
ʄʝʪʦʜʠʢʘ ʨʘʩʧʦʟʥʘʚʘʥʠʷ ʪʨʝʱʠʥʦʚʘʪʳʭ ʩʨʝʜ ʚ ʧʦʣʷʭ 

ʦʪʨʘʞʝʥʥʳʭ ʧʨʦʜʦʣʴʥʳʭ ʚʦʣʥ ʜʣʷ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷ 

ʢʦʣʣʝʢʪʦʨʦʚ ʥʘ ʤʝʩʪʦʨʦʞʜʝʥʠʷʭ ʫʛʣʝʚʦʜʦʨʦʜʦʚ.

ʉʝʤʝʨʠʢʦʚʘ ʀʨʠʥʘ ʀʚʘʥʦʚʥʘ                         ɻʦʨʥʳʡ ʠʥʩʪʠʪʫʪ ʋʨʆ ʈɸʅ, 

ʢ.ʪ.ʥ., ʜʦʮʝʥʪ                                                    ʇʝʨʤʩʢʠʡ  ʥʘʮʠʦʥʘʣʴʥʳʡ 

ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʡ   ʧʦʣʠʪʝʭʥʠʯʝʩʢʠʡ

ʫʥʠʚʝʨʩʠʪʝʪ



ɼʣʷ ʫʩʧʝʰʥʦʛʦ ʦʩʚʦʝʥʠʷ ʥʝʬʪʝʛʘʟʦʚʦʛʦ ʧʦʪʝʥʮʠʘʣʘ 

ʪʝʨʨʠʪʦʨʠʠ ʢʨʘʡʥʝ ʚʘʞʥʦ ʩʦʟʜʘʥʠʝ  ʬʠʟʠʢʦ-ʛʝʦʣʦʛʠʯʝʩʢʦʡ 

ʤʦʜʝʣʠ ʤʝʩʪʦʨʦʞʜʝʥʠʷ, ʚʢʣʶʯʘʶʱʫʶ ʚ ʩʝʙʷ 

ʛʠʜʨʦʜʠʥʘʤʠʯʝʩʢʫʶ, ʬʠʣʴʪʨʘʮʠʦʥʥʦ-ʝʤʢʦʩʪʥʳʝ ʤʦʜʝʣʠ 

ʨʝʟʝʨʚʫʘʨʘ.

ʉʚʝʜʝʥʠʷ ʦ ʬʣʶʠʜʦʧʨʦʚʦʜʷʱʠʭ ʢʘʥʘʣʘʭ ʷʚʣʷʶʪʩʷ ʜʣʷ ʥʝʬʪʷʥʳʭ ʢʦʤʧʘʥʠʡ 

ʢʨʘʡʥʝ ʩʫʱʝʩʪʚʝʥʥʳʤʠ -ʢʘʢ ʦʩʥʦʚʳ ʬʠʣʴʪʨʘʮʠʦʥʥʦʡ ʤʦʜʝʣʠ ʨʝʟʝʨʚʫʘʨʘ

ɼʣʷ ʥʝʬʪʷʥʳʭ ʢʦʤʧʘʥʠʡ ʚʘʞʥʝʡʰʠʤʠ ʚʦʧʨʦʩʘʤʠ ʧʦʠʩʢʘ ʠ 

ʦʩʚʦʝʥʠʷ ʟʘʣʝʞʝʡ ʥʝʬʪʠ ʚ ʪʨʝʱʠʥʦʚʘʪʳʭ ʢʦʣʣʝʢʪʦʨʘʭ ʷʚʣʷʝʪʩʷ 

ʩʦʟʜʘʥʠʝ ʤʝʪʦʜʦʣʦʛʠʠ ʠ ʪʝʭʥʦʣʦʛʠʡ çʧʨʷʤʦʛʦè ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷ 

ʢʦʣʣʝʢʪʦʨʦʚ ʤʝʪʦʜʘʤʠ ʩʝʡʩʤʦʨʘʟʚʝʜʢʠ.



ʆʜʥʘʢʦ ʚʳʷʚʣʝʥʠʝ ʪʘʢʦʛʦ ʪʠʧʘ ʢʦʣʣʝʢʪʦʨʦʚ ʤʝʪʦʜʘʤʠ 

ʩʝʡʩʤʦʨʘʟʚʝʜʢʠ - ʚʝʩʴʤʘ  ʩʧʝʮʠʬʠʯʝʩʢʘʷ ʟʘʜʘʯʘ, ʠ 

ʪʨʘʜʠʮʠʦʥʥʳʝ ʪʝʭʥʦʣʦʛʠʠ ʦʢʘʟʳʚʘʶʪʩʷ ʥʝ ʵʬʬʝʢʪʠʚʥʳʤʠ. 

ɺ ʩʫʱʝʩʪʚʫʶʱʠʭ ʛʨʘʬʘʭ ʛʝʦʬʠʟʠʯʝʩʢʠʭ ʢʦʤʧʘʥʠʡ ʧʦʢʘ ʥʝ 

ʩʦʟʜʘʥʦ ʫʥʠʬʠʮʠʨʦʚʘʥʥʦʡ ʤʝʪʦʜʠʢʠ.  

ʅʘ ʩʝʛʦʜʥʷʰʥʠʡ ʜʝʥʴ ʚ ʤʠʨʝ ʧʦʷʚʠʣʩʷ  ʣʠʰʴ ʥʝʢʦʪʦʨʳʡ ʨʷʜ 

ʩʧʝʮʠʘʣʠʟʠʨʦʚʘʥʥʳʭ ʪʝʭʥʦʣʦʛʠʡ ʠʩʩʣʝʜʦʚʘʥʠʡ 

ʪʨʝʱʠʥʦʚʘʪʦʩʪʠ. 

ʆʜʥʘʢʦ, ʙʦʣʴʰʠʥʩʪʚʦ ʠʟ ʥʠʭ ʦʪʥʦʩʷʪʩʷ ʢ ʢʣʘʩʩʫ ʢʦʩʚʝʥʥʳʭ. 

ʏʘʩʪʦ ʪʨʝʙʫʶʪ ʧʨʦʚʝʜʝʥʠʷ ʩʧʝʮʠʘʣʠʟʠʨʦʚʘʥʥʳʭ 

ʜʦʧʦʣʥʠʪʝʣʣʴʥʳʭ ʧʦʣʝʚʳʭ ʨʘʙʦʪ, ʯʪʦ ʫʜʦʨʦʞʘʝʪ 

ʩʝʡʩʤʦʨʘʟʚʝʜʦʯʥʳʡ ʧʨʦʝʢʪ ʚ ʨʘʟʳ.



ʍʘʨʘʢʪʝʨʠʩʪʠʢʘ ʘʧʨʦʙʠʨʦʚʘʥʥʦʩʪʠ, ʨʝʞʠʤʘ ʧʨʠʤʝʥʝʥʠʷ ʠ ʧʨʠʤʝʨʥʦʛʦ ʫʨʦʚʥʷ ʟʘʪʨʘʪʪʝʭʥʦʣʦʛʠʡ ʠʩʩʣʝʦʩʪʠʜʦʚʘʥʠʷ ʪʨʝʱʠʥʦʚʘʪʦʩʪʠ (ʃʝʚʷʥʪ ɺ.ɹ., ʂʦʟʣʦʚ ɽ.ɸ. ʠ.ʜʨ)

-ʩʧʝʮʠʘʣʴʥʳʝ ʜʦʧʦʣʥʠʪʝʣʴʥʳʝ ʧʦʣʝʚʳʝ ʨʘʙʦʪʳ, ʢʨʘʪʥʦ ʫʜʦʨʦʞʘʶʱʠʝ ʧʨʦʝʢʪ

-ʤʝʪʦʜʳ, ʦʩʥʦʚʘʥʥʳʝ ʥʘ ʠʟʫʯʝʥʠʠ ʨʘʩʩʝʷʥʥʦʡ ʢʦʤʧʦʥʝʥʪʳ ʚʦʣʥʦʚʦʛʦ ʧʦʣʷ (ʥʠʟʢʘʷ ʜʝʪʘʣʴʥʦʩʪʴ)

-ʤʝʪʦʜʳ, ʚʝʩʴʤʘ ʥʝ ʫʩʪʦʡʯʠʚʳʝ ʢ ʧʦʤʝʭʘʤ

-ʢʦʩʚʝʥʥʳʝ ʤʝʪʦʜʳ (ʦ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʤ ʚʝʨʪʠʢʘʣʴʥʦʤ ʧʦʣʦʞʝʥʠʠ ʦʙʲʝʢʪʘ ʩʫʜʷʪ ʢʦʩʚʝʥʥʦ)



- ʜʝʪʘʣʠʟʘʮʠʷ ʛʝʦʣʦʛʠʯʝʩʢʦʛʦ ʩʪʨʦʝʥʠʷ, ʧʫʪʝʤ ʧʦʣʫʯʝʥʠʷ 

ʜʦʧʦʣʥʠʪʝʣʴʥʦʡ ʠʥʬʦʨʤʘʮʠʠ ʠ ʥʦʚʳʭ ʟʥʘʥʠʡ ʦ ʨʘʟʨʳʚʥʳʭ 

ʥʘʨʫʰʝʥʠʷʭ ʨʘʟʣʠʯʥʦʛʦ ʨʘʥʛʘ; 

- ʢʘʨʪʠʨʦʚʘʥʠʝ çʥʘʧʨʷʤʫʶè ʟʦʥ ʪʨʝʱʠʥʦʚʘʪʦʩʪʠ ïʢʦʣʣʝʢʪʦʨʦʚ  

ʩ ʫʣʫʯʰʝʥʥʳʤʠ ʬʠʣʴʪʨʘʮʠʦʥʥʦ-ʝʤʢʦʩʪʥʳʤʠ ʩʚʦʡʩʪʚʘʤʠ; 

- ʧʦʣʫʯʝʥʠʝ cʚʝʜʝʥʠʡ ʦ ʬʣʶʠʜʦʧʨʦʚʦʜʷʱʠʭ ʢʘʥʘʣʘʭ ʷʚʣʷʶʪʩʷ 

ʜʣʷ ʥʝʬʪʷʥʳʭ ʢʦʤʧʘʥʠʡ ʢʨʘʡʥʝ ʩʫʱʝʩʪʚʝʥʥʳʤʠ - ʢʘʢ ʦʩʥʦʚʳ 

ʬʠʣʴʪʨʘʮʠʦʥʥʦʡ ʤʦʜʝʣʠ ʨʝʟʝʨʚʫʘʨʘ 

ʎʝʣʝʚʦʝ ʥʘʟʥʘʯʝʥʠʝ ʩʧʝʮʠʘʣʠʟʠʨʦʚʘʥʥʦʡ ʠʥʪʝʨʧʨʝʪʘʮʠʠ

ʤʘʪʝʨʠʘʣʦʚ ʄʆɻʊ 2D, 3D :

:



ɼʣʷ ʨʝʰʝʥʠʷ ʧʦʩʪʘʚʣʝʥʥʳʭ ʟʘʜʘʯ ʠʩʧʦʣʴʟʦʚʘʥʳ ʩʧʝʮʠʘʣʠʟʠʨʦʚʘʥʥʘʷ ʦʙʨʘʙʦʪʢʘ ʠ 

ʠʥʪʝʨʧʨʝʪʘʮʠʷ ʩʝʡʤʦʨʘʟʚʝʜʦʯʥʳʭ ʜʘʥʥʳʭ ʧʦ ʤʝʪʦʜʠʢʝ ʨʘʩʧʦʟʥʘʚʘʥʠʷ ʪʨʝʱʠʥʦʚʘʪʳʭ 

ʩʨʝʜ (ʄʈʊʉ), ʨʘʟʨʘʙʦʪʘʥʥʦʡ ʚ ɻʦʨʥʦʤ ʠʥʩʪʠʪʫʪʝ ʋʨʆ ʈɸʅ. 

ɼʘʥʥʘʷ ʤʝʪʦʜʠʢʘ ʙʘʟʠʨʫʝʪʩʷ ʥʘ ʜʠʥʘʤʠʯʝʩʢʦʤ ʘʥʘʣʠʟʝ ʧʦʣʷ ʫʧʨʫʛʠʭ ʦʪʨʘʞʝʥʥʳʭ 

ʧʨʦʜʦʣʴʥʳʭ ʚʦʣʥ, ʟʘʨʝʛʠʩʪʨʠʨʦʚʘʥʥʦʛʦ ʧʨʠ ʩʝʡʤʦʨʘʟʚʝʜʦʯʥʳʭ ʨʘʙʦʪʘʭ ʚ 

ʤʦʜʠʬʠʢʘʮʠʠ ʆɻʊ.

ʊʘʢ ʢʘʢ ʚ ʦʙʱʝʤ ʩʣʫʯʘʝ ʦʙʨʘʪʥʘʷ ʟʘʜʘʯʘ ʩʝʡʩʤʦʨʘʟʚʝʜʢʠ  ʥʝʦʜʥʦʟʥʘʯʥʘ,  ʥʘʤʠ 

ʨʘʩʩʤʘʪʨʠʚʘʣʠʩʴ ʠʥʪʝʨʧʨʝʪʘʮʠʦʥʥʳʝ ʤʝʪʦʜʳ, ʠʩʧʦʣʴʟʫʶʱʠʝ ʵʤʧʠʨʠʯʝʩʢʠ 

ʥʘʡʜʝʥʥʳʝ ʟʘʚʠʩʠʤʦʩʪʠ çʩʝʡʩʤʠʯʝʩʢʠʝ ʧʘʨʘʤʝʪʨʳ ïʬʠʟʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ  ʛʝʦʩʨʝʜʳè. 

ʅʘʰʠ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʦʩʣʝʜʥʠʭ ʣʝʪ ʥʘʧʨʘʚʣʝʥʳ  ʥʘ ʧʦʠʩʢ ʩʚʷʟʝʡ ʤʝʞʜʫ 

ʬʠʟʠʢʦ-ʤʝʭʘʥʠʯʝʩʢʠʤʠ (ʚ ʯʘʩʪʥʦʩʪʠ -ʪʨʝʱʠʥʦʚʘʪʳʤʠ)  ʩʚʦʡʩʪʚʘʤʠ ʩʨʝʜʳ ʠ 

ʩʦʚʦʢʫʧʥʦʩʪʴʶ ʩʝʡʩʤʠʯʝʩʢʠʭ ʜʠʥʘʤʠʯʝʩʢʠʭ ʧʘʨʘʤʝʪʨʦʚ ʦʪʨʘʞʝʥʥʳʭ ʧʨʦʜʦʣʴʥʳʭ  ʚʦʣʥ, 

ʟʘʨʝʛʠʩʪʨʠʨʦʚʘʥʥʳʭ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʧʨʠ ʪʨʘʜʠʮʠʦʥʥʳʭ ʩʠʩʪʝʤʘʭ ʥʘʙʣʶʜʝʥʠʷ. 

ɺ ʵʪʦʤ ʥʘʧʨʘʚʣʝʥʠʠ ʦʩʫʱʝʩʪʚʣʷʣʩʷ  ʜʝʪʘʣʴʥʳʡ ʧʦʠʩʢ ʥʘʠʙʦʣʝʝ ʠʥʬʦʨʤʘʪʠʚʥʳʭ 

ʠ ʫʩʪʦʡʯʠʚʳʭ  ʜʠʥʘʤʠʯʝʩʢʠʭ ʧʘʨʘʤʝʪʨʦʚ ʠʟ ʚʩʝʛʦ ʠʭ ʤʥʦʛʦʦʙʨʘʟʠʷ, 

ʠʩʩʣʝʜʦʚʘʣʠʩʴ ʠʭ ʧʦʚʝʜʝʥʠʝ ʠ ʩʪʝʧʝʥʴ ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʠ, ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ 

ʧʘʨʘʤʝʪʨʦʚ ʪʨʝʱʠʥʦʚʘʪʦʩʪʠ.

ɿʘʜʘʯʘ ʥʘʭʦʞʜʝʥʠʷ ʚʝʢʪʦʨʦʚ ʠʜʝʥʪʠʬʠʢʘʮʠʦʥʥʳʭ ʜʠʥʘʤʠʯʝʩʢʠʭ 

ʧʘʨʘʤʝʪʨʦʚ ʜʣʷ  ʪʨʝʱʠʥʦʚʘʪʳʭ ʦʙʲʝʢʪʦʚ ʨʘʟʥʳʭ ʪʠʧʦʚ ʠ ʢʣʘʩʩʦʚ  

ʨʝʰʘʣʘʩʴ ʧʫʪʝʤ ʧʨʠʤʝʥʝʥʠʷ ʥʝʟʘʚʠʩʠʤʳʭ, ʧʨʠʥʮʠʧʠʘʣʴʥʦ ʨʘʟʥʳʭ 

ʤʝʪʦʜʦʚ, ʢʘʢ ʚ ʣʘʶʙʦʨʘʪʦʨʥʳʭ, ʪʘʢ ʠ ʚ ʥʘʪʫʨʥʳʭ ʫʩʣʦʚʠʷʭ.



1. ʀʩʧʦʣʴʟʦʚʘʣʠʩʴ ʤʝʪʦʜʳ ʠʤʠʪʘʮʠʦʥʥʦʛʦ ʤʘʪʝʤʘʪʠʯʝʩʢʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ

ʩʠʥʪʝʪʠʯʝʩʢʠʭ ʚʦʣʥʦʚʳʭ ʧʦʣʝʡ ʜʣʷ ʤʥʦʞʝʩʪʚʘ (ʙʦʣʝʝ 60) ʤʦʜʝʣʝʡ, ʩʦʜʝʨʞʘʱʠʭ 

ʪʨʝʱʠʥʳ ʨʘʟʣʠʯʥʳʭ ʪʠʧʦʚ: ʦʜʠʥʦʯʥʳʝ ʥʘʢʣʦʥʥʳʝ, ʢʚʘʟʠʚʝʨʪʠʢʘʣʴʥʳʝ,  

ʩ ʨʘʟʤʝʨʘʤʠ ʤʥʦʛʦ ʙʦʣʴʰʝ ʜʣʠʥʳ ʚʦʣʥʳ ʩʠʛʥʘʣʘ, ʩʦʠʟʤʝʨʠʤʳʭ ʩ ʜʣʠʥʦʡ ʚʦʣʥʳ 

ʩʠʛʥʘʣʘ, ʤʥʦʛʦ ʤʝʥʴʰʝ ʜʣʠʥʳ ʚʦʣʥʳ ʩʠʛʥʘʣʘ, 

ʩʢʦʧʣʝʥʠʝ ʤʝʣʢʠʭ ʨʘʟʥʦʦʨʠʝʥʪʠʨʦʚʘʥʥʳʭ

ʪʨʝʱʠʥ, ʩ ʥʘʣʦʞʝʥʠʝʤ ʰʫʤʘ

ʨʘʟʣʠʯʥʦʛʦ ʫʨʦʚʥʷ. 



ʇʨʠʤʝʨʬʠʟʠʯʝʩʢʦʛʦ

ʤʦʜʝʣʠʨʦʚʘʥʠʷ

- oʙʨʘʟʝʮ ʩʠʣʴʚʠʥʠʪʦʚʦʡ ʧʦʨʦʜʳ

ɺʨʝʤʝʥʥʳʝ ʨʘʟʨʝʟʳ

- ʙʝʟ ʪʨʝʱʠʥ

-ʩ ʦʜʥʦʡ ʪʨʝʱʠʥʦʡ

-ʩ ʜʚʫʤʷ ʪʨʝʱʠʥʘʤʠ

-ʨʘʟʨʳʚʥʦʝ ʥʘʨʫʰʝʥʠʝ-

-ʥʠʞʥʷʷ ʛʨʘʥʴ ʦʙʨʘʟʮʘ

2. ʌʠʟʠʯʝʩʢʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʝ.ʅʘ ʦʙʨʘʟʮʘʭ ʝʩʪʝʩʪʚʝʥʥʳʭ ʛʦʨʥʳʭ ʧʦʨʦʜʦʩʫʱʝʩʪʚʣʷʣʘʩʴ 

ʧʦʣʝʚʘʷ ʩʠʩʪʝʤʘ ʥʘʙʣʶʜʝʥʠʡ ʄʆɻʊ 2-D; ʚʳʧʦʣʥʷʣʠʩʴ ʩʝʨʠʠ ʵʢʧʝʨʠʤʝʥʪʦʚ: 

-ʧʨʠ ʨʘʟʣʠʯʥʳʭ ʩʠʪʫʘʮʠʷʭ ʨʘʟʨʳʚʥʳʭ ʥʘʨʫʰʝʥʠʡ; 

-ʮʠʣʠʥʜʨʠʯʝʩʢʦʝ ʦʪʚʝʨʩʪʠʝ ʚʢʨʝʩʪ ʦʙʨʘʟʮʘ; 

-ʧʨʠ ʨʘʟʣʠʯʥʳʭ ʦʜʥʦʦʩʪʥʳʭ ʥʘʛʨʫʞʝʥʠʷʭ ʦʙʨʘʟʮʘ ʚʧʣʦʪʴ ʜʦ ʝʛʦ ʨʘʟʨʫʰʝʥʠʷ,

-ʚʜʦʣʴ ʥʘʧʣʘʩʪʦʚʘʥʠʡ, ʚʢʨʝʩʪ ʩʣʦʠʩʪʦʩʪʠ, 

-ʠʟʤʝʨʝʥʠʷ ʧʨʦʠʟʚʦʜʠʣʠʩʴ ʚ ʚʳʩʦʢʦʯʘʩʪʦʪʥʦʤ ʜʠʘʧʘʟʦʥʝ.



3.ʌʠʟʠʯʝʩʢʦʝ ʤʦʜʝʣʠʨʦʚʘʥʠʝ: ʩʠʩʪʝʤʘ ʥʘʙʣʶʜʝʥʠʷ ʆɻʊ 3-D ʦʩʫʱʝʩʪʚʣʷʣʘʩʴ ʥʘ  

ʬʠʟʠʯʝʩʢʠʭ ʤʦʜʝʣʷʭʨʘʟʤʝʨʘʤʠʤ 4ʭ4 ʤ ʠʟ ʠʩʢʫʩʩʪʚʝʥʥʳʭ ʤʘʪʝʨʠʘʣʦʚïɻ ʧʦʢʩʠʣʠʪʘ. 
ʌʠʟʠʯʝʩʢʠʝ ʤʦʜʝʣʠ ʧʦʛʨʫʞʝʥʳ ʚ ʙʘʩʩʝʡʥ ʩ ʚʦʜʦʡ, ʚʳʧʦʣʥʝʥʳ ʠ ʫʩʪʘʥʦʚʣʝʥʳ ʚ 

ʂʠʪʘʡʩʢʦʤ ʫʥʠʚʝʨʩʠʪʝʪʝ ʥʝʬʪʠ. ɺ ʙʘʟʦʚʦʡ ʤʦʜʝʣʠ ʩʠʤʠʪʠʨʦʚʘʥ ʩʣʦʡ ʚʝʨʪʠʢʘʣʴʥʳʭ 

ʪʨʝʱʠʥ ʠʟ ʪʦʥʢʠʭ ʵʧʦʢʩʠʣʠʪʥʳʭ ʣʠʩʪʦʚ.  ʉʝʡʩʤʠʯʝʩʢʠʝ ʜʘʥʥʳʝ 3-D ʧʝʨʝʜʘʥʳ ʥʘʤ 

ɹʨʠʪʘʥʩʢʦʡ ɻʝʦʣʦʛʠʯʝʩʢʦʡ ʉʣʫʞʙʦʡ (British Geological Survey(BGS) ʚ ʨʘʤʢʘʭ  

ɼʦʛʦʚʦʨʘ ʦ ʤʝʞʜʫʥʘʨʦʜʥʦʤ ʩʦʚʤʝʩʪʥʦʤ ʥʘʫʯʥʦʤ ʩʦʪʨʫʜʥʠʯʝʩʪʚʝ  ʤʝʞʜʫ 

ɻʦʨʥʳʤ ʠʥʩʪʠʪʫʪʦʤ ʋʨʆ ʈɸʅ  ʠ ɹʨʠʪʘʥʩʢʦʡ ɻʝʦʣʦʛʠʯʝʩʢʦʡ ʉʣʫʞʙʦʡ. 



3. ʄʝʪʦʜ çʦʙʫʯʘʶʱʠʭ ʦʙʲʝʢʪʦʚè ( ʪʨʝʥʠʥʛ-ʦʙʲʝʢʪʳ). 

ʀʩʧʦʣʴʟʦʚʘʣʠʩʴ  ʧʦʣʝʚʳʝ ʩʝʡʩʤʦʨʘʟʚʝʜʦʯʥʳʝ ʜʘʥʥʳʝ ʄʆɻʊ, 

ʧʦʣʫʯʝʥʥʳʝ  ʚ ʫʩʣʦʚʠʷʭ ʝʩʪʝʩʪʚʝʥʥʦʛʦ ʟʘʣʝʛʘʥʠʷ ʥʘ ʦʙʲʝʢʪʘʭ ʩ 

ʟʘʚʝʜʦʤʦ ʠʟʚʝʩʪʥʦʡ ʛʝʦʣʦʛʠʝʡ  ʠ ʧʘʨʘʤʝʪʨʘʤʠ ʪʨʝʱʠʥʦʚʘʪʦʩʪʠ   ʚ 

ʨʘʟʣʠʯʥʳʭ ʨʝʛʠʦʥʘʭ ʜʣʷ ʨʘʟʥʳʭ ʣʠʪʦʪʠʧʦʚ ʧʦʨʦʜ:  ʪʝʨʨʠʛʝʥʥʳʝ, 

ʢʘʨʙʦʥʘʪʥʳʝ, ʛʘʣʦʛʝʥʥʳʝ.

ʊʘʢʠʤʠ ʦʙʲʝʢʪʘʤʠ ʷʚʠʣʠʩʴ ʧʨʦʪʷʞʝʥʥʳʝ ʦʜʠʥʦʯʥʳʝ ʪʨʝʱʠʥʳ ʠ ʟʦʥʳ ʩʢʦʧʣʝʥʠʷ 

ʤʝʣʢʠʭ ʨʘʟʥʦʦʨʠʝʥʪʠʨʦʚʘʥʥʳʭ ʪʨʝʱʠʥ, ʚʩʢʨʳʪʳʝ ʠ ʟʘʬʠʢʩʠʨʦʚʘʥʥʳʝ ʚ ʰʘʭʪʥʳʭ 

ʚʳʨʘʙʦʪʢʘʭ ɺʝʨʭʥʝʢʘʤʩʢʦʛʦ ʤʝʩʪʦʨʦʞʜʝʥʠʷ ʢʘʣʠʡʥʳʭ ʩʦʣʝʡ, ʚ ʵʪʦʤ ʩʣʫʯʘʝ 

ʠʩʧʦʣʴʟʦʚʘʥʳ ʜʘʥʥʳʝ ʰʘʭʪʥʦʡ ʩʝʡʩʤʦʨʘʟʚʝʜʢʠ.  ʆʙʲʝʢʪʘʤʠ ʪʨʝʥʠʥʛʘ ʩʪʘʣʠ ʪʘʢʞʝ 

ʧʦʜʪʚʝʨʞʜʝʥʥʳʝ ʩʢʚʘʞʠʥʘʤʠ ʥʝʬʪʷʥʳʝ ʢʦʣʣʝʢʪʦʨʘ ʪʨʝʱʠʥʥʦʛʦ ʪʠʧʘ ʚ ʨʘʡʦʥʝ 

ʇʝʨʝʜʦʚʳʭ ʩʢʣʘʜʦʢ ʋʨʘʣʘ,  ʥʘ ʪʝʨʨʠʪʦʨʠʠ ʇʨʝʜʫʨʘʣʴʩʢʦʛʦ ʧʨʦʛʠʙʘ ʚ ʠʟʚʝʩʪʥʷʢʘʭ 

ʪʫʨʥʝʡʩʢʦʛʦ ʷʨʫʩʘ ʩʪʨʫʢʪʫʨ ʦʙʣʝʢʘʥʠʷ ʬʨʘʥʩʢʦ-ʬʘʤʝʥʩʢʠʭ ʨʠʬʦʚ; ʪʝʨʨʠʛʝʥʥʳʝ 

ʦʪʣʦʞʝʥʠʷ ʫʥʠʢʘʣʴʥʦʛʦ ʪʨʝʱʠʥʥʦʛʦ ʢʦʣʣʝʢʪʦʨʘ ʙʘʞʝʥʦʚʩʢʦʡ ʩʚʠʪʳ ʥʘ ʪʝʨʨʠʪʦʨʠʠ 

ɿʘʧʘʜʥʦʡ ʉʠʙʠʨʠ, ʘ ʪʘʢ ʞʝ  ʟʘʬʠʢʩʠʨʦʚʘʥʥʳʝ ʢʘʨʩʪʦʚʳʝ ʷʚʣʝʥʠʷ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʠ 

ʚ ʧʨʠʧʦʚʝʨʭʥʦʩʪʥʦʡ ʟʦʥʝ  ʥʘ ʧʣʦʱʘʜʷʭ ʠʥʪʝʥʩʠʚʥʦʛʦ ʨʘʟʚʠʪʠʷ ʩʫʣʴʬʘʪʥʦ-

ʢʘʨʙʦʥʘʪʥʦʛʦ ʢʘʨʩʪʘ ʛ. ʂʫʥʛʫʨ ʇʝʨʤʩʢʠʡ ʨʝʛʠʦʥ.) 



ɼʠʥʘʤʠʯʝʩʢʠʝ ʧʘʨʘʤʝʪʨʳ ʚ ʧʦʠʩʢʦʚʳʭ 

ʧʨʠʟʥʘʢʘʭ
ɺ ʨʝʟʫʣʴʪʘʪʝ ʠʩʩʣʝʜʦʚʘʥʠʠ ʩʚʷʟʝʡ çʜʠʥʘʤʠʯʝʩʢʠʝ 

ʧʘʨʘʤʝʪʨʳ ïʧʘʨʘʤʝʪʨʳ ʪʨʝʱʠʥʦʚʘʪʦʩʪʠ»ʫʩʪʘʥʦʚʣʝʥʳ 

ʧʦʠʩʢʦʚʳʝ ʧʨʠʟʥʘʢʠ ʜʣʷ ʪʨʝʱʠʥʦʚʘʪʳʭ ʦʙʲʝʢʪʦʚ ʚ ʩʣʝʜʫʶʱʠʭ 

ʜʠʥʘʤʠʯʝʩʢʠʭ ʧʘʨʘʤʝʪʨʘʭʦʪʨʘʞʝʥʥʳʭ ʈ-ʚʦʣʥ:

- ʩʨʝʜʥʠʝ ʘʤʧʣʠʪʫʜʳɸʩʨ; 

- ʯʘʩʪʦʪʥʘʷ ʢʦʦʨʜʠʥʘʪʘ ʮʝʥʪʨʦʠʜʘ fʩ;

- ʤʢʩʠʤʫʤ ʩʧʝʢʪʨʘ fm ;

- ʰʠʨʠʥʘ ʩʧʝʢʪʨʘfw ;

- ʚʝʨʭʥʷʷ ʠ ʥʠʞʥʷʷ ʛʨʘʥʠʯʥʳʝ ʯʘʩʪʦʪʳfʥ , fʚ

- ʛʨʘʜʠʝʥʪʳ ʩʨʝʜʥʠʭ ʘʤʧʣʠʪʫʜ ʧʦ ʍ ʠ ʧʦ t : grad ʭ ɸʩʨ, 

- grad t ɸʩʨ;

- ʨʘʟʥʦʩʪʴ ʘʤʧʣʠʪʫʜʥʳʭ ʩʧʝʢʪʨʦʚ, ʦʧʨʝʜʝʣʝʥʥʳʭ ʚ 

ʠʥʪʝʨʚʘʣʘʭ ʩʦʜʝʨʞʘʱʝʤ ʠ ʥʝ ʩʦʜʝʨʞʘʱʝʤ ʪʨʝʱʠʥʳ Dɸ(f);

- ʤʦʜʫʣʠ ʜʠʥʘʤʠʯʝʩʢʠʭ ʧʘʨʘʤʝʪʨʦʚ.



Dɸʩʨ.> 2s 

Dgrad(ɸʩʨ.)> 2s

ʍ(ɸ ʩʨ.=0) > 1/6 D
ʍ(Df ʮ > 2s)> 1/6 D

ʍ(DA(f) max)> 1/6 D

{Dɸ ʩʨ.> 2s} {Dgrad(ɸʩʨ.)> 2s}
{ʍ (ɸʩʨ.=0) > 1/6 D}

{ʍ(Df ʮ > 2s)> 1/6 D}

{ʍ(DA(f) max)> 1/6 D}

Dɸʩʨ.> 2s Dgrad(ɸʩʨ.)> 2s

ʍ(ɸʩʨ.=0) > 1/6 D
ʍ(Df ʮ > 2s)> 1/6 D

ʍ(DA(f) max)> 1/6 D

ʝʩʣʠ

ʚʝʨʪʠʢʘʣɹʥʘ̫
    ʪʨʝɦ ʠʥʘ

ʥʝʪ ʜʘ

ʥʘʢʣʦʥʥʘ̫ 
ʪʨʝɦ ʠʥʘ

ʪʨʝɦ ʠʥʘ

4.ʋʯʘʩʪʦʢ ʥʫʣʝʚrʭ ʟʥʘʯʝʥʠʡ
ʩʨʝʜʥʠʭ ʘʤʧʣʠʪʫʜ ʍ(ɸʩʨ.=0)

5.ʋʯʘʩʪʦʢ ʘʥʦʤʘʣɹʥrʭ ʟʥʘʯʝ-
ʥʠʡ ʯʘʩʪʦʪr ʮʝʥʪʨʦʠʜʘ ʍ(f ʮ )

6. ʋʯʘʩʪʦʢ ʤʘʢʩʠʤʘʣɹʥrʭ
ʟʥʘʯʝʥʠʡ ʨʘʟʥʦʩʪʠ ʘʤʧʣʠ-
ʪʫʜʥrʭ ʩʧʝʢʪʨʦʚ ʍ(DA(f)max)

ʜʦʩʪʦʚʝʨʥʦʩʪɹ 
ʘʥʦʤʘʣʠʠ, ʝʩʣʠ
ʟʥʘʯʝʥʠʝ
       ... ² 2s 

ʜʦʩʪʦʚʝʨʥʦʩʪɹ 
ʘʥʦʤʘʣʠʠ, ʝʩʣʠ
ʟʥʘʯʝʥʠʝ
      s<...<2s 

²1/6 D < 1/6 D

            ʌʘʢʪʦʨ 1
(ʚʝʨʪʠʢʘʣɹʥʘ̫ ʪʨʝɦʠʥʘ)

          ʌʘʢʪʦʨ 2
(ʥʘʢʣʦʥʥʘ̫ ʪʨʝɦʠʥʘ)

ʢʣʘʩʩ IIʢʣʘʩʩ I ʢʣʘʩʩ III ʢʣʘʩʩ IV ʇʘʨʘʤʝʪʨ

1

ʉʫʤʤʘʨʥʘ̫ ʦʮʝʥʢʘ ʢʣʘʩʩʘ

1.ʉʨʝʜʥ̫  ̫ʘʤʧʣʠʪʫʜʘ ɸ ʩʨ.

2.ɻʨʘʜʠʝʥʪ ʩʨʝʜʥʠʭ
   ʘʤʧʣʠʪʫʜ grad(ɸʩʨ.)

3.ʏʘʩʪʦʪʥʘ̫ ʢʦʦʨʜʠʥʘʪʘ 
    ʮʝʥʪʨʦʠʜʘ f ʮ

ɺʣʦʞʝʥʥr ʝ ʛʨʫʧʧr

ɼʝʥʜʨʦʛʨʘʤʤʘ

ɹʣʦʢ-ʩʭʝʤʘ ʘʥʘʣʠʟʘ 
ʜʠʥʘʤʠʯʝʩʢʠʭ 
ʧʘʨʘʤʝʪʨʦʚ

{Df ʮ > 2s}

Df ʮ > 2s

Df ʮ > 2s

s - ʧʦʛʨʝhʥʦʩʪɹ
D - ʜʠʘʤʝʪʨ ʟʦʥr  
      ʌʨʝʥʝʣ̫

ʜʦʩʪʦʚʝʨʥʦʩʪɹ 
ʘʥʦʤʘʣʠʠ, ʝʩʣʠ
ʟʥʘʯʝʥʠʝ
      ...²2s 

ʜʦʩʪʦʚʝʨʥʦʩʪɹ 
ʘʥʦʤʘʣʠʠ, ʝʩʣʠ
ʟʥʘʯʝʥʠʝ
     s<...<2s 

1

1

0,5

0,5

0,5

0,5

0,5

0,5

1

1

1

 < 1/6 D ²1/6 D

0

0

0

0

0

0

1

1

1

1

1

1

3 1,5 6 4,5

ʥʘʢʣʦʥʥʘ̫
 ʪʨʝɦ ʠʥʘ

ʚʝʨʪʠʢʘʣɹʥʘ̫
    ʪʨʝɦʠʥʘ

ʥʘʢʣʦʥʥʘ̫
 ʪʨʝɦʠʥʘ

ʚʝʨʪʠʢʘʣɹʥʘ̫
ʪʨʝɦ ʠʥʘ

ɺ ʦʩʥʦʚʫ  ʧʨʝʜʣʘʛʘʝʤʦʡ ʤʝʪʦʜʠʢʠ ʨʘʩʧʦʟʥʘʚʘʥʠʷ ʪʨʝʱʠʥʦʚʘʪʳʭ ʩʨʝʜ ʧʦʣʦʞʝʥ 

ʧʦʜʭʦʜ ʜʠʥʘʤʠʯʝʩʢʦʛʦ ʘʥʘʣʠʟʘ ʧʦʣʷ ʦʪʨʘʞʝʥʥʳʭ ʧʨʦʜʦʣʴʥʳʭ ʚʦʣʥ. 

ɼʘʥʥʳʡ ʧʦʜʭʦʜ ʙʘʟʠʨʫʝʪʩʷ ʥʘ ʩʦʚʤʝʩʪʥʦʤ ʘʥʘʣʠʟʝ ʚʝʢʪʦʨʘ ʜʠʥʘʤʠʯʝʩʢʠʭ 

ʘʪʨʠʙʫʪʦʚ ʧʨʦʜʦʣʴʥʳʭ ʦʪʨʘʞʝʥʥʳʭ ʚʦʣʥ. 



ʉʦʧʦʩʪʘʚʣʝʥʠʝ ʚʨʝʤʝʥʥʦʛʦ ʨʘʟʨʝʟʘ ʘ), ʨʘʟʨʝʟʘ ʵʬʬʝʢʪʠʚʥʦʛʦ ʧʘʨʘʤʝʪʨʘ, ʭʘʨʘʢʪʝʨʠʟʫʶʱʝʛʦ 

ʚʝʨʦʷʪʥʦʩʪʴ ʥʘʣʠʯʠʷ ʟʦʥʳ ʨʘʟʚʠʪʠʷ ʪʨʝʱʠʥ (ʧʨʦʪʷʞʝʥʥʳʭ) ʙ) ʠ ʩʥʠʤʢʠ ʉɸʊ (ʩʢʚʘʞʠʥʥʳʡ 

ʪʝʣʝʚʠʟʦʨ)



ʉʦʧʦʩʪʘʚʣʝʥʠʝ ʚʨʝʤʝʥʥʦʛʦ ʨʘʟʨʝʟʘ ʘ), ʨʘʟʨʝʟʘ ʵʬʬʝʢʪʠʚʥʦʛʦ ʧʘʨʘʤʝʪʨʘ, ʭʘʨʘʢʪʝʨʠʟʫʶʱʝʛʦ 

ʚʝʨʦʷʪʥʦʩʪʴ ʥʘʣʠʯʠʷ ʟʦʥʳ ʨʘʟʚʠʪʠʷ ʪʨʝʱʠʥ (ʧʨʦʪʷʞʝʥʥʳʭ) ʙ) ʠ ʩʥʠʤʢʠ ʉɸʊ (ʩʢʚʘʞʠʥʥʳʡ 

ʪʝʣʝʚʠʟʦʨ)

ʇʦ ʢʝʨʥʫ ïʤʝʨʛʝʣʴ, ʥʘ 

ʩʥʠʤʢʝ ʭʦʨʦʰʦ 

ʧʨʦʩʤʘʪʨʠʚʘʝʪʩʷ 

ʪʦʥʢʦʩʣʦʠʩʪʘʷ ʪʝʢʩʪʫʨʘ 

ʧʦʨʦʜʳ (ʤʥʦʛʦʯʠʩʣʝʥʥʳʝ 

ʛʦʨʠʟʦʥʪʘʣʴʥʳʝ ʩʣʦʠ). ʇʦʯʪʠ 

ʧʦ ʚʩʝʤʫ ʠʥʪʝʨʚʘʣʫ 

ʠʩʩʣʝʜʦʚʘʥʠʷ ïʧʦʚʳʰʝʥʥʘʷ 

ʧʣʦʪʥʦʩʪʴ ʢʘʚʝʨʥ ʨʘʟʣʠʯʥʦʛʦ 

ʨʘʟʤʝʨʘ. ɺ ʠʥʪʝʨʚʘʣʘʭ

192.5-192.8ʤ, 194.2-194.6ʤ, 

194.8-195.0ʤ, 195.7-196.0ʤ, 

203.9-204.3ʤ, 207.8-208.1ʤ, 

210.9-211.1ʤ, 211.6-211.8ʤ, 

215.1-216.8ʤ-ʥʘʢʣʦʥʥʳʝ 

ʪʨʝʱʠʥʳ.

ʇʦ ʢʝʨʥʫ ïʤʝʨʛʝʣʠ,  ʥʘ 

ʩʥʠʤʢʝ ʉɸʊ  ʦʪʤʝʯʘʝʪʩʷ 

ʩʣʦʠʩʪʦʩʪʴ ʧʦʨʦʜ. ɺ 

ʠʥʪʝʨʚʘʣʘʭ 146.5-146.8ʤ, 

147.2-147.3ʤ, 147.8-148.1ʤ ï

ʥʘʢʣʦʥʥʳʝ ʥʠʪʝʚʠʜʥʳʝ 

ʪʨʝʱʠʥʳ. ɺ ʠʥʪʝʨʚʘʣʝ 

154.4-156.0ʤ ï

ʩʫʙʚʝʨʪʠʢʘʣʴʥʘʷ ʪʨʝʱʠʥʘ. 

ʆʧʠʩʘʥʠʝ ʩʥʠʤʢʘ: ʤʝʨʛʝʣʴ, 

ʩʣʦʠʩʪʳʡ ʚ ʠʥʪʝʨʚʘʣʝ 154.3 

ï156.8 ʤ ïʥʠʪʝʚʠʜʥʳʝ 

ʪʨʝʱʠʥʳ.

a)

ʙ)



ʉʦʧʦʩʪʘʚʣʝʥʠʝ ʨʘʟʨʝʟʘ ʵʬʬʝʢʪʠʚʥʦʛʦ ʧʘʨʘʤʝʪʨʘ, ʭʘʨʘʢʪʝʨʠʟʫʶʱʝʛʦ ʚʝʨʦʷʪʥʦʩʪʴ ʥʘʣʠʯʠʷ ʟʦʥʳ ʨʘʟʚʠʪʠʷ 

ʪʨʝʱʠʥ (ʧʨʦʪʷʞʝʥʥʳʭ) ʙ) ʠ ʩʥʠʤʢʠ ʉɸʊ (ʩʢʚʘʞʠʥʥʳʡ ʪʝʣʝʚʠʟʦʨ)



ʉʦʧʦʩʪʘʚʣʝʥʠʝ ʨʘʟʨʝʟʘ ʵʬʬʝʢʪʠʚʥʦʛʦ ʧʘʨʘʤʝʪʨʘ, ʭʘʨʘʢʪʝʨʠʟʫʶʱʝʛʦ ʚʝʨʦʷʪʥʦʩʪʴ ʥʘʣʠʯʠʷ ʟʦʥʳ ʨʘʟʚʠʪʠʷ 

ʪʨʝʱʠʥ (ʧʨʦʪʷʞʝʥʥʳʭ) ʘ) ʠ ʩʥʠʤʢʠ ʉɸʊ (ʩʢʚʘʞʠʥʥʳʡ ʪʝʣʝʚʠʟʦʨ) ɺ ʠʥʪʝʨʚʘʣʝ 154.3 ï156.8 ʤ ïʥʠʪʝʚʠʜʥʳʝ 

ʪʨʝʱʠʥʳ.

ʇʦ ʢʝʨʥʫ ïʤʝʨʛʝʣʠ,  ʥʘ ʩʥʠʤʢʝ ʉɸʊ  ʦʪʤʝʯʘʝʪʩʷ ʩʣʦʠʩʪʦʩʪʴ ʧʦʨʦʜ. ɺ ʠʥʪʝʨʚʘʣʘʭ 146.5-146.8ʤ, 147.2-147.3ʤ, 

147.8-148.1ʤ ïʥʘʢʣʦʥʥʳʝ ʥʠʪʝʚʠʜʥʳʝ ʪʨʝʱʠʥʳ. ɺ ʠʥʪʝʨʚʘʣʝ 154.4-156.0ʤ ïʩʫʙʚʝʨʪʠʢʘʣʴʥʘʷ ʪʨʝʱʠʥʘ. 

ʆʧʠʩʘʥʠʝ ʩʥʠʤʢʘ: ʤʝʨʛʝʣʴ, ʩʣʦʠʩʪʳʡ ʚ ʠʥʪʝʨʚʘʣʝ 154.3 ï156.8 ʤ ïʥʠʪʝʚʠʜʥʳʝ ʪʨʝʱʠʥʳ.

ʘ)
ʙ)


