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ɹʦʦʧʫʙʯʡʸ 
 

ʉʦʚʨʝʤʝʥʥʦʝ ʩʦʩʪʦʷʥʠʝ ʟʘʧʘʩʦʚ ʠ ʪʝʤʧʦʚ ʦʩʚʦʝʥʠʷ ʥʝʬʪʷʥʳʭ ʤʝʩʪʦʨʦʞʜʝʥʠʡ 
ʦʙʫʩʣʘʚʣʠʚʘʝʪ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʩʫʱʝʩʪʚʝʥʥʦʛʦ ʧʦʚʳʰʝʥʠʷ ʨʘʟʨʝʰʝʥʥʦʩʪʠ ʠ ʪʦʯʥʦʩʪʠ ʤʝʪʦʜʦʚ 
ʩʝʡʩʤʦʨʘʟʚʝʜʢʠ ʜʣʷ ʠʟʫʯʝʥʠʷ ʧʨʦʜʫʢʪʠʚʥʳʭ ʧʣʘʩʪʦʚ ʤʝʣʢʠʭ ʟʘʣʝʞʝʡ ʠ ʜʦʠʟʫʯʝʥʠʷ ʩʪʘʨʳʭ 
ʧʣʦʱʘʜʝʡ. 

ʅʘ ʦʩʥʦʚʝ ʘʥʘʣʠʟʘ ʦʛʨʘʥʠʯʝʥʠʡ ʤʝʪʦʜʦʚ ʚʝʨʪʠʢʘʣʴʥʦʛʦ ʩʝʡʩʤʠʯʝʩʢʦʛʦ ʧʨʦʬʠʣʠʨʦʚʘʥʠʷ 
(ɺʉʇ), ɻʀʉ ʠ ʩʝʡʩʤʦʨʘʟʚʝʜʢʠ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ (ʉʇ) ʧʨʝʜʣʦʞʝʥʦ ʩʦʚʤʝʩʪʠʪʴ ʧʨʝʠʤʫʱʝʩʪʚʘ ɺʉʇ ʠ 
ʉʇ ʧʫʪʝʤ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʪʨʝʭʤʝʨʥʳʭ ʩʠʩʪʝʤ ʥʘʙʣʶʜʝʥʠʷ (3D+ɺʉʇ). ɼʣʷ ʨʝʘʣʠʟʘʮʠʠ 
ʧʨʝʠʤʫʱʝʩʪʚ ʨʘʟʨʘʙʦʪʘʥʥʦʛʦ ʧʦʜʭʦʜʘ ʨʝʢʦʤʝʥʜʫʝʪʩʷ ʠʩʧʦʣʴʟʦʚʘʪʴ ʪʝʭʥʦʣʦʛʠʶ ʤʦʜʝʣʴ-
ʙʘʟʠʨʦʚʘʥʥʦʡ ʦʙʨʘʙʦʪʢʠ, ʧʨʠʤʝʥʷʝʤʦʡ ʧʨʠ ɺʉʇ. 
 
 

Summary 
 

Modern state of hydrocarbon resources and exploitation temps of oil deposits demand for 
significant increase in resolution and accuracy of seismic studies of productive layers to successfully 
deal with complicated reservoirs and residual deposits. 

Resolution power, special features and limitations of VSP, LOG and SES were analyzed. It is 
proposed to combine advantages of VSP and SES with 3D acquisition geometry (3D+VSP). The 
advantages of this technology may be amplified with application of model-based iterative processing 
approach developed in VSP. 
 
 

 
ʉʦʚʨʝʤʝʥʥʘʷ ʩʝʡʩʤʦʨʘʟʚʝʜʢʘ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ (2D ʠ 3D) ʷʚʣʷʝʪʩʷ ʚʝʜʫʱʝʡ ʠ ʫʩʧʝʰʥʦʡ 

ʪʝʭʥʦʣʦʛʠʝʡ, ʢʦʪʦʨʘʷ ʦʙʝʩʧʝʯʠʚʘʝʪ ʧʦʩʪʨʦʝʥʠʝ ʥʝʧʨʝʨʳʚʥʳʭ ʤʦʜʝʣʝʡ ʛʝʦʣʦʛʠʯʝʩʢʠʭ ʩʨʝʜ, 
ʩʦʜʝʨʞʘʱʠʭ ʧʨʦʜʫʢʪʠʚʥʳʝ ʧʣʘʩʪʳ.  

ɺ ʤʘʩʩʦʚʦʤ ʧʨʠʤʝʥʝʥʠʠ ʚʳʩʦʢʦʢʘʯʝʩʪʚʝʥʥʳʝ ʩʲʝʤʢʠ ʉʇ ʦʙʝʩʧʝʯʠʚʘʶʪ ʦʪʯʝʪʣʠʚʳʝ 
ʠʟʦʙʨʘʞʝʥʠʷ ʩʫʙʛʦʨʠʟʦʥʪʘʣʴʥʳʭ ʩʨʝʜ ʩ ʨʝʟʨʝʰʝʥʥʦʩʪʴʶ, ʦʙʝʩʧʝʯʠʚʘʝʤʦʡ ʯʘʩʪʦʪʥʳʤ 
ʜʠʘʧʘʟʦʥʦʤ ʜʦ ~100 ɻʮ, ʯʪʦ ʩʦʦʪʚʝʪʩʪʚʫʝʪ 15-30 ʤ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʩʢʦʨʦʩʪʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ 
ʨʘʟʨʝʟʘ. ɼʣʷ ʪʘʢʠʭ ʩʨʝʜ ʤʦʛʫʪ ʙʳʪʴ ʩʜʝʣʘʥʳ ʧʦʣʝʟʥʳʝ ʦʮʝʥʢʠ ʬʠʟʠʯʝʩʢʠʭ ʧʘʨʘʤʝʪʨʦʚ ʪʦʣʩʪʳʭ 
ʧʣʘʩʪʦʚ, ʩʚʷʟʘʥʥʳʝ ʩ ʩʦʜʝʨʞʘʥʠʝʤ ʫʛʣʝʚʦʜʦʨʦʜʦʚ.  
 
 
ʋʞʣʬʲʡʞ ʡ ʨʞʩʪʨʞʣʫʡʛʦʴʞ ʫʩʞʚʧʛʙʦʡʸ ʦʞʭʫʸʦʧʢ ʨʩʧʥʴʱʤʞʦʦʧʪʫʡ ʣ ʪʞʢʪʥʧʩʙʠʛʞʝʣʞ 

 
ʄʝʩʪʦʨʦʞʜʝʥʠʷ ʥʝʬʪʠ ʠ ʛʘʟʘ ʨʘʩʧʦʣʦʞʝʥʳ ʚ ʦʛʨʘʥʠʯʝʥʥʦʤ ʜʠʘʧʘʟʦʥʝ ʛʣʫʙʠʥ ʚ 

ʦʩʘʜʦʯʥʳʭ ʙʘʩʩʝʡʥʘʭ. ʇʦʵʪʦʤʫ ʠʭ ʧʦʪʝʥʮʠʘʣʴʥʳʝ ʟʘʧʘʩʳ ʦʛʨʘʥʠʯʝʥʳ, ʘ ʪʝʤʧʳ ʠʟʚʣʝʯʝʥʠʷ 
ʫʛʣʝʚʦʜʦʨʦʜʦʚ ʫʚʝʣʠʯʠʚʘʶʪʩʷ ʝʞʝʛʦʜʥʦ ʚʤʝʩʪʝ ʩ ʙʳʩʪʨʳʤ ʨʦʩʪʦʤ ʵʢʦʥʦʤʠʢ ʨʘʟʚʠʚʘʶʱʠʭʩʷ 
ʩʪʨʘʥ. ʉʪʝʧʝʥʴ ʠʩʩʣʝʜʦʚʘʥʥʦʩʪʠ ʦʪʥʦʩʠʪʝʣʴʥʦ ʣʝʛʢʦʜʦʩʪʫʧʥʳʭ ʪʝʨʨʠʪʦʨʠʡ ʪʘʢʦʚʘ, ʯʪʦ ʚ 
ʧʦʩʣʝʜʥʠʝ ʛʦʜʳ ʧʨʘʢʪʠʯʝʩʢʠ ʥʝ ʚʳ̫ʚʣʷʶʪʩʷ ʥʦʚʳʝ ʢʨʫʧʥʳʝ ʤʝʩʪʦʨʦʞʜʝʥʠʷ. 



ʅʘ ʦʪʥʦʩʠʪʝʣʴʥʦ ʥʝʙʦʣʴʰʠʭ ʤʝʩʪʦʨʦʞʜʝʥʠʷʭ ʚ ʩʣʦʞʥʳʭ ʩʝʡʩʤʦʛʝʦʣʦʛʠʯʝʩʢʠʭ ʫʩʣʦʚʠʷʭ 
ʪʨʝʙʦʚʘʥʠʷ ʢ ʜʝʪʘʣʴʥʦʩʪʠ ʠ ʪʦʯʥʦʩʪʠ ʠʟʫʯʝʥʠʷ ʧʨʦʜʫʢʪʠʚʥʳʭ ʧʣʘʩʪʦʚ ʜʣʷ ʩʦʟʜʘʥʠʷ 
ʨʘʮʠʦʥʘʣʴʥʦʡ ʠ ʵʢʦʥʦʤʠʯʥʦʡ ʩʭʝʤʳ ʨʘʟʨʘʙʦʪʢʠ ʨʝʟʢʦ ʚʦʟʨʘʩʪʘʶʪ.  
ɸʥʘʣʦʛʠʯʥʳʝ ʪʨʝʙʦʚʘʥʠʷ ʚʦʟʥʠʢʘʶʪ ʧʨʠ ʥʝʠʟʙʝʞʥʦʤ ʦʙʨʘʱʝʥʠʠ ʢ ʦʩʪʘʪʦʯʥʳʤ ʟʘʧʘʩʘʤ ʥʘ 
ʩʪʘʨʳʭ ʤʝʩʪʦʨʦʞʜʝʥʠʷʭ. ʄʦʞʥʦ ʫʚʝʨʝʥʥʦ ʧʨʝʜʩʢʘʟʘʪʴ, ʯʪʦ ʨʦʣʴ ʵʪʠʭ ʦʩʪʘʪʦʯʥʳʭ ʟʘʧʘʩʦʚ ʙʫʜʝʪ 
ʚʦʟʨʘʩʪʘʪʴ, ʘ ʧʦʪʨʝʙʥʦʩʪʴ ʚ ʧʦʚʳʰʝʥʠʠ ʜʝʪʘʣʴʥʦʩʪʠ ʠ ʪʦʯʥʦʩʪʠ ʠʭ ʠʟʫʯʝʥʠʷ ʩʝʡʩʤʦʨʘʟʚʝʜʢʦʡ ʥʝ 
ʠʤʝʝʪ ʛʨʘʥʠʮ.  

ʇʨʦʙʣʝʤʫ ʤʦʞʥʦ ʩʬʦʨʤʫʣʠʨʦʚʘʪʴ ʩʣʝʜʫʶʱʠʤ ʦʙʨʘʟʦʤ: ʩʝʡʩʤʦʨʘʟʚʝʜʢʘ, ʦʙʣʘʜʘʶʱʘʷ 
ʥʳʥʝʰʥʠʤ ʧʦʪʝʥʮʠʘʣʦʤ ʠʥʬʦʨʤʘʪʠʚʥʦʩʪʠ, ʤʦʞʝʪ ʦʢʘʟʘʪʴʩʷ ʥʝʚʦʩʪʨʝʙʦʚʘʥʥʦʡ ʧʨʠ ʨʝʰʝʥʠʠ 
ʟʘʜʘʯ ʠʟʫʯʝʥʠʷ ʤʝʣʢʠʭ ʟʘʣʝʞʝʡ ʠ ʜʦʠʟʫʯʝʥʠʷ ʩʪʘʨʳʭ ʧʣʦʱʘʜʝʡ. 
 
 

ɹʦʙʤʡʠ ʨʩʞʡʥʬʲʞʪʫʛ, ʦʞʝʧʪʫʙʫʣʧʛ ʡ ʧʜʩʙʦʡʰʞʦʡʢ ʥʞʫʧʝʧʛ ɻʊʈ, ɼʁʊ ʡ ʊʈ 
 

ʉʦʚʨʝʤʝʥʥʳʝ ʪʝʭʥʦʣʦʛʠʠ ɻʀʉ ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ ʢʦʤʧʣʝʢʩ ʤʝʪʦʜʦʚ ʠʟʫʯʝʥʠʷ 
ʛʝʦʣʦʛʠʯʝʩʢʠʭ ʩʨʝʜ, ʚʩʢʨʳʪʳʭ ʩʢʚʘʞʠʥʦʡ, ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʬʠʟʠʯʝʩʢʠʭ ʧʦʣʝʡ ʠ ʨʘʜʠʘʮʠʠ. 
ʆʩʥʦʚʥʳʤ ʦʪʣʠʯʠʝʤ ʦʪ ʩʝʡʩʤʦʨʘʟʚʝʜʢʠ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʠ ɺʉʇ ʷʚʣʷʝʪʩʷ ʨʘʩʧʦʣʦʞʝʥʠʝ 
ʧʨʠʝʤʥʠʢʦʚ ʠ ʠʩʪʦʯʥʠʢʦʚ ʚ ʩʢʚʘʞʠʥʝ ʚʥʫʪʨʠ ʠʟʫʯʘʝʤʳʭ ʧʦʨʦʜ. ʂʦʤʧʣʝʢʩ ɻʀʉ ʚ ʦʪʣʠʯʠʝ ʦʪ 
ʩʝʡʩʤʦʨʘʟʚʝʜʢʠ ʷʚʣʷʝʪʩʷ ʘʜʝʢʚʘʪʥʳʤ ʟʘʜʘʯʘʤ ʠʟʫʯʝʥʠʷ ʧʨʦʜʫʢʪʠʚʥʳʭ ʧʣʘʩʪʦʚ, ʢʘʢ ʧʦ 
ʠʥʬʦʨʤʘʪʠʚʥʦʩʪʠ, ʪʘʢ ʠ ʧʦ ʨʘʟʨʝʰʝʥʥʦʩʪʠ. ʈʘʟʨʝʰʝʥʥʦʩʪʴ ɻʀʉ ʥʝ ʥʠʞʝ 10-20 ʩʤ.  

ʅʝʜʦʩʪʘʪʢʦʤ ʢʦʤʧʣʝʢʩʘ ɻʀʉ ʧʦ ʦʪʥʦʰʝʥʠʶ ʢ ʉʇ ʠ ɺʉʇ ʷʚʣʷʝʪʩʷ ʧʨʠʥʮʠʧʠʘʣʴʥʘʷ 
ʥʝʚʦʟʤʦʞʥʦʩʪʴ ʠʟʫʯʝʥʠʷ ʠʟʤʝʥʝʥʠʡ ʩʪʨʦʝʥʠʷ ʩʨʝʜʳ ʧʦ ʣʘʪʝʨʘʣʴʥʳʤ ʥʘʧʨʘʚʣʝʥʠʷʤ. ʊʘʢʠʤ 
ʦʙʨʘʟʦʤ, ʩ ʪʦʯʢʠ ʟʨʝʥʠʷ ʠʟʫʯʝʥʠʷ ʤʝʩʪʦʨʦʞʜʝʥʠʷ, ɻʀʉ ʷʚʣʷʝʪʩʷ ʤʝʪʦʜʦʤ ʘʜʝʢʚʘʪʥʦʛʦ 
ʜʠʩʢʨʝʪʥʦʛʦ ʧʦ ʧʣʦʱʘʜʠ ʠʟʫʯʝʥʠʷ ʛʝʦʣʦʛʠʯʝʩʢʦʛʦ ʨʘʟʨʝʟʘ ʠ ʚ ʪʦʤ ʯʠʩʣʝ ʧʨʦʜʫʢʪʠʚʥʳʭ ʧʣʘʩʪʦʚ.  

ʉʝʡʩʤʦʨʘʟʚʝʜʢʘ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʚ ʦʪʣʠʯʠʝ ʦʪ ɻʀʉ ʚʦʩʩʦʟʜʘʝʪ ʥʝʧʨʝʨʳʚʥʳʡ ʦʙʲʝʤʥʳʡ 
ʦʙʨʘʟ ʠʟʫʯʘʝʤʳʭ ʩʨʝʜ ʠ ʚ ʯʘʩʪʥʦʩʪʠ ʧʨʦʜʫʢʪʠʚʥʳʭ ʧʣʘʩʪʦʚ. ʇʨʠʥʮʠʧʠʘʣʴʥʦʡ ʦʩʦʙʝʥʥʦʩʪʴʶ ʠ 
ʩʣʘʙʦʩʪʴʶ ʉʇ ʷʚʣʷʝʪʩʷ ʜʠʩʪʘʥʮʠʦʥʥʦʝ ʠʟʫʯʝʥʠʝ ʦʙʲʝʢʪʦʚ ʠʩʩʣʝʜʦʚʘʥʠʷ. ʅʝʦʜʥʦʨʦʜʥʦʩʪʴ 
ʩʨʝʜʳ ʠʩʢʘʞʘʝʪ ʦʪʢʣʠʢʠ ʠʟʫʯʘʝʤʳʭ ʧʣʘʩʪʦʚ ʥʘ ʟʦʥʜʠʨʫʶʱʠʡ ʩʠʛʥʘʣ. ɼʝʪʘʣʴʥʦʝ ʠ ʪʦʯʥʦʝ ʟʥʘʥʠʝ 
ʚʩʝʭ ʥʝʦʜʥʦʨʦʜʥʦʩʪʝʡ ʩʨʝʜʳ ʥʘ ʧʫʪʠ ʣʫʯʘ ʦʪ ʠʩʪʦʯʥʠʢʘ ʢ ʦʙʲʝʢʪʫ ʠ ʜʘʣʝʝ ʢ ʧʨʠʝʤʥʠʢʫ ʷʚʣʷʝʪʩʷ 
ʥʝʦʙʭʦʜʠʤʳʤ ʫʩʣʦʚʠʝʤ ʫʩʧʝʰʥʦʛʦ ʠʟʫʯʝʥʠʷ ʛʣʫʙʠʥʥʳʭ ʦʙʲʝʢʪʦʚ. ʇʦ ʘʥʘʣʦʛʠʠ, ʥʘʧʨʠʤʝʨ, ʩ 
ʨʘʜʠʦʚʦʣʥʘʤʠ, ʤʦʞʥʦ ʫʪʚʝʨʞʜʘʪʴ, ʯʪʦ ʥʝʦʜʥʦʨʦʜʥʦʩʪʴ («ʤʫʪʥʦʩʪʴ») ʩʨʝʜʳ ʧʨʠʚʦʜʠʪ ʢ 
ʦʛʨʘʥʠʯʝʥʠʶ ʧʦʣʝʟʥʳʭ ʩʠʛʥʘʣʦʚ ʧʦ ʚʝʨʭʥʝʡ ʯʘʩʪʦʪʝ. 

ʅʘ ʩʦʚʨʝʤʝʥʥʦʤ ʵʪʘʧʝ ʨʘʟʚʠʪʠʷ ʩʧʦʩʦʙʦʚ ʠʟʫʯʝʥʠʷ ʠ ʢʦʤʧʝʥʩʘʮʠʠ ʥʝʦʜʥʦʨʦʜʥʦʩʪʝʡ 
ʧʨʦʤʝʞʫʪʦʯʥʦʡ ʩʨʝʜʳ ʨʝʘʣʴʥʳʡ ʩʧʝʢʪʨ ʧʦʣʝʟʥʳʭ ʩʝʡʩʤʠʯʝʩʢʠʭ ʩʠʛʥʘʣʦʚ ʚ ʉʇ ʦʛʨʘʥʠʯʝʥ ʚ 
ʙʦʣʴʰʠʥʩʪʚʝ ʩʣʫʯʘʝʚ ʯʘʩʪʦʪʦʡ ʦʢʦʣʦ 100 ɻʮ, ʘ ʨʘʟʨʝʰʝʥʥʦʩʪʴ ʩʦʩʪʘʚʣʷʝʪ ʚ ʣʫʯʰʝʤ ʩʣʫʯʘʝ 15-
20 ʤʝʪʨʦʚ. 

ɺʝʨʪʠʢʘʣʴʥʦʝ ʩʝʡʩʤʠʯʝʩʢʦʝ ʧʨʦʬʠʣʠʨʦʚʘʥʠʝ [3] ʷʚʣʷʝʪʩʷ ʧʨʦʤʝʞʫʪʦʯʥʳʤ ʤʝʪʦʜʦʤ, ʩ 
ʥʝʢʦʪʦʨʳʤʠ ʦʛʨʘʥʠʯʝʥʠʷʤʠ ʦʙʣʘʜʘʶʱʠʤ ʩʚʦʡʩʪʚʘʤʠ ʢʘʢ ɻʀʉ, ʪʘʢ ʠ ʉʇ. ʇʨʠʝʤʥʠʢʠ (ʠʣʠ 
ʠʩʪʦʯʥʠʢʠ ʚ ʦʙʨʘʱʝʥʥʦʤ ʚʘʨʠʘʥʪʝ), ʢʘʢ ʠ ʚ ʤʝʪʦʜʘʭ ɻʀʉ, ʨʘʩʧʦʣʦʞʝʥʳ ʚʥʫʪʨʠ ʩʨʝʜʳ ʠ ʦʙʣʘʩʪʴ 
ʠʭ ʨʘʟʤʝʱʝʥʠʷ ʦʛʨʘʥʠʯʝʥʘ ʩʢʚʘʞʠʥʦʡ, ʘ ʠʩʪʦʯʥʠʢʠ (ʠʣʠ ʧʨʠʝʤʥʠʢʠ ʚ ʦʙʨʘʱʝʥʥʦʤ ʚʘʨʠʘʥʪʝ) 
ʤʦʛʫʪ ʨʘʩʧʦʣʘʛʘʪʴʩʷ ʚ ʣʶʙʦʡ ʪʦʯʢʝ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ. 

ɹʣʘʛʦʜʘʨʷ ʵʪʠʤ ʩʚʦʡʩʪʚʘʤ, ɺʉʇ ʤʦʞʝʪ ʦʙʝʩʧʝʯʠʚʘʪʴ ʜʝʪʘʣʴʥʫʶ (ʩʦʧʦʩʪʘʚʠʤʫʶ ʩ ɻʀʉ) 
ʨʘʟʨʝʰʝʥʥʦʩʪʴ ʧʨʠ ʠʟʫʯʝʥʠʠ ʨʘʟʨʝʟʘ ʚ ʙʣʠʞʘʡʰʝʡ ʦʢʨʝʩʪʥʦʩʪʠ ʩʢʚʘʞʠʥʳ. ɼʦʢʘʟʘʥʥʘʷ 
ʨʘʟʨʝʰʝʥʥʦʩʪʴ (ɺʉʇ-ʃʆɻ [8]) ʩʦʩʪʘʚʣʷʝʪ ʧʝʨʚʳʝ ʝʜʠʥʠʮʳ ʤʝʪʨʦʚ. ʇʨʠ ʠʟʫʯʝʥʠʠ ʩʨʝʜʳ ʥʘ 
ʫʜʘʣʝʥʠʷʭ ʜʦ 25% ʦʪ ʛʣʫʙʠʥʳ ʦʙʲʝʢʪʘ ɺʉʇ ʦʙʝʩʧʝʯʠʚʘʝʪ ʠʟʫʯʝʥʠʝ ʨʘʟʨʝʟʘ ʩ ʜʝʪʘʣʴʥʦʩʪʴʶ, 
ʚʦʟʤʦʞʥʦ ʚ 2-3 ʨʘʟʘ ʙʦʣʝʝ ʚʳʩʦʢʦʡ, ʯʝʤ ʧʨʠ ʉʇ. ʆʜʥʘʢʦ ʧʨʠʥʮʠʧʠʘʣʴʥʳʤ ʥʝʫʩʪʨʘʥʠʤʳʤ 
ʥʝʜʦʩʪʘʪʢʦʤ ɺʉʇ ʧʨʠ ʠʟʫʯʝʥʠʠ ʦʢʦʣʦʩʢʚʘʞʠʥʥʦʛʦ ʧʨʦʩʪʨʘʥʩʪʚʘ ʷʚʣʷʝʪʩʷ ʥʝʩʠʤʤʝʪʨʠʯʥʦʩʪʴ 
ʩʠʩʪʝʤ ʥʘʙʣʶʜʝʥʠʷ, ʯʪʦ ʧʨʠʚʦʜʠʪ ʢ ʥʝʫʩʪʨʘʥʠʤʳʤ ʧʦʛʨʝʰʥʦʩʪʷʤ ʧʨʠ ʢʦʤʧʝʥʩʘʮʠʠ ʘʤʧʣʠʪʫʜʥʳʭ 
ʠʩʢʘʞʝʥʠʡ, ʩʚʷʟʘʥʥʳʭ ʩ ʨʘʟʣʠʯʠʝʤ ʫʛʣʦʚ ʦʙʣʫʯʝʥʠʷ ʛʨʘʥʠʮ, ʠ ʥʝʚʦʟʤʦʞʥʦʩʪʠ ʜʦʩʪʘʪʦʯʥʦʛʦ 
ʦʩʣʘʙʣʝʥʠʷ ʢʨʘʪʥʳʭ ʚʦʣʥ.  



ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʜʘʥʥʳʭ ɻʀʉ ʠ ɺʉʇ ʥʘ ʵʪʘʧʝ ʠʥʪʝʨʧʨʝʪʘʮʠʠ ʜʘʥʥʳʭ ʉʇ ʧʦʟʚʦʣʷʝʪ 
ʦʩʣʘʙʠʪʴ ʚʣʠʷʥʠʝ ʦʛʨʘʥʠʯʝʥʥʦʡ ʨʘʟʨʝʰʝʥʥʦʩʪʠ ʠ ʦʪʩʫʪʩʪʚʠʝ ʜʝʪʘʣʴʥʳʭ ʩʚʝʜʝʥʠʡ ʦ ʩʢʦʨʦʩʪʷʭ, 
ʥʦ ʵʪʠ ʚʦʟʤʦʞʥʦʩʪʠ ʧʨʘʢʪʠʯʝʩʢʠ ʠʩʯʝʨʧʘʥʳ, ʦʩʪʘʚʣʷʷ ʩʠʪʫʘʮʠʶ ʥʘ ʜʦʩʪʠʛʥʫʪʳʭ ʫʨʦʚʥʷʭ 
ʜʝʪʘʣʴʥʦʩʪʠ ʠ ʪʦʯʥʦʩʪʠ. 
 
 
ʋʩʞʮʥʞʩʦʴʞ ʪʡʪʫʞʥʴ ʦʙʚʤʷʝʞʦʡʢ ð ʨʩʡʦʯʡʨʡʙʤʵʦʧʞ ʩʙʪʱʡʩʞʦʡʞ ʛʧʠʥʧʟʦʧʪʫʞʢ ʊʈ 

 
ʅʘ ʵʪʘʧʝ ʠʟʫʯʝʥʠʷ ʜʝʪʘʣʴʥʦʛʦ ʩʪʨʦʝʥʠʷ ʨʝʟʝʨʚʫʘʨʘ ʩ ʮʝʣʴʶ ʜʦʠʟʚʣʝʯʝʥʠʷ ʦʩʪʘʪʦʯʥʳʭ 

ʟʘʧʘʩʦʚ ʫʛʣʝʚʦʜʦʨʦʜʦʚ ʥʘ ʧʣʦʱʘʜʠ ʠʩʩʣʝʜʦʚʘʥʠʡ ʠʤʝʝʪʩʷ ʟʥʘʯʠʪʝʣʴʥʦʝ ʢʦʣʠʯʝʩʪʚʦ ʛʣʫʙʦʢʠʭ 
ʩʢʚʘʞʠʥ. ɽʩʣʠ ʧʨʠ ʦʙʨʘʙʦʪʢʝ ʥʘʟʝʤʥʦʡ ʩʲʝʤʢʠ 3D ʚʩʝ ʚʦʟʙʫʞʜʝʥʠʷ ʨʝʛʠʩʪʨʠʨʫʶʪʩʷ 
ʦʜʥʦʚʨʝʤʝʥʥʦ ʚ ʦʜʥʦʡ ʠʣʠ ʥʝʩʢʦʣʴʢʠʭ ʩʢʚʘʞʠʥʘʭ, ʚʦʟʥʠʢʘʝʪ ʪʨʝʭʤʝʨʥʘʷ ʩʠʩʪʝʤʘ ʥʘʙʣʶʜʝʥʠʡ 
(ʩʤ. ʩʡʪ. 1), ʢʦʪʦʨʘʷ ʥʘʟʚʘʥʘ ʘʚʪʦʨʦʤ 3D+ɺʉʇ ʚ ʩʠʣʫ ʥʝʧʦʣʥʦʛʦ ʥʘʩʳʱʝʥʠʷ ʚʝʨʪʠʢʘʣʴʥʦʛʦ 
ʠʟʤʝʨʝʥʠʷ ʧʨʠʝʤʥʠʢʘʤʠ (ʪʦʣʴʢʦ ʚ ʩʢʚʘʞʠʥʘʭ). ʕʪʘ ʩʠʩʪʝʤʘ ʧʦʟʚʦʣʷʝʪ ʩʢʦʨʨʝʢʪʠʨʦʚʘʪʴ ʜʚʘ 
ʦʩʥʦʚʥʳʭ ʥʝʜʦʩʪʘʪʢʘ ʉʇ ï ʦʪʩʫʪʩʪʚʠʝ ʪʦʯʥʳʭ ʩʚʝʜʝʥʠʡ ʦ ʬʦʨʤʝ ʩʠʛʥʘʣʘ ʠ ʦʪʩʫʪʩʪʚʠʝ 
ʠʥʬʦʨʤʘʮʠʠ ʦ ʨʘʩʧʨʝʜʝʣʝʥʠʠ ʠʩʪʠʥʥʳʭ ʩʢʦʨʦʩʪʝʡ ʧʨʦʜʦʣʴʥʳʭ ʠ ʧʦʧʝʨʝʯʥʳʭ ʚʦʣʥ ʚ ʠʟʫʯʘʝʤʦʡ 
ʩʨʝʜʝ. 
 

 
 

ʉʡʪ. 1. ʉʠʩʪʝʤʳ ʥʘʙʣʶʜʝʥʠʡ ɺʉʇ, ʥʘʟʝʤʥʦʡ 3D ʩʝʡʩʤʦʨʘʟʚʝʜʢʠ (ʩʣʝʚʘ) ʠ 3D+ɺʉʇ (ʩʧʨʘʚʘ) 

 
ʇʨʘʢʪʠʯʝʩʢʦʝ ʦʧʨʦʙʦʚʘʥʠʝ ʩʲʝʤʦʢ 2D ʠ 3D ʩ ʦʜʥʦʚʨʝʤʝʥʥʦʡ ʨʝʛʠʩʪʨʘʮʠʝʡ ʜʘʥʥʳʭ ʚ 

ʛʣʫʙʦʢʦʡ ʩʢʚʘʞʠʥʝ [6] ʧʨʦʜʝʤʦʥʩʪʨʠʨʦʚʘʣʦ ʦʙʘ ʧʨʝʠʤʫʱʝʩʪʚʘ ʪʨʝʭʤʝʨʥʳʭ ʩʠʩʪʝʤ ʥʘʙʣʶʜʝʥʠʡ. 
ʈʝʛʠʩʪʨʘʮʠʷ ʧʦʣʥʦʡ ʬʦʨʤʳ ʧʘʜʘʶʱʝʡ ʚʦʣʥʳ ʚ ʩʢʚʘʞʠʥʝ ʧʦʟʚʦʣʷʝʪ ʚʳʨʦʚʥʠʪʴ ʫʩʣʦʚʠʷ 
ʚʦʟʙʫʞʜʝʥʠʷ (ʩʤ. ʩʡʪ. 2), ʘ ʨʝʛʠʩʪʨʘʮʠʷ ʚʨʝʤʝʥ ʧʦʟʚʦʣʷʝʪ ʨʘʩʩʯʠʪʘʪʴ ʩʪʘʪʠʯʝʩʢʠʝ ʧʦʧʨʘʚʢʠ, ʚ 
ʪʦʤ ʯʠʩʣʝ ʠ ʠʭ ʥʠʟʢʦʯʘʩʪʦʪʥʫʶ ʢʦʤʧʦʥʝʥʪʫ [2], ʘ ʪʘʢʞʝ ʫʪʦʯʥʠʪʴ ʩʢʦʨʦʩʪʥʫʶ ʤʦʜʝʣʴ. ʅʘ ʩʡʪ. 3ʙ 
ʧʦʢʘʟʘʥʘ ʩʢʦʨʦʩʪʥʘʷ ʤʦʜʝʣʴ, ʧʦʩʪʨʦʝʥʥʘʷ ʧʦ ʜʘʥʥʳʤ ʥʘʟʝʤʥʳʭ ʩʝʡʩʤʠʯʝʩʢʠʭ ʥʘʙʣʶʜʝʥʠʡ. 
ʊʘʢʘʷ ʵʬʬʝʢʪʠʚʥʘʷ ʤʦʜʝʣʴ ʦʙʝʩʧʝʯʠʚʘʝʪ ʧʦʣʫʯʝʥʠʝ ʩʝʡʩʤʠʯʝʩʢʠʭ ʨʘʟʨʝʟʦʚ ʚʳʩʦʢʦʛʦ ʢʘʯʝʩʪʚʘ 
(ʩʡʪ. 3ʚ), ʦʜʥʘʢʦ ʢʦʥʪʨʦʣʴʥʳʝ ʥʘʙʣʶʜʝʥʠʷ ʛʣʫʙʠʥʥʳʤ ʟʦʥʜʦʤ ʧʦ ʤʝʪʦʜʠʢʝ 2D+ɺʉʇ (ʩʡʪ. 3ʛ) 
ʦʙʥʘʨʫʞʠʚʘʶʪ ʟʥʘʯʠʪʝʣʴʥʳʝ ʥʝʚʷʟʢʠ ʤʝʞʜʫ ʨʝʘʣʴʥʳʤʠ ʚʨʝʤʝʥʘʤʠ ʧʝʨʚʳʭ ʚʩʪʫʧʣʝʥʠʡ, 



ʨʝʛʠʩʪʨʠʨʫʝʤʳʤʠ ʥʘ ʟʘʙʦʝ ʛʣʫʙʦʢʦʡ ʩʢʚʘʞʠʥʳ ʧʨʠ ʚʦʟʙʫʞʜʝʥʠʠ ʢʦʣʝʙʘʥʠʡ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ, ʠ 
ʚʨʝʤʝʥʘʤʠ, ʨʘʩʩʯʠʪʘʥʥʳʤʠ ʧʦ ʟʘʜʘʥʥʦʡ ʩʢʦʨʦʩʪʥʦʡ ʤʦʜʝʣʠ (ʩʡʪ. 3ʜ). ʕʪʦ ʛʦʚʦʨʠʪ ʦ ʪʦʤ, ʯʪʦ 
ʠʩʧʦʣʴʟʫʝʤʦʝ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʩʢʦʨʦʩʪʝʡ ʥʝ ʷʚʣʷʝʪʩʷ ʘʜʝʢʚʘʪʥʳʤ ʠʟʫʯʘʝʤʦʡ ʩʨʝʜʝ, ʯʪʦ ʧʨʠʚʦʜʠʪ 
ʢ ʦʰʠʙʢʘʤ ʧʨʠ ʧʦʩʪʨʦʝʥʠʠ ʩʝʡʩʤʠʯʝʩʢʠʭ ʠʟʦʙʨʘʞʝʥʠʡ ʠ ʠʩʢʘʞʝʥʠʶ ʮʝʣʝʚʳʭ ʛʦʨʠʟʦʥʪʦʚ ʥʘ 
ʨʝʟʫʣʴʪʠʨʫʶʱʠʭ ʨʘʟʨʝʟʘʭ. ɻʣʘʚʥʘʷ ʧʨʠʯʠʥʘ ʥʝʦʧʨʝʜʝʣʝʥʥʦʩʪʠ ʚ ʜʘʥʥʦʤ ʩʣʫʯʘʝ ï 
ʥʝʦʜʥʦʨʦʜʥʦʩʪʴ ʚ ʚʝʨʭʥʝʡ ʯʘʩʪʠ ʨʘʟʨʝʟʘ ʚ ʚʠʜʝ ʩʦʣʷʥʦʛʦ ʚʘʣʘ. ɺʨʝʤʝʥʘ ʧʝʨʚʳʭ ʚʩʪʫʧʣʝʥʠʡ, 
ʟʘʨʝʛʠʩʪʨʠʨʦʚʘʥʥʳʝ ʛʣʫʙʠʥʥʳʤ ʟʦʥʜʦʤ, ʧʦʟʚʦʣʷʶʪ ʫʪʦʯʥʠʪʴ ʢʦʥʬʠʛʫʨʘʮʠʶ ʢʨʦʚʣʠ ʩʦʣʷʥʦʛʦ 
ʢʫʧʦʣʘ (ʩʡʪ. 3ʝ) ʧʫʪʝʤ ʨʝʰʝʥʠʷ ʦʙʨʘʪʥʦʡ ʢʠʥʝʤʘʪʠʯʝʩʢʦʡ ʟʘʜʘʯʠ [5] ʠ ʩʫʱʝʩʪʚʝʥʥʦ ʫʣʫʯʰʠʪʴ 
ʥʝʚʷʟʢʠ ʚʨʝʤʝʥ (ʩʡʪ. 3ʞ). 
 

 
 
ʉʡʪ. 2. ʂʦʨʨʝʢʮʠʷ ʬʦʨʤʳ ʩʠʛʥʘʣʘ ʧʦ ʜʘʥʥʳʤ ʩʦʚʤʝʱʝʥʥʳʭ ʥʘʟʝʤʥʦ-ʩʢʚʘʞʠʥʥʳʭ ʥʘʙʣʶʜʝʥʠʡ: ʘ ï ʠʩʭʦʜʥʘʷ 
ʩʝʡʩʤʦʛʨʘʤʤʘ ʛʣʫʙʠʥʥʦʛʦ ʟʦʥʜʘ; ʙ ï ʩʝʡʩʤʦʛʨʘʤʤʘ ʛʣʫʙʠʥʥʦʛʦ ʟʦʥʜʘ ʧʦʩʣʝ ʚʳʨʘʚʥʠʚʘʥʠʷ ʬʦʨʤʳ ʠʤʧʫʣʴʩʘ; ʚ ï 
ʬʨʘʛʤʝʥʪ ʠʩʭʦʜʥʦʡ ʟʘʧʠʩʠ ʜʘʥʥʳʭ ʩʝʡʩʤʦʨʘʟʚʝʜʢʠ 3D (ʚʳʙʦʨʢʘ ʦʙʱʝʛʦ ʧʫʥʢʪʘ ʧʨʠʝʤʘ); ʛ ï ʬʨʘʛʤʝʥʪ ʚʳʙʦʨʢʠ 

ʦʙʱʝʛʦ ʧʫʥʢʪʘ ʧʨʠʝʤʘ ʧʦʩʣʝ ʢʦʨʨʝʢʮʠʠ ʬʦʨʤʳ ʩʠʛʥʘʣʘ ʧʦ ʜʘʥʥʳʤ ʛʣʫʙʠʥʥʦʛʦ ʧʨʠʙʦʨʘ. 

 
 
 
 



 
 
ʉʡʪ. 3. ʋʪʦʯʥʝʥʠʝ ʩʢʦʨʦʩʪʥʦʛʦ ʨʘʟʨʝʟʘ ʧʦ ʥʘʙʣʶʜʝʥʠʷʤ 2D+ɺʉʇ: ʘ ï ʩʢʦʨʦʩʪʥʘʷ ʤʦʜʝʣʴ, ʚʦʩʩʪʘʥʦʚʣʝʥʥʘʷ ʧʦ 

ʜʘʥʥʳʤ ʥʘʟʝʤʥʦʡ ʩʝʡʩʤʦʨʘʟʚʝʜʢʠ; ʙ ï ʩʝʡʩʤʠʯʝʩʢʠʡ ʨʘʟʨʝʟ, ʧʦʣʫʯʝʥʥʳʡ ʧʦ ʜʘʥʥʳʤ ʩʝʡʩʤʦʨʘʟʚʝʜʢʠ 2D; ʚ ï ʩʭʝʤʘ 
ʥʘʙʣʶʜʝʥʠʡ ʢʦʥʪʨʦʣʴʥʳʤ ʛʣʫʙʠʥʥʳʤ ʟʦʥʜʦʤ 2D+ɺʉʇ; ʛ ï ʥʝʚʷʟʢʠ ʨʝʘʣʴʥʳʭ ʠ ʩʠʥʪʝʪʠʯʝʩʢʠʭ ʚʨʝʤʝʥ ʧʝʨʚʳʭ 
ʚʩʪʫʧʣʝʥʠʡ ʥʘ ʛʣʫʙʠʥʥʦʤ ʧʨʠʙʦʨʝ 2D+ɺʉʇ; ʜ ï ʩʢʦʨʦʩʪʥʘʷ ʤʦʜʝʣʴ, ʧʦʣʫʯʝʥʥʘʷ ʚ ʨʝʟʫʣʴʪʘʪʝ ʢʠʥʝʤʘʪʠʯʝʩʢʦʡ 
ʠʥʚʝʨʩʠʠ ʛʦʜʦʛʨʘʬʘ ʧʝʨʚʳʭ ʚʩʪʫʧʣʝʥʠʡ ʛʣʫʙʠʥʥʦʛʦ ʧʨʠʙʦʨʘ; ʝ ï ʥʝʚʷʟʢʠ ʚʨʝʤʝʥ ʧʝʨʚʳʭ ʚʩʪʫʧʣʝʥʠʡ ʜʦ ʠ ʧʦʩʣʝ 

ʫʪʦʯʥʝʥʠʷ ʩʢʦʨʦʩʪʥʦʡ ʤʦʜʝʣʠ. 

 


