
ʎʂʇ ʉʂʎ çʇʆʃʀʊɽʍʅʀʏɽʉʂʀʁè: ɿɸɻʈʋɿʂɸ ʋɿʃʆɺ 

ʂʃɸʉʊɽʈɸ 

ʉʇʙ 

16  ʦʢʪʷʙʨʷ  2023 ʛ. 

ʉʂʎ çʇʦʣʠʪʝʭʥʠʯʝʩʢʠʡè, 

ɺʐ ʠʩʢʫʩʩʪʚʝʥʥʦʛʦ 

ʠʥʪʝʣʣʝʢʪʘ, ʀʂʅʊ 



ɿɸɻʈʋɿʂɸ ʋɿʃʆɺ ʂʃɸʉʊɽʈɸ ʀ ʈɽɿɽʈɺʓ ʋɺɽʃʀʏɽʅʀʗ ʇʈʆʀɿɺʆɼʀʊɽʃʔʅʆʉʊʀ ʉʂ 

14 ʜʥʝʡ 30 ʜʥʝʡ 



ɻʈɸʌʀʂ ʇʆʊʈɽɹʃɽʅʀʗ ʕʃ. ʊʆʂɸ ɺʓʏʀʉʃʀʊɽʃʔʅʓʄʀ ʋɿʃɸʄʀ ʉʂ 

3 



ʊʆʏʅʆʉʊʔ ʇʈɽɼʉʂɸɿɸʅʀʗ ɺʈɽʄɽʅʀ ʇʈʀɺʆɼʀʊ ʂ ʇʆɺʓʐɽʅʀʖ ʕʌʌɽʂʊʀɺʅʆʉʊʀ 

ʇʆʊʈɽɹʃɽʅʀʗ ʈɽʉʋʈʉʆɺ ʉʂ 

4 

 ʅʘ ʠʟʦʙʨʘʞʝʥʠʠ ʦʨʘʥʞʝʚʳʤ ʤʠʛʘʥʠʝʤ ʧʦʢʘʟʘʥʳ ʧʨʦʩʪʦʠ ʚ ʨʘʙʦʪʝ ʦʜʥʦʛʦ ʠʟ ʚʳʯʠʩʣʠʪʝʣʴʥʳʭ 

ʢʣʘʩʪʝʨʦʚ (ʛʦʤʦʛʝʥʥʳʡ ʢʣʘʩʪʝʨ Tornado). ʕʪʦ ʟʥʘʯʠʪ, ʯʪʦ ʚ ʵʪʠ ʧʨʦʤʝʞʫʪʢʠ ʚʨʝʤʝʥʠ ʫʟʣʳ ʥʝ ʧʨʦʚʦʜʠʣʠ 

ʚʳʯʠʩʣʝʥʠʡ ʠ ʦʞʠʜʘʣʠ ʥʦʚʳʭ ʟʘʜʘʯ. ʅʘ ʠʣʣʶʩʪʨʘʮʠʠ ʫʟʣʳ ʟʘʥʷʪʳ ʥʘ 68.9% 



ʊʆʏʅʆʉʊʔ ʇʈɽɼʉʂɸɿɸʅʀʗ ɺʈɽʄɽʅʀ ʇʈʀɺʆɼʀʊ ʂ ʇʆɺʓʐɽʅʀʖ ʕʌʌɽʂʊʀɺʅʆʉʊʀ 

ʇʆʊʈɽɹʃɽʅʀʗ ʈɽʉʋʈʉʆɺ ʉʂ 

5 

 ʇʦʷʩʥʝʥʠʝ. ʅʘ ʩʘʤʦʤ ʜʝʣʝ, ʦʯʝʨʝʜʴ ʠʟ ʟʘʷʚʦʢ ʥʘ ʚʳʯʠʩʣʝʥʠʷ ʚ ʉʂʎ çʇʦʣʠʪʝʭʥʠʯʝʩʢʠʡè ʧʦʯʪʠ ʥʠʢʦʛʜʘ ʥʝ 

ʧʫʩʪʫʝʪ ʠ, ʚ ʩʨʝʜʥʝʤ, ʚʨʝʤʷ ʦʞʠʜʘʥʠʷ ʟʘʷʚʢʠ ʚ ʦʯʝʨʝʜʠ ʩʦʩʪʘʚʣʷʝʪ ʥʝ ʤʝʥʴʰʝ ʧʦʣʫʯʘʩʘ. ʕʪʦ ʚʨʝʤʷ ʦʞʠʜʘʥʠʷ ʟʘʚʠʩʠʪ 

ʦʪ ʪʦʛʦé 

Å ʩʢʦʣʴʢʦ ʜʨʫʛʠʭ ʟʘʷʚʦʢ ʫʞʝ ʥʘʭʦʜʠʪʩʷ ʚ ʦʯʝʨʝʜʠ; 

Å ʢʘʢ ʙʳʩʪʨʦ ʦʩʚʦʙʦʜʠʪʩʷ ʢʘʢʦʡ-ʣʠʙʦ ʠʟ ʫʟʣʦʚ (ʚ ʩʚʦʶ ʦʯʝʨʝʜʴ, ʟʘʚʠʩʠʪ ʦʪ ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʠ ʟʘʜʘʯ, ʢʦʪʦʨʳʡ ʥʘ 

ʜʘʥʥʳʡ ʤʦʤʝʥʪ ʚʳʯʠʩʣʷʶʪʩʷ, ʢʦʨʦʪʢʠʝ ʙʳʩʪʨʝʝ ʦʩʚʦʙʦʜʷʪ ʤʝʩʪʦ); 

Å ʥʘʩʢʦʣʴʢʦ ʢʦʨʦʪʢʘʷ ʟʘʜʘʯʘ ʦʞʠʜʘʝʪ ʚ ʦʯʝʨʝʜʠ ʟʘʷʚʦʢ ʥʘ ʠʩʧʦʣʥʝʥʠʝ, ʢʦʨʦʪʢʫʶ ʟʘʜʘʯʫ SLURM ʚʩʝʛʜʘ ʩʤʦʞʝʪ 

çʚʪʠʩʥʫʪʴè ʥʘ ʚʳʯʠʩʣʝʥʠʝ ʧʦʯʪʠ ʙʝʟ ʦʯʝʨʝʜʠ (ʤʠʥʠʤʘʣʴʥʦ ʦʞʠʜʘʷ)é  

 ʊʫʪ ʚʘʞʥʦ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʝʩʣʠ ʬʘʢʪʠʯʝʩʢʠ ʟʘʜʘʯʘ ʤʘʣʝʥʴʢʘʷ, ʥʦ ʧʦʣʴʟʦʚʘʪʝʣʴ ʫʢʘʟʘʣ ʜʣʷ ʥʝʝ ʚʨʝʤʷ, 

ʥʝʨʘʟʫʤʥʦ ʧʨʝʚʳʰʘʶʱʝʝ ʚ ʥʝʩʢʦʣʴʢʦ ʨʘʟ ʦʞʠʜʘʝʤʦʝ, ʪʦ SLURM ʧʦʧʨʦʩʪʫ ʥʝ ʩʤʦʞʝʪ ʦʧʪʠʤʘʣʴʥʦ ʝʶ ʟʘʧʦʣʥʠʪʴ 

ʧʨʦʧʫʩʢʠ ʚ ʦʯʝʨʝʜʠ, ʠ ʦʪʧʨʘʚʠʪ ʟʘʜʘʯʫ ʚ ʢʦʥʝʮ ʦʯʝʨʝʜʠ, ʘ ʫʟʣʳ, ʢʦʪʦʨʳʝ ʤʦʛʣʠ ʙʳ ʵʪʫ ʟʘʜʘʯʫ çʦʙʩʣʫʞʠʪʴè ʙʫʜʫʪ 

ʧʨʦʩʪʘʠʚʘʪʴé ɺʠʥʳ SLURM ʚ ʵʪʦʤ ʥʠʢʘʢʦʡ ʥʝʪ, ʠ ʥʠʢʘʢʦʡ ʩʘʤʳʡ ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʳʡ ʘʣʛʦʨʠʪʤ ʫʧʘʢʦʚʢʠ ʫʟʣʦʚ ʚ 

ʦʯʝʨʝʜʠ ʥʝ ʧʦʤʦʞʝʪ, ʝʩʣʠ ʦʥ ʥʝ ʤʦʞʝʪ ʠʟʤʝʥʠʪʴ ʧʘʨʘʤʝʪʨʳ ʟʘʷʚʦʢ ʧʦʣʴʟʦʚʘʪʝʣʷ.  

 ɺ ʧʨʦʩʪʦʝ ʜʨʫʛʠʭ ʫʟʣʦʚ ʚʠʥʦʚʘʪ çʥʝʢʦʤʧʝʪʝʥʪʥʳʡè ʧʦʣʴʟʦʚʘʪʝʣʴ, ʘ ʚʝʜʴ ʦʥ ʜʘʞʝ ʤʦʞʝʪ ʠ ʥʝ ʟʘʜʫʤʳʚʘʪʴʩʷ ʦ 

ʪʦʤ, ʯʪʦ ʩʪʨʘʜʘʶʪ ʦʪ ʵʪʦʛʦ ʜʨʫʛʠʝ, ʠ ʫʟʣʳ ʪʝʨʷʶʪ ʜʨʘʛʦʮʝʥʥʦʝ ʚʨʝʤʷ ʚʧʫʩʪʫʶ; 

 ɿʘʜʘʯʫ, ʫ ʢʦʪʦʨʦʡ ʧʦʣʴʟʦʚʘʪʝʣʴ ʫʢʘʟʘʣ ʥʝʚʝʨʥʦʝ ʢʦʣʠʯʝʩʪʚʦ ʚʨʝʤʝʥʠ, ʠʣʠ ʦʩʪʘʚʠʣ ʟʥʘʯʝʥʠʝ ʧʦ ʫʤʦʣʯʘʥʠʶ, 

ʙʫʜʝʤ ʥʘʟʳʚʘʪʴ çʦʰʠʙʦʯʥʦʡè. ɽʩʣʠ çʦʰʠʙʦʯʥʳʭè ʟʘʜʘʯ ʩʣʠʰʢʦʤ ʤʥʦʛʦ, ʪʦ ʦʯʝʨʝʜʴ ʙʫʜʝʪ çʥʘʢʘʧʣʠʚʘʪʴè ʚ ʩʝʙʝ 

ʦʰʠʙʢʠ, ʪ.ʢ. çʦʰʠʙʦʯʥʳʝè ʟʘʜʘʯʠ ʪʘʢʞʝ ʥʝ ʧʨʦʧʫʩʪʷʪ ʚʧʝʨʝʜ ʜʨʫʛʠʝ ʟʘʜʘʯʠ, ʜʘʞʝ ʝʩʣʠ ʫ ʜʨʫʛʠʭ ʟʘʜʘʯ ʚʨʝʤʷ ʦʮʝʥʝʥʦ 

ʚʝʨʥʦ. ʆʩʦʙʝʥʥʦ çʬʘʪʘʣʴʥʳʤʠè ʷʚʣʷʶʪʩʷ ʦʰʠʙʢʠ ʫ ʟʘʜʘʯ, ʢʦʪʦʨʳʝ ʟʘʧʫʱʝʥʳ ʥʘ ʙʦʣʝʝ, ʯʝʤ ʦʜʥʦʤ ʫʟʣʝ.  

 ʊ. ʢ. ʠʟ-ʟʘ ʩʚʦʝʡ çʛʨʦʤʦʟʜʢʦʩʪʠè, ʠʤ ʪʷʞʝʣʦ ʥʘʡʪʠ ʤʝʩʪʦ ʚ ʦʯʝʨʝʜʠ, ʪʦ ʠ ʩ ʦʯʝʥʴ ʤʘʣʦʡ ʚʝʨʦʷʪʥʦʩʪʴʶ 

ʧʣʘʥʠʨʦʚʱʠʢ (ʧʨʠ ʦʯʝʨʝʜʥʳʭ ʮʠʢʣʘʭ ʧʝʨʝʩʪʨʦʡʢʠ ʦʯʝʨʝʜʠ) ʩʤʦʞʝʪ ʥʘʡʪʠ ʜʨʫʛʦʝ ʦʧʪʠʤʘʣʴʥʦʝ ʤʝʩʪʦ ʚ ʦʯʝʨʝʜʠ ʵʪʦʡ 

ʟʘʜʘʯʝ, ʩʝʨʴʝʟʥʦ ʤʝʰʘʷ ʜʨʫʛʠʤ ʟʘʜʘʯʘʤ ʟʘʧʫʩʪʠʪʴʩʷ, ʠ ʦʩʪʘʚʣʷʷ ʧʝʨʝʜ ʩʦʙʦʡ ʙʦʣʴʰʠʝ ʧʨʦʩʪʦʠ ʩʨʘʟʫ ʥʝʩʢʦʣʴʢʠʭ 

ʫʟʣʦʚ, ʥʘ ʢʦʪʦʨʳʭ ʙʫʜʝʪ ʟʘʧʫʱʝʥʘ ʟʘʜʘʯʘ. ʇʨʠʤʝʨʳ ʪʘʢʠʭ ʧʨʦʩʪʦʝʚ ʦʪʤʝʯʝʥʳ ʥʘ ʩʣʝʜʫʶʱʝʤ ʩʣʘʡʜʝ ʢʨʘʩʥʳʤʠ 

ʢʨʫʛʘʤʠ. 



ʊʆʏʅʆʉʊʔ ʇʈɽɼʉʂɸɿɸʅʀʗ ɺʈɽʄɽʅʀ ʇʈʀɺʆɼʀʊ ʂ ʇʆɺʓʐɽʅʀʖ ʕʌʌɽʂʊʀɺʅʆʉʊʀ 

ʇʆʊʈɽɹʃɽʅʀʗ ʈɽʉʋʈʉʆɺ ʉʂ 
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ʀʃʃʖʉʊʈɸʎʀʗ ʇʈʆɹʃɽʄʓ ʅɽʕʌʌɽʂʊʀɺʅʆɻʆ ʇʃɸʅʀʈʆɺɸʅʀʗ 

7 

 ʈʘʩʩʤʦʪʨʠʤ ʮʠʢʣ ʧʦʩʪʘʥʦʚʢʠ ʟʘʷʚʦʢ ʟʘʜʘʯ ʚ ʦʯʝʨʝʜʴ, ʯʪʦʙʳ ʧʨʦʠʣʣʶʩʪʨʠʨʦʚʘʪʴ 

ʧʨʦʙʣʝʤʫ ʥʝʚʝʨʥʳʭ ʧʘʨʘʤʝʪʨʦʚ ʟʘʜʘʯʠ ʠ ʚʘʞʥʦʩʪʴ ʚʤʝʰʘʪʝʣʴʩʪʚʘ çʪʨʝʪʴʝʡ ʩʪʦʨʦʥʳè ʚ 

ʧʨʦʮʝʩʩ ʧʦʩʪʘʥʦʚʢʠ ʟʘʜʘʯ ʜʣʷ ʧʦʚʳʰʝʥʠʷ çʨʝʘʣʴʥʦʡ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠè: 

ʕʪʘʧ 1. ʇʦʣʴʟʦʚʘʪʝʣʠ ʚʳʩʪʘʚʣʷʶʪ ʩʚʦʠ ʟʘʷʚʢʠ ʥʘ ʚʳʧʦʣʥʝʥʠʝ ʟʘʜʘʯ 

ʥʘ ʢʣʘʩʪʝʨʝ. ʅʘʠʙʦʣʝʝ ʚʘʞʥʳʤʠ ʢʨʠʪʠʯʝʩʢʠʤʠ ʜʣʷ ʧʣʘʥʠʨʦʚʘʥʠʷ 

ʷʚʣʷʶʪʩʷ:  

Åʯʠʩʣʦ ʟʘʧʨʦʰʝʥʥʳʭ ʫʟʣʦʚ; 

Åʟʘʧʨʦʰʝʥʥʦʝ ʚʨʝʤʷ. 

12 ʯʘʩʦʚ ɿʘʷʚʢʘ 1: 1 ʫʟʝʣ, 12 ʯʘʩʦʚ 

24 ʯʘʩʘ ɿʘʷʚʢʘ 5: 1 ʫʟʝʣ, 24 ʯʘʩʘ 

16 ʯʘʩʦʚ 

16 ʯʘʩʦʚ 

16 ʯʘʩʦʚ 

ɿʘʷʚʢʘ 3: 3 ʫʟʣʘ, 16 ʯʘʩʦʚ 

2 ʯʘʩʘ 

2 ʯʘʩʘ 

2 ʯʘʩʘ 

2 ʯʘʩʘ 

2 ʯʘʩʘ 

ɿʘʷʚʢʘ 2: 5 ʫʟʣʦʚ, 2 ʯʘʩʘ 

4 ʯʘʩʘ ɿʘʷʚʢʘ 4: 1 ʫʟʝʣ, 4 ʯʘʩʘ 

10 ʯʘʩʦʚ 

10 ʯʘʩʦʚ 

10 ʯʘʩʦʚ 

10 ʯʘʩʦʚ 

ɿʘʷʚʢʘ 6: 4 ʫʟʣʘ, 10 ʯʘʩʦʚ 
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ʀʃʃʖʉʊʈɸʎʀʗ ʇʈʆʉʊʆɽɺ ʋɿʃʆɺ ʂʃɸʉʊɽʈɸ ʇʆʉʃɽ ʅɽʕʌʌɽʂʊʀɺʅʆɻʆ 

ʇʃɸʅʀʈʆɺɸʅʀʗ 

ʕʪʘʧ 3. ʇʦʩʣʝ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʟʘʷʚʦʢ ʥʘ ʩʪʘʜʠʠ ʧʣʘʥʠʨʦʚʘʥʠʷ ʦʩʪʘʣʠʩʴ çʜʳʨʳè ʚ 

ʦʯʝʨʝʜʠ ʟʘʜʘʯ, ʫʟʣʳ ʥʝʠʟʙʝʞʥʦ ʙʫʜʫʪ ʧʨʦʩʪʘʠʚʘʪʴ. ɿʘʜʘʯʠ ʝʱʝ ʥʝ ʙʳʣʠ ʟʘʧʫʱʝʥʳ. 

2 

ʯʘʩʘ 

2 

ʯʘʩʘ 

2 

ʯʘʩʘ 

2 

ʯʘʩʘ 

2 

ʯʘʩʘ 

16 ʯʘʩʦʚ 

16 ʯʘʩʦʚ 

16 ʯʘʩʦʚ 

24 ʯʘʩʘ 

4 ʯʘʩʘ 

10 ʯʘʩʦʚ 

10 ʯʘʩʦʚ 

10 ʯʘʩʦʚ 

10 ʯʘʩʦʚ 

12 ʯʘʩʦʚ 1 

 

2 

 

3 

 

4 

 

5 



10 

ʀʃʃʖʉʊʈɸʎʀʗ ʇɽʈɽʉʊʈʆʁʂʀ ʆʏɽʈɽɼʀ ɺʆ ɺʈɽʄʗ ɺʓʇʆʃʅɽʅʀʗ ɿɸɼɸʏ 
ʕʪʘʧ 4. ɿʘʜʘʯʠ ʟʘʧʫʱʝʥʳ ʠ ʦʯʝʨʝʜʴ ʜʠʥʘʤʠʯʝʩʢʠ ʧʝʨʝʩʪʨʘʠʚʘʝʪʩʷ ʧʦʩʣʝ ʟʘʚʝʨʰʝʥʠʷ ʦʯʝʨʝʜʥʦʡ ʟʘʜʘʯʠ, ʥʦ 

ʵʪʦ ʥʝ ʧʨʠʥʦʩʠʪ ʩʫʱʝʩʪʚʝʥʥʦʛʦ ʫʣʫʯʰʝʥʠʷ ʩʠʪʫʘʮʠʠ. ɺ ʙʦʣʴʰʠʥʩʪʚʝ ʩʣʫʯʘʝʚ, ʨʝʘʣʴʥʦʝ ʚʨʝʤʷ ʚʳʧʦʣʥʝʥʠʷ 

ʟʘʜʘʯ ʤʝʥʴʰʝ, ʟʘʜʘʥʥʦʛʦ ʧʦʣʴʟʦʚʘʪʝʣʝʤ, ʧʦʵʪʦʤʫ ʚʘʞʥʦ ʠʟʤʝʥʷʪʴ ʧʘʨʘʤʝʪʨʳ ʟʘʧʫʩʢʘ ʧʦʣʴʟʦʚʘʪʝʣʷ ʜʦ 

ʥʘʯʘʣʘ ʚʳʯʠʩʣʝʥʠʡ, ʯʪʦʙʳ ʠʟʙʝʞʘʪʴ ʧʨʦʩʪʦʝʚ ʚ ʢʣʘʩʪʝʨʝ ʠ ʧʨʝʜʦʪʚʨʘʪʠʪʴ ʘʚʘʨʠʡʥʦʝ ʟʘʚʝʨʰʝʥʠʝ ʟʘʜʘʯʠ ʪʘʤ, 

ʛʜʝ ʵʪʦ ʚʦʟʤʦʞʥʦ. 



11 

ʌɸʂʊʀʏɽʉʂɸʗ ɿɸɻʈʋɿʂɸ ʋɿʃʆɺ ɹɽɿ ɺʄɽʐɸʊɽʃʔʉʊɺɸ çʀʅʊɽʃʃɽʂʊʋɸʃʔʅʆɻʆ 

ɼʀʉʇɽʊʏɽʈɸè 

ʕʪʘʧ 5. ʇʦʩʣʝ ʟʘʧʫʩʢʘ, ʟʘʜʘʯʠ ʦʪʨʘʙʦʪʘʣʠ ʬʘʢʪʠʯʝʩʢʠ ʟʘ ʤʝʥʴʰʝʝ ʚʨʝʤʷ. ɹʣʘʛʦʜʘʨʷ ʜʠʥʘʤʠʯʝʩʢʦʤʫ 

ʧʝʨʝʩʯʝʪʫ ʦʯʝʨʝʜʠ, SLURM ʫʜʘʣʦʩʴ ʥʝʤʥʦʛʦ ʫʤʝʥʴʰʠʪʴ ʦʜʠʥ ʠʟ ʧʨʦʩʪʦʝʚ ʫʟʣʦʚ, ʥʦ ʫʚʝʣʠʯʠʣʘʩʴ 

ʜʣʠʪʝʣʴʥʦʩʪʴ ʚʪʦʨʦʛʦ ʧʨʦʩʪʦʷ. ʇʨʦʛʥʦʟʘ ʚʨʝʤʝʥʠ ʠʩʧʦʣʥʝʥʠʷ ʠ ʠʟʤʝʥʝʥʠʡ ʟʘʷʚʦʢ ʧʦʣʴʟʦʚʘʪʝʣʝʡ ʥʝ 

ʧʨʦʠʟʚʦʜʠʣʦʩʴ. ɽʩʣʠ ʧʨʝʜʩʢʘʟʘʪʴ ʧʘʨʘʤʝʪʨʳ ʟʘʜʘʯʠ ʜʦ ʥʘʯʘʣʘ ʠʭ ʠʩʧʦʣʥʝʥʠʷ, ʪʦ ʧʨʦʩʪʦʠ ʤʦʞʥʦ 

ʠʟʙʝʞʘʪʴ. 

2 

ʯʘʩʘ 

8 ʯʘʩʦʚ 1 

 

2 

 

3 

 

4 

 

5 

1 

ʯʘʩ 

1 

ʯʘʩ 

1 

ʯʘʩ 

1 

ʯʘʩ 

1 

ʯʘʩ 

3 ʯʘʩʘ 

3 ʯʘʩʘ 

3 ʯʘʩʘ 

10 ʯʘʩʦʚ 

7 ʯʘʩʦʚ 

7 ʯʘʩʦʚ 

7 ʯʘʩʦʚ 

7 ʯʘʩʦʚ 
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ʈɽɿʋʃʔʊɸʊ ʇʈʆɻʅʆɿɸ ɸʃɻʆʈʀʊʄɸ ʀ ʀɿʄɽʅɽʅʀʗ ʇɸʈɸʄɽʊʈʆɺ ɿɸɼɸʏ 

ʆʧʪʠʤʠʟʠʨʦʚʘʥʥʘʷ ʦʯʝʨʝʜʴ. ʇʨʝʜʧʦʣʘʛʘʝʤʘʷ ʦʯʝʨʝʜʴ, ʧʨʠ ʢʦʪʦʨʦʡ ʙʳʣ ʧʨʦʠʟʚʝʜʝʥ ʧʨʦʛʥʦʟ ʚʨʝʤʝʥʠ 

ʠʩʧʦʣʥʝʥʠʷ ʠ ʠʟʤʝʥʝʥʳ ʧʘʨʘʤʝʪʨʳ ʟʘʷʚʦʢ ʧʦʣʴʟʦʚʘʪʝʣʝʡ ʜʦ ʥʘʯʘʣʘ ʚʳʯʠʩʣʝʥʠʡ. ɿʘ ʤʝʥʴʰʝʝ ʚʨʝʤʷ ʫʜʘʣʦʩʴ 

ʚʳʯʠʩʣʠʪʴ ʙʦʣʴʰʝʝ ʯʠʩʣʦ ʟʘʜʘʯ. ʈʝʘʣʴʥʘʷ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ ʢʣʘʩʪʝʨʘ ʩʫʱʝʩʪʚʝʥʥʦ ʧʦʚʳʰʝʥʘ. ʕʪʦ 

ʜʦʩʪʠʛʥʫʪʦ ʥʝ ʪʦʣʴʢʦ ʟʘ ʩʯʝʪ ʙʦʣʝʝ çʧʣʦʪʥʦʡè ʫʧʘʢʦʚʢʠ ʟʘʜʘʯ ʚ ʦʯʝʨʝʜʴ, ʥʦ ʠ ʚʚʠʜʫ ʫʤʝʥʴʰʝʥʠʷ ʯʠʩʣʘ 

ʚʦʟʤʦʞʥʳʭ ʦʰʠʙʦʢ.  

1 

ʯʘʩ 

1 

ʯʘʩ 

1 

ʯʘʩ 

1 

ʯʘʩ 

1 

ʯʘʩ 

3 ʯʘʩʘ 

3 ʯʘʩʘ 

3 ʯʘʩʘ 

5 ʯʘʩʦʚ 

4 ʯʘʩʘ 7 ʯʘʩʦʚ 

7 ʯʘʩʦʚ 

7 ʯʘʩʦʚ 

7 ʯʘʩʦʚ 

12 ʯʘʩʦʚ 1 

 

2 

 

3 

 

4 

 

5 
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76.2 % ʫʟʣʦʚ ʟʘʥʷʪʦ 

38.6 % ʫʟʣʦʚ ʟʘʥʷʪʦ 



çʈɽɺʆʃʖʎʀʆʅʅʓʁ  ʇɽʈɽɼɽʃè  2023- ʇɽʈɽʍʆɼ ʆʊ ʎʀʌʈʆɺʓʍ 

ɸɺʊʆʄɸʊʆɺ ʂ ʗɿʓʂʆɺʓʄ ʊʈɸʅʉʌʆʈʄɽʈɸʄ-ʀʅʊɽʈʇʈɽʊɸʊʆʈɸʄ 

ʕʨʘ  
ʤʝʭʘʥʠʯʝʩʢʠʭ ʘʚʪʦʤʘʪʦʚ, 

ʠʩʧʦʣʥʷʶʱʠʭ ʦʜʠʥ 

ʘʣʛʦʨʠʪʤ, ʚʳʯʠʩʣʝʥʠʷ  

ɸʣʛʦʨʠʪʤ ʟʘʧʠʩʘʥʥʳʡ ʥʘ 

ʝʩʪʝʩʪʚʝʥʥʦʤ ʷʟʳʢʝ, 

ʧʦʥʷʪʥʦʤ ʯʝʣʦʚʝʢʫ 

ɺʳʯʠʩʣʝʥʠʷ ʯʠʩʝʣ  

ɺʳʯʠʩʣʝʥʠʝ ʩʤʳʩʣʦʚ  

çɺ ʥʘʯʘʣʝ ʙʳʣʦ ʉʣʦʚʦéè 
ɽʚʘʥʛʝʣʠʷ ʦʪ  

ʀʦʘʥʥʘ 

çɺʩʝ ʝʩʪʴ ʯʠʩʣʦè 
ʇʠʬʘʛʦʨ 

570-490 ʜʦ ʥ.ʵ. 

ɸʣʛʦʨʠʪʤ 
ʚʳʯʠʩʣʝʥʠʷ 

ʟʘʧʠʩʘʥʥʳʡ  

ʯʝʣʦʚʝʢʦʤ ʥʘ 

ʷʟʳʢʝ  çʧʦʥʷʪʥʳʤè 

ʢʦʤʧʴʶʪʝʨʘʤ 

ʕʨʘ 
ʵʣʝʢʪʨʦʥʥʳʭ ʘʚʪʦʤʘʪʦʚ, 

ʚʳʯʠʩʣʷʶʱʠʭ ʯʠʩʣʘ ʩ ʧʦʤʦʱʴʶ 

ʧʨʦʛʨʘʤʤ-ʘʣʛʦʨʠʪʤʦʚ  

 It from (Qu)bit 
ɼʞ. ʋʠʣʴʝʨ 

1990 

(ʚʩʝ ʬʠʟʠʯʝʩʢʠʝ ʩʫʱʥʦʩʪʠ ʚ 

ʩʚʦʝʡ ʦʩʥʦʚʝ ʷʚʣʷʶʪʩʷ 

ʠʥʬʦʨʤʘʮʠʦʥʥʦ-ʪʝʦʨʝʪʠʯʝʩʢʠʤʠ)   

ʆʧʠʩʘʥʠʝ 

ʧʨʦʮʝʩʩʦʚ ʥʘ 

ç̫ ʟʳʢʝ ʜʘʥʥʳʭè 

(case-based)  

ʍ-ʚʭʦʜʥʳʝ 

ʜʘʥʥʳʝ ʠ 

ʦʧʠʩʘʥʠʝ  

ʟʘʜʘʥʠʡ 

Y ï ʚʳʭʦʜʥʳʝ  

ʜʘʥʥʳʝ - 

ʨʝʟʫʣʴʪʘʪʳ  

ʆʧʠʩʘʥʠʝ ʧʨʦʮʝʩʩʦʚ ʥʘ 

ç̫ ʟʳʢʝ ʘʣʛʦʨʠʪʤʦʚè  

(model-based) 

ʕʨʘ  
çʠʥʪʝʣʣʝʢʪʫʘʣʴʥʳʭè ʚʳʯʠʩʣʠʪʝʣʴʥʳʭ 

ʧʣʘʪʬʦʨʤ çʪʨʘʥʩʬʦʨʤʝʨ-ʠʥʪʝʨʧʨʝʪʘʪʦʨè 



ɿɸɻʈʋɿʂɸ ʋɿʃʆɺ ʂʃɸʉʊɽʈɸ ʀ ʈɽɿɽʈɺʓ ʋɺɽʃʀʏɽʅʀʗ ʇʈʆʀɿɺʆɼʀʊɽʃʔʅʆʉʊʀ ʉʂ 

ʅʝ ʙʦʣʝʝ 60% 

ʟʘʛʨʫʞʝʥʥʦʩʪʠ 

ʢʣʘʩʪʝʨʘ 

ʅʝ ʙʦʣʝʝ 40% 

ʟʘʛʨʫʞʝʥʥʦʩʪʠ 

ʢʣʘʩʪʝʨʘ 

ʅʝ ʙʦʣʝʝ 50% 

ʟʘʛʨʫʞʝʥʥʦʩʪʠ 

ʢʣʘʩʪʝʨʘ 

ʅʘ ʛʨʘʬʠʢʘʭ ʮʚʝʪʥʳʤʠ ʙʣʦʢʘʤʠ ʦʪʤʝʯʝʥʳ ʨʘʟʣʠʯʥʳʝ ʟʘʜʘʯʠ ʠ ʠʭ ʧʦʪʨʝʙʣʝʥʠʝ 

ʚʳʯʠʩʣʠʪʝʣʴʥʳʭ ʫʟʣʦʚ ʚ ʰʪʫʢʘʭ (ʧʦ ʚʝʨʪʠʢʘʣʠ) ʠ ʚʳʯʠʩʣʠʪʝʣʴʥʦʛʦ ʚʨʝʤʝʥʠ (ʧʦ ʛʦʨʠʟʦʥʪʘʣʠ) 

ʇʦʪʨʝʙʣʷʝʤʳʝ 

ʫʟʣʳ, ʰʪ. 

14 ʜʥʝʡ 30 ʜʥʝʡ 



ʊʆʏʅʆʉʊʔ ʇʈɽɼʉʂɸɿɸʅʀʗ ɺʈɽʄɽʅʀ ʇʈʀɺʆɼʀʊ ʂ ʇʆɺʓʐɽʅʀʖ ʕʌʌɽʂʊʀɺʅʆʉʊʀ 

ʇʆʊʈɽɹʃɽʅʀʗ ʈɽʉʋʈʉʆɺ ʉʂ 

16 

 ɺʩʣʝʜʩʪʚʠʝ ʦʪʩʫʪʩʪʚʠʷ ʪʦʯʥʦʛʦ 

ʧʨʝʜʩʢʘʟʘʥʠʷ ʧʦʣʴʟʦʚʘʪʝʣʝʤ ʧʣʘʥʠʨʦʚʱʠʢ ʥʝ 

ʤʦʞʝʪ ʟʘʧʦʣʥʠʪʴ çʧʫʩʪʦʪʳè ʚ ʦʯʝʨʝʜʠ ʧʝʨʝʜ 

ʢʨʫʧʥʳʤʠ ʟʘʜʘʯʘʤʠ, ʜʣ ̫ʢʦʪʦʨʳʭ ʙʳʣʦ ʟʘʧʨʦʰʝʥʦ 

ʙʦʣʴʰʦʝ ʢʦʣʠʯʝʩʪʚʦ ʫʟʣʦ-ʯʘʩʦʚ.  

 ʆʙʫʯʝʥʠʝ ʠʜʝʪ ʫʩʧʝʰʥʦ, ʝʩʣʠ ʫʜʘʝʪʩʷ 

ʤʠʥʠʤʠʟʠʨʦʚʘʪʴ çʧʨʦʧʫʩʢʠè ʚ ʦʯʝʨʝʜʠ ʟʘʜʘʯ. ʕʪʦ 

ʧʨʠʚʦʜʠʪ ʢ ʩʛʣʘʞʠʚʘʥʠʶ ʢʨʠʚʦʡ ʧʦʪʨʝʙʣʝʥʠʷ ʵʣ. 

ʪʦʢʘ ʫʟʣʘʤʠ ʠ ʧʨʠʙʣʠʞʝʥʠʝ ʝʝ ʢ ʫʨʦʚʥʶ ʤʘʢʩʠʤʫʤʘ.  

 ʌʠʟʠʯʝʩʢʦʡ ʠʥʪʝʨʧʨʝʪʘʮʠʝʡ ʧʦʚʳʰʝʥʠʷ 

ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʷʚʣʷʝʪʩʷ ʤʘʢʩʠʤʠʟʘʮʠʷ ʠʥʪʝʛʨʘʣʘ 

(ʧʣʦʱʘʜʠ ʧʦʜ ʛʨʘʬʠʢʦʤ) ʬʫʥʢʮʠʠ ʧʦʪʨʝʙʣʝʥʠʷ 

ʪʦʢʘ. 

ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʨʝʩʫʨʩʦʚ ʉʂ, ʙʣʠʟʢʦʝ ʢ ʧʠʢʦʚʦʡ 

ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ ï ʮʝʣʴ ʘʣʛʦʨʠʪʤʦʚ ʧʨʝʜʩʢʘʟʘʥʠʷ ʚʨʝʤʝʥʠ 

ʈʝʟʝʨʚʳ ʧʦʚʳʰʝʥʠʷ ʨʝʘʣʴʥʦʡ 

ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ ʉʂ, ʚ ʩʨʝʜʥʝʤ ʥʝ ʤʝʥʝʝ 

40%  



ʉʈɸɺʅɽʅʀɽ ɿɸɻʈʋɿʂʀ ʋɿʃʆɺ ʂʃɸʉʊɽʈɸ  

17 

ɹʝʟ ʧʨʠʤʝʥʝʥʠʷ ʀʀ: 

ʤʝʞʜʫ ʟʘʜʘʯʘʤʠ 

ʟʘʤʝʯʘʶʪʩʷ ʯʘʩʪʳʝ 

ʧʫʩʪʳʝ ʟʘʟʦʨʳ, 

ʤʝʥʝʝ ʵʬʬʝʢʪʠʚʥʦʝ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝ 

ʨʝʩʫʨʩʦʚ 

ʉ ʧʨʠʤʝʥʝʥʠʝʤ ʀʀ: 

ʟʘʜʘʯʠ ʨʘʩʧʦʣʦʞʝʥʳ 

çʧʣʦʪʥʝʝè ʜʨʫʛ ʢ 

ʜʨʫʛʫ, ʦʩʪʘʚʣʷʷ 

ʨʝʩʫʨʩʳ ʜʣʷ ʜʨʫʛʠʭ 

ʟʘʜʘʯ 



ɼʆʃʀ ɿɸɼɸʏ, ʉʅʗʊʓʍ ʉ ɺʓʏʀʉʃɽʅʀʗ ɼʀʉʇɽʊʏɽʈʆʄ 

18 

ɹʝʟ 

ʧʨʠʤʝʥʝʥʠʷ 

ʀʀ: 1.1% 

ʉ ʧʨʠʤʝʥʝʥʠʝʤ 

ʀʀ: 1.8% 

ɺʘʞʥʦ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʧʨʦʙʣʝʤʘʪʠʯʥʦ ʦʪʩʣʝʜʠʪʴ ʧʦʥʠʞʝʥʠʝ ʵʪʦʛʦ ʢʨʠʪʝʨʠʷ, ʪ.ʢ. ʝʩʣʠ ʚʳʜʝʣʠʪʴ 

ʚ ʧʨʦʰʣʦʤ ʥʝʫʩʧʝʰʥʦʡ ʟʘʜʘʯʝ ʙʦʣʴʰʝ ʚʨʝʤʝʥʠ, ʪʦ ʪʨʫʜʥʦ ʦʮʝʥʠʪʴ ʧʦʤʦʛʣʦ ʝʡ ʵʪʦ ʠʣʠ ʥʝʪ, ʪ.ʢ. 

ʥʝʠʟʚʝʩʪʥʦ ʝʝ ʨʝʘʣʴʥʦʝ ʚʨʝʤʝʥʠ ʚʳʯʠʩʣʝʥʠʷ (ʧʨʦʙʣʝʤʘ ʩʠʤʫʣʷʮʠʠ). ʇʦ ʵʪʦʡ ʧʨʠʯʠʥʝ ʫʜʘʝʪʩʷ 

ʪʦʣʴʢʦ ʟʘʬʠʢʩʠʨʦʚʘʪʴ ʧʦʚʳʰʝʥʠʝ ʥʝʫʩʧʝʰʥʳʭ ʟʘʜʘʯ. 

ʂʨʘʩʥʳʤ 

ʦʪʤʝʯʝʥʳ 

ʥʝʫʩʧʝʰʥʳʝ 

ʟʘʜʘʯʠ 


