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ʀʅɾɽʅɽʈʅɸʗ ɻɽʆʄɽʊʈʀʗ ʀ ʂʆʄʇʔʖʊɽʈʅɸʗ ɻʈɸʌʀʂɸ 

 

ʋɼʂ 004.428 

 

ɸɺʊʆʄɸʊʀɿʀʈʆɺɸʅʅʆɽ ʇʆʉʊʈʆɽʅʀɽ ʊɺɪʈɼʆʊɽʃʔʅʓʍ 

ɼɽʊɸʃɽʁ ʉʃʆɾʅʆʁ ɻɽʆʄɽʊʈʀʀ 

 

ɻʦʩʪʝʚʘ ʊʘʪʴʷʥʘ ɸʣʝʢʩʘʥʜʨʦʚʥʘ 

ʙʘʢʘʣʘʚʨ ʢʘʬʝʜʨʳ çʂʦʥʩʪʨʫʢʪʦʨʩʢʦ-ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʝ ʦʙʝʩʧʝʯʝʥʠʝ 

ʤʘʰʠʥʦʩʪʨʦʠʪʝʣʴʥʳʭ ʧʨʦʠʟʚʦʜʩʪʚè,  

ʉʠʙʠʨʩʢʠʡ ʬʝʜʝʨʘʣʴʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ, ʛ. ʂʨʘʩʥʦʷʨʩʢ; 

ʂʫʢʩʦʚ ɽʚʛʝʥʠʡ ɽʚʛʝʥʴʝʚʠʯ 

ʙʘʢʘʣʘʚʨ ʢʘʬʝʜʨʳ çʂʦʥʩʪʨʫʢʪʦʨʩʢʦ-ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʝ ʦʙʝʩʧʝʯʝʥʠʝ 

ʤʘʰʠʥʦʩʪʨʦʠʪʝʣʴʥʳʭ ʧʨʦʠʟʚʦʜʩʪʚè,  

ʉʠʙʠʨʩʢʠʡ ʬʝʜʝʨʘʣʴʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ, ʛ. ʂʨʘʩʥʦʷʨʩʢ; 

ʄʦʨʦʟʦʚ ɼʝʥʠʩ ʀʚʘʥʦʚʠʯ  

ʤʘʛʠʩʪʨʘʥʪ ʢʘʬʝʜʨʳ çʂʦʥʩʪʨʫʢʪʦʨʩʢʦ-ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʝ ʦʙʝʩʧʝʯʝ-

ʥʠʝ ʤʘʰʠʥʦʩʪʨʦʠʪʝʣʴʥʳʭ ʧʨʦʠʟʚʦʜʩʪʚè,  

ʉʠʙʠʨʩʢʠʡ ʬʝʜʝʨʘʣʴʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ, ʛ. ʂʨʘʩʥʦʷʨʩʢ; 

 

ɹʦʣʴʰʠʥʩʪʚʦ ʧʨʝʜʩʪʘʚʣʝʥʥʳʭ ʥʘ ʨʳʥʢʝ ʩʦʚʨʝʤʝʥʥʳʭ CAD-ʩʠʩʪʝʤ 

ʦʙʣʘʜʘʶʪ ʬʫʥʢʮʠʦʥʘʣʦʤ, ʧʦʟʚʦʣʷʶʱʠʤ ʠʩʧʦʣʴʟʦʚʘʪʴ ʚʩʝ ʦʩʥʦʚʥʳʝ ʚʦʟ-

ʤʦʞʥʦʩʪʠ ʩʦʙʩʪʚʝʥʥʦʡ ʛʨʘʬʠʯʝʩʢʦʡ ʩʨʝʜʳ ʩ ʧʦʤʦʱʴʶ ʠʭ API (Application 

Programming Interfaces ï ʧʨʦʛʨʘʤʤʥʳʝ ʠʥʪʝʨʬʝʡʩʳ ʧʨʠʣʦʞʝʥʠʷ) [1][2]. 

ʅʘʧʨʠʤʝʨ, ʚ ʩʝʜʴʤʦʡ ʚʝʨʩʠʠ çʂʦʤʧʘʩ APIè [3] ʩ ʫʯʸʪʦʤ ʫʞʝ ʥʘʢʦʧʣʝʥʥʦʛʦ 

ʦʧʳʪʘ ʧʦʜʭʦʜ ʢ ʦʨʛʘʥʠʟʘʮʠʠ COM-ʦʙʲʝʢʪʦʚ ʙʳʣ ʧʦʣʥʦʩʪʴʶ ʧʝʨʝʩʤʦʪʨʝʥ, 

ʠ ʪʝʧʝʨʴ ʬʫʥʢʮʠʦʥʘʣ ʫ ʥʝʛʦ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʧʦ ʚʦʟʤʦʞʥʦʩʪʷʤ ʠ ʛʠʙʢʦʩʪʠ ʟʘ-

ʨʫʙʝʞʥʳʤ ʘʥʘʣʦʛʘʤ, ʪʘʢʠʤ ʢʘʢ Solid Works, ʨʘʙʦʪʝ ʩ ʢʦʪʦʨʳʤ ʧʦʩʚʷʱʝʥʘ 

ʵʪʘ ʩʪʘʪʴʷ. 

ʇʝʨʝʜ ʥʘʯʘʣʦʤ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʩ ʧʦʤʦʱʴʶ API ʬʫʥʢʮʠʡ Solidworks 

ʥʝʦʙʭʦʜʠʤʦ ʠʟʤʝʥʠʪʴ ʨʷʜ ʥʘʩʪʨʦʝʢ ʩʨʝʜʳ, ʢʦʪʦʨʳʝ ʙʫʜʫʯʠ ʚʳʩʪʘʚʣʝʥʥʳʤʠ 

ʧʦ ʫʤʦʣʯʘʥʠʶ ʜʝʣʘʶʪ ʘʚʪʦʤʘʪʠʟʘʮʠʶ ʵʪʦʛʦ ʧʨʦʮʝʩʩʘ ʥʝʚʦʟʤʦʞʥʳʤ. [4] 

ʂʘʢ ʪʦʣʴʢʦ ʚʩʝ ʥʝʦʙʭʦʜʠʤʳʝ ʥʘʩʪʨʦʡʢʠ ʙʫʜʫʪ ʠʟʤʝʥʝʥʳ, ʤʦʞʥʦ ʥʘʯʠ-

ʥʘʪʴ ʨʘʙʦʪʫ ʩ API-ʬʫʥʢʮʠʷʤʠ Solid Works. ʋʢʘʟʘʪʝʣʴ ʥʘ ʠʥʪʝʨʬʝʡʩ 

ISldWorks ʤʦʞʥʦ ʧʦʣʫʯʠʪʴ ʬʫʥʢʮʠʝʡ CreateOleObject, ʫʢʘʟʘʚ ʚ ʢʘʯʝʩʪʚʝ 

ʧʘʨʘʤʝʪʨʘ ʠʤʷ ʢʣʘʩʩʘ ʦʙʲʝʢʪʘ 'SldWorks.Application'. ɽʱʸ ʦʜʠʥ ʩʧʦʩʦʙ 

ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʚʳʟʦʚ ʤʝʪʦʜʘ Create ʬʘʙʨʠʢʠ ʢʣʘʩʩʘ ISldWorks: swApp 

:= CoSldWorks.Create;. ɿʜʝʩʴ ʠ ʜʘʣʝʝ ʚʩʝ ʧʨʠʤʝʨʳ ʙʫʜʫʪ ʥʘʧʠʩʘʥʳ ʥʘ ʷʟʳʢʝ 

ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʷ Delphi. 

ɺ ʣʶʙʦʤ ʩʣʫʯʘʝ, ʣʶʙʘʷ ʧʦʧʳʪʢʘ ʧʦʣʫʯʝʥʠʷ ʫʢʘʟʘʪʝʣʷ ʧʨʠ ʠʩʧʦʣʴʟʦ-

ʚʘʥʠʠ API-ʬʫʥʢʮʠʡ ʜʦʣʞʥʘ ʩʦʧʨʦʚʦʞʜʘʪʴʩʷ ʧʦʩʣʝʜʫʶʱʝʡ ʧʨʦʚʝʨʢʦʡ ʫʢʘ-

ʟʘʪʝʣʷ ʥʘ ʧʫʩʪʦʪʫ ʠ ʚ ʩʣʫʯʘʝ, ʝʩʣʠ ʫʢʘʟʘʪʝʣʴ ʜʝʡʩʪʚʠʪʝʣʴʥʦ ʥʝ ʫʢʘʟʳʚʘʝʪ ʥʘ 

ʩʫʱʝʩʪʚʫʶʱʠʡ ʦʙʲʝʢʪ, ʥʝʦʙʭʦʜʠʤʦ ʚʳʟʚʘʪʴ ʠʩʢʣʶʯʝʥʠʝ ʢʦʤʘʥʜʦʡ 

Raise Exception ʩ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʤ ʩʦʦʙʱʝʥʠʝʤ ʦʙ ʦʰʠʙʢʝ. 



5 

ʄʝʥʝʜʞʝʨ ʚʳʜʝʣʝʥʠʡ ʦʙʣʝʛʯʘʝʪ ʚʳʜʝʣʝʥʠʝ ʵʣʝʤʝʥʪʦʚ ʵʩʢʠʟʘ ʠ ʚʩʧʦ-

ʤʦʛʘʪʝʣʴʥʳʭ ʦʙʲʝʢʪʦʚ (ʛʣʘʚʥʳʝ ʦʩʠ, ʧʣʦʩʢʦʩʪʠ ʠ ʧʨ.), ʘ ʪʘʢʞʝ ʤʦʞʝʪ ʠʩ-

ʧʦʣʴʟʦʚʘʪʴʩʷ ʧʨʠ ʧʨʦʩʪʘʥʦʚʢʝ ʨʘʟʤʝʨʦʚ, ʝʩʣʠ ʫʢʘʟʘʪʝʣʠ ʥʘ ʵʣʝʤʝʥʪʳ 

ʵʩʢʠʟʘ ʙʳʣʠ ʧʦ ʢʘʢʠʤ-ʪʦ ʧʨʠʯʠʥʘʤ ʧʦʪʝʨʷʥʳ. ʇʦʣʫʯʠʪʴ ʫʢʘʟʘʪʝʣʴ ʥʘ ʥʝʛʦ 

ʤʦʞʥʦ ʤʝʪʦʜʦʤ ISelectionManager, ʚʳʟʚʘʥʥʦʛʦ ʫ ʢʣʘʩʩʘ ModelDoc2. 

ʇʦʩʢʦʣʴʢʫ ʧʨʠ ʧʘʨʘʤʝʪʨʠʯʝʩʢʦʤ ʤʦʜʝʣʠʨʦʚʘʥʠʠ ʚʩʝ ʵʣʝʤʝʥʪʳ ʵʩʢʠʟʘ, 

ʪʘʢ ʠʣʠ ʠʥʘʯʝ, ʧʨʠʚʷʟʳʚʘʶʪʩʷ ʢ ʠʩʭʦʜʥʦʡ ʪʦʯʢʝ, ʥʝʦʙʭʦʜʠʤʦ ʧʦʣʫʯʠʪʴ ʥʘ 

ʥʝʸ ʫʢʘʟʘʪʝʣʴ. ɺ ʜʘʣʴʥʝʡʰʝʤ ʦʥ ʤʦʞʝʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥ ʧʨʠ ʧʨʦʩʪʘʥʦʚʢʝ 

ʨʘʟʤʝʨʦʚ ʠ ʚʟʘʠʤʦʩʚʷʟʝʡ. 

ʂʦʜ ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʫʢʘʟʘʪʝʣʷ ʥʘ ʠʩʭʦʜʥʫʶ ʪʦʯʢʫ ʵʩʢʠʟʘ ʙʫʜʝʪ ʚʳʛʣʷ-

ʜʝʪʴ ʩʣʝʜʫʶʱʠʤ ʦʙʨʘʟʦʤ: 

if  not ModelDoc2.SelectByID(' ', 'EXTSKETCHPOINT', 0, 0, 0) then 

 Raise EOleError.Create('ʅʝ ʚʳʜʝʣʝʥʘ ʠʩʭʦʜʥʘʷ ʪʦʯʢʘ! '); 

CenterPoint := SelMgr.IGetSelectedObject(1) as ISketchPoint; 

if  CenterPoint = nil  then 

 Raise EOleError.Create('ʅʝ ʧʦʣʫʯʝʥ ʫʢʘʟʘʪʝʣʴ ʥʘ ʠʩʭʦʜʥʫʶ ʪʦʯʢʫ ʵʩ-

ʢʠʟʘ'); 

ʇʨʝʞʜʝ ʯʝʤ ʥʘʯʘʪʴ ʧʦʩʪʨʦʝʥʠʝ, ʥʝʦʙʭʦʜʠʤʦ ʚʩʪʘʚʠʪʴ ʵʩʢʠʟ ʚ ʦʜʥʫ ʠʟ 

ʛʣʘʚʥʳʭ ʧʣʦʩʢʦʩʪʝʡ, ʜʣʷ ʯʝʛʦ ʧʦʪʨʝʙʫʝʪʩʷ ʧʦʣʫʯʠʪʴ ʫʢʘʟʘʪʝʣʴ ʥʘ ʢʘʞʜʫʶ 

ʠʟ ʥʠʭ (ʧʣʦʩʢʦʩʪʠ çʉʧʝʨʝʜʠè, çʉʣʝʚʘè ʠ çʉʚʝʨʭʫè). ɺ ʦʙʱʠʭ ʯʝʨʪʘʭ ʘʣʛʦ-

ʨʠʪʤ ʨʘʙʦʪʳ ʬʫʥʢʮʠʠ ʧʦʠʩʢʘ ʧʣʦʩʢʦʩʪʝʡ ʩʣʝʜʫʶʱʠʡ ï ʚ ʮʠʢʣʝ ʧʨʦʚʝʨʷʝʪ-

ʩʷ ʢʘʞʜʳʡ ʵʣʝʤʝʥʪ çɼʝʨʝʚʘ ʢʦʥʩʪʨʫʠʨʦʚʘʥʠʷè, ʚ ʩʣʫʯʘʝ, ʝʩʣʠ ʥʘʡʜʝʥʥʳʡ 

ʵʣʝʤʝʥʪ ʠʤʝʝʪ ʪʠʧ RefPlane, ʪʦ ʧʦ ʥʘʧʨʘʚʣʝʥʠʶ ʥʦʨʤʘʣʠ ʦʧʨʝʜʝʣʷʝʪʩʷ, ʯʪʦ 

ʵʪʦ ʟʘ ʧʣʦʩʢʦʩʪʴ ʠ ʧʦʣʫʯʝʥʥʳʡ ʫʢʘʟʘʪʝʣʴ ʧʝʨʝʜʘʸʪʩʷ ʦʜʥʦʡ ʠʟ ʛʣʦʙʘʣʴʥʳʭ 

ʧʝʨʝʤʝʥʥʳʭ. ɺ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʪʨʝʙʦʚʘʥʠʡ ʢ ʧʨʦʛʨʘʤʤʝ ʤʦʞʥʦ ʦʙʦʡʪʠʩʴ 

ʙʝʟ ʛʣʦʙʘʣʴʥʳʭ ʧʝʨʝʤʝʥʥʳʭ, ʝʩʣʠ ʠʟʤʝʥʠʪʴ ʬʦʨʤʘʣʴʥʳʝ ʧʘʨʘʤʝʪʨʳ ʬʫʥʢ-

ʮʠʠ, ʚʳʚʝʜʷ ʫʢʘʟʘʪʝʣʠ ʥʘ ʧʣʦʩʢʦʩʪʠ ʚ ʚʠʜʝ ʚʳʭʦʜʥʦʛʦ ʧʦʪʦʢʘ ʧʦʜʧʨʦʛʨʘʤ-

ʤʳ. 

ʇʦʩʢʦʣʴʢʫ ʘʣʛʦʨʠʪʤ ʨʘʙʦʪʳ ʬʫʥʢʮʠʠ ʧʨʝʜʧʦʣʘʛʘʝʪ ʧʝʨʝʙʦʨ ʵʣʝʤʝʥ-

ʪʦʚ çɼʝʨʝʚʘ ʢʦʥʩʪʨʫʠʨʦʚʘʥʠʷè, ʪʦ ʚʘʞʥʦ, ʯʪʦʙʳ ʢʨʦʤʝ ʛʣʘʚʥʳʭ ʧʣʦʩʢʦ-

ʩʪʝʡ ʚ ʵʪʦʤ ʜʝʨʝʚʝ ʥʝ ʧʨʠʩʫʪʩʪʚʦʚʘʣʠ ʚʩʧʦʤʦʛʘʪʝʣʴʥʳʝ ʧʣʦʩʢʦʩʪʠ, 

ʩʦʟʜʘʥʥʳʝ ʧʦʣʴʟʦʚʘʪʝʣʝʤ. ʇʦʩʢʦʣʴʢʫ ʘʣʛʦʨʠʪʤ ʠʱʝʪ ʪʨʠ ʧʣʦʩʢʦʩʪʠ ʙʝʟ 

ʫʯʸʪʘ ʠʭ ʤʝʩʪʦʧʦʣʦʞʝʥʠʷ ʠ ʫʯʠʪʳʚʘʷ ʣʠʰʴ ʥʘʧʨʘʚʣʝʥʠʝ ʥʦʨʤʘʣʠ, ʚʦʟʤʦʞ-

ʥʳ ʩʠʪʫʘʮʠʠ ʩ ʦʰʠʙʦʯʥʳʤ ʚʳʙʦʨʦʤ. ʏʪʦʙʳ ʥʝ ʩʪʦʣʢʥʫʪʴʩʷ ʩ ʧʦʜʦʙʥʳʤʠ 

ʧʨʦʙʣʝʤʘʤʠ, ʚʳʟʳʚʘʪʴ ʬʫʥʢʮʠʶ FindPlanes ʩʣʝʜʫʝʪ ʚ ʩʘʤʦʤ ʥʘʯʘʣʝ ʨʘʙʦ-

ʪʳ ʘʣʛʦʨʠʪʤʘ. 

ʀʟʥʘʯʘʣʴʥʦ ʜʣʷ ʧʦʩʪʨʦʝʥʠʷ ʩʧʣʘʡʥʦʚ ʩ ʧʦʤʦʱʴʶ API Solid Works 

ʥʝʦʙʭʦʜʠʤʦ ʧʦʜʛʦʪʦʚʠʪʴ ʤʘʩʩʠʚ ʢʦʦʨʜʠʥʘʪ ʪʦʯʝʢ ʩʧʣʘʡʥʘ ʠ ʪʦʣʴʢʦ ʧʦʩʣʝ 

ʵʪʦʛʦ ʤʦʞʥʦ ʧʨʠʩʪʫʧʘʪʴ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʢ ʧʦʩʪʨʦʝʥʠʶ. ʇʝʨʝʤʝʥʥʘʷ, ʢʦ-

ʪʦʨʘʷ ʙʫʜʝʪ ʭʨʘʥʠʪʴ ʢʦʦʨʜʠʥʘʪʳ ʪʦʯʝʢ ʜʦʣʞʥʘ ʙʳʪʴ ʦʙʲʷʚʣʝʥʘ ʢʘʢ ʜʠʥʘ-

ʤʠʯʝʩʢʠʡ ʤʘʩʩʠʚ ʯʠʩʝʣ ʚʝʱʝʩʪʚʝʥʥʦʛʦ ʪʠʧʘ. ɽʩʣʠ ʤʘʩʩʠʚ ʥʝ ʙʫʜʝʪ 

ʫʜʦʚʣʝʪʚʦʨʷʪʴ ʚʳʰʝʧʝʨʝʯʠʩʣʝʥʥʳʤ ʪʨʝʙʦʚʘʥʠʷʤ, Solid Works ʧʨʝʢʨʘʪʠʪ 

ʚʳʧʦʣʥʝʥʠʝ ʦʧʝʨʘʮʠʠ ʧʦʩʪʨʦʝʥʠʷ ʩ ʚʳʚʦʜʦʤ ʦʰʠʙʢʠ. ɿʥʘʯʝʥʠʷ ʢʦʦʨʜʠʥʘʪ 

ʪʦʯʝʢ ʜʦʣʞʥʳ ʙʳʪʴ ʟʘʥʝʩʝʥʳ ʚ ʤʘʩʩʠʚ ʚ ʩʣʝʜʫʶʱʝʤ ʧʦʨʷʜʢʝ: ʢʦʦʨʜʠʥʘʪʘ 
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ʍ ʧʝʨʚʦʡ ʪʦʯʢʠ ʩʧʣʘʡʥʘ, ʢʦʦʨʜʠʥʘʪʘ Y ʧʝʨʚʦʡ ʪʦʯʢʠ ʩʧʣʘʡʥʘ, ʢʦʦʨʜʠʥʘʪʘ 

Z ʧʝʨʚʦʡ ʪʦʯʢʠ (ʜʣʷ ʜʚʫʭʤʝʨʥʳʭ ʵʩʢʠʟʦʚ ʚʩʝʛʜʘ ʨʘʚʥʘ 0), ʢʦʦʨʜʠʥʘʪʘ ʍ 

ʚʪʦʨʦʡ ʪʦʯʢʠ ʠ ʪ.ʜ. 

ʉʪʨʦʠʪʩʷ ʩʧʣʘʡʥ ʢʦʤʘʥʜʦʡ CreateSpline, ʛʜʝ ʚ ʢʘʯʝʩʪʚʝ ʧʘʨʘʤʝʪʨʘ ʧʝ-

ʨʝʜʘʝʪʩʷ ʤʘʩʩʠʚ ʢʦʦʨʜʠʥʘʪ ʪʦʯʝʢ, ʩʪʨʫʢʪʫʨʠʨʦʚʘʥʥʳʡ ʚʳʰʝʦʧʠʩʘʥʥʳʤ 

ʩʧʦʩʦʙʦʤ. ɽʩʣʠ ʪʨʝʙʫʝʪʩʷ ʫʩʪʘʥʦʚʠʪʴ ʥʘ ʵʩʢʠʟʝ ʝʱʸ ʠ ʩʘʤʠ ʪʦʯʢʠ ʩʧʣʘʡʥʘ, 

ʥʘʧʨʠʤʝʨ, ʜʣʷ ʢʦʥʪʨʦʣʷ ʪʦʯʥʦʩʪʠ, ʪʦ ʩʜʝʣʘʪʴ ʵʪʦ ʫʜʦʙʥʝʝ ʚʩʝʛʦ ʚʦʩʧʦʣʴʟʦ-

ʚʘʚʰʠʩʴ ʬʫʥʢʮʠʝʡ ICreatePoint2(X,Y,Z). 

ʆʩʥʦʚʥʦʡ ʧʨʦʙʣʝʤʦʡ, ʚʦʟʥʠʢʘʶʱʝʡ ʧʨʠ ʧʦʩʪʨʦʝʥʠʠ ʩʣʦʞʥʳʭ ʧʨʦʬʠ-

ʣʝʡ ʚ ʚʠʜʝ ʩʧʣʘʡʥʦʚ ʠ ʜʫʛ, ʷʚʣʷʝʪʩʷ ʩʦʧʨʷʞʝʥʠʝ ʠʭ ʩ ʜʨʫʛʠʤʠ ʵʣʝʤʝʥʪʘʤʠ 

ʵʩʢʠʟʘ, ʩʢʘʞʝʤ, ʚ ʟʫʙʯʘʪʳʭ ʢʦʣʝʩʘʭ ʪʘʢʠʝ ʩʣʦʞʥʦʩʪʠ ʚʦʟʥʠʢʥʫʪ ʧʨʠ ʧʨʦ-

ʬʠʣʠʨʦʚʘʥʠʠ ʟʫʙʴʝʚ. ʇʨʦʩʪʝʡʰʠʤ ʚʘʨʠʘʥʪʦʤ ʧʦʩʪʨʦʝʥʠʷ ʷʚʣʷʝʪʩʷ ʨʠʩʦʚʘ-

ʥʠʝ ʧʦʣʥʦʡ ʦʢʨʫʞʥʦʩʪʠ ʠ ʩʧʣʘʡʥʦʚ-ʟʫʙʴʝʚ ʜʣʷ ʧʦʩʣʝʜʫʶʱʝʡ ʦʙʨʝʟʢʠ ʚʩʝʭ 

ʣʠʰʥʠʭ ʵʣʝʤʝʥʪʦʚ (ʈʠʩʫʥʦʢ 1, ʧʦʟ. 1). 

 
ʈʠʩʫʥʦʢ 1 ï ʇʨʠʤʝʨ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʦʢʨʫʞʥʦʩʪʠ ʜʣʷ ʧʦʩʣʝʜʫʶʱʝʡ ʦʙ-

ʨʝʟʢʠ ʚ ʫʢʘʟʘʥʥʦʡ ʪʦʯʢʝ 

ɼʣʷ ʪʦʯʥʦʛʦ ʧʦʩʪʨʦʝʥʠʷ ʧʨʦʬʠʣʷ ʟʫʙʯʘʪʦʛʦ ʢʦʣʝʩʘ ʥʝʦʙʭʦʜʠʤʦ ʨʘʩ-

ʩʯʠʪʘʪʴ ʢʦʦʨʜʠʥʘʪʳ ʪʦʯʢʠ ʧʝʨʝʩʝʯʝʥʠʷ ʧʨʦʬʠʣʷ ʟʫʙʘ (ʈʠʩʫʥʦʢ 2, ʧʦʟ. 1 ʠ 

2), ʧʨʠ ʩʣʦʞʥʦʤ ʚʠʜʝ ʦʧʠʩʳʚʘʶʱʝʡ ʝʛʦ ʬʫʥʢʮʠʠ ʵʪʦ ʜʦʩʪʘʪʦʯʥʦ ʪʨʫʜʦʸʤ-

ʢʠʡ ʧʨʦʮʝʩʩ, ʧʦʩʢʦʣʴʢʫ ʧʨʠʜʸʪʩʷ ʨʝʰʘʪʴ ʩʠʩʪʝʤʫ ʫʨʘʚʥʝʥʠʡ: 
ώ Ὢ̈̔ὼ̂

ώ Ὢ̅̔ὼ̄
 

ɺʧʨʦʯʝʤ, ʝʩʣʠ ʢʦʦʨʜʠʥʘʪʳ ʪʘʢʠʭ ʪʦʯʝʢ ʧʦʣʫʯʝʥʳ, ʜʘʥʥʳʡ ʩʧʦʩʦʙ 

ʧʨʦʨʠʩʦʚʢʠ ʷʚʣʷʝʪʩʷ ʥʘʠʣʫʯʰʠʤ. 



7 

 
ʈʠʩʫʥʦʢ 2 ï ʇʨʠʤʝʨ ʧʦʩʪʨʦʝʥʠʷ ʪʦʯʥʦʛʦ ʧʨʦʬʠʣʷ ʧʦ ʢʦʦʨʜʠʥʘʪʘʤ 

ʂʦʤʧʨʦʤʠʩʩʥʳʤ ʚʘʨʠʘʥʪʦʤ ʧʦʩʪʨʦʝʥʠʷ ʷʚʣʷʝʪʩʷ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʜʫʛ, 

ʧʨʦʚʝʜʝʥʥʳʭ ʜʦ ʧʝʨʝʩʝʯʝʥʠʷ ʩ ʦʜʥʦʡ ʠʟ ʛʣʘʚʥʳʭ ʦʩʝʡ. ʂʦʦʨʜʠʥʘʪʳ ʢʦʥʮʦʚ 

ʪʘʢʠʭ ʜʫʛ ʠʤʝʶʪ ʥʦʣʴ ʚ ʦʜʥʦʡ ʠʟ ʢʦʦʨʜʠʥʘʪ ʠ ʟʥʘʯʝʥʠʝ ʨʘʜʠʫʩʘ ʚ ʜʨʫʛʦʡ. 

ɸʣʛʦʨʠʪʤ ʧʦʩʪʨʦʝʥʠʷ ʪʘʢʠʭ ʜʫʛ ʜʦʣʞʝʥ ʦʙʣʘʜʘʪʴ ʥʝʢʦʪʦʨʦʡ ʚʘʨʠʘʪʠʚʥʦ-

ʩʪʴʶ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʨʘʩʧʦʣʦʞʝʥʠʷ ʩʘʤʠʭ ʟʫʙʴʝʚ ï ʢʦʥʮʳ ʠʭ ʜʦʣʞʥʳ ʧʝ-

ʨʝʩʝʢʘʪʴ ʛʣʘʚʥʳʝ ʦʩʠ ʚ ʜʝʢʘʨʪʦʚʳʭ ʯʝʪʚʝʨʪʷʭ ʧʨʦʪʠʚʦʧʦʣʦʞʥʳʭ ʟʫʙʴʷʤ. 

 
ʈʠʩʫʥʦʢ 3 ï ʇʨʠʤʝʨ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʜʫʛ ʜʣʷ ʧʦʩʣʝʜʫʶʱʝʡ ʦʙʨʝʟʢʠ ʚ ʟʘʜʘʥ-

ʥʳʭ ʪʦʯʢʘʭ 
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ɺ API Solid Works ʦʧʝʨʘʮʠʷ ʦʙʨʝʟʢʠ ʵʣʝʤʝʥʪʦʚ ʵʩʢʠʟʘ ʚʳʛʣʷʜʠʪ ʢʘʢ 

SketchTrim ʠ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʢʦʤʘʥʜʝ çʆʪʩʝʯʴ ʦʙʲʝʢʪʳè ʩ ʚʳʙʨʘʥʥʳʤ ʧʘʨʘ-

ʤʝʪʨʦʤ çʆʪʩʝʯʴ ʜʦ ʙʣʠʞʘʡʰʝʛʦè. ʕʪʘ ʦʧʝʨʘʮʠʷ ʧʦʟʚʦʣʷʝʪ ʟʥʘʯʠʪʝʣʴʥʦ 

ʩʵʢʦʥʦʤʠʪʴ ʚʨʝʤʷ ʧʨʦʛʨʘʤʤʠʩʪʘ, ʧʦʩʢʦʣʴʢʫ ʠʟʙʘʚʣʷʝʪ ʦʪ ʥʝʦʙʭʦʜʠʤʦʩʪʠ 

ʨʘʩʩʯʠʪʳʚʘʪʴ ʢʦʦʨʜʠʥʘʪʳ ʪʦʯʝʢ ʧʝʨʝʩʝʯʝʥʠʷ ʩʧʣʘʡʥʦʚ ʠ ʜʫʛ, ʢʦʪʦʨʳʝ ʩʦ-

ʩʪʘʚʣʷʶʪ ʦʩʥʦʚʫ ʵʩʢʠʟʘ ʣʶʙʦʛʦ ʟʫʙʯʘʪʦʛʦ ʢʦʣʝʩʘ. 

 
ʈʠʩʫʥʦʢ 4 ï ʊʦʯʢʠ ʩ ʫʜʦʙʥʳʤʠ ʢʦʦʨʜʠʥʘʪʘʤʠ ʜʣʷ ʦʙʨʝʟʢʠ 

 

ʂʦʤʘʥʜʘ SketchTrim ʦʙʨʝʟʘʝʪ ʚʳʜʝʣʝʥʥʳʡ ʵʣʝʤʝʥʪ ʵʩʢʠʟʘ ʦʪ ʫʢʘʟʘʥ-

ʥʦʡ ʢʦʦʨʜʠʥʘʪʳ ʜʦ ʙʣʠʞʘʡʰʝʛʦ ʧʝʨʝʩʝʯʝʥʠʷ ʩ ʜʨʫʛʠʤ ʵʣʝʤʝʥʪʦʤ ʵʩʢʠʟʘ, ʠ 

ʥʝ ʙʫʜʝʪ ʨʘʙʦʪʘʪʴ, ʝʩʣʠ ʪʦʯʥʦ ʥʝ ʫʢʘʟʘʪʴ ʢʦʦʨʜʠʥʘʪʫ ʪʦʯʢʠ, ʦʪ ʢʦʪʦʨʦʡ 

ʥʝʦʙʭʦʜʠʤʦ ʦʪʩʝʢʘʪʴ. ʅʘ ʧʨʘʢʪʠʢʝ ʵʪʦ ʚʳʨʘʞʘʝʪʩʷ ʚ ʪʦʤ, ʯʪʦ ʦʯʝʥʴ ʤʥʦʛʦʝ 

ʟʘʚʠʩʠʪ ʦʪ ʪʦʛʦ ʢʘʢ ʙʫʜʝʪ ʧʦʩʪʨʦʝʥ ʵʩʢʠʟ ʠ ʙʫʜʫʪ ʣʠ ʫʯʪʝʥʳ ʧʦʩʣʝʜʫʶʱʠʝ 

ʤʘʥʠʧʫʣʷʮʠʠ ʩ ʥʠʤ. ʅʘʠʙʦʣʝʝ ʫʜʦʙʥʳʡ ʩʧʦʩʦʙ ʦʙʨʝʟʢʠ ï ʫʢʘʟʘʪʴ ʦʜʠʥ ʠʟ 

ʢʦʥʮʦʚ ʵʣʝʤʝʥʪʘ, ʢʦʦʨʜʠʥʘʪʳ ʢʦʪʦʨʦʛʦ ʟʘʚʝʜʦʤʦ ʠʟʚʝʩʪʥʳ, ʧʦʩʢʦʣʴʢʫ ʨʘʩ-

ʩʯʠʪʳʚʘʣʠʩʴ ʧʨʠ ʝʛʦ ʧʦʩʪʨʦʝʥʠʠ, ʣʠʙʦ ʣʝʛʢʦ ʤʦʛʫʪ ʙʳʪʴ ʧʦʣʫʯʝʥʳ: 

(SktchSeg[1] as ISketchSegment).Select(False); 

ModelDoc.SketchTrim(0,0,(SktchSeg[1].IGetStartPoint2 as 

ISketchPoint).X,(SktchSeg[1].IGetStartPoint2 as ISketchPoint).Y); 

ɺʦ ʚʨʝʤʷ ʧʦʩʪʨʦʝʥʠʷ ʤʦʜʝʣʠ ʟʥʘʯʠʪʝʣʴʥʳʝ ʨʝʩʫʨʩʳ ʢʦʤʧʴʶʪʝʨʘ ʨʘʩ-

ʭʦʜʫʶʪʩʷ ʥʘ ʧʨʦʨʠʩʦʚʢʫ ʥʘ ʵʢʨʘʥʝ ʢʘʞʜʦʡ ʦʧʝʨʘʮʠʠ, ʧʦʵʪʦʤʫ ʜʣʷ ʫʩʢʦʨʝ-

ʥʠʷ ʨʘʙʦʪʳ ʦʢʥʦ Solid Works ʥʝʦʙʭʦʜʠʤʦ ʩʢʨʳʪʴ ʠ ʦʪʦʙʨʘʟʠʪʴ ʣʠʰʴ ʧʦ 

ʟʘʚʝʨʰʝʥʠʠ ʧʦʩʪʨʦʝʥʠʷ. ɽʩʪʴ ʝʱʸ ʦʜʠʥ ʜʦʚʦʜ ʚ ʧʦʣʴʟʫ ʵʪʦʛʦ ʜʝʡʩʪʚʠʷ ï 

ʝʩʣʠ ʚʦ ʚʨʝʤʷ ʧʨʦʩʪʘʥʦʚʢʠ ʨʘʟʤʝʨʦʚ ʠʣʠ ʚʟʘʠʤʦʩʚʷʟʝʡ ʧʦʣʴʟʦʚʘʪʝʣʴ 

ʥʘʯʥʸʪ ʤʳʰʴʶ ʧʨʦʠʟʚʦʣʴʥʦ ʚʳʙʠʨʘʪʴ ʵʣʝʤʝʥʪʳ ʵʩʢʠʟʘ, ʪʦ ʨʘʙʦʪʘ ʘʣʛʦ-

ʨʠʪʤʘ ʙʫʜʝʪ ʥʘʨʫʰʝʥʘ, ʯʪʦ, ʩʢʦʨʝʝ ʚʩʝʛʦ, ʧʨʠʚʸʜʝʪ ʢ ʢʨʘʭʫ ʧʨʦʛʨʘʤʤʳ. ʊʘ-

ʢʠʤ ʧʨʦʩʪʳʤ ʩʧʦʩʦʙʦʤ ʤʦʞʥʦ ʦʙʝʟʦʧʘʩʠʪʴ ʧʦʩʪʨʦʝʥʠʝ ʤʦʜʝʣʠ ʠ ʫʩʢʦʨʠʪʴ 

ʝʛʦ ʚ ʥʝʩʢʦʣʴʢʦ ʨʘʟ. ʉʢʨʳʪʴ ʠ ʦʪʦʙʨʘʟʠʪʴ ʦʢʥʦ ʧʨʦʛʨʘʤʤʳ Solid Works 

ʤʦʞʥʦ ʧʨʠʩʚʦʠʚ ʫ ʧʦʣʫʯʝʥʥʦʛʦ ʫʢʘʟʘʪʝʣʷ ʥʘ ʢʣʘʩʩ ʦʙʲʝʢʪʘ 
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SldWorks.Application ʩʚʦʡʩʪʚʫ Visible ʟʥʘʯʝʥʠʝ False ʠ True ʩʦʦʪʚʝʪʩʪʚʝʥ-

ʥʦ. 

ɽʩʣʠ ʥʝʦʙʭʦʜʠʤʦ ʧʨʝʜʦʩʪʘʚʠʪʴ ʧʦʣʴʟʦʚʘʪʝʣʶ ʚʦʟʤʦʞʥʦʩʪʴ ʩʨʘʟʫ ʩʦ-

ʭʨʘʥʠʪʴ ʧʦʩʪʨʦʠʚʰʫʶʩʷ ʜʝʪʘʣʴ, ʪʦ ʧʦʤʦʯʴ ʚ ʵʪʦʤ ʤʦʞʝʪ ʢʦʤʧʦʥʝʥʪ 

TSaveDialog. ɽʩʣʠ ʩʦʟʜʘʚʘʝʤʘʷ ʧʨʦʛʨʘʤʤʘ ʧʨʠʚʷʟʘʥʘ ʢ ʢʦʤʧʦʥʝʥʪʫ ʪʠʧʘ 

TForm, ʪʦ ʤʦʞʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʜʠʘʣʦʛ ʩʦʭʨʘʥʝʥʠʷ ʵʪʦʡ ʬʦʨʤʳ, ʦʜʥʘʢʦ, 

ʧʨʠ ʩʦʟʜʘʥʠʠ ʜʠʥʘʤʠʯʝʩʢʦʡ ʙʠʙʣʠʦʪʝʢʠ ʠʣʠ ʦʪʜʝʣʴʥʦʛʦ ʤʦʜʫʣʷ ʪʘʢʦʡ 

ʚʦʟʤʦʞʥʦʩʪʠ ʤʦʞʝʪ ʥʝ ʦʢʘʟʘʪʴʩʷ. ʇʦʵʪʦʤʫ ʦʩʪʘʸʪʩʷ ʪʦʣʴʢʦ ʦʜʠʥ ʧʫʪʴ ʨʝ-

ʰʝʥʠʷ ʚʦʟʥʠʢʰʝʡ ʧʨʦʙʣʝʤʳ ï ʜʠʥʘʤʠʯʝʩʢʠ ʩʦʟʜʘʪʴ ʵʪʦʪ ʜʠʘʣʦʛ. 

ɺ ʦʙʲʷʚʣʝʥʠʠ ʬʫʥʢʮʠʠ ʩʦʟʜʘʥʠʷ ʠ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʜʠʘʣʦʛʘ ʩʦʭʨʘʥʝʥʠʷ 

ʙʝʟ ʧʨʠʚʷʟʢʠ ʝʛʦ ʢ ʬʦʨʤʝ ʥʝʦʙʭʦʜʠʤʦ ʫʢʘʟʘʪʴ ʚ ʢʘʯʝʩʪʚʝ ʧʘʨʘʤʝʪʨʘ ʧʫʪʴ, 

ʧʦ ʢʦʪʦʨʦʤʫ ʧʨʝʜʧʦʣʘʛʘʝʪʩʷ ʩʦʭʨʘʥʠʪʴ ʜʦʢʫʤʝʥʪ. ɺ ʥʘʯʘʣʝ ʬʫʥʢʮʠʠ ʥʫʞ-

ʥʦ ʦʙʲʷʚʠʪʴ ʧʝʨʝʤʝʥʥʫʶ SD1 ʪʠʧʘ TSaveDialog ʠ ʧʨʠʩʚʦʠʪʴ ʝʡ ʟʥʘʯʝʥʠʝ 

nil. ɿʘʪʝʤ ʥʫʞʥʦ ʠʩʢʣʶʯʠʪʴ ʚʦʟʤʦʞʥʫʶ ʦʰʠʙʢʫ ʦʙʨʘʱʝʥʠʷ ʢ ʧʫʩʪʳʤ ʫʢʘ-

ʟʘʪʝʣʷʤ ʥʘ ʩʦʟʜʘʥʥʳʡ ʜʦʢʫʤʝʥʪ ModelDoc ʠ ʧʨʠʣʦʞʝʥʠʝ swApp. ɼʘʣʝʝ 

ʧʨʦʚʝʨʷʝʤ, ʥʝ ʧʫʩʪʦʡ ʣʠ ʧʘʨʘʤʝʪʨ Path. ɽʩʣʠ ʦʥ ʧʫʩʪ, ʪʦ ʩʦʟʜʘʝʤ ʦʙʲʝʢʪ 

ʜʠʘʣʦʛʘ ʩʦʭʨʘʥʝʥʠʷ ʤʝʪʦʜʦʤ TSaveDialog.Create(nil), ʫʢʘʟʳʚʘʝʤ ʨʘʩʰʠʨʝ-

ʥʠʝ ʧʦ ʫʤʦʣʯʘʥʠʶ 'sldprt', ʪʘʢʞʝ ʨʘʟʨʝʰʘʝʤ ʩʦʭʨʘʥʷʪʴ ʬʘʡʣʳ ʪʠʧʘ 

*.prt;*. sldprt. ////// ɿʘʪʝʤ ʧʨʦʚʝʨʷʝʤ ʦʪʚʝʪ ʧʦʣʴʟʦʚʘʪʝʣʷ ʥʘ ʜʠʘʣʦʛ ʠ, ʝʩʣʠ 

ʦʪʚʝʪ ʧʦʣʦʞʠʪʝʣʴʥʳʡ, ʪʦ ʧʦʣʫʯʝʥʥʳʡ ʧʫʪʴ ʧʝʨʝʜʘʝʤ ʤʝʪʦʜʫ Mod-

elDoc.SaveAs. ɺʝʩʴ ʵʪʦʪ ʢʦʜ ʜʦʣʞʝʥ ʙʳʪʴ ʨʝʘʣʠʟʦʚʘʥ ʚ ʦʧʝʨʘʪʦʨʝ try, ʧʦ ʟʘ-

ʚʝʨʰʝʥʠʠ ʢʦʪʦʨʦʛʦ ʥʝʦʙʭʦʜʠʤʦ, ʥʝʟʘʚʠʩʠʤʦ ʦʪ ʪʦʛʦ, ʧʨʦʠʟʦʰʣʘ ʦʰʠʙʢʘ 

ʠʣʠ ʥʝʪ, ʧʨʠʩʚʦʠʪʴ ʨʝʟʫʣʴʪʘʪʫ ʬʫʥʢʮʠʠ ʧʦʣʫʯʝʥʥʳʡ ʧʫʪʴ ʠ ʦʩʚʦʙʦʜʠʪʴ 

ʦʙʲʝʢʪ ʜʠʘʣʦʛʘ ʤʝʪʦʜʦʤ Free. ɽʩʣʠ ʞʝ ʧʫʪʴ ʙʳʣ ʫʢʘʟʘʥ ʠʟʥʘʯʘʣʴʥʦ, ʪʦ ʚ 

ʦʙʨʘʙʦʪʯʠʢʝ try ʩʦʭʨʘʥʷʝʤ ʜʦʢʫʤʝʥʪ. ɺ ʢʘʯʝʩʪʚʝ ʦʙʨʘʙʦʪʢʠ ʠʩʢʣʶʯʝʥʠʷ 

ʩʦʟʜʘʝʤ ʦʙʲʝʢʪ ʢʣʘʩʩʘ ʦʰʠʙʢʠ ʚʚʦʜʘ-ʚʳʚʦʜʘ ʤʝʪʦʜʦʤ Create ʠ ʧʝʨʝʜʘʝʤ 

ʝʤʫ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʝ ʩʦʦʙʱʝʥʠʝ ʦʙ ʦʰʠʙʢʝ. 
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ʄɸʐʀʅʆʉʊʈʆɽʅʀɽ ʀ ʄɸʐʀʅʆɺɽɼɽʅʀɽ 

 

ʅɽʆʇʈɽɼɽʃɽʅʅʆʉʊʔ ʇʈʀ ʇʆɺʊʆʈʅʓʍ ʀɿʄɽʈɽʅʀʗʍ ʀ 

ʀɽʈɸʈʍʀʏɽʉʂʀʍ ʕʂʉʇɽʈʀʄɽʅʊɸʍ 

 

ɻʘʩʘʥʦʚ ʖʩʠʬ ʅʘʜʠʨ 

 ɿʘʤʝʩʪʠʪʝʣʴ ʟʘʚʝʜʫʶʱʝʛʦ ʤʝʪʨʦʣʦʛʠʯʝʩʢʦʛʦ ʦʪʜʝʣʘ ɻʦʩʫʜʘʨʩʪʚʝʥ-

ʥʦʛʦ ʂʦʤʠʪʝʪʘ ʧʦ ʉʪʘʥʜʘʨʪʠʟʘʮʠʠ, ʄʝʪʨʦʣʦʛʠʠ ʇʘʪʝʥʪʦʤ ɸʟʝʨʙʘʡ-

ʜʞʘʥʩʢʦʡ ʨʝʩʧʫʙʣʠʢʠ, ʜʦʢʪʦʨ ʪʝʭʥʠʯʝʩʢʠʭ ʥʘʫʢ, ʧʨʦʬʝʩʩʦʨ, 

çɿʘʩʣʫʞʝʥʥʳʡ ʄʝʪʨʦʣʦʛè ʂʆʆʄɽʊ  

ɸʩʣʘʥʦʚ ɿʘʙʠʪ ʖʥʫʩ 

ʂʘʥʜʠʜʘʪ ʪʝʭʥʠʯʝʩʢʠʭ ʥʘʫʢ, ʜʦʮʝʥʪ, ʟʘʚʝʜʫʶʱʠʡ ʢʘʬʝʜʨʳ çʉʪʘʥ-

ʜʘʨʪʠʟʘʮʠʷ ʠ ʉʝʨʪʠʬʠʢʘʮʠʷè ɸʟʝʨʙʘʡʜʞʘʥʩʢʦʛʦ ɻʦʩʫʜʘʨʩʪʚʝʥʥʦʛʦ ʕʢʦ-

ʥʦʤʠʯʝʩʢʦʛʦ ʋʥʠʚʝʨʩʠʪʝʪʘ, ɹʘʢʫ 

ʀʤʘʥʦʚʘ ɻʶʣʴʪʝʢʠʥ ʄʫʩʘ 

ʩʪʘʨʰʠʡ ʧʨʝʧʦʜʘʚʘʪʝʣʴ, ɸʟʝʨʙʘʡʜʞʘʥʩʢʠʡ ɻʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʕʢʦʥʦ-

ʤʠʯʝʩʢʠʡ ʋʥʠʚʝʨʩʠʪʝʪ 

 

UNCERTAINTY IN REPEATED MEASUREMENTS AND 

HIERARCHICAL EXPERIMENTS  

Hasanov Yusif Nadir 
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ɺ ʤʝʞʜʫʥʘʨʦʜʥʦʤ ʩʪʘʥʜʘʨʪʝ ISO/TS 21749 ʰʠʨʦʢʦ ʠʩʧʦʣʴʟʦʚʘʥʳ 

ʪʝʨʤʠʥʳ, ʦʪʥʦʩʷʱʠʝʩʷ ʢ ʧʣʘʥʠʨʦʚʘʥʠʶ ʵʢʩʧʝʨʠʤʝʥʪʘ ʠ ʝʛʦ ʢʦʥʬʠʛʫʨʘʮʠʡ, 

ʧʨʠʚʝʜʝʥʥʳʝ ʚ ʤʝʞʜʫʥʘʨʦʜʥʳʭ ʩʪʘʥʜʘʨʪʘʭ ISO 3534-3, ISO 5725-1-6. 

ʀʝʨʘʨʭʠʯʝʩʢʠʡ ʵʢʩʧʝʨʠʤʝʥʪ ï ʵʪʦ ʵʢʩʧʝʨʠʤʝʥʪ, ʚ ʧʣʘʥʝ ʢʦʪʦʨʦʛʦ 

ʢʘʞʜʳʡ ʫʨʦʚʝʥʴ ʦʧʨʝʜʝʣʝʥʥʦʛʦ ʬʘʢʪʦʨʘ ʧʦʷʚʣʷʝʪʩʷ ʪʦʣʴʢʦ ʩ ʦʜʥʠʤ ʫʨʦʚ-

ʥʝʤ ʜʨʫʛʦʛʦ ʬʘʢʪʦʨʘ (ISO 3534-3, ISO 10007). ʉʙʘʣʘʥʩʠʨʦʚʘʥʥʳʡ ʠʝʨʘʨʭʠ-

ʯʝʩʢʠʡ ʵʢʩʧʝʨʠʤʝʥʪ ï ʠʝʨʘʨʭʠʯʝʩʢʠʡ ʵʢʩʧʝʨʠʤʝʥʪ, ʚ ʢʦʪʦʨʦʤ ʢʦʣʠʯʝʩʪʚʦ 

ʫʨʦʚʥʝʡ ʬʘʢʪʦʨʦʚ ʥʘ ʢʘʞʜʦʤ ʫʨʦʚʥʝ ʠʝʨʘʨʭʠʠ ʦʜʠʥʘʢʦʚʦ (ISO 3534-3).  

ʌʠʢʩʠʨʦʚʘʥʥʦʝ ʚʣʠʷʥʠʝ ï ʵʪʦ ʚʣʠʷʥʠʝ, ʢʦʪʦʨʦʝ ʷʚʣʷʝʪʩʷ ʨʝʟʫʣʴʪʘʪʦʤ 

ʧʨʝʜʚʘʨʠʪʝʣʴʥʦʛʦ ʚʳʙʦʨʘ ʫʨʦʚʥʝʡ ʢʘʞʜʦʛʦ ʬʘʢʪʦʨʘ ʠʟ ʦʙʣʘʩʪʠ ʟʥʘʯʝʥʠʡ 

ʬʘʢʪʦʨʘ; ʩʣʫʯʘʡʥʦʝ ʚʣʠʷʥʠʝ ï ʚʣʠʷʥʠʝ, ʢʦʪʦʨʦʝ ʷʚʣʷʝʪʩʷ ʨʝʟʫʣʴʪʘʪʦʤ ʩʣʫ-

ʯʘʡʥʦʛʦ ʦʪʙʦʨʘ ʥʘ ʢʘʞʜʦʤ ʫʨʦʚʥʝ ʢʘʞʜʦʛʦ ʬʘʢʪʦʨʘ ʠʟ ʩʦʚʦʢʫʧʥʦʩʪʠ ʫʨʦʚ-

ʥʝʡ ʢʘʞʜʦʛʦ ʬʘʢʪʦʨʘ. ʉʨʝʜʥʠʡ ʢʚʘʜʨʘʪ ʩʣʫʯʘʡʥʳʭ ʧʦʛʨʝʰʥʦʩʪʝʡ ï ʵʪʦ 

ʩʫʤʤʘ ʢʚʘʜʨʘʪʦʚ ʧʦʛʨʝʰʥʦʩʪʝʡ, ʜʝʣʝʥʥʘʷ ʥʘ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʝ ʯʠʩʣʦ ʩʪʝ-

ʧʝʥʝʡ ʩʚʦʙʦʜʳ (ISO 3534-1, ISO 3534-3).  

ʂʦʥʬʠʛʫʨʘʮʠʷ ʧʨʦʮʝʩʩʘ ʠʟʤʝʨʝʥʠʡ ï ʩʧʦʩʦʙ ʧʨʠʤʝʥʝʥʠʷ ʧʨʦʮʝʩʩʘ ʠʟ-

ʤʝʨʝʥʠʡ, ʭʘʨʘʢʪʝʨʠʟʫʶʱʠʡʩʷ ʚʟʘʠʤʦʩʚʷʟʘʥʥʳʤʠ ʬʫʥʢʮʠʦʥʘʣʴʥʳʤʠ ʠ 

ʪʝʭʥʠʯʝʩʢʠʤʠ ʧʦʢʘʟʘʪʝʣʷʤʠ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʤʠ ʪʨʝʙʦʚʘʥʠʷʤ ʢ ʢʦʥʩʪʨʫʢ-

ʮʠʠ, ʠʟʛʦʪʦʚʣʝʥʠʶ, ʵʢʩʧʣʫʘʪʘʮʠʠ ʠ ʦʙʩʣʫʞʠʚʘʥʠʷ ʠʟʤʝʨʠʪʝʣʴʥʦʛʦ ʦʙʦʨʫ-

ʜʦʚʘʥʠʷ ʠ ʠʩʧʦʣʴʟʫʝʤʳʭ ʉʀ (ISO 3534-3).  

ʉʪʘʥʜʘʨʪ ISO/TS 21749 ʫʩʪʘʥʘʚʣʠʚʘʝʪ ʦʩʥʦʚʥʫʶ ʩʪʨʫʢʪʫʨʫ ʦʮʝʥʢʠ ʠ 

ʤʝʪʦʜʳ ʦʙʲʝʜʠʥʝʥʠʷ ʩʦʩʪʘʚʣʷʶʱʠʭ ʥʝʦʧʨʝʜʝʣʝʥʥʦʩʪʠ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ 

ʈʫʢʦʚʦʜʩʪʚʦʤ GUM, ʘ ʪʘʢʞʝ ʩʪʘʪʠʩʪʠʯʝʩʢʠʝ ʤʝʪʦʜʳ, ʠʩʧʦʣʴʟʫʶʱʠʝ ʜʠʩ-

ʧʝʨʩʠʦʥʥʳʡ ʘʥʘʣʠʟ (ANOVA), ʜʣʷ ʦʮʝʥʢʠ (ʦʙʳʯʥʦ ʩʪʘʪʠʩʪʠʯʝʩʢʦʡ) ʦʪ-

ʜʝʣʴʥʳʭ ʩʦʩʪʘʚʣʷʶʱʠʭ ʥʝʦʧʨʝʜʝʣʝʥʥʦʩʪʠ. ɼʣʷ ʧʦʣʥʦʪʳ ʚʢʣʶʯʝʥ ʢʨʘʪʢʦʝ 

ʦʧʠʩʘʥʠʝ ʦʮʝʥʢʠ ʥʝʦʧʨʝʜʝʣʝʥʥʦʩʪʠ ʪʠʧʘ ɺ (ʥʝʩʪʘʪʠʩʪʠʯʝʩʢʦʡ) [1,3,4].  

ɺ ʫʢʘʟʘʥʥʦʤ ʩʪʘʥʜʘʨʪʝ ʨʘʩʩʤʦʪʨʝʥʳ ʩʠʪʫʘʮʠʠ, ʢʦʛʜʘ ʩʦʩʪʘʚʣʷʶʱʠʝ 

ʥʝʦʧʨʝʜʝʣʝʥʥʦʩʪʠ ʤʦʛʫʪ ʙʳʪʴ ʦʮʝʥʝʥʳ ʥʘ ʦʩʥʦʚʝ ʩʪʘʪʠʩʪʠʯʝʩʢʦʛʦ ʘʥʘʣʠʟʘ 

ʧʦʚʪʦʨʥʳʭ ʠʟʤʝʨʝʥʠʡ, ʚʳʧʦʣʥʝʥʥʳʭ ʩ ʧʨʠʤʝʥʝʥʠʝʤ ʥʝʩʢʦʣʴʢʠʭ ʉʀ ʥʘ 

ʦʙʲʝʢʪʘʭ ʠʩʧʳʪʘʥʠʡ ʠʣʠ ʚʳʙʨʘʥʥʳʭ ʦʙʨʘʟʮʘʭ. ʆʥ ʫʩʪʘʥʘʚʣʠʚʘʝʪ ʤʝʪʦʜʳ 

ʦʮʝʥʢʠ ʥʝʦʧʨʝʜʝʣʝʥʥʦʩʪʠ ʧʦ ʠʝʨʘʨʭʠʯʝʩʢʠʤ ʜʚʫʭ- ʠ ʪʨʝʭʫʨʦʚʥʝʚʳʤ ʵʢʩ-

ʧʝʨʠʤʝʥʪʘʤ.  

ɹʦʣʝʝ ʩʣʦʞʥʳʝ ʧʣʘʥʳ ʵʢʩʧʝʨʠʤʝʥʪʘ, ʢʦʛʜʘ, ʥʘʧʨʠʤʝʨ, ʝʩʪʴ ʩʚʷʟʴ ʤʝʞ-

ʜʫ ʚʦʟʜʝʡʩʪʚʠʷʤʠ ʦʧʝʨʘʪʦʨʘ ʠ ʉʀ (ʚʟʘʠʤʥʦʝ ʚʣʠʷʥʠʝ), ʥʝ ʨʘʩʩʤʘʪʨʠʚʘʶʪ-

ʩʷ.  

ʉʪʘʥʜʘʨʪ ʥʝ ʤʦʞʝʪ ʧʨʠʤʝʥʷʪʴʩʷ ʢ ʠʟʤʝʨʝʥʠʷʤ, ʢʦʪʦʨʳʝ ʥʝ ʤʦʛʫʪ ʙʳʪʴ 

ʧʦʚʪʦʨʝʥʳ, ʪʘʢʠʤ ʢʘʢ ʥʝʨʘʟʨʫʰʘʶʱʠʝ ʠʟʤʝʨʝʥʠʷ ʠʣʠ ʠʟʤʝʨʝʥʠʷ ʥʘ ʜʠʥʘ-

ʤʠʯʝʩʢʠ ʤʝʥʷʶʱʠʭʩʷ ʩʠʩʪʝʤʘʭ (ʧʦʪʦʢ ʞʠʜʢʦʩʪʠ, ʧʦʪʦʢʠ ʵʣʝʢʪʨʦʥʦʚ ʠʣʠ 

ʪʝʣʝʢʦʤʤʫʥʠʢʘʮʠʦʥʥʳʝ ʩʠʩʪʝʤʳ ʠ ʜʨ.). ʆʥ ʥʝ ʧʨʝʜʥʘʟʥʘʯʝʥ ʜʣʷ ʩʝʨʪʠʬʠ-

ʢʘʮʠʠ ʦʙʨʘʟʮʦʚ ʩʨʘʚʥʝʥʠʷ (ʦʩʦʙʝʥʥʦ ʜʣʷ ʭʠʤʠʯʝʩʢʠʭ ʚʝʱʝʩʪʚ) ʠ ʜʣʷ ʢʘ-

ʣʠʙʨʦʚʢʠ, ʢʦʛʜʘ ʨʝʟʫʣʴʪʘʪʳ ʠʟʤʝʨʝʥʠʡ ʩʨʘʚʥʠʚʘʶʪ, ʠʩʧʦʣʴʟʫʷ ʩʭʝʤʫ 

ñʚʟʚʝʰʝʥʥʦʛʦ ʵʢʩʧʝʨʠʤʝʥʪʘò. ɼʣʷ ʩʝʨʪʠʬʠʢʘʮʠʠ ʦʙʨʘʟʮʦʚ ʩʨʘʚʥʝʥʠʷ ʠʩ-

ʧʦʣʴʟʫʝʪʩʷ ISO Guide 35.  
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ʇʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʨʝʟʫʣʴʪʘʪʦʚ ʤʝʞʣʘʙʦʨʘʪʦʨʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ 

ʥʝʦʙʭʦʜʠʤʦ ʧʨʠʤʝʥʷʪʴ ʤʝʪʦʜʳ, ʧʨʝʜʩʪʘʚʣʝʥʥʳʝ ʚ ʤʝʞʜʫʥʘʨʦʜʥʦʤ ʩʪʘʥ-

ʜʘʨʪʝ ISO/TR 21748. ɻʣʘʚʥʘʷ ʨʘʟʥʠʮʘ ʤʝʞʜʫ ʩʪʘʥʜʘʨʪʘʤʠ ISO/TR 21748 ʠ 

ISO/TS 21749 ʩʦʩʪʦʠʪ ʚ ʪʦʤ, ʯʪʦ ʚ ʩʪʘʥʜʘʨʪʝ ISO/TR 21748 ʨʘʩʩʤʦʪʨʝʥʳ 

ʜʘʥʥʳʝ ʚʦʩʧʨʦʠʟʚʦʜʠʤʦʩʪʠ (ʩ ʥʝʚʦʩʧʦʣʥʠʤʳʤ ʚʣʠʷʥʠʝʤ ʧʦʚʪʦʨʷʝʤʦʩʪʠ), 

ʪʦʛʜʘ ʢʘʢ ʚ ʩʪʘʥʜʘʨʪʝ ISO/TS 21749 ʨʘʩʩʤʦʪʨʝʥʳ ʜʘʥʥʳʝ ʧʦʚʪʦʨʷʝʤʦʩʪʠ ʠ 

ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʜʠʩʧʝʨʩʠʦʥʥʦʛʦ ʘʥʘʣʠʟʘ ʜʣʷ ʠʭ ʦʙʨʘʙʦʪʢʠ.  

ʉʪʘʥʜʘʨʪ ISO/TS 21749 ʤʦʞʝʪ ʙʳʪʴ ʧʨʠʤʝʥʝʥ ʢ ʠʟʤʝʨʝʥʠʷʤ ʨʘʟʣʠʯ-

ʥʳʭ ʚʠʜʦʚ, ʥʘʧʨʠʤʝʨ, ʢ ʠʟʤʝʨʝʥʠʷʤ ʜʣʠʥʳ, ʫʛʣʦʚʳʭ ʧʘʨʘʤʝʪʨʦʚ, ʥʘʧʨʷʞʝ-

ʥʠʷ, ʩʦʧʨʦʪʠʚʣʝʥʠʷ, ʤʘʩʩʳ, ʫʜʝʣʴʥʦʛʦ ʚʝʩʘ ʠ ʪ. ʧ.  

ʈʫʢʦʚʦʜʩʪʚʦ GUM ʨʝʢʦʤʝʥʜʫʝʪ ʢʦʨʨʝʢʪʠʨʦʚʘʪʴ ʨʝʟʫʣʴʪʘʪ ʠʟʤʝʨʝʥʠʡ 

ʦʪʥʦʩʠʪʝʣʴʥʦ ʚʩʝʭ ʧʨʠʟʥʘʥʥʳʭ ʟʥʘʯʠʤʳʤʠ ʩʠʩʪʝʤʘʪʠʯʝʩʢʠʭ ʚʦʟʜʝʡʩʪʚʠʡ, 

ʪʘʢ ʯʪʦʙʳ ʨʝʟʫʣʴʪʘʪ ʧʨʝʜʩʪʘʚʣʷʣ ʩʦʙʦʡ ʣʫʯʰʫʶ (ʠʣʠ, ʚ ʢʨʘʡʥʝʤ ʩʣʫʯʘʝ, 

ʥʝʩʤʝʱʝʥʥʫʶ) ʦʮʝʥʢʫ ʠʟʤʝʨʷʝʤʦʡ ʚʝʣʠʯʠʥʳ ʜʣʷ ʧʦʩʪʨʦʝʥʠʷ ʧʦʣʥʦʡ ʤʦ-

ʜʝʣʠ ʠʟʤʝʨʠʪʝʣʴʥʦʡ ʩʠʩʪʝʤʳ. ʄʦʜʝʣʴ ʫʩʪʘʥʘʚʣʠʚʘʝʪ ʬʫʥʢʮʠʦʥʘʣʴʥʫʶ 

ʩʚʷʟʴ ʤʝʞʜʫ ʥʘʙʦʨʦʤ ʚʭʦʜʥʳʭ ʚʝʣʠʯʠʥ, ʦʪ ʢʦʪʦʨʳʭ ʟʘʚʠʩʠʪ ʠʟʤʝʨʷʝʤʘʷ 

ʚʝʣʠʯʠʥʘ, ʠ ʠʟʤʝʨʷʝʤʦʡ ʚʝʣʠʯʠʥʦʡ (ʠʩʭʦʜʥʦʡ ʚʝʣʠʯʠʥʦʡ). ʎʝʣʴ ʦʮʝʥʢʠ 

ʥʝʦʧʨʝʜʝʣʝʥʥʦʩʪʠ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʥʘʭʦʞʜʝʥʠʠ ʠʥʪʝʨʚʘʣʘ, ʢʦʪʦʨʳʡ ʚ ʩʨʝʜ-

ʥʝʤ ʦʭʚʘʪʳʚʘʝʪ ʙʦʣʴʰʫʶ ʯʘʩʪʴ ʟʥʘʯʝʥʠʡ, ʧʨʠʧʠʩʳʚʘʝʤʳʭ ʠʟʤʝʨʷʝʤʦʡ ʚʝ-

ʣʠʯʠʥʝ. ʇʦʩʢʦʣʴʢʫ ʩʤʝʱʝʥʠʝ ʥʝʚʦʟʤʦʞʥʦ ʦʧʨʝʜʝʣʠʪʴ ʪʦʯʥʦ, ʝʩʣʠ 

ʨʝʟʫʣʴʪʘʪ ʠʟʤʝʨʝʥʠʡ ʩʢʦʨʨʝʢʪʠʨʦʚʘʥ ʥʘ ʩʤʝʱʝʥʠʝ, ʢʦʨʨʝʢʪʠʨʦʚʢʝ ʪʘʢʞʝ 

ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʥʝʦʧʨʝʜʝʣʝʥʥʦʩʪʴ.  

ʆʙʱʠʡ ʧʦʜʭʦʜ, ʚ ʦʩʥʦʚʝ ʢʦʪʦʨʦʛʦ ʣʝʞʠʪ ʧʨʝʜʩʢʘʟʘʥʠʝ ʚʟʘʠʤʥʦʡ ʥʝʟʘ-

ʚʠʩʠʤʦʩʪʠ ʚʭʦʜʥʳʭ ʚʝʣʠʯʠʥ (ʚʦʟʤʦʞʥʦ ʦʙʦʙʱʝʥʠʝ ʜʣʷ ʟʘʚʠʩʠʤʳʭ ʚʭʦʜ-

ʥʳʭ ʚʝʣʠʯʠʥ ʢ ʦʮʝʥʢʝ ʥʝʦʧʨʝʜʝʣʝʥʥʦʩʪʠ), ʥʘʯʠʥʘʝʪʩʷ ʩ ʧʨʦʮʝʩʩʘ 

ʤʦʜʝʣʠʨʦʚʘʥʠʷ, ʠ ʩʦʜʝʨʞʠʪ ʩʣʝʜʫʶʱʠʝ ʦʩʥʦʚʥʳʝ ʵʪʘʧʳ.  

1. ʈʘʟʨʘʙʘʪʳʚʘʶʪ ʤʘʪʝʤʘʪʠʯʝʩʢʫʶ ʤʦʜʝʣʴ (ʬʫʥʢʮʠʶ) ʧʨʦʮʝʩʩʘ ʠʟʤʝ-

ʨʝʥʠʡ ʠʣʠ ʠʟʤʝʨʷʝʤʦʡ ʩʠʩʪʝʤʳ, ʩʚʷʟʳʚʘʶʱʝʡ ʚʭʦʜʥʳʝ ʚʝʣʠʯʠʥʳ, ʚʢʣʶʯʘʷ 

ʚʣʠʷʶʱʠʝ ʚʝʣʠʯʠʥʳ, ʩ ʠʩʭʦʜʥʦʡ ʚʝʣʠʯʠʥʦʡ (ʠʟʤʝʨʷʝʤʦʡ ʚʝʣʠʯʠʥʦʡ). ɺʦ 

ʤʥʦʛʠʭ ʩʣʫʯʘʷʭ ʵʪʫ ʤʦʜʝʣʴ ʤʦʞʥʦ ʦʧʠʩʘʪʴ ʚʳʨʘʞʝʥʠʝʤ (ʠʣʠ ʚʳʨʘʞʝʥʠʷ-

ʤʠ), ʢʦʪʦʨʳʝ ʠʩʧʦʣʴʟʫʶʪʩʷ ʜʣʷ ʚʳʯʠʩʣʝʥʠʷ ʨʝʟʫʣʴʪʘʪʘ ʠʟʤʝʨʝʥʠʡ ʩ ʫʯʝ-

ʪʦʤ, ʧʨʠ ʥʝʦʙʭʦʜʠʤʦʩʪʠ, ʩʣʫʯʘʡʥʳʭ ʚʦʟʜʝʡʩʪʚʠʡ, ʚʦʟʜʝʡʩʪʚʠʡ ʚʥʝʰʥʠʭ 

ʫʩʣʦʚʠʡ ʠ ʜʨʫʛʠʭ, ʪʘʢʠʭ ʢʘʢ ʢʦʨʨʝʢʪʠʨʦʚʢʘ ʩʤʝʱʝʥʠʷ, ʢʦʪʦʨʘʷ ʤʦʞʝʪ ʧʦ-

ʚʣʠʷʪʴ ʥʘ ʨʝʟʫʣʴʪʘʪ ʠʟʤʝʨʝʥʠʡ.  

2. ʆʧʨʝʜʝʣʷʶʪ ʣʫʯʰʫʶ ʦʮʝʥʢʫ ʠ ʩʦʦʪʚʝʪʩʪʚʫʶʱʫʶ ʩʪʘʥʜʘʨʪʥʫʶ ʥʝ-

ʦʧʨʝʜʝʣʝʥʥʦʩʪʴ (ʥʝʦʧʨʝʜʝʣʝʥʥʦʩʪʴ, ʢʦʪʦʨʘʷ ʚʳʨʘʞʘʝʪʩʷ ʯʝʨʝʟ ʩʪʘʥʜʘʨʪʥʦʝ 

ʦʪʢʣʦʥʝʥʠʝ) ʜʣʷ ʬʫʥʢʮʠʠ, ʦʧʠʩʳʚʘʶʱʝʡ ʤʦʜʝʣʴ ʠʟʤʝʨʠʪʝʣʴʥʦʡ ʩʠʩʪʝʤʳ. 

 3. ʆʮʝʥʠʚʘʶʪ ʚʢʣʘʜ ʢʘʞʜʦʡ ʚʭʦʜʥʦʡ ʚʝʣʠʯʠʥʳ ʚ ʩʪʘʥʜʘʨʪʥʫʶ ʥʝ-

ʦʧʨʝʜʝʣʝʥʥʦʩʪʴ ʨʝʟʫʣʴʪʘʪʘ ʠʟʤʝʨʝʥʠʡ. ʕʪʠ ʚʢʣʘʜʳ ʜʦʣʞʥʳ ʫʯʠʪʳʚʘʪʴ ʥʝ-

ʦʧʨʝʜʝʣʝʥʥʦʩʪʠ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʩʣʫʯʘʡʥʳʤ ʠ ʩʠʩʪʝʤʘʪʠʯʝʩʢʠʤ 

ʚʦʟʜʝʡʩʪʚʠʷʤ ʚʭʦʜʥʳʭ ʚʝʣʠʯʠʥ, ʠ ʤʦʛʫʪ ʧʨʝʜʫʩʤʘʪʨʠʚʘʪʴ ʙʦʣʝʝ ʜʝʪʘʣʴʥʦʝ 

ʦʮʝʥʠʚʘʥʠʝ ʥʝʦʧʨʝʜʝʣʝʥʥʦʩʪʠ.  

4. ʆʙʲʝʜʠʥʷʶʪ ʩʪʘʥʜʘʨʪʥʳʝ ʥʝʦʧʨʝʜʝʣʝʥʥʦʩʪʠ ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʩʫʤ-

ʤʘʨʥʦʡ ʩʪʘʥʜʘʨʪʥʦʡ ʥʝʦʧʨʝʜʝʣʝʥʥʦʩʪʠ ʨʝʟʫʣʴʪʘʪʘ ʠʟʤʝʨʝʥʠʡ. ʕʪʦ ʦʮʝʥʢʠ 
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ʥʝʦʧʨʝʜʝʣʝʥʥʦʩʪʠ ʚʳʧʦʣʥʷʶʪ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʈʫʢʦʚʦʜʩʪʚʦʤ GUM, ʠʩ-

ʧʦʣʴʟʫʷ ʟʘʢʦʥ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʥʝʦʧʨʝʜʝʣʝʥʥʦʩʪʠ ʠʣʠ ʦʙʱʠʝ ʘʥʘʣʠʪʠʯʝ-

ʩʢʠʝ ʠʣʠ ʯʠʩʣʝʥʥʳʝ ʤʝʪʦʜʳ, ʝʩʣʠ ʫʩʣʦʚʠʷ ʜʣʷ ʟʘʢʦʥʘ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ 

ʥʝʦʧʨʝʜʝʣʝʥʥʦʩʪʠ ʥʝ ʚʳʧʦʣʥʷʶʪʩʷ ʠʣʠ ʦʪʩʫʪʩʪʚʫʝʪ ʥʝʦʙʭʦʜʠʤʘʷ ʠʥʬʦʨ-

ʤʘʮʠʷ.  

5. ʇʨʠ ʥʝʦʙʭʦʜʠʤʦʩʪʠ ʩʪʘʥʜʘʨʪʥʫʶ ʥʝʦʧʨʝʜʝʣʝʥʥʦʩʪʴ ʨʝʟʫʣʴʪʘʪʘ ʠʟ-

ʤʝʨʝʥʠʡ ʫʤʥʦʞʘʶʪ ʥʘ ʢʦʵʬʬʠʮʠʝʥʪ ʦʭʚʘʪʘ ʜʣʷ ʚʳʯʠʩʣʝʥʠʷ ʨʘʩʰʠʨʝʥʥʦʡ 

ʥʝʦʧʨʝʜʝʣʝʥʥʦʩʪʠ ʠ, ʪʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʦʣʫʯʘʶʪ ʠʥʪʝʨʚʘʣ, ʢʦʪʦʨʳʡ ʥʘʢʨʳ-

ʚʘʝʪ ʟʥʘʯʝʥʠʷ ʠʟʤʝʨʷʝʤʦʡ ʚʝʣʠʯʠʥʳ ʩ ʟʘʜʘʥʥʳʤ ʫʨʦʚʥʝʤ ʜʦʚʝʨʠʷ. ɺ ʈʫʢʦ-

ʚʦʜʩʪʚʝ GUM ʫʩʪʘʥʦʚʣʝʥ ʩʧʦʩʦʙ ʚʳʯʠʩʣʝʥʠʷ ʢʦʵʬʬʠʮʠʝʥʪʘ ʦʭʚʘʪʘ. ɽʩʣʠ 

ʯʠʩʣʦ ʩʪʝʧʝʥʝʡ ʩʚʦʙʦʜʳ ʚʩʝʭ ʚʭʦʜʷʱʠʭ ʚʝʣʠʯʠʥ ʨʘʚʥʦ ʙʝʩʢʦʥʝʯʥʦʩʪʠ, ʢʦ-

ʵʬʬʠʮʠʝʥʪ ʦʭʚʘʪʘ ʦʧʨʝʜʝʣʷʶʪ ʩ ʧʦʤʦʱʴʶ ʥʦʨʤʘʣʴʥʦʛʦ ʨʘʩʧʨʝʜʝʣʝʥʠʷ. ɺ 

ʧʨʦʪʠʚʥʦʤ ʩʣʫʯʘʝ ʯʠʩʣʦ ʩʪʝʧʝʥʝʡ ʩʚʦʙʦʜʳ ʜʣʷ ʩʫʤʤʘʨʥʦʡ ʩʪʘʥʜʘʨʪʥʦʡ ʥʝ-

ʦʧʨʝʜʝʣʝʥʥʦʩʪʠ ʦʮʝʥʠʚʘʶʪ ʥʘ ʦʩʥʦʚʝ ʩʪʝʧʝʥʝʡ ʩʚʦʙʦʜʳ ʩʪʘʥʜʘʨʪʥʦʡ ʥʝ-

ʦʧʨʝʜʝʣʝʥʥʦʩʪʠ, ʯʪʦ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʣʫʯʰʠʤ ʦʮʝʥʢʘʤ ʚʭʦʜʥʳʭ ʚʝʣʠʯʠʥ, 

ʠʩʧʦʣʴʟʫʷ ʬʦʨʤʫʣʫ ɺʝʣʯʘ-ʉʘʪʪʝʨʚʝʡʪʘ [1,2,5].  

ɺ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʈʫʢʦʚʦʜʩʪʚʦʤ GUM ʦʮʝʥʠʚʘʥʠʝ ʩʪʘʥʜʘʨʪʥʦʡ ʥʝ-

ʦʧʨʝʜʝʣʝʥʥʦʩʪʠ ʤʦʞʥʦ ʦʧʨʝʜʝʣʷʪʴ ʣʶʙʳʤʠ ʤʝʪʦʜʘʤʠ. ʉʫʱʝʩʪʚʫʝʪ ʨʘʟʥʠ-

ʮʘ ʤʝʞʜʫ ʦʮʝʥʢʦʡ ʥʝʦʧʨʝʜʝʣʝʥʥʦʩʪʠ ʧʦ ʪʠʧʫ ɸ, ʧʦʣʫʯʝʥʥʳʤ ʥʘ ʦʩʥʦʚʝ 

ʧʦʚʪʦʨʥʳʭ ʥʘʙʣʶʜʝʥʠʡ, ʠ ʦʮʝʥʠʚʘʥʠʝʤ ʥʝʦʧʨʝʜʝʣʝʥʥʦʩʪʠ ʧʦ ʪʠʧʫ ɺ, ʧʦ-

ʣʫʯʝʥʥʳʤ ʣʶʙʳʤʠ ʜʨʫʛʠʤʠ ʩʧʦʩʦʙʘʤʠ. ɺ ʦʮʝʥʢʝ ʩʫʤʤʘʨʥʦʡ ʩʪʘʥʜʘʨʪʥʦʡ 

ʥʝʦʧʨʝʜʝʣʝʥʥʦʩʪʠ ʦʙʘ ʪʠʧʘ ʦʮʝʥʦʢ ʜʦʣʞʥʳ ʙʳʪʴ ʧʨʝʜʩʪʘʚʣʝʥʳ ʜʠʩʧʝʨʩʠ-

ʷʤʠ (ʢʚʘʜʨʘʪ ʩʪʘʥʜʘʨʪʥʦʡ ʥʝʦʧʨʝʜʝʣʝʥʥʦʩʪʠ) ʠ ʠʩʧʦʣʴʟʦʚʘʥʳ ʦʜʠʥʘʢʦʚʳʤ 

ʦʙʨʘʟʦʤ.  

ɺʩʝ ʜʝʪʘʣʠ ʵʪʦʡ ʧʨʦʮʝʜʫʨʳ ʠ ʜʦʧʦʣʥʠʪʝʣʴʥʳʝ ʧʨʝʜʣʦʞʝʥʠʷ, ʥʘ ʢʦʪʦ-

ʨʳʭ ʦʥʘ ʙʘʟʠʨʫʝʪʩʷ, ʫʢʘʟʘʥʥʳʝ ʚ ʈʫʢʦʚʦʜʩʪʚʝ GUM. ʎʝʣʴʶ ʩʪʘʥʜʘʨʪʘ 

ISO/TS 21749 ʷʚʣʷʝʪʩʷ ʧʨʝʜʦʩʪʘʚʣʝʥʠʝ ʜʦʧʦʣʥʠʪʝʣʴʥʳʭ ʫʢʘʟʘʥʠʡ ʧʦ ʦʮʝʥ-

ʢʝ ʥʝʦʧʨʝʜʝʣʝʥʥʦʩʪʠ ʩʪʘʪʠʩʪʠʯʝʩʢʠʤʠ ʤʝʪʦʜʘʤʠ ʚ ʫʩʣʦʚʠʷʭ, ʩʦʦʪʚʝʪʩʪʚʫ-

ʶʱʠʭ ʧʫʥʢʪʫ 2 ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʡ ʧʨʦʮʝʜʫʨʳ, ʧʨʠ ʧʦʚʪʦʨʝʥʠʠ ʠʟʤʝʨʝʥʠʡ 

ʚʭʦʜʥʳʭ ʚʝʣʠʯʠʥ ʠʣʠ ʚʩʝʡ ʧʨʦʮʝʜʫʨʳ ʠʟʤʝʨʝʥʠʡ. ɺ ʩʪʘʥʜʘʨʪʝ ISO/TS 

21749 ʪʝʨʤʠʥ ñʦʙʲʝʢʪò ʯʘʩʪʦ ʠʩʧʦʣʴʟʫʝʪʩʷ ʚ ʩʚʷʟʠ ʩ ʠʟʤʝʨʝʥʠʷʤʠ, ʧʦ-

ʩʢʦʣʴʢʫ ʠʟʤʝʨʝʥʠʷ ʤʦʛʫʪ ʦʪʥʦʩʠʪʴʩʷ ʢ ʩʳʧʫʯʠʤ ʤʘʪʝʨʠʘʣʘʤ, ʭʠʤʠʯʝʩʢʠʤ 

ʚʝʱʝʩʪʚʘʤ ʠ ʪ. ʜ.  

ʆʪʦʙʨʘʥʥʳʡ ʦʙʨʘʟʝʮ ʜʦʣʞʝʥ ʙʳʪʴ:  

- ʜʦʩʪʫʧʥʳʤ ʜʣʷ ʧʝʨʠʦʜʠʯʝʩʢʠʭ ʠʟʤʝʨʝʥʠʡ;  

- ʙʣʠʟʢʠʤ ʧʦ ʤʘʪʝʨʠʘʣʫ ʠ ʛʝʦʤʝʪʨʠʠ ʢ ʠʩʩʣʝʜʫʝʤʦʤʫ ʦʙʲʝʢʪʫ;  

- ʩʪʘʙʠʣʴʥʳʤ;  

- ʚʩʝʛʜʘ ʜʦʩʪʫʧʥʳʤ ʜʣʷ ʠʟʤʝʨʝʥʠʡ.  

ɼʣʷ ʫʜʦʚʣʝʪʚʦʨʝʥʠʷ ʫʢʘʟʘʥʥʳʭ ʪʨʝʙʦʚʘʥʠʡ ʠʜʝʘʣʴʥʦ ʦʪʦʙʨʘʥʥʳʡ ʦʙ-

ʨʘʟʝʮ ʜʦʣʞʝʥ ʙʳʪʴ ʦʙʲʝʢʪʦʤ, ʦʪʦʙʨʘʥʥʳʤ ʩʣʫʯʘʡʥʳʤ ʦʙʨʘʟʦʤ ʠʟ ʧʨʝʜʥʘ-

ʟʥʘʯʝʥʥʳʭ ʜʣʷ ʵʪʦʛʦ ʝʜʠʥʠʮ ʧʨʦʜʫʢʮʠʠ.  

ʇʨʠʤʝʨʳ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʦʪʦʙʨʘʥʥʦʛʦ ʦʙʨʘʟʮʘ:  

- ʧʨʠ ʠʟʤʝʨʝʥʠʷʭ ʥʘ ʩʪʘʙʠʣʴʥʦʤ ʦʙʲʝʢʪʝ;  

- ʧʨʠ ʨʘʟʥʠʮʝ ʤʝʞʜʫ ʟʥʘʯʝʥʠʷʤʠ ʜʚʫʭ ʠʩʭʦʜʥʳʭ ʵʪʘʣʦʥʦʚ, ʦʮʝʥʝʥʥʳʭ  
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ʚ ʧʨʦʮʝʩʩʝ ʵʢʩʧʝʨʠʤʝʥʪʘ ʧʦ ʢʘʣʠʙʨʦʚʢʝ.  

ɺ ʩʪʘʥʜʘʨʪʝ ISO/TS 21749 ʪʝʨʤʠʥ ñʦʪʦʙʨʘʥʥʳʡ ʦʙʨʘʟʝʮò ʜʘʥ ʚ ʦʙʱʝʡ 

ʠʥʪʝʨʧʨʝʪʘʮʠʠ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʧʨʠʤʝʥʷʪʴ ʝʛʦ ʢ ʩʳʧʫʯʠʤ ʤʘʪʝʨʠʘʣʘʤ ʠʣʠ ʢ 

ʭʠʤʠʯʝʩʢʠʤ ʚʝʱʝʩʪʚʘʤ.  

ʇʝʨʚʳʤ ʵʪʘʧʦʤ ʦʮʝʥʢʠ ʥʝʦʧʨʝʜʝʣʝʥʥʦʩʪʠ ʷʚʣʷʝʪʩʷ ʦʧʨʝʜʝʣʝʥʠʝ ʠʟʤʝ-

ʨʷʝʤʦʡ ʚʝʣʠʯʠʥʳ, ʨʝʟʫʣʴʪʘʪ ʠʟʤʝʨʝʥʠʡ ʢʦʪʦʨʦʡ ʥʝʦʙʭʦʜʠʤʦ ʬʠʢʩʠʨʦʚʘʪʴ 

ʧʨʠ ʠʩʧʳʪʘʥʠʠ ʦʙʲʝʢʪʘ. ʉʣʝʜʫʝʪ ʦʙʝʩʧʝʯʠʪʴ ʦʜʥʦʟʥʘʯʥʦʝ ʦʧʨʝʜʝʣʝʥʠʝ ʠʟ-

ʤʝʨʷʝʤʦʡ ʚʝʣʠʯʠʥʳ, ʧʦʩʢʦʣʴʢʫ ʦʪ ʵʪʦʛʦ ʟʘʚʠʩʠʪ ʦʮʝʥʢʘ ʥʝʦʧʨʝʜʝʣʝʥʥʦʩʪʠ.  

ɼʣʷ ʵʪʦʛʦ ʥʝʦʙʭʦʜʠʤʦ ʫʩʪʘʥʦʚʠʪʴ, ʯʪʦ ʷʚʣʷʝʪʩʷ ʦʙʲʝʢʪʦʤ ʠʟʤʝʨʝʥʠʡ:  

-ʚʝʣʠʯʠʥʘ ʚ ʢʦʥʢʨʝʪʥʳʡ ʤʦʤʝʥʪ ʚʨʝʤʝʥʠ ʚ ʢʦʥʢʨʝʪʥʦʡ ʪʦʯʢʝ ʧʨʦ-

ʩʪʨʘʥʩʪʚʘ;  

- ʚʝʣʠʯʠʥʘ ʚ ʢʦʥʢʨʝʪʥʳʡ ʤʦʤʝʥʪ ʚʨʝʤʝʥʠ, ʫʩʨʝʜʥʝʥʥʘʷ ʧʦ ʟʘʜʘʥʥʦʡ 

ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʡ ʦʙʣʘʩʪʠ;  

- ʚʝʣʠʯʠʥʘ ʚ ʢʦʥʢʨʝʪʥʦʡ ʪʦʯʢʝ ʧʨʦʩʪʨʘʥʩʪʚʘ, ʫʩʨʝʜʥʝʥʥʘʷ ʟʘ ʧʝʨʠʦʜ 

ʚʨʝʤʝʥʠ. ʅʘʧʨʠʤʝʨ, ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʞʝʩʪʢʦʩʪʠ ʦʙʨʘʟʮʘ ʢʝʨʘʤʠʯʝʩʢʦʛʦ ʤʘ-

ʪʝʨʠʘʣʘ ʤʦʛʫʪ ʩʠʣʴʥʦ ʨʘʟʣʠʯʘʪʴʩʷ, ʝʩʣʠ ʦʥʠ ʙʘʟʠʨʫʶʪʩʷ ʥʘ:  

- ʨʝʟʫʣʴʪʘʪʘʭ ʠʟʤʝʨʝʥʠʡ ʚ ʫʢʘʟʘʥʥʦʡ ʪʦʯʢʝ ʦʙʨʘʟʮʘ;  

- ʩʨʝʜʥʝʤ ʘʨʠʬʤʝʪʠʯʝʩʢʦʤ ʧʦ ʥʝʩʢʦʣʴʢʠʤ ʪʦʯʢʘʤ ʦʙʨʘʟʮʘ.  

ɽʩʣʠ ʟʥʘʯʝʥʠʝ ʠʟʤʝʨʷʝʤʦʡ ʚʝʣʠʯʠʥʳ ʤʦʞʝʪ ʙʳʪʴ ʠʟʤʝʨʝʥʦ ʥʝʧʦʩʨʝʜ-

ʩʪʚʝʥʥʦ, ʦʮʝʥʢʘ ʩʪʘʥʜʘʨʪʥʦʡ ʥʝʦʧʨʝʜʝʣʝʥʥʦʩʪʠ ʟʘʚʠʩʠʪ ʦʪ ʢʦʣʠʯʝʩʪʚʘ ʧʦ-

ʚʪʦʨʥʳʭ ʠʟʤʝʨʝʥʠʡ, ʚʥʝʰʥʠʭ ʫʩʣʦʚʠʡ ʠ ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʳʭ ʨʝʞʠʤʦʚ, ʚ 

ʢʦʪʦʨʳʭ ʧʨʦʚʝʜʝʥʳ ʧʦʚʪʦʨʥʳʝ ʠʟʤʝʨʝʥʠʷ. ʆʥʘ ʪʘʢʞʝ ʟʘʚʠʩʠʪ ʦʪ ʜʨʫʛʠʭ 

ʠʩʪʦʯʥʠʢʦʚ ʥʝʦʧʨʝʜʝʣʝʥʥʦʩʪʠ, ʢʦʪʦʨʳʝ ʥʝʚʦʟʤʦʞʥʦ ʥʘʙʣʶʜʘʪʴ ʚ ʫʩʣʦʚʠʷʭ 

ʧʦʚʪʦʨʥʳʭ ʠʟʤʝʨʝʥʠʡ, ʥʘʧʨʠʤʝʨ, ʦʪ ʥʝʦʧʨʝʜʝʣʝʥʥʦʩʪʠ ʢʘʣʠʙʨʦʚʢʠ ʜʣʷ ʠʩ-

ʭʦʜʥʳʭ ʵʪʘʣʦʥʦʚ.  

ʉ ʜʨʫʛʦʡ ʩʪʦʨʦʥʳ, ʝʩʣʠ ʟʥʘʯʝʥʠʝ ʠʟʤʝʨʷʝʤʦʡ ʚʝʣʠʯʠʥʳ ʥʝ ʤʦʞʝʪ 

ʙʳʪʴ ʠʟʤʝʨʝʥʦ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ, ʘ ʜʦʣʞʥʦ ʙʳʪʴ ʚʳʯʠʩʣʝʥʦ ʧʦ ʨʝʟʫʣʴʪʘʪʘʤ 

ʠʟʤʝʨʝʥʠʡ ʢʦʩʚʝʥʥʳʭ ʚʝʣʠʯʠʥ, ʜʦʣʞʥʘ ʙʳʪʴ ʦʧʨʝʜʝʣʝʥʘ ʤʦʜʝʣʴ (ʠʣʠ 

ʬʫʥʢʮʠʷ), ʩʚʷʟʳʚʘʶʱʝʝ ʵʪʠ ʚʝʣʠʯʠʥʳ. ɼʣʷ ʦʮʝʥʠʚʘʥʠʷ ʩʪʘʥʜʘʨʪʥʦʡ ʥʝ-

ʦʧʨʝʜʝʣʝʥʥʦʩʪʠ ʠʟʤʝʨʷʝʤʦʡ ʚʝʣʠʯʠʥʳ ʥʝʦʙʭʦʜʠʤʦ ʦʧʨʝʜʝʣʠʪʴ ʩʪʘʥʜʘʨʪ-

ʥʫʶ ʥʝʦʧʨʝʜʝʣʝʥʥʦʩʪʴ, ʢʦʪʦʨʘʷ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʣʫʯʰʠʤ ʦʮʝʥʢʘʤ ʢʦʩʚʝʥʥʳʭ 

ʚʝʣʠʯʠʥ.  

ʄʦʞʥʦ ʚʳʜʝʣʠʪʴ ʩʣʝʜʫʶʱʠʝ ʵʪʘʧʳ ʦʮʝʥʢʠ ʥʝʦʧʨʝʜʝʣʝʥʥʦʩʪʠ:  

1) ʧʦ ʪʠʧʫ ɸ :  

- ʝʩʣʠ ʠʩʭʦʜʥʘʷ ʚʝʣʠʯʠʥʘ ʧʨʝʜʩʪʘʚʣʝʥʘ Y, ʘ ʠʟʤʝʨʝʥʠʷ Y ʤʦʛʫʪ ʙʳʪʴ 

ʧʦʚʪʦʨʝʥʳ, ʪʦ ʠʩʧʦʣʴʟʫʶʪ ʤʦʜʝʣʴ ANOVA ʜʣʷ ʦʮʝʥʢʠ ʩʦʩʪʘʚʣʷʶʱʠʭ ʜʠʩ-

ʧʝʨʩʠʡ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʩʣʫʯʘʡʥʳʤ ʚʦʟʜʝʡʩʪʚʠʷʤ ʥʘ Y ʨʝʟʫʣʴʪʘʪʦʚ: ï ʧʦ-

ʚʪʦʨʥʳʭ ʠʟʤʝʨʝʥʠʡ ʥʘ ʦʙʲʝʢʪʝ ʠʩʧʳʪʘʥʠʡ; ï ʠʟʤʝʨʝʥʠʡ ʥʘ ʚʳʙʨʘʥʥʦʤ 

ʦʙʨʘʟʮʝ; ï ʠʟʤʝʨʝʥʠʡ, ʚʳʧʦʣʥʝʥʥʳʭ ʩʦʛʣʘʩʥʦ ʧʣʘʥʫ ʵʢʩʧʝʨʠʤʝʥʪʘ;  

- ʝʩʣʠ ʠʟʤʝʨʝʥʠʷ Y ʥʝ ʤʦʛʫʪ ʙʳʪʴ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʧʦʚʪʦʨʝʥʳ ʠ ʤʦ-

ʜʝʣʴ Y = f ( X1 X2, ..., ʍn) ʠʟʚʝʩʪʥʘ, ʘ ʠʟʤʝʨʝʥʠʷ ʚʭʦʜʥʳʭ ʚʝʣʠʯʠʥ Xi ʤʦʛʫʪ 

ʙʳʪʴ ʧʦʚʪʦʨʝʥʳ, ʦʮʝʥʠʚʘʶʪ ʥʝʦʧʨʝʜʝʣʝʥʥʦʩʪʠ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʣʫʯʰʠʤ 

ʦʮʝʥʢʘʤ ʭi ʜʣʷ X I, ʘ ʟʘʪʝʤ ʧʨʠʤʝʥʷʶʪ ʟʘʢʦʥ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʥʝʦʧʨʝʜʝ-

ʣʝʥʥʦʩʪʠ;  
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- ʝʩʣʠ ʠʟʤʝʨʝʥʠʷ Y ʠʣʠ X ʥʝ ʤʦʛʫʪ ʙʳʪʴ ʧʦʚʪʦʨʝʥʳ, ʧʨʠʤʝʥʷʶʪ ʦʮʝʥ-

ʢʠ ʧʦ ʪʠʧʫ ɺ;  

2) ʧʦ ʪʠʧʫ ɺ ʦʮʝʥʠʚʘʶʪ ʩʪʘʥʜʘʨʪʥʫʶ ʥʝʦʧʨʝʜʝʣʝʥʥʦʩʪʴ, ʢʦʪʦʨʘʷ ʩʦ-

ʦʪʚʝʪʩʪʚʫʝʪ ʣʫʯʰʝʡ ʦʮʝʥʢʝ ʢʘʞʜʦʡ ʚʭʦʜʥʦʡ ʚʝʣʠʯʠʥʳ;  

3) ʦʙʲʝʜʠʥʷʶʪ ʩʪʘʥʜʘʨʪʥʳʝ ʥʝʦʧʨʝʜʝʣʝʥʥʦʩʪʠ ʧʦ ʪʠʧʫ ɸ ʠ ɺ ʜʣʷ ʧʦ-

ʣʫʯʝʥʠʷ ʩʪʘʥʜʘʨʪʥʦʡ ʥʝʦʧʨʝʜʝʣʝʥʥʦʩʪʠ ʨʝʟʫʣʴʪʘʪʦʚ ʠʟʤʝʨʝʥʠʡ;  

4) ʚʳʯʠʩʣʷʶʪ ʨʘʩʰʠʨʝʥʥʫʶ ʥʝʦʧʨʝʜʝʣʝʥʥʦʩʪʴ [2,3,4].  

ʎʝʣʴʶ ʧʨʠʤʝʨʦʚ ʠ ʙʦʣʝʝ ʜʝʪʘʣʴʥʦʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ ʦʮʝʥʢʠ ʥʝʦʧʨʝʜʝ-

ʣʝʥʥʦʩʪʠ, ʧʨʠʚʝʜʝʥʥʳʭ ʚ ʩʪʘʥʜʘʨʪʝ ISO/TS 21749, ʷʚʣʷʝʪʩʷ ʜʝʤʦʥʩʪʨʘʮʠʷ 

ʤʝʪʦʜʦʚ ʦʮʝʥʢʠ ʥʝʦʧʨʝʜʝʣʝʥʥʦʩʪʝʡ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʧʨʦʮʝʩʩʘʤ ʠʟʤʝʨʝ-

ʥʠʡ, ʢʦʪʦʨʳʝ ʠʤʝʶʪ ʥʝʩʢʦʣʴʢʦ ʠʩʪʦʯʥʠʢʦʚ ʥʝʦʧʨʝʜʝʣʝʥʥʦʩʪʠ. ʇʦʣʴʟʦʚʘ-

ʪʝʣʴ ʜʦʣʞʝʥ ʩʘʤʦʩʪʦʷʪʝʣʴʥʦ ʦʙʦʙʱʠʪʴ ʧʨʠʥʮʠʧʳ, ʠʟʣʦʞʝʥʥʳʝ ʚ 

ʫʢʘʟʘʥʥʦʤ ʩʪʘʥʜʘʨʪʝ. ɺ ʧʨʠʤʝʨʘʭ ʨʘʩʩʤʦʪʨʝʥʳ ʧʦʩʣʝʜʩʪʚʠʷ ʩʣʫʯʘʡʥʳʭ ʠ 

ʩʠʩʪʝʤʘʪʠʯʝʩʢʠʭ ʚʦʟʜʝʡʩʪʚʠʡ ʚ ʬʦʨʤʝ ʩʤʝʱʝʥʠʷ ʨʝʟʫʣʴʪʘʪʦʚ ʠʟʤʝʨʝʥʠʡ.  

ʉʫʱʝʩʪʚʫʶʪ ʦʩʦʙʝʥʥʦʩʪʠ ʧʨʠ ʦʧʨʝʜʝʣʝʥʠʠ ʟʥʘʯʝʥʠʷ ʥʝʦʧʨʝʜʝʣʝʥʥʦ-

ʩʪʠ, ʥʘʙʣʶʜʘʝʤʦʡ ʚʦ ʚʨʝʤʝʥʠ, ʥʘʧʨʠʤʝʨ, ʥʝʦʧʨʝʜʝʣʝʥʥʦʩʪʴ, ʢʦʪʦʨʘʷ ʦʪʚʝ-

ʯʘʝʪ ʢʦʨʦʪʢʠʤ ʚʨʝʤʝʥʥʳʤ ʠʥʪʝʨʚʘʣʘʤ (ʫʩʣʦʚʠʷ ʧʦʚʪʦʨʷʝʤʦʩʪʠ) ʠ 

ʥʘʟʳʚʘʝʪʩʷ ʢʨʘʪʢʦʩʨʦʯʥʦʡ, ʠ ʥʝʦʧʨʝʜʝʣʝʥʥʦʩʪʴ ʜʣʷ ʦʮʝʥʠʚʘʥʠʷ ʧʨʦʤʝʞʫ-

ʪʦʯʥʦʡ ʧʨʝʮʠʟʠʦʥʥʦʩʪʠ, ʢʦʪʦʨʘʷ ʭʘʨʘʢʪʝʨʠʟʫʝʪ ʠʟʤʝʥʯʠʚʦʩʪʴ ʧʦ ʜʥʷʤ ʠʣʠ 

ʦʪ ʩʝʨʠʠ ʢ ʩʝʨʠʠ (ʫʩʣʦʚʠʷ ʚʦʩʧʨʦʠʟʚʦʜʠʤʦʩʪʠ). ʇʦʣʴʟʦʚʘʪʝʣʴ ʩʪʘʥʜʘʨʪʘ 

ISO/TS 21749 ʜʦʣʞʝʥ ʦʧʨʝʜʝʣʠʪʴ ʠʥʪʝʨʚʘʣʳ ʚʨʝʤʝʥʠ, ʧʨʠʤʝʥʠʤʳʝ ʢ ʨʘʩ-

ʩʤʘʪʨʠʚʘʝʤʦʤʫ ʧʨʦʮʝʩʩʫ ʠʟʤʝʨʝʥʠʡ. 
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ʕʃɽʂʊʈʆʊɽʍʅʀʂɸ 

 

ʇʈʀʅʎʀʇʓ ʇʆʉʊʈʆɽʅʀʗ ʕʃɽʂʊʈʆʄɸɻʅʀʊʅʓʍ 

ʇʈɽʆɹʈɸɿʆɺɸʊɽʃɽʁ ʉ ʃɽɺʀʊɸʎʀʆʅʅʓʄ ʕʂʈɸʅʆʄ ɼʃʗ 

ʂʆʅʊʈʆʃʗ ʊʆʃʑʀʅʓ ʀɿʆʃʗʎʀʀ ɺ ʇʈʆʎɽʉʉɽ ʅɸʄʆʊʂʀ 

 

ʉʝʡʜʘʣʠʝʚ ʀʣʴʭʘʤ ʄʘʛʦʤʝʜ ʦʛʣʳ 

ʜʦʮʝʥʪ, ʢʘʥʜʠʜʘʪ ʪʝʭʥʠʯʝʩʢʠʭ ʥʘʫʢ,  

ɸʟʝʨʙʘʡʜʞʘʥʩʢʠʡ ɻʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʕʢʦʥʦʤʠʯʝʩʢʠʡ ʋʥʠʚʝʨʩʠʪʝʪ, 

 ʛ.ɹʘʢʫ  

 

ʆʙʱʠʝ ʪʨʝʙʦʚʘʥʠʷ ʢ ʫʩʪʨʦʡʩʪʚʘʤ ʠʟʤʝʨʝʥʠʷ ʪʦʣʱʠʥʳ ʛʠʙʢʠʭ ʜʚʠʞʫ-

ʱʠʭʩʷ ʤʘʪʝʨʠʘʣʦʚ ʤʦʞʥʦ ʩʬʦʨʤʫʣʠʨʦʚʘʪʴ ʩʣʝʜʫʶʱʠʤ ʦʙʨʘʟʦʤ [2]. ʀʟʤʝ-

ʨʠʪʝʣʴ ʜʦʣʞʝʥ ʦʙʣʘʜʘʪʴ ʚʳʩʦʢʦʡ ʪʦʯʥʦʩʪʴʶ ʠ ʙʳʩʪʨʦʜʝʡʩʪʚʠʝʤ, ʙʳʪʴ 

ʥʘʜʝʞʥʳʤ ʚ ʨʘʙʦʪʝ, ʠʤʝʪʴ ʣʠʥʝʡʥʳʝ ʠ ʩʪʘʙʠʣʴʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʧʨʠ ʢʦ-

ʣʝʙʘʥʠʠ ʧʘʨʘʤʝʪʨʦʚ ʥʘʧʨʷʞʝʥʠʷ ʧʠʪʘʥʠʷ, ʪʝʤʧʝʨʘʪʫʨʳ ʠ ʚʣʘʞʥʦʩʪʠ ʦʢʨʫ-

ʞʘʶʱʝʡ ʩʨʝʜʳ ʠ ʪ.ʜ. ʇʝʨʝʯʠʩʣʝʥʥʳʤ ʪʨʝʙʦʚʘʥʠʷʤ ʥʘʠʙʦʣʝʝ ʧʦʣʥʦ 

ʫʜʦʚʣʝʪʚʦʨʷʶʪ ʠʟʤʝʨʠʪʝʣʠ, ʥʝ ʪʨʝʙʫʶʱʠʝ ʜʦʧʦʣʥʠʪʝʣʴʥʳʭ ʠʣʠ ʧʨʦʤʝʞʫ-

ʪʦʯʥʳʭ ʵʣʝʤʝʥʪʦʚ ʠ ʚʳʧʦʣʥʝʥʥʳʝ ʥʘ ʙʘʟʝ ʣʠʥʝʡʥʦʛʦ ʠʥʜʫʢʮʠʦʥʥʦʛʦ ʧʦʜ-

ʚʝʩʘ ʩ ʣʝʚʠʪʘʮʠʦʥʥʳʤ ʵʢʨʘʥʦʤ (ʃʕ). ʊʘʢʠʝ ʠʟʤʝʨʠʪʝʣʠ ʤʦʛʫʪ ʠʤʝʪʴ 

ʨʘʟʣʠʯʥʦʝ ʠʩʧʦʣʥʝʥʠʝ. ʅʘ ʨʠʩ.1 ʠ 2 ʧʨʠʚʝʜʝʥʳ ʩʭʝʤʳ ʪʨʝʭ ʦʩʥʦʚʥʳʭ ʚʦʟ-

ʤʦʞʥʳʭ ʚʘʨʠʘʥʪʦʚ ʢʦʥʩʪʨʫʢʮʠʡ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʳʭ ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʝʡ ʧʝ-

ʨʝʤʝʱʝʥʠʷ ʩ ʃʕ: ʜʠʬʬʨʝʥʮʠʘʣʴʥʦ-ʪʨʘʥʩʬʦʨʤʘʪʦʨʥʳʝ (ʨʠʩ.1,ʘ) ʠ 

ʩʣʝʜʷʱʠʝ-ʪʨʘʥʩʬʦʨʤʘʪʦʨʥʳʝ (ʨʠʩ.1,ʙ).  

 
ʘ)  ʙ) 

ʈʠʩ.1. ʕʣʝʢʪʨʦʤʘʛʥʠʪʥʳʝ ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʠ ʧʝʨʝʤʝʱʝʥʠʷ ʩ ʃʕ: ʜʠʬ-

ʬʨʝʥʮʠʘʣʴʥʦ-ʪʨʘʥʩʬʦʨʤʘʪʦʨʥʳʡ (ʘ) ʠ ʩʣʝʜʷʱʠʡ-ʪʨʘʥʩʬʦʨʤʘʪʦʨʥʳʡ ʩ 

ʠʜʝʥʪʠʯʥʳʤʠ ʩʝʢʮʠʷʤʠ) (ʙ) 

 

ʋʢʘʟʘʥʥʳʝ ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʠ ʤʦʛʫʪ ʙʳʪʴ ʚʳʧʦʣʥʝʥʳ ʨʝʛʫʣʠʨʫʝʤʳʤʠ 

ʟʘʟʦʨʘʤʠ 1
d ʠ 2
d (ʨʠʩ.2). 
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ʘ)  ʙ) 

ʈʠʩ.2. ʕʣʝʢʪʨʦʤʘʛʥʠʪʥʳʝ ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʠ ʧʝʨʝʤʝʱʝʥʠʷ ʩ ʨʝʛʫʣʠʨʫ-

ʝʤʳʤʠ ʟʘʟʦʨʘʤʠ: ʜʠʬʬʨʝʥʮʠʘʣʴʥʦ-ʪʨʘʥʩʬʦʨʤʘʪʦʨʥʦʛʦ ʪʠʧʘ (ʘ) ʠ ʩʣʝʜʷ-

ʱʠʡ-ʪʨʘʥʩʬʦʨʤʘʪʦʨʥʦʛʦ ʪʠʧʘ (ʙ) 

 

ʈʝʛʫʣʠʨʦʚʘʥʠʝ ʟʘʟʦʨʦʚ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʠʟʤʝʥʝʥʠʝʤ ʧʦʣʦʞʝʥʠʷ ʷʢʦʨʷ 

ʗ. ʇʨʠ ʵʪʦʤ ʫʩʪʘʥʘʚʣʠʚʘʝʪʩʷ ʥʫʣʝʚʦʝ ʧʦʣʦʞʝʥʠʝ ʩʠʣʦʚʚʦʜʷʱʝʛʦ ʵʣʝʤʝʥʪʘ 

(ʉɺʕ), ʛʜʝ ʦʩʪʘʪʦʯʥʳʡ ʩʠʛʥʘʣ ʤʠʥʠʤʘʣʴʥʳʡ ʠ ʢʨʫʪʠʟʥʘ ʚʳʭʦʜʥʦʡ ʭʘʨʘʢ-

ʪʝʨʠʩʪʠʢʠ ( )
ʠʟ

U d
2

 ʤʘʢʩʠʤʘʣʴʥʘʷ.  

ʋʢʘʟʘʥʥʳʝ ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʠ ʠʤʝʶʪ ʩʣʝʜʫʶʱʠʝ ʦʩʦʙʝʥʥʦʩʪʠ: 

1. ʉ ʮʝʣʴʶ ʩʦʟʜʘʥʠʷ ʦʜʥʦʨʦʜʥʦʛʦ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ ʚ ʨʘʙʦʯʝʤ ʚʦʟʜʫʰ-

ʥʦʤ ʟʘʟʦʨʝ ʠ ʦʛʨʘʥʠʯʝʥʠʷ ʯʨʝʟʤʝʨʥʦʛʦ ʫʚʝʣʠʯʝʥʠʷ ʚʳʩʦʪʳ ʤʘʛʥʠʪʦʧʨʦʚʦ-

ʜʘ ʪʦʨʮʝʚʳʝ ʫʯʘʩʪʢʠ ʐ-ʦʙʨʘʟʥʦʛʦ ʤʘʛʥʠʪʦʧʨʦʚʦʜʘ ʚʳʧʦʣʥʝʥʳ 

ʩʪʫʧʝʥʯʘʪʳʤʠ (ʨʠʩ. 1,ʘ ). ʅʘ ʵʪʠʭ ʫʯʘʩʪʢʘʭ ʨʘʟʤʝʱʝʥʳ ʩʝʢʮʠʠ ʦʙʤʦʪʢʠ 

ʚʦʟʙʫʞʜʝʥʠʷ (ʆɺ) ʠ ʠʟʤʝʨʠʪʝʣʴʥʦʡ ʦʙʤʦʪʢʠ (ʀʆ) 
11

,WW ¡¡¡ ʠ 
22

,WW ¡¡¡ . ʉʝʢ-

ʮʠʠ ʆɺ 
11

WW ¡¡-¡ ʠ ʀʆ 
22

WW ¡¡-¡  ʚʢʣʶʯʝʥʳ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦ-ʚʩʪʨʝʯʥʦ. ʇʨʠ 

ʵʪʦʤ ʚʳʧʦʣʥʝʥʳ ʫʩʣʦʚʠʷ 11
WW ¡¡>>¡ , ʪʘʢ ʢʘʢ ʧʨʠ ʵʪʦʤ ʨʝʟʫʣʴʪʠʨʫʶʱʘʷ 

ʧʦʜʲʝʤʥʘʷ ʩʠʣʘ 
ʕʕʕ

FFF ¡¡-¡= , ʢʦʤʧʝʥʩʠʨʫʷ ʩʠʣʳ ʪʷʞʝʩʪʠ ʉɺʕ ʈ ʧʦʜʥʠʤʘʝʪ 

ʝʛʦ ʚ ʠʩʭʦʜʥʦʝ (ʚʝʨʭʥʝʝ) ʧʦʣʦʞʝʥʠʝ, ʢʘʢ ʵʪʦ ʧʦʢʘʟʘʥʦ ʥʘ ʨʠʩ. 1,ʘ. ɺ ʵʪʦʤ 

ʧʦʣʦʞʝʥʠʠ, ʪ.ʝ. ʚ ʠʩʭʦʜʥʦʤ ʩʦʩʪʦʷʥʠʠ ( )0==ʭ
ʠʟ
d , ʨʝʟʫʣʴʪʠʨʫʶʱʝʝ ʥʘʧʨʷ-

ʞʝʥʠʝ ʥʘ ʚʳʭʦʜʝ ʠʟʤʝʨʠʪʝʣʴʥʦʡ ʦʙʤʦʪʢʠ 2
U  ʜʦʣʞʥʦ ʙʳʪʴ ʨʘʚʥʦ ʥʫʣʶ. ʉ 

ʵʪʦʡ ʮʝʣʴʶ ʧʨʠʥʷʪʦ ʫʩʣʦʚʠʝ 22
WW ¡>>¡¡ . ɺ ʨʝʟʫʣʴʪʘʪʝ ʵʪʦʛʦ ʧʦʣʫʯʝʥʦ ʠ ʚʳ-

ʧʦʣʥʝʥʦ ʦʙʱʝʝ ʫʩʣʦʚʠʝ 2121
WWWW ¡¡¡¡=¡¡ .  

ʏʪʦʙʳ ʫʣʫʯʰʠʪʴ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʫʶ ʩʚʷʟʴ ʤʝʞʜʫ ʩʝʢʮʠʷʤʠ ʦʙʤʦʪʦʢ 

ʠʟʤʝʨʠʪʝʣʴʥʳʝ ʩʝʢʮʠʠ 22
WW ¡¡-¡  ʨʘʩʧʦʣʦʞʝʥʳ ʣʠʙʦ ʙʣʠʞʝ ʢ ʪʦʨʮʝʚʳʤ 

ʫʯʘʩʪʢʘʤ ʤʘʛʥʠʪʦʧʨʦʚʦʜʘ (ʨʠʩ. 1,ʘ), ʣʠʙʦ ʩʥʘʨʫʞʠ ʢʦʥʮʝʥʪʨʠʯʥʦ ʩʝʢʮʠʷʤ 

ʆɺ. ɺʦ ʚʪʦʨʦʤ ʚʘʨʠʘʥʪʝ ʦʙʱʘʷ ʚʳʩʦʪʘ ʦʙʤʦʪʦʢ ʤʝʥʴʰʝ, ʧʦʵʪʦʤʫ ʤʝʥʴʰʝ 

ʙʫʜʝʪ ʠ ʚʳʩʦʪʘ ʤʘʛʥʠʪʦʧʨʦʚʦʜʘ.  

 2. ʉ ʮʝʣʴʶ ʫʤʝʥʴʰʝʥʠʷ ʪʨʝʥʠʷ ʤʝʞʜʫ ʧʦʜʚʠʞʥʦʡ ʠ ʥʝʧʦʜʚʠʞʥʦʡ ʯʘ-

ʩʪʷʤʠ ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʷ, ʘ ʪʘʢʞʝ ʫʚʝʣʠʯʝʥʠʝ ʫʩʪʦʡʯʠʚʦʩʪʠ ʧʦʜʚʠʞʥʦʡ ʯʘ-

ʩʪʠ ʉɺʕ ʚʳʧʦʣʥʝʥ ʚʠʣʢʦʦʙʨʘʟʥʳʤ ʠ ʢʦʥʪʘʢʪ ʩ ʠʟʦʣʷʮʠʝʡ ʦʩʫʱʝʩʪʚʣʝʥ 

ʯʝʨʝʟ ʨʦʣʠʢ ʠʟ ʬʪʦʨʧʣʘʩʪʘ. ʌʪʦʨʧʣʘʩʪ ʦʙʣʘʜʘʝʪ ʚʳʩʦʢʦʡ ʤʝʭʘʥʠʯʝʩʢʦʡ 
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ʧʨʦʯʥʦʩʪʴʶ ʠ ʩʤʘʟʳʚʘʶʱʠʤ ʩʚʦʡʩʪʚʦʤ. ʈʘʟʤʝʨ ʉɺʕ ʤʘʢ
y

 ʫʤʝʥʴʰʝʥ ʜʦ ʚʝ-

ʣʠʯʠʥʳ ʤʘʢʩʠʤʘʣʴʥʦʛʦ ʭʦʜʘ ʃʕ ʤʘʢ
ʭ , ʪ.ʝ. ʠʟʤʘʢʤʘʢʤʘʢ

ʭy d== .  

ʂʦʥʩʪʨʫʢʮʠʷ ʃʕ ʠ ʉɺʕ ʦʙʝʩʧʝʯʠʚʘʶʪ ʧʨʦʜʦʣʴʥʫʶ (ʚʝʨʪʠʢʘʣʴʥʫʶ), 

ʧʦʧʝʨʝʯʥʫʶ ʠ ʪʝʧʣʦʚʫʶ ʫʩʪʦʡʯʠʚʦʩʪʠ ʧʦʜʚʠʞʥʦʡ ʯʘʩʪʠ ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʷ 

[1].  

ɼʣʷ ʦʙʝʩʧʝʯʝʥʠʷ ʧʨʦʜʦʣʴʥʦʡ ʫʩʪʦʡʯʠʚʦʩʪʠ ʚ ʠʩʭʦʜʥʦʤ ʧʦʣʦʞʝʥʠʠ 

ʉɺʕ ( 0==ʭ
ʠʟ
d ) ʧʦʜʲʝʤʥʘʷ ʩʠʣʘ ʕ

F , ʜʝʡʩʪʚʫʶʱʘʷ ʩʥʠʟʫ ʥʘ ʃʕ, ʜʦʣʞʥʘ 

ʧʦʣʥʦʩʪʴʶ ʢʦʤʧʝʥʩʠʨʦʚʘʪʴ ʩʠʣʳ ʪʷʞʝʩʪʠ ʃʕ ʈʚ ʠ ʉɺʕ ʈʩ (ʨʠʩ.3): 

ʩʚʕ
PPPF +==

. 

ɼʣʷ ʧʣʦʪʥʦʛʦ ʩʦʧʨʠʢʦʩʥʦʚʝʥʠʷ ʨʦʣʠʢʘ ʢ ʠʟʜʝʣʠʷʤ ʥʝʦʙʭʦʜʠʤʦ 

ʈF
ʕ
> . ʇʦʧʝʨʝʯʥʘʷ ʫʩʪʦʡʯʠʚʦʩʪʴ ʜʦʩʪʠʛʘʝʪʩʷ ʫʚʝʣʠʯʝʥʠʝʤ ʮʝʥʪʨʠʨʫʶ-

ʱʠʭ ʩʠʣʎ
F  (ʨʠʩ.3). ʉ ʵʪʦʡ ʮʝʣʴʶ ʟʘʟʦʨʳ ʤʝʞʜʫ ʩʪʝʥʢʘʤʠ ʃʕ ʠ ʩʪʝʨʞʥʷʤʠ 

ʤʘʛʥʠʪʦʧʨʦʚʦʜʘ 
2
D ʫʤʝʥʴʰʝʥʳ ʜʦ ʤʠʥʠʤʘʣʴʥʦʡ ʚʝʣʠʯʠʥʳ (ʤʤ5,01,0

2
-=D

), ʘ ʦʪʥʦʰʝʥʠʝ 
2

2

2

c

h
n

e
=  ʚʳʙʨʘʥʦ ʚ ʧʨʝʜʝʣʘʭ ( )62- . ʄʘʢʩʠʤʘʣʴʥʦʝ ʟʥʘʯʝʥʠʝ 

ʪʦʣʱʠʥʳ ʃʕ ʩ2 ʧʨʠ ʵʪʦʤ ʤʦʞʝʪ ʩʦʩʪʘʚʠʪʴ ʚʝʣʠʯʠʥʫ, ʨʘʚʥʫʶ ʛʣʫʙʠʥʝ ʧʨʦ-

ʥʠʢʥʦʚʝʥʠʷ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʦʡ ʚʦʣʥʳ 
ɻ
D  ʚ ʘʣʶʤʠʥʠʝʚʳʡ ʃʕ. 

 
ʈʠʩ.3. ʂ ʦʧʨʝʜʝʣʝʥʠʶ ʫʩʪʦʡʯʠʚʦʩʪʠ ʩʠʣʦʚʚʦʜʷʱʝʛʦ ʵʣʝʤʝʥʪʘ 

 

ʇʨʠ ʵʪʦʤ ʠʟ ʩʦʦʪʥʦʰʝʥʠʡ  

( )ʤʩ
ɻɻ

3

2
1014 -Ö=DD¢ ; 

2

2222222222
cnjchjIWIF

e
====  

ʥʝʪʨʫʜʥʦ ʫʩʪʘʥʦʚʠʪʴ ʟʥʘʯʝʥʠʷ ʧʝ2 ʠ ʩ2, ʪʘʢ ʢʘʢ ʘʤʧʝʨʚʠʪʢʠ F2 ʠ ʧʣʦʪ-

ʥʦʩʪʴ ʪʦʢʘ j2 ʃʕ ʠʟʚʝʩʪʥʳ. ʉ ʫʚʝʣʠʯʝʥʠʝʤ ʦʪʥʦʰʝʥʠʷ ʧʝ2 ʫʤʝʥʴʰʘʝʪʩʷ ʧʝ-

ʨʝʛʨʝʚ ʃʕ ʠ ʚʦʟʨʘʩʪʘʝʪ ʝʛʦ ʪʝʧʣʦʚʘʷ ʫʩʪʦʡʯʠʚʦʩʪʴ, ʪʘʢ ʢʘʢ ʧʨʠ ʵʪʦʤ ʧʦʯʪʠ 

ʦʪʩʫʪʩʪʚʫʝʪ çʪʝʧʣʦʚʦʡ ʜʨʝʡʬè. ɿʜʝʩʴ ʚʘʞʥʫʶ ʨʦʣʴ ʠʛʨʘʝʪ ʪʘʢʞʝ ʚʳʧʦʣʥʝ-

ʥʠʝ ʫʩʣʦʚʠʷ ʈF
ʕ
> (ʧʨʠ ʭ=0). ʉ ʮʝʣʴʶ ʫʚʝʣʠʯʝʥʠʷ ʫʩʪʦʡʯʠʚʦʩʪʠ ʉɺʕ 

ʨʘʟʤʝʨ ʤʘʢ
y  ʫʤʝʥʴʰʝʥ ʜʦ ʤʘʢ

ʭ . 

3. ʋʢʘʟʘʥʥʳʡ ʚʘʨʠʘʥʪ ʩʣʝʜʷʱʝʛʦ ʪʨʘʥʩʬʦʨʤʘʪʦʨʥʦʛʦ ʵʣʝʢʪʨʦʤʘʛʥʠʪ-

ʥʦʛʦ ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʷ ʧʝʨʝʤʝʱʝʥʠʷ ʩ ʃʕ ʧʦʩʪʨʦʝʥ ʥʘ ʙʘʟʝ ʜʚʫʭ ʠʜʝʥʪʠʯ-

ʥʳʭ ʐ-ʦʙʨʘʟʥʳʭ ʤʘʛʥʠʪʦʧʨʦʚʦʜʦʚ (ʨʠʩ. 1,ʙ). ʉʝʢʮʠʠ ʦʙʤʦʪʢʠ 
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ʚʦʟʙʫʞʜʝʥʠʷ 
1

W¡ ʠ
1

W¡¡ʩʦʝʜʠʥʷʶʪʩʷ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦ, ʘ ʩʝʢʮʠʠ ʠʟʤʝʨʠ-

ʪʝʣʴʥʦʡ ʦʙʤʦʪʢʠ 
2

W¡ ʠ 
2

W¡¡ï ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦ-ʚʩʪʨʝʯʥʦ. ʇʨʠ 0==ʭ
ʠʟ
d  ʃʕ 

ʧʝʨʚʦʛʦ ʤʘʛʥʠʪʦʧʨʦʚʦʜʘ ʥʘʭʦʜʠʪʩʷ ʚ ʚʝʨʭʥʝʤ ʧʦʣʦʞʝʥʠʠ (ʤʘʢ
xll +=

01 ), ʘ 

ʃʕ ʧʨʘʚʦʛʦ ʤʘʛʥʠʪʦʧʨʦʚʦʜʘ ï ʚ ʥʠʞʥʝʤ ʧʦʣʦʞʝʥʠʠ (02
ll = ). ʉ ʫʚʝʣʠʯʝʥʠ-

ʝʤ ʪʦʣʱʠʥʳ ʠʟʦʣʷʮʠʠ ʣʝʚʳʡ ʃʕ ʦʧʫʩʢʘʝʪʩʷ ʚʥʠʟ, ʘ ʧʨʘʚʳʡ - ʧʝʨʝʤʝʱʘʝʪʩʷ 

ʚʚʝʨʭ. ɼʣʷ ʜʘʥʥʦʛʦ ʪʠʧʘ ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʷ ʪʘʢʞʝ ʩʚʦʡʩʪʚʝʥʥʳ ʥʘʟʚʘʥʥʳʝ 

ʦʩʦʙʝʥʥʦʩʪʠ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʦʛʦ ʪʨʘʥʩʬʦʨʤʘʪʦʨʥʦʛʦ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʦʛʦ 

ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʷ ʧʝʨʝʤʝʱʝʥʠʷ ʩ ʃʕ.  

ɺ ʥʘʯʘʣʴʥʦʤ ʧʦʣʦʞʝʥʠʠ ʉɺʕ (0=ʭ ) ʃʕ ʟʘʥʠʤʘʶʪ ʦʜʠʥʘʢʦʚʳʝ ʧʦʣʦ-

ʞʝʥʠʷ ʦʪʥʦʩʠʪʝʣʴʥʦ ʦʙʤʦʪʦʢ (
021

lll == ) ʠ ʥʘʧʨʷʞʝʥʠʝ ʥʘ ʚʳʭʦʜʝ ʵʣʝʢʪʨʦ-

ʤʘʛʥʠʪʥʦʛʦ ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʷ 0
2
=U . ʉ ʫʚʝʣʠʯʝʥʠʝʤ ʪʦʣʱʠʥʳ ʠʟʦʣʷʮʠʠ 

ʣʝʚʳʡ ʃʕ ʦʧʫʩʢʘʝʪʩʷ ʚʥʠʟ, ʘ ʧʨʘʚʳʡ ʃʕ ʧʦʜʥʠʤʘʝʪʩʷ ʚʚʝʨʭ. ʇʨʠ ʵʪʦʤ ʠʭ 

ʢʦʦʨʜʠʥʘʪʳ ʣʝʚʠʪʘʮʠʠ ʦʧʨʝʜʝʣʷʶʪʩʷ ʢʘʢ: xllxll +=-=
0201

; . 

4. ʉʨʘʚʥʠʪʝʣʴʥʳʡ ʘʥʘʣʠʟ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʳʭ ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʝʡ ʧʝʨʝ-

ʤʝʱʝʥʠʷ, ʧʨʠʚʝʜʝʥʥʳʝ ʥʘ ʨʠʩ.1 ʠ 2, ʧʦʢʘʟʘʣ, ʯʪʦ ʜʣʷ ʢʦʥʪʨʦʣʷ ʤʘʣʳʭ ʧʝ-

ʨʝʤʝʱʝʥʠʡ (ʠʣʠ ʪʦʣʱʠʥʳ ʠʟʦʣʷʮʠʠ) ʧʦʨʷʜʢʘ ( ) ʤ310100,1 -Ö-  ʙʦʣʴʰʝ 

ʧʦʜʭʦʜʷʪ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʳʝ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʳʝ ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʠ ʧʝʨʝʤʝ-

ʱʝʥʠʷ ʩ ʃʕ (ʨʠʩ. 1,ʘ), ʪʘʢ ʢʘʢ ʚ ʵʪʠʭ ʢʦʥʩʪʨʫʢʮʠʷʭ ʨʘʙʦʯʠʡ ʭʦʜ ʃʕ ʦʛʨʘ-

ʥʠʯʝʥ ʢʦʦʨʜʠʥʘʪʥʦʡ ʣʝʚʠʪʘʮʠʝʡ.  

 ɼʣʷ ʢʦʥʪʨʦʣʷ ʧʝʨʝʤʝʱʝʥʠʡ ʧʦʨʷʜʢʘ ( ) ʤ3105010 -Ö-  ʧʦʜʭʦʜʷʪ ʵʣʝʢ-

ʪʨʦʤʘʛʥʠʪʥʳʝ ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʠ ʧʝʨʝʤʝʱʝʥʠʷ ʩʣʝʜʷʱʝʛʦ ʪʠʧʘ (ʨʠʩ. 1,ʙ). 

ʅʘʧʨʠʤʝʨ, ʧʨʠ ʦʧʫʩʢʘʥʠʠ ʣʝʚʦʛʦ ʃʕ ʥʘ 50 ʤʤ, ʧʨʘʚʳʡ ʃʕ ʘʚʪʦʤʘʪʠʯʝʩʢʠ 

ʧʝʨʝʤʝʱʘʝʪʩʷ ʚʚʝʨʭ ʥʘ 50 ʤʤ. ɽʩʣʠ ʫʯʝʩʪʴ, ʯʪʦ ʚ ʵʪʠʭ ʢʦʥʩʪʨʫʢʮʠʷʭ ʦʙ-

ʤʦʪʢʠ ʫʜʘʣʝʥʳ ʦʪ ʦʙʲʝʢʪʘ ʢʦʥʪʨʦʣʷ ʥʘ ʜʦʩʪʘʪʦʯʥʦ ʙʦʣʴʰʦʝ ʨʘʩʩʪʦʷʥʠʝ, ʪʦ 

ʠʭ ʤʘʛʥʠʪʥʦʝ ʧʦʣʝ ʥʝ ʜʦʩʪʠʛʘʝʪ ʩʪʘʣʴʥʳʭ ʦʧʨʘʚ ʠ ʚ ʨʝʟʫʣʴʪʘʪʝ ʵʪʦʛʦ ʥʝ 

ʚʦʟʥʠʢʘʶʪ ʜʦʧʦʣʥʠʪʝʣʴʥʳʝ ʧʦʛʨʝʰʥʦʩʪʠ, ʚʳʟʚʘʥʥʳʝ ʦʙʲʝʢʪʦʤ. 

5. ʀʟ-ʟʘ ʩʪʫʧʝʥʯʘʪʦʩʪʠ ʪʦʨʮʝʚʳʭ ʫʯʘʩʪʢʦʚ ʤʘʛʥʠʪʦʧʨʦʚʦʜʘ ʫʜʝʣʴʥʘʷ 

ʤʘʛʥʠʪʥʘʷ ʧʨʦʚʦʜʠʤʦʩʪʴ ʨʘʙʦʯʝʛʦ ʚʦʟʜʫʰʥʦʛʦ ʟʘʟʦʨʘ l ʧʦ ʚʳʩʦʪʝ ʤʘʛʥʠ-

ʪʦʧʨʦʚʦʜʘ ʥʝ ʦʜʠʥʘʢʦʚʘʷ. ɼʣʷ ʨʘʙʦʯʝʛʦ ʠ ʩʪʫʧʝʥʯʘʪʦʛʦ ʫʯʘʩʪʢʦʚ ʚʦʟʜʫʰ-

ʥʦʛʦ ʟʘʟʦʨʘ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ ʠʤʝʝʤ: 
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ʉʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʠ, ʧʨʠʚʝʜʝʥʥʳʝ ʥʘ ʨʠʩ. 1 ʠ 2, 

ʣʝʛʢʦ ʤʦʛʫʪ ʙʳʪʴ ʧʨʝʦʙʨʘʟʦʚʘʥʳ ʚ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʳʝ ʠʥʜʫʢʪʠʚʥʳʝ, ʚ ʢʦ-

ʪʦʨʳʭ ʦʪʩʫʪʩʪʚʫʶʪ ʠʟʤʝʨʠʪʝʣʴʥʳʝ ʦʙʤʦʪʢʠ. 

ʉʧʠʩʦʢ ʣʠʪʝʨʘʪʫʨʳ 

1. ɸʙʜʫʣʣʘʝʚ ʗ.ʈ. ʊʝʦʨʠʷ ʤʘʛʥʠʪʥʳʭ ʩʠʩʪʝʤ ʩ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʳʤʠ 

ʵʢʨʘʥʘʤʠ. ʄ.: ʅʘʫʢʘ, 2000, 300 ʩ. 

2. ɸʙʜʫʣʣʘʝʚ ʗ.ʈ., ʉʝʡʜʘʣʠʝʚ ʀ.ʄ. ɿʘʜʘʯʠ ʠ ʤʝʪʦʜʳ ʢʦʥʪʨʦʣʷ ʪʦʣʱʠ-

ʥʳ ʩʪʝʢʣʦʠʟʦʣʷʮʠʠ ʩʪʘʣʴʥʳʭ ʠ ʧʣʘʩʪʤʘʩʩʦʚʳʭ ʦʧʨʘʚ ʚ ʧʨʦʮʝʩʩʝ ʥʘʤʦʪʢʠ // 

ʊʝʭniʢʘ, 2002, ˉ4, ʩ.74-81 
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ʀʅʌʆʈʄɸʊʀʂɸ, ɺʓʏʀʉʃʀʊɽʃʔʅɸʗ ʊɽʍʅʀʂɸ ʀ 

ʋʇʈɸɺʃɽʅʀɽ 

 

ʄɽʊʆɼʓ ʀ ʉʈɽɼʉʊɺɸ ɸɺʊʆʄɸʊʀɿɸʎʀʀ ʇʃɸʅʀʈʆɺɸʅʀʗ 

ʈɸɿʈɸɹʆʊʂʀ ʀʉ ʅɸ ʆʉʅʆɺɽ ʌʆʈʄɸʃʀɿʆɺɸʅʅʓʍ 

ʊʈɽɹʆɺɸʅʀʁ 

 

ɸʛʘʣʘʢʦʚʘ ɽʣʝʥʘ ɿʠʥʦʚʴʝʚʥʘ 

ʩʪʫʜʝʥʪʢʘ ʇʝʨʤʩʢʦʛʦ ʬʠʣʠʘʣʘ ʥʘʮʠʦʥʘʣʴʥʦ ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʦʛʦ ʫʥʠ-

ʚʝʨʩʠʪʝʪ çɺʳʩʰʘʷ ʰʢʦʣʘ ʵʢʦʥʦʤʠʢʠè 

614046, ʈʌ, ʇʝʨʤʩʢʠʡ ʢʨʘʡ, ʛ. ʇʝʨʤʴ, ʫʣ. ʉʪʫʜʝʥʯʝʩʢʘʷ, 38  

ʃʘʥʠʥ ɺʷʯʝʩʣʘʚ ɺʣʘʜʠʤʠʨʦʚʠʯ 

ʩʪʘʨʰʠʡ ʧʨʝʧʦʜʘʚʘʪʝʣʴ ʢʘʬʝʜʨʳ ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʪʝʭʥʦʣʦʛʠʡ ʚ 

ʙʠʟʥʝʩʝ, ʇʝʨʤʩʢʠʡ ʬʠʣʠʘʣ ʥʘʮʠʦʥʘʣʴʥʦ ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʦʛʦ ʫʥʠʚʝʨʩʠʪʝʪ  

çɺʳʩʰʘʷ ʰʢʦʣʘ ʵʢʦʥʦʤʠʢʠè 

614046, ʈʌ, ʇʝʨʤʩʢʠʡ ʢʨʘʡ, ʛ. ʇʝʨʤʴ, ʫʣ. ʉʪʫʜʝʥʯʝʩʢʘʷ, 38  
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ɸʥʥʦʪʘʮʠʷ 

ɺʳʙʨʘʥʥʘʷ ʪʝʤʘ ʷʚʣʷʝʪʩʷ ʘʢʪʫʘʣʴʥʦʡ ʚʩʣʝʜʩʪʚʠʝ ʪʦʛʦ, ʯʪʦ ʥʘ ʩʝʛʦ-

ʜʥʷʰʥʠʡ ʜʝʥʴ ʙʦʣʴʰʘʷ ʯʘʩʪʴ ʢʦʤʧʘʥʠʡ ʬʫʥʢʮʠʦʥʠʨʫʝʪ ʚ ʫʩʣʦʚʠʷʭ ʧʨʦ-

ʝʢʪʥʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ. ɼʣʷ ʫʩʧʝʰʥʦʛʦ ʠ ʵʬʬʝʢʪʠʚʥʦʛʦ ʫʧʨʘʚʣʝʥʠʷ 

ʥʝʦʙʭʦʜʠʤʦ, ʯʪʦʙʳ ʪʝ ʩʨʝʜʩʪʚʘ, ʢʦʪʦʨʳʝ ʤʝʥʝʜʞʝʨʳ ʠʩʧʦʣʴʟʫʶʪ ʚ ʨʘʙʦʪʝ 

(ʪʘʢʠʝ ʢʘʢ ʤʝʪʦʜʠʯʝʩʢʠʝ, ʠʥʩʪʨʫʤʝʥʪʘʣʴʥʳʝ ʠ ʜʨʫʛʠʝ ʩʨʝʜʩʪʚʘ ʧʣʘʥʠʨʦʚʘ-

ʥʠʷ ʧʨʦʝʢʪʦʚ), ʧʨʠʩʫʪʩʪʚʦʚʘʣʠ ʚ ʦʜʥʦʡ ʩʠʩʪʝʤʝ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʝʨʝʭʦʜ ʢ 

ʩʦʚʨʝʤʝʥʥʳʤ ʩʠʩʪʝʤʘʤ ʫʧʨʘʚʣʝʥʠʷ ʧʨʦʝʢʪʘʤʠ ʷʚʣʷʝʪʩʷ ʚʘʞʥʳʤ ʵʣʝʤʝʥ-

ʪʦʤ ʧʨʦʝʢʪʥʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ, ʪʝʤ ʙʦʣʝʝ ʝʩʣʠ ʚ ʥʝʡ ʙʫʜʫʪ ʫʯʠʪʳʚʘʪʴʩʷ ʢʦʤ-

ʧʝʪʝʥʮʠʠ ʩʦʪʨʫʜʥʠʢʦʚ, ʟʘʜʝʡʩʪʚʦʚʘʥʥʳʭ ʚ ʨʝʘʣʠʟʘʮʠʠ ʧʨʦʝʢʪʘ. 

ʈʘʩʩʤʦʪʨʝʥʥʳʝ ʤʝʪʦʜʳ ʠ ʩʨʝʜʩʪʚʘ ʧʦʟʚʦʣʷʶʪ ʩʜʝʣʘʪʴ ʚʳʚʦʜ ʦ ʥʝʦʙʭʦʜʠ-

ʤʦʩʪʠ ʨʘʟʨʘʙʦʪʢʠ ʩʦʙʩʪʚʝʥʥʦʡ ʩʠʩʪʝʤʳ ʥʘ ʦʩʥʦʚʝ ʦʥʪʦʣʦʛʠʯʝʩʢʦʛʦ ʧʦʜʭʦ-

ʜʘ. 
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Abstract 

The chosen subject is actual because today the most part of the companies 

functions in the conditions of project activity. For successful and effective man-

agement it is necessary that those tools which managers use in their work (such 

as methodical, tool and other means of project planning) were present at one 

system. Thus, transition to modern planning systems is important element of 

project activity especially if in it will be considered competences of the employ-

ees that involved in implementation of the project. The considered methods and 

means allow to conclude that there is a need of development of own system on 

the basis of ontologic approach. 

 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʩʨʝʜʩʪʚʘ ʘʚʪʦʤʘʪʠʟʘʮʠʠ, ʩʠʩʪʝʤʳ ʧʣʘʥʠʨʦʚʘʥʠʷ, 

ʢʦʤʧʝʪʝʥʮʠʠ ʨʘʟʨʘʙʦʪʯʠʢʦʚ, ʙʘʟʘ ʟʥʘʥʠʡ, ʦʥʪʦʣʦʛʠʷ. 

Keywords: automation methods of planning, planning systems, compe-

tence of developers, knowledge base, ontology. 

 

ɺɺɽɼɽʅʀɽ 

ʅʘ ʩʝʛʦʜʥʷʰʥʠʡ ʜʝʥʴ ʙʦʣʴʰʘʷ ʯʘʩʪʴ ʢʦʤʧʘʥʠʡ ʚʩʝ ʯʘʱʝ ʬʫʥʢʮʠʦʥʠ-

ʨʫʝʪ ʚ ʫʩʣʦʚʠʷʭ ʧʨʦʝʢʪʥʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ. ɼʣʷ ʵʬʬʝʢʪʠʚʥʦʛʦ ʚʳʧʦʣʥʝʥʠʷ 

ʧʨʦʝʢʪʦʚ ʢʦʤʧʘʥʠʠ ʥʝʦʙʭʦʜʠʤʦ ʪʱʘʪʝʣʴʥʦ ʩʧʣʘʥʠʨʦʚʘʪʴ, ʦʧʨʝʜʝʣʠʪʴ ʧʦ-

ʨʷʜʦʢ ʚʳʧʦʣʥʝʥʠʷ ʨʘʙʦʪ, ʘ ʪʘʢʞʝ ʚʳʜʝʣʠʪʴ ʨʝʩʫʨʩʳ ʥʘ ʨʝʘʣʠʟʘʮʠʶ ʧʨʦʝʢ-

ʪʘ. ɽʩʣʠ ʥʝ ʫʜʝʣʠʪʴ ʵʪʦʤʫ ʜʦʣʞʥʦʝ ʚʥʠʤʘʥʠʝ, ʪʦ ʤʦʞʥʦ ʩʪʦʣʢʥʫʪʴʩʷ ʩ 

ʨʷʜʦʤ ʪʨʫʜʥʦʩʪʝʡ, ʥʘʧʨʠʤʝʨ: ʧʨʦʙʣʝʤʳ ʫʚʝʣʠʯʝʥʠʷ ʠʟʜʝʨʞʝʢ ʠ ʩʥʠʞʝʥʠʷ 

ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ. ɺ ʥʝʢʦʪʦʨʳʭ ʩʣʫʯʘʷʭ ʧʦʜʦʙʥʳʝ ʧʨʦʙʣʝʤʳ ʤʦʛʫʪ ʧʨʠ-

ʚʝʩʪʠ ʢ ʩʨʳʚʫ ʧʨʦʝʢʪʘ.  

ʂʨʦʤʝ ʪʦʛʦ ʜʣʷ ʫʩʧʝʰʥʦʛʦ ʠ ʵʬʬʝʢʪʠʚʥʦʛʦ ʫʧʨʘʚʣʝʥʠʷ ʥʝʦʙʭʦʜʠʤʦ, 

ʯʪʦʙʳ ʪʝ ʩʨʝʜʩʪʚʘ, ʢʦʪʦʨʳʝ ʤʝʥʝʜʞʝʨʳ ʠʩʧʦʣʴʟʫʶʪ ʚ ʨʘʙʦʪʝ, ʧʨʠʩʫʪʩʪʚʦ-

ʚʘʣʠ ʚ ʦʜʥʦʡ ʩʠʩʪʝʤʝ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʝʨʝʭʦʜ ʢ ʩʦʚʨʝʤʝʥʥʳʤ ʩʠʩʪʝʤʘʤ 

ʫʧʨʘʚʣʝʥʠʷ ʧʨʦʝʢʪʘʤʠ ʷʚʣʷʝʪʩʷ ʚʘʞʥʳʤ ʵʣʝʤʝʥʪʦʤ ʧʨʦʝʢʪʥʦʡ ʜʝʷʪʝʣʴʥʦ-

ʩʪʠ, ʪʝʤ ʙʦʣʝʝ ʝʩʣʠ ʚ ʥʝʡ ʙʫʜʫʪ ʫʯʠʪʳʚʘʪʴʩʷ ʢʦʤʧʝʪʝʥʮʠʠ ʩʦʪʨʫʜʥʠʢʦʚ, 

ʟʘʜʝʡʩʪʚʦʚʘʥʥʳʭ ʚ ʨʝʘʣʠʟʘʮʠʠ ʧʨʦʝʢʪʘ. ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʪʘʢʠʭ ʩʠʩʪʝʤ ʧʦʟ-

ʚʦʣʠʪ ʦʙʝʩʧʝʯʠʪʴ ʚʳʩʦʢʫʶ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʧʨʠʥʷʪʠʷ ʨʝʰʝʥʠʡ, ʫʩʪʨʘʥʠʪʴ 

ʜʫʙʣʠʨʦʚʘʥʠʝ ʬʫʥʢʮʠʡ, ʘ ʪʘʢʞʝ ʧʦʚʳʩʠʪʴ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʨʘʙʦʪʳ ʚ ʮʝʣʦʤ 

[4]. 

ʉʝʡʯʘʩ ʩʫʱʝʩʪʚʫʝʪ ʙʦʣʴʰʦʝ ʢʦʣʠʯʝʩʪʚʦ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʳʭ ʩʠʩʪʝʤ, 

ʟʘʥʠʤʘʶʱʠʭʩʷ ʧʦʩʪʨʦʝʥʠʝʤ ʢʘʣʝʥʜʘʨʥʦʛʦ ʧʣʘʥʘ ʨʘʙʦʪ, ʦʜʥʘʢʦ ʦʥʠ ʥʠʢʘʢ 

ʥʝ ʫʯʠʪʳʚʘʶʪ ʜʘʥʥʳʝ, ʧʦʣʫʯʝʥʥʳʝ ʚ ʨʝʟʫʣʴʪʘʪʝ ʘʥʘʣʠʟʘ ʧʨʦʝʢʪʥʦʡ ʜʦʢʫ-

ʤʝʥʪʘʮʠʠ. ʂ ʪʘʢʠʤ ʩʠʩʪʝʤʘʤ ʤʦʞʥʦ ʦʪʥʝʩʪʠ: Spike Planning and Scheduling 

System, Zenith SPPS, Primavera Project Planner, Time Line, Microsoft Project, 

O-Plan, Spider Project ʠ ʜʨʫʛʠʝ. 

ɼʣʷ ʫʧʨʦʱʝʥʠʷ ʧʨʦʮʝʩʩʘ ʧʣʘʥʠʨʦʚʘʥʠʷ ʙʳʣʦ ʧʨʠʥʷʪʦ ʨʝʰʝʥʠʝ ʦʧʠ-

ʨʘʪʴʩʷ ʥʘ ʧʨʦʝʢʪʥʫʶ ʜʦʢʫʤʝʥʪʘʮʠʶ ʜʣʷ ʨʘʟʨʘʙʦʪʢʠ ʠʥʬʦʨʤʘʮʠʦʥʥʦʡ ʩʠ-

ʩʪʝʤʳ, ʪʘʢʫʶ ʢʘʢ ʪʝʭʥʠʯʝʩʢʦʝ ʟʘʜʘʥʠʝ ʠ ʜʦʧʦʣʥʠʪʝʣʴʥʳʝ ʜʦʢʫʤʝʥʪʳ, ʢ 

ʢʦʪʦʨʳʤ ʦʪʥʦʩʷʪʩʷ ʘʥʘʣʠʪʠʯʝʩʢʠʡ ʦʪʯʝʪ, ʧʦʷʩʥʠʪʝʣʴʥʘʷ ʟʘʧʠʩʢʘ (ʦʙʱʝʝ 
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ʦʧʠʩʘʥʠʝ ʩʠʩʪʝʤʳ), ʨʫʢʦʚʦʜʩʪʚʦ ʧʦʣʴʟʦʚʘʪʝʣʷ, ʦʧʠʩʘʥʠʝ ʧʦʩʪʘʥʦʚʢʠ ʟʘʜʘʯ, 

ʚʝʜʦʤʦʩʪʴ ʪʝʭʥʠʯʝʩʢʦʛʦ ʧʨʦʝʢʪʘ [3]. ʂʨʦʤʝ ʪʦʛʦ ʥʝʦʙʭʦʜʠʤʦ ʫʯʠʪʳʚʘʪʴ 

ʢʦʤʧʝʪʝʥʮʠʠ ʧʨʦʝʢʪʥʦʡ ʢʦʤʘʥʜʳ, ʢʦʪʦʨʘʷ ʙʫʜʫʪ ʟʘʜʝʡʩʪʚʦʚʘʥʘ, ʯʪʦʙʳ 

ʥʘʚʳʢʠ ʫʯʘʩʪʥʠʢʦʚ ʩʦʦʪʚʝʪʩʪʚʦʚʘʣʠ ʪʨʝʙʫʝʤʳʤ ʜʣʷ ʨʘʟʨʘʙʦʪʢʠ ʠʥʬʦʨʤʘ-

ʮʠʦʥʥʦʡ ʩʠʩʪʝʤʳ. 

ɺ ʨʘʤʢʘʭ ʜʘʥʥʦʡ ʩʪʘʪʴʠ ʙʫʜʝʪ ʧʨʦʚʝʜʝʥ ʘʥʘʣʠʟ ʤʝʪʦʜʦʚ ʠ ʩʨʝʜʩʪʚ ʘʚ-

ʪʦʤʘʪʠʟʘʮʠʠ ʧʣʘʥʘ ʨʘʙʦʪ ʩ ʫʯʝʪʦʤ ʧʨʦʝʢʪʥʦʡ ʜʦʢʫʤʝʥʪʘʮʠʠ ʧʨʠ ʨʘʟʨʘʙʦʪ-

ʢʝ ʀʉ.  

ʆɹɿʆʈ ʉʋʑɽʉʊɺʋʖʑʀʍ ʉʀʉʊɽʄ ʇʃɸʅʀʈʆɺɸʅʀʗ 

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʧʨʘʢʪʠʯʝʩʢʠ ʣʶʙʘʷ ʩʠʩʪʝʤʘ ʢʘʣʝʥʜʘʨʥʦʛʦ ʧʣʘʥʠ-

ʨʦʚʘʥʠʷ ʦʙʣʘʜʘʝʪ ʩʨʝʜʩʪʚʘʤʠ ʧʦʩʪʨʦʝʥʠʷ ʢʘʣʝʥʜʘʨʥʦʛʦ ʛʨʘʬʠʢʘ ʨʘʙʦʪ, 

ʩʪʦʠʤʦʩʪʥʦʛʦ ʘʥʘʣʠʟʘ, ʧʦʣʫʯʝʥʠʷ ʦʪʯʝʪʦʚ. ʆʜʥʘʢʦ ʢʣʘʩʩ ʧʨʦʛʨʘʤʤʳ ʦʧʨʝ-

ʜʝʣʷʝʪʩʷ ʝʱʝ ʠ ʤʦʱʥʦʩʪʴʶ ʧʨʦʮʝʜʫʨ ʨʝʩʫʨʩʥʦʛʦ ʧʣʘʥʠʨʦʚʘʥʠʷ, ʦʨʛʘʥʠʟʘ-

ʮʠʝʡ ʨʘʙʦʪʳ ʚ ʤʫʣʴʪʠʧʨʦʝʢʪʥʦʤ ʨʝʞʠʤʝ, ʩʨʝʜʩʪʚʘʤʠ ʠʥʪʝʛʨʘʮʠʠ ʩ 

ʜʨʫʛʠʤʠ ʧʨʦʛʨʘʤʤʥʳʤʠ ʧʨʠʣʦʞʝʥʠʷʤʠ [2]. 

ʅʘ ʩʝʛʦʜʥʷʰʥʠʡ ʜʝʥʴ ʠʟʚʝʩʪʝʥ ʨʷʜ ʟʘʨʫʙʝʞʥʳʭ ʠ ʦʪʝʯʝʩʪʚʝʥʥʳʭ ʩʠ-

ʩʪʝʤ, ʧʨʝʜʥʘʟʥʘʯʝʥʥʳʭ ʜʣʷ ʧʦʩʪʨʦʝʥʠʷ ʢʘʣʝʥʜʘʨʥʦʛʦ ʧʣʘʥʘ ʨʘʙʦʪ, ʠʟ ʙʦʣʝʝ 

ʧʨʦʩʪʳʭ ʩʠʩʪʝʤ ʣʫʯʰʝ ʚʩʝʛʦ ʠʟʚʝʩʪʥʳ TimeLine, MicrosoftProject, SureTrak. 

ʀʟ ʧʨʦʬʝʩʩʠʦʥʘʣʴʥʳʭ - OpenPlanProfessional ʠ PrimaveraProjectPlanner. 

ʅʠʞʝ ʧʨʝʜʩʪʘʚʣʝʥ ʙʦʣʝʝ ʧʦʣʥʳʡ ʧʝʨʝʯʝʥʴ ʥʘʠʙʦʣʝʝ ʨʘʟʚʠʪʳʭ ʥʘ ʜʘʥʥʳʡ 

ʤʦʤʝʥʪ ʠ ʥʘʠʙʦʣʝʝ ʯʘʩʪʦ ʚʩʪʨʝʯʘʝʤʳʭ ʩʠʩʪʝʤ ʢʘʣʝʥʜʘʨʥʦʛʦ ʧʣʘʥʠʨʦʚʘʥʠʷ: 

- Time Line ï ʩʠʩʪʝʤʘ ʢʘʣʝʥʜʘʨʥʦʛʦ ʧʣʘʥʠʨʦʚʘʥʠʷ, ʢʦʪʦʨʘʷ ʨʝʘʣʠʟʫʝʪ 

ʢʦʥʮʝʧʮʠʶ ʤʥʦʛʦʧʨʦʝʢʪʥʦʛʦ ʧʣʘʥʠʨʦʚʘʥʠʷ, ʛʠʙʢʠʝ ʩʨʝʜʩʪʚʘ ʧʦʜʜʝʨʞʢʠ 

ʦʪʯʝʪʦʚ ʠ ʩʨʝʜʩʪʚ ʥʘʩʪʨʦʡʢʠ ʥʘ ʧʦʣʴʟʦʚʘʪʝʣʴʩʢʫʶ ʩʨʝʜʫ. 

- Microsoft Project ïʩʨʝʜʩʪʚʦ ʩʦʟʜʘʥʠʷ ʠ ʫʧʨʘʚʣʝʥʠʷ ʧʨʦʝʢʪʘʤʠ, ʢʦʪʦ-

ʨʦʝ ʧʦʟʚʦʣʷʝʪ ʣʝʛʢʦ ʚʚʦʜʠʪʴ ʠ ʢʦʨʨʝʢʪʠʨʦʚʘʪʴ ʛʨʘʬʠʢ ʨʘʙʦʪ, ʥʝʦʙʭʦʜʠʤʳʭ 

ʜʣʷ ʜʦʩʪʠʞʝʥʠʷ ʮʝʣʝʡ, ʧʦʩʪʘʚʣʝʥʥʳʭ ʧʝʨʝʜ ʧʨʦʝʢʪʦʤ. 

- Sure Trak ï ʦʙʣʝʛʯʝʥʥʘʷ ʩʠʩʪʝʤʘ ʜʣʷ ʫʧʨʘʚʣʝʥʠʷ ʧʨʦʝʢʪʘʤʠ, ʧʦʣʥʦ-

ʩʪʴʶ ʨʫʩʠʬʠʮʠʨʦʚʘʥʥʳʡ ʧʨʦʜʫʢʪ, ʦʨʠʝʥʪʠʨʦʚʘʥʥʳʡ ʥʘ ʢʦʥʪʨʦʣʴ ʚʳʧʦʣ-

ʥʝʥʠʷ ʥʝʙʦʣʴʰʠʭ ʧʨʦʝʢʪʦʚ ʠ ʬʨʘʛʤʝʥʪʦʚ ʢʨʫʧʥʳʭ ʧʨʦʝʢʪʦʚ. 

- Open Plan Professional ï ʧʦʣʥʦʩʪʴʶ ʨʫʩʠʬʠʮʠʨʦʚʘʥʥʘʷ ʩʠʩʪʝʤʘ ʧʣʘ-

ʥʠʨʦʚʘʥʠʷ ʠ ʢʦʥʪʨʦʣʷ ʢʨʫʧʥʳʭ ʧʨʦʝʢʪʦʚ ʠ ʧʨʦʛʨʘʤʤ ʩ ʤʦʱʥʳʤ ʩʨʝʜʩʪʚʦʤ 

ʨʝʩʫʨʩʥʦʛʦ ʠ ʩʪʦʠʤʦʩʪʥʦʛʦ ʧʣʘʥʠʨʦʚʘʥʠʷ, ʦʨʛʘʥʠʟʘʮʠʝʡ ʤʥʦʛʦʧʦʣʴʟʦʚʘ-

ʪʝʣʴʩʢʦʡ ʨʘʙʦʪʳ ʠ ʚʦʟʤʦʞʥʦʩʪʠ ʩʦʟʜʘʥʠʷ ʦʪʢʨʳʪʦʛʦ, ʤʘʩʰʪʘʙʠʨʫʝʤʦʛʦ 

ʨʝʰʝʥʠʷ ʜʣʷ ʚʩʝʛʦ ʧʨʝʜʧʨʠʷʪʠʷ. 

- Primavera Project Planner ï ʩʪʘʥʜʘʨʪ, ʧʨʠʤʝʥʷʝʤʳʡ ʜʣʷ ʢʘʣʝʥʜʘʨʥʦ-

ʩʝʪʝʚʦʛʦ ʧʣʘʥʠʨʦʚʘʥʠʷ, ʨʝʩʫʨʩʥʦʛʦ ʠ ʩʪʦʠʤʦʩʪʥʦʛʦ ʘʥʘʣʠʟʘ ʚ ʫʧʨʘʚʣʝʥʠʠ 

ʧʨʦʝʢʪʘʤʠ ʚ ʦʙʣʘʩʪʠ ʩʪʨʦʠʪʝʣʴʩʪʚʘ, ʤʘʰʠʥʦʩʪʨʦʝʥʠʷ, ʘʨʭʠʪʝʢʪʫʨʳ, IT ʠ 

ʪʝʣʝʢʦʤʤʫʥʠʢʘʮʠʡ. 

- Spider Project ï ʧʘʢʝʪ ʫʧʨʘʚʣʝʥʠʷ ʧʨʦʝʢʪʘʤʠ, ʩʧʨʦʝʢʪʠʨʦʚʘʥʥʳʡ ʠ 

ʨʘʟʨʘʙʦʪʘʥʥʳʡ ʩ ʫʯʝʪʦʤ ʙʦʣʴʰʦʛʦ ʧʨʘʢʪʠʯʝʩʢʦʛʦ ʦʧʳʪʘ, ʧʦʪʨʝʙʥʦʩʪʝʡ, 

ʦʩʦʙʝʥʥʦʩʪʝʡ ʠ ʧʨʠʦʨʠʪʝʪʦʚ ʈʦʩʩʠʡʩʢʦʛʦ ʨʳʥʢʘ. ʆʪʣʠʯʘʝʪʩʷ ʤʦʱʥʳʤ ʘʣ-

ʛʦʨʠʪʤʦʤ ʧʣʘʥʠʨʦʚʘʥʠʷ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʦʛʨʘʥʠʯʝʥʥʳʭ ʨʝʩʫʨʩʦʚ ʠ ʙʦʣʴʰʠʤ 

ʢʦʣʠʯʝʩʪʚʦʤ ʜʦʧʦʣʥʠʪʝʣʴʥʳʭ ʬʫʥʢʮʠʡ. 
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ʂʨʦʤʝ ʚʳʰʝʫʧʦʤʷʥʫʪʳʭ ʩʠʩʪʝʤ, ʪʘʢʞʝ ʧʦʧʫʣʷʨʥʳʤʠ ʩʠʩʪʝʤʘʤʠ ʷʚ-

ʣʷʶʪʩʷ 1C-ʈʘʨʫʩ: ʋʧʨʘʚʣʝʥʠʝ ʧʨʦʝʢʪʘʤʠ, PlanView, ArtemisViews, 

RILLSOFTPROJECT, TurboProject, ProjectScheduler, A-Plan ʠ ʧʨʦʯʠʝ. 

ʅʝ ʩʤʦʪʨʷ ʥʘ ʙʦʣʴʰʦʝ ʨʘʟʥʦʦʙʨʘʟʠʝ ʩʠʩʪʝʤ ʢʘʣʝʥʜʘʨʥʦʛʦ ʧʣʘʥʠʨʦʚʘ-

ʥʠʷ, ʥʠ ʦʜʥʘ ʠʟ ʧʨʝʜʩʪʘʚʣʝʥʥʳʭ ʩʠʩʪʝʤ ʥʝ ʬʫʥʢʮʠʦʥʠʨʫʝʪ ʩ ʫʯʝʪʦʤ ʧʨʦ-

ʝʢʪʥʦʡ ʜʦʢʫʤʝʥʪʘʮʠʠ ʨʘʟʨʘʙʦʪʢʠ ʀʉ. ɺʩʣʝʜʩʪʚʠʝ ʯʝʛʦ ʩʫʱʝʩʪʚʫʝʪ 

ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʩʦʟʜʘʥʠʷ ʩʦʙʩʪʚʝʥʥʦʡ ʩʠʩʪʝʤʳ ʘʚʪʦʤʘʪʠʟʘʮʠʠ ʧʣʘʥʠʨʦʚʘ-

ʥʠʷ ʨʘʙʦʪ. 

ʅʘ ʦʩʥʦʚʘʥʠʠ ʠʟʫʯʝʥʥʳʭ ʩʫʱʝʩʪʚʫʶʱʠʭ ʩʠʩʪʝʤ ʧʣʘʥʠʨʦʚʘʥʠʷ ʨʘʙʦʪ 

ʤʦʞʥʦ ʚʳʜʝʣʠʪʴ ʩʣʝʜʫʶʱʠʝ ʙʘʟʦʚʳʝ ʬʫʥʢʮʠʦʥʘʣʴʥʳʝ ʚʦʟʤʦʞʥʦʩʪʠ ʩʠ-

ʩʪʝʤ ʢʘʣʝʥʜʘʨʥʦʛʦ ʧʣʘʥʠʨʦʚʘʥʠʷ, ʢʦʪʦʨʳʤ ʜʦʣʞʥʘ ʫʜʦʚʣʝʪʚʦʨʷʪʴ ʙʫʜʫʱʘʷ 

ʩʠʩʪʝʤʘ [5, 8]: 

- ʩʨʝʜʩʪʚʘ ʦʧʠʩʘʥʠʷ ʢʦʤʧʣʝʢʩʘ ʨʘʙʦʪ ʧʨʦʝʢʪʘ, ʩʚʷʟʝʡ ʤʝʞʜʫ ʨʘʙʦʪʘ-

ʤʠ ʠ ʠʭ ʚʨʝʤʝʥʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ; 

- ʩʨʝʜʩʪʚʘ ʧʦʜʜʝʨʞʢʠ ʠʥʬʦʨʤʘʮʠʠ ʦ ʨʝʩʫʨʩʘʭ ʠ ʟʘʪʨʘʪʘʭ ʧʦ ʧʨʦʝʢʪʫ 
ʠ ʥʘʟʥʘʯʝʥʠʷ ʨʝʩʫʨʩʦʚ ʠ ʟʘʪʨʘʪ ʦʪʜʝʣʴʥʳʤ ʨʘʙʦʪʘʤ ʧʨʦʝʢʪʘ; 

- ʩʨʝʜʩʪʚʘ ʢʦʥʪʨʦʣʷ ʟʘ ʭʦʜʦʤ ʚʳʧʦʣʥʝʥʠʷ ʧʨʦʝʢʪʘ; 

- ʛʨʘʬʠʯʝʩʢʠʝ ʩʨʝʜʩʪʚʘ ʧʨʝʜʩʪʘʚʣʝʥʠʷ ʩʪʨʫʢʪʫʨʳ ʧʨʦʝʢʪʘ, ʩʨʝʜʩʪʚʘ 

ʩʦʟʜʘʥʠʷ ʦʪʯʝʪʦʚ ʧʦ ʧʨʦʝʢʪʫ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʜʘʣʴʥʝʡʰʘʷ ʘʚʪʦʤʘʪʠʟʘʮʠʷ ʢʘʣʝʥʜʘʨʥʦʛʦ ʧʣʘʥʠʨʦʚʘ-

ʥʠʷ ʨʘʙʦʪ ʙʫʜʝʪ ʧʨʦʚʦʜʠʪʴʩʷ ʩ ʫʯʝʪʦʤ ʧʨʦʜʝʣʘʥʥʦʛʦ ʘʥʘʣʠʟʘ ʩʫʱʝʩʪʚʫʶ-

ʱʠʭ ʩʠʩʪʝʤ ʠ ʚʳʷʚʣʝʥʥʳʭ ʬʫʥʢʮʠʦʥʘʣʴʥʳʭ ʚʦʟʤʦʞʥʦʩʪʝʡ. ʊʘʢ ʢʘʢ ʙʘʟʳ 

ʟʥʘʥʠʡ ʧʨʝʜʥʘʟʥʘʯʝʥʳ ʜʣʷ ʭʨʘʥʝʥʠʷ ʜʦʣʛʦʩʨʦʯʥʳʭ ʜʘʥʥʳʭ, ʦʧʠʩʳʚʘʶʱʠʭ 

ʨʘʩʩʤʘʪʨʠʚʘʝʤʫʶ ʦʙʣʘʩʪʴ, ʠ ʧʨʘʚʠʣ, ʦʧʠʩʳʚʘʶʱʠʭ ʮʝʣʝʩʦʦʙʨʘʟʥʳʝ ʧʨʝ-

ʦʙʨʘʟʦʚʘʥʠʷ ʜʘʥʥʳʭ ʵʪʦʡ ʦʙʣʘʩʪʠ, ʙʳʣʦ ʧʨʠʥʷʪʦ ʨʝʰʝʥʠʝ ʨʘʟʨʘʙʦʪʘʪʴ ʙʘʟʫ 

ʟʥʘʥʠʡ ʢʦʤʧʝʪʝʥʮʠʡ ʧʨʦʝʢʪʥʦʡ ʢʦʤʘʥʜʳ ʠ ʧʨʝʜʲʷʚʣʷʝʤʳʭ ʪʨʝʙʦʚʘʥʠʡ ʢ 

ʥʠʤ.  

ʄɽʊʆɼʓ ʌʆʈʄɸʃʀɿɸʎʀʀ ɹɸɿ ɿʅɸʅʀʁ 

ʉʫʱʝʩʪʚʫʝʪ ʙʦʣʴʰʦʝ ʢʦʣʠʯʝʩʪʚʦ ʦʧʨʝʜʝʣʝʥʠʡ ʙʘʟʳ ʟʥʘʥʠʡ, ʥʘʠʙʦʣʝʝ 

ʯʘʩʪʦ ʚʩʪʨʝʯʘʝʤʳʤ ʷʚʣʷʝʪʩʷ: çɹʘʟʘ ʟʥʘʥʠʡ ï ʩʦʚʦʢʫʧʥʦʩʪʴ ʬʘʢʪʦʚ ʠ ʧʨʘʚʠʣ 

ʚʳʚʦʜʘ, ʜʦʧʫʩʢʘʶʱʠʭ ʣʦʛʠʯʝʩʢʠʡ ʚʳʚʦʜ ʠ ʦʩʤʳʩʣʝʥʥʫʶ ʦʙʨʘʙʦʪʢʫ ʠʥ-

ʬʦʨʤʘʮʠʠè. ʉʦʛʣʘʩʥʦ ʇʦʩʧʝʣʦʚʫ ɼ.ɸ. [6], ʚ ʦʪʣʠʯʠʝ ʦʪ ɹɼ, ʜʣʷ ʟʥʘʥʠʡ ʭʘ-

ʨʘʢʪʝʨʥʳ ʚʥʫʪʨʝʥʥʷʷ ʠʥʪʝʨʧʨʝʪʠʨʫʝʤʦʩʪʴ, ʩʪʨʫʢʪʫʨʠʨʦʚʘʥʥʦʩʪʴ, 

ʩʚʷʟʘʥʥʦʩʪʴ ʠ ʚʟʘʠʤʥʘʷ ʘʢʪʠʚʥʦʩʪʴ.  

ʉʫʱʝʩʪʚʫʶʪ ʜʝʩʷʪʢʠ ʤʦʜʝʣʝʡ ʠʣʠ ʷʟʳʢʦʚ ʧʨʝʜʩʪʘʚʣʝʥʠʷ ʟʥʘʥʠʡ ʜʣʷ 

ʨʘʟʣʠʯʥʳʭ ʧʨʝʜʤʝʪʥʳʭ ʦʙʣʘʩʪʝʡ. ɹʦʣʴʰʠʥʩʪʚʦ ʠʟ ʥʠʭ ʤʦʞʝʪ ʙʳʪʴ ʩʚʝʜʝʥʦ 

ʢ ʩʣʝʜʫʶʱʠʤ ʢʣʘʩʩʘʤ [1]: 

- ʧʨʦʜʫʢʮʠʦʥʥʳʝ ʤʦʜʝʣʠ, 

- ʩʝʤʘʥʪʠʯʝʩʢʠʝ ʩʝʪʠ,  

- ʬʨʝʡʤʳ,  

- ʬʦʨʤʘʣʴʥʳʝ ʣʦʛʠʯʝʩʢʠʝ ʤʦʜʝʣʠ, 

- ʦʥʪʦʣʦʛʠʠ. 
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ʇʨʠʤʝʥʠʪʝʣʴʥʦ ʜʣʷ ʜʘʥʥʦʡ ʢʦʥʢʨʝʪʥʦʡ ʟʘʜʘʯʠ ʧʦʩʪʨʦʝʥʠʷ ɹɿ ʢʦʤʧʝ-

ʪʝʥʮʠʡ ʠ ʚʳʷʚʣʝʥʥʳʭ ʪʨʝʙʦʚʘʥʠʡ ʢ ʨʘʟʨʘʙʘʪʳʚʘʝʤʦʡ ʀʉ, ʥʝʦʙʭʦʜʠʤʦ ʚʳ-

ʙʨʘʪʴ ʥʘ ʙʘʟʝ ʢʘʢʦʡ ʤʦʜʝʣʠ ʧʨʝʜʩʪʘʚʣʝʥʠʷ ʟʥʘʥʠʡ ʙʫʜʝʪ ʧʨʦʭʦʜʠʪʴ 

ʜʘʣʴʥʝʡʰʘʷ ʨʘʟʨʘʙʦʪʢʘ.  

ɼʣʷ ʵʪʦʛʦ ʙʳʣ ʧʨʦʚʝʜʝʥ ʘʥʘʣʠʟ ʤʦʜʝʣʝʡ ʧʨʝʜʩʪʘʚʣʝʥʠʷ ʟʥʘʥʠʡ ʩ ʪʦʯʢʠ 

ʟʨʝʥʠʷ ʨʷʜʘ ʢʨʠʪʝʨʠʝʚ. ʈʝʟʫʣʴʪʘʪʳ ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ ʪʘʙʣʠʮʝ, ʜʝʤʦʥʩʪʨʠʨʫʷ, 

ʯʪʦ ʢʘʞʜʘʷ ʠʟ ʨʘʩʩʤʦʪʨʝʥʥʳʭ ʤʦʜʝʣʝʡ ʦʙʣʘʜʘʝʪ ʢʘʢ ʩʚʦʠʤʠ ʩʠʣʴʥʳʤʠ ʩʪʦ-

ʨʦʥʘʤʠ, ʪʘʢ ʠ ʩʣʘʙʳʤʠ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʜʨʫʛʠʤʠ: 

ʊʘʙʣʠʮʘ 1. ʉʨʘʚʥʠʪʝʣʴʥʳʡ ʘʥʘʣʠʟ ʤʦʜʝʣʝʡ ʧʨʝʜʩʪʘʚʣʝʥʠʷ ʟʥʘʥʠʡ 

 
ʇʨʦʜʫʢʮʠ-

ʦʥʥʳʝ ʤʦ-

ʜʝʣʠ 

ʉʝʤʘʥʪʠ-

ʯʝʩʢʠʝ ʩʝʪʠ 

ʌʨʝʡʤʦ-

ʚʳʝ ʤʦ-

ʜʝʣʠ 

ʌʦʨʤʘʣʴ-

ʥʳʝ ʣʦʛʠ-

ʯʝʩʢʠʝ 

ʤʦʜʝʣʠ 

ʆʥʪʦʣʦ-

ʛʠʠ 

ʫʨʦʚʝʥʴ 

ʩʣʦʞʥʦʩʪʠ 

ʵʣʝʤʝʥʪʘ 

ʟʥʘʥʠʡ 

ʇʨʦʩʪʝʡʰʠʝ 

ʩʦʩʪʘʚʣʷʶ-

ʱʠʝ (ʬʘʢʪʦ-

ʨʳ, ʧʨʘʚʠʣʘ) 

ɻʨʘʬʠʯʝ-

ʩʢʦʝ ʦʧʠʩʘ-

ʥʠʝ 

ʦʙʲʝʢʪʦʚ 

(ʧʨʦʮʝʩʩ, 

ʩʦʩʪʦʷʥʠʝ, 

ʩʫʱʥʦʩʪʴ) 

ɺʳʩʦʢʠʡ 

ʫʨʦʚʝʥʴ 

ʘʙʩʪʨʘʢʪ-

ʥʦʩʪʠ 

ʇʨʦʩʪʝʡ-

ʰʠʝ ʩʦ-

ʩʪʘʚʣʷʶʱʠ

ʝ (ʬʘʢʪʦʨʳ, 

ʧʨʘʚʠʣʘ) 

ɻʨʘʬʠʯʝ-

ʩʢʦʝ ʦʧʠ-

ʩʘʥʠʝ 

ʦʙʲʝʢʪʦʚ 

(ʦʙʲʝʢʪ, 

ʘʪʨʠʙʫʪ, 

ʩʚʷʟʴ) 

ʫʥʠʚʝʨʩʘʣʴ-

ʥʦʩʪʴ ʧʨʝʜ-

ʩʪʘʚʣʝʥʠʷ 

ʟʥʘʥʠʡ 

ʄʦʜʝʣʴ ʫʥʠ-

ʚʝʨʩʘʣʴʥʘ 

ʄʦʜʝʣʴ 

ʫʥʠʚʝʨ-

ʩʘʣʴʥʘ 

ʄʦʜʝʣʴ 

ʫʥʠʚʝʨ-

ʩʘʣʴʥʘ 

ʅʝ ʠʩʧʦʣʴ-

ʟʫʶʪʩʷ ʚ 

ʧʨʦʤʳʰ-

ʣʝʥʥʳʭ ʩʠ-

ʩʪʝʤʘʭ 

ʄʦʜʝʣʴ 

ʫʥʠʚʝʨ-

ʩʘʣʴʥʘ 

ʥʘʛʣʷʜʥʦʩʪʴ 

ʧʨʝʜʩʪʘʚʣʝ-

ʥʠʷ ʟʥʘʥʠʡ 

ʅʘʛʣʷʜʥʳ ʅʘʛʣʷʜʥʳ ʅʘʛʣʷʜʥʳ ʅʘʛʣʷʜʥʳ  ʅʘʛʣʷʜʥʳ 

ʩʧʦʩʦʙ-

ʥʦʩʪʴ ʤʦʜʝ-

ʣʠ ʢ 

ʦʙʫʯʝʥʠʶ 

ɿʘʪʨʫʜʥʝʥʦ ɿʘʪʨʫʜʥʝʥʦ 
ɿʘʪʨʫʜʥʝ-

ʥʦ 
ɿʘʪʨʫʜʥʝʥʦ 

ɿʘʪʨʫʜʥʝ-

ʥʦ 

ʨʘʟʤʝʨ-

ʥʦʩʪʴ ʤʦʜʝ-

ʣʠ ʧʦ ʦʙʲʝʤʫ 

ʧʘʤʷʪʠ 

ɿʘʥʠʤʘʶʪ 

ʤʘʣʳʡ ʦʙʲ-

ʝʤ ʧʘʤʷʪʠ 

ɿʘʥʠʤʘʶʪ 

ʟʥʘʯʠʪʝʣʴ-

ʥʳʡ ʦʙʲʝʤ 

ʧʘʤʷʪʠ 

ʊʨʝʙʫʝʪʩʷ 

ʟʥʘʯʠ-

ʪʝʣʴʥʳʡ 

ʦʙʲʝʤ ʧʘ-

ʤʷʪʠ 

ɿʘʥʠʤʘʶʪ 

ʤʘʣʳʡ ʦʙʲ-

ʝʤ ʧʘʤʷʪʠ 

ɿʘʥʠʤʘʶʪ 

ʟʥʘʯʠ-

ʪʝʣʴʥʳʡ 

ʦʙʲʝʤ ʧʘ-

ʤʷʪʠ 

ʫʜʦʙʩʪʚʦ 

ʨʘʟʨʘʙʦʪʢʠ 

ʩʠʩʪʝʤʳ  

ʅʝʫʜʦʙʥʦ ʋʜʦʙʥʦ ʋʜʦʙʥʦ 

ʅʝʫʜʦʙʥʦ, 

ʩʣʦʞʥʦʩʪʴ 

ʚʳʯʠʩʣʝ-

ʥʠʡ 

ʋʜʦʙʥʦ 

 

ʅʘʠʙʦʣʝʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʳʤʠ ʤʦʜʝʣʷʤʠ ʧʨʝʜʩʪʘʚʣʝʥʠʷ ʟʥʘʥʠʡ ʷʚʣʷ-

ʶʪʩʷ ʧʨʦʜʫʢʮʠʦʥʥʳʝ ʠ ʬʨʝʡʤʦʚʳʝ ʤʦʜʝʣʠ. ʄʦʞʥʦ ʩʯʠʪʘʪʴ, ʯʪʦ ʚ ʢʘʢʦʡ-ʪʦ 

ʩʪʝʧʝʥʠ ʧʨʦʜʫʢʮʠʠ ʧʦʭʦʞʠ ʩ ʬʦʨʤʘʣʴʥʳʤʠ ʣʦʛʠʯʝʩʢʠʤʠ ʤʦʜʝʣʷʤ, ʧʦʟʚʦ-

ʣʷʷ ʨʝʘʣʠʟʦʚʘʪʴ ʜʦʩʪʘʪʦʯʥʦ ʵʬʬʝʢʪʠʚʥʳʝ ʧʨʦʮʝʜʫʨʳ ʣʦʛʠʯʝʩʢʦʛʦ ʚʳʚʦʜʘ. 
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ʆʜʥʘʢʦ ʧʨʦʜʫʢʮʠʦʥʥʳʝ ʤʦʜʝʣʠ ʙʦʣʝʝ ʥʘʛʣʷʜʥʦ ʧʨʝʜʩʪʘʚʣʷʶʪ ʟʥʘʥʠʷ, ʯʝʤ, 

ʥʘʧʨʠʤʝʨ, ʬʦʨʤʘʣʴʥʳʝ ʣʦʛʠʯʝʩʢʠʝ ʤʦʜʝʣʠ, ʧʦ ʧʨʠʯʠʥʝ ʦʪʩʫʪʩʪʚʠʷ ʞʝʩʪ-

ʢʠʭ ʦʛʨʘʥʠʯʝʥʠʡ.  

ɿʘʯʘʩʪʫʶ ʬʨʝʡʤʦʚʳʝ ʤʦʜʝʣʠ ʩʦʧʦʩʪʘʚʣʷʶʪ ʧʦ ʩʚʦʝʡ ʦʨʛʘʥʠʟʘʮʠʠ ʩ 

ʩʝʤʘʥʪʠʯʝʩʢʦʡ ʩʝʪʴʶ, ʪʘʢ ʢʘʢ ʦʥʠ ʷʚʣʷʶʪʩʷ ʩʝʪʷʤʠ ʫʟʣʦʚ ʠ ʦʪʥʦʰʝʥʠʡ, ʢʦ-

ʪʦʨʳʝ ʠʝʨʘʨʭʠʯʝʩʢʠ ʦʨʛʘʥʠʟʦʚʘʥʳ. ʇʨʠ ʦʧʠʩʘʥʠʠ ʥʝʢʦʪʦʨʦʡ ʇʨʆ ʚ ʚʠʜʝ 

ʬʨʝʡʤʦʚ ʟʥʘʥʠʷ ʦʙʣʘʜʘʶʪ ʚʳʩʦʢʠʤ ʫʨʦʚʥʝʤ ʘʙʩʪʨʘʢʪʥʦʩʪʠ, ʪʦ ʝʩʪʴ ʪʘʢʘʷ 

ʧʨʝʜʦʩʪʘʚʣʷʝʪ ʯʝʣʦʚʝʢʫ ʚʦʟʤʦʞʥʦʩʪʴ ʥʝ ʪʦʣʴʢʦ ʧʦʣʫʯʠʪʴ ʦʧʠʩʘʥʥʳʝ ʟʥʘ-

ʥʠʷ, ʥʦ ʠ ʤʝʪʘʟʥʘʥʠʷ, ʘ ʠʤʝʥʥʦ ʧʨʘʚʠʣʘ ʦʙʨʘʙʦʪʢʠ ʟʥʘʥʠʡ ʜʣʷ ʧʨʠʥʷʪʠʷ 

ʨʝʰʝʥʠʡ ʦ ʬʦʨʤʠʨʦʚʘʥʠʠ ʥʦʚʳʭ ʟʥʘʥʠʡ. ʊʘʢʘʷ ʤʦʜʝʣʴ ʷʚʣʷʝʪʩʷ ʫʥʠʚʝʨ-

ʩʘʣʴʥʦʡ ʟʘ ʩʯʝʪ ʩʫʱʝʩʪʚʦʚʘʥʠʷ ʥʝ ʪʦʣʴʢʦ ʬʨʝʡʤʦʚ ʦʙʦʟʥʘʯʝʥʠʷ ʧʦʥʷʪʠʡ ʠ 

ʦʙʲʝʢʪʦʚ, ʘ ʪʘʢʞʝ ʠ ʬʨʝʡʤʦʚ-ʩʠʪʫʘʮʠʡ, ʬʨʝʡʤʦʚ-ʨʦʣʝʡ ʠ ʬʨʝʡʤʦʚ-

ʩʮʝʥʘʨʠʝʚ.  

ɼʣʷ ʜʘʣʴʥʝʡʰʝʛʦ ʧʦʩʪʨʦʝʥʠʷ ɹɿ ʙʳʣʦ ʧʨʠʥʷʪʦ ʨʝʰʝʥʠʝ ʠʩʧʦʣʴʟʦʚʘʪʴ 

ʦʥʪʦʣʦʛʠʯʝʩʢʠʡ ʧʦʜʭʦʜ [7], ʧʦ ʧʨʠʯʠʥʝ ʪʦʛʦ, ʯʪʦ ʦʥ ʷʚʣʷʶʪʩʷ ʫʥʠʚʝʨʩʘʣʴ-

ʥʳʤ ʜʣʷ ʨʘʟʣʠʯʥʳʭ ʇʨʆ. ɸ ʪʘʢʞʝ ʥʝʤʘʣʦʚʘʞʥʦ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʫʞʝ ʠʤʝʶ-

ʱʠʭʩʷ ʟʥʘʥʠʡ ʧʨʝʜʤʝʪʥʦʡ ʦʙʣʘʩʪʠ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʠʥʪʝʛʨʠʨʦʚʘʪʴ 

ʩʫʱʝʩʪʚʫʶʱʠʝ ʦʥʪʦʣʦʛʠʠ ʇʨʆ, ʪʝʤ ʩʘʤʳʤ ʥʘʧʦʣʥʷʷ ʩʦʙʩʪʚʝʥʥʫʶ ʦʥʪʦʣʦ-

ʛʠʶ. ɹʦʣʝʝ ʪʦʛʦ ʦʥʪʦʣʦʛʠʠ ʦʙʣʘʜʘʶʪ ʥʘʛʣʷʜʥʦʩʪʴʶ ʧʨʝʜʩʪʘʚʣʝʥʠʷ ʟʥʘʥʠʡ 

ʠ ʩʪʨʫʢʪʫʨʠʨʦʚʘʥʥʦʩʪʴʶ. ʅʦ, ʥʝ ʩʤʦʪʨʷ ʥʘ ʪʦ, ʯʪʦ ʦʥʠ ʟʘʥʠʤʘʶʪ ʟʥʘʯʠ-

ʪʝʣʴʥʳʡ ʦʙʲʝʤ ʧʘʤʷʪʠ, ʦʥʪʦʣʦʛʠʠ ʧʦʟʚʦʣʷʶʪ ʣʝʛʢʦ ʜʦʙʘʚʣʷʪʴ ʠ ʫʜʘʣʷʪʴ 

ʵʣʝʤʝʥʪʳ ʤʦʜʝʣʠ, ʘ ʪʘʢʞʝ ʦʙʣʘʜʘʶʪ ʚʦʟʤʦʞʥʦʩʪʴʶ ʦʨʛʘʥʠʟʘʮʠʠ ʠʝʨʘʨʭʠ-

ʯʝʩʢʦʡ ʩʪʨʫʢʪʫʨʳ.  

ɿɸʂʃʖʏɽʅʀɽ 

ɺ ʨʘʤʢʘʭ ʧʨʦʜʝʣʘʥʥʦʡ ʨʘʙʦʪʳ ʙʳʣʠ ʧʨʦʘʥʘʣʠʟʠʨʦʚʘʥʳ ʠʩʪʦʯʥʠʢʠ 

ʩʫʱʝʩʪʚʫʶʱʠʭ ʩʠʩʪʝʤ ʢʘʣʝʥʜʘʨʥʦʛʦ ʧʣʘʥʠʨʦʚʘʥʠʷ, ʚʳʧʦʣʥʝʥ ʦʙʟʦʨ ʩʫʱʝ-

ʩʪʚʫʶʱʠʭ ʩʠʩʪʝʤ ʢʘʣʝʥʜʘʨʥʦʛʦ ʧʣʘʥʠʨʦʚʘʥʠʷ ʨʘʙʦʪ: TimeLine, Mi-

crosoftProject, SureTrak, OpenPlanProfessional, PrimaveraProjectPlanner, 

SpiderProject ʠ ʪ.ʜ, ʘ ʪʘʢʞʝ ʙʳʣʠ ʚʳʜʝʣʝʥʳ ʙʘʟʦʚʳʝ ʬʫʥʢʮʠʦʥʘʣʴʥʳʝ ʚʦʟ-

ʤʦʞʥʦʩʪʠ ʩʠʩʪʝʤ ʢʘʣʝʥʜʘʨʥʦʛʦ ʧʣʘʥʠʨʦʚʘʥʠʷ. ʅʝ ʩʤʦʪʨʷ ʥʘ ʙʦʣʴʰʦʝ ʨʘʟ-

ʥʦʦʙʨʘʟʠʝ ʩʠʩʪʝʤ ʢʘʣʝʥʜʘʨʥʦʛʦ ʧʣʘʥʠʨʦʚʘʥʠʷ, ʥʠ ʦʜʥʘ ʠʟ ʧʨʝʜʩʪʘʚʣʝʥʥʳʭ 

ʩʠʩʪʝʤ ʥʝ ʬʫʥʢʮʠʦʥʠʨʫʝʪ ʩ ʫʯʝʪʦʤ ʧʨʦʝʢʪʥʦʡ ʜʦʢʫʤʝʥʪʘʮʠʠ ʨʘʟʨʘʙʦʪʢʠ 

ʀʉ. ɺʩʣʝʜʩʪʚʠʝ ʯʝʛʦ ʙʳʣʦ ʧʨʠʥʷʪʦ ʨʝʰʝʥʠʝ ʦ ʪʦʤ, ʯʪʦ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʩʦ-

ʟʜʘʥʠʷ ʩʦʙʩʪʚʝʥʥʦʡ ʩʠʩʪʝʤʳ ʘʚʪʦʤʘʪʠʟʘʮʠʠ ʧʣʘʥʠʨʦʚʘʥʠʷ ʨʘʙʦʪ, ʦʩʥʦʚʳ-

ʚʘʶʱʝʡʩʷ ʥʘ ʧʨʦʝʢʪʥʦʡ ʜʦʢʫʤʝʥʪʘʮʠʠ, ʩʫʱʝʩʪʚʫʝʪ.  

ɹʳʣʠ ʧʨʦʘʥʘʣʠʟʠʨʦʚʘʥʳ ʩʫʱʝʩʪʚʫʶʱʠʝ ʤʦʜʝʣʠ ʧʨʝʜʩʪʘʚʣʝʥʠʷ ʟʥʘ-

ʥʠʡ, ʪʘʢʠʝ ʢʘʢ ʧʨʦʜʫʢʮʠʦʥʥʳʝ ʤʦʜʝʣʠ, ʩʝʤʘʥʪʠʯʝʩʢʠʝ ʩʝʪʠ, ʬʨʝʡʤʦʚʳʝ 

ʤʦʜʝʣʠ, ʦʥʪʦʣʦʛʠʠ ʠ ʬʦʨʤʘʣʴʥʳʝ ʣʦʛʠʯʝʩʢʠʝ ʤʦʜʝʣʠ. ɸʥʘʣʠʟ ʧʦʢʘʟʘʣ, ʯʪʦ 

ʜʣʷ ʜʘʣʴʥʝʡʰʝʛʦ ʧʦʩʪʨʦʝʥʠʷ ʙʘʟʳ ʟʥʘʥʠʡ ʥʝʦʙʭʦʜʠʤʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʦʥʪʦ-

ʣʦʛʠʠ, ʪʘʢ ʢʘʢ ʦʥʠ ʫʥʠʚʝʨʩʘʣʴʥʳ ʜʣʷ ʨʘʟʣʠʯʥʳʭ ʧʨʝʜʤʝʪʥʳʭ ʦʙʣʘʩʪʝʡ, ʘ 

ʪʘʢʞʝ ʦʨʠʝʥʪʠʨʦʚʘʥʳ ʥʘ ʧʨʦʩʪʳʝ ʠ ʭʦʨʦʰʦ ʬʦʨʤʘʣʠʟʫʝʤʳʝ ʇʨʆ. 
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ʕʅɽʈɻɽʊʀʂɸ ʀ ʕʅɽʈɻɽʊʀʏɽʉʂʀɽ ʊɽʍʅʀʂɸ ʀ ʊɽʍʅʆʃʆɻʀʀ 
 

ʆ ʇʈʆɹʃɽʄɸʍ ʊɽʍʅʆʉʌɽʈʓ 
 

ʃʠʧʘʝʚ ɸ.ɸ. 
ɿʘʨʦʞʜʝʥʠʝ ʞʠʟʥʠ ʢʦʨʝʥʥʳʤ ʦʙʨʘʟʦʤ ʠʟʤʝʥʠʣʦ ʥʘʰʫ ʧʣʘʥʝʪʫ. ʇʦʩʣʝ 

ʧʦʷʚʣʝʥʠʷ ʯʝʣʦʚʝʢʘ ʨʘʟʫʤʥʦʛʦ ("Homo Sapiens") ʤʘʩʰʪʘʙʳ ʵʪʠʭ ʠʟʤʝʥʝʥʠʡ 

ʩʫʱʝʩʪʚʝʥʥʦ ʚʦʟʨʦʩʣʠ. ʇʦʩʪʝʧʝʥʥʦ ʩʪʘʣ ʧʨʦʠʩʭʦʜʠʪʴ ʧʝʨʝʭʦʜ ʦʪ ʧʨʦʩʪʦʛʦ 

ʙʠʦʣʦʛʠʯʝʩʢʦʛʦ ʧʨʠʩʧʦʩʦʙʣʝʥʠʷ ʞʠʚʳʭ ʩʫʱʝʩʪʚ ʢ ʨʘʟʫʤʥʦʤʫ ʧʦʚʝʜʝʥʠʶ ʠ, ʚ 

ʢʦʥʝʯʥʦʤ ʩʯʝʪʝ, ʢ ʮʝʣʝʥʘʧʨʘʚʣʝʥʥʦʤʫ ʧʨʝʦʙʨʘʟʦʚʘʥʠʶ ʠʤʠ ʧʨʠʨʦʜʥʦʡ ʩʨʝ-

ʜʳ. 

ʏʝʣʦʚʝʢ ʚ ʭʦʜʝ ʩʚʦʝʡ ʵʚʦʣʶʮʠʠ ʚʩʝ ʙʦʣʴʰʝ ʦʩʚʘʠʚʘʣ ʝʩʪʝʩʪʚʝʥʥʫʶ ʩʨʝʜʫ 

ʦʙʠʪʘʥʠʷ. ɽʩʣʠ ʧʝʨʚʦʥʘʯʘʣʴʥʦ ʦʥ ʧʨʦʩʪʦ ʧʦʪʨʝʙʣʷʣ ʝʩʪʝʩʪʚʝʥʥʳʝ ʙʦʛʘʪʩʪʚʘ 

ʧʨʠʨʦʜʳ (ʜʠʢʠʝ ʧʣʦʜʳ, ʨʘʩʪʝʥʠʷ, ʞʠʚʦʪʥʳʭ), ʪʦ ʧʦʪʦʤ ʦʥ ʩʪʘʣ ʠʩʧʦʣʴʟʦʚʘʪʴ 

ʧʦʣʝʟʥʳʝ ʠʩʢʦʧʘʝʤʳʝ, ʵʥʝʨʛʝʪʠʯʝʩʢʠʝ ʠʩʪʦʯʥʠʢʠ, ʧʨʝʦʙʨʘʟʫʷ ʠʭ ʚ ʧʨʝʜʤʝʪʳ 

ʪʨʫʜʘ ʠ ʠʟʜʝʣʠʷ ʤʘʪʝʨʠʘʣʴʥʦʡ ʢʫʣʴʪʫʨʳ. ɺ ʭʦʜʝ ʩʚʦʝʡ ʜʝʷʪʝʣʴʥʦʩʪʠ ʯʝʣʦʚʝʢ 

ʩʦʟʜʘʣ ʪʘʢ ʥʘʟʳʚʘʝʤʫʶ, ʠʩʢʫʩʩʪʚʝʥʥʫʶ ʩʨʝʜʫ ʦʙʠʪʘʥʠʷ (ʢʨʫʧʥʳʝ ʛʦʨʦʜʘ, ʜʦ-

ʨʦʛʠ, ʧʨʝʜʧʨʠʷʪʠʷ, ʩʘʤʦʣʝʪʳ, ʘʚʪʦʤʦʙʠʣʠ, ʨʘʟʥʦʦʙʨʘʟʥʫʶ ʙʳʪʦʚʫʶ ʪʝʭʥʠʢʫ 

ʠ ʪ.ʜ.). 

ʄʘʩʰʪʘʙʳ ʧʨʦʠʟʚʝʜʝʥʥʦʡ ʯʝʣʦʚʝʢʦʤ ʤʘʪʝʨʠʘʣʴʥʦʡ ʢʫʣʴʪʫʨʳ ʧʦʠʩʪʠʥʝ 

ʦʛʨʦʤʥʳ ʠ ʧʦʩʪʦʷʥʥʦ ʫʚʝʣʠʯʠʚʘʶʪʩʷ. ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʚʩʝ, ʯʪʦ ʯʝʣʦʚʝʢ ʩʦ-

ʟʜʘʝʪ ʟʘ ʛʦʜ, ʩʦʩʪʘʚʣʷʝʪ 1013 ʪ (ʪʝʭʥʦʤʘʩʩʘ), ʚ ʪʦ ʚʨʝʤʷ ʢʘʢ ʚʝʩ ʜʠʢʠʭ ʞʠʚʳʭ 

ʦʨʛʘʥʠʟʤʦʚ (ʙʠʦʤʘʩʩʘ) ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʟʘ ʪʦʪ ʞʝ ʧʝʨʠʦʜ ʥʘ ʧʦʨʷʜʦʢ ʤʝʥʴʰʝ -

1012 ʪ [1]. 

ʉʦʚʦʢʫʧʥʦʩʪʴ ʚʩʝʛʦ ʪʦʛʦ, ʯʪʦ ʧʨʦʠʟʚʝʜʝʥʦ ʯʝʣʦʚʝʢʦʤ: ʪʝʭʥʠʯʝʩʢʠʝ 

ʫʩʪʨʦʡʩʪʚʘ ʠ ʩʠʩʪʝʤʳ (ʪʝʭʥʦʚʝʱʝʩʪʚʦ), ʠʩʢʫʩʩʪʚʝʥʥʘʷ ʩʨʝʜʘ ʦʙʠʪʘʥʠʷ (ʛʦʨʦ-

ʜʘ, ʜʦʨʦʛʠ, ʜʦʤʘ), ʘ ʪʘʢʞʝ ʦʙʣʘʩʪʴ ʪʝʭʥʠʯʝʩʢʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ ʣʶʜʝʡ ʧʦʣʫʯʠʣʘ 

ʥʘʟʚʘʥʠʝ ʪʝʭʥʦʩʬʝʨʳ. 

ɿʥʘʯʝʥʠʝ ʪʝʭʥʦʩʬʝʨʳ ʚ ʞʠʟʥʠ ʯʝʣʦʚʝʯʝʩʢʦʛʦ ʦʙʱʝʩʪʚʘ, ʙʝʟʫʩʣʦʚʥʦ, 

ʯʨʝʟʚʳʯʘʡʥʦ ʚʝʣʠʢʦ. ʆʥʘ ʚʩʝ ʙʦʣʴʰʝ ʧʨʝʦʙʨʘʟʫʝʪ ʧʨʠʨʦʜʫ, ʩʦʟʜʘʚʘʷ ʥʦʚʳʝ 

ʣʘʥʜʰʘʬʪʳ, ʘʢʪʠʚʥʦ ʚʣʠʷʷ ʥʘ ʙʠʦʩʬʝʨʫ ʚ ʮʝʣʦʤ. ʆʯʝʚʠʜʥʦ ʪʝʭʥʦʩʬʝʨʘ - ʵʪʦ 

ʚʘʞʥʘʷ ʩʦʩʪʘʚʣʷʶʱʘʷ ʯʘʩʪʴ ʩʦʚʨʝʤʝʥʥʦʛʦ ʧʦʥʠʤʘʥʠʷ ʙʠʦʩʬʝʨʳ. 

ʉʪʝʧʝʥʴ ʚʦʟʜʝʡʩʪʚʠʷ ʯʝʣʦʚʝʢʘ ʥʘ ʧʨʠʨʦʜʫ, ʟʘʚʠʩʷʱʘʷ ʦʪ ʫʨʦʚʥʷ ʪʝʭʥʠʯʝ-

ʩʢʦʡ ʚʦʦʨʫʞʝʥʥʦʩʪʠ ʦʙʱʝʩʪʚʘ, ʚ ʍʍ-ʦʤ ʚʝʢʝ - ʚʝʢʝ ʥʘʫʯʥʦ-ʪʝʭʥʠʯʝʩʢʦʛʦ ʧʨʦ-

ʛʨʝʩʩʘ ʩʫʱʝʩʪʚʝʥʥʦ ʫʚʝʣʠʯʠʣʘʩʴ, ʯʪʦ ʧʦʩʪʘʚʠʣʦ ʧʝʨʝʜ ʮʠʚʠʣʠʟʘʮʠʝʡ ʥʦʚʳʝ, 

ʯʨʝʟʚʳʯʘʡʥʦ ʦʩʪʨʳʝ ʧʨʦʙʣʝʤʳ. ʕʪʠ ʧʨʦʙʣʝʤʳ ʥʝʧʨʝʨʳʚʥʦ ʚʦʟʨʘʩʪʘʶʪ ʠ ʚ 

XXI ʚ ʥʘʩʪʦʷʪʝʣʴʥʦ ʪʨʝʙʫʶʪ ʫʧʨʘʚʣʝʥʠʷ ʪʝʭʥʦʩʬʝʨʦʡ, ʨʝʛʫʣʠʨʦʚʘʥʠʷ ʧʨʦ-

ʮʝʩʩʦʚ ʝʝ ʩʦʟʜʘʥʠʷ, ʧʦʚʪʦʨʥʦʛʦ (ʮʠʢʣʠʯʥʦʛʦ) ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʨʝʩʫʨʩʦʚ.  
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ʋɼʂ 338.48 

ɹʖɼɾɽʊʅɸʗ ʕʌʌɽʂʊʀɺʅʆʉʊʔ ʈɸɿʃʀʏʅʓʍ ɺɸʈʀɸʅʊʆɺ 

ʀʅɺɽʉʊʀʈʆɺɸʅʀʗ ɺ ʇʆɼɺʀɾʅʆʁ ʉʆʉʊɸɺ 

ʆɹʑɽʉʊɺɽʅʅʆɻʆ ʊʈɸʅʉʇʆʈʊɸ (ʅɸ ʇʈʀʄɽʈɽ ʉɸʅʂʊ-

ʇɽʊɽʈɹʋʈɻɸ) 

 

ʌʝʜʦʨʦʚ ɺʣʘʜʠʤʠʨ ɸʥʘʪʦʣʴʝʚʠʯ 

 ʢʘʥʜʠʜʘʪ ʵʢʦʥʦʤʠʯʝʩʢʠʭ ʥʘʫʢ, ʜʦʮʝʥʪ 

ʢʘʬʝʜʨʳ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʛʦ ʠ ʤʫʥʠʮʠʧʘʣʴʥʦʛʦ ʫʧʨʘʚʣʝʥʠʷ ʅʀʋ - ɺʳʩ-

ʰʘʷ ʰʢʦʣʘ ʵʢʦʥʦʤʠʢʠ ʉʘʥʢʪ-ʇʝʪʝʨʙʫʨʛ 

 

ɸʥʥʦʪʘʮʠʷ. ɺ ʩʪʘʪʴʝ ʨʘʩʩʤʦʪʨʝʥʳ ʧʨʦʙʣʝʤʳ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʨʘʟʣʠʯ-

ʥʳʭ ʚʘʨʠʘʥʪʦʚ ʠʥʚʝʩʪʠʨʦʚʘʥʠʷ ʚ ʧʦʜʚʠʞʥʦʡ ʩʦʩʪʘʚ ʦʙʱʝʩʪʚʝʥʥʦʛʦ ʪʨʘʥʩ-

ʧʦʨʪʘ ʜʣʷ ʧʝʨʝʭʦʜʥʦʛʦ ʧʝʨʠʦʜʘ ʢ ʨʳʥʦʯʥʦʡ ʵʢʦʥʦʤʠʢʝ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʠʥʚʝʩʪʠʮʠʠ ʟʘ ʩʯʝʪ ʩʦʙʩʪʚʝʥʥʳʭ ʠ ʙʶʜʞʝʪʥʳʭ 

ʩʨʝʜʩʪʚ, ʛʦʨʦʜʩʢʦʡ ʦʙʱʝʩʪʚʝʥʥʳʡ ʪʨʘʥʩʧʦʨʪ, ʠʥʪʝʨʝʩʳ ʠʥʚʝʩʪʦʨʦʚ. 

 

UDC 338.48 

BUDGET EFFICIENCY OF DIFFERENT VARIANTS OF 

INVESTMENT IN ROLLING STOCK OF PUBLIC TRANSPORT (IN ST. 

PETERSBURG) 

 

Fedorov Vladimir Anatolievich 

 Candidate of Economic Sciences, Associate Professor 

the Department of State and Municipal Management NRU - Higher School 

of Economics St. Petersburg 

 

Annotation. The article deals with the problem of the effectiveness of dif-

ferent investment options in the public transport fleet for the transition to a mar-

ket economy. 

Key words: investments from its own budget and resources, urban public 

transport, the interests of investors. 

 

ɺ ʩʦʚʨʝʤʝʥʥʳʭ ʨʳʥʦʯʥʳʭ ʫʩʣʦʚʠʷʭ ʧʨʝʜʧʨʠʷʪʠʷ ʛʦʨʦʜʩʢʦʛʦ ʦʙʱʝ-

ʩʪʚʝʥʥʦʛʦ ʪʨʘʥʩʧʦʨʪʘ (ɻʆʊ) ʩʪʘʣʢʠʚʘʶʪʩʷ ʩ ʧʨʦʙʣʝʤʦʡ ʚʳʙʦʨʘ ʧʫʪʠ ʨʘʟ-

ʚʠʪʠʷ. ʀʟʤʝʥʝʥʠʝ ʩʠʩʪʝʤʳ ʬʠʥʘʥʩʠʨʦʚʘʥʠʷ ʚ ʩʪʦʨʦʥʫ ʩʦʢʨʘʱʝʥʠʷ 

ʚʳʜʝʣʷʝʤʳʭ ʠʟ ʙʶʜʞʝʪʦʚ ʚʩʝʭ ʫʨʦʚʥʝʡ ʬʠʥʘʥʩʦʚʳʭ ʨʝʩʫʨʩʦʚ ʧʨʠʚʝʣʦ ʢ 

ʨʝʟʢʦʤʫ ʫʭʫʜʰʝʥʠʶ ʚʦʟʨʘʩʪʥʦʡ ʠ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʡ ʩʪʨʫʢʪʫʨʳ ʦʩʥʦʚʥʳʭ 

ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʭ ʬʦʥʜʦʚ, ʚ ʯʘʩʪʥʦʩʪʠ, ʧʦʜʚʠʞʥʦʛʦ ʩʦʩʪʘʚʘ. ʆʩʦʙʝʥʥʦ ʘʢ-

ʪʫʘʣʴʥʳʤ ʵʪʦ ʷʚʣʷʝʪʩʷ ʚ ʫʩʣʦʚʠʷʭ ʵʢʦʥʦʤʠʯʝʩʢʦʡ ʥʝʩʪʘʙʠʣʴʥʦʩʪʠ ʠ ʩʚʷ-

ʟʘʥʥʳʭ ʩ ʥʝʡ ʨʦʩʪʦʤ ʮʝʥ, ʜʝʬʠʮʠʪʦʤ ʩʚʦʙʦʜʥʳʭ ʜʝʥʝʞʥʳʭ ʩʨʝʜʩʪʚ, 

ʠʥʬʣʷʮʠʝʡ ʠ ʚʳʩʦʢʠʤʠ ʩʪʘʚʢʘʤʠ ʧʦ ʢʨʝʜʠʪʫ. ʠʥʚʝʩʪʠʮʠʦʥʥʦʡ ʧʦʣʠʪʠʢʠ 
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ʢʘʢ ʦʜʥʦʛʦ ʠʟ ʛʣʘʚʥʳʭ ʬʘʢʪʦʨʦʚ ʵʢʦʥʦʤʠʯʝʩʢʦʛʦ ʨʘʟʚʠʪʠʷ. ʇʨʝʜʧʨʠʷʪʠʷ 

ɻʆʊ ʥʘʭʦʜʷʪʩʷ ʚ ʩʚʦʝʦʙʨʘʟʥʳʭ ʪʠʩʢʘʭ: ʩ ʦʜʥʦʡ ʩʪʦʨʦʥʳ, ʥʝʦʙʭʦʜʠʤʦʩʪʴ 

ʨʘʩʰʠʨʝʥʠʷ ʠ ʦʙʥʦʚʣʝʥʠʷ ʧʘʨʢʘ ʧʦʜʚʠʞʥʦʛʦ ʩʦʩʪʘʚʘ ʧʨʝʜʧʨʠʷ-

ʪʠʡ ɻʆʊ ʦʙʫʩʣʦʚʣʠʚʘʝʪʩʷ ʢʘʢ ʩʫʱʝʩʪʚʫʶʱʠʤ, ʪʘʢ ʠ ʧʨʦʛʥʦʟʠʨʫʝʤʳʤ ʨʦ-

ʩʪʦʤ ʦʙʲʝʤʦʚ ʧʘʩʩʘʞʠʨʩʢʠʭ ʧʝʨʝʚʦʟʦʢ, ʘ ʪʘʢʞʝ ʚʳʩʦʢʦʡ ʩʪʝʧʝʥʴʶ ʠʟʥʦʩʘ 

ʩʫʱʝʩʪʚʫʶʱʝʛʦ ʧʦʜʚʠʞʥʦʛʦ ʩʦʩʪʘʚʘ. ʀ ʜʣʷ ʥʦʨʤʘʣʠʟʘʮʠʠ ʠʥʚʝʩʪʠʮʠʦʥʥʦ-

ʛʦ ʧʨʦʮʝʩʩʘ ʠ ʩʪʘʙʠʣʠʟʘʮʠʠ ʧʦʣʦʞʝʥʠʷ, ʩʨʝʜʥʝʛʦʜʦʚʦʡ ʦʙʲ-

ʝʤ ʢʘʧʠʪʘʣʴʥʳʭ ʚʣʦʞʝʥʠʡ ʪʦʣʴʢʦ ʚ ʧʦʜʚʠʞʥʦʡ ʩʦʩʪʘʚ ɻʇʊ ʜʦʣʞʝʥ 

ʚʦʟʨʘʩʪʠ ʚ çnè ʨʘʟ. ʉ ʜʨʫʛʦʡ ʩʪʦʨʦʥʳ, ʬʘʢʪʠʯʝʩʢʘʷ ʫʙʳʪʦʯʥʦʩʪʴ ɻʆʊ, ʘ 

ʪʘʢʞʝ ʪʦ, ʯʪʦ ʦʩʥʦʚʥʳʝ ʧʝʨʝʚʦʟʯʠʢʠ ʠʤʝʶʪ ʦʨʛʘʥʠʟʘʮʠʦʥʥʫʶ ʬʦʨʤʫ ɻʋ-

ʇʦʚ ʠʣʠ ʄʋʇʦʚ ʟʘʪʨʫʜʥʷʝʪ, ʘ ʚ ʥʝʢʦʪʦʨʳʭ ʩʣʫʯʘʷʭ ʧʨʘʢʪʠʯʝʩʢʠ ʠʩʢʣʶʯʘ-

ʝʪ ʚʦʟʤʦʞʥʦʩʪʴ ʬʠʥʘʥʩʠʨʦʚʘʥʠʷ ʠʥʚʝʩʪʠʮʠʡ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ 

ʢʣʘʩʩʠʯʝʩʢʠʭ ʩʧʦʩʦʙʦʚ (ʙʘʥʢʦʚʩʢʦʛʦ ʢʨʝʜʠʪʘ, ʨʘʟʤʝʱʝʥʠʝ ʮʝʥʥʳʭ ʙʫʤʘʛ ʠ 

ʪ.ʜ.).  

ʇʨʠʤʝʥʷʝʤʦʝ ʥʘ ʧʨʘʢʪʠʢʝ ʬʠʥʘʥʩʠʨʦʚʘʥʠʝ ʠʥʚʝʩʪʠʮʠʡ ʟʘ ʩʯʝʪ 

ʩʨʝʜʩʪʚ ʙʶʜʞʝʪʦʚ ʥʝ ʦʙʝʩʧʝʯʠʚʘʝʪ ʥʝʦʙʭʦʜʠʤʳʡ ʦʙʲʝʤ ʢʘʧʠʪʘʣʴʥʳʭ ʚʣʦ-

ʞʝʥʠʡ ʠ ʥʦʩʠʪ ʥʝʨʝʛʫʣʷʨʥʳʡ ʭʘʨʘʢʪʝʨ. ʆʛʨʘʥʠʯʝʥʥʳʝ ʚʦʟʤʦʞʥʦʩʪʠ ʙʶʜ-

ʞʝʪʥʦʛʦ ʬʠʥʘʥʩʠʨʦʚʘʥʠʷ ʪʨʝʙʫʶʪ ʨʘʟʨʘʙʦʪʢʠ ʥʦʚʦʛʦ ʤʝʭʘʥʠʟʤʘ 

ʬʠʥʘʥʩʠʨʦʚʘʥʠʷ ʠʥʚʝʩʪʠʮʠʡ, ʧʦʟʚʦʣʷʶʱʝʛʦ ʦʙʝʩʧʝʯʠʪʴ ʩʪʘʙʠʣʴʥʦʝ ʦʙ-

ʥʦʚʣʝʥʠʝ ʠ ʨʘʩʰʠʨʝʥʠʝ ʦʩʥʦʚʥʳʭ ʬʦʥʜʦʚ, ʟʘʠʥʪʝʨʝʩʦʚʘʪʴ ʧʨʝʜʧʨʠʷʪʠʷ ʛʦ-

ʨʦʜʩʢʦʛʦ ʧʘʩʩʘʞʠʨʩʢʦʛʦ ʪʨʘʥʩʧʦʨʪʘ ʚ ʢʦʥʝʯʥʳʭ ʬʠʥʘʥʩʦʚʳʭ ʨʝʟʫʣʴʪʘʪʘʭ 

ʩʚʦʝʡ ʨʘʙʦʪʳ, ʩʦʟʜʘʪʴ ʫʩʣʦʚʠʷ ʜʣʷ ʧʨʠʦʨʠʪʝʪʥʦʛʦ ʨʘʟʚʠʪʠʷ ʛʦʨʦʜʩʢʦʛʦ 

ʧʘʩʩʘʞʠʨʩʢʦʛʦ ʪʨʘʥʩʧʦʨʪʘ ʠ ʧʦʚʳʰʝʥʠʷ ʢʘʯʝʩʪʚʘ ʧʘʩʩʘʞʠʨʩʢʠʭ ʧʝʨʝʚʦʟʦʢ. 

ʊʨʘʥʩʧʦʨʪʥʘʷ ʧʦʣʠʪʠʢʘ ʚ ʫʩʣʦʚʠʷʭ ʨʝʬʦʨʤʠʨʦʚʘʥʠʷ ʵʢʦʥʦʤʠʢʠ ʠ ʠʟ-

ʤʝʥʝʥʠʷ ʩʠʩʪʝʤʳ ʫʧʨʘʚʣʝʥʠʷ ʪʨʘʥʩʧʦʨʪʦʤ ʥʫʞʜʘʝʪʩʷ ʚ ʦʧʨʝʜʝʣʝʥʠʠ ʦʩ-

ʥʦʚʥʳʭ ʥʘʧʨʘʚʣʝʥʠʡ ʜʝʷʪʝʣʴʥʦʩʪʠ, ʫʯʠʪʳʚʘʶʱʠʭ ʦʩʦʙʝʥʥʦʩʪʠ ʦʪʜʝʣʴʥʳʭ 

ʚʠʜʦʚ ʪʨʘʥʩʧʦʨʪʘ. ɸʢʪʫʘʣʴʥʦʡ ʧʨʦʙʣʝʤʦʡ ʷʚʣʷʝʪʩʷ ʜʦʩʪʠʞʝʥʠʝ ʨʘʮʠʦ-

ʥʘʣʴʥʦʛʦ ʩʦʦʪʥʦʰʝʥʠʷ ʤʝʞʜʫ ʚʠʜʘʤʠ ʪʨʘʥʩʧʦʨʪʘ, ʚʟʘʠʤʦʩʚʷʟʘʥʥʦʡ ʜʠʥʘ-

ʤʠʢʠ ʚ ʠʭ ʨʘʟʚʠʪʠʠ ʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ. ʀʤʝʥʥʦ ʥʘ çʩʪʳʢʘʭè ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ 

ʤʝʞʜʫ ʚʠʜʘʤʠ ʪʨʘʥʩʧʦʨʪʘ ʠʤʝʶʪ ʤʝʩʪʦ ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʥʘʠʙʦʣʴʰʠʝ ʧʦ-

ʪʝʨʠ ʠ ʜʠʩʧʨʦʧʦʨʮʠʠ. ʅʘʧʨʠʤʝʨ, ʚ ʩʠʣʫ ʠʥʩʪʠʪʫʮʠʦʥʘʣʴʥʳʭ ʠ ʦʨʛʘʥʠʟʘʮʠ-

ʦʥʥʳʭ ʨʘʟʣʠʯʠʡ, ʘ ʪʘʢʞʝ ʚʝʜʦʤʩʪʚʝʥʥʦʡ ʠ ʪʝʨʨʠʪʦʨʠʘʣʴʥʦʡ 

ʨʘʟʦʙʱʝʥʥʦʩʪʠ ʤʝʞʜʫ ʚʠʜʘʤʠ ʠ ʩʫʙʲʝʢʪʘʤʠ ʪʨʘʥʩʧʦʨʪʥʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ, 

ʧʨʝʜʧʨʠʷʪʠʷ ʥʝ ʚʩʝʛʜʘ ʤʦʛʫʪ ʩʚʦʙʦʜʥʦ ʚʳʙʠʨʘʪʴ ʥʘʠʙʦʣʝʝ ʨʘʮʠʦʥʘʣʴʥʳʝ 

ʪʨʘʥʩʧʦʨʪʥʳʝ ʩʭʝʤʳ. ʅʘʤʝʪʠʣʘʩʴ ʪʝʥʜʝʥʮʠʷ ʢ ʥʝʧʨʦʧʦʨʮʠʦʥʘʣʴʥʦʤʫ ʨʘʟ-

ʚʠʪʠʶ ʠʥʬʨʘʩʪʨʫʢʪʫʨʳ ʚʠʜʦʚ ʪʨʘʥʩʧʦʨʪʘ, ʯʪʦ ʚʝʜʝʪ ʢ ʫʪʨʘʪʝ ʩʠʩʪʝʤʥʦʛʦ 

ʵʬʬʝʢʪʘ ʥʘ ʨʳʥʢʝ ʪʨʘʥʩʧʦʨʪʥʳʭ ʫʩʣʫʛ, ʢʘʢ ʜʣʷ ʧʨʦʠʟʚʦʜʠʪʝʣʝʡ, ʪʘʢ ʠ ʜʣʷ 

ʧʝʨʝʚʦʟʯʠʢʦʚ. 

ɼʣʷ ʧʨʠʚʣʝʯʝʥʠʷ ʠʥʚʝʩʪʠʮʠʡ ʚ ʪʘʢʫʶ ʦʪʨʘʩʣʴ ʛʦʨʦʜʩʢʦʛʦ ʭʦʟʷʡʩʪʚʘ, 

ʢʘʢ ɻʆʊ, ʥʝʦʙʭʦʜʠʤʦ ʫʯʠʪʳʚʘʪʴ ʨʷʜ ʝʛʦ ʦʩʦʙʝʥʥʦʩʪʝʡ. ʊʘʢ ʧʨʝʜʧʨʠʷʪʠʷ 

ʛʦʨʦʜʩʢʦʛʦ ʧʘʩʩʘʞʠʨʩʢʦʛʦ ʪʨʘʥʩʧʦʨʪʘ ʦʙʱʝʛʦ ʧʦʣʴʟʦʚʘʥʠʷ ʫʩʣʦʚʥʦ ʤʦʞʥʦ 

ʨʘʟʜʝʣʠʪʴ ʥʘ ʪʨʠ ʛʨʫʧʧʳ: ʧʨʝʜʧʨʠʷʪʠʷ (ʚʠʜʳ ʪʨʘʥʩʧʦʨʪʘ), ʜʣʷ ʢʦʪʦʨʳʭ 

ʤʦʥʦʧʦʣʠʟʤ ʷʚʣʷʝʪʩʷ ʝʩʪʝʩʪʚʝʥʥʳʤ ʠ ʦʙʫʩʣʦʚʣʝʥ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʤʠ ʦʩʦ-

ʙʝʥʥʦʩʪʷʤʠ ʧʨʦʮʝʩʩʘ ʧʨʦʠʟʚʦʜʩʪʚʘ ʫʩʣʫʛ; ʦʛʨʘʥʠʯʝʥʥʦ ʢʦʥʢʫʨʝʥʪʥʳʝ 



31 

ʧʨʝʜʧʨʠʷʪʠʷ (ʚʠʜʳ ʪʨʘʥʩʧʦʨʪʘ), ʜʣʷ ʢʦʪʦʨʳʭ ʚʦʟʤʦʞʥʦʩʪʴ ʢʦʥʢʫʨʝʥʮʠʠ 

ʠʤʝʝʪ ʝʩʪʝʩʪʚʝʥʥʳʝ ʦʛʨʘʥʠʯʝʥʠʷ, ʩʚʷʟʘʥʥʳʝ ʩ ʪʝʭʥʦʣʦʛʠʝʡ ʧʨʦʮʝʩʩʘ 

ʧʨʝʜʦʩʪʘʚʣʝʥʠʷ ʫʩʣʫʛ; ʢʦʥʢʫʨʝʥʪʥʳʝ ʧʨʝʜʧʨʠʷʪʠʷ (ʚʠʜʳ ʪʨʘʥʩʧʦʨʪʘ), ʜʣʷ 

ʢʦʪʦʨʳʭ ʚʦʟʤʦʞʝʥ ʢʦʥʢʫʨʩʥʳʡ ʦʪʙʦʨ ʦʧʝʨʘʪʦʨʦʚ-ʧʝʨʝʚʦʟʯʠʢʦʚ [1]. ɺ ʟʘ-

ʚʠʩʠʤʦʩʪʠ ʦʪ ʪʦʛʦ, ʢ ʢʘʢʦʡ ʛʨʫʧʧʝ ʙʫʜʫʪ ʦʪʥʝʩʝʥʳ ʧʨʝʜʧʨʠʷʪʠʷ (ʚʠʜʳ 

ʪʨʘʥʩʧʦʨʪʘ), ʥʝʦʙʭʦʜʠʤʦ ʚʳʙʠʨʘʪʴ ʩʧʦʩʦʙʳ ʧʨʠʚʣʝʯʝʥʠʷ ʠʥʚʝʩʪʠʮʠʡ 

ʠ ʬʦʨʤʳ ʚʟʘʠʤʦʦʪʥʦʰʝʥʠʡ ʩ ʠʥʚʝʩʪʦʨʘʤʠ. ʆʜʥʘʢʦ, ʛʣʘʚʥʳʤ ʜʣʷ ʧʨʠʚʣʝ-

ʯʝʥʠʷ ʯʘʩʪʥʳʭ ʠʥʚʝʩʪʠʮʠʡ ʚ ʛʦʨʦʜʩʢʦʡ ʧʘʩʩʘʞʠʨʩʢʠʡ ʪʨʘʥʩʧʦʨʪ ʦʙʱʝʛʦ 

ʧʦʣʴʟʦʚʘʥʠʷ (ʠ ʦʩʦʙʝʥʥʦ ð ʜʦʣʛʦʩʨʦʯʥʳʭ ʠʥʚʝʩʪʠʮʠʡ) ʷʚʣʷʝʪʩʷ ʚʦʟʤʦʞ-

ʥʦʩʪʴ ʠʭ ʦʢʫʧʘʝʤʦʩʪʠ ʠ ʧʦʣʫʯʝʥʠʷ ʠʥʚʝʩʪʦʨʘʤʠ ʧʨʠʙʳʣʠ. ʕʪʦ, ʚ ʩʚʦʶ ʦʯʝ-

ʨʝʜʴ, ʪʨʝʙʫʝʪ ʩʦʙʣʶʜʝʥʠʷ ʙʘʣʘʥʩʘ ʠʥʪʝʨʝʩʦʚ ʚʩʝʭ ʩʪʦʨʦʥ, ʚʢʣʶʯʘʷ 

ʠʥʚʝʩʪʦʨʦʚ, ʛʦʨʦʜʩʢʠʝ ʚʣʘʩʪʠ, ʧʦʪʨʝʙʠʪʝʣʝʡ ʠ ʧʨʦʠʟʚʦʜʠʪʝʣʝʡ ʫʩʣʫʛ. 

ʇʨʦʝʢʪʳ, ʩʚʷʟʘʥʥʳʝ ʩ ʨʘʟʚʠʪʠʝʤ ʠʥʬʨʘʩʪʨʫʢʪʫʨʳ, ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ 

ʜʣʠʪʝʣʴʥʳʤʠ ʩʨʦʢʘʤʠ ʦʢʫʧʘʝʤʦʩʪʠ, ʥʠʟʢʦʡ ʜʦʭʦʜʥʦʩʪʴʶ ʠ ʚʳʩʦʢʦʡ ʩʪʝʧʝ-

ʥʴʶ ʨʠʩʢʦʚ, ʩʚʷʟʘʥʥʳʭ ʩ ʥʝʚʦʟʤʦʞʥʦʩʪʴʶ ʜʦʩʪʦʚʝʨʥʦ ʧʨʦʛʥʦʟʠʨʦʚʘʪʴ ʩʦ-

ʩʪʦʷʥʠʝ ʵʢʦʥʦʤʠʢʠ ʥʘ ʧʝʨʠʦʜ 15 ï 20 ʠ ʙʦʣʝʝ ʣʝʪ. ʅʘʠʙʦʣʝʝ 

ʧʝʨʩʧʝʢʪʠʚʥʳʡ ʧʫʪʴ ʢʦʤʧʝʥʩʠʨʦʚʘʪʴ ʵʪʠ ʬʘʢʪʦʨʳ ʩ ʫʯʘʩʪʠʝʤ ʛʦʩʫʜʘʨʩʪʚʘ 

ʚ ʨʘʤʢʘʭ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʛʦ-ʯʘʩʪʥʦʛʦ ʧʘʨʪʥʝʨʩʪʚʘ ʠʣʠ public private 

partnership (PPP). ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʟʘʢʦʥʦʜʘʪʝʣʴʩʪʚʦ ʦ ɻʏʇ ʧʨʠʥʷʪʦ ʚ 69 

ʩʫʙʲʝʢʪʘʭ ʈʦʩʩʠʠ, ʦʜʥʘʢʦ ʙʦʣʴʰʘʷ ʠʭ ʯʘʩʪʴ ʷʚʣʷʝʪʩʷ ʜʝʢʣʘʨʘʪʠʚʥʳʤʠ ʜʦ-

ʢʫʤʝʥʪʘʤʠ. ʇʦʤʠʤʦ ʨʝʛʠʦʥʘʣʴʥʳʭ ʘʢʪʦʚ ʚ ʈʦʩʩʠʠ ʜʝʡʩʪʚʫʶʪ ʪʘʢʞʝ ʌʝʜʝ-

ʨʘʣʴʥʳʝ ʟʘʢʦʥʳ ʦʪ 21.07.05 ʛ. ˉ115-ʌɿ çʆ ʢʦʥʮʝʩʩʠʦʥʥʳʭ ʩʦʛʣʘʰʝʥʠʷʭè.  

ʈʘʩʩʤʘʪʨʠʚʘʷ ʜʘʥʥʫʶ ʬʦʨʤʫ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʚʣʘʩʪʠ ʠ ʙʠʟʥʝʩʘ ʩ ʧʦʟʠ-

ʮʠʡ ʦʮʝʥʢʠ ɻʏʇ, ʢʘʢ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʙʠʟʥʝʩʘ ʠ ʛʦʩʫʜʘʨʩʪʚʘ, ʥʝʦʙʭʦʜʠʤʦ 

ʦʪʤʝʪʠʪʴ, ʯʪʦ ʩʫʱʝʩʪʚʫʝʪ ʨʷʜ ʧʦʜʭʦʜʦʚ. ʄʳ ʷʚʣʷʝʤʩʷ ʩʪʦʨʦʥʥʠʢʘʤʠ ʪʦʛʦ 

ʠʟ ʥʠʭ, ʩʦʛʣʘʩʥʦ ʢʦʪʦʨʦʤʫ, ɻʏʇ ʷʚʣʷʝʪʩʷ ʚʠʜʦʤ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʛʦʩʫʜʘʨ-

ʩʪʚʘ ʩ ʯʘʩʪʥʳʤ ʙʠʟʥʝʩʦʤ, ʢʦʪʦʨʦʝ ʟʘʤʝʥʷʝʪ ʜʣʷ ʛʦʩʫʜʘʨʩʪʚʘ ʙʘʥʢʦʚʩʢʦʝ 

ʢʨʝʜʠʪʦʚʘʥʠʝ [1].  

ʋʯʘʩʪʠʝ ʚ ʪʘʢʠʭ ʧʨʦʝʢʪʘʭ ɻʏʇ ʤʦʛʫʪ ʧʨʝʜʩʪʘʚʣʷʪʴ ʠʥʪʝʨʝʩ ʜʣʷ ʩʪʨʘ-

ʪʝʛʠʯʝʩʢʠʭ ʠʥʚʝʩʪʦʨʦʚ. ʆʜʥʘʢʦ ʙʦʣʴʰʘʷ ʯʘʩʪʴ ʠʥʚʝʩʪʦʨʦʚ ʟʘʠʥʪʝʨʝʩʦʚʘʥʘ 

ʚ ʦʩʫʱʝʩʪʚʣʝʥʠʠ ʠʥʚʝʩʪʠʮʠʡ, ʢʦʪʦʨʳʝ ʧʨʠ ʥʘʣʠʯʠʠ ʫʤʝʨʝʥʥʦʛʦ ʫʨʦʚʥʷ 

ʨʠʩʢʦʚ ʚ ʨʘʟʫʤʥʳʝ ʩʨʦʢʠ ʥʘʯʠʥʘʶʪ ʧʨʠʥʦʩʠʪʴ ʩʪʘʙʠʣʴʥʳʡ ʜʦʭʦʜ. ʂ ʪʘʢʦ-

ʤʫ ʥʘʧʨʘʚʣʝʥʠʶ ʤʦʞʥʦ ʦʪʥʝʩʪʠ ʠʥʚʝʩʪʠʮʠʠ ʚ ʧʦʜʚʠʞʥʦʡ ʩʦʩʪʘʚ ɻʆʊ. ʉ 

ʥʠʤ ʩʚʷʟʘʥ ʜʦʚʦʣʴʥʦ ʰʠʨʦʢʠʡ ʩʧʝʢʪʨ ʥʘʧʨʘʚʣʝʥʠʡ ʠʥʚʝʩʪʠʮʠʡ: ʨʘʟʨʘʙʦʪʢʘ 

ʠ ʧʨʦʠʟʚʦʜʩʪʚʦ ʧʦʜʚʠʞʥʦʛʦ ʩʦʩʪʘʚʘ, ʦʨʛʘʥʠʟʘʮʠʷ ʨʝʤʦʥʪʘ, ʣʠʟʠʥʛ ʠ ʩʜʘʯʘ 

ʚ ʘʨʝʥʜʫ.  

ʆʩʦʙʦʛʦ ʚʥʠʤʘʥʠʷ ʟʘʩʣʫʞʠʚʘʶʪ ʟʘʜʘʯʠ ʚʳʨʘʚʥʠʚʘʥʠʷ ʥʘʣʦʛʦʚʦʛʦ 

ʦʢʨʫʞʝʥʠʷ ʜʣʷ ʫʯʘʩʪʥʠʢʦʚ ʠʥʚʝʩʪʠʮʠʦʥʥʳʭ ʧʨʦʝʢʪʦʚ. ʊʘʢ ʜʝʥʝʞʥʳʝ ʩʨʝʜ-

ʩʪʚʘ ʚ ʚʠʜʝ ʮʝʣʝʚʳʭ ʧʦʩʪʫʧʣʝʥʠʡ ʠʟ ʙʶʜʞʝʪʦʚ ʨʘʟʣʠʯʥʳʭ ʫʨʦʚʥʝʡ ʥʘ ʧʨʠ-

ʦʙʨʝʪʝʥʠʝ ʪʦʚʘʨʦʚ (ʨʘʙʦʪ, ʫʩʣʫʛ), ʚ ʪʦʤ ʯʠʩʣʝ ʦʩʥʦʚʥʳʭ ʩʨʝʜʩʪʚ ʠ 

ʥʝʤʘʪʝʨʠʘʣʴʥʳʭ ʘʢʪʠʚʦʚ, ʥʝ ʫʯʠʪʳʚʘʶʪʩʷ ʧʨʠ ʦʧʨʝʜʝʣʝʥʠʠ ʥʘʣʦʛʦʚʦʡ ʙʘ-

ʟʳ ʧʦ ʅɼʉ. ʉʫʤʤʘ ʅɼʉ, ʫʧʣʘʯʝʥʥʘʷ ʧʦʩʪʘʚʱʠʢʘʤ ʧʨʠ ʧʨʠʦʙʨʝʪʝʥʠʠ 

ʠʤʫʱʝʩʪʚʘ ʥʘ ʙʶʜʞʝʪʥʳʝ ʩʨʝʜʩʪʚʘ, ʧʦʢʨʳʚʘʝʪʩʷ ʟʘ ʩʯʝʪ ʮʝʣʝʚʳʭ ʙʶʜʞʝʪ-

ʥʳʭ ʧʦʩʪʫʧʣʝʥʠʡ ʠ ʚʳʯʝʪʫ ʥʝ ʧʦʜʣʝʞʠʪ [2]. 
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ɺ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʅʘʣʦʛʦʚʳʤ ʢʦʜʝʢʩʦʤ ʚʥʝʦʙʦʨʦʪʥʳʝ ʘʢʪʠʚʳ, ʧʨʠʦʙ-

ʨʝʪʝʥʥʳʝ ʟʘ ʩʯʝʪ ʮʝʣʝʚʳʭ ʧʦʩʪʫʧʣʝʥʠʡ, ʥʝ ʧʦʜʣʝʞʘʪ ʘʤʦʨʪʠʟʘʮʠʠ ʪʦʣʴʢʦ ʫ 

ʙʶʜʞʝʪʥʳʭ (ʧʦʜʧ. 1 ʧ. 2 ʩʪ. 256) ʠ ʥʝʢʦʤʤʝʨʯʝʩʢʠʭ ʦʨʛʘʥʠʟʘʮʠʡ (ʧʦʜʧ. 2 

ʧ. 2 ʩʪ. 256). ʆʛʨʘʥʠʯʝʥʠʡ ʧʦ ʘʤʦʨʪʠʟʘʮʠʠ ʘʥʘʣʦʛʠʯʥʦʛʦ ʠʤʫʱʝʩʪʚʘ, ʧʨʠ-

ʦʙʨʝʪʝʥʥʦʛʦ ʙʶʜʞʝʪʦʧʦʣʫʯʘʪʝʣʷʤʠ - ʢʦʤʤʝʨʯʝʩʢʠʤʠ ʦʨʛʘʥʠʟʘʮʠʷʤʠ, ʂʦ-

ʜʝʢʩʦʤ ʥʝ ʫʩʪʘʥʦʚʣʝʥʦ. ʆʜʥʘʢʦ, ʧʦ ʥʘʰʝʤʫ ʤʥʝʥʠʶ, ʠʤʫʱʝʩʪʚʦ, 

ʧʨʠʦʙʨʝʪʝʥʥʦʝ ʢʦʤʤʝʨʯʝʩʢʠʤʠ ʦʨʛʘʥʠʟʘʮʠʷʤʠ ʟʘ ʩʯʝʪ ʮʝʣʝʚʳʭ ʧʦʩʪʫʧʣʝ-

ʥʠʡ, ʥʝ ʜʦʣʞʥʦ ʘʤʦʨʪʠʟʠʨʦʚʘʪʴʩʷ ʧʦ ʘʥʘʣʦʛʠʠ ʩ ʠʤʫʱʝʩʪʚʦʤ, ʧʨʠʦʙʨʝʪʝʥ-

ʥʳʤ ʟʘ ʩʯʝʪ ʮʝʣʝʚʦʛʦ ʙʶʜʞʝʪʥʦʛʦ ʬʠʥʘʥʩʠʨʦʚʘʥʠʷ ʚʝʜʴ ʠ ʚ ʪʦʤ, ʠ ʚ 

ʜʨʫʛʦʤ ʩʣʫʯʘʝ ʠʩʪʦʯʥʠʢʦʤ ʧʨʠʦʙʨʝʪʝʥʠʷ ʠʤʫʱʝʩʪʚʘ ʷʚʣʷʶʪʩʷ ʙʶʜʞʝʪʥʳʝ 

ʩʨʝʜʩʪʚʘ. ʄʳ ʩʯʠʪʘʝʤ, ʯʪʦ ʦʩʫʱʝʩʪʚʣʷʪʴ ʦʧʣʘʪʫ ʧʨʠʦʙʨʝʪʝʥʠʷ ʧʦʜʚʠʞʥʦʛʦ 

ʩʦʩʪʘʚʘ ʥʫʞʥʦ ʟʘ ʩʯʝʪ ʚʳʜʝʣʝʥʥʳʭ ʥʘ ʵʪʠ ʮʝʣʠ ʩʨʝʜʩʪʚ ʙʶʜʞʝʪʘ. 

ɼʣʷ ʧʨʠʥʷʪʠʷ ʪʦʛʦ ʠʣʠ ʠʥʦʛʦ ʨʝʰʝʥʠʷ ʥʝʦʙʭʦʜʠʤʦ ʧʨʦʠʟʚʝʩʪʠ ʨʘʩʯʝ-

ʪʳ ʙʶʜʞʝʪʥʦʡ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʦʪ ʠʭ ʨʝʘʣʠʟʘʮʠʠ. ʆʯʝʚʠʜʥʦ, ʯʪʦ ʦʥʘ ʙʫʜʝʪ 

ʨʘʟʣʠʯʥʦʡ ʚ ʩʣʫʯʘʝ ʟʘʢʫʧʢʠ ʧʦʜʚʠʞʥʦʛʦ ʩʦʩʪʘʚʘ ʟʘ ʩʯʝʪ ʩʦʙʩʪʚʝʥʥʳʭ 

ʩʨʝʜʩʪʚ ʧʨʝʜʧʨʠʷʪʠʡ ʠ ʚ ʩʣʫʯʘʝ ʟʘʢʫʧʢʠ ʟʘ ʩʯʝʪ ʙʶʜʞʝʪʥʳʭ ʩʨʝʜʩʪʚ. ʇʨʠ-

ʯʝʤ ʟʘʢʫʧʢʘ ʟʘ ʩʯʝʪ ʩʦʙʩʪʚʝʥʥʳʭ ʩʨʝʜʩʪʚ ʠʤʝʝʪ ʩʚʦʠ ʨʘʟʥʦʚʠʜʥʦʩʪʠ, ʪʘʢʠʝ 

ʢʘʢ: ʣʠʟʠʥʛ ʠ ʦʪʥʝʩʝʥʠʝ ʟʘʪʨʘʪ ʥʘ ʩʝʙʝʩʪʦʠʤʦʩʪʴ, ʢʨʝʜʠʪ ʠ ʦʪʥʝʩʝʥʠʝ ʥʘ 

ʩʝʙʝʩʪʦʠʤʦʩʪʴ ʝʛʦ ʧʦʛʘʰʝʥʠʷ. ʀ ʟʘʢʫʧʢʘ ʟʘ ʩʯʝʪ ʩʨʝʜʩʪʚ ʙʶʜʞʝʪʘ, ʩ ʦʪʥʝ-

ʩʝʥʠʝʤ ʥʘ ʩʝʙʝʩʪʦʠʤʦʩʪʴ ʘʤʦʨʪʠʟʘʮʠʠ ʧʨʠʦʙʨʝʪʝʥʥʦʛʦ ʧʦʜʚʠʞʥʦʛʦ ʩʦʩʪʘ-

ʚʘ. ʅʝʩʤʦʪʨʷ ʥʘ ʦʯʝʚʠʜʥʦʩʪʴ ʚ ʨʘʟʣʠʯʥʳʭ ʟʘʪʨʘʪʘʭ ʙʶʜʞʝʪʘ ʢ ʩʦʞʘʣʝʥʠʶ, 

ʚ ʦʪʢʨʳʪʦʤ ʜʦʩʪʫʧʝ ʥʘʤ ʥʝ ʫʜʘʣʦʩʴ ʦʙʥʘʨʫʞʠʪʴ ʬʦʨʤʫʣ ʜʣʷ ʩʨʘʚʥʝʥʠʷ 

ʙʶʜʞʝʪʥʦʡ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʜʣʷ ʨʘʟʣʠʯʥʳʭ ʩʧʦʩʦʙʦʚ ʟʘʢʫʧʢʠ ʧʦʜʚʠʞʥʦʛʦ 

ʩʦʩʪʘʚʘ. ʇʦ ʥʘʰʝʤʫ ʤʥʝʥʠʶ, ʟʘʠʥʪʝʨʝʩʦʚʘʥʥʳʤ ʤʠʥʠʩʪʝʨʩʪʚʘʤ ʮʝʣʝʩʦʦʙ-

ʨʘʟʥʦ ʩʦʚʤʝʩʪʥʦ ʧʦʜʛʦʪʦʚʠʪʴ ʩʧʝʮʠʘʣʴʥʳʝ ʨʘʟʲʷʩʥʝʥʠʷ ʧʦ ʜʘʥʥʦʤʫ ʚʦʧʨʦ-

ʩʫ ʜʣʷ ʧʨʠʥʷʪʠʷ ʚʟʚʝʰʝʥʥʳʭ ʨʝʰʝʥʠʡ ʧʦ ʟʘʢʫʧʢʘʤ ʧʦʜʚʠʞʥʦʛʦ ʩʦʩʪʘʚʘ. 

ɼʘʥʥʳʝ ʨʝʢʦʤʝʥʜʘʮʠʠ ʤʦʛʣʠ ʙʳ ʩʣʫʞʠʪʴ ʜʣʷ ʮʝʣʝʡ ʨʘʚʥʦʛʦ ʜʦʩʪʫʧʘ ʥʘ 

ʨʳʥʦʢ ʧʘʩʩʘʞʠʨʩʢʠʭ ʧʝʨʝʚʦʟʦʢ ʠ ʤʠʥʠʤʠʟʘʮʠʠ ʙʶʜʞʝʪʥʳʭ ʨʘʩʭʦʜʦʚ, ʦʜ-

ʥʘʢʦ ʚ ʩʚʷʟʠ ʩ ʪʝʤ, ʯʪʦ ʧʦʜʦʙʥʳʭ ʨʝʢʦʤʝʥʜʘʮʠʡ ʥʝʪ ʚ ʧʝʨʚʫʶ ʦʯʝʨʝʜʴ ʧʦ 

ʧʦʣʠʪʠʯʝʩʢʠʤ ʩʦʦʙʨʘʞʝʥʠʷʤ ʤʝʩʪʥʳʝ ʙʶʜʞʝʪʳ ʧʝʨʝʚʦʜʷʪ ʬʠʥʘʥʩʠʨʦʚʘ-

ʥʠʝ ʟʘʢʫʧʦʢ ʧʦʜʚʠʞʥʦʛʦ ʩʦʩʪʘʚʘ ʟʘ ʩʯʝʪ ʩʦʙʩʪʚʝʥʥʳʭ ʩʨʝʜʩʪʚ ʧʨʝʜʧʨʠʷʪʠʡ 

ʠ ʜʘʞʝ ʧʨʝʧʦʜʥʦʩʷʪ ʵʪʦ ʚ ʬʦʨʤʝ ʥʝʢʠʭ ʜʦʩʪʠʞʝʥʠʡ. ɺ ʢʘʯʝʩʪʚʝ ʧʨʠʤʝʨʘ 

ʵʪʠʭ çʜʦʩʪʠʞʝʥʠʡè ʤʦʞʥʦ ʧʨʠʚʝʩʪʠ ʜʘʥʥʳʝ ʦʪʯʝʪʘ ʂʦʤʠʪʝʪʘ ʧʦ ʪʨʘʥʩʧʦʨ-

ʪʫ ʘʜʤʠʥʠʩʪʨʘʮʠʠ ʉʘʥʢʪ-ʇʝʪʝʨʙʫʨʛʘ ʟʘ 2015 ʛʦʜ ʪʘʙʣʠʮʘ 1.ʄʝʞʜʫ ʪʝʤ 

ʜʘʥʥʘʷ ʥʠʰʘ ʷʚʣʷʝʪʩʷ ʩʬʝʨʦʡ ʠʥʪʝʨʝʩʦʚ ʢʦʨʨʫʧʮʠʦʥʥʦʡ ʩʦʩʪʘʚʣʷʶʱʝʡ. 
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ʊʘʙʣʠʮʘ 1 

ʉʪʨʫʢʪʫʨʘ ʦʙʲʝʤʦʚ ʠʥʚʝʩʪʠʮʠʡ ʟʘ 2010-2015 ʛʦʜʳ ʠ ʧʣʘʥʦʚʳʝ ʧʦʢʘʟʘ-

ʪʝʣʠ ʥʘ 2016 ʛʦʜ 

 
 

ɽʩʣʠ ʩʯʠʪʘʪʴ ʜʘʥʥʫʶ ʚ ʪʘʙʣʠʮʝ ʠʥʬʦʨʤʘʮʠʶ ʜʦʩʪʦʚʝʨʥʦʡ, ʪʦ ʤʦʞʥʦ 

ʫʪʚʝʨʞʜʘʪʴ, ʯʪʦ ʛʦʨʦʜʩʢʦʡ ɸʜʤʠʥʠʩʪʨʘʮʠʝʡ ʧʦʩʪʘʚʣʝʥʘ ʮʝʣʴ ʜʦʚʝʜʝʥʠʷ 

ʜʦʣʠ ʩʦʙʩʪʚʝʥʥʳʭ ʩʨʝʜʩʪʚ ʧʨʝʜʧʨʠʷʪʠʡ ʚ ʦʙʱʝʤ ʦʙʲʝʤʝ ʠʥʚʝʩʪʠʮʠʡ ʜʦ 

100%. ʕʪʦ ʦʟʥʘʯʘʝʪ, ʯʪʦ ʧʨʠʦʙʨʝʪʝʥʠʝ ʧʦʜʚʠʞʥʦʛʦ ʩʦʩʪʘʚʘ ɻʋʇ ʙʫʜʝʪ 

ʦʩʫʱʝʩʪʚʣʷʪʴ ʟʘ ʩʯʝʪ ʩʫʙʩʠʜʠʡ ʥʘ ʧʝʨʝʚʦʟʢʫ ʧʘʩʩʘʞʠʨʦʚ ʠ ʩʙʦʨʘ ʧʨʦʝʟʜ-

ʥʦʡ ʧʣʘʪʳ. ʅʦ ʚ ʵʪʦʤ ʩʣʫʯʘʝ, ʦʪʢʨʳʪʳʤ ʦʩʪʘʝʪʩʷ ʚʦʧʨʦʩ ʩʦʜʝʨʞʘʥʠʷ ʠʥ-

ʬʨʘʩʪʨʫʢʪʫʨʳ ɻʋʇʦʚ, ʯʪʦ ʩʜʝʣʘʝʪ ʠʭ ʥʝ ʢʦʥʢʫʨʝʥʪʦʩʧʦʩʦʙʥʳʤʠ ʧʦ 

ʦʪʥʦʰʝʥʠʶ ʢ ʢʦʤʤʝʨʯʝʩʢʠʤ ʧʝʨʝʚʦʟʯʠʢʘʤ, ʦʩʫʱʝʩʪʚʣʷʶʱʠʤ ʩʦʮʠʘʣʴʥʳʝ 

ʧʝʨʝʚʦʟʢʠ, ʜʘʞʝ ʝʩʣʠ ʧʨʝʥʝʙʨʝʯʴ ʵʬʬʝʢʪʠʚʥʦʩʪʴʶ ʙʶʜʞʝʪʥʳʭ ʟʘʢʫʧʦʢ. 

ʄʘʢʩʠʤʘʣʴʥʦ ʩʪʦʠʤʦʩʪʴ ʧʦʜʚʠʞʥʦʛʦ ʩʦʩʪʘʚʘ ʧʨʠ ʟʘʢʫʧʢʝ ʟʘ ʩʯʝʪ ʩʨʝʜʩʪʚ 

ʙʶʜʞʝʪʘ ʥʠʞʝ ʥʘ ʚʝʣʠʯʠʥʫ ʥʘʣʦʛʘ ʥʘ ʧʨʠʙʳʣʴ ʟʘ ʠʩʢʣʶʯʝʥʠʝʤ ʣʠʟʠʥʛʦ-

ʚʳʭ ʠ ʢʨʝʜʠʪʥʳʭ ʩʭʝʤ, ʜʣʷ ʢʦʪʦʨʳʭ ʮʝʥʘ ʚʳʰʝ, ʥʦ ʝʝ ʧʦʪʦʣʦʢ ʚ ʢʘʞʜʦʤ 

ʩʣʫʯʘʝ ʠʥʜʠʚʠʜʫʘʣʝʥ. 

ʆʙʲʝʤ ʠʥʚʝʩʪʠʮʠʡ ʟʘ ʩʯʝʪ ʩʦʙʩʪʚʝʥʥʳʭ ʩʨʝʜʩʪʚ ʨʘʩʪʝʪ, ʦʜʥʘʢʦ ʬʘʢʪʠ-

ʯʝʩʢʠʡ ʦʙʱʠʡ ʦʙʲʝʤ ʠʥʚʝʩʪʠʮʠʡ ʩʥʠʟʠʣʩʷ ʧʦ ʦʪʥʦʰʝʥʠʶ ʢ 2010 ʛʦʜʫ ʧʦ-

ʯʪʠ ʚ ʜʚʘ ʨʘʟʘ. ʆʙʱʠʡ ʧʨʠʨʦʩʪ ʠʥʚʝʩʪʠʮʠʡ ʟʘ 2013-2014 ʛʦʜʳ ʜʘʞʝ ʥʝ 

ʧʦʢʨʳʚʘʝʪ ʠʥʬʣʷʮʠʦʥʥʫʶ ʩʦʩʪʘʚʣʷʶʱʫʶ, ʘ ʚ 2015 ʠ ʚʦʚʩʝ ʩʥʠʞʘʝʪʩʷ ʧʦ 

ʦʪʥʦʰʝʥʠʶ ʢ 2014 ʛʦʜʫ. ʂ ʪʦʤʫ ʞʝ, ʚ ʩʣʫʯʘʝ ʬʠʥʘʥʩʠʨʦʚʘʥʠʷ ʟʘʢʫʧʦʢ ʧʦ-

ʜʚʠʞʥʦʛʦ ʩʦʩʪʘʚʘ ʟʘ ʩʯʝʪ ʩʦʙʩʪʚʝʥʥʳʭ ʩʨʝʜʩʪʚ, ɸʜʤʠʥʠʩʪʨʘʮʠʷ ʪʝʨʷʝʪ 

ʢʦʥʪʨʦʣʴ ʥʘʜ ʨʘʩʧʨʝʜʝʣʝʥʠʝʤ ʟʘʢʫʧʦʢ ʧʦ ʚʠʜʘʤ ʪʨʘʥʩʧʦʨʪʘ (ʪʘʙʣʠʮʘ2).  
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ʊʘʙʣʠʮʘ 2 

ɼʠʥʘʤʠʢʘ ʟʘʢʫʧʦʢ ʧʦʜʚʠʞʥʦʛʦ ʩʦʩʪʘʚʘ ʚ 2010-2015 ʛʦʜʘʭ ʠ ʢʦʥʪʨʦʣʴ-

ʥʳʭ ʮʠʬʨ ʧʣʘʥʘ ʥʘ 2016 ʛʦʜ 

 
ʊʘʢʠʤ ʦʙʨʘʟʦʤ ʧʨʦʚʝʜʝʥʥʳʡ ʘʥʘʣʠʟ, ʥʝ ʧʦʟʚʦʣʷʶʪ ʩ ʜʦʩʪʘʪʦʯʥʦʡ ʩʪʝ-

ʧʝʥʴʶ ʫʚʝʨʝʥʥʦʩʪʠ ʩʯʠʪʘʪʴ ʮʝʣʝʩʦʦʙʨʘʟʥʳʤ ʧʝʨʝʭʦʜ ʥʘ ʠʥʚʝʩʪʠʨʦʚʘʥʠʝ ʟʘ 

ʩʯʝʪ ʩʦʙʩʪʚʝʥʥʳʭ ʩʨʝʜʩʪʚ. 

ʇʦʜʚʦʜʷ ʠʪʦʛʠ ʠʩʩʣʝʜʦʚʘʥʠʷ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʨʘʟʣʠʯʥʳʭ ʚʘʨʠʘʥʪʦʚ 

ʠʥʚʝʩʪʠʨʦʚʘʥʠʷ ʚ ʧʦʜʚʠʞʥʦʡ ʩʦʩʪʘʚ ʦʙʱʝʩʪʚʝʥʥʦʛʦ ʪʨʘʥʩʧʦʨʪʘ, ʤʦʞʥʦ 

ʩʜʝʣʘʪʴ ʩʣʝʜʫʶʱʠʝ ʚʳʚʦʜʳ: 

1. ʀʥʚʝʩʪʠʮʠʦʥʥʘʷ ʜʝʷʪʝʣʴʥʦʩʪʴ ʧʨʝʜʧʨʠʷʪʠʡ ʛʦʨʦʜʩʢʦʛʦ ʦʙʱʝʩʪʚʝʥ-

ʥʦʛʦ ʪʨʘʥʩʧʦʨʪʘ ʷʚʣʷʝʪʩʷ ʛʣʘʚʥʦʡ ʬʦʨʤʦʡ ʨʝʘʣʠʟʘʮʠʠ ʠʭ ʵʢʦʥʦʤʠʯʝʩʢʦʡ 

ʩʪʨʘʪʝʛʠʠ. ʇʨʘʢʪʠʯʝʩʢʠ ʚʩʝ ʟʘʜʘʯʠ ʵʢʦʥʦʤʠʯʝʩʢʦʛʦ ʨʘʟʚʠʪʠʷ ʧʨʝʜʧʨʠʷʪʠʷ 

ʪʨʝʙʫʶʪ ʨʘʩʰʠʨʝʥʠʷ ʦʙʲʝʤʘ ʠʣʠ ʦʙʥʦʚʣʝʥʠʷ ʩʦʩʪʘʚʘ 

ʝʛʦ ʦʧʝʨʘʮʠʦʥʥʳʭ ʘʢʪʠʚʦʚ, ʧʨʝʞʜʝ ʚʩʝʛʦ - ʧʘʨʢʘ ʧʦʜʚʠʞʥʦʛʦ ʩʦʩʪʘʚʘ.  

2. ɺ ʧʨʦʮʝʩʩʝ ʨʝʘʣʠʟʘʮʠʠ ʠʥʚʝʩʪʠʮʠʦʥʥʦʡ ʧʦʣʠʪʠʢʠ ʧʨʝʜʧʨʠʷʪʠʝ 
ʧʨʦʛʥʦʟʠʨʫʝʪ ʦʙʱʫʶ ʧʦʪʨʝʙʥʦʩʪʴ ʚ ʠʥʚʝʩʪʠʮʠʦʥʥʳʭ ʨʝʩʫʨʩʘʭ, ʦʧʨʝʜʝʣʷʝʪ 

ʚʦʟʤʦʞʥʦʩʪʴ ʬʦʨʤʠʨʦʚʘʥʠʷ ʵʪʠʭ ʨʝʩʫʨʩʦʚ ʟʘ ʩʯʝʪ ʩʦʙʩʪʚʝʥʥʳʭ ʬʠʥʘʥʩʦ-

ʚʳʭ ʠʩʪʦʯʥʠʢʦʚ, ʠʩʭʦʜʷ ʠʟ ʩʠʪʫʘʮʠʠ ʥʘ ʨʳʥʢʝ ʢʘʧʠʪʘʣʘ (ʠʣʠ ʥʘ ʨʳʥ-

ʢʝ ʜʝʥʝʛ) ʦʧʨʝʜʝʣʷʝʪ ʮʝʣʝʩʦʦʙʨʘʟʥʦʩʪʴ ʧʨʠʚʣʝʯʝʥʠʷ ʟʘʝʤʥʳʭ ʬʠʥʘʥʩʦʚʳʭ 

ʩʨʝʜʩʪʚ. ɼʣʷ ʵʪʠʭ ʮʝʣʝʡ ʥʝʦʙʭʦʜʠʤʦ ʨʝʬʦʨʤʠʨʦʚʘʪʴ ʤʝʭʘʥʠʟʤ ʬʠʥʘʥʩʠʨʦ-

ʚʘʥʠʷ ʛʦʨʦʜʩʢʦʛʦ ʧʘʩʩʘʞʠʨʩʢʦʛʦ ʪʨʘʥʩʧʦʨʪʘ ʧʫʪʝʤ ʚʳʨʘʙʦʪʢʠ ʪʝʭʥʦʣʦʛʠʠ 

ʧʨʠʚʣʝʯʝʥʠʷ ʠʥʚʝʩʪʠʮʠʡ. 
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ɸʥʥʦʪʘʮʠʷ 

ʉʪʘʪʴʷ ʨʘʩʩʤʘʪʨʠʚʘʝʪ ʚʦʧʨʦʩ ʧʦʣʫʯʝʥʠʷ ʥʦʚʳʭ ʚʠʜʦʚ ʬʠʣʴʪʨʫʶʱʠʭ 

ʤʘʪʝʨʠʘʣʦʚ ʜʣʷ ʦʯʠʩʪʢʠ ʠʩʧʦʣʴʟʦʚʘʥʥʦʡ ʚʦʜʳ ʧʨʦʤʳʰʣʝʥʥʳʭ ʧʨʝʜʧʨʠʷ-

ʪʠʡ. ʋʩʪʘʥʦʚʣʝʥʘ ʧʨʘʢʪʠʯʝʩʢʘʷ ʚʦʟʤʦʞʥʦʩʪʴ ʜʦʩʪʠʞʝʥʠʷ ʪʨʝʙʫʝʤʦʡ ʤʝʭʘ-

ʥʠʯʝʩʢʦʡ ʧʨʦʯʥʦʩʪʠ ʥʘ ʦʩʥʦʚʝ ʞʝʣʝʟʦʤʘʨʛʘʥʮʝʚʳʭ ʢʦʥʢʨʝʮʠʡ ʧʫʪʝʤ 

ʩʦʚʤʝʩʪʥʦʛʦ ʦʙʞʠʛʘ ʩ ʛʣʠʥʘʤʠ. ʇʨʝʜʩʪʘʚʣʝʥʘ ʧʨʠʥʮʠʧʠʘʣʴʥʘʷ ʪʝʭʥʦʣʦʛʠ-

ʯʝʩʢʘʷ ʩʭʝʤʘ ʧʨʦʠʟʚʦʜʩʪʚʘ ʩʦʨʙʝʥʪʘ ʥʘ ʜʝʡʩʪʚʫʶʱʠʭ ʧʨʝʜʧʨʠʷʪʠʷʭ ʧʦ ʚʳ-

ʧʫʩʢʫ ʢʝʨʘʤʠʯʝʩʢʠʭ ʠʟʜʝʣʠʡ. 

Abstract 

Article considers a question of receiving new types of the filtering materi-

als for purification of the used water of the industrial enterprises. The practical 

possibility of achievement of the required mechanical durability on the basis of 

ferromanganese concretions by joint roasting with clays is established. The pro-

cess flow diagram of production of a sorbent at the operating enterprises for re-

lease of pottery is submitted. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʩʦʨʙʝʥʪ, ʞʝʣʝʟʦʤʘʨʛʘʥʮʝʚʳʝ ʢʦʥʢʨʝʮʠʠ, ʠʦʥʥʳʡ 

ʦʙʤʝʥ, ʤʝʭʘʥʠʯʝʩʢʘʷ ʧʨʦʯʥʦʩʪʴ, ʚʳʪʝʩʥʠʪʝʣʴʥʘʷ ʩʧʦʩʦʙʥʦʩʪʴ 

Keywords: sorbent, ferromanganese concretions, ionic exchange, mechan-

ical durability, displacement ability 

ʆʜʥʦʡ ʠʟ ʦʩʪʨʝʡʰʠʭ ʵʢʦʣʦʛʠʯʝʩʢʠʭ ʧʨʦʙʣʝʤ ʚ ʩʦʚʨʝʤʝʥʥʦʤ ʠʥʜʫ-

ʩʪʨʠʘʣʴʥʦʤ ʦʙʱʝʩʪʚʝ ʷʚʣʷʝʪʩʷ ʦʯʠʩʪʢʘ ʧʨʦʤʳʰʣʝʥʥʳʭ ʩʪʦʢʦʚ ʤʝʪʘʣʣʫʨ-

ʛʠʯʝʩʢʠʭ ʠ ʥʝʬʪʝʧʝʨʝʨʘʙʘʪʳʚʘʶʱʠʭ ʧʨʝʜʧʨʠʷʪʠʡ, ʧʨʠʨʦʜʥʳʭ ʚʦʜ ʥʘ 

ʩʪʘʜʠʠ ʚʦʜʦʧʦʜʛʦʪʦʚʢʠ ʜʣʷ ʥʫʞʜ ʧʨʦʤʳʰʣʝʥʥʦʛʦ ʠ ʙʳʪʦʚʦʛʦ ʭʦʟʷʡʩʪʚʘ, ʘ 

ʪʘʢʞʝ ʫʣʫʯʰʝʥʠʝ ʵʢʦʣʦʛʠʯʝʩʢʦʡ ʦʙʩʪʘʥʦʚʢʠ ʚ ʟʦʥʘʭ ʨʠʩʢʘ. 

ɼʣʷ ʦʯʠʩʪʢʠ ʧʨʠʨʦʜʥʳʭ ʠ ʩʪʦʯʥʳʭ ʚʦʜ ʧʨʠʤʝʥʷʶʪ ʠʩʢʫʩʩʪʚʝʥʥʳʝ ʠ 

ʧʨʠʨʦʜʥʳʝ ʤʠʥʝʨʘʣʴʥʳʝ ʠ ʦʨʛʘʥʠʯʝʩʢʠʝ ʩʦʨʙʝʥʪʳ. ʄʠʥʝʨʘʣʴʥʳʝ ʩʦʨʙʝʥ-
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ʪʳ, ʥʝʩʤʦʪʨʷ ʥʘ ʥʝʚʳʩʦʢʫʶ ʩʪʦʠʤʦʩʪʴ, ʥʝ ʧʦʣʫʯʠʣʠ ʰʠʨʦʢʦʛʦ ʨʘʩʧʨʦʩʪʨʘ-

ʥʝʥʠʷ ʚʩʣʝʜʩʪʚʠʝ ʤʘʣʦʡ ʦʙʤʝʥʥʦʡ ʝʤʢʦʩʪʠ ʠ ʥʝʜʦʩʪʘʪʦʯʥʦʡ ʤʝʭʘʥʠʯʝʩʢʦʡ 

ʧʨʦʯʥʦʩʪʠ, ʧʦʵʪʦʤʫ ʯʘʱʝ ʠʩʧʦʣʴʟʫʶʪ ʠʩʢʫʩʩʪʚʝʥʥʳʝ ʩʦʨʙʝʥʪʳ, ʩʪʦʠʤʦʩʪʴ 

ʢʦʪʦʨʳʭ ʟʥʘʯʠʪʝʣʴʥʦ ʚʳʰʝ ʤʠʥʝʨʘʣʴʥʳʭ [1]. ʇʨʝʜʚʘʨʠʪʝʣʴʥʳʝ ʠʩʩʣʝʜʦʚʘ-

ʥʠʷ ʝʤʢʦʩʪʠ ʨʘʟʣʠʯʥʳʭ ʥʝʦʨʛʘʥʠʯʝʩʢʠʭ ʧʠʨʦʣʶʟʠʪʩʦʜʝʨʞʘʱʠʭ ʬʠʣʴʪʨʫ-

ʶʱʠʭ ʤʘʪʝʨʠʘʣʦʚ (ʉʘʥʢʪïʇʝʪʝʨʙʫʨʛʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʛʦʨʥʳʡ 

ʠʥʩʪʠʪʫʪ ʠʤ ɻ.ɺ. ʇʣʝʭʘʥʦʚʘ, ʢʦʣʣʝʢʪʠʚ ʢʘʬʝʜʨʳ ʦʙʱʝʡ ʬʠʟʠʯʝʩʢʦʡ ʭʠ-

ʤʠʠ) ʧʦʢʘʟʘʣʠ, ʯʪʦ ʧʝʨʩʧʝʢʪʠʚʥʳʤʠ ʩʨʝʜʠ ʥʠʭ ʤʦʛʫʪ ʩʪʘʪʴ ʞʝʣʝʟʦʤʘʨʛʘʥ-

ʮʝʚʳʝ ʢʦʥʢʨʝʮʠʠ (ɾʄʂ), ʢʦʪʦʨʳʝ ʦʪʣʠʯʘʶʪʩʷ ʚʳʩʦʢʠʤʠ ʟʥʘʯʝʥʠʷʤʠ 

ʫʜʝʣʴʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʠ ʧʦ ʝʤʢʦʩʪʠ ʤʥʦʛʦʢʨʘʪʥʦ ʧʨʝʚʦʩʭʦʜʷʪ ʘʥʘʣʦʛʠʯ-

ʥʳʝ ʠʤʧʦʨʪʥʳʝ ʬʠʣʴʪʨʫʶʱʠʝ ʤʘʪʝʨʠʘʣʳ. 

ʄʝʩʪʦʨʦʞʜʝʥʠʷ ʞʝʣʝʟʦʤʘʨʛʘʥʮʝʚʳʭ ʢʦʥʢʨʝʮʠʡ ʠʤʝʶʪ ʜʦʩʪʘʪʦʯʥʦ 

ʙʦʣʴʰʦʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝ ʥʘ ʉʝʚʝʨʦïɿʘʧʘʜʝ ʧʦ ʧʣʦʱʘʜʠ ʜʥʘ ʌʠʥʩʢʦʛʦ ʟʘ-

ʣʠʚʘ ɹʘʣʪʠʡʩʢʦʛʦ ʤʦʨʷ, ʟʘʣʝʛʘʷ ʚ ʦʩʥʦʚʥʦʤ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʜʥʘ. ʇʨʝʜʚʘʨʠ-

ʪʝʣʴʥʳʝ ʨʘʩʯʝʪʳ ʟʘʧʘʩʦʚ ʢʦʥʢʨʝʮʠʡ ʦʮʝʥʠʚʘʶʪ ʩʚʳʰʝ 30 ʤʣʥ. ʪʦʥʥ, ʯʪʦ 

ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʤʘʪʝʨʠʢʦʚʦʤʫ ʤʝʩʪʦʨʦʞʜʝʥʠʶ ʩʨʝʜʥʝʡ ʨʝʥʪʘʙʝʣʴʥʦʩʪʠ. ʉʘʤ 

ʩʦʨʙʝʥʪ ʚʨʝʜʥʦʛʦ ʚʦʟʜʝʡʩʪʚʠʷ ʥʘ ʦʢʨʫʞʘʶʱʫʶ ʩʨʝʜʫ ʥʝ ʦʢʘʟʳʚʘʝʪ, ʠ ʧʦ-

ʩʣʝ ʩʚʦʝʛʦ ʧʦʣʥʦʛʦ ʨʘʙʦʯʝʛʦ ʮʠʢʣʘ ʫʪʠʣʠʟʠʨʫʝʪʩʷ ʚ ʛʠʜʨʦï ʠ ʧʠʨʦʤʝʪʘʣ-

ʣʫʨʛʠʯʝʩʢʠʭ ʧʝʨʝʜʝʣʘʭ ʧʨʦʠʟʚʦʜʩʪʚʘ ʯʝʨʥʳʭ ʠ ʮʚʝʪʥʳʭ ʤʝʪʘʣʣʘʭ ʥʘ 

ʜʝʡʩʪʚʫʶʱʠʭ ʤʝʪʘʣʣʫʨʛʠʯʝʩʢʠʭ ʧʨʝʜʧʨʠʷʪʠʷʭ [2]. 

ʎʝʣʶ ʥʘʩʪʦʷʱʝʡ ʨʘʙʦʪʳ ʷʚʣʷʝʪʩʷ ʜʦʩʪʠʞʝʥʠʝ ʟʘʜʘʥʥʳʭ ʧʦʢʘʟʘʪʝʣʝʡ 

ʠʟʤʝʣʴʯʘʝʤʦʩʪʠ ʠ ʠʩʪʠʨʘʝʤʦʩʪʠ ʬʠʣʴʪʨʫʶʱʝʛʦ ʩʦʨʙʝʥʪʘ ʥʘ ʦʩʥʦʚʝ ɾʄʂ 

(ɻʆʉʊ ʈ 51641) ʩ ʩʦʭʨʘʥʝʥʠʝʤ ʥʝʦʙʭʦʜʠʤʦʡ ʩʦʨʙʮʠʦʥʥʦʡ ʩʧʦʩʦʙʥʦʩʪʠ 

ʤʘʪʝʨʠʘʣʘ. ʆʙʨʘʟʮʳ ɾʄʂ ʜʣʷ ʠʩʩʣʝʜʦʚʘʥʠʡ ʧʨʝʜʦʩʪʘʚʣʝʥʳ ʆʆʆ çʅʇʆ 

çɼʠʦʤʘʨè. ʋʩʨʝʜʥʝʥʥʳʡ ʵʣʝʤʝʥʪʥʳʡ ʩʦʩʪʘʚ ɾʄʂ ʌʠʥʩʢʦʛʦ ʟʘʣʠʚʘ ʧʨʝʜ-

ʩʪʘʚʣʝʥ ʚ ʪʘʙʣʠʮʝ 1 (ʩʦʜʝʨʞʘʥʠʝ ʦʩʥʦʚʥʳʭ ʵʣʝʤʝʥʪʦʚ ʚʳʨʘʞʝʥʦ ʚ % ʧʦ 

ʤʘʩʩʝ). ɺʩʝʛʦ ʙʳʣʦ ʟʘʧʨʦʝʢʪʠʨʦʚʘʥʦ 9 ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʩʦʩʪʘʚʦʚ, ʢʦʪʦ-

ʨʳʝ ʠʩʧʳʪʳʚʘʣʠʩʴ ʥʘ ʠʟʤʝʣʴʯʘʝʤʦʩʪʴ ʠ ʠʩʪʠʨʘʝʤʦʩʪʴ.  

ʊʘʙʣʠʮʘ 1 ï ʍʠʤʠʯʝʩʢʠʡ ʩʦʩʪʘʚ ɾʄʂ (ʫʩʨʝʜʥʝʥʥʳʝ ʟʥʘʯʝʥʠʷ) 

Mn Fe P Al  S Ca Sr Cl2 K Zn Ni 

44,84 44,19 1,53 1,65 1,12 2,64 1,36 0,74 1,63 0,17 0,13 

 

ʇʦʨʷʜʦʢ ʠʟʛʦʪʦʚʣʝʥʠʷ ʦʙʨʘʟʮʦʚ ʦʩʫʱʝʩʪʚʣʷʣʩʷ ʩʣʝʜʫʶʱʠʤ ʦʙʨʘʟʦʤ: 

ɼʣʷ ʥʘʠʙʦʣʝʝ ʦʜʥʦʨʦʜʥʦʛʦ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʯʘʩʪʠʮ ɾʄʂ ʚ ʛʣʠʥʠʩʪʦʤ 

ʪʝʣʝ ʚ ʣʘʙʦʨʘʪʦʨʥʦʡ ʱʝʢʦʚʦʡ ʜʨʦʙʠʣʢʝ ʜʦʧʦʣʥʠʪʝʣʴʥʦ ʠʟʤʝʣʴʯʘʣʠ ʧʨʝʜ-

ʩʪʘʚʣʝʥʥʫʶ ʜʣʷ ʠʩʧʳʪʘʥʠʡ ʩʤʝʩʴ ɾʄʂ ʚ ʜʚʘ ʧʨʦʭʦʜʘ (ʤʘʢʩʠʤʘʣʴʥʘʷ 

ʢʨʫʧʥʦʩʪʴ ʟʝʨʝʥ: dmax = 0,315). ɼʘʣʝʝ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʩʦʦʪʥʦʰʝʥʠʷ ʢʦʤ-

ʧʦʥʝʥʪʦʚ ʬʦʨʤʦʚʘʣʠʩʴ ʮʠʣʠʥʜʨʠʢʠ ʤʘʩʩʦʡ 23 ʛ ʢʘʞʜʳʡ. ɼʣʷ ʠʥʪʝʥʩʠʬʠ-

ʢʘʮʠʠ ʧʨʦʮʝʩʩʘ ʩʫʰʢʠ ʦʪʬʦʨʤʦʚʘʥʥʳʭ ʦʙʨʘʟʮʦʚ ʠʩʧʦʣʴʟʦʚʘʣʘʩʴ 

ʩʫʰʠʣʴʥʘʷ ʧʝʯʴ ʩ ʦʙʱʠʤ ʚʨʝʤʝʥʝʤ ʩʫʰʢʠ ʦʢʦʣʦ 8 ʯʘʩʦʚ. ʆʙʞʠʛ ʦʩʫʱʝʩʪʚ-

ʣʷʣʩʷ ʚ ʣʘʙʦʨʘʪʦʨʥʦʡ ʤʫʬʝʣʴʥʦʡ ʧʝʯʠ. ʊʝʤʧʝʨʘʪʫʨʥʳʡ ʨʝʞʠʤ ʦʙʞʠʛʘ ʙʳʣ 

ʚʳʙʨʘʥ ʩʣʝʜʫʶʱʠʡ: ʚʨʝʤʷ ʥʘʛʨʝʚʘ ï 2 ʯʘʩʘ, ʚʨʝʤʷ ʠʟʦʪʝʨʤʠʯʝʩʢʦʡ ʚʳ-

ʜʝʨʞʢʠ ï 4 ʯʘʩʘ, ʪʝʤʧʝʨʘʪʫʨʘ ʦʙʞʠʛʘ ï 900ęʉ. ʇʦʩʣʝ ʦʙʞʠʛʘ ʦʙʨʘʟʮʳ ʠʟ-

ʤʝʣʴʯʘʣʠʩʴ ʚ ʣʘʙʦʨʘʪʦʨʥʦʡ ʱʝʢʦʚʦʡ ʜʨʦʙʠʣʢʝ ʚ ʨʳʭʣʫʶ ʤʝʭʘʥʠʯʝʩʢʫʶ 
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ʩʤʝʩʴ ʩ ʤʘʢʩʠʤʘʣʴʥʦʡ ʢʨʫʧʥʦʩʪʴʶ ʟʝʨʝʥ: dmax = 2,5 ʥʝ ʙʦʣʝʝ 15% (ʤʘʩʩʘ 

ʩʤʝʩʠ ʢʘʞʜʦʛʦ ʩʦʩʪʘʚʘ ï 600 ʛ). 

ʄʝʭʘʥʠʯʝʩʢʫʶ ʧʨʦʯʥʦʩʪʴ ʤʘʪʝʨʠʘʣʘ ʭʘʨʘʢʪʝʨʠʟʫʶʪ ʝʛʦ ʠʟʤʝʣʴʯʘʝʤʦ-

ʩʪʴʶ ʠ ʠʩʪʠʨʘʝʤʦʩʪʴʶ, ʤʝʪʦʜʠʢʘ ʦʧʨʝʜʝʣʝʥʠʷ ʢʦʪʦʨʦʡ ʠʟʣʦʞʝʥʘ ʚ ɻʆʉʊ ʈ 

51641. ʄʝʭʘʥʠʯʝʩʢʘʷ ʧʨʦʯʥʦʩʪʴ ʤʘʪʝʨʠʘʣʘ ʧʦʩʣʝ ʠʩʧʳʪʘʥʠʡ ʜʦʣʞʥʘ ʩʦʦʪ-

ʚʝʪʩʪʚʦʚʘʪʴ ʪʨʝʙʦʚʘʥʠʷʤ, ʫʩʪʘʥʦʚʣʝʥʥʳʤ ʚ ʪʘʙʣʠʮʝ 2. ɺ ʩʣʫʯʘʝ ʥʝʩʦʦʪʚʝʪ-

ʩʪʚʠʷ ʬʠʣʴʪʨʫʶʱʠʡ ʤʘʪʝʨʠʘʣ ʩʯʠʪʘʝʪʩʷ ʤʝʭʘʥʠʯʝʩʢʠ ʥʝʧʨʦʯʥʳʤ. 

ʊʘʙʣʠʮʘ 2 ï ʅʦʨʤʠʨʫʝʤʳʝ ʧʦʢʘʟʘʪʝʣʠ ʤʝʭʘʥʠʯʝʩʢʦʡ ʧʨʦʯʥʦʩʪʠ 

ʇʦʢʘʟʘʪʝʣʴ ʤʝʭʘʥʠʯʝʩʢʦʡ ʧʨʦʯʥʦʩʪʠ ʅʦʨʤʠʨʫʝʤʦʝ ʟʥʘʯʝʥʠʝ 

ʀʟʤʝʣʴʯʘʝʤʦʩʪʴ, ʚ % ʥʝ ʙʦʣʝʝ 4 

ʀʩʪʠʨʘʝʤʦʩʪʴ, ʚ % ʥʝ ʙʦʣʝʝ 0,5 

 

ʇʨʘʢʪʠʯʝʩʢʠʝ ʠʩʧʳʪʘʥʠʷ ʥʘ ʦʧʨʝʜʝʣʝʥʠʝ ʤʝʭʘʥʠʯʝʩʢʦʡ ʧʨʦʯʥʦʩʪʠ 

ʧʦʣʫʯʝʥʥʳʭ ʦʙʨʘʟʮʦʚ ʩʦʨʙʝʥʪʘ ʥʘ ʦʩʥʦʚʝ ɾʄʂ ʩʚʝʜʝʥʳ ʚ ʪʘʙʣʠʮʫ 3. 

 ʊʘʙʣʠʮʘ 3 ï ʉʦʩʪʘʚʳ ʦʙʨʘʟʮʦʚïʩʦʨʙʝʥʪʦʚ ʩ ʨʝʟʫʣʴʪʘʪʘʤʠ ʠʩʧʳʪʘʥʠʡ 

ˉ  

ʩʦʩʪʘʚʘ 

ʉʦʦʪʥʦʰʝʥʠʝ  

ʢʦʤʧʦʥʝʥʪʦʚ, % 
ʄʝʭʘʥʠʯʝʩʢʠʝ ʧʦʢʘʟʘʪʝʣʠ 

ʂʝʤʙʨʠʡʩʢʘʷ ʛʣʠʥʘ ɾʄʂ ʀʟʤʝʣʴʯʘʝʤʦʩʪʴ,% ʀʩʪʠʨʘʝʤʦʩʪʴ,% 

1 90 10 0 0 

2 80 20 0 0 

3 70 30 0,15 0 

4 60 40 0,68 0,08 

5 50 50 1,42 0,14 

6 40 60 2,10 0,26 

7 30 70 3,83 0,45 

8 20 80 4,36 ï 

9 10 90 8,42 ï 

 

ʊʘʢ ʢʘʢ ʫʧʨʦʯʥʝʥʠʝ ʩʦʨʙʝʥʪʘ ʥʘ ʦʩʥʦʚʝ ɾʄʂ ʜʦʩʪʠʛʥʫʪʦ ʧʫʪʝʤ ʩʦʚ-

ʤʝʩʪʥʦʛʦ ʦʙʞʠʛʘ ʩ ʛʣʠʥʦʡ, ʪʦ ʧʨʦʠʟʚʦʜʠʪʴ ʧʠʨʦʣʶʟʠʪʩʦʜʝʨʞʘʱʠʡ ʩʦʨʙʝʥʪ 

ʠʤʝʝʪ ʩʤʳʩʣ ʥʘ ʜʝʡʩʪʚʫʶʱʠʭ ʧʨʝʜʧʨʠʷʪʠʷʭ ʧʦ ʚʳʧʫʩʢʫ ʢʝʨʘʤʠʯʝʩʢʠʭ ʠʟ-

ʜʝʣʠʡ ʩ ʚʥʝʜʨʝʥʠʝʤ ʚ ʪʝʭʥʦʣʦʛʠʯʝʩʢʫʶ ʮʝʧʦʯʢʫ ʪʘʢʦʛʦ ʢʦʤʧʦʥʝʥʪʘ ʢʘʢ 

ɾʄʂ. ʅʠʞʝ ʧʨʝʜʩʪʘʚʣʝʥʘ ʧʨʠʥʮʠʧʠʘʣʴʥʘʷ ʪʝʭʥʦʣʦʛʠʯʝʩʢʘʷ ʩʭʝʤʘ ʧʨʦʠʟ-

ʚʦʜʩʪʚʘ ʩʦʨʙʝʥʪʘ ʥʘ ʦʩʥʦʚʝ ɾʄʂ ʥʘ ʧʨʝʜʧʨʠʷʪʠʠ ʧʦ ʚʳʧʫʩʢʫ ʛʣʠʥʷʥʦʛʦ 

ʢʠʨʧʠʯʘ ʧʣʘʩʪʠʯʝʩʢʠʤ ʩʧʦʩʦʙʦʤ ʬʦʨʤʦʚʘʥʠʷ (ʨʠʩ.1). 

ʇʦ ʨʝʟʫʣʴʪʘʪʘʤ ʠʩʧʳʪʘʥʠʷ ʧʦʣʫʯʝʥʥʳʭ ʦʙʨʘʟʮʦʚ ʥʘ ʦʧʨʝʜʝʣʝʥʠʝ ʤʝ-

ʭʘʥʠʯʝʩʢʦʡ ʧʨʦʯʥʦʩʪʠ ʩʦʩʪʘʚʳ ˉ1ï7 ʧʦʢʘʟʘʣʠ ʨʝʟʫʣʴʪʘʪʳ, ʫʜʦʚʣʝʪʚʦʨʷ-

ʶʱʠʝ ʪʨʝʙʦʚʘʥʠʷʤ ɻʆʉʊ ʈ 51641, ʯʪʦ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦ ʧʨʘʢʪʠʯʝʩʢʦʡ 

ʚʦʟʤʦʞʥʦʩʪʠ ʫʧʨʦʯʥʝʥʠʷ ɾʄʂ ʧʦ ʪʝʭʥʦʣʦʛʠʠ ʢʝʨʘʤʠʢʠ. 

ʇʨʠ ʧʨʦʝʢʪʠʨʦʚʘʥʠʠ ʦʙʨʘʟʮʦʚïʩʦʨʙʝʥʪʦʚ ʥʝʦʙʭʦʜʠʤʦ ʩʪʨʝʤʠʪʴʩʷ ʢ 

ʤʠʥʠʤʘʣʴʥʦʤʫ ʩʦʜʝʨʞʘʥʠʶ ɾʄʂ, ʯʪʦ ʷʚʣʷʝʪʩʷ ʙʣʘʛʦʧʨʠʷʪʥʳʤ ʵʢʦʥʦʤʠ-

ʯʝʩʢʠʤ ʬʘʢʪʦʨʦʤ ʩ ʪʦʯʢʠ ʟʨʝʥʠʷ ʧʨʦʠʟʚʦʜʩʪʚʘ ʪ.ʢ. ʤʠʥʠʤʘʣʴʥʳʡ ʨʘʩʭʦʜ 
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ɾʄʂ, ʢʘʢ ʙʦʣʝʝ ʜʦʨʦʛʦʛʦ ʢʦʤʧʦʥʝʥʪʘ ʚ ʩʦʩʪʘʚʝ ʩʦʨʙʝʥʪʘ, ʧʦʟʚʦʣʠʪ ʜʦ-

ʙʠʪʴʩʷ ʤʘʢʩʠʤʘʣʴʥʦʛʦ ʩʥʠʞʝʥʠʷ ʩʝʙʝʩʪʦʠʤʦʩʪʠ. 

 

 
ʈʠʩʫʥʦʢ 1 ï ʊʝʭʥʦʣʦʛʠʯʝʩʢʘʷ ʩʭʝʤʘ ʧʨʦʠʟʚʦʜʩʪʚʘ ʩʦʨʙʝʥʪʘ ʥʘ ʦʩʥʦʚʝ 

ɾʄʂ 

 

ʇʦʩʣʝ ʘʥʘʣʠʟʘ ʧʦʢʘʟʘʪʝʣʝʡ ʩʦʨʙʮʠʦʥʥʦʡ ʩʧʦʩʦʙʥʦʩʪʠ ʧʦʣʫʯʝʥʥʳʭ ʦʙ-

ʨʘʟʮʦʚïʩʦʨʙʝʥʪʦʚ ʩʪʘʥʝʪ ʚʦʟʤʦʞʥʳʤ ʩʜʝʣʘʪʴ ʦʢʦʥʯʘʪʝʣʴʥʳʡ ʚʳʚʦʜ ʚʦʟ-

ʤʦʞʥʦʩʪʠ ʧʦʣʫʯʝʥʠʷ ʩʦʨʙʝʥʪʘ ʥʘ ʦʩʥʦʚʝ ɾʄʂ ʧʫʪʝʤ ʩʦʚʤʝʩʪʥʦʛʦ ʦʙʞʠʛʘ 

ʩ ʛʣʠʥʘʤʠ. 
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ɸʅɸʃʀɿ ɺʆʃʅʆɺʓʍ ʇʆʃɽʁ ɼʃʗ ʅɽʉʊɸʎʀʆʅɸʈʅʆʁ ɿɸɼɸʏʀ 

ʃʕʄɹɸ. 

 

ʅʠʟʘʤʘʝʚ ʊʠʤʫʨ ʄʘʨʘʪʦʚʠʯ 

ɸʩʧʠʨʘʥʪ, ʅʀʋ ʄɻʉʋ, ʛ. ʄʦʩʢʚʘ 

ɺʚʝʜʝʥʠʝ 

ʅʠʞʝ ʘʥʘʣʠʟʠʨʫʶʪʩʷ ʟʘʚʠʩʠʤʦʩʪʠ ʤʝʞʜʫ ʩʢʦʨʦʩʪʷʤʠ ʜʚʠʞʝʥʠʷ 

ʰʪʘʤʧʘ ʧʦ ʫʧʨʫʛʦʤʫ ʧʦʣʫʧʨʦʩʪʨʘʥʩʪʚʫ ʠ ʢʦʣʝʙʘʥʠʷʤʠ ʧʦʚʝʨʭʥʦʩʪʠ ʩ ʧʦ-

ʤʦʱʴʶ ʢʦʤʧʴʶʪʝʨʥʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʚʥʝʰʥʝʡ ʟʘʜʘʯʠ ʃʵʤʙʘ. ʈʘʩʩʤʘʪʨʠ-

ʚʘʶʪʩʷ ʯʝʪʳʨʝ ʦʩʥʦʚʥʳʭ ʩʢʦʨʦʩʪʥʳʭ ʜʠʘʧʘʟʦʥʘ ʜʚʠʞʝʥʠʷ ʰʪʘʤʧʘ, ʘ ʪʘʢ 

ʞʝ ʚʳʚʝʜʝʥʘ ʢʦʤʧʦʥʝʥʪʘ ʧʝʨʝʤʝʱʝʥʠʡ ʜʣʷ ʩʣʫʯʘʷ ʩʢʦʨʦʩʪʥʦʛʦ ʨʝʟʦʥʘʥʩʘ  

ʇʦʩʪʘʥʦʚʢʘ ʟʘʜʘʯʠ 

ʈʘʩʩʤʦʪʨʠʤ ʦʜʥʦʨʦʜʥʫʶ ʠʟʦʪʨʦʧʥʫʶ ʫʧʨʫʛʫʶ ʩʨʝʜʫ, ʚ ʢʦʪʦʨʦʡ ʩʫʱʝ-

ʩʪʚʫʶʪ ʜʚʘ ʪʠʧʘ ʦʙʲʝʤʥʳʭ ʚʦʣʥ: ʧʨʦʜʦʣʴʥʳʝ ʚʦʣʥʳ, ʚ ʢʦʪʦʨʳʭ ʩʤʝʱʝʥʠʝ 

ʯʘʩʪʠʮ ʧʨʦʠʩʭʦʜʠʪ ʚ ʥʘʧʨʘʚʣʝʥʠʠ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʚʦʣʥʳ, ʠ ʧʦʧʝʨʝʯʥʳʝ, 

ʚ ʢʦʪʦʨʳʭ ʯʘʩʪʠʮʳ ʧʨʝʪʝʨʧʝʚʘʶʪ ʩʤʝʱʝʥʠʝ ʚ ʧʣʦʩʢʦʩʪʷʭ, ʧʝʨʧʝʥʜʠʢʫʣʷʨ-

ʥʳʭ ʥʘʧʨʘʚʣʝʥʠʶ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʚʦʣʥʳ.  

ɺʦʣʥʳ, ʨʘʩʧʨʦʩʪʨʘʥʷʶʱʠʝʩʷ ʚʜʦʣʴ ʧʣʦʩʢʦʡ ʛʨʘʥʠʮʳ ʫʧʨʫʛʦʛʦ ʧʦʣʫ-

ʧʨʦʩʪʨʘʥʩʪʚʘ ʠ ʠʤʝʶʱʠʝ ʩʢʦʨʦʩʪʴ ʤʝʥʴʰʝ ʩʢʦʨʦʩʪʠ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʧʦ-

ʧʝʨʝʯʥʦʡ ʦʙʲʝʤʥʦʡ ʚʦʣʥʳ, ʙʳʣʠ ʦʪʢʨʳʪʳ ʈʵʣʝʝʤ ʚ 1885ʛ. [1] ʠ ʥʘʟʚʘʥʳ 

ʨʵʣʝʝʚʩʢʠʤʠ ʚʦʣʥʘʤʠ. ɼʘʥʥʳʡ ʪʠʧ ʚʦʣʥ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʯʘʩʪʥʳʡ ʩʣʫ-

ʯʘʡ ʧʦʚʝʨʭʥʦʩʪʥʳʭ ʚʦʣʥ ʠ ʩʢʦʨʦʩʪʴ ʨʵʣʝʝʚʩʢʦʡ ʚʦʣʥʳ ʥʘʧʨʷʤʫʶ ʟʘʚʠʩʠʪ 

ʦʪ ʩʢʦʨʦʩʪʠ ʧʦʧʝʨʝʯʥʦʡ 0.6R S
C Cº  (

S
C - ʩʢʦʨʦʩʪʴ ʧʦʧʝʨʝʯʥʦʡ ʚʦʣ-

ʥʳ).ɺʦʣʥʘ ʈʵʣʝʷ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʨʝʟʫʣʴʪʘʪ ʥʘʣʦʞʝʥʠʷ ʧʨʦʜʦʣʴʥʳʭ ʠ 

ʧʦʧʝʨʝʯʥʳʭ ʚʦʣʥ, ʯʘʩʪʠʮʳ ʩʨʝʜʳ ʢʦʪʦʨʦʡ ʜʚʠʞʫʪʩʷ ʧʦ ʵʣʣʠʧʪʠʯʝʩʢʠʤ ʦʨ-

ʙʠʪʘʤ ʚ ʚʝʨʪʠʢʘʣʴʥʦʡ ʧʣʦʩʢʦʩʪʠ, ʧʘʨʘʣʣʝʣʴʥʦʡ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʶ ʚʦʣʥʳ.  
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ɼʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʩʢʦʨʦʩʪʠ ʧʦʚʝʨʭʥʦʩʪʥʦʡ ʚʦʣʥʳ ʈʵʣʝʡ ʧʦʣʫʯʠʣ ʧʦ-

ʣʠʥʦʤ ʰʝʩʪʦʡ ʩʪʝʧʝʥʠ:   

  6 4 2 2 28 8(3 2 ) 16(1 ) 0h h x h x- - - - - =  (0.1) 

ɺ ʩʚʦʝʡ ʩʪʘʪʴʝ [1] ʃʵʤʙ ʚʦʩʧʦʣʴʟʦʚʘʣʩʷ ʪʝʭʥʠʢʦʡ ʠʥʪʝʛʨʘʣʴʥʳʭ ʧʨʝ-

ʦʙʨʘʟʦʚʘʥʠʡ ʌʫʨʴʝ ʧʦ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʳʤ ʚʨʝʤʝʥʥʳʤ ʠ ʥʘʰʝʣ ʠʥʪʝʛʨʘʣʴ-

ʥʳʝ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ, ʢʦʪʦʨʳʝ ʚ ʪʦ ʚʨʝʤʷ ʦʙʨʘʪʠʪʴ ʥʝ ʫʜʘʣʦʩʴ. 

 ʇʦʟʞʝ ʙʳʣʦ ʚʳʷʚʣʝʥʦ ʫʨʘʚʥʝʥʠʷ ʜʚʠʞʝʥʠʷ ʅʘʚʴʝ ʚ ʠʟʦʪʨʦʧʥʦʡ ʩʨʝʜʝ, ʢʦ-

ʪʦʨʦʝ ʜʣʷ ʧʦʩʪʨʦʝʥʠʷ ʨʝʰʝʥʠʡ ʟʘʧʠʩʳʚʘʣʠʩʴ ʚ ʬʦʨʤʝ ʃʘʤʝ- ʂʣʘʡʧʝʨʦʥʘ : 

  ( 2 ) ( )divu rotrot u b ul m m r+ Ð - + = (0.2) 

ɻʜʝ l ʠ m - ʢʦʥʩʪʘʥʪʳ ʃʘʤʝ, u ï ʧʦʣʝ ʧʝʨʝʤʝʱʝʥʠʡ, b- ʧʦʣʝ ʤʘʩʩʦʚʳʭ 

ʩʠʣ, r - ʧʣʦʪʥʦʩʪʴ ʩʨʝʜʳ. ɼʘʣʝʝ ʠʩʧʦʣʴʟʦʚʘʣʦʩʴ ʧʨʝʜʩʪʘʚʣʝʥʠʝ ɻʝʣʴʤ-

ʛʦʣʴʮʘ ʜʣʷ ʧʦʣʷ ʤʘʩʩʦʚʳʭ ʩʠʣ  

 ,b rota b=-Ð -   (0.3) 

ɻʜʝ ʠa b - ʩʢʘʣʷʨʥʳʡ ʠ ʚʝʢʪʦʨʥʳʡ ʧʦʪʝʥʮʠʘʣʳ ʩʦʦʪʚʝʩʪʚʝʥʥʦ. ʀ 

ʧʨʝʜʩʪʘʚʣʝʥʠʝ ʃʘʤʝ ïɻʨʠʥʘ ʜʣʷ ʜʠʥʘʤʠʯʝʩʢʦʛʦ ʧʦʣʷ ʧʝʨʝʤʝʱʝʥʠʡ : 

 u rotj y=Ð +   (0.4) 

ɻʜʝ ʠj y - ʩʢʘʣʷʨʥʳʡ ʠ ʚʝʢʪʦʨʥʳʡ ʧʦʪʝʥʮʠʘʣʳ. 

ʆʧʠʩʘʥʠʝ ʤʘʩʩʠʚʘ. ʆʩʥʦʚʥʳʝ ʬʦʨʤʫʣʳ. 

ɼʣʷ ʯʠʩʣʝʥʥʦʛʦ ʢʦʥʝʯʥʦʵʣʝʤʝʥʪʥʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʚ ʧʨʦʛʨʘʤʤʥʦʤ 

ʢʦʤʧʣʝʢʩʝ Abaqus 6.12 ʙʳʣ ʚʟʷʪ ʤʘʩʩʠʚ, ʨʘʟʤʝʨʳ ʢʦʪʦʨʦʛʦ ʩʦʦʪʚʝʪʩʪʚʫʶʪ 

ʫʩʣʦʚʠʷʤ, ʢʦʪʦʨʳʝ ʧʦʟʚʦʣʷʶʪ ʠʟʙʝʞʘʪʴ ʠʥʪʝʨʬʝʨʝʥʮʠʠ ʦʪʨʘʞʝʥʥʳʭ ʚʦʣʥ ʦʪ 

ʛʨʘʥʠʮ ʫʧʨʫʛʦʛʦ ʧʦʣʫʧʨʦʩʪʨʘʥʩʪʚʘ: 

 2 PL C T²  ʠ 
PH C T²   (0.5) 

ʛʜʝ L  ï ʜʣʠʥʥʘ ʤʘʩʩʠʚʘ, H  ï ʚʳʩʦʪʘ ʤʘʩʩʠʚʘ,
PC  ï ʩʢʦʨʦʩʪʴ ʚʦʣʥʳ ʈʝʣʝʷ, 

T  ï ʚʨʝʤʷ. 

  ʄʘʩʩʠʚ ʨʘʟʙʠʚʘʝʪʩʷ ʨʝʛʫʣʷʨʥʦʡ ʩʝʪʢʦʡ ʥʘ ʢʦʥʝʯʥʳʝ ʵʣʝʤʝʥʪʳ, ʨʘʟʤʝʨ 

ʢʦʪʦʨʳʭ ʩʦʩʪʘʚʣʷʣ 0.01ʤ, ʯʪʦ ʜʘʚʘʣʦ ʪʦʯʥʳʡ ʘʥʘʣʠʟ ʵʬʬʝʢʪʦʚ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ 

ʤʘʩʩʠʚʘ. ɼʘʥʥʦʤʫ ʤʘʩʩʠʚʫ ʟʘʜʘʶʪʩʷ ʬʠʟʠʢʦ-ʤʝʭʘʥʠʯʝʩʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ 

ʩʨʝʜʳ: 

 1; 0;E 1; 0; 0.5vr l m= = = = =  (0.6) 

ʉʢʦʨʦʩʪʠ ʧʨʦʜʦʣʴʥʦʡ ʠ ʧʦʧʝʨʝʯʥʦʡ ʚʦʣʥ ʚ ʜʘʥʥʦʤ ʩʣʫʯʘʝ ʚʳʯʠʩʣʷʶʪʩʷ 

ʧʦ ʬʦʨʤʫʣʘʤ: 

 
2

PC
l m

r

-
=  ʠ 

SC
m

r
=   (0.7) 

ɻʜʝ l ʠ m ï ʢʦʥʩʪʘʥʪʳ ʃʘʤʝ, r ï ʧʣʦʪʥʦʩʪʴ ʩʨʝʜʳ 

  ʉʢʦʨʦʩʪʴ ʚʦʣʥ ʈʝʣʝʷ ʤʦʞʝʪ ʙʳʪʴ ʚʳʯʠʩʣʝʥʘ ʧʦ ʧʨʠʙʣʠʞʝʥʥʦʡ ʬʦʨʤʫʣʝ 

ɹʝʨʛʤʘʥʘ- ɺʠʢʪʦʨʦʚʘ: 

 
0.87 1.12

1
R S

v
C C

v

+
º

+
  (0.8) 

ɿʥʘʷ ʬʠʟʠʢʦ-ʤʝʭʘʥʠʯʝʩʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʩʨʝʜʳ ʤʦʞʥʦ ʦʧʨʝʜʝʣʠʪʴ 

ʩʢʦʨʦʩʪʠ : 

 1; 0.71 0.617P RSC C ʠC= = =   (0.9) 
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ʇʦʜʦʙʥʦʡ ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʙʳʣʦ ʧʨʦʠʟʚʝʜʝʥʦ ʚ ʥʘʫʯʥʦʡ ʩʪʘʪʴʝ ʊʝʨʝʥʪʴʝ-

ʚʦʡ ɽ.ʆ [2], ʧʦ ʢʦʪʦʨʦʤʫ ʦʧʨʝʜʝʣʷʣʘʩʴ ʢʦʨʨʝʢʪʥʦʩʪʴ ʧʦʩʪʨʦʝʥʠʷ ʢʦʤʧʴʶʪʝʨ-

ʥʦʡ ʤʦʜʝʣʠ ʠ ʧʨʘʚʠʣʴʥʦʩʪʴ ʧʦʣʫʯʝʥʥʳʭ ʨʝʟʫʣʴʪʘʪʦʚ. 

ɼʣʷ ʧʨʦʩʪʦʪʳ ʨʘʟʜʝʣʷʶʪ ʯʝʪʳʨʝ ʪʠʧʘ ʩʢʦʨʦʩʪʠ ʜʚʠʞʝʥʠʷ ʥʘʛʨʫʟʢʠ ʚ 

ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʩʢʦʨʦʩʪʝʡ ʧʨʦʜʦʣʴʥʳʭ, ʧʦʧʝʨʝʯʥʳʭ ʠ ʚʦʣʥ ʈʝʣʝʷ: 

¶ ɼʦʟʚʫʢʦʚʘʷ ʩʢʦʨʦʩʪʴ (subsonic velocity) 
Rv C<   

¶ ʇʝʨʚʳʡ ʩʚʝʨʭʟʚʫʢʦʚʦʡ ʜʠʘʧʘʟʦʥ 
R SC v C< <   

¶ ɺʪʦʨʦʡ ʩʚʝʨʭʟʚʫʢʦʚʦʡ ʜʠʘʧʘʟʦʥ 
PSC v C< <   

¶ ʊʨʝʪʠʡ ʩʚʝʨʭʟʚʫʢʦʚʦʡ ʜʠʘʧʘʟʦʥ (transonic velocity) 
PC v<  

ɼʦʟʚʫʢʦʚʘʷ ʩʢʦʨʦʩʪʴ (subsonic velocity) 
Rv C<  

ɽʩʣʠ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʩʣʫʯʘʡ, ʢʦʛʜʘ ʰʪʘʤʧ ʧʝʨʝʤʝʱʘʝʪʩʷ ʩ ʧʦʩʪʦʷʥ-

ʥʦʡ ʩʢʦʨʦʩʪʴʶ ʧʦ ʛʣʘʜʢʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʫʧʨʫʛʦʛʦ ʧʦʣʫʧʨʦʩʪʨʘʥʩʪʚʘ ʙʝʟ ʢʘ-

ʢʠʭ ʣʠʙʦ ʪʨʝʱʠʥ, ʪʦ ʩʢʦʨʦʩʪʴ ʜʚʠʞʝʥʠʷ ʰʪʘʤʧʘ ʚ ʥʝʩʢʦʣʴʢʦ ʨʘʟ ʤʝʥʴʰʝ 

ʩʢʦʨʦʩʪʠ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʚʦʣʥ ʈʵʣʣʝʷ.  

ʇʨʠ ʜʦʟʚʫʢʦʚʳʭ ʩʢʦʨʦʩʪʷʭ ʧʝʨʝʭʦʜʥʳʝ ʜʠʥʘʤʠʯʝʩʢʠʝ ʵʬʬʝʢʪʳ ʠ 

ʩʬʦʨʤʠʨʦʚʘʥʥʳʝ ʚʦʣʥʳ ʈʝʣʝʷ ʟʘʤʝʪʥʳ ʪʦʣʴʢʦ ʧʦʩʣʝ ʥʝʢʦʪʦʨʦʛʦ ʚʨʝʤʝʥʠ 

ʧʦʩʣʝ ʥʘʯʘʣʘ ʜʚʠʞʝʥʠʷ ʰʪʘʤʧʘ. 

 
ʈʠʩ.1 ʉʤʝʱʝʥʠʷ ʵʣʝʤʝʥʪʦʚ ʚʜʦʣʴ ʦʩʠ Y ʥʘ ʨʘʩʩʪʦʷʥʠʠ 30(ʤ). 
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ʈʠʩ.2 ʉʤʝʱʝʥʠʷ ʵʣʝʤʝʥʪʦʚ ʚʜʦʣʴ ʦʩʠ Y ʥʘ ʨʘʩʩʪʦʷʥʠʠ 30(ʤ), 45(ʤ), 60(ʤ), 

75(ʤ). 

 

ʗʨʢʦ ʚʳʨʘʞʝʥʥʳʡ çʛʦʨʙè ʥʘ ʨʠʩ. 1 ï ʷʚʥʳʡ ʧʨʠʟʥʘʢ ʥʘʣʦʞʝʥʠʷ ʧʨʦ-

ʜʦʣʴʥʳʭ ʠ ʧʦʧʝʨʝʯʥʳʭ ʚʦʣʥ, ʪʦ ʝʩʪʴ ʧʨʠʟʥʘʢ ʚʦʣʥ ʈʵʣʝʷ .ʄʘʛʥʠʪʫʜʘ ʢʦʣʝ-

ʙʘʥʠʡ ʵʣʝʤʝʥʪʘ, ʢʦʪʦʨʳʡ ʨʘʩʧʦʣʦʞʝʥ ʥʘ ʨʘʩʩʪʦʷʥʠʠ 30 ʤʝʪʨʦʚ ʦʪ ʥʘʯʘʣʘ 

ʜʚʠʞʝʥʠʷ ʰʪʘʤʧʘ, ʜʝʤʦʥʩʪʨʠʨʫʝʪ ʭʘʨʘʢʪʝʨʥʫʶ ʯʝʨʪʫ ʧʨʠ ʧʦʜʦʙʥʦʤ ʷʚʣʝ-

ʥʠʠ - ʩʢʘʯʝʢ ʤʘʛʥʠʪʫʜʳ ʧʦʩʣʝ ʧʨʦʭʦʞʜʝʥʠʷ ʦʪʤʝʪʢʠ ʰʪʘʤʧʦʤ. 

ʈʠʩ.2 ʜʝʤʦʥʩʪʨʠʨʫʝʪ ʚʦʟʨʘʩʪʘʥʠʝ ʚʳʩʦʪʳ ʚʦʣʥʳ ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʦ 

ʨʘʩʩʪʦʷʥʠʶ ʦʪ ʥʘʯʘʣʴʥʦʡ ʪʦʯʢʠ ʦʪʩʯʝʪʘ, ʢʦʪʦʨʘʷ ʦʙʨʘʟʫʝʪʩʷ ʧʝʨʝʜ ʜʚʠʞʫ-

ʱʠʤʩʷ ʰʪʘʤʧʦʤ. 

ʇʝʨʚʳʡ ʩʚʝʨʭʟʚʫʢʦʚʦʡ ʜʠʘʧʘʟʦʥ  

ɼʘʥʥʳʡ ʩʢʦʨʦʩʪʥʦʡ ʜʠʘʧʘʟʦʥ ʦʪʥʦʩʠʪʝʣʴʥʦ ʫʟʢʠʡ, ʚ ʢʦʪʦʨʦʤ ʨʘʟʥʠʮʘ 

ʤʝʞʜʫ 
RC  ʠ 

S
C  ʥʝ ʩʪʦʣʴ ʚʝʣʠʢʘ, 

0.617
0.86

0.71
R

S

C

C
= = . ʉʣʝʜʦʚʘʪʝʣʴʥʦ, ʩʤʝʱʝ-

ʥʠʷ ʢʦʥʝʯʥʳʭ ʵʣʝʤʝʥʪʦʚ ʚʜʦʣʴ ʦʩʠ Y ʫʩʠʣʠʚʘʶʪʩʷ ʧʨʠ ʧʨʠʙʣʠʞʝʥʠʠ ʩʢʦ-

ʨʦʩʪʠ ʰʪʘʤʧʘ ʢ ʩʢʦʨʦʩʪʠ ʚʦʣʥ ʈʝʣʝʷ. ɺ ʦʪʣʠʯʠʠ ʦʪ ʜʦʟʚʫʢʦʚʦʛʦ ʨʝʞʠʤʘ 

ʩʢʦʨʦʩʪʠ ʬʨʦʥʪ ʚʦʣʥ ʈʝʣʝʷ ʦʙʨʘʟʫʝʪʩʷ ʩʪʨʦʛʦ ʧʝʨʝʜ ʧʦʜʚʠʞʥʦʡ ʥʘʛʨʫʟʢʦʡ. 

 ɻʣʘʚʥʦʝ ʦʪʣʠʯʠʝ ʜʘʥʥʦʛʦ ʩʢʦʨʦʩʪʥʦʛʦ ʨʝʞʠʤʘ ʦʪ ʜʦʟʚʫʢʦʚʦʛʦ ï ʵʪʦ ʦʙʨʘ-

ʟʦʚʘʥʠʝ ʤʘʢʩʠʤʘʣʴʥʦʛʦ ʫʛʣʫʙʣʝʥʠʷ, ʢʦʪʦʨʦʝ ʜʚʠʞʝʪʩʷ ʧʝʨʝʜ ʰʪʘʤʧʦʤ ʥʘ 

ʥʝʢʦʪʦʨʦʤ ʫʜʘʣʝʥʠʠ ʠ ʤʘʢʩʠʤʘʣʴʥʳʡ çʛʦʨʙè ʧʦʩʣʝ ʫʛʣʫʙʣʝʥʠʷ.  

 ɿʘʤʝʪʥʦ, ʯʪʦ ʧʨʠ ʧʨʠʙʣʠʞʝʥʠʠ ʩʢʦʨʦʩʪʠ ʜʚʠʞʝʥʠʷ ʰʪʘʤʧʘ ʧʦ ʫʧʨʫʛʦʡ 

ʧʣʦʩʢʦʩʪʠ ʚʦʟʨʘʩʪʘʶʪ ʢʦʣʝʙʘʥʠʷ ʥʝ ʪʦʣʴʢʦ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ, ʥʦ ʠ ʥʝʧʦʩʨʝʜ-

ʩʪʚʝʥʥʦ ʧʦʜ ʰʪʘʤʧʦʤ ʠ ʜʘʞʝ ʥʘ ʫʯʘʩʪʢʝ ʧʫʪʠ, ʢʦʪʦʨʳʡ ʫʞʝ ʧʨʦʡʜʝʥ. 
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ʈʠʩ.3.ʉʤʝʱʝʥʠʷ ʵʣʝʤʝʥʪʦʚ ʚʜʦʣʴ ʦʩʠ Y ʥʘ ʨʘʩʩʪʦʷʥʠʠ 30(ʤ), 45(ʤ), 60(ʤ), 

75(ʤ) ʠ ʘʤʧʣʠʪʫʜʘ ʢʦʣʝʙʘʥʠʡ ʰʪʘʤʧʘ. 

 

ʇʦ ʨʠʩ.3 ʤʦʞʥʦ ʫʪʚʝʨʞʜʘʪʴ, ʯʪʦ ʧʦʩʣʝ ʪʦʛʦ, ʢʘʢ ʰʪʘʤʧ ʧʨʦʭʦʜʠʪ 

ʦʧʨʝʜʝʣʝʥʥʳʡ ʧʫʪʴ, ʪʦ ʢʦʣʝʙʘʥʠʷ ʢʦʥʝʯʥʳʭ ʵʣʝʤʝʥʪʦʚ ʥʝ ʫʪʠʭʘʶʪ ( ʢʘʢ ʚ 

ʜʦʟʚʫʢʦʚʦʤ ʨʝʞʠʤʝ), ʘ ʪʦʣʴʢʦ ʩ ʙʦʣʴʰʝʡ ʩʠʣʦʡ ʨʘʩʧʨʦʩʪʨʘʥʷʶʪʩʷ.  

ʀʤʝʥʥʦ ʚ ʧʝʨʚʦʤ ʩʚʝʨʭʟʚʫʢʦʚʦʤ ʜʠʘʧʘʟʦʥʝ ʤʳ ʤʦʞʝʤ ʥʘʙʣʶʜʘʪʴ ʷʨʢʦ 

ʚʳʨʘʞʝʥʥʳʝ ʵʣʝʤʝʥʪʳ ʧʦʚʝʨʭʥʦʩʪʥʳʭ ʚʦʣʥ ʈʵʣʝʷ ï ʜʚʦʡʥʦʡ çʛʦʨʙè ʤʘʛ-

ʥʠʪʫʜʳ. ʂʘʢ ʤʳ ʟʥʘʝʤ, ʤʘʛʥʠʪʫʜʘ ï ʵʪʦ ʚʝʣʠʯʠʥʘ ʩʦʚʦʢʫʧʥʦʡ ʵʥʝʨʛʠʠ ʢʦ-

ʣʝʙʘʥʠʡ ʠ ʧʦʜʦʙʥʳʝ ʷʚʣʝʥʠʷ, ʢʘʢ ʜʚʦʡʥʦʡ çʛʦʨʙè ʧʦʣʫʯʘʶʪʩʷ ʥʝ ʩʣʫʯʘʡʥʦ, 

ʘ ʚ ʩʣʫʯʘʝ ʥʘʣʦʞʝʥʠʷ ʥʝʩʢʦʣʴʢʠʭ ʯʘʩʪʦʪ ʢʦʣʝʙʘʥʠʡ, ʢʘʢ ʥʘ ʨʠʩ.4 

 
ʈʠʩ.4 ʉʤʝʱʝʥʠʷ ʵʣʝʤʝʥʪʦʚ ʚʜʦʣʴ ʦʩʠ Y ʠ ʤʘʛʥʠʪʫʜʳ. 30m, 45m, 60m, 75m. 

 

ʀʟ-ʟʘ ʥʘʣʦʞʝʥʠʷ ʚʦʣʥ ʠ ʫʚʝʣʠʯʝʥʠʷ ʘʤʧʣʠʪʫʜʳ ʢʦʣʝʙʘʥʠʡ ʧʦʚʝʨʭ-

ʥʦʩʪʥʳʭ ʚʦʣʥ ʧʨʦʠʩʭʦʜʠʪ ʨʝʟʦʥʘʥʩ ʠ ʧʨʦʛʨʘʤʤʥʳʡ ʢʦʤʧʣʝʢʩ Abaqus ʧʦ-

ʜʦʙʥʳʡ ʩʣʫʯʘʡ ʥʝ ʤʦʞʝʪ ʨʘʩʩʤʦʪʨʝʪʴ.   
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ʇʦʚʝʨʭʥʦʩʪʥʳʝ ʚʦʣʥʳ, ʚʦʟʥʠʢʘʶʱʠʝ ʫ ʧʝʨʝʜʥʝʛʦ ʢʨʘʷ ʰʪʘʤʧʘ ʚ ʨʘʟ-

ʣʠʯʥʳʝ ʤʦʤʝʥʪʳ ʚʨʝʤʝʥʠ ʠ ʨʘʩʧʨʦʩʪʨʘʥʷʶʱʠʝʩʷ ʚ ʥʘʧʨʘʚʣʝʥʠʠ ʝʛʦ ʜʚʠ-

ʞʝʥʠʷ, ʠʤʝʶʪ ʦʙʱʠʡ ʬʨʦʥʪ, ʢʦʪʦʨʳʡ ʧʝʨʝʤʝʱʘʝʪʩʷ ʩ ʧʝʨʝʜʥʠʤ ʢʨʘʝʤ 

ʰʪʘʤʧʘ - ʵʪʦ ʧʨʠʯʠʥʘ ʥʘʨʘʩʪʘʥʠʷ ʥʘʧʨʷʞʝʥʠʡ ʧʨʠ ʜʚʠʞʝʥʠʠ ʰʪʘʤʧʘ ʩʦ 

ʩʢʦʨʦʩʪʴʶ ʧʨʠʙʣʠʞʝʥʥʦʡ ʢ ʨʵʣʝʝʚʩʢʦʡ .  

ɺʪʦʨʦʡ ʩʚʝʨʭʟʚʫʢʦʚʦʡ ʜʠʘʧʘʟʦʥ  

ɺʪʦʨʦʡ ʩʚʝʨʭʟʚʫʢʦʚʦʡ ʜʠʘʧʘʟʦʥ ʭʘʨʘʢʪʝʨʝʥ ʪʝʤ, ʯʪʦ ʩʢʦʨʦʩʪʴ ʰʪʘʤʧʘ 

ʥʘʭʦʜʠʪʩʷ ʚ ʧʨʝʜʝʣʝ ʤʝʞʜʫ ʩʢʦʨʦʩʪʷʤʠ ʧʦʧʝʨʝʯʥʳʭ ʠ ʧʨʦʜʦʣʴʥʳʭ ʚʦʣʥ. 

ʕʪʦʪ ʩʢʦʨʦʩʪʥʦʡ ʜʠʘʧʘʟʦʥ ʜʝʤʦʥʩʪʨʠʨʫʝʪ ʫʤʝʥʴʰʝʥʠʝ ʘʤʧʣʠʪʫʜʳ ʩʤʝʱʝ-

ʥʠʷ ʢʦʥʝʯʥʳʭ ʵʣʝʤʝʥʪʦʚ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʧʦʣʫʧʨʦʩʪʨʘʥʩʪʚʘ ʠʟ-ʟʘ ʧʦʜʚʠʞ-

ʥʳʭ ʠʥʝʨʮʠʦʥʥʳʭ ʩʠʣ, ʩʦʧʨʦʪʠʚʣʷʶʱʠʝʩʷ ʜʚʠʞʫʱʝʤʫʩʷ ʰʪʘʤʧʫ,ʢʦʪʦʨʳʝ 

ʫʚʝʣʠʯʠʚʘʶʪʩʷ ʩ ʨʦʩʪʦʤ ʩʢʦʨʦʩʪʠ ʰʪʘʤʧʘ.  

 
ʈʠʩ.5 ʉʤʝʱʝʥʠʷ ʵʣʝʤʝʥʪʦʚ ʚʜʦʣʴ ʦʩʠ Y ʠ ʤʘʛʥʠʪʫʜʳ. 30m, 45m, 60m, 75m. 

 

ʆʪʣʠʯʠʷ ʧʝʨʚʦʛʦ ʠ ʚʪʦʨʦʛʦ ʩʚʝʨʭʟʚʫʢʦʚʦʛʦ ʜʠʘʧʘʟʦʥʦʚ ʥʝ ʩʪʦʣʴ ʟʘ-

ʤʝʪʥʳ. ʀʟ-ʟʘ ʫʚʝʣʠʯʝʥʠʷ ʩʢʦʨʦʩʪʠ ʜʚʠʞʝʥʠʷ ʰʪʘʤʧʘ, ʢʦʪʦʨʘʷ ʧʨʝʚʳʰʘʝʪ 

ʩʢʦʨʦʩʪʴ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʚʦʣʥ ʈʵʣʝʷ ʠ ʧʦʧʝʨʝʯʥʳʭ ʚʦʣʥ, ʫʛʣʫʙʣʝʥʠʝ ʵʣʝ-

ʤʝʥʪʘ ʧʦʯʪʠ ʚ ʜʚʘ ʨʘʟʘ ʤʝʥʴʰʝ ʚ ʛʣʫʙʴ ʧʦʣʫʧʣʦʩʢʦʩʪʠ, ʯʝʤ ʚ ʧʨʝʜʳʜʫʱʝʤ 

ʩʢʦʨʦʩʪʥʦʤ ʜʠʘʧʘʟʦʥʝ.  

ʈʠʩ.5 ʠʥʪʝʨʝʩʝʥ ʪʝʤ, ʯʪʦ ʥʘ ʥʝʤ ʦʪʯʝʪʣʠʚʳ ʚʠʜʥʳ ʥʝʬʠʟʠʯʝʩʢʠʝ ʦʩ-

ʮʠʣʣʷʮʠʠ, ʢʦʪʦʨʳʝ ʷʚʣʷʶʪʩʷ ʧʨʠʟʥʘʢʦʤ ʷʚʥʳʭ ʨʘʟʥʦʩʪʥʳʭ ʩʭʝʤ. ʇʦʜʦʙ-

ʥʳʡ ʵʬʬʝʢʪ ʩʠʣʴʥʦ ʟʘʪʨʫʜʥʷʝʪ ʠʥʪʝʨʧʨʝʪʘʮʠʶ ʚʦʣʥʦʚʦʛʦ ʜʚʠʞʝʥʠʷ 

ʢʦʥʝʯʥʦʛʦ ʵʣʝʤʝʥʪʘ ʧʦʩʣʝ ʧʨʦʭʦʞʜʝʥʠʷ ʰʪʘʤʧʘ. 

ʊʨʝʪʠʡ ʩʚʝʨʭʟʚʫʢʦʚʦʡ ʜʠʘʧʘʟʦʥ (transonic velocity)  

ʊʘʢ ʢʘʢ ʩʢʦʨʦʩʪʴ ʰʪʘʤʧʘ ʙʦʣʴʰʝ,ʯʝʤ ʩʢʦʨʦʩʪʴ ʧʨʦʜʦʣʴʥʳʭ ʚʦʣʥ, ʥʠ-

ʢʘʢʠʝ ʚʦʟʤʫʱʝʥʠʷ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʧʝʨʝʜ ʛʨʫʟʦʤ ʥʝ ʤʝʰʘʶʪ ʝʛʦ ʜʚʠʞʝʥʠʶ. 

ʉ ʫʚʝʣʠʯʝʥʠʝʤ ʩʢʦʨʦʩʪʠ ʜʚʠʞʝʥʠʷ ʰʪʘʤʧʘ ʫʤʝʥʴʰʘʶʪʩʷ ʠ ʘʤʧʣʠʪʫʜʳ ʢʦ-

ʣʝʙʘʥʠʡ ʢʦʥʝʯʥʳʭ ʵʣʝʤʝʥʪʦʚ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ . ʆʪʣʠʯʠʪʝʣʴʥʦʡ ʦʩʦʙʝʥʥʦ-

ʩʪʴʶ ʜʘʥʥʦʛʦ ʩʢʦʨʦʩʪʥʦʛʦ ʨʝʞʠʤʘ ʷʚʣʷʝʪʩʷ ʦʙʨʘʪʥʳʡ ʚʳʛʠʙ ʧʦʚʝʨʭʥʦʩʪʠ 

ʟʘ ʬʨʦʥʪʦʤ ʚʦʣʥʳ. 
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ʅʘ ʈʠʩ.6 ʧʨʦʜʝʤʦʥʩʪʨʠʨʦʚʘʥʳ ʢʦʣʝʙʘʥʠʷ ʪʦʯʢʠ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʧʦʣʫ-

ʧʣʦʩʢʦʩʪʠ ʚʜʦʣʴ ʦʩʠ Y, ʠʟ ʢʦʪʦʨʦʛʦ ʩʣʝʜʫʝʪ, ʯʪʦ ʧʝʨʝʜ ʜʚʠʞʫʱʠʤʩʷ ʰʪʘʤ-

ʧʦʤ ʫʞʝ ʦʙʨʘʟʫʝʪʩʷ ʬʨʦʥʪ ʚʦʣʥ, ʠʟ-ʟʘ ʢʦʪʦʨʦʛʦ ʧʦʚʝʨʭʥʦʩʪʴ ʢʦʣʝʙʣʝʪʩʷ ʠ 

ʧʨʦʩʝʜʘʝʪ. 

 
ʈʠʩ.6 ʉʤʝʱʝʥʠʷ ʵʣʝʤʝʥʪʦʚ ʚʜʦʣʴ ʦʩʠ Y. 30m. 

 

ʅʘ ʨʠʩ.6 ʚʠʜʝʥ ʛʦʨʙ, ʢʦʪʦʨʳʡ ʦʙʨʘʟʫʝʪʩʷ ʧʨʦʜʦʣʴʥʳʤʠ ʚʦʣʥʘʤʠ, 

ʠʜʫʱʠʤʠ ʚʧʝʨʝʜʠ ʰʪʘʤʧʘ. ʈʝʟʢʠʝ ʩʢʘʯʢʠ ʘʤʧʣʠʪʫʜʳ ʢʦʣʝʙʘʥʠʡ ʩʚʠʜʝ-

ʪʝʣʴʩʪʚʫʶʪ ʢʘʢ ʨʘʟʥʳʝ ʬʨʦʥʪʳ ʚʦʣʥ ʥʘʙʝʛʘʶʪ ʜʨʫʛ ʥʘ ʜʨʫʛʘ ʠ ʧʳʪʘʶʪʩʷ 

ʧʨʠʡʪʠ ʚ ʨʘʚʥʦʚʝʩʠʝ. 

 
ʈʠʩ.7 ʉʤʝʱʝʥʠʷ ʵʣʝʤʝʥʪʦʚ ʚʜʦʣʴ ʦʩʠ Y ʠ ʥʘʧʨʷʞʝʥʠʷ. 30m, 45m, 60m, 75m. 

 

ɺ ʦʪʣʠʯʠʝ ʦʪ ʩʢʦʨʦʩʪʥʦʛʦ ʨʝʞʠʤʘ, ʢʦʛʜʘ ʩʢʦʨʦʩʪʴ ʜʚʠʞʝʥʠʷ ʰʪʘʤʧʘ 

ʙʳʣʘ ʤʝʥʴʰʝ ʩʢʦʨʦʩʪʠ ʨʵʣʝʝʚʩʢʠʭ ʚʦʣʥ, ʚ ʪʨʘʥʩʟʚʫʢʦʚʦʤ ʨʝʞʠʤʝ ʥʘʙʣʶ-

ʜʘʝʪʩʷ ʧʦʩʪʝʧʝʥʥʦʝ ʫʚʝʣʠʯʝʥʠʝ ʥʘʧʨʷʞʝʥʠʡ ʚ ʮʝʥʪʨʝ ʧʝʨʝʜʥʝʡ ʛʨʘʥʠ 

ʰʪʘʤʧʘ (ʨʠʩ.7). ʄʘʣʳʝ ʢʦʣʝʙʘʥʠʷ ʟʥʘʯʝʥʠʡ ʥʘʧʨʷʞʝʥʠʷ ʩʚʠʜʝʪʝʣʴʩʪʚʫʶʪ ʦ 

ʧʦʩʪʦʷʥʥʦʤ ʬʨʦʥʪʝ ʧʨʦʜʦʣʴʥʳʭ ʚʦʣʥ, ʢʦʪʦʨʳʝ ʧʦʩʪʦʷʥʥʦ ʜʚʠʞʫʪʩʷ ʧʝʨʝʜ 

ʰʪʘʤʧʦʤ. ʍʘʦʪʠʯʥʦʝ ʢʦʣʝʙʘʥʠʝ ʢʦʥʝʯʥʳʭ ʵʣʝʤʝʥʪʦʚ ʧʦʚʝʨʭʥʦʩʪʠ ʧʦʣʫ-

ʧʨʦʩʪʨʘʥʩʪʚʘ ʧʦʜʪʚʝʨʞʜʘʝʪ, ʯʪʦ ʧʨʠ ʩʪʦʣʴ ʙʳʩʪʨʦʡ ʩʢʦʨʦʩʪʠ ʜʚʠʞʝʥʠʷ 


