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ʅʘʯʠʥʘʝʤ ʨʘʙʦʪʘʪʴ ʚ ʇʂ UM Drillstring Analysis: 
ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʧʦʚʝʜʝʥʠʷ ʙʫʨʠʣʴʥʦʡ ʢʦʣʦʥʥʳ ʚ 
ʩʢʚʘʞʠʥʝ 
 

ɺ ʜʘʥʥʦʤ ʨʫʢʦʚʦʜʩʪʚʝ ʧʨʠʚʝʜʝʥʦ ʦʧʠʩʘʥʠʝ ʧʨʦʮʝʜʫʨʳ ʫʩʪʘʥʦʚʢʠ ʧʨʦ-

ʛʨʘʤʤʥʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ UM Drillstring Analysis ʥʘ ʧʝʨʩʦʥʘʣʴʥʳʡ ʢʦʤʧʴʶʪʝʨ, 

ʘ ʪʘʢʞʝ ʠʟʣʦʞʝʥʳ ʙʘʟʦʚʳʝ ʧʦʥʷʪʠʷ ʠ ʧʨʠʝʤʳ, ʧʨʠʤʝʥʷʶʱʠʝʩʷ ʜʣʷ ʦʧʠʩʘʥʠʷ 

ʠʩʭʦʜʥʳʭ ʜʘʥʥʳʭ, ʟʘʧʫʩʢʘ ʨʘʩʯʝʪʦʚ ʠ ʘʥʘʣʠʟʘ ʨʝʟʫʣʴʪʘʪʦʚ ʜʣʷ ʩʣʝʜʫʶʱʠʭ 

ʪʠʧʦʚ ʘʥʘʣʠʟʘ ʚ ʨʘʤʢʘʭ ʧʨʠʣʦʞʝʥʠʷ: 

¶ ʉʪʘʪʠʯʝʩʢʠʡ ʘʥʘʣʠʟ: ʈʘʩʯʝʪ ʧʦʣʦʞʝʥʠʷ ʨʘʚʥʦʚʝʩʠʷ ʢʦʤʧʦʥʦʚʢʠ 

ʥʠʟʘ ʙʫʨʠʣʴʥʦʡ ʢʦʣʦʥʥʳ (ʜʘʣʝʝ, ʂʅɹʂ) ʚ ʩʢʚʘʞʠʥʝ. ɸʥʘʣʠʟ ʧʦʟʚʦ-

ʣʷʝʪ ʧʦʣʫʯʠʪʴ ʧʦʜʨʦʙʥʦʝ ʧʨʝʜʩʪʘʚʣʝʥʠʝ ʦ ʜʝʬʦʨʤʠʨʦʚʘʥʥʦʤ ʩʦʩʪʦ-

ʷʥʠʠ, ʩʠʣʘʭ, ʜʝʡʩʪʚʫʶʱʠʭ ʚ ʢʦʥʪʘʢʪʝ ʩʦ ʩʪʝʥʢʘʤʠ ʩʢʚʘʞʠʥʳ, ʘ 

ʪʘʢʞʝ ʚʥʫʪʨʝʥʥʠʭ ʩʠʣʦʚʳʭ ʬʘʢʪʦʨʘʭ ʠ ʥʘʧʨʷʞʝʥʥʦ-

ʜʝʬʦʨʤʠʨʦʚʘʥʥʦʤ ʩʦʩʪʦʷʥʠʠ ʢʦʤʧʦʥʦʚʢʠ. ʄʦʜʝʣʴ ʂʅɹʂ ʤʦʞʝʪ 

ʚʢʣʶʯʘʪʴ ʨʘʟʣʠʯʥʳʝ ʪʠʧʳ ʙʫʨʠʣʴʥʦʛʦ ʠʥʩʪʨʫʤʝʥʪʘ, ʚ ʪʦʤ ʯʠʩʣʝ ʩʠ-

ʩʪʝʤʳ ʫʧʨʘʚʣʝʥʠʷ ʥʘʧʨʘʚʣʝʥʠʝʤ ʧʨʦʭʦʜʢʠ, ʥʘʧʦʨʥʳʝ ʜʚʠʛʘʪʝʣʠ ʠ 

ʪ.ʜ.   
 

¶ Torque & Drag ʘʥʘʣʠʟ: ʆʮʝʥʢʘ ʩʠʣ ʠ ʤʦʤʝʥʪʦʚ ʩʦʧʨʦʪʠʚʣʝʥʠʷ 

ʜʚʠʞʝʥʠʶ ʢʦʣʦʥʥʳ ʚ ʩʢʚʘʞʠʥʝ ʜʣʷ ʩʪʘʥʜʘʨʪʥʦʛʦ ʥʘʙʦʨʘ ʪʝʭʥʦʣʦʛʠ-

ʯʝʩʢʠʭ ʦʧʝʨʘʮʠʡ: ʨʦʪʦʨʥʦʝ ʙʫʨʝʥʠʝ, ʙʫʨʝʥʠʝ ʟʘʙʦʡʥʳʤ ʜʚʠʛʘʪʝʣʝʤ, 

ʚʨʘʱʝʥʠʝ ʥʘʜ ʟʘʙʦʝʤ, ʩʧʫʩʢ/ʧʦʜʲʝʤ ʢʦʣʦʥʥʳ, ʧʨʷʤʘʷ/ʦʙʨʘʪʥʘʷ ʧʨʦ-

ʨʘʙʦʪʢʘ ʩʪʚʦʣʘ ʠ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʝ ʦʧʝʨʘʮʠʠ. ʇʨʦʛʨʘʤʤʥʦʝ ʦʙʝʩʧʝ-

ʯʝʥʠʝ ʧʨʝʜʥʘʟʥʘʯʝʥʦ ʜʣʷ ʨʘʩʯʝʪʘ ʠ ʦʮʝʥʢʠ ʥʘʧʨʷʞʝʥʥʦ-

ʜʝʬʦʨʤʠʨʦʚʘʥʥʦʛʦ ʩʦʩʪʦʷʥʠʷ ʢʦʣʦʥʥʳ ʚ ʩʢʚʘʞʠʥʝ, ʚʠʟʫʘʣʠʟʘʮʠʠ 

ʨʘʩʯʝʪʦʚ ʠ ʛʝʥʝʨʘʮʠʠ ʦʪʯʝʪʘ.  

+ Soft-string ʘʥʘʣʠʟ (çʤʷʛʢʘʷè ʤʦʜʝʣʴ) ʙʳʩʪʨʘʷ ʦʮʝʥʢʘ ʩʦʩʪʦʷʥʠʷ 

ʙʫʨʠʣʴʥʦʡ ʢʦʣʦʥʥʳ ʚ ʨʘʤʢʘʭ ʜʦʧʫʱʝʥʠʷ ʦ ʨʘʩʧʦʣʦʞʝʥʠʠ ʦʩʠ ʢʦ-

ʣʦʥʥʳ ʚʜʦʣʴ ʦʩʠ ʩʢʚʘʞʠʥʳ. 

+ Stiff -string ʘʥʘʣʠʟ (çʞʝʩʪʢʘʷè ʤʦʜʝʣʴ) ʧʦʜʨʦʙʥʦʝ ʠʩʩʣʝʜʦʚʘʥʠʝ 

ʩ ʫʯʝʪʦʤ ʣʦʢʘʣʴʥʳʭ ʜʝʬʦʨʤʘʮʠʡ ʠ ʧʦʧʝʨʝʯʥʳʭ ʩʤʝʱʝʥʠʡ ʵʣʝ-

ʤʝʥʪʦʚ ʢʦʣʦʥʥʳ ʚ ʩʢʚʘʞʠʥʝ; ʧʨʠʤʝʥʝʥʠʝ ʤʝʪʦʜʠʢ ʉʪʘʪʠʯʝʩʢʦʛʦ 

ʘʥʘʣʠʟʘ ʂʅɹʂ ʜʣʷ ʠʩʩʣʝʜʦʚʘʥʠʷ ʩʦʩʪʦʷʥʠʷ ʙʫʨʠʣʴʥʦʡ ʢʦʣʦʥʥʳ ʚ 

ʮʝʣʦʤ. 
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¶ ɸʥʘʣʠʟ ʜʠʥʘʤʠʢʠ ʢʦʣʦʥʥʳ: ʄʦʜʝʣʠʨʦʚʘʥʠʝ ʜʚʠʞʝʥʠʷ ʙʫʨʠʣʴʥʦʡ 

ʢʦʣʦʥʥʳ ʠʣʠ ʂʅɹʂ ʚ ʩʢʚʘʞʠʥʝ ʚʦ ʚʨʝʤʝʥʥʦʡ ʦʙʣʘʩʪʠ ʩ ʫʯʝʪʦʤ ʚʟʘ-

ʠʤʦʜʝʡʩʪʚʠʷ ʩʦ ʩʪʝʥʢʘʤʠ ʩʢʚʘʞʠʥʳ, ʩʠʣʘʤ ʨʝʟʘʥʠʷ ʥʘ ʜʦʣʦʪʝ ʠ 

ʥʘʜʜʦʣʦʪʥʳʭ ʨʘʩʰʠʨʠʪʝʣʷʭ, ʠ ʧʨʦʠʟʚʦʣʴʥʦʛʦ ʥʘʙʦʨʘ ʩʠʣʦʚʳʭ ʚʦʟ-

ʤʫʱʝʥʠʡ ʥʘ ʵʣʝʤʝʥʪʘʭ ʢʦʤʧʦʥʦʚʢʠ; ʚʳʷʚʣʝʥʠʝ ʦʧʘʩʥʳʭ ʜʠʥʘʤʠʯʝ-

ʩʢʠʭ ʵʬʬʝʢʪʦʚ, ʦʮʝʥʢʘ ʜʠʥʘʤʠʯʝʩʢʦʡ ʥʘʛʨʫʞʝʥʥʦʩʪʠ ʵʣʝʤʝʥʪʦʚ 

ʢʦʣʦʥʥʳ, ʦʧʪʠʤʠʟʘʮʠʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʦʙʦʨʫʜʦʚʘʥʠʷ ʠ ʨʝʞʠʤʦʚ ʨʘ-

ʙʦʪʳ. ʇʨʠʤʝʥʷʝʤʳʡ ʧʦʜʭʦʜ ʧʦʟʚʦʣʷʝʪ ʤʦʜʝʣʠʨʦʚʘʪʴ ʜʚʠʞʝʥʠʝ ʢʦ-

ʣʦʥʥʳ ʚ ʨʝʞʠʤʝ, ʙʣʠʟʢʦʤ ʢ ʨʝʘʣʴʥʦʤʫ ʚʨʝʤʝʥʠ ʠ ʠʟʤʝʥʷʪʴ 

ʨʘʟʣʠʯʥʳʝ ʧʘʨʘʤʝʪʨʳ ʤʦʜʝʣʠ ʚ ʧʨʦʮʝʩʩʝ ʤʦʜʝʣʠʨʦʚʘʥʠʷ. 

 

ɺ ʜʘʥʥʦʤ ʨʫʢʦʚʦʜʩʪʚʝ ʤʳ ʨʘʩʩʤʦʪʨʠʤ ʧʨʦʮʝʜʫʨʳ ʨʘʟʣʠʯʥʳʭ ʪʠʧʦʚ ʘʥʘʣʠ-

ʟʘ ʜʣʷ ʥʘʙʦʨʘ ʪʝʩʪʦʚʳʭ ʤʦʜʝʣʝʡ ï ʧʨʦʩʪʳʭ ʚʨʘʱʘʪʝʣʴʥʳʭ ʢʦʤʧʦʥʦʚʦʢ, ʘ ʪʘʢ-

ʞʝ ʢʦʤʧʦʥʦʚʦʢ, ʚʢʣʶʯʘʶʱʠʭ ʩʠʩʪʝʤʳ ʫʧʨʘʚʣʝʥʠʷ ʥʘʧʨʘʚʣʝʥʠʝʤ ʧʨʦʭʦʜʢʠ ʠ 

ʥʘʧʦʨʥʳʝ ʜʚʠʛʘʪʝʣʠ. 

ʇʨʝʜʧʦʣʘʛʘʝʪʩʷ, ʯʪʦ ʠʟʫʯʝʥʠʝ ʨʫʢʦʚʦʜʩʪʚʘ ʙʫʜʝʪ ʠʜʪʠ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦ. 

ʀʥʬʦʨʤʘʮʠʷ, ʠʟʣʦʞʝʥʥʘʷ ʚ ʥʘʯʘʣʴʥʳʭ ʨʘʟʜʝʣʘʭ, ʤʦʞʝʪ ʜʘʣʝʝ ʥʝ ʧʦʚʪʦʨʷʪʩʷ 

ʠʣʠ ʠʟʣʘʛʘʪʴʩʷ ʩʦʢʨʘʱʝʥʥʦ. 
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ʉʦʚʤʝʩʪʠʤʦʩʪʴ 

 32-bit 64-bit 

Windows XP   

Windows Vista   

Windows 7   

Windows 8   

Windows 10   

 

ʆʪʚʝʪʩʪʚʝʥʥʦʩʪʴ ʠ ʘʚʪʦʨʩʢʠʝ ʧʨʘʚʘ  

ɼʘʥʥʦʝ ʨʫʢʦʚʦʜʩʪʚʦ ʤʦʞʝʪ ʠʟʤʝʥʷʪʴʩʷ ʚʨʝʤʷ ʦʪ ʚʨʝʤʝʥʠ. ɸʚʪʦʨʳ ʥʝ ʥʝʩʫʪ 

ʥʠʢʘʢʦʡ ʦʪʚʝʪʩʪʚʝʥʥʦʩʪʠ ʟʘ ʣʶʙʳʝ ʦʰʠʙʢʠ ʠ ʥʝʩʦʦʪʚʝʪʩʪʚʠʷ, ʢʦʪʦʨʳʝ ʤʦʛʫʪ 

ʠʤʝʪʴ ʤʝʩʪʦ ʚ ʜʘʥʥʦʤ ʜʦʢʫʤʝʥʪʝ. 

 

ʆʆʆ çɺʳʯʠʩʣʠʪʝʣʴʥʘʷ ʤʝʭʘʥʠʢʘè. ɺʩʝ ʧʨʘʚʘ ʟʘʱʠʱʝʥʳ É, 2020.  

 

ɺʩʝ ʪʦʚʘʨʥʳʝ ʟʥʘʢʠ ʧʨʠʥʘʜʣʝʞʘʪ ʠʭ ʟʘʢʦʥʥʳʤ ʚʣʘʜʝʣʴʮʘʤ. 
 

ʂʦʥʪʘʢʪʥʘʷ ʠʥʬʦʨʤʘʮʠʷ 
 

ʇʦʯʪʦʚʳʡ ʘʜʨʝʩ:  

ʈʦʩʩʠʷ, 241035, ʛ. ɹʨʷʥʩʢ,  

ʫʣ. ʍʘʨʴʢʦʚʩʢʘʷ, 10ɹ  

ʆʆʆ çɺʳʯʠʩʣʠʪʝʣʴʥʘʷ ʤʝʭʘʥʠʢʘè  

 

ʂʦʥʪʘʢʪʥʦʝ ʣʠʮʦ:  

ʃʳʩʠʢʦʚ ʅʠʢʦʣʘʡ ʅʠʢʦʣʘʝʚʠʯ,  

ʄʠʭʝʝʚ ɻʝʥʥʘʜʠʡ ɺʠʢʪʦʨʦʚʠʯ 
 

ʊʝʣ.: +7 4832 588329, +7 4832 568637 

E-mails: 

ʆʙʱʠʝ ʚʦʧʨʦʩʳ: um@universalmechanism.com 

ʊʝʭʥʠʯʝʩʢʘʷ ʧʦʜʜʝʨʞʢʘ, ʧʨʝʜʣʦʞʝʥʠʷ ʠ 

ʟʘʤʝʯʘʥʠʷ: support@universalmechanism.com 

ʇʨʦʜʘʞʠ, ʧʨʦʜʚʠʞʝʥʠʝ, ʩʦʪʨʫʜʥʠʯʝʩʪʚʦ: sales@universalmechanism.com 

 

  

mailto:um@universalmechanism.com
mailto:support@universalmechanism.com
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ʋʩʪʘʥʦʚʢʘ ʧʨʦʛʨʘʤʤʳ  UM Drillstring Analysis 
ɼʘʥʥʳʝ ʨʘʟʜʝʣ ʩʦʜʝʨʞʠʪ ʦʧʠʩʘʥʠʝ ʜʝʡʩʪʚʠʡ ʥʝʦʙʭʦʜʠʤʳʭ ʜʣʷ ʫʩʪʘʥʦʚʢʠ 

ʧʨʦʛʨʘʤʤʥʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ UM Drillstring Analysis. 

ʉʪʨʫʢʪʫʨʘ ʧʨʦʛʨʘʤʤʳ UM Drillstring  Analysis 

ʇʨʦʛʨʘʤʤʘ UM Drillstring Analysis (ʟʜʝʩ ɹʠ ʜʘʣʝʝ - DSA) ʚʢʣʶʯʘʝʪ ʝʜʠʥʳʡ 

ʠʥʪʝʨʬʝʡʩ ʠ ʥʘʙʦʨ ʠʩʧʦʣʥʷʝʤʳʭ ʬʘʡʣʦʚ, ʧʨʠʤʝʥʷʝʤʳʭ ʜʣʷ ʨʘʩʯʝʪʘ ʠ 

ʧʨʝʜʩʪʘʚʣʝʥʠʷ ʨʝʟʫʣʴʪʘʪʦʚ. 

 

ʋʩʪʘʥʦʚʢʘ ʧʨʦʛʨʘʤʤʳ DSA 

ɿʘʧʫʩʢʘʝʤ ʬʘʡʣ ʠʥʩʪʘʣʣʷʮʠʠ ʠ ʩʣʝʜʫʝʤ ʠʥʩʪʨʫʢʮʠʷʤ. 

ɺʥʠʤʘʥʠʝ! ɼʣʷ ʢʦʨʨʝʢʪʥʦʡ ʫʩʪʘʥʦʚʢʠ ʧʨʦʛʨʘʤʤʳ ʪʨʝʙʫʶʪʩʷ ʧʨʘʚʘ ʘʜʤʠ-

ʥʠʩʪʨʘʪʦʨʘ. 
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ʇʨʦʛʨʘʤʤʘ ʠʥʩʪʘʣʣʷʮʠʠ ʧʨʝʜʣʦʞʠʪ ʫʩʪʘʥʦʚʠʪʴ ʧʨʦʛʨʘʤʤʫ ʚ ʢʘʪʘʣʦʛ 

C:\Program Files\ Drillstring Analysis\1 ʜʣʷ Windows XP ʠ C:\Program Files 

(x86)\UM Software Lab\Drillstring Analysis\1 ʜʣʷ Windows 7/8/10.  ʀʩʧʦʣʥʷʝ-

ʤʳʝ ʬʘʡʣʳ ʙʫʜʝʪ ʩʢʦʧʠʨʦʚʘʥʳ ʚ ʚʳʙʨʘʥʥʳʡ ʢʘʪʘʣʦʛ.  

 

ɹʘʟʳ ʜʘʥʥʳʭ, ʧʨʠʤʝʨʳ ʠ ʚʩʧʦʤʦʛʘʪʝʣʴʥʳʝ ʬʘʡʣʳ ʢʦʧʠʨʫʶʪʩʷ ʚ ʢʘʪʘʣʦʛ 

C:\Documents and Settings\All Users\Documents\ UM Software Lab\Drillstring 

Analysis\1 ʜʣʷ Windows XP ʠ c:\Users\Public\Documents\UM Software 

Lab\Drillstring Analysis\1 ʜʣʷ Windows 7/8/10. 
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ʋʩʪʘʥʦʚʢʘ Microsoft DirectX 

Microsoft DirectX 9 or higher, and Microsoft Visual C++ 2013 Redistributable 

should be installed on the workstation to enable 3D visualization of drillstring in 

wellbore. Installations of the components are included in DSA Installation.  
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ɼʣʷ ʟʘʚʝʨʰʝʥʠʷ ʧʨʦʮʝʜʫʨʳ ʫʩʪʘʥʦʚʢʠ ʧʨʠʣʦʞʝʥʠʷ ʥʝʦʙʭʦʜʠʤʦ 

ʧʝʨʝʟʘʛʨʫʟʠʪʴ ʢʦʤʧʴʶʪʝʨ. ʇʦʩʣʝ ʧʝʨʝʟʘʛʨʫʟʢʠ UM Drillstring Analysis ʛʦʪʦʚʦ 

ʢ ʨʘʙʦʪʝ.  
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1. ʀʥʪʝʨʬʝʡʩ ʧʨʠʣʦʞʝʥʠʷ 

ɼʘʥʥʳʡ ʨʘʟʜʝʣ ʩʦʜʝʨʞʠʪ ʦʙʱʫʶ ʠʥʬʦʨʤʘʮʠʶ ʦ ʩʪʨʫʢʪʫʨʝ ʧʨʠʣʦʞʝʥʠʷ  

DSA, ʦʩʥʦʚʥʳʭ ʠʥʩʪʨʫʤʝʥʪʘʭ, ʠʩʧʦʣʴʟʫʝʤʳʭ ʜʣʷ ʦʧʠʩʘʥʠʷ ʠʩʭʦʜʥʳʭ ʜʘʥʥʳʭ 

ʜʣʷ ʨʘʟʣʠʯʥʳʭ ʪʠʧʦʚ ʘʥʘʣʠʟʘ, ʩʪʨʫʢʪʫʨʝ ʨʘʩʯʝʪʥʦʛʦ ʧʨʦʝʢʪʘ, ʦʨʛʘʥʠʟʘʮʠʠ 

ʚʳʯʠʩʣʝʥʠʡ ʠ ʧʦʩʪʦʙʨʘʙʦʪʢʠ ʨʝʟʫʣʴʪʘʪʦʚ. ɹʦʣʝʝ ʧʦʜʨʦʙʥʦ ʧʨʦʮʝʜʫʨʳ ʨʘʟ-

ʣʠʯʥʳʭ ʪʠʧʦʚ ʘʥʘʣʠʟʘ ʨʘʟʙʠʨʘʶʪʩʷ ʚ ʈʘʟʜʝʣʝ 2. 

1.1. ʆʙʱʘʷ ʩʪʨʫʢʪʫʨʘ 

ʀʥʪʝʨʬʝʡʩ ʧʨʠʣʦʞʝʥʠʷ DSA ʧʨʝʜʥʘʟʥʘʯʝʥ ʜʣʷ ʚʚʦʜʘ ʠʩʭʦʜʥʳʭ ʜʘʥʥʳʭ, 

ʬʦʨʤʠʨʦʚʘʥʠʷ ʟʘʜʘʥʠʡ, ʢʦʥʪʨʦʣʷ ʚʳʧʦʣʥʝʥʠʷ ʨʘʩʯʝʪʦʚ, ʧʨʝʜʩʪʘʚʣʝʥʠʷ ʠ ʧʦ-

ʩʪʦʙʨʘʙʦʪʢʠ ʨʝʟʫʣʴʪʘʪʦʚ ʜʣʷ ʨʘʟʣʠʯʥʳʭ ʪʠʧʦʚ ʘʥʘʣʠʟʘ; ʜʣʷ ɸʥʘʣʠʟʘ ʜʠʥʘʤʠ-

ʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ ʜʦʩʪʫʧʝʥ ʚʳʚʦʜ ʨʝʟʫʣʴʪʘʪʦʚ, ʘ ʪʘʢʞʝ ʠʟʤʝʥʝʥʠʝ ʧʘʨʘʤʝʪʨʦʚ 

ʤʦʜʝʣʠ ʚ ʧʨʦʮʝʩʩʝ ʤʦʜʝʣʠʨʦʚʘʥʠʷ. 

ʀʥʪʝʨʬʝʡʩ ʦʙʝʩʧʝʯʠʚʘʝʪ ʚʦʟʤʦʞʥʦʩʪʴ ʩʦʭʨʘʥʝʥʠʷ ʠʩʭʦʜʥʳʭ ʜʘʥʥʳʭ ʚ 

ʬʦʨʤʘʪʝ ʩʧʝʮʠʘʣʠʟʠʨʦʚʘʥʥʳʭ ʙʘʟ ʜʘʥʥʳʭ, ʦʪʦʙʨʘʞʝʥʠʝ ʨʘʩʩʯʠʪʘʥʥʳʭ ʨʝ-

ʟʫʣʴʪʘʪʦʚ ʠ ʚʳʛʨʫʟʢʫ ʜʘʥʥʳʭ ʚ ʦʪʯʝʪʳ ʚ ʬʦʨʤʘʪʘʭ MS Excel ʠ PDF. 

ʉʪʘʪʠʯʝʩʢʠʡ ʘʥʘʣʠʟ  

ʀʥʪʝʨʬʝʡʩ ʉʪʘʪʠʯʝʩʢʦʛʦ ʘʥʘʣʠʟʘ ʨʘʟʨʘʙʦʪʘʥ ʜʣʷ ʠʩʩʣʝʜʦʚʘʥʠʷ ʦʜʥʦʡ ʠʣʠ 

ʥʝʩʢʦʣʴʢʠʭ ʢʦʤʧʦʥʦʚʦʢ ʂʅɹʂ ʜʣʷ ʨʘʟʣʠʯʥʳʭ ʧʦʣʦʞʝʥʠʡ ʢʦʤʧʦʥʦʚʦʢ ʚ 

ʩʢʚʘʞʠʥʝ (ʧʦ ʛʣʫʙʠʥʝ) ʩ ʪʦʯʢʠ ʟʨʝʥʠʷ ʫʨʦʚʥʷ ʢʦʥʪʘʢʪʥʳʭ ʩʠʣ, ʦʩʝʚʳʭ ʩʠʣ, 

ʢʨʫʪʷʱʠʭ ʠ ʠʟʛʠʙʘʶʱʠʭ ʤʦʤʝʥʪʦʚ, ʧʨʦʯʠʭ ʚʥʫʪʨʝʥʥʠʭ ʩʠʣʦʚʳʭ ʬʘʢʪʦʨʦʚ ʠ 

ʥʘʧʨʷʞʝʥʠʡ;  ʘ ʪʘʢʞʝ ʚʳʙʦʨʘ ʥʘʠʙʦʣʝʝ ʦʧʪʠʤʘʣʴʥʦʡ ʢʦʤʧʦʥʦʚʢʠ ʥʘ ʦʩʥʦʚʘ-

ʥʠʠ ʩʨʘʚʥʝʥʠʷ ʧʦʣʫʯʝʥʥʳʭ ʨʝʟʫʣʴʪʘʪʦʚ.  

Torque& Drag ʘʥʘʣʠʟ  

ʇʨʠʣʦʞʝʥʠʝ ʚʢʣʶʯʘʝʪ ʠʥʩʪʨʫʤʝʥʪʳ ʜʣʷ ʦʧʠʩʘʥʠʷ, ʨʘʩʯʝʪʘ ʠ ʩʨʘʚʥʝʥʠʷ 

ʨʝʟʫʣʴʪʘʪʦʚ Torque & Drag ʘʥʘʣʠʟʘ ʙʫʨʠʣʴʥʦʡ ʢʦʣʦʥʥʳ ʜʣʷ ʨʘʟʣʠʯʥʳʭ ʨʝ-

ʞʠʤʦʚ ʨʘʟʣʠʯʥʳʭ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʦʧʝʨʘʮʠʡ; ʦʮʝʥʢʠ ʢʨʠʪʠʯʝʩʢʠʭ ʫʨʦʚʥʝʡ 

ʥʘʛʨʫʟʦʢ, ʠʩʩʣʝʜʦʚʘʥʠʷ ʚʣʠʷʥʠʝ ʩʠʣ ʪʨʝʥʠʷ ʥʘ ʫʯʘʩʪʢʘʭ ʩʢʚʘʞʠʥʳ ʥʘ ʨʘʩʧʨʝ-

ʜʝʣʝʥʠʝ ʦʩʝʚʦʡ ʩʠʣʳ ʠ ʤʦʤʝʥʪʘ ʩʠʣ ʪʨʝʥʠʷ ʠ ʪ.ʜ. 

ɸʥʘʣʠʟ ʜʠʥʘʤʠʢʠ ʢʦʣʦʥʥʳ  

ʇʨʠʣʦʞʝʥʠʝ ʧʦʟʚʦʣʷʝʪ ʵʬʬʝʢʪʠʚʥʦ ʚʳʧʦʣʥʷʪʴ ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʜʚʠʞʝʥʠʷ 

ʂʅɹʂ/ʢʦʤʧʦʥʦʚʢʠ ʢʦʣʦʥʥʳ ʚ ʩʢʚʘʞʠʥʝ ʚʦ ʚʨʝʤʝʥʥʦʡ ʦʙʣʘʩʪʠ; ʢʠʥʝʤʘʪʠʯʝ-

ʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ, ʚʥʝʰʥʠʝ ʠ ʚʥʫʪʨʝʥʥʠʝ ʩʠʣʳ, ʧʦʢʘʟʘʪʝʣʠ ʥʘʧʨʷʞʝʥʥʦ-
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ʜʝʬʦʨʤʠʨʦʚʘʥʥʦʛʦ ʩʦʩʪʦʷʥʠʷ ʵʣʝʤʝʥʪʦʚ ʢʦʣʦʥʥʳ ʤʦʛʫʪ ʦʪʦʙʨʘʞʘʪʴʩʷ ʚʦ 

ʚʨʝʤʷ ʤʦʜʝʣʠʨʦʚʘʥʠʷ, ʘ ʪʘʢʞʝ ʦʙʨʘʙʘʪʳʚʘʪʴʩʷ ʧʦ ʝʛʦ ʟʘʚʝʨʰʝʥʠʶ. 

ʌʫʥʢʮʠʦʥʘʣ ɸʥʘʣʠʟʘ ʜʠʥʘʤʠʢʠ ʢʦʣʦʥʥʳ ʦʨʠʝʥʪʠʨʦʚʘʥ ʥʘ ʚʳʷʚʣʝʥʠʝ ʦʧʘʩ-

ʥʳʭ ʜʠʥʘʤʠʯʝʩʢʠʭ ʵʬʬʝʢʪʦʚ, ʚʦʟʥʠʢʘʶʱʠʭ ʧʨʠ ʨʘʙʦʪʝ ʢʦʤʧʦʥʦʚʢʠ, ʦʮʝʥʢʠ 

ʫʨʦʚʥʷ ʥʘʛʨʫʞʝʥʥʦʩʪʠ ʜʝʪʘʣʝʡ, ʦʧʪʠʤʠʟʘʮʠʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʦʙʦʨʫʜʦʚʘʥʠʷ ʠ 

ʨʝʞʠʤʦʚ ʨʘʙʦʪʳ. ʇʦʜʜʝʨʞʠʚʘʝʪʩʷ ʠʟʤʝʥʝʥʠʝ ʧʘʨʘʤʝʪʨʦʚ ʤʦʜʝʣʠ ʠ ʨʝʞʠʤʦʚ 

ʨʘʙʦʪʳ ʚ ʧʨʦʮʝʩʩʝ ʤʦʜʝʣʠʨʦʚʘʥʠʷ. 

ʉʪʨʫʢʪʫʨʘ ʜʘʥʥʳʭ 

ɺʩʝ ʪʠʧʳ ʘʥʘʣʠʟʘ ʧʦʚʝʜʝʥʠʷ ɹʂ ʧʨʦʚʦʜʷʪʩʷ ʚ ʨʘʤʢʘʭ ʈʘʩʯʝʪʥʦʛʦ ʧʨʦʝʢʪʘ 

(ʜʘʣʝʝ - ʇʨʦʝʢʪ). ʀʥʪʝʨʬʝʡʩ ʦʙʝʩʧʝʯʠʚʘʝʪ ʨʘʙʦʪʳ ʩ ʦʜʥʠʤ ʠʣʠ ʥʝʩʢʦʣʴʢʠʤʠ 

ʧʨʦʝʢʪʘʤʠ ʩʣʝʜʫʶʱʝʛʦ ʩʦʜʝʨʞʘʥʠʷ:  

¶ ʀʩʭʦʜʥʳʝ ʜʘʥʥʳʝ  

ʀʩʭʦʜʥʳʝ ʜʘʥʥʳʝ ʧʦ ʪʨʘʝʢʪʦʨʠʠ ʠ ʢʦʥʩʪʨʫʢʮʠʠ ʩʢʚʘʞʠʥʳ, ʢʦʤʧʦʥʦʚʢʠ 

ʥʠʞʥʝʡ ʠ ʚʝʨʭʥʝʡ ʯʘʩʪʝʡ ʙʫʨʠʣʴʥʦʡ ʢʦʣʦʥʥʳ. 

¶ ɸʥʘʣʠʟ  

ʇʨʦʝʢʪ ʤʦʞʝʪ ʚʢʣʶʯʘʪʴ ʤʥʦʞʝʩʪʚʦ ʥʘʙʦʨʦʚ ʠʩʭʦʜʥʳʭ ʜʘʥʥʳʭ ʜʣʷ ʨʘʩ-

ʯʝʪʘ ï ʩʮʝʥʘʨʠʝʚ, ʢʦʪʦʨʳʝ ʤʦʛʫʪ ʟʘʧʫʩʢʘʪʴʩʷ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦ ʠʣʠ ʚ ʧʘʨʘʣ-

ʣʝʣʴʥʳʭ ʧʦʪʦʢʘʭ. ʉʮʝʥʘʨʠʡ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʝʜʠʥʠʯʥʦʤʫ ʧʦʣʦʞʝʥʠʶ 

ʚʳʙʨʘʥʥʦʡ ʢʦʣʦʥʥʳ ʚ ʩʢʚʘʞʠʥʝ, ʥʘʙʦʨʫ ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʳʭ ʧʘʨʘʤʝʪʨʦʚ ʠ 

ʦʧʮʠʡ, ʩʧʝʮʠʬʠʯʥʳʭ ʜʣʷ ʢʦʥʢʨʝʪʥʦʛʦ ʚʠʜʘ ʘʥʘʣʠʟʘ. ʀʥʪʝʨʬʝʡʩ ʧʦʟʚʦʣʷʝʪ 

ʘʥʘʣʠʟʠʨʦʚʘʪʴ ʨʝʟʫʣʴʪʘʪʳ ʜʣʷ ʦʪʜʝʣʴʥʦʛʦ ʩʮʝʥʘʨʠʷ, ʘ ʪʘʢʞʝ ʧʨʦʚʦʜʠʪʴ 

ʩʨʘʚʥʝʥʠʝ ʜʘʥʥʳʭ ʥʝʩʢʦʣʴʢʠʭ ʩʮʝʥʘʨʠʝʚ. 

ʉʦʟʜʘʥʠʝ ʦʪʯʝʪʦʚ 

ʇʨʠʣʦʞʝʥʠʝ ʧʦʜʜʝʨʞʠʚʘʝʪ ʘʚʪʦʤʘʪʠʯʝʩʢʦʝ ʩʦʟʜʘʥʠʝ ʦʪʯʝʪʦʚ ʚ ʬʦʨʤʘʪʝ 

PDF. ʇʦʣʴʟʦʚʘʪʝʣʴ ʠʤʝʝʪ ʚʦʟʤʦʞʥʦʩʪʴ ʚʳʙʠʨʘʪʴ ʜʘʥʥʳʝ ʜʣʷ ʦʪʯʝʪʘ: ʦʪ ʦʪ-

ʜʝʣʴʥʦʛʦ ʩʥʠʤʢʘ ʵʢʨʘʥʘ, ʜʦ ʧʦʣʥʦʛʦ ʦʧʠʩʘʥʠʷ ʧʨʦʝʢʪʘ.  
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ɻʣʘʚʥʘʷ ʬʦʨʤʘ ʧʨʠʣʦʞʝʥʠʷ 

ɻʣʘʚʥʦʝ ʦʢʥʦ ʧʨʠʣʦʞʝʥʠʷ ʦʙʝʩʧʝʯʠʚʘʝʪ ʜʦʩʪʫʧ ʢ ʦʙʱʠʤ ʥʘʩʪʨʦʡʢʘʤ 

ʧʨʠʣʦʞʝʥʠʷ, ʙʘʟʘʤ ʜʘʥʥʳʭ ʠ ʧʨʦʝʢʪʘʤ, ʘ ʪʘʢʞʝ ʦʪʜʝʣʴʥʳʤ ʠʥʩʪʨʫʤʝʥʪʘʤ, 

ʢʦʪʦʨʳʝ ʤʦʛʫʪ ʠʩʧʦʣʴʟʦʚʘʪʴʩʷ ʙʝʟ ʩʦʟʜʘʥʠʷ ʨʘʩʯʝʪʥʦʛʦ ʧʨʦʝʢʪʘ.  

ɿʘʜʘʥʠʝ ʠʩʭʦʜʥʳʭ ʜʘʥʥʳʭ, ʥʘʩʪʨʦʡʢʘ ʨʝʰʘʪʝʣʷ, ʨʘʩʯʝʪ, ʦʙʨʘʙʦʪʢʘ ʨʝʟʫʣʴ-

ʪʘʪʦʚ ʠ ʩʦʟʜʘʥʠʝ ʦʪʯʝʪʦʚ ʧʦ ʨʝʟʫʣʴʪʘʪʘʤ ʨʘʩʯʝʪʘ ʨʝʘʣʠʟʫʝʪʩʷ ʚ  

ʆʢʥʝ ʧʨʦʝʢʪʘ. 

 

 

 

 

 

 

 

 

 

 

 

 

ɻʣʘʚʥʦʝ ʦʢʥʦ 

ʆʢʥʦ ʧʨʦʝʢʪʘ 
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ɻʣʘʚʥʦʝ ʦʢʥʦ 

ɹʘʟʳ ʜʘʥʥʳʭ 

 

  

ɻʣʘʚʥʦʝ ʦʢʥʦ 

ʀʥʩʪʨʫʤʝʥʪʳ 
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1.1. ʆʨʛʘʥʠʟʘʮʠʷ ʨʘʙʦʪʳ ʧʨʠʣʦʞʝʥʠʷ  

ʇʨʦʮʝʜʫʨʘ  ʠʩʩʣʝʜʦʚʘʥʠʷ ʢʦʤʧʦʥʦʚʢʠ ʢʦʣʦʥʥʳ ʚ ʧʨʠʣʦʞʝʥʠʠ Drillstring 

Analysis ʤʦʞʝʪ ʙʳʪʴ ʧʨʦʠʣʣʶʩʪʨʠʨʦʚʘʥʘ ʩʣʝʜʫʶʱʝʡ ʩʭʝʤʦʡ. 

 

ɺʚʦʜ ʠʩʭʦʜʥʳʭ ʜʘʥʥʳʭ 

¶ʊʨʘʝʢʪʦʨʠʷ ʩʢʚʘʞʠʥʳ 

¶ʂʦʥʩʪʨʫʢʮʠʷ ʩʢʚʘʞʠʥʳ 

¶ʂʦʤʧʦʥʦʚʢʠ ʥʠʞʥʝʡ ʠ 

ʚʝʨʭʥʝʡ ʯʘʩʪʝʡ ʢʦʣʦʥʥʳ 

ʅʘʩʪʨʦʡʢʘ ʨʘʩʯʝʪʘ 

¶ʆʧʠʩʘʥʠʝ ʦʜʥʦʛʦ ʠʣʠ ʥʝʩʢʦʣʴʢʠʭ ʩʮʝʥʘʨʠ-

ʝʚ ʜʣʷ ʜʦʩʪʫʧʥʳʭ ʪʠʧʦʚ ʘʥʘʣʠʟʘ 

¶ʅʘʩʪʨʦʡʢʘ ʨʝʰʘʪʝʣʝʡ ʜʣʷ ʩʮʝʥʘʨʠʝʚ 

ʇʦʩʪʦʙʨʘʙʦʪʢʘ ʨʝʟʫʣʴʪʘʪʦʚ 

¶Graphical output (plots & animation) of  

calculated results 

¶ʇʦʩʪʨʦʝʥʠʝ ʜʠʘʛʨʘʤʤ ʠ ʛʨʘʬʠʢʦʚ  

¶ʉʦʟʜʘʥʠʝ ʦʪʯʝʪʦʚ 

ɺʳʧʦʣʥʝʥʠʝ ʨʘʩʯʝʪʦʚ 

ʉʦʭʨʘʥʝʥʠʝ ʨʝʟʫʣʴʪʘʪʦʚ 

ʉʦʟʜʘʥʠʝ ʧʨʦʤʝʞʫʪʦʯʥʳʭ ʬʘʡʣʦʚ ʦʧʠʩʘʥʠʷ ʤʦʜʝʣʝʡ 

˿͙ͭ͊ͭ;͔͙͚ͫ͟ ͙͊ͤ͊͘͡ 
Stiff-string T&D ͊ ͙ͤ͊͘͡ 

ʇʨʦʚʝʨʢʘ ʠʩʭʦʜʥʳʭ ʜʘʥʥʳʭ 

ɹʘʟʳ ʜʘʥʥʳʭ 

ɿʘʧʫʩʢ ʨʘʩʯʝʪʦʚ ʩ ʠʩʧʦʣʴʟʦ-
ʚʘʥʠʝʤ ʚʥʝʰʥʠʭ ʨʝʰʘʪʝʣʝʡ ʚ 
ʧʘʨʘʣʣʝʣʴʥʳʭ ʧʦʪʦʢʘʭ 

ɿʘʧʫʩʢ ʨʘʩʯʝʪʘ ʚ ʨʝʞʠʤʝ  
Simulation Desk ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ  

ʚʩʪʨʦʝʥʥʦʛʦ ʨʝʰʘʪʝʣʷ 

ˢ͙ͤ͊͘͡ ͙͙͙͒ͤ͊ͣ͟  
ͦͦͤͤ͟͡· 
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1.1. ʅʘʩʪʨʦʡʢʠ ʠʥʪʝʨʬʝʡʩʘ  

ɺʳʙʝʨʠʪʝ ʧʫʥʢʪ ʅʘʩʪʨʦʡʢʠ ɻʣʘʚʥʦʛʦ ʤʝʥʶ ʧʨʠʣʦʞʝʥʠʷ ʜʣʷ ʟʘʜʘʥʠʷ ʦʙ-

ʱʠʭ ʧʘʨʘʤʝʪʨʦʚ ʠʥʪʝʨʬʝʡʩʘ: ʚʳʙʦʨʘ ʩʠʩʪʝʤʳ ʝʜʠʥʠʮ (ʉʀ, ʀʤʧʝʨʩʢʘʷ ʠʣʠ 

ʇʦʣʴʟʦʚʘʪʝʣʴʩʢʘʷ) ʠ ʨʝʞʠʤʘ ʜʦʩʪʫʧʘ (ʇʦʣʴʟʦʚʘʪʝʣʴ, ʠʣʠ ʇʨʦʜʚʠʥʫʪʳʡ 

ʧʦʣʴʟʦʚʘʪʝʣʴ, ʠʣʠ ʈʘʟʨʘʙʦʪʯʠʢ), ʩʧʠʩʦʢ ʪʠʧʦʚ ʘʥʘʣʠʟʘ ʠ ʠʥʩʪʨʫʤʝʥʪʦʚ, 

ʩʪʠʣʴ ʛʣʘʚʥʦʛʦ ʤʝʥʶ, ʟʘʩʪʘʚʢʠ ʨʘʙʦʯʝʛʦ ʩʪʦʣʘ, ʮʚʝʪʦʚʦʡ ʛʘʤʤʳ ʠ ʪ.ʜ.  
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1.1.1. ʉʠʩʪʝʤʘ ʝʜʠʥʠʮ 

ʀʥʪʝʨʬʝʡʩ ʧʨʠʣʦʞʝʥʠʷ ʧʦʜʜʝʨʞʠʚʘʝʪ ʚʚʦʜ ʯʠʩʣʦʚʳʭ ʧʘʨʘʤʝʪʨʦʚ ʠ ʚʳʚʦʜ 

ʨʝʟʫʣʴʪʘʪʦʚ ʚ ʩʠʩʪʝʤʝ ʝʜʠʥʠʮ ʉʀ (SI) ʠ ʀʤʧʝʨʩʢʦʡ ʩʠʩʪʝʤʝ (API), ʘ ʪʘʢʞʝ 

ʦʩʫʱʝʩʪʚʣʷʝʪ ʘʚʪʦʤʘʪʠʯʝʩʢʫʶ ʢʦʥʚʝʨʪʘʮʠʶ ʝʜʠʥʠʮ.  

ʇʦʣʴʟʦʚʘʪʝʣʴ ʪʘʢʞʝ ʤʦʞʝʪ ʚʳʙʨʘʪʴ ʝʜʠʥʠʮʳ ʠʟʤʝʨʝʥʠʷ ʜʣʷ ʨʘʟʣʠʯʥʳʭ 

ʪʠʧʦʚ ʚʝʣʠʯʠʥ (ʇʦʣʴʟʦʚʘʪʝʣʴʩʢʘʷ) ʥʘ ʟʘʢʣʘʜʢʝ ʉʠʩʪʝʤʘ ʝʜʠʥʠʮ. 

 

ʄʝʪʢʘ ʪʝʢʫʱʝʡ ʩʠʩʪʝʤʳ ʝʜʠʥʠʮ (ʉʀ, API ) ʦʪʦʙʨʘʞʘʝʪʩʷ ʚ ʣʝʚʦʤ ʥʠʞʥʝʤ 

ʫʛʣʫ ɻʣʘʚʥʦʛʦ ʦʢʥʘ. ɼʚʘʞʜʳ ʱʝʣʢʥʠʪʝ ʧʦ ʧʘʥʝʣʠ ʠʣʠ ʠʩʧʦʣʴʟʫʡʪʝ ʦʢʥʦ 

ʅʘʩʪʨʦʡʢʠ ʜʣʷ ʩʤʝʥʳ ʩʠʩʪʝʤʳ ʝʜʠʥʠʮ. ɺʩʝ ʚʝʣʠʯʠʥʳ ʙʫʜʫʪ ʢʦʥʚʝʨʪʠʨʦʚʘʥʳ 

ʘʚʪʦʤʘʪʠʯʝʩʢʠ. 
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1.1.2. ʈʝʞʠʤʳ ʜʦʩʪʫʧʘ 

ʇʦʣʴʟʦʚʘʪʝʣʴ ʤʦʞʝʪ ʚʳʙʨʘʪʴ ʫʨʦʚʝʥʴ ʜʦʩʪʫʧʘ ʢ ʠʥʩʪʨʫʤʝʥʪʘʤ ʧʨʠʣʦʞʝ-

ʥʠʷ, ʚʳʙʨʘʚ ʦʜʠʥ ʠʟ ʨʝʞʠʤʦʚ: ʇʦʣʴʟʦʚʘʪʝʣʴ ʠʣʠ ʇʨʦʜʚʠʥʫʪʳʡ ʧʦʣʴʟʦʚʘ-

ʪʝʣʴ
1
. ɺ ʨʝʞʠʤʝ ʇʦʣʴʟʦʚʘʪʝʣʴ ʚ ʠʥʪʝʨʬʝʡʩʝ ʥʝ ʦʪʦʙʨʘʞʘʶʪʩʷ ʥʘʩʪʨʦʡʢʠ, 

ʨʝʢʦʤʝʥʜʦʚʘʥʥʳʝ ʢ ʧʨʠʤʝʥʝʥʠʶ ʧʦ ʫʤʦʣʯʘʥʠʶ.  

 

ʄʝʪʢʘ ʪʝʢʫʱʝʛʦ ʨʝʞʠʤʘ ʜʦʩʪʫʧʘ ʦʪʦʙʨʘʞʘʝʪʩʷ ʚ ʣʝʚʦʤ ʥʠʞʥʝʤ ʫʛʣʫ 

ɻʣʘʚʥʦʛʦ ʦʢʥʘ. ʑʝʣʢʥʠʪʝ ʥʘ ʧʘʥʝʣʠ, ʣʠʙʦ ʚʦʩʧʦʣʴʟʫʡʪʝʩʴ ʦʢʥʦʤ ʅʘʩʪʨʦʡ-

ʢʠ ʜʣʷ ʩʤʝʥʳ ʨʝʞʠʤʘ. 

 

ɿʘʧʫʩʢ ʧʨʠʣʦʞʝʥʠʷ ʚ ʨʝʞʠʤʝ ʇʨʦʜʚʠʥʫʪʳʡ ʧʦʣʴʟʦʚʘʪʝʣʴ ʠʣʠ ʈʘʟʨʘ-

ʙʦʪʯʠʢ ʠ ʧʝʨʝʢʣʶʯʝʥʠʝ ʚ ʵʪʠ ʨʝʞʠʤʳ ʚ ʧʨʦʮʝʩʩʝ ʨʘʙʦʪʳ ʩ ʧʨʠʣʦʞʝʥʠʝʤ 

ʪʨʝʙʫʝʪ ʚʚʦʜʘ ʧʘʨʦʣʷ. ɽʩʣʠ ʚʚʝʜʝʥ ʥʝʚʝʨʥʳʡ ʧʘʨʦʣʴ, ʠʥʪʝʨʬʝʡʩ ʧʝʨʝʭʦʜʠʪ ʚ 

ʨʝʞʠʤ ʇʦʣʴʟʦʚʘʪʝʣʴ. 

  

                                                 
1
 ʇʘʨʦʣʴ ʜʣʷ ʚʢʣʶʯʝʥʠʷ ʨʝʞʠʤʘ ʜʦʩʪʫʧʘ ʇʨʦʜʚʠʥʫʪʳʡ ʧʦʣʴʟʦʚʘʪʝʣʴ - çDSAè 
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1.1.4. ʈʘʙʦʯʠʡ ʢʘʪʘʣʦʛ 

ʇʨʠʣʦʞʝʥʠʝ Drillstring Analysis ʠʩʧʦʣʴʟʫʝʪ ʧʫʪʴ ʢ ʨʘʙʦʯʝʤʫ ʢʘʪʘʣʦʛʫ ʜʣʷ 

ʧʦʠʩʢʘ ʙʘʟ ʜʘʥʥʳʭ, ʚʩʧʦʤʦʛʘʪʝʣʴʥʳʭ ʬʘʡʣʦʚ ʠ ʭʨʘʥʝʥʠʷ ʬʘʡʣʦʚ ʧʨʦʝʢʪʦʚ.. 

ʇʦ ʫʤʦʣʯʘʥʠʶ ʈʘʙʦʯʠʡ ʢʘʪʘʣʦʛ ʧʦʤʝʱʘʝʪʩʷ ʚ ʜʠʨʝʢʪʦʨʠʶ C:\Documents and 

Settings\All Users\Documents\UM Software Lab\Drillstring  Analysis\1\ ʜʣʷ Win-

dows XP ʠ ʚ ʜʠʨʝʢʪʦʨʠʶ c:\Users\Public\Documents\UM Software 

Lab\Drillstring  Analysis\1\ ʜʣʷ Windows 7, 8, 10. 

ʉʦʜʝʨʞʠʤʦʝ ʈʘʙʦʯʝʛʦ ʢʘʪʘʣʦʛʘ:  

 

Options.ini ï ʌʘʡʣ ʥʘʩʪʨʦʝʢ ʠʥʪʝʨʬʝʡʩʘ; 

Databases\ ï ɹʘʟʳ ʜʘʥʥʳʭ ʤʘʪʝʨʠʘʣʦʚ, ʧʦʨʦʜ, ʞʠʜʢʦʩʪʝʡ, ʵʣ-ʪʦʚ ʢʦʣʦʥʥʳ;  

Projects\ ï ʂʘʪʘʣʦʛ ʨʘʩʯʝʪʥʳʭ ʧʨʦʝʢʪʦʚ (ʧʦ ʫʤʦʣʯʘʥʠʶ);  

Samples\ ï ʂʘʪʘʣʦʛ ʧʨʠʤʝʨʦʚ ʨʘʩʯʝʪʥʳʭ ʧʨʦʝʢʪʦʚ; 
 

Wellpaths \ ï ʂʘʪʘʣʦʛ ʦʧʠʩʘʥʠʡ ʪʨʘʝʢʪʦʨʠʡ ʩʢʚʘʞʠʥʳ (ʧʦ ʫʤʦʣʯʘʥʠʶ); 

Wellbores\ ï ʂʘʪʘʣʦʛ ʦʧʠʩʘʥʠʡ ʢʦʥʩʪʨʫʢʮʠʠ ʩʢʚʘʞʠʥʳ (ʧʦ ʫʤʦʣʯʘʥʠʶ); 

Drillstrings\ ï ʂʘʪʘʣʦʛ ʦʧʠʩʘʥʠʡ ʢʦʤʧʦʥʦʚʦʢ ʥʠʟʘ ʠ ʚʝʨʭʥʝʡ ʯʘʩʪʠ ʢʦʣʦʥʥʳ; 

Excitations\ ï ʂʘʪʘʣʦʛ ʦʧʠʩʘʥʠʡ ʢʠʥʝʤʘʪʠʯʝʩʢʠʭ ʠ ʩʠʣʦʚʳʭ ʚʦʟʤʫʱʝʥʠʡ;  

Pressures\ ï ʂʘʪʘʣʦʛ ʦʧʠʩʘʥʠʡ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʜʘʚʣʝʥʠʡ; 

Temperatures\ ï ʂʘʪʘʣʦʛ ʦʧʠʩʘʥʠʡ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʪʝʤʧʝʨʘʪʫʨ; 
 

Schematics\ ï ʂʘʪʘʣʦʛ ʩʭʝʤʘʪʠʯʝʩʢʠʭ ʠʟʦʙʨʘʞʝʥʠʡ ʜʝʪʘʣʝʡ; 

Wallpapers\ ï ʂʘʪʘʣʦʛ ʠʟʦʙʨʘʞʝʥʠʡ ʜʣʷ ʟʘʩʪʘʚʦʢ ʨʘʙʦʯʝʛʦ ʩʪʦʣʘ; 

Manual\ ï ʂʘʪʘʣʦʛ ʬʘʡʣʦʚ ʜʦʢʫʤʝʥʪʘʮʠʠ; 

Utils\,Templates\,ini\,help\,logos\,umentities\,x32\, etc.  ï ʂʘʪʘʣʦʛʠ ʚʩʧʦʤʦʛʘ-

ʪʝʣʴʥʳʭ ʬʘʡʣʦʚ. 
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1.1.5. ʉʪʠʣʴ ʠʥʪʝʨʬʝʡʩʘ 

ʇʦʣʴʟʦʚʘʪʝʣʴ ʤʦʞʝʪ ʥʘʩʪʨʦʠʪʴ ʚʥʝʰʥʠʡ ʚʠʜ ʧʨʠʣʦʞʝʥʠʷ: ʚʳʙʨʘʪʴ ʩʪʠʣʴ 

ʛʣʘʚʥʦʛʦ ʤʝʥʶ, ʟʘʩʪʘʚʢʫ ʨʘʙʦʯʝʛʦ ʩʪʦʣʘ ʠ ʮʚʝʪʦʚʫʶ ʩʭʝʤʫ ʧʨʠʣʦʞʝʥʠʷ. 

 

  

ʃʝʥʪʘ 

 

ɻʣʘʚʥʦʝ ʤʝʥʶ 
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1.2. ɹʘʟʳ ʜʘʥʥʳʭ ʠ ʠʥʩʪʨʫʤʝʥʪʳ 

ʇʨʠʣʦʞʝʥʠʝ UM DSA ʚʢʣʶʯʘʝʪ ʥʘʙʦʨ ʩʧʝʮʠʘʣʠʟʠʨʦʚʘʥʥʳʭ ʙʘʟ ʜʘʥʥʳʭ ʠ 

ʠʥʩʪʨʫʤʝʥʪʦʚ ʜʣʷ ʦʧʠʩʘʥʠʷ ʠʩʭʦʜʥʳʭ ʜʘʥʥʳʭ ʙʝʟ ʩʦʟʜʘʥʠʷ ʇʨʦʝʢʪʘ.  

 

ü ɹʘʟʳ ʜʘʥʥʳʭ: ʀʥʬʦʨʤʘʮʠʷ, ʠʩʧʦʣʴʟʫʝʤʘʷ ʧʨʠ ʦʧʠʩʘʥʠʠ ʠʩʭʦʜʥʳʭ 

ʜʘʥʥʳʭ ʚ ʦʢʥʝ ʧʨʦʝʢʪʘ ʠ ʦʪʜʝʣʴʥʳʭ ʠʥʩʪʨʫʤʝʥʪʘʭ.  

¶ ɹɼ ʤʘʪʝʨʠʘʣʦʚ 

¶ ɹɼ ʧʦʨʦʜ 

¶ ɹɼ ʨʘʩʪʚʦʨʦʚ 

¶ ɹɼ ʜʝʪʘʣʝʡ ʢʦʣʦʥʥʳ 

ɼʣʷ ʨʘʙʦʪʳ ʩ ɹɼ ʤʘʪʝʨʠʘʣʦʚ, ʧʦʨʦʜ ʠ ʙʫʨʦʚʳʭ ʨʘʩʪʚʦʨʦʚ ʠʩʧʦʣʴʟʫ-

ʝʪʩʷ ʝʜʠʥʳʡ ʠʥʪʝʨʬʝʡʩ; ʙʘʟʳ ʜʘʥʥʳʭ ʦʪʣʠʯʘʶʪʩʷ ʪʦʣʴʢʦ ʥʘʙʦʨʦʤ 

ʧʘʨʘʤʝʪʨʦʚ. ʀʥʪʝʨʬʝʡʩ ɹɼ ʜʝʪʘʣʝʡ ʢʦʣʦʥʥʳ ʠʤʝʝʪ ʩʚʦʠ ʦʩʦʙʝʥʥʦ-

ʩʪʠ. 

ü ʀʥʩʪʨʫʤʝʥʪʳ: ʉʧʝʮʠʘʣʠʟʠʨʦʚʘʥʥʳʝ ʠʥʩʪʨʫʤʝʥʪʳ ʜʣʷ ʦʧʠʩʘʥʠʷ 

ʵʣʝʤʝʥʪʦʚ ʠʩʭʦʜʥʳʭ ʜʘʥʥʳʭ ʇʨʦʝʢʪʘ ʙʝʟ ʩʦʟʜʘʥʠʷ ʦʢʥʘ ʧʨʦʝʢʪʘ; 

ʟʘʨʘʥʝʝ ʧʦʜʛʦʪʦʚʣʝʥʥʳʝ ʵʣʝʤʝʥʪʳ ʤʦʛʫʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥʳ ʜʣʷ 

ʙʳʩʪʨʦʡ ʧʦʜʛʦʪʦʚʢʠ ʨʘʩʯʝʪʥʦʛʦ ʧʨʦʝʢʪʘ. 

¶ ʈʝʜʘʢʪʦʨ ʪʨʘʝʢʪʦʨʠʠ ʩʢʚʘʞʠʥʳ 

¶ ʈʝʜʘʢʪʦʨ ʢʦʥʩʪʨʫʢʮʠʠ ʩʢʚʘʞʠʥʳ 

¶ ʈʝʜʘʢʪʦʨ ʢʦʤʧʦʥʦʚʦʢ ʂʅɹʂ ʠ ʚʝʨʭʥʝʡ ʯʘʩʪʠ ʢʦʣʦʥʥʳ 

ɺʥʠʤʘʥʠʝ! ʀʥʪʝʨʬʝʡʩ ʨʝʜʘʢʪʦʨʦʚ ʘʥʘʣʦʛʠʯʝʥ ʠʥʩʪʨʫʤʝʥʪʘʤ ʦʧʠ-

ʩʘʥʠʷ ʜʘʥʥʳʭ ʚ ʆʢʥʝ ʧʨʦʝʢʪʘ (ʩʤ. ʈʘʟʜʝʣ 1.3.4). 

ü ɼʦʧʦʣʥʠʪʝʣʴʥʳʝ ʠʥʩʪʨʫʤʝʥʪʳ: ʀʥʩʪʨʫʤʝʥʪʳ ʧʦʜʛʦʪʦʚʢʠ ʠʩʭʦʜʥʳʭ 

ʜʘʥʥʳʭ, ʠʩʧʦʣʴʟʫʶʱʠʭʩʷ ʜʣʷ ʥʝʢʦʪʦʨʳʭ ʪʠʧʦʚ ʘʥʘʣʠʟʘ, ʙʝʟ ʩʦʟʜʘ-

ʥʠʷ ʨʘʩʯʝʪʥʦʛʦ ʧʨʦʝʢʪʘ, ʘ ʪʘʢʞʝ ʜʦʧʦʣʥʠʪʝʣʴʥʳʝ ʩʨʝʜʩʪʚʘ ʘʥʘʣʠʟʘ. 

¶ ʈʘʩʧʨʝʜʝʣʝʥʠʝ ʪʝʤʧʝʨʘʪʫʨ ï ʀʥʩʪʨʫʤʝʥʪ ʦʧʠʩʘʥʠʷ ʨʘʩʧʨʝʜʝʣʝ-

ʥʠʝ ʪʝʤʧʝʨʘʪʫʨ ʚʜʦʣʴ ʩʪʚʦʣʘ ʩʢʚʘʞʠʥʳ 

¶ ʈʘʩʧʨʝʜʝʣʝʥʠʝ ʜʘʚʣʝʥʠʡ ï ʀʥʩʪʨʫʤʝʥʪ ʦʧʠʩʘʥʠʷ ʨʘʩʧʨʝʜʝʣʝʥʠʡ 

ʚʥʫʪʨʝʥʥʝʛʦ ʠ ʥʘʨʫʞʥʦʛʦ ʜʘʚʣʝʥʠʡ ʜʣʷ ʙʫʨʠʣʴʥʦʡ ʢʦʣʦʥʥʳ 
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¶ ɻʝʥʝʨʘʪʦʨ ʨʝʘʣʠʟʘʮʠʡ ï ɻʝʥʝʨʘʪʦʨ ʟʘʚʠʩʠʤʦʩʪʝʡ ʚʝʣʠʯʠʥʳ ʦʪ 

ʚʨʝʤʝʥʠ ʜʣʷ ʦʧʠʩʘʥʠʷ ʩʠʣʦʚʳʭ ʚʦʟʤʫʱʝʥʠʡ ʥʘ ʢʦʣʦʥʥʝ. 

¶ ʈʝʰʝʥʠʝ ʏʝʥʘ ï ʀʥʩʪʨʫʤʝʥʪ ʦʮʝʥʢʠ ʚʥʝʰʥʝʛʦ ʜʝʤʧʬʠʨʦʚʘʥʠʷ 

ʙʫʨʦʚʦʛʦ ʨʘʩʪʚʦʨʘ ʜʣʷ ʪʨʫʙʳ, ʩʦʚʝʨʰʘʶʱʝʡ ʛʘʨʤʦʥʠʯʝʩʢʠʝ ʢʦ-

ʣʝʙʘʥʠʷ ʚ ʮʠʣʠʥʜʨʠʯʝʩʢʦʡ ʩʢʚʘʞʠʥʝ (ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʨʝʰʝʥʠʝʤ 

ʏʝʥʘ [2]).  

1.2.1. ɹɼ ʤʘʪʝʨʠʘʣʦʚ, ʧʦʨʦʜ, ʙʫʨʦʚʳʭ ʨʘʩʪʚʦʨʦʚ  

ʀʥʪʝʨʬʝʡʩ ʦʧʠʩʘʥʠʷ ɹɼ ʦʪʣʠʯʘʝʪʩʷ ʪʦʣʴʢʦ ʥʘʙʦʨʦʤ ʧʘʨʘʤʝʪʨʦʚ.  

ʌʦʨʤʘ ɹɼ  

ʂʘʞʜʘʷ ɹɼ ʩʦʜʝʨʞʠʪ ʨʷʜ ʵʣʝʤʝʥʪʦʚ, ʨʝʜʘʢʪʠʨʦʚʘʥʠʝ ʢʦʪʦʨʳʭ ʟʘʧʨʝʱʝʥʦ 

ʜʣʷ ʧʦʣʴʟʦʚʘʪʝʣʷ
1
. ʇʨʠ ʥʝʦʙʭʦʜʠʤʦʩʪʠ ʠʟʤʝʥʠʪʴ ʧʘʨʘʤʝʪʨʳ ʩʣʝʜʫʝʪ ʜʦʙʘ-

ʚʠʪɹ ʥʦʚʳʡ ʵʣʝʤʝʥʪ ɹɼ ( ) ʠʣʠ ʩʢʦʧʠʨʦʚʘʪʴ ʩʫʱʝʩʪʚʫʶʱʠʡ ( ). ʕʣʝʤʝʥ-

ʪ,r ʜʦʙʘʚʣʝʥʥʳʝ ʧʦʣʴʟʦʚʘʪʝʣʝʤ ʜʦʩʪʫʧʥʳ ʜʣʷ ʨʝʜʘʢʪʠʨʦʚʘʥʠʷ ʠ  

ʫʜʘʣʝʥʠʷ ( ). 

ʀʥʪʝʨʬʝʡʩ ɹɼ ʧʨʝʜʩʪʘʚʣʝʥ ʪʘʙʣʠʮʝʡ ʵʣʝʤʝʥʪʦʚ. ɿʘʢʣʘʜʢʠ ɺʩʝ, ɹʘʟʘ ʧʦ-

ʩʪʘʚʢʠ ʠ ɼʦʙʘʚʣʝʥʥʳʝ ʧʦʟʚʦʣʷʶʪ ʦʪʦʙʨʘʞʘʪʴ ʚ ʩʧʠʩʢʝ ʪʦʣʴʢʦ ʩʦʦʪʚʝʪʩʪʚʫ-

ʶʱʠʝ ʵʣʝʤʝʥʪʳ. 

 

                                                 
1
 ʀʟʤʝʥʝʥʠʷ ʨʘʟʨʝʰʝʥʳ ʪʦʣʴʢʦ ʚ ʨʝʞʠʤʝ ʈʘʟʨʘʙʦʪʯʠʢ 
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ɼʣʷ ʩʦʨʪʠʨʦʚʢʠ ʵʣʝʤʝʥʪʦʚ ʧʦ ʟʥʘʯʝʥʠʶ ʧʘʨʘʤʝʪʨʘ ʥʝʦʙʭʦʜʠʤʦ ʚʳʙʨʘʪʴ 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʡ ʩʪʦʣʙʝʮ ʠ ʥʘʞʘʪʴ . ʀʩʧʦʣʴʟʫʡʪʝ ʢʥʦʧʢʫ  ʜʣʷ ʘʚʪʦʤʘ-

ʪʠʯʝʩʢʦʛʦ ʚʳʨʘʚʥʠʚʘʥʠʷ ʩʪʦʣʙʮʦʚ; ʥʘʞʤʠʪʝ  ʜʣʷ ʘʢʪʠʚʘʮʠʠ ʨʝʞʠʤʘ ʧʦʜ-

ʩʢʘʟʢʠ. ɼʣʷ ʧʨʦʚʝʨʢʠ ʢʦʨʨʝʢʪʥʦʩʪʠ ʦʧʠʩʘʥʠʷ ʵʣʝʤʝʥʪʦʚ ɹɼ ʥʘʞʤʠʪʝ .    

ʀʩʧʦʣʴʟʫʡʪʝ ʢʥʦʧʢʫ  ʜʣʷ ʘʢʪʠʚʘʮʠʠ ʨʝʞʠʤʘ ʜʦʧʦʣʥʠʪʝʣʴʥʦʡ ʬʠʣʴʪʨʘ-

ʮʠʠ ɹɼ; ʥʘʞʤʠʪʝ ʥʘ ʟʘʛʦʣʦʚʦʢ ʩʪʦʣʙʮʘ ʜʣʷ ʟʘʜʘʥʠʷ ʩʧʠʩʢʘ ʥʝʦʙʭʦʜʠʤʳʭ ʟʥʘ-

ʯʝʥʠʡ ʧʘʨʘʤʝʪʨʘ (ʘʥʘʣʦʛʠʯʥʦ ʠʥʪʝʨʬʝʡʩʫ MS Excel).    

ʀʤʧʦʨʪ ( ) ʠ ʵʢʩʧʦʨʪ ( ) ʜʘʥʥʳʭ ʜʦʩʪʫʧʝʥ ʚ ʨʝʞʠʤʝ ʇʨʦʜʚʠʥʫʪʦʛʦ 

ʧʦʣʴʟʦʚʘʪʝʣʷ. 

ʀʥʪʝʨʬʝʡʩ ɹɼ ʧʦʟʚʦʣʷʝʪ ʚʳʙʨʘʪʴ ʩʧʠʩʦʢ ʧʘʨʘʤʝʪʨʦʚ ʜʣʷ ʦʪʦʙʨʘʞʝʥʠʷ ʚ 

ʪʘʙʣʠʮʝ (ʚ ʚʠʜʝ ʩʪʦʣʙʮʦʚ); ʵʪʘ ʦʧʮʠʷ ʦʯʝʥʴ ʧʦʣʝʟʥʘ ʧʨʠ ʙʦʣʴʰʦʤ ʢʦʣʠʯʝʩʪʚʝ 

ʧʘʨʘʤʝʪʨʦʚ ʵʣʝʤʝʥʪʘ.  

ʅʘʞʤʠʪʝ  ʜʣʷ ʦʪʦʙʨʘʞʝʥʠʷ ʦʢʥʘ ʅʘʩʪʨʦʡʢʘ ʧʘʨʘʤʝʪʨʦʚ, ʚ ʢʦʪʦʨʦʤ 

ʤʦʞʥʦ ʟʘʜʘʪʴ ʚʠʜʠʤʦʩʪʴ ʧʘʨʘʤʝʪʨʦʚ  ʠ ʥʘʩʪʨʦʠʪʴ ʬʦʨʤʘʪ ʚʳʚʦʜʘ ʯʠʩʣʝʥ-

ʥʳʭ ʟʥʘʯʝʥʠʡ .   

 

ʇʘʨʘʤʝʪʨʳ ʩʛʨʫʧʧʠʨʦʚʘʥʳ ʧʦ ʢʘʪʝʛʦʨʠʷʤ; ʧʦʣʴʟʦʚʘʪʝʣʴ ʤʦʞʝʪ 

ʩʢʨʳʪʴ/ʧʦʢʘʟʘʪʴ ʚʩʝ ʵʣʝʤʝʥʪʳ ʢʘʪʝʛʦʨʠʠ ʨʘʟʦʤ. 

ʅʘʩʪʨʦʠʪʴ ʩʧʠʩʦʢ ʧʘʨʘ-
ʤʝʪʨʦʚ: 

¶ɺʠʜʠʤʦʩʪʴ ʧʘʨʘʤʝʪ-
ʨʦʚ 

¶ʌʦʨʤʘʪ ʟʥʘʯʝʥʠʡ 
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ʂʘʨʪʦʯʢʘ ʵʣʝʤʝʥʪʘ ɹɼ 

ɼʚʘʞʜʳ ʱʝʣʢʥʠʪʝ ʥʘ ʩʪʨʦʯʢʝ ʩ ʠʥʪʝʨʝʩʫʶʱʠʤ ɺʘʩ ʵʣʝʤʝʥʪʦʤ ʠʣʠ ʚʳʙʝ-

ʨʠʪʝ ʝʛʦ ʚ ʪʘʙʣʠʮʝ ʠ ʥʘʞʤʠʪʝ ʢʥʦʧʢʫ , ʯʪʦʙʳ ʧʦʢʘʟʘʪʴ ʧʘʨʘʤʝʪʨʳ ʵʣʝʤʝʥ-

ʪʘ ʚ ʦʪʜʝʣʴʥʦʤ ʦʢʥʝ. 

 

ʅʘʞʤʠʪʝ Ok ʜʣʷ ʩʦʭʨʘʥʝʥʠʷ ʠʟʤʝʥʝʥʠʡ ʚ ʦʧʠʩʘʥʠʠ ʵʣʝʤʝʥʪʘ, ʆʪʤʝʥʠʪʴ  

- ʜʣʷ ʚʳʭʦʜʘ ʙʝʟ ʩʦʭʨʘʥʝʥʠʷ. 
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 ʉʧʨʘʚʦʯʥʠʢ ʤʘʪʝʨʠʘʣʦʚ 1.2.1.1.

ʉʧʨʘʚʦʯʥʠʢ ʤʘʪʝʨʠʘʣʦʚ ʭʨʘʥʠʪʴʩʷ ʚ ʬʘʡʣʝ MaterialDB.mtl ʚ ʜʠʨʝʢʪʦʨʠʠ 

ʈʘʙʦʯʠʡ ʢʘʪʘʣʦʛ\Databases. ɼʘʥʥʳʝ ʟʘʛʨʫʞʘʶʪʩʷ ʧʨʠ ʟʘʧʫʩʢʝ ʧʨʠʣʦʞʝʥʠʷ. 

 

ʉʧʠʩʦʢ ʧʘʨʘʤʝʪʨʦʚ 

ɹɼ ʤʘʪʝʨʠʘʣʦʚ ʩʦʜʝʨʞʠʪ ʙʦʣʴʰʦʝ ʢʦʣʠʯʝʩʪʚʦ ʧʘʨʘʤʝʪʨʦʚ; ʢʨʘʪʢʠʡ ʩʧʠʩʦʢ 

ʚʝʣʠʯʠʥ, ʧʨʠʤʝʥʷʝʤʳʭ ʧʨʠ ʦʧʠʩʘʥʠʠ ʤʦʜʝʣʝʡ ʜʣʷ ʨʘʟʣʠʯʥʳʭ ʪʠʧʦʚ ʘʥʘʣʠʟʘ, 

ʧʨʠʚʝʜʝʥ ʥʠʞʝ.  

ʇʘʨʘʤʝʪʨ 
ʈʘʟʤʝʨʥʦʩʪʴ 

ʆʧʠʩʘʥʠʝ 
ʉʀ Imp 

ʆʙʱʠʝ 

ʅʘʟʚʘʥʠʝ   ʋʥʠʢʘʣʴʥʦʝ ʥʘʟʚʘʥʠʝ. 

ʎʚʝʪ   ʎʚʝʪ ʜʣʷ ʦʪʦʙʨʘʞʝʥʠʷ ʥʘ ʛʨʘʬʠʯʝʩʢʠʭ ʩʭʝʤʘʭ. 

ʇʣʦʪʥʦʩʪʴ ʢʛ/ʤ
3 

Lbm/ft
3 
ʇʣʦʪʥʦʩʪʴ ʤʘʪʝʨʠʘʣʘ. 

ʄʝʭʘʥʠʯʝʩʢʠʝ ʠʟʦʪʨʦʧʥʳʝ 

ʄʦʜʫʣʴ ʫʧʨʫʛʦʩʪʠ ɻʇʘ Ksi ʄʦʜʫʣʴ ʫʧʨʫʛʦʩʪʠ ʤʘʪʝʨʠʘʣ 

ʂʦʵʬ. ʇʫʘʩʩʦʥʘ    

ʊʝʨʤʠʯʝʩʢʠʝ 

TEC 1/C 1/F ʂʦʵʬ. ʣʠʥʝʡʥʦʛʦ ʨʘʩʰʠʨʝʥʠʷ 
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 ʉʧʨʘʚʦʯʥʠʢ ʧʦʨʦʜ 1.2.1.2.

ʉʧʨʘʚʦʯʥʠʢ ʧʦʨʦʜ ʭʨʘʥʠʪʴʩʷ ʚ ʬʘʡʣʝ FormationDB.fdb ʚ ʜʠʨʝʢʪʦʨʠʠ ʈʘ-

ʙʦʯʠʡ ʢʘʪʘʣʦʛ\Databases. ɼʘʥʥʳʝ ʟʘʛʨʫʞʘʶʪʩʷ ʧʨʠ ʟʘʧʫʩʢʝ ʧʨʠʣʦʞʝʥʠʷ. 

 

 

ʉʧʠʩʦʢ ʧʘʨʘʤʝʪʨʦʚ 

ɹɼ ʧʦʨʦʜ ʩʦʜʝʨʞʠʪ ʙʦʣʴʰʦʝ ʢʦʣʠʯʝʩʪʚʦ ʧʘʨʘʤʝʪʨʦʚ; ʢʨʘʪʢʠʡ ʩʧʠʩʦʢ ʚʝ-

ʣʠʯʠʥ, ʧʨʠʤʝʥʷʝʤʳʭ ʧʨʠ ʦʧʠʩʘʥʠʠ ʤʦʜʝʣʝʡ ʜʣʷ ʨʘʟʣʠʯʥʳʭ ʪʠʧʦʚ ʘʥʘʣʠʟʘ, 

ʧʨʠʚʝʜʝʥ ʥʠʞʝ.  

ʇʘʨʘʤʝʪʨ 
ʈʘʟʤʝʨʥʦʩʪʴ 

ʆʧʠʩʘʥʠʝ 
ʉʀ API 

ʆʙʱʠʝ 

ʅʘʟʚʘʥʠʝ   ʋʥʠʢʘʣʴʥʦʝ ʥʘʟʚʘʥʠʝ. 

ʎʚʝʪ   ʎʚʝʪ ʜʣʷ ʦʪʦʙʨʘʞʝʥʠʷ ʥʘ ʛʨʘʬʠʯʝʩʢʠʭ ʩʭʝʤʘʭ. 

ʄʦʜʫʣʴ ʫʧʨʫʛʦʩʪʠ ʄʇʘ psi ʄʦʜʫʣʴ ʫʧʨʫʛʦʩʪʠ ʧʦʨʦʜʳ. 

ʂʦʵʬʬ. ʇʫʘʩʩʦʥʘ   ʆʪʥʦʰʝʥʠʝ ʧʦʧʝʨʝʯʥʦʡ ʜʝʬʦʨʤʘʮʠʠ ʢ ʧʨʦ-

ʜʦʣʴʥʦʡ ʧʨʠ ʦʩʝʚʦʤ ʥʘʛʨʫʞʝʥʠʠ ʦʙʨʘʟʮʘ. 

ʇʣʦʪʥʦʩʪʴ ʢʛ/ʤ
3 

Lbm/ʬʪ
3 
ʇʣʦʪʥʦʩʪʴ ʧʦʨʦʜʳ. 
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ʇʘʨʘʤʝʪʨʳ RGD ʤʦʜʝʣʠ PDC ʜʦʣʦʪʘ 

ʉʧʝʮʠʬʠʯʝʩʢʘʷ 

ʧʨʦʯʥʦʩʪʴ ʧʦʨʦʜʳ  

(epsilon) 

ʄʇʘ psi ʇʘʨʘʤʝʪʨ ʉʧʝʮʠʬʠʯʝʩʢʘʷ ʧʨʦʯʥʦʩʪʴ ʧʦʨʦʜʳ, 

ʚʭʦʜʷʱʠʡ ʚ RGD ʤʦʜʝʣʴ ʨʝʟʘʥʠʷ ʧʦʨʦʜʳ ʜʦ-

ʣʦʪʦʤ (ʩʤ. ʈʘʟʜʝʣ 0). 

ʅʘʧʨʷʞʝʥʠʝ ʚ ʢʦʥ-

ʪʘʢʪʝ ʩ ʨʝʟʮʦʤ 

(sigma) 

ʄʇʘ psi ʇʘʨʘʤʝʪʨ ʅʘʧʨʷʞʝʥʠʝ ʚ ʢʦʥʪʘʢʪʝ ʩ ʨʝʟʮʦʤ, 

ʚʭʦʜʷʱʠʡ ʚ RGD ʤʦʜʝʣʴ ʨʝʟʘʥʠʷ ʧʦʨʦʜʳ ʜʦ-

ʣʦʪʦʤ (ʩʤ. ʈʘʟʜʝʣ 0). 
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 ʉʧʨʘʚʦʯʥʠʢ ʙʫʨʦʚʳʭ ʨʘʩʪʚʦʨʦʚ 1.2.1.3.

ʉʧʨʘʚʦʯʥʠʢ ʙʫʨʦʚʳʭ ʨʘʩʪʚʦʨʦʚ ʭʨʘʥʠʪʴʩʷ ʚ ʬʘʡʣʝ FluidDB.ldb ʚ ʜʠʨʝʢʪʦ-

ʨʠʠ ʈʘʙʦʯʠʡ ʢʘʪʘʣʦʛ\Databases. ɼʘʥʥʳʝ ʟʘʛʨʫʞʘʶʪʩʷ ʧʨʠ ʟʘʧʫʩʢʝ ʧʨʠʣʦʞʝ-

ʥʠʷ. 

 

 

ʉʧʠʩʦʢ ʧʘʨʘʤʝʪʨʦʚ 

ɹɼ ʨʘʩʪʚʦʨʦʚ ʩʦʜʝʨʞʠʪ ʙʦʣʴʰʦʝ ʢʦʣʠʯʝʩʪʚʦ ʧʘʨʘʤʝʪʨʦʚ; ʢʨʘʪʢʠʡ ʩʧʠʩʦʢ 

ʚʝʣʠʯʠʥ, ʧʨʠʤʝʥʷʝʤʳʭ ʜʣʷ ʨʘʟʣʠʯʥʳʭ ʪʠʧʦʚ ʘʥʘʣʠʟʘ, ʧʨʠʚʝʜʝʥ ʥʠʞʝ.  

ʇʘʨʘʤʝʪʨ 
ʈʘʟʤʝʨʥʦʩʪʴ 

ʆʧʠʩʘʥʠʝ 
ʉʀ API 

ʆʙʱʠʝ 

ʅʘʟʚʘʥʠʝ   ʅʘʟʚʘʥʠʝ 

ʎʚʝʪ   ʎʚʝʪ 

ʇʣʦʪʥʦʩʪʴ ʢʛ/ʤ
3 

Lbm/ft
3 
ʇʣʦʪʥʦʩʪʴ ʨʘʩʪʚʦʨʘ 

ʄʝʭʘʥʠʯʝʩʢʠʝ 

ɼʠʥʘʤʠʯʝʩʢʘʷ 

ʚʷʟʢʦʩʪʴ 

ʇʘ Ā 

ʩʝʢ 

cP ɼʠʥʘʤʠʯʝʩʢʘʷ (ʠʣʠ ʘʙʩʦʣʶʪʥʘʷ) ʚʷʟʢʦʩʪʴ ʞʠʜ-

ʢʦʩʪʠ: cP = 0.01P = 1 ʤʇʘĿʩʝʢ = 0.001 ʇʘĿʩʝʢ. 
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1.2.1. ɹʘʟʘ ʜʘʥʥʳʭ ʜʝʪʘʣʝʡ 

ʀʥʪʝʨʬʝʡʩ ʧʨʠʣʦʞʝʥʠʷ ʧʦʟʚʦʣʷʝʪ ʦʧʠʩʳʚʘʪʴ ʢʦʤʧʦʥʦʚʢʫ ʢʦʣʦʥʥʳ, ʢʘʢ  

ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ ʦʪʜʝʣʴʥʳʭ ʜʝʪʘʣʝʡ, ʢʦʪʦʨʳʝ ʤʦʛʫʪ ʙʳʪʴ ʚʟʷʪʳ ʠʟ ʩʫʝɦ-

ʩʪʚʫʶʱʠʭ ʙʘʟ ʜʘʥʥʳʭ ʠʣʠ ʦʧʠʩʘʥʳ ʧʨʠ ʧʦʤʦʱʠ ʈʝʜʘʢʪʦʨʘ ʜʝʪʘʣʝʡ.  

ʀʥʪʝʨʬʝʡʩ ɹɼ ʜʝʪʘʣʝʡ 

ʅʘʙʦʨʳ ʵʣʝʤʝʥʪʦʚ ʙʘʟʳ ʜʘʥʥʳʭ (ʦʪʜʝʣʴʥʳʝ ʩʧʨʘʚʦʯʥʠʢʠ) ʭʨʘʥʷʪʩʷ ʚ ʬʘʡ-

ʣʘʭ ʩ ʨʘʩʰʠʨʝʥʠʝʤ * .pdb ʚ  ʜʠʨʝʢʪʦʨʠʠ ʈʘʙʦʯʠʡ 

ʢʘʪʘʣʦʛ\Databases\StringPartDatabase ʠ ʝʝ ʧʦʜʢʘʪʘʣʦʛʘʭ ɼʘʥʥʳʝ ʟʘʛʨʫʞʘʶʪ-

ʩ ̫ʧʨʠ ʟʘʧʫʩʢʝ ʧʨʠʣʦʞʝʥʠʷ. 

ɼʠʨʝʢʪʦʨʠʷ StringPartDatabase ʧʦ ʫʤʦʣʯʘʥʠʶ ʩʦʜʝʨʞʠʪ ʬʘʡʣ ʆʙʫʯʘʶʱʘʷ 

ɹɼ.pdb, ʩʦʜʝʨʞʘʱʠʡ ʦʧʠʩʘʥʠʷ ʵʣʝʤʝʥʪʦʚ ʥʝʜʦʩʪʫʧʥʳʭ ʜʣʷ ʨʝʜʘʢʪʠʨʦʚʘʥʠʷ, ʠ 

ʬʘʡʣ ʇʦʣʴʟʦʚʘʪʝʣʴʩʢʘʷ ɹɼ.pdb ï ʜʦʩʪʫʧʥʳʡ ʜʣʷ ʨʝʜʘʢʪʠʨʦʚʘʥʠʷ.   

 

 

ɼʣʷ ʫʜʦʙʩʪʚʘ ʥʘʚʠʛʘʮʠʠ ʩʪʨʫʢʪʫʨʘ ʙʘʟʳ ʜʘʥʥʳʭ ʧʨʝʜʩʪʘʚʣʝʥʘ ʚ ʚʠʜʝ ʜʝʨʝ-

ʚʘ ʥʘ ʣʝʚʦʡ ʧʘʥʝʣʠ. ɺ ʜʨʝʚʝ ʦʪʦʙʨʘʞʘʶʪʩʷ ʬʘʡʣʳ ʩʧʨʘʚʦʯʥʠʢʦʚ ( ), ʠ ʠʭ 

ʩʦʜʝʨʞʠʤʦʝ: ʢʘʪʝʛʦʨʠʠ ʜʝʪʘʣʝʡ () ʠ ʜʝʪʘʣʠ ().  

  

ʉʪʨʫʢʪʫʨʘ ɹɼ: 

ü ʌʘʡʣʳ *.pdb  

ü ʂʘʪʝʛʦʨʠʠ 

ü ɼʝʪʘʣʠ 

ʀʥʩʪʨʫʤʝʥʪʳ ʨʘʙʦʪʳ 
ʩ ʙʘʟʦʡ ʜʘʥʥʳʭ 

ʊʘʙʣʠʮʘ ʨʝʜʘʢʪʦʨʘ 
ʜʝʪʘʣʠ 
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ɼʦʩʪʫʧ ʢ ʦʧʠʩʘʥʠʶ ʩʪʨʫʢʪʫʨʳ ɹɼ ʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʦʪʜʝʣʴʥʳʭ ʜʝʪʘʣʝʡ 

ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʧʨʠ ʧʦʤʦʱʠ ɻʣʘʚʥʦʝ ʤʝʥʶ ʦʢʥʘ.   

ʈʝʜʘʢʪʠʨʦʚʘʥʠʝ ʩʪʨʫʢʪʫʨʳ ɹɼ 

ʀʥʩʪʨʫʤʝʥʪʳ ʜʣʷ ʨʝʜʘʢʪʠʨʦʚʘʥʠʷ ʩʪʨʫʢʪʫʨʳ ɹɼ ʜʦʩʪʫʧʥʳ ʥʘ ʟʘʢʣʘʜʢʝ 

ɹʘʟʘ ʜʘʥʥʳʭ ʜʝʪʘʣʝʡ ʛʣʘʚʥʦʛʦ ʤʝʥʶ ʦʢʥʘ: 

 - ʜʦʙʘʚʠʪʴ ʥʦʚʳʡ ʢʘʪʘʣʦʛ; 

 - ʫʜʘʣʠʪʴ ʚʳʙʨʘʥʥʳʡ ʢʘʪʘʣʦʛ ʩʦ ʚʩʝʤ ʩʦʜʝʨʞʠʤʳʤ; 

 - ʩʦʟʜʘʪʴ ʢʦʧʠʶ ʚʳʙʨʘʥʥʦʛʦ ʢʘʪʘʣʦʛʘ ʠ ʧʦʤʝʩʪʠʪʴ ʝʝ ʨʷʜʦʤ
 1
; 

 - ʜʦʙʘʚʠʪʴ ʥʦʚʳʡ ʩʧʨʘʚʦʯʥʠʢ ʚ ʚʳʙʨʘʥʥʳʡ ʢʘʪʘʣʦʛ; 

 - ʫʜʘʣʠʪʴ ʚʳʙʨʘʥʥʳʡ ʩʧʨʘʚʦʯʥʠʢ ʩʦ ʚʩʝʤ ʩʦʜʝʨʞʠʤʳʤ; 

 - ʩʦʟʜʘʪʴ ʢʦʧʠʶ ʚʳʙʨʘʥʥʦʛʦ ʩʧʨʘʚʦʯʥʠʢʘ ʠ ʧʦʤʝʩʪʠʪʴ ʝʝ ʨʷʜʦʤ
 1
; 

 

 

 

 

 - ʜʦʙʘʚʠʪʴ ʧʦʜʢʘʪʝʛʦʨʠʶ ʚ ʚʳʙʨʘʥʥʦʡ ʢʘʪʝʛʦʨʠʠ; 

 - ʫʜʘʣʠʪʴ ʚʳʙʨʘʥʥʫʶ ʢʘʪʝʛʦʨʠʶ ʩʦ ʚʩʝʤ ʩʦʜʝʨʞʠʤʳʤ;; 

 - ʩʦʟʜʘʪʴ ʢʦʧʠʶ ʚʳʙʨʘʥʥʦʡ ʢʘʪʝʛʦʨʠʠ ʠ ʧʦʤʝʩʪʠʪʴ ʝʝ ʨʷʜʦʤ
 1
; 

 

 - ʜʦʙʘʚʠʪʴ ʥʦʚʫʶ ʜʝʪʘʣʴ; 

 - ʫʜʘʣʠʪʴ ʚʳʙʨʘʥʥʫʶ ʜʝʪʘʣʴ;  

 - ʩʦʟʜʘʪʴ ʢʦʧʠʶ ʚʳʙʨʘʥʥʦʡ ʜʝʪʘʣʠ; 

 - ʩʚʝʨʥʫʪʴ/ʨʘʟʚʝʨʥʫʪʴ ʚʝʪʚʠ ʜʝʨʝʚʘ ɹɼ; 

 - ʧʝʨʝʤʝʩʪʠʪʴ ʫʟʝʣ ʚʳʰʝ; 

 - ʧʝʨʝʤʝʩʪʠʪʴ ʫʟʝʣ ʥʠʞʝ; 

 - ʢʦʧʠʨʦʚʘʪʴ ʫʟʝʣ ʚ ʙʫʬʝʨ ʦʙʤʝʥʘ; 

 - ʚʩʪʘʚʠʪʴ ʨʘʥʝʝ ʩʢʦʧʠʨʦʚʘʥʥʳʡ ʫʟʝʣ ʩʦ ʚʩʝʤ ʩʦʜʝʨʞʠʤʳʤ; 

 - ʚʢʣʶʯʠʪʴ/ʚʳʢʣʶʯʠʪʴ ʈʝʞʠʤ ʧʦʠʩʢʘ  

 - ʠʤʧʦʨʪʠʨʦʚʘʪʴ ʜʘʥʥʳʝ ʠʟ ʬʘʡʣʘ ʩʧʨʘʚʦʯʥʠʢʘ *.pdb  ʚ ʪʝʢʫʱʫʶ ʢʘʪʝ-

ʛʦʨʠʶ; 

 - ʵʢʩʧʦʨʪʠʨʦʚʘʪʴ ʜʘʥʥʳʝ ʪʝʢʫʱʝʡ ʢʘʪʝʛʦʨʠʠ ʚ ʬʘʡʣ ʩʧʨʘʚʦʯʥʠʢʘ *.pdb. 

 

  

                                                 
1
 ɼʦʩʪʫʧʝʥ ʪʦʣʴʢʦ ʚ ʨʝʞʠʤʝ ʈʘʟʨʘʙʦʪʯʠʢʘ 
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ʈʝʞʠʤ ʧʦʠʩʢʘ 

ʇʨʠ  ʘʢʪʠʚʘʮʠʠ ʈʝʞʠʤʘ ʧʦʠʩʢʘ ʚ ʥʠʞʥʝʡ ʯʘʩʪʠ ʜʝʨʝʚʘ ʧʦʷʚʣʷʝʪʩʷ ʦʢʥʦ  

ʇʦʠʩʢ. ɼʝʨʝʚʦ ʵʣʝʤʝʥʪʦʚ ɹɼ ʦʪʦʙʨʘʞʘʝʪ ʪʦʣʴʢʦ ʜʝʪʘʣʠ, ʠʤʝʶʱʠʝ ʪʝ ʞʝ 

ʥʘʯʘʣʴʥʳʝ ʩʠʤʚʦʣʳ ʚ ʥʘʟʚʘʥʠʠ. 

 

ʈʝʜʘʢʪʠʨʦʚʘʥʠʝ ʧʘʨʘʤʝʪʨʦʚ ʜʝʪʘʣʠ  

ʇʘʨʘʤʝʪʨʳ ʚʳʙʨʘʥʥʦʡ ʜʝʪʘʣʠ ʦʪʦʙʨʘʞʘʶʪʩʷ ʥʘ ʧʨʘʚʦʡ ʧʘʥʝʣʠ; ʠʥʩʪʨʫ-

ʤʝʥʪʳ ʨʝʜʘʢʪʠʨʦʚʘʥʠʷ ʨʘʩʧʦʣʦʞʝʥʳ ʥʘ ʚʢʣʘʜʢʝ ʈʝʜʘʢʪʦʨ ʜʝʪʘʣʠ ʛʣʘʚʥʦʛʦ 

ʤʝʥʶ.  

 ʆʙʦʙʱʝʥʥʦʝ ʦʧʠʩʘʥʠʝ ʜʝʪʘʣʠ ʢʦʣʦʥʥʳ 1.2.1.1.

ɼʣʷ ʠʥʞʝʥʝʨʥʦʛʦ ʦʧʠʩʘʥʠʷ ʵʣʝʤʝʥʪʦʚ ʢʦʣʦʥʥʳ ʠʩʧʦʣʴʟʫʝʪʩʷ ʦʙʦʙʱʝʥʥʘʷ 

ʤʦʜʝʣʴ, ʧʨʠʤʝʥʷʶʱʘʷʩʷ ʜʣʷ ʚʩʝʭ ʪʠʧʦʚ ʜʝʪʘʣʝʡ ï ʦʪ ʙʫʨʠʣʴʥʳʭ ʪʨʫʙ ʜʦ ʩʠ-

ʩʪʝʤ ʫʧʨʘʚʣʝʥʠʷ ʥʘʧʨʘʚʣʝʥʠʝʤ ʧʨʦʭʦʜʢʠ ʠ ʥʘʧʦʨʥʳʭ ʜʚʠʛʘʪʝʣʝʡ. ʆʧʠʩʘʥʠʝ 

ʦʙʦʙʱʝʥʥʦʡ ʤʦʜʝʣʠ ʧʨʠʚʝʜʝʥʦ ʚ ʈʘʟʜʝʣʝ 3.2.1. 
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 ʈʝʜʘʢʪʦʨ ʦʧʠʩʘʥʠʷ ʜʝʪʘʣʠ 1.2.1.2.

ʀʥʩʪʨʫʤʝʥʪ ʈʝʜʘʢʪʦʨ ʜʝʪʘʣʠ ʧʦʟʚʦʣʷʝʪ ʩʦʟʜʘʚʘʪʴ ʤʘʪʝʤʘʪʠʯʝʩʢʠʝ ʤʦʜʝ-

ʣʠ ʨʘʟʥʦʦʙʨʘʟʥʦʛʦ ʙʫʨʠʣʴʥʦʛʦ ʠʥʩʪʨʫʤʝʥʪʘ ʚ ʨʘʤʢʘʭ ʝʜʠʥʦʛʦ ʦʧʠʩʘʥʠʷ: ʜʦ-

ʣʦʪʘ, ʙʫʨʦʚʳʝ ʪʨʫʙʳ, ʩʪʘʙʠʣʠʟʘʪʦʨʳ ʠ ʪ.ʜ.  

ɺʥʠʤʘʥʠʝ: ʉʦʟʜʘʥʠʝ ʤʦʜʝʣʝʡ ʥʘʧʦʨʥʳʭ ʜʚʠʛʘʪʝʣʝʡ, ʩʠʩʪʝʤ ʫʧʨʘʚʣʝʥʠʷ 

ʥʘʧʨʘʚʣʝʥʠʝʤ ʧʨʦʭʦʜʢʠ ʠ ʧʨʦʯʠʭ ʩʧʝʮʠʘʣʠʟʠʨʦʚʘʥʥʳʭ ʠʥʩʪʨʫ-

ʤʝʥʪʦʚ ʥʝ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʚ ʜʘʥʥʦʤ ʨʫʢʦʚʦʜʩʪʚʝ.  

 

ɺʥʠʤʘʥʠʝ! ʀʟʤʝʥʝʥʠʝ ʦʧʠʩʘʥʠʷ ʜʝʪʘʣʝʡ ʚʦʟʤʦʞʥʦ ʪʦʣʴʢʦ ʚ ʩʧʨʘʚʦʯʥʠʢʘʭ 

ʜʦʩʪʫʧʥʳʭ ʜʣʷ ʨʝʜʘʢʪʠʨʦʚʘʥʠʷ.  

  

ʈʝʜʘʢʪʦʨ ʜʝʪʘʣʠ: 

¶ ʊʘʙʣʠʮʘ ʩʝʢʮʠʡ ʜʝʪʘʣʠ 

¶ ʀʥʩʪʨʫʤʝʥʪʳ ʦʧʠʩʘʥʠʷ ʧʘʨʘʤʝʪʨʦʚ 
ʜʝʪʘʣʠ 

¶ ʉʭʝʤʘ ʜʝʪʘʣʠ (ʦʧʮʠʦʥʘʣʴʥʦ) 

¶ ʇʨʦʜʦʣʴʥʦʝ ʩʝʯʝʥʠʝ (ʦʧʮʠʦʥʘʣʴʥʦ) 

¶  
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ʀʥʪʝʨʬʝʡʩ ʈʝʜʘʢʪʦʨʘ ʜʝʪʘʣʠ  

ʀʥʪʝʨʬʝʡʩ ʚʢʣʶʯʘʝʪ ʥʝʩʢʦʣʴʢʦ ʵʣʝʤʝʥʪʦʚ: 

ü ɻʣʘʚʥʦʝ ʤʝʥʶ 

ʅʘ ʛʣʘʚʥʦʤ ʤʝʥʶ ʨʘʩʧʦʣʦʞʝʥʳ ʦʩʥʦʚʥʳʝ ʠ ʚʩʧʦʤʦʛʘʪʝʣʴʥʳʝ ʠʥʩʪʨʫʤʝʥ-

ʪ rʦʧʠʩʘʥʠʷ ʩʪʨʫʢʪʫʨʳ ʜʝʪʘʣʠ ʠ ʩʨʝʜʩʪʚ ʦʪʦʙʨʘʞʝʥʠʷ ʜʘʥʥʳʭ: 

 

 - ʜʦʙʘʚʠʪʴ ʥʦʚʫʶ ʩʝʢʮʠʶ; 

 - ʫʜʘʣʠʪʴ ʩʝʢʮʠʶ;  

 - ʩʦʟʜʘʪʴ ʢʦʧʠʶ ʩʝʢʮʠʠ; 

 - ʧʝʨʝʤʝʩʪʠʪʴ ʩʝʢʮʠʶ ʢ ʥʠʞʥʝʡ ʯʘʩʪʠ ʜʝʪʘʣʠ; 

 - ʧʝʨʝʤʝʩʪʠʪʴ ʩʝʢʮʠʶ ʢ ʚʝʨʭʥʝʡ ʯʘʩʪʠ ʜʝʪʘʣʠ; 

 - ʧʨʦʚʝʨʠʪʴ ʦʧʠʩʘʥʠʝ ʜʝʪʘʣʠ. 

 

ʇʨʦʜʦʣʴʥʦʝ ʩʝʯʝʥʠʝ ʜʝʪʘʣʠ ʦʙʥʦʚʣʷʝʪʩʷ ʠʥʪʝʨʘʢʪʠʚʥʦ, ʧʦ ʤʝʨʝ ʜʦʙʘʚʣʝ-

ʥʠʷ ʩʝʢʮʠʡ ʠ ʠʟʤʝʥʝʥʠʷ ʠʭ ʧʘʨʘʤʝʪʨʦʚ. 
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ü ʊʘʙʣʠʮʘ ʧʘʨʘʤʝʪʨʦʚ 

ʊʘʙʣʠʮʘ ʠʩʧʦʣʴʟʫʝʪʩʷ ʜʣʷ ʧʨʝʜʩʪʘʚʣʝʥʠʷ ʠ ʨʝʜʘʢʪʠʨʦʚʘʥʠʷ ʧʘʨʘʤʝʪʨʦʚ 

ʤʦʜʝʣʠ ʜʝʪʘʣʠ; ʧʦʣʷ ʜʦʩʪʫʧʥʳʝ ʜʣʷ ʨʝʜʘʢʪʠʨʦʚʘʥʠʷ ʠʤʝʶʪ ʙʝʣʳʡ ʮʚʝʪ ʬʦʥʘ.  

 

ɼʣʷ ʫʜʦʙʩʪʚʘ ʨʘʙʦʪʳ ʩ ʪʘʙʣʠʮʝʡ ʤʦʞʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʅʘʩʪʨʦʡʢʫ ʦʪʦʙʨʘ-

ʞʝʥʠʷ ʧʘʨʘʤʝʪʨʦʚ (ʢʥʦʧʢʘ  ʥʘ ʣʝʚʦʡ ʚʝʨʪʠʢʘʣʴʥʦʡ ʧʘʥʝʣʠ), ʣʠʙʦ ʢʥʦʧʢʠ 

ʙʳʩʪʨʦʛʦ ʜʦʩʪʫʧʘ ʢ ʢʘʪʝʛʦʨʠʷʤ ʧʘʨʘʤʝʪʨʦʚ ʤʦʜʝʣʠ. 

  

  

ʅʘʩʪʨʦʡʢʘ 
ʦʪʦʙʨʘʞʝʥʠʷ 
ʧʘʨʘʤʝʪʨʦʚ 

 

ʆʪʦʙʨʘʞʘʶʪʩʷ 
ʩʪʦʣʙʮʳ ʚʳʙʨʘʥ-
ʥʳʭ ʧʘʨʘʤʝʪʨʦʚ 
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ʉʧʠʩʦʢ ʧʘʨʘʤʝʪʨʦʚ 

ʇʘʨʘʤʝʪʨ 
ʈʘʟʤʝʨʥʦʩʪʴ 

ʆʧʠʩʘʥʠʝ 
ʉʀ Imp 

ʂʘʪʝʛʦʨʠʷ ʆʙʱʠʝ  -  

ɼʝʪʘʣʴ/ʩʝʢʮʠʷ   ʅʘʟʚʘʥʠʝ ʜʝʪʘʣʠ. 

ʆʧʠʩʘʥʠʝ   ʆʧʠʩʘʥʠʝ ʜʝʪʘʣʠ. 

ʂʦʣʠʯʝʩʪʚʦ 
  

ʏʠʩʣʦ ʵʢʟʝʤʧʣʷʨʦʚ ʜʝʪʘʣʠ 

ɺ ʈʝʜʘʢʪʦʨʝ ʜʝʪʘʣʝʡ ʟʥʘʯʝʥʠʝ ʚʩʝʛʜʘ ʨʘʚʥʦ 

ʝʜʠʥʠʮʝ.  

ʂʘʪʝʛʦʨʠʷ ɻʝʦʤʝʪʨʠʷ - . 

ʊʠʧ   ʊʠʧ ʩʝʢʮʠʠ: ʆʜʥʦʨʦʜʥʘʷ ʠʣʠ ʉ ʣʝʟʚʠʷʤʠ. 

OD ʤʤ ʜʶʡʤ ʉʝʢʮʠ:̫ ʥʘʨʫʞʥʳʡ ʜʠʘʤʝʪʨ ʩʝʢʮʠʠ. 

ʕʣʝʤʝʥʪ: ʤʘʢʩʠʤʘʣʴʥʳʡ ʥʘʨʫʞʥʳʡ ʜʠʘʤʝʪʨ. 

ID ʤʤ ʜʶʡʤ ʉʝʢʮʠʷ: ʚʥʫʪʨʝʥʥʠʡ ʜʠʘʤʝʪʨ ʩʝʢʮʠʠ. 

ʕʣʝʤʝʥʪ: ʤʠʥʠʤʘʣʴʥʳʡ ʚʥʫʪʨʝʥʥʠʡ ʜʠʘʤʝʪʨ. 

CD ʤʤ ʜʶʡʤ ʉʝʢʮʠʷ: ʢʦʥʪʘʢʪʥʳʡ ʜʠʘʤʝʪʨ ʩʝʢʮʠʠ. 

ʕʣʝʤʝʥʪ: ʤʘʢʩʠʤʘʣʴʥʳʡ ʢʦʥʪʘʢʪʥʳʡ ʜʠʘʤʝʪʨ. 

ɿʘʤʝʯʘʥʠʝ: ɼʣʷ ʦʜʥʦʨʦʜʥʦʡ ʩʝʢʮʠʠ ʢʦʥʪʘʢʪ-

ʥʳʡ ʜʠʘʤʝʪʨ ʨʘʚʝʥ ʥʘʨʫʞʥʦʤʫ; ʜʣʷ ʩʝʢʮʠʠ ʩ 

ʣʝʟʚʠʷʤʠ ï ʧʘʨʘʤʝʪʨ ʟʘʜʘʝʪʩʷ ʦʪʜʝʣʴʥʦ.  

ɼʣʠʥʘ ʤ ʬʫʪ ɼʣʠʥʘ ʩʝʢʮʠʠ 

ʉʤʝʱʝʥʠʝ ʤ ʬʫʪ ʈʘʩʩʪʦʷʥʠʝ ʦʪ ʥʠʞʥʝʡ ʪʦʯʢʠ ʚʥʝʰʥʝʛʦ ʵʣʝʤʝʥʪʘ 

(ʜʣʷ ʩʦʩʪʘʚʥʳʭ ʜʝʪʘʣʝʡ) ʜʦ ʥʠʞʥʝʡ ʪʦʯʢʠ ʧʝʨ-

ʚʦʛʦ ʵʣʝʤʝʥʪʘ ʜʝʪʘʣʠ (ɺʘʣʘ). 

ɿʘʤʝʯʘʥʠʝ: ʇʘʨʘʤʝʪʨ ʉʤʝʱʝʥʠʝ ʤʦʞʝʪ ʙʳʪʴ 

ʟʘʜʘʥ ʪʦʣʴʢʦ ʜʣʷ ʚʥʝʰʥʠʭ ʵʣʝʤʝʥʪʦʚ ʜʝʪʘʣʠ 

(ʜʣʷ ɺʘʣʘ ʟʥʘʯʝʥʠʝ ʧʦ ʫʤʦʣʯʘʥʠʶ ʨʘʚʥʦ ʥʫʣʶ). 
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ʂʘʪʝʛʦʨʠʷ ʀʥʝʨʮʠʷ - . 

ʄʘʪʝʨʠʘʣ   ʄʘʪʝʨʠʘʣ ʩʝʢʮʠʠ. 

ʄʘʪʝʨʠʘʣ ʤʦʞʝʪ ʙʳʪʴ ʟʘʜʘʥ ʜʣʷ ʩʝʢʮʠʠ ʠʣʠ ʜʝ-

ʪʘʣʠ ʚ ʮʝʣʦʤ. 

ɽʩʣʠ ʜʣʷ ʚʩʝʭ ʩʝʢʮʠʡ ʥʘʟʥʘʯʝʥ ʦʜʠʥʘʢʦʚʳʡ ʤʘ-

ʪʝʨʠʘʣ, ʝʛʦ ʥʘʟʚʘʥʠʝ ʦʪʦʙʨʘʞʘʝʪʩʷ ʚ ʩʪʨʦʢʝ ʜʝ-

ʪʘʣʠ.    

ɿʘʤʝʯʘʥʠʝ: ʄʘʪʝʨʠʘʣ ʚʳʙʠʨʘʝʪʩʷ ʠʟ ʩʧʨʘʚʦʯ-

ʥʠʢʘ ʤʘʪʝʨʠʘʣʦʚ; ʧʨʠ ʦʪʩʫʪʩʪʚʠʠ ʧʦʜʭʦʜʷʱʝʛʦ 

ʵʣʝʤʝʥʪʘ ɹɼ ʥʝʦʙʭʦʜʠʤʳʝ ʤʘʪʝʨʠʘʣ ʜʦʣʞʝʥ 

ʙʳʪʴ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦ ʜʦʙʘʚʣʝʥ ʚ ʙʘʟʫ ʜʘʥʥʳʭ.  

ʇʦʛ. ʤʘʩʩʘ ʢʛ /ʤ lbm/ʬʫ

ʪ 

ʇʦʛʦʥʥʘʷ ʤʘʩʩʘ ʩʝʢʮʠʠ/ʜʝʪʘʣʠ. 

ʇʦʛʦʥʥʘʷ ʤʘʩʩʘ ʩʝʢʮʠʠ ʨʘʩʩʯʠʪʳʚʘʝʪʩʷ ʘʚʪʦʤʘ-

ʪʠʯʝʩʢʠ ʧʦ ʧʣʦʪʥʦʩʪʠ ʤʘʪʝʨʠʘʣʘ ʠ ʛʝʦʤʝʪʨʠʠ 

ʧʦʧʝʨʝʯʥʦʛʦ ʩʝʯʝʥʠʷ.  

ʇʦʛʦʥʥʘʷ ʤʘʩʩ ʜʝʪʘʣʠ ʨʘʩʩʯʠʪʳʚʘʝʪʩʷ ʢʘʢ ʤʘʩʩʘ 

ʚʩʝʭ ʩʝʢʮʠʡ, ʜʝʣʝʥʥʘʷ ʥʘ ʜʣʠʥʫ ʜʝʪʘʣʠ. 

ʄʘʩʩʘ ʢʛ lbm ʄʘʩʩʘ ʩʝʢʮʠʠ/ʜʝʪʘʣʠ. 

ʄʘʩʩʘ ʩʝʢʮʠʠ ʨʘʩʩʯʠʪʳʚʘʝʪʩʷ ʘʚʪʦʤʘʪʠʯʝʩʢʠ ʧʦ 

ʧʣʦʪʥʦʩʪʠ ʤʘʪʝʨʠʘʣʘ ʠ ʛʝʦʤʝʪʨʠʠ ʩʝʢʮʠʠ.  

ʄʘʩʩʘ ʜʝʪʘʣʠ ʩʢʣʘʜʳʚʘʝʪʩʷ ʠʟ ʤʘʩʩ ʩʝʢʮʠʡ. 

ɿʘʤʝʯʘʥʠʝ: ʇʦʛʦʥʥʘʷ ʤʘʩʩʘs ʠ ʄʘʩʩʘ ʜʣʷ ʩʝʢ-

ʮʠʠ ʠʣʠ ʜʝʪʘʣʠ ʤʦʞʝʪ ʙʳʪʴ ʟʘʜʘʥʘ ʚʨʫʯʥʫʶ ʚ 

ʨʝʞʠʤʝ ʇʨʦʜʚʠʥʫʪʦʛʦ ʧʦʣʴʟʦʚʘʪʝʣʷ. ɼʣʷ ʵʪʦ-

ʛʦ ʥʝʦʙʭʦʜʠʤʦ ʚʳʙʨʘʪʴ ʩʦʦʪʚʝʪʩʪʚʫʶ ʩʪʨʦʢʫ ʚ 

ʪʘʙʣʠʮʝ ʠ ʦʪʢʣʶʯʠʪʴ ʬʣʘʞʦʢ ɸʚʪʦʨʘʩʯʝʪ ʤʘʩ-

ʩ  rʚʦ ʚʩʧʣʳʚʘʶʱʝʤ ʤʝʥʶ.  

 

ʂʘʪʝʛʦʨʠʷ ʉʚʦʜʢʘ -  

ʇʦʣʥʘʷ ʜʣʠʥʘ ʤ ʬʫʪ ʅʘʢʦʧʣʝʥʥʘʷ ʜʣʠʥʘ: 

¶ ʉʝʢʮʠ:̫ ʨʘʩʩʪʦʷʥʠʝ ʦʪ ʥʠʞʥʝʡ ʪʦʯʢʠ ʜʝʪʘ-

ʣʠ ʜʦ ʚʝʨʭʥʝʡ ʪʦʯʢʠ ʩʝʢʮʠʠ. 

¶ ʕʣʝʤʝʥʪ: ʨʘʩʩʪʦʷʥʠʝ ʦʪ ʥʠʞʥʝʡ ʪʦʯʢʠ ʜʝ-

ʪʘʣʠ ʜʦ ʚʝʨʭʥʝʡ ʪʦʯʢʠ ʵʣʝʤʝʥʪʘ. 

ʇʦʣʥʘʷ ʤʘʩʩʘ ʢʛ lbm ʅʘʢʦʧʣʝʥʥʘʷ ʤʘʩʩʘ: 

¶ ʉʝʢʮʠʷ: ʤʘʩʩʘ ʚʩʝʭ ʩʝʢʮʠʡ ʦʪ ʥʠʞʥʝʡ ʪʦʯʢʠ 

ʜʝʪʘʣʠ ʜʦ ʚʝʨʭʥʝʡ ʪʦʯʢʠ ʩʝʢʮʠʠ. 

¶ ʕʣʝʤʝʥʪ: ʤʘʩʩʘ ʚʩʝʭ ʩʝʢʮʠʡ ʵʣʝʤʝʥʪʘ. 
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ʂʘʪʝʛʦʨʠʷ ɾʝʩʪʢʦʩʪʴ -  

ʊʠʧ ʤʦʜʝʣʠ   ʊʠʧ ʤʦʜʝʣʠ ʵʣʝʤʝʥʪʘ: 

¶ ʋʧʨʫʛʘʷ ʤʦʜʝʣʴ ï ʩʝʢʮʠʠ ʵʣʝʤʝʥʪʘ ʤʦʜʝʣʠ-

ʨʫʶʪʩʷ ʫʧʨʫʛʠʤʠ ʦʜʥʦʨʦʜʥʳʤʠ ʙʘʣʢʘʤʠ;  

¶ ʊʚʝʨʜʦʝ ʪʝʣʦ ï ʵʣʝʤʝʥʪ ʤʦʜʝʣʠʨʫʝʪʩʷ ʘʙ-

ʩʦʣʶʪʥʦ ʪʚʝʨʜʳʤ ʪʝʣʦʤ; 

¶ 3D ʂʕ ʤʦʜʝʣʴ ï ʵʣʝʤʝʥʪ ʟʘʜʘʝʪʩʷ ʂʕ ʤʦʜʝ-

ʣʴʶ (ʧʦʜʛʨʫʞʘʝʤʦʡ ʠʟ ʬʘʡʣʘ *.fss), ʧʦʜʛʦ-

ʪʦʚʣʝʥʥʦʡ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʤʦʜʘʣʴʥʳʤ 

ʧʦʜʭʦʜʦʤ ʂʨʝʡʛʘ-ɹʵʤʧʪʦʥʘ [1]. 

ʇʦʛ. ʦʩʝʚʘʷ ʞʝʩʪ-

ʢʦʩʪʴ 

kʇa ksi ʇʦʛʦʥʥʘʷ ʦʩʝʚʘʷ/ʠʟʛʠʙʥʘʷ/ʢʨʫʪʠʣʴʥʘʷ ʞʝʩʪ-

ʢʦʩʪʴ ʩʝʢʮʠʠ/ʜʝʪʘʣʠ. 

ʇʘʨʘʤʝʪʨʳ ʜʣʷ ʩʝʢʮʠʠ ʚʳʯʠʩʣʷʶʪʩʷ ʘʚʪʦʤʘʪʠ-

ʯʝʩʢʠ ʧʦ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤ ʤʘʪʝʨʠʘʣʘ ʠ ʛʝʦʤʝʪ-

ʨʠʠ ʩʝʢʮʠʠ.  

ɿʥʘʯʝʥʠʝ ʜʣʷ ʜʝʪʘʣʠ ʚʳʯʠʩʣʷʝʪʩʷ ʠʟ ʞʝʩʪʢʦʩʪʠ 

ʠ ʜʣʠʥʝ ʩʝʢʮʠʡ. 

ɿʘʤʝʯʘʥʠʝ: ʇʦʛʦʥʥʘʷ ʦʩʝ-

ʚʘʷ/ʠʟʛʠʙʥʘʷ/ʢʨʫʪʠʣʴʥʘʷ ʞʝʩʪʢʦʩʪʴ ʩʝʢ-

ʮʠʠ/ʜʝʪʘʣʠ ʤʦʞʝʪ ʙʳʪʴ ʟʘʜʘʥʘ ʚʨʫʯʥʫʶ ʚ 

ʨʝʞʠʤʝ ʇʨʦʜʚʠʥʫʪʦʛʦ ʧʦʣʴʟʦʚʘʪʝʣʷ. ɼʣʷ ʵʪʦ-

ʛʦ ʥʝʦʙʭʦʜʠʤʦ ʚʳʙʨʘʪʴ ʩʦʦʪʚʝʪʩʪʚʫʶ ʩʪʨʦʢʫ ʚ 

ʪʘʙʣʠʮʝ ʠ ʦʪʢʣʶʯʠʪʴ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʡ ʬʣʘʞʦʢ 

ɸʚʪʦʨʘʩʯʝʪ é ʚʦ ʚʩʧʣʳʚʘʶʱʝʤ ʤʝʥʶ.  

 

ʇʦʛ. ʠʟʛʠʙʥʘʷ ʞʝʩʪ-

ʢʦʩʪʴ 

kʅ/m
2 
kip/ʬʫʪ

2
 

ʇʦʛ. ʢʨʫʪʠʣʴʥʘʷ 

ʞʝʩʪʢʦʩʪʴ 

kʅ/ʛʨʘ

ʜ 

kip/ 

deg 

ʂʘʪʝʛʦʨʠʷ ɹʝʟʦʧʘʩʥʦʩʪʴ -   

Maʢʩ. ʤʦʤʝʥʪ kʅ*ʤ kip*ʬʫ

ʪ 

ɿʥʘʯʝʥʠʝ ʤʘʢʩʠʤʘʣʴʥʦ ʜʦʧʫʩʪʠʤʦʛʦ ʤʦʤʝʥ-

ʪʘ/ʦʩʝʚʦʡ ʩʠʣʳ ʤʦʞʝʪ ʙʳʪʴ ʟʘʜʘʥʦ ʢʘʢ ʜʣʷ ʩʝʢ-

ʮʠʠ, ʪʘʢ ʠ ʜʣʷ ʜʝʪʘʣʠ ʚ ʮʝʣʦʤ. Maʢʩ. ʩʠʣʘ kʅ kip 
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1.2.2. ʈʝʜʘʢʪʦʨ ʪʨʘʝʢʪʦʨʠʠ ʩʢʚʘʞʠʥʳ 

ʈʝʜʘʢʪʦʨ ʪʨʘʝʢʪʦʨʠʠ ʧʦʟʚʦʣʷʝʪ ʧʦʜʛʦʪʦʚʠʪʴ ʠʣʠ ʠʟʤʝʥʠʪʴ ʦʧʠʩʘʥʠʝ ʛʝʦ-

ʤʝʪʨʠʠ ʦʩʠ ʩʢʚʘʞʠʥʳ. 

 

ʊʨʘʝʢʪʦʨʠʷ ʦʩʠ ʩʢʚʘʞʠʥʳ ʟʘʜʘʝʪʩʷ ʥʘʙʦʨʦʤ ʙʘʟʦʚʳʭ ʪʦʯʝʢ; ʠʟʚʠʣʠʩʪʦʩʪʴ  

ʦʧʠʩʳʚʘʝʪʩʷ ʜʦʧʦʣʥʠʪʝʣʴʥʦ ʠ ʥʘʢʣʘʜʳʚʘʝʪʩʷ ʥʘ ʙʘʟʦʚʳʡ ʧʨʦʬʠʣʴ. 

ʆʧʠʩʘʥʠʝ ʪʨʘʝʢʪʦʨʠʠ ʤʦʞʝʪ ʙʳʪʴ ʩʦʭʨʘʥʝʥʦ ʠʣʠ ʧʨʦʯʠʪʘʥʦ ʠʟ xml ʬʘʡʣʘ 

ʩ ʨʘʩʰʠʨʝʥʠʝʤ (Wellpath file *.wlp). ʇʦ ʫʤʦʣʯʘʥʠʶ ʬʘʡʣʳ ʦʧʠʩʘʥʠʷ ʪʨʘʝʢʪʦ-

ʨʠʠ ʭʨʘʥʷʪʩʷ ʚ ʜʠʨʝʢʪʦʨʠʠ ʈʘʙʦʯʠʡ ʢʘʪʘʣʦʛ\wellpaths\. ʇʦʜʜʝʨʞʠʚʘʝʪʩʷ ʜʦ-

ʙʘʚʣʝʥʠʝ ʪʘʙʣʠʯʥʳʭ ʜʘʥʥʳʭ, ʩʢʦʧʠʨʦʚʘʥʥʳʭ ʠʟ ʜʦʢʫʤʝʥʪʘ MS Excel. 

ʆʧʠʩʘʥʠʝ ʙʘʟʦʚʳʭ ʪʦʯʝʢ 

ʊʦʯʢʠ ʤʦʛʫʪ ʟʘʜʘʚʘʪʴ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦ ʦʪ ʧʦʚʝʨʭʥʦʩʪʠ ʢ ʟʘʙʦʶ ʚ ʩʪʨʦʢʘʭ 

ʪʘʙʣʠʮʳ, ʣʠʙʦ ʩʦʟʜʘʚʘʪʴʩʷ ʘʚʪʦʤʘʪʠʯʝʩʢʠ ʧʦ ʦʧʠʩʘʥʠʶ ʠʥʪʝʨʚʘʣʦʚ ʧʦʩʪʦʷʥ-

ʥʦʛʦ ʥʘʙʦʨʘ ʢʨʠʚʠʟʥʳ (ʦʪ ʧʦʚʝʨʭʥʦʩʪʠ, ʣʠʙʦ ʦʪ ʜʦʣʦʪʘ, ʥʘʭʦʜʷʱʝʛʦʩʷ ʥʘ ʟʘ-

ʜʘʥʥʦʡ ʛʣʫʙʠʥʝ).  

 

ʇʦʣʴʟʦʚʘʪʝʣʴ ʤʦʞʝʪ ʜʦʙʘʚʣʷʪʴ , ʫʜʘʣʷʪʴ  ʠʣʠ ʜʫʙʣʠʨʦʚʘʪʴ  ʪʦʯ-

ʢʠ, ʘ ʪʘʢʞʝ ʨʝʜʘʢʪʠʨʦʚʘʪʴ ʠʭ ʧʘʨʘʤʝʪʨʳ ʚ ʩʪʨʦʢʘʭ ʪʘʙʣʠʮʳ.  

ʊʨʘʝʢʪʦʨʠʷ ʟʘʜʘʝʪʩʷ ʧʫʪʝʤ ʨʝʜʘʢʪʠʨʦʚʘʥʠʷ ʟʥʘʯʝʥʠʡ ɼʣʠʥʳ ʩʪʚʦʣʘ, 

ʋʢʣʦʥʘ ʠ ɸʟʠʤʫʪʘ.  

 

ɿʥʘʯʝʥʠʷ ʨʘʩʩʯʠʪʳ-
ʚʘʶʪʩʷ ʘʚʪʦʤʘʪʠʯʝʩʢʠ 

ʇʦʣʷ ʚʚʦʜʘ 
ʜʘʥʥʳʭ 
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TVD, VSEC, N+/S-, E+/W- ʠ Dogleg ʧʘʨʘʤʝʪʨʳ ʨʘʩʩʯʠʪʳʚʘʶʪʩʷ ʘʚʪʦʤʘʪʠ-

ʯʝʩʢʠ, ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʤʝʪʦʜʦʤ ʥʘʠʤʝʥʴʰʝʡ ʢʨʠʚʠʟʥʳ [3].  

ʆʧʠʩʳʚʘʝʤʘʷ ʪʨʘʝʢʪʦʨʠʷ ʘʚʪʦʤʘʪʠʯʝʩʢʠ ʦʪʦʙʨʘʞʘʝʪʩʷ ʥʘ ʛʨʘʬʠʢʘʭ, ʨʘʩ-

ʧʦʣʦʞʝʥʥʳʭ ʩʧʨʘʚʘ ʦ ʪʘʙʣʠʮʳ:  

ü ɻʨʘʬʠʢʠ 

ɺʩʝ ʪʘʙʣʠʯʥʳʝ ʧʘʨʘʤʝʪʨʳ ʤʦʛʫʪ ʘʚʪʦʤʘʪʠʯʝʩʢʠ ʦʪʦʙʨʘʞʘʪʴʩʷ ʥʘ ʛʨʘʬʠ-

ʢʘʭ. ʇʦʣʴʟʦʚʘʪʝʣʴ ʤʦʞʝʪ ʜʦʙʘʚʠʪʴ ( ), ʫʜʘʣʠʪʴ( ), ʩʦʟʜʘʪʴ ʢʦʧʠʶ ʛʨʘ-

ʬʠʢʘ( ), ʠ ʥʘʩʪʨʦʠʪʴ ʧʘʨʘʤʝʪʨʳ, ʦʪʢʣʘʜʳʚʘʝʤʳʝ ʧʦ ʦʩʷʤ, ʩ ʧʦʤʦʱʴʶ 

ʚʩʧʣʳʚʘʶʱʝʛʦ ʤʝʥʶ. 

 

ʀʥʪʝʨʬʝʡʩ ʧʦʜʜʝʨʞʠʚʘʝʪ ʩʣʝʜʫʶʱʠʝ ʦʧʮʠʠ ʦʪʦʙʨʘʞʝʥʠʷ ʛʨʘʬʠʢʦʚ: 

 - ʜʦʙʘʚʠʪʴ ʪʦʯʢʫ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ (ʝʩʣʠ ʧʝʨʚʘʷ ʙʘʟʦʚʘʷ ʪʦʯʢʘ ʥʝ ʣʝʞʠʪ 

ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ, MD Í 0); 

 - ʚʳʜʝʣʠʪʴ ʙʘʟʦʚʳʝ ʪʦʯʢʠ (ʧʦʢʘʟʘʪʴ ʤʘʨʢʝʨʳ ʙʘʟʦʚʳʭ ʪʦʯʝʢ); 

 - ʧʦʢʘʟʘʪʴ ʩʛʣʘʞʝʥʥʳʝ ʛʨʘʬʠʢʠ; ʜʦʙʘʚʠʪʴ ʥʘ ʛʨʘʬʠʢʠ ʧʨʦʤʝʞʫʪʦʯʥʳʝ 

ʪʦʯʢʠ ʤʝʞʜʫ ʙʘʟʦʚʳʤʠ, ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʘʧʧʨʦʢʩʠʤʘʮʠʝʡ ʧʦ ʤʝʪʦʜʫ 

ʥʘʠʤʝʥʴʰʝʡ ʢʨʠʚʠʟʥʳ; 

 - ʘʚʪʦʤʘʪʠʯʝʩʢʠʡ ʚʳʙʦʨ ʤʘʩʰʪʘʙʘ (ʧʦʢʘʟʘʪʴ ʚʩʝ) ʜʣʷ ʛʨʘʬʠʢʦʚ; 

 - ʧʝʨʝʢʣʶʯʝʥʠʝ ʤʝʞʜʫ ʨʝʞʠʤʘʤʠ ʦʪʦʙʨʘʞʝʥʠʷ ʛʨʘʬʠʢʦʚ: ʦʜʠʥ ʛʨʘʬʠʢ 

ʥʘ ʟʘʢʣʘʜʢʝ, ʣʠʙʦ ʥʝʩʢʦʣʴʢʦ ʛʨʘʬʠʢʦʚ ʥʘ ʦʜʥʦʡ ʧʘʥʝʣʠ. 
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ɼʦʙʘʚʣʝʥʠʝ ʠʥʪʝʨʚʘʣʦʚ ʧʦʩʪʦʷʥʥʦʡ ʢʨʠʚʠʟʥʳ 

ʊʨʘʝʢʪʦʨʠʷ ʩʢʚʘʞʠʥʳ ʤʦʞʝʪ ʙʳʪʴ ʦʧʠʩʘʥʘ ʥʘʙʦʨʦʤ ʠʥʪʝʨʚʘʣʦʚ ʧʦʩʪʦʷʥ-

ʥʦʡ ʢʨʠʚʠʟʥʳ, ʟʘʜʘʥʥʳʭ ʢʘʢ ʦʪ ʧʦʚʝʨʭʥʦʩʪʠ, ʪʘʢ ʠ ʦʪ ʚʳʙʨʘʥʥʦʡ ʪʦʯʢʠ ʟʘʙʦʷ. 

 
ʀʥʩʪʨʫʤʝʥʪ ɻʝʥʝʨʘʪʦʨ ʪʨʘʝʢʪʦʨʠʠ ʧʦʟʚʦʣʷʝʪ ʩʦʟʜʘʪʴ ʩʧʠʩʦʢ ʠʥʪʝʨʚʘʣʦʚ, 

ʢʘʞʜʳʡ ʠʭ ʢʦʪʦʨʳʭ ʟʘʜʘʝʪʩʷ ʜʣʠʥʦʡ ʩʪʚʦʣʘ ʚ ʢʦʥʝʯʥʦʡ ʪʦʯʢʝ, ʩʢʦʨʦʩʪʷʤʠ 

ʠʟʤʝʥʝʥʠʷ ʟʝʥʠʪʥʦʛʦ ʫʛʣʘ ʠ ʘʟʠʤʫʪʘ ʧʦ ʜʣʠʥʝ ʠ hʘʛʦʤ ʧʦ ʜʣʠʥʝ ʩʪʚʦʣʘ ʤʝʞ-

ʜʫ ʩʦʟʜʘʚʘʝʤʳʤʠ ʪʦʯʢʘʤʠ (ʇʨʠʨʘʱʝʥʠʝ ʧʦ ʜʣʠʥʝ).  

ʇʨʠ ʟʘʜʘʥʠʠ ʠʥʪʝʨʚʘʣʦʚ ʦʪ ʫʩʪʴʷ (ʧʦʚʝʨʭʥʦʩʪʠ) ʫʢʘʟʳʚʘʝʪʩʷ ɿʝʥʠʪ ʠ 

ɸʟʠʤʫʪ ʚ ʫʩʪʴʝ, ʘ ʜʣʠʥʳ ʠʥʪʝʨʚʘʣʦʚ ʦʧʨʝʜʝʣʷʶʪʩʷ ʜʣʠʥʦʡ ʩʪʚʦʣʘ ʚ ʥʠʞʥʝʡ 

ʪʦʯʢʝ.   

 

ʇʨʠ ʟʘʜʘʥʠʠ ʠʥʪʝʨʚʘʣʦʚ ʦʪ ʟʘʙʦʷ ʫʢʘʟʳʚʘʶʪʩʷ ɼʣʠʥʘ ʩʪʚʦʣʘ, ɿʝʥʠʪ ʠ 

ɸʟʠʤʫʪ ʚ ʪʦʯʢʝ ʟʘʙʦʷ, ʜʣʠʥʳ ʠʥʪʝʨʚʘʣʦʚ ʦʧʨʝʜʝʣʷʶʪʩʷ ʜʣʠʥʦʡ ʩʪʚʦʣʘ ʚ 

ʚʝʨʭʥʝʡ ʪʦʯʢʝ.   
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ʅʘʞʤʠʪʝ ʢʥʦʧʢʫ ʉʦʟʜʘʪʴ ʪʨʘʝʢʪʦʨʠʶ ʜʣʷ ʘʚʪʦʤʘʪʠʯʝʩʢʦʛʦ ʜʦʙʘʚʣʝʥʠʷ 

ʙʘʟʦʚʳʭ ʪʦʯʝʢ ʩʦʛʣʘʩʥʦ ʦʧʠʩʘʥʠʶ. 
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ʀʩʢʨʠʚʣʝʥʠʝ ʩʪʚʦʣʘ 

ʊʨʘʝʢʪʦʨʠʷ ʩʢʚʘʞʠʥʳ ʟʘʜʘʝʪʩ ̫ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴʶ ʙʘʟʦʚʳʭ ʪʦʯʝʢ; ʧʨʠ 

ʵʪʦʤ ʚʦʟʤʦʞʝʥ ʫʯʝʪ ʠʥʪʝʨʚʘʣʦʚ ʠʟʚʠʣʠʩʪʦʩʪʠ ï ʠʥʪʝʨʚʘʣʦʚ ʛʘʨʤʦʥʠʯʝʩʢʦʡ 

ʚʘʨʠʘʮʠʠ ʟʝʥʠʪʘ ʠ ʘʟʠʤʫʪʘ ʧʦ ʜʣʠʥʝ ʩʢʚʘʞʠʥʳ (ʚʘʨʠʘʮʠʡ ʫʛʣʦʚ ʚ ʙʘʟʦʚʳʭ 

ʪʦʯʢʘʭ ʩʫʤʤʠʨʫʶʪʩʷ ʩ ʠʩʭʦʜʥʦ ʟʘʜʘʥʥʳʤʠ ʟʥʘʯʝʥʠʷʤʠ ʫʛʣʦʚ). 

ʅʘʞʤʠʪʝ ʢʥʦʧʢʫ ʀʟʚʠʣʠʩʪʦʩʪʴ ʛʦʣʦʚʥʦʛʦ ʤʝʥʶ ʜʣʷ ʫʯʝʪʘ ʠʥʪʝʨʚʘʣʦʚ ʠʟ-

ʚʠʣʠʩʪʦʩʪʠ; ʩʧʠʩʦʢ ʠʥʪʝʨʚʘʣʦʚ ʦʪʦʙʨʘʟʠʪʩʷ ʚ ʪʘʙʣʠʮʝ, ʨʘʩʧʦʣʦʞʝʥʥʦʡ ʥʠʞʝ 

ʩʧʠʩʢʘ ʙʘʟʦʚʳʭ ʪʦʯʝʢ.    

 

ʇʨʦʚʝʨʢʘ ʜʘʥʥʳʭ 

ɼʣʷ ʧʨʦʚʝʨʢʠ ʦʧʠʩʘʥʠʷ ʪʨʘʝʢʪʦʨʠʠ ʩʢʚʘʞʠʥʳ ʠʩʧʦʣʴʟʫʡʪʝ ʢʥʦʧʢʫ 

ʇʨʦʚʝʨʠʪʴ ʛʦʣʦʚʥʦʛʦ ʤʝʥʶ ʦʢʥʘ ʨʝʜʘʢʪʦʨʘ. 

ʉʦʟʜʘʥʠʝ ʦʪʯʝʪʦʚ 

ɼʣʷ ʧʨʝʜʩʪʘʚʣʝʥʠʷ ʦʧʠʩʘʥʠ ̫ʩʢʚʘʞʠʥʳ ʚ ʚʠʜʝ PDF ʜʦʢʫʤʝʥʪʘ ʚʦʩʧʦʣʴ-

ʟʫʡʪʝʩʴ ʢʥʦʧʢʦʡ  ʛʦʣʦʚʥʦʛʦ ʤʝʥʶ ʦʢʥʘ ʨʝʜʘʢʪʦʨʘ. 

 

  

  

ʆʪʦʙʨʘʞʝʥʠʝ ʠʟʚʠʣʠ-
ʩʪʦʩʪʠ ʥʘ ʛʨʘʬʠʢʘʭ: 

[ʩʝʨʳʡ-ʯʝʨʥʳʡ] ï ʙʝʟ  
ʠʟʚʠʣʠʩʪʦʩʪʠ; 

[ʢʨʘʩʥʳʡ-ʩʠʥʠʡ] ï ʩ  
ʫʯʝʪʦʤ ʟʘʜʘʥʥʦʡ  
ʠʟʚʠʣʠʩʪʦʩʪʠ. 

ʆʧʠʩʘʥʠʝ ʠʟʚʠʣʠʩʪʦʩʪʠ ʦʩʠ 
ʩʢʚʘʞʠʥʳ 
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1.2.3. ʈʝʜʘʢʪʦʨ ʢʦʥʩʪʨʫʢʮʠʠ ʩʢʚʘʞʠʥʳ 

ʈʝʜʘʢʪʦʨ ʧʦʟʚʦʣʷʝʪ ʧʦʜʛʦʪʦʚʠʪʴ ʠʣʠ ʠʟʤʝʥʠʪʴ ʦʧʠʩʘʥʠʝ ʢʦʥʩʪʨʫʢʮʠʠ 

ʩʢʚʘʞʠʥʳ. 

 

ʂʦʥʩʪʨʫʢʮʠʷ ʩʢʚʘʞʠʥʳ ʦʧʠʩʳʚʘʝʪʩʷ ʥʘʙʦʨʦʤ ʠʥʪʝʨʚʘʣʦʚ ʨʘʟʣʠʯʥʦʛʦ ʪʠʧʘ 

(ʦʙʩʘʞʝʥʥʳʡ ʠʣʠ ʦʪʢʨʳʪʳʡ ʩʪʚʦʣ), ʠʤʝʶʱʠʭ ʨʘʟʣʠʯʥʳʡ ʚʥʫʪʨʝʥʥʠʡ ʜʠʘ-

ʤʝʪʨ, ʢʦʵʬʬʠʮʠʝʥʪ ʪʨʝʥʠʷ ʩ ʙʫʨʠʣʴʥʦʡ ʢʦʣʦʥʥʦʡ, ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʧʦʨʦ-

ʜʳ/ʦʙʩʘʜʥʦʡ ʢʦʣʦʥʥʳ; ʦʧʮʠʦʥʘʣʴʥʦ ʤʦʛʫʪ  ʙʳʪʴ ʟʘʜʘʥʳ ʛʠʜʨʘʚʣʠʯʝʩʢʠʝ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʩʢʚʘʞʠʥʳ.  

ʆʧʠʩʘʥʠʝ ʢʦʥʩʪʨʫʢʮʠʠ ʤʦʞʝʪ ʙʳʪʴ ʩʦʭʨʘʥʝʥʦ ʠʣʠ ʧʨʦʯʠʪʘʥʦ ʠʟ xml ʬʘʡ-

ʣʘ ʩ ʨʘʩʰʠʨʝʥʠʝʤ (Wellbore file *.wlb). ʇʦ ʫʤʦʣʯʘʥʠʶ ʬʘʡʣʳ ʦʧʠʩʘʥʠʷ ʢʦʥ-

ʩʪʨʫʢʮʠʠ ʩʢʚʘʞʠʥʳ ʭʨʘʥʷʪʩʷ ʚ ʜʠʨʝʢʪʦʨʠʠ ʈʘʙʦʯʠʡ ʢʘʪʘʣʦʛ\wellbores\.  

ʆʧʠʩʘʥʠʝ ʢʦʥʩʪʨʫʢʮʠʠ ʩʢʚʘʞʠʥʳ 

ʇʦʣʴʟʦʚʘʪʝʣʴ ʤʦʞʝʪ ʜʦʙʘʚʣʷʪʴ , ʫʜʘʣʷʪʴ  ʠʣʠ ʜʫʙʣʠʨʦʚʘʪʴ  ʠʥ-

ʪʝʨʚʘʣʳ ʩʢʚʘʞʠʥʳ, ʘ ʪʘʢʞʝ ʨʝʜʘʢʪʠʨʦʚʘʪʴ ʠʭ ʧʘʨʘʤʝʪʨʳ ʚ ʩʪʨʦʢʘʭ ʪʘʙʣʠʮʳ.  

 

ʀʥʪʝʨʚʘʣ ʦʧʠʩʳʚʘʝʪʩʷ ɼʣʠʥʦʡ ʩʪʚʦʣʘ ʚ ʥʠʞʥʝʡ ʪʦʯʢʝ, ʪʠʧʦʤ (ʆʙʩʘʞʝʥ-

ʥʳʡ ʠʣʠ ʆʪʢʨʳʪʳʡ ʩʪʚʦʣ), ʜʠʘʤʝʪʨʦʤ ʩʢʚʘʞʠʥʳ (ʩʢʣʘʜʳʚʘʝʪʩʷ ʠʟ ʙʘʟʦʚʦʛʦ 

ɼʠʘʤʝʪʨʘ ʠ ɼʦʧʦʣʥʠʪʝʣʴʥʦʛʦ ʟʘʟʦʨʘ) ʠ ʢʦʵʬʬʠʮʠʝʥʪʦʤ ʪʨʝʥʠʷ ʚ ʢʦʥʪʘʢʪʝ ʩ 

ʙʫʨʠʣʴʥʦʡ ʢʦʣʦʥʥʦʡ. ɼʣʷ ʦʙʩʘʞʝʥʥʦʛʦ ʩʪʚʦʣʘ ʜʦʧʦʣʥʠʪʝʣʴʥʦ ʟʘʜʘʝʪʩʷ ʄʘ-

ʪʝʨʠʘʣ; ʇʦʨʦʜʘ ï ʜʣʷ ʦʪʢʨʳʪʦʛʦ ʩʪʚʦʣʘ.  

ʇʘʨʘʤʝʪʨʳ ʠʥʪʝʨʚʘʣʳ ʜʦʩʪʫʧʥʳ ʜʣʷ ʨʝʜʘʢʪʠʨʦʚʘʥʠʷ ʚ ʧʦʣʷʭ ʪʘʙʣʠʮʳ. 
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ɺʥʫʪʨʝʥʥʠʡ ʜʠʘʤʝʪʨ ʩʢʚʘʞʠʥʳ ʨʘʩʩʯʠʪʳʚʘʝʪʩʷ ʢʘʢ ʩʫʤʤʘ ʟʥʘʯʝʥʠʡ ʧʘʨʘ-

ʤʝʪʨʦʚ ɺʥʫʪʨʝʥʥʠʡ ʜʠʘʤʝʪʨ ʠ ɼʦʧʦʣʥʠʪʝʣʴʥʳʡ ʟʘʟʦʨ. ʅʘ ʫʯʘʩʪʢʘʭ ʠʟʤʝʥʝ-

ʥʠʷ ʜʠʘʤʝʪʨʘ ʧʨʠʤʝʥʷʝʪʩʷ ʣʠʥʝʡʥʦʝ ʩʛʣʘʞʠʚʘʥʠʝ (ʩʤ. ʩʭʝʤʫ).  

 

ʀʥʬʦʨʤʘʮʠʷ ʦ ʢʦʥʩʪʨʫʢʮʠʠ ʩʢʚʘʞʠʥʳ, ʟʘʜʘʚʘʝʤʘʷ ʚ ʪʘʙʣʠʮʝ, ʘʚʪʦʤʘʪʠʯʝ-

ʩʢʠ ʦʪʦʙʨʘʞʘʝʪʩʷ ʥʘ ʩʭʝʤʝ, ʨʘʩʧʦʣʦʞʝʥʥʦʡ ʩʧʨʘʚʘ. 

 

ʇʨʦʚʝʨʢʘ ʜʘʥʥʳʭ 

ɼʣʷ ʧʨʦʚʝʨʢʠ ʦʧʠʩʘʥʠʷ ʢʦʥʩʪʨʫʢʮʠʠ ʩʢʚʘʞʠʥʳ ʠʩʧʦʣʴʟʫʡʪʝ ʢʥʦʧʢʫ 

ʇʨʦʚʝʨʠʪʴ ʛʦʣʦʚʥʦʛʦ ʤʝʥʶ ʦʢʥʘ ʨʝʜʘʢʪʦʨʘ. 

 

ʇʦʚʝʨʭʥʦʩʪʴ ʆʩʴ ʩʢʚʘʞʠʥʳ 

1 ʬʫʪ 

ɼʣʠʥʘ 
ʩʪʚʦʣʘ1 

ɼʣʠʥʘ 
ʩʪʚʦʣʘ2 

ɼʣʠʥʘ 
ʩʪʚʦʣʘ3 

ɺʥ.ʜʠʘʤ.1 

ɺʥ.ʜʠʘʤ.
2
 

ɺʥ.ʜʠʘʤ.
3
 

  



UM Drillstring Analysis                                                                      ʅʘʯʠʥʘʝʤ ʨʘʙʦʪʘʪʴ      47 

ʉʦʟʜʘʥʠʝ ʦʪʯʝʪʦʚ 

ɼʣʷ ʧʨʝʜʩʪʘʚʣʝʥʠʷ ʦʧʠʩʘʥʠ ̫ʢʦʥʩʪʨʫʢʮʠʠ ʩʢʚʘʞʠʥʳ ʚ ʚʠʜʝ PDF ʜʦʢʫʤʝʥ-

ʪʘ ʚʦʩʧʦʣʴʟʫʡʪʝʩʴ ʢʥʦʧʢʦʡ  ʛʦʣʦʚʥʦʛʦ ʤʝʥʶ ʦʢʥʘ ʨʝʜʘʢʪʦʨʘ. 
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1.2.4. ʈʝʜʘʢʪʦʨ ʢʦʤʧʦʥʦʚʦʢ ʢʦʣʦʥʥʳ 

ʀʩʧʦʣʴʟʫʡʪʝ ʢʥʦʧʢʫ  ʂʦʤʧʦʥʦʚʢʘ ʢʦʣʦʥʥʳ ʜʣʷ ʩʦʟʜʘʥʠʷ/ʨʝʜʘʢʪʠʨʦʚʘʥʠʷ 

ʬʘʡʣʘ ʦʧʠʩʘʥʠʷ ʙʫʨʠʣʴʥʦʡ ʢʦʣʦʥʥʳ. 

 

ʂʦʤʧʦʥʦʚʢʘ ʢʦʣʦʥʥʳ ʦʧʠʩʳʚʘʶʪʩʷ ʩʧʠʩʢʦʤ ʦʪʜʝʣʴʥʳʭ ʜʝʪʘʣʝʡ/ʪʨʫʙ ʚ ʧʦ-

ʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ çʦʪ ʜʦʣʦʪʘ ʢ ʧʦʚʝʨʭʥʦʩʪʠè.  

ɺ ʀʥʪʝʨʬʝʡʩʝ ʠʩʧʦʣʴʟʫʝʪʩʷ ʦʧʠʩʘʥʠʝ ʙʫʨʠʣʴʥʦʡ ʢʦʣʦʥʥʳ ʢʘʢ ʢʦʤʙʠʥʘ-

ʮʠʠ ʂʅɹʂ (ʢʦʤʧʦʥʦʚʢʠ ʥʠʞʥʝʡ ʯʘʩʪʠ ʙʫʨʠʣʴʥʦʡ ʢʦʣʦʥʥʳ, ʨʘʙʦʪʘʶʱʝʡ ʚ 

ʫʩʣʦʚʠʷʭ ʩʞʘʪʠʷ) ʠ ɹʫʨʠʣʴʥʦʡ ʢʦʣʦʥʥʳ (ʚʝʨʭʥʝʡ ʯʘʩʪʠ ʢʦʣʦʥʥʳ, ʩʦʩʪʦʷʱʝʡ 

ʠʟ ʦʙʣʝʯʝʥʥʳʭ ʪʨʫʙ).  

ɼʣʷ ʦʧʠʩʘʥʠʷ ʦʙʝʠʭ ʯʘʩʪʝʡ ʢʦʣʦʥʥʳ ʠʩʧʦʣʴʟʫʝʪʩʷ ʦʜʠʥʘʢʦʚʳʡ ʠʥʪʝʨʬʝʡʩ, 

ʥʦ ʬʘʡʣʳ ɹʫʨʠʣʴʥʦʡ ʢʦʣʦʥʥʳ ʭʨʘʥʷʪʩʷ ʚ XML  ʬʘʡʣʘʭ ʩ ʨʘʩʰʠʨʝʥʠʝʤ *.drs, ʘ 

ʬʘʡʣʳ ʦʧʠʩʘʥʠʷ ʂʅɹʂ - ʚ XML  ʬʘʡʣʘʭ ʩ ʨʘʩʰʠʨʝʥʠʝʤ *.bha. ɼʣʷ ʭʨʘʥʝʥʠʷ 

ʬʘʡʣʦʚ ʧʦ ʫʤʦʣʯʘʥʠʶ ʠʩʧʦʣʴʟʫʝʪʩʷ ʢʘʪʘʣʦʛ ʈʘʙʦʯʠʡ ʢʘʪʘʣʦʛ\drillstrings.  

ʉʧʠʩʦʢ ʜʝʪʘʣʝʡ/ʵʣʝʤʝʥʪʦʚ/ʩʝʢʮʠʡ ʦʪʦʙʨʘʞʘʝʪʩʷ ʚ ʪʘʙʣʠʮʝ; ʢʥʦʧʢʠ ʇʨʦ-

ʜʦʣʴʥʦʝ ʩʝʯʝʥʠʝ ʠ ʉʭʝʤʘ ʢʦʣʦʥʥʳ ʛʣʘʚʥʦʛʦ ʤʝʥʶ ʨʝʜʘʢʪʦʨʘ ʧʦʟʚʦʣʷʶʪ ʚʠ-

ʟʫʘʣʴʥʦ ʢʦʥʪʨʦʣʠʨʦʚʘʪʴ ʢʦʤʧʦʥʦʚʢʫ ʧʨʠ ʩʦʟʜʘʥʠʠ.  

 

  

 

ʊʘʙʣʠʮʘ ʧʘʨʘʤʝʪʨʦʚ 
ʜʝʪʘʣʝʡ ʠ ʩʝʢʮʠʡ  

ʆʪʦʙʨʘʞʝʥʠʝ 
ʢʦʤʧʦʥʦʚʢʠ 
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ʀʥʪʝʨʬʝʡʩ ʧʦʜʜʝʨʞʠʚʘʝʪ ʥʝʩʢʦʣʴʢʦ ʩʧʦʩʦʙʦʚ ʦʧʠʩʘʥʠʷ ʢʦʤʧʦʥʦʚʢʠ: 

ü ɼʦʙʘʚʣʝʥʠʝ ʜʝʪʘʣʝʡ ʠʟ ʂʘʪʘʣʦʛʘ ʜʝʪʘʣʝʡ  

ʆʪʢʨʦʡʪʝ ʢʘʪʘʣʦʛ ʩ ʧʦʤʦʱʴʶ ʢʥʦʧʢʠ ʂʘʪʘʣʦʛ ʜʝʪʘʣʝʡ ʛʣʘʚʥʦʛʦ ʤʝʥʶ 

ʧʨʠʣʦʞʝʥʠʷ, ʣʠʙʦ ʩ ʧʦʤʦʱʴʶ ʢʥʦʧʢʠ ɹʘʟʘ ʜʘʥʥʳʭ ʜʝʪʘʣʝʡ ʛʣʘʚʥʦʛʦ ʤʝʥʶ 

ʦʢʥʘ ʨʝʜʘʢʪʦʨʘ.  

ʇʝʨʝʪʘʱʠʪʝ ʜʝʪʘʣʴ ʠʟ ʜʝʨʝʚʘ ʢʘʪʘʣʦʛʘ ʚ ʪʘʙʣʠʮʫ ʨʝʜʘʢʪʦʨʘ ʢʦʤʧʦʥʦʚʢʠ; 

ʜʝʪʘʣʴ ʙʫʜʝʪ ʜʦʙʘʚʣʝʥʘ ʚ ʢʦʥʝʮ ʪʘʙʣʠʮʳ (ʢ ʚʝʨʭʥʝʡ ʯʘʩʪʠ ʢʦʤʧʦʥʦʚʢʠ), ʝʝ 

ʧʘʨʘʤʝʪʨʳ ʦʪʦʙʨʘʟʷʪʩʷ ʚ ʧʦʩʣʝʜʥʠʭ ʩʪʨʦʢʘʭ ʪʘʙʣʠʮʳ. ɼʣʷ ʠʟʤʝʥʝʥʠʷ ʧʦʣʦ-

ʞʝʥʠʷ ʜʝʪʘʣʠ ʚ ʢʦʤʧʦʥʦʚʢʝ/ʪʘʙʣʠʮʝ ʚʦʩʧʦʣʴʟʫʡʪʝʩʴ ʢʥʦʧʢʘʤʠ   

ʇʝʨʝʤʝʩʪʠʪʴ ʚʳʰʝ ( ) ʠʣʠ ʇʝʨʝʤʝʩʪʠʪʴ   ʥʠʞʝ ( ). 

 

ɼʣʷ ʜʦʙʘʚʣʝʥʠʷ ʥʝʩʢʦʣʴʢʠʭ ʵʢʟʝʤʧʣʷʨʦʚ ʜʝʪʘʣʠ ʤʦʞʥʦ ʧʦʚʪʦʨʠʪʴ ʧʨʦʮʝ-

ʜʫʨʫ ʥʝʩʢʦʣʴʢʦ ʨʘʟ, ʣʠʙʦ ʫʢʘʟʘʪʴ ʥʝʦʙʭʦʜʠʤʦʝ ʯʠʩʣʦ ʵʢʟʝʤʧʣʷʨʦʚ ʚ ʧʦʣʝ 

ʂʦʣ-ʚʦ (ʢʦʣʠʯʝʩʪʚʦ) ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʡ ʩʪʨʦʢʠ ʪʘʙʣʠʮʳ.  

 

 

    

ʇʦʣʦʞʝʥʠʝ ʜʝʪʘʣʠ 
ʧʦʩʣʝ ʧʝʨʝʪʘʩʢʠʚʘ-
ʥʠʷ ʤʦʞʥʦ ʠʟʤʝʥʠʪʴ 

ɼʝʪʘʣʴ ʧʝʨʝʪʘʩʢʠ-
ʚʘʝʪʩʷ ʠʟ ʜʝʨʝʚʘ 
ɹɼ ʚ ʪʘʙʣʠʮʫ 
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ü ʉʦʟʜʘʥʠʝ ʥʦʚʳʭ ʜʝʪʘʣʝʡ 

ʇʦʣʴʟʦʚʘʪʝʣʴ ʤʦʞʝʪ ʩʦʟʜʘʚʘʪʴ ʠ ʨʝʜʘʢʪʠʨʦʚʘʪʴ ʜʝʪʘʣʠ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʚ 

ʈʝʜʘʢʪʦʨʝ ʢʦʤʧʦʥʦʚʢʠ. ɻʦʣʦʚʥʦʝ ʤʝʥʶ ʨʝʜʘʢʪʦʨʘ ʧʦʟʚʦʣʷʝʪ ʩʦʟʜʘʪʴ ʥʦʚʫʶ (

), ʫʜʘʣʠʪʴ ( ) ʠʣʠ ʜʫʙʣʠʨʦʚʘʪʴ ( ) ʚʳʙʨʘʥʥʫʶ ʜʝʪʘʣʴ. 

ʀʥʪʝʨʬʝʡʩ ʦʧʠʩʘʥʠ ̫ʜʝʪʘʣʠ ʚ ʈʝʜʘʢʪʦʨʝ ʢʦʤʧʦʥʦʚʢʠ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʠʥ-

ʪʝʨʬʝʡʩʫ, ʧʨʠʤʝʥʷʶʱʝʤʫʩʷ ʚ ʂʘʪʘʣʦʛʝ ʜʝʪʘʣʝʡ (ʩʤ. ʈʘʟʜʝʣ 1.2.1.1). ɻʦʣʦʚ-

ʥʦʝ ʤʝʥʶ ʨʝʜʘʢʪʦʨʘ ʧʦʟʚʦʣʷʝʪ ʦʧʠʩʳʚʘʪʴ ʜʝʪʘʣʠ, ʚʢʣʶʯʘʶʱʠʝ 

ʝʜʠʥʩʪʚʝʥʥʳʡ ʵʣʝʤʝʥʪ - ʚʘʣ. ɼʣʷ ʧʦʣʫʯʝʥʠʷ ʜʦʩʪʫʧʘ ʢ ʜʦʧʦʣʥʠʪʝʣʴʥʳʤ ʠʥ-

ʩʪʨʫʤʝʥʪʘʤ ʩʦʟʜʘʥʠʷ/ʨʝʜʘʢʪʠʨʦʚʘʥʠʷ ʦʧʠʩʘʥʠʷ ʜʝʪʘʣʠ ʥʝʦʙʭʦʜʠʤʦ ʚʳʙʨʘʪʴ 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʫʶ ʩʪʨʦʢʫ ʪʘʙʣʠʮʳ ʠ ʥʘʞʘʪʴ ʥʘ ʢʥʦʧʢʫ [<ʀʤʷ ʜʝʪʘʣʠ>] ʧʦ-

ʜʨʦʙʥʦʩʪʠé ʥʘ ʛʣʘʚʥʦʤ ʤʝʥʶ ʨʝʜʘʢʪʦʨʘ.  

 

ɼʣʷ ʩʦʭʨʘʥʝʥʠʝ ʠʟʤʝʥʝʥʠʡ ʚ ʦʧʠʩʘʥʠʠ ʢʦʤʧʦʥʦʚʢʠ ʥʘʞʤʠʪʝ  

ʇʨʠʥʷʪʴ , ʜʣʷ ʟʘʢʨʳʪʠʷ ʦʢʥʘ ʨʝʜʘʢʪʦʨʘ ʙʝʟ ʩʦʭʨʘʥʝʥʠʷ ʠʟʤʝʥʝʥʠʡ 

ʥʘʞʤʠʪʝ ʆʪʤʝʥʘ .  
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ʀʥʩʪʨʫʤʝʥʪʳ 

ɼʣʷ ʚʠʟʫʘʣʴʥʦʛʦ ʢʦʥʪʨʦʣʷ ʩʙʦʨʢʠ ʢʦʤʧʦʥʦʚʢʠ ʧʨʝʜʫʩʤʦʪʨʝʥʦ ʜʚʘ ʠʥ-

ʩʪʨʫʤʝʥʪʘ.  

 

ü ʇʨʦʜʦʣʴʥʦʝ ʩʝʯʝʥʠʝ ʢʦʤʧʦʥʦʚʢʠ ʦʙʥʦʚʣʷʝʪʩʷ ʠʥʪʝʨʘʢʪʠʚʥʦ, ʧʦ ʤʝʨʝ 

ʜʦʙʘʚʣʝʥʠʷ ʩʝʢʮʠʡ ʠ ʠʟʤʝʥʝʥʠʷ ʠʭ ʧʘʨʘʤʝʪʨʦʚ, ʠ ʤʦʞʝʪ ʙʳʪʴ ʠʩʧʦʣʴ-

ʟʦʚʘʥʦ ʜʣʷ ʚʳʙʦʨʘ ʜʝʪʘʣʠ ʚ ʩʧʠʩʢʝ. 

 

ʉ ʧʦʤʦʱʴʶ ʢʦʥʪʝʢʩʪʥʦʛʦ ʤʝʥʶ ʇʦʣʴʟʦʚʘʪʝʣʴ ʤʦʞʝʪ ʟʘʜʘʪʴ ʮʚʝʪ ʚr -

ʙʨʘʥʥʦʡ ʜʝʪʘʣʠ. 

ü ʉʭʝʤʘ ʢʦʣʦʥʥʳ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴ ʩʭʝʤʘʪʠʯʥʳʭ 

ʠʟʦʙʨʘʞʝʥʠʡ ʜʝʪʘʣʝʡ ʢʦʤʧʦʥʦʚʢʠ. ɼʣʷ ʦʪʦʙʨʘʞʝʥʠʷ ʥʘ ʉʭʝʤʝ ʜʣʷ ʢʘʞ-

ʜʦʡ ʜʝʪʘʣʠ ʤʦʞʥʦ ʥʘʟʥʘʯʠʪʴ ʜʚʘ ʛʨʘʬʠʯʝʩʢʠʭ ʦʙʨʘʟʘ ï ʜʣʷ ʦʜʥʦʛʦ ʠ 

ʜʣʷ ʥʝʩʢʦʣʴʢʠʭ ʵʢʟʝʤʧʣʷʨʦʚ ʜʝʪʘʣʠ. 

 

ʇʨʦʚʝʨʢʘ ʜʘʥʥʳʭ 

ɼʣʷ ʧʨʦʚʝʨʢʠ ʦʧʠʩʘʥʠʷ ʢʦʤʧʦʥʦʚʢʠ ʠʩʧʦʣʴʟʫʡʪʝ ʢʥʦʧʢʫ ʇʨʦʚʝʨʠʪʴ ʛʦ-

ʣʦʚʥʦʛʦ ʤʝʥʶ ʦʢʥʘ ʨʝʜʘʢʪʦʨʘ. 

ʉʦʟʜʘʥʠʝ ʦʪʯʝʪʦʚ 

ɼʣʷ ʧʨʝʜʩʪʘʚʣʝʥʠʷ ʦʧʠʩʘʥʠ ̫ʢʦʤʧʦʥʦʚʢʠ ʢʦʣʦʥʥʳ ʚ ʚʠʜʝ PDF ʜʦʢʫʤʝʥʪʘ 

ʚʦʩʧʦʣʴʟʫʡʪʝʩʴ ʢʥʦʧʢʦʡ   ʛʦʣʦʚʥʦʛʦ ʤʝʥʶ ʦʢʥʘ ʨʝʜʘʢʪʦʨʘ. 

 

  

  

  



UM Drillstring Analysis                                                                      ʅʘʯʠʥʘʝʤ ʨʘʙʦʪʘʪʴ      52 
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1.3. ʀʥʪʝʨʬʝʡʩ ʧʨʦʝʢʪʘ 

ʇʨʠʣʦʞʝʥʠʝ UM Drillstring Analysis ʧʨʝʜʥʘʟʥʘʯʝʥʦ ʜʣʷ ʨʝʰʝʥʠʷ ʨʘʟʣʠʯ-

ʥʳʭ ʪʠʧʦʚ ʟʘʜʘʯ, ʩʚʷʟʘʥʥʳʭ ʩ ʤʦʜʝʣʠʨʦʚʘʥʠʝʤ ʧʦʚʝʜʝʥʠʷ ʙʫʨʠʣʴʥʦʡ ʢʦʣʦʥ-

ʥ  rʚ ʩʢʚʘʞʠʥʝ, ʧʨʝʜʩʪʘʚʣʝʥʠʝʤ ʠ ʘʥʘʣʠʟʦʤ ʧʦʣʫʯʝʥʥʳʭ ʨʝʟʫʣʴʪʘʪʦʚ.  

ʉʪʨʫʢʪʫʨʘ ʧʨʦʝʢʪʘ 

ʀʥʪʝʨʬʝʡʩ ʧʨʠʣʦʞʝʥʠʷ ʧʨʝʜʧʦʣʘʛʘʝʪ ʦʨʛʘʥʠʟʘʮʠʶ ʠʩʭʦʜʥʳʭ ʜʘʥʥʳʭ, 

ʥʘʩʪʨʦʝʢ ʠ ʨʝʟʫʣʴʪʘʪʦʚ ʨʘʩʯʝʪʘ ʚ ʚʠʜʝ ʦʪʜʝʣʴʥʳʭ ʧʨʦʝʢʪʦʚ.  

ɺ ʨʘʤʢʘʭ ʧʨʠʣʦʞʝʥʠʷ ʦʜʥʦʚʨʝʤʝʥʥʦ ʤʦʞʝʪ ʙʳʪʴ ʟʘʧʫʱʝʥ ʦʜʠʥ ʠʣʠ ʥʝ-

ʩʢʦʣʴʢʦ ʧʨʦʝʢʪʦʚ, ʢʘʞʜʳʡ ʠʟ ʢʦʪʦʨʳʭ ʚʢʣʶʯʘʝʪ:   

¶ ʀʩʭʦʜʥʳʝ ʜʘʥʥʳʝ   

ʆʧʠʩʘʥʠʝ  ʦʜʥʦʡ ʠʣʠ ʥʝʩʢʦʣʴʢʠʭ ʪʨʘʝʢʪʦʨʠʡ ʩʢʚʘʞʠʥʳ, ʚʘʨʠʘʥʪʦʚ 

ʢʦʥʩʪʨʫʢʮʠʠ, ʢʦʤʧʦʥʦʚʦʢ ʥʠʞʥʝʡ ʠ ʚʝʨʭʥʝʡ ʯʘʩʪʝʡ ʙʫʨʠʣʴʥʦʡ ʢʦʣʦʥʥʳ,  

ʠʩʧʦʣʴʟʫʝʤʳʭ ʚ ʧʨʦʝʢʪʝ.  

¶ ɸʥʘʣʠʟ  

ɺ ʨʘʤʢʘʭ ʦʜʥʦʛʦ ʧʨʦʝʢʪʘ ʤʦʞʝʪ ʨʘʩʩʤʘʪʨʠʚʘʪʴʩʷ ʤʥʦʞʝʩʪʚʦ ʚʘʨʠʘʥʪʦʚ 

ʨʘʩʯʝʪʘ ï ʩʮʝʥʘʨʠʝʚ. ʂʘʞʜʳʡ ʩʮʝʥʘʨʠʡ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʦʧʨʝʜʝʣʝʥʥʦʤʫ ʧʦ-

ʣʦʞʝʥʠʶ ʢʦʣʦʥʥʳ ʚ ʩʢʚʘʞʠʥʝ, ʥʘʙʦʨʫ ʦʧʝʨʘʮʠʦʥʥʳʭ ʧʘʨʘʤʝʪʨʦʚ ʠ 

ʥʘʩʪʨʦʝʢ ʨʝʰʘʪʝʣ.̫ ʀʥʪʝʨʬʝʡʩ ʧʨʝʜʫʩʤʘʪʨʠʚʘʝʪ ʚʦʟʤʦʞʥʦʩʪʴ ʩʨʘʚʥʝʥʠʷ 

ʨʝʟʫʣʴʪʘʪʦʚ ʨʘʩʯʝʪʘ ʨʘʟʣʠʯʥʳʭ ʩʮʝʥʘʨʠʝʚ ʚ ʨʘʤʢʘʭ ʦʜʥʦʛʦ ʧʨʦʝʢʪʘ. 
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ʍʨʘʥʝʥʠʝ ʜʘʥʥʳʭ ʧʨʦʝʢʪʘ 

ɼʘʥʥʳʝ ʧʨʦʝʢʪʘ ʭʨʘʥʷʪʩʷ ʚ ʚʠʜʝ ʢʘʪʘʣʦʛʘ ʩ ʠʤʝʥʝʤ ʧʨʦʝʢʪʘ, ʠʤʝʶʱʝʛʦ 

ʩʣʝʜʫʶʱʫʶ ʩʪʨʫʢʪʫʨʫ: 

 

ʌʘʡʣʳ ʧʨʦʝʢʪʦʚ ʧʦ ʫʤʦʣʯʘʥʠʶ ʩʦʭʨʘʥʷʶʪʩʷ ʚ ʜʠʨʝʢʪʦʨʠʠ <ʈʘʙʦʯʠʡ ʢʘʪʘ-

ʣʦʛ>\projects. 

 

  

< ʇʨʦʝʢʪ >\ 

In\ 

Out\ 

  <ʇʨʦʝʢʪ>.dsaproj 

<ʀʤʷ ʩʮʝʥʘʨʠʷ N>\ 

ʇʦʜʢʘʪʘʣʦʛʠ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʪʠʧʫ 
ʘʥʘʣʠʟʘ ʠ ʦʪʜʝʣʴʥʳʤ ʩʮʝʥʘʨʠʷʤ ʚ 
ʨʘʤʢʘʭ ʧʨʦʝʢʪʘ 

ɻʦʣʦʚʥʦʡ ʬʘʡʣ ʧʨʦʝʢʪʘ ʚʢʣʶʯʘʝʪ 
ʚʩʝ ʀʩʭʦʜʥʳʝ ʜʘʥʥʳʝ ʠ ʜʘʥʥʳʝ 
ɸʥʘʣʠʟʘ 

ʌʘʡʣʳ ʨʘʩʩʯʠʪʘʥʥʳʭ ʨʝʟʫʣʴʪʘʪʦʚ  

ɺʩʧʦʤʦʛʘʪʝʣʴʥʘʷ ʠʥʬʦʨʤʘʮʠʷ 

   é 

<ʀʤʷ ʩʮʝʥʘʨʠʷ 1> 

general_operations\ 
 

tnd\ 

static 

tda 

< ʀʤʷ ʩʮʝʥʘʨʠʷ N>\ 

  Input.dat 

  *.icf, *.xv, *.par, *.umd files 

  *.eqr, *.tgr, *.frq files 

 

ʌʘʡʣ ʜʠʥʘʤʠʯʝʩʢʦʡ ʤʦʜʝʣʠ  

ʌʘʡʣʳ ʥʘʩʪʨʦʝʢ ʤʦʜʝʣʠ  

ʌʘʡʣʳ ʨʘʩʩʯʠʪʘʥʥʳʭ ʨʝʟʫʣʴʪʘʪʦʚ  
 

   é 

< ʀʤʷ ʩʮʝʥʘʨʠʷ 1> 

< ʀʤʷ ʩʮʝʥʘʨʠʷ 1> 

   é 
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1.3.1. ʉʦʟʜʘʥʠʝ ʥʦʚʦʛʦ ʧʨʦʝʢʪʘ 

ɼʣʷ ʩʦʟʜʘʥʠʷ ʥʦʚʦʛʦ ʧʨʦʝʢʪʘ ʥʘʞʤʠʪʝ ʢʥʦʧʢʫ  ʛʣʘʚʥʦʛʦ ʤʝʥʶ ʧʨʠʣʦ-

ʞʝʥʠʷ ï ʆʢʥʦ ʧʨʦʝʢʪʘ ʧʦʷʚʠʪʩʷ ʥʘ ʛʣʘʚʥʦʡ ʬʦʨʤʝ. ʇʦʜʨʦʙʥʦʝ ʦʧʠʩʘʥʠʝ 

ʩʪʨʫʢʪʫʨʳ ʆʢʥʘ ʧʨʦʝʢʪʘ ʧʨʠʚʝʜʝʥʦ ʚ ʈʘʟʜʝʣʝ 1.3.4. 
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1.3.2. ʉʦʭʨʘʥʝʥʠʝ ʧʨʦʝʢʪʘ 

ʅʦʚʡr ʧʨʦʝʢʪ ʥʝ ʩʦʭʨʘʥʷʝʪʩʷ ʘʚʪʦʤʘʪʠʯʝʩʢʠ ʧʨʠ ʩʦʟʜʘʥʠʠ. ɼʣʷ ʩʦʭʨʘʥʝ-

ʥʠʷ ʥʦʚʦʛʦ ʧʨʦʝʢʪʘ ʚʦʩʧʦʣʴʟʫʡʪʝʩʴ ʢʥʦʧʢʦʡ ʉʦʭʨʘʥʠʪʴ ʢʘʢ é   ʠ ʚ ʜʠʘ-

ʣʦʛʦʚʦʤ ʦʢʥʝ ʉʦʭʨʘʥʠʪʴ ʧʨʦʝʢʪ ʢʘʢ ʚʳʙʝʨʠʪʝ ʨʘʩʧʦʣʦʞʝʥʠʝ ʠ ʠʤʷ ʧʨʦʝʢʪʘ 

(ʠʤʷ ʛʦʣʦʚʥʦʛʦ ʢʘʪʘʣʦʛʘ ʜʣʷ ʭʨʘʥʝʥʠʷ ʜʘʥʥʳʭ ʧʨʦʝʢʪʘ). 

 

ʇʦʩʣʝ ʩʦʭʨʘʥʝʥʠʷ ʠʤʷ ʧʨʦʝʢʪʘ ʦʪʦʙʨʘʟʠʪʩʷ ʚ ʟʘʛʦʣʦʚʢʝ ʦʢʥʘ.  

ʇʨʠ ʚʥʝʩʝʥʠʠ ʠʟʤʝʥʝʥʠʡ ʚ ʦʧʠʩʘʥʠʝ ʩʦʭʨʘʥʝʥʥʦʛʦ ʧʨʦʝʢʪʘ ʢ ʠʤʝʥʠ ʜʦ-

ʙʘʚʣʷʝʪʩʷ ʧʦʩʪʬʠʢʩ " * " ʠ ʩʪʘʥʦʚʠʪʩʷ ʜʦʩʪʫʧʥʦʡ ʦʧʮʠʷ ʉʦʭʨʘʥʠʪʴ .  

Project caption 

 

ʀʤʷ ʧʨʦʝʢʪʘ 
  

ʉʦʭʨʘʥʠʪʴ ʠʣʠ  
ʉʦʭʨʘʥʠʪʴ ʢʘʢé 

ʧʨʦʝʢʪ 
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1.3.3. ɿʘʛʨʫʟʢʘ ʧʨʦʝʢʪʘ 

ɼʣʷ ʟʘʛʨʫʟʢʠ ʨʘʥʝʝ ʩʦʭʨʘʥʝʥʥʦʛʦ ʧʨʦʝʢʪʘ ʚʦʩʧʦʣʴʟʫʡʪʝʩʴ ʢʥʦʧʢʦʡ ʆʪ-

ʢʨʳʪʴ ʧʨʦʝʢʪ ʛʦʣʦʚʥʦʛʦ ʤʝʥʶ ʧʨʠʣʦʞʝʥʠʷ. 

 
ʇʨʦʛʨʘʤʤʘ ʘʚʪʦʤʘʪʠʯʝʩʢʠ ʩʢʘʥʠʨʫʝʪ < ʈʘʙʦʯʠʡ ʢʘʪʘʣʦʛ > ʧʨʠʣʦʞʝʥʠʷ ʜʣʷ 

ʧʦʠʩʢʘ ʩʦʭʨʘʥʝʥʥʳʭ ʧʨʦʝʢʪʦʚ. ʉʧʠʩʦʢ ʥʘʡʜʝʥʥʳʭ ʧʨʦʝʢʪʦʚ ʦʪʦʙʨʘʞʘʝʪʩʷ ʚ 

ʚʠʜʝ ʜʝʨʝʚʘ ʥʘ ʣʝʚʦʡ ʧʘʥʝʣʠ ʜʠʘʣʦʛʦʚʦʛʦ ʦʢʥʘ ʆʪʢʨʳʪʴ ʧʨʦʝʢʪ. ʂʨʘʪʢʘʷ 

ʠʥʬʦʨʤʘʮʠʷ ʦ ʚʳʙʨʘʥʥʦʤ ʧʨʦʝʢʪʝ ʦʪʦʙʨʘʞʘʝʪʩʷ ʥʘ ʧʨʘʚʦʡ ʧʘʥʝʣʠ. 

ʅʘʞʤʠʪʝ ʆʢ ʜʣʷ ʟʘʛʨʫʟʢʠ ʚʳʙʨʘʥʥʦʛʦ ʧʨʦʝʢʪʘ, ʠʣʠ ʆʪʤʝʥʘ ʜʣʷ ʟʘʢʨʳʪʠʷ 

ʦʢʥʘ ʜʠʘʣʦʛʘ.  

 

ʇʦʣʴʟʦʚʘʪʝʣʴ ʤʦʞʝʪ ʪʘʢʞʝ ʚʳʙʨʘʪʴ ʧʨʦʝʢʪ ʠʟ ʩʧʠʩʢʘ ʥʝʜʘʚʥʦ ʦʪʢʨʳʪʳʭ ï 

ʇʦʩʣʝʜʥʠʝ ʧʨʦʝʢʪʳ. 

 

 

ʆʪʢʨʳʪʴ ʧʨʦʝʢʪ 
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1.3.4. ʆʢʥʦ ʧʨʦʝʢʪʘ 

ʆʢʥʦ ʧʨʦʝʢʪʘ ʧʦʟʚʦʣʷʝʪ ʧʦʣʫʯʠʪʴ ʜʦʩʪʫʧ ʢ ʆʙʱʝʡ ʠʥʬʦʨʤʘʮʠʠ ʦ ʧʨʦʝʢʪʝ, 

ʀʩʭʦʜʥʳʤ ʜʘʥʥʳʤ, ʘ ʪʘʢʞʝ ʩʮʝʥʘʨʠʷʤ ʉʪʘʪʠʯʝʩʢʦʛʦ, Torque&Drag ʘʥʘʣʠʟʘ 

ʠ ɸʥʘʣʠʟʘ ʧʝʨʝʭʦʜʥʳʭ ʧʨʦʮʝʩʩʦʚ. 

 ʉʠʩʪʝʤʘ ʥʘʚʠʛʘʮʠʠ 1.3.4.1.

ɼʣʷ ʥʘʚʠʛʘʮʠʠ ʧʦ ʟʘʢʣʘʜʢʘʤ ʦʢʥʘ ʧʨʦʝʢʪʘ ʠʩʧʦʣʴʟʫʝʪʩʷ ʜʝʨʝʚʦ ʉʪʨʫʢʪʫ-

ʨʘ ʜʘʥʥʳʭ, ʨʘʩʧʦʣʦʞʝʥʥʦʝ ʥʘ ʣʝʚʦʡ ʧʘʥʝʣʠ ʦʢʥʘ.   

  

ʉʪʨʫʢʪʫʨʘ ʜʘʥʥʳʭ  
ʜʝʨʝʚʦ ʥʘʚʠʛʘʮʠʠ 

  

ʇʘʥʝʣʴ ʟʘʢʣʘʜʦʢ 
ɻʦʣʦʚʥʦʛʦ ʤʝʥʶ  

ʅʘʞʤʠʪʝ, ʯʪʦʙʳ ʩʢʨʳʪʴ 
ʜʝʨʝʚʦ ʥʘʚʠʛʘʮʠʠ 
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 ʆʙʱʘʷ ʠʥʬʦʨʤʘʮʠʷ 1.3.4.2.

ɿʘʢʣʘʜʢʘ ʆʙʱʘʷ ʠʥʬʦʨʤʘʮʠʷ ʩʦʜʝʨʞʠʪ ʦʧʠʩʘʥʠʝ ʧʨʦʝʢʪʘ ï ʠʥʬʦʨʤʘ-

ʮʠ,ʁ ʥʝ ʦʪʥʦʩʷʱʫʶʩʷ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʢ ʨʘʩʯʝʪʘʤ.  

V ʀʥʬʦʨʤʘʮʠʷ ʦ ʧʨʦʝʢʪʝ ʠ ʢʘʪʘʣʦʛʝ ʧʨʦʝʢʪʘ 

o ɼʘʪʘ ʧʦʩʣʝʜʥʝʛʦ ʠʟʤʝʥʝʥʠʷ ï ʜʘʪʘ ʩʦʟʜʘʥʠʷ ʣʠʙʦ ʧʦʩʣʝʜʥʝʛʦ ʠʟ-

ʤʝʥʝʥʠʷ/ʩʦʭʨʘʥʝʥʠʷ ʧʨʦʝʢʪʘ. 

o ɺʝʨʩʠʷ ʧʨʦʝʢʪʘ 

o ʇʦʣʥʳʡ ʧʫʪʴ ʢ ʢʘʪʘʣʦʛʫ ʧʨʦʝʢʪʘ (ʩ ʧʨʷʤʳʤ ʜʦʩʪʫʧʦʤ ʯʝʨʝʟ 

ʚʩʧʣʳʚʘʶʱʝʝ ʤʝʥʶ) 

V ʀʥʬʦʨʤʘʮʠʷ ʦ ʢʦʤʧʘʥʠʠ-ʢʣʠʝʥʪʝ ʠ ʢʦʤʧʘʥʠʠ-ʧʦʜʨʷʜʯʠʢʝ. 

ɺʥʠʤʘʥʠʝ: ɼʚʘʞʜʳ ʱʝʣʢʥʠʪʝ ʥʘ ʦʙʣʘʩʪʠ ʃʦʛʦʪʠʧ ʢʣʠʝʥʪʘ / ʧʦʜʨʷʜʯʠʢʘ  

ʜʣʷ ʟʘʛʨʫʟʢʠ ʠʟʦʙʨʘʞʝʥʠʡ ʣʦʛʦʪʠʧʦʚ. ʇʦ ʫʤʦʣʯʘʥʠʶ ʬʘʡʣʳ ʣʦ-

ʛʦʪʠʧʦʚ ʭʨʘʥʷʪʩʷ ʚ ʜʠʨʝʢʪʦʨʠʠ <ʈʘʙʦʯʠʡ ʢʘʪʘʣʦʛ>\logos\. ɼʣʷ 

ʫʜʘʣʝʥʠʷ ʣʦʛʦʪʠʧʘ ʚʦʩʧʦʣʴʟʫʡʪʝʩʴ ʦʧʮʠʝʡ ʚʩʧʣʳʚʘʶʱʝʛʦ ʤʝʥʶ. 

V ʀʥʬʦʨʤʘʮʠʷ ʦ ʩʢʚʘʞʠʥʝ 

V ʂʦʤʤʝʥʪʘʨʠʠ ʢ ʧʨʦʝʢʪʫ  
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 ʀʩʭʦʜʥʳʝ ʜʘʥʥʳʝ 1.3.4.3.

ɼʣʷ ʜʦʩʪʫʧʘ ʢ ʵʣʝʤʝʥʪʘʤ ʀʩʭʦʜʥʳʭ ʜʘʥʥʳʭ ʧʨʦʝʢʪʘ ï ʚʘʨʠʘʥʪʘʤ ʪʨʘʝʢʪʦ-

ʨʠʠ ʠ ʢʦʥʩʪʨʫʢʮʠʠ ʩʢʚʘʞʠʥ, ʢʦʤʧʦʥʦʚʦʢ ʥʠʞʥʝʡ ʠ ʚʝʨʭʥʝʡ ʯʘʩʪʝʡ ʢʦʣʦʥʥʳ ï 

ʚʦʩʧʦʣʴʟʫʡʪʝʩʴ ʜʝʨʝʚʦʤ ʉʪʨʫʢʪʫʨʘ ʜʘʥʥʳʭ.  

ʕʣʝʤʝʥʪʳ ʠʩʭʦʜʥʳʭ ʜʘʥʥʳʭ ʦʪʦʙʨʘʞʘʶʪʩʷ ʚ ʜʝʨʝʚʝ ʧʦʜ ʫʟʣʦʤ ʀʩʭʦʜʥʳʝ 

ʜʘʥʥʳʝ ʠ ʩʛʨʫʧʧʠʨʦʚʘʥʳ ʚ ʚʝʪʢʠ ʧʦ ʪʠʧʘʤ ï ʊʨʘʝʢʪʦʨʠʠ ʩʢʚʘʞʠʥ, ʂʦʥ-

ʩʪʨʫʢʮʠʠ ʩʢʚʘʞʠʥ, ʂʅɹʂ, ʂʦʤʧʦʥʦʚʢʠ ʚʝʨʭʘ ʢʦʣʦʥʥʳ.  

 

ɼʣʷ ʦʪʦʙʨʘʞʝʥʠʷ/ʨʝʜʘʢʪʠʨʦʚʘʥʠʷ ʦʧʠʩʘʥʠʷ ʵʣʝʤʝʥʪʘ ʜʘʥʥʳʭ ʚʳʙʝʨʠʪʝ 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʡ ʫʟʝʣ ʚ ʜʝʨʝʚʝ ʉʪʨʫʢʪʫʨʘ ʜʘʥʥʳʭ ʜʝʨʝʚʝ; ʠʥʩʪʨʫʤʝʥʪʳ ʨʝ-

ʜʘʢʪʠʨʦʚʘʥʠʷ ʦʧʠʩʘʥʠʷ ʦʪʦʙʨʘʟʷʪʩʷ ʥʘ ʟʘʢʣʘʜʢʝ ʀʩʭʦʜʥʳʝ ʜʘʥʥʳʝ ʛʦʣʦʚʥʦ-

ʛʦ ʤʝʥʶ ʦʢʥʘ ʧʨʦʝʢʪʘ.  

ɺʩʧʣʳʚʘʶʱʝʝ ʤʝʥʶ ʜʝʨʝʚʘ ʧʦʟʚʦʣʷʝʪ ʦʩʫʱʝʩʪʚʣʷʪʴ ʩʣʝʜʫʶʱʠʝ ʜʝʡʩʪʚʠʷ: 

 - ʜʦʙʘʚʠʪʴ ʥʦʚʳʡ ʵʣʝʤʝʥʪ ʦʧʠʩʘʥʠʷ; 

 - ʫʜʘʣʠʪʴ ʚʳʙʨʘʥʥʳʡ ʵʣʝʤʝʥʪ; 

 - ʩʦʟʜʘʪʴ ʢʦʧʠʶ ʚʳʙʨʘʥʥʦʛʦ ʵʣʝʤʝʥʪʘ; 

 - ʫʜʘʣʠʪʴ ʨʝʟʫʣʴʪʘʪʳ ʨʘʩʯʝʪʘ (ʫʜʘʣʠʪʴ ʨʝʟʫʣʴʪʘʪʳ ʚʩʝʭ ʨʘʩʯʝʪʦʚ, ʚ ʢʦ-

ʪʦʨʳʭ ʠʩʧʦʣʴʟʫʝʪʩʷ ʦʧʠʩʘʥʠʝ ʚʳʙʨʘʥʥʦʛʦ ʵʣʝʤʝʥʪʘ). 

ɺʥʠʤʘʥʠʝ: ʈʝʜʘʢʪʠʨʦʚʘʥʠʝ ʦʧʠʩʘʥʠʷ ʠ ʫʜʘʣʝʥʠʝ ʵʣʝʤʝʥʪʘ ʟʘʙʣʦʢʠʨʦʚʘʥʦ 

(ʠʢʦʥʢʘ  ʥʘ ʫʟʣʝ ʜʝʨʝʚʘ), ʝʩʣʠ ʧʨʦʝʢʪ ʩʦʜʝʨʞʠʪ ʨʝʟʫʣʴʪʘʪʳ ʨʘʩʯʝʪʘ, ʧʦʣʫ-

ʯʝʥʥʳʝ ʩ ʝʛʦ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ. 

ʆʧʠʩʘʥʠʝ ʵʣʝʤʝʥʪʘ 
ʠʩʭʦʜʥʳʭ ʜʘʥʥʳʭ  

 

ʈʝʜʘʢʪʦʨ ʦʧʠʩʘʥʠʷ 
ʨʘʩʧʦʣʦʞʝʥ ʥʘ ʧʨʘʚʦʡ 

ʧʘʥʝʣʠ 

  

ʀʥʩʪʨʫʤʝʥʪʳ 
ʦʧʠʩʘʥʠʷ  
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ʊʨʘʝʢʪʦʨʠʠ ʩʢʚʘʞʠʥ 

ʀʥʩʪʨʫʤʝʥʪʳ ʦʧʠʩʘʥʠʷ ʪʨʘʝʢʪʦʨʠʠ ʩʢʚʘʞʠʥʳ ʨʘʩʩʤʦʪʨʝʥʳ ʚ ʈʘʟʜʝʣʝ 1.2.2.  

 

ʂʦʥʩʪʨʫʢʮʠʠ ʩʢʚʘʞʠʥ 

ʀʥʩʪʨʫʤʝʥʪʳ ʦʧʠʩʘʥʠʷ ʢʦʥʩʪʨʫʢʮʠʠ ʩʢʚʘʞʠʥʳ ʨʘʩʩʤʦʪʨʝʥʳ ʚ ʈʘʟʜʝʣʝ 1.2.3.  
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ʆʧʠʩʘʥʠʝ ʢʦʤʧʦʥʦʚʦʢ ʥʠʟʘ ʙʫʨʠʣʴʥʦʡ ʢʦʣʦʥʥʳ (ʂʅɹʂ) 

ʀʥʩʪʨʫʤʝʥʪʳ ʦʧʠʩʘʥʠʷ ʢʦʤʧʦʥʦʚʢʠ ʢʦʣʦʥʥʳ ʨʘʩʩʤʦʪʨʝʥʳ ʚ ʈʘʟʜʝʣʝ 1.2.4.  

 

ʆʧʠʩʘʥʠʝ ʢʦʤʧʦʥʦʚʦʢ ʚʝʨʭʥʝʡ ʯʘʩʪʠ ʢʦʣʦʥʥʳ 

ʀʥʩʪʨʫʤʝʥʪʳ ʦʧʠʩʘʥʠʷ ʢʦʤʧʦʥʦʚʢʠ ʢʦʣʦʥʥʳ ʨʘʩʩʤʦʪʨʝʥʳ ʚ ʈʘʟʜʝʣʝ 1.2.4.  
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 ʀʥʪʝʨʬʝʡʩ ʘʥʘʣʠʟʘ 1.3.4.4.

ʇʨʦʝʢʪ ʤʦʞʝʪ ʚʢʣʶʯʘʪʴ ʧʨʦʠʟʚʦʣʴʥʦʝ ʢʦʣʠʯʝʩʪʚʦ ʩʮʝʥʘʨʠʝʚ ï ʥʘʙʦʨʦʚ 

ʠʩʭʦʜʥʳʭ ʜʘʥʥʳʭ, ʫʩʣʦʚʠʡ ʵʢʩʧʣʫʘʪʘʮʠʠ, ʥʘʩʪʨʦʝʢ ʨʝʰʘʪʝʣʷ ʠ ʨʘʩʩʯʠʪʘʥʥʳʭ 

ʨʝʟʫʣʴʪʘʪʦʚ ï ʜʣʷ ʚʩʝʭ ʪʠʧʦʚ ʘʥʘʣʠʟʘ. ʉʧʠʩʦʢ ʩʮʝʥʘʨʠʝʚ ʦʪʦʙʨʘʞʘʝʪʩʷ ʚ ʚʠʜʝ 

ʫʟʣʦʚ ʚʝʪʚʠ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʛʦ ʪʠʧʘ ʘʥʘʣʠʟʘ ʚ ʜʝʨʝʚʝ ʉʪʨʫʢʪʫʨʘ ʜʘʥʥʳʭ. 

 

ʀʥʪʝʨʬʝʡʩ ʧʨʠʣʦʞʝʥʠʷ ʧʦʟʚʦʣʷʝʪ ʟʘʜʘʪʴ ʠʩʭʦʜʥʳʝ ʜʘʥʥʳʝ ʠ ʥʘʩʪʨʦʡʢʠ 

ʨʘʩʯʝʪʘ, ʧʨʦʚʝʨʠʪʴ ʢʦʨʨʝʢʪʥʦʩʪʴ ʚʚʝʜʝʥʥʳʭ ʜʘʥʥʳʭ, ʟʘʧʫʩʪʠʪʴ ʨʘʩʯʝʪ ʠ ʚr -

ʚʝʩʪʠ ʨʝʟʫʣʴʪʘʪʳ ʢʘʢ ʜʣʷ ʦʜʥʦʛʦ, ʪʘʢ ʠ ʜʣʷ ʥʝʩʢʦʣʴʢʠʭ ʩʮʝʥʘʨʠʝʚ  

ɼʣʷ ʚʳʙʨʘʥʥʦʛʦ ʫʟʣʘ ʘʥʘʣʠʟʘ ʠʣʠ ʩʮʝʥʘʨʠʷ ʜʦʩʪʫʧʥʳʝ ʩʣʝʜʫʶʱʠʝ ʦʧʮʠʠ 

ʚʩʧʣʳʚʘʶʱʝʛʦ ʠ ʛʣʘʚʥʦʛʦ ʤʝʥʶ: 

 - ʩʦʟʜʘʪʴ ʥʦʚʳʡ ʩʮʝʥʘʨʠʡ; 

 - ʫʜʘʣʠʪʴ ʚʳʙʨʘʥʥʳʡ ʩʮʝʥʘʨʠʡ; 

 - ʩʦʟʜʘʪʴ ʢʦʧʠʶ ʚʳʙʨʘʥʥʦʛʦ ʩʮʝʥʘʨʠʷ; 

 - ʧʨʦʚʝʨʠʪʴ ʦʧʠʩʘʥʠʝ ʩʮʝʥʘʨʠʷ/ʩʮʝʥʘʨʠʝʚ; 

 - ʩʦʟʜʘʪʴ ʬʘʡʣʳ ʤʦʜʝʣʠ
1
; 

 - ʟʘʧʫʩʪʠʪʴ ʨʘʩʯʝʪ; 

 - ʫʜʘʣʠʪʴ ʨʘʩʩʯʠʪʘʥʥʳʝ ʨʝʟʫʣʴʪʘʪʳ; 

 - ʩʦʟʜʘʪʴ PDF ʦʪʯʝʪ ʜʣʷ ʩʮʝʥʘʨʠʷ/ʘʥʘʣʠʟʘ (ʩʤ. ʈʘʟʜʝʣ 1.3.4.1); 

 - ʚʳʙʨʘʪʴ ʮʚʝʪ ʛʨʘʬʠʢʘ ʜʣʷ ʩʮʝʥʘʨʠʷ. 

                                                 
1
 ʌʘʡʣʳ ʤʦʜʝʣʠ ʩʦʟʜʘʶʪʩʷ ʚ ʢʘʪʘʣʦʛʝ ʩʮʝʥʘʨʠʷ ʜʣʷ ʥʝʢʦʪʦʨʳʭ ʠʟ ʪʠʧʦʚ ʘʥʘʣʠʟʘ. 
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ʇʨʠ ʚʳʙʦʨʝ ʫʟʣʘ ʩʮʝʥʘʨʠʷ ʚ ʜʝʨʝʚʝ ʉʪʨʫʢʪʫʨʘ ʜʘʥʥʳʭ ʥʘʩʪʨʦʡʢʠ ʩʮʝʥʘ-

ʨʠʷ ʦʪʦʙʨʘʞʘʶʪʩʷ ʥʘ ʧʨʘʚʦʡ ʧʘʥʝʣʠ: 

V ʀʩʭʦʜʥʳʝ ʜʘʥʥʳʝ 

ɿʘʢʣʘʜʢʘ ʀʩʭʦʜʥʳʝ ʜʘʥʥʳʝ ʧʨʝʜʥʘʟʥʘʯʝʥʘ ʜʣʷ ʦʧʠʩʘʥʠʷ ʦʩʥʦʚʥʳʭ ʠ ʜʦ-

ʧʦʣʥʠʪʝʣʴʥʳʭ ʧʘʨʘʤʝʪʨʦʚ ʩʮʝʥʘʨʠʷ, ʚʠʟʫʘʣʠʟʘʮʠʠ ʧʦʣʦʞʝʥʠʷ ʢʦʣʦʥʥʳ ʚ 

ʩʢʚʘʞʠʥʝ, ʘ ʪʘʢʞʝ ʜʣʷ ʟʘʧʫʩʢʘ ʠ ʢʦʥʪʨʦʣʷ ʚʳʧʦʣʥʝʥʠʷ ʨʘʩʯʝʪʘ. 

ʆʩʥʦʚʥʳʝ ʧʘʨʘʤʝʪʨʳ 

ʅʘʙʦʨ ʦʩʥʦʚʥʳʭ ʧʘʨʘʤʝʪʨʦʚ ʩʮʝʥʘʨʠʷ ʦʧʠʩʳʚʘʝʪʩʷ ʥʘ ʮʝʥʪʨʘʣʴʥʦʡ ʧʘʥʝ-

ʣʠ: ʣɻʝʤʝʥʪʳ ʨʘʥʝʝ ʦʧʠʩʘʥʥʳʭ ʀʩʭʦʜʥʳʭ ʜʘʥʥʳʭ (ʪʨʘʝʢʪʦʨʠʷ ʠ ʢʦʥʩʪʨʫʢʮʠʷ 

ʩʢʚʘʞʠʥʳ, ʢʦʤʧʦʥʦʚʢʠ ʥʠʞʥʝʡ ʠ ʚʝʨʭʥʝʡ ʯʘʩʪʝʡ ʢʦʣʦʥʥʳ), ʧʦʣʦʞʝʥʠʝ ʜʦʣʦ-

ʪʘ, ʙʫʨʦʚʦʡ ʨʘʩʪʚʦʨ, ʦʧʝʨʘʮʠʦʥʥʳʝ ʧʘʨʘʤʝʪʨʳ ʠ ʥʘʩʪʨʦʡʢʠ ʨʝʰʘʪʝʣʷ. 

 

ɺʥʠʤʘʥʠʝ: ʈʝʜʘʢʪʠʨʦʚʘʥʠʝ ʧʘʨʘʤʝʪʨʦʚ ʨʘʩʩʯʠʪʘʥʥʦʛʦ ʩʮʝʥʘʨʠʷ ʟʘʙʣʦʢʠ-

ʨʦʚʘʥʦ (ʠʢʦʥʢʘ  ʥʘ ʫʟʣʝ ʜʝʨʝʚʘ). ɼʣʷ ʨʝʜʘʢʪʠʨʦʚʘʥʠʷ ʥʝʦʙʭʦʜʠʤʦ ʋʜʘʣʠʪʴ 

ʨʝʟʫʣʴʪʘʪʳ ʨʘʩʯʝʪʘ ʜʣʷ ʩʮʝʥʘʨʠʷ ʯʝʨʝʟ ʛʣʘʚʥʦʝ ʠʣʠ ʢʦʥʪʝʢʩʪʥʦʝ ʤʝʥʶ. 

ʆʪʦʙʨʘʞʝʥʠʝ ʧʦʣʦʞʝʥʠʷ ʢʦʤʧʦʥʦʚʢʠ ʚ ʩʢʚʘʞʠʥʝ 

ʅʘ ʟʘʢʣʘʜʢʝ ʇʦʣʦʞʝʥʠʝ ʚ ʩʢʚʘʞʠʥʝ ʦʪʦʙʨʘʞʘʝʪʩʷ ʨʘʩʧʦʣʦʞʝʥʠʝ ʢʦʣʦʥ-

ʥʳ ʥʘ ʛʨʘʬʠʢʝ ʟʘʚʠʩʠʤʦʩʪʠ ʛʦʨʠʟʦʥʪʘʣʴʥʦʛʦ ʩʤʝʱʝʥʠʷ ʦʪ ʛʣʫʙʠʥʳ, ʥʘ 3D 

ʩʭʝʤʝ ʪʨʘʝʢʪʦʨʠʠ ʩʢʚʘʞʠʥʝ ʠ ʩʭʝʤʝ ʢʦʥʩʪʨʫʢʮʠʠ ʩʢʚʘʞʠʥʳ (ʦʧʮʠʦʥʘʣʴʥʦ). 

  

ʆʧʠʩʘʥʠʝ ʦʩʥʦʚʥʳʭ 
ʧʘʨʘʤʝʪʨʦʚ 
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ɿʘʧʫʩʢ ʠ ʢʦʥʪʨʦʣʴ ʚʳʧʦʣʥʝʥʠʷ ʨʘʩʯʝʪʘ 

ɿʘʢʣʘʜʢʘ ʇʨʦʪʦʢʦʣ ʩʣʫʞʠʪ ʜʣʷ ʚʳʚʦʜʘ ʩʦʦʙʱʝʥʠʡ ʦʙ ʦʙʥʘʨʫʞʝʥʥʳʭ ʚ 

ʦʧʠʩʘʥʠʠ ʦʰʠʙʢʘʭ, ʟʘʧʫʩʢʘ ʠ ʢʦʥʪʨʦʣʷ ʚʳʧʦʣʥʝʥʠʷ ʨʘʩʯʝʪʦʚ.  

 

ʅʘʞʤʠʪʝ ɿʘʧʫʩʪʠʪʴ ʨʘʩʯʝʪ ʜʣʷ ʥʘʯʘʣʘ ʘʥʘʣʠʟʘ ʦʧʠʩʘʥʥʳʭ ʩʮʝʥʘʨʠʝʚ.  

ʈʘʩʯʝʪ ʦʪʜʝʣʴʥʳʭ ʩʮʝʥʘʨʠʝʚ ʚʳʧʦʣʥʷʝʪʩ ̫ʚ ʧʘʨʘʣʣʝʣʴʥʳʭ ʧʦʪʦʢʘʭ; ʧʦʣɹ-

ʟʦʚʘʪʝʣʴ ʤʦʞʝʪ ʚʳʙʨʘʪʴ ʤʘʢʩʠʤʘʣʴʥʦʝ ʯʠʩʣʦ ʧʘʨʘʣʣʝʣʴʥʳʭ ʧʦʪʦʢʦʚ ʠʩʧʦʣʴ-

ʟʫʝʤʳʭ ʧʨʠ ʘʥʘʣʠʟʝ ʩ ʧʦʤʦʱʴʶ ʧʦʣʷ ʂʦʣ-ʚʦ ʧʨʦʮʝʩʩʦʨʦʚ ʢʘʢ ʜʦ ʟʘʧʫʩʢʘ, 

ʪʘʢ ʠ ʚʦʚʨʝʤʷ ʨʘʩʯʝʪʘ.  

ɼʣʷ ʢʘʞʜʦʛʦ ʠʟ ʚʳʧʦʣʥʷʝʤʳʭ ʩʮʝʥʘʨʠʝʚ ʥʘ ʧʨʘʚʫʶ ʧʘʥʝʣʴ (ʈʘʩʯʝʪ) ʜʦ-

ʙʘʚʣʷʝʪʩʷ ʰʢʘʣʘ ʧʨʦʛʨʝʩʩʘ ʚʳʧʦʣʥʝʥʠʷ. 

ʇʦʣʴʟʦʚʘʪʝʣʴ ʤʦʞʝʪ ʆʩʪʘʥʦʚʠʪʴ ʨʘʩʯʝʪ ʧʨʠ  ʥʝʦʙʭʦʜʠʤʦʩʪʠ.  

V ʈʝʟʫʣʴʪʘʪʳ 

ɿʘʢʣʘʜʢʘ ʈʝʟʫʣʴʪʘʪʳ ʚʢʣʶʯʘʝʪ ʥʘʙʦʨ ʠʥʩʪʨʫʤʝʥʪʦʚ ʜʣʷ ʦʪʦʙʨʘʞʝʥʠʷ ʨʝ-

ʟʫʣʴʪʘʪʦʚ ʨʘʩʯʝʪʘ ʜʣʷ ʦʪʜʝʣʴʥʦʛʦ ʩʮʝʥʘʨʠʷ ʠ ʥʘʙʦʨʘ ʚʳʙʨʘʥʥʳʭ ʩʮʝʥʘʨʠʝʚ.  

  

ʇʨʦʪʦʢʦʣ ʚʳʧʦʣʥʝʥʠʷ 
ʨʘʩʯʝʪʘ 

ʐʢʘʣʳ ʧʨʦ-
ʛʨʝʩʩ ʚʳʧʦʣʥʝ-
ʥʠʷ ʨʘʩʯʝʪʦʚ 
ʜʣʷ ʦʪʜʝʣʴʥʳʭ 
ʩʮʝʥʘʨʠʝʚ 

ʐʢʘʣʘ ʦʙʱʝʛʦ ʧʨʦʛʨʝʩʩʘ ʚʳʧʦʣʥʝʥʠʷ 
ʨʘʩʯʝʪʦʚ ʜʣʷ ʩʦʟʜʘʥʥʳʭ ʩʮʝʥʘʨʠʝʚ 

ɿʘʧʫʩʢ / ʧʨʝʨʳʚʘʥʠʝ ʧʨʦʮʝʜʫʨʳ ʨʘʩʯʝʪʘ + ɺʳʙʦʨ 
ʢʦʣ-ʚʘ ʧʘʨʘʣʣʝʣʴʥʳʭ ʧʦʪʦʢʦʚ ʚʳʯʠʩʣʝʥʠʡ 
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 ʉʦʟʜʘʥʠʝ ʦʪʯʝʪʦʚ 1.3.4.1.

ʀʩʭʦʜʥʳʝ ʜʘʥʥʳʝ ʠ ʨʝʟʫʣʴʪʘʪʳ ʨʘʩʯʝʪʦʚ ʜʣʷ ʦʪʜʝʣʴʥʦʛʦ ʩʮʝʥʘʨʠʷ, ʥʘʙʦʨʘ 

ʩʮʝʥʘʨʠʝʚ ʠʣʠ ʧʨʦʝʢʪʘ ʚ ʮʝʣʦʤ ʤʦʛʫʪ ʙʳʪʴ ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ ʚʠʜʝ ʦʪʯʝʪʘ ʚ 

ʬʦʨʤʘʪʝ PDF.  

ɼʣʷ ʥʘʩʪʨʦʡʢʠ ʩʦʜʝʨʞʘʥʠʷ ʦʪʯʝʪʘ ʧʦ ʧʨʦʝʢʪʫ ʠʩʧʦʣʴʟʫʝʪʩʷ ʟʘʢʣʘʜʢʘ  

ɻʝʥʝʨʘʪʦʨ ʦʪʯʝʪʘ ʛʣʘʚʥʦʛʦ ʤʝʥʶ ʦʢʥʘ ʧʨʦʝʢʪʘ. 

 

  














































































































































































































































































































































