʨʩʫ: 

https://www.researchgate.net/profile/Brian_Murphy9/publication/22902590

5_The_Syntax_of_Concealment_Reliable_Methods_for_Plain_Text_Inform

ation_Hiding/links/00b49519ffbe4ef1f6000000/The-Syntax-of-

Concealment-Reliable-Methods-for-Plain-Text-Information-

Hiding.pdf?origin=publication_detail. 

20. Sabyasachi S. A real time text steganalysis by using statistical method 

[ɽʣʝʢʪʨʦʥʥʠʡ ʨʝʩʫʨʩ] / S. Sabyasachi, S. Dutta, G. Sanyal. ï 2016. ï ʈʝʞʠʤ 

ʜʦʩʪʫʧʫ ʜʦ ʨʝʩʫʨʩʫ: https://ieeexplore.ieee.org/document/7569256. 

21. Xianyi X. Coverless Information Hiding Method Based on the Chinese 

Mathematical Expression [ɽʣʝʢʪʨʦʥʥʠʡ ʨʝʩʫʨʩ] / X. Xianyi, H. Sun, Y. 

Tobe. ï 2016. ï ʈʝʞʠʤ ʜʦʩʪʫʧʫ ʜʦ ʨʝʩʫʨʩʫ: 

https://link.springer.com/chapter/10.1007/978-3-319-27051-7_12. 

22. Zhou Z. Coverless Information Hiding Method Based on Multi-keywords 

[ɽʣʝʢʪʨʦʥʥʠʡ ʨʝʩʫʨʩ] / Z. Zhou, Y. Mu, N. Zhao. ï 2016. ï ʈʝʞʠʤ ʜʦʩʪʫʧʫ 

ʜʦ ʨʝʩʫʨʩʫ: https://link.springer.com/chapter/10.1007/978-3-319-48671-

0_4. 

23. Moraldo H. An Approach for Text SteganographyBased on Markov Chains 

[ɽʣʝʢʪʨʦʥʥʠʡ ʨʝʩʫʨʩ] / Hernan Moraldo. ï 2014. ï ʈʝʞʠʤ ʜʦʩʪʫʧʫ ʜʦ 

ʨʝʩʫʨʩʫ: https://arxiv.org/pdf/1409.0915.pdf. 

  

https://cs224d.stanford.edu/lecture_notes/notes1.pdf
https://arxiv.org/pdf/1301.3781.pdf
https://link.springer.com/chapter/10.1007/978-3-319-48671-0_4
https://link.springer.com/chapter/10.1007/978-3-319-48671-0_4


60 
 

ɼʦʜʘʪʦʢ ɸ 

ʉʭʝʤʘ ʘʨʭʽʪʝʢʪʫʨʠ ʥʝʡʨʦʥʥʦʾ ʤʝʨʝʞ ̔


