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ɸʅʅʆʊɸʎʀʗ 

ɼʦʢʫʤʝʥʪ ʩʦʜʝʨʞʠʪ ʠʥʩʪʨʫʢʮʠʠ ʧʦ ʨʘʙʦʪʝ ʧʦʣʴʟʦʚʘʪʝʣʷ ʩ ʢʦʤʧʦʥʝʥʪʘʤʠ ʧʨʦʛʨʘʤʤʥʦʛʦ 

ʦʙʝʩʧʝʯʝʥʠʷ çɼʘʪʘʙʘʟʠʩè (ʜʘʣʝʝ ï ɼʘʪʘʙʘʟʠʩ, ʇʣʘʪʬʦʨʤʘ, ʇʆ). 

ʈʫʢʦʚʦʜʩʪʚʦ ʨʘʩʩʯʠʪʘʥʦ ʥʘ ʧʦʣʴʟʦʚʘʪʝʣʝʡ, ʟʥʘʢʦʤʳʭ ʩ ʦʩʥʦʚʥʳʤʠ 

ʠʥʪʝʨʥʝʪ-ʪʝʭʥʦʣʦʛʠʷʤʠ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʡ ʪʝʨʤʠʥʦʣʦʛʠʝʡ, ʠʤʝʶʱʠʭ ʙʘʟʦʚʦʝ ʧʨʝʜʩʪʘʚʣʝʥʠʝ 

ʦ ʧʨʠʥʮʠʧʘʭ ʨʘʙʦʪʳ ʩʘʡʪʦʚ. 

ɼʦʢʫʤʝʥʪ ʨʘʟʨʘʙʦʪʘʥ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʪʨʝʙʦʚʘʥʠʷʤʠ ʩʣʝʜʫʶʱʠʭ ʜʦʢʫʤʝʥʪʦʚ: 

 ɻʆʉʊ ʈ 59795-2021 çʀʥʬʦʨʤʘʮʠʦʥʥʳʝ ʪʝʭʥʦʣʦʛʠʠ. ʂʦʤʧʣʝʢʩ ʩʪʘʥʜʘʨʪʦʚ 

ʥʘ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʳʝ ʩʠʩʪʝʤʳ. ɸʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʳʝ ʩʠʩʪʝʤʳ. ʊʨʝʙʦʚʘʥʠʷ ʢ ʩʦʜʝʨʞʘʥʠʶ 

ʜʦʢʫʤʝʥʪʦʚè; 

 ɻʆʉʊ 34.201-2020 çʀʥʬʦʨʤʘʮʠʦʥʥʳʝ ʪʝʭʥʦʣʦʛʠʠ. ʂʦʤʧʣʝʢʩ ʩʪʘʥʜʘʨʪʦʚ 

ʥʘ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʳʝ ʩʠʩʪʝʤʳ. ɺʠʜʳ, ʢʦʤʧʣʝʢʪʥʦʩʪʴ ʠ ʦʙʦʟʥʘʯʝʥʠʝ ʜʦʢʫʤʝʥʪʦʚ ʧʨʠ 

ʩʦʟʜʘʥʠʠ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʳʭ ʩʠʩʪʝʤè.  
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1 ɺɺɽɼɽʅʀɽ 

1.1 ʆʙʣʘʩʪʴ ʧʨʠʤʝʥʝʥʠʷ 

ʅʘʩʪʦʷʱʝʝ ʨʫʢʦʚʦʜʩʪʚʦ ʧʨʝʜʥʘʟʥʘʯʝʥʦ ʜʣʷ ʪʦʛʦ, ʯʪʦʙʳ ʦʟʥʘʢʦʤʠʪʴ ʧʦʣʴʟʦʚʘʪʝʣʷ 

ʩ ʬʫʥʢʮʠʦʥʘʣʴʥʳʤʠ ʚʦʟʤʦʞʥʦʩʪʷʤʠ ɼʘʪʘʙʘʟʠʩ ʠ ʧʨʝʜʦʩʪʘʚʠʪʴ ʠʥʩʪʨʫʢʮʠʠ ʧʦ ʠʭ 

ʠʩʧʦʣʴʟʦʚʘʥʠʶ. 

ʆʙʣʘʩʪʴ ʧʨʠʤʝʥʝʥʠʷ ʥʘʩʪʦʷʱʝʛʦ ʜʦʢʫʤʝʥʪʘ ʨʘʩʧʨʦʩʪʨʘʥʷʝʪʩʷ ʥʘ ʨʷʜʦʚʳʭ 

ʧʦʣʴʟʦʚʘʪʝʣʝʡ ɼʘʪʘʙʘʟʠʩ, ʥʝ ʦʙʣʘʜʘʶʱʠʭ ʧʨʘʚʘʤʠ ʘʜʤʠʥʠʩʪʨʠʨʦʚʘʥʠʷ. 

1.2 ʋʨʦʚʝʥʴ ʧʦʜʛʦʪʦʚʢʠ ʧʦʣʴʟʦʚʘʪʝʣʷ 

ɼʣʷ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʦʡ ɼʘʪʘʙʘʟʠʩ ʜʦʩʪʘʪʦʯʥʳ ʙʘʟʦʚʳʝ ʟʥʘʥʠʷ ʠ 

ʥʘʚʳʢʠ ʫʧʨʘʚʣʝʥʠʷ ʧʝʨʩʦʥʘʣʴʥʳʤ ʢʦʤʧʴʶʪʝʨʦʤ ʧʦʩʨʝʜʩʪʚʦʤ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʩ ʛʨʘʬʠʯʝʩʢʠʤ 

ʠʥʪʝʨʬʝʡʩʦʤ ʫʩʪʘʥʦʚʣʝʥʥʦʡ ʆʉ. 

1.3 ʇʝʨʝʯʝʥʴ ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʦʡ ʜʦʢʫʤʝʥʪʘʮʠʠ, ʩ ʢʦʪʦʨʦʡ 

ʥʝʦʙʭʦʜʠʤʦ ʦʟʥʘʢʦʤʠʪʴʩʷ ʧʦʣʴʟʦʚʘʪʝʣʶ 

ʇʦʣʴʟʦʚʘʪʝʣʶ ɼʘʪʘʙʘʟʠʩ ʜʦʩʪʘʪʦʯʥʦ ʦʟʥʘʢʦʤʠʪʴʩʷ ʩ ʥʘʩʪʦʷʱʠʤ ʨʫʢʦʚʦʜʩʪʚʦʤ. 

ʀʟʫʯʝʥʠʝ ʜʦʧʦʣʥʠʪʝʣʴʥʳʭ ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʥʝ ʪʨʝʙʫʝʪʩʷ. 
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2 ʅɸɿʅɸʏɽʅʀɽ ʀ ʋʉʃʆɺʀʗ ʇʈʀʄɽʅɽʅʀʗ 

2.1 ɺʠʜʳ ʜʝʷʪʝʣʴʥʦʩʪʠ ʠ ʬʫʥʢʮʠʠ, ʜʣʷ ʘʚʪʦʤʘʪʠʟʘʮʠʠ 

ʢʦʪʦʨʳʭ ʧʨʝʜʥʘʟʥʘʯʝʥʘ ʩʠʩʪʝʤʘ 

ʇʣʘʪʬʦʨʤʘ ɼʘʪʘʙʘʟʠʩ ʧʨʝʜʥʘʟʥʘʯʝʥʘ ʜʣʷ ʩʙʦʨʘ, ʭʨʘʥʝʥʠʷ ʠ ʘʛʨʝʛʘʮʠʠ ʜʘʥʥʳʭ ʜʣʷ 

ʮʝʣʝʡ ʨʘʟʚʠʪʠʷ ʘʥʘʣʠʪʠʯʝʩʢʦʡ ʠ ʢʦʨʧʦʨʘʪʠʚʥʦʡ ʦʪʯʝʪʥʦʩʪʠ, ʘ ʪʘʢʞʝ ʜʣʷ ʘʚʪʦʤʘʪʠʟʘʮʠʠ 

ʧʝʨʝʜʘʯʠ ʜʘʥʥʳʭ ʩʚʷʟʘʥʥʳʝ ʩʝʨʚʠʩʳ. 

ɼʘʪʘʙʘʟʠʩ ʨʘʟʨʘʙʘʪʳʚʘʝʪʩʷ ʢʘʢ ʫʥʠʚʝʨʩʘʣʴʥʦʝ ʨʝʰʝʥʠʝ ʧʦ ʭʨʘʥʝʥʠʶ ʠ ʦʙʨʘʙʦʪʢʝ 

ʜʘʥʥʳʭ, ʦʪʯʫʞʜʘʝʤʦʝ, ʚʦʩʧʨʦʠʟʚʦʜʠʤʦʝ ʥʘ ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʳʭ ʠʥʬʨʘʩʪʨʫʢʪʫʨʥʳʭ 

ʧʣʘʪʬʦʨʤʘʭ. ʂʦʤʧʦʥʝʥʪʳ ʧʣʘʪʬʦʨʤʳ ʦʧʠʨʘʶʪʩʷ ʥʘ ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʳʝ open source ʨʝʰʝʥʠʷ, 

ʧʨʠ ʵʪʦʤ ʇʣʘʪʬʦʨʤʘ ʨʘʟʨʘʙʘʪʳʚʘʝʪʩʷ ʢʘʢ ʠʤʧʦʨʪʦʟʘʤʝʱʝʥʥʦʝ ʨʝʰʝʥʠʝ ʩ ʨʝʛʠʩʪʨʘʮʠʝʡ ʚ 

ʄʠʥʎʠʬʨʳ.  

ɼʘʪʘʙʘʟʠʩ ʩʦʩʪʦʠʪ ʠʟ ʩʣʝʜʫʶʱʠʭ ʧʦʣʴʟʦʚʘʪʝʣʴʩʢʠʭ ʢʦʤʧʦʥʝʥʪʦʚ: 

 ClickHouse; 

 Airflow;  

 OpenMetaData; 

 Superset; 

 Grafana; 

 Gitflic. 

1. ClickHouse ï ʢʦʣʦʥʦʯʥʘʷ ʩʠʩʪʝʤʘ ʫʧʨʘʚʣʝʥʠʷ ʙʘʟʘʤʠ ʜʘʥʥʳʭ (ʉʋɹɼ) ʩ ʦʪʢʨʳʪʳʤ 

ʠʩʭʦʜʥʳʤ ʢʦʜʦʤ, ʧʦʟʚʦʣʷʶʱʘʷ ʚʳʧʦʣʥʷʪʴ ʘʥʘʣʠʪʠʯʝʩʢʠʝ ʟʘʧʨʦʩʳ ʚ ʨʝʞʠʤʝ ʨʝʘʣʴʥʦʛʦ 

ʚʨʝʤʝʥʠ ʥʘ ʩʪʨʫʢʪʫʨʠʨʦʚʘʥʥʳʭ ʙʦʣʴʰʠʭ ʜʘʥʥʳʭ. 

2. Apache Airflow ï ʵʪʦ ʧʣʘʪʬʦʨʤʘ ʩ ʦʪʢʨʳʪʳʤ ʠʩʭʦʜʥʳʤ ʢʦʜʦʤ ʜʣʷ ʨʘʟʨʘʙʦʪʢʠ, 

ʧʣʘʥʠʨʦʚʘʥʠʷ ʠ ʤʦʥʠʪʦʨʠʥʛʘ ʧʘʢʝʪʥʦ-ʦʨʠʝʥʪʠʨʦʚʘʥʥʳʭ ʨʘʙʦʯʠʭ ʧʨʦʮʝʩʩʦʚ.  

3. OpenMetadata ï ʦʪʢʨʳʪʘʷ ʧʣʘʪʬʦʨʤʘ ʫʧʨʘʚʣʝʥʠʷ ʤʝʪʘʜʘʥʥʳʤʠ. ʇʨʝʜʥʘʟʥʘʯʝʥʘ ʜʣʷ 

ʮʝʥʪʨʘʣʠʟʦʚʘʥʥʦʛʦ ʭʨʘʥʝʥʠʷ, ʫʧʨʘʚʣʝʥʠʷ ʠ ʘʥʘʣʠʟʘ ʤʝʪʘʜʘʥʥʳʭ ʚ ʧʨʝʜʝʣʘʭ ʦʨʛʘʥʠʟʘʮʠʠ.  

4. Apache Superset ï ʧʣʘʪʬʦʨʤʘ ʜʣʷ ʠʩʩʣʝʜʦʚʘʥʠʷ ʠ ʚʠʟʫʘʣʠʟʘʮʠʠ ʜʘʥʥʳʭ ʩ ʦʪʢʨʳʪʳʤ 

ʠʩʭʦʜʥʳʤ ʢʦʜʦʤ. 

5. Grafana ï ʦʪʢʨʳʪʘʷ ʧʣʘʪʬʦʨʤʘ ʜʣʷ ʩʙʦʨʘ, ʤʦʥʠʪʦʨʠʥʛʘ ʠ ʚʠʟʫʘʣʠʟʘʮʠʠ ʜʘʥʥʳʭ, 

ʧʦʟʚʦʣʷʶʱʘʷ ʦʙʲʝʜʠʥʷʪʴ ʠʥʬʦʨʤʘʮʠʶ ʠʟ ʨʘʟʥʳʭ ʠʩʪʦʯʥʠʢʦʚ ʠ ʧʨʝʜʩʪʘʚʣʷʪʴ ʝʸ ʚ ʚʠʜʝ 

ʠʥʪʝʨʘʢʪʠʚʥʳʭ ʜʘʰʙʦʨʜʦʚ. 

6. GitFlic ï ʧʣʘʪʬʦʨʤʘ ʜʣʷ ʨʘʙʦʪʳ ʩ ʢʦʜʦʤ, ʚ ʢʦʪʦʨʦʡ ʤʦʞʥʦ ʩʦʚʤʝʩʪʥʦ ʫʧʨʘʚʣʷʪʴ 

ʧʨʦʝʢʪʘʤʠ ʠ ʠʥʪʝʛʨʠʨʦʚʘʪʴ ʨʘʟʣʠʯʥʳʝ ʠʥʩʪʨʫʤʝʥʪʳ ʜʣʷ ʘʚʪʦʤʘʪʠʟʘʮʠʠ ʧʨʦʮʝʩʩʦʚ ʨʘʟʨʘʙʦʪʢʠ. 
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2.2 ʋʩʣʦʚʠʷ, ʧʨʠ ʢʦʪʦʨʳʭ ʦʙʝʩʧʝʯʠʚʘʝʪʩʷ ʧʨʠʤʝʥʝʥʠʝ 

ʩʠʩʪʝʤʳ 

ɼʣʷ ʧʦʣʥʦʮʝʥʥʦʡ ʨʘʙʦʪʳ ʩ ʚʝʙ-ʢʦʤʧʦʥʝʥʪʘʤʠ ɼʘʪʘʙʘʟʠʩʘ ʥʝʦʙʭʦʜʠʤʦ ʥʘʣʠʯʠʝ 

ʩʪʘʙʠʣʴʥʦʛʦ ʩʝʪʝʚʦʛʦ ʜʦʩʪʫʧʘ ʠ ʘʢʪʫʘʣʴʥʦʡ ʚʝʨʩʠʠ ʚʝʙ-ʙʨʘʫʟʝʨʘ, ʘ ʪʘʢʞʝ ʜʘʥʥʳʭ ʘʚʪʦʨʠʟʘʮʠʠ. 

ɼʣʷ ʨʘʙʦʪʳ ʩ ClickHouse ʪʨʝʙʫʝʪʩʷ, ʯʪʦʙʳ ʥʘ ʧʝʨʩʦʥʘʣʴʥʦʤ ʢʦʤʧʴʶʪʝʨʝ ʧʦʣʴʟʦʚʘʪʝʣʷ ʙʳʣʘ 

ʫʩʪʘʥʦʚʣʝʥʘ ʠ ʥʘʩʪʨʦʝʥʘ ʦʜʥʘ ʠʟ ʧʨʦʛʨʘʤʤ (ʥʘʧʨʠʤʝʨ, DBeaver), ʧʦʟʚʦʣʷʶʱʠʭ ʧʦʜʢʣʶʯʠʪʴʩʷ 

ʢ ʵʪʦʡ ʉʋɹɼ ʠ ʨʘʙʦʪʘʪʴ ʩ ʥʝʡ. 
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3 ʇʆʃʋʏɽʅʀɽ ɼʆʉʊʋʇɸ ʂ ʂʆʄʇʆʅɽʅʊɸʄ 

ʉʀʉʊɽʄʓ 

ɼʣʷ ʧʦʣʫʯʝʥʠʷ ʜʦʩʪʫʧʘ ʢ ʢʦʤʧʦʥʝʥʪʘʤ ɼʘʪʘʙʘʟʠʩʘ ʥʝʦʙʭʦʜʠʤʦ ʦʪʧʨʘʚʠʪʴ ʧʠʩʴʤʦ ʩ 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʤ ʟʘʧʨʦʩʦʤ ʥʘ ʩʝʨʚʠʩʥʳʡ ʧʦʯʪʦʚʳʡ ʷʱʠʢ dwh_help@gid.ru. ɺ ʦʪʚʝʪʥʦʤ 

ʧʠʩʴʤʝ ʙʫʜʫʪ ʦʪʧʨʘʚʣʝʥʳ ʜʘʥʥʳʝ ʜʣʷ ʘʚʪʦʨʠʟʘʮʠʠ (ʣʦʛʠʥ ʠ ʧʘʨʦʣʴ), ʝʜʠʥʳʝ ʜʣʷ ʚʩʝʭ 

ʢʦʤʧʦʥʝʥʪʦʚ ɼʘʪʘʙʘʟʠʩ. 

mailto:dwh_help@gid.ru.


 10 

4 CLIC KHOUSE 

ɼʣʷ ʨʘʙʦʪʳ ʩ ClickHouse ʩʫʱʝʩʪʚʫʝʪ ʤʥʦʞʝʩʪʚʦ ʠʥʩʪʨʫʤʝʥʪʦʚ, ʢʘʞʜʳʡ ʠʟ ʢʦʪʦʨʳʭ 

ʠʤʝʝʪ ʩʚʦʡ ʧʦʣʴʟʦʚʘʪʝʣʴʩʢʠʡ ʠʥʪʝʨʬʝʡʩ. ɺ ʢʘʯʝʩʪʚʝ ʧʨʠʤʝʨʘ ʨʘʩʩʤʦʪʨʠʤ ʧʨʠʥʮʠʧ ʨʘʙʦʪʳ 

ʩ ClickHouse ʯʝʨʝʟ DBeaver ð ʧʨʠʣʦʞʝʥʠʝ, ʧʨʝʜʥʘʟʥʘʯʝʥʥʦʝ ʜʣʷ ʨʘʙʦʪʳ ʩ ʙʘʟʘʤʠ ʜʘʥʥʳʭ. 

4.1 ʇʦʜʛʦʪʦʚʢʘ ʢ ʨʘʙʦʪʝ 

ʀʥʪʝʨʬʝʡʩ ʧʨʠʣʦʞʝʥʠʷ ʧʨʝʜʩʪʘʚʣʝʥ ʥʘ ʨʠʩʫʥʢʝ ʥʠʞʝ (ʈʠʩʫʥʦʢ 1). ʈʘʙʦʯʝʝ ʦʢʥʦ 

ʧʨʠʣʦʞʝʥʠʷ ʩʦʩʪʦʠʪ ʠʟ ʜʚʫʭ, ʦʜʥʘ ʠʟ ʢʦʪʦʨʳʭ (ʦʙʣʘʩʪʴ 1) ʧʨʝʜʥʘʟʥʘʯʝʥʘ ʜʣʷ ʥʘʚʠʛʘʮʠʠ ʧʦ 

ʙʘʟʘʤ ʜʘʥʥʳʭ, ʘ ʚʪʦʨʘʷ (ʦʙʣʘʩʪʴ 2) ð ʜʣʷ ʧʨʦʩʤʦʪʨʘ ʠʭ ʩʦʜʝʨʞʠʤʦʛʦ. 

  

ʈʠʩʫʥʦʢ 1 ï ʀʥʪʝʨʬʝʡʩ ʧʨʠʣʦʞʝʥʠʷ DBeaver 

ʅʘʜ ʦʩʥʦʚʥʳʤʠ ʦʙʣʘʩʪʷʤʠ ʧʨʠʣʦʞʝʥʠʷ ʨʘʩʧʦʣʦʞʝʥʘ ʥʘʩʪʨʘʠʚʘʝʤʘʷ ʧʘʥʝʣʴ ʜʝʡʩʪʚʠʡ 

(ʈʠʩʫʥʦʢ 2), ʩ ʧʦʤʦʱʴʶ ʢʦʪʦʨʦʡ ʤʦʞʥʦ ʧʦʜʢʣʶʯʘʪʴʩʷ ʢ ʙʘʟʘʤ ʜʘʥʥʳʭ, ʧʨʦʚʝʨʷʪʴ ʩʪʘʪʫʩ 

ʩʦʝʜʠʥʝʥʠʷ, ʨʘʙʦʪʘʪʴ ʩ SQL ʩʢʨʠʧʪʘʤʠ ʠ ʪ. ʜ. 

 

ʈʠʩʫʥʦʢ 2 ï ʇʘʥʝʣʴ ʜʝʡʩʪʚʠʡ DBeaver  
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4.2 ʈʘʙʦʪʘ ʩ ʂʦʤʧʦʥʝʥʪʦʤ 

4.2.1 ʇʦʜʢʣʶʯʝʥʠʝ ʙʘʟʳ ʜʘʥʥʳʭ 

ɼʣʷ ʧʦʜʢʣʶʯʝʥʠʷ ʢ ʙʘʟʝ ʜʘʥʥʳʭ ClickHouse ʥʝʦʙʭʦʜʠʤʦ ʥʘʞʘʪʴ ʥʘ ʢʥʦʧʢʫ çʅʦʚʦʝ 

ʩʦʝʜʠʥʝʥʠʝè ʥʘ ʧʘʥʝʣʠ ʜʝʡʩʪʚʠʡ DBeaver (ʈʠʩʫʥʦʢ 3). 

  

ʈʠʩʫʥʦʢ 3 ï ʇʦʜʢʣʶʯʝʥʠʝ ʢ ʙʘʟʝ ʜʘʥʥʳʭ ClickHouse 

ʅʘ ʵʢʨʘʥʝ ʦʪʦʙʨʘʟʠʪʩʷ ʦʢʥʦ ʧʦʰʘʛʦʚʦʛʦ ʩʦʟʜʘʥʠʷ ʩʦʝʜʠʥʝʥʠʷ. ʅʘ ʧʝʨʚʦʤ ʰʘʛʝ 

ʥʝʦʙʭʦʜʠʤʦ ʚʳʙʨʘʪʴ ʉʋɹɼ, ʢ ʢʦʪʦʨʦʡ ʪʨʝʙʫʝʪʩʷ ʧʦʜʢʣʶʯʠʪʴʩʷ ð ʚ ʥʘʰʝʤ ʩʣʫʯʘʝ ʵʪʦ 

ClickHouse (ʈʠʩʫʥʦʢ 4). ʉʦʦʪʚʝʪʩʪʚʫʶʱʠʡ ʟʥʘʯʦʢ ʥʝʦʙʭʦʜʠʤʦ ʚʳʙʨʘʪʴ ʥʘʞʘʪʠʝʤ ʣʝʚʦʡ 

ʢʣʘʚʠʰʝʡ ʤʳʰʠ, ʧʦʩʣʝ ʯʝʛʦ ʩʣʝʜʫʝʪ ʥʘʞʘʪʴ ʢʥʦʧʢʫ çɼʘʣʝʝè. 
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ʈʠʩʫʥʦʢ 4 ï ʆʢʥʦ ʩʦʟʜʘʥʠʷ ʩʦʝʜʠʥʝʥʠʷ c ClickHouse, ʰʘʛ 1 

ʅʘ ʚʪʦʨʦʤ ʵʪʘʧʝ ʩʦʝʜʠʥʝʥʠʷ ʥʝʦʙʭʦʜʠʤʦ ʚʚʝʩʪʠ ʜʘʥʥʳʝ ʜʣʷ ʧʦʜʢʣʶʯʝʥʠʷ ʢ ClickHouse 

(ʈʠʩʫʥʦʢ 5), ʘ ʠʤʝʥʥʦ: 

 ʭʦʩʪ; 

 ʧʦʨʪ; 

 ʜʘʥʥʳʝ ʘʫʪʝʥʪʠʬʠʢʘʮʠʠ (ʠʤʷ ʧʦʣʴʟʦʚʘʪʝʣʷ, ʧʘʨʦʣʴ). 



 13 

 

ʈʠʩʫʥʦʢ 5 ï ʆʢʥʦ ʩʦʟʜʘʥʠʷ ʩʦʝʜʠʥʝʥʠʷ c ClickHouse, ʰʘʛ 2 

ʇʦʩʣʝ ʚʚʦʜʘ ʚʩʝʭ ʜʘʥʥʳʭ ʥʝʦʙʭʦʜʠʤʦ ʥʘʞʘʪʴ ʥʘ ʢʥʦʧʢʫ çɻʦʪʦʚʦè. ʅʘ ʧʘʥʝʣʠ ʥʘʚʠʛʘʮʠʠ 

ʦʪʦʙʨʘʟʠʪʩʷ ʥʦʚʦʝ ʩʦʝʜʠʥʝʥʠʝ (ʈʠʩʫʥʦʢ 6). 
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ʈʠʩʫʥʦʢ 6 ï ʅʦʚʦʝ ʩʦʝʜʠʥʝʥʠʝ ʥʘ ʧʘʥʝʣʠ ʥʘʚʠʛʘʮʠʠ  

4.2.2 ʈʘʙʦʪʘ ʩ ʧʘʥʝʣʴʶ ʥʘʚʠʛʘʮʠʠ 

ɼʘʥʥʳʝ, ʜʦʩʪʫʧ ʢ ʢʦʪʦʨʳʤ ʦʙʝʩʧʝʯʠʚʘʝʪʩʷ ʟʘ ʩʯʝʪ ClickHouse, ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ ʚʠʜʝ 

ʩʭʝʤ, ʩʛʨʫʧʧʠʨʦʚʘʥʥʳʭ ʥʘ ʧʘʥʝʣʠ ʥʘʚʠʛʘʮʠʠ. ʂʘʞʜʘʷ ʩʭʝʤʘ ʩʦʩʪʦʠʪ ʠʟ ʩʠʩʪʝʤʳ ʪʘʙʣʠʮ 

ʠ ʚʢʣʶʯʘʝʪ ʚ ʩʝʙʷ ʨʷʜ ʧʨʝʜʩʪʘʚʣʝʥʠʡ, ʧʨʦʮʝʜʫʨ ʠ ʪʠʧʦʚ ʜʘʥʥʳʭ (ʈʠʩʫʥʦʢ 7). 

 

ʈʠʩʫʥʦʢ 7 ï ʆʙʱʠʡ ʚʠʜ ʩʪʨʫʢʪʫʨʳ ʙʘʟʳ ʜʘʥʥʳʭ ʉʋɹɼ ClickHouse 
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ʂʘʞʜʘʷ ʪʘʙʣʠʮʘ ʩʦʩʪʦʠʪ ʠʟ ʥʘʙʦʨʘ ʢʦʣʦʥʦʢ ʠ ʢʣʶʯʝʡ. ɼʣʷ ʦʪʦʙʨʘʞʝʥʠʷ ʩʚʝʜʝʥʠʡ 

ʦ ʣʶʙʦʤ ʦʙʲʝʢʪʝ ʙʘʟʳ ʜʘʥʥʳʭ ClickHouse ʥʝʦʙʭʦʜʠʤʦ ʜʚʘʞʜʳ ʱʝʣʢʥʫʪʴ ʧʦ ʥʝʤʫ ʣʝʚʦʡ 

ʢʣʘʚʠʰʝʡ ʤʳʰʠ, ʧʦʩʣʝ ʯʝʛʦ ʚ ʦʙʣʘʩʪʠ ʧʨʦʩʤʦʪʨʘ ʩʦʜʝʨʞʠʤʦʛʦ DBeaver ʦʪʦʙʨʘʟʠʪʩʷ 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʘʷ ʠʥʬʦʨʤʘʮʠʷ (ʈʠʩʫʥʦʢ 8). 

 

ʈʠʩʫʥʦʢ 8 ï ʆʪʦʙʨʘʞʝʥʠʝ ʠʥʬʦʨʤʘʮʠʠ ʦʙ ʦʙʲʝʢʪʝ ʙʘʟʳ ʜʘʥʥʳʭ ClickHouse 

ɽʩʣʠ ʱʝʣʢʥʫʪʴ ʥʘ ʦʙʲʝʢʪʝ ʙʘʟʳ ʜʘʥʥʳʭ ʧʨʘʚʦʡ ʢʣʘʚʠʰʝʡ ʤʳʰʠ, ʦʪʦʙʨʘʟʠʪʩʷ 

ʢʦʥʪʝʢʩʪʥʦʝ ʤʝʥʶ ʩ ʜʝʡʩʪʚʠʷʤʠ, ʢʦʪʦʨʳʝ ʤʦʞʥʦ ʚʳʧʦʣʥʠʪʴ ʩ ʵʪʠʤ ʦʙʲʝʢʪʦʤ (ʈʠʩʫʥʦʢ 9). 
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ʈʠʩʫʥʦʢ 9 ï ʂʦʥʪʝʢʩʪʥʦʝ ʤʝʥʶ ʦʧʝʨʘʮʠʡ ʩ ʦʙʲʝʢʪʦʤ ʙʘʟʳ ʜʘʥʥʳʭ ClickHouse 

4.2.3 ʈʘʙʦʪʘ ʩ ʦʙʣʘʩʪʴʶ ʧʨʦʩʤʦʪʨʘ ʩʦʜʝʨʞʠʤʦʛʦ 

ʀʥʬʦʨʤʘʮʠʷ ʚ ʦʙʣʘʩʪʠ ʧʨʦʩʤʦʪʨʘ ʩʦʜʝʨʞʠʤʦʛʦ ʨʘʩʧʨʝʜʝʣʝʥʘ ʧʦ ʪʨʝʤ ʚʢʣʘʜʢʘʤ: 

çʉʚʦʡʩʪʚʘè, çɼʘʥʥʳʝè ʠ çɼʠʘʛʨʘʤʤʘè (ʈʠʩʫʥʦʢ 10). 
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ʈʠʩʫʥʦʢ 10 ï ɺʢʣʘʜʢʠ ʦʙʣʘʩʪʠ ʧʨʦʩʤʦʪʨʘ ʩʦʜʝʨʞʠʤʦʛʦ ʙʘʟʳ ʜʘʥʥʳʭ 

ʅʘ ʚʢʣʘʜʢʝ çʉʚʦʡʩʪʚʘè ʦʪʦʙʨʘʞʘʶʪʩʷ ʦʙʱʠʝ ʩʚʝʜʝʥʠʷ ʦ ʩʪʨʫʢʪʫʨʝ ʦʙʲʝʢʪʘ, ʩʦʩʪʘʚ 

ʢʦʪʦʨʳʭ ʟʘʚʠʩʠʪ ʦʪ ʝʛʦ ʚʠʜʘ. ʅʘʧʨʠʤʝʨ, ʧʨʠ ʚʳʙʦʨʝ ʪʘʙʣʠʮʳ ʥʘ ʚʢʣʘʜʢʝ ʚʳʚʦʜʠʪʩʷ 

ʠʥʬʦʨʤʘʮʠʷ ʦ ʩʦʩʪʘʚʝ ʝʝ ʢʦʣʦʥʦʢ, ʢʣʶʯʝʡ, ʩʪʘʪʠʩʪʠʯʝʩʢʠʝ ʜʘʥʥʳʝ (ʢʦʣʠʯʝʩʪʚʦ ʩʪʨʦʢ, ʚʨʝʤʷ 

ʧʦʩʣʝʜʥʝʛʦ ʠʟʤʝʥʝʥʠʷ ʠ ʪ. ʜ.), ʦʧʠʩʘʥʠʝ ʪʘʙʣʠʮʳ ʥʘ ʷʟʳʢʝ DDL, ʘ ʪʘʢʞʝ ʜʘʥʥʳʝ ʦ ʝʝ 

ʚʠʨʪʫʘʣʴʥʦʡ ʩʪʨʫʢʪʫʨʝ (ʚʠʨʪʫʘʣʴʥʳʝ ʩʩʳʣʢʠ, ʚʠʨʪʫʘʣʴʥʳʝ ʩʪʦʣʙʮʳ ʠ ʧʨ.) (ʈʠʩʫʥʦʢ 11). 

 

ʈʠʩʫʥʦʢ 11 ï ɺʢʣʘʜʢʘ çʉʚʦʡʩʪʚʘè 
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ʅʘ ʚʢʣʘʜʢʝ çɼʘʥʥʳʝè ʧʨʝʜʩʪʘʚʣʝʥʘ ʜʝʪʘʣʴʥʘʷ ʠʥʬʦʨʤʘʮʠʷ ʦ ʩʦʩʪʘʚʝ ʜʘʥʥʳʭ 

ʚʳʙʨʘʥʥʦʛʦ ʦʙʲʝʢʪʘ (ʈʠʩʫʥʦʢ 12). 

 

ʈʠʩʫʥʦʢ 12 ï ɺʢʣʘʜʢʘ çɼʘʥʥʳʝè 

ɺʢʣʘʜʢʘ çɼʠʘʛʨʘʤʤʘè ʧʨʝʜʥʘʟʥʘʯʝʥʘ ʜʣʷ ʚʠʟʫʘʣʴʥʦʛʦ ʦʪʦʙʨʘʞʝʥʠʷ ʩʪʨʫʢʪʫʨʳ 

ʚʳʙʨʘʥʥʦʛʦ ʦʙʲʝʢʪʘ. ʅʘʧʨʠʤʝʨ, ʧʨʠ ʚʳʙʦʨʝ ʩʭʝʤʳ ʙʘʟʳ ʜʘʥʥʳʭ ʥʘ ʵʪʦʡ ʚʢʣʘʜʢʝ ʙʫʜʝʪ 

ʦʪʦʙʨʘʞʘʪʴʩʷ ʥʘʙʦʨ ʪʘʙʣʠʮ, ʚʭʦʜʷʱʠʭ ʚ ʩʦʩʪʘʚ ʵʪʦʡ ʩʭʝʤʳ (ʈʠʩʫʥʦʢ 13). 

 

ʈʠʩʫʥʦʢ 13 ï ɺʢʣʘʜʢʘ çɼʠʘʛʨʘʤʤʘè 
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4.2.4 ʉʦʟʜʘʥʠʝ SQL-ʟʘʧʨʦʩʦʚ 

ɼʘʥʥʳʝ ʠʟ ʙʘʟʳ ʤʦʞʥʦ ʟʘʧʨʘʰʠʚʘʪʴ, ʠʩʧʦʣʴʟʫʷ SQL-ʟʘʧʨʦʩʳ. ʏʪʦʙʳ ʟʘʧʨʦʩʠʪʴ ʜʘʥʥʳʝ 

ʠʟ ʙʘʟʳ ClickHouse ʯʝʨʝʟ DBeaver, ʥʝʦʙʭʦʜʠʤʦ: 

 ʚʳʙʨʘʪʴ ʥʫʞʥʫʶ ʪʘʙʣʠʮʫ ʥʘ ʧʘʥʝʣʠ ʥʘʚʠʛʘʮʠʠ; 

 ʧʝʨʝʡʪʠ ʥʘ ʚʢʣʘʜʢʫ çɼʘʥʥʳʝè ʠ ʥʘʞʘʪʴ ʥʘ ʢʥʦʧʢʫ çʇʦʢʘʟʘʪʴ SQLè ʚ ʚʝʨʭʥʝʡ ʯʘʩʪʠ 

ʚʢʣʘʜʢʠ (ʈʠʩʫʥʦʢ 14); 

  

ʈʠʩʫʥʦʢ 14 ï ʆʪʦʙʨʘʞʝʥʠʝ SQL-ʟʘʧʨʦʩʦʚ 

 ʚ ʦʪʢʨʳʚʰʝʤʩʷ ʦʢʥʝ ʥʘʞʘʪʴ ʥʘ ʢʥʦʧʢʫ ʧʝʨʝʭʦʜʘ ʚ ʨʝʜʘʢʪʦʨ ʟʘʧʨʦʩʘ (ʈʠʩʫʥʦʢ 15); 

 

ʈʠʩʫʥʦʢ 15 ï ʆʢʥʦ ʧʨʦʩʤʦʪʨʘ SQL-ʟʘʧʨʦʩʦʚ 

 ʧʝʨʝʡʪʠ ʥʘ ʚʢʣʘʜʢʫ ʨʝʜʘʢʪʦʨʘ ʠ ʥʘʧʠʩʘʪʴ ʟʘʧʨʦʩ. 

ɺʥʝʰʥʠʡ ʚʠʜ ʚʢʣʘʜʢʠ ʨʝʜʘʢʪʦʨʘ ʟʘʧʨʦʩʦʚ ʧʨʝʜʩʪʘʚʣʝʥ ʥʘ ʨʠʩʫʥʢʝ ʥʠʞʝ (ʈʠʩʫʥʦʢ 16). 
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ʈʠʩʫʥʦʢ 16 ï ʈʝʜʘʢʪʦʨ SQL-ʟʘʧʨʦʩʦʚ  

ɺ ʚʝʨʭʥʝʡ ʯʘʩʪʠ ʚʢʣʘʜʢʠ ʥʘʭʦʜʠʪʩʷ ʧʦʣʝ, ʚ ʢʦʪʦʨʦʤ ʥʝʦʙʭʦʜʠʤʦ ʧʠʩʘʪʴ ʪʝʢʩʪ ʟʘʧʨʦʩʘ. 

ʈʝʟʫʣʴʪʘʪʳ ʟʘʧʨʦʩʘ ʦʪʦʙʨʘʟʷʪʩʷ ʚ ʥʠʞʥʝʡ ʯʘʩʪʠ ʚʢʣʘʜʢʠ ʧʦʩʣʝ ʪʦʛʦ, ʢʘʢ ʟʘʧʨʦʩ ʙʫʜʝʪ 

ʚʳʧʦʣʥʝʥ ï ʜʣʷ ʵʪʦʛʦ ʥʝʦʙʭʦʜʠʤʦ ʥʘʞʘʪʴ ʥʘ (çɺʳʧʦʣʥʠʪʴ SQL ʟʘʧʨʦʩè) ʚ ʚʝʨʭʥʝʡ ʣʝʚʦʡ 

ʯʘʩʪʠ ʚʢʣʘʜʢʠ. 

4.2.5 ɼʠʘʛʥʦʩʪʠʢʘ ʦʰʠʙʦʢ ʚʘʣʠʜʘʮʠʠ ʧʨʠ ʧʝʨʚʠʯʥʦʡ ʟʘʛʨʫʟʢʝ ʜʘʥʥʳʭ 

ɺʩʝ ʦʰʠʙʢʠ, ʩʚʷʟʘʥʥʳʝ ʩ ʧʝʨʚʠʯʥʦʡ ʟʘʛʨʫʟʢʦʡ ʜʘʥʥʳʭ, ʟʘʧʠʩʳʚʘʶʪʩʷ ʚ ʩʝʨʚʠʩʥʫʶ 

ʪʘʙʣʠʮʫ validation_errors. ɺ ʨʝʟʫʣʴʪʘʪʝ ʚʳʧʦʣʥʝʥʠʷ SQL-ʟʘʧʨʦʩʘ ʢ ʵʪʦʡ ʪʘʙʣʠʮʝ ʤʦʞʥʦ ʫʟʥʘʪʴ, 

ʢʘʢʠʝ ʜʘʥʥʳʝ ʥʝ ʧʨʦʰʣʠ ʚʘʣʠʜʘʮʠʶ ʠ ʚ ʢʘʢʦʝ ʚʨʝʤʷ, ʥʘʩʢʦʣʴʢʦ ʢʨʠʪʠʯʥʦʡ ʷʚʣʷʝʪʩʷ ʦʰʠʙʢʘ ʠ 

ʧʦ ʢʘʢʦʡ ʧʨʠʯʠʥʝ ʚʘʣʠʜʘʮʠʷ ʥʝ ʙʳʣʘ ʚʳʧʦʣʥʝʥʘ (ʈʠʩʫʥʦʢ 17). 

 

ʈʠʩʫʥʦʢ 17 ï ʆʰʠʙʢʠ ʚʘʣʠʜʘʮʠʠ ʚ ʪʘʙʣʠʮʝ validation_errors 
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5 AIRFLOW  

5.1 ɸʚʪʦʨʠʟʘʮʠʷ ʧʦʣʴʟʦʚʘʪʝʣʷ 

ɼʣʷ ʚʭʦʜʘ ʚ Airflow ʥʝʦʙʭʦʜʠʤʦ ʧʝʨʝʡʪʠ ʧʦ ʩʩʳʣʢʝ https://airflow-infra_name. 

dev.company.domain, ʧʦʩʣʝ ʯʝʛʦ ʦʪʢʨʦʝʪʩʷ ʬʦʨʤʘ ʧʝʨʝʘʜʨʝʩʘʮʠʠ (ʈʠʩʫʥʦʢ 118), ʥʘ ʢʦʪʦʨʦʡ 

ʥʫʞʥʦ ʥʘʞʘʪʴ ʥʘ ʢʥʦʧʢʫ çɺʦʡʪʠ ʯʝʨʝʟ keycloakè. 

  

ʈʠʩʫʥʦʢ 18 ï ʉʪʨʘʥʠʮʘ ʘʚʪʦʨʠʟʘʮʠʠ ʚ Airflow ʯʝʨʝʟ Keycloak 

ʅʘ ʦʪʢʨʳʚʰʝʡʩʷ ʩʪʨʘʥʠʮʝ ʥʝʦʙʭʦʜʠʤʦ ʚʚʝʩʪʠ ʣʦʛʠʥ ʠ ʧʘʨʦʣʴ ʚ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʧʦʣʷʭ 

(ʈʠʩʫʥʦʢ 19), ʧʨʦʚʝʨʠʪʴ ʠʭ ʘʢʪʫʘʣʴʥʦʩʪʴ ʠ ʥʘʞʘʪʴ ʥʘ ʢʥʦʧʢʫ çɺʭʦʜè. ʇʦʩʣʝ ʵʪʦʛʦ ʚ ʦʢʥʝ 

ʙʨʘʫʟʝʨʘ ʦʪʦʙʨʘʟʠʪʩʷ ʚʝʙ-ʠʥʪʝʨʬʝʡʩ Airflow ʩʦ ʚʩʝʤʠ ʬʫʥʢʮʠʦʥʘʣʴʥʳʤʠ ʚʦʟʤʦʞʥʦʩʪʷʤʠ, 

ʜʦʩʪʫʧʥʳʤʠ ʨʦʣʠ ʧʦʣʴʟʦʚʘʪʝʣʷ. 

  

ʈʠʩʫʥʦʢ 19 ï ɺʭʦʜ ʚ Airflow 
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5.2 ʌʫʥʢʮʠʦʥʘʣʴʥʳʝ ʚʦʟʤʦʞʥʦʩʪʠ ʧʦʣʴʟʦʚʘʪʝʣʷ ʩ ʨʦʣʴʶ 

Viewer 

5.2.1 ɼʦʤʘʰʥʷʷ ʩʪʨʘʥʠʮʘ 

ɻʣʘʚʥʘʷ ï ʜʦʤʘʰʥʷʷ ʩʪʨʘʥʠʮʘ ʧʨʝʜʦʩʪʘʚʣʷʝʪ ʦʙʱʠʡ ʦʙʟʦʨ ʩʦʩʪʦʷʥʠʷ ʩʠʩʪʝʤʳ ʠ 

ʥʝʜʘʚʥʠʭ ʜʝʡʩʪʚʠʡ (ʈʠʩʫʥʦʢ 20). ʕʪʦ ʮʝʣʝʚʘʷ ʩʪʨʘʥʠʮʘ ʧʦ ʫʤʦʣʯʘʥʠʶ ʚ Airflow, ʢʦʪʦʨʘʷ 

ʚʢʣʶʯʘʝʪ ʚ ʩʝʙʷ: 

 ʠʥʜʠʢʘʪʦʨʳ ʨʘʙʦʪʦʩʧʦʩʦʙʥʦʩʪʠ ʩʠʩʪʝʤʥʳʭ ʢʦʤʧʦʥʝʥʪʦʚ, ʪʘʢʠʭ ʢʘʢ ʤʝʪʘʙʘʟʘ ʜʘʥʥʳʭ, 

ʧʣʘʥʠʨʦʚʱʠʢ, ʪʨʠʛʛʝʨ ʠ ʧʨʦʮʝʩʩʦʨ ʥʘʧʨʘʚʣʝʥʥʦʛʦ ʘʮʠʢʣʠʯʝʩʢʦʛʦ ʛʨʘʬʘ (ʦʪ ʘʥʛʣ. directed 

acyclic graph, ʜʘʣʝʝ ï DAG,); 

 ʙʳʩʪʨʳʝ ʩʩʳʣʢʠ ʥʘ ʛʨʫʧʧʳ DAG, ʦʪʬʠʣʴʪʨʦʚʘʥʥʳʝ ʧʦ ʩʪʘʪʫʩʫ (ʥʘʧʨʠʤʝʨ, 

çʅʝʫʜʘʯʥʳʝ ʟʘʧʫʩʢʠ DAGè, çɺʳʧʦʣʥʷʝʤʳʝ DAGè, çɸʢʪʠʚʥʳʝ DAGè); 

 ʠʩʪʦʨʠʶ ʵʢʟʝʤʧʣʷʨʦʚ DAG ʠ ʟʘʜʘʯ, ʧʦʢʘʟʳʚʘʶʱʫʶ ʢʦʣʠʯʝʩʪʚʦ ʠ ʧʦʢʘʟʘʪʝʣʠ 

ʫʩʧʝʭʘ/ʥʝʫʩʧʝʭʘ ʟʘ ʚʳʙʨʘʥʥʳʡ ʚʨʝʤʝʥʥʦʡ ʜʠʘʧʘʟʦʥ; 

 ʥʝʜʘʚʥʠʝ ʩʦʙʳʪʠʷ, ʩʚʷʟʘʥʥʳʝ ʩ ʟʘʧʫʱʝʥʥʳʤʠ DAG. 

ʕʪʘ ʩʪʨʘʥʠʮʘ ʧʦʣʝʟʥʘ ʜʣʷ ʦʧʝʨʘʪʠʚʥʦʡ ʦʮʝʥʢʠ ʩʦʩʪʦʷʥʠʷ ʩʨʝʜʳ ʠ ʚʳʷʚʣʝʥʠʷ ʥʝʜʘʚʥʠʭ 

ʧʨʦʙʣʝʤ ʠʣʠ ʩʦʙʳʪʠʡ, ʩʚʷʟʘʥʥʳʭ ʩ ʘʢʪʠʚʘʤʠ.  

 

ʈʠʩʫʥʦʢ 20 ï ɼʦʤʘʰʥʷʷ ʩʪʨʘʥʠʮʘ 

5.2.2 ʈʘʟʜʝʣ çDagsè 

5.2.2.1 ʇʨʦʩʤʦʪʨ ʩʧʠʩʢʘ DAG  

ʇʨʠ ʥʘʞʘʪʠʠ ʥʘ ʚʢʣʘʜʢʫ «Dags» ʥʘ ʛʣʘʚʥʦʡ ʧʘʥʝʣʠ ʥʘʚʠʛʘʮʠʠ ʦʪʦʙʨʘʞʘʝʪʩʷ ʩʧʠʩʦʢ 

DAG (ʈʠʩʫʥʦʢ 21). ɺ ʥʸʤ ʧʨʝʜʩʪʘʚʣʝʥʳ ʚʩʝ ʜʦʩʪʫʧʥʳʝ DAG ʩ ʥʘʛʣʷʜʥʦʡ ʩʚʦʜʢʦʡ ʠʭ 

ʩʦʩʪʦʷʥʠʷ, ʧʦʩʣʝʜʥʠʭ ʟʘʧʫʩʢʦʚ ʠ ʢʦʥʬʠʛʫʨʘʮʠʠ. 

ʂʘʞʜʘʷ ʩʪʨʦʢʘ ʚʢʣʶʯʘʝʪ ʚ ʩʝʙʷ: 
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 DAG-ʠʜʝʥʪʠʬʠʢʘʪʦʨ; 

 ʨʘʩʧʠʩʘʥʠʝ ʠ ʚʨʝʤʷ ʩʣʝʜʫʶʱʝʛʦ ʟʘʧʫʩʢʘ; 

 ʚʨʝʤʷ, ʜʘʪʫ ʠ ʩʪʘʪʫʩ ʧʦʩʣʝʜʥʝʛʦ ʟʘʧʫʩʢʘ DAG; 

 ʩʪʦʣʙʯʘʪʘʷ ʜʠʘʛʨʘʤʤʘ ʧʦʩʣʝʜʥʠʭ ʟʘʧʫʩʢʦʚ; 

 ʪʝʛʠ, ʢʦʪʦʨʳʝ ʤʦʞʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʜʣʷ ʛʨʫʧʧʠʨʦʚʢʠ ʠʣʠ ʬʠʣʴʪʨʘʮʠʠ DAG; 

 ʢʥʦʧʢʠ ʧʝʨʝʢʣʶʯʝʥʠʷ ʧʘʫʟʳ/ʚʦʟʦʙʥʦʚʣʝʥʠʷ, ʜʦʙʘʚʣʝʥʠʷ ʚ ʠʟʙʨʘʥʥʦʝ ʠ ʫʜʘʣʝʥʠʷ. 

ɺ ʚʝʨʭʥʝʡ ʯʘʩʪʠ ʦʢʥʘ ʧʦʣʴʟʦʚʘʪʝʣʴ ʤʦʞʝʪ: 

 ʬʠʣʴʪʨʦʚʘʪʴ ʩʧʠʩʦʢ DAG ʧʦ ʩʪʘʪʫʩʫ ʚʳʧʦʣʥʝʥʠʷ, ʜʦʙʘʚʣʝʥʠʷ ʚ ʠʟʙʨʘʥʥʦʝ ʠ ʪʝʛʘʤ; 

 ʥʘʭʦʜʠʪʴ ʢʦʥʢʨʝʪʥʳʝ DAG ʧʨʠ ʧʦʤʦʱʠ ʧʦʠʩʢʘ; 

 ʩʦʨʪʠʨʦʚʘʪʴ ʩʧʠʩʦʢ DAG (ʥʘʧʨʠʤʝʨ, ʧʦ ʜʘʪʝ ʥʘʯʘʣʘ ʩʘʤʦʛʦ ʧʦʟʜʥʝʛʦ ʟʘʧʫʩʢʘ). 

 

ʈʠʩʫʥʦʢ 21 ï ʉʧʠʩʦʢ DAG 

5.2.2.2 ʉʪʨʘʥʠʮʘ ʩʚʝʜʝʥʠʡ ʦ DAG 

ʇʨʠ ʥʘʞʘʪʠʠ ʚ ʩʧʠʩʢʝ ʥʘ DAG ʦʪʢʨʳʚʘʝʪʩʷ ʩʪʨʘʥʠʮʘ ʩʚʝʜʝʥʠʡ (ʈʠʩʫʥʦʢ 22). ʅʘ ʵʪʦʡ 

ʩʪʨʘʥʠʮʝ ʦʪʦʙʨʘʞʘʝʪʩʷ ʩʚʦʜʥʘʷ ʠʥʬʦʨʤʘʮʠʷ: ʤʝʪʘʜʘʥʥʳʝ ʦ DAG, ʧʦʩʣʝʜʥʠʝ ʜʝʡʩʪʚʠʷ ʠ 

ʜʠʘʛʥʦʩʪʠʯʝʩʢʠʝ ʩʚʝʜʝʥʠʷ. 

ʆʩʥʦʚʥʳʝ ʵʣʝʤʝʥʪʳ ʠʥʪʝʨʬʝʡʩʘ ʚʢʣʶʯʘʶʪ ʚ ʩʝʙʷ: 

 ʤʝʪʘʜʘʥʥʳʝ DAG, ʚʢʣʶʯʘʷ ʠʜʝʥʪʠʬʠʢʘʪʦʨ, ʚʣʘʜʝʣʴʮʘ, ʪʝʛʠ, ʨʘʩʧʠʩʘʥʠʝ ʠ ʧʦʩʣʝʜʥʶʶ 

ʚʝʨʩʠʶ; 

 ʢʥʦʧʢʠ ʜʝʡʩʪʚʠʡ ʜʣʷ ʟʘʧʫʩʢʘ DAG, ʝʛʦ ʧʦʚʪʦʨʥʦʛʦ ʘʥʘʣʠʟʘ ʠʣʠ 

ʧʨʠʦʩʪʘʥʦʚʢʠ/ʚʦʟʦʙʥʦʚʣʝʥʠʷ ʠ ʫʜʘʣʝʥʠʷ; 

 ʠʥʪʝʨʬʝʡʩ ʩ ʚʢʣʘʜʢʘʤʠ: çʆʙʟʦʨè (ʥʝʜʘʚʥʠʝ ʟʘʧʫʩʢʠ DAG); çɿʘʧʫʩʢʠè (ʧʦʣʥʘʷ 

ʠʩʪʦʨʠʷ ʟʘʧʫʩʢʦʚ); çɿʘʜʘʯʠè (ʘʛʨʝʛʠʨʦʚʘʥʥʘʷ ʩʪʘʪʠʩʪʠʢʘ); çʂʘʣʝʥʜʘʨʴè (ʨʘʩʧʠʩʘʥʠʝ ʟʘʧʫʩʢʦʚ 

DAG ʚ ʛʨʘʬʠʯʝʩʢʦʤ ʚʠʜʝ); çɾʫʨʥʘʣ ʘʫʜʠʪʘè; çʂʦʜè (ʠʩʪʦʯʥʠʢ DAG); çʇʦʜʨʦʙʥʦʩʪʠè 

(ʨʘʩʰʠʨʝʥʥʳʝ ʤʝʪʘʜʘʥʥʳʝ).  
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ʅʘ ʵʪʦʡ ʩʪʨʘʥʠʮʝ ʪʘʢʞʝ ʦʪʦʙʨʘʞʘʝʪʩʷ ʚʠʟʫʘʣʴʥʘʷ ʚʨʝʤʝʥʥʘʷ ʰʢʘʣʘ ʧʦʩʣʝʜʥʠʭ ʟʘʧʫʩʢʦʚ 

DAG ʠ ʧʨʝʜʚʘʨʠʪʝʣʴʥʳʡ ʧʨʦʩʤʦʪʨ ʞʫʨʥʘʣʘ ʩʙʦʝʚ, ʯʪʦ ʧʦʤʦʛʘʝʪ ʧʦʣʴʟʦʚʘʪʝʣʷʤ ʙʳʩʪʨʦ 

ʚʳʷʚʣʷʪʴ ʧʨʦʙʣʝʤʳ ʚʦ ʚʨʝʤʷ ʟʘʧʫʩʢʦʚ. 

 

ʈʠʩʫʥʦʢ 22 ï ʉʪʨʘʥʠʮʘ ʩʚʝʜʝʥʠʡ ʦ DAG 

5.2.2.2 ʈʝʞʠʤ çʉʝʪʢʘè 

ʈʝʞʠʤ çʉʝʪʢʘè ï ʵʪʦ ʦʩʥʦʚʥʦʡ ʠʥʪʝʨʬʝʡʩ ʜʣʷ ʧʨʦʚʝʨʢʠ ʟʘʧʫʩʢʦʚ DAG ʠ ʩʦʩʪʦʷʥʠʡ 

ʟʘʜʘʯ, ʢʦʪʦʨʳʡ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʜʠʘʛʨʘʤʤʫ ɻʘʥʪʘ (ʈʠʩʫʥʦʢ 23). ʈʝʞʠʤ ʧʨʝʜʣʘʛʘʝʪ 

ʠʥʪʝʨʘʢʪʠʚʥʳʡ ʩʧʦʩʦʙ ʦʪʣʘʜʢʠ, ʧʦʚʪʦʨʥʦʛʦ ʟʘʧʫʩʢʘ ʠ ʤʦʥʠʪʦʨʠʥʛʘ ʨʘʙʦʯʠʭ ʧʨʦʮʝʩʩʦʚ ʟʘ 

ʦʧʨʝʜʝʣʝʥʥʳʡ ʧʝʨʠʦʜ. 

ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʨʝʞʠʤʘ çʉʝʪʢʘè ʧʦʟʚʦʣʷʝʪ: 

 ʤʛʥʦʚʝʥʥʦ ʦʮʝʥʠʪʴ ʩʪʘʪʫʩ ʧʦʩʣʝʜʥʠʭ ʟʘʧʫʩʢʦʚ DAG; 

 ʦʧʨʝʜʝʣʠʪʴ ʥʝʚʳʧʦʣʥʝʥʥʳʝ ʠʣʠ ʧʝʨʝʟʘʧʫʱʝʥʥʳʝ ʟʘʜʘʯʠ ʧʦ ʮʚʝʪʫ ʠ ʚʩʧʣʳʚʘʶʱʠʤ 

ʧʦʜʩʢʘʟʢʘʤ; 

 ʱʝʣʢʥʫʚ ʥʘ ʷʯʝʡʢʫ ʟʘʜʘʯʠ, ʧʨʦʩʤʦʪʨʝʪʴ ʣʦʛʠ ʠʣʠ ʠʟʤʝʥʠʪʴ ʩʪʘʪʫʩ ʟʘʜʘʯʠ ʥʘ 

çʫʩʧʝʰʥʦè, çʥʝʫʜʘʯʥʦè ʠʣʠ çʩʙʨʦʰʝʥʦè; 

 ʦʩʫʱʝʩʪʚʠʪʴ ʬʠʣʴʪʨʘʮʠʶ ʟʘʜʘʯ ʧʦ ʠʤʝʥʠ ʠʣʠ ʯʘʩʪʠʯʥʦʤʫ ʠʜʝʥʪʠʬʠʢʘʪʦʨʫ; 

 ʚʳʙʨʘʪʴ ʜʠʘʧʘʟʦʥ ʟʘʧʫʩʢʦʚ, ʥʘʧʨʠʤʝʨ çʧʦʩʣʝʜʥʠʝ 25 ʟʘʧʫʩʢʦʚè, ʠʩʧʦʣʴʟʫʷ 

ʨʘʩʢʨʳʚʘʶʱʠʡʩʷ ʩʧʠʩʦʢ ʥʘʜ ʩʝʪʢʦʡ. 

ʂʘʞʜʘʷ ʩʪʨʦʢʘ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʟʘʜʘʯʝ, ʘ ʢʘʞʜʳʡ ʩʪʦʣʙʝʮ ï ʟʘʧʫʩʢʫ DAG. ɼʣʷ ʧʦʣʫʯʝʥʠʷ 

ʧʦʜʨʦʙʥʦʡ ʠʥʬʦʨʤʘʮʠʠ ʥʘʚʝʜʠʪʝ ʢʫʨʩʦʨ ʥʘ ʣʶʙʦʡ ʵʢʟʝʤʧʣʷʨ ʟʘʜʘʯʠ ʠʣʠ ʩʪʦʣʙʝʮ ʠʣʠ 

ʱʝʣʢʥʠʪʝ ʧʦ ʥʝʤʫ, ʯʪʦʙʳ ʧʝʨʝʡʪʠ ʢ ʞʫʨʥʘʣʘʤ ʠ ʤʝʪʘʜʘʥʥʳʤ. 
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ʈʠʩʫʥʦʢ 23 ï ʈʝʞʠʤ çʉʝʪʢʘè 

5.2.2.3 ʇʨʝʜʩʪʘʚʣʝʥʠʝ ʚ ʚʠʜʝ ʛʨʘʬʠʢʘ 

ɺ ʛʨʘʬʠʯʝʩʢʦʤ ʧʨʝʜʩʪʘʚʣʝʥʠʠ ʦʪʦʙʨʘʞʘʝʪʩʷ ʣʦʛʠʯʝʩʢʘʷ ʩʪʨʫʢʪʫʨʘ DAG: ʢʘʢ ʟʘʜʘʯʠ 

ʩʚʷʟʘʥʳ ʤʝʞʜʫ ʩʦʙʦʡ, ʚ ʢʘʢʦʤ ʧʦʨʷʜʢʝ ʦʥʠ ʚʳʧʦʣʥʷʶʪʩʷ, ʠ ʢʘʢ ʥʘʩʪʨʦʝʥʦ ʚʝʪʚʣʝʥʠʝ ʠʣʠ 

ʧʦʚʪʦʨʥʳʝ ʧʦʧʳʪʢʠ ʚʳʧʦʣʥʝʥʠʷ ʟʘʜʘʯʠ (ʈʠʩʫʥʦʢ 24). 

ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʛʨʘʬʠʯʝʩʢʦʛʦ ʧʨʝʜʩʪʘʚʣʝʥʠʷ ʧʦʟʚʦʣʷʝʪ: 

 ʚʳʷʚʠʪʴ ʧʨʠʯʠʥʳ, ʧʦ ʢʦʪʦʨʳʤ ʟʘʜʘʯʘ ʥʝ ʙʳʣʘ ʟʘʧʫʱʝʥʘ (ʥʘʧʨʠʤʝʨ, ʝʩʣʠ ʥʝ ʙʳʣʦ 

ʚʳʧʦʣʥʝʥʦ ʧʨʘʚʠʣʦ ʟʘʧʫʩʢʘ ʟʘʜʘʯ, ʟʘʜʘʥʥʦʝ ʜʣʷ ʵʪʦʛʦ DAG); 

 ʧʦʥʷʪʴ ʟʘʚʠʩʠʤʦʩʪʠ ʟʘʜʘʯ ʚ ʩʣʦʞʥʳʭ ʧʘʡʧʣʘʡʥʘʭ; 

 ʧʨʦʚʝʨʠʪʴ ʩʦʩʪʦʷʥʠʝ ʟʘʜʘʯ ʚ ʢʦʥʢʨʝʪʥʳʭ ʟʘʧʫʩʢʘʭ.  

ʅʘ ʛʨʘʬʠʢʝ ʢʘʞʜʳʡ ʙʣʦʢ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʟʘʜʘʯʫ, ʩʦʝʜʠʥʷʶʱʠʝ ʣʠʥʠʠ ï 

ʟʘʚʠʩʠʤʦʩʪʠ ʤʝʞʜʫ ʵʪʠʤʠ ʟʘʜʘʯʘʤʠ. ʑʸʣʢʥʫʚ ʧʦ ʣʶʙʦʡ ʟʘʜʘʯʝ, ʤʦʞʥʦ ʧʨʦʩʤʦʪʨʝʪʴ ʝʸ 

ʤʝʪʘʜʘʥʥʳʝ ʠ ʠʩʪʦʨʠʶ ʥʝʜʘʚʥʠʭ ʟʘʧʫʩʢʦʚ. 

 

ʈʠʩʫʥʦʢ 24 ï ʇʨʝʜʩʪʘʚʣʝʥʠʝ ʚ ʚʠʜʝ ʛʨʘʬʠʢʘ 
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ʏʪʦʙʳ ʧʝʨʝʢʣʶʯʘʪʴʩʷ ʤʝʞʜʫ ʟʘʧʫʩʢʘʤʠ DAG ʠ ʦʪʩʣʝʞʠʚʘʪʴ ʠʟʤʝʥʝʥʠʷ ʩʦʩʪʦʷʥʠʡ 

ʟʘʜʘʯ ʚ ʨʘʟʥʳʭ ʚʳʧʦʣʥʝʥʠʷʭ, ʥʝʦʙʭʦʜʠʤʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʨʘʩʢʨʳʚʘʶʱʠʡʩʷ ʩʧʠʩʦʢ ʚ ʚʝʨʭʥʝʡ 

ʯʘʩʪʠ ʵʢʨʘʥʘ (ʈʠʩʫʥʦʢ 25). 

 

ʈʠʩʫʥʦʢ 25 ï ʈʘʩʢʨʳʚʘʶʱʠʡʩʷ ʩʧʠʩʦʢ ʧʝʨʝʢʣʶʯʝʥʠʷ ʤʝʞʜʫ ʟʘʧʫʩʢʘʤʠ DAG 

5.2.2.4 ɺʢʣʘʜʢʠ DAG 

ʇʦʤʠʤʦ ʠʥʪʝʨʘʢʪʠʚʥʳʭ ʨʝʞʠʤʦʚ, ʪʘʢʠʭ ʢʘʢ ʩʝʪʢʘ ʠ ʛʨʘʬʠʢ, ʩʪʨʘʥʠʮʘ ʩʚʝʜʝʥʠʡ ʦ DAG 

ʚʢʣʶʯʘʝʪ ʥʝʩʢʦʣʴʢʦ ʜʨʫʛʠʭ ʚʢʣʘʜʦʢ, ʢʦʪʦʨʳʝ ʧʨʝʜʦʩʪʘʚʣʷʶʪ ʙʦʣʝʝ ʧʦʜʨʦʙʥʫʶ ʠʥʬʦʨʤʘʮʠʶ 

ʠ ʤʝʪʘʜʘʥʥʳʝ, ʠ ʦʧʠʩʘʥʳ ʚ ʩʣʝʜʫʶʱʠʭ ʨʘʟʜʝʣʘʭ. 

5.2.2.4.1 ɺʢʣʘʜʢʘ çʆʙʟʦʨè 

ʅʘ ʚʢʣʘʜʢʝ çʆʙʟʦʨè ʦʪʦʙʨʘʞʘʝʪʩʷ ʦʙʱʘʷ ʠʥʬʦʨʤʘʮʠʷ ʦ ʟʘʧʫʩʢʘʭ DAG ʟʘ ʚʳʙʨʘʥʥʳʡ 

ʧʨʦʤʝʞʫʪʦʢ ʚʨʝʤʝʥʠ (ʈʠʩʫʥʦʢ 26). 
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ʈʠʩʫʥʦʢ 26 ï ɺʢʣʘʜʢʘ çʆʙʟʦʨè 

5.2.2.4.2 ɺʢʣʘʜʢʘ çɿʘʧʫʩʢʠè 

ʅʘ ʚʢʣʘʜʢʝ çɿʘʧʫʩʢʠè ʦʪʦʙʨʘʞʘʝʪʩʷ ʩʦʨʪʠʨʫʝʤʘʷ ʪʘʙʣʠʮʘ ʚʩʝʭ ʟʘʧʫʩʢʦʚ DAG (ʈʠʩʫʥʦʢ 

27). ɼʣʷ ʢʘʞʜʦʛʦ ʟʘʧʫʩʢʘ ʦʪʦʙʨʘʞʘʝʪʩʷ ʝʛʦ ʠʜʝʥʪʠʬʠʢʘʪʦʨ, ʩʪʘʪʫʩ, ʪʠʧ, ʜʣʠʪʝʣʴʥʦʩʪʴ 

ʚʳʧʦʣʥʝʥʠʷ ʠ ʧʨʦʯʠʝ ʜʘʥʥʳʝ. 

 

ʈʠʩʫʥʦʢ 27 ï ɺʢʣʘʜʢʘ çɿʘʧʫʩʢʠè 
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5.2.2.4.3 ɺʢʣʘʜʢʘ çɿʘʜʘʯʠè 

ɺʢʣʘʜʢʘ çɿʘʜʘʯʠè ʦʪʦʙʨʘʞʘʝʪ ʤʝʪʘʜʘʥʥʳʝ ʜʣʷ ʢʘʞʜʦʡ ʟʘʜʘʯʠ ʚ DAG, ʚʢʣʶʯʘʷ ʪʠʧ 

ʦʧʝʨʘʪʦʨʘ, ʧʨʘʚʠʣʦ ʟʘʧʫʩʢʘ, ʩʪʘʪʫʩ ʧʦʩʣʝʜʥʝʛʦ ʚʳʧʦʣʥʝʥʠʷ ʠ ʠʩʪʦʨʠʶ ʟʘʧʫʩʢʦʚ (ʈʠʩʫʥʦʢ 28). 

 

ʈʠʩʫʥʦʢ 28 ï ɺʢʣʘʜʢʘ çɿʘʜʘʯʠè 

 

5.2.2.4.4 ɺʢʣʘʜʢʘ çʂʘʣʝʥʜʘʨʴè 

ɺʢʣʘʜʢʘ çʂʘʣʝʥʜʘʨʴè ʦʪʦʙʨʘʞʘʝʪ ʩʚʝʜʝʥʠʷ ʦ ʚʳʧʦʣʥʝʥʥʳʭ ʠ ʟʘʧʣʘʥʠʨʦʚʘʥʥʳʭ 

ʟʘʧʫʩʢʘʭ DAG ʚ ʢʘʣʝʥʜʘʨʥʦʤ ʚʠʜʝ (ʈʠʩʫʥʦʢ 29).  

 

ʈʠʩʫʥʦʢ 29 ï ɺʢʣʘʜʢʘ çʂʘʣʝʥʜʘʨʴè 
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5.2.2.4.5 ɺʢʣʘʜʢʘ çɾʫʨʥʘʣ ʘʫʜʠʪʘè 

ʅʘ ʵʪʦʡ ʚʢʣʘʜʢʝ ʦʪʦʙʨʘʞʝʥʳ ʩʦʙʳʪʠʷ ʞʫʨʥʘʣʘ ʘʫʜʠʪʘ ʥʘ ʩʠʩʪʝʤʥʦʤ ʫʨʦʚʥʝ (ʈʠʩʫʥʦʢ 

30). ɺʢʣʘʜʢʘ ʩʦʜʝʨʞʠʪ ʩʣʝʜʫʶʱʠʝ ʢʦʣʦʥʢʠ: 

 ʜʘʪʘ ʠ ʚʨʝʤʷ ʚʦʟʥʠʢʥʦʚʝʥʠʷ ʩʦʙʳʪʠʷ; 

 ʢʨʘʪʢʦʝ ʦʧʠʩʘʥʠʝ ʩʦʙʳʪʠʷ; 

 ʧʦʣʴʟʦʚʘʪʝʣʴ; 

 ʜʦʧʦʣʥʠʪʝʣʴʥʘʷ ʠʥʬʦʨʤʘʮʠʷ ʦ ʩʦʙʳʪʠʠ; 

 ʠʜʝʥʪʠʬʠʢʘʪʦʨ ʟʘʧʫʩʢʘ; 

 ʠʜʝʥʪʠʬʠʢʘʪʦʨ ʟʘʜʘʯʠ; 

 ʧʦʨʷʜʢʦʚʳʡ ʥʦʤʝʨ ʵʢʟʝʤʧʣʷʨʘ; 

 ʥʦʤʝʨ ʧʦʧʳʪʢʠ. 

 

ʈʠʩʫʥʦʢ 30 ï ɺʢʣʘʜʢʘ çɾʫʨʥʘʣ ʘʫʜʠʪʘè 

5.2.2.4.6 ɺʢʣʘʜʢʘ çʂʦʜè 

ɺʢʣʘʜʢʘ çʂʦʜè ʦʪʦʙʨʘʞʘʝʪ ʪʝʢʫʱʫʶ ʚʝʨʩʠʶ ʢʦʜʘ, ʟʘʧʫʩʢʘʝʤʦʛʦ ʧʨʠ ʚʳʧʦʣʥʝʥʠʠ DAG, 

ʚʢʣʶʯʘʷ ʚʨʝʤʝʥʥʫʶ ʤʝʪʢʫ ʧʦʩʣʝʜʥʝʛʦ ʘʥʘʣʠʟʘ. ʇʦʣʴʟʦʚʘʪʝʣʠ ʤʦʛʫʪ ʧʨʦʩʤʦʪʨʝʪʴ ʢʦʜ ʜʣʷ 

ʣʶʙʦʡ ʢʦʥʢʨʝʪʥʦʡ ʚʝʨʩʠʠ DAG (ʈʠʩʫʥʦʢ 31). 
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ʈʠʩʫʥʦʢ 31 ï ɺʢʣʘʜʢʘ çʂʦʜè 

5.2.2.4.7 ɺʢʣʘʜʢʘ çʉʚʝʜʝʥʠʷè 

ɺʢʣʘʜʢʘ çʉʚʝʜʝʥʠʷè ʦʪʦʙʨʘʞʘʝʪ ʢʦʥʬʠʛʫʨʘʮʠʶ ʠ ʤʝʪʘʜʘʥʥʳʝ DAG (ʈʠʩʫʥʦʢ 32). 

 

ʈʠʩʫʥʦʢ 32 ï ɺʢʣʘʜʢʘ çʉʚʝʜʝʥʠʷè 

5.2.2.5 ʇʨʝʜʩʪʘʚʣʝʥʠʝ ʟʘʧʫʩʢʘ DAG 

ʂʘʞʜʳʡ ʟʘʧʫʩʢ DAG ʠʤʝʝʪ ʩʦʙʩʪʚʝʥʥʦʝ ʧʨʝʜʩʪʘʚʣʝʥʠʝ, ʜʦʩʪʫʧʥʦʝ ʧʨʠ ʚʳʙʦʨʝ 

ʢʦʥʢʨʝʪʥʦʡ ʩʪʨʦʢʠ ʥʘ ʚʢʣʘʜʢʝ çɿʘʧʫʩʢʠè. ɺ ʧʨʝʜʩʪʘʚʣʝʥʠʠ ʦʪʦʙʨʘʞʘʶʪʩʷ ʤʝʪʘʜʘʥʥʳʝ ʦ 

ʚʳʙʨʘʥʥʦʤ ʟʘʧʫʩʢʝ, ʘ ʪʘʢʞʝ ʩʚʝʜʝʥʠʷ ʥʘ ʫʨʦʚʥʝ ʟʘʜʘʯ, ʦʪʦʙʨʘʞʘʝʤʳʡ ʢʦʜ ʠ ʜʨʫʛʦʝ (ʈʠʩʫʥʦʢ 

33). 
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ʈʠʩʫʥʦʢ 33 ï ʇʨʝʜʩʪʘʚʣʝʥʠʝ ʟʘʧʫʩʢʘ DAG 

ʂʣʶʯʝʚʳʝ ʵʣʝʤʝʥʪʳ ʩʦʜʝʨʞʘʪ: 

 ʤʝʪʘʜʘʥʥʳʝ ʟʘʧʫʩʢʘ DAG, ʚʢʣʶʯʘʷ ʣʦʛʠʯʝʩʢʫʶ ʜʘʪʫ, ʪʠʧ ʟʘʧʫʩʢʘ, 

ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʴ, ʚʝʨʩʠʶ DAG ʠ ʚʨʝʤʷ ʘʥʘʣʠʟʘ; 

 ʢʥʦʧʢʠ ʜʝʡʩʪʚʠʡ ʜʣʷ ʦʯʠʩʪʢʠ, ʫʩʪʘʥʦʚʢʠ ʦʪʤʝʪʢʠ ʣʠʙʦ ʫʜʘʣʝʥʠʷ ʟʘʧʫʩʢʘ DAG; 

 ʧʦʩʪʦʷʥʥʘʷ ʙʦʢʦʚʘʷ ʧʘʥʝʣʴ c ʨʝʞʠʤʦʤ ʩʝʪʢʠ, ʢʦʪʦʨʘʷ ʦʪʦʙʨʘʞʘʝʪ ʜʣʠʪʝʣʴʥʦʩʪʴ ʠ 

ʩʦʩʪʦʷʥʠʝ ʟʘʜʘʯ ʚ ʭʦʜʝ ʧʦʩʣʝʜʥʠʭ ʟʘʧʫʩʢʦʚ DAG. ʕʪʦ ʧʦʤʦʛʘʝʪ ʙʳʩʪʨʦ ʚʳʷʚʣʷʪʴ 

ʧʦʚʪʦʨʷʶʱʠʝʩʷ ʧʨʦʙʣʝʤʳ ʠʣʠ ʪʝʥʜʝʥʮʠʠ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ. 

5.2.2.6 ɺʢʣʘʜʢʠ ʟʘʧʫʩʢʘ DAG 

ɺ ʚʝʨʭʥʝʡ ʯʘʩʪʠ ʚʢʣʘʜʢʠ ʩ ʠʥʬʦʨʤʘʮʠʝʡ ʦ ʟʘʧʫʩʢʝ DAG ʦʪʦʙʨʘʞʘʝʪʩʷ ʧʘʥʝʣʴ ʦʩʥʦʚʥʳʭ 

ʩʚʝʜʝʥʠʡ (ʈʠʩʫʥʦʢ 34). ʆʥʘ ʩʦʜʝʨʞʠʪ ʢʘʢ ʦʙʱʠʝ ʩʚʝʜʝʥʠʷ ʦ ʟʘʧʫʩʢʝ, ʪʘʢʠʝ ʢʘʢ ʩʪʘʪʫʩ, ʜʘʪʘ ʠ 

ʚʨʝʤʷ ʟʘʧʫʩʢʘ, ʜʣʠʪʝʣʴʥʦʩʪʴ ʠ ʪ. ʜ., ʪʘʢ ʠ ʢʥʦʧʢʠ ʜʝʡʩʪʚʠʡ, ʩ ʧʦʤʦʱʴʶ ʢʦʪʦʨʳʭ ʤʦʞʥʦ 

ʦʩʪʘʚʠʪʴ ʧʨʠʤʝʯʘʥʠʝ ʢ ʚʳʙʨʘʥʥʦʤʫ ʟʘʧʫʩʢʫ, ʧʦʚʪʦʨʠʪʴ ʟʘʧʫʩʢ ʠʣʠ ʚʨʫʯʥʫʶ ʠʟʤʝʥʠʪʴ ʝʛʦ 

ʩʪʘʪʫʩ, ʝʩʣʠ ʵʪʦ ʥʝʦʙʭʦʜʠʤʦ. 

 

ʈʠʩʫʥʦʢ 34 ï ʇʘʥʝʣʴ ʦʩʥʦʚʥʳʭ ʩʚʝʜʝʥʠʡ 

5.2.2.6.1 ɺʢʣʘʜʢʘ çʕʢʟʝʤʧʣʷʨʳ ʟʘʜʘʯè 

ʂʦʣʦʥʢʠ ʥʘ ʚʢʣʘʜʢʝ çʕʢʟʝʤʧʣʷʨʳ ʟʘʜʘʯè (ʈʠʩʫʥʦʢ 35) ʚʢʣʶʯʘʶʪ: 

 ʠʜʝʥʪʠʬʠʢʘʪʦʨ ʟʘʜʘʯʠ; 

 ʧʦʨʷʜʢʦʚʳʡ ʥʦʤʝʨ ʵʢʟʝʤʧʣʷʨʘ; 
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 ʩʦʩʪʦʷʥʠʝ; 

 ʜʘʪʳ ʥʘʯʘʣʘ ʠ ʦʢʦʥʯʘʥʠʷ; 

 ʥʦʤʝʨ ʧʦʧʳʪʢʠ; 

 ʪʠʧ ʦʧʝʨʘʪʦʨʘ; 

 ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʴ; 

 ʚʝʨʩʠʷ DAG. 

 

ʈʠʩʫʥʦʢ 35 ï ɺʢʣʘʜʢʘ çʕʢʟʝʤʧʣʷʨʳ ʟʘʜʘʯè 

5.2.2.6.2 ɺʢʣʘʜʢʘ çɾʫʨʥʘʣ ʘʫʜʠʪʘè 

ʅʘ ʵʪʦʡ ʚʢʣʘʜʢʝ ʦʪʦʙʨʘʞʝʥʳ ʩʦʙʳʪʠʷ ʞʫʨʥʘʣʘ ʘʫʜʠʪʘ ʥʘ ʩʠʩʪʝʤʥʦʤ ʫʨʦʚʥʝ (ʈʠʩʫʥʦʢ 

36). ɺʢʣʘʜʢʘ ʩʦʜʝʨʞʠʪ ʩʣʝʜʫʶʱʠʝ ʢʦʣʦʥʢʠ: 

 ʜʘʪʘ ʠ ʚʨʝʤʷ ʚʦʟʥʠʢʥʦʚʝʥʠʷ ʩʦʙʳʪʠʷ; 

 ʢʨʘʪʢʦʝ ʦʧʠʩʘʥʠʝ ʩʦʙʳʪʠʷ; 

 ʧʦʣʴʟʦʚʘʪʝʣʴ; 

 ʜʦʧʦʣʥʠʪʝʣʴʥʘʷ ʠʥʬʦʨʤʘʮʠʷ ʦ ʩʦʙʳʪʠʠ; 

 ʠʜʝʥʪʠʬʠʢʘʪʦʨ ʟʘʜʘʯʠ; 

 ʧʦʨʷʜʢʦʚʳʡ ʥʦʤʝʨ ʵʢʟʝʤʧʣʷʨʘ; 

 ʥʦʤʝʨ ʧʦʧʳʪʢʠ. 
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ʈʠʩʫʥʦʢ 36 ï ˤ͊͒͊͟͟͡ ζɾʫʨʥʘʣ ʘʫʜʠʪʘη 

5.2.2.6.3 ɺʢʣʘʜʢʘ çʂʦʜè 

ɺʢʣʘʜʢʘ ʦʪʦʙʨʘʞʘʝʪ ʠʩʭʦʜʥʳʡ ʢʦʜ DAG ʚ ʪʦʤ ʚʠʜʝ, ʚ ʢʦʪʦʨʦʤ ʦʥ ʙʳʣ ʥʘ ʤʦʤʝʥʪ 

ʘʥʘʣʠʟʘ ʜʘʥʥʦʛʦ ʟʘʧʫʩʢʘ (ʈʠʩʫʥʦʢ 37). ʕʪʦ ʧʨʝʜʩʪʘʚʣʝʥʠʝ ʥʝʦʙʭʦʜʠʤʦ ʜʣʷ ʦʪʣʘʜʢʠ ʠʟʤʝʥʝʥʠʡ 

ʚʝʨʩʠʡ ʠʣʠ ʩʨʘʚʥʝʥʠʷ ʧʦʚʝʜʝʥʠʷ ʟʘʧʫʩʢʦʚ DAG, ʠʩʧʦʣʴʟʫʶʱʠʭ ʨʘʟʥʳʡ ʢʦʜ. 

 

ʈʠʩʫʥʦʢ 37 ï ɺʢʣʘʜʢʘ çʂʦʜè 

5.2.2.6.4 ɺʢʣʘʜʢʘ çʉʚʝʜʝʥʠʷè 

ɺʢʣʘʜʢʘ çʉʚʝʜʝʥʠʷè ʦʪʦʙʨʘʞʘʝʪ ʢʦʥʬʠʛʫʨʘʮʠʶ ʠ ʤʝʪʘʜʘʥʥʳʝ DAG (ʈʠʩʫʥʦʢ 38). 
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ʈʠʩʫʥʦʢ 38 ï ɺʢʣʘʜʢʘ çʉʚʝʜʝʥʠʷè 

5.2.2.7 ʇʨʦʩʤʦʪʨ ʵʢʟʝʤʧʣʷʨʘ ʟʘʜʘʯʠ 

ʇʨʠ ʥʘʞʘʪʠʠ ʥʘ ʦʧʨʝʜʝʣʝʥʥʫʶ ʟʘʜʘʯʫ ʚ ʧʨʝʜʩʪʘʚʣʝʥʠʠ çɺʳʧʦʣʥʝʥʠʝ DAGè 

ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʧʝʨʝʭʦʜ ʚ ʧʨʝʜʩʪʘʚʣʝʥʠʝ çʕʢʟʝʤʧʣʷʨ ʟʘʜʘʯʠè, ʚ ʢʦʪʦʨʦʤ ʦʪʦʙʨʘʞʘʶʪʩʷ 

ʧʦʜʨʦʙʥʳʝ ʞʫʨʥʘʣʳ ʠ ʤʝʪʘʜʘʥʥʳʝ ʜʣʷ ʚʳʧʦʣʥʝʥʠʷ ʵʪʦʡ ʦʪʜʝʣʴʥʦʡ ʟʘʜʘʯʠ (ʈʠʩʫʥʦʢ 39). 

 

ʈʠʩʫʥʦʢ 39 ï ʇʝʨʝʭʦʜ ʚ ʧʨʝʜʩʪʘʚʣʝʥʠʝ çʕʢʟʝʤʧʣʷʨ ʟʘʜʘʯʠè 

5.2.2.7.1 ɺʢʣʘʜʢʘ çɾʫʨʥʘʣʳè 

ɺʢʣʘʜʢʘ ʧʦ ʫʤʦʣʯʘʥʠʶ ʦʪʦʙʨʘʞʘʝʪ ʣʦʛʠ ʟʘʜʘʯʠ, ʢʦʪʦʨʳʝ ʚʢʣʶʯʘʶʪ ʚʳʚʦʜ ʩʠʩʪʝʤʳ, 

ʩʦʦʙʱʝʥʠʷ ʦʙ ʦʰʠʙʢʘʭ ʠ ʠʥʬʦʨʤʘʮʠʶ ʪʨʘʩʩʠʨʦʚʢʠ (ʈʠʩʫʥʦʢ 40). ɸʥʘʣʠʟ ʜʘʥʥʦʡ ʚʢʣʘʜʢʠ 

ʷʚʣʷʝʪʩʷ ʧʝʨʚʦʦʯʝʨʝʜʥʳʤ ʜʝʡʩʪʚʠʝʤ ʧʨʠ ʚʦʟʥʠʢʥʦʚʝʥʠʠ ʩʙʦʷ. 
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ʈʠʩʫʥʦʢ 40 ï ɺʢʣʘʜʢʘ çɾʫʨʥʘʣʳè 

5.2.2.7.2 ɺʢʣʘʜʢʘ çXComè 

ɺʢʣʘʜʢʘ ʧʦʢʘʟʳʚʘʝʪ ʚʩʝ ʟʥʘʯʝʥʠʷ, ʧʝʨʝʜʘʥʥʳʝ XCom.push() ʠʣʠ ʚʦʟʚʨʘʱʝʥʥʳʝ 

ʬʫʥʢʮʠʷʤʠ Python ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ TaskFlow (ʈʠʩʫʥʦʢ 41). 

 

ʈʠʩʫʥʦʢ 41 ï ɺʢʣʘʜʢʘ çXComè 

5.2.2.7.3 ɺʢʣʘʜʢʘ çɾʫʨʥʘʣ ʘʫʜʠʪʘè 

ʅʘ ʵʪʦʡ ʚʢʣʘʜʢʝ ʦʪʦʙʨʘʞʝʥʳ ʩʦʙʳʪʠʷ ʞʫʨʥʘʣʘ ʘʫʜʠʪʘ ʥʘ ʩʠʩʪʝʤʥʦʤ ʫʨʦʚʥʝ (ʈʠʩʫʥʦʢ 

42). ɺʢʣʘʜʢʘ ʩʦʜʝʨʞʠʪ ʩʣʝʜʫʶʱʠʝ ʢʦʣʦʥʢʠ: 

 ʜʘʪʘ ʠ ʚʨʝʤʷ ʚʦʟʥʠʢʥʦʚʝʥʠʷ ʩʦʙʳʪʠʷ; 

 ʢʨʘʪʢʦʝ ʦʧʠʩʘʥʠʝ ʩʦʙʳʪʠʷ; 

 ʧʦʣʴʟʦʚʘʪʝʣʴ; 

 ʜʦʧʦʣʥʠʪʝʣʴʥʘʷ ʠʥʬʦʨʤʘʮʠʷ ʦ ʩʦʙʳʪʠʠ; 

 ʧʦʨʷʜʢʦʚʳʡ ʥʦʤʝʨ ʵʢʟʝʤʧʣʷʨʘ; 

 ʥʦʤʝʨ ʧʦʧʳʪʢʠ. 
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ʈʠʩʫʥʦʢ 42 ï ɺʢʣʘʜʢʘ çɾʫʨʥʘʣ ʘʫʜʠʪʘè 

5.2.2.7.4 ɺʢʣʘʜʢʘ çʂʦʜè 

ɺʢʣʘʜʢʘ ʦʪʦʙʨʘʞʘʝʪ ʠʩʭʦʜʥʳʡ ʢʦʜ DAG, ʠʩʧʦʣʥʝʥʥʳʡ ʧʨʠ ʟʘʧʫʩʢʝ DAG. ʕʪʦ ʧʦʤʦʛʘʝʪ 

ʧʨʦʚʝʨʠʪʴ, ʩ ʢʘʢʦʡ ʚʝʨʩʠʝʡ DAG ʚʳʧʦʣʥʷʣʘʩʴ ʟʘʜʘʯʘ (ʈʠʩʫʥʦʢ 43). 

 

ʈʠʩʫʥʦʢ 43 ï ɺʢʣʘʜʢʘ çʂʦʜè 

5.2.2.7.5 ɺʢʣʘʜʢʘ çʉʚʝʜʝʥʠʷè 

ɺʢʣʘʜʢʘ ʦʪʦʙʨʘʞʘʝʪ ʨʘʟʣʠʯʥʳʝ ʤʝʪʘʜʘʥʥʳʝ ʚʳʧʦʣʥʝʥʠʷ ʜʣʷ ʵʢʟʝʤʧʣʷʨʘ ʟʘʜʘʯʠ 

(ʈʠʩʫʥʦʢ 44), ʚʢʣʶʯʘʷ: 

 ʠʜʝʥʪʠʬʠʢʘʪʦʨ ʟʘʜʘʯʠ ʠ ʩʦʩʪʦʷʥʠʝ; 

 ʠʜʝʥʪʠʬʠʢʘʪʦʨ ʟʘʧʫʩʢʘ DAG, ʚʝʨʩʠʷ DAG ʠ ʠʤʷ ʧʘʢʝʪʘ; 

 ʠʩʧʦʣʴʟʫʝʤʳʡ ʦʧʝʨʘʪʦʨ ʠ ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʴ ʚʳʧʦʣʥʝʥʠʷ; 

 ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʧʫʣʘ ʠ ʩʣʦʪʦʚ; 
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 ʠʩʧʦʣʥʠʪʝʣʴ, ʢʦʥʬʠʛʫʨʘʮʠʷ ʠ ʪ.ʜ. 

 

ʈʠʩʫʥʦʢ 44 ï ɺʢʣʘʜʢʘ çʉʚʝʜʝʥʠʷè 

5.3 ʌʫʥʢʮʠʦʥʘʣʴʥʳʝ ʚʦʟʤʦʞʥʦʩʪʠ ʧʦʣʴʟʦʚʘʪʝʣʷ ʩ ʨʦʣʴʶ Op 

ʇʦʣʴʟʦʚʘʪʝʣʴ ʩ ʨʦʣʴʶ Op ʤʦʞʝʪ ʥʝ ʪʦʣʴʢʦ ʧʨʦʩʤʘʪʨʠʚʘʪʴ ʠʥʬʦʨʤʘʮʠʶ ʦ DAG, ʠʭ 

ʟʘʧʫʩʢʘʭ ʠ ʦʪʜʝʣʴʥʳʭ ʟʘʜʘʯʘʭ (ʩʤ. ʨʘʟʜʝʣ 5.2 çʌʫʥʢʮʠʦʥʘʣʴʥʳʝ ʚʦʟʤʦʞʥʦʩʪʠ ʧʦʣʴʟʦʚʘʪʝʣʷ 

ʩ ʨʦʣʴʶ Viewer), ʥʦ ʠ ʟʘʧʫʩʢʘʪʴ ʦʪʜʝʣʴʥʳʝ DAG, ʧʨʠʦʩʪʘʥʘʚʣʠʚʘʪʴ ʠʭ ʚʳʧʦʣʥʝʥʠʝ ʠ ʧʦʚʪʦʨʥʦ 

ʟʘʧʫʩʢʘʪʴ ʚʳʙʨʘʥʥʳʝ ʟʘʜʘʯʠ. 

5.3.1 ɿʘʧʫʩʢ DAG 

ʇʦʣʴʟʦʚʘʪʝʣʶ ʜʣʷ ʟʘʧʫʩʢʘ DAG ʥʝʦʙʭʦʜʠʤʦ ʧʝʨʝʡʪʠ ʚʳʙʨʘʪʴ ʠʟ ʩʧʠʩʢʘ ʥʫʞʥʳʡ DAG 

ʠ ʥʘʞʘʪʴ ʥʘ ʢʥʦʧʢʫ çɿʘʧʫʩʢè ʚ ʧʨʘʚʦʤ ʚʝʨʭʥʝʤ ʫʛʣʫ (ʈʠʩʫʥʦʢ 45). 

 

ʈʠʩʫʥʦʢ 45 ï ʂʥʦʧʢʘ ʟʘʧʫʩʢʘ DAG 
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ɺ ʦʢʥʝ ʟʘʧʫʩʢʘ DAG ʤʦʞʥʦ ʚʳʙʨʘʪʴ ʨʝʞʠʤ ʟʘʧʫʩʢʘ: ʦʜʠʥʦʯʥʳʡ (ʈʠʩʫʥʦʢ 46) ʠʣʠ 

ʟʘʧʫʩʢ ʟʘʜʥʠʤ ʯʠʩʣʦʤ ʚ ʚʳʙʨʘʥʥʦʤ ʜʠʘʧʘʟʦʥʝ ʜʘʪ (ʈʠʩʫʥʦʢ 47). ʇʦʤʠʤʦ ʚʳʙʦʨʘ ʨʝʞʠʤʘ 

ʟʘʧʫʩʢʘ ʤʦʞʥʦ ʟʘʜʘʪʴ ʜʦʧʦʣʥʠʪʝʣʴʥʳʝ ʧʘʨʘʤʝʪʨʳ: ʜʘʪʫ ʠ ʚʨʝʤʷ ʟʘʧʫʩʢʘ DAG, ʠʜʝʥʪʠʬʠʢʘʪʦʨ 

ʟʘʧʫʩʢʘ (ʥʝʦʙʷʟʘʪʝʣʴʥʦ), ʧʨʠʤʝʯʘʥʠʝ ʠ ʢʦʥʬʠʛʫʨʘʮʠʶ. 

 

ʈʠʩʫʥʦʢ 46 ï ʆʜʠʥʦʯʥʳʡ ʨʝʞʠʤ ʟʘʧʫʩʢʘ DAG 
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ʈʠʩʫʥʦʢ 47 ï ɿʘʧʫʩʢ DAG ʟʘʜʥʠʤ ʯʠʩʣʦʤ ʚ ʚʳʙʨʘʥʥʦʤ ʜʠʘʧʘʟʦʥʝ ʜʘʪ 

5.3.2 ʇʨʠʦʩʪʘʥʦʚʢʘ ʚʳʧʦʣʥʝʥʠʷ DAG 

ʏʪʦʙʳ ʚʨʝʤʝʥʥʦ ʦʩʪʘʥʦʚʠʪʴ ʚʳʧʦʣʥʝʥʠʝ DAG, ʥʝʦʙʭʦʜʠʤʦ ʥʘʞʘʪʴ ʥʘ ʧʝʨʝʢʣʶʯʘʪʝʣʴ 

ʟʘʧʫʩʢʘ, ʨʘʩʧʦʣʦʞʝʥʥʳʡ ʚ ʩʪʨʦʢʝ DAG ʚ ʦʙʱʝʤ ʩʧʠʩʢʝ ʠʣʠ ʨʷʜʦʤ ʩ ʥʘʠʤʝʥʦʚʘʥʠʝʤ DAG 

(ʈʠʩʫʥʦʢ 48, ʈʠʩʫʥʦʢ 49). 

 

ʈʠʩʫʥʦʢ 48 ï ʇʨʠʦʩʪʘʥʦʚʢʘ ʚʳʧʦʣʥʝʥʠʷ DAG ʠʟ ʦʙʱʝʛʦ ʩʧʠʩʢʘ 
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ʈʠʩʫʥʦʢ 49 ï ʇʨʠʦʩʪʘʥʦʚʢʘ ʚʳʧʦʣʥʝʥʠʷ DAG ʩʦ ʩʪʨʘʥʠʮʳ ʩʚʝʜʝʥʠʡ 

5.3.3 ʇʦʚʪʦʨʥʳʡ ʟʘʧʫʩʢ DAG 

ɼʣʷ ʪʦʛʦ ʯʪʦʙʳ ʟʘʧʫʩʪʠʪʴ DAG ʧʦʚʪʦʨʥʦ, ʥʝʦʙʭʦʜʠʤʦ ʚʳʙʨʘʪʴ ʥʫʞʥʳʡ ʟʘʧʫʩʢ 

ʠ ʥʘʞʘʪʴ ʥʘ ʢʥʦʧʢʫ çʆʯʠʩʪʠʪʴ ʟʘʧʫʩʢ DAGè ʥʘ ʧʘʥʝʣʠ ʤʝʪʘʜʘʥʥʳʭ (ʈʠʩʫʥʦʢ 50). 

 

ʈʠʩʫʥʦʢ 50 ï ʂʥʦʧʢʘ ʧʦʚʪʦʨʥʦʛʦ ʟʘʧʫʩʢʘ DAG 

ʇʦʩʣʝ ʵʪʦʛʦ ʥʘ ʵʢʨʘʥʝ ʦʪʦʙʨʘʟʠʪʩʷ ʦʢʥʦ, ʚ ʢʦʪʦʨʦʤ ʤʦʞʥʦ ʟʘʜʘʪʴ, ʢʘʢʠʝ ʟʘʜʘʯʠ DAG 

ʙʫʜʫʪ ʧʝʨʝʟʘʧʫʱʝʥʳ: ʚʩʝ ʠʣʠ ʪʦʣʴʢʦ ʪʝ, ʢʦʪʦʨʳʝ ʥʝ ʙʳʣʠ ʚʳʧʦʣʥʝʥʳ ʫʩʧʝʰʥʦ (ʈʠʩʫʥʦʢ 51). 

ʂʦʛʜʘ ʥʫʞʥʳʡ ʚʘʨʠʘʥʪ ʙʫʜʝʪ ʚʳʙʨʘʥ, ʥʝʦʙʭʦʜʠʤʦ ʥʘʞʘʪʴ ʥʘ ʢʥʦʧʢʫ çʇʦʜʪʚʝʨʜʠʪʴè, ʠ DAG 

ʙʫʜʝʪ ʟʘʧʫʱʝʥ ʧʦʚʪʦʨʥʦ ʚ ʚʳʙʨʘʥʥʦʤ ʨʝʞʠʤʝ. 
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ʈʠʩʫʥʦʢ 51 ï ʆʢʥʦ ʧʝʨʝʟʘʧʫʩʢʘ DAG 

5.3.4 ʇʦʚʪʦʨʥʳʡ ʟʘʧʫʩʢ ʚʳʧʦʣʥʝʥʠʷ ʟʘʜʘʯ 

ɺ ʦʪʜʝʣʴʥʳʭ ʩʣʫʯʘʷʭ ʤʦʞʝʪ ʧʦʪʨʝʙʦʚʘʪʴʩʷ ʧʦʚʪʦʨʥʦ ʟʘʧʫʩʪʠʪʴ ʦʪʜʝʣʴʥʳʝ ʟʘʜʘʯʠ ʠʟ 

DAG. ɼʣʷ ʵʪʦʛʦ ʥʝʦʙʭʦʜʠʤʦ ʚʳʙʨʘʪʴ ʵʢʟʝʤʧʣʷʨ ʟʘʜʘʯʠ ʚ ʟʘʧʫʩʢʝ DAG ʠ ʥʘʞʘʪʴ ʥʘ ʢʥʦʧʢʫ 

çʆʯʠʩʪʠʪʴ ʵʢʟʝʤʧʣʷʨ ʟʘʜʘʯʠè (ʈʠʩʫʥʦʢ 52). 

 

ʈʠʩʫʥʦʢ 52 ï ʂʥʦʧʢʘ ʧʦʚʪʦʨʥʦʛʦ ʟʘʧʫʩʢʘ ʵʢʟʝʤʧʣʷʨʘ ʟʘʜʘʯʠ 

ʅʘ ʵʢʨʘʥʝ ʧʦʷʚʠʪʩʷ ʦʢʥʦ (ʈʠʩʫʥʦʢ 53), ʚ ʢʦʪʦʨʦʤ ʤʦʞʥʦ ʚʳʙʨʘʪʴ, ʢʘʢʠʝ ʛʨʫʧʧʳ ʟʘʜʘʯ 

ʙʫʜʫʪ ʟʘʧʫʱʝʥʳ ʧʦʚʪʦʨʥʦ: ʫʞʝ ʚʳʧʦʣʥʝʥʥʳʝ ʨʘʥʝʝ ʠʣʠ ʧʨʝʜʩʪʦʷʱʠʝ ʟʘʜʘʯʠ, 

ʧʨʝʜʰʝʩʪʚʫʶʱʠʝ ʠʣʠ ʧʦʩʣʝʜʫʶʱʠʝ ʟʘʜʘʯʠ ʚ DAG, ʘ ʪʘʢʞʝ ʪʝ ʟʘʜʘʯʠ, ʢʦʪʦʨʳʝ ʥʝ ʙʳʣʠ 

ʚʳʧʦʣʥʝʥʳ ʫʩʧʝʰʥʦ. ɻʨʫʧʧʳ ʟʘʜʘʯ ʤʦʞʥʦ ʩʦʯʝʪʘʪʴ ʤʝʞʜʫ ʩʦʙʦʡ ʧʨʦʠʟʚʦʣʴʥʳʤ ʦʙʨʘʟʦʤ. 

ʇʦʩʣʝ ʚʳʙʦʨʘ ʥʫʞʥʦʛʦ ʚʘʨʠʘʥʪʘ ʥʝʦʙʭʦʜʠʤʦ ʥʘʞʘʪʴ ʥʘ ʢʥʦʧʢʫ çʇʦʜʪʚʝʨʜʠʪʴè, ʠ ʟʘʜʘʥʥʳʝ 

ʟʘʜʘʯʠ ʙʫʜʫʪ ʧʝʨʝʟʘʧʫʱʝʥʳ. 
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ʈʠʩʫʥʦʢ 53 ï ʆʢʥʦ ʧʝʨʝʟʘʧʫʩʢʘ ʟʘʜʘʯ 

5.3.5 ʈʘʟʜʝʣ çʆʙʟʦʨè 

ʇʦʤʠʤʦ ʜʝʡʩʪʚʠʡ, ʩʚʷʟʘʥʥʳʭ ʩ ʟʘʧʫʩʢʦʤ ʠ ʦʩʪʘʥʦʚʢʦʡ ʚʳʧʦʣʥʝʥʠʷ DAG ʠ ʟʘʜʘʯ, 

ʧʦʣʴʟʦʚʘʪʝʣʶ ʩ ʨʦʣʴʶ Op ʪʘʢʞʝ ʜʦʩʪʫʧʝʥ ʨʘʟʜʝʣ çʆʙʟʦʨè ʩʦ ʚʢʣʘʜʢʘʤʠ «XComs» (ʈʠʩʫʥʦʢ 

54) ʠ çʅʝʦʙʭʦʜʠʤʳʝ ʜʝʡʩʪʚʠʷè (ʈʠʩʫʥʦʢ 55). 

 

ʈʠʩʫʥʦʢ 54 ï ɺʢʣʘʜʢʘ çXComs» 
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ʈʠʩʫʥʦʢ 55 ï çʅʝʦʙʭʦʜʠʤʳʝ ʜʝʡʩʪʚʠʷè 
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6 OPENMETADATA  

6.1  ʇʦʜʛʦʪʦʚʢʘ ʢ ʨʘʙʦʪʝ 

6.1.1 ɸʚʪʦʨʠʟʘʮʠʷ ʧʦʣʴʟʦʚʘʪʝʣʷ 

ɼʣʷ ʚʭʦʜʘ ʚ ʩʠʩʪʝʤʫ ʥʝʦʙʭʦʜʠʤʦ ʧʝʨʝʡʪʠ ʧʦ ʩʩʳʣʢʝ https://datacatalog-infra-name. 

dev.company.domain/my-data. ɺ ʦʢʥʝ ʙʨʘʫʟʝʨʘ ʦʪʦʙʨʘʟʠʪʩʷ ʬʦʨʤʘ ʧʝʨʝʘʜʨʝʩʘʮʠʠ (ʈʠʩʫʥʦʢ 56), 

ʥʘ ʢʦʪʦʨʦʡ ʧʦʪʨʝʙʫʝʪʩʷ ʥʘʞʘʪʴ ʥʘ ʢʥʦʧʢʫ çɺʦʡʪʠ ʩ ʧʦʤʦʱʴʶ SSO». 

 

ʈʠʩʫʥʦʢ 56 ï ʌʦʨʤʘ ʘʚʪʦʨʠʟʘʮʠʠ ʚ OpenMetadata ʯʝʨʝʟ Keycloak 

ʅʘ ʦʪʢʨʳʚʰʝʡʩʷ ʩʪʨʘʥʠʮʝ ʥʝʦʙʭʦʜʠʤʦ ʚʚʝʩʪʠ ʣʦʛʠʥ ʠ ʧʘʨʦʣʴ ʚ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʧʦʣʷʭ 

(ʈʠʩʫʥʦʢ 57), ʧʨʦʚʝʨʠʪʴ ʠʭ ʘʢʪʫʘʣʴʥʦʩʪʴ ʠ ʥʘʞʘʪʴ ʥʘ ʢʥʦʧʢʫ çɺʭʦʜè. ʇʦʩʣʝ ʵʪʦʛʦ ʚ ʦʢʥʝ 

ʙʨʘʫʟʝʨʘ ʦʪʦʙʨʘʟʠʪʩʷ ʚʝʙ-ʠʥʪʝʨʬʝʡʩ OpenMetadata ʩʦ ʚʩʝʤʠ ʬʫʥʢʮʠʦʥʘʣʴʥʳʤʠ 

ʚʦʟʤʦʞʥʦʩʪʷʤʠ, ʜʦʩʪʫʧʥʳʤʠ ʨʦʣʠ ʧʦʣʴʟʦʚʘʪʝʣʷ. 
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ʈʠʩʫʥʦʢ 57 ï ɺʭʦʜ ʚ OpenMetadata 

6.2 ʌʫʥʢʮʠʦʥʘʣʴʥʳʝ ʚʦʟʤʦʞʥʦʩʪʠ ʧʦʣʴʟʦʚʘʪʝʣʷ ʩ ʨʦʣʴʶ 

Consumer 

6.2.1 ʉʪʨʘʥʠʮʘ çʄʦʠ ʜʘʥʥʳʝè 

ʇʦʩʣʝ ʚʭʦʜʘ ʚ OpenMetadata ʨʘʙʦʪʘ ʥʘʯʠʥʘʝʪʩʷ ʩʦ ʩʪʨʘʥʠʮʳ çʄʦʠ ʜʘʥʥʳʝè, ʢʦʪʦʨʘʷ 

ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʝʜʠʥʫʶ ʧʘʥʝʣʴ ʜʣʷ ʧʨʦʩʤʦʪʨʘ ʚʩʝʭ ʘʢʪʠʚʦʚ ʜʘʥʥʳʭ, ʨʝʟʫʣʴʪʘʪʦʚ ʠʭ 

ʘʥʘʣʠʟʘ ʠ ʧʨʦʯʝʡ ʠʥʬʦʨʤʘʮʠʠ (ʈʠʩʫʥʦʢ 58). ʇʦʤʠʤʦ ʧʨʦʯʝʛʦ, ʥʘ ʵʪʦʡ ʥʘʯʘʣʴʥʦʡ ʩʪʨʘʥʠʮʝ 

ʨʘʟʤʝʱʝʥʳ ʚʠʜʞʝʪʳ ʣʝʥʪ ʘʢʪʠʚʥʦʩʪʠ, ʘʥʘʣʠʪʠʢʠ ʜʘʥʥʳʭ, ʦʙʲʷʚʣʝʥʠʡ ʠ ʜʨʫʛʠʝ ʚʠʜʞʝʪʳ, 

ʩʚʷʟʘʥʥʳʝ ʩ ʘʢʪʠʚʘʤʠ ʜʘʥʥʳʭ. 
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ʈʠʩʫʥʦʢ 58 ï ʉʪʨʘʥʠʮʘ çʄʦʠ ʜʘʥʥʳʝè 

6.2.1.1 ɺʠʜʞʝʪ çʃʝʥʪʘ ʘʢʪʠʚʥʦʩʪʠè 

ɺ ʚʠʜʞʝʪʝ çʃʝʥʪʳ ʘʢʪʠʚʥʦʩʪʠè (ʈʠʩʫʥʦʢ 59) ʦʪʦʙʨʘʞʘʶʪʩʷ: 

 ʚʩʝ ʜʝʡʩʪʚʠʷ, ʩʚʷʟʘʥʥʳʝ ʩ ʘʢʪʠʚʘʤʠ ʜʘʥʥʳʭ, ʢʦʪʦʨʳʤʠ ʚʣʘʜʝʝʪ ʧʦʣʴʟʦʚʘʪʝʣʴ; 

 ʫʧʦʤʠʥʘʥʠʷ: ʣʝʥʪʳ, ʛʜʝ ʧʨʦʠʩʭʦʜʷʪ ʫʧʦʤʠʥʘʥʠʷ; 

 ʦʪʢʨʳʪʳʝ ʟʘʜʘʯʠ, ʩʦʟʜʘʥʥʳʝ ʧʦʣʴʟʦʚʘʪʝʣʝʤ ʠʣʠ ʥʘʟʥʘʯʝʥʥʳʝ ʝʤʫ. 

 

ʈʠʩʫʥʦʢ 59 ï ɺʠʜʞʝʪ çʃʝʥʪʘ ʘʢʪʠʚʥʦʩʪʠè 

ʀʩʧʦʣʴʟʫʷ ʨʘʩʢʨʳʚʘʶʱʠʡʩʷ ʩʧʠʩʦʢ ʚ ʚʝʨʭʥʝʤ ʧʨʘʚʦʤ ʫʛʣʫ, ʥʘ ʚʠʜʞʝʪ ʤʦʞʥʦ ʚʳʚʝʩʪʠ 

ʢʘʢ ʚʩʶ ʠʥʬʦʨʤʘʮʠʶ, ʪʘʢ ʠ ʪʦʣʴʢʦ ʪʫ, ʢʦʪʦʨʘʷ ʩʚʷʟʘʥʘ ʩ ʜʘʥʥʳʤʠ ʧʦʣʴʟʦʚʘʪʝʣʷ ʠʣʠ 

ʧʦʜʧʠʩʢʘʤʠ. 
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6.2.1.2 ɺʠʜʞʝʪ çʆʙʲʝʢʪʳ ʜʘʥʥʳʭè 

ʅʘ ʚʠʜʞʝʪʝ ʦʪʦʙʨʘʞʘʝʪʩʷ ʦʙʱʝʝ ʢʦʣʠʯʝʩʪʚʦ ʘʢʪʠʚʦʚ ʜʘʥʥʳʭ, ʨʘʩʧʨʝʜʝʣʝʥʥʳʭ ʧʦ 

ʩʝʨʚʠʩʘʤ (ʈʠʩʫʥʦʢ 60). 

 

ʈʠʩʫʥʦʢ 60 ï ɺʠʜʞʝʪ çʆʙʲʝʢʪʳ ʜʘʥʥʳʭè 

ʇʨʝʜʩʪʘʚʣʝʥʠʝ ʜʘʥʥʳʭ ʥʘ ʚʠʜʞʝʪʝ ʤʦʞʥʦ ʫʧʦʨʷʜʦʯʠʚʘʪʴ ʢʘʢ ʧʦ ʘʣʬʘʚʠʪʫ, ʪʘʢ ʠ ʧʦ 

ʢʦʣʠʯʝʩʪʚʫ ʘʢʪʠʚʦʚ ʜʘʥʥʳʭ. 

6.2.1.3 ɺʠʜʞʝʪ çʄʦʠ ʜʘʥʥʳʝè 

ɺ ʚʠʜʞʝʪʝ çʄʦʠ ʜʘʥʥʳʝè ʦʪʦʙʨʘʞʘʶʪʩʷ ʚʩʝ ʘʢʪʠʚʳ ʜʘʥʥʳʭ, ʢʦʪʦʨʳʤʠ ʚʣʘʜʝʝʪ 

ʧʦʣʴʟʦʚʘʪʝʣʴ. ɽʩʣʠ ʫ ʧʦʣʴʟʦʚʘʪʝʣʷ ʠʣʠ ʢʦʤʘʥʜʳ ʥʝʪ ʘʢʪʠʚʦʚ ʜʘʥʥʳʭ, ʪʦ ʠʭ ʤʦʞʥʦ ʥʘʯʘʪʴ 

ʟʘʧʨʘʰʠʚʘʪʴ ʥʘ ʩʪʨʘʥʠʮʝ çʆʙʟʦʨè (ʈʠʩʫʥʦʢ 61). 

 

ʈʠʩʫʥʦʢ 61 ï ɺʠʜʞʝʪ çʄʦʠ ʜʘʥʥʳʝè 
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6.2.1.4 ɺʠʜʞʝʪ çʂʣʶʯʝʚʳʝ ʧʦʢʘʟʘʪʝʣʠ ʵʬʬʝʢʪʠʚʥʦʩʪʠ (KPI)è 

ɺʠʜʞʝʪ KPI ʧʨʝʜʦʩʪʘʚʣʷʝʪ ʜʦʩʪʫʧ ʢ ʠʥʬʦʨʤʘʮʠʠ ʦ ʚʣʘʜʝʥʠʠ ʘʢʪʠʚʘʤʠ ʜʘʥʥʳʭ, ʦʭʚʘʪʝ 

ʦʧʠʩʘʥʠʷ ʠ ʫʨʦʚʥʝ ʚʣʘʜʝʥʠʷ (ʈʠʩʫʥʦʢ 62). 

 

ʈʠʩʫʥʦʢ 62 ï ɺʠʜʞʝʪ çʂʣʶʯʝʚʳʝ ʧʦʢʘʟʘʪʝʣʠ ʵʬʬʝʢʪʠʚʥʦʩʪʠè 

6.2.1.5 ɺʠʜʞʝʪ çɺʩʝ ʦʙʲʝʢʪʳ ʜʘʥʥʳʭè 

ʅʘ ʵʪʦʤ ʚʠʜʞʝʪʝ (ʈʠʩʫʥʦʢ 63) ʦʪʦʙʨʘʞʘʝʪʩʷ ʩʚʦʜʥʘʷ ʜʠʘʛʨʘʤʤʘ ʢʦʣʠʯʝʩʪʚʘ ʚʩʝʭ 

ʦʙʲʝʢʪʦʚ ʜʘʥʥʳʭ ʟʘ ʚʳʙʨʘʥʥʳʡ ʧʨʦʤʝʞʫʪʦʢ ʚʨʝʤʝʥʠ: ʦʙʱʝʝ ʢʦʣʠʯʝʩʪʚʦ ʪʘʙʣʠʮ, 

ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʧʘʥʝʣʝʡ, ʙʘʟ ʜʘʥʥʳʭ, ʩʭʝʤ ʙʘʟ ʜʘʥʥʳʭ, ʢʦʥʚʝʡʝʨʦʚ, ʪʝʤ, ʜʠʘʛʨʘʤʤ ʠ ʪ. ʜ. 

 

ʈʠʩʫʥʦʢ 63 ï ɺʠʜʞʝʪ çɺʩʝ ʦʙʲʝʢʪʳ ʜʘʥʥʳʭè 
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6.2.1.6 ɺʠʜʞʝʪ çʆʪʩʣʝʞʠʚʘʝʤʳʝ ʘʢʪʠʚʳè 

ʅʘ ʧʦʩʣʝʜʥʝʤ ʚʠʜʞʝʪʝ ʩʪʨʘʥʠʮʳ ʦʪʦʙʨʘʞʘʶʪʩʷ ʘʢʪʠʚʳ ʜʘʥʥʳʭ, ʥʘ ʢʦʪʦʨʳʝ ʧʦʜʧʠʩʘʥ 

ʧʦʣʴʟʦʚʘʪʝʣʴ (ʈʠʩʫʥʦʢ 64). ʉʧʠʩʦʢ ʤʦʞʥʦ ʫʧʦʨʷʜʦʯʠʪʴ ʢʘʢ ʧʦ ʜʘʪʝ ʧʦʜʧʠʩʢʠ, ʪʘʢ ʠ ʧʦ 

ʘʣʬʘʚʠʪʫ. 

 

ʈʠʩʫʥʦʢ 64 ï ɺʠʜʞʝʪ çʆʪʩʣʝʞʠʚʘʝʤʳʝ ʘʢʪʠʚʳè 

6.2.2 ʉʪʨʘʥʠʮʘ çʂʘʪʘʣʦʛè 

ʉʪʨʘʥʠʮʘ çʂʘʪʘʣʦʛè (ʈʠʩʫʥʦʢ 65) ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʩʧʨʘʚʦʯʥʠʢ ʚʩʝʭ ʘʢʪʠʚʦʚ ʜʘʥʥʳʭ.  

 

ʈʠʩʫʥʦʢ 65 ï ʉʪʨʘʥʠʮʘ çʂʘʪʘʣʦʛè 

ɺ ʣʝʚʦʡ ʯʘʩʪʠ ʩʪʨʘʥʠʮʳ ʨʘʩʧʦʣʦʞʝʥʘ ʦʙʣʘʩʪʴ ʥʘʚʠʛʘʮʠʠ (ʬʨʘʛʤʝʥʪ 1), ʥʘ ʢʦʪʦʨʦʡ 

ʦʪʦʙʨʘʞʘʝʪʩʷ ʜʨʝʚʦʚʠʜʥʘʷ ʩʪʨʫʢʪʫʨʘ ʘʢʪʠʚʦʚ ʜʘʥʥʳʭ. ʂʘʞʜʳʡ ʜʦʤʝʥ, ʜʦʩʪʫʧʥʳʡ ʢ ʚʳʙʦʨʫ ʚ 

ʨʘʩʢʨʳʚʘʶʱʝʤʩʷ ʩʧʠʩʢʝ ʚ ʚʝʨʭʥʝʡ ʯʘʩʪʠ ʦʢʥʘ, ʠʤʝʝʪ ʩʚʦʡ ʥʘʙʦʨ ʘʢʪʠʚʦʚ ʜʘʥʥʳʭ. ʇʘʥʝʣʴ 

ʦʪʙʦʨʘ (ʬʨʘʛʤʝʥʪ 2) ʩʦʜʝʨʞʠʪ ʨʷʜ ʧʘʨʘʤʝʪʨʦʚ, ʧʦʟʚʦʣʷʶʱʠʭ ʥʘʭʦʜʠʪʴ ʘʢʪʠʚʳ ʜʘʥʥʳʭ, 
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ʫʜʦʚʣʝʪʚʦʨʷʶʱʠʝ ʟʘʜʘʥʥʳʤ ʢʨʠʪʝʨʠʷʤ. ʈʝʟʫʣʴʪʘʪʳ ʦʪʙʦʨʘ ʚʳʚʦʜʷʪʩʷ ʚ ʩʧʠʩʦʢ (ʬʨʘʛʤʝʥʪ 3), 

ʜʣʷ ʢʘʞʜʦʡ ʟʘʧʠʩʠ ʢʦʪʦʨʦʛʦ ʦʪʦʙʨʘʞʘʝʪʩʷ ʦʩʥʦʚʥʘʷ ʠʥʬʦʨʤʘʮʠʷ ʦʙ ʘʢʪʠʚʝ: ʥʘʟʚʘʥʠʝ, 

ʦʧʠʩʘʥʠʝ, ʜʦʤʝʥ, ʨʘʩʧʦʣʦʞʝʥʠʝ ʚ ʩʪʨʫʢʪʫʨʝ ʠ ʚʣʘʜʝʣʴʮʳ. ʆʪʜʝʣʴʥʳʝ ʩʪʨʦʢʠ ʤʦʞʥʦ ʚʳʙʠʨʘʪʴ 

ʱʝʣʯʢʦʤ ʣʝʚʦʡ ʢʣʘʚʠʰʝʡ ʤʳʰʠ ʥʘ ʩʚʦʙʦʜʥʦʤ ʧʨʦʩʪʨʘʥʩʪʚʝ, ʧʦʩʣʝ ʯʝʛʦ ʥʘ ʧʘʥʝʣʠ ʤʝʪʘʜʘʥʥʳʭ 

(ʬʨʘʛʤʝʥʪ 4) ʦʪʦʙʨʘʟʠʪʩʷ ʙʦʣʝʝ ʧʦʜʨʦʙʥʘʷ ʠʥʬʦʨʤʘʮʠʷ ʦ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʤ ʘʢʪʠʚʝ ʜʘʥʥʳʭ. 

ʅʘʧʨʠʤʝʨ, ʧʨʠ ʚʳʙʦʨʝ ʪʘʙʣʠʮʳ ʦʪʦʙʨʘʟʷʪʩʷ ʩʚʝʜʝʥʠʷ ʦ ʢʦʣʠʯʝʩʪʚʝ ʝʝ ʩʪʦʣʙʮʦʚ, 

ʧʨʠʥʘʜʣʝʞʥʦʩʪʠ ʢ ʜʦʤʝʥʘʤ, ʩʚʷʟʘʥʥʳʭ ʪʝʛʘʭ, ʘ ʪʘʢʞʝ ʩʦʩʪʘʚʝ ʩʪʦʣʙʮʦʚ ʩ ʫʢʘʟʘʥʠʝʤ ʪʠʧʦʚ 

ʜʘʥʥʳʭ, ʢʦʪʦʨʳʝ ʚ ʥʠʭ ʭʨʘʥʷʪʩʷ. 

ɼʣʷ ʧʝʨʝʭʦʜʘ ʥʘ ʩʪʨʘʥʠʮʫ ʘʢʪʠʚʘ ʜʘʥʥʳʭ (ʈʠʩʫʥʦʢ 66) ʥʝʦʙʭʦʜʠʤʦ ʱʝʣʢʥʫʪʴ ʣʝʚʦʡ 

ʢʣʘʚʠʰʝʡ ʤʳʰʠ ʧʦ ʝʛʦ ʥʘʟʚʘʥʠʶ. ʅʘ ʚʝʨʭʥʝʡ ʧʘʥʝʣʠ ʩʪʨʘʥʠʮʳ (ʬʨʘʛʤʝʥʪ 1) ʧʨʠʚʝʜʝʥʳ 

ʩʚʝʜʝʥʠʷ ʦ ʜʦʤʝʥʘʭ, ʩʚʷʟʘʥʥʳʭ ʩ ʘʢʪʠʚʦʤ ʜʘʥʥʳʭ, ʚʣʘʜʝʣʴʮʘʭ ʘʢʪʠʚʘ ʜʘʥʥʳʭ, ʝʛʦ 

ʢʨʠʪʠʯʥʦʩʪʠ, ʧʝʨʠʦʜʝ ʭʨʘʥʝʥʠʷ, ʩʝʨʪʠʬʠʢʘʮʠʠ, ʪʠʧʝ ʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ. ʅʘ ʦʪʜʝʣʴʥʳʝ ʚʢʣʘʜʢʠ 

(ʬʨʘʛʤʝʥʪ 2) ʪʘʢʞʝ ʚʳʥʝʩʝʥʘ ʜʝʪʘʣʴʥʘʷ ʠʥʬʦʨʤʘʮʠʷ, ʠʥʜʠʚʠʜʫʘʣʴʥʘʷ ʜʣʷ ʢʘʞʜʦʛʦ ʪʠʧʘ 

ʘʢʪʠʚʘ. ʅʘʧʨʠʤʝʨ, ʧʨʠ ʚʳʙʦʨʝ ʪʘʙʣʠʮʳ ʥʘʙʦʨ ʚʢʣʘʜʦʢ ʙʫʜʝʪ ʩʣʝʜʫʶʱʠʤ: 

 çʉʪʦʣʙʮʳè, 

 çʃʝʥʪʘ ʘʢʪʠʚʥʦʩʪʠ ʠ ʟʘʜʘʯʠè, 

 çʇʨʠʤʝʨ ʜʘʥʥʳʭè, 

 çɿʘʧʨʦʩʳè, 

 çʂʦʥʪʨʦʣʴ ʜʘʥʥʳʭè, 

 çʇʨʦʠʩʭʦʞʜʝʥʠʝè, 

 çʆʧʨʝʜʝʣʝʥʠʝ ʩʭʝʤʳè, 

 çʂʦʥʪʨʘʢʪè, 

 çɼʦʧʦʣʥʠʪʝʣʴʥʳʝ ʩʚʦʡʩʪʚʘè. 

 

ʈʠʩʫʥʦʢ 66 ï ʉʪʨʘʥʠʮʘ ʘʢʪʠʚʘ ʜʘʥʥʳʭ 
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ɺ ʧʨʘʚʦʤ ʚʝʨʭʥʝʤ ʫʛʣʫ ʩʪʨʘʥʠʮʳ ʩʦ ʩʚʝʜʝʥʠʷʤʠ ʦʙ ʘʢʪʠʚʝ ʜʘʥʥʳʭ ʦʪʦʙʨʘʞʘʝʪʩʷ ʧʘʥʝʣʴ 

(ʬʨʘʛʤʝʥʪ 3) ʩʦ ʩʣʝʜʫʶʱʠʤʠ ʵʣʝʤʝʥʪʘʤʠ: 

 ʢʥʦʧʢʠ ʧʦʚʳʰʝʥʠʷ ʠ ʧʦʥʠʞʝʥʠʷ ʨʝʡʪʠʥʛʘ ʘʢʪʠʚʘ ʜʘʥʥʳʭ; 

 ʠʩʪʦʨʠʷ ʚʝʨʩʠʡ ʩ ʫʯʝʪʦʤ ʦʩʥʦʚʥʳʭ ʠ ʚʪʦʨʦʩʪʝʧʝʥʥʳʭ ʠʟʤʝʥʝʥʠʡ; 

 ʢʥʦʧʢʘ ʫʧʨʘʚʣʝʥʠʷ ʘʢʪʠʚʦʤ ʜʘʥʥʳʭ (ʟʥʘʯʦʢ ʚ ʚʠʜʝ ʪʨʝʭ ʪʦʯʝʢ), ʧʦʟʚʦʣʷʶʱʘʷ 

ʵʢʩʧʦʨʪʠʨʦʚʘʪʴ ʘʢʪʠʚ ʜʘʥʥʳʭ ʚ ʬʘʡʣ ʬʦʨʤʘʪʘ CSV. 

6.2.2.1 ɺʢʣʘʜʢʘ «ʉʪʦʣʙʮʳ» 

ɺʢʣʘʜʢʘ çʉʪʦʣʙʮʳè ʦʪʦʙʨʘʞʘʝʪʩʷ ʪʦʣʴʢʦ ʜʣʷ ʪʘʙʣʠʮ, ʪʝʤ ʠ ʢʦʥʪʝʡʥʝʨʦʚ (ʈʠʩʫʥʦʢ 67). 

ʅʘ ʥʝʡ ʦʪʦʙʨʘʞʘʶʪʩʷ ʩʘʤʠ ʩʪʦʣʙʮʳ, ʪʠʧʳ ʠ ʦʧʠʩʘʥʠʝ ʭʨʘʥʠʤʳʭ ʚ ʥʠʭ ʜʘʥʥʳʭ, ʘ ʪʘʢʞʝ ʪʝʛʠ ʠ 

ʪʝʨʤʠʥʳ ʛʣʦʩʩʘʨʠʷ, ʩʚʷʟʘʥʥʳʝ ʩ ʢʘʞʜʳʤ ʩʪʦʣʙʮʦʤ. 

 

ʈʠʩʫʥʦʢ 67 ï ɺʢʣʘʜʢʘ çʉʪʦʣʙʮʳè 

ʂʨʦʤʝ ʪʦʛʦ, ʥʘ ʚʢʣʘʜʢʝ çʉʪʦʣʙʮʳè ʦʪʦʙʨʘʞʘʝʪʩʷ ʦʧʠʩʘʥʠʝ ʪʘʙʣʠʮʳ. ɽʩʣʠ ʥʝʦʙʭʦʜʠʤʦ, 

ʤʦʞʥʦ ʟʘʧʨʦʩʠʪʴ ʝʛʦ ʠʟʤʝʥʝʥʠʝ: ʜʣʷ ʵʪʦʛʦ ʪʨʝʙʫʝʪʩʷ ʥʘʞʘʪʴ ʥʘ ʢʥʦʧʢʫ çɿʘʧʨʦʩʠʪʴ ʦʙʥʦʚʣʝʥʠʝ 

ʦʧʠʩʘʥʠʷè (ʈʠʩʫʥʦʢ 68). 

 

ʈʠʩʫʥʦʢ 68 ï ɿʘʧʨʦʩ ʠʟʤʝʥʝʥʠʷ ʦʧʠʩʘʥʠʷ 

ɿʘʧʨʦʩ ʥʘ ʠʟʤʝʥʝʥʠʝ ʦʧʠʩʘʥʠʷ ʬʦʨʤʠʨʫʝʪʩʷ ʚ ʚʠʜʝ ʟʘʜʘʯʠ, ʢʦʪʦʨʘʷ ʧʦʩʪʫʧʠʪ 

ʧʦʣʴʟʦʚʘʪʝʣʶ, ʦʪʚʝʪʩʪʚʝʥʥʦʤʫ ʟʘ ʩʦʛʣʘʩʦʚʘʥʠʝ. ʇʦʩʣʝ ʥʘʞʘʪʠʷ ʥʘ ʢʥʦʧʢʫ ʟʘʧʨʦʩʘ ʥʘ ʵʢʨʘʥʝ 

ʦʪʦʙʨʘʟʠʪʩʷ ʬʦʨʤʘ ʩʦʟʜʘʥʠʷ ʟʘʜʘʯʠ (ʈʠʩʫʥʦʢ 69), ʚ ʢʦʪʦʨʦʡ ʥʝʦʙʭʦʜʠʤʦ ʫʢʘʟʘʪʴ ʠʩʧʦʣʥʠʪʝʣʷ 
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ʠ ʥʦʚʦʝ ʦʧʠʩʘʥʠʝ. ɺʢʣʘʜʢʠ çʊʝʢʫʱʝʝè, çʆʪʣʠʯʠʷè ʠ çʅʦʚʦʝè ʧʦʟʚʦʣʷʶʪ ʧʨʦʩʣʝʜʠʪʴ, ʯʝʤ 

ʥʦʚʦʝ ʦʧʠʩʘʥʠʝ ʙʫʜʝʪ ʦʪʣʠʯʘʪʴʩʷ ʦʪ ʜʝʡʩʪʚʫʶʱʝʛʦ. 

ʇʦʩʣʝ ʟʘʧʦʣʥʝʥʠʷ ʚʩʝʭ ʥʝʦʙʭʦʜʠʤʳʭ ʧʦʣʝʡ ʩʣʝʜʫʝʪ ʥʘʞʘʪʴ ʥʘ ʢʥʦʧʢʫ çʉʦʭʨʘʥʠʪʴè. 

ɿʘʜʘʯʘ ʙʫʜʝʪ ʦʪʧʨʘʚʣʝʥʘ ʥʘ ʩʦʛʣʘʩʦʚʘʥʠʝ ʠʩʧʦʣʥʠʪʝʣʶ. 

 

ʈʠʩʫʥʦʢ 69 ï ʌʦʨʤʘ ʩʦʟʜʘʥʠʷ ʟʘʜʘʯʠ ʥʘ ʠʟʤʝʥʝʥʠʝ ʦʧʠʩʘʥʠʷ 

6.2.2.2 ɺʢʣʘʜʢʘ çʃʝʥʪʘ ʘʢʪʠʚʥʦʩʪʠ ʠ ʟʘʜʘʯʠè 

ɺʢʣʘʜʢʘ çʃʝʥʪʳ ʘʢʪʠʚʥʦʩʪʠ ʠ ʟʘʜʘʯʠè ʦʪʦʙʨʘʞʘʝʪʩʷ ʜʣʷ ʚʩʝʭ ʪʠʧʦʚ ʘʢʪʠʚʦʚ ʜʘʥʥʳʭ. 

ʅʘ ʥʝʡ ʧʨʝʜʩʪʘʚʣʝʥʳ ʚʩʝ ʟʘʜʘʯʠ ʠ ʫʧʦʤʠʥʘʥʠʷ ʜʣʷ ʪʝʢʫʱʝʛʦ ʘʢʪʠʚʘ ʜʘʥʥʳʭ (ʈʠʩʫʥʦʢ 70). 
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ʈʠʩʫʥʦʢ 70 ï ɺʢʣʘʜʢʘ çʃʝʥʪʘ ʘʢʪʠʚʥʦʩʪʠ ʠ ʟʘʜʘʯʠè 

6.2.2.3 ɺʢʣʘʜʢʘ çʂʦʥʪʨʦʣʴ ʜʘʥʥʳʭ» 

ɺʢʣʘʜʢʘ çʂʦʥʪʨʦʣʴ ʜʘʥʥʳʭè (ʈʠʩʫʥʦʢ 71) ʦʪʦʙʨʘʞʘʝʪʩʷ ʪʦʣʴʢʦ ʜʣʷ ʪʘʙʣʠʮ ʠ ʩʦʩʪʦʠʪ 

ʠʟ ʯʝʪʳʨʝʭ ʨʘʟʜʝʣʦʚ: çʇʨʦʬʠʣʴ ʪʘʙʣʠʮʳè, çʇʨʦʬʠʣʴ ʩʪʦʣʙʮʦʚè, çʂʘʯʝʩʪʚʦ ʜʘʥʥʳʭè ʠ 

çʀʥʮʠʜʝʥʪʳè. ʈʘʟʜʝʣ çʇʨʦʬʠʣʴ ʪʘʙʣʠʮʳè ʩʦʜʝʨʞʠʪ ʩʚʝʜʝʥʠʷ ʦ ʢʦʣʠʯʝʩʪʚʝ ʩʪʨʦʢ ʠ ʩʪʦʣʙʮʦʚ 

ʪʘʙʣʠʮʳ, ʘ ʪʘʢʞʝ ʩʚʝʜʝʥʠʷ ʦʙ ʦʙʲʸʤʝ ʜʘʥʥʳʭ, ʦʙʥʦʚʣʝʥʠʷʭ ʪʘʙʣʠʮʳ ʠ ʠʟʤʝʥʝʥʠʠ ʦʙʲʸʤʘ 

ʜʘʥʥʳʭ. ɺ ʨʘʟʜʝʣʝ çʇʨʦʬʠʣʴ ʩʪʦʣʙʮʦʚè ʧʨʝʜʩʪʘʚʣʝʥʘ ʠʥʬʦʨʤʘʮʠʷ ʦ ʪʠʧʝ ʜʘʥʥʳʭ ʚ ʢʘʞʜʦʤ 

ʩʪʦʣʙʮʝ, ʢʦʣʠʯʝʩʪʚʝ ʟʥʘʯʝʥʠʡ, ʧʨʦʮʝʥʪʥʦʤ ʩʦʜʝʨʞʘʥʠʠ ʧʫʩʪʳʭ ʠ ʫʥʠʢʘʣʴʥʳʭ ʟʥʘʯʝʥʠʡ ʠ ʪ. ʜ. 

ɺ ʨʘʟʜʝʣʝ çʂʘʯʝʩʪʚʦ ʜʘʥʥʳʭè ʦʪʦʙʨʘʞʘʝʪʩʷ ʩʧʠʩʦʢ ʧʨʦʚʝʜʝʥʥʳʭ ʧʨʦʚʝʨʦʢ ʜʘʥʥʳʭ ʩ 

ʫʢʘʟʘʥʠʝʤ ʠʭ ʩʪʘʪʫʩʘ, ʘ ʪʘʢʞʝ ʩʚʦʜʥʘʷ ʠʥʬʦʨʤʘʮʠʷ ʦ ʨʝʟʫʣʴʪʘʪʘʭ ʪʘʢʠʭ ʧʨʦʚʝʨʦʢ. 

ʀʥʬʦʨʤʘʮʠʷ ʦʙ ʦʰʠʙʢʘʭ, ʚʣʠʷʶʱʠʭ ʥʘ ʢʘʯʝʩʪʚʦ ʜʘʥʥʳʭ, ʦʪʦʙʨʘʞʘʝʪʩʷ ʚ ʨʘʟʜʝʣʝ 

çʀʥʮʠʜʝʥʪʳè. 
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ʈʠʩʫʥʦʢ 71 ï ɺʢʣʘʜʢʘ çʂʦʥʪʨʦʣʴ ʜʘʥʥʳʭè 

6.2.2.4 ɺʢʣʘʜʢʘ çʇʨʦʠʩʭʦʞʜʝʥʠʝè 

ɺʢʣʘʜʢʘ çʇʨʦʠʩʭʦʞʜʝʥʠʝè ʦʪʦʙʨʘʞʘʝʪʩʷ ʜʣʷ ʚʩʝʭ ʪʠʧʦʚ ʘʢʪʠʚʦʚ ʜʘʥʥʳʭ ʠ ʩʦʜʝʨʞʠʪ 

ʧʦʣʥʫʶ ʠʥʬʦʨʤʘʮʠʶ ʦ ʥʘʩʣʝʜʦʚʘʥʠʠ ʜʘʥʥʳʭ ʠ ʚʟʘʠʤʦʩʚʷʟʷʭ ʘʢʪʠʚʦʚ ʜʘʥʥʳʭ (ʈʠʩʫʥʦʢ 72). 

ʀʥʪʝʨʬʝʡʩ OpenMetadata ʧʦʟʚʦʣʷʝʪ ʧʨʦʩʣʝʞʠʚʘʪʴ ʥʘʩʣʝʜʦʚʘʥʠʝ ʜʘʥʥʳʭ ʥʘ ʫʨʦʚʥʝ ʪʘʙʣʠʮ ʠ 

ʩʪʦʣʙʮʦʚ ʩ ʦʪʦʙʨʘʞʝʥʠʝʤ ʢʘʢ ʚʦʩʭʦʜʷʱʠʭ, ʪʘʢ ʠ ʥʠʩʭʦʜʷʱʠʭ ʟʘʚʠʩʠʤʦʩʪʝʡ ʜʣʷ ʢʘʞʜʦʛʦ ʫʟʣʘ. 

 

ʈʠʩʫʥʦʢ 72 ï ʉʢʚʦʟʥʦʝ ʦʪʦʙʨʘʞʝʥʠʝ ʥʘʩʣʝʜʦʚʘʥʠʷ ʜʘʥʥʳʭ 

ɽʩʣʠ ʱʝʣʢʥʫʪʴ ʣʝʚʦʡ ʢʣʘʚʠʰʝʡ ʤʳʰʠ ʧʦ ʣʶʙʦʤʫ ʘʢʪʠʚʫ ʜʘʥʥʳʭ, ʥʘ ʛʨʘʬʝ ʦʪʦʙʨʘʟʠʪʩʷ 

ʦʙʣʘʩʪʴ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦʛʦ ʧʨʦʩʤʦʪʨʘ ʩ ʧʦʜʨʦʙʥʦʡ ʠʥʬʦʨʤʘʮʠʝʡ ʦʙ ʘʢʪʠʚʝ (ʈʠʩʫʥʦʢ 73), 

ʚʢʣʶʯʘʷ ʪʝʛʠ, ʩʭʝʤʫ, ʢʘʯʝʩʪʚʦ ʜʘʥʥʳʭ ʠ ʤʝʪʨʠʢʠ ʜʘʥʥʳʭ. 
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ʈʠʩʫʥʦʢ 73 ï ʆʙʣʘʩʪʴ ʩ ʠʥʬʦʨʤʘʮʠʝʡ ʦʙ ʫʟʣʝ ʛʨʘʬʘ 

6.2.2.5 ɺʢʣʘʜʢʘ çʆʧʨʝʜʝʣʝʥʠʝ ʩʭʝʤʳè 

ʅʘ ʚʢʣʘʜʢʝ çʆʧʨʝʜʝʣʝʥʠʝ ʩʭʝʤʳè ʦʪʦʙʨʘʞʘʝʪʩʷ ʢʦʜ ʜʣʷ ʩʦʟʜʘʥʠʷ ʪʘʙʣʠʮʳ ʥʘ ʷʟʳʢʝ 

DDL. 

 

6.2.2.6 ɺʢʣʘʜʢʘ çʂʦʥʪʨʘʢʪè 

ɺʢʣʘʜʢʘ çʂʦʥʪʨʘʢʪè ʩʦʜʝʨʞʠʪ ʩʚʝʜʝʥʠʷ ʦʙ ʫʩʣʦʚʥʳʭ ʩʦʛʣʘʰʝʥʠʷʭ, ʦʧʨʝʜʝʣʷʶʱʠʭ 

ʧʨʝʜʧʦʣʘʛʘʝʤʫʶ ʩʪʨʫʢʪʫʨʫ ʘʢʪʠʚʘ ʜʘʥʥʳʭ ʠ ʧʨʦʚʝʨʢʠ ʢʘʯʝʩʪʚʘ ʜʘʥʥʳʭ, ʘ ʪʘʢʞʝ ʠʥʬʦʨʤʘʮʠʶ 

ʦ ʚʳʧʦʣʥʝʥʠʠ ʵʪʠʭ ʩʦʛʣʘʰʝʥʠʡ ʩ ʪʝʯʝʥʠʝʤ ʚʨʝʤʝʥʠ. 

6.2.2.7 ɺʢʣʘʜʢʘ çɼʦʧʦʣʥʠʪʝʣʴʥʳʝ ʩʚʦʡʩʪʚʘè 

ʅʘ ʚʢʣʘʜʢʝ çɼʦʧʦʣʥʠʪʝʣʴʥʳʝ ʩʚʦʡʩʪʚʘè ʩʦʙʨʘʥʳ ʚʩʝ ʚʩʧʦʤʦʛʘʪʝʣʴʥʳʝ ʘʪʨʠʙʫʪʳ, 

ʟʘʜʘʥʥʳʝ ʜʣʷ ʘʢʪʠʚʘ ʜʘʥʥʳʭ (ʈʠʩʫʥʦʢ 74). ɺʢʣʘʜʢʘ ʦʪʦʙʨʘʞʘʝʪʩʷ ʜʣʷ ʚʩʝʭ ʪʠʧʦʚ ʘʢʪʠʚʦʚ 

ʜʘʥʥʳʭ. 
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ʈʠʩʫʥʦʢ 74 ï ɺʢʣʘʜʢʘ çɼʦʧʦʣʥʠʪʝʣʴʥʳʝ ʩʚʦʡʩʪʚʘè 

6.2.2.8 ɺʢʣʘʜʢʘ çɼʝʪʘʣʠè 

ɺʢʣʘʜʢʘ çɼʝʪʘʣʠè ʦʪʦʙʨʘʞʘʝʪʩʷ ʪʦʣʴʢʦ ʜʣʷ ʜʘʰʙʦʨʜʦʚ (ʈʠʩʫʥʦʢ 75). ʅʘ ʵʪʦʡ ʚʢʣʘʜʢʝ 

ʧʨʠʚʦʜʠʪʩʷ ʥʘʟʚʘʥʠʝ ʜʠʘʛʨʘʤʤʳ, ʝʸ ʪʠʧ ʠ ʦʧʠʩʘʥʠʝ. ʇʦʤʠʤʦ ʵʪʦʛʦ, ʜʣʷ ʢʘʞʜʦʡ ʜʠʘʛʨʘʤʤʳ 

ʪʘʢʞʝ ʦʪʦʙʨʘʞʘʶʪʩʷ ʩʚʷʟʘʥʥʳʝ ʪʝʛʠ. 

 

ʈʠʩʫʥʦʢ 75 ï ɺʢʣʘʜʢʘ çɼʝʪʘʣʠè 

6.2.2.9 ɺʢʣʘʜʢʘ çɺʳʧʦʣʥʝʥʠʝ» 

ɺʢʣʘʜʢʘ çɺʳʧʦʣʥʝʥʠʝè ʦʪʦʙʨʘʞʘʝʪʩʷ ʪʦʣʴʢʦ ʜʣʷ ʧʘʡʧʣʘʡʥʦʚ. ʅʘ ʥʝʡ ʧʨʠʚʦʜʠʪʩʷ 

ʠʥʬʦʨʤʘʮʠʷ ʦ ʜʘʪʝ, ʚʨʝʤʝʥʠ ʠ ʩʪʘʪʫʩʝ ʦʙʨʘʙʦʪʢʠ ʜʘʥʥʳʭ: çʋʩʧʝʰʥʦè, çʆʰʠʙʢʘè, 

çʆʞʠʜʘʥʠʝè ʠʣʠ çʇʨʝʨʚʘʥʦè. ʉʪʘʪʫʩ ʤʦʞʥʦ ʦʪʦʙʨʘʟʠʪʴ ʚ ʚʠʜʝ ʭʨʦʥʦʣʦʛʠʯʝʩʢʦʛʦ ʩʧʠʩʢʘ ʠʣʠ 

ʜʝʨʝʚʘ. ʌʠʣʴʪʨʦʚʘʪʴ ʜʘʥʥʳʝ ʤʦʞʥʦ ʢʘʢ ʧʦ ʩʪʘʪʫʩʫ, ʪʘʢ ʠ ʧʦ ʜʘʪʝ. 
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6.2.3 ʉʪʨʘʥʠʮʘ çʇʨʦʠʩʭʦʞʜʝʥʠʝè 

ʅʘ ʩʪʨʘʥʠʮʝ çʇʨʦʠʩʭʦʞʜʝʥʠʝè (ʈʠʩʫʥʦʢ 76) ʛʨʘʬʠʯʝʩʢʠ ʦʪʦʙʨʘʞʘʶʪʩʷ ʚʟʘʠʤʦʩʚʷʟʠ 

ʘʢʪʠʚʦʚ ʜʘʥʥʳʭ. 

 

ʈʠʩʫʥʦʢ 76 ï ʉʪʨʘʥʠʮʘ çʇʨʦʠʩʭʦʞʜʝʥʠʝè 

ʇʨʠ ʥʘʞʘʪʠʠ ʥʘ ʣʶʙʦʡ ʫʟʝʣ ʛʨʘʬʘ ʣʝʚʦʡ ʢʣʘʚʠʰʝʡ ʤʳʰʠ ʥʘ ʵʢʨʘʥʝ ʦʪʦʙʨʘʟʠʪʩʷ ʦʙʣʘʩʪʴ 

ʩ ʠʥʬʦʨʤʘʮʠʝʡ ʦ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʤ ʘʢʪʠʚʝ ʜʘʥʥʳʭ. 

6.2.4 ʉʪʨʘʥʠʮʘ çʄʦʥʠʪʦʨʠʥʛè 

ʉʪʨʘʥʠʮʘ çʄʦʥʠʪʦʨʠʥʛè ʩʦʜʝʨʞʠʪ ʨʷʜ ʠʥʩʪʨʫʤʝʥʪʦʚ, ʧʦʟʚʦʣʷʶʱʠʭ ʢʦʥʪʨʦʣʠʨʦʚʘʪʴ 

ʩʦʩʪʦʷʥʠʝ ʘʢʪʠʚʦʚ ʜʘʥʥʳʭ, ʧʨʦʚʝʨʷʪʴ ʢʦʨʨʝʢʪʥʦʩʪʴ ʜʘʥʥʳʭ, ʚʝʩʪʠ ʫʯʝʪ ʚʳʧʦʣʥʝʥʥʳʭ 

ʧʨʦʚʝʨʦʢ ʠ ʦʧʦʚʝʱʘʪʴ ʧʦʣʴʟʦʚʘʪʝʣʝʡ ʧʨʠ ʥʘʩʪʫʧʣʝʥʠʠ ʟʘʜʘʥʥʳʭ ʩʦʙʳʪʠʡ, ʥʘʧʨʠʤʝʨ ʚ ʩʣʫʯʘʝ 

ʟʘʚʝʨʰʝʥʠʷ ʧʨʦʚʝʨʢʠ ʩ ʥʝʫʜʦʚʣʝʪʚʦʨʠʪʝʣʴʥʳʤ ʨʝʟʫʣʴʪʘʪʦʤ. 

6.2.4.1 ʈʘʟʜʝʣ çʂʘʯʝʩʪʚʦ ʜʘʥʥʳʭè 

ɺ ʨʘʟʜʝʣʝ çʂʘʯʝʩʪʚʦ ʜʘʥʥʳʭè (ʈʠʩʫʥʦʢ 77) ʧʨʠʚʝʜʝʥʘ ʠʥʬʦʨʤʘʮʠʷ ʦʙʦ ʚʩʝʭ 

ʧʨʦʚʝʜʝʥʥʳʭ ʧʨʦʚʝʨʢʘʭ ʜʘʥʥʳʭ. 
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ʈʠʩʫʥʦʢ 77 ï ʈʘʟʜʝʣ çʂʘʯʝʩʪʚʦ ʜʘʥʥʳʭè 

ɿʘʧʠʩʠ ʦ ʧʨʦʚʝʨʢʘʭ ʦʪʦʙʨʘʞʘʶʪʩʷ ʚ ʚʠʜʝ ʩʧʠʩʢʘ (ʬʨʘʛʤʝʥʪ 1). ɼʣʷ ʢʘʞʜʦʡ ʟʘʧʠʩʠ 

ʦʪʦʙʨʘʞʘʝʪʩʷ ʠʥʬʦʨʤʘʮʠʷ ʦ ʩʪʘʪʫʩʝ ʧʨʦʚʝʨʢʠ, ʝʝ ʥʘʠʤʝʥʦʚʘʥʠʠ, ʦʙʲʝʢʪʝ ʧʨʦʚʝʨʢʠ, ʚʨʝʤʝʥʠ 

ʝʝ ʧʨʦʚʝʜʝʥʠʷ ʠ ʠʥʮʠʜʝʥʪʘʭ. 

ʉʚʦʜʥʘʷ ʠʥʬʦʨʤʘʮʠʷ ʦ ʨʝʟʫʣʴʪʘʪʘʭ ʧʨʦʚʝʨʢʠ ʧʨʝʜʩʪʘʚʣʝʥʘ ʚ ʚʠʜʝ ʨʷʜʘ ʜʠʘʛʨʘʤʤ 

(ʬʨʘʛʤʝʥʪ 2). 

ʇʨʠ ʥʝʦʙʭʦʜʠʤʦʩʪʠ ʤʦʞʥʦ ʦʪʦʙʨʘʟʠʪʴ ʨʝʟʫʣʴʪʘʪʳ ʧʨʦʚʝʨʢʠ ʪʦʣʴʢʦ ʚʳʙʨʘʥʥʳʭ ʪʘʙʣʠʮ, 

ʩ ʚʳʙʨʘʥʥʳʤ ʩʪʘʪʫʩʦʤ, ʪʝʛʘʤʠ ʠʣʠ ʦʧʨʝʜʝʣʝʥʥʦʛʦ ʪʠʧʘ. ɼʣʷ ʵʪʦʛʦ ʩʣʝʜʫʝʪ ʚʦʩʧʦʣʴʟʦʚʘʪʴʩʷ 

ʧʘʥʝʣʴʶ ʬʠʣʴʪʨʦʚ, ʨʘʩʧʦʣʦʞʝʥʥʦʡ ʥʘʜ ʜʠʘʛʨʘʤʤʘʤʠ (ʬʨʘʛʤʝʥʪ 3). 

ɼʣʷ ʩʦʟʜʘʥʠʷ ʩʦʙʩʪʚʝʥʥʦʡ ʧʨʦʚʝʨʢʠ ʥʝʦʙʭʦʜʠʤʦ ʥʘʞʘʪʴ ʥʘ ʢʥʦʧʢʫ çɼʦʙʘʚʠʪʴ 

ʧʨʦʚʝʨʢʫè (ʬʨʘʛʤʝʥʪ 4). ʅʘ ʵʢʨʘʥʝ ʦʪʦʙʨʘʟʠʪʩʷ ʬʦʨʤʘ, ʚ ʢʦʪʦʨʦʡ ʥʝʦʙʭʦʜʠʤʦ ʟʘʧʦʣʥʠʪʴ 

ʦʩʥʦʚʥʫʶ ʠʥʬʦʨʤʘʮʠʶ ʦ ʧʨʦʚʝʨʢʝ, ʝʝ ʦʙʲʝʢʪʝ ʠ ʪʠʧʝ (ʈʠʩʫʥʦʢ 78). 
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ʈʠʩʫʥʦʢ 78 ï ʉʦʟʜʘʥʠʝ ʧʨʦʚʝʨʢʠ ʘʢʪʠʚʘ ʜʘʥʥʳʭ 

ʇʦʩʣʝ ʟʘʧʦʣʥʝʥʠʷ ʚʩʝʭ ʦʙʷʟʘʪʝʣʴʥʳʭ ʧʦʣʝʡ ʥʝʦʙʭʦʜʠʤʦ ʥʘʞʘʪʴ ʥʘ ʢʥʦʧʢʫ çʉʦʟʜʘʪʴè. 

6.2.4.2 ʈʘʟʜʝʣ çʋʧʨʘʚʣʝʥʠʝ ʠʥʮʠʜʝʥʪʘʤʠè 

ɺ ʨʘʟʜʝʣʝ çʋʧʨʘʚʣʝʥʠʝ ʠʥʮʠʜʝʥʪʘʤʠè (ʈʠʩʫʥʦʢ 79) ʧʨʠʚʝʜʝʥʘ ʠʥʬʦʨʤʘʮʠʷ ʦʙʦ ʚʩʝʭ 

ʦʙʥʘʨʫʞʝʥʥʳʭ ʠʥʮʠʜʝʥʪʘʭ. ɼʣʷ ʢʘʞʜʦʡ ʟʘʧʠʩʠ ʦʪʦʙʨʘʞʘʝʪʩʷ ʥʘʠʤʝʥʦʚʘʥʠʝ ʧʨʦʚʝʨʢʠ, ʧʨʠ 

ʚʳʧʦʣʥʝʥʠʠ ʢʦʪʦʨʦʡ ʙʳʣ ʦʙʥʘʨʫʞʝʥ ʠʥʮʠʜʝʥʪ, ʥʘʟʚʘʥʠʝ ʦʙʲʝʢʪʘ, ʜʘʪʘ ʠ ʚʨʝʤʷ ʦʙʥʘʨʫʞʝʥʠʷ, 

ʩʪʘʪʫʩ, ʢʨʠʪʠʯʥʦʩʪʴ ʠ ʠʩʧʦʣʥʠʪʝʣʴ, ʥʘʟʥʘʯʝʥʥʳʡ ʥʘ ʫʧʨʘʚʣʝʥʠʝ ʠʥʮʠʜʝʥʪʦʤ. 

 

ʈʠʩʫʥʦʢ 79 ï ʈʘʟʜʝʣ çʋʧʨʘʚʣʝʥʠʝ ʠʥʮʠʜʝʥʪʘʤʠè 
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6.2.4.3 ʈʘʟʜʝʣ çʆʧʦʚʝʱʝʥʠʷè 

ɺ ʨʘʟʜʝʣʝ çʆʧʦʚʝʱʝʥʠʷè (ʈʠʩʫʥʦʢ 80) ʦʪʦʙʨʘʞʘʝʪʩʷ ʩʧʠʩʦʢ ʚʩʝʭ ʫʚʝʜʦʤʣʝʥʠʡ 

ʧʦʣʴʟʦʚʘʪʝʣʝʡ, ʢʦʪʦʨʳʝ ʜʦʣʞʥʳ ʩʨʘʙʘʪʳʚʘʪʴ ʧʨʠ ʟʘʜʘʥʥʳʭ ʩʦʙʳʪʠʷʭ. 

 

ʈʠʩʫʥʦʢ 80 ï ʈʘʟʜʝʣ çʆʧʦʚʝʱʝʥʠʷè 

ɼʣʷ ʧʨʦʩʤʦʪʨʘ ʠʥʬʦʨʤʘʮʠʠ ʦʙ ʦʧʦʚʝʱʝʥʠʠ ʥʝʦʙʭʦʜʠʤʦ ʥʘʞʘʪʴ ʣʝʚʦʡ ʢʣʘʚʠʰʝʡ ʤʳʰʠ 

ʥʘ ʝʛʦ ʥʘʠʤʝʥʦʚʘʥʠʠ. ʅʘ ʵʢʨʘʥʝ ʦʪʦʙʨʘʟʠʪʩʷ ʢʘʨʪʦʯʢʘ ʦʧʦʚʝʱʝʥʠʷ (ʈʠʩʫʥʦʢ 81) ʩʦ 

ʩʣʝʜʫʶʱʠʤʠ ʩʚʝʜʝʥʠʷʤʠ: 

 ʠʩʪʦʯʥʠʢ; 

 ʬʠʣʴʪʨʳ; 

 ʩʦʙʳʪʠʝ, ʧʨʠ ʥʘʩʪʫʧʣʝʥʠʠ ʢʦʪʦʨʦʛʦ ʩʨʘʙʘʪʳʚʘʝʪ ʦʧʦʚʝʱʝʥʠʝ; 

 ʘʜʨʝʩʘʪ. 

 

ʈʠʩʫʥʦʢ 81 ï ʂʘʨʪʦʯʢʘ ʦʧʦʚʝʱʝʥʠʷ 
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ʂʘʨʪʦʯʢʘ ʦʧʦʚʝʱʝʥʠʷ ʪʘʢʞʝ ʩʦʜʝʨʞʠʪ ʚʢʣʘʜʢʠ çʅʝʜʘʚʥʠʝ ʩʦʙʳʪʠʷè ʠ 

çɼʠʘʛʥʦʩʪʠʯʝʩʢʘʷ ʠʥʬʦʨʤʘʮʠʷè. ʅʘ ʥʠʭ ʧʨʝʜʩʪʘʚʣʝʥʳ ʩʚʝʜʝʥʠʷ ʦ ʪʦʤ, ʢʦʛʜʘ ʦʧʦʚʝʱʝʥʠʝ 

ʩʨʘʙʦʪʘʣʦ, ʠ ʪʝʭʥʠʯʝʩʢʠʭ ʦʩʦʙʝʥʥʦʩʪʷʭ ʝʛʦ ʩʨʘʙʘʪʳʚʘʥʠʷ. 

6.2.5 ʉʪʨʘʥʠʮʘ çʉʪʘʪʠʩʪʠʢʘè 

ʅʘ ʩʪʨʘʥʠʮʝ çʉʪʘʪʠʩʪʠʢʘè (ʈʠʩʫʥʦʢ 82) ʩʦʙʨʘʥʘ ʘʥʘʣʠʪʠʯʝʩʢʘʷ ʠʥʬʦʨʤʘʮʠʷ ʦʙʦ ʚʩʝʭ 

ʦʙʲʝʢʪʘʭ ʜʘʥʥʳʭ ʠ ʘʢʪʠʚʥʦʩʪʠ ʧʦʣʴʟʦʚʘʪʝʣʝʡ. 

 

ʈʠʩʫʥʦʢ 82 ï ʉʪʨʘʥʠʮʘ çʉʪʘʪʠʩʪʠʢʘè 

ʉʪʘʪʠʩʪʠʯʝʩʢʠʝ ʜʘʥʥʳʝ ʨʘʩʧʨʝʜʝʣʝʥʳ ʧʦ ʚʢʣʘʜʢʘʤ çʆʙʲʝʢʪʳ ʜʘʥʥʳʭè, çɸʥʘʣʠʪʠʢʘè ʠ 

«KPIsè. ɿʘ ʩʯʝʪ ʧʨʝʜʩʪʘʚʣʝʥʠʷ ʠʥʬʦʨʤʘʮʠʠ ʢʘʢ ʚ ʯʠʩʣʦʚʦʤ, ʪʘʢ ʠ ʚ ʛʨʘʬʠʯʝʩʢʦʤ ʚʠʜʝ ʤʦʞʥʦ 

ʧʨʦʩʣʝʜʠʪʴ ʜʠʥʘʤʠʢʫ ʠʟʤʝʥʝʥʠʡ ʩ ʪʝʯʝʥʠʝʤ ʚʨʝʤʝʥʠ. 

ɼʣʷ ʦʪʦʙʨʘʞʝʥʠʷ ʠʥʬʦʨʤʘʮʠʠ ʟʘ ʦʧʨʝʜʝʣʝʥʥʳʡ ʧʨʦʤʝʞʫʪʦʢ ʚʨʝʤʝʥʠ ʥʝʦʙʭʦʜʠʤʦ 

ʚʦʩʧʦʣʴʟʦʚʘʪʴʩʷ ʨʘʩʢʨʳʚʘʶʱʠʤʩʷ ʩʧʠʩʢʦʤ ʚ ʚʝʨʭʥʝʤ ʧʨʘʚʦʤ ʫʛʣʫ ʵʢʨʘʥʘ (ʈʠʩʫʥʦʢ 83). 

 

ʈʠʩʫʥʦʢ 83 ï ɺʳʙʦʨ ʚʨʝʤʝʥʥʦʛʦ ʜʠʘʧʘʟʦʥʘ ʜʣʷ ʧʦʜʩʯʝʪʘ ʩʪʘʪʠʩʪʠʢʠ 
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6.2.6 ʉʪʨʘʥʠʮʘ çɼʦʤʝʥʳè 

ʅʘ ʩʪʨʘʥʠʮʝ çɼʦʤʝʥʳè (ʈʠʩʫʥʦʢ 84) ʦʪʦʙʨʘʞʘʝʪʩʷ ʩʧʠʩʦʢ ʚʩʝʭ ʜʦʤʝʥʦʚ ʩ ʫʢʘʟʘʥʠʝʤ ʠʭ 

ʚʣʘʜʝʣʴʮʝʚ, ʪʠʧʦʚ, ʩʚʷʟʘʥʥʳʭ ʪʝʛʦʚ ʠ ʪʝʨʤʠʥʦʚ ʛʣʦʩʩʘʨʠʷ. 

 

ʈʠʩʫʥʦʢ 84 ï ʉʪʨʘʥʠʮʘ çɼʦʤʝʥʳè 

ʇʦʤʠʤʦ ʠʥʬʦʨʤʘʮʠʠ ʦ ʜʦʤʝʥʘʭ ʥʘ ʩʪʨʘʥʠʮʝ ʪʘʢʞʝ ʧʨʝʜʩʪʘʚʣʝʥʳ ʩʚʝʜʝʥʠʷ ʦ ʧʨʦʜʫʢʪʘʭ 

ʜʘʥʥʳʭ. 

6.2.7 ʉʪʨʘʥʠʮʘ çɻʣʦʩʩʘʨʠʡè 

ʅʘ ʩʪʨʘʥʠʮʝ çɻʣʦʩʩʘʨʠʡè ʩʦʙʨʘʥʳ ʚʩʝ ʩʧʝʮʠʘʣʴʥʳʝ ʪʝʨʤʠʥʳ, ʠʩʧʦʣʴʟʫʝʤʳʝ ʚ ʨʘʤʢʘʭ 

ʜʦʤʝʥʘ (ʈʠʩʫʥʦʢ 85). ʊʝʨʤʠʥʳ ʤʦʛʫʪ ʙʳʪʴ ʩʛʨʫʧʧʠʨʦʚʘʥʳ ʚ ʦʜʠʥ ʠʣʠ ʥʝʩʢʦʣʴʢʦ ʛʣʦʩʩʘʨʠʝʚ. 

ɺ ʧʨʝʜʝʣʘʭ ʛʣʦʩʩʘʨʠʷ ʪʝʨʤʠʥʳ ʧʨʝʜʩʪʘʚʣʝʥʳ ʩʧʠʩʢʦʤ, ʚ ʢʘʞʜʦʡ ʩʪʨʦʢʝ ʢʦʪʦʨʦʛʦ ʧʨʠʚʝʜʝʥ ʥʝ 

ʪʦʣʴʢʦ ʩʘʤ ʪʝʨʤʠʥ, ʥʦ ʠ ʝʛʦ ʦʧʠʩʘʥʠʝ, ʩʪʘʪʫʩ ʠ ʩʚʝʜʝʥʠʷ ʦ ʚʣʘʜʝʣʴʮʘʭ. 

 

ʈʠʩʫʥʦʢ 85 ï ɻʣʦʩʩʘʨʠʠ 



 63 

ʇʨʠ ʥʘʞʘʪʠʠ ʥʘ ʥʘʟʚʘʥʠʝ ʪʝʨʤʠʥʘ ʦʪʢʨʦʝʪʩʷ ʢʘʨʪʦʯʢʘ ʩ ʝʛʦ ʧʦʜʨʦʙʥʳʤ ʦʧʠʩʘʥʠʝʤ 

(ʈʠʩʫʥʦʢ 86). 

 

ʈʠʩʫʥʦʢ 86 ï ʂʘʨʪʦʯʢʘ ʪʝʨʤʠʥʘ 

ʉʪʨʘʥʠʮʘ çɻʣʦʩʩʘʨʠʡè ʪʘʢʞʝ ʩʦʜʝʨʞʠʪ ʧʝʨʝʯʝʥʴ ʢʣʘʩʩʠʬʠʢʘʪʦʨʦʚ, ʢʦʪʦʨʳʝ 

ʠʩʧʦʣʴʟʫʶʪʩʷ ʜʣʷ ʦʨʛʘʥʠʟʘʮʠʠ ʘʢʪʠʚʦʚ ʜʘʥʥʳʭ (ʈʠʩʫʥʦʢ 87). 

 

ʈʠʩʫʥʦʢ 87 ï ʂʣʘʩʩʠʬʠʢʘʪʦʨʳ 

ʉʧʠʩʦʢ ʧʦʣʴʟʦʚʘʪʝʣʴʩʢʠʭ ʤʝʪʨʠʢ ʩʦʙʨʘʥ ʚ ʨʘʟʜʝʣʝ çʄʝʪʨʠʢʠè (ʈʠʩʫʥʦʢ 88). ʂʘʞʜʘʷ 

ʤʝʪʨʠʢʘ ʤʦʞʝʪ ʙʳʪʴ ʩʚʷʟʘʥʘ ʩ ʟʘʜʘʥʥʳʤʠ ʪʝʨʤʠʥʘʤʠ ʛʣʦʩʩʘʨʠʷ, ʩʥʘʙʞʝʥʘ ʪʝʛʘʤʠ ʠ ʠʤʝʪʴ 

ʦʪʜʝʣʴʥʳʭ ʚʣʘʜʝʣʴʮʝʚ. 
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ʈʠʩʫʥʦʢ 88 ï ʄʝʪʨʠʢʠ 

ɼʣʷ ʧʨʦʩʤʦʪʨʘ ʠʥʬʦʨʤʘʮʠʠ ʦ ʤʝʪʨʠʢʝ ʥʝʦʙʭʦʜʠʤʦ ʱʝʣʢʥʫʪʴ ʧʦ ʝʝ ʥʘʟʚʘʥʠʶ ʣʝʚʦʡ 

ʢʣʘʚʠʰʝʡ ʤʳʰʠ. ʆʪʢʨʦʝʪʩʷ ʢʘʨʪʦʯʢʘ (ʈʠʩʫʥʦʢ 89), ʥʘ ʢʦʪʦʨʦʡ ʤʦʞʥʦ ʦʟʥʘʢʦʤʠʪʴʩʷ ʥʝ ʪʦʣʴʢʦ 

ʩ ʦʩʥʦʚʥʦʡ ʠʥʬʦʨʤʘʮʠʝʡ ʦ ʤʝʪʨʠʢʝ, ʥʦ ʠ ʩ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʤ SQL-ʟʘʧʨʦʩʦʤ ʥʘ ʩʙʦʨ ʜʘʥʥʳʭ, 

ʘ ʪʘʢʞʝ ʝʝ ʩʚʷʟʷʤʠ ʩ ʜʨʫʛʠʤʠ ʘʢʪʠʚʘʤʠ ʜʘʥʥʳʭ. 

 

ʈʠʩʫʥʦʢ 89 ï ʂʘʨʪʦʯʢʘ ʤʝʪʨʠʢʠ 

6.2.8 ʉʪʨʘʥʠʮʘ çʅʘʩʪʨʦʡʢʠè 

ʉʪʨʘʥʠʮʘ çʅʘʩʪʨʦʡʢʠè (ʈʠʩʫʥʦʢ 90) ʩʦʜʝʨʞʠʪ ʜʦʧʦʣʥʠʪʝʣʴʥʳʝ ʩʚʝʜʝʥʠʷ ʜʣʷ ʨʘʙʦʪʳ ʩ 

ʜʘʥʥʳʤʠ ʚ OpenMetadata, ʨʘʩʧʨʝʜʝʣʝʥʥʳʝ ʥʘ ʪʨʠ ʛʨʫʧʧʳ: çʉʝʨʚʠʩʳè, çʋʚʝʜʦʤʣʝʥʠʷè ʠ 

çʂʦʤʘʥʜʳ ʠ ʧʦʣʴʟʦʚʘʪʝʣʠè. 
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ʈʠʩʫʥʦʢ 90 ï ʉʪʨʘʥʠʮʘ çʅʘʩʪʨʦʡʢʠè 

ɺ ʛʨʫʧʧʝ çʉʝʨʚʠʩʳè (ʈʠʩʫʥʦʢ 91) ʩʦʙʨʘʥʳ ʚʩʝ ʩʚʷʟʠ OpenMetadata ʩ ʧʦʠʩʢʦʚʳʤʠ 

ʩʝʨʚʠʩʘʤʠ, ʙʘʟʘʤʠ ʜʘʥʥʳʭ, ʦʙʣʘʯʥʳʤʠ ʭʨʘʥʠʣʠʱʘʤʠ ʜʘʥʥʳʭ ʠ ʧʨʦʯʠʤʠ ʚʥʝʰʥʠʤʠ 

ʠʩʪʦʯʥʠʢʘʤʠ. 

 

ʈʠʩʫʥʦʢ 91 ï ɻʨʫʧʧʘ ʥʘʩʪʨʦʝʢ çʉʝʨʚʠʩʳè 

ɻʨʫʧʧʘ çʋʚʝʜʦʤʣʝʥʠʷè ʩʦʜʝʨʞʠʪ ʩʧʠʩʦʢ ʧʝʨʩʦʥʘʣʠʟʠʨʦʚʘʥʥʳʭ ʦʧʦʚʝʱʝʥʠʡ. ʇʨʠ 

ʥʘʞʘʪʠʠ ʥʘ ʥʘʠʤʝʥʦʚʘʥʠʝ ʫʚʝʜʦʤʣʝʥʠʷ ʦʪʢʨʦʝʪʩʷ ʢʘʨʪʦʯʢʘ ʩ ʧʦʜʨʦʙʥʦʡ ʠʥʬʦʨʤʘʮʠʝʡ 

(ʈʠʩʫʥʦʢ 92). 
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ʈʠʩʫʥʦʢ 92 ï ʀʥʬʦʨʤʘʮʠʷ ʦʙ ʫʚʝʜʦʤʣʝʥʠʠ 

ɺ ʛʨʫʧʧʝ çʂʦʤʘʥʜʳ ʠ ʧʦʣʴʟʦʚʘʪʝʣʠè ʧʨʠʚʝʜʝʥʳ ʩʚʝʜʝʥʠʷ ʢʘʢ ʦʙ ʦʪʜʝʣʴʥʳʭ 

ʧʦʣʴʟʦʚʘʪʝʣʷʭ (ʈʠʩʫʥʦʢ 93) ʠ ʘʜʤʠʥʠʩʪʨʘʪʦʨʘʭ (ʈʠʩʫʥʦʢ 94), ʪʘʢ ʠ ʦʙ ʦʙʲʝʜʠʥʝʥʠʷʭ 

ʧʦʣʴʟʦʚʘʪʝʣʝʡ ʚ ʢʦʤʘʥʜʳ (ʈʠʩʫʥʦʢ 95). 

 

ʈʠʩʫʥʦʢ 93 ï ʉʧʠʩʦʢ ʧʦʣʴʟʦʚʘʪʝʣʝʡ 
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ʈʠʩʫʥʦʢ 94 ï ʉʧʠʩʦʢ ʘʜʤʠʥʠʩʪʨʘʪʦʨʦʚ 

 

ʈʠʩʫʥʦʢ 95 ï ʉʧʠʩʦʢ ʢʦʤʘʥʜ ʧʦʣʴʟʦʚʘʪʝʣʝʡ 

6.3 ʌʫʥʢʮʠʦʥʘʣʴʥʳʝ ʚʦʟʤʦʞʥʦʩʪʠ ʧʦʣʴʟʦʚʘʪʝʣʷ ʩ ʨʦʣʴʶ 

Steward 

ʇʦʣʴʟʦʚʘʪʝʣʴ ʩ ʨʦʣʴʶ Steward ʤʦʞʝʪ ʥʝ ʪʦʣʴʢʦ ʧʨʦʩʤʘʪʨʠʚʘʪʴ ʠʥʬʦʨʤʘʮʠʶ, 

ʩʚʷʟʘʥʥʫʶ ʩ ʘʢʪʠʚʘʤʠ ʜʘʥʥʳʭ, ʥʦ ʠ ʢʦʨʨʝʢʪʠʨʦʚʘʪʴ ʝʝ. 

6.3.1 ʋʩʪʘʥʦʚʢʘ ʩʝʨʪʠʬʠʢʘʮʠʠ ʘʢʪʠʚʘ ʜʘʥʥʳʭ 

ɼʣʷ ʫʩʪʘʥʦʚʢʠ ʩʝʨʪʠʬʠʢʘʮʠʠ (ʈʠʩʫʥʦʢ 96) ʥʘ ʩʪʨʘʥʠʮʝ ʘʢʪʠʚʘ ʜʘʥʥʳʭ ʥʝʦʙʭʦʜʠʤʦ 

ʥʘʞʘʪʴ ʥʘ ʢʥʦʧʢʫ ʨʝʜʘʢʪʠʨʦʚʘʥʠʷ ʩʝʨʪʠʬʠʢʘʮʠʠ (ʬʨʘʛʤʝʥʪ 1), ʚʳʙʨʘʪʴ ʪʨʝʙʫʝʤʳʡ ʫʨʦʚʝʥʴ 

(ʬʨʘʛʤʝʥʪ 2) ʠ ʧʦʜʪʚʝʨʜʠʪʴ ʚʳʙʦʨ ʥʘʞʘʪʠʝʤ ʢʥʦʧʢʠ ʩ ʩʠʤʚʦʣʦʤ ʛʘʣʦʯʢʠ (ʬʨʘʛʤʝʥʪ 3). 
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ʈʠʩʫʥʦʢ 96 ï ʀʟʤʝʥʝʥʠʝ ʩʝʨʪʠʬʠʢʘʮʠʠ ʘʢʪʠʚʘ ʜʘʥʥʳʭ 

6.3.2 ʀʟʤʝʥʝʥʠʝ ʦʧʠʩʘʥʠʷ ʘʢʪʠʚʘ ʜʘʥʥʳʭ 

ɼʣʷ ʠʟʤʝʥʝʥʠʷ ʦʧʠʩʘʥʠʷ ʥʝʦʙʭʦʜʠʤʦ ʥʘʞʘʪʴ ʢʥʦʧʢʫ ʨʝʜʘʢʪʠʨʦʚʘʥʠʷ (ʈʠʩʫʥʦʢ 97). 

 

ʈʠʩʫʥʦʢ 97 ï ʂʥʦʧʢʘ ʨʝʜʘʢʪʠʨʦʚʘʥʠʷ ʦʧʠʩʘʥʠʷ 

ʅʘ ʵʢʨʘʥʝ ʦʪʦʙʨʘʟʠʪʩʷ ʦʢʥʦ ʨʝʜʘʢʪʠʨʦʚʘʥʠʷ (ʈʠʩʫʥʦʢ 98), ʚ ʢʦʪʦʨʦʤ ʧʦʪʨʝʙʫʝʪʩʷ 

ʚʚʝʩʪʠ ʥʦʚʦʝ ʦʧʠʩʘʥʠʝ ʘʢʪʠʚʘ ʜʘʥʥʳʭ ʠ ʥʘʞʘʪʴ ʥʘ ʢʥʦʧʢʫ çʉʦʭʨʘʥʠʪʴè. 
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ʈʠʩʫʥʦʢ 98 ï ʆʢʥʦ ʨʝʜʘʢʪʠʨʦʚʘʥʠʷ ʦʧʠʩʘʥʠʷ ʘʢʪʠʚʘ ʜʘʥʥʳʭ 

6.3.3 ʀʟʤʝʥʝʥʠʝ ʦʪʦʙʨʘʞʘʝʤʦʛʦ ʥʘʠʤʝʥʦʚʘʥʠʷ ʘʢʪʠʚʘ 

ɼʣʷ ʠʟʤʝʥʝʥʠʷ ʦʪʦʙʨʘʞʘʝʤʦʛʦ ʥʘʠʤʝʥʦʚʘʥʠʷ (ʈʠʩʫʥʦʢ 99) ʥʘ ʩʪʨʘʥʠʮʝ ʘʢʪʠʚʘ ʜʘʥʥʳʭ 

ʥʝʦʙʭʦʜʠʤʦ ʥʘʞʘʪʴ ʥʘ ʢʥʦʧʢʫ ʜʝʡʩʪʚʠʡ (ʬʨʘʛʤʝʥʪ 1) ʠ ʚ ʨʘʩʢʨʳʚʰʝʤʩʷ ʩʧʠʩʢʝ ʚʳʙʨʘʪʴ 

ʢʦʤʘʥʜʫ çʇʝʨʝʠʤʝʥʦʚʘʪʴè (ʬʨʘʛʤʝʥʪ 2). 

 

ʈʠʩʫʥʦʢ 99 ï ʀʟʤʝʥʝʥʠʝ ʦʪʦʙʨʘʞʘʝʤʦʛʦ ʥʘʠʤʝʥʦʚʘʥʠʷ ʘʢʪʠʚʘ ʜʘʥʥʳʭ 

ʇʦʩʣʝ ʚʳʧʦʣʥʝʥʠʷ ʚʳʰʝʫʢʘʟʘʥʥʳʭ ʜʝʡʩʪʚʠʡ ʥʘ ʵʢʨʘʥʝ ʦʪʦʙʨʘʟʠʪʩʷ ʦʢʥʦ 

ʨʝʜʘʢʪʠʨʦʚʘʥʠʷ ʦʪʦʙʨʘʞʘʝʤʦʛʦ ʠʤʝʥʠ ʦʙʲʝʢʪʘ ʜʘʥʥʳʭ (ʈʠʩʫʥʦʢ 100), ʚ ʢʦʪʦʨʦʤ ʧʦʪʨʝʙʫʝʪʩʷ 

ʚʚʝʩʪʠ ʥʦʚʦʝ ʥʘʠʤʝʥʦʚʘʥʠʝ ʠ ʥʘʞʘʪʴ ʢʥʦʧʢʫ çʉʦʭʨʘʥʠʪʴè. 
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ʈʠʩʫʥʦʢ 100 ï ʆʢʥʦ ʨʝʜʘʢʪʠʨʦʚʘʥʠʷ ʦʪʦʙʨʘʞʘʝʤʦʛʦ ʥʘʠʤʝʥʦʚʘʥʠʷ ʘʢʪʠʚʘ ʜʘʥʥʳʭ 

6.3.4 ʀʟʤʝʥʝʥʠʝ ʚʣʘʜʝʣʴʮʝʚ ʘʢʪʠʚʘ ʜʘʥʥʳʭ 

ɼʣʷ ʠʟʤʝʥʝʥʠʷ ʚʣʘʜʝʣʴʮʝʚ (ʈʠʩʫʥʦʢ 101) ʥʝʦʙʭʦʜʠʤʦ ʥʘʞʘʪʴ ʥʘ ʢʥʦʧʢʫ 

ʨʝʜʘʢʪʠʨʦʚʘʥʠʷ ʥʘ ʩʪʨʘʥʠʮʝ ʘʢʪʠʚʘ ʜʘʥʥʳʭ (ʬʨʘʛʤʝʥʪ 1) ʠ ʚʳʙʨʘʪʴ ʥʦʚʳʭ ʚʣʘʜʝʣʴʮʝʚ. 

 

ʈʠʩʫʥʦʢ 101 ï ʀʟʤʝʥʝʥʠʝ ʚʣʘʜʝʣʴʮʝʚ ʘʢʪʠʚʘ ʜʘʥʥʳʭ 

ɺ ʢʘʯʝʩʪʚʝ ʚʣʘʜʝʣʴʮʝʚ ʘʢʪʠʚʘ ʜʘʥʥʳʭ ʤʦʞʥʦ ʫʩʪʘʥʘʚʣʠʚʘʪʴ ʢʘʢ ʢʦʤʘʥʜʳ, ʪʘʢ ʠ 

ʦʪʜʝʣʴʥʳʭ ʧʦʣʴʟʦʚʘʪʝʣʝʡ. 

6.3.5 ʀʟʤʝʥʝʥʠʝ ʢʨʠʪʠʯʥʦʩʪʠ ʘʢʪʠʚʘ ʜʘʥʥʳʭ 

ɼʣʷ ʠʟʤʝʥʝʥʠʷ ʢʨʠʪʠʯʥʦʩʪʠ (ʈʠʩʫʥʦʢ 102) ʥʘ ʩʪʨʘʥʠʮʝ ʘʢʪʠʚʘ ʜʘʥʥʳʭ ʥʝʦʙʭʦʜʠʤʦ 

ʥʘʞʘʪʴ ʥʘ ʢʥʦʧʢʫ ʨʝʜʘʢʪʠʨʦʚʘʥʠʷ (ʬʨʘʛʤʝʥʪ 1), ʚʳʙʨʘʪʴ ʪʨʝʙʫʝʤʫʶ ʩʪʝʧʝʥʴ ʢʨʠʪʠʯʥʦʩʪʠ 

(ʬʨʘʛʤʝʥʪ 2) ʠ ʧʦʜʪʚʝʨʜʠʪʴ ʚʳʙʦʨ ʥʘʞʘʪʠʝʤ ʢʥʦʧʢʠ ʩ ʩʠʤʚʦʣʦʤ ʛʘʣʦʯʢʠ (ʬʨʘʛʤʝʥʪ 3). 
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ʈʠʩʫʥʦʢ 102 ï ʀʟʤʝʥʝʥʠʝ ʢʨʠʪʠʯʥʦʩʪʠ ʘʢʪʠʚʘ ʜʘʥʥʳʭ 

6.3.6 ɼʦʙʘʚʣʝʥʠʝ ʪʝʨʤʠʥʦʚ ʛʣʦʩʩʘʨʠʷ ʠ ʪʝʛʦʚ 

ɼʣʷ ʧʨʠʩʚʦʝʥʠʷ ʘʢʪʠʚʫ ʪʝʛʘ ʠʣʠ ʜʦʙʘʚʣʝʥʠʷ ʪʝʨʤʠʥʦʚ ʛʣʦʩʩʘʨʠʷ ʥʝʦʙʭʦʜʠʤʦ ʥʘʞʘʪʴ ʥʘ 

ʢʥʦʧʢʫ ʜʦʙʘʚʣʝʥʠʷ ʪʝʛʘ (ʬʨʘʛʤʝʥʪ 1) ʠʣʠ ʪʝʨʤʠʥʘ (ʬʨʘʛʤʝʥʪ 2) ʥʘ ʩʪʘʥʠʮʝ ʘʢʪʠʚʘ ʜʘʥʥʳʭ. 

 

ʈʠʩʫʥʦʢ 103 ï ɼʦʙʘʚʣʝʥʠʝ ʪʝʛʦʚ ʠ ʪʝʨʤʠʥʦʚ ʛʣʦʩʩʘʨʠʷ 

ʇʦʩʣʝ ʵʪʦʛʦ ʥʝʦʙʭʦʜʠʤʦ ʚʳʙʨʘʪʴ ʪʨʝʙʫʝʤʳʡ ʚʘʨʠʘʥʪ ʚ ʨʘʩʢʨʳʚʰʝʤʩʷ ʩʧʠʩʢʝ. 

6.3.7 ʈʝʜʘʢʪʠʨʦʚʘʥʠʝ ʧʨʦʠʩʭʦʞʜʝʥʠʷ 

ʇʦʣʴʟʦʚʘʪʝʣʠ ʩ ʨʦʣʴʶ Steward ʤʦʛʫʪ ʨʝʜʘʢʪʠʨʦʚʘʪʴ ʧʨʦʠʩʭʦʞʜʝʥʠʷ ʘʢʪʠʚʦʚ ʜʘʥʥʳʭ. 

ɼʣʷ ʠʟʤʝʥʝʥʠʷ ʧʨʦʠʩʭʦʞʜʝʥʠʷ ʘʢʪʠʚʘ ʜʘʥʥʳʭ ʥʝʦʙʭʦʜʠʤʦ ʦʪʢʨʳʪʴ ʩʪʨʘʥʠʮʫ ʘʢʪʠʚʘ, ʧʝʨʝʡʪʠ 

ʥʘ ʚʢʣʘʜʢʫ çʇʨʦʠʩʭʦʞʜʝʥʠʝè ʠ ʥʘʞʘʪʴ ʥʘ ʢʥʦʧʢʫ çʈʝʜʘʢʪʠʨʦʚʘʪʴ ʦʙʲʝʢʪ çʇʨʦʠʩʭʦʞʜʝʥʠʝè 

ʨʷʜʦʤ ʩ ʛʨʘʬʦʤ (ʈʠʩʫʥʦʢ 104). 
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ʈʠʩʫʥʦʢ 104 ï ʂʥʦʧʢʘ ʨʝʜʘʢʪʠʨʦʚʘʥʠʷ ʧʨʦʠʩʭʦʞʜʝʥʠʷ ʘʢʪʠʚʘ ʜʘʥʥʳʭ 

ɺ ʨʝʞʠʤʝ ʨʝʜʘʢʪʠʨʦʚʘʥʠʷ ʨʷʜʦʤ ʩ ʛʨʘʬʦʤ ʦʪʦʙʨʘʞʘʝʪʩʷ ʧʘʥʝʣʴ ʩ ʵʣʝʤʝʥʪʘʤʠ (ʈʠʩʫʥʦʢ 

105), ʜʦʩʪʫʧʥʳʤʠ ʜʣʷ ʨʘʟʤʝʱʝʥʠʷ ʥʘ ʛʨʘʬʝ. 

 

ʈʠʩʫʥʦʢ 105 ï ʇʘʥʝʣʴ ʨʝʜʘʢʪʠʨʦʚʘʥʠʷ ʧʨʦʠʩʭʦʞʜʝʥʠʷ ʘʢʪʠʚʘ ʜʘʥʥʳʭ 

ɼʣʷ ʜʦʙʘʚʣʝʥʠʷ ʵʣʝʤʝʥʪʘ ʥʝʦʙʭʦʜʠʤʦ ʧʝʨʝʪʷʥʫʪʴ ʝʛʦ ʩ ʧʘʥʝʣʠ ʚ ʦʙʣʘʩʪʴ ʛʨʘʬʘ, ʧʦʩʣʝ 

ʯʝʛʦ ʚʳʙʨʘʪʴ ʝʛʦ ʥʘʠʤʝʥʦʚʘʥʠʝ ʠʟ ʠʤʝʶʱʠʭʩʷ ʘʢʪʠʚʦʚ ʜʘʥʥʳʭ. ɽʩʣʠ ʥʝʦʙʭʦʜʠʤʦ, ʥʦʚʳʡ 

ʵʣʝʤʝʥʪ ʤʦʞʥʦ ʫʜʘʣʠʪʴ ʥʘʞʘʪʠʝʤ ʥʘ ʢʥʦʧʢʫ ʩ ʩʠʤʚʦʣʦʤ ʢʨʝʩʪʠʢʘ ʚ ʝʛʦ ʚʝʨʭʥʝʤ ʧʨʘʚʦʤ ʫʛʣʫ 

(ʈʠʩʫʥʦʢ 106). 
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ʈʠʩʫʥʦʢ 106 ï ʅʦʚʳʡ ʵʣʝʤʝʥʪ ʥʘ ʛʨʘʬʝ ʧʨʦʠʩʭʦʞʜʝʥʠʷ ʘʢʪʠʚʘ ʜʘʥʥʳʭ 

6.4 ʌʫʥʢʮʠʦʥʘʣʴʥʳʝ ʚʦʟʤʦʞʥʦʩʪʠ ʧʦʣʴʟʦʚʘʪʝʣʷ ʩ ʨʦʣʴʶ 

Domain Owner 

ʇʦʣʴʟʦʚʘʪʝʣʶ ʩ ʨʦʣʴʶ Domain Owner ʜʦʩʪʫʧʥʳ ʚʩʝ ʦʧʝʨʘʮʠʠ ʩ ʘʢʪʠʚʘʤʠ ʜʘʥʥʳʭ ʚ 

ʨʘʤʢʘʭ ʜʦʤʝʥʘ, ʚʣʘʜʝʣʴʮʝʤ ʢʦʪʦʨʦʛʦ ʦʥ ʷʚʣʷʝʪʩʷ. ɺ ʜʦʧʦʣʥʝʥʠʝ ʢ ʚʦʟʤʦʞʥʦʩʪʷʤ ʧʦʣʴʟʦʚʘʪʝʣʷ 

ʩ ʨʦʣʴʶ Steward ʚʣʘʜʝʣʝʮ ʜʦʤʝʥʘ ʤʦʞʝʪ ʫʜʘʣʷʪʴ ʘʢʪʠʚʳ ʜʘʥʥʳʭ, ʥʘʩʪʨʘʠʚʘʪʴ ʦʧʦʚʝʱʝʥʠʷ, 

ʠʤʧʦʨʪʠʨʦʚʘʪʴ ʘʢʪʠʚʳ ʠ ʩʦʛʣʘʩʦʚʳʚʘʪʴ ʠʟʤʝʥʝʥʠʷ, ʧʨʝʜʣʘʛʘʝʤʳʝ ʜʨʫʛʠʤʠ ʧʦʣʴʟʦʚʘʪʝʣʷʤʠ. 

6.4.1 ʋʜʘʣʝʥʠʝ ʘʢʪʠʚʦʚ ʜʘʥʥʳʭ 

ɼʣʷ ʫʜʘʣʝʥʠʷ ʘʢʪʠʚʘ ʜʘʥʥʳʭ ʥʝʦʙʭʦʜʠʤʦ ʧʝʨʝʡʪʠ ʥʘ ʩʪʨʘʥʠʮʫ ʵʪʦʛʦ ʘʢʪʠʚʘ (ʈʠʩʫʥʦʢ 

107), ʥʘʞʘʪʴ ʥʘ ʢʥʦʧʢʫ ʜʝʡʩʪʚʠʡ ʠ ʚʳʙʨʘʪʴ ʧʫʥʢʪ çʋʜʘʣʠʪʴè. ɼʘʥʥʳʝ ʫʜʘʣʷʶʪʩʷ 

ʙʝʟ ʚʦʟʤʦʞʥʦʩʪʠ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ. 

 

ʈʠʩʫʥʦʢ 107 ï ʋʜʘʣʝʥʠʝ ʘʢʪʠʚʘ ʜʘʥʥʳʭ 
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6.4.2 ʅʘʩʪʨʦʡʢʘ ʦʙʲʷʚʣʝʥʠʡ 

ɺ OpenMetadata ʧʨʝʜʫʩʤʦʪʨʝʥʘ ʚʦʟʤʦʞʥʦʩʪʴ ʦʧʦʚʝʱʘʪʴ ʧʦʣʴʟʦʚʘʪʝʣʝʡ ʦ ʩʦʙʳʪʠʷʭ, 

ʧʨʦʠʟʚʦʜʠʤʳʭ ʩ ʘʢʪʠʚʘʤʠ ʜʘʥʥʳʭ. ʋʚʝʜʦʤʣʝʥʠʷ ʦ ʪʘʢʠʭ ʩʦʙʳʪʠʷʭ ʦʪʦʙʨʘʞʘʶʪʩʷ ʚ ʚʠʜʝ 

ʙʘʥʥʝʨʦʚ ʩ ʟʘʜʘʥʥʳʤ ʩʦʜʝʨʞʘʥʠʝʤ. 

ɼʣʷ ʥʘʩʪʨʦʡʢʠ ʦʙʲʷʚʣʝʥʠʡ ʥʝʦʙʭʦʜʠʤʦ ʧʝʨʝʡʪʠ ʥʘ ʩʪʨʘʥʠʮʫ ʘʢʪʠʚʘ ʜʘʥʥʳʭ, 

ʢ ʢʦʪʦʨʦʤʫ ʙʫʜʫʪ ʦʪʥʦʩʠʪʴʩʷ ʦʙʲʷʚʣʝʥʠʷ, ʥʘʞʘʪʴ ʥʘ ʢʥʦʧʢʫ ʜʝʡʩʪʚʠʡ ʠ ʚʳʙʨʘʪʴ ʧʫʥʢʪ 

çʆʙʲʷʚʣʝʥʠʷè (ʈʠʩʫʥʦʢ 108).  

ɺ ʧʨʘʚʦʡ ʯʘʩʪʠ ʵʢʨʘʥʘ ʧʦʷʚʠʪʩʷ ʦʙʣʘʩʪʴ ʦʧʦʚʝʱʝʥʠʡ, ʥʘ ʢʦʪʦʨʦʡ ʧʦʪʨʝʙʫʝʪʩʷ ʥʘʞʘʪʴ 

ʢʥʦʧʢʫ çɼʦʙʘʚʠʪʴ ʦʙʲʝʢʪ çʆʙʲʷʚʣʝʥʠʝè (ʈʠʩʫʥʦʢ 109). 

 

ʈʠʩʫʥʦʢ 108 ï ʇʝʨʝʭʦʜ ʢ ʥʘʩʪʨʦʡʢʝ ʦʙʲʷʚʣʝʥʠʡ 

 

ʈʠʩʫʥʦʢ 109 ï ɼʦʙʘʚʣʝʥʠʝ ʦʙʲʷʚʣʝʥʠʷ 
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ʅʘ ʵʢʨʘʥʝ ʦʪʦʙʨʘʟʠʪʩʷ ʦʢʥʦ (ʈʠʩʫʥʦʢ 110), ʚ ʢʦʪʦʨʦʤ ʥʝʦʙʭʦʜʠʤʦ ʥʘʩʪʨʦʠʪʴ ʧʘʨʘʤʝʪʨʳ 

ʙʫʜʫʱʝʛʦ ʦʙʲʷʚʣʝʥʠʷ, ʘ ʠʤʝʥʥʦ: 

 ʟʘʛʦʣʦʚʦʢ, 

 ʜʘʪʫ ʥʘʯʘʣʘ ʠ ʦʢʦʥʯʘʥʠʷ, 

 ʦʧʠʩʘʥʠʝ. 

 

ʈʠʩʫʥʦʢ 110 ï ʅʘʩʪʨʦʡʢʘ ʥʦʚʦʛʦ ʦʙʲʷʚʣʝʥʠʷ 

ʇʦʩʣʝ ʚʚʦʜʘ ʚʩʝʡ ʥʝʦʙʭʦʜʠʤʦʡ ʠʥʬʦʨʤʘʮʠʠ ʪʨʝʙʫʝʪʩʷ ʥʘʞʘʪʴ ʥʘ ʢʥʦʧʢʫ çʉʦʭʨʘʥʠʪʴè 

ʚ ʥʠʞʥʝʡ ʧʨʘʚʦʡ ʯʘʩʪʠ ʦʢʥʘ. ʆʙʲʷʚʣʝʥʠʝ ʦʪʦʙʨʘʟʠʪʩʷ ʚ ʦʙʣʘʩʪʠ ʦʧʦʚʝʱʝʥʠʡ (ʈʠʩʫʥʦʢ 111). 

 

ʈʠʩʫʥʦʢ 111 ï ʆʪʦʙʨʘʞʝʥʠʝ ʩʦʟʜʘʥʥʦʛʦ ʦʙʲʷʚʣʝʥʠʷ 
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6.4.3 ʀʤʧʦʨʪʠʨʦʚʘʥʠʝ ʘʢʪʠʚʦʚ ʜʘʥʥʳʭ 

ʇʨʦʮʝʩʩ ʜʦʙʘʚʣʝʥʠʷ ʘʢʪʠʚʦʚ ʜʘʥʥʳʭ ʤʦʞʥʦ ʫʧʨʦʩʪʠʪʴ ʠ ʫʩʢʦʨʠʪʴ, ʝʩʣʠ ʟʘʛʨʫʟʠʪʴ 

ʜʘʥʥʳʝ ʘʢʪʠʚʘ ʠʟ ʬʘʡʣʘ. OpenMetadata ʧʦʟʚʦʣʷʝʪ ʟʘʛʨʫʞʘʪʴ ʜʘʥʥʳʝ ʩʨʘʟʫ ʥʝʩʢʦʣʴʢʠʭ ʘʢʪʠʚʦʚ 

ʦʜʥʦʛʦ ʪʠʧʘ ʠʟ ʬʘʡʣʦʚ ʬʦʨʤʘʪʘ CSV. 

ɼʣʷ ʟʘʛʨʫʟʢʠ ʜʘʥʥʳʭ ʠʟ ʬʘʡʣʘ ʥʝʦʙʭʦʜʠʤʦ ʦʪʢʨʳʪʴ ʩʪʨʘʥʠʮʫ ʘʢʪʠʚʘ ʜʘʥʥʳʭ ʪʦʛʦ ʪʠʧʘ, 

ʢʦʪʦʨʳʡ ʪʨʝʙʫʝʪʩʷ ʟʘʛʨʫʟʠʪʴ (ʥʘʧʨʠʤʝʨ, ʪʘʙʣʠʮʳ), ʥʘʞʘʪʴ ʥʘ ʢʥʦʧʢʫ ʜʝʡʩʪʚʠʡ ʠ ʚʳʙʨʘʪʴ 

ʧʫʥʢʪ çʀʤʧʦʨʪè (ʈʠʩʫʥʦʢ 112). 

ʈʘʩʩʤʦʪʨʠʤ ʧʨʦʮʝʜʫʨʫ ʠʤʧʦʨʪʠʨʦʚʘʥʠʷ ʜʘʥʥʳʭ ʥʘ ʧʨʠʤʝʨʝ ʟʘʛʨʫʟʢʠ ʪʘʙʣʠʮʳ. 

 

ʈʠʩʫʥʦʢ 112 ï ʀʤʧʦʨʪʠʨʦʚʘʥʠʝ ʘʢʪʠʚʘ ʜʘʥʥʳʭ 

ɼʘʥʥʳʝ ʟʘʛʨʫʞʘʶʪʩʷ ʚ OpenMetadata ʚ ʥʝʩʢʦʣʴʢʦ ʵʪʘʧʦʚ. ʅʘ ʧʝʨʚʦʤ ʵʪʘʧʝ ʥʝʦʙʭʦʜʠʤʦ 

ʚʳʙʨʘʪʴ ʬʘʡʣ, ʜʘʥʥʳʝ ʠʟ ʢʦʪʦʨʦʛʦ ʙʫʜʫʪ ʠʤʧʦʨʪʠʨʦʚʘʥʳ ʚ OpenMetadata (ʈʠʩʫʥʦʢ 113). ʌʘʡʣ 

ʤʦʞʥʦ ʚʳʙʨʘʪʴ ʚʨʫʯʥʫʶ, ʥʘʞʘʚ ʥʘ ʛʠʧʝʨʩʩʳʣʢʫ çʇʨʦʩʤʦʪʨè, ʠʣʠ ʧʝʨʝʪʷʥʫʪʴ ʫʢʘʟʘʪʝʣʝʤ 

ʤʳʰʠ ʧʨʷʤʦ ʚ ʧʦʣʝ ʟʘʛʨʫʟʢʠ. 
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ʈʠʩʫʥʦʢ 113 ï ɺʳʙʦʨ ʬʘʡʣʘ ʜʣʷ ʟʘʛʨʫʟʢʠ ʜʘʥʥʳʭ 

ɼʘʥʥʳʝ, ʠʤʧʦʨʪʠʨʫʝʤʳʝ ʠʟ ʬʘʡʣʘ, ʦʪʦʙʨʘʟʷʪʩʷ ʚ ʚʠʜʝ ʪʘʙʣʠʮʳ (ʈʠʩʫʥʦʢ 114). ɽʩʣʠ 

ʥʝʦʙʭʦʜʠʤʦ, ʠʭ ʤʦʞʥʦ ʩʢʦʨʨʝʢʪʠʨʦʚʘʪʴ, ʜʚʘʞʜʳ ʱʝʣʢʥʫʚ ʣʝʚʦʡ ʢʣʘʚʠʰʝʡ ʤʳʰʠ 

ʚ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʤ ʧʦʣʝ. 

 

ʈʠʩʫʥʦʢ 114 ï ʇʨʝʜʚʘʨʠʪʝʣʴʥʳʡ ʧʨʦʩʤʦʪʨ ʠʤʧʦʨʪʠʨʫʝʤʳʭ ʜʘʥʥʳʭ 

ʇʦʩʣʝ ʧʨʦʚʝʨʢʠ ʠ ʢʦʨʨʝʢʪʠʨʦʚʢʠ ʪʨʝʙʫʝʪʩʷ ʧʦʜʪʚʝʨʜʠʪʴ ʟʘʛʨʫʟʢʫ, ʥʘʞʘʚ ʥʘ ʢʥʦʧʢʫ 

çʉʣʝʜʫʶʱʠʡè. ɼʘʥʥʳʝ, ʟʘʛʨʫʞʝʥʥʳʝ ʚ OpenMetadata, ʙʫʜʫʪ ʦʪʦʙʨʘʞʝʥʳ ʩ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʤ 

ʩʪʘʪʫʩʦʤ (ʈʠʩʫʥʦʢ 115). 
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ʈʠʩʫʥʦʢ 115 ï ɿʘʚʝʨʰʝʥʠʝ ʠʤʧʦʨʪʠʨʦʚʘʥʠʷ ʜʘʥʥʳʭ 

6.4.4 ʉʦʛʣʘʩʦʚʘʥʠʝ ʠʟʤʝʥʝʥʠʡ 

ʀʟʤʝʥʝʥʠʷ, ʧʨʝʜʣʘʛʘʝʤʳʝ ʜʨʫʛʠʤʠ ʧʦʣʴʟʦʚʘʪʝʣʷʤʠ, ʧʦʩʪʫʧʘʶʪ ʥʘ ʩʦʛʣʘʩʦʚʘʥʠʝ 

ʚ ʢʘʯʝʩʪʚʝ ʟʘʜʘʯ. ɼʣʷ ʧʨʦʩʤʦʪʨʘ ʥʦʚʳʭ ʟʘʜʘʯ ʥʝʦʙʭʦʜʠʤʦ ʥʘʞʘʪʴ ʥʘ ʟʥʘʯʦʢ ʢʦʣʦʢʦʣʴʯʠʢʘ 

ʚ ʚʝʨʭʥʝʡ ʯʘʩʪʠ ʠʥʪʝʨʬʝʡʩʘ OpenMetadata (ʈʠʩʫʥʦʢ 116). ʉʧʠʩʦʢ ʧʦʩʣʝʜʥʠʭ ʫʚʝʜʦʤʣʝʥʠʡ 

ʧʦ ʟʘʜʘʯʘʤ ʦʪʦʙʨʘʟʠʪʩʷ ʚ ʦʪʢʨʳʚʰʝʤʩʷ ʤʝʥʶ. 

 

ʈʠʩʫʥʦʢ 116 ï ʋʚʝʜʦʤʣʝʥʠʷ ʧʦ ʟʘʜʘʯʘʤ 

ɼʣʷ ʧʨʦʩʤʦʪʨʘ ʟʘʜʘʯʠ ʩʣʝʜʫʝʪ ʥʘʞʘʪʴ ʥʘ ʛʠʧʝʨʩʩʳʣʢʫ ʚ ʫʚʝʜʦʤʣʝʥʠʠ, ʧʦʩʣʝ ʯʝʛʦ 

ʦʪʢʨʦʝʪʩʷ ʞʫʨʥʘʣ ʟʘʜʘʯ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʛʦ ʘʢʪʠʚʘ ʜʘʥʥʳʭ (ʈʠʩʫʥʦʢ 117, ʬʨʘʛʤʝʥʪ 1). ɺ ʥʝʤ 

ʦʪʦʙʨʘʞʘʝʪʩʷ ʠʥʬʦʨʤʘʮʠʷ ʦ ʧʨʝʜʣʘʛʘʝʤʳʭ ʠʟʤʝʥʝʥʠʷʭ, ʘʚʪʦʨʝ ʟʘʜʘʯʠ, ʜʘʪʝ ʝʝ ʩʦʟʜʘʥʠʷ 

ʠ ʠʩʧʦʣʥʠʪʝʣʷʭ. 
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ʀʟʤʝʥʝʥʠʷ ʤʦʞʥʦ ʩʦʛʣʘʩʦʚʘʪʴ ʠʣʠ ʦʪʢʣʦʥʠʪʴ, ʥʘʞʘʚ ʥʘ ʩʦʦʪʚʝʪʩʪʚʫʶʱʫʶ ʢʥʦʧʢʫ ʧʦʜ 

ʟʘʜʘʯʝʡ (ʬʨʘʛʤʝʥʪ 2). ʂʨʦʤʝ ʪʦʛʦ, ʜʣʷ ʩʦʛʣʘʩʦʚʘʥʠʷ ʤʦʞʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʨʘʩʢʨʳʚʘʶʱʝʝʩʷ 

ʤʝʥʶ ʚ ʧʨʘʚʦʡ ʯʘʩʪʠ ʦʙʣʘʩʪʠ ʟʘʜʘʯ (ʬʨʘʛʤʝʥʪ 3), ʠʟ ʢʦʪʦʨʦʛʦ ʪʘʢʞʝ ʤʦʞʥʦ ʟʘʢʨʳʪʴ ʟʘʜʘʯʫ ʙʝʟ 

ʩʦʛʣʘʩʦʚʘʥʠʷ. ɼʣʷ ʟʘʢʨʳʪʠʷ ʟʘʜʘʯʠ ʧʦʪʨʝʙʫʝʪʩʷ ʜʦʙʘʚʠʪʴ ʧʦʷʩʥʝʥʠʝ ʚ ʧʦʣʝ ʢʦʤʤʝʥʪʘʨʠʝʚ, 

ʨʘʩʧʦʣʦʞʝʥʥʦʤ ʥʠʞʝ. 

 

ʈʠʩʫʥʦʢ 117 ï ʉʦʛʣʘʩʦʚʘʥʠʝ ʚ ʞʫʨʥʘʣʝ ʟʘʜʘʯ ʘʢʪʠʚʘ ʜʘʥʥʳʭ 
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7 SUPERSET  

7.1 ʇʦʜʛʦʪʦʚʢʘ ʢ ʨʘʙʦʪʝ 

7.1.1 ɸʚʪʦʨʠʟʘʮʠʷ ʧʦʣʴʟʦʚʘʪʝʣʷ 

ɼʣʷ ʚʭʦʜʘ ʚ Apache Superset ʥʝʦʙʭʦʜʠʤʦ ʧʝʨʝʡʪʠ ʧʦ ʩʩʳʣʢʝ ʚʠʜʘ https://superset-infra-

name. dev.company.domain/login/, ʧʦʩʣʝ ʯʝʛʦ ʦʪʢʨʦʝʪʩʷ ʬʦʨʤʘ ʧʝʨʝʘʜʨʝʩʘʮʠʠ (ʈʠʩʫʥʦʢ 118), 

ʥʘ ʢʦʪʦʨʦʡ ʥʫʞʥʦ ʥʘʞʘʪʴ ʥʘ ʢʥʦʧʢʫ çɺʦʡʪʠ ʯʝʨʝʟ keycloakè. 

  

ʈʠʩʫʥʦʢ 118 ï ʉʪʨʘʥʠʮʘ ʘʚʪʦʨʠʟʘʮʠʠ ʚ Apache Superset ʯʝʨʝʟ Keycloak 

ʅʘ ʦʪʢʨʳʚʰʝʡʩʷ ʩʪʨʘʥʠʮʝ ʥʝʦʙʭʦʜʠʤʦ ʚʚʝʩʪʠ ʣʦʛʠʥ ʠ ʧʘʨʦʣʴ ʚ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʧʦʣʷʭ 

(ʈʠʩʫʥʦʢ 119), ʧʨʦʚʝʨʠʪʴ ʠʭ ʘʢʪʫʘʣʴʥʦʩʪʴ ʠ ʥʘʞʘʪʴ ʥʘ ʢʥʦʧʢʫ çɺʭʦʜè. ʇʦʩʣʝ ʵʪʦʛʦ ʚ ʦʢʥʝ 

ʙʨʘʫʟʝʨʘ ʦʪʦʙʨʘʟʠʪʩʷ ʚʝʙ-ʠʥʪʝʨʬʝʡʩ Apache Superset ʩʦ ʚʩʝʤʠ ʬʫʥʢʮʠʦʥʘʣʴʥʳʤʠ 

ʚʦʟʤʦʞʥʦʩʪʷʤʠ, ʜʦʩʪʫʧʥʳʤʠ ʨʦʣʠ ʧʦʣʴʟʦʚʘʪʝʣʷ. 

  

ʈʠʩʫʥʦʢ 119 ï ɺʭʦʜ ʚ Apache Superset 
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7.2 ʌʫʥʢʮʠʦʥʘʣʴʥʳʝ ʚʦʟʤʦʞʥʦʩʪʠ ʧʦʣʴʟʦʚʘʪʝʣʷ ʩ ʨʦʣʴʶ 

Gamma 

ʅʘ ʛʣʘʚʥʦʡ ʩʪʨʘʥʠʮʝ Apache Superset (ʈʠʩʫʥʦʢ 120) ʧʨʝʜʩʪʘʚʣʝʥʳ ʩʣʝʜʫʶʱʠʝ 

ʧʦʜʨʘʟʜʝʣʳ: 

 çʅʝʜʘʚʥʠʝè, ʛʜʝ ʧʨʠʚʝʜʝʥʳ ʨʘʟʜʝʣʳ, ʩ ʢʦʪʦʨʳʤʠ ʥʝʜʘʚʥʦ ʚʳʧʦʣʥʷʣʠʩʴ ʦʧʨʝʜʝʣʝʥʥʳʝ 

ʜʝʡʩʪʚʠʷ ʧʦʣʴʟʦʚʘʪʝʣʷʤʠ Apache Superset, ʘ ʠʤʝʥʥʦ: ʧʨʦʩʤʘʪʨʠʚʘʣʠʩʴ, ʨʝʜʘʢʪʠʨʦʚʘʣʠʩʴ ʠʣʠ 

ʩʦʟʜʘʚʘʣʠʩʴ; 

 çɼʘʰʙʦʨʜʳè, ʛʜʝ ʧʨʠʚʝʜʝʥʳ ʠʟʙʨʘʥʥʳʝ ʠʣʠ ʚʩʝ ʠʤʝʶʱʠʝʩʷ ʜʘʰʙʦʨʜʳ; 

 çɻʨʘʬʠʢʠè, ʛʜʝ ʧʨʠʚʝʜʝʥʳ ʠʟʙʨʘʥʥʳʝ ʠʣʠ ʚʩʝ ʠʤʝʶʱʠʝʩʷ ʛʨʘʬʠʢʠ. 

  

ʈʠʩʫʥʦʢ 120 ï ɻʣʘʚʥʘʷ ʩʪʨʘʥʠʮʘ Apache Superset 

7.2.1 ʈʘʟʜʝʣ çʅʘʙʦʨʳ ʜʘʥʥʳʭè 

ʅʘ ʛʣʘʚʥʦʡ ʩʪʨʘʥʠʮʝ ʨʘʟʜʝʣʘ çʅʘʙʦʨʳ ʜʘʥʥʳʭè ʦʪʦʙʨʘʞʝʥ ʩʧʠʩʦʢ ʥʘʙʦʨʦʚ ʜʘʥʥʳʭ ʩ 

ʦʩʥʦʚʥʦʡ ʠʥʬʦʨʤʘʮʠʝʡ ʦ ʥʠʭ (ʥʘʟʚʘʥʠʝ, ʪʠʧ, ʙʘʟʘ ʜʘʥʥʳʭ, ʩʭʝʤʘ, ʚʣʘʜʝʣʴʮʳ, ʚʨʝʤʷ 

ʧʦʩʣʝʜʥʝʛʦ ʠʟʤʝʥʝʥʠʷ). ʅʘʜ ʩʧʠʩʢʦʤ ʥʘʙʦʨʦʚ ʜʘʥʥʳʭ ʨʘʩʧʦʣʦʞʝʥ ʨʷʜ ʬʠʣʴʪʨʦʚ ʧʦ 

ʩʣʝʜʫʶʱʠʤ ʧʘʨʘʤʝʪʨʘʤ: ʥʘʟʚʘʥʠʝ, ʪʠʧ, ʙʘʟʘ ʜʘʥʥʳʭ, ʩʭʝʤʘ, ʚʣʘʜʝʣʝʮ, ʩʝʨʪʠʬʠʢʘʮʠʷ, ʘʚʪʦʨ 

ʠʟʤʝʥʝʥʠʷ (ʈʠʩʫʥʦʢ 121). 
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ʈʠʩʫʥʦʢ 121 ï ʆʢʥʦ ʩʦ ʩʧʠʩʢʦʤ ʥʘʙʦʨʦʚ ʜʘʥʥʳʭ  

7.2.2 ʈʘʟʜʝʣ çɻʨʘʬʠʢʠè 

ʅʘ ʛʣʘʚʥʦʡ ʩʪʨʘʥʠʮʝ ʨʘʟʜʝʣʘ çɻʨʘʬʠʢʠè ʦʪʦʙʨʘʞʝʥ ʩʧʠʩʦʢ ʛʨʘʬʠʢʦʚ ʩ ʦʩʥʦʚʥʦʡ 

ʠʥʬʦʨʤʘʮʠʝʡ ʦ ʥʠʭ (ʥʘʟʚʘʥʠʝ, ʪʠʧ, ʥʘʙʦʨ ʜʘʥʥʳʭ, ʚʣʘʜʝʣʴʮʳ, ʚʨʝʤʷ ʧʦʩʣʝʜʥʝʛʦ ʠʟʤʝʥʝʥʠʷ). 

ʅʘʜ ʩʧʠʩʢʦʤ ʛʨʘʬʠʢʦʚ ʨʘʩʧʦʣʦʞʝʥ ʨʷʜ ʬʠʣʴʪʨʦʚ ʧʦ ʩʣʝʜʫʶʱʠʤ ʧʘʨʘʤʝʪʨʘʤ: ʥʘʟʚʘʥʠʝ, ʪʠʧ, 

ʥʘʙʦʨ ʜʘʥʥʳʭ, ʚʣʘʜʝʣʝʮ, ʜʘʰʙʦʨʜ, ʠʟʙʨʘʥʥʦʝ, ʩʝʨʪʠʬʠʢʘʮʠʷ (ʈʠʩʫʥʦʢ 122). 

 

 

ʈʠʩʫʥʦʢ 122 ï ʆʢʥʦ ʩʦ ʩʧʠʩʢʦʤ ʛʨʘʬʠʢʦʚ 

7.2.3 ʈʘʟʜʝʣ çɼʘʰʙʦʨʜʳè 

ʅʘ ʛʣʘʚʥʦʡ ʩʪʨʘʥʠʮʝ ʨʘʟʜʝʣʘ çɼʘʰʙʦʨʜʳè ʦʪʦʙʨʘʞʝʥ ʩʧʠʩʦʢ ʜʘʰʙʦʨʜʦʚ ʩ ʦʩʥʦʚʥʦʡ 

ʠʥʬʦʨʤʘʮʠʝʡ ʦ ʥʠʭ (ʥʘʟʚʘʥʠʝ, ʩʪʘʪʫʩ, ʚʣʘʜʝʣʝʮ, ʚʨʝʤʷ ʧʦʩʣʝʜʥʝʛʦ ʠʟʤʝʥʝʥʠʷ). ʅʘʜ ʩʧʠʩʢʦʤ 

ʜʘʰʙʦʨʜʦʚ ʨʘʩʧʦʣʦʞʝʥ ʨʷʜ ʬʠʣʴʪʨʦʚ ʧʦ ʩʣʝʜʫʶʱʠʤ ʧʘʨʘʤʝʪʨʘʤ: ʥʘʟʚʘʥʠʝ, ʩʪʘʪʫʩ, ʚʣʘʜʝʣʝʮ, 

ʠʟʙʨʘʥʥʦʝ, ʩʝʨʪʠʬʠʢʘʮʠʷ, ʘʚʪʦʨ ʠʟʤʝʥʝʥʠʷ (ʈʠʩʫʥʦʢ 123).  

  

ʈʠʩʫʥʦʢ 123 ï ʆʢʥʦ ʩʦ ʩʧʠʩʢʦʤ ʜʘʰʙʦʨʜʦʚ 

7.2.3.1 ʆʙʥʦʚʣʝʥʠʝ ʜʘʥʥʳʭ ʚʠʜʞʝʪʘ ʜʘʰʙʦʨʜʘ 

ʌʫʥʢʮʠʦʥʘʣʴʥʳʝ ʚʦʟʤʦʞʥʦʩʪʠ Apache Superset ʧʦʟʚʦʣʷʶʪ ʦʙʥʦʚʣʷʪʴ ʜʘʥʥʳʝ 

ʢʦʥʢʨʝʪʥʦʛʦ ʚʠʜʞʝʪʘ. ɼʣʷ ʵʪʦʛʦ ʥʝʦʙʭʦʜʠʤʦ ʥʘʞʘʪʴ ʥʘ  ʫ ʚʳʙʨʘʥʥʦʛʦ ʚʠʜʞʝʪʘ. ɺ 

ʦʪʢʨʳʚʰʝʤʩʷ ʜʠʘʣʦʛʦʚʦʤ ʦʢʥʝ ʥʝʦʙʭʦʜʠʤʦ ʥʘʞʘʪʴ ʥʘ ʢʥʦʧʢʫ çʆʙʥʦʚʠʪʴè (ʈʠʩʫʥʦʢ 124). ʇʨʠ 
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ʵʪʦʤ, ʧʦʩʣʝ ʦʙʥʦʚʣʝʥʠʷ ʥʠʞʝ ʫʢʘʟʘʥʥʦʡ ʢʥʦʧʢʠ ʙʫʜʝʪ ʫʢʘʟʘʥʦ, ʢʘʢ ʜʘʚʥʦ ʦʥʦ ʙʳʣʦ 

ʦʩʫʱʝʩʪʚʣʝʥʦ. ʂ ʧʨʠʤʝʨʫ: çʇʦʣʫʯʝʥʦ ʥʝʩʢʦʣʴʢʦ ʩʝʢʫʥʜ ʥʘʟʘʜè. 

 

ʈʠʩʫʥʦʢ 124 ï ʆʙʥʦʚʣʝʥʠʝ ʜʘʥʥʳʭ ʚʠʜʞʝʪʘ 

7.2.3.2 ʌʠʣʴʪʨʘʮʠʷ ʜʘʥʥʳʭ ʜʘʰʙʦʨʜʦʚ 

ʆʪʦʙʨʘʞʘʝʤʫʶ ʠʥʬʦʨʤʘʮʠʶ ʤʦʞʥʦ ʢʦʥʢʨʝʪʠʟʠʨʦʚʘʪʴ, ʥʝ ʤʝʥʷʷ ʩʦʩʪʘʚ ʠʩʭʦʜʥʳʭ 

ʜʘʥʥʳʭ ʜʘʰʙʦʨʜʘ ï ʜʣʷ ʵʪʠʭ ʮʝʣʝʡ ʚ Apache Superset ʧʨʝʜʫʩʤʦʪʨʝʥʳ ʬʠʣʴʪʨʳ. ʇʘʥʝʣʴ 

ʬʠʣʴʪʨʦʚ ʨʘʩʧʦʣʘʛʘʝʪʩʷ ʚ ʩʚʝʨʥʫʪʦʤ ʚʠʜʝ ʩʣʝʚʘ ʦʪ ʚʳʙʨʘʥʥʦʛʦ ʜʘʰʙʦʨʜʘ (ʈʠʩʫʥʦʢ 125), ʜʣʷ 

ʝʝ ʦʪʦʙʨʘʞʝʥʠʷ ʥʝʦʙʭʦʜʠʤʦ ʥʘʞʘʪʴ ʥʘ ʢʥʦʧʢʫ . 

 

ʈʠʩʫʥʦʢ 125 ï ʇʘʥʝʣʴ ʬʠʣʴʪʨʦʚ ʜʘʰʙʦʨʜʘ  

ɺʳʙʨʘʥʥʳʝ ʫʩʣʦʚʠʷ ʦʪʙʦʨʘ ʤʦʞʥʦ ʘʢʪʠʚʠʨʦʚʘʪʴ, ʥʘʞʘʚ ʥʘ ʢʥʦʧʢʫ çʇʨʠʤʝʥʠʪʴ 

ʬʠʣʴʪʨʳè ʚ ʥʠʞʥʝʡ ʯʘʩʪʠ ʧʘʥʝʣʠ (ʈʠʩʫʥʦʢ 125). 
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7.2.3.3 ɺʳʛʨʫʟʢʘ ʜʘʰʙʦʨʜʘ ʠ ʦʪʜʝʣʴʥʦʛʦ ʚʠʜʞʝʪʘ ʚ ʬʦʨʤʝ PDF 

ɼʣʷ ʩʢʘʯʠʚʘʥʠʷ ʜʘʰʙʦʨʜʘ (ʈʠʩʫʥʦʢ 126) ʠʣʠ ʦʪʜʝʣʴʥʦʛʦ ʚʠʜʞʝʪʘ (ʈʠʩʫʥʦʢ 127) ʚ 

ʬʦʨʤʘʪʝ PDF, JPG, ʉSV, XLS ʧʦʣʴʟʦʚʘʪʝʣʶ ʥʝʦʙʭʦʜʠʤʦ ʚʳʧʦʣʥʠʪʴ ʩʣʝʜʫʶʱʠʡ ʧʦʨʷʜʦʢ 

ʜʝʡʩʪʚʠʡ:  

1. ʇʝʨʝʡʪʠ ʥʘ ʩʪʨʘʥʠʮʫ ʚʳʙʨʘʥʥʦʛʦ ʜʘʰʙʦʨʜʘ, ʥʘʞʘʪʴ ʥʘ ʢʥʦʧʢʫ ʜʦʧʦʣʥʠʪʝʣʴʥʳʭ 

ʜʝʡʩʪʚʠʡ (  ʜʣʷ ʜʘʰʙʦʨʜʘ ʠʣʠ  ʜʣʷ ʚʠʜʞʝʪʘ). 

2. ɺʳʙʨʘʪʴ ʧʦʜʨʘʟʜʝʣ çʉʢʘʯʘʪʴè. 

3. ɺʳʙʨʘʪʴ ʥʝʦʙʭʦʜʠʤʳʡ ʬʦʨʤʘʪ. 

 

ʈʠʩʫʥʦʢ 126 ï ʉʢʘʯʠʚʘʥʠʝ ʜʘʰʙʦʨʜʘ 
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ʈʠʩʫʥʦʢ 127 ï ʉʢʘʯʠʚʘʥʠʝ ʚʠʜʞʝʪʘ 

7.3 ʌʫʥʢʮʠʦʥʘʣʴʥʳʝ ʚʦʟʤʦʞʥʦʩʪʠ ʧʦʣʴʟʦʚʘʪʝʣʷ ʩ ʨʦʣʴʶ 

Alpha 

7.3.1 ʈʘʟʜʝʣ çSQLè 

ʌʫʥʢʮʠʦʥʘʣʴʥʳʝ ʚʦʟʤʦʞʥʦʩʪʠ Apache Superset ʧʦʟʚʦʣʷʶʪ ʧʦʣʴʟʦʚʘʪʝʣʷʤ ʩ ʨʦʣʴʶ 

Alpha ʚʳʧʦʣʥʷʪʴ SQL-ʟʘʧʨʦʩʳ ʢ ʙʘʟʘʤ ʜʘʥʥʳʭ. ɼʣʷ ʧʝʨʝʭʦʜʘ ʚ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʡ ʨʘʟʜʝʣ 

ʥʝʦʙʭʦʜʠʤʦ ʥʘʚʝʩʪʠ ʢʫʨʩʦʨ ʤʳʰʠ ʥʘ ʨʘʟʜʝʣ çSQLè ʚ ʚʝʨʭʥʝʡ ʧʘʥʝʣʠ ʠʥʩʪʨʫʤʝʥʪʦʚ ʠ ʧʝʨʝʡʪʠ 

ʚ ʧʦʜʨʘʟʜʝʣ çSQL Labè (ʈʠʩʫʥʦʢ 128). 

  

ʈʠʩʫʥʦʢ 128 ï ʇʝʨʝʭʦʜ ʚ ʧʦʜʨʘʟʜʝʣ SQL Lab 
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ʅʘ ʵʢʨʘʥʝ ʦʪʦʙʨʘʟʠʪʩʷ ʩʪʨʘʥʠʮʘ ʩ ʥʘʙʦʨʦʤ ʧʦʣʝʡ, ʧʦʟʚʦʣʷʶʱʠʭ ʬʦʨʤʠʨʦʚʘʪʴ ʟʘʧʨʦʩʳ 

ʢ ʙʘʟʘʤ ʜʘʥʥʳʭ (ʈʠʩʫʥʦʢ 129). 

 

ʈʠʩʫʥʦʢ 129 ï ʉʪʨʘʥʠʮʘ ʨʘʟʜʝʣʘ SQL Lab Apache Superset 

ɼʣʷ ʵʪʦʛʦ ʧʦʣʴʟʦʚʘʪʝʣʶ ʥʝʦʙʭʦʜʠʤʦ ʚʳʧʦʣʥʠʪʴ ʩʣʝʜʫʶʱʠʝ ʜʝʡʩʪʚʠʷ: 

1. ɺʳʙʨʘʪʴ ʥʫʞʥʳʝ çɹʘʟʫ ʜʘʥʥʳʭè, çʉʭʝʤʫè ʠ çʊʘʙʣʠʮʫè. 

2. ɺʚʝʩʪʠ ʟʘʧʨʦʩ ʚ ʩʧʝʮʠʘʣʴʥʦ ʦʪʚʝʜʝʥʥʦʡ ʦʙʣʘʩʪʠ.  

3. ʅʘʞʘʪʴ ʥʘ ʢʥʦʧʢʫ çɺʳʧʦʣʥʠʪʴè. 

ɿʘʧʨʦʩ ʤʦʞʥʦ ʟʘʧʠʩʘʪʴ, ʥʘʞʘʚ ʥʘ ʢʥʦʧʢʫ çʉʦʭʨʘʥʠʪʴè. ʉʧʠʩʦʢ ʟʘʧʠʩʘʥʥʳʭ ʟʘʧʨʦʩʦʚ 

ʤʦʞʥʦ ʥʘʡʪʠ ʚ ʧʦʜʨʘʟʜʝʣʝ çʉʦʭʨʘʥʝʥʥʳʝ ʟʘʧʨʦʩʳè ʨʘʟʜʝʣʘ çSQLè (ʈʠʩʫʥʦʢ 130) ʠʣʠ ʥʘ 

ʛʣʘʚʥʦʡ ʩʪʨʘʥʠʮʝ Apache Superset. 
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ʈʠʩʫʥʦʢ 130 ï ʉʧʠʩʦʢ ʩʦʭʨʘʥʝʥʥʳʭ ʟʘʧʨʦʩʦʚ 

Apache Superset ʩʦʭʨʘʥʷʝʪ ʚʳʧʦʣʥʝʥʥʳʝ ʟʘʧʨʦʩʳ ʚ ʞʫʨʥʘʣʝ çʀʩʪʦʨʠʷ ʟʘʧʨʦʩʦʚè, 

ʧʝʨʝʡʪʠ ʢ ʢʦʪʦʨʦʤʫ ʤʦʞʥʦ ʠʟ ʨʘʟʜʝʣʘ çSQLè (ʈʠʩʫʥʦʢ 131). 

 

ʈʠʩʫʥʦʢ 131ï ɾʫʨʥʘʣ SQL-ʟʘʧʨʦʩʦʚ 

7.3.2 ʉʦʟʜʘʥʠʝ ʥʘʙʦʨʦʚ ʜʘʥʥʳʭ 

ɼʣʷ ʩʦʟʜʘʥʠʷ ʥʘʙʦʨʘ ʜʘʥʥʳʭ ʚ Apache Superset ʥʝʦʙʭʦʜʠʤʦ ʥʘʞʘʪʴ ʥʘ ʢʥʦʧʢʫ ç+ ʅʘʙʦʨ 

ʜʘʥʥʳʭè ʚ ʨʘʟʜʝʣʝ çʅʘʙʦʨʳ ʜʘʥʥʳʭè ʠʣʠ ʥʘʚʝʩʪʠ ʢʫʨʩʦʨ ʥʘ ʟʥʘʯʦʢ  ʚ ʧʨʘʚʦʤ ʚʝʨʭʥʝʤ 






















































































