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ʉʊʈʋʂʊʋʈɸ ʂʆʅʎɽʇʎɯɰ ʂʈɽɸʊʀɺʅʆɻʆ ʇɽʈɽʊɺʆʈɽʅʅʗ

1. ʂʦʨʦʪʢʠʡ ʘʥʘʣʽʟ ʽʩʪʦʨʠʯʥʠʭ ʪʘ ʛʝʦʛʨʘʬʽʯʥʠʭ ʦʩʦʙʣʠʚʦʩʪʝʡ 

ʥʘʩʝʣʝʥʦʛʦ ʧʫʥʢʪʫ.

2. ʆʛʣʷʜ ʽʩʥʫʶʯʦʾ ʘʨʭʽʪʝʢʪʫʨʥʦʾ ʩʧʘʜʱʠʥʠ ʥʘʩʝʣʝʥʦʛʦ ʧʫʥʢʪʫ ʪʘ 

ʩʧʝʮʠʬʽʢʠ ʡʦʛʦ ʙʣʘʛʦʫʩʪʨʦʶ.

3. ɺʠʟʥʘʯʝʥʥʷ ʦʩʥʦʚʥʠʭ ʥʘʧʨʷʤʢʽʚ ʪʘ ʩʪʠʣʽʩʪʠʢʠ ʤʘʡʙʫʪʥʴʦʛʦ 

ʢʨʝʘʪʠʚʥʦʛʦ ʧʝʨʝʪʚʦʨʝʥʥʷ ʥʘʩʝʣʝʥʦʛʦ ʧʫʥʢʪʫ.

4. ʇʨʠʢʣʘʜʠ ʨʝʘʣʽʟʘʮʽʾ ʧʨʠʡʥʷʪʦʾ ʩʪʠʣʽʩʪʠʢʠ ʢʨʝʘʪʠʚʥʦʛʦ 

ʧʝʨʝʪʚʦʨʝʥʥʷ ʥʘʩʝʣʝʥʦʛʦ ʧʫʥʢʪʫ.

5. ɺʠʩʥʦʚʢʠ ʪʘ ʧʝʨʩʧʝʢʪʠʚʠ ʧʦ ʢʦʤʧʣʝʢʩʥʦʤʫ ʚʧʨʦʚʘʜʞʝʥʥʶ 

ʟʘʧʨʦʧʦʥʦʚʘʥʦʾ ʩʪʠʣʽʩʪʠʢʠ ʢʨʝʘʪʠʚʥʦʛʦ ʧʝʨʝʪʚʦʨʝʥʥʷ 

ʥʘʩʝʣʝʥʦʛʦ ʧʫʥʢʪʫ.



1. ʂʆʈʆʊʂʀʁ ɸʅɸʃɯɿ ɯʉʊʆʈʀʏʅʀʍ ʊɸ ɻɽʆɻʈɸʌɯʏʅʀʍ 

ʆʉʆɹʃʀɺʆʉʊɽʁ ʄɯʉʊɸ ɹɸʍʄʋʊ

ʄʽʩʪʦ ɹɸʍʄʋʊʨʦʟʪʘʰʦʚʘʥʝ ʚ ʧʽʚʥʽʯʥʦ-ʩʭʽʜʥʽʡ ʯʘʩʪʠʥʽ ɼʦʥʝʮʴʢʦʾ ʦʙʣʘʩʪʽ ʩʝʨʝʜ 
ʧʘʩʤʘ ʥʝʚʠʩʦʢʠʭ ʧʨʠʛʦʨʢʽʚ, ʥʘ ʧʣʘʪʦ ɼʦʥʝʮʴʢʦʛʦ ʢʨʷʞʫ. ʄʽʩʪʦ ʧʝʨʝʪʠʥʘʻ 
ʨʽʯʢʘ ɹʘʭʤʫʪʢʘʟ ʧʨʘʚʦʶ ʧʨʠʪʦʢʦʶ ʨʽʯʢʠ ʂʘʤʝʥʫʚʘʪʠʡʗʨ. 

ʇʝʨʰʽ ʟʛʘʜʢʠ ʧʨʦ ʤʽʩʪʦ ɹʘʭʤʫʪʜʘʪʫʶʪʴʩʷ 1571 ʨʦʢʦʤ, ʢʦʣʠ ʤʽʩʮʠʥʘ ʤʘʣʘ 
ʥʘʟʚʫ çʉʪʦʨʦʞʘ ɹʘʭʤʫʪʩʴʢʘè. ʗʢ ʧʦʚʥʦʮʽʥʥʠʡ ʥʘʩʝʣʝʥʠʡ ʧʫʥʢʪ ʤʽʩʪʦ 
ɹʘʭʤʫʪʙʫʣʦ ʟʘʩʥʦʚʘʥʝ ʢʦʟʪʚʦʤɯʟʶʤʩʴʢʦʛʦ ʩʣʦʙʽʜʩʴʢʦʛʦ ʧʦʣʢʫ 
ʧʨʠʙʣʠʟʥʦ. ɿʘ ʨʽʟʥʠʤʠ ʜʘʥʠʤʠ ʮʝ ʚʽʜʙʫʚʘʣʦʩʷ ʚ 1680ï1690-ʭ ʨʦʢʘʭ, ʭʦʯʘ 
ʧʝʨʰʽ ʜʦʢʫʤʝʥʪʘʣʴʥʽ ʟʚʽʪʠ ʟ ʦʧʠʩʦʤ ʤʽʩʪʘ ʙʫʣʠ ʩʢʣʘʜʝʥʽ ʫ 1701-1704 
ʨʦʢʘʭ. 

ʅʝʚʜʦʚʟʽ ʧʽʩʣʷ ʮʴʦʛʦ, ʫ 1715 ʨʦʮʽ ʪʫʪ 
ʨʦʟʧʦʯʘʚ ʨʦʙʦʪʫ ʩʦʣʝʚʘʨʥʠʡ 
ʟʘʚʦʜ, ʱʦ ʯʘʩʪʢʦʚʦ ʟʘʧʦʯʘʪʢʫʚʘʚ 
ʚʠʨʦʙʥʠʯʫ ʽʩʪʦʨʽʶ ʤʽʩʪʘ. 

ʋ 1870 ʨʦʮʽ ʚ ʤʽʩʪʽ ɹʘʭʤʫʪ
ʨʦʟʧʦʯʠʥʘʻʪʴʩʷ ʚʠʜʦʙʫʪʦʢ 
ʢʘʤôʷʥʦʾ ʩʦʣʽ (ʪʫʪ ʟʜʽʡʩʥʶʻʪʴʩʷ 
ʧʦʥʘʜ 1/3 ʚʠʜʦʙʫʪʢʫ ʚ ʋʢʨʘʾʥʽ), ʛʣʠʥʠ 
ʪʘ ʛʽʧʩʫ.



1. ʂʆʈʆʊʂʀʁ ɸʅɸʃɯɿ ɯʉʊʆʈʀʏʅʀʍ ʊɸ ɻɽʆɻʈɸʌɯʏʅʀʍ 

ʆʉʆɹʃʀɺʆʉʊɽʁ ʄɯʉʊɸ ɹɸʍʄʋʊ

ʋ ɹʘʭʤʫʪʽʧʨʠʩʫʪʥʽ ʡ ʽʥʰʽ ʚʠʜʠ ʧʨʦʤʠʩʣʦʚʦʩʪʽ, ʟʦʢʨʝʤʘ ʟʘʚʦʜʠ, ʱʦ 
ʩʧʝʮʽʘʣʽʟʫʶʪʴʩʷ ʥʘ ʤʝʪʘʣʦʦʙʨʦʙʮʽ (ʦʙʨʦʙʢʘ ʢʦʣʴʦʨʦʚʠʭ ʤʝʪʘʣʽʚ), 
ʛʽʨʥʠʯʦʤʫ ʫʩʪʘʪʢʫʚʘʥʥʽ ʪʘ ʽʥʩʪʨʫʤʝʥʪʘʭ, ʨʝʤʦʥʪʥʦ-ʤʝʭʘʥʽʯʥʠʡ ʟʘʚʦʜ, 
ʢʝʨʘʤʽʢʦ-ʪʨʫʙʥʠʡ ʟʘʚʦʜ, ʘ ʪʘʢʦʞ ʟʘʚʦʜ ʟ ʚʠʛʦʪʦʚʣʝʥʥʷ ʩʢʣʘ ʪʘ 
ʯʝʨʝʧʠʮʽ. ʆʢʨʽʤ ʪʦʛʦ, ʪʫʪ ʧʨʠʩʫʪʥʽ ʡ ʧʽʜʧʨʠʻʤʩʪʚʘ ʭʘʨʯʦʚʦʾ 
ʧʨʦʤʠʩʣʦʚʦʩʪʽ, ʪʘʢʽ ʷʢ ʤʣʠʥʠ, ʭʣʽʙʦ- ʽ ʤ'ʷʩʦʢʦʤʙʽʥʘʪ, ʣʽʢʝʨʦ-ʛʦʨʽʣʯʘʥʠʡ 
ʟʘʚʦʜ, ʟʘʚʦʜ ʰʘʤʧʘʥʩʴʢʠʭ ʚʠʥ, ʘ ʪʘʢʦʞ ʤʦʣʦʢʦʟʘʚʦʜ.

ʏʠʩʝʣʴʥʽʩʪʴ ʥʘʩʝʣʝʥʥʷ ʤʽʩʪʘ ɹʘʭʤʫʪ
ʩʢʣʘʜʘʻ ʙʣʠʟʴʢʦ 75 ʪʠʩ. 
ʤʝʰʢʘʥʮʽʚ.

ʅʘ ʪʝʨʠʪʦʨʽʾ ʤʽʩʪʘ ʨʦʟʤʽʱʝʥʘ ɼʦʥʝʮʴʢʘ 
ʛʝʦʬʽʟʠʯʥʘ ʝʢʩʧʝʜʠʮʽʷ ʽ ʜʦʩʣʽʜʥʘ 
ʩʪʘʥʮʽʷ ʚʠʥʦʛʨʘʜʘʨʩʪʚʘ ʡ 
ʩʘʜʽʚʥʠʮʪʚʘ, ʢʽʣʴʢʘ ʢʽʥʦʪʝʘʪʨʽʚ, 
ʛʝʦʣʦʛʽʯʥʠʡ ʤʫʟʝʡ, ʙʽʙʣʽʦʪʝʢʠ 
ʪʦʱʦ.



1. ʂʆʈʆʊʂʀʁ ɸʅɸʃɯɿ ɯʉʊʆʈʀʏʅʀʍ ʊɸ ɻɽʆɻʈɸʌɯʏʅʀʍ 

ʆʉʆɹʃʀɺʆʉʊɽʁ ʄɯʉʊɸ ɹɸʍʄʋʊ



2. ʆɻʃʗɼɯʉʅʋʖʏʆɰɸʈʍɯʊɽʂʊʋʈʅʆɰʊɸ ʉʇɽʎʀʌɯʂʀ

ɹʃɸɻʆʋʉʊʈʆʖ ʄɯʉʊɸ ɹɸʍʄʋʊ

ɸʨʭʽʪʝʢʪʫʨʘʤʽʩʪʘɹʘʭʤʫʪʧʨʝʜʩʪʘʚʣʝʥʘ ʧʝʨʝʚʘʞʥʦʪʘʢʠʤʠ ʩʪʠʣʷʤʠ, ʷʢ 
ʨʘʮʽʦʥʘʣʽʟʤ(ʽʟʟʦʩʝʨʝʜʞʝʥʥʷʤʥʘ ʧʨʦʙʣʝʤʘʪʠʮʽʭʫʜʦʞʥʴʦʛʦʦʙʨʘʟʫ), 
ʢʦʥʩʪʨʫʢʪʠʚʽʟʤ(ʟ ʫʭʠʣʦʤʥʘ ʬʫʥʢʮʽʦʥʘʣʴʥʦ-ʢʦʥʩʪʨʫʢʪʠʚʥʽʦʩʥʦʚʠ
ʙʫʜʽʚʥʠʮʪʚʘ) ʪʘ ʥʝʦʢʣʘʩʠʮʠʟʤ. ʊʘʢʦʞʫ ʤʽʩʪʽʥʘʷʚʥʽ43 ʧʘʤ'ʷʪʢʠʽʩʪʦʨʽʾ
ʪʘ 9 ʧʘʤ'ʷʪʦʢʤʦʥʫʤʝʥʪʘʣʴʥʦʛʦ ʤʠʩʪʝʮʪʚʘ, ʩʝʨʝʜ̫ʢʠʭʯʠʤʘʣʦ
ʩʢʫʣʴʧʪʫʨʠʨʘʜʷʥʩʴʢʦʾʝʧʦʭʠ. ʆʜʥʠʤ ʽʟʥʘʡʮʽʢʘʚʽʰʠʭʧʘʤôʷʪʦʢ
ʘʨʭʽʪʝʢʪʫʨʠʻ ʉʚʷʪʦ-ʊʨʦʾʮʴʢʠʡʩʦʙʦʨ, ʩʧʦʨʫʜʞʝʥʠʡʫ 1746 ʨʦʮʽ.

ɿʚʘʞʘʶʯʠʥʘ ̔ʩʪʦʨʠʯʥʦʩʬʦʨʤʦʚʘʥʫʪʨʘʜʠʮʽʶʱʦʜʦʩʢʫʣʴʧʪʫʨʥʠʭʧʘʤôʷʪʦʢ, 
ʧʨʦʧʦʥʫʻʪʴʩʷʟʜʽʡʩʥʠʪʠʩʧʨʦʙʫʚʽʜʥʦʚʣʝʥʥʷʚʽʜʧʦʚʽʜʥʦʾʪʨʘʜʠʮʽʾʽʟ
ʟʘʧʨʦʚʘʜʞʝʥʥʷʤʜʝʷʢʦʾʤʦʜʠʬʽʢʘʮʽʾʫ ʩʪʠʣʽʩʪʠʮʽ. ʊʘʢ, ʥʘ ʟʘʤʽʥʫ
ʢʦʥʩʪʨʫʢʪʠʚʽʩʪʩʴʢʠʤʚʽʷʥʥʷʤʨʘʜʷʥʩʴʢʦʾʤʦʥʫʤʝʥʪʘʣʴʥʦʾʧʨʦʧʘʛʘʥʜʠ
ʫ ʩʢʫʣʴʧʪʫʨʽʪʘ ʦʟʜʦʙʽʤʫʨʽʚ, ʧʨʦʧʦʥʫʻʪʴʩʷʚʜʘʪʠʩʷʜʦ ʟʘʩʪʦʩʫʚʘʥʥʷ
ʪʘʢʠʭ ʩʫʯʘʩʥʠʭʩʪʠʣʽʚ, ʜʝʢʦʥʩʪʨʫʢʪʠʚʽʟʤ, ʭʘʡ-ʪʝʢ, ʙʽʦ-ʪʝʢ ʪʘ 
ʝʢʦʣʦʛʽʯʥʘʘʨʭʽʪʝʢʪʫʨʘ. ʇʨʠ ʮʴʦʤʫ, ʘʨʭʽʪʝʢʪʫʨʥʽʽʥʥʦʚʘʮʽʾʧʨʦʧʦʥʫʻʪʴʩʷ
ʟʘʧʨʦʚʘʜʞʫʚʘʪʠʥʝ ʫ ʬʦʨʤʽʦʙôʻʤʥʦ-ʧʣʘʥʫʚʘʣʴʥʠʭʨʽʰʝʥʥʷʭʥʦʚʦʙʫʜʦʚ, ʘ ʫ 
ʥʦʚʦʤʫ ʫʨʙʘʥʽʟʤʽ, ʚʪʽʣʝʥʦʤʫʚ ʝʢʩʪʝʨôʻʨʽʬʘʩʘʜʽʚʚʞʝ̔ʩʥʫʶʯʠʭʙʫʜʽʚʝʣʴ, 
ʧʘʨʢʦʚʽʡʪʘ ʣʘʥʜʰʘʬʪʥʽʡʘʨʭʽʪʝʢʪʫʨʽ. 



2. ʆɻʃʗɼɯʉʅʋʖʏʆɰɸʈʍɯʊɽʂʊʋʈʅʆɰʊɸ ʉʇɽʎʀʌɯʂʀ

ɹʃɸɻʆʋʉʊʈʆʖ ʄɯʉʊɸ ɹɸʍʄʋʊ



2. ʆɻʃʗɼɯʉʅʋʖʏʆɰɸʈʍɯʊɽʂʊʋʈʅʆɰʊɸ ʉʇɽʎʀʌɯʂʀ

ɹʃɸɻʆʋʉʊʈʆʖ ʄɯʉʊɸ ɹɸʍʄʋʊ



3. ʆʉʅʆɺʅɯʅɸʇʈʗʄʂʀ ʊɸ ʉʊʀʃɯʉʊʀʂɸʄɸʁɹʋʊʅʔʆɻʆ

ʂʈɽɸʊʀɺʅʆɻʆ ʇɽʈɽʊɺʆʈɽʅʅʗʄɯʉʊɸ ɹɸʍʄʋʊ

ɿʚʘʞʘʶʯʠʥʘ ʤʘʡʞʝ300-ʨʽʯʥʫʧʨʦʤʠʩʣʦʚʫʽʩʪʦʨʽʶʤʽʩʪʘɹʘʭʤʫʪ, ʧʨʦʧʦʥʫʻʪʴʩʷ
ʩʝʨʝʜʚʠʱʝʟʘʟʥʘʯʝʥʠʭʩʫʯʘʩʥʠʭʩʪʠʣʽʚʦʩʦʙʣʠʚʫʫʚʘʛʫʧʨʠʜʽʣʠʪʠʘʨʪ-
ʦʙôʻʢʪʘʤ, ʩʪʚʦʨʝʥʠʤʥʘ ʟʘʩʘʜʘʭ ʜʝʢʦʥʩʪʨʫʢʪʠʚʽʟʤʫʪʘ ʙʽʦ-ʪʝʢʫ, 
ʧʽʜʩʠʣʝʥʠʭʙʘʫʭʘʫʟʦʤ. ɹʘʫʭʘʫʟïʘʨʭʽʪʝʢʪʫʨʥʦ-ʜʠʟʘʡʥʝʨʩʴʢʠʡʩʪʠʣʴ, ʱʦ
ʤʘʥ̒ʘ ʤʝʪʚ̔ʽʜʪʚʦʨʝʥʥʷʚʟʘʻʤʦʟʚôʷʟʢʫʤʽʞʧʨʦʤʠʩʣʦʚʠʤʚʠʨʦʙʥʠʮʪʚʦʤʽ 
ʧʨʦʤʠʩʣʦʚʠʤʜʠʟʘʡʥʦʤ, ʟʘʡʤʘʶʯʠʨʘʮʽʦʥʘʣʴʥʫʧʦʟʠʮʽʶʚ ʧʨʦʮʝʩʽ
ʧʨʦʝʢʪʫʚʘʥʥʷ. ʎʝʜʦʟʚʦʣʠʪʴ ʙʝʟ ʚʽʜʯʫʪʥʦʛʦʩʪʨʠʭʟʤʽʥʟʙʝʨʝʛʪʠ
ʮʽʣʽʩʥʽʩʪʴʩʧʨʠʡʥʷʪʪʷʪʠʭ ʝʣʝʤʝʥʪʽʚʘʨʭʽʪʝʢʪʫʨʥʦʛʦʘʥʩʘʤʙʣʶ, ʱʦ
ʚʽʜʥʦʩʷʪʴʩʷʜʦ ʨʘʮʽʦʥʘʣʽʟʤʫʡ ʢʦʥʩʪʨʫʢʪʠʚʽʟʤʫ.

ʑʦʜʦʛʨʘʬʽʯʥʠʭʥʘʩʪʽʥʥʠʭʽ ʜʦʨʦʞʥʽʭʟʦʙʨʘʞʝʥʴ, ʪʦ ʾʭʨʝʢʦʤʝʥʜʦʚʘʥʦ 
ʚʠʢʦʥʫʚʘʪʠʫ ʟʤʽʰʘʥʽʡʩʪʠʣʽʩʪʠʮʽʧʦʧ-ʘʨʪʫ, 3D ʜʠʟʘʡʥʫ ʽ ʪʠʧʦʛʨʘʬʽʢʠ, 
ʘʩʠʤʝʪʨʠʯʥʦʛʦʜʠʟʘʡʥʫ ʪʘ ʘʨʪ-ʜʝʢʦ. 

ʆʢʨʝʤʽʛʨʘʬʽʯʥʽʝʣʝʤʝʥʪʠʪʘ ʤʫʨʘʣʠʜʦʮʽʣʴʥʦʚʠʢʦʥʫʚʘʪʠʫ ʩʪʠʣʽʚʽʜʢʨʠʪʦʾ
ʢʦʤʧʦʟʠʮʽʾʪʘ ̔ʟʦʤʝʪʨʠʯʥʦʛʦʜʠʟʘʡʥʫ.
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ɿʦʢʨʝʤʘ, ʧʦʧ-ʘʨʪ ʚʠʢʦʨʠʩʪʦʚʫʻ ʩʤʽʣʠʚʽ ʢʦʣʴʦʨʠ, ʛʫʤʦʨʠʩʪʠʯʥʽ ʢʦʥʮʝʧʮʽʾ, 
ʧʦʚʩʷʢʜʝʥʥʽ ʦʙôʻʢʪʠ ʽ ʚʦʣʦʜʽʻ ʢʦʤʽʯʥʠʤ ʧʽʜʪʝʢʩʪʦʤ, ʱʦ ʩʧʨʠʷʪʠʤʝ 
ʧʦʢʨʘʱʝʥʥʷ ʥʘʩʪʨʦʶ ʤʽʩʪʷʥ. ʉʫʤʽʰ 3D ʜʠʟʘʡʥʫ ʽ ʪʠʧʦʛʨʘʬʽʢʠ, 
ʘʩʠʤʝʪʨʠʯʥʦʛʦ ʜʠʟʘʡʥʫ ʪʘ ʘʨʪ-ʜʝʢʦ ʥʘʜʘʩʪʴʟʦʙʨʘʞʝʥʥʷʤ 
ʝʥʝʨʛʝʪʠʯʥʦʛʦ ʥʘʧʦʚʥʝʥʥʷ, ʛʝʦʤʝʪʨʠʯʥʦʩʪʽ ʪʘ ʪʝʧʣʠʭ ʢʦʣʴʦʨʽʚ, 
ʨʦʙʣʷʯʠ ʛʨʘʬʽʢʫ ʙʽʣʴʰ ʘʢʪʠʚʥʦʶ ʽ ʝʤʦʮʽʡʥʦʟʘʨʷʜʞʝʥʦʶ. ɺʽʜʢʨʠʪʽ ʞ 
ʢʦʤʧʦʟʠʮʽʾ ʦʭʦʧʣʶʶʪʴ ʚʽʣʴʥʠʡ ʧʨʦʩʪʽʨ ʽ ʫʥʠʢʘʶʪʴ ʯʽʪʢʦʾ ʽʻʨʘʨʭʽʾ. ɽʣʝʤʝʥʪʠ 
ʚ ʮʠʭ ʢʦʤʧʦʟʠʮʽʷʭ ʚʽʜʯʫʚʘʶʪʴʩʷ ʚʽʣʴʥʦ ʧʨʠʚôʷʟʘʥʠʤʠ ʦʜʠʥ ʜʦ ʦʜʥʦʛʦ. 
ʏʘʩʪʦ ʚʽʜʢʨʠʪʠʡ ʩʪʠʣʴ ʟʜʘʻʪʴʩʷ ʥʝʫʧʦʨʷʜʢʦʚʘʥʠʤ, ʨʦʟʙʠʪʠʤ ʽ ʨʦʟʽʨʚʘʥʠʤ, 
ʦʜʥʘʢ ʨʦʟʤʽʱʝʥʥʷ ʢʦʞʥʦʛʦ ʝʣʝʤʝʥʪʘ ʥʝ ʻ ʚʠʧʘʜʢʦʚʠʤ ʪʘ ʢʦʥʮʝʥʪʨʫʻ ʫʚʘʛʫ 
ʧʝʨʝʭʦʞʠʭ ʥʘ ʚʘʞʣʠʚʠʭ ʜʝʪʘʣʷʭ ʻʜʠʥʦʛʦ ʮʽʣʦʛʦ. ɿʘʩʪʦʩʫʚʘʥʥʷ ʽʟʦʤʝʪʨʽʾ 
ʜʦʟʚʦʣʷʻ ʩʪʚʦʨʶʚʘʪʠ ʤʘʣʝʥʴʢʽ ʚʩʝʩʚʽʪʠʫ ʦʙʤʝʞʝʥʠʭ ʧʨʦʩʪʦʨʘʭ. 
ɯʟʦʤʝʪʨʠʯʥʠʡ ʜʠʟʘʡʥ ïʮʝ ʤʝʪʦʜ ʤʘʣʶʚʘʥʥʷ 3D-ʦʙôʻʢʪʽʚ ʚ ʜʚʦʭ ʚʠʤʽʨʘʭ. ʗʢ 
ʧʨʘʚʠʣʦ, ʽʟʦʤʝʪʨʠʯʥʠʡ ʨʠʩʫʥʦʢ ʧʨʦʩʪʠʡ ʽ ʯʠʩʪʠʡ, ʘʣʝ ʤʘʻ ʦʙôʻʤ, ʟ ʷʢʠʤ ʥʝ 
ʤʦʞʝ ʢʦʥʢʫʨʫʚʘʪʠ ʧʣʦʩʢʠʡ ʜʠʟʘʡʥ, ʤʠʤʦʚʦʣʽ ʽ ʜʫʞʝ ʝʬʝʢʪʠʚʥʦ 
ʧʨʠʚʝʨʪʘʶʯʠ ʫʚʘʛʫ ʣʶʜʝʡ ʜʦ ʧʦʨʫʰʝʥʦʾ ʥʘ ʟʦʙʨʘʞʝʥʥʽ ʪʝʤʘʪʠʢʠ.

ʑʦʜʦ ʪʝʤʘʪʠʢʠ ʟʦʙʨʘʞʝʥʴ, ʪʦ ʪʫʪ ʧʨʦʧʦʥʫʻʪʴʩʷ ʟʚʝʨʥʫʪʠʩʷ ʜʦ ʩʦʮʽʘʣʴʥʠʭ 
ʪʘ ʟʘʛʘʣʴʥʦʣʶʜʩʴʢʠʭ ʮʽʥʥʦʩʪʝʡ, ʧʨʦ ʷʢʽ ʩʣʽʜ ʧʘʤôʷʪʘʪʠ ʱʦʜʥʷ. ʄʦʚʘ 
ʡʜʝ ʧʨʦ ʩʽʤôʶ, ʜʽʤ, ʣʶʜʩʴʢʽ ʚʽʜʥʦʩʠʥʠ ʪʘ ʟʙʝʨʝʞʝʥʥʷ ʜʦʚʢʽʣʣʷ.
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ʇʨʦʜʦʚʞʫʶʯʠ ʪʝʤʘʪʠʢʫ ʥʘʩʪʽʥʥʠʭ ʪʘ ʜʦʨʦʞʥʽʭ ʟʦʙʨʘʞʝʥʴ ʧʨʦʧʦʥʫʻʪʴʩʷ 
ʧʝʨʝʪʚʦʨʝʥʥʷ ʟʦʚʥʽʰʥʴʦʛʦ ʚʠʛʣʷʜʫ ʜʚʦʭ ʬʘʩʘʜʽʚ 9-ʪʠ ʪʘ 5-ʪʠ 
ʧʦʚʝʨʭʦʚʠʭ ʞʠʪʣʦʚʠʭ ʙʫʜʽʚʝʣʴ ʧʦ ʚʫʣʠʮʽ ʖʚʽʣʝʡʥʽʡ.

ɼʣʷ 9-ʪʠ ʧʦʚʝʨʭʦʚʦʾ ʙʫʜʽʚʣʽ ʟ ʧʣʦʩʢʠʤ ʪʦʨʮʝʚʠʤ ʬʘʩʘʜʦʤ ʨʝʢʦʤʝʥʜʦʚʘʥʦ 
ʥʘʥʝʩʝʥʥʷ ʩʫʮʽʣʴʥʦʛʦ ʤʫʨʘʣʫʫ ʩʪʠʣʽ ʘʩʠʤʝʪʨʠʯʥʦʛʦ ʜʠʟʘʡʥʫ ʪʘ ʘʨʪ-
ʜʝʢʦ ʥʘ ʪʝʤʫ ʨʽʟʥʦʤʘʥʽʪʪʷ ʣʶʜʩʴʢʠʭ ʙʫʜʝʥʥʠʭ ʩʧʨʘʚ ʪʘ ʪʫʨʙʦʪ. 
ʆʩʥʦʚʥʠʡ ʤʦʪʠʚ ʤʫʨʘʣʫïʥʝʟʣʽʯʝʥʥʽʩʪʴ ʱʦʜʝʥʥʠʭ ʨʦʙʦʯʠʭ ʟʘʚʜʘʥʴ ʪʘ 
ʦʙʦʚôʷʟʢʽʚ, ʤʘʨʰʨʫʪʽʚ ʪʘ ʥʘʧʨʷʤʢʽʚ ʨʫʭʫ, ʘ ʪʘʢʦʞ ʥʝʦʜʥʦʟʥʘʯʥʽʩʪʴ ʣʶʜʩʴʢʠʭ 
ʚʯʠʥʢʽʚ. ɿʦʙʨʘʞʝʥʥʷ ʜʝʤʦʥʩʪʨʫʻ ʧʦʩʪʫʧʦʚʝ ʧʝʨʝʪʚʦʨʝʥʥʷ ʢʦʥʢʨʝʪʥʠʭ 
ʜʽʡ ʪʘ ʤʦʪʠʚʽʚ ʫ ʦʜʥʦʤʘʥʽʪʥʫ ʘʙʩʪʨʘʢʮʽʶ ʨʫʭʫ ʪʘ ʬʦʨʤ, ʩʠʤʚʦʣʽʟʫʶʯʠ 
ʥʝʧʨʦʛʥʦʟʦʚʘʥʽʩʪʴʪʘ ʥʝʢʦʥʪʨʦʣʴʦʚʘʥʽʩʪʴʧʨʦʮʝʩʽʚ ʛʣʦʙʘʣʽʟʘʮʽʾ. 
ʄʫʨʘʣʤʘʻ ʚʠʢʦʥʫʚʘʪʠ ʨʦʣʴ ʥʘʛʘʜʫʚʘʥʥʷ ʧʨʦ ʪʝ, ʱʦ ʢʦʞʥʘ ʣʶʜʠʥʘ ʤʘʻ 
ʟʘʣʠʰʘʪʠʩʷ ʚ ʧʝʨʰʫ ʯʝʨʛʫ ʦʩʦʙʠʩʪʽʩʪʶ ʪʘ ʪʚʦʨʮʝʤ ʚʣʘʩʥʦʾ ʜʦʣʽ, 
ʚʽʜʧʦʚʽʜʘʶʯʠ ʟʘ ʚʣʘʩʥʽ ʚʯʠʥʢʠ, ʟʘʤʽʩʪʴ ʪʦʛʦ, ʱʦʙ ʨʦʟʯʠʥʠʪʠʩʷ ʫ ʧʦʪʦʮʽ 
ʟʘʛʘʣʴʥʦʛʦ ʥʝʩʚʽʜʦʤʦʛʦ ʟʘʨʘʜʠ ʫʥʠʢʥʝʥʥʷ ʙʦʜʘʡ ʷʢʦʾʩʴ ʚʽʜʧʦʚʽʜʘʣʴʥʦʩʪʽ ʟʘ 
ʩʝʙʝ, ʩʚʦʾʭ ʙʣʠʟʴʢʠʭ ʪʘ ʦʪʦʯʫʶʯʠʡ ʩʚʽʪ.
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9-ʪʠʧʦʚʝʨʭʦʚʘʙʫʜʽʚʣʷʧʦ ʚʫʣ. ʖʚʽʣʝʡʥʽʡ
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5-ʪʠ ʧʦʚʝʨʭʦʚʫ ʙʘʛʘʪʦʩʝʢʮʽʡʥʫ ʞʠʪʣʦʚʫ ʙʫʜʽʚʣʶ ʧʦ ʚʫʣʠʮʽ ʖʚʽʣʝʡʥʽʡ ʪʘʢʦʞ 
ʧʨʦʧʦʥʫʻʪʴʩʷ ʧʨʠʢʨʘʩʠʪʠ ʤʫʨʘʣʦʤ, ʦʜʥʘʢ ʮʴʦʛʦ ʨʘʟʫ ʽʩʥʫʻ ʤʦʞʣʠʚʽʩʪʴ 
ʚʜʘʪʠʩʷ ʜʦ ʱʝ ʦʜʥʦʛʦ ʜʠʟʘʡʥʝʨʩʴʢʦʛʦ ʧʨʠʡʦʤʫ ʪʘ ʚʠʢʦʨʠʩʪʘʪʠ ʪʝʭʥʽʢʫ 
3D-ʜʠʟʘʡʥʫ. ʊʘʢʘ ʤʦʞʣʠʚʽʩʪʴ ʚʠʥʠʢʘʻ ʫ ʟʚôʷʟʢʫ ʟ ʥʘʷʚʥʽʩʪʶ ʫ ʮʽʡ ʣʦʢʘʮʽʾ 
ʜʚʦʭ ʩʧʘʨʝʥʠʭ ʧʽʜ ʧʨʷʤʠʤ ʢʫʪʦʤ ʪʦʨʮʝʚʠʭ ʬʘʩʘʜʽʚ ʙʝʟ ʚʽʢʦʥ ʪʘ ʙʫʜʴ-ʷʢʠʭ 
ʘʨʭʽʪʝʢʪʫʨʥʠʭ ʥʘʜʣʠʰʢʽʚ. ʅʘ ʚʽʜʧʦʚʽʜʥʠʭ ʬʘʩʘʜʘʭ ʧʨʦʧʦʥʫʻʪʴʩʷ 
ʥʘʥʝʩʪʠ ʟʦʙʨʘʞʝʥʥʷ ʣʶʜʩʴʢʠʭ ʨʫʢ, ʱʦ ʥʽʙʠ ʩʪʷʛʫʶʪʴ ʫʷʚʥʫ ʤʝʤʙʨʘʥʫ, 
ʦʛʦʣʶʶʯʠ ʢʨʠʩʪʘʣʠ ʘʣʤʘʟʫ. ʎʽ ʢʨʠʩʪʘʣʠ ʤʝʪʘʬʦʨʠʯʥʦ ʫʦʩʦʙʣʶʶʪʴ 
ʮʽʥʥʽʩʪʴ ʜʦʤʘʰʥʴʦʛʦ ʟʘʪʠʰʢʫ ʪʘ ʢʦʤʬʦʨʪʫ, ʱʦ ʤʘʻ ʧʘʥʫʚʘʪʠ ʫ ʢʦʞʥʽʡ ʩʽʤôʾ 
ʪʘ ʦʩʝʣʽ.

ʅʘ ʮʽʡ ʞʝ ʣʦʢʘʮʽʾ ʧʨʦʧʦʥʫʻʪʴʩʷ ʟʜʽʡʩʥʠʪʠ ʚʽʜʥʦʚʣʝʥʥʷ ʜʦʨʦʞʥʴʦʛʦ 
ʧʦʢʨʠʪʪʷ ʪʘ ʛʘʟʦʥʫ ʟ ʩʠʩʪʝʤʦʶ ʘʚʪʦʤʘʪʠʯʥʦʛʦ ʧʦʣʠʚʫ ʜʣʷ ʜʦʩʷʛʥʝʥʥʷ 
ʚʨʘʞʝʥʥʷ ʢʦʤʧʦʟʠʮʽʡʥʦʾ ʟʘʚʝʨʰʝʥʦʩʪʽ ʪʘ ʧʦʢʨʘʱʝʥʥʷ ʩʧʨʠʡʥʷʪʪʷ ʦʩʥʦʚʥʦʾ 
ʽʜʝʾ ʤʫʨʘʣʫʤʽʩʮʝʚʠʤʠ ʤʝʰʢʘʥʮʷʤʠ ʪʘ ʛʦʩʪʷʤʠ ʤʽʩʪʘ.
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5-ʪʠʧʦʚʝʨʭʦʚʘʙʫʜʽʚʣʷʧʦ ʚʫʣ. ʖʚʽʣʝʡʥʽʡ



4. ʇʈʀʂʃɸɼʀʈɽɸʃɯɿɸʎɯɰʇʈʀʁʅʗʊʆɰʉʊʀʃɯʉʊʀʂʀ
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ʇʨʦʜʦʚʞʫʶʯʠ ʨʫʭʘʪʠʩʷ ʧʦ ʚʫʣʠʮʽ ʖʚʽʣʝʡʥʘ, ʤʠ ʥʘʰʪʦʚʭʫʻʤʦʩʷ ʥʘ ʜʝʱʦ 
ʟʘʥʝʜʙʘʥʠʡ ʩʢʚʝʨ. 

ɯʜʝʷ ʢʨʝʘʪʠʚʥʦʛʦ ʧʝʨʝʪʚʦʨʝʥʥʷ ʜʘʥʦʾ ʤʽʩʮʠʥʠ ʧʦʣʷʛʘʻ ʫ ʩʪʚʦʨʝʥʥʽ 
ʟʘʪʠʰʥʦʛʦ ʤʽʥʽ-ʧʘʨʢʫ ʜʣʷ ʚʽʜʧʦʯʠʥʢʫ ʪʘ ʧʨʦʛʫʣʷʥʦʢ ʜʦʨʦʩʣʠʭ ʘ ʪʘ 
ʜʽʪʝʡ. ɿʦʢʨʝʤʘ, ʜʣʷ ʦʩʪʘʥʥʽʭ ʧʨʦʧʦʥʫʻʪʴʩʷ ʟʤʦʥʪʫʚʘʪʠ ʥʦʚʝʥʴʢʫ ʽʛʨʦʚʫ 
ʧʣʦʱʘʜʢʫ ʟ ʩʫʯʘʩʥʠʤʠ ʘʨʪ-ʦʙôʻʢʪʘʤʠ ïʩʥʘʨʷʜʘʤʠ ïʜʣʷ ʨʦʟʚʠʪʢʫ 
ʦʧʦʨʥʦ-ʨʫʭʦʚʦʛʦ ʘʧʘʨʘʪʫ ʤʘʣʷʪ ʪʘ ʫʩʽʣʷʢʠʭ ʚʝʩʝʣʦʱʽʚ. 

ʇʨʦʧʦʥʫʻʪʴʩʷ ʧʦʙʫʜʫʚʘʪʠ ʣʘʥʜʰʘʬʪʥʫ ʘʨʭʽʪʝʢʪʫʨʫ ʤʽʥʽ-ʧʘʨʢʫ ʽʟ 
ʟʘʩʪʦʩʫʚʘʥʥʷʤ ʧʝʨʝʧʘʜʽʚ ʨʝʣʴʻʬʫ ʪʘʢʠʤ ʯʠʥʦʤ, ʱʦʙ ʩʪʚʦʨʠʪʠ 
ʟʘʪʠʰʥʫ ʟʦʥʫ, ʚʽʜʨʽʟʘʥʫ ʚʽʜ ʛʦʤʽʥʣʠʚʦʾ ʤʝʪʫʰʥʽ ʩʫʩʽʜʥʴʦʛʦ 
ʤʽʢʨʦʨʘʡʦʥʫ. ʆʢʨʽʤ ʪʦʛʦ, ʥʘ ʪʝʨʠʪʦʨʽʾ ʤʽʥʽ-ʧʘʨʢʫ ʨʝʢʦʤʝʥʜʦʚʘʥʦ ʚʽʜʥʦʚʠʪʠ 
ʪʨʘʚôʷʥʠʡ ʧʦʢʨʦʚ ʪʘ ʩʠʩʪʝʤʫ ʟʨʦʰʝʥʥʷ ʛʘʟʦʥʽʚ ʜʣʷ ʧʽʜʪʨʠʤʢʠ ʩʚʽʞʦʩʪʽ ʪʘ 
ʦʭʘʡʥʦʩʪʽ ʫ ʣʽʪʥʶ ʧʦʨʫ ʨʦʢʫ. 
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ʅʝʧʦʜʘʣʽʢ ʧʨʦʧʦʥʫʻʪʴʩʷ ʦʙʣʘʰʪʫʚʘʪʠ ʥʦʚʠʡ ʪʘ ʩʫʯʘʩʥʠʡ ʢʦʤʧʣʝʢʩʥʠʡ 
ʩʧʦʨʪʠʚʥʠʡ ʤʘʡʜʘʥʯʠʢ ʟ ʧʦʢʨʠʪʪʷʤ ʪʘ ʨʦʟʤʽʪʢʦʶ ʜʣʷ ʙʘʩʢʝʪʙʦʣʫ ʡ 
ʚʦʣʝʡʙʦʣʫ, ʪʝʥʽʩʫ ʪʘ ʤʽʥʽ-ʬʫʪʙʦʣʫ. 

ʇʦʨʫʯ̔ʟ ʽʛʨʦʚʠʤ ʧʦʢʨʠʪʪʷʤ ʨʝʢʦʤʝʥʜʦʚʘʥʦ ʨʦʟʤʽʩʪʠʪʠ ʚʽʜʢʨʠʪʠʡ 
ʪʨʝʥʘʞʝʨʥʠʡ ʢʦʤʧʣʝʢʩ ʟʽ ʩʥʘʨʷʜʘʤʠ ʜʣʷ ʪʨʝʥʫʚʘʥʴ ʟ ʚʣʘʩʥʦʶ ʚʘʛʦʶ 
ʪʘ ʜʦʜʘʪʢʦʚʠʤ ʥʘʚʘʥʪʘʞʝʥʥʷʤ. ɾʚʘʚʘ ʢʦʣʴʦʨʦʚʘ ʛʘʤʘ ʪʘ ʨʽʟʥʦʤʘʥʽʪʪʷ 
ʩʧʦʨʪʠʚʥʠʭ ʩʥʘʨʷʜʽʚ ʤʘʻ ʩʧʦʥʫʢʘʪʠ ʧʨʝʜʩʪʘʚʥʠʢʽʚ ʨʽʟʥʠʭ ʚʠʜʽʚ ʩʧʦʨʪʫ 
ʚʽʜʚʽʜʫʚʘʪʠ ʜʘʥʫ ʣʦʢʘʮʽʶ, ʥʘʜʘʶʯʠ ʾʡ ʙʽʣʴʰʝ ʡ ʙʽʣʴʰʝ ʧʦʧʠʪʫ ʪʘ 
ʧʦʧʫʣʷʨʠʟʫʶʯʠ ʘʢʪʠʚʥʝ ʜʦʟʚʽʣʣʷ ʚ ʮʽʣʦʤʫ. 

ʅʘʚʢʦʣʦ ʣʦʢʘʮʽʾ ʩʣʽʜ ʪʘʢʦʞ ʚʠʩʘʜʠʪʠ ʥʝʚʠʩʦʢʫ ʨʦʩʣʠʥʥʽʩʪʴ ʫ ʚʠʛʣʷʜʽ 
ʬʦʨʤʦʚʘʥʠʭ ʱʽʣʴʥʠʭ ʢʫʱʽʚ, ʘ ʪʘʢʦʞ ʜʝʢʽʣʴʢʘ ʜʦʜʘʪʢʦʚʠʭ ʧʦʨʽʜ ʜʝʨʝʚ ʟ 
ʰʠʨʦʢʦʶ ʢʨʦʥʦʶ ʜʣʷ ʤʦʞʣʠʚʦʩʪʽ ʫʢʨʠʪʪʷ ʩʧʦʨʪʩʤʝʥʽʚ ʪʘ ʚʽʜʧʦʯʠʚʘʶʯʠʭ ʚʽʜ 
ʜʝʥʥʦʾ ʣʽʪʥʴʦʾ ʩʧʝʢʠ.
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ʇʫʩʪʢʘʧʦʚʫʣ. ʖʚʽʣʝʡʥʽʡ
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ʂʦʤʧʣʝʢʩʥʠʡʩʧʦʨʪʠʚʥʠʡʤʘʡʜʘʥʯʠʢʧʦ ʚʫʣ. ʖʚʽʣʝʡʥʽʡ
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ʆʢʨʽʤ ʪʦʛʦ, ʧʦ ʚʫʣʠʮʽ ʖʚʽʣʝʡʥʽʡ ʨʝʢʦʤʝʥʜʫʻʪʴʩʷ ʧʨʦʚʝʩʪʠ ʱʝ ʨʷʜ ʟʘʭʦʜʽʚ, 
ʩʧʨʷʤʦʚʘʥʠʭ ʥʘ ʧʦʢʨʘʱʝʥʥʷ ʾʾ ʩʧʨʠʡʥʷʪʪʷ ʤʽʩʪʷʥʘʤʠ ʪʘ ʜʣʷ 
ʽʤʧʣʝʤʝʥʪʘʮʽʾ ʢʽʣʴʢʦʭ ʜʦʜʘʪʢʦʚʠʭ ʟʘʭʦʜʽʚ ʽʟ ʟʘʩʪʦʩʫʚʘʥʥʷʤ 
ʩʦʮʽʘʣʴʥʦʾ ʽʥʬʦʨʛʨʘʬʽʢʠʚʽʜʧʦʚʽʜʥʦ ʜʦ ʚʠʱʝ ʦʧʠʩʘʥʦʾ ʩʪʠʣʽʩʪʠʢʠ. 
ɿʦʢʨʝʤʘ, ʤʦʚʘ ʡʜʝ ʧʨʦ ʥʘʥʝʩʝʥʥʷ ʨʦʟʚʠʚʘʶʯʠʭ ʨʠʩʫʥʢʽʚ ʥʘ ʟʘʩʪʘʨʽʣʽ, 
ʬʽʟʠʯʥʦ ʪʘ ʤʦʨʘʣʴʥʦ ʟʥʦʰʝʥʽ ʧʘʨʢʘʥʠ ʜʚʦʭ ʜʠʪʷʯʠʭ ʩʘʜʦʯʢʽʚ ʪʘ 
ʩʪʚʦʨʝʥʥʷ 3D-ʤʘʣʶʥʢʽʚ ʥʘ ʧʽʰʦʭʽʜʥʦʤʫ ʪʨʦʪʫʘʨʽ ʤʽʞ ʮʠʤʠ ʩʘʜʦʯʢʘʤʠ. 
ʄʦʪʠʚʠ ʟʦʙʨʘʞʝʥʴ ʨʝʢʦʤʝʥʜʫʻʪʴʩʷ ʧʽʜʙʠʨʘʪʠ ʚʽʜʧʦʚʽʜʥʦ ʜʦ ʚʽʢʦʚʦʾ 
ʢʘʪʝʛʦʨʽʾ ʤʘʣʷʪ, ʱʦ ʚʽʜʚʽʜʫʶʪʴ ʜʠʪʷʯʽ ʩʘʜʦʯʢʠ. ɺʽʜʪʘʢ ʤʘʣʶʥʢʠ 
ʧʨʦʧʦʥʫʻʪʴʩʷ ʧʨʠʩʚʷʯʫʚʘʪʠ ʘʙʩʪʨʘʢʪʥʦʤʫ ʚʽʜʦʙʨʘʞʝʥʥʶ ʨʽʟʥʦʤʘʥʽʪʥʠʭ 
ʨʦʟʚʘʛ ʪʘ ʽʛʨʘʰʢʘʤ.

ɿʨʝʰʪʦʶ, ʜʦʨʦʛʘ ʜʦ ʜʠʪʷʯʦʛʦʩʘʜʦʯʢʘʤʘʘ̒ʩʦʮʽʶʚʘʪʠʩʷʚ ʜʽʪʦʢʪʘ ʾʭʙʘʪʴʢʽʚʟ 
ʭʦʨʦʰʠʤ ʥʘʩʪʨʦʻʤʪʘ ʧʝʨʝʜʯʫʪʪʷʤʣʝʛʢʦʩʪʽʧʦʪʦʯʥʦʛʦ ʜʥʷ.
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ʤʽʞʜʠʪʷʯʠʤʠʩʘʜʢʘʤʠ


