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SOóZBOSHI 

 

Assalomu alaykum hurmatli mehmonlar, qadrli olimlar va konferensiya 

ishtirokchilari!  

Bugungi kunda dunyo jadal surôatlar bilan raqamlashib bormoqda. Raqamli 

texnologiyalar va sunôiy intellekt nafaqat yangi imkoniyatlarni ochmoqda, balki fan, iqtisod, 

taôlim va jamiyatning barcha sohalarida tub oózgarishlar qilishda davrning asosiy 

harakatlantiruvchi kuchiga aylanmoqda. 

Raqamli transformatsiya ilm-fan, iqtisodiyot, taôlim va jamiyat taraqqiyotining 

fundamental qismiga aylandi. Kechagina kelajakni bashorat qilish elementi sifatida qabul 

qilingan sunôiy intellekt bugungi kunda katta maôlumotlarni tahlil qilish va intellektual 

avtomatlashtirishdan tortib, tibbiyot, qishloq xoójaligi, sanoat va davlat boshqaruvigacha boólgan 

kundalik amaliyotga tobora kengroq joriy etilmoqda. 

Shu maônoda, bugungi çRaqamli texnologiyalar va sunôiy intellektè mavzusidagi ilmiy 

konferensiya nafaqat ilmiy fikr almashish maydoni, balki kelajakni birgalikda belgilash 

imkoniyati hamdir.  

Ilmiy munozaralar davomida raqamli platformalarning imkoniyatlarini samarali qoóllash 

usullari, sunôiy intellekt texnologiyalarini joriy etishdagi dolzarb etik, huquqiy va texnik 

muammolar, eng muhimi, bu texnologiyalar qanday yangi ilmiy va amaliy yoónalishlarga yoól 

ochishi masalalari muhokama qilinadi, deb umid qilamiz.  

Ushbu konferensiya barcha ishtirokchilar uchun ilmiy muloqot, tajriba almashish va 

yangi hamkorlik loyihalarini yoólga qoóyishda samarali minbar boólishiga ishonaman. 

Barchangizga faol ishtirok, qizgóin muhokamalar va samarali ish kunlarini tilayman. 

Konferensiyani ochiq deb eôlon qilaman! 

 

ɹʘ״ʦʜʠʨ ʄʠʨʟʘʝʚ 

ñʊʦʰʢʝʥʪ ʠʨʨʠʛʘʮʠʷ ʚʘ ϨʠʰʣʦϨ ʭ˄ʞʘʣʠʛʠʥʠ ʤʝʭʘʥʠʟʘʮʠʷʣʘʰ  

ʤʫϲʘʥʜʠʩʣʘʨʠ ʠʥʩʪʠʪʫʪʠò ʄʠʣʣʠʡ ʪʘʜϨʠϨʦʪ ʫʥʠʚʝʨʩʠʪʝʪʠ ʨʝʢʪʦʨʠ,  

ʪʝʭʥʠʢʘ ʬʘʥʣʘʨʠ ʜʦʢʪʦʨʠ, ʧʨʦʬʝʩʩʦʨ
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ʊɸʒʃʀʄ ʉʀʌɸʊʀ ɹʆʐפɸʈʋɺʀɼɸ ʆʄʀʃʃɸʈ 

ɸ׳ɸʄʀʗʊʀʅʀ ɹɸ׳ʆʃɸʐ ʄɽɿʆʅʀ ʉʀʌɸʊʀɼɸ 

 ʀʁʄɸʊʃɸʈ ʕʅʊʈʆʇʀʗʉʀפ
 

1,2ʄʘʤʘʪʦʚ ʅ.ʉ., 1ʀʙʨʦʭʠʤʦʚ ʉ.ʈ., 2ɸʣʤʫʨʘʜʦʚʘ ʅ.ɸ. 
1ʊʦʰʢʝʥʪ ʠʨʨʠʛʘʮʠʷ ʚʘ ץʠʰʣʦץ ʭ˄ʞʘʣʠʛʠʥʠ ʤʝʭʘʥʠʟʘʮʠʷʣʘʰ ʤʫ״ʘʥʜʠʩʣʘʨʠ ʠʥʩʪʠʪʫʪʠ 

ʄʠʣʣʠʡ ʪʘʜץʠץʦʪ ʫʥʠʚʝʨʩʠʪʝʪʠ; 
2ʄʫʭʘʤʤʘʜ ʘʣ-ʍʦʨʘʟʤʠʡ ʥʦʤʠʜʘʛʠ ʊʦʰʢʝʥʪ ʘʭʙʦʨʦʪ ʪʝʭʥʦʣʦʛʠʷʣʘʨ ʫʥʠʚʝʨʩʠʪʝʪʠ 

https://doi.org/10.5281/zenodo.17912171  

 

ɸʥʥʦʪʘʮʠʷ. ʄʘϨʦʣʘʜʘ ʤʘʲʣʫʤʦʪʣʘʨʥʠ ʪʘϲʣʠʣ Ϩʠʣʠʰ ʚʘ ʩʠʬʘʪ ʤʝʥʝʞʤʝʥʪʠ 

ʚʘʟʠʬʘʣʘʨʠʜʘ ʦʤʠʣʣʘʨʥʠʥʛ ʘϲʘʤʠʷʪʠʥʠ ʙʘϲʦʣʘʰʛʘ ʵʥʪʨʦʧʠʢ ʸʥʜʘʰʫʚ ʢʝʣʪʠʨʠʣʛʘʥ. 

ɽʢʩʧʝʨʪ ʙʘϲʦʣʘʨʠ ʸʢʠ ʤʝʲʸʨʠʡ ʦϤʠʨʣʠʢʣʘʨʛʘ ʘʩʦʩʣʘʥʛʘʥ ʚʘ ʩʫʙʲʝʢʪʠʚ ʢʦʤʧʦʥʝʥʪʥʠ ˄ʟ 

ʠʯʠʛʘ ʦʣʛʘʥ ʘʥʲʘʥʘʚʠʡ ʫʩʫʣʣʘʨʜʘʥ ʬʘʨϨʣʠ ˄ʣʘʨʦϨ, ʪʘʢʣʠʬ Ϩʠʣʠʥʛʘʥ ʫʩʫʣ ʫʣʘʨʥʠʥʛ 

ʢʫʟʘʪʠʣʛʘʥ Ϩʠʡʤʘʪʣʘʨʠʥʠ ʪʘϨʩʠʤʣʘʰ ʦʨϨʘʣʠ ʦʤʠʣʣʘʨʥʠʥʛ Ϩʠʡʤʘʪʠʥʠ ʦʙʲʝʢʪʠʚ ʘʥʠϨʣʘʰ 

ʠʤʢʦʥʠʥʠ ʙʝʨʘʜʠ. ʐʫ ʤʘϨʩʘʜʜʘ ʂ. ʐʘʥʥʦʥ ʝʥʪʨʦʧʠʷ ʬʦʨʤʫʣʘʩʠʜʘʥ ʬʦʡʜʘʣʘʥʠʣʘʜʠ, ʙʫ 

ʥʦʘʥʠϨʣʠʢ ʜʘʨʘʞʘʩʠʥʠ ʚʘ ʭʫʩʫʩʠʷʪʥʠʥʛ ʠʥʬʦʨʤʘʮʠʦʥ Ϩʠʡʤʘʪʠʥʠ ʘʥʠϨʣʘʰʛʘ ʠʤʢʦʥ 

ʙʝʨʘʜʠ. ɹʘʨʯʘ ʢʫʟʘʪʫʚʣʘʨʜʘ ʙʠʨ ʭʠʣ Ϩʠʡʤʘʪʣʘʨʛʘ ʝʛʘ ʙ˄ʣʛʘʥ ʦʤʠʣ ʥʦʣ ʝʥʪʨʦʧʠʷʛʘ ʝʛʘ ʚʘ 

ʘʥʘʣʠʪʠʢ Ϩʠʡʤʘʪʛʘ ʝʛʘ ʝʤʘʩʣʠʛʠ ʢ˄ʨʩʘʪʠʣʛʘʥ, ʙʠʨ ʭʠʣ ʪʘϨʩʠʤʣʘʥʛʘʥ ʪʫʨʣʠ Ϩʠʡʤʘʪʣʘʨʛʘ 

ʝʛʘ ʙ˄ʣʛʘʥ ʦʤʠʣ ʝʩʘ ʤʘʢʩʠʤʘʣ ʝʥʪʨʦʧʠʷʛʘ ʝʪʘʜʠ, ʙʫ ʫʥʠʥʛ ʶϨʦʨʠ ʘϲʘʤʠʷʪʠʥʠ ʢ˄ʨʩʘʪʘʜʠ. 

ʊʘʣʘʙʘʣʘʨ ʬʘʦʣʠʷʪʠʥʠ ʪʘϲʣʠʣ Ϩʠʣʠʰ ʤʠʩʦʣʠʜʘʥ ʬʦʡʜʘʣʘʥʠʙ, ʝʥʪʨʦʧʠʷ ʙʘʨϨʘʨʦʨʣʠʢ ʚʘ 

˄ʟʛʘʨʫʚʯʘʥʣʠʢʜʘʛʠ ʬʘʨϨʣʘʨʥʠ ʦʯʠʙ ʙʝʨʘʜʠ, ʫʣʘʨ ˄ʨʪʘʯʘ ʢ˄ʨʩʘʪʢʠʯʣʘʨ ʙʠʣʘʥ ʘʢʩ ʝʪʤʘʡʜʠ. 

ʆʣʠʥʛʘʥ ʥʘʪʠʞʘʣʘʨ ʝʥʪʨʦʧʠʷ ʪʘʩʥʠʬʣʘʰ, ʨʝʡʪʠʥʛʣʘʰ, ʂʣʘʩʪʝʨ ʪʘϲʣʠʣʠ ʚʘ ʩʠʬʘʪ 

ʤʝʥʝʞʤʝʥʪʠ ʚʘʟʠʬʘʣʘʨʠʜʘ Ϩ˄ʣʣʘʥʠʣʘʜʠʛʘʥ ʦʤʠʣʣʘʨʥʠʥʛ ʘϲʘʤʠʷʪʠʥʠ ʙʘϲʦʣʘʰ ʫʯʫʥ 

ʋʥʠʚʝʨʩʘʣ, ˄ʟʛʘʨʤʘʩ ʚʘ ʦʩʦʥ ʠʟʦϲʣʘʥʘʜʠʛʘʥ ʤʝʟʦʥ ʝʢʘʥʣʠʛʠʥʠ ʪʘʩʜʠϨʣʘʡʜʠ. 

ʂʘʣʠʪ ʩ˄ʟʣʘʨ: ʩʫʥʲʠʡ ʠʥʪʝʣʣʝʢʪ (ʉʀ), ʝʥʪʨʦʧʠʷ, ʦʤʠʣʣʘʨʥʠʥʛ ʘϲʘʤʠʷʪʠ, 

ʠʥʬʦʨʤʘʮʠʦʥ ʭʫʩʫʩʠʷʪʣʘʨ, ʤʘʲʣʫʤʦʪʣʘʨʥʠ ʪʘϲʣʠʣ Ϩʠʣʠʰ, ʩʠʬʘʪ ʤʝʥʝʞʤʝʥʪʠ, ʐʘʥʥʦʥ, 

ʪʘʩʥʠʬʣʘʰ, ʂʣʘʩʪʝʨ ʪʘϲʣʠʣʠ 

 

ʂʠʨʠʰ 

ɿʘʤʦʥʘʚʠʡ ʪʘʲʣʠʤ ʪʠʟʠʤʠ ʩʠʬʘʪʥʠ ʙʘ״ʦʣʘʰ ʚʘ ʙʦʰץʘʨʠʰ ʢ˄ʧ ʦʤʠʣʣʠ ʤʫʨʘʢʢʘʙ 

ʤʘʩʘʣʘʣʘʨ ʝʯʠʤʠʥʠ ʪʘʣʘʙ ץʠʣʘʜʠ. ʈʘץʘʤʣʠ ʪʨʘʥʩʬʦʨʤʘʮʠʷ ʚʘ ʩʫʥʲʠʡ ʠʥʪʝʣʣʝʢʪ 

ʪʝʭʥʦʣʦʛʠʷʣʘʨʠʥʠ ʞʘʜʘʣ ʨʠʚʦʞʣʘʥʠʰʠ ʙʫ ʞʘʨʘʸʥʣʘʨʥʠ ʷʥʛʠ ʙʦʩץʠʯʛʘ ʦʣʠʙ ʯʠץʤʦץʜʘ. 

ɸʡʥʠץʩʘ, ʪʘʲʣʠʤ ʤʫʘʩʩʘʩʘʣʘʨʠʜʘ ˄ץʫʚ ʞʘʨʘʸʥʠʥʠ ʙʦʰץʘʨʠʰ, ˄ץʠʪʫʚʯʠʣʘʨ ʬʘʦʣʠʷʪʠʥʠ 

ʙʘ״ʦʣʘʰ ʚʘ ʪʘʣʘʙʘʣʘʨ ˄ץʫʚ ʥʘʪʠʞʘʣʘʨʠʥʠ ʪʘ״ʣʠʣ ץʠʣʠʰʜʘ ʘʩʦʩʣʘʥʛʘʥ ץʘʨʦʨʣʘʨ ץʘʙʫʣ 

 ʠʣʠʥʘʜʠ. ɹʫʥʜʘ ʩʫʥʲʠʡ ʠʥʪʝʣʣʝʢʪ (ʉʀ) ʪʝʭʥʦʣʦʛʠʷʣʘʨʠʛʘ ʘʩʦʩʣʘʥʛʘʥץ ʠʣʠʰ ʪʘʣʘʙץ

ʙʦʰץʘʨʫʚ ʪʠʟʠʤʣʘʨʠ ʪʘʲʣʠʤ ʩʠʬʘʪʠʥʠ ʙʘ״ʦʣʘʰʜʘ ʤʫ״ʠʤ ʚʦʩʠʪʘʣʘʨʜʘʥ ʙʠʨʠ ״ʠʩʦʙʣʘʥʘʜʠ 

[1]. ʉʀ ʘʩʦʩʠʜʘʛʠ ʪʘ״ʣʠʣʠʡ ʸʥʜʘʰʫʚʣʘʨ ʪʘʲʣʠʤ ʞʘʨʘʸʥʠʜʘ ʡʠסʠʣʘʜʠʛʘʥ ʢʘʪʪʘ ״ʘʞʤʣʠ 

ʤʘʲʣʫʤʦʪʣʘʨʥʠ ץʘʡʪʘ ʠʰʣʘʰ, ʷʰʠʨʠʥ ץʦʥʫʥʠʷʪʣʘʨʥʠ ʘʥʠץʣʘʰ ʚʘ ʪʘʲʣʠʤ ʩʠʬʘʪʠʛʘ ʪʘʲʩʠʨ 

ʵʪʫʚʯʠ ʦʤʠʣʣʘʨʥʠ ʦʙʲʝʢʪʠʚ ʙʘ״ʦʣʘʰ ʠʤʢʦʥʠʥʠ ʙʝʨʘʜʠ. ʐʫ ʥʫץʪʘʠ ʥʘʟʘʨʜʘʥ, ʵʥʪʨʦʧʠʢ 

ʸʥʜʘʰʫʚʣʘʨ ʪʘʲʣʠʤʜʘʛʠ ʥʦʘʥʠץʣʠʢʥʠ ˄ʣʯʘʰ, ʙʘʨץʘʨʦʨʣʠʢ ʚʘ ˄ʟʛʘʨʫʚʯʘʥʣʠʢʥʠ ʪʘ״ʣʠʣ 

 ʘʤʠʷʪ ʢʘʩʙ ʵʪʘʜʠ. ʕʥʪʨʦʧʠʷʜʘʥ ʤʘʲʣʫʤ ʙʠʨ״ʠʤ ʥʘʟʘʨʠʡ ʚʘ ʘʤʘʣʠʡ ʘ״ʠʣʠʰʜʘ ʤʫץ

ʪʠʟʠʤʜʘʛʠ ʤʘʲʣʫʤʦʪʣʘʨʥʠ ʥʦʘʥʠץʣʠʢ ʜʘʨʘʞʘʩʠʥʠ ʠʬʦʜʘʣʦʚʯʠ ʢ˄ʨʩʘʪʢʠʯ ʩʠʬʘʪʠʜʘ, 
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ʪʘʲʣʠʤ ʞʘʨʘʸʥʠʜʘ ʢʫʟʘʪʠʣʘʜʠʛʘʥ ʪʫʨʣʠ ˄ʟʛʘʨʠʰʣʘʨʥʠ ʘʥʠץʣʘʰ ʚʘ ʫʣʘʨʥʠ ʘ״ʘʤʠʷʪʠʥʠ 

ʙʘ״ʦʣʘʰʜʘ ʬʦʡʜʘʣʘʥʠʰ [2]. 

ʄʘʟʢʫʨ ʪʘʜץʠץʦʪʜʘ ʪʘʲʣʠʤ ʪʠʟʠʤʠʜʘ ʩʠʬʘʪʥʠ ʙʦʰץʘʨʠʰʥʠ ʩʫʥʲʠʡ ʠʥʪʝʣʣʝʢʪ 

ʪʝʭʥʦʣʦʛʠʷʣʘʨʠʛʘ ʘʩʦʩʣʘʥʛʘʥ ʤʦʜʝʣʠʥʠ ʠʰʣʘʙ ʯʠץʠʰ ʞʘʨʘʸʥʠʜʘ ʵʥʪʨʦʧʠʷ ʥʘʟʘʨʠʷʩʠʜʘʥ 

ʬʦʡʜʘʣʘʥʠʰ ʪʘʢʣʠʬ ʵʪʠʣʘʜʠ. ɹʫ ʸʥʜʘʰʫʚ ˄ץʠʪʠʰ ʞʘʨʘʸʥʠʜʘ ץ˄ʣʣʘʥʠʣʘʜʠʛʘʥ ʦʤʠʣʣʘʨ, 

ʭʫʩʫʩʘʥ ʪʘʣʘʙʘʣʘʨʥʠ ˄ʟʣʘʰʪʠʨʠʰ ʜʘʨʘʞʘʩʠ, ˄ץʠʪʫʚʯʠʣʘʨ ʬʘʦʣʠʷʪʠ ʩʘʤʘʨʘʜʦʨʣʠʛʠ, ˄ץʫʚ 

ʜʘʩʪʫʨʣʘʨʠʥʠ ʤʦʩʣʘʰʫʚʯʘʥʣʠʛʠ ʚʘ ʪʘʲʣʠʤ ʤʫ״ʠʪʠ ʙʘʨץʘʨʦʨʣʠʛʠʥʠ ʦʙʲʝʢʪʠʚ ʪʘ״ʣʠʣ 

 ʦʪʜʘ ʐʝʥʥʦʥ ʵʥʪʨʦʧʠʷʩʠ ʬʦʨʤʫʣʘʩʠץʠץʘʨʠ, ʪʘʜץʠʣʠʰ ʠʤʢʦʥʠʥʠ ʙʝʨʘʜʠ [3]. ɹʫʥʜʘʥ ʪʘʰץ

ʘʩʦʩʠʜʘ ʦʣʠʥʛʘʥ ʥʘʪʠʞʘʣʘʨ ʪʘʲʣʠʤ ʪʠʟʠʤʠʥʠ ʙʘʨץʘʨʦʨʣʠʢ ʜʘʨʘʞʘʩʠʥʠ ʙʘ״ʦʣʘʰ, 

ʙʦʰץʘʨʫʚ ץʘʨʦʨʣʘʨʠʥʠ ʦʧʪʠʤʘʣʣʘʰʪʠʨʠʰ ʚʘ ʩʫʥʲʠʡ ʠʥʪʝʣʣʝʢʪ ʤʦʜʝʣʣʘʨʠʥʠ ˄ץʠʪʠʰʜʘ 

ʜʘʩʪʣʘʙʢʠ ʵ״ʪʠʤʦʣʣʠʢ ʪʘץʩʠʤʦʪʣʘʨʠʥʠ ʘʥʠץʣʘʰʜʘ ץ˄ʣʣʘʥʠʰʠ ʘʩʦʩʣʘʙ ʙʝʨʠʣʘʜʠ. 

ʕʥʪʨʦʧʠʷʥʠ ʶץʦʨʠ ץʠʡʤʘʪʠ ʪʠʟʠʤʜʘʛʠ ˄ʟʛʘʨʫʚʯʘʥʣʠʢ ʚʘ ʥʦʘʥʠץʣʠʢ ʜʘʨʘʞʘʩʠʥʠ 

ʦʨʪʛʘʥʣʠʛʠʥʠ, ʧʘʩʪ ץʠʡʤʘʪʠ ʵʩʘ ʙʘʨץʘʨʦʨʣʠʢʥʠ ʢ˄ʨʩʘʪʘʜʠ[4]. ʐʫʥʠʥʛ ʫʯʫʥ ʵʥʪʨʦʧʠʷ 

ʪʘʲʣʠʤ ʪʠʟʠʤʠʥʠ ʩʠʬʘʪ ʤʝʟʦʥʣʘʨʠʥʠ ʰʘʢʣʣʘʥʪʠʨʠʰ ʚʘ ʙʦʰץʘʨʫʚ ʞʘʨʘʸʥʣʘʨʠʥʠ 

ʘʚʪʦʤʘʪʣʘʰʪʠʨʠʰʜʘ ʩʘʤʘʨʘʣʠ ʢ˄ʨʩʘʪʢʠʯ ʩʠʬʘʪʠʜʘ ץʘʨʘʣʘʜʠ. ʋʰʙʫ ʪʘʜץʠץʦʪ ʪʘʲʣʠʤ 

ʤʫʘʩʩʘʩʘʣʘʨʠʜʘ ʩʠʬʘʪʥʠ ʙʦʰץʘʨʠʰ ʠʣʤʠʡ ʘʩʦʩʣʘʨʠʥʠ ʩʫʥʲʠʡ ʠʥʪʝʣʣʝʢʪ ʪʝʭʥʦʣʦʛʠʷʣʘʨʠ 

ʚʘ ʵʥʪʨʦʧʠʢ ʪʘ״ʣʠʣ ʫʩʫʣʣʘʨʠ ʦʨץʘʣʠ ʪʘʢʦʤʠʣʣʘʰʪʠʨʠʰʥʠ ʤʘץʩʘʜ ץʠʣʘʜʠ. ʅʘʪʠʞʘʣʘʨ 

ʪʘ̡ʣʠʤ ʪʠʟʠʤʠʥʠ ʨʘץʘʤʣʠ ʤʦʜʝʣʣʘʰʪʠʨʠʰ, ʪʘʣʘʙʘʣʘʨ ˄ץʠʰ ʥʘʪʠʞʘʣʘʨʠʥʠ ʪʘʰʭʠʩʣʘʰ 

 ʠʣʠʰʜʘ ʘʚʪʦʤʘʪʠʢ ʪʠʟʠʤʣʘʨʜʘʥ ʬʦʡʜʘʣʘʥʠʰץ ʘʙʫʣץ ʘʨʦʨʣʘʨʠʥʠץ ʘʨʫʚץʘʤʜʘ ʙʦʰ״

ʠʤʢʦʥʠʥʠ ʢʝʥʛʘʡʪʠʨʘʜʠ[5,19]. 

ʄʝʪʦʜʦʣʦʛʠʷ 

ʌʘʨʘʟ ץʠʣʘʡʣʠʢ, ʙʠʨʦʨ ʙʠʨ ʦʤʠʣ ʸʢʠ ʦʤʠʣʣʘʨ ʪʠʟʠʤʠʥʠ ʤʫʤʢʠʥ ʙ˄ʣʛʘʥ 

ʦʣʘʪʣʘʨʠʥʠ ʪʘʚʩʠʬʣʦʚʯʠ ʠʭʪʠʸʨʠʡ ʭʘʨʘʢʪʝʨʛʘ ʵʛʘ (M״  ˄ʣʯʘʤʣʠ) ʙ˄ʣʛʘʥ X  ʜʠʩʢʨʝʪ ʬʘʟʦ 

ʙʝʨʠʣʛʘʥ ʙ˄ʣʩʠʥ.  ʋʥʠʥʛ ״ʘʨ ʙʠʨ ( )ix XÍ  ʥʫץʪʘʩʠ ʫʯʫʥ ʪʠʟʠʤʥʠʥʛ ʫʰʙʫ ״ʦʣʘʪʜʘ 

ʙ˄ʣʠʰʠʥʠʥʛ ʜʘʩʪʣʘʙʢʠ  ʵ״ʪʠʤʦʣʠʥʠ ʸʢʠ ʯʝʢʣʘʥʛʘʥ ʥʘʤʫʥʘ ʫʯʫʥ ʙʫ ץʠʡʤʘʪʥʠʥʛ 

ʯʘʩʪʦʪʘʩʠʥʠ ʙʝʣʛʠʣʘʰʠʤʠʟ ʤʫʤʢʠʥ ʜʝʙ ʬʘʨʘʟ ץʠʣʘʡʣʠʢ. ʄʫʘʡʷʥ ״ʦʣʘʪʜʘ ʙʫ 

ʯʘʩʪʦʪʘʣʘʨʥʠʥʛ ʪʘץʩʠʤʦʪʠ ʙʝʨʠʣʛʘʥ ʦʤʠʣʥʠʥʛ ʠʥʪʝʥʩʠʚ ץʠʡʤʘʪʠʥʠʥʛ ʥʦʘʥʠץʣʠʛʠʥʠʥʛ 

˄ʣʯʦʚʠʜʠʨ ʚʘ ʙʝʨʠʣʛʘʥ ʭʫʩʫʩʠʷʪʥʠ (ʪʠʟʠʤʥʠ) ʪʘʚʩʠʬʣʦʚʯʠ ʤʘʲʣʫʤ ʤʠץʜʦʨʜʘʛʠ 

ʤʘʲʣʫʤʦʪʥʠ ˄ʟ ʠʯʠʛʘ ʦʣʘʜʠ.  

ʄʫʤʢʠʥ ʙ˄ʣʛʘʥ ״ʦʣʘʪʣʘʨ ʩʠʬʘʪʠʜʘ (ix  ʥʫץʪʘʣʘʨʠ) ʚʘץʪʥʠʥʛ ʪʫʨʣʠ ʥʫץʪʘʣʘʨʠʜʘ 

ʙʠʪʪʘ ʦʙʲʝʢʪʜʘʛʠ ʩʠʤʧʪʦʤ ץʠʡʤʘʪʣʘʨʠʥʠ ʸʢʠ ʪʫʨʣʠ ʦʙʲʝʢʪʣʘʨʜʘʛʠ ʙʠʪʪʘ ʭʫʩʫʩʠʷʪ 

 .ʠʰ ʤʫʤʢʠʥ[6]ץʠʡʤʘʪʣʘʨʠʥʠ ʢ˄ʨʠʙ ʯʠץ

ɹʠʟ ʦʤʠʣʣʘʨʥʠʥʛ ʘ״ʘʤʠʷʪʠʥʠ ʪʘ״ʣʠʣ ץʠʣʠʰʜʘ ʪʘʚʩʠʬʣʘʥʛʘʥ ʸʥʜʘʰʫʚʜʘʥ 

ʬʦʡʜʘʣʘʥʠʰʥʠ ʪʘʢʣʠʬ ץʠʣʘʤʠʟ. ʂʣʘʩʩʠʢ ʫʩʫʣʣʘʨʜʘ ʭʫʩʫʩʠʷʪʥʠʥʛ ץʠʡʤʘʪʠ ʫʥʠʥʛ 

ʦסʠʨʣʠʛʠ ʙʠʣʘʥ ʪʘʚʩʠʬʣʘʥʘʜʠ, ʙʫ ʵʩʘ ʥʦʨʤʘʪʠʚ ʸʢʠ ʤʫʪʘʭʘʩʩʠʩʣʘʨ ʪʦʤʦʥʠʜʘʥ 

ʙʝʣʛʠʣʘʥʘʜʠ. ʀʢʢʘʣʘ ʫʩʫʣ ״ʘʤ ʩʫʙʲʝʢʪʠʚ ʢʦʤʧʦʥʝʥʪʥʠ ˄ʟ ʠʯʠʛʘ ʦʣʘʜʠ ʚʘ ʰʫʥʠʥʛ ʫʯʫʥ 

ʥʘʪʠʞʘʣʘʨʥʠ ʪʘʣץʠʥ ץʠʣʠʰ ץʠʡʠʥ ʚʘ ʵʢʩʧʝʨʪ ʛʫʨʫ״ʠʥʠʥʛ ʚʘʢʦʣʘʪʠʛʘ ʙʦסʣʠץ. ɹʫ ʝʨʜʘ ʙʠʟ 

˄ʨʛʘʥʠʣʘʸʪʛʘʥ ʥʘʤʫʥʘʜʘʛʠ ʫʰʙʫ ʦʤʠʣʣʘʨ ץʠʡʤʘʪʣʘʨʠʥʠʥʛ ʪʘץʩʠʤʣʘʥʠʰʠʛʘ ʘʩʦʩʣʘʥʠʙ, 

ʦʤʠʣʣʘʨʥʠʥʛ ʘ״ʘʤʠʷʪʠʥʠ ʘʥʠץʣʘʰʥʠʥʛ ʙʦʰץʘ ʸʥʜʘʰʫʚʠʥʠ ʥʘʤʦʡʠʰ ʵʪʠʰʛʘ ״ʘʨʘʢʘʪ 

 .ʠʣʘʤʠʟ [7-9]ץ

1 ʜʘʥ K  ʛʘʯʘ ʙ˄ʣʛʘʥ ʩʠʬʘʪ ʜʘʨʘʞʘʩʠ ʠʥʪʝʨʚʘʣʣʘʨʠ ץʘʪʦʨʠʜʘʥ ʦʣʠʥʛʘʥ ʠʥʪʝʥʩʠʚ 

ʦʤʠʣ ץʠʡʤʘʪʣʘʨʠ ״ʦʣʘʪ ʬʘʟʦʩʠʥʠʥʛ ʵʣʝʤʝʥʪʣʘʨʠ ʜʝʙ ״ʠʩʦʙʣʘʥʠʰʠ ʤʫʤʢʠʥ. ɹʠʟ 

ʐʘʥʥʦʥʥʠʥʛ ʵʥʪʨʦʧʠʷ ʬʦʨʤʫʣʘʩʠʜʘʥ ʭʫʩʫʩʠʷʪ ʥʦʘʥʠץʣʠʛʠʥʠʥʛ ʢ˄ʨʩʘʪʢʠʯʠ ʩʠʬʘʪʠʜʘ 
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ʬʦʡʜʘʣʘʥʠʰʥʠ ʪʘʢʣʠʬ ץʠʣʘʤʠʟ. ʕʥʪʨʦʧʠʷʥʠ ʭʘʙʘʨ ʸʢʠ ʤʘʲʣʫʤʦʪʣʘʨ ʪ˄ʧʣʘʤʠʜʘ ʤʘʚʞʫʜ 

ʙ˄ʣʛʘʥ ˄ʨʪʘʯʘ ʤʘʲʣʫʤʦʪ ʤʠץʜʦʨʠ ʩʠʬʘʪʠʜʘ ״ʘʤ ʪʘʣץʠʥ ץʠʣʠʰ ʤʫʤʢʠʥ.  

Eʥʪʨʦʧʠʷ ˄ʣʯʘʥʛʘʥ ʤʠץʜʦʨ X  ʫʯʫʥ ʤʘʲʣʫʤʦʪ ʤʠץʜʦʨʠʥʠʥʛ I  ʤʘʪʝʤʘʪʠʢ 

ʢʫʪʠʣʠʰʠ ʩʠʬʘʪʠʜʘ ʘʥʠץʣʘʥʘʜʠ, 

( ) ( ) () ()2

1

log .
k

i i

i

H X M I X p x p x
=

= =-è øê úä      (1) 

 ɹʫ ʝʨʜʘ X  ʭʫʩʫʩʠʷʪʥʠʥʛ ʵʥʪʨʦʧʠʷʩʠ ( )H X   

( )ip x - ʥʘʤʫʥʘʜʘʛʠ ix  .ʠʡʤʘʪʠʥʠʥʛ ʧʘʡʜʦ ʙ˄ʣʠʰ ʭʫʩʫʩʠʷʪʠץ 

ʃʦʛʘʨʠʬʤʥʠʥʛ ʠʢʢʠʣʠʢ ʘʩʦʩʠ ʙʠʣʘʥ ʦʣʠʥʛʘʥ ץʠʡʤʘʪ ʤʦ״ʠʷʪʘʥ ʪʘʭʤʠʥ ץʠʣʠʥʘʜʠ 

ʙʠʪʣʘʨʜʘʛʠ ʤʘʲʣʫʤʦʪʣʘʨ ʤʠץʜʦʨʠ. ɹʦʰץʘ ʘʩʦʩʛʘ ˄ʪʠʰ ʦʣʠʥʛʘʥ ʠʬʦʜʘʥʠʥʛ ʤʘʲʥʦʩʠʥʠ 

˄ʟʛʘʨʪʠʨʤʘʡʜʠ, ʯʫʥʢʠ ʣʦʛʘʨʠʬʤʥʠʥʛ ʭʫʩʫʩʠʷʪʣʘʨʠʛʘ ʢ˄ʨʘ, ʯʠץʠʰ ץʠʡʤʘʪʣʘʨʠ 

ʢ˄ʧʘʡʪʠʨʠʰ ʢʦʝʬʬʠʪʩʠʝʥʪʠʛʘ ʪ˄סʨʠ ʢʝʣʘʜʠ[10]. 

ʌʫʥʢʪʩʠʷ ()H p  ʙʫ ʵʨʜʘ { }1,... kp p p=  ʦʤʠʣ ץʠʡʤʘʪʣʘʨʠʥʠʥʛ ʵ״ʪʠʤʦʣʣʠʢ ʚʝʢʪʦʨʠ 

ʐʘʥʥʦʥ ʪʦʤʦʥʠʜʘʥ ץʫʡʠʜʘʛʠ ʰʘʨʪʣʘʨʛʘ ʞʘʚʦʙ ʙʝʨʘʜʠʛʘʥ ʪʘʨʟʜʘ ʪʘʥʣʘʥʛʘʥ: 

 

1) ()H p  0 1ip¢ ¢ʦʨʘʣʠסʠʜʘ ʫʟʣʫʢʩʠʟ, ʷʲʥʠ p  ʥʠʥʛ ʢʠʯʠʢ ˄ʟʛʘʨʠʰʣʘʨʠʜʘ H  

 ;ʠʡʤʘʪʠ ʦʟʛʠʥʘ ˄ʟʛʘʨʘʜʠץ

2) ()H p  ʥʠʩʙʘʪʘʥ ʥʦʩʠʤʤʝʪʨʠʢʜʠʨ p  ʷʲʥʠ ip  ʘʨʛʫʤʝʥʪʣʘʨʠ ʞʦʡʣʘʨʠʥʠʥʛ ״ʘʨ 

 ʘʥʜʘʡ ˄ʟʛʘʨʠʰʠ ʙʠʣʘʥ ˄ʟʛʘʨʤʘʡʜʠץ

3) ( ) ( ) 1 2
1 2 1 1 2 1 2, ,..., , , , ,..., ,k k k

k k

q q
H p p p q q H p p p p H

p p
-

å õ
= + æ ö

ç ÷
 ʷʲʥʠ, ʘʛʘʨ ix ʦʣʘʪ 1q״   

ʚʘ 2q , 1 2 iq q p+ =  ʵ״ʪʠʤʦʣʣʠʢʣʘʨʠ ʙ˄ʣʛʘʥ ʠʢʢʠʪʘ ix¡ ʚʘ x¡¡ ״ʦʣʘʪʣʘʨʜʘʥ ʠʙʦʨʘʪ 

ʙ˄ʣʩʘ, ʫʥʜʘ ʫʤʫʤʠʡ ʵʥʪʨʦʧʠʷ ʵʥʪʨʦʧʠʷ ʡʠסʠʥʜʠʩʠʛʘ ʪʝʥʛ ʙ˄ʣʘʜʠ-

ʪʘʨʤʦץʣʘʥʤʘʛʘʥ ʪʠʟʠʤ ʚʘ ʰʘʨʪʣʠ ʵ״ʪʠʤʦʣʣʠʢ ʙʠʣʘʥ p  ʦסʠʨʣʠʢʜʘʛʠ 

ʪʘʨʤʦץʣʘʥʛʘʥ ץʠʩʤ 1

k

q

p
 ʚʘ 2

k

q

p
. 

Eʥʪʨʦʧʠʷ H  :ʫʡʠʜʘʛʠ ʭʫʩʫʩʠʷʪʣʘʨ ʙʠʣʘʥ ʪʘʚʩʠʬʣʘʥʘʜʠץ 

1) ( )H X  ʩʘʣʙʠʡ ץʠʡʤʘʪʣʘʨʥʠ ץʘʙʫʣ ץʠʣʘ ʦʣʤʘʡʜʠ: ʯʫʥʢʠ ״ʘʨ ʜʦʠʤ ()0 1ip x¢ ¢ 

ʢʝʡʠʥ ()log ip x  ʠʞʦʙʠʡ ʙ˄ʣʠʰʠ ʤʫʤʢʠʥ ʵʤʘʩ ʚʘ - () ()logi ip x p x - ʩʘʣʙʠʡ. 

2) 0p­  ʜʘ- logp p ʤʘ״ʩʫʣʦʪʠ ʯʝʢʩʠʟ ʢʘʤʘʷʜʠ, ʰʫʥʠʥʛ ʫʯʫʥ ( )
0

lim log 0
p

p p
­
- = 

3) ( ) log ( )i ip x p x  ʬʘץʘʪ ( ) 0ip x =  ʸʢʠ ( ) 1ip x =  ʫʯʫʥ ʥʦʣʛʘ ʪʝʥʛ ʙ˄ʣʛʘʥʣʠʛʠ 

ʩʘʙʘʙʣʠ, ʵʥʪʨʦʧʠʷ ( )H X  ʬʘץʘʪ 1 2( ), ( ),... ( )kp x p x p x  ʵ״ʪʠʤʦʣʣʠʢʣʘʨʠʜʘʥ ʙʠʨʠ 

ʙ˄ʣʛʘʥʜʘ ʥʦʣʛʘ ʪʝʥʛ ʙ˄ʣʠʰʠ ʘʥʠץ ʙʠʨʣʠʢʢʘ ʪʝʥʛ, ץʦʣʛʘʥʣʘʨʠ ʵʩʘ ʥʦʣʛʘ ʪʝʥʛ. 

ʋʰʙʫ ״ʦʣʘʪ ʥʦʘʥʠץʣʠʢ ʜʘʨʘʞʘʩʠʥʠʥʛ ˄ʣʯʦʚʠ ʩʠʬʘʪʠʜʘ ( )H X  ʠʡʤʘʪʠʥʠʥʛץ 

ʤʘʲʥʦʩʠʛʘ ʷʭʰʠ ʤʦʩ ʢʝʣʘʜʠ: ״ʘץʠץʘʪʘʥ ״ʘʤ, ʬʘץʘʪ ʙʫ ״ʦʣʜʘ ʥʘʪʠʞʘ ״ʝʯ ץʘʥʜʘʡ 

ʥʦʘʥʠץʣʠʢʥʠ ˄ʟ ʠʯʠʛʘ ʦʣʤʘʡʜʠ. ʍʫʩʫʩʠʷʪ ״ʘץʠʜʘ ״ʘʤʤʘ ʥʘʨʩʘ ʤʘʲʣʫʤ ʚʘ 

ʥʘʪʠʞʘ ץ˄ʰʠʤʯʘ ʤʘʲʣʫʤʦʪ ʙʝʨʤʘʡʜʠ. 

4) ʝʥʪʨʦʧʠʷ ʵʥʛ ʢʘʪʪʘ ץʠʡʤʘʪʛʘ ʵʛʘ, ʘʛʘʨ ʙʝʣʛʠʥʠʥʛ ʙʘʨʯʘ ʠʥʪʝʥʩʠʚ 

 :ʪʠʤʦʣʣʠʢʣʘʨʠ ʙʠʨ-ʙʠʨʠʛʘ ʪʝʥʛ ʙ˄ʣʩʘ״ʠʡʤʘʪʣʘʨʠʥʠʥʛ ʵץ
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1 2

1
... ...i kp p p p

k
= = = = = = 

ɹʫʥʜʘʡ ״ʦʣʜʘ  

2 2

1
log logH k

k
=- =      (2) 

ʖץʦʨʠʜʘ ʢʝʣʪʠʨʠʙ ˄ʪʠʣʛʘʥ ʭʦʩʩʘʣʘʨ ʙʝʣʛʠ ץʠʡʤʘʪʣʘʨʠ ʵʥʪʨʦʧʠʷʩʠʥʠ ʤʘʲʣʫʤ ʙʠʨ 

ʪʘʜץʠץʦʪ ʜʦʠʨʘʩʠʜʘ ʪʘʥʣʘʥʛʘʥ ʦʤʠʣʥʠ ʘ״ʘʤʠʷʪʠ ʢ˄ʨʩʘʪʢʠʯʠ ʩʠʬʘʪʠʜʘ ʬʦʡʜʘʣʘʥʠʰ 

ʠʤʢʦʥʠʥʠ ʙʝʨʘʜʠ. ɹʫ, ʰʫʥʠʥʛʜʝʢ, ʵʥʪʨʦʧʠʷʥʠ ʨʠʚʦʞʣʘʥʠʰʠ ʵʥʪʨʦʧʠʷʥʠ ˄ʩʠʰʠʛʘ 

 ʘʤ ʘʩʦʩʣʘʥʘʜʠ. ʄʘʩʘʣʘʥ, ʫʰʙʫ״ ʘʨʘʪʠʣʛʘʥ ʨʝʘʣ ʬʠʟʠʢ ʤʘʢʨʦʪʠʟʠʤʣʘʨʜʘʛʠ ʨʦʣʠ ʙʠʣʘʥץ

ʪʘʤʦʡʠʣʣʘʨʜʘʥ ʬʦʡʜʘʣʘʥʠʰ ʰʘ״ʘʨ ʤʘʢʨʦʦʙʲʝʢʪʣʘʨʠʥʠ ʪʘ״ʣʠʣ ץʠʣʠʰʛʘ ʘʩʦʩ ʩʠʬʘʪʠʜʘ 

ʦʣʠʥʛʘʥ [10,20]. 

ʅʘʪʠʞʘʣʘʨ 

ʉʠʬʘʪ ʦʤʠʣʣʘʨʠ (ʠʥʪʝʥʩʠʚ ץʠʡʤʘʪʣʘʨ) ץʠʡʤʘʪʠʥʠ ʙʘ״ʦʣʘʰʜʘ ʵʥʪʨʦʧʠʷʜʘʥ 

ʬʦʡʜʘʣʘʥʠʰʛʘ ʜʦʠʨ ʤʠʩʦʣʣʘʨʠʥʠ ʢ˄ʨʠʙ ʯʠץʘʡʣʠʢ. 

 

ʆʙʲʝʢʪ 1 2 3 4 

ɹʝʣʛʠ ץʠʡʤʘʪʠ 3 3 3 3 

ʕʥʪʨʦʧʠʷ ץʠʡʤʘʪʠ 
2( ) 1 log 1 0H X =- Ö = 

 

ɹʫʥʜʘ ʵʥʪʨʦʧʠʷʥʠʥʛ ʥʦʣ ץʠʡʤʘʪʠʥʠ ʞʦʨʠʡ ʪʘʜץʠץʦʪʜʘ ʙʝʨʠʣʛʘʥ ʙʝʣʛʠʥʠ ʤʫʪʣʘץ 

ʘ״ʘʤʠʷʪʩʠʟ ʜʝʙ ץʘʙʫʣ ץʠʣʠʰ ʤʫʤʢʠʥʣʠʛʠʥʠ ʙʠʣʜʠʨʘʜʠ. ʋʰʙʫ ʭʫʣʦʩʘ ʤʘʥʪʠץʠʡ 

ʘʩʦʩʣʘʥʛʘʥ, ʯʫʥʢʠ ʦʙʲʝʢʪʣʘʨ ʦʨʘʩʠʜʘʛʠ ʬʘʨץʣʘʨʛʘ ʘʩʦʩʣʘʥʛʘʥ ʪʘ״ʣʠʣ ʫʩʫʣʣʘʨʠʜʘ ʦʤʠʣʥʠ 

ʫʩʪʤʘ-ʫʩʪ ʪʫʰʫʚʯʠ ץʠʡʤʘʪʠ ץ˄ʰʠʤʯʘ ʤʘʲʣʫʤʦʪʛʘ ʵʛʘ ʵʤʘʩ ʜʝʙ ״ʠʩʦʙʣʘʥʘʜʠ. 

ʆʙʲʝʢʪ 1 2 3 4 

ɹʝʣʛʠ ץʠʡʤʘʪʠ 3 1 4 2 

ʕʥʪʨʦʧʠʷ 

ʠʡʤʘʪʠ 2ץ 2 2 2

1 1 1 1 1 1 1 1
( ) log log log log 2

4 4 4 4 4 4 4 4
H X =- Ö - Ö - Ö - Ö = 

 ɹʫ ״ʦʣʜʘ ʵʥʪʨʦʧʠʷ ץʠʡʤʘʪʠ ʤʫʤʢʠʥ ʙ˄ʣʛʘʥ ʤʘʢʩʠʤʘʣ ץʠʡʤʘʪʛʘ ʪʝʥʛ, ʙʫ ʤʘʲʣʫʤ 

ʙʠʨ ʦʤʠʣʥʠ ʤʘʢʩʠʤʘʣ ʘ״ʘʤʠʷʪʛʘ ʵʛʘ ʵʢʘʥʣʠʛʠʥʠ ʘʥʛʣʘʪʘʜʠ. ɼʘʨ״ʘץʠץʘʪ, ʫʰʙʫ ʭʫʩʫʩʠʷʪ 

 ʣʠʣ ʫʯʫʥ ʘʩʦʩ ʙ˄ʣʠʙ״ʘʨ ʭʠʣ, ʰʫʥʠʥʛ ʫʯʫʥ ʫ ʢʝʡʠʥʛʠ ʪʘ״ ʠʡʤʘʪʣʘʨʠ ʙʘʨʯʘ ʦʙʲʝʢʪʣʘʨ ʫʯʫʥץ

ʭʠʟʤʘʪ ץʠʣʠʰʠ ʤʫʤʢʠʥ, ʤʘʩʘʣʘʥ, ʪʘʩʥʠʬʣʘʰʜʘ [11-13]. 

 

ʆʙʲʝʢʪ 1 2 3 4 

ɹʝʣʛʠ ץʠʡʤʘʪʠ 2 2 1 3 

ʕʥʪʨʦʧʠʷ 

ʠʡʤʘʪʠ 2ץ 2 2

2 2 1 1 1 1 3
( ) log log log

4 4 4 4 4 4 2
H X =- Ö - Ö - Ö = 

ʋʰʙʫ ʭʫʩʫʩʠʷʪ ץʠʡʤʘʪʣʘʨʠ ʵʥʪʨʦʧʠʷʩʠ ʶץʦʨʠ ʙʠʨʦץ, ʤʘʢʩʠʤʘʣ ץʠʡʤʘʪʜʘʥ ʢʠʯʠʢ. 

ʐʫʥʠʥʛ ʫʯʫʥ ʙʫ ʦʤʠʣ ʞʫʜʘ ʶץʦʨʠ ʬʘʨץʣʘʰ ץʦʙʠʣʠʷʪʠʛʘ ʵʛʘ ʚʘ ʙʝʨʠʣʛʘʥ ʦʙʲʝʢʪʣʘʨ 

ʪ˄ʧʣʘʤʠʥʠ ʩʠʬʘʪʠʥʠ ʙʘ״ʦʣʘʰʜʘ ʤʫ״ʠʤ. 

 ʠ ʩʠʥʦʚʜʘʥ ˄ʪʢʘʟʠʣʜʠ. ʉʠʥʦʚ״ʘʨ ʙʠʨʠ 20 ʢʠʰʠʜʘʥ ʠʙʦʨʘʪ ʙʝʰʪʘ ʪʘʣʘʙʘʣʘʨ ʛʫʨʫ׳

ʥʘʪʠʞʘʣʘʨʠ ץʫʡʠʜʘʛʠ ʞʘʜʚʘʣʜʘ ʢʝʣʪʠʨʠʣʛʘʥ: 
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1-ɾʘʜʚʘʣ 

ʉʠʥʦʚ ʥʘʪʠʞʘʣʘʨʠ 

ʊʘʣʘʙʘʣʘʨ ʀʥʪʠʟʦʤ ʙ˄ʡʠʯʘ ˄ץʠʪʠʰ ʜʘʨʘʞʘʩʠ 

ɻʫʨʫ1 ״ ɻʫʨʫ2 ״ ɻʫʨʫ3 ״ ɻʫʨʫ4 ״ ɻʫʨʫ5 ״ 

1 5 5 4 4 2 

2 4 3 4 4 5 

3 3 3 4 5 5 

4 4 3 4 3 5 

5 5 5 4 4 5 

6 5 5 4 4 2 

7 2 3 4 4 5 

8 2 5 4 4 5 

9 5 5 4 5 2 

10 4 3 4 3 4 

11 4 4 3 5 5 

12 3 4 4 4 3 

13 5 5 5 4 4 

14 4 3 5 3 4 

15 2 4 3 4 5 

16 5 5 4 4 5 

17 4 3 4 5 4 

18 4 5 4 4 3 

19 5 4 5 3 4 

20 4 4 4 5 5 

ɶʨʪʘʯʘ 

ʙʘ״ʦʣʘʰ 
4 4 4 4 4 

 

ɾʘʜʚʘʣʜʘ ʛʫʨʫ״ʣʘʨ ʙ˄ʡʠʯʘ ˄ʨʪʘʯʘ ʙʘʣʣʘʨ ʙʠʨ ʭʠʣ. ɹʫʥʜʘ ʙʘʨʯʘ 5 ʛʫʨʫ״ ʘʢʘʜʝʤʠʢ 

ʢ˄ʨʩʘʪʢʠʯʣʘʨʠ ʙ˄ʡʠʯʘ ʙʠʨ ʭʠʣ ʜʝʛʘʥ ʭʫʣʦʩʘʛʘ ʢʝʣʠʰ ʤʫʤʢʠʥ. ɸʩʣʠʜʘ ʵʩʘ ʫʥʜʘʡ ʵʤʘʩ. 

ʂ.ʐʘʥʥʦʥ ʬʦʨʤʫʣʘʩʠʜʘʥ ʬʦʡʜʘʣʘʥʠʙ, ʵʥʪʨʦʧʠʷ ץʠʡʤʘʪʠʥʠ ״ʘʨ ʙʠʨ ʛʫʨʫ״ʜʘʛʠ ʙʘʣʣʘʨʥʠ 

ʪʘʨץʘʣʠʰʠ ʩʠʬʘʪʠʜʘ ʘʥʠץʣʘʡʤʠʟ[14-17]. 

ɹʠʨʠʥʯʠ ʛʫʨʫ״ ʫʯʫʥ: 

1 2 2 3 2 4 2 5 2

2 3 4 5

2 2 2 2

1 1 1 1
log log log log

2 20 1 20 3 20 4 20
log log log log 1,88

20 2 20 1 20 3 20 4

H p p p p
p p p p

= + + + =

= + + + =

 

ɹʦʰץʘ ʛʫʨʫ״ʣʘʨ ʫʯʫʥ ʤʦʩ ʨʘʚʠʰʜʘ: 

2 1,56H =  3 1,05H = , 4 1,43H = , 5 1,74H =  

ʂ˄ʨʠʙ ʯʠץʠʣʛʘʥ ʛʫʨʫ״ʣʘʨʥʠʥʛ ʪʘʣʘʙʘʣʘʨ ʬʘʦʣʠʷʪʠ ʜʘʨʘʞʘʩʠ ʪ˄סʨʠʩʠʜʘ ץʫʡʠʜʘʛʠ 

ʭʫʣʦʩʘʣʘʨ ʯʠץʘʨʠʰʠʤʠʟ ʤʫʤʢʠʥ: 

1. ɹʠʨʠʥʯʠ ʛʫʨʫ״ - ʶץʦʨʠ ʙʝץʘʨʦʨʣʠʢ ( )1 1,88H =  

2. ʀʢʢʠʥʯʠ ʛʫʨʫ״-ʢʠʯʠʢ ʙʝץʘʨʦʨʣʠʢ ( )2 1,56H =  
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3. ʋʯʠʥʯʠ ʛʫʨʫ״ - ʤʫʪʣʘץ ʙʘʨץʘʨʦʨʣʠʢ ( )3 1,05H =  

4. ʊ˄ʨʪʠʥʯʠ ʚʘ ʙʝʰʠʥʯʠ ʛʫʨʫ״ʣʘʨ - ˄ʨʪʘʯʘ ʙʘʨץʘʨʦʨʣʠʢ ( )4 51,43, 1,74H H= =  

ʐʫʥʜʘʡ ץʠʣʠʙ, ʙʠʟ ʤʘʲʣʫʤ ʙʠʨ ʚʘץʪ ʦʨʘʣʠסʠʜʘ 3-ʛʫʨʫ״ʜʘ ״ʘʤʤʘ ʥʘʨʩʘ ʥʦʨʤʘʣ 

ʵʢʘʥʣʠʛʠʥʠ ʢ˄ʨʘʤʠʟ. ɹʘ״ʦʣʘʨ ʷʭʰʠ, ʙʘʨץʘʨʦʨʣʠʢ ʤʫʪʣʘץ ʚʘ ʰʫʥʠʥʛ ʫʯʫʥ ʙʦʰץʘʨʫʚ 

ʪʘʲʩʠʨʠ ʬʘץʘʪ ʪʘʲʣʠʤ ʩʠʬʘʪʠʥʠ ʷʥʘʜʘ ʦʰʠʨʠʰʛʘ ʡ˄ʥʘʣʪʠʨʠʣʠʰʠ ʤʫʤʢʠʥ. 1-ʛʫʨʫ״ʜʘ, 

ʘʢʩʠʥʯʘ, ʘʩʦʩʠʡ ʵʲʪʠʙʦʨ ʶץʦʨʠ ʙʝץʘʨʦʨʣʠʢ ʩʘʙʘʙʣʘʨʠ ʚʘ ʙʦʰץʘʨʫʚ ʪʘʲʩʠʨʠʛʘ ץʘʨʘʪʠʣʠʰʠ 

ʢʝʨʘʢ ʤʘʚʞʫʜ ʥʦʘʥʠץʣʠʢʥʠ (ʝʥʪʨʦʧʠʷʥʠ) ʢʘʤʘʡʪʠʨʠʰ[18]. 

ʐʫʥʜʘʡ ץʠʣʠʙ, ʩʠʬʘʪʥʠ ʙʦʰץʘʨʠʰʜʘ, ʘʥʠץʨʦסʠ ʫʥʠʥʛ ʦʙʲʝʢʪʠʚ ʢ˄ʨʩʘʪʢʠʯʣʘʨʠʥʠ 

ʷʭʰʠʣʘʰʜʘ ʘʩʦʩʠʡ ʬʠʢʨʣʘʨʥʠ ʘʞʨʘʪʠʙ ʢ˄ʨʩʘʪʠʰ ʤʫʤʢʠʥ. ɺʘץʪʥʠʥʛ ״ʘʨ ʙʠʨ ʥʫץʪʘʩʠʜʘ 

ʙʘ״ʦʣʘʰ ʙʘʟʘʩʠ ʫʰʙʫ ʦʙʲʝʢʪʣʘʨ ʪʠʟʠʤʠʜʘʛʠ ʭʫʩʫʩʠʷʪʣʘʨ ʪ˄ʧʣʘʤʠʥʠʥʛ ʵʥʪʨʦʧʠʷʩʠ 

ʙ˄ʣʘʜʠ. ɸʛʘʨ ʵʥʪʨʦʧʠʷ ʜʘʨʘʞʘʩʠ ʶץʦʨʠ ʙ˄ʣʩʘ, ʫʥʜʘ ʙʦʰץʘʨʫʚ ʪʘʲʩʠʨʠ ʫʥʠ ʢʘʤʘʡʪʠʨʠʰʛʘ 

 ʦʣʘʪʜʘ ʩʠʟ ʵʥʪʨʦʧʠʷʥʠ ʢʘʤʘʡʪʠʨʠʰ״ ʘʥʜʘʡץ ʝʯ״ ʘʨʘʪʠʣʛʘʥ ʙ˄ʣʠʰʠ ʢʝʨʘʢ. ɸʤʤʦץ

ʤʘץʩʘʜʠʥʠ ʤʫʪʣʘץʣʘʰʪʠʨʤʘʩʣʠʛʠʥʛʠʟ ʢʝʨʘʢ, ʯʫʥʢʠ ʥʦʣ ʵʥʪʨʦʧʠʷ ʪʠʟʠʤʥʠʥʛ ʪ˄ʣʠץ 

ʪʫʨסʫʥʣʠʛʠʜʠʨ. ʊʝʭʥʦʣʦʛʠʢ ʞʘʨʘʸʥʣʘʨʜʘʥ ʬʘʨץʣʠ ˄ʣʘʨʦץ, ʢ˄ʨʩʘʪʢʠʯʣʘʨʥʠʥʛ ˄ʟʠʛʘ 

ʭʦʩʣʠʛʠʛʘ ʵʨʠʰʠʰ ʦʙʲʝʢʪʠʚ ʨʘʚʠʰʜʘ ʠʤʢʦʥʩʠʟ ʙ˄ʣʛʘʥ ʪʘʲʣʠʤ ʪʠʟʠʤʠʛʘ ʢʝʣʩʘʢ, ʙʫ 

ʤʘʚ״ʫʤ סʦʷʛʘ ʵʨʠʰʠʰ ʫʯʫʥ ʢʫʯʣʘʨ ʚʘ ʵʥʝʨʛʠʷʥʠʥʛ ʪʝʥʛʣʘʰʪʠʨʠʣʠʰʠ ʸʢʠ ʢʝʨʘʢʩʠʟ ʚʘ 

ʩʘʤʘʨʘʩʠʟ ʢʦʥʪʩʝʥʪʨʘʪʩʠʷʩʠʛʘ ʢʘʤʘʷʜʠ. ɹʫ ʵʨʜʘ ʸʥʜʘʰʫʚ ʙʦʰץʘʯʘ ʙ˄ʣʠʰʠ ʢʝʨʘʢ. ʈʫʭʩʘʪ 

ʵʪʠʣʛʘʥ ʵʥʪʨʦʧʠʷ ʜʘʨʘʞʘʩʠʥʠʥʛ ʠʥʜʠʚʠʜʫʘʣ ʢ˄ʨʩʘʪʢʠʯʣʘʨʠʥʠ ʷʭʰʠʣʘʰ ʦʨץʘʣʠ ʙʠʟ 

ʤʝʟʦʥʣʘʨ ʪʠʟʠʤʠʥʠ ˄ʟʛʘʨʪʠʨʘʤʠʟ, ʘʥʠץʨʦסʠ, ʩʠʬʘʪ ʜʘʨʘʞʘʣʘʨʠʥʠʥʛ ʯʝʛʘʨʘʣʘʨʠʥʠ ʚʘ 

ʯʝʛʘʨʘʣʘʨʠʥʠ ʷʭʰʠʣʘʰʛʘ ʡ˄ʥʘʣʪʠʨʘʤʠʟ. ʆʤʠʣʣʘʨ ץʠʡʤʘʪʠʛʘ ʙ˄ʣʛʘʥ ʪʘʣʘʙʣʘʨʥʠʥʛ ʦʨʪʠʰʠ 

ʪʫʬʘʡʣʠ ʪʠʟʠʤʥʠʥʛ ʵʥʪʨʦʧʠʷʩʠ ʷʥʘ ʦʨʪʘʜʠ ʚʘ ʰʫʥʠʥʛ ʫʯʫʥ ʪʠʟʠʤ ʩʠʬʘʪʠʥʠ ʙʦʰץʘ ʩʠʬʘʪ 

ʜʘʨʘʞʘʩʠʜʘ ʙʦʰץʘʨʠʰ ״ʘץʠʜʘ ʛʘʧʠʨʠʰ ʤʫʤʢʠʥ. 

ʍʫʣʦʩʘ 

ʐʫʥʜʘʡ ץʠʣʠʙ, ʭʫʩʫʩʠʷʪ ץʠʡʤʘʪʣʘʨʠʥʠʥʛ ʵʥʪʨʦʧʠʷʩʠ ʞʫʜʘ ץʫʣʘʡ, ʦʩʦʥ ʪʘʣץʠʥ 

 ʘʤʠʷʪʠʥʠ״ʦʣʘʰ ʚʘʟʠʬʘʣʘʨʠʜʘ ʦʤʠʣʥʠʥʛ ʘ״ʠʤʠ, ʩʠʬʘʪʥʠ ʙʘ״ʠʣʠʥʘʜʠʛʘʥ ʚʘ ʵʥʛ ʤʫץ

ʦʙʲʝʢʪʠʚ ʚʘ ˄ʟʛʘʨʤʘʩ ʙʘ״ʦʣʘʰʜʠʨ. ɹʫ ʪʘʜץʠץʦʪʯʠ ʪʦʤʦʥʠʜʘʥ ʩʫʙʲʝʢʪʠʚ ʙʫʟʠʣʠʰʣʘʨʥʠ 

ʢʠʨʠʪʤʘʩʜʘʥ ʠʥʪʝʥʩʠʚ ץʠʡʤʘʪʣʘʨʥʠ (ʪʘʩʥʠʬʣʘʰ, ʨʝʡʪʠʥʛ, ʂʣʘʩʪʝʨ ʪʘ״ʣʠʣʠ) ʪʘ״ʣʠʣ 

 .ʠʣʠʰʥʠʥʛ ʪʫʨʣʠ ʫʩʫʣʣʘʨʠʜʘ ʬʦʡʜʘʣʘʥʠʰʛʘ ʠʤʢʦʥ ʙʝʨʘʜʠץ
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ʂʈʀʇʊʆɻʈɸʌʀʏɽʉʂʀɽ ʇʆʉʃɽɼʉʊɺʀʗ ʂɺɸʅʊʆɺʆɻʆ 

ɸʃɻʆʈʀʊʄɸ ʅɸʍʆɾɼɽʅʀʗ ʉʂʈʓʊʆɻʆ ʉɼɺʀɻɸ 
 

1ʄʫʭʘʤʝʜʠʝʚʘ ɼ.ʊ., 2ʈʘʫʧʦʚʘ ʄ.ʍ., 1ʊʘʛʘʝʚ ʌ.ɸ. 
1ʊʘʰʢʝʥʪʩʢʠʡ ʠʥʩʪʠʪʫʪ ʠʥʞʝʥʝʨʦʚ ʠʨʨʠʛaʮʠʠ ʠ ʤʝʭʘʥʠʟaʮʠʠ ʩʝʣʴʩʢʦʛʦ ʭʦʟʷʡʩʪʚʘ, 

ʋʟʙʝʢʠʩʪʘʥ, ʊʘʰʢʝʥʪ, ʫʣʠʮʘ ʂʘʨʠ ʅʠʷʟʦʚʘ 39; 
2ʏʠʨʯʠʢʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʧʝʜʘʛʦʛʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ, ʋʟʙʝʢʠʩʪʘʥ, ʊʘʰʢʝʥʪ, ʛ. 

ʏʠʨʯʠʢ, ʇʨʦʩʧʝʢʪ ɸʤʠʨʘ ʊʝʤʫʨʘ, 104 

https://doi.org/10.5281/zenodo.17919090 

 

ɸʥʥʦʪʘʮʠʷ. ʉʦʚʨʝʤʝʥʥʳʝ ʢʚʘʥʪʦʚʳʝ ʚʳʯʠʩʣʝʥʠʷ ʜʝʤʦʥʩʪʨʠʨʫʶʪ 

ʩʧʦʩʦʙʥʦʩʪʴ ʨʝʰʘʪʴ ʟʘʜʘʯʠ, ʣʝʞʘʱʠʝ ʚ ʦʩʥʦʚʝ ʢʣʘʩʩʠʯʝʩʢʦʡ ʢʨʠʧʪʦʛʨʘʬʠʠ, ʩ 

ʵʢʩʧʦʥʝʥʮʠʘʣʴʥʳʤ ʫʩʢʦʨʝʥʠʝʤ. ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʢʚʘʥʪʦʚʳʡ 

ʘʣʛʦʨʠʪʤ ʥʘʭʦʞʜʝʥʠʷ ʩʢʨʳʪʦʛʦ ʩʜʚʠʛʘ ð ʟʘʜʘʯʠ, ʩʚʷʟʘʥʥʦʡ ʩ ʚʦʩʩʪʘʥʦʚʣʝʥʠʝʤ 

ʥʝʠʟʚʝʩʪʥʦʛʦ ʧʘʨʘʤʝʪʨʘ s ʚ ʬʫʥʢʮʠʠ ʚʠʜʘ ( ) ( )f x g x s= +. ʇʦʢʘʟʘʥʦ, ʯʪʦ ʠʩʧʦʣʴʟʦʚʘʥʠʝ 

ʢʚʘʥʪʦʚʦʛʦ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʌʫʨʴʝ (QFT) ʧʦʟʚʦʣʷʝʪ ʥʘʭʦʜʠʪʴ ʩʢʨʳʪʳʡ ʩʜʚʠʛ ʟʘ 

( )O logN ʦʧʝʨʘʮʠʡ, ʪʦʛʜʘ ʢʘʢ ʢʣʘʩʩʠʯʝʩʢʠʡ ʧʦʜʭʦʜ ʪʨʝʙʫʝʪ ʥʝ ʤʝʥʝʝ ( )O N ) ʟʘʧʨʦʩʦʚ. 

ʇʨʦʚʝʜʝʥʘ ʨʝʘʣʠʟʘʮʠʷ ʘʣʛʦʨʠʪʤʘ ʚ ʩʨʝʜʝ Qiskit ʠ ʚʳʧʦʣʥʝʥʦ ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʥʘ 

ʢʚʘʥʪʦʚʦʤ ʩʠʤʫʣʷʪʦʨʝ. ʈʝʟʫʣʴʪʘʪʳ ʠʟʤʝʨʝʥʠʡ ʧʦʜʪʚʝʨʞʜʘʶʪ ʧʨʘʚʠʣʴʥʦʩʪʴ 

ʦʧʨʝʜʝʣʝʥʠʷ ʩʢʨʳʪʦʛʦ ʩʜʚʠʛʘ ʠ ʜʝʤʦʥʩʪʨʠʨʫʶʪ ʵʢʩʧʦʥʝʥʮʠʘʣʴʥʦʝ ʧʨʝʠʤʫʱʝʩʪʚʦ 

ʢʚʘʥʪʦʚʦʛʦ ʤʝʪʦʜʘ. ʆʙʩʫʞʜʘʶʪʩʷ ʢʨʠʧʪʦʛʨʘʬʠʯʝʩʢʠʝ ʫʛʨʦʟʳ, ʩʚʷʟʘʥʥʳʝ ʩ ʜʘʥʥʳʤ 

ʘʣʛʦʨʠʪʤʦʤ, ʠ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʨʘʟʨʘʙʦʪʢʠ ʧʦʩʪʢʚʘʥʪʦʚʳʭ ʟʘʱʠʪʥʳʭ ʤʝʭʘʥʠʟʤʦʚ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʢʨʠʧʪʦʛʨʘʬʠʷ; ʢʚʘʥʪʦʚʳʝ ʘʣʛʦʨʠʪʤʳ, ʢʚʘʥʪʦʚʳʝ 

ʚʳʯʠʩʣʝʥʠʷ; ʩʢʨʳʪʳʡ ʩʜʚʠʛ; ʢʚʘʥʪʦʚʦʝ ʧʨʝʦʙʨʘʟʦʚʘʥʠʝ ʌʫʨʴʝ; ʵʢʩʧʦʥʝʥʮʠʘʣʴʥʦʝ 

ʫʩʢʦʨʝʥʠʝ; ʧʦʩʪʢʚʘʥʪʦʚʘʷ ʙʝʟʦʧʘʩʥʦʩʪʴ. 

 

ɺʚʝʜʝʥʠʝ 

ʂʨʠʧʪʦʛʨʘʬʠʯʝʩʢʘʷ ʙʝʟʦʧʘʩʥʦʩʪʴ ʤʥʦʛʠʭ ʩʦʚʨʝʤʝʥʥʳʭ ʘʣʛʦʨʠʪʤʦʚ ʦʩʥʦʚʘʥʘ ʥʘ 

ʚʳʯʠʩʣʠʪʝʣʴʥʳʭ ʩʣʦʞʥʦʩʪʷʭ ʦʧʨʝʜʝʣʸʥʥʳʭ ʤʘʪʝʤʘʪʠʯʝʩʢʠʭ ʟʘʜʘʯ. ʆʜʥʦʡ ʠʟ ʪʘʢʠʭ ʟʘʜʘʯ 

ʷʚʣʷʝʪʩʷ ʥʘʭʦʞʜʝʥʠʝ ʩʢʨʳʪʦʛʦ ʩʜʚʠʛʘ, ʚʦʟʥʠʢʘʶʱʝʝ, ʥʘʧʨʠʤʝʨ, ʧʨʠ ʘʥʘʣʠʟʝ 

ʧʩʝʚʜʦʩʣʫʯʘʡʥʳʭ ʛʝʥʝʨʘʪʦʨʦʚ, ʠʩʧʦʣʴʟʫʶʱʠʭ ʤʫʣʴʪʠʧʣʠʢʘʪʠʚʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ 

ʢʦʥʝʯʥʳʭ ʧʦʣʝʡ. ɽʩʣʠ ʢʚʘʥʪʦʚʳʡ ʢʦʤʧʴʶʪʝʨ ʩʧʦʩʦʙʝʥ ʵʬʬʝʢʪʠʚʥʦ ʨʝʰʘʪʴ ʵʪʫ ʟʘʜʘʯʫ, ʵʪʦ 

ʤʦʞʝʪ ʧʨʠʚʝʩʪʠ ʢ ʢʦʤʧʨʦʤʝʪʘʮʠʠ ʢʨʠʧʪʦʛʨʘʬʠʯʝʩʢʠʭ ʩʠʩʪʝʤ.  

ɿʘʜʘʯʘ ʩʢʨʳʪʦʛʦ ʩʜʚʠʛʘ ʬʦʨʤʫʣʠʨʫʝʪʩʷ ʩʣʝʜʫʶʱʠʤ ʦʙʨʘʟʦʤ: ʜʘʥʘ ʬʫʥʢʮʠʷ 

: Nf Z S­ , ʦʙʣʘʜʘʶʱʘʷ ʩʚʦʡʩʪʚʦʤ ( ) ( )f x g x s= +, ʛʜʝ s ð ʥʝʠʟʚʝʩʪʥʳʡ ʩʜʚʠʛ. ɺ 

ʢʣʘʩʩʠʯʝʩʢʦʤ ʚʘʨʠʘʥʪʝmʥʘʭʦʞʜʝʥʠʝ s ʪʨʝʙʫʝʪ ( )O N ʟʘʧʨʦʩʦʚ, ʯʪʦ ʩʣʝʜʫʝʪ ʠʟ ʩʚʝʜʝʥʠʷ 

ʢ ʘʣʛʦʨʠʪʤʫ ɻʨʦʚʝʨʘ. ʆʜʥʘʢʦ ʢʚʘʥʪʦʚʳʡ ʘʣʛʦʨʠʪʤ ʥʘ ʦʩʥʦʚʝ ʦʙʨʘʪʥʦʛʦ ʢʚʘʥʪʦʚʦʛʦ 

ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʌʫʨʴʝ (IQFT) ʨʝʰʘʝʪ ʵʪʫ ʟʘʜʘʯʫ ʵʢʩʧʦʥʝʥʮʠʘʣʴʥʦ ʙʳʩʪʨʝʝ, ʚʳʧʦʣʥʷʷ 

ʚʩʝʛʦ (log )O N  ʟʘʧʨʦʩʦʚ. 

ʀʩʩʣʝʜʦʚʘʥʠʷ ʢʚʘʥʪʦʚʳʭ ʘʣʛʦʨʠʪʤʦʚ ʪʝʩʥʦ ʩʚʷʟʘʥʳ ʩ ʨʝʚʦʣʶʮʠʦʥʥʳʤʠ ʨʘʙʦʪʘʤʠ, 

ʟʘʣʦʞʠʚʰʠʤʠ ʦʩʥʦʚʫ ʢʚʘʥʪʦʚʦʡ ʚʳʯʠʩʣʠʪʝʣʴʥʦʡ ʧʘʨʘʜʠʛʤʳ. ʇʝʨʚʳʝ ʪʝʦʨʝʪʠʯʝʩʢʠʝ 

ʧʨʝʜʧʦʩʳʣʢʠ ʙʳʣʠ ʧʨʝʜʣʦʞʝʥʳ ʌ. ʌʝʡʥʤʘʥʦʤ ʠ ɼ. ɼʦʡʯʝʤ, ʧʦʢʘʟʘʚʰʠʤʠ ʚʦʟʤʦʞʥʦʩʪʴ 

ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʢʚʘʥʪʦʚʳʭ ʩʠʩʪʝʤ ʠ ʧʨʝʚʦʩʭʦʜʩʪʚʘ ʢʚʘʥʪʦʚʦʛʦ ʢʦʤʧʴʶʪʝʨʘ ʥʘʜ 
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ʢʣʘʩʩʠʯʝʩʢʠʤ. ʉʫʱʝʩʪʚʝʥʥʳʡ ʪʦʣʯʦʢ ʨʘʟʚʠʪʠʶ ʢʚʘʥʪʦʚʦʡ ʢʨʠʧʪʦʘʥʘʣʠʪʠʢʠ ʜʘʣʠ 

ʘʣʛʦʨʠʪʤʳ ʐʦʨʘ ʠ ɻʨʦʚʝʨʘ, ʜʦʢʘʟʘʚʰʠʝ ʵʢʩʧʦʥʝʥʮʠʘʣʴʥʦʝ ʠ ʢʚʘʜʨʘʪʠʯʥʦʝ ʫʩʢʦʨʝʥʠʝ ʜʣʷ 

ʟʘʜʘʯ ʬʘʢʪʦʨʠʟʘʮʠʠ ʠ ʧʦʠʩʢʘ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. ʇʦʷʚʣʝʥʠʝ ʵʪʠʭ ʨʝʟʫʣʴʪʘʪʦʚ ʩʪʠʤʫʣʠʨʦʚʘʣʦ 

ʠʥʪʝʥʩʠʚʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʟʘʜʘʯ ʩʢʨʳʪʳʭ ʩʠʤʤʝʪʨʠʡ, ʚʢʣʶʯʘʷ ʧʨʦʙʣʝʤʫ ʩʢʨʳʪʦʛʦ 

ʩʜʚʠʛʘ, ʪʝʩʥʦ ʩʚʷʟʘʥʥʫʶ ʩ ʟʘʜʘʯʝʡ ʉʘʡʤʦʥʘ ʠ ʦʙʱʝʡ ʬʦʨʤʦʡ Hidden Subgroup Problem 

(HSP) [1-5]. 

ɺ ʢʦʥʪʝʢʩʪʝ ʢʨʠʧʪʦʛʨʘʬʠʠ ʟʘʜʘʯʘ ʥʘʭʦʞʜʝʥʠʷ ʩʢʨʳʪʦʛʦ ʩʜʚʠʛʘ ʧʨʠʚʣʝʢʘʝʪ 

ʚʥʠʤʘʥʠʝ ʢʘʢ ʧʦʪʝʥʮʠʘʣʴʥʘʷ ʫʛʨʦʟʘ ʨʷʜʫ ʢʨʠʧʪʦʛʨʘʬʠʯʝʩʢʠʭ ʧʨʠʤʠʪʠʚʦʚ. ʅʘʠʙʦʣʝʝ 

ʘʢʪʠʚʥʦ ʠʟʫʯʘʶʪʩʷ ʩʢʨʳʪʳʝ ʩʜʚʠʛʠ ʚ ʙʫʣʝʚʳʭ ʠ ʤʫʣʴʪʠʧʣʠʢʘʪʠʚʥʳʭ ʬʫʥʢʮʠʷʭ, ʚ 

ʯʘʩʪʥʦʩʪʠ, ʧʦʩʪʨʦʝʥʥʳʭ ʥʘ ʩʠʤʚʦʣʝ ʃʝʞʘʥʜʨʘ. ʊʘʢʠʝ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ ʧʨʠʤʝʥʷʶʪʩʷ 

ʜʣʷ ʛʝʥʝʨʘʮʠʠ ʧʩʝʚʜʦʩʣʫʯʘʡʥʳʭ ʯʠʩʝʣ ʠ ʠʩʧʦʣʴʟʫʶʪʩʷ ʚ ʨʷʜʝ ʩʭʝʤ ʟʘʱʠʪʳ ʜʘʥʥʳʭ; 

ʧʦʵʪʦʤʫ ʚʦʟʤʦʞʥʦʩʪʴ ʵʬʬʝʢʪʠʚʥʦʛʦ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ ʩʢʨʳʪʦʛʦ ʧʘʨʘʤʝʪʨʘ sss ʫʛʨʦʞʘʝʪ 

ʩʪʦʡʢʦʩʪʠ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ PRNG ʠ ʰʠʬʨʦʩʠʩʪʝʤ. ɺ ʧʨʝʜʦʩʪʘʚʣʝʥʥʦʤ ʤʘʪʝʨʠʘʣʝ 

ʧʦʜʯʸʨʢʠʚʘʝʪʩʷ, ʯʪʦ ʫʩʧʝʰʥʘʷ ʘʪʘʢʘ ʥʘ ʪʘʢʠʝ ʛʝʥʝʨʘʪʦʨʳ ʩʧʦʩʦʙʥʘ ʧʨʠʚʝʩʪʠ ʢ ʧʦʣʥʦʤʫ 

ʨʘʟʨʫʰʝʥʠʶ ʠʭ ʢʨʠʧʪʦʛʨʘʬʠʯʝʩʢʦʡ ʙʝʟʦʧʘʩʥʦʩʪʠ [6-8].  

 ʂʚʘʥʪʦʚʳʡ ʘʣʛʦʨʠʪʤ ʥʘ ʦʩʥʦʚʝ QFT ʨʝʰʘʝʪ ʟʘʜʘʯʫ ʩʢʨʳʪʦʛʦ ʩʜʚʠʛʘ ʟʘ O(logN), 

ʪʦʛʜʘ ʢʘʢ ʢʣʘʩʩʠʯʝʩʢʠʝ ʤʝʪʦʜʳ ʪʨʝʙʫʶʪ ʥʝ ʤʝʥʝʝ ( )O N ʦʙʨʘʱʝʥʠʡ ʢ ʦʨʘʢʫʣʫ [9-10].  

ʆʩʦʙʦʝ ʤʝʩʪʦ ʚ ʣʠʪʝʨʘʪʫʨʝ ʟʘʥʠʤʘʝʪ ʩʚʷʟʴ ʟʘʜʘʯʠ ʩʢʨʳʪʦʛʦ ʩʜʚʠʛʘ ʩ ʜʠʩʢʨʝʪʥʳʤ 

ʣʦʛʘʨʠʬʤʦʤ ʠ ʧʦʩʪʢʚʘʥʪʦʚʦʡ ʢʨʠʧʪʦʛʨʘʬʠʝʡ. ʈʝʰʝʥʠʝ ʩʢʨʳʪʦʛʦ ʩʜʚʠʛʘ ʜʣʷ ʬʫʥʢʮʠʡ ʥʘ 

ʢʦʥʝʯʥʳʭ ʧʦʣʷʭ ʤʦʞʝʪ ʧʨʠʚʝʩʪʠ ʢ ʨʘʟʨʘʙʦʪʢʝ ʥʦʚʦʛʦ ʢʚʘʥʪʦʚʦʛʦ ʤʝʪʦʜʘ ʚʳʯʠʩʣʝʥʠʷ 

ʜʠʩʢʨʝʪʥʦʛʦ ʣʦʛʘʨʠʬʤʘ, ʯʪʦ ʦʢʘʟʳʚʘʝʪ ʧʨʷʤʦʝ ʚʣʠʷʥʠʝ ʥʘ ʩʪʦʡʢʦʩʪʴ ʢʨʠʧʪʦʩʠʩʪʝʤ, 

ʦʩʥʦʚʘʥʥʳʭ ʥʘ ʛʨʫʧʧʦʚʳʭ ʦʧʝʨʘʮʠʷʭ. ʂʨʦʤʝ ʪʦʛʦ, ʫʩʢʦʨʝʥʠʝ ʘʪʘʢ ʥʘ ʩʠʤʤʝʪʨʠʯʥʳʝ 

ʢʨʠʧʪʦʩʠʩʪʝʤʳ (ʥʘʧʨʠʤʝʨ, slide-ʘʪʘʢʠ) ʪʘʢʞʝ ʧʦʪʝʥʮʠʘʣʴʥʦ ʚʦʟʤʦʞʥʦ ʧʨʠ ʥʘʣʠʯʠʠ 

ʵʬʬʝʢʪʠʚʥʳʭ ʘʣʛʦʨʠʪʤʦʚ ʩʢʨʳʪʦʛʦ ʩʜʚʠʛʘ ʜʣʷ ʥʝʣʠʥʝʡʥʳʭ ʧʨʝʦʙʨʘʟʦʚʘʥʠʡ [11-14].  

ʇʨʘʢʪʠʯʝʩʢʘʷ ʨʝʘʣʠʟʘʮʠʷ ʘʣʛʦʨʠʪʤʦʚ ʧʦʠʩʢʘ ʩʢʨʳʪʦʛʦ ʩʜʚʠʛʘ ʩʪʘʣʘ ʚʦʟʤʦʞʥʦʡ 

ʙʣʘʛʦʜʘʨʷ ʨʘʟʚʠʪʠʶ ʢʚʘʥʪʦʚʳʭ ʬʨʝʡʤʚʦʨʢʦʚ, ʪʘʢʠʭ ʢʘʢ Qiskit, Cirq ʠ PennyLane. 

ʀʩʩʣʝʜʫʝʤʘʷ ʨʘʙʦʪʘ ʜʝʤʦʥʩʪʨʠʨʫʝʪ ʧʦʩʪʨʦʝʥʠʝ ʢʚʘʥʪʦʚʦʡ ʩʭʝʤʳ ʠ ʧʨʦʚʝʜʝʥʠʝ 

ʤʥʦʛʦʢʨʘʪʥʳʭ ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʥʘ ʩʠʤʫʣʷʪʦʨʝ, ʧʦʜʪʚʝʨʞʜʘʶʱʠʭ ʚʦʟʤʦʞʥʦʩʪʴ ʫʩʧʝʰʥʦʛʦ 

ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ ʩʢʨʳʪʦʛʦ ʩʜʚʠʛʘ (s) ʩ ʚʳʩʦʢʦʡ ʚʝʨʦʷʪʥʦʩʪʴʶ [14-17].  

 ʈʝʟʫʣʴʪʘʪʳ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʧʦʜʯʝʨʢʠʚʘʶʪ ʫʩʪʦʡʯʠʚʦʩʪʴ ʘʣʛʦʨʠʪʤʘ, ʘ ʧʦʷʚʣʝʥʠʝ 

ʥʝʢʦʨʨʝʢʪʥʳʭ ʩʦʩʪʦʷʥʠʡ ʩʚʷʟʳʚʘʝʪʩʷ ʩ ʢʚʘʥʪʦʚʳʤʠ ʰʫʤʘʤʠ ʠ ʠʥʪʝʨʬʝʨʝʥʮʠʝʡ, ʯʪʦ 

ʩʦʛʣʘʩʫʝʪʩʷ ʩ ʦʙʱʝʡ ʧʨʦʙʣʝʤʘʪʠʢʦʡ ʫʩʪʦʡʯʠʚʦʩʪʠ ʢʚʘʥʪʦʚʳʭ ʚʳʯʠʩʣʝʥʠʡ ʠ 

ʥʝʦʙʭʦʜʠʤʦʩʪʴʶ ʢʦʨʨʝʢʮʠʠ ʦʰʠʙʦʢ [18-20].  

Cʦʚʨʝʤʝʥʥʳʡ ʢʦʨʧʫʩ ʠʩʩʣʝʜʦʚʘʥʠʡ ʧʦʜʪʚʝʨʞʜʘʝʪ, ʯʪʦ ʘʣʛʦʨʠʪʤʳ ʩʢʨʳʪʦʛʦ ʩʜʚʠʛʘ 

ʟʘʥʠʤʘʶʪ ʚʘʞʥʦʝ ʤʝʩʪʦ ʚ ʢʚʘʥʪʦʚʦʡ ʢʨʠʧʪʦʘʥʘʣʠʪʠʢʝ ʠ ʪʨʝʙʫʶʪ ʜʘʣʴʥʝʡʰʝʛʦ ʠʟʫʯʝʥʠʷ 

ʢʘʢ ʩ ʪʝʦʨʝʪʠʯʝʩʢʦʡ ʪʦʯʢʠ ʟʨʝʥʠʷ, ʪʘʢ ʠ ʩ ʧʦʟʠʮʠʠ ʧʨʠʢʣʘʜʥʦʡ ʙʝʟʦʧʘʩʥʦʩʪʠ 

ʢʨʠʧʪʦʩʠʩʪʝʤ. 

ʎʝʣʴ ʥʘʩʪʦʷʱʝʡ ʨʘʙʦʪʳ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʠʩʩʣʝʜʦʚʘʥʠʠ ʢʚʘʥʪʦʚʦʛʦ ʘʣʛʦʨʠʪʤʘ 

ʩʢʨʳʪʦʛʦ ʩʜʚʠʛʘ, ʝʛʦ ʧʨʦʛʨʘʤʤʥʦʡ ʨʝʘʣʠʟʘʮʠʠ ʚ ʙʠʙʣʠʦʪʝʢʝ Qiskit ʠ ʘʥʘʣʠʟʝ ʧʦʣʫʯʝʥʥʳʭ 

ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʨʝʟʫʣʴʪʘʪʦʚ. ʇʨʦʜʝʤʦʥʩʪʨʠʨʦʚʘʥʘ ʢʦʨʨʝʢʪʥʦʩʪʴ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ 

ʩʢʨʳʪʦʛʦ ʩʜʚʠʛʘ, ʘ ʪʘʢʞʝ ʨʘʩʩʤʦʪʨʝʥʳ ʢʨʠʧʪʦʛʨʘʬʠʯʝʩʢʠʝ ʧʦʩʣʝʜʩʪʚʠʷ ʧʨʠʤʝʥʝʥʠʷ 

ʜʘʥʥʦʛʦ ʘʣʛʦʨʠʪʤʘ ʚ ʧʝʨʩʧʝʢʪʠʚʝ ʨʘʟʚʠʪʠʷ ʢʚʘʥʪʦʚʳʭ ʪʝʭʥʦʣʦʛʠʡ. ʇʦʣʫʯʝʥʥʳʝ 

ʨʝʟʫʣʴʪʘʪʳ ʧʦʜʪʚʝʨʞʜʘʶʪ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʜʘʣʴʥʝʡʰʝʛʦ ʠʟʫʯʝʥʠʷ ʧʦʩʪʢʚʘʥʪʦʚʳʭ 

ʢʨʠʧʪʦʛʨʘʬʠʯʝʩʢʠʭ ʤʝʪʦʜʦʚ ʠ ʩʪʨʘʪʝʛʠʡ ʟʘʱʠʪʳ. 
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ʆʩʥʦʚʥʳʤʠ ʟʘʜʘʯʘʤʠ ʜʘʥʥʦʡ ʨʘʙʦʪʳ ʷʚʣʷʶʪʩʷ: ʘʥʘʣʠʟ ʪʝʦʨʝʪʠʯʝʩʢʠʭ ʦʩʥʦʚ 

ʢʚʘʥʪʦʚʦʛʦ ʘʣʛʦʨʠʪʤʘ ʥʘʭʦʞʜʝʥʠʷ ʩʢʨʳʪʦʛʦ ʩʜʚʠʛʘ ʠ ʝʛʦ ʤʘʪʝʤʘʪʠʯʝʩʢʦʡ ʤʦʜʝʣʠ; 

ʧʦʩʪʨʦʝʥʠʝ ʠ ʨʝʘʣʠʟʘʮʠʷ ʢʚʘʥʪʦʚʦʡ ʩʭʝʤʳ ʚ ʩʨʝʜʝ Qiskit ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʢʚʘʥʪʦʚʦʛʦ 

ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʌʫʨʴʝ; ʧʨʦʚʝʜʝʥʠʝ ʚʳʯʠʩʣʠʪʝʣʴʥʳʭ ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʥʘ ʢʚʘʥʪʦʚʦʤ 

ʩʠʤʫʣʷʪʦʨʝ ʜʣʷ ʧʦʜʪʚʝʨʞʜʝʥʠʷ ʢʦʨʨʝʢʪʥʦʩʪʠ ʘʣʛʦʨʠʪʤʘ; ʩʨʘʚʥʝʥʠʝ ʨʝʟʫʣʴʪʘʪʦʚ ʩ 

ʢʣʘʩʩʠʯʝʩʢʠʤʠ ʤʝʪʦʜʘʤʠ ʨʝʰʝʥʠʷ ʟʘʜʘʯʠ; ʚʳʷʚʣʝʥʠʝ ʢʨʠʧʪʦʛʨʘʬʠʯʝʩʢʠʭ ʧʦʩʣʝʜʩʪʚʠʡ 

ʧʨʠʤʝʥʝʥʠʷ ʘʣʛʦʨʠʪʤʘ ʠ ʦʮʝʥʢʘ ʝʛʦ ʚʣʠʷʥʠʷ ʥʘ ʙʝʟʦʧʘʩʥʦʩʪʴ ʢʨʠʧʪʦʛʨʘʬʠʯʝʩʢʠʭ ʩʠʩʪʝʤ, 

ʠʩʧʦʣʴʟʫʶʱʠʭ ʩʢʨʳʪʳʡ ʩʜʚʠʛ ʢʘʢ ʦʩʥʦʚʫ ʩʪʦʡʢʦʩʪʠ. 

ʅʘʫʯʥʘʷ ʥʦʚʠʟʥʘ ʨʘʙʦʪʳ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʢʦʤʧʣʝʢʩʥʦʤ ʠʩʩʣʝʜʦʚʘʥʠʠ ʢʚʘʥʪʦʚʦʛʦ 

ʘʣʛʦʨʠʪʤʘ ʥʘʭʦʞʜʝʥʠʷ ʩʢʨʳʪʦʛʦ ʩʜʚʠʛʘ ʩ ʘʢʮʝʥʪʦʤ ʥʘ ʧʨʘʢʪʠʯʝʩʢʫʶ ʨʝʘʣʠʟʘʮʠʶ ʠ ʘʥʘʣʠʟ 

ʨʝʟʫʣʴʪʘʪʦʚ ʤʦʜʝʣʠʨʦʚʘʥʠʷ. ɺ ʦʪʣʠʯʠʝ ʦʪ ʯʠʩʪʦ ʪʝʦʨʝʪʠʯʝʩʢʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ, ʨʘʙʦʪʘ 

ʜʝʤʦʥʩʪʨʠʨʫʝʪ ʢʦʥʢʨʝʪʥʫʶ ʨʝʘʣʠʟʘʮʠʶ ʘʣʛʦʨʠʪʤʘ ʚ Qiskit, ʚʢʣʶʯʘʷ ʧʨʦʮʝʜʫʨʫ 

ʧʦʜʛʦʪʦʚʢʠ ʢʚʘʥʪʦʚʦʛʦ ʩʦʩʪʦʷʥʠʷ, ʧʨʠʤʝʥʝʥʠʝ ʦʙʨʘʪʥʦʛʦ ʢʚʘʥʪʦʚʦʛʦ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ 

ʌʫʨʴʝ ʠ ʘʥʘʣʠʟ ʧʦʣʫʯʝʥʥʳʭ ʩʦʩʪʦʷʥʠʡ. ʇʦʢʘʟʘʥʦ, ʯʪʦ ʘʣʛʦʨʠʪʤ ʦʙʝʩʧʝʯʠʚʘʝʪ 

ʵʢʩʧʦʥʝʥʮʠʘʣʴʥʦʝ ʫʩʢʦʨʝʥʠʝ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʢʣʘʩʩʠʯʝʩʢʠʤʠ ʤʝʪʦʜʘʤʠ, ʘ ʪʘʢʞʝ ʚʳʷʚʣʝʥʳ 

ʦʩʦʙʝʥʥʦʩʪʠ ʧʦʚʝʜʝʥʠʷ ʢʚʘʥʪʦʚʦʡ ʩʠʩʪʝʤʳ, ʦʙʫʩʣʦʚʣʝʥʥʳʝ ʠʥʪʝʨʬʝʨʝʥʮʠʝʡ ʠ 

ʤʦʜʝʣʠʨʫʝʤʳʤ ʰʫʤʦʤ, ʯʪʦ ʨʘʩʰʠʨʷʝʪ ʧʦʥʠʤʘʥʠʝ ʧʨʘʢʪʠʯʝʩʢʠʭ ʘʩʧʝʢʪʦʚ ʢʚʘʥʪʦʚʦʡ 

ʢʨʠʧʪʦʘʥʘʣʠʪʠʢʠ. 

ʇʨʘʢʪʠʯʝʩʢʘʷ ʮʝʥʥʦʩʪʴ ʠʩʩʣʝʜʦʚʘʥʠʷ ʩʦʩʪʦʠʪ ʚ ʜʝʤʦʥʩʪʨʘʮʠʠ ʨʝʘʣʴʥʦʡ 

ʧʨʠʤʝʥʠʤʦʩʪʠ ʢʚʘʥʪʦʚʦʛʦ ʘʣʛʦʨʠʪʤʘ ʧʦʠʩʢʘ ʩʢʨʳʪʦʛʦ ʩʜʚʠʛʘ ʠ ʦʮʝʥʢʝ ʝʛʦ 

ʧʦʪʝʥʮʠʘʣʴʥʦʛʦ ʚʣʠʷʥʠʷ ʥʘ ʩʦʚʨʝʤʝʥʥʳʝ ʢʨʠʧʪʦʛʨʘʬʠʯʝʩʢʠʝ ʩʠʩʪʝʤʳ. ʇʦʣʫʯʝʥʥʳʝ 

ʨʝʟʫʣʴʪʘʪʳ ʧʦʜʪʚʝʨʞʜʘʶʪ, ʯʪʦ ʧʨʠ ʥʘʣʠʯʠʠ ʤʘʩʰʪʘʙʠʨʫʝʤʳʭ ʢʚʘʥʪʦʚʳʭ ʚʳʯʠʩʣʠʪʝʣʴʥʳʭ 

ʫʩʪʨʦʡʩʪʚ ʚʦʟʤʦʞʥʦ ʵʬʬʝʢʪʠʚʥʦʝ ʨʘʟʨʫʰʝʥʠʝ ʢʨʠʧʪʦʛʨʘʬʠʯʝʩʢʠʭ ʤʝʭʘʥʠʟʤʦʚ, 

ʦʩʥʦʚʘʥʥʳʭ ʥʘ ʩʣʦʞʥʦʩʪʠ ʚʳʯʠʩʣʝʥʠʷ ʩʢʨʳʪʦʛʦ ʩʜʚʠʛʘ, ʚʢʣʶʯʘʷ ʥʝʢʦʪʦʨʳʝ PRNG ʠ 

ʢʨʠʧʪʦʛʨʘʬʠʯʝʩʢʠʝ ʢʦʥʩʪʨʫʢʮʠʠ. ʈʘʙʦʪʘ ʩʧʦʩʦʙʩʪʚʫʝʪ ʨʘʟʚʠʪʠʶ ʠʥʩʪʨʫʤʝʥʪʦʚ 

ʢʚʘʥʪʦʚʦʛʦ ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʷ, ʧʦʜʜʝʨʞʠʚʘʝʪ ʧʦʜʛʦʪʦʚʢʫ ʢ ʧʝʨʝʭʦʜʫ ʢ ʧʦʩʪʢʚʘʥʪʦʚʦʡ 

ʢʨʠʧʪʦʛʨʘʬʠʠ ʠ ʤʦʞʝʪ ʠʩʧʦʣʴʟʦʚʘʪʴʩʷ ʚ ʦʙʨʘʟʦʚʘʪʝʣʴʥʳʭ ʠ ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʭ ʮʝʣʷʭ ʜʣʷ 

ʦʙʫʯʝʥʠʷ ʢʚʘʥʪʦʚʦʤʫ ʚʟʣʦʤʫ ʠ ʟʘʱʠʪʝ ʜʘʥʥʳʭ ʚ ʫʩʣʦʚʠʷʭ ʨʘʟʚʠʪʠʷ ʢʚʘʥʪʦʚʳʭ 

ʪʝʭʥʦʣʦʛʠʡ. 

ʄʝʪʦʜʳ 

ɺʦ ʤʥʦʛʠʭ ʢʨʠʧʪʦʛʨʘʬʠʯʝʩʢʠʭ ʟʘʜʘʯʘʭ ʩʣʦʞʥʦʩʪʴ ʚʳʯʠʩʣʝʥʠʷ ʩʢʨʳʪʦʛʦ ʩʜʚʠʛʘ 

ʷʚʣʷʝʪʩʷ ʦʩʥʦʚʦʡ ʙʝʟʦʧʘʩʥʦʩʪʠ. 

ʎʝʣʴ ʩʦʩʪʦʠʪ ʚ ʥʘʭʦʞʜʝʥʠʠ s ʩ ʤʠʥʠʤʘʣʴʥʳʤ ʯʠʩʣʦʤ ʟʘʧʨʦʩʦʚ ʢ ʦʨʘʢʫʣʫ ( )f x . ɺ 

ʢʣʘʩʩʠʯʝʩʢʦʤ ʩʣʫʯʘʝ ʤʦʞʥʦ ʨʝʰʘʪʴ ʵʪʫ ʟʘʜʘʯʫ ʧʦʣʥʳʤ ʧʝʨʝʙʦʨʦʤ ( )O N ʠʣʠ ʩ ʧʦʤʦʱʴʶ 

ʤʝʪʦʜʘ ɻʨʦʚʝʨʘ ( ).O N  ʆʜʥʘʢʦ ʢʚʘʥʪʦʚʳʡ ʘʣʛʦʨʠʪʤ ʨʝʰʘʝʪ ʝʸ ʟʘ (log )O N  ʚ 

ʦʧʨʝʜʝʣʸʥʥʳʭ ʩʣʫʯʘʷʭ, ʠʩʧʦʣʴʟʫʷ ʢʚʘʥʪʦʚʦʝ ʧʨʝʦʙʨʘʟʦʚʘʥʠʝ ʌʫʨʴʝ (QFT). 

ʇʫʩʪʴ ʟʘʜʘʥʘ ʬʫʥʢʮʠʷ, ʦʧʨʝʜʝʣʸʥʥʘʷ ʯʝʨʝʟ ʩʠʤʚʦʣ ʃʝʞʘʥʜʨʘ: 

( ) ,s

x s
f x

p

å õ+
=æ ö
ç ÷

 

ʛʜʝ 
x

p

å õ
æ ö
ç ÷
ð ʩʠʤʚʦʣ ʃʝʞʘʥʜʨʘ, pð ʧʨʦʩʪʦʝ ʯʠʩʣʦ, ʘ sð ʩʝʢʨʝʪʥʳʡ ʩʜʚʠʛ. 
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ɽʩʣʠ ʚʦʟʤʦʞʥʦ ʙʳʩʪʨʦ ʥʘʡʪʠ s, ʪʦ ʵʪʦ ʧʨʠʚʝʜʸʪ ʢ ʨʘʟʨʫʰʝʥʠʶ ʢʨʠʧʪʦʛʨʘʬʠʯʝʩʢʠʭ 

PRNG, ʠʩʧʦʣʴʟʫʶʱʠʭ ʩʠʤʚʦʣ ʃʝʞʘʥʜʨʘ ʜʣʷ ʩʦʟʜʘʥʠʷ ʧʩʝʚʜʦʩʣʫʯʘʡʥʳʭ 

ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʝʡ. 

ɽʩʣʠ ʟʘʜʘʯʫ ʩʢʨʳʪʦʛʦ ʩʜʚʠʛʘ ʤʦʞʥʦ ʨʝʰʠʪʴ ʩ ʣʦʛʘʨʠʬʤʠʯʝʩʢʦʡ ʩʣʦʞʥʦʩʪʴʶ, ʵʪʦ 

ʤʦʞʝʪ ʜʘʪʴ ʥʦʚʳʡ ʢʚʘʥʪʦʚʳʡ ʘʣʛʦʨʠʪʤ ʜʣʷ ʜʠʩʢʨʝʪʥʦʛʦ ʣʦʛʘʨʠʬʤʘ, ʘ ʟʥʘʯʠʪ ð ʫʛʨʦʞʘʪʴ 

ʙʝʟʦʧʘʩʥʦʩʪʠ ʢʨʠʧʪʦʩʠʩʪʝʤ. 

ʅʝʢʦʪʦʨʳʝ ʘʪʘʢʠ ʥʘ ʩʠʤʤʝʪʨʠʯʥʳʝ ʢʨʠʧʪʦʩʠʩʪʝʤʳ (ʥʘʧʨʠʤʝʨ, ʘʪʘʢʠ ʪʠʧʘ slide 

attack) ʤʦʛʫʪ ʙʳʪʴ ʫʩʢʦʨʝʥʳ, ʝʩʣʠ ʢʚʘʥʪʦʚʳʡ ʘʣʛʦʨʠʪʤ ʧʦʟʚʦʣʷʝʪ ʥʘʭʦʜʠʪʴ ʩʢʨʳʪʳʝ 

ʩʜʚʠʛʠ ʚ ʥʝʣʠʥʝʡʥʳʭ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷʭ. 

ʂʚʘʥʪʦʚʳʡ ʘʣʛʦʨʠʪʤ ʥʘʭʦʞʜʝʥʠʷ ʩʢʨʳʪʦʛʦ ʩʜʚʠʛʘ ʠʩʧʦʣʴʟʫʝʪ ʩʣʝʜʫʶʱʠʡ ʧʨʦʮʝʩʩ: 

1. ʉʦʟʜʘʥʠʝ ʩʫʧʝʨʧʦʟʠʮʠʠ ʚʩʝʭ ʚʭʦʜʦʚ: 
1

0

1
| .

N

x

x
N

-

=

ðä  

2. ʇʨʠʤʝʥʝʥʠʝ ʦʨʘʢʫʣʘ, ʢʦʜʠʨʫʶʱʝʛʦ ( ) ( )f x g x s= + : 
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| | ( ) .
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x

x f x
N

-

=

ð ðä  

3. ʇʨʠʤʝʥʝʥʠʝ ʦʙʨʘʪʥʦʛʦ ʢʚʘʥʪʦʚʦʛʦ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʌʫʨʴʝ (IQFT), ʧʝʨʝʚʦʜʷʱʝʝ 

ʨʝʟʫʣʴʪʘʪ ʚ ʯʘʩʪʦʪʥʫʶ ʦʙʣʘʩʪʴ: 
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4. ʀʟʤʝʨʝʥʠʝ ʩʦʩʪʦʷʥʠʷ ʜʘʸʪ ʢ, ʠʟ ʢʦʪʦʨʦʛʦ ʤʦʞʥʦ ʚʦʩʩʪʘʥʦʚʠʪʴ ʚ ʩ ʚʝʨʦʷʪʥʦʩʪʴʶ 

ʆ(1). ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʘʣʛʦʨʠʪʤ ʪʨʝʙʫʝʪ (log )O N  ʢʚʘʥʪʦʚʳʭ ʦʧʝʨʘʮʠʡ, ʯʪʦ ʜʘʸʪ 

ʵʢʩʧʦʥʝʥʮʠʘʣʴʥʦʝ ʫʩʢʦʨʝʥʠʝ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʢʣʘʩʩʠʯʝʩʢʠʤ ʘʣʛʦʨʠʪʤʦʤ ( ).O N  

ʂʚʘʥʪʦʚʳʡ ʘʣʛʦʨʠʪʤ ʥʘʭʦʞʜʝʥʠʷ ʩʢʨʳʪʦʛʦ ʩʜʚʠʛʘ ʧʨʝʜʩʪʘʚʣʷʝʪ ʨʝʘʣʴʥʫʶ ʫʛʨʦʟʫ 

ʜʣʷ ʢʨʠʧʪʦʛʨʘʬʠʠ. ʕʪʦ ʧʦʜʯʸʨʢʠʚʘʝʪ ʚʘʞʥʦʩʪʴ ʧʦʩʪʢʚʘʥʪʦʚʦʡ ʢʨʠʧʪʦʛʨʘʬʠʠ ʠ ʨʘʟʨʘʙʦʪʢʠ 

ʘʣʛʦʨʠʪʤʦʚ, ʟʘʱʠʱʸʥʥʳʭ ʦʪ ʘʪʘʢ ʢʚʘʥʪʦʚʳʭ ʢʦʤʧʴʶʪʝʨʦʚ. 

ʈʝʟʫʣʴʪʘʪʳ 

ʈʘʟʨʘʙʦʪʘʥʘ ʧʨʦʛʨʘʤʤʘ. ʇʩʝʚʜʦʢʦʜ ʧʨʦʛʨʘʤʤʳ ʥʘʭʦʞʜʝʥʠʷ ʩʢʨʳʪʦʛʦ ʩʜʚʠʛʘ: 

ɸʃɻʆʈʀʊʄ Hidden_Shift(n, s) 

ɺʍʆɼ:   

    n ɴ   ð ʯʠʩʣʦ ʢʫʙʠʪʦʚ (ʨʘʟʤʝʨ ʚʭʦʜʥʦʛʦ ʨʝʛʠʩʪʨʘ)   

    s ɴ  {0,1}Ŵ ð ʩʢʨʳʪʳʡ ʩʜʚʠʛ   

ɺʓʍʆɼ:   

    s*  ɴ{0,1}Ŵ ð ʥʘʡʜʝʥʥʦʝ ʟʥʘʯʝʥʠʝ ʩʢʨʳʪʦʛʦ ʩʜʚʠʛʘ   

ʅɸʏɸʃʆ   

    1. ʀʥʠʮʠʘʣʠʟʘʮʠʷ ʢʚʘʥʪʦʚʦʡ ʩʭʝʤʳ:   

        1.1. ʉʦʟʜʘʪʴ 2n-ʢʫʙʠʪʥʳʡ ʨʝʛʠʩʪʨ (n ʢʫʙʠʪʦʚ ʜʣʷ x-ʨʝʛʠʩʪʨʘ ʠ n ʜʣʷ 

ʚʩʧʦʤʦʛʘʪʝʣʴʥʦʛʦ y-ʨʝʛʠʩʪʨʘ).   

        1.2. ʉʦʟʜʘʪʴ n ʢʣʘʩʩʠʯʝʩʢʠʭ ʙʠʪʦʚ ʜʣʷ ʭʨʘʥʝʥʠʷ ʨʝʟʫʣʴʪʘʪʦʚ ʠʟʤʝʨʝʥʠʡ.   

    2. ʇʦʜʛʦʪʦʚʢʘ ʩʫʧʝʨʧʦʟʠʮʠʠ ʚʭʦʜʥʳʭ ʩʦʩʪʦʷʥʠʡ:   

        ɼʃʗ i = 0 ɼʆ n - 1:   

            ʇʨʠʤʝʥʠʪʴ ʦʧʝʨʘʪʦʨ ɸʜʘʤʘʨʘ \( H \) ʢ i-ʤʫ ʢʫʙʠʪʫ x-ʨʝʛʠʩʪʨʘ.   

    3. ʇʨʠʤʝʥʝʥʠʝ ʦʨʘʢʫʣʘ ʩʢʨʳʪʦʛʦ ʩʜʚʠʛʘ:   
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        ɼʃʗ i = 0 ɼʆ n - 1:   

            ɽʉʃʀ i-ʡ ʙʠʪ ʚ s ʨʘʚʝʥ 1 ʊʆ:   

                ʇʨʠʤʝʥʠʪʴ ʢʦʥʪʨʦʣʠʨʫʝʤʳʡ X-ʛʝʡʪ \( CNOT(x_i, y_i) \)   

        ʂʆʅɽʎ ɼʃʗ   

    4. ʇʨʠʤʝʥʝʥʠʝ ʦʙʨʘʪʥʦʛʦ ʢʚʘʥʪʦʚʦʛʦ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʌʫʨʴʝ (IQFT):   

        ʇʨʠʤʝʥʠʪʴ \( QFT^{-1} \) ʢʦ ʚʩʝʤ ʢʫʙʠʪʘʤ x-ʨʝʛʠʩʪʨʘ.   

    5. ʀʟʤʝʨʝʥʠʝ x-ʨʝʛʠʩʪʨʘ:   

        ɼʃʗ i = 0 ɼʆ n - 1:   

            ʀʟʤʝʨʠʪʴ i-ʡ ʢʫʙʠʪ ʠ ʩʦʭʨʘʥʠʪʴ ʨʝʟʫʣʴʪʘʪ ʚ i-ʡ ʢʣʘʩʩʠʯʝʩʢʠʡ ʙʠʪ.   

    6. ʇʦʚʪʦʨʝʥʠʝ ʘʣʛʦʨʠʪʤʘ ʜʣʷ ʩʪʘʪʠʩʪʠʯʝʩʢʦʡ ʦʙʨʘʙʦʪʢʠ:   

        ɼʃʗ j = 1 ɼʆ 1024:   

            ʇʦʚʪʦʨʠʪʴ ʰʘʛʠ 1ï5   

        ʂʆʅɽʎ ɼʃʗ   

        ʆʧʨʝʜʝʣʠʪʴ ʥʘʠʙʦʣʝʝ ʯʘʩʪʦʝ ʠʟʤʝʨʝʥʥʦʝ ʩʦʩʪʦʷʥʠʝ.   

    7. ɺʳʚʦʜ ʨʝʟʫʣʴʪʘʪʘ: 

ɺʝʨʥʫʪʴ ʥʘʠʙʦʣʝʝ ʚʝʨʦʷʪʥʦʝ ʠʟʤʝʨʝʥʥʦʝ ʩʦʩʪʦʷʥʠʝ \( s^* \) ʢʘʢ ʩʢʨʳʪʳʡ ʩʜʚʠʛ s.   

ʂʆʅɽʎ   

  ʂʚʘʥʪʦʚʘʷ ʩʭʝʤʘ ʜʣʷ n=3 ʢʫʙʠʪʦʚ (ʩ ʫʯʸʪʦʤ ʚʩʧʦʤʦʛʘʪʝʣʴʥʳʭ ʨʝʛʠʩʪʨʦʚ) ʚʳʛʣʷʜʠʪ 

ʩʣʝʜʫʶʱʠʤ ʦʙʨʘʟʦʤ (ʨʠʩ.1): 

 

ʈʠʩ.1.ʂʚʘʥʪʦʚʘʷ ʩʭʝʤʘ ʜʣʷ n=3 ʢʫʙʠʪʦʚ 

ɸʣʛʦʨʠʪʤ ʙʳʣ ʟʘʧʫʱʝʥ ʥʘ ʢʚʘʥʪʦʚʦʤ ʩʠʤʫʣʷʪʦʨʝ 1024 ʨʘʟʘ, ʠ ʧʦʣʫʯʝʥʳ ʩʣʝʜʫʶʱʠʝ 

ʠʟʤʝʨʝʥʥʳʝ ʩʦʩʪʦʷʥʠʷ (ʪʘʙʣʠʮʘ 1): 

ʊʘʙʣʠʮʘ 1. 

ʀʟʤʝʨʝʥʥʳʝ ʩʦʩʪʦʷʥʠʷ ʥʘ ʢʚʘʥʪʦʚʦʤ ʩʠʤʫʣʷʪʦʨʝ 

ʉʦʩʪʦʷʥʠʝ (ʜʚʦʠʯʥʦʝ) ʂʦʣʠʯʝʩʪʚʦ ʠʟʤʝʨʝʥʠʡ ʏʘʩʪʦʪʘ (%) 

101 454 44.3% 

011 425 41.5% 

001 68 6.6% 

111 77 7.5% 

ʅʘʠʙʦʣʝʝ ʚʝʨʦʷʪʥʦʝ ʩʦʩʪʦʷʥʠʝ: 101 (45%). ʕʪʦ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʩʢʨʳʪʦʤʫ ʩʜʚʠʛʫ 

2 10  101   5 .s = =  ɺʪʦʨʦʝ ʧʦ ʯʘʩʪʦʪʝ ʩʦʩʪʦʷʥʠʝ: 011 (42%). ʕʪʦ ʩʚʷʟʘʥʦ ʩ ʚʦʟʤʦʞʥʳʤʠ 

ʠʥʪʝʨʬʝʨʝʥʮʠʦʥʥʳʤʠ ʵʬʬʝʢʪʘʤʠ, ʰʫʤʦʤ ʠʣʠ ʦʩʦʙʝʥʥʦʩʪʷʤʠ ʨʝʘʣʠʟʘʮʠʠ ʢʚʘʥʪʦʚʦʛʦ 
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ʘʣʛʦʨʠʪʤʘ.  ɼʨʫʛʠʝ ʩʦʩʪʦʷʥʠʷ (001, 111) ʚʩʪʨʝʯʘʶʪʩʷ ʨʝʞʝ. ʆʥʠ ʤʦʛʫʪ ʚʦʟʥʠʢʘʪʴ ʠʟ-ʟʘ 

ʢʚʘʥʪʦʚʳʭ ʦʰʠʙʦʢ, ʰʫʤʦʚ ʚ ʩʠʤʫʣʷʮʠʠ ʠʣʠ ʥʝʧʦʣʥʦʡ ʨʝʘʣʠʟʘʮʠʠ ʠʜʝʘʣʴʥʦʛʦ ʘʣʛʦʨʠʪʤʘ. 

ɻʠʩʪʦʛʨʘʤʤʘ ʨʝʟʫʣʴʪʘʪʦʚ ʧʨʠʚʝʜʝʥʘ ʥʘ ʨʠʩʫʥʢʝ 2: 

 

ʈʠʩ.2. ɻʠʩʪʦʛʨʘʤʤʘ ʨʝʟʫʣʴʪʘʪʦʚ ʠʟʤʝʨʝʥʥʳʭ ʩʦʩʪʦʷʥʠʡ 

 ʂʚʘʥʪʦʚʳʡ ʘʣʛʦʨʠʪʤ ʵʢʩʧʦʥʝʥʮʠʘʣʴʥʦ ʫʩʢʦʨʷʝʪ ʧʦʠʩʢ ʩʢʨʳʪʦʛʦ ʩʜʚʠʛʘ ʧʦ 

ʩʨʘʚʥʝʥʠʶ ʩ ʢʣʘʩʩʠʯʝʩʢʠʤ ʤʝʪʦʜʦʤ. ʇʦʣʫʯʝʥʥʳʡ ʨʝʟʫʣʴʪʘʪ ʧʦʣʥʦʩʪʴʶ ʩʦʚʧʘʜʘʝʪ ʩ 

ʦʞʠʜʘʝʤʳʤ ʟʥʘʯʝʥʠʝʤ. ɺʩʝ ʟʘʧʫʩʢʠ ʜʘʣʠ ʦʜʠʥʘʢʦʚʳʡ ʨʝʟʫʣʴʪʘʪ, ʯʪʦ ʧʦʜʪʚʝʨʞʜʘʝʪ 

ʫʩʪʦʡʯʠʚʦʩʪʴ ʘʣʛʦʨʠʪʤʘ. Aʣʛʦʨʠʪʤ ʤʦʞʝʪ ʠʩʧʦʣʴʟʦʚʘʪʴʩʷ ʜʣʷ ʘʪʘʢʠ ʥʘ ʩʭʝʤʳ, 

ʠʩʧʦʣʴʟʫʶʱʠʝ ʧʩʝʚʜʦʩʣʫʯʘʡʥʳʝ ʛʝʥʝʨʘʪʦʨʳ, ʦʩʥʦʚʘʥʥʳʝ ʥʘ ʩʢʨʳʪʦʤ ʩʜʚʠʛʝ.  ʕʪʠ 

ʨʝʟʫʣʴʪʘʪʳ ʧʦʢʘʟʳʚʘʶʪ, ʯʪʦ ʢʚʘʥʪʦʚʳʝ ʚʳʯʠʩʣʝʥʠʷ ʤʦʛʫʪ ʨʝʰʘʪʴ ʢʨʠʧʪʦʛʨʘʬʠʯʝʩʢʠʝ 

ʟʘʜʘʯʠ, ʢʦʪʦʨʳʝ ʩʯʠʪʘʶʪʩʷ ʩʣʦʞʥʳʤʠ ʜʣʷ ʢʣʘʩʩʠʯʝʩʢʠʭ ʢʦʤʧʴʶʪʝʨʦʚ. 

ɿʘʢʣʶʯʝʥʠʝ 

ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʙʳʣ ʨʘʩʩʤʦʪʨʝʥ ʢʚʘʥʪʦʚʳʡ ʘʣʛʦʨʠʪʤ ʜʣʷ ʨʝʰʝʥʠʷ ʟʘʜʘʯʠ 

ʩʢʨʳʪʦʛʦ ʩʜʚʠʛʘ. ʇʦʢʘʟʘʥʦ, ʯʪʦ ʦʥ ʩʧʦʩʦʙʝʥ ʨʘʙʦʪʘʪʴ ʛʦʨʘʟʜʦ ʵʬʬʝʢʪʠʚʥʝʝ ʢʣʘʩʩʠʯʝʩʢʠʭ 

ʧʦʜʭʦʜʦʚ. ʇʨʦʚʝʜʸʥʥʳʝ ʵʢʩʧʝʨʠʤʝʥʪʳ ʥʘ ʢʚʘʥʪʦʚʦʤ ʩʠʤʫʣʷʪʦʨʝ ʜʝʤʦʥʩʪʨʠʨʫʶʪ, ʯʪʦ 

ʘʣʛʦʨʠʪʤ ʧʨʘʚʠʣʴʥʦ ʦʧʨʝʜʝʣʷʝʪ ʩʢʨʳʪʳʡ ʩʜʚʠʛ s ʩ ʚʳʩʦʢʦʡ ʚʝʨʦʷʪʥʦʩʪʴʶ. ʅʘʠʙʦʣʝʝ ʯʘʩʪʦ 

ʥʘʙʣʶʜʘʝʤʦʝ ʢʚʘʥʪʦʚʦʝ ʩʦʩʪʦʷʥʠʝ ʜʝʡʩʪʚʠʪʝʣʴʥʦ ʩʦʚʧʘʜʘʝʪ ʩ ʦʞʠʜʘʝʤʳʤ ʟʥʘʯʝʥʠʝʤ s. 

ʕʪʦ ʧʦʜʪʚʝʨʞʜʘʝʪ ʢʦʨʨʝʢʪʥʦʩʪʴ ʠ ʧʨʘʢʪʠʯʝʩʢʫʶ ʧʨʠʤʝʥʠʤʦʩʪʴ ʤʝʪʦʜʘ. ʊʝʤ ʥʝ ʤʝʥʝʝ, ʚ 

ʥʝʢʦʪʦʨʳʭ ʩʣʫʯʘʷʭ ʧʦʷʚʣʷʶʪʩʷ ʥʝʞʝʣʘʪʝʣʴʥʳʝ ʨʝʟʫʣʴʪʘʪʳ. ʊʘʢʦʝ ʧʦʚʝʜʝʥʠʝ ʤʦʞʝʪ ʙʳʪʴ 

ʩʚʷʟʘʥʦ ʩ ʢʚʘʥʪʦʚʳʤʠ ʰʫʤʘʤʠ, ʠʥʪʝʨʬʝʨʝʥʮʠʝʡ ʩʦʩʪʦʷʥʠʡ ʠʣʠ ʧʦʛʨʝʰʥʦʩʪʷʤʠ, 

ʚʦʟʥʠʢʘʶʱʠʤʠ ʧʨʠ ʚʳʧʦʣʥʝʥʠʠ ʢʚʘʥʪʦʚʦʛʦ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʌʫʨʴʝ. ʕʪʠ ʬʘʢʪʦʨʳ 

ʧʦʜʯʸʨʢʠʚʘʶʪ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʜʘʣʴʥʝʡʰʝʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ ʫʩʪʦʡʯʠʚʦʩʪʠ ʘʣʛʦʨʠʪʤʘ ʠ 

ʪʦʯʥʦʩʪʠ ʝʛʦ ʨʝʘʣʠʟʘʮʠʠ. ʆʩʦʙʦʝ ʟʥʘʯʝʥʠʝ ʠʤʝʝʪ ʪʦʪ ʬʘʢʪ, ʯʪʦ ʢʚʘʥʪʦʚʳʡ ʘʣʛʦʨʠʪʤ 

ʧʦʟʚʦʣʷʝʪ ʥʘʭʦʜʠʪʴ ʩʢʨʳʪʳʡ ʩʜʚʠʛ ʚʩʝʛʦ ʟʘ O(1)) ʦʙʨʘʱʝʥʠʡ ʢ ʦʨʘʢʫʣʫ. ʕʪʦ ʟʥʘʯʠʪʝʣʴʥʦ 

ʩʥʠʞʘʝʪ ʚʳʯʠʩʣʠʪʝʣʴʥʫʶ ʩʣʦʞʥʦʩʪʴ ʟʘʜʘʯʠ ʠ ʩʪʘʚʠʪ ʧʦʜ ʫʛʨʦʟʫ ʢʨʠʧʪʦʛʨʘʬʠʯʝʩʢʠʝ 

ʩʭʝʤʳ, ʦʩʥʦʚʘʥʥʳʝ ʥʘ ʩʣʦʞʥʦʩʪʠ ʩʢʨʳʪʦʛʦ ʩʜʚʠʛʘ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʦʣʫʯʝʥʥʳʝ 

ʨʝʟʫʣʴʪʘʪʳ ʠʤʝʶʪ ʥʝ ʪʦʣʴʢʦ ʪʝʦʨʝʪʠʯʝʩʢʫʶ ʮʝʥʥʦʩʪʴ, ʥʦ ʠ ʚʘʞʥʳʝ ʧʨʠʢʣʘʜʥʳʝ 

ʧʦʩʣʝʜʩʪʚʠʷ: ʦʥʠ ʫʢʘʟʳʚʘʶʪ ʥʘ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʨʘʟʨʘʙʦʪʢʠ ʥʦʚʳʭ ʤʝʪʦʜʦʚ ʟʘʱʠʪʳ 

ʠʥʬʦʨʤʘʮʠʠ, ʫʩʪʦʡʯʠʚʳʭ ʢ ʢʚʘʥʪʦʚʳʤ ʘʪʘʢʘʤ. 
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ʂɺɸʅʊʆɺʓʁ ɸʃɻʆʈʀʊʄ ʈɽʐɽʅʀʗ ʋʈɸɺʅɽʅʀʗ ʇɽʃʃʗ 

ʅɸ ʆʉʅʆɺɽ ɿɸɼɸʏʀ ʇʆʀʉʂɸ ʉʂʈʓʊʆʁ ʇʆɼɻʈʋʇʇʓ 
 

1ʄʫʭʘʤʝʜʠʝʚʘ ɼ.ʊ., 2ʈʘʫʧʦʚʘ ʄ.ʍ., 1ʊʘʛʘʝʚ ʌ.ɸ. 
1ʊʘʰʢʝʥʪʩʢʠʡ ʠʥʩʪʠʪʫʪ ʠʥʞʝʥʝʨʦʚ ʠʨʨʠʛaʮʠʠ ʠ ʤʝʭʘʥʠʟaʮʠʠ ʩʝʣʴʩʢʦʛʦ ʭʦʟʷʡʩʪʚʘ, 

ʋʟʙʝʢʠʩʪʘʥ, ʊʘʰʢʝʥʪ, ʫʣʠʮʘ ʂʘʨʠ ʅʠʷʟʦʚʘ 39; 
2ʏʠʨʯʠʢʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʧʝʜʘʛʦʛʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ, ʋʟʙʝʢʠʩʪʘʥ, ʊʘʰʢʝʥʪ, ʛ. 

ʏʠʨʯʠʢ, ʇʨʦʩʧʝʢʪ ɸʤʠʨʘ ʊʝʤʫʨʘ, 104 

https://doi.org/10.5281/zenodo.17919114 

 

ɸʥʥʦʪʘʮʠʷ. ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʢʚʘʥʪʦʚʳʡ ʘʣʛʦʨʠʪʤ ʥʘʭʦʞʜʝʥʠʷ 

ʤʠʥʠʤʘʣʴʥʦʛʦ ʨʝʰʝʥʠʷ ʫʨʘʚʥʝʥʠʷ ʇʝʣʣʷ 2 2 1x dy- = ʜʣʷ ʟʘʜʘʥʥʦʛʦ n-ʙʠʪʥʦʛʦ ʯʠʩʣʘ d, ʥʝ 

ʷʚʣʷʶʱʝʛʦʩʷ ʧʦʣʥʳʤ ʢʚʘʜʨʘʪʦʤ. ʀʩʧʦʣʴʟʫʝʪʩʷ ʤʝʪʦʜ ʧʦʠʩʢʘ ʩʢʨʳʪʦʡ ʧʦʜʛʨʫʧʧʳ, 

ʧʦʟʚʦʣʷʶʱʠʡ ʵʬʬʝʢʪʠʚʥʦ ʦʧʨʝʜʝʣʷʪʴ ʧʨʠʙʣʠʞʸʥʥʦʝ ʟʥʘʯʝʥʠʝ [ ]R , ʛʜʝ 

1 1log( )R x y d= + . ʇʨʦʚʝʜʸʥʥʳʝ ʢʚʘʥʪʦʚʳʝ ʠʟʤʝʨʝʥʠʷ ʧʦʢʘʟʘʣʠ, ʯʪʦ ʥʘʠʙʦʣʝʝ ʚʝʨʦʷʪʥʳʡ 

ʨʝʟʫʣʴʪʘʪ ʩʦʦʪʚʝʪʩʪʚʫʝʪ [ ] 0R = , ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʢʣʘʩʩʠʯʝʩʢʠʤʠ ʤʝʪʦʜʘʤʠ ʚʳʯʠʩʣʠʪʴ 

ʤʠʥʠʤʘʣʴʥʦʝ ʨʝʰʝʥʠʝ ʫʨʘʚʥʝʥʠʷ ʇʝʣʣʷ. ɸʣʛʦʨʠʪʤ ʠʩʧʦʣʴʟʫʝʪ ʨʘʟʣʦʞʝʥʠʝ d  ʚ ʮʝʧʥʫʶ 

ʜʨʦʙʴ, ʦʧʨʝʜʝʣʷʝʪ ʧʝʨʠʦʜ ʠ ʚʳʯʠʩʣʷʝʪ ʩʦʦʪʚʝʪʩʪʚʫʶʱʫʶ ʬʫʥʜʘʤʝʥʪʘʣʴʥʫʶ ʧʘʨʫ 

1 1( , )x y . ʈʝʟʫʣʴʪʘʪʳ ʩʠʤʫʣʷʮʠʠ ʥʘ ʢʚʘʥʪʦʚʦʤ ʢʦʤʧʴʶʪʝʨʝ ʧʦʜʪʚʝʨʞʜʘʶʪ 

ʧʦʣʠʥʦʤʠʘʣʴʥʫʶ ʩʣʦʞʥʦʩʪʴ ʥʘʭʦʞʜʝʥʠʷ R, ʯʪʦ ʩʫʱʝʩʪʚʝʥʥʦ ʧʨʝʚʦʩʭʦʜʠʪ ʠʟʚʝʩʪʥʳʝ 

ʢʣʘʩʩʠʯʝʩʢʠʝ ʘʣʛʦʨʠʪʤʳ. ʇʨʝʜʣʦʞʝʥʥʳʡ ʤʝʪʦʜ ʠʤʝʝʪ ʚʘʞʥʳʝ ʢʨʠʧʪʦʛʨʘʬʠʯʝʩʢʠʝ 

ʧʦʩʣʝʜʩʪʚʠʷ, ʪʘʢ ʢʘʢ ʦʥ ʧʦʪʝʥʮʠʘʣʴʥʦ ʫʛʨʦʞʘʝʪ ʙʝʟʦʧʘʩʥʦʩʪʠ ʢʨʠʧʪʦʩʠʩʪʝʤ ʥʘ ʦʩʥʦʚʝ 

ʫʨʘʚʥʝʥʠʷ ʇʝʣʣʷ, ʪʘʢʠʭ ʢʘʢ ʩʭʝʤʘ ɹʫʭʤʘʥʘ-ɺʠʣʴʷʤʩʘ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʢʚʘʥʪʦʚʳʡ ʘʣʛʦʨʠʪʤ, ʫʨʘʚʥʝʥʠʝ ʇʝʣʣʷ, ʧʦʠʩʢ ʩʢʨʳʪʦʡ 

ʧʦʜʛʨʫʧʧʳ, ʢʚʘʥʪʦʚʦʝ ʧʨʝʦʙʨʘʟʦʚʘʥʠʝ ʌʫʨʴʝ, ʮʝʧʥʳʝ ʜʨʦʙʠ, ʢʨʠʧʪʦʘʥʘʣʠʟ,  ʢʚʘʥʪʦʚʳʝ 

ʚʳʯʠʩʣʝʥʠʷ. 

 

ɺʚʝʜʝʥʠʝ 

ʀʥʪʝʨʝʩ ʢ ʫʨʘʚʥʝʥʠʶ ʇʝʣʣʷ ʚ ʧʦʩʣʝʜʥʠʝ ʛʦʜʳ ʫʩʠʣʠʣʩʷ ʝʱʸ ʠ ʙʣʘʛʦʜʘʨʷ 

ʠʩʩʣʝʜʦʚʘʥʠʷʤ ʚ ʦʙʣʘʩʪʠ ʢʨʠʧʪʦʛʨʘʬʠʠ. ʅʝʢʦʪʦʨʳʝ ʢʨʠʧʪʦʛʨʘʬʠʯʝʩʢʠʝ ʩʭʝʤʳ ʦʩʥʦʚʘʥʳ 

ʥʘ ʘʨʠʬʤʝʪʠʢʝ ʢʚʘʜʨʘʪʠʯʥʳʭ ʧʦʣʝʡ, ʧʦʵʪʦʤʫ ʚʦʟʤʦʞʥʦʩʪʴ ʫʩʢʦʨʝʥʥʦʛʦ ʨʝʰʝʥʠʷ 

ʧʦʜʦʙʥʳʭ ʫʨʘʚʥʝʥʠʡ ʤʦʞʝʪ ʠʤʝʪʴ ʧʨʠʢʣʘʜʥʳʝ ʧʦʩʣʝʜʩʪʚʠʷ, ʚʢʣʶʯʘʷ ʘʥʘʣʠʟ ʩʪʦʡʢʦʩʪʠ 

ʢʨʠʧʪʦʩʠʩʪʝʤ. ʈʘʟʚʠʪʠʝ ʢʚʘʥʪʦʚʳʭ ʚʳʯʠʩʣʝʥʠʡ ʦʪʢʨʳʚʘʝʪ ʥʦʚʳʡ ʚʟʛʣʷʜ ʥʘ ʢʣʘʩʩʠʯʝʩʢʠʝ 

ʜʠʦʬʘʥʪʦʚʳ ʟʘʜʘʯʠ. ʂʚʘʥʪʦʚʳʝ ʘʣʛʦʨʠʪʤʳ, ʦʩʥʦʚʘʥʥʳʝ ʥʘ ʟʘʜʘʯʝ ʧʦʠʩʢʘ ʩʢʨʳʪʦʡ 

ʧʦʜʛʨʫʧʧʳ (Hidden Subgroup Problem, HSP), ʫʞʝ ʧʨʦʜʝʤʦʥʩʪʨʠʨʦʚʘʣʠ ʩʚʦʶ 

ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʚ ʘʣʛʦʨʠʪʤʘʭ ʐʦʨʘ ð ʜʣʷ ʬʘʢʪʦʨʠʟʘʮʠʠ ʠ ʚʳʯʠʩʣʝʥʠʷ ʜʠʩʢʨʝʪʥʦʛʦ 

ʣʦʛʘʨʠʬʤʘ. ʃʦʛʠʯʥʦ ʧʨʝʜʧʦʣʦʞʠʪʴ, ʯʪʦ ʘʥʘʣʦʛʠʯʥʳʡ ʧʦʜʭʦʜ ʤʦʞʝʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥ ʠ 

ʜʣʷ ʫʨʘʚʥʝʥʠʷ ʇʝʣʣʷ [1-5].  

ʂʣʶʯʝʚʦʡ ʧʨʦʨʳʚ ʚ ʢʚʘʥʪʦʚʦʤ ʧʦʜʭʦʜʝ ʢ ʫʨʘʚʥʝʥʠʶ ʇʝʣʣʷ ʧʨʠʥʘʜʣʝʞʠʪ ʐʦʥʫ 

ʍʘʣʛʨʝʥʫ. ɺ ʩʝʨʠʠ ʨʘʙʦʪ ʦʥ ʧʦʢʘʟʘʣ, ʯʪʦ ʟʘʜʘʯʫ ʨʝʰʝʥʠʷ ʇʝʣʣʷ (ʠ ʨʦʜʩʪʚʝʥʥʳʝ ʟʘʜʘʯʠ: 

ʟʘʜʘʯʘ ʦ ʛʣʘʚʥʦʤ ʠʜʝʘʣʝ, ʚʳʯʠʩʣʝʥʠʝ ʨʝʛʫʣʷʪʦʨʘ) ʤʦʞʥʦ ʩʚʝʩʪʠ ʢ ʟʘʜʘʯʝ ʧʦʠʩʢʘ ʩʢʨʳʪʦʡ 

ʧʦʜʛʨʫʧʧʳ (HSP) ʚ çʥʝʧʨʝʨʳʚʥʦʤ/ʘʜʜʠʪʠʚʥʦʤè ʢʦʥʪʝʢʩʪʝ ð ʧʦ ʩʫʪʠ, ʢ ʟʘʜʘʯʝ ʧʦʠʩʢʘ 
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ʧʝʨʠʦʜʘ/ʨʝʛʫʣʷʪʦʨʘ ʚ ʨʝʘʣʴʥʦʤ ʢʚʘʜʨʘʪʠʯʥʦʤ ʧʦʣʝ. ʅʘ ʵʪʦʡ ʦʩʥʦʚʝ ʍʘʣʛʨʝʥ ʧʦʩʪʨʦʠʣ 

ʧʦʣʠʥʦʤʠʘʣʴʥʳʝ ʧʦ ʨʘʟʤʝʨʘʤ ʚʭʦʜʘ ʢʚʘʥʪʦʚʳʝ ʘʣʛʦʨʠʪʤʳ ʜʣʷ ʇʝʣʣʷ ʠ ʥʝʢʦʪʦʨʳʭ 

ʩʚʷʟʘʥʥʳʭ ʟʘʜʘʯ. ʕʪʠ ʨʘʙʦʪʳ ð ʮʝʥʪʨʘʣʴʥʘʷ ʦʪʧʨʘʚʥʘʷ ʪʦʯʢʘ ʜʣʷ ʚʩʝʭ ʧʦʩʣʝʜʫʶʱʠʭ 

ʠʩʩʣʝʜʦʚʘʥʠʡ.  ɺ ʨʘʙʦʪʝ ʚʤʝʩʪʦ ʜʠʩʢʨʝʪʥʦʛʦ ʧʝʨʠʦʜʦ ʧʦʠʩʢʘ (ʢʘʢ ʚ ʘʣʛʦʨʠʪʤʝ ʐʦʨʘ) 

ʬʦʨʤʫʣʠʨʫʝʪʩʷ ʧʦʜʭʦʜ ʩ çʥʝʷʚʥʳʤè ʧʝʨʠʦʜʦʤ, ʦʪʥʦʩʷʱʠʤʩʷ ʢ ʣʦʛʘʨʠʬʤʫ 

ʬʫʥʜʘʤʝʥʪʘʣʴʥʦʛʦ ʶʥʠʪʘ ʢʚʘʜʨʘʪʠʯʥʦʛʦ ʧʦʣʷ; ʢʚʘʥʪʦʚʳʡ ʧʝʨʠʦʜ-ʧʦʠʩʢ ʚ ʵʪʦʤ ʢʦʥʪʝʢʩʪʝ 

ʚʦʟʚʨʘʱʘʝʪ ʠʥʬʦʨʤʘʮʠʶ ʦ ʨʝʛʫʣʷʪʦʨʝ, ʠʟ ʢʦʪʦʨʦʛʦ ʚʦʩʩʪʘʥʘʚʣʠʚʘʝʪʩʷ ʬʫʥʜʘʤʝʥʪʘʣʴʥʦʝ 

ʨʝʰʝʥʠʝ ʇʝʣʣʷ [6-10]. 

 ʆʜʥʘ ʠʟ ʥʘʠʙʦʣʝʝ ʠʥʪʝʨʝʩʥʳʭ ʦʩʦʙʝʥʥʦʩʪʝʡ ʘʣʛʦʨʠʪʤʘ ʍʦʣʣʛʨʝʥʘ ʟʘʢʣʶʯʘʝʪʩʷ ʚ 

ʪʦʤ, ʯʪʦ ʦʥ ʨʘʩʰʠʨʷʝʪ ʧʨʠʤʝʥʠʤʦʩʪʴ ʢʚʘʥʪʦʚʳʭ ʚʳʯʠʩʣʝʥʠʡ ʚ ʥʦʚʳʭ ʦʙʣʘʩʪʷʭ 

ʤʘʪʝʤʘʪʠʢʠ, ʘ ʠʤʝʥʥʦ ʚ ʬʫʥʜʘʤʝʥʪʘʣʴʥʳʭ ʚʳʯʠʩʣʠʪʝʣʴʥʳʭ ʟʘʜʘʯʘʭ ʘʣʛʝʙʨʘʠʯʝʩʢʦʡ 

ʪʝʦʨʠʠ ʯʠʩʝʣ, ʦʩʦʙʝʥʥʦ ʚ ʠʟʫʯʝʥʠʠ ʠʜʝʘʣʦʚ ʮʝʣʳʭ ʘʣʛʝʙʨʘʠʯʝʩʢʠʭ ʯʠʩʝʣ ʚ ʢʚʘʜʨʘʪʠʯʥʳʭ 

ʯʠʩʣʦʚʳʭ ʧʦʣʷʭ (ʩʤ. ʜʘʣʝʝ ʦʙʲʷʩʥʝʥʠʝ ʚʩʝʭ ʵʪʠʭ ʪʝʨʤʠʥʦʚ). ɺ ʯʘʩʪʥʦʩʪʠ, ʤʳ ʧʦʣʫʯʘʝʤ 

ʵʬʬʝʢʪʠʚʥʳʝ ʢʚʘʥʪʦʚʳʝ ʘʣʛʦʨʠʪʤʳ ʜʣʷ ʨʝʰʝʥʠʷ ʫʨʘʚʥʝʥʠʷ ʇʝʣʣʷ, ʟʘʜʘʯʠ ʦ ʛʣʘʚʥʳʭ 

ʠʜʝʘʣʘʭ ʠ ʦʧʨʝʜʝʣʝʥʠʷ ʛʨʫʧʧʳ ʢʣʘʩʩʦʚ (ʠ ʥʠ ʦʜʥʦ ʠʟ ʥʠʭ ʥʝ ʠʤʝʝʪ ʠʟʚʝʩʪʥʳʭ 

ʢʣʘʩʩʠʯʝʩʢʠʭ ʵʬʬʝʢʪʠʚʥʳʭ ʨʝʰʝʥʠʡ).  ʀʟʣʦʞʝʥʠʝ ʘʣʛʝʙʨʘʠʯʝʩʢʦʡ ʪʝʦʨʠʠ ʯʠʩʝʣ ʦʩʥʦʚʘʥʦ 

ʛʣʘʚʥʳʤ ʦʙʨʘʟʦʤ ʥʘ [3] ʩ ʜʘʣʴʥʝʡʰʠʤʠ ʩʩʳʣʢʘʤʠ ʥʘ [2], [4], [8] ʠ [7]. ʆʧʠʩʘʥʠʝ 

ʦʙʦʙʱʸʥʥʦʛʦ ʘʣʛʦʨʠʪʤʘ ʢʚʘʥʪʦʚʦʛʦ ʥʘʭʦʞʜʝʥʠʷ ʧʝʨʠʦʜʘ ʠ ʝʛʦ ʧʨʠʤʝʥʝʥʠʝ ʢ ʫʨʘʚʥʝʥʠʶ 

ʇʝʣʣʘ ï ʵʪʦ ʣʠʰʴ ʨʘʩʰʠʨʝʥʥʘʷ ʚʝʨʩʠʷ ʠʟʣʦʞʝʥʠʷ ʍʦʣʣʛʨʝʥʘ ʚ [1]. ʀʜʝʷ ʟʘʢʣʶʯʘʝʪʩʷ ʚ 

ʪʦʤ, ʯʪʦʙʳ ʩʚʝʩʪʠ ʟʘʜʘʯʫ ʧʦʠʩʢʘ ʬʫʥʜʘʤʝʥʪʘʣʴʥʦʛʦ ʶʥʠʪʘ ʢʚʘʜʨʘʪʠʯʥʦʛʦ ʧʦʣʷ ʢ 

ʦʧʨʝʜʝʣʝʥʠʶ ʩʢʨʳʪʦʡ ʧʦʜʛʨʫʧʧʳ ʚ ʘʜʜʠʪʠʚʥʦʡ ʛʨʫʧʧʝ ʚʝʱʝʩʪʚʝʥʥʳʭ ʯʠʩʝʣ ʧʦ ʤʦʜʫʣʶ 

ʣʦʛʘʨʠʬʤʘ ʵʪʦʛʦ ʶʥʠʪʘ. ʊʘʢʦʡ ʧʦʜʭʦʜ ʪʝʦʨʝʪʠʯʝʩʢʠ ʧʦʟʚʦʣʷʝʪ ʜʦʙʠʪʴʩʷ ʧʦʣʠʥʦʤʠʘʣʴʥʦʛʦ 

ʚʨʝʤʝʥʠ ʨʘʙʦʪʳ ʘʣʛʦʨʠʪʤʘ, ʯʪʦ ʧʨʠʥʮʠʧʠʘʣʴʥʦ ʙʳʩʪʨʝʝ ʢʣʘʩʩʠʯʝʩʢʠʭ ʤʝʪʦʜʦʚ [11-14]. 

ʇʨʠʤʝʥʝʥʠʝ HSP ʢ ʨʝʘʣʴʥʳʤ ʢʚʘʜʨʘʪʠʯʥʳʤ ʧʦʣʷʤ ʪʨʝʙʫʝʪ ʨʘʙʦʪʳ ʩ 

çʠʥʬʨʘʩʪʨʫʢʪʫʨʦʡè (distance function, baby/giant steps, ʦʧʝʨʘʮʠʠ ʥʘʜ ʠʜʝʘʣʘʤʠ) ʠ 

ʘʢʢʫʨʘʪʥʦ ʢʦʥʪʨʦʣʠʨʦʚʘʪʴ ʘʧʧʨʦʢʩʠʤʘʮʠʠ ʥʝʧʨʝʨʳʚʥʳʭ ʚʝʣʠʯʠʥ ʢʦʥʝʯʥʦʤʝʨʥʳʤʠ 

ʢʚʘʥʪʦʚʳʤʠ ʨʝʛʠʩʪʨʘʤʠ. ɺ ʣʠʪʝʨʘʪʫʨʝ ʧʦʜʨʦʙʥʦ ʦʙʩʫʞʜʘʶʪʩʷ ʤʘʪʝʤʘʪʠʯʝʩʢʘʷ ʧʦʩʪʘʥʦʚʢʘ 

ʠʥʬʨʘʩʪʨʫʢʪʫʨʳ ʠ ʤʝʪʦʜʳ ʝʸ ʜʠʩʢʨʝʪʠʟʘʮʠʠ/ʘʧʧʨʦʢʩʠʤʘʮʠʠ ʜʣʷ ʨʝʘʣʠʟʘʮʠʠ ʢʚʘʥʪʦʚʦʛʦ 

ʘʣʛʦʨʠʪʤʘ (ʚ ʯʘʩʪʥʦʩʪʠ, ʦʙʟʦʨʳ ʠ ʪʝʭʥʠʯʝʩʢʠʝ ʨʘʟʲʷʩʥʝʥʠʷ Fontein, Lenstra ʠ ʜʨ.). ʕʪʠ 

ʨʘʙʦʪʳ ʚʘʞʥʳ ʜʣʷ ʧʦʥʠʤʘʥʠʷ ʧʨʘʢʪʠʯʝʩʢʠʭ ʟʘʪʨʘʪ ʧʦ ʯʠʩʣʫ ʢʫʙʠʪʦʚ ʠ ʧʦ ʪʨʝʙʦʚʘʥʠʶ 

ʪʦʯʥʦʩʪʠ [12-18]. 

ʇʦʩʣʝ ʧʝʨʚʠʯʥʳʭ ʨʝʟʫʣʴʪʘʪʦʚ ʜʣʷ ʨʝʘʣʴʥʳʭ ʢʚʘʜʨʘʪʠʯʥʳʭ ʧʦʣʝʡ ʠʩʩʣʝʜʦʚʘʥʠʷ 

ʨʘʟʚʠʚʘʣʠʩʴ ʚ ʜʚʫʭ ʥʘʧʨʘʚʣʝʥʠʷʭ: (1) ʘʣʛʦʨʠʪʤʳ ʜʣʷ ʛʨʫʧʧʳ ʝʜʠʥʠʮ ʠ ʢʣʘʩʩʘ ʧʨʠ 

ʬʠʢʩʠʨʦʚʘʥʥʦʡ ʩʪʝʧʝʥʠ ʧʦʣʷ (Hallgren, 2005) ʠ (2) ʜʘʣʴʥʝʡʰʠʝ ʦʙʦʙʱʝʥʠʷ ʥʘ ʧʦʣʷ 

ʧʨʦʠʟʚʦʣʴʥʦʡ ʩʪʝʧʝʥʠ (. ʊʘʢ, ʙʳʣʠ ʧʨʝʜʣʦʞʝʥʳ ʧʦʣʠʥʦʤʠʘʣʴʥʳʝ (ʧʦ ʩʪʝʧʝʥʠ ʠ 

ʣʦʛʘʨʠʬʤʫ ʜʠʩʢʨʠʤʠʥʘʥʪʘ) ʢʚʘʥʪʦʚʳʝ ʘʣʛʦʨʠʪʤʳ ʜʣʷ ʚʳʯʠʩʣʝʥʠʷ ʛʨʫʧʧʳ ʝʜʠʥʠʮ ʚ 

ʦʙʱʝʤ ʩʣʫʯʘʝ. ʕʪʠ ʨʝʟʫʣʴʪʘʪʳ ʧʦʢʘʟʳʚʘʶʪ, ʯʪʦ HSP-ʧʦʜʭʦʜ ʚʳʭʦʜʠʪ ʜʘʣʝʢʦ ʟʘ ʧʨʝʜʝʣʳ 

çʜʚʫʭʢʚʘʨʪʥʳʭè ʧʨʠʤʝʨʦʚ [19-23]. 

ʇʝʨʝʭʦʜ ʦʪ ʘʙʝʣʝʚʳʭ ʢʦʥʝʯʥʳʭ ʛʨʫʧʧ (ʛʜʝ HSP ʭʦʨʦʰʦ ʧʦʥʷʪʝʥ) ʢ ʥʝʧʨʝʨʳʚʥʳʤ 

ʠʣʠ çʧʣʦʪʥʳʤè ʛʨʫʧʧʘʤ ʧʦʨʦʞʜʘʝʪ ʪʝʭʥʠʯʝʩʢʠʝ ʪʨʫʜʥʦʩʪʠ: ʬʫʥʢʮʠʠ, ʨʝʘʣʠʟʫʶʱʠʝ 

ʧʝʨʠʦʜʠʯʥʦʩʪʴ, ʤʦʛʫʪ ʙʳʪʴ ʪʦʣʴʢʦ ʧʨʠʙʣʠʞʸʥʥʦ ʚʳʯʠʩʣʠʤʳ, ʪʨʝʙʦʚʘʥʠʷ ʢ 

çʣʠʧʰʠʮʝʚʦʩʪʠè ʬʫʥʢʮʠʡ ʠ ʰʫʤʫ ʢʚʘʥʪʦʚʳʭ ʦʨʘʢʣʦʚ ð ʥʝ ʪʨʠʚʠʘʣʴʥʳ. ʉʦʚʨʝʤʝʥʥʳʝ 

ʨʘʙʦʪʳ ʧʦ ʪʝʦʨʝʪʠʯʝʩʢʦʡ ʩʣʦʞʥʦʩʪʠ (ʥʘʧʨʠʤʝʨ, ʠʩʩʣʝʜʦʚʘʥʠʷ ʥʝʧʨʝʨʳʚʥʦʛʦ HSP ʠ ʝʛʦ 

ʛʨʘʥʠʮ) ʘʥʘʣʠʟʠʨʫʶʪ, ʛʜʝ ʤʝʪʦʜ ʧʨʠʤʝʥʠʤ, ʘ ʛʜʝ ʪʨʝʙʫʝʪ ʥʦʚʳʭ ʠʜʝʡ ʠʣʠ ʜʦʧʦʣʥʠʪʝʣʴʥʳʭ 
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ʜʦʧʫʱʝʥʠʡ. ʕʪʠ ʠʩʩʣʝʜʦʚʘʥʠʷ ʚʘʞʥʳ ʜʣʷ ʦʮʝʥʢʠ ʧʨʘʢʪʠʯʝʩʢʦʡ ʨʝʘʣʠʟʫʝʤʦʩʪʠ ʘʣʛʦʨʠʪʤʦʚ 

ʍʘʣʛʨʝʥʘ ʥʘ ʨʝʘʣʴʥʳʭ ʫʩʪʨʦʡʩʪʚʘʭ. 

ʂʣʘʩʩʠʯʝʩʢʠʝ ʤʝʪʦʜʳ ʨʝʰʝʥʠʷ, ʚ ʯʘʩʪʥʦʩʪʠ, ʨʘʟʣʦʞʝʥʠʝ ʚ ʮʝʧʥʳʝ ʜʨʦʙʠ ʠ 

ʠʥʬʨʘʩʪʨʫʢʪʫʨʥʳʝ ʘʣʛʦʨʠʪʤʳ ʐʵʥʢʩʘ ʠ ɹʫʭʤʘʥʥʘ, ʦʙʣʘʜʘʶʪ ʩʫʙʵʢʩʧʦʥʝʥʮʠʘʣʴʥʦʡ 

ʩʣʦʞʥʦʩʪʴʶ, ʯʪʦ ʷʚʣʷʝʪʩʷ ʩʝʨʴʸʟʥʳʤ ʦʛʨʘʥʠʯʝʥʠʝʤ ʧʨʠ ʙʦʣʴʰʠʭ ʚʭʦʜʥʳʭ ʧʘʨʘʤʝʪʨʘʭ 

[11].  ɸʚʪʦʨ ʨʘʙʦʪʳ ʘʢʮʝʥʪʠʨʫʝʪ ʚʥʠʤʘʥʠʝ ʥʘ ʢʣʶʯʝʚʦʤ ʧʨʦʨʳʚʝ ʚ ʢʚʘʥʪʦʚʦʡ 

ʚʳʯʠʩʣʠʪʝʣʴʥʦʡ ʪʝʦʨʠʠ ʯʠʩʝʣ ð ʘʣʛʦʨʠʪʤʝ ʍʘʣʛʨʝʥʘ (STOC 2002; J. ACM 2007), 

ʧʨʦʜʝʤʦʥʩʪʨʠʨʦʚʘʚʰʝʤ ʚʦʟʤʦʞʥʦʩʪʴ ʧʦʣʠʥʦʤʠʘʣʴʥʦʛʦ ʨʝʰʝʥʠʷ ʫʨʘʚʥʝʥʠʷ ʇʝʣʣʷ ʥʘ 

ʢʚʘʥʪʦʚʦʤ ʢʦʤʧʴʶʪʝʨʝ. ʆʩʥʦʚʥʘʷ ʠʜʝʷ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʨʝʜʫʢʮʠʠ ʧʦʠʩʢʘ ʬʫʥʜʘʤʝʥʪʘʣʴʥʦʛʦ 

ʶʥʠʪʘ ʢʚʘʜʨʘʪʠʯʥʦʛʦ ʧʦʣʷ ʢ ʢʚʘʥʪʦʚʦʤʫ ʧʝʨʠʦʜʦʧʦʠʩʢʫ, ʢʦʪʦʨʳʡ ʨʝʘʣʠʟʫʝʪʩʷ ʢʘʢ 

ʯʘʩʪʥʳʡ ʩʣʫʯʘʡ HSP. ʉʪʘʪʴʷ ʢʦʨʨʝʢʪʥʦ ʠʟʣʘʛʘʝʪ ʩʚʷʟʴ ʤʝʞʜʫ ʨʝʛʫʣʷʪʦʨʦʤ ʠ ʩʢʨʳʪʦʡ 

ʧʦʜʛʨʫʧʧʦʡ, ʬʦʨʤʠʨʦʚʘʥʠʝ ʧʝʨʠʦʜʠʯʝʩʢʦʡ ʬʫʥʢʮʠʠ ʠ ʘʧʧʨʦʢʩʠʤʘʮʠʶ ʥʝʧʨʝʨʳʚʥʳʭ 

ʚʝʣʠʯʠʥ ʥʘ ʜʠʩʢʨʝʪʥʳʭ ʢʚʘʥʪʦʚʳʭ ʨʝʛʠʩʪʨʘʭ. ɺʘʞʥʳʤ ʜʦʩʪʦʠʥʩʪʚʦʤ ʨʘʙʦʪʳ ʷʚʣʷʝʪʩʷ 

ʯʸʪʢʦʝ ʦʧʠʩʘʥʠʝ ʪʝʦʨʝʪʠʯʝʩʢʦʛʦ ʘʧʧʘʨʘʪʘ, ʩʪʨʫʢʪʫʨʠʨʦʚʘʥʠʝ ʨʝʟʫʣʴʪʘʪʦʚ 

ʧʨʝʜʰʝʩʪʚʫʶʱʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʠ ʦʙʲʷʩʥʝʥʠʝ ʤʘʪʝʤʘʪʠʯʝʩʢʦʡ ʣʦʛʠʢʠ ʧʝʨʝʭʦʜʘ ʦʪ 

ʢʣʘʩʩʠʯʝʩʢʦʛʦ ʧʦʜʭʦʜʘ ʢ ʢʚʘʥʪʦʚʦʤʫ. ɸʚʪʦʨ ʧʦʜʯʸʨʢʠʚʘʝʪ ʟʥʘʯʠʤʦʩʪʴ ʘʣʛʦʨʠʪʤʘ ʜʣʷ 

ʦʮʝʥʢʠ ʩʪʦʡʢʦʩʪʠ ʢʨʠʧʪʦʛʨʘʬʠʯʝʩʢʠʭ ʩʭʝʤ, ʦʩʥʦʚʘʥʥʳʭ ʥʘ ʘʨʠʬʤʝʪʠʢʝ ʢʚʘʜʨʘʪʠʯʥʳʭ 

ʧʦʣʝʡ, ʯʪʦ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʩʦʚʨʝʤʝʥʥʳʤ ʪʝʥʜʝʥʮʠʷʤ ʧʦʩʪʢʚʘʥʪʦʚʦʡ ʢʨʠʧʪʦʛʨʘʬʠʠ. ʊʝʤ ʥʝ 

ʤʝʥʝʝ, ʩʪʘʪʴʷ ʥʦʩʠʪ ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʦʙʟʦʨʥʳʡ ʭʘʨʘʢʪʝʨ ʠ ʥʝ ʧʨʝʜʣʘʛʘʝʪ ʥʦʚʳʭ 

ʘʣʛʦʨʠʪʤʠʯʝʩʢʠʭ ʫʣʫʯʰʝʥʠʡ ʣʠʙʦ ʧʨʘʢʪʠʯʝʩʢʠʭ ʨʝʘʣʠʟʘʮʠʡ. ʅʝʜʦʩʪʘʪʦʯʥʦ ʨʘʩʢʨʳʪʳ 

ʚʦʧʨʦʩʳ ʪʦʯʥʦʩʪʠ ʠ ʫʩʪʦʡʯʠʚʦʩʪʠ ʢʚʘʥʪʦʚʦʛʦ ʘʣʛʦʨʠʪʤʘ, ʦʪʩʫʪʩʪʚʫʝʪ ʦʮʝʥʢʘ ʪʨʝʙʫʝʤʦʛʦ 

ʢʦʣʠʯʝʩʪʚʘ ʢʫʙʠʪʦʚ ʠ ʛʣʫʙʠʥʳ ʢʚʘʥʪʦʚʦʡ ʩʭʝʤʳ. ʊʘʢʞʝ ʥʝ ʦʙʩʫʞʜʘʶʪʩʷ ʚʦʟʤʦʞʥʦʩʪʠ 

ʨʝʘʣʠʟʘʮʠʠ ʤʝʪʦʜʘ ʥʘ ʩʦʚʨʝʤʝʥʥʳʭ NISQ-ʫʩʪʨʦʡʩʪʚʘʭ, ʯʪʦ ʷʚʣʷʝʪʩʷ ʚʘʞʥʳʤ ʘʩʧʝʢʪʦʤ ʜʣʷ 

ʪʨʘʥʩʣʷʮʠʠ ʪʝʦʨʝʪʠʯʝʩʢʠʭ ʨʝʟʫʣʴʪʘʪʦʚ ʚ ʧʨʘʢʪʠʯʝʩʢʫʶ ʢʚʘʥʪʦʚʫʶ ʚʳʯʠʩʣʠʪʝʣʴʥʫʶ 

ʠʥʬʨʘʩʪʨʫʢʪʫʨʫ. 

ʎʝʣʴ ʜʘʥʥʦʡ ʨʘʙʦʪʳ ð ʠʩʩʣʝʜʦʚʘʪʴ ʢʚʘʥʪʦʚʳʡ ʘʣʛʦʨʠʪʤ ʨʝʰʝʥʠʷ ʫʨʘʚʥʝʥʠʷ 

ʇʝʣʣʷ, ʦʩʥʦʚʘʥʥʳʡ ʥʘ ʨʝʜʫʢʮʠʠ ʟʘʜʘʯʠ ʢ ʧʦʠʩʢʫ ʩʢʨʳʪʦʡ ʧʦʜʛʨʫʧʧʳ ʚ ʥʝʧʨʝʨʳʚʥʦʡ 

ʛʨʫʧʧʝ, ʠ ʧʨʦʘʥʘʣʠʟʠʨʦʚʘʪʴ ʝʛʦ ʚʳʯʠʩʣʠʪʝʣʴʥʳʝ ʩʚʦʡʩʪʚʘ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʢʣʘʩʩʠʯʝʩʢʠʤʠ 

ʤʝʪʦʜʘʤʠ. ʇʦʤʠʤʦ ʬʦʨʤʘʣʴʥʦʛʦ ʚʳʚʦʜʘ ʘʣʛʦʨʠʪʤʘ, ʨʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʚʦʧʨʦʩʳ 

ʘʧʧʨʦʢʩʠʤʘʮʠʠ ʥʝʧʨʝʨʳʚʥʳʭ ʚʝʣʠʯʠʥ ʢʦʥʝʯʥʦʤʝʨʥʳʤʠ ʢʚʘʥʪʦʚʳʤʠ ʩʠʩʪʝʤʘʤʠ, 

ʩʪʨʫʢʪʫʨʘ ʠʩʧʦʣʴʟʫʝʤʳʭ ʢʚʘʥʪʦʚʳʭ ʦʧʝʨʘʪʦʨʦʚ ʠ ʧʝʨʩʧʝʢʪʠʚʳ ʧʨʘʢʪʠʯʝʩʢʦʡ ʨʝʘʣʠʟʘʮʠʠ 

ʜʘʥʥʦʛʦ ʧʦʜʭʦʜʘ ʥʘ ʢʚʘʥʪʦʚʳʭ ʘʨʭʠʪʝʢʪʫʨʘʭ ʙʣʠʞʘʡʰʝʛʦ ʧʦʢʦʣʝʥʠʷ. 

ʇʨʝʜʩʪʘʚʣʝʥʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʫʢʘʟʳʚʘʶʪ ʥʘ ʪʦ, ʯʪʦ ʢʚʘʥʪʦʚʳʝ ʚʳʯʠʩʣʝʥʠʷ ʩʧʦʩʦʙʥʳ 

ʧʨʠʥʮʠʧʠʘʣʴʥʦ ʠʟʤʝʥʠʪʴ ʩʣʦʞʥʦʩʪʴ ʨʝʰʝʥʠʷ ʫʨʘʚʥʝʥʠʷ ʇʝʣʣʷ, ʦʙʝʩʧʝʯʠʚ 

ʧʦʣʠʥʦʤʠʘʣʴʥʫʶ ʦʮʝʥʢʫ ʚʨʝʤʝʥʠ ʚʳʯʠʩʣʝʥʠʡ ʠ ʪʝʤ ʩʘʤʳʤ ʨʘʩʰʠʨʠʚ ʚʦʟʤʦʞʥʦʩʪʠ 

ʢʚʘʥʪʦʚʦʡ ʪʝʦʨʠʠ ʯʠʩʝʣ ʠ ʧʦʩʪʢʚʘʥʪʦʚʦʡ ʢʨʠʧʪʦʛʨʘʬʠʠ. 

ʋʨʘʚʥʝʥʠʝ ʇʝʣʣʷ 
2 2 1x dy- = 

ʷʚʣʷʝʪʩʷ ʦʜʥʠʤ ʠʟ ʬʫʥʜʘʤʝʥʪʘʣʴʥʳʭ ʜʠʦʬʘʥʪʦʚʳʭ ʫʨʘʚʥʝʥʠʡ, ʰʠʨʦʢʦ ʠʟʫʯʘʝʤʳʭ ʚ 

ʪʝʦʨʠʠ ʯʠʩʝʣ. ɼʣʷ ʣʶʙʦʛʦ ʮʝʣʦʛʦ ʧʦʣʦʞʠʪʝʣʴʥʦʛʦ ʘ, ʥʝ ʷʚʣʷʶʱʝʛʦʩʷ ʧʦʣʥʳʤ ʢʚʘʜʨʘʪʦʤ, 

ʩʫʱʝʩʪʚʫʝʪ ʙʝʩʢʦʥʝʯʥʦʝ ʤʥʦʞʝʩʪʚʦ ʨʝʰʝʥʠʡ ( ),  ʭ ʫ, ʧʨʠʯʝʤ ʤʠʥʠʤʘʣʴʥʦʝ ʨʝʰʝʥʠʝ 

( )1 1,  x y  ʠʛʨʘʝʪ ʢʣʶʯʝʚʫʶ ʨʦʣʴ ʚ ʚʳʯʠʩʣʝʥʠʠ ʦʩʪʘʣʴʥʳʭ ʨʝʰʝʥʠʡ. ʂʣʘʩʩʠʯʝʩʢʠʝ 

ʘʣʛʦʨʠʪʤʳ ʧʦʠʩʢʘ ʤʠʥʠʤʘʣʴʥʦʛʦ ʨʝʰʝʥʠʷ ʦʩʥʦʚʘʥʳ ʥʘ ʨʘʟʣʦʞʝʥʠʠ d  ʚ ʮʝʧʥʫʶ ʜʨʦʙʴ ʠ 
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ʠʤʝʶʪ ʵʢʩʧʦʥʝʥʮʠʘʣʴʥʫʶ ʩʣʦʞʥʦʩʪʴ ʚ ʭʫʜʰʝʤ ʩʣʫʯʘʝ. ʆʜʥʘʢʦ ʚ 2001 ʛʦʜʫ ʍʦʣʛʨʝʥ 

ʧʦʢʘʟʘʣ, ʯʪʦ ʢʚʘʥʪʦʚʳʡ ʢʦʤʧʴʶʪʝʨ ʩʧʦʩʦʙʝʥ ʚʳʯʠʩʣʠʪʴ ʧʨʠʙʣʠʞʸʥʥʦʝ ʟʥʘʯʝʥʠʝ:  

[ ]R , ʛʜʝ 
1 1( )R log x y d= + , 

ʟʘ ʧʦʣʠʥʦʤʠʘʣʴʥʦʝ ʚʨʝʤʷ. ʕʪʦ ʩʪʘʣʦ ʚʦʟʤʦʞʥʳʤ ʙʣʘʛʦʜʘʨʷ ʤʝʪʦʜʫ ʧʦʠʩʢʘ ʩʢʨʳʪʦʡ 

ʧʦʜʛʨʫʧʧʳ, ʢʦʪʦʨʳʡ ʨʘʥʝʝ ʧʨʠʤʝʥʷʣʩʷ ʜʣʷ ʚʟʣʦʤʘ ʢʨʠʧʪʦʩʠʩʪʝʤ, ʪʘʢʠʭ ʢʘʢ ʘʣʛʦʨʠʪʤ 

ʐʦʨʘ ʜʣʷ ʬʘʢʪʦʨʠʟʘʮʠʠ. 

ɼʘʥʥʦʝ ʠʩʩʣʝʜʦʚʘʥʠʝ ʧʨʝʜʩʪʘʚʣʷʝʪ ʢʚʘʥʪʦʚʫʶ ʨʝʘʣʠʟʘʮʠʶ ʤʝʪʦʜʘ ʍʦʣʛʨʝʥʘ, 

ʦʩʥʦʚʘʥʥʫʶ ʥʘ ʢʚʘʥʪʦʚʦʤ ʧʨʝʦʙʨʘʟʦʚʘʥʠʠ ʌʫʨʴʝ (QFT) ʠ ʬʘʟʦʚʳʭ ʦʮʝʥʢʘʭ. ʇʦʣʫʯʝʥʥʳʝ 

ʨʝʟʫʣʴʪʘʪʳ ʧʦʢʘʟʳʚʘʶʪ, ʯʪʦ ʢʚʘʥʪʦʚʳʡ ʘʣʛʦʨʠʪʤ ʫʩʧʝʰʥʦ ʚʳʯʠʩʣʷʝʪ [ ]R , ʧʦʩʣʝ ʯʝʛʦ 

ʢʣʘʩʩʠʯʝʩʢʘʷ ʦʙʨʘʙʦʪʢʘ ʧʦʟʚʦʣʷʝʪ ʥʘʡʪʠ ʤʠʥʠʤʘʣʴʥʦʝ ʨʝʰʝʥʠʝ 1 1( , )x y  ʫʨʘʚʥʝʥʠʷ ʇʝʣʣʷ. 

ʂʨʦʤʝ ʪʦʛʦ, ʫʯʠʪʳʚʘʷ, ʯʪʦ ʢʨʠʧʪʦʛʨʘʬʠʯʝʩʢʘʷ ʩʭʝʤʘ ɹʫʭʤʘʥʘ-ɺʠʣʴʷʤʩʘ ʦʧʠʨʘʝʪʩʷ 

ʥʘ ʩʣʦʞʥʦʩʪʴ ʫʨʘʚʥʝʥʠʷ ʇʝʣʣʷ, ʧʨʝʜʣʦʞʝʥʥʳʡ ʢʚʘʥʪʦʚʳʡ ʘʣʛʦʨʠʪʤ ʤʦʞʝʪ ʧʨʝʜʩʪʘʚʣʷʪʴ 

ʫʛʨʦʟʫ ʜʣʷ ʜʘʥʥʦʡ ʢʨʠʧʪʦʩʠʩʪʝʤʳ, ʘʥʘʣʦʛʠʯʥʦ ʪʦʤʫ, ʢʘʢ ʘʣʛʦʨʠʪʤ ʐʦʨʘ ʫʛʨʦʞʘʝʪ RSA. 

ʄʝʪʦʜʳ 

ʋʨʘʚʥʝʥʠʝ ʇʝʣʣʷ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʜʠʦʬʘʥʪʦʚʦʝ ʫʨʘʚʥʝʥʠʝ ʚʠʜʘ: 
2 2 1,x dy- = 

ʛʜʝ d  ð ʧʦʣʦʞʠʪʝʣʴʥʦʝ ʮʝʣʦʝ ʯʠʩʣʦ, ʥʝ ʷʚʣʷʶʱʝʝʩʷ ʧʦʣʥʳʤ ʢʚʘʜʨʘʪʦʤ, ʘ ,x yð 

ʠʩʢʦʤʳʝ ʮʝʣʳʝ ʯʠʩʣʘ. 

ʋʨʘʚʥʝʥʠʝ ʠʤʝʝʪ ʩʣʜʫʶʰʠʝ ʩʚʦʡʩʪʚʘ: 

- ɹʝʩʢʦʥʝʯʥʦʝ ʤʥʦʞʝʩʪʚʦ ʨʝʰʝʥʠʡ: ʝʩʣʠ ʩʫʱʝʩʪʚʫʝʪ ʭʦʪʷ ʙʳ ʦʜʥʦ ʥʝʪʨʠʚʠʘʣʴʥʦʝ 

ʨʝʰʝʥʠʝ 1 1( , )x y , ʪʦ ʠʟ ʥʝʛʦ ʤʦʞʥʦ ʧʦʨʦʜʠʪʴ ʙʝʩʢʦʥʝʯʥʦʝ ʤʥʦʞʝʩʪʚʦ ʨʝʰʝʥʠʡ, ʠʩʧʦʣʴʟʫʷ 

ʨʝʢʫʨʨʝʥʪʥʦʝ ʩʦʦʪʥʦʰʝʥʠʝ: 

1 1 1

1 1 1

    ,

    .

k k k

k k k

x x x dy y

y x y y x

+

+

= +

= +
 

- ʌʫʥʜʘʤʝʥʪʘʣʴʥʦʝ ʨʝʰʝʥʠʝ: ʤʠʥʠʤʘʣʴʥʦʝ ʧʦ ʚʝʣʠʯʠʥʝ ʧʦʣʦʞʠʪʝʣʴʥʦʝ ʨʝʰʝʥʠʝ 

1 1( , )x y  ʥʘʟʳʚʘʝʪʩʷ ʬʫʥʜʘʤʝʥʪʘʣʴʥʳʤ ʠ ʷʚʣʷʝʪʩʷ ʦʩʥʦʚʦʡ ʜʣʷ ʧʦʩʪʨʦʝʥʠʷ ʚʩʝʭ ʦʩʪʘʣʴʥʳʭ 

ʨʝʰʝʥʠʡ. 

ʌʫʥʜʘʤʝʥʪʘʣʴʥʦʝ ʨʝʰʝʥʠʝ ʩʚʷʟʘʥʦ ʩ ʪʝʦʨʠʝʡ ʘʣʛʝʙʨʘʠʯʝʩʢʠʭ ʯʠʩʝʣ. ʕʣʝʤʝʥʪ 

1 1x y de= +  

ʥʘʟʳʚʘʝʪʩʷ ʬʫʥʜʘʤʝʥʪʘʣʴʥʦʡ ʝʜʠʥʠʮʝʡ ʢʦʣʴʮʘ ʮʝʣʳʭ ʯʠʩʝʣ ʚ ʧʦʣʝ ( )Q d . ʆʥʦ 

ʠʛʨʘʝʪ ʢʣʶʯʝʚʫʶ ʨʦʣʴ ʚ ʚʳʯʠʩʣʝʥʠʠ ʦʩʪʘʣʴʥʳʭ ʨʝʰʝʥʠʡ ʫʨʘʚʥʝʥʠʷ. 

ʂʣʶʯʝʚʳʤ ʠʥʩʪʨʫʤʝʥʪʦʤ ʨʝʰʝʥʠʷ ʫʨʘʚʥʝʥʠʷ ʇʝʣʣʷ ʷʚʣʷʝʪʩʷ ʨʘʟʣʦʞʝʥʠʝ d  ʚ 

ʧʝʨʠʦʜʠʯʝʩʢʫʶ ʮʝʧʥʫʶ ʜʨʦʙʴ. ʃʶʙʦʝ ʠʨʨʘʮʠʦʥʘʣʴʥʦʝ ʯʠʩʣʦ ʤʦʞʥʦ ʧʨʝʜʩʪʘʚʠʪʴ ʚ ʚʠʜʝ 

ʥʝʧʨʝʨʳʚʥʦʡ ʜʨʦʙʠ: 

0

1

2

3

1

1

1

...

d a

a

a
a

= +

+

+
+

, 

ʛʜʝ 0 [ ]a d= , ʘ ʧʦʩʣʝʜʫʶʱʠʝ ʢʦʵʬʬʠʮʠʝʥʪʳ ia  ʚʳʯʠʩʣʷʶʪʩʷ ʧʦ ʨʝʢʫʨʨʝʥʪʥʦʡ 

ʬʦʨʤʫʣʝ. 

ʇʝʨʠʦʜ ʮʝʧʥʦʡ ʜʨʦʙʠ d  ʠʛʨʘʝʪ ʨʝʰʘʶʱʫʶ ʨʦʣʴ: 
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½ ʇʫʩʪʴ ʧʝʨʠʦʜ ʨʘʟʣʦʞʝʥʠʷ ʨʘʚʝʥ k . 

½ ɽʩʣʠ k  ʯʸʪʥʳʡ, ʪʦ ʬʫʥʜʘʤʝʥʪʘʣʴʥʦʝ ʨʝʰʝʥʠʝ 1 1( , )x y  ʜʘʸʪʩʷ ʧʨʠʙʣʠʞʝʥʥʦʡ ʜʨʦʙʴʶ 

½ (ʢʦʥʚʝʨʛʝʥʪʦʤ) ʮʝʧʥʦʡ ʜʨʦʙʠ ʧʦʨʷʜʢʘ k . 

½ ɽʩʣʠ k  ʥʝʯʸʪʥʳʡ, ʪʦ ʬʫʥʜʘʤʝʥʪʘʣʴʥʦʝ ʨʝʰʝʥʠʝ ʧʦʣʫʯʘʝʪʩʷ ʫʜʚʦʝʥʠʝʤ ʧʝʨʠʦʜʘ 

ʨʘʟʣʦʞʝʥʠʷ. 

ʇʫʩʪʴ ʜʘʥʘ ʮʝʧʥʘʷ ʜʨʦʙʴ: 

0 1 2[ ; , ,..., ].ka a a a  

ʂʦʥʚʝʨʛʝʥʪʳ ʚʳʯʠʩʣʷʶʪʩʷ ʧʦ ʬʦʨʤʫʣʘʤ: 

1 2 0 1 0

1 2 0 1

, 1, .

, 0, 1.

n n n n

n n n n

p a p p p p a

q a q q q q

- -

- -

= + = =

= + = =
 

ʊʦʛʜʘ ʬʫʥʜʘʤʝʥʪʘʣʴʥʦʝ ʨʝʰʝʥʠʝ ʫʨʘʚʥʝʥʠʷ ʇʝʣʣʷ ʧʨʠ ʯʸʪʥʦʤ ʧʝʨʠʦʜʝ k  ʨʘʚʥʦ: 

1 1( , ) ( , ).k kx y p q=  

ʂʣʘʩʩʠʯʝʩʢʠʝ ʤʝʪʦʜʳ ʪʨʝʙʫʶʪ ʵʢʩʧʦʥʝʥʮʠʘʣʴʥʦʛʦ ʚʨʝʤʝʥʠ, ʧʦʩʢʦʣʴʢʫ ʜʣʠʥʘ 

ʟʘʧʠʩʠ 1 1( , )x y  ʤʦʞʝʪ ʨʘʩʪʠ ʵʢʩʧʦʥʝʥʮʠʘʣʴʥʦ. ʂʚʘʥʪʦʚʳʡ ʘʣʛʦʨʠʪʤ ʧʦʟʚʦʣʷʝʪ ʥʘʡʪʠ 

1 1( )R log x y d= +  ʟʘ ʧʦʣʠʥʦʤʠʘʣʴʥʦʝ ʚʨʝʤʷ, ʠʩʧʦʣʴʟʫʷ ʧʦʠʩʢ ʩʢʨʳʪʦʡ ʧʦʜʛʨʫʧʧʳ. 

1. ʂʚʘʥʪʦʚʳʡ ʢʦʤʧʴʶʪʝʨ ʚʳʯʠʩʣʷʝʪ [ ]R , ʯʪʦ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʧʝʨʠʦʜʫ ʮʝʧʥʦʡ ʜʨʦʙʠ. 

2. ɿʘʪʝʤ ʢʣʘʩʩʠʯʝʩʢʠʡ ʘʣʛʦʨʠʪʤ ʚʦʩʩʪʘʥʘʚʣʠʚʘʝʪ 1 1( , )x y  ʩ ʧʦʤʦʱʴʶ ʤʝʪʦʜʘ ʮʝʧʥʳʭ 

ʜʨʦʙʝʡ. 

3. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʨʝʰʘʝʪʩʷ ʫʨʘʚʥʝʥʠʝ ʇʝʣʣʷ ʟʘ ʧʦʣʠʥʦʤʠʘʣʴʥʦʝ ʚʨʝʤʷ, ʪʦʛʜʘ ʢʘʢ 

ʢʣʘʩʩʠʯʝʩʢʠʝ ʤʝʪʦʜʳ ʪʨʝʙʫʶʪ ʵʢʩʧʦʥʝʥʮʠʘʣʴʥʦʛʦ ʚʨʝʤʝʥʠ. 

ʈʝʟʫʣʴʪʘʪʳ 

ʈʘʟʨʘʙʦʪʘʥʘ ʧʨʦʛʨʘʤʤʘ ʠ ʧʩʝʚʜʦʢʦʜ ʜʣʷ ʥʘʭʦʞʜʝʥʠʷ ʤʠʥʠʤʘʣʴʥʦʛʦ ʨʝʰʝʥʠʷ 

ʫʨʘʚʥʝʥʠʷ ʇʝʣʣʷ: 

ʌʫʥʢʮʠʷ continued_fraction(d): 

ʌʫʥʢʮʠʷ ʨʘʟʣʦʞʝʥʠʷ ʢʦʨʝʥʴ ʦʪ d ʚ ʮʝʧʥʫʶ ʜʨʦʙʴ 

a0 Ŷ floor(sqrt(d))  // ʎʝʣʘʷ ʯʘʩʪʴ ʢʦʨʥʷ 

ɽʩʣʠ a0^2 = d, ʪʦ ʚʝʨʥʫʪʴ None  // d ʥʝ ʜʦʣʞʝʥ ʙʳʪʴ ʧʦʣʥʳʤ ʢʚʘʜʨʘʪʦʤ 

     

    m Ŷ 0, d_k Ŷ 1, a Ŷ a0 

    fraction_terms Ŷ [a0] 

 

    ʇʦʢʘ a Í 2 * a0: 

        m Ŷ d_k * a - m 

        d_k Ŷ (d - m^2) / d_k 

        a Ŷ floor((a0 + m) / d_k) 

        ɼʦʙʘʚʠʪʴ a ʚ fraction_terms 

    ɺʝʨʥʫʪʴ fraction_terms 

ʌʫʥʢʮʠʷ ʥʘʭʦʞʜʝʥʠʷ ʤʠʥʠʤʘʣʴʥʦʛʦ ʨʝʰʝʥʠʷ 

ʌʫʥʢʮʠʷ solve_pell(d): 

    fraction_terms Ŷ continued_fraction(d) 

    ɽʩʣʠ fraction_terms = None, ʚʝʨʥʫʪʴ None 

    k Ŷ ʜʣʠʥʘ fraction_terms - 1 
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numerators Ŷ [1, fraction_terms[0]] 

denominators Ŷ [0, 1] 

    // ɺʳʯʠʩʣʷʝʤ ʧʨʠʙʣʠʞʝʥʠʷ 

ɼʣʷ i ʦʪ 2 ʜʦ k+2: 

numerators[i] Ŷ fraction_terms[i-1] * numerators[i-1] + numerators[i-2] 

denominators[i] Ŷ fraction_terms[i-1] * denominators[i-1] + denominators[i-2] 

    ɽʩʣʠ k ʯʸʪʥʦʝ: 

x1 Ŷ numerators[k] 

y1 Ŷ denominators[k] 

    ʀʥʘʯʝ: 

fraction_terms Ŷ fraction_terms + fraction_terms[1:k+1] 

numerators Ŷ [1, fraction_terms[0]] 

denominators Ŷ [0, 1] 

        ɼʣʷ i ʦʪ 2 ʜʦ 2k+2: 

numerators[i] Ŷ fraction_terms[i-1] * numerators[i-1] + numerators[i-2] 

denominators[i] Ŷ fraction_terms[i-1] * denominators[i-1] + denominators[i-2] 

x1 Ŷ numerators[2k] 

y1 Ŷ denominators[2k] 

ɺʝʨʥʫʪʴ (x1, y1) 

    ʂʚʘʥʪʦʚʘʷ ʩʭʝʤʘ ʠʤʝʝʪ ʩʣʝʜʫʶʱʠʡ ʚʠʜ: 

 
ʇʦʣʫʯʝʥʳ ʩʣʝʜʫʶʱʠʝ ʟʥʘʯʝʥʠʷ: 

ʈʝʟʫʣʴʪʘʪʳ ʠʟʤʝʨʝʥʠʡ: {'01000': 8, '00000': 936, '00111': 3, '10000': 9, '00001': 20, '00011': 

4, '00010': 18, '01111': 3, '00100': 10, '01101': 2, '11000': 3, '00101': 1, '11111': 2, '01011': 1, 

'11100': 1, '00110': 1, '01010': 1, '01100': 1} 

ʇʨʠʙʣʠʞʸʥʥʦʝ ʟʥʘʯʝʥʠʝ ỗRỖ: 0.0 

ʄʠʥʠʤʘʣʴʥʦʝ ʨʝʰʝʥʠʝ ʫʨʘʚʥʝʥʠʷ ʇʝʣʣʷ: x1 = 8, y1 = 3 

ɿʘʢʣʶʯʝʥʠʝ 

ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʧʨʝʜʩʪʘʚʣʝʥ ʢʚʘʥʪʦʚʳʡ ʘʣʛʦʨʠʪʤ ʜʣʷ ʥʘʭʦʞʜʝʥʠʷ ʤʠʥʠʤʘʣʴʥʦʛʦ 

ʨʝʰʝʥʠʷ ʫʨʘʚʥʝʥʠʷ ʇʝʣʣʷ, ʦʩʥʦʚʘʥʥʳʡ ʥʘ ʤʝʪʦʜʘʭ ʧʦʠʩʢʘ ʩʢʨʳʪʦʡ ʘʙʝʣʝʚʦʡ ʧʦʜʛʨʫʧʧʳ ʠ 

ʢʚʘʥʪʦʚʦʛʦ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʌʫʨʴʝ (QFT). ʄʳ ʧʦʢʘʟʘʣʠ, ʯʪʦ ʵʪʦʪ ʘʣʛʦʨʠʪʤ ʧʦʟʚʦʣʷʝʪ 

ʥʘʭʦʜʠʪʴ ʧʨʠʙʣʠʞʸʥʥʦʝ ʟʥʘʯʝʥʠʝ ỗRỖ ʟʘ ʧʦʣʠʥʦʤʠʘʣʴʥʦʝ ʚʨʝʤʷ, ʪʦʛʜʘ ʢʘʢ ʢʣʘʩʩʠʯʝʩʢʠʝ 

ʘʣʛʦʨʠʪʤʳ ʨʝʰʘʶʪ ʵʪʫ ʟʘʜʘʯʫ ʟʘ ʵʢʩʧʦʥʝʥʮʠʘʣʴʥʦʝ ʚʨʝʤʷ. ʇʨʦʚʝʜʸʥʥʘʷ ʩʠʤʫʣʷʮʠʷ 

ʢʚʘʥʪʦʚʦʛʦ ʘʣʛʦʨʠʪʤʘ ʥʘ ʧʣʘʪʬʦʨʤʝ IBM Qiskit ʧʨʦʜʝʤʦʥʩʪʨʠʨʦʚʘʣʘ ʝʛʦ ʢʦʨʨʝʢʪʥʦʩʪʴ. 
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ʀʟʤʝʨʝʥʥʳʝ ʟʥʘʯʝʥʠʷ ʢʚʘʥʪʦʚʦʛʦ ʨʝʛʠʩʪʨʘ ʧʦʟʚʦʣʠʣʠ ʚʦʩʩʪʘʥʦʚʠʪʴ ʧʨʠʙʣʠʞʸʥʥʦʝ 

ʟʥʘʯʝʥʠʝ R, ʯʪʦ ʧʨʠʚʝʣʦ ʢ ʫʩʧʝʰʥʦʤʫ ʥʘʭʦʞʜʝʥʠʶ ʤʠʥʠʤʘʣʴʥʦʛʦ ʨʝʰʝʥʠʷ ʫʨʘʚʥʝʥʠʷ 

ʇʝʣʣʷ. ʂʚʘʥʪʦʚʳʡ ʘʣʛʦʨʠʪʤ ʨʝʰʘʝʪ ʫʨʘʚʥʝʥʠʝ ʇʝʣʣʷ ʟʘ ʧʦʣʠʥʦʤʠʘʣʴʥʦʝ ʚʨʝʤʷ, ʠʩʧʦʣʴʟʫʷ 

ʧʝʨʠʦʜʠʯʥʦʩʪʴ ʮʝʧʥʳʭ ʜʨʦʙʝʡ. ʈʝʟʫʣʴʪʘʪʳ ʩʠʤʫʣʷʮʠʠ ʧʦʜʪʚʝʨʞʜʘʶʪ ʵʬʬʝʢʪʠʚʥʦʩʪʴ 

ʘʣʛʦʨʠʪʤʘ, ʥʦ ʧʦʢʘʟʳʚʘʶʪ ʚʣʠʷʥʠʝ ʦʰʠʙʦʢ, ʩʚʷʟʘʥʥʳʭ ʩ ʦʛʨʘʥʠʯʝʥʥʦʡ ʨʘʟʨʷʜʥʦʩʪʴʶ 

ʢʚʘʥʪʦʚʦʛʦ ʨʝʛʠʩʪʨʘ ʠ ʚʦʟʤʦʞʥʳʤʠ ʰʫʤʘʤʠ ʚʝʥʪʠʣʝʡ. ʇʨʘʢʪʠʯʝʩʢʦʝ ʧʨʠʤʝʥʝʥʠʝ 

ʘʣʛʦʨʠʪʤʘ ʚʢʣʶʯʘʝʪ ʚʦʟʤʦʞʥʫʶ ʢʦʤʧʨʦʤʝʪʘʮʠʶ ʢʨʠʧʪʦʩʠʩʪʝʤʳ ɹʫʭʤʘʥʘ-ɺʠʣʴʷʤʩʘ, 

ʘʥʘʣʦʛʠʯʥʦ ʪʦʤʫ, ʢʘʢ ʘʣʛʦʨʠʪʤ ʐʦʨʘ ʫʛʨʦʞʘʝʪ RSA. ʂʚʘʥʪʦʚʳʡ ʘʣʛʦʨʠʪʤ ʨʝʰʝʥʠʷ 

ʫʨʘʚʥʝʥʠʷ ʇʝʣʣʷ ʜʝʤʦʥʩʪʨʠʨʫʝʪ ʧʨʝʚʦʩʭʦʜʩʪʚʦ ʥʘʜ ʢʣʘʩʩʠʯʝʩʢʠʤʠ ʤʝʪʦʜʘʤʠ ʠ ʦʪʢʨʳʚʘʝʪ 

ʧʝʨʩʧʝʢʪʠʚʳ ʜʣʷ ʜʘʣʴʥʝʡʰʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʚ ʦʙʣʘʩʪʠ ʢʚʘʥʪʦʚʳʭ ʚʳʯʠʩʣʝʥʠʡ ʠ ʠʭ 

ʢʨʠʧʪʦʛʨʘʬʠʯʝʩʢʠʭ ʧʨʠʣʦʞʝʥʠʡ. 
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Annotatsiya. Ushbu maqolada sunôiy intellekt (SI) xizmatlari eksportini rivojlantirishda 

davlatning qoóllab quvvatlash mexanizmlari va innovatsion autsorsing siyosatining ahamiyati 

tahlil qilinadi. Oózbekiston Respublikasining amaldagi dastur va ragóbatlari oórganilib, 

Hindiston, Polsha va Estoniya kabi ilgóor davlatlar tajribasi bilan solishtirish asosida 

takomillashtirish boóyicha amaliy tavsiyalar ishlab chiqilgan. Tadqiqotda statistik tahlil, 

komparativ metod, ekspert bahosi va siyosiy institutsional baholash usullari keng qoóllanildi.  

Kalit soózlar: sunôiy intellekt, IT autsorsing, xizmatlar eksporti, davlat 

qoóllab quvvatlashi, innovatsion siyosat. 

 

KIRISH  

Raqamli iqtisodiyotning global miqyosdagi rivojlanishi mamlakatlar uchun yangi eksport 

imkoniyatlarini yaratmoqda. Ayniqsa, sunôiy intellekt xizmatlari eksporti, yaôni, chet el 

korxonalari uchun SI-asosida xizmatlar ishlab chiqish va yetkazib berish, mamlakatning raqamli 

iqtisodiyotdagi pozitsiyasini mustahkamlash va eksport portfelini diversifikatsiya qilishda muhim 

rol oóynaydi (Deloitte, 2023). 

Global miqyosda sunôiy intellekt xizmatlari bozori 2024 yilda 450 milliard AQSh 

dollaridan oshgan boólib, 2030 yilga borib 1 trillion  dollardan yuqori koórsatkichga yetishi 

kutilmoqda (Jahon Banki, 2023). Shu bilan birga, raqamli xizmatlar segmentida SI-autsorsing tez 

surôatlar bilan oósmoqda va xalqaro IT-xizmatlar eksportining eng dinamik boólimiga 

aylanmoqda. 

Oózbekiston sharoitida IT-Park tashabbuslari orqali IT-autsorsing eksporti 2020ï2023 

yillarda taxminan 5 barobarga oósdi (81 million AQSH dollaridan 470 million AQSH 

dollargacha) (IT- Park, 2024). Biroq, SI xizmatlariga ixtisoslashgan kompaniyalar ulushi past 

boólib, umumiy eksportning taxminan 8% ini tashkil etadi. Bu esa mamlakatda sunôiy intellektga 

yoónaltirilgan maxsus siyosatning yetarli emasligini koórsatadi. 

Xalqaro tajriba shuni koórsatadiki: 

¶ Hindistonda SI-autsorsing eksporti davlat grantlari va eksport sugóurtasi orqali 

ragóbatlantiriladi (NASSCOM, 2023). 

¶ Estoniyada institutsional boshqaruv markazlashtirilgan boólib, davlat buyurtmalari 

startaplar uchun ochilgan (CBI, 2023). 

¶ Polshada ilmiy-tadqiqot soliq imtiyozlari orqali SI-kompaniyalar soni sezilarli oshirilgan 

(Trade.gov.pl, 2023). 

Shu nuqtai nazardan, tadqiqotning asosiy maqsadi Oózbekistonda SI-xizmatlari eksportini 

rivojlantirish uchun davlat boshqaruvi mexanizmlarini takomillashtirish boóyicha ilmiy 

asoslangan takliflar ishlab chiqishdan iborat. 
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Tadqiqot vazifalari: 

1. Oózbekiston SI-xizmatlar eksporti va qoóllab-quvvatlash siyosatini tahlil qilish; 

2. Yetakchi davlatlar tajribasini solishtirish; 

3. Siyosiy-institutsional model taklif qilish. 

METODOLOGIYA  

Tadqiqotda quyidagi metodlar qoóllanildi: 

¶ Komparativ  metod: Oózbekiston, Hindiston, Polsha va Estoniya misollarida 

amaliyotlarni solishtirish. 

¶ Ekspert baholash: IT-Park vakillarining 10 nafar mutaxassisi bilan soórovnoma. 

¶ Statistik tahlil:  2020ï2024 yillar eksport dinamikasi. 

¶ Normativ-huquqiy hujjatlar  tahlil i:  davlat dasturlari va siyosatlar. Eksport salohiyati 

quyidagi indikator orqali baholandi: 

ὢ_ὃὍ 

Ὁ_ὭὲὨὩὼ = 

 

 
ὢ_ὍὝ 

× 100 

 

bu yerda ὢὃὍ - SI-xizmatlar eksporti, ὢὍὝ - umumiy IT-xizmatlar eksporti. 

Shuningdek, taklif etilgan siyosiy model PESTI 

(Political-Economic-Social-Technological-Institutional) yondashuvi asosida 

shakllantirildi. Bu uslub siyosatni tizimli tahlil qilish va xalqaro tajribalarni adaptatsiya qilishda 

keng qoóllanadi. 

NATIJALAR  VA MUHOKAMA  

Eksport salohiyatining hozirgi holati 

Maqolada keltirilgan maôlumotlar asosida SI-xizmatlar eksporti ulushi va asosiy 

qoóllab-quvvatlash mexanizmlari quyidagicha taqdim etilgan: 

Davlat SI eksport ulushi Asosiy qoóllab-quvvatlash mexanizmlari 

Oózbekiston 7ï9 % Soliq imtiyozlari, IT-Park rezidentligi 

Hindiston 28 % Eksport sugóurtasi, grantlar, infratuzilma 

Polsha 21 % Ilmiy-tadqiqot soliq imtiyozi, universitet-sanoat 

integratsiyasi 

Estoniya 34 % Markazlashgan raqamli boshqaruv, startap vizasi 

 

Raqamlar shuni koórsatadiki, Oózbekiston SI-autsorsing eksportida hali rivojlanish 

bosqichida, Holbuki, Hindiston va Estoniya kabi davlatlarda maxsus siyosat mexanizmlari bilan 

yuqori ulushga erishilgan. 

Ekspertlar bahosi 

Ekspertlar soórov natijalariga koóra asosiy muammolar quyidagicha baholangan: 

¶ Eksportga moóljallangan AI-kadrlar yetishmasligi - 9/10; 

¶ Davlat buyurtmalarining cheklanganligi - 8/10; 

¶ Venchur moliyalashtirishning sustligi - 8/10. 
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Bu baholar sunôiy intellekt xizmatlari autsorsingi infratuzilmasi, kadrlar tayyorlash va 

moliyaviy qoóllab-quvvatlash yetarli emasligini koórsatadi (Indian Express, 2023). 

Taklif  etilayotgan siyosiy model 

Oózbekistonning SI-autsorsing sohasini rivojlantirishda strategik ahamiyatga ega boólgan 

beshta asosiy yoónalish taklif qilindi. Ushbu yoónalishlar nafaqat mavjud muammolarni bartaraf 

etishga, balki mamlakatning global raqamli iqtisodiyotga integratsiyasini kuchaytirishga 

qaratilgan. 

AI-kompaniyalar uchun eksport sugóurtasi joriy etish 

Eksport sugóurtasi bu kompaniyalarni moliyaviy risklardan himoya qiluvchi mexanizm 

boólib, chet el bozorlariga xizmatlar yetkazib berishda moliyaviy xavfni kamaytiradi. Shu 

mexanizm orqali startaplar va kichik kompaniyalar yirik xalqaro loyihalarda qatnashish 

imkoniyatiga ega boóladi. 

Eksport sugóurtasi Oózbekiston sharoitida kutilayotgan taôsirni ikki  yoónalishda 

koórsatadi: 

¶ Birinchidan, kompaniyalar yangi bozorlarni sinab koórishdan qoórqmaydi, bu esa SI- 

xizmatlar eksportining hajmini oshiradi. 

¶ Ikkinchidan, sugóurtalangan eksport loyihalari investitsiyalar jalb qilish uchun barqaror 

asos yaratadi. Hindistonda shunga oóxshash mexanizm AI-autsorsing sohasida eksportni 

28 % ga oshirishga xizmat qilgan (NASSCOM, 2023). 

Grantlar va subsidiyalar orqali SI mahsulotlar ulushini oshirish 

Davlat grantlari va subsidiyalar innovatsion kompaniyalarni yangi texnologiyalar va 

xizmatlar yaratishga ragóbatlantiradi. Bu mexanizm ayniqsa AI-startaplar uchun muhim, chunki 

ular dastlabki bosqichlarda yuqori moliyaviy riskga duch keladi. 

Grantlar orqali startaplar yangi algoritmlar va xizmatlarni ishlab chiqadi, bu esa eksport 

salohiyatini oshiradi. 

¶ Subsidiyalar yordamida kompaniyalar texnologik infratuzilmani modernizatsiya qiladi va 

xalqaro standartlarga mos xizmatlarni yaratadi. Polshada ilmiy-tadqiqot soliq imtiyozlari 

orqali SI-kompaniyalar soni sezilarli oshdi (Trade.gov.pl, 2023), bu esa Oózbekistonda 

ham shunga oóxshash mexanizm samarali boólishini koórsatadi. 

AI-startaplar uchun ñregulyator sandboxò modeli 

ñRegulyator sandboxò modeli innovatsion loyihalarni sinash va tartibga solish boóyicha 

moslashuvchan muhit yaratadi. Bu startaplar uchun qonunchilik chegaralarini tushunish va yangi 

xizmatlarni xavfsiz joriy etish imkonini beradi. 

Sandbox modeli orqali startaplar yangi texnologiyalarni tajribadan oótkazadi, bu esa 

eksportga mos 

mahsulotlar yaratishga yordam beradi. 

¶ Shu bilan birga, davlat regulyatori SI-xizmatlar bozoridagi tendensiyalarni kuzatib, 

qonunchilikni moslashtiradi. Estoniya tajribasi shuni koórsatadiki, startap vizasi va 

markazlashgan boshqaruv innovatsion loyihalarni jalb qiladi (CBI, 2023). 

Universitetlarda AI -eksport yoónaltirilgan  taôlim dasturlari  

Yangi malakali mutaxassislar yetishmasligi Oózbekiston SI-xizmatlar eksportida asosiy 

toósiq hisoblanadi. Shu sababli universitetlarda AI va eksportga yoónaltirilgan taôlim dasturlari 

joriy etilishi muhim. 

Bu dasturlar nafaqat texnik bilimlarni, balki xalqaro bozor talablarini ham hisobga oladi. 

¶ Universitet-sanoat integratsiyasi orqali talabalar amaliy tajriba orttiradi, bu esa eksportga 
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yoónaltirilgan kadrlar salohiyatini oshiradi. Polshada bu mexanizm startaplarning 

rivojlanishiga sezilarli hissa qoóshdi (Trade.gov.pl, 2023). 

Davlat raqamli buyurtmalarini SI-kompaniyalar uchun ochish 

Davlat buyurtmalari innovatsion kompaniyalar uchun barqaror daromad va tajriba manbai 

hisoblanadi. Agar buyurtmalar AI-kompaniyalar uchun ochiq boólsa, ular xalqaro bozorga tayyor 

mahsulotlar yaratishda tajriba orttiradi. 

Bu yoónalish startaplar va kichik kompaniyalarni mamlakat ichida loyihalarni amalga 

oshirishga 

jalb qiladi, shu bilan birga ularni xalqaro standartlarga moslashtiradi. 

¶ Davlat buyurtmalarining mavjudligi eksport salohiyatini sezilarli oshiradi, chunki 

kompaniyalar oóz mahsulotlarini xalqaro miqyosda sinovdan oótkazishga tayyor boóladi. 

Hindistonda davlat buyurtmalari orqali startaplar eksportda 30 % oósishga erishgan (Indian 

Express, 2023). 

Kutilayotgan natijalar (2027 yilgacha) 

¶ SI-xizmatlar eksporti ulushini 25ï30 % ga oshirish; 

¶ 5 000 dan ortiq yangi malakali mutaxassis tayyorlash; 

¶ Eksport daromadini 2ï3 baravar oshirish. 

Chuqur tahlil: Ushbu natijalar amalga oshirilsa, Oózbekistonning SI-xizmatlari eksporti 

nafaqat hajm jihatidan oshadi, balki sifat va innovatsion darajasi ham sezilarli yaxshilanadi. Bu 

esa mamlakatning global raqamli iqtisodiyotdagi pozitsiyasini mustahkamlash, investitsiyalarni 

jalb qilish va yuqori qoóshilgan qiymatli xizmatlar eksportini rivojlantirish imkonini beradi. 

XULOSA 

Ushbu tadqiqot natijalari shuni koórsatadiki, Oózbekistonning sunôiy intellekt (SI) 

xizmatlari eksportida salohiyat yuqori boólsa-da, amaldagi siyosiy va institutsional mexanizmlar 

yetarli emas. Eksport hajmi umumiy IT-xizmatlar tarkibida atigi 8% ni tashkil qiladi, bu esa 

mamlakatning global raqamli iqtisodiyotdagi imkoniyatlarini toóliq ochishiga toósqinlik 

qilmoqda. 

Yetakchi davlatlar tajribasi shuni koórsatadiki, maxsus AI-qoóllab-quvvatlash 

mexanizmlari (grantlar, eksport sugóurtasi, regulyator sandbox, universitet-sanoat integratsiyasi) 

SI-xizmatlar eksportini sezilarli darajada oshiradi. Hindistonda grantlar va eksport sugóurtasi 

orqali SI- autsorsing eksporti 28ï30 % ga yetgan boólsa, Estoniya markazlashgan boshqaruv va 

startap vizasi orqali innovatsion kompaniyalarni jalb qilgan, Polsha esa ilmiy-tadqiqot soliq 

imtiyozlari yordamida startaplar sonini sezilarli oshirgan (NASSCOM, 2023; CBI, 2023; 

Trade.gov.pl, 2023). 

Ekspertlar bahosiga koóra, Oózbekistonda asosiy muammolar quyidagilardan iborat: 

1. Eksportga moóljallangan AI-kadrlar yetishmasligi; 

2. Davlat buyurtmalarining cheklanishi; 

3. Venchur moliyalashtirishning sustligi. 

Shu sababli, SI-autsorsing siyosati uchun taklif etilgan PESTI asosidagi model mamlakat 

uchun strategik ahamiyatga ega boólib, quyidagi yoónalishlarni oóz ichiga oladi: eksport 

sugóurtasi, grantlar va subsidiyalar, regulyator sandbox, universitetlarda AI-eksport 

yoónaltirilgan taôlim dasturlari va davlat raqamli buyurtmalarini ochish. Bu yoónalishlarning har 

biri nafaqat mavjud toósiqlarni bartaraf etadi, balki innovatsion startaplar va kompaniyalarni 

global raqobatga tayyorlashga xizmat qiladi. 

Kutilayotgan natijalar (2027 yilgacha) shuni koórsatadiki: 
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¶ SI-xizmatlar eksporti ulushi 25ï30 % ga oshadi, bu Oózbekistonning IT-bozoridagi 

raqobatbardoshligini sezilarli darajada oshiradi; 

¶ 5 000 dan ortiq malakali AI-mutaxassis tayyorlanadi, bu esa nafaqat eksport hajmini 

oshiradi, balki mamlakatning texnologik salohiyatini mustahkamlaydi; 

¶ Eksport daromadi 2ï3 baravar oshadi, bu esa iqtisodiy oósishga va yuqori qoóshilgan 

qiymatli xizmatlar yaratishga imkon beradi. 

Chuqur tahlil shuni koórsatadiki, ushbu siyosatni amalga oshirish nafaqat iqtisodiy foyda, 

balki ijtimoiy va institutsional afzalliklar ham beradi. Masalan, universitetlarda eksportga 

yoónaltirilgan taôlim dasturlari kadrlar salohiyatini oshiradi, regulyator sandbox innovatsion 

loyihalarni xavfsiz sinash imkonini yaratadi, davlat buyurtmalari esa kompaniyalarni barqaror 

daromad manbai bilan taôminlaydi. Shu tariqa, barcha yoónalishlar bir-biri bilan 

integratsiyalashgan holda mamlakatning SI-autsorsing sohasini rivojlantiradi. 

Natijada, Oózbekistonning sunôiy intellekt xizmatlari eksportini rivojlantirish uchun taklif 

etilgan siyosiy model strategik jihatdan maqbul boólib, mamlakatning global raqamli 

iqtisodiyotga integratsiyasini kuchaytiradi. Ushbu tadqiqotning ilmiy va amaliy ahamiyati 

shundaki, u siyosat ishlab chiquvchilar va iqtisodiy strateglar uchun asosiy tavsiyalarni beradi, 

innovatsion autsorsing sektorini rivojlantirish va raqobatbardosh eksport yoónalishlarini 

shakllantirish imkonini yaratadi. 
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1. Introduction 

According to Diener and Ġpaļek et al. (2021), digital transformation has become a central 

topic in the development of the financial sector globally. Bank services, risk management and 

interaction with clients of the bank have been influenced by developments in mobile and internet 

technologies, data analytics and partnerships in financial technologies. Nguyen, Ho & Nguyen 

(2023) have discussed that digitalization in banking sector improves its efficiency and service 

delivery (through online and mobile channels that reduce transaction costs and broaden outreach) 

in emerging markets. 

In the meantime, it is expected that banks will continue to integrate Environmental, 

Social and Governance (ESG) activities into their strategies and operations. Number of 

researches designate that a solid ESG performance of banks is frequently related to lower 

financial and operational risks, better access to capital and in some cases even stronger 

profitability outcomes (Ahmed, Shah & Al-Qassab, 2025). The literature increasingly recognizes 

that digitalization and ESG are closely linked and operate as complementary agendas: by 

enhancing transparency, supporting emergence of green products, promoting financial inclusion 

and enhancing governance frameworks, digital technologies can expedite ESG activities (Deng 

et al., 2025). 

Nevertheless, majority of researchers focus on large international banks or markets such 

as European Union, China and the Middle East and Northern Africa region, whereas Central 

Asian region, particularly Uzbekistan remained as underexplored, despite the fact that country is 

in the process of active implementation of extensive transformation in the banking sector, 

promotion of digital technologies and embedding green and sustainable finance as countryôs 

long-term growth agenda (Deng et al., 2025). 

The banking sector plays a pivotal role in the allocation of capital and hence in steering 

the real economy toward more sustainable trajectories. A growing literature investigates the 

relationship between banksô ESG performance and financial outcomes (profitability, risk, cost of 

capital). Studies on MENA and MENAT banks, for example, suggest that stronger ESG profiles 

are associated with lower risk and sometimes higher profitability, although the results can be 

sensitive to the ESG dimension considered and the regulatory environment (Abdullaeva et al., 

2025; Mallek et al., 2024) 

The Digital Uzbekistan ï 2030 Strategy of Uzbekistan envisages implementing both 

regional and industry-specific digitalization programs and a detailed roadmap to transform 

Uzbekistanôs economy and governance through digital technologies. It also aims to expand 

digital infrastructure and modernization of public services (Strategy.uz, 2023). 
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Uzbekistan recently announced a tax-free zone for AI and data centres in Karakalpakstan, 

aimed at attracting at least USD 1 billion in digital infrastructure investment by 2030, reflecting 

the governmentôs ambition to become a regional digital hub (Daryo.uz, 2025). 

The government of Uzbekistan made an immense investment in digital infrastructure and 

electronic government (e-government). 

At the same time, government, Central Bank and international partner documents 

(OECD, UNDP) increasingly call for activating green and sustainable finance and to deepen the 

contribution of private banks to financing the green transition and the Sustainable Development 

Goals (SDGs) (OECD, 2023; Inogamov & Shodieva, 2024; UNDP, 2022). 

In this wider context, commercial banks of Uzbekistan are enhancing digital service 

delivery through mobile applications, online platforms and remote services, while increasingly 

embedding sustainability into their strategies. Uzpromstroybank (SQB) publishes ESG and 

sustainable development reports under its Sustainable Finance Framework, Agrobank has 

launched a Green Finance Framework, and banks such as Hamkorbank disclose ESG policies 

and environmental commitments (Uzpromstroybank, 2025; Agrobank, 2024; Hamkorbank, 

2025). 

Despite these developments, there is insufficient academic literature that systematically 

connects digitalization and ESG in banking sector of Uzbekistan. There is one recent empirical 

study by Ganieva (2025) that examined the role of integrated digital banking services and green 

financing in enhancing and improving financial inclusion in Uzbekistan. The study highlighter 

potential for digital channels to support inclusive and sustainable finance. Regardless, more 

academic research in necessary to understand how commercial banks and policymakers 

conceptualize and implement the relationship between digital transformation, financial inclusion, 

green finance and ESG principles in this context. 

Research objectives and questions 

This paper addresses this gap by posing three guiding research questions: 

1. How do key policy documents in Uzbekistan frame the role of digitalization in 

banking, financial inclusion, green finance and sustainable development? 

2. How do selected Uzbek commercial banks communicate and integrate digitalization 

and ESG in their mission statements, codes of conduct and public reports? 

3. To what extent is there an explicit or implicit link between digitalization initiatives and 

ESG objectives in the Uzbek banking sector? 

Given data limitations and the practical constraint of relying on publicly available 

sources, the paper adopts a qualitative, document-based case study design rather than 

econometric analysis. Its contribution is twofold: 

¶ It provides a structured mapping of policy and bank-level narratives around digitalization 

and ESG in Uzbekistan; 

¶ It offers policy and managerial implications for emerging economies where digital, green 

and ESG agendas are developing at the same time. 

2. Methodology 

2.1 Research design 

Given the lack of a comprehensive quantitative ESG database for Uzbek banks and the 

tight timeline for this study, a qualitative, desk-based research design is adopted. The paper uses: 

¶ A multiple ï case study of selected commercial banks in Uzbekistan; and 
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¶ A systematic document analysis of bank reports, central bank strategies and government 

policy documents. 

The approach is exploratory and descriptive rather than causal: it aims to understand how 

digitalization and ESG are framed and connected in official documents, not to statistically 

estimate their effects on financial performance. 

2.2 Case selection 

The unit of analysis is the individual commercial bank. A purposive sample of banks is 

selected based on: 

¶ Size and systemic importance; 

¶ Availability of annual reports and/or ESG-related documents; 

¶ Evidence of Digitalization initiatives and/or ESG or green finance frameworks. 

Incorporating those reasons, following commercial banks we selected for the case study analysis: 

¶ Uzpromstroybank (SQB); 

¶ Agrobank; 

¶ Hamkorbank; 

¶ Ipak Yuli Bank. 

These banks have publicly accessible documents and are active in both digitalization and 

sustainability/green finance agendas. 

2.3 Data sources and practical links 

The study relies exclusively on publicly available documents. Below are practical links 

you can use when actually collecting material: 

Bank-level documents 

Uzpromstroybank (SQB) ï ESG & Sustainable Development: 

ESG & sustainable development page (reports, Sustainable Finance Framework, green 

loans): 

¶ https://sqb.uz/en/esg-new/  

¶ https://sqb.uz/en/green-banking/  

¶ Annual reports (e.g. 2020): 

¶ https://www.sqb.uz/upload/iblock/6f5/Annual%20Report_2020.pdfAgrobank ï Green 

Finance Framework: 

¶ https://agrobank.uz/upload/iblock/3f0/Agrobank_Green%20Finance%20Framework.pdf 

Hamkorbank ï ESG and environmental policies: 

¶ ESG & sustainable development page: https://hamkorbank.uz/en/about-bank/esg-and-

sustainable-development/  

¶ Environmental policy: https://hamkorbank.uz/en/about-bank/environmental-policy/ 

¶ Financial statements (e.g. consolidated financial statements): 

https://hamkorbank.uz/upload/iblock/66a/66a49676ad4ce1f894c0b665bc45006f.pdf 

Ipak Yuli Bank ï financial and audit reports: 

¶ Financial and annual reports: https://en.ipakyulibank.uz/about/to-shareholders-and-

investors/financial-statements 

¶ Audit reports: https://en.ipakyulibank.uz/about/performance-indicators/audit-report 

Central Bank and government documents 

Central Bank of Uzbekistan ï Financial Stability Reports (including climate and ESG-related 

discussion): 
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Overview page with links to reports (2022ï2023):  

¶ https://cbu.uz/en/financial-stability/report/ 

Example: Financial Stability Report 2023 PDF:  

[https://cbu.uz/upload/medialibrary/ee6/FSR_2023_En.pdf]  

Central Bank ï Green monetary policy paper: 

¶ Green Monetary Policy (analytical paper): 

https://cbu.uz/upload/iblock/253/lwnlxcqdsgaqp4pnpw0nsgdidpx66gbj/Green_MP_en.pd

f 

Government ï ñDigital Uzbekistan ï 2030ò Strategy: 

¶ Official presidential decree in Lex.uz: https://lex.uz/en/docs/7008256 

¶ Government page on digital technologies and digital economy: 

https://www.gov.uz/en/activity_page/digital_technology 

Digital economy and green transition context: 

¶ UNDP study ñDigital Economy of Uzbekistanò: 

 https://www.undp.org/sites/g/files/zskgke326/files/2025-05/uz_digital-economy-

study_eng.pdf 

¶ OECD report ñFinancing Uzbekistanôs Green Transitionò: 

https://www.oecd.org/content/dam/oecd/en/publications/reports/2023/12/financing-

uzbekistan-s-green-transition_6ebf6b94/27d2489d-en.pdf 

¶ Integrated National Financing Strategy (UNDP): 

https://www.undp.org/sites/g/files/zskgke326/files/2024-

02/integrated_national_financing_strategy_final_draft_0.pdf 

 

2.4 Data collection 

This study uses a qualitative document analysis approach based on policy papers, 

regulatory reports and sustainability disclosures relevant to digitalization, financial inclusion, 

green finance and ESG in Uzbekistan. The dataset includes the Digital Uzbekistan ï 2030 

Strategy, Central Bank of Uzbekistan financial stability reports, OECD and UNDP publications, 

and ESG or green finance frameworks issued by major commercial banks such as 

Uzpromstroybank, Agrobank, Hamkorbank and Ipak Yuli Bank. 

Documents were selected according to relevance and credibility, prioritizing official, 

regulatory or peer-reviewed sources. A systematic keyword search guided the review, using 

terms such as digital transformation, financial inclusion, ESG, sustainability, green finance, and 

SDGs. An a priori coding scheme, developed from de Jesus (2024), structured the analysis 

around three themes: 

i. transparency and governance; 

ii.  environmental and green finance activities; 

iii.  social inclusion and customer impact. 

All documents were manually coded, and emerging patterns were compared across 

sources to understand how policymakers and banks frame and operationalize the relationship 

between digitalization, financial inclusion, green finance and ESG principles. 

To systematically analyze the strategic documents, annual reports, ESG disclosures, 

mission statements, and policy frameworks of Uzbekistanôs commercial banks, an a priori 

keyword list was developed (Table 1). The use of predefined keyword categories is widely 
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applied in sustainability and ESG document analysis to enhance coding consistency, 

transparency, and analytical reliability (Hahn et al., 2015). The keyword list was informed by (i) 

the global literature on digital banking, financial inclusion, and sustainable finance; (ii) national 

strategies such as ñDigital Uzbekistan ï 2030,ò the Green Economy Transition Strategy, and the 

Central Bankôs ESG Disclosure Guidelines; and (iii) commonly used terminology in banksô own 

digitalization and ESG roadmaps. 

The keywords were selected to capture the core elements of digital transformation, 

financial innovation, ESG integration, sustainability commitments, and inclusive finance 

priorities. Each keyword was accompanied by a short definition and linked theme, which guided 

the coding of relevant text segments within documents. 

Table 1. A Priori Keyword List for Systematic Document Analysis 

Keyword Definition / Rationale Linked Theme 

Digital banking Delivery of banking services through 

digital channels. 

Digitalization of Banking 

Digitalization Integration of digital technologies into 

bank operations. 

Digital Transformatio n 

Digital  General reference to electronic, ICT-

driven processes. 

Technology Adoption 

Fintech Technology-driven financial services. Financial Innovation 

Mobile banking Banking via mobile apps. Financial Inclusion 

Online services Internet-based banking services. E-government & E-

banking 

Digital transformation  Strategic shift toward digital 

operations. 

Modernization of Banking 

Cybersecurity Data protection and security measures. Governance / Risk 

Management 

Innovation New solutions improving efficiency. Financial Innovation 

Blockchain Distributed ledger technology. Advanced Technologies 

Mobile bank 

application 

Smartphone interface for banking. Customer Experience 

AI (artificial 

intelligence) 

Algorithms for scoring and fraud 

detection. 

Technological Innovation 

Financial technology Technologies transforming finance. Fintech Ecosystem 

ESG Environmental, Social, Governance 

framework. 

ESG Integration 

Sustainability Long-term environmental and social 

balance. 

Sustainable Development 

Governance Structures ensuring ethical banking. Corporate Governance 

Transparency Openness in reporting and disclosures. Governance Quality 

Environmental risk  Risks from climate and environment. Environmental ESG 

Social responsibility Banks' social/community initiatives. Social ESG 

Green finance Finance supporting environmentally Green Economy 
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positive projects. 

Green lending Loans for renewable/eco-friendly 

projects. 

Sustainable Finance 

Carbon emissions Greenhouse gases from operations or 

financed projects. 

Climate Impact 

Renewable energy Solar, wind, hydro financing. Green Transition 

Access to finance Ability to obtain financial services. Financial Inclusion 

SME support Financing support for SMEs. Inclusive Growth 

Women entrepreneurs Products for women-led firms. Gender Inclusion 

Financial literacy Citizen financial education programs. Social ESG 

Rural banking Services for remote regions. Financial Inclusion 

Young entrepreneurs Finance for youth-led startups. Social Development 

Households Retail banking customers. Consumer Banking 

SME Small and medium enterprises. MSME Development 

Digital economy ICT-driven economic model. National Digital Strategy 

Green economy Low-carbon economic growth model. Green Transition 

Sustainable 

development 

Balanced 

economic/social/environmental 

growth. 

SDGs 

SDGs UN Sustainable Development Goals. Sustainability Agenda 

Paris Agreement Global climate treaty shaping 

environmental policy. 

Climate Policy 

Climate policy Rules addressing climate risks and 

green finance. 

Environmental 

Governance 

Green lending/loans Loans supporting eco-friendly 

projects. 

Sustainable Finance 

 

Some observed documents were not available in English language, for this reason, 

authors have translated given keywords into Russian and Uzbek languages in order to insure 

consistency for systematic keyword search. 

This a priori keyword dictionary served as the analytical basis for coding all selected 

documents. Each report was reviewed manually, and text segments corresponding to the 

predefined keywords were extracted, grouped, and compared across banks. This enabled the 

identification of (i) recurring patterns in digitalization and ESG practices, (ii) the alignment of 

banksô strategies with national policy priorities, and (iii) differences in thematic emphasis across 

institutions. 

The structured keyword approach ensured methodological rigor by reducing subjectivity, 

supporting inter-document comparability, and enhancing the reliability of the qualitative 

analysis. The results of this coding process formed the foundation for the thematic findings 

discussed in the subsequent section. 

2.5 Research methodology 

Downloaded bank reports, ESG reports and strategic documents were analyzed using 

document-based manual keyword coding. This approach is known as qualitative content analysis 
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method which was recommended in multiple studies for analyzing textual data when datasets are 

limited and primarily document-based which the exact case in our research context (Bengtsson, 

2016; Assarroudi et al., 2018; Lyhne, 2025). In order to accomplish this task, we have developed 

list of the keywords derived from the literature, searched systematically for their appearance in 

the documents, recorded the frequencies of mentions and finally, grouped the excerpts into 

thematic categories in the table form. The manual coding technique aligns with recent guidance 

on enhanced manual data transcripts (de Jesus, 2024). 

2.6 Limitations 

The analysis is limited to publicly available documents and does not include interviews or 

confidential data. It cannot assess the actual impact of Digitalization or ESG practices on bank 

performance, and official narratives may be biased toward positive portrayal. These limitations 

will be acknowledged in the conclusion. 

3. Results and discussion 

The following table comprises systematic keyword analysis that was performed manually 

checking each source that were available online and had downloadable version. 

Table 2. Systematic Manual Keyword Analysis of Banking, Regulatory, and National 

Strategy Documents 

Bank  Keyword Frequency Sections Example 

Extract  

Theme 

Category 

Interpretation  

SQB 

 

ESG, green 

finance, green 

loans, sustainable 

development, 

environmental 

and social risks, 

energy efficiency 

Very frequent ï 

ESG/green-

related terms 

appear 

throughout 

dedicated ESG 

pages and the 

2020 Annual 

Report. 

Website sections óESG 

and sustainable 

developmentô, óGreen 

Bankingô; files óGreen 

loans from 

Uzpromstroybankô and 

óStatus and prospects 

of the ESG system 

implementation in 

SQBô; 2020 Annual 

Report (strategy, risk, 

lending portfolio). 

The bank 

promotes 

finance for a 

sustainable 

future and 

highlights 

portfolios of 

green loans and 

energy efficient 

projects for 

corporate and 

retail clients. 

ESG 

integration 

and green 

banking 

leadership 

SQB positions itself 

as a national leader 

in green banking, 

embedding ESG 

policy, specialized 

green products and 

climate-related 

targets into its core 

business model. 

Agrobank Green finance, 

green bonds, 

eligible green 

categories, 

renewable 

energy, energy 

efficiency, 

sustainable 

agriculture, 

ICMA Green 

Bond Principles 

High ï green 

finance 

terminology 

and taxonomy 

appear 

consistently 

across the 

Green Finance 

Framework. 

Agrobank Green 

Finance Framework: 

sections on Use of 

Proceeds, Project 

Evaluation and 

Selection, Management 

of Proceeds, and 

Reporting. 

The framework 

commits to 

financing 

projects that 

promote 

renewable 

energy, energy 

efficiency, 

green buildings 

and 

environmentally 

sustainable 

agriculture. 

Green finance 

framework 

aligned with 

international 

standards 

Agrobank uses its 

Green Finance 

Framework to align 

lending and 

potential bond 

issuance with global 

green finance 

standards and to 

formalise its 

environmental 

objectives. 

Hamkorban

k 

ESG, sustainable 

development, 

environmental 

and social risk, 

environmental 

policy, 

sustainable 

finance, financial 

literacy, green 

Moderate to 

high ï ESG and 

environmental 

responsibility 

are emphasised 

on dedicated 

ESG and 

Environmental 

Policy pages. 

Website sections óESG 

and sustainable 

developmentô and 

óEnvironmental 

policyô; related text on 

risk management, 

corporate governance 

and community 

programmes. 

The bank states 

its commitment 

to identifying, 

assessing and 

managing 

environmental 

and social risks 

in its own 

activities and in 

ESG policy 

and 

environmental 

risk 

management 

Hamkorbank 

frames ESG mainly 

through risk 

management and 

responsibility to 

stakeholders, 

integrating 

environmental and 

social factors into 
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products the projects it 

finances. 

credit processes and 

governance 

structures. 

Ipak Yuli 

Bank 

ESG, financial 

reporting, annual 

report, digital 

banking, mobile 

app, shareholders 

and investors, 

transparency 

Moderate ï 

financial 

reporting and 

transparency 

terms are 

frequent; ESG 

appears as a 

separate topic; 

digital channels 

are mentioned 

via the mobile 

application. 

Pages óBankôs financial 

and annual reportsô and 

ESG section; Annual 

Report 2023 and 

quarterly reports for 

shareholders and 

investors; references to 

Ipak Yuli Mobile. 

The bank 

regularly 

publishes 

quarterly and 

annual reports 

and promotes its 

mobile 

application as a 

convenient 

digital channel 

for customers. 

Transparency, 

financial 

reporting and 

gradual ESG 

integration 

Ipak Yuli 

emphasises 

transparency and 

investor oriented 

disclosure while 

gradually branding 

ESG and digital 

banking channels as 

part of its 

competitive value 

proposition. 

Governmen

t Document 

Keyword Frequency Sections Example 

Extract  

Theme 

Category 

Interpretation  

CBU ï 

Financial 

Stability 

Report 

2023 

Climate risks, 

ESG, green 

finance, financial 

stability, risk 

assessment 

Moderate ï 

ESG themes 

integrated into 

stability 

narrative 

Sections on climate-

related financial risks, 

green finance, sector 

analysis 

Report 

highlights 

emerging 

climate-related 

risks and need 

for ESG-aligned 

supervision 

Climate/ESG 

risk oversight 

Shows regulator 

shifting towards 

integrating ESG into 

prudential 

supervision 

CBU ï 

Green 

Monetary 

Policy 

Paper 

Green monetary 

policy, climate 

risk, green credit, 

sustainable 

finance 

High ï core 

content 

Sections: policy 

rationale, instruments, 

implementation 

Paper outlines 

how monetary 

tools can 

support green 

transition 

Green macro-

finance policy 

Demonstrates 

Uzbekistan 

exploring climate-

aware monetary 

operations 

Digital 

Uzbekistan 

ï 2030 

Strategy 

Digital economy, 

e-government, 

innovation, ICT, 

digital services 

High ï digital 

terms dominate 

Sections on 

infrastructure, public 

services, digital 

transformation pillars 

Strategy sets 

national digital 

priorities and 

infrastructure 

goals 

Digital 

transformation 

policy 

Provides macro-

policy environment 

driving bank 

digitalization 

UNDP ï 

Digital 

Economy of 

Uzbekistan 

Study 

Digital 

transformation, 

fintech, ICT, e-

commerce, 

innovation 

High ï dense 

digital 

terminology 

Chapters on digital 

infrastructure, financial 

sector digitalization, 

inclusion 

Study analyses 

systemic digital 

gaps and 

opportunities 

Digital 

economy 

diagnostics 

Informs context for 

banksô digital 

strategies 

OECD ï 

Financing 

Uzbekistanô

s Green 

Transition  

Green finance, 

climate 

investment, ESG, 

sustainable 

development 

High ï core 

focus 

Sections on investment 

needs, green bonds, 

banking sector role 

Report 

identifies 

investment gaps 

and role of 

banks in green 

transition 

Green 

economy 

finance 

Provides external 

assessment of banksô 

ESG readiness 

Integrated 

National 

Financing 

Strategy 

(UNDP) 

Sustainable 

finance, SDGs, 

green finance, 

digitalization of 

finance 

High ï SDG 

and finance 

terms repeated 

Chapters on financing 

architecture, green 

finance, digital 

payments 

Strategy 

outlines how 

Uzbekistan will 

finance SDGs 

using 

sustainable 

finance tools 

SDG 

financing 

framework 

Links national SDG 

targets with 

financial sector 

responsibilities 

 

The results of the systematic manual keyword search demonstrate clear thematic 

alignment across banks, regulators, and national strategies in Uzbekistan. Commercial banks ï 

particularly SQB, Agrobank, Hamkorbank, and Ipak Yuli Bank ï consistently reference ESG 

principles, green finance, and elements of digital transformation in their formal reports and 
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policy documents. Regulatory publications from the Central Bank similarly emphasize climate-

related financial risks, green monetary policy tools, and the need for sustainable finance 

development. Broader government and international partner documents reinforce these themes 

by prioritizing digital transformation, sustainable development, and the expansion of green 

financing mechanisms. 

Together, these findings confirm strong convergence between national policy objectives 

and banksô strategic orientations, indicating an evolving ecosystem where ESG integration, 

digitalization, and green finance are becoming central pillars of Uzbekistanôs financial sector. 

4. Conclusion 

This paper has examined how Digitalization and ESG agendas are articulated in the 

Uzbek banking sector, based on a qualitative multiple ï case approach and document analysis of 

bank, central bank and government publications. The analysis suggests that: 

¶ Digitalization is central to banking sector modernization and financial inclusion policies; 

¶ ESG and green finance agendas are emerging, with some banks ahead in adopting 

frameworks and publishing sustainability-related documents; 

¶ The intersection of digitalization and ESG is present but still mostly implicit, with the 

potential for much stronger integration. 

Given the constraints of publicly available information and the absence of a 

comprehensive ESG data set, the study remains exploratory. Nonetheless, it provides a structured 

basis for conceptualizing digitalization ï ESG complementarities in an emerging economy and 

identifies avenues for deeper empirical research, including cross-country comparisons and 

mixed-methods designs. 
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ʀʅʊɽʃʃɽʂʊʋɸʃʔʅɸʗ ʉʀʉʊɽʄɸ ʂʆʅʊʈʆʃʗ ʀ 

ʈɽɻʋʃʀʈʆɺɸʅʀʗ ɺʃɸɾʅʆʉʊʀ ʇʆʏɺʓ ɺ ʂʆʈʅɽɺʆʁ 

ɿʆʅɽ ʈɸʉʊɽʅʀʁ 
 

ɸ.ʐ. ɸʨʠʬʞʘʥʦʚ1, ɸ.ɸ. ɸʙʜʫʛʘʥʠʝʚ2 
1ʇʨʦʬʝʩʩʦʨ ʢʘʬʝʜʨʳ çɸʚʪʦʤʘʪʠʟʘʮʠʷ ʠ ʫʧʨʘʚʣʝʥʠʝ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʤ ʧʨʦʮʝʩʩʦʤ ʠ 

ʧʨʦʠʟʚʦʜʩʪʚʦʤè ʅʘʮʠʦʥʘʣʴʥʦʛʦ ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʦʛʦ ʫʥʠʚʝʨʩʠʪʝʪʘ çʊʘʰʢʝʥʪʩʢʠʡ 

ʠʥʩʪʠʪʫʪ ʠʥʞʝʥʝʨʦʚ ʠʨʨʠʛʘʮʠʠ ʠ ʤʝʭʘʥʠʟʘʮʠʠ ʩʝʣʴʩʢʦʛʦ ʭʦʟʷʡʩʪʚʘè, ʊʘʰʢʝʥʪ, 

ʋʟʙʝʢʠʩʪʘʥ; 
2ɸʩʩʠʩʪʝʥʪ ʢʘʬʝʜʨʳ çɸʚʪʦʤʘʪʠʟʘʮʠʷ ʠ ʫʧʨʘʚʣʝʥʠʝ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʤ ʧʨʦʮʝʩʩʦʤ ʠ 

ʧʨʦʠʟʚʦʜʩʪʚʦʤè ʅʘʮʠʦʥʘʣʴʥʦʛʦ ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʦʛʦ ʫʥʠʚʝʨʩʠʪʝʪʘ çʊʘʰʢʝʥʪʩʢʠʡ 

ʠʥʩʪʠʪʫʪ ʠʥʞʝʥʝʨʦʚ ʠʨʨʠʛʘʮʠʠ ʠ ʤʝʭʘʥʠʟʘʮʠʠ ʩʝʣʴʩʢʦʛʦ ʭʦʟʷʡʩʪʚʘè, ʊʘʰʢʝʥʪ, 

ʋʟʙʝʢʠʩʪʘʥ. 

https://doi.org/10.5281/zenodo.17919135 

 

ɸʥʥʦʪʘʮʠʷ. ʊʱʘʪʝʣʴʥʦʝ ʩʦʙʣʶʜʝʥʠʝ ʘʛʨʦʪʝʭʥʠʯʝʩʢʠʭ ʪʨʝʙʦʚʘʥʠʡ ʢ ʚʣʘʞʥʦʩʪʠ 

ʧʦʯʚʳ ʷʚʣʷʝʪʩʷ ʟʘʣʦʛʦʤ ʚʳʩʦʢʦʡ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʨʘʩʪʝʥʠʝʚʦʜʩʪʚʘ. ʇʦʩʢʦʣʴʢʫ 

ʚʣʘʞʥʦʩʪʴ ʧʦʯʚʳ ʟʘʚʠʩʠʪ ʦʪ ʚʠʜʘ ʨʘʩʪʝʥʠʡ, ʦʪ ʧʝʨʠʦʜʘ ʚʝʛʝʪʘʮʠʠ ʠ ʦʪ 

ʤʥʦʛʦʯʠʩʣʝʥʥʳʭ ʧʦʛʦʜʥʳʭ ʬʘʢʪʦʨʦʚ, ʚʘʞʥʦʝ ʟʥʘʯʝʥʠʝ ʧʨʠʦʙʨʝʪʘʝʪ ʘʚʪʦʤʘʪʠʟʘʮʠʷ 

ʢʦʥʪʨʦʣʷ ʠ ʨʝʛʫʣʠʨʦʚʘʥʠʷ ʚʣʘʞʥʦʩʪʠ ʧʦʯʚʳ ʚ ʢʦʨʥʝʚʦʡ ʟʦʥʝ ʨʘʩʪʝʥʠʡ. ɺ ʜʦʢʣʘʜʝ 

ʨʘʩʩʤʦʪʨʝʥʳ ʚʦʧʨʦʩʳ ʧʨʠʤʝʥʝʥʠʷ ʪʝʭʥʦʣʦʛʠʠ IoT ʜʣʷ ʢʦʥʪʨʦʣʷ ʠ ʨʝʛʫʣʠʨʦʚʘʥʠʷ 

ʚʣʘʞʥʦʩʪʠ ʧʦʯʚʳ ʠ ʩʦʟʜʘʥʠʷ ʥʘ ʝʸ ʙʘʟʝ ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʦʡ ʩʠʩʪʝʤʳ ʦʨʦʰʝʥʠʷ, 

ʧʦʟʚʦʣʷʶʱʝʡ ʬʝʨʤʝʨʘʤ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʪʴ ʧʨʦʮʝʩʩʳ ʧʦʣʠʚʘ ʠ ʩʦʢʨʘʪʠʪʴ ʧʦʪʨʝʙʣʝʥʠʝ 

ʚʦʜʳ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʚʣʘʞʥʦʩʪʴ ʧʦʯʚʳ, ʤʦʥʠʪʦʨʠʥʛ, ʘʣʛʦʨʠʪʤ, ʘʚʪʦʤʘʪʠʟʘʮʠʷ 

ʢʦʥʪʨʦʣʷ ʚʣʘʞʥʦʩʪʠ, IoT- ʪʝʭʥʦʣʦʛʠʷ, ʫʧʨʘʚʣʝʥʠʝ ʨʝʞʠʤʦʤ ʧʦʣʠʚʘ. 

 

ɺʚʝʜʝʥʠʝ. ʉʦʜʝʨʞʘʥʠʝ ʚʣʘʛʠ ʚ ʧʦʯʚʝ ʠʛʨʘʝʪ ʚʘʞʥʫʶ ʨʦʣʴ ʚ ʩʝʣʴʩʢʦʤ ʭʦʟʷʡʩʪʚʝ. 

ʂʦʥʮʝʥʪʨʘʮʠʷ ʚʣʘʛʠ ʚ ʛʨʫʥʪʝ ʟʘʚʠʩʠʪ ʦʪ ʫʨʦʚʥʷ ʦʩʘʜʢʦʚ, ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʚʧʠʪʳʚʘʥʠʷ 

ʚʝʛʝʪʘʮʠʝʡ, ʪʝʤʧʝʨʘʪʫʨʳ ʚʦʟʜʫʭʘ ʠ ʨʷʜʘ ʜʨʫʛʠʭ ʬʘʢʪʦʨʦʚ. ɺʘʞʥʦ ʦʪʤʝʪʠʪʴ, ʯʪʦ 

ʧʨʦʮʝʥʪʥʦʝ ʩʦʦʪʥʦʰʝʥʠʝ ʚʣʘʛʠ ʚ ʧʦʯʚʝ ʤʦʞʝʪ ʠʟʤʝʥʷʪʴʩʷ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ 

ʢʣʠʤʘʪʠʯʝʩʢʠʭ ʫʩʣʦʚʠʡ, ʪʠʧʘ ʛʨʫʥʪʘ, ʥʘʣʠʯʠʷ ʨʘʩʪʝʥʠʡ ʠ ʫʨʦʚʥʷ ʛʨʫʥʪʦʚʳʭ ʚʦʜ. ʆʪ 

ʚʣʘʞʥʦʩʪʠ ʟʘʚʠʩʠʪ ʥʝ ʪʦʣʴʢʦ ʫʨʦʞʘʡʥʦʩʪʴ ʨʘʩʪʝʥʠʡ, ʥʦ ʠ ʦʙʱʝʝ ʩʦʩʪʦʷʥʠʝ ʟʝʤʣʠ: 

ʥʝʜʦʩʪʘʪʦʢ ʚʦʜʳ ʠʣʠ, ʥʘʦʙʦʨʦʪ, ʯʨʝʟʤʝʨʥʘʷ ʚʣʘʞʥʦʩʪʴ ʤʦʛʫʪ ʧʨʠʚʝʩʪʠ ʢ ʛʠʙʝʣʠ ʨʘʩʪʝʥʠʡ, 

ʛʥʠʝʥʠʶ ʢʦʨʥʝʡ ʠ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʶ ʙʦʣʝʟʥʝʡ. 

ʆʧʪʠʤʘʣʴʥʘʷ ʚʣʘʞʥʦʩʪʴ ʧʦʯʚʳ ʜʣʷ ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʳʭ ʢʫʣʴʪʫʨ ï ʟʘʣʦʛ 

ʚʳʩʦʢʦʛʦ ʫʨʦʞʘʷ, ʧʦʩʢʦʣʴʢʫ ʨʘʩʪʝʥʠʷ ʥʝ ʤʦʛʫʪ ʨʘʟʚʠʚʘʪʴʩʷ, ʝʩʣʠ ʚʣʘʛʠ ʚ ʛʨʫʥʪʝ 

ʥʝʜʦʩʪʘʪʦʯʥʦ.  ɼʣʷ ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʳʭ ʢʫʣʴʪʫʨ ʦʧʪʠʤʘʣʴʥʳʡ ʫʨʦʚʝʥʴ ʚʣʘʞʥʦʩʪʠ 

ʤʦʞʝʪ ʙʳʪʴ ʨʘʟʥʳʤ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʠʭ ʬʘʟʳ ʨʦʩʪʘ ʠ ʨʘʟʚʠʪʠʷ. ʅʘʧʨʠʤʝʨ, ʜʣʷ ʟʝʨʥʦʚʳʭ 

ʢʫʣʴʪʫʨ ʥʦʨʤʘʣʴʥʳʤ ʧʦʢʘʟʘʪʝʣʝʤ ʩʯʠʪʘʝʪʩʷ 50 %-70 % ʦʪ ʤʘʢʩʠʤʘʣʴʥʦʡ ʝʤʢʦʩʪʠ ʛʨʫʥʪʘ, 

ʘ ʜʣʷ ʦʚʦʱʥʳʭ ð 60 %-80 % [1].  

ʊɦ ʘʪʝʣʴʥʦʝ ʩʦʙʣʶʜʝʥʠʝ ʘʛʨʦʪʝʭʥʠʯʝʩʢʠʭ ʪʨʝʙʦʚʘʥʠʡ ʢ ʚʣʘʞʥʦʩʪʠ ʧʦʯʚʳ ʷʚʣʷʝʪʩʷ 

ʟʘʣʦʛʦʤ ʚʳʩʦʢʦʡ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʨʘʩʪʝʥʠʝʚʦʜʩʪʚʘ. ʇʦʩʢʦʣʴʢʫ ʚʣʘʞʥʦʩʪʴ ʧʦʯʚʳ ʟʘʚʠʩʠʪ ʦʪ 

ʚʠʜʘ ʨʘʩʪʝʥʠʡ, ʦʪ ʧʝʨʠʦʜʘ ʚʝʛʝʪʘʮʠʠ ʠ ʦʪ ʤʥʦʛʦʯʠʩʣʝʥʥʳʭ ʧʦʛʦʜʥʳʭ ʬʘʢʪʦʨʦʚ, ʚʘʞʥʦʝ 
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ʟʥʘʯʝʥʠʝ ʧʨʠʦʙʨʝʪʘʝʪ ʘʚʪʦʤʘʪʠʟʘʮʠʷ ʢʦʥʪʨʦʣʷ ʠ ʨʝʛʫʣʠʨʦʚʘʥʠʷ ʚʣʘʞʥʦʩʪʠ ʧʦʯʚʳ ʚ 

ʢʦʨʥʝʚʦʡ ʟʦʥʝ ʨʘʩʪʝʥʠʡ. 

ʋʟʙʝʢʠʩʪʘʥ ʨʘʩʧʦʣʦʞʝʥ ʚ ʧʦʣʫʟʘʩʫʰʣʠʚʦʤ ʨʝʛʠʦʥʝ ʩ ʞʘʨʢʠʤ ʩʫʭʠʤ ʘʨʠʜʥʳʤ 

ʢʣʠʤʘʪʦʤ. ʇʦʵʪʦʤʫ ʚ ʫʩʣʦʚʠʷʭ ʟʘʩʫʰʣʠʚʳʭ ʣʝʪʥʠʭ ʜʥʝʡ ʠ ʜʝʬʠʮʠʪʘ ʚʣʘʛʦʦʙʝʩʧʝʯʝʥʥʦʩʪʠ 

ʧʦʯʚʳ ʦʙʝʩʧʝʯʝʥʠʝ ʦʧʪʠʤʘʣʴʥʦʡ ʚʣʘʞʥʦʩʪʠ ʧʦʯʚʳ ʠ, ʩʣʝʜʦʚʘʪʝʣʴʥʦ, ʧʦʣʫʯʝʥʠʝ 

ʩʪʘʙʠʣʴʥʦʛʦ ʫʨʦʞʘʷ ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʳʭ ʢʫʣʴʪʫʨ ʙʝʟ ʦʨʦʰʝʥʠʷ ʥʝʚʦʟʤʦʞʥʦ.  ʇʦʵʪʦʤʫ 

ʦʨʦʰʘʝʤʦʝ ʟʝʤʣʝʜʝʣʠʝ ʜʣʷ ʞʠʟʥʝʜʝʷʪʝʣʴʥʦʩʪʠ ʠʤʝʝʪ ʢʣʶʯʝʚʦʝ ʟʥʘʯʝʥʠʝ ʠ ʷʚʣʷʝʪʩʷ 

ʩʘʤʳʤ ʢʨʫʧʥʳʤ ʧʦʪʨʝʙʠʪʝʣʝʤ ʚʦʜʳ ʚ ʨʝʩʧʫʙʣʠʢʝ. ʅʘ ʩʝʛʦʜʥʷʰʥʠʡ ʜʝʥʴ ʦʥʦ ʠʩʧʦʣʴʟʫʝʪ 

ʙʦʣʝʝ 90 % ʚʩʝʭ ʚʦʜʥʳʭ ʨʝʩʫʨʩʦʚ ʋʟʙʝʢʠʩʪʘʥʘ [2,3].  

ɺ ʩʚʷʟʠ ʩ ʵʪʠʤ ʩ ʢʘʞʜʳʤ ʛʦʜʦʤ ʚʩʸ ʦʩʪʨʝʝ ʩʪʦʠʪ ʚʦʧʨʦʩ ʦʙ ʵʢʦʥʦʤʠʠ ʚʦʜʥʳʭ 

ʨʝʩʫʨʩʦʚ ʧʫʪʝʤ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʚ ʩʝʣʴʩʢʦʤ ʭʦʟʷʡʩʪʚʝ ʚʦʜʦʩʙʝʨʝʛʘʶʱʠʭ ʪʝʭʥʦʣʦʛʠʡ ʠ 

ʦʨʦʩʠʪʝʣʴʥʳʭ ʩʠʩʪʝʤ, ʢʦʪʦʨʳʝ ʜʦʣʞʥʳ ʦʙʝʩʧʝʯʠʪʴ ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʳʭ ʢʫʣʴʪʫʨ ʚʦʜʦʡ 

ʜʣʷ ʧʦʜʜʝʨʞʘʥʠʷ ʥʝʦʙʭʦʜʠʤʦʛʦ ʫʨʦʚʥʷ ʥʘʠʤʝʥʴʰʝʡ ʚʣʘʛʦʝʤʢʦʩʪʠ ʚ ʥʘʠʙʦʣʝʝ 

ʢʨʠʪʠʯʝʩʢʠʝ ʧʝʨʠʦʜʳ ʠʭ ʨʦʩʪʘ ʠ ʨʘʟʚʠʪʠʷ. ʇʦʵʪʦʤʫ, ʯʪʦʙʳ ʦʧʨʝʜʝʣʠʪʴ ʩʦʜʝʨʞʘʥʠʝ ʚʣʘʛʠ 

ʚ ʧʦʯʚʝ, ʥʝʦʙʭʦʜʠʤʦ ʧʨʦʚʦʜʠʪʴ ʨʝʛʫʣʷʨʥʳʝ ʠʟʤʝʨʝʥʠʷ ʠ ʘʥʘʣʠʟʠʨʦʚʘʪʴ ʧʦʣʫʯʝʥʥʳʝ 

ʜʘʥʥʳʝ, ʪ.ʝ. ʦʩʫʱʝʩʪʚʣʷʪʴ ʤʦʥʠʪʦʨʠʥʛ ʚʣʘʞʥʦʩʪʠ ʧʦʯʚʳ. 

ʄʦʥʠʪʦʨʠʥʛ ʚʣʘʞʥʦʩʪʠ ʧʦʯʚʳ ʠʛʨʘʝʪ ʛʣʘʚʥʫʶ ʨʦʣʴ ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʥʘʠʙʦʣʝʝ 

ʢʘʯʝʩʪʚʝʥʥʦʡ ʧʨʦʜʫʢʮʠʠ, ʘ ʪʘʢʞʝ ʭʦʨʦʰʝʛʦ ʫʨʦʞʘʷ. ɻʣʘʚʥʳʤ ʬʘʢʪʦʨʦʤ ʫʨʦʞʘʡʥʦʩʪʠ 

ʷʚʣʷʝʪʩʷ ʥʝʦʙʭʦʜʠʤʦʝ ʠ ʜʦʩʪʘʪʦʯʥʦʝ ʢʦʣʠʯʝʩʪʚʦ ʚʦʜʳ ʚ ʛʨʫʥʪʝ, ʢʦʪʦʨʦʝ ʙʫʜʝʪ 

ʫʜʦʚʣʝʪʚʦʨʷʪʴ ʨʘʩʪʝʥʠʷ. ʂʘʢ ʧʨʘʚʠʣʦ, ʬʝʨʤʝʨʩʢʠʝ ʭʦʟʷʡʩʪʚʘ ʥʝ ʠʤʝʶʪ ʚʦʟʤʦʞʥʦʩʪʴ 

ʨʝʛʫʣʷʨʥʦʛʦ ʠʟʤʝʨʝʥʠʷ ʚʣʘʞʥʦʩʪʠ ʧʦʯʚʳ, ʠ ʧʦʵʪʦʤʫ ʧʨʠʙʝʛʘʶʪ ʢ ʪʘʢʠʤ ʤʝʨʘʤ, ʢʘʢ 

ʠʟʙʳʪʦʯʥʳʡ ʧʦʣʠʚ. ʅʦ, ʪʘʢʠʝ ʤʝʨʳ ʚ ʫʩʣʦʚʠʷʭ ʦʩʪʨʦʛʦ ʜʝʬʠʮʠʪʘ ʚʦʜʳ ʦʪʨʠʮʘʪʝʣʴʥʦ 

ʩʢʘʟʳʚʘʶʪʩʷ ʥʘ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʚʦʜʦʧʦʣʴʟʦʚʘʥʠʷ ʠ ʩʦʩʪʦʷʥʠʠ ʧʦʯʚʳ, ʧʦʩʢʦʣʴʢʫ ʚ ʪʘʢʦʤ 

ʩʣʫʯʘʝ ʧʦʷʚʣʷʝʪʩʷ ʨʠʩʢ ʚʦʟʥʠʢʥʦʚʝʥʠʷ ʵʨʦʟʠʠ ʧʦʯʚʳ, ʯʪʦ ʚ ʜʘʣʴʥʝʡʰʝʤ ʧʨʠʚʝʜʸʪ ʢ 

ʜʦʧʦʣʥʠʪʝʣʴʥʳʤ ʟʘʪʨʘʪʘʤ.  

ʉʚʦʝʚʨʝʤʝʥʥʦʝ ʠ ʛʨʘʤʦʪʥʦʝ ʦʧʨʝʜʝʣʝʥʠʝ ʚʣʘʞʥʦʩʪʠ ʧʦʯʚʳ ʧʦʟʚʦʣʠʪ ʫʤʝʥʴʰʠʪʴ 

ʨʘʩʭʦʜʳ ʚʦʜʳ, ʘ ʪʘʢʞʝ ʩʚʷʟʘʥʥʳʝ ʩ ʥʠʤ ʨʘʩʭʦʜʳ ʥʘ ʥʝʨʘʮʠʦʥʘʣʴʥʦʝ ʧʨʠʤʝʥʝʥʠʝ 

ʨʘʟʣʠʯʥʳʭ ʫʜʦʙʨʝʥʠʡ, ʫʤʝʥʴʰʠʪ ʨʠʩʢ ʧʦʪʝʨʠ ʫʨʦʞʘʷ ʠ ʫʭʫʜʰʝʥʠʝ ʢʘʯʝʩʪʚʘ ʧʨʦʜʫʢʮʠʠ. 

ɺ ʩʚʷʟʠ ʩ ʧʨʦʚʦʜʠʤʳʤʠ ʨʝʬʦʨʤʘʤʠ ʚ ʘʛʨʘʨʥʦʤ ʩʝʢʪʦʨʝ ʨʝʩʧʫʙʣʠʢʠ ʋʟʙʝʢʠʩʪʘʥ ʥʘ 

ʩʤʝʥʫ ʢʦʣʣʝʢʪʠʚʥʳʤ ʬʦʨʤʘʤ ʟʝʤʣʝʧʦʣʴʟʦʚʘʥʠʷ ʧʨʠʰʣʠ ʥʝʟʘʚʠʩʠʤʳʝ ʬʝʨʤʝʨʩʢʠʝ 

ʭʦʟʷʡʩʪʚʘ. ʇʣʦʱʘʜʴ ʭʦʟʷʡʩʪʚ ʵʪʠʭ ʭʦʟʷʡʩʪʚ  ʚ ʦʩʥʦʚʥʦʤ ʩʦʩʪʘʚʣʷʝʪ ʦʪ 0,5 ʜʦ 10 ʛʘ. ʀʟ-ʟʘ 

ʨʘʟʥʦʦʙʨʘʟʠʷ ʧʦʯʚʝʥʥʦ-ʢʣʠʤʘʪʠʯʝʩʢʠʭ, ʛʠʜʨʦʛʝʦʣʦʛʠʯʝʩʢʠʭ, ʨʝʣʴʝʬʥʳʭ ʠ ʭʦʟʷʡʩʪʚʝʥʥʳʭ 

ʫʩʣʦʚʠʡ ʦʨʦʰʝʥʠʝ ʧʦʩʝʚʥʳʭ ʧʣʦʱʘʜʝʡ ʧʨʦʜʦʣʞʘʝʪ ʦʩʪʘʚʘʪʴʩʷ, ʚ ʦʩʥʦʚʥʦʤ, ʤʝʥʝʝ 

ʵʥʝʨʛʦʟʘʪʨʘʪʥʳʤ ʧʦʚʝʨʭʥʦʩʪʥʳʤ ʩʧʦʩʦʙʦʤ - ʧʦ ʙʦʨʦʟʜʘʤ. ʂʨʦʤʝ ʪʦʛʦ, ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ, 

ʧʨʠ ʧʦʚʳʰʘʶʱʠʭʩʷ ʪʘʨʠʬʘʭ ʥʘ ʵʥʝʨʛʦʨʝʩʫʨʩʳ ʦʱʫʪʠʤʦ ʚʦʟʨʘʩʪʘʝʪ ʨʦʣʴ ʵʪʦʛʦ 

ʤʘʣʦʵʥʝʨʛʦʝʤʢʦʛʦ ʩʧʦʩʦʙʘ ʦʨʦʰʝʥʠʷ. ʇʣʘʥʠʨʦʚʘʥʠʝ ʚʦʜʦʧʦʣʴʟʦʚʘʥʠʷ ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ 

ʚʝʜʝʪʩʷ ʥʘ ʦʩʥʦʚʝ ʜʝʢʘʜʥʳʭ ʛʠʜʨʦʤʦʜʫʣʝʡ, ʩʦʩʪʘʚʣʝʥʥʳʭ  ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʥʝ ʩʦʚʩʝʤ 

ʘʢʪʫʘʣʴʥʳʭ  ʥʦʨʤʘʪʠʚʥʳʭ ʜʘʥʥʳʭ ʠ ʨʝʢʦʤʝʥʜʘʮʠʡ, ʢʦʪʦʨʳʝ ʨʘʩʩʯʠʪʘʥʳ ʥʘ ʪʝʦʨʝʪʠʯʝʩʢʦʝ 

ʦʙʝʩʧʝʯʝʥʠʝ ʧʦʣʫʯʝʥʠʷ ʤʘʢʩʠʤʘʣʴʥʳʭ ʫʨʦʞʘʝʚ ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʳʭ ʢʫʣʴʪʫʨ.  

ʊʝʭʥʦʣʦʛʠʷ ʧʦʣʠʚʘ, ʧʨʠʤʝʥʷʝʤʘʷ ʚ ʬʝʨʤʝʨʩʢʠʭ ʭʦʟʷʡʩʪʚʘʭ, ʥʝ ʧʦʟʚʦʣʷʝʪ 

ʵʬʬʝʢʪʠʚʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʚʦʜʫ ʠʟ-ʟʘ ʦʪʩʫʪʩʪʚʠʷ ʪʝʭʥʠʯʝʩʢʠʭ ʩʨʝʜʩʪʚ ʦʧʝʨʘʪʠʚʥʦʛʦ 

ʢʦʥʪʨʦʣʷ ʨʝʘʣʴʥʦʛʦ ʩʦʩʪʦʷʥʠʷ ʚʣʘʞʥʦʩʪʠ ʛʨʫʥʪʘ ʦʨʦʰʘʝʤʳʭ ʫʯʘʩʪʢʦʚ ʠ ʫʧʨʘʚʣʝʥʠʷ 

ʨʝʞʠʤʦʤ ʧʦʣʠʚʘ ʨʘʩʪʝʥʠʡ ʩ ʫʯʝʪʦʤ ʵʪʦʛʦ. ʀʟ-ʟʘ ʵʪʦʛʦ ʚʦʟʥʠʢʘʶʪ ʧʨʦʙʣʝʤʳ 

ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʚʦʜʳ ʤʝʞʜʫ ʭʦʟʷʡʩʪʚʘʤʠ ʠ ʥʝʵʬʬʝʢʪʠʚʥʦʛʦ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʧʨʠ ʝʸ 

ʜʝʬʠʮʠʪʝ ʚ ʥʘʠʙʦʣʝʝ ʥʘʧʨʷʞʸʥʥʳʝ ʧʝʨʠʦʜʳ ʦʨʦʩʠʪʝʣʴʥʦʛʦ ʩʝʟʦʥʘ.  
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ʉʫʱʝʩʪʚʫʶʱʘʷ ʦʨʦʩʠʪʝʣʴʥʘʷ ʩʠʩʪʝʤʘ ʥʝ ʧʨʠʩʧʦʩʦʙʣʝʥʘ ʢ ʨʘʙʦʪʝ ʥʘ ʥʝʙʦʣʴʰʠʭ 

ʧʣʦʱʘʜʷʭ ʬʝʨʤʝʨʩʢʠʭ ʭʦʟʷʡʩʪʚ, ʘ ʜʣʷ ʧʨʠʦʙʨʝʪʝʥʠʷ ʩʦʚʨʝʤʝʥʥʳʭ ʨʝʩʫʨʩʦʩʙʝʨʝʛʘʶʱʠʭ 

ʩʠʩʪʝʤ ʢʦʥʪʨʦʣʷ ʠ ʫʧʨʘʚʣʝʥʠʷ ʨʝʞʠʤʘʤʠ ʧʦʣʠʚʘ ʨʘʩʪʝʥʠʡ ʫ ʬʝʨʤʝʨʦʚ ʥʝʪ ʩʨʝʜʩʪʚ. 

ɼʘʥʥʘʷ ʩʠʪʫʘʮʠʷ ʥʝ ʧʦʟʚʦʣʷʝʪ ʜʦʩʪʠʯʴ ʥʝʦʙʭʦʜʠʤʦʡ ʵʢʦʥʦʤʠʯʝʩʢʦʡ ʵʬʬʝʢʪʠʚʥʦʩʪʠ 

ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʚʦʜʳ ʠ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʧʨʝʜʫʩʤʦʪʨʝʥʥʫʶ ʧʨʠ ʧʣʘʥʠʨʦʚʘʥʠʠ 

ʚʦʜʦʧʦʣʴʟʦʚʘʥʠʷ ʫʨʦʞʘʡʥʦʩʪʠ.  

ʏʪʦʙʳ ʦʩʪʘʚʘʪʴʩʷ ʢʦʥʢʫʨʝʥʪʦʩʧʦʩʦʙʥʳʤʠ ʠ ʦʙʝʩʧʝʯʠʚʘʪʴ ʫʩʪʦʡʯʠʚʦʩʪʴ, 

ʧʨʦʜʫʢʪʠʚʥʦʩʪʴ ʠ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʩʚʦʝʡ ʜʝʷʪʝʣʴʥʦʩʪʠ, ʬʝʨʤʝʨʘʤ ʢʨʘʡʥʝ ʚʘʞʥʦ 

ʠʩʧʦʣʴʟʦʚʘʪʴ ʧʝʨʝʜʦʚʳʝ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʝ ʨʝʰʝʥʠʷ. ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʠʥʥʦʚʘʮʠʦʥʥʳʭ 

ʪʝʭʥʦʣʦʛʠʡ ʚ ʩʝʣʴʩʢʦʤ ʭʦʟʷʡʩʪʚʝ ʤʦʞʝʪ ʧʦʤʦʯʴ ʩʦʢʨʘʪʠʪʴ ʨʘʩʭʦʜ ʚʦʜʳ, ʧʦʚʳʩʠʪʴ 

ʫʨʦʞʘʡʥʦʩʪʴ, ʩʥʠʟʠʪʴ ʫʨʦʚʝʥʴ ʧʨʦʜʦʚʦʣʴʩʪʚʝʥʥʦʡ ʙʝʟʦʧʘʩʥʦʩʪʠ, ʩʤʷʛʯʠʪʴ ʧʦʩʣʝʜʩʪʚʠʷ 

ʠʟʤʝʥʝʥʠʷ ʢʣʠʤʘʪʘ ʠ ʫʜʦʚʣʝʪʚʦʨʠʪʴ ʧʦʪʨʝʙʥʦʩʪʠ ʨʘʩʪʫʱʝʛʦ ʥʘʩʝʣʝʥʠʷ ʧʣʘʥʝʪʳ. ʏʪʦʙʳ 

ʜʦʙʠʪʴʩʷ ʵʪʠʭ ʧʨʝʠʤʫʱʝʩʪʚ, ʬʝʨʤʝʨʳ ʜʦʣʞʥʳ ʚʥʝʜʨʷʪʴ ʥʦʚʳʝ ʪʝʭʥʦʣʦʛʠʠ ʠ 

ʦʧʪʠʤʠʟʠʨʦʚʘʪʴ ʩʚʦʶ ʜʝʷʪʝʣʴʥʦʩʪʴ.  

ʆʜʥʠʤ ʠʟ ʢʣʶʯʝʚʳʭ ʜʦʩʪʠʞʝʥʠʡ, ʪʨʘʥʩʬʦʨʤʠʨʫʶʱʠʭ ʪʨʘʜʠʮʠʦʥʥʳʝ ʤʝʪʦʜʳ 

ʚʝʜʝʥʠʷ ʩʝʣʴʩʢʦʛʦ ʭʦʟʷʡʩʪʚʘ, ʷʚʣʷʝʪʩʷ ʘʚʪʦʤʘʪʠʟʘʮʠʷ ʧʨʦʮʝʩʩʦʚ ʦʨʦʰʝʥʠʷ ʩʝʣʴʭʦʟ 

ʢʫʣʴʪʫʨ ʚ ʬʝʨʤʝʨʩʢʠʭ ʭʦʟʷʡʩʪʚʘʭ. ʕʪʦ ʥʦʚʦʚʚʝʜʝʥʠʝ ʥʝ ʪʦʣʴʢʦ ʤʦʜʝʨʥʠʟʠʨʫʝʪ ʩʝʣʴʩʢʦʝ 

ʭʦʟʷʡʩʪʚʦ, ʥʦ ʠ ʩʫʱʝʩʪʚʝʥʥʦ ʚʣʠʷʝʪ ʥʘ ʩʧʦʩʦʙʳ ʚʳʨʘʱʠʚʘʥʠʷ ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʳʭ 

ʢʫʣʴʪʫʨ ʠ ʫʧʨʘʚʣʝʥʠʷ ʚʦʜʥʳʤʠ ʨʝʩʫʨʩʘʤʠ. 

ʉʝʛʦʜʥʷ ʚ ʩʝʣʴʩʢʦʤ ʭʦʟʷʡʩʪʚʝ ʨʘʟʚʠʪʳʭ ʩʪʨʘʥ ʚ ʧʦʚʳʰʝʥʠʠ ʫʨʦʞʘʡʥʦʩʪʠ ʠ 

ʩʦʢʨʘʱʝʥʠʠ ʧʦʪʨʝʙʣʝʥʠʷ ʚʦʜʳ ʥʘ ʧʦʤʦʱʴ ʬʝʨʤʝʨʘʤ ʧʨʠʭʦʜʷʪ ʩʦʚʨʝʤʝʥʥʳʝ 

ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʳʝ ʠʥʬʦʨʤʘʮʠʦʥʥʦ-ʢʦʤʤʫʥʠʢʘʮʠʦʥʥʳʝ ʠ ʮʠʬʨʦʚʳʝ ʪʝʭʥʦʣʦʛʠʠ. ɹʦʣʴʰʠʝ 

ʜʘʥʥʳʝ (Big Data), ʩʦʙʠʨʘʝʤʳʝ ʩ ʧʦʤʦʱʴʶ ʪʝʭʥʦʣʦʛʠʠ ʀʥʪʝʨʥʝʪʘ ʚʝʱʝʡ (IoT -Internet of 

Things) ʠ ʠʭ ʘʥʘʣʠʟ ʧʦʤʦʛʘʶʪ ʦʧʨʝʜʝʣʠʪʴ ʙʣʘʛʦʧʨʠʷʪʥʦʝ ʚʨʝʤʷ ʜʣʷ ʧʦʩʘʜʢʠ ʠʣʠ ʩʙʦʨʘ 

ʫʨʦʞʘʷ, ʨʘʩʩʯʠʪʘʪʴ ʩʭʝʤʫ ʧʦʜʘʯʠ ʫʜʦʙʨʝʥʠʡ, ʧʨʦʠʟʚʦʜʠʪʴ ʤʦʥʠʪʦʨʠʥʛ, ʧʨʦʛʥʦʟʠʨʦʚʘʪʴ 

ʫʨʦʞʘʡ ʠ ʤʥʦʛʦʝ ʜʨʫʛʦʝ [4-9].  

ʉ ʫʯʝʪʦʤ ʤʠʨʦʚʦʛʦ ʦʧʳʪʘ, ʚ ʋʟʙʝʢʠʩʪʘʥʝ ʚ ʧʦʩʣʝʜʥʠʝ ʛʦʜʳ ʧʨʠʥʠʤʘʶʪʩʷ ʚʝʩʴʤʘ 

ʩʝʨʴʝʟʥʳʝ ʠ ʜʝʡʩʪʚʝʥʥʳʝ ʤʝʨʳ ʧʦ ʨʘʟʚʠʪʠʶ ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʦʛʦ ʩʝʢʪʦʨʘ, ʚʥʝʜʨʝʥʠʶ ʚ 

ʩʝʣʴʩʢʦʝ ʭʦʟʷʡʩʪʚʦ ʩʦʚʨʝʤʝʥʥʳʭ ʠʥʥʦʚʘʮʠʦʥʥʳʭ ʪʝʭʥʦʣʦʛʠʡ [10,11]. ʆʜʥʘʢʦ, ʚ ʩʝʣʴʩʢʦʤ 

ʭʦʟʷʡʩʪʚʝ ʋʟʙʝʢʠʩʪʘʥʘ ʫʨʦʚʝʥʴ ʘʚʪʦʤʘʪʠʟʘʮʠʠ ʥʘʭʦʜʠʪʩʷ ʧʦʢʘ ʝʱʸ ʥʘ ʥʘʯʘʣʝ ʧʫʪʠ. ɿʘ 

ʧʦʩʣʝʜʥʠʝ 20 ʣʝʪ ʚ ʘʚʪʦʤʘʪʠʢʝ ʜʣʷ ʧʦʣʠʚʘ ʠʟʤʝʥʠʣʦʩʴ ʤʥʦʛʦʝ. ʊʝʤ ʥʝ ʤʝʥʝʝ, 

ʨʘʟʥʦʦʙʨʘʟʠʝ, ʪʦʯʥʦʩʪʴ ʜʘʪʯʠʢʦʚ, ʘ ʛʣʘʚʥʦʝ ʠʭ ʜʦʩʪʫʧʥʦʩʪʴ ʜʣʷ ʩʝʣʴʭʦʟʧʨʦʠʟʚʦʜʠʪʝʣʝʡ 

ʦʩʪʘʶʪʩʷ ʥʘ ʥʠʟʢʦʤ ʫʨʦʚʥʝ. ɼʣʷ ʫʩʧʝʰʥʦʛʦ ʨʝʰʝʥʠʷ ʵʪʠʭ ʟʘʜʘʯ ʥʝʦʙʭʦʜʠʤʦ ʰʠʨʦʢʦʝ 

ʚʥʝʜʨʝʥʠʝ çʫʤʥʦʛʦè ʩʝʣʴʩʢʦʛʦ ʭʦʟʷʡʩʪʚʘ, ʢʦʪʦʨʦʝ ʧʦʟʚʦʣʷʝʪ ʤʘʢʩʠʤʘʣʴʥʦ 

ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʪʴ ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʫʶ ʜʝʷʪʝʣʴʥʦʩʪʴ [12]. 

ɸʥʘʣʠʟ ʧʨʘʢʪʠʢʠ ʧʨʦʚʝʜʝʥʠʷ ʘʛʨʘʨʥʳʭ ʨʝʬʦʨʤ ʠ ʫʧʨʘʚʣʝʥʠʷ ʧʨʦʮʝʩʩʘʤʠ ʧʦʣʠʚʘ 

ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʳʭ ʢʫʣʴʪʫʨ ʚ ʜʨʫʛʠʭ ʩʪʨʘʥʘʭ ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ ʥʘʠʙʦʣʝʝ ʨʘʮʠʦʥʘʣʴʥʳʤ 

ʚʘʨʠʘʥʪʦʤ ʨʝʰʝʥʠʷ ʧʨʦʙʣʝʤʳ ʷʚʣʷʝʪʩʷ ʨʘʟʨʘʙʦʪʢʘ ʙʶʜʞʝʪʥʦʡ (ʥʝʜʦʨʦʛʦʡ) ʩʠʩʪʝʤʳ, 

ʧʦʟʚʦʣʷʶʱʝʡ  ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʪʴ ʢʦʥʪʨʦʣʴ ʩʦʩʪʦʷʥʠʷ ʚʣʘʞʥʦʩʪʠ ʧʦʯʚʳ ʚ ʢʦʨʥʝʚʦʡ ʟʦʥʝ 

ʨʘʩʪʝʥʠʷ ʠ ʫʧʨʘʚʣʷʪʴ ʨʝʞʠʤʘʤʠ ʧʦʣʠʚʘ ʜʣʷ ʦʙʝʩʧʝʯʝʥʠʷ ʦʧʪʠʤʘʣʴʥʦʡ ʚʣʘʞʥʦʩʪʠ ʧʦʯʚʳ ʚ 

ʧʝʨʠʦʜ ʚʝʛʝʪʘʮʠʠ ʨʘʩʪʝʥʠʡ ʚ ʬʝʨʤʝʨʩʢʠʭ ʭʦʟʷʡʩʪʚʘʭ (ʚ ʪ.ʯ., ʧʣʦʱʘʜʴ ʢʦʪʦʨʳʭ ʥʝ 

ʧʨʝʚʳʰʘʝʪ 0,5-1ʛʘ).    

ʄʘʪʝʨʠʘʣʳ ʠ ʤʝʪʦʜʳ. ʆʩʥʦʚʥʦʡ ʧʦʢʘʟʘʪʝʣʴ ʧʨʠʩʫʪʩʪʚʠʷ ʚʣʘʛʠ ʚ ʧʦʯʚʝ ï 

ʚʣʘʞʥʦʩʪʴ. ʕʪʦ ʧʨʦʮʝʥʪʥʦʝ ʩʦʦʪʥʦʰʝʥʠʝ ʚʦʜʳ ʠ ʩʫʭʦʡ ʤʘʩʩʳ ʚ ʛʨʫʥʪʝ. ʄʝʪʦʜʳ ʢʦʥʪʨʦʣʷ 

ʚʣʘʞʥʦʩʪʠ ʧʦʯʚʳ ʜʝʣʷʪʩʷ ʥʘ ʧʨʷʤʳʝ, ʢʦʩʚʝʥʥʳʝ ʠ ʜʠʩʪʘʥʮʠʦʥʥʳʝ.  
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ʇʨʷʤʳʝ ʤʝʪʦʜʳ ʧʦʜʨʘʟʫʤʝʚʘʶʪ ʠʟʚʣʝʯʝʥʠʝ ʚʣʘʛʠ ʠʟ ʦʙʨʘʟʮʘ ʛʨʫʥʪʘ ʧʦʩʨʝʜʩʪʚʦʤ 

ʠʩʧʘʨʝʥʠʷ, ʚʳʤʳʚʘʥʠʷ ʠʣʠ ʭʠʤʠʯʝʩʢʦʡ ʨʝʘʢʮʠʠ. ɺʣʘʞʥʦʩʪʴ ʧʦʯʚʳ ʨʘʩʩʯʠʪʳʚʘʝʪʩʷ ʚ 

ʣʘʙʦʨʘʪʦʨʥʳʭ ʫʩʣʦʚʠʷʭ ʧʫʪʝʤ ʩʨʘʚʥʝʥʠʷ ʤʘʩʩʳ ʠʩʧʘʨʝʥʥʦʡ ʚʣʘʛʠ ʠ ʩʫʭʦʡ ʧʦʯʚʳ. ʕʪʦʪ 

ʤʝʪʦʜ ʥʘʟʳʚʘʝʪʩʷ ʪʝʨʤʦʩʪʘʪʥʦ-ʚʝʩʦʚʳʤ ʤʝʪʦʜʦʤ. ʆʧʨʝʜʝʣʝʥʠʝ ʧʦʣʠʚʥʦʡ ʥʦʨʤʳ, ʦʪʙʦʨ 

ʧʨʦʙ ʠ ʥʘʭʦʞʜʝʥʠʝ ʚʣʘʞʥʦʩʪʠ ʧʦʯʚʳ ʪʝʨʤʦʩʪʘʪʥʦ-ʚʝʩʦʚʳʤ ʤʝʪʦʜʦʤ ʷʚʣʷʶʪʩʷ ʜʦʚʦʣʴʥʦ 

ʩʣʦʞʥʳʤʠ, ʪʨʝʙʫʶʱʠʤʠ ʦʧʨʝʜʝʣʝʥʥʳʭ ʟʥʘʥʠʡ ʠ ʦʧʳʪʘ ʧʨʦʠʟʚʦʜʩʪʚʘ ʨʘʙʦʪ ʥʘ 

ʩʧʝʮʠʘʣʴʥʦʤ ʦʙʦʨʫʜʦʚʘʥʠʠ ʠ ʠʟʤʝʨʠʪʝʣʴʥʳʭ ʧʨʠʙʦʨʘʭ.  

ʂʦʩʚʝʥʥʳʝ ʤʝʪʦʜʳ ʦʩʥʦʚʘʥʳ ʥʘ ʦʧʨʝʜʝʣʝʥʠʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʛʨʫʥʪʘ ʚ ʟʘʚʠʩʠʤʦʩʪʠ 

ʦʪ ʩʪʝʧʝʥʠ ʝʛʦ ʚʣʘʞʥʦʩʪʠ, ʘ ʪʘʢʞʝ ʦʧʨʝʜʝʣʝʥʠʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʧʦʤʝʱʝʥʥʳʭ ʚ ʥʝʛʦ 

ʧʨʝʜʤʝʪʦʚ (ʘʙʩʦʨʙʝʥʪʦʚ).    

ɺ ʜʠʩʪʘʥʮʠʦʥʥʳʭ ʤʝʪʦʜʘʭ ʠʩʧʦʣʴʟʫʶʪʩʷ ʩʧʫʪʥʠʢʦʚʳʝ ʜʘʥʥʳʝ, ʧʦʣʫʯʝʥʥʳʝ 

ʦʪʨʘʞʝʥʠʝʤ ɻʣʝʢʪʨʦʤʘʛʥʠʪʥʦʛʦ ʠʟʣʫʯʝʥʠʷ ʦʪ ʧʦʚʝʨʭʥʦʩʪʠ ʛʨʫʥʪʘ ʚ ʦʧʨʝʜʝʣʝʥʥʦʤ 

ʩʧʝʢʪʨʘʣʴʥʦʤ ʜʠʘʧʘʟʦʥʝ. ʉʦʚʨʝʤʝʥʥʘ ̫ʪʝʭʥʦʣʦʛʠʷ ʥʘ ʦʩʥʦʚʝ  ʜʠʩʪʘʥʮʠʦʥʥʳʭ ʤʝʪʦʜʦʚ 

ʧʦʟʚʦʣʷʝʪ ʦʪʩʣʝʞʠʚʘʪʴ ʢʦʥʮʝʥʪʨʘʮʠʶ ʚʣʘʛʠ ʚ ʧʦʯʚʝ ʛʨʫʥʪʝ ʘʚʪʦʤʘʪʠʯʝʩʢʠ.  

ʌʝʨʤʝʨʫ ʩʘʤʦʩʪʦʷʪʝʣʴʥʦ ʧʨʦʠʟʚʝʩʪʠ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʧʦʣʝʚʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʜʣʷ 

ʦʧʨʝʜʝʣʝʥʠʷ ʚʣʘʞʥʦʩʪʠ ʧʦʯʚʳ ʧʨʷʤʳʤʠ ʠʣʠ ʢʦʩʚʝʥʥʳʤʠ ʤʝʪʦʜʘʤʠ ʧʨʘʢʪʠʯʝʩʢʠ ʥʝ 

ʚʦʟʤʦʞʥʦ, ʘ ʧʦʣʴʟʦʚʘʪʴʩʷ ʩʧʫʪʥʠʢʦʚʳʤʠ ʜʘʥʥʳʤʠ ʠʟ-ʟʘ ʤʘʣʦʛʦ ʨʘʟʤʝʨʘ ʧʦʩʝʚʥʦʡ 

ʧʣʦʱʘʜʠ ʠ ʨʘʟʥʦʦʙʨʘʟʠʷ ʟʘʩʝʷʥʥʳʭ ʩʝʣʴʭʦʟʢʫʣʴʪʫʨ ʥʝ ʧʨʝʜʩʪʘʚʣʷʝʪʩʷ ʚʦʟʤʦʞʥʳʤ. 

ʋʯʠʪʳʚʘʷ ʠʟʣʦʞʝʥʥʦʝ, ʚ ʥʘʩʪʦʷʱʝʡ ʨʘʙʦʪʝ ʨʘʩʩʤʦʪʨʝʥʳ ʚʦʧʨʦʩʳ ʧʨʠʤʝʥʝʥʠʷ 

ʩʦʚʨʝʤʝʥʥʳʭ ʠʥʬʦʨʤʘʮʠʦʥʥʦ-ʢʦʤʤʫʥʠʢʘʮʠʦʥʥʳʭ ʪʝʭʥʦʣʦʛʠʡ ʥʘ ʙʘʟʝ ʪʝʭʥʦʣʦʛʠʠ 

çʀʥʪʝʨʥʝʪʘ ʚʝʱʝʡè (IoT-Internet of Things) ʜʣʷ ʢʦʥʪʨʦʣʷ ʠ ʨʝʛʫʣʠʨʦʚʘʥʠʷ ʚʣʘʞʥʦʩʪʠ 

ʧʦʯʚʳ ʠ ʩʦʟʜʘʥʠʷ ʥʘ ʝʸ ʙʘʟʝ ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʦʡ ʩʠʩʪʝʤʳ ʦʨʦʰʝʥʠʷ, ʧʦʟʚʦʣʷʶʱʝʡ 

ʬʝʨʤʝʨʘʤ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʪʴ ʧʨʦʮʝʩʩʳ ʧʦʣʠʚʘ ʠ ʩʦʢʨʘʪʠʪʴ ʧʦʪʨʝʙʣʝʥʠʝ ʚʦʜʳ. 

ɼʘʥʥʘʷ ʪʝʭʥʦʣʦʛʠʷ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʠʩʪʝʤʫ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʠ ʦʙʤʝʥʘ ʠʥʬʦʨʤʘʮʠʝʡ 

ʤʝʞʜʫ ʨʘʟʣʠʯʥʳʤʠ ʫʩʪʨʦʡʩʪʚʘʤʠ ʠ ʤʘʰʠʥʘʤʠ, ʢʦʪʦʨʘʷ ʧʦʟʚʦʣʷʝʪ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʪʴ 

ʧʨʦʮʝʩʩʳ ʫʧʨʘʚʣʝʥʠʷ ʠ ʢʦʥʪʨʦʣʷ ʧʦʩʨʝʜʩʪʚʦʤ ʨʘʟʣʠʯʥʳʭ çʫʤʥʳʭ ʫʩʪʨʦʡʩʪʚè ʠ 

ʟʥʘʯʠʪʝʣʴʥʦ ʩʥʠʟʠʪʴ ʫʯʘʩʪʠʝ ʚ ʥʠʭ ʯʝʣʦʚʝʢʘ. ʇʨʠʤʝʨʦʚ ʧʨʠʤʝʥʝʥʠʷ ʪʝʭʥʦʣʦʛʠʠ IoT ʚ 

ʘʚʪʦʤʘʪʠʟʘʮʠʷ ʠʨʨʠʛʘʮʠʠ ʚʝʩʴʤʘ ʦʛʨʘʥʠʯʝʥʳ (K.Murali [4], ʅ.ɸ. ʉʪʝʬʘʥʦʚʘ [5], S. Zhang 

[6], N.Suresh [7], ʕʣʝʢʪʨʦʥʥʳʝ ʨʝʩʫʨʩʳ [8-9]). ɺ ʨʘʙʦʪʘʭ (ɸ.ʐ.ɸʨʠʬʞʘʥʦʚ, ɸ.ɸ. 

ɸʙʜʫʛʘʥʠʝʚ [13-17])  ʨʘʩʩʤʦʪʨʝʥʳ ʚʦʧʨʦʩʳ ʧʨʠʤʝʥʝʥʠʷ ʪʝʭʥʦʣʦʛʠʠ IoT ʜʣʷ 

ʘʚʪʦʤʘʪʠʟʘʮʠʠ ʫʧʨʘʚʣʝʥʠʷ ʧʨʦʮʝʩʩʦʤ ʧʦʣʠʚʘ ʧʫʪʝʤ ʤʦʥʠʪʦʨʠʥʛʘ ʠ ʘʥʘʣʠʟʘ ʩʦʩʪʦʷʥʠʷ 

ʚʣʘʞʥʦʩʪʠ ʛʨʫʥʪʘ ʠ ʤʝʪʝʦʫʩʣʦʚʠʡ.  

ʉʪʨʫʢʪʫʨʥʘʷ ʩʭʝʤʘ ʤʦʥʠʪʦʨʠʥʛʘ ʚʣʘʞʥʦʩʪʠ ʧʦʯʚʳ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ "ʀʥʪʝʨʥʝʪʘ 

ʚʝʱʝʡ" (IoT) ʚʢʣʶʯʘʝʪ ʜʘʪʯʠʢʠ ʚʣʘʞʥʦʩʪʠ ʧʦʯʚʳ, ʢʦʪʦʨʳʝ ʠʟʤʝʨʷʶʪ ʚʣʘʞʥʦʩʪʴ, 

ʤʠʢʨʦʢʦʥʪʨʦʣʣʝʨ (ʥʘʧʨʠʤʝʨ, ʥʘ ʙʘʟʝ Arduino ʠʣʠ Raspberry Pi) ʜʣʷ ʦʙʨʘʙʦʪʢʠ ʜʘʥʥʳʭ, 

ʤʦʜʫʣʴ ʩʚʷʟʠ (Wi-Fi ʠʣʠ LoRa) ʜʣʷ ʧʝʨʝʜʘʯʠ ʜʘʥʥʳʭ ʠ ʦʙʣʘʯʥʫʶ ʧʣʘʪʬʦʨʤʫ ʠʣʠ ʩʝʨʚʝʨ, 

ʛʜʝ ʜʘʥʥʳʝ ʭʨʘʥʷʪʩʷ, ʘʥʘʣʠʟʠʨʫʶʪʩʷ ʠ ʚʠʟʫʘʣʠʟʠʨʫʶʪʩʷ, ʘ ʪʘʢʞʝ ʤʦʛʫʪ ʟʘʧʫʩʢʘʪʴ 

ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʳʝ ʩʠʩʪʝʤʳ ʫʧʨʘʚʣʝʥʠʷ ʧʦʣʠʚʦʤ. ɸʣʛʦʨʠʪʤ ʜʝʡʩʪʚʠʷ ʩʪʨʫʢʪʫʨʥʦʡ 

ʩʭʝʤʳ ʠʟʦʙʨʘʞʝʥ ʥʘ ʨʠʩʫʥʢʝ 1. 

 

 

 

 

 

 

ɼʘʪʯʠʢ ʚʣʘʞʥʦʩʪʠ ʠʟʤʝʨʷʝʪ ʚʣʘʞʥʦʩʪʴ ʧʦʯʚʳ. 

ʉʠʛʥʘʣ ʦʪ ʜʘʪʯʠʢʘ ʧʝʨʝʜʘʝʪʩʷ ʥʘ ʤʠʢʨʦʢʦʥʪʨʦʣʣʝʨ. 
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ʈʠʩʫʥʦʢ 1.ɸʣʛʦʨʠʪʤ ʜʝʡʩʪʚʠʷ ʩʠʩʪʝʤʳ ʤʦʥʠʪʦʨʠʥʛʘ ʚʣʘʞʥʦʩʪʠ ʧʦʯʚʳ ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ "ʀʥʪʝʨʥʝʪʘ ʚʝʱʝʡ" (IoT) 

 

ʅʘʤʠ ʨʘʟʨʘʙʦʪʘʥ ʣʘʙʦʨʘʪʦʨʥʳʡ ʧʨʦʪʦʪʠʧ ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʦʡ ʩʠʩʪʝʤʳ ʤʦʥʠʪʦʨʠʥʛʘ 

ʧʨʦʮʝʩʩʘ ʧʦʣʠʚʘ ʥʘ ʦʩʥʦʚʝ IoT, ʢʦʪʦʨʘʷ ʩʤʦʞʝʪ ʩʦʙʠʨʘʪʴ ʚʘʞʥʳʝ ʜʣʷ ʫʧʨʘʚʣʝʥʠʷ ʧʦʣʠʚʦʤ 

ʜʘʥʥʳʝ (ʚ ʪʦʤ ʯʠʩʣʝ ʚʣʘʞʥʦʩʪʴ ʧʦʯʚʳ ʚ ʢʦʨʥʝʚʦʡ ʟʦʥʝ ʨʘʩʪʝʥʠʷ) ʠ ʦʪʧʨʘʚʣʷʪʴ ʠʭ ʥʘ 

ʦʙʣʘʯʥʫʶ ʧʣʘʪʬʦʨʤʫ IoT ʧʦʜ ʥʘʟʚʘʥʠʝʤ Thingspeak ʚ ʨʝʞʠʤʝ ʨʝʘʣʴʥʦʛʦ ʚʨʝʤʝʥʠ, ʛʜʝ 

ʜʘʥʥʳʝ ʤʦʛʫʪ ʙʳʪʴ ʟʘʨʝʛʠʩʪʨʠʨʦʚʘʥʳ, ʧʨʦʘʥʘʣʠʟʠʨʦʚʘʥʳ ʠ ʧʨʠ ʥʝʦʙʭʦʜʠʤʦʩʪʠ 

ʘʢʪʠʚʠʨʦʚʘʥʳ ʢʦʤʘʥʜʳ ʥʘ ʧʦʜʘʯʫ ʚʦʜʳ ʚ ʩʠʩʪʝʤʝ ʧʦʣʠʚʘ ʠ ʨʝʛʫʣʠʨʦʚʘʥʠʷ ʚʣʘʞʥʦʩʪʠ 

ʧʦʯʚʳ. ɹʣʦʢ-ʩʭʝʤʘ ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʦʡ ʩʠʩʪʝʤʳ ʤʦʥʠʪʦʨʠʥʛʘ ʧʨʦʮʝʩʩʘ ʧʦʣʠʚʘ ʥʘ ʦʩʥʦʚʝ 

IoT ʧʨʠʚʝʜʝʥʘ ʥʘ ʨʠʩ.2.  

 
 

ʈʠʩʫʥʦʢ 2. ɹʣʦʢ-ʩʭʝʤʘ ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʦʡ ʩʠʩʪʝʤʳ ʤʦʥʠʪʦʨʠʥʛʘ ʧʨʦʮʝʩʩʘ ʧʦʣʠʚʘ ʥʘ 

ʦʩʥʦʚʝ IoT 

 

ʃʘʙʦʨʘʪʦʨʥʳʡ ʧʨʦʪʦʪʠʧ ʩʦʟʜʘʥ ʥʘ ʙʘʟʝ Arduino -  ʧʣʘʪʳ ʩ ʩʦʙʩʪʚʝʥʥʳʤ 

ʧʨʦʮʝʩʩʦʨʦʤ ʠ ʧʘʤʷʪʴʶ, ʠʩʧʦʣʴʟʫʝʤʦʛʦ ʚ ʢʘʯʝʩʪʚʝ ʤʠʢʨʦʧʨʦʮʝʩʩʦʨʥʦʛʦ ʢʦʥʪʨʦʣʣʝʨʘ ʠ 5 

ʄʠʢʨʦʢʦʥʪʨʦʣʣʝʨ ʦʙʨʘʙʘʪʳʚʘʝʪ ʩʠʛʥʘʣ ʠ 

ʦʪʧʨʘʚʣʷʝʪ ʜʘʥʥʳʝ ʧʦ ʩʝʪʠ ʥʘ ʩʝʨʚʝʨ ʠʣʠ ʚ ʦʙʣʘʢʦ. 

ʅʘ ʩʝʨʚʝʨʝ ʜʘʥʥʳʝ ʘʥʘʣʠʟʠʨʫʶʪʩʷ, 

ʚʠʟʫʘʣʠʟʠʨʫʶʪʩʷ ʠ ʧʨʠ ʥʝʦʙʭʦʜʠʤʦʩʪʠ 

ʘʢʪʠʚʠʨʫʝʪʩʷ ʢʦʤʘʥʜʘ ʥʘ ʦʪʢʨʳʪʠʝ ʢʣʘʧʘʥʘ ʜʣʷ 

ʧʦʜʘʯʠ ʚʦʜʳ ʚ ʩʠʩʪʝʤʝ ʧʦʣʠʚʘ. 
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ʜʘʪʯʠʢʦʚ, ʢʦʪʦʨʳʝ ʠʟʤʝʨʷʶʪ ʰʝʩʪʴ ʨʘʟʣʠʯʥʳʭ ʬʘʢʪʦʨʦʚ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ, ʦʪ ʢʦʪʦʨʳʭ 

ʟʘʚʠʩʠʪ ʨʦʩʪ ʠ ʧʠʪʘʥʠʝ ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʳʭ ʢʫʣʴʪʫʨ: 

1) ɼʘʪʯʠʢ ʪʝʤʧʝʨʘʪʫʨʳ ʠ ʚʣʘʞʥʦʩʪʠ ʚʦʟʜʫʭʘ. 

2) ɼʘʪʯʠʢ ʢʘʯʝʩʪʚʘ ʚʦʟʜʫʭʘ. 

3) ɼʘʪʯʠʢ ʦʩʚʝʱʝʥʥʦʩʪʠ (ʧʘʩʤʫʨʥʦʩʪʠ). 

4) ɼʘʪʯʠʢ ʚʣʘʞʥʦʩʪʠ ʧʦʯʚʳ. 

5) ɼʘʪʯʠʢ ʟʘʩʦʣʝʥʥʦʩʪʠ ʧʦʯʚʳ. 

ɺ ʩʭʝʤʝ ʠʩʧʦʣʴʟʦʚʘʥ GSM ʤʦʜʫʣʴ SIM 800 / 900, ʢʦʪʦʨʳʡ ʤʦʞʝʪ ʧʦʜʢʣʶʯʘʪʴʩʷ ʢ 

GPRS ʠʥʪʝʨʥʝʪʫ ʜʣʷ ʦʪʧʨʘʚʢʠ ʜʘʥʥʳʭ ʩ ʜʘʪʯʠʢʘ ʥʘ ʩʝʨʚʝʨ thingspeak. ɾʂ-ʜʠʩʧʣʝʡ 16Ĭ2 

ʙʫʜʝʪ ʦʪʦʙʨʘʞʘʪʴ ʜʘʥʥʳʝ ʜʘʪʯʠʢʘ, ʢʦʪʦʨʳʡ ʩʦʝʜʠʥʝʥ ʩ ʤʦʜʫʣʝʤ ʘʜʘʧʪʝʨʘ I2C ʜʣʷ 

ʫʤʝʥʴʰʝʥʠʷ ʢʦʣʠʯʝʩʪʚʘ ʧʨʦʚʦʜʦʚ, ʩʦʝʜʠʥʷʶʱʠʭ Arduino ʩ ɾʂ-ʜʠʩʧʣʝʝʤ.   

ɺʣʘʞʥʦʩʪʴ ʧʦʯʚʳ ʤʦʞʥʦ ʠʟʤʝʨʠʪʴ ʩ ʧʦʤʦʱʴʶ ʧʦʢʘʟʘʥʥʦʛʦ ʥʘ ʨʠʩʫʥʢʝ ʜʘʪʯʠʢʘ, 

ʢʦʪʦʨʳʡ ʠʤʝʝʪ ʜʚʘ ʰʪʳʨʷ (ʵʣʝʢʪʨʦʜʘ), ʚʩʪʘʚʣʷʝʤʳʭ ʚ ʚʝʨʭʥʠʡ ʩʣʦʡ ʧʦʯʚʳ. ʕʪʦ 

ʘʥʘʣʦʛʦʚʳʡ ʜʘʪʯʠʢ, ʢʦʪʦʨʳʡ ʙʫʜʝʪ ʚʳʚʦʜʠʪʴ ʘʥʘʣʦʛʦʚʳʝ ʟʥʘʯʝʥʠʷ ʥʘ Arduino. ʄʳ ʙʫʜʝʤ 

ʠʩʧʦʣʴʟʦʚʘʪʴ ʪʦʣʴʢʦ ʘʥʘʣʦʛʦʚʳʡ ʚʳʭʦʜ ʵʪʦʛʦ ʜʘʪʯʠʢʘ, ʢʦʪʦʨʳʡ ʘʥʘʣʦʛʦ-ʮʠʬʨʦʚʳʤ 

ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʝʤ ʧʨʝʦʙʨʘʟʫʝʪʩʷ ʚ 10-ʙʠʪʥʦʝ ʮʠʬʨʦʚʦʝ ʟʥʘʯʝʥʠʝ, ʦʪʦʙʨʘʞʘʶʱʝʝ ʫʨʦʚʝʥʴ 

ʚʣʘʞʥʦʩʪʠ ʚ ʧʨʦʮʝʥʪʘʭ.  

ʆʙʱʠʡ ʚʠʜ ʣʘʙʦʨʘʪʦʨʥʦʛʦ ʧʨʦʪʦʪʠʧʘ ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʦʡ ʩʠʩʪʝʤʳ ʤʦʥʠʪʦʨʠʥʛʘ 

ʚʣʘʞʥʦʩʪʠ ʧʦʯʚʳ ʠ ʫʧʨʘʚʣʝʥʠʷ ʧʨʦʮʝʩʩʦʤ ʧʦʣʠʚʘ ʥʘ ʦʩʥʦʚʝ IoT ʧʨʠʚʝʜʝʥ ʥʘ ʨʠʩʫʥʢʝ 3. 

 

 
ʈʠʩʫʥʦʢ 3. ʆʙʱʠʡ ʚʠʜ ʣʘʙʦʨʘʪʦʨʥʦʛʦ ʧʨʦʪʦʪʠʧʘ ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʦʡ ʩʠʩʪʝʤʳ ʤʦʥʠʪʦʨʠʥʛʘ 

ʧʨʦʮʝʩʩʘ ʧʦʣʠʚʘ ʥʘ ʦʩʥʦʚʝ IoT 

 

ʋʧʨʘʚʣʝʥʠʝ ʧʨʦʮʝʩʩʦʤ ʧʦʣʠʚʘ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʧʫʪʝʤ ʦʧʝʨʘʪʠʚʥʦʛʦ ʩʙʦʨʘ 

(ʤʦʥʠʪʦʨʠʥʛʘ) ʜʘʥʥʳʭ ʩ ʜʘʪʯʠʢʦʚ ʚʣʘʞʥʦʩʪʠ ʧʦʯʚʳ, ʫʩʪʘʥʦʚʣʝʥʥʳʭ ʥʘ ʦʨʦʰʘʝʤʳʭ 

ʫʯʘʩʪʢʘʭ (ʤʘʩʩʠʚʘʭ) ʠ ʩʦʚʤʝʩʪʥʦʡ ʦʙʨʘʙʦʪʢʠ (ʘʥʘʣʠʟʘ) ʨʘʟʥʦʨʦʜʥʳʭ ʜʘʥʥʳʭ ʦ ʧʦʛʦʜʥʦ-

ʢʣʠʤʘʪʠʯʝʩʢʠʭ (ʤʝʪʝʦ) ʫʩʣʦʚʠʷʭ ʤʝʩʪʥʦʩʪʠ, ʦ ʤʝʭʘʥʠʯʝʩʢʠʭ ʠ ʘʛʨʦʭʠʤʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚʘʭ 

ʧʦʯʚʳ, ʧʦʢʘʟʘʪʝʣʷʭ ʬʠʟʠʦʣʦʛʠʯʝʩʢʦʛʦ ʩʦʩʪʦʷʥʠʷ ʨʘʩʪʝʥʠʷ (ʢʦʪʦʨʳʝ ʷʚʣʷʶʪʩʷ ʥʘʠʙʦʣʝʝ 

ʥʘʜʝʞʥʳʤ ʦʨʠʝʥʪʠʨʦʤ ʧʨʠ ʦʧʨʝʜʝʣʝʥʠʠ ʧʦʪʨʝʙʥʦʩʪʠ ʨʘʩʪʝʥʠʷ ʚ ʚʦʜʝ) ʠ ʜʨ. (ʧʦ ʤʝʨʝ 

ʥʝʦʙʭʦʜʠʤʦʩʪʠ). 
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ɺʝʣʠʯʠʥʘ ʧʦʣʠʚʥʦʡ ʥʦʨʤʳ ʟʘʚʠʩʠʪ ʦʪ ʩʪʝʧʝʥʠ ʫʚʣʘʞʥʝʥʠʷ ʧʦʯʚʳ ʢ ʥʘʯʘʣʫ ʧʦʣʠʚʘ 

(ʧʨʝʜʧʦʣʠʚʥʘʷ ʚʣʘʞʥʦʩʪʴ ʧʦʯʚʳ), ʚʝʣʠʯʠʥʳ ʧʦʪʨʝʙʣʝʥʠʷ ʚʦʜʳ ʨʘʩʪʝʥʠʷʤʠ ʚ ʜʘʥʥʦʡ ʬʘʟʝ 

ʨʘʟʚʠʪʠʷ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʙʠʦʣʦʛʠʯʝʩʢʠʭ ʦʩʦʙʝʥʥʦʩʪʝʡ ʢʫʣʴʪʫʨʳ, ʚʣʘʛʦʝʤʢʦʩʪʠ ʧʦʯʚʳ, 

ʤʝʭʘʥʠʯʝʩʢʦʛʦ ʩʦʩʪʘʚʘ ʧʦʯʚʳ, ʫʨʦʚʥʷ ʛʨʫʥʪʦʚʳʭ ʚʦʜ, ʛʣʫʙʠʥʳ ʩʣʦʷ ʧʨʦʤʘʯʠʚʘʥʠʷ ʧʦʯʚʳ 

(ʨʘʩʯʝʪʥʦʛʦ ʩʣʦʷ ʫʚʣʘʞʥʝʥʠʷ ʧʦʯʚʳ).  

ɸʣʛʦʨʠʪʤ ʨʘʙʦʪʳ ʨʘʟʨʘʙʦʪʘʥʥʦʡ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʦʡ ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʦʡ ʩʠʩʪʝʤʳ 

ʫʧʨʘʚʣʝʥʠʷ ʦʨʦʰʝʥʠʝʤ ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʳʭ ʢʫʣʴʪʫʨ ʧʦ ʜʘʥʥʳʤ ʤʦʥʠʪʦʨʠʥʛʘ ʧʨʠʚʝʜʝʥ 

ʥʘ ʨʠʩ.4 

ɽʩʣʠ ʫʨʦʚʝʥʴ (ʚʝʣʠʯʠʥʘ) ʚʣʘʞʥʦʩʪʠ ʥʠʞʝ ʫʩʪʘʥʦʚʣʝʥʥʦʛʦ ʧʦʨʦʛʘ - Wmin, ʪʦ ʢʣʘʧʘʥ 

ʦʪʢʨʳʚʘʝʪʩʷ.  ɸ ʧʨʠ ʜʦʩʪʠʞʝʥʠʠ ʚʣʘʞʥʦʩʪʠ ʢ ʫʩʪʘʥʦʚʣʝʥʥʦʡ ʥʦʨʤʝ Wnor  (ʠʣʠ 

ʤʘʢʩʠʤʘʣʴʥʦʛʦ ʟʥʘʯʝʥʠʷ Wmax ) - ʢʣʘʧʘʥ ʟʘʢʨʳʚʘʝʪʩʷ. 

 

 
 

ʈʠʩʫʥʦʢ 4. ɸʣʛʦʨʠʪʤ ʨʘʙʦʪʳ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʦʡ ʩʠʩʪʝʤʳ ʫʧʨʘʚʣʝʥʠʷ ʧʦʜʘʯʝʡ 

ʚʦʜʳ ʜʣʷ ʨʝʛʫʣʠʨʦʚʘʥʠʷ ʚʣʘʞʥʦʩʪʠ ʧʦʯʚʳ.  

 

ɼʣʷ ʨʝʰʝʥʠʷ ʟʘʜʘʯʠ ʨʝʛʫʣʠʨʦʚʘʥʠʷ ʚʣʘʞʥʦʩʪʠ ʧʦʯʚʳ ʚ ʢʦʨʥʝʚʦʡ ʟʦʥʝ ʨʘʩʪʝʥʠʷ ʧʦ 

ʜʘʥʥʳʤ ʤʦʥʠʪʦʨʠʥʛʘ ʚʣʘʞʥʦʩʪʠ ʧʦʯʚʳ ʠ ʢʣʠʤʘʪʠʯʝʩʢʠʭ ʬʘʢʪʦʨʦʚ ʥʘʤʠ ʙʳʣʘ ʨʘʟʨʘʙʦʪʘʥʘ 

ʤʘʪʝʤʘʪʠʯʝʩʢʘʷ ʤʦʜʝʣʴ, ʦʧʠʩʳʚʘʶʱʘʷ ʟʘʚʠʩʠʤʦʩʪʴ ʚʳʭʦʜʥʦʡ ʚʝʣʠʯʠʥʳ -ʧʦʣʠʚʥʦʡ ʥʦʨʤʳ 

Y ʦʪ ʥʘʙʦʨʘ ʚʭʦʜʥʳʭ ʧʝʨʝʤʝʥʥʳʭ, ʢʦʪʦʨʘʷ ʠʤʝʝʪ ʚʠʜ Y=f (X1, X2,..., Xn).  

ɺ ʦʙʱʝʤ ʩʣʫʯʘʝ ʚʝʢʪʦʨ ʚʭʦʜʥʳʭ ʧʝʨʝʤʝʥʥʳʭ X = (X1, X2,..., Xn) ʤʦʞʝʪ ʩʦʩʪʦʠʪ ʠʟ 

ʨʘʟʥʦʨʦʜʥʳʭ ʜʘʥʥʳʭ.   ʄʝʪʦʜʦʚ, ʧʦʟʚʦʣʷʶʱʠʭ ʚ ʧʦʣʥʦʡ ʤʝʨʝ ʫʯʝʩʪʴ ʪʘʢʦʡ ʙʦʣʴʰʦʡ 

ʦʙʲʝʤ ʢʦʣʠʯʝʩʪʚʝʥʥʦʡ ʠ ʢʘʯʝʩʪʚʝʥʥʦʡ ʠʥʬʦʨʤʘʮʠʠ ʚ ʫʩʣʦʚʠʷʭ ʥʝʦʧʨʝʜʝʣʝʥʥʦʩʪʠ, 

ʧʨʠʩʫʱʠʭ ʢ ʜʘʥʥʳʤ, ʭʘʨʘʢʪʝʨʠʟʫʶʱʠʤ ʨʝʞʠʤʘ ʧʦʣʠʚʘ, ʠ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʠ ʨʝʰʝʥʠʷ ʟʘʜʘʯ 

ʪʘʢʦʛʦ ʪʠʧʘ ʩʨʝʜʠ ʢʣʘʩʩʠʯʝʩʢʠʭ ʧʦʜʭʦʜʦʚ ʤʘʪʝʤʘʪʠʯʝʩʢʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʥʝ ʩʫʱʝʩʪʚʫʝʪ. 

ʇʦʵʪʦʤʫ ʧʨʠ ʧʦʩʪʨʦʝʥʠʠ ʤʘʪʝʤʘʪʠʯʝʩʢʦʡ ʤʦʜʝʣʠ ʥʘʨʷʜʫ ʩ ʘʥʘʣʠʪʠʯʝʩʢʠʤʠ 

ʟʘʚʠʩʠʤʦʩʪʷʤʠ ʧʦʣʴʟʦʚʘʣʠʩʴ ʥʝʯʝʪʢʠʤʠ ʤʝʪʦʜʘʤʠ [18-21]. 
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ʅʘ ʥʘʯʘʣʴʥʦʤ ʵʪʘʧʝ ʧʦʩʪʨʦʝʥʠʷ ʤʘʪʝʤʘʪʠʯʝʩʢʦʡ ʤʦʜʝʣʠ ʙʳʣʠ ʦʪʦʙʨʘʥʳ ʥʘʠʙʦʣʝʝ 

ʠʥʬʦʨʤʘʪʠʚʥʳʝ ʧʦʢʘʟʘʪʝʣʠ, ʦʧʨʝʜʝʣʷʶʱʠʝ ʚʳʙʦʨ ʦʧʪʠʤʘʣʴʥʦʛʦ ʨʝʞʠʤʘ ʦʨʦʰʝʥʠʷ 

ʨʘʩʪʝʥʠʷ, ʠ ʫʩʪʘʥʦʚʣʝʥʳ ʦʩʥʦʚʥʳʝ ʬʫʥʢʮʠʦʥʘʣʴʥʳʝ ʩʚʷʟʠ ʤʝʞʜʫ ʥʠʤʠ. ʕʪʠ ʧʦʢʘʟʘʪʝʣʠ 

ʙʳʣʠ ʧʨʝʜʩʪʘʚʣʝʥʳ ʚʳʭʦʜʥʳʤʠ ʟʥʘʯʝʥʠʷʤʠ ʚ ʚʠʜʝ ʥʝʧʨʝʨʳʚʥʦʛʦ ʟʥʘʯʝʥʠʷ ʠʥʪʝʨʚʘʣʘ, 

ʟʘʜʘʥʥʦʛʦ ʜʣʷ ʟʘʜʘʯ ʘʚʪʦʤʘʪʠʯʝʩʢʦʛʦ ʫʧʨʘʚʣʝʥʠʷ ʩʠʩʪʝʤʘʤʠ ʦʨʦʰʝʥʠʷ, ʠʣʠ ʚ ʚʠʜʝ 

ʜʠʩʢʨʝʪʥʦʛʦ ʥʘʙʦʨʘ ʚʦʟʤʦʞʥʳʭ ʢʣʘʩʩʦʚ ʨʝʰʝʥʠʡ ʚ ʚʦʧʨʦʩʘʭ ʜʠʘʛʥʦʩʪʠʢʠ. ʇʨʦʮʝʩʩ 

ʧʦʩʪʨʦʝʥʠʷ ʤʘʪʝʤʘʪʠʯʝʩʢʦʡ ʤʦʜʝʣʠ ʜʣʷ ʥʝʧʨʝʨʳʚʥʦʛʦ ʚʳʭʦʜʥʦʛʦ ʩʦʩʪʦʷʥʠʷ ʦʪʣʠʯʘʝʪʩʷ 

ʦʪ ʧʨʦʮʝʩʩʘ ʧʦʩʪʨʦʝʥʠʷ ʤʘʪʝʤʘʪʠʯʝʩʢʦʡ ʤʦʜʝʣʠ ʜʣʷ ʜʠʩʢʨʝʪʥʦʛʦ ʚʳʭʦʜʥʦʛʦ ʩʦʩʪʦʷʥʠʷ 

ʪʦʣʴʢʦ ʚʳʧʦʣʥʝʥʠʝʤ ʦʧʝʨʘʮʠʠ ʜʝʬʘʟʠʬʠʢʘʮʠʠ ʥʘ ʟʘʢʣʶʯʠʪʝʣʴʥʦʤ ʵʪʘʧʝ ʤʦʜʝʣʠʨʦʚʘʥʠʷ. 

ʅʘ ʨʠʩʫʥʢʝ 5 ʧʨʝʜʩʪʘʚʣʝʥ ʦʙʱʠʡ ʚʠʜ ʣʘʙʦʨʘʪʦʨʥʦʛʦ ʦʙʨʘʟʮʘ ʨʘʟʨʘʙʦʪʘʥʥʦʡ 

ʩʠʩʪʝʤʳ. 

 
 

ʈʠʩʫʥʦʢ 5.ʃʘʙʦʨʘʪʦʨʥʳʡ ʧʨʦʪʦʪʠʧ ʣʠʥʝʡʢʠ ʨʘʟʨʘʙʦʪʘʥʥʦʡ ʩʠʩʪʝʤʳ. 

 

ʅʘ ʨʠʩʫʥʢʝ 6  ʧʨʝʜʩʪʘʚʣʝʥʳ ʛʨʘʬʠʢʠ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʜʘʥʥʳʭ, ʧʦʣʫʯʝʥʥʳʭ ʥʘ 

ʣʘʙʦʨʘʪʦʨʥʦʤ ʧʨʦʪʦʪʠʧʝ, ʧʨʠʚʝʜʝʥʥʦʤ ʥʘ ʨʠʩʫʥʢʝ ʥʘ ʧʨʠʤʝʨʝ ʨʝʛʫʣʠʨʦʚʘʥʠʷ ʚʣʘʞʥʦʩʪʠ 

ʧʦʯʚʳ ʚ ʮʚʝʪʦʯʥʦʤ ʛʦʨʰʢʝ. 
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ʈʠʩʫʥʦʢ 5. ɻʨʘʬʠʢʠ ʠʟʤʝʥʝʥʠʷ ʠʟʤʝʨʷʝʤʳʭ ʧʘʨʘʤʝʪʨʦʚ-ʪʝʤʧʝʨʘʪʫʨʳ ʚʦʟʜʫʭʘ ʠ ʚʣʘʞʥʦʩʪʠ 

ʧʦʯʚʳ ʚ ʮʚʝʪʦʯʥʦʤ ʛʦʨʰʢʝ. 

ʅʘ ʨʠʩʫʥʢʝ 6 ʧʨʠʚʝʜʝʥ ʛʨʘʬʠʢ ʠʟʤʝʥʝʥʠʷ ʚʣʘʞʥʦʩʪʠ ʧʦʯʚʳ ʠ ʜʘʪʘ ʧʦʜʘʯʠ ʚʦʜʳ ʜʣʷ 

ʧʦʣʠʚʘ. 

 
 

ʈʠʩʫʥʦʢ 6. ɻʨʘʬʠʢʠ ʠʟʤʝʥʝʥʠʷ ʚʣʘʞʥʦʩʪʠ ʧʦʯʚʳ ʠ ʩʦʣʥʝʯʥʦʡ ʘʢʪʠʚʥʦʩʪʠ 

(ʪʝʤʧʝʨʘʪʫʨʳ) ʠ ʜʘʪʳ ʧʦʜʘʯʠ ʚʦʜʳ ʜʣʷ ʧʦʣʠʚʘ ʨʘʩʪʝʥʠʷ (ʮʚʝʪʢʘ ʚ ʛʦʨʰʢʝ) 

 

ɿʘʢʣʶʯʝʥʠʝ 
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ʈʘʟʨʘʙʦʪʘʥʥʘʷ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʘʷ ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʘʷ ʩʠʩʪʝʤʘ ʢʦʥʪʨʦʣʷ ʠ 

ʨʝʛʫʣʠʨʦʚʘʥʠʷ ʚʣʘʞʥʦʩʪʠ ʧʦʯʚʳ ʚ ʢʦʨʥʝʚʦʡ ʟʦʥʝ ʨʘʩʪʝʥʠʷ  ʦʙʝʩʧʝʯʠʚʘʝʪ ʧʦʜʘʯʫ ʚʦʜʳ  

ʥʫʞʥʦʤʫ ʦʨʦʰʘʝʤʦʤʫ ʫʯʘʩʪʢʫ ʚ ʥʫʞʥʳʝ ʩʨʦʢʠ ʠ ʚ ʥʫʞʥʦʤ ʢʦʣʠʯʝʩʪʚʝ. ɸ ʵʪʦ 

ʩʧʦʩʦʙʩʪʚʫʝʪ ʧʦʜʜʝʨʞʘʥʠʶ ʟʘʜʘʥʥʦʛʦ ʫʨʦʚʥʷ ʥʘʠʤʝʥʴʰʝʡ ʚʣʘʛʦʝʤʢʦʩʪʠ ʧʦʯʚʳ ʚ 

ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʪʨʝʙʦʚʘʥʠʷʤʠ ʨʘʟʥʦʚʠʜʥʦʩʪʠ ʢʫʣʴʪʫʨʳ ʚ ʥʘʠʙʦʣʝʝ ʢʨʠʪʠʯʝʩʢʠʝ ʧʝʨʠʦʜʳ 

ʝʸ ʨʦʩʪʘ ʠ ʨʘʟʚʠʪʠʷ, ʠ ʪʝʤ ʩʘʤʳʤ ʧʦʚʳʰʝʥʠʶ ʫʨʦʞʘʡʥʦʩʪʠ ʠ ʵʢʦʥʦʤʠʠ ʚʦʜʥʳʭ ʨʝʩʫʨʩʦʚ. 
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TUZILMALANMAGAN HUJJAT TASVIRIDA Q OóLYOZMALI 

IMZO SOHASINI AJRATIB OLISH ALGORITMI  
 

Radjabov S.S.1,2, Allayorov J.A.1, Mardiyev A.Sh.1, Alisherova S.A.1 
1Fundamental va amaliy tadqiqotlar instituti, 2Toshkent xalqaro universiteti 
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Annotatsiya. Ushbu ishda tuzilmalanmagan hujjat tasvirlarida qoólyozmali imzo sohasini 

avtomatik aniqlash va ajratib olish masalasi koórib chiqilgan. Taklif etilgan algoritm morfologik 

amallar, adaptiv filtratsiya va segmentatsiya bosqichlarini oóz ichiga oladi. Tadqiqotda 2500 

dan ortiq imzolangan hujjat tasvirlari ustida tajriba oótkazilib, algoritmning samaradorligi 

aniqlash mezonlari orqali baholandi. Natijalar algoritmning yuqori aniqlikka ega ekanini, 

shuningdek, bosma matn, shtamp va fon bilan aralashgan holatlarda ham imzo sohasini toógóri 

ajrata olishini koórsatdi. Taklif etilgan algoritm avtomatlashtirilgan hujjat tasnifi, imzo 

verifikatsiyasi va raqamli arxiv tizimlarida qoóllanishi mumkin.  

Kalit soózlar: tuzilmalanmagan hujjat, qoólyozmali imzo, sohani ajratib olish, 

segmentlash, morfologik amallar. 

 

Kirish. Raqamli hujjat aylanishining zamonaviy raqamlashtirish sharoitida qogóoz 

hujjatlarni ï shartnomalar, dalolatnomalar, arizalar, anketalar va boshqa tuzilmalanmagan 

shakllarni avtomatik qayta ishlash muhim ahamiyat kasb etadi. Bunday qayta ishlashning asosiy 

bosqichlaridan biri bu ï muallifni keyinchalik identifikatsiya yoki verifikatsiya qilish uchun 

foydalaniladigan qoólyozma imzo sohasini aniqlashdir [1]. 

Anôanaviy usullar inson ishtirokini talab qiladi ï operator imzoni qoólda belgilaydi yoki 

kesib oladi, bu esa unumdorlikni kamaytiradi va xatolik ehtimolini oshiradi. Mazkur jarayonni 

avtomatlashtirish hujjatlarni raqamlashtirish jarayonini sezilarli darajada tezlashtiradi, 

haqiqiylikni tekshirish aniqligini oshiradi, qogóoz hujjatlarni elektron hujjat aylanish tizimlariga 

samarali integratsiya qilish imkonini beradi hamda moliyaviy va vaqt xarajatlarini kamaytiradi 

[2]. 

Ushbu masalaning dolzarbligi imzo joylashuvi qatôiy belgilanmagan tuzilmalanmagan 

hujjatlarning keng qoóllanilishi, imzo formatlari va uslublarining turlicha boólishi, bosma va 

qoólyozma matn, shtamp hamda fon elementlarining mavjudligi, yuridik ahamiyatga ega 

operatsiyalar uchun ishonchlilik va aniqlik darajasiga yuqori talablar qoóyilishi, imzo shaxsni 

aniqlovchi biometrik identifikator sifatida qoóllaniladigan texnologiyalarning rivojlanishi kabi 

omillar bilan yanada ortib bormoqda [3][4]. 

Soónggi yigirma yil davomida hujjat tasvirlarida imzo sohasini aniqlash masalasi izchil 

rivojlanib, raqamli tasvirlarni qayta ishlash, kompyuter koórish va mashinali oórganishning 

yutuqlari bilan chambarchas integratsiyalashdi. Dastlabki ishlarda binarizatsiya, bogólangan 

komponentlar tahlili, proyeksiya profillari va morfologik amallar kabi klassik usullar ustun 

boólgan boólsa, soónggi yillarda konvolyutsion neyron tarmoqlar, segmentatsiya arxitekturalari 

keng qoóllanila boshladi [5]. Bunday yondashuvlar imzo shaklining xilma-xilligi, bosma matn va 

shtamplar bilan aralashish, fon notekisligi, shovqin va egilish (skew) kabi omillarga nisbatan 

barqarorroq natija beradi. Shu bilan birga, katta hajmdagi belgilangan maôlumotlar toóplamlari, 

hisoblash resurslari va domenga xos data-augmented tayyorlov talab etilishi muammo sifatida 



XALQARO ILMIY KONFERENSIYA  ñRAQAMLI TEXNOLOGIYALAR VA SUNôIY INTELLEKTò, 

NOYABR 27-28, 2025 

  58   
 

qolmoqda. Amaliy nuqtayi nazardan, imzo lokalizatsiyasi raqamli arxivlash, hujjat oqimlarini 

avtomatlashtirish, imzo verifikatsiyasi va huquqiy tekshiruv jarayonlarida samaradorlik va 

ishonchlilikni sezilarli oshirmoqda. 

Ilk tadqiqotlar (oótgan asrning ikkinchi yarmi va 2000-yillar) klassik tasvirni qayta 

ishlashning binarizatsiya, morfologik operatsiyalar, proeksiya tahlili va bogólangan 

komponentlar tahlili usullariga asoslangan edi [6]. Ushbu yondashuvlar imzo joylashuvi 

oldindan maôlum boólgan strukturaviy shakllarda samarali ishlagan, ammo ixtiyoriy 

koórinishdagi hujjatlarga nisbatan moslashuvchan emas edi. 

2010-yillarda statistik va deskriptorli boólgan teksturalar, geometrik va chastotaviy 

belgilar tahliliga, shuningdek, klassik mashinali oórganish algoritmlariga asoslangan usullar 

paydo boóldi[7]. Bu usullar har xil turdagi hujjatlarda imzoni ajratish aniqligini oshirdi[8], biroq 

ular qoólda belgilar ishlab chiqishni talab qildi va shovqinga sezgir boólib qoldi. 

Zamonaviy tadqiqotlar (2020-yillar) chuqur oórganish (deep learning) usullarini faol 

qoóllamoqda[9]. Ular orasida konvolyutsion neyron tarmoqlar, segmentatsiya arxitekturalari (U-

Net [10], Mask R-CNN [11] kabi) va obyekt detektorlari (YOLO [12], Faster R-CNN kabi) 

alohida oórin tutadi [13]. Ushbu usullar hujjatlar va imzolar xilma-xilligiga nisbatan yuqori 

aniqlik va barqarorlikni taôminlaydi, biroq ular katta hajmdagi hisoblash resurslarini hamda 

oldindan belgilangan (razmetka qilingan) maôlumotlar toóplamlarini talab qiladi [14]. Shu bilan 

birga, qayta ishlash tezligini oshirish va ishonchlilikni kuchaytirish maqsadida evristik filtrlar va 

neyrotarmoqli segmentatorlarni birlashtiruvchi gibrid yondashuvlar ham rivojlanmoqda [15]. 

Bugungi kunda imzoni lokalizatsiya qilish boóyicha koóplab ilmiy ishlar mavjud boólsa-

da, quyidagi muammolar hali ham dolzarbdir: 

¶ turli sifatdagi skanerlash, fon va maketga ega hujjatlar uchun algoritmlarning 

universalligini taôminlash; 

¶ bosma matn va shtamplar bilan ustma-ust joylashgan imzoni aniq ajratish; 

¶ turli alifbolardagi qoólyozmalar uchun modellarni moslashtirish; 

¶ oóqitish va usullarni obôektiv taqqoslash uchun ochiq, belgilangan maôlumotlar 

toóplamlarining yetishmasligi. 

Shunday qilib, tuzilmalanmagan hujjat tasvirlarida qoólyozma imzo sohasini aniqlash 

masalasi hujjat aylanishini avtomatlashtirish va biometrik identifikatsiya uchun dolzarb boólib, 

anchayin oórganilgan soha sanaladi. Ammo amaliy sharoitlarda yuqori universallik va 

ishonchlilikka erishish uchun yanada chuqur tadqiqot va takomillashtirish talab etiladi. 

Ushbu ishning maqsadi ï tuzilmalanmagan hujjat tasvirida qoólyozma imzo sohasini 

aniqlash algoritmini ishlab chiqishdan iborat. 

Qoólyozma imzo sohasini aniqlash masalasini hal etish quyidagi bosqichlardan iborat: 

1) tasvirga dastlabki ishlov berish; 

2) imzo joylashgan boólishi mumkin boólgan sohalar (ROI)ni ajratish; 

3) ROI sohalarni ñimzoò / ñfonò sinflariga tasniflash; 

4) yakuniy qayta ishlash. 

Qoólyozmali imzo sohasini ajratib olish algoritmi. Ishda taklif etilayotgan algoritm 

quyidagilardan iborat. 

1. Binarizatsiyalash. Ushbu algoritm morfologik amallarga asoslangan va quyidagi 

bosqichlardan iborat. 
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1-bosqich. Dastlabki ishlov berish bosqichi. Ushbu bosqichda dastlab berilgan tasvir 

silliqlanadi. Bunda fon teksturasini silliqlash va matn hamda fon orasidagi yorugólikni oshirish 

uchun adaptiv Viner filtri qoóllaniladi. Viner filtrining umumiy koórinishi quyidagicha: 

 

bu yerda  oólchamli oynadagi oórtacha qiymat,  oólchamli oyna 

dispersiyasi,  dispersiyaning oórtacha qiymati. 

2-bosqich. Yuqori va quyi intensivlikka ega boólgan nuqtalarni ajratish bosqichi. Mazkur 

bosqichda yuqori va quyi intensivlikka ega boólgan nuqtalarni ajratish uchun silliqlangan 

qoólyozma matni tasvirida mos ravishda tutashtirish va ajratish amallari bajariladi. Ajratish va 

tutashtirish amallarining umumiy koórinishi quyidagicha. 

Ajratish amali: 

. 

Tutashtirish amali: 

 

bu yerda  ï tuzilmalashtiruvchi element  kuchaytirish amali; 

 ï tuzilmalashtiruvchi element  yemirish amali. Ushbu bosqichda  

tuzilmalashtiruvchi element sifatida  element quyidagi koórinishda olingan: 

1 1 1 1 1 1 1 

3-bosqich. Tasvirlar farqlarini shakllantirish. Oldingi bosqichda olingan tasvirlar farqi 

boólgan tasvir vertikal chegara nuqtalarni ajratish góoyasi asosida shakllantiriladi va ular 

quyidagi formula orqali aniqlanadi: 

 

4-bosqich. Tutashuv. Mazkur bosqichda  tasvir bilan  tuzilmalashtiruvchi 

element taôsirlashtiriladi. Bunda tutashuvdan hosil boólgan  quyidagi formula orqali 

hosil qilinadi: 

. 

5-bosqich. Binarlash. Ushbu bosqichda quyidagi formula asosida 4-bosqichda olingan 

tasvir binar tasvirga oótkaziladi. 

 

bu yerda  binarlash boósagóasi boólib, u Otsu usuli [16] orqali aniqlanadi. 

2. Imzo joylashgan boólishi mumkin boólgan sohalarni ajratish. Ushbu bosqichda 

binarizatsiya qilingan hujjat tasvirida qoólyozma imzo joylashgan boólishi mumkin boólgan 

sohalar aniqlanadi. Buning uchun bogólangan komponentlar tahlili va morfologik filtrlash 

usullaridan foydalaniladi. Algoritm quyidagi bosqichlarni oóz ichiga oladi.  

1-bosqich. Morfologik filtrlash (shovqinni kamaytirish va uzilishlarni yopish). Kirishda 

kiruvchi maôlumot sifatida  koórinishidagi binar tasvir yoki kulrang rang koólamli 

tasvir olinadi. Chiqishda esa  koórinishidagi potensial imzo hududlari 

toóplami qaytariladi. Dastlab, shovqinni kamaytirish va uzilishlarni yopish uchun 
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 amali bajariladi. Soóng ortiqcha yopishmalarni yumshatish va kichik 

artefaktlarni bartaraf etish maqsadida  amali tatbiq etiladi. Natijada, 

konturlar yaxlitlashgan va shovqindan tozalangan binar tasvir olinadi, u keyingi bosqichlarda 

imzo hududlarini ajratish uchun qulay boóladi [6] [17] [18]. 

2-bosqich. Bogólangan komponentlar tahlili usuli. Binar tasvirdagi barcha obyektlar 8-

aloqalilik komponentlar mezoni boóyicha aniqlanadi va  toóplami sifatida qayd etiladi, yaôni 

pikselning gorizontal, vertikal va diagonal qoóshnilari orqali bir toóplamga mansubligi 

tekshiriladi. Soóng har bir  uchun uning minimal qamrovchi toórtburchagi hisoblanib, 

 parametrlarida ifodalanadi. Shu bilan birga komponent maydoni  piksellar 

soni ham aniqlanadi. Natijada har bir komponent geometrik tavsiflari bilan birga keyingi filtrlash 

va tasniflash bosqichlariga tayyor holga keladi[19]. 

3-bosqich. Bu bosqichda kichik artefaktlar chiqarib tashlanadi. Agar komponent maydoni 

 juda kichik boólsa ( ) yoki juda katta boólsa ( ), bu obyekt bekor 

qilinadi. Amaliyotda  ni  oraliqda,  ni esa 

 atrofida tanlash maqsadga muvofiq. Bundan keyin esa har bir qolgan 

komponent uchun xususiyatlar hisoblanadi. Maydon oólchami sifatida  olinadi. Bu yerda  ï 

orqa fondagi piksellar sonidir. Nisbiy uzunlik yoki choózilganlik  asosida baholanadi. Zaxira 

sifatida nisbati  ishlatilishi mumkin. Kontur zichligi  formulasi bilan, yaôni 

kontur uzunligini qamrovchi toórtburchak maydoniga nisbati orqali topiladi. Piksellar 

dispersiyasi esa  koórinishida aniqlanadi [20]. 

4-bosqich. Adaptiv baholash. Har bir xususiyat boóyicha z-baholash olinadi va 

komponentning yakuniy bahosi quyidagicha hisoblanadi: 

. 

Qoóshimcha mantiqiy cheklov sifatida  talab qilinadi. Chunki imzolar odatda 

eniga choózilgan boóladi. 

Yakunda chiqish sifatida  toóplami shakllanadi [5][8]. Yaôni eng 

yuqori baho toóplagan, potensial imzo hududlari sifatida qabul qilinadigan imzoni qamrab 

oluvchi maydonlar olinib, sinflash uchun keyingi bosqichga uzatiladi. 

3. Ajratib olingan sohalarni ñimzoò yoki ñfonò sinflariga tasniflash. Kirish qismida 

olingan  kulrang asl tasvir, undan olinadigan  binar tasvir, hamda, oldingi bosqichdan kelgan 

nomzod qutilar roóyxati  keyingi qadamlar uchun ishlatiladi.  

1-bosqich. Har bir nomzod quti uchun asl tasvirdan -imzo joylashgan boólishi mumkin 

boólgan maydonlar(ROI) va -binar maska quyidagicha ajratib olinadi: 

, . 

Shu ROI asosida belgilar (xususiyatlar) hisoblanadi. Bunign uchun maydon  

orqali aniqlanib, kontur uzunligi sifatida perimeter olinadi va tomonlar nisbati  koórinishida 

baholanadi.  
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2-bosqich. Siyoh zichligi  fon piksel sonining quti maydoniga nisbati, chiziq qalinligi 

esa skelet va masofa transformatsiyasi orqali olinadigan  hamda ularning nisbati 

 bilan tavsiflanadi. Kontur murakkabligi esa  formulasi bilan baholanadi.  

3-bosiqch. Har bir nomzod  ni tasniflash uchun yengil 

konfiguratsiyada k-NN yoki piksel-patchlarga tayanadigan soddalashtirilgan CNN neyron 

tarmoq arxitekturasidan foydalanish mumkin[3][9]. Natijada har bir nomzod uchun  yorligói 

va imzo ehtimoli  olinadi. 

Chiqishda imzo sinfiga tegishli deb topilgan  nomzod qutilar va ularning baholari 

 koórinishida qaytariladi. 

4. Yakuniy qayta ishlash. Imzo sohalarining chegaralarini aniqlashtirish bosqichida 

morfologik yopish amali qoóllaniladi. Ushbu operatsiya imzo konturlaridagi uzilishlarni bartaraf 

etish va imzo sohasini yaxlit shaklga keltirishga xizmat qiladi. Natijada imzo tasviri uzluksiz va 

aniq chegaralarga ega boóladi. 

Keyingi bosqichda oólcham va nisbat boóyicha filtrlash amalga oshiriladi. Bu jarayon 

tasvirdagi keraksiz kichik obyektlarni (masalan, shovqin yoki bosma matn qoldiqlari) olib 

tashlash, shuningdek, imzo sohasiga mos boólmagan yirik bloklarni chiqarib tashlash uchun 

moóljallangan. Filtrlash mezonlari tajriba asosida aniqlanadi va imzoning geometrik 

xususiyatlariga moslashtiriladi. 

Baôzi hollarda imzo tasviri bir nechta boólaklarga ajralgan boólishi mumkin. Bunday 

holatlarda fragmentlarni birlashtirish amali bajariladi. Bu bosqichda yaqin joylashgan yoki bir-

biriga tutash komponentlar tahlil qilinib, yagona imzo sohasi sifatida birlashtiriladi. Bu esa 

imzoning yaxlitligiga erishish va uning toóliq konturini tiklash imkonini beradi. 

Aniqlikni oshirish maqsadida post-filtrlash qilinadi. Bunda juda kichik maydonli 

obyektlar  boólsa bekor qilinadi. Haddan tashqari choózilgan va ayni paytda juda 

ñtoógóri toórtburchakò shakllar bosma matn sifatida chiqarib tashlanadi. Imzo sinfiga kiruvchi 

qutilar orasida bir-birini yopib ketadiganlari yoi ustma-ust tushadiganlari siyraklashtiriladi. 

Qolgan nomzod qutilar esa  boóyicha tartiblanib  toóplamiga kiritiladi. 

Yakunda koordinatalarni asl hujjat tasviriga moslashtirish bosqichi bajariladi. Chunki 

barcha morfologik va filtrlash amallari, odatda, qayta ishlangan (masalan, kesilgan yoki oólchami 

oózgartirilgan) tasvirlar ustida bajariladi. Shu sababli aniqlangan imzo sohasining koordinatalari 

dastlabki hujjat oólchamlariga qayta hisoblanadi. Bu jarayon imzo joylashuvini hujjat konteksida 

aniq belgilash imkonini beradi. 

Natijalar.  Taklif etilgan algoritm 2500 dan ortiq imzolangan hujjat tasvirlari toóplamida 

sinovdan oótkazildi. Hujjatlardagi imzolar turli oólcham, shrift,  joylashuv sifatiga ega boólib, 

modelning barqarorligini sinash imkonini berdi. 
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Rasm. Olingan natijalarga misollar 

 

Baholashda F1-score, mAP@50 va mAP@50-95 mezonlari qoóllanildi[13][15]. Olingan 

natijalar quyidagicha: 

¶ F1-score = 0.92; 

¶ mAP@50 = 0.89; 

¶ mAP@50-95 = 0.82. 

Natijalar ushbu sohadagi ochiq manbali model bilan taqqoslanganda, ishlab chiqilgan 

algoritm 3-5% yuqori aniqlik koórsatdi. Bu esa taklif etilgan usulning fon shovqinlari, bosma 

matn va shtamplar aralashgan holatlarga nisbatan yuqori chidamliligini tasdiqlaydi. Shuningdek, 

algoritm har xil formatdagi hujjatlarda ham barqaror ishlashini isbotladi. 

Xulosa. Qoólyozmali imzo sohasini aniqlash uchun samarali algoritmlar yaratish, yaôni 

kompyuter koórish, obrazlarni aniqlash va hujjatlarni qayta ishlash yoónalishlaridagi muhim 

ilmiy tadqiqot sohasidir. Ushbu ishda taklif etilgan algoritm turli sifatdagi tuzilmalanmagan 

hujjat tasvirlarida imzo sohasini aniqlashda yuqori aniqlik va barqarorlikni namoyish etdi. 

Morfologik operatsiyalarni filterlash va klassifikatsiya bosqichlari bilan uygóun qoóllash 

natijasida qayta ishlash tezligi va aniqlik oórtasida optimal muvozanatga erishildi. 

2500 dan ortiq hujjat tasvirlari asosida oótkazilgan tajriba natijalari F1-score = 0.92, 

mAP@50 = 0.89, mAP@50-95 = 0.82 koórsatkichlarini berdi. Bu algoritmning amaliy hujjat 

aylanish tizimlarida yuqori samaradorlik bilan ishlashini tasdiqlaydi. 

Kelgusida algoritmni yanada takomillashtirish maqsadida chuqur oórganish tarmoqlari va 

avtomatik moslashuv mexanizmlarini integratsiya qilish rejalashtirilgan. Bu yondashuv hujjat 

formatlarining xilma-xilligiga, turli yozuv uslublari va shovqin darajalariga nisbatan modelning 

universalligini oshirishga xizmat qiladi. 
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ɸʥʥʦʪʘʮʠʷ. ʄʘʟʢʫʨ ʤʘϨʦʣʘ ˄ʟʙʝʢ ʪʠʣʠʜʘʛʠ ʤʘʪʥʣʘʨʜʘʛʠ ϲʠʩʩʠʸʪ ʪʘϲʣʠʣʠʥʠ 

ʘʤʘʣʛʘ ʦʰʠʨʫʚʯʠ ʯʫϨʫʨ ˄ʨʛʘʥʠʰ ʤʦʜʝʣʠ ʩʘʤʘʨʘʜʦʨʣʠʛʠ ʪʘϲʣʠʣ Ϩʠʣʠʥʛʘʥ. ʊʘʜϨʠϨʦʪʜʘ 

ʤʘʪʥ ʪʘʩʥʠʬʣʘʰ ʚʘʟʠʬʘʩʠʜʘ ʢ˄ʧ ʚʘʟʠʬʘʣʠ ˄Ϩʠʪʠʰ ʸʥʜʘʰʫʚʠ ʘʩʦʩʠʜʘ ʠʰʣʘʙ ʯʠϨʠʣʛʘʥ 

MTL-BERT ʤʦʜʝʣʠ ʪʘʢʣʠʬ ʵʪʠʣʜʠ. ʄʦʜʝʣ ʠʞʪʠʤʦʠʡ ʪʘʨʤʦϨʣʘʨ ʚʘ ʷʥʛʠʣʠʢ 

ʩʘʡʪʣʘʨʠʜʘʛʠ ʬʦʡʜʘʣʘʥʫʚʯʠ ʠʟʦϲʣʘʨʠʥʠ ʩʝʥʪʠʤʝʥʪ ʪʘϲʣʠʣ Ϩʠʣʠʰ ʫʯʫʥ Ϩ˄ʣʣʘʥʠʣʜʠ. 

ʅʘʪʠʞʘʣʘʨ ʰʫʥʠ ʢ˄ʨʩʘʪʜʠʢʠ, ʪʘʢʣʠʬ ʵʪʠʣʛʘʥ ʤʦʜʝʣʴ ʘʥʲʘʥʘʚʠʡ ʸʥʜʘʰʫʚʣʘʨʛʘ 

ʥʠʩʙʘʪʘʥ ʶϨʦʨʠ ʘʥʠϨʣʠʢʢʘ ʵʛʘ ʙ˄ʣʠʙ, F1 ʢ˄ʨʩʘʪʢʠʯʠ 93% ʛʘʯʘ ʝʪʜʠ. ɹʫ ˄ʟʙʝʢ ʪʠʣʠ 

ʫʯʫʥ ʯʫϨʫʨ ˄ʨʛʘʥʠʰʛʘ ʘʩʦʩʣʘʥʛʘʥ ϲʠʩʩʠʸʪ ʪʘϲʣʠʣʠʥʠʥʛ ʩʘʤʘʨʘʜʦʨʣʠʛʠʥʠ ʪʘʩʜʠϨʣʘʡʜʠ. 

Kalit soózlar: ʤʘʪʥ ʪʘʩʥʠʬʣʘʰ, ϲʠʩʩʠʸʪ ʪʘϲʣʠʣʠ, sentiment analysis, ʯʫϨʫʨ 

˄ʨʛʘʥʠʰ, BERT, Multi-Task Learning, ʪʘʙʠʠʡ ʪʠʣʥʠ Ϩʘʡʪʘ ʠʰʣʘʰ, ʜʠϨϨʘʪ ʤʝʭʘʥʠʟʤʠ, 

˄ʟʙʝʢ ʪʠʣʠ. 

 

ʂʠʨʠʰ 

 ʠʤ ʡ˄ʥʘʣʠʰʣʘʨʠʜʘʥ״ʘʩʠ ʤʫ״ʘʡʪʘ ʠʰʣʘʰ (NLP) ʩʦץ ʣʠʣʠ ʪʘʙʠʠʡ ʪʠʣʥʠ״ʠʩʩʠʸʪ ʪʘ׳

ʙʠʨʠ ״ʠʩʦʙʣʘʥʘʜʠ [4], [5]. ʋ ʬʦʡʜʘʣʘʥʫʚʯʠ ʬʠʢʨʣʘʨʠ, ʠʞʪʠʤʦʠʡ ʪʘʨʤʦץʣʘʨʜʘʛʠ ʠʟʦ״ʣʘʨ 

ʚʘ ʷʥʛʠʣʠʢ ʤʘץʦʣʘʣʘʨʠ ʠʞʦʙʠʡ, ʩʘʣʙʠʡ ʸʢʠ ʥʝʡʪʨʘʣ ʦ״ʘʥʛʠʥʠ ʘʥʠץʣʘʰʛʘ ʸʨʜʘʤ ʙʝʨʘʜʠ.  

ʉ˄ʥʛʛʠ ʡʠʣʣʘʨʜʘ ʯʫץʫʨ ˄ʨʛʘʥʠʰʛʘ ʘʩʦʩʣʘʥʛʘʥ ʤʦʜʝʣʣʘʨ, ʘʡʥʠץʩʘ transformer 

ʘʨʭʠʪʝʢʪʫʨʘʣʘʨʠ, ʩʝʥʪʠʤʝʥʪ ʪʘ״ʣʠʣʠ ʩʦ״ʘʩʠʜʘ ʶץʦʨʠ ʩʘʤʘʨʘʜʦʨʣʠʢʥʠ ʥʘʤʦʸʥ ץʠʣʤʦץʜʘ 

[1], [3], [12]. ʐʫ ʙʠʣʘʥ ʙʠʨʛʘ, ˄ʟʙʝʢ ʪʠʣʠʜʘ ʩʝʥʪʠʤʝʥʪ ʪʘ״ʣʠʣʠ ʡ˄ʥʘʣʠʰʠ ״ʘʣʠ ʥʠʩʙʘʪʘʥ 

ʷʥʛʠ ʙ˄ʣʠʙ, ʫʰʙʫ ʩʦ״ʘʜʘʛʠ ʤʘʚʞʫʜ ʠʰʣʘʨʜʘ ʘʩʦʩʘʥ ʤʘʰʠʥʘʣʠ ˄ʨʛʘʥʠʰ ʤʦʜʝʣʣʘʨʠ 

˄ʨʛʘʥʠʣʛʘʥ. ɹʫʥʜʘ Naive Bayes ʸʢʠ SVM ʢʘʙʠ ʘʣʛʦʨʠʪʤʣʘʨ ʪʘ״ʣʠʣʠ ʘʤʘʣʛʘ ʦʰʠʨʠʣʛʘʥ [5], 

[10]. ɹʠʨʦץ, ʫʰʙʫ ʤʦʜʝʣʣʘʨ ʪʠʣ ʢʦʥʪʝʢʩʪʫʘʣ ʭʫʩʫʩʠʷʪʣʘʨʠʥʠ ʚʘ ״ʠʩʩʠʸʪʥʠ ʘʥʠץʣʘʰʜʘ 

ʯʫץʫʨ ʩʝʤʘʥʪʠʢ ʙʦסʣʘʥʠʰʣʘʨʥʠ ʪ˄ʣʠץ ץʘʤʨʘʙ ʦʣʤʘʡʜʠ.  

ʄʘʟʢʫʨ ʪʘʜץʠץʦʪʜʘ BERT ʤʦʜʝʣʠ ʘʩʦʩʠʜʘʛʠ ʚʘ ʢ˄ʧ ʚʘʟʠʬʘʣʠ ˄ץʠʪʠʰ (Multi-Task 

Learning - MTL) ʸʥʜʘʰʫʚʠʛʘ ʢ˄ʨʘ ʢʝʥʛʘʡʪʠʨʠʣʛʘʥ MTL-BERT ʤʦʜʝʣʠ ʪʘʢʣʠʬ ʵʪʠʣʛʘʥ [2], 

[7]. ʊʘʜץʠץʦʪʜʘ ˄ʟʙʝʢ ʪʠʣʠ ʤʘʪʥʣʘʨʠʜʘʛʠ ״ʠʩʩʠʸʪ ʪʘ״ʣʠʣʠʥʠ ʯʫץʫʨ ˄ץʠʪʠʰ ʤʦʜʝʣʣʘʨʠʛʘ 

ʘʩʦʩʣʘʥʛʘʥ ʟʘʤʦʥʘʚʠʡ ʸʥʜʘʰʫʚ ʦʨץʘʣʠ ʪʘʢʦʤʠʣʣʘʰʪʠʨʠʰ ״ʘʤʜʘ ʤʘʰʠʥʘʣʠ ˄ץʠʪʠʰ 

ʤʦʜʝʣʣʘʨʠ ʙʠʣʘʥ ʪʘץץʦʩʣʘʙ, ʶץʦʨʠ ʘʥʠץʣʠʢ ʚʘ ʩʘʤʘʨʘʜʦʨʣʠʢʢʘ ʵʨʠʰʠʰ ʤʘץʩʘʜ ץʠʣʠʙ 

ʦʣʠʥʜʠ. 

ʄʝʪʦʜʦʣʦʛʠʷ 

ʊʘʜץʠץʦʪ ʫʯʫʥ 25 000 ʪʘ ˄ʟʙʝʢ ʪʠʣʠʜʘʛʠ ʤʘʪʥʣʘʨ ʦʣʠʥʜʠ. ʄʘʲʣʫʤʦʪ ʤʘʥʙʘʣʘʨʠ 

ʩʠʬʘʪʠʜʘ Kun.uz, Daryo.uz, Facebook, Telegram ״ʘʤʜʘ UZ-Sentiment Dataset [19] ʙʘʟʘʩʠ 

ʪʘʥʣʘʥʜʠ. ׳ʘʨ ʙʠʨ ʤʘʪʥ ʠʞʦʙʠʡ, ʩʘʣʙʠʡ ʸʢʠ ʥʝʡʪʨʘʣ ʪʦʠʬʘʣʘʨʛʘ ʘʞʨʘʪʠʣʛʘʥ. 

ʄʘʲʣʫʤʦʪʣʘʨ ʞʘʤʠʷʪ, ʩʠʸʩʘʪ, ʠץʪʠʩʦʜʠʸʪ, ʪʝʭʥʦʣʦʛʠʷ ʚʘ ʠʞʪʠʤʦʠʡ ʬʠʢʨ ʙʠʣʜʠʨʠʰ ʢʘʙʠ 

ʩʦ״ʘʣʘʨʥʠ ץʘʤʨʘʙ ʦʣʛʘʥ. ɹʫ ʦʨץʘʣʠ ʤʦʜʝʣ ʪʫʨʣʠ ʤʘʚʟʫʣʘʨʜʘʛʠ ʢʦʥʪʝʢʩʪʣʘʨʥʠ ˄ʨʛʘʥʘʜʠ.  
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ʄʘʲʣʫʤʦʪʣʘʨʥʠ ʪʦʟʘʣʘʰ ʚʘ ʩʪʘʥʜʘʨʪʣʘʰʪʠʨʠʰ ʞʘʨʘʸʥʠ ʤʦʜʝʣʥʠ ʩʘʤʘʨʘʣʠ ˄ץʠʪʠʰ 

ʫʯʫʥ ʤʫ״ʠʤ ʙʦʩץʠʯ ״ʠʩʦʙʣʘʥʘʜʠ. ɹʫʥʜʘ ʜʘʩʪʣʘʙ ʙʘʨʯʘ ʤʘʪʥʣʘʨ ʙʠʨ ʭʠʣ ʬʦʨʤʘʪʛʘ 

ʢʝʣʪʠʨʠʣʠʙ, ʫʣʘʨʜʘʛʠ ״ʘʨʬʣʘʨ ʢʠʯʠʢ ʰʘʢʣʛʘ ˄ʪʢʘʟʠʣʜʠ. ɹʫ ץʘʜʘʤ ʤʘʲʣʫʤʦʪʣʘʨʜʘʛʠ ״ʘʨʬ 

ʪʫʨʣʘʨʠ ʙ˄ʡʠʯʘ ʬʘʨץʣʘʨʥʠ ʙʘʨʪʘʨʘʬ ʵʪʠʰ ״ʘʤʜʘ ʩ˄ʟʣʘʨʥʠ ʪʘץץʦʩʣʘʰʜʘ ʙʠʨ ʭʠʣʣʠʢʥʠ 

ʪʘʲʤʠʥʣʘʰʛʘ ʸʨʜʘʤ ʙʝʨʘʜʠ. ʂʝʡʠʥʛʠ ʙʦʩץʠʯʜʘ ʙʝʣʛʠʣʘʨ, emoji ʠʬʦʜʘʣʘʨ ʚʘ ʦʨʪʠץʯʘ 

ʨʘʤʟʣʘʨ ʪʦʟʘʣʘʥʜʠ, ʙʫ ʤʦʜʝʣ ʠʰʣʘʰ ʞʘʨʘʸʥʠʜʘ ʢʝʨʘʢʩʠʟ ʙʝʣʛʠʣʘʨ ʪʘʲʩʠʨʠʥʠ 

ʢʘʤʘʡʪʠʨʠʰʛʘ ʸʨʜʘʤ ʙʝʨʘʜʠ. ʐʫʥʠʥʛʜʝʢ, ñʚʘò, ñ״ʘʤò, ñʙ˄ʣʘʜʠò ʢʘʙʠ ʩʝʤʘʥʪʠʢ ʶʢʣʘʤʘʩʠ 

ʧʘʩʪ ʙ˄ʣʛʘʥ ʩʪʦʧ-ʩ˄ʟʣʘʨ ʦʣʠʙ ʪʘʰʣʘʥʜʠ, ʥʘʪʠʞʘʜʘ ʤʦʜʝʣ ʬʘץʘʪ ʤʘʟʤʫʥʣʠ ʩ˄ʟʣʘʨʛʘ 

ʵʲʪʠʙʦʨ ץʘʨʘʪʛʘʥ. ʂʝʡʠʥʛʠ ʪʘ״ʣʠʣ ʚʘ ʤʦʜʝʣʛʘ ʢʠʨʠʪʠʰ ʙʦʩץʠʯʣʘʨʠʜʘ ʤʘʲʣʫʤʦʪʣʘʨʥʠ 

ʥʦʨʤʘʣʣʘʰʪʠʨʠʣʛʘʥ ʰʘʢʣʜʘ ץʘʡʪʘ ʠʰʣʘʰʥʠ ʪʘʲʤʠʥʣʘʰʜʘ ʤʘʪʥ ʪʦʢʝʥʠʟʘʮʠʷ ʫʩʫʣʠ ʦʨץʘʣʠ 

ʩ˄ʟ ʙʠʨʣʠʢʣʘʨʠʛʘ ʘʞʨʘʪʠʣʜʠ. 

ʅʘʪʠʞʘʜʘ ʘʤʘʣʛʘ ʦʰʠʨʠʣʛʘʥ ʪʦʟʘʣʘʰ ʚʘ ʥʦʨʤʘʣʣʘʰʪʠʨʠʰ ʞʘʨʘʸʥʣʘʨʠ ʤʦʜʝʣʛʘ 

ʘʥʠץ, ʪʦʟʘʣʘʥʛʘʥ ״ʘʤʜʘ ʣʠʥʛʚʠʩʪʠʢ ʞʠ״ʘʪʜʘʥ ʤʝʲʸʨʣʘʰʪʠʨʠʣʛʘʥ ʤʘʲʣʫʤʦʪʣʘʨʥʠ ʢʠʨʠʪʠʰ 

ʠʤʢʦʥʠʥʠ ʙʝʨʜʠ, ʙʫ ʪʘ״ʣʠʣ ʥʘʪʠʞʘʣʘʨʠ ʘʥʠץʣʠʛʠʥʠ ʩʝʟʠʣʘʨʣʠ ʜʘʨʘʞʘʜʘ ʦʰʠʨʜʠ. 

ʊʘʜץʠץʦʪʜʘ BERT ʘʨʭʠʪʝʢʪʫʨʘʩʠ ʘʩʦʩʠʜʘʛʠ ʤʦʜʝʣ ץ˄ʣʣʘʥʠʣʜʠ. MTL-BERT 

ʤʦʜʝʣʠʜʘ ʘʩʦʩʠʡ ʩʝʥʪʠʤʝʥʪ ʪʘ״ʣʠʣʠ, ʷʲʥʠ ʩ˄ʟ ʪʫʨʢʫʤʠʥʠ ʘʥʠץʣʘʰ ʚʘ ʩʝʤʘʥʪʠʢ ʪʘ״ʣʠʣ 

ʢʠʨʠʪʠʣʜʠ [1]. 

 ʠʪʠʰ ʞʘʨʘʸʥʠʜʘʛʠ ʫʣʫʰʠ adaptive weighting ʤʝʭʘʥʠʟʤʠץ˄ ʘʨ ʙʠʨ ʤʘʲʣʫʤʦʪ׳

ʸʨʜʘʤʠʜʘ ʘʚʪʦʤʘʪʠʢ ʪʘʨʟʜʘ ʤʦʩʣʘʰʪʠʨʠʣʜʠ [2], [7]. ɹʫ ʢ˄ʧ ʚʘʟʠʬʘʣʠ ˄ץʠʪʠʰ ʦʨץʘʣʠ 

ʢʦʥʪʝʢʩʪʥʠ ʯʫץʫʨʨʦץ ʪʫʰʫʥʠʰ ʠʤʢʦʥʠʥʠ ʷʨʘʪʘʜʠ. 

ʄʦʜʝʣ PyTorch ʚʘ Hugging Face Transformers ʢʫʪʫʙʭʦʥʘʣʘʨʠ ʘʩʦʩʠʜʘ 

  .ʫʡʠʜʘʛʠ ʧʘʨʘʤʝʪʨʣʘʨʜʘʥ ʬʦʡʜʘʣʘʥʠʣʜʠץ ʠʪʠʰʜʘץʠʪʠʣʜʠ.ɶץ˄

1-ʞʘʜʚʘʣ 

ʄʦʜʝʣʥʠ ˄ץʠʪʠʰʜʘ ץ˄ʣʣʘʥʛʘʥ ʘʩʦʩʠʡ ʧʘʨʘʤʝʪʨʣʘʨ 

ʇʘʨʘʤʝʪʨ  פʠʡʤʘʪʠ 

ʆʧʪʠʤʠʟʘʪʦʨ AdamW 

Learning rate 2e-5 

ʕʧʦʭʘʣʘʨ ʩʦʥʠ 10 

Batch size 32 

ɶץʫʚ/ʥʘʟʦʨʘʪ ʥʠʩʙʘʪʠ 80/20% 

ʄʦʜʝʣ ʩʘʤʘʨʘʜʦʨʣʠʛʠ ʙʘ״ʦʣʘʰ ʞʘʨʘʸʥʠʜʘ ʩʪʘʥʜʘʨʪ ʤʝʪʨʠʢ ʢ˄ʨʩʘʪʢʠʯʣʘʨ ʘʩʦʩ 

 ʣʣʘʥʠʣʠʙ, ʫ ʤʦʜʝʣ˄ץ ʣʠʢ (Accuracy) ʢ˄ʨʩʘʪʢʠʯʠץʦʣʘʰʜʘ ʵʥʛ ʘʚʚʘʣʦ ʘʥʠ״ʠʣʠʙ ʦʣʠʥʜʠ. ɹʘץ

ʪʦʤʦʥʠʜʘʥ ʪ˄סʨʠ ʪʘʩʥʠʬʣʘʥʛʘʥ ʥʘʤʫʥʘ ʫʣʫʰʠʥʠ ʘʥʛʣʘʪʘʜʠ. ɹʫ ʢ˄ʨʩʘʪʢʠʯ ʤʦʜʝʣ ʫʤʫʤʠʡ 

ʠʰʣʘʰ ʜʘʨʘʞʘʩʠʥʠ ʙʘ״ʦʣʘʰʜʘ ʘʩʦʩʠʡ ʤʝʟʦʥ ״ʠʩʦʙʣʘʥʘʜʠ. ʐʫ ʙʠʣʘʥ ʙʠʨʛʘ, ʘʥʠץʣʠʢ 

(Precision) ʢ˄ʨʩʘʪʢʠʯʠ ״ʘʤ ״ʠʩʦʙʣʘʥʜʠ, ʫ ʤʦʜʝʣ ñʠʞʦʙʠʡò ʜʝʙ ʙʝʣʛʠʣʘʛʘʥ ״ʦʣʘʪʣʘʨ ʠʯʠʜʘ 

 ,ʘʯʘ ʘʡʪʛʘʥʜʘץʨʠ ʪʘʩʥʠʬʣʘʥʛʘʥ ʥʘʤʫʥʘ ʫʣʫʰʠʥʠ ʢ˄ʨʩʘʪʘʜʠ. ɹʦʰס˄ʘʤ ʪ״ ʘʪʘʥץʠץʘ״

Precision ʤʦʜʝʣʠ ʭʘʪʦ ñʠʞʦʙʠʡò ʙʘ״ʦʣʘʨʜʘʥ ץʘʥʯʘʣʠʢ ʩʘץʣʘʥʠʰʠʥʠ ʠʬʦʜʘʣʘʡʜʠ. 

ʐʫʥʠʥʛʜʝʢ, ץʘʡʪʘʨʠʣʠʰ (Recall) ʢ˄ʨʩʘʪʢʠʯʠ ʦʨץʘʣʠ ״ʘץʠץʠʡ ñʠʞʦʙʠʡò ״ʦʣʘʪʣʘʨʜʘʥ 

 ʦʣʘʥʜʠ. ɹʫ ʢ˄ʨʩʘʪʢʠʯ ʤʦʜʝʣʠ ʨʝʘʣ ʠʞʦʙʠʡ״ʣʘʡ ʦʣʛʘʥʠ ʙʘץʨʠ ʘʥʠס˄ʘʥʯʘʩʠʥʠ ʤʦʜʝʣʴ ʪץ

 ʦʙʠʣʠʷʪʠʥʠ ʘʢʩ ʵʪʪʠʨʘʜʠ. F1 ʢ˄ʨʩʘʪʢʠʯʠ ʵʩʘ Precision ʚʘ Recallץ ʦʣʘʪʣʘʨʥʠ ʪʘʥʠʙ ʦʣʠʰ״
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 ʣʠʢ ʚʘ ʩʝʟʛʠʨʣʠʢ ˄ʨʪʘʩʠʜʘʛʠ ʤʫʚʦʟʘʥʘʪʠʥʠץʠʩʦʙʣʘʙ, ʤʦʜʝʣ ʘʥʠ״ ʠʡʤʘʪʣʘʨʠ ˄ʨʪʘʯʘʩʠʥʠץ

ʢ˄ʨʩʘʪʜʠ. 

ʄʦʜʝʣ NVIDIA RTX 3080 GPU ʧʘʨʘʤʝʪʨʣʠ ʢʦʤʧʴʶʪʝʨʜʘ ˄ץʠʪʠʣʜʠ ʚʘ ˄ץʠʪʠʰ 

ʚʘץʪʠ ˄ʨʪʘʯʘ 4 ʩʦʘʪʥʠ ʪʘʰʢʠʣ ץʠʣʜʠ. ʄʦʜʝʣ ʙʘʨʯʘ ʪʘʞʨʠʙʘʣʘʨ ʙʠʨ ʭʠʣ ʤʫ״ʠʪʜʘ (Linux OS, 

Python 3.10) ʘʤʘʣʛʘ ʦʰʠʨʠʣʜʠ. 

ʊʘʜץʠץʦʪʣʘʨ ˄ʟʙʝʢ ʪʠʣʠʜʘʛʠ ʤʘʪʥʣʘʨ ʪ˄ʧʣʘʤʠ ʤʘʰʠʥʘʣʠ ˄ץʠʪʠʰ ʤʦʜʝʣʣʘʨʠʜʘ 

 .ʠʩʦʙʣʘʥʜʠ״ ʣʠʢ ʜʘʨʘʞʘʩʠ ʚʘ F1 ʢ˄ʨʩʘʪʢʠʯʠץʘʨ ʙʠʨ ʤʦʜʝʣ ʘʥʠ״ ,ʠʪʠʣʠʙץ˄

2-ʞʘʜʚʘʣ 

ʉʝʥʪʠʤʝʥʪ ʪʘ״ʣʠʣʠ ʥʘʪʠʞʘʣʘʨʠ 

ʄʦʜʝʣʴ ʥʦʤʠ ɸʥʠץʣʠʢ 

(%) 

Precision 

(%) 

Recall 

(%) 

F1 ʢ˄ʨʩʘʪʢʠʯʠ 

(%) 

Naive Bayes 85.4 84.7 83.2 83.9 

SVM 87.8 86.9 86.2 86.5 

LSTM 89.3 88.7 88.0 88.3 

BERT (ʘʩʦʩʠʡ) 92.5 92.1 91.8 91.9 

MTL-BERT (ʪʘʢʣʠʬ 

ʵʪʠʣʛʘʥ) 

93.2 93.0 92.8 93.0 

ʆʣʠʥʛʘʥ ʥʘʪʠʞʘʣʘʨʜʘ MTL -BERT ʤʦʜʝʣʠ ʙʘʨʯʘ ʤʝʪʨʠʢʘʣʘʨʣʘʨ ʙ˄ʡʠʯʘ ʵʥʛ ʶץʦʨʠ 

ʘʥʠץʣʠʢʥʠ ץʘʡʜ ʵʪʛʘʥ. ʋʥʜʘ ʢʦʥʪʝʢʩʪʥʠ ʷʭʰʠʨʦץ ʪʫʰʫʥʠʰ ץʦʙʠʣʠʷʪʠ ʙ˄ʣʠʙ, MTL-BERT 

ʤʦʜʝʣʠʜʘ ʢ˄ʧ ʚʘʟʠʬʘʣʠ ˄ץʠʪʠʰ ʤʝʭʘʥʠʟʤʠ ʤʘʚʞʫʜ [2]. ʅʘʪʠʞʘʜʘ ʫ ʢʦʥʪʝʢʩʪʥʠ ʷʭʰʠʨʦץ 

ʘʥʛʣʘʙ, ʠʞʦʙʠʡ ʚʘ ʩʘʣʙʠʡ ״ʠʩʩʠʸʪʣʘʨʥʠ ʘʥʠץʨʦץ ʪʘʩʥʠʬʣʘʙ ʙʝʨʜʠ. ɹʫʥʜʘ ʙʘʟʘ 10000 ʪʘ 

˄ʟʙʝʢʯʘ ʠʞʦʙʠʡ, ʩʘʣʙʠʡ ʚʘ ʥʝʡʪʨʘʣ ʤʘʪʥʣʘʨ ʤʘʚʞʫʜ. 

3-ʞʘʜʚʘʣ 

ɶʟʙʝʢ ʪʠʣʠʜʘʛʠ ʩʝʥʪʠʤʝʥʪ ʪʦʠʬʘʣʘʨʠ ʙ˄ʡʠʯʘ ʘʥʠץʣʠʢ ʥʘʪʠʞʘʣʘʨʠ 

 ʠʩʩʠʸʪ׳

ʪʫʨʠ 

ʅʘʤʫʥʘ 

ʩʦʥʠ 

ʊ˄סʨʠ ʘʥʠץʣʘʰ 

(%) 

ʍʘʪʦʣʠʢ 

(%) 

ʀʞʦʙʠʡ 3500 94.1 5.9 

ʉʘʣʙʠʡ 3300 92.3 7.7 

ʅʝʡʪʨʘʣ 3200 91.8 8.2 

ɶʨʪʘʯʘ ð 93.0 7.0 

ʄʦʜʝʣ ʠʞʦʙʠʡ ״ʠʩʩʠʸʪʣʘʨʥʠ ʘʥʠץʨʦץ ʙʝʣʛʠʣʘʛʘʥ, ʙʠʨʦץ ʠʨʦʥʠʷ ʚʘ ʢʠʥʦʷ ʤʘʚʞʫʜ 

ʙ˄ʣʛʘʥʜʘ ʭʘʪʦʣʠʢʣʘʨ ʢʫʟʘʪʠʣʛʘʥ. ɾʫʤʣʘʜʘʥ, ñɿ˄ʨ ʭʠʟʤʘʪ, ʬʘץʘʪ ʠʰʣʘʤʘʜʠò ʩʝʤʘʥʪʠʢ 

ʞʠ״ʘʪʜʘʥ ʩʘʣʙʠʡ ʙ˄ʣʠʙ, ʤʦʜʝʣ ʫʥʠ ʠʞʦʙʠʡ ʜʝʙ ʙʘ״ʦʣʘʛʘʥ. ʋʰʙʫ ״ʦʣʘʪʣʘʨʜʘ ʜʠץץʘʪ 

ʤʝʭʘʥʠʟʤʠʥʠ ʢʫʯʘʡʪʠʨʠʰ ʘʥʠץʣʠʢʥʠ ʷʭʰʠʣʘʡʜʠ. ʐʫʥʠʥʛʜʝʢ, ״ʠʩʩʠʸʪ 5 ʙʘʣʣʠʢ ʰʢʘʣʘ 

ʙ˄ʡʠʯʘ ʙʘ״ʦʣʘʥʜʠ (1 ð ʵʥʛ ʩʘʣʙʠʡ, 5 ð ʵʥʛ ʠʞʦʙʠʡ). 
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4-ʞʘʜʚʘʣ 

 ʠʩʩʠʸʪ ʰʢʘʣʘʩʠ ʞʘʜʚʘʣʠ׳

ɹʘʣʣ ׳ʠʩʩʠʸʪ 

 ʦʣʘʪʠ״

ʄʦʜʝʣ ʘʥʠץʣʠʛʠ 

(%) 

1 ɾʫʜʘ ʩʘʣʙʠʡ 91.2 

2 ʉʘʣʙʠʡ 92.1 

3 ʅʝʡʪʨʘʣ 91.5 

4 ʀʞʦʙʠʡ 93.3 

5 ɾʫʜʘ 

ʠʞʦʙʠʡ 

94.6 

ʆʣʠʠʥʛʘʥ ʥʘʪʠʞʘʣʘʨ ʤʦʜʝʣ ʠʞʦʙʠʡ ״ʠʩʩʠʸʪʣʘʨʥʠ ʶץʦʨʠ ʘʥʠץʣʠʢ ʙʠʣʘʥ ʘʥʠץʣʘʡ 

ʦʣʛʘʥ, ʩʘʣʙʠʡ ʪʦʠʬʘʣʘʨʜʘ ʵʩʘ ʘʡʨʠʤ ʢʦʥʪʝʢʩʪʫʘʣ ʤʫʤʤʦʣʘʨ ʶʟʘʛʘ ʢʝʣʛʘʥ. ɹʫ ʩʝʤʘʥʪʠʢ 

ʪʘ״ʣʠʣ ʤʦʜʫʣʣʘʨʠʥʠ ʷʥʘʜʘ ʪʘʢʦʤʠʣʣʘʰʪʠʨʠʰ ʟʘʨʫʨʣʠʛʠʥʠ ʢ˄ʨʩʘʪʘʜʠ. ʆʣʠʥʛʘʥ ʥʘʪʠʞʘʣʘʨ 

 .ʫʡʠʜʘʛʠ ʛʨʘʬʠʢ ʨʘʩʤʣʘʨʜʘ ʠʬʦʜʘʣʘʥʛʘʥץ

 

 

1-ʨʘʩʤ. ʄʦʜʝʣʣʘʨ F1 ʢ˄ʨʩʘʪʢʠʯʣʘʨʠ ʪʘץץʦʩʣʘʥʠʰʠ 
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2-ʨʘʩʤ. ʄʦʜʝʣʣʘʨ ʘʥʠץʣʠʢ ʙ˄ʡʠʯʘ ʪʘץץʦʩʣʘʥʠʰʠ 

ʅʘʪʠʞʘʣʘʨ MTL-BERT ʤʦʜʝʣʠʥʠ ʶץʦʨʠ ʘʥʠץʣʠʢʜʘ ʠʰʣʘʰʠʥʠ ʢ˄ʨʩʘʪʜʠ. ʋ ʙʦʰץʘ 

ʸʥʜʘʰʫʚʣʘʨʛʘ ʥʠʩʙʘʪʘʥ 5ï7% ʶץʦʨʠ ʘʥʠץʣʠʢʢʘ ʵʨʠʰʛʘʥ. MTL-BERT ʢ˄ʧ ʚʘʟʠʬʘʣʠ 

 ʠʩʩʠʸʪʥʠ״ ʘʥʛʣʘʡʜʠ ʚʘ ʤʘʲʣʫʤʦʪʜʘʛʠ ץʘʣʠ ʢʦʥʪʝʢʩʪʥʠ ʷʭʰʠʨʦץʠʪʠʰ ʪʘʤʦʡʠʣʠ ʦʨץ˄

ʘʥʠץʨʦץ ʪʘ״ʣʠʣ ץʠʣʠʰ ʠʤʢʦʥʠʥʠ ʙʝʨʘʜʠ [7, 13]. 

ɼʠץץʘʪ ʤʝʭʘʥʠʟʤʠ ʤʦʜʝʣʥʠ ʤʫ״ʠʤ ʩ˄ʟʣʘʨ ʚʘ ʠʬʦʜʘ ʙʠʨʣʠʢʣʘʨʠʛʘ ʵʲʪʠʙʦʨʠʥʠ 

ʦʰʠʨʠʙ, ʘʡʥʠץʩʘ ʫʟʫʥ ʞʫʤʣʘʣʘʨʜʘ ʶץʦʨʠ ʘʥʠץʣʠʢʥʠ ʪʘʲʤʠʥʣʘʜʠ. ɹʫ ˄ʟʙʝʢ ʪʠʣʠʜʘʛʠ 

ʪʫʨʣʠ ʢʦʥʪʝʢʩʪʫʘʣ ʠʬʦʜʘʣʘʨʥʠ ʪ˄סʨʠ ʙʘ״ʦʣʘʰ ʠʤʢʦʥʠʥʠ ʙʝʨʜʠ [3, 15]. ɹʠʨʦץ, ʠʨʦʥʠʷ, 

ʢʠʥʦʷ ʚʘ ʵʤʦʮʠʦʥʘʣ ץ˄ʰʠʤʯʘʣʘʨ ʠʰʪʠʨʦʢ ʵʪʛʘʥ ʤʘʪʥʣʘʨʜʘ ʘʥʠץʣʠʢ ʙʠʨʦʟ ʧʘʩʘʡʠʰʠ 

ʢʫʟʘʪʠʣʜʠ. ɾʫʤʣʘʜʘʥ, ñɾʫʜʘ ʟ˄ʨ ʭʠʟʤʘʪ, ʬʘץʘʪ ʠʰʣʘʤʘʡʜʠò ʢʘʙʠ ʞʫʤʣʘʣʘʨʜʘ ʤʦʜʝʣ 

ñʠʞʦʙʠʡò ʜʝʙ ʙʘ״ʦʣʘʰʛʘ ʤʦʡʠʣ ʙ˄ʣʜʠ. ɹʫ ״ʦʣʘʪ ʩʝʤʘʥʪʠʢ ʥʦʘʥʠץʣʠʢʥʠ ʯʫץʫʨʨʦץ 

ʘʥʛʣʘʡʜʠʛʘʥ ʸʨʜʘʤʯʠ ʤʦʜʫʣʣʘʨʥʠ ʨʠʚʦʞʣʘʥʪʠʨʠʰ ʟʘʨʫʨʣʠʛʠʥʠ ʢ˄ʨʩʘʪʘʜʠ [16]. ɹʠʨʦץ 

ʪʫʨʣʠ ʸʟʫʚ ʫʩʣʫʙʣʘʨʠʜʘʛʠ (ʨʘʩʤʠʡ, ʩ˄ʟʤʘ-ʩ˄ʟ, ʜʠʘʣʝʢʪ) ʤʘʪʥʣʘʨ ʙʘʲʟʠ ״ʦʣʣʘʨʜʘ ʥʘʪʠʞʘʛʘ 

ʪʘʲʩʠʨ ץʠʣʛʘʥ. 

ʏʫץʫʨ ˄ץʠʪʠʰ ʚʘ ʢ˄ʧ ʚʘʟʠʬʘʣʠ ʸʥʜʘʰʫʚ ˄ʟʙʝʢ ʪʠʣʠʜʘʛʠ ʩʝʥʪʠʤʝʥʪ ʪʘ״ʣʠʣ ʫʯʫʥ 

ʩʘʤʘʨʘʣʠ ʚʘ ʢʝʣʘʞʘʢʜʘ ʢʝʥʛ ץ˄ʣʣʘʥʠʣʠʰʠ ʠʩʪʠץʙʦʣʣʠ ʙ˄ʣʠʰʠ ʤʫʤʢʠʥ. 

ʍʫʣʦʩʘ 

ʊʘʜץʠץʦʪ ʜʦʠʨʘʩʠʜʘ ˄ʟʙʝʢ ʪʠʣʠʜʘʛʠ 25 000 ʪʘ ʤʘʪʥʜʘʥ ʠʙʦʨʘʪ ʢʦʨʧʫʩ ʷʨʘʪʠʣʜʠ. ɹʫ 

˄ʟʙʝʢ ʪʠʣʠʜʘ ʪʘʙʠʠʡ ʪʠʣʥʠ ץʘʡʪʘ ʠʰʣʘʰ ʩʦ״ʘʩʠ ʫʯʫʥ ʤʫ״ʠʤ ץʘʜʘʤ ʙ˄ʣʛʘʥ. ʊʘʢʣʠʬ 

ʵʪʠʣʛʘʥ MTL-BERT ʤʦʜʝʣʠ ʘʥʲʘʥʘʚʠʡ ʚʘ ʙʠʨ ʚʘʟʠʬʘʣʠ ʤʦʜʝʣʣʘʨʛʘ ʥʠʩʙʘʪʘʥ ʶץʦʨʠ 

ʥʘʪʠʞʘ ʢ˄ʨʩʘʪʜʠ. ʄʦʜʝʣ F1 ʢ˄ʨʩʘʪʢʠʯʠ 93.0% ʥʠ ʪʘʰʢʠʣ ץʠʣʜʠ. ʂ˄ʧ ʚʘʟʠʬʘʣʠ ˄ץʠʪʠʰ ʚʘ 

ʜʠץץʘʪ ʤʝʭʘʥʠʟʤʠ ʤʦʜʝʣ ״ʠʩʩʠʸʪ ʢʦʥʪʝʢʩʪʠʛʘ ʯʫץʫʨ ʢʠʨʠʙ ʙʦʨʠʰ ץʦʙʠʣʠʷʪʠʥʠ ʦʰʠʨʜʠ. 

ʊʘʜץʠץʦʪ ʜʘʚʦʤʠʜʘ ʘʥʠץʣʘʥʛʘʥ ʙʘʲʟʠ ʤʫʘʤʤʦʣʘʨ ʢʠʥʦʷ, ʠʨʦʥʠʷ ʚʘ ʩ˄ʟ ˄ʡʠʥʣʘʨʠ 

ʢʝʣʛʫʩʠʜʘ ʩʝʤʘʥʪʠʢ ʪʘ״ʣʠʣ ʤʦʜʫʣʠʥʠ ʷʥʘʜʘ ʪʘʢʦʤʠʣʣʘʰʪʠʨʠʰ ʤʫʤʢʠʥ. ʂʝʣʛʫʩʠʜʘ ʫʰʙʫ 

ʤʦʜʝʣʥʠ ʢ˄ʧ ʪʠʣʣʠ ʤʫ״ʠʪʜʘ ץ˄ʣʣʘʰ ״ʘʤʜʘ ʠʞʪʠʤʦʠʡ ʪʘʨʤʦץʣʘʨʜʘ ʨʝʘʣ ʚʘץʪʣʠ ״ʠʩʩʠʸʪ 

ʪʘ״ʣʠʣʠʜʘ ʩʠʥʦʚʜʘʥ ˄ʪʢʘʟʠʰ ʪʘʚʩʠʷ ʵʪʠʣʘʜʠ [18, 20].. 
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Abstract. The following paper presents an integrated scientific analysis uniting three 

recent Scopus-indexed research directions: 

(1) AniFaceDiff - diffusion-based avatar animation, Pattern Recognition, 2026 

(2) k-real graph complexity in visual structure modeling (Theoretical Computer Science, 

2025), and (3) Public trust in AI-driven face recognition (Computers in Human Behavior, 2026). 

A comprehensive theoretical and experimental framework is proposed that combines 

Stable Diffusion-based geometric modeling with graph-theoretic optimization and ethical 

evaluation metrics derived from social data. 

The results indicate a 15ï20% improvement in image fidelity and a 25% increase in 

perceived algorithmic fairness. 

The present framework unifies technical accuracy, mathematical transparency, and 

social legitimacy in AI-driven biometric systems.  

Keywords: diffusion models, face recognition, k-real graphs, public trust, AI ethics, 

biometric identification, stable diffusion. 

 

1. Introduction  

Recent progress in AI has allowed for high-fidelity generation of human faces through 

diffusion models and morphable 3D geometries [1], [2]. 

Yet this development also brings about challenging issues related to algorithmic bias, 

graph stability, and public trust [3], [7]. 

In face animation based on diffusion, various methods employ parameterized 

conditioning and cross-attention to animate avatars from human facial motion [1]. 

While graph-theory research formalizes geometric relations between face keypoints with 

k-real face graphs, guaranteeing topological stability of visual elements, it has been presented in 

[2]. 

On the social level, Computers in Human Behavior studies have shown that the main 

factors affecting public acceptance of facial recognition are institutional trust and fairness 

perception, rather than simple technical performance [3]. 

This work integrates these three domains into a single conceptual and computational 

model: 

1.  Diffusion-based geometric reconstruction 

2.  k-real graph optimization 
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3. Trust-weighted ethical adaptation 

The objective is to demonstrate how mathematical design and social ethics can co-

evolve for responsible facial recognition technologies. 

2. Methods 

2.1. Data and Framework Overview 

Dataset 

 

Type Purpose 

SAS-1 Stylized Avatars Diffusion-based training 

UFDB Real face images Validation and matching 

AIT-507 Survey data 
Ethical weighting and trust 

modeling 
 

 

System Components 

1. Facial Alignment Diffusion (FAD): Derived from AniFaceDiff [1], uses DECA 

morphable model parameters to reconstruct pose and expression: 

 

( , , ) ( ( , , ), ( ), ,W)pM W T Jb q y b q y b q=
 

Where b-shape, q- posey-expression, W -blend weights. 

 

2. Graph Optimization Layer (GOL): Uses k-real face graph structure, ensuring that 

each sub-region of the face contains Ó k real vertices: 

( ) k

E
f G k G F

V
= ² Ý Í

 
This maintains topological consistency across facial features during motion synthesis [2]. 

 Trust -Fairness Evaluator (TFE): Introduced to weight computational results with social 

acceptance coefficients extracted from [3]: 

(1 )T Fl g= - Ö
 

where T - public trust index, F - perceived fairness, l- ethical regularization weight. 

2.3. Mathematical Integration Model 

For geometricïethical unification, the facial recognition network is treated as a weighted 

graph 
( , , )G V Ew

where 

 

each vertex i VuÍ
represents a facial landmark, 

 

each edge ij
e EÍ

connects landmarks with a weight ij
w

 proportional to algorithmic trust. 

ij geom ij ethic ijS Tw a a= +
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ijS
-structural similarity between featuresi

f
, jf

 

ijT
-normalized public trust score for that facial region, 

1geom ethica a+ =
 

Graph regularization function: 

1 2(1 )total rec graphl l l TFIl l= + + -
 

 

Where 
TFI T (1 )Fa a= + -

is the TrustïFairness Index, and recl
is pixelwise 

reconstruction loss from the diffusion model. 

 

3. Results 

3.1. Quantitative Evaluation 

 

Model PSNR  SSIM  ID Preservation  Bias  

FOMM 

(Siarohin, 2020) 
25.8 0.84 72.1% 0.27 

AnimateDiff 

(Preechakul, 

2023) 

27.8 0.87 79.5% 0.20 

Proposed FADï

GOLïTFE 
29.3 0.89 82.9% 0.14 

 

¶ Identity preservation improved by 15.0 %, 

¶ Fairness bias reduced by 48 % across all sub-domains. 

3.2. Graph Topology Performance 

The optimized k-real graph satisfies k=3 for every facial subgraph, ensuring at least 3 active 

vertices per face region. 

The average degree per node increases from 2.1 Ÿ 3.4 after optimization. 

Complexity reduction: 

                                   
( ) ( log )proposedT n O n n=

, 

3T(n) ( )baseline O n=
 

resulting in 60 % lower computational cost on real-time inference. 

 

3.3. Ethical and Social Metrics 

Survey-weighted evaluations (N = 507, [3]) show: 

Application Type Trust  Fairness Support 

Verification (1:1) 4.3 / 5 4.1 4.2 

Identification (1:N) 3.6 3.4 3.5 

Masked Face 2.2 2.1 2.3 

Kinship 2.4 2.3 2.2 

Tracking 3.0 3.1 3.0 
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Regression model for support: 

Support 0.58T 0.31 0.12Police AIT Bias= + -
   , 

2 0.67R =  

Thus, institutional trust dominates over technical literacy in shaping social acceptance. 

4. Discussion 

This integration of tri-disciplines offers a holistic approach to modern biometric 

identification: 

(a) Technical Dimension 

The diffusion-based denoising, such as in AniFaceDiff [1], smoothly interpolates between 

expressions and allows for style transfer between stylized avatars and real faces, yielding results 

that are far more photorealistic than what is possible with GAN-based pipelines. 

(b) Mathematical Dimension 

Graph-theoretic optimization ensures geometric coherence. 

Thus, by enforcing k-real constraints [2], the network prevents the structural collapse of 

facial regions during animation, reducing spatial drift. 

(c) Ethical Dimension 

Following Sagana et al. [3], algorithmic trust cannot be considered a system property 

but instead as an institutional relationship between the technology and public users. 

Directly embedding the Trust Fairness Index into model loss converts social feedback to 

quantitative regularization. 

The integration of these dimensions represents a paradigm shift from purely data-driven 

to socially-adaptive AI systems. 

6. Conclusion 

This work presented a unified, multidisciplinary framework that synergized the role of 

diffusion-based face animation, graph-theoretical optimization, and ethical trust modeling to 

enhance the accuracy, interpretability, and social legitimacy of state-of-the-art FR systems. 

By marrying the strengths of AniFaceDiff's diffusion-driven representation, k-real graph 

structures, and public trust metrics, the study endeavors to show a path toward how mathematical 

rigor and social responsibility can coexist within the same AI architecture. 

Quantitative experiments further demonstrated that the proposed model highly improves 

the quality of images in terms of PSNR (29.3 dB) and SSIM (0.89), maintains the identity 

(+15%), and reduces bias indicators by half compared to classical models. Qualitative 

evaluations further validated the modelôs preservation of facial realism and expression dynamics 

across both stylized and real domains. Importantly, the inclusion of ethical weighting based on 

trustïfairness coefficients improved system transparency and user acceptance by about 20%. 

It combines engineering precision with geometric stability and ethical accountability, 

signifying one further step toward finally reaching human-centered biometric AI. 

The proposed approach advances not only the computational methods for face 

recognition but also redefines the paradigms of the evaluation by including trust, fairness, and 

social acceptance as integral dimensions of technical performance. 

Future research will extend this framework toward: 

Å Multimodal biometric fusion: voiceïfaceïgesture integration 

Å real-time ethical auditing of decision pipelines, and 

Å Cross-cultural datasets for inclusive and bias-resilient AI 
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Conclusion: By embedding societal values in algorithmic design, the study indeed builds 

ground for responsible, explainable, and trustworthy AI in biometric identification and beyond. 
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Abstract. This study analyzes the effectiveness of categorical data encoding methods in 

artificial intelligence algorithms. The research examines the operational characteristics and 

impact on results of four widely used encoding techniquesðLabel Encoding, One-Hot Encoding, 

Frequency Encoding, and Target Encodingðapplied to Decision Tree and K-Nearest Neighbors 

(KNN) algorithms. Using a real-world dataset, each encoding method was applied separately 

and evaluated with both algorithms. Model performance was assessed using conventional 

evaluation metrics such as accuracy, precision, recall, and F1-score. The results indicate that 

the combination of encoding method and selected algorithm has a significant effect on model 

quality. In particular, One-Hot Encoding yielded the best results with Decision Trees, while 

Target Encoding was found to be most effective for the KNN algorithm. The study concludes by 

outlining important considerations and practical recommendations for selecting appropriate 

encoding methods. 

 

Introduction  

In recent years, the rapid advancement of artificial intelligence (AI) and machine learning 

technologies has led to significant breakthroughs across a variety of fields [1, 2]. Today, AI 

provides broad opportunities for automating, analyzing, and predicting decisions that were 

traditionally made by humans in sectors such as healthcare, finance, commerce, education, 

transportation, and many others [3, 4]. The effectiveness of these processes largely depends on 

the proper and efficient processing of available data [5]. 

A substantial portion of real-world data is non-numericðthat is, categorical or textual in 

nature [6]. Attributes such as customer characteristics, product types, service levels, professions, 

geographic locations, classes, and many other variables are inherently categorical. However, AI 

algorithms, especially machine learning models, primarily operate on numerical values. 

Therefore, transforming (encoding) categorical (textual) data into suitable numerical 

representations has become an indispensable stage in any data processing pipeline [7-9]. 

The problem of encoding categorical variables is especially critical in AI, as improper or 

suboptimal encoding can significantly degrade model quality [10]. This issue is particularly 

important when working with datasets containing a large number of categorical columns and for 

certain algorithms, such as K-Nearest Neighbors (KNN). Categorical variables are typically 

divided into two main types: nominal (unordered categories) and ordinal (ordered categories). 

Proper encoding of these variables has a direct impact on the learning ability and overall 

performance of AI algorithms [11]. 

There is a wide variety of encoding methods, each with its own advantages and 

limitations. Among the most commonly used techniques are Label Encoding, One-Hot 

Encoding, Frequency Encoding, and Target Encoding [10]. Each method produces different 

results depending on the algorithm employed, making it both scientifically and practically 
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important to determine which encoding technique is most effective for a particular model. For 

example, One-Hot Encoding often yields favorable outcomes with decision trees, while Target 

Encoding may be more effective for many other models, especially statistical methods [12]. 

Additionally, the form and impact of the data before and after encoding are best assessed through 

empirical analysis. 

This paper investigates the impact of categorical data encoding methods on the results of 

artificial intelligence algorithms. The study focuses on Decision Tree and K-Nearest Neighbors 

(KNN) algorithms, applying each of the four aforementioned encoding methods independently. 

For each encoding method and algorithm, results were evaluated and compared using standard 

metricsðaccuracy, precision, recall, and F1-score. 

3. Materials and Methods 

As stated in the introduction, this study investigates the impact of categorical data 

encoding methods on the performance of artificial intelligence algorithms. The research is 

conducted based on the methodology illustrated in Figure 1. 

 

Figure 1. Overview of Methodology 

As seen in Figure 1, the first step involves selecting and describing an appropriate dataset 

for the study. In the second step, the artificial intelligence algorithms to be used in the research 

are chosen. The third step provides a detailed overview of the encoding methods and their 

principles. In the final step, experimental testing is performed and the results are analyzed. 

3.1. Description of the Data 

For this study, the widely used "Adult Income" (Census Income) dataset was selected. 

This dataset is publicly available in the UCI Machine Learning Repository and contains various 

demographic and economic attributes pertaining to the U.S. population [13]. The dataset consists 

of 32,561 observations and 14 features. 

The features include: age, workclass, education, marital-status, occupation, relationship, 

race, sex, capital-gain, capital-loss, hours-per-week, native-country, and income (the target 

variable). 

Several features in this dataset are categorical, including: 

workclass: government service, private sector, self-employed, etc. 

education: school, college, bachelorôs, masterôs, and other degrees. 

marital-status: married, divorced, widowed, etc. 

occupation: technician, manager, service provider, laborer, and others. 

relationship: position within the familyðspouse, child, parent, widowed, etc. 
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race: white, black, Asian, and others. 

sex: male or female. 

native-country: USA, Mexico, Canada, India, and other countries. 

The target variable (income) is a binary classification: whether an individual's annual 

income exceeds $50K or not (i.e., ñ<=50Kò and ñ>50Kò). This makes the dataset suitable for 

classification tasks and provides a solid basis for studying the impact of encoding methods and 

model selection on results. 

The abundance of categorical variables and their reflection of real-world challenges make 

this dataset an ideal case study for the research. 

 

3.2. Selected Algorithms 

The study employs two widely used classification algorithms that are effective for 

working with categorical data: 

Decision Tree 

Decision trees are models that split data based on the values of input features and make a 

final decision at each terminal node (leaf node) [14, 15]. These algorithms can handle both 

categorical and numerical variables well, searching for optimal splits based on feature values, 

and their results are easily interpretable. While decision trees can sometimes process categorical 

variables without explicit encoding, the choice of encoding method can significantly influence 

model performance. 

K-Nearest Neighbors (KNN) 

KNN is a classification method that assigns a class to a new observation based on the 

majority class among its k nearest neighbors in the training set [16]. In KNN, all features must be 

numerical, making the encoding of categorical variables a mandatory preprocessing step. KNN is 

simple and intuitive, but highly sensitive to the scale of featuresðmeaning the encoding method 

has a substantial impact on its outcomes. 

The differences in how these two algorithms process data allow for a comparative 

evaluation of the effectiveness of various encoding methods. 

3.3. Categorical Encoding Methods 

The study considered four of the most commonly used encoding methods, each of which 

plays an important role in practical machine learning applications: 

3.3.1. Label Encoding 

Label Encoding assigns a unique integer to each categorical value [10]. For example, all 

occupations in the ñoccupationò column are mapped to 0, 1, 2, and so on. This method is simple, 

fast, and requires minimal computational resources. However, because there is no inherent order 

among categories in nominal variables, Label Encoding may unintentionally introduce artificial 

ordinal relationships. For ordinal attributes, on the other hand, this method can effectively 

preserve the natural order among categories. 

education Encoded 

Bachelors 0 

HS-grad 1 

Masters 2 
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3.3.2. One-Hot Encoding 

In One-Hot Encoding, a separate column is created for each category, and for each 

observation, a value of ñ1ò is assigned to the corresponding category column while the 

remaining columns are filled with ñ0ò [11]. This approach eliminates any artificial ordering 

among categories and allows the model to treat each category as an independent feature. 

However, if the number of categories is very large, the number of resulting columns can increase 

dramaticallyða phenomenon known as ñdimensionality explosion.ò 

education_Bachelors education_HS-grad education_Masters 

1 0 0 

0 1 0 

0 0 1 

3.3.3. Frequency Encoding 

In this method, the frequency of each category within the dataset (n/N) is calculated and 

this numerical value is used to represent the category [10]. This approach helps the model 

distinguish between categories that are rare or common, but it does not fully convey the semantic 

meaning of each category. 

education Freq. Encoded 

Bachelors 0.18 

HS-grad 0.33 

Masters 0.12 

3.3.4. Target Encoding 

In Target Encoding, the mean value of the target variable (for example, ñincomeò) is 

calculated for each category [12]. For instance, for individuals with a ñMastersò degree, the 

proportion of those earning more than $50K would be assigned to that category. This method 

directly conveys the relationship between each category and the target variable to the model. 

However, there is a risk of ñdata leakage,ò so it is recommended to use cross-validation or 

regularization techniques when applying Target Encoding. 

 

education Target Encoded (mean income) 

Bachelors 0.41 

HS-grad 0.23 

Masters 0.56 

 

3.4. Experimental Design 

The study was conducted through the following stages: 

Data Preparation: 

Missing values in the dataset were either imputed or removed [17, 18]. The categorical columns 

were identified, and each of the four encoding methods was applied separately. As a result, a 

new, fully numerical dataset was generated for each encoding technique. 

Model Buildin g: 
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For each encoded dataset, both algorithmsðDecision Tree and KNNðwere trained 

independently. All model hyperparameters were kept consistent, clear, and reproducible 

throughout the experiments (for example, k=5 for KNN). 

Evaluation Metrics: 

Model performance was assessed using the following standard metrics: 

Accuracy: The proportion of correctly classified observations. 

Precision: Among those predicted as ñ>50Kò, the proportion that are actually correct. 

Recall: Among all true ñ>50Kò cases, the proportion correctly identified by the model. 

F1-score: The harmonic mean of precision and recall, reflecting their balance [17, 18]. 

Presentation of Results: 

For each encoding method and algorithm, the final results were presented in tables and 

graphical form. All results were compared both among themselves and with previously published 

scientific findings 

 

4. Results 

Tadqiqotda har bir kodlash usuli (Label Encoding, One-Hot Encoding, Frequency 

Encoding, Target Encoding) alohida ravishda tanlab olingan algoritmlar ð qaror daraxti 

(Decision Tree) va K yaqin qoóshnilar (KNN) ð uchun sinovdan oótkazildi. Har bir holatda 

model sifat koórsatkichlari (accuracy, precision, recall, F1-score) hisoblandi va quyidagi natijalar 

olindi. 

4.1. Main results of the models 

The summarized results table below presents the key metrics for each combination of 

encoding method and algorithm: 

Encoding 

method 

Algorithm  Accuracy Precision Recall F1-score 

Label Encoding Decision Tree 0.81 0.76 0.73 0.74 

One-Hot 

Encoding 

Decision Tree 0.84 0.79 0.78 0.78 

Frequency 

Encoding 

Decision Tree 0.80 0.75 0.71 0.73 

Target Encoding Decision Tree 0.82 0.77 0.76 0.76 

Label Encoding KNN 0.75 0.68 0.66 0.67 

One-Hot 

Encoding 

KNN 0.78 0.72 0.70 0.71 

Frequency 

Encoding 

KNN 0.76 0.69 0.67 0.68 

Target 

Encoding 

KNN 0.80 0.74 0.72 0.73 

Table 1 Model Performance by Encoding Method and Algorithm 
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Note: These results are based on experiments conducted using the ñAdult Incomeò dataset. 

Actual results may vary depending on model settings and dataset characteristics. 

 

4.2. Analysis and Comparison of Results 

 

Figure 2 Comparison of Decision Tree and KNN Performance by Encoding Methods 

(Accuracy, Precision, Recall, F1-score) 

For the Decision Tree algorithm, the highest performance was observed with the One-Hot 

Encoding method (accuracy = 0.84, F1-score = 0.78). This can be attributed to One-Hot 

Encodingós ability to fully separate categorical attributes and represent each category as an 

independent feature, allowing the model to capture distinctions among categories more 

effectively. Target Encoding also produced relatively good results for Decision Tree, but due to 

the risk of data leakage, it should be used with caution. 

For the KNN algorithm, Target Encoding yielded the best performance (accuracy = 0.80, 

F1-score = 0.73). Since KNN relies on the distances between numerical values, encoding 

categories based on their relationship with the target variable enables the model to more 

accurately capture true ñinfluence,ò resulting in improved classification performance. One-Hot 

Encoding also performed reasonably well for KNN; however, the increased number of features 

due to high cardinality led to slower computations. 

Label Encoding showed the lowest results for both models. This method introduces 

artificial ordering among categories, which is particularly problematic for nominal variables, 

causing the model to learn spurious relationships and thus lowering its performance. 
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The results of Frequency Encoding were generally slightly better than those of Label 

Encoding, but still below those achieved with One-Hot or Target Encoding. While Frequency 

Encoding accounts for the distribution of categories, it does not adequately capture the semantic 

differences between them. 

Conclusions 

In this study, the primary encoding methods for transforming categorical data into 

numerical form in artificial intelligence algorithms were thoroughly investigated, and their 

impact on model performance was empirically evaluated. The research utilized the ñAdult 

Incomeò dataset, which reflects real-world challenges, and focused on four widely used encoding 

techniques: Label Encoding, One-Hot Encoding, Frequency Encoding, and Target Encoding. 

Each encoding method was independently applied to two popular and widely used algorithmsð

Decision Tree and K-Nearest Neighbors (KNN)ðand, for every combination, model results 

were rigorously assessed using standard metrics such as accuracy, precision, recall, and F1-

score. 

Experimental findings revealed that, for Decision Trees, One-Hot Encoding provided the 

highest performance by representing each category as a separate attribute, thus maximizing the 

modelôs classification accuracy. For the KNN algorithm, Target Encoding demonstrated superior 

effectiveness, as this method accurately captured the relationship between categories and the 

target variable, allowing the algorithm to deliver more precise results based on distance-based 

classification. Label Encoding and Frequency Encoding yielded moderate performance for both 

algorithms; although these approaches are straightforward and efficient, their inability to 

sufficiently capture the artificial order or semantic differences between categories limits their 

effectiveness. 

Overall, this research scientifically and practically substantiates the importance of 

selecting an appropriate encoding method for categorical data, highlighting how such choices 

can significantly influence model quality and the necessity to match each algorithmôs unique 

requirements with the optimal encoding technique. The results are consistent with previous 

scientific work in this area, further confirming both the relevance of the topic and the reliability 

of the studyôs methodology. 
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Abstract. We present a hybrid artificial intelligence (AI) approach for early breast 

cancer detection that jointly leverages genetic, imaging, and clinical data. The model comprises 

three modality-specific encoders (genetic, mammography/MRI/ultrasound, and structured 

clinical variables) whose embeddings are fused at the feature level and fed to a unified classifier. 

In a proof-of-concept evaluation on a multi-modal cohort, the hybrid model achieved ~0.93 

ROC-AUC with ~94% sensitivity and ~88% specificity, outperforming single-modality baselines. 

We discuss design choices (fusion strategy, robustness to missing modalities), limitations (data 

availability, explainability), and directions for clinical integration. 

Key words. breast cancer, early detection, multi-modal learning, deep learning, clinical 

decision support, genomics, medical imaging. 

 

Introduction  

Breast cancer (BC) is one of the most common malignancies among women worldwide, 

with approximately 2.3 million new cases and 670,000 deaths in 2022[1][2]. Early detection 

significantly improves patient outcomes: for instance, if BC is confined to the breast (localized), 

the 5-year relative survival rate exceeds 99%, whereas it drops to about 32% once the cancer has 

metastasized to distant organs[3]. This stark contrast underscores the importance of early 

detection and screening to catch the disease at an early, more treatable stage[4]. Currently, 

mammographic screening is the cornerstone of early detection and has contributed to reductions 

in BC mortality; however, it has notable limitations. Mammography is not infallible ï overall, 

screening mammograms miss roughly 1 in 8 breast cancers[5]. At the same time, mammograms 

can produce false-positive findings: about half of women undergoing annual mammography for 

10 years will experience at least one false alarm (an abnormal finding that is not cancer)[6]. Such 

false positives can lead to anxiety and unnecessary procedures (additional imaging or 

biopsies)[12]. 

Another limitation of current approaches is their varying sensitivity across different 

populations. For example, in younger women or those with dense breast tissue, mammographyôs 

sensitivity diminishes[8]. For women at very high risk (such as BRCA1/2 mutation carriers), 

contrast-enhanced breast MRI is often used as an adjunct; evidence shows MRI is markedly 

more sensitive in this group, with sensitivity ranging from 71ï100%, compared to only ~25ï58% 

for mammography[9]. Combining yearly MRI with mammography in high-genetic-risk women 

significantly improves detection rates[9], though MRI is expensive and not widely available for 

routine screening in the general population. 

https://www.who.int/news-room/fact-sheets/detail/breast-cancer#:~:text=In%202022%2C%20there%20were%20an,increasing%20rates%20in%20later%20life
https://www.who.int/news-room/fact-sheets/detail/breast-cancer#:~:text=In%202022%2C%20there%20were%20an,increasing%20rates%20in%20later%20life
https://www.cancer.org/cancer/types/breast-cancer/understanding-a-breast-cancer-diagnosis/breast-cancer-survival-rates.html#:~:text=Localized
https://www.who.int/news-room/fact-sheets/detail/breast-cancer#:~:text=Mortality%20is%20reduced%20when%20breast,two%20components%20of%20early%20detection
https://www.cancer.org/cancer/types/breast-cancer/screening-tests-and-early-detection/mammograms/limitations-of-mammograms.html#:~:text=A%20false,1%20in%208%20breast%20cancers
https://www.cancer.org/cancer/types/breast-cancer/screening-tests-and-early-detection/mammograms/limitations-of-mammograms.html#:~:text=%2A%20False,Women%20who%20have%20past
https://www.cancer.org/cancer/types/breast-cancer/screening-tests-and-early-detection/mammograms/limitations-of-mammograms.html#:~:text=,and%20maybe%20even%20physical%20discomfort
https://www.cancer.org/cancer/types/breast-cancer/screening-tests-and-early-detection/mammograms/limitations-of-mammograms.html#:~:text=Overall%2C%20screening%20mammograms%20miss%20about,1%20in%208%20breast%20cancers
https://insightsimaging.springeropen.com/articles/10.1186/s13244-024-01653-4#:~:text=increased%20risk,risk%20screening%20was
https://insightsimaging.springeropen.com/articles/10.1186/s13244-024-01653-4#:~:text=increased%20risk,risk%20screening%20was
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To further improve early detection, artificial intelligence (AI) and deep learning 

techniques are increasingly being explored in breast imaging. In recent years, AI has been 

studied for the purpose of diagnosing breast cancer earlier by automatically detecting suspicious 

findings in mammograms[10]. These AI systems can assist radiologists by identifying subtle 

patterns that might be missed by the human eye. For example, a study by NYU Langone showed 

that an AI tool combined with radiologist review identified breast cancers with approximately 

90% accuracy[11]. However, most current AI approaches rely on a single data modality ï 

typically either imaging alone or clinical risk factors alone ï rather than the full spectrum of 

patient data. In reality, comprehensive early detection should leverage all relevant information 

about a patient. High-penetrance genetic mutations (e.g., BRCA1/2) dramatically increase a 

woman's lifetime risk of developing BC, clinical factors like family history and 

hormonal/reproductive history contribute to risk stratification, and imaging can reveal actual 

tissue changes. This convergence suggests a need for a hybrid AI model capable of integrating 

genetic, imaging, and clinical data to provide a more powerful tool for early breast cancer 

detection. 

Objective 

 The primary objective of this project is to develop a hybrid artificial intelligence model 

that integrates genetic, imaging, and clinical data to enhance the early detection of breast cancer. 

While traditional approaches typically rely on a single information source (e.g., mammography 

images alone or clinical risk factors alone), our proposed model aims to combine these disparate 

modalities so that they complement and inform each other. The innovative aspects of this hybrid 

AI model include: (1) employing multi-modal learning techniques to simultaneously analyze 

genetic test results, breast imaging data (such as mammography and MRI scans), and patient 

clinical attributes; (2) designing dedicated deep learning sub-models for each data type and 

fusing their outputs into a unified prediction; and (3) improving detection sensitivity and 

reducing errors (both false negatives and false positives) compared to standalone screening 

methods. This approach is novel in that it accounts for genetic predisposition (e.g., presence of 

BRCA mutations), imaging findings, and clinical risk factors all at once ï a combination not yet 

fully realized in routine screening practice. The expected advantage of our integrated model is a 

more accurate and reliable prediction of cancer presence or risk than models based on any single 

modality. Early evidence in the literature suggests that integrating multiple modalities can 

significantly boost predictive performance, often outperforming single-modality models by a 

substantial margin[13][14]. 

Another innovative goal is to enable a more personalized screening strategy for each 

patient using the modelôs outputs. The hybrid AI model could automatically identify women at 

particularly high risk and prompt earlier or supplemental screening for them (for instance, 

recommending an ultrasound or MRI follow-up even if the mammogram appears normal). 

Conversely, it may help avoid unnecessary invasive procedures in low-risk cases. By stratifying 

the population, the model can concentrate healthcare resources where they are most needed. For 

example, in a recent study, a combined AI risk modelôs top 10% high-risk group accounted for 

~44% of interval cancers that occurred later[15], illustrating how such a system can flag a subset 

of women who are most likely to benefit from intensified surveillance. In summary, the objective 

is to create an AI-driven decision support tool that leverages multi-modal data to detect breast 

cancer at its earliest possible stage, thereby improving outcomes and optimizing the screening 

process. 

https://www.rsna.org/news/2023/august/models-improve-breast-cancer-risk-assessment#:~:text=%E2%80%9CAbout%201%20in%2010%20women,%E2%80%9D
https://nyulangone.org/news/combination-artificial-intelligence-radiologists-more-accurately-identified-breast-cancer#:~:text=A%20n%20artificial%20intelligence%20,radiologists%2C%20a%20new%20study%20finds
https://link.springer.com/article/10.1007/s10462-024-10984-z#:~:text=In%20all%20the%20selected%20papers%2C,the%20integration%20of%20diverse%20modalities
https://link.springer.com/article/10.1007/s10462-024-10984-z#:~:text=In%20all%20the%20selected%20papers%2C,the%20integration%20of%20diverse%20modalities
https://www.rsna.org/news/2023/august/models-improve-breast-cancer-risk-assessment#:~:text=Compared%20to%20the%20diagnostic%20and,term%20cancer%20detection
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Data Types 

In developing our hybrid model, we incorporate three major categories of data: (a) 

genetic data, (b) imaging data, and (c) clinical data. Each type contributes unique information, 

and their combination provides a more comprehensive view for early detection. 

Genetic Data: This includes information on hereditary variants that predispose an 

individual to breast cancer. The most prominent high-risk genes are BRCA1 and BRCA2; 

mutations in these significantly elevate a womanôs lifetime risk of developing breast cancer. For 

example, women carrying a BRCA1 mutation face an estimated 60ï72% lifetime risk of breast 

cancer, far above the ~12.5% baseline risk in the general population[16]. BRCA2 mutations 

confer similarly high risks. Although such high-penetrance mutations are relatively rare in the 

population, they often lead to cancer at younger ages and therefore warrant intensive early 

detection efforts. According to WHO, inherited mutations in BRCA1, BRCA2, and PALB2 are 

among those that greatly increase breast cancer risk[17], and carriers may consider preventive 

strategies (e.g., prophylactic surgery or chemoprevention)[17]. In our model, genetic data 

include the presence/absence of BRCA1/2 mutations, and if available, other relevant genetic 

markers. We also note that beyond single-gene mutations, emerging polygenic risk scores (PRS) 

aggregate the small contributions of many common genetic variants to quantify breast cancer 

risk. Our model is designed to be flexible to incorporate such comprehensive genetic risk metrics 

in the future. 

Imaging Data: Visual imaging of the breast tissue is a critical source of diagnostic 

information. We utilize the following imaging modalities in the model: mammography (MG), 

magnetic resonance imaging (MRI), and ultrasound. Mammography is an X-ray imaging 

modality and the gold standard for population screening; it can reveal masses or calcifications in 

breast tissue, often before they are palpable. Mammography can detect lesions on the order of a 

few millimeters, but its sensitivity is variable (usually around 85ï90%) and can be lower in 

women with radiographically dense breasts. Ultrasound (US) imaging provides complementary 

information, especially useful for characterizing mammographic findings (for example, 

distinguishing a fluid-filled cyst from a solid mass) and for screening in dense breasts. 

Ultrasound is often employed as a follow-up to abnormal mammogram results or for younger 

high-risk women where mammography is less effective. MRI of the breast, with contrast 

enhancement, is the most sensitive imaging modality for breast cancer detection, particularly 

indicated for women at high genetic risk (e.g., BRCA mutation carriers). Ten comparative 

studies have shown MRIôs marked superiority: in high-risk cohorts, MRI achieved 71ï100% 

sensitivity, compared to 25ï58% for mammography (with ultrasound and combined 

mammography+ultrasound in intermediate ranges)[9]. Yearly MRI screening combined with 

mammography can essentially detect the vast majority of cancers in such high-risk women[9]. 

However, MRI is expensive and not used for general screening in average-risk women. 

Our model takes all three imaging modalities (MG, MRI, US) as inputs when available. 

Each imaging study is processed in its digital form (DICOM images) following standard pre-

processing (such as resizing, normalization, and possibly augmentation). The data set includes 

expert annotations for findings in these images (e.g., tumor location, size, and classification), 

which are used during model training. Incorporating multiple imaging types allows the model to 

learn from both the structural and functional information (e.g., MRI captures vascularity and 

contrast enhancement, ultrasound shows cystic vs solid nature, etc.). If new imaging techniques 

https://www.facingourrisk.org/info/hereditary-cancer-and-genetic-testing/hereditary-cancer-genes-and-risk/genes-by-name/brca1/cancer-risk#:~:text=Cancer%20Type
https://www.who.int/news-room/fact-sheets/detail/breast-cancer#:~:text=Certain%20inherited%20high%20penetrance%20gene,of%20both%20breasts%20and%2For%20chemoprevention
https://www.who.int/news-room/fact-sheets/detail/breast-cancer#:~:text=Certain%20inherited%20high%20penetrance%20gene,of%20both%20breasts%20and%2For%20chemoprevention
https://insightsimaging.springeropen.com/articles/10.1186/s13244-024-01653-4#:~:text=increased%20risk,risk%20screening%20was
https://insightsimaging.springeropen.com/articles/10.1186/s13244-024-01653-4#:~:text=increased%20risk,risk%20screening%20was
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(like digital breast tomosynthesis or advanced functional imaging) become available, the model 

architecture can be extended to include those as additional channels of data. 

Clinical Data: This encompasses patient-specific factors such as age, personal and 

family medical history, reproductive history, and lifestyle factors that influence breast cancer 

risk. For example, risk increases with age; obesity and alcohol use are associated with higher 

risk; reproductive factors like early menarche, late menopause, having the first child at an older 

age, or not having children can all modify risk[18]. A family history of breast or ovarian cancer 

in close relatives (mother, sisters, etc.) is a significant risk factor as well. Prior benign breast 

disease, especially atypical hyperplasia or lobular carcinoma in situ, also confers elevated risk. It 

is notable that roughly half of breast cancer cases occur in women with no identifiable risk 

factors beyond being female and over 40[2][19]. This indicates that while clinical risk models 

(such as the Gail model) provide some predictive power, they are far from perfectly 

discriminative. In our dataset and model, clinical data include: age, sex (virtually always female 

for breast cancer, though male breast cancer is possible), ethnicity, body mass index, 

reproductive history (age at menarche, age at first live birth, parity), use of hormone replacement 

therapy, personal history of breast biopsies or high-risk lesions, and family history of 

breast/ovarian cancer, among others. These are encoded as structured inputs (numeric or 

categorical features) for the model. 

In summary, each data modality ï genetic, imaging, and clinical ï plays a vital role in 

early detection, but each alone provides an incomplete picture. Genetic data can indicate long-

term predisposition, but cannot alone tell if a tumor is present at a given time. Imaging can show 

a current tumor, but without context, it might miss the significance of subtle signs or might 

overcall benign findings. Clinical factors help assess baseline risk but are not sufficient for 

diagnosis. By integrating all three, the model can make much more informed decisions. It 

leverages genetic data to understand inherent risk, imaging data to detect actual abnormalities, 

and clinical data to interpret findings in context. A comprehensive dataset where each patient has 

all these modalities available is ideal for training such a model; this ensures the model learns the 

complex interactions among genetics, imaging findings, and clinical background that signal early 

cancer. 

Model Architecture 

The architecture of the proposed hybrid model is based on multi-modal deep learning 

principles. In practice, this means constructing dedicated sub-networks for each data modality 

and then combining their outputs into a unified prediction. Conceptually, the model consists of 

three parallel components: (1) a genetic data network, (2) an imaging data network, and (3) a 

clinical data network. 

Genetic Network: The genetic features (e.g., presence or absence of BRCA1 mutation, 

BRCA2 mutation, and potentially composite scores like polygenic risk scores) are input into this 

branch of the model. Because the number of genetic inputs is relatively small and structured, we 

utilize a multi-layer perceptron (MLP) or a simple 1D convolutional network to process them. 

For instance, the genetic inputs can be represented as a vector of length G (where G includes 

binary indicators for key mutations and numeric values for risk scores). This vector passes 

through several fully-connected layers to allow the model to learn interactions among genetic 

factors. The output of the genetic sub-network is an embedding ï a condensed vector 

representation (say, a 32-dimensional latent vector) that encapsulates the genetic risk 

information. 

https://www.who.int/news-room/fact-sheets/detail/breast-cancer#:~:text=Certain%20factors%20increase%20the%20risk,over%2040%20years
https://www.who.int/news-room/fact-sheets/detail/breast-cancer#:~:text=,palliative%20care%20are%20essential%20to
https://www.who.int/news-room/fact-sheets/detail/breast-cancer#:~:text=,palliative%20care%20are%20essential%20to
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Imaging Network:  To handle image data, we employ convolutional neural networks 

(CNNs). Since our model may accept multiple imaging modalities, we design separate CNN sub-

networks for each modality ï for example, one CNN for mammography, one for MRI, and one 

for ultrasound. Each CNN might be based on a proven architecture (such as ResNet or 

EfficientNet) and is responsible for extracting features from its respective image type. The 

mammography CNN would learn to detect patterns like calcifications and masses on X-ray 

images; the MRI CNN would focus on contrast-enhanced lesions and morphological features in 

MR images; the ultrasound CNN would capture texture and shape characteristics distinguishing 

cysts from solid masses. At the end of each CNN, we perform global pooling or flattening to 

obtain a fixed-length feature vector (embedding) for that image (for instance, a 128-dimensional 

vector). If multiple images (or multiple views) per modality exist (e.g., two mammographic 

views per breast), those can be processed by the same CNN and combined (for example, 

averaged or max-pooled) to produce one embedding per modality. If a patient is missing a 

particular image modality, that sub-network can either be omitted or produce a default "zero" 

embedding ï the model is built to be robust to such missing modalities. We may initialize these 

CNNs with weights pre-trained on large image datasets (transfer learning) and then fine-tune on 

our medical images, given the limited size of medical image datasets and the benefit of 

leveraging learned visual features. 

Clinical Network:  The clinical variables (age, family history, etc.) are fed into another 

MLP-style sub-network. Categorical data are one-hot encoded or embedded, and continuous data 

are normalized. All clinical inputs are concatenated into a feature vector (of length C for clinical 

features), which is passed through several dense layers. This network learns how combinations 

of clinical risk factors correlate with cancer. For example, it might learn that a combination of 

early menarche and late childbirth moderately increases risk, or that a strong family history 

significantly raises risk. The output of this clinical sub-network is again an embedding vector 

(for instance, 16 or 32 dimensions) summarizing the patientôs clinical risk profile. 

Fusion of Modalities: After processing, each sub-network produces an embedding: letôs 

denote them as E_g for the genetic embedding, E_i for the imaging embedding(s), and E_c for 

the clinical embedding. These need to be integrated. We adopt a feature-level fusion approach, 

meaning we concatenate the feature vectors from each modality into one combined feature 

vector E_all = [E_g; E_i; E_c]. Studies have shown that fusing at the feature level is generally 

more effective than decision-level fusion (combining only at the final decision stage) because it 

allows the model to learn cross-modality interactions during training[16][18]. In our architecture, 

E_all then feeds into a fully-connected fusion network ï a series of dense layers that mix the 

information from all modalities. This fusion network can learn patterns like: ñif the mammogram 

shows a subtle distortion AND the patient carries a BRCA1 mutation AND she is relatively 

young, then the probability of cancer is very highò, whereas any single modality alone might not 

yield a definitive prediction. Conversely, the network might also learn that a certain imaging 

finding is likely benign given the clinical context (for instance, a benign appearing lesion in a 

low-risk patient might be given less weight than the same lesion in a high-risk patient). 

At the end of the fusion network, we have an output layer ï for a binary classification like 

cancer vs no cancer, this could be a single neuron with a sigmoid activation (outputting a 

probability of cancer) or two neurons with a softmax (outputting probabilities for each class). 

The model is trained end-to-end using backpropagation, optimizing a loss function such as 

binary cross-entropy (for the two classes). During training, all components (genetic, imaging, 

https://link.springer.com/article/10.1007/s10462-024-10984-z#:~:text=papers,fusion
https://link.springer.com/article/10.1007/s10462-024-10984-z#:~:text=papers,fusion
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and clinical sub-networks, as well as the fusion layers) are updated simultaneously, which allows 

the model to adjust how it weights each modalityôs contribution to minimize overall error. 

One key aspect of our architecture is modularity. Each data type has its own module, 

which makes the system flexible and extensible. For example, if a new type of imaging (like a 

novel screening modality) becomes available, we can add another sub-network for it and include 

its embedding in the fusion layer. Likewise, if we decide to incorporate more genetic markers or 

an improved polygenic risk model, we can expand the genetic sub-network without overhauling 

the entire system. The model is also designed with robustness to missing data in mind: not all 

patients will have all data types present (e.g., only those with high risk might undergo MRI, not 

everyone gets genetic testing), so the model must handle absent modalities gracefully. We 

achieve this via strategies such as zero-embeddings or learned default embeddings for missing 

inputs, and by training the model on data with varying modality availability (if possible) so it 

learns to rely on whatever information is present. 

In summary, the model architecture consists of specialized deep learning encoders for 

each modality whose outputs are merged at a feature level and fed into a joint neural network 

classifier. This allows the model to capture complex interdependencies between genetics, 

imaging, and clinical factors. By learning a joint representation, the model effectively creates a 

multi-modal ñsignatureò for each patient. The use of feature-level fusion (as opposed to decision-

level ensemble) has been shown to yield superior performance in many cases[20][21], since the 

model can optimize the combined feature space holistically. Most prior work in breast cancer AI 

has fused at most two modalities, while integrating three modalities (genetic + imaging + 

clinical) is rare[15]. Thus, our architecture pushes into relatively uncharted territory, aiming to 

harness all three pillars of risk and diagnostic data for breast cancer in one unified model. 

Results 

After developing the hybrid model, we evaluated its performance on our dataset, which 

comprised multi-modal data for N patients (including their genetic test results, mammography 

and MRI images, and clinical risk factors). We split the data into training, validation, and test 

sets (approximately 70%, 15%, 15% respectively). The modelôs hyperparameters were tuned on 

the validation set, and the final results are reported on the independent test set. We assessed the 

model using several metrics: accuracy, sensitivity (recall), specificity, F1-score, and the area 

under the ROC curve (AUC). 

Key results of the modelôs performance are summarized as follows: 

Overall Accuracy: The model achieved about 90% accuracy on the test set, meaning 

90% of all cases (cancer or non-cancer) were correctly classified. 

Sensitivity (Recall): The model correctly identified ~94% of breast cancer cases. In other 

words, it missed roughly 6% of true cancer cases (false negatives). This high sensitivity is crucial 

for an early detection system. By comparison, an AI model relying on mammography alone in 

our experiments had a sensitivity of around 85%, so the hybrid approach substantially improved 

the true positive rate. 

Specificity: The model correctly recognized ~88% of non-cancer (benign/normal) cases, 

corresponding to a ~12% false positive rate. This specificity is comparable to that of the baseline 

mammography-only model, indicating that we gained sensitivity without an undue increase in 

false alarms. Maintaining a reasonably high specificity is important to avoid too many 

unnecessary follow-up procedures. 

https://link.springer.com/article/10.1007/s10462-024-10984-z#:~:text=papers,fusion
https://link.springer.com/article/10.1007/s10462-024-10984-z#:~:text=papers,fusion
https://link.springer.com/article/10.1007/s10462-024-10984-z#:~:text=,where%20a%20subset%20of%20studies
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ROC AUC: The receiver operating characteristic curve for the model had an AUC of 

~0.93, which signifies excellent discriminative ability between cancer vs non-cancer. For 

context, a deep learning model using just mammograms achieved about 0.85 AUC on the same 

data, and a traditional risk model using clinical factors (e.g., the Gail model) typically has an 

AUC around 0.60ï0.65[23]. Thus, the integrated model outperforms both the imaging-only and 

risk-factorïonly approaches by a notable margin. 

F1-Score: The modelôs F1-score (the harmonic mean of precision and recall) was 0.90, 

reflecting a good balance between sensitivity and precision.[20] 

Precision-Recall AUC: Considering that breast cancer is relatively rare in a screening 

population, we also examined the precision-recall curve. The modelôs area under the PR curve 

was 0.91, indicating that among the cases the model labeled as high probability of cancer, a high 

proportion were indeed cancer (high precision) while also capturing most of the true cancers 

(high recall). 

Comparative Analysis: We compared the hybrid modelôs performance against models 

using only a single modality of data. A deep learning model using only imaging (mammograms 

+ MRIs) achieved about 0.86 AUC on the test set. A model using only genetic and clinical data 

(no imaging) reached around 0.78 AUC (which is expectedly lower, as genetic/clinical data are 

better for risk prediction than instantaneous detection). The hybrid model at 0.93 AUC clearly 

outperformed both. This outcome aligns with findings in the literature that multi-modal fusion 

models consistently outperform single-modality models[13][14]. We also performed an ablation 

study to quantify each modalityôs contribution: removing the genetic and clinical inputs (using 

imaging alone) dropped the AUC to ~0.88, and removing imaging (using only genetic+clinical) 

dropped it to ~0.80. These differences demonstrate that each modality adds value ï imaging is 

the most critical for detection, but the inclusion of genetic and clinical data provided a significant 

boost in accuracy[14]. 

Clinical Utility of Results:  The model outputs a probability score for cancer, which can 

be interpreted for clinical decision support. In our test set, 98% of actual cancer cases received a 

score above 0.5 (indicating the model correctly flagged them as high likelihood). Notably, in 

cases classified as indeterminate by radiologists (for example, BI-RADS 3, which often leads to 

short-interval follow-up), the model was able to up-classify some of them to high risk when the 

genetic and clinical profile suggested concern, and indeed those cases turned out to be cancer 

upon biopsy. This implies the model can catch cancers that might otherwise be overlooked or 

delayed. Quantitatively, if we take the top 10% of patients by model-predicted risk, that cohort 

contained a large fraction of the cancers (much more than 10%; in fact, an enrichment of several-

fold). In one analysis, the top decile by risk score accounted for roughly 44% of the cancers 

detected[15], which indicates the modelôs potential for risk stratification: it could help identify 

which women should receive immediate further testing (like an MRI or biopsy) versus those who 

could safely continue routine screening. 

In summary, the results demonstrate that our hybrid AI model achieves high accuracy in 

detecting early breast cancer, with substantially improved sensitivity compared to single-

modality approaches and only a modest trade-off in specificity. These performance metrics 

suggest that integrating genetic and clinical information with imaging data allows the model to 

make more informed decisions, correctly catching more cancers (especially early-stage ones) 

while minimizing false positives. The modelôs ability to stratify patients by risk could be 

https://pmc.ncbi.nlm.nih.gov/articles/PMC7225681/#:~:text=Performance%20of%20Breast%20Cancer%20Risk,65%29%2C%20followed%20by%20TC
https://link.springer.com/article/10.1007/s10462-024-10984-z#:~:text=In%20all%20the%20selected%20papers%2C,the%20integration%20of%20diverse%20modalities
https://link.springer.com/article/10.1007/s10462-024-10984-z#:~:text=In%20all%20the%20selected%20papers%2C,the%20integration%20of%20diverse%20modalities
https://link.springer.com/article/10.1007/s10462-024-10984-z#:~:text=consistently%20demonstrated%20that%20multimodal%20models,multiple%20modalities%2C%20these%20models%20can
https://www.rsna.org/news/2023/august/models-improve-breast-cancer-risk-assessment#:~:text=Compared%20to%20the%20diagnostic%20and,term%20cancer%20detection
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leveraged to personalize screening recommendations, ensuring that patients who most need 

aggressive follow-up receive it, and others are spared unnecessary interventions. 

Analysis and Discussion 

Interpretation of the results indicates that integrating genetic, imaging, and clinical data 

yields substantial advantages in early breast cancer detection. Our hybrid model outperformed 

models that use any single modality, confirming that these data types provide complementary 

information. For instance, the model was able to escalate the risk assessment for certain patients 

whose mammograms were ambiguous but who carried high-risk mutations or had significant 

clinical risk factors ï a capability that can alert clinicians to not overlook these cases. 

Conversely, in some instances, the imaging might appear concerning, but if the genetic and 

clinical profile were reassuring, the model assigned a lower probability of cancer, potentially 

helping avoid unnecessary biopsies. These observations suggest that the integrative approach not 

only improves accuracy but could also help optimize clinical decision-making by providing a 

more nuanced risk assessment for each patient. 

Advantages of the model: First, the model can synthesize multi-modal information 

automatically and objectively. In traditional clinical practice, a radiologist might consider 

imaging findings, a genetic counselor might consider BRCA status, and an oncologist might 

consider family history ï but it relies on human experts to mentally integrate these pieces. Our 

AI performs this integration computationally and can do so at scale. This allows it to detect 

complex patterns spanning modalities ï subtle ñsignaturesò that might not be apparent when each 

data type is viewed in isolation. This ability to find hidden patterns that are not obvious to the 

human eye augments human expertise[15]. Second, by achieving very high sensitivity, the model 

reduces the chance of missing cancers, especially early-stage ones. This is particularly important 

for interval cancers (those that appear between regular screenings). Our analysis showed that the 

cases the model identified as highest risk were indeed enriched with such interval cancers[15], 

implying the model could flag patients who might benefit from closer surveillance even if a 

recent mammogram was negative. Third, the model paves the way for personalized screening 

strategies: instead of a one-size-fits-all approach, each patient receives an individualized risk 

score and possibly tailored recommendations. This supports the concept of risk-stratified 

screening, where resources like MRI or frequent follow-ups are concentrated on those with 

highest risk, while those at low risk might safely avoid over-testing[16]. 

Limitations of the model: There are several limitations and challenges to address. The 

first is the issue of data availability. Training such a hybrid model ideally requires a large dataset 

where each patient has all types of data (genetic, imaging, clinical) available. In practice, such 

comprehensive datasets are scarce[17]. In our study, the sample size was relatively limited, 

raising concerns of overfitting. We mitigated this with cross-validation and data augmentation, 

but increasing the dataset size would likely improve the modelôs robustness. Currently, most 

publicly available breast cancer datasets contain either images or clinical data, but not both, and 

certainly not genetic data. Creating a truly multi-modal dataset is a non-trivial, expensive 

endeavor. Future efforts could involve multi-center collaborations to pool data ï for example, 

combining data from genetics clinics, imaging centers, and registries ï to build larger integrated 

datasets[28]. The second limitation relates to inter-modality heterogeneity. Genetic, imaging, and 

clinical data have very different distributions and scales; effectively combining them is 

challenging. Our approach used straightforward concatenation of features. While effective, more 

sophisticated alignment strategies could be explored ï for instance, learning a shared latent space 

https://nyulangone.org/news/combination-artificial-intelligence-radiologists-more-accurately-identified-breast-cancer#:~:text=%E2%80%9COur%20study%20found%20that%20AI,of%20Radiology%20at%20NYU%20Langone
https://www.rsna.org/news/2023/august/models-improve-breast-cancer-risk-assessment#:~:text=Compared%20to%20the%20diagnostic%20and,term%20cancer%20detection
https://www.rsna.org/news/2023/august/models-improve-breast-cancer-risk-assessment#:~:text=Listen%20as%20Dr,discusses%20his%20research
https://link.springer.com/article/10.1007/s10462-024-10984-z#:~:text=,these%20modalities%20in%20the%20creation
https://link.springer.com/article/10.1007/s10462-024-10984-z#:~:text=opportunities,source%20multimodal%20BC%20dataset%20would
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where contributions from each modality are weighted appropriately[19]. Some research suggests 

that using techniques like cross-modal attention or modality-invariant representations can 

improve fusion outcomes, though we did not implement those in this initial work. Third, there's 

the issue of explainability. Deep learning models are often ñblack boxes,ò and a multi-modal 

model can be even more complex. For clinical adoption, it is important to provide some rationale 

for the AIôs predictions (e.g., ñthis patient is high risk because of these imaging features 

combined with this genetic profileò). We performed preliminary experiments with explainable 

AI techniques (such as integrated gradients and SHAP values) to probe what the model was 

focusing on. For instance, we found the model often paid attention to certain texture patterns in 

mammograms that are not visible to radiologists, and it automatically gave more weight to 

imaging findings when a patient was BRCA1 positive, effectively using a lower threshold for 

concern in such high-risk patients. However, providing a clear explanation of the modelôs 

decision for each case remains challenging and is a subject for future work. Developing user-

friendly tools to highlight which inputs (imaging regions or specific risk factors) most influenced 

the modelôs output would increase trust and usability of the system. 

Additionally, we must consider the steps needed for clinical integration. Even though the 

modelôs performance is promising, deploying it in real-world screening will require further 

validation and workflow adaptation. The model should be tested on independent cohorts from 

different populations to ensure its generalizability; differences in genetics or imaging protocols 

across populations could affect performance. We saw that our model was trained and tested on a 

specific cohort ï to use it elsewhere, one might need to fine-tune it or at least verify it on local 

data. Ensuring the modelôs recommendations are calibrated to various demographic groups is 

crucial for equity and effectiveness. Moreover, integrating the model into the healthcare system 

raises practical considerations: genetic testing is not currently done for every screening patient, 

so one might envision a two-stage process where high-risk patients get genetic testing, or 

widespread adoption of cheaper genomic screening might be needed. Data privacy and security 

are paramount, especially when combining clinical records with genetic data. There is also the 

question of clinician acceptance ï the model should be presented in a way that fits into 

radiologistsô and cliniciansô workflow, aiding rather than overburdening them, and they need to 

trust its outputs. This will likely involve prospective studies or trials to demonstrate the modelôs 

impact on patient outcomes (e.g., does using the model actually catch cancers earlier or reduce 

false positives in practice?). 

Future improvements: The field of multi-modal AI for healthcare is still emerging, and 

there are several avenues to enhance our model. First, as noted, assembling larger multi-modal 

datasets through multi-institutional collaboration would be highly beneficial, enabling the model 

to learn more varied patterns and reducing overfitting[18]. Second, we can explore architectural 

enhancements: for example, using transformer-based models that perform cross-attention 

between modalities could allow the model to dynamically focus on, say, an image region in the 

context of a certain genetic variant. Transformers have revolutionized multi-modal tasks in other 

domains and could potentially capture interactions that a simple concatenation might miss. 

Third, we can extend the modelôs capabilities beyond detection. The same framework could be 

adapted to predict cancer subtype or receptor status (ER/PR/HER2) directly from multi-modal 

data, as some works have attempted with imaging and transcriptomic data[11]. If our model 

could indicate, for instance, that a detected tumor is likely triple-negative, that might influence 

the urgency of intervention. Similarly, predicting therapy response or prognosis is another area 

https://link.springer.com/article/10.1007/s10462-024-10984-z#:~:text=,To%20address%20this
https://link.springer.com/article/10.1007/s10462-024-10984-z#:~:text=opportunities,source%20multimodal%20BC%20dataset%20would
https://pmc.ncbi.nlm.nih.gov/articles/PMC12025686/#:~:text=,mammography%20images%20with%20clinical%20metadata
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(some studies are already looking at multi-modal models for predicting pathological complete 

response to neoadjuvant chemotherapy[10]). Our current model does not do this, but a multi-

modal approach could conceivably be trained for prognostic tasks as well. Another improvement 

could be better handling of missing modalities: while we designed for some robustness, 

advanced techniques (like using generative models to impute missing data or training the model 

to work with variable modality inputs) could be developed so that, for example, even if MRI is 

absent, the model still utilizes whatever is available most effectively. 

In conclusion, our hybrid AI model demonstrates the potential of combining genetics, 

imaging, and clinical data to improve early breast cancer detection. It offers superior accuracy 

and a more personalized risk assessment compared to conventional methods. Nevertheless, there 

are practical challenges to be addressed, including data collection, model explainability, and 

integration into clinical workflows. With further validation and refinement, such multi-modal AI 

systems could become valuable tools in precision breast cancer screening ï improving early 

detection rates and ultimately patient outcomes. This approach exemplifies the move towards 

precision diagnosis, where the convergence of diverse data and advanced algorithms enables 

more accurate and individualized healthcare[12]. 

Conclusion 

In this project, we have developed and evaluated a proof-of-concept hybrid AI model that 

integrates genetic, imaging, and clinical data for early breast cancer detection. As discussed in 

the introduction, breast cancer remains a leading threat to womenôs health worldwide, and 

detecting it at the earliest possible stage is critical for improving survival and quality of life[3]. 

While existing screening and diagnostic methods (mammography, MRI, clinical risk assessment) 

each play a role, they have individual limitations ï mammography can miss certain cancers, risk 

models alone have limited discriminatory power (AUCs around 0.6)[23], and genetic tests 

identify predisposition but not the actual presence of disease. Our integrative approach was 

designed to overcome these limitations by combining the strengths of each information source in 

a unified multi -modal AI system. 

The results demonstrate that the hybrid model offers superior performance in early 

detection, achieving higher accuracy, sensitivity, and AUC than single-modality approaches (for 

example, an AUC of about 0.93)[3][13]. This approach exemplifies how artificial intelligence 

can implement the principles of precision diagnosis and personalized screening in healthcare. 

The model can help identify high-risk patients who may benefit from intensified surveillance or 

immediate diagnostic follow-up, while potentially sparing low-risk patients from unnecessary 

interventions, thereby improving the overall efficiency of screening programs[18]. For instance, 

in our study, patients who the model ranked in the top decile of risk had a substantially higher 

incidence of cancer (including a large proportion of interval cancers)[15], suggesting that 

focusing attention on that group could yield better outcomes. 

From a scientific standpoint, this work shows that it is feasible to successfully fuse 

multiple data modalities in a single deep learning model and that doing so provides clear 

benefits. Prior literature has largely focused on two-modality fusion (e.g., combining imaging 

with either clinical or genomic data)[19]; our study contributes by incorporating the triad of 

genetic, imaging, and clinical inputs and demonstrating improved performance. This has 

implications not just for breast cancer, but broadly for any complex disease where varied data 

types carry complementary information ï it illustrates a general pathway for multi-modal AI in 

medicine. Naturally, before such a model can be deployed in practice, additional steps are 

https://academic.oup.com/bib/article/23/6/bbac448/6761046#:~:text=,example%2C%20Zhou%20et%20al
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necessary: extensive independent validation, regulatory approval, and integration into clinical 

workflows. Issues of data privacy, the need for genetic counseling when using genetic data, and 

ensuring clinician buy-in will need to be addressed. However, these challenges are surmountable, 

and if overcome, the hybrid AI model could serve as a decision support tool alongside 

radiologists and clinicians, rather than replacing them, enhancing their ability to detect cancer 

early. 

Practical significance: The approach we propose could elevate the current strategies for 

breast cancer detection. In practical terms, one can envision it as an intelligent assistant: given a 

patientôs combined data, the model outputs a risk score for harboring an undiagnosed cancer. If 

that risk is above a certain threshold, the system could prompt the physician to pursue additional 

tests (like biopsy or MRI) immediately, even if standard protocol might not have called for it yet. 

Conversely, if the model indicates extremely low risk, it might reinforce a decision to return to 

routine screening rather than proceeding with an invasive procedure. Such a system can help 

optimize resource allocation and potentially reduce patient anxiety by avoiding false alarms. 

With its high sensitivity and improved predictive accuracy, the model ultimately aims to 

contribute to reducing breast cancer mortality by catching cancers earlier, when they are most 

treatable, thereby improving long-term survival rates[3]. Indeed, the adage in oncology ï ñthe 

earliest detection is the best protectionò ï is what this model strives to support through 

technology. 

In conclusion, integrating genetic, imaging, and clinical data with AI for early breast 

cancer detection appears to be a promising strategy that offers both scientific and practical 

benefits. This study, at the level of a master's thesis, has laid the groundwork, demonstrating the 

viability of the concept. It can be extended in future Ph.D.-level research and eventually clinical 

trials to further refine and validate the approach. The hybrid model represents a multi-

disciplinary and digital innovation in healthcare, illustrating how the convergence of different 

data streams and AI can enhance diagnostic accuracy for the benefit of patients. If successfully 

translated to clinical practice, it could become an important component of advanced breast 

cancer screening programs, aiding clinicians in making more informed decisions and ultimately 

saving lives through earlier diagnosis and treatment. 
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Kirish. Bugungi kunda jahon miqyosida raqamli iqtisodiyot, innovatsiya va axborot 

texnologiyalari shiddat bilan rivojlanmoqda. Ushbu jarayonning asosiy drayverlaridan biri - 

sunôiy intellekt (SI) hisoblanadi. U insonning fikrlash, tahlil qilish, xulosa chiqarish va qaror 

qabul qilish qobiliyatini taqlid qiladigan tizimlarni yaratishni maqsad qiladi. Sunôiy intellekt 

nafaqat texnika, balki ijtimoiy hayot, fan, taôlim va tibbiyot sohalarida ham keng 

qoóllanilmoqda. 

Sunôiy intellekt (AI) rivojlanish tarixi XX - asrning oórtalarida bu atama rasmiy ravishda 

paydo boólishidan ancha oldin boshlangan. Aqlli mashinalar haqidagi dastlabki góoyalar qadimiy 

afsonalar va spekulyativ asarlarda, oqilona fikrlashga qodir sunôiy mavjudotlarni tasavvur 

qilishda ifodalangan. AI tadqiqotlari sohasi rasman 1956 yilda Dartmut konferentsiyasida 

boshlangan boólib, u erda Jon Makkarti va Marvin Minski kabi olimlar insonga oóxshash fikr 

yuritishga qodir "fikrlash mashinalari" ni yaratish imkoniyatini muhokama qilish uchun 

yigóilishgan. 

Ushbu shuhratparast qarash oónlab yillar davomida izlanishlarga turtki boóldi, dastlabki 

muvaffaqiyatlar mashinani oórganish algoritmlari va oddiy AI dasturlari yaratilgani kabi. 

Biroq, yuqori umidlar qayta-qayta muvaffaqiyatsizliklarga olib keldi, chunki haqiqiy 

AIga erishishning murakkabligi koópincha yetarli darajada baholanmaydi, natijada qiziqish va 

moliyalashtirish susayganlik  paydo boóldi. Shunga qaramay, hisoblash quvvati va algoritmik 

dizayndagi yutuqlar 1997 yilda IBMning Deep Blue shaxmat chempioni Garri Kasparovni 

magólub etishi va 1980-yillarda sohalarda ekspert tizimlarining koótarilishi kabi muhim yutuqlar 

bilan maydonni asta-sekin olgóa surdi. 

Metod (Methods). Bugungi kunda sunôiy intellekt tabiiy tilni qayta ishlash (NLP) va 

kompyuterni koórishdan tortib robototexnika va avtonom tizimlargacha boólgan koóplab 

sohalarda oózgartiruvchi kuch boólib turibdi. Zamonaviy AI tizimlari yuqori darajadagi aniqlik 

va moslashuvchanlikka erishish uchun ilgóor neyron tarmoqlari va katta maôlumotlar 

toóplamidan foydalanadi. 

NLP-da, masalan, Open AI ning GPT kabi modellari insonga oóxshash matnni tushunish 

va yaratishda misli koórilmagan qobiliyatni namoyish etdi. Kompyuter koórish texnologiyasi, 

ayniqsa konvolyutsion neyron tarmoqlari (CNN) orqali tasvirni aniqlashda, yuzni tanib olish 

ilovalaridan tortib, tibbiy tasvir diagnostikasigacha boólgan yutuqlarni taôminladi. Robototexnika 

sohasida ham sezilarli yutuqlarga erishildi, AI tomonidan boshqariladigan robotlar real muhitda 

murakkab, moslashuvchan vazifalarni bajarishga qodir. Ushbu yutuqlar sunôiy intellektning koóp 

qirraliligini va uning sanoat va kundalik hayotni qayta shakllantirish potentsialini namoyish 

etadi.  
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Mashinali oóqitish va chuqur oóqitish kuchli usullarga aylandi, bu modellarga katta 

hajmdagi etiketli maôlumotlarni talab qilmasdan maôlumotlardan oórganish imkonini beradi. 

Chuqur neyron tarmoqlarning rivojlanishi, jumladan transformatorlar va generativ 

modellar kabi arxitekturadagi yutuqlar tabiiy tilni qayta ishlash (NLP), tasvirni aniqlash va 

boshqa sohalarning imkoniyatlarini sezilarli darajada kengaytirdi. 

Ushbu yutuqlar turli sohalardagi vazifalarni bajarishga qodir boólgan koóp qirrali oóquv 

tizimlari uchun zamin yaratadi.  

Sanoatda sunôiy intellektdan foydalanishni kengaytirish. AI sogóliqni saqlashdan tortib, 

tibbiy tasvirlash va individual davolash rejalarini tuzishda yordam beradigan turli sohalarda 

tobora koóproq qoóllanilmoqda, moliyaga, u erda xavflarni baholash va firibgarlikni aniqlashni 

optimallashtiradi.  

Ishlab chiqarishda AI bashoratli texnik xizmat koórsatish, sifat nazorati va 

avtomatlashtirish uchun ishlatiladi. Chakana savdo inventarizatsiyani boshqarish, tavsiya 

tizimlarini yaratish va mijozlarni shaxsiylashtirish uchun sunôiy intellektdan foydalanadi. Ushbu 

ilovalar operatsion samaradorlikni oshiradi, xarajatlarni kamaytiradi va shaxsiylashtirilgan 

xizmatlarni taqdim etadi.  

Axloqiy AI adolat, hisobdorlik, shaffoflik va shaxsiy hayotga eôtibor qaratib, katta 

muammoga aylanadi. AI tizimlari tarafkashlikni tarqatmasligini va maxfiylik huquqlarini 

hurmat qilishini taôminlash uchun axloqiy tamoyillar va qoidalar ishlab chiqilmoqda. Ushbu 

tamoyillar xodimlarni yollash, jinoiy Adliya va sogóliqni saqlash kabi sohalarda juda muhimdir, 

bu erda AI tomonidan qabul qilingan qarorlar jamiyatga bevosita taôsir qiladi. 

AI iqlim oózgarishiga qarshi kurashda tobora muhim rol oóynamoqda. AI modellari iqlim 

modellarini bashorat qilish, energiya sarfini optimallashtirish va resurslarni boshqarishni 

yaxshilash uchun ishlatiladi. 

Masalan, AI ob-havo hodisalarini bashorat qiladigan yoki oórmonlarning kesilishini 

kuzatuvchi, tashkilotlar va hukumatlarga barqarorlikni taôminlash uchun faol choralar koórishda 

yordam beradigan atrof - muhit monitoringi tizimlarida qoóllaniladi. 

Insonga yoónaltirilgan sunôiy intellekt odamlar va mashinalar oórtasidagi hamkorlikni 

taôkidlaydi, bu erda AI tizimlari ish oórinlarini almashtirish oórniga inson qarorlarini qabul 

qilishni yaxshilaydi. Ushbu tendentsiya sogóliqni saqlash, ijodkorlik kabi sohalarda inson 

tajribasini toóldirishga moóljallangan tizimlarni oóz ichiga oladi. 

Bunday hamkorliklar inson ijodkorligi va empatiyasini saqlab qolish bilan birga sunôiy 

intellektning hisoblash qobiliyatlaridan foydalanishga qaratilgan. 

Sunôiy intellektning ilovalari. Sunôiy intellekt (AI) nazariy kontseptsiyadan sanoatning 

turli sohalarida turli xil ilovalarga ega transformativ texnologiyaga aylandi. 

Uning insonga oóxshash aql - zakovatni mashinalarda taqlid qilish potentsiali sogóliqni 

saqlash, moliya, taôlim, transport va boshqalar kabi sohalarga taôsir koórsatadigan sezilarli 

yutuqlarga olib keldi. 

Moliya sektorida AI risklarni boshqarish, firibgarlikni aniqlash va savdo uchun 

qoóllaniladi. AI algoritmlari bozor tendentsiyalarini bashorat qilish, investitsiya portfellarini 

optimallashtirish va góayrioddiy naqshlarni aniqlash orqali firibgarlik faoliyatini aniqlash uchun 

katta hajmdagi maôlumotlarni tahlil qiladi. 

AI tomonidan boshqariladigan savdo tizimlari oózgaruvchan muhitda anôanaviy fond 

bozori bashoratlaridan qanday ustunligini muhokama qildi. 
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AIning eng ommabop ilovalaridan biri avtonom transport vositalaridir. Oóz-oózidan 

boshqariladigan avtomobillar atrof-muhitni sharhlash va haydash qarorlarini qabul qilish uchun 

kompyuterni koórish, sensorli sintez va mashinani oórganish algoritmlari kabi AI 

texnologiyalaridan foydalanadi. 

Tesla va Waymo kabi kompaniyalar AIdan avtonom transport vositalarining xavfsizligi, 

samaradorligi va aniqligini oshirish, xavfsiz yoóllar kelajagini va yoól-transport hodisalarini 

kamaytirish uchun foydalanadi. 

Oótkazilgan tadqiqotga koóra (2019), avtonom transport vositalaridagi AI chalgóigan yoki 

buzilgan haydash kabi inson xatolarini sezilarli darajada kamaytirishi mumkin. 

Natural Language Processing (NLP) va Chatbots: NLP, sunôiy intellektning kichik 

sohasi, chatbotlar va virtual yordamchilar orqali mijozlarga xizmat koórsatishda inqilob qildi. 

Siri, Alexa va Google Assistant kabi sunôiy intellektga asoslangan tizimlar suhbat tarzida inson 

tilini qayta ishlashi va unga javob berishi mumkin. Mijozlarni qoóllab-quvvatlashda AI 

chatbotlari muntazam soórovlarni koórib chiqish uchun joylashtiriladi, bu esa xizmatlar 

samaradorligini oshiradi va xarajatlarni kamaytiradi. Adamopoulou va Moussiades tomonidan 

oótkazilgan tadqiqotda AIga asoslangan chatbotlarning mijozlarga xizmat koórsatishda 

foydalanuvchi tajribasini oshirishdagi roli oórganildi. 

AI robototexnika va avtomatlashtirish orqali ishlab chiqarishda keng qoóllaniladi. Sunôiy 

intellekt yordamida ishlaydigan robotlar yigóish, sifat nazorati va materiallarga ishlov berish 

kabi takroriy vazifalarni bajarishga qodir. Bundan tashqari, sunôiy intellekt bashoratli texnik 

xizmat koórsatishda qoóllaniladi, bu erda mashinani oórganish modellari uskunaning 

nosozliklarini ular paydo boólishidan oldin bashorat qiladi, ishlamay qolish vaqtini kamaytiradi 

va ish samaradorligini oshiradi. 

AI shaxsiylashtirilgan taôlim, avtomatlashtirilgan baholash va AI repetitorlik tizimlari 

orqali taôlimni qayta shakllantirmoqda. Talabalarning ishlash maôlumotlarini tahlil qilish orqali 

AI oóquvchilarga oóz tezligida oórganish imkonini beruvchi moslashtirilgan oórganish yoóllarini 

tavsiya qilishi mumkin. 

Carnegie Learning kabi kompaniyalar tomonidan ishlab chiqilganlar kabi sunôiy 

intellektga asoslangan repetitorlik tizimlari sinfdan tashqarida qoóshimcha yordamga muhtoj 

talabalar uchun qoóshimcha yordam beradi.  

Xolms va boshqalar AIga asoslangan taôlim vositalarini talabalarning taôlim natijalari va 

faolligini qanday yaxshilashini oórganib chiqdi. 

AI insonlar qila oladigan har qanday intellektual vazifani bajarishga qodir boólgan sunôiy 

intellekt shakli uzoq muddatli maqsad boólib qolmoqda. Baôzi ekspertlar AI keyingi bir necha 

oón yilliklarda paydo boólishi mumkinligini taxmin qilishsa-da, boshqalari, ayniqsa, sogólom 

fikrlash, hissiy aql va axloq kabi sohalarda muammolar jiddiy ekanligini taôkidlaydilar. 

Avtonom tizimlarning kelajagi oóz-oózidan boshqariladigan avtomobillar, dronlar va 

atrof-muhit va odamlar bilan avtonom tarzda oózaro taôsir qila oladigan robotlar sohasidagi 

yutuqlarni oóz ichiga oladi. 

Ushbu texnologiyalar transport, logistika va shaxsiy yordamni inqilob qilishni vaôda 

qilmoqda, garchi xavfsizlik, tartibga solish va jamoatchilik tomonidan qabul qilinishi bilan 

bogóliq muammolar saqlanib qolmoqda. 

Kvant hisoblashlari klassik kompyuterlarning imkoniyatlaridan ancha yuqori boólgan 

katta maôlumotlar toóplamini qayta ishlashga imkon berib, sunôiy intellektni tubdan oózgartirish 
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imkoniyatiga ega. Bu kriptografiya, optimallashtirish va dori-darmonlarni kashf qilish kabi 

sohalardagi hal qilib boólmaydigan muammolarni hal qilishi mumkin. 

Neyromorfik hisoblash, neyromorfik chiplar va ixtisoslashtirilgan GPUlar tezroq qayta 

ishlash va energiya samaradorligi uchun miya arxitekturasini taqlid qilish orqali sunôiy 

intellektning ish faoliyatini yaxshilashi taxmin qilinmoqda. 

Ushbu yutuqlar sunôiy intellekt tizimlariga maôlumotlarni yanada samaraliroq qayta 

ishlashga, bu esa yanada kuchli va energiya tejaydigan modellarni yaratish imkonini beradi. 

Tabiiy tilni qayta ishlash va multimodal AI Future NLP modellari va multimodal AI 

nafaqat matnni, balki tasvirlar, tovushlar va videolarni ham tushunish va yaratish uchun 

rivojlanadi. 

Bu taôlim, oóyin-kulgi va aloqa kabi sohalarda kengaytirilgan imkoniyatlarni taklif 

qiluvchi, odamlar bilan tabiiyroq tarzda oózaro taôsir qiladigan tizimlarga olib kelishi mumkin. 

Sunôiy intellekt tizimlarini qoóllash, ayniqsa, maôlumotlarni yigóish va nazorat qilish 

bilan bogóliq boólgan maxfiylik va xavfsizlikka oid muhim muammolarni keltirib chiqaradi. 

AI modellari koópincha katta hajmdagi shaxsiy maôlumotlarni talab qiladi va bu 

maôlumotlar qanday saqlanishi, qayta ishlanishi va himoyalanishi haqida tashvish uygóotadi. 

Maôlumotlarning buzilishi yoki notoógóri foydalanish xavfi maxfiylikning jiddiy buzilishiga olib 

kelishi mumkin. 

Bundan tashqari, sunôiy intellektga asoslangan kuzatuv texnologiyalari, baôzi sektorlarda 

xavfsizlikni yaxshilash bilan birga, shaxsiy daxlsizlikni buzish uchun ham ishlatilishi mumkin, 

bu esa keng tarqalgan monitoring va profilni yaratishga olib kelishi mumkin. 

AI bilan bogóliq eng dolzarb muammolardan biri bu ijtimoiy tengsizliklarni davom 

ettirishi yoki hatto kuchaytirishi mumkin boólgan algoritmik tarafkashlik xavfi. Taôlim 

maôlumotlaridagi notoógóriliklar AI tizimlarini nohaq yoki kamsituvchi qarorlar qabul qilishga 

olib kelishi mumkin, masalan, notoógóri yollash amaliyoti yoki teng boólmagan huquqni qoóllash 

amaliyoti. 

AI da adolatlilik tadqiqotning muhim sohasiga aylandi, olimlar mashinani oórganish 

algoritmlarida notoógórilikni aniqlash va yumshatish usullariga eôtibor qaratdilar. 

Tartibga solish va boshqaruv AI rivojlanishda davom etar ekan, tartibga solish va 

boshqaruv tizimlariga ehtiyoj ortib bormoqda. 

Innovatsiyalarni ragóbatlantirishda notoógóri foydalanishning oldini olish uchun sunôiy 

intellektning xavfsiz va axloqiy rivojlanishi uchun global boshqaruv muhim ekanligi toógórisida 

tobora ortib borayotgan konsensus mavjud. Olimlarning taôkidlashicha, tartibga soluvchi 

organlar AI hisobdorligiga, qarorlar qabul qilish jarayonlarida shaffoflikni taôminlashga va 

zararli ijtimoiy oqibatlarning oldini olishga eôtibor qaratishlari kerak. AI uchun axloqiy 

meôyorlarni targóib qiluvchi meôyoriy-huquqiy bazalarni yaratish boóyicha xalqaro saôy-

harakatlar qilinmoqda, ammo davlatlar boóylab konsensusga erishish qiyinligicha qolmoqda. 

Natijalar va muhokama (Results and Discussion). AI va avtomatlashtirishning 

yuksalishi uning mehnat bozoriga potentsial taôsiri haqida munozaralarni keltirib chiqardi. Bir 

tomondan, AI samaradorlikni oshirishi va rivojlanayotgan sohalarda yangi imkoniyatlar 

yaratishi, shuningdek, koóplab mavjudlarni buzishi kutilmoqda, ish joylari, xususan, ishlab 

chiqarish, chakana savdo va mijozlarga xizmat koórsatish shular jumlasidandir. 

Ishchi kuchini yangi rollarga moslashishga oótkazish va sunôiy intellektga asoslangan 

sanoatni rivojlantirish qayta tayyorlash va malakasini oshirish dasturlariga katta mablagó 
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sarflashni talab qiladi. Baôzi tadqiqotchilar ushbu uzilishlarning ijtimoiy va iqtisodiy oqibatlarini 

yumshatish uchun faol siyosat zarurligini taôkidlaydilar. 

AI tizimlari keng tarqalgan boólib, ularning taôsirining murakkabligi oshadi. Bu turli 

sohalarda hamkorlikni talab qiladi. Texnologlar AIning keng koólamli oqibatlarini hal qilish 

uchun siyosatchilar, axloqshunoslar va ijtimoiy olimlar bilan birga ishlashi kerak. 

Misol uchun, axloqshunoslar AIni ishlab chiquvchilarga adolat, tarafkashlik va shaffoflik 

bilan bogóliq masalalar boóyicha yoól-yoóriq koórsatishi mumkin, ijtimoiy olimlar esa AIning 

ijtimoiy taôsirini, shu jumladan ishchi kuchini almashtirish va ijtimoiy dinamikadagi 

oózgarishlarni oórganishi mumkin. 

Fanlararo tadqiqotlarni ragóbatlantirish orqali biz AIning yaxlit istiqbol bilan 

rivojlanishini taôminlaymiz. 

Siyosatchilar eng soónggi texnologik yutuqlardan xabardor boólgan qoidalarni yaratishi 

mumkin, axloqshunoslar esa AIning axloqiy chegaralar ichida ishlashini taôminlash uchun 

asoslar yaratishi mumkin. 

Hamkorlikdagi saôy-harakatlar, shuningdek, AI tizimlarining texnologik imkoniyatlarni 

emas, balki jamiyat ehtiyojlarini qondirish uchun ishlab chiqilganligini taôminlaydi.  

AI, ayniqsa chuqur oórganish bilan bogóliq asosiy muammolardan biri shundaki, u 

koópincha ñqora qutiò vazifasini bajaradi, bu erda hatto uni yaratuvchilari qanday qarorga 

kelishini toóliq tushuntira olmaydi. Tushuntiriladigan AI boóyicha tadqiqotlar AI modellarini 

yanada shaffofroq qilishga intiladi, bu odamlarga algoritmlar qanday qaror qabul qilishini 

tushunishga imkon beradi. Bu qarorlar hayotga sezilarli taôsir koórsatishi mumkin boólgan 

sogóliqni saqlash, jinoiy odil sudlov va moliya kabi yuqori darajali sohalarda juda muhimdir. 

Xulosa (Conclusions). AI tizi mlarini yanada talqin qilish orqali biz 

foydalanuvchilarning ishonchini oshirishimiz, javobgarlikni taôminlashimiz va sunôiy intellekt 

modellaridagi noxolisliklar yoki xatolarni aniqlashimiz va tuzatishimiz mumkin.  Tushuntirish 

ham meôyoriy hujjatlarga muvofiqlik uchun juda muhimdir, ayniqsa AI ilovalari hukumatlar va 

muassasalar tomonidan koóproq tekshirilayotganda. Tadqiqotlar toógóri va talqin qilinadigan 

modellarni ishlab chiqishga eôtibor qaratishlari kerak.  

Vizualizatsiya, qoidalarni chiqarish va surrogat modellar kabi usullar nafaqat samarali, 

balki mutaxassis boólmaganlar uchun ham tushunarli boólgan tizimlarni qurishda yordam berishi 

mumkin.  

Sunôiy intellekt kelgusi oón yilliklarda jamiyatning turli sohalarida inqilobiy 

oózgarishlarni amalga oshiradi: 

- Aqlli shaharlar (Smart City): transport harakati, energiya sarfi va xavfsizlikni avtomat 

boshqarish; 

- Sogóliqni saqlash: kasalliklarni erta tashxislash, robot-xirurgiya, personal tibbiyot; 

- Taôlim: individual oóqitish tizimlari, intellektual yordamchilar va testlash platformalari; 

- Iqtisodiyot: moliyaviy tahlil, bozor prognozlari va avtomat buxgalteriya tizimlari; 

- Qishloq xoójaligi: yer resurslaridan samarali foydalanish, hosilni prognoz qilish, 

avtomatik sugóorish tizimlari. 

Sunôiy intellektni joriy etish bilan bir qatorda ijtimoiy va huquqiy masalalar ham yuzaga 

keladi: 

- inson mehnatining qisqarishi va ishsizlikning oósishi; 

- maôlumot xavfsizligi va shaxsiy maôlumotlarni himoya qilish; 

- algoritmlar orqali qaror qabul qilishda adolat va shaffoflikni taôminlash. 
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Sunôiy intellekt kelajak sivilizatsiyasining asosiy ustuni hisoblanadi. U insoniyat 

faoliyatini yangi sifat bosqichiga koótarib, innovatsiya va samaradorlikni oshiradi. 

Mamlakatimizda ham ushbu yoónalishdagi ilmiy-tadqiqot ishlarini qoóllab-quvvatlash, yoshlar 

oórtasida raqamli savodxonlikni oshirish va milliy SI ekotizimini rivojlantirish ustuvor vazifadir. 
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Abstract. Methods for intelligent analysis of soil composition data based on modern 

artificial intelligence algorithms are important in increasing agricultural efficiency and ensuring 

a sustainable ecology. The study examined methods for analyzing soil data using machine 

learning algorithms to overcome some of the shortcomings of traditional laboratory methods for 

this process. The most modern methods were considered, from processing datasets to training 

them in artificial intelligence models. These methods can be used to perform real-time analysis 

processes in agriculture.  

Keywords: Soil composition, intellectual analysis, chemical property, ensemble learning, 

confusion matrix, crop type, imputation, classification 

 

Introduction. Soil is the most important resource in agriculture, and its composition and 

quality determine not only agricultural efficiency but also global ecological sustainability. 

Today, due to environmental changes, rapid population growth, and resource limitations, 

accurate assessment of soil conditions is a pressing issue [1]. Although traditional laboratory 

analyses and other methods provide high accuracy in this regard, their main disadvantages are 

their time-consuming nature, high cost, and dependence on the human factor. As a result, 

agricultural operators face difficulties and delays in decision-making [2]. 

Every day, new possibilities to address this issue are presented by machine learning and 

artificial intelligence technology.  When compared to laboratory examination, machine learning 

models can save 77% of time by simultaneously analyzing multidimensional features of soil 

composition with an accuracy of up to 95% [3]. In developing countries, soil data is acquired 

using a range of sensors and equipment.  Data obtained via these devices is frequently 

incomplete and noisy for a variety of reasons.  In this scenario, machine learning algorithms 

ensure that intellectual analysis is carried out correctly by processing and filling in data while 

also decreasing noise [4]. 

The main aim of this study is to create new techniques for intelligent soil composition 

analysis utilizing cutting-edge artificial intelligence algorithms and assess their applicability. The 

study focused at how to properly prepare a dataset for intelligent analysis, analyze soil features 

using artificial intelligence algorithms, and predict crop type based on soil data [5]. 

Materials and methods. This research covers the steps from preprocessing the dataset to 

training and evaluating the models for the intelligent soil composition analysis process. The 

work done is mainly based on artificial intelligence algorithms, which are aimed at overcoming 

the difficulties of working with data in the process of intellectual analysis [6]. Several modern 

methods of preprocessing the dataset were considered and the most suitable methods were 

selected. 
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Dataset. The studyôs dataset, which combined data on crop-specific traits and soil 

composition, was gathered from a number of free sources. The collection, which has 5816 rows, 

includes information on soil composition that is thought to be fertile for crops like corn, wheat, 

cotton, and carrots. Table 1 below provides general information regarding the dataset [7-8]. 

Table 1. General information about the dataset 

Feature property Features Units Data type 

Identification property Sample - Categorical 

 

Physical property 

 

Layer  cm Categorical 

Mechanical composition - Categorical 

CF  % Numerical 

Soil density  g/cm3 Numerical 

 

 

 

 

 

Chemical property 

 

pH - Numerical 

Soil EC  mS/cm Numerical 

N  mg/kg Numerical 

P  mg/kg Numerical 

K mg/kg Numerical 

Mg  mg/kg Numerical 

S  mg/kg Numerical 

Zn  mg/kg Numerical 

Mn  mg/kg Numerical 

B  mg/kg Numerical 

Fe  mg/kg Numerical 

Cu  mg/kg Numerical 

Organic property Humus  % Numerical 

Biological property Microorganisms  CFU/g Numerical 

Target variable Crop  - Categorical 

The identification feature group in Table 1 above is used for sample identification, and 

the physical and chemical properties of the soil are used to determine its fertility levels. The 

organic property determines the amount of humus in the soil, while the biological property 

determines the number of active microorganisms in it [9,10,11]. It is necessary to select the crop 

type as the target variable.  

NaN (Not a number) values in the dataset. The NaN values in this dataset are mainly 

due to the merging of multiple datasets, as noted above. Fig. 2 below shows the amount of NaN 

values in the dataset. 
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Fig. 2. NaN values in a dataset (across all columns) 

As can be seen in Fig. 2 above, the NaN values in the dataset are mainly related to the 

columns Microorganisms (CFU/g), B (mg/kg), and Mn (mg/kg). Usually, such columns are 

discarded when processing a dataset, but in an agricultural dataset, these properties are 

considered very important for soil composition. Therefore, deleting these columns may 

negatively affect the model results. In this case, the most appropriate solution is to fill in NaN 

values [12]. 

Preprocessing the dataset. Preprocessing a dataset entails carrying out a number of 

tasks, including converting, normalizing, and filling in NaN values.  Since many imputation 

techniques only work with numeric values, it is required to transform categorical data to numeric 

type before filling in NaN values [13].  Converting categorical values to numerical values can be 

done in a number of ways.  One technique for transforming categorical variables to ordered 

integers is called ordinal encoding [14]. 

Imputation methods are usually used to solve the problem of filling in NaN values in a 

data set. In this study, we used the Fast MICE method to solve this problem. The Fast MICE 

method is an accelerated version of Multiple Imputation by Chained Equations (MICE). The Fast 

MICE method works through an iterative regression chain based on the MICE method but 

significantly speeds up the calculation by using fewer iterations and higher tolerance [15]. The 

working process of this method is that in the initial stage, missing values for each numeric 

column are filled with the mean, median, or most frequently occurring values. In each iteration, 

missing values were predicted in the study using Ridge regression. In the next step, missing 

values were updated and the algorithm stopped after the number of iterations was completed [15-

16]. In this study, NaN values in the dataset were filled in using the Fast MICE imputation 

method with mean values.   
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Fig. 3. Comparison of original and imputed soil data. 

In Fig. 3 above, the actual values of the soil properties in the dataset are shown in blue, 

and the values filled in by Fast MICE are shown in red. Once the dataset is processed, it can be 

tested on artificial intelligence algorithms. 

Dataset training and evaluation. The study used modern ensemble machine learning 

classification algorithms, such as Random Forest and Gradient Boosting, to predict crops by 

analyzing soil composition. These algorithms are characterized by high accuracy and stability in 

unbalanced datasets and allow for the assessment of the importance of features [17]. 

Random Forest is an ensemble method consisting of multiple decision trees, each tree 

trained on a random subset of the data and a random subset of the features. The final prediction 

is made by majority voting. The Gradient Boosting algorithm is a boosting method that builds a 

strong model by successively adding weak learners. The main goal of this algorithm is that each 
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new tree aims to correct the errors of previous models [18]. The research results were obtained 

by training the dataset to these ensemble algorithms and evaluating the accuracy of the 

algorithms. 

Results and Discussion. As mentioned above, ensemble algorithms of artificial 

intelligence were used in the process of classifying crop types by analyzing soil data in the 

dataset. As a result, Random Forest and Gradient Boosting classification models were applied to 

the test dataset and the following results were achieved. The overall accuracy of the Random 

Forest model was 0.8832. The Gradient Boosting model produced a result with an accuracy of 

0.9003. These results are considered high indicators for an unbalanced dataset. The following are 

the indicators of the model in terms of confusion matrix, accuracy metrics, and detailed 

evaluation metrics by class. 

 

 
Fig. 4. Confusion matrix of the Random Forest and Gradient Boosting  

classification algorithms 

Fig. 4 above shows the confusion matrix showing the results of the two algorithms. These 

images help to visually represent the relationship between the model's actual classes and 

predicted classes. From the results in these images, it can be seen that the predictions of the 

Gradient Boosting classifier are slightly higher between the two algorithms. 

Table 2. Accuracy results of ensemble machine learning  

algorithms on various metrics 

Model Parameters  Accuracy Precision Recall F1-score 

Random Forest 
n_est = 100 

random_state=42 
0.8832 0.8829 0.8832 0.8828 

Gradient Boosting 
n_est = 100 

lear_rate = 0.1 
0.9003 0.8997 0.9003 0.8997 

As can be seen from Table 2 above, ensemble machine learning algorithms performed 

well in predicting crop classification using soil composition data. 

Conclusion. This study was aimed at developing methods for intelligent analysis of soil 

composition based on modern artificial intelligence algorithms and evaluating their practical 

effectiveness. The results of the study show that ensemble machine learning algorithms provide 

high accuracy to overcome the limitations of traditional laboratory methods. Modern methods 
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also help to preserve the internal relationships of data when processing datasets and increase the 

stability of the model. The practical significance of the study is that the proposed methods can 

automate real-time soil analysis in agricultural practice, obtain crop recommendations based on 

soil sensor data, save significant resources and significantly increase productivity. At the same 

time, the dataset tested in the study may have some limitations, as it was collected from various 

sources and classified only four crop classes. In the future, such methods can be expanded by 

integrating deep learning models based on multimodal data. Overall, the role of artificial 

intelligence in soil analysis as a technological innovation can positively contribute to 

transforming agriculture. 
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Abstract. This paper introduces an AI-driven analytical framework designed to 

automatically identify manipulative linguistic strategies embedded in Telegram user comments. 

The platformôs open communication structure, minimal moderation, and multilingual user base 

create favorable conditions for the spread of manipulative discourse, often crafted to influence 

emotions, beliefs, and decision-making processes. Unlike traditional text classifiers, the 

proposed framework models manipulation as a complex phenomenon combining rhetorical, 

psychological, and contextual signals. The detection system integrates a compact transformer 

architecture with discourse-level features such as inferential intent, persuasive constructions, 

illusion-of-choice tactics, and emotionally charged framing. A specially created dataset of 

Telegram comments from regional channels was annotated using a multi-label scheme capturing 

diverse manipulation types. Experimental evaluation demonstrates that the proposed model 

achieves reliable performance in distinguishing manipulative comments from neutral 

communication despite noise, code-switching, and message brevity. The systemôs design allows 

for scalable deployment in moderation tools, research platforms, and automated risk-analysis 

pipelines. 

Keywords: manipulation detection, persuasive discourse, AI text analysis, Telegram 

communication, discourse strategies 

 

MAIN PART  

Manipulative communication in digital platforms has grown into a significant socio-

linguistic phenomenon. Telegram, in particular, occupies a unique place among online 

messaging platforms due to its structure: public channels, anonymous accounts, minimal 

restrictions, and rapid commenting mechanics. These features create an environment where users 

frequently encounter subtle rhetorical pressure, strategic persuasion, emotional priming, and 

hidden influence attempts. Detecting manipulative linguistic strategies in such comments is 

challenging, as many are expressed indirectly and rely on pragmatic implications rather than 

explicit verbal cues. 

Manipulation in Telegram comments often manifests as short, strategically written 

phrases aimed at triggering emotional or cognitive reactions. For example, comments like ñOnly 

a fool would believe thisò or ñThink for once in your lifeò attempt to shame or delegitimize the 

target. Other comments attempt to guide group behavior: ñSmart people understood the message 

already,ò subtly appealing to social hierarchy. In multilingual communities, manipulation 

techniques may shift across languages, employing Russian for aggression, Uzbek for familiarity, 

and English loanwords for authority reinforcement. This fluid linguistic landscape necessitates 

analytical methods capable of modeling cross-lingual semantics and pragmatic subtleties. 
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The proposed AI-driven framework conceptualizes manipulation as a combination of 

discourse strategies rather than isolated keywords. The system identifies four core manipulation 

dimensions: (1) emotional triggering, (2) cognitive framing, (3) social steering, and (4) deceptive 

rhetorical construction. Each comment is mapped to a multi-dimensional vector of manipulative 

tendencies, enabling richer interpretability than simple binary classification. The model uses a 

modified transformer encoder, optimized for comments that often contain fewer than 12 tokens. 

The architecture incorporates a discourse-aware embedding module that detects persuasion 

markers such as loaded questions, selective truth framing, false dilemmas, insinuations, and 

rhetorical accusations. Additionally, emojis and punctuation patternsðboth commonly used to 

intensify emotional toneðare treated as weighted linguistic features. 

To build and train the system, a new corpus of 18,000 Telegram comments was collected 

from discussion groups in local news, politics, entertainment, and social topics. Annotation was 

carried out by linguistic experts using an expanded manipulation taxonomy that draws on 

communication theory, behavioral psychology, and political rhetoric analysis. Comments were 

labeled across multiple manipulation types, such as emotional blackmail, insinuation, group 

pressure, false authority, deceptive reassurance, and attack-based persuasion. The annotation 

process revealed that multilingual switching and creative spelling often mask manipulation, 

challenging rule-based detection and highlighting the need for deep neural modeling. 

The transformer component of the system was adapted in several ways: 

ï A reduced attention-head configuration enables efficient inference. 

ï A ñPersuasion-Vectorò pooling module aggregates rhetorical cues across tokens. 

ï Cross-lingual subword representations support UzbekïRussianïEnglish code-switching. 

ï A pragmatic-signal encoder identifies discourse markers such as modal verbs, indirect 

imperatives, and evidentiality patterns. 

During experiments, the model was compared with LSTM classifiers, TF-IDF + SVM 

baselines, and multilingual BERT models. While mBERT performed reasonably well in 

semantic recognition tasks, it failed to capture the pragmatic dimension of persuasion due to the 

subtle and implicit nature of manipulative language. The proposed model achieved the highest 

performance with macro-F1 reaching 0.83, showing strong resilience to noise and mixed scripts. 

Importantly, the system demonstrated an ability to generalize manipulation patterns across topics 

without relying on topic-specific vocabulary, confirming the effectiveness of discourse-level 

features. 

The framework also supports quantitative manipulation scoring, assigning each comment 

a continuous value indicating the degree of persuasive influence. This scoring mechanism can be 

integrated into broader risk-monitoring systems for Telegram analytics, enabling dashboards, 

alert systems, and automated moderation bots to prioritize harmful or psychologically coercive 

content. Because the architecture is lightweight and computationally efficient, it can be deployed 

without specialized hardware, making it suitable for large volumes of streaming user comments. 

Overall, the framework demonstrates that manipulative language detection requires a 

hybrid approach combining linguistic insight, psychological modeling, and modern transformer 

architectures. The framework is adaptable, scalable, and suitable for real-world applications in 

digital safety, misinformation research, and communication risk assessment. 

CONCLUSION 

The study confirms that identifying manipulative linguistic strategies in Telegram user 

comments demands an interdisciplinary AI approach that goes beyond lexical analysis. The 
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proposed framework integrates discourse modeling, pragmatic feature extraction, and an 

optimized transformer encoder to successfully detect manipulation even when it appears in 

subtle or implicit forms. Experimental results validate the modelôs effectiveness in multilingual, 

noisy, and context-limited environments, demonstrating superiority over traditional classifiers. 

The system provides not only classification but also a graded manipulation score, supporting 

flexible adaptation to diverse analytical and moderation tasks. Its efficiency and interpretability 

make it suitable for deployment in Telegram monitoring systems, psychological safety tools, and 

AI-assisted content analysis platforms. Future work will explore multimodal manipulation 

signals, conversational context integration, and continual learning mechanisms to track emerging 

persuasive strategies. 
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ʂɶɿʅʀ ʈɸʅɻʃʀ ʇɸʈɼɸʉʀʅʀ ʃʆʂɸʃ ʂʋʃʈɸʅɻ 

 ʀʁʄɸʊʃɸʈʀ ɸʉʆʉʀɼɸ ʊɸʅʀɹ ʆʃʀʐ ʋʉʋʃʀפ
 

1ʍʘʤʠʜʦʚ ʕ.ʍ., 2ʊʫʨʘʢʫʣʦʚʘ ʐ.ɸ. 
1,2ʊʦʰʢʝʥʪ ʠʨʨʠʛʘʮʠʷ ʚʘ ץʠʰʣʦץ ʭ˄ʞʘʣʠʛʠʥʠ ʤʝʭʘʥʠʟʘʮʠʷʣʘʰ ʤʫ״ʘʥʜʠʩʣʘʨʠ ʠʥʩʪʠʪʫʪʠ 

ʄʠʣʣʣʠʡ ʪʘʜץʠץʦʪ ʫʥʠʚʝʨʩʠʪʝʪʠ  

https://doi.org/10.5281/zenodo.17919336 

 

ɸʥʥʦʪʘʮʠʷ. ʋʰʙʫ ʤʘϨʦʣʘʜʘ ʙʝʣʛʠʣʘʨʥʠ ʤʦʩʣʘʰʪʠʨʠʰ ʢ˄ʟʥʠʥʛ ʨʘʥʛʣʠ ʧʘʨʜʘʩʠʥʠ 

(ʂʈʇ) ʘʥʠϨʣʘʰ ʘʣʛʦʨʠʪʤʠʜʘ ϲʘʣ Ϩʠʣʫʚʯʠ Ϩʘʜʘʤ ʙ˄ʣʠʙ, ʪʘʥʠʙ ʦʣʠʰʥʠʥʛ ʩʘʤʘʨʘʣʠ ʸʢʠ 

ʩʘʤʘʨʘʩʠʟ ʵʢʘʥʣʠʛʠʥʠ ʘʥʠϨʣʘʡʜʠ. ʂʈʇ ʪʘʥʠʙ ʦʣʠʰ ʩʘʤʘʨʘʜʦʨʣʠʛʠʥʠ ʦʰʠʨʠʰ ʫʯʫʥ 

ʤʘϲʘʣʣʠʡ ʢʫʣʨʘʥʛ ʤʠʥʠʤʘʣ Ϩʠʡʤʘʪʣʘʨʛʘ ʘʩʦʩʣʘʥʛʘʥ ʪʘʥʠʙ ʦʣʠʰ ʫʩʫʣʠ ʢ˄ʨʠʙ ʯʠϨʠʣʜʠ. ɹʫ 

ʫʩʫʣ ʙʠʨʠʥʯʠ ʥʘʚʙʘʪʜʘ ʂʈʇ ʤʠʥʪʘϨʘʩʠʜʘʛʠ ʤʘϲʘʣʣʠʡ ʢʫʣʨʘʥʛ ʤʠʥʠʤʘʣ ʥʫϨʪʘʣʘʨʥʠʥʛ 

ʧʦʟʠʮʠʷʣʘʨʠʥʠ Ϩʘʡʜ ʵʪʘʜʠ (ʭʫʩʫʩʠʷʪ ʥʫϨʪʘʣʘʨʠʥʠ ʩʠϨʠʰ ʫʯʫʥ ʤʠʥʠʤʘʣ ʢʦʥʩʦʣʠʜʘʮʠʷ 

ʫʩʫʣʠ Ϩ˄ʣʣʘʥʠʣʘʜʠ ʢʝʡʠʥ, ʩʠϨʠʣʛʘʥ ʂʈʇ ʪʘʩʚʠʨʠ ʭʫʩʫʩʠʷʪ ʘʞʨʘʪʠʣʛʘʥʜʘʥ ʢʝʡʠʥ 

ʢʦʜʣʘʥʘʜʠ). ʉ˄ʥʛʨʘ, ʥʘʪʠʞʘʣʘʨʥʠ ʦʣʠʰ ʫʯʫʥ ʢʦʜʣʘʥʛʘʥ ʤʘʲʣʫʤʦʪ ʚʘ ʰʘʙʣʦʥ ˄ʨʪʘʩʠʜʘ 

ʍʆʈ ʦʧʝʨʘʮʠʷʩʠ ʘʤʘʣʛʘ ʦʰʠʨʠʣʘʜʠ. ɶʪʢʘʟʠʣʛʘʥ ʪʘʞʨʠʙʘʣʘʨ ʢ˄ʨʠʣʛʘʥ ʫʩʫʣʥʠʥʛ ʶϨʦʨʠ 

ʩʘʤʘʨʘʜʦʨʣʠʢʛʘ ʵʛʘ ʵʢʘʥʣʠʛʠʥʠ ʢ˄ʨʩʘʪʜʠ. 

ʂʘʣʠʪ ʩ˄ʟʣʘʨ: ɹʝʣʛʠʣʘʨ ʪ˄ʧʣʘʤʠ, ʂ˄ʟʥʠʥʛ ʨʘʥʛʣʠ ʧʘʨʜʘʩʠ ʦʨϨʘʣʠ ʪʘʥʠʙ ʦʣʠʰ, 

ʄʠʥʠʤʘʣ ʢʫʣʨʘʥʛ Ϩʠʡʤʘʪʣʘʨ, ʂʦʜʣʘʰ. 

 

ʂʠʨʠʰ 

ɹʠʦʤʝʪʨʠʷ, ʬʠʟʠʦʣʦʛʠʢ ʭʫʩʫʩʠʷʪʣʘʨ ʘʩʦʩʠʜʘ ʠʥʩʦʥʥʠ ʠʜʝʥʪʠʬʠʢʘʮʠʷ ץʠʣʠʰ 

ʠʤʢʦʥʠʥʠ ʙʝʨʘʜʠ. ʂ˄ʟʥʠʥʛ ʨʘʥʛʣʠ ʧʘʨʜʘʩʠ (ʂʈʇ) ʙʘʨץʘʨʦʨʣʠʛʠ, ʪʘʢʨʦʨʣʘʥʤʘʩ ʙʝʣʠʣʘʨ 

ʤʘʚʞʫʜʣʠʛʠ, ʤʘʲʣʫʤʦʪʣʘʨ ʡʠסʠʣʠʰʠ ʚʘ ʰʘʭʩʠʡ ʠʜʝʥʪʠʬʠʢʘʮʠʷʥʠʥʛ ʥʦʠʥʚʘʟʠʚʣʠʛʠ ʢʘʙʠ 

ʘʬʟʘʣʣʠʢʣʘʨʛʘ ʵʛʘ. ʉʪʘʪʠʩʪʠʢ ʤʘʲʣʫʤʦʪʣʘʨʛʘ ʢ˄ʨʘ, ʂʈʇ ʦʨץʘʣʠ ʰʘʭʩ ʠʜʝʥʪʠʬʠʢʘʮʠʷʩʠʜʘ 

ʭʘʪʦʣʠʢ ʜʘʨʘʞʘʩʠ ʙʠʦʣʦʛʠʢ ʪʘʥʠʙ ʦʣʠʰ ʘʣʛʦʨʠʪʤʣʘʨʠʥʠʥʛ ʙʘʨʯʘ ʪʫʨʣʘʨʠ ʦʨʘʩʠʜʘ ʵʥʛ 

ʧʘʩʪ ʢ˄ʨʩʘʪʢʠʯʛʘ ʵʛʘ [1]. ʆʜʘʪʠʡ ʂʈʇ ʦʨץʘʣʠ ʪʘʥʠʙ ʦʣʠʰ ʪʠʟʠʤʠ ʂʈʇ ʪʘʩʚʠʨʠʥʠ ʡʠסʠʰ, 

ʞʦʡʣʘʰʠʰʥʠ ʘʥʠץʣʘʰ,  ʭʫʩʫʩʠʷʪʣʘʨʠʥʠ ʘʞʨʘʪʠʙ ʦʣʠʰ ʚʘ ʙʦʰץʘ ʪʘʩʚʠʨʣʘʨ ʙʠʣʘʥ 

ʤʦʩʣʘʰʪʠʨʠʰ ʢʘʙʠ ʞʘʨʘʸʥʣʘʨʥʠ ˄ʟ ʠʯʠʛʘ ʦʣʘʜʠ. ɼʘʫʛʤʘʥ [2] ʂʈʇ ʪʘʩʚʠʨʣʘʨʠʥʠ ʬʘʟʘʚʠʡ 

ʤʠץʜʦʨ ʚʘ ʢʦʜʣʘʰ ʫʯʫʥ ɻʘʙʦʨ ʬʠʣʪɹʨʠʜʘʥ ʬʦʡʜʘʣʘʥʛʘʥ. ɸʣʛʦʨʠʪʤ ʠʜʝʥʪʠʬʠʢʘʮʠʷ 

ʪʝʟʣʠʛʠ ʚʘ ʶץʦʨʠ ʘʥʠץʣʠʢʛʘ ʵʛʘ ʵʢʘʥʣʠʛʠ ʙʠʣʘʥ ʘʞʨʘʣʠʙ ʪʫʨʘʜʠ  ʚʘ ʫ ʪʠʞʦʨʘʪ ʤʘץʩʘʜʠʜʘ 

ʵʥʛ ʢ˄ʧ ʠʰʣʘʪʠʣʘʜʠʛʘʥ ʠʜʝʥʪʠʬʠʢʘʮʠʷʣʘʰ ʪʠʟʠʤʠʜʠʨ. ʋʰʙʫ ʘʣʛʦʨʠʪʤ ʠʢʢʠ ˄ʣʯʦʚʣʠ 

ʪʝʢʩʪʫʨʘ ʤʘʲʣʫʤʦʪʣʘʨʠʥʠ ץʘʡʪʘ ʠʰʣʘʰʜʘ ʭʫʩʫʩʠʷʪʣʘʨʥʠ ʘʞʨʘʪʠʙ ʦʣʠʰʥʠʥʛ ״ʠʩʦʙʣʘʰ 

ʚʘץʪʠʥʠ ʦʰʠʨʘʜʠ. ɺʦʡʣʜʩ [3] ɻʘʫʩʩ-ʃʘʧʣʘʩ ʬʠʣʪɹʨʠ ʸʨʜʘʤʠʜʘ ʪʫʨʣʠ ˄ʣʯʘʤʜʘʛʠ ʂʈʇ 

ʪʘʩʚʠʨʣʘʨʠʥʠ ʙ˄ʣʘʢʣʘʨʨʛʘ ʙ˄ʣʠʙ ʩ˄ʥʛʨʘ, ʰʘʙʣʦʥ ʙʠʣʘʥ ʤʦʩʣʘʰʪʠʨʜʠ. ɹʫ ʫʩʫʣ ״ʠʩʦʙʣʘʰ 

ʞʠʭʘʪʠʜʘʥ ʤʫʨʘʢʢʘʙ ʫʩʫʣ ʭʠʩʦʙʣʘʥʘʣʘʜʠ. ɹʦʫʣʟ ʚʘ ɹʦʘʰʘʩ [4] ʪ˄ʣץʠʥʣʠ ʥʦʣ ʢʝʩʠʰʫʚʠʥʠ 

ʘʥʠץʣʘʰʛʘ ʘʩʦʩʣʘʥʛʘʥ ʂʈʇʥʠ ʘʥʠץʣʘʰʥʠʥʛ ʷʥʛʠ ʘʣʛʦʨʠʪʤʠʥʠ ʪʘʢʣʠʬ ץʠʣʠʰʜʠ. ʋʰʙʫ 

ʘʣʛʦʨʠʪʤ ʢʠʯʠʢ ʥʘʤʫʥʘ ״ʘʞʤʠ ʙʠʣʘʥ ʯʝʢʣʘʥʛʘʥ ʚʘ ʫʥʠ ʘʤʘʣʠʡ ץ˄ʣʣʘʰ 

ʪʘʢʦʤʠʣʣʘʰʪʠʨʠʰʥʠ ʪʘʣʘʙ ץʠʣʘʜʠ. ʖץʦʨʠʜʘʛʠ ʪʘ״ʣʠʣʛʘ ʘʩʦʩʣʘʥʠʙ, ʫʰʙʫ ʤʘץʦʣʘ ʂʈʇ 

ʘʥʠץʣʘʰ ʫʯʫʥ ʤʘ״ʘʣʣʠʡ ʤʠʥʠʤʘʣ ʢʫʣʨʘʥʛ ץʠʡʤʘʪʣʘʨʜʘʥ ʬʦʡʜʘʣʘʥʘʜʠ ʚʘ ʙʫ ʫʩʫʣ ʪʘʞʨʠʙʘ 

ʥʘʪʠʞʘʣʘʨʠʜʘ ʷʭʰʠ ʢ˄ʨʩʘʪʢʠʯʣʘʨʥʠ ʢ˄ʨʩʘʪʜʠ. 

ʄʝʪʦʜʦʣʦʛʠʷ 

2.1 ʂʈʇ ʞʦʡʣʘʰʠʰʠʥʠ ʘʥʠץʣʘʰ 
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ʊʘʞʨʠʙʘ ʂʈʇ ʪʘʩʚʠʨʠʥʠ ʡ˄ʥʘʣʪʠʨʠʣʤʘʛʘʥ ʛʨʘʬʠʢʛʘ ʘʡʣʘʥʪʠʨʠʰ ʤʫʤʢʠʥ, ʂʈʇ 

 ʠʜʘʛʠ ʤʘʲʣʫʤʦʪʥʠ ʯʫʤʦʣʠʣʘʨ ʢʦʣʦʥʠʷʩʠ ʘʣʛʦʨʠʪʤʠ [5] ʸʨʜʘʤʠʜʘ ʪʦʧʠʰץʘ״ ʠʨʨʘʩʠץ

ʤʫʤʢʠʥ, ʩ˄ʥʛʨʘ ʢʫʣʨʘʥʛ ʜʘʨʘʞʘʜʘʛʠ ʧʨʦʝʢʩʠʷ ʫʩʫʣʠ ʸʨʜʘʤʠʜʘ ʢ˄ʟ ץʦʨʘʯʠסʠ ʜʦʠʨʘʩʠ 

ʤʘʨʢʘʟʠʥʠ ʘʥʠץʣʘʰ ʤʫʤʢʠʥ. ʉ˄ʥʛʨʘ, ʠʯʢʠ ʚʘ ʪʘʰץʠ ʢʦʥʪʫʨʣʘʨ OTSU ʯʝʛʘʨʘʩʠ ʚʘ 

ʷʭʰʠʣʘʥʛʘʥ ʍʘʬ ʪʨʘʥʩʬʦʨʤʘʮʠʷʩʠ ʸʨʜʘʤʠʜʘ ʘʥʠץʣʘʥʘʜʠ. ʅʘʪʠʞʘʣʘʨ 1(ʙ)-ʨʘʩʤʜʘ 

ʢ˄ʨʩʘʪʠʣʛʘʥ. 

  
(ʘ) ɸʩʣ ʨʘʩʤ (ʙ) ʏʝʛʘʨʘʣʘʥʛʘʥ ʪʘʩʚʠʨ 

1-ʨʘʩʤ ʂ˄ʟ ʪʘʩʚʠʨʠʥʠ ʦʣʜʠʥʜʘʥ Ϩʘʡʪʘ ʠʰʣʘʰ 

2.2 ʅʦʨʤʘʣʠʟʘʮʠʷ ʚʘ ʪʘʩʚʠʨʥʠ ʷʭʰʠʣʘʰ 

ʂʈʇ ʪʘʩʚʠʨʣʘʨʠʥʠ ץʫʪʙʣʠ ʢʦʦʨʜʠʥʘʪʘʣʘʨʛʘ ʘʡʣʘʥʪʠʨʠʰ ʫʯʫʥ ʂʈʇ ״ʘʣץʘʩʠʤʦʥ 

ʤʠʥʪʘץʘʩʠʥʠʥʛ ״ʘʨ ʙʠʨ ʧʠʢʩʝʣʠʥʠ  ץʫʪʙ ʢʦʦʨʜʠʥʘʪʘʣʘʨʠʛʘ ʩʦʣʠʰʪʠʨʠʰ ʫʯʫʥ 

ʬʦʨʤʫʣʘʜʘʥ (1) ʬʦʡʜʘʣʘʥʘʣʠʜʠ ʚʘ 2-ʨʘʩʤʜʘ ʢ˄ʨʩʘʪʠʣʛʘʥʠʜʝʢ, ץʫʪʙ ʢʦʦʨʜʠʥʘʪʘʣʘʨʠ 

ʪʠʟʠʤʠʜʘʛʠ ʂʈʇ,  ʪʘʩʚʠʨʣʘʨʠʥʠ ʙʘʣʘʥʜʣʠʢ ʚʘ  ʢʝʥʛʣʠʢʜʘʛʠ ʪ˄ʨʪʙʫʨʯʘʢʢʘ ʘʞʨʘʪʠʣʜʠ. 

      (1) 

2(ʘ)-ʪʘʩʚʠʨʥʠ ʷʭʰʠʣʘʰ ʫʯʫʥ ʛʠʩʪʦʛʨʘʤʤʘ ʪʝʥʛʣʘʰʪʠʨʠʰʜʘʥ ʬʦʡʜʘʣʘʥʠʣʜʠ. ʐʘʢʣ 

2 (ʙ) ʜʘ ʛʦʨʠʟʦʥʪʘʣ ˄ץ ʙ˄ʡʣʘʙ ʞʦʡʣʘʰʛʘʥ ʤʘ״ʘʣʣʠʡ ʤʠʥʠʤʘʣʣʘʨʜʘʥ ʪʘʩʚʠʨʥʠ ʷʭʰʠʣʘʰʜʘʥ 

ʢʝʡʠʥ ʂʈʇ ʪʘʥʠʙ ʦʣʠʰ ʫʯʫʥ ʭʘʨʘʢʪʝʨʣʠ ʙʝʣʛʠʣʘʨ ʩʠʬʘʪʠʜʘ ʬʦʡʜʘʣʘʥʠʰ ʤʫʤʢʠʥ, ʯʫʥʢʠ 

ʂʈʇ ʪ˄ץʠʤʘʣʘʨʠʥʠʥʛ ʵʣʝʤʝʥʪʣʘʨʠʜʘʛʠ, ʯʠʟʠץʣʘʨ, ʤʘʩʩʘ ʚʘ ʜʦסʣʘʨ ʢʘʙʠ ʙʝʣʛʠʣʘʨ ʤʘʚʞʫʜ. 

  

(ʘ) ʂʈʇʥʠʥʛ ʥʦʨʤʘʣʣʘʰʪʠʨʠʣʛʘʥ 

ʪʘʩʚʠʨʠ 

(ʙ) ʂʝʥʛʘʡʪʠʨʠʣʛʘʥ ʥʦʨʤʘʣʣʘʰʪʠʨʠʣʛʘʥ 

ʂʈʇ ʪʘʩʚʠʨʠ 

2-ʨʘʩʤ ʅʦʨʤʘʣʣʘʰʪʠʨʠʣʛʘʥ ʪʘʩʚʠʨ 

2.3 ʄʘ״ʘʣʣʠʡ ʢʫʣʨʘʥʛ ʤʠʥʠʤʘʣ ʥʫץʪʘʣʘʨʥʠ ʘʞʨʘʪʠʙ ʦʣʠʰ ʚʘ ʢʦʜʣʘʰ 

ʂʈʇ ʪʝʢʩʪʫʨʘʩʠ ״ʘץʠʜʘʛʠ ʤʘʲʣʫʤʦʪʥʠ ʦʣʠʰ ʫʯʫʥ ʪʘʚʩʠʷ ʵʪʠʣʛʘʥ ʘʣʛʦʨʠʪʤ ʙʠʨʠʥʯʠ 

ʥʘʚʙʘʪʜʘ ʭʫʩʫʩʠʷʪ ʥʫץʪʘʣʘʨʠʥʠ ʘʥʠץʣʘʰ ʫʯʫʥ ʤʠʥʠʤʘʣ ʢʦʤʙʠʥʘʮʠʷ ʫʩʫʣʠ ʸʨʜʘʤʠʜʘ 

ʥʦʨʤʘʣʣʘʰʪʠʨʠʣʛʘʥ ʪʘʩʚʠʨʣʘʨʥʠ ʩʠץʠʙ ʯʠץʘʨʘʜʠ. ʅʦʨʤʘʣʣʘʰʪʠʨʠʣʛʘʥ ʪʘʩʚʠʨʥʠʥʛ 

ʙʠʨʠʥʯʠ ץʘʪʦʨʠ ʩʢʘʥʝʨʣʘʜʠ ʚʘ ʪ˄ʨʪʪʘ ץ˄ʰʥʠ ʧʠʢʩʝʣʥʠ ʙʠʪʪʘʩʠʛʘ ʙʠʨʣʘʰʪʠʨʠʣʜʠ. 

ɹʠʨʣʘʰʪʠʨʠʣʛʘʥ ʧʠʢʩʝʣʣʘʨ ʘʩʦʩʠʡ ʭʫʩʫʩʠʷʪ ʥʫץʪʘʣʘʨʠʥʠʥʛ ʘʞʨʘʪʠʣʛʘʥ ʙʠʨʣʠʛʠ ʩʠʬʘʪʠʜʘ 

ʠʰʣʘʪʠʣʠʰʠ ʤʫʤʢʠʥ. ʂʫʣʨʘʥʛ ʤʫʪʘʮʠʷʣʘʨ ʭʫʩʫʩʠʷʪ ʤʘʲʣʫʤʦʪʠ ʩʠʬʘʪʠʜʘ ʠʰʣʘʪʠʣʠʰʠ 

ʤʫʤʢʠʥʣʠʛʠ ʩʘʙʘʙʣʠ, ʛʦʨʠʟʦʥʪʘʣ ʩʢʘʥʝʨʣʘʰ ʯʠʟʠץʣʘʨʠ ʙ˄ʡʣʘʙ ״ʘʨ ʙʠʨ ʤʘ״ʘʣʣʠʡ ʢʫʣʨʘʥʛ 

ʤʠʥʠʤʘʣ ʥʫץʪʘʥʠʥʛ ʤʦʩ ʢʝʣʘʜʠʛʘʥ ʢʦʦʨʜʠʥʘʪʘ ץʠʡʤʘʪʠʥʠ ʪʦʧʠʰʠʤʠʟ ʚʘ ʙʫ ʥʫץʪʘʣʘʨʥʠ 

"1" ʚʘ "0" ʙʠʣʘʥ ʙʝʣʛʠʣʘʰʠʤʠʟ ʤʫʤʢʠʥ. ʄʘ״ʘʣʣʠʡ ʢʫʣʨʘʥʛ ʤʠʥʠʤʘʣ ʥʫץʪʘʣʘʨʥʠ ʙʘ״ʦʣʘʰ 
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ʫʩʫʣʠ ץʫʡʠʜʘʛʠʯʘ: ʤʘʨʢʘʟʠ ʘ ʥʫץʪʘʜʘ ʞʦʡʣʘʰʛʘʥ 3 ʭ 3 ʤʠʥʪʘץʘʜʘ, ʘʛʘʨ ʘ ʥʫץʪʘʜʘʛʠ 

ʢʫʣʨʘʥʛ ץʠʡʤʘʪ ʵʥʛ ʢʠʯʠʢ ʙ˄ʣʩʘ, ʘ ʥʫץʪʘʩʠʥʠ ʤʘ״ʘʣʣʠʡ ʢʫʣʨʘʥʛ ʤʠʥʠʤʘʣ ʥʫץʪʘ ʜʝʙ 

 .ʠʩʦʙʣʘʰ ʤʫʤʢʠʥ״

ʄʘ״ʘʣʣʠʡ ʢʫʣʨʘʥʛ ʤʠʥʠʤʘʣ ʥʫץʪʘ ʤʘʲʣʫʤʦʪʣʘʨʠʥʠ ʘʞʨʘʪʠʙ ʙ˄ʣʛʘʯ, ʭʫʩʫʩʠʷʪ 

ʥʫץʪʘʣʘʨʠʥʠ ץʫʡʠʜʘʛʠʯʘ ʢʦʜʣʘʰ ʤʫʤʢʠʥ: 

3-ʨʘʩʤʜʘ ʢ˄ʨʩʘʪʠʣʛʘʥʠʜʝʢ, ʘ ʥʠ ʞʦʨʠʡ ʥʫץʪʘ ʩʠʬʘʪʠʜʘ ʙʝʣʛʠʣʘʙ, b, c ʚʘ d ʤʦʩ 

ʨʘʚʠʰʜʘ ʘ ʥʠʥʛ ʯʘʧ ʦʩʪʠʜʘ, ʘ ʥʠʥʛ ʦʩʪʠʜʘ ʚʘ ˄ʥʛ ʦʩʪʠʜʘ ʞʦʡʣʘʰʛʘʥ. ab, ac ʚʘ ad 

ʪʝʢʩʪʫʨʘ ʫʟʫʥʣʠʛʠʥʠ ʫʯʪʘ ʡ˄ʥʘʣʠʰʜʘ ʘʣʦ״ʠʜʘ ʩʘץʣʘʰ ʫʯʫʥ ʠʰʣʘʪʠʣʜʠ. 

   

 ʘ  

b c d 

3-ʨʘʩʤ ʊʝʢʩʪʫʨʘʥʠ ʘʥʠϨʣʘʰ ʡ˄ʥʘʣʠʰʣʘʨʠ ʭʘʨʠʪʘʩʠ 

1. ɸʛʘʨ ʘ ʥʫץʪʘʥʠʥʛ ʢʦʜʣʘʥʠʰʠ "1" ʙ˄ʣʩʘ, b ʥʫץʪʘ ʪʝʢʰʠʨʠʣʘʜʠ. ɸʛʘʨ b ʥʫץʪʘʥʠʥʛ 

ʢʦʜʣʘʥʠʰʠ "1" ʙ˄ʣʩʘ, ʙʫ ʡ˄ʥʘʣʠʰʜʘʛʠ b ʥʫץʪʘʥʠʥʛ ʢʦʜʣʘʥʠʰʠ "0" ʙ˄ʣʛʫʥʯʘ ab 

ʤʘʩʩʠʚ ʫʟʫʥʣʠʛʠʛʘ 1 ץ˄ʰʘʤʠʟ. ʉ˄ʥʛʨʘ, ab ʫʟʫʥʣʠʛʠ ʸʟʠʣʘʜʠ. 

2. ʖץʦʨʠʜʘʛʠ ʫʩʫʣ ʸʨʜʘʤʠʜʘ, ac ʚʘ ad ʤʘʩʩʠʚʣʘʨʠʥʠʥʛ ʫʟʫʥʣʠʢʣʘʨʠ ״ʠʩʦʙʣʘʙ 

ʯʠץʠʣʘʜʠ. 

3. ɸʙ, ʘc ʚʘ ʘʜ ʤʘʩʩʠʚʣʘʨʠʥʠʥʛ ʫʟʫʥʣʠʢʣʘʨʠ ʩʦʣʠʰʪʠʨʠʣʜʠ ʚʘ ʵʥʛ ʢʘʪʪʘ ʤʘʩʩʠʚ 

ɸʣʘʨʛʝ ʤʘʩʩʠʚʠʜʘ ʩʘץʣʘʥʛʘʥ, ʙʫ ʝʨʜʘ ɸʣʘʨʛʝ ʘ ʥʫץʪʘʥʠʥʛ ʪʝʢʩʪʫʨʘ ʡ˄ʥʘʣʠʰʠʜʠʨ. 

4. ʊ ʯʝʛʘʨʘʩʠ ʙʠʣʘʥ ʪʘץץʦʩʣʘʡʤʠʟ. ɸʛʘʨ ɸʣʘʨʛʝ ʤʘʩʩʠʚ ʫʟʫʥʣʠʛʠ ʊ ʜʘʥ ʢʠʯʠʢ ʙ˄ʣʩʘ, ʘ 

ʥʫץʪʘʥʠʥʛ ʢʦʜʣʘʥʠʰʠ "0" ʛʘ ʪʝʥʛ; ʘʢʩ ״ʦʣʜʘ, ʘ ʥʫץʪʘʥʠʥʛ ʢʦʜʣʘʥʠʰʠ "1" ʜʠʨ. 

2.4 ʊʘץץʦʩʣʘʰ 

ʂʈʇʥʠ ʪʘץץʦʩʣʘʰ, ʢʦʜʣʘʥʛʘʥ ʪʝʩʪ ʂʈʇʥʠʥʛ ʤʘʲʣʫʤʦʪʣʘʨʠ ʚʘ ʰʘʙʣʦʥ ˄ʨʪʘʩʠʜʘ 

ʍʆʈ ʦʧʝʨʘʮʠʷʩʠʥʠ ʙʘʞʘʨʛʘʥʜʘʥ ʩ˄ʥʛ ʊ ʯʝʛʘʨʘʩʠ ʙ˄ʡʠʯʘ ʷʢʫʥʠʡ ʤʦʩ ʢʝʣʘʜʠʛʘʥ 

ʥʘʪʠʞʘʣʘʨʥʠ ʦʣʠʰʥʠ ˄ʟ ʠʯʠʛʘ ʦʣʘʜʠ. ɸʤʘʣʜʘ, ʪ˄ʧʣʘʥʛʘʥ ʂʈʇ ʪʘʩʚʠʨʣʘʨʠ ʘʡʣʘʥʠʰ 

ʤʠʛʨʘʮʠʷʩʠʥʠ ʢ˄ʨʩʘʪʠʰʠ ʤʫʤʢʠʥ, ʰʫʥʠʥʛ ʫʯʫʥ ʙʠʟ ʤʦʩ ʢʝʣʠʰʜʘʥ ʦʣʜʠʥ ʩʘʣʙʠʡ 

ʪʘʲʩʠʨʣʘʨʜʘʥ ץʦʯʠʰ ʫʯʫʥ ʙʠʨʠʥʯʠ ʥʘʚʙʘʪʜʘ ʘʡʣʘʥʠʰ ʤʠʛʨʘʮʠʷʩʠ ʪʫʟʘʪʠʣʜʠ. 

ʂʦʦʨʜʠʥʘʪʘʣʘʨ ʪʠʟʠʤʠʜʘ ʘʥʠץʣʘʥʛʘʥ ʘʡʣʘʥʤʘ ʤʠʛʨʘʮʠʷ ʥʦʨʤʘʣʣʘʰʪʠʨʠʣʛʘʥ 

ʪ˄ʨʪʙʫʨʯʘʢʣʘʨ ʂʈʇ ʘʪʨʦʬʠʜʘʛʠ ״ʘʨʘʢʘʪʜʠʨ. ɸʡʣʘʥʤʘ ʤʠʛʨʘʮʠʷʥʠ ʩʦʟʣʘʰʜʘ ʙʠʟ ʰʘʙʣʦʥʥʠ 

ʢʦʜʣʘʰʥʠ ˄ʟʛʘʨʠʰʩʠʟ ץʦʣʜʠʨʠʣʜʠ ʚʘ ʤʘʲʣʫʤ ʤʘʩʦʬʘʥʠ ʢʦʜʣʘʡʜʠʛʘʥ ʩʠʥʦʚ ʂʈʇ ʯʘʧʛʘ ʸʢʠ 

˄ʥʛʛʘ ʩʠʣʞʠʪʠʣʜʠ, ʪʝʩʪ ʢʦʜʣʘʰʥʠ ʰʘʙʣʦʥ ʢʦʜʣʘʰʣʘʨʠ ʙʠʣʘʥ ʪʘץץʦʩʣʘʥʜʠ, ʊ ʯʝʛʘʨʘʩʠ 

ʙʠʣʘʥ ʪʘץץʦʩʣʘʰ ʫʯʫʥ ʤʘʢʩʠʤʘʣ ץʠʡʤʘʪʥʠ ʪʘʥʣʘʥʣʠ ʚʘ ʩ˄ʥʛʨʘ, ʪʘʥʠʙ ʦʣʠʰʥʠʥʛ ʷʢʫʥʠʡ 

ʥʘʪʠʞʘʩʠ ʯʠץʘʨʠʣʜʠ. 

2.5 ʄʘ״ʘʣʣʠʡ ʢʫʣʨʘʥʛ ʤʠʥʠʤʘʣ ץʠʡʤʘʪʣʘʨʛʘ ʘʩʦʩʣʘʥʛʘʥ ʂʈʇ ʘʥʠץʣʘʰ ʫʩʫʣʠ 

ʖץʦʨʠʜʘʛʠ ʪʘ״ʣʠʣʛʘ ʘʩʦʩʣʘʥʠʙ, ʤʘ״ʘʣʣʠʡ ʢʫʣʨʘʥʛ ץʠʡʤʘʪʣʘʨʛʘ ʘʩʦʩʣʘʥʛʘʥ ʂʈʇ 

ʘʥʠץʣʘʰ ʫʩʫʣʠ ʪʘʢʣʠʬ ץʠʣʠʥʜʠ. ʋ ץʫʡʠʜʘʛʠʯʘ ʘʤʘʣʛʘ ʦʰʠʨʠʣʘʜʠ: 

1. ʏʫʤʦʣʠʣʘʨ ʢʦʣʦʥʠʷʩʠ ʘʣʛʦʨʠʪʤʠ ʢʠʨʠʰ ʪʘʩʚʠʨʠʜʘʛʠ ʂʈʇʥʠ ʪʦʧʠʰ ʫʯʫʥ 

ʠʰʣʘʪʠʣʘʜʠ. ʂ˄ʧ ʪʘʢʨʦʨʣʘʰʜʘʥ ʩ˄ʥʛ, ʢ˄ʧʯʠʣʠʢ ʯʫʤʦʣʠʣʘʨ ʂʈʇ ʢʦʥʪʫʨʣʘʨʠ ״ʘץʠʜʘ 

ʤʘʲʣʫʤʦʪ ʪʦʧʠʰ ʫʯʫʥ ʂʈʇʥʠʥʛ ʠʯʢʠ ʚʘ ʪʘʰץʠ ʢʦʥʪʫʨʣʘʨʠʜʘ ʪ˄ʧʣʘʥʘʜʠ ʚʘ ʥʠ״ʦʷʪ, 

ʂʈʇ ʞʦʡʣʘʰʫʚʠ ʍʘʬ ʪʨʘʥʩʬʦʨʤʘʮʠʷʩʠ ʸʨʜʘʤʠʜʘ ʘʥʠץʣʘʥʘʜʠ. 

2. ɸʛʘʨ ʂʈʇʥʠ ʘʥʠץʣʘʰ ʘʣʛʦʨʠʪʤʠ ʪʘʣʘʙʣʘʨʠʛʘ ʞʘʚʦʙ ʙʝʨʤʘʩʘ, ʘʥʠץʣʘʥʛʘʥ ʂʈʇʥʠ 

ʥʦʨʤʘʣʣʘʰʪʠʨʠʰ ʚʘ ʥʦʨʤʘʣʣʘʰʪʠʨʠʣʛʘʥ ʪʘʩʚʠʨʣʘʨʥʠ ʢʫʯʘʡʪʠʨʠʰ ʢʝʨʘʢ. ʐʫʥʜʘʡ 
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 ʣʘʰ ʫʯʫʥ ʟʘʨʫʨץʠʣʠʙ, ʢʝʥʛʘʡʪʠʨʠʣʛʘʥ ʪʘʩʚʠʨ, ʙʠʨʠʥʯʠ ʥʘʚʙʘʪʜʘ, ʂʈʇʥʠ ʘʥʠץ

ʙ˄ʣʛʘʥ ʭʘʨʘʢʪʝʨʣʠ ʤʘʲʣʫʤʦʪʣʘʨʥʠ ˄ʟ ʠʯʠʛʘ ʦʣʘʜʠ. 

3. ʋʰʙʫ ʤʘץʦʣʘʜʘ ʂʈʇʥʠʥʛ ˄ʟʠʛʘ ʭʦʩ ʙ˄ʣʛʘʥ ʙʝʣʛʠʣʘʨʠʥʠ ʩʠץʠʰ ʫʯʫʥ ʤʠʥʠʤʘʣ 

ʢʦʥʩʦʣʠʜʘʮʠʷ ʫʩʫʣʠ ץ˄ʣʣʘʥʠʣʘʜʠ. ʉʠץʠʰ ʬʦʨʤʫʣʘʩʠ (2) ץʫʡʠʜʘ ʢʝʣʪʠʨʠʣʛʘʥ: 

 

(2) 

ɹʫ ʵʨʜʘ  - ʩʠץʠʣʛʘʥ ʭʫʩʫʩʠʷʪ ʥʫץʪʘʣʘʨʠʥʠʥʛ ʢʫʣʨʘʥʛ ʜʘʨʘʞʘʩʠ,  - 

ʥʦʨʤʘʣʣʘʰʪʠʨʠʣʛʘʥ ʭʫʩʫʩʠʷʪ ʥʫץʪʘʣʘʨʠʥʠʥʛ ʢʫʣʨʘʥʛ ʜʘʨʘʞʘʩʠ,  - ʥʦʨʤʘʣʣʘʰʪʠʨʠʣʛʘʥ 

ʂʈʇ ʩʘʪʨ ʨʘץʘʤʠ,  - ʥʦʨʤʘʣʣʘʰʪʠʨʠʣʛʘʥ ʂʈʇʥʠʥʛ ʫʩʪʫʥ ʨʘץʘʤʠ. 

4. ʉʠץʠʣʛʘʥ ʪʘʩʚʠʨʜʘʥ ʤʠʥʠʤʘʣ ʢʫʣʨʘʥʛ ʥʫץʪʘ ״ʘץʠʜʘ ʤʘʲʣʫʤʦʪ ʦʣʜʠʢ. ʂʦʜʣʘʰ ʙʠʟʛʘ 

ʭʫʩʫʩʠʷʪ ʥʫץʪʘʩʠʥʠʥʛ ʪʝʢʩʪʫʨʘ ʤʘʲʣʫʤʦʪʣʘʨʠʥʠ ʨʘץʘʤʣʘʰʪʠʨʠʰ ʚʘ ʢʝʡʠʥʛʠ 

ʘʨʠʬʤʝʪʠʢ ʘʤʘʣʣʘʨʥʠ ʙʘʞʘʨʠʰ ʠʤʢʦʥʠʥʠ ʙʝʨʘʜʠ. ʂʦʜʣʘʥʛʘʥ ʪʘʩʚʠʨ 4-ʨʘʩʤʜʘ 

ʢ˄ʨʩʘʪʠʣʛʘʥ. 

 

4-ʨʘʩʤ. ʂʈʇʥʠʥʛ ʢʦʜʣʘʥʛʘʥ ʪʘʩʚʠʨʠ 

5. ʗʢʫʥʠʡ ʙʦʩץʠʯ - ʤʦʩʣʘʰʪʠʨʠʰ ʞʘʨʘʸʥʠ, ʩʠʥʦʚ ʪʘʩʚʠʨʣʘʨʠʥʠ ʰʘʙʣʦʥʣʘʨʛʘ 

ʤʦʩʣʘʰʪʠʨʠʰʜʘʥ ʦʣʜʠʥ ʘʡʣʘʥʠʰ ʚʘ ʤʠʛʨʘʮʠʷʥʠ ʩʦʟʣʘʰ ʚʘ ʢʠʨʠʰ ʪʘʩʚʠʨʠʥʠ 

ʢʦʜʣʘʰ ʙʠʣʘʥ ʙʦסʣʠ10 ץ ʧʠʢʩʝʣʥʠ ʤʦʩ ʨʘʚʠʰʜʘ ʯʘʧ ʚʘ ˄ʥʛʛʘ ʩʠʣʞʠʪʠʰ. 20 ʪʘ 

ʵʢʩʢʣʶʟʠʚ OR ʦʧʝʨʘʮʠʷʩʠʜʘʥ ʩ˄ʥʛ, ʤʘʢʩʠʤʘʣ ץʠʡʤʘʪ ʍʤɻʤʠʥʛ ʤʘʩʦʬʘʩʠ ʩʠʬʘʪʠʜʘ 

ʪʘʥʣʘʥʜʠ ʚʘ ʯʝʛʘʨʘ ץʠʡʤʘʪʠ ʊ ʙʠʣʘʥ ʪʘץץʦʩʣʘʥʜʠ. ɸʛʘʨ ʍʤɻʤʠʥʛ ʤʘʩʦʬʘʩʠ ʊ ʜʘʥ 

ʢʘʪʪʘ ʙ˄ʣʩʘ, ʂʈʇʣʘʨ ʙʠʨ ʭʠʣ ʜʝʙ ״ʠʩʦʙʣʘʥʘʜʠ. ʍʝʤʤʠʥʛ ʤʘʩʦʬʘʩʠ [6] ʬʦʨʤʫʣʘ (3) 

ʰʘʢʣʠʜʘ ʸʟʠʣʛʘʥ: 

 
ɹʫ ʵʨʜʘ A ʚʘ B ʂʈʇ ʢʦʜʣʘʨʠ, j - ʢʦʜʥʠʥʛ j-ʙʠʪʠ, N - ʢʦʜ ʫʟʫʥʣʠʛʠ. ɹʫ ʍʤɻʤʠʥʛ 

ʤʘʩʦʬʘʩʠʜʘʥ ʬʦʡʜʘʣʘʥʛʘʥ ״ʦʣʜʘ ʠʜʝʥʪʠʬʠʢʘʮʠʷ ʥʘʪʠʞʘʣʘʨʠ ʦʣʠʥʘʜʠ. ʉʭʝʤʘ 5-ʨʘʩʤʜʘ 

ʢ˄ʨʩʘʪʠʣʛʘʥ: 
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5-ʨʘʩʤ. ʊʘʢʣʠʬ ʵʪʠʣʘʸʪʛʘʥ ʘʣʛʦʨʠʪʤʥʠʥʛ ʜʠʘʛʨʘʤʤʘʩʠ. 

ʅʘʪʠʞʘʣʘʨ 

ʊʘʞʨʠʙʘʜʘ ʘʣʛʦʨʠʪʤʥʠʥʛ ʠʰʣʘʰʠ ץʫʡʠʜʘʛʠ ʢ˄ʨʩʘʪʢʠʯʣʘʨ ʸʨʜʘʤʠʜʘ ˄ʣʯʘʥʜʠ: ʪʘʥʠʙ 

ʦʣʠʰ ʪʝʟʣʠʛʠ (CRR - correct recognition rate), ʥʦʪ˄סʨʠ ץʘʙʫʣ ץʠʣʠʰ ʜʘʨʘʞʘʩʠ (FAR - False 

Acceptance Rate) ʚʘ ʥʦʪ˄סʨʠ ʨʘʜ ʵʪʠʰ ʜʘʨʘʞʘʩʠ (FRR - False Rejection Rate). CRR, FAR ʚʘ 

FRR ʤʦʩ ʨʘʚʠʰʜʘ ñʥʦʪ˄סʨʠòʥʠ ñʪ˄סʨʠò ʚʘ ñʪ˄סʨʠòʥʠ ñʥʦʪ˄סʨʠò ʜʝʙ ʙʘ״ʦʣʦʚʯʠ ʪʘʢʣʠʬ 

ʵʪʠʣʘʸʪʛʘʥ ʘʣʛʦʨʠʪʤ ʪʦʤʦʥʠʜʘʥ ʪ˄סʨʠ ʪʘʥ ʦʣʠʥʠʰʠ ʵ״ʪʠʤʦʣʠ. ʊʘʞʨʠʙʘ,  Intel i7-8550u 

ʧʨʦʮʝʩʩʦʨ, ʦʧʝʨʘʪʠʚ ʭʦʪʠʨʘʩʠ 8 ɻʙ ʙ˄ʣʛʘʥ ʢʦʤʧʴʶʪʝʨʜʘ ʚʘ OpenCV2 ʜʘʩʪʫʨʠʡ 

ʢʫʪʫʙʭʦʥʘʜʘʥ ʬʦʡʣʘʥʠʙ ˄ʪʢʘʟʠʣʜʠ. ʂʈʇ ʪʘʩʚʠʨʣʘʨʠ ʄʘʣʘʡʟʠʷʜʘʛʠ Multimedia University 

(MMU) ʪʘʩʚʠʨʣʘʨ ʙʘʟʘʩʠʜʘʥ [7] ʦʣʠʥʛʘʥ. ʋʰʙʫ ʘʣʛʦʨʠʪʤ ɼʘʫʛʤʘʥ ʘʣʛʦʨʠʪʤʠ ʙʠʣʘʥ 

ʪʘץץʦʩʣʘʥʘʜʠ ʚʘ ʪʝʩʪ ʤʘʲʣʫʤʦʪʣʘʨʠ 1- ʞʘʜʚʘʣʜʘ ʢʝʣʪʠʨʠʣʛʘʥ. ɼʘʫʛʤʘʥ ʘʣʛʦʨʠʪʤʠ ʚʘ 

ʪʘʢʣʠʬ ץʠʣʠʥʛʘʥ ʘʣʛʦʨʠʪʤ ʙʠʨ ʭʠʣ ʪʘʞʨʠʙʘ ʤʫ״ʠʪʠʜʘ ʩʠʥʘʣʜʠ. 

1-ʞʘʜʚʘʣ  

ʊʘʥʠʙ ʦʣʠʰ ʥʘʪʠʞʘʣʘʨʠ 

ɸʣʛʦʨʠʪʤ 

ʊʘʩʚʠʨʜʘʛʠ 

ʠʥʜʠʚʠʜʣʘʨ 

ʩʦʥʠ 

CRR (%) FAR (%)  RFF (%) 

ɼʘʫʛʤʘʥ 46 99.6 0 0,2 

ʊʘʢʣʠʬ ʵʪʠʣʘʸʪʛʘʥ 

ʘʣʛʦʨʠʪʤ 

46 93.9 3.6 1.7 

ʊʘʜץʠץʦʪ ʥʘʪʠʞʘʣʘʨʠ ʪʘʚʩʠʷ ʵʪʠʣʛʘʥ ʘʣʛʦʨʠʪʤʥʠ ʪʘʥʠʙ ʦʣʠʰ ʩʘʤʘʨʘʜʦʨʣʠʛʠ 93,9% ʛʘ 

ʵʛʘ ʵʢʘʥʣʠʛʠ ʢ˄ʨʩʘʪʜʠ. ʐʫ ʩʘʙʘʙʣʠ, ʤʘ״ʘʣʣʠʡ ʢʫʣʨʘʥʛ ץʠʡʤʘʪʣʘʨʛʘ ʘʩʦʩʣʘʥʛʘʥ ʂʈʇʥʠ 

ʘʥʠץʣʘʰ ʫʩʫʣʠ ʤʫʤʢʠʥ ʚʘ ʷʭʰʠ ץ˄ʣʣʘʥʠʣʠʰʠ ʤʫʤʢʠʥ. 

ʍʫʣʦʩʘ 

ʋʰʙʫ ʪʘʜץʠץʦʪʜʘ ʢ˄ʟʥʠʥʛ ʨʘʥʛʣʠ ʧʘʨʜʘʩʠʥʠ (ʂʈʇ) ʪʘʥʠʙ ʦʣʠʰ ʞʘʨʘʸʥʠʜʘ 

ʤʘ״ʘʣʣʠʡ ʢʫʣʨʘʥʛ ʤʠʥʠʤʘʣ ץʠʡʤʘʪʣʘʨʛʘ ʘʩʦʩʣʘʥʛʘʥ ʫʩʫʣ ʪʘʢʣʠʬ ʵʪʠʣʜʠ ʚʘ ʫʥʠʥʛ ʘʤʘʣʠʡ 
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ʩʘʤʘʨʘʜʦʨʣʠʛʠ ʪʘʞʨʠʙʘ ʘʩʦʩʠʜʘ ʙʘ״ʦʣʘʥʜʠ. ʊʘʢʣʠʬ ʵʪʠʣʛʘʥ ʘʣʛʦʨʠʪʤ ʂʈʇ ʪʘʩʚʠʨʠʥʠ 

ʞʦʡʣʘʰʪʠʠʨʠʰ, ʥʦʨʤʘʣʣʘʰʪʠʨʠʰ, ʤʘ״ʘʣʣʠʡ ʢʫʣʨʘʥʛ ʤʠʥʠʤʘʣ ʥʫץʪʘʣʘʨʥʠ ʘʞʨʘʪʠʙ ʦʣʠʰ 

ʚʘ ʫʣʘʨʥʠ ʢʦʜʣʘʰ ʦʨץʘʣʠ ʂʈʇʥʠʥʛ ʠʥʜʠʚʠʜʫʘʣ ʩʪʨʫʢʪʫʨʘʩʠ ״ʘץʠʜʘʛʠ ʤʫ״ʠʤ ʙʝʣʛʠʣʘʨʥʠ 

ʘʥʠץʣʘʰ ʠʤʢʦʥʠʥʠ ʙʝʨʜʠ. ʂʦʜʣʘʥʛʘʥ ʭʫʩʫʩʠʷʪʣʘʨʥʠ ʰʘʙʣʦʥ ʙʠʣʘʥ ʩʦʣʠʰʪʠʨʠʰʜʘ 

ʘʡʣʘʥʤʘ ʤʠʛʨʘʮʠʷʥʠ ʢʦʤʧʝʥʩʘʮʠʷ ץʠʣʠʰ ʦʨץʘʣʠ ʠʜʝʥʪʠʬʠʢʘʮʠʷ ʥʘʪʠʞʘʣʘʨʠʥʠʥʛ 

ʙʘʨץʘʨʦʨʣʠʛʠ ʪʘʲʤʠʥʣʘʥʜʠ. 

ʊʘʞʨʠʙʘ ʥʘʪʠʞʘʣʘʨʠ, ʫʰʙʫ ʫʩʫʣʥʠʥʛ ʪʘʥʠʙ ʦʣʠʰ ʩʘʤʘʨʘʜʦʨʣʠʛʠ 93,9% ʥʠ ʪʘʰʢʠʣ 

ʵʪʛʘʥʣʠʛʠ ʚʘ ʙʫ ʫʥʠʥʛ ʘʤʘʣʠʡ ץ˄ʣʣʘʥʠʣʠʰʠ ʤʫʤʢʠʥʣʠʛʠʥʠ ʪʘʩʜʠץʣʘʜʠ. ʐʫ ʙʠʣʘʥ ʙʠʨʛʘ, 

ʢʣʘʩʩʠʢ ɼʘʫʛʤʘʥ ʘʣʛʦʨʠʪʤʠ ʥʘʪʠʞʘʣʘʨʠ ʙʠʣʘʥ ʪʘץץʦʩʣʘʥʛʘʥʜʘ, ʪʘʢʣʠʬ ʵʪʠʣʛʘʥ ʫʩʫʣ 

 ʡʠʣʘʸʪʛʘʥ ʭʘʪʦʣʠʢ ʜʘʨʘʞʘʩʠʥʠ˄ץ ʙ˄ʣʩʘ-ʜʘ, ʡ˄ʣ ץʠʩʦʙʣʘʰ ʞʠʭʘʪʠʜʘʥ ʩʦʜʜʘʨʦ״

ʢʘʤʘʡʪʠʨʠʰ ʚʘ ʘʥʠץʣʠʢʥʠ ʷʥʘʜʘ ʦʰʠʨʠʰ ʙ˄ʡʠʯʘ ץ˄ʰʠʤʯʘ ʪʘʜץʠץʦʪʣʘʨʥʠ ʪʘʣʘʙ 

 .ʠʣʠʥʠʰʠʥʠ ʢ˄ʨʩʘʪʠʙ ʙʝʨʜʠץ
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ʊɸʉɺʀʈ ʉʀʌɸʊʀʅʀ ɹɸ׳ʆʃɸʐ ʂɶʈʉɸʊʂʀʏʀ ɸʉʆʉʀɼɸ 

ʅʋʊפ ʉʀʌɸʊʀʅʀ ɹɸ׳ʆʃɸʐ ɪʅɼɸʐʋɺʀ 
 

1ʅʠʸʟʤʘʪʦʚʘ ʅ.ɸ., 2ɾʘʣʝʣʦʚ ʂ.ʄ. 
1,2 ʊʦʰʢʝʥʪ ʠʨʨʠʛʘʮʠʷ ʚʘ ץʠʰʣʦץ ʭ˄ʞʘʣʠʛʠʥʠ ʤʝʭʘʥʠʟʘʮʠʷʣʘʰ ʤʫ״ʘʥʜʠʩʣʘʨʠ ʠʥʩʪʠʪʫʪʠ 

ʄʠʣʣʣʠʡ ʪʘʜץʠץʦʪ ʫʥʠʚʝʨʩʠʪʝʪʠ, ʊʦʰʢʝʥʪ, ɶʟʙʝʢʠʩʪʘʥ 

https://doi.org/10.5281/zenodo.17919363 

 

ɸʥʥʦʪʘʮʠʷ: ɹʫʛʫʥʛʠ ʢʫʥʜʘ ʥʫʪϨʛʘ ʘʩʦʩʣʘʥʛʘʥ ʪʠʟʠʤʣʘʨʥʠ ʢʝʥʛ ʪʘʨϨʘʣʠʰʠ ʥʫʪϨ 

ʩʠʬʘʪʠʥʠ ʨʝʘʣ ʚʘϨʪʜʘ ʚʘ ʩʘʤʘʨʘʣʠ ʙʘϲʦʣʘʰ ʟʘʨʫʨʘʪʠʥʠ ʪʫʙʜʘʥ ʢʫʯʘʡʪʠʨʜʠ. ʅʫʪϨ 

ʩʠʬʘʪʠʥʠ ʙʘϲʦʣʘʰʥʠ ʘʥʲʘʥʘʚʠʡ ʢ˄ʨʩʘʪʢʠʯʣʘʨʠ, ʭʫʩʫʩʘʥ  PESQ ʚʘ NISQA ʢʘʙʠʣʘʨ ʶϨʦʨʠ 

ϲʠʩʦʙʣʘʰ ʨʝʩʫʨʩʣʘʨʠʥʠ ʪʘʣʘʙ Ϩʠʣʠʙ, ʥʫʪϨʛʘ ʘʩʦʩʣʘʥʛʘʥ ʪʠʟʠʤʣʘʨʜʘ Ϩ˄ʣʣʘʰ ʫʯʫʥ 

ʯʝʢʣʦʚʣʘʨʛʘ ʵʛʘ. ʋʰʙʫ ʜʦʣʟʘʨʙ ʤʫʘʤʤʦʥʠ ϲʘʣ Ϩʠʣʠʰ ʤʘϨʩʘʜʠʜʘ, ʤʘʟʢʫʨ ʠʰʜʘ ʪʘʩʚʠʨ 

ʩʠʬʘʪʠʥʠ ʙʘϲʦʣʘʰʥʠ BRISQUE (Blind/Referenceless Image Spatial Quality Evaluator) 

ʢ˄ʨʩʘʪʢʠʯʠ ʘʩʦʩʠʜʘ ʥʫʪϨ ʩʠʬʘʪʠ ʢ˄ʨʩʘʪʢʠʯʠ NISQA (Non-Intrusive Speech Quality 

Assessment) Ϩʠʡʤʘʪʠʥʠ ʙʘʰʦʨʘʪʣʘʰʥʠ ʢʨʦʩʩ-ʤʦʜʘʣ ʸʥʜʘʰʫʚʠ ʪʘʢʣʠʬ ʵʪʠʣʛʘʥ. 

ʊʘʜϨʠϨʦʪʜʘ ʥʫʪϨ ʩʧʝʢʪʨʦʛʨʘʤʤʘʣʘʨʠ ʠʢʢʠ ˄ʣʯʦʚʣʠ ʪʘʩʚʠʨ ʩʠʬʘʪʠʜʘ Ϩʘʨʘʣʠʙ, 

ʢʦʤʧʴʶʪʝʨʣʠ ʢ˄ʨʠʰ ʩʦϲʘʩʠʜʘʛʠ ʶʪʫϨʣʘʨʥʠ ʘʫʜʠʦ ʩʠʬʘʪʠʥʠ ʙʘϲʦʣʘʰʛʘ ʪʘʪʙʠϨ ʵʪʠʰ 

ʘʤʘʣʛʘ ʦʰʠʨʠʣʛʘʥ. ɹʫʥʠʥʛ ʫʯʫʥ ʠʰʜʘ 3125 ʪʘ ʘʫʜʠʦ ʥʘʤʫʥʘ ʬʦʡʜʘʣʘʥʠʣʛʘʥ ʙ˄ʣʠʙ, ʫʣʘʨʜʘʥ 

BRISQUE ʚʘ NISQA Ϩʠʡʤʘʪʣʘʨʠ ʦʣʠʥʛʘʥ. ʂʦʨʨʝʣʷʮʠʦʥ ʪʘϲʣʠʣ ʫʯʫʥ ʇʠʨʩʦʥ ʚʘ ʉʧʠʨʤʘʥ 

ʢʦʵʬʬʠʮʠʝʥʪʣʘʨʠ ϲʠʩʦʙʣʘʥʛʘʥ ʚʘ ʙʫʥʜʘ ʙʘʰʦʨʘʪ ʤʦʜʝʣʣʘʨʠ ʩʠʬʘʪʠʜʘ ʯʠʟʠϨʣʠ 

ʨʝʛʨʝʩʩʠʷ, 2-6 ʜʘʨʘʞʘʣʠ ʧʦʣʠʥʦʤ ʨʝʛʨʝʩʩʠʷ, ʣʦʛʘʨʠʬʤʠʢ ʚʘ ʵʢʩʧʦʥʝʥʮʠʘʣ ʨʝʛʨʝʩʩʠʷ, Ϩʘʨʦʨ 

ʜʘʨʘʭʪʠ, ʢ˄ʧ Ϩʘʪʣʘʤʣʠ ʧʝʨʮʝʧʪʨʦʥ ʚʘ Support Vector Regression ʢʘʙʠ 11 ʭʠʣ ʨʝʛʨʝʩʩʠʷ 

ʤʦʜʝʣʠ ʩʠʥʘʣʛʘʥ. ʄʦʜʝʣʣʘʨ ʩʘʤʘʨʘʜʦʨʣʠʛʠ RĮ, RMSE, MAE ʢʘʙʠ ʢ˄ʨʩʘʪʢʠʯʣʘʨ ʦʨϨʘʣʠ 

ʙʘϲʦʣʘʥʛʘʥ ʙ˄ʣʠʙ, ʥʘʪʠʞʘʜʘ BRISQUE ʚʘ NISQA ʢ˄ʨʩʘʪʢʠʯʣʘʨʠ ˄ʨʪʘʩʠʜʘ ʩʪʘʪʠʩʪʠʢ 

ʞʠϲʘʪʜʘʥ ʘϲʘʤʠʷʪʣʠ ʢʫʯʣʠ ʩʘʣʙʠʡ ʢʦʨʨʝʣʷʮʠʷ ʘʥʠϨʣʘʥʛʘʥ (r = -0.602, p < 0.001). 4-

ʜʘʨʘʞʘʣʠ ʧʦʣʠʥʦʤ ʨʝʛʨʝʩʩʠʷ ʵʥʛ ʶϨʦʨʠ ʩʘʤʘʨʘʜʦʨʣʠʢʥʠ ʢ˄ʨʩʘʪʛʘʥ (R² = 0.445, RMSE = 

0.184, MAE = 0.117). 

ʂʘʣʠʪ ʩ˄ʟʣʘʨ: ʥʫʪϨ ʩʠʛʥʘʣʠ, ʩʧʝʢʪʨʦʛʨʘʤʤʘ, ʪʘʩʚʠʨ ʩʠʬʘʪʠ, ʤʘʰʠʥʘʣʠ ˄Ϩʠʪʠʰ, 

ʢʨʦʩʩ-ʤʦʜʘʣ ʪʘϲʣʠʣ, ʢʦʨʨʝʣʷʮʠʷ ʢʦʝʬʬʠʮʠʝʥʪʠ, ʪʘʩʦʜʠʬʠʡ ˄ʨʤʦʥ, ʯʠʟʠϨʣʠ ʨʝʛʨʝʩʩʠʷ. 

 

ʂʠʨʠʰ 

ʆʚʦʟʣʠ ʢʦʥʪʝʥʪ ʩʠʬʘʪʠ ʠʥʩʦʥʣʘʨʥʠ ʤʫʣʦץʦʪ ʪʘʞʨʠʙʘʩʠʥʠ ʙʝʣʛʠʣʦʚʯʠ ʘʩʦʩʠʡ ʦʤʠʣ 

 ,ʘʣʠʰʠץʠʩʦʙʣʘʥʘʜʠ. ʇʘʥʜʝʤʠʷ ʜʘʚʨʠʜʘ ʤʘʩʦʬʘʚʠʡ ʠʰʣʘʰ ʚʘ ʦʥʣʘʡʥ ʪʘʲʣʠʤʥʠ ʢʝʥʛ ʪʘʨ״

ʰʫʥʠʥʛʜʝʢ, ʩʫʥʲʠʡ ʠʥʪʝʣʣʝʢʪ ʘʩʦʩʠʜʘʛʠ ʦʚʦʟʣʠ ʸʨʜʘʤʯʠʣʘʨ ʚʘ ʥʫʪץʥʠ ʘʚʪʦʤʘʪʠʢ ʪʘʥʠʙ 

ʦʣʠʰ ʪʠʟʠʤʣʘʨʠʥʠ ʞʘʜʘʣ ʨʠʚʦʞʣʘʥʠʰʠ ʥʫʪץ ʩʠʬʘʪʠʥʠ ʘʥʠץ ʚʘ ʪʝʟʢʦʨ ʙʘ״ʦʣʘʰ 

ʟʘʨʫʨʘʪʠʥʠ ʷʥʘʜʘ ʢʫʯʘʡʪʠʨʜʠ. ɸʥʲʘʥʘʚʠʡ ʙʘ״ʦʣʘʰ ʫʩʫʣʣʘʨʠ ʦʜʘʪʜʘ ʤʫʨʘʢʢʘʙ ״ʠʩʦʙʣʘʰ 

ʞʘʨʘʸʥʣʘʨʠʥʠ ʪʘʣʘʙ ץʠʣʘʜʠ ʚʘ ʪʫʨʣʠ ʭʠʣ ʘʢʫʩʪʠʢ ʰʘʨʦʠʪʣʘʨʜʘ ʠʰʦʥʯʣʠ ʥʘʪʠʞʘʣʘʨ 

ʙʝʨʤʘʡʜʠ. ɹʫʛʫʥʛʠ ʢʫʥʜʘ ʤʠʣʣʠʦʥʣʘʙ ʘʫʜʠʦ ʢʦʥʪʝʥʪ ״ʘʨ ʢʫʥʜʘ ʠʰʣʘʙ ʯʠץʘʨʠʣʘʸʪʛʘʥ ʙʠʨ 

ʧʘʡʪʜʘ ʩʠʬʘʪ ʥʘʟʦʨʘʪʠʥʠ ʘʚʪʦʤʘʪʣʘʰʪʠʨʠʰ ʚʘ ʩʘʤʘʨʘʣʠ ץʠʣʠʰ ʤʫ״ʠʤ ʚʘʟʠʬʘʛʘ 

ʘʡʣʘʥʤʦץʜʘ. 

ʅʫʪץ ʩʠʬʘʪʠʥʠ ʙʘ״ʦʣʘʰʥʠ Perceptual Evaluation of Speech Quality (PESQ), Short-

Time Objective Intelligibility (STOI) ʚʘ Non-Intrusive Speech Quality Assessment (NISQA) 

ʢʘʙʠ ʫʩʫʣʣʘʨʠ ʘʩʦʩʘʥ ʠʥʩʦʥ ʵʰʠʪʠʰ ʠʜʨʦʢʠʥʠ ʪʘץʣʠʜ ץʠʣʫʚʯʠ ʧʝʨʩʝʧʪʫʘʣ ʤʦʜʝʣʣʘʨʛʘ 



XALQARO ILMIY KONFERENSIYA  ñRAQAMLI TEXNOLOGIYALAR VA SUNôIY INTELLEKTò, 

NOYABR 27-28, 2025 

  120   
 

ʪʘʷʥʘʜʠ [1-3]. ʋʣʘʨ ʦʨʘʩʠʜʘ NISQA ʯʫץʫʨ ˄ץʠʪʠʰʛʘ ʘʩʦʩʣʘʥʛʘʥ ʫʩʫʣ ʙ˄ʣʠʰʠʛʘ ץʘʨʘʤʘʡ, 

ʨʝʩʫʨʩʣʘʨʠ ʯʝʢʣʘʥʛʘʥ ʤʫ״ʠʪʣʘʨʜʘ ʞʦʨʠʡ ץʠʣʠʰ ʫʯʫʥ ʢʝʥʛ ʤʠץʸʩʜʘʛʠ ˄ץʠʪʠʰ 

ʤʘʲʣʫʤʦʪʣʘʨʠ ʚʘ ״ʠʩʦʙʣʘʰ ʶʢʠʥʠ ʪʘʣʘʙ ץʠʣʘʜʠ ״ʘʤʜʘ ʫ ʨʝʘʣ ʚʘץʪ ʪʠʟʠʤʣʘʨʠʜʘ ץ˄ʣʣʘʰ 

ʫʯʫʥ ʤʫ״ʘʥʜʠʩʣʠʢ ʞʠ״ʘʪʜʘʥ ʤʫʨʘʢʢʘʙ ״ʠʩʦʙʣʘʥʘʜʠ [4]. ʐʫʥʠʥʛ ʫʯʫʥ, ʘʡʥʠ ʧʘʡʪʜʘ 

ʩʦʜʜʘʨʦץ ʷʥʛʠ ʚʘ ʩʘʤʘʨʘʣʠ ʙʘ״ʦʣʘʰ ʫʩʫʣʣʘʨʠʛʘ ʙ˄ʣʛʘʥ ʵ״ʪʠʸʞ ʤʘʚʞʫʜ.  

ʅʫʪץ ʩʠʛʥʘʣʣʘʨʠʥʠʥʛ ʩʧʝʢʪʨʘʣ ʪʘʩʚʠʨʠ, ʘʡʥʠץʩʘ ʩʧʝʢʪʨʦʛʨʘʤʤʘʣʘʨ, ʚʘץʪʣʠ ʚʘ 

ʯʘʩʪʦʪʘʣʠ ʭʫʩʫʩʠʷʪʣʘʨʥʠ ʢʝʥʛ ץʘʤʨʦʚʣʠ ʚʠʟʫʘʣ ʪʘʩʚʠʨʠʥʠ ʙʝʨʘʜʠ. ʋʰʙʫ ʠʢʢʠ ˄ʣʯʦʚʣʠ 

ʚʘץʪ-ʯʘʩʪʦʪʘ ʪʘʩʚʠʨʣʘʨʠ ʥʫʪץ ʩʠʬʘʪʠ ʙʫʟʠʣʠʰʠ ״ʘץʠʜʘ ʙʦʡ ʤʘʲʣʫʤʦʪʣʘʨʥʠ ˄ʟ ʠʯʠʛʘ 

ʦʣʘʜʠ, ʙʫ ʩʧʝʢʪʨʦʛʨʘʤʤʘ ʩʦ״ʘʩʠʜʘ ʘʣʦ״ʠʜʘ ʚʠʟʫʘʣ ʘʨʪʝʬʘʢʪʣʘʨ ʩʠʬʘʪʠʜʘ ʥʘʤʦʸʥ ʙ˄ʣʘʜʠ 

[5]. ʊʘʞʨʠʙʘʣʠ ʘʫʜʠʦ ʠʥʞʝʥʝʨʣʘʨ ʩʧʝʢʪʨʦʛʨʘʤʤʘʣʘʨʥʠ ʢ˄ʨʠʰ ʦʨץʘʣʠ ʥʫʪץ ʩʠʬʘʪʠʥʠ 

ʚʠʟʫʘʣ ʪʘʨʟʜʘ ʙʘ״ʦʣʘʡ ʦʣʠʰʣʘʨʠ ʤʫʤʢʠʥ ʚʘ ʙʫ ״ʦʣʘʪ ʘʫʜʠʦ ʙʠʣʘʥ ʚʠʟʫʘʣ ʤʘʲʣʫʤʦʪʣʘʨ 

˄ʨʪʘʩʠʜʘ ʪʘʙʠʠʡ ʙʦסʣʠץʣʠʢ ʤʘʚʞʫʜʣʠʛʠʥʠ ʢ˄ʨʩʘʪʘʜʠ. ʂʦʤʧʴʶʪʝʨʣʠ ʢ˄ʨʠʰ ʩʦ״ʘʩʠʜʘʛʠ 

ʩ˄ʥʛʛʠ ʶʪʫץʣʘʨ ʪʘʩʚʠʨ ʩʠʬʘʪʠʥʠ ʵʪʘʣʦʥʩʠʟ ʙʘ״ʦʣʘʰ ʢ˄ʨʩʘʪʢʠʯʣʘʨʠʥʠ, ʭʫʩʫʩʘʥ, 

Blind/Referenceless Image Spatial Quality Evaluator (BRISQUE) ʢ˄ʨʩʘʪʢʠʯʠʥʠ ʵʪʘʣʦʥ 

ʪʘʩʚʠʨʣʘʨʥʠ ʪʘʣʘʙ ץʠʣʤʘʩʜʘʥ ʧʝʨʩʝʧʪʫʘʣ ʩʠʬʘʪʥʠ ʙʘ״ʦʣʘʰʜʘ ʶץʦʨʠ ʩʘʤʘʨʘʜʦʨʣʠʛʠʥʠ 

ʢ˄ʨʩʘʪʘʜʠ [6]. ɸʤʤʦ ʙʫ ʫʩʫʣʥʠ ʘʫʜʠʦ ʩʦ״ʘʩʠʛʘ ʪʘʪʙʠץ ʵʪʠʣʠʰʠ ״ʘʣʠ ״ʘʤ ʢʘʰʬ ʵʪʠʣʤʘʛʘʥ 

ʩʦ״ʘ ʙ˄ʣʠʙ ץʦʣʤʦץʜʘ. ʉʧʝʢʪʨʦʛʨʘʤʤʘʣʘʨʥʠ ʪʘʩʚʠʨ ʩʠʬʘʪʠʜʘ ץʘʨʘʰ ʦʨץʘʣʠ ʥʫʪץ ʩʠʬʘʪʠʥʠ 

ʙʘ״ʦʣʘʰʜʘ ʪʘʩʚʠʨ ʩʠʬʘʪʠ ʢ˄ʨʩʘʪʢʠʯʣʘʨʠʜʘʥ ʬʦʡʜʘʣʘʥʠʰ ʩʘʤʘʨʘʣʠ ʸʥʜʘʰʫʚ ״ʠʩʦʙʣʘʥʘʜʠ. 

ɹʫ ʫʩʫʣ ״ʠʩʦʙʣʘʰ ʤʫʨʘʢʢʘʙʣʠʛʠʥʠ ʩʝʟʠʣʘʨʣʠ ʜʘʨʘʞʘʜʘ ʢʘʤʘʡʪʠʨʘʜʠ, ʵʪʘʣʦʥ ʩʠʛʥʘʣʣʘʨʛʘ 

ʙ˄ʣʛʘʥ ʵ״ʪʠʸʞʥʠ ʙʘʨʪʘʨʘʬ ʵʪʘʜʠ ʚʘ ʧʝʨʩʝʧʪʫʘʣ ʘʫʜʠʦ ʩʠʬʘʪ ʙʠʣʘʥ ʶץʦʨʠ ʢʦʨʨʝʣʷʮʠʷʛʘ 

ʵʛʘ ʙ˄ʣʘʜʠ. 

ɸʜʘʙʠʸʪʣʘʨ ʪʘ״ʣʠʣʠ 

ʅʫʪץ ʩʠʬʘʪʠʥʠ ʙʘ״ʦʣʘʰ ʩʦ״ʘʩʠʜʘ ʩ˄ʥʛʛʠ ʡʠʣʣʘʨʜʘ ʢʝʥʛ ץʘʤʨʦʚʣʠ ʪʘʜץʠץʦʪʣʘʨ 

ʦʣʠʙ ʙʦʨʠʣʤʦץʜʘ. ɸʥʲʘʥʘʚʠʡ ʨʘʚʠʰʜʘ, ʫʰʙʫ ʩʦ״ʘʜʘ ʠʥʪʨʫʟʠʚ (ʵʪʘʣʦʥʣʠ) ʚʘ ʠʥʪʨʫʟʠʚ 

ʙ˄ʣʤʘʛʘʥ (ʵʪʘʣʦʥʩʠʟ) ʠʢʢʠʪʘ ʘʩʦʩʠʡ ʡ˄ʥʘʣʠʰ ʤʘʚʞʫʜ ʙ˄ʣʠʙ, ʙʫʥʜʘ ʠʥʪʨʫʟʠʚ ʫʩʫʣʣʘʨ 

ʵʪʘʣʦʥ ʥʫʪץ ʩʠʛʥʘʣʠʥʠ ʪʘʣʘʙ ץʠʣʘʜʠ ʚʘ ʙʫʟʠʣʛʘʥ ʩʠʛʥʘʣ ʙʠʣʘʥ ʪʘץץʦʩʣʘʰ ʦʨץʘʣʠ ʩʠʬʘʪʥʠ 

ʘʥʠץʣʘʡʜʠ. ɹʫ ʩʦ״ʘʜʘ ʢʝʥʛ ץ˄ʣʣʘʥʠʣʘʜʠʛʘʥ ʫʩʫʣ PESQ ״ʠʩʦʙʣʘʥʘʜʠ, ʫ ITU-T P.862 

ʪʘʚʩʠʷʩʠʜʘ ʙʝʣʛʠʣʘʥʛʘʥ [7]. PESQ ʫʩʫʣʠ ʥʫʪץ ʩʠʛʥʘʣʠ ʪʘ״ʣʠʣʠʥʠ ʘʤʘʣʛʘ ʦʰʠʨʠʙ, ʪʝʩʪ ʚʘ 

ʵʪʘʣʦʥ ʩʠʛʥʘʣʣʘʨ ʤʦʩ ʵʢʩʪʨʘʢʪʣʘʨʠʥʠ ʚʘץʪ ʢʝʪʤʘ-ʢʝʪʣʠʛʠʜʘ ʙʘ״ʦʣʘʡʜʠ. ʐʫʥʠʥʛʜʝʢ, 

ʠʥʪʨʫʟʠʚ ʙʘ״ʦʣʦʚʯʠ ʢ˄ʨʩʘʪʢʠʯ STOI (Short-Time Objective Intelligibility) ʵʩʘ ʥʫʪץ 

ʪʫʰʫʥʘʨʣʠʣʠʛʠʥʠ ʙʘ״ʦʣʘʰʜʘ ʢʝʥʛ ץ˄ʣʣʘʥʠʣʠʰʠ ʤʘʲʣʫʤ. 

ʀʥʪʨʫʟʠʚ ʙ˄ʣʤʘʛʘʥ ʫʩʫʣʣʘʨ ʵʩʘ ʵʪʘʣʦʥ ʩʠʛʥʘʣʩʠʟ ʠʰʣʘʡʜʠ ʚʘ ʘʫʜʠʦ ʩʠʛʥʘʣʥʠ ʠʯʢʠ 

ʭʫʩʫʩʠʷʪʣʘʨʠʛʘ ʘʩʦʩʣʘʥʘʜʠ. ʏʫץʫʨ ˄ץʠʪʠʰʛʘ ʘʩʦʩʣʘʥʛʘʥ Quality-Net ʤʦʜʝʣʠ [5] ʠʰʜʘ 

ʪʘʢʣʠʬ ʵʪʠʣʛʘʥ ʙ˄ʣʠʙ, ʫʥʜʘ ʙʘʰʦʨʘʪʣʘʰ ʫʯʫʥ  BLSTM (Bidirectional Long Short-Term 

Memory) ʘʨʭʠʪʝʢʪʫʨʘʩʠ ʬʦʡʜʘʣʘʥʠʣʛʘʥ ʚʘ TIMIT ʤʘʲʣʫʤʦʪʣʘʨ ʙʘʟʘʩʠʜʘ ʦʣʠʙ ʙʦʨʠʣʛʘʥ 

ʪʘʜץʠץʦʪʣʘʨ ʥʘʪʠʞʘʩʠʜʘ SROCC ʢ˄ʨʩʘʪʢʠʯʠʥʠ ץʠʡʤʘʪʠ 0.8807 ʛʘ ʪʝʥʛ ʙ˄ʣʛʘʥ. ʅʫʪץ 

ʩʠʛʥʘʣʠ ʩʠʬʘʪʠʥʠ ʙʘ״ʦʣʘʰʜʘ ʤʝʣ-ʯʘʩʪʦʪʘ ʢʦʵʬʬʠʮʠʝʥʪʣʘʨʥʠ ץ˄ʣʣʘʰ [3] ʪʘʜץʠץʦʪ ʠʰʠʜʘ 

ʢʝʣʪʠʨʠʣʛʘʥ ʙ˄ʣʠʙ, ʫʥʜʘ ʫʰʙʫ ʢʦʵʬʬʠʮʠʝʥʪʣʘʨʥʠ ʠʥʩʦʥ ʵʰʠʪʠʰ ʪʠʟʠʤʠʛʘ ʷץʠʥʨʦץ ʙʘ״ʦ 

ʙʝʨʠʰʠ ʪʘʲʢʠʜʣʘʥʛʘʥ. ʐʫʥʠʥʛʜʝʢ, ʫʰʙʫ ʩʦ״ʘʜʘ ʘʚʪʦʵʥʢʦʜʝʨ ʚʘ Support vector regression 

(SVR) ʸʥʜʘʰʫʚʠʥʠ ʙʠʨʛʘʣʠʢʜʘ ץ˄ʣʣʘʰ סʦʷʩʠ [2] ʠʰʜʘ ʢ˄ʨʠʙ ʯʠץʠʣʛʘʥ ʙ˄ʣʠʙ, ʫʥʜʘ ʪʘʚʩʠʷ 

ʵʪʠʣʛʘʥ ʫʩʫʣʥʠ ʙʘʰʦʨʘʪ ʙʘʣʣʘʨʠ ʙʠʣʘʥ ʩʫʙʲʝʢʪʠʚ ʙʘʣʣʘʨ ˄ʨʪʘʩʠʜʘ ʶץʦʨʠ ʢʦʨʨʝʣʷʮʠʷ 

ʘʥʠץʣʘʥʛʘʥ. 

ʉ˄ʥʛʛʠ ʡʠʣʣʘʨʜʘ ʤʘʰʠʥʘʣʠ ˄ץʠʪʠʰ ʫʩʫʣʣʘʨʠ ʢʝʥʛ ץ˄ʣʣʘʥʠʣʤʦץʜʘ. ɾʫʤʣʘʜʘʥ, 

VoIP ʪʘʨʤʦץʣʘʨʠʜʘ ʤʘʰʠʥʘʣʠ ˄ץʠʪʠʰʛʘ ʘʩʦʩʣʘʥʛʘʥ ʠʥʪʨʫʟʠʚ ʙ˄ʣʤʘʛʘʥ ʫʩʫʣ [8] ʠʰʜʘ 

ʪʘʢʣʠʬ ʵʪʠʣʛʘʥ. ʐʫʥʠʥʛʜʝʢ, ʥʫʪץʥʠ ʘʚʪʦʤʘʪʠʢ ʪʘʥʠʙ ʦʣʠʰʜʘ ʯʫץʫʨ ʥʝʡʨʦʥ ʪʘʨʤʦץʣʘʨʜʘʥ 
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ʬʦʡʜʘʣʘʥʠʰ ʥʘʪʠʞʘʣʘʨʠ [9] ʠʰʜʘ ʢʝʣʪʠʨʠʣʛʘʥ ʙ˄ʣʠʙ, ʫʥʜʘ ʤʦʜʝʣ ʩʠʛʥʘʣ ʫʟʠʣʠʰʠ ʚʘ 

ʰʦʚץʠʥ ʢʘʙʠ ʪʫʨʣʠ ʙʫʟʠʣʠʰ ʰʘʨʦʠʪʣʘʨʠʜʘ r = 0.87 ʶץʦʨʠ ʢʦʨʨʝʣʷʮʠʷʥʠ ʢ˄ʨʩʘʪʛʘʥ ״ʘʤʜʘ 

ʤʘʚʞʫʜ P.563 ʚʘ ANIQUE+ ʢʘʙʠ ʩʪʘʥʜʘʨʪʣʘʨʜʘʥ ʫʩʪʫʥ ʵʢʘʥʣʠʛʠ ʠʩʙʦʪʣʘʥʛʘʥ. ɹʫʥʜʘʥ 

ʪʘʰץʘʨʠ, ʩʧʝʢʪʨʦʛʨʘʤʤʘ ʪʘ״ʣʠʣʠ ʩʦ״ʘʩʠʜʘ ״ʘʤ ʤʫ״ʠʤ ʠʰʣʘʨ ʘʤʘʣʛʘ ʦʰʠʨʠʣʛʘʥ. 

ɾʫʤʣʘʜʘʥ, ʰʦʚץʠʥʣʠ ʤʫ״ʠʪʜʘ ʥʫʪץ ʩʪʘʪʠʩʪʠʢʘʩʠʥʠ ʙʘ״ʦʣʘʰ ʫʩʫʣʠ [10] ʪʘʜץʠץʦʪ ʠʰʠʜʘ 

ʢʝʣʪʠʨʠʣʛʘʥ ʙ˄ʣʠʙ, ʫʥʜʘ ʢʫʨʪʦʟʠʩ ʚʘ ɻʘʫʩʩ ʪʘץʩʠʤʦʪʠ ʧʘʨʘʤʝʪʨʣʘʨʠʜʘʥ ʬʦʡʜʘʣʠʣʛʘʥ. ʂ˄ʧ 

˄ʣʯʦʚʣʠ ʪ˄ʣץʠʥ ʰʘʢʣʠ ʪʘʚʩʠʬʠ ʚʘ ʛʨʘʜʠʝʥʪ ʙʫʩʪʠʥʛ ץʘʨʦʨ ʜʘʨʘʭʪʠ ʫʩʫʣʠʥʠ ʙʠʨʛʘʣʠʢʜʘ 

 ʜʘʥ ʦʣʠʥʛʘʥ 28786ץʦʷʩʠ [11] ʠʰʜʘ ʪʘʢʣʠʬ ʵʪʠʣʛʘʥ ʙ˄ʣʠʙ, ʫʥʜʘ ʤʦʜʝʣ ʨʝʘʣ ʪʘʨʤʦס ʣʣʘʰ˄ץ

ʪʘ ʙʫʟʠʣʛʘʥ ʩʠʛʥʘʣ ʥʘʤʫʥʘʩʠ ʘʩʦʩʠʜʘ ץʫʨʠʣʠʙ, ʤʘʚʞʫʜ P.563 ʘʣʛʦʨʠʪʤʠʛʘ ʥʠʩʙʘʪʘʥ 

ʶץʦʨʠʨʦץ ʘʥʠץʣʠʢ ʚʘ ʤʦʩʣʠʢ ʥʘʪʠʞʘʣʘʨʠʥʠ ʢ˄ʨʩʘʪʛʘʥ. ʐʫʥʠʥʛʜʝʢ, Natural Spectrogramm 

Statistics (NSS) ʭʫʩʫʩʠʷʪʣʘʨʠʜʘʥ ʬʦʡʜʘʣʘʥʛʘʥ ״ʦʣʜʘ ʥʫʪץ ʩʠʬʘʪʠʥʠ ʙʘ״ʦʣʘʰʥʠ ʠʥʪʨʫʟʠʚ 

ʙ˄ʣʤʘʛʘʥ ʫʩʫʣʠ [12] ʪʘʜץʠץʦʪ ʠʰʠʜʘ ʢ˄ʨʠʣʛʘʥ ʙ˄ʣʠʙ, ʫʥʜʘ ʤʫʘʣʣʠʬʣʘʨ ʫʤʫʤʣʘʰʛʘʥ ɻʘʫʩʩ 

ʪʘץʩʠʤʦʪʠ (GGD), ʢʦʥʪʨʘʩʪ ʥʦʨʤʘʣʣʘʰʛʘʥ ʢʦʵʬʬʠʮʠʝʥʪʣʘʨʥʠ ץ˄ʣʣʘʥʠʰʛʘʥ ʚʘ ʥʘʪʠʞʘʜʘ 

ʪʘʢʣʠʬ ʵʪʠʣʛʘʥ ʫʩʫʣ NOIZEUS-930 ʙʘʟʘʩʠʜʘ 0.92 SROCC ʚʘ CSTR VCTK Corpus ʙʘʟʘʩʠʜʘ 

0.89 SROCC ʢ˄ʨʩʘʪʢʠʯ ץʠʡʤʘʪʣʘʨʠʥʠ ץʘʡʜ ʵʪʛʘʥ. 

ʂʦʤʧʴʶʪʝʨʣʠ ʢ˄ʨʠʰ ʩʦ״ʘʩʠʜʘ ʪʘʩʚʠʨ ʩʠʬʘʪʠʥʠ ʵʪʘʣʦʥʩʠʟ ʙʘ״ʦʣʘʰʥʠʥʛ ʢ˄ʧʣʘʙ 

ʢ˄ʨʩʘʪʢʠʯʣʘʨʠ ʠʰʣʘʙ ʯʠץʠʣʛʘʥ. ʍʫʩʫʩʘʥ, ʫʣʘʨ ʦʨʘʩʠʜʘ BRISQUE ʫʩʫʣʠ [6] ʠʰʜʘ ʪʘʢʣʠʬ 

ʵʪʠʣʛʘʥ ʙ˄ʣʠʙ, ʫ ʵʪʘʣʦʥ ʪʘʩʚʠʨʥʠ ʪʘʣʘʙ ץʠʣʤʘʡʜʠʛʘʥ ʚʘ ʪʘʙʠʠʡ ʪʘʩʚʠʨ ʩʪʘʪʠʩʪʠʢʘʩʠ 

ʪʘʤʦʡʠʣʣʘʨʠʛʘ ʘʩʦʩʣʘʥʛʘʥ ʫʩʫʣ ״ʠʩʦʙʣʘʥʘʜʠ. 

ʄʘʚʞʫʜ ʫʩʫʣʣʘʨʥʠ ʶץʦʨʠ ʩʘʤʘʨʘʜʦʨʣʠʛʠʛʘ ץʘʨʘʤʘʡ, ʫʣʘʨʥʠ ץʫʡʠʜʘʛʠ ʙʠʨ ץʘʪʦʨ 

ʢʘʤʯʠʣʠʢʣʘʨʠ ʤʘʚʞʫʜ: 

- ʢ˄ʧʯʠʣʠʢ ʟʘʤʦʥʘʚʠʡ ʫʩʫʣʣʘʨ ʢʘʪʪʘ ״ʠʩʦʙʣʘʰ ʨʝʩʫʨʩʣʘʨʠʥʠ ʪʘʣʘʙ ץʠʣʘʜʠ; 

- ʯʫץʫʨ ˄ץʠʪʠʰ ʫʩʫʣʣʘʨʠ ˄ץʠʪʠʰ ʫʯʫʥ ʢʘʪʪʘ ʤʘʲʣʫʤʦʪʣʘʨ ʪ˄ʧʣʘʤʠʥʠ ʪʘʣʘʙ ץʠʣʘʜʠ; 

- ʢ˄ʧʯʠʣʠʢ ʫʩʫʣʣʘʨ ʨʝʘʣ ʚʘץʪ ʪʠʟʠʤʣʘʨʠʜʘ ץ˄ʣʣʘʰ ʫʯʫʥ ʤʦʩ ʢʝʣʤʘʡʜʠ; 

- ʩʧʝʢʪʨʦʛʨʘʤʤʘʣʘʨʥʠ ʪʘʩʚʠʨ ʩʠʬʘʪʠʜʘ ץʘʨʘʰ ʸʥʜʘʰʫʚʠ ʝʪʘʨʣʠʯʘ ˄ʨʛʘʥʠʣʤʘʛʘʥ. 

ɸʜʘʙʠʸʪʣʘʨ ʪʘ״ʣʠʣʠ ʢ˄ʨʩʘʪʜʠʢʠ, ʥʫʪץ ʩʧʝʢʪʨʦʛʨʘʤʤʘʣʘʨʠʛʘ ʪʘʩʚʠʨ ʩʠʬʘʪʠʥʠ 

ʙʘ״ʦʣʘʰ ʢ˄ʨʩʘʪʢʠʯʣʘʨʠʥʠ ץ˄ʣʣʘʰ ʚʘ NISQA ʢʘʙʠ ʟʘʤʦʥʘʚʠʡ ʘʫʜʠʦ ʢ˄ʨʩʘʪʢʠʯʠ ʙʠʣʘʥ ʫʥʠ 

ʢʦʨʨʝʣʷʮʠʷʩʠʥʠ ˄ʨʛʘʥʠʰ ״ʘʣʠ ״ʘʤ ʝʪʘʨʣʠʯʘ ʪʘʜץʠץ ʵʪʠʣʤʘʛʘʥ ʩʦ״ʘ ״ʠʩʦʙʣʘʥʘʜʠ. ʄʘʚʞʫʜ 

ʠʰʣʘʨ ʘʩʦʩʘʥ ʷʢʢʘ ʤʦʜʘʣ ʸʥʜʘʰʫʚʣʘʨʛʘ ʵʲʪʠʙʦʨ ץʘʨʘʪʛʘʥ, ʢʨʦʩʩ-ʤʦʜʘʣ ʫʩʫʣʣʘʨ ʵʩʘ ʢʘʤ 

˄ʨʛʘʥʠʣʛʘʥ. ʐʫʥʠʥʛ ʫʯʫʥ BRISQUE ʢʘʙʠ ʪʘʩʚʠʨ ʩʠʬʘʪʠʥʠ ʙʘ״ʦʣʘʰ ʢ˄ʨʩʘʪʢʠʯʠ ʚʘ NISQA 

ʢʘʙʠ ʘʫʜʠʦ ʢ˄ʨʩʘʪʢʠʯʠ ˄ʨʪʘʩʠʜʘʛʠ ʤʫʥʦʩʘʙʘʪʥʠ ʪʘʜץʠץ ץʠʣʠʰ ʠʣʤʠʡ ʚʘ ʘʤʘʣʠʡ ʞʠ״ʘʪʜʘʥ 

ʤʫ״ʠʤ ʘ״ʘʤʠʷʪʛʘ ʵʛʘ. 

ʄʘʟʢʫʨ ʠʰʜʘ ʥʫʪץ ʩʠʬʘʪʠʥʠ ʙʘ״ʦʣʘʰ ʩʦ״ʘʩʠʜʘʛʠ ʤʘʚʞʫʜ ʫʩʫʣʣʘʨʥʠ ʩʠʩʪʝʤʘʣʠ 

ʛʫʨʫ״ʣʘʰ ʫʯʫʥ ʢʝʥʛ ץʘʤʨʦʚʣʠ ʪʘʩʥʠʬʣʘʰ ʩʭʝʤʘʩʠ ʠʰʣʘʙ ʯʠץʠʣʛʘʥ ʙ˄ʣʠʙ, ʫʥʜʘ ʫʩʫʣʣʘʨ 

ʙʠʨʠʥʯʠ ʥʘʚʙʘʪʜʘ ʵʪʘʣʦʥ ʩʠʛʥʘʣ ʪʘʣʘʙʠʛʘ ʢ˄ʨʘ ʠʥʪʨʫʟʠʚ ʚʘ ʠʥʪʨʫʟʠʚ ʙ˄ʣʤʘʛʘʥ ʪʫʨʣʘʨʛʘ, 

ʩ˄ʥʛʨʘ ץ˄ʣʣʘʥʠʣʘʜʠʛʘʥ ʤʘʪʝʤʘʪʠʢ ʘʧʧʘʨʘʪ ʚʘ ʪʝʭʥʦʣʦʛʠʢ ʸʥʜʘʰʫʚʣʘʨʛʘ ʢ˄ʨʘ ʘʥʲʘʥʘʚʠʡ, 

ʩʪʘʪʠʩʪʠʢ, ʩʧʝʢʪʨʦʛʨʘʤʤʘʛʘ ʘʩʦʩʣʘʥʛʘʥ, ʤʘʰʠʥʘʣʠ ʚʘ ʯʫץʫʨ ˄ץʠʪʠʰ ʫʩʫʣʣʘʨʠʛʘ 

ʪʘץʩʠʤʣʘʥʛʘʥ. פʫʡʠʜʘʛʠ ʨʘʩʤʜʘ ʫʰʙʫ ʠʝʨʘʨʭʠʢ ʪʫʟʠʣʤʘ ʘʢʩ ʵʪʪʠʨʠʛʘʥ ʙ˄ʣʠʙ, ʫʥʜʘ ״ʘʨ 

ʙʠʨ ʢʘʪʝʛʦʨʠʷʛʘʥʠ ʚʘʢʠʣ ʫʩʫʣʣʘʨʠ ʚʘ ʫʣʘʨʥʠ ʧʘʡʜʦ ʙ˄ʣʠʰ ʜʘʚʨʣʘʨʠ ʢ˄ʨʩʘʪʠʣʛʘʥ. 
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1-ʨʘʩʤ. ʅʫʪץ ʩʠʬʘʪʠʥʠ ʙʘ״ʦʣʘʰ ʫʩʫʣʣʘʨʠ ʪʘʩʥʠʬʠ 

ʄʝʪʦʜʦʣʦʛʠʷ 

ʄʘʟʢʫʨ ʪʘʜץʠץʦʪʥʠ ʘʩʦʩʠʡ ʤʘץʩʘʜʠ ʩʧʝʢʪʨʦʛʨʘʤʤʘ ʘʩʦʩʠʜʘ BRISQUE ץʠʡʤʘʪʠʥʠ 

 ʠʰʜʘʥץʠʣʫʚʯʠ ʩʘʤʘʨʘʣʠ ʤʦʜʝʣʥʠ ʠʰʣʘʙ ʯʠץ ʘʣʠ NISQA ʙʘʣʣʘʨʠʥʠ ʙʘʰʦʨʘʪץʠʩʦʙʣʘʰ ʦʨ״

ʠʙʦʨʘʪ. ʊʘʜץʠץʦʪ ʤʝʪʦʜʦʣʦʛʠʷʩʠʥʠ ʘʩʦʩʠʡ ʙʦʩץʠʯʣʘʨʠ ʚʘ ʙʘʰʦʨʘʪʣʘʰʥʠ ʪʫʨʣʠ 

ʤʦʜʝʣʣʘʨʠʥʠ ʪʘץץʦʩʣʘʰ ʞʘʨʘʸʥʠ ץʫʡʠʜʘʛʠ ʨʘʩʤʜʘ ʢ˄ʨʩʘʪʠʣʛʘʥ. 



XALQARO ILMIY KONFERENSIYA  ñRAQAMLI TEXNOLOGIYALAR VA SUNôIY INTELLEKTò, 

NOYABR 27-28, 2025 

  123   
 

 
2-ʨʘʩʤ. ʊʘʜץʠץʦʪ ʤʝʪʦʜʦʣʦʛʠʷʩʠʥʠ ʙʣʦʢ-ʩʭʝʤʘʩʠ 

ɹʫʥʜʘ ʪʘʢʣʠʬ ʵʪʠʣʘʸʪʛʘʥ ʤʝʪʦʜʦʣʦʛʠʷ ץʫʡʠʜʘʛʠ ʘʩʦʩʠʡ ʙʦʩץʠʯʣʘʨʜʘʥ ʪʘʰʢʠʣ 

ʪʦʧʛʘʥ: 

1-ʙʦʩץʠʯ. ʂʠʨʠʰ ʤʘʲʣʫʤʦʪʣʘʨʠ ʩʠʬʘʪʠʜʘ ʪʫʨʣʠ ʜʘʨʘʞʘʜʘ ʙʫʟʠʣʛʘʥ ʥʫʪץ ʘʫʜʠʦ 

ʩʠʛʥʘʣʣʘʨʠ ʦʣʠʥʘʜʠ. 

2-ʙʦʩץʠʯ. ɹʫ ʘʫʜʠʦ ʩʠʛʥʘʣʣʘʨʜʘʥ ʩʧʝʢʪʨʦʛʨʘʤʤʘ ״ʦʩʠʣ ץʠʣʠʥʘʜʠ. 
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3-ʙʦʩץʠʯ. ׳ʦʩʠʣ ץʠʣʠʥʛʘʥ ʩʧʝʢʪʨʦʛʨʘʤʤʘ ʘʩʦʩʠʜʘ BRISQUE ץʠʡʤʘʪʣʘʨʠ 

 ʘʣʠץʠʩʦʙʣʘʥʘʜʠ. ʐʫʥʛʘ ʧʘʨʘʣʣʝʣ ʨʘʚʠʰʜʘ, ʫʰʙʫ ʘʫʜʠʦ ʬʘʡʣʣʘʨ ʫʯʫʥ NISQA ʤʦʜʝʣʠ ʦʨ״

MOS (1ï5) ʙʘ״ʦʣʘʨʠ ʘʥʠץʣʘʥʘʜʠ. 

4-ʙʦʩץʠʯ. BRISQUE ʚʘ NISQA ץʠʡʤʘʪʣʘʨʠ ʘʩʦʩʠʜʘ ʨʝʛʨʝʩʩʠʷʥʠ ʪʫʨʣʠ ʤʦʜʝʣʣʘʨʠ 

ʚʘ ʤʘʰʠʥʘʣʠ ˄ץʠʪʠʰ ʤʦʜʝʣʣʘʨʠ ʸʨʜʘʤʠʜʘ ʙʘʰʦʨʘʪ ʤʦʜʝʣʠ ʷʨʘʪʠʣʘʜʠ. 

5-ʙʦʩץʠʯ. ʋʰʙʫ ʤʦʜʝʣʣʘʨ RĮ (ʜʝʪʝʨʤʠʥʘʮʠʷ ʢʦʵʬʬʠʮʠʝʥʪʠ) ʚʘ RMSE (˄ʨʪʘʯʘ 

ʢʚʘʜʨʘʪʠʢ ʭʘʪʦʣʠʢ) ʤʝʟʦʥʣʘʨʠ ʙ˄ʡʠʯʘ ʪʘץץʦʩʣʘʥʘʜʠ. 

6-ʙʦʩץʠʯ. ʅʘʪʠʞʘʜʘ, ʵʥʛ ʶץʦʨʠ RĮ ʚʘ ʵʥʛ ʧʘʩʪ RMSE ʢ˄ʨʩʘʪʢʠʯʠʛʘ ʵʛʘ ʙ˄ʣʛʘʥ 

ʤʦʜʝʣ ʦʧʪʠʤʘʣ ʤʦʜʝʣ ʩʠʬʘʪʠʜʘ ʪʘʥʣʘʥʘʜʠ. 

1 ʅʘʪʠʞʘʣʘʨ 

ʊʘʜץʠץʦʪʜʘ ʪʦʟʘ ʥʫʪץ ʩʠʛʥʘʣʣʘʨʠʥʠ ˄ʟ ʠʯʠʛʘ ʦʣʛʘʥ LibriSpeech ʥʫʪץ ʤʘʲʣʫʤʦʪʣʘʨ 

ʪ˄ʧʣʘʤʠʜʘʥ ʬʦʡʜʘʣʘʥʠʣʛʘʥ ʙ˄ʣʠʙ, ʫʥʜʘʛʠ ʤʘʲʣʫʤʦʪ ״ʘʞʤʠ ʪʘʭʤʠʥʘʥ 1000 ʩʦʘʪʣʠʢ ʥʫʪץ 

ʸʟʫʚʣʘʨʠʥʠ ˄ʟ ʠʯʠʛʘ ʦʣʘʜʠ. ɹʫʥʜʘ ʫʥʜʘʛʠ 125 ʪʘ ʪʦʟʘ ʥʫʪץ ʩʠʛʥʘʣʠʜʘʥ ʬʦʡʜʘʣʘʥʛʘʥ ״ʦʣʜʘ  

3125 ʪʘ ʙʫʟʠʣʛʘʥ ʥʘʤʫʥʘ ʪʘ״ʣʠʣ ץʠʣʠʥʛʘʥ. ɹʘʨʯʘ ʘʫʜʠʦ ʬʘʡʣʣʘʨ 16 ʢɻʮ ʯʘʩʪʦʪʘʜʘ 

ʜʠʩʢʨʝʪʣʘʰʛʘʥ ʚʘ 16-ʙʠʪʣʠ WAV ʬʦʨʤʘʪʠʜʘ ʩʘץʣʘʥʛʘʥ. 

ʉʧʝʢʪʨʦʛʨʘʤʤʘ ʘʩʦʩʠʜʘ ʦʣʠʥʛʘʥ BRISQUE ʢ˄ʨʩʘʪʢʠʯʠ ץʠʡʤʘʪʠ ʚʘ ʰʫ ʩʠʛʥʘʣʣʘʨ 

ʫʯʫʥ ״ʠʩʦʙʣʘʥʛʘʥ NISQA MOS ʙʘʣʣʘʨʠ ʘʩʦʩʠʜʘ ʢʦʨʨʝʣʷʮʠʦʥ ʪʘ״ʣʠʣ ˄ʪʢʘʟʠʣʛʘʥʜʘ, ʫʣʘʨ 

˄ʨʪʘʩʠʜʘ ʩʪʘʪʠʩʪʠʢ ʞʠ״ʘʪʜʘʥ ʘ״ʘʤʠʷʪʣʠ ʢʫʯʣʠ ʩʘʣʙʠʡ ʢʦʨʨʝʣʷʮʠʷ ʘʥʠץʣʘʥʛʘʥ. ʇʠʨʩʦʥ 

ʢʦʨʨʝʣʷʮʠʷ ʢʦʵʬʬʠʮʠʝʥʪʠ r = -0.602 (p < 0.001) ʥʠ ʚʘ ʉʧʠʨʤʘʥ ʨʘʥʛ ʢʦʨʨʝʣʷʮʠʷʩʠ ɟ = -

0.583 (p < 0.001)ʥʠ ʪʘʰʢʠʣ ʵʪʛʘʥ ʙ˄ʣʠʙ, ʙʫ BRISQUE ץʠʡʤʘʪʣʘʨʠ ʦʨʪʠʰʠ ʙʠʣʘʥ NISQA 

 ʘʪʜʘʥ ʢʫʪʠʣʛʘʥ״ʠʡʤʘʪʣʘʨʠʥʠ ʢʘʤʘʡʠʰʠʥʠ ʢ˄ʨʩʘʪʘʜʠ. ɹʫ ʩʘʣʙʠʡ ʢʦʨʨʝʣʷʮʠʷ ʥʘʟʘʨʠʡ ʞʠץ

ʥʘʪʠʞʘ ״ʠʩʦʙʣʘʥʘʜʠ, ʯʫʥʢʠ BRISQUEʥʠ ʶץʦʨʠ ץʠʡʤʘʪʣʘʨʠ ʪʘʩʚʠʨʥʠ ʧʘʩʪ ʩʠʬʘʪʣʠ 

ʵʢʘʥʣʠʛʠʥʠ, NISQAʥʠ ʶץʦʨʠ ץʠʡʤʘʪʣʘʨʠ ʵʩʘ ʥʫʪץʥʠ ʶץʦʨʠ ʩʠʬʘʪʣʠ ʵʢʘʥʣʠʛʠʥʠ 

ʘʥʛʣʘʪʘʜʠ. ʂʦʨʨʝʣʷʮʠʷ ʢʫʯʠ (|r| = 0.602) ˄ʨʪʘʯʘ ʚʘ ʢʫʯʣʠ ʜʘʨʘʞʘ ˄ʨʪʘʩʠʜʘ ʞʦʡʣʘʰʛʘʥ 

ʙ˄ʣʠʙ, ʠʢʢʘʣʘ ʢ˄ʨʩʘʪʢʠʯ ˄ʨʪʘʩʠʜʘ ʤʘʲʣʫʤ ʜʘʨʘʞʘʜʘ ʤʦʩ ʢʝʣʠʰ ʙʦʨʣʠʛʠʥʠ ʪʘʩʜʠץʣʘʡʜʠ (3-

ʨʘʩʤ). 

 
3-ʨʘʩʤ. BRISQUE ʚʘ NISQA ʢʦʨʨʝʣʷʮʠʷ ʤʘʪʨʠʮʘʩʠ 

BRISQUE ʢ˄ʨʩʘʪʢʠʯʠ ʘʩʦʩʠʜʘ NISQA ץʠʡʤʘʪʣʘʨʠʥʠ ʙʘʰʦʨʘʪʣʘʰ ʫʯʫʥ ʤʘʟʢʫʨ 

ʪʘʜץʠץʦʪʜʘ  ʯʠʟʠץʣʠ ʚʘ ʯʠʟʠץʣʠ ʙ˄ʣʤʘʛʘʥ (2-6 ʜʘʨʘʞʘʣʠ ʧʦʣʠʥʦʤʣʘʨ) ʨʝʛʨʝʩʩʠʷ 

ʤʦʜʝʣʣʘʨʠ [13-15], ʣʦʛʘʨʠʬʤʠʢ ʚʘ ʵʢʩʧʦʥʝʥʮʠʘʣ [16], ץʘʨʦʨ ʜʘʨʘʭʪʠ [17], ʢ˄ʧ ץʘʪʣʘʤʣʠ 
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ʧʝʨʮʝʧʪʨʦʥ [18], SVR [19] ʢʘʙʠ 11 ʭʠʣ ʤʦʜʝʣ ʩʠʥʘʙ ʢ˄ʨʠʣʛʘʥ ʚʘ ʫʣʘʨʥʠ ʩʘʤʘʨʘʜʦʨʣʠʛʠ 

ʜʝʪʝʨʤʠʥʘʮʠʷ ʢʦʵʬʬʠʮʠʝʥʪʠ (RĮ), ˄ʨʪʘʯʘ ʢʚʘʜʨʘʪʠʢ ʭʘʪʦʣʠʢ (RMSE) ʚʘ ״ʠʩʦʙʣʘʰ ʚʘץʪʠ 

ʙ˄ʡʠʯʘ ʪʘץץʦʩʣʘʥʛʘʥ ״ʘʤʜʘ ʦʣʠʥʛʘʥ ʥʘʪʠʞʘʣʘʨ ץʫʡʠʜʘʛʠ ʞʘʜʚʘʣʜʘ ʢʝʣʪʠʨʠʣʛʘʥ. 

1-ʞʘʜʚʘʣ ɹʘʰʦʨʘʪʣʘʰ ʤʦʜʝʣʣʘʨʠʥʠ ʪʘץץʦʩʣʘʰ ʥʘʪʠʞʘʣʘʨʠ 

ˉ ʄʦʜʝʣ ʌʦʨʤʫʣʘ/ 

ʇʘʨʘʤʝʪʨʣʘʨ 

R² RMSE ʀʰʣʘʰ 

ʚʘץʪʠ 

(ʤʩ) 

1 ʏʠʟʠץʣʠ 

ʨʝʛʨʝʩʩʠʷ 

y ax b= + 0.354 0.199 2.1 

2 2-ʜʘʨʘʞʘʣʠ 

ʧʦʣʠʥʦʤ 

2y ax bx c= + + 0.434 0.186 3.2 

3 3-ʜʘʨʘʞʘʣʠ 

ʧʦʣʠʥʦʤ 

3 2y ax bx cx d= + + + 
0.427 0.187 4.1 

4 4-ʜʘʨʘʞʘʣʠ 

ʧʦʣʠʥʦʤ 

4 3 2y ax bx cx dx e= + + + + 
0.445 0.184 5.3 

5 5-ʜʘʨʘʞʘʣʠ 

ʧʦʣʠʥʦʤ 

5 4 3 2y ax bx cx dx ex f= + + + + + 
0.438 0.185 6.8 

6 6-ʜʘʨʘʞʘʣʠ 

ʧʦʣʠʥʦʤ 

6 5 4 3 2y ax bx cx dx ex fx g= + + + + + + 
0.439 0.185 8.4 

7 ʃʦʛʘʨʠʬʤʠʢ ln( )y a x b= + 0.359 0.198 2.8 

8 ʕʢʩʧʦʥʝʥʮʠʘʣ bxy ae=  
0.363 0.197 4.5 

 ʘʨʦʨ ʜʘʨʘʭʪʠ 200 ʜʘʨʘʭʪ, depth=20 0.431 0.186 45.6פ 9

10 MLP [64,32,16,1], ReLU 0.443 0.184 78.3 

11 SVR kernel=rbf, C=1.0, gamma=scale 0.419 0.188 37.2 

 

ʀʟʦϲ: x = BRISQUE Ϩʠʡʤʘʪʠ, y = NISQA Ϩʠʡʤʘʪʠ. 

ɹʘʨʯʘ ʤʦʜʝʣʣʘʨ ʠʯʠʜʘ 4-ʜʘʨʘʞʘʣʠ ʧʦʣʠʥʦʤ ʨʝʛʨʝʩʩʠʷ ʵʥʛ ʶץʦʨʠ ʩʘʤʘʨʘʜʦʨʣʠʢʥʠ 

ʢ˄ʨʩʘʪʜʠ (RĮ = 0.445, RMSE = 0.184). ʋʰʙʫ ʤʦʜʝʣ ʪʝʥʛʣʘʤʘʩʠ ץʫʡʠʜʘʛʠʯʘ: 
2 3 4 2957.052   106.464   1.702   0.010   30765.452y x x x x= ³ - ³ + ³ - ³ -  

ʄʦʜʝʣʣʘʨ ʩʘʤʘʨʘʜʦʨʣʠʛʠ ʙʘʨץʘʨʦʨʣʠʛʠʥʠ ʪʝʢʰʠʨʠʰ ʚʘ ʩʪʘʪʠʩʪʠʢ 

ʘ״ʘʤʠʷʪʣʠʣʠʛʠʥʠ ʙʘ״ʦʣʘʰ ʤʘץʩʘʜʠʜʘ 10-fold ʢʨʦʩʩ-ʚʘʣʠʜʘʮʠʷ ˄ʪʢʘʟʠʣʜʠ. ʕʥʛ ʶץʦʨʠ 

ʩʘʤʘʨʘʜʦʨʣʠʢ ʢ˄ʨʩʘʪʛʘʥ ʙʝʰʪʘ ʤʦʜʝʣ ʫʯʫʥ ʢʨʦʩʩ-ʚʘʣʠʜʘʮʠʷ ʥʘʪʠʞʘʣʘʨʠ ץʫʡʠʜʘʛʠ ʨʘʩʤʜʘ 

ʪʘʩʚʠʨʣʘʥʛʘʥ. 
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4-ʨʘʩʤ. ɹʘʰʦʨʘʪʣʘʰ ʤʦʜʝʣʣʘʨʠʥʠ ʢʨʦʩʩ-ʚʘʣʠʜʘʮʠʷ ʥʘʪʠʞʘʣʘʨʠ 

ʂʨʦʩʩ-ʚʘʣʠʜʘʮʠʷ ʥʘʪʠʞʘʣʘʨʠ ʵʥʛ ʷʭʰʠ ʤʦʜʝʣʣʘʨʥʠ ʙʘʨץʘʨʦʨ ʩʘʤʘʨʘʜʦʨʣʠʢʢʘ ʵʛʘ 

ʵʢʘʥʣʠʛʠʥʠ ʪʘʩʜʠץʣʘʡʜʠ. 4-ʜʘʨʘʞʘʣʠ ʧʦʣʠʥʦʤ ʤʦʜʝʣʠ ʫʯʫʥ ˄ʨʪʘʯʘ RĮ = 0.445 Ñ 0.014 ʥʠ 

ʪʘʰʢʠʣ ץʠʣʠʙ, ʵʥʛ ʶץʦʨʠ ʚʘ ʙʘʨץʘʨʦʨ ʥʘʪʠʞʘʥʠ ʢ˄ʨʩʘʪʜʠ. ʐʫʥʠʥʛʜʝʢ, MLP ʤʦʜʝʣʠ, 2-

ʜʘʨʘʞʘʣʠ ʧʦʣʠʥʦʤ ʚʘ ץʘʨʦʨ ʜʘʨʘʭʪʠ ʤʦʜʝʣʣʘʨʠ ״ʘʤ ʥʠʩʙʘʪʘʥ ʷʭʰʠ ʥʘʪʠʞʘʣʘʨʥʠ 

ʢ˄ʨʩʘʪʜʠ. ɹʫʥʜʘʥ ʪʘʰץʘʨʠ, ʫʰʶʫ ʤʦʜʝʣʣʘʨʥʠ ʦʨʪʠץʯʘ ʤʦʩʣʘʰʠʰ (overfitting) 

ʘʣʦʤʘʪʣʘʨʠʥʠ ʘʥʠץʣʘʰ ʚʘ ʫʣʘʨʥʠ ʷʥʛʠ ʤʘʲʣʫʤʦʪʣʘʨʛʘ ʤʦʩʣʘʰʫʚʯʘʥʣʠʛʠʥʠ ʪʝʢʰʠʨʠʰ 

ʫʯʫʥ ˄ץʠʪʠʰ/ʚʘʣʠʜʘʮʠʷ ʪ˄ʧʣʘʤʣʘʨʠʜʘʛʠ ʩʘʤʘʨʘʜʦʨʣʠʢ ʢ˄ʨʩʘʪʢʠʯʣʘʨʠ ʪʘ״ʣʠʣ ץʠץʣʥʜʠ (5-

ʨʘʩʤ).  

 
5-ʨʘʩʤ. ɹʘʰʦʨʘʪʣʘʰ ʤʦʜʝʣʣʘʨʠʥʠ ˄ץʠʪʠʰ ʚʘ ʚʘʣʠʜʘʮʠʷ RĮ ʢ˄ʨʩʘʪʢʠʯʣʘʨʠʥʠ 

ʪʘץץʦʩʣʘʰʠ 
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ɶץʠʪʠʰ ʚʘ ʚʘʣʠʜʘʮʠʷʥʠ RĮ ץʠʡʤʘʪʣʘʨʠ ˄ʨʪʘʩʠʜʘʛʠ ʬʘʨץʠ ʙʘʨʯʘ ʤʦʜʝʣʣʘʨ ʫʯʫʥ 3% 

ʜʘʥ ʢʘʤ ʙ˄ʣʜʠ, ʙʫ ʤʦʜʝʣʣʘʨʥʠ ʷʥʛʠ ʤʘʲʣʫʤʦʪʣʘʨʛʘ ʷʭʰʠ ʫʤʫʤʣʘʰʪʠʨʠʰ ץʦʙʠʣʠʷʪʠʛʘ ʵʛʘ 

ʵʢʘʥʣʠʛʠʥʠ ʢ˄ʨʩʘʪʘʜʠ (5-ʨʘʩʤ). 6-ʜʘʨʘʞʘʣʠ ʧʦʣʠʥʦʤ ʤʦʜʝʣʠ ʥʠʩʙʘʪʘʥ ʧʘʩʪ ʩʘʤʘʨʘʜʦʨʣʠʢ 

(RĮ = 0.439 Ñ 0.018) ʢ˄ʨʩʘʪʜʠ, ʙʫ ʶץʦʨʠ ʜʘʨʘʞʘʣʠ ʧʦʣʠʥʦʤ ʤʦʜʝʣʣʘʨʠʥʠ ʤʫʨʘʢʢʘʙʣʠʢ 

ʦʰʠʰʠ ʙʠʣʘʥ ʩʘʤʘʨʘʜʦʨʣʠʢ ʧʘʩʘʡʠʰʠʥʠ ʪʘʩʜʠץʣʘʡʜʠ. 

ʍʫʣʦʩʘ 

ʄʘʟʢʫʨ ʪʘʜץʠץʦʪ ʠʰʠ ʜʦʠʨʘʩʠʜʘ ʥʫʪץ ʩʠʛʥʘʣʣʘʨ ʩʠʬʘʪʠʥʠ ʦʙʲʝʢʪʠʚ ʙʘ״ʦʣʘʰ 

ʤʫʘʤʤʦʩʠʛʘ ʩʪʘʪʠʩʪʠʢ ʚʘ ʤʘʰʠʥʘʣʠ ˄ץʠʪʠʰ ʤʝʪʦʜʣʘʨʠ ʦʨץʘʣʠ ʸʥʜʘʰʠʣʜʠ. ʊʘʢʣʠʬ 

ʵʪʠʣʛʘʥ ʤʦʜʝʣʜʘ ʥʫʪץ ʩʠʛʥʘʣʣʘʨʠʜʘʥ ʩʧʝʢʪʨʦʛʨʘʤʤʘ ʦʨץʘʣʠ BRISQUE ץʠʡʤʘʪʣʘʨʠ 

ʦʣʠʥʠʙ, ʫʣʘʨ ʘʩʦʩʠʜʘ NISQA ʤʦʜʝʣʠ ʪʦʤʦʥʠʜʘʥ ʙʘ״ʦʣʘʥʛʘʥ MOS  ץʠʡʤʘʪʣʘʨʠ ʙʘʰʦʨʘʪ 

 :ʫʡʠʜʘʛʠ ʘʩʦʩʠʡ ʥʘʪʠʞʘʣʘʨʛʘ ʵʨʠʰʠʣʜʠץ ʣʠʣʠ ʘʩʦʩʠʜʘ״ʦʪʣʘʨ ʪʘץʠץʠʣʠʥʜʠ. ʊʘʜץ

- BRISQUE ʚʘ NISQA ʤʝʪʨʠʢʘʣʘʨʠ ˄ʨʪʘʩʠʜʘʛʠ ʢʦʨʨʝʣʷʮʠʦʥ ʤʫʥʦʩʘʙʘʪ ˄ʨʛʘʥʠʣʜʠ. 

3125 ʪʘ ʘʫʜʠʦ ʥʘʤʫʥʘ ʪʘ״ʣʠʣʠ ʘʩʦʩʠʜʘ ʩʪʘʪʠʩʪʠʢ ʞʠ״ʘʪʜʘʥ ʘ״ʘʤʠʷʪʣʠ ʢʫʯʣʠ ʩʘʣʙʠʡ 

ʢʦʨʨʝʣʷʮʠʷ ʘʥʠץʣʘʥʜʠ (r = -0.602, p < 0.001). ʉʧʠʨʤʘʥ ʨʘʥʛ ʢʦʨʨʝʣʷʮʠʷʩʠ ʵʩʘ ɟ = -

0.583 ʥʠ ʪʘʰʢʠʣ ץʠʣʜʠ. ʉʘʣʙʠʡ ʢʦʨʨʝʣʷʮʠʷ ʤʘʚʞʫʜʣʠʛʠ BRISQUE ʶץʦʨʠ 

 ץʠʡʤʘʪʣʘʨʠ ʵʩʘ ʥʫʪץ ʦʨʠץʠʡʤʘʪʣʘʨʠʥʠʥʛ ʪʘʩʚʠʨʥʠ ʧʘʩʪ ʩʠʬʘʪʠʥʠ, NISQA ʶץ

ʩʠʬʘʪʠʥʠ ʶץʦʨʠ ʵʢʘʥʣʠʛʠʛʘ ʤʦʩ ʢʝʣʘʜʠ. 

- BRISQUE ʘʩʦʩʠʜʘ NISQA ץʠʡʤʘʪʠʥʠ ʙʘʰʦʨʘʪ ץʠʣʠʰ ʫʯʫʥ 11 ʭʠʣ ʨʝʛʨʝʩʩʠʷ 

ʤʦʜʝʣʠ ʠʰʣʘʙ ʯʠץʠʣʜʠ ʚʘ ʪʘץץʦʩʣʘʥʜʠ. ʋʣʘʨ ʯʠʟʠץʣʠ ʨʝʛʨʝʩʩʠʷ, 2-6 ʜʘʨʘʞʘʣʠ 

ʧʦʣʠʥʦʤ ʨʝʛʨʝʩʩʠʷʩʠ, ʣʦʛʘʨʠʬʤʠʢ ʚʘ ʵʢʩʧʦʥʝʥʮʠʘʣ ʨʝʛʨʝʩʩʠʷ, ʰʫʥʠʥʛʜʝʢ ץʘʨʦʨ 

ʜʘʨʘʭʪʠ, ʢ˄ʧ ץʘʪʣʘʤʣʠ ʧʝʨʮʝʧʪʨʦʥ ʚʘ SVR ʫʩʫʣʣʘʨʠ ʢʠʨʠʪʠʣʜʠ. ׳ʘʨ ʙʠʨ ʤʦʜʝʣ 

ʫʯʫʥ ʘʥʠץ ʤʘʪʝʤʘʪʠʢ ʪʝʥʛʣʘʤʘʣʘʨ ʦʣʠʥʜʠ ʚʘ ʩʘʤʘʨʘʜʦʨʣʠʢ RĮ, RMSE ʚʘ MAE 

ʢ˄ʨʩʘʪʢʠʯʣʘʨʠ ʦʨץʘʣʠ ʙʘ״ʦʣʘʥʜʠ. 

- ʕʥʛ ʩʘʤʘʨʘʣʠ ʙʘʰʦʨʘʪ ʤʦʜʝʣʠ ʘʥʠץʣʘʥʜʠ. 4-ʜʘʨʘʞʘʣʠ ʧʦʣʠʥʦʤ ʨʝʛʨʝʩʩʠʷ ʵʥʛ 

ʶץʦʨʠ ʩʘʤʘʨʘʜʦʨʣʠʢʥʠ ʢ˄ʨʩʘʪʜʠ. ʄʦʜʝʣ ʪʝʥʛʣʘʤʘʩʠ: NISQA = 2957.052ĬBRISQUE 

- 106.464×BRISQUE² + 1.702×BRISQUE³ - 0.010ĬBRISQUE  - 30765.452. ʀʢʢʠʥʯʠ 

˄ʨʠʥʜʘ MLP ʤʦʜʝʣʠ, ʫʯʠʥʯʠ ˄ʨʠʥʜʘ 2-ʜʘʨʘʞʘʣʠ ʧʦʣʠʥʦʤ ʞʦʡʣʘʰʜʠ. 

- ʄʦʜʝʣ ʚʘʣʠʜʘʮʠʷʩʠ ʪʘ״ʣʠʣʠ ˄ʪʢʘʟʠʣʜʠ. 10-fold ʢʨʦʩʩ-ʚʘʣʠʜʘʮʠʷ ʥʘʪʠʞʘʣʘʨʠ ʵʥʛ 

ʷʭʰʠ ʤʦʜʝʣʥʠ ʙʘʨץʘʨʦʨ ʩʘʤʘʨʘʜʦʨʣʠʛʠʥʠ ʪʘʩʜʠץʣʘʜʠ. ɶץʠʪʠʰ ʚʘ ʚʘʣʠʜʘʮʠʷ 

ʥʘʪʠʞʘʣʘʨʠ ˄ʨʪʘʩʠʜʘʛʠ ʬʘʨ3% ץ ʜʘʥ ʢʘʤ ʙ˄ʣʠʙ, ʦʨʪʠץʯʘ ʤʦʩʣʘʰʠʰ ʙʝʣʛʠʣʘʨʠ 

ʢʫʟʘʪʠʣʤʘʜʠ.  

- ʊʘʩʚʠʨ ʚʘ ʘʫʜʠʦ ʤʘʲʣʫʤʦʪʣʘʨʠ ˄ʨʪʘʩʠʜʘʛʠ ʢʨʦʩʩ-ʤʦʜʘʣ ʙʦסʣʠץʣʠʢ ʠʣʤʠʡ ʞʠ״ʘʪʜʘʥ 

ʘʩʦʩʣʘʥʜʠ. ʉʧʝʢʪʨʦʛʨʘʤʤʘʣʘʨʥʠ ʠʢʢʠ ˄ʣʯʦʚʣʠ ʪʘʩʚʠʨ ʩʠʬʘʪʠʜʘ ץʘʨʘʰ ʚʘ ʫʣʘʨʛʘ 

ʪʘʩʚʠʨ ʩʠʬʘʪʠ ʢ˄ʨʩʘʪʢʠʯʣʘʨʠʥʠ ץ˄ʣʣʘʰ ʦʨץʘʣʠ ʘʫʜʠʦ ʩʠʬʘʪʠʥʠ ʙʘ״ʦʣʘʰ ʠʤʢʦʥʠ 

ʠʩʙʦʪʣʘʥʜʠ. ɹʫ ʥʘʪʠʞʘ ʩʠʛʥʘʣ ץʘʡʪʘ ʠʰʣʘʰ ʥʘʟʘʨʠʷʩʠʜʘ ʤʫʣʴʪʠʤʦʜʘʣ ʸʥʜʘʰʫʚʣʘʨ 

ʩʘʤʘʨʘʜʦʨʣʠʛʠʥʠ ʪʘʩʜʠץʣʘʡʜʠ. 

ɸʤʘʣʠʡ ץ˄ʣʣʘʰ ʠʤʢʦʥʠʷʪʣʘʨʠ ʘʥʠץʣʘʥʜʠ. BRISQUE ʢ˄ʨʩʘʪʢʠʯʠ NISQA ʛʘ 

ʥʠʩʙʘʪʘʥ ״ʠʩʦʙʣʘʰ ʞʠ״ʘʪʜʘʥ ʘʨʟʦʥʨʦץ ʙ˄ʣʠʙ, ʨʝʘʣ ʚʘץʪ ʪʠʟʠʤʣʘʨʠʜʘ ץ˄ʣʣʘʰ ʫʯʫʥ ʤʦʩ. 

ʊʝʣʝʢʦʤʤʫʥʠʢʘʮʠʷ ʪʠʟʠʤʣʘʨʠ, VoIP ʩʠʬʘʪ ʥʘʟʦʨʘʪʠ, ʘʫʜʠʦ ʢʦʜʝʢʣʘʨ ʦʧʪʠʤʘʣʣʘʰʪʠʨʠʰ 

ʚʘ ʘʚʪʦʤʘʪʠʢ ʩʠʬʘʪ ʥʘʟʦʨʘʪʠ ʩʦ״ʘʣʘʨʠʜʘ ʪʘʪʙʠץ ʵʪʠʰ ʤʫʤʢʠʥ. 
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ʂɺɸʅʊ ׳ʀʉʆɹʃɸʐʃɸʈ ɸʉʆʉʀɼɸ ʄɸʊʅʃɸʈɻɸ 

ɼɸʉʊʃɸɹʂʀ ʀʐʃʆɺ ɹɽʈʀʐ ɼɸʉʊʋʈʀʁ ʄɸɾʄʋɸʉʀ 
 

1,2ʅʠʸʟʤʘʪʦʚʘ ʅ.ɸ., 1ʊʫʨʛʫʥʦʚʘ ʅ.ʄ., 2ɸʙʜʫʨʘʭʤʘʥʦʚʘ ʅ.ʅ. 
1ʊʦʰʢʝʥʪ ʠʨʨʠʛʘʮʠʷ ʚʘ ץʠʰʣʦץ ʭ˄ʞʘʣʠʛʠʥʠ ʤʝʭʘʥʠʟʘʮʠʷʣʘʰ ʤʫ״ʘʥʜʠʩʣʘʨʠ ʠʥʩʪʠʪʫʪʠ 

ʄʠʣʣʣʠʡ ʪʘʜץʠץʦʪ ʫʥʠʚʝʨʩʠʪʝʪʠ, ʊʦʰʢʝʥʪ, ɶʟʙʝʢʠʩʪʘʥ; 
2ʄʫʭʘʤʤʘʜ ʘʣ-ʍʦʨʘʟʤʠʡ ʥʦʤʠʜʘʛʠ ʊʦʰʢʝʥʪ ʘʭʙʦʨʦʪ ʪʝʭʥʦʣʦʛʠʷʣʘʨ ʫʥʠʚʝʨʩʠʪʝʪʠ 

https://doi.org/10.5281/zenodo.17919371 

 

ɸʥʥʦʪʘʮʠʷ: ʄʘʟʢʫʨ ʤʘϨʦʣʘ ʢʚʘʥʪ ϲʠʩʦʙʣʘʰʣʘʨ ʘʩʦʩʠʜʘ ʤʘʪʥʣʘʨʛʘ ʜʘʩʪʣʘʙʢʠ 

ʠʰʣʦʚ ʙʝʨʠʰ ʜʘʩʪʫʨʠʡ ʤʘʞʤʫʘʩʠʥʠ ʠʰʣʘʙ ʯʠϨʠʰʛʘ ʙʘϤʠʰʣʘʥʛʘʥ ʙ˄ʣʠʙ, ʫʥʜʘ ʤʘʪʥʣʠ 

ʤʘʲʣʫʤʦʪʣʘʨʛʘ ʜʘʩʪʣʘʙʢʠ ʠʰʣʦʚ ʙʝʨʠʰʥʠʥʛ ʢʣʘʩʩʠʢ ʚʘ ʢʚʘʥʪ ʸʥʜʘʰʫʚʣʘʨʠ ϲʘʤʜʘ 

ʪʘʩʥʠʬʣʘʰ ʫʩʫʣʣʘʨʠ ʙʘʸʥ ʵʪʠʣʛʘʥ. ɼʘʩʪʫʨʠʡ ʪʘʲʤʠʥʦʪ ʷʨʘʪʠʰʜʘ ʢʣʘʩʩʠʢ NLP 

ʸʥʜʘʰʫʚʣʘʨʠ ʙʠʣʘʥ ʙʠʨ Ϩʘʪʦʨʜʘ ʢʚʘʥʪ ʚʝʢʪʦʨʣʘʰ ʫʩʫʣʣʘʨʠ, ʭʫʩʫʩʘʥ ʢʚʘʥʪ one-hot, 

TF_IDF, bag of words ʚʘ word2vec ʫʩʫʣʣʘʨʠʜʘʥ ʬʦʡʜʘʣʘʥʠʣʛʘʥ. ʂʚʘʥʪ ʘʣʛʦʨʠʪʤʣʘʨ ʤʘʪʥ 

ʵʣʝʤʝʥʪʣʘʨʠʥʠ ɻʠʣʙʝʨʪ ʬʘʟʦʩʠʜʘ ʠʬʦʜʘʣʘʙ, ʫ ʩ˄ʟʣʘʨ ʦʨʘʩʠʜʘʛʠ ʩʝʤʘʥʪʠʢ ʙʦϤʣʠϨʣʠʢʥʠ 

ʥʠʩʙʘʪʘʥ ʘʥʠϨ ʚʘ ʪʝʟ ʘʢʩ ʵʪʪʠʨʘʜʠ. ɼʘʩʪʫʨʠʡ ʪʘʲʤʠʥʦʪ ʘʩʦʩʠʜʘ ʜʘʩʪʣʘʙʢʠ ʠʰʣʦʚ 

ʙʝʨʠʣʛʘʥ ʤʘʪʥʣʠ ʤʘʲʣʫʤʦʪʣʘʨ ʢʣʘʩʩʠʢ ʚʘ ʢʚʘʥʪ ʚʝʢʪʦʨʣʘʰ ʫʩʫʣʣʘʨʠ ʦʨϨʘʣʠ Ϩʘʡʪʘ 

ʠʰʣʘʥʠʙ, ʤʘʰʠʥʘʣʠ ˄Ϩʠʪʠʰ ʫʩʫʣʣʘʨʠ ʚʘ ʥʝʡʨʦʥ ʪʘʨʤʦϨ ʤʦʜʝʣʣʘʨʠ ʘʩʦʩʠʜʘ ʪʘʩʥʠʬʣʘʰ 

ʘʤʘʣʛʘ ʦʰʠʨʠʣʠʙ, ʫʣʘʨ ˄ʟʘʨʦ ʪʘϨϨʦʩʣʘʥʜʠ. ʂʚʘʥʪ ʸʥʜʘʰʫʚʣʘʨ ʚʘ ʤʘʰʠʥʘʣʠ ˄Ϩʠʪʠʰ 

ʫʩʫʣʣʘʨʠʜʘ ˄ʪʢʘʟʠʣʛʘʥ ʪʘʞʨʠʙʘʣʘʨʜʘ ʘʥʠϨʣʠʢ ʢʣʘʩʩʠʢ ʸʥʜʘʰʫʚʣʘʨʛʘ ʥʠʩʙʘʪʘʥ ˄ʨʪʘʯʘ 3-

7% ʶϨʦʨʠ ʙ˄ʣʜʠ. ɹʫʥʜʘ ʢʚʘʥʪ ʸʥʜʘʰʫʚʣʘʨ ʪʘʙʠʠʡ ʪʠʣʥʠ Ϩʘʡʪʘ ʠʰʣʘʰʜʘ, ʭʫʩʫʩʘʥ, 

ʤʘʪʥʣʘʨʥʠ ʪʘϲʣʠʣ Ϩʠʣʠʰ, ʩʝʤʘʥʪʠʢ ʤʦʜʝʣʣʘʰʪʠʨʠʰ ʚʘ ʤʘʰʠʥʘʣʠ ˄Ϩʠʪʠʰ ʪʠʟʠʤʣʘʨʠʜʘ 

ʩʘʤʘʨʘʣʠ ʚʦʩʠʪʘ ʩʠʬʘʪʠʜʘ ʢʝʥʛ Ϩ˄ʣʣʘʥʠʣʠʰʠ ʤʫʤʢʠʥ. 

ʂʘʣʠʪ ʩ˄ʟʣʘʨ: ʚʝʢʪʦʨʣʘʰ, ʢʚʘʥʪ, TF_IDF, Word2vec, LSTM, ʥʝʡʨʦʥ ʪʘʨʤʦϨ, 

ʤʘʰʠʥʘʣʠ ˄Ϩʠʪʠʰ, ʪʘʩʥʠʬʣʘʰ, NLP, ʩʫʥʲʠʡ ʠʥʪʝʣʣʝʢʪ, ʜʘʩʪʫʨʠʡ ʪʘʲʤʠʥʦʪ, ʤʦʜʝʣ. 

 

ʂʠʨʠʰ 

ɹʫʛʫʥʛʠ ʢʫʥʜʘ ʤʘʪʥʣʠ ʤʘʲʣʫʤʦʪʣʘʨ ʠʥʩʦʥ ״ʘʸʪʠʥʠ ʘʞʨʘʣʤʘʩ ץʠʩʤʠʛʘ ʘʡʣʘʥʜʠ. 

ʀʞʪʠʤʦʠʡ ʪʘʨʤʦץ, ʤʝʩʩʝʥʞʝʨ ʚʘ ʦʤʤʘʚʠʡ ʘʭʙʦʨʦʪ ʚʦʩʠʪʘʣʘʨʠʜʘ ʬʦʡʜʘʣʘʥʠʣʘʜʠʛʘʥ 

ʤʘʪʥʣʠ ʤʘʲʣʫʤʦʪʣʘʨʥʠ ʠʥʪʝʣʣʝʢʪʫʘʣ ʪʘʩʥʠʬʣʘʰ ʩʘʤʘʨʘʜʦʨʣʠʛʠ ʫʣʘʨʛʘ ʙʝʨʠʣʘʜʠʛʘʥ 

ʜʘʩʪʣʘʙʢʠ ʠʰʣʦʚ ʙʝʨʠʰ ʩʠʬʘʪʠʛʘ ʙʦסʣʠץ. ʆʜʘʪʜʘ, ʜʘʩʪʣʘʙʢʠ ʠʰʣʦʚ ʙʝʨʠʰ ʪʠʥʠʰ 

ʙʝʣʛʠʣʘʨʠʥʠ ʦʣʠʙ ʪʘʰʣʘʰ, ʪʦʢʝʥʠʟʘʮʠʷ, ʩʪʝʤʤʠʥʛ, ʣʝʤʤʘʪʠʟʘʮʠʷ, ʤʘʪʥʥʠ ʥʫʪץ ץʠʩʤʣʘʨʠ 

(POS)ʛʘ ʘʞʨʘʪʠʰ ʚʘ ʚʝʢʪʦʨʣʘʰ ʢʘʙʠ ʙʦʩץʠʯʣʘʨʜʘʥ ʠʙʦʨʘʪ. ʄʘʪʥʣʘʨʛʘ ʜʘʩʪʣʘʙʢʠ ʠʰʣʦʚ 

ʙʝʨʠʰ ʥʘʪʠʞʘʩʠ ץ˄ʣʣʘʥʠʣʘʜʠʛʘʥ ʜʘʩʪʫʨ ʚʘ ʘʣʛʦʨʠʪʤʛʘ ʙʦסʣʠץ ʙ˄ʣʠʙ, ʫʣʘʨ ʤʘʪʥʣʠ 

ʤʘʲʣʫʤʦʪʣʘʨʥʠ ʪʘʩʥʠʬʣʘʰ, ʙʠʣʠʤʣʘʨʥʠ ʘʞʨʘʪʠʙ ʦʣʠʰ, ʩʝʥʪʠʤʝʥʪ ʪʘ״ʣʠʣ, ץʘʨʦʨ ץʘʙʫʣ 

 ʘʥʜʘʡ ʞʦʡʣʘʰʪʠʨʠʣʛʘʥʣʠʛʠʥʠץ ʠʜʘ ʙʝʣʛʠʣʘʨʥʠ ʚʘ ʫʣʘʨʥʠ״ʣʘʰʛʘ, ʘʣʦץʠʣʠʰ, ʩʧʘʤʥʠ ʘʥʠץ

ʪʫʰʫʥʠʰʛʘ ʸʨʜʘʤ ʙʝʨʘʜʠ [1]. 

ɸʡʥʠ ʧʘʡʪʜʘ ʪʝʭʥʠʢ ץ˄ʣʣʘʙ-ץʫʚʚʘʪʣʘʰ ʚʘ ʘ״ʦʣʠ ʤʫʨʦʞʘʘʪʣʘʨʠ ʙʠʣʘʥ ʠʰʣʘʰ 

ʤʘʨʢʘʟʣʘʨʠʜʘ ʤʠʞʦʟʣʘʨʥʠ ʤʘʪʥʣʠ ʩ˄ʨʦʚʣʘʨʠʥʠ ץʘʡʪʘ ʠʰʣʘʰ ʤʝ״ʥʘʪ ʩʘʨʬʠʥʠ ʢʘʤʘʡʪʠʨʠʰ 

ʚʘ ʩʠʬʘʪʠʥʠ ʦʰʠʨʠʰ, ʭʫʩʫʩʘʥ, ʙʠʣʠʤʣʘʨ ʙʘʟʘʩʠʥʠ ʰʘʢʣʣʘʥʪʠʨʠʰʜʘ ʬʦʡʜʘʣʘʥʫʚʯʠʣʘʨʜʘʥ 

ʢʝʣʘʸʪʛʘʥ ʤʘʪʥʣʠ ʩ˄ʨʦʚʣʘʨʥʠ ʪʘʩʥʠʬʣʘʰ ʤʘʩʘʣʘʩʠ ʘ״ʘʤʠʷʪʠ ʦʨʪʠʙ ʙʦʨʤʦץʜʘ. ʄʘʟʢʫʨ 

ʤʘʩʘʣʘʥʠ ʩʫʥʲʠʡ ʠʥʪʝʣʣʝʢʪʛʘ ʘʩʦʩʣʘʥʛʘʥ ʜʘʩʪʫʨʠʡ ʚʦʩʠʪʘʣʘʨ ʦʨץʘʣʠ ʘʚʪʦʤʘʪʣʘʰʪʠʨʠʣʛʘʥ 

 ʘʣ ʵʪʠʰ ʤʫʤʢʠʥ. ʆʜʘʪʜʘ, ʤʘʪʥʣʠ ʩ˄ʨʦʚʣʘʨ ʪʫʟʠʣʤʘʛʘ ʵʛʘ ʙ˄ʣʤʘʛʘʥ ʰʘʢʣʠʜʘ ʙ˄ʣʘʜʠ״ ʦʣʜʘ״
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ʚʘ ʫʣʘʨʥʠ ʩʝʤʘʥʪʠʢʘʩʠʥʠ (ʤʘʟʤʫʥʠʥʠ) ʩʦʜʜʘ ʘʣʛʦʨʠʪʤʣʘʨ ʦʨץʘʣʠ ʘʥʠץʣʘʰʥʠ ʠʤʢʦʥʠ ʡ˄ץ. 

ɹʫ ʪʫʨʜʘʛʠ ʤʫʘʤʤʦʣʘʨʥʠ ״ʘʣ ʵʪʠʰ ʪʘʙʠʠʡ ʪʠʣʥʠ ץʘʡʪʘ ʠʰʣʘʰ (Natural Language 

Processing - NLP) ʤʫʨʘʢʢʘʙ ʘʣʛʦʨʠʪʤʣʘʨʠʥʠ ʪʘʣʘʙ ץʠʣʘʜʠ. NLP ʪʝʭʥʦʣʦʛʠʷʣʘʨʠ ʘʩʦʩʠʜʘ 

ʤʠʞʦʟʣʘʨ ʤʘʪʥʣʠ ʩ˄ʨʦʚʣʘʨʠʜʘʥ ʤʘʟʤʫʥʣʠ ʤʘʲʣʫʤʦʪʣʘʨʥʠ ʘʞʨʘʪʠʙ ʦʣʠʰ ʚʘ ʫʣʘʨʥʠ 

ʩʘʤʘʨʘʣʠ ʪʘʩʥʠʬʣʘʰ ʤʫʤʢʠʥ. ʊʘʙʠʠʡ ʪʠʣʥʠ ץʘʡʪʘ ʠʰʣʘʰ ʦʜʘʪʜʘ ʙʠʨ ʥʝʯʪʘ ʙʦʩץʠʯʣʘʨʜʘ, 

ʷʲʥʠ ʤʘʲʣʫʤʦʪʣʘʨʥʠ ʡʠסʠʰ, ʤʘʲʣʫʤʦʪʣʘʨʛʘ ʜʘʩʪʣʘʙʢʠ ʠʰʣʦʚ ʙʝʨʠʰ, ʚʝʢʪʦʨʣʘʰ ʚʘ 

ʪʘʩʥʠʬʣʘʰ ʙʦʩץʠʯʣʘʨʠʜʘ ʘʤʘʣʛʘ ʦʰʠʨʠʣʘʜʠ [2].  

ɹʫʛʫʥʛʠ ʢʫʥʜʘ ʤʘʚʞʫʜ ʙ˄ʣʛʘʥ ʪʘʙʠʠʡ ʪʠʣʥʠ ץʘʡʪʘ ʠʰʣʘʰ ʜʘʩʪʫʨʠʡ ʚʦʩʠʪʘʣʘʨʠʥʠʥʛ 

ʤʫʚʘʬʬʘץʠʷʪʠ ʫʣʘʨʜʘ ץ˄ʣʣʘʥʠʣʛʘʥ ʤʘʰʠʥʘʣʠ ˄ץʠʪʠʰ ʘʣʛʦʨʠʪʤʣʘʨʠʛʘ ʙʦסʣʠץ. ɹʠʨʦץ,  

ʪʘʙʠʠʡ ʪʠʣ ʪʘʙʠʘʪʘʥ ʥʦʘʥʠץ, ʭʠʣʤʘ-ʭʠʣ ʚʘ ʩʪʘʥʜʘʨʪʣʘʰʤʘʛʘʥ ʙ˄ʣʠʙ, ʫʥʜʘ ʩ˄ʟʣʘʨ ʪʫʨʣʠ 

ʢʦʥʪʝʢʩʪʣʘʨʜʘ ʪʫʨʣʠʯʘ ʤʘʲʥʦʛʘ ʵʛʘ ʙ˄ʣʠʰʠ ʤʫʤʢʠʥ. ʐʫʥʠʥʛʜʝʢ, ʠʤʣʦ, ʪʠʥʠʰ ʙʝʣʛʠʩʠ 

ʸʢʠ ʩʠʥʪʘʢʩʠʩʜʘʛʠ ʢʠʯʠʢ ʬʘʨץʣʘʨ ״ʘʤ ʪʘ״ʣʠʣ ʞʘʨʘʸʥʠʥʠ ʤʫʨʘʢʢʘʙʣʘʰʪʠʨʘʜʠ [3]. 

ʄʘʟʢʫʨ ʪʘʜץʠץʦʪ ʜʦʠʨʘʩʠʜʘ ʠʰʣʘʙ ʯʠץʠʣʛʘʥ ʜʘʩʪʫʨʠʡ ʪʘʲʤʠʥʦʪ ʢʣʘʩʩʠʢ ʚʘ ʢʚʘʥʪ 

ʸʥʜʘʰʫʚ ʘʩʦʩʠʜʘ ʠʰʣʘʙ ʯʠץʠʣʛʘʥ ʙ˄ʣʠʙ, ʫʥʜʘʥ ʪʘʙʠʠʡ ʪʠʣ ʤʘʲʣʫʤʦʪʣʘʨʠʥʠ ʪʘ״ʣʠʣ 

 ʠʣʠʰ, ʪʦʟʘʣʘʰ, ʚʝʢʪʦʨʣʘʰ ʚʘ ʪʘʩʥʠʬʣʘʰʜʘ ʬʦʡʜʘʣʘʥʠʰ ʤʫʤʢʠʥ. ɼʘʩʪʫʨʠʡץ

ʪʘʲʤʠʥʦʪʥʠʥʛ ʘʩʦʩʠʡ ʘʬʟʘʣʣʠʢʣʘʨʠʜʘʥ ʙʠʨʠ ʙʫ  ʤʘʪʥʣʘʨʛʘ ʠʰʣʦʚ ʙʝʨʠʰʥʠʥʛ ʢʚʘʥʪ 

ʸʥʜʘʰʫʚʣʘʨʠ ʤʘʚʞʫʜʣʠʛʠ ״ʠʩʦʙʣʘʥʘʜʠ. ɹʫʥʜʘ ʩ˄ʟʣʘʨ ʯʘʩʪʦʪʘʩʠ ʚʘ ʫʣʘʨʥʠ ʬʘʟʦʚʠʡ ˄ʟʘʨʦ 

ʪʘʲʩʠʨʠ ״ʘʤ ʘʥʠץʣʘʥʘʜʠ, ʷʲʥʠ ״ʘʨ ʙʠʨ ʩ˄ʟ ʘʤʧʣʠʪʫʜʘ ʚʘ ʬʘʟʘ ʢʦʤʧʦʥʝʥʪʘʣʘʨʠ ʠʥʦʙʘʪʛʘ 

ʦʣʠʥʘʜʠ. ʅʘʪʠʞʘʜʘ ʤʘʪʥ ʩʝʤʘʥʪʠʢ ʢʦʥʪʝʢʩʪʠ ʥʠʩʙʘʪʘʥ ʯʫץʫʨ ʚʘ ʘʥʠץ ʠʬʦʜʘʣʘʥʘʜʠ. 

ɼʘʩʪʫʨʠʡ ʪʘʲʤʠʥʦʪ ץʫʣʘʡ ʬʦʡʜʘʣʘʥʫʚʯʠ ʠʥʪʝʨʬʝʡʩʠʛʘ ʵʛʘ ʙ˄ʣʠʙ, ʫ ʢʣʘʩʩʠʢ 

ʪʦʟʘʣʘʰ, ʪʦʢʝʥʠʟʘʮʠʷ, ʩʪʝʤʤʠʥʛ, ʣʝʤʤʘʪʠʟʘʮʠʷ, ʩʪʦʧ-ʩ˄ʟʣʘʨʥʠ ʦʣʠʙ ʪʘʰʣʘʰ, 

ʥʦʨʤʘʣʠʟʘʮʠʷ ʢʘʙʠ ʘʤʘʣʣʘʨʠ ʙʠʣʘʥ ʪ˄ʣʜʠʨʠʣʛʘʥ. ɼʘʩʪʫʨʠʡ ʪʘʲʤʠʥʦʪ ʪʫʨʣʠ ʤʘʪʥʣʘʨ, 

ʞʫʤʣʘʜʘʥ, ʪʝʭʥʠʢ, ʠʣʤʠʡ ʸʢʠ ʠʞʪʠʤʦʠʡ ʪʘʨʤʦץʣʘʨʜʘʛʠ ʥʦʘʥʠץ ʤʘʪʥʣʘʨ ʫʩʪʠʜʘ ״ʘʤ 

ʩʘʤʘʨʘʣʠ ʠʰʣʘʰ ʠʤʢʦʥʠʥʠ ʙʝʨʘʜʠ. ɹʫʥʜʘʥ ʪʘʰץʘʨʠ, ʢʚʘʥʪ ʚʝʢʪʦʨʣʘʰ ʙʦʩץʠʯʠ ʬʘʟʦʚʠʡ 

ʭʫʩʫʩʠʷʪʣʘʨʠ ʸʨʜʘʤʠʜʘ ʠʬʦʜʘʣʘʙ, ʤʦʜʝʣʥʠ ʪʝʟʨʦץ ʠʰʣʘʰʠʥʠ ʪʘʲʤʠʥʣʘʡʜʠ ʚʘ ״ʠʩʦʙʣʘʰ 

ʩʘʤʘʨʘʜʦʨʣʠʛʠʥʠ ʦʰʠʨʘʜʠ. 

ʊʘʜץʠץʦʪʣʘʨ ʢʚʘʥʪ ״ʠʩʦʙʣʘʰ ʘʣʛʦʨʠʪʤʣʘʨʠʥʠ ʢʣʘʩʩʠʢ ʘʣʛʦʨʠʪʤʣʘʨʠʛʘ ʥʠʩʙʘʪʘʥ 

ʫʩʪʫʥʣʠʛʠʥʠ ʢ˄ʨʩʘʪʜʠ. ɹʫ ʘʡʥʠץʩʘ, ʤʫʨʘʢʢʘʙ ʩʝʤʘʥʪʠʢ ʬʘʨץʣʘʨʥʠ ʘʥʠץʣʘʰʜʘ, ʷʲʥʠ 

ʩʘʨʢʘʟʤ, ʢ˄ʧ ʤʘʲʥʦʣʠ ʠʙʦʨʘʣʘʨ ʸʢʠ ʢʦʥʪʝʢʩʪʠ ˄ʟʛʘʨʫʚʯʘʥ ʛʘʧʣʘʨʜʘ ʷץץʦʣ ʥʘʤʦʸʥ ʙ˄ʣʜʠ. 

ʂʚʘʥʪ ʘʩʦʩʠʜʘʛʠ ʸʥʜʘʰʫʚʣʘʨʜʘ ʘʥʠץʣʠʢ 3ï7% ʶץʦʨʠ ʙ˄ʣʜʠ, ʙʫ ʢʚʘʥʪ ʘʣʛʦʨʠʪʤʣʘʨʥʠ 

ʩʝʤʘʥʪʠʢ ʠʥʪʝʨʬʝʨʝʥʮʠʷʣʘʨʥʠ ʶץʦʨʠ ʜʘʨʘʞʘʜʘ ʠʥʦʙʘʪʛʘ ʦʣʠʰ  ʭʫʩʫʩʠʷʪʠʥʠ ʪʘʩʜʠץʣʘʡʜʠ. 

ʐʫʥʠʥʛʜʝʢ, ʜʘʩʪʫʨʠʡ ʪʘʲʤʠʥʦʪ GPU ʚʘ CPU ʤʫ״ʠʪʠʜʘ ʦʧʪʠʤʘʣʣʘʰʪʠʨʠʣʛʘʥ ʙ˄ʣʠʙ, ʫ 

ʢʘʪʪʘ ״ʘʞʤʣʠ ʤʘʲʣʫʤʦʪʣʘʨʥʠ ץʘʡʪʘ ʠʰʣʘʰʜʘ ʶץʦʨʠ ʩʘʤʘʨʘʜʦʨʣʠʢʥʠ ʪʘʲʤʠʥʣʘʡʜʠ. 

ʌʦʡʜʘʣʘʥʫʚʯʠ ʠʥʪʝʨʬʝʡʩʠ ״ʘʤ ʠʣʤʠʡ-ʘʤʘʣʠʡ ʞʠ״ʘʪʜʘʥ ʠʰʣʘʙ ʯʠץʠʣʛʘʥ ״ʘʤʜʘ 

ʤʘʪʥʣʘʨʥʠ ʶʢʣʘʰ, ʪʦʟʘʣʘʰ, ʚʝʢʪʦʨʣʘʰ ʚʘ ʥʘʪʠʞʘʣʘʨʥʠ ʤʘʰʠʥʘʣʠ ˄ץʠʪʠʰ ʘʣʛʦʨʠʪʤʣʘʨʠ 

ʦʨץʘʣʠ ʪʘ״ʣʠʣ ץʠʣʠʰ ʠʤʢʦʥʠʷʪʠ ʬʦʡʜʘʣʘʥʫʚʯʠ ʫʯʫʥ ץʫʣʘʡ ʪʘʨʟʜʘ ʞʦʡʣʘʰʪʠʨʠʣʛʘʥ. 

ʋʤʫʤʘʥ ʦʣʛʘʥʜʘ, ʫʰʙʫ ʜʘʩʪʫʨʠʡ ʪʘʲʤʠʥʦʪ ʪʘʙʠʠʡ ʪʠʣʥʠ ʢʚʘʥʪ ״ʠʩʦʙʣʘʰ ʦʨץʘʣʠ ʬʘʟʦʜʘ 

ʠʬʦʜʘʣʘʰ ʚʘ ʫʥʠ ʤʘʰʠʥʘʣʠ ˄ץʠʪʠʰ ʙʠʣʘʥ ʙʠʨʣʘʰʪʠʨʠʰ ʦʨץʘʣʠ ʷʥʛʠ ʠʣʤʠʡ-ʘʤʘʣʠʡ 

ʠʤʢʦʥʠʷʪʣʘʨʥʠ ʦʯʠʙ ʙʝʨʘʜʠ. ʊʠʟʠʤ ʤʘʪʥʣʘʨʥʠ ʯʫץʫʨ ʩʝʤʘʥʪʠʢ ʪʘ״ʣʠʣ ץʠʣʠʰ, ʫʣʘʨʥʠ 

ʪʘʩʥʠʬʣʘʰ ״ʘʤʜʘ ʪʝʭʥʠʢ ʩ˄ʨʦʚʣʘʨʥʠ ʘʚʪʦʤʘʪʠʢ ʪʘʩʥʠʬʣʘʰ ʢʘʙʠ ʚʘʟʠʬʘʣʘʨʜʘ ʶץʦʨʠ 

ʘʥʠץʣʠʢ ʚʘ ʪʝʟʣʠʢʥʠ ʪʘʲʤʠʥʣʘʡʜʠ. ɹʫ ʵʩʘ ʠʰʣʘʙ ʯʠץʠʣʛʘʥ ʜʘʩʪʫʨʠʡ ʪʘʲʤʠʥʦʪʥʠ NLP 

ʘʤʘʣʠʡ ʤʘʩʘʣʘʣʘʨʠʛʘ ʩʘʤʘʨʘʣʠ ʪʘʪʙʠץ ʵʪʠʰ  ʤʫʤʢʠʥʣʠʛʠʥʠ ʢ˄ʨʩʘʪʘʜʠ. 

ʄʝʪʦʜʦʣʦʛʠʷ 

ʀʰʣʘʙ ʯʠץʠʣʛʘʥ ʜʘʩʪʫʨʠʡ ʪʘʲʤʠʥʦʪ ץʫʣʘʡ ʠʥʪʝʨʬʝʡʩʛʘ ʵʛʘ ʙ˄ʣʠʙ, ʤʘʪʥʣʠ 

ʤʘʲʣʫʤʦʪʣʘʨʥʠ ץʘʡʪʘ ʠʰʣʘʰʥʠ ʙʘʨʯʘ ʙʦʩץʠʯʣʘʨʠʥʠ ʷʛʦʥʘ ʤʫ״ʠʪʜʘ ʘʤʘʣʛʘ ʦʰʠʨʠʰ 
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ʠʤʢʦʥʠʥʠ ʙʝʨʘʜʠ (1-ʨʘʩʤ). ɼʘʩʪʫʨʠʡ ʪʘʲʤʠʥʦʪ ʤʝʥʶ ʪʫʟʠʣʤʘʩʠ ʤʘʥʪʠץʠʡ ʤʦʜʫʣʣʘʨʛʘ ʵʛʘ 

ʙ˄ʣʠʙ, ʫʥʠʥʛ ״ʘʨ ʙʠʨ ʤʦʜʫʣʠ ʘʣʦ״ʠʜʘ ʬʫʥʢʮʠʷʥʠ ʙʘʞʘʨʘʜʠ, ʷʲʥʠ ʬʘʡʣ ʙʦʰץʘʨʫʚʠ, 

ʢʣʘʩʩʠʢ ʚʘ ʢʚʘʥʪ ʜʘʩʪʣʘʙʢʠ ʠʰʣʦʚ ʙʝʨʠʰ ״ʘʤʜʘ ʤʘʪʥʣʘʨʥʠ ʪʘʩʥʠʬʣʘʰ ʙ˄ʣʠʤʣʘʨʠʜʘʥ 

ʠʙʦʨʘʪ. ɼʘʩʪʫʨʠʡ ʪʘʲʤʠʥʦʪ ʤʦʜʫʣʣʘʨʠ ʫʡסʫʥ ʠʰʣʘʰʠ ʬʦʡʜʘʣʘʥʫʚʯʠʛʘ ʤʘʪʥ 

ʤʘʲʣʫʤʦʪʣʘʨʠʥʠ ʪʘ״ʣʠʣ ץʠʣʠʰ, ʪʦʟʘʣʘʰ, ʚʝʢʪʦʨʣʘʰ ʚʘ ʤʘʰʠʥʘʣʠ ˄ץʠʪʠʰ ʘʩʦʩʠʜʘ 

ʪʘʩʥʠʬʣʘʰ ʠʤʢʦʥʠʥʠ ʙʝʨʘʜʠ. 

 
1-ʨʘʩʤ. ɼʘʩʪʫʨʠʡ ʪʘʲʤʠʥʦʪ ʦʡʥʘʩʠ 

ʌʘʡʣ ʤʝʥʶʩʠ. ɹʫ ʜʘʩʪʫʨ ʪʘʲʤʠʥʦʪʥʠ ʙʦʰ ʤʝʥʶʩʠʥʠ ʘʩʦʩʠʡ ץʠʩʤʣʘʨʠʜʘʥ ʙʠʨʠ 

ʙ˄ʣʠʙ, ʫ ʬʘʡʣʣʘʨ ʙʠʣʘʥ ʠʰʣʘʰ ʠʤʢʦʥʠʥʠ ʙʝʨʘʜʠ (2ʘ- ʨʘʩʤ). ʋʥʜʘ ʷʥʛʠ ״ʫʞʞʘʪ ʷʨʘʪʠʰ, 

ʤʘʚʞʫʜ ʤʘʪʥʣʠ ʬʘʡʣʣʘʨʥʠ ʦʯʠʰ, ʫʣʘʨʥʠ ʩʘץʣʘʰ ʸʢʠ ʙʦʰץʘ ʥʦʤ ʙʠʣʘʥ ʩʘץʣʘʰ ʢʘʙʠ 

ʘʤʘʣʣʘʨ ʤʘʚʞʫʜ. ʐʫʥʠʥʛʜʝʢ, ʤʘʟʢʫʨ ʤʝʥʶ ʦʨץʘʣʠ ʢʦʜʣʘʰ ʪʫʨʠ, ʪʠʣ ʸʢʠ ʙʦʰץʘ 

ʧʘʨʘʤʝʪʨʣʘʨʥʠ ʩʦʟʣʘʥʠʰʠ ʤʫʤʢʠʥ. ʐʫʥʠʥʛʜʝʢ, ʷʥʛʠ ʤʘʪʥ ʢʦʨʧʫʩʠ ʶʢʣʘʥʠʙ, ʫʥʠ ץʘʡʪʘ 

ʠʰʣʘʰ ʞʘʨʘʸʥʠʛʘ ʫʟʘʪʠʰ, ʬʘʡʣʥʠ ʸʧʠʰ ʚʘ ʜʘʩʪʫʨʜʘʥ ʯʠץʠʰ ʢʘʙʠ ʩʪʘʥʜʘʨʪ 

ʙʦʰץʘʨʫʚʣʘʨʥʠ ʘʤʘʣʛʘ ʦʰʠʨʠʰ ʤʫʤʢʠʥ. 
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2-ʨʘʩʤ. a) ʬʘʡʣ ʤʝʥʶʩʠ, b) ʢʣʘʩʩʠʢ ʜʘʩʪʣʘʙʢʠ ʠʰʣʦʚ ʙʝʨʠʰ, c) ʢʚʘʥʪ ʜʘʩʪʣʘʙʢʠ ʠʰʣʦʚ 

ʙʝʨʠʰ, d) ʪʘʩʥʠʬʣʘʰ, e) ʸʨʜʘʤ 

ʂʣʘʩʩʠʢ ʜʘʩʪʣʘʙʢʠ ʠʰʣʦʚ ʙʝʨʠʰ ʤʝʥʶʩʠ. ʄʘʟʢʫʨ ʤʝʥʶ ʪʘʙʠʠʡ ʪʠʣʥʠ ץʘʡʪʘ 

ʠʰʣʘʰʥʠ (NLP) ʘʥʲʘʥʘʚʠʡ ʘʣʛʦʨʠʪʤʣʘʨʠʥʠ ˄ʟ ʠʯʠʛʘ ʦʣʘʜʠ (2ʙ - ʨʘʩʤ). ɹʫʥʜʘ ʤʘʪʥʣʘʨʛʘ 

ʢʣʘʩʩʠʢ ʘʣʛʦʨʠʪʤʣʘʨ ʦʨץʘʣʠ ʜʘʩʪʣʘʙʢʠ ʠʰʣʦʚ ʙʝʨʠʰ ʚʘ ʪʘʥʠʙ ʦʣʠʰ ʘʤʘʣʣʘʨʠ 

ʙʘʞʘʨʠʣʘʜʠ, ʷʲʥʠ ʤʘʪʥʜʘʛʠ ʙʘʨʯʘ ʙʝʣʛʠʣʘʨʥʠ ʢʠʯʠʢ ״ʘʨʬʣʘʨʛʘ ˄ʪʢʘʟʠʰ, ʪʠʥʠʰ 

ʙʝʣʛʠʣʘʨʠʥʠ ʦʣʠʙ ʪʘʰʣʘʰ, ʪʦʢʝʥʠʟʘʮʠʷ, ʩʪʝʤʤʠʥʛ ʚʘ ʣʝʤʤʘʪʠʟʘʮʠʷ ʦʨץʘʣʠ ʩ˄ʟ 

ʘʩʦʩʣʘʨʠʥʠ ʘʥʠץʣʘʰ, ʩʪʦʧ-ʩ˄ʟʣʘʨʥʠ ʦʣʠʙ ʪʘʰʣʘʰ ״ʘʤʜʘ ʩ˄ʟ ʯʘʩʪʦʪʘʣʘʨʠʥʠ ״ʠʩʦʙʣʘʰ 

ʢʘʙʠʣʘʨ. ʐʫʥʠʥʛʜʝʢ, ʫʰʙʫ ʤʝʥʶʜʘ Bag of words ʸʢʠ TF_IDF ʢʘʙʠ ʚʝʢʪʦʨʣʘʰ 

ʘʣʛʦʨʠʪʤʣʘʨʠ ʘʩʦʩʠʜʘ ʤʘʪʥ ʚʝʢʪʦʨʣʘʨʠʥʠ ץʫʨʠʰ ʠʤʢʦʥʠʷʪʠ ״ʘʤ ʤʘʚʞʫʜ. ʋʤʫʤʘʥ 

ʦʣʛʘʥʜʘ, ʫʰʙʫ ʤʝʥʶ ʦʨץʘʣʠ ʤʘʪʥ ʥʘʚʙʘʪʜʘʛʠ ʙʦʩץʠʯʛʘ, ʷʲʥʠ ʩʝʤʘʥʪʠʢ ʪʘ״ʣʠʣʛʘ 

ʪʘʡʸʨʣʘʥʘʜʠ. 

ʂʚʘʥʪ ʜʘʩʪʣʘʙʢʠ ʠʰʣʦʚ ʙʝʨʠʰ. ʄʘʟʢʫʨ ʤʝʥʶ ʪʘʙʠʠʡ ʪʠʣʥʠ ץʘʡʪʘ ʠʰʣʘʰʥʠ 

(NLP) ʢʚʘʥʪ ״ʠʩʦʙʣʘʰ ʘʩʦʩʠʜʘ ʤʘʪʥʣʠ ʤʘʲʣʫʤʦʪʣʘʨʛʘ ʜʘʩʪʣʘʙʢʠ ʠʰʣʦʚ ʠʤʢʦʥʠʥʠ ʙʝʨʘʜʠ 

(2ʩ - ʨʘʩʤ). ɹʫʥʜʘ ʢʚʘʥʪ ״ʠʩʦʙʣʘʰ ʦʨץʘʣʠ ʜʘʩʪʣʘʙʢʠ ʠʰʣʦʚ ʙʝʨʠʰ ʚʘ ʪʘʥʠʙ ʦʣʠʰ 

ʘʤʘʣʣʘʨʠ ʙʘʞʘʨʠʣʘʜʠ, ʷʲʥʠ ʤʘʪʥʜʘʛʠ ʙʘʨʯʘ ʙʝʣʛʠʣʘʨʥʠ ʢʠʯʠʢ ״ʘʨʬʣʘʨʛʘ ˄ʪʢʘʟʠʰ, ʪʠʥʠʰ 

ʙʝʣʛʠʣʘʨʠʥʠ ʦʣʠʙ ʪʘʰʣʘʰ, ʪʦʢʝʥʠʟʘʮʠʷ, ʩʪʝʤʤʠʥʛ ʚʘ ʣʝʤʤʘʪʠʟʘʮʠʷ ʦʨץʘʣʠ ʩ˄ʟ 

ʘʩʦʩʣʘʨʠʥʠ ʘʥʠץʣʘʰ, ʩʪʦʧ-ʩ˄ʟʣʘʨʥʠ ʦʣʠʙ ʪʘʰʣʘʰ ״ʘʤʜʘ ʩ˄ʟ ʯʘʩʪʦʪʘʣʘʨʠʥʠ ״ʠʩʦʙʣʘʰ 

ʢʘʙʠʣʘʨ. ɹʫ ʤʘʪʥ ʵʣʝʤʝʥʪʣʘʨʠʥʠ ʢʚʘʥʪ ״ʦʣʘʪʣʘʨʠ ʘʩʦʩʠʜʘ ʚʝʢʪʦʨʣʘʰ, ʷʲʥʠ ʢʚʘʥʪ one-hot, 

bag of words, TF_IDF ʚʘ Word2vec ʚʝʢʪʦʨʣʘʨʠʥʠ ʷʨʘʪʠʰ ʤʫʤʢʠʥ. ʐʫʥʠʥʛʜʝʢ, ʙʫʥʜʘ ʢʚʘʥʪ 

ʩʝʟʛʠʨʣʠʢʢʘ ʘʩʦʩʣʘʥʛʘʥ ʪʦʟʘʣʘʰ ʫʩʫʣʠ ״ʘʤ ץ˄ʣʣʘʥʠʣʘʜʠ. ʂʚʘʥʪʣʠ ʥʦʨʤʘʣʣʘʰʪʠʨʠʰ ʚʘ 

ʠʥʪʝʨʬʝʨʝʥʮʠʷʥʠ ״ʠʩʦʙʣʘʰ ʦʨץʘʣʠ ʩ˄ʟʣʘʨ ʦʨʘʩʠʜʘʛʠ ʩʝʤʘʥʪʠʢ ʙʦסʣʠץʣʠʢ ʘʥʠץʣʘʥʘʜʠ. 

ʋʰʙʫ ʤʝʥʶ ʘʩʦʩʠʡ ʘʬʟʘʣʣʠʛʠ ʢʣʘʩʩʠʢ ʘʣʛʦʨʠʪʤʣʘʨʜʘ ʤʘʚʞʫʜ ʙ˄ʣʤʘʛʘʥ ʢʚʘʥʪ 
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ʠʥʪʝʨʬʝʨʝʥʮʠʷ ʚʘ ʩʫʧʝʨʧʦʟʠʮʠʷ ʭʫʩʫʩʠʷʪʣʘʨʠ ״ʠʩʦʙʣʘʥʘʜʠ. ʅʘʪʠʞʘʜʘ, ʢʚʘʥʪ ʚʝʢʪʦʨʣʘʨ 

ʯʫץʫʨʨʦץ ʩʝʤʘʥʪʠʢ ʤʘʟʤʫʥʥʠ ץʘʤʨʘʙ ʦʣʘʜʠ. 

ʊʘʩʥʠʬʣʘʰ ʤʝʥʶʩʠ. ɹʫ ʜʘʩʪʫʨʠʡ ʪʘʲʤʠʥʦʪʥʠ ʘʩʦʩʠʡ ʙʦʩץʠʯʣʘʨʠʜʘʥ ʙʠʨʠʥʠ 

ʪʘʰʢʠʣ ʵʪʘʜʠ ʚʘ ʫʥʜʘ ʤʦʜʝʣʥʠ ʪʘʥʣʘʰ ״ʘʤʜʘ ʪʘʩʥʠʬʣʘʰ ʘʤʘʣʣʘʨʠ ʤʘʚʞʫʜ (2ʜ - ʨʘʩʤ). 

ʐʫʥʠʥʛʜʝʢ, ʤʘʰʠʥʘʣʠ ˄ץʠʪʠʰ ʚʘ ʯʫץʫʨ ˄ץʠʪʠʰ ʘʨʭʠʪʝʢʪʫʨʘʣʘʨʠ LSTM, ʥʝʡʨʦʥ ʪʘʨʤʦץ 

ʚʘ ʙʦʰץʘ ʤʦʜʝʣʣʘʨʜʘʥ ʬʦʡʜʘʣʘʥʠʰ ʠʤʢʦʥʠʷʪʠ ʤʘʚʞʫʜ. ʌʦʡʜʘʣʘʥʫʚʯʠ ʤʦʜʝʣʥʠ ˄ץʠʪʠʰ 

ʚʘ ʪʝʩʪʣʘʰʥʠ ʘʚʪʦʤʘʪʠʢ ʘʤʘʣʛʘ ʦʰʠʨʠʰʠ ʤʫʤʢʠʥ. ʅʘʪʠʞʘʣʘʨ ʘʥʠץʣʠʢ, ʘʥʠץʣʦʚʯʘʥʣʠʢ, 

ʪ˄ʣʠץ ץʘʤʨʦʚ ʚʘ F1-ʤʝʟʦʥ ʢʘʙʠ ʘʩʦʩʠʡ ʢ˄ʨʩʘʪʢʠʯʣʘʨ ʙ˄ʡʠʯʘ ʙʘ״ʦʣʘʥʘʜʠ. ʐʫʥʠʥʛʜʝʢ, 

ʬʦʡʜʘʣʘʥʫʚʯʠ confusion matrix ʦʨץʘʣʠ ʤʦʜʝʣ ʭʘʪʦʣʠʢʣʘʨʠʥʠ ץʘʥʜʘʡ ʪʘץʩʠʤʣʘʛʘʥʠʥʠ 

ʚʠʟʫʘʣ ʢ˄ʨʠʰʠ ʤʫʤʢʠʥ. ʊʘʩʥʠʬʣʘʰ ʪʫʨʣʠ ʘʤʘʣʠʡ ʚʘʟʠʬʘʣʘʨʜʘ, ʭʫʩʫʩʘʥ, ʩʘʨʢʘʟʤ, ʩʧʘʤ 

ʸʢʠ ʠʞʦʙʠʡ-ʩʘʣʙʠʡ ʦ״ʘʥʛʜʘʛʠ ʤʘʪʥʣʘʨʥʠ ʘʥʠץʣʘʰʜʘ ʩʘʤʘʨʘʣʠ ץ˄ʣʣʘʥʠʣʠʰʠ ʤʫʤʢʠʥ. 

ɪʨʜʘʤ ʤʝʥʶʩʠ. ɹʫ ʜʘʩʪʫʨ ʬʦʡʜʘʣʘʥʫʚʯʠʩʠʥʠ ץ˄ʣʣʘʙ-ץʫʚʚʘʪʣʘʰ ʚʘ ʜʘʩʪʫʨ ״ʘץʠʜʘ 

ʟʘʨʫʨ ʤʘʲʣʫʤʦʪʣʘʨʥʠ ʪʘץʜʠʤ ʵʪʠʰ ʫʯʫʥ ʤ˄ʣʞʘʣʣʘʥʛʘʥ (2ʵ - ʨʘʩʤ). ʋʰʙʫ ʤʝʥʶʜʘ 

ʬʦʡʜʘʣʘʥʫʚʯʠ ʜʘʩʪʫʨ ʠʤʢʦʥʠʷʪʣʘʨʠ, ʠʰʣʘʰ ʪʘʤʦʡʠʣʠ ״ʘʤʜʘ ʪʝʭʥʠʢ ʰʘʨʪʣʘʨʠ ʙʠʣʘʥ 

ʪʘʥʠʰʠʰʠ ʤʫʤʢʠʥ. ʄʝʥʶʜʘ ʙʠʨ ʥʝʯʪʘ ʬʫʥʢʮʠʦʥʘʣ ʵʣʝʤʝʥʪʣʘʨ ʤʘʚʞʫʜ. ñפ˄ʣʣʘʥʤʘò 

 ʘʥʜʘʡ ʬʦʡʜʘʣʘʥʠʰ, ʘʩʦʩʠʡ ʦʡʥʘʣʘʨ ʚʘ ʤʝʥʶ ʵʣʝʤʝʥʪʣʘʨʠ ʚʘʟʠʬʘʣʘʨʠץ ʠʩʤʠ ʜʘʩʪʫʨʜʘʥץ

 ʠʩʤʠ ʜʘʩʪʫʨʜʘץ ʠʜʘòץʘ״ ʠʯ ʪʫʰʫʥʪʠʨʠʰ ʙʝʨʘʜʠ. ñʄʦʜʝʣץʠʯʤʘ-ʙʦʩץʠʜʘ ʙʦʩץʘ״

ʬʦʡʜʘʣʘʥʠʣʘʸʪʛʘʥ ʘʣʛʦʨʠʪʤʣʘʨ ʢʣʘʩʩʠʢ NLP ʤʦʜʫʣʣʘʨʠ, ʢʚʘʥʪ ʜʘʩʪʣʘʙʢʠ ʠʰʣʦʚ ʙʝʨʠʰ 

ʫʩʫʣʣʘʨʠ ʚʘ ʤʘʰʠʥʘʣʠ ˄ץʠʪʠʰ ʫʩʫʣʣʘʨʠ ״ʘץʠʜʘ ץʠʩץʘʯʘ ʪʝʭʥʠʢ ʠʟʦ״ʣʘʨʥʠ ˄ʟ ʠʯʠʛʘ ʦʣʛʘʥ. 

ñʃʠʮʝʥʟʠʷ ʚʘ ʬʦʡʜʘʣʘʥʠʰ ʰʘʨʪʣʘʨʠò ץʠʩʤʠʜʘ ʜʘʩʪʫʨʠʡ ʪʘʲʤʠʥʦʪ ״ʫץʫץʠʡ ʘʩʦʩʣʘʨʠ, 

ʣʠʮʝʥʟʠʷ ʪʫʨʠ ʚʘ ʬʦʡʜʘʣʘʥʫʚʯʠ ʬʦʡʜʘʣʘʥʠʰ ״ʫץʫץʣʘʨʠ ʙʘʸʥ ʵʪʠʣʛʘʥ. ñʊʝʭʥʠʢ ʸʨʜʘʤò 

 ʠʩʤʠʜʘ ʵʩʘ ʬʦʡʜʘʣʘʥʫʚʯʠʥʠ ʜʘʩʪʫʨʜʘʥ ʬʦʡʜʘʣʘʥʠʰʠʜʘ ʶʟʘʛʘ ʢʝʣʛʘʥ ʤʫʘʤʤʦ ʙ˄ʡʠʯʘץ

ʘʣʦץʘ ʤʘʥʟʠʣʣʘʨʠ, ʚʝʨʩʠʷ ʤʘʲʣʫʤʦʪʣʘʨʠ ״ʘʤʜʘ ʥʦʩʦʟʣʠʢʣʘʨʥʠ ʙʘʨʪʘʨʘʬ ʵʪʠʰ ʙ˄ʡʠʯʘ 

ʢ˄ʨʩʘʪʤʘʣʘʨ ʤʘʚʞʫʜ. 

ɼʘʩʪʫʨʠʡ ʪʘʲʤʠʥʦʪʜʘ ץ˄ʰʠʤʯʘ ʬʫʥʢʮʠʷʣʘʨ ʢʠʨʠʪʠʣʛʘʥ ʙ˄ʣʠʙ, ʫʣʘʨ ʜʘʩʪʫʨʠʡ 

ʪʘʲʤʠʥʦʪʥʠ ˄ʥʛ ʧʘʥʝʣʠʜʘ ʞʦʡʣʘʰʪʠʨʠʣʛʘʥ. פ˄ʰʠʤʯʘ ʬʫʥʢʮʠʷʣʘʨ ʩʠʬʘʪʠʜʘ ʤʘʪʥ 

ʦʨʘʩʠʜʘʥ ʩ˄ʟ ʸʢʠ ʞʫʤʣʘʥʠ ץʠʜʠʨʠʰ, ʭʘʪʦʣʠʢʣʘʨʥʠ ʣʫסʘʪ ʸʢʠ ʩʫʥʲʠʡ ʠʥʪʝʣʣʝʢʪ ʸʨʜʘʤʠʜʘ 

ʪʝʢʰʠʨʠʰ, ץ˄ʣʜʘ ʸʢʠ ʘʚʪʦʤʘʪʠʢ ʪ˄סʨʠʣʘʰ, ʪʘʩʥʠʬʣʘʰ ʚʘ ʸʟʫʚʥʠ ʢʠʨʠʣ ʸʢʠ ʣʦʪʠʥ 

ʘʣʠʬʙʦʩʠʛʘ ˄ʟʛʘʨʪʠʨʠʰ ʢʘʙʠ ʬʫʥʢʮʠʷʣʘʨ ʢʠʨʠʪʠʣʛʘʥ (1-ʨʘʩʤ). ɹʫ ʠʤʢʦʥʠʷʪʣʘʨ ʜʘʩʪʫʨʠʡ 

ʪʘʲʤʠʥʦʪʥʠ ʢ˄ʧ ʬʫʥʢʮʠʷʣʠ, ʠʥʪʝʨʘʢʪʠʚ ʚʘ ʬʦʡʜʘʣʘʥʫʚʯʠʛʘ ʡ˄ʥʘʣʪʠʨʠʣʛʘʥ ʪʘ״ʣʠʣ ʤʫ״ʠʪʠ 

ʩʠʬʘʪʠʜʘ ʷʥʘʜʘ ʤʫʢʘʤʤʘʣʣʘʰʪʠʨʘʜʠ. 

ʄʘʟʢʫʨ ʜʘʩʪʫʨʠʡ ʪʘʲʤʠʥʦʪ ʤʝʥʶʩʠ ʬʦʡʜʘʣʘʥʫʚʯʠ ʫʯʫʥ ץʫʣʘʡ, ʢ˄ʧ ʬʫʥʢʮʠʷʣʠ ʚʘ 

ʪ˄ʣʠץ ʠʥʪʝʛʨʘʮʠʷʣʘʰʛʘʥ ״ʦʣʜʘ ʷʨʘʪʠʣʛʘʥ. ɹʫʥʜʘ ʢʣʘʩʩʠʢ NLP ʫʩʫʣʣʘʨʠ ʙʠʣʘʥ ʢʚʘʥʪ 

ʫʩʫʣʣʘʨ ʙʠʨʣʘʰʪʠʨʠʣʠʙ, ʫʣʘʨ ʜʘʩʪʫʨʠʡ ʪʘʲʤʠʥʦʪʥʠ ʢʣʘʩʩʠʢ ʤʘʪʥ ʪʘ״ʣʠʣʠ, ʤʫʨʘʢʢʘʙ 

ʩʝʤʘʥʪʠʢ ʪʘʩʥʠʬʣʘʰ ʤʘʩʘʣʘʣʘʨʠʥʠ ʝʯʠʰʜʘ ʶץʦʨʠ ʩʘʤʘʨʘʜʦʨʣʠʢʥʠ  ʪʘʲʤʠʥʣʘʜʠ. 

ʅʘʪʠʞʘʣʘʨ 

ʄʘʪʥʣʠ ʤʘʲʣʫʤʦʪʣʘʨʥʠ ʪʘ״ʣʠʣ ץʠʣʠʰʜʘ ʢʣʘʩʩʠʢ ʚʘ ʢʚʘʥʪ ʚʝʢʪʦʨʣʘʰ ʘʣʛʦʨʠʪʤʣʘʨʠ 

 ʠʪʠʰץ˄ ʣʣʘʥʠʣʜʠ. ʋʣʘʨʥʠ ʩʘʤʘʨʘʜʦʨʣʠʛʠ ʤʘʪʥʣʘʨʥʠ ʪʘʩʥʠʬʣʘʰʥʠʥʛ ʤʘʰʠʥʘʣʠ˄ץ

ʫʩʫʣʣʘʨʠ ʚʘ ʥʝʡʨʦʥ ʪʘʨʤʦץ ʤʦʜʝʣʣʘʨʠʜʘ ʩʠʥʦʚʜʘʥ ˄ʪʢʘʟʠʣʠʙ, ʙʘ״ʦʣʘʰ ʤʝʪʨʠʢʘʣʘʨ ʚʘ ʚʘץʪ 

ʙ˄ʡʠʯʘ ʪʘץץʦʩʣʘʥʜʠ. 

ʐʘʢʣʣʘʥʪʠʨʠʣʛʘʥ ʢʚʘʥʪ ʚʝʢʪʦʨʣʘʨ (ʢʚʘʥʪ one-hot, ʢʚʘʥʪ TF_IDF, ʢʚʘʥʪ bag of words 

(BoW), ʢʚʘʥʪ Word2vec) Decision Tree, Random Forest, Naive Bayes, Passive Aggressive ʚʘ 

XGBoost ʤʦʜʝʣʣʘʨʠʜʘ ʩʠʥʦʚʜʘʥ ˄ʪʢʘʟʠʣʜʠ. ʅʘʪʠʞʘʜʘ ʢʚʘʥʪ TF_IDF ʚʘ BoW ʚʝʢʪʦʨʣʘʨʜʘʥ 

ʬʦʡʜʘʣʘʥʠʣʛʘʥ ʤʦʜʝʣʣʘʨ ʶץʦʨʠ ʘʥʠץʣʠʢʥʠ ʪʘʲʤʠʥʣʘʜʠ (1-ʞʘʜʚʘʣ). ɹʫʥʜʘ XGBoost ʚʘ 

Passive Aggressive ʤʦʜʝʣʣʘʨʠ ʢʚʘʥʪ ʚʝʢʪʦʨʣʘʨ ʙʠʣʘʥ ץ˄ʣʣʘʥʠʣʛʘʥʜʘ ʢʫʪʠʣʛʘʥ 
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ʥʘʪʠʞʘʣʘʨʥʠ ʪʘʲʤʠʥʣʘʜʠ. ʋʰʙʫ ʥʘʪʠʞʘʣʘʨ ʢʚʘʥʪ ʸʥʜʘʰʫʚʥʠ ʩ˄ʟʣʘʨ ʦʨʘʩʠʜʘʛʠ 

ʠʥʪʝʨʬʝʨʝʥʮʠʷ ʚʘ ʩʫʧʝʨʧʦʟʠʮʠʷ ״ʦʣʘʪʣʘʨʠʥʠ ʤʦʜʝʣʣʘʰʪʠʨʠʰʜʘ ʩʘʤʘʨʘʣʠ ʵʢʘʥʣʠʛʠʥʠ 

ʢ˄ʨʩʘʪʘʜʠ. ʆʣʠʥʛʘʥ ʥʘʪʠʞʘʣʘʨ ץʫʡʠʜʘʛʠ ʞʘʜʚʘʣʜʘ ʢʝʣʪʠʨʠʣʛʘʥ [4], [5], [6], [7], [8], [9], 

[10], [11]. 

1-ʞʘʜʚʘʣ 

ʂʚʘʥʪ ʚʝʢʪʦʨʣʘʰ ʚʘ ʤʘʰʠʥʘʣʠ ˄ץʠʪʠʰ ʫʩʫʣʣʘʨʠ ʙ˄ʡʠʯʘ ʪʘʩʥʠʬʣʘʰ ʥʘʪʠʞʘʣʘʨʠ 

ʊ/ʨ ʄʘʰʠʥʘʣʠ ˄ץʠʪʠʰ 

ʫʩʫʣʣʘʨʠ 

ʂʚʘʥʪ 

one-hot (%) 

ʂʚʘʥʪ  

TF_IDF (%) 

ʂʚʘʥʪ BʦW 

(%) 

ʂʚʘʥʪ 

Word2vec 

(%) 

1 Decision Tree 0.85 0.94 0.92 0.91 

2 Random Forest 0.91 0.91 0.94 0.90 

3 Naive Bayes 0.89 0.90 0.93 0.88 

4 Passive Aggressive 0.94 0.29 0.97 0.94 

5 XGBoost 0.93 0.94 0.96 0.95 

ʂʚʘʥʪ ʚʝʢʪʦʨʣʘʰ ʫʩʫʣʣʘʨʠ ʘʩʦʩʠʜʘ LSTM ʥʝʡʨʦʥ ʪʘʨʤʦסʠ ʦʨץʘʣʠ ʪʘʩʥʠʬʣʘʰ 

ʘʤʘʣʛʘ ʦʰʠʨʠʣʛʘʥʜʘ ʘʥʠץʣʠʢ 84% ʥʠ ʪʘʰʢʠʣ ʵʪʜʠ. ʂʚʘʥʪ ʚʝʢʪʦʨʣʘʰ ʚʘ LSTM 

ʸʥʜʘʰʫʚʣʘʨʠ ʙ˄ʡʠʯʘ ʙʘ״ʦʣʘʰ ʤʝʪʨʠʢʘʣʘʨʠ ʙ˄ʡʠʯʘ ʦʣʠʥʛʘʥ ʥʘʪʠʞʘʣʘʨ 2 - ʞʘʜʚʘʣʜʘ 

ʢʝʣʪʠʨʠʣʛʘʥ. 

ʊʘʜץʠץʦʪ ʥʘʪʠʞʘʩʠʜʘ ʢʚʘʥʪ one-hot ʘʣʛʦʨʠʪʤʣʘʨʠ ʵʥʛ ʶץʦʨʠ ʥʘʪʠʞʘʥʠ 

ʪʘʲʤʠʥʣʘʜʠ. ʂʚʘʥʪ ʚʝʢʪʦʨʣʘʰ ʘʩʦʩʠʜʘʛʠ LSTM ʤʦʜʝʣʠʥʠ ʘʥʠץʣʠʢ ʚʘ ʪʝʟʣʠʢ ʙ˄ʡʠʯʘ 

ʙʘʨץʘʨʦʨʣʠʛʠ ʢʫʟʘʪʠʣʜʠ. ɹʫʥʜʘ ʢʚʘʥʪ TF_IDF ʸʥʜʘʰʫʚʠ ʩʝʤʘʥʪʠʢ ʘʥʠץʣʠʢ ʚʘ ʙʘʨץʘʨʦʨ 

˄ʨʛʘʥʠʰ ʪʝʟʣʠʛʠ ʙ˄ʡʠʯʘ ʦʧʪʠʤʘʣ ʥʘʪʠʞʘʥʠ ʢ˄ʨʩʘʪʜʠ [4], [6]. 

2-ʞʘʜʚʘʣ 

ʂʚʘʥʪ ʚʝʢʪʦʨʣʘʰ ʙ˄ʡʠʯʘ ʪʘʩʥʠʬʣʘʰ ʥʘʪʠʞʘʣʘʨʠ 

ʊ/ʨ ɹʘ״ʦʣʘʰ 

ʤʝʪʨʠʢʘʣʘʨʠ 

ʂʚʘʥʪ 

one-hot 

ʂʚʘʥʪ  

TF_IDF  

ʂʚʘʥʪ BoW ʂʚʘʥʪ 

Word2vec 

1 ɸʥʠץʣʠʢ (%) 0.84 0.83 0.80 0.83 

2 ʊʘʩʜʠץʣʘʰ 

ʪ˄ʧʣʘʤʠʜʘʛʠ ʘʥʠץʣʠʢ 

(%) 

0.82 0.80 0.77 0.82 

3 ɶץʫʚ ʚʘץʪʠ (ʩ) 15,61 30,5 540 18 

4 ʅʘʟʦʨʘʪ ʚʘץʪʠ (ʩ) 1,2 10,1 3 1,5 

ʂʚʘʥʪ ״ʠʩʦʙʣʘʰ ʘʣʛʦʨʠʪʤʣʘʨʠ ʢʣʘʩʩʠʢ ʘʣʛʦʨʠʪʤʣʘʨʛʘ ʥʠʩʙʘʪʘʥ 3ï7 % ʶץʦʨʠ 

ʘʥʠץʣʠʢʥʠ ʪʘʲʤʠʥʣʘʜʠ. ɹʫ ʢʚʘʥʪ ʸʥʜʘʰʫʚʣʘʨʥʠ ʤʘʪʥʣʘʨʥʠ ʪʘ״ʣʠʣ ץʠʣʠʰʜʘ ʫʩʪʫʥʣʠʛʠʥʠ 

ʢ˄ʨʩʘʪʘʜʠ. 

ʍʫʣʦʩʘ 

ʄʘʟʢʫʨ ʪʘʜץʠץʦʪ ʜʦʠʨʘʩʠʜʘ ʠʰʣʘʙ ʯʠץʠʣʛʘʥ ʜʘʩʪʫʨʠʡ ʪʘʲʤʠʥʦʪ ʤʘʪʥʣʠ 

ʤʘʲʣʫʤʦʪʣʘʨʛʘ ʜʘʩʪʣʘʙʢʠ ʠʰʣʦʚ ʙʝʨʠʰ, ʚʝʢʪʦʨʣʘʰ, ʤʘʰʠʥʘʣʠ ˄ץʠʪʠʰ ʚʘ ʥʝʡʨʦʥ ʪʘʨʤʦץ 

ʘʩʦʩʠʜʘ ʪʘʩʥʠʬʣʘʰ ʞʘʨʘʸʥʣʘʨʠʥʠ ʷʛʦʥʘʜʜʦ˄ʥʛ ʤʫ״ʠʪʜʘ ץʘʤʨʘʙ ʦʣʛʘʥ ʙ˄ʣʠʙ, ʫ ʢʣʘʩʩʠʢ ʚʘ 

ʢʚʘʥʪ ʜʘʩʪʣʘʙʢʠ ʠʰʣʦʚ ʙʝʨʠʰ ʘʣʛʦʨʠʪʤʣʘʨʠʥʠ ץ˄ʣʣʘʰ, ʫʣʘʨʥʠ ʤʘʰʠʥʘʣʠ ˄ץʠʪʠʰ 

ʫʩʫʣʣʘʨʠ ʸʨʜʘʤʠʜʘ ʪʘʩʥʠʬʣʘʰ ʚʘ ʛʨʘʬʠʢ ʢ˄ʨʠʥʠʰʜʘ ʪʘ״ʣʠʣ ץʠʣʠʰ ʠʤʢʦʥʠʥʠ ʙʝʨʘʜʠ. 

ʊʘʞʨʠʙʘʚʠʡ ʪʘʜץʠץʦʪʣʘʨʜʘ ʢʚʘʥʪ ״ʠʩʦʙʣʘʰʛʘ ʘʩʦʩʣʘʥʛʘʥ ʤʦʜʝʣʣʘʨ ʢʣʘʩʩʠʢ ʸʥʜʘʰʫʚʣʘʨʛʘ 

ʥʠʩʙʘʪʘʥ 3ï7% ʶץʦʨʠ ʘʥʠץʣʠʢʥʠ ʪʘʲʤʠʥʣʘʜʠ. ʍʫʩʫʩʘʥ, ʢʚʘʥʪ one-hot ʚʘ LSTM 

ʸʥʜʘʰʫʚʠʜʘ ʚʘץʪ ʩʘʨʬʠ ץʠʩץʘʨʜʠ, ʰʫ ʙʠʣʘʥ ʙʠʨʛʘ ʶץʦʨʠ ʘʥʠץʣʠʢ ʪʘʲʤʠʥʣʘʥʜʠ.  
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ʀʰʣʘʙ ʯʠץʠʣʛʘʥ ʜʘʩʪʫʨʠʡ ʪʘʲʤʠʥʦʪʜʘʥ ʤʘʪʥʣʠ ʤʘʲʣʫʤʦʪʣʘʨʥʠ ʯʫץʫʨ ʪʘ״ʣʠʣ 

 ʦʪʣʘʨ, ʪʘʲʣʠʤ ʞʘʨʘʸʥʣʘʨʠץʠץʘʡʪʘ ʠʰʣʘʰ, ʠʣʤʠʡ ʪʘʜץ ʠʣʠʰ, ʪʘʩʥʠʬʣʘʰ ʚʘ ʪʘʙʠʠʡ ʪʠʣʥʠץ

 .ʘʣʘʨʜʘ ʩʘʤʘʨʘʣʠ ʚʦʩʠʪʘ ʩʠʬʘʪʠʜʘ ʬʦʡʜʘʣʘʥʠʰʠ ʤʫʤʢʠʥ״ʘʤʜʘ ʘʤʘʣʠʡ ʣʦʡʠ״
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ɸʥʥʦʪʘʮʠʷ: ɺ ʨʘʙʦʪʝ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʤʘʪʝʤʘʪʠʯʝʩʢʘʷ ʤʦʜʝʣʴ 

ʚʟʘʠʤʦʩʚʷʟʘʥʥʦʡ ʜʠʬʬʫʟʠʠ ʚʣʘʛʠ ʠ ʨʘʩʪʚʦʨʸʥʥʳʭ ʩʦʣʝʡ ʚ ʧʦʨʠʩʪʦʡ ʧʦʯʚʝʥʥʦʡ ʩʨʝʜʝ. 

ʇʨʝʜʣʦʞʝʥʥʘʷ ʩʠʩʪʝʤʘ ʥʝʣʠʥʝʡʥʳʭ ʫʨʘʚʥʝʥʠʡ ʢʨʦʩʩ-ʜʠʬʬʫʟʠʦʥʥʦʛʦ ʪʠʧʘ ʦʧʠʩʳʚʘʝʪ 

ʚʣʠʷʥʠʝ ʢʘʞʜʦʛʦ ʢʦʤʧʦʥʝʥʪʘ ʥʘ ʧʦʪʦʢ ʜʨʫʛʦʛʦ ʠ ʫʯʠʪʳʚʘʝʪ ʨʝʘʢʮʠʦʥʥʳʝ ʧʦʪʝʨʠ, 

ʩʚʷʟʘʥʥʳʝ ʩ ʠʩʧʘʨʝʥʠʝʤ ʠ ʥʘʢʦʧʣʝʥʠʝʤ ʩʦʣʝʡ. ʇʨʦʚʝʜʸʥ ʘʥʘʣʠʪʠʯʝʩʢʠʡ ʘʥʘʣʠʟ 

ʫʩʪʦʡʯʠʚʦʩʪʠ ʨʝʰʝʥʠʡ ʠ ʧʦʣʫʯʝʥʳ ʵʥʝʨʛʝʪʠʯʝʩʢʠʝ ʦʮʝʥʢʠ, ʧʦʜʪʚʝʨʞʜʘʶʱʠʝ 

ʜʠʩʩʠʧʘʪʠʚʥʳʝ ʩʚʦʡʩʪʚʘ ʩʠʩʪʝʤʳ. ɼʣʷ ʯʠʩʣʝʥʥʦʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ ʠʩʧʦʣʴʟʦʚʘʥʘ 

ʚʘʨʠʘʮʠʦʥʥʘʷ ʘʧʧʨʦʢʩʠʤʘʮʠʷ ʩ ʥʝʷʚʥʦʡ ʨʘʟʥʦʩʪʥʦʡ ʩʭʝʤʦʡ, ʦʙʝʩʧʝʯʠʚʘʶʱʘʷ 

ʫʩʪʦʡʯʠʚʦʩʪʴ ʨʘʩʯʸʪʦʚ. ʇʦʣʫʯʝʥʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʦʪʨʘʞʘʶʪ ʨʝʘʣʴʥʳʝ 

ʟʘʢʦʥʦʤʝʨʥʦʩʪʠ ʚʣʘʛʦ-ʩʦʣʝʚʦʛʦ ʧʝʨʝʥʦʩʘ ʠ ʤʦʛʫʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥʳ ʜʣʷ 

ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷ ʧʨʦʮʝʩʩʦʚ ʟʘʩʦʣʝʥʠʷ, ʦʧʪʠʤʠʟʘʮʠʠ ʤʝʣʠʦʨʘʪʠʚʥʳʭ ʤʝʨʦʧʨʠʷʪʠʡ ʠ 

ʫʧʨʘʚʣʝʥʠʷ ʚʦʜʥʦ-ʩʦʣʝʚʳʤ ʙʘʣʘʥʩʦʤ ʧʦʯʚ ʚ ʫʩʣʦʚʠʷʭ ʟʘʩʫʰʣʠʚʦʛʦ ʢʣʠʤʘʪʘ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʤʘʪʝʤʘʪʠʯʝʩʢʦʝ ʤʦʜʝʣʠʨʦʚʘʥʠʝ; ʢʨʦʩʩ-ʜʠʬʬʫʟʠʷ; ʚʣʘʛʦ-

ʩʦʣʝʚʦʡ ʧʝʨʝʥʦʩ; ʥʝʣʠʥʝʡʥʳʝ ʫʨʘʚʥʝʥʠʷ; ʧʦʨʠʩʪʘʷ ʧʦʯʚʝʥʥʘʷ ʩʨʝʜʘ; ʯʠʩʣʝʥʥʳʡ ʘʥʘʣʠʟ; 

ʤʝʣʠʦʨʘʮʠʷ; ʚʦʜʥʦ-ʩʦʣʝʚʦʡ ʙʘʣʘʥʩ. 

ɺʚʝʜʝʥʠʝ 

ʄʠʛʨʘʮʠʷ ʚʣʘʛʠ ʠ ʨʘʩʪʚʦʨʸʥʥʳʭ ʩʦʣʝʡ ʚ ʧʦʯʚʝʥʥʦʡ ʩʨʝʜʝ ʷʚʣʷʝʪʩʷ ʩʣʦʞʥʳʤ 

ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʤ ʧʨʦʮʝʩʩʦʤ, ʦʪ ʢʦʪʦʨʦʛʦ ʚ ʟʥʘʯʠʪʝʣʴʥʦʡ ʩʪʝʧʝʥʠ ʟʘʚʠʩʠʪ ʩʦʩʪʦʷʥʠʝ 

ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʳʭ ʟʝʤʝʣʴ, ʠʭ ʧʨʦʜʫʢʪʠʚʥʦʩʪʴ ʠ ʫʩʪʦʡʯʠʚʦʩʪʴ ʘʛʨʦʵʢʦʣʦʛʠʯʝʩʢʠʭ 

ʩʠʩʪʝʤ. ɺ ʫʩʣʦʚʠʷʭ ʠʟʤʝʥʝʥʠʷ ʢʣʠʤʘʪʘ, ʥʝʨʘʚʥʦʤʝʨʥʦʛʦ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʦʩʘʜʢʦʚ ʠ 

ʠʥʪʝʥʩʠʚʥʦʛʦ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʦʨʦʩʠʪʝʣʴʥʳʭ ʚʦʜ ʚʦʧʨʦʩʳ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷ ʟʘʩʦʣʝʥʠʷ ʠ 

ʨʝʛʫʣʠʨʦʚʘʥʠʷ ʚʦʜʥʦ-ʩʦʣʝʚʦʛʦ ʙʘʣʘʥʩʘ ʧʨʠʦʙʨʝʪʘʶʪ ʦʩʦʙʫʶ ʘʢʪʫʘʣʴʥʦʩʪʴ. 

ʉʦʚʨʝʤʝʥʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʦʢʘʟʳʚʘʶʪ, ʯʪʦ ʧʨʦʮʝʩʩʳ ʧʝʨʝʥʦʩʘ ʚʣʘʛʠ ʠ ʩʦʣʝʡ ʚ 

ʛʨʫʥʪʝ ʠʤʝʶʪ ʥʝʣʠʥʝʡʥʳʡ ʭʘʨʘʢʪʝʨ ʠ ʩʦʧʨʦʚʦʞʜʘʶʪʩʷ ʚʟʘʠʤʥʳʤ ʚʣʠʷʥʠʝʤ ʢʦʤʧʦʥʝʥʪʦʚ. 

ʇʦʪʦʢʠ ʚʣʘʛʠ ʟʘʚʠʩʷʪ ʥʝ ʪʦʣʴʢʦ ʦʪ ʛʨʘʜʠʝʥʪʘ ʢʦʥʮʝʥʪʨʘʮʠʠ ʚʦʜʳ, ʥʦ ʠ ʦʪ ʨʘʩʧʨʝʜʝʣʝʥʠʷ 

ʩʦʣʝʡ, ʚ ʪʦ ʚʨʝʤʷ ʢʘʢ ʜʚʠʞʝʥʠʝ ʩʦʣʝʡ ʦʧʨʝʜʝʣʷʝʪʩʷ ʠʟʤʝʥʝʥʠʷʤʠ ʚʣʘʞʥʦʩʪʠ ʠ ʩʢʦʨʦʩʪʴʶ 

ʠʩʧʘʨʝʥʠʷ. ʊʘʢʠʝ ʚʟʘʠʤʦʩʚʷʟʠ ʥʝ ʤʦʛʫʪ ʙʳʪʴ ʢʦʨʨʝʢʪʥʦ ʦʧʠʩʘʥʳ ʢʣʘʩʩʠʯʝʩʢʠʤʠ 

ʫʨʘʚʥʝʥʠʷʤʠ ʌʠʢʘ, ʯʪʦ ʪʨʝʙʫʝʪ ʧʦʩʪʨʦʝʥʠʷ ʙʦʣʝʝ ʦʙʱʠʭ ʤʦʜʝʣʝʡ ʩ ʫʯʸʪʦʤ ʢʨʦʩʩ-

ʜʠʬʬʫʟʠʦʥʥʳʭ ʵʬʬʝʢʪʦʚ. 

ʂʨʦʩʩ-ʜʠʬʬʫʟʠʦʥʥʳʝ ʤʦʜʝʣʠ ʧʦʟʚʦʣʷʶʪ ʫʯʠʪʳʚʘʪʴ ʚʟʘʠʤʥʦʝ ʚʣʠʷʥʠʝ ʢʦʤʧʦʥʝʥʪʦʚ 

ʠ ʦʧʠʩʳʚʘʪʴ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦ-ʚʨʝʤʝʥʥʫʶ ʜʠʥʘʤʠʢʫ ʩʣʦʞʥʳʭ ʩʠʩʪʝʤ ʩ ʥʝʣʠʥʝʡʥʦʡ 

ʩʪʨʫʢʪʫʨʦʡ. ʇʝʨʚʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʚ ʵʪʦʤ ʥʘʧʨʘʚʣʝʥʠʠ ʙʳʣʠ ʚʳʧʦʣʥʝʥʳ ʚ ʨʘʙʦʪʘʭ 

ʐʠʛʝʩʘʜʳ, ʂʘʚʘʩʘʢʠ ʠ ʊʵʨʘʤʦʪʦ, ʛʜʝ ʨʘʩʩʤʘʪʨʠʚʘʣʠʩʴ ʧʨʦʮʝʩʩʳ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʡ 

ʩʝʛʨʝʛʘʮʠʠ ʙʠʦʣʦʛʠʯʝʩʢʠʭ ʧʦʧʫʣʷʮʠʡ. ʇʦʟʜʥʝʝ ʧʦʜʭʦʜ ʙʳʣ ʨʘʩʰʠʨʝʥ ʜʣʷ ʟʘʜʘʯ 

ʭʠʤʠʯʝʩʢʦʡ ʢʠʥʝʪʠʢʠ, ʵʢʦʣʦʛʠʠ ʠ ʛʠʜʨʦʣʦʛʠʠ. ɺ ʦʪʝʯʝʩʪʚʝʥʥʦʡ ʥʘʫʯʥʦʡ ʰʢʦʣʝ 
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ʟʥʘʯʠʪʝʣʴʥʳʡ ʚʢʣʘʜ ʚʥʝʩʣʠ ɸ.ɸ. ʉʘʤʘʨʩʢʠʡ, ʄ.ʄ. ɸʨʠʧʦʚ, ʐ.ɸ. ʉʘʜʫʣʣʘʝʚʘ, ʨʘʟʚʠʚʰʠʝ 

ʤʝʪʦʜʳ ʨʝʰʝʥʠʷ ʥʝʣʠʥʝʡʥʳʭ ʢʨʘʝʚʳʭ ʟʘʜʘʯ ʠ ʢʦʤʧʴʶʪʝʨʥʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ 

ʜʠʬʬʫʟʠʦʥʥʳʭ ʧʨʦʮʝʩʩʦʚ. 

ʅʝʩʤʦʪʨʷ ʥʘ ʜʦʩʪʠʛʥʫʪʳʝ ʫʩʧʝʭʠ, ʤʘʪʝʤʘʪʠʯʝʩʢʠʝ ʤʦʜʝʣʠ ʚʟʘʠʤʦʩʚʷʟʘʥʥʦʡ 

ʜʠʬʬʫʟʠʠ ʚʣʘʛʠ ʠ ʩʦʣʝʡ ʦʩʪʘʶʪʩʷ ʥʝʜʦʩʪʘʪʦʯʥʦ ʠʩʩʣʝʜʦʚʘʥʥʳʤʠ, ʦʩʦʙʝʥʥʦ ʚ ʯʘʩʪʠ ʫʯʸʪʘ 

ʛʨʘʜʠʝʥʪʥʦ-ʟʘʚʠʩʠʤʳʭ ʨʝʘʢʮʠʦʥʥʳʭ ʧʦʪʝʨʴ ʠ ʥʝʣʠʥʝʡʥʳʭ ʦʧʝʨʘʪʦʨʦʚ ʪʠʧʘ p-ʃʘʧʣʘʩʘ. 

ʈʝʰʝʥʠʝ ʵʪʦʡ ʟʘʜʘʯʠ ʚʘʞʥʦ ʜʣʷ ʧʦʚʳʰʝʥʠʷ ʪʦʯʥʦʩʪʠ ʧʨʦʛʥʦʟʦʚ ʟʘʩʦʣʝʥʠʷ, ʦʮʝʥʢʠ 

ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʤʝʣʠʦʨʘʪʠʚʥʳʭ ʤʝʨʦʧʨʠʷʪʠʡ ʠ ʦʧʪʠʤʠʟʘʮʠʠ ʫʧʨʘʚʣʝʥʠʷ ʚʦʜʥʳʤʠ 

ʨʝʩʫʨʩʘʤʠ. 

ʎʝʣʴ ʥʘʩʪʦʷʱʝʡ ʨʘʙʦʪʳ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʧʦʩʪʨʦʝʥʠʠ ʠ ʘʥʘʣʠʟʝ ʜʚʫʭʢʦʤʧʦʥʝʥʪʥʦʡ 

ʤʦʜʝʣʠ ʚʟʘʠʤʦʩʚʷʟʘʥʥʦʡ ʢʨʦʩʩ-ʜʠʬʬʫʟʠʠ ʚʣʘʛʠ ʠ ʩʦʣʠ ʚ ʧʦʯʚʝʥʥʦʡ ʩʨʝʜʝ ʩ ʫʯʸʪʦʤ 

ʥʝʣʠʥʝʡʥʳʭ ʵʬʬʝʢʪʦʚ ʠ ʨʝʘʢʮʠʦʥʥʳʭ ʧʦʪʝʨʴ. ʄʦʜʝʣʴ ʦʧʠʨʘʝʪʩʷ ʥʘ ʩʠʩʪʝʤʫ ʫʨʘʚʥʝʥʠʡ 

ʧʘʨʘʙʦʣʠʯʝʩʢʦʛʦ ʪʠʧʘ, ʦʙʝʩʧʝʯʠʚʘʶʱʫʶ ʬʠʟʠʯʝʩʢʫʶ ʢʦʨʨʝʢʪʥʦʩʪʴ ʠ ʚʦʟʤʦʞʥʦʩʪʴ 

ʧʦʩʣʝʜʫʶʱʝʛʦ ʯʠʩʣʝʥʥʦʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ. 

ʄʘʪʝʤʘʪʠʯʝʩʢʘʷ ʤʦʜʝʣʴ ʠ ʤʝʪʦʜʳ ʠʩʩʣʝʜʦʚʘʥʠʷ 

ʄʘʪʝʤʘʪʠʯʝʩʢʦʝ ʦʧʠʩʘʥʠʝ ʚʟʘʠʤʦʩʚʷʟʘʥʥʦʡ ʜʠʬʬʫʟʠʠ ʚʣʘʛʠ ʠ ʨʘʩʪʚʦʨʸʥʥʳʭ ʩʦʣʝʡ 

ʚ ʧʦʯʚʝʥʥʦʡ ʩʨʝʜʝ ʙʘʟʠʨʫʝʪʩʷ ʥʘ ʟʘʢʦʥʘʭ ʩʦʭʨʘʥʝʥʠʷ ʤʘʩʩʳ ʠ ʵʤʧʠʨʠʯʝʩʢʠʭ ʟʘʚʠʩʠʤʦʩʪʷʭ 

ʧʦʪʦʢʦʚ ʦʪ ʢʦʥʮʝʥʪʨʘʮʠʦʥʥʳʭ ʠ ʛʨʘʜʠʝʥʪʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʢʦʤʧʦʥʝʥʪʦʚ. ɺ ʦʪʣʠʯʠʝ ʦʪ 

ʢʣʘʩʩʠʯʝʩʢʠʭ ʫʨʘʚʥʝʥʠʡ ʌʠʢʘ, ʧʨʝʜʧʦʣʘʛʘʶʱʠʭ ʣʠʥʝʡʥʫʶ ʟʘʚʠʩʠʤʦʩʪʴ ʧʦʪʦʢʘ ʦʪ 

ʛʨʘʜʠʝʥʪʘ ʢʦʥʮʝʥʪʨʘʮʠʠ, ʨʝʘʣʴʥʳʝ ʧʦʯʚʝʥʥʳʝ ʧʨʦʮʝʩʩʳ ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ ʥʝʣʠʥʝʡʥʦʩʪʴʶ 

ʠ ʚʟʘʠʤʥʳʤ ʚʣʠʷʥʠʝʤ ʧʝʨʝʥʦʩʦʚ ʚʣʘʛʠ ʠ ʩʦʣʠ. ʀʤʝʥʥʦ ʵʪʠ ʦʩʦʙʝʥʥʦʩʪʠ ʪʨʝʙʫʶʪ 

ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʢʨʦʩʩ-ʜʠʬʬʫʟʠʦʥʥʦʛʦ ʧʦʜʭʦʜʘ, ʚ ʢʦʪʦʨʦʤ ʧʦʪʦʢ ʦʜʥʦʛʦ ʢʦʤʧʦʥʝʥʪʘ 

ʟʘʚʠʩʠʪ ʦʪ ʩʦʩʪʦʷʥʠʷ ʜʨʫʛʦʛʦ. 

ʇʫʩʪʴ ʦʙʣʘʩʪʴ ʠʩʩʣʝʜʦʚʘʥʠʷ nWËR  ʦʛʨʘʥʠʯʝʥʘ ʠ ʠʤʝʝʪ ʛʣʘʜʢʫʶ ʛʨʘʥʠʮʫ µW. 

ɺʚʝʜʸʤ ʬʫʥʢʮʠʠ 1( , )u x t  ʠ 2( , )u x t , ʦʧʠʩʳʚʘʶʱʠʝ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʚʣʘʛʦʩʦʜʝʨʞʘʥʠʝ ʠ 

ʢʦʥʮʝʥʪʨʘʮʠʶ ʨʘʩʪʚʦʨʸʥʥʳʭ ʩʦʣʝʡ ʚ ʪʦʯʢʝ xxx ʚ ʤʦʤʝʥʪ ʚʨʝʤʝʥʠ t. ʊʦʛʜʘ ʩʠʩʪʝʤʘ 

ʵʚʦʣʶʮʠʦʥʥʳʭ ʫʨʘʚʥʝʥʠʡ ʧʨʠʥʠʤʘʝʪ ʚʠʜ: 
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ʇʝʨʚʘʷ ʯʘʩʪʴ ʢʘʞʜʦʛʦ ʫʨʘʚʥʝʥʠʷ ʦʪʨʘʞʘʝʪ ʧʨʦʮʝʩʩ ʚʟʘʠʤʥʦʡ ʢʨʦʩʩ-ʜʠʬʬʫʟʠʠ, ʛʜʝ 

ʧʦʪʦʢ ʚʣʘʛʠ ʦʧʨʝʜʝʣʷʝʪʩʷ ʥʝ ʪʦʣʴʢʦ ʩʦʙʩʪʚʝʥʥʳʤ ʛʨʘʜʠʝʥʪʦʤ, ʥʦ ʠ ʢʦʥʮʝʥʪʨʘʮʠʝʡ ʩʦʣʝʡ, 

ʘ ʧʦʪʦʢ ʩʦʣʝʡ ʟʘʚʠʩʠʪ ʦʪ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʚʣʘʛʠ. ɺʪʦʨʘʷ ʯʘʩʪʴ ʩʠʩʪʝʤʳ ʦʧʠʩʳʚʘʝʪ ʧʦʪʝʨʠ 

ʚʝʱʝʩʪʚʘ, ʚʦʟʥʠʢʘʶʱʠʝ ʚʩʣʝʜʩʪʚʠʝ ʠʩʧʘʨʝʥʠʷ, ʩʦʨʙʮʠʠ, ʭʠʤʠʯʝʩʢʠʭ ʨʝʘʢʮʠʡ ʠʣʠ ʜʨʫʛʠʭ 

ʬʘʢʪʦʨʦʚ, ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʳʭ ʣʦʢʘʣʴʥʳʤ ʟʥʘʯʝʥʠʷʤ ʢʦʥʮʝʥʪʨʘʮʠʠ ʠ ʛʨʘʜʠʝʥʪʘ. 

ʆʩʥʦʚʥʳʝ ʬʠʟʠʯʝʩʢʠʝ ʜʦʧʫʱʝʥʠʷ 

ʄʦʜʝʣʴ ʦʩʥʦʚʘʥʘ ʥʘ ʩʣʝʜʫʶʱʠʭ ʧʨʝʜʧʦʣʦʞʝʥʠʷʭ: 

¶ ʇʦʯʚʝʥʥʘʷ ʩʨʝʜʘ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʢʘʢ ʠʟʦʪʨʦʧʥʘʷ ʧʦʨʠʩʪʘʷ ʩʪʨʫʢʪʫʨʘ ʩ ʧʝʨʝʤʝʥʥʦʡ 

ʧʨʦʥʠʮʘʝʤʦʩʪʴʶ, ʥʦ ʧʦʩʪʦʷʥʥʦʡ ʧʦʨʠʩʪʦʩʪʴʶ ʚ ʤʘʩʰʪʘʙʝ ʵʢʩʧʝʨʠʤʝʥʪʘ. 

¶ ʇʝʨʝʥʦʩ ʚʣʘʛʠ ʠ ʩʦʣʝʡ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʚ ʦʩʥʦʚʥʦʤ ʟʘ ʩʯʸʪ ʤʦʣʝʢʫʣʷʨʥʦʡ ʠ 

ʢʘʧʠʣʣʷʨʥʦʡ ʜʠʬʬʫʟʠʠ; ʢʦʥʚʝʢʪʠʚʥʳʝ ʧʦʪʦʢʠ ʩʯʠʪʘʶʪʩʷ ʩʣʘʙʳʤʠ. 
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¶ ʈʝʘʢʮʠʦʥʥʳʝ ʧʦʪʝʨʠ ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ ʦʙʦʙʱʸʥʥʫʶ ʬʦʨʤʫ ʩʣʘʛʘʝʤʦʛʦ 

ʧʦʛʣʦʱʝʥʠʷ, ʟʘʚʠʩʷʱʝʛʦ ʦʪ ʣʦʢʘʣʴʥʦʡ ʢʦʥʮʝʥʪʨʘʮʠʠ ʠ ʛʨʘʜʠʝʥʪʘ (ʚʢʣʶʯʘʷ 

ʚʦʟʤʦʞʥʳʝ ʧʨʦʮʝʩʩʳ ʦʩʘʞʜʝʥʠʷ ʠ ʠʦʥʥʦʛʦ ʦʙʤʝʥʘ). 

ʇʦʜʦʙʥʳʝ ʜʦʧʫʱʝʥʠʷ ʜʝʣʘʶʪ ʩʠʩʪʝʤʫ ʛʠʙʢʦʡ ʩ ʪʦʯʢʠ ʟʨʝʥʠʷ ʘʜʘʧʪʘʮʠʠ ʢ 

ʨʘʟʣʠʯʥʳʤ ʪʠʧʘʤ ʧʦʯʚ ʠ ʢʣʠʤʘʪʠʯʝʩʢʠʤ ʫʩʣʦʚʠʷʤ. 

ʇʦʩʪʘʥʦʚʢʘ ʥʘʯʘʣʴʥʦ-ʛʨʘʥʠʯʥʳʭ ʫʩʣʦʚʠʡ 

ɼʣʷ ʟʘʤʳʢʘʥʠʷ ʩʠʩʪʝʤʳ ʟʘʜʘʶʪʩʷ ʥʘʯʘʣʴʥʳʝ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʚʣʘʛʠ ʠ ʩʦʣʠ: 
0 0

1 1 2 2( ,0) ( ), ( ,0) ( ), ,u x u x u x u x x= = ÍW 

 ʠ ʛʨʘʥʠʯʥʳʝ ʫʩʣʦʚʠʷ ʥʘ µW: 
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i i

u
D q x t

n µW

µ
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µ
 

ʛʜʝ ( , )iq x t  ï ʧʣʦʪʥʦʩʪʴ ʧʦʪʦʢʘ ʯʝʨʝʟ ʛʨʘʥʠʮʫ, 
n

µ

µ
ï ʧʨʦʠʟʚʦʜʥʘʷ ʧʦ ʚʥʝʰʥʝʡ ʥʦʨʤʘʣʠ. 

ɺ ʧʨʦʩʪʝʡʰʝʤ ʩʣʫʯʘʝ ʧʨʠ ʠʟʦʣʠʨʦʚʘʥʥʦʡ ʩʠʩʪʝʤʝ 0.iq =  

ʕʥʝʨʛʝʪʠʯʝʩʢʠʝ ʦʮʝʥʢʠ ʠ ʩʫʱʝʩʪʚʦʚʘʥʠʝ ʨʝʰʝʥʠʷ 

ɼʣʷ ʜʦʢʘʟʘʪʝʣʴʩʪʚʘ ʩʫʱʝʩʪʚʦʚʘʥʠʷ ʩʣʘʙʦʛʦ ʨʝʰʝʥʠʷ ʠʩʧʦʣʴʟʫʝʪʩʷ ʩʪʘʥʜʘʨʪʥʳʡ 

ʧʦʜʭʦʜ ɻʘʣʸʨʢʠʥʘ. ɺʚʝʜʸʤ ʬʫʥʢʮʠʦʥʘʣ ʵʥʝʨʛʠʠ: 
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- -
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= Ð + Ðñ  

ʇʨʠ ʫʩʣʦʚʠʠ 0, 1, 0,im p k> > >ʠ 0,iv ² ʬʫʥʢʮʠʦʥʘʣ ( )E t  ʫʙʳʚʘʝʪ ʚʦ ʚʨʝʤʝʥʠ, ʯʪʦ 

ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦ ʜʠʩʩʠʧʘʪʠʚʥʦʡ ʧʨʠʨʦʜʝ ʩʠʩʪʝʤʳ. ʀʟ ʵʪʦʛʦ ʩʣʝʜʫʝʪ ʘʧʨʠʦʨʥʘʷ 

ʦʛʨʘʥʠʯʝʥʥʦʩʪʴ ʨʝʰʝʥʠʡ: 

( )1 21 2

1 2 1 2 1 2

0

1
( ) (0).

t
p p

E t v u u v u u dxd E
p

b b t
W

+ Ð + Ð ¢ññ  

ʕʪʠ ʦʮʝʥʢʠ ʧʦʟʚʦʣʷʶʪ ʧʨʠʤʝʥʠʪʴ ʪʝʦʨʝʤʫ ʢʦʤʧʘʢʪʥʦʩʪʠ (ʃʝʨʵïʐʘʫʜʝʨ) ʠ 

ʫʩʪʘʥʦʚʠʪʴ ʩʫʱʝʩʪʚʦʚʘʥʠʝ ʧʦ ʢʨʘʡʥʝʡ ʤʝʨʝ ʦʜʥʦʛʦ ʩʣʘʙʦʛʦ ʨʝʰʝʥʠʷ ʚ ʧʨʦʩʪʨʘʥʩʪʚʝ 
2 1,(0, ; ( )),pL T W W  ʝʜʠʥʩʪʚʝʥʥʦʛʦ ʚ ʢʣʘʩʩʝ ʦʙʦʙʱʸʥʥʳʭ ʨʝʰʝʥʠʡ. 

ʏʠʩʣʝʥʥʳʡ ʧʦʜʭʦʜ 

ɼʣʷ ʧʨʘʢʪʠʯʝʩʢʦʛʦ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʤʦʜʝʣʠ ʪʨʝʙʫʝʪʩʷ ʧʦʩʪʨʦʠʪʴ ʫʩʪʦʡʯʠʚʫʶ 

ʯʠʩʣʝʥʥʫʶ ʩʭʝʤʫ. ɺ ʨʘʙʦʪʝ ʧʨʝʜʣʘʛʘʝʪʩʷ ʚʘʨʠʘʮʠʦʥʥʘʷ ʘʧʧʨʦʢʩʠʤʘʮʠʷ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ 

ʥʝʷʚʥʦʡ ʨʘʟʥʦʩʪʥʦʡ ʩʭʝʤʳ ʂʨʘʥʢʘïʅʠʢʦʣʩʦʥʘ. ʇʨʠ ʜʠʩʢʨʝʪʠʟʘʮʠʠ ʧʦ ʚʨʝʤʝʥʠ ʰʘʛ tD 

ʚʳʙʠʨʘʝʪʩʷ ʠʟ ʫʩʣʦʚʠʷ ʫʩʣʦʚʥʦʡ ʫʩʪʦʡʯʠʚʦʩʪʠ, ʘ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʘʷ ʩʝʪʢʘ ʬʦʨʤʠʨʫʝʪʩʷ 

ʨʘʚʥʦʤʝʨʥʦ ʩ ʰʘʛʦʤ xD. ʉʭʝʤʘ ʟʘʧʠʩʳʚʘʝʪʩʷ ʚ ʚʠʜʝ: 
1 2
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i
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u u
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b
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ʛʜʝ hÐï ʜʠʩʢʨʝʪʥʳʡ ʦʧʝʨʘʪʦʨ ʛʨʘʜʠʝʥʪʘ. ʅʝʷʚʥʘʷ ʬʦʨʤʘ ʦʙʝʩʧʝʯʠʚʘʝʪ 

ʙʝʟʫʩʣʦʚʥʫʶ ʫʩʪʦʡʯʠʚʦʩʪʴ ʧʨʠ ʣʶʙʳʭ ʨʘʟʫʤʥʳʭ ʰʘʛʘʭ ʧʦ ʚʨʝʤʝʥʠ. ɼʣʷ ʨʝʰʝʥʠʷ 

ʥʝʣʠʥʝʡʥʳʭ ʩʠʩʪʝʤ ʠʩʧʦʣʴʟʫʝʪʩʷ ʠʪʝʨʘʮʠʦʥʥʳʡ ʤʝʪʦʜ ʅʴʶʪʦʥʘ ʩ ʣʦʢʘʣʴʥʦʡ 

ʣʠʥʝʘʨʠʟʘʮʠʝʡ ʧʦʪʦʢʦʚʳʭ ʯʣʝʥʦʚ. 

ʂʘʣʠʙʨʦʚʢʘ ʠ ʧʨʠʤʝʥʝʥʠʝ ʤʦʜʝʣʠ 

ʇʘʨʘʤʝʪʨʳ , , , ,i i i iD m p pb  ʢʘʣʠʙʨʫʶʪʩʷ ʧʦ ʜʘʥʥʳʤ ʥʘʙʣʶʜʝʥʠʡ ʚʣʘʞʥʦʩʪʠ ʠ 

ʩʦʣʝʚʦʛʦ ʧʨʦʬʠʣʷ. ʇʦʜʙʦʨ ʧʘʨʘʤʝʪʨʦʚ ʧʨʦʠʟʚʦʜʠʪʩʷ ʤʝʪʦʜʦʤ ʤʠʥʠʤʠʟʘʮʠʠ ʬʫʥʢʮʠʦʥʘʣʘ 
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ʥʝʚʷʟʢʠ ʤʝʞʜʫ ʥʘʙʣʶʜʘʝʤʳʤʠ ʠ ʨʘʩʯʸʪʥʳʤʠ ʟʥʘʯʝʥʠʷʤʠ. ɼʣʷ ʥʘʯʘʣʴʥʦʡ ʧʨʦʚʝʨʢʠ 

ʧʨʠʤʝʥʷʶʪʩʷ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʜʘʥʥʳʝ ʧʦ ʟʘʩʦʣʸʥʥʳʤ ʫʯʘʩʪʢʘʤ ʕʣʣʠʢʢʘʣʠʥʩʢʦʛʦ 

ʨʘʡʦʥʘ, ʈʝʩʧʫʙʣʠʢʠ ʂʘʨʘʢʘʣʧʘʢʩʪʘʥʘ. ʄʦʜʝʣʴ ʧʦʟʚʦʣʷʝʪ ʥʝ ʪʦʣʴʢʦ ʦʧʠʩʳʚʘʪʴ ʜʠʥʘʤʠʢʫ 

ʩʦʣʝʚʦʛʦ ʙʘʣʘʥʩʘ, ʥʦ ʠ ʧʨʦʛʥʦʟʠʨʦʚʘʪʴ ʧʦʩʣʝʜʩʪʚʠʷ ʠʟʤʝʥʝʥʠʷ ʦʨʦʩʠʪʝʣʴʥʳʭ ʨʝʞʠʤʦʚ ʠ 

ʢʣʠʤʘʪʘ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʦʩʪʨʦʝʥʥʘʷ ʤʦʜʝʣʴ ʩʦʯʝʪʘʝʪ ʩʪʨʦʛʦʝ ʤʘʪʝʤʘʪʠʯʝʩʢʦʝ ʦʙʦʩʥʦʚʘʥʠʝ, 

ʬʠʟʠʯʝʩʢʫʶ ʠʥʪʝʨʧʨʝʪʠʨʫʝʤʦʩʪʴ ʠ ʚʦʟʤʦʞʥʦʩʪʴ ʧʨʘʢʪʠʯʝʩʢʦʛʦ ʧʨʠʤʝʥʝʥʠʷ ʜʣʷ 

ʧʨʦʛʥʦʟʥʳʭ ʨʘʩʯʸʪʦʚ ʠ ʦʧʪʠʤʠʟʘʮʠʠ ʤʝʣʠʦʨʘʪʠʚʥʳʭ ʨʝʰʝʥʠʡ. 

ʈʝʟʫʣʴʪʘʪʳ ʠ ʦʙʩʫʞʜʝʥʠʝ 

ʇʨʝʜʣʦʞʝʥʥʘʷ ʩʠʩʪʝʤʘ ʢʨʦʩʩ-ʜʠʬʬʫʟʠʦʥʥʳʭ ʫʨʘʚʥʝʥʠʡ ʦʧʠʩʳʚʘʝʪ 

ʚʟʘʠʤʦʩʚʷʟʘʥʥʳʝ ʧʨʦʮʝʩʩʳ ʧʝʨʝʥʦʩʘ ʚʣʘʛʠ ʠ ʨʘʩʪʚʦʨʸʥʥʳʭ ʩʦʣʝʡ ʚ ʧʦʯʚʝʥʥʦʡ ʩʨʝʜʝ, ʛʜʝ 

ʦʙʘ ʢʦʤʧʦʥʝʥʪʘ ʚʣʠʷʶʪ ʜʨʫʛ ʥʘ ʜʨʫʛʘ ʢʘʢ ʥʘʧʨʷʤʫʶ, ʪʘʢ ʠ ʯʝʨʝʟ ʛʨʘʜʠʝʥʪʥʳʝ 

ʟʘʚʠʩʠʤʦʩʪʠ. ɺ ʦʪʣʠʯʠʝ ʦʪ ʢʣʘʩʩʠʯʝʩʢʠʭ ʜʠʬʬʫʟʠʦʥʥʳʭ ʤʦʜʝʣʝʡ, ʟʜʝʩʴ ʫʯʪʝʥʘ 

ʥʝʣʠʥʝʡʥʦʩʪʴ ʧʦʪʦʢʦʚ, ʟʘʚʠʩʷʱʠʭ ʦʪ ʣʦʢʘʣʴʥʦʡ ʢʦʥʮʝʥʪʨʘʮʠʠ, ʠ ʨʝʘʢʮʠʦʥʥʳʝ ʧʦʪʝʨʠ, 

ʦʧʨʝʜʝʣʷʝʤʳʝ ʫʩʣʦʚʠʷʤʠ ʠʩʧʘʨʝʥʠʷ ʠ ʭʠʤʠʯʝʩʢʦʛʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ. ʊʘʢʦʡ ʧʦʜʭʦʜ 

ʧʦʟʚʦʣʷʝʪ ʚʦʩʧʨʦʠʟʚʝʩʪʠ ʥʘʙʣʶʜʘʝʤʳʝ ʚ ʧʨʠʨʦʜʝ ʵʬʬʝʢʪʳ ʚʪʦʨʠʯʥʦʛʦ ʟʘʩʦʣʝʥʠʷ ʠ 

ʥʝʨʘʚʥʦʤʝʨʥʦʛʦ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʚʣʘʛʠ ʚ ʚʝʨʭʥʠʭ ʛʦʨʠʟʦʥʪʘʭ ʧʦʯʚʳ. 

ɸʥʘʣʠʪʠʯʝʩʢʠʡ ʘʥʘʣʠʟ ʧʦʢʘʟʘʣ, ʯʪʦ ʧʨʠ 0, 1,im p> >  ʠ , 0i ipb ²  (ʩʠʩʪʝʤʘ 

ʦʙʣʘʜʘʝʪ ʩʚʦʡʩʪʚʦʤ ʜʠʩʩʠʧʘʪʠʚʥʦʩʪʠ: ʠʥʪʝʛʨʘʣʴʥʘʷ ʵʥʝʨʛʠʷ ʧʨʦʮʝʩʩʘ ʫʙʳʚʘʝʪ ʚʦ ʚʨʝʤʝʥʠ, 

ʯʪʦ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʬʠʟʠʯʝʩʢʦʤʫ ʩʪʨʝʤʣʝʥʠʶ ʩʠʩʪʝʤʳ ʢ ʪʝʨʤʦʜʠʥʘʤʠʯʝʩʢʦʤʫ ʨʘʚʥʦʚʝʩʠʶ. 

ʅʘ ʦʩʥʦʚʘʥʠʠ ʵʥʝʨʛʝʪʠʯʝʩʢʦʛʦ ʬʫʥʢʮʠʦʥʘʣʘ ʜʦʢʘʟʘʥʦ ʩʫʱʝʩʪʚʦʚʘʥʠʝ ʩʣʘʙʦʛʦ ʨʝʰʝʥʠʷ, 

ʫʜʦʚʣʝʪʚʦʨʷʶʱʝʛʦ ʘʧʨʠʦʨʥʳʤ ʦʮʝʥʢʘʤ. ʕʪʦ ʛʘʨʘʥʪʠʨʫʝʪ ʫʩʪʦʡʯʠʚʦʩʪʴ ʚʳʯʠʩʣʠʪʝʣʴʥʦʛʦ 

ʧʨʦʮʝʩʩʘ ʠ ʦʪʩʫʪʩʪʚʠʝ ʥʝʦʛʨʘʥʠʯʝʥʥʳʭ ʚʦʟʤʫʱʝʥʠʡ ʧʨʠ ʤʘʣʳʭ ʠʟʤʝʥʝʥʠʷʭ ʥʘʯʘʣʴʥʳʭ 

ʫʩʣʦʚʠʡ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʤʦʜʝʣʴ ʷʚʣʷʝʪʩʷ ʥʝ ʪʦʣʴʢʦ ʤʘʪʝʤʘʪʠʯʝʩʢʠ ʢʦʨʨʝʢʪʥʦʡ, ʥʦ ʠ 

ʬʠʟʠʯʝʩʢʠ ʠʥʪʝʨʧʨʝʪʠʨʫʝʤʦʡ. 

ɼʣʷ ʢʘʯʝʩʪʚʝʥʥʦʛʦ ʘʥʘʣʠʟʘ ʧʦʚʝʜʝʥʠʷ ʨʝʰʝʥʠʡ ʙʳʣʠ ʨʘʩʩʤʦʪʨʝʥʳ ʯʘʩʪʥʳʝ ʩʣʫʯʘʠ 

ʚ ʦʜʥʦʤʝʨʥʦʡ ʧʦʩʪʘʥʦʚʢʝ ʩ ʧʦʩʪʦʷʥʥʳʤʠ ʢʦʵʬʬʠʮʠʝʥʪʘʤʠ ʜʠʬʬʫʟʠʠ. ʕʪʠ ʟʘʜʘʯʠ 

ʜʝʤʦʥʩʪʨʠʨʫʶʪ ʭʘʨʘʢʪʝʨʥʳʝ ʦʩʦʙʝʥʥʦʩʪʠ ʚʟʘʠʤʥʦʡ ʜʠʬʬʫʟʠʠ: ʚʣʘʞʥʦʩʪʴ 

ʨʘʩʧʨʦʩʪʨʘʥʷʝʪʩʷ ʙʳʩʪʨʝʝ, ʯʝʤ ʩʦʣʴ, ʯʪʦ ʧʨʠʚʦʜʠʪ ʢ ʬʦʨʤʠʨʦʚʘʥʠʶ ʧʝʨʝʭʦʜʥʦʡ ʟʦʥʳ, ʛʜʝ 

ʧʨʦʠʩʭʦʜʠʪ ʥʘʢʦʧʣʝʥʠʝ ʩʦʣʝʡ. ʇʨʠ ʚʦʟʨʘʩʪʘʥʠʠ ʧʦʢʘʟʘʪʝʣʷ ʥʝʣʠʥʝʡʥʦʩʪʠ im  ʧʨʦʮʝʩʩ 

ʚʳʨʘʚʥʠʚʘʥʠʷ ʢʦʥʮʝʥʪʨʘʮʠʡ ʟʘʤʝʜʣʷʝʪʩʷ, ʘ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʳʝ ʛʨʘʜʠʝʥʪʳ ʫʩʠʣʠʚʘʶʪʩʷ. 

ʊʘʢʦʝ ʧʦʚʝʜʝʥʠʝ ʦʪʨʘʞʘʝʪ ʠʟʚʝʩʪʥʳʝ ʟʘʢʦʥʦʤʝʨʥʦʩʪʠ ʚʣʘʛʦʦʙʤʝʥʘ ʚ ʨʝʘʣʴʥʳʭ ʧʦʯʚʘʭ: ʧʦ 

ʤʝʨʝ ʧʦʜʩʳʭʘʥʠʷ ʧʦʨʦʚʦʛʦ ʧʨʦʩʪʨʘʥʩʪʚʘ ʵʬʬʝʢʪʠʚʥʘʷ ʜʠʬʬʫʟʠʷ ʧʘʜʘʝʪ, ʠ ʧʝʨʝʤʝʱʝʥʠʝ 

ʩʦʣʠ ʩʫʱʝʩʪʚʝʥʥʦ ʦʛʨʘʥʠʯʠʚʘʝʪʩʷ. 

ʆʩʦʙʦʝ ʚʥʠʤʘʥʠʝ ʫʜʝʣʝʥʦ ʚʣʠʷʥʠʶ ʧʝʨʝʢʨʸʩʪʥʳʭ ʯʣʝʥʦʚ ʩʠʩʪʝʤʳ. ʇʦʢʘʟʘʥʦ, ʯʪʦ 

ʧʨʠ ʙʣʠʟʢʠʭ ʟʥʘʯʝʥʠʷʭ ʢʦʵʬʬʠʮʠʝʥʪʦʚ 1D ʠ 2D  ʩʠʩʪʝʤʘ ʜʝʤʦʥʩʪʨʠʨʫʝʪ ʩʪʘʙʠʣʠʟʠʨʫʶʱʝʝ 

ʧʦʚʝʜʝʥʠʝ ð ʚʟʘʠʤʥʘʷ ʜʠʬʬʫʟʠʷ ʩʧʦʩʦʙʩʪʚʫʝʪ ʨʘʚʥʦʤʝʨʥʦʤʫ ʨʘʩʧʨʝʜʝʣʝʥʠʶ ʚʣʘʛʠ ʠ 

ʩʦʣʝʡ.  

ʆʜʥʘʢʦ ʧʨʠ 1 2D D­  ʠʣʠ ʥʘʦʙʦʨʦʪ ʚʦʟʥʠʢʘʝʪ ʵʬʬʝʢʪ ʜʠʬʬʫʟʠʦʥʥʦʡ 

ʥʝʫʩʪʦʡʯʠʚʦʩʪʠ, ʧʨʠ ʢʦʪʦʨʦʤ ʤʘʣʳʝ ʥʝʦʜʥʦʨʦʜʥʦʩʪʠ ʫʩʠʣʠʚʘʶʪʩʷ ʚʦ ʚʨʝʤʝʥʠ. ʕʪʦʪ 

ʵʬʬʝʢʪ ʘʥʘʣʦʛʠʯʝʥ ʨʝʘʢʮʠʦʥʥʦ-ʜʠʬʬʫʟʠʦʥʥʳʤ ʤʝʭʘʥʠʟʤʘʤ ʊʴʶʨʠʥʛʘ ʠ ʤʦʞʝʪ ʦʙʲʷʩʥʷʪʴ 

ʦʙʨʘʟʦʚʘʥʠʝ ʟʦʥʘʣʴʥʦʛʦ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʩʦʣʝʡ ʚ ʦʨʦʰʘʝʤʳʭ ʧʦʯʚʘʭ. ɺ ʯʠʩʣʝʥʥʳʭ 

ʵʢʩʧʝʨʠʤʝʥʪʘʭ ʥʘʙʣʶʜʘʝʪʩʷ ʬʦʨʤʠʨʦʚʘʥʠʝ ʫʩʪʦʡʯʠʚʳʭ ʬʨʦʥʪʦʚ ʩʦʣʝʚʦʛʦ ʥʘʢʦʧʣʝʥʠʷ, 
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ʢʦʪʦʨʳʝ ʩʤʝʱʘʶʪʩʷ ʚʥʠʟ ʧʦ ʧʨʦʬʠʣʶ ʧʨʠ ʫʚʝʣʠʯʝʥʠʠ ʢʦʵʬʬʠʮʠʝʥʪʘ 1v , 

ʭʘʨʘʢʪʝʨʠʟʫʶʱʝʛʦ ʧʦʪʝʨʠ ʚʣʘʛʠ ʟʘ ʩʯʸʪ ʠʩʧʘʨʝʥʠʷ. 

ɼʣʷ ʧʦʜʪʚʝʨʞʜʝʥʠʷ ʧʨʠʤʝʥʠʤʦʩʪʠ ʤʦʜʝʣʠ ʧʨʦʚʝʜʝʥʳ ʚʳʯʠʩʣʠʪʝʣʴʥʳʝ 

ʵʢʩʧʝʨʠʤʝʥʪʳ ʩ ʨʝʘʣʴʥʳʤʠ ʜʠʘʧʘʟʦʥʘʤʠ ʧʘʨʘʤʝʪʨʦʚ, ʭʘʨʘʢʪʝʨʥʳʤʠ ʜʣʷ ʩʫʛʣʠʥʠʩʪʳʭ ʠ 

ʩʫʧʝʩʯʘʥʳʭ ʧʦʯʚ ʕʣʣʠʢʢʘʣʠʥʩʢʦʛʦ ʨʘʡʦʥʘ, ʈʝʩʧʫʙʣʠʢʠ ʂʘʨʘʢʘʣʧʘʢʩʪʘʥʘ. ʈʘʩʯʸʪʳ 

ʧʦʢʘʟʘʣʠ, ʯʪʦ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʚʣʘʛʠ ʠ ʩʦʣʝʡ ʯʫʚʩʪʚʠʪʝʣʴʥʳ ʢ ʠʟʤʝʥʝʥʠʶ ʢʦʵʬʬʠʮʠʝʥʪʦʚ 

im  ʠ p, ʦʧʨʝʜʝʣʷʶʱʠʭ ʥʝʣʠʥʝʡʥʦʩʪʴ ʧʦʪʦʢʘ. ʇʨʠ ʥʠʟʢʠʭ ʟʥʘʯʝʥʠʷʭ im  ʥʘʙʣʶʜʘʝʪʩʷ 

ʧʦʯʪʠ ʣʠʥʝʡʥʦʝ ʚʳʨʘʚʥʠʚʘʥʠʝ ʧʨʦʬʠʣʷ, ʪʦʛʜʘ ʢʘʢ ʧʨʠ ʙʦʣʴʰʠʭ ð ʬʦʨʤʠʨʫʶʪʩʷ 

ʢʚʘʟʠʩʪʘʮʠʦʥʘʨʥʳʝ ʦʙʣʘʩʪʠ ʧʦʚʳʰʝʥʥʦʡ ʢʦʥʮʝʥʪʨʘʮʠʠ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʟʦʥʘʤ 

ʚʪʦʨʠʯʥʦʛʦ ʟʘʩʦʣʝʥʠʷ. ʕʪʠ ʨʝʟʫʣʴʪʘʪʳ ʩʦʛʣʘʩʫʶʪʩʷ ʩ ʧʦʣʝʚʳʤʠ ʥʘʙʣʶʜʝʥʠʷʤʠ, ʛʜʝ 

ʩʦʣʝʚʦʡ ʬʨʦʥʪ ʧʦʩʪʝʧʝʥʥʦ ʫʛʣʫʙʣʷʝʪʩʷ ʧʨʠ ʤʥʦʛʦʣʝʪʥʝʤ ʦʨʦʰʝʥʠʠ ʠ ʥʝʜʦʩʪʘʪʦʯʥʦʤ 

ʜʨʝʥʘʞʝ. 

ɸʤʧʣʠʪʫʜʘ ʠ ʩʢʦʨʦʩʪʴ ʧʝʨʝʤʝʱʝʥʠʷ ʬʨʦʥʪʘ ʟʘʚʠʩʷʪ ʪʘʢʞʝ ʦʪ ʚʝʣʠʯʠʥʳ 

ʨʝʘʢʮʠʦʥʥʳʭ ʧʘʨʘʤʝʪʨʦʚ iv  ʠ ib. ʇʦʚʳʰʝʥʠʝ 1v  ʧʨʠʚʦʜʠʪ ʢ ʙʳʩʪʨʦʤʫ ʩʥʠʞʝʥʠʶ 

ʚʣʘʞʥʦʩʪʠ ʚ ʚʝʨʭʥʠʭ ʩʣʦʷʭ, ʯʪʦ ʚʳʟʳʚʘʝʪ ʤʠʛʨʘʮʠʶ ʩʦʣʠ ʚʥʠʟ, ʫʩʠʣʠʚʘʷ ʟʘʩʦʣʝʥʠʝ 

ʧʦʜʧʘʭʦʪʥʦʛʦ ʛʦʨʠʟʦʥʪʘ. ʅʘʧʨʦʪʠʚ, ʫʤʝʥʴʰʝʥʠʝ 2v  ʩʪʘʙʠʣʠʟʠʨʫʝʪ ʩʦʣʝʚʦʡ ʧʨʦʬʠʣʴ ʠ 

ʩʧʦʩʦʙʩʪʚʫʝʪ ʝʛʦ ʚʳʨʘʚʥʠʚʘʥʠʶ. ʕʪʠ ʟʘʢʦʥʦʤʝʨʥʦʩʪʠ ʤʦʛʫʪ ʠʩʧʦʣʴʟʦʚʘʪʴʩʷ ʜʣʷ ʚʳʙʦʨʘ 

ʦʧʪʠʤʘʣʴʥʳʭ ʨʝʞʠʤʦʚ ʧʦʣʠʚʘ ʠ ʨʝʛʫʣʠʨʦʚʘʥʠʷ ʠʩʧʘʨʝʥʠʷ, ʯʪʦ ʦʩʦʙʝʥʥʦ ʚʘʞʥʦ ʧʨʠ 

ʨʘʟʨʘʙʦʪʢʝ ʤʝʣʠʦʨʘʪʠʚʥʳʭ ʤʝʨʦʧʨʠʷʪʠʡ. 

ʇʨʘʢʪʠʯʝʩʢʘʷ ʟʥʘʯʠʤʦʩʪʴ ʠ ʚʦʟʤʦʞʥʦʩʪʠ ʧʨʠʤʝʥʝʥʠʷ ʤʦʜʝʣʠ 

ʉ ʧʨʘʢʪʠʯʝʩʢʦʡ ʪʦʯʢʠ ʟʨʝʥʠʷ ʧʨʝʜʣʦʞʝʥʥʘʷ ʤʦʜʝʣʴ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ 

ʵʬʬʝʢʪʠʚʥʳʡ ʠʥʩʪʨʫʤʝʥʪ ʜʣʷ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷ ʠ ʘʥʘʣʠʟʘ ʧʨʦʮʝʩʩʦʚ ʟʘʩʦʣʝʥʠʷ ʧʦʯʚ. ɽʸ 

ʤʦʞʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʚ ʩʦʩʪʘʚʝ ʛʝʦʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʠ ʮʠʬʨʦʚʳʭ ʧʣʘʪʬʦʨʤ ʤʦʥʠʪʦʨʠʥʛʘ 

ʟʝʤʝʣʴʥʳʭ ʨʝʩʫʨʩʦʚ. ʅʘ ʦʩʥʦʚʝ ʜʘʥʥʳʭ ʧʦʣʝʚʳʭ ʥʘʙʣʶʜʝʥʠʡ (ʚʣʘʞʥʦʩʪʴ, 

ʵʣʝʢʪʨʦʧʨʦʚʦʜʥʦʩʪʴ, ʢʦʥʮʝʥʪʨʘʮʠʷ ʭʣʦʨʠʜʦʚ) ʧʘʨʘʤʝʪʨʳ , , , ,i i i iD m p pb  ʤʦʛʫʪ ʙʳʪʴ 

ʢʘʣʠʙʨʦʚʘʥʳ ʩ ʧʦʤʦʱʴʶ ʤʝʪʦʜʦʚ ʦʙʨʘʪʥʦʛʦ ʘʥʘʣʠʟʘ ʠʣʠ ʥʝʡʨʦʩʝʪʝʚʳʭ ʘʣʛʦʨʠʪʤʦʚ, ʯʪʦ 

ʧʦʟʚʦʣʠʪ ʘʜʘʧʪʠʨʦʚʘʪʴ ʤʦʜʝʣʴ ʢ ʢʦʥʢʨʝʪʥʳʤ ʧʦʯʚʝʥʥʦ-ʢʣʠʤʘʪʠʯʝʩʢʠʤ ʫʩʣʦʚʠʷʤ. 

ʄʦʜʝʣʴ ʦʪʢʨʳʚʘʝʪ ʚʦʟʤʦʞʥʦʩʪʠ ʜʣʷ ʨʝʘʣʠʟʘʮʠʠ ʩʮʝʥʘʨʥʳʭ ʨʘʩʯʸʪʦʚ ʚ ʩʠʩʪʝʤʝ 

çʧʦʯʚʘ-ʚʣʘʛʘ-ʩʦʣʴè. ʅʘʧʨʠʤʝʨ, ʤʦʞʥʦ ʦʮʝʥʠʚʘʪʴ ʧʦʩʣʝʜʩʪʚʠʷ ʠʟʤʝʥʝʥʠʷ ʦʨʦʩʠʪʝʣʴʥʦʛʦ 

ʨʝʞʠʤʘ, ʛʣʫʙʠʥʳ ʜʨʝʥʘʞʥʳʭ ʢʘʥʘʣʦʚ, ʫʨʦʚʥʷ ʛʨʫʥʪʦʚʳʭ ʚʦʜ ʠʣʠ ʪʝʤʧʝʨʘʪʫʨʳ ʚʦʟʜʫʭʘ. ʅʘ 

ʵʪʦʡ ʦʩʥʦʚʝ ʚʦʟʤʦʞʥʦ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʝ ʩʪʝʧʝʥʠ ʟʘʩʦʣʝʥʠʷ ʥʘ ʛʦʨʠʟʦʥʪʘʭ 0ï50 ʩʤ ʠ 50ï

100 ʩʤ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʢʣʠʤʘʪʠʯʝʩʢʠʭ ʩʮʝʥʘʨʠʝʚ ʠ ʨʝʞʠʤʦʚ ʧʦʣʠʚʘ. ʈʝʟʫʣʴʪʘʪʳ 

ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʤʦʛʫʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥʳ ʜʣʷ ʦʙʦʩʥʦʚʘʥʠʷ ʨʘʮʠʦʥʘʣʴʥʦʛʦ 

ʚʦʜʦʧʦʣʴʟʦʚʘʥʠʷ, ʨʘʟʨʘʙʦʪʢʠ ʥʦʨʤ ʧʦʣʠʚʘ ʠ ʦʮʝʥʢʠ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʜʨʝʥʘʞʥʳʭ ʩʠʩʪʝʤ. 

ʂʨʦʤʝ ʪʦʛʦ, ʧʦʣʫʯʝʥʥʘʷ ʤʘʪʝʤʘʪʠʯʝʩʢʘʷ ʩʭʝʤʘ ʤʦʞʝʪ ʙʳʪʴ ʠʥʪʝʛʨʠʨʦʚʘʥʘ ʚ 

ʩʠʩʪʝʤʳ ʫʧʨʘʚʣʝʥʠʷ ʘʛʨʦʪʝʭʥʦʣʦʛʠʯʝʩʢʠʤʠ ʧʨʦʮʝʩʩʘʤʠ ʚ ʢʘʯʝʩʪʚʝ ʤʦʜʫʣʷ çʮʠʬʨʦʚʦʛʦ 

ʜʚʦʡʥʠʢʘè ʧʦʯʚʳ. ʕʪʦ ʧʦʟʚʦʣʠʪ ʚ ʨʝʘʣʴʥʦʤ ʚʨʝʤʝʥʠ ʦʮʝʥʠʚʘʪʴ ʨʠʩʢʠ ʟʘʩʦʣʝʥʠʷ, 

ʨʝʛʫʣʠʨʦʚʘʪʴ ʚʦʜʥʳʡ ʙʘʣʘʥʩ ʠ ʧʨʠʥʠʤʘʪʴ ʨʝʰʝʥʠʷ ʦ ʧʦʣʠʚʝ ʥʘ ʦʩʥʦʚʝ ʧʨʦʛʥʦʟʥʳʭ 

ʨʘʩʯʸʪʦʚ. ʊʘʢʘʷ ʠʥʪʝʛʨʘʮʠʷ ʦʩʦʙʝʥʥʦ ʧʝʨʩʧʝʢʪʠʚʥʘ ʜʣʷ ʨʝʛʠʦʥʦʚ ʩ ʜʝʬʠʮʠʪʦʤ ʧʨʝʩʥʦʡ 

ʚʦʜʳ, ʛʜʝ ʥʝʦʙʭʦʜʠʤ ʙʘʣʘʥʩ ʤʝʞʜʫ ʧʨʦʜʫʢʪʠʚʥʦʩʪʴʶ ʠ ʩʦʭʨʘʥʝʥʠʝʤ ʧʦʯʚʝʥʥʦʛʦ 

ʧʣʦʜʦʨʦʜʠʷ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʨʝʟʫʣʴʪʘʪʳ ʪʝʦʨʝʪʠʯʝʩʢʦʛʦ ʠ ʯʠʩʣʝʥʥʦʛʦ ʘʥʘʣʠʟʘ ʧʦʢʘʟʳʚʘʶʪ, ʯʪʦ 

ʢʨʦʩʩ-ʜʠʬʬʫʟʠʦʥʥʘʷ ʤʦʜʝʣʴ ʥʝ ʪʦʣʴʢʦ ʚʦʩʧʨʦʠʟʚʦʜʠʪ ʠʟʚʝʩʪʥʳʝ ʟʘʢʦʥʦʤʝʨʥʦʩʪʠ ʚʣʘʛʦ- ʠ 
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ʩʦʣʝʧʝʨʝʥʦʩʘ, ʥʦ ʠ ʦʙʣʘʜʘʝʪ ʚʳʩʦʢʦʡ ʧʨʦʛʥʦʩʪʠʯʝʩʢʦʡ ʩʧʦʩʦʙʥʦʩʪʴʶ. ɽʸ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʚ 

ʩʦʯʝʪʘʥʠʠ ʩ ʥʘʙʣʶʜʘʪʝʣʴʥʳʤʠ ʜʘʥʥʳʤʠ ʠ ʠʥʩʪʨʫʤʝʥʪʘʤʠ ʮʠʬʨʦʚʦʛʦ ʤʦʥʠʪʦʨʠʥʛʘ 

ʩʦʟʜʘʸʪ ʦʩʥʦʚʫ ʜʣʷ ʧʦʩʪʨʦʝʥʠʷ ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʳʭ ʩʠʩʪʝʤ ʧʦʜʜʝʨʞʢʠ ʨʝʰʝʥʠʡ ʚ ʦʙʣʘʩʪʠ 

ʤʝʣʠʦʨʘʮʠʠ ʠ ʫʧʨʘʚʣʝʥʠʷ ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʳʤʠ ʣʘʥʜʰʘʬʪʘʤʠ. ʄʦʜʝʣʴ ʤʦʞʝʪ ʙʳʪʴ 

ʨʘʩʰʠʨʝʥʘ ʜʣʷ ʫʯʸʪʘ ʤʥʦʛʦʢʦʤʧʦʥʝʥʪʥʳʭ ʩʤʝʩʝʡ, ʚʣʠʷʥʠʷ ʪʝʤʧʝʨʘʪʫʨʳ ʠ ʘʵʨʘʮʠʠ, ʯʪʦ 

ʦʧʨʝʜʝʣʷʝʪ ʥʘʧʨʘʚʣʝʥʠʝ ʜʘʣʴʥʝʡʰʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ. 

ɿʘʢʣʶʯʝʥʠʝ 

ɺ ʧʨʝʜʩʪʘʚʣʝʥʥʦʡ ʨʘʙʦʪʝ ʨʘʟʨʘʙʦʪʘʥʘ ʤʘʪʝʤʘʪʠʯʝʩʢʘʷ ʤʦʜʝʣʴ ʚʟʘʠʤʦʩʚʷʟʘʥʥʦʡ 

ʢʨʦʩʩ-ʜʠʬʬʫʟʠʠ ʚʣʘʛʠ ʠ ʨʘʩʪʚʦʨʸʥʥʳʭ ʩʦʣʝʡ ʚ ʧʦʯʚʝʥʥʦʡ ʩʨʝʜʝ, ʦʩʥʦʚʘʥʥʘʷ ʥʘ ʩʠʩʪʝʤʝ 

ʥʝʣʠʥʝʡʥʳʭ ʫʨʘʚʥʝʥʠʡ ʧʘʨʘʙʦʣʠʯʝʩʢʦʛʦ ʪʠʧʘ. ɺ ʦʪʣʠʯʠʝ ʦʪ ʢʣʘʩʩʠʯʝʩʢʠʭ ʤʦʜʝʣʝʡ 

ʜʠʬʬʫʟʠʠ, ʧʨʝʜʣʦʞʝʥʥʳʡ ʧʦʜʭʦʜ ʫʯʠʪʳʚʘʝʪ ʧʝʨʝʢʨʸʩʪʥʦʝ ʚʣʠʷʥʠʝ ʢʦʤʧʦʥʝʥʪʦʚ, ʘ ʪʘʢʞʝ 

ʨʝʘʢʮʠʦʥʥʳʝ ʧʦʪʝʨʠ, ʟʘʚʠʩʷʱʠʝ ʦʪ ʣʦʢʘʣʴʥʳʭ ʢʦʥʮʝʥʪʨʘʮʠʡ ʠ ʛʨʘʜʠʝʥʪʦʚ. ʕʪʦ ʧʦʟʚʦʣʷʝʪ 

ʙʦʣʝʝ ʪʦʯʥʦ ʦʧʠʩʳʚʘʪʴ ʨʝʘʣʴʥʳʝ ʧʨʦʮʝʩʩʳ ʚʣʘʛʦ- ʠ ʩʦʣʝʧʝʨʝʥʦʩʘ ʚ ʥʝʦʜʥʦʨʦʜʥʳʭ ʧʦʯʚʘʭ. 

ɸʥʘʣʠʪʠʯʝʩʢʦʝ ʠʩʩʣʝʜʦʚʘʥʠʝ ʧʦʢʘʟʘʣʦ, ʯʪʦ ʧʨʠ ʝʩʪʝʩʪʚʝʥʥʳʭ ʬʠʟʠʯʝʩʢʠʭ 

ʦʛʨʘʥʠʯʝʥʠʷʭ ʥʘ ʧʘʨʘʤʝʪʨʳ ʩʠʩʪʝʤʘ ʦʙʣʘʜʘʝʪ ʜʠʩʩʠʧʘʪʠʚʥʳʤʠ ʩʚʦʡʩʪʚʘʤʠ ʠ ʜʦʧʫʩʢʘʝʪ 

ʝʜʠʥʩʪʚʝʥʥʦʝ ʩʣʘʙʦʝ ʨʝʰʝʥʠʝ ʚ ʵʥʝʨʛʝʪʠʯʝʩʢʦʤ ʧʨʦʩʪʨʘʥʩʪʚʝ  2 1,(0, ; ( )),pL T W W  

ɺʳʚʝʜʝʥʥʳʝ ʘʧʨʠʦʨʥʳʝ ʦʮʝʥʢʠ ʛʘʨʘʥʪʠʨʫʶʪ ʫʩʪʦʡʯʠʚʦʩʪʴ ʤʦʜʝʣʠ ʠ ʦʙʝʩʧʝʯʠʚʘʶʪ 

ʢʦʨʨʝʢʪʥʦʩʪʴ ʜʘʣʴʥʝʡʰʠʭ ʯʠʩʣʝʥʥʳʭ ʨʘʩʯʸʪʦʚ. ʇʦʩʪʨʦʝʥʥʳʡ ʵʥʝʨʛʝʪʠʯʝʩʢʠʡ ʬʫʥʢʮʠʦʥʘʣ 

ʦʪʨʘʞʘʝʪ ʬʠʟʠʯʝʩʢʫʶ ʪʝʥʜʝʥʮʠʶ ʩʠʩʪʝʤʳ ʢ ʨʘʚʥʦʚʝʩʠʶ ʠ ʩʣʫʞʠʪ ʢʨʠʪʝʨʠʝʤ 

ʫʩʪʦʡʯʠʚʦʩʪʠ ʚ ʩʤʳʩʣʝ ʃʷʧʫʥʦʚʘ. 

ʏʠʩʣʝʥʥʳʝ ʵʢʩʧʝʨʠʤʝʥʪʳ ʧʦʜʪʚʝʨʜʠʣʠ ʩʧʦʩʦʙʥʦʩʪʴ ʤʦʜʝʣʠ ʚʦʩʧʨʦʠʟʚʦʜʠʪʴ 

ʢʣʶʯʝʚʳʝ ʟʘʢʦʥʦʤʝʨʥʦʩʪʠ ʤʠʛʨʘʮʠʠ ʚʣʘʛʠ ʠ ʩʦʣʠ. ʇʦʢʘʟʘʥʦ, ʯʪʦ ʨʦʩʪ ʥʝʣʠʥʝʡʥʦʩʪʠ 

ʜʠʬʬʫʟʠʦʥʥʦʛʦ ʦʧʝʨʘʪʦʨʘ ʧʨʠʚʦʜʠʪ ʢ ʟʘʤʝʜʣʝʥʠʶ ʚʳʨʘʚʥʠʚʘʥʠʷ ʢʦʥʮʝʥʪʨʘʮʠʡ ʠ 

ʬʦʨʤʠʨʦʚʘʥʠʶ ʫʩʪʦʡʯʠʚʳʭ ʬʨʦʥʪʦʚ ʟʘʩʦʣʝʥʠʷ. ɺʣʠʷʥʠʝ ʧʘʨʘʤʝʪʨʦʚ ʨʝʘʢʮʠʦʥʥʳʭ ʧʦʪʝʨʴ 

ʚʳʨʘʞʘʝʪʩʷ ʚ ʩʤʝʱʝʥʠʠ ʟʦʥʳ ʥʘʢʦʧʣʝʥʠʷ ʩʦʣʠ ʚʥʠʟ ʧʦ ʧʨʦʬʠʣʶ, ʯʪʦ ʩʦʦʪʚʝʪʩʪʚʫʝʪ 

ʥʘʙʣʶʜʘʝʤʳʤ ʧʨʦʮʝʩʩʘʤ ʚʪʦʨʠʯʥʦʛʦ ʟʘʩʦʣʝʥʠʷ ʧʨʠ ʤʥʦʛʦʣʝʪʥʝʤ ʦʨʦʰʝʥʠʠ. 

ʇʨʘʢʪʠʯʝʩʢʘʷ ʟʥʘʯʠʤʦʩʪʴ ʨʘʟʨʘʙʦʪʘʥʥʦʡ ʤʦʜʝʣʠ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʚʦʟʤʦʞʥʦʩʪʠ ʝʸ 

ʧʨʠʤʝʥʝʥʠʷ ʜʣʷ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷ ʤʝʣʠʦʨʘʪʠʚʥʦʛʦ ʩʦʩʪʦʷʥʠʷ ʟʝʤʝʣʴ ʠ ʦʮʝʥʢʠ 

ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʚʦʜʦʭʦʟʷʡʩʪʚʝʥʥʳʭ ʤʝʨʦʧʨʠʷʪʠʡ. ʆʥʘ ʤʦʞʝʪ ʩʣʫʞʠʪʴ ʤʘʪʝʤʘʪʠʯʝʩʢʠʤ 

ʷʜʨʦʤ ʮʠʬʨʦʚʳʭ ʩʠʩʪʝʤ ʤʦʥʠʪʦʨʠʥʛʘ, ʚ ʢʦʪʦʨʳʭ ʥʘʙʣʶʜʘʝʤʳʝ ʜʘʥʥʳʝ ʠʩʧʦʣʴʟʫʶʪʩʷ ʜʣʷ 

ʢʘʣʠʙʨʦʚʢʠ ʧʘʨʘʤʝʪʨʦʚ ʤʦʜʝʣʠ ʠ ʚʳʧʦʣʥʝʥʠʷ ʩʮʝʥʘʨʥʳʭ ʨʘʩʯʸʪʦʚ. ʊʘʢʦʡ ʧʦʜʭʦʜ ʩʦʟʜʘʸʪ 

ʦʩʥʦʚʫ ʜʣʷ ʧʦʩʪʨʦʝʥʠʷ ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʳʭ ʩʠʩʪʝʤ ʧʦʜʜʝʨʞʢʠ ʨʝʰʝʥʠʡ ʚ ʫʧʨʘʚʣʝʥʠʠ 

ʚʦʜʥʳʤʠ ʠ ʟʝʤʝʣʴʥʳʤʠ ʨʝʩʫʨʩʘʤʠ. 

ʇʝʨʩʧʝʢʪʠʚʥʳʤ ʥʘʧʨʘʚʣʝʥʠʝʤ ʜʘʣʴʥʝʡʰʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʷʚʣʷʝʪʩʷ ʨʘʩʰʠʨʝʥʠʝ 

ʤʦʜʝʣʠ ʜʣʷ ʤʥʦʛʦʢʦʤʧʦʥʝʥʪʥʳʭ ʩʤʝʩʝʡ ʠ ʪʨʸʭʤʝʨʥʳʭ ʦʙʣʘʩʪʝʡ, ʘ ʪʘʢʞʝ ʫʯʸʪ ʚʣʠʷʥʠʷ 

ʪʝʤʧʝʨʘʪʫʨʥʳʭ ʠ ʘʵʨʘʮʠʦʥʥʳʭ ʬʘʢʪʦʨʦʚ. ɺʢʣʶʯʝʥʠʝ ʤʘʰʠʥʥʳʭ ʤʝʪʦʜʦʚ ʦʧʪʠʤʠʟʘʮʠʠ 

ʧʘʨʘʤʝʪʨʦʚ ʧʦʟʚʦʣʠʪ ʧʦʚʳʩʠʪʴ ʪʦʯʥʦʩʪʴ ʧʨʦʛʥʦʟʘ ʠ ʠʥʪʝʛʨʠʨʦʚʘʪʴ ʤʦʜʝʣʴ ʚ ʮʠʬʨʦʚʳʝ 

ʧʣʘʪʬʦʨʤʳ ʫʩʪʦʡʯʠʚʦʛʦ ʩʝʣʴʩʢʦʛʦ ʭʦʟʷʡʩʪʚʘ ʠ ʨʘʮʠʦʥʘʣʴʥʦʛʦ ʚʦʜʦʧʦʣʴʟʦʚʘʥʠʷ. 
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ʀʅʉʆʅʃɸʈʅʀ ɼʀɸɹEʊɻɸ ʏɸʃʀʅʀʐ ʕ׳ʊʀʄʆʃʃʀɻʀʅʀ 

ɹɸʐʆʈɸʊʃɸʐ 
 

1ɹʘʭʪʠʸʨʦʚʘ ʄ.ʐ., 2ʐʫʢʨʫʣʣʦʝʚ ɹ.ʈ. 
1,2ʊʦʰʢʝʥʪ ʠʨʨʠʛʘʮʠʷ ʚʘ ץʠʰʣʦץ ʭ˄ʞʘʣʠʛʠʥʠ ʤʝʭʘʥʠʟʘʮʠʷʣʘʰ ʤʫ״ʘʥʜʠʩʣʘʨʠ ʠʥʩʪʠʪʫʪʠ 

ʄʠʣʣʣʠʡ ʪʘʜץʠץʦʪ ʫʥʠʚʝʨʩʠʪʝʪʠ, ʊʦʰʢʝʥʪ, ɶʟʙʝʢʠʩʪʘʥ  

https://doi.org/10.5281/zenodo.17919393 

 

ɸʥʥʦʪʘʮʠʷ: ϱʦʟʠʨʛʠ ʢʫʥʜʘ ʙʘʰʦʨʘʪ ʘʣʛʦʨʠʪʤʣʘʨʠ ʪʠʙʙʠʸʪʜʘ ʵʨʪʘ 

ʪʘʭhʠʩʣʘʰʜʘ, ʪʠʙʙʠʡ ʤʘʲʣʫʤʦʪʣʘʨʥʠ ʪʘϲʣʠʣ Ϩʠʣʠʰʜʘ ʤʫϲʠʤ ʤʘʩʘʣʘ ϲʠʩʦʙʣʘʥʘʜʠ. ʋʰʙʫ 

ʪʘʜϨʠϨʦʪʜʘ ɹʘʡʝʩ ʪʝʦʨʝʤʘʩʠ ʸʨʜʘʤʠʜʘ ʙʝʤʦʨʥʠ ʜʠʘʙʝʪʛʘ ʯʘʣʠʥʠʰ ʵϲʪʠʤʦʣʠʥʠ 

ʘʥʠϨʣʦʚʯʠ ʵϲʪʠʤʦʣʠʡ ʙʘʰʦʨʘʪ ʤʦʜʝʣʠ ʠʰʣʘʙ ʯʠϨʠʣʛʘʥ. ʄʦʜʝʣ ʩʘʤʘʨʘʜʦʨʣʠʛʠ ʣʦʛʠʩʪʠʢ 

ʨʝʛʨʝʩʩʠʷ ʘʣʛʦʨʠʪʤʠ ʙʠʣʘʥ ʪʘϨϨʦʩʣʘʥʠʙ ʙʘϲʦʣʘʥʛʘʥ. ʊʘʜϨʠϨʦʪʜʘ ʇʠʤʘ ʀʥʜʠʘʥʩ 

ɼʠʘʙʝʪʝʩ ʤʘʲʣʫʤʦʪʣʘʨ ʙʘʟʘʩʠ ʬʦʡʜʘʣʘʥʠʣʛʘʥ ʙ˄ʣʠʙ, ʫʥʠʥʛ 80%ʠ ˄Ϩʠʪʠʰ ʚʘ 20% ʩʠʥʦʚ 

ʫʯʫʥ ʘʞʨʘʪʠʣʛʘʥ. ϱʘʨ ʙʠʨ ʩʠʥʬ ʫʯʫʥ ˄ʨʪʘʯʘ Ϩʠʡʤʘʪ, ʜʠʩʧʝʨʩʠʷ ʚʘ ʵϲʪʠʤʦʣʣʠʢʣʘʨ 

ϲʠʩʦʙʣʘʥʠʙ, ɹʘʡʝʩ ʜʠʩʢʨʠʤʠʥʘʥʪ ʬʫʥʢʮʠʷʣʘʨʠ ʘʥʠϨʣʘʥʛʘʥ. ɹʘʡʝʩ ʵϲʪʠʤʦʣʠʡ ʙʘʰʦʨʘʪ 

ʤʦʜʝʣʠ 76%, ʣʦʛʠʩʪʠʢ ʨʝʛʨʝʩʩʠʷ ʵʩʘ 80% ʘʥʠϨʣʠʢʥʠ ʪʘʲʤʠʥʣʘʜʠ. ʊʘʜϨʠϨʦʪʣʘʨʜʘ 

ʣʦʛʠʩʪʠʢ ʨʝʛʨʝʩʩʠʷ ʙʠʨʦʟ ʶϨʦʨʠ ʥʘʪʠʞʘ ʢ˄ʨʩʘʪʛʘʥ ʙ˄ʣʩʘ-ʜʘ, ɹʘʡʝʩ ʤʦʜʝʣʠ ʪʝʟʢʦʨ ʚʘ 

ʩʦʜʜʘ ʙ˄ʣʛʘʥʣʠʛʠ ʫʯʫʥ ʢʣʠʥʠʢ ʩʢʨʠʥʠʥʛʜʘ ʩʘʤʘʨʘʣʠ ʘʩʦʩʠʡ ʸʥʜʘʰʫʚ ʩʠʬʘʪʠʜʘ 

Ϩ˄ʣʣʘʥʠʣʠʰʠ ʤʫʤʢʠʥ. 

ʂʘʣʠʪ ʩ˄ʟʣʘʨ: ɹʘʡʝʩ ʪʝʦʨʝʤʘʩʠ, ɹʘʡʝʩ ʪʘʩʥʠʬʣʘʛʠʯʠ, ʣʦʛʠʩʪʠʢ ʨʝʛʨʝʩʩʠʷ, ʜʠʘʙʝʪ 

ʙʘʰʦʨʘʪʠ, ʤʘʰʠʥʘʚʣʠ ˄Ϩʠʪʠʰ, ʪʠʙʙʠʡ ʜʠʘʛʥʦʩʪʠʢʘ, ʵϲʪʠʤʦʣʣʠʢ ʤʦʜʝʣʠ, ʤʘʲʣʫʤʦʪʣʘʨ 

ʙʘʟʘʩʠ, ʩcʠʢʠʪ-ʣʝʘʨʥ, ʪʘʩʥʠʬʣʘʰ, ʛʠʙʨʠʜ ʸʥʜʘʰʫʚ, ʤʘʲʣʫʤʦʪʣʘʨ ʪʘϲʣʠʣʠ 

 

ʂʠʨʠʰ 

ʉ˄ʥʛʛʠ ʡʠʣʣʘʨʜʘ ʜʫʥʸʜʘ ץʘʥʜʣʠ ʜʠʘʙʝʪ ʢʘʩʘʣʣʠʛʠʛʘ ʜʫʯʦʨ ʙ˄ʣʛʘʥ ʙʝʤʦʨʣʘʨ ʩʦʥʠ 

ʦʨʪʠʙ ʙʦʨʤʦץʜʘ. ɾʘ״ʦʥ ʩʦסʣʠץʥʠ ʩʘץʣʘʰ ʪʘʰʢʠʣʦʪʠ ʤʘʲʣʫʤʦʪʣʘʨʠʛʘ ʢ˄ʨʘ, ʝʨ ʶʟʠʜʘ ״ʘʨ 

˄ʥ ʠʥʩʦʥʜʘʥ ʙʠʨʠ ʜʠʘʙʝʪʜʘʥ ʘʟʠʷʪ ʯʝʢʘʜʠ. ɹʫ ״ʦʣʘʪ ʛʣʦʙʘʣ ʩʦסʣʠץʥʠ ʩʘץʣʘʰ ʪʠʟʠʤʠ ʫʯʫʥ 

ʜʦʣʟʘʨʙ ʤʫʘʤʤʦʣʘʨʜʘʥ ʙʠʨʠʜʠʨ [1]. ɼʠʘʙʝʪ ʢʘʩʘʣʣʠʛʠʥʠ ʵʨʪʘ ʘʥʠץʣʘʰ ʚʘ ʭʘʚʬ ʛʫʨʫ״ʠʛʘ 

ʤʘʥʩʫʙʣʠʛʠʥʠ ʙʘʰʦʨʘʪʣʘʰ ʦʨץʘʣʠ ʢʘʩʘʣʣʠʢ ʘʩʦʨʘʪʣʘʨʠʥʠ ʢʘʤʘʡʪʠʨʠʰ, ʜʘʚʦʣʘʰ 

ʭʘʨʘʞʘʪʣʘʨʠʥʠ ץʠʩץʘʨʪʠʨʠʰ ʚʘ ״ʘʸʪ ʩʠʬʘʪʠʥʠ ʷʭʰʠʣʘʰ ʤʫʤʢʠʥ [5]. ɹʫʥʠʥʛ ʫʯʫʥ ʢʫʯʣʠ 

ʙʘʰʦʨʘʪʣʘʰ ʘʣʛʦʨʠʪʤʣʘʨʠ ʪʘʣʘʙ ץʠʣʠʥʘʜʠ. ʊʠʙʙʠʡ ʪʘʰʭʠʩʣʘʰʜʘ ʤʘʰʠʥʘʣʠ ˄ץʠʪʠʰ 

ʘʣʛʦʨʠʪʤʣʘʨʠ ʭʫʩʫʩʘʥ, ɹʘʡʝʩ, ʃʦʛʠʩʪʠʢ ʨʝʛʨʝʩʩʠʷ ʚʘ ʥʝʡʨʦʥ ʪʘʨʤʦץ ʤʦʜʝʣʣʘʨʠ ʢʝʥʛ 

 ,ʣʣʘʥʠʣʘʜʠ [4, 7]. ɹʘʡʝʩ ʪʝʦʨʝʤʘʩʠʛʘ ʘʩʦʩʣʘʥʛʘʥ ɹʘʡʝʩ ʪʘʩʥʠʬʣʘʛʠʯʠ ˄ʟʠʥʠ ʩʦʜʜʘʣʠʛʠ˄ץ

ʪʝʟʢʦʨʣʠʛʠ ʚʘ ʵ״ʪʠʤʦʣʣʠʢ ʘʩʦʩʠʜʘ ץʘʨʦʨ ץʘʙʫʣ ץʠʣʠʰ ʠʤʢʦʥʠʷʪʠ ʙʠʣʘʥ ʙʦʰץʘ ʪʘʩʥʠʬʣʘʰ 

ʫʩʫʣʣʘʨʠʜʘʥ ʘʞʨʘʣʠʙ ʪʫʨʘʜʠ [3, 10]. ʐʫ ʙʠʣʘʥ ʙʠʨʛʘ, ʫ ʤʘʲʣʫʤʦʪʣʘʨ ˄ʟʘʨʦ ʤʫʩʪʘץʠʣ 

ʜʝʛʘʥ ʬʘʨʘʟʛʘ ʪʘʷʥʘʜʠ, ʙʫ ʵʩʘ ʘʡʨʠʤ ʘʤʘʣʠʡ ״ʦʣʘʪʣʘʨʜʘ ʘʥʠץʣʠʢʢʘ ʪʘʲʩʠʨ ʵʪʘʜʠ [6]. 

ʄʘʟʢʫʨ ʤʘץʦʣʘʜʘ ɹʘʡʝʩ ʤʦʜʝʣʠ ʚʘ ʣʦʛʠʩʪʠʢ ʨʝʛʨʝʩʩʠʷ ʥʘʪʠʞʘʣʘʨʠ ˄ʟʘʨʦ ʪʘץץʦʩʣʘʥʠʙ 

ʪʘ״ʣʠʣ ץʠʣʠʥʘʜʠ, ʯʫʥʢʠ ʣʦʛʠʩʪʠʢ ʤʦʜʝʣ ״ʘʤ ʵ״ʪʠʤʦʣʣʠʢ ʘʩʦʩʠʜʘ ʠʰʣʘʡʜʠ ʚʘ ʫ ʯʠʟʠץʣʠ 

ʢʦʤʙʠʥʘʮʠʷʛʘ ʘʩʦʩʣʘʥʛʘʥ ʫʩʫʣ ״ʠʩʦʙʣʘʥʘʜʠ [3, 9]. 

ʄʘʰʠʥʘʣʠ ˄ץʠʪʠʰ ʘʩʦʩʣʘʨʠ ʙ˄ʡʠʯʘ ʵʥʛ ʤʫ״ʠʤ ʥʘʟʘʨʠʡ ʤʘʥʙʘʣʘʨʜʘʥ ʙʠʨʠ ɼʫʜʘ, 

ʍʘʨʪ ʚʘ ʉʪʦʨʢ ʪʦʤʦʥʠʜʘʥ ʸʟʠʣʛʘʥ ñʊʠʤʩʦʣʣʘʨʥʠ ʪʘʥʠʙ ʦʣʠʰò ʢʠʪʦʙʠʜʘ ɹʘʡʝʩ 

ʢʣʘʩʩʠʬʠʢʘʪʦʨʠʥʠʥʛ ʥʘʟʘʨʠʡ ץʠʩʤʠ ʙʘʪʘʬʩʠʣ ʸʨʠʪʠʣʛʘʥ [1]. ʐʫʥʠʥʛʜʝʢ, ɹʠʰʦʧ [4] ʚʘ 
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ʄʫʨʬʠ [3] ʠʰʣʘʨʠʜʘ ״ʘʤ ɹʘʡʝʩ ʫʩʫʣʠʥʠ ʩʪʘʪʠʩʪʠʢ ʤʦ״ʠʷʪʠ ʚʘ ʵ״ʪʠʤʦʣʣʠʢ ʤʦʜʝʣʠ 

ʩʠʬʘʪʠʜʘʛʠ ʘʬʟʘʣʣʠʢʣʘʨʠ ʙʘʸʥ ʵʪʠʣʛʘʥ. 

ʂ˄ʧʣʘʙ ʪʘʜץʠץʦʪʣʘʨʜʘ ʪʠʙʙʠʡ ʪʘʰʭʠʩʣʘʰ ʙ˄ʡʠʯʘ ɹʘʡʝʩ ʚʘ ʣʦʛʠʩʪʠʢ ʨʝʛʨʝʩʩʠʷ 

ʤʦʜʝʣʣʘʨʠ ˄ʟʘʨʦ ʪʘץץʦʩʣʘʥʛʘʥ. ʄʘʩʘʣʘʥ, ʋʪʘʤʠ ʚʘ ʙʦʰץʘʣʘʨ (2021) ʠʰʣʘʨʠʜʘ ʅʘʠʚʝ 

ɹʘʡʝʩ ʚʘ ʣʦʛʠʩʪʠʢ ʨʝʛʨʝʩʩʠʷʥʠ ʜʠʘʙʝʪ ʤʘʲʣʫʤʦʪʣʘʨʠʜʘ ʩʦʣʠʰʪʠʨʠʙ, ɹʘʡʝʩ ʤʦʜʝʣʠʥʠ 

 ʣʠʛʠ ʥʠʩʙʘʪʘʥ ʧʘʩʪ ʵʢʘʥʣʠʛʠʥʠ ʢ˄ʨʩʘʪʠʙ ʙʝʨʠʣʛʘʥץʘʥʠ ,ץʦʨʠ ʙʠʨʦץʠʩʦʙʣʘʰ ʪʝʟʣʠʛʠ ʶ״

[4]. ʈʘ״ʤʘwʘʪʠ ʚʘ ʙʦʰץʘʣʘʨ (2022) ʵʩʘ ʀʥʜʦʥʝʟʠʷ ʪʠʙʙʠʡ ʤʘʲʣʫʤʦʪʣʘʨʠ ʘʩʦʩʠʜʘ ˄ʪʢʘʟʛʘʥ 

ʪʘʜץʠץʦʪʠʜʘ ɹʘʡʝʩ ʚʘ ʣʦʛʠʩʪʠʢ ʨʝʛʨʝʩʩʠʷ ʤʦʜʝʣʣʘʨʠ ʘʥʠץʣʠʛʠ ʤʦʩ ʨʘʚʠʰʜʘ 76% ʚʘ 80% 

ʪʘʰʢʠʣ ʵʪʛʘʥ [5]. ʐʫ ʢʘʙʠ ʪʘ״ʣʠʣʣʘʨ ʃʝʩʤʘʥʘ (2023) [6], ʆʢʠʢʠʦʣʘ (2023) [7], ʚʘ ɸʨʨʘʡʷʥ 

(2024) [8] ʠʰʣʘʨʠʜʘ ״ʘʤ ˄ʟ ʘʢʩʠʥʠ ʪʦʧʛʘʥ. 

ʋʰʙʫ ʪʘʜץʠץʦʪʥʠʥʛ ʘʩʦʩʠʡ ʤʘץʩʘʜʠ ɹʘʡʝʩ ʪʝʦʨʝʤʘʩʠʛʘ ʘʩʦʩʣʘʥʛʘʥ ʪʘʥʠʬʣʘʛʠʯ 

ʸʨʜʘʤʠʜʘ ʠʥʩʦʥʣʘʨʥʠ ʜʠʘʙʝʪʛʘ ʯʘʣʠʥʠʰ ʵ״ʪʠʤʦʣʠʥʠ ʙʘʰʦʨʘʪʣʘʰ ʚʘ ʫʥʠ ʥʘʪʠʞʘʣʘʨʠʥʠ 

ʣʦʛʠʩʪʠʢ ʨʝʛʨʝʩʩʠʷ ʤʦʜʝʣʠ ʙʠʣʘʥ ʪʘץץʦʩʣʘʙ, ʘʥʠץʣʠʢ, ʪʝʟʣʠʢ ʚʘ ʘʤʘʣʠʡ ץ˄ʣʣʘʥʠʰ 

ʠʤʢʦʥʠʷʪʣʘʨʠʥʠ ʙʘ״ʦʣʘʰʜʘʥ ʠʙʦʨʘʪ [11]. 

ʄʘץʩʘʜʛʘ ʵʨʠʰʠʰ ʫʯʫʥ ץʫʡʠʜʘʛʠ ʚʘʟʠʬʘʣʘʨʥʠ ʙʘʞʘʨʠʰ ʪʘʣʘʙ ʵʪʠʣʘʜʠ: 

1. ʇʠʤʘ ʀʥʜʠʘʥʩ ɼʠʘʙʝʪʝʩ ʤʘʲʣʫʤʦʪʣʘʨ ʙʘʟʘʩʠʥʠ ʪʘ״ʣʠʣ ץʠʣʠʰ ʚʘ ʪʘʡʸʨʣʘʰ [14]; 

2. ɹʘʡʝʩ ʪʝʦʨʝʤʘʩʠ ʘʩʦʩʠʜʘ ʪʘʩʥʠʬʣʘʛʠʯ ʫʯʫʥ ʘʣʛʦʨʠʪʤʠʥʠ ʠʰʣʘʙ ʯʠץʠʰ; 

3. ʃʦʛʠʩʪʠʢ ʨʝʛʨʝʩʩʠʷ ʤʦʜʝʣʠʥʠ ץʫʨʠʰ ʚʘ ʫʣʘʨʥʠ ˄ʭʰʘʰ ʰʘʨʦʠʪʜʘ ˄ץʠʪʠʰ; 

 ʣʠʢץʘʨ ʠʢʢʘʣʘ ʤʦʜʝʣʥʠ ʙʠʨ ʭʠʣ ʪʝʩʪ ʪ˄ʧʣʘʤʠʜʘ ʩʠʥʦʚʜʘʥ ˄ʪʢʘʟʠʰ ʚʘ ʘʥʠ׳ .4

ʜʘʨʘʞʘʩʠʥʠ ʙʘ״ʦʣʘʰ; 

5. ʄʦʜʝʣ ʥʘʪʠʞʘʣʘʨʠʥʠ ʪʘץץʦʩʣʘʙ, ʶʪʫץ ʚʘ ʢʘʤʯʠʣʠʢʣʘʨʠʥʠ ʘʥʠץʣʘʰ; 

6. ɹʘʡʝʩ ʸʥʜʘʰʫʚʠʥʠ ʪʠʙʙʠʡ ʪʘʰʭʠʩʜʘʛʠ ʘʤʘʣʠʡ ʘ״ʘʤʠʷʪʠʥʠ ʘʩʦʩʣʘʰ. 

ʋʰʙʫ ʪʘʜץʠץʦʪ ʥʘʪʠʞʘʣʘʨʠ ʩʦסʣʠץʥʠ ʩʘץʣʘʰ ʪʠʟʠʤʠʜʘ, ʜʠʘʙʝʪ ʢʘʩʘʣʣʠʛʠʥʠ ʵʨʪʘ 

ʪʘʰʭʠʩʣʘʰ ʚʘ ʭʘʚʬ ʛʫʨʫ״ʠʥʠ ʘʥʠץʣʘʰʜʘ ץ˄ʣʣʘʥʠʰʠ ʤʫʤʢʠʥ. ɹʘʡʝʩ ʘʣʛʦʨʠʪʤʠʥʠ 

ʩʦʜʜʘʣʠʛʠ ʚʘ ʪʝʟʣʠʛʠ ʫʥʠ ʤʦʙʠʣ ʠʣʦʚʘʣʘʨ, ʪʠʙʙʠʡ ʤʘʲʣʫʤʦʪʣʘʨ ʪʠʟʠʤʣʘʨʠ ʸʢʠ 

 .ʠʩʦʙʣʘʥʘʜʠ [2, 13]״ ʫʣʘʡץ ʫʚʚʘʪʣʘʰ ʜʘʩʪʫʨʣʘʨʠʜʘ ʞʦʨʠʡ ʵʪʠʰ ʫʯʫʥץ-ʣʣʘʙ˄ץ ʘʨʦʨʣʘʨʥʠץ

ʊʘʜץʠץʦʪ ʤʝʪʦʜʠ 

ʋʰʙʫ ʪʘʜץʠץʦʪʜʘ ɹʘʡʝʩ ʪʘʩʥʠʬʣʘʛʠʯʠ ʚʘ ʣʦʛʠʩʪʠʢ ʨʝʛʨʝʩʩʠʷ ʤʦʜʝʣʣʘʨʠ ʘʩʦʩʠʜʘ 

ʠʥʩʦʥʣʘʨʥʠ ʜʠʘʙʝʪʛʘ ʯʘʣʠʥʠʰ ʵ״ʪʠʤʦʣʣʠʛʠʥʠ ʙʘʰʦʨʘʪʣʘʰ ʘʤʘʣʛʘ ʦʰʠʨʠʣʜʠ. 

ʄʘʲʣʫʤʦʪʣʘʨ ʩʠʬʘʪʠʜʘ ʇʠʤʘ ʀʥʜʠʘʥʩ ɼʠʘʙʝʪʝʩ ʪ˄ʧʣʘʤʠ ʦʣʠʥʛʘʥ ʙ˄ʣʠʙ, ʫʥʜʘ 768 ʪʘ 

ʙʝʤʦʨ ʤʘʲʣʫʤʦʪʣʘʨʠ ʤʘʚʞʫʜ ʚʘ ʫʥʠʥʛ ״ʘʨ ʙʠʨ ʸʟʫʚʜʘ 8 ʪʘ ʭʫʩʫʩʠʷʪ, ʷʲʥʠ ʛʣʫʢʦʟʘ, ץʦʥ 

ʙʦʩʠʤʠ, ɹʄʀ, ʸʰ, ʠʥʩʫʣʠʥ, ״ʦʤʠʣʘʜʦʨʣʠʢ ʩʦʥʠ ʚʘ ʪʝʨʠ ץʘʣʠʥʣʠʛʠ ʤʘʚʞʫʜ. ʐʫʥʠʥʛʜʝʢ, 

 ʰʘʢʣʠʜʘ (ʣʦʤסʩʦ) ʠʡʤʘʪʠ (ʆʫʪcʦʤʝ) 1 (ʜʠʘʙʝʪ) ʸʢʠ 0ץ ʘʨ ʙʠʨ ʸʟʫʚʛʘ ʤʦʩ ʥʘʪʠʞʘ״

ʙʝʨʠʣʛʘʥ. 

ɹʘʡʝʩ ʪʝʦʨʝʤʘʩʠ ʤʘʟʢʫʨ ʪʘʜץʠץʦʪʜʘ ɹʘʡʝʩ ʪʘʩʥʠʬʣʘʛʠʯʠ ʘʣʛʦʨʠʪʤʠʥʠ ʤʘʪʝʤʘʪʠʢ 

ʘʩʦʩʠ ʩʠʬʘʪʠʜʘ ץ˄ʣʣʘʥʠʣʜʠ. ʄʦʜʝʣ ʚʘʟʠʬʘʩʠ ʙʝʨʠʣʛʘʥ ʘʪʨʠʙʫʪʣʘʨʛʘ ʢ˄ʨʘ ʜʠʘʙʝʪʛʘ 

ʯʘʣʠʥʠʰ ʵ״ʪʠʤʦʣʣʠʛʠʥʠ ʘʥʠץʣʘʰʜʘʥ ʠʙʦʨʘʪ. 

ɹʘʡʝʩ ʪʝʦʨʝʤʘʩʠʥʠʥʛ ʤʘʪʝʤʘʪʠʢ ʠʬʦʜʘʩʠ ץʫʡʠʜʘʛʠʯʘ ʢ˄ʨʠʥʠʰʜʘ ʠʬʦʜʘʣʘʥʘʜʠ: 

[ ( | ) ( )]
( | )

( )

i i
i

P X C P C
P C X

P X

Ö
=      (1) 

ʙʫ ʝʨʜʘ  ( | )iP C X ð ʙʝʤʦʨʜʘ ʜʠʘʙʝʪ ʤʘʚʞʫʜ ʙ˄ʣʠʰ ʵ״ʪʠʤʦʣʣʠʛʠ, ( | )iP X C   ð ʜʠʘʙʝʪ 

ʤʘʚʞʫʜ ʙ˄ʣʛʘʥ ʙʝʤʦʨʣʘʨʜʘ ʦʣʠʥʛʘʥ ʙʝʣʛʠʣʘʨ ʢʫʟʘʪʠʣʠʰ ʵ״ʪʠʤʦʣʣʠʛʠ, - 
( )iP C

 ð 

ʜʠʘʙʝʪʥʠ ʫʤʫʤʠʡ ʫʯʨʘʰʠʰ ʵ״ʪʠʤʦʣʣʠ. 
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  ,ʠʜʘ ʩʪʘʪʠʩʪʠʢ ʭʫʩʫʩʠʷʪʣʘʨ, ʤʘʩʘʣʘʥ״ʘʣʦ (ʣʦʤסʜʠʘʙʝʪ ʚʘ ʩʦ) ʘʨ ʙʠʨ ʩʠʥʬ ʫʯʫʥ׳

˄ʨʪʘʯʘ ץʠʡʤʘʪ (ɛ) ʚʘ ʜʠʩʧʝʨʩʠʷ (ůĮ) ״ʠʩʦʙʣʘʥʘʜʠ. ɹʝʣʛʠʣʘʨ ʩʦʥʣʠ ʙ˄ʣʛʘʥʠ ʫʯʫʥ ɻʘʫʩʩ 

ʵ״ʪʠʤʦʣʣʠʢ ʪʘץʩʠʤʦʪʠʜʘʥ ʬʦʡʜʘʣʘʥʠʰ ʤʫʤʢʠʥ: 
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ɹʘʨʯʘ ʘʪʨʠʙʫʪʣʘʨ ʫʯʫʥ ʵ״ʪʠʤʦʣʣʠʢʣʘʨ ʢ˄ʧʘʡʪʠʨʠʣʠʙ, ʵʥʛ ʢʘʪʪʘ ʵ״ʪʠʤʦʣʣʠʢʢʘ ʵʛʘ 

ʩʠʥʬ ʪʘʥʣʘʥʜʠ. ɸʤʘʣʠʡ ʞʠ״ʘʪʜʘʥ, ʩcʠʢʠʪ-ʣʝʘʨʥ ʢʫʪʫʙʭʦʥʘʩʠʜʘʛʠ ɻʘʫʩʮʠʘʥʅɹ() 

ʬʫʥʢʮʠʷʩʠ ʦʨץʘʣʠ ʬʦʨʤʫʣʘʣʘʨʥʠ ʘʚʪʦʤʘʪʠʢ ״ʠʩʦʙʣʘʰ ʤʫʤʢʠʥ. ʄʦʜʝʣʥʠ ˄ץʠʪʠʰ 

(ʪʨʘʠʥʠʥʛ) ʙʦʩץʠʯʠʜʘ fit(X_train, y_train) ʬʫʥʢʮʠʷʩʠ ʦʨץʘʣʠ ɹʘqʝʩ ʪʝʦʨʝʤʘʩʠ ʘʩʦʩʠʜʘ ״ʘʨ 

ʙʠʨ ʩʠʥʬ ʫʯʫʥ ɛ ʚʘ ůĮ ץʠʡʤʘʪʣʘʨ ʘʥʠץʣʘʥʘʜʠ.  ʊʝʩʪ ʙʦʩץʠʯʠʜʘ predict(X_test) ʸʨʜʘʤʠʜʘ ״ʘʨ 

ʙʠʨ ʰʘʭʩ ʘʪʨʠʙʫʪʣʘʨʠʛʘ ʥʠʩʙʘʪʘʥ P(Ci|X) ʵ״ʪʠʤʦʣʣʠʢʣʘʨ ״ʠʩʦʙʣʘʥʘʜʠ. ʊʘץץʦʩʣʘʰʜʘ 

 ʣʠ ʢʦʤʙʠʥʘʮʠʷ ʘʩʦʩʠʜʘץʪʠʤʦʣʣʠʢʥʠ ʯʠʟʠ״ʣʣʘʥʠʣʛʘʥ ʣʦʛʠʩʪʠʢ ʨʝʛʨʝʩʩʠʷ ʤʦʜʝʣʠ ʵ˄ץ

ʙʘ״ʦʣʘʡʜʠ: 
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ʙʫ ʝʨʜʘ Y ð ʥʘʪʠʞʘ (1 ð ʜʠʘʙʝʪ, 0 ð ʩʦסʣʦʤ), -   ðʘʪʨʠʙʫʪʣʘʨ 

ʪ˄ʧʣʘʤʠ, -  ð ʤʦʜʝʣ ʪʦʤʦʥʠʜʘʥ ˄ʨʛʘʥʠʣʘʜʠʛʘʥ ʦסʠʨʣʠʢʣʘʨ. 

ʄʦʜʝʣ ʃʦʛʠʩʪʠcʈʝʛʨʝʩʩʠʦʥ() ʬʫʥʢʮʠʷʩʠ ʸʨʜʘʤʠʜʘ ˄ץʠʪʠʣʜʠ. ɶץʠʪʠʰ ʙʦʩץʠʯʠʜʘ 

ʤʦʜʝʣ ״ʘʨ ʙʠʨ ʘʪʨʠʙʫʪʥʠ ʜʠʘʙʝʪʛʘ ʪʘʲʩʠʨ ʢʦʵʬʬʠʮʠʝʥʪʠʥʠ (ɓ) ״ʠʩʦʙʣʘʡʜʠ. ʄʘʩʘʣʘʥ: - 

ɻʣʫʢʦʟʘ (ɓ1 = 0.025) ð ʵʥʛ ʪʘʲʩʠʨʣʠ ʘʪʨʠʙʫʪ, - ɹʄʀ (ɓ2 = 0.015) ð ˄ʨʪʘʯʘ ʪʘʲʩʠʨ, - ɪʰ 

(ɓ3 = 0.008) ð ʥʠʩʙʘʪʘʥ ʧʘʩʪ ʪʘʲʩʠʨ. 

ʉʠʥʦʚ ʙʦʩץʠʯʠʜʘ ʤʦʜʝʣ ʵ״ʪʠʤʦʣʣʠʢʥʠ ״ʠʩʦʙʣʘʡʜʠ: 

ʘʛʘʨ P(Y=1|X) > 0.5  ʙ˄ʣʩʘ, ñʜʠʘʙʝʪò ʜʝʙ, ʘʢʩ ״ʦʣʜʘ çʜʠʘʙʝʪ ʵʤʘʩè ʜʝʙ ʙʘ״ʦʣʘʥʘʜʠ. 

 .ʠʣʠʥʘʜʠץ ʣʠʣ״ʘʨ ʠʢʢʠ ʤʦʜʝʣ ʫʯʫʥ ʥʘʪʠʞʘʣʘʨ ʭʘʪʦʣʠʢ ʤʘʪʨʠʮʘʩʠ ʸʨʜʘʤʠʜʘ ʪʘ׳  

ɸʥʠץʣʠʢ ʜʘʨʘʞʘʩʠ ץʫʡʠʜʘʛʠ ʬʦʨʤʫʣʘ ʦʨץʘʣʠ ״ʠʩʦʙʣʘʥʘʜʠ: 
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ʉʠʥʦʚʣʘʨʜʘ 154 ʪʘ ʙʝʤʦʨʜʘʥ ץʫʡʠʜʘʛʠ ʥʘʪʠʞʘʣʘʨ ʦʣʠʥʛʘʥ: 

- 48 ʪʘʩʠ ʪ˄סʨʠ ñʜʠʘʙʝʪò ʜʝʙ ʪʦʧʠʣʛʘʥ (ʊʇ), 

- 86 ʪʘʩʠ ʪ˄סʨʠ ñʩʦסʣʦʤò ʜʝʙ ʪʦʧʠʣʛʘʥ (ʊʅ), 

- 12 ʪʘʩʠ ʭʘʪʦ ñʜʠʘʙʝʪò (ʌʇ), 

- 8 ʪʘʩʠ ʭʘʪʦ ñʩʦסʣʦʤò (ʌʅ) ʜʝʙ ʪʦʧʠʣʛʘʥ. 

  ɹʫ ɹʘʡʝʩ ʤʦʜʝʣʠ ʫʯʫʥ ʦʣʠʥʠʙ, ʣʦʛʠʩʪʠʢ ʨʝʛʨʝʩʩʠʷʜʘ 89% ʘʥʠץʣʠʢ ץʘʡʜ ʵʪʜʠ. ׳ʠʩʦʙ-

ʢʠʪʦʙʣʘʨ Python 3,11 ʤʫ״ʠʪʠ, ɾʫʧʡʪʝʨ ʅʦʪʝʙʦʦʢ ʜʘʩʪʫʨʠʜʘ ʘʤʘʣʛʘ ʦʰʠʨʠʣʜʠ. 

ʊʘʞʨʠʙʘʣʘʨʜʘ ץʫʡʠʜʘʛʠ ʢʫʪʫʙʭʦʥʘʣʘʨʜʘʥ ʬʦʡʜʘʣʘʥʠʣʜʠ: 

- pandas ï ʤʘʲʣʫʤʦʪʣʘʨʥʠ ˄ץʠʰ ʚʘ ʪʘ״ʣʠʣ ץʠʣʠʰ ʫʯʫʥ; 

- scikit-learn ï ʅʘʠʚʝ ɹʘʝʩ ʚʘ ʣʦʛʠʩʪʠʢ ʨʝʛʨʝʩʩʠʷ ʤʦʜʝʣʣʘʨʠʥʠ ץʫʨʠʰ ʫʯʫʥ; 

- matplotlib ï ʥʘʪʠʞʘʣʘʨʥʠ ʛʨʘʬʠʢ ʰʘʢʣʜʘ ʚʠʟʫʘʣʠʟʘʮʠʷ ץʠʣʠʰ ʫʯʫʥ. 

ʅʘʪʠʞʘʣʘʨ ʚʘ ʫʣʘʨʥʠʥʛ ʪʘ״ʣʠʣʠ 

ʊʘʜץʠץʦʪʜʘ ʇʠʤʘ ʀʥʜʠʘʥʩ ɼʠʘʙʝʪʝʩ ʤʘʲʣʫʤʦʪʣʘʨ ʙʘʟʘʩʠ ʘʩʦʩʠʜʘ ɹʘʡʝʩ ʚʘ ʣʦʛʠʩʪʠʢ 

ʨʝʛʨʝʩʩʠʷ ʤʦʜʝʣʣʘʨʠʥʠ ʠʰʣʘʰ ʩʘʤʘʨʘʜʦʨʣʠʛʠ ʪʘץץʦʩʣʘʥʜʠ. ʄʘʲʣʫʤʦʪʣʘʨʥʠ 80% ˄ץʠʪʠʰ 

(614 ʪʘ ʸʟʫʚ) ʚʘ 20% ʪʝʩʪ (154 ʪʘ ʸʟʫʚ) ʪ˄ʧʣʘʤʣʘʨʠʛʘ ʘʞʨʘʪʠʣʜʠ. ʄʦʜʝʣ ʥʘʪʠʞʘʣʘʨʠ 1-

ʞʘʜʚʘʣʜʘ ʢʝʣʪʠʨʠʣʛʘʥ. 
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1-ʞʘʜʚʘʣ 

ɹʘʡʝʩ ʚʘ ʣʦʛʠʩʪʠʢ ʨʝʛʨʝʩʩʠʷ ʤʦʜʝʣʣʘʨʠ ʥʘʪʠʞʘʣʘʨʠ 

ʂ˄ʨʩʘʪʢʠʯ ɹʘʡʝʩ ʃʦʛʠʩʪʠʢ ʨʝʛʨʝʩʩʠʷ 

ʊ˄סʨʠ ʪʘʩʥʠʬʣʘʥʛʘʥ (ʊʇ + ʊʅ) 134 137 

ʅʦʪ˄סʨʠ ʪʘʩʥʠʬʣʘʥʛʘʥ (ʌʇ + ʌʅ) 20 17 

Aʥʠץʣʠʢ (Accuracy, %) 70.1 73.4 

Aʥʠץʣʠʢ(Precision, %) 56.7 60.3 

 ʪʠ (ʩʝʢʫʥʜ) 0.002 0.011ץʠʩʦʙʣʘʰ ʚʘ׳

ɶʪʢʘʟʠʣʛʘʥ ʪʘʞʨʠʙʘʣʘʨ ʥʘʪʠʞʘʩʠʜʘ ɹʘʝʩ ʤʦʜʝʣʠ 70.1% ʘʥʠץʣʠʢ (ʘccʫʨʘcʡ) ʚʘ 

56.7% ʧʨʝcʠʩʠʦʥ, ʣʦʛʠʩʪʠʢ ʨʝʛʨʝʩʩʠʷ ʵʩʘ 73.4% ʘʥʠץʣʠʢ ʚʘ 60.3% ʧʨʝcʠʩʠʦʥ 

ʢ˄ʨʩʘʪʢʠʯʣʘʨʠʥʠ ʙʝʨʜʠ. 5-ʬʦʣʜ ʢʨʦʩʩ-ʚʘʣʠʜʘʪʠʦʥ ʥʘʪʠʞʘʣʘʨʠ ״ʘʤ ʰʫʥʛʘ ʷץʠʥ 

 ʘʨʦʨʣʠʛʠʥʠ ʢ˄ʨʩʘʪʘʜʠ. ʇʠʤʘ ʀʥʜʠʘʥʩץʜʠ, ʙʫ ʵʩʘ ʥʘʪʠʞʘ ʙʘʨץʠʡʤʘʪʣʘʨʜʘ (70ï80%) ʯʠץ

ʤʘʲʣʫʤʦʪʣʘʨ ʙʘʟʘʩʠʜʘ ʙʝʣʛʠʣʘʨ ʦʨʘʩʠʜʘʛʠ ˄ʟʘʨʦ ʙʦסʣʠץʣʠʢ ʶץʦʨʠ ʚʘ ʩʠʥʬʣʘʨ 

ʤʫʚʦʟʘʥʘʪʩʠʟʣʠʛʠ ʤʘʚʞʫʜ (500 ʩʦסʣʦʤ / 268 ʜʠʘʙʝʪ). ʐʫʥʠʥʛ ʫʯʫʥ ʩʦʜʜʘ ʵ״ʪʠʤʦʣʣʠʢ 

ʤʦʜʝʣʣʘʨʠʜʘ (ɹʘʡʝʩ, ʣʦʛʠʩʪʠʢ ʨʝʛʨʝʩʩʠʷ) ʘʥʠץʣʠʢ ʶץʦʨʠ ʙ˄ʣʤʘʛʘʥ. ʂʝʣʛʫʩʠʜʘ ʙʫ ʤʦʜʝʣʥʠ 

ʪʘʢʦʤʠʣʣʘʰʪʠʨʠʰ ʫʯʫʥ ʤʘʲʣʫʤʦʪʥʠ ʙʘʣʘʥʩʣʘʰ (ʉʄʆʊE), ʭʫʩʫʩʠʷʪ ʪʘʥʣʘʰ (ʬʝʘʪʫʨʝ 

ʩʝʣʝcʪʠʦʥ) ʚʘ ʘʥʩʘʤʙʣ ʫʩʫʣʣʘʨʠ (ʈʘʥʜʦʤ ʌʦʨʝʩʪ, ʍɻɹʦʦʩʪ) ʥʠ ץ˄ʣʣʘʰ ʪʘʚʩʠʷ ʵʪʠʣʘʜʠ. 

ɹʘʡʝʩ ʤʦʜʝʣʠ ʢʠʯʠʢ ״ʘʞʤʜʘʛʠ ʤʘʲʣʫʤʦʪʣʘʨʜʘ ʷʭʰʠ ʥʘʪʠʞʘ ʙʝʨʘʜʠ, ʣʦʛʠʩʪʠʢ ʨʝʛʨʝʩʩʠʷ 

ʵʩʘ ʢ˄ʧ ʘʪʨʠʙʫʪʣʠ ʚʘ ʯʠʟʠץʣʠ ʙʦסʣʠץʣʠʢ ʤʘʚʞʫʜ ʤʘʲʣʫʤʦʪʣʘʨʜʘ ʘʥʠץʨʦץ ʠʰʣʘʡʜʠ. 

ʍʫʣʦʩʘ 

ʋʰʙʫ ʪʘʜץʠץʦʪ ʠʰʠʜʘ ɹʘʡʝʩ ʪʝʦʨʝʤʘʩʠʛʘ ʘʩʦʩʣʘʥʛʘʥ ɹʘʡʝʩ ʪʘʩʥʠʬʣʘʛʠʯʠ ʸʨʜʘʤʠʜʘ 

ʰʘʭʩʥʠ ʜʠʘʙʝʪʛʘ ʯʘʣʠʥʠʰ ʵ״ʪʠʤʦʣʣʠʛʠʥʠ ʙʘʰʦʨʘʪʣʘʰ ʤʘʩʘʣʘʩʠ ʢ˄ʨʠʙ ʯʠץʠʣʜʠ ʚʘ ʫʥʠ 

ʥʘʪʠʞʘʣʘʨʠ ʣʦʛʠʩʪʠʢ ʨʝʛʨʝʩʩʠʷ ʤʦʜʝʣʠ ʙʠʣʘʥ ʪʘץץʦʩʣʘʥʠʙ ʪʘ״ʣʠʣ ץʠʣʠʥʜʠ. ʊʘʜץʠץʦʪʜʘ 

ʇʠʤʘ ʀʥʜʠʘʥʩ ɼʠʘʙʝʪʝʩ ʤʘʲʣʫʤʦʪʣʘʨ ʙʘʟʘʩʠʜʘʥ ʬʦʡʜʘʣʘʥʠʣʜʠ. ʋʰʙʫ ʤʘʲʣʫʤʦʪʣʘʨ 

ʙʘʟʘʩʠ 768 ʪʘ ʙʝʤʦʨ ״ʘץʠʜʘʛʠ ʸʟʫʚʣʘʨʜʘʥ ʠʙʦʨʘʪ ʙ˄ʣʠʙ, ʫʣʘʨʥʠ ״ʘʨ ʙʠʨʠ ʛʣʫʢʦʟʘ 

ʜʘʨʘʞʘʩʠ, ץʦʥ ʙʦʩʠʤʠ, ʪʘʥʘ ʤʘʩʩʘʩʠ ʠʥʜʝʢʩʠ (ɹʄʀ), ʸʰ, ʠʥʩʫʣʠʥ ʤʠץʜʦʨʠ, ʪʝʨʠ 

 ʠʪʠʰ ʚʘ 20 ʬʦʠʟץ˄ ʘʣʠʥʣʠʛʠ ʢʘʙʠ ʢ˄ʨʩʘʪʢʠʯʣʘʨʥʠ ˄ʟ ʠʯʠʛʘ ʦʣʘʜʠ. ʄʘʲʣʫʤʦʪʣʘʨ 80 ʬʦʠʟץ

ʪʝʩʪ ʪ˄ʧʣʘʤʣʘʨʠʛʘ ʘʞʨʘʪʠʣʜʠ ״ʘʤʜʘ ʤʦʜʝʣʣʘʨ Python ʜʘʩʪʫʨʣʘʰ ʤʫ״ʠʪʠʜʘ, ʩcʠʢʠʪ-ʣʝʘʨʥ 

ʢʫʪʫʙʭʦʥʘʩʠ ʸʨʜʘʤʠʜʘ ˄ץʠʪʠʣʜʠ ʚʘ ʩʠʥʦʚʜʘʥ ˄ʪʢʘʟʠʣʜʠ. 

ɹʘʡʝʩ ʪʝʦʨʝʤʘʩʠ ʘʩʦʩʠʜʘ ʠʰʣʦʚʯʠ ɹʘʡʝʩ ʤʦʜʝʣʠ ʘʪʨʠʙʫʪʣʘʨʥʠ ˄ʟʘʨʦ ʵʨʢʠʥʣʠʛʠʛʘ 

ʪʘʷʥʘʜʠ ʚʘ ʰʘʨʪʣʠ ʵ״ʪʠʤʦʣʣʠʢʣʘʨ ʸʨʜʘʤʠʜʘ ʩʠʥʬʣʘʨʛʘ ʪʝʛʠʰʣʠʣʠʢ ʵ״ʪʠʤʦʣʣʠʢʣʘʨʠʥʠ 

ʘʥʠץʣʘʡʜʠ. ʋʰʙʫ ʤʦʜʝʣʥʠ ʘʬʟʘʣʣʠʛʠ ʙʫ ״ʠʩʦʙʣʘʰ ʞʘʨʘʸʥʠʥʠ ʪʝʟʣʠʛʠ ʚʘ ʘʣʛʦʨʠʪʤʥʠ 

ʩʦʜʜʘʣʠʛʠ ״ʠʩʦʙʣʘʥʘʜʠ. ʃʦʛʠʩʪʠʢ ʨʝʛʨʝʩʩʠʷ ʤʦʜʝʣʠ ʵʩʘ ʵ״ʪʠʤʦʣʣʠʢʥʠ ʯʠʟʠץʣʠ 

ʢʦʤʙʠʥʘʮʠʷʣʘʨ ʘʩʦʩʠʜʘ ʙʘ״ʦʣʘʡʜʠ ʚʘ ʩʠʛʤʦʠʜ ʬʫʥʢʮʠʷʩʠ ʸʨʜʘʤʠʜʘ ʥʘʪʠʞʘʥʠ 0ï1 

ʦʨʘʣʠץץʘ ʢʝʣʪʠʨʘʜʠ. ʋʰʙʫ ʠʢʢʠ ʤʦʜʝʣʥʠ ʘʩʦʩʠʡ ʬʘʨץʠ ɹʘʡʝʩ ʵ״ʪʠʤʦʣʣʠʢʣʘʨʥʠ ʵʨʢʠʥ 

ʦʤʠʣʣʘʨ ʩʠʬʘʪʠʜʘ ʢ˄ʨʩʘ, ʣʦʛʠʩʪʠʢ ʨʝʛʨʝʩʩʠʷ ʵʩʘ ʫʣʘʨʥʠ ʯʠʟʠץʣʠ ʙʦסʣʠץʣʠʢʜʘ ʪʘ״ʣʠʣ 

 .ʠʣʠʰʠʜʘʜʠʨץ

ɶʪʢʘʟʠʣʛʘʥ ʘʤʘʣʠʡ ʪʘʞʨʠʙʘʣʘʨʜʘ ɹʘʡʝʩ ʤʦʜʝʣʠ 87% ʘʥʠץʣʠʢ, ʣʦʛʠʩʪʠʢ ʨʝʛʨʝʩʩʠʷ 

ʵʩʘ 89% ʘʥʠץʣʠʢ ʜʘʨʘʞʘʩʠʛʘ ʵʨʠʰʜʠ. ʐʫʥʠʥʛʜʝʢ, ɹʘʡʝʩ ʤʦʜʝʣʠ ʣʦʛʠʩʪʠʢ ʨʝʛʨʝʩʩʠʷʛʘ 

ʥʠʩʙʘʪʘʥ ʙʝʰ ʙʘʨʘʚʘʨ ʪʝʟʨʦץ ʠʰʣʘʜʠ. ɹʫ ʥʘʪʠʞʘʣʘʨ ״ʘʨ ʠʢʢʠ ʤʦʜʝʣ ʩʘʤʘʨʘʣʠ ʵʢʘʥʣʠʛʠʥʠ, 

ʙʠʨʦץ ʫʣʘʨʥʠ ʤʘʲʣʫʤʦʪʣʘʨ ״ʘʞʤʠ ʚʘ ʪʫʟʠʣʤʘʩʠʛʘ ʢ˄ʨʘ ʪʫʨʣʠʯʘ ʫʩʪʫʥʣʠʢʣʘʨʛʘ ʵʛʘ 

ʵʢʘʥʠʥʠ ʢ˄ʨʩʘʪʘʜʠ. ɹʘʡʝʩ ʤʦʜʝʣʠ ʢʠʯʠʢ ʚʘ ˄ʨʪʘʯʘ ״ʘʞʤʜʘʛʠ ʤʘʲʣʫʤʦʪʣʘʨʜʘ ʶץʦʨʠ 

ʩʘʤʘʨʘʜʦʨʣʠʢ ʢ˄ʨʩʘʪʛʘʥ ʙ˄ʣʩʘ, ʣʦʛʠʩʪʠʢ ʨʝʛʨʝʩʩʠʷ ʤʦʜʝʣʠ ʘʥʠץʣʠʛʠ ʥʠʩʙʘʪʘʥ ʢʘʪʪʘ 

 ʥʘʪʠʞʘ ʙʝʨʜʠ. ʐʫ ʙʠʣʘʥ ץʣʠʢʢʘ ʵʛʘ ʘʪʨʠʙʫʪʣʘʨʜʘ ʷʭʰʠʨʦץʣʠסʣʠ ʙʦץʘʞʤʜʘʛʠ ʚʘ ʯʠʟʠ״
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ʙʠʨʛʘ, ɹʘʡʝʩ ʚʘ ʣʦʛʠʩʪʠʢ ʨʝʛʨʝʩʩʠʷ ʤʦʜʝʣʣʘʨʠ ʢʦʤʙʠʥʘʮʠʷʩʠʛʘ ʘʩʦʩʣʘʥʛʘʥ ʛʠʙʨʠʜ 

ʸʥʜʘʰʫʚʣʘʨ ʢʝʣʘʞʘʢʜʘʛʠ ʪʠʙʙʠʡ ʪʘʰʭʠʩ ʪʠʟʠʤʣʘʨʠʥʠ ʷʥʘʜʘ ʩʘʤʘʨʘʣʠ ץʠʣʠʰ ʠʤʢʦʥʠʥʠ 

ʙʝʨʘʜʠ. ɹʘʡʝʩ ʪʝʦʨʝʤʘʩʠʥʠ ʘʩʦʩʠʡ ʫʩʪʫʥʣʠʛʠ ʙʫ ʫʥʠ ʥʦʘʥʠץʣʠʢ ʰʘʨʦʠʪʠʜʘ ʵ״ʪʠʤʦʣʣʠʢ 

ʘʩʦʩʠʜʘ ץʘʨʦʨ ץʘʙʫʣ ץʠʣʠʰ ʠʤʢʦʥʠʥʠ ʙʝʨʠʰʠ ״ʠʩʦʙʣʘʥʘʜʠ. ɹʫ ʨʝʘʣ ʢʣʠʥʠʢ ʘʤʘʣʠʸʪʜʘ 

ʞʫʜʘ ʤʫ״ʠʤʜʠʨ. ɹʘʡʝʩ ʫʩʫʣʣʘʨʠ ʜʠʘʙʝʪʥʠ ʵʨʪʘ ʪʘʰʭʠʩʣʘʰʜʘʛʠ ʘʤʘʣʠʡ ʘ״ʘʤʠʷʪʠʥʠ 

ʪʘʩʜʠץʣʘʜʠ ״ʘʤʜʘ ʩʦסʣʦʤʣʘʰʪʠʨʠʰ ʚʘ ʧʨʦʬʠʣʘʢʪʠʢʘ ʜʘʩʪʫʨʣʘʨʠʥʠ ʰʘʢʣʣʘʥʪʠʨʠʰʜʘ 

ʤʘʲʣʫʤʦʪʛʘ ʘʩʦʩʣʘʥʛʘʥ ץʘʨʦʨʣʘʨ ץʘʙʫʣ ץʠʣʠʰ ʠʤʢʦʥʠʷʪʠʥʠ ʢʝʥʛʘʡʪʠʨʘʜʠ. 
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ʁɶʃ ׳ʆʃɸʊʀʅʀ ʄʆʅʀʊʆʈʀʅɻ פʀʃʀʐ ɸʍɹʆʈʆʊ 

ʊʀɿʀʄʀʅʀ ʀʐʃɸɹ ʏʀפʀʐ 
 

1ʉʘʤʠʞʦʥʦʚ ɸ.ʅ., 1ʀʩʦץʦʚ ɸ.ʌ., 2ʉʘʤʠʞʦʥʦʚ ɹ.ʅ. 
1ʊʦʰʢʝʥʪ ʠʨʨʠʛʘʮʠʷ ʚʘ ץʠʰʣʦץ ʭ˄ʞʘʣʠʛʠʥʠ ʤʝʭʘʥʠʟʘʮʠʷʣʘʰ ʤʫ״ʘʥʜʠʩʣʘʨʠ ʠʥʩʪʠʪʫʪʠ 

ʄʠʣʣʣʠʡ ʪʘʜץʠץʦʪ ʫʥʠʚʝʨʩʠʪʝʪʠ  
2ʉʝʞʦʥʛ ʫʥʠʚʝʨʩʠʪʝʪʠ, ɾʘʥʫʙʠʡ ʂʦʨʝʷ 

https://doi.org/10.5281/zenodo.17919411 

 

ɸʥʥʦʪʘʮʠʷ: ʄʘʟʢʫʨ ʪʘʜϨʠϨʦʪʜʘ ʡ˄ʣ Ϩʦʧʣʘʤʘʩʠ ϲʦʣʘʪʠʥʠ ʘʥʠϨʣʘʰ ʚʘ ʙʘϲʦʣʘʰ 

ʫʯʫʥ ʤ˄ʣʞʘʣʣʘʥʛʘʥ ʠʥʪʝʣʣʝʢʪʫʘʣ ʘʭʙʦʨʦʪ ʪʠʟʠʤʠʥʠ ʠʰʣʘʙ ʯʠϨʠʰ ʤʘʩʘʣʘʩʠ ʸʨʠʪʠʣʛʘʥ. 

ʊʠʟʠʤʥʠʥʛ ʘʩʦʩʠʡ ʤʘϨʩʘʜʠ ð ʡ˄ʣ ʠʥʬʨʘʪʫʟʠʣʤʘʩʠʥʠʥʛ ʪʝʭʥʠʢ ϲʦʣʘʪʠʥʠ ʫʟʣʫʢʩʠʟ 

ʤʦʥʠʪʦʨʠʥʛ Ϩʠʣʠʰ, ʥʦʩʦʟʣʠʢʣʘʨʥʠ ʵʨʪʘ ʘʥʠϨʣʘʰ ʚʘ ʪʘʲʤʠʨʣʘʰ ʠʰʣʘʨʠʥʠ 

ʨʝʞʘʣʘʰʪʠʨʠʰ ʞʘʨʘʸʥʠʥʠ ʘʚʪʦʤʘʪʣʘʰʪʠʨʠʰʜʘʥ ʠʙʦʨʘʪ. ʊʘϨʜʠʤ ʵʪʠʣʘʸʪʛʘʥ 

ʘʭʙʦʨʦʪ ʪʠʟʠʤʠ ʡ˄ʣ Ϩʦʧʣʘʤʘʩʠ ʪʘʩʚʠʨʣʘʨʠʥʠ Ϩʘʡʪʘ ʠʰʣʘʰ, ʩʝʥʩʦʨʣʘʨʜʘʥ ʢʝʣʘʸʪʛʘʥ 

ʤʘʲʣʫʤʦʪʣʘʨʥʠ ʪʘϲʣʠʣ Ϩʠʣʠʰ ϲʘʤʜʘ ʤʘʰʠʥʘʣʠ ˄Ϩʠʪʠʰ ʘʣʛʦʨʠʪʤʣʘʨʠ ʸʨʜʘʤʠʜʘ ʸʨʠϨʣʘʨ, 

ʯʫϨʫʨʣʠʢʣʘʨ ʚʘ ʙʫʟʠʣʠʰ ʙʝʣʛʠʣʘʨʠ ʢʘʙʠ ʥʫϨʩʦʥʣʘʨʥʠ ʘʥʠϨʣʘʰ ʠʤʢʦʥʠʥʠ ʙʝʨʘʜʠ. ʊʠʟʠʤ 

ʘʨʭʠʪʝʢʪʫʨʘʩʠ ʫʯ ʘʩʦʩʠʡ Ϩʠʩʤʜʘʥ ʠʙʦʨʘʪ: ʤʘʲʣʫʤʦʪʣʘʨ ʡʠϤʠʰ ʤʦʜʫʣʠ, ʤʘʲʣʫʤʦʪʣʘʨʥʠ 

Ϩʘʡʪʘ ʠʰʣʘʰ ʚʘ ʪʘϲʣʠʣ ʤʦʜʫʣʠ, ϲʘʤʜʘ ʥʘʪʠʞʘʣʘʨʥʠ ʚʠʟʫʘʣʠʟʘʮʠʷ Ϩʠʣʠʰ ʚʘ ʙʦʰϨʘʨʫʚ 

ʧʘʥʝʣʠ. ʊʘʜϨʠϨʦʪ ʞʘʨʘʸʥʠʜʘ ʢʦʤʧʴʶʪʝʨ ʢ˄ʨʠʰʠ, ʥʝʡʨʦʥ ʪʘʨʤʦϨʣʘʨ ʚʘ ʛʝʦʘʭʙʦʨʦʪ 

ʪʠʟʠʤʣʘʨʠ (GIS) ʪʝʭʥʦʣʦʛʠʷʣʘʨʠ ʠʥʪʝʛʨʘʮʠʷ Ϩʠʣʠʥʛʘʥ. ʆʣʠʥʛʘʥ ʥʘʪʠʞʘʣʘʨ ʡ˄ʣ 

ʪʘʨʤʦϨʣʘʨʠʜʘ ʭʘʚʬʩʠʟʣʠʢʥʠ ʪʘʲʤʠʥʣʘʰ, ʠϨʪʠʩʦʜʠʡ ʡ˄Ϩʦʪʠʰʣʘʨʥʠ ʢʘʤʘʡʪʠʨʠʰ ʚʘ 

ʪʨʘʥʩʧʦʨʪ ʪʠʟʠʤʠʥʠʥʛ ʩʘʤʘʨʘʜʦʨʣʠʛʠʥʠ ʦʰʠʨʠʰʛʘ ʭʠʟʤʘʪ Ϩʠʣʘʜʠ. 

ʂʘʣʠʪ ʩ˄ʟʣʘʨ: ʘʭʙʦʨʦʪ ʪʠʟʠʤʠ, ʡ˄ʣ Ϩʦʧʣʘʤʘʩʠ, ʤʦʥʠʪʦʨʠʥʛ, ʤʘʰʠʥʘʣʠ ˄Ϩʠʪʠʰ, 

ʢʦʤʧʴʶʪʝʨ ʢ˄ʨʠʰʠ, ʩʝʥʩʦʨ ʤʘʲʣʫʤʦʪʣʘʨʠ, GIS. 

 

ʂʠʨʠʰ 

ʁ˄ʣ ʠʥʬʨʘʪʫʟʠʣʤʘʩʠʥʠ ʩʠʬʘʪʣʠ ʚʘ ʙʘʨץʘʨʦʨ ״ʦʣʜʘ ʩʘץʣʘʰ ʤʘʤʣʘʢʘʪ ʠץʪʠʩʦʜʠʸʪʠ 

ʚʘ ʪʨʘʥʩʧʦʨʪ ʭʘʚʬʩʠʟʣʠʛʠʥʠʥʛ ʘʩʦʩʠʡ ʦʤʠʣʣʘʨʠʜʘʥ ʙʠʨʠʜʠʨ. ʁ˄ʣʣʘʨʠʜʘ ʶʟʘʛʘ ʢʝʣʛʘʥ 

ʸʨʠץ, ʯʫץʫʨʣʠʢ ʚʘ ʪ˄ʩʠץʣʘʨ ʥʘʬʘץʘʪ ʪʨʘʥʩʧʦʨʪ ʚʦʩʠʪʘʣʘʨʠ ״ʘʨʘʢʘʪʠ ʩʘʤʘʨʘʜʦʨʣʠʛʠʥʠ 

ʧʘʩʘʡʪʠʨʘʜʠ, ʙʘʣʢʠ ʙʘʭʪʩʠʟ ״ʦʜʠʩʘʣʘʨ ʭʘʚʬʠʥʠ ״ʘʤ ʦʰʠʨʘʜʠ [1]. ʉʪʘʪʠʩʪʠʢ 

ʤʘʲʣʫʤʦʪʣʘʨʛʘ ʢ˄ʨʘ, ʡ˄ʣ-ʪʨʘʥʩʧʦʨʪ ״ʦʜʠʩʘʣʘʨʠʥʠ ʢʘʪʪʘ ץʠʩʤʠ ʘʡʥʘʥ ʡ˄ʣʣʘʨʜʘʛʠ ʪʫʨʣʠ 

ʙʫʟʠʣʠʰʣʘʨ ʥʘʪʠʞʘʩʠʜʘ ʩʦʜʠʨ ʙ˄ʣʘʜʠ. ʐʫʥʠʥʛ ʫʯʫʥ ʡ˄ʣʣʘʨ ״ʦʣʘʪʠʥʠ ʜʦʠʤʠʡ ʢʫʟʘʪʠʰ ʚʘ 

ʙʘ״ʦʣʘʰ ʤʘʩʘʣʘʩʠ ʘ״ʘʤʠʷʪʠ ʢʫʥ ʩʘʡʠʥ ʦʨʪʠʙ ʙʦʨʤʦץʜʘ. ɹʫʥʜʘ ʡ˄ʣ ״ʦʣʘʪʠʥʠ ʤʫʥʪʘʟʘʤ 

ʢʫʟʘʪʠʰ ʚʘ ʥʦʩʦʟʣʠʢʣʘʨʥʠ ʵʨʪʘ ʘʥʠץʣʘʰ ʠʤʢʦʥʠʥʠ ʙʝʨʫʚʯʠ ʘʭʙʦʨʦʪ ʪʠʟʠʤʣʘʨʠʥʠ ʷʨʘʪʠʰ 

ʤʘʩʘʣʘʩʠ ʜʦʣʟʘʨʙ ״ʠʩʦʙʣʘʥʘʜʠ. 

ɸʥʘ̡ʥʘʚʠʡ ʫʩʫʣʣʘʨ ʚʠʟʫʘʣ ʢ˄ʨʠʢ ʸʢʠ ˄ʣʯʦʚ ץʫʨʠʣʤʘʣʘʨʠʛʘ ʪʘʷʥʘʜʠ ʚʘ ʫʣʘʨ ʢ˄ʧ 

ʚʘץʪ ʚʘ ʤʝ״ʥʘʪ ʪʘʣʘʙ ץʠʣʘʜʠ [2]. ɹʫʥʜʘ ʠʥʩʦʥ ʦʤʠʣʠʥʠʥʛ ʪʘʲʩʠʨʠ ʢʘʪʪʘ ʙ˄ʣʠʙ, ʫʣʘʨʥʠ 

ʥʘʪʠʞʘʣʘʨʠ ״ʘʤ ʠʰʦʥʯʣʠ ʙ˄ʣʤʘʡʜʠ. ʉʫʥʲʠʡ ʠʥʪʝʣʣʝʢʪ ʪʝʭʥʦʣʦʛʠʷʣʘʨʠ, ʩʝʥʩʦʨʣʠ 

ʪʘʨʤʦץʣʘʨ ʚʘ ʫʯʫʚʯʠʩʠʟ ʫʯʠʰ ʘʧʧʘʨʘʪʣʘʨʠʜʘʥ ʡʠסʠʣʛʘʥ ʤʘʲʣʫʤʦʪʣʘʨʥʠ ʠʥʪʝʣʣʝʢʪʫʘʣ 

 .ʘʣʠ ʙʫ ʤʫʘʤʤʦʣʘʨ ʩʘʤʘʨʘʣʠ ʙʘʨʪʘʨʘʬ ʵʪʠʣʠʰʠ ʤʫʤʢʠʥ [3]ץʘʡʪʘ ʠʰʣʘʰ ʦʨץ

ʁ˄ʣ ״ʦʣʘʪʠʥʠ ʤʦʥʠʪʦʨʠʥʛ ץʠʣʠʰʜʘ ʢʦʤʧʴʶʪʝʨʣʠ ʢ˄ʨʠʰʠ ʚʘ ʤʘʰʠʥʘʣʠ ˄ץʠʪʠʰ 

ʫʩʫʣʣʘʨʠ ʢʝʥʛ ץ˄ʣʣʘʥʠʣʤʦץʜʘ. ɶʨʘʤʣʠ ʥʝʡʨʦʥ ʪʘʨʤʦץʣʘʨ (CNN) ʘʩʦʩʠʜʘ ʡ˄ʣ 

ʪʘʩʚʠʨʣʘʨʠʜʘʥ ʸʨʠץʣʘʨ ʚʘ ʯʫץʫʨʣʠʢʣʘʨʥʠ ʘʚʪʦʤʘʪʠʢ ʘʥʠץʣʘʰ ʩʘʤʘʨʘʣʠ ʥʘʪʠʞʘʣʘʨʥʠ 
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ʪʘʲʤʠʥʣʘʤʦץʜʘ [4]. ʉʝʥʩʦʨʣʘʨ ʚʘ IoT (Internet of Things) ץʫʨʠʣʤʘʣʘʨʠ ʦʨץʘʣʠ ʨʝʘʣ ʚʘץʪ 

ʨʝʞʠʤʠʜʘ ʤʘʲʣʫʤʦʪ ʡʠסʠʰ ʪʠʟʠʤʣʘʨʠ ʡ˄ʣʣʘʨ ״ʦʣʘʪʠʥʠ ʫʟʣʫʢʩʠʟ ʥʘʟʦʨʘʪ ץʠʣʠʰ 

ʠʤʢʦʥʠʥʠ ʷʨʘʪʘʜʠ [5]. 

ʄʘʟʢʫʨ ʪʘʜץʠץʦʪ ʜʦʠʨʘʩʠʜʘ ʠʰʣʘʙ ʯʠץʠʣʠʰʠ ʨʝʞʘʣʘʰʪʠʨʠʣʘʸʪʛʘʥ ñʁ˄ʣ ״ʦʣʘʪʠʥʠ 

ʤʦʥʠʪʦʨʠʥʛ ץʠʣʠʰ ʘʭʙʦʨʦʪ ʪʠʟʠʤʠòʥʠʥʛ ʘʩʦʩʠʡ ʤʘץʩʘʜʠ ð ʪʫʨʣʠ ʤʘʥʙʘʣʘʨʜʘʥ 

ʦʣʠʥʘʸʪʛʘʥ ʤʘʲʣʫʤʦʪʣʘʨʥʠ ʠʥʪʝʛʨʘʮʠʷʣʘʰ ʚʘ ʫʣʘʨʥʠ ʠʥʪʝʣʣʝʢʪʫʘʣ ʪʘ״ʣʠʣʜʘʥ ˄ʪʢʘʟʠʰ 

 ʘʣʠ ʚʠʟʫʘʣʣʘʰʪʠʨʠʰʜʘʥ ʠʙʦʨʘʪ. ʊʠʟʠʤʥʠץʘʤʜʘ ʥʘʪʠʞʘʣʘʨʥʠ ʛʝʦʘʭʙʦʨʦʪ ʪʠʟʠʤʠ (GIS) ʦʨ״

ʘʤʘʣʛʘ ʦʰʠʨʠʣʠʰʠ ʡ˄ʣ ʪʘʨʤʦץʣʘʨʠʥʠ ʙʦʰץʘʨʠʰʛʘ ʤ˄ʣʞʘʣʣʘʥʛʘʥ ʨʘץʘʤʣʠ ʤʦʜʝʣʣʘʨʠʥʠ 

ʷʨʘʪʠʰ, ʪʘʲʤʠʨʣʘʰ ʠʰʣʘʨʠʥʠ ʨʝʞʘʣʘʰʪʠʨʠʰ ʚʘ ʭʘʚʬʩʠʟʣʠʢʥʠ ʪʘʲʤʠʥʣʘʰ ʞʘʨʘʸʥʣʘʨʠʥʠ 

ʘʚʪʦʤʘʪʣʘʰʪʠʨʠʰʛʘ ʭʠʟʤʘʪ ץʠʣʘʜʠ [6, 7]. ʀʰʣʘʙ ʯʠץʠʣʘʜʠʛʘʥ ʪʠʟʠʤ ʡ˄ʣ ץʦʧʣʘʤʘʩʠ 

ʞʦʨʠʡ ״ʦʣʘʪʠʥʠ ʙʘ״ʦʣʘʰ, ʘʡʨʠʤ ʞʦʡʣʘʨʜʘʛʠ ʥʦʪʝʢʩʣʠʢ ʚʘ ʯʫץʫʨʣʠʢʣʘʨ ʧʘʡʜʦ ʙ˄ʣʠʰʠʥʠ 

ʨʝʘʣ ʚʘץʪ ʨʝʞʠʤʠʜʘ ʢʫʟʘʪʠʰ, ʰʫʥʠʥʛʜʝʢ, ʡʠʣʥʠ ʪʫʨʣʠ ʬʘʩʣʣʘʨʠʜʘ, ʪʫʨʣʠ ʡ˄ʣ ץʠʩʤʣʘʨʠʜʘ 

ʯʫץʫʨʣʠʢʣʘʨ ʧʘʡʜʦ ʙ˄ʣʠʰ ʞʘʨʘʸʥʠʥʠ ʪʘ״ʣʠʣ ץʠʣʠʰ ʚʘ ʫʣʘʨʥʠ ʰʘʢʣʣʘʥʠʰ ʞʘʨʘʸʥʣʘʨʠʥʠ 

ʙʘʰʦʨʘʪʣʘʰ ʠʤʢʦʥʠʥʠ ʙʝʨʘʜʠ. 

ʄʝʪʦʜʦʣʦʛʠʷ 

ʊʠʟʠʤ ʯʫץʫʨʣʠʢʣʘʨ ״ʦʣʘʪʠ ʙ˄ʡʠʯʘ ʩʪʘʪʠʩʪʠʢ ʤʘʲʣʫʤʦʪʣʘʨʥʠ ʡʠסʠʰ ʘʩʦʩʠʜʘ ʷʥʛʠ 

ʯʫץʫʨʣʠʢʣʘʨ ʧʘʡʜʦ ʙ˄ʣʠʰ ʵ״ʪʠʤʦʣʠʥʠ ʙʘʰʦʨʘʪʣʘʡʜʠ. ɹʫʥʜʘʡ ʸʥʜʘʰʫʚ ʪʨʘʥʩʧʦʨʪ 

ʤʘʲʣʫʤʦʪʣʘʨʠʥʠ ʘʥʠץ ʪ˄ʧʣʘʰ, ʡ˄ʣ ʪʘʲʤʠʨʣʘʰ ʠʰʣʘʨʠʥʠ ʪʝʟʢʦʨ ʘʤʘʣʛʘ ʦʰʠʨʠʰ ʚʘ 

ʪʨʘʥʩʧʦʨʪ ʚʦʩʠʪʘʣʘʨʠʥʠ ʪʘʲʤʠʨʣʘʰʛʘ ʢʝʪʘʜʠʛʘʥ ʭʘʨʘʞʘʪʣʘʨʠʥʠ ʩʝʟʠʣʘʨʣʠ ʜʘʨʘʞʘʜʘ 

ʢʘʤʘʡʪʠʨʠʰ ʠʤʢʦʥʠʥʠ ʙʝʨʘʜʠ.  

ʊʠʟʠʤ ʫʤʫʤʠʡ ʘʣʛʦʨʠʪʤʠ. ʁ˄ʣ ״ʦʣʘʪʠʥʠ ʤʦʥʠʪʦʨʠʥʛ ץʠʣʠʰ ʘʧʧʘʨʘʪ ʚʘ ʜʘʩʪʫʨʠʡ 

ʪʘʲʤʠʥʦʪ ʪʠʟʠʤʠ (CRoad) ʪʦʤʦʥʠʜʘʥ ʦʣʠʥʘʸʪʛʘʥ ʤʘʲʣʫʤʦʪʣʘʨ ʨʝʘʣ ʚʘץʪ ʨʝʞʠʤʠʜʘ ʪʘ״ʣʠʣ 

 ʦʧʣʘʤʘʩʠʜʘ ʶʟʘʛʘץ ʘʨʘʢʘʪʠʜʘ ʡ˄ʣ״ ʠʯʜʘ ʪʠʟʠʤ ʪʨʘʥʩʧʦʨʪ ʚʦʩʠʪʘʩʠץʠʣʠʥʘʜʠ. ɹʫ ʙʦʩץ

ʢʝʣʛʘʥ ʪʝʙʨʘʥʠʰ, ʙʦʩʠʤ ʚʘ ʪʝʟʢʦʨ ˄ʟʛʘʨʠʰʣʘʨʠʥʠ ʩʝʥʩʦʨʣʘʨ ʦʨץʘʣʠ ʘʥʠץʣʘʡʜʠ. ʁ˄ʣʥʠʥʛ 

 ʘʨʘʢʘʪ ʪʝʟʣʠʛʠ ʢʘʙʠʣʘʨ״ ʪ ʚʘץʪʘʩʠ ʙ˄ʡʠʯʘ ʤʘʲʣʫʤʦʪʣʘʨ ʢʦʦʨʜʠʥʘʪʘ, ʚʘץʘʨ ʙʠʨ ʥʫ״

ʙʠʨʛʘʣʠʢʜʘ ʩʘץʣʘʥʘʜʠ. 

ɸʛʘʨ CRoad ʩʝʟʠʣʘʨʣʠ ʥʦʪʝʢʩʣʠʢ ʸʢʠ ʯʫץʫʨʣʠʢʥʠ ʘʥʠץʣʘʩʘ, ʫ ״ʦʣʜʘ ʪʠʟʠʤ 

ʘʥʠץʣʘʛʘʥ ʥʦʩʦʟʣʠʢʥʠ ʘʥʠץ ʛʝʦʣʦʢʘʮʠʷ ʢʦʦʨʜʠʥʘʪʘʣʘʨʠ, ʘʤʧʣʠʪʫʜʘʩʠ ʚʘ ʭʘʨʘʢʪʝʨʣʠ 

ʧʘʨʘʤʝʪʨʣʘʨʠʥʠ ץʘʡʪʘ ʠʰʣʘʡʜʠ ʚʘ ʩʝʨʚʝʨʛʘ ʫʟʘʪʘʜʠ. ʐʫ ʦʨץʘʣʠ ʤʘʲʣʫʤʦʪʣʘʨ 

ʤʘʨʢʘʟʣʘʰʛʘʥ ʙʘʟʘʜʘ ʡʠסʠʣʘʜʠ ʚʘ ʪʘ״ʣʠʣ ʫʯʫʥ ʩʘץʣʘʥʘʜʠ. ɹʫʥʜʘ ʤʘʲʣʫʤʦʪʣʘʨ 

ʬʠʣʴʪʨʣʘʥʠʙ, ʷʲʥʠ ʡ˄ʣʜʘʛʠ ʪʝʙʨʘʥʠʰʠʜʘʥ ʢʝʣʠʙ ʯʠץʫʚʯʠ ʪʘʩʦʜʠʬʠʡ ʩʠʛʥʘʣʣʘʨ ʸʢʠ 

ʰʦʚץʠʥʣʘʨ ʘʚʪʦʤʘʪʠʢ ʯʠץʘʨʠʙ ʶʙʦʨʠʣʘʜʠ. 

ʄʘʲʣʫʤʦʪʣʘʨ ʙʘʟʘʩʠʜʘ ʞʘʤʣʘʥʛʘʥ ʤʘʲʣʫʤʦʪʣʘʨ ʚʝʙ-ʠʣʦʚʘ ʦʨץʘʣʠ ץʘʡʪʘ ʠʰʣʘʥʘʜʠ 

ʚʘ ʢ˄ʨʠʰ ʫʯʫʥ ʪʘץʜʠʤ ʵʪʠʣʘʜʠ. ʊʠʟʠʤʥʠʥʛ ʘʩʦʩʠʡ ʬʫʥʢʮʠʷʣʘʨʠ ʙʫ ʡ˄ʣ ״ʦʣʘʪʠʥʠ ʭʘʨʠʪʘʜʘ 

ʥʘʤʦʡʠʰ ʵʪʠʰ, ʤʘʲʣʫʤ ʚʘץʪ ʦʨʘʣʠסʠʜʘʛʠ ˄ʟʛʘʨʠʰʣʘʨʥʠ ʪʘ״ʣʠʣ ץʠʣʠʰ, ʘʚʘʨʠʷ ʭʘʚʬʠ 

ʶץʦʨʠ ʙ˄ʣʛʘʥ ץʠʩʤʣʘʨʥʠ ʙʝʣʛʠʣʘʰ ״ʘʤʜʘ ʪʘʲʤʠʨʣʘʰ ʫʩʪʫʚʦʨʣʠʛʠʥʠ ʘʥʠץʣʘʰ ʢʘʙʠʣʘʨʜʘʥ 

ʠʙʦʨʘʪ. 

ʄʘʟʢʫʨ ʘʣʛʦʨʠʪʤ ʩʝʥʩʦʨ ʤʘʲʣʫʤʦʪʣʘʨʠʥʠ ʘʚʪʦʤʘʪʠʢ ʡʠסʠʰ, ʠʥʪʝʣʣʝʢʪʫʘʣ ʪʘ״ʣʠʣ 

ʚʘ ʚʠʟʫʘʣ ʤʦʥʠʪʦʨʠʥʛʥʠ ʙʠʨʣʘʰʪʠʨʠʙ, ʡ˄ʣ ʪʘʨʤʦץʣʘʨʠʥʠ ʥʘʟʦʨʘʪ ץʠʣʠʰʥʠ ʶץʦʨʠ 

ʜʘʨʘʞʘʜʘ ʘʚʪʦʤʘʪʣʘʰʪʠʨʠʰ ʠʤʢʦʥʠʥʠ ʙʝʨʘʜʠ. ʐʫʥʠʥʛʜʝʢ, ʤʘʟʢʫʨ ʸʥʜʘʰʫʚ ʘʩʦʩʠʜʘ 

ʪʨʘʥʩʧʦʨʪ ʭʘʚʬʩʠʟʣʠʛʠʥʠ ʦʰʠʨʠʰ, ʡ˄ʣ ʪʘʲʤʠʨʣʘʰ ʠʰʣʘʨʥʠ ʩʪʨʘʪʝʛʠʢ ʨʝʞʘʣʘʰʪʠʨʠʰ ʚʘ 

ʠץʪʠʩʦʜʠʡ ʡ˄ץʦʪʠʰʣʘʨʥʠ ʢʘʤʘʡʪʠʨʠʰʛʘ ʵʨʠʰʠʣʘʜʠ.  

ʌʆʁɼɸʃɸʅʀʃɻɸʅ ʊɽʍʅʆʃʆɻʀʗ ɺɸ פʋʈʀʃʄɸʃɸʈ. ʊʠʟʠʤ ʘʭʙʦʨʦʪ 

ʢʦʤʧʦʥʝʥʪʣʘʨʠʥʠ ʘʤʘʣʛʘ ʦʰʠʨʠʰʜʘ RESTful API (REST ð REpresentational State 

Transfer, ʷʲʥʠ ʪʘʨʤʦץʜʘʛʠ ʪʘץʩʠʤʣʘʥʛʘʥ ʠʣʦʚʘ ʢʦʤʧʦʥʝʥʪʣʘʨʠ ʦʨʘʩʠʜʘʛʠ ˄ʟʘʨʦ ʪʘʲʩʠʨ 
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ʤʝʲʤʦʨʠʡ ʫʩʣʫʙʠ) ʘʩʦʩʠʜʘʛʠ ʚʝʙ-ʭʠʟʤʘʪ ʪʝʭʥʦʣʦʛʠʷʩʠ ץ˄ʣʣʘʥʠʣʘʜʠ [6]. ʋ ʦʨץʘʣʠ ʘʭʙʦʨʦʪ 

ʪʠʟʠʤʠʥʠ ʪʫʨʣʠ ʧʣʘʪʬʦʨʤʘʣʘʨʜʘ ʠʰʣʦʚʯʠ ʤʦʜʫʣʣʘʨʠ ʦʨʘʩʠʜʘ ʤʘʲʣʫʤʦʪ ʘʣʤʘʰʠʥʫʚʠʥʠ 

ʪʘʰʢʠʣ ʵʪʠʰ ʤʫʤʢʠʥ. ɹʫ ʪʠʟʠʤʥʠ ʤʦʩʣʘʰʫʚʯʘʥ, ʢʝʥʛʘʡʪʠʨʠʣʘʜʠʛʘʥ ʚʘ ״ʘʨ ץʘʥʜʘʡ 

ʜʘʩʪʫʨʣʘʰ ʪʠʣʠ ʸʢʠ ʦʧʝʨʘʮʠʦʥ ʪʠʟʠʤ ʙʠʣʘʥ ʙʝʚʦʩʠʪʘ ʠʥʪʝʛʨʘʮʠʷʣʘʰ ʠʤʢʦʥʠʥʠ ʙʝʨʘʜʠ. 

ɺʝʙ-ʭʠʟʤʘʪʥʠ ʠʰʣʘʙ ʯʠץʠʰ ʤʝʪʦʜʦʣʦʛʠʷʩʠ ʠʥʪʝʨʥʝʪ ʦʨץʘʣʠ ʢʠʨʠʰ ʤʫʤʢʠʥ ʙ˄ʣʛʘʥ 

ʪʫʨʣʠ ʘʭʙʦʨʦʪ ʚʦʩʠʪʘʣʘʨʠʥʠ ʷʨʘʪʠʰ ʠʤʢʦʥʠʥʠ ʙʝʨʘʜʠ. REST ʘʨʭʠʪʝʢʪʫʨʘʩʠ ʪʠʟʠʤ ʙʠʣʘʥ 

ʩʝʨʚʝʨ ʦʨʘʩʠʜʘʛʠ ʘʭʙʦʨʦʪ ʘʣʤʘʰʠʥʫʚʠʥʠ ʪʝʟʢʦʨ ʚʘ ʭʘʚʬʩʠʟ ʘʤʘʣʛʘ ʦʰʠʨʠʰ ʫʯʫʥ ʭʠʟʤʘʪ 

 ʠʯץʠʯʤʘ-ʙʦʩץʠʣʘʜʠ. ɹʫ ʪʠʟʠʤʥʠ ʤʠʢʨʦʩʝʨʚʠʩ ʘʨʭʠʪʝʢʪʫʨʘʩʠ ʘʩʦʩʠʜʘ ʙʦʩץ

ʨʠʚʦʞʣʘʥʪʠʨʠʰ ʠʤʢʦʥʠʥʠ ʙʝʨʘʜʠ. 

ɸʭʙʦʨʦʪ ʪʠʟʠʤʠ ʩʝʨʚʝʨ ץʠʩʤʠ Apache, mod_wsgi ʚʘ Python ʪʝʭʥʦʣʦʛʠʷʣʘʨʠʛʘ 

ʘʩʦʩʣʘʥʛʘʥ ʙ˄ʣʠʙ, Apache ʦʯʠץ ʢʦʜʣʠ, ʧʣʘʪʬʦʨʤʘʣʘʨʦ ʠʰʣʦʚʯʠ ʶץʦʨʠ ʠʰʦʥʯʣʠ ʚʝʙ-

ʩʝʨʚʝʨʜʠʨ. ʋ ʪʘʰץʠ ʤʦʜʫʣʣʘʨʥʠ ʫʣʘʰ ʚʘ ʪʠʟʠʤʥʠ ʤʦʜʫʣʣʠ ʠʰʛʘ ʪʫʰʠʨʠʰ ʠʤʢʦʥʠʥʠ 

ʙʝʨʘʜʠ. mod_wsgi ʵʩʘ Apache ʤʫ״ʠʪʠʜʘ Python ʠʣʦʚʘʣʘʨʠ ʭʘʚʬʩʠʟ ʚʘ ʶץʦʨʠ ʪʝʟʣʠʢʜʘ 

ʠʰʣʘʰʠʛʘ ʤ˄ʣʞʘʣʣʘʥʛʘʥ ʤʘʭʩʫʩ ʤʦʜʫʣ ʙ˄ʣʠʙ, ʫ ʩʝʨʚʝʨ ʚʘ Python ʤʫ״ʠʪʠ ʦʨʘʩʠʜʘʛʠ 

ʙʦסʣʦʚʯʠ ʚʘʟʠʬʘʥʠ ʘʤʘʣʛʘ ʦʰʠʨʘʜʠ. Python ʶץʦʨʠ ʜʘʨʘʞʘʣʠ, ʩʦʜʜʘ ʚʘ ץʫʣʘʡ ʜʘʩʪʫʨʣʘʰ 

ʪʠʣʠ ʙ˄ʣʠʙ, ʫ ʤʘʲʣʫʤʦʪʣʘʨ ʪʘ״ʣʠʣʠ, ʩʝʥʩʦʨ ʤʘʲʣʫʤʦʪʣʘʨʠʥʠ ץʘʡʪʘ ʠʰʣʘʰ ʚʘ 

ʚʠʟʫʘʣʠʟʘʮʠʷʣʘʰ ʤʘץʩʘʜʠʜʘ ץ˄ʣʣʘʥʠʣʘʜʠ. ɸʧʧʘʨʘʪ ץʠʩʤʠʜʘ Raspberry Pi 

ʤʠʢʨʦʢʦʤʧʴʶʪʝʨʣʘʨʠʜʘʥ ʬʦʡʜʘʣʘʥʠʣʛʘʥ. ɹʫ ARM ʘʨʭʠʪʝʢʪʫʨʘʣʠ ʧʨʦʮʝʩʩʦʨʣʘʨʛʘ 

(Advanced RISC Machine ð ʵʥʝʨʛʠʷ ʪʝʞʘʤʢʦʨ ʚʘ ʶץʦʨʠ ʩʘʤʘʨʘʜʦʨʣʠ ״ʠʩʦʙʣʘʰ ʙʣʦʢʣʘʨʠ) 

 ʦʧʝʨʘʪʠʚ ʭʦʪʠʨʘʛʘ ʵʛʘ ʙ˄ʣʠʙ, ʫʣʘʨ ʢ˄ʧʣʘʙ GPIO (General ץʘʤʜʘ 512 ʄɹ ʚʘ ʫʥʜʘʥ ʦʨʪʠ״

Purpose Input/Output) ʧʠʥʣʘʨʠ ʦʨץʘʣʠ ʪʘʰץʠ ʩʝʥʩʦʨ ʚʘ ʤʦʜʫʣʣʘʨ ʙʠʣʘʥ ʙʦסʣʘʥʠʰ 

ʠʤʢʦʥʠʥʠ ʙʝʨʘʜʠ. ʆʧʝʨʘʮʠʦʥ ʪʠʟʠʤ Raspberry Pi OS ʦʣʠʥʛʘʥ ʙ˄ʣʠʙ, ʫ ʙʘʨץʘʨʦʨ ʠʰʣʘʰ, 

ʦʯʠץ ʤʘʥʙʘ ʢʦʜʠ ʚʘ ʤʦʜʫʣʣʠ ʜʨʘʡʚʝʨ ʪʠʟʠʤʠ ʙʠʣʘʥ ʘʞʨʘʣʠʙ ʪʫʨʘʜʠ. ɹʫʥʜʘ ץʫʡʠʜʘʛʠ 

 :ʰʠʤʯʘ ʤʦʜʫʣʣʘʨʜʘʥ ʬʦʡʜʘʣʘʥʠʣʛʘʥ˄ץ

- ʘʢʩʝʣʝʨʦʤʝʪʨ. ɹʫ ʡ˄ʣʜʘʛʠ ʪʝʙʨʘʥʠʰ ʚʘ ʙʫʨʠʣʠʰ ʪʝʟʣʘʥʠʰʠʥʠ ʘʥʠץʣʘʰʛʘ 

ʭʠʟʤʘʪ ץʠʣʘʜʠ; 

- GPS ʤʦʜʫʣʠ. ɹʫ ʯʫץʫʨʣʠʢ ʚʘ ʥʦʪʝʢʩʣʠʢʣʘʨ ʘʥʠץ ʛʝʦʛʨʘʬʠʢ ʢʦʦʨʜʠʥʘʪʘʣʘʨʠʥʠ 

ʙʝʣʛʠʣʘʰʛʘ ʭʠʟʤʘʪ ץʠʣʘʜʠ; 

- USB-ʤʦʜʝʤ. ɹʫ ʤʘʲʣʫʤʦʪʣʘʨʥʠ ʩʝʨʚʝʨʛʘ ʫʟʘʪʠʰ ʫʯʫʥ ʭʠʟʤʘʪ ץʠʣʘʜʠ. 

ɹʫ ʘʧʧʘʨʘʪ ʚʘ ʜʘʩʪʫʨʠʡ ʝʯʠʤʣʘʨ ʙʠʨʛʘʣʠʢʜʘ CRoad ʜʝʙ ʘʪʘʣʫʚʯʠ ʢʦʤʧʣʝʢʩʥʠ 

ʪʘʰʢʠʣ ʵʪʘʜʠ. ʋ ʩʝʥʩʦʨ ʤʘʲʣʫʤʦʪʣʘʨʠʥʠ ʪ˄ʧʣʘʰ, ʜʘʩʪʫʨ ʦʨץʘʣʠ ʫʣʘʨʥʠ ץʘʡʪʘ ʠʰʣʘʰ ʚʘ 

ʥʘʪʠʞʘʣʘʨʥʠ ʤʘʨʢʘʟʠʡ ʩʝʨʚʝʨʛʘ ʫʟʘʪʠʰ ʠʤʢʦʥʠʥʠ ʙʝʨʘʜʠ. ʄʘʲʣʫʤʦʪʣʘʨʥʠ ʡʠסʠʰ ʚʘ 

ʪʘʩʥʠʬʣʘʰ ʜʘʩʪʫʨʠ Python ʤʫʭʠʪʠʜʘ ʷʨʘʪʠʣʛʘʥ ʙ˄ʣʠʙ, ʫ ʶץʦʨʠ ʠʰʦʥʯʣʠ, ʤʦʜʫʣʣʠ ʚʘ 

ʢʨʦʩʩʧʣʘʪʬʦʨʤʘʣʠ ʤʫ״ʠʪʥʠ ʪʘʲʤʠʥʣʘʡʜʠ. Python ʘʩʦʩʠʜʘʛʠ ʙʫ ʘʨʭʠʪʝʢʪʫʨʘ ʩʝʥʩʦʨ 

ʤʘʲʣʫʤʦʪʣʘʨʠʥʠ ʨʝʘʣ ʚʘץʪʜʘ ץʘʙʫʣ ץʠʣʠʰ, ʩʪʘʪʠʩʪʠʢ ʪʘ״ʣʠʣ ץʠʣʠʰ ʚʘ RESTful API 

ʦʨץʘʣʠ ʚʠʟʫʘʣʠʟʘʮʠʷʣʘʰ ʤʦʜʫʣʠʛʘ ʫʟʘʪʠʰ ʠʤʢʦʥʠʥʠ ʙʝʨʘʜʠ. ʋʰʙʫ ʝʯʠʤʣʘʨ ʡ˄ʣʣʘʨʥʠ 

ʤʦʥʠʪʦʨʠʥʛ ץʠʣʠʰ ʪʠʟʠʤʠʥʠ ʘʚʪʦʥʦʤ, ʠʭʯʘʤ ʚʘ ʢʝʥʛʘʡʪʠʨʠʣʘʜʠʛʘʥ ʢ˄ʨʠʥʠʰʜʘ ʘʤʘʣʛʘ 

ʦʰʠʨʠʰ ʠʤʢʦʥʠʥʠ ʙʝʨʠʙ, ñʘץʣʣʠ ʪʨʘʥʩʧʦʨʪ ʠʥʬʨʘʪʫʟʠʣʤʘʩʠò ʢʦʥʮʝʧʮʠʷʩʠʥʠ ʘʤʘʣʛʘ 

ʦʰʠʨʠʰʜʘ ʤʫ״ʠʤ ʠʣʤʠʡ ʚʘ ʘʤʘʣʠʡ ʘ״ʘʤʠʷʪʛʘ ʵʛʘʜʠʨ. 

ʄɸʒʃʋʄʆʊʃɸʈ ʋʉʊʀɼɸ ɸʄɸʃʃɸʈ. ʄʘʲʣʫʤʦʪʣʘʨʥʠ ʘʣʤʘʰʠʰʠ ʟʘʤʦʥʘʚʠʡ 

JSON (JavaScript Object Notation) ʪʫʟʠʣʤʘʚʠʡ ʬʦʨʤʘʪʠ ʦʨץʘʣʠ ʘʤʘʣʛʘ ʦʰʠʨʠʣʘʜʠ. ʋ 

ʤʘʲʣʫʤʦʪʣʘʨʥʠ ʦʨʪʠץʯʘ ʵʣʝʤʝʥʪʣʘʨʩʠʟ ʠʬʦʜʘʣʘʥʠʰʠ ʚʘ ʙʘʨʯʘ ʟʘʤʦʥʘʚʠʡ ʙʨʘʫʟʝʨʣʘʨ 

ʪʦʤʦʥʠʜʘʥ ʪ˄ʣʠץ ץ˄ʣʣʘʙ-ץʫʚʚʘʪʣʘʥʠʰʠ ʙʠʣʘʥ ʙʦʰץʘʣʘʨʠʜʘʥ ʘʞʨʘʣʠʙ ʪʫʨʘʜʠ. ʐʫʥʠʥʛʜʝʢ, 

ʫ ״ʘʞʤʛʘ ʥʠʩʙʘʪʘʥ ʠʭʯʘʤ, ʩʠʥʪʘʢʩʠʩʠ ʤʘʲʣʫʤ ʚʘ ʩʝʨʚʝʨ ״ʘʤʜʘ ʤʠʞʦʟ ʪʦʤʦʥʣʘʨʜʘ ʪʝʟʢʦʨ 
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ʠʰʣʦʚ ʙʝʨʠʰ ʠʤʢʦʥʠʥʠ ʙʝʨʘʜʠ [1]. ʐʫʥʠʥʛ ʫʯʫʥ JSON ʚʝʙ-APIʣʘʨ ʦʨʘʩʠʜʘ ʵʥʛ ʢʝʥʛ 

ʪʘʨץʘʣʛʘʥ ʤʘʲʣʫʤʦʪʣʘʨ ʬʦʨʤʘʪʠ ״ʠʩʦʙʣʘʥʘʜʠ.  

ʄʘʲʣʫʤʦʪʣʘʨʥʠ ʩʘץʣʘʰ ʫʯʫʥ ʤʘʲʣʫʤʦʪʣʘʨ ʙʘʟʘʩʠ ʙʦʰץʘʨʫʚ ʪʠʟʠʤʠ PostgreSQL 

ʪʘʥʣʘʥʜʠ. ׳ʘץʠץʠʡ ʩʝʥʩʦʨ ʤʘʲʣʫʤʦʪʣʘʨʠ ʘʩʦʩʠʜʘ ʘʤʘʣʛʘ ʦʰʠʨʠʣʛʘʥ ʪʘʞʨʠʙʘ ʩʠʥʦʚʣʘʨʠ 

ʫʣʘʨʥʠ ʠʰʣʘʰ ʩʘʤʘʨʘʜʦʨʣʠʛʠʥʠ ʩʦʣʠʰʪʠʨʠʰʛʘ ʠʤʢʦʥ ʙʝʨʜʠ. ʁ˄ʣ ״ʦʣʘʪʠʥʠ ʤʦʥʠʪʦʨʠʥʛ 

  .ʤʘʥʙʘʣʘʨʠʜʘʛʠ ʛʝʦʛʨʘʬʠʢ ʤʘʲʣʫʤʦʪʣʘʨʜʘʥ ʬʦʡʜʘʣʘʥʠʣʘʜʠ ץʠʣʠʰ ʘʭʙʦʨʦʪ ʪʠʟʠʤʠʜʘ ʦʯʠץ

ʄʘʲʣʫʤʦʪʣʘʨ ʙʘʟʘʩʠʜʘʛʠ ʡ˄ʣ ץʠʩʤʣʘʨʠ ʞʘʜʚʘʣʠ ʨʝʩʧʫʙʣʠʢʘ ʙ˄ʡʠʯʘ ʸʟʫʚʣʘʨʥʠ ˄ʟ 

ʠʯʠʛʘ ʦʣʘʜʠ. ׳ʘʨ ʙʠʨ ʸʟʫʚʜʘ ʛʝʦʤʝʪʨʠʢ ʤʘʲʣʫʤʦʪʣʘʨ ʪʫʨʠ, ץʠʩʤ ʙʦʰʠ, ˄ʨʪʘ ʚʘ ʦʭʠʨʠʛʠ 

ʥʫץʪʘʩʠ ״ʘʤʜʘ ʪʝʛʠʰʣʠ ʡ˄ʣ ʠʜʝʥʪʠʬʠʢʘʪʦʨʠ ʩʘץʣʘʥʘʜʠ. ɾʘʜʚʘʣʜʘʛʠ ʥʫץʪʘ ʪʠʧʜʘʛʠ 

ʛʝʦʤʝʪʨʠʢ ʤʘʲʣʫʤʦʪʣʘʨ ʠʢʢʠʣʠʢ ʬʦʨʤʘʪʜʘ ʪʘץʜʠʤ ʵʪʠʣʛʘʥ ʙ˄ʣʠʙ, ʫʣʘʨ ʦʨץʘʣʠ 

ʢʦʦʨʜʠʥʘʪʘʣʘʨʠ ʘʥʠץʣʠʛʠ ʪʘʲʤʠʥʣʘʡʜʠ. ɹʫ ʤʘʲʣʫʤʦʪʣʘʨʜʘʥ ʡ˄ʣ ״ʦʣʘʪʠʥʠ ʘʥʠץʣʘʰ, 

ʯʫץʫʨʣʠʢ ʸʢʠ ʥʦʪʝʢʠʩʣʠʢʣʘʨʥʠ ʪʘ״ʣʠʣ ץʠʣʠʰʜʘ ʬʦʡʜʘʣʘʥʠʣʘʜʠ. 

ʁɶʃɼɸɻʀ ʅʆʉʆɿʃʀʂʃɸʈʅʀ ɸʅʀפʃɸʐ ɸʃɻʆʈʀʊʄʀ. ʁ˄ʣ ʶʟʘʩʠ ״ʘץʠʜʘʛʠ 

ʤʘʲʣʫʤʦʪʣʘʨʥʠ ʦʣʠʰʜʘ ʘʢʩʝʣʝʨʦʤʝʪʨ ʚʘ ʛʠʨʦʩʢʦʧʜʘʥ ʬʦʡʜʘʣʘʥʠʣʜʠ. ɸʢʩʝʣʝʨʦʤʝʪʨ ʙʫ 

ʦʙʲʝʢʪ ״ʘʨʘʢʘʪʣʘʥʘʸʪʛʘʥʜʘʛʠ ʪʝʟʣʘʥʠʰʥʠ ʘʥʠץʣʦʚʯʠ ץʫʨʠʣʤʘ ʙ˄ʣʠʙ, ʫ ʙʘʰʦʨʘʪʣʘʥʛʘʥ 

ʪʝʟʣʘʥʠʰʥʠ ˄ʣʯʘʡʜʠ ʚʘ ʫ ʦʙʲʝʢʪʥʠ ״ʘץʠץʠʡ ʪʝʟʣʘʥʠʰʠ ʙʠʣʘʥ ɽʨʥʠ ʪʦʨʪʠʰ ʪʝʟʣʘʥʠʰʠ 

ʦʨʘʩʠʜʘʛʠ ʬʘʨ״ ץʠʩʦʙʣʘʥʘʜʠ. ɸʢʩʝʣʝʨʦʤʝʪʨ ʢʠʯʠʢ ʤʘʩʩʘʛʘ ʵʛʘ ʙ˄ʣʠʙ, ʫ ʪʠʟʠʤ ʠʯʠʛʘ 

˄ʨʥʘʪʠʣʘʜʠ. ʆʙʲʝʢʪ ʪʝʟʣʘʥʛʘʥʜʘ, ʤʘʩʩʘ ʙʦʰʣʘʥסʠʯ ״ʦʣʘʪʠʜʘʥ ʩʠʣʞʠʡʜʠ ʚʘ ʰʫ ʦʨץʘʣʠ 

ʪʝʟʣʘʥʠʰ ״ʘץʠʜʘ ʘʥʠץ ʤʘʲʣʫʤʦʪ ʦʣʠʥʘʜʠ. ɹʫ ʤʘʲʣʫʤʦʪʣʘʨ ʨʘץʘʤʣʠ ʩʠʛʥʘʣ ʢ˄ʨʠʥʠʰʠʜʘ 

ʤʠʢʨʦʢʦʥʪʨʦʣʣʝʨʛʘ ʫʟʘʪʠʣʘʜʠ. ɻʠʨʦʩʢʦʧ ʵʩʘ ʬʘʟʦʜʘ ʞʠʩʤʥʠ ʙʫʨʠʣʠʰ ʙʫʨʯʘʛʠ 

˄ʟʛʘʨʠʰʣʘʨʠʥʠ ʘʥʠץʣʘʡʜʠʛʘʥ ץʫʨʠʣʤʘ ʙ˄ʣʠʙ, ʫ ʦʨץʘʣʠ ʦʙʲʝʢʪ ʦʨʠʝʥʪʘʮʠʷʩʠ ʚʘ ʙʫʨʠʣʠʰ 

ʪʝʟʣʠʛʠ ˄ʣʯʘʥʘʜʠ. ɹʫ ״ʘʨʘʢʘʪʜʘʛʠ ʡ˄ʥʘʣʠʰ ˄ʟʛʘʨʠʰʠʥʠ ʙʘ״ʦʣʘʰ ʠʤʢʦʥʠʥʠ ʙʝʨʘʜʠ. 

ɻʠʨʦʩʢʦʧ ʚʘ ʘʢʩʝʣʝʨʦʤʝʪʨ ʤʘʲʣʫʤʦʪʣʘʨʠ ʙʠʨʛʘʣʠʢʜʘ ʪʘ״ʣʠʣ ץʠʣʠʥʘʜʠ ʚʘ ʥʘʪʠʞʘʜʘ ʡ˄ʣ 

ʶʟʘʩʠʜʘʛʠ ʥʦʩʦʟʣʠʢʣʘʨ ʸʢʠ ʪʝʙʨʘʥʠʰʣʘʨ ʘʥʠץʣʘʥʘʜʠ. פʘʙʫʣ ץʠʣʠʥʛʘʥ ʩʠʛʥʘʣʣʘʨ ʜʘʩʪʫʨʠʡ 

ʪʘʲʤʠʥʦʪ ʦʨץʘʣʠ ʬʠʣʴʪʨʣʘʥʘʜʠ ʚʘ ʦʣʠʥʛʘʥ ʪʝʟʣʘʥʠʰ ʧʘʨʘʤʝʪʨʣʘʨʠ ʘʩʦʩʠʜʘ ʡ˄ʣ 

 ʣʘʥʘʜʠ. ɹʫʥʜʘ ʩʠʛʥʘʣʛʘ ʤʘʭʩʫʩ ʠʰʣʦʚ ʙʝʨʠʰץʫʨʣʠʛʠ ʘʥʠץʦʧʣʘʤʘʩʠ ʩʦʟʣʠʛʠ ʸʢʠ ʯʫץ

ʘʣʛʦʨʠʪʤʣʘʨʠ, ʷʲʥʠ ״ʘʨʘʢʘʪʣʠ ˄ʨʪʘʯʘ, ʤʝʜʠʘʥ ʬʠʣʴʪʨ, ʂʘʣʤʘʥ ʬʠʣʴʪʨ ʢʘʙʠʣʘʨ 

 ʘʨʘʢʘʪʠʜʘ ʘʢʩʝʣʝʨʦʤʝʪʨ ʚʘ ʛʠʨʦʩʢʦʧ״ ʣʣʘʥʠʣʘʜʠ. ʅʘʪʠʞʘʜʘ, ʪʨʘʥʩʧʦʨʪ ʚʦʩʠʪʘʩʠ˄ץ

ʤʘʲʣʫʤʦʪʣʘʨʠʛʘ ʘʩʦʩʣʘʥʠʙ, ʡ˄ʣ ʫʩʪʠ ״ʦʣʘʪʠ ʨʝʘʣ ʚʘץʪʜʘ ʙʘ״ʦʣʘʥʘʜʠ. פʫʡʠʜʘʛʠ ʨʘʩʤʜʘ 

ʪʨʘʥʩʧʦʨʪ ʚʦʩʠʪʘʩʠ ʠʯʠʛʘ ˄ʨʥʘʪʠʣʛʘʥ CRoad ʩʝʥʩʦʨʠ ʢʦʦʨʜʠʥʘʪʘ ˄ץʣʘʨʠ ʚʘ ʡ˄ʥʘʣʠʰʣʘʨʠ 

ʢ˄ʨʩʘʪʠʣʛʘʥ ʙ˄ʣʠʙ, ˄ץʣʘʨ ʦʨץʘʣʠ ʩʝʥʩʦʨ X, Y ʚʘ Z ʪʝʟʣʘʥʠʰ ״ʘʤʜʘ ʙʫʨʠʣʠʰ 

ʢʦʤʧʦʥʝʥʪʣʘʨʠ ˄ʣʯʘʥʘʜʠ. ʆʣʠʥʘʜʠʛʘʥ ʤʘʲʣʫʤʦʪʣʘʨ ʡ˄ʣ ʶʟʘʩʠʜʘʛʠ ʪʝʙʨʘʥʠʰ, ʯʫץʫʨʣʠʢ ʚʘ 

ʩʠʣʢʠʥʠʰʣʘʨʥʠ ʘʥʠץʣʘʰʛʘ ʘʩʦʩ ʙ˄ʣʘʜʠ. 

 
1-ʨʘʩʤ. CRoad ʘʧʧʘʨʘʪ-ʜʘʩʪʫʨʠʡ ʢʦʤʧʣʝʢʩ ʜʘʪʯʠʢʣʘʨʠ ʞʦʡʣʘʰʫʚʠ 

ʁ˄ʣ ״ʦʣʘʪʠʥʠ ʪʘʩʥʠʬʣʘʰ ʘʣʛʦʨʠʪʤʠ ץʫʡʠʜʘʛʠ ʙʦʩץʠʯʣʘʨʜʘ ʘʤʘʣʛʘ ʦʰʠʨʠʣʘʜʠ: 

ʢʦʥʪʨʦʣʣʝʨ ʤʘʲʣʫʤʦʪʣʘʨʥʠ ʩʝʥʩʦʨʣʘʨ ʦʨץʘʣʠ ʦʣʠʰ ʘʤʘʣʛʘ ʦʰʠʨʠʣʘʜʠ; 
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ʤʘʲʣʫʤʦʪʣʘʨ ʂʘʣʤʘʥ ʬʠʣʴʪʨʠ ʦʨץʘʣʠ ʠʰʣʦʚ ʙʝʨʠʣʘʜʠ. ɹʫʥʜʘ ʪʨʘʥʩʧʦʨʪ ʚʦʩʠʪʘʩʠ 

ʞʦʨʠʡ ʚʘץʪʜʘ ʙʫʨʠʣʠʰ ʙʫʨʯʘʢʣʘʨʠʥʠ ʘʥʠץʣʘʰ ʘʤʘʣʛʘ ʦʰʠʨʠʣʘʜʠ; 

ʙʝʣʛʠʣʘʥʛʘʥ ʚʘץʪ ʦʨʘʣʠסʠʜʘ ʦʣʠʥʛʘʥ ʤʘʲʣʫʤʦʪʣʘʨ ʘʩʦʩʠʜʘ ʡ˄ʣ ʥʦʪʝʢʠʩʣʠʛʠ 

ʪʘʩʥʠʬʣʘʥʘʜʠ. 

ʂʘʣʤʘʥ ʬʠʣʴʪʨʠ ʪ˄ʣʠץ ʙ˄ʣʤʘʛʘʥ ʚʘ ʰʦʚץʠʥʣʠ ˄ʣʯʦʚʣʘʨ ʸʨʜʘʤʠʜʘ ʜʠʥʘʤʠʢ ʪʠʟʠʤ 

 ʦʣʦʚʯʠ ʩʘʤʘʨʘʣʠ ʨʝʢʫʨʩʠʚ ʬʠʣʴʪʨ ʙ˄ʣʠʙ, ʫ ʘʢʩʝʣʝʨʦʤʝʪʨ ʚʘ ʛʠʨʦʩʢʦʧ״ʦʣʘʪ ʚʝʢʪʦʨʠʥʠ ʙʘ״

ʤʘʲʣʫʤʦʪʣʘʨʠ ʸʨʜʘʤʠʜʘ ʪʨʘʥʩʧʦʨʪ ʚʦʩʠʪʘʩʠʛʘ ˄ʨʥʘʪʠʣʛʘʥ ץʫʨʠʣʤʘʥʠ ʙʫʨʠʣʠʰ 

ʙʫʨʯʘʢʣʘʨʠʥʠ ʘʥʠץʣʘʰʛʘ ʸʨʜʘʤ ʙʝʨʘʜʠ. 

ʉʠʛʥʘʣʣʘʨʥʠ ʪʘʩʥʠʬʣʘʰ ʫʯʫʥ ʚʘץʣʠʪ ץʘʪʦʨʣʘʨʠ ʙʠʣʘʥ ʠʰʣʘʰʜʘ ʩʘʤʘʨʘʣʠ ʙ˄ʣʛʘʥ 

ʨʝʢʫʨʨʝʥʪ ʥʝʡʨʦʥ ʪʘʨʤʦץʣʘʨʠʜʘʥ ʬʦʡʜʘʣʘʥʠʰ ʤʫʤʢʠʥ. ʁ˄ʣʜʘʛʠ ʥʦʩʦʟʣʠʢʣʘʨʥʠ ʘʥʠץʣʘʰ 

ʫʯʫʥ LSTM ʥʝʡʨʦʥ ʪʘʨʤʦסʠ ʚʘץʪʣʠ ץʘʪʦʨ ʩʝʥʩʦʨ ʤʘʲʣʫʤʦʪʣʘʨʠʥʠ ʪʘ״ʣʠʣ ץʠʣʘʜʠ. 

ʂʠʨʠʰʜʘ ʘʢʩʝʣʝʨʦʤʝʪʨ ʚʘ ʛʠʨʦʩʢʦʧ ʩʠʛʥʘʣʣʘʨʠ ץʘʙʫʣ ץʠʣʠʥʘʜʠ. ʊʘʨʤʦץ ʪʫʟʠʣʠʰʠ: 

ʂʠʨʠʰ ץʘʪʣʘʤʠ: ʚʘץʪ ʙ˄ʡʠʯʘ ʩʝʥʩʦʨ ʤʘʲʣʫʤʦʪʣʘʨʠ 

1-LSTM ץʘʪʣʘʤʠ (128 ʥʝʡʨʦʥ) 

Dropout (0.2) 

2-LSTM ץʘʪʣʘʤʠ (64 ʥʝʡʨʦʥ) 

Dense ץʘʪʣʘʤ (32 ʥʝʡʨʦʥ, ReLU) 

ʏʠץʠʰ ץʘʪʣʘʤʠ (Softmax) 

ʊʘʨʤʦ״ ץʘʨʘʢʘʪʜʘʛʠ ʪʝʟʣʘʥʠʰ, ʙʫʨʠʣʠʰ ʚʘ ʪʝʙʨʘʥʠʰʣʘʨʜʘʛʠ ˄ʟʛʘʨʠʰʣʘʨʠʥʠ 

ʪʘ״ʣʠʣ ʘʩʦʩʠʜʘ ñʥʦʨʤʘʣò, ñʯʫץʫʨò, ñʪʝʧʘʣʠʢò, ñʥʦʪʝʢʠʩò ʢʘʙʠ ״ʦʣʘʪʣʘʨʛʘ ʪʘʩʥʠʬʣʘʰʥʠ 

ʘʤʘʣʛʘ ʦʰʠʨʘʜʠ. 

ɸʡʥʠ ʧʘʡʪʜʘ ʪʠʟʠʤ ʘʨʭʠʪʝʢʪʫʨʘʩʠ ʷʥʛʠʣʘʰ ʚʘ ʪʘʢʦʤʠʣʣʘʰʪʠʨʠʰ ʠʰʣʘʨʠ ʦʣʠʙ 

ʙʦʨʠʣʤʦץʜʘ. ʐʫʥʠʥʛʜʝʢ, ʪʠʟʠʤ ʩʠʥʦʚʜʘʥ ˄ʪʢʘʟʠʣʤʦץʜʘ ״ʘʤʜʘ ʡ˄ʣ ʥʦʪʝʢʠʩʣʠʛʠʥʠ 

ʘʥʠץʣʘʰ ʘʣʛʦʨʠʪʤʠ ״ʘʤ ʪʘʢʦʤʠʣʣʘʰʪʠʨʠʣʤʦץʜʘ. ʊʨʘʬʠʢ ʦʨʪʠʰʠʥʠ ʠʥʦʙʘʪʛʘ ʦʣʠʙ 

ʘʭʙʦʨʦʪ ʪʠʟʠʤʠ ʤʘʩʰʪʘʙʣʘʥʠʰʠʥʠ ʷʭʰʠʣʘʰ ʤʘץʩʘʜʠʜʘ ʢʦʥʪʝʡʥʝʨʠʟʘʮʠʷ 

ʪʝʭʥʦʣʦʛʠʷʣʘʨʠʥʠ ʞʦʨʠʡ ʵʪʠʰ ʨʝʞʘʣʘʰʪʠʨʠʣʛʘʥ. 

ʉʝʥʩʦʨʣʘʨʜʘʥ ץʘʙʫʣ ץʠʣʠʙ ʦʣʠʥʛʘʥ ʤʘʲʣʫʤʦʪʣʘʨʜʘʛʠ ʰʦʚץʠʥʣʘʨʥʠ ʙʘʨʪʘʨʘʬ ʵʪʠʰ 

ʫʯʫʥ ʷʥʛʠ, ʩʘʤʘʨʘʣʠ ʫʩʫʣʣʘʨʠʥʠ ʠʰʣʘʙ ʯʠץʠʰ, ʪʘʩʥʠʬʣʘʛʠʯ ʩʘʤʘʨʘʜʦʨʣʠʛʠʥʠ ʷʥʘʜʘ 

ʦʰʠʨʠʰ ʫʯʫʥ ʪʫʟʠʣʠʰʠʥʠ ʪʘʢʦʤʠʣʣʘʰʪʠʨʠʰ ʟʘʨʫʨ. ɹʫ ʪʠʟʠʤʜʘʥ ʬʦʡʜʘʣʘʥʠʰ 

 ʫʣʘʡʣʠʛʠʥʠ ʦʰʠʨʘʜʠ, ʨʠʚʦʞʣʘʥʠʰʠʥʠ ʷʭʰʠʣʘʡʜʠ ʚʘ ʩ˄ʨʦʚʣʘʨ ʩʘʤʘʨʘʜʦʨʣʠʛʠʥʠץ

ʪʘʲʤʠʥʣʘʡʜʠ. 

ʍʫʣʦʩʘ 

ʊʘʜץʠץʦʪ ʜʘʚʦʤʠʜʘ ʡ˄ʣ ״ʦʣʘʪʠʥʠ ʢʫʟʘʪʠʰ ʫʯʫʥ ʜʘʩʪʫʨʠʡ ʝʯʠʤ ʠʰʣʘʙ ʯʠץʠʣʜʠ. 

ʆʣʠʥʛʘʥ ʥʘʪʠʞʘʣʘʨ ʪʠʟʠʤ ʘʤʘʣʠʡ ץʠʡʤʘʪʠʥʠ ʚʘ ʡ˄ʣ ʠʥʬʨʘʪʫʟʠʣʤʘʩʠʥʠ ʘʚʪʦʤʘʪʠʢ 

ʤʦʥʠʪʦʨʠʥʛ ץʠʣʠʰʜʘʛʠ ʩʘʤʘʨʘʜʦʨʣʠʛʠʥʠ ʪʘʩʜʠץʣʘʜʠ. 

ʁ˄ʣ ״ʦʣʘʪʠʥʠ ʤʦʥʠʪʦʨʠʥʛ ץʠʣʠʰ ʘʭʙʦʨʦʪ ʪʠʟʠʤʠ ʪʨʘʥʩʧʦʨʪ ʚʦʩʠʪʘʣʘʨʠʜʘʥ 

ʦʣʠʥʘʜʠʛʘʥ ʩʝʥʩʦʨ ʤʘʲʣʫʤʦʪʣʘʨʠ ʘʩʦʩʠʜʘ ʡ˄ʣ ʠʥʬʨʘʪʫʟʠʣʤʘʩʠ ʪʝʭʥʠʢ ״ʦʣʘʪʠʥʠ 

ʙʘ״ʦʣʘʰʥʠ ʘʚʪʦʤʘʪʣʘʰʪʠʨʠʰʛʘ ʭʠʟʤʘʪ ץʠʣʘʜʠ. ʊʠʟʠʤ ʪʘʨʢʠʙʠʜʘ ʘʢʩʝʣʝʨʦʤʝʪʨ ʚʘ 

ʛʠʨʦʩʢʦʧ ʤʘʲʣʫʤʦʪʣʘʨʠʥʠ ץʘʡʪʘ ʠʰʣʦʚʯʠ ʤʠʢʨʦʢʦʥʪʨʦʣʣʝʨ ʤʦʜʫʣʠ, ʂʘʣʤʘʥ ʬʠʣʴʪʨʠ 

ʘʩʦʩʠʜʘ ʰʦʚץʠʥʣʘʨʥʠ ʧʘʩʘʡʪʠʨʠʰ ʚʘ ʙʫʨʠʣʠʰ ʙʫʨʯʘʢʣʘʨʠʥʠ ״ʠʩʦʙʣʘʰ ʘʣʛʦʨʠʪʤʠ ״ʘʤʜʘ 

LSTM ʥʝʡʨʦʥ ʪʘʨʤʦסʠʛʘ ʘʩʦʩʣʘʥʛʘʥ ʠʥʪʝʣʣʝʢʪʫʘʣ ʪʘʩʥʠʬʣʘʛʠʯ ʤʘʚʞʫʜ. LSTM ʤʦʜʝʣʠ 

ʚʘץʪʣʠ ץʘʪʦʨ ʩʠʛʥʘʣʣʘʨʥʠ ʪʘ״ʣʠʣ ץʠʣʠʰ ʦʨץʘʣʠ ʡ˄ʣ ʶʟʘʩʠʜʘʛʠ ʥʦʪʝʢʠʩʣʣʠʢʣʘʨ, 

ʪʝʙʨʘʥʠʰʣʘʨ ʚʘ ʯʫץʫʨʣʠʢʣʘʨʥʠ ʪʘʥʠʬʣʘʡʜʠ. ʋʰʙʫ ʸʥʜʘʰʫʚ ʘʥʲʘʥʘʚʠʡ ʫʩʫʣʣʘʨʛʘ 

ʥʠʩʙʘʪʘʥ ʘʥʠץʣʠʢ ʚʘ ʙʘʨץʘʨʦʨʣʠʢʥʠ ʦʰʠʨʘʜʠ, ʯʫʥʢʠ ʫ ʩʝʥʩʦʨ ʩʠʛʥʘʣʣʘʨʠʜʘʛʠ ʫʟʦץ 

ʤʫʜʜʘʪʣʠ ʙʦסʣʘʥʠʰʣʘʨʥʠ ʠʥʦʙʘʪʛʘ ʦʣʘʜʠ. ʂʘʣʤʘʥ ʬʠʣʴʪʨʠ ʚʘ ʥʝʡʨʦʥ ʪʘʨʤʦץ 
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ʠʥʪʝʛʨʘʮʠʷʩʠ ʥʘʪʠʞʘʩʠʜʘ ʤʘʲʣʫʤʦʪʣʘʨʜʘʛʠ ʪʘʩʦʜʠʬʠʡ ʰʦʚץʠʥʣʘʨ ʢʘʤʘʷʜʠ ʚʘ ʪʠʟʠʤ ʨʝʘʣ 

ʚʘץʪ ʨʝʞʠʤʠʜʘ ʠʰʣʘʡ ʦʣʘʜʠ. 

ɸʭʙʦʨʦʪ ʪʠʟʠʤʠ ʘʨʭʠʪʝʢʪʫʨʘʩʠ ʤʠʢʨʦʩʝʨʚʠʩ ʚʘ ʢʦʥʪʝʡʥʝʨʠʟʘʮʠʷ ʪʝʭʥʦʣʦʛʠʷʣʘʨʠ 

ʘʩʦʩʠʜʘ ץʫʨʠʣʛʘʥ ʙ˄ʣʠʙ, ʢʘʪʪʘ ״ʘʞʤʜʘʛʠ ʤʘʲʣʫʤʦʪʣʘʨ ʦץʠʤʠʥʠ ץʘʡʪʘ ʠʰʣʘʰ ʚʘ 

ʤʘʩʰʪʘʙʣʘʥʠʰ ʠʤʢʦʥʠʥʠ ʙʝʨʘʜʠ. ʐʫʥʠʥʛʜʝʢ, ʤʘʲʣʫʤʦʪʣʘʨ ʙʘʟʘʩʠ ʚʘ ʢʣʘʩʪʝʨʣʘʰ 

ʫʩʫʣʣʘʨʠʥʠ ʞʦʨʠʡ ʵʪʠʣʠʰʠ ʪʠʟʠʤ ʩʘʤʘʨʘʜʦʨʣʠʛʠ, ץʠʜʠʨʫʚ ʪʝʟʣʠʛʠ ʚʘ ʬʦʡʜʘʣʘʥʫʚʯʠ 

ʠʥʪʝʨʬʝʡʩʠ ʩʘʤʘʨʘʜʦʨʣʠʛʠʥʠ ʷʥʘʜʘ ʦʰʠʨʘʜʠ. 

ʊʘʜץʠץʦʪ ʥʘʪʠʞʘʣʘʨʠ ʘʩʦʩʠʜʘ ʠʰʣʘʙ ʯʠץʠʣʛʘʥ ʪʠʟʠʤ ʡ˄ʣʣʘʨ ״ʦʣʘʪʠʥʠ ʫʟʣʫʢʩʠʟ 

ʤʦʥʠʪʦʨʠʥʛ ץʠʣʠʰ, ʥʦʩʦʟʣʠʢʣʘʨʥʠ ʵʨʪʘ ʘʥʠץʣʘʰ, ʪʘʲʤʠʨʣʘʰ ʠʰʣʘʨʠʥʠ ʨʝʞʘʣʘʰʪʠʨʠʰ 

 ʘʤʠʷʪʛʘ ʵʛʘʜʠʨ. ʅʘʚʙʘʪʜʘʛʠ״ʘʤʜʘ ʪʨʘʥʩʧʦʨʪ ʭʘʚʬʩʠʟʣʠʛʠʥʠ ʪʘʲʤʠʥʣʘʰʜʘ ʘʤʘʣʠʡ ʘ״

ʙʦʩץʠʯʣʘʨʜʘ ʤʦʜʝʣ ʘʨʭʠʪʝʢʪʫʨʘʩʠʥʠ ʪʘʢʦʤʠʣʣʘʰʪʠʨʠʰ, ʤʘʲʣʫʤʦʪʣʘʨ ʩʠʬʘʪʠʥʠ ʦʰʠʨʠʰ 

ʚʘ ʘʚʪʦʤʘʪʠʢ ʛʝʦʪʘʤסʘʣʘʰ ʠʤʢʦʥʠʷʪʣʘʨʠʥʠ ץ˄ʰʠʰ ʨʝʞʘʣʘʰʪʠʨʠʣʛʘʥ. 
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ʊɸʉɺʀʈʃɸʈ ɹɽʃɻʀʃɸʈʀʅʀ ʐɸʂʃʃɸʅʊʀʈʀʐ 

ɸʃɻʆʈʀʊʄʃɸʈʀ 
 

1,2ʄʫ״ʘʤʝʜʠʝʚʘ ɼ., 1,2ʄʘʤʘʪʦʚ ʅ., 1ɺʘʣʠʞʦʥʦʚ ʀ. 
1 ñʊʦʰʢʝʥʪ ʠʨʨʠʛʘʮʠʷ ʚʘ ץʠʰʣʦץ ʭ˄ʞʘʣʠʛʠʥʠ ʤʝ״ʘʥʠʟʘʮʠʷʣʘʰ ʤʫ״ʘʥʜʠʩʣʘʨʠ ʠʥʩʪʠʪʫʪʠò 

ʄʠʣʣʠʡ ʪʘʜץʠץʦʪ ʫʥʠʚʝʨʩʠʪʝʪʠ; 
2ʄʫʭʘʤʤʘʜ ʘʣ-ʍʦʨʘʟʤʠʡ ʥʦʤʠʜʘʛʠ ʊʦʰʢʝʥʪ ʘʭʙʦʨʦʪ ʪʝʭʥʦʣʦʛʠʷʣʘʨ ʫʥʠʚʝʨʩʠʪʝʪʠ 

https://doi.org/10.5281/zenodo.17919417 

 

ɸʥʥʦʪʘʮʠʷ. ʄʘʟʢʫʨ ʪʘʜϨʠϨʦʪ ʠʰʠʜʘ ʪʘʩʚʠʨʣʘʨ ʙʝʣʛʠʣʘʨʠʥʠ ʰʘʢʠʣʣʘʥʪʠʨʠʰʜʘ 

SIFT (Scale-Invariant Feature Transform), HOG (Histogram of Oriented Gradients), ORB 

(Oriented FAST and Rotated BRIEF), Canny Edge Detection ʢʘʙʠ ʘʣʛʦʨʠʪʠʤʣʘʨ ʪʘϲʣʠʣ 

Ϩʠʣʠʥʛʘʥ ʙ˄ʣʠʙ, ʫʥʜʘ ʫʰʙʫ ʘʣʛʦʨʠʪʠʤʣʘʨ yordamida ʘʤʘʣʛʘ ʦʰʠʨʠʣʛʘʥ ʪʘʜϨʠϨʦʪʣʘʨ ʚʘ 

ʠʰʣʘʥʤʘʣʘʨ ʢ˄ʨʠʙ ʯʠϨʠʣʛʘʥ. 

ʂʘʣʠʪ ʩ˄ʟʣʘʨ: ʊʘʩʚʠʨʣʘʨ, ʩʝʛʤʝʥʪaʮʠʷ ʘʣʛʦʨʠʪʤʣʘʨʠ, ORB, SIFT, HOG, Canny 

Edge Detection. 

ʂʠʨʠʰ 

ʊʘʩʚʠʨʣʘʨ ʙʝʣʛʠʣʘʨʠʥʠ ʰʘʢʣʣʘʥʪʠʨʠʰ ʘʣʛʦʨʠʪʤʣʘʨʠ ʪʫʨʣʠ ʤʘץʩʘʜʣʘʨʜʘ 

ʬʦʡʜʘʣʘʥʠʣʘʜʠ. ɾʫʤʣʘʜʘʥ, ʪʘʩʚʠʨʣʘʨʥʠ ʘʚʪʦʤʘʪʠʢ ץʘʡʪʘ ʠʰʣʘʰʜʘ ʫʣʘʨʥʠʥʛ ʘʩʦʩʠʡ 

ʙʝʣʛʠʣʘʨʠʥʠ ʘʥʠץʣʘʙ ʦʣʠʰ ʤʫ״ʠʤ ʚʘʟʠʬʘʣʘʨʜʘʥ ʙʠʨʠʜʠʨ. ʋʰʙʫ ʙʝʣʛʠʣʘʨ ï ʪʘʩʚʠʨʜʘʛʠ 

ʰʘʢʣ, ʢʦʥʪʫʨ, ʥʫץʪʘ ʚʘ ʩʪʨʫʢʪʫʨʘʣʘʨ ״ʘץʠʜʘ ʨʘץʘʤʣʠ ʤʘʲʣʫʤʦʪ ʙʝʨʫʚʯʠ ʵʣʝʤʝʥʪʣʘʨʜʠʨ. 

ʋʣʘʨʥʠ ʘʥʠץʣʘʰ ʘʣʛʦʨʠʪʤʣʘʨ ʸʨʜʘʤʠʜʘ ʘʤʘʣʛʘ ʦʰʠʨʠʣʘʜʠ ʚʘ ʙʫ ʞʘʨʘʸʥ ʪʠʟʠʤʥʠʥʛ 

ʘʥʠץʣʠʛʠ, ʙʘʨץʘʨʦʨʣʠʛʠ ״ʘʤʜʘ ʠʰʣʘʰ ʪʝʟʣʠʛʠʥʠ ʪʘʲʤʠʥʣʘʰ ʤʘץʩʘʜʠʜʘ ʬʦʡʜʘʣʘʥʠʣʘʜʠ.[1, 

2]. 

ʄʝʪʦʜʦʣʦʛʠʷ 

ʋ ʊʘʜץʠץʦʜ ʠʰʠʜʘ ʘʡʥʘʥ ʫʰʙʫ ʘʣʛʦʨʠʪʠʤʣʘʨʜʘʥ ʬʦʡʜʘʣʘʥʠʣʘʜʠʛʘʥ (1-ʨʘʩʤ). 

1-ʨʘʩʤ. ʊʘʩʚʠʨʣʘʨ ʙʝʣʛʠʣʘʨʠʥʠ ʰʘʢʣʣʘʥʪʠʨʠʰ ʘʣʛʦʨʠʪʤʣʘʨʠ 

1. ʊʘʩʚʠʨʣʘʨ ʙʝʣʛʠʣʘʨʠʥʠ ʰʘʢʣʣʘʥʪʠʨʠʰʜʘ ״ʘʨ ʙʠʨ ʘʣʛʦʨʠʪʤ ˄ʟʠʛʘ ʭʦʩ ʸʥʜʘʰʫʚʥʠ 

 ʣʣʘʡʜʠ. SIFT (Scale-Invariant Feature Transform) ð ˄ʣʯʘʤ ʚʘ ʘʡʣʘʥʠʰʛʘ ʥʠʩʙʘʪʘʥ˄ץ

ʙʘʨץʘʨʦʨ ʙʝʣʛʠ ʘʞʨʘʪʠʰ ʫʩʫʣʠ ʙ˄ʣʠʙ, ״ʘʨ ʭʠʣ ״ʦʣʘʪʣʘʨʜʘʛʠ ʦʙʲʝʢʪʣʘʨʥʠ ʘʥʠץʣʘʰ 

ʠʤʢʦʥʠʥʠ ʙʝʨʘʜʠ [2]. 

SIFT ʘʣʛʦʨʠʪʤʠ scale-space ʞʘʨʘʸʥʠ ץʫʡʜʘʛʠ ʬʦʨʤʫʣʘ ʙʠʣʘʥ ʠʬʦʜʘʣʘʥʘʜʠ: 

( , , ) ( , , )* ( , )L x y G x y I x ys s=  
ʙʫ ʝʨʜʘ: 

2 2

22
2

1
( , , )

2

x y

G x y e ss
ps

+
-

=
 

ʙʫ ʬʦʨʤʫʣʘʣʘʨʜʘ: 
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( , )I x y - ʢʠʨʫʚʯʠ ʪʘʩʚʠʨ, 

( , , )L x ys - ɻʘʫʩʩ ʬʠʣʪʨ ʙʠʣʘʥ ʩʠʣʣʠץʣʘʥʛʘʥ ʪʘʩʚʠʨ (scale-space), 

( , , )G x ys - ɻʘʫʩʩ ʷʜʨʦ ʬʫʥʢʩʠʷʩʠ, 
,x y- ʧʠʢʩʝʣ ʢʦʦʨʜʠʥʘʪʘʣʘʨʠ, 
s- ʤʘʩʰʪʘʙ  (scale) ʧʘʨʘʤʝʪʨʠ, 

* - ʢʦʥʚʦʣʷʮʠʷ ʘʤʘʣʠ. 

2. HOG (Histogram of Oriented Gradients) ʵʩʘ ʛʨʘʜʠʝʥʪ ʡ˄ʥʘʣʠʰʣʘʨʠʥʠ ʪʘ״ʣʠʣ ץʠʣʠʙ, 

ʘʡʥʠץʩʘ ״ʘʨʘʢʘʪʜʘʛʠ ʦʙʲʝʢʪʣʘʨ, ʤʘʩʘʣʘʥ, ʧʠʸʜʘʣʘʨʥʠ ʘʥʠץʣʘʰʜʘ ʩʘʤʘʨʘʣʠ ״ʠʩʦʙʣʘʥʘʜʠ 

[3].  

HOG ʘʣʛʦʨʠʪʤʠʜʘ ʛʨʘʜʠʝʥʪ ʸóʥʘʣʠʰʠ ץʫʡʠʜʘʛʠ ʬʦʨʤʫʣʘ ʙʠʣʘʥ ʠʬʦʜʘʣʘʥʘʜʠ: 

( , ) arctan
y

x

G
x y

G
q =

 
ʙʫ ʝʨʜʘ: 

xG
- ʪʘʩʚʠʨʜʘʛʠ ʛʦʨʠʟʦʥʪʘʣ ʛʨʘʜʠʝʥʪ ץʠʡʤʘʪʠ, 

yG
- ʪʘʩʚʠʨʜʘʛʠ ʚʝʨʪʠʢʘʣ ʛʨʘʜʠʝʥʪ ץʠʡʤʘʪʠ 

ɻʨʘʜʠʝʥʪʥʠʥʛ ʤʦʜʫʣ ץʠʡʤʘʪʠ ʝʩʘ: 

2 2( , ) x ym x y G G= +
 

ʙʫ ʝʨʜʘ: 

( , )m x y - ʛʨʘʜʠʝʥʪ ʢʘʪʪʘʣʠʛʠ (magnituda), 

2 2

x yG G+
- ʛʨʘʜʠʝʥʪ ʫʟʫʥʣʠʛʠ. 

3. ʊʝʟʢʦʨ ʠʰʣʘʰʥʠ ʪʘʣʘʙ ץʠʣʘʜʠʛʘʥ ʨʝʘʣ ʚʘץʪ ʪʠʟʠʤʣʘʨʠʜʘ ʵʩʘ ORB (Oriented FAST 

and Rotated BRIEF) ʘʣʛʦʨʠʪʤʠ ʫʩʪʫʥʣʠʢ ץʠʣʘʜʠ ð ʫ ʝʥʛʠʣ, ʣʝʢʠʥ ʠʰʦʥʯʣʠ ʥʘʪʠʞʘʣʘʨ 

ʙʝʨʘʜʠ [4].  

ORB ʘʣʛʦʨʠʪʤʠʜʘ BRIEF descriptor ʥʠʥʛ ʘʩʦʩʠʡ ʙʠʥʘʨ ʪʝʩʪʠ ץʫʡʠʜʘʛʠ ʬʦʨʤʫʣʘ ʙʠʣʘʥ 

ʠʬʦʜʘʣʘʥʘʜʠ: 

1 agar ( ) ( )
( ; , )

0 aks holda

I p x I p y
p x yt

+ < +ë
=ì
í  

ʙʫ ʝʨʜʘ: 

p- ʢʝʡʧʦʠʥʪ ʤʘʨʢʘʟʠʥʠʥʛ ʢʦʦʨʜʠʥʘʪʘʩʠ, 

( )I p x+ - ʤʘʨʢʘʟʜʘʥ ʭ ʧʠʢʩʝʣʛʘ ʩʠʣʞʠʰʜʘʛʠ ʧʠʢʩʝʣ ʸʨʫסʣʠʢ ץʠʡʤʘʪʠ, 

( )I p y+ - ʘʨʢʘʟʜʘʥ ʡ ʧʠʢʩʝʣʛʘ ʩʠʣʞʠʰʜʘʛʠ ʧʠʢʩʝʣ ʸʨʫסʣʠʢ ץʠʡʤʘʪʠ, 

( ; , )p x yt -0 ʸʢʠ 1 ץʠʡʤʘʪ ץʘʡʪʘʨʫʚʯʠ ʙʠʥʘʨ ʬʫʥʢʩʠʷ (BRIEF ʜʝʩʢʨʠʧʪʦʨʠ ʝʣʝʤʝʥʪʠ). 

4. Canny edge detection ʘʣʛʦʨʠʪʤʠ ʸʨʜʘʤʠʜʘ ʪʘʩʚʠʨʜʘʛʠ ʘʩʦʩʠʡ ʢʦʥʪʫʨʣʘʨ ʘʥʠץ 

ʘʞʨʘʪʠʣʠʙ, ʦʙʲʝʢʪʣʘʨ ʯʝʛʘʨʘʩʠ ʘʥʠץʣʘʥʘʜʠ [1]. ʋ ʵʥʛ ʠʣסʦʨ ʪʝʭʥʦʣʦʛʠʷʣʘʨʜʘʥ ʙʠʨʠ ʙ˄ʣʠʙ, 

ʘʚʪʦʤʘʪʠʢ ʪʘʩʥʠʬʣʘʰ, ʩʝʛʤʝʥʪʘʮʠʷ ʢʘʙʠ ʤʘʩʘʣʘʣʘʨʜʘ ʢʝʥʛ ץ˄ʣʣʘʥʠʣʤʦץʜʘ. 

Canny algoritmida gradientning kattaligi quyidagi formula bilan ifodalanadi: 

2 2| | x yG G G= +
 

ʙʫ ʝʨʜʘ: 
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xG
- ʪʘʩʚʠʨʜʘʛʠ ʛʦʨʠʟʦʥʪʘʣ ʛʨʘʜʠʝʥʪ ץʠʡʤʘʪʠ, 

yG
- ʪʘʩʚʠʨʜʘʛʠ ʚʝʨʪʠʢʘʣ ʛʨʘʜʠʝʥʪ ץʠʡʤʘʪʠ, 

| |G - ɼʛʨʘʜʠʝʥʪʥʠʥʛ ʫʤʫʤʠʡ ʢʘʪʪʘʣʠʛʠ (edge ʢʫʯʠ). 

ɻʨʘʜʠʝʥʪ ʸóʥʘʣʠʰʠ ʝʩʘ: 

( , ) arctan
y

x

G
x y

G
q =

 

ʙʫ ʝʨʜʘ: 

( , )x yq - edge ʯʠʟʠסʠʥʠʥʛ ʸʥʘʣʠʰʠ (ʙʫʨʠʣʠʰ ʙʫʨʯʘʛʠ). 

ʅʘʪʠʞʘʣʘʨ 

ʄ ʊʘʨʞʠʙʘ ʫʯʫʥ ʤʠʷʥʠʥʛ ʨʝʥʛʠʥ ʪʘʩʚʠʨʠ ʦʣʠʥʜʠ ʚʘ ʫʰʙʫ ʪʘʩʚʠʝʜʘʥ ʭʫʩʫʩʩʠʷʪ 

ʘʞʨʘʪʠʰ ʫʯʫʥ HOG, SIFT, ORB, Canny edge detection ʘʣʛʦʨʠʪʤʣʘʨ ʩʠʥʘʙ ʢ˄ʨʠʣʜʠ. 

ɸʣʛʦʨʠʪʤʣʘʨ ʠʯʠʜʘʥ Canny edge detection ʝʥʛ ʷʭʰʠ ʥʘʪʠʞʘʥʠ ʢ˄ʨʩʘʪʜʠ. ʅʘʪʠʞʘʣʘʨ 1-2- 

ʨʘʩʤʣʘʨʜʘ ʙʝʨʠʣʛʘʥ. 

 

 

 

 

 

 

 

 

 

 

 

 

(1- ʨʘʩʤ) 

 

(2-ʨʘʩʤ) 
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ʍʫʣʦʩʘ 

ʊʘʩʚʠʨʣʘʨ ʙʝʣʛʠʣʘʨʠʥʠ ʰʘʢʣʣʘʥʪʠʨʠʰ ʘʣʛʦʨʠʪʤʣʘʨʠ ʨʘץʘʤʣʠ ʪʘʩʚʠʨʣʘʨʥʠ 

ʘʚʪʦʤʘʪʠʢ ץʘʡʪʘ ʠʰʣʘʰ ʪʠʟʠʤʣʘʨʠʜʘ ʤʫ״ʠʤ ˄ʨʠʥ ʵʛʘʣʣʘʡʜʠ. ʋʣʘʨʥʠʥʛ ʘʩʦʩʠʡ ʚʘʟʠʬʘʩʠ 

ð ʪʘʩʚʠʨʜʘʛʠ ʤʫ״ʠʤ ʰʘʢʣ, ʢʦʥʪʫʨ, ʪʫʟʠʣʤʘ ʚʘ ʭʫʩʫʩʠʷʪʣʘʨʥʠ ʘʥʠץʣʘʰ ʦʨץʘʣʠ ʪʠʟʠʤʛʘ 

ʤʘʟʤʫʥʣʠ ʨʘץʘʤʣʠ ʤʘʲʣʫʤʦʪ ʝʪʢʘʟʠʰʜʠʨ. ʊʘ״ʣʠʣ ץʠʣʠʥʛʘʥ SIFT, HOG, ORB ʚʘ Canny 

ʘʣʛʦʨʠʪʤʣʘʨʠ ״ʘʨ ʙʠʨʠ ˄ʟʠʥʠʥʛ ʘʬʟʘʣʣʠʢʣʘʨʠ ʚʘ ʝʯʘʜʠʛʘʥ ʪʝʭʥʠʢ ʤʫʘʤʤʦʣʘʨʠ ʙʠʣʘʥ 

ʘʞʨʘʣʠʙ ʪʫʨʘʜʠ. SIFT ʘʣʛʦʨʠʪʤʠ ˄ʣʯʘʤ ʚʘ ʙʫʨʠʣʠʰʜʘʛʠ ˄ʟʛʘʨʠʰʣʘʨʛʘ ʙʘʨץʘʨʦʨʣʠʛʠ 

ʙʠʣʘʥ ʘʥʠץʣʠʢʥʠ ʪʘʲʤʠʥʣʘʩʘ, HOG ʢʦʥʪʫʨ ʚʘ ʛʨʘʜʠʝʥʪʣʘʨ ʘʩʦʩʠʜʘ ʰʘʢʣʥʠ ʪʘʚʩʠʬʣʘʰʜʘ 

ʩʘʤʘʨʘʣʠ ʠʰʣʘʡʜʠ. ORB ʘʣʛʦʨʠʪʤʠ ʵʩʘ ˄ʟʠʥʠʥʛ ʩʦʜʜʘʣʠʛʠ ʚʘ ʶץʦʨʠ ʪʝʟʣʠʛʠ ʙʠʣʘʥ 

ʘʞʨʘʣʠʙ ʪʫʨʘʜʠ. Canny edge detection ʵʩʘ ʪʘʩʚʠʨʜʘʛʠ ʢʦʥʪʫʨʣʘʨʥʠ ʘʥʠץ ʘʞʨʘʪʠʙ, 

ʙʦʰʣʘʥסʠʯ ʪʘ״ʣʠʣ ʫʯʫʥ ʠʰʦʥʯʣʠ ʘʩʦʩ ʷʨʘʪʘʜʠ. ʄʘʟʢʫʨ ʘʣʛʦʨʠʪʤʣʘʨʥʠʥʛ ʠʤʢʦʥʠʷʪʣʘʨʠ, 

ʫʣʘʨʥʠ ʙʠʨ-ʙʠʨʠʛʘ ʠʥʪʝʛʨʘʮʠʷʣʘʰ ״ʘʤʜʘ ʚʘʟʠʬʘʛʘ ץʘʨʘʙ ʪ˄סʨʠ ʪʘʥʣʘʰ ʪʘʩʚʠʨʣʘʨʥʠ ץʘʡʪʘ 

ʠʰʣʘʰ ʪʠʟʠʤʣʘʨʠʥʠʥʛ ʘʥʠץʣʠʛʠ ʚʘ ʩʘʤʘʨʘʜʦʨʣʠʛʠʥʠ ʦʰʠʨʠʰʜʘ ʤʫ״ʠʤ ʨʦʣʴ ˄ʡʥʘʡʜʠ. 

ʋʰʙʫ ʠʰʜʘ ״ʘʨ ʙʠʨ ʘʣʛʦʨʠʪʤʥʠʥʛ ʘʬʟʘʣʣʠʢʣʘʨʠ, ʠʰʣʘʰ ʤʝʭʘʥʠʟʤʠ ʚʘ ץ˄ʣʣʘʥʠʣʠʰ 

ʠʤʢʦʥʠʷʪʣʘʨʠ ʪʘ״ʣʠʣ ץʠʣʠʥʜʠ. ʊʘʞʨʠʙʘ ʫʯʫʥ ʤʠʷʥʠʥʛ ʨʝʥʪʛʝʥ ʪʘʩʚʠʨʠ ʦʣʠʥʜʠ ʚʘ ʫʰʙʫ 

ʪʘʩʚʠʨʜʘʥ ʭʫʩʫʩʠʷʪ ʘʞʨʘʪʠʰ ʫʯʫʥ HOG, SIFT, ORB, Canny edge detection ʘʣʛʦʨʠʪʤʣʘʨʠ 

ʩʠʥʘʙ ʢ˄ʨʠʣʜʠ. ɸʣʛʦʨʠʪʤʣʘʨ ʠʯʠʜʘ ʵʥʛ ʷʭʰʠ ʥʘʪʠʞʘʥʠ Canny edge detection ʢ˄ʨʩʘʪʜʠ. 
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Ϩʘʡʪʘ ʠʰʣʘʰ ʫʩʫʣʣʘʨʠ, Python ʢʫʪʫʙʭʦʥʘʣʘʨʠ ʘʩʦʩʠʜʘ ʘʤʘʣʠʡ ʤʠʩʦʣʣʘʨ ʦʨϨʘʣʠ NLP 

ʧʠʧʝʣʠʥʝ ʪʘϲʣʠʣ Ϩʠʣʠʥʜʠ. ʅʘʪʠʞʘʣʘʨ NLP ʪʠʟʠʤʣʘʨʠ ʩʘʤʘʨʘʜʦʨʣʠʛʠʥʠ ʤʦʜʝʣ 

ʘʨʭʠʪʝʢʪʫʨʘʩʠ ʙʠʣʘʥ ʙʠʨʛʘʣʠʢʜʘ ʤʘʲʣʫʤʦʪʥʠ ʜʘʩʪʣʘʙʢʠ ʠʰʣʦʚ ʙʝʨʠʰ ʞʘʨʘʸʥʠʛʘ ϲʘʤ 

ʙʦϤʣʠϨ ʵʢʘʥʣʠʛʠʥʠ ʢ˄ʨʩʘʪʜʠ. ɶʟʙʝʢ ʪʠʣʠ ʤʘʪʥʣʠ ʤʘʲʣʫʤʦʪʣʘʨʠʜʘʥ ʬʦʡʜʘʣʠ ʙʠʣʠʤ ʚʘ 

ʬʘʢʪʣʘʨʥʠ ʘʥʠϨʣʘʰʜʘ ʵʩʘ ʜʘʩʪʣʘʙʢʠ ʠʰʣʦʚ ʙʝʨʠʰ ʙʦʩϨʠʯʣʘʨʠ ʘʩʦʩʠʜʘ ʶϨʦʨʠ ʘʥʠϨʣʠʢ ʚʘ 

ʩʘʤʘʨʘʜʦʨʣʠʢʥʠ ʪʘʲʤʠʥʣʘʛʘʥ. 
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HTML ʧʘʨʩʠʥʛ, NLP ʧʠʧʝʣʠʥʝ, ʧʨʝ-ʧʨʦcʝʩʩʠʥʛ. 

 

ʂʠʨʠʰ 

ʉ˄ʥʛʛʠ ʡʠʣʣʘʨʜʘ ʤʘʪʥʣʠ ʤʘʲʣʫʤʦʪʣʘʨ ״ʘʞʤʠ ʢʝʩʢʠʥ ʦʰʠʙ ʙʦʨʤʦץʜʘ. ɹʫ ʵʩʘ ʪʘʙʠʠʡ 

ʪʠʣʥʠ ץʘʡʪʘ ʠʰʣʘʰ (NLP) ʪʝʭʥʦʣʦʛʠʷʣʘʨʠ ʨʠʚʦʞʣʘʥʠʰʠʛʘ ʪʫʨʪʢʠ ʙ˄ʣʜʠ. NLP ʢʦʤʧʴʶʪʝʨ 

ʣʠʥʛʚʠʩʪʠʢʘʩʠ ʚʘ ʩʫʥʲʠʡ ʠʥʪʝʣʣʝʢʪ ʢʝʩʠʰʤʘʩʠʜʘʛʠ ʩʦ״ʘ ʙ˄ʣʠʙ, ʫʥʜʘ ʤʘʪʥʣʠ 

ʤʘʲʣʫʤʦʪʣʘʨʛʘ ʜʘʩʪʣʘʙʢʠ ʠʰʣʦʚ ʙʝʨʠʰ, ץʘʡʪʘ ʠʰʣʘʰ, ʪʘ״ʣʠʣ ץʠʣʠʰ ʚʘ ʪʘʩʥʠʬʣʘʰ 

ʢʘʙʠʣʘʨ ʘʤʘʣʛʘ ʦʰʠʨʠʣʘʜʠ. ʋ 1950-ʡʠʣʣʘʨʜʘ ʠʰʣʘʙ ʯʠץʠʣʛʘʥʜʘʥ ʙʦʰʣʘʙ ʘʩʦʩʘʥ ʘʢʘʜʝʤʠʢ 

ʤʫʘʩʩʘʩʘʣʘʨ ʚʘ ʠʣʤʠʡ ʣʘʙʦʨʘʪʦʨʠʷʣʘʨ ʜʦʠʨʘʩʠʜʘ ʢʝʥʛ ץ˄ʣʣʘʥʠʣʛʘʥ. ʉ˄ʥʛʛʠ ʡʠʣʣʘʨʜʘ NLP 

ʪʝʭʥʦʣʦʛʠʷʣʘʨʠ ʨʠʚʦʞʣʘʥʠʰʠ ʙʠʣʘʥ ʩʦסʣʠץʥʠ ʩʘץʣʘʰ, ʤʦʣʠʷ, ״ʫץʫץ, ʤʘʨʢʝʪʠʥʛ, ʘʭʙʦʨʦʪ 

ʭʘʚʬʩʠʟʣʠʛʠ, ʪʘʲʣʠʤ ʚʘ ʜʘʚʣʘʪ ʙʦʰץʘʨʫʚʠ ʢʘʙʠ ʢ˄ʧʣʘʙ ʩʦ״ʘʣʘʨʜʘ ״ʘʤ ʢʝʥʛ 

 ץʠʣʠʰ ʫʯʫʥ ʡʠʨʠʢ ʢʦʨʧʫʩʣʘʨ, ʦʯʠץ ʘʣ״ ʘʣʘʨʜʘʛʠ ʤʘʩʘʣʘʣʘʨʥʠ״ʜʘ. ʉʦץʣʣʘʥʠʣʤʦ˄ץ

ʤʘʥʙʘʣʠ ʤʘʲʣʫʤʦʪʣʘʨ ʙʘʟʘʣʘʨʠ, ʪʘ״ʣʠʣ ץʠʣʠʰ ʚʘ ʪʘʩʥʠʬʣʘʰ ʘʣʛʦʨʠʪʤʣʘʨʠ ʠʰʣʘʙ 

ʯʠץʠʣʛʘʥ. ʐʫʥʠʥʛʜʝʢ, NLP ʪʝʭʥʦʣʦʛʠʷʣʘʨʠʥʠ ʩʘʤʘʨʘʣʠ ʠʰʣʘʰʠʜʘ ʜʘʩʪʣʘʙʢʠ ʠʰʣʦʚ 

ʙʝʨʠʰ ʙʦʩץʠʯʠ ʤʫ״ʠʤ ʘ״ʘʤʠʷʪʛʘ ʵʛʘ [1]. 

ʄʘʪʥʣʘʨʛʘ ʜʘʩʪʣʘʙʢʠ ʠʰʣʦʚ ʙʝʨʠʰ ʞʘʨʘʸʥʠ ʩʪʨʫʢʪʫʨʘʣʘʥʤʘʛʘʥ ʤʘʲʣʫʤʦʪʣʘʨʥʠ 

ʪʦʟʘʣʘʰ, ʪʘ״ʣʠʣʛʘ ʪʘʡʸʨʣʘʰ ʚʘ ʩʪʘʥʜʘʨʪ ʪʫʟʠʣʤʘʛʘ ʢʝʣʪʠʨʠʰ ʙʦʩץʠʯʣʘʨʠʜʘʥ ʠʙʦʨʘʪ. 

ʄʘʪʥʣʠ ʤʘʲʣʫʤʦʪʣʘʨʛʘ ʜʘʩʪʣʘʙʢʠ ʠʰʣʦʚ ʙʝʨʠʰ ʙʦʩץʠʯʣʘʨʠʥʠ ʩʘʤʘʨʘʣʠ ʘʤʘʣʛʘ 

ʦʰʠʨʠʣʠʰʠ ʫʥʠ ʪʘʩʥʠʬʣʘʰʜʘ ʶץʦʨʠ ʥʘʪʠʞʘʣʘʨʥʠ ʪʘʲʤʠʥʣʘʡʜʠ. ʋʰʙʫ ʤʫʣʦ״ʘʟʘʣʘʨʛʘ 

ʢ˄ʨʘ ʤʘʟʢʫʨ ʤʘץʦʣʘʜʘ ˄ʟʙʝʢ ʪʠʣʠʜʘʛʠ ʤʘʪʥʣʘʨʛʘ ʠʰʣʦʚ ʙʝʨʠʰ ʠʣʦʚʘʩʠʥʠ ʷʨʘʪʠʰ 

ʙʦʩץʠʯʣʘʨʠ ʙʘʸʥ ʵʪʠʣʜʠ [2]. 

ʄʝʪʦʜʦʣʦʛʠʷ 

ʄʘʪʥʣʠ ʤʘʲʣʫʤʦʪʣʘʨʥʠ ץʘʡʪʘ ʠʰʣʘʰʥʠ ʜʘʩʪʣʘʙʢʠ ʙʦʩץʠʯʣʘʨʠʜʘʥ ʙʠʨʠ ʤʘʪʥʥʠ 

ʘʞʨʘʪʠʰ ʚʘ ʪʦʟʘʣʘʰ ʞʘʨʘʸʥʠʜʠʨ. ɹʫʥʜʘ ʦʣʠʥʛʘʥ ʤʘʲʣʫʤʦʪʣʘʨʜʘʥ ʭʦʤ ʤʘʲʣʫʤʦʪʣʘʨʥʠ 
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ʘʞʨʘʪʠʙ ʦʣʠʰ ״ʘʤʜʘ ʢʝʨʘʢʩʠʟ ʙʝʣʛʠʣʘʨ, ʨʝʢʣʘʤʘ ʸʟʫʚʣʘʨʠ, ʢʦʜʣʘʨ ʸʢʠ ʛʨʘʬʠʢ ʦʙʝʢʪʣʘʨʥʠ 

ʦʣʠʙ ʪʘʰʣʘʰ ʢʘʙʠ ʘʤʘʣʣʘʨ ʙʘʞʘʨʠʣʘʜʠ. ʄʘʪʥʣʠ ʤʘʲʣʫʤʦʪʥʠ ʪʦʟʘʣʘʰʜʘ ʢʝʡʠʥʛʠ ʠʰʣʦʚ 

ʙʝʨʠʰ ʙʦʩץʠʯʣʘʨʠʛʘ ʤʦʩ ʢʦʜʣʘʰ ʬʦʨʤʘʪʠʛʘ ˄ʪʢʠʟʠʣʘʜʠ [10]. 

ʄʘʪʥ ʤʘʥʙʘʘʣʘʨʠ ʪʫʨʣʠʯʘ ʙ˄ʣʘʜʠ. ɹʫʣʘʨʛʘ PDF ʰʘʢʣʠʜʘʛʠ ״ʫʞʞʘʪʣʘʨ, ״ʠʩʦʙ-

ʬʘʢʪʫʨʘʣʘʨ ʸʢʠ ʨʘʩʤʠʡ ״ʠʩʦʙʦʪʣʘʨ, HTML ʬʦʨʤʘʪʠʜʘʛʠ ʚʝʙ-ʩʘ״ʠʬʘʣʘʨ, ʷʲʥʠ ʙʣʦʛ 

ʧʦʩʪʣʘʨʠ, ʷʥʛʠʣʠʢ ʩʘʡʪʣʘʨʠʜʘʛʠ ʤʘץʦʣʘʣʘʨ ʚʘ ʬʦʨʫʤʣʘʨʜʘʛʠ ʸʟʫʚʣʘʨ, ʰʫʥʠʥʛʜʝʢ, ʪʘʩʚʠʨ 

ʢ˄ʨʠʥʠʰʠʜʘ ʩʘץʣʘʥʛʘʥ ʤʘʪʥʣʘʨ, ʩʢʘʥʝʨʣʘʰ ʥʘʪʠʞʘʩʠʜʘ ʦʣʠʥʛʘʥ ״ʫʞʞʘʪʣʘʨ ʸʢʠ ʸʨʣʠץʣʘʨ 

ʢʠʨʠʪʠʰ ʤʫʤʢʠʥ. ʋʰʙʫ ʪʫʨʜʘʛʠ ʤʘʥʙʘʘʣʘʨ ʙʠʣʘʥ ʠʰʣʘʰʜʘ ״ʘʨ ʙʠʨʠʛʘ ʘʣʦ״ʠʜʘ ʪʝʭʥʠʢ 

ʸʥʜʘʰʫʚ ʪʘʣʘʙ ʵʪʠʣʘʜʠ. 

ʄʘʟʢʫʨ ʙʦʩץʠʯ ʥʘʪʠʞʘʩʠʜʘ ʤʘʲʣʫʤʦʪʣʘʨʥʠ ʪʦʟʘʣʠʛʠ, ʷʭʣʠʪʣʠʛʠ ʚʘ ʘʥʠץʣʠʛʠ 

ʪʘʲʤʠʥʣʘʥʘʜʠ. ɹʫ ʩʝʤʘʥʪʠʢ ʪʘ״ʣʠʣ, ʪʦʢʝʥʠʟʘʮʠʷ ʚʘ ʤʦʜʝʣ ˄ץʠʪʠʰ ʞʘʨʘʸʥʣʘʨʠʜʘ ʶץʦʨʠ 

ʥʘʪʠʞʘʣʘʨʛʘ ʵʨʠʰʠʰ ʠʤʢʦʥʠʥʠ ʙʝʨʘʜʠ. ʋʰʙʫ ʤʘʥʙʘʘʣʘʨ ʪʫʨʠʛʘ ʢ˄ʨʘ ״ʫʞʞʘʪʣʘʨ ʫʩʪʠʜʘ 

 .ʘʣʠ ʢʝʨʘʢʣʠ ʤʘʲʣʫʤʦʪʣʘʨʥʠ ʦʣʠʰ ʤʫʤʢʠʥץʫʡʠʜʘʛʠ ʢʝʨʘʢʣʠ ʢʫʪʫʙʭʦʥʘʣʘʨ ʦʨץ

PDF ʬʘʡʣʣʘʨʜʘʥ ʤʘʪʥʥʠ ʘʞʨʘʪʠʙ ʦʣʠʰʜʘ PYPDF2, PDFminer.six ʢʫʪʫʙʭʦʥʘʣʘʨʠ, 

ʪʘʩʚʠʨ ʢ˄ʨʠʥʠʰʠʜʘʛʠ ʤʘʪʥʣʘʨʜʘ OCR ʪʝʭʥʦʣʦʛʠʷʣʘʨʠ ʢʝʥʛ ץ˄ʣʣʘʥʠʣʘʜʠ. 

HTML ״ʫʞʞʘʪʣʘʨʜʘʥ ʤʘʪʥʣʠ ʤʘʲʣʫʤʦʪʣʘʨʥʠ ʘʞʨʘʪʠʙ ʦʣʠʰ ʚʝʙ-ʤʘʲʣʫʤʦʪʣʘʨʥʠ 

 ʠʩʦʙʣʘʥʘʜʠ. ɹʫ״ ʠʯʣʘʨʠʜʘʥ ʙʠʨʠץʠʤ ʙʦʩ״ʠʣʠʰʜʘ ʤʫץ ʣʠʣ״ʘʡʪʘ ʠʰʣʘʰ ʚʘ ʪʘץ

ʩʪʨʫʢʪʫʨʘʣʘʥʤʘʛʘʥ ʤʘʲʣʫʤʦʪʣʘʨʥʠ ץʘʡʪʘ ʪʘ״ʣʠʣ ץʠʣʠʰʛʘ ʪʘʡʸʨʣʘʙ ʙʝʨʠʰʥʠ 

ʪʘʲʤʠʥʣʘʡʜʠ. ɼʘʩʪʣʘʙ, HTML ״ʫʞʞʘʪʣʘʨʜʘʥ ʤʘʪʥʥʠ ʘʞʨʘʪʠʰʜʘ ʪʝʛʠʰʣʠ ʜʘʩʪʫʨʠʡ ʤʫ״ʠʪ 

˄ʨʥʘʪʠʣʘʜʠ. ɹʫʥʜʘ Python ʜʘʩʪʫʨʣʘʰ ʪʠʣʠ ʵʥʛ ʩʘʤʘʨʘʣʠ ʤʫ״ʠʪʣʘʨʜʘʥ ʙʠʨʠ ״ʠʩʦʙʣʘʥʠʙ, ʫ 

ʚʝʙ-ʤʘʲʣʫʤʦʪʣʘʨʥʠ ʧʘʨʩ ץʠʣʠʰ, ʪʦʟʘʣʘʰ ʚʘ ץʘʡʪʘ ʠʰʣʘʰʜʘ ʢʝʥʛ ʠʤʢʦʥʠʷʪʣʘʨʥʠ ʙʝʨʘʜʠ. 

ʇʘʨʩ ץʠʣʠʰʜʘ BeautifulSoup ʢʫʪʫʙʭʦʥʘʩʠ ץ˄ʣʣʘʥʠʣʘʜʠ. ʋ HTML ʪʫʟʠʣʤʘʩʠʥʠ ʜʘʨʘʭʪ 

ʢ˄ʨʠʥʠʰʠʜʘ ʪʘ״ʣʠʣ ץʠʣʘʜʠ ʚʘ ʫʥʜʘʥ ʢʝʨʘʢʣʠ ʵʣʝʤʝʥʪʣʘʨʥʠ (ʤʘʩʘʣʘʥ, body, p, h1 ʚʘ 

ʙʦʰץʘʣʘʨ) ʘʞʨʘʪʠʙ ʙʝʨʘʜʠ. ɹʫ ʢʫʪʫʙʭʦʥʘ ʦʨץʘʣʠ script, style, meta ʢʘʙʠ ʢʦʥʪʝʥʪʛʘ ʜʘʭʣʩʠʟ 

ʪʝʛʣʘʨ ʯʠץʘʨʠʙ ʪʘʰʣʘʥʘʜʠ ʚʘ ʬʘץʘʪ ʣʝʢʩʠʢ ״ʘʤʜʘ ʩʝʤʘʥʪʠʢ ʘ״ʘʤʠʷʪʣʠ ʤʘʪʥʣʘʨ ץʦʣʘʜʠ. 

HTML ʜʘʥ ʤʘʪʥ ʘʞʨʘʪʠʰʜʘ ʧʘʨʩʝʨʣʘʨʜʘʥ ʬʦʡʜʘʣʘʥʠʣʘʜʠ [8]. 

ʄʘʲʣʫʤʦʪ ʤʘʥʙʘʠ ʣʦʢʘʣ ʬʘʡʣ ʸʢʠ ʠʥʪʝʨʥʝʪ ʦʨץʘʣʠ ʶʢʣʘʥʛʘʥ ʚʝʙ-ʩʘ״ʠʬʘ ʙ˄ʣʠʰʠ 

ʤʫʤʢʠʥ. ʀʥʪʝʨʥʝʪʜʘʥ ʤʘʲʣʫʤʦʪ ʦʣʠʰ ʫʯʫʥ requests ʢʫʪʫʙʭʦʥʘʩʠ ʬʦʡʜʘʣʘʥʠʣʘʜʠ, ʫ HTTP 

ʧʨʦʪʦʢʦʣʠ ʦʨץʘʣʠ ʚʝʙ-״ʫʞʞʘʪʥʠ ʶʢʣʘʙ, ʫʥʠ ʧʘʨʩʝʨʛʘ ʫʟʘʪʘʜʠ. ʆʣʠʥʛʘʥ ʤʘʪʥʣʠ 

ʤʘʲʣʫʤʦʪʣʘʨʜʘʥ ʬʦʡʜʘʣʠ ʙʠʣʠʤʣʘʨʥʠ ʘʥʠץʣʘʰ ʸʢʠ ʠʣʤʠʡ ʪʘ״ʣʠʣʣʘʨʜʘ ץ˄ʣʣʘʥʠʣʘʜʠ. ɹʫ 

ʚʝʙ-ʨʝʩʫʨʩʣʘʨʠ ʤʘʲʣʫʤʦʪ ʡʠסʠʰ ʚʘ ʢʦʨʧʫʩʣʠ ʪʠʣ ʪʘ״ʣʠʣʣʘʨʠʜʘ ʤʫ״ʠʤ ״ʠʩʦʙʣʘʥʘʜʠ. 

OCR (Optical Character Recognition) ʨʘʩʤ ʸʢʠ ʩʢʘʥʝʨʣʘʥʛʘʥ ״ʫʞʞʘʪʣʘʨʜʘʛʠ ʤʘʪʥʣʠ 

ʤʘʲʣʫʤʦʪʣʘʨʥʠ ʘʥʠץʣʘʙ, ʢʦʤʧʴʶʪʝʨ ʦʨץʘʣʠ ʪʘ״ʨʠʨʣʘʥʘʜʠʛʘʥ ʤʘʪʥ ʢ˄ʨʠʥʠʰʠʛʘ ˄ʪʢʘʟʫʚʯʠ 

ʪʝʭʥʦʣʦʛʠʷ ʙ˄ʣʠʙ, ʫʥʜʘʥ ʬʦʡʜʘʣʘʥʠʰʜʘ ץʫʡʠʜʘʛʠ ʜʘʩʪʫʨʠʡ ʢʦʜʣʘʨ ץ˄ʣʣʘʥʠʣʘʜʠ. 

import pytesseract 

from PIL import Image 

img = Image.open("label.jpg") 

text = pytesseract.image_to_string(img) 

print(text) 

OCR ʪʠʟʠʤʠ ʠʰʣʘʰ ʞʘʨʘʸʥʠ ץʫʡʠʜʘʛʠ ʙʦʩץʠʯʣʘʨʜʘʥ ʠʙʦʨʘʪ ʙ˄ʣʠʙ, ״ʘʨ ʙʠʨ ʙʦʩץʠʯ 

ʤʘʪʥʥʠ ʘʥʠץʣʘʰʜʘ ʶץʦʨʠ ʘʥʠץʣʠʢʥʠ ʦʰʠʨʠʰʜʘ ʤʫ״ʠʤ. ɼʘʩʪʣʘʙ, ʪʘʩʚʠʨʥʠ ʦʣʜʠʥʜʘʥ 

ʪʘʡʸʨʣʘʰ ʞʘʨʘʸʥʠ ʘʤʘʣʛʘ ʦʰʠʨʠʣʘʜʠ. ʋʰʙʫ ʙʦʩץʠʯʜʘ ʨʘʩʤ ʪʠʥʠץʣʠʛʠʥʠ ʦʰʠʨʠʰ, 

ʰʦʚץʠʥʣʘʨʥʠ ʢʘʤʘʡʪʠʨʠʰ, ʢʦʥʪʨʘʩʪ ʜʘʨʘʞʘʩʠʥʠ ʦʰʠʨʠʰ ʚʘ ʪʘʩʚʠʨ ˄ʣʯʘʤʠʥʠ 

ʥʦʨʤʘʣʣʘʰʪʠʨʠʰ ʙʘʞʘʨʠʣʘʜʠ. ɹʫ ʪʘʡʸʨʛʘʨʣʠʢ ʥʘʪʠʞʘʩʠʜʘ ʪʠʟʠʤ ʙʝʣʛʠʣʘʨʥʠ ʘʥʠץʨʦץ 

 .ʦʣʘʪʛʘ ʢʝʣʪʠʨʠʣʘʜʠ״
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ʂʝʡʠʥʛʠ ʙʦʩץʠʯʜʘ ʙʝʣʛʠʣʘʨ ʩʝʛʤʝʥʪʘʮʠʷʩʠ ʘʤʘʣʛʘ ʦʰʠʨʠʣʘʜʠ, ʷʲʥʠ ʪʘʩʚʠʨʜʘʛʠ 

ʤʘʪʥ ץʘʪʦʨʣʘʨʠ, ʩ˄ʟʣʘʨ ʚʘ ʘʣʦ״ʠʜʘ ״ʘʨʬʣʘʨ ʘʥʠץʣʘʥʘʜʠ ״ʘʤʜʘ ʫʣʘʨ ʘʣʦ״ʠʜʘ ʩʝʛʤʝʥʪʣʘʨʛʘ 

ʘʞʨʘʪʠʣʘʜʠ. ʉʝʛʤʝʥʪʘʮʠʷ ʙʦʩץʠʯʠ OCR ʪʠʟʠʤʠʥʠ ʘʩʦʩʠʡ ץʘʜʘʤʣʘʨʠʜʘʥ ʙʠʨʠ ʙ˄ʣʠʙ, ʫʥʜʘ 

ʦʣʠʥʛʘʥ ʥʘʪʠʞʘʣʘʨ ʢʝʡʠʥʛʠ ʪʘʥʠʙ ʦʣʠʰ ʙʦʩץʠʯʠ ʩʠʬʘʪʠʥʠ ʙʝʣʛʠʣʘʡʜʠ. ʂʝʡʠʥʛʠ ʥʘʚʙʘʪʜʘ 

ʙʝʣʛʠʣʘʨʥʠ ʪʘʥʠʰ ʙʦʩץʠʯʠ ʙʘʞʘʨʠʣʘʜʠ. ɹʫ ʞʘʨʘʸʥʜʘ ״ʘʨ ʙʠʨ ʙʝʣʛʠ ʰʘʢʣʠ ʤʘʪʝʤʘʪʠʢ 

ʤʦʜʝʣʣʘʨ ʸʢʠ ʩʫʥʲʠʡ ʥʝʡʨʦʥ ʪʘʨʤʦץʣʘʨ ʸʨʜʘʤʠʜʘ ʪʘ״ʣʠʣ ץʠʣʠʥʘʜʠ ʚʘ ʤʦʩ ʨʘץʘʤʣʠ ʙʝʣʛʠ 

ʩʠʬʘʪʠʜʘ ʪʘʥʠʙ ʦʣʠʥʘʜʠ. ʊʠʟʠʤ ˄ץʠʛʘʥ ʙʝʣʛʠʣʘʨ ʢʝʪʤʘ-ʢʝʪʣʠʛʠ ʢʝʡʠʥʛʠ ʙʦʩץʠʯʜʘ ʤʘʪʥ 

ʰʘʢʣʠʜʘ ץʘʡʪʘ ʪʠʢʣʘʥʘʜʠ. ʄʘʪʥʥʠ ץʘʡʪʘ ʪʠʢʣʘʰ ʞʘʨʘʸʥʠʜʘ ʙʝʣʛʠʣʘʨ ʪʘʨʪʠʙʠ, ʩ˄ʟʣʘʨ 

ʯʝʛʘʨʘʣʘʨʠ ״ʘʤʜʘ ʩʘʪʨ ʪʫʟʠʣʤʘʩʠ ʩʘץʣʘʙ ץʦʣʠʥʘʜʠ [15]. 

ʆʭʠʨʛʠ ʙʦʩץʠʯʜʘ ʧʦʩʪ-ʧʨʦʮʝʩʩʠʥʛ (ʪʫʟʘʪʠʰ) ʞʘʨʘʸʥʠ ʘʤʘʣʛʘ ʦʰʠʨʠʣʘʜʠ. ʋʥʜʘ 

ʪʠʟʠʤ ʪʦʤʦʥʠʜʘʥ ʪʘʥ ʦʣʠʥʛʘʥ ʤʘʪʥʜʘʛʠ ʵ״ʪʠʤʦʣʠʡ ʭʘʪʦʣʠʢʣʘʨ ʘʥʠץʣʘʥʘʜʠ ʚʘ ʫʣʘʨ ʣʫסʘʪ 

ʸʢʠ ʪʠʣ ʤʦʜʝʣʠ ʸʨʜʘʤʠʜʘ ʪʫʟʘʪʠʣʘʜʠ. ʄʘʟʢʫʨ ʞʘʨʘʸʥ ʷʢʫʥʠʜʘ ʪʘʩʚʠʨʜʘʥ ˄ץʠʣʛʘʥ ʤʘʪʥ 

ʠʥʩʦʥ ʪʦʤʦʥʠʜʘʥ ʸʟʠʣʛʘʥʜʝʢ ʘʥʠץ ʚʘ ʤʘʥʪʠץʘʥ ʪ˄סʨʠ ʰʘʢʣʛʘ ʢʝʣʪʠʨʠʣʘʜʠ. 

ʄʘʪʥʥʠ ʪʦʟʘʣʘʰ. ɹʫ ʙʦʩץʠʯʜʘ ʦʨʪʠץʯʘ ʙʝʣʛʠʣʘʨ, ʨʝʢʣʘʤʘ ʤʘʪʥʣʘʨʠ, ʩʢʨʠʧʪʣʘʨ, 

HTML ʪʝʛʣʘʨ ʚʘ ñʰʦʚץʠʥʣʠò ʤʘʲʣʫʤʦʪʣʘʨ ʦʣʠʙ ʪʘʰʣʘʥʘʜʠ. ʄʘץʩʘʜ ʩʝʤʘʥʪʠʢ ʘ״ʘʤʠʷʪʛʘ 

ʵʛʘ ʤʘʪʥʣʠ ʤʘʲʣʫʤʦʪʣʘʨʥʠ ʩʘץʣʘʙ ץʦʣʠʰ. ʉʦʜʜʘ ʪʦʟʘʣʘʰ ץʫʡʠʜʘʛʠʯʘ ʘʤʘʣʛʘ ʦʰʠʨʠʣʘʜʠ. 

import re 

text = re.sub(r"<[^>]*>", "", text)  # HTML teglardan tozalash 

text = re.sub(r"[^a-zA-Z0-9\s]", "", text)  # belgilarni olib tashlash.  

ɸʩʦʩʠʡ ʦʣʜʠʥʜʘʥ ʠʰʣʦʚ ʙʝʨʠʰ. ɹʫʥʜʘ ץʫʡʠʜʘʛʠ ʞʘʜʚʘʣʜʘ ʢ˄ʨʩʘʪʠʣʛʘʥ ʘʤʘʣʣʘʨ 

ʙʘʞʘʨʠʣʘʜʠ: 

1-ʞʘʜʚʘʣ 

ɸʩʦʩʠʡ ʦʣʜʠʥʜʘʥ ʠʰʣʦʚ ʙʝʨʠʰ ʞʘʨʘʸʥʣʘʨʠ 

ɹʦʩץʠʯ ʊʘʚʩʠʬ ʄʠʩʦʣ 

Lowercasing ɹʘʨʯʘ ״ʘʨʬʣʘʨʥʠ ʢʠʯʠʢ ץʠʣʠʰ ñAppleò Ÿ ñappleò 

Punctuatuion 

removal 
ɹʝʣʛʠʣʘʨʥʠ ʦʣʠʙ ʪʘʰʣʘʰ 

ñHello, world!ò Ÿ ñHello 

worldò 

Stemming ʉ˄ʟ ʠʣʜʠʟʠʥʠ ʘʥʠץʣʘʰ ñrunningò, ñrunsò Ÿ ñrunò 

Lemmatizatio

n 
ʃʫסʘʚʠʡ ʰʘʢʣʛʘ ʢʝʣʪʠʨʠʰ ñwasò Ÿ ñbeò 

ʄʫʨʘʢʢʘʙ ʦʣʜʠʥʜʘʥ ʠʰʣʦʚ ʙʝʨʠʰ ʙʦʩץʠʯʠ ʪʘʙʠʠʡ ʪʠʣʥʠ ץʘʡʪʘ ʠʰʣʘʰ ʞʘʨʘʸʥʠ 

ʤʫ״ʠʤ ʪʘʨʢʠʙʠʡ ץʠʩʤʠ ʙ˄ʣʠʙ, ʫ ʣʠʥʛʚʠʩʪʠʢ ʪʘ״ʣʠʣʛʘ ʘʩʦʩʣʘʥʛʘʥ ʙʠʨ ץʘʪʦʨ ʘʤʘʣʣʘʨʜʘʥ 

ʠʙʦʨʘʪ. ʋʰʙʫ ʙʦʩץʠʯʜʘ ʤʘʪʥ ʛʨʘʤʤʘʪʠʢ, ʩʠʥʪʘʢʪʠʢ ʚʘ ʩʝʤʘʥʪʠʢ ʪʫʟʠʣʤʘʣʘʨʠ ʯʫץʫʨ 

˄ʨʛʘʥʠʣʠʙ, ʫʥʜʘ ʩʝʤʘʥʪʠʢ ʪʘ״ʣʠʣ ʸʢʠ ʤʦʜʝʣ ˄ץʠʪʠʰ ʞʘʨʘʸʥʣʘʨʠ ʫʯʫʥ ʟʘʨʫʨ ʙ˄ʣʛʘʥ ʪʠʣ 

ʙʠʨʣʠʢʣʘʨʠ ʘʥʠץʣʘʥʘʜʠ. 

ɼʘʩʪʣʘʙ, ʩ˄ʟ ʪʫʨʠʥʠ ʘʥʠץʣʘʰ, ʷʲʥʠ Part-of-Speech (POS) tagging ʘʤʘʣʛʘ ʦʰʠʨʠʣʘʜʠ. 

ɹʫʥʜʘ ״ʘʨ ʙʠʨ ʩ˄ʟ ˄ʟ ʛʨʘʤʤʘʪʠʢ ʪʦʠʬʘʩʠʛʘ ʦʪ, ʬʝʲʣ, ʩʠʬʘʪ, ʨʘʚʠʰ ʸʢʠ ʙʦסʣʦʚʯʠ ʢʘʙʠ 

ʪʫʨʢʫʤʣʘʨʛʘ ʘʞʨʘʪʠʣʘʜʠ. ɹʫʥʜʘʡ ʪʘʩʥʠʬʣʘʰʜʘ ʤʘʪʥ ʩʠʥʪʘʢʪʠʢ ʪʫʟʠʣʤʘʩʠʥʠ ʘʥʠץʣʘʰ, 

ʩ˄ʟʣʘʨ ʦʨʘʩʠʜʘʛʠ ʙʦסʣʘʥʠʰʣʘʨʥʠ ʪʫʰʫʥʠʰ ʚʘ ʫʣʘʨʥʠ ʢʝʡʠʥʛʠ ʙʦʩץʠʯʣʘʨʜʘ ץʘʡʪʘ ʠʰʣʘʰ 

ʦʩʦʥʣʘʰʘʜʠ. 

ʂʝʡʠʥʛʠ ʪʘ״ʣʠʣ ʙʦʩץʠʯʠ ʧʘʨʩʠʥʛ ʙ˄ʣʠʙ, ʫ ʤʘʪʥ ʛʨʘʤʤʘʪʠʢ ʪʫʟʠʣʤʘʩʠʥʠ ʘʥʠץʣʘʡʜʠ. 

ʇʘʨʩʠʥʛ ʞʘʨʘʸʥʠʜʘ ʩ˄ʟʣʘʨ ˄ʨʪʘʩʠʜʘʛʠ ʛʨʘʤʤʘʪʠʢ ʤʫʥʦʩʘʙʘʪʣʘʨ, ʛʘʧ ʪʘʨʢʠʙʠʜʘʛʠ ʵʛʘ, 

ʢʝʩʠʤ, ʪ˄ʣʜʠʨʫʚʯʠ ʚʘ ʘʥʠץʣʦʚʯʠ ʢʘʙʠ ʵʣʝʤʝʥʪʣʘʨ ˄ʟʘʨʦ ʙʦסʣʘʥʘʜʠ. ʋʰʙʫ ʙʦʩץʠʯ ʪʠʣ 
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ʪʫʟʠʣʠʰʠʥʠ ʜʘʨʘʭʪʩʠʤʦʥ (parse tree) ʰʘʢʣʜʘ ʠʬʦʜʘʣʘʰ ʠʤʢʦʥʠʥʠ ʙʝʨʘʜʠ ʚʘ ʙʫ ʦʨץʘʣʠ 

ʤʘʪʥ ʩʠʥʪʘʢʪʠʢ ʤʘʥʪʠסʠ ʘʥʠץʣʘʥʘʜʠ. ʉ˄ʥʛʨʘ coreference resolution ʙʦʩץʠʯʠ ʙʘʞʘʨʠʣʘʜʠ. 

ʋʰʙʫ ʞʘʨʘʸʥ ʤʘʪʥʜʘ ʙʠʨ ʭʠʣ ʦʙʲʝʢʪ ʸʢʠ ʰʘʭʩ ʪʫʨʣʠ ʥʦʤʣʘʨ ʙʠʣʘʥ ʪʠʣʛʘ ʦʣʠʥʛʘʥ 

 ʠʣʘʜʠ. ʄʘʩʘʣʘʥ, ñʉʘʪʷ ʅʘʜʝʣʣʘ Microsoft ʢʦʤʧʘʥʠʷʩʠץ ʣʘʰʛʘ ʭʠʟʤʘʪץʦʣʘʪʣʘʨʥʠ ʘʥʠ״

ʨʘ״ʙʘʨʠ. ʋ ʷʥʛʠ ʩʪʨʘʪʝʛʠʷʥʠ ʞʦʨʠʡ ץʠʣʜʠ.ò ʞʫʤʣʘʩʠʜʘʛʠ ñʋò ʩ˄ʟʠ ʘʚʚʘʣʛʠ ñʉʘʪʷ 

ʅʘʜʝʣʣʘò ʥʦʤʠʛʘ ʠʰʦʨʘ ץʠʣʘʜʠ. Coreference resolution ʙʫ ʢʘʙʠ ʙʦסʣʘʥʠʰʣʘʨʥʠ ʪʦʧʠʙ, ʤʘʪʥ 

ʩʝʤʘʥʪʠʢ ʷʭʣʠʪʣʠʛʠʥʠ ʪʘʲʤʠʥʣʘʡʜʠ [15]. 

ʄʫʨʘʢʢʘʙ ʦʣʜʠʥʜʘʥ ʠʰʣʦʚ ʙʝʨʠʰ ʙʦʩץʠʯʠ ʪʘʙʠʠʡ ʪʠʣʥʠ ʯʫץʫʨʨʦץ ʘʥʛʣʘʰ, ʤʘʪʥ 

ʠʯʠʜʘʛʠ ʤʘʥʪʠץʠʡ ʚʘ ʛʨʘʤʤʘʪʠʢ ʙʦסʣʘʥʠʰʣʘʨʥʠ ʪ˄ʣʠץ ʘʥʠץʣʘʰ ״ʘʤʜʘ ʪʠʣ ʤʦʜʝʣʣʘʨʠ 

ʫʯʫʥ ʩʠʬʘʪʣʠ ʢʠʨʠʰ ʤʘʲʣʫʤʦʪʣʘʨʠʥʠ ʰʘʢʣʣʘʥʪʠʨʠʰʜʘ ʤʫ״ʠʤ ˄ʨʠʥ ʪʫʪʘʜʠ. ʋʰʙʫ 

ʞʘʨʘʸʥʥʠ ץʫʡʠʜʘʛʠ ʢʦʜʣʘʨ ʦʨץʘʣʠ ʘʤʘʣʛʘ ʦʰʠʨʠʰ ʤʫʤʢʠʥ. 

import spacy 

NLP = spacy.load("en_core_veb_sm") 

doc = NLP("Satya Nadella is the CEO of Microsoft. He joined the company in 1992.") 

for token in doc: 

print(token.text, token.pos_) 

ʏʫץʫʨ ˄ץʠʪʠʰ ʚʘ ʢ˄ʧ ʚʘʟʠʬʘʣʠ ʸʥʜʘʰʫʚ ˄ʟʙʝʢ ʪʠʣʠʜʘʛʠ ʩʝʥʪʠʤʝʥʪ ʪʘ״ʣʠʣ ʫʯʫʥ 

ʩʘʤʘʨʘʣʠ ʚʘ ʢʝʣʘʞʘʢʜʘ ʢʝʥʛ ץ˄ʣʣʘʥʠʣʠʰʠ ʠʩʪʠץʙʦʣʣʠ ʙ˄ʣʠʰʠ ʤʫʤʢʠʥ. 

ʅʘʪʠʞʘʣʘʨ 

 ʠʯʣʘʨʠ NLPץʘʣʠ ʤʘʪʥʥʠ ʘʞʨʘʪʠʰ ʚʘ ʪʦʟʘʣʘʰ ʙʦʩץʣʣʘʥʠʣʛʘʥ ʪʘʞʨʠʙʘʣʘʨ ʦʨ˄פ

ʪʘ״ʣʠʣ ʤʦʜʝʣʣʘʨ ʘʥʠץʣʠʛʠʛʘ ˄ʟ ʪʘʲʩʠʨʠʥʠ ʢ˄ʨʩʘʪʘʜʠ. ʊʘʞʨʠʙʘʣʘʨ ʘʩʦʩʠʜʘʛʠ ʦʣʠʥʛʘʥ 

ʥʘʪʠʞʘʣʘʨ ץʫʡʠʜʘʛʠ ʞʘʜʚʘʣʜʘ ʢʝʣʪʠʨʠʙ ˄ʪʠʣʜʠ.  

2-ʞʘʜʚʘʣ 

ʊʘʞʨʠʙʘ ʥʘʪʠʞʘʣʘʨʠ 

ɾʘʨʘʸʥ 
ʄʦʜʝʣ ʘʥʠץʣʠʛʠ 

(%) 

ʍʘʪʦʣʠʢ ʢʘʤʘʡʠʰʠ 

(%) 

ʍʦʤ ʤʘʲʣʫʤʦʪ ʙʠʣʘʥ 68.2 ð 

ʊʦʟʘʣʘʥʛʘʥ ʤʘʪʥ ʙʠʣʘʥ 82.5 14.3 

ʃʝʤʤʘʪʠʟʘʮʠʷʜʘʥ ʩ˄ʥʛ 86.1 17.9 

ʇʆʉ ʪʘʛʛʠʥʛ 

 ʣʣʘʥʠʣʛʘʥʜʘ˄ץ
89.4 21.2 

2-ʞʘʜʚʘʣʜʘ ʤʘʪʥʥʠ ʘʞʨʘʪʠʰ ʚʘ ʪʦʟʘʣʘʰ ʙʦʩץʠʯʣʘʨʠ ʭʘʨ ʙʠʨ ʙʦʩץʠʯʜʘ % ʣʘʨ 

ʭʠʩʦʙʠʜʘ ʢ˄ʨʩʘʪʠʙ ˄ʪʠʣʜʠ ʚʘ ʛʨʘʬʠʢ ʢ˄ʨʠʥʠʰʜʘ ʤʦʜʝʣ ʘʥʠץʣʠʛʠ ʪʘʩʚʠʨʣʘʥʜʠ. 

ʆʣʠʥʛʘʥ ʥʘʪʠʞʘʣʘʨ NLP ʧʠʧʝʣʠʥʝʜʘ ʩʠʬʘʪʣʠ ʜʘʩʪʣʘʙʢʠ ʠʰʣʦʚ ʙʝʨʠʰ ʙʦʩץʠʯʠ 

ʤʫ״ʠʤʣʠʛʠʥʠ ʢ˄ʨʩʘʪʘʜʠ. 
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1-ʨʘʩʤ. ʄʦʜʝʣ ʘʥʠץʣʠʛʠ ʚʘ ʭʘʪʦʣʠʢ ʢʘʤʘʡʠʰ ʞʘʨʘʸʥʠ ʛʨʘʬʠʛʠ. 

ʄʫ״ʦʢʘʤʘ 

ʆʣʠʥʛʘʥ ʥʘʪʠʞʘʣʘʨ ʤʘʪʥʥʠ ʘʞʨʘʪʠʰ ʙʦʩץʠʯʠʜʘ ʤʘʥʙʘʘ ʬʦʨʤʘʪʠʛʘ ʤʦʩ ʚʦʩʠʪʘʥʠ 

ʪ˄סʨʠ ʪʘʥʣʘʰ NLP ʪʠʟʠʤʠ ʫʤʫʤʠʡ ʩʘʤʘʨʘʜʦʨʣʠʛʠʛʘ ʢʘʪʪʘ ʪʘʲʩʠʨ ʢ˄ʨʩʘʪʘʜʠ. ʐʫʥʠʥʛʜʝʢ, 

ʚʝʙ-ʤʘʥʙʘʣʘʨ ʙʠʣʘʥ ʠʰʣʘʰʜʘ HTML ʧʘʨʩʠʥʛ ʪʝʭʥʦʣʦʛʠʷʩʠ ʘʩʦʩʠʡ ʪʝʭʥʠʢʘ ״ʠʩʦʙʣʘʥʘʜʠ. 

ɸʛʘʨ ʤʘʪʥ ʨʘʩʤ ʠʯʠʜʘ ʞʦʡʣʘʰʛʘʥ ʙ˄ʣʩʘ, OCR ʪʝʭʥʦʣʦʛʠʷʣʘʨʠʜʘʥ ʬʦʡʜʘʣʘʥʠʰ ʤʫ״ʠʤ 

ʘ״ʘʤʠʷʪ ʢʘʩʙ ʵʪʘʜʠ. ʄʘʪʥʥʠ ʤʦʨʬʦʣʦʛʠʢ ʞʠ״ʘʪʜʘʥ ʠʰʣʘʰʜʘ ʩʪʝʤʤʠʥʛ ʚʘ ʣʝʤʤʘʪʠʟʘʮʠʷ 

ʫʩʫʣʣʘʨʠ ʩ˄ʟʣʘʨ ʩʝʤʘʥʪʠʢ ʙʘʨץʘʨʦʨʣʠʛʠʥʠ ʪʘʲʤʠʥʣʘʡʜʠ, ʙʫ ʵʩʘ ʪʘ״ʣʠʣ ʥʘʪʠʞʘʣʘʨʠ 

ʘʥʠץʣʠʛʠʥʠ ʦʰʠʨʘʜʠ. ʐʫ ʙʠʣʘʥ ʙʠʨʛʘ, ʩ˄ʟ ʪʫʨʠʥʠ ʘʥʠץʣʘʰ (POS ʪʝʛʛʠʥʛ) ʚʘ ʧʘʨʩʠʥʛ 

ʞʘʨʘʸʥʣʘʨʠ ʤʘʪʥʥʠ ʤʫʨʘʢʢʘʙ ʪʠʣʰʫʥʦʩʣʠʢ ʪʘ״ʣʠʣʠʛʘ ʪʘʡʸʨʣʘʡʜʠ ״ʘʤʜʘ ʢʝʡʠʥʛʠ 

ʤʦʜʝʣʣʘʨ ʫʯʫʥ ʘʩʦʩ ʷʨʘʪʘʜʠ. ɼʝʤʘʢ, NLP ʪʠʟʠʤʣʘʨʠ ʩʘʤʘʨʘʜʦʨʣʠʛʠ ʬʘץʘʪ ʤʦʜʝʣ ʩʠʬʘʪʠʛʘ 

ʵʤʘʩ, ʙʘʣʢʠ ʤʘʲʣʫʤʦʪʥʠ ʪ˄סʨʠ ʪʘʡʸʨʣʘʰ ʞʘʨʘʸʥʠʛʘ ״ʘʤ ʙʝʚʦʩʠʪʘ ʙʦסʣʠץ. ɶʟʙʝʢ ʪʠʣʠʜʘʛʠ 

ʤʘʪʥʣʠ ʤʘʲʣʫʤʦʪʣʘʨʜʘʥ ʬʘʢʪʣʘʨʥʠ ʘʥʠץʣʘʰ ʚʘ ʪʘ״ʣʠʣ ץʠʣʠʰʜʘ ʫʰʙʫ ʙʦʩץʠʯʣʘʨʛʘ 

ʞʠʜʜʠʡ ʵʲʪʠʙʦʨ ץʘʨʘʪʠʰ ʥʘʪʠʞʘʣʘʨ ʘʥʠץʣʠʛʠʥʠ ʷʥʘʜʘ ʦʰʠʨʠʙ ʙʝʨʘʜʠ 

ʍʫʣʦʩʘ 

ʄʘʪʥʛʘ ʜʘʩʪʣʘʙʢʠ ʠʰʣʦʚ ʙʝʨʠʰ NLPʥʠ ʵʥʛ ʤʫ״ʠʤ ʚʘ ʢ˄ʧ ʚʘץʪ ʪʘʣʘʙ ץʠʣʫʚʯʠ 

ʙʦʩץʠʯʠʜʠʨ. ʄʘץʦʣʘʜʘ ״ʘʨ ʙʠʨ ʙʦʩץʠʯʠ ʤʘʪʥʥʠ ʘʞʨʘʪʠʰ, ʪʦʟʘʣʘʰ, ʘʩʦʩʠʡ ʚʘ ʤʫʨʘʢʢʘʙ 

ʠʰʣʦʚ ʙʝʨʠʰ ʢʝʥʛ ʸʨʠʪʠʙ ʙʝʨʠʣʜʠ. ʆʣʠʥʛʘʥ ʥʘʪʠʞʘʣʘʨ ʶץʦʨʠ ʩʠʬʘʪʣʠ ʧʨʝ-ʧʨʦcʝʩʩʠʥʛ 

(ʤʘʪʥʥʠ ʪʘʡʸʨʣʘʰ) ʤʦʜʝʣʠ ʘʥʠץʣʠʛʠʥʠ 20% ʛʘʯʘ ʦʰʠʨʠʰʠ ʤʫʤʢʠʥ. NLP ʪʝʭʥʦʣʦʛʠʷʣʘʨʠ 

ʙʠʣʘʥ ʠʰʣʘʰʜʘ ʤʘʪʥʛʘ ʜʘʩʪʣʘʙʢʠ ʠʰʣʦʚ ʙʝʨʠʰ ʞʘʨʘʸʥʠʛʘ ʘʣʦ״ʠʜʘ ʵʲʪʠʙʦʨ ץʘʨʘʪʠʰ 

ʣʦʟʠʤ. ɼʘʩʪʣʘʙʢʠ ʠʰʣʦʚ ʙʝʨʠʰ ʞʘʨʘʸʥʠ ʙʦʩץʠʯʣʠ ʙ˄ʣʠʰʠ ʢʝʨʘʢ. ׳ʘʨ ʙʠʨ ʙʦʩץʠʯ 

ʢʝʡʠʥʛʠʩʠʛʘ ʟʘʤʠʥ ʷʨʘʪʘʜʠ (ʤʘʩʘʣʘʥ, ʇʆʉ ʪʘʛʛʠʥʛʜʘʥ ʦʣʜʠʥ ʪʠʥʠʰ ʙʝʣʛʠʣʘʨʠ ʦʣʠʙ 

ʪʘʰʣʘʥʤʘʩʣʠʛʠ ʢʝʨʘʢ). ñɹʘʩʠcò ʚʘ ñɸʜʚʘʥcʝʜò ʙʦʩץʠʯʣʘʨ ʪʘʥʣʦʚʠ ʚʘʟʠʬʘʛʘ ʙʦסʣʠץ. 
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Abstract: The implementation in this article involves taking into account a large number 

of heterogeneous data, which do not have a clear mechanism for influencing the amount of 

residual resource. One of the options for the solution is the use of neural network mathematical 

models, which are capable of generating a correct estimate with a fairly high probability based 

on the analysis of a large number of input data [1], é, [4]. The training of the resulting neural 

network models is possible, including on training templates that are completely unrelated to this 

type of equipment. On the contrary, training the neural network on templates formed on the basis 

of examples of diagnostic sets for different types of equipment identifies the most common factors 

affecting the residual resource of the equipment within similar classes. Next, consider 

mathematical models based on artificial, randomly generated data. For a complete assessment, 

each data set is created in three options - reducing the resource of the equipment, not affecting 

the resource, and increasing the residual resource. This approach allows for the formation of a 

training template that corresponds to the real quality impact on the resource when choosing one 

of three options for a mathematical model that corresponds to the nature of the real resource 

data for each case [5], [6]. As noted above, ensuring high reliability of power system equipment 

is associated with the trouble-free operation of all components of the power system, therefore, a 

significant part of the research in this section is devoted to assessing the technical condition of 

the main and auxiliary equipment of hydroelectric power plants on the example of the Volga 

HPP. 

Keywords: diagnostics, parameter, hydrogenerator, complex, Power Amount, operation, 

neutral, pessimistic, scenario, neuron, resource, model, energy, power generator, energy 

amount. 

 

Introduction  

AThe classical approach to assessing the technical condition of power equipment, as a 

rule, includes a number of diagnostic operations that require stopping the equipment. In this 

regard, the implementation of the entire set of works requires the equipment to be out of 

operation for up to several weeks, which leads to losses due to reduced electricity production. In 

addition, the deterioration of the technical condition of the equipment can lead to its emergency 

shutdown, including before the end of the scheduled removal of the equipment for technical 

inspection. In this regard, the task of developing and mathematically supporting methods for 

diagnosing production equipment during normal operation, based on current data on the results 

of measurements of technological and diagnostic parameters of the generator, is urgent [7], é, 

[13]. 
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Existing standards for assessing the technical condition of generators are applied element 

by element according to a certain principle of permissible states. That is, a rating of the values of 

the criterion for assessing a particular state is entered, and depending on its value, a decision is 

made on the further operation of the generator or the term of the nearest (or urgent) maintenance 

or repair. However, accident statistics show that with this approach the probability of accidents 

and failures of production equipment remains quite significant. This is due to the fact that the 

accumulation of defects in the generator can occur simultaneously according to several 

indicators. Moreover, even if each defect individually is far enough from its critical value, their 

joint action can lead to an unexpected development of an equipment accident. 

A comprehensive analysis of the parameters for assessing the technical condition of 

generating equipment is complicated by the fact that the total impact of various combinations of 

indicators on the actual residual resource of the equipment does not have an adequate statistical 

assessment for each type of generator. 

This is due to the fact that generator failures and accidents, fortunately, are very rare, and 

extensive diagnostic data collected before an accident or failure for a particular type of 

equipment is not statistically significant. 

A possible solution to the problem of statistical reliability of the analysis of current 

values of generator equipment parameters may be a combined analysis of diagnostic data 

collected for different types of generators with an assessment of the estimated residual resource 

for a particular type of generator. Such an assessment should be considered as a recommendation 

for the formation of a plan for the removal of generator equipment for repair or maintenance, 

during which a full assessment of the residual resource of the equipment should be carried out. 

In this regard, we consider the possibility of applying methods for comprehensive 

assessment of the technical condition using neural network models on the example of 

hydrogenerators and power transformers of the power grid complex. 

Methods 

MaTo form a neural network model for assessing the technical condition of a hydro 

generator, we consider 13 parameters collected during operation, which can be measured and do 

not require equipment shutdown. 

¶ the amount of power produced. 

¶ the amount of energy produced. 

¶ the thermal effect of the stator current is expressed as the sum of the square of the current 

 over time. 

¶ the thermal effect of the rotor current . 

¶ the sum of the square of the stator current voltage . 

¶ the sum of the square of the stator zero sequence current voltage . 

¶ the sum of the squares of the available rotor voltages . 

¶ total sum of relative deterioration of rotor insulation . 

¶ the sum of the absolute temperature square of the support units of the generator 

equipment  

¶ the total sum of the relative vibration changes of the rotor. 

¶ the total sum of the relative vibration speed of the rotor. 

¶ the total sum of relative changes in the vibrations of the supporting structures. 
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¶ the sum of the relative vibration velocities of the supporting structures. 

Let's consider a set of diagnostic data using the example of 500 generators. Of these, 50 

were modeled for failure before the end of the next overhaul or maintenance period. In 

paragraphs 3-7, the values of the given currents and voltages are determined in the form of 

relative values relative to their nominal values. Vibrational transition values are defined as 

relative values relative to the maximum total diameter of the  rotor. Vibrational velocity 

values are defined as relative quantities with respect to the value , where  is the 

nominal angular rotation rate of the rotor. We will consider the methodology for the formation of 

training and confirmation samples of parameter values using the example of the model of the 

influence of the amount of electricity produced in the period after the launch on the amount of 

change in the residual resource of the generator. Consider three options for the nature of 

addiction: lack of impact on the source, positive impact, negative impact. 

To compare different power generators, a dimensionless coefficient was introduced that 

determines the amount of energy produced, which is expressed as the ratio of the amount of 

energy produced by the generator to the amount of energy produced by this generator, if it is 

constantly loaded for 24 hours per nominal power, this coefficient is determined according to the 

formula. 

    (1) 

Fig. 1. Shows a graph of the resulting dependencies of the time remaining in failure 

before the planned removal of the generator for repair from the amount of energy produced 

(PowerAmount). 

The graphs show a line of approximate correlation as a second-order polynomial. The 

negative values in the graph shown in Figure 1 (V) correspond to an extension of the generator's 

life beyond the planned output for repair. 

Test data sets for all parameter sets are designed to resemble the amount of electricity 

produced in the period after commissioning. 

 
a) 
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b) 

 
v) 

Fig. 1. The dependence of the remaining time for the planned output for the repair of the 

generator on the amount of energy produced (PowerAmount, dimensionless number):  

 - predictive values;  

         - estimated line of data: 

a) is not affected by the amount of energy produced; 

b) in case of a negative impact on the amount of energy produced (the resource decreases 

in proportion to the amount of energy produced); 

v) in the event that the amount of energy produced has a positive effect (the resource 

increases in proportion to the amount of energy). 

The criteria listed above form a universal set that can be implemented in any generator, 

regardless of type. The test data set provides three possible qualities of influencing the value of 

the residual resource of the generator ï neutral, negative and positive. It is believed that each of 

the sets contained 50 generators that failed and 450 generators that successfully operated the 

repair range. Thus, 313 = 1,594,323 different combinations can be formed from the set of test 

data obtained, which can be used to train the neural network, the task of which is to evaluate the 

residual source of the production equipment. 

At the initial stage, the author proposes to consider a single training template, in which 

each of the 13 parameters for 50 generators has a negative property in terms of the residual 

resource. Thus, from the set of test data obtained, 313 = 1,594,323 different combinations are 

formed. 

The classical logistic function (sigmoid) is used as an activation function defined by the 

formula. 
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      (2) 

The Broyden-Fletcher-Goldfarb-Shanno algorithm was used as a way to train the neural 

network. The results of early data comparison of residual resource determination using a neural 

network are shown in Fig. 2. 

 
Fig. 2. Data analysis structure in Orangeda. 

In the data analysis structure shown in Fig. 2, the source data file (file) contains the 

source data - training template and diagnostic data using 50 generators as an example for 450 

generators compiled using 13 parameters based on a pessimistic scenario. Using column 

selection widgets, the data in the file is divided into a training template and evaluation data. 

Results 

The neural network widget represents the trained neural network model. The structure of 

the neural network includes two hidden layers, with 13 neurons in the first layer and 100 neurons 

in the second layer. The neural network structure used in this work is shown in Fig. 3. 

 
Fig. 3. Structure of the neural network used. 

The linearity of the relationship shown in Fig. 4. describes the clear correlation of the 

residual resource estimation results obtained using the trained neural network with the actual 

results, which makes it possible to use the neural network model to estimate the resource of the 

equipment. 

Below are the results of determining the current residual resource of 450 generators using 

a neural network, depending on all 13 parameters (Fig. 5).  

graph of energy quantity values 

The graph is plotted only for the values of the amount of energy produced, but each point 

is an individual estimate of the residual resource for all 13 parameters. 
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Fig. 4. Comparison of the results of residual resource detection performed by the neural 

network and the data from the decline training template: 

 
Fig. 5. Dependence of residual resource on relative energy production, predicted using a 

neural network: 

Detailed information for each generator shown in Table 1. is available when loading the 

results of calculations performed by the neural network. 

ˉ 
Neura

l Network 

Decli

ne 

Powe

r 

Amount 

Time 

to Fault 
K 

1 1,15 0 1,95 5,88 3 

2 4,07 0 2 2,93 1,46 

3 4,64 0 1,25 2,35 1,87 

4 4,36 0 1,8 2,64 1,46 

5 5,68 0 0,93 1,3 1,39 

6 6,43 0 0,39 0,56 1,44 
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7 5,71 0 0,49 1,28 2,6 

8 4,77 0 1,02 2,22 2,17 

9 6,26 0 0,36 0.74 2,04 

1

0 
5,44 0 0,77 1,56 2 

1

1 
6,47 0 0,33 0,52 1,57 

1

2 
5,29 0 1,09 1,69 1,55 

 

Table 1. Downloading the results of calculating the technical condition of hydrogenerators 

In Table 1., the value of the numbers in the first column is the generator ID number for 

which the current residual life is determined. Note that using the example of generators No. 1 

and No. 2, it is clear that at close values of the amount of energy produced, the estimated residual 

life will differ significantly due to the decisive influence of other factors. In this case, this is a 

large value of the total sum of the relative deterioration of the rotor insulation. This load can be 

presented as a text data file for further analysis and decision-making on the planned date of 

removal of generating equipment. 

Analysis of the obtained data presented in Fig. 5 allows the author to conclude that the 

residual life of a generator with low energy [14] production is weakly dependent on other 

factors, since the predicted values are divided into groups. The result obtained is explained by 

the fact that most parameters have a general integral character over time. However, with an 

increase in the amount of energy produced by the generator [15], the influence of other factors 

becomes increasingly significant, which is evidenced by the increasing dispersion of the 

predicted values. To obtain the most complete picture and comprehensively analyze the results 

obtained, we consider a similar problem of assessing the technical condition of electrical 

equipment using neural network modeling using power transformers as an example. 

Conclusion 

This article was carried out taking into account a large number of heterogeneous data that 

do not have a clear mechanism for influencing the amount of residual resource. Based on the 

analysis [16] of a large number of data, data was analyzed using neural network mathematical 

models that had a very high probability of generating the correct estimate. The resulting neural 

network models were designed to train training templates that are not related to various 

equipment. It was found that training a neural network on templates formed on the basis of 

examples of diagnostic kits for different types of equipment, as well as affecting the residual 

resource of equipment in classes. Mathematical models [17] based on artificial, randomly 

generated data were considered. For each case, one of three options was selected for the 

mathematical model corresponding to the nature of the actual resource data, forming a training 

template with which the actual qualitative effect on the resource is appropriate. 
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ʅɸʉʆʉ ʉʊɸʅʎʀʗʉʀ ׳ʆʃɸʊʀʅʀ ʅɸɿʆʈɸʊ פʀʃʀʐ ɺɸ 

ɹʆʐפɸʈʀʐ ʊʀɿʀʄʀ 
 

1ʄʘʤʘʪʦʚ ʅ., 2ʕʨʛʘʰʝʚ ʈ., 3ʊʫʨסʫʥʦʚ ɹ.    
1,2,3ñʊʦʰʢʝʥʪ ʠʨʨʠʛʘʮʠʷ ʚʘ ץʠʰʣʦץ ʭ˄ʞʘʣʠʛʠʥʠ ʤʝ״ʘʥʠʟʘʮʠʷʣʘʰ ʤʫ״ʘʥʜʠʩʣʘʨʠ 

ʠʥʩʪʠʪʫʪʠò ʄʠʣʣʠʡ ʪʘʜץʠץʦʪ ʫʥʠʚʝʨʩʠʪʝʪʠ 
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ɸʥʥʦʪʘʮʠʷ. ʄʘʟʢʫʨ ʤʘϨʦʣʘʜʘ ʥʘʩʦʩ ʩʪʘʥʮʠʷʣʘʨʠ ϲʦʣʘʪʠʥʠ ʥʘʟʦʨʘʪ Ϩʠʣʠʰ ʚʘ 

ʙʦʰϨʘʨʠʰʥʠ ʠʥʪʝʣʣʝʢʪʫʘʣʣʘʰʪʠʨʠʰ ʙ˄ʡʠʯʘ ʤʘʚʞʫʜ ʸʥʜʘʰʫʚʣʘʨ ʪʘϲʣʠʣ Ϩʠʣʠʥʠʙ, ʥʘʩʦʩ 

ʘʛʨʝʛʘʪʣʘʨʠ ʚʘ ʛʠʜʨʘʚʣʠʢ ʪʘʨʤʦϨʣʘʨ ʬʘʦʣʠʷʪʠʜʘʛʠ ʫʟʣʫʢʩʠʟ ʠʰʣʘʰ, ʵʥʝʨʛʠʷ 

ʩʘʤʘʨʘʜʦʨʣʠʛʠ ϲʘʤʜʘ ʪʝʭʥʠʢ ʠʰʦʥʯʣʠʣʠʢʥʠ ʪʘʲʤʠʥʣʘʰ ʤʫʘʤʤʦʩʠʥʠ ϲʘʣ ʵʪʠʰ ʫʯʫʥ 

ʘʚʪʦʤʘʪʣʘʰʪʠʨʠʣʛʘʥ ʥʘʟʦʨʘʪ ʚʘ ʙʦʰϨʘʨʫʚ ʤʝʭʘʥʠʟʤʣʘʨʠʥʠ ʞʦʨʠʡ ʵʪʠʰ ʟʘʨʫʨʣʠʛʠ 

ʘʩʦʩʣʘʙ ʙʝʨʠʣʛʘʥ. ʐʫʥʠʥʛʜʝʢ, ʤʘϨʦʣʘʜʘ ʥʘʩʦʩ ʘʛʨʝʛʘʪʣʘʨʠ ʠʰʯʠ ʧʘʨʘʤʝʪʨʣʘʨʠ, ʷʲʥʠ 

ʙʦʩʠʤ, ʦϨʠʤ ʪʝʟʣʠʛʠ, ʚʠʙʨʘʮʠʷ, ϲʘʨʦʨʘʪ, ʵʣʝʢʪʨ ʩʘʨʬʠ ʚʘ ʘʡʣʘʥʠʰ ʯʘʩʪʦʪʘʩʠ ʢʘʙʠ 

ʤʘʲʣʫʤʦʪʣʘʨʥʠ ʨʝʘʣ ʚʘϨʪʜʘ ʡʠϤʠʰ ʚʘ ʫʣʘʨ ʘʩʦʩʠʜʘ ϲʦʣʘʪʠʥʠ ʙʘϲʦʣʘʰ, ʥʦʩʦʟʣʠʢʣʘʨʥʠ 

ʵʨʪʘ ʘʥʠϨʣʘʰ ϲʘʤʜʘ ʙʘʰʦʨʘʪʣʘʰ ʫʩʫʣʣʘʨʠ ʠʣʤʠʡ ʞʠϲʘʪʜʘʥ ʘʩʦʩʣʘʙ ʙʝʨʠʣʛʘʥ. ʂʘʪʪʘ 

ϲʘʞʤʣʠ ʩʝʥʩʦʨ ʤʘʲʣʫʤʦʪʣʘʨʠʥʠ Ϩʘʡʪʘ ʠʰʣʘʰ ʫʯʫʥ ʤʘʰʠʥʘʣʠ ˄Ϩʠʪʠʰ ʫʩʫʣʣʘʨʠ, ʭʫʩʫʩʘʥ 

ʪʘʩʥʠʬʣʘʰ, ʢʣʘʩʪʝʨʣʘʰ, ʘʥʦʤʘʣʠʷʣʘʨʥʠ ʘʥʠϨʣʘʰ ʚʘ ʨʝʛʨʝʩʩʠʷ ʤʦʜʝʣʣʘʨʠ ʩʘʤʘʨʘʜʦʨʣʠʛʠ 

ʪʘϲʣʠʣ Ϩʠʣʠʥʛʘʥ. ʐʫ ʙʠʣʘʥ ʙʠʨʛʘ, ʥʘʩʦʩ ʩʪʘʥʮʠʷʣʘʨʠ ʵʥʝʨʛʠʷ ʩʘʨʬʠʥʠ 

ʦʧʪʠʤʘʣʣʘʰʪʠʨʠʰ, ʧʨʦʬʠʣʘʢʪʠʢ ʪʘʲʤʠʨʣʘʰ ʨʝʞʘʣʘʨʠʥʠ ʰʘʢʣʣʘʥʪʠʨʠʰ ʚʘ 

ʵʢʩʧʣʫʘʪʘʮʠʷ ʞʘʨʘʸʥʣʘʨʠʥʠ ʘʚʪʦʤʘʪʣʘʰʪʠʨʠʰʛʘ Ϩʘʨʘʪʠʣʛʘʥ ʠʥʪʝʣʣʝʢʪʫʘʣ ʙʦʰϨʘʨʫʚ 

ʘʨʭʠʪʝʢʪʫʨʘʩʠ ʪʘʚʩʠʬʣʘʥʛʘʥ. ʊʘʜϨʠϨʦʪ ʥʘʪʠʞʘʣʘʨʠ ʥʘʩʦʩ ʩʪʘʥʮʠʷʣʘʨʠʜʘ ʢʠʙʝʨ-ʬʠʟʠʢ 

ʪʠʟʠʤʣʘʨ (CPS), ʨʘϨʘʤʣʠ ʵʛʠʟʘʢʣʘʨ (Digital Twin) ʚʘ ʪʘʰʭʠʩʣʘʰ ʫʩʫʣʣʘʨʠʥʠ Ϩ˄ʣʣʘʰ 

ʦʨϨʘʣʠ ʠʰʦʥʯʣʠʣʠʢ ʚʘ ʩʘʤʘʨʘʜʦʨʣʠʢʥʠ ʩʝʟʠʣʘʨʣʠ ʜʘʨʘʞʘʜʘ ʦʰʠʨʠʰ ʤʫʤʢʠʥʣʠʛʠʥʠ 

ʢ˄ʨʩʘʪʘʜʠ. ʐʫ ʙʠʣʘʥ ʙʠʨʛʘ, ʙʫʥʜʘʡ ʪʠʟʠʤʣʘʨ ʠʥʩʦʥ ʦʤʠʣʠ ʪʘʲʩʠʨʠʥʠ ʢʘʤʘʡʪʠʨʘʜʠ, 

ʵʢʩʧʣʫʘʪʘʮʠʷ ʭʘʨʘʞʘʪʣʘʨʠʥʠ ϨʠʩϨʘʨʪʠʨʘʜʠ ʚʘ ʘʚʘʨʠʷ ϲʦʣʘʪʣʘʨʠʥʠ ʦʣʜʠʥʠ ʦʣʠʰ 

ʠʤʢʦʥʠʥʠ ʷʨʘʪʘʜʠ. 

ʂʘʣʠʪ ʩ˄ʟʣʘʨ: ʥʘʩʦʩ ʩʪʘʥʮʠʷʩʠ, ʠʥʪʝʣʣʝʢʪʫʘʣ ʙʦʰϨʘʨʫʚ, ʩʫʥʲʠʡ ʠʥʪʝʣʣʝʢʪ, 

ʠʥʪʝʣʣʝʢʪʫʘʣ ʥʘʟʦʨʘʪ ʪʠʟʠʤʠ, Raspberry Pi4, ADXL345, TMP36, TDC, ʩʝʥʩʦʨ, ʦϨʠʤ 

ʜʘʪʯʠʛʠ, VL53L0X, I2C ʧʣʘʪʘ, ʘʚʪʦʤʘʪʠʢ ʙʦʰϨʘʨʫʚ. 

 

ʂʠʨʠʰ 

ʅʘʩʦʩ ʩʪʘʥʮʠʷʣʘʨʠ ״ʦʣʘʪʠʥʠ ʥʘʟʦʨʘʪ ץʠʣʠʰ ʚʘ ʙʦʰץʘʨʠʰ ʪʠʟʠʤʣʘʨʠ ʩʫʚ 

ʪʘʲʤʠʥʦʪʠ, ʢʘʥʘʣʠʟʘʮʠʷ, ʥʝʬʪ-ʛʘʟ ץʫʚʫʨ ʪʘʨʤʦץʣʘʨʠ ״ʘʤʜʘ ʩʘʥʦʘʪ ʩʦ״ʘʣʘʨʠʜʘ ʩʪʨʘʪʝʛʠʢ 

ʘ״ʘʤʠʷʪʛʘ ʵʛʘ ʙ˄ʣʛʘʥ ʠʥʬʨʘʪʫʟʠʣʤʘʥʠʥʛ ʘʩʦʩʠʡ ʙ˄סʠʥʠ ״ʠʩʦʙʣʘʥʘʜʠ. ʋʰʙʫ ʪʫʨʜʘʛʠ 

ʦʙʲʝʢʪʣʘʨʜʘ ʫʟʣʫʢʩʠʟ ʠʰʣʘʰ, ʛʠʜʨʘʚʣʠʢ ʧʘʨʘʤʝʪʨʣʘʨʥʠ ʙʘʨץʘʨʦʨ ʫʰʣʘʙ ʪʫʨʠʰ ʚʘ 

ʵʥʝʨʛʠʷ ʨʝʩʫʨʩʣʘʨʠʥʠ ʪʝʞʘʤʣʠ ʬʦʡʜʘʣʘʥʠʰ ʪʠʟʠʤ ʩʘʤʘʨʘʜʦʨʣʠʛʠʥʠ ʙʝʣʛʠʣʘʡʜʠ. ʐʫʥʠʥʛ 

ʫʯʫʥ ʥʘʩʦʩ ʩʪʘʥʮʠʷʣʘʨʠ ʠʰʣʘʰ ʞʘʨʘʸʥʠʥʠ ʘʚʪʦʤʘʪʣʘʰʪʠʨʠʣʛʘʥ ʢʫʟʘʪʠʰ ״ʘʤʜʘ 

ʠʥʪʝʣʣʝʢʪʫʘʣ ʙʦʰץʘʨʫʚ ʤʝʭʘʥʠʟʤʣʘʨʠʥʠ ʞʦʨʠʡ ʵʪʠʰ ʠʣʤʠʡ ʚʘ ʘʤʘʣʠʡ ʞʠ״ʘʪʜʘʥ ʜʦʣʟʘʨʙ 

 .ʠʩʦʙʣʘʥʘʜʠ [1, 2]״

ɸʥʲʘʥʘʚʠʡ ʙʦʰץʘʨʫʚ ʪʠʟʠʤʣʘʨʠ ʘʩʦʩʘʥ ʦʧʝʨʘʪʦʨ ʪʘʞʨʠʙʘʩʠ ʚʘ ʩʪʘʪʠʢ ʤʦʜʝʣʣʘʨʛʘ 

ʘʩʦʩʣʘʥʘʜʠ. ɹʫ ʥʘʩʦʩ ʘʛʨʝʛʘʪʣʘʨʠʜʘ ʶʟʘʛʘ ʢʝʣʘʜʠʛʘʥ ʜʠʥʘʤʠʢ ˄ʟʛʘʨʠʰʣʘʨʥʠ ˄ʟ ʚʘץʪʠʜʘ 

ʘʥʠץʣʘʰ ʠʤʢʦʥʠʥʠ ʙʝʨʤʘʡʜʠ, ʥʦʩʦʟʣʠʢʣʘʨ ʢʝʯ ʘʥʠץʣʘʥʘʜʠ ʚʘ ʵʥʝʨʛʠʷ ʩʘʨʬʠ ʦʨʪʠʙ 
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ʢʝʪʘʜʠ. ɿʘʤʦʥʘʚʠʡ ʝʯʠʤʣʘʨ ʤʘʟʢʫʨ ʩʦ״ʘʜʘ ʢʠʙʝʨ-ʬʠʟʠʢ ʪʠʟʠʤʣʘʨ, IoT (Internet of Things), 

SCADA (Supervisory Control and Data Acquisition) ʚʘ ʩʫʥʲʠʡ ʠʥʪʝʣʣʝʢʪ ʪʝʭʥʦʣʦʛʠʷʣʘʨʠʥʠ 

ʠʥʪʝʛʨʘʮʠʷʣʘʰ ʦʨץʘʣʠ ʥʘʩʦʩ ʩʪʘʥʮʠʷʣʘʨʠ ʬʘʦʣʠʷʪʠʥʠ ʠʥʪʝʣʣʝʢʪʫʘʣʣʘʰʪʠʨʠʰʛʘ 

ʡ˄ʥʘʣʪʠʨʠʣʛʘʥ [3, 4]. 

ʉʝʥʩʦʨʣʘʨ ʸʨʜʘʤʠʜʘ ʥʘʩʦʩ ʘʛʨʝʛʘʪʣʘʨʠ ʨʝʘʣ ʚʘץʪ ʧʘʨʘʤʝʪʨʣʘʨʠ ʙʫ ʙʦʩʠʤ, ʦץʠʤ 

ʪʝʟʣʠʛʠ, ʚʠʙʨʘʮʠʷ, ״ʘʨʦʨʘʪ ʚʘ ʪʦʢ ʢʫʯʣʘʥʠʰʠ ʜʦʠʤʠʡ ʥʘʟʦʨʘʪ ץʠʣʠʰʥʠ ʪʘʣʘʙ ץʠʣʘʜʠ. 

ʆʣʠʥʘʜʠʛʘʥ ʤʘʲʣʫʤʦʪʣʘʨ ʜʘʩʪʫʨʠʡ ʪʘʲʤʠʥʦʪʣʘʨ ʦʨץʘʣʠ ʤʘʨʢʘʟʠʡ ʩʝʨʚʝʨʛʘ ʫʟʘʪʠʣʘʜʠ ʚʘ 

ʫʥʜʘ ʤʘʲʣʫʤʦʪʣʘʨʥʠ ʪʘ״ʣʠʣ ץʠʣʠʰ, ʙʘʰʦʨʘʪʣʘʰ ʚʘ ʘʥʦʤʘʣ ״ʦʣʘʪʣʘʨʥʠ ʵʨʪʘ ʘʥʠץʣʘʰ 

ʚʘʟʠʬʘʣʘʨʠ ʘʤʘʣʛʘ ʦʰʠʨʠʣʘʜʠ. ʉʫʥʲʠʡ ʠʥʪʝʣʣʝʢʪ ʚʘ ʤʘʰʠʥʘʣʠ ˄ץʠʪʠʰ ʫʩʫʣʣʘʨʠ ʦʨץʘʣʠ 

ʢʘʪʪʘ ʤʘʲʣʫʤʦʪʣʘʨ ʪʘ״ʣʠʣ ץʠʣʠʥʠʙ, ʥʘʩʦʩ ʩʪʘʥʮʠʷʩʠ ״ʦʣʘʪʠʥʠ ʘʚʪʦʤʘʪʠʢ ʙʘ״ʦʣʘʥʘʜʠ, ʠʰ 

ʬʘʦʣʠʷʪʠ ʦʧʪʠʤʘʣ ʨʝʞʠʤʣʘʨʠ ʪʘʥʣʘʥʘʜʠ ʚʘ ʵ״ʪʠʤʦʣʠʡ ʥʦʩʦʟʣʠʢʣʘʨ ʙʘʰʦʨʘʪʣʘʥʘʜʠ [5, 6]. 

ɹʫ ʢʘʙʠ ʠʥʪʝʣʣʝʢʪʫʘʣ ʙʦʰץʘʨʫʚ ʪʠʟʠʤʣʘʨʠ ʥʘʬʘץʘʪ ʪʝʭʥʠʢ ʢ˄ʨʩʘʪʢʠʯʣʘʨʥʠ ʷʭʰʠʣʘʡʜʠ, 

ʙʘʣʢʠ ʠץʪʠʩʦʜʠʡ ʩʘʤʘʨʘʜʦʨʣʠʢʥʠ ״ʘʤ ʦʰʠʨʘʜʠ. ʅʘʩʦʩ ʘʛʨʝʛʘʪʣʘʨʠʥʠ ʧʨʦʬʠʣʘʢʪʠʢ 

ʪʘʲʤʠʨʣʘʰ ʜʘʚʨʠʥʠ ʘʥʠץʣʘʰ, ʵʥʝʨʛʠʷ ʠʩʪʝʲʤʦʣʠʥʠ ʦʧʪʠʤʘʣʣʘʰʪʠʨʠʰ, ʦʧʝʨʘʪʦʨʣʘʨ 

ʩʘʤʘʨʘʜʦʨʣʠʛʠʥʠ ʦʰʠʨʠʰ ״ʘʤʜʘ ʭʘʚʬʩʠʟʣʠʢ ʜʘʨʘʞʘʩʠʥʠ ʦʰʠʨʠʰ ʙʫ ʢʘʙʠ ʪʠʟʠʤʣʘʨʥʠ 

ʘʩʦʩʠʡ ʫʩʪʫʥʣʠʢʣʘʨʠ ״ʠʩʦʙʣʘʥʘʜʠ. ʐʫʥʠʥʛ ʫʯʫʥ ʥʘʩʦʩ ʩʪʘʥʮʠʷʣʘʨʠʥʠ ʥʘʟʦʨʘʪ ץʠʣʠʰ ʚʘ 

ʙʦʰץʘʨʠʰʥʠ ʵʥʝʨʛʝʪʠʢʘ, ʤʫ״ʘʥʜʠʩʣʠʢ ʚʘ ʘʭʙʦʨʦʪ ʪʝʭʥʦʣʦʛʠʷʣʘʨʠ ʩʦ״ʘʣʘʨʠʥʠ ʫʤʫʤʠʡ 

ʪʘʜץʠץʦʪ ʡ˄ʥʘʣʠʰʠ ʩʠʬʘʪʠʜʘ ץʘʨʘʰ ʣʦʟʠʤ [7, 8]. 

ʄʘʟʢʫʨ ʠʰʜʘ Raspberry Pi4 ʤʠʢʨʦʢʦʤʧʴʶʪʝʨʠ ʘʩʦʩʠʜʘ ʥʘʩʦʩ ʩʪʘʥʮʠʷʩʠʥʠ ʥʘʟʦʨʘʪ 

 ʠʣʛʘʥ ʙ˄ʣʠʙ, ʫ ʥʘʩʦʩ ʩʪʘʥʮʠʷʩʠ ʤʦʜʝʣʠʜʘ ʩʠʥʦʚʜʘʥץʘʨʠʰ ʪʠʟʠʤʠ ʠʰʣʘʙ ʯʠץʠʣʠʰ ʚʘ ʙʦʰץ

˄ʪʢʘʟʠʣʛʘʥ. ʅʘʟʦʨʘʪ ץʠʣʠʰ ʫʯʫʥ ʬʦʡʜʘʣʘʥʠʣʛʘʥ ʩʝʥʩʦʨʣʘʨ ʚʘ ʤʦʜʫʣʣʘʨ ˄ʟʘʨʦ 

ʠʥʪʝʛʨʘʮʠʷʣʘʥʛʘʥ ʙ˄ʣʠʙ, ʫʣʘʨ ʘʩʦʩʠʜʘ ʥʘʩʦʩ ʩʪʘʥʮʠʷʩʠʥʠ ʫʤʫʤʠʡ ״ʦʣʘʪʠ ʙ˄ʡʠʯʘ 

ʤʘʲʣʫʤʦʪʣʘʨ ʪʘץʜʠʤ ʵʪʠʣʘʜʠ. ʊʠʟʠʤ ʨʝʘʣ ʚʘץʪʜʘ ˄ʣʯʘʰ ʥʘʪʠʞʘʣʘʨʠʥʠ ʡʠסʠʰ, ץʘʡʪʘ 

ʠʰʣʘʰ, ʙʘʰʦʨʘʪʣʘʰ ʚʘ ʥʘʤʦʡʠʰ ʵʪʠʰ ʢʘʙʠ ʘʤʘʣʣʘʨʥʠ ʙʘʞʘʨʘʜʠ. ɹʫ ʥʘʩʦʩ ʩʪʘʥʮʠʷʩʠ 

ʞʦʨʠʡ ״ʦʣʘʪʠʥʠ ʙʘ״ʦʣʘʰ, ʥʦʩʦʟʣʠʢʣʘʨʥʠ ʘʥʠץʣʘʰ, ʙʝʨʠʣʛʘʥ ʧʘʨʘʤʝʪʨʣʘʨ ʘʩʦʩʠʜʘ 

ʙʦʰץʘʨʠʰ ʠʤʢʦʥʠʥʠ ʙʝʨʘʜʠ. 

ʄʝʪʦʜʦʣʦʛʠʷ 

ʋ ʄʘʟʢʫʨ ʪʘʜץʠץʦʪʜʘ ʥʘʩʦʩ ʩʪʘʥʮʠʷʩʠʥʠ ʥʘʟʦʨʘʪ ץʠʣʠʰ ʚʘ ʘʚʪʦʤʘʪʠʢ ʙʦʰץʘʨʫʚʥʠ 

ʪʘʲʤʠʥʣʦʚʯʠ ʠʥʪʝʣʣʝʢʪʫʘʣ ʪʠʟʠʤʠ ʠʰʣʘʙ ʯʠץʠʣʛʘʥ. ʊʠʟʠʤ ʥʘʩʦʩ ʪʝʭʥʠʢ ״ʦʣʘʪʠʥʠ ʨʝʘʣ 

ʚʘץʪ ʨʝʞʠʤʠʜʘ ʢʫʟʘʪʘʜʠ, ˄ʣʯʦʚ ʤʘʲʣʫʤʦʪʣʘʨʠʥʠ ץʘʡʪʘ ʠʰʣʘʡʜʠ ״ʘʤʜʘ ʙʝʣʛʠʣʘʥʛʘʥ 

ʧʘʨʘʤʝʪʨʣʘʨ ʘʩʦʩʠʜʘ ʙʦʰץʘʨʫʚ ץʘʨʦʨʣʘʨʠʥʠ ץʘʙʫʣ ץʠʣʘʜʠ. ɹʫʥʜʘ ʪʠʟʠʤʥʠ ʤʘʨʢʘʟʠʡ 

ʙʦʰץʘʨʫʚʠ Raspberry Pi 4 ʤʠʢʨʦʢʦʤʧʴʶʪʝʨʠ ʘʩʦʩʠʜʘ ʘʤʘʣʛʘ ʦʰʠʨʠʣʘʜʠ. ʋ 8 GB ʦʧʝʨʘʪʠʚ 

ʭʦʪʠʨʘʛʘ ʵʛʘ ʙ˄ʣʠʙ, Linux ʦʧʝʨʘʮʠʦʥ ʪʠʟʠʤʠʜʘ ʠʰʣʘʡʜʠ. ʄʠʢʨʦʢʦʤʧʴʶʪʝʨ ʙʦʰץʘʨʫʚʥʠ 

ʪ˄ʣʠץ ʘʚʪʦʤʘʪʣʘʰʪʠʨʠʙ, ʥʘʩʦʩ ʩʪʘʥʮʠʷʩʠʜʘʛʠ ˄ʟʛʘʨʠʰʣʘʨʥʠ ʨʝʘʣ ʚʘץʪ ʨʝʞʠʤʠʜʘ ʢʫʟʘʪʘʜʠ 

ʚʘ ʙʘʨʯʘ ʜʘʪʯʠʢʣʘʨʜʘʥ ʢʝʣʫʚʯʠ ʢ˄ʨʩʘʪʢʠʯʣʘʨʥʠ, ʞʫʤʣʘʜʘʥ ʩʫʚ ʩʘʪ״ʠ, ״ʘʨʦʨʘʪ, ʚʠʙʨʘʮʠʷ, 

ʦץʠʤ ʪʝʟʣʠʛʠ ʚʘ ʩʫʚ ʩʠʬʘʪʠ ʢʘʙʠ ʤʘʲʣʫʤʦʪʣʘʨʥʠ ʡʠסʘʜʠ, ץʘʡʪʘ ʠʰʣʘʡʜʠ ״ʘʤʜʘ 

ʥʘʪʠʞʘʣʘʨʥʠ ʛʨʘʬʠʢʣʘʨ ʢ˄ʨʠʥʠʰʠʜʘ ʥʘʤʦʡʠʰ ʵʪʘʜʠ. ɹʫʥʜʘ ʤʘʲʣʫʤʦʪʣʘʨ ʥʘʤʦʡʠʰʠ 14 

ʜʶʤʣʠ ʩʝʥʩʦʨʣʠ ʵʢʨʘʥʜʘ ʘʤʘʣʛʘ ʦʰʠʨʠʣʘʜʠ (1-ʨʘʩʤ). 
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1- ʨʘʩʤ. ʊʠʟʠʤ ʫʤʫʤʠʡ ʢ˄ʨʠʥʠʰʠ 

ɼʘʪʯʠʢʣʘʨʜʘʥ ʦʣʠʥʛʘʥ ʤʘʲʣʫʤʦʪʣʘʨ ʤʘʨʢʘʟʠʡ ʙʦʰץʘʨʫʚʛʘ ʫʟʘʪʠʣʘʜʠ ʚʘ ʪʘ״ʣʠʣ 

 ʪʜʘ ʘʤʘʣʛʘ ʦʰʠʨʠʣʠʙ, ʥʘʪʠʞʘʣʘʨ ʜʦʠʤʠʡ ʷʥʛʠʣʘʥʘʜʠ. ɹʫץʠʣʠʥʘʜʠ. ɶʣʯʦʚʣʘʨ ʨʝʘʣ ʚʘץ

ʦʨץʘʣʠ ʥʘʩʦʩ ʩʪʘʥʮʠʷʩʠʜʘʛʠ ˄ʟʛʘʨʠʰʣʘʨʛʘ ʪʝʟʢʦʨ ʞʘʚʦʙ ʙʝʨʠʰ ʤʫʤʢʠʥ.  

ʅʘʩʦʩ ʩʪʘʥʮʠʷʩʠ ʚʘ ʪʠʟʠʤ ʦʨʘʩʠʜʘʛʠ ʘʣʦץʘʣʘʨ Raspberry Pi 4ʥʠʥʛ I2C ״ʘʤʜʘ GPIO 

ʧʦʨʪʣʘʨʠ ʦʨץʘʣʠ ʘʤʘʣʛʘ ʦʰʠʨʠʣʘʜʠ (2-ʨʘʩʤ). ɹʫ ʥʘʩʦʩ ʩʪʘʥʮʠʷʩʠ ״ʦʣʘʪʠʥʠ ʩʝʥʩʦʨʣʘʨʜʘʥ 

ʢʝʣʫʚʯʠ ʤʘʲʣʫʤʦʪʣʘʨ ʘʩʦʩʠʜʘ ʥʘʟʦʨʘʪ ץʠʣʠʰ ʚʘ ʙʦʰץʘʨʠʰ ʠʤʢʦʥʠʥʠ ʙʝʨʘʜʠ. 

 
2- ʨʘʩʤ. Raspberry Pi 4 ʤʠʢʨʦʢʦʤʧʴʶʪʝʨʠ 

ʅʘʩʦʩ ʪʝʭʥʠʢ ״ʦʣʘʪʠʥʠ ʙʘ״ʦʣʘʰʜʘ ʚʠʙʨʘʮʠʷ ʚʘ ״ʘʨʦʨʘʪ ʤʫ״ʠʤ ʘ״ʘʤʠʷʪʛʘ ʵʛʘ ʙ˄ʣʠʙ, 

ʫʣʘʨ ʥʘʩʦʩ ʩʪʘʥʮʠʷʩʠʥʠʥʛ ʠʰʯʠ ״ʦʣʘʪʠʜʘ ʶʟ ʙʝʨʠʰʠ ʤʫʤʢʠʥ ʙ˄ʣʛʘʥ ʦʨʪʠץʯʘ ʶʢʣʘʤʘ ʸʢʠ 

ʥʦʩʦʟʣʠʢʣʘʨʥʠ ʵʨʪʘ ʘʥʠץʣʘʰ ʠʤʢʦʥʠʥʠ ʙʝʨʘʜʠ. ɹʫʥʜʘ ʚʠʙʨʘʮʠʷ ˄ʣʯʘʰ ʫʯʫʥ ADXL345 

ʘʢʩʝʣʝʨʦʤʝʪʨʠʜʘʥ ʬʦʡʜʘʣʘʥʠʣʛʘʥ. ɸʢʩʝʣʝʨʦʤʝʪʨʣʘʨ ʥʘʩʦʩ ʩʪʘʥʮʠʷʩʠʥʠ ʠʢʢʠ ʘʩʦʩʠʡ 

ʥʫץʪʘʩʠʛʘ ˄ʨʥʘʪʠʣʛʘʥ ʙ˄ʣʠʙ, ʫʥʜʘ ״ʘʨ ʙʠʨʠ ʫʯ ˄ץʜʘʛʠ (X, Y, Z) ʪʝʙʨʘʥʠʰʣʘʨʥʠ ˄ʣʯʘʡʜʠ. 

ʆʣʠʥʛʘʥ ʤʘʲʣʫʤʦʪʣʘʨ ʤʠʢʨʦʢʦʤʧʴʶʪʝʨ ʦʨץʘʣʠ ץʘʡʪʘ ʠʰʣʘʥʘʜʠ ʚʘ ʛʨʘʬʠʢ ʢ˄ʨʠʥʠʰʠʜʘ 

ʘʢʩ ʵʪʪʠʨʠʣʘʜʠ. ɺʠʙʨʘʮʠʷ ץʠʡʤʘʪʠ ʙʝʣʛʠʣʘʥʛʘʥ ץʠʡʤʘʪʜʘʥ ʦʨʪʛʘʥʜʘ ʪʠʟʠʤ ʪʦʤʦʥʠʜʘʥ 

ʦʛʦ״ʣʘʥʪʠʨʠʰ ʙʝʨʠʣʘʜʠ (3-ʨʘʩʤ). 

ʅʘʩʦʩ ʩʪʘʥʮʠʷʩʠ ʘʛʨʝʛʘʪʠ ״ʘʨʦʨʘʪʠʥʠ ˄ʣʯʘʰ TMP36 ʩʝʥʩʦʨʠ ʘʩʦʩʠʜʘ ʘʤʘʣʛʘ 

ʦʰʠʨʠʣʘʜʠ. ׳ʘʨʦʨʘʪ ʩʝʥʩʦʨʣʘʨʠ ʘʛʨʝʛʘʪ ʢʦʨʧʫʩʠʥʠʥʛ ʙʠʨ ʥʝʯʪʘ ץʠʩʤʣʘʨʠʛʘ 

ʞʦʡʣʘʰʪʠʨʠʣʛʘʥ ʙ˄ʣʠʙ, ʫʣʘʨ ״ʘʨʦʨʘʪ ˄ʟʛʘʨʠʰʠʥʠ ʘʥʘʣʦʛ ʢ˄ʨʠʥʠʰʠʜʘ ʪʠʟʠʤʛʘ ʫʟʘʪʘʜʠ. 

 ʣʘʥʪʠʨʠʰ ʙʝʨʠʣʠʙ, ʘʛʨʝʛʘʪʥʠ ʘʚʪʦʤʘʪʠʢ״ʦʨʠ ʙ˄ʣʛʘʥʜʘ ʦʛʦץʘʨʦʨʘʪ ʜʘʨʘʞʘʩʠ ʥʦʨʤʘʜʘʥ ʶ׳

ʪ˄ʭʪʘʪʠʰ ʬʫʥʢʮʠʷʩʠ ʬʘʦʣʣʘʰʪʠʨʠʣʘʜʠ (3-ʨʘʩʤ). 
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3 ï ʨʘʩʤ. ADXL345 ʚʘ TMP36 ʩʝʥʩʦʨʠ 

ʉʫʚ ʬʠʟʠʢ ʚʘ ʢʠʤʸʚʠʡ ʭʫʩʫʩʠʷʪʣʘʨʠʥʠ ʙʘ״ʦʣʘʰʜʘ ʙʠʨ ʥʝʯʪʘ ˄ʣʯʦʚ 

ʢʦʤʧʦʥʝʥʪʣʘʨʠʜʘʥ ʬʦʡʜʘʣʘʥʠʣʛʘʥ. ʉʫʚ ʩʠʬʘʪʠ, ʣʦʡץʘʣʠʢ ʜʘʨʘʞʘʩʠ ʚʘ ʦץʠʤ ʪʝʟʣʠʛʠ 

ʪʠʟʠʤʥʠ ʤʫ״ʠʤ ʧʘʨʘʤʝʪʨʣʘʨʠʜʘʥ ʙʠʨʠ ״ʠʩʦʙʣʘʥʘʜʠ. ʉʫʚ ʪʦʟʘʣʠʛʠ ʚʘ ʪʘʨʢʠʙʠʥʠ 

ʘʥʠץʣʘʰʜʘ TDC YUN STUDIO ɺ1.0 ʩʝʥʩʦʨʠ ץ˄ʣʣʘʥʠʣʛʘʥ. ʋʰʙʫ ʩʝʥʩʦʨ ʩʫʚʜʘʛʠ ʤʦʜʜʘʣʘʨ 

ʤʠץʜʦʨʠʥʠ ˄ʣʯʘʡʜʠ ʚʘ ʥʘʪʠʞʘʣʘʨʥʠ TDCʜʘ (Total Dissolved Solids) ʠʬʦʜʘʣʘʡʜʠ. 

ʐʫʥʠʥʛʜʝʢ, ʩʫʚ ʣʦʡץʘʣʠʢ ʜʘʨʘʞʘʩʠʥʠ ʘʥʠץʣʘʰ ʫʯʫʥ TZT ʪʠʧʠʜʘʛʠ ʦʧʪʠʢ ʣʦʡץʘʣʠʢʥʠ 

ʘʥʠץʣʘʰ ʜʘʪʯʠʛʠ ץ˄ʣʣʘʥʠʣʠʙ, ʫ ʸʨʫסʣʠʢ ˄ʪʠʰ ʜʘʨʘʞʘʩʠʛʘ ʢ˄ʨʘ ʩʫʚʥʠ ʠʬʣʦʩʣʘʥʠʰ 

ʜʘʨʘʞʘʩʠʥʠ ʘʥʠץʣʘʡʜʠ. 

ʉʫʚ ʦץʠʤʠ ʪʝʟʣʠʛʠ ʚʘ ״ʘʞʤʠʥʠ ˄ʣʯʘʰʜʘ ʵʩʘ YF-C201 ʚʘ YF-C168 ʩʝʥʩʦʨʣʘʨʠʜʘʥ 

ʬʦʡʜʘʣʘʥʠʣʛʘʥ ʙ˄ʣʠʙ, ʫʣʘʨ ʨʦʪʦʨʣʘʨ ʸʨʜʘʤʠʜʘ ʠʤʧʫʣʩ ʩʠʛʥʘʣʣʘʨʠʥʠ ״ʦʩʠʣ ץʠʣʘʜʠ (4-

ʨʘʩʤ). ׳ʘʨ ʙʠʨ ʩʝʥʩʦʨ ˄ʣʯʦʚ ʥʘʪʠʞʘʣʘʨʠʥʠ ʨʝʘʣ ʚʘץʪ ʨʝʞʠʤʠʜʘ ʫʟʘʪʠʣʠʙ, ʪʠʟʠʤ 

ʠʥʪʝʨʬʝʡʩʠʜʘ ʦץʠʤ ʪʝʟʣʠʛʠ ״ʘʤʜʘ ʫʤʫʤʠʡ ʩʫʚ ʤʠץʜʦʨʠ ʢ˄ʨʩʘʪʠʣʘʜʠ. 

 
4-ʨʘʩʤ. ʉʫʚ ʩʠʬʘʪʠ ʚʘ ʦץʠʤ ʪʝʟʣʠʛʠʥʠ ʘʥʠץʣʘʰ ʫʯʫʥ ץ˄ʣʣʘʥʠʣʘʜʠʛʘʥ TDC, TZT ʚʘ YF-

C201/ YF-C168 ʜʘʪʯʠʢʣʘʨ 

ʊʠʟʠʤ ʩʫʚ ʬʠʟʠʢ ״ʦʣʘʪʠʥʠ ʜʦʠʤʠʡ ʥʘʟʦʨʘʪ ץʠʣʠʙ ʙʦʨʘʜʠ, ʩʫʚ ʣʦʡץʘʣʘʥʠʰʠ, 

ʪʦʟʘʣʠʛʠ ʸʢʠ ʦץʠʤʜʘʛʠ ʫʟʠʣʠʰʣʘʨʥʠ ʘʥʠץʣʘʡʜʠ. ʆʣʠʥʛʘʥ ʤʘʲʣʫʤʦʪʣʘʨ ʘʩʦʩʠʜʘ ʪʠʟʠʤ 

ʥʘʩʦʩ ʩʪʘʥʮʠʷ ʠʰʠ ʘʚʪʦʤʘʪʠʢ ʩʦʟʣʘʥʘʜʠ. 

ʉʫʚ ʩʘʪ״ʠʥʠ ʘʥʠץʣʘʰ ʚʘ ʘʚʪʦʤʘʪʠʢ ʙʦʰץʘʨʫʚ. ʄʦʜʝʣʜʘ ʩʫʚ ʩʘʪ״ʠʥʠ ʘʥʠץʣʘʰ, 

ʥʘʟʦʨʘʪ ץʠʣʠʰ ʚʘ ʘʚʪʦʤʘʪʠʢ ʙʦʰץʘʨʠʰʥʠ ʘʤʘʣʛʘ ʦʰʠʨʠʰ ʫʯʫʥ ʠʢʢʠ ʪʫʨʜʘʛʠ 

ʜʘʪʯʠʢʣʘʨʜʘʥ ʬʦʡʜʘʣʘʥʠʣʛʘʥ. ʊʠʟʠʤ ʩʫʚ ʩʘʪ״ʠ ˄ʟʛʘʨʠʰʠʛʘ ʤʦʩ ʥʘʩʦʩ ʩʪʘʥʮʠʷʩʠ ʠʰʠʥʠ 

ʙʦʰץʘʨʠʰ ʠʤʢʦʥʠʥʠ ʙʝʨʘʜʠ. 

ʉʫʚ ʩʘʪ״ʠʥʠ ʘʥʠץ ˄ʣʯʘʰ ʫʯʫʥ VL53L0ʍ ʣʘʟʝʨʣʠ ʩʝʥʩʦʨ ״ʘʤʜʘ ʫʣʪʨʘʪʦʚʫʰʣʠ ʩʫʚ 

˄ʪʢʘʟʤʘʡʜʠʛʘʥ ʜʘʪʯʠʢ ץ˄ʣʣʘʥʠʣʛʘʥ. ʃʘʟʝʨʣʠ ʜʘʪʯʠʢ ʶץʦʨʠ ʘʥʠץʣʠʢʜʘ ץʠʩץʘ ʤʘʩʦʬʘʜʘʛʠ 

˄ʣʯʦʚʣʘʨʥʠ ʘʤʘʣʛʘ ʦʰʠʨʩʘ, ʫʣʪʨʘʪʦʚʫʰʣʠ ʜʘʪʯʠʢ ʩʫʚ ʩʘʪ״ʠ ˄ʟʛʘʨʠʰʣʘʨʠʥʠ ʫʟʦץʨʦץ 

ʤʘʩʦʬʘʜʘ ץʘʡʜ ʵʪʠʰ ʠʤʢʦʥʠʛʘ ʵʛʘʜʠʨ. ɹʫ ʠʢʢʠ ʩʝʥʩʦʨ ʧʘʨʘʣʣʝʣ ʠʰʣʘʰʠ ʪʠʟʠʤʛʘ ˄ʣʯʦʚ 
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ʘʥʠץʣʠʛʠʥʠ ʦʰʠʨʠʰ ʠʤʢʦʥʠʥʠ ʙʝʨʘʜʠ. ʉʫʚ ʩʘʪ״ʠ ʙʝʣʛʠʣʘʥʛʘʥ ʤʠʥʠʤʘʣ ʤʠץʜʦʨʜʘ ʶץʦʨʠ 

ʙ˄ʣʛʘʥʜʘ ʪʠʟʠʤ ʘʛʨʝʛʘʪʥʠ ʘʚʪʦʤʘʪʠʢ ʠʰʛʘ ʪʫʰʠʨʘʜʠ, ʢʠʯʠʢ ʙ˄ʣʛʘʥʜʘ ʵʩʘ ʩʫʚ ʦץʠʤʠʥʠ 

ʪ˄ʭʪʘʪʠʣʘʜʠ. ɹʫʥʠʥʛ ʫʯʫʥ ʨʝʣʝ ʤʦʜʫʣʣʘʨʠ ״ʘʤʜʘ ʵʣʝʢʪʨʦʤʘʛʥʠʪ ʢʣʘʧʘʥʣʘʨʜʘʥ 

ʬʦʡʜʘʣʘʥʠʣʛʘʥ (5-ʨʘʩʤ). ʈʝʣʝʣʘʨ ʦʨץʘʣʠ ʘʛʨʝʛʘʪʥʠ ʸץʠʰ ʚʘ ˄ʯʠʨʠʰ ʘʤʘʣʛʘ ʦʰʠʨʠʣʘʜʠ, 

ʵʣʝʢʪʨʦʤʘʛʥʠʪ ʢʣʘʧʘʥʣʘʨ ʵʩʘ ʩʫʚ ʢʠʨʠʰ-ʯʠץʠʰʠ ʥʘʟʦʨʘʪ ץʠʣʠʰ ʫʯʫʥ ץ˄ʣʣʘʥʠʣʛʘʥ. 

 
5-ʨʘʩʤ. VL53L0ʍ ʣʘʟʝʨ ʩʝʥʩʦʨʠ 

ʊʠʟʠʤ ʩʫʚ ʤʠץʜʦʨʠ ˄ʟʛʘʨʠʰʠʛʘ ʨʝʘʣ ʚʘץʪ ʨʝʞʠʤʠʜʘ ʞʘʚʦʙ ץʘʡʪʘʨʘʜʠ. ɹʫ ʥʘʩʦʩ 

ʩʪʘʥʮʠʷʩʠ ʩʘʤʘʨʘʜʦʨʣʠʛʠʥʠ ʦʰʠʨʠʰ ʚʘ ʵʥʝʨʛʠʷ ʪʝʞʘʤʢʦʨʣʠʛʠʥʠ ʪʘʲʤʠʥʣʘʰ ʠʤʢʦʥʠʥʠ 

ʙʝʨʘʜʠ. 

ʄʘʲʣʫʤʦʪ ʘʣʤʘʰʠʥʫʚʠ. ʅʘʩʦʩ ʩʪʘʥʮʠʷʩʠ ʥʘʤʫʥʘ ʤʦʜʝʣʠʜʘ ʙʘʨʯʘ ʩʝʥʩʦʨʣʘʨʜʘʥ 

ʦʣʠʥʛʘʥ ʤʘʲʣʫʤʦʪʣʘʨ ʤʘʨʢʘʟʠʡ ʙʦʰץʘʨʫʚ ʤʦʜʫʣʠ Raspberry Pi 4 ʦʨץʘʣʠ ʡʠסʠʣʘʜʠ ʚʘ ץʘʡʪʘ 

ʠʰʣʦʚ ʙʝʨʠʣʘʜʠ. פʫʨʠʣʤʘʣʘʨ ʦʨʘʩʠʜʘ ʘʣʦץʘ I2C (Inter-Integrated Circuit) ʠʥʪʝʨʬʝʡʩʠ 

ʦʨץʘʣʠ ʘʤʘʣʛʘ ʦʰʠʨʠʣʘʜʠ. ʏʫʥʢʠ ʙʫ ʧʨʦʪʦʢʦʣ ʙʠʨ ʥʝʯʪʘ ʜʘʪʯʠʢʣʘʨʥʠ ʙʠʪʪʘ ʤʘʲʣʫʤʦʪ 

ʫʟʘʪʠʰ ʣʠʥʠʷʩʠʛʘ ʫʣʘʰ ʠʤʢʦʥʠʥʠ ʙʝʨʘʜʠ. ʐʫʥʠʥʛʜʝʢ, ʙʠʨ ʥʝʯʪʘ ʩʝʥʩʦʨʣʘʨʥʠ ʧʘʨʘʣʣʝʣ 

ʠʰʣʘʰʠʥʠ ʪʘʲʤʠʥʣʘʰ ʫʯʫʥ ɼʠʡʤʦʨʝ ʊCɸ9548ɸ I2C ʢʝʥʛʘʡʪʠʨʠʰ ʧʣʘʪʘʩʠʜʘʥ 

ʬʦʡʜʘʣʘʥʠʣʛʘʥ. ʋʰʙʫ ʤʦʜʫʣ ״ʘʨ ʙʠʨ ʜʘʪʯʠʢʢʘ ʘʣʦ״ʠʜʘ ʢʘʥʘʣ ʘʞʨʘʪʠʰ ʠʤʢʦʥʠʛʘ ʵʛʘ 

ʙ˄ʣʠʙ, ˄ʟʘʨʦ ʤʘʥʟʠʣʣʘʨ ʪ˄ץʥʘʰʫʚʠʥʠ ʙʘʨʪʘʨʘʬ ʵʪʠʰ ʠʤʢʦʥʠʛʘ ʵʛʘ ״ʠʩʦʙʣʘʥʘʜʠ. ɹʫʥʜʘ 

ʙʘʨʯʘ ʤʦʜʫʣʣʘʨ ˄ʟʘʨʦ ʤʫʩʪʘץʠʣ ʠʰʣʘʡʜʠ ʙʠʨʦץ, ʤʘʲʣʫʤʦʪʣʘʨʥʠ ʷʛʦʥʘ ʙʦʰץʘʨʫʚ ʪʠʟʠʤʠʛʘ 

ʫʟʠʰ ʟʘʨʫʨ (6-ʨʘʩʤ). 

 
6-ʨʘʩʤ. ʄʘʲʣʫʤʦʪ ʘʣʤʘʰʠʥʫʚʠ ʫʯʫʥ ץ˄ʣʣʘʥʠʣʛʘʥ Diymore ʊCɸ9548ɸ I2C ʤʦʜʫʣʠ 

 

ʄʘʟʢʫʨ ʪʝʭʥʠʢ ʝʯʠʤ ʪʠʟʠʤʜʘʛʠ ʤʦʜʫʣʣʘʨ ʦʨʘʩʠʜʘ ʠʰʦʥʯʣʠ ʘʣʦץʘ ˄ʨʥʘʪʠʰʛʘ ʸʨʜʘʤ 

ʙʝʨʘʜʠ. I2C ʠʥʪʝʨʬʝʡʩʠ ʪʠʟʠʤ ʫʟʣʶʢʩʠʟ ʠʰʣʘʰʠʥʠ ʪʘʲʤʠʥʣʘʡʜʠ ʚʘ ʙʘʨʯʘ ʩʝʥʩʦʨ 

ʤʘʲʣʫʤʦʪʣʘʨʠʥʠ ʘʥʠץʣʠʢ ʙʠʣʘʥ ʤʘʨʢʘʟʠʡ ʤʦʜʫʣʛʘ ʝʪʢʘʟʘʜʠ. ɹʫ ʦʨץʘʣʠ ʤʦʜʝʣ ʪʘ״ʣʠʣʥʠ 

ʘʥʠץʣʠʛʠ, ʪʝʟʢʦʨʣʠʛʠ ʚʘ ʙʘʨץʘʨʦʨʣʠʛʠʥʠ ʪʘʲʤʠʥʣʘʡʜʠ.. 

ʅʘʪʠʞʘʣʘʨ 

ʄʦʜʝʣ ʩʠʥʦʚʜʘʥ ˄ʪʢʘʟʠʣʠʙ, ʪʫʨʣʠ ʧʘʨʘʤʝʪʨʣʘʨ ʙ˄ʡʠʯʘ ˄ʣʯʦʚ ʥʘʪʠʞʘʣʘʨʠ ʪʘ״ʣʠʣ 

 ʘʣʠʢ ʩʝʛʤʝʥʪʣʘʨʠץʠץʠʣʠʥʛʘʥ. ʊʘʞʨʠʙʘ ʜʘʚʦʤʠʜʘ ʥʘʩʦʩ ʩʪʘʥʮʠʷʩʠ ʠʰ ʞʘʨʘʸʥʠ 15 ʜʘץ
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ʙ˄ʡʠʯʘ ˄ʨʪʘʯʘ ץʠʡʤʘʪʣʘʨ ʦʣʠʥʛʘʥ. ׳ʘʨ ʙʠʨ ʧʘʨʘʤʝʪʨ ʫʯʫʥ 10 ʤʘʨʪʘʜʘʥ ʪʘʢʨʦʨʠʡ ˄ʣʯʦʚ 

ʘʤʘʣʛʘ ʦʰʠʨʠʣʠʙ, ˄ʨʪʘ ʘʨʠʬʤʝʪʠʢ ץʠʡʤʘʣʘʨʠ ״ʠʩʦʙʣʘʥʛʘʥ (1-ʞʘʜʚʘʣ). 

1-ʞʘʜʚʘʣ 

ɼʘʪʯʠʢʣʘʨʜʘʥ ʦʣʠʥʛʘʥ ʤʘʲʣʫʤʦʪʣʘʨ 

 ̄ ɶʣʯʦʚ ʧʘʨʘʤʝʪʨʠ 
ɶʣʯʦʚ 

ʜʠʘʧʘʟʦʥʠ 

ɶʨʪʘʯ

ʘ ץʠʡʤʘʪ 

ʏʝʛʘʨʘ 

 ʠʡʤʘʪʠץ

ʆʛʦ״ʣʘʥʪʠ

ʨʠʰ ״ʦʣʘʪʠ 

1 ɺʠʙʨʘʮʠʷ (ʤ/ʩĮ) 0.02 ï 1.35 0.84 1.50 ʅʦʨʤʘʜʘ 

 ʘʨʦʨʘʪ (ÁC) 27 ï 61 46.3 65 ʅʦʨʤʘʜʘ׳ 2

3 ʉʫʚ ʩʘʪ״ʠ (ʩʤ) 15 ï 95 78.4 100 ʅʦʨʤʘʜʘ 

4 
ʆץʠʤ ʪʝʟʣʠʛʠ 

(ʣ/ʤʠʥ) 
3.2 ï 12.8 8.6 15 ʅʦʨʤʘʜʘ 

5 
ʉʫʚ ʣʦʡץʘʣʠʛʠ 

(NTU) 
0.12 ï 0.64 0.38 1.0 ʅʦʨʤʘʜʘ 

6 
ʉʫʚ ʪʦʟʘʣʠʛʠ 

(TDC) 
180 ï 420 305 600 ʅʦʨʤʘʜʘ 

 

ʄʦʜʝʣʜʘ ʬʦʡʜʘʣʘʥʠʣʛʘʥ ʜʘʪʯʠʢʣʘʨ ʙʘʨץʘʨʦʨ ˄ʣʯʦʚʣʘʨʥʠ ʚʘ ʫʣʘʨʥʠ ˄ʟʘʨʦ ʩʠʥʭʨʦʥ 

ʠʰʣʘʰʠ ʪʘʲʤʠʥʣʘʜʠ. ɺʠʙʨʘʮʠʷ ʚʘ ״ʘʨʦʨʘʪ ʧʘʨʘʤʝʪʨʣʘʨʠ ʦʨʘʩʠʜʘ ʙʝʚʦʩʠʪʘ ʙʦסʣʠץʣʠʢ 

ʢʫʟʘʪʠʣʜʠ, ʷʲʥʠ ʘʛʨʝʛʘʪ ״ʘʨʦʨʘʪʠ ʦʨʪʛʘʥʜʘ ʪʝʙʨʘʥʠʰ ץʠʡʤʘʪʠ ״ʘʤ ʦʰʜʠ, ʙʫ ʵʩʘ ʥʘʩʦʩ 

ʶʢʣʘʤʘʩʠ ʦʨʪʛʘʥʣʠʛʠʥʠ ʙʠʣʜʠʨʘʜʠ. 

ɺʠʙʨʘʮʠʷ (ὠ) ʚʘ ״ʘʨʦʨʘʪ (Ὕ) ʢʦʨʨʝʣʷʮʠʷ ʢʦʬɻʬʠʮʠʝʥʪʠ ʸʨʜʘʤʠʜʘ ʫʣʘʨʥʠ ˄ʟʘʨʦ 

ʙʦסʣʠץʣʠʢʣʘʨʠ ʘʥʠץʣʘʥʜʠ: 

( )( )

( ) ( )
2 22 2

n VT V T
r

n V V n T T

-
=
è øè ø- -
é ùé ùê úê ú

ä ä ä

ä ä ä ä
, 

ɹʫʥʜʘ 0.82r=  ʙ˄ʣʠʙ, ʫ ʙʫ ʧʘʨʘʤʘʪʨʣʘʨʥʠ ˄ʟʘʨʦ ʢʫʯʣʠ ʪ˄סʨʠʜʘʥ-ʪ˄סʨʠ 

ʙʦסʣʠץʣʠʛʠʥʠ ʢ˄ʨʩʘʪʘʜʠ. ʐʫʥʠʥʛʜʝʢ, ʩʫʚ ʦץʠʤʠ (Q) ʚʘ ʩʫʚ ʩʘʪ״ʠ (H) ʦʨʘʩʠʜʘʛʠ ʤʫʥʦʩʘʙʘʪ 

 :ʣʘʥʜʠץʘʣʠ ʘʥʠץʣʠʢ ʦʨץʣʠסʣʠ ʙʦץʫʡʠʜʘʛʠ ʯʠʟʠץ

0.18 0.25Q H= + , 

ɹʫ ʩʫʚ ʩʘʪ״ʠ ʦʰʛʘʥʜʘ ʦץʠʤ ʪʝʟʣʠʛʠ ʧʨʦʧʦʨʩʠʦʥʘʣ ʦʨʪʠʰʠʥʠ ʢ˄ʨʩʘʪʘʜʠ. ʊʠʟʠʤʜʘ 

˄ʣʯʦʚʣʘʨ ʦʨʘʩʠʜʘʛʠ ʦסʠʰ ץʠʡʤʘʪʠ Ñ2.3% ʜʘʥ ʦʰʤʘʜʠ ʚʘ ʙʫ ʤʦʜʝʣ ˄ʣʯʦʚ ʘʥʠץʣʠʛʠ ʶץʦʨʠ 

ʵʢʘʥʣʠʛʠʥʠ ʪʘʩʜʠץʣʘʡʜʠ. 

ʄʦʜʝʣ ʫʟʣʫʢʩʠʟ ʠʰʣʘʰ ʙʘʨץʘʨʦʨʣʠʛʠ ץʫʡʠʜʘʛʠ ʢ˄ʨʩʘʪʢʠʯʣʘʨ ʘʩʦʩʠʜʘ ʙʘ״ʦʣʘʥʜʠ 

(2-ʞʘʜʚʘʣ)  

2-ʞʘʜʚʘʣ 

ɹʘʨץʘʨʦʨʣʠʢ ʢ˄ʨʩʘʪʢʠʯʣʘʨʠ 

ʂ˄ʨʩʘʪʢʠʯ פʠʡʤʘ

ʪ 

ʀʟʦ״ 

ʄʘʲʣʫʤʦʪ ʷʥʛʠʣʘʥʠʰ ʪʝʟʣʠʛʠ 1.2 ʩ ʈʝʘʣ ʚʘץʪ ʨʝʞʠʤʠ 

ʉʝʥʩʦʨʣʘʨʜʘʥ ʫʟʘʪʠʣʛʘʥ ʭʘʪʦʣʠʢ 0.8 % ʄʠʥʠʤʘʣ ʜʘʨʘʞʘʜʘ 

ɸʚʪʦʤʘʪʠʢ ʙʦʰץʘʨʫʚ ʨʝʘʢʮʠʷʩʠ 0.4 ʩ ʊʝʟʢʦʨ ʞʘʚʦʙ 

ɶʣʯʦʚ ʫʤʫʤʠʡ ʘʥʠץʣʠʛʠ 97.6 % ʉʠʥʦʚ ʥʘʪʠʞʘʩʠ ʙ˄ʡʠʯʘ 
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ʄʦʜʝʣ ʨʝʘʣ ʚʘץʪ ʨʝʞʠʤʠʜʘ ״ʘʤ ʙʘʨץʘʨʦʨ ʠʰʣʘʜʠ. ɹʫʥʜʘ ʤʘʲʣʫʤʦʪʣʘʨ ʫʟʘʪʠʰʜʘ 

ʢʝʯʠʢʠʰʣʘʨ ʤʠʥʠʤʘʣ ʙ˄ʣʜʠ. ʅʘʩʦʩ ʩʪʘʥʮʠʷʩʠ ʠʰ ʞʘʨʘʸʥʠ ʫʟʣʫʢʩʠʟ 2 ʩʦʘʪ ʜʘʚʦʤʠʜʘ 

ʥʘʟʦʨʘʪ ץʠʣʠʥʜʠ, ʪʠʟʠʤʜʘ ״ʝʯ ץʘʥʜʘʡ ʥʦʩʦʟʣʠʢ ʸʢʠ ʫʟʠʣʠʰ ʢʫʟʘʪʠʣʤʘʜʠ. ʆʣʠʥʛʘʥ 

ʥʘʪʠʞʘʣʘʨ ʘʩʦʩʠʜʘ ʤʦʜʝʣʥʠ ʙʘʨʯʘ ץʠʩʤʣʘʨʠ ˄ʟʘʨʦ ʫʡסʫʥ ʠʰʣʘʡʜʠ ʚʘ ʤʘʲʣʫʤʦʪʣʘʨ 

ʠʰʦʥʯʣʠ ʫʟʘʪʠʣʘʜʠ ʚʘ ʥʘʟʦʨʘʪ ʪʠʟʠʤʠ ʘʥʠץ ʥʘʪʠʞʘʣʘʨʥʠ ʪʘʲʤʠʥʣʘʡʜʠ ʜʝʙ ʘʡʪʠʰ ʤʫʤʢʠʥ. 

ʍʫʣʦʩʘ 

ʅʘʩʦʩ ʩʪʘʥʮʠʷʩʠʥʠ ʫʯʫʥ ʠʥʪʝʣʣʝʢʪʫʘʣ ʥʘʟʦʨʘʪ ʚʘ ʙʦʰץʘʨʫʚ ʪʠʟʠʤʠ ʠʰʣʘʙ 

ʯʠץʠʣʜʠ. ʄʦʜʝʣ ʙʘʨʯʘ ʜʘʪʯʠʢʣʘʨ, ʤʦʜʫʣʣʘʨ ʚʘ ʙʦʰץʘʨʫʚ ʵʣʝʤʝʥʪʣʘʨʠ ˄ʟʘʨʦ ʙʦסʣʘʥʛʘʥ 

 ,ʘʨʦʨʘʪ״ ,ʠʤ ʪʝʟʣʠʛʠץʠ, ʦ״ʪ ʨʝʞʠʤʠʜʘ ʩʫʚ ʩʘʪץʦʣʜʘ ʰʘʢʣʣʘʥʪʠʨʠʣʛʘʥ. ʊʠʟʠʤ ʨʝʘʣ ʚʘ״

ʚʠʙʨʘʮʠʷ, ʣʦʡץʘʣʠʢ ʚʘ ʩʫʚ ʪʦʟʘʣʠʛʠ ʙ˄ʡʠʯʘ ʤʘʲʣʫʤʦʪʣʘʨʥʠ ʡʠסʜʠ ʚʘ ʪʘ״ʣʠʣ ץʠʣʜʠ. 

ʊʘʞʨʠʙʘʣʘʨ ʜʘʚʦʤʠʜʘ ʤʦʜʝʣ ʙʘʨץʘʨʦʨ ʠʰ ʨʝʞʠʤʠʥʠ ʪʘʲʤʠʥʣʘʜʠ, ˄ʣʯʦʚʣʘʨ ʦʨʘʩʠʜʘʛʠ 

ʘʥʠץʣʠʢ ʶץʦʨʠ ʙ˄ʣʜʠ. ׳ʘʨ ʙʠʨ ʧʘʨʘʤʝʪʨ ʙ˄ʡʠʯʘ ʦʣʠʥʛʘʥ ʥʘʪʠʞʘʣʘʨ ʥʘʟʦʨʘʪ ʯʝʛʘʨʘʣʘʨʠʜʘ 

ʩʘץʣʘʥʜʠ ʚʘ ʪʠʟʠʤʜʘʛʠ ʘʚʪʦʤʘʪʠʢ ʙʦʰץʘʨʫʚ ʤʝʭʘʥʠʟʤʣʘʨʠ ˄ʟ ʚʘץʪʠʜʘ ʞʘʚʦʙ ץʘʡʪʘʨʜʠ. 

ɹʦʰץʘʨʫʚ ʞʘʨʘʸʥʠʥʠ ʘʚʪʦʤʘʪʣʘʰʪʠʨʠʣʠʰʠ ʵʥʝʨʛʠʷ ʩʘʨʬʠʥʠ ʢʘʤʘʡʪʠʨʜʠ, ʠʥʩʦʥ ʦʤʠʣʠʛʘ 

ʙʦסʣʠץ ʭʘʪʦʣʠʢʣʘʨʥʠ ʙʘʨʪʘʨʘʬ ʵʪʠʰ ʠʤʢʦʥʠ ʙʝʨʜʠ ʚʘ ʪʠʟʠʤʥʠ ʫʤʫʤʠʡ ʩʘʤʘʨʘʜʦʨʣʠʛʠʥʠ 

ʦʰʠʨʜʠ. ʀʰʣʘʙ ʯʠץʠʣʛʘʥ ʤʦʜʝʣ ʥʘʩʦʩ ʩʪʘʥʮʠʷʣʘʨʠʜʘ ʤʘʩʦʬʘʜʘʥ ʤʦʥʠʪʦʨʠʥʛ ʚʘ 

ʠʥʪʝʣʣʝʢʪʫʘʣ ʙʦʰץʘʨʫʚʥʠ ʡ˄ʣʛʘ ץ˄ʡʠʰ ʫʯʫʥ ʘʤʘʣʠʡ ʘʩʦʩ ʙ˄ʣʠʙ ʭʠʟʤʘʪ ץʠʣʘʜʠ. ʆʣʠʥʛʘʥ 

ʥʘʪʠʞʘʣʘʨ ʤʦʜʝʣʥʠ ʘʤʘʣʠʸʪʛʘ ʞʦʨʠʡ ʵʪʠʰ ʠʤʢʦʥʠʷʪʠʥʠ ʢ˄ʨʩʘʪʘʜʠ ʚʘ ʪʠʟʠʤ 

ʠʰʦʥʯʣʠʣʠʛʠʥʠ ʪʘʩʜʠץʣʘʡʜʠ. 
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TASVIR SIFATINI BAHOLASHDA T OóLIQ MAôLUMOTNOMA 

(FULL -REFERENCE) METRIKA ASOSIDAGI 

AVTOMATLASHTIRILGAN TAHLIL TIZIMI  
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Annotatsiya: Ushbu tadqiqot ishida sunôiy intellekt texnologiyalari asosida havo 

ifloslanish darajasini baholash masalasi oórganilib, uni yechish uchun neyron tarmoq modeli 

taklif etildi. Taklif etilgan model havodagi zarrachalarni aks ettiruvchi tasvirlardan 

foydalanilib, havodagi PM 2.5 zarrachalar miqdorini aniqlashga qaratilgan. Bunda CNN 

yordamida dastlab tasvirdan belgilar ajratib olindi, soóngra FNN orqali regressiya 

muammosi sifatida oórganildi. Natijada model asosida tasvirdagi havoni vizual holatiga 

koóra PM 2.5 qiymatini bashoratlash amalga oshirildi. 

Kalit soózlar: tasvir sifati baholash, FR metrikalar, PSNR, SSIM, kulrang tasvir, 

shovqin qoóshish, kategoriyalash. 

 

Kirish  

Atmosferani if loslanish darajasini ortishi inson salomatligi, ekologiya va iqlim 

oózgarishiga bevosita jiddiy taôsir koórsatmoqda. Bu umumjamiyat global muammosi boólib,  uni 

barataraf etish dolzarb vazifaga aylandi. Ayniqsa, diametri 2.5 mikrondan kichik boólgan 

zarrachalar (PM 2.5) inson nafas yoóllariga chuqur kirib, surunkali kasalliklarni keltirib 

chiqarishi mumkin. Anôanaviy usullar hamda maxsus stansiyalar va sensorga asoslangan oólchov 

tizimlari  yuqori aniqlikka ega boólsada, ularni qamrovi tor va texnik xizmat xarajatlari yuqoridir 

[1].  

Zamonaviy raqamli texnologiyalar rivojlanishi bilan tibbiyotdan tortib multimediagacha 

boólgan sohalarda tasvir sifati (Image Quality, IQ) muhim ahamiyat kasb etadi [1]. Tasvirlar 

shovqin, kompressiya yoki uzatish jarayonida buzilishi mumkin, bu esa tashxislash xatoliklariga 

yoki maôlumot yoóqotishiga olib keladi [2]. Masalan, tibbiy rasmlarda (MRI yoki KT) shovqin 

lezyonlarni aniqlashni qiyinlashtirishi mumkin [3]. Mavjud usullar orasida Full-Reference (FR) 

metrikalar eng keng tarqalgan, chunki ular asl tasvirga nisbatan sifatni baholaydi [4]. PSNR 

(Peak Signal-to-Noise Ratio) va SSIM (Structural Similarity Index) kabi klassik metrikalar 

piksel darajasidagi xatoliklarni baholaydi, ammo inson vizual tizimi (Human Visual System - 

HVS) ga toóliq mos kelmaydi [5]. Soónggi yillarda VIF (Visual Information Fidelity), FSIM 

(Feature Similarity Index) va LPIPS (Learned Perceptual Image Patch Similarity) kabi yangi 

metrikalar HVSni hisobga olgan holda taklif etilgan [6]. Biroq, bu metrikalarni birlashtirgan 

avtomatlashtirilgan tizimlar kam, ayniqsa kulrang tasvirga oótishda va shovqin taôsirini tahlil 

qilishda [7]. Shu muammoni bartaraf etish maqsadida mazkur ishda 20 ta FR metrika asosidagi 

avtomatlashtirilgan tizim ishlab chiqiladi va 100 ta tasvir ustida sinovdan oótkaziladi. Tizim 

RGB tasvirlarni kulrang tasvirga oótkazadi, shovqin qoóshadi, sifatni kategoriyalarga ajratadi. 

Ishlab chiqilgan tizim tibbiyot va sunôiy intellektda qoóllanilishi mumkin, masalan, shovqinli 

rasmlarda tashxislash sifatini yaxshilash.[8] 
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Metodlar  

Maôlumotlar bazasi va ularni tayyorlash. Tadqiqotda 512x512 piksel oólchamli, JPG/PNG 

formatidagi 100 ta RGB tasvirlardan foydalanildi. Tasvirlar COCO va ImageNetdan tanlangan 

subtoóplam kabi ochiq bazalardan olingan [9]. Ular OpenCV kutubxonasidagi cvtColor 

funksiyasi orqali kulrang tasvirga oótkazildi. Bu qadam rang maôlumotini olib tashlab, 

hisoblashni soddalashtiradi va yorqinlikni saqlaydi [10].  Tasvirlarga Gauss shovqini qoóshildi:   

noisy = original + np.random.normal(0, 30, original.shape) 

noisy = np.clip(noisy, 0, 255) 

Sigma qiymati real shovqin darajasini ifodalaydi (kamera shovqini)[11]. 

Metrikalar va hisoblashlar.  20 ta FR metrika ishlatildi, ular 4 guruhga boólingan: (1) dB 

metrikalar (PSNR, SNR, VSNR, PSNR-HVS); (2) 0-1 indeksi (SSIM, UQI, VIF, FSIM, GSIM, 

IW-SSIM, SFF, TMQI, BIECON, VSI); (3) xatolik metrikalari (MSE, MAD); (4) boshqa 

(GMSD, SVD, LPIPS, DRIM) [12]. 

Metrikalarni hisoblash Python 3.12 dasturlash tilida amalga oshirildi. Bunda OpenCV, scikit-

image, NumPy, SciPy kutubxonalaridan foydalanildi.    

PSNR: , skimage.metrics.peak_signal_noise_ratio orqali [13].   

SSIM: , skimage.metrics.structural_similarity orqali [14].   

VIF (taxminiy): SSIM ning 1.5-darajasi, chunki toóliq algoritm murakkab [15].   

LPIPS (taxminiy): 1 - SSIM, deep learning bazasida yaxshilangan [16]. 

Grayscaleda kanal tsikli olib tashlandi, bu hisoblash vaqtini 20% ga qisqartirdi (testlangan: 

100 tasvir uchun 45 soniya oórniga 36 soniya). 

Kategoriyalash algoritmi. Metrika qiymatlari 4 ta darajaga ajratildi:   

Higher better (Yuqoriroq yaxshiroq) (0-1): >0.9 = Aôlo; 0.7-0.9 = Yaxshi; 0.5-0.7 = 

Qoniqarli [17] 

dB (signal quvvati): >40 = Aôlo; 30-40 = Yaxshi; 20-30 = Qoniqarli; <20 = Qoniqarsiz [18]   

Lower better (Pastroq yaxshiroq) (MSE): <100 = Aôlo; 100-500 = Yaxshi; 500-1000 = 

Qoniqarli; >1000 = Qoniqarsiz [19]   

Algoritm ñevaluate metricò funksiyasi yordamida chegaralarni tekshirib, kategoriya 

qaytaradi. Natijalar Pandas orqali CSV ga saqlanadi. 

Tajribalar Intel i7, 16 GB RAM kompyuterda oótkazildi. 100 ta tasvir 5 marta takrorlandi 

(shovqin tasodifi uchun). Statistik tahlilda oórtacha, standart ogóish (NumPy.stats)dan 

foydalanildi. Tajribalar natijasi 100 ta tasvir uchun quyidagi koórsatkichlarni berdi (oórtacha 

qiymatlar, standart ogóish ichida; Pandas orqali hisoblangan): 

PSNR: 19.32 ± 0.85 dB (Qoniqarli daraja). Eng yuqori: 20.90 dB (image_095.jpg); eng past: 

18.63 dB (image_002.jpg). 
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SSIM: 0.29 ± 0.12 (Qoniqarsiz). Eng yuqori: 0.55 (image_013.jpg); eng past: 0.12 

(image_003.jpg). 

MSE: 792 ± 112 (Qoniqarli). Eng yuqori: 896 (image_088.jpg); eng past: 522 

(image_098.jpg). 

SNR: 5.42 ± 3.15 dB (Qoniqarsiz). Salbiy qiymatlar 5% holatlarda kuzatildi (masalan, -0.40 

dB, image_008.jpg ï shovqin signaldan ustun). 

UQI: 0.87 ± 0.09 (Yaxshi). Eng yuqori: 0.96 (image_093.jpg). 

Kategoriyalar taqsimotida 100 ta tasvir uchun har metrika uchun alohida hisoblangan: 

Aôlo: 18% (asosan UQI va SFF da, shovqin taôsiri kam). 

Yaxshi: 22% (SSIM va VIF da, struktura yaxshi saqlangan). 

Qoniqarli: 38% (PSNR va MSE da, oórtacha buzilish). 

Qoniqarsiz: 22% (SNR va LPIPS da, kuchli shovqin). 

Kulrang tasvirga oótkazish orqali RGB tasvirda hisoblash uchun ketadigan 45 soniya vaqt 36 

soniyaga kamaydi. Shovqin taôsiri sigma=30 da SSIM 0.35 ga tushdi (sigma=0 da 1.0).   

1-jadval 

Oórtacha metrika qiymatlari va kategoriyalar.  

Metrika Oórtacha qiymat Standart ogóish Kategoriya Taqsimoti (%) 

PSNR 19.32 dB 0.85 Qoniqarli (65%), Qoniqarsiz (35%) 

SSIM 0.29 0.12 Qoniqarsiz (72%), Qoniqarli (28%) 

MSE 792 112 Qoniqarli (58%), Yaxshi (20%) 

SNR 5.42 dB 3.15 Qoniqarsiz (68%), Qoniqarli (32%) 

UQI 0.87 0.09 Yaxshi (62%), Aôlo (20%) 

VIF 0.22 0.10 Qoniqarsiz (70%), Qoniqarli (30%) 

FSIM 0.26 0.11 Qoniqarsiz (65%), Qoniqarli (35%) 

 

 

1-rasm. Shovqin darajasiga qarab PSNR oózgarishi 
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Grafikda sigma qiymati 10-50 oraligói boóyicha PSNR pasayishi koórsatilgan: sigma 

qiymati 10 boólganda PSNR ~28 dB (Yaxshi), sigma qiymati 30boólganda 19 dB (Qoniqarli). X 

oóqi ï sigma, Y oóqi ï PSNR (dB). Chiziq ï oórtacha, soyali ï std. Shovqin oshishi tasvir sifatini 

40% pasaytirdi [20]. 

Xulosa 

Natijalar shovqin taôsirini tasdiqlaydi: sigma qiymati 30 boólganda PSNR 19.32 dB ga 

tushishi inson koóziga oórtacha buzilishni bildiradi, bu HVS modellariga mos keladi [20]. SSIM 

ning past qiymati (0.29) struktura yoóqotilishini koórsatadi, ammo UQIning yuqori qiymati (0.87) 

yorqinlik saqlanishini isbotlaydi [21]. Bu farq metrikalarning cheklovlarini ochib beradi: PSNR 

piksel xatolariga sezgir, SSIM esa HVS ga yaqinroq [22]. 

Kulrang tasvirga oótkazilganda rang maôlumotini olib tashlash hisoblashni tezlashtiradi 

(20% tejash, aniq testlangan), lekin rangli tasvirlarda cheklangan [22]. Tajribalar VIF va 

FSIMning shovqinga chidamliligini koórsatdi (Qoniqarli daraja 30%), ammo LPIPS ning 

taxminiy hisobi (0.71 oórtacha) deep learning kerakligini taôkidlaydi [23]. 

Gauss turidan farqli shovqin qoóshilganda va real maôlumotlar (tibbiy rasmlar) bilan 

ishlash uchun mazkur yondashuv yetarli emas. SNRda salbiy qiymatlar (5%) shovqin kuchini 

koórsatadi, lekin algoritmni yaxshilash mumkin. Kelajakda CNN bazasidagi no-reference 

metrikalar qoóshish va real vaqt rejimida sinovdan  (masalan, video uchun) oótkazish lozim [25].  

Tizim samarali, ilmiy va amaliy ahamiyatga ega. Aniqlashtirilgan natijalar (CSV asosida) 

shovqin taôsirini miqdoriy tasdiqlaydi. 
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Annotatsiya: Tasvirlardagi shovqin natijasida yuzaga keladigan xalaqitlar tasvir sifatini 

pasaytiruvchi asosiy omillardan biridir. Shovqin bu tasvirdagi maôlumotni buzuvchi, tasvirni 

tumanlashtiruvchi yoki notoógóri yorqinlik qiymatlarini keltirib chiqaruvchi tasodifiy signal 

boólib, u asosan tasvirni olish, uzatish yoki siqish jarayonlarida paydo boóladi. Shovqinni 

bartaraf etish va asl tasvir sifatini tiklash uchun turli yondashuvlar ishlab chiqilgan. 

Kalit soózlar: Tasvir shovqini, fazoviy filtrlar (spatial filters), oózgartirish sohasi filtrlari 

(transform domain filters), mediana filtri, Viner filtri, ICA (Independent Component Analysis), 

moslashuvchan mediana filtri. 

 

Kirish  

Tasvirdagi shovqinni kamaytirishni (image de-noising) asosiy maqsadi tasvirning asl 

mohiyatini saqlab qolgan holda, shovqin komponentlarini kamaytirishdir. Shu maqsadda turli 

yondashuvlar taklif qilingan boólib, ular orasida fazoviy sohada filtrlash (Spatial Domain 

Filtering) va oózgartirish sohasida filtrlash (Transform Domain Filtering) usullari eng keng 

qoóllaniladigan yondashuvlar hisoblanadi. Fazoviy sohada filtrlash usullari tasvir piksel 

qiymatlarini bevosita oózgartirish orqali shovqinni kamaytirishga qaratilgan boólib, bu 

yondashuvlar orasida chiziqli va no-chiziqli filtrlar (masalan, oórtacha, median, adaptiv filtrlar) 

keng qoóllaniladi. Oózgartirish sohasidagi filtrlash esa tasvirni chastota komponentlariga ajratib, 

shovqinni asosan yuqori chastotali qismlarda bostirishga asoslanadi. Bunday yondashuvlar 

orasida Fourier, Kosinus va Wavelet oózgartirishlari asosidagi filtrlar samaradorligi bilan ajralib 

turadi. Mazkur maqolada tasvir shovqinlarini kamaytirish uchun keng qoóllaniladigan ikkita 

asosiy yondashuvlar, yaôni fazoviy sohada hamda oózgartirish sohasida filtrlash usullari koórib 

chiqiladi. Shuningdek, ushbu yondashuvlarning asosiy prinsiplari, amaliy texnikalari va 

samaradorlik jihatlari tahlil qilinadi. 

Metodlar  

R.C. Gonzales va R.E. Woods tomonidan yozilgan ñDigital Image Processingò asari 

raqamli tasvirlarni qayta ishlashning nazariy asoslarini belgilovchi fundamental manbalardan biri 

boólib, unda fazoviy va oózgartirish sohasi usullarining matematik modeli, filtr turlari hamda 

ularning amaliy tatbiqlari batafsil bayon etilgan [1, 2]. Raqamli tasvirlarda shovqinlarni 

kamaytirish boóyicha olib borilgan ilmiy tadqiqotlar koóplab yoónalishlarni oóz ichiga oladi. 

Soónggi yillarda bu borada tibbiy, qishloq xoójaligi va texnik sohalarda qoóllaniladigan turli 

algoritmlar taklif etilgan. Shakil Boby va Shaela Sharmin oóz tadqiqotlarida tibbiy tasvirlarda 

uchraydigan xavfli shovqin turlariga qarshi qoóllaniladigan turli shovqin kamaytirish usullarini 

IQA (Image Quality Assessment) metrikalari asosida solishtirib, turli filtrlarning samaradorligini 

baholaganlar [3]. M.M. Pura Nik va S.V. Hal raqamli tasvirlarda uchraydigan turli shovqin 
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turlarini tahlil qilib, ularning fizik manbalari va statistik xususiyatlarini oórganganlar [4]. 

Priyanka Kamboj va Varsha Rani esa tasvirlarda uchraydigan asosiy shovqin modellarini va 

ularga nisbatan qoóllaniladigan filtr turlarini umumlashtirib bergan [5]. Raqamli tasvirlardan 

foydalanish nafaqat texnik, balki qishloq xoójaligi sohasida ham keng qoóllanmoqda. De Solan 

[6] va hamkorlari hamda Hoffmann va boshqalar sunôiy yoóldosh tasvirlarini hosildorlikni 

bashorat qilishda, yer maydonlarini monitoring qilishda va qishloq xoójaligi jarayonlarini 

avtomatlashtirishda foydalanish imkoniyatlarini tahlil qilganlar [7]. Ravi Garg va Abhijeet 

Kumar Bayesian model asosida turli filtrlarning shovqin bartaraf etishdagi samaradorligini tahlil 

qilib, statistik yondashuv asosidagi usullar vizual sifatni saqlashda afzal natijalar berishini 

aniqlaganlar [8]. Shuningdek, Pawan Patidar va hamkorlari turli shovqin turlariga nisbatan 

filtrlarning natijaviyligini tajriba asosida solishtirib, tasvirning tabiati va shovqin zichligi filtr 

samaradorligiga bevosita taôsir etishini isbotlaganlar [9]. 

Tasvirlardagi shovqinni kamaytirishning ikki  asosiy usuli mavjud boólib, ular fazoviy 

filtrlash (Spatial Filtering) va oózgartirish sohasi boóyicha filtrlash (Transform Domain Filtering) 

usullaridir.  Quyidagi rasmda tasvirdagi shovqinlarni kamaytirish uchun ishlatiladigan 

filtrlarning umumiy turkumlanishi keltirilgan.   

 
1-rasm. Shovqinni kamaytirish usullarini turkumlash. 

Fazoviy sohada filtrlash usullari tasvirdagi qoóshni piksellar asosida ishlovchi sodda va 

tez bajariladigan usullar boólib, odatda qoóshiluvchi shovqinlarni kamaytirishda samarali natija 

beradi. Ushbu usul ikki turga, yaôni chiziqli (Linear) va nochiziqli (Non-Linear) filtrlarga 

boólinadi. 

Chiziqli filtrlar (Linear Filters) asosan Gauss shovqini (Gaussian noise) va bir tekis 

taqsimlangan shovqin (Uniform noise) larni bartaraf etishda keng qoóllaniladi.  Agar tasvirdagi 

shovqin faqat qoóshiluvchi (1) xususiyatga ega boólsa, optimal yechim sifatida chiziqli 

usullardan foydalanish mumkin [10]. 

        (1) 

bu yerda  ï asl tasvir,  ï shovqin signali,  ï shovqinli tasvir. 

Ushbu turdagi filtrlarga misol sifatida oórtacha qiymat va Viner filtrlarini keltirish mumkin.  
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Oórtacha qiymat filtri (Mean Filter) markaziy piksel yorugólik intensivligi qiymati nxn 

oynadagi barcha piksellar yorugólik intensivligi qiymatlarining oórtacha arifmetik qiymati bilan 

almashtiriladi [11]. Bu usul qoóshni piksellar maôlumotlaridan foydalanib, filtrlangan tasvirdagi 

sifatni yaxshilash imkonini beradi [12]. Quyidagi rasmda oórtacha qiymat filtrining asosiy 

ishlash prinsipi koórsatilgan. 

 
2-rasm. 3x3 oᾶlchamdagi oyna uchun oᾶrtacha qiymat filtri 

Nochiziqli filtrlash (Nonlinear Filters) nuqtali, tuz-murch yoki dogóli shovqinlarni 

bartaraf etishda samarali hisoblanadi [13]. Chunki ular oórtacha qiymat olish oórniga piksellar 

orasidagi tartibni (rank) hisobga oladi. Agar tasvirdagi shovqin koópaytiruvchi (2) yoki 

funksional (3) xususiyatga ega boólsa, optimal natijaga erishish uchun nochiziqli filtrlash usullari 

qoóllaniladi.  

     (2) 

bu yerda  ï asl tasvir,  ï koópaytiruvchi shovqin signali,  ï shovqinli 

tasvir 

     (3) 

bu yerda  ï signal funksiyasi asosida hosil boólgan noaniqlik yoki deformatsiya. 

Shuningdek, fazoviy filtrlash usullari shovqinni maôlum darajada samarali yoóqotadi, 

biroq ularning kamchiligi shundaki, tasvirdagi konturlar (edges) xiralashib, aniqligi pasayadi 

[14].  

Nochiziqli filtrlarga asoslangan Mediana filtri (Median Filter) asosan ñtuz va murchò 

(salt-and-pepper) turidagi shovqinni kamaytirish uchun qoóllaniladigan filtr hisoblanadi. Median 

filtri tasvirdagi chegara (edge) elementlarning aniqligini saqlab qoladi [15]. Median filtrning 

asosiy kamchiligi shundaki, u shovqin zichligi past boólgan tasvirlarda samarali ishlaydi. Barcha 

tasvir boóylab median filtrni qoóllash natijasida, normal piksellardagi yorqinlik (intensity) 

qiymatlari oózgarishi yoki signal elementlarining bir qismi yoóqolishi mumkin [16]. Quyidagi 

rasmda mediana qiymatini aniqlash usuli koórsatilgan. 



XALQARO ILMIY KONFERENSIYA  ñRAQAMLI TEXNOLOGIYALAR VA SUNôIY INTELLEKTò, 

NOYABR 27-28, 2025 

  192   
 

 
3-rasm. Median filtrni hisoblash 

Natijalar  

Ushbu oózgartirish sohasi filtrlari  (masalan, Wavelet, ICA yoki FFT asosidagi 

yondashuvlar) tasvirni chastota komponentlariga ajratish orqali shovqinni tahlil qiladi hamda 

signalni spektral xususiyatlari asosida tozalaydi [17]. Ushbu usullar hisoblash jihatidan 

murakkabroq boólsa-da, natijaviy tasvir sifati yuqori boóladi. Ushbu turdagi filtrlash usuli asosan 

ikkita toifa, yaôni moslashuvchan maôlumot oózgartirish (Adaptive Data Transform) va 

nomoslashuvchan maôlumot oózgartirish (Non-Adaptive Data Transform)ga boólinadi. 

Moslashuvchan maôlumot oózgartirish (Adaptive Data Transform) shovqinni kamaytirish 

usuli asosan murakkab, non-Gaussian, korrelyatsiyalangan yoki aralash shovqin turlarini bartaraf 

etish uchun qoóllaniladi hamda mustaqil komponentlar tahlili (Independent Component Analysis 

- MKT) ni oóz ichiga oladi [18]. MKT bu korrelyatsion tahlil usuli boólib, u signallar orasidagi 

mustaqillik darajasini aniqlash uchun yuqori tartibli statistikalar asosida ishlaydi. Faraz qilaylik, 

bizda quyidagi shakldagi kuzatilgan signallar mavjud boólsin:  

, , é, . 

Bu signallar aslida bir nechta mustaqil manbalar , ,...,  ning chiziqli 

aralashmasidir: 

 
bu yerda  ð kuzatilgan signallar vektori (oólchami ),  ð nomaôlum aralashish 

matritsasi ( ),  ð asl mustaqil manbalar vektori ( ). 

MKT ning maqsadi faqat  maôlumotlaridan foydalanib, asl manbalar ( ) va aralashish 

matritsasi ) ni aniqlashdir: 

 
bu yerda  - ajratish (separation) matritsasi. 

MKT filtr Gauss boólmagan (non-Gaussian) signal taqsimotiga ega maôlumotlarda 

samarali ishlaydi. MKT texnikasining kamchiligi shundaki, uni toólqin oózgartirish bilan 

solishtirganda, hisoblash jihatidan murakkab boóladi. Chunki bu usul shovqinsiz namunalar yoki 

bir xil kadrdan olingan ikki tasvirni talab qiladi [19]. 
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Nomoslashuvchan maôlumot oózgartirish (Non-Adaptive Data Transform) usuli asosan 

tasodifiy (random) va Gaussian turdagi shovqinlarni bartaraf etishda keng qoóllaniladi [20]. 

Nomoslashuvchan maôlumot oózgartirish usuli ikki asosiy, yaôni toólqin sohasi (Wavelet 

Domain) hamda fazoviy sohaga (Spatial Domain) boólinadi.  

Toólqin oózgartirish (Wavelet Transform) tasvirni kichik qismlarga boólib tahlil qiluvchi 

usul boólib,  tasvirdagi vaqt (yoki joy) va chastota maôlumotlarini bir vaqtda koóra oladi. U 

tasvirdagi shovqinni odatda mayda detallar (yaôni yuqori chastotalar) qismlaridan olib tashlash 

orqali tasvirning asosiy shakli va chegaralari (edges) saqlab qoladi [21]. 

Fazoviy-chastota sohasi (Spatial Frequency Domain) tasvirni chastotali maôlumotlar 

sifatida ifodalaydi, yaôni tasvirdagi oózgarishlar tezligi yoki detallar soniga qarab tasvirni tahlil 

qiladi. Tasvirdagi silliq joylar past chastota, keskin oózgarishli joylar (chegaralar, detallar) yuqori 

chastota deb ataladi. Tasvir Spatial Domainda (yaôni piksel shaklida) berilgan boólib, u Fourier 

yoki DCT (Discrete Cosine Transform) orqali Frequency Domainga oótkaziladi. Shundan soóng, 

yuqori chastotali komponentlar (shovqin) filtrlab tashlanadi va past chastotali komponentlar 

(asosiy tasvir qismi) saqlanadi [22]. 

Ushbu ikki yondashuvning ishlash tamoyillari va afzalliklari quyidagi jadvalda qisqacha 

keltirilgan.  

1-jadval.  

Fazoviy va oózgartirish sohasida filtrlash usullari 

Shovqinni 

yoóqotish 

usullari 

Ishlash usuli Yondashuvning afzalliklari 

Fazoviy sohada 

filtrlash 

(Spatial Domain 

Filtering) 

¶ Bevosita ishlov berish imkonini 

beradi. 

¶ Qayta ishlash tezligi juda yuqori. 

¶ Shovqinni kamaytirish uchun 

oddiy vositalardan foydalaniladi. 

¶ U ikki toifaga boólinadi: chiziqli 

(linear) va nochiziqli (non-linear) 

filtrlash usullari. 

¶ Tasvirlarni silliqlashda qoóllanilishi 

mumkin. 

¶ Yuzaga keladigan xiralik (blur) ni 

kamaytirishda samarali  

¶ Amaliy jihatdan transform domain 

usullariga nisbatan sodda boólib, 

odatda kamroq vaqt sarflaydi. 

Oózgartirish 

sohasida 

filtrlash 

(Transform 

Domain 

Filtering) 

¶ Asosiy funksiyalariga koóra ikki 

turga ajratiladi: nomoslashuvchan 

(non-adaptive) va moslashuvchan 

(adaptive) oózgartirish usullari. 

¶ Fazoviy soha usullariga nisbatan 

murakkabroq tuzilishga ega. 

¶ Bu turdagi usullar asosan toólqinli 

filtr metodlariga asoslanadi. 

¶ Gauss va Gauss boólmagan 

taqsimotga ega shovqinlarni 

kamaytirishda qoóllaniladi. 

¶ Shovqinni bartaraf etish uchun 

toólqinli oózgartirish (Wavelet 

Transform) ning koóp oólchovli 

(multi-resolution) xususiyatlaridan 

samarali foydalaniladi. 

Xulosa 

Raqamli tasvirlarni qayta ishlash jarayonida shovqinlarni samarali bartaraf etish masalasi 

tasvir sifatini yaxshilashning asosiy bosqichlaridan biridir. Tadqiqotlar tahlili shuni koórsatadiki, 

mavjud yondashuvlar orasida fazoviy sohada filtrlash va oózgartirish sohasida filtrlash usullari 

eng keng qoóllaniladigan va samaradorligi yuqori boólgan metodlardir. Fazoviy sohada filtrlash 

usullari tasvir piksel qiymatlari ustida bevosita ishlaydi va ularning mahalliy statistik 
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xususiyatlarini hisobga olgan holda shovqinni kamaytiradi. Bunday usullarga oórtacha, median, 

adaptiv hamda boshqa no-chiziqli filtrlar kiradi. 

Oózgartirish sohasida filtrlash esa tasvirni chastota komponentlariga ajratish orqali 

shovqinni aniqlash va bostirishga qaratilgan. Fourier, Kosinus va Wavelet asosidagi filtrlar 

aynan shu turdagi yondashuvlar sirasiga kiradi. Ular tasvirning yuqori chastotali qismlarida 

joylashgan shovqinlarni samarali kamaytiradi va past chastotali, yaôni asosiy struktura 

maôlumotlarini saqlab qolishga yordam beradi. 

Tasvirni shovqindan tozalash (de-noising)da tasvirga taôsir etuvchi shovqin turlarining 

xususiyatlarini bilish muhim ahamiyatga ega, chunki mos filtrlash usulini tanlash bevosita 

shovqinning tabiati va xatti-harakatiga bogóliq. Shuning uchun har qanday shovqindan tozalash 

usulini tanlashda, u tasvirdagi shovqin turiga mos ravishda qoóllanishi zarur. Ushbu maqolada 

asosiy shovqin modellari va ularni kamaytirishning fundamental usullariga umumiy nuqtai 

nazardan yondashilgan. Gauss shovqini (Gaussian noise), bir tekis taqsimlangan shovqin 

(uniform noise), nuqta, turch va murch shovqinlarni bartaraf etish uchun fazoviy sohada filtrlash 

usullaridan, murakkab aralash, non-Gaussian, korrelyatsiyalangan shovqin turlarini bartaraf etish 

uchun oózgartirish sohasida filtrlash usullaridan foydalanish mumkinligi keltirib oótildi. 
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SHAMOL ELEKTR STANSIY ASI TURBINASINI BOSHQARISH 

TIZIMI UCHUN SUNôIY NEYRON TARMOQLARI ASOSIDA 

MOSLASHUVCHAN MODELNI ISHLAB CHIQISH  
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Annotatsiya. Shamol energiyasining oózgaruvchan va noaniq tabiati, shamol 

turbinalarini samarali va ishonchli boshqarishni qiyinlashtirmoqda. An'anaviy boshqaruv 

algoritmlari, masalan, PID nazoratchilari, dinamik va nostatsionar sharoitlarda optimal 

ishlashni ta'minlay olmaydi. Ushbu tadqiqot shamol elektr stansiyasi (WES) turbinasini 

boshqarish tizimi uchun Sun'iy Neiron Tarmoqlari (SNT) asosida moslashuvchan modelni ishlab 

chiqishga qaratilgan. Taklif etilayotgan yondashuvda turbinaning aylanish tezligi, shamol 

tezligi, pichoq burchagi va generator kuchlanishi kabi muhim parametrlarni bashorat qilish 

uchun Koóp Qatlamli Orqaga Tarqalish (Backpropagation) algoritmi bilan ta'minlangan Koóp 

Qatlamli Perseptron (MLP) tarmogóidan foydalanilgan. Model MATLAB dasturiy ta'minoti 

yordamida sintez qilingan va simulyatsiya qilingan. Nazorat qilish samaradorligini baholash 

uchun turbina aylanish tezligining stabiligi, quvvat chiqishidagi oózgarishlar va turli xil shamol 

sharoitlarida tizimning javob vaqti oólchovlari qoóllanilgan. Natijalar, an'anaviy usullarga 

nisbatan, taklif etilgan SNT-ga asoslangan modelning boshqaruv aniqligi va 

moslashuvchanligini sezilarli darajada oshirganligini koórsatdi. Bu shamol energiyasining 

konversiya samaradorligini oshirish va tarmoqqa ta'sirini minimallashtirish imkoniyatlarini 

ochadi. Tadqiqot sun'iy intellektni qayta tiklanadigan energiya tizimlariga integratsiyalashning 

amaliy ahamiyatini ta'kidlaydi. 

Kalit soózlar: shamol turbinasi boshqaruvi, sun'iy neiron tarmoqlari, moslashuvchan 

model, sun'iy intellekt, energiya konversiyasi, MATLAB simulyatsiyasi, an'anaviy boshqaruv, 

ma'lumotlar bilan boshqarish. 

 

Kirish  

Dunyo energiya talabi qayta tiklanadigan manbalar sari oótishni davom ettirmoqda va 

shamol energiyasi bu sohada yetakchi oᾶrinni egallamoqda. Biroq, shamol energiyasining 

barqaror rivojlanishiga shamolning oᾶzgaruvchan tabiati, bu esa energiya ishlab chiqarishning 

barqarorligiga va elektr tarmogóiga salbiy taôsir koᾶrsatishiga olib keladi. (GLOBAL WIND 

ENERGY COUNCIL [GWEC], 2023). Shamol elektrstansiyasi (WES) turbinasining samarali 

boshqaruvi nafaqat maksimal energiya olish, balki qurilmaning yuklanishin iva eskirishini 

minimallashtirish, shuningdek, tarmoq barqarorligini ta'minlash uchun hal qiluvchi ahamiyatga 

ega.An'anaviy boshqaruv tizimlari, masalan, Proportsional-Integral-Differensial (PID) 

nazoratchilar, oótmishda keng qoóllanilgan. Ushbu nazoratchilar ma'lum bir ish nuqtasi atrofida 

barqaror sharoitlarda samarali ishlashi mumkin. Ammo, ular chiziqli boólmadigi va doimiy 

oózgarib turadigan muhit sharoitlarida cheklovlarga ega (Johnson et al., 2021). Turbinaning 

dinamik xatti-harakatlari, shamol tezligi va yoónalishidagi tez oózgarishlar, atmosfera 

qatlamlanishi kabi omillar tufayli murakkab va nostatsionar boólib, an'anaviy chiziqli modellar 
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uchun qiyin vazifadir.Sun'iy intellekt (AI), xususan Sun'iy Neiron Tarmoqlari (SNT), murakkab, 

noaniq va nochiziqli tizimlarni modellashtirish va boshqarishda katta imkoniyatlarga ega. 

SNTlar ma'lumotlardan oórganish, noma'lum munosabatlarni umumlashtirish va oózgaruvchan 

sharoitlarga moslashish qobiliyati tufayli WES boshqaruvini optimallashtirish uchun ideal vosita 

hisoblanadi (Chen & Li, 2022). Biroq, mavjud adabiyotlarda SNT asosida ishlab chiqarilgan 

boshqaruv tizimlarining aksariyati ma'lum bir turdagi shamol sharoitlariga ixtisoslashgan boólib, 

keng doiradagi operatsion holatlar uchun moslashuvchanlik va mustahkamlik yetishmaydi. 

Ushbu boóshliq, turli xil va ogóishli ma'lumotlar asosida ishlay oladigan, dinamik ravishda 

oózgaruvchi muhitga moslasha oladigan moslashuvchan modelga boólgan ehtiyojni koᾶrsatadi. 

Shu sababli, ushbu tadqiqotning asosiy maqsadi shamol turbinasining barcha ish 

rejimlarida yuqori samaradorlik va barqarorlikni ta'minlaydigan SNT asosida moslashuvchan 

boshqaruv modelini ishlab chiqish va baholashdir. Tadqiqotning oóziga xos maqsadlari 

quyidagilardan iborat: 

1. WES turbinasining asosiy kirish va chiqish parametrlarini oóz ichiga olgan keng qamrovli 

ma'lumotlar toóplamini yigóish va oldindan qayta ishlash. 

2. Turbinaning dinamik xatti-harakatlarini aniq aks ettirish uchun Koóp Qatlamli Perseptron 

(MLP) arxitekturasiga ega SNT modelini tuzish va oóqitish. 

3. Ishlab chiqilgan modelni turli shamol stsenariylari ostida MATLAB muhitida 

simulyatsiya qilish. 

4. Modelning ishlashini an'anaviy PID boshqaruvchi bilan solishtirish asosida baholash. 

Tadqiqot quyidagi asosiy tadqiqot savollariga javob berishga intiladi: SNT-ga asoslangan 

boshqaruv modeli an'anaviy usullarga qaraganda shamol tezligidagi oózgarishlarga nisbatan 

yaxshilangan barqarorlik va javob berishga erisha oladimi? Model turli xil operatsion 

sharoitlarda qanday moslashuvchanlikni namoyon qiladi? 

Ushbu maqolaning asosiy tezisi shundan iboratki: Shamol turbinasining nochiziqli va 

vaqt oótishi bilan oózgaruvchi dinamikasini hisobga olgan holda, Sun'iy Neiron Tarmoqlari 

asosida qurilgan moslashuvchan boshqaruv modeli, an'anaviy chiziqli boshqaruv usullariga 

qaraganda aylanish tezligi va quvvat chiqishini boshqarishda ustunlik qiladi, bu esa umumiy 

energiya samaradorligi va tizimning ishonchliligini oshiradi. 

Metodlar  

Modelni yaratish va baholash uchun 2.5 MVt  quvvatga ega boólgan standart uch pichoqli 

gorizontal oóqli shamol turbinasining ma'lumotlaridan foydalanildi. Ma'lumotlar toóplami shamol 

fermasining SCADA (Nazorat qilish va Ma'lumotlarni Yigóish) tizimidan olingan va oóz ichiga 6 

oylik operatsion ma'lumotlarni oladi. Ma'lumotlarning vaqt qatori 10 soniyalik oraliqlarda yozib 

olingan. 

Kirish parametrlari (Xususiyatlar): 

¶ VW-: Shamol tezligi (m/s) 

¶ ɓ: Pichoq burchagi (daraja) 

¶ Vg: Generator kuchlanishi (V) 

¶ ɟ: Havo zichligi (kg/m³) (harorat va bosim ma'lumotlaridan hisoblangan) 

Chiqish parametri (Maqsad): 

¶ ɤr: Rotor aylanish tezligi (aylanish/minut) 

Ma'lumotlarni oldindan qayta ishlash quyidagi bosqichlarni oóz ichiga oldi: 
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1. Tozalash: Sensor xatolari yoki aloqaning uzilishidan kelib chiqqan etishmayotgan 

qiymatlar va oóta qiymatlar interpolyatsiya va IQR (Interquartile Range) usuli yordamida 

olib tashlandi. 

2. Normalizash: SNTning oóqitish tezligi va barqarorligini oshirish uchun barcha 

ma'lumotlar [0, 1] oraligóiga min-max masshtablashtirish yordamida normalizatsiya 

qilindi. 

3. Boólimlar: Ma'lumotlar toóplami tasodifiy tartibda taqsimlandi: 70% oóqitish uchun, 15% 

tekshirish uchun va 15% testlash uchun. 

 2.2. SNT Modeli Arxitekturasi va Oóqitish 

 Boshqaruv modeli sifatida Koóp Qatlamli Persektron (MLP) arxitekturasi tanlandi. Ushbu 

tarmoq kirish qatlami, yashirin qatlamlar va chiqish qatlamidan iborat. 

 

¶ Kirish qatlami: 4 neyron (VW, ɓ, Vg, ɟ). 

¶ Yashirin qatlam(lar): Dastlabki tajribalar va oózaro tekshirish natijalariga koóra, 15 ta 

neyronga ega boólgan ikkita yashirin qatlam optimal deb topildi. Bu chuqur tuzilma 

murakkab nochiziqli munosabatlarni oórganish imkonini beradi. 

¶ Chiqish qatlami: 1 neyron (ɤr bashorat qilingan rotor aylanish tezligi). 

Har bir yashirin neyron faollik funktsiyasi sifatida ReLU (Toógórilangan Chiziqli Birlik) 

funktsiyasidan foydalangan, chunki u gradientning yoóqolib ketish muammosini yaxshilaydi va 

hisoblash samaradorligi yuqori. Chiqish qatlami uchun chiziqli faollik funktsiyasi qoóllanilgan. 

Oóqitish Algoritmi: Model oóqitish uchun Koóp Qatlamli Orqaga Tarqalish 

(Backpropagation) algoritmi va Adam optimizatori qoóllanilgan. Baholash funksiyasi sifatida 

Oórtacha Kvadrat Xatosi (Mean Squared Error - MSE) ishlatilgan. Oóqitish 1000 epokada amalga 

oshirildi, oóqitish tezligi 0.001 va batch hajmi 32 ga oórnatildi. Tekshirish toóplamidagi xato 

asosida erta toóxtatish qoóllanilib, ortiqcha moslashishning oldini olish maqsad qilindi. 

Barcha modellashtirish va simulyatsiyalar MathWorks kompaniyasining R2023a 

versiyasidagi MATLAB dasturiy ta'minoti yordamida amalga oshirildi. Deep Learning Toolbox 

SNTni qurish va oóqitish uchun, Simulink esa tizim dinamikasini simulyatsiya qilish uchun 

ishlatilgan. 

 2.3. Baholash Metriklari 

 Modelning ishlashini baholash uchun quyidagi metrikalar qoóllanilgan: 

¶ Oórtacha Kvadrat Xatosi (MSE) 

¶ Oórtacha Absolyut Xato (MAE) 

¶ Determinatsiya Koeffitsienti (R²) 

¶ Javob Vaqti: Tizimning boshqaruv signaliga javoban barqaror holatga qaytish uchun 

ketadigan vaqt. 

¶ Oósish vaqti: Chiqishning 10% dan 90% gacha koótarilishi uchun ketadigan vaqt. 

Tadqiqotda ma'lumotlar shaxsiy ma'lumotlarni oóz ichiga olmaganligi sababli, 

ma'lumotlar maxfiyligi bilan bogóliq jiddiy etik muammolar mavjud emas. Biroq, SCADA 

ma'lumotlarining ishonchliligi va toóliqligi modelning sifati uchun hal qiluvchi ahamiyatga ega. 

Agar model haqiqiy shamol fermasida amalga oshirilsa, xavfsizlik va ishonchlilikka qat'iy 

nazorat qoóllanilishi kerak. 

Tadqiqotning asosiy cheklovlari: 

1. Simulyatsiya natijalari haqiqiy dala sharoitlarida tekshirilmasdan, faqat MATLAB 

muhitida olingan. 
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2. Model ma'lum bir turbina modeli uchun ishlab chiqilgan va boshqa turbinalarga 

toógóridan-toógóri oótkazish qoóshimcha sozlashlarni talab qilishi mumkin. 

Ma'lumotlar toóplami ma'lum bir geografik mintaqa va iqlim sharoitlariga tegishli boólib, 

modelning butun dunyo boóylab barcha shamol sharoitlarida ishlashini kafolatlamaydi. 

Natijalar  

Ushbu Ishlab chiqilgan SNT modelining oóqitish va testlash natijalari uning bashorat 

qilish qobiliyatini koórsatdi. Oóqitish jarayoni tekshirish toóplamida MSE 0.00015 ga yetgandan 

soóng, erta toóxtatish mexanizmi tufayli 785-epokada yakunlandi. 

 3.1. Model Ishlash Metriklari 

 SNT modelining test toóplamidagi miqdoriy bahosi quyidagi natijalarni koórsatdi: 

Jadval 1: SNT Modeli Ishlash Metriklari 

Metrika Qiymat 

Oórtacha Kvadrat Xatosi (MSE) 0.00018 

Oórtacha Absolyut Xato (MAE)  0.0095 

Determinatsiya Koeffitsienti (R²)  0.986 

 

Yuqori R² qiymati (0.986) modelning chiqish oózgaruvchanligining 98,6% ni izohlash 

qobiliyatini koórsatadi, bu esa bashoratning aniqligini anglatadi. Juda past MSE va MAE 

qiymatlari bashorat qilingan va haqiqiy rotor tezligi oórtasidagi farqning minimal ekanligini 

tasdiqlaydi. 
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 3.2. Simulyatsiya Natijalari: SNT va PID Solishtirishi 

 Tizimning dinamik javobini baholash uchun turli shamol tezligi profillari ostida SNT-ga 

asoslangan boshqaruvchi va an'anaviy PID boshqaruvchi bilan simulyatsiya qilindi. 

¶ Figura 1: Oózgaruvchan shamol tezligi ostida rotor tezligi javobi. Bu figura tez 

oózgaruvchan shamol tezligi (4 m/s dan 12 m/s gacha tebranishlar) ostida ikkala 

boshqaruvchining rotor tezligini (ɤr) nazorat qilish qobiliyatini taqqoslaydi. SNT 

boshqaruvchi nominal tezlik (15 aylanish/minut) atrofida ancha barqarorroq javob berdi, 

maksimal ogóish ±0.3 aylanish/minutdan oshmadi. Aksincha, PID boshqaruvchi sezilarli 

tebranishlar (±1.2 aylanish/minut) koórsatdi va barqaror holatga qaytish uchun uzoqroq 

vaqt talab etildi. 

¶ Figura 2: Quvvat chiqishidagi oózgarish. Yuqoridagi bir xil stsenariy asosida, SNT 

boshqaruvchi ostida ishlab chiqarilgan quvvat ancha silliq va kamroq oózgaruvchan edi. 

Bu generator va tarmoq infratuzilmasi uchun mexanik va elektr stressni sezilarli darajada 

kamaytiradi. 
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¶ Jadval 2: Dinamik Javob Solishtirmasi 

 Parametr  SNT Boshqaruvchi  PID Boshqaruvchi 

Oósish Vaqti (s)   2.1 3.8 

 Javob Vaqti (s) 4.5 8.2 

Barqaror holatdagi Xato 

(%) 

±0.5 ±2.1 

 

Jadval 2 dan koórinib turibdiki, SNT boshqaruvchi oósish va javob vaqtida sezilarli 

yaxshilanishni, shuningdek, barqaror holatdagi xatolikni kamaytirishni namoyish etdi. 

Xulosa 

Ushbu tadqiqotning natijalari Sun'iy Neiron Tarmoqlarining shamol turbinasini 

boshqarish tizimlari uchun moslashuvchan va kuchli model yaratishdagi samaradorligini aniq 

koórsatadi. Olingan yuqori R² qiymati (0.986) va past xatolik darajalari SNT ning turbinaning 

nochiziqli dinamikasini aniq aks ettirishdagi qobiliyatini tasdiqlaydi, bu Chen & Li  (2022) ning 

SNT larning murakkab energiya tizimlarida bashorat qilish qobiliyati haqidagi da'volariga mos 

keladi. 

SNT-ga asoslangan boshqaruvchining an'anaviy PID boshqaruvchiga nisbatan dinamik 

javobdagi ustunligi (Figura 1 va Jadval 2) Johnson va boshq. (2021) tomonidan aniq koórsatilgan 

an'anaviy usullarning cheklovlarini hal qiladi. SNT modeli nafaqat ma'lum bir ish nuqtasida, 

balki shamol tezligining keng diapazonida samarali ishlaydi, bu uning moslashuvchanligini 

koórsatadi. Bu moslashuvchanlik SNT ning ma'lumotlardan asosiy fizik  qonuniyatlarni aniq 

modellashtirmasdan ham ularni oórganish qobiliyatidan kelib chiqadi. 

Natijalarning ahamiyati amaliy jihatdan katta. Silliqroq quvvat chiqishi (Figura 2) elektr 

tarmogóining sifati va barqarorligini yaxshilaydi, bu esa shamol energiyasining tarmoqqa 

integratsiyasini osonlashtiradi. Bundan tashqari, mexanik stressning kamayishi turbina hayot 

muddatini oshiradi va texnik xizmat koórsatish xarajatlarini kamaytiradi, bu esa shamol 

energiyasining umumiy iqtisodiy qiyofasini yaxshilaydi (Kumar & Patel, 2020). 

Biroq, ba'zi cheklovlarni tan olish kerak. Birinchidan, ushbu tadqiqot keng qamrovli 

simulyatsiyaga asoslangan boólib, natijalarni tasdiqlash uchun haqiqiy shamol fermasida fizik 

prototipni amalga oshirish talab qilinadi. Ikkinchidan, model ma'lum bir ma'lumotlar toóplami 

bilan oóqitilgan. Kelajakda ishlari uchun, modelning turli geografik joylardagi va turbina 

turlaridagi moslashuvchanligini oórganish kerak. Bundan tashqari, Reccurent Neiron Tarmoqlari 

(RNN) yoki Long Short-Term Memory (LSTM) tarmoqlari kabi boshqa AI arxitekturalari, ular 

vaqt seriyasi ma'lumotlaridagi ketma-ketlik bogóliqligini yaxshiroq oórganishi mumkin, ular 

bilan eksperimentlar oótkazish foydali boólishi mumkin (Wang et al., 2024). 

Xulosa qilib aytganda, ushbu ish shamol energiyasi texnologiyasida sun'iy intellektning 

kuchli rolini ta'kidlaydi. Taklif etilgan SNT-ga asoslangan moslashuvchan model an'anaviy 

boshqaruv tizimlariga qaraganda sezilarli yaxshilanishni namoyish etdi, bu esa yanada aqlli, 

samarali va ishonchli qayta tiklanadigan energiya infratuzilmasiga yoól ochadi. AI asosidagi 

yondashuvlarni qayta tiklanadigan energiya tizimlariga integratsiyalash, global energiya oótishini 

amalga oshirish va barqarorlikka erishishda hal qiluvchi ahamiyatga ega boóladi. 
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BAHOLASH  
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Annotatsiya. Ushbu tadqiqot ishida sunôiy intellekt texnologiyalari asosida havo 

ifloslanish darajasini baholash masalasi oórganilib, uni yechish uchun neyron tarmoq modeli 

taklif etildi. Taklif etilgan model havodagi zarrachalarni aks ettiruvchi tasvirlardan 

foydalanilib, havodagi PM 2.5 zarrachalar miqdorini aniqlashga qaratilgan. Bunda CNN 

yordamida dastlab tasvirdan belgilar ajratib olindi, soóngra FNN orqali regressiya 

muammosi sifatida oórganildi. Natijada model asosida tasvirdagi havoni vizual holatiga 

koóra PM 2.5 qiymatini bashoratlash amalga oshirildi. 

Kalit soózlar: Havo, PM 2.5, ifloslanish, tasvir, belgi, model, neyron tarmoq, 

EfficientNetV2B0, Deep Learning. 

 

Kirish  

Atmosferani ifloslanish darajasini ortishi inson salomatligi, ekologiya va iqlim 

oózgarishiga bevosita jiddiy taôsir koórsatmoqda. Bu umumjamiyat global muammosi boólib,  uni 

barataraf etish dolzarb vazifaga aylandi. Ayniqsa, diametri 2.5 mikrondan kichik boólgan 

zarrachalar (PM 2.5) inson nafas yoóllariga chuqur kirib, surunkali kasalliklarni keltirib 

chiqarishi mumkin. Anôanaviy usullar hamda maxsus stansiyalar va sensorga asoslangan oólchov 

tizimlari  yuqori aniqlikka ega boólsada, ularni qamrovi tor va texnik xizmat xarajatlari yuqoridir 

[1].  

Soónggi yillarda sunôiy intellekt va chuqur oórganish (Deep Learning) usullari asosida 

havo sifatini tasvirlar yordamida baholash yoónalishi jadal rivojlanmoqda. Bu yondashuv 

anôanaviy sensor va monitoring tizimlariga nisbatan arzon, keng qamrovli va tezkor maôlumot 

olish imkonini beradi. Sputnik, dron va shahar videokuzatuv kameralaridan yordamida olingan 

tasvirlar sunôiy intellekt texnologiyalari asosida tahlil qilinib, atmosferadagi ifloslanish darajasi, 

gaz konsentratsiyasi hamda zarrachalar tarqalishi aniqlash imkonini beradi. Mazkur yondashuv 

nafaqat real vaqt rejimi monitoringni taôminlaydi, balki havo sifatini bashoratlashda ham 

samarali hisoblanadi [2]. Chunki tasvirlar orqali havodagi chang, tuman, yorugólik diffuziyasi va 

atmosfera tarqalish effektlari aniqlash mumkin boólib, ular PM 2.5 konsentratsiyasi bilan 

bevosita bogóliqdir [3]. Mazkur ishda tasvirlar asosida havodagi PM 2.5 darajasini bashoratlash 

uchun regressiya modeli ishlab chiqilgan. 

Ayni paytda havo sifatini aniqlash boóyicha koóplab ilmiy tadqiqotlar olib borilmoqda. 

Dastlabki ishlar esa asosan fizik sensorlar va meteorologik oólchov stansiyalaridan olingan 

maôlumotlarga tayangan [4, 5]. Masalan, AQShning EPA va Xitoyning CAMS tizimlari real 

vaqtda PM 2.5 konsentratsiyasini oólchash uchun keng koólamli sensorga asoslangan tarmoqlarni 

tashkil etadi [6]. Biroq, bu kabi usullar infratuzilma va texnik xizmat koórsatish xarajatlari yuqori 

boólganligi uchun ularni global miqyosda qoóllashni imkoni yoóq. 
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Soónggi yillarda masofaviy zondlash (Remote Sensing) texnologiyalari jadal rivojlandi va 

sunôiy yoóldosh tasvirlari orqali havodagi zarrachalar miqdorini baholash imkoniyati paydo 

boóldi [7]. Xususan, NASAning MODIS (Moderate Resolution Imaging Spectroradiometer) va 

Sentinel-2 sputniklari orqali olingan maôlumotlar asosida PM2.5 konsentratsiyasini baholashda 

ayerosol optik zichlik (Aerosol Optical Depth, AOD) koórsatkichidan foydalanilgan. Olingan 

maôlumotlarga regressiya usullariga asoslangan modellar yordamida ishlov berilib, 

atmosferadagi mayda zarrachalar tarqalishini aniqlash va ularni inson salomatligiga taôsirini 

baholash amalga oshirilgan. Bu kabi modellar optik zichlik va PM2.5 darajasi orasidagi 

bogólanish asosida havo sifatini fazoviy-vaqt taqsimotini aniqlashda yuqori samara koórsatgan 

[8]. Landsat 8 sputnik tasvirlari asosida esa spektral indekslar, yaôni NDVI (Normalized 

Difference Vegetation Index), NDBI (Normalized Difference Built-up Index) va MNDWI 

(Modified Normalized Difference Water Index) qoóllanilib, havodagi oózgarishlar kuzatilgan va 

talqin etish boóyicha tadqiqotlar amalga oshirilgan. Ushbu indekslar orqali oósimlik qoplami, 

shahar infratuzilmasi va suv manbalari dinamikasini aniqlash hamda ularni PM2.5 va AOD kabi 

ifloslanish koórsatkichlari bilan bogóliqligi oórganilgan [9]. Biroq, yuqorida keltirib oótilgan 

yondashuvlarda faqat fizik parametrlardan foydalanilganligi uchun havo vizual belgilarini 

bevosita tahlil qilish imkoniyati mavjud emas. Shuning uchun soónggi tadqiqotlarda tasvirlarga 

asoslangan sunôiy intellekt yondashuvlari keng qoóllanilmoqda [10]. Xususan, Zhang va boshq. 

(2020) tasvirlardan PM 2.5 ni bashoratlash uchun ResNet50 modelini qoóllab, 0.85 aniqlikka 

erishgan [11]. Li va boshq. (2022) esa DenseNet arxitekturasidan foydalanib turli ob-havo 

sharoitlarida olingan shahar tasvirlaridan PM 2.5 ni regressiya orqali bashoratlashni amalga 

oshirgan [12]. Ma va boshq. (2020) multimodal yondashuvni taklif etishgan boólib, ular tasvirdan 

olingan belgilarni meteorologik maôlumotlar bilan birlashtirish orqali bashorat aniqligini 12% ga 

oshirgan [13]. 

Metodlar  

Mazkur tadqiqotda Hindiston va Nepalda olingan tasvirlar bazasi hamda ularga mos PM 

2.5 koórsatkichlariga ega boólgan maôlumotlar bazasidan foydalanildi. Olingan toóplamda har bir 

tasvir fayl yoki CSV (Comma-Separated Values) ð maôlumotlarni jadval koórinishida 

saqlashladigan fayl formatida koórsatilgan boólib, unda har bir tasvirni joriy ifloslanganlik 

darajasi berilgan. Tasvirlar bazasida umumiy 12240 ta 224x224 oólchamdagi tasvirlar mavjud 

boólib, ularda koóproq osmonni ifloslanganligi eôtiborga olingan. 
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Rasm 1. PM 2.5 koórsatkichlari bilan berilgan maôlumotlar 

Modelni ishlab chiqish ikki bosqichda amalga oshirilgan boólib, birinchi bosqichda 

tasvirlardan belgilarni ajratish amalga oshirilgan. Bunda EfficientV2B0 arxitekturasi qoóllanilgan 

[14]. Mazkur model ImageNet bazasida oldindan oóqitilgan boólib, u tasvirlardagi eng muhim 

vizual belgilarni samarali ajratish imkoniga egadir [15]. Model chiqishida har bir tasvir uchun 

1280 oólchamli vektor shakllantiriladi [16] va  u havo sifatini vizual ifodasini raqamli fazoda aks 

ettiradi [17]. Modelni oóqitishda xotiradan samarali foydalanish uchun 3000 ta namuna olingan. 

Bu belgilarni ajratish jarayonidagi xotira cheklovi bilan bogóliq boólgan xatoliklarni oldini oladi. 

Bundan tashqari, model maôlumotni yaxshi oórganishi uchun namunalarni tasodifiy berish talab 

etiladi [18] va  PM 2.5 qiymatlar normalizatsiyalanadi. Belgilar ajratilgandan soóng mos PM 2.5 

qiymatlari boóyicha kombinatsiyalanadi. Bu oóqitish jarayonidagi yoóqotishlarni kamaytirib 

oórganish aniqligini oshiradi [19]. 

 

Rasm 2. Tasvir va unga mos PM 2.5 koórsatkichi 

Ikkinchi bosqichda shakllantirilgan belgilar vektorlari FNNga kiruvchi maôlumot sifatida 

uzatiladi. FNN quyidagicha tuzilgan: 

¶ 256 neyronli qatlam (ReLU faollashtirish funksiyasi) 

¶ Dropout (0.3) ï overfittingni kamaytirish uchun 

¶ 128 neyronli qatlam (ReLU faollashtirish funksiyasi) 

¶ Soónggi qatlam ï 1 neyron, chiziqli faollashtirish funksiyasi bilan (PM 2.5 qiymatini 

bashoratlaydi). 
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Rasm 3. Model arxitekturasi 

Model Mean Absolute Error (MAE) funksiyasiga asosida oóqitildi.  

Natijalar  

Ushbu tadqiqotda ishlab chiqilgan neyron tarmoq modeli yordamida tasvir asosida unga 

mos havo sifati PM 2.5 koórsatkichi bashoratlash amalga oshirildi. Modelga kiruvchi sifatida 

tasvirlar, chiquvchi sifatida esa PM 2.5 qiymatlari olindi. Maôlumotlar [0,1] oraliqqa 

normallashtirilib, model 3000 ta tasodifiy namunalar asosida oóqitildi [20]. 

 

Rasm 4. Xatolik funksiyasi grafigi 
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Rasm 5. MAE grafigi 

Model oóqitish bosqichida Test MAE = 0.072 va Test MSE = 0.011 qiymatlariga erishdi. 

Ushbu koórsatkichlar modelni normallashtirilgan birliklarda yuqori aniqlikda bashoratlayotganini 

bildiradi. PM 2.5 qiymatlarini asl birlikka qayta oótkazilgandan soóng ham kutilgan natija olindi. 

Vizual tahlil uchun test toóplamdan 6 ta tasvir tanlab olindi. Har bir tasvir ostida haqiqiy va 

bashoratlangan PM 2.5 qiymatlari koórsatilgan. Olingan natijalar modelni umumiy 

tendensiyalarni toógóri saqlayotganini koórsatadi biroq, ayrim hollarda bashorat haqiqiy 

qiymatdan chetlanishini koórsatadi. Shuningdek, model chiziqli regressiya tendensiyasini 

oórganishga moyil boólib, u yuqori ifloslanish darajalarida nisbatan pastroq aniqlikni koórsatdi 

[21]. 

Xulosa 

Tadqiqot natijalari asosida tasvirdan PM 2.5 qiymatini baholash imkoniyati mavjudligi va 

bu yoónalish havo sifatini kontaktlarsiz (Remote Sensing) monitoring qilish uchun istiqbolli 

yondashuv ekanligini taôkidlash mumkin. Taklif etilgan neyron modeli asosida havo vizual 

belgilaridan muhim xususiyatlarni muvaffaqiyatli ajratib olindi va ular yordamida PM 2.5 

qiymat kutilgan darajada baholandi. Biroq, modelni asl birlikdagi natijalari maôlumot hajmi va 

turli sharoitlarda olingan tasvirlar xilma-xilligida aniqlikka sezilarli darajada taôsir koórsatishi 

mumkinligini koórsatdi. Kelgusida model aniqligini oshirish uchun quyidagilarni amalga oshirish 

zarur: 

Å katta va muvozanatli maôlumotlar bazalaridan foydalanish; 

Å tasvirlarni yorugólik va rang diapazonlarini standartlashtirish; 

Å modelni ilgóor arxitekturalar bilan integratsiyalash; 

Å qoóshimcha meteorologik xususiyatlarni multimodal kirish sifatida qoóshish tavsiya 

etiladi. 

Umuman olganda, taklif etilgan yondashuv havo sifatini avtomatik aniqlashda zamonaviy 

neyron tarmoqlar samaradorligini namoyon etdi va kelgusida sunôiy yoóldosh yoki mobil sensor 

tizimlariga integratsiyalash imkoniyatlari mavjudligini koórsatdi. 
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Annotatsiya. Ushbu maqolada tasvirlarni kvant kompyuter muhitida ifodalash va qayta 

ishlash masalasi koórib chiqilgan. Tadqiqotda Noise Entangling Quantum Representation 

(NEQR) algoritmidan foydalanib, 16×16 oólchamli kulrang tasvir kvant holatiga kodlandi. 

Shuningdek, tasvir sifati va shovqinga chidamlilikni oshirish maqsadida kvant Gaus filtri 

qoóllandi hamda Qiskit kutubxonasi orqali AerSimulator yordamida tajribalar amalga oshirildi. 

Kvant shovqin modeli sifatida depolarizatsiya va oólchov xatoliklarini oóz ichiga olgan 

probabilistik shovqin modeli ishlatildi. Natijalar kvant tasvirni qayta ishlash algoritmlarining 

amaliy imkoniyatlari va cheklovlarini baholash hamda kelajak kvant tasvirni qayta ishlash 

tizimlari uchun metodologik asos yaratishga xizmat qiladi. 

Kalit soózlar: Kvant tasvirni qayta ishlash,  kvant Gaus filtri, depolarizatsiya shovqini, 

kvant kodlash, kvant hisoblash. 

 

Kirish  

Raqamli tasvirlarni qayta ishlash zamonaviy axborot texnologiyalarining eng muhim 

yoónalishlaridan biri boólib, kompyuter koórish, tibbiy diagnostika, xavfsizlik tizimlari va sun'iy 

intellekt kabi koóplab sohalarda keng qoóllaniladi. Anôanaviy (klassik) algoritmlar tasvirlarni tez 

va samarali qayta ishlash imkonini bersada, ma'lumot hajmi ortib borayotgan sharoitda hisoblash 

murakkabligi va resurs sarfi muammo boólib qolmoqda. Shu munosabat bilan kvant 

kompyuterlar yordamida tasvirni kodlash va qayta ishlash texnologiyalarini ishlab chiqish 

dolzarb masalalardan biridir [1,2]. 

Kvant tasvirni ifodalash modellari ichida NEQR (Noise Entangling Quantum 

Representation) algoritmi piksellar intensivligini toógóridan-toógóri kvant amplitudalariga kiritish 

imkoniyatiga ega boólgan samarali yondashuvdir. Ushbu maqolada NEQR algoritmi asosida 

tasvirni kvant holatiga kodlash, shuningdek, tasvirdagi shovqinni kamaytirish maqsadida kvant 

Gauss filtrini qoóllash boóyicha simulyatsiya natijalari keltiriladi. Tadqiqot Qiskit platformasida 

AerSimulator yordamida oótkazilib, depolarizatsiya va oólchov xatoliklari modellari hisobga 

olingan. Natijalar kvant hisoblash asosida tasvirni filtrlashning ishlash tamoyillarini koórsatadi 

hamda kvant tasvirni qayta ishlash yoónalishida kelgusida takomillashtirish uchun ilmiy asos 

yaratadi [3-5]. 

Ushbu tadqiqotning asosiy maqsadi ð tasvirlarni kvant kompyuter muhitida ifodalash va 

qayta ishlashning samarali mexanizmini ishlab chiqish, xususan, NEQR algoritmi yordamida 

tasvirni kvant holatiga kodlash va kvant Gaus filtri asosida shovqinni kamaytirish jarayonini 

modellashtirishdir. Bunda kvant tizimlarining hisoblash ustunliklari va shovqinga sezgirlik 

xususiyatlari oórganilib, kvant tasvirni qayta ishlashning fundamental imkoniyatlari ilmiy 

jihatdan tahlil qilinadi [6-9]. 
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Tadqiqotda birinchi navbatda tasvir maôlumotlarini tayyorlash, normallashtirish va 

NEQR modeli talablariga moslab kvant koórinishiga mos oólchamga keltirish vazifasi bajariladi. 

Keyingi bosqichda tasvir piksel qiymatlarini kvant holatiga kodlash uchun NEQR algoritmi 

amaliyotga tadbiq qilinadi hamda piksel adreslash va intensivlik bitlarini kvant registrlariga 

joylashtirish mexanizmi yoólga qoóyiladi. Shundan soóng kvant tasvirni qayta ishlash jarayonida 

shovqinni kamaytirish maqsadida kvant Gaus filtri sxemasi qurilib, u tasvir holatlariga tatbiq 

etiladi. Keyingi bosqichda kvant hisoblash jarayoni AerSimulator muhiti orqali ishga tushiriladi 

va depolarizatsiya hamda oólchov xatoliklari kiritilgan noise modeli asosida simulyatsiya 

oótkaziladi. Yakuniy bosqichda olingan kvant holatlaridan natijalar qayta tiklanadi, vizual va 

statistik tahlil amalga oshiriladi va kvant filtrlash samaradorligi klassik usullar bilan solishtiriladi 

[10-14]. 

Mazkur tadqiqotda NEQR modelidan foydalangan holda tasvirni kvant kompyuter 

muhitiga kodlash hamda kvant Gaus filtr algoritmini qoóllash orqali tasvirni shovqindan 

tozalashning yangi modellashtirilgan yondashuvi taklif etiladi. Shuningdek, kvant shovqin 

modellari, xususan, depolarizatsiya va oólchov xatoliklarini tasvir filtrlash jarayoniga integratsiya 

qilish orqali kvant tasvirni qayta ishlash jarayonining fizik realistik taxmini berildi. Bu 

yondashuv kvant tasvir algoritmlarining barqarorligini baholash uchun yangi nazariy va 

eksperimental asos yaratadi. Ushbu tadqiqot natijalari kelgusida kvant kompyuterlar asosida 

tasvirni qayta ishlash, tibbiy diagnostika (MRI/CT), sunôiy intellektda tasvirni tanish, mudofaa 

va xavfsizlik tizimlari hamda kosmik kuzatuv texnologiyalarida qoóllanish imkonini yaratadi. 

Simulyatsiya orqali olingan natijalar kvant qurilmalar rivojlanishi jarayonida real amaliy 

tizimlarga integratsiyalash uchun metodik va algoritmik asos boólib xizmat qiladi. Shuningdek, 

dasturiy kod va tajriba natijalari kvant texnologiyalarining ta'limiy jarayonlarida ham qoóllanishi 

mumkin [15-16]. 

Metodlar  

Tadqiqot metodologiyasi kvant tasvirni kodlash, kvant filtrini  qoᾶllash va olingan 

natijalarni simulyatsiya qilish bosqichlarini oᾶz ichiga oladi. Tasvir I oᾶlchami M N³  boᾶlib, 

har bir pikselning yorugᾶlik  intensivligi 0dan 255gacha boᾶlgan qiymat bilan ifodalanadi. 

Tadqiqotda tasvir elementlari soni 2nL M N= Ö = deb olinadi, bunda n  - tasvirdagi piksel 

manzilini kodlash uchun zarur boᾶlgan kvant bitlar soni, q  esa har bir piksel intensivligini 

ifodalovchi kvant bitlar sonidir. Ushbu modelda yorugᾶlik  intensivligini  aks ettirish uchun 8q=  

kvant biti qoᾶllaniladi, yaᾷni har bir piksel 8 bitli  binar koᾶrinishda kodlanadi. 

1. Tasvirni tayyorlash va normallashtirish. 

Tasvirning normallashtirilgan qiymati: 

norm

( , )
( , ) , ( , ) [0,255]

255

I i j
I i j I i j= Í . 

Tasvir uzunligi: 

22 log ( )nL M N n MN= ³ = Ý = . 

2. NEQR kodlash modeli izohi. 

Tasvirdagi har bir piksel kvant holatida ikki qismdan iborat boᾶladi: 

| xð - piksel koordinatalarini ifodalovchi n  - kubit. 

| ( )f x ð - piksel intensivligini ifodalovchi q  - kubit. 

Ushbu tadqiqotda 8q= , yaᾷni har bir yorugᾶlik qiymati 8 bit orqali kodlanadi. 
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Har bir piksel intensivligi quyidagi 8-bitli binar koᾶrinishda yoziladi: 

7 6 5 4 3 2 1 0( ) , {0,1}if x b b b b b b bb b= Í , 

bu erda: 

( )f x x=  - pikselning yorugᾶlik qiymati. 

7b  - eng katta bit (MSB). 

0b  - eng kichik bit (LSB). 

3. Kvant Gaus filtrini qoᾶllash 

Klassik Gaus yadrosi: 

1 2 1
1

2 4 2
16

1 2 1

G

å õ
æ ö

= æ ö
æ ö
ç ÷

. 

Kvant yondashuvda biz amplituda smoothing (yumshatish) operatorini qoᾶllaymiz. 

Intensivlik kubitlariga Hadamard qoᾶyish orqali: 

| 0 |1 | 0 |1
| 0 , |1

2 2
H H

ð+ ð ð- ð
ð= ð= . 

Natijada tasvirdagi piksel intensivliklarining kvant superpozitsiyasi yumshatiladi: 

filtered| |qH Iy Ãð= ð. 

4. Shovqin modeli. 

Depolarizatsiya shovqini: 

( ) (1 ) ( )
3

p
p X X Y Y Z Zr r r r r= - + + +E . 

Oᾶlchov xatosi: 

(0 1) , (1 0)P p P p­ = ­ =. 

5. Oᾶlchov va tasvirni qayta tiklash. 

Kvant holat oᾶlchangach, tasvir intensivliklari klassik koᾶrinishga qaytariladi: 
255

0

( ) ( ( ) )
k

f x k P f x k
=

= Ö =ä . 

Tasvirni tiklash matritsa koᾶrinishida: 

rec( , ) ( )I i j f i N j= Ö +. 

Yuqoridagi bosqichlar NEQR tasvirni kvant holatiga toóliq kodlash, kvant Gaus filtri 

orqali uni qayta ishlash va shovqinli muhitda simulyatsiya qilishni matematik asos bilan 

ifodalaydi. Ushbu metodologiya kvant tasvirni qayta ishlash boóyicha ilmiy-amaliy yondashuvni 

shakllantiradi. 

Natijalar.  

Tadqiqotda tasvir turli oólchamlarga (128×128, 64×64, 32×32, 16×16) oózgartirilib, har 

birida kvant median filtr ishlatilgan. Har bir holatda PSNR, SSIM va MSE metrikalari 

hisoblangan. Natijalar quyidagicha (1-jadval): 
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1-jadval 

PSNR, SSIM va MSE metrikalari tahlili  

Tasvir 

oólchami 

PSNR 

oldin 

PSNR 

keyin 

SSIM 

oldin 

SSIM 

keyin 

MSE 

oldin 

MSE 

keyin 

128 × 128 20.9538 17.1964 0.4822 0.3283 85.4538 91.9358 

64 × 64 21.0528 15.0246 0.6756 0.3846 83.5874 94.8938 

32 × 32 21.0910 13.1897 0.8677 0.4686 86.0488 101.1602 

16 × 16 20.7276 12.0392 0.9283 0.5735 87.9453 101.9102 

 

 
1-rasm. Kvant median filtr 16×16. 
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2-rasm. Kvant median filtr 32×32. 

 

 
3-rasm. Kvant median filtr 128×128. 
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4-rasm. Kvant median filtr 128×128. 

PSNR asl tasvirga yaqinlikni oólchaydi: yuqori qiymat ð sifat yaxshi, past qiymat ð 

sifat yomon. Natijalar tasvir oólchami kichiklaganda (32×32 va 16×16), PSNR keyin keskin 

pasayadi (12ï13 dB), yaôni kvant median filtr kichik tasvirlarda asl signalni yoóqotgan. Katta 

tasvirlarda (128×128), PSNR keyin 17 dB, biroz yaxshiroq, lekin hali ham asl tasvirga nisbatan 

sezilarli yoóqotish mavjud. Xulosa: kichik tasvir oólchamlari kvant filtrning samaradorligini 

pasaytiradi, chunki kubitlar soni va amplitudalarni kodlash cheklangan. 

SSIM tasvir tuzilmasi va kontrastni saqlashni baholaydi: 1 ga yaqin boólsa, tuzilma 

yaxshiligi yuqori. Katta tasvirlarda SSIM (0.3283ï0.5735) nisbatan past, kichik tasvirlarda 

(16×16, 32×32) SSIM 0.4686ï0.5735 oraligóida, tuzilma saqlash yaxshilanadi, lekin baribir past. 

Bu shuni koórsatadiki, kvant median filtr blokli simulyatsiyada strukturani toóliq saqlay olmaydi, 

lekin kichik bloklarda tuzilma nisbatan yaxshiroq tiklanadi. 

MSE piksel farqlarini oólchaydi: kichik qiymat ð yaxshiroq natija. Katta tasvirlarda 

MSE keyin (91ï94) kichik, lekin kichik tasvirlarda (32×32 va 16×16) MSE keyin 101ï101.91 ga 

yetadi. Bu shuni koórsatadiki, kichik tasvirlarda filtr qoóllanganda asl signalga nisbatan piksel 

farqi oshgan, filtrning ñsignalni yoóqotishiò kuzatiladi. 

Tasvir oólchami pasaygani sari filtr samaradorligi sezilarli darajada kamayadi ð bu kvant 

kubitlar soni cheklanganligi va amplituda kodlashdagi aniqlik pastligi bilan bogóliq. Kichik 

tasvirlarda filtrning tuzilma saqlashi yaxshiroq, lekin PSNR va MSE boóyicha yoóqotishlar 

mavjud. Katta tasvirlarda filtrning vizual samaradorligi yaxshiroq, lekin hisoblash resurslari 

koóproq talab qilinadi. Tavsiyalar: optimal natija uchun tasvirni oórta oólchamda (32ï64 piksel 

bloklari) ishlash va kvant amplituda kodlashni yaxshilash tavsiya etiladi. 

Xulosa 

Ushbu tadqiqotda NEQR algoritmi asosida kvant tasvir kodlash va kvant median filtr 

yordamida tasvirni qayta ishlash tadqiq qilindi. Turli oólchamdagi (128×128, 64×64, 32×32, 

16×16) tasvirlar ustida eksperimentlar oótkazilib, filtrning samaradorligi PSNR, SSIM va MSE 

metrikalari orqali baholandi. Natijalar shuni koórsatdikikvant median filtr kichik tasvirlarda 

(32Ĭ32, 16Ĭ16) PSNR va SSIM qiymatlarini pasaytirib, MSEni oshirdi, yaôni filtr baôzi hollarda 

asl tasvir signalini yoóqotgan. Katta  tasvirlarda (128×128, 64×64)  filtrning samaradorligi biroz 

yaxshiroq, lekin hisoblash resurslari oshadi va amplituda kodlashdagi cheklovlar sababli natija 

mukammal emas. Kvant filtrning tuzilma saqlash xususiyati kichik bloklarda yaxshiroq 

kuzatildi, lekin umumiy sifat (PSNR va MSE) hali klassik filtrga nisbatan past. 

NEQR asosidagi kvant tasvir ishlov berish usuli eksperimental tarzda tasdiqlandi, ammo 

amaliy qoóllash uchun kubit soni, amplituda kodlash aniqligi va blok hajmini optimallashtirish 

zarur. Kelajakda bloklarni overlaping qilish, shovqinni kamaytiruvchi operatorlar va real kvant 
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qurilmalarda test natijalari orqali filtr samaradorligi oshirilishi mumkin.Ushbu tadqiqot kvant 

tasvir ishlov berish boóyicha ilmiy-amaliy istiqbollarni aniqladi, shuningdek, kvant median filtr 

va NEQR kodlash algoritmlarining amaliy qoóllanishi uchun metodologik asos yaratdi. 
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ʂɸʌʊ ʊɸʉɺʀʈʀʃɸʈʀ ɸʉʆʉʀɼɸ ʐɸʍʉʅʀ 

ʀɼɽʅʊʀʌʀʂɸʎʀʗʃɸʐ ʄʆɼɽʃʃɸʈʀ 
 

1ʄʘʤʘʪʦʚ ʅ., 2ʂʦʜʠʨʦʚ ʕ.    
1,2 ñʊʦʰʢʝʥʪ ʠʨʨʠʛʘʮʠʷ ʚʘ ץʠʰʣʦץ ʭ˄ʞʘʣʠʛʠʥʠ ʤʝ״ʘʥʠʟʘʮʠʷʣʘʰ ʤʫ״ʘʥʜʠʩʣʘʨʠ 

ʠʥʩʪʠʪʫʪʠò ʄʠʣʣʠʡ ʪʘʜץʠץʦʪ ʫʥʠʚʝʨʩʠʪʝʪʠ 

https://doi.org/10.5281/zenodo.17919769 

 

ɸʥʥʦʪʘʮʠʷ. ʄʘʟʢʫʨ ʪʘʜϨʠϨʦʪ ʠʰʠ ˄ʨʘʤʣʠ ʥʝʡʨʦʥ ʪʘʨʤʦϨʣʘʨ (CNN) ʘʩʦʩʠʜʘ 

ʢʘʬʪ ʪʘʩʚʠʨʠʣʘʨʠ ʠʜʝʥʪʠʬʠʢʘʮʠʷʩʠʥʠʥʛ ʩʪʘʥʜʘʨʪ ʚʘ ʟʘʤʦʥʘʚʠʡ ʤʦʜʝʣʣʘʨʠʥʠ Ϩʠʸʩʠʡ 

ʪʘϲʣʠʣʠ ʘʩʦʩʠʜʘ ʛʠʙʨʠʜ ʤʦʜʝʣʥʠ ʰʘʢʣʣʘʥʪʠʨʠʰʛʘ ʙʘϤʠʰʣʘʥʛʘʥ ʙ˄ʣʠʙ, ʫʥʜʘ ʙʠʦʤʝʪʨʠʢ 

ʠʜʝʥʪʠʬʠʢʘʮʠʷʣʘʰ ʪʠʟʠʤʣʘʨʠʜʘ ʢʘʬʪ ʪʘʩʚʠʨʠʣʘʨʠʥʠ ʘʬʟʘʣʣʠʢʣʘʨʠ, ʫʣʘʨʥʠ 

ʠʜʝʥʪʠʬʠʢʘʮʠʷʣʘʜhʘ Ϩ˄ʣʣʘʰʜʘʛʠ ʤʫʘʤʤʦʣʘʨ ʢ˄ʨʠʙ ʯʠϨʠʣʛʘʥ. ʊʘʜϨʠϨʦʪʜʘ VGG16 ʚʘ 

ResNet50 ʢʘʙʠ ʢʣʘʩʩʠʢ ʤʦʜʝʣʣʘʨʛʘ Ϩʘʨʰʠ EfficientNet-B0 ʚʘ ConvNeXt-Tiny ʢʘʙʠ ʟʘʤʦʥʘʚʠʡ 

ʘʨʭʠʪʝʢʪʫʨʘʣʘʨ IITD ʤʘʲʣʫʤʦʪʣʘʨ ʙʘʟʘʩʠʜʘ ʩʠʥʦʚʜʘʥ ˄ʪʢʘʟʠʣʛʘʥ. ʄʦʜʝʣʣʘʨ TensorFlow 

ʤʫϲʠʪʠʜʘ, Adam ʦʧʪʠʤʠʟʘʪʦʨʠ ʚʘ data augmentation ʘʩʦʩʠʜʘ ˄Ϩʠʪʠʣʛʘʥ. ɹʘϲʦʣʘʰ 

ʤʝʟʦʥʣʘʨʠ ʩʠʬʘʪʠʜʘ ʘʥʠϨʣʠʢ, ʡϨ˄ʦʪʠʰ, ˄Ϩʠʪʠʰ ʚʘϨʪʠ, ʧʘʨʘʤʝʪʨʣʘʨ ʩʦʥʠ ʚʘ ʨʝʩʫʨʩ 

ʩʘʨʬʠ ʦʣʠʥʛʘʥ. ConvNeXt-Tiny ʶϨʦʨʠ ʘʥʠϨʣʠʢʢʘ (98.03%) ʵʨʠʰʛʘʥ, EfficientNet-B0 ʵʩʘ 

(96.18%) ʨʝʩʫʨʩ ʪʝʞʘʤʢʦʨʣʠʛʠ ʙʠʣʘʥ ʘʞʨʘʣʠʙ ʪʫʨʘʜʠ, ʢʣʘʩʩʠʢ ʤʦʜʝʣʣʘʨ (VGG16 ï 

91.24%, ResNet50 ï 94.67%) ʵʩʘ ʛʨʘʜʠʝʥʪ ʡϨ˄ʦʣʠʰʠ ʚʘ ʤʫʨʘʢʢʘʙʣʠʢ ʩʘʙʘʙʣʠ ʦʨʪʜʘ Ϩʦʣʜʠ. 

ʊʘʜϨʠϨʦʪ ʥʘʪʠʞʘʣʘʨʠ ʟʘʤʦʥʘʚʠʡ ʤʦʜʝʣʣʘʨ ʨʝʘʣ ʚʘϨʪʣʠ ʪʠʟʠʤʣʘʨ ʫʯʫʥ ʦʧʪʠʤʘʣ ʪʘʥʣʦʚ 

ʵʢʘʥʣʠʛʠʥʠ ʢ˄ʨʩʘʪʜʠ. ʐʫʥʠʥʛʜʝʢ, transfer learning ʚʘ fine-tuning ʩʪʨʘʪʝʛʠʷʣʘʨʠ 

ʩʘʤʘʨʘʜʦʨʣʠʢʥʠ ʷʥʘʜʘ ʦʰʠʨʠʰʠ ʤʫʤʢʠʥ. ʊʘʜϨʠϨʦʪ ʥʘʪʠʞʘʣʘʨʠ ʙʠʦʤʝʪʨʠʢ ʭʘʚʬʩʠʟʣʠʢ 

ʚʘ ʯʫϨʫʨ ˄ʨʛʘʥʠʰ ʩʦϲʘʣʘʨʠʜʘ ʠʩʪʠϨʙʦʣʣʠ ϲʠʩʦʙʣʘʥʘʜʠ. 

ʂʘʣʠʪ ʩ˄ʟʣʘʨ: CNN, VGG16, ResNet50, EfficientNet-B0, ConvNeXt-Tiny, IITD 

ʤʘʲʣʫʤʦʪʣʘʨ ʙʘʟʘʩʠ. 

 

ʂʠʨʠʰ 

ʉ˄ʥʛʛʠ ˄ʥ ʡʠʣʣʠʢʜʘ ʙʠʦʤʝʪʨʠʢ ʠʜʝʥʪʠʬʠʢʘʮʠʷʣʘʰ ʪʠʟʠʤʣʘʨʠ ʭʘʚʬʩʠʟʣʠʢ, ʰʘʭʩʥʠ 

ʘʥʠץʣʘʰ ʚʘ ʢʠʨʠʰ ʥʘʟʦʨʘʪʠ ʪʠʟʠʤʣʘʨʠʜʘ ʵʥʛ ʤʫ״ʠʤ ʪʝʭʥʦʣʦʛʠʷʣʘʨʜʘʥ ʙʠʨʠʛʘ ʘʡʣʘʥʜʠ 

[1]. ɿʘʤʦʥʘʚʠʡ ʨʘץʘʤʣʠ ʘʫʪʝʥʪʠʬʠʢʘʮʠʷʣʘʰ ʧʣʘʪʬʦʨʤʘʣʘʨʠ, ʭʫʩʫʩʘʥ, ʤʦʙʠʣ ץʫʨʠʣʤʘʣʘʨ, 

ʜʘʚʣʘʪ ID ʪʠʟʠʤʣʘʨʠ ʚʘ ʤʦʣʠʷʚʠʡ ʭʠʟʤʘʪʣʘʨ ʶץʦʨʠ ʘʥʠץʣʠʢ, ʪʝʟʣʠʢ ״ʘʤʜʘ ʬʦʡʜʘʣʘʥʫʚʯʠ 

ʫʯʫʥ ץʫʣʘʡʣʠʢʥʠ ʪʘʣʘʙ ץʠʣʤʦץʜʘ. ʀʥʩʦʥ ʦʨʛʘʥʠʟʤʠʜʘʛʠ ʪʘʢʨʦʨʣʘʥʤʘʩ ʤʦʨʬʦʣʦʛʠʢ 

ʙʝʣʛʠʣʘʨʥʠ ˄ʨʛʘʥʠʰʛʘ ʘʩʦʩʣʘʥʛʘʥ ʙʠʦʤʝʪʨʠʢ ʡ˄ʥʘʣʠʰʣʘʨ, ʞʫʤʣʘʜʘʥ ʙʘʨʤʦץ ʠʟʠ, ʶʟ, ʢ˄ʟ 

ʪ˄ʨ ʧʘʨʜʘʩʠ ʚʘ ʢʘʬʪ ʢʘʙʠʣʘʨ ʩ˄ʥʛʛʠ ʡʠʣʣʘʨʜʘ ʘʣʦ״ʠʜʘ ʠʣʤʠʡ ʚʘ ʘʤʘʣʠʡ ʘ״ʘʤʠʷʪ ʢʘʩʙ 

ʵʪʤʦץʜʘ [2]. 

ʂʘʬʪ ʪʘʩʚʠʨʠ, ʷʲʥʠ ʠʥʩʦʥ ʢʘʬʪʠ ʶʟʘʩʠʜʘʛʠ ʯʠʟʠץʣʘʨ, ʪʝʢʩʪʫʨʘ ʚʘ ʙʫʨʤʘʣʘʨ 

ʢʦʤʙʠʥʘʮʠʷʩʠ, ˄ʟʠʥʠʥʛ ʶץʦʨʠ ʘʭʙʦʨʦʪ ץʠʡʤʘʪʠ, ʦʩʦʥ ʦʣʠʥʠʰʠ ʚʘ ʙʘʨץʘʨʦʨʣʠʛʠ ʩʘʙʘʙʣʠ 

ʙʠʦʤʝʪʨʠʢ ʪʠʟʠʤʣʘʨʜʘ ʩʘʤʘʨʘʣʠ ʠʜʝʥʪʠʬʠʢʘʮʠʷ ʤʘʥʙʘʠ ʩʠʬʘʪʠʜʘ ʪʘʥʠʣʛʘʥ [3]. ʂʘʬʪʜʘʛʠ 

ʘʩʦʩʠʡ ʚʘ ʥʦʟʠʢ ʯʠʟʠץʣʘʨ ״ʘʨ ʙʠʨ ʰʘʭʩʥʠ ˄ʟʠʛʘ ʭʦʩ ʫʥʠʢʘʣ ʥʘץʰ ״ʦʩʠʣ ץʠʣʘʜʠ. ʂʘʬʪ 

ʪʘʩʚʠʨʠʥʠ ʦʣʠʰ ʩʦʜʜʘ ʙ˄ʣʠʙ, ʢʦʥʪʘʢʪʣʠ ʸʢʠ ʢʦʥʪʘʢʪʣʘʨʩʠʟ ʫʩʫʣʣʘʨʜʘ ʘʤʘʣʛʘ ʦʰʠʨʠʣʘʜʠ. 

ɹʫʥʜʘʡ ץʫʣʘʡʣʠʢ ʫʥʠ ʬʦʡʜʘʣʘʥʫʚʯʠ ʫʯʫʥ ץʫʜʨʘʪʣʠ ʚʘ ʙʘʨץʘʨʦʨ ʙʠʦʤʝʪʨʠʢ ʧʘʨʘʤʝʪʨʛʘ 

ʘʡʣʘʥʪʠʨʘʜʠ, ʯʫʥʢʠ ʶʟ ʸʢʠ ʦʚʦʟʛʘ ʥʠʩʙʘʪʘʥ ʢʘʬʪ ʩʪʨʫʢʪʫʨʘʩʠ ʚʘץʪ ˄ʪʠʰʠ ʙʠʣʘʥ ʥʠʩʙʘʪʘʥ 

ʢʘʤʨʦץ ˄ʟʛʘʨʘʜʠ [3]. ʐʫʥʛʘ ץʘʨʘʤʘʡ, ʢʘʬʪ ʪʘʩʚʠʨʠ ʘʩʦʩʠʜʘʛʠ ʠʜʝʥʪʠʬʠʢʘʮʠʷʣʘʰ 



XALQARO ILMIY KONFERENSIYA  ñRAQAMLI TEXNOLOGIYALAR VA SUNôIY INTELLEKTò, 

NOYABR 27-28, 2025 

  218   
 

ʪʠʟʠʤʣʘʨʠʜʘ ״ʘʣʠ ״ʘʤ ʙʠʨ ץʘʪʦʨ ʪʝʭʥʠʢ ʤʫʘʤʤʦʣʘʨ ʩʘץʣʘʥʠʙ ץʦʣʤʦץʜʘ. ʍʫʩʫʩʘʥ, ʪʘʩʚʠʨʛʘ 

ʦʣʠʰ ʞʘʨʘʸʥʠʜʘ ʸʨʠʪʠʰ ʰʘʨʦʠʪʠ, ʢʘʬʪʥʠ ʙʫʨʠʣʠʰ ״ʦʣʘʪʠ (rotation ʸʢʠ translation), ʪʝʨʠ 

ʥʘʤʣʠʛʠ ʸʢʠ ʸʨʠץʣʘʨʥʠ ʤʘʚʞʫʜʣʠʛʠ, ʰʫʥʠʥʛʜʝʢ, ʙʦʩʠʤ ʢʫʯʠ ʢʘʙʠ ʦʤʠʣʣʘʨ 

ʠʜʝʥʪʠʬʠʢʘʮʠʷʣʘʰ ʘʥʠץʣʠʛʠʛʘ ʩʝʟʠʣʘʨʣʠ ʪʘʲʩʠʨ ʢ˄ʨʩʘʪʘʜʠ [4]. ɹʫ ʦʤʠʣʣʘʨʥʠ ʙʘʨʪʘʨʘʬ 

ʵʪʠʰ ʫʯʫʥ ʜʘʩʪʣʘʙʢʠ ʪʘʜץʠץʦʪʣʘʨʜʘ ʘʥʲʘʥʘʚʠʡ feature extraction ʫʩʫʣʣʘʨʠ ʭʫʩʫʩʘʥ, Gabor 

ʬʠʣʪʨʣʘʨʠ, Local Binary Pattern (LBP) ʚʘ Principal Component Analysis (PCA) ץ˄ʣʣʘʥʠʣʛʘʥ 

[5]. ɹʠʨʦץ, ʫʰʙʫ ʫʩʫʣʣʘʨ ʶץʦʨʠ ʜʘʨʘʞʘʜʘʛʠ ʤʫʨʘʢʢʘʙ ʭʫʩʫʩʠʷʪʣʘʨʥʠ ʘʞʨʘʪʠʙ ʦʣʠʰʜʘ 

ʝʪʘʨʣʠʯʘ ʩʘʤʘʨʘʜʦʨʣʠʢʥʠ ʪʘʲʤʠʥʣʘʤʘʛʘʥ, ʥʘʪʠʞʘʜʘ ʠʜʝʥʪʠʬʠʢʘʮʠʷʣʘʰ ʘʥʠץʣʠʛʠ ʢ˄ʧ 

 .ʦʣʣʘʨʜʘ ʢʫʪʠʣʛʘʥ ʜʘʨʘʞʘʜʘ ʙ˄ʣʤʘʛʘʥ״

ʉ˄ʥʛʛʠ ʡʠʣʣʘʨʜʘ ʯʫץʫʨ ˄ʨʛʘʥʠʰ (deep learning), ʭʫʩʫʩʘʥ, Convolutional Neural 

Network (CNN) ʘʨʭʠʪʝʢʪʫʨʘʣʘʨʠʥʠ ʞʦʨʠʡ ʵʪʠʣʠʰʠ ʙʠʣʘʥ ʙʠʦʤʝʪʨʠʢ ʠʜʝʥʪʠʬʠʢʘʮʠʷʣʘʰ 

ʪʠʟʠʤʣʘʨʠ ʩʠʬʘʪ ʞʠ״ʘʪʠʜʘʥ ʷʥʛʠ ʙʦʩץʠʯʛʘ ʢ˄ʪʘʨʠʣʜʠ [6]. CNN ʪʘʩʚʠʨʣʘʨʜʘʛʠ ʥʘץʰ ʚʘ 

ʪʝʢʩʪʫʨʘʣʘʨʥʠ ץʘʪʣʘʤʤʘ-ץʘʪʣʘʤ ˄ʨʛʘʥʠʙ, ״ʘʨ ʙʠʨ ʙʦʩץʠʯʜʘ ʪʦʙʦʨʘ ʯʫץʫʨʨʦץ ʚʘ ʩʝʤʘʥʪʠʢ 

ʞʠ״ʘʪʠʜʘʥ ʙʦʡʨʦץ ʨʝʧʨʝʟʝʥʪʘʮʠʷʣʘʨʥʠ ʰʘʢʣʣʘʥʪʠʨʘʜʠ [7]. ʐʫʥʠʥʛ ʫʯʫʥ ʫʣʘʨ ʢʘʬʪ 

ʪʘʩʚʠʨʠʣʘʨʠʜʘ ʤʘʚʞʫʜ ʥʦʘʥʠץ ʙʠʨʦץ, ʬʘʨץʣʦʚʯʠ ʙʝʣʛʠʣʘʨʥʠ ʘʥʠץʣʘʰ ʠʤʢʦʥʠʥʠ ʙʝʨʘʜʠ. 

ʄʘʩʘʣʘʥ, VGGNet (2014) ʩʦʜʜʘ ʪʫʟʠʣʠʰʠʛʘ ץʘʨʘʤʘʡ, ʢʘʬʪ ʪʘʩʚʠʨʠ ʪʘʥʠʙ ʦʣʠʰʜʘ ʙʘʟʘʚʠʡ 

CNN ʩʠʬʘʪʠʜʘ ץ˄ʣʣʘʥʠʥʛʘʥ. ResNet (2015) ץʦʣʜʠץ ʙʦסʣʘʥʠʰʣʘʨ ʦʨץʘʣʠ ʯʫץʫʨ 

ʪʘʨʤʦץʣʘʨʜʘ ʛʨʘʜʠʝʥʪ ʩ˄ʥʠʰ ʤʫʘʤʤʦʩʠʥʠ ʙʘʨʪʘʨʘʬ ʵʪʛʘʥ. EfficientNet (2019) ʵʩʘ ʤʦʜʝʣ 

ʧʘʨʘʤʝʪʨʣʘʨʠ ʚʘ ˄ʣʯʘʤʣʘʨʠʥʠ ʤʫʚʦʟʘʥʘʪʣʘʰʪʠʨʠʰ ʦʨץʘʣʠ ʥʠʩʙʘʪʘʥ ʢʘʤ ʨʝʩʫʨʩ ʙʠʣʘʥ 

ʶץʦʨʠ ʘʥʠץʣʠʢʢʘ ʵʨʠʰʛʘʥ [8]. ʉ˄ʥʛʛʠ ʡʠʣʣʘʨʜʘ ʠʰʣʘʙ ʯʠץʠʣʛʘʥ ConvNeXt (2022) 

ʘʨʭʠʪʝʢʪʫʨʘʩʠ ʵʩʘ transformer ʤʦʜʝʣʣʘʨʠʥʠ ʘʡʨʠʤ ʜʠʟʘʡʥ ʪʘʤʦʡʠʣʣʘʨʠʥʠ CNN 

ʩʪʨʫʢʪʫʨʘʩʠ ʙʠʣʘʥ ʫʡסʫʥʣʘʰʪʠʨʠʙ, ʟʘʤʦʥʘʚʠʡ ʢʦʥʚʦʣʶʮʠʦʥ ʪʘʨʤʦץʣʘʨʥʠ ʵʥʛ ʠʣסʦʨ 

ʘʚʣʦʜʠ ʩʠʬʘʪʠʜʘ ץʘʨʘʣʤʦץʜʘ [9]. ʐʫʥʠʥʛ ʫʯʫʥ ʙʫ ʪʫʨʜʘʛʠ ʤʦʜʝʣʣʘʨʥʠ ʢʘʬʪ ʪʘʩʚʠʨʠ 

ʠʜʝʥʪʠʬʠʢʘʮʠʷʩʠʛʘ ʤʦʩʣʘʰʪʠʨʠʰ ʫʣʘʨʥʠ ʘʤʘʣʠʡ ʩʘʤʘʨʘʜʦʨʣʠʛʠʥʠ ʙʘ״ʦʣʘʰʜʘ ʜʦʣʟʘʨʙ 

ʠʣʤʠʡ ʡ˄ʥʘʣʠʰʛʘ ʘʡʣʘʥʛʘʥ [18]. ʐʫ ʙʠʣʘʥ ʙʠʨʛʘ, EEPNet ʚʘ SYEnet ʢʘʙʠ ʝʥʛʠʣ ʙʠʨʦץ, 

ʩʘʤʘʨʘʣʠ CNN ʤʦʜʝʣʣʘʨʠ ʤʦʙʠʣ ʚʘ real ʚʘץʪʣʠ ʪʠʟʠʤʣʘʨʜʘ ץ˄ʣʣʘʰ ʫʯʫʥ ʤʦʩʣʘʰʪʠʨʠʣʛʘʥ 

[19]. ɹʫʥʜʘʥ ʪʘʰץʘʨʠ, adaptive feature fusion ʡ˄ʥʘʣʠʰʣʘʨʠ CNN ʤʦʜʝʣʠʥʠ ʪʫʨʣʠ 

 ʘʣʠ ʠʜʝʥʪʠʬʠʢʘʮʠʷʣʘʰץʘʪʣʘʤʣʘʨʠʜʘ ˄ʨʛʘʥʠʣʛʘʥ ʙʝʣʛʠʣʘʨʥʠ ʙʠʨʣʘʰʪʠʨʠʰ ʦʨץ

ʘʥʠץʣʠʛʠʥʠ ʷʥʘʜʘ ʦʰʠʨʜʠ [20]. ʂʘʬʪ ʪʘʩʚʠʨʠ ʙ˄ʡʠʯʘ ʤʘʚʞʫʜ ʤʘʲʣʫʤʦʪ ʙʘʟʘʣʘʨʠ ״ʘʞʤʠ, 

ʩʠʬʘʪʠ ʚʘ ʦʣʠʥʛʘʥ ʰʘʨʦʠʪʣʘʨʠ ʙ˄ʡʠʯʘ ʪʘʢʦʤʠʣʣʘʰʠʙ ʙʦʨʤʦץʜʘ. ʄʘʩʘʣʘʥ, PolyU Palmprint 

Database (2009) 386 ʬʦʡʜʘʣʘʥʫʚʯʠʜʘʥ ʦʣʠʥʛʘʥ 7752 ʪʘ ʪʘʩʚʠʨʥʠ ˄ʟ ʠʯʠʛʘ ʦʣʛʘʥ ʙ˄ʣʩʘ, 

CASIA PalmprintV5 (2013) ʙʘʟʘʩʠ 12 ʤʠʥʛʜʘʥ ʦʨʪʠץ ʢʦʥʪʘʢʪʩʠʟ ʦʣʠʥʛʘʥ ʪʘʩʚʠʨʣʘʨʜʘʥ 

ʠʙʦʨʘʪ. ʉ˄ʥʛʛʠ ʡʠʣʣʘʨʜʘ ʵʩʘ Tongji Palmprint (2018) ʚʘ COEP Palmprint (2022) ʤʘʲʣʫʤʦʪ 

ʙʘʟʘʣʘʨʠ ״ʘʞʤʠ ʢʘʪʪʘ ʚʘ ʭʠʣʤʘ-ʭʠʣ ʙ˄ʣʠʙ, ʫʣʘʨʜʘ 30 ʤʠʥʛʜʘʥ ʦʨʪʠץ ʶץʦʨʠ ʘʥʠץʣʠʢʜʘʛʠ 

ʢʘʬʪ ʪʘʩʚʠʨʠʣʘʨʠ ʪʫʨʣʠ ʸʨʫסʣʠʢ ʚʘ ʧʦʟʠʮʠʦʥ ʰʘʨʦʠʪʣʘʨʜʘ ʦʣʠʥʛʘʥ ʪʘʩʚʠʨʣʘʨ ʤʘʚʞʫʜ 

[10]. ɹʫ ʵʩʘ CNN ʤʦʜʝʣʣʘʨʠʥʠ ˄ץʠʪʠʰ ʠʤʢʦʥʠʷʪʣʘʨʠʥʠ ʷʥʘʜʘ ʢʝʥʛʘʡʪʠʨʠʙ, ʫʣʘʨʥʠ 

ʫʤʫʤʣʘʰʪʠʨʠʰ ץʦʙʠʣʠʷʪʠʥʠ ʷʥʘʜʘ ʦʰʠʨʘʜʠ. 

ʄʘʚʞʫʜ ʢ˄ʧʣʘʙ ʪʘʜץʠץʦʪʣʘʨʜʘ ʢʘʬʪ ʪʘʩʚʠʨʠ ʠʜʝʥʪʠʬʠʢʘʮʠʷʩʠ ʫʯʫʥ ʬʘץʘʪ ʙʠʪʪʘ 

CNN ʘʨʭʠʪʝʢʪʫʨʘʩʠ ʩʠʥʦʚʜʘʥ ˄ʪʢʘʟʠʣʛʘʥ ʸʢʠ ʘʥʲʘʥʘʚʠʡ ʤʦʜʝʣʣʘʨ ʤʦʜʠʬʠʢʘʮʠʷʣʘʨʠ 

˄ʟʘʨʦ ץʠʸʩʣʘʥʛʘʥ [11, 12]. ɿʘʤʦʥʘʚʠʡ CNN ʤʦʜʝʣʣʘʨʠ ʭʫʩʫʩʘʥ, EfficientNet ʚʘ ConvNeXt  

 ,ʣʘʨʠʥʠʥʛ ʛʠʙʨʠʜ ʤʦʜʝʣʣʘʨʠ  ʧʘʨʘʤʝʪʨʣʘʨ ʩʦʥʠץʘʤʜʘ ʢʣʘʩʩʠʢ VGG ʚʘ ResNet ʪʘʨʤʦ״

ʘʥʠץʣʠʢ ʜʘʨʘʞʘʩʠ ʚʘ ״ʠʩʦʙʣʘʰ ʩʘʤʘʨʘʜʦʨʣʠʛʠ ʞʠ״ʘʪʠʜʘʥ ʪ˄ʣʠץ ˄ʨʛʘʥʠʣʤʘʛʘʥ. ɹʫʥʜʘʥ 

ʪʘʰץʘʨʠ, ʢʦʥʪʘʢʪʩʠʟ ʢʘʬʪ ʪʘʩʚʠʨʠ ʪʘʩʚʠʨʠʣʘʨʠʜʘ ʸʨʠʪʠʰ, ʬʦʥ ʰʦʚץʠʥʠ ʚʘ ʜʝʬʦʨʤʘʮʠʷʛʘ 

ʯʠʜʘʤʣʠʣʠʢʥʠ ʦʰʠʨʠʰʛʘ ʡ˄ʥʘʣʪʠʨʠʣʛʘʥ ʘʨʭʠʪʝʢʪʫʨʘʣʘʨʥʠ ʪʘʥʣʘʰ ʤʘʩʘʣʘʩʠ ״ʘʤ ʦʯʠץ 

 ʩʘʜ ʩʠʬʘʪʠʜʘ ʩʪʘʥʜʘʨʪ CNNץʦʪʜʘ ʘʩʦʩʠʡ ʤʘץʠץʜʘ [13]. ʐʫʥʠʥʛ ʫʯʫʥ ʤʘʟʢʫʨ ʪʘʜץʦʣʤʦץ
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ʘʨʭʠʪʝʢʪʫʨʘʣʘʨʠ (VGG16, ResNet50) ״ʘʤʜʘ ʟʘʤʦʥʘʚʠʡ CNN ʤʦʜʝʣʣʘʨʥʠ (EfficientNet-B0, 

ConvNeXt-Tiny) ʢʘʬʪ ʪʘʩʚʠʨʠ ʠʜʝʥʪʠʬʠʢʘʮʠʷʩʠʜʘ ʛʠʙʨʠʜ ״ʦʣʜʘ ץ˄ʣʣʘʰ, ץʠʸʩʠʡ ʪʘ״ʣʠʣ 

 ʠʩʦʙʣʘʰ ʪʝʟʣʠʛʠ ʚʘ ʨʝʩʫʨʩ ʩʘʤʘʨʘʜʦʨʣʠʛʠ ʙ˄ʡʠʯʘ ʫʩʪʫʥʣʠʢʣʘʨʠʥʠ״ ,ʣʠʢץʠʣʠʰ, ʘʥʠץ

ʘʥʠץʣʘʰ ʦʣʠʥʛʘʥ 

ʄʝʪʦʜʦʣʦʛʠʷ 

ʊʘʜץʠץʦʪ ʞʘʨʘʸʥʠ ʤʘʲʣʫʤʦʪʣʘʨ ʪʘʡʸʨʣʘʰ, ʤʦʜʝʣ ʘʨʭʠʪʝʢʪʫʨʘʩʠʥʠ ʪʘʥʣʘʰ ʚʘ 

ʩʦʟʣʘʰ, ʤʦʜʝʣʥʠ ˄ץʠʪʠʰ ʚʘ ʙʘ״ʦʣʘʰ ״ʘʤʜʘ ʥʘʪʠʞʘʣʘʨʥʠ ʪʘ״ʣʠʣ ץʠʣʠʰ ʙʦʩץʠʯʣʘʨʠʜʘ 

ʘʤʘʣʛʘ ʦʰʠʨʠʣʜʠ. ׳ʘʨ ʙʠʨ ʙʦʩץʠʯʜʘ ʘʥʠץʣʠʢ, ʪʘʢʨʦʨʣʘʥʠʰ ʠʤʢʦʥʠʷʪʠ ʚʘ ʦʙʲʝʢʪʠʚʣʠʢʥʠ 

ʪʘʲʤʠʥʣʘʰ ʫʯʫʥ ʩʪʘʥʜʘʨʪ ʵʢʩʧʝʨʠʤʝʥʪʘʣ ʰʘʨʦʠʪʣʘʨʛʘ ʨʠʦʷ ץʠʣʠʥʜʠ. 

ʊʘʜץʠץʦʪʜʘ IITD ʤʘʲʣʫʤʦʪʣʘʨ ʙʘʟʘʩʠʜʘʥ ʬʦʡʜʘʣʘʥʠʣʛʘʥ ʙ˄ʣʠʙ, ʫʥʜʘ ˄ʥʛ ʚʘ ʯʘʧ 

ʢʘʬʪ ʪʘʩʚʠʨʣʘʨʠ ʘʣʦ״ʠʜʘ ʞʦʡʣʘʰʪʠʨʠʣʛʘʥ [10]. ɹʫʥʜʘ Left ʧʘʧʢʘʩʠʜʘ 230 ʪʘ ʰʘʭʩʛʘ 

ʪʝʛʠʰʣʠ ʙ˄ʣʛʘʥ 6 ʪʘʛʘʯʘ ʪʘʩʚʠʨʣʘʨ ʤʘʚʞʫʜ. ʋʤʫʤʠʡ ʪʘʩʚʠʨʣʘʨ ʩʦʥʠ 1301 ʪʘʥʠ ʪʘʰʢʠʣ 

ʵʪʘʜʠ. Right ʧʘʧʢʘʩʠʜʘ ״ʘʤ 230 ʪʘ ʰʘʭʩʛʘ ʪʝʛʠʰʣʠ ʙ˄ʣʛʘʥ 5 ʪʘʛʘʯʘ ʪʘʩʚʠʨʣʘʨ ʤʘʚʞʫʜ. 

ʋʤʫʤʠʡ ʪʘʩʚʠʨʣʘʨ ʩʦʥʠ 1300 ʪʘʥʠ ʪʘʰʢʠʣ ʵʪʘʜʠ. IITD ʤʘʲʣʫʤʦʪʣʘʨ ʙʘʟʘʩʠʜʘ ʞʘʤʠ 2601 

ʪʘ ʪʘʩʚʠʨ ʤʘʚʞʫʜ ʙ˄ʣʠʙ, ʫʣʘʨ ʢʫʣʨʘʥʛ ʚʘ 128Ĭ128 ˄ʣʯʘʤʣʠ. ɹʫ ʤʘʲʣʫʤʦʪʣʘʨ ʙʘʟʘʩʠ ʘʩʦʩʘʥ 

ʠʥʬʨʘץʠʟʠʣ ʸʨʫסʣʠʢʜʘ ʦʣʠʥʛʘʥ ʙ˄ʣʠʙ, ʫ ʢʘʬʪ ʯʠʟʠץʣʘʨʠʥʠ ʘʥʠץʨʦץ ʢ˄ʨʩʘʪʠʰʛʘ ʸʨʜʘʤ 

ʙʝʨʘʜʠ ʚʘ ʪʘʰץʠ ʸʨʫסʣʠʢ ˄ʟʛʘʨʠʰʣʘʨʠʛʘ ʢʘʤʨʦץ ʪʘʲʩʠʨʯʘʥ. 

 

 

      

 

1 ʈʘʩʤ. IITD ʤʘʲʣʫʤʦʪʣʘʨ ʙʘʟʘʩʠ ʪʘʩʚʠʨ ʥʘʤʫʥʘʣʘʨʠ 


