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ɺʒɺɽɼɽʅʀɽ 

 

ʅʘʨʘʩʪʚʘʱʠʪʝ ʠʟʠʩʢʚʘʥʠʷ ʥʘ ʧʘʮʠʝʥʪʠʪʝ ʟʘ ʝʩʪʝʪʠʯʥʦ ʚʲʟʩʪʘʥʦʚʷʚʘʥʝ ʥʘ ʟʲʙʥʠʪʝ 

ʩʪʨʫʢʪʫʨʠ ʧʨʦʤʝʥʠʭʘ ʝʞʝʜʥʝʚʥʘʪʘ ʧʨʘʢʪʠʢʘ ʠ ʚ ʦʙʣʘʩʪʪʘ ʥʘ ʜʝʪʩʢʘʪʘ ʜʝʥʪʘʣʥʘ 

ʤʝʜʠʮʠʥʘ. ɺʩʝ ʧʦ-ʯʝʩʪʦ ʠ ʨʦʜʠʪʝʣʠ ʠ ʜʝʮʘ ʧʦʩʪʘʚʷʪ ʠʟʠʩʢʚʘʥʝ ʟʘ ʚʲʟʤʦʞʥʦ ʝʩʪʝʪʠʯʥʦ 

ʚʲʟʩʪʘʥʦʚʷʚʘʥʝ ʥʘ ʜʝʬʝʢʪʠ ʦʪ ʨʘʟʣʠʯʥʦ ʝʩʪʝʩʪʚʦ (25, 32, 92, 269, 323). 

ɺʲʟʩʪʘʥʦʚʷʚʘʥʝʪʦ ʥʘ ʢʘʨʠʦʟʥʦ ʫʚʨʝʜʝʥʠ ʟʲʙʥʠ ʩʪʨʫʢʪʫʨʠ ʝ ʦʩʥʦʚʥʘ ʣʝʯʝʙʥʘ 

ʥʫʞʜʘ ʧʨʠ ʜʝʮʘʪʘ (34, 247). ɼʦ ʧʨʝʜʠ 10-15 ʛʦʜʠʥʠ ʘʤʘʣʛʘʤʘʪʘ ʙʝʰʝ ʩʪʘʥʜʘʨʪʥʦʪʦ 

ʦʙʪʫʨʘʮʠʦʥʥʦ ʩʨʝʜʩʪʚʦ ʟʘ ʚʲʟʩʪʘʥʦʚʷʚʘʥʝ ʥʘ ʚʨʝʤʝʥʥʠʪʝ ʟʲʙʠ (34, 81, 92). ʇʦʚʠʰʝʥʠʪʝ 

ʝʩʪʝʪʠʯʥʠ ʠʟʠʩʢʚʘʥʠʷ ʠ ʦʙʱʝʩʪʚʝʥʘʪʘ ʟʘʛʨʠʞʝʥʦʩʪ ʟʘ ʚʨʝʜʥʠʷ ʝʬʝʢʪ ʥʘ ʞʠʚʘʢʘ ʚʲʨʭʫ 

ʟʜʨʘʚʝʪʦ ʠ ʦʢʦʣʥʘʪʘ ʩʨʝʜʘ, ʥʘʣʦʞʠʭʘ ʪʲʨʩʝʥʝʪʦ ʥʘ ʧʨʠʝʤʣʠʚʠ ʘʣʪʝʨʥʘʪʠʚʠ ʥʘ 

ʘʤʘʣʛʘʤʘʪʘ (16, 34, 81, 92, 267, 269, 316).  

ʆʩʥʦʚʠʪʝ ʥʘ ʩʲʚʨʝʤʝʥʥʘʪʘ ʘʜʭʝʟʠʚʥʘ ʜʝʥʪʘʣʥʘ ʤʝʜʠʮʠʥʘ ʩʘ ʧʦʩʪʘʚʝʥʠ ʦʱʝ ʧʨʝʟ 

1955 ʛʦʜ., ʢʦʛʘʪʦ Buonocore ʩʲʦʙʱʘʚʘ, ʯʝ ʢʠʩʝʣʠʥʠʪʝ ʤʦʛʘʪ ʜʘ ʩʝ ʠʟʧʦʣʟʚʘʪ ʟʘ ʧʨʦʤʷʥʘ 

ʥʘ ʝʤʘʡʣʦʚʘʪʘ ʧʦʚʲʨʭʥʦʩʪ ʢʘʪʦ ñʷ ʧʨʘʚʷʪ ʧʦ-ʚʲʟʧʨʠʝʤʯʠʚʘ ʟʘ ʩʚʲʨʟʚʘʥʝò (6, 118, 334, 

378, 428). ʊʦʡ ʦʪʢʨʠʚʘ, ʯʝ ʘʢʨʠʣʦʚʘʪʘ ʧʣʘʩʪʤʘʩʘ ʤʦʞʝ ʜʘ ʩʝ ʩʚʲʨʞʝ ʧʦ-ʟʜʨʘʚʦ ʠ ʧʦ-

ʪʨʘʡʥʦ ʩ ʝʤʘʡʣʘ ʥʘ ʯʦʚʝʰʢʠʪʝ ʟʲʙʠ, ʩʣʝʜ ʢʘʪʦ ʝ ʧʨʝʜʚʘʨʠʪʝʣʥʦ ʝʮʚʘʥ ʩ 85% ʬʦʩʬʦʨʥʘ 

ʢʠʩʝʣʠʥʘ ʟʘ 30 sec (6, 334, 378, 387, 428). 

ʈʘʟʚʠʪʠʝʪʦ ʥʘ ʜʝʥʪʘʣʥʘʪʘ ʥʘʫʢʘ ʜʦʚʝʜʝ ʜʦ ʩʲʟʜʘʚʘʥʝʪʦ ʠ ʚʲʚʝʞʜʘʥʝʪʦ ʥʘ 

ʩʲʚʨʝʤʝʥʥʠʪʝ ʘʜʭʝʟʠʚʥʠ ʚʲʟʩʪʘʥʦʚʠʪʝʣʥʠ ʩʠʩʪʝʤʠ, ʢʦʠʪʦ ʧʨʦʤʝʥʠʭʘ ʩʪʘʥʜʘʨʪʠʪʝ ʚ 

ʣʝʯʝʥʠʝʪʦ ʥʘ ʟʲʙʥʠʷ ʢʘʨʠʝʩ. ʊʝʟʠ ʘʜʭʝʟʠʚʥʠ ʩʠʩʪʝʤʠ ʝʚʦʣʶʠʨʘʭʘ ʢʘʪʦ ʧʨʝʤʠʥʘʭʘ ʧʨʝʟ 

ʨʘʟʣʠʯʥʠ ʛʝʥʝʨʘʮʠʠ ʚʩʣʝʜʩʪʚʠʝ ʥʘ ʧʨʦʤʝʥʠ ʚ ʭʠʤʠʯʥʠʷ ʩʲʩʪʘʚ, ʤʝʭʘʥʠʟʤʘ ʟʘ ʩʚʲʨʟʚʘʥʝ 

ʩʲʩ ʟʲʙʥʠʪʝ ʩʪʨʫʢʪʫʨʠ, ʙʨʦʡ ʥʘ ʦʩʥʦʚʥʠʪʝ ʝʣʝʤʝʥʪʠ ï ʦʪ ʝʜʠʥ ʜʦ ʪʨʠ ʠ ʩʲʦʪʚʝʪʥʦ ʙʨʦʡ 

ʥʘ ʙʫʪʠʣʢʠʪʝ ʟʘ ʩʲʭʨʘʥʝʥʠʝ, ʝʜʥʘ ʜʦ ʪʨʠ ʩʪʲʧʢʠ ʥʘ ʘʧʣʠʢʘʮʠʦʥʥʠʷ ʧʨʦʪʦʢʦʣ ʠ 

ʢʣʠʥʠʯʥʘ ʝʬʝʢʪʠʚʥʦʩʪ (6, 118, 279, 334, 372, 377, 378, 428, 461). ʅʘʧʨʝʜʲʢʲʪ ʚ 

ʘʜʭʝʟʠʷʪʘ ʢʲʤ ʜʝʥʪʠʥʘ (ʧʨʠ ʝʩʪʝʪʠʯʥʠʪʝ ʦʙʪʫʨʘʮʠʦʥʥʠ ʤʘʪʝʨʠʘʣʠ) ʧʦʟʚʦʣʠ ʣʝʯʝʥʠʝʪʦ 

ʥʘ ʢʘʨʠʝʩʘ ʜʘ ʩʪʘʥʝ ʤʠʥʠʤʘʣʥʦ ʠʥʚʘʟʠʚʥʦ, ʙʝʟ ʠʟʣʠʰʥʦʪʦ ʦʪʩʪʨʘʥʷʚʘʥʝ ʥʘ ʟʜʨʘʚʠ 

ʟʲʙʥʠ ʩʪʨʫʢʪʫʨʠ, ʦʩʦʙʝʥʦ ʚʘʞʥʦ ʟʘ ʚʨʝʤʝʥʥʠʪʝ ʟʲʙʠ, ʢʦʠʪʦ ʩʘ ʩ ʤʘʣʢʠ ʨʘʟʤʝʨʠ. 

ʇʨʦʤʝʥʠ ʩʝ ʧʦʜʭʦʜʘ ʧʨʠ ʣʝʯʝʥʠʝ ʥʘ ʟʲʙʥʠʷ ʢʘʨʠʝʩ, ʢʘʢʪʦ ʚ ʟʦʥʘʪʘ ʥʘ ʬʠʩʫʨʠʪʝ, ʪʘʢʘ ʠ 

ʧʦ ʛʣʘʜʢʠʪʝ ʧʦʚʲʨʭʥʦʩʪʠ (25, 34, 92, 148, 279, 372, 375, 417). Eʢʩʪʝʥʟʠʚʥʦʪʦ ʨʘʟʚʠʪʠʝ ʠ 

ʫʩʲʚʲʨʰʝʥʩʪʚʘʥʝ ʥʘ ʘʜʭʝʟʠʚʥʠʪʝ ʚʲʟʩʪʘʥʦʚʠʪʝʣʥʠ ʤʘʪʝʨʠʘʣʠ ʠ ʩʠʩʪʝʤʠ ʜʦʚʝʜʝ ʜʦ 

ʨʘʟʰʠʨʷʚʘʥʝ ʥʘ ʠʥʜʠʢʘʮʠʠʪʝ ʠʤ ʟʘ ʧʨʠʣʦʞʝʥʠʝ ʠ ʝʞʝʜʥʝʚʥʘʪʘ ʠʤ ʢʣʠʥʠʯʥʘ ʫʧʦʪʨʝʙʘʪʘ 

ʦʩʚʝʥ ʧʨʠ ʧʦʩʪʦʷʥʥʦʪʦ ʩʲʟʲʙʠʝ, ʠ ʧʨʠ ʦʙʪʫʨʠʨʘʥʝʪʦ ʥʘ ʬʨʦʥʪʘʣʥʠ ʠ ʜʠʩʪʘʣʥʠ 

ʚʨʝʤʝʥʥʠ ʟʲʙʠ (34, 148, 204, 267, 316, 353, 461). ʅʘʧʨʝʜʲʢʲʪ ʨʘʟʢʨʠ ʠ ʨʝʜʠʮʘ 
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ʥʝʜʦʩʪʘʪʲʮʠ ʥʘ ʘʜʭʝʟʠʚʥʠʪʝ ʩʠʩʪʝʤʠ, ʦʪʯʘʩʪʠ ʩʚʲʨʟʘʥʠ ʩ ʤʦʨʬʦʣʦʛʠʷʪʘ ʥʘ ʩʪʨʫʢʪʫʨʠʪʝ, 

ʚʲʨʭʫ ʢʦʠʪʦ ʩʝ ʘʧʣʠʮʠʨʘʪ (228, 231, 267, 268, 279, 284, 353, 420, 423, 461). ʊʦʚʘ ʧʦʢʘʟʚʘ 

ʥʝʦʙʭʦʜʠʤʦʩʪʪʘ ʦʪ ʝʜʥʦ ʢʦʤʧʣʝʢʩʥʦ ʧʨʦʫʯʚʘʥʝ ʥʘ ʚʟʘʠʤʦʟʘʚʠʩʠʤʦʩʪʪʘ ʤʦʨʬʦʣʦʛʠʷ-

ʩʲʚʨʝʤʝʥʥʠ ʘʜʭʝʟʠʚʥʠ ʩʠʩʪʝʤʠ-ʢʣʠʥʠʯʝʥ ʧʨʦʪʦʢʦʣ.  

ɸʜʭʝʟʠʚʥʠʪʝ ʪʝʭʥʠʢʠ ʟʘ ʚʲʟʩʪʘʥʦʚʷʚʘʥʝ ʥʘ ʚʨʝʤʝʥʥʠʪʝ ʟʲʙʠ ʧʦʩʪʘʚʷʪ ʨʝʜʠʮʘ 

ʥʝʠʟʷʩʥʝʥʠ ʚʲʧʨʦʩʠ, ʩʨʝʜ ʢʦʠʪʦ ʚʲʟʤʦʞʥʦʪʦ ʚʣʠʷʥʠʝ ʥʘ ʦʩʦʙʝʥʦʩʪʠʪʝ ʚ ʩʪʨʫʢʪʫʨʘʪʘ ʥʘ 

ʟʲʙʠʪʝ ʦʪ ʧʲʨʚʘʪʘ ʜʝʥʪʠʮʠʷ (91, 173, 204, 211, 267, 268, 279, 347, 353, 378, 417). 

ʊʨʷʙʚʘ ʜʘ ʩʝ ʧʦʜʯʝʨʪʘʝ, ʯʝ ʨʘʟʣʠʯʥʠʪʝ ʛʨʫʧʠ ʦʪ ʝʩʪʝʪʠʯʥʠ ʦʙʪʫʨʘʮʠʦʥʥʠ 

ʤʘʪʝʨʠʘʣʠ ʠ ʥʘʯʠʥʲʪ ʥʘ ʪʷʭʥʘʪʘ ʫʧʦʪʨʝʙʘ ʧʨʠ ʚʨʝʤʝʥʥʠʪʝ ʟʲʙʠ ʩʝ ʧʨʝʥʘʩʷ ʤʝʭʘʥʠʯʥʦ 

ʦʪ ʧʦʩʪʦʷʥʥʦʪʦ ʩʲʟʲʙʠʝ, ʙʝʟ ʜʘ ʩʝ ʚʟʝʤʝ ʧʦʜ ʚʥʠʤʘʥʠʝ ʣʠʧʩʘʪʘ ʥʘ ʧʨʝʧʦʨʲʢʠ ʦʪ ʩʪʨʘʥʘ 

ʥʘ ʧʨʦʠʟʚʦʜʠʪʝʣʷ ʟʘ ʧʨʠʣʘʛʘʥʝʪʦ ʥʘ ʩʲʦʪʚʝʪʝʥ ʣʝʯʝʙʝʥ ʧʨʦʪʦʢʦʣ ʧʨʠ ʚʨʝʤʝʥʥʠʪʝ ʟʲʙʠ 

(71, 173, 195, 231, 279, 372, 417). ʄʝʞʜʫ ʟʲʙʠʪʝ ʦʪ ʜʚʝʪʝ ʜʝʥʪʠʮʠʠ ʩʲʱʝʩʪʚʫʚʘʪ 

ʦʧʨʝʜʝʣʝʥʠ ʨʘʟʣʠʯʠʷ ʧʦ ʦʪʥʦʰʝʥʠʝ ʥʘ ʠʟʛʨʘʞʜʘʱʠʪʝ ʛʠ ʩʪʨʫʢʪʫʨʠ (92, 193, 211, 279, 

335, 378, 417, 461, 463). ʊʝʟʠ ʨʘʟʣʠʯʠʷ ʜʘʚʘʪ ʦʪʨʘʞʝʥʠʝ ʚʲʨʭʫ ʢʘʯʝʩʪʚʦʪʦ ʥʘ ʘʜʭʝʟʠʷʪʘ 

ʠ ʩʚʲʨʟʚʘʥʝʪʦ ʠʤ ʩ ʝʩʪʝʪʠʯʥʠʪʝ ʦʙʪʫʨʘʮʠʦʥʥʠ ʤʘʪʝʨʠʘʣʠ, ʘ ʦʪʪʘʤ ʠ ʚʲʨʭʫ ʪʨʘʡʥʦʩʪʪʘ 

ʥʘ ʪʝʟʠ ʦʙʪʫʨʘʮʠʠ (46, 211, 267, 268, 278, 353, 375, 378, 417, 420, 463). ɺʨʝʤʝʥʥʠʪʝ ʟʲʙʠ 

ʧʨʠʣʠʯʘʪ ʥʘ ʪʝʭʥʠʪʝ ʧʦʩʪʦʷʥʥʠ ʟʘʤʝʩʪʥʠʮʠ, ʥʦ ʪʝ ʥʝ ʧʨʝʜʩʪʘʚʣʷʚʘʪ ʪʝʭʥʠ ʫʤʘʣʝʥʠ 

ʢʦʧʠʷ. 

ʉʧʝʮʠʘʣʠʟʠʨʘʥʘʪʘ ʣʠʪʝʨʘʪʫʨʘ ʠʟʦʙʠʣʩʪʚʘ ʦʪ ʠʟʩʣʝʜʚʘʥʠʷ ʟʘ ʢʘʯʝʩʪʚʦʪʦ ʥʘ 

ʩʚʲʨʟʚʘʥʝ ʠ ʟʜʨʘʚʠʥʘʪʘ ʥʘ ʚʨʲʟʢʘʪʘ ʧʨʠ ʧʨʠʣʦʞʝʥʠʝʪʦ ʥʘ ʩʲʚʨʝʤʝʥʥʠʪʝ ʝʩʪʝʪʠʯʥʠ 

ʦʙʪʫʨʘʮʠʦʥʥʠ ʤʘʪʝʨʠʘʣʠ ʠ ʘʜʭʝʟʠʚʥʠ ʩʠʩʪʝʤʠ ʧʨʠ ʧʦʩʪʦʷʥʥʠʪʝ ʟʲʙʠ (25, 92, 335, 372, 

375, 378, 387, 423, 461). ʇʦ ʦʪʥʦʰʝʥʠʝ ʥʘ ʚʨʝʤʝʥʥʠʪʝ ʟʲʙʠ ʪʘʟʠ ʠʥʬʦʨʤʘʮʠʷ ʝ 

ʩʲʱʝʩʪʚʝʥʦ ʦʛʨʘʥʠʯʝʥʘ (92, 135, 179, 335, 387). ʇʦʨʘʜʠ ʪʘʟʠ ʧʨʠʯʠʥʘ ʦʪʜʝʣʥʠ ʘʚʪʦʨʠ ʩʠ 

ʧʦʩʪʘʚʷʪ ʟʘ ʮʝʣ ʜʘ ʧʨʦʚʝʜʘʪ ʠʟʩʣʝʜʚʘʥʠʷ ʟʘ ʧʨʠʣʦʞʝʥʠʝʪʦ ʥʘ ʪʝʟʠ ʩʠʩʪʝʤʠ ʠ ʤʘʪʝʨʠʘʣʠ 

ʚʲʨʭʫ ʚʨʝʤʝʥʥʦʪʦ ʩʲʟʲʙʠʝ, ʠʟʭʦʞʜʘʡʢʠ ʦʪ ʫʩʪʘʥʦʚʝʥʠʪʝ ʠʤ ʧʨʠʩʲʱʠ ʩʪʨʫʢʪʫʨʥʠ ʠ 

ʤʦʨʬʦʣʦʛʠʯʥʠ ʦʩʦʙʝʥʦʩʪʠ ʥʘ ʪʝʟʠ ʟʲʙʠ (92, 231, 278, 279, 335, 372, 378, 417). 

 

I .ʃʀʊɽʈɸʊʋʈɽʅ ʆɹɿʆʈ 

 

1.ʉʊʈʋʂʊʋʈʅʀ ʆʉʆɹɽʅʆʉʊʀ ʅɸ  ɼɽʅʊʀʅɸ 

 

ɼʝʥʪʠʥʲʪ ʝ ʤʠʥʝʨʘʣʠʟʠʨʘʥʘ ʪʲʢʘʥ, ʟʘ ʢʦʷʪʦ ʩʘ ʭʘʨʘʢʪʝʨʥʠ ʦʧʨʝʜʝʣʝʥʠ 

ʩʪʨʫʢʪʫʨʥʠ ʦʩʦʙʝʥʥʦʩʪʠ (118, 174, 233, 246, 301, 452). ʉʪʨʫʢʪʫʨʘʪʘ ʠ ʢʘʯʝʩʪʚʘʪʘ ʥʘ 

ʜʝʥʪʠʥʘ ʚʘʨʠʨʘʪ ʩʧʦʨʝʜ ʥʝʛʦʚʦʪʦ ʪʦʧʦʛʨʘʬʩʢʦ ʨʘʟʧʦʣʦʞʝʥʠʝ (2, 3, 118, 174, 233, 301, 
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314, 355, 390, 452). ɼʝʥʪʠʥʲʪ ʩʝ ʧʨʦʤʝʥʷ ʦʪ ʬʠʟʠʦʣʦʛʠʯʥʠ, ʚʲʟʨʘʩʪʦʚʠ ʠ ʙʦʣʝʩʪʥʠ 

ʧʨʦʮʝʩʠ, ʢʦʠʪʦ ʜʦʚʝʞʜʘʪ ʜʦ ʦʙʨʘʟʫʚʘʥʝ ʥʘ ʨʘʟʣʠʯʥʠ ʚʠʜʦʚʝ ʜʝʥʪʠʥ (40, 233, 246, 388). 

ʇʨʠʝʪʠ ʚʘʨʠʘʮʠʠ ʚʢʣʶʯʚʘʪ ʧʲʨʚʠʯʝʥ, ʚʪʦʨʠʯʝʥ, ʨʝʧʘʨʘʪʠʚʝʥ ʠʣʠ ʪʝʨʮʠʝʨʝʥ ʜʝʥʪʠʥ, 

ʩʢʣʝʨʦʪʠʯʝʥ, ʪʨʘʥʩʧʘʨʝʥʪʝʥ, ʢʘʨʠʦʟʝʥ, ʜʝʤʠʥʝʨʘʣʠʟʠʨʘʥ, ʨʝʤʠʥʝʨʘʣʠʟʠʨʘʥ ʠ 

ʭʠʧʝʨʤʠʥʝʨʘʣʠʟʠʨʘʥ ʜʝʥʪʠʥ (2, 3, 40, 233, 246). ʊʝʟʠ ʧʨʦʮʝʩʠ ʚʦʜʷʪ ʜʦ ʧʨʦʤʷʥʘ ʥʘ 

ʦʩʥʦʚʥʠʪʝ ʢʦʤʧʦʥʝʥʪʠ ʥʘ ʩʪʨʫʢʪʫʨʘʪʘ, ʜʝʬʠʥʠʨʘʥʠ ʢʘʪʦ ʧʨʦʤʝʥʠ ʚʲʚ ʚʲʪʨʝʰʥʠʪʝ 

ʚʟʘʠʤʦʦʪʥʦʰʝʥʠʷ ʠʣʠ ʭʠʤʠʯʥʠʪʝ ʦʪʥʘʩʷʥʠʷ. ʈʘʟʣʠʯʥʠʪʝ ʚʠʜʦʚʝ ʜʝʥʪʠʥ, ʦʩʦʙʝʥʦʩʪʠʪʝ ʚ 

ʪʦʧʦʛʨʘʬʩʢʠʪʝ ʤʫ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʠ ʠʟʣʠʚʘ ʥʘ ʪʝʯʥʦʩʪ ʦʪ ʧʫʣʧʘʪʘ, ʜʠʨʝʢʪʥʦ ʧʦʚʣʠʷʚʘʪ 

ʢʘʯʝʩʪʚʦʪʦ ʠ ʪʨʘʡʥʦʩʪʪʘ ʥʘ ʘʜʭʝʟʠʚʥʘʪʘ ʚʨʲʟʢʘ ʩ ʜʝʥʪʠʥʘ ʠ ʠʤʘʪ ʚʘʞʥʦ ʟʥʘʯʝʥʠʝ ʟʘ 

ʚʲʟʤʦʞʥʦʩʪʪʘ ʟʘ ʫʩʲʚʲʨʰʝʥʩʪʚʘʥʝ ʥʘ ʜʲʣʛʦʪʨʘʡʥʘ ʘʜʭʝʟʠʷ ʩ ʜʝʥʪʠʥʘ (61, 174, 177, 216, 

218, 233, 246, 301, 314, 355, 390, 408, 452). 

ʇʦʨʘʜʠ ʩʧʝʮʠʬʠʯʥʠʷ ʭʘʨʘʢʪʝʨ ʥʘ ʩʪʨʫʢʪʫʨʘʪʘ ʥʘ ʜʝʥʪʠʥʘ, ʘʜʭʝʟʠʷʪʘ ʢʲʤ ʥʝʛʦ ʝ 

ʤʥʦʛʦ ʧʦ-ʪʨʫʜʥʘ ʠ ʧʦ-ʤʘʣʢʦ ʧʨʝʜʩʢʘʟʫʝʤʘ ʦʪʢʦʣʢʦʪʦ ʩʚʲʨʟʚʘʥʝʪʦ ʩ ʝʤʘʡʣʘ (108, 110, 

118, 223, 233, 288, 301, 314, 355, 388). 

ʇʲʨʚʠʯʥʠʷʪ ʜʝʥʪʠʥ ʩʝ ʦʙʨʘʟʫʚʘ ʧʦ ʚʨʝʤʝ ʥʘ ʨʘʟʚʠʪʠʝʪʦ ʥʘ ʟʲʙʘ (1, 2, 9, 40, 233, 

246, 288, 301). ɼʝʥʪʠʥʲʪ ʝ ʩʲʩʪʘʚʝʥ ʦʪ ʦʢʦʣʦ 50% ʤʠʥʝʨʘʣʥʦ ʩʲʜʲʨʞʘʥʠʝ ʧʦʜ ʬʦʨʤʘʪʘ 

ʥʘ ʘʧʘʪʠʪʠ. ʊʝ ʩʘ ʙʦʛʘʪʠ ʥʘ ʢʘʨʙʦʥʘʪʠ, ʥʦ ʜʝʬʠʮʠʪʥʠ ʥʘ ʢʘʣʮʠʡ ʠ ʩʘ ʧʦ-ʤʘʣʢʠ ʧʦ 

ʨʘʟʤʝʨ ʦʪ ʪʝʟʠ ʥʘ ʝʤʘʡʣʘ, ʧʨʝʜʧʦʣʘʛʘʱʦ ʧʦ-ʛʦʣʷʤʘ ʠ ʘʢʪʠʚʥʘ ʧʦʚʲʨʭʥʦʩʪ; 30% 

ʦʨʛʘʥʠʯʥʘ ʤʘʪʝʨʠʷ, ʧʨʝʜʠʤʥʦ ʦʪ ʢʦʣʘʛʝʥ ʪʠʧ I; ʠ ʦʢʦʣʦ 20% ʪʝʯʥʦʩʪ, ʢʦʷʪʦ ʝ ʧʦʜʦʙʥʘ 

ʥʘ ʧʣʘʟʤʘʪʘ, ʥʦ ʝ ʩʣʘʙʦ ʠʟʫʯʝʥʘ (40, 233, 246). ɼʨʫʛʠ ʥʝʢʦʣʘʛʝʥʦʚʠ ʧʨʦʪʝʠʥʠ ʠ 

ʦʨʛʘʥʠʯʥʠ ʢʦʤʧʦʥʝʥʪʠ ʩʝ ʥʘʤʠʨʘʪ ʩʲʱʦ ʚ ʤʘʣʢʠ ʢʦʣʠʯʝʩʪʚʘ, ʥʦ ʪʝʭʥʠʪʝ ʬʫʥʢʮʠʠ ʩʲʱʦ 

ʥʝ ʩʘ ʜʦʙʨʝ ʧʨʦʫʯʝʥʠ (40, 233).  

ʊʫʙʫʣʠʪʝ ʩʘ ʪʠʧʠʯʥʘ ʠ ʚʘʞʥʘ ʦʩʦʙʝʥʦʩʪ ʥʘ ʜʝʥʪʠʥʘ, ʩ ʜʠʘʤʝʪʲʨ ʦʪ 1 ʜʦ 2 ɛm ʠ 

ʧʨʝʜʩʪʘʚʷʪ ʧʲʪʷ, ʢʦʡʪʦ ʦʪʚʝʞʜʘ ʦʜʦʥʪʦʙʣʘʩʪʥʘʪʘ ʢʣʝʪʢʘ ʦʪ ʝʤʘʡʣʦʜʝʥʪʠʥʦʚʘʪʘ ʛʨʘʥʠʮʘ 

ʠʣʠ ʮʠʤʝʥʪʦʜʝʥʪʠʥʦʚʘʪʘ ʛʨʘʥʠʮʘ ʜʦ ʧʫʣʧʥʘʪʘ ʢʘʤʝʨʘ (2, 3, 8, 9, 40, 91, 233, 239, 246, 

288, 301). ʂʲʤ ʧʫʣʧʥʘʪʘ ʢʘʤʝʨʘ ʪʫʙʫʣʠʪʝ ʩʝ ʜʦʙʣʠʞʘʚʘʪ. ʊʷʭʥʘʪʘ ʛʲʩʪʦʪʘ ʥʘ 

ʝʤʘʡʣʦʜʝʥʪʠʥʦʚʘʪʘ ʛʨʘʥʠʮʘ ʝ ʥʘʡ-ʤʘʣʢʘ ï 1.9 ʭ 10
6
 ʪʫʙʫʣʠ\ʩʤ

2
 (110, 142) ʠ ʥʘʡ-ʛʦʣʷʤʘ ʚ 

ʧʨʝʜʝʥʪʠʥʘ, ʥʘ ʛʨʘʥʠʮʘʪʘ ʩ ʧʫʣʧʥʘʪʘ ʢʘʤʝʨʘ ï ʤʝʞʜʫ 4.5ʭ10
6
 ʪʫʙʫʣʠ\ʩʤ

2 
(142) ʠ 6.5ʭ10

6
 

ʪʫʙʫʣʠ\ʩʤ
2 

(246), ʢʲʜʝʪʦ ʦʜʦʥʪʦʙʣʘʩʪʥʠʪʝ ʢʣʝʪʢʠ ʣʝʞʘʪ ʧʣʲʪʥʦ ʧʦʜʨʝʜʝʥʠ ʝʜʥʘ ʜʦ 

ʜʨʫʛʘ (91, 107, 383). ɻʲʩʪʦʪʘʪʘ ʥʘ ʜʝʥʪʠʥʦʚʠʪʝ ʢʘʥʘʣʯʝʪʘ ʝ ʧʦ-ʤʘʣʢʘ ʚ ʦʙʣʘʩʪʪʘ ʥʘ 

ʢʦʨʝʥʦʚʠʷ ʜʝʥʪʠʥ. ʃʫʤʝʥʲʪ ʥʘ ʜʝʥʪʠʥʦʚʦʪʦ ʢʘʥʘʣʯʝ ʩʝ ʫʚʝʣʠʯʘʚʘ ʚ ʧʦʩʦʢʘ ʢʲʤ 

ʧʫʣʧʦʜʝʥʪʠʥʦʚʘʪʘ ʛʨʘʥʠʮʘ (110, 223, 268, 288, 293, 367, 383). 

ɹʨʦʷʪ ʥʘ ʪʫʙʫʣʠʪʝ ʚ ʜʘʜʝʥʘ ʟʦʥʘ ʟʘʚʠʩʠ ʦʪ ʣʦʢʘʣʠʟʘʮʠʷʪʘ ʠ ʜʲʣʙʦʯʠʥʘʪʘ ʚ 

ʜʝʥʪʠʥʘ (ʪʘʙʣ.1) (246). 
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ʊʘʙʣ.1. ʉʨʝʜʝʥ ʙʨʦʡ ʥʘ ʜʝʥʪʠʥʦʚʠʪʝ ʪʫʙʫʣʠ ʥʘ mm
2 
ʚ ʢʦʨʦʥʢʦʚʘʪʘ ʯʘʩʪ ʥʘ 

ʯʦʚʝʰʢʠ ʟʲʙ (246). 

 

 

ɼʲʣʙʦʯʠʥʘ 

ʃʆʂɸʃʀɿɸʎʀʗ 

ʆʢʣʫʟʘʣʥʦ ʊʫʙʝʨʢʫʣʠ ʉʨʝʜʥʘ ʯʘʩʪ ʥʘ 

ʢʦʨʦʥʘʪʘ 

ɽʎ ʛʨʘʥʠʮʘ 

ʇʝʨʠʬʝʨʠʷ 8 000 20 000 10 000 10 000 

ʉʨʝʜʘ 32 000 36 000 32 000 29 000 

ɺʲʪʨʝʰʥʦʩʪ 58 000 58 000 48 000 48 000 

 

 

                          
 

ʌʠʛ. 1. ʉʭʝʤʘʪʠʯʥʦ ʧʨʝʜʩʪʘʚʷʥʝ ʥʘ ʛʲʩʪʦʪʘ ʥʘ ʜʝʥʪʠʥʦʚʠʪʝ ʢʘʥʘʣʯʝʪʘ ʥʘ 

ʨʘʟʣʠʯʥʘ ʜʲʣʙʦʯʠʥʘ 

 

ɺ ʢʦʨʦʥʢʦʚʠʷ ʜʝʥʪʠʥ ʪʝʭʥʠʷʪ ʙʨʦʡ ʚʘʨʠʨʘ ʦʪ ʦʢʦʣʦ 8000 ʜʦ 58 000\mm
2
 (246). 

ʊʝʟʠ ʨʘʟʣʠʯʠʷ ʩʘ ʚʘʞʥʠ ʠ ʚʣʠʷʷʪ ʥʘ ʙʠʦʣʦʛʠʯʥʘʪʘ ʨʝʘʢʮʠʷ ʩʧʨʷʤʦ ʚʲʟʩʪʘʥʦʚʠʪʝʣʥʠʪʝ 

ʧʨʦʮʝʜʫʨʠ. ʅʘʡ-ʤʘʣʲʢ ʙʨʦʡ ʪʫʙʫʣʠ ʩʘ ʫʩʪʘʥʦʚʝʥʠ ʧʝʨʠʬʝʨʥʦ, ʚ ʟʦʥʠʪʝ ʧʦʜ ʦʢʣʫʟʘʣʥʠʪʝ 

ʬʠʩʫʨʠ. ʅʘʡ-ʛʦʣʷʤ ʙʨʦʡ ʪʫʙʫʣʠ ʩʝ ʥʘʤʠʨʘʪ ʧʨʠ ʧʫʣʧʥʠʪʝ ʨʦʛʯʝʪʘ ʥʘ ʧʫʣʧʥʘʪʘ 

ʧʦʚʲʨʭʥʦʩʪ, ʢʦʷʪʦ ʩʝ ʧʨʦʝʢʪʠʨʘ ʧʦʜ ʦʢʣʫʟʘʣʥʘʪʘ ʧʦʚʲʨʭʥʦʩʪ (ʬʠʛ.1) (246).  

ʉʪʝʧʝʥʪʘ ʥʘ ʚʣʘʞʥʦʩʪ ʥʘ ʦʪʢʨʠʪʘʪʘ ʜʝʥʪʠʥʦʚʘ ʧʦʚʲʨʭʥʦʩʪ ʟʘʚʠʩʠ ʩʲʱʦ ʦʪ 

ʩʲʦʪʥʦʰʝʥʠʝʪʦ ʪʫʙʫʣʠ-ʤʝʞʜʫʪʫʙʫʣʥʦ ʧʨʦʩʪʨʘʥʩʪʚʦ. ʂʦʣʢʦʪʦ ʧʦ-ʛʦʣʷʤ ʝ ʙʨʦʷʪ ʥʘ 

ʦʪʢʨʠʪʠʪʝ ʜʝʥʪʠʥʦʚʠ ʢʘʥʘʣʯʝʪʘ ʥʘ mm
2
, ʪʦʣʢʦʚʘ ʧʦ-ʚʣʘʞʝʥ ʱʝ ʝ ʜʝʥʪʠʥʘ. ʊʦʚʘ 

ʩʲʦʪʥʦʰʝʥʠʝ ʝ ʚʘʞʥʦ ʟʘ ʘʜʭʝʟʠʷʪʘ ʥʘ ʧʣʘʩʪʤʘʩʠʪʝ ʢʲʤ ʜʝʥʪʠʥʘ (237, 246, 288).  

ʋʩʪʘʥʦʚʝʥʠʪʝ ʚʘʨʠʘʮʠʠ ʚ ʙʨʦʷ ʥʘ ʪʫʙʫʣʠʪʝ ʥʘ mm
2 
ʠʤʘʪ ʢʣʠʥʠʯʥʦ ʟʥʘʯʝʥʠʝ ʟʘ 

ʧʝʨʤʝʘʙʠʣʠʪʝʪʘ ʥʘ ʜʝʥʪʠʥʘ, ʟʘ ʥʝʛʦʚʘʪʘ ʚʣʘʞʥʦʩʪ ʩʣʝʜ ʤʝʭʘʥʠʯʥʘ ʦʙʨʘʙʦʪʢʘ ʠ ʟʘ 

ʨʘʥʠʤʦʩʪʪʘ ʥʘ ʟʲʙʥʘʪʘ ʧʫʣʧʘ. ʉʲʦʪʥʦʰʝʥʠʝʪʦ ʪʫʙʫʣʠ ʢʲʤ ʠʥʪʝʨʪʫʙʫʣʘʨʝʥ ʜʝʥʪʠʥ ʥʘ 
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ʧʫʣʧʥʘʪʘ ʩʪʝʥʘ ʥʘ ʧʨʝʧʘʨʘʮʠʷʪʘ ʱʝ ʝ ʦʩʝʟʘʝʤʦ ʨʘʟʣʠʯʥʦ ʧʨʠ ʧʣʠʪʢʠ ʠ ʜʲʣʙʦʢʠ 

ʢʘʚʠʪʝʪʠ ʠ ʢʘʪʦ ʧʦʩʣʝʜʠʮʘ ʨʘʥʠʤʦʩʪʪʘ ʥʘ ʧʫʣʧʘʪʘ ʱʝ ʩʝ ʨʘʟʣʠʯʘʚʘ (223, 246, 248). 

ʉ̡ ʦʪʥʦʰʝʥʠʝʪʦ ʪʫʙʫʣʠ-ʠʥʪʝʨʪʫʙʫʣʘʨʝʥ ʜʝʥʪʠʥ ʩʝ ʧʦʚʣʠʷʚʘ ʠ ʦʪ ʚʲʟʨʘʩʪʪʘ ʥʘ ʟʲʙʘ, ʢʘʪʦ 

ʦʙʪʫʨʠʨʘʥʝʪʦ ʥʘ ʜʝʥʪʠʥʦʚʦʪʦ ʢʘʥʘʣʯʝ ʩ ʫʚʝʣʠʯʘʚʘʥʝʪʦ ʥʘ ʧʝʨʠʪʫʙʫʣʘʨʥʠʷ ʜʝʥʪʠʥ ʱʝ 

ʥʘʤʘʣʠ ʠʣʠ ʜʦʨʠ ʝʣʠʤʠʥʠʨʘ ʣʫʤʝʥʘ ʥʘ ʪʫʙʫʣʠʪʝ. ʆʪʪʫʢ ʱʝ ʩʝ ʧʦʚʣʠʝ ʧʝʨʤʝʘʙʠʣʠʪʝʪʘ 

ʥʘ ʜʝʥʪʠʥʘ (223, 246, 248). ʈʘʟʢʣʦʥʝʥʠʷʪʘ ʥʘ ʜʝʥʪʠʥʦʚʠʪʝ ʢʘʥʘʣʯʝʪʘ ʩʝ ʨʘʟʣʠʯʘʚʘʪ ʩʲʱʦ 

ʚ ʟʘʚʠʩʠʤʦʩʪ ʦʪ ʣʦʢʘʣʠʟʠʮʠʷʪʘ ʚ ʟʲʙʘ (246, 248), ʢʘʪʦ ʟʥʘʯʝʥʠʝ ʧʦ ʦʪʥʦʰʝʥʠʝ ʥʘ 

ʘʜʭʝʟʠʷʪʘ ʢʲʤ ʜʝʥʪʠʥʘ ʠʤʘʪ ʪʝʟʠ ʩ ʪʠʧʠʯʥʘ Y-ʦʙʨʘʟʥʘ ʪʝʨʤʠʥʘʣʥʘ ʬʦʨʤʘ, ʨʘʟʧʦʣʦʞʝʥʠ 

ʚ ʧʝʨʠʬʝʨʥʠʪʝ 250 ɛm ʦʪ ʢʦʨʦʥʢʦʚʠʷ ʜʝʥʪʠʥ. ʊʝʟʠ ʨʘʟʢʣʦʥʝʥʠʷ ʩʘ ʩ ʦʪʥʦʩʠʪʝʣʥʦ ʛʦʣʷʤ 

ʜʠʘʤʝʪʲʨ ʦʪ 0.5 ʜʦ 1 ɛm (248). ʊʝ ʩʲʱʦ ʜʦʧʨʠʥʘʩʷʪ ʟʘ ʧʦ-ʛʦʣʷʤʘ ʚʣʘʞʥʦʩʪ ʥʘ ʜʝʥʪʠʥʘ ʠ 

ʜʘʚʘʪ ʦʪʨʘʞʝʥʠʝ ʚʲʨʭʫ ʧʨʦʮʝʜʫʨʠʪʝ ʧʨʠ ʥʘʥʘʩʷʥʝʪʦ ʥʘ ʘʜʭʝʟʠʚʠʪʝ ʚ ʩʲʦʪʚʝʪʥʠʪʝ ʟʦʥʠ 

(237, 246, 288, 449, 450). 

ʉʲʜʲʨʞʘʥʠʝʪʦ ʥʘ ʢʘʥʘʣʯʝʪʦ ʚʢʣʶʯʚʘ ʮʝʣʠʷ ʠʣʠ ʯʘʩʪ ʦʪ ʦʜʦʥʪʦʙʣʘʩʪʥʠʷ ʠʟʨʘʩʪʲʢ 

ʠ ʪʝʯʥʦʩʪ (1, 2, 3, 8, 9, 40, 233, 246, 288). ɼʲʣʞʠʥʘʪʘ ʥʘ ʦʜʦʥʪʦʙʣʘʩʪʥʠʷ ʠʟʨʘʩʪʲʢ ʥʝ ʝ 

ʠʟʷʩʥʝʥʘ (40, 233, 246). ʉʲʱʝʩʪʚʫʚʘʪ ʧʨʝʜʧʦʣʦʞʝʥʠʷ, ʯʝ ʪʦʡ ʜʦʩʪʠʛʘ ʜʦ 

ʝʤʘʡʣʦʜʝʥʪʠʥʦʚʘʪʘ ʛʨʘʥʠʮʘ (233), ʘ ʩʧʦʨʝʜ ʜʨʫʛʠ ʘʚʪʦʨʠ ʜʦ ʝʜʥʘ ʪʨʝʪʘ ʦʪ ʜʝʙʝʣʠʥʘʪʘ 

ʥʘ ʜʝʥʪʠʥʘ (246).    

ʇʦ ʧʨʦʜʲʣʞʝʥʠʝʪʦ ʩʠ ʣʫʤʝʥʲʪ ʥʘ ʪʫʙʫʣʘ ʝ ʦʙʛʨʘʜʝʥ ʦʪ ʚʠʩʦʢʦ ʤʠʥʝʨʘʣʠʟʠʨʘʥ 

ʤʘʥʰʝʪ ʦʪ ʧʝʨʠʪʫʙʫʣʘʨʝʥ ʜʝʥʪʠʥ (ʠʥʪʨʘʪʫʙʫʣʘʨʝʥ ʜʝʥʪʠʥ), ʩʲʜʲʨʞʘʱ ʚ ʧʦ-ʛʦʣʷʤʘʪʘ ʩʠ 

ʯʘʩʪ ʘʧʘʪʠʪʥʠ ʢʨʠʩʪʘʣʠ ʠ ʝ ʦʪʥʦʩʠʪʝʣʥʦ ʙʝʜʝʥ ʥʘ ʢʦʣʘʛʝʥ (110, 233). ɼʝʙʝʣʠʥʘʪʘ ʥʘ 

ʧʝʨʠʪʫʙʫʣʘʨʥʠʷ ʜʝʥʪʠʥ ʥʘʤʘʣʷʚʘ ʩ ʧʨʠʙʣʠʞʘʚʘʥʝ ʢʲʤ ʧʫʣʧʘʪʘ (110, 383). ʊʫʙʫʣʠʪʝ ʩʘ 

ʨʘʟʜʝʣʝʥʠ ʧʦʤʝʞʜʫ ʩʠ ʦʪ ʠʥʪʝʨʪʫʙʫʣʘʨʝʥ ʜʝʥʪʠʥ, ʩʲʩʪʦʷʱ ʩʝ ʦʪ ʤʘʪʨʠʢʩ ʦʪ ʪʠʧ I 

ʢʦʣʘʛʝʥ, ʧʦʜʩʠʣʝʥ ʦʪ ʘʧʘʪʠʪ (40, 47, 110, 233, 239, 246, 288). ʇʣʦʱʪʘ ʥʘ 

ʠʥʪʝʨʪʫʙʫʣʘʨʥʠʷ ʜʝʥʪʠʥ ʥʘʤʘʣʷʚʘ ʩ ʧʨʠʙʣʠʞʘʚʘʥʝ ʢʲʤ ʧʫʣʧʘʪʘ (110, 223, 390). ɻʲʩʪʦʪʘ 

ʥʘ ʪʫʙʫʣʠʪʝ, ʜʠʘʤʝʪʲʨʲʪ ʥʘ ʜʝʥʪʠʥʦʚʦʪʦ ʢʘʥʘʣʯʝ, ʧʣʦʱʪʘ ʥʘ ʠʥʪʝʨ- ʠ ʧʝʨʠʪʫʙʫʣʘʨʥʠʷ 

ʜʝʥʪʠʥ ʤʦʛʘʪ ʜʘ ʚʘʨʠʨʘʪ ʟʘ ʝʜʠʥ ʠ ʩʲʱʠ ʟʲʙ ʚ ʟʘʚʠʩʠʤʦʩʪ ʦʪ ʣʦʢʘʣʠʟʘʮʠʷʪʘ, ʢʘʪʦ ʧʨʠ 

ʧʦ-ʧʣʠʪʢʠʪʝ ʢʘʚʠʪʝʪʠ ʤʦʨʬʦʣʦʛʠʯʥʘʪʘ ʩʨʝʜʘ ʝ ʧʦ-ʙʣʘʛʦʧʨʠʷʪʥʘ ʢʲʤ ʧʨʦʮʝʩʠʪʝ ʥʘ 

ʘʜʭʝʟʠʷ, ʚ ʩʨʘʚʥʝʥʠʷ ʩ ʢʘʚʠʪʝʪʠ, ʜʦʩʪʠʛʘʱʠ ʚ ʙʣʠʟʦʩʪ ʜʦ ʟʲʙʥʘʪʘ ʧʫʣʧʘ (108, 110, 383).  

ʎʝʨʚʠʢʘʣʥʠʪʝ ʟʦʥʠ ʥʘ ʟʲʙʠʪʝ ʩʲʱʦ ʩʘ ʦʪ ʦʩʦʙʝʥʦ ʚʘʞʥʦ ʢʣʠʥʠʯʥʦ ʟʥʘʯʝʥʠʝ, 

ʟʘʱʦʪʦ ʨʲʙʦʚʝʪʝ ʥʘ ʢʘʚʠʪʝʪʥʠʪʝ ʧʨʝʧʘʨʘʮʠʠ ʯʝʩʪʦ ʩʝ ʨʘʟʧʦʣʘʛʘʪ ʧʦʜ 

ʝʤʘʡʣʦʮʠʤʝʥʪʦʚʘʪʘ ʛʨʘʥʠʮʘ (40, 246). ʉʪʨʫʢʪʫʨʘʪʘ ʥʘ ʜʝʥʪʠʥʘ ʧʦʜ ʪʘʟʠ ʛʨʘʥʠʮʘ ʤʦʞʝ 

ʜʘ ʜʦʚʝʜʝ ʜʦ ʦʙʨʘʟʫʚʘʥʝʪʦ ʥʘ ʧʦ-ʥʠʩʢʦ ʢʘʯʝʩʪʚʦ ʥʘ ʭʠʙʨʠʜʥʠʷ ʩʣʦʡ ʩʣʝʜ ʢʠʩʝʣʠʥʥʦ 

ʝʮʚʘʥʝ, ʧʦʨʘʜʠ ʣʠʧʩʘʪʘ ʠʣʠ ʤʘʣʢʠʷ ʙʨʦʡ ʪʫʙʫʣʠ ʠ ʪʫʙʫʣʥʠ ʨʘʟʢʣʦʥʝʥʠʷ (246). 

ʆʛʨʘʥʠʯʝʥʠʷʪ ʙʨʦʡ ʪʝʨʤʠʥʘʣʥʠ ʨʘʟʢʣʦʥʝʥʠʷ ʠ ʪʫʙʫʣʠ ʚ ʥʘʡ-ʧʝʨʠʬʝʨʥʠʪʝ ʟʦʥʠ ʜʝʥʪʠʥ 
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ʚ ʮʝʨʚʠʢʘʣʥʘʪʘ ʯʘʩʪ ʥʘ ʟʲʙʠʪʝ ʠ ʥʘʣʠʯʠʝʪʦ ʥʘ ʘʮʝʣʫʣʘʨʝʥ ʮʠʤʝʥʪ ʱʝ ʜʦʚʝʜʝ ʜʦ 

ʦʙʨʘʟʫʚʘʥʝʪʦ ʥʘ ʦʪʥʦʩʠʪʝʣʥʦ ʪʲʥʲʢ ʭʠʙʨʠʜʝʥ ʩʣʦʡ, ʢʦʡʪʦ ʤʦʞʝ ʜʘ ʥʝ ʦʩʠʛʫʨʠ ʜʦʙʨʦʪʦ 

ʤʠʢʨʦʤʝʭʘʥʠʯʥʦ ʩʚʲʨʟʚʘʥʝ ʥʘ ʢʦʤʧʦʟʠʪʥʠʷ ʦʙʪʫʨʘʮʠʦʥʝʥ ʤʘʪʝʨʠʘʣ ʩ ʜʝʥʪʠʥʘ (246, 

248).         

1.1.ʆʩʦʙʝʥʦʩʪʠ ʥʘ ʜʝʥʪʠʥʘ ʥʘ ʚʨʝʤʝʥʥʠʪʝ ʟʲʙʠ 

 

ɼʲʣʛʦ ʚʨʝʤʝ ʤʦʨʬʦʣʦʛʠʷʪʘ ʠ ʩʲʩʪʘʚʘ ʥʘ ʜʝʥʪʠʥʘ ʥʘ ʚʨʝʤʝʥʥʠʪʝ ʠ ʧʦʩʪʦʷʥʥʠʪʝ 

ʟʲʙʠ ʩʝ ʩʤʷʪʘʭʘ ʟʘ ʩʭʦʜʥʠ, ʢʘʪʦ ʟʥʘʥʠʷʪʘ ʟʘ ʧʦʩʪʦʷʥʥʠʪʝ ʟʲʙʠ ʧʨʝʜʩʪʘʚʣʷʚʘʭʘ ʟʥʘʥʠʷ ʠ 

ʟʘ ʚʨʝʤʝʥʥʠʪʝ ʟʲʙʠ (1, 2, 92, 173, 193, 195, 231, 383). ʈʝʜʠʮʘ ʠʟʩʣʝʜʚʘʥʠʷ ʫʩʪʘʥʦʚʷʚʘʪ 

ʟʥʘʯʠʪʝʣʥʠ ʨʘʟʣʠʯʠʷ ʚ ʩʲʩʪʘʚʘ ʠ ʤʠʢʨʦʤʦʨʬʦʣʦʛʠʯʥʠʪʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʤʝʞʜʫ ʜʝʥʪʠʥʘ 

ʥʘ ʟʲʙʠʪʝ ʦʪ ʧʲʨʚʘʪʘ ʠ ʚʪʦʨʘʪʘ ʜʝʥʪʠʮʠʷ (13, 46, 71, 92, 193, 211,  268, 279, 335, 367, 

378, 383, 388, 417, 461, 463).  

ʇʨʠ ʠʟʩʣʝʜʚʘʥʝ ʪʚʲʨʜʦʩʪʪʘ ʥʘ ʮʝʥʪʨʘʣʥʠʪʝ ʟʦʥʠ ʦʪ ʢʦʨʦʥʢʦʚʠʷ ʜʝʥʪʠʥ ʩʝ 

ʫʩʪʘʥʦʚʷʚʘ, ʯʝ ʪʦʟʠ ʥʘ ʧʦʩʪʦʷʥʥʠʪʝ ʟʲʙʠ ʝ ʟʥʘʯʠʪʝʣʥʦ ʧʦ-ʪʚʲʨʜ ʦʪ ʪʦʟʠ ʦʪ 

ʩʲʦʪʚʝʪʩʪʚʘʱʠʪʝ ʟʦʥʠ ʧʨʠ ʚʨʝʤʝʥʥʠʪʝ ʟʲʙʠ (71, 173, 177, 193, 268, 279, 367). ʊʦʚʘ ʩʝ 

ʦʪʜʘʚʘ ʥʘ ʬʘʢʪʘ, ʯʝ ʜʝʥʪʠʥʲʪ ʥʘ ʧʦʩʪʦʷʥʥʠʪʝ ʟʲʙʠ ʝ ʧʦ-ʚʠʩʦʢʦ ʤʠʥʝʨʘʣʠʟʠʨʘʥ (40), ʪʲʡ 

ʢʘʪʦ ʪʚʲʨʜʦʩʪʪʘ ʠ ʩʪʝʧʝʥʪʘ ʥʘ ʤʠʥʝʨʘʣʠʟʘʮʠʷ ʩʘ ʧʨʦʧʦʨʮʠʦʥʘʣʥʠ (71, 193, 367). ʇʨʠ 

ʚʨʝʤʝʥʥʠʪʝ ʟʲʙʠ ʩʝ ʫʩʪʘʥʦʚʷʚʘ ʧʦ-ʥʠʩʢʘ ʢʘʣʮʠʝʚʦ ʠ ʬʦʩʬʦʨʥʘ ʢʦʥʮʝʥʪʨʘʮʠʷ ʚ ʧʝʨʠ- ʠ 

ʠʥʪʝʨʪʫʙʫʣʘʨʥʠʷ ʜʝʥʪʠʥ, ʢʘʢʪʦ ʠ ʧʦ-ʥʠʩʢʠ ʤʠʢʨʦʤʝʭʘʥʠʯʥʠ ʧʦʢʘʟʘʪʝʣʠ (ʪʚʲʨʜʦʩʪ ʠ 

ʤʦʜʫʣ ʥʘ ʝʣʘʩʪʠʯʥʦʩʪ) (18, 71, 119, 177, 193, 213, 267, 268, 279, 367, 378). ʊʚʲʨʜʦʩʪʪʘ ʥʘ 

ʜʝʥʪʠʥʘ ʥʘ ʟʲʙʠʪʝ ʦʪ ʜʚʝʪʝ ʜʝʥʪʠʮʠʠ ʥʘʤʘʣʷʚʘ ʚ ʜʲʣʙʦʯʠʥʘ. ʉʨʝʱʘʪ ʩʝ ʜʚʝ ʪʚʲʨʜʝʥʠʷ ʚ 

ʪʘʟʠ ʚʨʲʟʢʘ. ʉʧʦʨʝʜ ʧʲʨʚʦʪʦ ʥʘʤʘʣʷʚʘʥʝʪʦ ʥʘ ʪʚʲʨʜʦʩʪʪʘ ʩʝ ʦʪʜʘʚʘ ʥʘ ʧʦ-ʛʦʣʷʤʘʪʘ 

ʛʲʩʪʦʪʘ ʥʘ ʜʝʥʪʠʥʦʚʠʪʝ ʢʘʥʘʣʯʝʪʘ, ʪ.ʝ. ʠʤʘ ʦʙʨʘʪʥʦ ʧʨʦʧʦʨʮʠʦʥʘʣʥʘ ʟʘʚʠʩʠʤʦʩʪ ʤʝʞʜʫ 

ʛʲʩʪʦʪʘ ʥʘ ʜʝʥʪʠʥʦʚʠʪʝ ʢʘʥʘʣʯʝʪʘ ʠ ʪʚʲʨʜʦʩʪ (71, 177, 180). ʉʧʦʨʝʜ ʚʪʦʨʦʪʦ (207) 

ʧʨʦʤʷʥʘʪʘ ʚ ʪʚʲʨʜʦʩʪʪʘ ʩ ʥʘʧʨʝʜʚʘʥʝ ʚ ʜʲʣʙʦʯʠʥʘ ʟʘʚʠʩʠ ʦʪ ʧʨʦʤʝʥʠʪʝ ʚ 

ʠʥʪʝʨʪʫʙʫʣʘʨʥʠʷ ʜʝʥʪʠʥ, ʘ ʥʝ ʦʪ ʛʲʩʪʦʪʘʪʘ ʥʘ ʜʝʥʪʠʥʦʚʠʪʝ ʢʘʥʘʣʯʝʪʘ (110, 233, 288). 

ɼʝʙʝʣʠʥʘʪʘ ʥʘ ʧʝʨʠʪʫʙʫʣʘʨʥʠʷ ʜʝʥʪʠʥ ʝ 2-5 ʧʲʪʠ ʧʦ-ʛʦʣʷʤ ʧʨʠ ʚʨʝʤʝʥʥʠʪʝ ʟʲʙʠ, ʢʦʝʪʦ 

ʦʟʥʘʯʘʚʘ ʧʦ-ʤʘʣʢʦ ʢʦʣʠʯʝʩʪʚʦ ʠʥʪʝʨʪʫʙʫʣʘʨʝʥ ʜʝʥʪʠʥ ʟʘ ʦʩʲʱʝʩʪʚʷʚʘʥʝ ʥʘ 

ʧʨʦʮʝʜʫʨʠʪʝ ʟʘ ʩʚʲʨʟʚʘʥʝ ʩ ʜʝʥʪʠʥʘ (71, 91, 211, 323, 337, 367, 378, 383, 462). ʊʦʚʘ 

ʧʨʝʜʧʦʣʘʛʘ ʝʜʥʘ ʥʝʦʙʭʦʜʠʤʦʩʪ ʦʪ ʠʟʷʩʥʷʚʘʥʝ ʥʘ ʚʲʧʨʦʩʘ ʟʘ ʛʲʩʪʦʪʘʪʘ ʥʘ ʜʝʥʪʠʥʦʚʠʪʝ 

ʢʘʥʘʣʯʝʪʘ ʥʘ ʨʘʟʣʠʯʥʦ ʦʪʩʪʦʷʥʠʝ ʦʪ ʟʲʙʥʘʪʘ ʧʫʣʧʘ ʧʨʠ ʚʨʝʤʝʥʥʠ ʟʲʙʠ. 

ʉʪʨʫʢʪʫʨʥʠʪʝ ʨʘʟʣʠʯʠʷ ʤʝʞʜʫ ʜʝʥʪʠʥʘ ʥʘ ʚʨʝʤʝʥʥʠʪʝ ʠ ʧʦʩʪʦʷʥʥʠʪʝ ʟʲʙʠ ʠ 

ʚʣʠʷʥʠʝʪʦ ʠʤ ʚʲʨʭʫ ʢʘʯʝʩʪʚʦʪʦ ʠ ʟʜʨʘʚʠʥʘʪʘ ʥʘ ʩʚʲʨʟʚʘʥʝ ʧʨʠ ʨʘʟʣʠʯʥʠʪʝ ʘʜʭʝʟʠʚʥʠ 

ʩʠʩʪʝʤʠ ʩʘ ʦʙʝʢʪ ʥʘ ʠʟʩʣʝʜʚʘʥʠʷ, ʥʘʩʦʯʝʥʠ ʢʲʤ ʫʩʪʘʥʦʚʷʚʘʥʝ ʥʘ ʨʘʟʣʠʢʘʪʘ ʚ ʙʨʦʷ ʥʘ 
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ʜʝʥʪʠʥʦʚʠʪʝ ʢʘʥʘʣʯʝʪʘ ʠ ʜʠʘʤʝʪʲʨʘ ʥʘ ʪʝʭʥʠʷ ʣʫʤʝʥ ʥʘ ʨʘʟʣʠʯʥʘ ʜʲʣʙʦʯʠʥʘ ʚ ʜʝʥʪʠʥʘ 

(211, 246, 337, 383). ʉʯʠʪʘ ʩʝ, ʯʝ ʪʝʟʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʠʤʘʪ ʦʪʥʦʰʝʥʠʝ ʢʲʤ ʜʝʡʩʪʚʠʝʪʦ 

ʥʘ ʘʜʭʝʟʠʚʥʠʪʝ ʩʠʩʪʝʤʠ, ʥʘʥʝʩʝʥʠ ʚʲʨʭʫ ʜʝʥʪʠʥʦʚʘʪʘ ʧʦʚʲʨʭʥʦʩʪ (65, 210, 211, 246, 

337).  

ʉʧʦʨʝʜ ʨʝʟʫʣʪʘʪʠʪʝ ʦʪ ʜʦʩʪʲʧʥʠʪʝ ʠʟʩʣʝʜʚʘʥʠʷ ʚ ʩʧʝʮʠʘʣʠʟʠʨʘʥʘʪʘ ʣʠʪʝʨʘʪʫʨʘ 

ʩʝ ʦʬʦʨʤʷʪ ʜʚʝ ʢʦʨʝʥʥʦ ʧʨʦʪʠʚʦʧʦʣʦʞʥʠ ʩʪʘʥʦʚʠʱʘ. 

ʉʲʛʣʘʩʥʦ ʨʝʟʫʣʪʘʪʠʪʝ ʥʘ ʠʟʩʣʝʜʦʚʘʪʝʣʠʪʝ ʦʪ ʝʜʥʘʪʘ ʛʨʫʧʘ, ʜʝʥʪʠʥʲʪ ʥʘ 

ʚʨʝʤʝʥʥʠʪʝ ʟʲʙʠ ʝ ʩ ʧʦ-ʤʘʣʢʦ ʥʘ ʙʨʦʡ ʠ ʧʦ-ʪʝʩʥʠ ʜʝʥʪʠʥʦʚʠ ʢʘʥʘʣʯʝʪʘ ʚ ʩʨʘʚʥʝʥʠʝ ʩ 

ʧʦʩʪʦʷʥʥʠʪʝ ʟʲʙʠ. ʊʦʚʘ ʦʙʫʩʣʘʚʷ ʠ ʧʦ-ʥʠʩʢʠʷ ʧʝʨʤʝʘʙʠʣʠʪʝʪ ʥʘ ʜʝʥʪʠʥʘ ʥʘ ʚʨʝʤʝʥʥʠʪʝ 

ʟʲʙʠ ʚ ʩʨʘʚʥʝʥʠʝ ʩ ʪʦʟʠ, ʥʘ ʧʦʩʪʦʷʥʥʠʪʝ (211, 267, 268, 337, 383). 

ʉʧʦʨʝʜ ʠʟʩʣʝʜʚʘʥʠʷ ʥʘ ʜʨʫʛʠ ʘʚʪʦʨʠ ʤʠʢʨʦʩʪʨʫʢʪʫʨʘʪʘ ʥʘ ʜʝʥʪʠʥʘ ʥʘ 

ʚʨʝʤʝʥʥʠʪʝ ʟʲʙʠ ʧʦʢʘʟʚʘ ʧʦʚʝʯʝ ʠ ʧʦ-ʰʠʨʦʢʠ ʜʝʥʪʠʥʦʚʠ ʢʘʥʘʣʯʝʪʘ (108, 383). ʈʘʟʤʝʨʲʪ 

ʥʘ ʪʝʭʥʠʷ ʣʫʤʝʥ ʠ ʛʲʩʪʦʪʘʪʘ ʠʤ ʥʘʨʘʩʪʚʘʪ ʩ ʦʪʜʘʣʝʯʘʚʘʥʝ ʦʪ ʝʤʘʡʣʦʜʝʥʪʠʥʦʚʘʪʘ 

ʛʨʘʥʠʮʘ. ɼʝʙʝʣʠʥʘʪʘ ʥʘ ʧʝʨʠʪʫʙʫʣʘʨʥʠʷ ʜʝʥʪʠʥ ʥʘʤʘʣʷʚʘ ʚ ʩʲʱʘʪʘ ʧʦʩʦʢʘ (383).   

ɺʲʚ ʚʨʲʟʢʘ ʩ ʪʝʟʠ ʧʨʦʪʠʚʦʨʝʯʠʚʠ ʜʘʥʥʠ ʝ ʥʝʦʙʭʦʜʠʤʦ ʠʟʩʣʝʜʚʘʥʝ ʥʘ ʪʫʙʫʣʥʘʪʘ 

ʛʲʩʪʦʪʘ ʥʘ ʜʝʥʪʠʥʘ ʥʘ ʚʨʝʤʝʥʥʠʪʝ ʟʲʙʠ ʚ ʩʨʘʚʥʝʥʠʝ ʩ ʪʘʟʠ, ʥʘ ʧʦʩʪʦʷʥʥʠʪʝ. 

ɺ ʙʣʠʟʦʩʪ ʜʦ ʧʫʣʧʘʪʘ ʜʠʘʤʝʪʲʨʲʪ ʥʘ ʪʫʙʫʣʠʪʝ ʥʘ ʜʝʥʪʠʥʘ ʥʘ ʚʨʝʤʝʥʥʠʪʝ ʟʲʙʠ ʩʝ 

ʜʦʙʣʠʞʘʚʘ ʜʦ ʪʦʟʠ, ʥʘ ʧʦʩʪʦʷʥʥʠʪʝ ʟʲʙʠ (383). ɼʠʘʤʝʪʲʨʲʪ ʥʘ ʪʫʙʫʣʠʪʝ ʥʘ ʜʠʩʪʘʣʥʠʪʝ 

ʚʨʝʤʝʥʥʠ ʟʲʙʠ ʝ ʧʦ-ʤʘʣʲʢ ʦʪ ʪʦʟʠ ʥʘ ʬʨʦʥʪʘʣʥʠʪʝ ʚʨʝʤʝʥʥʠ ʟʲʙʠ. ʅʘʨʘʩʪʚʘʥʝʪʦ ʥʘ 

ʜʠʘʤʝʪʲʨʘ ʥʘ ʪʫʙʫʣʠʪʝ ʠ ʥʘʤʘʣʷʚʘʥʝʪʦ ʥʘ ʜʝʙʝʣʠʥʘʪʘ ʥʘ ʧʝʨʠʪʫʙʫʣʘʨʥʠʷ ʜʝʥʪʠʥ ʩ 

ʥʘʧʨʝʜʚʘʥʝ ʢʲʤ ʧʫʣʧʥʘʪʘ ʢʘʤʝʨʘ ʝ ʩʚʲʨʟʘʥʦ ʩ ʧʝʨʠʪʫʙʫʣʘʨʥʦʪʦ ʦʪʣʘʛʘʥʝ ʥʘ ʜʝʥʪʠʥ, 

ʢʦʝʪʦ ʚʦʜʠ ʜʦ ʨʝʜʫʢʮʠʷ ʥʘ ʪʫʙʫʣʥʠʷ ʜʠʘʤʝʪʲʨ. ɺ ʧʦʩʦʢʘ ʢʲʤ ʧʫʣʧʘʪʘ ʪʫʙʫʣʥʠʷʪ 

ʜʠʘʤʝʪʲʨ ʥʘʨʘʩʪʚʘ, ʘ ʜʝʙʝʣʠʥʘʪʘ ʥʘ ʧʝʨʠʪʫʙʫʣʘʨʥʠʷ ʜʝʥʪʠʥ ʥʘʤʘʣʷʚʘ ʧʨʦʧʦʨʮʠʦʥʘʣʥʦ 

ʚ ʩʲʱʘʪʘ ʩʪʝʧʝʥ. ʊʦʚʘ ʝ ʚ ʧʦʜʢʨʝʧʘ ʥʘ ʩʲʱʝʩʪʚʫʚʘʱʘʪʘ ʪʝʦʨʠʷ, ʯʝ ʜʝʥʪʠʥʦʚʠʪʝ 

ʢʘʥʘʣʯʝʪʘ ʩʘ ʩ ʝʜʥʘʢʲʚ ʨʘʟʤʝʨ ʧʦ ʮʷʣʦʪʦ ʩʠ ʧʨʦʪʝʞʝʥʠʝ, ʩʘʤʦ ʪʝʭʥʠʷʪ ʣʫʤʝʥ ʩʝ 

ʧʨʦʤʝʥʷ ʚ ʟʘʚʠʩʠʤʦʩʪ ʦʪ ʦʪʣʘʛʘʥʝʪʦ ʥʘ ʧʝʨʠʪʫʙʫʣʘʨʝʥ ʜʝʥʪʠʥ ʚʲʪʨʝ ʚ ʩʘʤʦʪʦ ʢʘʥʘʣʯʝ 

(383). 

ʇʨʠ ʤʠʢʨʦʩʢʦʧʩʢʠ ʠʟʩʣʝʜʚʘʥʠʷ ʥʘ ʜʝʥʪʠʥʘ ʥʘ ʚʨʝʤʝʥʥʠʪʝ ʟʲʙʠ ʝ ʫʩʪʘʥʦʚʝʥʦ 

ʥʘʣʠʯʠʝʪʦ ʥʘ ʤʠʢʨʦʢʘʥʘʣʠ, ʦʧʨʝʜʝʣʷʥʠ ʦʱʝ ʢʘʪʦ ʛʠʛʘʥʪʩʢʠ ʜʝʥʪʠʥʦʚʠ ʪʫʙʫʣʠ, ʢʦʠʪʦ 

ʠʟʢʣʶʯʠʪʝʣʥʦ ʨʷʜʢʦ ʩʝ ʥʘʙʣʶʜʘʚʘʪ ʧʨʠ ʧʦʩʪʦʷʥʥʠʪʝ ʟʲʙʠ (13, 91, 106, 107, 157, 243, 

383). ʊʦʚʘ ʩʘ ʤʥʦʛʦ ʛʦʣʝʤʠ ʪʫʙʫʣʠ (5 ʜʦ 10 ʧʲʪʠ ʧʦ-ʛʦʣʝʤʠ ʦʪ ʥʦʨʤʘʣʥʠʪʝ ʜʝʥʪʠʥʦʚʠ 

ʢʘʥʘʣʯʝʪʘ), ʣʦʢʘʣʠʟʠʨʘʥʠ ʚ ʠʥʪʝʨʪʫʙʫʣʘʨʥʠʷ ʤʘʪʨʠʢʩ, ʟʘʦʙʠʢʦʣʝʥʠ ʦʪ ʤʘʥʰʝʪ ʦʪ 

ʭʠʧʝʨʤʠʥʝʨʘʣʠʟʠʨʘʥ ʤʘʪʨʠʢʩ ʥʘʧʦʜʦʙʷʚʘʱ ʥʘ ʧʝʨʠʪʫʙʫʣʘʨʥʠʷ ʜʝʥʪʠʥ (383). 

ʇʨʝʜʧʦʣʘʛʘ ʩʝ, ʯʝ ʪʝ ʩʘ ʨʝʟʫʣʪʘʪ ʦʪ ʩʪʨʫʧʚʘʥʝ ʥʘ ʦʜʦʥʪʦʙʣʘʩʪʠ ʠ ʟʘʛʠʚʘʥʝʪʦ ʠʤ (106, 



 

13 

 

383) ʠʣʠ ʥʘ ʩʤʫʱʝʥʠʝ ʚ ʜʝʥʪʠʥʦʛʝʥʝʟʘʪʘ, ʚʦʜʝʱʦ ʜʦ ʦʙʨʘʟʫʚʘʥʝ ʥʘ ʜʝʬʝʢʪ (91, 383). 

ʏʨʝʟ ʦʧʪʠʯʥʦ ʤʠʢʨʦʩʢʦʧʩʢʦ ʥʘʙʣʶʜʝʥʠʝ ʥʘ ʥʘʜʣʲʞʝʥ ʩʨʝʟ ʥʘ ʟʲʙʠ ʝ ʫʩʪʘʥʦʚʝʥʦ, ʯʝ 

ʪʝʟʠ ʛʠʛʘʥʪʩʢʠ ʪʫʙʫʣʠ ʩʝ ʧʨʦʩʪʠʨʘʪ ʦʪ ʨʝʞʝʱʠʷ ʨʲʙ, ʙʣʠʟʦ ʜʦ ʝʤʘʡʣʦʜʝʥʪʠʥʦʚʘʪʘ 

ʛʨʘʥʠʮʘ ʜʦ ʚʪʦʨʠʯʥʠʷ ʜʝʥʪʠʥ ʠʣʠ ʜʦ ʧʫʣʧʥʘʪʘ ʢʘʤʝʨʘ, ʫʩʧʦʨʝʜʥʦ ʥʘ ʜʝʥʪʠʥʦʚʠʪʝ 

ʢʘʥʘʣʯʝʪʘ. ʊʝʟʠ ʢʘʥʘʣʯʝʪʘ ʩʝ ʥʘʙʣʶʜʘʚʘʪ ʧʦ-ʯʝʩʪʦ ʧʨʠ ʚʨʝʤʝʥʥʠʪʝ ʬʨʦʥʪʘʣʥʠ ʟʲʙʠ (13, 

91, 383).  

ʉʨʘʚʥʠʪʝʣʥʦ ʧʦ-ʛʦʣʝʤʠʷʪ ʣʫʤʝʥ ʥʘ ʛʠʛʘʥʪʩʢʠʪʝ ʪʫʙʫʣʠ, ʢʘʢʪʦ ʠ ʜʦʢʘʟʘʥʠʷʪ 

ʤʘʥʰʝʪ ʦʪ ʭʠʧʝʨʤʠʥʝʨʘʣʠʟʠʨʘʥ ʤʘʪʨʠʢʩ ʤʦʛʘʪ ʜʘ ʠʤʘʪ ʦʪʥʦʰʝʥʠʝ ʢʲʤ ʝʜʥʦ ʧʦ-

ʨʝʟʫʣʪʘʪʥʦ ʢʠʩʝʣʠʥʥʦ ʪʨʝʪʠʨʘʥʝ ʥʘ ʜʝʥʪʠʥʘ ʠ ʢʲʤ ʝʜʥʘ ʧʦ-ʟʜʨʘʚʘ ʚʨʲʟʢʘ ʤʝʞʜʫ ʥʝʛʦ ʠ 

ʘʜʭʝʟʠʚʘ. ʇʦ-ʤʠʥʝʨʘʣʠʟʠʨʘʥʠʪʝ ʩʪʨʫʢʪʫʨʠ ʩʝ ʚʲʟʜʝʡʩʪʚʘʪ ʧʦ-ʝʬʠʢʘʩʥʦ ʦʪ ʢʠʩʝʣʠʥʥʠʪʝ 

ʬʘʢʪʦʨʠ. ʇʦ-ʛʦʣʝʤʠʷʪ ʣʫʤʝʥ ʧʨʝʜʧʦʣʘʛʘ ʚʲʟʤʦʞʥʦʩʪ ʟʘ ʦʙʨʘʟʫʚʘʥʝ ʥʘ ʧʦ-ʤʦʱʥʠ 

ʘʜʭʝʟʠʚʥʠ ʢʨʘʯʝʪʘ ʩʨʝʜ ʭʠʙʨʠʜʥʠʷ ʩʣʦʡ.  

 

2.ʂʆʅʎɽʇʎʀʗ ɿɸ ɸɼʍɽɿʀʗʊɸ ʂʒʄ ɼɽʅʊʀʅɸ 

 

ʇʦʥʷʪʠʝʪʦ Ăʘʜʭʝʟʠʷò ʧʨʦʠʟʣʠʟʘ ʦʪ ʣʘʪʠʥʩʢʦʪʦ Ăadhaerereò ʠ ʦʟʥʘʯʘʚʘ Ăʟʘʣʝʧʚʘʤ 

ʩʝ ʢʲʤò (332). 

ɸʜʭʝʟʠʷʪʘ ʢʲʤ ʟʲʙʥʠʪʝ ʩʪʨʫʢʪʫʨʠ ʩʝ ʦʩʥʦʚʘʚʘ ʥʘ ʧʨʦʮʝʩ, ʧʨʠ ʢʦʡʪʦ ʥʝʦʨʛʘʥʠʯʝʥ 

ʟʲʙʝʥ ʤʘʪʝʨʠʘʣ ʩʝ ʟʘʤʝʥʷ ʩʲʩ ʩʠʥʪʝʪʠʯʥʘ ʧʣʘʩʪʤʘʩʘ (428, 436). ʊʦʟʠ ʧʨʦʮʝʩ ʚʢʣʶʯʚʘ 

ʜʚʝ ʬʘʟʠ. ɽʜʥʘʪʘ ʬʘʟʘ ʩʝ ʩʲʩʪʦʠ ʚ ʦʪʩʪʨʘʥʷʚʘʥʝ ʥʘ ʢʘʣʮʠʝʚʠ ʬʦʩʬʘʪʠ, ʧʨʠ ʢʦʝʪʦ ʩʝ 

ʩʲʟʜʘʚʘ ʤʠʢʨʦʧʦʨʴʦʟʥʦʩʪ ʥʘ ʧʦʚʲʨʭʥʦʩʪʪʘ ʥʘ ʝʤʘʡʣʘ ʠ ʜʝʥʪʠʥʘ. ɼʨʫʛʘʪʘ, ʪ.ʥʘʨ. ʬʘʟʘ ʥʘ 

ʭʠʙʨʠʜʠʟʘʮʠʷ, ʚʢʣʶʯʚʘ ʠʥʬʠʣʪʨʘʮʠʷ ʠ ʧʦʩʣʝʜʚʘʱʘ ʧʦʣʠʤʝʨʠʟʘʮʠʷ ʥʘ ʧʣʘʩʪʤʘʩʘʪʘ ʚ 

ʩʲʟʜʘʜʝʥʘʪʘ ʧʦʚʲʨʭʥʦʩʪʥʘ ʤʠʢʨʦʧʦʨʴʦʟʥʦʩʪ (110, 118, 436). ʇʦ ʩʲʱʝʩʪʚʦ ʜʚʝʪʝ ʬʘʟʠ 

ʩʧʦʤʘʛʘʪ ʟʘ Ăʟʘʣʝʧʚʘʥʝò ʥʘ ʘʜʭʝʟʠʚʘ ʢʲʤ ʟʲʙʥʠʪʝ ʩʪʨʫʢʪʫʨʠ. 

ʉʲʚʨʝʤʝʥʥʠʪʝ ʝʩʪʝʪʠʯʥʠ ʦʙʪʫʨʘʮʠʦʥʥʠ ʜʝʥʪʘʣʥʠ ʤʘʪʝʨʠʘʣʠ ʩʝ ʩʲʩʪʦʷʪ ʦʪ 

ʘʜʭʝʟʠʚ, ʧʨʝʜʥʘʟʥʘʯʝʥ ʜʘ ʦʩʲʱʝʩʪʚʠ ʚʨʲʟʢʘʪʘ ʩʲʩ ʟʲʙʥʘʪʘ ʩʪʨʫʢʪʫʨʘ ʠ ʢʦʤʧʦʟʠʮʠʦʥʝʥ 

ʤʘʪʝʨʠʘʣ, ʧʨʝʜʥʘʟʥʘʯʝʥ ʜʘ ʚʲʟʩʪʘʥʦʚʠ ʜʝʬʝʢʪʘ ʩʣʝʜ ʩʚʲʨʟʚʘʥʝ ʩ ʘʜʭʝʟʠʚʘ. ʉʣʝʜ ʠʣʠ 

ʝʜʥʦʚʨʝʤʝʥʥʦ ʩ ʭʠʤʠʯʝʩʢʦ ʪʨʝʪʠʨʘʥʝ (ʢʦʥʜʠʮʠʦʥʠʨʘʥʝ) ʥʘ ʜʝʥʪʠʥʘ, ʚ ʥʝʛʦ ʧʨʦʥʠʢʚʘ 

ʘʜʭʝʟʠʚ. ʊʦʟʠ ʘʜʭʝʟʠʚ ʦʙʨʘʟʫʚʘ ʤʝʞʜʠʥʝʥ ʚʲʪʨʝʰʝʥ (ʠʥʪʝʨʤʝʜʠʝʨʝʥ) ʩʣʦʡ ʥʘʨʝʯʝʥ 

ʭʠʙʨʠʜʝʥ ʩʣʦʡ (110, 332). ʍʠʙʨʠʜʥʠʷʪ ʩʣʦʡ ʝ ʧʦʢʨʠʪ ʦʪ ʬʠʥ ʩʣʦʡ ʘʜʭʝʟʠʚ. ʉ ʥʝʛʦ ʩʝ 

ʩʚʲʨʟʚʘ ʢʦʤʧʦʟʠʪʲʪ. ɸʜʭʝʟʠʚʲʪ ʠ ʢʦʤʧʦʟʠʪʲʪ ʦʙʨʘʟʫʚʘʪ ʭʠʤʠʯʝʩʢʠ ʝʜʥʦʨʦʜʥʘ 

ʩʪʨʫʢʪʫʨʘ ʱʦ ʩʝ ʦʪʥʘʩʷ ʜʦ ʦʨʛʘʥʠʯʥʘʪʘ ʠʤ ʢʦʤʧʦʥʝʥʪʘ, ʪʲʡ ʢʘʪʦ ʪʷ ʠʤʘ ʝʜʥʘʢʲʚ ʩʲʩʪʘʚ 

(110, 332). 
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ʊʝʦʨʝʪʠʯʥʦ ʩʚʲʨʟʚʘʥʝʪʦ ʥʘ ʘʜʭʝʟʠʚʘ ʢʲʤ ʜʝʥʪʠʥʘ ʤʦʞʝ ʜʘ ʙʲʜʝ ʦʩʲʱʝʩʪʚʝʥʦ 

ʯʨʝʟ ʩʚʲʨʟʚʘʥʝ ʢʲʤ ʥʝʛʦʚʠʪʝ ʦʨʛʘʥʠʯʥʠ ʢʦʤʧʦʥʝʥʪʠ (ʢʦʣʘʛʝʥʘ), ʥʝʛʦʚʠʪʝ ʤʠʥʝʨʘʣʥʠ 

ʢʦʤʧʦʥʝʥʪʠ (ʭʠʜʨʦʢʩʠʣʘʧʘʪʠʪʘ) ʠʣʠ ʠ ʜʚʝʪʝ (23, 288). 

 ʇʨʠ ʢʠʩʝʣʠʥʥʦʪʦ ʢʦʥʜʠʮʠʦʥʠʨʘʥʝ ʥʘ ʜʝʥʪʠʥʘ ʜʦ ʦʧʨʝʜʝʣʝʥʘ ʜʲʣʙʦʯʠʥʘ ʩʝ 

ʠʟʚʣʠʯʘ ʯʘʩʪ ʦʪ ʤʠʥʝʨʘʣʥʘʪʘ ʢʦʤʧʦʥʝʥʪʘ, ʢʦʷʪʦ ʧʦʢʨʠʚʘ ʢʦʣʘʛʝʥʥʠʪʝ ʚʣʘʢʥʘ. ʆʪʚʘʨʷʪ 

ʩʝ ʤʝʞʜʫʬʠʙʨʠʣʝʨʥʠ ʧʨʦʩʪʨʘʩʪʚʘ. ɺ ʪʷʭ ʧʨʦʥʠʢʚʘʪ ʘʜʭʝʟʠʚʠʪʝ, ʢʦʠʪʦ ʩʘ ʪʠʧ ʤʦʥʦʤʝʨʠ 

(110, 301).  ʆʩʲʱʝʩʪʚʷʚʘ ʩʝ  ʥʝʧʦʩʨʝʜʩʪʚʝʥ ʢʦʥʪʘʢʪ ʥʘ ʘʜʭʝʟʠʚʘ ʩ ʢʦʥʜʠʮʠʦʥʠʨʘʥʠʷ 

ʪʲʢʘʥʝʥ ʩʫʙʩʪʨʘʪ, ʧʨʠ ʢʦʡʪʦ ʢʦʣʘʛʝʥʦʚʠ ʚʣʘʢʥʘ ʦʩʪʘʚʘʪ ʚʢʣʶʯʝʥʠʠ ʠ ʦʙʛʲʨʥʘʪʠ ʦʪ 

ʤʦʥʦʤʝʨ. ʇʨʠ ʧʦʩʣʝʜʚʘʱʘʪʘ ʧʦʣʠʤʝʨʠʟʘʮʠʷ ʥʘ ʤʦʥʦʤʝʨʘ ʧʨʠ ʧʦʩʪʘʚʷʥʝʪʦ ʥʘ 

ʦʙʪʫʨʘʮʠʦʥʥʠʷ ʤʘʪʝʨʠʘʣ ʩʝ ʩʲʟʜʘʚʘ ʘʜʭʝʟʠʚʥʘ ʚʨʲʟʢʘ ʤʝʞʜʫ ʟʲʙʥʘʪʘ ʩʪʨʫʢʪʫʨʘ ʠ ʪʦʟʠ 

ʤʘʪʝʨʠʘʣ. ʇʨʠ ʜʝʥʪʘʣʥʠʪʝ ʤʘʪʝʨʠʘʣʠ, ʧʦ ʩʲʱʝʩʪʚʦ, ʪʘʟʠ ʚʨʲʟʢʘ ʝ ʤʠʢʨʦʤʝʭʘʥʠʯʥʘ (110, 

301). 

ʊʦʚʘ ʤʝʭʘʥʠʯʥʦ ʦʧʣʠʪʘʥʝ ʤʝʞʜʫ ʧʣʘʩʪʤʘʩʦʚʠʪʝ ʤʦʥʦʤʝʨʠ ʠ ʢʦʤʧʦʥʝʥʪʠʪʝ ʥʘ 

ʜʝʥʪʠʥʘ ʝ ʥʘʨʝʯʝʥʦ ʭʠʙʨʠʜʝʥ ʩʣʦʡ ʠʣʠ ʟʦʥʘ ʥʘ ʚʟʘʠʤʥʦ ʧʨʦʥʠʢʚʘʥʝ ʤʝʞʜʫ ʜʝʥʪʠʥʘ ʠ 

ʧʣʘʩʪʤʘʩʘʪʘ (255, 301, 431). ʍʠʙʨʠʜʠʟʘʮʠʷʪʘ ʝ ʧʨʦʮʝʩ ʥʘ ʤʠʢʨʦʤʝʭʘʥʠʯʥʦ ʟʘʢʣʶʯʚʘʥʝ 

ʛʘʨʘʥʪʠʨʘʱʦ ʜʝʤʠʥʝʨʘʣʠʟʘʮʠʷ, ʠʥʬʠʣʪʨʘʮʠʷ ʠ ʧʨʦʮʝʩ ʥʘ ʧʦʣʠʤʝʨʠʟʘʮʠʷ, ʠ ʝ ʦʧʠʩʘʥʦ 

ʟʘ ʧʲʨʚʠ ʧʲʪ ʦʪ Nakabayashi et al (255, 288, 428).  

ʂʣʶʯʦʚʠʷʪ ʝʣʝʤʝʥʪ ʟʘ ʘʜʭʝʟʠʷʪʘ ʝ ʠʥʪʠʤʥʘʪʘ ʚʨʲʟʢʘ ʤʝʞʜʫ ʘʜʭʝʟʠʚʠʪʝ ʠ 

ʩʫʙʩʪʨʘʪʘ. ʅʷʢʦʠ ʘʚʪʦʨʠ ʧʦʜʯʝʨʪʘʚʘʪ, ʯʝ ʦʚʣʘʞʥʷʚʘʱʘʪʘ ʩʧʦʩʦʙʥʦʩʪ ʠ ʜʲʣʙʦʯʠʥʘʪʘ, ʜʦ 

ʢʦʪ̫ʦ ʘʜʭʝʟʠʚʠʪʝ ʧʝʥʝʪʨʠʨʘʪ ʜʝʥʪʠʥʘ, ʠʛʨʘʷʪ ʚʘʞʥʘ ʨʦʣʷ ʧʨʠ ʦʧʨʝʜʝʣʷʥʝʪʦ ʥʘ 

ʢʘʯʝʩʪʚʦʪʦ ʥʘ ʩʚʲʨʟʚʘʥʝ (233). ʆʪ ʜʨʫʛʘ ʩʪʨʘʥʘ ʦʧʨʝʜʝʣʷʱ ʬʘʢʪʦʨ ʩʘ ʠ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʠʪʝ ʥʘ ʜʝʥʪʠʥʦʚʠʷ ʩʫʙʩʪʨʘʪ, ʢʦʠʪʦ ʚʘʨʠʨʘʪ ʩʧʦʨʝʜ ʣʦʢʘʣʠʟʘʮʠʷʪʘ 

(ʧʦʚʲʨʭʥʦʩʪʝʥ ʜʝʥʪʠʥ, ʜʝʥʪʠʥ ʚ ʙʣʠʟʦʩʪ ʜʦ ʧʫʣʧʥʘʪʘ ʢʘʤʝʨʘ) (110, 118, 233, 246, 279, 

355, 424, 464), ʚʲʟʨʘʩʪ ʥʘ ʟʲʙʘ (ʤʣʘʜ, ʩʪʘʨ, ʩʢʣʝʨʦʪʠʯʝʥ ʜʝʥʪʠʥ), ʥʘʣʠʯʠʝ ʥʘ ʢʘʨʠʦʟʝʥ 

ʧʨʦʮʝʩ (216, 217, 218, 301, 408, 424), ʢʘʢʪʦ ʠ ʜʘʣʠ ʝ ʜʝʥʪʠʥ ʥʘ ʚʨʝʤʝʥʝʥ ʠʣʠ ʧʦʩʪʦʷʥʝʥ 

ʟʲʙ (279).   

 

3.ʍɸʈɸʂʊɽʈʀʉʊʀʂɸ ʅɸ ɼɽʅʊʀʅʆɺʀʗ ʉʋɹʉʊʈɸʊ ɺʒɺ ɺʈʒɿʂɸ ʉ 

ɸɼʍɽɿʀʗʊɸ 

 

 ɿʜʨʘʚʠʥʘʪʘ ʥʘ ʚʨʲʟʢʘʪʘ ʩ ʘʜʭʝʟʠʚʘ ʟʘʚʠʩʠ ʦʪ ʜʲʣʙʦʯʠʥʘʪʘ ʥʘ ʧʨʝʧʘʨʘʮʠʷ, 

ʪʚʲʨʜʦʩʪʪʘ ʠ ʤʠʥʝʨʘʣʥʦʪʦ ʩʲʜʲʨʞʘʥʠʝ ʥʘ ʜʝʥʪʠʥʘ (177, 211, 246, 288). ʇʦʥʘʩʪʦʷʱʝʤ ʩʝ 

ʧʨʠʝʤʘ, ʯʝ ʚʨʲʟʢʘʪʘ ʩ ʜʝʥʪʠʥʘ ʩʝ ʜʲʣʞʠ ʥʘ ʠʤʧʨʝʛʥʠʨʘʥʝʪʦ ʥʘ ʧʦʚʲʨʭʥʦʩʪʥʦ 

ʜʝʤʠʥʝʨʘʣʠʟʠʨʘʥʠʷ ʜʝʥʪʠʥ ʦʪ ʘʜʭʝʟʠʚʘ, ʢʲʜʝʪʦ ʧʝʨʠʪʫʙʫʣʘʨʥʠʷʪ ʜʝʥʪʠʥ ʝ ʧʨʝʤʘʭʥʘʪ ʚ 
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ʛʦʣʷʤʘ ʩʪʝʧʝʥ (118, 195, 267). ʉʪʠʛʘ ʩʝ ʜʦ ʟʘʢʣʶʯʝʥʠʝʪʦ, ʯʝ ʠʥʪʝʨʪʫʙʫʣʘʨʥʠʷʪ ʜʝʥʪʠʥ 

ʧʨʝʜʩʪʘʚʣʷʚʘ ʥʘʡ-ʛʦʣʝʤʠʷʪ ʠ ʥʘʡ-ʩʲʱʝʩʪʚʝʥ ʢʦʤʧʦʥʝʥʪ ʦʪ ʜʝʥʪʠʥʘ ʧʦ ʦʪʥʦʰʝʥʠʝ ʥʘ 

ʧʨʦʮʝʜʫʨʠʪʝ ʧʦ ʩʚʲʨʟʚʘʥʝ (177, 223, 246).  

 

3.1.ʇʝʨʤʝʘʙʠʣʠʪʝʪ ʥʘ ʜʝʥʪʠʥʘ ʠ ʧʫʣʧʥʦ ʥʘʣʷʛʘʥʝ 

 

 ʇʝʨʤʝʘʙʠʣʠʪʝʪʲʪ ʥʘ ʜʝʥʪʠʥʘ ʠ ʧʫʣʧʥʦʪʦ ʥʘʣʷʛʘʥʝ ʠʤʘʪ ʦʪʥʦʰʝʥʠʝ ʩʧʨʷʤʦ 

ʘʜʭʝʟʠʷʪʘ ʢʲʤ ʜʝʥʪʠʥʘ (110, 233, 288, 290, 296). 

 ɺʲʚ ʚʨʲʟʢʘ ʩ ʧʨʦʙʣʝʤʠʪʝ ʥʘ ʘʜʭʝʟʠʷʪʘ ʢʲʤ ʜʝʥʪʠʥʘ, ʜʝʥʪʠʥʲʪ ʪʨʷʙʚʘ ʜʘ ʩʝ 

ʨʘʟʛʣʝʜʘ ʢʘʪʦ ʜʚʫʧʦʩʦʯʥʦ ʧʨʦʧʫʩʢʣʠʚʘ ʤʝʤʙʨʘʥʘ. ʅʘ ʪʦʚʘ ʦʩʥʦʚʘʥʠʝ ʧʝʨʤʝʘʙʠʣʠʪʝʪʲʪ 

ʥʘ ʜʝʥʪʠʥʘ ʤʦʞʝ ʜʘ ʩʝ ʨʘʟʜʝʣʠ ʥʘ: 

- ʪʨʘʥʩʜʝʥʪʠʥʦʚ ʧʝʨʤʝʘʙʠʣʠʪʝʪ; 

- ʠʥʪʨʘʪʫʙʫʣʘʨʝʥ ʜʝʥʪʠʥʦʚ ʧʝʨʤʝʘʙʠʣʠʪʝʪ; 

- ʠʥʪʝʨʪʫʙʫʣʘʨʝʥ ʜʝʥʪʠʥʦʚ ʧʝʨʤʝʘʙʠʣʠʪʝʪ (110, 233, 288, 292). 

 ʊʨʘʥʩʜʝʥʪʠʥʦʚʠʷʪ ʧʝʨʤʝʘʙʠʣʠʪʝʪ ʧʦ ʩʚʦʷʪʘ ʩʲʱʥʦʩʪ ʧʨʝʜʩʪʘʚʣʷʚʘ ʜʚʠʞʝʥʠʝ ʥʘ 

ʪʝʯʥʦʩʪʠ/ʧʫʣʧʝʥ ʪʨʘʥʩʫʜʘʪ ʚ ʜʝʥʪʠʥʦʚʠʪʝ ʢʘʥʘʣʠ (110, 118, 233, 286). ʊʦʡ ʝ ʦʪʛʦʚʦʨʝʥ 

ʟʘ ʧʨʦʚʦʢʠʨʘʥʝʪʦ ʥʘ ʙʦʣʢʘ ʚ ʟʲʙʥʘʪʘ ʧʫʣʧʘ ʥʘ ʭʠʜʨʦʜʠʥʘʤʠʯʝʥ ʧʨʠʥʮʠʧ (53, 118, 246, 

286, 288) ʠ ʟʘ ʧʦʩʪʦʷʥʥʦʪʦ ʦʚʣʘʞʥʷʚʘʥʝ ʥʘ ʧʦʚʲʨʭʥʦʩʪʪʘ ʥʘ ʧʨʷʩʥʦ ʨʘʟʢʨʠʪʘ ʜʝʥʪʠʥʦʚʘ 

ʧʦʚʲʨʭʥʦʩʪ (53, 110, 233, 246, 288, 301). ʊʨʘʥʩʜʝʥʪʠʥʦʚʠʷʪ ʧʝʨʤʝʘʙʠʣʠʪʝʪ ʟʘʚʠʩʠ ʦʪ 

ʙʨʦʷ ʥʘ ʜʝʥʪʠʥʦʚʠʪʝ ʢʘʥʘʣʠ ʠ ʪʷʭʥʘʪʘ ʛʲʩʪʦʪʘ (142, 223, 301, 390), ʘ ʩʧʦʨʝʜ ʪʚʲʨʜʝʥʠʷ ï 

ʚ ʧʦ-ʛʦʣʷʤʘ ʩʪʝʧʝʥ ʦʪ ʣʫʤʝʥʘ ʥʘ ʜʝʥʪʠʥʦʚʠʪʝ ʢʘʥʘʣʠ (211, 288). ʅʝ ʧʦ-ʤʘʣʢʦ ʝ ʠ 

ʟʥʘʯʝʥʠʝʪʦ ʥʘ ʥʘʣʠʯʥʦʪʦ ʚʲʪʨʝʧʫʣʧʥʦ ʥʘʣʷʛʘʥʝ (301). ʇʦʩʪʦʷʥʥʦʪʦ ʦʚʣʘʞʥʷʚʘʥʝ ʥʘ 

ʧʦʚʲʨʭʥʦʩʪʪʘ ʥʘ ʨʘʟʢʨʠʪʠʷ ʜʝʥʪʠʥ ʛʦ ʧʨʘʚʠ ʪʨʫʜʥʘ ʟʘ ʘʜʭʝʟʠʷ ʩʪʨʫʢʪʫʨʘ (288, 292, 301). 

ʉʤʷʪʘʤʝ, ʯʝ ʢʣʠʥʠʯʥʠʷʪ ʧʨʦʪʦʢʦʣ ʤʦʞʝ ʜʘ ʙʲʜʝ ʩʨʝʜʩʪʚʦʪʦ, ʯʨʝʟ ʢʦʝʪʦ ʝʜʥʘ 

ʤʦʨʬʦʣʦʛʠʯʥʘ ʜʘʜʝʥʦʩʪ ʜʘ ʩʝ ʦʢʘʞʝ ʧʦ-ʧʦʜʘʪʣʠʚʘ ʟʘ ʘʜʭʝʟʠʷ. 

 ʀʥʪʨʘʪʫʙʫʣʘʨʥʠʷʪ ʧʝʨʤʝʘʙʠʣʠʪʝʪ ʥʝ ʩʝ ʧʨʦʷʚʷʚʘ ʧʦ ʮʷʣʦʪʦ ʧʨʦʪʝʞʝʥʠʝ ʥʘ 

ʜʝʥʪʠʥʦʚʠʪʝ ʢʘʥʘʣʯʝʪʘ (233, 292). ʊʦʡ ʩʝ ʩʚʲʨʟʚʘ ʩ ʧʨʦʥʠʢʚʘʥʝʪʦ ʥʘ ʘʜʭʝʟʠʚ ʚ 

ʜʝʥʪʠʥʦʚʠʪʝ ʢʘʥʘʣʯʝʪʘ (288, 292). ɼʦʩʪʘʪʲʯʥʦ ʝ ʥʘʚʣʠʟʘʥʝʪʦ ʥʘ ʘʜʭʝʟʠʚ ʩʘʤʦ ʥʘ 6 - 7 

Õm ʠ ʦʙʨʘʟʫʚʘʥʝ ʥʘ ʘʜʭʝʟʠʚʥʠ ʢʨʘʯʝʪʘ, ʟʘ ʜʘ ʩʝ ʦʩʲʱʝʩʪʚʠ  ʚʨʲʟʢʘ ʩ ʜʦʩʪʘʪʲʯʥʘ 

ʟʜʨʘʚʠʥʘ (295, 301). ɺʩʝʢʠ ʬʘʢʪʦʨ, ʢʦʡʪʦ ʚʲʟʧʨʝʧʷʪʩʪʚʘ ʧʨʦʥʠʢʚʘʥʝʪʦ ʥʘ ʘʜʭʝʟʠʚ ʚ 

ʜʝʥʪʠʥʦʚʠʪʝ ʢʘʥʘʣʯʝʪʘ ʝ ʧʨʝʯʢʘ ʟʘ ʠʥʪʨʘʪʫʙʫʣʘʨʥʠʷ ʧʝʨʤʝʘʙʠʣʠʪʝʪ (294, 295, 301). 

ʊʘʢʠʚʘ ʬʘʢʪʦʨʠ ʩʘ ʟʘʤʲʨʩʷʚʘʱʠʷʪ ʩʣʦʡ ʢʘʪʦ ʧʝʣʝʥʘ, ʟʘʧʫʰʘʣʢʠʪʝ ʦʪ ʟʘʤʲʨʩʷʚʘʱ ʩʣʦʡ, 

ʤʠʥʝʨʘʣʥʠ ʦʪʣʘʛʘʥʠʷ ʚ ʜʝʥʪʠʥʦʚʠʪʝ ʢʘʥʘʣʠ, ʚʲʪʨʝʧʫʣʥʦʪʦ ʥʘʣʷʛʘʥʝ ʠ ʥʘʣʷʛʘʥʝʪʦ, ʩ 

ʢʦʝʪʦ ʠʟʪʠʯʘ ʜʝʥʪʠʥʦʚʘʪʘ ʪʝʯʥʦʩʪ, ʢʦʣʠʯʝʩʪʚʦʪʦ ʥʘ ʪʘʟʠ ʪʝʯʥʦʩʪ ʠ ʥʘʚʣʘʞʥʝʥʦʩʪʪʘ ʥʘ 
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ʜʝʥʪʠʥʦʚʘʪʘ ʧʦʚʲʨʭʥʦʩʪ (233, 235, 290, 301). ɺ ʪʘʟʠ ʚʨʲʟʢʘ ʝ ʥʝʦʙʭʦʜʠʤʦ ʠʟʷʩʥʷʚʘʥʝ ʥʘ 

ʦʥʟʠ ʩʧʦʩʦʙ ʥʘ ʝʮʚʘʥʝ ʥʘ ʜʝʥʪʠʥʘ, ʢʦʡʪʦ ʙʠ ʦʪʚʦʨʠʣ ʥʘʡ-ʤʥʦʛʦ ʠ ʥʘ ʜʦʩʪʘʪʲʯʥʘ 

ʜʲʣʙʦʯʠʥʘ ʜʝʥʪʠʥʦʚʠ ʢʘʥʘʣʠ. 

ʀʥʪʝʨʪʫʙʫʣʘʨʥʠʷʪ ʧʝʨʤʝʘʙʠʣʠʪʝʪ ʩʝ ʦʪʥʘʩʷ ʜʦ ʚʲʟʤʦʞʥʦʩʪʪʘ ʟʘ ʧʨʦʥʠʢʚʘʥʝ ʥʘ 

ʘʜʭʝʟʠʚ ʚ ʤʝʞʜʫʬʠʙʨʠʣʝʨʥʠʪʝ ʧʨʦʩʪʨʘʥʩʪʚʘ ʥʘ ʠʥʪʝʨʪʫʙʫʣʘʨʥʠʷ ʜʝʥʪʠʥ. ɿʘ ʮʝʣʪʘ ʝ 

ʥʝʦʙʭʦʜʠʤʦ ʦʩʚʦʙʦʞʜʘʚʘʥʝ ʥʘ ʪʝʟʠ ʧʨʦʩʪʨʘʥʩʪʚʘ ʦʪ ʤʠʥʝʨʘʣʥʠ ʢʦʤʧʦʥʝʥʪʠ ʥʘ ʜʝʥʪʠʥʘ 

ʠ ʩʚʦʝʚʨʝʤʝʥʥʦʪʦ ʠʤ ʠʟʧʲʣʚʘʥʝ ʩ ʘʜʭʝʟʠʚ, ʧʨʝʜʠ ʜʘ ʢʦʣʘʙʠʨʘʪ ʚʣʘʢʥʘʪʘ (49, 110, 160, 

223, 301). 

 ɽʮʚʘʥʝʪʦ ʥʘ ʜʝʥʪʠʥʘ ʚʦʜʠ ʜʦ ʧʦʚʠʰʘʚʘʥʝ ʥʘ ʠʥʪʨʘʪʫʙʫʣʘʨʥʠʷ ʜʝʥʪʠʥʦʚ 

ʧʝʨʤʝʘʙʠʣʠʪʝʪ ʯʨʝʟ ʦʪʩʪʨʘʥʷʚʘʥʝʪʦ ʥʘ ʟʘʤʲʨʩʷʚʘʱʠʪʝ ʟʘʧʫʰʘʣʢʠ ʠ ʩʲʱʝʚʨʝʤʝʥʥʦ ʜʦ 

ʧʦʚʠʰʘʚʘʥʝ ʥʘ ʧʝʨʤʝʘʙʠʣʠʪʝʪʘ ʥʘ ʠʥʪʝʨʪʫʙʫʣʘʨʥʠʷ ʜʝʥʪʠʥ, ʯʨʝʟ ʦʪʩʪʨʘʥʷʚʘʥʝ ʥʘ 

ʥʝʛʦʚʦʪʦ ʤʠʥʝʨʘʣʥʦ ʩʲʜʲʨʞʘʥʠʝ ʥʘ ʜʲʣʙʦʯʠʥʘ ʩʨʝʜʥʦ 2 - 7 Õm (49, 160, 223, 301). ʇʦ 

ʪʦʟʠ ʥʘʯʠʥ ʩʝ ʩʲʟʜʘʚʘ ʥʦʚ ʧʲʪ ʟʘ ʧʝʥʝʪʨʠʨʘʥʝʪʦ ʥʘ ʘʜʭʝʟʠʚʘ ʚ ʜʝʥʪʠʥʘ (110, 233, 288, 

292). 

ʊʨʘʥʩʜʝʥʪʠʥʦʚʠʷʪ ʠ ʠʥʪʝʨʪʫʙʫʣʘʨʥʠʷʪ ʧʝʨʤʝʘʙʠʣʠʪʝʪ ʩʘ ʚ ʧʨʷʢʘ ʟʘʚʠʩʠʤʦʩʪ ʦʪ 

ʙʨʦʷ ʠ ʛʲʩʪʦʪʘ ʥʘ ʜʝʥʪʠʥʦʚʠʪʝ ʢʘʥʘʣʠ (47, 110, 142, 211, 233, 288, 390). ʇʦ-ʛʦʣʝʤʠʷʪ 

ʙʨʦʡ ʢʘʥʘʣʠ ʟʘʩʠʣʚʘ ʚʣʠʷʥʠʝʪʦ ʥʘ ʪʨʘʥʩʜʝʥʪʠʥʦʚʠʷ ʧʝʨʤʝʘʙʠʣʠʪʝʪ, ʥʦ ʥʘʤʘʣʷʚʘ 

ʟʥʘʯʝʥʠʝʪʦ ʥʘ ʠʥʪʝʨʪʫʙʫʣʘʨʥʠʷ (110, 233, 290, 292, 294). 

ʂʣʠʥʠʮʠʩʪʲʪ ʨʘʟʧʦʣʘʛʘ ʩ ʝʜʥʘ ʤʦʨʬʦʣʦʛʠʯʥʘ ʜʘʜʝʥʦʩʪ - ʜʝʥʪʠʥʘ. ʊʦʡ ʥʝ ʤʦʞʝ 

ʜʘ ʷ ʧʨʦʤʝʥʠ, ʥʦ ʤʦʞʝ ʜʘ ʠʟʧʦʣʟʚʘ ʩʧʦʩʦʙʠ ʠ ʧʦʜʭʦʜʠ, ʢʦʠʪʦ ʜʘ ʧʦʚʠʰʘʪ 

ʝʬʝʢʪʠʚʥʦʩʪʪʘ ʦʪ ʧʨʠʣʦʞʝʥʠʝʪʦ ʥʘ ʘʜʭʝʟʠʚʥʠʪʝ ʩʠʩʪʝʤʠ. 

 ʊʨʘʥʩʜʝʥʪʠʥʦʚʠʷʪ ʧʝʨʤʝʘʙʠʣʠʪʝʪ ʜʦʚʝʞʜʘ ʜʦ ʧʦʚʲʨʭʥʦʩʪʥʘ ʚʣʘʞʥʦʩʪ ʥʘ 

ʜʝʥʪʠʥʘ, ʢʦʷʪʦ ʧʦʚʣʠʷʚʘ ʢʘʯʝʩʪʚʦʪʦ ʥʘ ʛʨʘʥʠʯʥʘʪʘ ʟʦʥʘ ʘʜʭʝʟʠʚ-ʜʝʥʪʠʥ ʠ ʤʦʞʝ ʜʘ 

ʥʘʤʘʣʠ ʟʜʨʘʚʠʥʘʪʘ ʥʘ ʚʨʲʟʢʘʪʘ ʤʝʞʜʫ ʧʣʘʩʪʤʘʩʠʪʝ ʠ ʜʝʥʪʠʥʘ (288, 301). ʇʫʣʧʥʦʪʦ 

ʥʘʣʷʛʘʥʝ ʝ ʚ ʩʲʩʪʦʷʥʠʝ ʩʲʱʦ ʜʘ ʧʨʦʤʝʥʠ ʟʜʨʘʚʠʥʘʪʘ ʥʘ ʚʨʲʟʢʘʪʘ ʩ ʜʝʥʪʠʥʘ (301). 

ʀʟʩʣʝʜʚʘʥʠʷ ʩʘ ʧʦʢʘʟʘʣʠ, ʯʝ ʩʠʤʫʣʠʨʘʥʦʪʦ ʧʫʣʧʥʦ ʥʘʣʷʛʘʥʝ ʥʘʤʘʣʷʚʘ ʟʜʨʘʚʠʥʘʪʘ ʥʘ 

ʚʨʲʟʢʘʪʘ ʩ ʜʝʥʪʠʥʘ ʠ ʤʦʜʠʬʠʮʠʨʘʥʠʪʝ ʩ ʧʣʘʩʪʤʘʩʘ ɻʁʎ, ʠ ʘʜʭʝʟʠʚʠʪʝ ʩ ʝʮʚʘʥʝ ʠ 

ʠʟʤʠʚʘʥʝ (250, 309). ʋʩʪʘʥʦʚʝʥʘ ʝ ʧʦ-ʧʦʚʲʨʭʥʦʩʪʥʘ ʧʝʥʝʪʨʘʮʠʷ ʥʘ ʘʜʭʝʟʠʚʠ ʩ ʝʮʚʘʥʝ ʠ 

ʠʟʤʠʚʘʥʝ ʚ ʜʝʥʪʠʥʦʚʠʪʝ ʪʫʙʫʣʠ ʚ ʩʨʘʚʥʝʥʠʝ ʩ ʜʝʥʪʠʥ, ʪʨʝʪʠʨʘʥ ʙʝʟ ʚʲʪʨʝʧʫʣʧʥʦ 

ʥʘʣʷʛʘʥʝ (301, 318). ɼʨʫʛʠ in vitro ʠʟʩʣʝʜʚʘʥʠʷ ʩʘ ʧʦʢʘʟʘʣʠ, ʯʝ ʩʠʤʫʣʠʨʘʥʦ ʧʫʣʧʥʦ 

ʥʘʣʷʛʘʥʝ ʧʦ ʚʨʝʤʝ ʥʘ ʘʧʣʠʮʠʨʘʥʝʪʦ ʥʘ ʙʦʥʜʘ, ʥʝ ʧʦʚʣʠʷʚʘ ʟʥʘʯʠʪʝʣʥʦ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠʪʝ 

ʥʘ ʩʘʤʦʝʮʚʘʱʠʪʝ ʘʜʭʝʟʠʚʥʠ ʩʠʩʪʝʤʠ (35, 308). All  in one ʘʜʭʝʟʠʚʠʪʝ ʩʘ ʧʦ-ʧʦʜʘʪʣʠʚʠ ʥʘ 

ʚʣʠʷʥʠʝʪʦ ʥʘ ʧʫʣʧʥʦʪʦ ʥʘʣʷʛʘʥʝ, ʦʪʢʦʣʢʦʪʦ ʜʚʫʩʪʲʧʢʦʚʠʪʝ ʩʘʤʦʝʮʚʘʱʠ ʘʜʭʝʟʠʚʠ. 
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ʇʨʠʯʠʥʘ ʟʘ ʪʦʚʘ ʝ, ʯʝ ʧʨʠ ʧʦʩʣʝʜʥʠʪʝ ʢʘʪʦ ʚʪʦʨʘ ʩʪʲʧʢʘ ʩʝ ʘʧʣʠʮʠʨʘ ʭʠʜʨʦʬʦʙʝʥ 

ʧʣʘʩʪʤʘʩʦʚ ʩʣʦʡ (301, 356).  

 ʉʣʝʜʦʚʘʪʝʣʥʦ ʥʝʦʙʭʦʜʠʤʦ ʝ ʢʣʠʥʠʯʥʠʷʪ ʧʨʦʪʦʢʦʣ ʜʘ ʩʝ ʥʘʩʦʯʠ ʠ ʢʲʤ ʥʘʤʘʣʝʥʘ 

ʩʪʠʤʫʣʘʮʠʷ ʥʘ ʧʫʣʥʦʪʦ ʥʘʣʷʛʘʥʝ. 

 ɺʣʠʷʥʠʝ ʚʲʨʭʫ ʧʝʨʤʝʘʙʠʣʠʪʝʪʘ ʦʢʘʟʚʘ ʠ ʧʦʩʪʘʚʷʥʝʪʦ ʥʘ ʘʥʝʩʪʝʟʠʷ, ʢʦʝʪʦ ʩʝ 

ʩʣʫʯʚʘ ʧʨʠ ʧʦʚʝʯʝʪʦ ʦʪ ʚʲʟʩʪʘʥʦʚʠʪʝʣʥʠʪʝ ʜʝʥʪʘʣʥʠ ʧʨʦʮʝʜʫʨʠ (301). ɸʥʝʩʪʝʪʠʮʠʪʝ 

ʚʦʜʷʪ ʜʦ ʧʦʥʠʞʘʚʘʥʝ ʥʘ ʧʫʣʧʥʦʪʦ ʥʘʣʷʛʘʥʝ. ʊʦʚʘ ʦʟʥʘʯʘʚʘ, ʯʝ ʚ ʦʩʥʦʚʥʘʪʘ ʩʠ ʯʘʩʪ 

ʚʲʟʩʪʘʥʦʚʠʪʝʣʥʠʪʝ ʘʜʭʝʟʠʚʥʠ ʧʨʦʮʝʜʫʨʠ ʩʝ ʠʟʚʲʨʰʚʘʪ ʧʨʠ ʥʠʩʢʦ ʧʫʣʧʥʦ ʥʘʣʷʛʘʥʝ (205, 

274, 301). ʊʦʚʘ ʝ ʙʣʘʛʦʧʨʠʷʪʝʥ ʬʘʢʪʦʨ, ʧʨʝʜʧʦʣʘʛʘʱ ʦʧʪʠʤʘʣʥʘ ʧʝʥʝʪʨʘʮʠʷ ʥʘ 

ʘʜʭʝʟʠʚʥʠʪʝ ʩʠʩʪʝʤʠ ʠ ʧʦʩʪʠʛʘʥʝ ʥʘ ʜʦʙʨʘ ʘʜʭʝʟʠʷ ʩ ʜʝʥʪʠʥʘ. 

 

3.2. ɼʲʣʙʦʯʠʥʘ ʥʘ ʧʨʝʧʘʨʘʮʠʷʪʘ ʚ ʜʝʥʪʠʥʘ 

 

 ʋʩʪʘʥʦʚʝʥʦ ʝ, ʯʝ ʟʜʨʘʚʠʥʘʪʘ ʥʘ ʩʚʲʨʟʚʘʥʝ ʝ ʟʥʘʯʠʪʝʣʥʦ ʧʦ-ʛʦʣʷʤʘ ʚ ʟʦʥʘʪʘ ʥʘ 

ʧʦʚʲʨʭʥʦʩʪʥʠʷ ʜʝʥʪʠʥ (211, 223, 233, 244, 256, 379, 386, 390). ʊʦʚʘ ʩʝ ʜʲʣʞʠ ʥʘ ʬʘʢʪʘ, 

ʯʝ ʥʘ ʧʦʚʲʨʭʥʦʩʪʪʘ ʢʦʣʠʯʝʩʪʚʦʪʦ ʦʪ ʪʚʲʨʜ ʜʝʥʪʠʥ ʜʦʩʪʲʧʝʥ ʟʘ ʩʚʲʨʟʚʘʥʝ ʝ ʧʦ-ʛʦʣʷʤʦ 

(ʠʥʪʝʨʪʫʙʫʣʘʨʥʠʷ ʜʝʥʪʠʥ ʥʘʤʘʣʷʚʘ ʚ ʧʦʩʦʢʘ ʢʲʤ ʧʫʣʧʘʪʘ), ʘ ʚʣʘʞʥʦʩʪʪʘ ʧʦ-ʤʘʣʢʘ (177, 

211, 223, 244, 379, 386). ɺʣʘʞʥʦʩʪʪʘ ʯʝʩʪʦ ʝ ʙʘʨʠʝʨʘ ʟʘ ʜʦʙʨʦʪʦ ʩʚʲʨʟʚʘʥʝ ʩ ʜʝʥʪʠʥʘ 

(110, 233, 244, 301, 379, 386). ɸʢʦ ʩʚʲʨʟʚʘʥʝʪʦ ʩʲʩ ʩʪʝʥʠʪʝ ʥʘ ʧʝʨʠʪʫʙʫʣʘʨʥʠʷ ʜʝʥʪʠʥ ʝ 

ʚʘʞʥʦ, ʤʠʢʨʦʤʝʭʘʥʠʯʥʘʪʘ ʟʜʨʘʚʠʥʘ ʥʘ ʚʨʲʟʢʘʪʘ ʙʠ ʪʨʷʙʚʘʣʦ ʜʘ ʥʘʨʘʩʥʝ ʚ ʜʲʣʙʦʯʠʥʘ, 

ʘʢʦ ʜʝʥʪʠʥʘ ʝ ʩʫʭ (233). ʉ ʥʘʨʘʩʪʚʘʥʝ ʥʘ ʜʲʣʙʦʯʠʥʘʪʘ, ʚʣʘʞʥʦʩʪʪʘ ʩʝ ʫʚʝʣʠʯʘʚʘ ʠ 

ʜʝʥʪʠʥʦʚʘʪʘ ʪʝʯʥʦʩʪ ʤʦʞʝ ʜʘ ʢʦʤʧʨʦʤʝʪʠʨʘ ʥʷʢʦʠ ʙʦʥʜʠʨʘʱʠ ʤʝʪʦʜʠ, ʘʢʦ ʘʛʝʥʪʲʪ ʝ 

ʭʠʜʨʦʬʦʙʝʥ (233). ʆʙʨʘʪʥʦ, ʘʢʦ ʦʪ ʟʥʘʯʝʥʠʝ ʟʘ ʟʜʨʘʚʠʥʘʪʘ ʥʘ ʚʨʲʟʢʘʪʘ ʝ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʝʪʦ ʩ ʢʦʤʧʦʥʝʥʪʠʪʝ ʥʘ ʠʥʪʝʨʪʫʙʫʣʘʨʥʠʷ ʜʝʥʪʠʥ, ʧʦ-ʛʦʣʷʤʘ ʟʜʨʘʚʠʥʘ 

ʪʨʷʙʚʘ ʜʘ ʩʝ ʦʯʘʢʚʘ ʚʲʚ ʚʲʥʰʥʠʪʝ ʩʣʦʝʚʝ ʜʝʥʪʠʥ, ʢʲʜʝʪʦ ʠʥʪʝʨʪʫʙʫʣʘʨʥʠʷ ʜʝʥʪʠʥ ʝ 

ʜʦʤʠʥʠʨʘʱ ʩʪʨʫʢʪʫʨʝʥ ʢʦʤʧʦʥʝʥʪ (223, 233).  

 

3.3.ʒʛʲʣ ʥʘ ʧʨʝʨʷʟʚʘʥʝ ʥʘ ʜʝʥʪʠʥʦʚʠʪʝ ʢʘʥʘʣʯʝʪʘ 

 

ʆʨʠʝʥʪʘʮʠʷʪʘ ʥʘ ʜʝʥʪʠʥʦʚʠʪʝ ʢʘʥʘʣʯʝʪʘ ʝ ʩʲʱʦ ʬʘʢʪʦʨ, ʢʦʡʪʦ ʤʦʞʝ ʜʘ ʧʦʚʣʠʷʝ 

ʢʘʯʝʩʪʚʦʪʦ ʥʘ ʟʜʨʘʚʠʥʘʪʘ ʥʘ ʩʚʲʨʟʚʘʥʝ ʩ ʜʝʥʪʠʥʘ (66, 81, 301, 452). ʋʩʪʘʥʦʚʝʥʦ ʝ, ʯʝ 

ʢʦʛʘʪʦ ʪʫʙʫʣʠʪʝ ʩʘ ʦʪʢʨʠʪʠ ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʦ ʥʘ ʪʷʭʥʘʪʘ ʜʲʣʛʘ ʦʩ, ʧʦʣʦʚʠʥʘʪʘ ʦʪ 

ʩʪʦʡʥʦʩʪʪʘ ʥʘ ʟʜʨʘʚʠʥʘʪʘ ʥʘ ʩʚʲʨʟʚʘʥʝʪʦ ʩʝ ʜʲʣʞʠ ʥʘ ʠʥʬʠʣʪʨʠʨʘʥʝʪʦ ʥʘ ʘʜʭʝʟʠʚʘ ʚ 

ʪʫʙʫʣʠʪʝ, ʘ ʦʩʪʘʥʘʣʘʪʘ ʧʦʣʦʚʠʥʘ ʦʪ ʭʠʙʨʠʜʠʟʘʮʠʷʪʘ ï ʥʘ ʠʥʬʠʣʪʨʠʨʘʥʝʪʦ ʥʘ 
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ʠʥʪʝʨʪʫʙʫʣʘʨʥʠʷ ʜʝʥʪʠʥʦʚ ʤʘʪʨʠʢʩ (11, 81). ʊʝʦʨʝʪʠʯʥʦ ʬʦʨʤʠʨʘʥʝʪʦ ʥʘ ʘʜʭʝʟʠʚʥʠ 

ʢʨʘʯʝʪʘ ʥʝ ʝ ʚʲʟʤʦʞʥʦ ʚ ʜʝʥʪʠʥʦʚʘ ʧʦʚʲʨʭʥʦʩʪ, ʚ ʢʦʷʪʦ ʪʫʙʫʣʠʪʝ ʩʘ ʫʩʧʦʨʝʜʥʠ ʥʘ ʪʘʟʠ 

ʧʦʚʲʨʭʥʦʩʪ (11, 66, 81, 362). ʅʷʢʦʠ ʘʚʪʦʨʠ ʧʨʝʜʧʦʣʘʛʘʪ, ʯʝ ʪʫʙʫʣʥʘʪʘ ʦʨʠʝʥʪʘʮʠʷ ʤʦʞʝ 

ʜʘ ʧʦʚʣʠʷʝ ʚʲʨʭʫ ʧʨʠʥʦʩʘ ʥʘ ʠʥʪʝʨʪʫʙʫʣʘʨʥʠʷ ʜʝʥʪʠʥ ʟʘ ʭʠʙʨʠʜʠʟʘʮʠʷʪʘ (81). 

ʍʠʙʨʠʜʥʠʷʪ ʩʣʦʡ ʝ ʙʠʣ ʧʦ-ʪʲʥʲʢ ʧʨʠ ʧʝʨʧʝʥʜʠʢʫʣʷʨʝʥ ʭʦʜ ʥʘ ʢʘʥʘʣʯʝʪʘʪʘ, ʚ ʩʨʘʚʥʝʥʠʝ 

ʩ ʣʘʪʝʨʘʣʥʠʪʝ ʩʪʨʘʥʠ ʥʘ ʧʨʝʧʘʨʘʮʠʷʪʘ, ʢʲʜʝʪʦ ʜʝʥʪʠʥʦʚʠʪʝ ʢʘʥʘʣʯʝʪʘ ʧʨʝʤʠʥʘʚʘʪ 

ʧʘʨʘʣʝʣʥʦ ʥʘ ʧʦʚʲʨʭʥʦʩʪʪʘ ʟʘ ʘʜʭʝʟʠʚʥʦ ʩʚʲʨʟʚʘʥʝ (81, 362).  

 

3.4. ɼʝʥʪʠʥ, ʟʘʩʝʛʥʘʪ ʦʪ ʢʘʨʠʝʩ 

  

 ʆʪ ʟʥʘʯʝʥʠʝ ʟʘ ʘʜʭʝʟʠʷʪʘ ʢʲʤ ʜʝʥʪʠʥʘ ʩʘ ʠ ʧʨʦʤʝʥʠʪʝ, ʥʘʩʪʲʧʠʣʠ ʚ ʥʝʛʦ 

ʚʩʣʝʜʩʪʚʠʝ ʥʘ ʢʘʨʠʦʟʥʠ, ʥʝʢʘʨʠʦʟʥʠ ʠ ʪʨʘʚʤʘʪʠʯʥʠ ʫʚʨʝʞʜʘʥʠʷ ʥʘ ʟʲʙʠʪʝ, ʚʦʜʝʱʠ ʜʦ 

ʦʙʨʘʟʫʚʘʥʝʪʦ ʥʘ ʩʝʢʫʥʜʝʨʝʥ, ʪʝʨʮʠʝʨʝʥ, ʩʢʣʝʨʦʪʠʯʝʥ, ʪʨʘʥʩʧʘʨʝʥʪʝʥ ʜʝʥʪʠʥ, ʪʲʡ ʢʘʪʦ 

ʯʝʩʪʦ ʩʘ ʩʫʙʩʪʨʘʪʘ ʟʘ ʧʨʦʚʝʞʜʘʥʝ ʥʘ ʘʜʭʝʟʠʚʥʠʪʝ ʧʨʦʮʝʜʫʨʠ (233, 246, 301).  

 ʂʣʠʥʠʯʥʦ ʥʘʡ-ʯʝʩʪʦ ʩʨʝʱʘʥʠʷʪ ʩʫʙʩʪʨʘʪ ʚʲʨʭʫ ʢʦʡʪʦ ʩʝ ʦʩʲʱʝʩʪʚʷʚʘ 

ʩʚʲʨʟʚʘʥʝʪʦ, ʪʦʚʘ ʝ ʢʘʨʠʦʟʥʦ ʧʦʚʣʠʷʥʠʷ ʜʝʥʪʠʥ (caries affected dentin). ʊʦʚʘ ʝ ʜʝʥʪʠʥʲʪ, 

ʢʦʡʪʦ ʩʝ ʩʲʭʨʘʥʷʚʘ ʩʣʝʜ ʦʪʩʪʨʘʥʷʚʘʥʝʪʦ ʥʘ ʢʘʨʠʦʟʥʦ-ʠʥʬʝʢʪʠʨʘʥʠʷ ʜʝʥʪʠʥ (137, 215, 

272, 301). ʂʘʨʠʦʟʥʦ ʧʦʚʣʠʷʥʠʷʪ ʜʝʥʪʠʥ ʠʤʘ ʧʦ-ʥʠʩʢʘ ʪʚʲʨʜʦʩʪ ʚ ʩʨʘʚʥʝʥʠʝ ʩʲʩ ʟʜʨʘʚʠʷ 

ʜʝʥʪʠʥ (271, 286, 301). ʀʟʩʣʝʜʚʘʥʠʷ ʯʨʝʟ Micro Raman ʩʧʝʢʪʨʦʩʢʦʧʠʷ ʧʦʩʦʯʚʘʪ 

ʦʧʨʝʜʝʣʝʥʠ ʩʪʨʫʢʪʫʨʥʠ ʠ ʭʠʤʠʯʥʠ ʧʨʦʤʝʥʠ ʚ ʧʦʚʣʠʷʥʠʷ ʦʪ ʢʘʨʠʦʟʥʠʷ ʧʨʦʮʝʩ ʜʝʥʪʠʥ. 

ʉʲʜʲʨʞʘʥʠʝʪʦ ʥʘ ʤʠʥʝʨʘʣʥʠ ʬʦʩʬʘʪʠ ʠ ʢʘʨʙʦʥʘʪʠ ʥʘʤʘʣʷʚʘ ʚ ʟʦʥʘʪʘ ʥʘ ʢʘʨʠʦʟʥʦ 

ʧʦʚʣʠʷʥʠʷ ʜʝʥʪʠʥ ʧʨʠ ʩʨʘʚʥʝʥʠʝ ʩʲʩ ʟʜʨʘʚ ʜʝʥʪʠʥ (301, 451).  

 ʉʨʘʚʥʠʪʝʣʥʠ ʠʟʩʣʝʜʚʘʥʠʷ ʩ ʪʨʠʪʝ ʪʠʧʘ ʥʘ ʘʜʭʝʟʠʚʥʘ ʩʪʨʘʪʝʛʠʷ ʧʦʩʦʯʚʘʪ ʧʦ-ʥʠʩʢʘ 

ʟʜʨʘʚʠʥʘ ʥʘ ʚʨʲʟʢʘʪʘ ʢʲʤ ʢʘʨʠʦʟʥʦ ʧʦʚʣʠʷʥ ʜʝʥʪʠʥ ʚ ʩʨʘʚʥʝʥʠʝ ʩ ʥʦʨʤʘʣʝʥ ʜʝʥʪʠʥ (79, 

301, 357, 455, 473). 

 ʇʦʨʘʜʠ ʧʦ-ʤʘʣʢʠʷʪ ʨʘʟʤʝʨ ʥʘ ʚʨʝʤʝʥʥʠʪʝ ʟʲʙʠ ʠ ʧʦ-ʤʘʣʢʘʪʘ ʜʝʙʝʣʠʥʘ ʥʘ 

ʜʝʥʪʠʥʘ ʦʪʩʪʨʘʥʷʚʘʥʝʪʦ ʥʘ ʢʘʨʠʦʟʥʦ ʫʚʨʝʜʝʥʠʷ ʜʝʥʪʠʥ ʪʨʷʙʚʘ ʜʘ ʝ ʠʟʢʣʶʯʠʪʝʣʥʦ 

ʱʘʜʷʱʦ ï ʤʠʥʠʤʘʣʥʦ ʠʥʚʘʟʠʚʥʦ, ʢʦʝʪʦ ʦʟʥʘʯʘʚʘ ʯʝ ʧʨʠ ʚʩʠʯʢʠ ʩʣʫʯʘʠ ʯʘʩʪ ʦʪ 

ʘʜʭʝʟʠʚʥʠʪʝ ʧʨʦʮʝʜʫʨʠ ʱʝ ʩʘ ʚ ʛʨʘʥʠʮʠʪʝ ʥʘ ʢʘʨʠʦʟʥʦ ʧʦʚʣʠʷʥ ʜʝʥʪʠʥ. 

 

3.5. ɿʘʤʲʨʩʷʚʘʱ ʩʣʦʡ 

 

ɺ ʧʨʦʮʝʩʘ ʥʘ ʦʪʩʪʨʘʥʷʚʘʥʝ ʥʘ ʢʘʨʠʦʟʥʦ ʫʚʨʝʜʝʥʠʪʝ ʩʪʨʫʢʪʫʨʠ ʚ ʝʪʘʧʘ ʥʘ 

ʢʘʚʠʪʝʪʥʘʪʘ ʧʨʝʧʘʨʘʮʠʷ, ʩʝ ʦʙʨʘʟʫʚʘ ʪ.ʥʘʨ. ʟʘʤʲʨʩʷʚʘʱ ʩʣʦʡ (118, 223, 246, 301, 375). 
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ʊʦʟʠ ʩʣʦʡ ʝ ʩ ʛʨʘʥʫʣʘʨʥʘ ʩʫʙʩʪʨʫʢʪʫʨʘ ʠ ʩʲʜʲʨʞʘ ʦʩʥʦʚʥʠ ʢʦʤʧʦʥʝʥʪʠ ʦʪ ʝʤʘʡʣʘ, 

ʠʥʪʝʨ- ʠ ʧʝʨʠʪʫʙʫʣʘʨʥʠʷ ʜʝʥʪʠʥ, ʩʲʜʲʨʞʘʥʠʝ ʦʪ ʜʝʥʪʠʥʦʚʠʪʝ ʪʫʙʫʣʠ, ʩʤʝʩʝʥʦ ʩ ʚʦʜʘ, 

ʤʠʢʨʦʦʨʛʘʥʠʟʤʠ, ʪʦʢʩʠʥʠ, ʝʥʟʠʤʠ, ʩʣʶʥʢʘ. ʊʦʡ ʝ ʩ ʜʝʙʝʣʠʥʘ ʦʪ 0.5 ʜʦ 2 - 5Õm ʠ ʤʦʞʝ 

ʜʘ ʚʘʨʠʨʘ ʚ ʩʲʩʪʘʚʘ, ʜʝʙʝʣʠʥʘʪʘ, ʧʣʲʪʥʦʩʪʪʘ ʠ ʩʪʝʧʝʥʪʘ ʥʘ ʩʚʲʨʟʚʘʥʝ ʩ ʧʦʜʣʝʞʘʱʘʪʘ 

ʟʲʙʥʘ ʩʪʨʫʢʪʫʨʘ ʚ ʟʘʚʠʩʠʤʦʩʪ ʦʪ ʣʦʢʘʣʠʟʘʮʠʷʪʘ ʥʘ ʧʨʝʧʘʨʘʮʠʷʪʘ (32, 118, 146, 223, 240, 

246, 277, 298, 391, 439, 457). ʀʟʩʣʝʜʚʘʥʝʪʦ ʥʘ ʟʘʤʲʨʩʷʚʘʱʠʷ ʩʣʦʡ ʝ ʜʦʩʪʘ ʟʘʪʨʫʜʥʝʥʦ 

ʧʦʨʘʜʠ ʤʘʣʢʠʪʝ ʤʫ ʠ ʧʨʦʤʝʥʣʠʚʠ ʨʘʟʤʝʨʠ, ʥʝʧʨʘʚʠʣʥʘ ʠ ʢʨʝʭʢʘ ʩʪʨʫʢʪʫʨʘ. ʉʲʩʪʘʚʲʪ ʤʫ 

ʚʩʝ ʦʱʝ ʥʝ ʝ ʜʦʙʨʝ ʜʝʬʠʥʠʨʘʥ, ʥʦ ʪʦʡ ʩʝ ʚʣʠʷʝ ʦʪ ʩʲʩʪʘʚʘ ʥʘ ʧʦʜʣʝʞʘʱʠʷ ʜʝʥʪʠʥ, ʦʪ 

ʢʦʡʪʦ ʩʝ ʦʙʨʘʟʫʚʘ. ʇʨʠ ʧʨʝʨʷʟʚʘʥʝʪʦ ʥʘ ʜʝʥʪʠʥʘ, ʪʦʧʣʠʥʘʪʘ ʠ ʩʠʣʠʪʝ ʥʘ ʧʨʝʨʷʟʚʘʥʝ, 

ʧʦʨʦʜʝʥʠ ʦʪ ʚʲʨʪʷʱʦʪʦ ʜʚʠʞʝʥʠʝ ʥʘ ʙʦʨʝʨʘ, ʧʨʝʦʙʨʘʟʫʚʘʪ ʜʝʥʪʠʥʦʚʠʪʝ ʦʩʪʘʪʲʮʠ ʚ 

ʢʦʤʧʘʢʪʥʠ ʠ ʧʣʲʪʥʦ ʩʲʝʜʠʥʝʥʠ ʦʙʨʘʟʫʚʘʥʠʷ (109, 301). ɿʘʤʲʨʩʷʚʘʱʠʷʪ ʩʣʦʡ ʩʲʜʲʨʞʘ 

ʨʘʟʜʨʦʙʝʥʠ ʠ ʩʤʣʝʥʠ ʭʠʜʨʦʢʩʠʣʘʧʘʪʠʪʠ, ʢʘʢʪʦ ʠ ʬʨʘʛʤʝʥʪʠʨʘʥ ʠ ʜʝʥʘʪʫʨʠʨʘʥ ʢʦʣʘʛʝʥ 

(118, 294, 298, 301). ʇʨʠ ʧʨʝʧʘʨʠʨʘʥʝ ʥʘ ʜʝʥʪʠʥʦʚʘ ʧʦʚʲʨʭʥʦʩʪ ʜʝʥʪʠʥʦʚʠʪʝ ʢʘʥʘʣʯʝʪʘ 

ʩʝ ʧʨʝʨʷʟʚʘʪ, ʦʪʢʨʠʚʘʪ ʩʝ ʠ ʩʝ ʦʙʪʫʨʠʨʘʪ ʦʪ ʤʘʣʢʠ ʟʘʧʫʰʘʣʢʠ ʦʪ ʪʦʟʠ ʩʣʦʡ ï 

ʟʘʤʲʨʩʷʚʘʱʠ ʟʘʧʫʰʘʣʢʠ (294, 301). ʊʝ ʧʨʝʜʩʪʘʚʣʷʚʘʪ ʥʝʧʨʝʢʲʩʥʘʪʦ ʧʨʦʜʲʣʞʝʥʠʝ ʥʘ 

ʟʘʤʲʨʩʷʚʘʱʠʷ ʩʣʦʡ ʠ ʤʦʛʘʪ ʜʘ ʥʘʚʣʷʟʘʪ ʥʘ ʜʲʣʙʦʯʠʥʘ ʦʪ 1 ʜʦ 10 Õm ʚ ʪʫʙʫʣʠʪʝ, ʢʦʝʪʦ 

ʚʦʜʠ ʜʦ ʨʝʜʫʢʮʠʷ ʥʘ ʜʝʥʪʠʥʦʚʠʷ ʧʝʨʤʝʘʙʠʣʠʪʝʪ ʧʦʯʪʠ ʜʦ 86% (81, 118, 223, 288, 294, 

295, 298, 301). ʈʘʟʣʠʯʥʠʪʝ ʠʥʩʪʨʫʤʝʥʪʠ ʟʘ ʢʘʚʠʪʝʪʥʘ ʧʨʝʧʘʨʘʮʠʷ ʦʙʨʘʟʫʚʘʪ ʨʘʟʣʠʯʥʠ 

ʢʦʣʠʯʝʩʪʚʘ ʟʘʤʲʨʩʷʚʘʱ ʩʣʦʡ (118, 235, 246, 268, 375). ɼʝʙʝʣʠʥʘʪʘ ʥʘ ʟʘʤʲʨʩʷʚʘʱʠʷ 

ʩʣʦʡ ʥʘʨʘʩʪʚʘ ʩ ʫʚʝʣʠʯʘʚʘʥʝ ʥʘ ʛʨʘʧʘʚʠʥʘʪʘ ʥʘ ʜʠʘʤʘʥʪʝʥʠʪʝ ʙʦʨʝʨʠ. ʋʩʪʘʥʦʚʝʥʦ ʝ, ʯʝ 

ʙʦʨʝʨ ISO 806314141504014 ï ʝʜʠʥ ʦʪ ʥʘʡ-ʯʝʩʪʦ ʧʦʣʟʚʘʥʠʪʝ ʟʘ ʢʘʚʠʪʝʪʥʘ ʧʨʝʧʘʨʘʮʠʷ, 

ʩʲʟʜʘʚʘ ʟʘʤʲʨʩʷʚʘʱ ʩʣʦʡ ʩ ʜʝʙʝʣʠʥʘ ʦʪ 2.2Ñ0.5 Õm (118, 395).  

ʇʨʝʜʚʠʜ ʟʥʘʯʝʥʠʝʪʦ ʥʘ ʟʘʤʲʨʩʷʚʘʱʠʷ ʩʣʦʡ ʠ ʥʝʛʦʚʠʪʝ ʟʘʧʫʰʘʣʢʠ ʚ ʜʝʥʪʠʥʦʚʠʪʝ 

ʢʘʥʘʣʠ ʝ ʥʝʦʙʭʦʜʠʤʦ ʧʨʦʫʯʘʚʘʥʝ ʥʘ ʩʨʝʜʩʪʚʘʪʘ ʟʘ ʪʷʭʥʦʪʦ ʧʨʝʤʘʭʚʘʥʝ ʠ ʩʧʦʩʦʙʠʪʝ ʟʘ 

ʧʨʠʣʦʞʝʥʠʝʪʦ ʠʤ ʩ ʦʛʣʝʜ ʙʝʟʚʨʝʜʥʦʪʦ ʠʤ ʦʪʩʪʨʘʥʷʚʘʥʝ. 

 

3.6. ɸʣʪʝʨʥʘʪʠʚʥʠ ʪʝʭʥʠʢʠ ʟʘ ʦʪʩʪʨʘʥʷʚʘʥʝ ʥʘ ʢʘʨʠʦʟʥʦ ʫʚʨʝʜʝʥʠʪʝ ʟʲʙʥʠ 

ʩʪʨʫʢʪʫʨʠ 

 

ʇʦʜʭʦʜʲʪ ʟʘ ʤʠʥʠʤʘʣʥʦ ʠʥʚʘʟʠʚʥʦ ʣʝʯʝʥʠʝ ʥʘ ʟʲʙʥʠʷ ʢʘʨʠʝʩ (254, 317, 421) ʠ 

ʦʪʯʝʪʝʥʠʪʝ ʥʝʜʦʩʪʘʪʲʮʠ ʧʨʠ ʢʣʘʩʠʯʝʩʢʦʪʦ ʧʨʝʧʘʨʠʨʘʥʝ ʥʘ ʢʘʚʠʪʝʪʠ ʯʨʝʟ ʚʲʨʪʷʱʠ ʩʝ 

ʠʥʩʪʨʫʤʝʥʪʠ ï ʙʦʨʝʨʠ (118, 225, 317), ʜʦʚʝʜʝ ʜʦ ʚʲʚʝʞʜʘʥʝʪʦ ʥʘ ʥʦʚʠ ʠʥʩʪʨʫʤʝʥʪʠ ʠʣʠ 

ʚʲʟʨʘʞʜʘʥʝʪʦ ʥʘ ʚʝʯʝ ʩʲʱʝʩʪʚʫʚʘʱʠ ʪʝʭʥʠʢʠ, ʢʘʪʦ ʩʦʥʦ-ʘʙʨʘʟʠʦ (ʫʣʪʨʘʟʚʫʢʦʚʦ 

ʧʦʯʠʩʪʚʘʥʝ), ʝʲʨ-ʘʙʨʘʟʠʦ ʠ ʠʟʧʦʣʟʚʘʥʝ ʥʘ ʣʘʟʝʨʠ ʟʘ ʦʪʩʪʨʘʥʷʚʘʥʝ ʥʘ ʢʘʨʠʦʟʥʦ 
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ʫʚʨʝʜʝʥʠʪʝ ʟʲʙʥʠ ʩʪʨʫʢʪʫʨʠ (59, 118, 310, 317). ʅʷʢʦʠ ʦʪ ʪʝʟʠ ʠʥʩʪʨʫʤʝʥʪʠ ʩʲʱʦ 

ʩʲʟʜʘʚʘʪ ʟʘʤʲʨʩʷʚʘʱ ʩʣʦʡ, ʢʦʡʪʦ ʧʦʢʨʠʚʘ ʧʦʚʲʨʭʥʦʩʪʪʘ ʟʘ ʘʜʭʝʟʠʚʥʦ ʩʚʲʨʟʚʘʥʝ, ʥʦ ʪʦʡ 

ʩʝ ʨʘʟʣʠʯʘʚʘ ʦʪ ʪʦʟʠ, ʛʝʥʝʨʠʨʘʥ ʦʪ ʚʲʨʪʷʱʠʪʝ ʩʝ ʙʦʨʝʨʠ (118). ʇʨʠ ʪʨʝʪʠʨʘʥʝ ʥʘ 

ʜʝʥʪʠʥʦʚʘʪʘ ʧʦʚʲʨʭʥʦʩʪ ʩ ʝʲʨ ʘʙʨʘʟʠʦ ʩʝ ʩʲʟʜʘʚʘ ʤʥʦʛʦ ʥʝʨʘʚʥʘ ʧʦʚʲʨʭʥʦʩʪ ʠ 

ʜʠʩʢʨʝʪʝʥ ʟʘʤʲʨʩʷʚʘʱ ʩʣʦʡ ʩʲʩ ʟʘʤʲʨʩʷʚʘʱʠ ʟʘʧʫʰʘʣʢʠ, ʘ ʠʥʪʝʨʪʫʙʫʣʘʨʥʠʷ ʜʝʥʪʠʥ ʝ 

ʥʘʙʨʘʟʜʝʥ ʠ ʩʙʠʪ, ʠ ʢʦʤʧʨʝʩʠʨʘʥ ʥʘʜ ʜʝʥʪʠʥʦʚʠʪʝ ʪʫʙʫʣʠ (118, 429). ʇʨʠ ʣʘʟʝʨʥʘ 

ʘʙʣʘʮʠʷ ʥʝ ʩʝ ʩʲʟʜʘʚʘ ʟʘʤʲʨʩʷʚʘʱ ʩʣʦʡ (199, 429). ʉɽʄ ʥʘʙʣʶʜʝʥʠʝ ʥʘ ʜʝʥʪʠʥʦʚʘ 

ʧʦʚʲʨʭʥʦʩʪ, ʪʨʝʪʠʨʘʥʘ ʩ Er:YAG ʣʘʟʝʨ ʧʦʢʘʟʚʘ ʪʠʧʠʯʥʘ ʣʶʩʧʝʩʪʘ, ʛʨʘʧʘʚʘ ʠ ʥʝʨʘʚʥʘ 

ʧʦʚʲʨʭʥʦʩʪ (80, 199, 429).  

ʇʨʦʠʟʚʦʜʠʪʝʣʠʪʝ ʥʘ ʣʘʟʝʨʠ ʩʲʦʙʱʘʚʘʪ, ʯʝ ʣʘʟʝʨʥʘʪʘ ʘʙʣʘʮʠʷ ʥʘ ʟʲʙʥʠʪʝ 

ʩʪʨʫʢʪʫʨʠ ʧʦʚʠʰʘʚʘ ʩʧʦʩʦʙʥʦʩʪʪʘ ʟʘ ʘʜʭʝʟʠʚʥʦ ʩʚʲʨʟʚʘʥʝ ʥʘ ʩʫʙʩʪʨʘʪʘ ʠ ʯʝ Ăʣʘʟʝʨʥʦʪʦ 

ʝʮʚʘʥʝò ʝ ʩʧʦʩʦʙʥʦ ʜʘ ʟʘʤʝʩʪʠ ʜʦʧʲʣʥʠʪʝʣʥʘʪʘ ʩʪʲʧʢʘ ʥʘ ʝʮʚʘʥʝ (ʩ ʬʦʩʬʦʨʥʘ ʢʠʩʝʣʠʥʘ) 

(4, 118). ʇʨʝʜʠʤʩʪʚʦ ʧʨʠ ʠʟʧʦʣʟʚʘʥʝʪʦ ʥʘ ʣʘʟʝʨʠʪʝ ʧʨʠ ʢʘʚʠʪʝʪʥʘ ʧʨʝʧʘʨʘʮʠʷ ʝ ʥʘʡ-

ʚʝʯʝ ʙʝʟʙʦʣʝʟʥʝʥʦ ʦʪʩʪʨʘʥʷʚʘʥʝ ʥʘ ʫʚʨʝʜʝʥʠʪʝ ʟʲʙʥʠ ʩʪʨʫʢʪʫʨʠ (4, 5, 30, 310, 429). 

ʀʟʩʣʝʜʚʘʥʠʷ ʩʘ ʫʩʪʘʥʦʚʠʣʠ ʥʷʢʦʠ ʥʝʜʦʩʪʘʪʲʮʠ ʢʘʪʦ ʥʘʤʘʣʷʚʘʥʝ ʥʘ ʧʦʩʪʠʛʥʘʪʘ ʟʜʨʘʚʠʥʘ 

ʥʘ ʩʚʲʨʟʚʘʥʝ ʩʣʝʜ ʣʘʟʝʨʥʘ ʘʙʣʘʮʠʷ ʧʨʠ ʢʘʚʠʪʝʪʥʘ ʧʨʝʧʘʨʘʮʠʷ (41, 80, 102) ï ʥʘʣʠʯʠʝ ʥʘ 

ʟʥʘʯʠʪʝʣʥʠ ʧʫʢʥʘʪʠʥʠ ʚ ʜʝʥʪʠʥʘ (199), ʢʘʢʪʦ ʠ ʢʦʭʝʟʠʚʥʠ ʬʨʘʢʪʫʨʠ ʚ ʥʝʛʦ (102, 144, 

199, 429).    

ʆʛʨʘʥʠʯʝʥʘʪʘ ʠʥʬʦʨʤʘʮʠʷ ʧʦ ʦʪʥʦʰʝʥʠʝ ʚʲʟʤʦʞʥʦʩʪʠʪʝ ʟʘ ʟʘʤʝʩʪʚʘʥʝ ʥʘ 

ʢʠʩʝʣʠʥʥʦʪʦ ʝʮʚʘʥʝ ʩ Ăʣʘʟʝʨʥʦò ʝ ʦʩʥʦʚʘʥʠʝʪʦ ʥʠ ʟʘ ʩʨʘʚʥʷʚʘʥʝ ʥʘ ʪʘʢʠʚʘ ʨʝʟʫʣʪʘʪʠ 

ʧʨʠ ʫʩʣʦʚʠʷʪʘ ʥʘ ʥʘʰ ʝʢʩʧʝʨʠʤʝʥʪ.  

 

4. ɿɸʄʒʈʉʗɺɸʑ ʉʃʆʁ ʀ ɸɼʍɽɿʀɺʅʆ ʉɺʒʈɿɺɸʅɽ 

 

ʅʝʜʦʩʪʘʪʲʢ ʥʘ ʟʘʤʲʨʩʷʚʘʱʠʷ ʩʣʦʡ, ʧʦʢʨʠʚʘʱ ʧʦʚʲʨʭʥʦʩʪʪʘ ʟʘ ʩʚʲʨʟʚʘʥʝ, 

ʥʝʟʘʚʠʩʠʤʦ ʦʪ ʥʝʛʦʚʠʷ ʧʨʦʠʟʭʦʜ, ʝ ʥʝʛʦʚʘʪʘ ʧʨʠʩʲʱʘ ʩʣʘʙʘ ʚʨʲʟʢʘ ʩ ʧʦʜʣʝʞʘʱʠʷ 

ʜʝʥʪʠʥ (118, 287, 301) ʠ ʥʝʛʦʚʘʪʘ ʥʝʩʪʘʙʠʣʥʘ ʧʨʠʨʦʜʘ (81,118, 286, 304).      

ʉʲʱʝʩʪʚʫʚʘʪ ʜʚʝ ʚʲʟʤʦʞʥʦʩʪʠ ʟʘ ʧʨʝʦʜʦʣʷʚʘʥʝ ʥʘ ʥʠʩʢʘʪʘ ʟʜʨʘʚʠʥʘ ʥʘ 

ʩʚʨʲʟʚʘʥʝ, ʧʨʦʜʠʢʪʫʚʘʥʘ ʦʪ ʦʛʨʘʥʠʯʝʥʘʪʘ ʟʜʨʘʚʠʥʘ ʥʘ ʩʚʲʨʟʚʘʥʝ ʥʘ ʩʘʤʠʷ ʟʘʤʲʨʩʷʚʘʱ 

ʩʣʦʡ ʩ ʧʦʜʣʝʞʘʱʠʷ ʜʝʥʪʠʥ. ʊʝʟʠ ʜʚʝ ʚʲʟʤʦʞʥʦʩʪʠ ʩʘ: ʦʪʩʪʨʘʥʷʚʘʥʝ ʥʘ ʟʘʤʲʨʩʷʚʘʱʠʷ 

ʩʣʦʡ ʧʨʝʜʠ ʥʘʥʘʩʷʥʝʪʦ ʥʘ ʘʜʭʝʟʠʚʘ ï ʯʨʝʟ ʝʮʚʘʥʝ ʠ ʠʟʤʠʚʘʥʝ ʠ ʚʪʦʨʘʪʘ ʚʲʟʤʦʞʥʦʩʪ 

ʠʟʧʦʣʟʚʘʥʝ ʥʘ ʩʚʲʨʟʚʘʱʠ ʘʛʝʥʪʠ, ʢʦʠʪʦ ʤʦʛʘʪ ʜʘ ʧʝʥʝʪʨʠʨʘʪ ʦʪʚʲʜ ʟʘʤʲʨʩʷʚʘʱʠʷ ʩʣʦʡ 

ʢʘʪʦ ʝʜʥʦʚʨʝʤʝʥʥʦ ʩ ʪʦʚʘ ʛʦ ʠʥʢʦʨʧʦʨʠʨʘʪ (118, 223, 238, 279, 288, 301, 428).  
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ʈʝʘʣʠʟʠʨʘʥʝʪʦ ʥʘ ʪʝʟʠ ʜʚʝ ʚʲʟʤʦʞʥʦʩʪʠ ʩʪʘʚʘ ʯʨʝʟ ʫʧʦʪʨʝʙʘʪʘ ʥʘ ʨʘʟʣʠʯʥʠ 

ʘʜʭʝʟʠʚʥʠ ʩʠʩʪʝʤʠ ʩ ʢʦʤʧʣʝʢʩʝʥ ʭʠʤʠʯʝʥ ʩʲʩʪʘʚ (47, 97). ʉʲʱʝʩʪʚʫʚʘʪ ʨʝʜʠʮʘ ʦʧʠʪʠ ʟʘ 

ʢʣʘʩʠʬʠʮʠʨʘʥʝ ʥʘ ʪʝʟʠ ʘʜʭʝʟʠʚʥʠ ʩʠʩʪʝʤʠ ʧʦ ʨʘʟʣʠʯʥʠ ʧʦʢʘʟʘʪʝʣʠ, ʥʦ ʚʩʝ ʦʱʝ ʥʝ ʝ 

ʧʦʩʪʠʛʥʘʪ ʢʦʥʩʝʥʩʫʩ ʧʦ ʦʪʥʦʰʝʥʠʝ ʥʘ ʪʝʨʤʠʥʦʣʦʛʠʷʪʘ (118, 435). ʉʧʦʨʝʜ ʝʜʥʠ ʘʚʪʦʨʠ 

ʪʝ ʩʝ ʢʣʘʩʠʬʠʮʠʨʘʪ ʧʦ ʛʝʥʝʨʘʮʠʠ (ʧʦʩʣʝʜʦʚʘʪʝʣʥʦʩʪ ʥʘ ʩʲʟʜʘʚʘʥʝ), ʩʧʦʨʝʜ ʜʨʫʛʠ ʝ 

ʜʦʙʨʝ ʪʦʚʘ ʜʘ ʩʪʘʚʘ ʩʧʦʨʝʜ ʙʨʦʷ ʥʘ ʢʣʠʥʠʯʥʠʪʝ ʩʪʲʧʢʠ ʠ ʧʦʚʣʠʷʚʘʥʝʪʦ ʥʘ 

ʟʘʤʲʨʩʷʚʘʱʠʷ ʩʣʦʡ (120, 238, 377). Van Meerbeek et all ʧʨʝʜʣʘʛʘʪ ʥʘʫʯʥʦ ʙʘʟʠʨʘʥʘ 

ʢʣʘʩʠʬʠʢʘʮʠʷ ʩ ʪʨʠ ʦʩʥʦʚʥʠ ʛʨʫʧʠ ʦʪ ʘʜʭʝʟʠʚʥʠ ʩʠʩʪʝʤʠ: ʘʜʭʝʟʠʚʥʠ ʩʠʩʪʝʤʠ ʩ ʝʮʚʘʥʝ ʠ 

ʠʟʤʠʚʘʥʝ, ʩʘʤʦʝʮʚʘʱʠ ʘʜʭʝʟʠʚʥʠ ʩʠʩʪʝʤʠ ʠ ʛʣʘʩʡʦʥʦʤʝʨʝʥ ʘʜʭʝʟʠʚʝʥ ʧʦʜʭʦʜ (428, 435, 

436). ɺʩʠʯʢʠʪʝ ʪʝʟʠ ʪʨʠ ʢʘʪʝʛʦʨʠʠ ʘʜʭʝʟʠʚʥʠ ʩʠʩʪʝʤʠ ʧʦʢʘʟʚʘʪ ʦʙʱ ʤʝʭʘʥʠʟʲʤ ʥʘ 

ʘʜʭʝʟʠʷ ï ʥʘ ʭʠʙʨʠʜʠʟʘʮʠʷ (118, 428).  

 

5. ɸɼʍɽɿʀɺʅʀ ʉʀʉʊɽʄʀ 

5.1. ɸʜʭʝʟʠʚʥʠ ʩʠʩʪʝʤʠ ʩ ʝʮʚʘʥʝ ʠ ʠʟʤʠʚʘʥʝ 

 

ʊʝʟʠ ʘʜʭʝʟʠʚʥʠ ʩʠʩʪʝʤʠ ʤʦʛʘʪ ʚʝʜʥʘʛʘ ʜʘ ʙʲʜʘʪ ʨʘʟʧʦʟʥʘʪʠ ʯʨʝʟ ʥʘʯʘʣʥʘ ʠʤ ʬʘʟʘ 

ʥʘ ʝʮʚʘʥʝ, ʪʘʢʘ ʥʘʨʝʯʝʥʘʪʘ ʩʪʲʧʢʘ ʥʘ ʢʦʥʜʠʮʠʦʥʠʨʘʥʝ, ʧʦʩʣʝʜʚʘʥʘ ʦʪ ʩʪʲʧʢʘʪʘ ʥʘ 

ʧʨʦʤʠʚʘʥʝ (97, 118, 223, 428, 433, 435). ɼʨʫʛʦ ʯʝʩʪʦ ʠʟʧʦʣʚʘʥʦ ʠʤʝ ʟʘ ʪʘʟʠ ʢʘʪʝʛʦʨʠʷ 

ʘʜʭʝʟʠʚʥʠ ʩʠʩʪʝʤʠ ʝ ʘʜʭʝʟʠʚʠ ʩ ʪʦʪʘʣʥʦ ʝʮʚʘʥʝ, ʢʦʝʪʦ ʝ ʧʦ-ʤʘʣʢʦ ʩʲʦʪʚʝʪʚʘʱʦ, ʟʘʱʦʪʦ 

ʠ ʩʘʤʦʝʮʚʘʱʠʪʝ ʘʜʭʝʟʠʚʠ ʩʘ ʩʧʦʩʦʙʥʠ ʩʲʱʦ ʜʘ ʝʮʚʘʪ ʠ ʜʝʤʠʥʝʨʘʣʠʟʠʨʘʪ ʟʲʙʥʠʪʝ 

ʩʪʨʫʢʪʫʨʠ (377, 409, 432, 435).   

ʇʨʠ ʪʷʭʥʦʪʦ ʩʲʟʜʘʚʘʥʝ ʠ ʚʲʚʝʞʜʘʥʝ, ʪʝʟʠ ʘʜʭʝʟʠʚʥʠ ʩʠʩʪʝʤʠ ʩʝ ʩʲʩʪʦʷʪ ʦʪ ʪʨʠ 

ʦʪʜʝʣʥʠ ʩʪʲʧʢʠ ʥʘ ʘʧʣʠʮʠʨʘʥʝ: ʘ) ʢʦʥʜʠʮʠʦʥʠʨʘʥʝ (ʝʮʚʘʥʝ) ï ʥʘʥʘʩʷʥʝ ʥʘ ʢʠʩʝʣʠʥʘ; ʙ) 

ʘʧʣʠʮʠʨʘʥʝ ʥʘ ʧʨʘʡʤʝʨ, ʩʲʜʲʨʞʘʱ ʨʝʘʢʪʠʚʝʥ ʭʠʜʨʦʬʠʣʝʥ ʤʦʥʦʤʝʨ ʚ ʝʪʘʥʦʣ, ʘʮʝʪʦʥ 

ʠʣʠ ʚʦʜʘ; ʚ) ʥʘʥʘʩʷʥʝ ʥʘ ʙʦʥʜ (ʘʜʭʝʟʠʚ), ʩʲʜʲʨʞʘʱ ʭʠʜʨʦʬʦʙʝʥ ʤʦʥʦʤʝʨ ï Bis-GMA, 

ʯʝʩʪʦ ʢʦʤʙʠʥʠʨʘʥ ʩ ʭʠʜʨʦʬʠʣʥʠ ʤʦʣʝʢʫʣʠ ï ʅɽʄɸ. ɸʜʭʝʟʠʚʥʘ ʩʠʩʪʝʤʘ, ʢʦʷʪʦ ʩʣʝʜʚʘ 

ʪʘʢʲʚ ʢʣʠʥʠʯʝʥ ʧʨʦʪʦʢʦʣ ʩʝ ʥʘʨʠʯʘ ʪʨʠʩʪʲʧʢʦʚʘ (ʝʮʚʘʥʝ ʠ ʠʟʤʠʚʘʥʝ) ʘʜʭʝʟʠʚʥʘ ʩʠʩʪʝʤʘ 

(6, 108, 110, 118, 223, 304, 332, 422, 428). ɺ ʩʪʨʝʤʝʞ ʢʲʤ ʥʘʤʘʣʷʚʘʥʝ ʥʘ ʙʨʦʷ ʥʘ 

ʢʣʠʥʠʯʥʠʪʝ ʩʪʲʧʢʠ ʠ ʦʧʨʦʩʪʷʚʘʥʝ ʥʘ ʧʨʦʮʝʜʫʨʘʪʘ ʧʦ ʩʚʲʨʟʚʘʥʝ ʩʘ ʩʲʟʜʘʜʝʥʠ 

ʜʚʫʩʪʲʧʢʦʚʠʪʝ ʘʜʭʝʟʠʚʥʠ ʩʠʩʪʝʤʠ ʩ ʝʮʚʘʥʝ ʠ ʠʟʤʠʚʘʥʝ, ʢʦʠʪʦ ʢʦʤʙʠʥʠʨʘʪ ʩʪʲʧʢʘʪʘ ʥʘ 

ʥʘʥʘʩʷʥʝ ʥʘ ʧʨʘʡʤʝʨʘ ʠ ʙʦʥʜʘ ʚ ʝʜʥʘ. ʅʘʨʝʯʝʥʠ ʩʘ ʦʱʝ ʝʜʥʦʙʫʪʠʣʢʦʚʠ ʘʜʭʝʟʠʚʠ Ăone-

bottle adhesiveñ ʠʣʠ Ăsingle bottleñ. ʊʝ ʩʲʜʲʨʞʘʪ ʩʤʝʩ ʦʪ ʭʠʜʨʦʬʠʣʥʘ ʠ ʭʠʜʨʦʬʦʙʥʘ 

ʧʣʘʩʪʤʘʩʘ, ʨʘʟʪʚʦʨʝʥʠ ʚ ʘʮʝʪʦʥ, ʝʪʘʥʦʣ ʠʣʠ (ʧʦ-ʨʷʜʢʦ) ʚʦʜʘ (6, 118, 218, 304, 332, 422, 

428).  
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ʀʟʧʨʦʙʚʘʥʠ ʩʘ ʨʘʟʣʠʯʥʠ ʘʛʝʥʪʠ ʢʘʪʦ ʝʮʚʘʱʦ ʩʨʝʜʩʪʚʦ ʩ ʧʨʦʤʝʥʣʠʚʘ 

ʢʦʥʮʝʥʪʨʘʮʠʷ ʧʨʠ ʪʘʟʠ ʛʝʥʝʨʘʮʠʷ ʘʜʭʝʟʠʚʠ ï ʢʘʪʦ ʣʠʤʦʥʝʥʘ, ʤʘʣʝʡʥʦʚʘ, ʘʟʦʪʥʘ, 

ʦʢʩʘʣʦʚʘ ʠ ʬʦʩʬʦʨʥʘ ʢʠʩʝʣʠʥʘ. ʇʨʠʣʦʞʝʥʠʝʪʦ ʥʘ ʩʣʘʙʠ (ʥʝʩʪʘʙʠʣʥʠ) ʢʠʩʝʣʠʥʠ ʠʣʠ 

ʥʠʩʢʠ ʢʦʥʮʝʥʪʨʘʮʠʠ ʩʝ ʦʢʘʟʚʘʪ ʥʝʜʦʩʪʘʪʲʯʥʦ ʝʬʠʢʘʩʥʠ ʧʨʠ ʝʮʚʘʥʝʪʦ ʥʘ ʝʤʘʡʣʘ (6, 118, 

223, 246, 267, 332, 424, 432). ɼʥʝʩ ʧʨʠ ʩʠʩʪʝʤʠʪʝ ʩ ʝʮʚʘʥʝ ʠ ʠʟʤʠʚʘʥʝ ʦʙʠʢʥʦʚʝʥʦ ʩʝ 

ʠʟʧʦʣʟʚʘ 30 - 37% ʬʦʩʬʦʨʥʘ ʢʠʩʝʣʠʥʘ, ʧʦʨʘʜʠ ʜʦʢʘʟʘʥʦ ʜʦʙʨʠʷ ʝʬʝʢʪ ʥʘ ʝʮʚʘʥʝ ʚ 

ʛʨʘʥʠʮʠʪʝ ʥʘ ʝʤʘʡʣʘ ï ʥʝʛʦʚʦʪʦ ʧʦʙʝʣʷʚʘʥʝ, ʠ ʧʦʨʘʜʠ ʜʦʙʨʝ ʜʝʬʠʥʠʨʘʥʠʪʝ ʦʩʦʙʝʥʦʩʪʠ 

ʥʘ ʝʮʚʘʥʝ ʚ ʛʨʘʥʠʮʠʪʝ ʥʘ ʜʝʥʪʠʥʘ (ʧʨʠ ʧʦʩʪʦʷʥʥʠ ʟʲʙʠ) (110, 118, 301, 332, 424, 428, 

435). ɽʮʚʘʱʠʪʝ ʘʛʝʥʪʠ ʧʦ-ʯʝʩʪʦ ʩʘ ʧʦʜ ʬʦʨʤʘʪʘ ʥʘ ʛʝʣʦʚʝ, ʧʦʣʫʯʝʥʠ ʯʨʝʟ ʜʦʙʘʚʷʥʝ ʥʘ 

ʤʘʣʢʠ ʢʦʣʠʯʝʩʪʚʘ ʤʠʢʨʦʧʲʣʥʠʪʝʣʠ ʠʣʠ ʫʧʣʲʪʥʷʚʘʱʠ ʚʝʱʝʩʪʚʘ ï ʮʝʣʫʣʦʟʘ. ʊʘʢʘ ʪʝ ʩʝ 

ʨʘʟʩʪʠʣʘʪ ʧʦʜ ʣʝʢʦ ʥʘʣʷʛʘʥʝ, ʥʦ ʥʝ ʠ ʧʦʜ ʜʝʡʩʪʚʠʝʪʦ ʥʘ ʪʷʭʥʦʪʦ ʩʦʙʩʪʚʝʥʦ ʪʝʛʣʦ. ɺ 

ʩʲʩʪʘʚʘ ʥʘ ʝʮʚʘʱʠʪʝ ʩʨʝʜʩʪʚʘ ʩʝ ʜʦʙʘʚʷʪ ʠ ʦʮʚʝʪʠʪʝʣʠ ʟʘ ʧʦ-ʣʝʩʥʠʷ ʢʦʥʪʨʦʣ ʧʨʠ 

ʘʧʣʠʮʠʨʘʥʝʪʦ ʠ ʧʦʩʣʝʜʚʘʱʦʪʦ ʠʤ ʦʪʤʠʚʘʥʝ (93). 

ɼʚʘʪʘ ʚʠʜʘ ï ʜʚʫ- ʠ ʪʨʠʩʪʲʧʢʦʚʠʪʝ ʘʜʭʝʟʠʚʠ ʩ ʝʮʚʘʥʝ ʠ ʠʟʤʠʚʘʥʝ ʩʣʝʜʚʘʪ ʝʜʠʥ ʠ 

ʩʲʱ ʤʝʭʘʥʠʟʲʤ ʥʘ ʘʜʭʝʟʠʷ.    

 

5.1.1. ɽʮʚʘʥʝ  ʥʘ  ʜʝʥʪʠʥʦʚʠʷ  ʩʫʙʩʪʨʘʪ 

 

ɺ ʨʝʟʫʣʪʘʪ ʥʘ ʝʮʚʘʥʝʪʦ, ʜʝʥʪʠʥʦʚʘʪʘ ʧʦʚʲʨʭʥʦʩʪ ʩʝ ʪʨʘʥʩʬʦʨʤʠʨʘ ʚ ʙʝʜʥʘ ʥʘ 

ʤʠʥʝʨʘʣʥʦ ʩʲʜʲʨʞʘʥʠʝ ʠ ʙʦʛʘʪʘ ʥʘ ʧʨʦʪʝʠʥʠ ʪʲʢʘʥ, ʩ ʦʪʢʨʠʪʘ ʢʘʪʦ ʩʢʝʣʝ ʢʦʣʘʛʝʥʦʚʘ 

ʤʨʝʞʘ, ʧʦʯʪʠ ʥʘʧʲʣʥʦ ʠʟʯʝʨʧʘʥʘ ʦʪ ʭʠʜʨʦʢʩʠʣʘʨʘʪʠʪ, ʘ ʜʝʥʪʠʥʲʪ ʝ ʩ ʧʦʚʠʰʝʥ 

ʧʝʨʤʝʘʙʠʣʠʪʝʪ (118, 235, 427, 428, 431, 435, 446). ʎʝʣ ʥʘ ʝʮʚʘʥʝʪʦ ʝ ʜʘ ʩʝ ʦʪʩʪʨʘʥʠ 

ʥʝʫʩʪʦʡʯʠʚʠʷ ʟʘʤʲʨʩʷʚʘʱ ʩʣʦʡ ʚ ʩʪʨʝʤʝʞ ʜʘ ʩʝ ʧʦʩʪʠʛʥʝ ʩʚʲʨʟʚʘʥʝ ʩ ʧʦʜʣʝʞʘʱʠʷ 

ʜʝʥʪʠʥʦʚ ʤʘʪʨʠʢʩ (223, 233, 235, 246, 446).  

ɽʮʚʘʥʝʪʦ ʥʘ ʜʝʥʪʠʥʦʚʘʪʘ ʧʦʚʲʨʭʥʦʩʪ ʜʦʨʠ ʟʘ ʢʨʘʪʲʢ ʧʝʨʠʦʜ ʤʦʞʝ ʜʘ ʜʦʚʝʜʝ ʜʦ 

ʟʥʘʯʠʪʝʣʥʠ ʧʨʦʤʝʥʠ ʚ ʩʪʨʫʢʪʫʨʘʪʘ ʥʘ ʜʝʥʪʠʥʘ. ʊʦ ʪʨʷʙʚʘ ʜʘ ʙʲʜʝ ʝʬʝʢʪʠʚʥʦ, ʘ ʥʝ 

ʝʢʩʪʝʥʟʠʚʥʦ (268). ɽʜʥʦʚʨʝʤʝʥʥʦ ʩ ʦʪʩʪʨʘʥʷʚʘʥʝʪʦ ʥʘ ʟʘʤʲʨʩʷʚʘʱʠʷ ʩʣʦʡ ʩʝ 

ʦʩʲʱʝʩʪʚʷʚʘ ʠ ʜʝʤʠʥʝʨʘʣʠʟʘʮʠʷ ʥʘ ʜʝʥʪʠʥʘ ʥʘ ʜʲʣʙʦʯʠʥʘ 0.5 ʜʦ 7.5 ɛm. 

ʇʨʝʬʝʨʝʥʮʠʘʣʥʦ ʩʝ ʦʪʩʪʨʘʥʷʚʘ ʧʝʨʠʪʫʙʫʣʘʨʥʠʷ ʜʝʥʪʠʥ, ʢʦʝʪʦ ʚʦʜʠ ʜʦ ʨʘʟʰʠʨʝʥʠʝ ʥʘ 

ʜʝʥʪʠʥʦʚʠʪʝ ʢʘʥʘʣʯʝʪʘ ʠ ʪʝʭʥʠʪʝ ʦʨʠʬʠʮʠʫʤʠ ʧʨʠʜʦʙʠʚʘʪ ʬʫʥʠʝʚʠʜʥʘ ʬʦʨʤʘ (118, 

279, 427, 431, 435). ʅʘʩʪʲʧʚʘ ʜʝʤʠʥʝʨʘʣʠʟʘʮʠʷ ʥʘ ʠʥʪʝʨʪʫʙʫʣʘʨʥʠʷ ʜʝʥʪʠʥ ʠ 

ʨʘʟʢʨʠʚʘʥʝ ʥʘ ʤʨʝʞʘ ʦʪ ʢʦʣʘʛʝʥʦʚʠ ʚʣʘʢʥʘ ʩ ʮʝʣ ʦʙʨʘʟʫʚʘʥʝ ʥʘ ʭʠʙʨʠʜʝʥ ʩʣʦʡ (223, 

233, 267, 268, 431, 446). ɼʦʧʫʩʢʘ ʩʝ, ʯʝ ʧʲʨʚʦʥʘʯʘʣʥʦ ʩʪʘʚʘ ʨʘʟʪʚʘʨʷʥʝ ʥʘ 

ʝʢʩʪʨʘʬʠʙʨʠʣʘʨʥʠʷ ʤʠʥʝʨʘʣ, ʜʦʢʘʪʦ ʠʥʪʨʘʬʠʙʨʠʣʝʨʥʠʷ ʝ ʟʘʱʠʪʝʥ ʦʪ ʢʦʣʘʛʝʥʦʚʠʪʝ 



 

23 

 

ʤʦʣʝʢʫʣʠ ʠ ʩʝ ʨʘʟʪʚʘʨʷ ʤʥʦʛʦ ʧʦ-ʙʘʚʥʦ (155, 279). ʇʨʦʩʪʨʘʥʩʪʚʘʪʘ ʤʝʞʜʫ 

ʜʝʤʠʥʝʨʘʣʠʟʠʨʘʥʠʪʝ ʢʦʣʘʛʝʥʦʚʠ ʬʠʙʨʠʣʠ ʦʙʨʘʟʫʚʘʪ ʤʥʦʛʦʙʨʦʡʥʠ ʩʚʲʨʟʘʥʠ ʛʨʫʧʠ ʦʪ 

ʢʘʥʘʣʯʝʪʘ ʰʠʨʦʢʠ ʦʢʦʣʦ 20 nm ʠ ʜʲʣʙʦʢʠ ʦʢʦʣʦ 2-5 ɛm, ʢʦʠʪʦ ʩʘ ʟʘʧʲʣʥʝʥʠ ʩ ʪʝʯʥʦʩʪ 

(110, 430, 453). ʆʪʢʨʠʪʠʪʝ ʢʦʣʘʛʝʥʦʚʠ ʚʣʘʢʥʘ ʩʣʫʞʘʪ ʢʘʪʦ ʤʠʢʨʦʨʝʪʝʥʪʠʚʥʘ ʤʨʝʞʘ ʟʘ 

ʤʠʢʨʦʤʝʭʘʥʠʯʥʦ ʩʚʲʨʟʚʘʥʝ ʩ ʧʣʘʩʪʤʘʩʦʚʠʪʝ ʧʦʣʠʤʝʨʠ. ʇʨʠ ʧʦʜʩʫʰʘʚʘʥʝ ʥʘ ʢʠʩʝʣʠʥʥʦ 

ʝʮʚʘʥʠʷ ʜʝʥʪʠʥ ʪʘʟʠ ʢʦʣʘʛʝʥʦʚʘ ʤʨʝʞʘ ʢʦʣʘʙʠʨʘ ʠ ʩʝ ʩʚʠʚʘ - ʢʦʣʘʛʝʥʦʚʠʪʝ ʧʝʧʪʠʜʠ 

ʤʦʛʘʪ ʜʘ ʦʙʨʘʟʫʚʘʪ ʤʝʞʜʫʤʦʣʝʢʫʣʥʠ ʭʠʜʨʦʛʝʥʥʠ ʚʨʲʟʢʠ ʩ ʥʘʡ-ʙʣʠʟʢʠʪʝ ʩʲʩʝʜʥʠ 

ʢʦʣʘʛʝʥʦʚʠ ʧʝʧʪʠʜʠ. ʊʦʚʘ ʜʦʚʝʞʜʘ ʜʦ ʥʘʤʘʣʷʚʘʥʝ ʥʘ ʢʦʣʘʛʝʥʦʚʦʪʦ ʤʝʞʜʫʬʠʙʨʠʣʝʨʥʦ 

ʧʨʦʩʪʨʘʥʩʪʚʦ ʠ ʟʘʛʫʙʘ ʠʣʠ ʥʘʤʘʣʷʚʘʥʝ ʥʘ ʠʥʬʠʣʪʨʘʮʠʷʪʘ ʥʘ ʤʦʥʦʤʝʨʘ (114, 227, 458). 

ʉʪʝʧʝʥʪʘ ʥʘ ʠʥʬʠʣʪʨʘʮʠʷʪʘ ʥʘ ʘʜʭʝʟʠʚʠʪʝ ʚ ʜʝʤʠʥʝʨʘʣʠʟʠʨʘʥʠʷ ʜʝʥʪʠʥ ʥʘʤʘʣʷʚʘ 

ʧʦʩʪʝʧʝʥʥʦ ʚ ʧʦʩʦʢʘ ʢʲʤ ʦʩʥʦʚʘʪʘ ʥʘ ʭʠʙʨʠʜʥʠʷ ʩʣʦʡ (353, 383, 387, 430, 439). ɺ ʪʦʟʠ 

ʩʣʫʯʘʡ ʦʪʩʪʨʘʥʝʥʠʷʪ ʤʠʥʝʨʘʣʝʥ ʤʘʪʨʠʢʩ ʥʝ ʩʝ ʟʘʤʝʩʪʚʘ ʥʘʧʲʣʥʦ ʦʪ ʧʨʘʡʤʝʨʘ, ʢʘʪʦ 

ʦʩʪʘʚʘ ʝʜʥʘ ʧʦ-ʥʝʫʩʪʦʡʯʠʚʘ ʟʦʥʘ ʚ ʦʩʥʦʚʘʪʘ ʥʘ ʭʠʙʨʠʜʥʠʷ ʩʣʦʡ, ʢʦʷʪʦ ʩʪʘʚʘ 

ʧʦʪʝʥʮʠʘʣʝʥ ʧʲʪ ʟʘ ʤʠʢʨʦ- ʠ ʥʘʥʦʧʨʦʧʫʩʢʣʠʚʦʩʪ, ʝʥʟʠʤʝʥ ʠ ʭʠʜʨʦʣʠʪʠʯʝʥ ʨʘʟʧʘʜ ʠ ʧʦ 

ʩʲʚʢʫʧʥʦʩʪ - ʤʷʩʪʦ ʟʘ ʧʨʦʚʘʣ ʥʘ ʩʚʲʨʟʚʘʥʝʪʦ (161, 267, 268, 345, 353). ɽʮʚʘʥʝʪʦ ʥʘ 

ʜʝʥʪʠʥʘ ʝ ʦʪ ʬʫʥʜʘʤʝʥʪʘʣʥʦ ʟʥʘʯʝʥʠʝ ʟʘ ʝʬʝʢʪʠʚʥʦʩʪʪʘ ʥʘ ʘʜʭʝʟʠʚʥʦʪʦ ʩʚʲʨʟʚʘʥʝ (267, 

268, 279, 367, 375). ɽʬʝʢʪʠʚʥʦʩʪʪʘ ʤʫ ʟʘʚʠʩʠ ʦʪ ʚʠʜʘ ʠ ʢʦʥʮʝʥʪʨʘʮʠʷʪʘ ʥʘ ʝʮʚʘʱʦʪʦ 

ʩʨʝʜʩʪʚʦ, ʧʨʦʜʲʣʞʠʪʝʣʥʦʩʪʪʘ ʥʘ ʘʧʣʠʢʘʮʠʷʪʘ ʤʫ ʠ ʙʫʬʝʨʥʠʷ ʢʘʧʘʮʠʪʝʪ ʥʘ ʜʝʥʪʠʥʘ 

(223, 268, 332, 367, 431). ɿʥʘʯʝʥʠʝ ʠʤʘ ʜʝʥʪʠʥʦʚʠʷ ʩʫʙʩʪʨʘʪ ï ʚʨʝʤʝʥʥʠ ʠʣʠ ʧʦʩʪʦʷʥʥʠ 

ʟʲʙʠ (267, 268, 279, 293, 367, 383).  

ʉʣʝʜ ʝʮʚʘʥʝ ʪʦʪʘʣʥʘʪʘ ʧʦʚʲʨʭʥʦʩʪʥʘ ʧʣʦʱ ʥʘʨʘʩʪʚʘ, ʢʦʝʪʦ ʧʦʚʣʠʷʚʘ ʟʜʨʘʚʠʥʘʪʘ 

ʥʘ ʩʚʲʨʟʚʘʥʝ ʩ ʘʜʭʝʟʠʚʥʠʪʝ ʘʛʝʥʪʠ ʯʨʝʟ ʫʚʝʣʠʯʘʚʘʥʝ ʥʘ ʘʜʭʝʟʠʚʥʘʪʘ ʢʦʥʪʘʢʪʥʘ ʧʣʦʱ 

ʤʝʞʜʫ ʜʝʥʪʠʥʘ ʠ ʧʣʘʩʪʤʘʩʘʪʘ (277, 279).   

 

5.1.2. ʆʩʦʙʝʥʦʩʪʠ ʧʨʠ ʝʮʚʘʥʝ ʥʘ ʜʝʥʪʠʥʘ ʥʘ ʚʨʝʤʝʥʥʠʪʝ ʟʲʙʠ 

 

ʂʠʩʝʣʠʥʠʪʝ, ʠʟʧʦʣʟʚʘʥʠ ʟʘ ʝʮʚʘʥʝ ʥʘ ʜʝʥʪʠʥʦʚʘʪʘ ʧʦʚʲʨʭʥʦʩʪ ʦʪʩʪʨʘʥʷʚʘʪ ʤʥʦʛʦ 

ʧʦ-ʙʲʨʟʦ ʟʘʤʲʨʩʷʚʘʱʠʷ ʩʣʦʡ ʧʨʠ ʚʨʝʤʝʥʥʠʪʝ ʦʪʢʦʣʢʦʪʦ ʧʨʠ ʧʦʩʪʦʷʥʥʠʪʝ ʟʲʙʠ (211, 

267, 268, 279, 353, 367, 423, 461). ʃʠʪʝʨʘʪʫʨʘʪʘ ʥʝ ʜʘʚʘ ʦʙʷʩʥʝʥʠʷ ʥʘ ʪʦʟʠ ʬʘʢʪ, ʥʦ 

ʤʦʛʘʪ ʜʘ ʩʝ ʥʘʧʨʘʚʷʪ ʠʟʚʝʩʪʥʠ ʧʨʝʜʧʦʣʦʞʝʥʠʷ ʥʘ ʙʘʟʘʪʘ ʥʘ ʧʨʦʚʝʜʝʥʠ ʠʟʩʣʝʜʚʘʥʠʷ. 

ʉʲʩʪʘʚʲʪ ʥʘ ʟʘʤʲʨʩʷʚʘʱʠʷ ʩʣʦʡ ʝ ʜʠʨʝʢʪʥʦ ʩʚʲʨʟʘʥ ʩ ʪʦʟʠ ʥʘ ʧʦʜʣʝʞʘʱʠʷ ʜʝʥʪʠʥ (32, 

246, 268, 277, 298, 423, 461). ʅʘ ʦʩʥʦʚʘʪʘ ʥʘ ʪʦʟʠ ʬʘʢʪ ʝ ʨʝʟʦʥʥʦ ʦʙʷʩʥʝʥʠʝʪʦ, ʯʝ 

ʧʨʠʯʠʥʘʪʘ ʟʘ ʥʘʙʣʶʜʘʚʘʥʘʪʘ ʨʘʟʣʠʢʘ ʝ ʨʘʟʣʠʢʘʪʘ ʚ ʭʠʤʠʯʥʠʷ ʩʲʩʪʘʚ ʠ ʨʝʘʢʪʠʚʥʦʩʪ ʥʘ 

ʜʝʥʪʠʥʘ ʥʘ ʚʨʝʤʝʥʥʠʪʝ ʟʲʙʠ ʩʧʨʷʤʦ ʪʦʟʠ ʥʘ ʧʦʩʪʦʷʥʥʠʪʝ (231, 267, 268, 279, 317, 423, 
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461). ʄʠʥʝʨʘʣʠʟʠʨʘʥʠʷʪ ʜʝʥʪʠʥ ʝ ʟʜʨʘʚʘ ʦʩʥʦʚʘ ʧʦʨʘʜʠ ʧʨʠʩʲʩʪʚʠʝʪʦ ʥʘ ʦʩʥʦʚʥʠ 

ʦʢʩʠʜʠ, ʥʘʣʠʯʥʠ ʚ ʭʠʜʨʦʢʩʠʣʘʧʘʪʠʪʘ (28, 353). ʂʦʛʘʪʦ ʥʝʦʨʛʘʥʠʯʥʠ ʢʦʥʜʠʮʠʦʥʝʨʠ, 

ʢʘʢʚʘʪʦ ʝ ʬʦʩʬʦʨʥʘʪʘ ʢʠʩʝʣʠʥʘ, ʩʝ ʘʧʣʠʮʠʨʘʪ ʟʘ ʢʨʘʪʲʢ ʧʝʨʠʦʜ, ʥʘʙʣʶʜʘʚʘʥʠʷʪ ʧʦ-ʩʣʘʙ 

ʜʠʬʫʟʠʦʥʝʥ ʧʦʪʦʢ ʦʪ ʭʠʜʨʦʛʝʥʥʠ ʡʦʥʠ ʩʝ ʜʲʣʞʠ ʥʘ ʥʝʫʪʨʘʣʠʟʠʨʘʱʦʪʦ ʜʝʡʩʪʚʠʝ ʥʘ 

ʤʠʥʝʨʘʣʥʘʪʘ ʬʘʟʘ ʥʘ ʜʝʥʪʠʥʘ (67, 181, 279, 353). ʊʦʟʠ ʙʫʬʝʨʝʥ ʢʘʧʘʮʠʪʝʪ ʥʘ ʜʝʥʪʠʥʘ 

ʦʛʨʘʥʠʯʘʚʘ ʟʘʜʲʣʙʦʯʘʚʘʥʝʪʦ ʥʘ ʜʝʤʠʥʝʨʘʣʠʟʘʮʠʷʪʘ (67, 181, 279, 353). ʉʘʤʦ 12 ï 14% 

ʦʪ ʬʦʩʬʦʨʥʘʪʘ ʢʠʩʝʣʠʥʘ, ʘʧʣʠʮʠʨʘʥʘ ʟʘ 15 sec ʚʲʨʭʫ ʜʝʥʪʠʥʘ ʩʝ ʫʩʚʦʷʚʘ, ʜʦʢʘʪʦ 

ʦʩʪʘʥʘʣʦʪʦ ʢʦʣʠʯʝʩʪʚʦ ʩʝ ʙʫʬʝʨʠʨʘ ʦʪ ʤʠʥʝʨʘʣʥʘʪʘ ʬʘʟʘ ʥʘ ʜʝʥʪʠʥʘ (67, 181, 353). 

ʇʨʝʜʧʦʣʘʛʘ ʩʝ, ʯʝ ʜʝʥʪʠʥʘ ʥʘ ʚʨʝʤʝʥʥʠʪʝ ʟʲʙʠ ʠʤʘ ʥʘʤʘʣʝʥ ʙʫʬʝʨʝʥ ʢʘʧʘʮʠʪʝʪ ʩʧʨʷʤʦ 

ʜʝʡʩʪʚʠʝʪʦ ʥʘ ʢʠʩʝʣʠʥʠʪʝ, ʟʘʱʦʪʦ ʝ ʧʦ-ʩʣʘʙʦ ʤʠʥʝʨʘʣʠʟʠʨʘʥ ʦʪʢʦʣʢʦʪʦ ʪʦʟʠ ʥʘ 

ʧʦʩʪʦʷʥʥʠʪʝ (178, 228, 353). ʂʦʥʮʝʥʪʨʘʮʠʷʪʘ ʥʘ ʢʘʣʮʠʡ ʠ ʬʦʩʬʘʪ ʚ ʧʝʨʠ- ʠ 

ʠʥʪʝʨʪʫʙʫʣʘʨʥʠʷʪ ʜʝʥʪʠʥ ʝ ʧʦ-ʥʠʩʢʘ ʧʨʠ ʚʨʝʤʝʥʥʠʪʝ ʟʲʙʠ ʚ ʩʨʘʚʥʝʥʠʝ ʩ ʧʦʩʪʦʷʥʥʠʪʝ, 

ʢʦʝʪʦ ʧʨʘʚʠ ʪʦʟʠ ʩʫʙʩʪʨʘʪ ʧʦ-ʨʝʘʢʪʠʚʝʥ ʩʧʨʷʤʦ ʢʠʩʝʣʠʪʝ ʢʦʥʜʠʮʠʦʥʝʨʠ (231, 267, 279). 

ɼʨʫʛʘ ʚʲʟʤʦʞʥʘ ʧʨʠʯʠʥʘ ʝ ʨʘʟʣʠʢʘʪʘ ʚ ʙʨʦʷ ʥʘ ʜʝʥʪʠʥʦʚʠʪʝ ʢʘʥʘʣʯʝʪʘ (268). ʉʧʦʨʝʜ 

ʘʚʪʦʨʠʪʝ, ʟʘʩʪʲʧʚʘʱʠ ʤʥʝʥʠʝʪʦ ʟʘ ʧʦ-ʤʘʣʢʠʷ ʙʨʦʡ ʠ ʜʠʘʤʝʪʲʨ ʥʘ ʜʝʥʪʠʥʦʚʠʪʝ 

ʢʘʥʘʣʯʝʪʘ ï ʜʝʥʪʠʥʲʪ ʥʘ ʚʨʝʤʝʥʥʠʪʝ ʟʲʙʠ ʧʨʦʷʚʷʚʘ ʠ ʧʦ-ʩʣʘʙ ʧʝʨʤʝʘʙʠʣʠʪʝʪ (211, 268). 

ʊʦʚʘ ʚʦʜʠ ʠ ʜʦ ʧʨʝʜʧʦʣʦʞʝʥʠʝʪʦ, ʯʝ ʜʝʥʪʠʥʲʪ ʥʘ ʚʨʝʤʝʥʥʠʪʝ ʟʲʙʠ ʠʤʘ ʧʦ-ʤʘʣʢʘ 

ʧʦʚʲʨʭʥʦʩʪʥʘ ʚʣʘʞʥʦʩʪ, ʢʦʝʪʦ ʚʦʜʠ ʜʘ ʧʨʦʤʷʥʘ ʥʘ ʝʬʝʢʪʠʚʥʦʩʪʪʘ ʥʘ ʜʝʡʩʪʚʠʝ ʥʘ 

ʢʦʥʜʠʮʠʦʥʝʨʠʪʝ ʧʨʠ ʦʪʩʪʨʘʥʷʚʘʥʝʪʦ ʥʘ ʟʘʤʲʨʩʷʚʘʱʠʷ ʩʣʦʡ (14, 92, 268). ʂʠʩʝʣʠʪʝ 

ʢʦʥʜʠʮʠʦʥʝʨʠ ʥʝ ʩʝ ʨʘʟʪʚʘʨʷʪ ʣʝʩʥʦ ʥʘ ʧʦʚʲʨʭʥʦʩʪʪʘ ʥʘ ʜʝʥʪʠʥʘ ʥʘ ʚʨʝʤʝʥʥʠʪʝ ʟʲʙʠ ï 

ʪʷʭʥʘʪʘ ʢʦʥʮʝʥʪʨʘʮʠʷ ʩʝ ʧʨʦʤʝʥʷ ʥʝʟʥʘʯʠʪʝʣʥʦ, ʩ ʢʦʝʪʦ ʩʝ ʦʙʷʩʥʷʚʘ ʠ ʧʦ-ʘʛʨʝʩʠʚʥʦʪʦ 

ʠʤ ʜʝʡʩʪʚʠʝ (14, 92, 268, 279).  

ʅʘʤʘʣʝʥʠʷʪ ʙʫʬʝʨʝʥ ʢʘʧʘʮʠʪʝʪ ʥʘ ʜʝʥʪʠʥʘ ʠ ʥʝʛʦʚʦʪʦ ʧʨʦʠʟʚʦʜʥʦ ï 

ʟʘʤʲʨʩʷʚʘʱʠʷ ʩʣʦʡ ʧʨʠ ʚʨʝʤʝʥʥʠ ʟʲʙʠ ʥʠ ʜʘʚʘ ʦʩʥʦʚʘʥʠʝ ʜʘ ʧʦʪʲʨʩʠʤ ʝʜʥʘ 

ʧʨʘʢʪʠʯʝʩʢʠ ʧʨʠʣʦʞʠʤʘ ʟʘʚʠʩʠʤʦʩʪ ʤʝʞʜʫ ʢʦʥʮʝʥʪʨʘʮʠʷ ʠ ʧʨʦʜʲʣʞʠʪʝʣʥʦʩʪ ʥʘ 

ʧʨʠʣʦʞʝʥʠʝ ʥʘ ʝʮʚʘʱʠ ̫ʘʛʝʥʪ ʧʨʠ ʟʲʙʠʪʝ ʦʪ ʧʲʨʚʘʪʘ ʜʝʥʪʠʮʠʷ. 

 

5.1.3. ʅʘʥʘʩʷʥʝ ʥʘ ʧʨʘʡʤʝʨ ʠ ʘʜʭʝʟʠʚ 

 

ʅʘʥʘʩʷʥʝʪʦ ʥʘ ʧʨʘʡʤʝʨ ʠ ʘʜʭʝʟʠʚ ʝ ʢʣʶʯʦʚʘ ʩʪʲʧʢʘ ʚ ʧʨʦʮʝʜʫʨʘʪʘ ʥʘ ʩʚʲʨʟʚʘʥʝ ʩ 

ʜʝʥʪʠʥʘ. ʊʷ ʝ ʧʨʝʜʥʘʟʥʘʯʝʥʘ ʜʘ ʧʨʦʤʝʥʠ ʭʠʤʠʯʝʩʢʘʪʘ ʩʲʱʥʦʩʪ ʥʘ ʜʝʥʪʠʥʦʚʘʪʘ 

ʧʦʚʲʨʭʥʦʩʪ, ʟʘ ʜʘ ʩʝ ʧʨʝʦʜʦʣʝʝ ʝʩʪʝʩʪʚʝʥʘʪʘ ʥʝʩʲʚʤʝʩʪʠʤʦʩʪ ʤʝʞʜʫ ʭʠʜʨʦʬʠʣʥʠʷ 

ʜʝʥʪʠʥ ʠ ʭʠʜʨʦʬʦʙʥʘʪʘ ʧʣʘʩʪʤʘʩʘ (238, 432). 



 

25 

 

ʉʣʝʜ ʩʪʲʧʢʘʪʘ ʥʘ ʝʮʚʘʥʝ ʤʦʥʦʤʝʨʠʪʝ, ʩʧʦʤʘʛʘʱʠ ʘʜʭʝʟʠʷʪʘ ʩʝ ʘʧʣʠʮʠʨʘʪ ʚ ʝʜʥʘ 

ʠʣʠ ʜʚʝ ʩʪʲʧʢʠ, ʟʘ ʜʘ ʥʘʚʣʷʟʘʪ ʤʝʞʜʫ ʦʪʢʨʠʪʠʪʝ ʢʦʣʘʛʝʥʦʚʠ ʚʣʘʢʥʘ (47, 118, 223). 

ʅʘʥʘʩʷʥʝʪʦ ʥʘ ʧʨʘʡʤʝʨʘ ʧʦʜʛʦʪʚʷ ʜʝʥʪʠʥʘ ʟʘ ʠʥʬʠʣʪʨʠʨʘʥʝʪʦ ʥʘ ʘʜʭʝʟʠʚʘ (47, 118, 299, 

432). ʇʨʠ ʪʨʠʩʪʲʧʢʦʚʠʪʝ ʘʜʭʝʟʠʚʠ ʧʨʘʡʤʝʨʲʪ ʧʦʚʠʰʘʚʘ ʥʘʧʨʝʞʝʥʠʝʪʦ ʧʦ ʧʦʚʲʨʭʥʦʩʪʪʘ 

ʥʘ ʦʛʦʣʝʥʠʪʝ ʦʪ ʤʠʥʝʨʘʣʠ ʢʦʣʘʛʝʥʦʚʠ ʚʣʘʢʥʘ ʠ ʫʣʝʩʥʷʚʘ ʪʷʭʥʦʪʦ ʜʦʧʲʣʥʠʪʝʣʥʦ 

ʥʘʤʦʢʨʷʥʝ ʦʪ ʘʜʭʝʟʠʚʘ (47, 118, 299, 432). 

ʇʨʦʮʝʩʲʪ ʥʘ ʜʝʤʠʥʝʨʘʣʠʟʘʮʠʷ ʧʨʦʤʝʥʷ ʧʦʚʲʨʭʥʦʩʪʥʦ ʩʚʦʙʦʜʥʘʪʘ ʝʥʝʨʛʠʷ ʥʘ 

ʜʝʥʪʠʥʘ (93, 118, 332, 384, 458). ɺʠʩʦʢʦʪʦ ʩʲʜʲʨʞʘʥʠʝ ʥʘ ʧʨʦʪʝʠʥʠ, ʦʪʢʨʠʪʠ ʩʣʝʜ 

ʢʦʥʜʠʮʠʦʥʠʨʘʥʝ ʩ ʝʮʚʘʱʠ ʘʛʝʥʪʠ, ʝ ʦʪʛʦʚʦʨʥʦ ʟʘ ʥʠʩʢʘʪʘ ʩʚʦʙʦʜʥʘ ʝʥʝʨʛʠʷ ʥʘ 

ʧʦʚʲʨʭʥʦʩʪʪʘ ʥʘ ʝʮʚʘʥʠʷ ʜʝʥʪʠʥ. ʆʚʣʘʞʥʷʚʘʥʝʪʦ ʥʘ ʪʘʢʘʚʘ ʧʦʚʲʨʭʥʦʩʪ ʩ ʥʠʩʢʘ ʝʥʝʨʛʠʷ 

ʝ ʟʘʪʨʫʜʥʝʥʦ. ʇʦʩʪʠʛʘʥʝʪʦ ʥʘ ʘʜʭʝʟʠʷ ʩʪʘʚʘ ʪʨʫʜʥʦ, ʘʢʦ ʪʘʟʠ ʧʦʚʲʨʭʥʦʩʪʥʘʪʘ ʝʥʝʨʛʠʷ ʥʘ 

ʜʝʥʪʠʥʘ ʥʝ ʩʝ ʧʦʚʠʰʠ. ʊʦʚʘ ʩʪʘʚʘ ʯʨʝʟ ʠʟʧʦʣʟʚʘʥʝʪʦ ʥʘ ʧʦʚʲʨʭʥʦʩʪʥʦ ʘʢʪʠʚʥʠ 

ʩʧʦʤʘʛʘʱʠ ʘʛʝʥʪʠ, ʠʣʠ ʧʨʘʡʤʝʨʠ (238, 384).    

ʇʨʘʡʤʝʨʲʪ ʧʨʝʜʩʪʘʚʣʷʚʘ ʩʤʝʩ ʦʪ ʩʧʝʮʠʬʠʯʥʠ ʭʠʜʨʦʬʠʣʥʠ ʤʦʥʦʤʝʨʠ (ʥʘʡ-

ʤʘʣʢʦ ʝʜʠʥ), ʨʘʟʪʚʦʨʝʥʠ ʚ ʦʨʛʘʥʠʯʥʠ ʨʘʟʪʚʦʨʠʪʝʣʠ - ʘʮʝʪʦʥ, ʝʪʘʥʦʣ ʠ ʠʣʠ ʚʦʜʘ (6, 47, 

110, 118, 223, 424, 428, 431). ʊʝ ʩʘ ʙʠʬʠʣʥʠ (ʭʠʜʨʦʬʠʣʥʠ ʠ ʭʠʜʨʦʬʦʙʥʠ) ʠ ʩʲʜʲʨʞʘʪ 

ʙʠʬʫʥʢʮʠʦʥʘʣʥʦ/ʠ ʩʲʝʜʠʥʝʥʠʝ/ʷ. ʇʨʠ ʥʷʢʦʠ ʧʨʘʡʤʝʨʠ ʢʦʣʠʯʝʩʪʚʦʪʦ ʥʘ ʨʘʟʪʚʦʨʠʪʝʣʷ 

ʤʦʞʝ ʜʘ ʝ ʧʦʚʝʯʝ ʦʪ 90%. ʄʘʣʢʦ ʦʪ ʘʜʭʝʟʠʚʥʠʪʝ ʩʠʩʪʝʤʠ ʦʪ ʯʝʪʚʲʨʪʘ ʠ ʧʝʪʘ ʛʝʥʝʨʘʮʠʷ 

ʩʘ ʙʝʟ ʨʘʟʪʚʦʨʠʪʝʣ. ʇʦʨʘʜʠ ʪʦʚʘ ʧʨʘʡʤʝʨʠʪʝ ʠʤʘʪ ʨʘʟʣʠʯʥʘ ʩʢʦʨʦʩʪ ʥʘ ʠʟʧʘʨʷʚʘʥʝ, 

ʪʝʥʜʝʮʠʷ ʟʘ ʠʟʩʫʰʘʚʘʥʝ ʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʥʘ ʧʝʥʝʪʨʘʮʠʷ, ʢʘʪʦ ʚʩʝʢʠ ʝʜʠʥ ʦʪ ʪʝʟʠ 

ʧʦʢʘʟʘʪʝʣʠ ʤʦʞʝ ʜʘ ʧʦʚʣʠʷʝ ʟʜʨʘʚʠʥʘʪʘ ʥʘ ʚʨʲʟʢʘʪʘ (93). ʇʨʝʜʠʤʩʪʚʘʪʘ ʠ 

ʥʝʜʦʩʪʘʪʲʮʠʪʝ ʥʘ ʧʨʘʡʤʝʨʠʪʝ ʩ ʨʘʟʣʠʯʥʠ ʨʘʟʪʚʦʨʠʪʝʣʠ ʩʘ ʧʨʝʜʩʪʘʚʝʥʠ ʥʘ ʪʘʙʣʠʮʘ 2 

(93). 

ʊʘʙʣ.2 ʇʨʝʜʠʤʩʪʚʘ ʠ ʥʝʜʦʩʪʘʪʲʮʠ ʥʘ ʧʨʘʡʤʝʨʠʪʝ ʩ ʨʘʟʣʠʯʥʠ ʨʘʟʪʚʦʨʠʪʝʣʠ. 

 

ʈʘʟʪʚʦʨʠʪʝʣ ʇʨʝʜʠʤʩʪʚʘ  ʅʝʜʦʩʪʘʪʲʮʠ  

ɸʮʝʪʦʥ ʀʟʩʲʭʚʘ ʙʲʨʟʦ ʀʟʧʘʨʷʚʘ ʩʝ ʙʲʨʟʦ ʩʣʝʜ ʢʘʪʦ ʩʝ 

ʨʘʟʩʪʝʣʝ, ʤʦʞʝ ʜʘ ʩʝ ʠʟʧʘʨʠ ʦʪ 

ʢʦʥʪʝʡʥʝʨʘ, ʯʫʚʩʪʚʠʪʝʣʝʥ ʢʲʤ 

ʚʣʘʞʥʦʩʪʪʘ ʥʘ ʜʝʥʪʠʥʘ, ʠʟʠʩʢʚʘ 

ʥʘʥʘʩʷʥʝ ʥʘ ʥʷʢʦʣʢʦ ʩʣʦʷ, ʥʝʧʨʠʷʪʥʘ 

ʤʠʨʠʟʤʘ 

ɽʪʘʥʦʣ/ʚʦʜʘ ʀʟʧʘʨʷʚʘ ʩʝ ʧʦ-ʙʘʚʥʦ, ʧʦ-ʤʘʣʢʦ 

ʯʫʚʩʪʚʠʪʝʣʝʥ ʩʧʨʷʤʦ ʚʣʘʞʥʦʩʪʪʘ 

ʥʘ ʜʝʥʪʠʥʘ 

ʄʥʦʛʦ ʙʘʚʥʦ ʩʲʭʥʝ 

ɺʦʜʘ  ʀʟʧʘʨʷʚʘ ʩʝ ʙʘʚʥʦ, ʥʝ ʝ 

ʯʫʚʩʪʚʠʪʝʣʝʥ ʢʲʤ ʚʣʘʞʥʦʩʪʪʘ ʥʘ 

ʜʝʥʪʠʥʘ 

ɼʲʣʛʦ ʚʨʝʤʝ ʥʘ ʩʲʭʥʝʥʝ; ʚʦʜʘʪʘ ʤʦʞʝ 

ʜʘ ʚʲʟʧʨʝʧʷʪʩʪʚʘ ʘʜʭʝʟʠʚʘ, ʘʢʦ ʥʝ ʝ 

ʧʨʝʤʘʭʥʘʪʘ 

ɹʝʟ ʨʘʟʪʚʦʨʠʪʝʣ ʅʝ ʠʟʩʲʭʚʘ, ʝʜʠʥʠʯʥʦ ʥʘʥʘʩʷʥʝ ʇʦ-ʛʦʣʷʤʘ ʜʝʙʝʣʠʥʘ ʥʘ ʩʣʦʷ 
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ʍʠʜʨʦʬʠʣʥʘʪʘ ʬʫʥʢʮʠʦʥʘʣʥʘ ʛʨʫʧʘ ʠʤʘ ʩʠʣʝʥ ʘʬʠʥʠʪʝʪ ʢʲʤ ʜʝʥʪʠʥʦʚʘʪʘ 

ʧʦʚʲʨʭʥʦʩʪ, ʜʦʢʘʪʦ ʭʠʜʨʦʬʦʙʥʘʪʘ ʬʫʥʢʮʠʦʥʘʣʥʘ ʛʨʫʧʘ ʠʤʘ ʩʠʣʝʥ ʘʬʠʥʠʪʝʪ ʢʲʤ 

ʘʜʭʝʟʠʚʘ (110, 238, 332, 432). ʅʘ ʪʘʙʣ.3 ʝ ʧʨʝʜʩʪʘʚʝʥ ʧʦʜʙʨʘʥ ʩʧʠʩʲʢ ʥʘ ʠʟʧʦʣʟʚʘʥʠʪʝ ʚ 

ʤʦʤʝʥʪʘ ʠʣʠ ʧʦʪʝʥʮʠʘʣʥʠʪʝ ʪʘʢʠʚʘ ʭʠʜʨʦʬʠʣʥʠ ʤʦʥʦʤʝʨʠ, ʢʦʠʪʦ ʤʦʛʘʪ ʜʘ ʙʲʜʘʪ 

ʠʟʧʦʣʟʚʘʥʠ ʢʘʪʦ ʧʨʘʡʤʝʨʠ (424).  

 

ʊʘʙʣ.3 ʉʧʠʩʲʢ ʥʘ ʠʟʧʦʣʟʚʘʥʠ ʚ ʤʦʤʝʥʪʘ ʢʘʪʦ ʧʨʘʡʤʝʨʠ ʭʠʜʨʦʬʠʣʥʠ  

ʤʦʥʦʤʝʨʠ (424). 

 
 ̄ ʉʲʢʨʘʪʝʥʦ ʠʤʝ ʍʠʤʠʯʥʘ ʩʪʨʫʢʪʫʨʘ 

1. HEMA 2-Hydroxyethyl methacrylate 

2. GLUMA Glutaraldehyde ʠ HEMA 

3. NPG-GMA N-Phenyl glycine/glycidylmethacrylate 

4. NTG-GMA N-(p-Tolyl)glycine ʠ glycidyl methacrylate 

5. GDMA Glyceryl dimethacrylate 

6. GPDM Glycerophosphoric acid dimethacrylate 

7. NMBu N-Methacryloyl butyric acid 

8. NMGlu N-Methacryloyl glutamic acid 

9. NAAsp N-Acryloyl aspartic acid 

10. NMHyp N-Methacryloyl hydroxyproline 

11. NMGly N-Methacryloyl glycine 

12. DIPENTA Pentaacryloyldipentaerythritol phosphoric acid 

13. PMDM ʈyromellitic anhydride ʩ 2-hydroxyethyl methacrylate 

14. MEM 2-Methacryloyloxyethyl hydrogen maleate 

15. MMEM Mono-2-(methacryloyloxy)ethylmaleate 

16. MMPM Mono-2-(methacryloyloxy)propylmaleate 

17. MDPM 3-Methacryloyloxypropyl phosphate 

18. MBP 4-Methacryloyloxybutyl phosphoric acid 

19. MOP 8-Methacryoyloxyoctyl phosphoric acid 

20. ACE Acryloyloxyethyl citraconate 

21. BMEP Bis[2-(methacryloyloxy)-ethyl] phosphate 

22. EGMP Ethylene glycol methacrylate phosphate 

23. MDP 10-Methacryloyldeacamethylene phosphoric acid 

24. PhenylIP 2-Methacryloyloxy phenyl phosphate 

25. 4-META 4-Methacryloxyethyl trimellitate anhydride 

26. PA 2-Acryloyloxyethyl phosphate 

27. PM 2-Methacryloyloxy ethyl phosphate 

28. SBMA 3-Sulfo-2-butyl methacrylate 

29. SEMA 2-Sulfoethyl methacrylate 

30. MSPMA 3-Methoxy-1-sulfo-2-propyl methacrylate 

 
ʇʦʨʘʜʠ ʚʘʞʥʦʩʪʪʘ ʥʘ ʩʪʲʧʢʘʪʘ ʥʘ ʥʘʥʘʩʷʥʝ ʥʘ ʧʨʘʡʤʝʨʘ ʧʨʠ ʩʚʲʨʟʚʘʥʝʪʦ ʩ 

ʜʝʥʪʠʥʘ, ʤʦʨʬʦʣʦʛʠʯʥʠʪʝ ʠ ʘʥʘʣʠʪʠʯʥʠʪʝ ʩʪʨʘʥʠ ʥʘ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝʪʦ ʩʘ ʠʟʩʣʝʜʚʘʥʠ 



 

27 

 

ʧʦʜʨʦʙʥʦ. ʉʲʱʥʦʩʪʪʘ ʥʘ ʪʝʟʠ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʦʙʘʯʝ ʧʨʦʜʲʣʞʘʚʘ ʜʘ ʙʲʜʝ ʥʝʫʩʪʘʥʦʚʝʥʘ 

ʠ ʥʝ ʥʘʧʲʣʥʦ ʨʘʟʙʨʘʥʘ. ʇʦʥʘʩʪʦʷʱʝʤ ʩʲʱʝʩʪʚʫʚʘ ʢʦʥʩʝʥʩʫʩ, ʯʝ ʪʝʟʠ ʚʟʘʠʤʦʦʪʥʦh ʝʥʠʷ 

ʩʘ ʧʦ-ʩʢʦʨʦ ʤʠʢʨʦʤʝʭʘʥʠʯʥʠ ʦʪʢʦʣʢʦʪʦ ʬʠʟʠʢʦʭʠʤʠʯʥʠ (288, 424). ʇʨʠʨʦʜʘʪʘ ʥʘ ʪʦʚʘ 

ʤʠʢʨʦʤʝʭʘʥʠʯʥʦ ʩʚʲʨʟʚʘʥʝ ʝ ʠʟʧʦʣʟʚʘʥʘ ʦʪ Nakabayashi et al, ʟʘ ʜʘ ʤʦʞʝ ʜʘ ʩʝ ʦʙʷʩʥʠ 

ʧʨʦʩʤʫʢʚʘʥʝʪʦ ʥʘ ʘʜʭʝʟʠʚʥʠʷ ʤʦʥʦʤʝʨ 4-ʄɽʊɸ ʚ ʧʦʨʴʦʟʥʦʪʦ ʢʦʣʘʛʝʥʦʚʦ ʩʢʝʣʝ ʚ 

ʝʮʚʘʥʘʪʘ ʧʦʚʲʨʭʥʦʩʪ ʥʘ ʜʝʥʪʠʥʘ ʠ ʢʘʧʩʫʣʠʨʘʥʝʪʦ ʠ ʦʙʭʚʘʱʘʥʝʪʦ ʥʘ ʢʦʣʘʛʝʥʦʚʘʪʘ 

ʤʨʝʞʘ ʦʪ ʧʦʣʠʤʝʨʥʘ ʤʨʝʞʘ, ʦʙʨʘʟʫʚʘʥʘ ʧʨʠ ʧʦʣʠʤʝʨʠʟʘʮʠʷʪʘ ʥʘ ʥʘʚʣʝʟʣʠʷ ʤʦʥʦʤʝʨ. 

ɺʲʧʨʝʢʠ ʯʝ ʧʝʥʝʪʨʠʨʘʥʝʪʦ ʥʘ ʤʦʥʦʤʝʨʘ ʚ ʢʦʣʘʛʝʥʦʚʦʪʦ ʩʢʝʣʝ ʪʨʷʙʚʘ ʜʘ ʩʝ ʨʘʟʛʣʝʞʜʘ 

ʢʘʪʦ ʤʠʢʨʦʤʝʭʘʥʠʯʝʥ ʬʝʥʦʤʝʥ, ʝʢʩʧʝʨʠʤʝʥʪʘʣʥʦ ʝ ʧʦʢʘʟʘʥʦ, ʯʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʥʘ 

ʘʪʦʤʥʦ ʥʠʚʦ ʠʛʨʘʷʪ ʧʦʪʝʥʮʠʘʣʥʦ ʢʨʠʪʠʯʥʘ ʨʦʣʷ ʚ ʮʷʣʦʩʪʥʠʷ ʧʨʦʮʝʩ ʥʘ ʘʜʭʝʟʠʷ. ɼʦʙʨʝ ʝ 

ʠʟʚʝʩʪʥʦ, ʯʝ ʪʨʦʡʥʠʷʪ ʩʧʠʨʘʣʝʥ ʝʣʝʤʝʥʪ ʚ ʢʦʣʘʛʝʥʦʚʘʪʘ ʩʪʨʫʢʪʫʨʘ ʠʤʘ ʤʦʨʬʦʣʦʛʠʯʥʠʪʝ 

ʠ ʩʲʩʪʘʚʥʠ ʧʦʚʲʨʭʥʦʩʪʥʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ, ʧʦʜʭʦʜʷʱʠ ʟʘ ʣʝʛʠʨʘʥʦ ʩʚʲʨʟʚʘʥʝ (ʚʨʲʟʢʘ 

ʤʝʞʜʫ ʣʠʛʘʥʜ, ʢʦʡʪʦ ʤʦʞʝ ʜʘ ʝ ʡʦʥ ʠʣʠ ʤʦʣʝʢʫʣʘ ʠ ʢʠʩʝʣʠʥʘ), ʜʦʧʨʠʥʘʩʷʱʦ ʟʘ 

ʨʘʟʥʦʦʙʨʘʟʥʠ ʙʠʦʣʦʛʠʯʥʠ ʬʫʥʢʮʠʠ (424).  

ʅɽʄɸ (2-Hydroxyethyl methacrylate) ʝ ʚʘʞʝʥ ʙʠʬʫʥʢʮʠʦʥʘʣʝʥ ʤʦʥʦʤʝʨ, ʢʦʡʪʦ 

ʤʥʦʛʦ ʯʝʩʪʦ ʝ ʧʨʠʙʘʚʷʥ ʢʲʤ ʩʲʩʪʘʚʘ ʥʘ ʧʨʘʡʤʝʨʠʪʝ. ʊʦʡ ʩʲʜʲʨʞʘʪ ʜʚʝ ʬʫʥʢʮʠʦʥʘʣʥʠ 

ʛʨʫʧʠ ï ʭʠʜʨʦʬʠʣʥʘ (Ca2H4OH ï ʭʠʜʨʦʢʩʠʜʥʘ ʛʨʫʧʘ) ʠ ʭʠʜʨʦʬʦʙʥʘ. ʍʠʜʨʦʬʠʣʥʘʪʘ 

ʭʠʜʨʦʢʩʠʣʥʘ ʛʨʫʧʘ (ʢʦʷʪʦ ʝ R ʠ X ʦʪ ʩʭʝʤʘ 1) ʧʨʦʷʚʷʚʘ ʘʬʠʥʠʪʝʪ ʢʲʤ ʜʝʥʪʠʥʦʚʘʪʘ 

ʧʦʚʲʨʭʥʦʩʪ, ʘ ʭʠʜʨʦʬʦʙʥʘʪʘ (ʤʝʪʘʢʨʠʣʘʪʘ - ʄ) ʢʲʤ ʧʣʘʩʪʤʘʩʘʪʘ (ʩʭʝʤʘ 1) (238). ʇʦʨʘʜʠ 

ʥʝʛʦʚʦʪʦ ʥʠʩʢʦ ʤʦʣʝʢʫʣʥʦ ʪʝʛʣʦ ʠ ʭʠʜʨʦʬʠʣʥʘ ʧʨʠʨʦʜʘ, ʪʦʡ ʜʦʧʨʠʥʘʩʷ ʟʘ 

ʠʥʬʠʣʪʨʠʨʘʥʝʪʦ ʥʘ ʧʣʘʩʪʤʘʩʘʪʘ ʠ ʚʲʟʩʪʘʥʦʚʷʚʘʥʝʪʦ ʠ ʨʘʟʰʠʨʷʚʘʥʝʪʦ ʥʘ ʤʨʝʞʘʪʘ ʦʪ 

ʢʦʣʘʛʝʥʦʚʠ ʚʣʘʢʥʘ, ʢʘʪʦ ʧʦʚʠʰʘʚʘ ʟʜʨʘʚʠʥʘʪʘ ʥʘ ʚʨʲʟʢʘʪʘ ʥʘ ʘʜʭʝʟʠʚʘ (74, 118, 256).  

 

CH3 

   ƅ 

CH2 =  C 

  ƅ 

  C Ƅ O Ƅ R Ƅ X 

  Ɛ 

          O 

          M Ƅ R Ƅ X 

      ʉʭʝʤʘ 1. ʆʙʱʘ ʩʪʨʫʢʪʫʨʥʘ ʬʦʨʤʫʣʘ ʥʘ ʘʛʝʥʪʠʪʝ, ʩʚʲʨʟʚʘʱʠ ʧʣʘʩʪʤʘʩʘʪʘ 

ʢʲʤ ʟʲʙʘ. ʍ ï ʭʠʤʠʯʥʘʪʘ ʛʨʫʧʘ, ʢʦʷʪʦ ʚʟʘʠʤʦʜʝʡʩʪʚʘ ʩ ʝʤʘʡʣʘ ʠʣʠ 

ʜʝʥʪʠʥʘ. R ï ʛʨʫʧʘ, ʢʦʷʪʦ ʩʚʲʨʟʚʘ ʍ ʩ ʤʝʪʘʢʨʠʣʘʪʘ (ʄ) 
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ɸʜʭʝʟʠʚʲʪ (ʘʜʭʝʟʠʚʥʘʪʘ ʩʤʦʣʘ) ʤʦʞʝ ʜʘ ʙʲʜʝ ʥʘʧʲʣʥʝʥ (ʩʲʜʲʨʞʘ ʯʘʩʪʠʮʠ 

ʧʲʣʥʠʪʝʣ) ʠʣʠ ʥʝʥʘʧʲʣʥʝʥ ʨʘʟʪʚʦʨ, ʙʝʟ ʨʘʟʪʚʦʨʠʪʝʣ. ɸʜʭʝʟʠʚʲʪ ʝ ʩʲʩʪʘʚʝʥ ʦʩʥʦʚʥʦ ʦʪ 

ʭʠʜʨʦʬʦʙʥʠ, ʜʠʤʝʪʘʢʨʠʣʘʪʥʠ ʦʣʠʛʦʤʝʨʠ. ʊʝʟʠ ʦʣʠʛʦʤʝʨʠ ʩʘ ʩʲʚʤʝʩʪʠʤʠ ʩ ʤʦʥʦʤʝʨʠʪʝ, 

ʠʟʧʦʣʟʚʘʥʠ ʧʨʠ ʧʨʘʡʤʝʨʠʪʝ ʠ ʢʦʤʧʦʟʠʪʠʪʝ. ʊʝ ʧʨʝʜʩʪʘʚʣʷʚʘʪ ʨʘʟʨʝʜʝʥʠ ʤʦʥʦʤʝʨʠ ʩ 

ʥʠʩʢʦ ʤʦʣʝʢʫʣʥʦ ʪʝʛʣʦ (93). ɸʜʭʝʟʠʚʲʪ ʧʝʥʝʪʨʠʨʘ ʚ ʥʘʚʣʘʞʥʝʥʠʷ ʩ ʧʨʘʡʤʝʨ ʜʝʥʪʠʥ. 

ʆʙʠʢʥʦʚʝʥʦ ʙʦʥʜʠʨʘʱʠʷʪ ʘʛʝʥʪ (ʘʜʭʝʟʠʚʲʪ) ʩʲʜʲʨʞʘ ʭʠʜʨʦʬʦʙʥʘ ʧʣʘʩʪʤʘʩʘ ï Bis-

GMA, ʥʦ ʤʦʞʝ ʜʘ ʩʲʜʲʨʞʘ ʠ ʭʠʜʨʦʬʠʣʥʘ ʧʣʘʩʪʤʘʩʘ ʢʘʪʦ ʅɽʄɸ ʟʘ ʧʦʜʦʙʨʷʚʘʥʝ ʥʘ 

ʤʦʢʨʝʥʝʪʦ (6, 47, 332). ɻʣʘʚʥʘʪʘ ʬʫʥʢʮʠʷ ʥʘ ʘʜʭʝʟʠʚʥʘʪʘ ʩʤʦʣʘ ʝ ʜʘ ʟʘʧʲʣʥʠ 

ʠʥʪʝʨʬʠʙʨʠʣʝʨʥʠʪʝ ʧʨʦʩʪʨʘʥʩʪʚʘ, ʩʲʟʜʘʜʝʥʠ ʤʝʞʜʫ ʢʦʣʘʛʝʥʦʚʠʪʝ ʚʣʘʢʥʘ. ʊʦʟʠ ʘʜʭʝʟʠʚ 

ʢʦʧʦʣʠʤʝʨʠʟʠʨʘ (1) ʩ ʤʦʥʦʤʝʨʘ ʥʘ ʧʨʘʡʤʝʨʘ ʠ ʚʩʣʝʜʩʪʚʠʝ ʥʘ ʧʦʣʠʤʝʨʠʟʘʮʠʷʪʘ ʥʘ ʪʝʟʠ 

ʤʦʥʦʤʝʨʠ ʩʝ ʦʙʨʘʟʫʚʘʪ ʭʠʙʨʠʜʝʥ ʩʣʦʡ ʠ ʘʜʭʝʟʠʚʥʠ ʢʨʘʯʝʪʘ, ʢʦʠʪʦ ʦʩʠʛʫʨʷʚʘʪ 

ʤʠʢʨʦʤʝʭʘʥʠʯʥʘʪʘ ʨʝʪʝʥʮʠʷ ʦʪ ʝʜʥʘ ʩʪʨʘʥʘ, ʘ ʦʪ ʜʨʫʛʘ ʩʪʨʘʥʘ (2) ʪʦʡ ʩʝ ʩʚʲʨʟʚʘ ʩ 

ʤʦʥʦʤʝʨʠʪʝ ʥʘ ʢʦʤʧʦʟʠʮʠʦʥʥʠʷ ʦʙʪʫʨʘʮʠʦʥʝʥ ʤʘʪʝʨʠʘʣ (110, 118, 223, 255, 424, 430).  

ʊʦʟʠ ʭʠʙʨʠʜʝʥ ʩʣʦʡ ʝ ʦʧʠʩʘʥ ʟʘ ʧʲʨʚʠ ʧʲʪ ʦʪ Nakabayashi ʧʨʝʟ 1982 ʛʦʜ. ʠ ʩʝ ʧʨʠʝʤʘ 

ʢʘʪʦ ʥʘʡ-ʚʘʞʥʠʷʪ ʬʘʢʪʦʨ ʟʘ ʦʙʝʟʧʝʯʘʚʘʥʝ ʥʘ ʟʜʨʘʚʘ ʚʨʲʟʢʘ ʤʝʞʜʫ ʜʝʥʪʠʥʘ ʠ ʘʜʭʝʟʠʚʘ 

(47, 223, 255, 267, 332, 424). 

ɸʢʦ ʜʝʥʪʠʥʦʚʘ ʧʦʚʲʨʭʥʦʩʪ, ʦʚʣʘʞʥʝʥʘ ʩ ʅɽʄɸ ʩʲʜʲʨʞʘʱ ʧʨʘʡʤʝʨ, ʩʝ 

ʢʦʥʪʘʤʠʥʠʨʘ ʩʲʩ ʩʣʶʥʢʘ, ʚʦʜʘ ʠʣʠ ʜʝʥʪʠʥʦʚʘ ʪʝʯʥʦʩʪ, ʚʝʨʦʷʪʥʦ ʝ ʤʦʥʦʤʝʨʲʪ ʜʘ ʙʲʜʝ 

ʯʘʩʪʠʯʥʦ ʨʘʟʪʚʦʨʝʥ ʠ ʧʦʚʣʠʷʥʠʪʝ ʧʦ ʪʦʟʠ ʥʘʯʠʥ ʟʦʥʠ ʦʪ ʜʝʥʪʠʥʦʚʘʪʘ ʧʦʚʲʨʭʥʦʩʪ ʱʝ 

ʧʨʦʷʚʷʚʘʪ ʧʦ-ʥʠʩʢʘ ʧʦʚʲʨʭʥʦʩʪʥʘ ʝʥʝʨʛʠʷ, ʢʦʝʪʦ ʤʦʞʝ ʜʘ ʩʤʫʪʠ ʨʘʟʩʪʠʣʘʥʝʪʦ ʥʘ 

ʘʧʣʠʮʠʨʘʥʠʷ ʚ ʧʦʩʣʝʜʩʪʚʠʝ ʘʜʭʝʟʠʚ. ʆʯʝʚʠʜʥʦ ʢʣʠʥʠʯʥʦ ʠʟʠʩʢʚʘʥʝ ʝ ʜʝʥʪʠʥʦʚʘʪʘ 

ʧʦʚ̡ʨʭʥʦʩʪ ʩʣʝʜ ʥʘʥʘʩʷʥʝ ʥʘ ʧʨʘʡʤʝʨʘ ʜʘ ʩʝ ʟʘʧʘʟʠ ʥʝʢʦʥʪʘʤʠʥʠʨʘ, ʟʘ ʜʘ ʩʝ ʠʟʙʝʛʥʝ 

ʟʘʛʫʙʘʪʘ ʥʘ ʝʬʝʢʪʠʚʥʦʩʪʪʘ ʥʘ ʧʨʘʡʤʝʨʘ (110, 223).  

ʉʧʦʩʦʙʥʦʩʪʪʘ ʥʘ ʩʤʦʣʠʪʝ ʦʪ ʧʨʘʡʤʝʨʘ ʜʘ ʘʨʤʠʨʘʪ ʠʣʠ ʫʢʨʝʧʷʪ 

ʜʝʤʠʥʝʨʘʣʠʟʠʨʘʥʠʷ ʜʝʥʪʠʥ ʟʘʚʠʩʠ ʦʪ ʪʷʭʥʘʪʘ ʢʦʥʮʝʥʪʨʘʮʠʷ ʠ ʝʜʥʘʢʚʘ ʨʘʚʥʦʤʝʨʥʘ 

ʧʝʥʝʪʨʘʮʠʷ, ʪʷʭʥʘʪʘ ʩʪʝʧʝʥ ʥʘ ʧʦʣʠʤʝʨʠʟʘʮʠʷ ʠ ʢʨʲʩʪʦʩʘʥʦ ʩʚʲʨʟʚʘʥʝ ʠ ʢʦʣʠʯʝʩʪʚʦʪʦ 

ʦʩʪʘʪʲʯʥʘ ʚʦʜʘ, ʠʟʦʩʪʘʥʘʣʘ ʚ ʭʠʙʨʠʜʥʠʷ ʩʣʦʡ (110, 111, 188, 347). 

ʆʩʥʦʚʝʥ ʥʝʜʦʩʪʘʪʲʢ ʥʘ ʘʜʭʝʟʠʚʠʪʝ ʩ ʝʮʚʘʥʝ ʠ ʠʟʤʠʚʘʥʝ ʝ ʛʦʣʷʤʘʪʘ ʠʤ 

ʯʫʚʩʪʚʠʪʝʣʥʦʩʪ ʢʲʤ ʪʦʯʥʦʪʦ ʠʟʧʲʣʥʝʥʠʝ ʥʘ ʧʨʦʪʦʢʦʣʘ ʧʦ ʪʷʭʥʦʪʦ ʘʧʣʠʮʠʨʘʥʝ (6, 110, 

118, 332, 377, 422, 428). ʇʦʚʝʯʝʪʦ ʟʘʪʨʫʜʥʝʥʠʷ ʧʨʦʠʟʪʠʯʘʪ ʦʪ ʩʪʲʧʢʘʪʘ ʥʘ ʝʮʚʘʥʝ ʠ 

ʠʟʤʠʚʘʥʝ. ʊʦʚʘ ʤʦʞʝ ʜʘ ʩʝ ʩʚʲʨʞʝ ʩ ʧʨʝʜʨʘʟʧʦʣʦʞʝʥʦʩʪʪʘ ʥʘ ʢʦʣʘʛʝʥʦʚʘʪʘ ʤʨʝʞʘ ʜʘ 

ʢʦʣʘʙʠʨʘ, ʢʦʝʪʦ ʱʝ ʚʲʟʧʨʝʧʷʪʩʪʚʘ ʧʨʘʚʠʣʥʘʪʘ ʠʥʬʠʣʪʨʘʮʠʷ ʥʘ ʢʦʣʘʛʝʥʘ ʦʪ ʤʦʥʦʤʝʨʠʪʝ 

(110, 118, 153, 227, 345, 428, 432). ʉ ʝʮʚʘʥʝʪʦ ʥʘ ʜʝʥʪʠʥʘ ʩʝ ʧʨʝʤʘʭʚʘ ʥʘʧʲʣʥʦ 
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ʤʠʥʝʨʘʣʥʘʪʘ ʬʘʟʘ, ʘ ʢʦʣʘʛʝʥʦʚʠʪʝ ʚʣʘʢʥʘ ʦʩʪʘʚʘʪ ʧʨʦʚʠʩʥʘʣʠ ʚʲʚ ʚʦʜʘ (110, 118, 197, 

198). ɼʦʢʘʪʦ ʚ ʛʨʘʥʠʮʠʪʝ ʥʘ ʝʤʘʡʣʘ ʜʦʙʨʘʪʘ ʟʜʨʘʚʠʥʘ ʥʘ ʚʨʲʟʢʘʪʘ ʠʟʠʩʢʚʘ ʜʦʙʨʦ 

ʧʦʜʩʫʰʘʚʘʥʝ, ʪʦ ʚ ʛʨʘʥʠʮʠʪʝ ʥʘ ʜʝʥʪʠʥʘ ʝ ʥʫʞʥʦ ʦʧʨʝʜʝʣʝʥʦ ʢʦʣʠʯʝʩʪʚʦ ʚʦʜʘ, ʟʘ ʜʘ ʩʝ 

ʧʨʝʜʧʘʟʷʪ ʦʪ ʩʚʠʚʘʥʝ ʢʦʣʘʛʝʥʦʚʠʪʝ ʚʣʘʢʥʘ. ɿʘ ʜʘ ʩʝ ʧʨʝʦʜʦʣʝʝ ʪʦʟʠ ʧʨʦʙʣʝʤ ʠ ʜʘ ʩʝ 

ʟʘʧʘʟʠ ʩʪʨʫʢʪʫʨʥʘʪʘ ʮʷʣʦʩʪ ʥʘ ʤʝʞʜʫʬʠʙʨʠʣʝʨʥʠʪʝ ʧʨʦʩʪʨʘʥʩʪʚʘ ʚ ʢʦʣʘʛʝʥʦʚʘʪʘ 

ʤʨʝʞʘ, ʩʝ ʩʣʝʜʚʘʪ ʜʚʘ ʨʘʟʣʠʯʥʠ ʧʦʜʭʦʜʘ, ʟʘʚʠʩʝʱʠ ʦʪ ʧʨʘʡʤʝʨʘ ʥʘ ʘʜʭʝʟʠʚʥʘʪʘ ʩʠʩʪʝʤʘ 

(118, 189,  424, 436).   

ʇʲʨʚʠʷʪ ʧʦʜʭʦʜ, ʠʟʚʝʩʪʝʥ ʢʘʪʦ ʪʝʭʥʠʢʘ ʥʘ ʩʫʭʦ ʙʦʥʜʠʨʘʥʝ Ădry-bondingñ, 

ʚʢʣʶʯʚʘ ʧʦʜʩʫʰʘʚʘʥʝ ʥʘ ʜʝʥʪʠʥʘ ʩ ʚʲʟʜʫʭ ʩʣʝʜ ʝʮʚʘʥʝʪʦ ʠ ʘʧʣʠʮʠʨʘʥʝʪʦ ʥʘ ʧʨʘʡʤʝʨ ʥʘ 

ʚʦʜʥʘ ʦʩʥʦʚʘ, ʩʧʦʩʦʙʝʥ ʜʘ ʚʲʟʩʪʘʥʦʚʠ ʠ ʨʘʟʰʠʨʠ ʢʦʣʘʙʠʨʘʣʘʪʘ ʢʦʣʘʛʝʥʦʚʘ ʤʨʝʞʘ (47, 

118, 128, 132).  

ɸʣʪʝʨʥʘʪʠʚʘ ʥʘ ʛʦʨʥʠʷ ʧʦʜʭʦʜ ʝ ʪʝʭʥʠʢʘʪʘ ʥʘ ʚʣʘʞʥʦ ʩʚʲʨʟʚʘʥʝ Ăwet bondingñ, 

ʧʨʠ ʢʦʡʪʦ ʜʝʥʪʠʥʘ ʩʝ ʦʩʪʘʚʷ ʚʣʘʞʝʥ, ʢʘʪʦ ʧʦ ʪʦʟʠ ʥʘʯʠʥ ʢʦʣʘʛʝʥʦʚʘʪʘ ʤʨʝʞʘ ʩʝ 

ʧʨʝʜʧʘʟʚʘ ʦʪ ʢʦʣʘʙʠʨʘʥʝ. ʊʘʟʠ ʪʝʭʥʠʢʘ ʝ ʚʲʚʝʜʝʥʘ ʦʪ Kanca ʧʨʝʟ 1990 ʛʦʜʠʥʘ (110, 118, 

152, 197, 198, 399, 424, 428). ʇʨʠ ʘʧʣʠʮʠʨʘʥʝʪʦ ʥʘ ʧʨʘʡʤʝʨʘ ʤʦʥʦʤʝʨʠʪʝ ʠ 

ʨʘʟʪʚʦʨʠʪʝʣʠʪʝ ʪʨʷʙʚʘ ʜʘ ʜʠʬʫʥʜʠʨʘʪ ʧʨʝʟ ʜʲʣʛʠ ʠ ʪʝʩʥʠ ʧʨʦʩʪʨʘʥʩʪʚʘ ʤʝʞʜʫ 

ʬʠʙʨʠʣʠʪʝ, ʟʘ ʜʘ ʜʦʩʪʠʛʥʘʪ ʜʲʥʦʪʦ ʥʘ ʜʝʤʠʥʝʨʘʣʠʟʠʨʘʥʘʪʘ ʟʦʥʘ (110, 111, 112). ʊʦʟʠ 

ʧʦʜʭʦʜ ʥʘʣʘʛʘ ʠʟʧʦʣʚʘʥʝʪʦ ʥʘ ʨʘʟʪʚʦʨʠʪʝʣʠ, ʢʦʠʪʦ ʪʨʷʙʚʘ ʜʘ ʩʘ ʠʣʠ ʚʦʜʘ ʠʣʠ ʧʦʜʘʪʣʠʚʠ 

ʥʘ ʩʤʝʩʚʘʥʝ ʩ ʚʦʜʘ. ʊ.ʝ. ʤʦʥʦʤʝʨʠʪʝ ʥʘ ʧʨʘʡʤʝʨʘ ʪʨʷʙʚʘ ʜʘ ʩʘ ʭʠʜʨʦʬʠʣʥʠ ʠ 

ʘʤʬʠʬʠʣʥʠ/ʙʠʬʠʣʥʠ, ʪʲʡ ʢʘʪʦ ʪʝ ʪʨʷʙʚʘ ʜʘ ʩʝ ʢʦʥʢʫʨʠʨʘʪ ʩ ʚʦʜʘʪʘ ʠ ʚ ʜʝʡʩʪʚʠʪʝʣʥʦʩʪ 

ʪʝ ʜʠʬʫʥʜʠʨʘʪ ʧʨʝʟ ʚʦʜʘ, ʦʩʦʙʝʥʦ ʚ ʜʲʣʙʦʯʠʥʘ ʥʘ ʜʝʤʠʥʝʨʘʣʠʟʠʨʘʥʘʪʘ ʟʦʥʘ (110).  

ʆʪ ʩʲʱʝʩʪʚʝʥ ʠʥʪʝʨʝʩ ʝ ʢʲʜʝ ʦʪʠʚʘ ʚʦʜʘʪʘ ʦʪ ʠʥʪʝʨʬʠʙʨʠʣʝʨʥʠʪʝ ʧʨʦʩʪʨʘʥʩʪʚʘ 

ʧʨʠ ʘʧʣʠʮʠʨʘʥʝʪʦ ʥʘ ʜʝʥʪʠʥʦʚʠʷ ʧʨʘʡʤʝʨ. ʇʦ-ʛʦʣʷʤʘ ʯʘʩʪ ʦʪ ʥʝʷ ʤʦʞʝ ʙʠ ʩʝ ʠʟʧʘʨʷʚʘ ʩ 

ʨʘʟʪʚʦʨʠʪʝʣʷ ʥʘ ʧʨʘʡʤʝʨʘ ʧʨʝʜʠ ʥʘʥʘʩʷʥʝʪʦ ʥʘ ʙʦʥʜʘ. ʏʘʩʪ ʦʪ ʥʝʷ ʤʦʞʝ ʜʝ ʦʩʪʘʥʝ ʚ 

ʠʥʪʝʨʬʠʙʨʠʣʝʨʥʠʪʝ ʧʨʦʩʪʨʘʥʩʪʚʘ ʠ ʜʘ ʦʙʚʠʝ ʧʦʣʠʤʝʨʘ ʥʘ ʧʨʘʡʤʝʨʘ (188). 

ʂʦʣʘʛʝʥʦʚʠʪʝ ʚʣʘʢʥʘ ʩʲʜʲʨʞʘʪ ʩʲʱʦ ʩʚʲʨʟʘʥʘ ʠ ʥʝʩʚʲʨʟʘʥʘ ʚʦʜʘ (57, 424). ɸʢʦ 

ʢʦʣʘʛʝʥʦʚʠʪʝ ʚʣʘʢʥʘ ʩʘ ʦʙʛʲʨʥʘʪʠ ʦʪ ʧʣʘʩʪʤʘʩʘ, ʥʝʩʚʲʨʟʘʥʘʪʘ ʚʦʜʘ ʪʨʷʙʚʘ ʜʘ ʩʝ ʠʟʤʝʩʪʠ 

ʦʪ ʤʦʥʦʤʝʨʠʪʝ ʥʘ ʧʣʘʩʪʤʘʩʘʪʘ ʧʦ ʚʨʝʤʝ ʥʘ ʘʧʣʠʮʠʨʘʥʝ ʥʘ ʙʦʥʜʘ, ʪʘʢʘ ʯʝ ʩʣʦʡ ʦʪ 

ʭʠʜʨʦʬʠʣʥʘ ʩʤʦʣʘ ʤʦʞʝ ʜʘ ʧʦʢʨʠʚʘ ʚʩʷʢʘ ʢʦʣʘʛʝʥʦʚʘ ʬʠʙʨʠʣʘ. ʀʟʧʦʣʟʚʘʥʠ ʩʘ ʦʪʜʝʣʥʠ 

ʧʦʜʭʦʜʠ ʚ ʩʪʨʝʤʝʞ ʜʘ ʩʝ ʧʦʩʪʠʛʥʝ ʪʦʚʘ. ʅʷʢʦʠ ʧʨʦʠʟʚʦʜʠʪʝʣʠ ʠʟʧʦʣʟʚʘʪ ʧʦʜʘʪʣʠʚʠ ʥʘ 

ʩʤʝʩʚʘʥʝ ʩ ʚʦʜʘ ʨʘʟʪʚʦʨʠʪʝʣʠ, ʢʘʪʦ ʘʮʝʪʦʥ, ʟʘ ʭʠʤʠʯʥʦ ʜʝʭʠʜʨʘʪʠʨʘʥʝ ʥʘ ʠʟʧʲʣʥʝʥʠʪʝ ʩ 

ʚʦʜʘ ʧʨʦʩʪʨʘʥʩʪʚʘ ʠ ʟʘ Ăʠʟʩʫʰʘʚʘʥʝñ ʥʘ ʢʦʣʘʛʝʥʦʚʠʪʝ ʚʣʘʢʥʘ, ʦʩʪʘʚʷʡʢʠ ʧʦ-ʤʘʣʢʦ 

ʢʦʣʠʯʝʩʪʚʦ ʚʦʜʘ, ʢʦʷʪʦ ʜʘ ʩʝ ʢʦʥʢʫʨʠʨʘ ʩ ʭʠʜʨʦʬʠʣʥʠʪʝ ʤʦʥʦʤʝʨʠ ʥʘ ʧʨʘʡʤʝʨʘ, 

ʨʘʟʪʚʦʨʝʥʠ ʚ ʨʘʟʪʚʦʨʠʪʝʣʷ (110, 424). ʇʨʠ ʭʠʤʠʯʝʩʢʦʪʦ ʜʝʭʠʜʨʘʪʠʨʘʥʝ ʥʘ ʚʣʘʞʥʠʷ 
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ʜʝʤʠʥʝʨʘʣʠʟʠʨʘʥ ʜʝʥʪʠʥʦʚ ʤʘʪʨʠʢʩ ʩʲʦʪʥʦʰʝʥʠʝʪʦ ʥʘ ʤʦʥʦʤʝʨʠʪʝ ʩʧʨʷʤʦ ʚʦʜʘʪʘ 

ʥʘʨʘʩʪʚʘ ʠ ʢʦʣʘʛʝʥʦʚʘʪʘ ʤʨʝʞʘ ʩʝ ʫʢʨʝʧʚʘ (227, 424). ʂʨʘʪʢʦʪʦ ʚʨʝʤʝ ʟʘ ʘʧʣʠʮʠʨʘʥʝ ʥʘ 

ʧʨʘʡʤʝʨʘ (30-60 ʩʝʢ. ʩ ʧʦʜʩʫʰʘʚʘʥʝʪʦ), ʢʦʝʪʦ ʩʝ ʧʨʝʧʦʨʲʯʚʘ ʦʪ ʧʨʦʠʟʚʦʜʠʪʝʣʠʪʝ, ʝʜʚʘ 

ʣʠ ʝ ʜʦʩʪʘʪʲʯʥʦ ʟʘ ʧʦʩʪʠʛʘʥʝ ʥʘ ʠʜʝʘʣʥʠʪʝ ʫʩʣʦʚʠʷ ʟʘ ʩʚʲʨʟʚʘʥʝ ʩ ʜʝʥʪʠʥʘ. ʅʘʚʷʨʥʦ 

ʫʜʲʣʞʘʚʘʥʝʪʦ ʥʘ ʚʨʝʤʝʪʦ ʟʘ ʥʘʥʘʩʷʥʝ ʥʘ ʧʨʘʡʤʝʨʘ ʥʘ ʘʮʝʪʦʥʦʚʘ ʦʩʥʦʚʘ, ʠʣʠ ʧʦ-ʯʝʩʪʘʪʘ 

ʤʫ ʘʧʣʠʢʘʮʠʷ (ʚ ʥʷʢʦʣʢʦ ʩʣʦʷ) ʤʦʞʝ ʜʘ ʧʦʚʠʰʠ ʜʝʭʠʜʨʘʪʘʮʠʷʪʘ ʠ ʜʘ ʧʦʜʦʙʨʠ 

ʠʥʬʠʣʪʨʠʨʘʥʝʪʦ ʥʘ ʩʤʦʣʘʪʘ ʧʨʠ ʩʚʲʨʟʚʘʥʝʪʦ ʩ ʜʝʥʪʠʥʘ (110). 

ɼʨʫʛ ʧʦʜʭʦʜ ʟʘ ʧʦʢʨʠʚʘʥʝ ʥʘ ʢʦʣʘʛʝʥʦʚʠʪʝ ʚʣʘʢʥʘ ʩ ʭʠʜʨʦʬʠʣʥʠ ʤʦʥʦʤʝʨʠ ʝ 

ʠʟʧʦʣʟʚʘʥʝʪʦ ʥʘ ʧʨʘʡʤʝʨʠ ʥʘ ʚʦʜʥʘ ʦʩʥʦʚʘ, ʩʲʜʲʨʞʘʱʠ ʭʠʜʨʦʬʠʣʥʠ ʤʦʥʦʤʝʨʠ ʢʘʪʦ 

ʅɽʄɸ ʠʣʠ ʧʦʣʠʘʣʢʝʥʦʝʚʘ ʢʠʩʝʣʠʥʘ, ʢʘʪʦ ʩʝ ʧʨʘʚʠ ʦʧʠʪ ʟʘ ʜʝʭʠʜʨʘʪʠʨʘʥʝ ʧʦ ʬʠʟʠʯʝʥ 

ʥʘʯʠʥ ï ʯʨʝʟ ʩʣʘʙʘ ʚʲʟʜʫʰʥʘ ʩʪʨʫʷ ʥʘ ʠʥʬʠʣʪʨʠʨʘʥʠʷ ʩʲʩ ʩʤʦʣʘʪʘ ʢʦʣʘʛʝʥ. ʅʝʜʦʩʪʘʪʲʢ 

ʥʘ ʪʘʟʠ ʪʝʭʥʠʢʘ ʝ ʪʦʚʘ, ʯʝ ʩʢʦʨʦʩʪʪʘ ʥʘ ʠʟʧʘʨʝʥʠʝ ʥʘ ʚʦʜʘʪʘ ʧʨʠ ʪʝʟʠ ʫʩʣʦʚʠʷ ʟʘʚʠʩʠ ʦʪ 

ʚʣʘʞʥʦʩʪʪʘ ʥʘ ʩʨʝʜʘʪʘ ʠ ʠʥʪʝʥʟʠʪʝʪʘ ʥʘ ʚʲʟʜʫʰʥʘʪʘ ʩʪʨʫʷ (63, 110). ʂʦʣʠʯʝʩʪʚʦʪʦ ʥʘ 

ʟʘʛʫʙʝʥʘʪʘ ʚʦʜʘ ʤʦʞʝ ʜʘ ʧʨʠʯʠʥʠ ʩʚʠʚʘʥʝ ʥʘ ʭʠʙʨʠʜʥʠʷ ʩʣʦʡ ʥʝʟʘʚʠʩʠʤʦ ʦʪ ʪʦʚʘ, ʯʝ 

ʚʦʜʘʪʘ ʝ ʟʘʤʝʩʪʝʥʘ ʦʪ ʅɽʄɸ. ɺʩʲʱʥʦʩʪ ʯʘʩʪʠʯʥʦʪʦ ʩʚʠʚʘʥʝ ʥʘ ʚʝʯʝ ʠʥʬʠʣʪʨʠʨʘʥʠʷ 

ʭʠʙʨʠʜʝʥ ʩʣʦʡ ʥʝ ʝ ʪʦʣʢʦʚʘ ʧʨʦʙʣʝʤʥʦ, ʢʦʣʢʦʪʦ ʛʦʣʷʤʦʪʦ ʩʚʠʚʘʥʝ ʥʘ 

ʜʝʤʠʥʝʨʘʣʠʟʠʨʘʥʘʪʘ ʢʦʣʘʛʝʥʦʚʘ ʤʨʝʞʘ ʧʨʝʜʠ ʘʧʣʠʮʠʨʘʥʝʪʦ ʥʘ ʧʨʘʡʤʝʨʘ (153). ʊʦʚʘ 

ʩʚʠʚʘʥʝ ʦʛʨʘʥʠʯʘʚʘ ʠʥʬʠʣʪʨʠʨʘʥʝʪʦ ʥʘ ʩʤʦʣʘʪʘ ʯʨʝʟ ʥʘʤʘʣʷʚʘʥʝ ʥʘ ʨʘʟʤʝʨʘ ʥʘ 

ʧʨʦʩʪʨʘʥʩʪʚʘʪʘ, ʚ ʢʦʠʪʦ ʪʷ ʪʨʷʙʚʘ ʜʘ ʜʠʬʫʥʜʠʨʘ (76, 110, 112).  

ʇʦʨʘʜʠ ʤʥʦʛʦ ʧʨʠʯʠʥʠ ʜʠʬʫʟʠʷʪʘ ʥʘ ʤʦʥʦʤʝʨʠʪʝ ʥʘ ʧʨʘʡʤʝʨʘ ʚ 

ʜʝʤʠʥʝʨʘʣʠʟʠʨʘʥʠʷ ʜʝʥʪʠʥ ʤʦʞʝ ʜʘ ʙʲʜʝ ʦʛʨʘʥʠʯʝʥʘ, ʢʦʝʪʦ ʩʲʟʜʘʚʘ ʛʨʘʜʠʝʥʪ ʚ 

ʧʝʥʝʪʨʘʮʠʷʪʘ ʥʘ ʩʤʦʣʘʪʘ ʩ ʥʘʡ-ʚʠʩʦʢʘ ʢʦʥʮʝʥʪʨʘʮʠʷ ʥʘ ʧʦʚʲʨʭʥʦʩʪʪʘ ʠ ʥʘʡ-ʥʠʩʢʘ 

ʢʦʥʮʝʥʪʨʘʮʠʷ ʚ ʩʨʝʜʘʪʘ ʥʘ ʭʠʙʨʠʜʥʠʷ ʩʣʦʡ, ʦʧʨʝʜʝʣʝʥʘ ʢʘʪʦ Ăʭʠʙʨʠʜʦʠʜʥʘ ʟʦʥʘñ ʦʪ Tay 

ʠ ʝʜʥʘ ʤʝʞʜʠʥʥʘ ʢʦʥʮʝʥʪʨʘʮʠʷ ʥʘ ʩʤʦʣʘʪʘ ʚ ʜʲʥʦʪʦ ʥʘ ʭʠʙʨʠʜʠʥʠʷ ʩʣʦʡ (110, 257, 

400). 

ʅʝʜʦʩʪʘʪʲʢ ʥʘ ʫʧʦʪʨʝʙʘʪʘ ʥʘ ʭʠʜʨʦʬʠʣʥʠʪʝ ʤʦʥʦʤʝʨʠ, ʦʩʦʙʝʥʦ ʧʨʠ ʧʨʘʡʤʝʨʠ ʥʘ 

ʚʦʜʥʘ ʦʩʥʦʚʘ, ʝ ʯʝ ʚʦʜʘʪʘ ʪʨʷʙʚʘ ʜʘ ʩʝ ʦʪʩʪʨʘʥʠ ʯʨʝʟ ʠʟʧʘʨʷʚʘʥʝ. ʊʦʚʘ ʟʘʚʠʩʠ ʦʪ 

ʥʝʡʥʘʪʘ ʩʪʝʧʝʥ ʥʘ ʠʟʧʘʨʝʥʠʝ, ʢʦʷʪʦ ʩʝ ʧʦʥʠʞʘʚʘ ʧʨʠ ʥʘʣʠʯʠʝʪʦ ʥʘ ʨʘʟʪʚʦʨʝʥʦ ʚʝʱʝʩʪʚʦ 

ʢʘʪʦ ʅɽʄɸ (110, 118). ʊʝʦʨʝʪʠʯʥʦ ʢʦʛʘʪʦ ʚʦʜʘʪʘ ʩʝ ʠʟʧʘʨʠ ʯʨʝʟ ʚʲʟʜʫʰʥʘ ʩʪʨʫʷ, 

ʢʦʥʮʝʥʪʨʘʮʠʷʪʘ ʥʘ ʅɽʄɸ ʥʘʨʘʩʪʚʘ, ʥʘʤʘʣʷʚʘʡʢʠ ʦʱʝ ʧʦʚʝʯʝ ʩʪʝʧʝʥʪʘ ʥʘ ʠʟʧʘʨʝʥʠʝ ʥʘ 

ʦʩʪʘʪʲʯʥʘʪʘ ʚʦʜʘ, ʢʦʝʪʦ ʧʨʘʚʠ ʦʱʝ ʧʦ-ʪʨʫʜʥʦ ʥʝʡʥʦʪʦ ʦʪʩʪʨʘʥʷʚʘʥʝ. ʇʨʘʡʤʝʨʠʪʝ ʥʘ 

ʦʩʥʦʚʘʪʘ ʥʘ ʘʣʢʦʭʦʣ ʠʣʠ ʘʮʝʪʦʥ ʩʘ ʧʦ-ʤʘʣʢʦ ʧʦʚʣʠʷʥʠ ʧʨʠ ʪʦʟʠ ʧʨʦʮʝʩ. ʄʘʢʘʨ ʯʝ 

ʪʘʢʠʚʘ ʩʠʩʪʝʤʠ ʥʘ ʦʩʥʦʚʘʪʘ ʥʘ ʘʣʢʦʭʦʣ ʠʣʠ ʘʮʝʪʦʥ ʤʦʛʘʪ ʠʟʮʷʣʦ ʜʘ ʠʥʬʠʣʪʨʠʨʘʪ 

ʜʝʤʠʥʝʨʘʣʠʟʠʨʘʥʠʷ ʜʝʥʪʠʥ ʧʨʠ ʦʧʪʠʤʘʣʥʠ ʫʩʣʦʚʠʷ, ʪʷʭʥʘʪʘ ʧʦʩʣʝʜʚʘʱʘ 
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ʧʦʣʠʤʝʨʠʟʘʮʠʷ ʩʲʩ ʩʭʦʜʥʠ ʤʦʥʦʤʝʨʠ ʠʣʠ ʢʦʧʦʣʠʤʝʨʠʟʘʮʠʷʪʘ ʠʤ ʩ ʜʨʫʛʠ ʘʜʭʝʟʠʚʥʠ 

ʤʦʥʦʤʝʨʠ ʦʙʘʯʝ ʝ ʚʩʝ ʦʱʝ ʟʘʚʠʩʠʤʘ ʦʪ ʦʩʪʘʪʲʯʥʘʪʘ ʚʦʜʥʘ ʢʦʥʮʝʥʪʨʘʮʠʷ (188). ɸʢʦ ʪʝʟʠ 

ʭʠʜʨʦʬʠʣʥʠ ʤʦʥʦʤʝʨʠ ʠʣʠ ʤʘʣʢʠ ʦʣʠʛʦʤʝʨʠ ʥʝ ʧʦʣʠʤʝʨʠʟʠʨʘʪ ʥʘʧʲʣʥʦ, ʪʝ ʱʝ 

ʧʨʠʚʣʠʯʘʪ ʚʦʜʘʪʘ ʠ ʱʝ ʙʲʜʘʪ ʠʣʠ ʙʘʚʥʦ ʠʟʚʣʝʯʝʥʠ ʩ ʪʝʯʝʥʠʝ ʥʘ ʚʨʝʤʝʪʦ, ʠʣʠ 

ʭʠʜʨʦʣʠʟʠʨʘʥʠ, ʢʦʝʪʦ ʱʝ ʜʦʚʝʜʝ ʜʦ ʦʪʩʣʘʙʚʘʥʝ ʥʘ ʤʝʭʘʥʠʯʥʠʪʝ ʢʘʯʝʩʪʚʘ ʥʘ ʭʠʙʨʠʜʥʠʷ 

ʩʣʦʡ. ɸʢʦ ʠʥʬʠʣʪʨʠʨʘʥʝʪʦ ʥʘ ʧʣʘʩʪʤʘʩʘʪʘ ʝ ʥʝʧʲʣʥʦ, ʤʦʛʘʪ ʜʘ ʦʩʪʘʥʘʪ ʧʨʘʟʥʠ 

ʧʨʦʩʪʨʘʥʩʪʚʘ ʠʣʠ ʰʫʧʣʠ ʤʝʞʜʫ ʢʦʣʘʛʝʥʦʚʠʪʝ ʬʠʙʨʠʣʠ. ɸʢʦ ʪʝʟʠ ʩʫʙʤʠʢʨʦʥʥʠ ʧʦ 

ʨʘʟʤʝʨ ʰʫʧʣʠ ʚ ʭʠʙʨʠʜʥʠʷ ʩʣʦʡ ʩʘ ʚ ʢʦʥʪʘʢʪ ʩ ʜʝʥʪʠʥʦʚʘʪʘ ʪʝʯʥʦʩʪ, ʥʝʡʥʠʪʝ 

ʭʠʜʨʦʣʠʪʠʯʥʠ ʝʥʟʠʤʠ ʤʦʛʘʪ ʜʘ ʭʠʜʨʦʣʠʟʠʨʘʪ ʠʣʠ ʧʣʘʩʪʤʘʩʘʪʘ ʠʣʠ ʢʦʣʘʛʝʥʘ (37, 110, 

424). ʂʘʪʦ ʘʣʪʝʨʥʘʪʠʚʘ ʪʝʦʨʝʪʠʯʥʦ ʝ ʚʲʟʤʦʞʥʦ ʪʝʟʠ ʧʦʨʴʦʟʥʠ ʧʨʦʩʪʨʘʥʩʪʚʘ ʜʘ ʙʲʜʘʪ 

ʟʘʧʲʣʥʝʥʠ ʩ ʤʠʥʝʨʘʣ ʩ ʪʝʯʝʥʠʝ ʥʘ ʚʨʝʤʝʪʦ (110).       

ʇʨʦʚʝʜʝʥʠ ʩʘ ʠʟʩʣʝʜʚʘʥʠʷ ʚʲʨʭʫ ʝʢʩʧʝʨʠʤʝʥʪʘʣʝʥ ʤʘʢʨʦʤʦʜʝʣ ʥʘ ʭʠʙʨʠʜʝʥ ʩʣʦʡ 

ʟʘ ʫʩʪʘʥʦʚʷʚʘʥʝ ʥʘ ʧʨʦʤʝʥʠʪʝ ʚ ʤʦʜʫʣʘ ʥʘ ʝʣʘʩʪʠʯʥʦʩʪ ʠ ʠʟʜʲʨʞʣʠʚʦʩʪʪʘ ʥʘ ʦʧʲʥ ʥʘ 

ʜʝʥʪʠʥʘ ʩʣʝʜ ʧʨʠʣʦʞʝʥʠʝ ʥʘ ʘʜʭʝʟʠʚʥʠ ʩʠʩʪʝʤʠ ʥʘ ʨʘʟʣʠʯʥʘ ʦʩʥʦʚʘ (347). ʇʨʝʜʝʣʥʠʪʝ 

ʩʪʦʡʥʦʩʪʠ ʥʘ ʠʟʜʨʲʞʣʠʚʦʩʪʪʘ ʥʘ ʦʧʲʥ ʠ ʤʦʜʫʣʘ ʥʘ ʝʣʘʩʪʠʯʥʦʩʪ ʥʘ ʜʝʤʠʥʝʨʘʣʠʟʠʨʘʥ 

ʜʝʥʪʠʥ ʩʘ ʩʲʦʪʚʝʪʥʦ 29.6 ʄʈʘ ʠ 0.21 GPa. ʉʪʦʡʥʦʩʪʠʪʝ ʥʘ ʩʲʱʠʪʝ ʧʦʢʘʟʘʪʝʣʠ ʟʘ 

ʦʙʨʘʟʮʠ ʦʪ ʤʠʥʝʨʘʣʠʟʠʨʘʥ ʜʝʥʪʠʥ ʦʪ ʩʲʱʠʪʝ ʪʦʧʦʛʨʘʬʩʢʠ ʟʦʥʠ ʩʘ ʩʲʦʪʚʝʪʥʦ 105.6 ʄʈʘ 

ʠ 13.7 GPa. ʉʣʝʜ ʩʧʝʮʠʬʠʯʥʘ ʧʦʜʛʦʪʦʚʢʘ ʥʘ ʦʙʨʘʟʮʠʪʝ ʠʟʩʣʝʜʦʚʘʪʝʣʠʪʝ ʩʘ 

ʜʝʭʠʜʨʘʪʠʨʘʣʠ ʜʝʤʠʥʝʨʘʣʠʟʠʨʘʥʠʷ ʜʝʥʪʠʥʦʚ ʤʘʪʨʠʢʩ ʚʲʚ ʚʲʟʭʦʜʷʱʠ ʢʦʥʮʝʥʪʨʘʮʠʠ ʥʘ 

ʘʮʝʪʦʥ, ʘʣʢʦʭʦʣ ʠʣʠ ʅɽʄɸ ʟʘ ʧʝʨʠʦʜ ʦʪ 24 ʯʘʩʘ, ʧʦʩʣʝʜʚʘʥʦ ʦʪ ʠʥʬʠʣʪʨʠʨʘʥʝʪʦ ʥʘ 

ʜʝʭʠʜʨʘʪʠʨʘʥʠʷ ʤʘʪʨʠʢʩ ʩ ʨʘʟʣʠʯʥʠ ʪʲʨʛʦʚʩʢʠ ʤʘʨʢʠ ʘʜʭʝʟʠʚʥʠ ʩʠʩʪʝʤʠ (347). 

ʂʘʯʝʩʪʚʘʪʘ ʥʘ ʦʧʲʥ ʥʘ ʠʥʬʠʣʪʨʠʨʘʥʠʪʝ ʦʪ ʧʣʘʩʪʤʘʩʘʪʘ ʦʙʨʘʟʮʠ ʩʘ ʠʟʤʝʨʝʥʠ ʠ ʩʨʘʚʥʝʥʠ 

ʩ ʪʝʟʠ, ʥʘ ʧʲʨʚʦʥʘʯʘʣʥʠʷ ʜʝʤʠʥʝʨʘʣʠʟʠʨʘʥ ʠ ʤʠʥʝʨʘʣʠʟʠʨʘʥ ʜʝʥʪʠʥʦʚ ʤʘʪʨʠʢʩ. ʏʝʪʠʨʠ 

ʦʪ ʧʝʪʪʝ ʠʟʧʦʣʟʚʘʥʠ ʘʜʭʝʟʠʚʥʠ ʩʠʩʪʝʤʠ ʩʘ ʚʲʟʩʪʘʥʦʚʠʣʠ ʠʟʜʨʲʞʣʠʚʦʩʪʪʘ ʥʘ ʦʧʲʥ ʥʘ 

ʜʝʤʠʥʝʨʘʣʠʟʠʨʘʥʠʷ ʜʝʥʪʠʥʦʚ ʤʘʪʨʠʢʩ ʜʦ ʪʘʟʠ, ʥʘ ʤʠʥʝʨʘʣʠʟʠʨʘʥʠʷ ʜʝʥʪʠʥʦʚ ʤʘʪʨʠʢʩ 

(102.6 ʜʦ 121.6 ʄʈʘ), ʚʲʧʨʝʢʠ ʯʝ ʤʦʜʫʣʲʪ ʥʘ ʝʣʘʩʪʠʯʥʦʩʪ ʟʘ ʪʝʟʠ ʦʙʨʘʟʮʠ ʝ ʦʩʪʘʥʘʣ 

ʤʥʦʛʦ ʧʦ-ʥʠʩʲʢ ï 3 GPa ʚ ʩʨʘʚʥʝʥʠʝ ʩ ʪʦʟʠ, ʥʘ ʧʲʨʚʦʥʘʯʘʣʥʠʷ ʤʠʥʝʨʘʣʠʟʠʨʘʥ ʜʝʥʪʠʥ 

14 GPa (347). ʆʩʚʝʥ ʪʦʚʘ ʠʟʩʣʝʜʦʚʘʪʝʣʠʪʝ ʩʘ ʠʟʤʝʨʠʣʠ ʠ ʢʘʯʝʩʪʚʘʪʘ ʥʘ ʦʧʲʥ ʥʘ ʩʭʦʜʥʠ 

ʧʦ ʨʘʟʤʝʨ ʦʙʨʘʟʮʠ ʩʘʤʦ ʦʪ ʧʣʘʩʪʤʘʩʘ ʠ ʩʘ ʩʨʘʚʥʠʣʠ ʩ ʪʦʟʠ, ʥʘ ʠʥʬʠʣʪʨʠʨʘʥʠʷ ʩ 

ʧʣʘʩʪʤʘʩʘ ʜʝʥʪʠʥ. ʀʥʬʠʣʪʨʠʨʘʥʠʪʝ ʩ ʧʣʘʩʪʤʘʩʘ ʜʝʥʪʠʥʦʚʠ ʦʙʨʘʟʮʠ ʩʘ ʚʠʥʘʛʠ ʤʥʦʛʦ 

ʧʦ-ʟʜʨʘʚʠ ʠ ʷʢʠ ʚ ʩʨʘʚʥʝʥʠʝ ʩ ʦʙʨʘʟʮʠʪʥʝ ʦʪ ʯʠʩʪʘ ʧʣʘʩʪʤʘʩʘ. ʊʝʦʨʝʪʠʯʥʦ ʧʣʘʩʪʤʘʩʘʪʘ 

ʤʦʞʝ ʜʘ ʠʟʧʲʣʥʠ ʩʘʤʦ 70% ʦʪ ʦʙʝʤʘ ʥʘ ʜʝʤʠʥʝʨʘʣʠʟʠʨʘʥʠʷ ʪʲʢʘʥʝʥ ʤʘʪʨʠʢʩ, ʪʲʡ ʢʘʪʦ 

ʦʩʪʘʥʘʣʠʪʝ 30% ʦʪ ʦʙʝʤʘ ʝ ʢʦʣʘʛʝʥ (110, 347). ʆʙʩʪʦʷʪʝʣʩʪʚʦʪʦ ʯʝ ʠʥʬʠʣʪʨʠʨʘʥʘʪʘ ʩ 

ʧʣʘʩʪʤʘʩʘ ʪʲʢʘʥ ʝ ʧʦ-ʟʜʨʘʚʘ ʦʪʢʦʣʢʦʪʦ ʯʠʩʪʘʪʘ ʧʣʘʩʪʤʘʩʘ, ʦʪʨʘʟʷʚʘ ʟʜʨʘʚʠʥʘʪʘ ʥʘ 
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ʢʦʣʘʛʝʥʦʚʠʪʝ ʚʣʘʢʥʘ. ɺʩʝ ʧʘʢ ʜʦʨʠ ʠ ʩʣʝʜ ʦʪʯʠʪʘʥʝʪʦ ʥʘ ʟʜʨʘʚʠʥʘʪʘ ʥʘ ʢʦʣʘʛʝʥʦʚʠʷ 

ʤʘʪʨʠʢʩ ʠʥʬʠʣʪʨʠʨʘʥʠʷʪ ʩ ʧʣʘʩʪʤʘʩʘ ʜʝʥʪʠʥ ʝ ʧʦ-ʟʜʨʘʚ, ʦʪʢʦʣʢʦʪʦ ʝ ʙʠʣʦ ʪʝʦʨʝʪʠʯʥʦ 

ʧʨʝʜʧʦʣʦʞʝʥʦ (ʦʪ 63.8 ʜʦ 82.0 ʄʈʘ) (347). ʊʦʚʘ ʥʘʙʣʶʜʝʥʠʝ ʝ ʜʘʣʦ ʦʩʥʦʚʘʥʠʝ ʘʚʪʦʨʠʪʝ 

ʜʘ ʠʟʢʘʞʘʪ ʧʨʝʜʧʦʣʦʞʝʥʠʝʪʦ, ʯʝ ʜʝʭʠʜʨʘʪʠʨʘʥʝʪʦ ʥʘ ʜʝʤʠʥʝʨʘʣʠʟʠʨʘʥʠʷ ʜʝʥʪʠʥʦʚ 

ʤʘʪʨʠʢʩ ʯʨʝʟ ʘʮʝʪʦʥ, ʘʣʢʦʭʦʣ ʠʣʠ ʅɽʄɸ ʤʦʞʝ ʜʘ ʜʦʚʝʜʝ ʜʦ ʫʚʝʣʠʯʘʚʘʥʝ ʥʘ ʟʜʨʘʚʠʥʘʪʘ 

ʥʘ ʢʦʣʘʛʝʥʘ ʧʦʚʝʯʝ ʦʪ ʪʘʟʠ, ʠʟʤʝʨʝʥʘ ʚʲʚ ʚʦʜʘ (110, 347).  

ɸʚʪʦʨʠ (227) ʩʲʦʙʱʘʚʘʪ ʯʝ ʤʦʜʫʣʲʪ ʥʘ ʝʣʘʩʪʠʯʥʦʩʪ ʥʘ ʜʝʤʠʥʝʨʘʣʠʟʠʨʘʥ ʜʝʥʪʠʥ 

ʚʲʚ ʚʦʜʘ ʝ 0.004 - 0.007 GPa. ʇʦ-ʚʠʩʦʢʘʪʘ ʩʪʦʡʥʦʩʪ ʦʪ 0.21 GPa ʩʧʦʨʝʜ  Sano et al (347) 

ʟʘ ʜʝʤʠʥʝʨʘʣʠʟʠʨʘʥʠʷ ʜʝʥʪʠʥʦʚ ʤʘʪʨʠʢʩ ʤʦʞʝ ʜʘ ʩʝ ʜʲʣʞʠ ʥʘ ʯʘʩʪʠʯʥʦ ʠʟʩʫʰʘʚʘʥʝ. 

ɼʦʢʘʟʘʥʦ ʝ 100 ʧʲʪʠ ʥʘʨʘʩʪʚʘʥʝ ʥʘ ʢʦʭʝʟʠʚʥʘʪʘ ʟʜʨʘʚʠʥʘ ʥʘ ʢʦʣʘʛʝʥʘ, ʢʦʛʘʪʦ ʪʦʡ ʝ ʙʠʣ 

ʜʝʭʠʜʨʘʪʠʨʘʥ (110). ʇʨʠ ʧʦʩʪʘʚʷʥʝ ʥʘ ʜʝʥʪʠʥʦʚʠ ʦʙʨʘʟʮʠ ʚ 100% ʝʪʘʥʦʣ, ʘʮʝʪʦʥ ʠʣʠ 

ʅɽʄɸ ʟʘ 30 min ʝ ʫʩʪʘʥʦʚʝʥʦ, ʯʝ ʪʚʲʨʜʦʩʪʪʘ ʥʘ ʦʙʨʘʟʮʠʪʝ ʥʘʨʘʩʪʚʘ ʦʪ 0.005 Gʈʘ ʜʦ 

0.78, 0.142 ʠ 0.103 Gʈʘ ʩʲʦʪʚʝʪʥʦ. ʊʦʚʘ ʥʘʨʘʩʪʚʘʥʝ ʚ ʪʚʲʨʜʦʩʪʪʘ ʩʪʘʚʘ ʙʲʨʟʦ (1-2 ʤʠʥ) ʠ 

ʝ ʦʙʨʘʪʠʤʦ ʧʨʠ ʧʦʩʪʘʚʷʥʝ ʥʘ ʦʙʨʘʟʮʠʪʝ ʦʪʥʦʚʦ ʚʲʚ ʚʦʜʘ (227). ʇʨʠ ʧʦʩʪʘʚʷʥʝ ʥʘ 

ʚʣʘʞʥʠ ʦʙʨʘʟʮʠ ʟʘ ʠʟʩʫʰʘʚʘʥʝ ʥʘ ʚʲʟʜʫʭ ʟʘ 30 min, ʪʚʲʨʜʦʩʪʪʘ ʠʤ ʥʘʨʘʩʪʚʘ ʜʦ 0.362 

GPa, ʢʦʝʪʦ ʝ ʙʲʨʟʦ ʦʙʨʘʪʠʤʦ ʧʨʠ ʚʨʲʱʘʥʝʪʦ ʠʤ ʚʲʚ ʚʦʜʘ (110). ʉʣʝʜʦʚʘʪʝʣʥʦ 

ʜʝʭʠʜʨʘʪʠʨʘʥʝʪʦ ʥʘ ʜʝʤʠʥʝʨʘʣʠʟʠʨʘʥ ʜʝʥʪʠʥ ï ʜʘʣʠ ʧʦ ʭʠʤʠʯʝʥ ʧʲʪ ʠʣʠ ʯʨʝʟ 

ʠʟʧʦʣʟʚʘʥʝʪʦ ʥʘ ʩʫʭʠ, ʩʤʝʩʠʤʠ ʩ ʚʦʜʘ ʨʘʟʪʚʦʨʠʪʝʣʠ, ʠʣʠ ʧʦ ʬʠʟʠʯʝʥ ʥʘʯʠʥ ï ʯʨʝʟ 

ʠʟʧʘʨʷʚʘʥʝ, ʚʪʲʨʜʷʚʘ ʤʘʪʨʠʢʩʘ. ʊʦʟʠ ʬʘʢʪ ʠʤʘ ʟʥʘʯʠʪʝʣʥʦ ʧʨʠʣʦʞʝʥʠʝ ʧʨʠ ʩʚʲʨʟʚʘʥʝʪʦ 

ʩ ʧʣʘʩʪʤʘʩʠ. ɸʢʦ ʢʠʩʝʣʠʥʥʦ ʝʮʚʘʥʠʷʪ ʜʝʥʪʠʥ ʝ ʧʦʜʩʫʰʝʥ ʩ ʚʲʟʜʫʭ, ʚʦʜʘʪʘ, ʢʦʷʪʦ 

ʧʦʜʜʲʨʞʘ ʢʦʣʘʛʝʥʦʚʠʷ ʤʘʪʨʠʢʩ ʩʝ ʟʘʛʫʙʚʘ ʠ ʤʨʝʞʘʪʘ ʥʘ ʤʘʪʨʠʢʩʘ ʩʝ ʩʚʠʚʘ. ʊʦʚʘ 

ʥʘʤʘʣʷʚʘ ʧʝʨʤʝʘʙʠʣʠʪʝʪʘ ʥʘ ʠʥʪʝʨʪʫʙʫʣʘʨʥʠʷ ʤʘʪʨʠʢʩ (110, 153, 290). ɺʲʟʜʫʰʥʦʪʦ 

ʧʦʜʩʫʰʘʚʘʥʝ ʚʦʜʠ ʥʝ ʩʘʤʦ ʜʦ ʢʦʣʘʙʠʨʘʥʝ ʥʘ ʤʨʝʞʘʪʘ ʦʪ ʢʦʣʘʛʝʥʦʚʠ ʚʣʘʢʥʘ, ʥʦ ʠ ʷ 

ʧʨʘʚʠ ʧʦ-ʪʚʲʨʜʘ ʚ ʪʦʚʘ ʢʦʣʘʙʠʨʘʣʦ ʩʲʩʪʦʷʥʠʝ (288, 290). ɸʧʣʠʮʠʨʘʥʝʪʦ ʥʘ ʧʨʘʡʤʝʨ ʥʘ 

ʘʮʝʪʦʥʦʚʘ ʦʩʥʦʚʘ ʱʝ ʜʦʚʝʜʝ ʜʦ ʟʘʧʘʟʚʘʥʝ ʥʘ ʪʚʲʨʜʦʩʪʪʘ ʥʘ ʢʦʣʘʙʠʨʘʣʘʪʘ ʢʦʣʘʛʝʥʦʚʘ 

ʤʨʝʞʘ. ɸʢʦ ʧʨʝʜʠ ʪʦʚʘ ʧʦʜʩʫʰʝʥʠʷ ʩ ʚʲʟʜʫʭ ʜʝʤʠʥʝʨʘʣʠʟʠʨʘʥ ʜʝʥʪʠʥ ʩʝ ʦʚʣʘʞʥʠ 

ʦʪʥʦʚʦ ʩ ʚʦʜʘ, ʪʘʟʠ ʢʦʣʘʙʠʨʘʣʘ ʢʦʣʘʛʝʥʦʚʘ ʤʨʝʞʘ ʱʝ ʩʝ ʨʘʟʰʠʨʠ ʠ ʚʲʟʩʪʘʥʦʚʠ (76, 154). 

ʇʨʦʤʝʥʠʪʝ ʥʘ ʚʝʣʠʯʠʥʠʪʝ ʠ ʢʘʯʝʩʪʚʘʪʘ ʥʘ ʦʧʲʥ, ʥʘʙʣʶʜʘʚʘʥʠ ʚ ʝʢʩʧʝʨʠʤʝʥʘʣʥʠʪʝ 

ʜʝʤʠʥʝʨʘʣʠʟʠʨʘʥʠ ʜʝʥʪʠʥʦʚʠ ʦʙʨʘʟʮʠ ʦʪʨʘʟʷʚʘʪ ʩʭʦʜʥʠʪʝ ʧʨʦʤʝʥʠ ʚ ʤʠʢʨʦʩʢʦʧʠʯʥʠʪʝ 

ʜʝʤʠʥʝʨʘʣʠʟʠʨʘʥʠ ʜʝʥʪʠʥʦʚʠ ʟʦʥʠ ʚ ʢʠʩʝʣʠʥʥʦ ʝʮʚʘʥʠʷ ʜʝʥʪʠʥ  (110, 347). 

ʆʧʨʝʜʝʣʷʥʝʪʦ ʥʘ ʪʦʚʘ ʢʦʣʢʦ ʚʣʘʞʝʥ ʪʨʷʙʚʘ ʜʘ ʙʲʜʝ ʜʝʥʪʠʥʘ, ʟʘ ʜʘ ʩʝ ʦʩʠʛʫʨʠ 

ʦʪʩʪʨʘʥʷʚʘʥʝʪʦ ʥʘ ʚʦʜʘʪʘ ʧʨʠ ʘʧʣʠʮʠʨʘʥʝʪʦ ʥʘ ʧʨʘʡʤʝʨʠ ʥʘ ʘʮʝʪʦʥʦʚʘ ʦʩʥʦʚʘ ʝ ʜʦʩʪʘ 

ʪʨʫʜʥʦ. ʇʨʦʙʣʝʤʠʪʝ, ʧʨʦʠʟʪʠʯʘʱʠ ʦʪ ʧʨʝʢʘʣʝʥʦʪʦ ʢʦʣʠʯʝʩʪʚʦ ʚʦʜʘ ʩʘ ʦʧʠʩʘʥʠ ʦʪ Tay ʠ 

ʩʘ ʥʘʨʝʯʝʥʠ ʬʝʥʦʤʝʥ ʥʘ ʧʨʝʢʘʣʝʥʦ ʥʘʚʣʘʞʥʷʚʘʥʝ Ăoverwʝtting phenomenañ (118, 400, 
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401, 402). ʊʝʭʥʠʢʘʪʘ ʥʘ ʩʫʭʦʪʦ ʩʚʲʨʟʚʘʥʝ Ădry bondingñ ʦʪ ʜʨʫʛʘ ʩʪʨʘʥʘ ʝ ʟʥʘʯʠʪʝʣʥʦ 

ʧʦ-ʤʘʣʢʦ ʯʫʚʩʪʚʠʪʝʣʥʘ ʩʧʨʷʤʦ ʦʪʢʣʦʥʝʥʠʷ ʚ ʧʨʦʪʦʢʦʣʘ ʧʦ ʥʘʥʘʩʷʥʝ ʥʘ ʘʜʭʝʟʠʚʥʘʪʘ 

ʩʠʩʪʝʤʘ ʠ ʥʝ ʢʦʤʧʨʦʤʝʪʠʨʘ ʝʬʝʢʪʠʚʥʦʩʪʪʘ ʥʘ ʩʚʲʨʟʘʥʝ (118, 128, 427, 439). ʊʷ ʝ ʧʦ-

ʜʦʙʨʠʷʪ ʠʟʙʦʨ ʧʨʠ ʘʧʣʠʮʠʨʘʥʝ ʥʘ ʘʜʭʝʟʠʚʥʘ ʩʠʩʪʝʤʘ ʥʘ ʦʩʥʦʚʘʪʘ ʥʘ ʚʦʜʘ ʝʪʘʥʦʣ ʠ 

ʛʘʨʘʥʪʠʨʘ ʝʬʝʢʪʠʚʥʦ ʩʚʲʨʟʘʥʝ ʩ ʜʝʥʪʠʥʘ (427, 428, 439). 

ʇʨʠʥʮʠʧʥʦ ʩʧʦʩʦʙʥʦʩʪʪʘ ʥʘ ʨʘʟʪʚʦʨʠʪʝʣʠʪʝ, ʚʢʣʶʯʝʥʠ ʚ ʩʲʩʪʘʚʘ ʥʘ 

ʭʠʜʨʦʬʠʣʥʠʪʝ ʘʛʝʥʪʠ (ʘʮʝʪʦʥ ʠ ʝʪʘʥʦʣ) ʩʲʟʜʘʚʘ ʧʦ-ʛʦʣʤ̫ʘ ʚʟʘʠʤʥʘ ʜʠʬʫʟʠʷ ʚ ʜʝʥʪʠʥʘ 

ʩʣʝʜ ʦʪʩʪʨʘʥʷʚʘʥʝʪʦ ʥʘ ʚʦʜʘʪʘ (223). ɺʠʜʲʪ ʠ ʢʦʣʠʯʝʩʪʚʦʪʦ ʥʘ ʨʘʟʪʚʦʨʠʪʝʣʷ ʦʙʘʯʝ ʥʝ 

ʩʲʦʪʚʝʪʩʪʚʘ ʥʘ ʩʧʦʩʦʙʥʦʩʪʪʘ ʤʫ ʟʘ ʤʘʨʛʠʥʘʣʥʦ ʟʘʧʝʯʘʪʚʘʥʝ (220, 221, 223, 224, 352). 

ɸʜʭʝʟʠʚʠʪʝ ʥʘ ʘʮʝʪʦʥʦʚʘ ʦʩʥʦʚʘ ʩʘ ʤʥʦʛʦ ʧʦ-ʯʫʚʩʪʚʠʪʝʣʥʠ ʠ ʠʟʠʩʢʚʘʪ ʤʥʦʛʦ ʪʦʯʝʥ 

ʢʦʥʪʨʦʣ ʥʘ ʚʣʘʞʥʦʩʪʪʘ (223). ɼʨʫʛ ʥʝʜʦʩʪʘʪʲʢ ʥʘ ʪʝʟʠ ʘʜʭʝʟʠʚʥʠ ʩʠʩʪʝʤʠ ʝ ʪʷʭʥʘʪʘ 

ʩʠʣʥʘ ʣʝʪʣʠʚʦʩʪ, ʢʦʷʪʦ ʤʦʞʝ ʜʘ ʜʦʚʝʜʝ ʜʦ ʥʘʤʘʣʷʚʘʥʝ ʥʘ ʟʜʨʘʚʠʥʘʪʘ ʥʘ ʚʨʲʟʢʘʪʘ ʩ 

ʜʝʥʪʠʥʘ ʧʨʠ ʥʝʧʨʘʚʠʣʥʦʪʦ ʠʤ ʩʲʭʨʘʥʝʥʠʝ (223). ɸʜʭʝʟʠʚʠʪʝ ʥʘ ʚʦʜʥʘ ʦʩʥʦʚʘ ʠʤʘʪ 

ʩʧʦʩʦʙʥʦʩʪʪʘ ʜʘ ʠʟʧʨʘʚʷʪ ʢʦʣʘʙʠʨʘʣʠʪʝ ʢʦʣʘʛʝʥʦʚʠ ʚʣʘʢʥʘ, ʧʨʠ ʢʦʝʪʦ ʢʦʥʮʝʥʪʨʘʮʠʷʪʘ 

ʥʘ ʚʦʜʘ ʚ ʧʨʘʡʤʝʨʘ ʪʨʷʙʚʘ ʜʘ ʝ ʤʝʞʜʫ 9% ʠ 50% (76, 223, 401, 439).     

ʇʦʨʘʜʠ ʦʩʦʙʝʥʦʩʪʠʪʝ ʚ ʧʦʚʝʜʝʥʠʝʪʦ ʥʘ ʜʝʮʘʪʘ ʧʘʮʠʝʥʪʠ, ʢʘʢʪʦ ʠ ʧʦ-ʯʝʩʪʘʪʘ 

ʣʦʢʘʣʠʟʘʮʠʷ ʥʘ ʧʨʝʧʘʨʘʮʠʷʪʘ ʥʘ ʛʦʣʷʤʘ ʜʲʣʙʦʯʠʥʘ ʚ ʜʝʥʪʠʥʘ ʙʣʠʟʦ ʜʦ ʧʫʣʧʘʪʘ, ʩʝ 

ʧʨʝʜʧʦʣʘʛʘ, ʯʝ ʘʜʭʝʟʠʚʥʠʪʝ ʧʨʦʮʝʜʫʨʠ ʩʝ ʧʨʦʚʝʞʜʘʪ ʚ ʫʩʣʦʚʠʷʪʘ ʥʘ ʧʦʚʠʰʝʥʘ 

ʚʣʘʞʥʦʩʪ. ʊʦʚʘ ʥʘʩʦʯʚʘ ʥʫʞʜʠʪʝ ʢʲʤ ʪʲʨʩʝʥʝ ʥʘ ʢʣʠʥʠʯʝʥ ʧʨʦʪʦʢʦʣ ï ʢʘʪʦ ʚʨʝʤʝʪʨʘʝʥʝ 

ʥʘ ʝʮʚʘʥʝ, ʚʣʘʞʥʦʩʪ ʠ ʠʟʙʦʨ ʥʘ ʧʦʜʭʦʜʷʱʘ ʘʭʝʟʠʚʥʘ ʩʠʩʪʝʤʘ, ʢʦʡʪʦ ʜʘ ʛʘʨʘʥʪʠʨʘ 

ʧʦʩʪʠʛʘʥʝʪʦ ʥʘ ʦʧʪʠʤʘʣʥʘ ʢʘʪʦ ʢʘʯʝʩʪʚʦ ʠ ʢʣʠʥʠʯʥʘ ʪʨʘʡʥʦʩʪ ʘʜʭʝʟʠʷ ʩ ʜʝʥʪʠʥʘ ʥʘ 

ʚʨʝʤʝʥʥʠʪʝ ʟʲʙʠ.              

ʀʥʠʮʠʘʪʦʨʠ ʠ ʫʩʢʦʨʠʪʝʣʠ. ʇʦʚʝʯʝʪʦ ʦʪ ʘʜʭʝʟʠʚʥʠʪʝ ʩʠʩʪʝʤʠ ʩʘ ʩʚʝʪʣʠʥʥʦ 

ʧʦʣʠʤʝʨʠʟʠʨʘʱʠ ʠ ʩʲʜʲʨʞʘʪ ʢʘʪʦ ʘʢʪʠʚʘʪʦʨʠ ʢʘʤʬʦʨʦʢʠʥʦʥ ʠ ʦʨʛʘʥʠʯʥʠ ʘʤʠʥʠ. 

ɼʚʦʡʥʦʧʦʣʠʤʝʨʠʟʠʨʘʱʠʪʝ ʩʠʩʪʝʤʠ ʚʢʣʶʯʚʘʪ ʠ ʢʘʪʘʣʠʟʘʪʦʨ ʟʘ ʦʩʠʛʫʨʷʚʘʥʝ ʥʘ 

ʩʘʤʦʚʪʚʲʨʜʷʚʘʥʝʪʦ (93, 424, 432). 

ʇʲʣʥʠʪʝʣʠ. ʄʘʢʘʨ ʯʝ ʧʦʚʝʯʝʪʦ ʦʪ ʙʦʥʜʦʚʝʪʝ ʥʝ ʩʲʜʲʨʞʘʪ ʧʲʣʥʠʪʝʣʠ, ʥʷʢʦʠ 

ʧʨʦʜʫʢʪʠ ʩʲʜʲʨʞʘʪ ʥʝʦʨʛʘʥʠʯʥʠ ʧʲʣʥʠʪʝʣʠ ʦʪ 0.5% ʜʦ 40% ʦʪ ʪʝʛʣʦʪʦ ʩʠ. ʊʝ ʩʘ 

ʤʠʢʨʦʧʲʣʥʠʪʝʣʠ, ʥʘʨʝʯʝʥʠ ʦʱʝ ʥʘʥʦʬʠʣʲʨʠ ʠ ʩʫʙʤʠʢʨʦʥʥʠ ʩʪʲʢʣʝʥʠ ʯʘʩʪʠʮʠ. 

ɸʜʭʝʟʠʚʥʠʪʝ ʩʠʩʪʝʤʠ ʩ ʧʲʣʥʠʪʝʣʠ ʧʦʢʘʟʚʘʪ ʪʝʥʜʝʥʮʠʷ ʟʘ ʧʦ-ʛʦʣʷʤʘ ʟʜʨʘʚʠʥʘ ʥʘ 

ʚʨʲʟʢʘʪʘ ʧʨʠ ʠʥ ʚʠʪʨʦ ʠʟʩʣʝʜʚʘʥʠʷ (93, 358, 424). 

ɼʨʫʛʠ ʩʲʩʪʘʚʢʠ. ɸʜʭʟʠʚʠʪʝ ʤʦʛʘʪ ʜʘ ʩʲʜʲʨʞʘʪ ʦʱʝ ʠ ʬʣʫʦʨʠʜʥʠ ʠʣʠ 

ʘʥʪʠʤʠʢʨʦʙʥʠ ʩʲʩʪʘʚʢʠ. ɽʜʠʥ ʙʦʥʜ ʩʲʜʲʨʞʘ ʛʣʫʪʘʨʘʣʜʝʭʠʜ ʢʘʪʦ ʜʝʩʝʥʟʠʪʘʡʟʝʨ - 
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ʩʨʝʜʩʪʚʦ ʟʘ ʧʦʚʣʠʷʚʘʥʝ ʥʘ ʯʫʚʩʪʚʠʪʝʣʥʦʩʪʪʘ ʥʘ ʜʝʥʪʠʥʘ. ɽʬʝʢʪʠʚʥʦʩʪʪʘ ʥʘ 

ʦʩʚʦʙʦʞʜʘʚʘʥʠʪʝ ʦʪ ʘʜʭʝʟʠʚʠʪʝ ʬʣʫʦʨʠʜʠ ʥʝ ʝ ʜʦʢʘʟʘʥʘ (93, 424).  

ʊʨʘʜʠʮʠʦʥʥʠʪʝ ʪʨʠ ʩʪʲʧʢʦʚʠ ʘʜʭʝʟʠʚʥʠ ʩʠʩʪʝʤʠ ʩ ʝʮʚʘʥʝ ʠ ʠʟʤʠʚʘʥʝ ʜʥʝʩ ʚʩʝ 

ʦʱʝ ʩʝ ʧʨʠʝʤʘʪ ʢʘʪʦ Ăʟʣʘʪʝʥ ʩʪʘʥʜʘʨʪò ʧʨʠ ʧʦʩʪʠʛʘʥʝ ʥʘ ʦʧʪʠʤʘʣʥʘ ʘʜʭʝʟʠʷ ʩʲʩ 

ʟʲʙʥʠʪʝ ʩʪʨʫʢʪʫʨʠ (97, 118, 168, 334, 433, 435). 

 

5.2. ʉʘʤʦʝʮʚʘʱʠ ʘʜʭʝʟʠʚʥʠ ʩʠʩʪʝʤʠ 

 

ʉʘʤʦʝʮʚʘʱʠʪʝ ʘʜʭʝʟʠʚʥʠ ʩʠʩʪʝʤʠ ʥʝ ʠʟʠʩʢʚʘʪ ʦʪʜʝʣʥʘ ʩʪʲʧʢʘ ʥʘ Ăʝʮʚʘʥʝ ʠ 

ʠʟʤʠʚʘʥʝò, ʪʲʡ ʢʘʪʦ ʩʲʜʲʨʞʘʪ ʢʠʩʝʣʠ ʤʦʥʦʤʝʨʠ, ʢʦʠʪʦ:  

¶ ʝʜʥʦʚʨʝʤʝʥʥʦ ʝʮʚʘʪ ʠ ʚʲʚʝʞʜʘʪ ʧʨʘʡʤʝʨ ʚ ʝʤʘʡʣʘ ʠ ʜʝʥʪʠʥʘ;  

¶ ʧʦʟʚʦʣʷʚʘʪ ʨʘʟʪʚʘʨʷʥʝ ʥʘ ʤʠʥʝʨʘʣʥʠʪʝ ʢʨʠʩʪʘʣʠ ʦʢʦʣʦ ʢʦʣʘʛʝʥʦʚʠʪʝ 

ʚʣʘʢʥʘ ʠ ʠʥʬʠʣʪʨʠʨʘʥʝ ʥʘ ʧʨʘʡʤʝʨʘ/ʘʜʭʝʟʠʚʘ ʦʪʚʲʜ ʧʦʢʨʠʪʘʪʘ ʩʲʩ 

ʟʘʤʲʨʩʷʚʘʱ ʩʣʦʡ ʧʦʚʲʨʭʥʦʩʪ ʚ ʧʦʜʣʝʞʘʱʠʷ ʜʝʥʪʠʥʦʚ ʤʘʪʨʠʢʩ; 

¶ ʦʙʨʘʟʫʚʘʪ ʭʠʙʨʠʜʝʥ ʩʣʦʡ, ʚ ʢʦʡʪʦ ʩʘ ʠʥʢʦʨʧʦʨʠʨʘʥʠ ʨʘʟʪʚʦʨʝʥʠʷ 

ʟʘʤʲʨʩʷʚʘʱ ʩʣʦʡ ʠ ʧʨʦʜʫʢʪʠʪʝ ʦʪ ʜʝʤʠʥʝʨʘʣʠʟʘʮʠʷʪʘ (118, 195, 202, 365, 

398, 405, 413, 418, 435, 436). 

ʉʘʤʦʝʮʚʘʱʠʪʝ ʘʜʭʝʟʠʚʠ ʝʣʠʤʠʥʠʨʘʪ ʪʝʭʥʠʯʝʩʢʠ ʯʫʚʩʪʚʠʪʝʣʥʘʪʘ ʩʪʲʧʢʘ ʥʘ 

ʠʟʤʠʚʘʥʝ ʟʘ ʦʪʩʪʨʘʥʷʚʘʥʝ ʥʘ ʬʦʩʬʦʨʥʘʪʘ ʢʠʩʝʣʠʥʘ ʦʪ ʝʤʘʡʣʘ ʠ ʜʝʥʪʠʥʘ. ʂʣʠʥʠʯʥʠʪʝ 

ʠʟʠʩʢʚʘʥʠʷ ʢʲʤ ʪʝʟʠ ʘʜʭʝʟʠʚʠ ʩʘ ʩʲʱʠʪʝ, ʢʘʢʚʠʪʦ ʩʘ ʟʘ ʘʜʭʝʟʠʚʠʪʝ ʩ ʝʮʚʘʥʝ ʠ ʠʟʤʠʚʘʥʝ 

- ʦʪʩʪʨʘʥʷʚʘʥʝ ʥʘ ʥʝʩʪʘʙʠʣʥʠʷ ʟʘʤʲʨʩʷʚʘʱ ʩʣʦʡ ʦʪ ʧʦʚʲʨʭʥʦʩʪʪʘ ʥʘ ʟʲʙʥʠʪʝ ʩʪʨʫʢʪʫʨʠ, 

ʩʲʟʜʘʚʘʥʝ ʥʘ ʧʦʜʭʦʜʷʱʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʥʘ ʝʮʚʘʥʝ ʚ ʝʤʘʡʣʘ ʠ ʜʝʥʪʠʥʘ ʟʘ ʢʣʠʥʠʯʥʦ 

ʧʦʜʭʦʜʷʱ ʧʝʨʠʦʜ ʦʪ ʚʨʝʤʝ ï 15-30 sec, ʜʠʬʫʟʠʷ ʥʘ ʢʦʤʦʥʦʤʝʨʠʪʝ ʥʘʚʲʪʨʝ ʚ ʝʮʚʘʥʠʷ 

ʝʤʘʡʣ ʠ ʜʝʥʪʠʥ ʩ ʦʙʨʘʟʫʚʘʥʝ ʥʘ ʘʜʭʝʟʠʚʥʠ ʢʨʘʯʝʪʘ ʚ ʝʮʚʘʥʠʪʝ ʟʦʥʠ ʠ ʜʝʥʪʠʥʦʚʠʪʝ 

ʪʫʙʫʣʠ ʠ ʠʥʪʝʨʪʫʙʫʣʘʨʥʘ ʧʝʥʝʪʨʘʮʠʷ ʚ ʜʝʥʪʠʥʘ ʩ ʬʦʨʤʠʨʘʥʝ ʥʘ ʭʠʙʨʠʜʝʥ ʩʣʦʡ (252).   

ʉʘʤʦʝʮʚʘʱʠʪʝ ʘʜʭʝʟʠʚʠ ʩʝ ʨʘʟʜʝʣʷʪ ʥʘ ʧʦʜʛʨʫʧʠ ʩʧʦʨʝʜ ʢʣʠʥʠʯʥʠʷ ʧʨʦʪʦʢʦʣ ʥʘ 

ʥʘʥʘʩʷʥʝ, ʢʘʢʪʦ ʠ ʩʧʦʨʝʜ ʪʷʭʥʘʪʘ ʢʠʩʝʣʠʥʥʦʩʪ ʠ ʘʛʨʝʩʠʚʥʦʩʪ (97, 118, 428, 433, 435, 

436). ʇʦʜʦʙʥʦ ʥʘ ʘʜʭʝʟʠʚʠʪʝ ʩ Ăʝʮʚʘʥʝ ʠ ʠʟʤʠʚʘʥʝò ʠ ʪʫʢ ʠʤʘ ʜʚʫʩʪʲʧʢʦʚʠ ʠ 

ʝʜʥʦʩʪʲʧʢʦʚʠ ʚʘʨʠʘʥʪʠ (435). ʇʨʠ ʜʚʫʩʪʲʧʢʦʚʠʪʝ ʩʪʲʧʢʘʪʘ ʥʘ ʝʮʚʘʥʝ ʠ ʥʘʥʘʩʷʥʝ ʥʘ 

ʧʨʘʡʤʝʨ ʩʘ ʢʦʤʙʠʥʠʨʘʥʠ ʚ ʝʜʥʘ. ɺ ʪʘʟʠ ʩʠ ʬʦʨʤʘ ʪʝ ʩʝ ʩʲʩʪʦʷʪ ʦʪ ʢʠʩʝʣ ʧʨʘʡʤʝʨ ʠ 

ʘʜʭʝʟʠʚ. ɽʜʥʦʩʪʲʧʢʦʚʠʪʝ ʚʘʨʠʘʥʪʠ ʩʘ ʚʲʚʝʜʝʥʠ ʥʘʧʦʩʣʝʜʲʢ. ʊʦʚʘ ʩʘ ʪʲʡ ʥʘʨʝʯʝʥʠʪʝ 

ʝʜʥʦʙʫʪʠʣʢʦʚʠ ʠʣʠ all in one ʘʜʭʝʟʠʚʠ, ʧʨʠ ʢʦʠʪʦ ʝʮʚʘʱʠʷʪ ʘʛʝʥʪ, ʧʨʘʡʤʝʨʲʪ ʠ 

ʘʜʭʝʟʠʚʲʪ ʩʘ ʦʙʝʜʠʥʝʥʠ ʚ ʝʜʠʥ ʨʘʟʪʚʦʨ (6, 84, 118, 133, 202, 252, 365, 405, 428, 435).  
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ʉʘʤʦʝʮʚʘʱʠʪʝ ʘʜʭʝʟʠʚʠ ʩʘ ʟʘʤʠʩʣʝʥʠ ʢʘʪʦ ʤʝʪʘʢʨʠʣʘʪʥʠ ʦʨʛʘʥʠʯʥʠ ʢʠʩʝʣʠ 

ʤʦʥʦʤʝʨʠ, ʢʦʠʪʦ ʜʘ ʝʮʚʘʪ ʠ ʧʨʘʡʤʠʨʘʪ ʜʝʥʪʠʥʘ, ʢʘʢʪʦ ʠ ʜʘ ʢʦʧʦʣʠʤʝʨʠʟʠʨʘʪ ʩ 

ʤʝʪʘʢʨʠʣʘʪʥʘʪʘ ʘʜʭʝʟʠʚʥʘ ʧʣʘʩʪʤʘʩʘ. ʊʝ ʪʨʷʙʚʘ ʜʘ ʠʤʘʪ ʧʦʜʭʦʜʷʱʦ ʨʅ, ʟʘ ʜʘ ʤʦʛʘʪ 

ʝʬʝʢʪʠʚʥʦ ʜʘ ʝʮʚʘʪ ʧʦʚʲʨʭʥʦʩʪʪʘ ʥʘ ʟʲʙʥʠʪʝ ʩʪʨʫʢʪʫʨʠ ʠ ʜʘ ʦʪʜʝʣʷʪ 

ʭʠʜʨʦʢʩʠʣʘʧʘʪʠʪʥʘʪʘ ʬʘʟʘ ʦʪ ʜʝʥʪʠʥʦʚʠʷ ʤʘʪʨʠʢʩ. ɺ ʜʦʧʲʣʥʝʥʠʝ ʪʝʟʠ ʢʠʩʝʣʠ ʤʦʥʦʤʝʨʠ 

(ʠ ʧʨʦʜʫʢʪʠʪʝ ʠʤ ʦʪ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝʪʦ ʩ ʭʠʜʨʦʢʩʠʣʘʧʘʪʠʪʥʘʪʘ ʬʘʟʘ) ʤʦʛʘʪ ʜʘ 

ʚʟʘʠʤʦʜʝʡʩʪʚʘʪ ʩ ʪʘʟʠ ʬʘʟʘ ʠ ʬʘʟʘʪʘ ʥʘ ʢʦʣʘʛʝʥʦʚʠʷ ʤʘʪʨʠʢʩ. ʄʝʪʘʢʨʠʣʘʪʥʘʪʘ 

ʬʫʥʢʮʠʦʥʘʣʥʘ ʛʨʫʧʘ ʧʦʜʧʦʤʘʛʘ ʧʦʣʠʤʝʨʠʟʘʮʠʷʪʘ ʩ ʘʜʭʝʟʠʚʥʘʪʘ ʧʣʘʩʪʤʘʩʘ. 

ʉʣʝʜʦʚʘʪʝʣʥʦ ʠ ʭʠʜʨʦʢʩʠʣʘʧʘʪʠʪʥʘʪʘ ʬʘʟʘ ʠ ʢʦʣʘʛʝʥʦʚʘʪʘ ʬʘʟʘ ʥʘ ʜʝʥʪʠʥʘ ʤʦʛʘʪ ʜʘ 

ʠʤʘʪ ʚʘʞʥʘ ʨʦʣʷ ʧʨʠ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝʪʦ ʜʝʥʪʠʥ-ʘʜʭʝʟʠʚ (424). ʏʨʝʟ ʠʟʩʣʝʜʚʘʥʠʷ (ʊɽʄ, 

ʬʦʪʦʝʤʠʩʠʦʥʥʘ ʩʧʝʢʪʨʦʩʢʦʧʠʷ) ʟʘ ʧʨʦʫʯʚʘʥʝ ʥʘ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝʪʦ ʤʝʞʜʫ ʩʘʤʦʝʮʚʘʱʠ 

ʘʜʭʝʟʠʚʠ ʠ ʭʠʜʨʦʢʩʠʣʘʧʘʪʠʪʥʘʪʘ ʬʘʟʘ ʠ ʜʝʥʪʠʥʘ ʝ ʫʩʪʘʥʦʚʝʥʦ, ʯʝ ʥʘʩʪʲʧʚʘ ʯʘʩʪʠʯʥʘ 

ʜʝʤʠʥʝʨʘʣʠʟʮʠʷ, ʢʦʷʪʦ ʦʩʪʘʚʷ ʦʩʪʘʪʲʯʥʠ ʭʠʜʨʦʢʩʠʣʘʧʘʪʠʪʥʠ ʬʘʟʠ ʚʲʪʨʝ ʚ ʭʠʙʨʠʜʥʠʷ 

ʩʣʦʡ (182, 424, 465). ʉʧʝʢʪʨʘʣʥʦ ʠʟʩʣʝʜʚʘʥʝ ʝ ʫʩʪʘʥʦʚʠʣʦ, ʯʝ ʤʦʥʦʤʝʨʠʪʝ ʥʘ 

ʩʘʤʦʝʮʚʘʱʠʪʝ ʧʨʘʡʤʝʨʠ ʚʟʘʠʤʦʜʝʡʩʪʚʘʪ ʩ ʭʠʜʨʦʢʩʠʣʘʧʘʪʠʪʥʘʪʘ ʬʘʟʘ ʚ ʜʝʥʪʠʥʘ ʯʨʝʟ 

ʭʠʤʠʯʥʘ ʨʝʘʢʮʠʷ, ʢʦʷʪʦ ʚʦʜʠ ʜʦ ʦʙʨʘʟʫʚʘʥʝʪʦ ʥʘ CaHPO4 ʩʪʨʫʢʪʫʨʘ ʠ ʦʨʛʘʥʠʯʥʘ 

ʬʦʩʬʘʪʥʘ ʩʪʨʫʢʪʫʨʘ [Ca(RHPO3)2] ʢʘʢʪʦ ʩʣʝʜʚʘ (36, 424): 

Ca10(PO4)6(OH)2 + 8RPnO3H2 Ÿ 6[CaHPO4] + 4[Ca(RHPO3)2] + 2H2O 

CaHPO4 ʩʪʨʫʢʪʫʨʘ ʝʚʝʥʪʫʘʣʥʦ ʤʦʞʝ ʜʘ ʩʝ ʩʪʘʙʠʣʠʟʠʨʘ ʢʘʪʦ ʙʨʫʰʠʪʥʘ ʢʨʠʩʪʘʣʠʥʥʘ 

ʬʘʟʘ (ʉʘʅʈʆ4.2ʅ2ʆ). ʊʦʚʘ ʧʦʢʘʟʚʘ ʥʫʞʜʘʪʘ ʦʪ ʧʦ-ʥʘʪʘʪʲʰʥʠ ʠʟʩʣʝʜʚʘʥʠʷ ʟʘ ʧʲʣʥʦʪʦ 

ʠʟʷʩʥʷʚʘʥʝ ʥʘ ʪʦʯʥʠʪʝ ʧʦʩʣʝʜʠʮʠ ʦʪ ʪʦʚʘ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ (424).  

 ʉʘʤʦʝʮʚʘʱʠʷʪ ʝʬʝʢʪ ʥʘ ʪʘʟʠ ʛʨʫʧʘ ʘʜʭʝʟʠʚʥʠ ʩʠʩʪʝʤʠ ʩʝ ʜʲʣʞʠ ʥʘ ʪʝʭʥʠʪʝ 

ʤʦʥʦʤʝʨʠ, ʢʲʤ ʢʦʠʪʦ ʩʘ ʜʦʙʘʚʝʥʠ ʝʜʥʘ ʠʣʠ ʧʦʚʝʯʝ ʢʘʨʙʦʢʩʠʣʥʠ ʠʣʠ ʬʦʩʬʘʪʥʠ ʢʠʩʝʣʠ 

ʛʨʫʧʠ (428, 436). ʅʘ ʦʩʥʦʚʘʪʘ ʥʘ ʪʷʭʥʘʪʘ ʢʠʩʝʣʠʥʥʦʩʪ, ʩʘʤʦʝʮʚʘʱʠʪʝ ʘʜʭʝʟʠʚʠ ʤʦʛʘʪ ʜʘ 

ʩʝ ʨʘʟʜʝʣʷʪ ʥʘ ʪʨʠ ʢʘʪʝʛʦʨʠʠ - ʩʣʘʙʠ (ʨʅÓ2), ʩʨʝʜʥʠ (ʨʅå1.5) ʠ ʩʠʣʥʠ (ʨʅÒ1) (118, 202, 

428, 433, 453). 

Ăʉʣʘʙʠʪʝò ʩʘʤʦʝʮʚʘʱʠ ʘʜʭʝʟʠʚʠ ʜʝʤʠʥʝʨʘʣʠʟʠʨʘʪ ʜʝʥʪʠʥʘ ʩʘʤʦ ʧʦʚʲʨʭʥʦʩʪʥʦ ï 

ʥʘ ʜʲʣʙʦʯʠʥʘ ʦʢʦʣʦ 1 ɛm. ʇʦʚʨʲʭʥʦʩʪʥʘʪʘ ʜʝʤʠʥʝʨʘʣʠʟʘʮʠʷ ʝ ʯʘʩʪʠʯʥʘ, ʢʘʪʦ ʩʝ 

ʟʘʧʘʟʚʘʪ ʦʩʪʘʪʲʯʥʠ ʭʠʜʨʦʢʩʠʣʘʧʘʪʠʪʥʠ ʢʨʠʩʪʘʣʠ ʦʢʦʣʦ ʢʦʣʘʛʝʥʦʚʠʪʝ ʬʠʙʨʠʣʠ. 

ɿʘʤʲʨʩʷʚʘʱʠʪʝ ʟʘʧʫʰʘʣʢʠ ʥʝ ʩʘ ʥʘʧʲʣʥʦ ʦʪʩʪʨʘʥʝʥʠ ʦʪ ʚʭʦʜʘ ʥʘ ʜʝʥʪʠʥʦʚʠʪʝ 

ʢʘʥʘʣʯʝʪʘ. ʅʝʟʘʚʠʩʠʤʦ ʦʪ ʪʦʚʘ, ʩʲʟʜʘʚʘ ʩʝ ʜʦʩʪʘʪʲʯʥʘ ʧʦʨʴʦʟʥʦʩʪ ʥʘ ʧʦʚʲʨʭʥʦʩʪʪʘ, ʟʘ 

ʜʘ ʩʝ ʧʦʩʪʠʛʥʝ ʤʠʢʨʦʤʝʭʘʥʠʯʥʦ ʚʟʘʠʤʥʦ ʧʨʦʥʠʢʚʘʥʝ ʠ ʩʚʲʨʟʚʘʥʝ ʯʨʝʟ ʭʠʙʨʠʜʠʟʘʮʠʷ 

(118, 405, 428). ɿʘʧʘʟʝʥʠʪʝ ʭʠʜʨʦʢʩʠʣʘʧʘʪʠʪʥʠ ʢʨʠʩʪʘʣʠ ʤʦʛʘʪ ʜʘ ʧʦʩʣʫʞʘʪ ʢʘʪʦ 

ʨʝʮʝʧʪʦʨʠ ʟʘ ʜʦʧʲʣʥʠʪʝʣʥʦ ʭʠʤʠʯʥʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ (118, 428, 437, 465). ʄʦʥʦʤʝʨʠʪʝ 



 

36 

 

ʥʘ ʢʘʨʙʦʢʩʠʣʥʦ ʢʠʩʝʣʘ ʦʩʥʦʚʘ ʢʘʪʦ 4-ʄɽʊɸ (4-methacryloxyethyl trimellitic acid) ʠ 

ʤʦʥʦʤʝʨʠʪʝ ʥʘ ʬʦʩʬʘʪʥʘ ʦʩʥʦʚʘ, ʢʘʪʦ phenyl-P (2-methacryloxyethyl phenyl hydrogen 

phosphate) ʠ 10-MDP (10-methacryloxydecyl dihydrogen phosphate) ʧʨʠʪʝʞʘʚʘʪ 

ʧʦʪʝʥʮʠʘʣ ʟʘ ʭʠʤʠʯʥʦ ʩʚʲʨʟʚʘʥʝ ʩ ʢʘʣʮʠʷ ʦʪ ʦʩʪʘʪʲʯʥʠʷ ʭʠʜʨʦʢʩʠʣʘʧʘʪʠʪ (428, 465). 

ɿʘʧʘʟʚʘʥʝʪʦ ʥʘ ʭʠʜʨʦʢʩʠʣʘʧʘʪʠʪʘ ʦʢʦʣʦ ʢʦʣʘʛʝʥʦʚʠʪʝ ʬʠʙʨʠʣʠ ʤʦʞʝ ʙʠ ʦʩʠʛʫʨʷʚʘ ʧʦ-

ʜʦʙʨʦ ʧʨʝʜʧʘʟʚʘʥʝ ʥʘ ʢʦʣʘʛʝʥʘ ʦʪ ʭʠʜʨʦʣʠʟʠʨʘʥʝ ʠ ʧʦ ʪʦʟʠ ʥʘʯʠʥ ʦʪ ʨʘʥʥʦ ʨʘʟʣʘʛʘʥʝ 

(ʜʝʛʨʘʜʠʨʘʥʝ) ʥʘ ʚʨʲʟʢʘʪʘ (162, 165, 348, 428). ʅʘʡ-ʫʷʟʚʠʤʦʪʦ ʢʘʯʝʩʪʚʦ ʥʘ ʩʣʘʙʠʪʝ 

ʩʘʤʦʝʮʚʘʱʠ ʘʜʭʝʟʠʚʠ ʝ ʪʝʭʥʠʷ ʥʝʜʦʩʪʘʪʲʯʝʥ ʧʦʪʝʥʮʠʘʣ ʥʘ ʩʚʲʨʟʚʘʥʝ ʩ ʝʤʘʡʣʘ (428). 

Ăʉʨʝʜʥʠʪʝò ʩʘʤʦʝʮʚʘʱʠ ʘʜʭʝʟʠʚʠ ʩʲʟʜʘʚʘʪ ʜʚʫ ʧʣʘʩʪʦʚʦ ʦʙʨʘʟʫʚʘʥ ʭʠʙʨʠʜʝʥ 

ʩʣʦʡ ʚ ʜʝʥʪʠʥʘ ʩ ʧʲʣʥʘ ʜʝʤʠʥʝʨʘʣʠʟʘʮʠʷ ʥʘ ʧʦʚʲʨʭʥʦʩʪʪʘ ʠ ʯʘʩʪʠʯʥʘ ʜʝʤʠʥʝʨʘʣʠʟʘʮʠʷ 

ʢʲʤ ʦʩʥʦʚʘʪʘ ʥʘ ʭʠʙʨʠʜʥʠʷ ʩʣʦʡ. ʇʨʝʭʦʜʲʪ ʦʪ ʦʪʢʨʠʪʘʪʘ ʢʦʣʘʛʝʥʦʚʘ ʤʨʝʞʘ ʢʲʤ 

ʧʦʜʣʝʞʘʱʠʷ ʥʝʟʘʩʝʛʥʘʪ ʜʝʥʪʠʥ ʝ ʩ ʨʝʟʢʠ ʦʯʝʨʪʘʥʠʷ. ʇʨʠ ʪʝʟʠ ʩʨʝʜʥʦ ʩʠʣʥʠ ʧʦ 

ʘʛʨʝʩʠʚʥʦʩʪ ʘʜʭʝʟʠʚʠ, ʥʘʡ-ʜʲʣʙʦʢʠʷʪ ʫʯʘʩʪʲʢ ʦʪ ʭʠʙʨʠʜʥʠʷ ʩʣʦʡ ʦʪ ʦʢʦʣʦ 1 ɛm ʚʩʝ ʦʱʝ 

ʩʲʜʲʨʞʘ ʭʠʜʨʦʢʩʠʣʘʧʘʪʠʪʠ (428). ʊʝʟʠ ʦʩʪʘʪʲʯʥʠ ʭʠʜʨʦʢʩʠʣʘʧʘʪʠʪʠ ʩʲʱʦ ʩʘ ʨʝʮʝʧʪʦʨʠ 

ʟʘ ʜʦʧʲʣʥʠʪʝʣʥʦ ʭʠʤʠʯʥʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ, ʧʦʜʦʙʥʦ ʥʘ ʪʦʚʘ ʧʨʠ ʩʣʘʙʠʪʝ ʧʦ ʘʛʨʝʩʠʚʥʦʩʪ 

ʩʘʤʦʝʮʚʘʱʠ ʘʜʭʝʟʠʚʠ (97, 118, 428, 437, 465). ʉ ʪʘʟʠ ʧʦʜʛʨʫʧʘ ʩʨʝʜʥʦ ʩʠʣʥʠ 

ʩʘʤʦʝʮʚʘʱʠ ʘʜʭʝʟʠʚʠ, ʧʦʨʘʜʠ ʧʦ-ʛʦʣʷʤʘʪʘ ʠʤ ʢʠʩʝʣʠʥʥʦʩʪ ʩʝ ʧʦʩʪʠʛʘ ʧʦ-ʜʦʙʨʦ 

ʤʠʢʨʦʤʝʭʘʥʠʯʥʦ ʚʟʘʠʤʥʦ ʩʚʲʨʟʚʘʥʝ ʚ ʛʨʘʥʠʮʠʪʝ ʥʘ ʝʤʘʡʣʘ ʠ ʜʝʥʪʠʥʘ ʚ ʩʨʘʚʥʝʥʠʝ ʩ 

ʪʦʚʘ ʧʨʠ ʩʣʘʙʠʪʝ ʩʘʤʦʝʮʚʘʱʠ ʘʜʭʝʟʠʚʠ (428). 

Ăʉʠʣʥʠʪʝò ʩʘʤʦʝʮʚʘʱʠ ʘʜʭʝʟʠʚʠ ʠʤʘʪ ʨʅ ʦʢʦʣʦ 1 ʠʣʠ ʧʦ-ʤʘʣʢʦ. ʊʘʟʠ ʚʠʩʦʢʘ 

ʢʠʩʝʣʠʥʥʦʩʪ ʚʦʜʠ ʜʦ ʜʲʣʙʦʢʘ ʜʝʤʠʥʝʨʘʣʠʟʘʮʠʷ. ʉʣʝʜ ʧʨʠʣʦʞʝʥʠʝ ʥʘ ʪʝʟʠ ʘʜʭʝʟʠʚʠ ʠ 

ʉɽʄ ʥʘʙʣʶʜʝʥʠʷ, ʚ ʛʨʘʥʠʮʠʪʝ ʥʘ ʝʤʘʡʣʘ ʩʝ ʦʪʢʨʠʚʘʪ ʤʦʨʬʦʣʦʛʠʯʥʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ, 

ʩʭʦʜʥʠ ʩ ʪʝʟʠ ʧʨʠ ʝʮʚʘʥʝ ʩ ʬʦʩʬʦʨʥʘ ʢʠʩʝʣʠʥʘ ʧʨʠ ʫʧʦʪʨʝʙʘʪʘ ʥʘ ʘʜʭʝʟʠʚʠ ʩ ʝʮʚʘʥʝ ʠ 

ʠʟʤʠʚʘʥʝ (406, 428). ɺ ʛʨʘʥʠʮʠʪʝ ʥʘ ʜʝʥʪʠʥ ʪʝ ʚʦʜʷʪ ʜʦ ʦʪʢʨʠʚʘʥʝ ʥʘ ʢʦʣʘʛʝʥʦʚʘʪʘ 

ʤʨʝʞʘ, ʘ ʧʦʯʪʠ ʚʩʠʯʢʠ ʭʠʜʨʦʢʩʠʣʘʧʘʪʠʪʥʠ ʢʨʠʩʪʘʣʠ ʩʘ ʨʘʟʪʚʦʨʝʥʠ. ʆʙʨʘʟʫʚʘ ʩʝ ʜʝʙʝʣ 

ʭʠʙʨʠʜʝʥ ʩʣʦʡ, ʣʠʰʝʥ ʦʪ ʭʠʜʨʦʢʩʠʣʘʧʘʪʠʪʥʠ ʢʨʠʩʪʘʣʠ ʠ ʩ ʥʘʣʠʯʥʠ ʘʜʭʝʟʠʚʥʠ ʢʨʘʯʝʪʘ 

(24, 118, 405, 428). 

ʅʝʟʘʚʠʩʠʤʦ ʦʪ ʨʅ ʥʘ ʧʨʘʡʤʝʨʘ, ʜʨʫʛʠ ʬʘʢʪʦʨʠ, ʢʘʪʦ ʨʘʟʙʲʨʢʚʘʥʝ ʧʦ ʚʨʝʤʝ ʥʘ 

ʘʧʣʠʮʠʨʘʥʝʪʦ, ʜʝʙʝʣʠʥʘ ʥʘ ʟʘʤʲʨʩʷʚʘʱʠʷ ʩʣʦʡ, ʚʠʩʢʦʟʠʪʝʪ ʠ ʩʧʦʩʦʙʥʦʩʪ ʟʘ 

ʥʘʚʣʘʞʥʷʚʘʥʝ, ʩʘ ʦʪ ʩʲʱʝʩʪʚʝʥʦ ʟʥʘʯʝʥʠʝ ʟʘ ʧʦʩʪʠʛʘʥʝ ʥʘ ʜʝʤʠʥʝʨʘʣʠʟʘʮʠʷ ʠ 

ʜʲʣʙʦʯʠʥʘ ʥʘ ʠʥʬʠʣʪʨʠʨʘʥʝ ʧʨʠ ʩʘʤʦʝʮʚʘʱʠʪʝ ʘʜʭʝʟʠʚʠ (118, 202, 209, 276, 358). 

ɼʦʙʨʠʷʪ ʝʬʝʢʪ ʥʘ ʩʘʤʦʝʮʚʘʱʠʪʝ ʘʜʭʝʟʠʚʠ ʚʝʨʦʷʪʥʦ ʩʝ ʜʲʣʞʠ ʥʘ ʭʠʤʠʯʝʩʢʦʪʦ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʤʝʞʜʫ ʤʦʥʦʤʝʨʠʪʝ ʠ ʭʠʜʨʦʢʩʠʣʘʧʘʪʠʪʘ (118, 428, 465). 
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ʇʦʚʝʯʝʪʦ ʦʪ ʥʘʤʠʨʘʱʠʪʝ ʩʝ ʥʘ ʧʘʟʘʨʘ ʩʘʤʦʝʮʚʘʱʠ ʧʨʘʡʤʝʨʠ ʠ ʘʜʭʝʟʠʚʠ ʩʘ ʥʘ 

ʤʝʪʘʢʨʠʣʘʪʥʘ ʦʩʥʦʚʘ ʩ ʨʅ ʦʪ 1.5 ʜʦ 2.5 (252). ɽʜʠʥ ʦʪ ʧʲʨʚʠʪʝ ʩʲʟʜʘʜʝʥʠ ʢʠʩʝʣʠ 

ʤʦʥʦʤʝʨʠ ʝ 4-methacryloyloxyethyl trimellitate anhydride (4-META), ʢʦʡʪʦ ʚʩʝ ʦʱʝ ʯʝʩʪʦ 

ʩʝ ʚʢʣʶʯʚʘ ʚ ʪʝʭʥʠʷ ʩʲʩʪʘʚ (85, 252). ʉʲʩʪʘʚʲʪ ʥʘ ʩʘʤʦʝʮʚʘʱʠʪʝ ʘʜʭʝʟʠʚʠ ʝ ʜʦʩʪʘ 

ʫʥʠʢʘʣʝʥ, ʪʲʡ ʢʘʪʦ ʩʲʜʲʨʞʘʪ ʛʦʣʝʤʠ ʢʦʥʮʝʥʪʨʘʮʠʠ ʦʪ ʚʦʜʘ ʠ ʢʠʩʝʣʠ ʤʦʥʦʤʝʨʠ (118, 

453). ɺʦʜʘʪʘ ʝ ʟʘʜʲʣʞʠʪʝʣʥʘ ʚ ʩʲʩʪʘʚʘ ʥʘ ʩʘʤʦʝʮʚʘʱʠʪʝ ʩʠʩʪʝʤʠ, ʪʲʡ ʢʘʪʦ ʪʷ ʩʲʟʜʘʚʘ 

ʡʦʥʠʟʠʨʘʥʘ ʩʨʝʜʘ ʟʘ ʬʫʥʢʮʠʦʥʘʣʥʠʪʝ ʤʦʥʦʤʝʨʠ (404). ɼʚʫʩʪʲʧʢʦʚʠʪʝ ʩʘʤʦʝʮʚʘʱʠ 

ʘʜʭʝʟʠʚʠ ʩʝ ʩʲʩʪʦʷʪ ʦʪ ʧʨʘʡʤʝʨ, ʧʨʝʜʩʪʘʚʣʷʚʘʱ ʭʠʜʨʦʬʠʣʝʥ ʚʦʜʝʥ ʨʘʟʪʚʦʨ ʠ ʦʪʜʝʣʝʥ 

ʭʠʜʨʦʬʦʙʝʥ ʘʜʭʝʟʠʚ. ɽʜʥʦʩʪʲʧʢʦʚʠʪʝ ʩʘʤʦʝʮʚʘʱʠ ʘʜʭʝʟʠʚʠ ʩʘ ʢʦʤʧʣʝʩʢʥʘ ʩʤʝʩ ʦʪ ʜʚʘ 

ʢʦʤʧʦʥʝʥʪʘ ï ʭʠʜʨʦʬʠʣʝʥ ʠ ʭʠʜʨʦʬʦʙʝʥ (118, 435). ɺʠʩʦʢʘʪʘ ʢʦʥʮʝʥʪʨʘʮʠʷ ʥʘ ʚʦʜʘ 

ʧʦʚʜʠʛʘ ʚʲʧʨʦʩʘ ʦʢʦʣʦ ʧʦʪʝʥʮʠʘʣʥʦ ʚʨʝʜʥʠʷ ʝʬʝʢʪ ʚʲʨʭʫ ʧʦʣʠʤʝʨʠʟʘʮʠʷʪʘ, ʪʲʡ ʢʘʪʦ ʝ 

ʚʲʟʤʦʞʥʦ ʚʦʜʘʪʘ ʜʘ ʥʝ ʩʝ ʦʪʩʪʨʘʥʠ ʥʘʧʲʣʥʦ. ʊʦʚʘ ʝ ʚʘʣʠʜʥʦ ʩʲʱʦ ʠ ʟʘ ʚʠʩʦʢʠʪʝ 

ʢʦʥʮʝʥʪʨʘʮʠʠ ʥʘ ʨʘʟʪʚʦʨʠʪʝʣ,̫ ʚʦʜʝʱʠ ʜʦ ʥʝʧʲʣʥʘ ʧʦʣʠʤʝʨʠʟʘʮʠʷ ʥʘ ʧʣʘʩʪʤʘʩʘʪʘ ʚ 

ʩʣʫʯʘʠʪʝ ʥʘ ʥʝʧʲʣʥʦʪʦ ʤʫ ʠʟʧʘʨʷʚʘʥʝ (118, 188, 425). 

ʄʦʥʦʤʝʨʠʪʝ ʚ ʩʘʤʦʝʮʚʘʱʠʪʝ ʘʜʭʝʟʠʚʠ, ʩʧʦʨʝʜ ʬʫʥʢʮʠʷʪʘ ʩʠ ʩʝ ʨʘʟʜʝʣʷʪ ʥʘ ʪʨʠ 

ʛʨʫʧʠ ï (1) ʩʘʤʦʝʮʚʘʱʠ ʘʜʭʝʟʠʚʥʠ ʤʦʥʦʤʝʨʠ, (2) ʢʨʲʩʪʦʩʘʥʦ ʩʚʲʨʟʚʘʱʠ ʩʝ ʤʦʥʦʤʝʨʠ ʠ 

(3) ʜʦʧʲʣʥʠʪʝʣʥʠ ʤʦʥʦʬʫʥʢʮʠʦʥʘʣʥʠ ʢʦ-ʤʦʥʦʤʝʨʠ (252).  

ʉʘʤʦʝʮʚʘʱʠʪʝ ʘʜʭʝʟʠʚʥʠ ʤʦʥʦʤʝʨʠ ʩʘ ʙʠʬʫʥʢʮʠʦʥʘʣʥʠ ʤʦʣʝʢʫʣʠ, ʢʦʠʪʦ 

ʩʲʜʲʨʞʘʪ ʥʘʡ-ʤʘʣʢʦʪʦ ʪʨʠ ʦʪ ʩʣʝʜʥʠʪʝ ʢʦʤʧʦʥʝʥʪʠ (ʩʭʝʤʘ 2):  

- ʩʧʦʩʦʙʥʘ ʜʘ ʧʦʣʠʤʝʨʠʟʠʨʘ ʈ ʛʨʫʧʘ, ʢʦʷʪʦ ʤʦʞʝ ʜʘ ʨʝʘʛʠʨʘ ʩ ʜʨʫʛʠʪʝ 

ʤʦʥʦʤʝʨʠ ʥʘ ʘʜʭʝʟʠʚʘ ʠ ʩ ʦʙʪʫʨʘʮʠʦʥʥʠʷ ʤʘʪʝʨʠʘʣ ʯʨʝʟ ʢʦʧʦʣʠʤʝʨʠʟʘʮʠʷ; 

- ʢʠʩʝʣʘ ʘʜʭʝʟʠʚʥʘ ʛʨʫʧʘ AD, ʩʧʦʩʦʙʥʘ ʜʘ ʝʮʚʘ ʪʚʲʨʜʠʪʝ ʟʲʙʥʠ ʩʪʨʫʢʪʫʨʠ ʠ ʜʘ 

ʚʟʘʠʤʦʜʝʡʩʪʚʘ ʩ ʪʷʭ; 

- ʧʨʦʩʪʨʘʥʩʪʚʝʥʘ (ʤʝʞʜʠʥʥʘ) ʛʨʫʧʘ, ʩʲʟʜʘʜʝʥʘ ʜʘ ʚʲʟʜʝʡʩʪʚʘ ï ʪ.ʝ. ʦʧʨʝʜʝʣʷ 

ʢʘʯʝʩʪʚʘʪʘ ʥʘ ʨʘʟʪʚʦʨʠʤʦʩʪ, ʧʨʠʩʧʦʩʦʙʠʤʦʩʪ ʠ ʦʚʣʘʞʥʷʚʘʥʝ ʥʘ ʘʜʭʝʟʠʚʥʠʷ 

ʤʦʥʦʤʝʨ (252). 

 

                        ʄʝʞʜʠʥʥʘ ʛʨʫʧʘ, ʚʣʠʷʝʱʘ ʧʨʠʩʧʦʩʦʙʠʤʦʩʪʪʘ, 
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     Ź  

                 ɸʜʭʝʟʠʚʥʘ ʛʨʫʧʘ ʟʘ  

          ʇʦʣʠʤʝʨʠʟʠʨʫʝʤʘ ʛʨʫʧʘ Ÿ ʈ ƄƄƄ R ƄƄƄ AD Ŷ     ʩʲʟʜʘʚʘʥʝ ʥʘ ʚʨʲʟʢʘ ʩ  

                ʜʝʥʪʠʥʘ ʠ ʝʤʘʡʣʘ 

                ʩʘʤʦʝʮʚʘʱ ʘʜʭʝʟʠʚʝʥ ʤʦʥʦʤʝʨ  

  

            ʉʭʝʤʘ 2. ʆʙʱʘ ʩʪʨʫʢʪʫʨʘ ʥʘ ʩʘʤʦʝʮʚʘʱ ʘʜʭʝʟʠʚʝʥ ʤʦʥʦʤʝʨ (252)  
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ʇʦʜʭʦʜʷʱʠ ʢʘʪʦ ʘʜʭʝʟʠʚʥʠ (AD) ʩʘ ʢʠʩʝʣʠʪʝ ʛʨʫʧʠ ʠ ʦʩʦʙʝʥʦ ʬʦʩʬʦʨʥʘʪʘ 

ʢʠʩʝʣʠʥʘ ʠ ʤʦʥʦ- ʠʣʠ ʜʠʭʠʜʨʦʛʝʥʬʦʩʬʘʪʥʠʪʝ ʛʨʫʧʠ, ʢʦʠʪʦ ʦʙʨʘʟʫʚʘʪ ʧʦ-ʩʠʣʥʠ 

ʢʠʩʝʣʠʥʠ, ʩʲʦʪʚʝʪʩʪʚʘʱʠ ʥʘ ʢʘʨʙʦʢʩʠʣʥʠʪʝ ʢʠʩʝʣʠʥʠ (252). ʇʦʪʝʥʮʠʘʣʲʪ ʥʘ ʢʠʩʝʣʠʪʝ 

ʤʦʥʦʤʝʨʠ ʟʘ ʝʮʚʘʥʝ ʟʘʚʠʩʠ ʚ ʛʦʣʷʤʘ ʩʪʝʧʝʥ ʦʪ ʢʠʩʝʣʠʥʥʦʩʪʪʘ ʥʘ ʤʦʥʦʤʝʨʠʪʝ, ʢʦʷʪʦ 

ʥʘʨʘʩʪʚʘ ʚ ʩʣʝʜʥʘʪʘ ʧʦʩʣʝʜʦʚʘʪʝʣʥʦʩʪ: ʢʘʨʙʦʢʩʠʣʥʠ ʢʠʩʝʣʠʥʠ < ʬʦʩʬʦʨʥʠ ʢʠʩʝʣʠʥʠ < 

ʢʠʩeʣʠ ʬʦʩʬʘʪʠ < ʩʫʣʬʦʥʦʚʠ (ʩʝʨʥʠ) ʢʠʩʝʣʠʥʠ (252). 

ʍʠʤʠʯʥʘʪʘ ʘʜʭʝʟʠʷ ʥʘ ʤʦʥʦʤʝʨʠʪʝ ʩ ʪʚʲʨʜʠʪʝ ʟʲʙʥʠ ʩʪʨʫʢʪʫʨʠ ʤʦʞʝ ʜʘ ʩʝ 

ʦʩʲʱʝʩʪʚʠ ʯʨʝʟ ʦʙʨʘʟʫʚʘʥʝʪʦ ʥʘ ʧʲʨʚʠʯʥʠ ʭʠʤʠʯʥʠ ʚʨʲʟʢʠ ï ʢʦʚʘʣʝʪʥʠ ʠʣʠ ʡʦʥʥʠ, 

ʩʲʟʜʘʜʝʥʠ ʧʨʠ ʨʝʘʢʮʠʷʪʘ ʥʘ ʧʦʜʭʦʜʷʱʠʪʝ ʘʜʭʝʟʠʚʥʠ ʛʨʫʧʠ ʩ ʢʦʤʧʦʥʝʥʪʠʪʝ ʥʘ ʪʚʲʨʜʠʪʝ 

ʟʲʙʥʠ ʩʪʨʫʢʪʫʨʠ. ʁʦʥʥʠʪʝ ʚʨʲʟʢʠ ʩʝ ʦʙʨʘʟʫʚʘʪ ʢʘʪʦ ʨʝʟʫʣʪʘʪ ʦʪ ʨʝʘʢʮʠʷʪʘ ʥʘ ʢʠʩʝʣʠʪʝ 

ʛʨʫʧʠ ʩ ʦʩʥʦʚʥʠʪʝ ʥʝʦʨʛʘʥʠʯʥʠ ʢʦʤʧʦʥʝʥʪʠ ʥʘ ʪʚʲʨʜʠʪʝ ʟʲʙʥʠ ʩʪʨʫʢʪʫʨʠ ï 

ʭʠʜʨʦʢʩʠʣʘʧʘʪʠʪʘ (252, 424). ɼʦʧʲʣʥʠʪʝʣʥʠʪʝ ʨʝʘʢʪʠʚʥʠ ʛʨʫʧʠ ʦʪ ʤʦʥʦʤʝʨʥʠʪʝ 

ʢʠʩʝʣʠʥʠ ʤʦʛʘʪ ʜʘ ʩʲʟʜʘʜʘʪ ʢʦʚʘʣʝʥʪʥʠ ʚʨʲʟʢʠ ʤʝʞʜʫ ʢʦʣʘʛʝʥʦʚʠʪʝ ʚʣʘʢʥʘ ʥʘ ʜʝʥʪʠʥʘ 

ʠ ʩʘʤʦʝʮʚʘʱʠʪʝ ʘʜʭʝʟʠʚʥʠ ʤʦʥʦʤʝʨʠ. ʊʲʡ ʢʘʪʦ ʢʦʣʘʛʝʥʲʪ ʥʘ ʜʝʥʪʠʥʘ ʩʲʜʲʨʞʘ 

ʨʝʘʢʪʠʚʥʠ ʛʨʫʧʠ, ʢʦʠʪʦ ʩʘ ʧʨʝʜʠʤʥʦ ʘʤʠʥʦ ʠʣʠ ʭʠʜʨʦʢʩʠʣʥʠ ʛʨʫʧʠ, ʨʝʘʢʮʠʷʪʘ ʤʝʞʜʫ 

ʜʝʥʪʠʥʘ ʠ ʘʣʜʝʭʠʜʥʠʪʝ ʠʣʠ ʘʥʭʠʜʨʠʜʥʠʪʝ ʛʨʫʧʠ ʤʦʞʝ ʜʘ ʩʲʟʜʘʜʝ ʢʦʚʘʣʝʥʪʥʠ ʚʨʲʟʢʠ ʩ 

ʢʦʣʘʛʝʥʦʚʠʪʝ ʬʠʙʨʠʣʠ (252, 424). ʋʩʪʘʥʦʚʷʚʘ ʩʝ ʠ ʬʠʟʠʯʥʘ ʘʜʭʝʟʠʷ ʯʨʝʟ ʚʪʦʨʠʯʥʠ 

ʚʘʣʝʥʪʥʠ ʩʠʣʠ ï Van der Waals ʩʠʣʠ ʠ London dispersion ʩʠʣʠ ʠʣʠ ʯʨʝʟ ʩʠʣʠ ʥʘ 

ʧʨʠʚʣʠʯʘʥʝ, ʧʦʨʦʜʝʥʠ ʧʨʠ ʦʙʨʘʟʫʚʘʥʝʪʦ ʥʘ ʭʠʜʨʦʛʝʥʥʠʪʝ ʤʦʩʪʦʚʝ ʠʣʠ ʧʨʠ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʯʨʝʟ ʦʙʤʝʥ ʥʘ ʟʘʨʷʜʠ (252).        

ɿʘ ʢʠʩʝʣʠ ʘʜʭʝʟʠʚʥʠ ʤʦʥʦʤʝʨʠ ʩʝ ʠʟʧʦʣʟʚʘʪ ʩʲʜʲʨʞʘʱʠ ʬʦʩʬʦʨ ʤʦʥʦʤʝʨʠ, ʢʘʪʦ 

ʥʘʧʨʠʤʝʨ ʬʦʩʬʦʨʥʘ ʢʠʩʝʣʠʥʘ ʠʣʠ ʢʠʩʝʣʠ ʬʦʩʬʘʪʠ, ʩʧʦʩʦʙʥʠ ʜʘ ʝʮʚʘʪ ʝʤʘʡʣʘ ʠ 

ʜʝʥʪʠʥʘ. ʊʝʟʠ ʤʦʥʦʤʝʨʠ ʜʦʧʨʠʥʘʩʷʪ ʟʘ ʜʠʬʫʟʠʷʪʘ ʥʘ ʤʦʥʦʤʝʨʘ ʚ ʢʠʩʝʣʠʥʥʦ 

ʧʦʜʛʦʪʚʝʥʠʷ ʠ ʧʦʜʣʝʞʘʱʠʷ ʠʥʪʘʢʪʝʥ ʜʝʥʪʠʥ. ʅʘʡ-ʯʝʩʪʦ ʩʝ ʠʟʧʦʣʟʚʘʪ ʧʦʣʠʤʝʨʠʟʠʨʘʱʠ 

ʢʠʩʝʣʠ ʬʦʩʬʘʪʠ. ɽʜʥʦ ʦʪ ʧʲʨʚʠʪʝ ʧʨʝʜʣʦʞʝʥʠ ʭʠʤʠʯʥʠ ʩʲʝʜʠʥʝʥʠʷ ʟʘ ʧʦʜʦʙʨʷʚʘʥʝ ʥʘ 

ʚʨʲʟʢʘʪʘ ʩ ʜʝʥʪʠʥʘ ʝ ʛʣʠʮʝʨʦʣ ʜʠʤʝʪʘʢʨʠʣʘʪʥʠʷ ʝʩʪʝʨ ʥʘ ʬʦʩʬʦʨʥʘʪʘ ʢʠʩʝʣʠʥʘ (GDMP) 

(56, 252).  

 ʄʦʥʦʬʫʥʢʮʠʦʥʘʣʥʠ ʠ ʢʨʲʩʪʦʩʘʥʦ ʩʚʲʨʟʚʘʱʠ ʩʝ ʤʦʥʦʤʝʨʠ. ʉʘʤʦʝʮʚʘʱʠʪʝ 

ʘʜʭʝʟʠʚʠ ʩʲʜʲʨʞʘʪ ʜʦʧʲʣʥʠʪʝʣʥʦ ʠ ʤʦʥʦ- ʠ ʜʠʬʫʥʢʮʠʦʥʘʣʥʠ ʥʝʢʠʩʝʣʠ ʤʝʪʘʢʨʠʣʘʪʠ, 

ʢʦʠʪʦ ʩʣʫʞʘʪ ʢʘʪʦ ʩʨʝʜʩʪʚʦ ʟʘ ʧʦʚʣʠʷʚʘʥʝ ʥʘ ʢʘʯʝʩʪʚʘʪʘ ʥʘ ʪʝʯʥʠʪʝ ʘʜʭʝʟʠʚʠ, ʢʘʪʦ 

ʚʲʟʤʦʞʥʦʩʪ ʟʘ ʩʤʝʩʚʘʥʝ, ʚʠʩʢʦʟʠʪʝʪ, ʥʘʚʣʘʞʥʷʚʘʥʝ ʠ ʩʧʦʩʦʙʥʦʩʪ ʟʘ ʦʙʨʘʟʫʚʘʥʝ ʥʘ 

ʬʠʣʤ, ʧʝʥʝʪʨʘʮʠʷ ʥʘ ʤʦʥʦʤʝʨʘ ʠ ʨʝʘʢʪʠʚʥʦʩʪ ʥʘ ʧʦʣʠʤʝʨʠʟʘʮʠʷʪʘ. ʊʝ ʧʦʚʣʠʷʚʘʪ ʠ 

ʢʘʯʝʩʪʚʘʪʘ ʥʘ ʧʦʣʠʤʝʨʠʟʠʨʘʣʠʷ ʚʪʚʲʨʜʝʥ ʘʜʭʝʟʠʚʝʥ ʩʣʦʡ, ʢʘʪʦ ʤʝʭʘʥʠʯʥʘ ʟʜʨʘʚʠʥʘ, 

ʧʦʛʣʲʱʘʥʝ ʥʘ ʚʦʜʘ ʠʣʠ ʩʪʘʙʠʣʥʦʩʪ ʩʨʝʱʫ ʭʠʜʨʦʣʠʪʠʯʥʘ ʠʣʠ ʝʥʟʠʤʥʘ ʜʝʛʨʘʜʘʮʠʷ (252). 
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ʆʪ ʤʦʥʦʤʝʪʘʢʨʠʣʘʪʠʪʝ ʥʘʡ-ʯʝʩʪʦ ʠʟʧʦʣʟʚʘʥʠʷʪ ʤʦʥʦʤʝʨ ʝ ʅɽʄɸ. ʊʦʡ ʝ ʨʘʟʪʚʦʨʠʤ ʚʲʚ 

ʚʦʜʘ ʥʠʩʢʦ ʚʠʩʢʦʟʝʥ ʤʦʥʦʤʝʨ, ʢʦʡʪʦ ʧʦʚʠʰʘʚʘ ʚʲʟʤʦʞʥʦʩʪʪʘ ʟʘ ʩʤʝʩʚʘʥʝ ʠ 

ʨʘʟʪʚʦʨʠʤʦʩʪʪʘ ʥʘ ʝʜʥʦ- ʠ ʜʚʫʧʦʣʶʩʥʠʪʝ ʘʜʭʝʟʠʚʥʠ ʢʦʤʧʦʥʝʥʪʠ ʠ ʩʧʦʩʦʙʥʦʩʪʪʘ ʟʘ 

ʦʚʣʘʞʥʷʚʘʥʝ ʥʘ ʪʚʲʨʜʠʪʝ ʟʲʙʥʠ ʩʪʨʫʢʪʫʨʠ ʦʪ ʪʝʯʥʠʪʝ ʘʜʭʝʟʠʚʠ. ɿʥʘʝ ʩʝ, ʯʝ ʅɽʄɸ ʤʦʞʝ 

ʜʘ ʩʪʘʙʠʣʠʟʠʨʘ ʤʨʝʞʘʪʘ ʦʪ ʢʦʣʘʛʝʥʦʚʠ ʚʣʘʢʥʘ ʠ ʧʦʚʠʰʘʚʘ ʜʝʥʪʠʥʦʚʠʷ ʧʝʨʤʝʘʙʠʣʠʪʝʪ ʠ 

ʜʠʬʫʟʠʷʪʘ ʥʘ ʤʦʥʦʤʝʨʘ (252). ɺ ʩʲʱʦʪʦ ʚʨʝʤʝ ʅɽʄɸ ʥʝ ʝ ʭʠʜʨʦʣʠʪʠʯʥʦ ʫʩʪʦʡʯʠʚ ʠ 

ʦʙʨʘʟʫʚʘ ʩʲʝʜʠʥʝʥʠʷ ʚ ʢʦʥʮʝʥʪʨʠʨʘʥʠ ʨʘʟʪʚʦʨʠ, ʢʦʝʪʦ ʜʦʧʨʠʥʘʩʷ ʟʘ ʥʝʛʦʚʘʪʘ ʭʠʜʨʦʣʠʟʘ 

(201, 252). ʋʩʪʘʥʦʚʝʥʦ ʝ, ʯʝ ʚʠʩʦʢʦʪʦ ʩʲʜʲʨʞʘʥʠʝ ʥʘ ʤʦʥʦʬʫʥʢʮʠʦʥʘʣʥʠ ʤʦʥʦʤʝʨʠ ʚ 

ʘʜʭʝʟʠʚʘ ʧʦʚʠʰʘʚʘ ʥʝʛʦʚʘʪʘ ʩʪʝʧʝʥ ʥʘ ʧʦʣʠʤʝʨʠʟʘʮʠʷ. ʊʦʚʘ ʤʦʞʝ ʟʥʘʯʠʪʝʣʥʦ ʜʘ 

ʥʘʤʘʣʠ ʢʨʲʩʪʦʩʘʥʦʪʦ ʩʚʲʨʟʚʘʥʝ ʚ ʧʦʣʠʤʝʨʠʟʠʨʘʣʠʷ ʘʜʭʝʟʠʚʝʥ ʩʣʦʡ, ʢʦʝʪʦ ʜʘ ʧʨʠʯʠʥʠ 

ʥʝʩʪʘʙʠʣʥʠ ʘʜʭʝʟʠʚʥʠ ʚʨʲʟʢʠ ʠ ʦʩʦʙʝʥʦ ʩʣʝʜ ʩʲʭʨʘʥʝʥʠʝ ʠ ʨʘʟʰʠʨʝʥʠʝ ʚʲʚ ʚʦʜʘ (252). 

 ʂʨʲʩʪʦʩʘʥʦ ʩʚʲʨʟʚʘʱʠʪʝ ʩʝ ʜʠʤʝʪʘʢʨʠʣʘʪʠ ʩʝ ʠʟʧʦʣʟʚʘʪ, ʟʘ ʜʘ ʛʝʥʝʨʠʨʘʪ 

ʦʙʨʘʟʫʚʘʥʝʪʦ ʥʘ ʧʦʣʠʤʝʨʥʘ ʤʨʝʞʘ. ʊʦʚʘ ʜʦʧʨʠʥʘʩʷ ʟʘ ʧʦʚʠʰʘʚʘʥʝ ʥʘ ʥʠʚʦʪʦ ʥʘ 

ʧʦʣʠʤʝʨʠʟʘʮʠʷ ʙʣʘʛʦʜʘʨʝʥʠʝ ʥʘ ʛʝʣ-ʝʬʝʢʪʘ. ʄʝʭʘʥʠʯʥʠʪʝ ʢʘʯʝʩʪʚʘ ʥʘ ʧʦʣʠʤʝʨʥʘʪʘ 

ʤʨʝʞʘ ʩʘ ʧʦʜʦʙʨʝʥʠ ʚ ʩʨʘʚʥʝʥʠʝ ʩ ʣʠʥʝʡʥʘʪʘ ʧʦʣʠʤʝʨʠʟʘʮʠʷ, ʘ ʦʙʨʘʟʫʚʘʥʠʷʪ 

ʢʨʲʩʪʦʩʘʥʦ-ʩʚʲʨʟʘʥ ʩʣʦʡ ʝ ʥʝʨʘʟʪʚʦʨʠʤ ʚʲʚ ʚʦʜʘ ʠ ʩʪʝʧʝʥʪʘ ʥʘ ʨʘʟʰʠʨʝʥʠʝ ʥʘʤʘʣʷʚʘ ʩ 

ʫʚʝʣʠʯʘʚʘʥʝ ʥʘ ʛʲʩʪʦʪʘʪʘ ʥʘ ʧʦʣʠʤʝʨʥʘʪʘ ʤʨʝʞʘ (252). ʅʘʡ-ʯʝʩʪʦ ʠʟʧʦʣʟʚʘʥʠʪʝ ʚ 

ʩʲʩʪʘʚʘ ʥʘ ʩʘʤʦʝʮʚʘʱʠʪʝ ʘʜʭʝʟʠʚʠ ʢʨʲʩʪʦʩʘʥʦ ʩʚʲʨʟʚʘʱʠ ʩʝ ʜʠʤʝʪʘʢʨʠʣʘʪʠ ʩʘ 2,2-bis 

[4-(2-hydroxy-3-methacryloyloxypropyl)phenyl] propane (Bis-GMA), 1,6-bis-[2-

methacryloyloxyethoxycarbonylamino]-2,4,4-trimethylhexane (UDMA), glycerol 

dimethacrylate (GDMA), ʠ TEGDMA. Bis-GMA ʠʤʘ ʚʠʩʦʢʘ ʨʝʘʢʪʠʚʥʦʩʪ, ʥʦ ʧʦʢʘʟʚʘ 

ʚʠʩʦʢ ʚʠʩʢʦʟʠʪʝʪ ʠ ʥʠʩʢʘ ʨʘʟʪʚʦʨʠʤʦʩʪ ʚʲʚ ʚʦʜʘ. GDMA ʠ TEGDMA ʠʤʘʪ ʥʠʩʲʢ 

ʚʠʩʢʦʟʠʪʝʪ ʠ ʧʦ-ʜʦʙʨʘ ʨʘʟʪʚʦʨʠʤʦʩʪ ʚʲʚ ʚʦʜʘ. ɺʩʠʯʢʠʪʝ ʪʝʟʠ ʜʠʤʝʪʘʢʨʠʣʘʪʠ ʥʝ ʩʘ 

ʭʠʜʨʦʣʠʪʠʯʥʦ ʫʩʪʦʡʯʠʚʠ ʚ ʢʠʩʝʣʠ ʚʦʜʥʠ ʨʘʟʪʚʦʨʠ ʠ ʜʝʛʨʘʜʠʨʘʪ ʢʘʪʦ ʦʙʨʘʟʫʚʘʪ 

ʩʲʦʪʚʝʪʥʠ ʜʠʦʣʠ (diols) ʠ ʤʝʪʘʢʨʠʣʦʚʠ ʢʠʩʝʣʠʥʠ (252). 

 ʀʥʠʮʠʘʪʦʨʠ. ʉʲʱʝʩʪʚʝʥ ʧʨʦʙʣʝʤ ʧʨʠ ʩʘʤʦʝʮʚʘʱʠʪʝ ʘʜʭʝʟʠʚʠ ʝ ʢʠʩʝʣʠʥʥʦ 

ʦʩʥʦʚʘʥʘʪʘ ʨʝʘʢʮʠʷ ʤʝʞʜʫ ʢʠʩʝʣʠʪʝ ʤʦʥʦʤʝʨʠ ʠ ʘʤʠʥʠʪʝ ï ʢʘʢʚʠʪʦ ʩʘ ʩʠʩʪʝʤʘʪʘ ʦʪ 

ʢʘʤʬʦʨʦʢʠʥʦʥ/ʘʤʠʥʠ, ʠʟʧʦʣʟʚʘʥʠ ʢʘʪʦ ʠʥʠʮʠʘʪʦʨʠ ʥʘ ʩʚʝʪʣʠʥʥʘʪʘ ʧʦʣʠʤʝʨʠʟʘʮʠʷ ʠʣʠ 

ʘʤʠʥ/ʧʝʨʦʢʩʠʜʥʘʪʘ ʩʠʩʪʝʤʘ ʧʨʠ ʭʠʤʠʯʝʩʢʠ ʧʦʣʠʤʝʨʠʟʠʨʘʱʠʪʝ ʘʜʭʝʟʠʚʠ (88, 252, 338, 

341, 411). ʀ ʚ ʜʚʘʪʘ ʩʣʫʯʘʷ ʢʦʥʮʝʥʪʨʘʮʠʷʪʘ ʥʘ ʘʤʠʥʠʪʝ ʠ ʥʘ ʦʙʨʘʟʫʚʘʥʠʪʝ ʘʤʠʥʦʚʠ 

ʨʘʜʠʢʘʣʠ, ʦʪʛʦʚʦʨʥʠ ʟʘ ʠʥʠʮʠʠʨʘʥʝʪʦ ʥʘ ʧʦʣʠʤʝʨʠʟʘʮʠʷʪʘ, ʥʘʤʘʣʷʚʘ (252). ʅʘʩʪʲʧʚʘ 

ʟʘʙʘʚʝʥʘ ʨʝʘʢʮʠʷ ʥʘ ʧʦʣʠʤʝʨʠʟʘʮʠʷ ʚ ʘʜʭʝʟʠʚʥʠʷ ʩʣʦʡ ʠ ʚ ʦʢʩʠʛʝʥʥʦ ʠʥʭʠʙʠʨʘʥʘʪʘ 

ʧʦʚʲʨʭʥʦʩʪʥʘ ʟʦʥʘ, ʢʦʷʪʦ ʩʚʲʨʟʚʘ ʢʦʤʧʦʟʠʪʘ ʢʲʤ ʘʜʭʝʟʠʚʘ (192, 252, 338, 475). 

ʂʠʩʝʣʠʥʥʦ ʦʩʥʦʚʘʥʘʪʘ ʨʝʘʢʮʠʷ ʜʦʚʝʞʜʘ ʜʦ ʨʘʚʥʦʚʝʩʠʝ ʤʝʞʜʫ ʧʨʦʪʦʥʥʠ ʠ ʥʝʧʨʦʪʦʥʥʠ 
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ʬʦʨʤʠ ʥʘ ʘʤʠʥʠʪʝ ʠ ʢʠʩʝʣʠʥʠʪʝ. ʉʣʝʜʦʚʘʪʝʣʥʦ ʢʦʥʮʝʥʪʨʘʮʠʷʪʘ ʥʘ ʘʤʠʥʠʪʝ ʪʨʷʙʚʘ ʜʘ 

ʙ̡ ʜʝ ʪʦʯʥʦ ʜʦʟʠʨʘʥʘ ʩʨʷʤʦ ʢʦʥʮʝʥʪʨʘʮʠʷʪʘ ʥʘ ʢʠʩʝʣʠʥʠʪʝ ʚ ʩʘʤʦʝʮʚʘʱʠʪʝ ʩʠʩʪʝʤʠ. ɺ 

ʩʣʫʯʘʠʪʝ ʥʘ ʩʚʝʪʣʠʥʥʘ ʧʦʣʠʤʝʨʠʟʘʮʠʷ ʩʘ ʥʫʞʥʠ Norrish ʪʠʧ I ʩʠʩʪʝʤʠ, ʢʦʠʪʦ ʥʝ ʠʟʠʩʚʘʪ 

ʘʢʪʠʚʘʪʦʨʠ (ʢʘʪʘʣʠʟʘʪʦʨʠ) ʟʘ ʘʤʠʥʠʪʝ ʠ ʘʙʩʦʨʙʠʨʘʪ ʩʚʝʪʣʠʥʘ ʩ ʜʲʣʞʠʥʘ ʥʘ ʚʲʣʥʘʪʘ ʦʪ 

400-500 nm (252). 

 ʈʘʟʪʚʦʨʠʪʝʣʠ. ɿʘ ʜʘ ʩʝ ʧʦʩʪʠʛʥʝ ʮʷʣʦʩʪʥʦ ʥʘʚʣʘʞʥʷʚʘʥʝ ʥʘ ʜʝʥʪʠʥʘ ʩʝ ʥʘʣʘʛʘ 

ʫʧʦʪʨʝʙʘʪʘ ʥʘ ʭʠʜʨʦʬʠʣʥʠ ʘʜʭʝʟʠʚʥʠ ʢʦʤʧʦʥʝʥʪʠ. ɼʝʤʠʥʝʨʘʣʠʟʘʮʠʷʪʘ ʥʘ ʝʤʘʡʣʘ ʠ 

ʜʝʥʪʠʥʘ ʠ ʦʪʩʪʨʘʥʷʚʘʥʝʪʦ ʥʘ ʟʘʤʲʨʩʷʚʘʱʠʷ ʩʣʦʡ ʩʘ ʡʦʥʥʠ ʧʨʦʮʝʩʠ. ʂʘʣʮʠʝʚʠʪʝ ʡʦʥʠ ʩʝ 

ʭʝʣʠʨʘʪ ʦʪ ʢʠʩʝʣʠʪʝ ʤʦʥʦʤʝʨʠ ʠ ʯʘʩʪ ʦʪ ʢʦʣʘʛʝʥʦʚʠʪʝ ʚʣʘʢʥʘ ʩʪʘʚʘʪ ʨʘʟʪʚʦʨʠʤʠ ʠʣʠ ʩʝ 

ʭʠʙʨʠʜʠʟʠʨʘʪ (209, 252). ɿʘ ʪʝʟʠ ʡʦʥʥʠ ʧʨʦʮʝʩʠ ʩʝ ʠʟʠʩʢʚʘ ʚʦʜʘ, ʧʦʨʘʜʠ ʢʦʝʪʦ 

ʩʘʤʦʝʮʚʘʱʠʪʝ ʘʜʭʝʟʠʚʠ ʠʣʠ ʧʨʘʡʤʝʨʠ ʩʘ ʥʘ ʚʦʜʥʘ ʦʩʥʦʚʘ (118, 404). ʊʦʚʘ ʝ ʧʨʠʯʠʥʘʪʘ 

ʪʝ ʜʘ ʥʝ ʩʝ ʚʣʠʷʷʪ ʦʪ ʚʣʘʞʥʦʩʪʪʘ ʥʘ ʜʝʥʪʠʥʦʚʘʪʘ ʧʦʚʲʨʭʥʦʩʪ (252, 361). ʂʲʤ ʩʲʩʪʘʚʘ ʥʘ 

ʩʘʤʦʝʮʚʘʱʠʪʝ ʘʜʭʝʟʠʚʠ ʩʝ ʜʦʙʘʚʷʪ ʠ ʩʲ-ʨʘʟʪʚʦʨʠʪʝʣʠ ʢʘʪʦ ʝʪʘʥʦʣ. ʊʦʡ ʦʙʨʘʟʫʚʘ ʩ 

ʚʦʜʘʪʘ ʘʟʝʦʪʨʦʧʥʘ ʩʤʝʩ ʠ ʪʘʢʘ ʫʩʢʦʨʷʚʘ ʧʦʚʲʨʭʥʦʩʪʥʘʪʘ ʜʝʭʠʜʨʘʪʘʮʠʷ ʯʨʝʟ ʧʨʠʣʘʛʘʥʝʪʦ 

ʥʘ ʚʲʟʜʫʰʥʘ ʩʪʨʫʷ ʧʨʠ ʠʟʩʫʰʘʚʘʥʝʪʦ. ʇʨʝʢʘʣʝʥʦʪʦ ʠʟʩʫʰʘʚʘʥʝ ʥʘ ʜʝʥʪʠʥʘ ʦʙʘʯʝ 

ʧʦʚʣʠʷʚʘ ʥʝʛʘʪʠʚʥʦ ʤʝʭʘʥʠʯʥʠʪʝ ʢʘʯʝʩʪʚʘ ʥʘ ʩʫʙʩʪʨʘʪʘ (260). ʄʦʞʝ ʜʘ ʥʘʩʪʲʧʠ ʬʘʟʦʚʦ 

ʨʘʟʜʝʣʷʥʝ ʠ ʧʨʝʮʠʧʠʪʘʮʠʷ ʥʘ ʢʦʤʧʦʥʝʥʪʠʪʝ ʥʘ ʘʜʭʝʟʠʚʘ, ʢʦʛʘʪʦ ʢʘʪʦ ʩʲ-ʨʘʟʪʚʦʨʠʪʝʣ ʩʝ 

ʜʦʙʘʚʠ ʘʮʝʪʦʥ. ʇʦ ʚʨʝʤʝ ʥʘ ʠʟʧʘʨʷʚʘʥʝʪʦ ʥʘ ʨʘʟʪʚʦʨʠʪʝʣʷ ʩʲʦʪʥʦʰʝʥʠʝʪʦ ʚʦʜʘ-ʘʮʝʪʦʥ 

ʩʝ ʧʨʦʤʝʥʷ (252).  

ɼʨʫʛʠ ʩʲʩʪʘʚʢʠ. ʂʲʤ ʩʲʩʪʘʚʘ ʥʘ ʪʝʟʠ ʘʜʭʝʟʠʚʠ ʤʦʛʘʪ ʜʘ ʩʝ ʜʦʙʘʚʷʪ ʧʲʣʥʠʪʝʣʠ. 

ʆʩʦʙʝʥʦ ʧʨʠ ʝʜʥʦʩʪʲʧʢʦʚʠʪʝ ʯʝʩʪʦ ʩʝ ʜʦʙʘʚʷʪ ʩʠʣʠʮʠʝʚʠ ʧʲʣʥʠʪʝʣʠ ʢʘʪʦ ʚʪʚʲʨʜʠʪʝʣ ʟʘ 

ʧʦʚʠʰʘʚʘʥʝ ʥʘ ʚʠʩʢʦʟʠʪʝʪʘ, ʢʘʪʦ ʧʦ ʪʦʟʠ ʥʘʯʠʥ ʩʝ ʦʙʨʘʟʫʚʘ ʥʘʜʝʞʜʝʥ ʬʠʣʤ, 

ʛʘʨʘʥʪʠʨʘʱ ʠ ʘʜʝʢʚʘʪʥʘʪʘ ʤʫ ʜʝʙʝʣʠʥʘ. ʊʘʢʘ ʤʦʛʘʪ ʜʘ ʙʲʜʘʪ ʧʨʝʜʦʪʚʨʘʪʝʥʠ ʝʬʝʢʪʠ, 

ʢʘʪʦ ʧʨʝʢʦʤʝʨʥʦ ʠʟʪʲʥʷʚʘʥʝ ʠ ʥʝʧʲʣʥʘ ʧʦʣʠʤʝʨʠʟʘʮʠʷ, ʧʦʨʘʜʠ ʢʠʩʣʦʨʦʜʥʦ ʠʥʭʠʙʠʨʘʥʝ 

(133, 141, 252, 393). ɼʨʫʛʠ ʜʦʙʘʚʷʥʠ ʧʲʣʥʠʪʝʣʠ ʩʘ ʦʩʚʦʙʦʞʜʘʚʘʱʠʪʝ ʬʣʫʦʨʥʠ ʡʦʥʠ ʠʣʠ 

ʦʩʠʛʫʨʷʚʘʱʠ ʨʝʥʪʛʝʥʦʢʦʥʪʨʘʩʪʥʦʩʪ (252). 

ʅʷʢʦʠ ʧʨʦʠʟʚʦʜʠʪʝʣʠ ʜʦʙʘʚʷʪ ʨʘʟʣʠʯʥʠ ʦʮʚʝʪʠʪʝʣʠ, ʦʩʦʙʝʥʦ ʧʨʠ 

ʜʚʫʩʪʲʧʢʦʚʠʪʝ ʟʘ ʚʠʟʫʘʣʝʥ ʢʦʥʪʨʦʣ ʟʘ ʧʨʘʚʠʣʥʦ ʩʤʝʩʚʘʥʝ ʠ ʭʦʤʦʛʝʥʥʦ ʧʦʢʨʠʚʘʥʝ ʥʘ 

ʟʙ̡ʘ, ʠ ʧʨʝʜʧʘʟʚʘʥʝ ʦʪ ʧʨʝʢʦʤʝʨʥʦ ʥʘʥʘʩʷʥʝ. ʇʨʠ ʩʚʝʪʣʠʥʥʘʪʘ ʧʦʣʠʤʝʨʠʟʘʮʠʷ 

ʦʮʚʝʪʷʚʘʥʝʪʦ ʠʟʯʝʟʚʘ (252). 

ʉʘʤʦʝʮʚʘʱʠʪʝ ʘʜʭʝʟʠʚʠ ʧʨʠʪʝʞʘʚʘʪ ʨʝʜʠʮʘ ʧʨʝʜʠʤʩʪʚʘ, ʚ ʩʨʘʚʥʝʥʠʝ ʩ 

ʘʜʭʝʟʠʚʠʪʝ ʩ ʝʮʚʘʥʝ ʠ ʠʟʤʠʚʘʥʝ. ʊʘʢʦʚʘ ʝ ʧʨʝʤʘʭʚʘʥʝʪʦ ʥʘ ʟʘʜʲʣʞʠʪʝʣʥʘʪʘ ʩʪʲʧʢʘ ʥʘ 

ʠʟʤʠʚʘʥʝ, ʢʦʝʪʦ ʥʘʤʘʣʷʚʘ ʨʘʟʭʦʜʘ ʥʘ ʚʨʝʤʝ, ʦʩʦʙʝʥʦ ʚʘʞʥʦ ʚ ʜʝʪʩʢʘʪʘ ʜʝʥʪʘʣʥʘ 

ʤʝʜʠʮʠʥʘ. ʆʪʧʘʜʘʪ ʢʦʥʜʠʮʠʦʥʠʨʘʥʝʪʦ, ʠʟʤʠʚʘʥʝʪʦ ʠ ʧʦʜʩʫʰʘʚʘʥʝʪʦ, ʢʦʠʪʦ ʩʘ 
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ʢʨʠʪʠʯʥʠ ʠ ʪʨʫʜʥʠ ʟʘ ʩʪʘʥʜʘʨʪʠʟʠʨʘʥʝ ʚ ʢʣʠʥʠʯʥʠ ʫʩʣʦʚʠʷ (118, 151, 194, 202, 365, 405, 

418). ʇʨʝʤʘʭʚʘ ʩʝ ʪʝʭʥʠʯʝʩʢʘʪʘ ʯʫʚʩʪʚʠʪʝʣʥʦʩʪ, ʩʚʲʨʟʘʥʘ ʩ ʦʩʠʛʫʨʷʚʘʥʝ ʥʘ ʩʚʲʨʟʚʘʥʝ ʩ 

ʜʝʭʠʜʨʘʪʠʨʘʥʠ ̫ʜʝʤʠʥʝʨʘʣʠʟʠʨʘʥ ʜʝʥʪʠʥ, ʪʲʡ ʢʘʪʦ ʥʝ ʩʝ ʥʘʣʘʛʘ ʠʟʤʠʚʘʥʝ ʠ ʠʟʩʫʰʘʚʘʥʝ 

(118, 156). ʇʨʝʜʦʪʚʨʘʪʝʥʦ ʝ ʢʦʣʘʙʠʨʘʥʝʪʦ ʥʘ ʢʦʣʘʛʝʥʦʚʘʪʘ ʤʨʝʞʘ, ʪʲʡ ʢʘʪʦ ʤʦʥʦʤʝʨʠʪʝ 

ʝʜʥʦʚʨʝʤʝʥʥʦ ʜʝʤʠʥʝʨʘʣʠʟʠʨʘʪ ʠ ʠʥʬʠʣʪʨʠʨʘʪ ʜʝʥʪʠʥʘ (12, 118, 413, 428). ɼʨʫʛʦ 

ʧʨʝʜʠʤʩʪʚʦ ʥʘ ʝʜʥʦʚʨʝʤʝʥʥʘʪʘ ʜʝʤʠʥʝʨʘʣʠʟʘʮʠʷ ʠ ʠʥʬʠʣʪʨʘʮʠʷ ʥʘ ʧʣʘʩʪʤʘʩʘʪʘ, ʝ ʯʝ 

ʪʝʦʨʝʪʠʯʥʦ ʝ ʠʟʙʝʛʥʘʪʦ ʥʝʧʲʣʥʦʪʦ ʡ ʠʥʬʠʣʪʨʠʨʘʥʝ (118, 413, 453). ɺ ʜʝʡʩʪʚʠʪʝʣʥʦʩʪ 

ʧʦʩʣʝʜʥʠʪʝ ʥʘʙʣʶʜʝʥʠʷ ʚʲʨʭʫ ʥʘʥʦʧʨʦʩʤʫʢʚʘʥʝʪʦ ʚ ʭʠʙʨʠʜʥʠʷ ʩʣʦʡ ʠ ʦʩʦʙʝʥʦ ʧʦʜ 

ʥʝʛʦ, ʭʚʲʨʣʠʭʘ ʩʲʤʥʝʥʠʝ ʚʲʨʭʫ ʩʭʚʘʱʘʥʝʪʦ, ʯʝ ʩʘʤʦʝʮʚʘʱʠʪʝ ʘʜʭʝʟʠʚʠ ʦʩʠʛʫʨʷʚʘʪ 

ʧʲʣʥʦ ʠʥʬʠʣʪʨʠʨʘʥʝ ʥʘ ʧʣʘʩʪʤʘʩʘʪʘ (73).  

ʊʲʡ ʢʘʪʦ ʟʘʤʲʨʩʷʚʘʱʠʷʪ ʩʣʦʡ ʠ ʟʘʤʲʨʩʷʚʘʱʠʪʝ ʟʘʧʫʰʘʣʢʠ ʥʝ ʩʝ ʦʪʩʪʨʘʥʷʚʘʪ 

ʧʨʝʜʠ ʥʘʥʘʩʷʥʝʪʦ ʥʘ ʙʦʥʜʘ, ʧʨʝʜʦʪʚʨʘʪʷʚʘ ʩʝ ʧʦʚʪʦʨʥʦʪʦ ʥʘʚʣʘʞʥʷʚʘʥʝ ʥʘ ʜʝʥʪʠʥʘ ʦʪ 

ʜʝʥʪʠʥʦʚʘʪʘ ʪʝʯʥʦʩʪ ʦʪ ʪʫʙʫʣʠʪʝ, ʢʘʪʦ ʩʝ ʩʲʦʙʱʘʚʘ ʟʘ ʥʘʤʘʣʝʥʘ ʧʦʩʪʦʧʝʨʘʪʠʚʥʘ 

ʯʫʚʩʪʚʠʪʝʣʥʦʩʪ (118, 187, 223, 404). ʅʷʢʦʠ ʘʚʪʦʨʠ ʦʙʘʯʝ ʥʝ ʥʘʤʠʨʘʪ ʨʘʟʣʠʢʘ ʚ 

ʧʦʩʪʦʧʝʨʘʪʠʚʥʘʪʘ ʯʫʚʩʪʚʠʪʝʣʥʦʩʪ ʤʝʞʜʫ ʪʨʠʩʪʲʧʢʦʚʠʪʝ ʘʜʭʝʟʠʚʠ ʩ ʝʮʚʘʥʝ ʠ ʠʟʤʠʚʘʥʝ 

ʠ ʩʘʤʦʝʮʚʘʱʠʪʝ ʩʠʩʪʝʤʠ (303).  

ɽʜʥʦʩʪʲʧʢʦʚʠʪʝ ʘʜʭʝʟʠʚʠ ʩʘ ʥʘʡ-ʣʝʩʥʠʪʝ ʟʘ ʧʨʠʣʦʞʝʥʠʝ ʘʜʭʝʟʠʚʥʠ ʩʠʩʪʝʤʠ. ʊʝ 

ʦʙʘʯʝ ʧʨʠʪʝʞʘʚʘʪ ʟʥʘʯʠʪʝʣʥʠ ʥʝʜʦʩʪʘʪʲʮʠ. ɻʣʘʚʥʠʷʪ ʠʤ ʥʝʜʦʩʪʲʢ ʝ ʦʪʥʦʩʠʪʝʣʥʦ 

ʥʠʩʢʘʪʘ ʟʜʨʘʚʠʥʘ ʥʘ ʩʚʲʨʟʚʘʥʝ, ʚ ʩʨʘʚʥʝʥʠʝ ʩ ʜʚʫʩʪʲʧʢʦʚʠʪʝ ʩʘʤʦʝʮʚʘʱʠ ʩʠʩʪʝʤʠ ʠ 

ʘʜʭʝʟʠʚʠʪʝ ʩ ʝʮʚʘʥʝ ʠ ʠʟʤʠʚʘʥʝ (50, 184, 185). ʋʩʪʘʥʦʚʝʥʦ ʝ, ʯʝ ʧʦʨʘʜʠ ʪʷʭʥʘʪʘ ʛʦʣʷʤʘ 

ʭʠʜʨʦʬʠʣʥʦʩʪ, ʝʜʥʦʩʪʲʧʢʦʚʠʪʝ ʩʘʤʦʝʮʚʘʱʠ ʘʜʭʝʟʠʚʠ ʜʝʡʩʪʚʘʪ ʢʘʪʦ ʧʝʨʤʝʘʙʠʣʥʠ 

ʤʝʤʙʨʘʥʠ, ʧʦʟʚʦʣʷʚʘʱʠ ʜʚʠʞʝʥʠʝʪʦ ʥʘ ʚʦʜʘʪʘ ʧʨʝʟ ʘʜʭʝʟʠʚʥʠʷ ʩʣʦʡ (410, 435). 

ʊʠʧʠʯʥʠʪʝ ʦʙʨʘʟʮʠ ʥʘ ʥʘʥʦʧʨʦʩʤʫʢʚʘʥʝ, ʪ.ʥʘʨ ʚʦʜʥʦ ʜʲʨʚʦ, ʤʦʛʘʪ ʜʘ ʩʝ ʥʘʙʣʶʜʘʚʘʪ 

ʚʲʪʨʝ ʚ ʘʜʭʝʟʠʚʥʠʷ ʩʣʦʡ, ʧʦʣʫʯʝʥ ʧʨʠ ʫʧʦʪʨʝʙʘʪʘ ʥʘ ʝʜʥʦʩʪʲʧʢʦʚʠʪʝ ʩʘʤʦʝʮʚʘʱʠ 

ʘʜʭʝʟʠʚʠ ʠ ʩʝ ʩʯʠʪʘʪ ʟʘ ʟʦʥʠ ʩ ʥʝʧʲʣʥʦ ʦʪʩʪʨʘʥʝʥʘ ʚʦʜʘ ʠ ʧʦʩʣʝʜʚʘʱʘ ʥʝʜʦʩʪʘʪʲʯʥʘ 

ʧʦʣʠʤʝʨʠʟʘʮʠʷ ʥʘ ʧʣʘʩʪʤʘʩʘʪʘ (412). ʇʨʠʩʲʩʪʚʠʝʪʦ ʥʘ ʪʝʟʠ ʚʦʜʥʠ ʜʲʨʚʝʪʘ ʦʩʪʘʚʘ ʚʩʝ 

ʦʱʝ ʥʝʠʟʷʩʥʝʥʦ, ʥʦ ʪʲʡ ʢʘʪʦ ʪʝ ʤʦʛʘʪ ʜʘ ʠʟʧʲʣʥʷʚʘʪ ʨʦʣʷʪʘ ʥʘ ʢʘʥʘʣʠ ʟʘ ʚʦʜʘ, ʤʦʛʘʪ ʜʘ 

ʜʦʧʨʠʥʝʩʘʪ ʟʘ ʫʩʢʦʨʷʚʘʥʝ ʨʘʟʨʫʰʘʚʘʥʝʪʦ ʥʘ ʚʲʟʢʘʪʘ ʟʲʙ-ʧʣʘʩʪʤʘʩʘ (101, 118, 166, 407, 

412). ʂʲʤ ʤʦʤʝʥʪʘ ʩʝʨʠʦʟʥʠ ʧʨʦʙʣʝʤʠ ʥʘ ʩʠʣʥʠʪʝ ʧʦ ʢʠʩʝʣʠʥʥʦʩʪ ʝʜʥʦʙʫʪʠʣʢʦʚʠ 

ʩʘʤʦʝʮʚʘʱʠ ʘʜʭʝʟʠʚʠ ʥʘ ʚʦʜʥʘ ʦʩʥʦʚʘ ʧʨʦʠʟʣʠʟʘʪ ʦʪ ʭʠʜʨʦʣʠʪʠʯʥʘʪʘ ʥʝʩʪʘʙʠʣʥʦʩʪ ʥʘ 

ʠʟʧʦʣʟʚʘʥʠʪʝ ʤʝʪʘʢʨʠʣʘʪʥʠ ʤʦʥʦʤʝʨʠ ʠ ʩʪʨʘʥʠʯʥʠʪʝ ʝʬʝʢʪʠ ʦʪ ʧʨʠʣʦʞʝʥʠʪʝ ʢʘʪʦ 

ʠʥʠʮʠʘʪʦʨʠ ʢʦʤʧʦʥʝʥʪʠ (252).  

ʉʲʢʨʘʪʝʥʠʷʪ ʢʣʠʥʠʯʝʥ ʘʧʣʠʢʘʮʠʦʥʝʥ ʧʨʦʪʦʢʦʣ, ʣʠʧʩʘʪʘ ʥʘ ʦʪʜʝʣʥʘ ʩʪʲʧʢʘ ʥʘ 

ʝʮʚʘʥʝ, ʢʘʢʪʦ ʠ ʬʘʢʪʲʪ, ʯʝ ʪʝʟʠ ʘʜʭʝʟʠʚʥʠ ʩʠʩʪʝʤʠ ʥʝ ʩʝ ʚʣʠʷʷʪ ʦʩʦʙʝʥʦ ʦʪ ʚʣʘʞʥʦʩʪʪʘ 
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ʥʘ ʜʝʥʪʠʥʦʚʘʪʘ ʧʦʚʲʨʭʥʦʩʪ ʩʘ ʚʩʝ ʧʨʝʜʠʤʩʪʚʘ, ʢʦʠʪʦ ʛʠ ʧʨʘʚʷʪ ʦʩʦʙʝʥʦ ʧʦʜʭʦʜʷʱʠ ʟʘ 

ʝʩʪʝʪʠʯʥʦ ʚʲʟʩʪʘʥʦʚʷʚʘʥʝ ʥʘ ʚʨʝʤʝʥʥʠ ʟʲʙʠ. 

ʇʨʦʪʠʚʦʨʝʯʠʚʠʪʝ ʜʘʥʥʠ ʦʪʥʦʩʥʦ ʧʦʩʪʠʛʥʘʪʘʪʘ ʟʜʨʘʚʠʥʘ ʥʘ ʩʚʲʨʟʚʘʥʝ ʩ ʜʝʥʪʠʥʘ 

ʥʘ ʚʨʝʤʝʥʥʠʪʝ ʟʲʙʠ ʥʘʩʦʯʠ ʚʥʠʤʘʥʠʝʪʦ ʥʠ ʢʲʤ ʧʨʦʚʝʞʜʘʥʝ ʥʘ ʉɽʄ ʠʟʩʣʝʜʚʘʥʝ ʥʘ 

ʛʨʘʥʠʯʥʘʪʘ ʟʦʥʘ ï ʜʝʥʪʠʥ-ʘʜʭʝʟʠʚ ʧʨʠ ʘʧʣʠʮʠʨʘʥʝʪʦ ʥʘ ʨʘʟʣʠʯʥʠ ʧʦ ʘʛʨʝʩʠʚʥʦʩʪ 

ʘʜʭʝʟʠʚʠ, ʢʘʢʪʦ ʠ ʧʨʦʚʝʞʜʘʥʝʪʦ ʥʘ ʢʣʠʥʠʯʥʦ ʠʟʩʣʝʜʚʘʥʝ ʟʘ ʜʲʣʛʦʪʨʘʡʥʦʩʪʪʘ ʠ 

ʢʘʯʝʩʪʚʦʪʦ ʥʘ ʝʩʪʝʪʠʯʥʠʪʝ ʦʙʪʫʨʘʮʠʠ ʚʲʚ ʚʨʝʤʝʥʥʦʪʦ ʩʲʟʲʙʠʝ, ʠʟʨʘʙʦʪʝʥʠ ʩ 

ʧʦʩʨʝʜʥʠʯʝʩʪʚʦʪʦ ʥʘ ʩʨʝʜʥʠ ʧʦ ʘʛʨʝʩʠʚʥʦʩʪ ʜʚʫ- ʠ ʝʜʥʦʩʪʲʧʢʦʚʠ ʩʘʤʦʝʮʚʘʱʠ ʘʜʭʝʟʠʚʠ. 

 

5.3. ɸʜʭʝʟʠʷ ʧʨʠ ʛʣʘʩʡʦʥʦʤʝʨʠʪʝ  

 

ʊʨʝʪʠʷʪ ʧʦʜʭʦʜ ʟʘ ʧʦʩʪʠʛʘʥʝ ʥʘ ʘʜʭʝʟʠʷ ʩʲʩ ʟʲʙʥʠʪʝ ʩʪʨʫʢʪʫʨʠ ʩʝ ʦʩʥʦʚʘʚʘ ʥʘ 

ʛʣʘʩʡʦʥʦʤʝʨʠʪʝ ʠ ʪʝʭʥʠʷ ʩʘʤʦʘʜʭʝʟʠʚʝʥ ʢʘʧʘʮʠʪʝʪ. ʊʝ ʩʘ ʝʜʠʥʩʪʚʝʥʠʪʝ ʠʩʪʠʥʩʢʠ 

ʩʘʤʦʘʜʭʝʟʠʚʥʠ ʤʘʪʝʨʠʘʣʠ, ʪʲʡ ʢʘʪʦ ʩʝ ʟʘʣʝʧʚʘʪ ʢʲʤ ʝʤʘʡʣʘ ʠ ʜʝʥʪʠʥʘ ʯʨʝʟ ʩʧʝʮʠʬʠʯʥʦ 

ʛʣʘʩʡʦʥʦʤʝʨʥʦ ʚʟʘʡʤʦʜʝʡʩʪʚʠʝ (97, 118, 428, 433, 435). 

ɻʣʘʩʡʦʥʦʤʝʨʠʪʝ ʠʤʘʪ ʩʧʝʮʠʬʠʯʝʥ ʩʲʩʪʘʚ. ʊʝ ʩʲʜʲʨʞʘʪ ʧʦʣʠʘʢʨʠʣʦʚʘ ʢʠʩʝʣʠʥʘ, 

ʘʣʢʝʥʦʝʚʠ ʢʦʧʦʣʠʤʝʨʠ, ʩʪʲʢʣʝʥʠ ʯʘʩʪʠʮʠ ʢʘʪʦ ʧʲʣʥʠʪʝʣʠ ʠ ʚʦʜʘ. ʂʦʛʘʪʦ ʢʲʤ ʪʦʟʠ 

ʩʲʩʪʘʚ ʩʝ ʜʦʙʘʚʷʪ ʠ ʧʣʘʩʪʤʘʩʦʚʠ ʢʦʤʧʦʥʝʥʪʠ ʪʝ ʚʝʯʝ ʩʝ ʥʘʨʠʯʘʪ ʧʣʘʩʪʤʘʩʦʚʦ 

ʤʦʜʠʬʠʮʠʨʘʥʠ ʛʣʘʩʡʦʥʦʤʝʨʠ (6, 118, 322, 334, 384, 435). 

ʉʧʦʨʝʜ ʤʝʭʘʥʠʟʤʘ ʥʘ ʩʚʨʲʟʚʘʥʝ, ʪʝ ʤʦʛʘʪ ʜʘ ʩʝ ʦʧʨʝʜʝʣʷʪ ʢʘʪʦ ʩʧʝʮʠʘʣʥʘ ʛʨʫʧʘ 

ʦʪ ʩʘʤʦʝʮʚʘʱʠʪʝ ʘʜʭʝʟʠʚʠ, ʦʩʥʦʚʘʥʘ ʥʘ ʛʣʘʩʡʦʥʦʤʝʨʥʘʪʘ ʪʝʭʥʦʣʦʛʠʷ. ʊʝʭʥʠʷʪ 

ʘʜʭʝʟʠʚʝʥ ʢʘʧʘʮʠʪʝʪ ʩʝ ʦʩʲʱʝʩʪʚʷʚʘ ʥʘ ʜʚʘ ʝʪʘʧʘ ʠ ʟʘʚʠʩʠ ʚ ʝʜʥʘʢʚʘ ʩʪʝʧʝʥ ʦʪ ʜʚʝ 

ʫʩʣʦʚʠʷ: 1) ʦʪ ʦʛʨʘʥʠʯʝʥʘ ʜʝʤʠʥʝʨʘʣʠʟʘʮʠʷ ʥʘ ʝʤʘʡʣʘ ʠ ʜʝʥʪʠʥʘ ʩ ʧʦʩʣʝʜʚʘʱʘ 

ʠʥʬʠʣʪʨʘʮʠʷ ʠ ʤʝʭʘʥʠʯʥʦ ʚʟʘʠʤʥʦ ʩʚʲʨʟʚʘʥʝ ʠ ʦʪ 2) ʭʠʤʠʯʥʘ ʘʜʭʝʟʠʷ ʤʝʞʜʫ ʢʘʣʮʠʷ ʦʪ 

ʭʠʜʨʦʢʩʠʣʘʧʘʪʠʪʘ ʠ ʧʦʣʠʘʣʢʝʥʦʝʚʘʪʘ ʢʠʩʝʣʠʥʘ ï ʯʨʝʟ ʡʦʥʥʦ ʩʚʲʨʟʚʘʥʝ ʤʝʞʜʫ 

ʢʘʨʙʦʢʩʠʣʥʠʪʝ ʛʨʫʧʠ ʦʪ ʧʦʣʠʘʣʢʝʥʦʝʚʘʪʘ ʢʠʩʝʣʠʥʘ ʠ ʢʘʣʮʠʷ ʦʪ ʭʠʜʨʦʢʩʠʣʘʧʘʪʠʪʥʠʪʝ 

ʢʨʠʩʪʘʣʠ, ʦʩʪʘʥʘʣʠ ʦʢʦʣʦ ʦʪʢʨʠʪʠʷ ʧʦʚʲʨʭʥʦʩʪʝʥ ʢʦʣʘʛʝʥ (118, 428, 435, 466, 467, 471). 

ʄʠʢʨʦʤʦʨʬʦʣʦʛʠʯʥʘʪʘ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ ʥʘ ʛʨʘʥʠʯʥʘʪʘ ʟʦʥʘ ʧʦʢʘʟʚʘ ʦʙʨʘʟʫʚʘʥʝʪʦ ʥʘ 

ʥʝʟʥʘʯʠʪʝʣʝʥ ʧʦʚʲʨʭʥʦʩʪʝʥ ʭʠʙʨʠʜʝʥ ʩʣʦʡ ʩ ʜʝʙʝʣʠʥʘ 0.5 ï 1 ɛm (435).  

 

6. ʍʀɹʈʀɼɽʅ ʉʃʆʁ 

 

ʄʝʭʘʥʠʟʤʲʪ, ʦʪʛʦʚʦʨʝʥ ʟʘ ʘʜʭʝʟʠʷʪʘ ʥʘ ʧʦ-ʥʦʚʠʪʝ ʛʝʥʝʨʘʮʠʠ ʜʝʥʪʠʥ ʩʚʲʨʟʚʘʱʠ 

ʩʠʩʪʝʤʠ ʩʝ ʩʚʲʨʟʚʘ ʩ ʦʙʨʘʟʫʚʘʥʝʪʦ ʥʘ ʭʠʙʨʠʜʝʥ ʩʣʦʡ (ʭʠʙʨʠʜʠʟʘʮʠʦʥʥʘ ʪʝʭʥʠʢʘ) ʠʣʠ 
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ʪʘʢʘ ʥʘʨʝʯʝʥʘʪʘ ʟʦʥʘ ʥʘ ʚʲʪʨʝʰʥʘ ʜʠʬʫʟʠʷ ʥʘ ʘʜʭʝʟʠʚʘ ʚ ʜʝʥʪʠʥʘ (233, 251, 255, 268, 

375). ʅʘ ʤʦʣʝʢʫʣʷʨʥʦ ʥʠʚʦ ʪʘʟʠ ʟʦʥʘ ʧʨʝʜʩʪʘʚʣʷʚʘ ʪʨʘʡʥʘ ʠ ʢʠʩʝʣʠʥʦ ʫʩʪʦʡʯʠʚʘ ʩʤʝʩ 

ʦʪ ʘʜʭʝʟʠʚʘ ʠ ʢʦʤʧʦʥʝʥʪʠ ʥʘ ʜʝʥʪʠʥʘ (251, 255, 268).  

ʋʩʪʘʥʦʚʝʥʦ ʝ, ʯʝ ʧʦ-ʧʨʦʜʲʣʞʠʪʝʣʥʦʪʦ ʝʮʚʘʥʝ (ʧʦʚʝʯʝ ʦʪ ʚʨʝʤʝʪʦ, ʧʨʝʧʦʨʲʯʘʥʦ 

ʦʪ ʧʨʦʠʟʚʦʜʠʪʝʣʷ) ʠʤʘ ʟʘ ʧʦʩʣʝʜʠʮʘ ʦʙʨʘʟʫʚʘʥʝʪʦ ʥʘ ʧʦ-ʜʝʙʝʣ ʭʠʙʨʠʜʝʥ ʩʣʦʡ (161, 

164). ʅʝ ʩʝ ʫʩʪʘʥʦʚʷʚʘ ʚʨʲʟʢʘ ʤʝʞʜʫ ʧʨʦʜʲʣʞʠʪʝʣʥʦʩʪʪʘ ʥʘ ʝʮʚʘʥʝ ʠ ʜʝʙʝʣʠʥʘʪʘ ʥʘ 

ʪʦʟʠ ʩʣʦʡ ʧʨʠ ʢʦʥʜʠʮʠʦʥʠʨʘʥʝ ʥʘʜ 120 sec. ʉʯʠʪʘ ʩʝ, ʯʝ ʧʨʠʯʠʥʘʪʘ ʟʘ ʪʦʚʘ ʝ ʧʨʦʷʚʘʪʘ 

ʥʘ ʙʫʬʝʨʥʠʷ ʢʘʧʘʮʠʪʝʪ ʥʘ ʜʝʥʪʠʥʘ ʧʦ ʚʨʝʤʝ ʥʘ ʨʘʟʪʚʘʨʷʥʝʪʦ ʥʘ ʥʝʦʨʛʘʥʠʯʥʠʷ ʤʫ 

ʤʘʪʨʠʢʩ ʚ ʢʠʩʝʣʠ ʨʘʟʪʚʦʨʠ (161, 164, 256, 430). ɺ ʩʲʱʦʪʦ ʚʨʝʤʝ ʧʦ-ʧʨʦʜʲʣʞʠʪʝʣʥʦʪʦ 

ʝʮʚʘʥʝ ʧʦ-ʣʝʩʥʦ ʚʦʜʠ ʜʦ ʩʲʟʜʘʚʘʥʝʪʦ ʥʘ ʥʝʫʩʪʦʡʯʠʚʘ ʜʝʤʠʥʝʨʘʣʠʟʠʨʘʥʘ ʟʦʥʘ ʚ 

ʭʠʙʨʠʜʥʠʷ ʩʣʦʡ, ʢʦʝʪʦ ʠʤʘ ʟʘ ʧʦʩʣʝʜʠʮʘ ʥʘʤʘʣʷʚʘʥʝ ʥʘ ʟʜʨʘʚʠʥʘʪʘ ʥʘ ʩʚʲʨʟʚʘʥʝ (157, 

267, 268, 353). ɿʘ ʟʜʨʘʚʠʥʘʪʘ ʥʘ ʚʨʲʟʢʘʪʘ ʩ ʜʝʥʪʠʥʘ ʦʪ ʩʲʱʝʩʪʚʝʥʦ ʟʥʘʯʝʥʠʝ ʝ 

ʢʘʯʝʩʪʚʦʪʦ ʥʘ ʦʙʨʘʟʫʚʘʥʠʷ ʭʠʙʨʠʜʝʥ ʩʣʦʡ, ʘ ʥʝ ʥʝʛʦʚʘʪʘ ʜʝʙʝʣʠʥʘ ʠʣʠ ʧʦ-ʜʝʙʝʣʠʷʪ 

ʭʠʙʨʠʜʝʥ ʩʣʦʡ ʥʝ ʩʝ ʦʪʲʞʜʝʩʪʚʷʚʘ ʩ ʧʦ-ʛʦʣʷʤʘ ʟʜʨʘʚʠʥʘ ʥʘ ʘʜʭʝʟʠʚʥʘʪʘ ʚʨʲʟʢʘ (71, 161, 

164, 267, 268, 305, 375, 377, 420). 

ʍʠʙʨʠʜʥʠʷʪ ʩʣʦʡ ʚ ʢʘʨʠʦʟʥʦ ʧʦʚʣʠʷʥ ʜʝʥʪʠʥ ʦʙʠʢʥʦʚʝʥʦ ʝ ʧʦ-ʜʝʙʝʣ, ʥʦ ʧʦ-

ʧʦʨʴʦʟʝʥ ʚ ʩʨʘʚʥʝʥʠʝ ʩ ʪʦʟʠ, ʧʨʠ ʟʜʨʘʚ ʜʝʥʪʠʥ (301, 357, 473). ɺ ʥʦʨʤʘʣʥʠʷ ʜʝʥʪʠʥ 

ʭʠʙʨʠʜʥʠʷʪ ʩʣʦʡ ʝ ʩ ʜʝʙʝʣʠʥʘ ʧʦ-ʤʘʣʢʦ ʦʪ 1 ɛm, ʥʦ ʚ ʢʘʨʠʦʟʥʦ ʧʦʚʣʠʷʥ ʜʝʥʪʠʥ ʝ ʩ 

ʜʝʙʝʣʠʥʘ ʤʝʞʜʫ 6 ʠ 8 ɛm (301, 474). ʇʝʥʝʪʨʠʨʘʥʝʪʦ ʥʘ ʘʜʭʝʟʠʚʥʠʷ ʤʦʥʦʤʝʨ ʦʙʘʯʝ ʝ 

ʥʝʨʘʚʥʦʤʝʨʥʦ ʠ ʥʘʤʘʣʷʚʘ ʚ ʧʦʩʦʢʘ ʥʘ ʜʲʣʙʦʯʠʥʘʪʘ ʥʘ ʜʝʤʠʥʝʨʘʣʠʟʘʮʠʷ ʚ ʢʘʨʠʦʟʥʦ 

ʧʦʚʣʠʷʥʠʷ ʜʝʥʪʠʥ (451). ʀʥʬʠʣʪʨʠʨʘʥʝʪʦ ʥʘ ʧʣʘʩʪʤʘʩʘʪʘ ʚʲʪʨʝ ʚ ʜʝʥʪʠʥʦʚʠʪʝ ʪʫʙʫʣʠ 

ʥʘ ʢʘʨʠʦʟʥʦ ʧʦʚʣʠʷʥʠʷ ʜʝʥʪʠʥ ʝ ʟʘʪʨʫʜʥʝʥʦ ʦʪ ʦʪʣʘʛʘʥʝ ʥʘ ʤʠʥʝʨʘʣʠ ʚ ʣʫʤʝʥʘ ʥʘ 

ʪʫʙʫʣʠʪʝ (357).  

ʂʣʠʥʠʯʥʘʪʘ ʜʲʣʛʦʪʨʘʡʥʦʩʪ ʥʘ ʭʠʙʨʠʜʥʠʷ ʩʣʦʡ ʟʘʚʠʩʠ ʦʪ ʬʠʟʠʯʥʠ ʠ ʭʠʤʠʯʥʠ 

ʬʘʢʪʦʨʠ (54). ʇʨʝʜʧʦʣʘʛʘ ʩʝ, ʯʝ ʬʠʟʠʯʥʠ ʬʘʢʪʦʨʠ ʢʘʪʦ ʦʢʣʫʟʘʣʥʠ ʜʲʚʢʘʪʝʣʥʠ ʩʠʣʠ ʠ 

ʧʦʚʪʘʨʷʱʠ ʩʝ ʩʪʨʝʩʦʚʝ ʥʘ ʨʘʟʰʠʨʝʥʠʝ ʠ ʩʚʠʚʘʥʝ, ʚʩʣʝʜʩʪʚʠʝ ʥʘ ʪʝʤʧʝʨʘʪʫʨʥʠʪʝ 

ʧʨʦʤʝʥʠ ʚ ʦʨʘʣʥʘʪʘ ʩʨʝʜʘ ʧʦʚʣʠʷʚʘʪ ʩʪʘʙʠʣʥʦʩʪʪʘ ʥʘ ʪʘʟʠ ʛʨʘʥʠʯʥʘ ʟʦʥʘ (97, 99, 100, 

409). ʂʠʩʝʣʠʪʝ ʭʠʤʠʯʝʩʢʠ ʘʛʝʥʪʠ ʚ ʜʝʥʪʠʥʦʚʘʪʘ ʪʝʯʥʦʩʪ, ʩʣʶʥʢʘʪʘ, ʭʨʘʥʘʪʘ ʠ 

ʥʘʧʠʪʢʠʪʝ, ʢʘʢʪʦ ʠ ʙʘʢʪʝʨʠʘʣʥʠʪʝ ʧʨʦʜʫʢʪʠ ʩʘ ʜʦʧʲʣʥʠʪʝʣʥʦ ʧʨʝʜʠʟʚʠʢʘʪʝʣʩʪʚʦ ʟʘ 

ʛʨʘʥʠʯʥʘʪʘ ʟʦʥʘ ʤʝʞʜʫ ʟʲʙʘ ʠ ʙʠʦʤʘʪʝʨʠʘʣʘ, ʠʤʘʱʦ ʟʘ ʧʦʩʣʝʜʠʮʘ ʜʝʛʨʘʜʘʮʠʷ ʥʘ 

ʥʝʟʘʱʠʪʝʥʠʪʝ ʢʦʣʘʛʝʥʦʚʠ ʚʣʘʢʥʘ (ʢʦʠʪʦ ʥʝ ʩʘ ʙʠʣʠ ʠʤʧʨʝʛʥʠʨʘʥʠ) (162, 165, 166, 409), 

ʫʪʘʷʚʘʥʝ ʥʘ ʤʦʥʦʤʝʨʠʪʝ ʥʘ ʧʣʘʩʪʤʘʩʘʪʘ (ʧʦʨʘʜʠ ʥʝʜʦʩʪʘʪʲʯʥʘ ʧʦʣʠʤʝʨʠʟʘʮʠʷ) (54, 110) 

ʠ ʨʘʟʨʫʰʘʚʘʥʝ ʥʘ ʢʦʤʧʦʥʝʥʪʠʪʝ ʥʘ ʧʣʘʩʪʤʘʩʘʪʘ (97, 127, 163, 190, 349, 409). 
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ʊʲʡ ʢʘʪʦ ʭʠʙʨʠʜʥʠʷʪ ʩʣʦʡ ʝ ʩʲʟʜʘʜʝʥ ʦʪ ʢʦʤʙʠʥʘʮʠʷ ʦʪ ʦʨʛʘʥʠʯʥʠʷ ʤʘʪʨʠʢʩ ʥʘ 

ʜʝʥʪʠʥʘ, ʦʩʪʘʪʲʯʥʠʪʝ ʭʠʜʨʦʢʩʠʣʘʧʘʪʠʪʥʠ ʢʨʠʩʪʘʣʠ, ʤʦʥʦʤʝʨʠʪʝ ʥʘ ʧʣʘʩʪʤʘʩʘʪʘ ʠ 

ʨʘʟʪʚʦʨʠʪʝʣʠ, ʩʪʘʨʝʝʥʝʪʦ ʤʦʞʝ ʜʘ ʟʘʩʝʛʥʝ ʚʩʝʢʠ ʝʜʠʥ ʦʪ ʪʝʟʠ ʢʦʤʧʦʥʝʥʪʠ ʠʣʠ ʜʘ ʩʝ 

ʜʲʣʞʠ ʥʘ ʩʠʥʝʨʛʠʯʥʠ ʢʦʤʙʠʥʘʮʠʠ ʥʘ ʬʝʥʦʤʝʥʘ ʥʘ ʜʝʛʨʘʜʘʮʠʷ, ʧʨʦʪʠʯʘʱʠ ʚʲʪʨʝ ʚ 

ʭʠʙʨʠʜʥʠʷ ʩʣʦʡ (54). 

 

6.1. ɸʜʭʝʟʠʚʥʠ ʢʨʘʯʝʪʘ ʠ ʪʝʭʥʠʪʝ ʨʘʟʢʣʦʥʝʥʠʷ 

 

ʇʨʠ ʢʠʩʝʣʠʥʥʦʪʦ ʝʮʚʘʥʝ ʥʘ ʜʝʥʪʠʥʘ ʩʝ ʦʪʩʪʨʘʥʷʚʘ ʧʝʨʠʪʫʙʫʣʘʨʥʠʷ ʜʝʥʪʠʥ ʦʪ 

ʧʲʨʚʠʪʝ ʥʷʢʦʣʢʦ ʤʠʢʨʦʥʘ ʦʪ ʜʝʥʪʠʥʦʚʠʪʝ ʪʫʙʫʣʠ 5-10 ɛm (ʚ ʟʘʚʠʩʠʤʦʩʪ ʦʪ ʜʲʣʙʦʯʠʥʘʪʘ 

ʥʘ ʜʝʥʪʠʥʘ, ʚʲʟʨʘʩʪʪʘ ʥʘ ʟʲʙʘ, ʥʘʣʠʯʠʝʪʦ ʠʣʠ ʦʪʩʲʩʪʚʠʝʪʦ ʥʘ ʩʢʣʝʨʦʪʠʯʝʥ ʜʝʥʪʠʥ ʠ 

ʪ.ʥ.). ʊʦʚʘ ʚʦʜʠ ʜʦ ʫʚʝʣʠʯʘʚʘʥʝ ʥʘ ʜʠʘʤʝʪʲʨʘ ʥʘ ʪʝʭʥʠʷ ʣʫʤʝʥ ʦʪ ʦʢʦʣʦ 1 ʜʦ 3 ɛm (110, 

118, 427, 431). ʉʧʦʨʝʜ ʠʟʩʣʝʜʦʚʘʪʝʣʠ ʪʨʠʢʨʘʪʥʦʪʦ ʫʚʝʣʠʯʝʥʠʝ ʥʘ ʜʠʘʤʝʪʲʨʘ ʦʩʠʛʫʨʷʚʘ 

ʟʥʘʯʠʪʝʣʥʦ ʫʚʝʣʠʯʘʚʘʥʝ ʥʘ ʧʦʚʲʨʭʥʦʩʪʥʘʪʘ ʧʣʦʱ ʥʘ ʩʪʝʥʠʪʝ ʥʘ ʪʫʙʫʣʠʪʝ, ʢʦʷʪʦ ʝ ʥʘ 

ʨʘʟʧʦʣʦʞʝʥʠʝ ʟʘ ʨʘʜʠʘʣʥʘ ʜʠʬʫʟʠʷ ʥʘ ʧʣʘʩʪʤʘʩʘʪʘ, ʢʘʢʪʦ ʠ ʟʘ ʜʝʚʝʪʦʢʨʘʪʥʦ ʫʚʝʣʠʯʝʥʠʝ 

ʥʘ ʧʣʦʱʪʘ ʥʘ ʥʘʧʨʝʯʥʠʷ ʩʨʝʟ ʥʘ ʘʜʭʝʟʠʚʥʠʪʝ ʢʨʘʯʝʪʘ (110, 291). ɿʜʨʘʚʠʥʘʪʘ ʥʘ 

ʘʜʭʝʟʠʚʥʠʪʝ ʢʨʘʯʝʪʘ ʝ ʧʨʦʜʫʢʪ ʦʪ ʫʩʪʦʡʯʠʚʦʩʪʪʘ ʥʘ ʧʦʣʠʤʝʨʠʟʠʨʘʣʘʪʘ ʧʣʘʩʪʤʘʩʘ ʠ 

ʫʚʝʣʠʯʝʥʘʪʘ ʧʣʦʱ (291). ʉʯʠʪʘ ʩʝ, ʯʝ ʦʙʨʘʟʫʚʘʥʠʪʝ ʘʜʭʝʟʠʚʥʠ ʢʨʘʯʝʪʘ ʩʲʱʦ 

ʧʦʜʩʠʛʫʨʷʚʘʪ ʟʜʨʘʚʠʥʘʪʘ ʥʘ ʚʨʲʟʢʘʪʘ ʩ ʜʝʥʪʠʥʘ (222, 291). ʇʨʠ ʘʜʭʝʟʠʚʠʪʝ ʩ ʝʮʚʘʥʝ ʠ 

ʠʟʤʠʚʘʥʝ ʦʙʨʘʟʫʚʘʥʠʪʝ ʢʨʘʯʝʪʘ ʫʚʝʣʠʯʘʚʘʪ ʩ ʦʢʦʣʦ ʝʜʥʘ ʪʨʝʪʘ ʪʦʪʘʣʥʘʪʘ ʟʜʨʘʚʠʥʘ ʥʘ 

ʧʨʝʨʷʟʚʘʥʝ (222, 376). 

ɼʨʫʛ ʧʲʪ ʟʘ ʠʥʬʠʣʪʨʠʨʘʥʝʪʦ ʥʘ ʩʤʦʣʘʪʘ ʥʘ ʭʠʙʨʠʜʥʠʷ ʩʣʦʡ ʝ ʯʨʝʟ ʣʘʪʝʨʘʣʥʠʪʝ 

ʨʘʟʢʣʦʥʝʥʠʷ ʥʘ ʜʝʥʪʠʥʦʚʠʪʝ ʪʫʙʫʣʠ (246, 248, 432). ʅʷʢʦʠ ʘʚʪʦʨʠ ʩʘ ʧʦʢʘʟʘʣʠ, ʯʝ 

ʧʣʘʩʪʤʘʩʠʪʝ ʟʘʧʲʣʚʘʪ ʪʝʟʠ ʨʘʟʢʣʦʥʝʥʠʷ ʧʦ ʚʨʝʤʝ ʥʘ ʩʚʲʨʟʚʘʥʝʪʦ (86, 126). ʊʝ ʤʦʛʘʪ ʠ ʜʘ 

ʥʝ ʜʦʧʨʠʥʘʩʷʪ ʩʲʱʝʩʪʚʝʥʦ ʟʘ ʨʝʪʝʥʮʠʷʪʘ ʥʘ ʩʤʦʣʘʪʘ, ʘ ʦʪ ʪʫʢ ʠ ʟʘ ʟʜʨʘʚʠʥʘʪʘʪʘ ʥʘ 

ʚʨʲʟʢʘʪʘ, ʧʦʨʘʜʠ ʪʝʭʥʠʪʝ ʤʘʣʢʠ ʨʘʟʤʝʨʠ, ʥʦ ʤʦʛʘʪ ʜʘ ʙʲʜʘʪ ʤʥʦʛʦ ʚʘʞʥʠ ʟʘ ʫʣʝʩʥʷʚʘʥʝ 

ʥʘ ʠʥʬʠʣʪʨʘʮʠʷʪʘ ʡ ʢʲʤ ʜʲʥʦʪʦ ʥʘ ʜʝʤʠʥʝʨʘʣʠʟʠʨʘʥʘʪʘ ʟʦʥʘ (248, 291, 376). 

 

6.2. ɼʝʙʝʣʠʥʘ ʥʘ ʭʠʙʨʠʜʥʠʷ ʩʣʦʡ ʧʨʠ ʚʨʝʤʝʥʥʠ ʠ ʧʦʩʪʦʷʥʥʠ ʟʲʙʠ 

 

 ʇʨʠ ʠʟʩʣʝʜʚʘʥʝ ʥʘ ʚʟʘʠʤʦʚʨʲʟʢʘʪʘ ʤʝʞʜʫ ʧʨʦʜʲʣʞʠʪʝʣʥʦʩʪʪʘ ʥʘ ʝʮʚʘʥʝ ʠ 

ʜʝʙʝʣʠʥʘ ʥʘ ʦʙʨʘʟʫʚʘʥʠʷ ʭʠʙʨʠʜʝʥ ʩʣʦʡ ʧʨʠ ʠʟʧʦʣʟʚʘʥʝ ʥʘ ʝʜʥʠ ʠ ʩʲʱʠ ʝʮʚʘʱʠ ʘʛʝʥʪʠ 

ʩʘ ʫʩʪʘʥʦʚʝʥʠ ʩʲʱʝʩʪʚʝʥʠ ʨʘʟʣʠʯʠʷ ʤʝʞʜʫ ʚʨʝʤʝʥʥʠʪʝ ʠ ʧʦʩʪʦʷʥʥʠʪʝ ʟʲʙʠ (71, 267, 

268, 353, 367, 417). ʇʨʠʯʠʥʘ ʟʘ ʪʦʚʘ ʩʘ ʨʘʟʣʠʯʠʷʪʘ ʚ ʤʠʢʨʦʤʝʭʘʥʠʯʥʠʪʝ ʠ ʭʠʩʪʦʣʦʛʠʯʥʠ 
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ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʤʝʞʜʫ ʜʝʥʪʠʥʘ ʥʘ ʚʨʝʤʝʥʥʠʪʝ ʠ ʧʦʩʪʦʷʥʥʠʪʝ ʟʲʙʠ (18, 71, 177, 180, 

213, 267, 268, 279, 317, 337, 383). ɿʘ ʝʜʥʦ ʠ ʩʲʱʦ ʚʨʝʤʝ ʥʘ ʝʮʚʘʥʝ, ʦʙʨʘʟʫʚʘʥʠʷʪ 

ʭʠʙʨʠʜʝʥ ʩʣʦʡ ʚʲʚ ʚʨʝʤʝʥʥʠʪʝ ʟʲʙʠ ʝ ʧʦ-ʜʝʙʝʣ ʦʪ ʪʦʟʠ ʧʨʠ ʧʦʩʪʦʷʥʥʠʪʝ (71, 267, 268, 

317, 353, 367, 383). ʇʨʠ ʝʮʚʘʥʝ ʥʘ ʜʝʥʪʠʥʘ ʥʘ ʧʦʩʪʦʷʥʥʠ ʟʲʙʠ ʟʘ 15 sec. ʩʨʝʜʥʘʪʘ 

ʜʝʙʝʣʠʥʘ ʥʘ ʧʦʣʫʯʝʥʠʷ ʭʠʙʨʠʜʝʥ ʩʣʦʡ ʝ 0.011 Õm, ʜʦʢʘʪʦ ʧʨʠ ʝʮʚʘʥʝ ʥʘ ʚʨʝʤʝʥʥʠ ʟʲʙʠ 

ʟʘ 10 sec. ʩʨʝʜʥʘʪʘ ʤʫ ʜʝʙʝʣʠʥʘ ʝ 0.012 Õm (317, 367).  ʉʣʝʜ ʝʮʚʘʥʝ ʟʘ 15 sec. ʥʘ ʜʝʥʪʠʥʘ 

ʥʘ ʚʨʝʤʝʥʥʠ ʟʲʙʠ ʠ ʘʧʣʠʮʠʨʘʥʝ ʥʘ ʙʦʥʜ, ʝ ʫʩʪʘʥʦʚʝʥʦ ʥʘʣʠʯʠʝ ʥʘ ʜʝʤʠʥʝʨʘʣʠʟʠʨʘʥʘ 

ʟʦʥʘ ʚ ʦʩʥʦʚʘʪʘ ʥʘ ʭʠʙʨʠʜʥʠʷ ʩʣʦʡ (279, 353, 367). ʉʭʦʜʥʠ ʨʝʟʫʣʪʘʪʠ ʩʘ ʧʦʣʫʯʝʥʠ ʠ ʦʪ 

ʜʨʫʛʠ ʘʚʪʦʨʠ (267, 268). ʊʝʟʠ ʨʝʟʫʣʪʘʪʠ ʧʦʢʘʟʚʘʪ, ʯʝ ʩʢʲʩʷʚʘʥʝʪʦ ʥʘ ʚʨʝʤʝʪʦ ʟʘ 

ʘʧʣʠʮʠʨʘʥʝ ʥʘ ʝʮʚʘʱʠʷ ʘʛʝʥʪ ʚʲʨʭʫ ʜʝʥʪʠʥʘ ʥʘ ʚʨʝʤʝʥʥʠʪʝ ʟʲʙʠ ʚ ʩʨʘʚʥʝʥʠʝ ʩ ʪʦʚʘ, 

ʧʨʠ ʧʦʩʪʦʷʥʥʠʪʝ ʜʦʧʨʠʥʘʩʷ ʟʘ ʜʲʣʛʦʪʨʘʡʥʦʩʪʪʘ ʠ ʧʦ-ʜʦʙʨʘʪʘ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ ʥʘ 

ʝʩʪʝʪʠʯʥʠʪʝ ʦʙʪʫʨʘʮʠʠ ʧʨʠ ʚʨʝʤʝʥʥʠʪʝ ʟʲʙʠ (43, 267, 279, 340). ʉʲʢʨʘʱʘʚʘʥʝ ʥʘ 

ʧʦʣʦʚʠʥʘ ʥʘ ʚʨʝʤʝʪʦ ʟʘ ʝʮʚʘʥʝ ʥʘ ʜʝʥʪʠʥʘ ʥʘ ʚʨʝʤʝʥʠʪʝ ʟʲʙʠ ʝ ʜʦʩʪʘʪʲʯʥʦ, ʟʘ ʜʘ ʩʝ 

ʩʲʟʜʘʜʝ ʭʠʙʨʠʜʝʥ ʩʣʦʡ ʩ ʜʝʙʝʣʠʥʘ ʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ, ʩʭʦʜʥʠ ʩ ʪʝʟʠ ʧʨʠ ʧʦʩʪʦʷʥʥʠʪʝ 

ʟʲʙʠ (267, 279, 367, 417). ʇʦ-ʜʲʣʛʦʪʦ ʚʨʝʤʝ ʟʘ ʝʮʚʘʥʝ ʩʝ ʩʚʲʨʟʚʘ ʩ ʧʦ-ʜʲʣʙʦʢʘ 

ʜʝʤʠʥʝʨʘʣʠʟʘʮʠʷ ʥʘ ʜʝʥʪʠʥʘ, ʥʦ ʥʝ ʚʠʥʘʛʠ ʩ ʦʙʨʘʟʫʚʘʥʝʪʦ ʥʘ ʧʦ-ʜʝʙʝʣ ʭʠʙʨʠʜʝʥ ʩʣʦʡ 

(279). ʇʨʝʢʦʤʝʨʥʦʪʦ ʝʮʚʘʥʝ ʥʘ ʜʝʥʪʠʥʘ ʚʦʜʠ ʜʦ ʩʲʟʜʘʚʘʥʝ ʥʘ ʥʝʪʨʘʡʥʦ ʩʚʲʨʟʚʘʥʝ, 

ʧʦʨʘʜʠ ʚʲʟʤʦʞʥʦʩʪʪʘ ʤʦʥʦʤʝʨʠʪʝ ʥʘ ʧʣʘʩʪʤʘʩʘʪʘ ʜʘ ʥʝ ʩʘ ʚ ʩʲʩʪʦʷʥʠʝ ʜʘ ʧʝʥʝʪʨʠʨʘʪ ʚ 

ʦʪʚʦʨʝʥʠʪʝ ʜʝʥʪʠʥʦʚʠ ʪʫʙʫʣʠ ʠ ʜʘ ʜʠʬʫʥʜʠʨʘʪ ʧʨʝʟ ʭʠʜʨʘʪʠʨʘʥʘʪʘ ʜʝʤʠʥʝʨʘʣʠʟʠʨʘʥʘ 

ʢʦʣʘʛʝʥʦʚʘ ʤʨʝʞʘ ʪʦʣʢʦʚʘ ʜʲʣʙʦʢʦ, ʢʦʣʢʦʪʦ ʝ ʚʲʟʜʝʡʩʪʚʘʣ ʝʮʚʘʱʠʷ ʘʛʝʥʪ. ʊʦʚʘ ʦʩʪʘʚʷ 

ʩʣʝʜ ʥʝʠʤʧʨʝʛʥʠʨʘʥʘʪʘ ʠʣʠ ʣʦʰʦ ʠʤʧʨʝʛʥʠʨʘʥʘʪʘ ʟʦʥʘ ʥʝʧʦʜʢʨʝʧʝʥʠ ʟʦʥʠ ʚ ʦʩʥʦʚʘʪʘ 

ʥʘ ʭʠʙʨʠʜʥʠʷ ʩʣʦʡ, ʢʦʠʪʦ ʩʘ ʧʦ-ʧʨʝʜʨʘʟʧʦʣʦʞʝʥʠ ʢʲʤ ʤʠʢʨʦ- ʠ ʥʘʥʦʧʨʦʩʤʫʢʚʘʥʝ ï 

ʧʦʨʘʜʠ ʥʘʣʠʯʠʝ ʥʘ ʧʦʨʴʦʟʥʦʩʪ, ʭʠʜʨʦʣʠʟʘ ʥʘ ʢʦʣʘʛʝʥʘ ʠ ʜʝʛʨʘʜʘʮʠʷ ʥʘ ʛʨʘʥʠʯʥʘʪʘ ʟʦʥʘ 

ʩ ʪʝʯʝʥʠʝ ʥʘ ʚʨʝʤʝʪʦ (292, 293, 345, 417).   

ʇʨʠ ʉɽʄ ʠʟʩʣʝʜʚʘʥʝ ʥʘ ʘʜʭʝʟʠʚʥʠ ʩʠʩʪʝʤʠ, ʧʨʠʥʘʜʣʝʞʘʱʠ ʢʲʤ ʩʘʤʦʝʮʚʘʱʘʪʘ 

ʩʪʨʘʪʝʛʠʷ ʝ ʫʩʪʘʥʦʚʝʥʦ ʥʘʣʠʯʠʝʪʦ ʥʘ ʷʩʥʦ ʟʘʙʝʣʝʞʠʤʘ ʣʠʥʠʷ ʚ ʦʩʥʦʚʘʪʘ ʥʘ ʭʠʙʨʠʜʥʠʷ 

ʩʣʦʡ ʚ ʜʝʥʪʠʥʘ ʥʘ ʚʨʝʤʝʥʥʠ ʟʲʙʠ (62). ɸʚʪʦʨʠʪʝ ʧʨʝʜʧʦʣʘʛʘʪ, ʯʝ ʪʘʟʠ ʥʘʭʦʜʢʘ 

ʧʨʝʜʩʪʘʚʣʷʚʘ ʟʦʥʘ ʥʘ ʥʝʧʲʣʥʘ ʧʝʥʝʪʨʘʮʠʷ ʥʘ ʘʜʭʝʟʠʚʥʘʪʘ ʧʣʘʩʪʤʘʩʘ. ʊʝ ʥʘʙʣʶʜʘʚʘʪ ʠ 

ʧʦ-ʜʝʙʝʣ ʭʠʙʨʠʜʝʥ ʩʣʦʡ ʚ ʩʨʘʚʥʝʥʠʝ ʩ ʪʦʟʠ ʧʨʠ ʧʦʩʪʦʷʥʥʠʪʝ ʟʲʙʠ ʢʘʪʦ ʠʟʢʘʟʚʘʪ 

ʧʨʝʜʧʦʣʦʞʝʥʠʝ, ʯʝ ʜʝʥʪʠʥʲʪ ʥʘ ʚʨʝʤʝʥʥʠʪʝ ʟʲʙʠ ʝ ʧʦ-ʨʝʘʢʪʠʚʝʥ ʜʦʨʠ ʠ ʧʨʠ ʧʦ-ʩʣʘʙʠ 

ʢʦʥʜʠʮʠʦʥʝʨʠ (62, 73, 231). ʅʘʤʘʣʷʚʘʥʝʪʦ ʥʘ ʚʨʝʤʝʪʦ ʥʘ ʝʮʚʘʥʝ (ʟʘ ʘʧʣʠʮʠʨʘʥʝ ʥʘ 

ʩʘʤʦʝʮʚʘʱʠʷ ʧʨʘʡʤʝʨ/ʘʜʭʝʟʠʚ) ʤʦʞʝ ʜʘ ʠʟʙʝʛʥʝ ʜʝʩʪʘʙʠʣʠʟʠʨʘʥʝʪʦ ʥʘ ʢʦʣʘʛʝʥʦʚʠʪʝ 

ʚʣʘʢʥʘ, ʢʦʝʪʦ ʩʝ ʧʦʣʫʯʘʚʘ ʦʙʠʢʥʦʚʝʥʦ ʧʨʠ ʧʨʠʣʦʞʝʥʠʝʪʦ ʥʘ ʩʠʣʥʠ ʩʘʤʦʝʮʚʘʱʠ 

ʘʜʭʝʟʠʚʠ (279). ʆʛʦʣʚʘʥʝʪʦ ʥʘ ʢʦʣʘʛʝʥʦʚʠʪʝ ʚʣʘʢʥʘ ʦʪ ʜʝʥʪʠʥʦʚʘʪʘ ʧʦʚʲʨʭʥʦʩʪ ʜʦʚʝʞʜʘ 
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ʜʦ ʧʦ-ʛʦʣʝʤʠ ʧʨʦʤʝʥʠ ʚ ʜʲʣʙʦʯʠʥʘ ï ʝʬʝʢʪ ʥʘʙʣʶʜʘʚʘʥ ʧʨʠ ʧʨʠʣʦʞʝʥʠʝ ʥʘ 

ʩʘʤʦʝʮʚʘʱʠ ʘʜʭʝʟʠʚʠ ʚʲʨʭʫ ʜʝʥʪʠʥʘ ʥʘ ʚʨʝʤʝʥʥʠʪʝ ʟʲʙʠ, ʢʦʡʪʦ ʤʦʞʝ ʜʘ ʙʲʜʝ ʥʘʤʘʣʝʥ 

ʩʣʝʜ ʩʲʢʨʘʱʘʚʘʥʝ ʥʘ ʚʨʝʤʝʪʦ ʟʘ ʝʮʚʘʥʝ (ʘʧʣʠʮʠʨʘʥʝ ʥʘ ʩʘʤʦʝʮʚʘʱʠʷ ʧʨʘʡʤʝʨ) ʧʨʠ ʪʝʟʠ 

ʘʜʭʝʟʠʚʥʠ ʩʠʩʪʝʤʠ (232,  279, 423).  

ɿʘ ʢʘʯʝʩʪʚʦʪʦ ʥʘ ʭʠʙʨʠʜʥʠʷ ʩʣʦʡ ʚʣʠʷʥʠʝ ʦʢʘʟʚʘʪ ʠ ʭʠʤʠʯʥʠʪʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ 

ʥʘ ʠʟʧʦʣʟʚʘʥʠʪʝ ʘʜʭʝʟʠʚʥʠ ʩʠʩʪʝʤʠ (83, 258, 267, 268, 279, 301, 305, 367, 465). 

 

7. ʊʈɸʁʅʆʉʊ ʅɸ ʉɺʒʈɿɺɸʅɽʊʆ ʉ ɼɽʅʊʀʅɸ 

7.1. ʂʣʠʥʠʯʥʠ ʠʟʩʣʝʜʚʘʥʠʷ 

 

ʂʣʠʥʠʯʥʠʪʝ ʠʟʩʣʝʜʚʘʥʠʷ ʩʘ ʦʩʥʦʚʥʠʪʝ ʪʝʩʪʦʚʝ ʟʘ ʦʮʝʥʢʘ ʥʘ ʝʬʝʢʪʠʚʥʦʩʪʪʘ ʥʘ 

ʘʜʭʝʟʠʚʥʦʪʦ ʩʚʲʨʟʚʘʥʝ (312, 432, 433, 434). ʊʝ ʥʝ ʤʦʛʘʪ ʦʙʘʯʝ ʜʘ ʨʘʟʛʨʘʥʠʯʘʪ 

ʠʩʪʠʥʩʢʘʪʘ ʧʨʠʯʠʥʘ ʟʘ ʧʨʦʚʘʣ ʥʘ ʚʨʲʟʢʘʪʘ, ʧʦʨʘʜʠ ʝʜʥʦʚʨʝʤʝʥʥʦʪʦ ʚʣʠʷʥʠʝ ʥʘ 

ʨʘʟʣʠʯʥʠ ʥʘʪʦʚʘʨʚʘʥʠʷ ʚʲʨʭʫ ʦʙʪʫʨʘʮʠʠʪʝ ʚʲʪʨʝ ʚ ʘʛʨʝʩʠʚʥʘʪʘ ʦʨʘʣʥʘ ʩʨʝʜʘ (97, 312, 

428).  

ʆʙʠʢʥʦʚʝʥʦ ʢʣʠʥʠʯʥʦʪʦ ʠʟʩʣʝʜʚʘʥʝ ʟʘ ʝʬʝʢʪʠʚʥʦʩʪʪʘ ʥʘ ʘʜʭʝʟʠʚʠʪʝ ʚʢʣʶʯʚʘ 

ʠʟʨʘʙʦʪʚʘʥʝ ʧʨʝʜʠʤʥʦ ʥʘ ʧʝʪʠ ʢʣʘʩ ʢʘʚʠʪʝʪʠ ʚ ʥʝʢʘʨʠʦʟʥʠ ʟʲʙʠ. ʇʨʠʯʠʥʠʪʝ ʟʘ ʪʦʚʘ ʩʘ: 

ʪʘʢʠʚʘ ʬʦʨʤʠ ʥʘ ʣʝʟʠʠʪʝ ʥʝ ʦʩʠʛʫʨʷʚʘʪ ʥʠʢʘʢʚʠ ʤʘʢʨʦʤʝʭʘʥʠʯʥʠ ʨʝʪʝʥʮʠʠ ï 

ʩʣʝʜʦʚʘʪʝʣʥʦ ʥʘʣʠʯʠʝʪʦ ʠʣʠ ʟʘʛʫʙʘʪʘ ʥʘ ʦʙʪʫʨʘʮʠʷʪʘ ʱʝ ʝ ʝʜʠʥʩʪʚʝʥʠʷ ʦʙʝʢʪʠʚʝʥ 

ʢʨʠʪʝʨʠʡ ʟʘ ʠʟʩʣʝʜʘʚʘʥʝ. ɺʩʠʯʢʠ ʜʨʫʛʠ ʢʣʘʩʦʚʝ ʢʘʚʠʪʝʪʠ (I, II , III  ʠ IV) ʧʦʢʘʟʚʘʪ ʤʘʢʘʨ 

ʠ ʥʝʟʥʘʯʠʪʝʣʥʠ, ʥʦ ʥʷʢʘʢʚʠ ʤʘʢʨʦʤʝʭʘʥʠʯʥʠ ʨʝʪʝʥʮʠʠ. ʇʨʠ ʦʪʯʠʪʘʥʝʪʦ ʥʘ ʧʦ-ʤʘʣʢʦ 

ʦʙʝʢʪʠʚʥʠʪʝ ʢʨʠʪʝʨʠʠ, ʢʘʪʦ ʠʥʪʝʛʨʠʪʝʪ ʥʘ ʤʘʨʛʠʥʘʣʥʠʪʝ ʨʲʙʦʚʝ ʥʘ ʦʙʪʫʨʘʮʠʠʪʝ ʠ 

ʧʨʦʤʷʥʘ ʚ ʮʚʝʪʘ, ʪʝʟʠ ʧʝʪʠ ʢʣʘʩ ʢʘʚʠʪʝʪʠ ʩʘ ʠ ʫʜʦʙʥʠ ʟʘ ʦʮʝʥʷʚʘʥʝ. ɻʨʘʥʠʮʠʪʝ ʥʘ 

ʢʘʚʠʪʝʪʘ ʩʘ ʢʘʢʪʦ ʚ ʝʤʘʡʣʘ ʪʘʢʘ ʠ ʚ ʜʝʥʪʠʥʘ. ʃʦʢʘʣʠʟʠʨʘʥʠ ʩʘ ʧʦ ʚʝʩʪʠʙʫʣʘʨʥʠʪʝ 

ʧʦʚʲʨʭʥʦʩʪʠ ʥʘ ʬʨʦʥʪʘʣʥʠ ʟʲʙʠ ʠ ʧʨʝʤʦʣʘʨʠ (ʢʦʝʪʦ ʧʨʘʚʠ ʣʝʩʥʘ ʚʠʟʫʘʣʥʘʪʘ ʠʤ ʦʮʝʥʢʘ 

ʩ ʦʛʣʝʜʘʣʦ ʠ ʫʚʝʣʠʯʠʪʝʣʥʠ ʦʯʠʣʘ). ʊʦʚʘ ʩʘ ʢʘʚʠʪʝʪʠ ʩ ʤʘʣʢʠ ʨʘʟʤʝʨʠ ʠ ʣʝʩʥʠ ʟʘ 

ʠʟʨʘʙʦʪʚʘʥʝ, ʢʦʝʪʦ ʥʘʤʘʣʷʚʘ ʚʣʠʷʥʠʝʪʦ ʥʘ ʬʘʢʪʦʨʘ ʫʤʝʥʠʷ ʥʘ ʦʧʝʨʘʪʦʨʘ (97, 311, 312, 

428, 432, 433). ʅʝʟʘʚʠʩʠʤʦ ʦʪ ʨʘʟʣʠʯʥʠʪʝ ʬʘʢʪʦʨʠ ʥʘ ʢʘʚʠʪʝʪʥʘʪʘ ʢʦʥʬʠʛʫʨʘʮʠʷ ʥʘ 

ʧʝʪʠ ʢʣʘʩ ʣʝʟʠʠ (75, 97, 125, 312), ʢʦʝʪʦ ʜʦʚʝʞʜʘ ʜʦ ʚʲʟʥʠʢʚʘʥʝʪʦ ʥʘ ʥʘʧʨʝʞʝʥʠʷ ʥʘ 

ʛʨʘʥʠʯʥʘʪʘ ʟʦʥʘ ʟʲʙ-ʦʙʪʫʨʘʮʠʷ, ʤʝʭʘʥʠʯʥʠʪʝ ʢʘʯʝʩʪʚʘ ʥʘ ʠʟʧʦʣʟʚʘʥʠʪʝ ʢʦʤʧʦʟʠʪʥʠ 

ʤʘʪʝʨʠʘʣʠ ʩʘ ʦʪʥʦʩʠʪʝʣʥʦ ʤʘʣʦʚʘʞʥʠ (55, 97, 98, 312). ʅʝʜʦʩʪʘʪʲʢ, ʩʚʲʨʟʘʥ ʩ 

ʠʟʧʦʣʟʚʘʥʝʪʦ ʥʘ ʪʘʟʠ ʬʦʨʤʘ ʥʝʢʘʨʠʦʟʥʠ V ʢʣʘʩ ʢʘʚʠʪʝʪʠ ʧʨʠ ʧʨʦʚʝʞʜʘʥʝʪʦ ʥʘ 

ʢʣʠʥʠʯʥʠʪʝ ʠʟʩʣʝʜʚʘʥʠʷ ʩʘ ʩʲʱʝʩʪʚʝʥʠʪʝ ʨʘʟʣʠʯʠʷ ʚ ʩʲʩʪʘʚʘ ʥʘ ʩʫʙʩʪʨʘʪʘ ʟʘ ʩʚʲʨʟʚʘʥʝ 

(97, 312). ʅʝʢʘʨʠʦʟʥʠʪʝ V ʢʣʘʩ ʣʝʟʠʠ ʧʦʢʘʟʚʘʪ ʧʦ-ʚʠʩʦʢʘ ʩʪʝʧʝʥ ʥʘ ʩʢʣʝʨʦʟʠʨʘʥʝ ʠ 
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ʩʚʲʨʟʘʥʘʪʦ ʩ ʪʦʚʘ ʧʦ-ʚʠʩʦʢʦ ʤʠʥʝʨʘʣʥʦ ʩʲʜʲʨʞʘʥʠʝ ʚ ʩʨʘʚʥʝʥʠʝ ʩ ʠʥʪʘʢʪʝʥ ʠʣʠ 

ʢʘʨʠʦʟʥʦ ʧʦʚʣʠʷʥ ʜʝʥʪʠʥ. ʆʙʨʘʟʫʚʘʥʝʪʦ ʥʘ ʭʠʙʨʠʜʝʥ ʩʣʦʡ ʚ ʪʘʢʲʚ ʭʠʧʝʨʤʠʥʝʨʘʣʠʟʠʨʘʥ 

ʜʝʥʪʠʥ ʝ ʧʦ-ʪʨʫʜʥʦ, ʧʦʨʘʜʠ ʢʦʝʪʦ ʩʝ ʜʦʧʫʩʢʘ ʠ ʧʦ-ʤʘʣʢʘ ʝʬʝʢʪʠʚʥʦʩʪ ʥʘ ʘʜʭʝʟʠʚʥʦʪʦ 

ʩʚʲʨʟʚʘʥʝ (97, 325, 426). 

ʈʝʟʫʣʪʘʪʠʪʝ ʦʪ ʪʘʢʠʚʘ ʢʣʠʥʠʯʥʠ ʠʟʩʣʝʜʚʘʥʠʷ ʟʘʚʠʩʷʪ ʦʱʝ ʦʪ ʩʚʲʨʟʘʥʠ ʩ 

ʧʘʮʠʝʥʪʘ ʬʘʢʪʦʨʠ ʢʘʪʦ: ʚʲʟʨʘʩʪ, ʦʨʘʣʥʘ ʭʠʛʠʝʥʘ, ʜʲʚʢʘʪʝʣʥʠ ʠ ʭʨʘʥʠʪʝʣʥʠ ʥʘʚʠʮʠ, 

ʠʥʪʨʘʦʨʘʣʥʠ ʪʝʤʧʝʨʘʪʫʨʥʠ ʧʨʦʤʝʥʠ, ʦʢʣʫʟʘʣʥʠ ʥʘʪʦʚʘʨʚʘʥʠʷ, ʦʪ ʢʘʯʝʩʪʚʘʪʘ ʥʘ 

ʤʘʪʝʨʠʘʣʠʪʝ (97, 139, 432, 433).  

ʅʝʜʦʩʪʘʪʲʢ ʥʘ ʢʣʠʥʠʯʥʠʪʝ ʠʟʩʣʝʜʚʘʥʠʷ ʝ ʠ ʦʪʥʦʩʠʪʝʣʥʦ ʢʨʘʪʢʠʷʪ ʧʝʨʠʦʜ ʥʘ 

ʥʘʙʣʶʜʝʥʠʝ ʥʘ ʦʙʪʫʨʘʮʠʠʪʝ (2 ʜʦ 3 ʛʦʜʠʥʠ), ʤʘʣʢʠʷʪ ʙʨʦʡ ʥʘ ʦʙʝʢʪʠʪʝ (ʥʘʙʣʶʜʘʚʘʥʠʪʝ 

ʦʙʪʫʨʘʮʠʠ), ʣʠʧʩʘʪʘ ʥʘ ʢʦʥʪʨʦʣʥʘ ʛʨʫʧʘ, ʢʦʝʪʦ ʥʘʤʘʣʷʚʘ ʩʪʘʪʠʩʪʠʯʝʩʢʘʪʘ ʟʥʘʯʠʤʦʩʪ ʥʘ 

ʠʟʩʣʝʜʚʘʥʝʪʦ ʠ ʚʘʣʠʜʥʦʩʪʪʘ ʥʘ ʪʝʩʪʚʘʥʠʪʝ ʧʨʦʤʝʥʣʠʚʠ (168). 

ʆʙʟʦʨ ʥʘ ʩʧʝʮʠʘʣʠʟʠʨʘʥʘʪʘ ʣʠʪʝʨʘʪʫʨʘ ʥʘʧʨʘʚʝʥ ʦʪ Peumans M et all (312) ʟʘ 

ʧʝʨʠʦʜʘ ʦʪ 1998 ʜʦ 2004 ʛʦʜ. ʚʲʨʭʫ ʧʫʙʣʠʢʘʮʠʠ ʟʘ ʢʣʠʥʠʯʥʘʪʘ ʝʬʝʢʪʠʚʥʦʩʪ ʥʘ 

ʩʲʚʨʝʤʝʥʥʠʪʝ ʛʝʥʝʨʘʮʠʠ ʘʜʭʝʟʠʚʥʠ ʩʠʩʪʝʤʠ ʧʦʩʦʯʚʘ, ʯʝ ʪʨʠ ʩʪʲʧʢʦʚʠʪʝ ʘʜʭʝʟʠʚʠ ʩ 

ʝʮʚʘʥʝ ʠ ʠʟʤʠʚʘʥʝ ʠ ʜʚʫʩʪʲʧʢʦʚʠʪʝ ʩʘʤʦʝʮʚʘʱʠ ʘʜʭʝʟʠʚʠ ʧʦʢʘʟʚʘʪ ʥʘʜʝʞʜʥʠ ʠ 

ʢʣʠʥʠʯʥʦ ʧʨʝʜʩʢʘʟʫʤʠ ʜʦʙʨʠ ʨʝʟʫʣʪʘʪʠ. ʂʣʠʥʠʯʥʘʪʘ ʝʬʝʢʪʠʚʥʦʩʪ ʥʘ ʜʚʫʩʪʲʧʢʦʚʠʪʝ 

ʘʜʭʝʟʠʚʠ ʩ ʝʮʚʘʥʝ ʠ ʠʟʤʠʚʘʥʝ ʝ ʩ ʧʦ-ʩʣʘʙʠ ʢʣʠʥʠʯʥʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ, ʜʦʢʘʪʦ ʥʘʡ-ʣʦʰʘ 

ʢʣʠʥʠʯʥʘ ʝʬʝʢʪʠʚʥʦʩʪ ʠ ʥʘʡ-ʩʣʘʙʦ ʧʨʝʜʩʢʘʟʫʝʤʠ ʨʝʟʫʣʪʘʪʠ ʝ ʫʩʪʘʥʦʚʝʥʘ ʟʘ 

ʝʜʥʦʩʪʲʧʢʦʚʠʪʝ ʩʘʤʦʝʮʚʘʱʠ ʘʜʭʝʟʠʚʠ (312). ʋʩʪʘʥʦʚʝʥʘ ʝ ʪʝʥʜʝʥʮʠʷʪʘ, ʯʝ 

ʦʧʨʦʩʪʷʚʘʥʝʪʦ ʥʘ ʧʨʦʮʝʜʫʨʠʪʝ ʧʦ ʘʧʣʠʢʘʮʠʷ ʥʘ ʘʜʭʝʟʠʚʥʠʪʝ ʩʠʩʪʝʤʠ ʚʦʜʠ ʜʦ ʟʘʛʫʙʘ ʥʘ 

ʪʷʭʥʘʪʘ ʝʬʝʢʪʠʚʥʦʩʪ ʩ ʠʟʢʣʶʯʝʥʠʝ ʧʨʠ ʜʚʫʩʪʲʧʢʦʚʠʪʝ ʩʘʤʦʝʮʚʘʱʠ ʘʜʭʝʟʠʚʥʠ ʩʠʩʪʝʤʠ 

(54, 312, 435). 

ɺ ʢʣʠʥʠʯʥʠ ʫʩʣʦʚʠʷ ʝ ʪʨʫʜʥʦ ʜʘ ʩʝ ʧʨʝʮʝʥʷʪ ʪʦʯʥʠʪʝ ʬʘʢʪʦʨʠ, ʢʦʠʪʦ ʚʦʜʷʪ ʜʦ 

ʧʨʦʚʘʣ ʥʘ ʩʚʲʨʟʚʘʥʝʪʦ ʩʲʩ ʟʲʙʥʠʪʝ ʩʪʨʫʢʪʫʨʠ ʠ ʟʘʛʫʙʘ ʥʘ ʦʙʪʫʨʘʮʠʷʪʘ, ʧʦʨʘʜʠ 

ʝʜʥʦʚʨʝʤʝʥʥʦʪʦ ʜʝʡʩʪʚʠʝ ʥʘ ʤʥʦʛʦ ʬʘʢʪʦʨʠ ʚ ʫʩʣʦʚʠʷʪʘ ʥʘ ʘʛʨʝʩʠʚʥʘʪʘ ʦʨʘʣʥʘ ʩʨʝʜʘ 

(97, 118, 428). ɺ ʢʦʥʪʨʘʩʪ ʩ in vivo ʠʟʩʣʝʜʚʘʥʠʷʪʘ, in vitro ʪʝʩʪʚʘʥʝʪʦ ʤʦʞʝ ʜʘ ʠʟʷʩʥʠ 

ʩʧʝʮʠʬʠʯʥʠʪʝ ʬʘʢʪʦʨʠ, ʢʦʠʪʦ ʩʘ ʥʘʡ-ʦʧʨʝʜʝʣʷʱʠ ʟʘ ʜʲʣʛʦʪʨʘʡʥʦʩʪʪʘ ʥʘ ʘʜʭʝʟʠʚʥʘʪʘ 

ʝʬʝʢʪʠʚʥʦʩʪ (97, 428). 

 

7. 2. ʃʘʙʦʨʘʪʦʨʥʠ ʪʝʩʪʦʚʝ 
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ʚʨʲʟʢʘʪʘ (20, 52, 97, 168, 184, 289, 297, 359, 370, 382, 389, 428, 433). ʊʝ ʩʝ ʧʨʠʣʘʛʘʪ ʯʨʝʟ 

ʩʧʝʮʠʬʠʯʥʠ ʪʝʩʪʚʘʱʠ ʫʩʪʨʦʡʩʪʚʘ (20, 97, 185, 289, 370, 382, 433). 

ʀʜʝʘʣʥʠʪʝ ʪʝʩʪʦʚʝ ʟʘ ʟʜʨʘʚʠʥʘ ʥʘ ʚʨʲʟʢʘʪʘ ʪʨʷʙʚʘ ʜʘ ʩʘ ʣʝʩʥʠ ʟʘ ʠʟʧʲʣʥʝʥʠʝ, ʜʘ 

ʩʝ ʚʣʠʷʷʪ ʚ ʥʠʩʢʘ ʩʪʝʧʝʥ ʦʪ ʪʝʭʥʠʢʘʪʘ ʥʘ ʠʟʧʲʣʥʝʥʠʝ ʠ ʦʪʥʦʩʠʪʝʣʥʦ ʙʲʨʟʠ (97, 428, 

433). ɼʨʫʛʠ ʧʨʝʜʠʤʩʪʚʘ ʥʘ ʣʘʙʦʨʘʪʦʨʥʠʪʝ ʪʝʩʪʦʚʝ ʩʘ (1) ʙʲʨʟʠʥʘʪʘ ʥʘ ʩʲʙʠʨʘʥʝ ʥʘ 

ʜʘʥʥʠ ʟʘ ʩʧʝʮʠʬʠʯʥʠ ʧʘʨʘʤʝʪʨʠ; (2) ʦʪʥʦʩʠʪʝʣʥʦ ʣʝʩʥʘʪʘ ʤʝʪʦʜʦʣʦʛʠʷ; (3) 

ʚʲʟʤʦʞʥʦʩʪʪʘ ʜʘ ʩʝ ʠʟʤʝʨʚʘ ʝʜʠʥ ʩʧʝʮʠʬʠʯʝʥ ʧʘʨʘʤʝʪʲʨ, ʜʦʢʘʪʦ ʚʩʠʯʢʠ ʦʩʪʘʥʘʣʠ 

ʧʨʦʤʝʥʣʠʚʠ ʩʝ ʟʘʧʘʟʚʘʪ ʧʦʩʪʦʷʥʥʠ ʧʦ ʚʨʝʤʝ ʥʘ ʝʢʩʧʝʨʠʤʝʥʪʘ; (4) ʚʲʟʤʦʞʥʦʩʪ ʟʘ 

ʜʠʨʝʢʪʥʦ ʩʨʘʚʥʷʚʘʥʝ ʥʘ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠʪʝ ʥʘ ʥʦʚʠ ʝʢʩʧʝʨʠʤʝʥʪʘʣʥʠ ʤʘʪʝʨʠʘʣʠ ʠ 

ʪʝʭʥʠʢʠ ʩ ʪʝʟʠ ʦʙʷʚʝʥʠ ʟʘ Ăʟʣʘʪʝʥ ʩʪʘʥʜʘʨʪò; (5) ʚʲʟʤʦʞʥʦʩʪ ʟʘ ʝʜʥʦʚʨʝʤʝʥʥʦ ʪʝʩʪʚʘʥʝ 

ʥʘ ʤʥʦʛʦ ʝʢʩʧʝʨʠʤʝʥʪʘʣʥʠ ʛʨʫʧʠ ʚ ʝʜʥʦ ʠʟʩʣʝʜʚʘʥʝ; (6) ʜʘ ʠʟʧʦʣʟʚʘʪ ʦʪʥʦʩʠʪʝʣʥʦ 

ʧʨʦʩʪʠ ʠ ʝʚʪʠʥʠ ʧʨʦʪʦʢʦʣʠ ʟʘ ʪʝʩʪʚʘʥʝ ʠ ʠʥʩʪʨʫʤʝʥʪʠ. ʆʢʦʥʯʘʪʝʣʥʠʪʝ ʮʝʣʠ ʥʘ 

ʣʘʙʦʨʘʪʦʨʥʠʪʝ ʪʝʩʪʦʚʝ ʩʘ ʜʘ ʩʲʙʝʨʘʪ ʜʘʥʥʠ ʟʘ ʧʨʝʜʩʢʘʟʚʘʥʝ ʥʘ ʢʣʠʥʠʯʥʠʷ ʨʝʟʫʣʪʘʪ  

(428, 433). 

ɿʘ ʦʮʝʥʷʚʘʥʝ ʥʘ ʩʚʲʨʟʚʘʱʘʪʘ ʝʬʝʢʪʠʚʥʦʩʪ ʥʘ ʘʜʭʝʟʠʚʠʪʝ ʩʧʨʷʤʦ ʝʤʘʡʣʘ ʠ 

ʜʝʥʪʠʥʘ, ʜʥʝʩ ʩʝ ʠʟʧʦʣʟʚʘʪ ʨʘʟʣʠʯʠʥʠ ʤʝʪʦʜʠ (58, 428, 433). ɿʜʨʘʚʠʥʘʪʘ ʥʘ ʚʨʲʟʢʘʪʘ 

ʤʦʞʝ ʜʘ ʙʲʜʝ ʦʮʝʥʝʥʘ ʩʪʘʪʠʩʪʠʯʝʩʢʠ ʯʨʝʟ ʠʟʧʦʣʟʚʘʥʝ ʥʘ ʤʘʢʨʦ- ʠ ʤʠʢʨʦ- ʪʝʩʪʚʘʱʠ 

ʫʩʪʨʦʡʩʪʚʘ, ʢʦʝʪʦ ʩʝ ʦʧʨʝʜʝʣʷ ʦʩʥʦʚʥʦ ʦʪ ʨʘʟʤʝʨʘ ʥʘ ʧʣʦʘɦ ʟʘ ʩʚʲʨʟʚʘʥʝ (20, 52, 168, 

289, 297, 370). ʇʨʠ ʠʟʩʣʝʜʚʘʥʝ ʥʘ ʟʜʨʘʚʠʥʘ ʥʘ ʚʨʲʟʢʘʪʘ ʥʘ ʧʣʦʱ ʟʘ ʩʚʲʨʟʚʘʥʝ, ʧʦ-ʛʦʣʷʤʘ 

ʦʪ 3 mm
2
, ʠʟʩʣʝʜʚʘʥʝʪʦ ʩʝ ʦʧʨʝʜʝʣʷ ʢʘʪʦ ʤʘʢʨʦ-ʪʝʩʪ ʟʘ ʟʜʨʘʚʠʥʘ ʥʘ ʚʨʲʟʢʘ. ʊʘʢʦʚʘ 

ʠʟʩʣʝʜʚʘʥʝ ʩʝ ʧʨʦʚʝʞʜʘ ʯʨʝʟ ʧʨʠʣʘʛʘʥʝ ʥʘ ʧʨʦʪʦʢʦʣ ʥʘ Ăʧʨʝʨʷʟʚʘʥʝò, Ăʦʧʲʥ/ʷʢʦʩʪò ʠʣʠ 

ʥʘ ʧʨʠʣʘʛʘʥʝ ʥʘ Ăʫʩʠʣʠʝ/ʠʟʪʝʛʣʷʥʝò (52, 433). ʇʨʠ ʪʝʩʪʚʘʥʝ ʥʘ ʧʣʦʱ ʟʘ ʩʚʲʨʟʚʘʥʝ ʦʢʦʣʦ 

1 mm
2
 ʠʣʠ ʧʦ-ʤʘʣʢʦ ʩʝ ʧʨʠʣʘʛʘʪ ʤʠʢʨʦ-ʪʝʩʪʦʚʝ ʟʘ ʦʧʨʝʜʝʣʷʥʝ ʥʘ ʟʜʨʘʚʠʥʘʪʘ ʥʘ 

ʚʨʲʟʢʘʪʘ ï ʪʝʩʪ ʟʘ ʤʠʢʨʦ ʦʧʲʥ (ɛTBS), ʩʲʟʜʘʜʝʥ ʧʨʝʟ 1994 ʛʦʜ. ʦʪ Sano (344), ʪʝʩʪ ʟʘ 

ʤʠʢʨʦ ʧʨʝʢʲʨʰʚʘʥʝ (ɛSBS), ʚʲʚʝʜʝʥ ʧʨʝʟ 2002 ʛʦʜʠʥʘ (368, 369, 433). ʄʝʞʜʫʥʘʨʦʜʥʘʪʘ 

ʦʨʛʘʥʠʟʘʮʠʷ ʟʘ ʩʪʘʥʜʘʨʪʠʟʘʮʠʷ (ISO) ʠ ʪʝʭʥʠʯʝʩʢʘ ʩʧʝʮʠʬʠʢʘʮʠʷ ISO\TS 11405, 

ʧʫʙʣʠʢʫʚʘʥʘ ʧʨʝʟ 1994 ʛʦʜ. ʠ ʧʦʩʣʝʜʥʦ ʨʝʚʠʟʠʨʘʥʘ ʧʨʝʟ 2003 ʛʦʜ. ʨʘʟʨʘʙʦʪʠ Ăʋʢʘʟʘʥʠʝ 

ʟʘ ʪʝʩʪʚʘʥʝ ʥʘ ʘʜʭʝʟʠʷʪʘ ʢʲʤ ʟʲʙʥʠʪʝ ʩʪʨʫʢʪʫʨʠò ʩ ʮʝʣ ʜʘ ʩʪʘʥʜʘʨʪʠʟʠʨʘ ʜʦ ʢʦʣʢʦʪʦ ʝ 

ʚʲʟʤʦʞʥʦ ʧʨʦʮʝʜʫʨʠʪʝ ʟʘ ʪʝʩʪʚʘʥʝ ʥʘ ʟʜʨʘʚʠʥʘʪʘ ʥʘ ʚʨʲʟʢʘʪʘ (52, 186, 382, 416).  
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7.2.1. Ăʄʘʢʨʦò ʪʝʩʪʦʚʝ 

ʊʝʩʪ ʟʘ ʤʘʢʨʦ-ʧʨʝʨʷʟʚʘʥʝ ʠ ʤʘʢʨʦ-ʦʧʲʥ (tensile bond strength TBS) 

 

ʅʘʡ-ʯʝʩʪʦ ʠʟʧʦʣʟʚʘʥʠʷʪ ʪʝʩʪ ʝ ʪʦʟʠ ʟʘ ʤʘʢʨʦ-ʧʨʝʨʷʟʚʘʥʝ (shear bond strength - 

SBS) (52, 58, 370, 433). ʇʨʠʯʠʥʘ ʟʘ ʪʦʚʘ ʝ, ʯʝ ʝ ʣʝʩʝʥ ʠ ʙʲʨʟ ʤʝʪʦʜ ʟʘ ʦʮʝʥʢʘ ʥʘ 

ʟʜʨʘʚʠʥʘʪʘ ʥʘ ʚʨʲʟʢʘʪʘ. ʅʝ ʩʝ ʥʘʣʘʛʘ ʜʦʧʲʣʥʠʪʝʣʥʘ ʧʦʜʛʦʪʦʚʢʘ ʥʘ ʦʙʨʘʟʮʠʪʝ ʩʣʝʜ 

ʧʨʦʚʝʞʜʘʥʝ ʥʘ ʘʜʭʝʟʠʚʥʠʪʝ ʧʨʦʮʝʜʫʨʠ ʠ ʩʝ ʠʟʧʦʣʟʚʘ ʤʠʥʠʤʘʣʥʦ ʪʝʭʥʠʯʝʩʢʦ 

ʦʙʦʨʫʜʚʘʥʝ (52, 433). ʀ ʧʨʠ ʜʚʘʪʘ ʪʝʩʪʘ ʩʝ ʠʟʧʦʣʟʚʘʪ ʝʢʩʪʨʘʭʠʨʘʥʠ ʯʦʚʝʰʢʠ ʠʣʠ 

ʪʝʣʝʰʢʠ ʟʲʙʠ. ʆʙʠʢʥʦʚʝʥʦ ʥʘʥʘʩʷʥʝʪʦ ʥʘ ʘʜʭʝʟʠʚʥʘʪʘ ʩʠʩʪʝʤʘ ʩʝ ʠʟʚʲʨʰʚʘ ʩʣʝʜ 

ʦʪʩʪʨʘʥʷʚʘʥʝ ʥʘ ʝʤʘʡʣʘ, ʚ ʮʝʥʪʲʨʘ ʥʘ ʛʣʘʜʢʘ ʢʦʨʦʥʘʨʥʘ ʜʝʥʪʠʥʦʚʘ ʧʦʚʲʨʭʥʦʩʪ ʠ 

ʠʟʧʦʣʟʚʘʥʝ ʥʘ ʮʠʣʠʥʜʨʠ ʠʣʠ ʤʘʪʨʠʮʠ ʩ ʜʠʘʤʝʪʲʨ ʦʪ 3 ʜʦ 5 mm
2
, ʢʦʠʪʦ ʩʝ ʠʟʧʲʣʚʘʪ ʩ 

ʢʦʤʧʦʟʠʮʠʦʥʝʥ ʤʘʪʝʨʠʘʣ (121, 297, 370). ʉʣʝʜ ʢʨʘʪʲʢ ʠʣʠ ʜʲʣʲʛ ʧʝʨʠʦʜ ʥʘ ʩʲʭʨʘʥʝʥʠʝ 

ʚʲʚ ʚʦʜʘ ʠ ʢʦʤʙʠʥʘʮʠʷ ʦʪ ʤʝʭʘʥʠʯʥʠ ʠʣʠ ʪʝʨʤʠʯʥʠ ʥʘʪʦʚʘʨʚʘʥʠʷ, ʦʙʨʘʟʮʠʪʝ ʩʝ 

ʧʦʩʪʘʚʷʪ ʚ ʫʥʠʚʝʨʩʘʣʝʥ ʪʝʩʪʚʘʱ ʘʧʘʨʘʪ ʠ ʩʝ ʧʨʠʣʘʛʘ ʩʠʣʘ, ʧʘʨʘʣʝʣʥʘ ʥʘ ʟʲʙʥʘʪʘ 

ʧʦʚʲʨʭʥʦʩʪ ʧʨʠ ʪʝʩʪʘ ʟʘ ʤʘʢʨʦ-ʧʨʝʨʷʟʚʘʥʝ (ʬʠʛ.2ɸ) (382, 428). ʇʨʠ ʪʝʩʪʘ ʟʘ ʤʘʢʨʦ-ʦʧʲʥ 

(tensile bond strength - TBS) ʧʨʠʣʦʞʝʥʘʪʘ ʩʠʣʘ ʝ ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʘ ʥʘ ʟʲʙʥʘʪʘ 

ʧʦʚʲʨʭʥʦʩʪ (ʬʠʛ.2ɹ) (382, 428). ʅʘʡ-ʛʦʣʷʤʦʪʦ ʟʘʪʨʫʜʥʝʥʠʝ ʧʨʠ ʧʨʠʣʦʞʝʥʠʝʪʦ ʥʘ TBS 

ʪʝʩʪʘ ʝ ʟʘʧʘʟʚʘʥʝʪʦ ʥʘ ʜʦʩʪʘʪʲʯʥʦ ʧʦʜʨʘʚʥʷʚʘʥʝ ʠ ʭʦʨʠʟʦʥʪʠʨʘʥʝ ʧʦ ʚʨʝʤʝ ʥʘ 

ʘʜʭʝʟʠʚʥʠʪʝ ʧʨʦʮʝʜʫʨʠ ʠ ʥʘ ʪʝʩʪʚʘʥʝʪʦ, ʟʘ ʜʘ ʩʝ ʠʟʙʝʛʥʝ ʢʦʥʮʝʥʪʨʠʨʘʥʝʪʦ ʥʘ ʩʪʨʝʩ, 

ʧʦʨʘʜʠ ʥʝʧʨʘʚʠʣʥʘ ʛʝʦʤʝʪʨʠʷ ʥʘ ʛʨʘʥʠʯʥʘʪʘ ʟʦʥʘ (382). ʇʨʠ ʪʝʩʪʘ ʟʘ ʟʜʨʘʚʠʥʘ ʥʘ 

ʧʨʝʢʲʨʰʚʘʥʝ ʪʘʟʠ ʦʧʘʩʥʦʩʪ ʝ ʧʨʝʦʜʦʣʷʥʘ, ʥʦ ʪʦʡ ʤʦʞʝ ʤʥʦʛʦ ʣʝʩʥʦ ʜʘ ʩʝ ʪʨʘʥʩʬʦʨʤʠʨʘ 

ʢʘʪʦ ʪʝʩʪ ʥʘ ʠʟʚʠʚʘʥʝ ʠʣʠ ʨʘʟʮʝʧʚʘʥʝ, ʚ ʢʦʡʪʦ ʜʦʤʠʥʠʨʘ ʩʪʨʝʩʘ ʥʘ ʦʧʲʥ, ʘ ʥʝ ʥʘ 

ʧʨʝʨʷʟʚʘʥʝ (382).  

ɸ                      ɹ                        

ʌʠʛ.2. ʇʦʩʪʘʥʦʚʢʘ ʥʘ ʪʝʩʪʘ ʟʘ ʟʜʨʘʚʠʥʘ ʥʘ ʧʨʝʢʲʨʰʚʘʥʝ (ɸ) ʠ ʟʘ ʟʜʨʘʚʠʥʘ ʥʘ 

ʦʧʲʥ (ɹ) 
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ʈʘʟʣʠʯʥʠ ʧʨʘʤʝʪʨʠ ʤʦʛʘʪ ʜʘ ʦʢʘʞʘʪ ʚʣʠʷʥʠʝ ʚʲʨʭʫ ʨʝʟʫʣʪʘʪʠʪʝ ʧʨʠ 

ʧʨʦʚʝʞʜʘʥʝʪʦ ʥʘ ʪʝʟʠ ʪʝʩʪʦʚʝ ï ʚʠʜʲʪ ʥʘ ʜʝʥʪʠʥʦʚʠʷ ʩʫʙʩʪʨʘʪ (ʚʠʜʲʪ ʥʘ ʟʲʙʘ), 

ʢʦʤʧʦʟʠʪʲʪ ʠ ʧʣʦʱʪʘ ʥʘ ʩʚʲʨʟʚʘʥʝ (ʤʦʜʫʣʘ ʥʘ ʝʣʘʩʪʠʯʥʦʩʪ ʥʘ ʢʦʤʧʦʟʠʪʘ), ʫʩʣʦʚʠʷʪʘ ʥʘ 

ʩʲʭʨʘʥʝʥʠʝ ʥʘ ʧʦʜʛʦʪʚʝʥʠʪʝ ʦʙʨʘʟʮʠ (ʪʝʨʤʠʯʥʦ ʥʘʪʦʚʘʨʚʘʥʝ), ʦʧʠʪʥʘʪʘ ʧʦʩʪʘʥʦʚʢʘ 

(ʩʢʦʨʦʩʪʪʘ ʥʘ ʧʣʲʟʛʘʯʘ) (52, 219, 297, 336, 433). ɼʨʫʛ ʠʟʪʦʯʥʠʢ ʥʘ ʧʨʦʤʝʥʣʠʚʠ ʝ 

ʨʘʟʣʠʯʥʘʪʘ ʢʦʥʬʠʛʫʨʘʮʠʷ, ʫʧʦʪʨʝʙʝʥʘ ʟʘ ʧʨʠʣʘʛʘʥʝ ʥʘ ʩʠʣʘʪʘ ʥʘ 

ʧʨʝʨʷʟʚʘʥʝ/ʧʨʝʢʲʨʰʚʘʥʝ, ʚʢʣʶʯʚʘʱʘ ʪʝʣʝʥʘ ʩʢʦʙʘ, ʟʘʦʩʪʨʝʥ ʠʣʠ ʧʨʠʪʲʧʝʥ ʣʦʩʪ (96, 

273, 297, 300, 433). 

ʀʟʩʣʝʜʦʚʘʪʝʣʠ ʩʘ ʫʩʪʘʥʦʚʠʣʠ, ʯʝ ʧʨʠ ʧʨʠʣʘʛʘʥʝʪʦ ʥʘ ʪʝʩʪʦʚʝʪʝ ʟʘ ʦʧʲʥ ʠ 

ʧʨʝʢʲʨʰʚʘʥʝ ʩʝ ʥʘʙʣʶʜʘʚʘ ʥʝʝʜʥʦʨʦʜʥʦ ʨʘʟʧʨʝʜʝʣʝʥʠʝ ʥʘ ʩʪʨʝʩʘ, ʛʝʥʝʨʠʨʘʥ ʧʦ 

ʧʨʦʪʝʞʝʥʠʝ ʥʘ ʛʨʘʥʠʯʥʘʪʘ ʟʦʥʘ (20, 96, 370, 382, 440, 441). ʊʦʚʘ ʜʦʚʝʞʜʘ ʜʦ 

ʦʙʨʘʟʫʚʘʥʝʪʦ ʥʘ ʧʫʢʥʘʪʠʥʠ ʚ ʛʨʘʥʠʯʥʘʪʘ ʟʦʥʘ ʧʣʘʩʪʤʘʩʘ-ʜʝʥʪʠʥ, ʠʤʘʱʠ ʟʘ ʧʦʩʣʝʜʠʮʘ 

ʜʝʩʪʨʫʢʮʠʷ ʥʘ ʚʨʲʟʢʘʪʘ (370). ʌʨʘʢʪʫʨʠʨʘʥʝʪʦ ʥʘ ʦʙʨʘʟʮʠʪʝ ʚʝʨʦʷʪʥʦ ʩʝ ʠʥʠʮʠʠʨʘ ʦʪ 

ʥʷʢʦʣʢʦ ʪʦʯʢʠ ʦʢʦʣʦ ʧʝʨʠʬʝʨʠʷʪʘ ʥʘ ʛʨʘʥʠʯʥʘʪʘ ʟʦʥʘ, ʢʲʜʝʪʦ ʠʤʘ ʜʝʬʝʢʪʠ ʩ ʢʨʠʪʠʯʝʥ 

ʨʘʟʤʝʨ, ʩʲʚʧʘʜʘʱʦ ʩ ʢʦʥʮʝʥʪʨʘʮʠʷ ʥʘ ʧʨʠʣʦʞʝʥʠʷ ʩʪʨʝʩ ʥʘ ʦʧʲʥ ʠ ʚ ʪʘʢʲʚ ʩʣʫʯʘʡ ʪʦʡ 

ʩʝ ʨʘʟʧʨʦʩʪʨʘʥʷʚʘ ʧʦ ʧʨʦʪʝʞʝʥʠʝ ʥʘ ʪʘʟʠ ʛʨʘʥʠʯʥʘ ʟʦʥʘ (370). ʆʩʚʝʥ ʪʦʚʘ ʘʜʭʝʟʠʚʥʦʪʦ 

ʩʚʲʨʟʚʘʥʝ ʥʝ ʝ ʝʜʥʦʨʦʜʥʦ ʥʘ ʤʠʢʨʦʩʢʦʧʩʢʦ ʥʠʚʦ. ɻʨʘʥʠʯʥʘʪʘ ʙʦʥʜʠʨʘʥʘ ʧʦʚʲʨʭʥʦʩʪ 

ʤʦʞʝ ʜʘ ʩʲʜʲʨʞʘ ʚʲʟʜʫʰʥʠ ʤʝʭʫʨʯʝʪʘ, ʬʘʟʦʚʦ ʨʘʟʣʘʛʘʥʝ, ʧʦʚʲʨʭʥʦʩʪʥʠ ʥʝʨʘʚʥʦʩʪʠ ʠ 

ʥʝʨʘʚʥʦʤʝʨʥʘ ʜʝʙʝʣʠʥʘ ʥʘ ʘʜʭʝʟʠʚʥʠʷ ʩʣʦʡ, ʢʦʝʪʦ ʩʲʱʦ ʜʘ ʜʦʚʝʜʝ ʜʦ ʥʝʨʘʚʥʦʤʝʨʥʦ 

ʨʘʟʧʨʝʜʝʣʝʥʠʝ ʥʘ ʩʪʨʝʩʘ (297, 389). ʂʦʣʢʦʪʦ ʝ ʧʦ-ʛʦʣʷʤʘ ʠʟʩʣʝʜʚʘʥʘʪʘ ʟʦʥʘ ʟʘ ʟʜʨʘʚʠʥʘ 

ʥʘ ʚʨʲʟʢʘʪʘ, ʪʦʣʢʦʚʘ ʧʦ-ʛʦʣʷʤʘ ʝ ʚʝʨʦʷʪʥʦʩʪʪʘ ʟʘ ʥʘʣʠʯʠʝ ʥʘ ʛʦʨʝʩʧʦʤʝʥʘʪʠʪʝ ʜʝʬʝʢʪʠ 

(20, 52, 69, 344). ʊʦʚʘ ʱʝ ʜʦʚʝʞʜʘ ʜʦ ʧʦʣʫʯʘʚʘʥʝ ʥʘ ʧʦ-ʥʠʩʢʠ ʩʪʦʡʥʦʩʪʠ ʥʘ ʟʜʨʘʚʠʥʘ ʥʘ 

ʚʨʲʟʢʘ, ʚ ʩʨʘʚʥʝʥʠʝ ʩ ʪʝʟʠ, ʢʦʠʪʦ ʙʠʭʘ ʙʠʣʠ ʠʟʤʝʨʝʥʠ ʧʨʠ ʦʙʨʘʟʮʠ ʩ ʧʦ-ʤʘʣʢʘ ʧʦ ʨʘʟʤʝʨ 

ʠʟʩʣʝʜʚʘʥʘ ʧʦʚʲʨʭʥʦʩʪ (297, 382). Van Noort et al ʠʟʧʦʣʟʚʘʪ Finite Element Stress 

Analysis (FEA), ʟʘ ʜʘ ʜʝʤʦʥʩʪʨʠʨʘʪ, ʯʝ ʩʝ ʛʝʥʝʨʠʨʘ ʤʘʢʩʠʤʘʣʝʥ ʩʪʨʝʩ ʧʨʠ ʧʨʦʚʝʞʜʘʥʝʪʦ 

ʥʘ ʪʝʩʪʦʚʝʪʝ ʟʘ ʟʜʨʘʚʠʥʘ ʥʘ ʦʧʲʥ ʠ ʧʨʝʨʷʟʚʘʥʝ ʥʘ ʧʝʨʠʬʝʨʠʷʪʘ ʥʘ ʛʨʘʥʠʯʥʘʪʘ ʟʦʥʘ, ʠ ʯʝ 

ʪʦʟʠ ʩʪʨʝʩ ʜʘʣʝʯʝ ʥʘʜʚʠʰʘʚʘ ʥʦʤʠʥʘʣʥʘʪʘ ʟʜʨʘʚʠʥʘ ʥʘ ʚʨʲʟʢʘʪʘ (297, 382, 440, 441). 

ʈʘʟʧʨʝʜʝʣʝʥʠʝʪʦ ʥʘ ʩʪʨʝʩʘ ʥʘ ʛʨʘʥʠʯʥʘʪʘ ʟʦʥʘ ʠ ʧʨʠ ʜʚʘʪʘ ʪʝʩʪʘ ʟʘʚʠʩʠ ʚ ʛʦʣʷʤʘ ʩʪʝʧʝʥ 

ʦʪ ʛʝʦʤʝʪʨʠʷʪʘ ʥʘ ʪʝʩʪʚʘʥʘʪʘ ʧʦʚʲʨʭʥʦʩʪ, ʧʨʠʨʦʜʘʪʘ ʥʘ ʧʨʠʣʦʞʝʥʦʪʦ ʥʘʪʦʚʘʨʚʘʥʝ, 

ʥʘʣʠʯʠʝʪʦ ʠʣʠ ʦʪʩʲʩʪʚʠʝʪʦ ʥʘ ʘʜʭʝʟʠʚʝʥ ʩʣʦʡ ʠ ʦʪ ʬʠʟʠʯʥʠʪʝ ʢʘʯʝʩʪʚʘ ʥʘ ʤʘʪʝʨʠʘʣʠʪʝ 

(297, 382, 440, 441). ɺʩʠʯʢʠ ʪʝʟʠ ʧʦʢʘʟʘʪʝʣʠ ʦʢʘʟʚʘʪ ʚʣʠʷʥʠʝ ʚʲʨʭʫ ʦʢʦʥʯʘʪʝʣʥʘʪʘ ʠʟʷʚʘ 

ʥʘ ʩʪʨʝʩʘ ʠ ʥʘ ʥʝʛʦʚʘʪʘ ʣʦʢʘʣʠʟʘʮʠʷ ʥʘ ʢʦʥʮʝʥʪʨʘʮʠʷ, ʘ ʦʪ ʪʘʤ ʠ ʚʲʨʭʫ ʠʟʤʝʨʝʥʘʪʘ 

ʟʜʨʘʚʠʥʘʪʘ ʥʘ ʚʨʲʟʢʘʪʘ (96, 359, 440, 441). 
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7.2.2. Ăʄʠʢʨʦò ʪʝʩʪʦʚʝ 

 

ʊʝʩʪ ʟʘ ʤʠʢʨʦ-ʦʧʲʥ (ɛTBS) 

 

ʊʦʟʠ ʪʝʩʪ ʝ ʩʲʟʜʘʜʝʥ ʦʪ Sano et all ʧʨʝʟ 1994 ʛʦʜʠʥʘ (344). ʊʝʩʪʚʘʥʘʪʘ ʟʦʥʘ ʥʘ 

ʩʚʲʨʟʚʘʥʝ ʝ ʦʢʦʣʦ 1 mm
2
 ʠʣʠ ʧʦ-ʤʘʣʢʦ. ʆʙʨʘʟʮʠʪʝ ʩʝ ʧʦʜʣʘʛʘʪ ʥʘ ʜʦʧʲʣʥʠʪʝʣʥʘ 

ʦʙʨʘʙʦʪʢʘ, ʟʘ ʜʘ ʩʪʘʥʘʪ ʤʠʢʨʦ-ʦʙʨʘʟʮʠ. ʊʦʚʘ ʧʨʘʚʠ ʪʝʩʪʘ ʧʦ-ʪʨʫʜʝʥ ʠ ʟʘʚʠʩʝʱ ʦʪ 

ʩʧʝʮʠʬʠʯʥʘ ʪʝʭʥʠʢʘ (433). ʇʨʦʪʦʢʦʣʲʪ ʟʘ ʧʨʦʚʝʞʜʘʥʝ ʥʘ ʪʝʩʪʘ ʚʢʣʶʯʚʘ ʩʲʟʜʘʚʘʥʝ ʥʘ 

ʨʘʚʥʘ ʜʝʥʪʠʥʦʚʘ ʧʦʚʲʨʭʥʦʩʪ ʩʣʝʜ ʦʪʩʪʨʘʥʷʚʘʥʝ ʥʘ ʝʤʘʡʣʘ. ʉʣʝʜʚʘ ʥʘʥʘʩʷʥʝ ʥʘ 

ʩʲʦʪʚʝʪʥʘʪʘ ʘʜʭʝʟʠʚʥʘ ʩʠʩʪʝʤʘ ʩʧʦʨʝʜ ʠʥʩʪʨʫʢʮʠʷʪʘ ʥʘ ʧʨʦʠʟʚʦʜʠʪʝʣʷ ʠ ʧʦʩʣʝʜʚʘʱʦ 

ʚʲʟʩʪʘʥʦʚʷʚʘʥʝ ʩ ʢʦʤʧʦʟʠʮʠʦʥʝʥ ʤʘʪʝʨʠʘʣ. ʉʣʝʜ ʩʲʭʨʘʥʝʥʠʝ ʚʲʚ ʚʦʜʘ ʦʙʨʘʟʮʠʪʝ ʩʝ 

ʥʘʨʷʟʚʘʪ ʥʘ ʤʥʦʛʦʙʨʦʡʥʠ ʩʝʨʠʡʥʠ ʩʨʝʟʦʚʝ ʚʲʚ ʚʝʨʪʠʢʘʣʥʘ ʧʦʩʦʢʘ ʩ ʧʦʤʦʱʪʘ ʥʘ 

ʤʠʢʨʦʪʦʤ. ʇʦʣʫʯʝʥʠʪʝ ʧʣʦʯʢʠ ʩʝ ʩʲʩʪʦʷʪ ʦʪ ʛʦʨʥʘ ʧʦʣʦʚʠʥʘ ʦʪ ʢʦʤʧʦʟʠʪ ʠ ʜʦʣʥʘ ʯʘʩʪ 

ʦʪ ʜʝʥʪʠʥ. ʅ̫ ʢʦʠ ʦʪ ʤʝʪʦʜʠʢʠʪʝ ʚʢʣʶʯʚʘʪ ʜʦʧʲʣʥʠʪʝʣʥʘʪʘ ʦʙʨʘʙʦʪʢʘ ʥʘ ʪʝʟʠ ʧʣʦʯʢʠ ï 

ʪʝ ʧʨʠʜʦʙʠʚʘʪ ʦʧʨʝʜʝʣʝʥʘ ʬʦʨʤʘ, ʢʦʷʪʦ ʜʘ ʥʘʤʘʣʠ ʥʘʧʨʝʯʥʦʪʦ ʩʝʯʝʥʠʝ ʥʘ ʙʦʥʜʠʨʘʥʘʪʘ 

ʟʦʥʘ ʠ ʜʘ ʦʩʠʛʫʨʠ ʤʘʢʩʠʤʘʣʥʦ ʨʘʟʛʨʲʱʘʥʝ ʥʘ ʩʪʨʝʩʘ ʚ ʪʘʟʠ ʟʦʥʘ (ʬʠʛ.3). ɺ ʟʘʚʠʩʠʤʦʩʪ 

ʦʪ ʠʟʧʦʣʟʚʘʥʘʪʘ ʘʧʘʨʘʪʫʨʘ ʟʘ ʪʝʩʪʚʘʥʝ, ʦʬʦʨʤʝʥʠʪʝ ʦʙʨʘʟʮʠ ʩʝ ʬʠʢʩʠʨʘʪ ʩ 

ʮʠʘʥʦʘʢʨʠʣʘʪʝʥ ʮʠʤʝʥʪ, ʟʘ ʜʘ ʤʦʛʘʪ ʜʘ ʙʲʜʘʪ ʟʘʭʚʘʥʘʪʠ ʟʘ ʯʝʣʶʩʪʠʪʝ ʥʘ ʘʧʘʨʘʪʘ ʠʣʠ ʩʝ 

ʧʦʩʪʘʚʷʪ ʜʠʨʝʢʪʥʦ ʚ ʘʧʘʨʘʪʘ. ʆʙʨʘʟʮʠʪʝ ʩʝ ʧʦʜʣʘʛʘʪ ʥʘ ʪʝʩʪʚʘʥʝ. ʇʨʝʧʦʨʲʯʚʘʥʘʪʘ ʢʘʪʦ 

ʧʦʜʭʦʜʷʱʘ ʩʢʦʨʦʩʪ ʥʘ ʠʟʩʣʝʜʚʘʥʝ ʝ 1 mm/min (20, 320). ʉʣʝʜ ʪʦʚʘ ʚʠʜʲʪ ʥʘ ʬʨʘʢʪʫʨʘʪʘ 

ʥʘ ʚʩʝʢʠ ʦʙʨʘʟʝʮ ʩʝ ʦʧʨʝʜʝʣʷ ʯʨʝʟ ʠʟʩʣʝʜʚʘʥʝ ʧʦʜ ʤʠʢʨʦʩʢʦʧ (ʩʪʝʨʝʦʤʠʢʨʦʩʢʦʧ ʠʣʠ 

ʩʢʘʥʠʨʘʱ ʝʣʝʢʪʨʦʥʝʥ ʤʠʢʨʦʩʢʦʧ) (289, 297, 344). 

ʇʨʝʜʠʤʩʪʚʘʪʘ ʥʘ ʪʦʟʠ ʪʝʩʪ ʩʘ ʤʘʢʩʠʤʘʣʥʦ ʠʢʦʥʦʤʠʯʥʦ ʠʟʧʦʣʟʚʘʥʝ ʥʘ ʟʲʙʠ (ʦʪ 

ʝʜʠʥ ʟʲʙ ʩʝ ʧʦʣʫʯʘʚʘʪ ʤʥʦʛʦ ʦʙʨʘʟʮʠ), ʚʲʟʤʦʞʥʦʩʪ ʟʘ ʧʦ-ʜʦʙʲʨ ʢʦʥʪʨʦʣ ʚ ʨʝʛʠʦʥʘʣʥʠʪʝ 

ʨʘʟʣʠʢʠ (ʧʝʨʠʬʝʨʝʥ ʜʝʥʪʠʥ ʩʧʨʷʤʦ ʮʝʥʪʨʘʣʥʠ ʟʦʥʠ ʦʪ ʥʝʛʦ), ʧʦ-ʜʦʙʨʦ ʨʘʟʧʨʝʜʝʣʝʥʠʝ 

ʥʘ ʩʪʨʝʩʘ ʚʲʨʭʫ ʩʲʱʠʥʩʢʘʪʘ ʛʨʘʥʠʯʥʘ ʟʦʥʘ (289, 344, 433). ʊʝʟʠ ʧʨʝʜʠʤʩʪʚʘ ʧʨʘʚʷʪ 

ʪʝʩʪʘ ʧʦ-ʛʲʚʢʘʚ. ʄʥʦʛʦʙʨʦʡʥʠʪʝ ʦʙʨʘʟʮʠ, ʧʦʣʫʯʝʥʠ ʦʪ ʝʜʠʥ ʟʲʙ ʜʘʚʘʪ ʚʲʟʤʦʞʥʦʩʪ ʟʘ 

ʧʦ-ʜʦʙʨʘ ʦʨʛʘʥʠʟʘʮʠʷ ʥʘ ʠʟʩʣʝʜʚʘʥʝʪʦ ʠ ʧʦ-ʜʦʙʲʨ ʢʦʥʪʨʦʣ ʥʘ ʧʨʦʤʝʥʠʪʝ ʚ ʩʫʙʩʪʨʘʪʘ 

(433).  
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ʌʠʛ.3. ʉʭʝʤʘʪʠʯʥʦ ʠʟʦʙʨʘʞʝʥʠʝ ʥʘ ʧʦʜʛʦʪʦʚʢʘ ʥʘ ʦʙʨʘʟʮʠʪʝ ʟʘ ʧʨʦʚʝʞʜʘʥʝ 

ʥʘ ʪʝʩʪʘ ʟʘ ʤʠʢʨʦʦʧʲʥ 

 

ʌʘʢʪʦʨʠ, ʢʦʠʪʦ ʙʠʭʘ ʦʢʘʟʘʣʠ ʚʣʠʷʥʠʝ ʚʲʨʭʫ ʨʝʟʫʣʪʘʪʠʪʝ ʦʪ ʧʨʦʚʝʞʜʘʥʝʪʦ ʥʘ 

ʪʝʩʪʘ ʩʘ: ʬʦʨʤʘʪʘ ʥʘ ʦʙʨʘʟʮʠʪʝ - ʜʘʣʠ ʩʘ Ăʜʦʦʬʦʨʤʷʥʠ ï ʜʷʣʢʘʥʠò ʠʣʠ Ăʥʝ ʩʘ ʦʬʦʨʤʷʥʠò 

(20, 262, 263, 433); ʥʘʯʠʥʲʪ ʥʘ ʟʘʭʚʘʱʘʥʝ ʥʘ ʦʙʨʘʟʮʠʪʝ ʚ ʘʧʘʨʘʪʠʪʝ ʟʘ ʪʝʩʪʚʘʥʝ ï 

ʘʢʪʠʚʥʦ, ʧʘʩʠʚʥʦ, ʩ ʧʦʤʦʱʪʘ ʥʘ ʧʦʩʨʝʜʥʠʢ ʠʣʠ ʜʠʨʝʢʪʥʦ ʟʘ ʯʝʣʶʩʪʠʪʝ (20, 302, 319); 

ʩʢʦʨʦʩʪʪʘ ʩ ʢʦʷʪʦ ʩʝ ʥʘʪʦʚʘʨʚʘʪ ʦʙʨʘʟʮʠ (20, 320). ɸʚʪʦʨʠ ʩʲʦʙʱʘʚʘʪ, ʯʝ ʢʦʣʢʦʪʦ ʝ ʧʦ-

ʥʠʩʢʘ ʩʢʦʨʦʩʪʪʘ ʧʨʠʣʦʞʝʥʘ ʧʨʠ ʪʝʩʪʚʘʥʝʪʦ, ʪʦʣʢʦʚʘ ʩʘ ʧʦ-ʛʦʣʝʤʠ ʨʘʟʣʠʢʠʪʝ ʤʝʞʜʫ 

ʩʪʨʝʩʘ ʧʨʠ ʤʘʢʩʠʤʘʣʥʦ ʥʘʪʦʚʘʨʚʘʥʝ ʠ ʩʪʨʝʩʘ ʥʘ ʯʫʧʝʥʝ. ʊʝ ʧʨʝʧʦʨʲʯʚʘʪ ʩʢʦʨʦʩʪ ʥʘ 

ʧʣʲʟʛʘʥʝʪʦ ʧʨʠ ʪʦʟʠ ʪʝʩʪ 1mm/min (320). 

ɿʘʭʚʘʱʘʥʝʪʦ ʥʘ ʦʙʨʘʟʮʠʪʝ ʟʘ ʪʝʩʪʚʘʥʝ ʢʲʤ ʜʚʦʡʢʘʪʘ ʯʝʣʶʩʪʠ ʥʘ ʤʝʭʘʥʠʯʥʠʪʝ 

ʪʝʩʪʚʘʱʠ ʤʘʰʠʥʠ ʟʘ ʧʨʠʣʘʛʘʥʝʪʦ ʥʘ ʪʦʚʘʨʘ ʩʪʘʚʘ ʧʦʩʨʝʜʩʪʚʦʤ ʘʢʪʠʚʥʠ ʠʣʠ ʧʘʩʠʚʥʠ 

ʫʩʪʨʦʡʩʪʚʘ ʟʘ ʭʚʘʱʘʥʝ. ɸʢʪʠʚʥʠʪʝ ʫʩʪʨʦʡʩʪʚʘ ʤʦʛʘʪ ʜʘ ʩʘ ʠʣʠ ʤʝʭʘʥʠʯʥʠ, ʠʣʠ ʢʘʢʪʦ ʝ 

ʥʘʡ-ʯʝʩʪʦ ʧʨʠ ʪʝʩʪʚʘʥʝʪʦ ʟʘ ʤʠʢʨʦʦʧʲʥ, ʯʨʝʟ ʥʝʧʦʜʚʠʞʥʦ ʫʩʪʨʦʡʩʪʚʦ ʟʘ ʟʘʣʝʧʷʥʝ (20). 

ʊʝʟʠ ʧʨʦʮʝʜʫʨʠ ʧʦ ʬʠʢʩʠʨʘʥʝ ʥʘ ʦʙʨʘʟʮʠʪʝ ʠʟʠʩʢʚʘʪ ʪʦʯʥʦ ʤʘʥʠʧʫʣʠʨʘʥʝ ʠ ʩʧʝʮʠʘʣʥʠ 

ʧʨʠʩʧʦʩʦʙʣʝʥʠʷ ʟʘ ʭʚʘʱʘʥʝ (20, 302, 319, 380). ʊʝʟʠ ʧʨʠʩʧʦʩʦʙʣʝʥʠʷ ʪʨʷʙʚʘ ʜʘ 

ʛʘʨʘʥʪʠʨʘʪ, ʯʝ ʚʲʨʭʫ ʪʝʩʪʚʘʥʠʪʝ ʦʙʨʘʟʮʠ ʩʝ ʧʨʠʣʘʛʘ ʩʘʤʦ ʩʠʣʘ ʥʘ ʦʧʲʚʘʥʝ. ʇʦ ʚʨʝʤʝ ʥʘ 

ʧʨʠʣʘʛʘʥʝ ʥʘ ʥʘʪʦʚʘʨʚʘʥʝʪʦ ʤʦʛʘʪ ʜʘ ʚʲʟʥʠʢʥʘʪ ʩʠʣʠ ʥʘ ʠʟʚʠʚʘʥʝ, ʘʢʦ ʦʙʨʘʟʮʠʪʝ ʥʝ ʩʘ 

ʠʟʨʘʚʥʝʥʠ ʫʩʧʦʨʝʜʥʦ, ʣʠʥʠʷʪʘ ʥʘ ʩʚʲʨʟʚʘʥʝʪʦ ʥʝ ʝ ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʦ ʥʘ ʧʦʚʲʨʭʥʦʩʪʪʘ 

ʥʘ ʟʘʭʚʘʱʘʥʝ ʥʘ ʦʙʨʘʟʮʠʪʝ ʠ/ʠʣʠ ʧʦʨʘʜʠ ʧʨʦʤʝʥʣʠʚʠ ʩʠʣʠ ʥʘ ʟʘʭʚʘʱʘʥʝ (20, 371). ʇʨʠ 

ʥʷʢʦʠ ʦʪ ʘʧʘʨʘʪʠʪʝ ʟʘ ʧʨʦʚʝʞʜʘʥʝʪʦ ʥʘ ʪʝʩʪʘ ʟʘ ʤʠʢʨʦ ʦʧʲʥ, ʢʨʘʠʱʘʪʘ ʥʘ ʦʙʨʘʟʝʮʘ ʩʝ 

ʟʘʣʝʧʚʘʪ ʟʘ ʯʝʣʶʩʪʠʪʝ ʟʘ ʟʘʭʚʘʱʘʥʝʪʦ ʤʫ (Bencor Multi -T) (343) ʠʣʠ ʧʦ-ʢʲʩʥʦ 

ʚʲʚʝʜʝʥʦʪʦ ʫʩʪʨʦʡʩʪʚʦ ʥʘ Ciucchi (472). ʀʟʧʦʣʟʚʘʥʝʪʦ ʥʘ ʟʘʣʝʧʚʘʱʦ ʚʝʱʝʩʪʚʦ ʩʲʱʦ 
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ʤʦʞʝ ʜʘ ʧʦʚʣʠʷʝ ʚʲʨʭʫ ʨʝʟʫʣʪʘʪʠʪʝ ʦʪ ʪʝʩʪʘ. ʇʦʨʘʜʠ ʧʨʠʣʘʛʘʥʝʪʦ ʥʘ ʥʝ-ʩʪʘʪʠʯʥʠ 

ʥʘʪʦʚʘʨʚʘʥʠʷ ʥʘ ʦʙʨʘʟʮʠʪʝ ʧʨʠ ʧʦʣʠʤʝʨʠʟʘʮʠʷʪʘ ʥʘ ʚʝʱʝʩʪʚʦʪʦ, ʤʦʞʝ ʜʘ ʥʘʩʪʲʧʠ 

ʬʨʘʢʪʫʨʠʨʘʥʝ ʙʣʠʟʦ ʠʣʠ ʚ ʛʨʘʥʠʮʠʪʝ ʥʘ ʩʘʤʦʪʦ ʟʘʣʝʧʚʘʥʝ, ʘ ʥʝ ʚ ʩʘʤʘʪʘ ʟʦʥʘ ʥʘ 

ʪʝʩʪʚʘʥʝ ʠ ʪ.ʥ (20, 262, 373). 

ʇʲʨʚʦʥʘʯʘʣʥʦ ʧʨʝʜʣʦʞʝʥʘʪʘ ʦʪ Sano et al ʬʦʨʤʘ ʥʘ ʤʠʢʨʦ ʦʙʨʘʟʝʮʘ ʝ ʧʷʩʲʯʝʥ 

ʯʘʩʦʚʥʠʢ (343). ʅʘʡ-ʦʙʱʦ ʬʦʨʤʘʪʘ ʥʘ ʦʙʨʘʟʮʠʪʝ ʧʨʠ ʪʦʟʠ ʪʝʩʪ ʤʦʞʝ ʜʘ ʩʝ ʢʘʪʝʛʦʨʠʟʠʨʘ, 

ʢʘʪʦ ʧʷʩʲʯʝʥ ʯʘʩʦʚʥʠʢ, ʧʣʦʯʢʘ (ʧʨʘʚʦʲʛʲʣʥʠʢ), ʢʣʝʯʢʘ/ʧʨʲʯʢʘ (ʢʚʘʜʨʘʪ) ʠ ʢʘʪʦ ʛʠʨʠʯʢʘ, 

ʢʦʠʪʦ ʠʤʘʪ ʢʚʘʜʨʘʪʥʘ, ʧʨʘʚʦʲʛʲʣʥʘ ʠʣʠ ʢʨʲʛʣʘ ʥʘʧʨʝʯʥʘ ʬʦʨʤʘ ʥʘ ʩʝʯʝʥʠʝʪʦ (20). 

ɻʝʦʤʝʪʨʠʷʪʘ ʥʘ ʦʙʨʘʟʮʠʪʝ ʠʤʘ ʟʥʘʯʠʪʝʣʥʦ ʚʣʠʷʥʠʝ ʚʲʨʭʫ ʝʜʥʦʨʦʜʥʦʩʪʪʘ ʥʘ ʩʪʨʝʩʘ ʠ ʘʢʦ 

ʥʝʛʦʚʘʪʘ ʢʦʥʮʝʥʪʨʘʮʠʷ ʥʝ ʤʦʞʝ ʜʘ ʙʲʜʝ ʥʘʧʲʣʥʦ ʧʨʝʦʜʦʣʷʥʘ, ʪʦ ʧʦʥʝ ʜʘ ʙʲʜʝ ʥʘʡ-

ʤʘʣʢʦʪʦ ʤʠʥʠʤʠʟʠʨʘʥ (20). ʆʙʨʘʟʮʠʪʝ ʩ ʬʦʨʤʘʪʘ ʥʘ ʧʷʩʲʯʝʥ ʯʘʩʦʚʥʠʢ ʩʝ ʢʲʩʘʪ ʧʨʠ ʧʦ-

ʥʠʩʲʢ ʩʪʨʝʩ, ʚ ʩʨʘʚʥʝʥʠʝ ʩ ʪʝʟʠ ʩ ʬʦʨʤʘʪʘ ʥʘ ʛʠʨʠʯʢʘ ʠʣʠ ʢʣʝʯʢʘ, ʧʦʨʘʜʠ ʧʦ-ʛʦʣʷʤʘʪʘ 

ʢʦʥʮʝʥʪʨʘʮʠʷ ʥʘ ʩʪʨʝʩʘ ʧʨʝʜʠʟʚʠʢʘʥ ʚ ʘʜʭʝʟʠʚʘ (143, 150). ʉʪʨʝʩʲʪ ʩʝ ʢʦʥʮʝʥʪʨʠʨʘ ʜʦ 

ʠʣʠ ʤʥʦʛʦ ʙʣʠʟʦ ʜʦ ʧʝʨʠʬʝʨʠʷʪʘ ʥʘ ʘʜʭʝʟʠʚʘ ʧʨʠ ʦʙʨʘʟʮʠʪʝ ʩ ʬʦʨʤʘʪʘ ʥʘ ʧʷʩʲʯʝʥ 

ʯʘʩʦʚʥʠʢ ʢʘʪʦ ʧʦ ʪʦʟʠ ʥʘʯʠʥ ʩʝ ʧʦʢʘʟʚʘ ʢʲʜʝ ʝ ʥʘʡ-ʚʝʨʦʷʪʥʦ ʜʘ ʟʘʧʦʯʥʝ ʧʨʝʢʲʨʰʚʘʥʝʪʦ 

ʥʘ ʦʙʨʘʟʮʠʪʝ (20, 143). ɺ ʩʲʱʦʪʦ ʚʨʝʤʝ ʦʙʘʯʝ, ʧʦʜʛʦʪʦʚʢʘʪʘ ʥʘ ʦʙʨʘʟʮʠʪʝ ʩ ʪʘʟʠ ʬʦʨʤʘ 

ʚʢʣʶʯʚʘ ʤʥʦʛʦ ʧʦ-ʠʥʚʘʟʠʚʥʠ ʧʨʦʮʝʜʫʨʠ, ʢʦʠʪʦ ʧʨʠ ʥʝʧʨʘʚʠʣʥʦ ʠʟʧʲʣʥʝʥʠʝ ʤʦʛʘʪ ʜʘ 

ʜʦʚʝʜʘʪ ʜʦ ʚʲʟʥʠʢʚʘʥʝ ʥʘ ʜʝʬʝʢʪʠ ʚ ʛʨʘʥʠʯʥʘʪʘ ʟʦʥʘ ʦʱʝ ʧʨʝʜʠ ʪʝʩʪʚʘʥʝʪʦ ʥʘ 

ʦʙʨʘʟʮʠʪʝ, ʢʦʝʪʦ ʱʝ ʜʦʚʝʜʝ ʠ ʜʦ ʧʦ-ʥʠʩʢʠ ʩʪʦʡʥʦʩʪʠ ʥʘ ʟʜʨʘʚʠʥʘʪʘ ʥʘ ʚʨʲʟʢʘʪʘ (42, 320, 

339, 433). ʇʲʨʚʦʥʘʯʘʣʥʦ ʧʦʜʛʦʪʦʚʢʘʪʘ ʥʘ ʦʙʨʘʟʮʠʪʝ ʝ ʩʪʘʚʘʣʘ ʨʲʯʥʦ, ʢʦʝʪʦ ʝ ʜʦʩʪʘ 

ʪʨʫʜʥʦ ʠ ʟʘʚʠʩʝʱʦ ʚ ʛʦʣʷʤʘ ʩʪʝʧʝʥ ʦʪ ʫʤʝʥʠʷʪʘ ʥʘ ʦʧʝʨʘʪʦʨʘ (344). ɿʘ ʜʘ ʩʝ ʠʟʙʝʛʥʝ 

ʪʘʟʠ ʟʘʚʠʩʠʤʦʩʪ ʩʝ ʧʨʝʧʦʨʲʯʚʘ ʠʟʧʦʣʟʚʘʥʝʪʦ ʥʘ ʩʧʝʮʠʘʣʥʘ ʘʧʘʨʘʪʫʨʘ (MicroSpeciment 

Former) ʟʘ ʧʨʝʜʚʘʨʠʪʝʣʥʘʪʘ ʧʦʜʛʦʪʦʚʢʘ ʥʘ ʤʠʢʨʦ-ʦʙʨʘʟʮʠʪʝ (433). ʇʦʜʛʦʪʦʚʢʘʪʘ ʥʘ 

ʤʠʢʨʦ-ʦʙʨʘʟʮʠʪʝ ʪʨʷʙʚʘ ʜʘ ʙʲʜʝ ʚʲʟʤʦʞʥʦ ʘʪʨʘʚʤʘʪʠʯʥʘ, ʜʘ ʩʝ ʚʟʝʤʘʪ ʩʧʝʮʠʘʣʥʠ 

ʤʝʨʢʠ, ʟʘ ʜʘ ʩʝ ʠʟʙʝʛʥʘʪ ʧʨʦʚʘʣʠʪʝ ʦʱʝ ʧʨʝʜʠ ʪʝʩʪʚʘʥʝʪʦ ʥʘ ʦʙʨʘʟʮʠʪʝ, ʢʘʪʦ ʥʘʧʨʠʤʝʨ 

ʠʟʧʦʣʟʚʘʥʝʪʦ ʥʘ ʘʣʛʠʥʘʪ ʠʣʠ ʛʠʧʩ ʟʘ ʬʠʢʩʠʨʘʥʝ ʥʘ ʦʙʨʘʟʮʠʪʝ ʧʨʠ ʨʷʟʘʥʝʪʦ ʠʤ ʠ 

ʦʩʦʙʝʥʦ ʧʨʠ ʪʷʭʥʦʪʦ ʚʪʦʨʦ ʟʘʚʲʨʪʘʥʝ ʥʘ 90ę (433). 

ʇʦʨʘʜʠ ʣʠʧʩʘʪʘ ʥʘ ʩʲʛʣʘʩʠʝ ʦʪʥʦʩʥʦ ʛʝʦʤʝʪʨʠʷʪʘ ʥʘ ʠʟʩʣʝʜʚʘʥʠʪʝ ʦʙʨʘʟʮʠ ʠ 

ʦʪʥʦʩʠʪʝʣʥʦ ʧʦ-ʯʝʩʪʠʪʝ ʩʣʫʯʘʠ ʥʘ ʚʲʟʥʠʢʚʘʥʝ ʥʘ ʜʝʬʝʢʪʠ ʚ ʪʝʟʠ ʦʙʨʘʟʮʠ ʧʦ ʚʨʝʤʝ ʥʘ 

ʪʷʭʥʦʪʦ ʦʬʦʨʤʷʥʝ ʧʨʝʜʠ ʪʝʩʪʚʘʥʝʪʦ (35.4% ʚ ʝʤʘʡʣʘ ʠ 18.2% ʟʘ ʜʝʥʪʠʥʘ) (339), ʥʷʢʦʠ 

ʠʟʩʣʝʜʦʚʘʪʝʣʩʢʠ ʣʘʙʦʨʘʪʦʨʠʠ ʧʨʝʧʦʨʲʯʚʘʪ ʦʙʨʘʟʮʠʪʝ ʜʘ ʥʝ ʩʝ ʦʬʦʨʤʷʪ ʧʦʜ ʥʷʢʘʢʚʘ 

ʩʧʝʮʠʘʣʥʘ ʬʦʨʤʘ (48, 289). ʇʦʜʛʦʪʦʚʢʘʪʘ ʥʘ ʦʙʨʘʟʮʠ ʩ ʬʦʨʤʘʪʘ ʥʘ ʢʣʝʯʢʘ ʝ ʤʥʦʛʦ 

ʧʨʦʩʪʘ ʠ ʧʨʠ ʩʨʘʚʥʷʚʘʥʝ ʩ ʦʙʨʘʟʮʠʪʝ ʩ ʬʦʨʤʘʪʘ ʥʘ ʛʠʨʠʯʢʘ ʠʤʘʪ ʩʭʦʜʥʠ ʩʪʦʡʥʦʩʪʠ ʟʘ 

ʟʜʨʘʚʠʥʘʪʘ ʥʘ ʚʨʲʟʢʘʪʘ, ʟʘ ʢʦʥʮʝʥʪʨʘʮʠʷʪʘ ʥʘ ʩʪʨʝʩ ʠ ʤʷʩʪʦʪʦ ʥʘ ʧʨʦʚʘʣ. ʆʙʨʘʟʮʠʪʝ ʩ 
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ʬʦʨʤʘʪʘ ʥʘ ʧʷʩʲʯʝʥ ʯʘʩʦʚʥʠʢ ʩʝ ʨʘʟʣʠʯʘʚʘʪ ʩʲʱʝʩʪʚʝʥʦ ʦʪ ʪʝʟʠ ʩ ʬʦʨʤʘʪʘ ʥʘ ʧʨʲʯʢʘ ʠ 

ʛʠʨʠʯʢʘ ʠ ʩʘ ʤʥʦʛʦ ʯʫʚʩʪʚʠʪʝʣʥʠ ʥʘ ʧʫʢʥʘʪʠʥʠ, ʦʙʨʘʟʫʚʘʥʠ ʧʦ ʚʨʝʤʝ ʥʘ ʪʷʭʥʘʪʘ 

ʧʨʝʜʚʘʨʠʪʝʣʥʘ ʧʦʜʛʦʪʦʚʢʘ (42, 143).  

ɼʝʙʝʣʠʥʘ ʥʘ ʦʙʨʘʟʮʠʪʝ < 1.5 mm ʚʣʠʷʝ ʥʘ ʪʷʭʥʘʪʘ ʚʲʟʤʦʞʥʦʩʪ ʜʘ ʠʟʜʲʨʞʘʪ ʥʘ 

ʧʨʝʧʘʨʘʮʠʦʥʥʠʪʝ ʧʨʦʮʝʜʫʨʠ, ʥʝʦʙʭʦʜʠʤʠ ʟʘ ʪʝʩʪʚʘʥʝʪʦ ʥʘ ʤʠʢʨʦʦʧʲʥ (20). ʅʷʢʦʠ 

ʘʚʪʦʨʠ ʧʨʝʧʦʨʲʯʚʘʪ ʥʘʧʨʝʯʥʠʷ ʩʨʝʟ ʥʘ ʛʨʘʥʠʯʥʘʪʘ ʟʦʥʘ ʜʘ ʥʝ ʩʝ ʥʘʤʘʣʷʚʘ ʧʦ-ʤʘʣʢʦ ʦʪ 

1.1 mm
2
, ʧʦʨʘʜʠ ʥʘʙʣʶʜʘʚʘʥʦʪʦ ʚʠʩʦʢʦ ʥʠʚʦ ʥʘ ʚʲʟʥʠʢʚʘʥʝ ʥʘ ʜʝʬʝʢʪʠ ʧʨʝʜʠ 

ʧʨʦʚʝʞʜʘʥʝʪʦ ʥʘ ʩʘʤʦʪʦ ʪʝʩʪʚʘʥʝ (20, 313). ʃʠʧʩʘʪʘ ʥʘ ʜʦʦʬʦʨʤʷʥʝ ʥʘ ʦʙʨʘʟʮʠʪʝ 

ʜʦʚʝʞʜʘ ʜʦ ʧʦ-ʤʘʣʢʦ ʢʫʤʫʣʘʪʠʚʥʠ ʧʦʚʨʝʜʠ ʥʘ ʦʙʨʘʟʮʠʪʝ (289). ɺ ʩʲʱʦʪʦ ʚʨʝʤʝ ʦʙʘʯʝ, 

ʪʦʟʠ ʧʦʜʭʦʜ ʥʝ ʩʲʟʜʘʚʘ ʦʧʨʝʜʝʣʝʥʘ ʟʦʥʘ ʥʘ ʪʝʩʪʚʘʥʝ ʩʲʩ ʩʲʩʪʦʷʥʠʝ ʥʘ ʝʜʥʘʢʲʚ ʩʪʨʝʩ 

(20). 

ʊʝʩʪ ʟʘ ʤʠʢʨʦ-ʧʨʝʨʷʟʚʘʥʝ (ɛSBS) 

 

ʊʦʟʠ ʪʝʩʪ ʝ ʚʲʚʝʜʝʥ ʧʨʝʟ 2002 ʛʦʜ. ʚ ʩʪʨʝʤʝʞ ʜʘ ʩʝ ʠʟʧʦʣʟʚʘʪ ʚʲʟʤʦʞʥʦ 

ʤʘʢʩʠʤʘʣʝʥ ʙʨʦʡ ʦʙʨʘʟʮʠ ʦʪ ʝʜʠʥ ʟʲʙ (368, 369, 433). ʇʨʘʚʠ ʩʝ ʢʦʤʧʦʟʠʪʥʦ 

ʚʲʟʩʪʘʥʦʚʷʚʘʥʝ ʩ ʮʠʣʠʥʜʨʠʯʥʘ ʬʦʨʤʘ ʠ ʜʠʘʤʝʪʲʨ ʦʪ 0.7 mm. ʊʦʚʘ ʤʦʞʝ ʜʘ ʜʦʚʝʜʝ ʜʦ 

ʟʥʘʯʠʪʝʣʥʦ ʠʟʚʠʚʘʥʝ/ʦʛʲʚʘʥʝ ʠ ʧʨʦʤʝʥʣʠʚʠ ʠ ʨʘʟʣʠʯʥʠ ʫʩʣʦʚʠʷ ʥʘ ʥʘʪʦʚʘʨʚʘʥʝ (433). 

ʊʦʚʘ ʥʝʨʘʚʥʦʤʝʨʥʦ ʨʘʟʧʨʝʜʝʣʝʥʠʝ ʥʘ ʩʪʨʝʩʘ ʝ ʜʦʨʠ ʤʥʦʛʦ ʧʦ-ʠʟʨʘʟʝʥʦ ʚ ʩʨʘʚʥʝʥʠʝ ʩ 

ʪʝʩʪʘ ʟʘ ʤʘʢʨʦ-ʧʨʝʨʷʟʚʘʥʝ. ʆʩʚʝʥ ʪʦʚʘ ʝ ʥʝʚʲʟʤʦʞʥʦ ʦʛʨʘʥʠʯʘʚʘʥʝ ʥʘ ʘʧʣʠʮʠʨʘʥʝʪʦ ʥʘ 

ʘʜʭʝʟʠʚʘ ʩʘʤʦ ʚ ʛʨʘʥʠʮʠʪʝ ʥʘ ʪʝʩʪʚʘʥʘʪʘ ʟʦʥʘ (186, 433). ʇʦʨʘʜʠ ʪʝʟʠ ʦʩʥʦʚʥʠ ʥʝʛʦʚʠ 

ʥʝʜʦʩʪʘʪʲʮʠ ʪʝʩʪʲʪ ʥʝ ʝ ʜʦʙʨʝ ʚʲʟʧʨʠʝʪ. ʉʘʤʦ ʦʢʦʣʦ 7%  ʦʪ ʧʫʙʣʠʢʫʚʘʥʠ ʠʟʩʣʝʜʚʘʥʠʷ 

ʟʘ ʟʜʨʘʚʠʥʘ ʥʘ ʚʨʲʟʢʘʪʘ ʟʘ ʧʦʩʣʝʜʥʠʪʝ ʧʝʪ ʛʦʜʠʥʠ (2004-2009 ʛʦʜ) ʩʘ ʛʦ ʧʨʠʣʘʛʘʣʠ (433). 

ʇʨʠ ʩʨʘʚʥʝʥʠʝ ʥʘ ʨʝʟʫʣʪʘʪʠ ʦʪ ʜʚʘʪʘ ʤʠʢʨʦ-ʪʝʩʪ ʧʨʦʪʦʢʦʣʘ ʟʘ ʩʲʱʠʷ ʧʝʨʠʦʜ ʦʪ ʚʨʝʤʝ ʝ 

ʫʩʪʘʥʦʚʝʥʦ, ʯʝ ʩʪʦʡʥʦʩʪʠʪʝ ʥʘ ʪʝʩʪʘ ʥʘ ʤʠʢʨʦ-ʧʨʝʨʷʟʚʘʥʝ ʩʘ ʦʢʦʣʦ 1/3 ʦʪ ʪʝʟʠ ʥʘ ʪʝʩʪʘ 

ʟʘ ʤʠʢʨʦ-ʦʧʲʥ, ʢʘʪʦ ʥʝ ʩʘ ʫʩʪʘʥʦʚʝʥʠ ʨʘʟʣʠʢʠ ʧʨʠ ʘʥʘʣʠʟ ʥʘ ʚʠʜʘ ʥʘ ʧʨʦʚʘʣʘ (433, 463). 

 

7.2.3. Ăʉʲʩʪʘʨʷʚʘʥʝò ʥʘ ʦʙʨʘʟʮʠʪʝ 

 

ʉ ʮʝʣ ʜʘ ʩʝ ʠʤʠʪʠʨʘʪ ʚ ʙʣʠʟʢʘ ʩʪʝʧʝʥ ʫʩʣʦʚʠʷʪʘ ʚ ʦʨʘʣʥʘʪʘ ʩʨʝʜʘ, ʠʟʩʣʝʜʦʚʘʪʝʣʠ 

ʧʨʝʜʣʘʛʘʪ,  ʦʙʨʘʟʮʠʪʝ ʜʘ ʙʲʜʘʪ ʧʦʜʣʘʛʘʥʠ ʥʘ Ăʩʲʩʪʘʨʷʚʘʥʝò, ʧʨʝʜʠ ʜʘ ʙʲʜʘʪ ʪʝʩʪʚʘʥʠ ʟʘ 

ʟʜʨʘʚʠʥʘ ʥʘ ʚʨʲʟʢʘʪʘ. ʊʦʚʘ ʩʝ ʧʦʩʪʠʛʘ ʯʨʝʟ ʩʲʭʨʘʥʷʚʘʥʝ ʥʘ ʦʙʨʘʟʮʠʪʝ ʚʲʚ ʚʦʜʘ ʠ ʯʨʝʟ 

ʪʝʨʤʦʮʠʢʣʠʯʥʦ ʠ ʤʝʭʘʥʠʯʥʦ ʥʘʪʦʚʘʨʚʘʥʝ (7, 70, 97, 131, 241).  

 

Ăʉʲʩʪʘʨʷʚʘʥʝò ʥʘ ʦʙʨʘʟʮʠʪʝ ʯʨʝʟ ʩʲʭʨʘʥʝʥʠʝ ʚʲʚ ʚʦʜʘ 
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ʅʘʡ-ʯʝʩʪʦ ʧʨʠʣʘʛʘʥʘʪʘ ʪʝʭʥʠʢʘ ʟʘ Ăʩʲʩʪʘʨʷʚʘʥʝò ʥʘ ʦʙʨʘʟʮʠʪʝ ʝ ʩʲʭʨʘʥʷʚʘʥʝʪʦ 

ʠʤ ʚʲʚ ʚʦʜʘ ʟʘ ʦʧʨʝʜʝʣʝʥ ʧʝʨʠʦʜ ʦʪ ʚʨʝʤʝ ʦʪ ʥʷʢʦʣʢʦ ʤʝʩʝʮʘ ʜʦ ʛʦʜʠʥʠ (97, 101, 136, 

370). 

 ʇʦʚʝʯʝʪʦ ʠʟʩʣʝʜʚʘʥʠʷ ʩʘ ʫʩʪʘʥʦʚʠʣʠ ʟʥʘʯʠʪʝʣʥʦ ʧʦʥʠʞʘʚʘʥʝ ʥʘ ʩʪʦʡʥʦʩʪʠʪʝ ʟʘ 

ʟʜʨʘʚʠʥʘʪʘ ʥʘ ʚʨʲʟʢʘʪʘ ʩʣʝʜ ʩʲʭʨʘʥʝʥʠʝ ʥʘ ʦʙʨʘʟʮʠʪʝ ʚʲʚ ʚʦʜʘ, ʦʩʦʙʝʥʦ ʩʣʝʜ 

ʧʨʦʜʲʣʞʠʪʝʣʝʥ ʧʝʨʠʦʜ (21, 60, 97, 101, 145, 188, 200, 208, 241, 370, 403, 420). 

ʈʝʛʠʩʪʨʠʨʘʥʠ ʩʘ ʟʥʘʯʠʪʝʣʥʦ ʧʦ-ʥʠʩʢʠ ʩʪʦʡʥʦʩʪʠ ʥʘ ʪʝʩʪʦʚʝʪʝ ʟʘ ʟʜʨʘʚʠʥʘ ʥʘ ʤʠʢʨʦ-

ʦʧʲʥ ʧʨʠ ʦʙʨʘʟʮʠ, ʩʲʭʨʘʥʷʚʘʥʠ ʟʘ ʪʨʠ ʤʝʩʝʮʘ ʚʲʚ ʚʦʜʘ, ʚ ʩʨʘʚʥʝʥʠʝ ʩʲʩ ʩʪʦʡʥʦʩʪʠʪʝ 

ʩʣʝʜ ʩʲʭʨʘʥʝʥʠʝ ʩʘʤʦ ʟʘ 1 ʜʝʥ (21, 168, 370). ɿʘ ʪʝʩʪʦʚʝʪʝ ʟʘ ʟʜʨʘʚʠʥʘ ʥʘ ʚʨʲʟʢʘʪʘ ʥʘ 

ʧʨʝʨʷʟʚʘʥʝ, ʩʪʘʪʠʩʪʠʯʝʩʢʠ ʟʥʘʯʠʤʘ ʧʦ-ʥʠʩʢʘ ʩʪʦʡʥʦʩʪ ʥʘ ʨʝʟʫʣʪʘʪʘ ʦʪ ʪʝʩʪʘ ʩʝ 

ʫʩʪʘʥʦʚʷʚʘ ʦʱʝ ʧʨʠ ʩʲʭʨʘʥʝʥʠʝ ʥʘ ʦʙʨʘʟʮʠʪʝ ʚʲʚ ʚʦʜʘ ʟʘ 1 ʤʝʩʝʮ (168). ʉʯʠʪʘ ʩʝ, ʯʝ ʧʨʠ 

ʪʦʟʠ ʚʠʜ ʥʘ ʩʲʩʪʘʨʷʚʘʥʝ ʥʘ ʦʙʨʘʟʮʠʪʝ ʧʦʥʠʞʘʚʘʥʝʪʦ ʥʘ ʩʪʦʡʥʦʩʪʠʪʝ ʟʘ ʟʜʨʘʚʠʥʘʪʘ ʥʘ 

ʚʨʲʟʢʘʪʘ ʩʝ ʜʲʣʞʠ ʥʘ ʭʠʜʨʦʣʠʪʠʯʥʘʪʘ ʜʝʛʨʘʜʘʮʠʷ ʥʘ ʢʦʤʧʦʥʝʥʪʠʪʝ ʥʘ ʛʨʘʥʠʯʥʘʪʘ ʟʦʥʘ 

(ʛʣʘʚʥʦ ʧʣʘʩʪʤʘʩʘ ʠ/ʠʣʠ ʢʦʣʘʛʝʥ) (97). ʅʝʧʦʣʠʤʝʨʠʟʠʨʘʣʠʪʝ ʤʦʥʦʤʝʨʠ ʠʣʠ ʜʨʫʛʠ 

ʨʘʟʧʘʜʥʠ ʧʨʦʜʫʢʪʠ ʦʪ ʧʨʝʜʰʝʩʪʚʘʱʠ ʨʝʘʢʮʠʠ ʩʲʱʦ ʤʦʛʘʪ ʜʘ ʩʝ ʫʪʘʷʪ ʠ ʜʘ ʦʪʩʣʘʙʷʪ 

ʚʨʲʟʢʘʪʘ (97, 165). ʆʩʚʝʥ ʪʦʚʘ ʚʦʜʘʪʘ ʤʦʞʝ ʜʘ ʠʥʬʠʣʪʨʠʨʘ ʠ ʧʦ ʪʦʟʠ ʥʘʯʠʥ ʜʘ ʥʘʤʘʣʠ 

ʤʝʭʘʥʠʯʥʠʪʝ ʢʘʯʝʩʪʚʘ ʥʘ ʧʦʣʠʤʝʨʥʘʪʘ ʤʘʪʨʠʮʘ ʯʨʝʟ ʨʘʟʰʠʨʷʚʘʥʝ ʠ ʫʚʝʣʠʯʘʚʘʥʝ ʥʘ 

ʬʨʠʢʮʠʦʥʥʠʪʝ ʩʠʣʠ ʤʝʞʜʫ ʧʦʣʠʤʝʨʥʠʪʝ ʚʝʨʠʛʠ (97). ɸʚʪʦʨʠ ʩʘ ʫʩʪʘʥʦʚʠʣʠ ʥʘʤʘʣʷʚʘʥʝ 

ʥʘ ʟʜʨʘʚʠʥʘʪʘ ʥʘ ʚʨʲʟʢʘʪʘ ʩʣʝʜ ʩʲʭʨʘʥʝʥʠʝ ʚʲʚ ʚʦʜʘ ʩʣʝʜ 365 ʜʝʥʘ ʚ ʩʨʘʚʥʝʥʠʝ ʩ ʪʦʚʘ 

ʩʣʝʜ 1 ʜʝʥ, ʥʝʟʘʚʠʩʠʤʦ ʦʪ ʪʦʚʘ ʜʘʣʠ ʘʜʭʝʟʠʚʥʠʪʝ ʩʠʩʪʝʤʠ ʩʘ ʥʘ ʚʦʜʥʘ ʠʣʠ ʘʮʝʪʦʥʦʚʘ 

ʦʩʥʦʚʘ ʠ ʜʘʣʠ ʩʘ ʩ ʝʮʚʘʥʝ ʠ ʠʟʤʠʚʘʥʝ ʠʣʠ ʩʘ ʩʘʤʦʝʮʚʘʱʠ ʘʜʭʝʟʠʚʥʠ ʩʠʩʪʝʤʠ (420). ʅʘ 

ʪʘʟʠ ʦʩʥʦʚʘ ʪʝ ʧʨʘʚʷʪ ʟʘʢʣʶʯʝʥʠʝʪʦ, ʯʝ ʧʨʦʜʲʣʞʠʪʝʣʥʦʪʦ ʩʲʭʨʘʥʝʥʠʝ ʥʘ ʦʙʨʘʟʮʠʪʝ ʚʲʚ 

ʚʦʜʘ ʝ ʚʘʞʝʥ ʪʝʩʪ ʟʘ ʧʨʝʜʩʢʘʟʚʘʥʝ ʥʘ in vivo ʧʨʝʜʩʪʘʚʷʥʝʪʦ ʥʘ ʘʜʭʝʟʠʚʥʠʪʝ ʧʣʘʩʪʤʘʩʦʚʠ 

ʤʘʪʝʨʠʘʣʠ ʯʨʝʟ in vitro ʪʝʩʪʦʚʝ (420).   

 

Ăʉʲʩʪʘʨʷʚʘʥʝò ʥʘ ʦʙʨʘʟʮʠʪʝ ʯʨʝʟ ʪʝʨʤʦʮʠʢʣʠʯʥʦ ʥʘʪʦʚʘʨʚʘʥʝ 

 

ʊʦʚʘ ʝ ʜʨʫʛʘ ʯʝʩʪʦ ʧʨʠʣʘʛʘʥʘ ʪʝʭʥʠʢʘ. ʉʧʦʨʝʜ ISO TR 11450 (1994) ʨʝʞʠʤʲʪ ʥʘ 

ʪʝʨʤʦʮʠʢʣʠʯʥʦ ʥʘʪʦʚʘʨʚʘʥʝ, ʚʢʣʶʯʚʘʱ 500 ʮʠʢʲʣʘ ʚʲʚ ʚʦʜʘ ʩ ʪʝʤʧʝʨʘʪʫʨʘ ʤʝʞʜʫ 5ę ʠ 

55ęʉ ʝ ʧʦʜʭʦʜʷʱ ʟʘ ʠʟʢʫʩʪʚʝʥʦʪʦ ʩʲʩʪʘʨʷʚʘʥʝ ʥʘ ʦʙʨʘʟʮʠʪʝ (186). ɺ ʩʲʱʦʪʦ ʚʨʝʤʝ 

ʦʙʘʯʝ ʘʚʪʦʨʠ ʩʘ ʫʩʪʘʥʦʚʠʣʠ, ʯʝ 10 000 ʮʠʢʲʣʘ ʦʪʛʦʚʘʨʷʪ ʩʨʝʜʥʦ ʥʘ 1 ʛʦʜʠʥʘ ʬʫʥʢʮʠʷ in 

vivo ʠ ʧʦʩʦʯʚʘʪ, ʯʝ ʧʨʝʜʣʦʞʝʥʠʪʝ ʦʪ ISO ʩʪʘʥʜʘʨʪʘ 500 ʮʠʢʲʣʘ ʩʘ ʧʨʝʢʘʣʝʥʦ ʤʘʣʢʦ, ʟʘ 

ʜʘ ʠʤʠʪʠʨʘʪ ʚ ʜʲʣʛʦʩʨʦʯʝʥ ʧʣʘʥ ʝʬʝʢʪʠʚʥʦʩʪʪʘ ʥʘ ʩʚʲʨʟʚʘʥʝ ʩʲʩ ʟʲʙʥʠʪʝ ʩʪʫʨʢʫʨʠ (97, 
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139). ʉʣʝʜ 2500 ʪʝʨʤʠʯʥʠ ʮʠʢʲʣʘ ʩʘ ʧʦʣʫʯʝʥʠ ʩʪʘʪʠʩʪʠʯʝʩʢʠ ʟʥʘʯʠʪʝʣʥʦ ʧʦ-ʥʠʩʢʠ 

ʩʪʦʡʥʦʩʪʠ ʟʘ ʟʜʨʘʚʠʥʘ ʥʘ ʚʨʲʟʢʘʪʘ ʩʣʝʜ ʧʨʠʣʘʛʘʥʝ ʥʘ ʪʝʩʪʘ ʟʘ ʤʠʢʨʦ-ʦʧʲʥ (168).  

ʊʝʨʤʦʮʠʢʣʠʯʥʦʪʦ ʥʘʪʦʚʘʨʚʘʥʝ ʥʘ ʦʙʨʘʟʮʠʪʝ ʚʦʜʠ ʜʦ ʠʟʢʫʩʪʚʝʥ ʩʲʩʪʘʨʷʚʘʱ 

ʝʬʝʢʪ ʧʦ ʜʚʘ ʥʘʯʠʥʘ: 1) ʛʦʨʝʱʘʪʘ ʚʦʜʘ ʤʦʞʝ ʜʘ ʫʩʢʦʨʠ ʭʠʜʨʦʣʠʟʘʪʘ ʥʘ ʢʦʤʧʦʥʝʥʪʠʪʝ ʥʘ 

ʛʨʘʥʠʯʥʘʪʘ ʧʦʚʲʨʭʥʦʩʪ ʩ ʧʦʩʣʝʜʚʘʱʦ ʧʦʝʤʘʥʝ ʥʘ ʚʦʜʘ ʠ ʠʟʚʣʠʯʘʥʝ ʥʘ ʧʨʦʜʫʢʪʠ ʦʪ 

ʨʘʟʣʘʛʘʥʝʪʦ ʠʣʠ ʥʘ ʥʝʟʘʜʦʚʦʣʠʪʝʣʥʦ ʧʦʣʠʤʝʨʠʟʠʨʘʣʠʪʝ ʦʣʠʛʦʤʝʨʠ ʥʘ ʧʣʘʩʪʤʘʩʘʪʘ (97, 

163) ʠʣʠ 2) ʧʦʨʘʜʠ ʧʦ-ʚʠʩʦʢʠʷ ʪʝʨʤʠʯʝʥ ʢʦʝʬʠʮʠʝʥʪ ʩʚʠʚʘʥʝ/ʨʘʟʰʠʨʝʥʠʝ ʥʘ 

ʦʙʪʫʨʘʮʠʦʥʥʠʪʝ ʤʘʪʝʨʠʘʣʠ (ʚ ʩʨʘʚʥʝʥʠʝ ʩ ʪʦʟʠ ʥʘ ʟʲʙʥʠʪʝ ʩʪʨʫʢʪʫʨʠ) ʪʘʢʲʚ ʧʦʚʪʘʨʷʱ 

ʩʝ ʩʪʨʝʩ ʥʘ ʩʚʠʚʘʥʝ/ʨʘʟʰʠʨʝʥʠʝ ʱʝ ʩʝ ʛʝʥʝʨʠʨʘ ʠ ʥʘ ʛʨʘʥʠʯʥʘʪʘ ʟʦʥʘ ʟʲʙ-ʙʠʦʤʘʪʝʨʠʘʣ 

(97). ʊʝʟʠ ʪʠʧʦʚʝ ʩʪʨʝʩ ʤʦʛʘʪ ʜʘ ʜʦʚʝʜʘʪ ʜʦ ʦʙʨʘʟʫʚʘʥʝʪʦ ʥʘ ʧʫʢʥʘʪʠʥʠ, ʢʦʠʪʦ ʩʝ 

ʨʘʟʧʨʦʩʪʨʘʥʷʚʘʪ ʧʦ ʧʨʦʪʝʞʝʥʠʝ ʥʘ ʛʨʘʥʠʯʥʘʪʘ ʟʦʥʘ. ʉʲʟʜʘʜʝʥʘ ʚʝʜʥʲʞ ʪʘʢʘʚʘ 

ʧʫʢʥʘʪʠʥʘ (ʦʪʚʦʨïgap), ʧʨʦʤʷʥʘʪʘ ʚ ʥʝʡʥʠʪʝ ʨʘʟʤʝʨʠ ʤʦʞʝ ʜʘ ʜʦʚʝʜʝ ʜʦ ʥʘʚʣʠʟʘʥʝ ʠ 

ʠʟʪʠʯʘʥʝ ʥʘ ʦʨʘʣʥʠ ʪʝʯʥʦʩʪʠ ï ʜʦ ʧʨʦʮʝʩ ʥʘ ʧʝʨʢʦʣʘʮʠʷ (97, 139).  

ɺʲʨʭʫ ʩʪʦʡʥʦʩʪʪʘ ʥʘ ʨʝʟʫʣʪʘʪʠʪʝ ʟʘ ʟʜʨʘʚʠʥʘʪʘ ʥʘ ʚʨʲʟʢʘʪʘ ʩʣʝʜ ʪʝʨʤʦʮʠʢʣʠʯʥʦ 

ʥʘʪʦʚʘʨʚʘʥʝ ʚʣʠʷʥʠʝ ʦʢʘʟʚʘ ʠ ʬʦʨʤʘʪʘ ʥʘ ʢʘʚʠʪʝʪʘ. ʇʨʠ ʦʙʨʘʟʮʠ, ʧʨʠ ʢʦʠʪʦ 

ʠʟʛʨʘʞʜʘʥʝʪʦ ʝ ʥʘʧʨʘʚʝʥʦ ʚʲʨʭʫ ʛʣʘʜʢʘ ʜʝʥʪʠʥʦʚʘ ʧʦʚʲʨʭʥʦʩʪ (ʤʘʣʲʢ ʉ-ʬʘʢʪʦʨ 1:6) ʩʝ 

ʛʝʥʝʨʠʨʘ ʟʥʘʯʠʪʝʣʥʦ ʧʦ-ʤʘʣʲʢ ʧʦʚʪʘʨʷʱ ʩʝ ʩʪʨʝʩ ʥʘ ʨʘʟʰʠʨʝʥʠʝ ʠ ʩʚʠʚʘʥʝ ʥʘ 

ʛʨʘʥʠʯʥʘʪʘ ʟʦʥʘ ʚ ʩʨʘʚʥʝʥʠʝ ʩ ʦʙʨʘʟʮʠ, ʧʨʠ ʢʦʠʪʦ ʩʘ ʠʟʨʘʙʦʪʝʥʠ ʢʘʚʠʪʝʪʠ ʠ ʪʦ ʩ ʚʠʩʦʢ 

ʉ-ʬʘʢʪʦʨ (97). ʀʟʛʨʘʞʜʘʥʝʪʦ ʥʘ ʮʠʣʠʥʜʨʠ ʦʪ ʢʦʤʧʦʟʠʮʠʦʥʝʥ ʤʘʪʝʨʠʘʣ ʚʲʨʭʫ ʛʣʘʜʢʘ 

ʜʝʥʪʠʥʦʚʘ ʧʦʚʲʨʭʥʦʩʪ (ʥʘʡ-ʯʝʩʪʘʪʘ ʦʧʠʪʥʘ ʧʦʩʪʘʥʦʚʢʘ) ʠʤʘ ʟʘ ʧʦʩʣʝʜʠʮʘ ʪʦʚʘ, ʯʝ 

ʛʦʣʷʤʘ ʯʘʩʪ ʦʪ ʛʨʘʥʠʯʥʘʪʘ ʟʦʥʘ ʝ ʪʝʨʤʠʯʥʦ ʟʘʱʠʪʝʥʘ ʦʪ ʧʦʢʨʠʚʘʱʠʪʝ ʷ ʢʦʤʧʦʟʠʪ ʠʣʠ 

ʟʲʙʥʠ ʩʪʨʫʢʪʫʨʠ (454). ʊʦʚʘ ʩʘ ʜʚʝʪʝ ʧʨʠʯʠʥʠ, ʢʦʠʪʦ ʤʦʛʘʪ ʜʘ ʜʘʜʘʪ ʦʙʷʩʥʝʥʠʝ ʟʘʱʦ 

ʪʨʝʤʦʮʠʢʣʠʯʥʦʪʦ ʥʘʪʦʚʘʨʚʘʥʝ ʤʦʞʝ ʜʘ ʥʝ ʧʦʚʣʠʷʝ ʝʬʝʢʪʠʚʥʦʩʪʪʘ ʥʘ ʩʚʲʨʟʚʘʥʝ ʧʨʠ 

ʪʘʢʠʚʘ ʫʩʣʦʚʠʷ (97).   

ʆʪ ʛʦʨʝʩʧʦʤʝʥʘʪʠʪʝ ʤʝʪʦʜʠ ʟʘ ʩʲʩʪʘʨʷʚʘʥʝ ʥʘ ʦʙʨʘʟʮʠʪʝ, ʥʘʡ-ʯʝʩʪʦ ʧʨʠʣʘʛʘʥʠʷʪ 

ʠ ʩ ʚʘʣʠʜʠʟʠʨʘʱʘ ʩʪʦʡʥʦʩʪ ʝ ʪʦʟʠ, ʟʘ ʩʲʭʨʘʥʝʥʠʝ ʥʘ ʦʙʨʘʟʮʠʪʝ ʚʲʚ ʚʦʜʘ. ʉʣʝʜ ʧʝʨʠʦʜ ʦʪ 

90 ʜʝʥʘ ʜʦ 6 ʤʝʩʝʮʘ ʥʘ ʩʲʭʨʘʥʝʥʠʝ ʚʲʚ ʚʦʜʘ ʚʩʠʯʢʠ ʛʝʥʝʨʘʮʠʠ ʘʜʭʝʟʠʚʠ ʧʦʢʘʟʚʘʪ ʚ 

ʨʘʟʣʠʯʥʘ ʩʪʝʧʝʥ ʥʘʤʘʣʷʚʘʥʝ ʥʘ ʝʬʝʢʪʠʚʥʦʩʪʪʘ ʥʘ ʩʚʲʨʟʚʘʥʝ (21, 22, 97, 370, 460) ʠ 

ʧʨʦʤʷʥʘ ʚ ʤʦʨʬʦʣʦʛʠʷʪʘ ʥʘ ʛʨʘʥʠʯʥʘʪʘ ʟʦʥʘ (97, 163, 370, 392). ʀʣʠ ʥʘʡ-ʚʘʞʥʠʷʪ 

ʬʘʢʪʦʨ, ʧʦʚʣʠʷʚʘʱ ʪʨʘʡʥʦʩʪʪʘ ʥʘ ʚʨʲʟʢʘʪʘ in vivo ʝ ʭʠʜʨʦʣʠʟʘʪʘ ʥʘ ʢʦʤʧʦʥʝʥʪʠʪʝ ʥʘ 

ʛʨʘʥʠʯʥʘʪʘ ʟʦʥʘ ï ʢʦʣʘʛʝʥʘ ʠ ʧʣʘʩʪʤʘʩʘʪʘ ʠ ʧʦʩʣʝʜʚʘʱʦʪʦ ʫʪʘʷʚʘʥʝ ʥʘ ʧʨʦʜʫʢʪʠʪʝ ʦʪ 

ʨʘʟʣʘʛʘʥʝʪʦ (97).  
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7.2.4. ɺʣʠʷʥʠʝ ʥʘ ʭʠʤʠʯʥʠʷ ʩʲʩʪʘʚ ʥʘ ʘʜʭʝʟʠʚʥʠʪʝ ʩʠʩʪʝʤʠ ʚʲʨʭʫ ʟʜʨʘʚʠʥʘʪʘ ʥʘ 

ʚʨʲʟʢʘʪʘ 

 

ɺʠʜʲʪ ʠ ʢʦʣʠʯʝʩʪʚʦʪʦ ʥʘ ʨʘʟʪʚʦʨʠʪʝʣʠʪʝ, ʩʲʜʲʨʞʘʥʠʝʪʦ ʠ ʧʨʦʮʝʥʪʘ ʥʘ 

ʤʦʥʦʤʝʨʠʪʝ, ʨʘʟʨʝʜʠʪʝʣʠʪʝ ʚ ʩʤʝʩʠʪʝ, ʥʘʧʲʣʚʘʥʝʪʦ ʠʣʠ ʧʨʦʮʝʥʪʘ ʥʘ ʧʲʣʥʠʪʝʣʠʪʝ, 

ʩʚʠʚʘʥʝʪʦ ʠ ʝʣʘʩʪʠʯʥʦʩʪʪʘ ʥʘ ʥʘʧʲʣʥʝʥʠʪʝ ʘʜʭʝʟʠʚʠ ʩʣʝʜ ʧʦʣʠʤʝʨʠʟʘʮʠʷ ʩʘ ʚʩʝ 

ʬʘʢʪʦʨʠ, ʢʦʠʪʦ ʟʥʘʯʠʪʝʣʥʦ ʧʦʚʣʠʷʚʘʪ ʟʜʨʘʚʠʥʘʪʘ ʥʘ ʩʚʲʨʟʚʘʥʝ ʩ ʜʝʥʪʠʥʘ (74, 92, 140, 

212, 333, 378, 420, 442, 461, 463). ʅʘʩʪʲʧʚʘ ʬʘʟʦʚʦ ʨʘʟʜʝʣʷʥʝ ʥʘ ʫʤʝʨʝʥʦ ʚʦʜʥʦ-

ʨʘʟʪʚʦʨʠʤʠʪʝ ʢʦʤʧʦʥʝʥʪʠ ʥʘ ʧʣʘʩʪʤʘʩʘʪʘ ʢʦʛʘʪʦ ʟʘʧʦʯʥʝ ʠʟʧʘʨʷʚʘʥʝʪʦ ʥʘ ʝʪʘʥʦʣʘ ʦʪ 

ʩʤʝʩʠʪʝ ʚʦʜʘ ʠ ʝʪʘʥʦʣ. ʊʦʚʘ ʜʦʚʝʞʜʘ ʜʦ ʚʢʣʶʯʚʘʥʝ ʥʘ ʚʦʜʥʠ ʢʘʧʢʠ ʚʲʚ ʚʲʪʨʝʰʥʦʩʪʪʘ ʥʘ 

ʘʜʭʝʟʠʚʥʠʷ ʩʣʦʡ, ʢʦʝʪʦ ʤʦʞʝ ʜʘ ʧʨʠʯʠʥʠ ʥʝʧʲʣʥʘ ʧʦʣʠʤʝʨʠʟʘʮʠʷ ʥʘ ʘʜʭʝʟʠʚʘ, ʢʦʷʪʦ 

ʢʦʤʧʨʦʤʝʪʠʨʘ ʦʢʦʥʯʘʪʝʣʥʘʪʘ ʟʜʨʘʚʠʥʘ ʥʘ ʚʨʲʟʢʘʪʘ ʩ ʜʝʥʪʠʥʘ (279, 378, 410). ʅʘʣʠʯʠʝʪʦ 

ʥʘ ʚʦʜʘ ʢʘʪʦ ʩ-̡ʨʘʟʪʚʦʨʠʪʝʣ ʚ ʘʜʭʝʟʠʚʥʘʪʘ ʩʠʩʪʝʤʘ ʥʝ ʧʦʟʚʦʣʷʚʘ ʥʘʩʠʱʘʥʝʪʦ ʥʘ 

ʢʦʣʘʛʝʥʘ ʩ ʭʠʜʨʦʢʩʠʝʪʠʣ ʤʝʪʘʢʨʠʣʘʪ (ʅɽʄɸ), ʧʦʨʘʜʠ ʧʦ-ʥʠʩʢʘʪʘ ʡ ʣʝʪʣʠʚʦʩʪ, ʚ 

ʩʨʘʚʥʝʥʠʝ ʩ ʘʜʭʝʟʠʚʥʠʪʝ ʩʠʩʪʝʤʠ ʥʘ ʘʮʝʪʦʥʦʚʘ ʦʩʥʦʚʘ (417). ʇʦ ʪʘʟʠ ʧʨʠʯʠʥʘ, ʘʢʦ 

ʩʫʙʩʪʨʘʪʲʪ ʝ ʧʨʝʢʘʣʝʥʦ ʚʣʘʞʝʥ, ʥʘʣʠʯʥʘʪʘ ʚʦʜʘ ʚ ʘʜʭʝʟʠʚʥʘʪʘ ʩʠʩʪʝʤʘ ʤʦʞʝ ʜʘ ʜʦʚʝʜʝ 

ʜʦ ʥʘʩʠʱʘʥʝ ʩ ʚʦʜʘ ʠ ʥʘʤʘʣʷʚʘʥʝ ʥʘ ʩʚʲʨʟʚʘʱʘʪʘ ʝʬʝʢʪʠʚʥʦʩʪ (188, 417). ʅʝʧʲʣʥʦʪʦ 

ʦʪʩʪʨʘʥʷʚʘʥʝ ʥʘ ʚʦʜʘʪʘ ʦʪ ʢʦʣʘʛʝʥʦʚʘʪʘ ʤʨʝʞʘ ʩʲʟʜʘʚʘ ʢʦʥʢʫʨʝʥʮʠʷ ʤʝʞʜʫ ʤʦʥʦʤʝʨʠʪʝ 

ʠ ʦʩʪʘʪʲʯʥʘʪʘ ʚʦʜʘ ʚʲʪʨʝ ʚ ʜʝʤʠʥʝʨʘʣʠʟʠʨʘʥʠʷ ʜʝʥʪʠʥ ʠ ʜʦʚʝʞʜʘ ʜʦ ʠʥʭʠʙʠʨʘʥʝ ʥʘ 

ʧʦʣʠʤʝʨʠʟʘʮʠʷʪʘ ʥʘ ʘʜʭʝʟʠʚʥʠʷ ʘʛʝʥʪ. ʀʟʣʠʰʥʘʪʘ ʚʦʜʘ ʤʦʞʝ ʜʘ ʨʘʟʨʝʜʠ ʧʨʘʡʤʝʨʘ ʠ ʜʘ 

ʛʦ ʥʘʧʨʘʚʠ ʧʦ-ʤʘʣʢʦ ʝʬʝʢʪʠʚʝʥ (378). ʀʟʩʣʝʜʦʚʘʪʝʣʠ ʩʲʦʙʱʘʚʘʪ, ʯʝ ʧʨʘʡʤʝʨʠʪʝ ʥʘ 

ʚʦʜʥʘ ʦʩʥʦʚʘ ʩʘ ʧʦ-ʤʘʣʢʦ ʯʫʚʩʪʚʠʪʝʣʥʠ ʥʘ ʚʣʘʞʥʦʩʪʪʘ ʥʘ ʜʝʥʪʠʥʘ, ʚ ʩʨʘʚʥʝʥʠʝ ʩ ʪʝʟʠ, 

ʥʘ ʘʮʝʪʦʥʦʚʘ ʦʩʥʦʚʘ (105, 420). ɸʜʭʝʟʠʚʠʪʝ ʥʘ ʘʮʝʪʦʥʦʚʘ ʦʩʥʦʚʘ ʩʲʟʜʘʚʘʪ ʧʦ-ʛʦʣʷʤʘ 

ʟʜʨʘʚʠʥʘ ʥʘ ʚʨʲʟʢʘ ʧʨʠ ʚʣʘʞʝʥ ʜʝʥʪʠʥ, ʦʪʢʦʣʢʦʪʦ ʘʜʭʝʟʠʚʠʪʝ ʥʘ ʝʪʘʥʦʣʦʚʘ ʠ ʚʦʜʥʘ 

ʦʩʥʦʚʘ (140).  

 

7.2.5. ɺʠʜ ʥʘ ʨʘʟʨʫʰʘʚʘʥʝ ʥʘ ʚʨʲʟʢʘʪʘ 

 

ʇʨʠ ʧʨʦʚʝʞʜʘʥʝʪʦ ʥʘ ʨʘʟʣʠʯʥʠʪʝ ʪʝʩʪʦʚʝ ʟʘ ʦʧʨʝʜʝʣʷʥʝ ʥʘ ʟʜʨʘʚʠʥʘʪʘ ʥʘ 

ʚʨʲʟʢʘʪʘ ʦʪ ʦʩʥʦʚʥʦ ʟʥʘʯʝʥʠʝ ʝ ʦʧʨʝʜʝʣʷʥʝʪʦ ʥʘ ʟʦʥʘʪʘ, ʚ ʢʦʷʪʦ ʝ ʩʪʘʥʘʣ ʧʨʦʚʘʣʘ ʥʘ 

ʚʨʲʟʢʘʪʘ ï ʤʷʩʪʦʪʦ ʢʲʜʝʪʦ ʝ ʩʪʘʥʘʣʦ ʨʘʟʨʫʰʝʥʠʝʪʦ (359, 382). ɺ ʩʧʝʮʠʘʣʠʟʠʨʘʥʘʪʘ 

ʣʠʪʝʨʘʪʫʨʘ ʥʝ ʩʲʱʝʩʪʚʫʚʘ ʷʩʥʦ ʩʲʛʣʘʩʠʝ ʟʘ ʢʣʘʩʠʬʠʢʘʮʠʷ ʥʘ ʚʠʜʘ ʥʘ ʨʘʟʨʫʰʘʚʘʥʝʪʦ, 

ʢʘʢʪʦ ʠ ʥʘʯʠʥʲʪ, ʧʦ ʢʦʡʪʦ ʜʘ ʙʲʜʝ ʜʠʘʛʥʦʩʪʠʮʠʨʘʥʦ (297, 359). ʂʦʭʝʟʠʚʥʠʪʝ ʬʨʘʢʪʫʨʠ ʚ 

ʜʝʥʪʠʥʘ ʠ ʢʦʤʧʦʟʠʪʘ ʤʦʛʘʪ ʜʘ ʙʲʜʘʪ ʠʟʩʣʝʜʚʘʥʠ ʥʘ ʤʘʣʢʦ ʫʚʝʣʠʯʝʥʠʝ ʠ ʩʲʩ 
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ʩʪʝʨʝʦʤʠʢʨʦʩʢʦʧ, ʥʦ ʦʧʨʝʜʝʣʷʥʝʪʦ ʥʘ ʚʠʜʘ ʥʘ ʨʘʟʨʫʰʝʥʠʝʪʦ ʟʘ ʛʨʘʥʠʯʥʘʪʘ ʘʜʭʝʟʠʚʥʘ 

ʟʦʥʘ ʠʣʠ ʩʤʝʩʝʥʠʪʝ ʬʦʨʤʠ ʥʘ ʨʘʟʨʫʰʘʚʘʥʝ ʤʦʞʝ ʜʘ ʙʲʜʝ ʪʦʯʥʦ ʥʘʧʨʘʚʝʥʦ ʩʘʤʦ ʯʨʝʟ 

ʩʢʘʥʠʨʘʱ ʝʣʝʢʪʨʦʥʝʥ ʤʠʢʨʦʩʢʦʧ ʥʘ ʚʠʩʦʢʦ ʫʚʝʣʠʯʝʥʠʝ (19, 89). 

   

 ʌʠʛ.4. ʉʭʝʤʘʪʠʯʥʦ ʠʟʦʙʨʘʞʝʥʠʝ ʥʘ ʚʠʜʦʚʝʪʝ ʨʘʟʨʫʰʝʥʠʷ 

 

ɺʠʜʲʪ ʥʘ ʨʘʟʨʫʰʝʥʠʝʪʦ ʤʦʞʝ ʜʘ ʙʲʜʝ (ʬʠʛ.4): ʢʦʭʝʟʠʚʥʦ, ʢʦʝʪʦ ʦʪ ʩʚʦʷ ʩʪʨʘʥʘ 

ʤʦʞʝ ʜʘ ʝ ʚ ʛʨʘʥʠʮʠʪʝ ʥʘ ʜʝʥʪʠʥʘ (ʘ) ʠʣʠ ʚ ʛʨʘʥʠʮʠʪʝ ʥʘ ʢʦʤʧʦʟʠʪʘ (ʙ); ʘʜʭʝʟʠʚʥʦ ï ʥʘ 

ʛʨʘʥʠʯʥʘ ʟʦʥʘ ʜʝʥʪʠʥ-ʘʜʭʝʟʠʚ (ʚ) ʠ ʥʘ ʛʨʘʥʠʯʥʘʪʘ ʟʦʥʘ ʢʦʤʧʦʟʠʪ-ʘʜʭʝʟʠʚ (ʛ); ʠ ʩʤʝʩʝʥʦ 

ï ʢʦʤʙʠʥʘʮʠʷ ʦʪ ʘʜʭʝʟʠʚʥʦ ʠ ʢʦʭʝʟʠʚʥʦ ʨʘʟʨʫʰʝʥʠʝ - ʜʝʥʪʠʥ-ʘʜʭʝʟʠʚ-ʢʦʤʧʦʟʠʪ ï 

ʤʘʣʢʠ ʟʦʥʠ ʦʪ ʜʝʥʪʠʥ ʠ ʢʦʤʧʦʟʠʪ (ʜ) ʠ ʧʦ-ʛʦʣʝʤʠ ʟʦʥʠ ʦʪ ʜʝʥʪʠʥ-ʢʦʤʧʦʟʠʪ (ʝ) (359). ɺ 

ʟʘʚʠʩʠʤʦʩʪ ʦʪ ʬʨʘʢʪʫʨʥʘʪʘ ʣʠʥʠʷ, ʪʠʧʘ ʥʘ ʨʘʟʨʫʰʝʥʠʝ (ʘ), (ʙ) ʠ (ʝ) ʪʨʷʙʚʘ ʜʘ ʙʲʜʝ 

ʠʟʢʣʶʯʝʥ ʦʪ ʜʘʥʥʠʪʝ ʧʨʠ ʧʨʦʚʝʞʜʘʥʝ ʥʘ ʪʝʩʪʦʚʝ ʟʘ ʟʜʨʘʚʠʥʘ ʥʘ ʚʨʲʟʢʘʪʘ, ʥʝʟʘʚʠʩʠʤʦ ʦʪ 

ʚʠʜʘ ʥʘ ʪʝʩʪʘ (96, 359, 440, 441, 443). 

   

7.2.6. ʉʨʘʚʥʝʥʠʝ ʤʝʞʜʫ Ăʤʘʢʨʦò ʠ Ăʤʠʢʨʦò ʪʝʩʪʦʚʝʪʝ ʟʘ ʟʜʨʘʚʠʥʘ ʥʘ ʚʨʲʟʢʘʪʘ 

 

ʇʨʠ ʥʘʧʨʘʚʝʥ ʦʙʟʦʨ ʥʘ ʩʧʝʮʠʘʣʠʟʠʨʘʥʘʪʘ ʣʠʪʝʨʘʪʫʨʘ ʟʘ ʧʝʨʠʦʜʘ 2004 ï 2009 

ʛʦʜʠʥʘ ʠ ʢʣʶʯʦʚʠ ʜʫʤʠ ñdentin bond strengthò, ʘʚʪʦʨʠʪʝ ʩʘ ʫʩʪʘʥʦʚʠʣʠ, ʯʝ ʥʘʡ-ʯʝʩʪʦ 

ʧʨʦʚʝʞʜʘʥʠʷʪ ʪʝʩʪ ʝ ʪʝʩʪʘ ʟʘ ʤʠʢʨʦ-ʦʧʲʥ (ɛTBS), ʩʣʝʜʚʘʥ ʦʪ ʪʝʩʪʘ ʟʘ ʤʘʢʨʦ-ʧʨʝʨʷʟʚʘʥʝ 

(SBS), ʩʣʝʜ ʪʦʚʘ ʟʘ ʤʠʢʨʦ-ʧʨʝʨʷʟʚʘʥʝ (ɛSBS) ʠ ʥʘʢʨʘʷ ʪʦʟʠ ʟʘ ʤʘʢʨʦ-ʦʧʲʥ (TBS) (433). 

ʅʘʡ-ʯʝʩʪʦ ʪʝʩʪʚʘʥʠʪʝ ʘʜʭʝʟʠʚʥʠ ʩʠʩʪʝʤʠ ʩʘ ʝʜʥʦʩʪʲʧʢʦʚʠʪʝ, ʩʣʝʜ ʪʷʭ ʜʚʫʩʪʲʧʢʦʚʠʪʝ ʩ 

ʝʮʚʘʥʝ ʠ ʠʟʤʠʚʘʥʝ ʠ ʜʚʫʩʪʲʧʢʦʚʠʪʝ ʩʘʤʦʝʮʚʘʱʠ ʘʜʭʝʟʠʚʠ. ʅʘʡ-ʨʷʜʢʦ ʪʝʩʪʚʘʥʠ ʩʘ 

ʪʨʠʩʪʲʧʢʦʚʠʪʝ ʘʜʭʝʟʠʚʥʠ ʩʠʩʪʝʤʠ ʩ ʝʮʚʘʥʝ ʠ ʠʟʤʠʚʘʥʝ (433). ʅʘʡ-ʚʠʩʦʢʠ ʩʪʦʡʥʦʩʪʠ ʥʘ 

ʟʜʨʘʚʠʥʘʪʘ ʥʘ ʩʚʲʨʟʚʘʥʝ ʧʦʢʘʟʚʘʪ ʪʨʠʩʪʲʧʢʦʚʠʪʝ ʘʜʭʝʟʠʚʥʠ ʩʠʩʪʝʤʠ (ʢʦʠʪʦ ʩʝ ʧʨʠʝʤʘʪ 

ʢʘʪʦ ʟʣʘʪʝʥ ʩʪʘʥʜʘʨʪ), ʩʣʝʜʚʘʥʠ ʦʪ ʜʚʫʩʪʲʧʢʦʚʠʪʝ ʩʘʤʦʝʮʚʘʱʠ ʘʜʭʝʟʠʚʥʠ ʩʠʩʪʝʤʠ ʠ 

ʜʚʫʩʪʲʧʢʦʚʠʪʝ ʘʜʭʝʟʠʚʠ ʩ ʝʮʚʘʥʝ ʠ ʠʟʤʠʚʘʥʝ, ʘ ʩ ʥʘʡ-ʥʠʩʢʠ ʩʪʦʡʥʦʩʪʠ ʩʘ 

ʝʜʥʦʩʪʲʧʢʦʚʠʪʝ ʩʘʤʦʝʮʚʘʱʠ ʘʜʭʝʟʠʚʠ (97, 118, 168, 433). ʉʧʝʮʠʘʣʠʟʠʨʘʥʘʪʘ ʣʠʪʝʨʘʪʫʨʘ 
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ʠʟʦʙʠʣʩʪʚʘ ʦʪ ʧʫʙʣʠʢʫʚʘʥʠ ʜʘʥʥʠ ʟʘ ʟʜʨʘʚʠʥʘ ʥʘ ʚʨʲʟʢʘʪʘ, ʢʘʪʦ ʧʨʦʤʝʥʣʠʚʠʪʝ ʤʝʞʜʫ 

ʠʟʩʣʝʜʚʘʥʠʷʪʘ ʩʘ ʦʛʨʦʤʥʠ. ʆʩʦʙʝʥʦ ʟʘʙʝʣʝʞʠʪʝʣʥʠ ʩʘ ʨʘʟʣʠʢʠʪʝ ʤʝʞʜʫ ʦʨʛʘʥʠʟʘʮʠʷʪʘ 

ʥʘ ʧʨʦʚʝʞʜʘʥʝʪʦ ʥʘ ʨʘʟʣʠʯʥʠʪʝ ʪʝʩʪʦʚʝ (168, 433). ʆʙʱʘ ʪʝʥʜʝʥʮʠʷ ʝ, ʯʝ ʤʘʢʨʦ-

ʪʝʩʪʦʚʝʪʝ (ʟʘ ʧʨʝʨʷʟʚʘʥʝ ʠ ʟʘ ʦʧʲʥ) ʩ ʧʣʦʱ ʥʘ ʩʚʲʨʟʚʘʥʝ ʦʪ 7 mm
2
 ʧʦʢʘʟʚʘʪ ʦʪ ʜʚʘ ʜʦ 

ʪʨʠ ʧʲʪʠ ʧʦ-ʥʠʩʢʠ ʩʪʦʡʥʦʩʪʠ ʟʘ ʟʜʨʘʚʠʥʘ ʥʘ ʚʨʲʟʢʘʪʘ ʦʪ ʪʝʭʥʠʪʝ ʝʢʚʠʚʘʣʝʥʪʥʠ ʤʠʢʨʦ-

ʪʝʩʪʦʚʝ ʩ ʧʣʦʱ ʥʘ ʩʚʲʨʟʚʘʥʝ ʦʪ ʦʢʦʣʦ 1 mm
2
 ï 16ʄʈʘ ʩʧʨʷʤʦ 32 ʄʈʘ (359, 433). ʇʨʠ 

ʩʨʘʚʥʷʚʘʥʝ ʥʘ ʪʝʩʪʘ ʟʘ ʤʠʢʨʦ-ʦʧʲʥ ʩ ʪʝʩʪʘ ʟʘ ʤʘʢʨʦ-ʧʨʝʨʷʟʚʘʥʝ ʝ ʫʩʪʘʥʦʚʝʥ ʟʥʘʯʠʪʝʣʥʦ 

ʧʦ-ʛʦʣʷʤ ʙʨʦʡ ʥʘ ʧʨʦʚʘʣ ʥʘ ʚʨʲʟʢʘʪʘ ʚ ʛʨʘʥʠʮʠʪʝ ʥʘ ʜʝʥʪʠʥʘ ʠʣʠ ʥʘ ʢʦʤʧʦʟʠʪʘ ʧʨʠ 

ʤʘʢʨʦ-ʪʝʩʪʘ (382). ʀʣʠ ʨʝʟʫʣʪʘʪʠʪʝ, ʧʦʣʫʯʝʥʠ ʦʪ ʤʝʪʦʜʘ ʟʘ ʪʝʩʪʚʘʥʝ ʥʘ ʤʠʢʨʦ-ʦʧʲʥ 

ʥʘʚʷʨʥʦ ʦʪʨʘʟʷʚʘʪ ʧʦ-ʜʦʙʨʝ ʜʝʡʩʪʚʠʪʝʣʥʘʪʘ ʟʜʨʘʚʠʥʘ ʥʘ ʚʨʲʟʢʘʪʘ ʥʘ ʛʨʘʥʠʯʥʘʪʘ ʟʦʥʘ ʩ 

ʜʝʥʪʠʥʘ (382). 

 ɸʚʪʦʨʠ ʧʦʢʘʟʚʘʪ, ʯʝ ʟʜʨʘʚʠʥʘʪʘ ʥʘ ʚʨʲʟʢʘʪʘ ʥʘ ʦʧʲʥ ʝ ʦʙʨʘʪʥʦ ʧʨʦʧʦʨʮʠʦʥʘʣʥʘ 

ʥʘ ʧʣʦʪɦʘ ʥʘ ʩʚʲʨʟʚʘʥʝ. ʀʣʠ ʢʦʣʢʦʪʦ ʧʦ-ʤʘʣʢʘ ʝ ʪʘʟʠ ʧʣʦʱ, ʪʦʣʢʦʚʘ ʧʦ-ʛʦʣʝʤʠ ʩʘ 

ʩʪʦʡʥʦʩʪʠʪʝ ʟʘ ʟʜʨʘʚʠʥʘʪʘ ʥʘ ʚʨʲʟʢʘʪʘ (10, 69, 122, 313, 344, 359, 433). ʄʘʪʝʤʘʪʠʯʝʩʢʠ 

ʪʦʚʘ ʤʦʞʝ ʜʘ ʙʲʜʝ ʦʙʷʩʥʝʥʦ ʩ ʥʘʨʘʩʪʚʘʥʝʪʦ ʥʘ ʨʘʟʤʝʨʘ ʥʘ ʦʙʨʘʟʝʮʘ, ʧʨʠ ʢʦʝʪʦ ʥʘʨʘʩʪʚʘ 

ʠ ʚʝʨʦʷʪʥʦʩʪʪʘ ʦʪ ʧʦʧʘʜʘʥʝ ʥʘ ʧʫʢʥʘʪʠʥʠ ʠ ʜʨʫʛʠ ʜʝʬʝʢʪʠ ʚ ʟʦʥʘʪʘ ʥʘ ʪʝʩʪʚʘʥʝ, ʢʘʢʪʦ ʠ 

ʩ ʛʝʥʝʨʠʨʘʥʝ ʥʘ ʩʪʨʝʩ ʥʘ ʛʨʘʥʠʯʥʘʪʘ ʙʦʥʜʠʨʘʥʘ ʟʦʥʘ ʠʣʠ ʚ ʩʘʤʠʷ ʩʫʙʩʪʨʘʪ (64, 297, 

359).    

ɼʠʨʝʢʪʥʦ ʩʨʘʚʥʷʚʘʥʝ ʥʘ ʩʪʦʡʥʦʩʪʠʪʝ ʥʘ ʟʜʨʘʚʠʥʘʪʘ ʥʘ ʚʨʲʟʢʘʪʘ ʥʘ ʦʧʲʥ ʠ ʥʘ 

ʤʠʢʨʦ-ʦʧʲʥ ʟʘ ʰʝʩʪ ʝʜʥʘʢʚʠ ʘʜʭʝʟʠʚʥʠ ʩʠʩʪʝʤʠ, ʧʨʝʜʩʪʘʚʠʪʝʣʠ ʥʘ ʨʘʟʣʠʯʥʠʪʝ 

ʛʝʥʝʨʘʮʠʠ, ʥʘ ʙʘʟʘʪʘ ʥʘ ʜʘʥʥʠ, ʧʫʙʣʠʢʫʚʘʥʠ ʟʘ ʧʝʨʠʦʜ ʦʪ 1998 ï 2009 ʛʦʜʠʥʘ, ʧʦʢʘʟʚʘ 

ʩʪʦʡʥʦʩʪʠ ʟʘ ʟʜʨʘʚʠʥʘ ʥʘ ʪʝʩʪʘ ʟʘ ʤʠʢʨʦ-ʦʧʲʥ 2-5 ʧʲʪʠ ʧʦ-ʚʠʩʦʢʠ (ʩʪʦʡʥʦʩʪʠʪʝ ʥʘ ʦʧʲʥ 

ʩʘ ʦʪ 4.5 ʜʦ 22.9 ʄʈʘ, ʘ ʪʝʟʠ ʟʘ ʤʠʢʨʦ-ʦʧʲʥ ʦʪ 25.8 ʜʦ 48.0 ʄʈʘ) (359). ʇʨʠ ʩʨʘʚʥʝʥʠʝ 

ʥʘ ʨʝʟʫʣʪʘʪʠʪʝ ʟʘ ʟʜʨʘʚʠʥʘʪʘ ʥʘ ʚʨʲʟʢʘʪʘ ʥʘ ʧʨʝʨʷʟʚʘʥʝ ʠ ʤʠʢʨʦ-ʧʨʝʨʷʟʚʘʥʝ, 

ʩʪʦʡʥʦʩʪʠʪʝ ʥʘ ʤʠʢʨʦ-ʪʝʩʪʘ ʩʘ 1.2 ï 3 ʧʲʪʠ ʧʦ-ʚʠʩʦʢʠ ʦʪ ʪʝʟʠ, ʥʘ ʤʘʢʨʦ-ʪʝʩʪʘ 

(ʩʪʦʡʥʦʩʪʠ ʥʘ ʧʨʝʨʷʟʚʘʥʝ 12.4 ï 23.2 ʄʈʘ, ʩʪʦʡʥʦʩʪʠ ʥʘ ʤʠʢʨʦ-ʧʨʝʨʷʟʚʘʥʝ 20.7 ï 41.5 

ʄʈʘ) (359).    

 

7.2.7. ɿʜʨʘʚʠʥʘ ʥʘ ʚʨʲʟʢʘʪʘ ʧʨʠ ʚʨʝʤʝʥʥʠ ʟʲʙʠ 

 

ɼʘʥʥʠʪʝ ʚ ʩʧʝʮʠʘʣʠʟʠʨʘʥʘʪʘ ʣʠʪʝʨʘʪʫʨʘ ʧʦʢʘʟʚʘʪ ʥʘʡ-ʯʝʩʪʦ ʧʦ-ʥʠʩʢʠ ʩʪʦʡʥʦʩʪʠ 

ʟʘ ʧʦʩʪʠʛʥʘʪʘʪʘ ʟʜʨʘʚʠʥʘ ʥʘ ʚʨʲʟʢʘʪʘ ʧʨʠ ʧʨʠʣʘʛʘʥʝʪʦ ʥʘ ʨʘʟʣʠʯʥʠʪʝ ʪʝʩʪʦʚʝ ʧʨʠ 

ʚʨʝʤʝʥʥʠ ʟʲʙʠ, ʢʘʢʪʦ ʠ ʧʦ-ʨʷʜʢʦ ʧʨʦʚʝʞʜʘʥʝ ʥʘ ʪʘʢʠʚʘ ʠʟʩʣʝʜʚʘʥʠʷ (14, 62, 78, 92, 229, 

268, 335, 353, 363, 372, 423, 461). ɼʨʫʛʠ ʘʚʪʦʨʠ ʩʲʦʙʱʘʚʘʪ ʟʘ ʝʜʥʘʢʚʘ (33, 123, 236, 372) 
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ʠʣʠ ʜʦʨʠ ʧʦ-ʛʦʣʷʤʘ (46, 179) ʟʜʨʘʚʠʥʘ ʥʘ ʚʨʲʟʢʘʪʘ ʩ ʜʝʥʪʠʥʘ ʥʘ ʚʨʝʤʝʥʥʠʪʝ ʟʲʙʠ ʦʪ 

ʪʘʟʠ ʧʨʠ ʧʦʩʪʦʷʥʥʠʪʝ ʟʲʙʠ. ʊʝʟʠ ʜʘʥʥʠ ʧʦʢʘʟʚʘʪ ʥʘʣʠʯʠʝ ʥʘ ʷʩʥʠ ʧʨʦʪʠʚʦʨʝʯʠʷ ʧʦ ʪʘʟʠ 

ʪʝʤʘ ʚ ʩʧʝʮʠʘʣʠʟʠʨʘʥʘʪʘ ʣʠʪʝʨʘʪʫʨʘ. ɿʘʪʨʫʜʥʝʥʠʷ ʧʨʠ ʧʨʠʣʘʛʘʥʝʪʦ ʥʘ ʪʝʩʪʦʚʝʪʝ ʟʘ 

ʟʜʨʘʚʠʥʘ ʥʘ ʚʨʲʟʢʘʪʘ ʧʨʦʠʟʪʠʯʘʪ ʦʪ ʧʦ-ʤʘʣʢʠʷ ʨʘʟʤʝʨ ʥʘ ʚʨʝʤʝʥʥʠʪʝ ʟʲʙʠ ʧʨʠ 

ʧʦʜʛʦʪʦʚʢʘʪʘ ʥʘ ʤʠʢʨʦʦʙʨʘʟʮʠʪʝ, ʢʘʢʪʦ ʠ ʦʪ ʬʠʟʠʦʣʦʛʠʯʥʘʪʘ ʨʝʟʦʨʙʮʠʷ, ʢʦʷʪʦ ʝ 

ʩʚʲʨʟʘʥʘ ʩʲʩ ʟʘʛʫʙʘ ʥʘ ʟʲʙʥʘ ʩʪʨʫʢʪʫʨʘ ʠ ʩʲʟʜʘʚʘʥʝʪʦ ʥʘ ʢʨʝʭʢʠ ʦʙʨʘʟʮʠ, ʢʦʠʪʦ ʩʘ 

ʤʥʦʛʦ ʧʦ-ʧʨʝʜʨʘʟʧʦʣʦʞʝʥʠ ʢʲʤ ʬʨʘʢʪʫʨʠʨʘʥʝ (231, 329). ʀ ʧʨʠ ʚʨʝʤʝʥʥʠʪʝ ʟʲʙʠ ʪʨʠ 

ʩʪʲʧʢʦʚʠʪʝ ʘʜʭʝʟʠʚʥʠ ʩʠʩʪʝʤʠ ʩ ʝʮʚʘʥʝ ʠ ʠʟʤʠʚʘʥʝ ʧʦʢʘʟʚʘʪ ʥʘʡ-ʚʠʩʦʢʠ ʩʪʦʡʥʦʩʪʠ ʟʘ 

ʟʜʨʘʚʠʥʘ ʥʘ ʚʨʲʟʢʘʪʘ, ʩʣʝʜʚʘʥʠ ʦʪ ʜʚʫʩʪʲʧʢʦʚʠʪʝ ʩ ʝʮʚʘʥʝ ʠ ʠʟʤʠʚʘʥʝ ʠ ʜʚʫʩʪʲʧʢʦʚʠʪʝ 

ʩʘʤʦʝʮʚʘʱʠ ʘʜʭʝʟʠʚʠ (92, 231, 372). ʉʲʦʙʱʘʚʘʥʠʪʝ ʨʝʟʫʣʪʘʪʠ ʟʘ ʟʜʨʘʚʠʥʘ ʥʘ ʚʨʲʟʢʘʪʘ ʩ 

ʜʝʥʪʠʥʘ ʥʘ ʚʨʝʤʝʥʥʠ ʟʲʙʠ ʩʘ ʦʪ ʧʦʨʷʜʲʢʘ ʥʘ 11.14 - 17.05 -  18.10 ʄʈʘ ʧʨʠ ʩʘʤʦʝʮʚʘʱʠ 

ʝʜʥʦʩʪʲʧʢʦʚʠ ʘʜʭʝʟʠʚʠ, 23.71 ï 25.19 ï 27.68 - 29.29 ʄʈʘ ï ʧʨʠ 2-ʩʪʲʧʢʦʚʠ ʩʘʤʦʝʮʚʘʱʠ 

ʘʜʭʝʟʠʚʠ, 21.84 ï 23.90- 27.68 ï 29.38 ʄʈʘ ï ʧʨʠ ʜʚʫʩʪʲʧʢʦʚʠ ʩ ʝʮʚʘʥʝ ʠ ʠʟʤʠʚʘʥʝ ʠ 

32.80 ʄʈʘ ï ʧʨʠ 3-ʩʪʲʧʢʦʚʠ ʘʜʭʝʟʠʚʠ ʩ ʝʮʚʘʥʝ ʠ ʠʟʤʠʚʘʥʝ (62, 78, 231, 279, 335). ʉ ʥʘʡ-

ʥʠʩʢʠ ʩʪʦʡʥʦʩʪʠ ʩʘ ʝʜʥʦʩʪʲʧʢʦʚʠʪʝ ʩʘʤʦʝʮʚʘʱʠ ʘʜʭʝʟʠʚʠ (101, 279, 280).  

ɺʘʨʠʘʮʠʠʪʝ ʧʦ ʦʪʥʦʰʝʥʠʝ ʥʘ ʭʠʤʠʯʥʠʷ ʩʲʩʪʘʚ, ʛʲʩʪʦʪʘʪʘ ʥʘ ʜʝʥʪʠʥʦʚʠʪʝ 

ʢʘʥʘʣʯʝʪʘ, ʚʣʘʞʥʦʩʪʪʘ ʠ ʧʝʨʤʝʘʙʠʣʠʪʝʪʘ, ʤʦʛʘʪ ʜʘ ʚʲʟʜʝʡʩʪʚʘʪ ʚʲʨʭʫ ʟʜʨʘʚʠʥʘʪʘ ʥʘ 

ʚʨʲʟʢʘʪʘ ʥʘ ʘʜʭʝʟʠʚʥʠʪʝ ʩʠʩʪʝʤʠ ʩ ʜʝʥʪʠʥʘ ʥʘ ʚʨʝʤʝʥʥʠʪʝ ʟʲʙʠ (62, 92, 231, 267, 268, 

279, 335, 372). ʀʟʤʝʨʝʥʠ ʩʘ ʩʪʦʡʥʦʩʪʠ ʟʘ ʟʜʨʘʚʠʥʘ ʥʘ ʚʨʲʟʢʘʪʘ (ɛTBS) ʩ ʜʝʥʪʠʥʘ ʥʘ 

ʚʨʝʤʝʥʥʠ ʟʲʙʠ ʧʨʠ ʧʨʦʜʲʣʞʠʪʝʣʥʦʩʪ ʥʘ ʝʮʚʘʥʝʪʦ ʩʧʦʨʝʜ ʠʥʩʪʨʫʢʮʠʷʪʘ ʥʘ 

ʧʨʦʠʟʚʦʜʠʪʝʣʷ - 29.38ʄʈʘ ʠ 11.74 ʄʈʘ, ʘ ʧʨʠ ʨʝʜʫʢʮʠʷ ʥʘ ʪʦʚʘ ʚʨʝʤʝ ʩʪʦʡʥʦʩʪʠʪʝ ʩʘ 

ʩʲʦʪʚʝʪʥʦ 42.00 ʄʈʘ ʠ 17.98ʄʈʘ (279). ʋʩʪʘʥʦʚʝʥʦ ʝ, ʯʝ ʥʝ ʩʲʱʝʩʪʚʫʚʘ ʧʦʟʠʪʠʚʥʘ 

ʢʦʨʝʣʘʮʠʷ ʤʝʞʜʫ ʜʝʙʝʣʠʥʘʪʘ ʥʘ ʭʠʙʨʠʜʥʠʷ ʩʣʦʡ ʠ ʟʜʨʘʚʠʥʘʪʘ ʥʘ ʚʨʲʟʢʘʪʘ ï ʢʘʯʝʩʪʚʦʪʦ 

ʥʘ ʭʠʙʨʠʜʥʠʷ ʩʣʦʡ ʝ ʧʦ-ʚʘʞʥʦ ʦʪ ʥʝʛʦʚʘʪʘ ʜʝʙʝʣʠʥʘ (92, 161, 268, 353, 372, 420). 

ɿʜʨʘʚʠʥʘʪʘ ʥʘ ʚʨʲʟʢʘʪʘ ʩ ʜʝʥʪʠʥʘ ʥʘ ʚʨʝʤʝʥʥʠ ʟʲʙʠ ʧʨʠ ʜʚʦʡʥʦ ʧʦ-ʜʝʙʝʣ ʭʠʙʨʠʜʝʥ 

ʩʣʦʡ, ʧʦʣʫʯʝʥ ʩʣʝʜ 15 ʩʝʢ. ʝʮʚʘʥʝ ʝ ʩʪʘʪʠʩʪʠʯʝʩʢʠ ʟʥʘʯʠʤʦ ʧʦ-ʥʠʩʢʘ ʚ ʩʨʘʚʥʝʥʠʝ ʩ ʪʘʟʠ 

ʧʦʩʪʠʛʥʘʪʘ ʧʨʠ 7 ʩʝʢ. ʝʮʚʘʥʝ ʠ ʨʘʚʥʠ ʜʨʫʛʠ ʫʩʣʦʚʠʷ (353). 

ɼʨʫʛʘ ʧʨʠʯʠʥʘ ʟʘ ʦʙʷʩʥʝʥʠʝ ʥʘ ʨʘʟʣʠʢʠʪʝ ʚ ʩʪʦʡʥʦʩʪʠʪʝ ʟʘ ʟʜʨʘʚʠʥʘʪʘ ʥʘ 

ʚʨʲʟʢʘʪʘ ʤʝʞʜʫ ʚʨʝʤʝʥʥʠʪʝ ʠ ʧʦʩʪʦʷʥʥʠʪʝ ʟʲʙʠ ʩʘ ʠ ʨʘʟʣʠʢʠʪʝ ʚ ʝʢʩʧʝʨʠʤʝʥʪʘʣʥʘ 

ʧʦʜʛʦʪʦʚʢʘ ʥʘ ʦʙʨʘʟʮʠʪʝ (92). ʈʘʟʣʠʢʠʪʝ ʚ ʤʝʪʦʜʦʣʦʛʠʷʪʘ, ʚʦʜʝʱʠ ʜʦ ʨʘʟʣʠʯʥʠ ʧʦʩʦʢʠ 

ʥʘ ʧʨʠʣʘʛʘʥʠʪʝ ʩʠʣʠ ʠ ʨʘʟʣʠʯʥʦ ʨʘʟʧʨʝʜʝʣʝʥʠʝ ʥʘ ʩʪʨʝʩʘ ʥʘ ʛʨʘʥʠʯʥʘʪʘ ʟʦʥʘ, ʢʘʢʪʦ ʠ 

ʠʟʧʦʣʟʚʘʥʠʪʝ ʤʘʪʝʨʠʘʣʠ ʤʦʛʘʪ ʜʘ ʦʙʷʩʥʷʪ ʚʘʨʠʘʮʠʠʪʝ ʚ ʨʝʟʫʣʪʘʪʠʪʝ ʧʨʠ ʩʨʘʚʥʷʚʘʥʝʪʦ 

ʥʘ ʦʪʜʝʣʥʠʪʝ ʠʟʩʣʝʜʚʘʥʠʷ (92, 129, 417, 440, 441, 463). 
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7.2.8. ɸʥʘʣʠʟ ʥʘ ʧʦʣʝʟʥʦʩʪʪʘ ʥʘ ʨʝʟʫʣʪʘʪʠ ʦʪ ʧʨʠʣʦʞʝʥʠʝ ʥʘ ʪʝʩʪʦʚʝʪʝ ʟʘ 

ʟʜʨʘʚʠʥʘ ʥʘ ʚʨʲʟʢʘʪʘ 

(ɼʘʚʘʪ ʣʠ ʪʝʩʪʦʚʝʪʝ ʟʘ ʟʜʨʘʚʠʥʘ ʥʘ ʚʨʲʟʢʘʪʘ ʧʦʣʝʟʥʠ ʨʝʟʫʣʪʘʪʠ) 

 

ʈʝʘʣʠʟʠʨʘʥʝʪʦ ʥʘ ʦʙʱʦʧʨʠʝʪʠ ʩʪʘʥʜʘʨʪʥʠ ʤʝʪʦʜʠ ʟʘ ʪʝʩʪʚʘʥʝ ʥʘ ʟʜʨʘʚʠʥʘʪʘ ʥʘ 

ʘʜʭʝʟʠʚʥʘʪʘ ʚʨʲʟʢʘʪʘ ʟʲʙ-ʧʣʘʩʪʤʘʩʘ ʢʲʤ ʤʦʤʝʥʪʘ ʝ ʩʧʦʨʥʦ (20, 169, 275, 297, 336, 371). 

ʄʘʢʘʨ ʯʝ ʚ ʜʝʥʪʘʣʥʘʪʘ ʤʝʜʠʮʠʥʘ ʧʦ ʥʘʩʪʦʷʱʝʤ ʥʝ ʩʲʱʝʩʪʚʫʚʘ ʩʲʛʣʘʩʠʝ ʠʣʠ ʩʪʘʥʜʘʨʪʝʥ 

ʧʦʜʭʦʜ, ʩʧʦʨʝʜ ʥʷʢʦʠ ʘʚʪʦʨʠ ʪʝʩʪʚʘʥʝʪʦ ʟʘ ʟʜʨʘʚʠʥʘ ʥʘ ʚʨʲʟʢʘʪʘ ʦʩʪʘʚʘ ʧʦʣʝʟʥʦ ʠ 

ʥʝʦʙʭʦʜʠʤʦ ʟʘ ʧʨʦʫʯʚʘʥʝʪʦ ʥʘ ʥʦʚʠ ʧʨʦʜʫʢʪʠ ʠ ʠʟʩʣʝʜʚʘʥʝʪʦ ʥʘ ʝʢʩʧʝʨʠʤʝʥʪʘʣʥʠ 

ʧʨʦʤʝʥʣʠʚʠ (20). ɼʨʫʛʠ ʠʟʢʘʟʚʘʪ ʩʲʤʥʝʥʠʝ, ʯʝ ʪʝʟʠ ʪʝʩʪʦʚʝ ʩʘ ʚʘʞʥʠ, ʦʩʦʙʝʥʦ ʢʘʪʦ ʩʝ 

ʠʤʘ ʧʨʝʜʚʠʜ ʥʝʫʩʧʝʭʘ ʥʘ ʢʣʠʥʠʯʥʠ ʠʟʩʣʝʜʚʘʥʠʷ, ʢʦʠʪʦ ʩʘ ʦʧʠʪʘʣʠ ʜʘ ʫʩʪʘʥʦʚʷʪ 

ʩʲʦʪʥʦʰʝʥʠʝ ʤʝʞʜʫ ʨʝʟʫʣʪʘʪʠʪʝ ʦʪ ʪʝʩʪʦʚʝ ʟʘ ʟʜʨʘʚʠʥʘ ʥʘ ʚʨʲʟʢʘʪʘ ʠ ʢʣʠʥʠʯʥʠʪʝ 

ʨʝʟʫʣʪʘʪʠ (168, 382, 415). ʀʣʠ ʝʜʥʘ ʘʜʭʝʟʠʚʥʘ ʩʠʩʪʝʤʘ ʥʝ ʤʦʞʝ ʜʘ ʩʝ ʦʧʨʝʜʝʣʠ ʢʘʪʦ ʧʦ-

ʜʦʙʨʘ ʩʧʨʷʤʦ ʜʨʫʛʘ, ʩʘʤʦ ʟʘʱʦʪʦ ʪʷ ʧʦʢʘʟʚʘ ʩʪʦʡʥʦʩʪ ʥʘ ʟʜʨʘʚʠʥʘ ʥʘ ʚʨʲʟʢʘʪʘ ʧʨʠ 

ʣʘʙʦʨʘʪʦʨʥʦ ʪʝʩʪʚʘʥʝ 30 ʄʈʘ ʚ ʩʨʘʚʥʝʥʠʝ ʩ ʜʨʫʛʘʪʘ, ʢʦʷʪʦ ʧʦʢʘʟʚʘ 25 ʄʈʘ, ʢʘʢʪʦ ʠ ʥʝ 

ʤʦʞʝ ʚʠʩʦʢʠʪʝ ʩʪʦʡʥʦʩʪʠ ʦʪ ʪʝʩʪʘ ʜʘ ʩʘ ʠʥʜʠʢʘʪʦʨ ʟʘ ʜʦʙʨʦ ʢʣʠʥʠʯʥʦ ʧʨʝʜʩʪʘʚʷʥʝ (168, 

382). ʉʪʦʡʥʦʩʪʠʪʝ ʟʘ ʟʜʨʘʚʠʥʘ ʥʘ ʚʨʲʟʢʘʪʘ ʟʘʚʠʩʷʪ ʦʪ ʧʨʠʣʦʞʝʥʠʷ ʤʝʪʦʜ ʟʘ ʪʝʩʪʚʘʥʝ, 

ʧʦʨʘʜʠ ʢʦʝʪʦ ʝ ʧʨʝʧʦʨʲʯʠʪʝʣʥʦ ʜʘ ʥʝ ʩʝ ʧʨʘʚʠ ʜʠʨʝʢʪʥʦ ʩʨʘʚʥʷʚʘʥʝ ʥʘ ʦʙʷʚʝʥʠʪʝ 

ʩʪʦʡʥʦʩʪʠ. ʎʝʣʪʘ ʥʘ ʨʘʟʨʫʰʘʚʘʥʝʪʦ ʥʘ ʧʦʜʛʦʪʚʝʥʠʷ ʦʙʨʘʟʝʮ ʝ ʜʘ ʩʝ ʫʩʪʘʥʦʚʠ ʢʦʣʢʦ 

ʟʜʨʘʚʘ ʝ ʚʨʲʟʢʘʪʘ ʠ ʢʲʜʝ ʝ ʥʘʡ-ʩʣʘʙʦʪʦ ʟʚʝʥʦ ʚ ʩʠʩʪʝʤʘʪʘ (382). 

ʊʝʩʪʚʘʥʝʪʦ ʥʘ ʟʜʨʘʚʠʥʘʪʘ ʥʘ ʚʨʲʟʢʘʪʘ ʥʝ ʦʧʨʝʜʝʣʷ ʧʨʠʩʲʱʘʪʘ ʟʘ ʦʙʪʫʨʘʮʠʦʥʥʠʷ 

ʤʘʪʝʨʠʘʣ ʩʧʦʩʦʙʥʦʩʪ ʜʘ ʩʝ ʩʚʲʨʞʝ ʩʲʩ ʟʲʙʥʠʪʝ ʩʪʨʫʢʪʫʨʠ ʠʣʠ ʪʷ ʥʝ ʝ ʢʘʯʝʩʪʚʦ ʥʘ 

ʤʘʪʝʨʠʘʣʘ (20, 97, 168, 441). ʀʟʤʝʨʝʥʘʪʘ ʟʜʨʘʚʠʥʘ ʥʘ ʚʨʲʟʢʘʪʘ, ʢʘʢʪʦ ʠ ʤʷʩʪʦʪʦ ʥʘ 

ʥʝʡʥʦʪʦ ʨʘʟʨʫʰʘʚʘʥʝ ʟʘʚʠʩʠ ʦʪ ʥʘʣʠʯʠʝʪʦ ʥʘ ʧʫʢʥʘʪʠʥʠ ʚʲʪʨʝ ʚ ʩʘʤʠʪʝ ʤʘʪʝʨʠʘʣʠ ʠʣʠ 

ʤʝʞʜʫ ʪʷʭ, ʦʪ ʨʘʟʤʝʨʘ ʠ ʛʝʦʤʝʪʨʠʷʪʘ ʥʘ ʦʙʨʘʟʮʠʪʝ, ʦʪ ʢʘʯʝʩʪʚʘʪʘ ʥʘ ʚʩʝʢʠ ʝʜʠʥ ʦʪ 

ʤʘʪʝʨʠʘʣʠʪʝ, ʫʯʘʩʪʚʘʱʠ ʚ ʩʲʟʜʘʚʘʥʝʪʦ ʥʘ ʦʧʠʪʥʘʪʘ ʧʦʩʪʘʥʦʚʢʘ, ʦʪ ʤʝʪʦʜʘ ʥʘ ʧʨʠʣʘʛʘʥʝ 

ʥʘ ʥʘʪʦʚʘʨʚʘʥʝʪʦ (20, 42, 143, 150, 186, 262, 263, 289, 297, 313, 320, 373, 382, 433, 440, 

441). ʇʨʠ ʧʨʦʚʝʞʜʘʥʝʪʦ ʥʘ ʪʝʩʪʦʚʝ ʟʘ ʟʜʨʘʚʠʥʘ ʥʘ ʘʜʭʝʟʠʚʥʘʪʘ ʚʨʲʟʢʘ ʩʝ ʚʢʣʶʯʚʘʪ ʜʚʘ 

ʨʘʟʣʠʯʥʠ ʩʫʙʩʪʨʘʪʘ ʠ ʝʜʥʘ ʩʣʦʞʥʘ ʤʝʞʜʠʥʥʘ ʬʘʟʘ ʠʣʠ ʟʦʥʘ ʥʘ ʚʟʘʠʤʥʘ ʜʠʬʫʟʠʷ ʤʝʞʜʫ 

ʪʝʟʠ ʜʚʘ ʢʦʤʧʦʥʝʥʪʘ. ɺʩʠʯʢʠ ʪʝ ʧʨʠʪʝʞʘʚʘʪ ʨʘʟʣʠʯʥʠ ʢʘʯʝʩʪʚʘ. ɼʦʨʠ ʠ ʧʨʠ ʧʝʨʬʝʢʪʥʦ 

ʧʨʠʣʦʞʝʥʦ ʧʦʩʪʦʷʥʥʦ ʥʘʪʦʚʘʨʚʘʥʝ ʥʘ ʦʧʲʥ ʥʘ ʛʨʘʥʠʯʥʘʪʘ ʚʨʲʟʢʘ ʱʝ ʩʝ ʧʦʣʫʯʠ 

ʥʝʨʘʚʥʦʤʝʨʥʦ ʨʘʟʧʨʝʜʝʣʝʥʠʝ ʥʘ ʩʪʨʝʩʘ (20).  

ɸʤʝʨʠʢʘʥʩʢʘʪʘ ɼʝʥʪʘʣʥʘ ɸʩʦʮʠʘʮʠʷ (ADA) ʦʧʨʝʜʝʣʷ ʜʘʜʝʥʘ ʘʜʭʝʟʠʚʥʘ ʩʠʩʪʝʤʘ 

ʢʘʪʦ ʧʦʜʭʦʜʷʱʘ ʠ ʨʘʟʨʝʰʝʥʘ ʟʘ ʢʣʠʥʠʯʥʘ ʫʧʦʪʨʝʙʘ, ʘʢʦ ʧʨʦʮʝʥʪʲʪ ʥʘ ʨʝʪʝʥʮʠʷ ʥʘ 
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ʦʙʪʫʨʘʮʠʠ, ʧʦʩʪʘʚʝʥʠ ʚ ʥʝʢʘʨʠʦʟʥʠ ʣʝʟʠʠ ʝ ʧʦ-ʚʠʩʦʢ ʦʪ 90% ʩʣʝʜ ʧʝʨʠʦʜ ʥʘ 

ʥʘʙʣʶʜʝʥʠʝ ʦʪ 1.5 ʛʦʜʠʥʘ (168). ʉʘʤʦʝʮʚʘʱʠʪʝ ʝʜʥʦʩʪʲʧʢʦʚʠ ʘʜʭʝʟʠʚʥʠ ʩʠʩʪʝʤʠ 

ʦʙʠʢʥʦʚʝʥʦ ʧʦʢʘʟʚʘʪ ʦʪʥʦʩʠʪʝʣʥʦ ʥʠʩʢʠ ʩʪʦʡʥʦʩʪʠ ʥʘ ʟʜʨʘʚʠʥʘ ʥʘ ʚʨʲʟʢʘʪʘ, ʢʘʢʪʦ ʠ 

ʥʠʩʢʠ ʩʪʦʡʥʦʩʪʠ ʥʘ ʨʝʪʝʥʮʠʷ ʚ ʢʣʠʥʠʯʥʠ ʫʩʣʦʚʠʷ (168). ʉʲʚʨʝʤʝʥʥʠʪʝ ʩʘʤʦʝʮʚʘʱʠ 

ʜʚʫʩʪʲʧʢʦʚʠ ʠ ʪʝʟʠ ʩ ʝʮʚʘʥʝ ʠ ʠʟʤʠʚʘʥʝ ʜʚʫ- ʠ ʪʨʠʩʲʧʢʦʚʠ ʘʜʭʝʟʠʚʠ ʩʝ ʧʨʝʜʩʪʘʚʷʪ 

ʝʜʥʘʢʚʦ ʜʦʙʨʝ ʚ ʢʣʠʥʠʯʥʠ ʫʩʣʦʚʠʷ, ʥʦ ʧʦʢʘʟʚʘʪ ʨʘʟʣʠʯʥʠ ʩʪʦʡʥʦʩʪʠ ʧʨʠ ʣʘʙʦʨʘʪʦʨʥʠʪʝ 

ʪʝʩʪʦʚʝ ʟʘ ʟʜʨʘʚʠʥʘ ʥʘ ʚʨʲʟʢʘʪʘ (168). ʋʩʪʘʥʦʚʷʚʘʥʝʪʦ ʥʘ ʩʪʦʡʥʦʩʪ ʥʘ ʧʨʘʛ ʟʘ ʪʝʩʪʦʚʝʪʝ 

ʟʘ ʟʜʨʘʚʠʥʘ ʥʘ ʚʨʲʟʢʘʪʘ ʝ ʪʨʫʜʥʦ, ʪʲʡ ʢʘʪʦ ʧʨʦʪʦʢʦʣʠʪʝ ʟʘ ʪʝʩʪʚʘʥʝ ʩʝ ʨʘʟʣʠʯʘʚʘʪ 

ʤʝʞʜʫ ʨʘʟʣʠʯʥʠʪʝ ʠʥʩʪʠʪʫʪʠ, ʘ ʢʣʠʥʠʯʥʠʪʝ ʨʝʟʫʣʪʘʪʠ ʩʲʱʦ ʥʝ ʩʘ ʝʜʥʘʢʚʠ. ʉʯʠʪʘ ʩʝ 

ʢʘʪʦ ʧʨʠʝʤʣʠʚʦ, ʯʝ ʯʨʝʟ ʪʝʩʪʦʚʝʪʝ ʟʘ ʟʜʨʘʚʠʥʘ ʥʘ ʚʨʲʟʢʘʪʘ ʥʘ ʧʨʝʨʷʟʚʘʥʝ (SBS) 

ʘʜʭʝʟʠʚʥʠʪʝ ʩʠʩʪʝʤʠ ʥʝ ʪʨʷʙʚʘ ʜʘ ʠʤʘʪ ʩʪʦʡʥʦʩʪʠ ʧʦ-ʥʠʩʢʠ ʦʪ 10 ʜʦ 12 ʄʈʘ ʚ ʜʝʥʪʠʥʘ 

ʠ ʝʤʘʡʣʘ, ʢʦʛʘʪʦ ʩʘ ʧʨʦʚʝʜʝʥʠ ʚ ʥʷʢʦʣʢʦ ʠʥʩʪʠʪʫʪʘ. ɿʘ ʪʝʩʪʦʚʝʪʝ ʟʘ ʟʜʨʘʚʠʥʘ ʥʘ 

ʚʨʲʟʢʘʪʘ ʯʨʝʟ ʤʠʢʨʦ-ʦʧʲʥ, ʪʝʟʠ ʩʪʦʡʥʦʩʪʠ ʥʝ ʪʨʷʙʚʘ ʜʘ ʩʘ ʧʦʜ 15 ʜʦ 20 ʄʈʘ ʩʣʝʜ 

ʧʨʦʜʲʣʞʠʪʝʣʝʥ ʧʝʨʠʦʜ ʥʘ ʩʲʭʨʘʥʝʥʠʝ ʥʘ ʦʙʨʘʟʮʠʪʝ ʚʲʚ ʚʦʜʘ (97, 168).  

ɼʦ ʩʝʛʘ ʥʝ ʩʲʱʝʩʪʚʫʚʘ ʤʝʞʜʫʥʘʨʦʜʥʦ ʩʲʛʣʘʩʠʝ, ʢʦʡ ʝ ʥʘʡ-ʧʦʜʭʦʜʷʱʠʷʪ ʧʦʜʭʦʜ ʠ 

ʢʦʠ ʩʘ ʧʦʜʭʦʜʷʱʠʪʝ ʧʘʨʘʤʝʪʨʠ ʟʘ ʠʟʩʣʝʜʚʘʥʝ ʥʘ ʟʜʨʘʚʠʥʘʪʘ ʥʘ ʚʨʲʟʢʘʪʘ. ʉʲʱʝʩʪʚʫʚʘʪ 

ʤʥʦʛʦ ʬʘʢʪʦʨʠ, ʢʦʠʪʦ ʦʢʘʟʚʘʪ ʚʣʠʷʥʠʝ ʚʲʨʭʫ ʨʝʟʫʣʪʘʪʠʪʝ, ʢʦʝʪʦ ʧʨʘʚʠ ʥʝʚʲʟʤʦʞʥʦ 

ʩʨʘʚʥʷʚʘʥʝʪʦ ʥʘ ʨʝʟʫʣʪʘʪʠʪʝ ʟʘ ʜʘʜʝʥ ʤʘʪʝʨʠʘʣ ʦʪ ʝʜʥʦ ʠʟʩʣʝʜʚʘʥʝ ʩ ʜʨʫʛʦ. ɻʣʘʚʥʠʪʝ 

ʬʘʢʪʦʨʠ, ʧʦʚʣʠʷʚʘʱʠ ʪʝʩʪʦʚʝʪʝ ʟʘ ʘʜʭʝʟʠʷ ʢʲʤ ʜʝʥʪʠʥʘ (ʚ ʥʠʟʭʦʜʷʱ ʨʝʜ ʩʲʛʣʘʩʥʦ 

ʩʪʘʪʠʩʪʠʯʝʩʢʠ ʜʦʢʘʟʘʥʦʪʦ ʠʤ ʟʥʘʯʝʥʠʝ) ʩʘ ʜʲʣʙʦʯʠʥʘʪʘ ʥʘ ʜʝʥʪʠʥʘ, ʩʢʦʨʦʩʪʪʘ ʥʘ 

ʧʣʲʟʛʘʯʘ, ʚʨʝʤʝʪʦ ʥʘ ʩʲʭʨʘʥʝʥʠʝ ʥʘ ʦʙʨʘʟʮʠʪʝ ʠ ʤʘʢʩʠʤʘʣʥʦʪʦ ʩʲʭʨʘʥʝʥʠʝ ʥʘ ʟʲʙʠʪʝ, 

ʧʣʦʱʪʘ ʥʘ ʩʚʲʨʟʚʘʥʝ, ʪʝʤʧʝʨʘʪʫʨʘʪʘ ʥʘ ʩʲʭʨʘʥʝʥʠʝ ʥʘ ʟʲʙʠʪʝ, ʪʝʤʧʝʨʘʪʫʨʘʪʘ ʥʘ 

ʩʲʭʨʘʥʝʥʠʝ ʥʘ ʦʙʨʘʟʮʠʪʝ ʠ ʪʚʲʨʜʦʩʪʪʘ ʥʘ ʢʦʤʧʦʟʠʮʠʦʥʥʠʷ ʤʘʪʝʨʠʘʣ (126, 168, 219, 268, 

420). ɼʦʢʘʟʘʥʦ ʝ ʟʥʘʯʠʪʝʣʥʦʪʦ ʚʣʠʷʥʠʝ ʠ ʥʘ ʛʝʦʤʝʪʨʠʷʪʘ ʥʘ ʦʙʨʘʟʮʠʪʝ, ʫʩʣʦʚʠʷʪʘ ʥʘ 

ʥʘʪʦʚʘʨʚʘʥʝ, ʜʝʙʝʣʠʥʘʪʘ ʥʘ ʘʜʭʝʟʠʚʥʠʷ ʩʣʦʡ, ʤʦʜʫʣʲʪ ʥʘ ʝʣʘʩʪʠʯʥʦʩʪ ʥʘ ʤʘʪʝʨʠʘʣʠʪʝ 

(143, 359).  

ʉʧʦʩʦʙʥʦʩʪʪʘ ʥʘ ʛʨʘʥʠʯʥʘʪʘ ʟʦʥʘ ʤʝʞʜʫ ʟʲʙʘ ʠ ʦʙʪʫʨʘʮʠʷʪʘ ʜʘ ʠʟʜʲʨʞʠ ʥʘ 

ʬʨʘʢʪʫʨʠʨʘʥʝ ʝ ʢʦʤʧʣʝʢʩʥʘ ʠ ʥʝ ʤʦʞʝ ʜʘ ʩʝ ʩʚʲʨʞʝ ʩʘʤʦ ʩʲʩ ʩʪʦʡʥʦʩʪʠʪʝ, ʧʦʣʫʯʝʥʠ ʦʪ 

ʣʘʙʦʨʘʪʦʨʥʦ ʪʝʩʪʚʘʥʝ ʟʘ ʟʜʨʘʚʠʥʘ ʥʘ ʚʨʲʟʢʘʪʘ. ɼʘʥʥʠʪʝ ʟʘ ʟʜʨʘʚʠʥʘ ʥʘ ʚʨʲʟʢʘʪʘ ʩ 

ʜʝʥʪʠʥʘ ʤʦʛʘʪ ʜʘ ʠʤʘʪ ʧʦʣʟʘ ʚ ʣʘʙʦʨʘʪʦʨʠʠʪʝ ʧʨʠ ʩʲʟʜʘʚʘʥʝʪʦ ʥʘ ʥʦʚʠ ʘʜʭʝʟʠʚʠ. ʊʝ ʥʝ 

ʤʦʛʘʪ ʠ ʥʝ ʪʨʷʙʚʘ ʜʘ ʙʲʜʘʪ ʠʟʧʦʣʟʚʘʥʠ ʢʘʪʦ ʩʨʝʜʩʪʚʦ ʟʘ ʧʨʝʜʩʢʘʟʚʘʥʝ ʥʘ ʢʣʠʥʠʯʥʦʪʦ 

ʧʨʝʜʩʪʘʚʷʥʝ ʥʘ ʘʜʭʝʟʠʚʠʪʝ, ʥʝʟʘʚʠʩʠʤʦ ʜʘʣʠ ʜʠʨʝʢʪʥʦ ʠʣʠ ʯʨʝʟ ʠʟʚʦʜʠ (382).  
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7.3. ʄʀʂʈʆʇʈʆʇʋʉʂʃʀɺʆʉʊ  ʀ  ʅɸʅʆʇʈʆʇʋʉʂʃʀɺʆʉʊ 

 

ʅʝʫʩʧʝʭʲʪ ʥʘ ʘʜʭʝʟʠʚʠʪʝ ʜʘ ʟʘʧʝʯʘʪʘʪ ʜʝʥʪʠʥʘ ʠ ʝʤʘʡʣʘ ʜʦʚʝʞʜʘ ʜʦ ʤʠʢʨʦ- ʠ 

ʥʘʥʦʧʨʦʧʫʩʢʘʥʝ. ʇʨʦʧʫʩʢʘʥʝʪʦ ʤʦʞʝ ʜʘ ʙʲʜʝ ʧʦ ʧʝʨʠʬʝʨʠʷʪʘ ʥʘ ʦʙʪʫʨʘʮʠʷʪʘ, ʥʦ ʤʦʞʝ 

ʜʘ ʝ ʦʛʨʘʥʠʯʝʥʦ ʩʘʤʦ ʚʲʚ ʚʲʪʨʝʰʥʠʪʝ ʟʦʥʠ ʥʘ ʚʲʟʩʪʘʥʦʚʷʚʘʥʝʪʦ. ʇʦʨʘʜʠ ʪʘʟʠ ʧʨʠʯʠʥʘ 

ʢʘʢʪʦ ʤʘʨʛʠʥʘʣʥʦʪʦ (ʧʝʨʠʬʝʨʥʦʪʦ) ʟʘʧʝʯʘʪʚʘʥʝ, ʪʘʢʘ ʠ ʚʲʪʨʝʰʥʦʪʦ ʭʝʨʤʝʪʠʟʠʨʘʥʝ ʥʘ 

ʜʝʥʪʠʥʘ ʩʘ ʦʩʦʙʝʥʦ ʚʘʞʥʠ ʟʘ ʪʨʘʡʥʦʩʪʪʘ ʥʘ ʘʜʭʝʟʠʚʥʘʪʘ ʚʨʲʟʢʘ (47, 97, 424). 

 

7.3.1. ʄʠʢʨʦʧʨʦʧʫʩʢʣʠʚʦʩʪ  

 

ʄʠʢʨʦʧʨʦʧʫʩʢʣʠʚʦʩʪʪʘ ʩʝ ʦʧʨʝʜʝʣʷ ʢʘʪʦ ʢʣʠʥʠʯʥʦ ʥʝʟʘʙʝʣʝʞʠʤʦ ʥʘʚʣʠʟʘʥʝ ʥʘ 

ʙʘʢʪʝʨʠʠ, ʪʝʯʥʦʩʪʠ, ʤʦʣʝʢʫʣʠ ʠʣʠ ʡʦʥʠ ʤʝʞʜʫ ʩʪʝʥʠʪʝ ʥʘ ʢʘʚʠʪʝʪʘ ʠ ʦʙʪʫʨʘʮʠʦʥʥʠʷ 

ʤʘʪʝʨʠʘʣ, ʘʜʘʧʪʠʨʘʥ ʢʲʤ ʪʷʭ (203). ʊʦʚʘ ʤʦʞʝ ʜʘ ʜʦʚʝʜʝ ʜʦ ʚʲʟʥʠʢʚʘʥʝʪʦ ʥʘ 

ʢʨʘʪʢʦʪʨʘʡʥʠ ʠ/ʠʣʠ ʜʲʣʛʦʪʨʘʡʥʠ ʢʣʠʥʠʯʥʠ ʧʨʦʙʣʝʤʠ, ʢʘʪʦ ʧʦʩʪʦʧʝʨʘʪʠʚʥʘ 

ʯʫʚʩʪʚʠʪʝʣʥʦʩʪ, ʤʘʨʛʠʥʘʣʥʦ ʦʮʚʝʪʷʚʘʥʝ, ʚʪʦʨʠʯʝʥ ʢʘʨʠʝʩ ʠ/ʠʣʠ ʧʫʣʧʥʦ ʫʚʨʝʞʜʘʥʝ (47, 

97, 332, 424). ɺʩʠʯʢʠ ʢʦʤʧʦʟʠʮʠʦʥʥʠ ʤʘʪʝʨʠʘʣʠ ʩʝ ʩʚʠʚʘʪ ʠ ʧʨʠʯʠʥʷʚʘʪ ʩʪʨʝʩ ʥʘ 

ʛʨʘʥʠʯʥʘʪʘ ʟʦʥʘ, ʢʦʝʪʦ ʤʦʞʝ ʜʘ ʜʦʚʝʜʝ ʜʦ ʦʙʨʘʟʫʚʘʥʝ ʥʘ ʤʠʢʨʦʦʪʚʦʨʠ (gap) (47, 97, 110, 

342, 424). ʇʦʣʫʯʝʥʦʪʦ ʦʪʣʝʧʚʘʥʝ ʥʘ ʦʙʪʫʨʘʮʠʷʪʘ ʦʪ ʢʘʚʠʪʝʪʘ ʚʦʜʠ ʜʦ ʦʙʨʘʟʫʚʘʥʝʪʦ ʥʘ 

ʪʝʟʠ ʤʠʢʨʦʧʨʦʣʫʢʠ ʠ ʫʣʝʩʥʷʚʘ ʧʨʦʥʠʢʚʘʥʝʪʦ ʥʘ ʙʘʢʪʝʨʠʠ ʧʨʝʟ ʩʲʟʜʘʜʝʥʠʪʝ 

ʤʠʢʨʦʦʪʚʦʨʠ ʚ ʧʝʨʠʬʝʨʠʷʪʘ ʥʘ ʦʙʪʫʨʘʮʠʷʪʘ ʠ ʦʪ ʪʷʭ ʚ ʜʝʥʪʠʥʦʚʠʪʝ ʢʘʥʘʣʯʝʪʘ ʠ ʚ 

ʧʫʣʧʘʪʘ (424, 428). ʊʝʟʠ ʤʠʢʨʦʧʨʦʧʫʩʢʣʠʚʠ ʦʪʚʦʨʠ ʩʘ ʩ ʰʠʨʠʥʘ ʦʪ ʥʷʢʦʣʢʦ ʤʠʢʨʦʤʝʪʨʘ 

(10 ï 20 ɛm) (342) ʠ ʩʘ ʧʦʩʣʝʜʠʮʘ ʠʣʠ ʦʪ ʥʝʢʘʯʝʩʪʚʝʥʦ ʧʲʨʚʠʯʥʦ ʙʦʥʜʠʨʘʥʝ ʠʣʠ ʦʪ 

ʚʪʦʨʠʯʥʘ ʟʘʛʫʙʘ ʥʘ ʙʦʥʜʠʨʘʥʝʪʦ. ʇ̡ʨʚʠʯʥʦʪʦ ʙʦʥʜʠʨʘʥʝ ʤʦʞʝ ʜʘ ʩʝ ʧʨʦʚʘʣʠ ʩ ʚʨʝʤʝʪʦ, 

ʧʦʨʘʜʠ ʦʢʣʫʟʘʣʥʠʪʝ ʩʠʣʠ ʠʣʠ ʭʠʜʨʦʣʠʪʠʯʥʦ ʨʘʟʛʨʘʞʜʘʥʝ. ʅʘʡ-ʯʝʩʪʘʪʘ ʧʨʠʯʠʥʘ, ʚʦʜʝʱʘ 

ʜʦ ʤʠʢʨʦʧʨʦʧʫʩʢʘʥʝ ʝ ʨʝʟʫʣʪʘʪ ʦʪ ʦʙʝʤʥʦʪʦ ʩʚʠʚʘʥʝ, ʢʦʝʪʦ ʥʘʩʪʲʧʚʘ ʝʜʥʦʚʨʝʤʝʥʥʦ ʩ 

ʧʦʣʠʤʝʨʠʟʘʮʠʷʪʘ ʥʘ ʧʣʘʩʪʤʘʩʘʪʘ (47). ɸʢʦ ʚʨʲʟʢʘʪʘ ʟʲʙ-ʧʣʘʩʪʤʘʩʘ ʝ ʧʨʝʢʘʣʝʥʦ ʩʣʘʙʘ, 

ʧʦʣʠʤʝʨʠʟʘʮʠʦʥʥʠʪʝ ʩʠʣʠ ʱʝ ʦʪʣʝʧʷʪ ʦʙʪʫʨʘʮʠʷʪʘ ʦʪ ʟʲʙʘ ʠ ʱʝ ʜʦʚʝʜʘʪ ʜʦ 

ʤʠʢʨʦʧʨʦʧʫʩʢʘʥʝ (332). ʉʧʦʩʦʙʥʦʩʪʪʘ ʥʘ ʚʨʲʟʢʘʪʘ ʟʲʙ-ʧʣʘʩʪʤʘʩʘ ʜʘ ʠʟʜʲʨʞʠ ʥʘ ʩʠʣʠʪʝ 

ʥʘ ʧʦʣʠʤʝʨʠʟʘʮʠʦʥʥʦ ʩʚʠʚʘʥʝ ʟʘʚʠʩʠ ʦʪ ʤʥʦʛʦ ʢʦʤʧʣʝʢʩʥʠ ʠ ʚʟʘʠʤʥʦ ʩʚʲʨʟʘʥʠ 

ʬʘʢʪʦʨʠ. ʇʲʨʚʘʪʘ ʧʨʠʯʠʥʘ, ʦʪ ʢʦʷʪʦ ʟʘʚʠʩʠ ʩʚʠʚʘʥʝʪʦ ʥʘ ʧʣʘʩʪʤʘʩʘʪʘ ʝ ʬʦʨʤʘʪʘ ʥʘ 

ʢʘʚʠʪʝʪʥʘʪʘ ʧʨʝʧʘʨʘʮʠʷ ʠ ʩʲʦʪʥʦʰʝʥʠʝʪʦ ʥʘ ʩʚʲʨʟʘʥʠ ʢʲʤ ʥʝʩʚʲʨʟʘʥʠ ʧʦʚʲʨʭʥʦʩʪʠ (47, 

94, 125, 342, 469). ʊʦʟʠ ʪʘʢʘ ʥʘʨʝʯʝʥ ʉ-ʬʘʢʪʦʨ ʝ ʧʦʜʭʦʜʷʱ ʟʘ ʢʣʠʥʠʯʥʦ ʧʨʝʜʩʢʘʟʚʘʥʝ ʥʘ 

ʨʠʩʢʘ ʦʪ ʚʲʟʥʠʢʚʘʥʝ ʥʘ ʤʠʢʨʦʧʨʦʧʫʩʢʘʥʝ. ʆʙʪʫʨʘʮʠʠ ʩ ʛʦʣʷʤ ʉ-ʬʘʢʪʦʨ (> 3) ʩʘ ʩ ʥʘʡ-

ʛʦʣʷʤ ʨʠʩʢ ʟʘ ʦʪʣʝʧʚʘʥʝ ʠ ʤʠʢʨʦʧʨʦʧʫʩʢʘʥʝ (469, 470). ʉʪʨʝʩʲʪ ʥʘ ʛʨʘʥʠʯʥʘʪʘ ʟʦʥʘ ʟʲʙ-
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ʧʣʘʩʪʤʘʩʘ ʩʝ ʧʦʚʣʠʷʚʘ ʠ ʦʪ ʢʠʥʝʪʠʢʘʪʘ (ʩʢʦʨʦʩʪʪʘ ʠ ʫʩʣʦʚʠʷʪʘ) ʥʘ ʧʦʣʠʤʝʨʠʟʘʮʠʦʥʥʘʪʘ 

ʨʝʘʢʮʠʷ. ʄʘʪʝʨʠʘʣʠʪʝ ʥʘ ʧʣʘʩʪʤʘʩʦʚʘ ʦʩʥʦʚʘ ʱʝ ʧʨʝʤʠʥʘʪ ʚ ʧʣʘʩʪʠʯʥʦ ʩʲʩʪʦʷʥʠʝ, ʟʘ ʜʘ 

ʩʝ ʧʨʠʩʧʦʩʦʙʷʪ ʢʲʤ ʩʚʠʚʘʥʝʪʦ ʜʦʢʘʪʦ ʩʪʠʛʥʘʪ ʜʦ ʛʝʣʦʦʙʨʘʟʥʘ ʬʘʟʘ, ʩʣʝʜ ʢʦʷʪʦ ʥʝ ʤʦʞʝ 

ʜʘ ʥʘʩʪʲʧʠ ʚʪʝʯʥʷʚʘʥʝ ʠ ʩʪʨʝʩʲʪ ʦʪ ʧʦʣʠʤʝʨʠʟʘʮʠʦʥʥʦʪʦ ʩʚʠʚʘʥʝ ʱʝ ʩʝ ʧʨʝʜʘʜʝ 

ʜʠʨʝʢʪʥʦ ʥʘ ʛʨʘʥʠʯʥʘʪʘ ʟʦʥʘ ʟʲʙ-ʧʣʘʩʪʤʘʩʘ. ɸʢʦ ʦʙʣʲʯʚʘʥʝʪʦ ʩʝ ʠʟʚʲʨʰʠ ʙʲʨʟʦ (ʩ 

ʛʦʣʷʤ ʠʥʪʝʥʟʠʪʝʪ), ʪʘʢʘ ʢʘʢʪʦ ʪʦʚʘ ʩʪʘʚʘ ʩ ʧʦʣʠʤʝʨʠʟʘʮʠʦʥʥʠʪʝ ʣʘʤʧʠ ʩ ʚʠʩʦʢ 

ʠʥʪʝʥʟʠʪʝʪ, ʛʝʣ-ʬʘʟʘʪʘ ʩʝ ʜʦʩʪʠʛʘ ʧʦ-ʨʘʥʦ ʠ ʧʦ-ʛʦʣʷʤʘ ʯʘʩʪ ʦʪ ʩʪʨʝʩʲʪ ʥʘ ʩʚʠʚʘʥʝ ʩʝ 

ʧʨʝʜʘʚʘ ʥʘ ʪʘʟʠ ʛʨʘʥʠʯʥʘ ʟʦʥʘ. ʉʣʝʜʦʚʘʪʝʣʥʦ ʚʠʩʦʢʘʪʘ ʩʢʦʨʦʩʪ ʥʘ ʧʦʣʠʤʝʨʠʟʘʮʠʷ ʝ ʥʘʡ-

ʯʝʩʪʘʪʘ ʚʝʨʦʷʪʥʘ ʧʨʠʯʠʥʘ ʟʘ ʧʨʝʜʠʟʚʠʢʚʘʥʝ ʥʘ ʦʪʣʝʧʚʘʥʝ ʠ ʤʠʢʨʦʧʨʦʧʫʩʢʘʥʝ (47, 342, 

469).  

ʅʘʡ-ʚʘʞʥʘʪʘ ʟʘʜʘʯʘ ʥʘ ʩʲʚʨʝʤʝʥʥʠʪʝ ʘʜʭʝʟʠʚʥʠ ʩʠʩʪʝʤʠ ʝ ʜʘ ʧʦʜʦʙʨʷʪ 

ʟʘʧʝʯʘʪʚʘʥʝʪʦ ʥʘ ʨʲʙʦʚʝʪʝ ʠ ʧʦ ʪʦʟʠ ʥʘʯʠʥ ʟʥʘʯʠʪʝʣʥʦ ʜʘ ʥʘʤʘʣʷʪ ʤʠʢʨʦʧʨʦʧʫʩʢʘʥʝʪʦ ʚ 

ʦʙʪʫʨʠʨʘʥʠʪʝ ʟʲʙʠ (342, 424). ʊʦʚʘ ʝ ʚʲʟʤʦʞʥʦ ʧʦʨʘʜʠ ʦʙʝʜʠʥʝʥʦʪʦ ʜʝʡʩʪʚʠʝ ʥʘ 

ʩʪʨʫʢʪʫʨʘʪʘ ʥʘ ʚʝʨʠʛʠʪʝ ʥʘ ʧʦʣʠʤʝʨʘ ʥʘ ʧʨʘʡʤʝʨʘ ʠ ʥʘ ʢʦʣʘʛʝʥʦʚʠʪʝ ʬʠʙʨʠʣʠ ʚ 

ʭʠʙʨʠʜʥʠʷ ʩʣʦʡ  ʠ ʪʷʭʥʦʪʦ ʭʠʤʠʯʥʦ ʩʚʲʨʟʚʘʥʝ ʯʨʝʟ ʢʦʧʦʣʠʤʝʨʠʟʘʮʠʷ ʩ ʘʜʭʝʟʠʚʥʠʷ 

ʩʣʦʡ. ʇʦ ʪʦʟʠ ʥʘʯʠʥ ʪʝ ʩʘ ʝʬʝʢʪʠʚʥʠ ʚ ʟʘʪʚʘʨʷʥʝʪʦ ʥʘ ʤʘʨʛʠʥʘʣʥʠʪʝ ʤʠʢʨʦʧʨʦʣʫʢʠ ʧʦ 

ʚʨʝʤʝ ʥʘ ʘʜʭʝʟʠʚʥʠʪʝ ʧʨʦʮʝʜʫʨʠ (424). ɺʲʧʨʝʢʠ ʪʦʚʘ ʧʦʩʣʝʜʥʠ ʠʟʩʣʝʜʚʘʥʠʷ ʧʦʢʘʟʚʘʪ, 

ʯʝ ʥʝ ʚʩʠʯʢʠ ʩʲʚʨʝʤʝʥʥʠ ʛʝʥʝʨʘʮʠʠ ʘʜʭʝʟʠʚʥʠ ʩʠʩʪʝʤʠ ʟʘʧʝʯʘʪʚʘʪ ʝʬʝʢʪʠʚʥʦ 

ʧʝʨʠʬʝʨʥʠʪʝ ʨʲʙʦʚʝ ʥʘ ʦʙʪʫʨʘʮʠʠʪʝ (49, 171, 315, 321, 428, 445, 462). ʉʲʱʝʩʪʚʫʚʘʪ 

ʨʘʟʣʠʯʥʠ ʪʝʭʥʠʢʠ ʟʘ ʦʮʝʥʢʘ ʥʘ ʤʠʢʨʦʧʨʦʧʫʩʢʘʥʝʪʦ, ʢʦʠʪʦ ʠʟʧʦʣʟʚʘʪ ʨʘʟʣʠʯʥʠ ʘʛʝʥʪʠ, 

ʢʘʪʦ ʦʨʛʘʥʠʯʥʠ ʙʦʠ (ʬʫʢʩʠʥ, ʤʝʪʠʣʝʥʦʚʦ ʩʠʥʴʦ, ʨʦʜʘʤʠʥ, ʝʨʠʪʨʦʟʠʥ, ʝʦʟʠʥ ʠ ʜʨ.), 

ʩʨʝʙʲʨʝʥ ʥʠʪʨʘʪ, ʨʘʜʠʦʘʢʪʠʚʥʠ ʤʘʨʢʝʨʠ (CaCl2), ʙʘʢʪʝʨʠʘʣʥʘ ʧʝʥʝʪʨʘʮʠʷ ʠʣʠ ʘʧʘʨʘʪʠ 

ʟʘ ʠʟʤʝʨʚʘʥʝ ʥʘ ʭʠʜʨʦʜʠʥʘʤʠʯʥʦ ʜʚʠʞʝʥʠʝ ʥʘ ʪʝʯʥʦʩʪʠ ʢʘʪʦ ʬʠʟʠʦʣʦʛʠʯʝʥ ʨʘʟʪʚʦʨ (47, 

97, 168, 172, 332). ʀʟʧʦʣʟʚʘʪ ʩʝ ʠ ʨʘʟʣʠʯʥʠ ʤʝʪʦʜʠʢʠ ʟʘ ʦʮʝʥʢʘ ʥʘ ʤʠʢʨʦʧʨʦʩʤʫʢʚʘʥʝʪʦ, 

ʢʦʠʪʦ ʤʦʛʘʪ ʜʘ ʩʝ ʨʘʟʜʝʣʷʪ ʥʘ ʢʘʯʝʩʪʚʝʥʠ, ʧʦʣʫ-ʢʦʣʠʯʝʩʪʚʝʥʠ ʠʣʠ ʩʲʱʠʥʩʢʠ 

ʢʦʣʠʯʝʩʪʚʝʥʠ, ʟʘ ʠʟʤʝʨʚʘʥʝ ʝʬʝʢʪʠʚʥʦʩʪʪʘ ʥʘ ʟʘʧʝʯʘʪʚʘʥʝ (428).  

ʋʧʦʪʨʝʙʘʪʘ ʥʘ ʦʨʛʘʥʠʯʥʠ ʙʦʠ ʢʘʪʦ ʠʥʜʠʢʘʪʦʨʠ ʝ ʝʜʠʥ ʦʪ ʥʘʡ-ʩʪʘʨʠʪʝ ʠ ʯʝʩʪʦ 

ʠʟʧʦʣʟʚʘʥʠ ʤʝʪʦʜʠ ʟʘ ʦʪʢʨʠʚʘʥʝ ʥʘ ʧʨʦʧʫʩʢʘʥʝ in vitro, ʪʲʡ ʢʘʪʦ ʝ ʠ ʥʘʡ-ʣʝʩʥʦ 

ʠʟʧʲʣʥʠʤ (97, 168, 332, 389, 424). In vitro ʠʟʩʣʝʜʚʘʥʠʷʪʘ ʟʘ ʤʠʢʨʦʧʨʦʧʫʩʢʣʠʚʦʩʪ ʥʘʡ-

ʯʝʩʪʦ ʚʢʣʶʯʚʘʪ ʝʢʩʪʨʘʭʠʨʘʥʠ ʟʲʙʠ, ʥʘ ʢʦʠʪʦ ʩʝ ʠʟʨʘʙʦʪʚʘʪ V ʠʣʠ II  ʢʣʘʩ ʢʘʚʠʪʝʪʠ. 

ʆʙʠʢʥʦʚʝʥʦ ʦʙʨʘʟʮʠʪʝ ʩʝ ʧʦʜʣʘʛʘʪ ʥʘ ʪʝʨʤʦʮʠʢʣʠʯʥʠ ʠ ʤʝʭʘʥʠʯʥʠ ʥʘʪʦʚʘʨʚʘʥʠʷ, ʟʘ ʜʘ 

ʩʝ ʠʤʠʪʠʨʘʪ ʫʩʣʦʚʠʷʪʘ ʚ ʦʨʘʣʥʘʪʘ ʩʨʝʜʘ (330, 332). ɿʲʙʥʠʪʝ ʧʦʚʲʨʭʥʦʩʪʠ ʠʟʚʲʥ 

ʛʨʘʥʠʮʠʪʝ ʥʘ ʦʙʪʫʨʘʮʠʷʪʘ ʩʝ ʧʦʢʨʠʚʘʪ ʩ ʚʦʜʦʫʩʪʦʡʯʠʚ ʣʘʢ ʠ ʩʝ ʧʦʪʘʧʷʪ ʚ ʩʲʦʪʚʝʪʝʥ 

ʨʘʟʪʚʦʨ ʥʘ ʙʦʷ. ʉʣʝʜ ʦʧʨʝʜʝʣʝʥ ʚʨʝʤʝʚʠ ʠʥʪʨʝʚʘʣ ʦʙʨʘʟʮʠʪʝ ʩʝ ʠʟʚʘʞʜʘʪ, ʧʨʦʤʠʚʘʪ ʩʝ 



 

65 

 

ʦʙʠʣʥʦ ʩ ʚʦʜʘ ʠ ʩʝ ʧʨʝʨʷʟʚʘʪ ʟʘ ʚʠʟʫʘʣʥʦ ʠʟʩʣʝʜʚʘʥʝ ʠ ʦʧʨʝʜʝʣʷʥʝ ʥʘ ʜʲʣʙʦʯʠʥʘʪʘ ʥʘ 

ʧʨʦʥʠʢʚʘʥʝ ʥʘ ʩʲʦʪʚʝʪʥʦʪʦ ʙʘʛʨʠʣʦ ʦʢʦʣʦ ʦʙʪʫʨʘʮʠʷʪʘ (97, 168, 172, 332). ʊʦʟʠ ʤʝʪʦʜ 

ʧʨʠʥʘʜʣʝʞʠ ʢʲʤ ʛʨʫʧʘʪʘ ʥʘ ʢʘʯʝʩʪʚʝʥʠʪʝ ʤʝʪʦʜʠ ʟʘ ʦʮʝʥʢʘ. ʊʦʡ ʤʦʞʝ ʜʘ ʩʝ ʧʨʝʚʲʨʥʝ ʠ 

ʚ ʧʦʣʫ-ʢʦʣʠʯʝʩʪʚʝʥ ʯʨʝʟ ʧʨʠʣʦʞʝʥʠʝʪʦ ʥʘ ʥʝʧʘʨʘʤʝʪʨʠʯʥʘ ʩʢʘʣʘ (97, 428). 

ʂʦʣʠʯʝʩʪʚʝʥʠ ʤʝʪʦʜʠ ʟʘ ʦʮʝʥʢʘ ʥʘ ʤʠʢʨʦʧʨʦʩʤʫʢʚʘʥʝʪʦ ʩʘ ʯʨʝʟ ʠʟʤʝʨʚʘʥʝʪʦ ʥʘ ʪʝʯʥʦʩʪ 

ʧʦ ʧʨʦʪʝʞʝʥʠʝ ʥʘ ʛʨʘʥʠʯʥʘʪʘ ʟʦʥʘ ʠʣʠ ʦʪ ʧʫʣʧʘʪʘ ʢʲʤ ʟʘʧʝʯʘʪʘʥʘʪʘ ʜʝʥʪʠʥʦʚʘ 

ʧʦʚʲʨʭʥʦʩʪ ʯʨʝʟ ʠʟʧʦʣʟʚʘʥʝ ʥʘ ʩʧʝʮʠʘʣʥʘ ʘʧʘʨʘʪʫʨʘ (49, 97, 103, 282, 428).  

ʉʠʩʪʝʤʘʪʠʯʝʥ ʦʙʟʦʨ ʥʘ ʠʟʩʣʝʜʚʘʥʠʷʪʘ ʟʘ ʤʠʢʨʦʧʨʦʩʤʫʢʚʘʥʝ ʥʘ ʦʙʪʫʨʘʮʠʦʥʥʠ 

ʤʘʪʝʨʠʘʣʠ ʯʨʝʟ ʠʟʧʦʣʟʚʘʥʝ ʥʘ ʙʘʛʨʠʣʘ ʧʦʢʘʟʚʘ, ʯʝ ʩʨʘʚʥʷʚʘʥʝʪʦ ʥʘ ʨʝʟʫʣʪʘʪʠʪʝ ʝ 

ʥʝʚʲʟʤʦʞʥʦ ʧʦʨʘʜʠ ʛʦʣʷʤʦʪʦ ʨʘʟʥʦʦʙʨʘʟʠʝ ʥʘ ʤʝʪʦʜʦʣʦʛʠʯʥʠʪʝ ʧʘʨʘʤʝʪʨʠ (168, 330). 

ʀʟʩʣʝʜʚʘʥʠʷʪʘ ʩʝ ʨʘʟʣʠʯʘʚʘʪ ʧʦ ʦʪʥʦʰʝʥʠʝ ʥʘ ʚʠʜʘ ʥʘ ʦʙʨʘʟʮʠʪʝ (ʯʦʚʝʰʢʠ, ʪʝʣʝʰʢʠ), 

ʨʘʟʤʝʨʠʪʝ ʥʘ ʠʟʨʘʙʦʪʝʥʠʪʝ ʢʘʚʠʪʝʪʠ, ʚʨʝʤʝʪʦ ʟʘ ʩʲʭʨʘʥʝʥʠʝ ʜʦ ʤʦʤʝʥʪʘ ʥʘ 

ʝʢʩʧʝʨʠʤʝʥʪʘ, ʚʠʜʘ ʠ ʙʨʦʷ ʥʘ ʥʘʪʦʚʘʨʚʘʥʠʷʪʘ (ʪʝʨʤʠʯʥʠ, ʤʝʭʘʥʠʯʥʠ ʠʣʠ ʢʦʤʙʠʥʘʮʠʷ ʦʪ 

ʜʚʘʪʘ ʚʠʜʘ), ʚʠʜʘ ʠ ʢʦʥʮʝʥʪʨʘʮʠʷʪʘ ʥʘ ʙʘʛʨʠʣʦʪʦ, ʚʨʝʤʝʪʦ ʥʘ ʧʨʝʩʪʦʡ ʚ ʥʝʛʦ, ʥʘʯʠʥʘ ʥʘ 

ʦʮʝʥʢʘ ʥʘ ʧʝʥʝʪʨʘʮʠʷʪʘ ʥʘ ʙʘʛʨʠʣʦʪʦ (ʨʘʟʨʷʟʚʘʥʝ ʥʘ ʟʲʙʠʪʝ), ʙʨʦʷ ʥʘ ʩʨʝʟʦʚʝʪʝ, ʤʝʪʦʜʘ 

ʥʘ ʠʟʩʣʝʜʚʘʥʝ (ʤʝʪʨʠʯʝʥ, ʯʨʝʟ ʩʢʘʣʥʘ ʩʠʩʪʝʤʘ) (168, 330). ʅʷʢʦʠ ʦʪ ʚʘʞʥʠʪʝ ʬʘʢʪʦʨʠ, 

ʚʣʠʷʝʱʠ ʚʲʨʭʫ ʧʝʥʝʪʨʘʮʠʷʪʘ ʥʘ ʙʘʛʨʠʣʦʪʦ ʩʘ ʦʙʦʙʱʝʥʠ ʠ ʦʮʝʥʝʥʠ ʩʧʦʨʝʜ ʜʦʩʪʲʧʥʠʪʝ 

ʠʟʩʣʝʜʚʘʥʠʷ (168): 

- ɺʠʜʲʪ ʥʘ ʙʘʛʨʠʣʦʪʦ ʥʷʤʘ ʩʲʱʝʩʪʚʝʥʦ ʚʣʠʷʥʠʝ ʚʲʨʭʫ ʨʝʟʫʣʪʘʪʠʪʝ (169, 171, 

172). ʉʯʠʪʘ ʩʝ ʦʙʘʯʝ, ʯʝ ʧʦʧʫʣʷʨʥʦʪʦ ʙʘʛʨʠʣʦ ʤʝʪʠʣʝʥʦʚʦ ʩʠʥʴʦ ʥʝ ʝ ʦʩʦʙʝʥʦ 

ʧʦʜʭʦʜʷʱʦ ʟʘ ʧʨʦʚʝʞʜʘʥʝ ʥʘ ʪʝʩʪʦʚʝ ʟʘ ʤʠʢʨʦʧʨʦʩʤʫʢʚʘʥʝ, ʟʘʱʦʪʦ ʥʝʛʦʚʠʷʪ 

ʭʠʤʠʯʝʥ ʨʘʟʪʚʦʨ ʝ ʥʝʩʪʘʙʠʣʝʥ ʥʘ ʩʪʘʡʥʘ ʪʝʤʧʝʨʘʪʫʨʘ ʠ ʧʨʠ ʧʨʝʩʪʦʡ ʥʘ 

ʩʚʝʪʣʠʥʘ. ʆʩʚʝʥ ʪʦʚʘ ʧʨʠ ʥʘʣʠʯʠʝ ʥʘ ʭʠʜʨʦʢʩʠʣʥʠ ʡʦʥʠ ʙʘʛʨʠʣʦʪʦ ʣʝʩʥʦ ʩʝ 

ʨʘʟʧʘʜʘ ʜʦ ʙʝʟʮʚʝʪʥʦ-ʤʝʪʠʣʝʥʦʚʦ ʩʠʥʴʦ, ʢʦʝʪʦ ʥʝ ʦʮʚʝʪʷʚʘ. ɹʘʛʨʠʣʦʪʦ ʝ 

ʥʝʩʪʘʙʠʣʥʦ ʠ ʚ ʧʨʠʩʲʩʪʚʠʝ ʥʘ ʩʠʣʥʠ ʢʠʩʝʣʠʥʠ (168, 330). 

- ʊʝʨʤʠʯʥʠʪʝ ʥʘʪʦʚʘʨʚʘʥʠʷ ʥʷʤʘʪ ʚʣʠʷʥʠʝ ʚʲʨʭʫ ʜʲʣʙʦʯʠʥʘʪʘ ʥʘ ʧʝʥʝʪʨʘʮʠʷ 

ʥʘ ʙʘʛʨʠʣʘʪʘ (97, 139, 168, 326, 444, 456), ʘ  ʤʝʭʘʥʠʯʥʠʪʝ ʥʘʪʦʚʘʨʚʘʥʠʷ ʥʘ 

ʦʙʨʘʟʮʠʪʝ ʧʦʚʠʰʘʚʘʪ ʜʲʣʙʦʯʠʥʘʪʘ ʥʘ ʧʨʦʥʠʢʚʘʥʝ ʥʘ ʙʘʛʨʠʣʘʪʘ (97, 168, 191, 

214, 245, 326). 

- ʅʘ ʧʨʘʢʪʠʢʘ ʚʩʠʯʢʠ ʣʘʙʦʨʘʪʦʨʥʠ ʠʟʩʣʝʜʚʘʥʠʷ ʧʦʢʘʟʚʘʪ, ʯʝ ʚ ʛʨʘʥʠʮʠʪʝ ʥʘ 

ʝʜʠʥ ʠ ʩʲʱʠ ʟʲʙ ʠ ʝʜʥʘ ʠ ʩʲʱʘ ʦʙʪʫʨʘʮʠʷ, ʧʝʥʝʪʨʘʮʠʷʪʘ ʥʘ ʙʘʛʨʠʣʦʪʦ ʝ ʥʘ 

ʧʦ-ʛʦʣʷʤʘ ʜʲʣʙʦʯʠʥʘ ʚ ʟʦʥʠʪʝ, ʧʨʠ ʢʦʠʪʦ ʨʲʙʦʚʝʪʝ ʥʘ ʦʙʪʫʨʘʮʠʷʪʘ ʩʘ ʚ 

ʛʨʘʥʠʮʠʪʝ ʥʘ ʜʝʥʪʠʥʘ, ʚ ʩʨʘʚʥʝʥʠʝ ʩ ʪʝʟʠ, ʚ ʛʨʘʥʠʮʠʪʝ ʥʘ ʝʤʘʡʣʘ, ʥʝʟʘʚʠʩʠʤʦ 

ʦʪ ʠʟʩʣʝʜʚʘʥʘʪʘ ʘʜʭʝʟʠʚʥʘ ʩʠʩʪʝʤʘ (168, 230, 332, 350, 352) 
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- ʈʝʟʫʣʪʘʪʠʪʝ ʦʪ ʨʘʟʣʠʯʥʠ ʠʟʩʣʝʜʚʘʥʠ ʛʨʫʧʠ ʥʝ ʩʝ ʩʨʘʚʥʠʤʠ, ʪʲʡ ʢʘʪʦ ʥʷʤʘ 

ʧʨʠʝʪʠ ʤʝʞʜʫʥʘʨʦʜʥʠ ʩʪʘʥʜʘʨʪʠ ʟʘ ʪʘʟʠ ʤʝʪʦʜʠʢʘ (168, 330) 

 

7.3.1.1. ʂʦʨʝʣʘʮʠʷ ʤʝʞʜʫ ʤʠʢʨʦʧʨʦʧʫʩʢʘʥʝ ʠ ʥʘʣʠʯʠʝ ʥʘ ʤʘʨʛʠʥʘʣʥʠ ʧʨʦʣʫʢʠ (gap) 

 

ʊʝʩʪʦʚʝʪʝ ʟʘ ʤʠʢʨʦʧʨʦʧʫʩʢʘʥʝ ʠ ʠʟʩʣʝʜʚʘʥʝʪʦ ʟʘ ʥʘʣʠʯʠʝ ʥʘ ʤʠʢʨʦʦʪʚʦʨʠ (gap) 

ʧʦ ʧʝʨʠʬʝʨʥʘʪʘ ʚʨʲʟʢʘ ʥʘ ʦʙʪʫʨʘʮʠʠʪʝ ʯʨʝʟ ʉɽʄ ʠʣʠ ʩʪʝʨʝʦʤʠʢʨʦʩʢʦʧ ʩʘ ʥʘʡ-ʯʝʩʪʦ 

ʠʟʧʦʣʟʚʘʥʠʪʝ ʣʘʙʦʨʘʪʦʨʥʠ ʪʝʩʪʦʚʝ ʟʘ ʠʟʩʣʝʜʚʘʥʝ ʥʘ ʩʧʦʩʦʙʥʦʩʪʪʘ ʟʘ ʟʘʧʝʯʘʪʚʘʥʝ ʥʘ 

ʦʙʪʫʨʘʮʠʠʪʝ in vitro (44, 45, 147, 168, 428). ʇʝʨʬʝʢʪʥʦʪʦ ʤʘʨʛʠʥʘʣʥʦ ʟʘʧʝʯʘʪʚʘʥʝ, 

ʫʩʪʘʥʦʚʝʥʦ ʯʨʝʟ ʉɽʄ ʥʘʙʣʶʜʝʥʠʝ ʥʝ ʦʟʥʘʯʘʚʘ ʥʘ ʚʩʷʢʘ ʮʝʥʘ, ʯʝ ʙʘʛʨʠʣʦ ʥʝ ʤʦʞʝ ʜʘ 

ʧʝʥʝʪʨʠʨʘ. ʀʣʠ, ʩʧʦʨʝʥ ʝ ʚʲʧʨʦʩʲʪ ʜʘʣʠ ʦʪʩʲʩʪʚʠʝʪʦ ʥʘ ʤʘʨʛʠʥʘʣʥʠ ʤʠʢʨʦʧʨʦʣʫʢʠ 

(gap) ʱʝ ʛʘʨʘʥʪʠʨʘ ʧʝʨʬʝʢʪʥʦʪʦ ʟʘʧʝʯʘʪʚʘʥʝ ʤʝʞʜʫ ʧʣʘʩʪʤʘʩʘʪʘ ʠ ʜʝʥʪʠʥʘ (332). 

ʀʟʩʣʝʜʚʘʥʝ ʥʘ V ʢʣʘʩ ʦʙʪʫʨʘʮʠʠ ʝ ʧʦʢʘʟʘʣʦ, ʯʝ ʥʝʟʘʚʠʩʠʤʦ ʦʪ ʨʝʛʠʩʪʠʨʘʥʠ ̫ʧʝʨʬʝʢʪʝʥ 

ʤʘʨʛʠʥʘʣʝʥ ʨʲʙ ʥʘ ʦʙʪʫʨʘʮʠʷʪʘ, ʙʘʛʨʠʣʦʪʦ ʝ ʧʝʥʝʪʨʠʨʘʣʦ ʚ ʦʢʦʣʦ 20% ʦʪ ʩʪʝʥʠʪʝ ʥʘ 

ʢʘʚʠʪʝʪʘ, ʜʦʢʘʪʦ ʥʘʣʠʯʠʝʪʦ ʥʘ ʤʠʢʨʦʦʪʚʦʨʠ ʥʝʠʟʤʝʥʥʦ ʩʝ ʩʚʲʨʟʚʘ ʩ ʧʦʯʪʠ 100% 

ʧʝʥʝʪʨʘʮʠʷ ʥʘ ʙʘʛʨʠʣʦʪʦ (168, 332). ʋʩʪʘʥʦʚʝʥʘ ʝ ʩʣʘʙʘ ʚʨʲʟʢʘ ʤʝʞʜʫ ʧʝʨʬʝʢʪʥʠʷ 

ʤʘʨʛʠʥʘʣʝʥ ʨʲʙ (ʙʝʟ ʤʠʢʨʦʧʨʦʮʝʧʠ) ʠ ʧʝʥʝʪʨʘʮʠʷʪʘ ʥʘ ʙʘʛʨʠʣʦ (104, 168, 332, 360). 

ɺʝʨʦʷʪʥʦ ʙʘʛʨʠʣʘʪʘ ʥʝ ʩʘ ʥʘʡ-ʧʦʜʭʦʜʷʱʠ ʟʘ ʪʝʩʪʚʘʥʝ ʥʘ ʤʘʨʛʠʥʘʣʥʦʪʦ 

ʟʘʧʝʯʘʪʚʘʥʝ in vitro, ʪʲʡ ʢʘʪʦ ʪʝʭʥʠʪʝ ʤʦʣʝʢʫʣʠ ʩʘ ʪʦʣʢʦʚʘ ʤʘʣʢʠ, ʯʝ ʪʝ ʤʦʛʘʪ ʜʘ 

ʧʝʥʝʪʨʠʨʘʪ ʧʨʝʟ ʤʥʦʛʦ ʤʘʣʢʠ ʠ ʥʝʚʠʜʠʤʠ ʧʲʪʠʱʘ ʧʦ ʧʨʦʪʝʞʝʥʠʝʪʦ ʥʘ ʛʨʘʥʠʯʥʘʪʘ ʟʦʥʘ 

ʜʝʥʪʠʥ-ʦʙʪʫʨʘʮʠʦʥʝʥ ʤʘʪʝʨʠʘʣ. ʀʟʩʣʝʜʚʘʥʠʷʪʘ ʟʘ ʤʠʢʨʦʧʨʦʧʫʩʢʣʠʚʦʩʪ ʧʦʢʘʟʚʘʪ, ʯʝ 

ʧʦʩʪʠʛʘʥʝʪʦ ʥʘ ʧʝʨʬʝʢʪʥʦ ʤʘʨʛʠʥʘʣʥʦ ʟʘʧʝʯʘʪʚʘʥʝ ʝ ʥʝʚʲʟʤʦʞʥʦ ʜʦʨʠ ʧʨʠ ʦʧʪʠʤʘʣʥʠ 

ʣʘʙʦʨʘʪʦʨʥʠ ʫʩʣʦʚʠʷ. ʅʠʢʦʷ ʦʧʝʨʘʪʠʚʥʘ ʪʝʭʥʠʢʘ ʠʣʠ ʘʜʭʝʟʠʚʥʘ ʩʠʩʪʝʤʘ ʥʝ ʝ ʜʦʢʘʟʘʥʦ 

ʝʬʝʢʪʠʚʥʘ ʥʘ 100% ʚ ʛʨʘʥʠʮʠʪʝ ʥʘ ʜʝʥʪʠʥʘ (26, 31, 51, 82, 95, 97, 130, 132, 138, 168, 

324, 330, 342). ʇʦʨʘʜʠ ʪʘʟʠ ʧʨʠʯʠʥʘ ʥʷʢʦʠ ʘʚʪʦʨʠ ʧʨʝʧʦʨʲʯʚʘʪ ʠʟʧʦʣʟʚʘʥʝʪʦ ʥʘ ʪʝʩʪʦʚʝ 

ʩ ʙʘʢʪʝʨʠʠ ʚʤʝʩʪʦ ʙʦʠ, ʪʲʡ ʢʘʪʦ ʪʝ ʧʦ-ʜʦʙʨʝ ʤʦʛʘʪ ʜʘ ʩʠʤʫʣʠʨʘʪ ʢʘʢʚʦ ʩʝ ʩʣʫʯʚʘ ʚ 

ʢʣʠʥʠʯʥʠ ʫʩʣʦʚʠʷ (15, 168, 203, 414). ʊʲʡ ʢʘʪʦ ʪʝʟʠ ʪʝʩʪʦʚʝ ʩʘ ʩʣʦʞʥʠ, ʪʝ ʚʩʝ ʦʱʝ ʥʝ 

ʥʘʤʠʨʘʪ ʧʨʠʣʦʞʝʥʠʝ (168).  

Heintze (168) ʧʨʘʚʠ ʩʣʝʜʥʠʪʝ ʟʘʢʣʶʯʝʥʠʷ, ʥʘ ʦʩʥʦʚʘʪʘ ʥʘ ʩʠʩʪʝʤʘʪʠʯʝʥ ʦʙʟʦʨ ʥʘ 

ʧʨʦʚʝʜʝʥʠ ʠʟʩʣʝʜʚʘʥʠʷ ʜʦ 2006 ʛʦʜʠʥʘ: 

- ʅʝ ʩʲʱʝʩʪʚʫʚʘʪ ʫʙʝʜʠʪʝʣʥʠ ʜʦʢʘʟʘʪʝʣʩʪʚʘ ʟʘ ʚʨʲʟʢʘʪʘ ʤʝʞʜʫ 

ʤʠʢʨʦʧʨʦʧʫʩʢʘʥʝ ʠ ʦʙʨʘʟʫʚʘʥʝ ʥʘ ʤʠʢʨʦʧʨʦʮʝʧʠ; 

- ɿʜʨʘʚʠʥʘʪʘ ʥʘ ʩʚʲʨʟʚʘʥʝ ʩʲʩ ʟʲʙʥʠʪʝ ʩʪʨʫʢʪʫʨʠ ʥʝ ʢʦʨʝʣʠʨʘ ʩ 

ʤʠʢʨʦʧʨʦʩʤʫʢʚʘʥʝʪʦ ʠ ʦʙʨʘʟʫʚʘʥʝʪʦ ʥʘ ʤʠʢʨʦʧʨʦʮʝʧʠ (389); 
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- ʄʠʢʨʦʧʨʦʧʫʩʢʘʥʝʪʦ ʥʝ ʢʦʨʝʣʠʨʘ ʩ ʧʦʩʪʦʧʝʨʘʪʠʚʥʘʪʘ ʧʦʚʠʰʝʥʘ 

ʯʫʚʩʪʚʠʪʝʣʥʦʩʪ, ʤʘʨʛʠʥʘʣʥʦʪʦ ʦʮʚʝʪʷʚʘʥʝ ʥʘ ʨʲʙʦʚʝʪʝ ʥʘ ʦʙʪʫʨʘʮʠʷʪʘ ʠʣʠ 

ʨʘʟʚʠʪʠʝʪʦ ʥʘ ʚʪʦʨʠʯʝʥ ʢʘʨʠʝʩ (170).  

ʇʦʨʘʜʠ ʪʝʟʠ ʧʨʠʯʠʥʠ Heintze ʩʯʠʪʘ, ʯʝ ʪʝʩʪʲʪ ʟʘ ʤʠʢʨʦʧʨʦʧʫʩʢʘʥʝ ʪʨʷʙʚʘ ʜʘ ʩʝ 

ʠʟʢʣʶʯʠ ʦʪ ʩʧʠʩʲʢʘ ʩ ʥʫʞʥʠʪʝ ʣʘʙʦʨʘʪʦʨʥʠ ʪʝʩʪʦʚʝ ʧʨʠ ʠʟʩʣʝʜʚʘʥʝ ʥʘ ʜʝʥʪʘʣʥʠ 

ʤʘʪʝʨʠʘʣʠ (168). 

 

7.3.2. ʅʘʥʦʧʨʦʧʫʩʢʣʠʚʦʩʪ 

 

ʅʘʥʦʧʨʦʧʫʩʢʘʥʝʪʦ ʝ ʪʝʨʤʠʥ, ʚʲʚʝʜʝʥ ʦʪ Sano (342, 345, 346), ʩ ʢʦʡʪʦ ʩʝ 

ʨʘʟʛʨʘʥʠʯʘʚʘ ʧʨʦʧʫʩʢʘʥʝʪʦ ʚ ʛʨʘʥʠʮʠʪʝ ʥʘ ʭʠʙʨʠʜʥʠʷ ʩʣʦʡ. ʅʘʥʦʧʨʦʧʫʩʢʘʥʝ ʩʝ 

ʥʘʙʣʶʜʘʚʘ ʜʦʨʠ ʧʨʠ ʣʠʧʩʘʪʘ ʥʘ ʤʠʢʨʦʧʨʦʣʫʢʠ ʠ ʟʘʧʘʟʝʥʘ ʮʷʣʦʩʪ ʥʘ ʚʨʲʟʢʘ ʟʲʙ-

ʧʣʘʩʪʤʘʩʘ ʠ ʩʝ ʦʩʲʱʝʩʪʚʷʚʘ ʧʨʝʟ ʧʨʦʩʪʨʘʥʩʪʚʘ ʩ ʨʘʟʤʝʨʠ ʦʪ ʦʢʦʣʦ 20-100 nm (47, 97, 

342, 424). ɸʢʦ ʧʣʘʩʪʤʘʩʘʪʘ ʥʘ ʘʜʭʝʟʠʚʘ ʥʝ ʤʦʞʝ ʥʘʧʲʣʥʦ ʜʘ ʠʥʬʠʣʪʨʠʨʘ 

ʜʝʤʠʥʝʨʘʣʠʟʠʨʘʥʠʷ ʜʝʥʪʠʥ, ʤʝʞʜʫ ʥʷʢʦʠ ʦʪ ʢʦʣʘʛʝʥʦʚʠʪʝ ʚʣʘʢʥʘ ʦʩʪʘʚʘʪ ʤʘʣʢʠ 

ʥʘʥʦʧʨʦʩʪʨʘʥʩʪʚʘ ʠʣʠ ʤʠʢʨʦʧʦʨʴʦʟʥʘ ʟʦʥʘ ʤʝʞʜʫ ʭʠʙʨʠʜʥʠʷ ʩʣʦʡ ʠ ʤʠʥʝʨʘʣʠʟʠʨʘʥʠʷ 

ʜʝʥʪʠʥ. ʊʝʟʠ ʧʨʦʩʪʨʘʥʩʪʚʘ ʩʘ ʪʦʣʢʦʚʘ ʤʘʣʢʠ, ʯʝ ʧʨʝʟ ʪʷʭ ʥʝ ʤʦʛʘʪ ʜʘ ʧʝʥʝʪʨʠʨʘʪ 

ʙʘʢʪʝʨʠʠ, ʥʦ ʩʘ ʜʦʩʪʘʪʲʯʥʦ ʛʦʣʝʤʠ ʟʘ ʧʨʝʤʠʥʘʚʘʥʝʪʦ ʥʘ ʝʥʟʠʤʠ (97, 342). ʊʝʟʠ ʥʘʣʠʯʥʠ 

ʧʨʦʩʪʨʘʥʩʪʚʘ ʩʝ ʚʠʟʫʘʣʠʟʠʨʘʪ ʯʨʝʟ ʝʢʩʧʝʨʠʤʝʥʪʠ ʩʲʩ ʩʨʝʙʲʨʝʥ ʥʠʪʨʘʪ ʠ ʥʘʙʣʶʜʝʥʠʝ 

ʩʲʩ ʉɽʄ (342, 345, 346). ɸʚʪʦʨʠ ʥʘʙʣʶʜʘʚʘʪ, ʯʝ ʤʘʣʢʠʪʝ ʩʨʝʙʲʨʥʠ ʡʦʥʠ ʤʦʛʘʪ ʜʘ 

ʧʝʥʝʪʨʠʨʘʪ ʮʷʣʘʪʘ ʜʝʙʝʣʠʥʘ ʥʘ ʭʠʙʨʠʜʥʠʷ ʩʣʦʡ ʚ ʦʧʨʝʜʝʣʝʥʠ ʟʦʥʠ, ʢʘʢʪʦ ʠ ʜʘ ʥʘʣʷʟʘʪ ʚ 

ʘʜʭʝʟʠʚʥʠʷ ʩʣʦʡ ʙʝʟ ʥʘʣʠʯʠʝʪʦ ʥʘ ʛʘʧ-ʦʪʚʦʨʠ ʧʦ ʧʝʨʠʬʝʨʠʷʪʘ ʥʘ ʨʲʙʦʚʝʪʝ 

(ʤʠʢʨʦʧʨʦʧʫʩʢʘʥʝ) (345, 346, 424). ʇʨʠ ʠʟʩʣʝʜʚʘʥʝ ʥʘ ʥʘʥʦʧʨʦʩʤʫʢʚʘʥʝʪʦ ʯʨʝʟ ʊɽʄ ʠ 

ʉɽʄ ʩʘ ʫʩʪʘʥʦʚʝʥʠ ʨʘʟʣʠʯʥʠ ʥʝʛʦʚʠ ʪʠʧʦʚʝ ï ʧʦʜ ʬʦʨʤʘʪʘ ʥʘ ʢʘʧʯʠʮʠ, ʤʨʝʞʦʚʠʜʝʥ 

ʪʠʧ ʠ ʧʦʜ ʬʦʨʤʘʪʘ ʥʘ ʚʦʜʥʦ ʜʲʨʚʦ (407, 412, 424). ʆʨʠʛʠʥʘʣʥʦʪʦ ʨʘʟʙʠʨʘʥʝ ʟʘ 

ʥʘʥʦʧʨʦʧʫʩʢʘʥʝʪʦ, ʝ ʯʝ ʩʨʝʙʨʦʪʦ ʟʘʝʤʘ ʧʨʦʩʪʨʘʥʩʪʚʘʪʘ ʩ ʥʘʥʦʨʘʟʤʝʨʥʘ ʛʦʣʝʤʠʥʘ ʦʢʦʣʦ 

ʦʛʦʣʝʥʠʪʝ ʢʦʣʘʛʝʥʦʚʠ ʚʣʘʢʥʘ, ʢʲʜʝʪʦ ʧʣʘʩʪʤʘʩʘʪʘ ʥʝ ʝ ʤʦʛʣʘ ʜʘ ʧʨʦʥʠʢʥʝ ʠʣʠ ʢʲʜʝʪʦ 

ʦʩʪʘʪʲʯʥʘʪʘ ʚʦʜʘ ʥʝ ʝ ʙʠʣʘ ʟʘʤʝʩʪʝʥʘ ʦʪ ʘʜʭʝʟʠʚʥʘʪʘ ʧʣʘʩʪʤʘʩʘ (342). ʇʦ-ʢʲʩʥʠ 

ʠʟʩʣʝʜʚʘʥʠʷ ʩ ʊɽʄ ʩʘ ʧʦʢʘʟʘʣʠ, ʯʝ ʚʦʜʘʪʘ ʤʦʞʝ ʜʘ ʧʨʝʤʠʥʝ ʧʨʝʟ ʜʝʥʪʠʥʘ, ʦʢʦʣʦ 

ʘʜʭʝʟʠʚʥʠʪʝ ʢʨʘʯʝʪʘ ʢʘʪʦ ʦʙʨʘʟʫʚʘ ʟʘʧʲʣʥʝʥʠ ʩ ʚʦʜʘ ʢʘʥʘʣʯʝʪʘ, ʢʦʠʪʦ ʩʝ ʧʨʦʝʢʪʠʨʘʪ ʦʪ 

ʭʠʙʨʠʜʥʠʷ ʩʣʦʡ ʚ ʥʘʜʣʝʞʘʱʠʷ ʘʜʭʝʟʠʚ (159, 341, 403). ɺʩʠʯʢʠ ʘʜʭʝʟʠʚʥʠ ʩʠʩʪʝʤʠ 

ʧʨʦʷʚʷʚʘʪ ʨʘʟʣʠʯʥʘ ʩʪʝʧʝʥ ʥʘ ʥʘʥʦʧʨʦʧʫʩʢʘʥʝ, ʥʦ ʥʷʢʦʠ ʧʨʦʷʚʷʚʘʪ ʧʦ-ʛʦʣʷʤʘ, ʚ 

ʩʨʘʚʥʝʥʠʝ ʩ ʦʩʪʘʥʘʣʠʪʝ. ʋʯʘʩʪʲʮʠʪʝ ʩ ʥʘʥʦʧʨʦʩʤʫʢʚʘʥʝ ʤʦʛʘʪ ʜʘ ʜʝʡʩʪʚʘʪ ʢʘʪʦ 
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ʧʦʪʝʥʮʠʘʣʥʠ ʤʝʩʪʘ ʟʘ ʭʠʜʨʦʣʠʪʠʯʥʦ ʨʘʟʛʨʘʞʜʘʥʝ ʥʘ ʚʨʲʟʢʘʪʘ ʧʣʘʩʪʤʘʩʘ-ʜʝʥʪʠʥ (47, 97, 

342, 424). 

ɺʩʠʯʢʠ ʬʘʢʪʦʨʠ, ʢʦʠʪʦ ʦʛʨʘʥʠʯʘʚʘʪ ʠʥʬʠʣʪʨʠʨʘʥʝʪʦ ʥʘ ʢʦʣʘʛʝʥʦʚʘʪʘ ʤʨʝʞʘ ʦʪ 

ʧʣʘʩʪʤʘʩʘʪʘ ʚʦʜʷʪ ʜʦ ʚʲʟʥʠʢʚʘʥʝ ʥʘ ʥʘʥʦʧʨʦʧʫʩʢʘʥʝ (47).  

ʇʨʠ ʩʘʤʦʝʮʚʘʱʠʪʝ ʘʜʭʝʟʠʚʥʠ ʩʠʩʪʝʤʠ ʨʠʩʢʲʪ ʦʪ ʚʲʟʥʠʢʚʘʥʝ ʥʘ 

ʥʘʥʦʧʨʦʩʤʫʢʚʘʥʝ ʝ ʧʦ-ʥʠʩʲʢ, ʪʲʡ ʢʘʪʦ ʧʨʠ ʪʷʭ ʢʠʩʝʣʠʷʪ ʤʦʥʦʤʝʨ, ʢʦʡʪʦ ʝʮʚʘ, 

ʦʩʲʱʝʩʪʚʷʚʘ ʝʜʥʦʚʨʝʤʝʥʥʦ ʩ ʪʦʚʘ ʠ ʚʲʚʝʞʜʘʥʝ ʥʘ ʧʨʘʡʤʝʨʘ. ʀʣʠ ʧʨʠ ʪʷʭ ʝ ʤʥʦʛʦ ʧʦ-

ʚʝʨʷʪʥʦ ʘʜʭʝʟʠʚʥʘʪʘ ʧʣʘʩʪʤʘʩʘ ʜʘ ʥʘʚʣʝʟʝ ʚ ʮʷʣʘʪʘ ʜʲʣʙʦʯʠʥʘ, ʜʦ ʢʦʷʪʦ ʝ ʝʮʚʘʥʦ (47, 

118, 413, 453). ɺ ʩʲʱʦʪʦ ʚʨʝʤʝ ʦʙʘʯʝ ʤʘʣʢʠ ʦʩʪʘʪʲʮʠ ʦʪ ʢʠʩʝʣʠʥʘ ʠʣʠ ʨʘʟʪʚʦʨʠʪʝʣ 

ʤʦʛʘʪ ʜʘ ʦʩʪʘʥʘʪ ʠʤʧʨʝʛʥʠʨʘʥʠ ʚʲʪʨʝ ʚ ʘʜʭʝʟʠʚʘ ʠ ʚʧʦʩʣʝʜʩʪʚʠʝ ʜʘ ʠʥʭʠʙʠʨʘʪ 

ʧʦʣʠʤʝʨʠʟʘʮʠʷʪʘ ʥʘ ʤʦʥʦʤʝʨʘ (47, 410). ʀʟʩʣʝʜʚʘʥʠʷ ʩʘ ʧʦʢʘʟʘʣʠ, ʯʝ ʧʦʨʘʜʠ ʚʠʩʦʢʘʪʘ 

ʩʠ ʭʠʜʨʦʬʠʣʥʦʩʪ ʝʜʥʦʩʪʲʧʢʦʚʠʪʝ ʩʘʤʦʝʮʚʘʱʠ ʘʜʭʝʟʠʚʥʠ ʩʠʩʪʝʤʠ ʩʝ ʜʲʨʞʘʪ ʢʘʪʦ 

ʧʦʣʫʧʨʦʧʫʩʢʣʠʚʘ ʤʝʤʙʨʘʥʘ, ʧʦʟʚʦʣʷʚʘʱʘ ʜʚʠʞʝʥʠʝʪʦ ʥʘ ʚʦʜʘ ʧʨʝʟ ʘʜʭʝʟʠʚʥʠʷ ʩʣʦʡ 

(47, 97, 410, 412). ʂʣʠʥʠʯʥʠʪʝ ʧʦʩʣʝʜʠʮʠ ʦʪ ʥʘʥʦʧʨʦʩʤʫʢʚʘʥʝʪʦ ʚʩʝ ʦʱʝ ʥʝ ʩʘ ʥʘʧʲʣʥʦ 

ʠʟʷʩʥʝʥʠ, ʥʦ ʪʲʡ ʢʘʪʦ ʜʝʡʩʪʚʘ ʢʘʪʦ ʢʘʥʘʣʠ ʟʘ ʚʦʜʘʪʘ, ʤʦʞʝ ʜʘ ʜʦʧʨʠʥʝʩʝ ʟʘ ʫʩʢʦʨʷʚʘʥʝ 

ʥʘ ʜʝʛʨʘʜʘʮʠʷʪʘ ʥʘ ʚʨʲʟʢʘʪʘ ʟʲʙ-ʧʣʘʩʪʤʘʩʘ (101, 118, 166, 389, 407). 

 

8. ʆɹʆʑɽʅʀɽ ʅɸ ʇʈʆɹʃɽʄʀʊɽ ʅɸ ɸɼʍɽɿʀʗʊɸ ʇʈʀ ɺʈɽʄɽʅʅʀʊɽ ɿʒɹʀ 

 

ʊʨʘʡʥʦʩʪʪʘ ʥʘ ʝʩʪʝʪʠʯʥʠʪʝ ʦʙʪʫʨʘʮʠʠ ʚʲʚ ʚʨʝʤʝʥʥʦʪʦ ʩʲʟʲʙʠʝ ʝ ʚʩʝ ʦʱʝ ʦʩʥʦʚʝʥ 

ʧʨʦʙʣʝʤ ʚ ʜʝʪʩʢʘʪʘ ʜʝʥʪʘʣʥʘ ʤʝʜʠʮʠʥʘ, ʢʦʝʪʦ ʩʝ ʜʲʣʞʠ ʥʘ ʟʘʪʨʫʜʥʝʥʘʪʘ ʢʦʦʧʝʨʘʮʠʷ ʩ 

ʧʘʮʠʝʥʪʠ ʜʝʮʘ, ʚʦʜʝʱʦ ʜʦ ʥʝʘʜʝʢʚʘʪʥʘ ʠʟʦʣʘʮʠʷ ʥʘ ʦʧʝʨʘʮʠʦʥʥʦʪʦ ʧʦʣʝ ʠ ʧʦ-ʚʠʩʦʢʘʪʘ 

ʯʝʩʪʦʪʘ ʥʘ ʤʘʨʛʠʥʘʣʥʦ ʧʨʦʩʤʫʢʚʘʥʝ (77, 115, 204, 283).  

ɸʜʭʝʟʠʷʪʘ ʢʲʤ ʜʝʥʪʠʥʘ ʟʘʚʠʩʠ ʥʝ ʩʘʤʦ ʦʪ ʘʜʭʝʟʠʚʥʘʪʘ ʩʠʩʪʝʤʘ, ʥʦ ʠ ʦʪ 

ʜʝʥʪʠʥʦʚʠʷ ʩʫʙʩʪʨʘʪ. ʂʣʠʥʠʯʥʠʪʝ ʠ ʣʝʯʝʙʥʠʪʝ ʨʘʟʣʠʯʠʷ ʤʝʞʜʫ ʚʨʝʤʝʥʥʠʪʝ ʠ 

ʧʦʩʪʦʷʥʥʠʪʝ ʟʲʙʠ ʧʨʝʜʧʦʣʘʛʘʪ, ʯʝ ʝ ʚʘʞʥʦ ʜʘ ʩʝ ʠʟʩʣʝʜʚʘʪ ʠ ʫʩʪʘʥʦʚʷʪ ʩʧʝʮʠʬʠʢʠʪʝ ʧʨʠ 

ʪʨʝʪʠʨʘʥʝʪʦ ʥʘ ʜʝʥʪʠʥʘ ʥʘ ʚʨʝʤʝʥʥʠʪʝ ʟʲʙʠ (279). ʃʠʧʩʚʘʪ ʪʚʲʨʜʦ ʫʩʪʘʥʦʚʝʥʠ 

ʠʥʩʪʨʫʢʮʠʠ ʦʪ ʩʪʨʘʥʘ ʥʘ ʧʨʦʠʟʚʦʜʠʪʝʣʠʪʝ ʥʘ ʘʜʭʝʟʠʚʥʠ ʩʠʩʪʝʤʠ ʠ ʧʦ ʥʘʩʪʦʷʱʝʤ ʪʝ ʥʝ 

ʧʨʝʧʦʨʲʯʚʘʪ ʨʘʟʣʠʯʝʥ ʧʨʦʪʦʢʦʣ ʥʘ ʘʧʣʠʢʘʮʠʷ ʟʘ ʪʝʭʥʠʪʝ ʧʨʦʜʫʢʪʠ ʚʲʨʭʫ ʜʝʥʪʠʥʘ ʥʘ 

ʚʨʝʤʝʥʠʪʝ ʟʲʙʠ (173, 195, 279).   

ɺ ʝʞʝʜʥʝʚʥʘʪʘ ʜʘʥʪʘʣʥʘ ʧʨʘʢʪʠʢʘ ʩʝ ʧʨʠʣʘʛʘ ʝʜʠʥ ʠ ʩʲʱʠ ʧʨʦʪʦʢʦʣ ʟʘ 

ʧʨʦʚʝʞʜʘʥʝʪʦ ʥʘ ʧʨʦʮʝʜʫʨʠ ʧʦ ʩʚʲʨʟʚʘʥʝʪʦ ʩ ʜʝʥʪʠʥʘ ʧʨʠ ʚʨʝʤʝʥʥʠʪʝ ʠ ʧʦʩʪʦʷʥʥʠʪʝ 

ʟʲʙʠ, ʥʝʟʘʚʠʩʠʤʦ ʦʪ ʩʲʩʪʘʚʥʠʪʝ ʠ ʤʦʨʬʦʣʦʛʠʯʥʠ ʩʧʝʮʠʬʠʢʠ ʠ ʧʦʣʫʯʝʥʠʪʝ ʨʘʟʣʠʢʠ ʚ 

ʟʜʨʘʚʠʥʘʪʘ ʥʘ ʩʚʲʨʟʚʘʥʝ (71, 267, 268, 279, 353, 367, 383). ʊʦʚʘ ʦʪ ʩʚʦʷ ʩʪʨʘʥʘ ʚʦʜʠ ʜʦ 
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ʦʙʨʘʟʫʚʘʥʝʪʦ ʥʘ ʨʘʟʣʠʯʝʥ ʧʦ ʢʘʯʝʩʪʚʘ ʭʠʙʨʠʜʝʥ ʩʣʦʡ ʚ ʜʚʝʪʝ ʜʝʥʪʠʮʠʠ ʩ ʧʦʪʝʥʮʠʘʣʥʦ 

ʚʨʝʜʥʠ ʧʦʩʣʝʜʠʮʠ ʟʘ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʪʘ ʥʘ ʟʜʨʘʚʠʥʘʪʘ ʥʘ ʩʚʲʨʟʚʘʥʝ ʥʘ ʘʜʭʝʟʠʚʥʘʪʘ 

ʩʠʩʪʝʤʘ ʩ ʜʝʥʪʠʥʘ ʠ ʦʪʪʘʤ ʚʲʨʭʫ ʪʨʘʡʥʦʩʪʪʘ ʥʘ ʦʙʪʫʨʘʮʠʪʝ (161, 267, 268, 279, 367, 

420). ʀʟʩʣʝʜʚʘʥʠʷ ʚʲʨʭʫ ʚʨʝʤʝʥʥʠ ʟʲʙʠ ʧʦʢʘʟʚʘʪ ʥʘʣʠʯʠʝʪʦ ʥʘ ʥʝʧʲʣʥʦ ʠʥʬʠʣʪʨʠʨʘʥʠ 

ʢʦʣʘʛʝʥʦʚʠ ʚʣʘʢʥʘ ʥʘ ʜʲʥʦʪʦ ʥʘ ʜʝʤʠʥʝʨʘʣʠʟʠʨʘʥʠʷ ʜʝʥʪʠʥ, ʢʦʝʪʦ ʢʦʤʧʨʦʤʝʪʠʨʘ 

ʩʚʲʨʟʚʘʱʘʪʘ ʝʬʝʢʪʠʚʥʦʩʪ (78, 173, 267, 353). 

ʊʝʩʪʦʚʝʪʝ ʟʘ ʦʧʨʝʜʝʣʷʥʝ ʟʜʨʘʚʠʥʘʪʘ ʥʘ ʚʨʲʟʢʘʪʘ, ʪʝʭʥʠʢʠʪʝ ʥʘ ʩʢʘʥʠʨʘʱʦ 

ʝʣʝʢʪʨʦʥʥʦ ʤʠʢʨʦʩʢʦʧʩʢʦ ʥʘʙʣʶʜʝʥʠʝ ʩʘ ʯʝʩʪʦ ʠʟʧʦʣʟʚʘʥʠ ʟʘ ʦʧʨʝʜʝʣʷʥʝ ʥʘ 

ʝʬʝʢʪʠʚʥʦʩʪʪʘ ʥʘ ʘʜʭʝʟʠʚʠʪʝ ʚʲʨʭʫ ʜʝʥʪʠʥʘ ʥʘ ʧʦʩʪʦʷʥʥʠʪʝ ʟʲʙʠ ʠ ʤʥʦʛʦ ʨʷʜʢʦ ʚʲʨʭʫ 

ʪʦʟʠ ʥʘ ʚʨʝʤʝʥʥʠʪʝ (279).  

ɺ ʜʦʩʪʲʧʥʠʪʝ ʦʪ ʣʠʪʝʨʘʪʫʨʘʪʘ ʠʟʩʣʝʜʚʘʥʠʷ, ʧʨʝʜʠʤʥʦ in vitro, ʩʝ ʩʲʦʙʱʘʚʘʪ 

ʧʨʦʪʠʚʦʨʝʯʠʚʠ ʨʝʟʫʣʪʘʪʠ ʧʦ ʦʪʥʦʰʝʥʠʝ ʥʘ ʧʦʩʪʠʛʥʘʪʘ ʟʜʨʘʚʠʥʘʪʘ ʥʘ ʩʚʲʨʟʚʘʥʝ ʥʘ 

ʨʘʟʣʠʯʥʠ ʘʜʭʝʟʠʚʥʠ ʩʠʩʪʝʤʠ ʩ ʜʝʥʪʠʥʘ ʥʘ ʚʨʝʤʝʥʥʠʪʝ ʟʲʙʠ ʚ ʩʨʘʚʥʝʥʠʝ ʩ ʪʘʟʠ ʧʨʠ 

ʧʦʩʪʦʷʥʥʠʪʝ ʟʲʙʠ (23, 62, 353). ɼʦʢʘʪʦ ʥʷʢʦʠ ʩʲʦʙʱʘʚʘʪ ʟʘ ʧʦ-ʥʠʩʢʠ ʩʪʦʡʥʦʩʪʠ ʥʘ 

ʟʜʨʘʚʠʥʘʪʘ ʥʘ ʚʨʲʟʢʘʪʘ ʧʨʠ ʚʨʝʤʝʥʥʠʪʝ ʟʲʙʠ (23, 279, 353, 363, 383, 423) ʜʨʫʛʠ ʧʦʢʘʟʚʘʪ 

ʦʙʨʘʪʥʠ ʨʝʟʫʣʪʘʪʠ ï ʧʦ-ʚʠʩʦʢʠ ʩʪʦʡʥʦʩʪ (23, 353, 383) ʜʦʢʘʪʦ ʪʨʝʪʠ ʥʝ ʫʩʪʘʥʦʚʷʚʘʪ 

ʩʲʱʝʩʪʚʝʥʠ ʨʘʟʣʠʯʠʷ ʤʝʞʜʫ ʜʚʝʪʝ ʜʝʥʪʠʮʠʠ (62, 175, 353, 383). ʄʠʢʨʦʩʪʨʫʢʪʫʨʥʠʪʝ ʠ 

ʭʠʩʪʦʣʦʛʠʯʥʠʪʝ ʨʘʟʣʠʢʠ ʚ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠʪʝ ʥʘ ʜʝʥʪʠʥʘ ʥʘ ʚʨʝʤʝʥʥʠʪʝ ʟʲʙʠ ʩʘ 

ʦʪʛʦʚʦʨʥʠ ʟʘ ʯʝʩʪʦ ʩʲʦʙʱʘʚʘʥʠʪʝ ʧʦ-ʥʠʩʢʠ ʨʝʟʫʣʪʘʪʠ ʟʘ ʟʜʨʘʚʠʥʘʪʘ ʥʘ ʚʨʲʟʢʘʪʘ ʠ ʧʦ-

ʥʠʩʢʘʪʘ ʩʧʦʩʦʙʥʦʩʪ ʟʘ ʟʘʧʝʯʘʪʚʘʥʝ, ʩʲʦʙʱʝʥʠ ʚ ʩʧʝʮʠʘʣʠʟʠʨʘʥʘʪʘ  ʣʠʪʝʨʘʪʫʨʘ (14, 18, 

23, 178, 233, 266, 267, 268, 279, 367, 378, 383).  

ʉʧʦʨʝʜ ʘʚʪʦʨʠʪʝ, ʠʟʢʘʟʚʘʱʠ ʤʥʝʥʠʝʪʦ, ʯʝ ʜʝʥʪʠʥʲʪ ʥʘ ʚʨʝʤʝʥʥʠʪʝ ʟʲʙʠ ʠʤʘ 

ʧʦʚʝʯʝ ʠ ʧʦ-ʰʠʨʦʢʠ ʢʘʥʘʣʯʝʪʘ, ʚ ʩʨʘʚʥʝʥʠʝ ʩ ʪʦʟʠ ʥʘ ʧʦʩʪʦʷʥʥʠʪʝ ʟʲʙʠ, ʢʘʢʪʦ ʠ 

ʥʘʣʠʯʠʝʪʦ ʥʘ ʛʠʛʘʥʪʩʢʠ ʢʘʥʘʣʠ, ʭʘʨʘʢʪʝʨʥʠ ʟʘ ʚʨʝʤʝʥʥʠʪʝ ʟʲʙʠ, ʩʝ ʜʦʩʪʠʛʘ ʜʦ 

ʥʘʤʘʣʷʚʘʥʝ ʥʘ ʢʦʣʠʯʝʩʪʚʦʪʦ ʪʚʲʨʜ ʠʥʪʝʨʪʫʙʫʣʘʨʝʥ ʜʝʥʪʠʥ, ʛʣʘʚʥʘ ʟʦʥʘ ʟʘ 

ʦʩʲʱʝʩʪʚʷʚʘʥʝ ʥʘ ʩʚʲʨʟʚʘʥʝʪʦ, ʢʘʢʪʦ ʠ ʜʦ ʧʦʚʠʰʝʥʘ ʧʦʚʲʨʭʥʦʩʪʥʘ ʚʣʘʞʥʦʩʪ (71, 231, 

244, 266, 323, 378, 383). ʆʩʚʝʥ ʪʦʚʘ ʧʝʨʠʪʫʙʫʣʘʨʥʠʷʪ ʜʝʥʪʠʥ ʩʝ ʝʮʚʘ ʧʦ-ʙʲʨʟʦ ʢʘʪʦ 

ʦʩʪʘʚʷ ʝʮʚʘʥ ʠʥʪʝʨʪʫʙʫʣʘʨʝʥ ʜʝʥʪʠʥʦʚ ʤʘʪʨʠʢʩ ʩ ʫʚʝʣʠʯʝʥ ʣʫʤʝʥ ʥʘ ʪʫʙʫʣʠʪʝ. ʊʝʟʠ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʚʦʜʷʪ ʜʦ ʧʦʩʪʠʛʘʥʝ ʥʘ ʧʦ-ʩʣʘʙʘ ʟʜʨʘʚʠʥʘ ʥʘ ʚʨʲʟʢʘʪʘ (71, 244, 279, 383). 

ʉʧʦʨʝʜ ʠʟʩʣʝʜʦʚʘʪʝʣʠʪʝ, ʢʦʠʪʦ ʟʘʩʪʲʧʚʘʪ ʤʥʝʥʠʝʪʦ, ʯʝ ʚʨʝʤʝʥʥʠʪʝ ʟʲʙʠ ʠʤʘʪ 

ʧʦ-ʤʘʣʢʦ ʥʘ ʙʨʦʡ ʠ ʧʦ-ʪʝʩʥʠ ʢʘʥʘʣʯʝʪʘ, ʢʘʯʝʩʪʚʦʪʦ ʥʘ ʘʜʭʝʟʠʷʪʘ ʩʝ ʧʦʚʣʠʷʚʘ ʦʪ ʧʦ-

ʩʣʘʙʠʷ ʧʝʨʤʝʘʙʠʣʠʪʝʪ ʠ ʧʦ-ʥʠʩʢʘʪʘ ʧʦʚʲʨʭʥʦʩʪʥʘ ʚʣʘʞʥʦʩʪ, ʢʦʷʪʦ ʦʢʘʟʚʘ ʚʲʟʜʝʡʩʪʚʠʝ 

ʚʲʨʭʫ ʝʬʝʢʪʠʚʥʦʩʪʪʘ ʥʘ ʝʮʚʘʱʠʪʝ ʩʨʝʜʩʪʚʘ (267, 268). 
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ʆʪ ʟʥʘʯʝʥʠʝ ʩʘ ʠ ʨʘʟʣʠʯʠʷʪʘ ʚ ʤʝʭʘʥʠʯʥʠʪʝ ʢʘʯʝʩʪʚʘ ʥʘ ʜʝʥʪʠʥʘ ʥʘ ʚʨʝʤʝʥʥʠʪʝ ʠ 

ʧʦʩʪʦʷʥʥʠʪʝ ʟʲʙʠ ï ʤʦʜʫʣʲʪ ʥʘ ʝʣʘʩʪʠʯʥʦʩʪ ʠ ʪʚʲʨʜʦʩʪʪʘ (50, 174, 177, 279). 

ʀʟʩʣʝʜʚʘʥʠʷ ʩʦʯʘʪ, ʯʝ ʩʪʦʡʥʦʩʪʠʪʝ ʥʘ ʪʝʟʠ ʧʦʢʘʟʘʪʝʣʠ ʩʘ ʧʦ-ʥʠʩʢʠ ʟʘ ʚʨʝʤʝʥʥʠʪʝ ʟʲʙʠ, 

ʠ ʯʝ ʪʝʟʠ ʧʦʢʘʟʘʪʝʣʠ ʥʘʤʘʣʷʚʘʪ ʚ ʜʲʣʙʦʯʠʥʘ ʢʲʤ ʧʫʣʧʥʘʪʘ ʢʘʤʝʨʘ ʠ ʟʘ ʜʚʝʪʝ ʛʨʫʧʠ ʟʲʙʠ 

(174, 177, 178, 180, 279). ʅʘʡ-ʥʠʩʢʘ ʪʚʲʨʜʦʩʪ ʠʤʘ ʧʫʣʧʥʠʷ ʜʝʥʪʠʥ (177, 279).   

ʆʪ ʭʠʤʠʯʥʘ ʛʣʝʜʥʘ ʪʦʯʢʘ, ʜʝʥʪʠʥʲʪ ʥʘ ʚʨʝʤʝʥʥʠʪʝ ʟʲʙʠ ʝ ʧʦ-ʧʦʜʘʪʣʠʚ ʥʘ 

ʜʝʡʩʪʚʠʝʪʦ ʥʘ ʢʠʩʝʣʠʥʠʪʝ (267, 268, 279, 353), ʢʦʝʪʦ ʤʦʞʝ ʜʘ ʩʝ ʦʙʷʩʥʠ ʩ ʥʝʛʦʚʘʪʘ ʧʦ-

ʥʠʩʢʘ ʩʪʝʧʝʥ ʥʘ ʤʠʥʝʨʘʣʠʟʘʮʠʷ (18, 180, 353). ʉʢʘʥʠʨʘʱʠ ʝʣʝʢʪʨʦʥʥʦ ʤʠʢʨʦʩʢʦʧʩʢʠ 

ʠʟʩʣʝʜʚʘʥʠʷ ʧʦʢʘʟʚʘʪ, ʯʝ ʭʠʙʨʠʜʥʠʷʪ ʩʣʦʡ, ʦʙʨʘʟʫʚʘʥ ʚʲʚ ʚʨʝʤʝʥʥʠʪʝ ʟʲʙʠ ʝ 

ʧʨʠʙʣʠʟʠʪʝʣʥʦ 25-30% ʧʦ-ʜʝʙʝʣ ʦʪ ʪʦʟʠ ʧʨʠ ʧʦʩʪʦʷʥʥʠʪʝ ʧʨʠ ʨʘʚʥʘ ʧʨʦʜʲʣʞʠʪʝʣʥʦʩʪ 

ʥʘ ʚʨʝʤʝʪʦ ʥʘ ʝʮʚʘʥʝ (267, 279, 353, 367). ʇʦʚʠʰʘʚʘʥʝʪʦ ʥʘ ʜʝʙʝʣʠʥʘʪʘ ʥʘ ʭʠʙʨʠʜʥʠʷ 

ʩʣʦʡ ʧʨʠ ʚʨʝʤʝʥʥʠʪʝ ʟʲʙʠ ʤʦʞʝ ʜʘ ʜʦʚʝʜʝ ʜʦ ʧʦ-ʥʠʩʢʘ ʟʜʨʘʚʠʥʘ ʥʘ ʩʚʲʨʟʚʘʥʝ (353, 

367). ɺ ʧʦ-ʜʝʙʝʣ ʭʠʙʨʠʜʝʥ ʩʣʦʡ ʚʲʟʤʦʞʥʦʩʪʪʘ ʟʘ ʥʝʧʲʣʥʘʪʘ ʧʝʥʝʪʨʘʮʠʷ ʥʘ ʘʜʭʝʟʠʚʥʠʪʝ 

ʤʦʥʦʤʝʨʠ ʚ ʜʝʤʠʥʝʨʘʣʠʟʠʨʘʥʘʪʘ ʟʦʥʘ ʝ ʤʥʦʛʦ ʧʦ-ʚʝʨʦʷʪʥʘ, ʚʦʜʝʱʘ ʜʦ ʦʙʨʘʟʫʚʘʥʝʪʦ ʥʘ 

ʟʦʥʘ ʦʪ ʦʛʦʣʝʥʠ ʠ ʥʝʟʘʱʠʪʝʥʠ ʢʦʣʘʛʝʥʦʚʠ ʚʣʘʢʥʘ ʥʘ ʜʲʥʦʪʦ ʤʫ (83, 161, 279, 353). ʊʘʟʠ 

ʥʝʧʲʣʥʦ ʠʥʬʠʣʪʨʠʨʘʥʘ ʟʦʥʘ ʝ ʧʦʩʣʝʜʠʮʘ ʦʪ ʥʘʤʘʣʷʚʘʥʝ ʥʘ ʛʨʘʜʠʝʥʪʘ ʥʘ ʜʠʬʫʟʠʷ ʥʘ 

ʘʜʭʝʟʠʚʥʠʷ ʤʦʥʦʤʝʨ ʚ ʜʲʣʙʦʯʠʥʘ ʥʘ ʝʮʚʘʥʠʷ ʜʝʥʪʠʥ (279, 417). ʊʷ ʝ ʥʘʡ-ʢʨʝʭʢʘʪʘ ʠ 

ʥʝʫʩʪʦʡʯʠʚʘ ʯʘʩʪ ʦʪ ʭʠʙʨʠʜʥʠʷ ʩʣʦʡ, ʢʦʷʪʦ ʧʦʜʣʝʞʠ ʥʘ ʭʠʜʨʦʣʠʪʠʯʥʦ ʠ ʝʥʟʠʤʥʦ 

ʨʘʟʛʨʘʞʜʘʥʝ ʠ ʤʦʞʝ ʜʘ ʫʣʝʩʥʠ ʜʝʛʨʘʜʘʮʠʷʪʘ ʥʘ ʚʨʲʟʢʘʪʘ ʜʝʥʪʠʥ-ʘʜʭʝʟʠʚ, ʨʠʩʢʫʚʘʱʦ 

ʪʨʘʡʥʦʩʪʪʘ ʥʘ ʦʙʪʫʨʘʮʠʷʪʘ (83, 161, 279, 292, 293, 345, 353, 417, 447).  

ʉʧʦʨʝʜ Brªnnstrºn ʪʨʷʙʚʘ ʜʘ ʙʲʜʝ ʧʦʩʪʠʛʥʘʪʦ ʘʜʝʢʚʘʪʥʦ ʟʘʧʝʯʘʪʚʘʥʝ ʯʨʝʟ ʚʩʠʯʢʠ 

ʦʙʪʫʨʘʮʠʦʥʥʠ ʩʠʩʪʝʤʠ, ʟʘ ʜʘ ʩʝ ʟʘʧʘʟʠ ʧʫʣʧʥʦʪʦ ʟʜʨʘʚʝ ʠ ʜʘ ʩʝ ʛʘʨʘʥʪʠʨʘ ʪʨʘʡʥʦʩʪʪʘ ʥʘ 

ʦʙʪʫʨʘʮʠʷʪʘ (47, 77). 

ʄʠʢʨʦʧʨʦʩʤʫʢʚʘʥʝʪʦ, ʢʦʝʪʦ ʩʝ ʥʘʙʣʶʜʘʚʘ ʥʘ ʛʨʘʥʠʮʘʪʘ ʟʲʙ-ʦʙʪʫʨʘʮʠʷ ʝ ʥʘʡ-

ʚʘʞʥʘʪʘ ʧʨʝʯʢʘ, ʢʦʷʪʦ ʪʨʷʙʚʘ ʜʘ ʩʝ ʧʨʝʦʜʦʣʝʝ, ʟʘ ʜʘ ʩʝ ʩʲʟʜʘʜʝ Ăʠʜʝʘʣʥʠʷò 

ʦʙʪʫʨʘʮʠʦʥʝʥ ʤʘʪʝʨʠʘʣ. ɿʘʧʝʯʘʪʚʘʱʘʪʘ ʩʧʦʩʦʙʥʦʩʪ ʥʘ ʘʜʭʝʟʠʚʥʠʪʝ ʩʠʩʪʝʤʠ ʝ ʛʣʘʚʥʘʪʘ 

ʧʨʦʤʝʥʣʠʚʘ, ʦʧʨʝʜʝʣʷʱʘ ʤʘʨʛʠʥʘʣʥʦʪʦ ʧʨʦʩʤʫʢʚʘʥʝ. ʀʟʩʣʝʜʚʘʥʠʷ ʩʘ ʫʩʪʘʥʦʚʠʣʠ, ʯʝ 

ʥʠʢʦʷ ʦʪ ʥʘʤʠʨʘʱʠʪʝ ʩʘ ʥʘ ʧʘʟʘʨʘ ʘʜʭʝʟʠʚʥʠ ʩʠʩʪʝʤʠ ʥʝ ʝ ʚ ʩʲʩʪʦʷʥʠʝ ʜʘ ʩʧʨʝ 

ʤʠʢʨʦʧʨʦʩʤʫʢʚʘʥʝʪʦ (77, 168, 378). ʊʦ ʧʨʝʜʩʪʘʚʣʷʚʘ ʦʩʦʙʝʥ ʧʨʦʙʣʝʤ ʧʨʠ ʚʨʝʤʝʥʥʠʪʝ 

ʟʲʙʠ, ʧʨʠ ʢʦʠʪʦ ʧʦʨʘʜʠ ʧʦ-ʤʘʣʢʘʪʘ ʜʝʙʝʣʠʥʘ ʥʘ ʟʲʙʥʠʪʝ ʩʪʨʫʢʪʫʨʠ ʠ ʢʘʪʦ ʮʷʣʦ ʧʦ-

ʤʘʣʢʠʷ ʠʤ ʨʘʟʤʝʨ, ʧʦʜʲʪ ʥʘ ʢʘʚʠʪʝʪʥʘʪʘ ʧʨʝʧʘʨʘʮʠʷ ʝ ʤʥʦʛʦ ʙʣʠʟʦ ʜʦ ʧʫʣʧʥʘʪʘ ʢʘʤʝʨʘ. 

ɼʦʙʨʦʪʦ ʟʘʧʝʯʘʪʚʘʥʝ ʥʘ ʩʪʝʥʠʪʝ ʥʘ ʢʘʚʠʪʝʪʥʘʪʘ ʧʨʝʧʘʨʘʮʠʷ ʦʩʠʛʫʨʷʚʘ ʟʘʧʝʯʘʪʚʘʥʝ ʥʘ 

ʜʝʥʪʠʥʦʚʠʪʝ ʢʘʥʘʣʯʝʪʘ ʩʨʝʱʫ ʥʘʚʣʠʟʘʥʝ ʧʨʝʟ ʪʷʭ ʥʘ ʙʘʢʪʝʨʠʠ ʠ ʪʝʭʥʠʪʝ ʪʦʢʩʠʥʠ ʧʦ 
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ʧʦʩʦʢʘ ʥʘ ʧʫʣʧʘʪʘ, ʢʘʢʪʦ ʠ ʜʚʠʞʝʥʠʝ ʥʘ ʪʫʙʫʣʥʘ ʪʝʯʥʦʩʪ ʚ ʜʚʝʪʝ ʧʦʩʦʢʠ ï ʥʘʚʲʥ ʠ 

ʥʘʚʲʪʨʝ (77, 168). 

 

9. ɿɸʂʃʖʏɽʅʀɽ 

 

ʅʘʧʨʘʚʝʥʠʷʪ ʧʨʝʛʣʝʜ ʥʘ ʩʧʝʮʠʘʣʠʟʠʨʘʥʘʪʘ ʣʠʪʝʨʘʪʫʨʘ ʧʦʢʘʟʚʘ ʦʙʝʤʥʘ, ʥʦ ʚ 

ʠʟʚʝʩʪʥʘ ʩʪʝʧʝʥ ʧʨʦʪʠʚʦʨʝʯʠʚʘ ʠʥʬʦʨʤʘʮʠʷ ʧʦ ʦʪʥʦʰʝʥʠʝ ʥʘ ʤʠʢʨʦʤʦʨʬʦʣʦʛʠʯʥʠʪʝ 

ʦʩʦʙʝʥʦʩʪʠ ʥʘ ʜʝʥʪʠʥʘ ʥʘ ʚʨʝʤʝʥʥʠʪʝ ʟʲʙʠ, ʢʘʯʝʩʪʚʦʪʦ ʥʘ ʘʜʭʝʟʠʷ ʠ ʪʨʘʡʥʦʩʪʪʘ ʥʘ 

ʝʩʪʝʪʠʯʥʠʪʝ ʦʙʪʫʨʘʮʠʠ ʚʲʚ ʚʨʝʤʝʥʥʦʪʦ ʩʲʟʲʙʠʝ. ʉʲʱʝʩʪʚʫʚʘʪ ʤʥʦʛʦʙʨʦʡʥʠ ʥʘʫʯʥʠ ʠ 

ʢʣʠʥʠʯʥʠ ʠʟʩʣʝʜʚʘʥʠʷ ʧʦ ʦʪʜʝʣʥʠ ʚʲʧʨʦʩʠ, ʦʪʥʘʩʷʱʠ ʩʝ ʜʦ ʢʣʠʥʠʯʥʦʪʦ ʧʨʠʣʦʞʝʥʠʝ ʥʘ 

ʘʜʭʝʟʠʚʥʠʪʝ ʩʠʩʪʝʤʠ, ʥʦ ʙʝʟ ʧʦʩʣʝʜʦʚʘʪʝʣʥʘ ʦʙʚʲʨʟʘʥʦʩʪ ʦʪ ʤʦʨʬʦʣʦʛʠʯʥʠ 

ʠʟʩʣʝʜʚʘʥʠʷ, ʧʨʝʟ ʣʘʙʦʨʘʪʦʨʥʠ ʜʦ ʢʣʠʥʠʯʥʠ ʘʣʛʦʨʠʪʤʠ ʠ ʨʝʟʫʣʪʘʪʠ.   

ʊʦʚʘ ʧʨʠʚʣʝʯʝ ʥʘʰʝʪʦ ʚʥʠʤʘʥʠʝ. ʇʦ ʜʘʥʥʠ ʦʪ ʩʧʝʮʠʘʣʠʟʠʨʘʥʘʪʘ ʣʠʪʝʨʘʪʫʨʘ 

ʩʲʱʝʩʪʚʫʚʘʪ ʥʝʜʦʠʟʷʩʥʝʥʠ ʚʲʧʨʦʩʠ ʦʪʥʦʩʥʦ ʪʦʚʘ ʜʘʣʠ ʤʠʢʨʦʤʦʨʬʦʣʦʛʠʯʥʠʪʝ 

ʦʩʦʙʝʥʦʩʪʠ ʠ ʨʘʟʣʠʢʠʪʝ ʚ ʩʲʩʪʘʚʘ ʥʘ ʜʝʥʪʠʥʘ ʤʝʞʜʫ ʜʚʝʪʝ ʜʝʥʪʠʮʠʠ ʚʣʠʷʷʪ ʚʲʨʭʫ 

ʝʬʝʢʪʘ ʥʘ ʝʮʚʘʥʝ, ʢʘʢʪʦ ʠ ʜʘʣʠ ʝʮʚʘʱʠʪʝ ʘʛʝʥʪʠ ʦʪʩʪʨʘʥʷʚʘʪ ʚ ʝʜʥʘʢʚʘ ʩʪʝʧʝʥ 

ʟʘʤʲʨʩʷʚʘʱʠʷ ʩʣʦʡ ʥʝʟʘʚʠʩʠʤʦ ʦʪ ʪʷʭʥʘʪʘ ʢʦʥʮʝʥʪʨʘʮʠʷ ʠ ʚʨʝʤʝ ʥʘ ʧʨʠʣʦʞʝʥʠʝ. 

ʇʨʦʚʝʨʢʘʪʘ ʥʘ ʪʦʟʠ ʬʘʢʪ ʝ ʦʪ ʟʥʘʯʝʥʠʝ ʟʘ ʣʝʯʝʥʠʝʪʦ ʥʘ ʚʨʝʤʝʥʥʠʪʝ ʟʲʙʠ ʩ ʘʜʭʝʟʠʚʥʠ 

ʤʘʪʝʨʠʘʣʠ. 

ʇʨʦʠʟʚʦʜʠʪʝʣʠʪʝ ʥʘ ʣʘʟʝʨʠ ʧʨʦʷʚʷʚʘʪ ʧʨʝʪʝʥʮʠʠ, ʯʝ ʣʘʟʝʨʥʘʪʘ ʘʙʣʘʮʠʷ ʥʘ 

ʟʲʙʥʠʪʝ ʩʪʨʫʢʪʫʨʠ ʧʦʜʦʙʨʷʚʘ ʩʧʦʩʦʙʥʦʩʪʪʘ ʟʘ ʘʜʭʝʟʠʚʥʦ ʩʚʲʨʟʚʘʥʝ ʥʘ ʩʫʙʩʪʨʘʪʘ ʠ ʯʝ 

Ăʣʘʟʝʨʥʦʪʦ ʝʮʚʘʥʝò ʝ ʩʧʦʩʦʙʥʦ ʜʘ ʠʟʤʝʩʪʠ ʜʦʧʲʣʥʠʪʝʣʥʘʪʘ ʩʪʲʧʢʘ ʥʘ ʝʮʚʘʥʝ (ʩ 

ʬʦʩʬʦʨʥʘ ʢʠʩʝʣʠʥʘ). ɼʘʥʥʠʪʝ ʦʪ ʩʧʝʮʠʘʣʠʟʠʨʘʥʘʪʘ ʣʠʪʝʨʘʪʫʨʘ ʧʦ ʦʪʥʦʰʝʥʠʝ ʥʘ 

ʪʚʲʨʜʝʥʠʝʪʦ, ʯʝ ʣʘʟʝʨʥʦʪʦ ʝʮʚʘʥʝ ʤʦʞʝ ʜʝ ʟʘʤʝʩʪʠ ʝʮʚʘʥʝʪʦ ʥʝ ʩʘ ʝʜʥʦʧʦʩʦʯʥʠ. ʊʦʚʘ ʥʠ 

ʜʘʜʝ ʦʩʥʦʚʘʥʠʝ ʜʘ ʧʨʦʚʝʜʝʤ ʥʘʰ ʝʢʩʧʝʨʠʤʝʥʪ.  

ʄʝʭʘʥʠʟʤʲʪ, ʦʪʛʦʚʦʨʝʥ ʟʘ ʘʜʭʝʟʠʷʪʘ ʥʘ ʥʦʚʠʪʝ ʛʝʥʝʨʘʮʠʠ ʜʝʥʪʠʥ ʩʚʲʨʟʚʘʱʠ 

ʩʠʩʪʝʤʠ ʩʝ ʩʚʲʨʟʚʘ ʩ ʦʙʨʘʟʫʚʘʥʝʪʦ ʥʘ ʭʠʙʨʠʜʝʥ ʩʣʦʡ. ʉʧʝʮʠʘʣʠʟʠʨʘʥʘʪʘ ʣʠʪʝʨʘʪʫʨʘ 

ʠʟʦʙʠʣʩʪʚʘ ʦʪ ʠʟʩʣʝʜʚʘʥʠʷ ʟʘ ʢʘʯʝʩʪʚʦʪʦ ʥʘ ʩʚʲʨʟʚʘʥʝ ʠ ʟʜʨʘʚʠʥʘʪʘ ʥʘ ʚʨʲʟʢʘʪʘ ʧʨʠ 

ʧʨʠʣʦʞʝʥʠʝʪʦ ʥʘ ʩʲʚʨʝʤʝʥʥʠʪʝ ʝʩʪʝʪʠʯʥʠ ʦʙʪʫʨʘʮʠʦʥʥʠ ʤʘʪʝʨʠʘʣʠ ʠ ʘʜʭʝʟʠʚʥʠ 

ʩʠʩʪʝʤʠ ʩ ʪʦʪʘʣʥʦ ʝʮʚʘʥʝ ʧʨʠ ʧʦʩʪʦʷʥʥʠʪʝ ʟʲʙʠ. ʇʦ ʦʪʥʦʰʝʥʠʝ ʥʘ ʚʨʝʤʝʥʥʠʪʝ ʟʲʙʠ 

ʪʘʟʠ ʠʥʬʦʨʤʘʮʠʷ ï ʦʙʨʘʟʫʚʘʥʝʪʦ ʥʘ ʘʜʭʝʟʠʚʝʥ ʠ ʭʠʙʨʠʜʝʥ ʩʣʦʡ ʠ ʟʜʨʘʚʠʥʘʪʘ ʥʘ 

ʩʚʲʨʟʚʘʥʝ ʝ ʩʲʱʝʩʪʚʝʥʦ ʦʛʨʘʥʠʯʝʥʘ. ʊʦʚʘ ʝ ʠ ʧʨʠʯʠʥʘʪʘ, ʧʦʨʘʜʠ ʢʦʷʪʦ ʥʠʝ ʱʝ ʧʨʦʚʝʜʝʤ 

ʥʘʰʠ ʠʟʩʣʝʜʚʘʥʠʷ. 
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ʉʘʤʦʝʮʚʘʱʠʪʝ ʘʜʭʝʟʠʚʥʠ ʩʠʩʪʝʤʠ ʩʘ ʦʪʜʘʚʥʘ ʥʘ ʧʘʟʘʨʘ, ʥʦ ʜʘʥʥʠʪʝ ʟʘ ʪʷʭʥʦʪʦ 

ʚʲʟʜʝʡʩʪʚʠʝ ʚʲʨʭʫ ʜʝʥʪʠʥʘ ʥʘ ʚʨʝʤʝʥʥʠʪʝ ʟʲʙʠ ʩʘ ʚʩʝ ʦʱʝ ʪʚʲʨʜʝ ʦʛʨʘʥʠʯʝʥʠ, ʦʩʦʙʝʥʦ 

ʚ ʯʘʩʪʪʘ ʠʤ ʟʘ ʦʙʚʲʨʟʚʘʥʝ ʤʝʞʜʫ in vitro ʠ in vivo ʝʢʩʧʝʨʠʤʝʥʪ. ʅʘʣʠʮʝ ʝ ʠ ʦʩʢʲʜʥʘ ʠ ʥʘ 

ʤʦʤʝʥʪʠ ʧʨʦʪʠʚʦʨʝʯʠʚʘ ʠʥʬʦʨʤʘʮʠʷ ʟʘ ʤʦʨʬʦʣʦʛʠʯʥʠʪʝ ʦʩʦʙʝʥʦʩʪʠ ʥʘ ʛʨʘʥʠʯʥʘʪʘ 

ʟʦʥʘ ʜʝʥʪʠʥ ʥʘ ʚʨʝʤʝʥʥʠ ʟʲʙʠ - ʩʘʤʦʝʮʚʘʱʠ ʘʜʭʝʟʠʚʥʠ ʩʠʩʪʝʤʠ, ʢʘʢʪʦ ʠ ʟʘ ʧʦʩʪʦʷʥʥʠʪʝ 

ʟʲʙʠ. ʊʦʚʘ ʝ ʠ ʥʘʰʝʪʦ ʦʩʥʦʚʘʥʠʝ ʜʘ ʠʟʩʣʝʜʚʘʤʝ ʠ ʩʨʘʚʥʠʤ ʪʝʟʠ ʛʝʥʝʨʘʮʠʠ ʘʜʭʝʟʠʚʥʠ 

ʩʠʩʪʝʤʠ ʚ ʜʚʝʪʝ ʜʝʥʪʠʮʠʠ. 

ʇʦ-ʚʠʩʦʢʘʪʘ ʨʝʘʢʪʠʚʥʦʩʪ ʥʘ ʜʝʥʪʠʥʘ ʥʘ ʚʨʝʤʝʥʥʠʪʝ ʟʲʙʠ ʩʧʨʷʤʦ ʝʮʚʘʱʠʪʝ 

ʘʛʝʥʪʠ ʝ ʦʩʥʦʚʘʥʠʝ ʜʘ ʧʨʦʫʯʠʤ ʠ ʧʨʝʜʣʦʞʠʤ, ʘʢʦ ʝ ʚʲʟʤʦʞʥʦ, ʩʲʢʨʘʱʘʚʘʥʝ ʥʘ ʚʨʝʤʝʪʦ 

ʟʘ ʝʮʚʘʥʝ ʥʘ ʜʝʥʪʠʥʘ ʥʘ ʚʨʝʤʝʥʥʠʪʝ ʟʲʙʠ ʧʨʠ ʧʨʠʣʦʞʝʥʠʝʪʦ ʥʘ ʘʜʭʝʟʠʚʥʠʪʝ ʩʠʩʪʝʤʠ ʩ 

ʪʦʪʘʣʥʦ ʝʮʚʘʥʝ. ʉʤʷʪʘʤʝ ʟʘ ʥʝʦʙʭʦʜʠʤʦ ʜʘ ʧʨʦʚʝʜʝʤ ʠʟʩʣʝʜʚʘʥʝ ʟʘ ʦʮʝʥʢʘ ʥʘ 

ʧʦʩʪʠʛʥʘʪʘʪʘ ʟʜʨʘʚʠʥʘ ʥʘ ʩʚʲʨʟʚʘʥʝ ʧʨʠ ʩʲʢʨʘʪʝʥ ʧʨʦʪʦʢʦʣ ʥʘ ʝʮʚʘʥʝ.  

ʅʘʰʠʷʪ ʩʪʨʝʤʝʞ ʝ ʜʘ ʧʨʝʜʣʦʞʠʤ ʝʢʩʧʝʨʠʤʝʥʪʘʣʥʠ ʠ ʢʣʠʥʠʯʥʠ ʧʨʦʚʝʨʝʥʠ ʜʘʥʥʠ 

ʟʘ ʧʦ-ʜʦʙʨʦ ʢʘʯʝʩʪʚʦ ʥʘ ʜʝʥʪʠʥ-ʙʦʥʜʠʨʘʱʠʪʝ ʧʨʦʮʝʜʫʨʠ ʠ ʜʝʥʪʠʥ-ʘʜʭʝʟʠʷʪʘ, ʚʦʜʝʱʠ 

ʢʲʤ ʝʬʝʢʪʠʚʥʦ ʠ ʜʲʣʛʦʪʨʘʡʥʦ ʚʲʟʩʪʘʥʦʚʷʚʘʥʝ ʥʘ ʜʝʬʝʢʪʠʪʝ ʥʘ ʟʲʙʥʠʪʝ ʩʪʨʫʢʪʫʨʠ ʚʲʚ 

ʚʨʝʤʝʥʥʦʪʦ ʩʲʟʲʙʠʝ. ʆʯʘʢʚʘʤʝ ʨʝʟʫʣʪʘʪʠʪʝ ʦʪ ʥʘʰʝʪʦ ʠʟʩʣʝʜʚʘʥʝ ʜʘ ʥʠ ʜʘʜʘʪ 

ʚʲʟʤʦʞʥʦʩʪ ʜʘ ʧʨʝʜʣʦʞʠʤ ʣʝʯʝʙʝʥ ʧʨʦʪʦʢʦʣ ʟʘ ʧʨʠʣʦʞʝʥʠʝ ʥʘ ʩʲʚʨʝʤʝʥʥʠʪʝ 

ʛʝʥʝʨʘʮʠʠ ʘʜʭʝʟʠʚʥʠ ʩʠʩʪʝʤʠ,  ʩʲʟʜʘʜʝʥ ʟʘ ʚʨʝʤʝʥʥʠʪʝ ʟʲʙʠ.      
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I. ʎɽʃ ʀ ɿɸɼɸʏʀ ʅɸ ʇʈʆʋʏɺɸʅɽʊʆ 

 

ʎʝʣ: 

ʎʝʣ ʥʘ ʥʘʫʯʥʘʪʘ ʨʘʟʨʘʙʦʪʢʘ ʝ ʜʘ ʩʝ ʧʨʦʫʯʠ ʠ ʦʧʪʠʤʠʟʠʨʘ ʢʘʯʝʩʪʚʦʪʦ ʥʘ 

ʘʜʭʝʟʠʚʥʘʪʘ ʚʨʲʟʢʘ ʥʘ ʩʲʚʨʝʤʝʥʥʠ ʛʝʥʝʨʘʮʠʠ ʘʜʭʝʟʠʚʥʠ ʩʠʩʪʝʤʠ ʩ ʜʝʥʪʠʥʘ ʥʘ 

ʚʨʝʤʝʥʥʠʪʝ ʟʲʙʠ.  

 

ʅʝʡʥʦʪʦ ʦʩʲʱʝʩʪʚʷʚʘʥʝ ʠʟʠʩʢʚʘ ʨʝʰʘʚʘʥʝʪʦ ʥʘ ʩʣʝʜʥʠʪʝ ʟʘʜʘʯʠ: 

 

1. ʉɽʄ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ ʥʘ ʧʨʝʧʘʨʠʨʘʥʘ ʩ ʙʦʨʝʨ ʜʝʥʪʠʥʦʚʘ ʧʦʚʲʨʭʥʦʩʪ ʥʘ 

ʦʙʨʘʟʮʠ ʦʪ ʚʨʝʤʝʥʥʠ ʠ ʧʦʩʪʦʷʥʥʠ ʟʲʙʠ, ʝʮʚʘʥʘ ʩ ʨʘʟʣʠʯʥʘ 

ʧʨʦʜʲʣʞʠʪʝʣʥʦʩʪ ʠ ʢʦʥʮʝʥʪʨʘʮʠʠ ʥʘ ʬʦʩʬʦʨʥʘ ʢʠʩʝʣʠʥʘ.  

1.1. ɽʮʚʘʥʝ ʩ 20% ʬʦʩʬʦʨʥʘ ʢʠʩʝʣʠʥʘ ʟʘ 7 ʠ 15 sec ʧʨʠ ʚʨʝʤʝʥʥʠ ʠ 

ʧʦʩʪʦʷʥʥʠ ʟʲʙʠ. 

1.2. ɽʮʚʘʥʝ ʩ 37% ʬʦʩʬʦʨʥʘ ʢʠʩʝʣʠʥʘ (ʩʪʘʥʜʘʨʪʥʘ ʢʦʥʮʝʥʪʨʘʮʠʷ) ʟʘ 7 ʠ 

15 sec ʧʨʠ ʚʨʝʤʝʥʥʠ ʠ ʧʦʩʪʦʷʥʥʠ ʟʲʙʠ. 

 

2. ʉɽʄ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ ʥʘ ʢʦʥʚʝʥʮʠʦʥʘʣʥʦ ʠ ʣʘʟʝʨʥʦ ʦʙʨʘʙʦʪʝʥʘ ʜʝʥʪʠʥʦʚʘ 

ʧʦʚʲʨʭʥʦʩʪ ʥʘ ʚʨʝʤʝʥʥʠ ʠ ʧʦʩʪʦʷʥʥʠ ʟʲʙʠ. 

1.1. ʇʨʝʧʘʨʠʨʘʥʝ ʥʘ ʢʘʚʠʪʝʪ ʚ ʛʨʘʥʠʮʠʪʝ ʥʘ ʜʝʥʪʠʥʘ ʩ ɽr:YAG ʣʘʟʝʨ 

Lambda ʠ ʧʨʠʣʘʛʘʥʝ ʥʘ ʧʨʦʛʨʘʤʘʪʘ ʟʘ ʣʘʟʝʨʥʦ ʝʮʚʘʥʝ ʧʨʠ ʚʨʝʤʝʥʥʠ 

ʟʲʙʠ. 

1.2. ʇʨʝʧʘʨʠʨʘʥʝ ʥʘ ʢʘʚʠʪʝʪ ʚ ʛʨʘʥʠʮʠʪʝ ʥʘ ʜʝʥʪʠʥʘ ʩ ɽr:YAG ʣʘʟʝʨ 

Lambda ʠ ʧʨʠʣʘʛʘʥʝ ʥʘ ʧʨʦʛʨʘʤʘʪʘ ʟʘ ʣʘʟʝʨʥʦ ʝʮʚʘʥʝ ʧʨʠ ʧʦʩʪʦʷʥʥʠ 

ʟʲʙʠ. 

1.3. ʇʨʝʧʘʨʠʨʘʥʝ ʥʘ ʢʘʚʠʪʝʪ ʚ ʛʨʘʥʠʮʠʪʝ ʥʘ ʜʝʥʪʠʥʘ ʩ ʙʦʨʝʨ ʠ ʝʮʚʘʥʝ ʩ 

37% ʬʦʩʬʦʨʥʘ ʢʠʩʝʣʠʥʘ ʟʘ ʨʘʟʣʠʯʥʦ ʚʨʝʤʝʪʨʘʝʥʝ ʥʘ ʚʲʟʜʝʡʩʪʚʠʝʪʦ 

(7 ʠ 15 sec) ʧʨʠ ʚʨʝʤʝʥʥʠ ʟʲʙʠ. 

1.4. ʇʨʝʧʘʨʠʨʘʥʝ ʥʘ ʢʘʚʠʪʝʪ ʚ ʛʨʘʥʠʮʠʪʝ ʥʘ ʜʝʥʪʠʥʘ ʩ ʙʦʨʝʨ ʠ ʝʮʚʘʥʝ ʩ 

37% ʬʦʩʬʦʨʥʘ ʢʠʩʝʣʠʥʘ ʟʘ 15 sec ʧʨʠ ʧʦʩʪʦʷʥʥʠ ʟʲʙʠ. 
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3. ʉɽʄ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ ʥʘ ʘʜʭʝʟʠʚʥʘʪʘ ʚʨʲʟʢʘ ʤʝʞʜʫ ʜʝʥʪʠʥʘ ʥʘ ʚʨʝʤʝʥʥʠ ʠ 

ʧʦʩʪʦʷʥʥʠ ʟʲʙʠ ʠ ʨʘʟʣʠʯʥʠ ʛʝʥʝʨʘʮʠʠ ʘʜʭʝʟʠʚʥʠ ʩʠʩʪʝʤʠ ʩʣʝʜ 

ʢʦʥʚʝʥʮʠʦʥʘʣʥʘ ʢʘʚʠʪʝʪʥʘ ʧʨʝʧʘʨʘʮʠʷ. 

1.1. ʉ ʪʦʪʘʣʥʦ ʝʮʚʘʥʝ: 

- ʊʨʠʩʪʲʧʢʦʚʠ ʘʜʭʝʟʠʚʥʠ ʩʠʩʪʝʤʠ; 

- ɼʚʫʩʪʲʧʢʦʚʠ ʘʜʭʝʟʠʚʥʠ ʩʠʩʪʝʤʠ. 

1.2. ʉʘʤʦʝʮʚʘʱʠ:  

- ɼʚʫʩʪʲʧʢʦʚʠ ʩʘʤʦʝʮʚʘʱʠ ʘʜʭʝʟʠʚʠ; 

- ɽʜʥʦʩʪʲʧʢʦʚʠ ʩʘʤʦʝʮʚʘʱʠ ʘʜʭʝʟʠʚʠ. 

 

4. In  vitro ʠʟʩʣʝʜʚʘʥʝ ʥʘ ʟʜʨʘʚʠʥʘʪʘ ʥʘ ʘʜʭʝʟʠʚʥʘʪʘ ʚʨʲʟʢʘ ʠ ʚʠʜʘ ʥʘ 

ʧʦʣʫʯʝʥʦʪʦ ʨʘʟʨʫʰʝʥʠʝ ʩʣʝʜ ʤʘʢʨʦʦʧʲʥ, ʚ ʛʨʘʥʠʮʠʪʝ ʥʘ ʜʝʥʪʠʥʘ ʥʘ 

ʚʨʝʤʝʥʥʠ ʠ ʧʦʩʪʦʷʥʥʠ ʟʲʙʠ, ʧʨʠ ʠʟʧʦʣʟʚʘʥʝ ʥʘ ʨʘʟʣʠʯʥʠ ʛʝʥʝʨʘʮʠʠ 

ʘʜʭʝʟʠʚʥʠ ʩʠʩʪʝʤʠ. 

 

5. ʀʟʨʘʙʦʪʚʘʥʝ, ʘʧʨʦʙʠʨʘʥʝ ʚ ʢʣʠʥʠʯʥʠ ʫʩʣʦʚʠʷ ʠ ʧʨʦʩʣʝʜʷʚʘʥʝ ʥʘ 

ʦʧʪʠʤʠʟʠʨʘʥ ʧʨʦʪʦʢʦʣ ʟʘ ʧʨʠʣʦʞʝʥʠʝ ʥʘ ʠʟʩʣʝʜʚʘʥʠʪʝ ʛʝʥʝʨʘʮʠʠ 

ʘʜʭʝʟʠʚʥʠ ʩʠʩʪʝʤʠ ʧʨʠ ʚʨʝʤʝʥʥʠ ʟʲʙʠ.  
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II.  ʄɸʊɽʈʀɸʃ ʀ ʄɽʊʆɼʀʂɸ 

 

1. ʄʘʪʝʨʠʘʣ ʟʘ ʠʟʩʣʝʜʚʘʥʝ ʠ ʝʜʠʥʠʮʠ ʥʘ ʥʘʙʣʶʜʝʥʠʝ 

ʅʘʫʯʥʦʪʦ ʠʟʩʣʝʜʚʘʥʝ ʚʢʣʶʯʚʘ ʝʢʧʝʨʠʤʝʥʪʘʣʥʘ ʠ ʢʣʠʥʠʯʥʘ ʯʘʩʪ, ʢʦʠʪʦ ʩʘ ʜʝʡʥʦʩʪ ʥʘ 

ʜʠʩʝʨʪʘʥʪʘ ʩ ʧʝʨʠʦʜ ʥʘ ʧʨʦʚʝʞʜʘʥʝ 2007 ï 2011 ʛʦʜ.  

1.1. ʄʘʪʝʨʠʘʣ ʟʘ ʝʢʩʧʝʨʠʤʝʥʪʘʣʥʦʪʦ ʠʟʩʣʝʜʚʘʥʝ ʩʘ 281 ʝʢʩʪʨʘʭʠʨʘʥʠ ʟʲʙʠ ï 

ʦʪ ʪʷʭ 148 ʚʨʝʤʝʥʥʠ ʠ 133 ʧʦʩʪʦʷʥʥʠ* ʟʲʙʠ. ʆʪ ʪʝʟʠ ʦʙʨʘʟʮʠ ʩʘ ʠʟʨʘʙʦʪʝʥʠ ʠ 

ʘʥʘʣʠʟʠʨʘʥʠ 1245 ʩʢʝʥʦʛʨʘʤʠ.   

 

ɽʜʠʥʠʮʠ ʥʘ ʥʘʙʣʶʜʝʥʠʝ ʩʘ: 

ü ɼʝʥʪʠʥʦʚʘ ʧʦʚʲʨʭʥʦʩʪ ʥʘ ʚʨʝʤʝʥʥʠ ʠ ʧʦʩʪʦʷʥʥʠ ʟʲʙʠ, ʩʣʝʜ 

ʧʨʝʧʘʨʘʮʠʷ ʩ ʙʦʨʝʨ ʠ ʝʮʚʘʥʝ ʠ ʩ ʣʘʟʝʨ ʠ ʣʘʟʝʨʥʦ ʝʮʚʘʥʝ; 

ü ʍʠʙʨʠʜʝʥ ʠ ʘʜʭʝʟʠʚʝʥ ʩʣʦʡ ʩʣʝʜ ʘʧʣʠʮʠʨʘʥʝ ʥʘ ʨʘʟʣʠʯʥʠ 

ʛʝʥʝʨʘʮʠʠ ʘʜʭʝʟʠʚʥʠ ʩʠʩʪʝʤʠ ʧʨʠ ʚʨʝʤʝʥʥʠ ʠ ʧʦʩʪʦʷʥʥʠ ʟʲʙʠ; 

ü ɺʠʜ ʥʘ ʜʝʩʪʨʫʢʮʠʷʪʘ ʚ ʛʨʘʥʠʯʥʘʪʘ ʟʦʥʘ ʩʣʝʜ ʠʟʩʣʝʜʚʘʥʝ 

ʟʜʨʘʚʠʥʘʪʘ ʥʘ ʚʨʲʟʢʘʪʘ ʧʨʠ ʚʨʝʤʝʥʥʠ ʠ ʧʦʩʪʦʷʥʥʠ ʟʲʙʠ. 

 

ɽʢʩʧʝʨʠʤʝʥʪʘʣʥʠ ʦʙʨʘʟʮʠ  

 

ɽʢʩʧʝʨʠʤʝʥʪʘʣʥʠ ʦʙʨʘʟʮʠ ʟʘ ʥʘʙʣʶʜʝʥʠʝ ʥʘ ʜʝʥʪʠʥʦʚʘ ʧʦʚʲʨʭʥʦʩʪ ʩʣʝʜ 

ʢʦʥʚʝʥʮʠʦʥʘʣʥʘ ʧʨʝʧʘʨʘʮʠʷ ʠ ʝʮʚʘʥʝ 

 
 

ɺʠʜ ʜʝʥʪʠʮʠʷ 

ɹʨʦʡ 

ʝʢʩʧʝʨʠʤʝʥʪʘʣʥʠ 

ʦʙʨʘʟʮʠ 

ɹʨʦʡ ʢʦʥʪʨʦʣʥʠ 

ʦʙʨʘʟʮʠ 

ɹʨʦʡ 

ʩʢʝʥʦʛʨʘʤʠ 

ɺʨʝʤʝʥʥʠ ʟʲʙʠ 20 1 205 

ʇʦʩʪʦʷʥʥʠ ʟʲʙʠ 20 1 205 

 
ɽʢʩʧʝʨʠʤʝʥʪʘʣʥʠ ʦʙʨʘʟʮʠ ʟʘ ʥʘʙʣʶʜʝʥʠʝ ʥʘ ʜʝʥʪʠʥʦʚʘ ʧʦʚʲʨʭʥʦʩʪ ʩʣʝʜ 

ʢʦʥʚʝʥʮʠʦʥʘʣʥʘ ʠ ʣʘʟʝʨʥʘ ʢʘʚʠʪʝʪʥʘ ʧʨʝʧʘʨʘʮʠʷ ʠ ʢʠʩʝʣʠʥʥʦ ʠ ʣʘʟʝʨʥʦ ʝʮʚʘʥʝ  

 

ɺʠʜ ʜʝʥʪʠʮʠʷ 

ɹʨʦʡ 

ʝʢʩʧʝʨʠʤʝʥʪʘʣʥʠ 

ʦʙʨʘʟʮʠ 

ɹʨʦʡ ʢʦʥʪʨʦʣʥʠ 

ʦʙʨʘʟʮʠ 

ɹʨʦʡ 

ʩʢʝʥʦʛʨʘʤʠ 

ɺʨʝʤʝʥʥʠ ʟʲʙʠ 15 2 85 

ʇʦʩʪʦʷʥʥʠ ʟʲʙʠ 10 2 60 

 
*ʠʟʩʣʝʜʚʘʥʠʪʝ ʛʨʫʧʠ ʧʦʩʪʦʷʥʥʠ ʟʲʙʠ ʩʘ ʥʫʞʥʠ, ʟʘ ʜʘ ʤʦʞʝ ʜʘ ʩʝ ʥʘʧʨʘʚʠ ʩʨʘʚʥʠʪʝʣʥʘ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ ʥʘ 

ʢʘʯʝʩʪʚʦʪʦ ʥʘ ʘʜʭʝʟʠʷ ʤʝʞʜʫ ʜʚʝʪʝ ʜʝʥʪʠʮʠ ̫
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ɽʢʩʧʝʨʠʤʝʥʪʘʣʥʠ ʦʙʨʘʟʮʠ ʟʘ ʥʘʙʣʶʜʝʥʠʝ ʥʘ ʘʜʭʝʟʠʚʥʘʪʘ ʚʨʲʟʢʘ ʤʝʞʜʫ ʜʝʥʪʠʥʘ 

ʠ ʨʘʟʣʠʯʥʠ ʛʝʥʝʨʘʮʠʠ ʘʜʭʝʟʠʚʥʠ ʩʠʩʪʝʤʠ 

 

ɺʠʜ ʜʝʥʪʠʮʠʷ ɹʨʦʡ ʝʢʩʧʝʨʠʤʝʥʪʘʣʥʠ ʦʙʨʘʟʮʠ ɹʨʦʡ ʩʢʝʥʦʛʨʘʤʠ 

ɺʨʝʤʝʥʥʠ ʟʲʙʠ 50 50 

ʇʦʩʪʦʷʥʥʠ ʟʲʙʠ 40 40 

 

ɽʢʩʧʝʨʠʤʝʥʪʘʣʥʠ ʦʙʨʘʟʮʠ ʟʘ ʠʟʩʣʝʜʚʘʥʝ ʟʜʨʘʚʠʥʘʪʘ ʥʘ ʚʨʲʟʢʘʪʘ ʩ ʜʝʥʪʠʥʘ 

 
ɺʠʜ ʜʝʥʪʠʮʠʷ ɹʨʦʡ ʝʢʩʧʝʨʠʤʝʥʪʘʣʥʠ ʦʙʨʘʟʮʠ ɹʨʦʡ ʩʢʝʥʦʛʨʘʤʠ 

ɺʨʝʤʝʥʥʠ ʟʲʙʠ 60 300 

ʇʦʩʪʦʷʥʥʠ ʟʲʙʠ 60 300 

 

 
1.2. ʄʘʪʝʨʠʘʣ ʟʘ ʢʣʠʥʠʯʥʦʪʦ ʠʟʩʣʝʜʚʘʥʝ ʩʘ 160 ʚʨʝʤʝʥʥʠ ʤʦʣʘʨʘ ʥʘ  47 ʜʝʮʘ ʥʘ 

ʚʲʟʨʘʩʪ ʤʝʞʜʫ 4 ʠ 9 ʛʦʜʠʥʠ. 

 

ɽʜʠʥʠʮʠ ʥʘ ʥʘʙʣʶʜʝʥʠʝ ʩʘ: 

ü ɺʪʦʨʠ ʢʣʘʩ ʦʙʪʫʨʘʮʠʠ, ʚʲʟʩʪʘʥʦʚʝʥʠ ʯʨʝʟ ʧʦʩʨʝʜʥʠʯʝʩʪʚʦ ʥʘ 

ʪʨʠʩʪʲʧʢʦʚʘ ʘʜʭʝʟʠʚʥʘ ʩʠʩʪʝʤʘ ʩ ʪʦʪʘʣʥʦ ʝʮʚʘʥʝ; 

ü ɺʪʦʨʠ ʢʣʘʩ ʦʙʪʫʨʘʮʠʠ, ʚʲʟʩʪʘʥʦʚʝʥʠ ʯʨʝʟ ʧʦʩʨʝʜʥʠʯʝʩʪʚʦ ʥʘ 

ʜʚʫʩʪʲʧʢʦʚʘ ʘʜʭʝʟʠʚʥʘ ʩʠʩʪʝʤʘ ʩ ʪʦʪʘʣʥʦ ʝʮʚʘʥʝ; 

ü ɺʪʦʨʠ ʢʣʘʩ ʦʙʪʫʨʘʮʠʠ, ʚʲʟʩʪʘʥʦʚʝʥʠ ʯʨʝʟ ʧʦʩʨʝʜʥʠʯʝʩʪʚʦ ʥʘ 

ʜʚʫʩʪʲʧʢʦʚʘ ʩʘʤʦʝʮʚʘʱʘ ʘʜʭʝʟʠʚʥʘ ʩʠʩʪʝʤʘ; 

ü ɺʪʦʨʠ ʢʣʘʩ ʦʙʪʫʨʘʮʠʠ, ʚʲʟʩʪʘʥʦʚʝʥʠ ʯʨʝʟ ʧʦʩʨʝʜʥʠʯʝʩʪʚʦ ʥʘ 

ʝʜʥʦʩʪʲʧʢʦʚʘ ʩʘʤʦʝʮʚʘʱʘ ʘʜʭʝʟʠʚʥʘ ʩʠʩʪʝʤʘ 

 

 

2. ʄʝʪʦʜʠʢʠ  

 

2.1. ɽʢʩʧʝʨʠʤʝʥʪʘʣʥʠ ʠʟʩʣʝʜʚʘʥʠʷ 

 

ʀʟʙʦʨ ʠ ʧʨʝʜʚʘʨʠʪʝʣʥʘ ʧʦʜʛʦʪʦʚʢʘ ʥʘ ʝʢʩʧʝʨʠʤʝʥʪʘʣʥʠʪʝ ʦʙʨʘʟʮʠ  

 

ɺ ʠʟʩʣʝʜʚʘʥʝʪʦ ʩʘ ʠʟʧʦʣʟʚʘʥʠ ʠʥʪʘʢʪʥʠ ʝʢʩʪʨʘʭʠʨʘʥʠ ʟʲʙʠ ʦʪ ʜʚʝʪʝ ʜʝʥʪʠʮʠʠ. 

ɺʨʝʤʝʥʥʠʪʝ ʟʲʙʠ ʩʘ ʩʲʙʨʘʥʠ ʦʪ ʟʜʨʘʚʠ ʜʝʮʘ ʥʘ ʚʲʟʨʘʩʪ ʤʝʞʜʫ 7 ï 9 ʛʦʜʠʥʠ ʩʣʝʜ 

ʧʦʜʧʠʩʘʥʦ ʠʥʬʦʨʤʠʨʘʥʦ ʩʲʛʣʘʩʠʝ ʦʪ ʩʪʨʘʥʘ ʥʘ ʨʦʜʠʪʝʣʠʪʝ ʟʘ ʠʟʧʦʣʟʚʘʥʝʪʦ ʥʘ ʪʝʟʠ ʟʲʙʠ 
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ʚ ʝʢʩʧʝʨʠʤʝʥʪʘ. ʇʦʩʪʦʷʥʥʠʪʝ ʟʲʙʠ ʩʘ ʩʲʙʨʘʥʠ ʩʲʱʦ ʦʪ ʟʜʨʘʚʠ ʧʘʮʠʝʥʪʠ ʥʘ ʚʲʟʨʘʩʪ 

ʤʝʞʜʫ 55 ï 65 ʛʦʜʠʥʠ ʠ ʧʦʜʧʠʩʘʥʦ ʠʥʬʦʨʤʠʨʘʥʦ ʩʲʛʣʘʩʠʝ. ɺʨʝʤʝʥʥʠʪʝ ʟʲʙʠ ʩʘ 

ʝʢʩʪʨʘʭʠʨʘʥʠ ʧʦʨʘʜʠ ʬʠʟʠʦʣʦʛʠʯʥʘ ʩʤʷʥʘ ʠʣʠ ʧʦʨʘʜʠ ʦʨʪʦʜʦʥʪʩʢʠ ʧʦʢʘʟʘʥʠʷ, ʘ 

ʧʦʩʪʦʷʥʥʠʪʝ ʧʦʨʘʜʠ ʧʘʨʦʜʦʥʪʘʣʥʠ ʧʨʦʙʣʝʤ. ʉʣʝʜ ʝʢʩʪʨʘʢʮʠʷʪʘ, ʟʲʙʠʪʝ ʩʘ ʧʦʩʪʘʚʷʥʠ ʚ 

10% ʨʘʟʪʚʦʨ ʥʘ ʬʦʨʤʘʣʠʥ ʟʘ 10 ʤʠʥʫʪʠ, ʘ ʩʣʝʜ ʪʦʚʘ ʜʦ ʤʦʤʝʥʪʘ ʥʘ ʠʟʧʲʣʥʝʥʠʝʪʦ ʥʘ 

ʢʦʥʢʨʝʪʥʘʪʘ ʟʘʜʘʯʘ ʩʘ ʩʲʭʨʘʥʷʚʘʥʠ ʚʲʚ ʬʠʟʠʦʣʦʛʠʯʝʥ ʨʘʟʪʚʦʨ. 

 

 

2.1.1. ʄʝʪʦʜʠʢʘ ʟʘ ʫʩʪʘʥʦʚʷʚʘʥʝ ʥʘ ʚʣʠʷʥʠʝʪʦ ʥʘ ʚʠʜʘ ʥʘ ʟʲʙʘ, 

ʢʦʥʮʝʥʪʨʘʮʠʷʪʘ ʥʘ ʝʮʚʘʱʠʷ ʘʛʝʥʪ ʠ ʚʨʝʤʝʪʦ ʟʘ ʝʮʚʘʥʝ. 

 

ɻʨʫʧʠʨʘʥʝ ʥʘ ʝʢʩʧʝʨʠʤʝʥʪʘʣʥʠʪʝ ʦʙʨʘʟʮʠ. ɺ ʠʟʩʣʝʜʚʘʥʝʪʦ ʩʘ ʚʢʣʶʯʝʥʠ 42 

ʠʥʪʘʢʪʥʠ ʟʲʙʘ (21 ʚʨʝʤʝʥʥʠ ʠʥʮʠʟʠʚʠ ʠ ʢʘʥʠʥʠ ʠ 21 ʧʦʩʪʦʷʥʥʠ ʠʥʮʠʟʠʚʠ ʠ ʢʘʥʠʥʠ). 

ɿʲʙʠʪʝ ʩʘ ʨʘʟʜʝʣʝʥʠ ʧʦ ʩʣʫʯʘʝʥ ʧʨʠʥʮʠʧ ʚ 8 ʛʨʫʧʠ, ʧʦ 5 ʟʲʙʘ ʚʲʚ ʚʩʷʢʘ ʛʨʫʧʘ (ʩʘʤʦ 

ʚʨʝʤʝʥʥʠ ʠʣʠ ʩʘʤʦ ʧʦʩʪʦʷʥʥʠ), ʚ ʟʘʚʠʩʠʤʦʩʪ ʦʪ ʧʨʦʜʲʣʞʠʪʝʣʥʦʩʪʪʘ ʥʘ ʚʨʝʤʝʪʦ ʟʘ 

ʝʮʚʘʥʝ ʠ ʢʦʥʮʝʥʪʨʘʮʠʷʪʘ ʥʘ ʠʟʧʦʣʟʚʘʥʘʪʘ ʬʦʩʬʦʨʥʘ ʢʠʩʝʣʠʥʘ (ʪʘʙʣ.4). 

 

ʊʘʙʣ.4. ɻʨʫʧʠʨʘʥʝ ʥʘ ʝʢʩʧʝʨʠʤʝʥʪʘʣʥʠʪʝ ʦʙʨʘʟʮʠ. 

 

               ɽʮʚʘʥʝ                

ɻʨʫʧʘ/ʚʠʜ ʟʲʙ  

20% ʬʦʩʬʦʨʥʘ ʢʠʩʝʣʠʥʘ 37% ʬʦʩʬʦʨʥʘ ʢʠʩʝʣʠʥʘ 

7 sec 15 sec 7 sec 15 sec 

ɻʨʫʧʘ/ʚʨ.ʟʲʙʠ ɻʨʫʧʘ 1 

n= 5 

ɻʨʫʧʘ 3 

n= 5 

ɻʨʫʧʘ 5 

n= 5 

ɻʨʫʧʘ 7 

n= 5 

ɻʨʫʧʘ/ʧʦʩʪ.ʟʲʙʠ ɻʨʫʧʘ 2 

n=5 

ɻʨʫʧʘ 4 

n= 5 

ɻʨʫʧʘ 6 

n= 5 

ɻʨʫʧʘ 8 

n= 5 

           n = ʙʨʦʡ ʦʙʨʘʟʮʠ 

 
ʇʦʜʛʦʪʦʚʢʘ ʥʘ ʟʲʙʥʘʪʘ ʧʦʚʲʨʭʥʦʩʪ. ʉ ʪʫʨʙʠʥʝʥ ʢʨʲʛʲʣ ʙʦʨʝʨ  (ISO 806 314 

001534 012 ʟʘ ʚʨʝʤʝʥʥʠ ʟʲʙʠ ʠ ISO 806 314 001534 014 ʟʘ ʧʦʩʪʦʷʥʥʠ ʟʲʙʠ) ʠ ʚʦʜʥʦ-

ʚʲʟʜʫʰʥʦ ʦʭʣʘʞʜʘʥʝ ʩʝ ʧʨʘʚʠ ʩʨʝʟ ʚ ʤʝʜʠʦʜʠʩʪʘʣʥʘ ʧʦʩʦʢʘ ʧʦ ʚʝʩʪʠʙʫʣʘʨʥʘʪʘ 

ʧʦʚʲʨʭʥʦʩʪ. ʉ ʪʫʨʙʠʥʝʥ ʬʠʩʫʨʝʥ ʜʠʘʤʘʥʪʝʥ ʙʦʨʝʨ (ISO 806204108524835010) ʠ ʧʦʜ 

ʚʦʜʥʦ-ʚʲʟʜʫʰʥʦ ʦʭʣʘʞʜʘʥʝ ʩʝ ʧʨʝʤʘʭʚʘ ʝʤʘʡʣʘ ʠ ʜʝʥʪʠʥʘ ʧʘʨʘʣʝʣʥʦ ʥʘ ʜʲʣʛʘʪʘ ʦʩ ʥʘ 

ʟʲʙʘ ʥʘ ʜʲʣʙʦʯʠʥʘʪʘ, ʤʘʨʢʠʨʘʥʘ ʦʪ ʢʨʲʛʣʠʷ ʙʦʨʝʨ. ʇʨʝʜʚʘʨʠʪʝʣʥʦʪʦ ʤʘʨʢʠʨʘʥʝ ʥʘ 

ʜʲʣʙʦʯʠʥʘʪʘ ʟʘ ʦʪʩʪʨʘʥʷʚʘʥʝ ʥʘ ʝʤʘʡʣʘ ʠ ʜʝʥʪʠʥʘ ʦʪ ʚʝʩʪʠʙʫʣʘʨʥʘʪʘ ʧʦʚʲʨʭʥʦʩʪ ʥʘ 

ʦʙʨʘʟʮʠʪʝ ʧʦʟʚʦʣʷʚʘ ʜʘ ʩʝ ʦʪʩʪʨʘʥʠ ʨʘʚʥʦʤʝʨʝʥ ʠ ʩʨʘʚʥʠʪʝʣʥʦ ʝʜʥʘʢʲʚ ʧʦ ʜʝʙʝʣʠʥʘ 

ʩʣʦʡ ʦʪ ʝʤʘʡʣ ʠ ʜʝʥʪʠʥ ʟʘ ʚʩʝʢʠ ʝʢʩʧʝʨʠʤʝʥʪʘʣʝʥ ʦʙʨʘʟʝʮ.  
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ʊʲʡ ʢʘʪʦ ʨʘʟʣʠʯʥʠʪʝ ʠʥʩʪʨʫʤʝʥʪʠ ʚʦʜʷʪ ʜʦ ʦʙʨʘʟʫʚʘʥʝ ʥʘ ʨʘʟʣʠʯʥʦ ʢʦʣʠʯʝʩʪʚʦ 

ʟʘʤʲʨʩʷʚʘʱ ʩʣʦʡ ʠ ʩʲʟʜʘʚʘʥʝʪʦ ʥʘ ʨʘʟʣʠʯʝʥ ʨʝʣʝʬ ʥʘ ʧʦʚʲʨʭʥʦʩʪʪʘ ʥʘ ʜʝʥʪʠʥʘ, 

ʧʦʜʛʦʪʦʚʢʘʪʘ ʥʘ ʦʙʨʘʟʮʠʪʝ ʙʝʰʝ ʠʟʚʲʨʰʝʥʘ ʩ ʪʫʨʙʠʥʥʠ ʜʠʘʤʘʥʪʝʥʠ ʙʦʨʝʨʠ - ʥʘʡ-ʯʝʩʪʦ 

ʠʟʧʦʣʟʚʘʥʠʪʝ ʚ ʝʞʝʜʥʝʚʥʘʪʘ ʧʨʘʢʪʠʢʘ ʧʨʠ ʚʦʜʥʦ ʚʲʟʜʫʰʥʦ ʦʭʣʘʞʜʘʥʝ ʟʘ ʤʘʢʩʠʤʘʣʥʦ 

ʧʨʠʙʣʠʞʘʚʘʥʝ ʜʦ ʨʝʘʣʥʘʪʘ ʢʣʠʥʠʯʥʘ ʩʠʪʫʘʮʠʷ. 

ɼʠʘʤʘʥʪʝʥʠʪʝ ʙʦʨʝʨʠ ʩʝ ʩʤʝʥʷʪ ʥʘ ʚʩʝʢʠ ʪʨʠ ʟʲʙʘ. ʊʦʚʘ ʧʨʝʜʧʘʟʚʘ ʦʪ 

ʠʟʭʘʙʷʚʘʥʝ, ʟʘʪʣʘʯʚʘʥʝ ʩ ʪʚʲʨʜʠ ʟʲʙʥʠ ʩʪʨʫʢʪʫʨʠ ʠ ʧʨʠʣʘʛʘʥʝ ʥʘ ʜʦʧʲʣʥʠʪʝʣʥʘ ʩʠʣʘ 

ʧʨʠ ʧʦʜʛʦʪʦʚʢʘʪʘ ʥʘ ʝʢʩʧʝʨʠʤʝʥʪʘʣʥʠʪʝ ʟʲʙʠ. ʇʦʣʫʯʝʥʘʪʘ ʧʦʚʲʨʭʥʦʩʪ ʩʣʝʜ 

ʠʟʧʠʣʷʚʘʥʝʪʦ ʩʝ ʟʘʛʣʘʞʜʘ ʩ ʘʙʨʘʟʠʚʝʥ ʜʠʩʢ (ISO 625900372523), ʚʩʝʢʠ ʠʟʧʦʣʟʚʘʥ ʩʘʤʦ 

ʟʘ 1 ʟʲʙ. ʊʦʚʘ ʩʝ ʥʘʣʘʛʘ, ʪʲʡ ʢʘʪʦ ʘʙʨʘʟʠʚʥʠʪʝ ʜʠʩʢʦʚʝ ʩʘ ʩ ʤʘʣʢʘ ʫʩʪʦʡʯʠʚʦʩʪ. 

ʀʟʧʦʣʟʚʘʥʝʪʦ ʠʤ ʧʨʠ ʧʦʚʝʯʝ ʦʪ ʝʜʠʥ ʦʙʨʘʟʝʮ ʩʲʟʜʘʚʘ ʨʘʟʣʠʯʥʘ ʛʨʘʧʘʚʦʩʪ ʥʘ 

ʧʦʚʲʨʭʥʦʩʪʪʘ ʠ ʨʘʟʣʠʯʝʥ ʟʘʤʲʨʩʷʚʘʱ ʩʣʦʡ. 

ɺʩʠʯʢʠ ʧʦʜʛʦʪʚʝʥʠ ʦʙʨʘʟʮʠ ʩʝ ʥʘʙʣʶʜʘʚʘʪ ʩ ʦʧʪʠʯʝʥ ʤʠʢʨʦʩʢʦʧ OLYMPUS 

VANOX-T ʠ ʧʦʜ ʫʚʝʣʠʯʝʥʠʝ 25ʭ ʜʦ 100ʭ, ʟʘ ʜʘ ʩʝ ʫʩʪʘʥʦʚʠ ʜʘʣʠ ʝ ʦʪʩʪʨʘʥʝʥ ʥʘʧʲʣʥʦ 

ʝʤʘʡʣʘ ʦʪ ʚʝʩʪʠʙʫʣʘʨʥʘʪʘ ʧʦʚʲʨʭʥʦʩʪ. 

 ʉʣʝʜ ʢʘʪʦ ʟʲʙʠʪʝ ʩʘ ʧʦʜʛʦʪʚʝʥʠ ʧʦ ʪʦʟʠ ʥʘʯʠʥ, ʩ ʧʦʤʦʱʪʘ ʥʘ ʢʦʥʠʯʝʥ ʜʠʘʤʘʥʪʝʥ 

ʪʫʨʙʠʥʝʥ ʙʦʨʝʨ (ISO 806 314 1655534 014) ʩʝ ʧʨʝʤʘʭʚʘʪ ʢʦʨʝʥʠʪʝ ʥʘ ʥʠʚʦʪʦ ʥʘ 

ʝʤʘʡʣʦʮʠʤʝʥʪʦʚʘʪʘ ʛʨʘʥʠʮʘ ʧʨʠ ʚʩʠʯʢʠ ʧʦʩʪʦʷʥʥʠ ʟʲʙʠ ʠ ʥʘʣʠʯʥʠʪʝ ʪʘʢʠʚʘ ʧʨʠ 

ʚʨʝʤʝʥʥʠʪʝ ʟʲʙʠ. 

 

ɽʮʚʘʥʝ ʥʘ ʜʝʥʪʠʥʘ. ɽʮʚʘʱʠʪʝ ʘʛʝʥʪʠ 20% (Pekaetch 20, Heraeus Kulzer GmbH ) ʠ 

37% (Esticid ï Gel, Heraeus Kulzer GmbH) ʬʦʩʬʦʨʥʘ ʢʠʩʝʣʠʥʘ ʩʘ ʧʨʠʣʘʛʘʥʠ ʟʘ 7 ʠ 15 

sec. 

ʉʣʝʜ ʠʟʪʠʯʘʥʝ ʥʘ ʚʨʝʤʝʪʦ ʟʘ ʝʮʚʘʥʝ ʚʩʝʢʠ ʦʙʨʘʟʝʮ ʝ ʧʨʦʤʠʚʘʥ ʩ ʚʦʜʥʦ-ʚʲʟʜʫʰʥʘ 

ʩʪʨʫʷ ʚ ʧʨʦʜʲʣʞʝʥʠʝ ʥʘ 15 sec ʠ ʧʦʜʩʫʰʘʚʘʥ ʩ ʣʝʢʘ, ʨʘʟʩʝʷʥʘ ʚʲʟʜʫʰʥʘ ʩʪʨʫʷ ʥʘ 

ʨʘʟʩʪʦʷʥʠʝ ʦʪ 20-25 ʩʤ ʟʘ 5 sec. ʇʦʜʛʦʪʚʝʥʠʪʝ ʦʙʨʘʟʮʠ ʩʝ ʦʩʪʘʚʷʪ ʥʘ ʩʪʘʡʥʘ ʪʝʤʧʝʨʘʪʫʨʘ 

ʟʘ 24 ʯʘʩʘ ʚ ʦʪʜʝʣʥʠ ʩʪʝʨʠʣʥʠ ʧʝʪʨʠʪʘ ʚʩʷʢʘ ʛʨʫʧʘ, ʟʘ ʜʘ ʩʝ ʠʟʙʝʛʥʝ ʟʘʤʲʨʩʷʚʘʥʝʪʦ ʠʤ 

ʧʨʝʜʠ ʉɽʄ ʥʘʙʣʶʜʝʥʠʝ.  

 

ʂʦʥʪʨʦʣʥʠ ʦʙʨʘʟʮʠ. ʇʦ ʝʜʠʥ ʟʲʙ ʦʪ ʚʩʷʢʘ ʜʝʥʪʠʮʠʷ ʥʝ ʙʝʰʝ ʪʨʝʪʠʨʘʥ ʩ ʝʮʚʘʱ 

ʘʛʝʥʪ ʩʣʝʜ ʦʪʩʪʨʘʥʷʚʘʥʝʪʦ ʥʘ ʝʤʘʡʣʘ ʠ ʜʝʥʪʠʥʘ ʦʪ ʚʝʩʪʠʙʫʣʘʨʥʘʪʘ ʤʫ ʧʦʚʲʨʭʥʦʩʪ, ʟʘ ʜʘ 

ʙʲʜʝ ʠʟʧʦʣʟʚʘʥ ʟʘ ʢʦʥʪʨʦʣʝʥ ʦʙʨʘʟʝʮ. 

 



 

79 

 

ʀʟʨʘʙʦʪʚʘʥʝ ʥʘ ʩʢʝʥʦʛʨʘʤʠ. ʆʪ ʚʩʝʢʠ ʦʙʨʘʟʝʮ ʩʘ ʥʘʧʨʘʚʝʥʠ ʧʦ 10 ʩʢʝʥʦʛʨʘʤʠ ʥʘ 

ʫʚʝʣʠʯʝʥʠʝ 1500, ʦʪ ʟʦʥʘ ʩ ʨʘʟʤʝʨʠ 114ɛm\35.2ɛm ʧʦ ʮʝʥʪʨʘʣʥʘ ʯʘʩʪ ʦʪ ʚʝʩʪʠʙʫʣʘʨʥʘʪʘ 

ʧʦʚʲʨʭʥʦʩʪ ʦʪ ʠʟʩʣʝʜʚʘʥʠʷ ʦʙʝʢʪ. ɸʥʘʣʠʟʲʪ ʥʘ ʚʩʠʯʢʠ ʩʢʝʥʦʛʨʘʤʠ ï 410 ʥʘ ʙʨʦʡ, 

ʧʦʩʣʫʞʠ ʟʘ ʦʮʝʥʢʘ ʥʘ ʝʬʝʢʪʘ ʦʪ ʝʮʚʘʥʝ ʟʘ ʚʩʝʢʠ ʦʙʨʘʟʝʮ. 

 

ʂʨʠʪʝʨʠʠʪʝ ʟʘ ʦʮʝʥʢʘʪʘ ʥʘ ʢʘʯʝʩʪʚʦʪʦ ʥʘ ʚʲʟʜʝʡʩʪʚʠʝ ʥʘ ʢʠʩʝʣʠʥʠʪʝ ʩʘ: 

- ʉʪʝʧʝʥ ʥʘ ʧʦʯʠʩʪʚʘʥʝ ʥʘ ʟʘʤʲʨʩʷʚʘʱʠʷ ʩʣʦʡ ʯʨʝʟ ʩʲʧʦʩʪʘʚʷʥʝ ʥʘ ʙʨʦʷ 

ʥʘ ʦʪʚʲʨʩʪʠʷʪʘ ʥʘ ʜʝʥʪʠʥʦʚʠʪʝ ʪʫʙʫʣʠ ʙʝʟ ʟʘʧʫʰʘʣʢʠ ʠ ʪʘʢʠʚʘ, ʢʦʠʪʦ ʩʘ 

ʯʘʩʪʠʯʥʦ ʠʣʠ ʥʘʧʲʣʥʦ ʦʙʪʫʨʠʨʘʥʠ ʦʪ ʟʘʤʲʨʩʷʚʘʱʘ ʤʘʪʝʨʠʷ ʚʲʨʭʫ ʚʩʷʢʘ 

ʩʢʝʥʦʛʨʘʤʘ; 

- ʅʘʣʠʯʠʝ ʥʘ ʟʘʤʲʨʩʷʚʘʱ ʩʣʦʡ ʚ ʛʨʘʥʠʮʠʪʝ ʥʘ ʠʥʪʝʨʪʫʙʫʣʘʨʥʠʷ 

ʜʝʥʪʠʥ ï ʥʘʣʠʯʠʝ ʥʘ ʧʨʝʮʠʧʠʪʘʪʠ ʠ ʦʪʣʘʛʘʥʠʷ  ʧʦ ʧʦʚʲʨʭʥʦʩʪʪʘ ʥʘ 

ʠʥʪʝʨʪʫʙʫʣʘʨʥʠʷ ʜʝʥʪʠʥ. 

 

ʇʦʯʠʩʪʚʘʱʠʷʪ ʝʬʝʢʪ ʝ ʠʟʤʝʨʝʥ ʚ ʧʨʦʮʝʥʪʠ, ʢʘʪʦ ʩʲʦʪʥʦʰʝʥʠʝ ʤʝʞʜʫ ʙʨʦʡ 

ʥʝʧʦʯʠʩʪʝʥʠ (ʥʘʧʲʣʥʦ ʠʣʠ ʯʘʩʪʠʯʥʦ ʦʙʪʫʨʠʨʘʥʠ ʦʪ ʟʘʤʲʨʩʷʚʘʱ ʩʣʦʡ) ʪʫʙʫʣʠ ʢʲʤ 

ʦʙʱʠʷ ʙʨʦʡ ʪʫʙʫʣʠ ʚʲʨʭʫ ʩʲʦʪʚʝʪʥʘʪʘ ʩʢʝʥʦʛʨʘʤʘ.  

 

2.1.2. ʄʝʪʦʜʠʢʘ ʟʘ ʦʮʝʥʢʘ ʥʘ ʚʣʠʷʥʠʝʪʦ ʥʘ ʪʝʭʥʠʢʘʪʘ ʥʘ ʧʨʝʧʘʨʘʮʠʷ ʠ ʚʠʜʘ ʥʘ 

ʝʮʚʘʥʝ 

 

ɻʨʫʧʠʨʘʥʝ ʥʘ ʝʢʩʧʝʨʠʤʝʥʪʘʣʥʠʪʝ ʦʙʨʘʟʮʠ. ɺ ʠʟʩʣʝʜʚʘʥʝʪʦ ʩʘ ʚʢʣʶʯʝʥʠ 29 

ʠʥʪʘʢʪʥʠ ʟʲʙʠ (17 ʚʨʝʤʝʥʥʠ ʠʥʮʠʟʠʚʠ ʠ ʢʘʥʠʥʠ ʠ 12 ʧʦʩʪʦʷʥʥʠ ʠʥʮʠʟʠʚʠ ʠ ʢʘʥʠʥʠ). 

ʈʘʟʧʨʝʜʝʣʝʥʠʝʪʦ ʥʘ ʦʧʠʪʥʠʪʝ ʦʙʨʘʟʮʠʪʝ ʧʦ ʛʨʫʧʠ, ʚ ʟʘʚʠʩʠʤʦʩʪ ʦʪ ʥʘʯʠʥʘ ʥʘ 

ʧʨʝʧʘʨʠʨʘʥʝ, ʩʨʝʜʩʪʚʘʪʘ ʟʘ ʝʮʚʘʥʝ ʠ ʚʨʝʤʝʪʦ ʥʘ ʘʧʣʠʢʘʮʠʷ ʥʘ ʝʮʚʘʱʠʷ ʬʘʢʪʦʨ ʟʘ 

ʚʩʠʯʢʠ ʦʙʨʘʟʮʠ ʝ ʧʨʝʜʩʪʘʚʝʥʦ ʥʘ ʪʘʙʣ. 5.  

ʊʘʙʣ. 5. ɻʨʫʧʠʨʘʥʝ ʥʘ ʝʢʩʧʝʨʠʤʝʥʪʘʣʥʠʪʝ ʦʙʨʘʟʮʠ 

 

 ɹʦʨʝʨ/ɽʮʚʘʥʝ 37% ʬʦʩʬ.ʢ-ʥʘ ʃʘʟʝʨ/ʃʘʟʝʨʥʦ ʝʮʚʘʥʝ 

 7 sec 15 sec 

ɺʨʝʤʝʥʥʠ ʟʲʙʠ ɻʨʫʧʘ 1 

n=5 

ɻʨʫʧʘ 2       

 n=5 

ɻʨʫʧʘ 4 

n=5 

ʇʦʩʪʦʷʥʥʠ ʟʲʙʠ - ɻʨʫʧʘ 3      

  n=5 

ɻʨʫʧʘ 5                          

 n=5 

           n = ʙʨʦʡ ʦʙʨʘʟʮʠ  
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ʇʦʜʛʦʪʦʚʢʘ ʥʘ ʟʲʙʥʘʪʘ ʧʦʚʲʨʭʥʦʩʪ 

 

ʃʘʟʝʨʥʦ ʧʨʝʧʘʨʠʨʘʥʝ ʠ ʝʮʚʘʥʝ ʥʘ ʜʝʥʪʠʥʦʚʘʪʘ ʧʦʚʲʨʭʥʦʩʪ 

 

ɺ ʥʘʩʪʦʷʱʦʪʦ ʠʟʩʣʝʜʚʘʥʝ ʝ ʠʟʧʦʣʟʚʘʥ Er:YAG ʣʘʟʝʨ Lambda Scientifika Spa 

ʤʦʜʝʣ Doctor Smile. Er:YAG ʣʘʟʝʨʠʪʝ (ʩ ʜʲʣʞʠʥʘ ʥʘ ʚʲʣʥʘʪʘ ɚ=2.94 ɛm) ʩʘ ʚʲʚʝʜʝʥʠ 

ʢʘʪʦ ʠʥʦʚʘʪʠʚʝʥ ʠʥʩʪʨʫʤʝʥʪ ʟʘ ʢʘʚʠʪʝʪʥʘ ʧʨʝʧʘʨʘʮʠʷ ʠ ʩʘ ʥʘʡ-ʯʝʩʪʦ ʠʟʧʦʣʟʚʘʥʠʪʝ 

ʛʝʥʝʨʘʮʠʠ ʣʘʟʝʨʠ ʟʘ ʦʪʩʪʨʘʥʷʚʘʥʝ ʥʘ ʪʚʲʨʜʠ ʟʲʙʥʠ ʩʪʨʫʢʪʫʨʠ. 

ʇʦ ʚʝʩʪʠʙʫʣʘʨʥʘʪʘ ʧʦʚʲʨʭʥʦʩʪ ʥʘ ʚʩʝʢʠ ʟʲʙ, ʚ ʦʙʣʘʩʪʪʘ ʥʘ ʰʠʡʢʘʪʘ, ʙʷʭʘ 

ʠʟʨʘʙʦʪʝʥʠ ʢʘʚʠʪʝʪʠ ʩ ʧʨʠʙʣʠʟʠʪʝʣʥʠ ʨʘʟʤʝʨ 2.5 ʭ 2.5 ʭ 1.5 (ʜʲʣʙʦʯʠʥʘ) mm. ɿʘ 

ʦʧʨʝʜʝʣʷʥʝ ʜʲʣʙʦʯʠʥʘʪʘ ʠ ʨʘʟʤʝʨʠʪʝ ʥʘ ʢʘʚʠʪʝʪʘ ʩʝ ʠʟʧʦʣʟʚʘ ʛʨʘʜʫʠʨʘʥʘ ʧʘʨʦʜʦʥʪʘʣʥʘ 

ʩʦʥʜʘ.   

ʇʘʨʘʤʝʪʨʠ ʧʨʠ ʨʘʙʦʪʘ ʚ ʜʝʥʪʠʥ: 2.5 W (ʚʘʪʘ), 80% Water (ʚʦʜʘ), 95% Air  

(ʚʲʟʜʫʭ), ʧʨʦʜʲʣʞʠʪʝʣʥʦʩʪ ʥʘ ʠʤʧʫʣʩʘ 75 Õseʩ, ʜʲʣʞʠʥʘ ʥʘ ʚʲʣʥʘʪʘ ɚ=2.94 ɛm. 

ʇʘʨʘʤʝʪʨʠʪʝ ʩʘ ʟʘʜʘʜʝʥʠ ʦʪ ʧʨʦʠʟʚʦʜʠʪʝʣʷ ʟʘ ʨʘʙʦʪʘ ʚ ʜʝʥʪʠʥʘ.  

ʉʣʝʜ ʢʘʚʠʪʝʪʥʘʪʘ ʧʨʝʧʘʨʘʮʠ, ʙʝ ʧʨʦʚʝʜʝʥʦ ʣʘʟʝʨʥʦ ʝʮʚʘʥʝ, ʯʨʝʟ ʬʘʙʨʠʯʥʦ 

ʟʘʣʦʞʝʥʘ ʧʨʦʛʨʘʤʘ ʟʘ ʝʮʚʘʥʝ ʚ ʠʟʧʦʣʟʚʘʥʠʷ ʦʪ ʥʘʩ ʘʧʘʨʘʪ ï 1,5 W, 30% Water (ʚʦʜʘ), 

60% Air  (ʚʲʟʜʫʭ). ʅʘʢʨʘʡʥʠʢʘ (ʪʠʧʘ) ʥʘ ʣʘʟʝʨʘ ʙʝʰʝ ʧʦʯʠʩʪʚʘʥ ʩʧʦʨʝʜ ʠʥʩʪʨʫʢʮʠʷʪʘ ʥʘ 

ʧʨʦʠʟʚʦʜʠʪʝʣʷ ʩʣʝʜ ʚʩʷʢʘ ʧʨʝʧʘʨʘʮʠʷ. 

 

ʂʦʥʚʝʥʮʠʦʥʘʣʥʦ ʧʨʝʧʘʨʠʨʘʥʝ ʠ ʝʮʚʘʥʝ ʥʘ ʜʝʥʪʠʥʦʚʘʪʘ ʧʦʚʲʨʭʥʦʩʪ 

 

ʇʦ ʚʝʩʪʠʙʫʣʘʨʥʘʪʘ ʧʦʚʲʨʭʥʦʩʪ ʥʘ ʚʩʝʢʠ ʟʲʙ ï ʚ ʟʦʥʘʪʘ ʥʘ ʰʠʡʢʘʪʘ, ʩ ʧʦʤʦʱʪʘ ʥʘ 

ʬʠʩʫʨʝʥ ʜʠʘʤʘʥʪʝʥ ʙʦʨʝʨ (ISO 806204108524835010), ʪʫʨʙʠʥʘ ʠ ʧʦʜ ʚʦʜʥʦ-ʚʲʟʜʫʰʥʦ 

ʦʭʣʘʞʜʘʥʝ ʙʷʭʘ ʠʟʨʘʙʦʪʝʥʠ ʢʘʚʠʪʝʪʠ ʩʲʩ ʩʲʱʠʪʝ ʨʘʟʤʝʨʠ ʢʘʪʦ ʪʝʟʠ ʧʨʠ ʣʘʟʝʨʥʘʪʘ 

ʧʨʘʧʘʨʘʮʠʷ. 

  

ɽʮʚʘʥʝʪʦ ʥʘ ʦʙʨʘʟʮʠʪʝ ʝ ʥʘʧʨʘʚʝʥʦ ʧʦ ʩʲʱʠʷ ʥʘʯʠʥ, ʢʘʢʪʦ ʝʮʚʘʥʝʪʦ ʚ ʤʝʪʦʜʠʢʘ 

2.1.1. 

 

ɺʩʠʯʢʠ ʧʦʜʛʦʪʚʝʥʠ ʦʙʨʘʟʮʠ ʩʘ ʩʲʭʨʘʥʷʚʘʥʠ ʥʘ ʩʪʘʡʥʘ ʪʝʤʧʝʨʘʪʫʨʘ ʟʘ 24 ʯʘʩʘ ʠ ʚ 

ʩʪʝʨʠʣʥʠ ʧʝʪʨʠʪʘ. 
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ʂʦʥʪʨʦʣʥʠ ʦʙʨʘʟʮʠ. ɿʘ ʚʩʝʢʠ ʤʝʪʦʜ ʥʘ ʧʨʝʧʘʨʘʮʠʷ (ʙʦʨʝʨ ʠ ʣʘʟʝʨ) ʙʷʭʘ 

ʧʦʜʛʦʪʚʝʥʠ ʢʦʥʪʨʦʣʥʠ ʦʙʨʘʟʮʠ ï ʧʦ ʜʚʘ ʚʨʝʤʝʥʥʠ ʠ ʧʦ ʜʚʘ ʧʦʩʪʦʷʥʥʠ ʟʲʙʠ, ʢʦʠʪʦ ʥʝ 

ʙʷʭʘ ʪʨʝʪʠʨʘʥʠ ʩ ʝʮʚʘʱ ʘʛʝʥʪ ʠʣʠ ʣʘʟʝʨʥʦ ʝʮʚʘʥʝ ʩʣʝʜ ʣʘʟʝʨʥʘʪʘ ʧʨʘʧʘʨʘʮʠʷ.  

 

 

ʀʟʨʘʙʦʪʚʘʥʝ ʥʘ ʩʢʝʥʦʛʨʘʤʠ. ʆʪ ʚʩʝʢʠ ʦʙʨʘʟʝʮ ʩʘ ʥʘʧʨʘʚʝʥʠ ʧʦ 5 ʩʢʝʥʦʛʨʘʤʠ ʥʘ 

ʫʚʝʣʠʯʝʥʠʝ 1500 ʚ ʟʦʥʘʪʘ ʥʘ ʧʨʝʧʘʨʠʨʘʥʠʷ ʢʘʚʠʪʝʪ. ɸʥʘʣʠʟʲʪ ʥʘ ʥʘʧʨʘʚʝʥʠʪʝ 

ʩʢʝʥʦʛʨʘʤʠ ʧʦʩʣʫʞʠ ʟʘ ʦʮʝʥʢʘ ʠ ʩʨʘʚʥʝʥʠʝ ʥʘ ʤʠʢʨʦʤʦʨʬʦʣʦʛʠʯʥʠʪʝ ʦʩʦʙʝʥʦʩʪʠ ʥʘ 

ʜʝʥʪʠʥʦʚʘʪʘ ʧʦʚʲʨʭʥʦʩʪ ʩʣʝʜ ʠʟʧʦʣʟʚʘʥʝ ʥʘ ʜʚʝ ʪʝʭʥʠʢʠ ʟʘ ʢʘʚʠʪʝʪʥʘ ʧʨʝʧʘʨʘʮʠʷ.  

 

ʂʨʠʪʝʨʠʠʪʝ ʟʘ ʦʮʝʥʢʘ ʩʘ: 

 

- ʅʘʣʠʯʠʝ ʥʘ ʟʘʤʲʨʩʷʚʘʱ ʩʣʦʡ, ʢʦʡʪʦ ʤʘʩʢʠʨʘ ʪʠʧʠʯʥʘʪʘ ʪʦʧʦʛʨʘʬʩʢʘ 

ʩʪʨʫʢʪʫʨʘ ʥʘ ʜʝʥʪʠʥʘ ï ʥʝ ʩʝ ʫʩʪʘʥʦʚʷʚʘʪ ʭʘʨʘʢʪʝʨʥʠʪʝ ʟʘ ʜʝʥʪʠʥʘ 

ʪʫʙʫʣʠ, ʠʥʪʝʨʪʫʙʫʣʘʨʝʥ ʜʝʥʪʠʥ ʚʲʨʭʫ ʥʘʙʣʶʜʘʚʘʥʘʪʘ ʧʨʝʧʘʨʠʨʘʥʘ ʟʦʥʘ 

ʦʪ ʜʝʥʪʠʥʘ ʝ ʧʦʢʨʠʪʘ ʩ ʧʣʲʪʝʥ ʩʣʦʡ; 

- ʇʦʯʠʩʪʝʥʠ ʠ ʦʪʚʦʨʝʥʠ ʦʨʠʬʠʮʠʫʤʠ ʥʘ ʜʝʥʪʠʥʦʚʠʪʝ ʢʘʥʘʣʯʝʪʘ ï 

ʧʦʯʠʩʪʝʥʠ ʠ ʷʩʥʦ ʫʩʪʘʥʦʚʠʤʠ ʚʭʦʜʦʚʝ ʥʘ ʜʝʥʪʠʥʦʚʠʪʝ ʢʘʥʘʣʯʝʪʘ 

 

 

 

 

2.1.3. ʄʝʪʦʜʠʢʘ ʟʘ ʦʮʝʥʢʘ ʥʘ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠʪʝ ʥʘ ʘʜʭʝʟʠʚʥʘʪʘ ʚʨʲʟʢʘ ʤʝʞʜʫ 

ʜʝʥʪʠʥʘ ʥʘ ʟʲʙʠʪʝ ʦʪ ʜʚʝʪʝ ʜʝʥʪʠʮʠʠ ʠ ʨʘʟʣʠʯʥʠ ʛʝʥʝʨʘʮʠʠ ʘʜʭʝʟʠʚʥʠ ʩʠʩʪʝʤʠ. 

 

 

 

ɻʨʫʧʠʨʘʥʝ ʥʘ ʝʢʧʝʨʠʤʝʥʪʘʣʥʠʪʝ ʦʙʨʘʟʮʠ. ɺ ʠʟʩʣʝʜʚʘʥʝʪʦ ʩʘ ʚʢʣʶʯʝʥʠ 90 

ʠʥʪʘʢʪʥʠ ʟʲʙʠ (50 ʚʨʝʤʝʥʥʠ ʤʦʣʘʨʠ ʠ 40 ʧʦʩʪʦʷʥʥʠ ʧʨʝʤʦʣʘʨʠ ʠ ʤʦʣʘʨʠ), 

ʨʘʟʧʨʝʜʝʣʝʥʠ ʧʦ ʛʨʫʧʠ, ʧʨʝʜʩʪʘʚʝʥʠ ʥʘ ʪʘʙʣʠʮʘ 6. 
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      ʊʘʙʣ.6. ɻʨʫʧʠʨʘʥʝ ʥʘ ʝʢʩʧʝʨʠʤʝʥʪʘʣʥʠʪʝ ʦʙʨʘʟʮʠ 

 
ɻʨʫʧʘ 

        ɺʠʜ ʟʲʙʠ 

ɹʨʦʡ 

ʦʙʨʘʟʮʠ 

 

ɽʮʚʘʥʝ 

 

ɸʜʭʝʟʠʚʥʘ  ʩʠʩʪʝʤʘ 

ɻʨʫʧʘ 1 

ʚʨ. ʟʲʙʠ 

   n = 5 37% ʬʦʩʬ. ʢ-ʥʘ ï 7 

sec 

OptiBond FL (Kerr) ï 3 ʩʪʲʧʢʠ ï 

ʪʦʪʘʣʥʦ ʝʮʚʘʥʝ  

ɻʨʫʧʘ 2 

ʚʨ. ʟʲʙʠ  

   n = 5 37% ʬʦʩʬ. ʢ-ʥʘ ï 7 

sec 

Exite (Ivoclar Vivadent) ï 2 ʩʪʲʧʢʠ 

ï ʪʦʪʘʣʥʦ ʝʮʚʘʥʝ 

ɻʨʫʧʘ 3 

ʧʦʩʪ.ʟʲʙʠ 

   n = 5  37% ʬʦʩʬ. ʢ-ʥʘ 

- 15 sec 

OptiBond FL (Kerr) ï 3 ʩʪʲʧʢʠ ï 

ʪʦʪʘʣʥʦ ʝʮʚʘʥʝ 

ɻʨʫʧʘ 4 

ʧʦʩʪ.ʟʲʙʠ 

   n = 5 37% ʬʦʩʬ. ʢ-ʥʘ ï 15 

sec 

Exite (Ivoclar Vivadent) ï 2 ʩʪʲʧʢʠ 

ï ʪʦʪʘʣʥʦ ʝʮʚʘʥʝ 

ɻʨʫʧʘ 5 

ʚʨ.ʟʲʙʠ 

   n = 5  37% ʬʦʩʬ. ʢ-ʥʘ ï 15 

sec 

OptiBond FL (Kerr) ï 3 ʩʪʲʧʢʠ ï 

ʪʦʪʘʣʥʦ ʝʮʚʘʥʝ 

ɻʨʫʧʘ 6 

ʚʨ.ʟʲʙʠ 

n = 5 37% ʬʦʩʬ. ʢ-ʥʘ ï 

15 sec 

Exite (Ivoclar Vivadent) ï 2 ʩʪʲʧʢʠ 

ï ʪʦʪʘʣʥʦ ʝʮʚʘʥʝ 

ɻʨʫʧʘ 7 

ʚʨ.ʟʲʙʠ 

n = 5  

- 

AdheSE (Ivoclar Vivadent) ï ʜʚʫ 

ʩʪʲʧʢʦʚʘ  ʩʘʤʦʝʮʚʘʱʘ ï self-

priming 

ɻʨʫʧʘ 8 

ʧʦʩʪ.ʟʲʙʠ 

n = 5  

- 

AdheSE (Ivoclar Vivadent) ï ʜʚʫ 

ʩʪʲʧʢʦʚʘ  ʩʘʤʦʝʮʚʘʱʘ ï self-

priming 

ɻʨʫʧʘ 9 

ʚʨ.ʟʲʙʠ 

n = 5  

- 

AdheSE One (Ivoclar Vivadent)  ï 

ʝʜʥʦʩʪʲʧʢʦʚʘ ʩʘʤʦʝʮʚʘʱʘ ï all in 

one 

ɻʨʫʧʘ 10 

ʧʦʩʪ.ʟʲʙʠ 

n = 5  

- 

AdheSE One (Ivoclar Vivadent)  ï 

ʝʜʥʦʩʪʲʧʢʦʚʘ ʩʘʤʦʝʮʚʘʱʘ ï all in 

one 

ɻʨʫʧʘ 11
 

ʚʨ.ʟʲʙʠ 

n = 5+5  

- 

i-Bond (Haraeus Kulzer) ï 

ʝʜʥʦʩʪʲʧʢʦʚʘ ʩʘʤʦʝʮʚʘʱʘ ï all in 

one 

ɻʨʫʧʘ 12
 

ʧʦʩʪ.ʟʲʙʠ 

n = 5+5  

- 

i-Bond (Haraeus Kulzer) ï 

ʝʜʥʦʩʪʲʧʢʦʚʘ ʩʘʤʦʝʮʚʘʱʘ ï all in 

one 

ɻʨʫʧʘ 13
 

ʚʨ.ʟʲʙʠ 

n = 5+5 - Adper prompt L Pop (3M ESPE) 

ʝʜʥʦʩʪʲʧʢʦʚʘ ʩʘʤʦʝʮʚʘʱʘ ï all in 
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ʧʦʩʪ.ʟʲʙʠ 

n = 5+5 - Adper prompt L Pop (3M ESPE) 

ʝʜʥʦʩʪʲʧʢʦʚʘ ʩʘʤʦʝʮʚʘʱʘ ï all in 

one 

     n - ʙʨʦʡ ʦʙʨʘʟʮʠ ʚ ʜʘʜʝʥʘ ʛʨʫʧʘ 

 

ʇʦʜʛʦʪʦʚʢʘ ʥʘ ʟʲʙʥʘʪʘ ʧʦʚʲʨʭʥʦʩʪ. ʉ ʪʫʨʙʠʥʝʥ ʢʨʲʛʲʣ ʙʦʨʝʨ (ISO 806 314 

001534 012 ʟʘ ʚʨʝʤʝʥʥʠ ʟʲʙʠ ʠ 806 314 001534 014 ʟʘ ʧʦʩʪʦʷʥʥʠ ʟʲʙʠ) ʠ ʚʦʜʥʦ-

ʚʲʟʜʫʰʥʦ ʦʭʣʘʞʜʘʥʝ ʩʝ ʧʨʘʚʠ ʩʨʝʟ ʤʝʜʠʦʜʠʩʪʘʣʥʦ ʧʦ ʮʝʥʪʨʘʣʥʘʪʘ ʦʢʣʫʟʘʣʥʘ ʬʠʩʫʨʘ. 

ɼʲʣʙʦʯʠʥʘʪʘ ʥʘ ʩʨʝʟʘ ʝ ʩʲʠʟʤʝʨʠʤʘ ʩ ʜʠʘʤʝʪʲʨʘ ʥʘ ʙʦʨʝʨʘ. ʇʨʝʜʚʘʨʠʪʝʣʥʦʪʦ 

ʤʘʨʢʠʨʘʥʝ ʥʘ ʜʲʣʙʦʯʠʥʘʪʘ ʟʘ ʦʪʩʪʨʘʥʷʚʘʥʝ ʥʘ ʝʤʘʡʣʘ ʠ ʜʝʥʪʠʥʘ ʦʪ ʦʢʣʫʟʘʣʥʘʪʘ 
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ʧʦʚʲʨʭʥʦʩʪ ʥʘ ʦʙʨʘʟʮʠʪʝ ʧʦʟʚʦʣʷʚʘ ʜʘ ʩʝ ʦʪʩʪʨʘʥʠ ʨʘʚʥʦʤʝʨʝʥ ʠ ʩʨʘʚʥʠʪʝʣʥʦ ʝʜʥʘʢʲʚ 

ʧʦ ʜʝʙʝʣʠʥʘ ʩʣʦʡ ʦʪ ʝʤʘʡʣ ʠ ʜʝʥʪʠʥ ʟʘ ʚʩʝʢʠ ʝʢʩʧʝʨʠʤʝʥʪʘʣʝʥ ʦʙʨʘʟʝʮ. 

  ʉ ʪʫʨʙʠʥʝʥ ʜʠʘʤʘʥʪʝʥ ʬʠʩʫʨʝʥ ʙʦʨʝʨ (ISO 806204108524835010) ʠ ʚʦʜʥʦ 

ʚʲʟʜʫʰʥʦ ʦʭʣʘʞʜʘʥʝ ʩʝ ʧʨʘʚʠ ʩʨʝʟ ʫʩʧʦʨʝʜʝʥ ʥʘ ʦʢʣʫʟʘʣʥʘʪʘ ʧʦʚʲʨʭʥʦʩʪ ʥʘ 

ʢʦʥʪʨʦʣʠʨʘʥʘʪʘ ʜʲʣʙʦʯʠʥʘ, ʦʧʨʝʜʝʣʝʥʘ ʦʪ ʧʲʨʚʦʥʘʯʘʣʥʠʷ ʩʨʝʟ ʩ ʢʨʲʛʣʠʷ ʙʦʨʝʨ, ʟʘ ʜʘ ʩʝ 

ʦʪʩʪʨʘʥʠ ʦʢʣʫʟʘʣʥʠʷ ʝʤʘʡʣ ʠ ʯʘʩʪʠ ʦʪ ʜʝʥʪʠʥʘ. ʇʦʣʫʯʝʥʘʪʘ ʧʦʚʲʨʭʥʦʩʪ ʝ ʠʟʨʘʚʥʝʥʘ ʩ 

ʘʙʨʘʟʠʚʝʥ ʜʠʩʢ, ʩʤʝʥʷʥ ʥʘ ʚʩʝʢʠ ʦʙʨʘʟʝʮ. ʏʨʝʟ ʪʝʟʠ ʤʘʥʠʧʫʣʘʮʠʠ ʩʝ ʧʦʣʫʯʘʚʘ ʨʘʚʥʘ 

ʜʝʥʪʠʥʦʚʘ ʧʦʚʲʨʭʥʦʩʪ, ʢʦʷʪʦ ʝ ʥʘ ʩʲʧʦʩʪʘʚʠʤʦ ʦʪʩʪʦʷʥʠʝ ʦʪ ʮʝʥʪʨʘʣʥʘʪʘ ʬʠʩʫʨʘ. 

ʆʙʨʘʟʮʠʪʝ ʩʘ ʥʘʙʣʶʜʘʚʘʥʠ ʩ ʦʧʪʠʯʝʥ ʤʠʢʨʦʩʢʦʧ OLYMPUS VANOX-T ʠ ʧʦʜ 

ʫʚʝʣʠʯʝʥʠʝ 25ʭ ʜʦ 100ʭ, ʟʘ ʜʘ ʩʝ ʫʩʪʘʥʦʚʠ ʜʘʣʠ ʝ ʦʪʩʪʨʘʥʝʥ ʥʘʧʲʣʥʦ ʝʤʘʡʣʘ ʦʪ 

ʦʢʣʫʟʘʣʥʘʪʘ ʧʦʚʲʨʭʥʦʩʪ.  

ɺ ʛʨʫʧʠ ʦʪ 1 ʜʦ 6 ʚʢʣʶʯʠʪʝʣʥʦ ʩʝ ʧʨʠʣʦʞʠ ʪʝʭʥʠʢʘʪʘ ʥʘ ʪʦʪʘʣʥʦ ʝʮʚʘʥʝ. 

ʆʪʢʨʠʪʘʪʘ ʟʲʙʥʘ ʧʦʚʲʨʭʥʦʩʪ (ʝʤʘʡʣ ʠ ʜʝʥʪʠʥ) ʝ ʝʮʚʘʥʘ ʩ 37% ʬʦʩʬʦʨʥʘ ʢʠʩʝʣʠʥʘ ʟʘ 7 

sec ʧʨʠ ʛʨʫʧʠ 1 ʠ 2 ʠ ʟʘ 15 sec ʧʨʠ ʛʨʫʧʠ 3, 4, 5 ʠ 6. ʉʣʝʜ ʠʟʪʠʯʘʥʝ ʥʘ ʚʨʝʤʝʪʦ ʟʘ ʝʮʚʘʥʝ 

ʧʦʚʲʨʭʥʦʩʪʪʘ ʥʘ ʦʙʨʘʟʮʠʪʝ ʩʝ ʧʨʦʤʠʚʘ ʟʘ 15 sec ʩ ʚʦʜʥʦ ʚʲʟʜʫʰʥʘ ʩʪʨʫʷ. ʇʦʩʣʝʜʚʘ 

ʧʦʜʩʫʰʘʚʘʥʝ ʩ ʨʘʟʩʝʷʥʘ ʚʲʟʜʫʰʥʘ ʩʪʨʫʷ ʟʘ 5 sec ʦʪ 20-25 cm. ɺ ʪʝʟʠ ʛʨʫʧʠ ʩʝ 

ʠʟʧʦʣʟʚʘʭʘ ʘʜʭʝʟʠʚʥʠ ʩʠʩʪʝʤʠ ʩ ʪʦʪʘʣʥʦ ʝʮʚʘʥʝ ʪʨʠʩʪʲʧʢʦʚʠ (ʛʨʫʧʠ 1, 3 ʠ 5) ʠ 

ʜʚʫʩʪʲʧʢʦʚʠ (ʛʨʫʧʠ 2, 4 ʠ 6). ʇʨʠ ʛʨʫʧʠ 1 ʠ 2 ʧʨʠʣʦʞʠʭʤʝ ʩʲʢʨʘʪʝʥʦ ʚʨʝʤʝ ʟʘ ʝʮʚʘʥʝ ï 

7 sec, ʙʘʟʠʨʘʡʢʠ ʩʝ ʥʘ ʥʘʰʠ ʨʝʟʫʣʪʘʪʠ ʟʘ ʧʦʩʪʠʛʘʥʝ ʥʘ ʯʠʩʪʘ ʜʝʥʪʠʥʦʚʘ ʧʦʚʲʨʭʥʦʩʪ ʧʨʠ 

ʦʙʨʘʟʮʠ ʦʪ ʚʨʝʤʝʥʥʠ ʟʲʙʠ ʩʣʝʜ ʪʘʢʦʚʘ ʚʨʝʤʝ ʟʘ ʚʲʟʜʝʡʩʪʚʠʝ. 

ɺ ʛʨʫʧʠ ʦʪ 7 ʜʦ 14 ʚʢʣʶʯʠʪʝʣʥʦ ʩʝ ʘʧʣʠʮʠʨʘʭʘ ʩʘʤʦʝʮʚʘʱʠ ʘʜʭʝʟʠʚʥʠ ʩʠʩʪʝʤʠ, 

ʩʲʦʪʚʝʪʥʦ ʜʚʫʩʪʲʧʢʦʚʠ ï self-priming (ʛʨʫʧʠ 7 ʠ 8) ʠ ʝʜʥʦʩʪʲʧʢʦʚʠ ï all in one (ʛʨʫʧʠ 9, 

10, 11, 12, 13 ʠ 14). ɺ ʠʟʩʣʝʜʚʘʥʝʪʦ ʩʘ ʚʢʣʶʯʝʥʠ ʯʝʪʠʨʠ ʚʠʜʘ ʘʜʭʝʟʠʚʥʠ ʩʠʩʪʝʤʠ, 

ʧʨʠʥʘʜʣʝʞʘʱʠ ʢʲʤ self-etch ʩʪʨʘʪʝʛʠʷʪʘ ʟʘ ʘʜʭʝʟʠʷ. ʆʩʥʦʚʘʥʠʝʪʦ ʟʘ ʪʦʚʘ, ʝ ʯʝ ʪʝ ʠʤʘʪ 

ʨʘʟʣʠʯʥʘ ʢʠʩʝʣʠʥʥʦʩʪ (ʨʅ), ʢʦʝʪʦ ʦʧʨʝʜʝʣʷ ʠ ʨʘʟʣʠʢʠ ʚʲʚ ʚʲʟʜʝʡʩʪʚʠʝʪʦ ʠʤ ʧʨʠ 

ʪʷʭʥʦʪʦ ʘʧʣʠʮʠʨʘʥʝ ʚʲʨʭʫ ʤʦʨʬʦʣʦʛʠʯʥʠʷ ʩʫʙʩʪʨʘʪ ʜʝʥʪʠʥ. 

ɺʩʠʯʢʠ ʘʜʭʝʟʠʚʥʠ ʩʠʩʪʝʤʠ ʩʝ ʥʘʥʘʩʷʪ ʩʧʦʨʝʜ ʠʥʩʪʨʫʢʮʠʠʪʝ ʥʘ ʧʨʦʠʟʚʦʜʠʪʝʣʷ, ʩ 

ʠʟʢʣʶʯʝʥʠʝ ʥʘ ʛʨʫʧʠ 1 ʠ 2, ʢʲʜʝʪʦ ʚʨʝʤʝʪʦ ʟʘ ʝʮʚʘʥʝ ʝ ʩʲʢʨʘʪʝʥʦ ʦʪ 15 sec ʥʘ 7 sec. 

ʆʙʨʘʟʮʠʪʝ ʩʝ ʦʙʪʫʨʠʨʘʪ ʩ ʬʦʪʦʧʦʣʠʤʝʨʠʟʠʨʘʱ ʢʦʤʧʦʟʠʪ Tetric EvoCeram (Ivoclar 

Vivadent), ʮʚʷʪ ɸ3, ʥʘʥʘʩʷʥ ʥʘ ʜʚʘ ʩʣʦʷ, ʚʩʝʢʠ ʩ ʜʝʙʝʣʠʥʘ 1.0 mm. ɺʩʝʢʠ ʝʜʠʥ ʦʪ ʪʝʟʠ 

ʩʣʦʝʚʝ ʝ ʩʚʝʪʣʠʥʥʦ ʧʦʣʠʤʝʨʠʟʠʨʘʥ ʟʘ 40 sec ʩ ʬʦʪʦʧʦʣʠʤʝʨʥʘ ʣʘʤʧʘ (Coltolux 75, 

Curing Light, Colt̄ ne Whaledent). ʇʦʩʣʝʜʚʘ ʦʢʦʥʯʘʪʝʣʥʦ ʧʦʣʠʨʘʥʝ ʠ ʬʠʥʠʨʘʥʝ ʥʘ 

ʦʙʪʫʨʘʮʠʠʪʝ ʩ ʧʦʣʠʨʥʠ ʜʠʩʢʦʚʝ (ISO 9687.900 140) ʠ ʛʫʤʠ (ISʆ 658 204 030503 090). 

ʉʣʝʜ 24 ʯʘʩʦʚʦ ʩʲʭʨʘʥʝʥʠʝ ʚʲʚ ʬʠʟʠʦʣʦʛʠʯʝʥ ʨʘʟʪʚʦʨ ʠ ʪʝʤʧʝʨʘʪʫʨʘ 37Áʉ 
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ʦʙʪʫʨʠʨʘʥʠʪʝ ʦʙʨʘʟʮʠ ʩʘ ʧʦʜʣʦʞʝʥʠ ʥʘ ʪʝʨʤʠʯʥʠ ʥʘʪʦʚʘʨʚʘʥʠʷ ʚ ʪʝʤʧʝʨʘʪʫʨʥʠ 

ʛʨʘʥʠʮʠ ʦʪ 5Áʉ ʜʦ 55Áʉ ʟʘ 1 500 ʮʠʢʲʣʘ (ʬʠʛ.5ɸ) ʠ ʥʘ ʜʲʚʢʘʪʝʣʥʠ ʥʘʪʦʚʘʨʚʘʥʠʷ ï 

150 000 ʮʠʢʲʣʘ ʩʲʩ ʩʠʣʘ 100 N ʧʨʝʟ ʠʥʪʝʨʚʘʣ ʦʪ 0.4 sec (ʬʠʛ.5ɹ). ʊʝʨʤʠʯʥʠʪʝ 

ʥʘʪʦʚʘʨʚʘʥʠʷ ʙʷʭʘ ʠʟʚʲʨʰʝʥʠ ʩ ʧʦʤʦʱʪʘ ʥʘ Temperaturwechsel ZAHN-PR¦FGER T 

BT1 ʘʧʘʨʘʪ (ʬʠʛ.5).  

      ɸ                                  ɹ 

ʌʠʛ.5. ɸʧʘʨʘʪʫʨʘ ʟʘ ʧʨʦʚʝʞʜʘʥʝ ʥʘ ʪʝʨʤʠʯʥʠʪʝ (ɸ) ʠ ʜʲʚʢʘʪʝʣʥʠʪʝ (ɹ) 

ʥʘʪʦʚʘʨʚʘʥʠʷ. 

ʉʣʝʜ ʪʝʨʤʠʯʥʠʪʝ ʥʘʪʦʚʘʨʚʘʥʠʷ ʦʙʨʘʟʮʠʪʝ ʩʝ ʧʦʜʣʦʞʠʭʘ ʥʘ ʜʲʚʢʘʪʝʣʥʠ ʪʘʢʠʚʘ. 

ʊʦʚʘ ʩʝ ʦʩʲʱʝʩʪʚʠ ʩ ʧʦʤʦʱʪʘ ʥʘ ʘʧʘʨʘʪ ʟʘ ʤʝʭʘʥʠʯʥʠ ʥʘʪʦʚʘʨʚʘʥʠʷ. ɿʘ ʮʝʣʪʘ ʚʩʝʢʠ 

ʝʜʠʥ ʦʙʨʘʟʝʮ ʙʝ ʦʧʘʢʦʚʘʥ ʜʦ ʥʠʚʦʪʦ ʥʘ ʝʤʘʡʣʦʮʠʤʝʥʪʦʚʘʪʘ ʛʨʘʥʠʮʘ (ʥʝʛʦʚʠʪʝ ʢʦʨʝʥʠ 

ʩʘ ʬʠʢʩʠʨʘʥʠ ʚ ʛʠʧʩ) ʚ ʤʫʬʘ (ʬʠʛ.6ɸ) ʠʟʧʲʣʥʝʥʘ ʩ ʛʠʧʩ, ʪʘʢʘ ʯʝ ʚʲʟʩʪʘʥʦʚʝʥʘʪʘ 

ʦʢʣʫʟʘʣʥʘ ʧʦʚʲʨʭʥʦʩʪ ʦʩʪʘʚʘ ʥʘʜ ʥʠʚʦʪʦ, ʘ ʟʲʙʲʪ ʝ ʟʜʨʘʚʦ ʬʠʢʩʠʨʘʥ (ʬʠʛ.6ɹ). ʉʣʝʜ 

ʚʪʚʲʨʜʷʚʘʥʝʪʦ ʥʘ ʛʠʧʩʘ ʟʲʙʲʪ, ʪʘʢʘ ʢʘʢʪʦ ʝ ʚʢʣʶʯʝʥ ʩʝ ʠʟʚʘʞʜʘ ʦʪ ʤʫʬʘʪʘ (ʬʠʛ.6ɺ). ɺ 

ʘʧʘʨʘʪʘ ʩʝ ʬʠʢʩʠʨʘʪ ʝʜʥʦʚʨʝʤʝʥʥʦ 5 ʚʢʣʶʯʝʥʠ ʦʙʨʘʟʝʮʘ ʠ ʩ ʧʦʤʦʱʪʘ ʥʘ ʢʦʤʧʶʪʲʨʥʘ 

ʧʨʦʛʨʘʤʘ ʩʝ ʦʩʲʱʝʩʪʚʷʚʘ ʥʘʪʦʚʘʨʚʘʥʝʪʦ ʥʘ ʝʢʩʧʝʨʠʤʘʥʪʘʣʥʠʪʝ ʦʙʨʘʟʮʠ. 

 

 ɸ  ɹ ɺ 
ʌʠʛ.6. ʆʧʘʢʦʚʘʥʝ ʥʘ ʦʧʠʪʥʠʪʝ ʦʙʨʘʟʮʠ ʟʘ ʧʨʦʚʝʞʜʘʥʝ ʥʘ ʜʲʚʢʘʪʝʣʥʦʪʦ   

ʥʘʪʦʚʘʨʚʘʥʝ  
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ʊʝʨʤʠʯʥʠʪʝ ʠ ʜʲʚʢʘʪʝʣʥʠʪʝ ʥʘʪʦʚʘʨʚʘʥʠʷ ʥʘ ʦʙʨʘʟʮʠʪʝ ʧʦʟʚʦʣʷʚʘʪ in vitro 

ʠʤʠʪʠʨʘʥʝ ʥʘ ʫʩʣʦʚʠʷ, ʩʭʦʜʥʠ ʩ ʪʝʟʠ ʚ ʦʨʘʣʥʘʪʘ ʩʨʝʜʘ. ʊʝʟʠ ʥʘʪʦʚʘʨʚʘʥʠʷ ʙʷʭʘ 

ʥʘʧʨʘʚʝʥʠ ʦʪ ʜʠʩʝʨʪʘʥʪʘ ʚ ʢʘʪʝʜʨʘʪʘ ʧʦ ʂʦʥʩʝʨʚʘʪʠʚʥʦ ʟʲʙʦʣʝʯʝʥʠʝ ʢʲʤ ʄʝʜʠʮʠʥʩʢʠ 

ʋʥʠʚʝʨʩʠʪʝʪ, ʛʨʘʜ ɻʨʘʮ, ɸʚʩʪʨʠʷ ʠ ʙʷʭʘ ʬʠʥʘʥʩʠʨʘʥʠ ʦʪ ʉʄʅ ʢʲʤ ʄʋ, ʛʨ.ʉʦʬʠʷ ʩ 

ʧʨʦʝʢʪ ˉ21. 

 ʆʙʪʫʨʠʨʘʥʠʪʝ ʟʲʙʠ-ʦʙʨʘʟʮʠ ʦʪ ʚʩʠʯʢʠ ʛʨʫʧʠ, ʧʨʝʤʠʥʘʣʠ ʪʝʨʤʠʯʥʠ ʠ ʜʲʚʢʘʪʝʣʥʠ 

ʥʘʪʦʚʘʨʚʘʥʠʷ, ʩʣʝʜ ʧʨʝʤʘʭʚʘʥʝʪʦ ʥʘ ʪʝʭʥʠʪʝ ʢʦʨʝʥʠ ʥʘ ʥʠʚʦʪʦ ʥʘ ʝʤʘʡʣʦʮʠʤʝʥʪʦʚʘʪʘ 

ʛʨʘʥʠʮʘ, ʩʘ ʨʘʟʨʷʟʚʘʥʠ ʧʨʝʟ ʩʨʝʜʘʪʘ, ʚ ʤʝʜʠʦ-ʜʠʩʪʘʣʥʘ ʧʦʩʦʢʘ ʩ ʧʦʤʦʱʪʘ ʥʘ ʜʠʘʤʘʥʪʝʥ 

ʜʠʩʢ (ISO 350 514 220 ) ʠ ʚʦʜʥʦ ʦʭʣʘʞʜʘʥʝ. Oʙʨʘʟʮʠʪʝ ʩʘ ʜʝʢʘʣʮʠʬʠʮʠʨʘʥʠ ʩ 36% 

ʩʚʦʙʦʜʥʘ ʥʘ ʩʠʣʠʮʠʡ ʬʦʩʬʦʨʥʘ ʢʠʩʝʣʠʥʘ ʟʘ 10 sec ʠ ʜʝʧʨʦʪʝʠʥʠʟʠʨʘʥʠ ʩ 5% 

ʭʠʧʦʭʣʦʨʠʜ ʟʘ 120 sec ʟʘ ʧʦʯʠʩʪʚʘʥʝ ʥʘ ʥʘʙʣʶʜʘʚʘʥʘ ʧʦʚʲʨʭʥʦʩʪ ʦʪ ʟʘʤʲʨʩʷʚʘʥʠʷ. 

 

ʀʟʨʘʙʦʪʚʘʥʝ ʥʘ ʩʢʝʥʦʛʨʘʤʠ. ʅʘʙʣʶʜʝʥʠʷʪʘ ʩʘ ʥʘʧʨʘʚʝʥʠ ʩʲʩ ʩʢʘʥʠʨʘʱ 

ʝʣʝʢʪʨʦʥʝʥ ʤʠʢʨʦʩʢʦʧ ʧʨʠ ʫʚʝʣʠʯʝʥʠʝ ʦʪ 750 ʜʦ 1500. ɿʘ ʜʘ ʥʘʙʣʶʜʘʚʘʤʝ 

ʤʦʨʬʦʣʦʛʠʷʪʘ ʥʘ ʘʜʭʝʟʠʚʥʠʷ ʠ ʭʠʙʨʠʜʥʠʷ ʩʣʦʡ ʩʢʝʥʦʛʨʘʤʠʪʝ ʩʘ ʧʨʘʚʝʥʠ ʥʘ ʛʨʘʥʠʯʥʘʪʘ 

ʧʦʚʲʨʭʥʦʩʪ ʤʝʞʜʫ ʘʜʭʝʟʠʚʘ ʠ ʟʲʙʥʠʪʝ ʩʪʨʫʢʪʫʨʠ. 

 

ʂʨʠʪʝʨʠʠ ʟʘ ʦʮʝʥʢʘʪʘ ʥʘ ʢʘʯʝʩʪʚʦʪʦ ʥʘ ʘʜʭʝʟʠʚʥʘʪʘ ʚʨʲʟʢʘ ʧʨʠ ʟʲʙʠʪʝ ʦʪ ʜʚʝʪʝ 

ʜʝʥʪʠʮʠʠ ʩʘ:  

 

¶ ʅʘʣʠʯʠʝ ʥʘ ʦʙʨʘʟʫʚʘʥ ʭʠʙʨʠʜʝʥ ʠ ʘʜʭʝʟʠʚʝʥ ʩʣʦʡ; 

¶ ɼʝʙʝʣʠʥʘ ʥʘ ʭʠʙʨʠʜʥʠʷ ʩʣʦʡ ï ʠʟʤʝʨʚʘ ʩʝ ʚʲʨʭʫ ʥʘʧʨʘʚʝʥʠʪʝ ʩʢʝʥʦʛʨʘʤʠ ʩ 

ʧʦʤʦʱʪʘ ʥʘ ʤʠʣʠʤʝʪʨʦʚʘ ʭʘʨʪʠʷ ʠ ʧʝʨʛʝʣ ʚ ʪʨʠ ʨʘʟʣʠʯʥʠ ʧʨʦʠʟʚʦʣʥʦ 

ʠʟʙʨʘʥʠ ʪʦʯʢʠ (ʚ ʜʚʘʪʘ ʢʨʘʷ ʠ ʮʝʥʪʲʨʘ ʥʘ ʩʢʝʥʦʛʨʘʤʘʪʘ). ʀʟʯʠʩʣʷʚʘ ʩʝ 

ʩʨʝʜʥʘʪʘ ʩʪʦʡʥʦʩʪ ʦʪ ʪʝʟʠ ʪʨʠ ʟʘʤʝʨʚʘʥʠʷ. ʀʟʤʝʨʚʘʥʠʷʪʘ, ʥʘʧʨʘʚʝʥʠ ʚ 

ʤʠʣʠʤʝʪʨʠ ʩʝ ʧʨʝʚʨʲʱʘʭʘ ʚ ʤʠʢʨʦʥʠ. 

¶ ʍʘʨʘʢʪʝʨʠʩʪʠʢʠ ʥʘ ʦʙʨʘʟʫʚʘʥʠʪʝ ʘʜʭʝʟʠʚʥʠ ʟʘʧʫʰʘʣʢʠ ï ʬʦʨʤʘ ʚ 

ʦʩʥʦʚʘʪʘ, ʧʨʠ ʭʠʙʨʠʜʥʠʷ ʩʣʦʡ; 

¶ ʄʠʢʨʦʤʦʨʬʦʣʦʛʠʷʪʘ ʥʘ ʭʠʙʨʠʜʥʠʷ ʩʣʦʡ - ʦʙʨʘʟʫʚʘʥʝ ʥʘ ʤʠʢʨʦʧʨʦʮʝʧʠ ʚ 

ʛʨʘʥʠʯʥʘʪʘ ʟʦʥʘ ʜʝʥʪʠʥ-ʘʜʭʝʟʠʚ 
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2.1.4. ʄʝʪʦʜʠʢʘ ʟʘ ʠʟʩʣʝʜʚʘʥʝ ʟʜʨʘʚʠʥʘʪʘ ʥʘ ʘʜʭʝʟʠʚʥʘʪʘ ʚʨʲʟʢʘ ʚ ʛʨʘʥʠʮʠʪʝ ʥʘ 

ʜʝʥʪʠʥʘ ʯʨʝʟ ʪʝʩʪ ʥʘ ʤʘʢʨʦʦʧʲʥ ʠ ʦʧʨʝʜʝʣʷʥʝ ʚʠʜʘ ʥʘ ʨʘʟʨʫʰʝʥʠʝʪʦ. 

 

ɻʨʫʧʠʨʘʥʝ ʥʘ ʝʢʩʧʝʨʠʤʝʥʪʘʣʥʠʪʝ ʦʙʨʘʟʮʠ. ɺ ʠʟʩʣʝʜʚʘʥʝʪʦ ʩʘ ʚʢʣʶʯʝʥʠ 120 

ʠʥʪʘʢʪʥʠ ʟʲʙʠ (60 ʚʨʝʤʝʥʥʠ ʤʦʣʘʨʠ ʠ 60 ʧʦʩʪʦʷʥʥʠ ʧʨʝʤʦʣʘʨʠ ʠ ʤʦʣʘʨʠ). ɿʲʙʠʪʝ ʩʘ 

ʨʘʟʜʝʣʝʥʠ ʥʘ ʩʣʫʯʘʝʥ ʧʨʠʥʮʠʧ (ʩʘʤʦ ʚʨʝʤʝʥʥʠ ʠ ʩʘʤʦ ʧʦʩʪʦʷʥʥʠ) ʚ 12 ʛʨʫʧʠ. 

ʈʘʟʧʨʝʜʝʣʝʥʠʝʪʦ ʥʘ ʦʧʠʪʥʠʪʝ ʦʙʨʘʟʮʠ ʝ ʧʨʝʜʩʪʘʚʝʥʦ ʚ ʪʘʙʣʠʮʘ 7. 

 

ʊʘʙʣ.7. ɻʨʫʧʠʨʘʥʝ ʥʘ ʝʢʩʧʝʨʠʤʝʥʪʘʣʥʠʪʝ ʦʙʨʘʟʮʠ 

 

ɻʨʫʧʘ 

ɺʠʜ ʟʲʙʠ 

ɹʨʦʡ 

ʦʙʨʘʟʮʠ 

ɽʮʚʘʥʝ ɸʜʭʝʟʠʚʥʘ  ʩʠʩʪʝʤʘ 

ɻʨʫʧʘ 1 

ʚʨ. ʟʲʙʠ 

n = 10 37% ʬʦʩʬ. ʢ-ʥʘ ï 

15 sec 

OptiBond FL (Kerr) ï 3 ʩʪʲʧʢʠ ï ʪʦʪʘʣʥʦ 

ʝʮʚʘʥʝ 

ɻʨʫʧʘ 2 

ʚʨ. ʟʲʙʠ 

n = 10 37% ʬʦʩʬ. ʢ-ʥʘ ï 

15 sec 

Exite (Ivoclar Vivadent) ï 2 ʩʪʲʧʢʠ ï ʪʦʪʘʣʥʦ 

ʝʮʚʘʥʝ 

ɻʨʫʧʘ 3 

ʧʦʩʪ.ʟʲʙʠ 

n = 10 37% ʬʦʩʬ. ʢ-ʥʘ - 

15 sec 

OptiBond FL (Kerr) ï 3 ʩʪʲʧʢʠ ï ʪʦʪʘʣʥʦ 

ʝʮʚʘʥʝ 

ɻʨʫʧʘ 4 

ʧʦʩʪ.ʟʲʙʠ 

n = 10 37% ʬʦʩʬ. ʢ-ʥʘ ï 

15 sec 

Exite (Ivoclar Vivadent) ï 2 ʩʪʲʧʢʠ ï ʪʦʪʘʣʥʦ 

ʝʮʚʘʥʝ 

ɻʨʫʧʘ 5 

ʚʨ.ʟʲʙʠ 

n = 10 37% ʬʦʩʬ. ʢ-ʥʘ ï  

7 sec 

OptiBond FL (Kerr) ï 3 ʩʪʲʧʢʠ ï ʪʦʪʘʣʥʦ 

ʝʮʚʘʥʝ 

ɻʨʫʧʘ 6 

ʚʨ.ʟʲʙʠ 

n = 10 37% ʬʦʩʬ. ʢ-ʥʘ  ï 

7 sec 

Exite (Ivoclar Vivadent) ï 2 ʩʪʲʧʢʠ ï ʪʦʪʘʣʥʦ 

ʝʮʚʘʥʝ 

ɻʨʫʧʘ 7 

ʧʦʩʪ.ʟʲʙʠ 

n = 10 37% ʬʦʩʬ. ʢ-ʥʘ - 

7 sec 

OptiBond FL (Kerr) ï 3 ʩʪʲʧʢʠ ï ʪʦʪʘʣʥʦ 

ʝʮʚʘʥʝ 

ɻʨʫʧʘ 8 

ʧʦʩʪ.ʟʲʙʠ 

n = 10 37% ʬʦʩʬ. ʢ-ʥʘ - 

7 sec 

Exite (Ivoclar Vivadent) ï 2 ʩʪʲʧʢʠ ï ʪʦʪʘʣʥʦ 

ʝʮʚʘʥʝ 

ɻʨʫʧʘ 9 

ʚʨ.ʟʲʙʠ 

n = 10 - AdheSE (Ivoclar Vivadent) ï 2 ʩʪʲʧʢʠ  

ʩʘʤʦʝʮʚʘʱʘ ï self-priming 

ɻʨʫʧʘ 10 

ʧʦʩʪ.ʟʲʙʠ 

n = 10  

- 

AdheSE (Ivoclar Vivadent) ï 2 ʩʪʲʧʢʠ  

ʩʘʤʦʝʮʚʘʱʘ ï self-priming 

ɻʨʫʧʘ 11 

ʚʨ.ʟʲʙʠ 

n = 10 - AdheSE One (Ivoclar Vivadent)  ï 

ʝʜʥʦʩʪʲʧʢʦʚʘ ʩʘʤʦʝʮʚʘʱʘ ï all in one 

ɻʨʫʧʘ 12 

ʧʦʩʪ.ʟʲʙʠ 

n = 10 - AdheSE One (Ivoclar Vivadent)  ï 

ʝʜʥʦʩʪʲʧʢʦʚʘ ʩʘʤʦʝʮʚʘʱʘ ï all in one 

n =  ʙʨʦʡ ʦʙʨʘʟʮʠ ʚ ʜʘʜʝʥʘ ʛʨʫʧʘ 

 

 
ʇʦʜʛʦʪʦʚʢʘ ʥʘ ʟʲʙʥʘʪʘ ʧʦʚʲʨʭʥʦʩʪ. ʇʦʜʛʦʪʦʚʢʘʪʘ ʥʘ ʦʢʣʫʟʘʣʥʘʪʘ ʟʲʙʥʘ 

ʧʦʚʲʨʭʥʦʩʪ ʩʝ ʧʨʘʚʠ ʧʦ ʩʲʱʠʷ ʥʘʯʠʥ, ʢʘʢʪʦ ʧʨʠ ʧʦʜʛʦʪʦʚʢʘʪʘ ʥʘ ʦʙʨʘʟʮʠʪʝ ʧʦ 

ʤʝʪʦʜʠʢʘʪʘ ʟʘ ʥʘʙʣʶʜʝʥʠʝ ʥʘ ʘʜʭʝʟʠʚʥʘʪʘ ʚʨʲʟʢʘ (2.3).  
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ʆʪʢʨʠʪʘʪʘ ʧʫʣʧʥʘ ʢʘʤʝʨʘ ʩʣʝʜ ʧʨʝʤʘʭʚʘʥʝʪʦ ʥʘ ʢʦʨʝʥʠʪʝ ʝ ʧʦʯʠʩʪʝʥʘ ʦʪ 

ʧʫʣʧʥʠʪʝ ʦʩʪʘʪʲʮʠ ʩ ʢʨʲʛʣʠ ʤʝʪʘʣʥʠ ʙʦʨʝʨʠ (ISO 310 204 001 001 023, 

310 204 001 001 025) ʟʘ ʲʛʣʦʚ ʥʘʢʦʥʝʯʥʠʢ. 

ɺ ʛʨʫʧʠ ʦʪ 1 ʜʦ 8 ʚʢʣʶʯʠʪʝʣʥʦ ʩʝ ʧʨʠʣʦʞʠ ʪʝʭʥʠʢʘʪʘ ʥʘ ʪʦʪʘʣʥʦ ʝʮʚʘʥʝ. 

ʆʪʢʨʠʪʘʪʘ  ʜʝʥʪʠʥʦʚʘ  ʧʦʚʲʨʭʥʦʩʪ ʝ ʝʮʚʘʥʘ ʩ 37% ʬʦʩʬʦʨʥʘ ʢʠʩʝʣʠʥʘ ʟʘ 15 sec ʧʨʠ 

ʛʨʫʧʠ 1, 2, 3 ʠ 4 ʠ ʟʘ 7 sec ʧʨʠ ʛʨʫʧʠ 5, 6, 7 ʠ 8. ʉʣʝʜ ʠʟʪʠʯʘʥʝ ʥʘ ʚʨʝʤʝʪʦ ʟʘ ʝʮʚʘʥʝ 

ʧʦʚʲʨʭʥʦʩʪʪʘ ʥʘ ʦʙʨʘʟʮʠʪʝ ʩʝ ʧʨʦʤʠʚʘʰʝ ʟʘ 15 sec ʩ ʚʦʜʥʦ ʚʲʟʜʫʰʥʘ ʩʪʨʫʷ. ʇʦʩʣʝʜʚʘ 

ʧʦʜʩʫʰʘʚʘʥʝ ʩ ʨʘʟʩʝʷʥʘ ʚʲʟʜʫʰʥʘ ʩʪʨʫʷ ʟʘ 5 sec ʠ ʨʘʟʩʪʦʷʥʠʝ 20-25 cm. ɺ ʪʝʟʠ ʛʨʫʧʠ ʩʝ 

ʠʟʧʦʣʟʚʘʭʘ ʘʜʭʝʟʠʚʥʠ ʩʠʩʪʝʤʠ ʩ ʪʦʪʘʣʥʦ ʝʮʚʘʥʝ ʪʨʠʩʪʲʧʢʦʚʠ (1, 3, 5 ʠ 7) ʠ ʜʚʫʩʪʲʧʢʦʚʠ 

(ʛʨʫʧʠ 2, 4, 6 ʠ 8).  

ɺ ʛʨʫʧʠ ʦʪ 9 ʜʦ 12 ʚʢʣʶʯʠʪʝʣʥʦ ʩʝ ʘʧʣʠʮʠʨʘʭʘ ʩʘʤʦʝʮʚʘʱʠ ʘʜʭʝʟʠʚʥʠ ʩʠʩʪʝʤʠ, 

ʩʲʦʪʚʝʪʥʦ ʜʚʫʩʪʲʧʢʦʚʠ ï self-priming (9 ʠ 10) ʠ ʝʜʥʦʩʪʲʧʢʦʚʠ ï all in one (ʛʨʫʧʠ 11 ʠ 

12).  

ʇʨʦʚʝʜʦʭʤʝ ʠʟʩʣʝʜʚʘʥʠʷ ʩ ʪʨʠ ʛʝʥʝʨʘʮʠʠ ʘʜʭʝʟʠʚʥʠ ʩʠʩʪʝʤʠ, ʟʘ ʜʘ ʫʩʪʘʥʦʚʠʤ 

ʜʘʣʠ ʪʝ ʩʘ ʝʜʥʘʢʚʦ ʝʬʝʢʪʠʚʥʠ ʚ ʜʚʝʪʝ ʩʲʟʲʙʠʷ ʠ ʜʘʣʠ ʠʤʘ ʪʘʢʘʚʘ, ʢʦʷʪʦ ʜʘ ʝ ʥʘʡ-ʜʦʙʨʘ 

ʟʘ ʧʨʠʣʦʞʝʥʠʝ ʧʨʠ ʚʨʝʤʝʥʥʠ ʠ ʧʦʩʪʦʷʥʥʠ ʟʲʙʠ.  

 

ʀʟʨʘʙʦʪʚʘʥʝ ʥʘ ʚʲʟʩʪʘʥʦʚʷʚʘʥʝʪʦ. ɺʩʠʯʢʠ ʘʜʭʝʟʠʚʥʠ ʩʠʩʪʝʤʠ ʩʝ ʥʘʥʘʩʷʭʘ ʩʧʦʨʝʜ 

ʠʥʩʪʨʫʢʮʠʠʪʝ ʥʘ ʧʨʦʠʟʚʦʜʠʪʝʣʷ, ʩ ʠʟʢʣʶʯʝʥʠʝ ʥʘ ʛʨʫʧʠ 5, 6, 7 ʠ 8, ʢʲʜʝʪʦ ʚʨʝʤʝʪʦ ʟʘ 

ʝʮʚʘʥʝ ʙʝ ʩʲʢʨʘʪʝʥʦ ʦʪ 15 ʥʘ 7 sec.  

ɿʘ ʠʟʨʘʙʦʪʚʘʥʝ ʥʘ ʩʨʘʚʥʠʤʠ ʠ ʧʨʝʜʩʢʘʟʫʝʤʠ ʧʦʚʲʨʭʥʦʩʪʠ ʥʘ ʚʲʟʩʪʘʥʦʚʷʚʘʥʝʪʦ ʩʝ 

ʠʟʧʦʣʟʚʘʰʝ ʤʝʜʝʥ ʧʨʲʩʪʝʥ (ˉ15) ʩ ʨʘʟʤʝʨʠ - ʚʠʩʦʯʠʥʘ 5 mm ʠ ʜʠʘʤʝʪʲʨ ʩʲʱʦ 5 mm. 

ʌʘʙʨʠʯʥʠʪʝ ʩʪʘʥʜʘʨʪʥʠ ʤʝʜʥʠ ʧʨʲʩʪʝʥʠ ʩʝ ʧʨʝʨʷʟʚʘʭʘ ʩ ʜʚʫʩʪʨʘʥʥʠ ʜʠʘʤʘʥʪʝʥʠ 

ʜʠʩʢʦʚʝ (ISO 807 104 328 524) ʟʘ ʧʦʩʪʠʛʘʥʝ ʥʘ ʦʧʨʝʜʝʣʝʥʘʪʘ ʚʠʩʦʯʠʥʘ. 

ʇʨʠ ʚʩʠʯʢʠ ʦʙʨʘʟʮʠ ʝʮʚʘʥʝʪʦ ʠ ʥʘʥʘʩʷʥʝʪʦ ʥʘ ʩʲʦʪʚʝʪʥʘʪʘ ʘʜʭʝʟʠʚʥʘ ʩʠʩʪʝʤʘ ʩʝ 

ʧʨʘʚʠ ʮʝʥʪʨʘʣʥʦ ʥʘ ʨʘʟʢʨʠʪʘʪʘ ʜʝʥʪʠʥʦʚʘ ʧʦʚʲʨʭʥʦʩʪ ʥʘ ʧʦʚʲʨʭʥʦʩʪ ʩ ʜʠʘʤʝʪʲʨ, 

ʩʲʧʦʩʪʘʚʠʤ ʩ ʪʦʟʠ ʥʘ ʤʝʜʥʠʷ ʧʨʲʩʪʝʥ. ɺʲʨʭʫ ʧʦʜʛʦʪʚʝʥʘʪʘ ʜʝʥʪʠʥʦʚʘ ʧʦʚʲʨʭʥʦʩʪ ʩʝ 

ʧʦʩʪʘʚʷʰʝ ʧʨʝʜʚʘʨʠʪʝʣʥʦ ʧʦʜʛʦʪʚʝʥʠʷ ʤʝʜʝʥ ʧʨʲʩʪʝʥ. ɺ ʪʦʟʠ ʧʨʲʩʪʝʥ ʩʝ ʧʦʩʪʘʚʷʰʝ 

ʝʜʠʥ ʩʣʦʡ ʬʦʪʦʧʦʣʠʤʝʨʠʟʠʨʘʱ ʢʦʤʧʦʟʠʪ (Tetric EvoCeram, Ivoclar Vivadent, ʮʚʷʪ ɸ3) ʩ 

ʜʝʙʝʣʠʥʘ ʜʦ 2 mm, ʢʦʡʪʦ ʩʝ ʧʦʣʠʤʝʨʠʟʠʨʘ ʩ UV ʩʚʝʪʣʠʥʘ ʟʘ 40 sec ʠ ʬʦʪʦʧʦʣʠʤʝʨʥʘ 

ʣʘʤʧʘ (Coltolux 75, Curing Light, Colt̄ ne Whaledent). ʉʣʝʜʚʘ ʧʦʩʪʘʚʷʥʝ ʥʘ ʤʝʪʘʣʥʘ 

ʧʨʠʤʢʘ ʦʪ ʦʨʪʦʜʦʥʪʩʢʘ ʪʝʣ (ˉ0.8), ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʦ ʥʘ ʩʨʝʟʘ ʥʘ ʦʢʣʫʟʘʣʥʘʪʘ 

ʧʦʚʲʨʭʥʦʩʪ ʩ ʜʲʣʞʠʥʘ ʦʢʦʣʦ 10 mm ʚ ʮʝʥʪʲʨʘ ʥʘ ʧʨʲʩʪʝʥʘ ʠ ʥʦʚʦ ʢʦʣʠʯʝʩʪʚʦ ʦʪ 

ʬʦʪʦʧʦʣʠʤʝʨʠʟʠʨʘʱ ʢʦʤʧʦʟʠʪ, ʢʦʡʪʦ ʠʟʧʲʣʚʘ ʜʦ ʢʨʘʡ ʤʝʪʘʣʥʠʷ ʧʨʲʩʪʝʥ ʠ ʬʠʢʩʠʨʘ 
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ʤʝʪʘʣʥʘʪʘ ʧʨʠʤʢʘ. ʉʣʝʜʚʘ ʩʚʝʪʣʠʥʥʘ ʧʦʣʠʤʝʨʠʟʘʮʠʷ ʟʘ 40 ʩʝʢ. ɼʚʘʪʘ ʩʚʦʙʦʜʥʠ ʢʨʘʷ ʥʘ 

ʚʩʷʢʘ ʤʝʪʘʣʥʘ ʧʨʠʤʢʘ, ʢʦʠʪʦ ʩʝ ʧʦʩʪʘʚʷʭʘ ʚ ʤʝʜʥʠʷ ʧʨʲʩʪʝʥ ʠ ʩʝ ʧʦʢʨʠʚʘʭʘ ʩ 

ʬʦʪʦʧʦʣʠʤʝʨ, ʟʘʚʲʨʰʚʘʭʘ ʩ ʨʝʪʝʥʮʠʦʥʥʘ ʧʨʠʤʢʘ. 

ʀʟʧʦʣʟʚʘʥʝʪʦ ʥʘ ʤʝʜʝʥ ʧʨʲʩʪʝʥ ʧʨʠ ʥʘʧʨʘʚʘʪʘ ʥʘ ʚʲʟʩʪʘʥʦʚʷʚʘʥʠʷʪʘ ʧʦʟʚʦʣʷʚʘ 

ʜʘ ʩʝ ʧʨʦʚʝʞʜʘʪ ʠʟʩʣʝʜʚʘʥʠʷ ʟʘ ʟʜʨʘʚʠʥʘ ʥʘ ʚʨʲʟʢʘʪʘ ʩ ʦʪʥʦʩʠʪʝʣʥʦ ʝʜʥʘʢʚʘ ʧʣʦʱ ʠ 

ʬʦʨʤʘ ʥʘ ʢʦʥʪʘʢʪ ʩ ʜʝʥʪʠʥʘ. ʇʦ ʪʦʟʠ ʥʘʯʠʥ ʩʝ ʝʣʠʤʠʥʠʨʘ ʚʣʠʷʥʠʝʪʦ, ʢʦʝʪʦ ʙʠ ʦʢʘʟʘʣʘ 

ʨʘʟʣʠʢʘʪʘ ʚ ʧʣʦʱʪʘ ʠ ʬʦʨʤʘʪʘ ʥʘ ʩʚʲʨʟʚʘʥʝ ʩ ʜʝʥʪʠʥʘ. ʋʩʪʘʥʦʚʝʥʦ ʝ, ʯʝ ʘʜʭʝʟʠʚʥʦʪʦ 

ʩʚʲʨʟʚʘʥʝ ʥʝ ʝ ʝʜʥʦʨʦʜʥʦ ʥʘ ʤʠʢʨʦʩʢʦʧʩʢʦ ʥʠʚʦ (297, 389). ɻʨʘʥʠʯʥʘʪʘ ʧʦʚʲʨʭʥʦʩʪ, 

ʢʲʜʝʪʦ ʝ ʘʧʣʠʮʠʨʘʥʘ ʘʜʭʝʟʠʚʥʘʪʘ ʩʠʩʪʝʤʘ ʤʦʞʝ ʜʘ ʩʲʜʲʨʞʘ ʚʲʟʜʫʰʥʠ ʤʝʭʫʨʯʝʪʘ, 

ʬʘʟʦʚʦ ʨʘʟʣʘʛʘʥʝ, ʧʦʚʲʨʭʥʦʩʪʥʠ ʥʝʨʘʚʥʦʩʪʠ ʠ ʥʝʨʘʚʥʦʤʝʨʥʘ ʜʝʙʝʣʠʥʘ ʥʘ ʘʜʭʝʟʠʚʥʠʷ 

ʩʣʦʡ, ʢʦʝʪʦ ʜʘ ʜʦʚʝʜʝ ʜʦ ʥʝʨʘʚʥʦʤʝʨʥʦ ʨʘʟʧʨʝʜʝʣʝʥʠʝ ʥʘ ʩʪʨʝʩʘ, ʛʝʥʝʨʠʨʘʥ ʧʦ 

ʧʨʦʪʝʞʝʥʠʝ ʥʘ ʪʘʟʠ ʟʦʥʘ ʧʨʠ ʧʨʦʚʝʞʜʘʥʝ ʥʘ ʪʝʩʪʚʘʥʝʪʦ (297, 389). ʂʦʣʢʦʪʦ ʝ ʧʦ-ʛʦʣʷʤʘ 

ʠʟʩʣʝʜʚʘʥʘʪʘ ʟʦʥʘ ʟʘ ʟʜʨʘʚʠʥʘ ʥʘ ʚʨʲʟʢʘʪʘ, ʪʦʣʢʦʚʘ ʝ ʧʦ-ʛʦʣʷʤʘ ʚʝʨʦʷʪʥʦʩʪʪʘ ʟʘ 

ʥʘʣʠʯʠʝ ʥʘ ʛʦʨʝʩʧʦʤʝʥʘʪʠʪʝ ʜʝʬʝʢʪʠ (20, 52, 69, 344). ʏʨʝʟ ʠʟʧʦʣʟʚʘʥʝʪʦ ʥʘ ʪʦʟʠ 

ʤʝʪʘʣʝʥ ʧʨʲʩʪʝʥ ʚ ʥʘʰʘʪʘ ʦʧʠʪʥʘ ʧʦʩʪʘʥʦʚʢʘ, ʩʝ ʦʩʠʛʫʨʷʚʘ ʠʟʩʣʝʜʚʘʥʝ ʥʘ ʝʜʥʘʢʚʘ ʧʣʦʱ 

ʧʨʠ ʚʩʠʯʢʠ ʦʙʨʘʟʮʠ. ʈʘʟʧʨʝʜʝʣʝʥʠʝʪʦ ʥʘ ʩʪʨʝʩʘ ʥʘ ʛʨʘʥʠʯʥʘʪʘ ʟʦʥʘ ʟʘʚʠʩʠ ʚ ʛʦʣʷʤʘ 

ʩʪʝʧʝʥ ʠ ʦʪ ʛʝʦʤʝʪʨʠʷʪʘ ʥʘ ʪʝʩʪʚʘʥʘʪʘ ʧʦʚʲʨʭʥʦʩʪ ʠ ʬʠʟʠʯʥʠʪʝ ʢʘʯʝʩʪʚʘ ʥʘ 

ʤʘʪʝʨʠʘʣʠʪʝ (297, 382, 440, 441). ʏʨʝʟ ʪʦʟʠ ʧʨʲʩʪʝʥ ʥʠʝ ʦʩʠʛʫʨʷʚʘʤʝ ʠ ʝʜʥʘʢʚʘ 

ʛʝʦʤʝʪʨʠʷ ʥʘ ʪʝʩʪʚʘʥʘʪʘ ʛʨʘʥʠʯʥʘ ʟʦʥʘ, ʢʘʢʪʦ ʠ ʝʜʥʘʢʚʘ ʚʠʩʦʯʠʥʘ ʥʘ ʠʟʛʨʘʞʜʘʥʝʪʦ ʟʘ 

ʚʩʠʯʢʠ ʦʙʨʘʟʮʠ. 

ʆʪ ʩʪʨʘʥʘʪʘ ʥʘ ʧʫʣʧʥʘʪʘ ʢʘʤʝʨʘ, ʥʘ ʥʠʚʦʪʦ ʥʘ ʧʨʝʨʷʟʘʥʠʪʝ ʢʦʨʝʥʠ, ʧʦʜʛʦʪʦʚʢʘʪʘ 

ʥʘ ʦʙʨʘʟʮʠʪʝ ʚʢʣʶʯʚʘ ʝʮʚʘʥʝ ʥʘ ʮʷʣʘʪʘ ʧʫʣʧʥʘ ʢʘʤʝʨʘ ʟʘ 15 sec, ʧʨʦʤʠʚʘʥʝ ï 15 sec, 

ʧʦʜʩʫʰʘʚʘʥʝ ʠ ʥʘʥʘʩʷʥʝ ʥʘ ʪʨʠʩʪʲʧʢʦʚʘ ʘʜʭʝʟʠʚʥʘ ʩʠʩʪʝʤʘ. ʇʦʩʪʘʚʷ ʩʝ ʩʣʦʡ ʦʪ 

ʬʦʪʦʧʦʣʠʤʝʨʠʟʠʨʘʱ ʢʦʤʧʦʟʠʪ ʠ ʩʚʝʪʣʠʥʥʘ ʧʦʣʠʤʝʨʠʟʘʮʠʷ ʟʘ 40 sec. ʇʦʩʪʘʚʷʥʝ ʥʘ 

ʚʪʦʨʘ ʤʝʪʘʣʥʘ ʧʨʠʤʢʘ, ʩʲʦʩʥʘ ʥʘ ʪʘʟʠ, ʢʦʷʪʦ ʚʝʯʝ ʝ ʚʲʨʭʫ ʦʢʣʫʟʘʣʥʘʪʘ ʧʦʚʲʨʭʥʦʩʪ ʚ 

ʤʝʪʘʣʥʠʷ ʧʨʲʩʪʝʥ. ɼʦʙʘʚʷʥʝ ʥʘ ʬʦʪʦʧʦʣʠʤʝʨʠʟʠʨʘʱ ʢʦʤʧʦʟʠʪ ʜʦ ʠʟʧʲʣʚʘʥʝ ʥʘ ʮʷʣʘʪʘ 

ʧʫʣʧʥʘ ʢʘʤʝʨʘ ʠ ʥʝʛʦʚʘʪʘ ʩʚʝʪʣʠʥʥʘ ʧʦʣʠʤʝʨʠʟʘʮʠʷ ʟʘ 40 sec. 

ʇʦʜʛʦʪʚʝʥʠʪʝ ʦʙʨʘʟʮʠ ʩʝ ʩʲʭʨʘʥʷʚʘʭʘ ʚʲʚ ʚʦʜʘ ʥʘ ʩʪʘʡʥʘ ʪʝʤʧʝʨʘʪʫʨʘ ʟʘ 72 h 

ʧʨʝʜʠ ʧʨʦʚʝʞʜʘʥʝ ʥʘ ʪʝʩʪʚʘʥʝʪʦ. 

 

ʊʝʩʪ ʟʘ ʟʜʨʘʚʠʥʘ ʥʘ ʚʨʲʟʢʘʪʘ. ʀʟʤʝʨʚʘʥʝʪʦ ʥʘ ʧʦʩʪʠʛʥʘʪʘʪʘ ʟʜʨʘʚʠʥʘ ʥʘ ʚʨʲʟʢʘʪʘ 

ʝ ʦʩʲʱʝʩʪʚʝʥʦ ʥʘ ʩʪʝʥʜ ʟʘ ʬʠʟʠʢʦ-ʤʝʭʘʥʠʯʥʠ ʠʟʧʠʪʚʘʥʠʷ ʪʠʧ INSTRON ï 1185. 

ʄʝʪʘʣʥʠ ʧʨʠʤʢʠ, ʘʥʘʣʦʛʠʯʥʠ ʥʘ ʚʛʨʘʜʝʥʠʪʝ ʚ ʠʟʩʣʝʜʚʘʥʠʪʝ ʟʲʙʠ, ʩʘ ʟʘʢʨʝʧʝʥʠ 

ʥʝʧʦʜʚʠʞʥʦ ʚ ʩʪʘʥʜʘʨʪʥʠʪʝ ʟʘʭʚʘʪʠ ʥʘ ʤʘʰʠʥʘʪʘ, ʘ ʚ ʜʨʫʛʠʷ ʩʠ ʢʨʘʡ ï ʰʘʨʥʠʨʥʦ ʢʲʤ 
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ʤʝʪʘʣʥʠʪʝ ʧʨʠʤʢʠ ʥʘ ʦʙʨʘʟʝʮʘ. ʊʘʢʘ ʪʝ ʩʣʫʞʘʪ ʟʘ ʧʨʝʜʘʚʘʥʝ ʥʘ ʫʩʠʣʠʷʪʘ ʦʪ ʧʦʜʚʠʞʥʘʪʘ 

ʛʨʝʜʘ ʧʨʝʟ ʟʘʣʝʧʝʥʠʷ ʟʲʙʝʥ ʦʙʨʘʟʝʮ ʜʦ ʪʝʥʟʦʤʝʪʨʠʯʥʘʪʘ ʠʟʤʝʨʚʘʪʝʣʥʘ ʢʣʝʪʢʘ. ʅʘʯʠʥʲʪ 

ʥʘ ʰʘʨʥʠʨʥʦ ʬʠʢʩʠʨʘʥʝ ʥʘ ʦʙʨʘʟʮʠʪʝ ʢʲʤ ʟʘʭʚʘʪʠʪʝ ʥʘ ʩʪʝʥʜʘ ʦʩʠʛʫʨʷʚʘ ʩʲʦʩʷʚʘʥʝ ʥʘ 

ʚʝʢʪʦʨʠʪʝ ʥʘ ʧʨʠʣʘʛʘʥʠʪʝ ʚʲʨʭʫ ʦʙʨʘʟʝʮʘ ʫʩʠʣʠʷ ʩ ʧʝʨʧʝʥʜʠʢʫʣʷʨʘ ʢʲʤ ʦʙʨʘʙʦʪʚʘʥʘʪʘ 

ʠ ʚʧʦʩʣʝʜʩʪʚʠʝ ʟʘʣʝʧʝʥʘ ʜʝʥʪʠʥʦʚʘ ʧʦʚʲʨʭʥʦʩʪ. ʊʘʢʘ ʚ ʤʘʢʩʠʤʘʣʥʘ ʩʪʝʧʝʥ ʩʝ 

ʛʘʨʘʥʪʠʨʘ: 

 

(ʘ) ʤʠʥʠʤʘʣʥʦ ʪʨʠʝʥʝ ʠ ʚ ʨʝʟʫʣʪʘʪ ʥʘ ʪʦʚʘ ï ʪʦʯʥʦ ʩʲʦʩʷʚʘʥʝ ʥʘ ʦʙʨʘʟʝʮʘ; 

(ʙ) ʤʠʥʠʤʘʣʥʦ ʪʨʠʝʥʝ ʠ ʚ ʨʝʟʫʣʪʘʪ ʥʘ ʪʦʚʘ ï ʤʠʥʠʤʘʣʥʠ ʫʩʠʣʠʷ ʟʘ ʩʲʦʩʷʚʘʥʝ ʥʘ 

ʦʙʨʘʟʝʮʘ; 

(ʚ) ʝʬʝʢʪʠʪʝ ʦʪ (ʘ) ʠ (ʙ) ʦʩʠʛʫʨʷʚʘʪ ʚʲʟʤʦʞʥʦʪʦ ʤʠʥʠʤʘʣʥʦ ʧʨʝʜʚʘʨʠʪʝʣʥʦ 

ʥʘʪʦʚʘʨʚʘʥʝ ʥʘ ʦʙʨʘʟʝʮʘ ʧʦ ʚʨʝʤʝ ʥʘ ʩʲʦʩʷʚʘʥʝʪʦ; 

(ʚ) ʠʟʤʝʨʚʘʥʝ ʥʘ ʷʢʦʩʪ ʥʘ ʦʧʲʥ.  

  

ʅʘʪʦʚʘʨʚʘʱʘʪʘ ʛʨʝʜʘ ʩʝ ʜʚʠʞʠ ʩ ʨʘʚʥʦʤʝʨʥʘ ʩʢʦʨʦʩʪ ʦʪ 1 mm/min. ʈʝʛʠʩʪʨʠʨʘ ʩʝ 

ʤʘʢʩʠʤʘʣʥʘʪʘ ʩʠʣʘ ʥʘ ʩʲʧʨʦʪʠʚʣʝʥʠʝ, ʧʨʠʯʠʥʠʣʘ ʦʪʣʝʧʚʘʥʝ ʥʘ ʚʲʟʩʪʘʥʦʚʷʚʘʥʝʪʦ ʦʪ 

ʦʢʣʫʟʘʣʥʘʪʘ ʜʝʥʪʠʥʦʚʘ ʧʦʚʲʨʭʥʦʩʪ (ʚ MPa). ʊʝʩʪʲʪ ʩʝ ʧʨʝʢʨʘʪʷʚʘ ʩʣʝʜ ʦʢʦʥʯʘʪʝʣʥʦʪʦ 

ʨʘʟʨʫʰʘʚʘʥʝ ʥʘ ʠʟʧʠʪʚʘʥʠʷ ʦʙʨʘʟʝʮ.  

ʈʘʟʨʫʰʝʥʠʪʝ ʦʙʨʘʟʮʠ ʩʝ ʥʘʙʣʶʜʘʚʘʪ ʩʲʩ ʉɽʄ ʟʘ ʦʧʨʝʜʝʣʷʥʝ ʚʠʜʘ ʥʘ 

ʨʘʟʨʫʰʘʚʘʥʝʪʦ: ʘʜʭʝʟʠʚʥʦ ï ʚ ʛʨʘʥʠʮʠʪʝ ʥʘ ʭʠʙʨʠʜʥʠʷ ʠ/ʠʣʠ ʘʜʭʝʟʠʚʥʠʷ ʩʣʦʡ, ʩʤʝʩʝʥʦ 

ï ʚ ʘʜʭʝʟʠʚʘ ʠ ʢʦʤʧʦʟʠʪʘ ʠʣʠ ʢʦʭʝʟʠʚʥʦ ï ʚ ʟʦʥʘʪʘ ʥʘ ʜʝʥʪʠʥʘ ʠʣʠ ʢʦʤʧʦʟʠʪʘ. 

 

ʆʧʨʝʜʝʣʷʥʝ ʚʠʜʘ ʥʘ ʨʘʟʨʫʰʝʥʠʝʪʦ. ʉʣʝʜ ʧʨʦʚʝʞʜʘʥʝ ʥʘ ʪʝʩʪʘ ʟʘ ʟʜʨʘʚʠʥʘ ʥʘ 

ʚʨʲʟʢʘʪʘ, ʦʙʨʘʟʮʠʪʝ, ʨʘʟʧʨʝʜʝʣʝʥʠ ʚ ʩʲʱʠʪʝ ʛʨʫʧʠ, ʙʷʭʘ ʜʝʭʠʜʨʘʪʠʨʘʥʠ ʚʲʚ ʚʲʟʭʦʜʷʱʠ 

ʢʦʥʮʝʥʪʨʘʮʠʠ ʥʘ ʝʪʘʥʦʣ ï 75%, 95% ʠ 100% ʟʘ 1 h ʚʲʚ ʚʩʷʢʘ ʢʦʥʮʝʥʪʨʘʮʠʷ. ʉʣʝʜ 

ʜʝʭʠʜʨʘʪʘʮʠʷʪʘ ʦʙʨʘʟʮʠʪʝ ʙʷʭʘ ʧʦʩʪʘʚʝʥʠ ʚʲʨʭʫ ʬʠʣʪʲʨʥʘ ʭʘʨʪʠʷ, ʧʦʢʨʠʪʠ ʩʲʩ ʩʪʲʢʣʝʥ 

ʧʦʭʣʫʧʘʢ ʟʘ 24 h. 

ɼʚʝʪʝ ʧʦʣʦʚʠʥʠ ʥʘ ʚʩʝʢʠ ʦʙʨʘʟʝʮ ʩʘ ʥʘʙʣʶʜʘʚʘʥʠ ʥʘ ʫʚʝʣʠʯʝʥʠʝ ʦʪ 18 ʜʦ 1500 ʟʘ 

ʦʧʨʝʜʝʣʷʥʝ ʚʠʜʘ ʥʘ ʨʘʟʨʫʰʝʥʠʝ. ʉʢʘʥʠʨʘʱʦʪʦ ʝʣʝʢʪʨʦʥʥʦ ʤʠʢʨʦʩʢʦʧʩʢʦ ʥʘʙʣʶʜʝʥʠʝ 

ʧʦʟʚʦʣʷʚʘ ʧʦ-ʧʨʝʮʠʟʥʦʪʦ ʦʧʨʝʜʝʣʷʥʝ ʥʘ ʤʷʩʪʦʪʦ ʥʘ ʨʘʟʨʫʰʝʥʠʝ, ʦʩʦʙʝʥʦ ʚ ʩʣʫʯʘʠʪʝ ʥʘ 

ʘʜʭʝʟʠʚʥʦ (ʛʨʘʥʠʯʥʘʪʘ ʟʦʥʘ ʜʝʥʪʠʥ ʘʜʭʝʟʠʚ ʠʣʠ ʥʘ ʛʨʘʥʠʯʥʘʪʘ ʟʦʥʘ ʢʦʤʧʦʟʠʪ ʘʜʭʝʟʠʚ) 

ʠʣʠ ʩʤʝʩʝʥʦ (ʢʦʤʙʠʥʘʮʠʷ ʦʪ ʘʜʭʝʟʠʚʥʦ ʠ ʢʦʭʝʟʠʚʥʦ) ʧʦ ʚʠʜ ʨʘʟʨʫʰʘʚʘʥʝ.  

ɺʠʜʲʪ ʥʘ ʨʘʟʨʫʰʘʚʘʥʝʪʦ ʥʘ ʚʨʲʟʢʘʪʘ ʟʘ ʚʩʝʢʠ ʦʙʨʘʟʝʮ ʩʝ ʢʣʘʩʠʬʠʮʠʨʘʰʝ ʚ ʝʜʠʥ ʦʪ 

ʩʣʝʜʥʠʪʝ ʪʠʧʦʚʝ: 
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ʊʠʧ 1: ʘʜʭʝʟʠʚʥʘ ʬʨʘʢʪʫʨʘ - ʬʨʘʢʪʫʨʥʘʪʘ ʣʠʥʠʷ ʝ ʣʦʢʘʣʠʟʠʨʘʥʘ ʚ ʘʜʭʝʟʠʚʘ ʥʘ 

ʛʨʘʥʠʯʥʘʪʘ ʟʦʥʘ ʜʝʥʪʠʥ-ʘʜʭʝʟʠʚ ʠ ʥʘ ʛʨʘʥʠʯʥʘʪʘ ʟʦʥʘ ʢʦʤʧʦʟʠʪ-ʘʜʭʝʟʠʚ ï ʦʩʪʘʪʲʮʠ ʦʪ 

ʘʜʭʝʟʠʚʘ ʩʝ ʥʘʙʣʶʜʘʚʘʪ ʧʦ ʜʚʝʪʝ ʩʪʨʘʥʠ ʚʲʨʭʫ ʟʲʙʘ ʠ ʚʲʨʭʫ ʧʨʲʩʪʝʥʘ ï ʪʦʚʘ ʝ ʧʨʦʚʘʣ ʚ 

ʘʜʭʝʟʠʷʪʘ. 

ʊʠʧ 2: ʢʦʭʝʟʠʚʥʘ ʬʨʘʢʪʫʨʘ ʚ ʢʦʤʧʦʟʠʪʘ - ʬʨʘʢʪʫʨʥʘʪʘ ʣʠʥʠʷ ʤʠʥʘʚʘ ʩʘʤʦ ʚ ʦʙʝʤʘ ʥʘ 

ʢʦʤʧʦʟʠʪʘ 

ʊʠʧ 3: ʢʦʭʝʟʠʚʥʘ ʬʨʘʢʪʫʨʘ ʚ ʜʝʥʪʠʥʘ ï ʬʨʘʢʪʫʨʥʘʪʘ ʣʠʥʠʷ ʤʠʥʘʚʘ ʩʘʤʦ ʚ ʦʙʝʤʘ ʥʘ 

ʜʝʥʪʠʥʘ 

ʊʠʧ 4: ʩʤʝʩʝʥ ʪʠʧ ʬʨʘʢʪʫʨʘ ï ʦʙʨʘʟʮʠʪʝ ʧʦʢʘʟʚʘʪ ʠ ʜʚʘʪʘ ʪʠʧʘ ʥʘ ʬʨʘʢʪʫʨʘ ï ʘʜʭʝʟʠʚʥʦ 

ʠ ʢʦʭʝʟʠʚʥʦ ʨʘʟʨʫʰʝʥʠʝ ï ʜʝʥʪʠʥ-ʘʜʭʝʟʠʚ-ʢʦʤʧʦʟʠʪ. 

 

 

2.1.5. ʇʦʜʛʦʪʦʚʢʘ ʥʘ ʦʙʨʘʟʮʠ ʟʘ ʧʨʦʚʝʞʜʘʥʝ ʥʘ ʉɽʄ ʥʘʙʣʶʜʝʥʠʝ 

 

ʇʦʜʛʦʪʚʝʥʠʪʝ ʦʙʨʘʟʮʠ ʧʦ ʦʪʜʝʣʥʠʪʝ ʤʝʪʦʜʠʢʠ (ʪ.2.1.1, 2.1.2, 2.1.3 ʠ 2.1.4) ʩʝ 

ʧʦʩʪʘʚʷʪ ʚʲʨʭʫ ʘʣʫʤʠʥʠʝʚʠ ʜʠʩʢʦʚʝ. ʇʦʢʨʠʚʘʪ ʩʝ ʚʘʢʫʫʤʥʦ ʩʲʩ ʟʣʘʪʝʥ ʧʨʘʭ ʚ ʩʨʝʜʘ ʥʘ 

ʘʨʛʦʥ ï ʢʘʪʦʜʥʦ ʨʘʟʧʨʘʰʚʘʥʝ ʩ ʧʦʤʦʱʪʘ ʥʘ ʘʧʘʨʘʪ JEOL JFC ï 1200 Fine coater. 

ʀʟʩʣʝʜʚʘʥʠʷʪʘ ʩʘ ʥʘʧʨʘʚʝʥʠ ʩʲʩ ʩʢʘʥʠʨʘʱ ʝʣʝʢʪʨʦʥʝʥ ʤʠʢʨʦʩʢʦʧ  ʤʦʜʝʣ JEOL JSM ï 

5510 SEM ʠ ʨʘʟʣʠʯʥʦ ʫʚʝʣʠʯʝʥʠʝ, ʩʧʦʨʝʜ ʮʝʣʠʪʝ ʥʘ ʥʘʙʣʶʜʝʥʠʝʪʦ, ʩʧʦʤʝʥʘʪʦ ʧʦ-ʛʦʨʝ ʚ 

ʦʪʜʝʣʥʠʪʝ ʤʝʪʦʜʠʢʠ.  

ʉʢʘʥʠʨʘʱʦʪʦ ʝʣʝʢʪʨʦʥʥʦ ʤʠʢʨʦʩʢʦʧʩʢʦ ʥʘʙʣʶʜʝʥʠʝ ʝ ʧʨʦʚʝʜʝʥʦ ʚʲʚ 

ʍʠʤʠʯʝʩʢʠ ʌʘʢʫʣʪʝʪ ʥʘ ʉʦʬʠʡʩʢʠʷ ʋʥʠʚʝʨʩʠʪʝʪ çʉʚ. ʂʣʠʤʝʥʪ ʆʭʨʠʜʩʢʠè. 

 

 

 

 

 

2.2. ʂʣʠʥʠʯʥʦ ʠʟʩʣʝʜʚʘʥʝ 

 

2.2.1.1. ʄʝʪʦʜʠʢʘ ʟʘ ʢʣʠʥʠʯʥʦ ʠʟʩʣʝʜʚʘʥʝ ʥʘ ʢʘʯʝʩʪʚʦʪʦ ʥʘ ʚʪʦʨʠ ʢʣʘʩ 

ʦʙʪʫʨʘʮʠʠ ʧʨʠ ʚʨʝʤʝʥʥʠ ʟʲʙʠ. 
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ʇʨʦʚʝʞʜʘʥʝ ʥʘ ʣʝʯʝʥʠʝʪʦ 

 

ɺ ʠʟʩʣʝʜʚʘʥʝʪʦ ʩʘ ʚʢʣʶʯʝʥʠ ʩʧʦʢʦʡʥʠ ʠ ʧʦʟʠʪʠʚʥʦ ʥʘʩʪʨʦʝʥʠ ʢʲʤ ʜʝʥʪʘʣʥʦʪʦ 

ʣʝʯʝʥʠʝ ʜʝʮʘ. ɼʝʮʘʪʘ ʩʘ ʠʤʘʣʠ ʥʘʡ-ʤʘʣʢʦ ʜʚʘ ʢʘʨʠʦʟʥʠ ʚʨʝʤʝʥʥʠ ʤʦʣʘʨʘ, ʥʫʞʜʘʝʱʠ ʩʝ 

ʦʪ ʠʟʨʘʙʦʪʚʘʥʝʪʦ ʥʘ ʚʪʦʨʠ ʢʣʘʩ ʢʘʚʠʪʝʪʠ. ɺ ʠʟʩʣʝʜʚʘʥʝʪʦ ʩʘ ʚʢʣʶʯʝʥʠ ʠ ʚʨʝʤʝʥʥʠ 

ʤʦʣʘʨʠ ʩ ʥʘʣʠʯʥʠ ʦʙʪʫʨʘʮʠʠ, ʥʦ ʥʫʞʜʘʝʱʠ ʩʝ ʦʪ ʧʦʜʤʷʥʘ ʥʘ ʩʲʱʠʪʝ ʧʦʨʘʜʠ ʬʨʘʢʪʫʨʠ 

ʥʘ ʩʪʘʨʠʪʝ ʦʙʪʫʨʘʮʠʠ. ɺʩʠʯʢʠ ʟʲʙʠ ʩʘ ʚʠʪʘʣʥʠ ʠ ʙʝʟ ʩʠʤʧʪʦʤʠ ʟʘ ʧʫʣʧʥʦ ʚʲʟʧʘʣʝʥʠʝ. 

ʇʨʠ ʚʩʝʢʠ ʧʘʮʠʝʥʪ ʩ ʥʘʣʠʯʥʠ ʯʝʪʠʨʠ ʢʘʨʠʦʟʥʠ ʚʨʝʤʝʥʥʠ ʤʦʣʘʨʠ ʙʷʭʘ ʠʟʨʘʙʦʪʝʥʠ ʧʦ 

ʝʜʥʘ ʦʙʪʫʨʘʮʠʷ ʦʪ ʚʩʝʢʠ ʚʠʜ ï ʬʦʪʦʧʦʣʠʤʝʨ ʠ 3-ʩʪʲʧʢʦʚʘ ʘʜʭʝʟʠʚʥʘ ʩʠʩʪʝʤʘ ʩ ʪʦʪʘʣʥʦ 

ʝʮʚʘʥʝ, ʬʦʪʦʧʦʣʠʤʝʨ ʠ 2-ʩʪʲʧʢʦʚʘ ʘʜʭʝʟʠʚʥʘ ʩʠʩʪʝʤʘ ʩ ʪʦʪʘʣʥʦ ʝʮʚʘʥʝ, ʬʦʪʦʧʦʣʠʤʝʨ ʠ 

2-ʩʪʲʧʢʦʚ ʩʘʤʦʝʮʚʘʱ ʘʜʭʝʟʠʚ ʠ ʬʦʪʦʧʦʣʠʤʝʨ ʠ 1-ʩʪʲʧʢʦʚʘ ʩʘʤʦʝʮʚʘʱʘ ʘʜʭʝʟʠʚʥʘ 

ʩʠʩʪʝʤʘ. ʇʨʠ ʧʘʮʠʝʥʪʠ ʩ ʧʦ-ʤʘʣʢʦ ʦʪ 4 ʢʘʨʠʦʟʥʠ ʚʨʝʤʝʥʥʠ ʤʦʣʘʨʘ ʨʘʟʧʨʝʜʝʣʝʥʠʝʪʦ ʥʘ 

ʨʘʟʣʠʯʥʠʪʝ ʚʠʜʦʚʝ ʦʙʪʫʨʘʮʠʠ ʩʪʘʚʘʰʝ ʥʘ ʩʣʫʯʘʝʥ ʧʨʠʥʮʠʧ. ʎʝʣʪʘ ʝ ʠʟʨʘʙʦʪʚʘʥʝ ʥʘ 

ʨʘʚʝʥ ʙʨʦʡ ʦʙʪʫʨʘʮʠʠ ʦʪ ʯʝʪʠʨʠʪʝ ʨʘʟʣʠʯʥʠ ʢʦʤʙʠʥʘʮʠʠ. ʀʟʨʘʙʦʪʝʥʠ  ʩʘ ʦʙʱʦ 160 

ʦʙʪʫʨʘʮʠʠ ï 71 ʥʘ ʧʲʨʚʠ ʠ 89 ʚʪʦʨʠ ʚʨʝʤʝʥʥʠ ʤʦʣʘʨʠ. ʌʦʨʤʘʪʘ ʥʘ ʢʘʚʠʪʝʪʠʪʝ ʩʣʝʜʚʘʰʝ 

ʨʘʟʧʨʦʩʪʨʘʥʝʥʠʝʪʦ ʥʘ ʢʘʨʠʦʟʥʠʷ ʧʨʦʮʝʩ. ʇʨʝʧʘʨʠʨʘʥʝʪʦ ʥʘ ʢʘʚʠʪʝʪʘ ʩʪʘʚʘʰʝ ʩ 

ʧʦʤʦʱʪʘ ʥʘ ʢʨʫʰʦʚʠʜʥʠ ʢʘʨʙʠʜʥʠ ʙʦʨʝʨʠ (ISO 806 314 234534 012; Komet, Lemgo, 

Germany) ʠ ʚʦʜʥʦ-ʚʲʟʜʫʰʥʦ ʦʭʣʘʞʜʘʥʝ ʠ ʢʨʲʛʣʠ ʤʝʪʘʣʥʠ ʙʦʨʝʨʠ ISO 

310 204 001 001 018; 310 204 001 001 021; 310 204 001 001 023 ʟʘ ʲʛʣʦʚ ʥʘʢʦʥʝʯʥʠʢ ʟʘ 

ʦʪʩʪʨʘʥʷʚʘʥʝ ʥʘ ʢʘʨʠʦʟʥʠʪʝ ʩʪʨʫʢʪʫʨʠ. ɻʨʘʥʠʮʠʪʝ ʥʘ ʢʘʚʠʪʝʪʠʪʝ ʩʝ ʨʘʟʧʦʣʘʛʘʪ ʚ ʟʜʨʘʚ 

ʝʤʘʡʣ. ʈʲʙʦʚʝʪʝ ʩʝ ʚʟʝʤʘʭʘ ʚʲʚ ʬʘʟʘ. ɿʘ ʘʧʨʦʢʩʠʤʘʣʥʦʪʦ ʚʲʟʩʪʘʥʦʚʷʚʘʥʝ ʥʘ ʢʘʚʠʪʝʪʠʪʝ 

ʩʝ ʠʟʧʦʣʟʚʘʰʝ ʤʘʪʨʠʮʘ ʠ ʤʘʪʨʠʮʦʜʲʨʞʘʪʝʣ (Tofflemire). ʂʘʚʠʪʝʪʠʪʝ ʩʝ ʧʨʦʤʠʚʘʭʘ ʩ 

ʚʦʜʥʦ-ʚʲʟʜʫʰʥʘ ʩʪʨʫʷ ʠ ʧʦʜʩʫʰʘʚʘʭʘ ʩ ʚʲʟʜʫʰʥʘ ʩʪʨʫʷ. ʆʙʪʫʨʘʮʠʠʪʝ ʩʘ ʠʟʨʘʙʦʪʚʘʥʠ 

ʧʦ ʝʜʠʥ ʠ ʩʲʱʠ ʥʘʯʠʥ. 

  

ʂʣʠʥʠʯʝʥ ʧʨʦʪʦʢʦʣ ʟʘ ʠʟʨʘʙʦʪʚʘʥʝ ʥʘ ʦʪʜʝʣʥʠʪʝ ʛʨʫʧʠ ʦʙʪʫʨʘʮʠʠ 

 

ʀʟʨʘʙʦʪʝʥʠ ʩʘ ʩʣʝʜʥʠʪʝ ʚʠʜʦʚʝ ʦʙʪʫʨʘʮʠ, ʢʘʪʦ ʩʘ ʧʨʠʣʦʞʝʥʠ ʢʦʤʙʠʥʘʮʠʠ ʦʪ 

ʠʟʩʣʝʜʚʘʥʠʪʝ ʛʝʥʝʨʘʮʠʠ ʘʜʭʝʟʠʚʥʠ ʩʠʩʪʝʤʠ ʠ ʦʙʪʫʨʘʮʠʦʥeʥ ʤʘʪʝʨʠʘʣ ʧʦ ʩʣʝʜʥʘʪʘ 

ʩʭʝʤʘ: 

 

ü ʌʦʪʦʧʦʣʠʤʝʨ ʠ 3 ʩʪʲʧʢʦʚʘ ʘʜʭʝʟʠʚʥʘ ʩʠʩʪʝʤʘ ʩ ʪʦʪʘʣʥʦ ʝʮʚʘʥʝ; 

ü ʌʦʪʦʧʦʣʠʤʝʨ ʠ 2 ʩʪʲʧʢʦʚʘ ʘʜʭʝʟʠʚʥʘ ʩʠʩʪʝʤʘ ʩ ʪʦʪʘʣʥʦ ʝʮʚʘʥʝ; 

ü ʌʦʪʦʧʦʣʠʤʝʨ ʠ ʜʚʫʩʪʲʧʢʦʚʘ ʩʘʤʦʝʮʚʘʱʘ ʘʜʭʝʟʠʚʥʘ ʩʠʩʪʝʤʘ; 
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ü ʌʦʪʦʧʦʣʠʤʝʨ ʠ ʝʜʥʦʩʪʲʧʢʦʚʘ ʩʘʤʦʝʮʚʘʱʘ ʘʜʭʝʟʠʚʥʘ ʩʠʩʪʝʤʘ.  

 

ɺ ʛʨʫʧʘʪʘ ʦʙʪʫʨʘʮʠʠ ʩ ʬʦʪʦʧʦʣʠʤʝʨ ʠ ʪʨʠʩʪʲʧʢʦʚʘ ʘʜʭʝʟʠʚʥʘ ʩʠʩʪʝʤʘ ʩ ʪʦʪʘʣʥʦ 

ʝʮʚʘʥʝ, ʢʣʠʥʠʯʥʠʷʪ ʧʨʦʪʦʢʦʣ ʚʢʣʶʯʚʘ:  

 

¶ ʝʮʚʘʥʝ ʩ 37% ʬʦʩʬʦʨʥʘ ʢʠʩʝʣʠʥʘ ʛʝʣ ʚ ʛʨʘʥʠʮʠʪʝ ʥʘ ʝʤʘʡʣʘ ʟʘ 15 sec  ʠ ʟʘ 7 sec ʚ 

ʛʨʘʥʠʮʠʪʝ ʥʘ ʜʝʥʪʠʥʘ; 

¶ ʧʨʦʤʠʚʘʥʝ ʩ ʚʦʜʥʦ-ʚʲʟʜʫʰʥʘ ʩʪʨʫʷ ʟʘ 15 sec; 

¶ ʧʦʜʩʫʰʘʚʘʥʝ ʩ ʣʝʢʘ ʚʲʟʜʫʰʥʘ ʩʪʨʫʷ ʟʘ ʦʪʩʪʨʘʥʷʚʘʥʝ ʥʘ ʚʦʜʘʪʘ ʦʪ ʢʘʚʠʪʝʪʘ, ʢʘʪʦ 

ʜʝʥʪʠʥʦʚʘʪʘ ʧʦʚʲʨʭʥʦʩʪ ʠʟʛʣʝʞʜʘ ʣʲʩʢʘʚʘ, ʙʝʟ ʥʘʣʠʯʠʝ ʥʘ ʢʘʧʢʠ ʚʦʜʘ; 

¶ ʘʧʣʠʮʠʨʘʥʝ ʥʘ ʘʜʭʝʟʠʚʥʘʪʘ ʩʠʩʪʝʤʘ Optibond FL (Kerr) ʩʧʦʨʝʜ ʠʥʩʪʨʫʢʮʠʷʪʘ ʥʘ 

ʧʨʦʠʟʚʦʜʠʪʝʣʷ ï ʚʪʨʠʚʘʥʝ ʥʘ ʧʨʘʡʤʝʨʘ ʟʘ 15 sec, ʣʝʢʦ ʧʨʦʜʫʭʚʘʥʝ ʟʘ 5 sec, 

ʥʘʥʘʩʷʥʝ ʥʘ ʘʜʭʝʟʠʚʘ ʟʘ 15 sec, ʣʝʢʦ ʧʨʦʜʫʭʚʘʥʝ ʟʘ 3 sec, ʬʦʪʦʧʦʣʠʤʝʨʠʟʘʮʠʷ ʟʘ 

20 sec;  

¶ ʥʘʥʘʩʷʥʝ ʥʘ ʢʦʤʧʦʟʠʪʘ. 

 

ɺ ʛʨʫʧʘʪʘ ʦʙʪʫʨʘʮʠʠ ʩ ʬʦʪʦʧʦʣʠʤʝʨ ʠ ʜʚʫʩʪʲʧʢʦʚʘ ʘʜʭʝʟʠʚʥʘ ʩʠʩʪʝʤʘ ʩ ʪʦʪʘʣʥʦ 

ʝʮʚʘʥʝ, ʢʣʠʥʠʯʥʠʷʪ ʧʨʦʪʦʢʦʣ ʚʢʣʶʯʚʘ:  

 

¶ ʝʮʚʘʥʝ ʩ 37% ʬʦʩʬʦʨʥʘ ʢʠʩʝʣʠʥʘ ʛʝʣ ʚ ʛʨʘʥʠʮʠʪʝ ʥʘ ʝʤʘʡʣʘ ʟʘ 15 sec  ʠ ʟʘ 7 sec ʚ 

ʛʨʘʥʠʮʠʪʝ ʥʘ ʜʝʥʪʠʥʘ; 

¶ ʧʨʦʤʠʚʘʥʝ ʩ ʚʦʜʥʦ-ʚʲʟʜʫʰʥʘ ʩʪʨʫʷ ʟʘ 15 sec; 

¶ ʧʦʜʩʫʰʘʚʘʥʝ ʩ ʣʝʢʘ ʚʲʟʜʫʰʥʘ ʩʪʨʫʷ ʟʘ ʦʪʩʪʨʘʥʷʚʘʥʝ ʥʘ ʚʦʜʘʪʘ ʦʪ ʢʘʚʠʪʝʪʘ, ʢʘʪʦ 

ʜʝʥʪʠʥʦʚʘʪʘ ʧʦʚʲʨʭʥʦʩʪ ʠʟʛʣʝʞʜʘ ʣʲʩʢʘʚʘ, ʙʝʟ ʥʘʣʠʯʠʝ ʥʘ ʢʘʧʢʠ ʚʦʜʘ; 

¶ ʘʧʣʠʮʠʨʘʥʝ ʥʘ ʘʜʭʝʟʠʚʥʘʪʘ ʩʠʩʪʝʤʘ Exite ʩʧʦʨʝʜ ʠʥʩʪʨʫʢʮʠʷʪʘ ʥʘ ʧʨʦʠʟʚʦʜʠʪʝʣʷ 

ï 10 sec ʯʨʝʟ ʚʪʨʠʚʘʥʝ; 

¶ ʬʦʪʦʧʦʣʠʤʝʨʠʟʘʮʠʷ ʥʘ ʘʜʭʝʟʠʚʘ ʟʘ 10 sec; 

¶ ʥʘʥʘʩʷʥʝ ʥʘ ʢʦʤʧʦʟʠʪʘ. 

 

ɺ ʛʨʫʧʘʪʘ ʦʙʪʫʨʘʮʠʠ ʩ ʬʦʪʦʧʦʣʠʤʝʨ ʠ ʜʚʫʩʪʲʧʢʦʚʘ ʩʘʤʦʝʮʚʘʱʘ ʘʜʭʝʟʠʚʥʘ ʩʠʩʪʝʤʘ 

ʢʣʠʥʠʯʥʠʷʪ ʧʨʦʪʦʢʦʣ ʚʢʣʶʯʚʘ: 
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¶ ʥʘʥʘʩʷʥʝ ʥʘ ʘʜʭʝʟʠʚʥʘʪʘ ʩʠʩʪʝʤʘ AdheSE ʩʧʦʨʝʜ ʠʥʩʪʨʫʢʮʠʠʪʝ ʥʘ 

ʧʨʦʠʟʚʦʜʠʪʝʣʷ ï 20  sec ʚʪʨʠʚʘʥʝ ʠ ʧʦʜʩʫʰʘʚʘʥʝ ʥʘ ʩʘʤʦʝʮʚʘʱʠʷ ʧʨʘʡʤʝʨ ʩ 

ʚʲʟʜʫʰʥʘ ʩʪʨʫʷ; 

¶ ʚʪʨʠʚʘʥʝ ʟʘ 10 sec ʙʦʥʜʘ, ʧʨʦʜʫʭʚʘʥʝ ʩ ʨʘʟʩʝʷʥʘ ʚʲʟʜʫʰʥʘ ʩʪʨʫʷ; 

¶ ʬʦʪʦʧʦʣʠʤʝʨʠʟʘʮʠʷ ʟʘ 10 sec; 

¶ ʥʘʥʘʩʷʥʝ ʥʘ ʢʦʤʧʦʟʠʪʘ.  

 

ɺ ʛʨʫʧʘʪʘ ʦʙʪʫʨʘʮʠʠ ʩ ʬʦʪʦʧʦʣʠʤʝʨ ʠ ʝʜʥʦʩʪʲʧʢʦʚʘ ʩʘʤʦʝʮʚʘʱʘ ʘʜʭʝʟʠʚʥʘ ʩʠʩʪʝʤʘ 

ʢʣʠʥʠʯʥʠʷʪ ʧʨʦʪʦʢʦʣ ʚʢʣʶʯʚa: 

  

¶ ʥʘʥʘʩʷʥʝ ʥʘ ʘʜʭʝʟʠʚʥʘʪʘ ʩʠʩʪʝʤʘ AdheSE One ʩʧʦʨʝʜ ʠʥʩʪʨʫʢʮʠʷʪʘ ʥʘ 

ʧʨʦʠʟʚʦʜʠʪʝʣʷ ï 20 sec ʚʪʨʠʚʘʥʝ ʠ ʧʦʜʩʫʰʘʚʘʥʝ ʩʲʩ ʩʠʣʥʘ ʚʲʟʜʫʰʥʘ ʩʪʨʫʷ; 

¶ ʬʦʪʦʧʦʨʠʤʝʨʠʟʘʮʠʷ ʟʘ 10 sec; 

¶ ʥʘʥʘʩʷʥʝ ʥʘ ʢʦʤʧʦʟʠʪʘ. 

 

ʆʙʪʫʨʘʮʠʠʪʝ ʩʝ ʥʘʥʘʩʷʪ ʥʘ ʧʣʘʩʪʦʚʝ ʩ ʜʝʙʝʣʠʥʘ ʦʢʦʣʦ 2 mm ʠ ʩʘʤʦʩʪʦʷʪʝʣʥʘ 

ʬʦʪʦʧʦʣʠʤʝʨʠʟʘʮʠʷ ʦʪ 40 sec ʩ ʜʠʦʜʥʘ ʬʦʪʦʧʦʣʠʤʝʨʠʟʠʨʘʱʘ ʣʘʤʧʘ - LEDition. 

ʀʟʣʠʰʲʢʲʪ ʦʪ ʦʙʪʫʨʘʮʠʦʥʥʠʷ ʤʘʪʝʨʠʘʣ ʩʝ ʦʪʩʪʨʘʥʷʚʘ ʩ ʧʦʤʦʱʪʘ ʥʘ ʜʠʘʤʘʥʪʝʥʠ 

ʬʠʥʠʨʥʠ ʙʦʨʝʨʠ (ISO 806 314 277514014 ʠ  806 314 277504 014) ʠ ʚʦʜʥʦ-ʚʲʟʜʫʰʥʦ 

ʦʭʣʘʞʜʘʥʝ. ʅʝ ʩʝ ʠʟʧʦʣʟʚʘ ʢʦʬʝʨʜʘʤ ʧʨʠ ʥʘʧʨʘʚʘʪʘ ʥʘ ʦʙʪʫʨʘʮʠʠʪʝ. ʆʢʣʫʟʠʷʪʘ ʩʝ 

ʧʨʦʚʝʨʷʚʘ ʩ ʧʦʤʦʱʪʘ ʥʘ ʘʨʪʠʢʫʣʘʮʠʦʥʥʘ ʭʘʨʪʠʷ ʠ ʜʚʠʞʝʥʠʝ ʥʘ ʜʦʣʥʘʪʘ ʯʝʣʶʩʪ ʚ ʪʨʠʪʝ 

ʨʘʚʥʠʥʠ. ʆʙʪʫʨʘʮʠʠʪʝ ʩʝ ʧʦʣʠʨʘʪ ʩ ʧʦʣʠʨʥʠ ʜʠʩʢʦʚʝ, ʜʠʘʤʘʥʪʝʥʠ ʬʠʥʠʨʙʦʨʝʨʠ ʠ 

ʛʫʤʠʯʢʠ (ISO 652 204 297503033, ISO 652 204 030503065).  

ʇʨʝʜʠ ʟʘʧʦʯʚʘʥʝ ʥʘ ʣʝʯʝʥʠʝʪʦ ʠ ʧʦ ʚʨʝʤʝ ʥʘ ʧʦʩʝʱʝʥʠʷʪʘ ʟʘ ʦʮʝʥʢʘ ʥʘ 

ʦʙʪʫʨʘʮʠʠʪʝ ʟʲʙʥʠʪʝ ʧʦʚʲʨʭʥʦʩʪʠ ʩʝ ʧʦʯʠʩʪʚʘʭʘ ʦʪ ʟʲʙʥʘʪʘ ʧʣʘʢʘ ʩ ʧʦʣʠʨʥʠ ʯʝʪʢʠ (ISO 

100 204 292 000 040; 100 204 030 000 060) ʠ ʧʨʦʬʠʣʘʢʪʠʯʥʘ ʧʦʣʠʨʥʘ ʧʘʩʪʘ (ʠ ʙʝʟ ʥʝʷ ʧʦ 

ʚʨʝʤʝ ʥʘ ʢʦʥʪʨʦʣʥʠʪʝ ʧʦʩʝʱʝʥʠʷ) ʠ ʚʦʜʥʦ-ʚʲʟʜʫʰʥʘ ʩʪʨʫʷ.  

 

ʈʘʟʧʨʝʜʝʣʝʥʠʝ ʥʘ ʦʙʪʫʨʘʮʠʠʪʝ ʧʦ ʛʨʫʧʠ. ʈʘʟʧʨʝʜʝʣʝʥʠʝʪʦ ʥʘ ʦʙʪʫʨʘʮʠʠʪʝ, ʚ 

ʟʘʚʠʩʠʤʦʩʪ ʦʪ ʚʠʜʘ ʥʘ ʘʜʭʝʟʠʚʥʘʪʘ ʩʠʩʪʝʤʘ ʠ ʦʙʪʫʨʘʮʠʦʥʥʠʷ ʤʘʪʝʨʠʘʣ ʝ ʧʨʝʜʩʪʘʚʝʥʦ ʥʘ 

ʪʘʙʣʠʮʘ 8. 
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ʊʘʙʣ.8. ʈʘʟʧʨʝʜʝʣʝʥʠʝ ʥʘ ʦʙʪʫʨʠʨʘʥʠʪʝ ʟʲʙʠ. 

 
ɻʨʫʧʘ   

 

 

 

ʙʨ.ʦʙʨʘʟʮ

ʠ 

 

ɸʜʭʝʟʠʚʥʘ 

ʩʠʩʪʝʤʘ 

(ʧʨʦʠʟʚʦʜʠʪʝʣ) 

 

ʂʣʠʥʠʯʝʥ ʧʨʦʪʦʢʦʣ ʥʘ 

ʘʧʣʠʮʠʨʘʥʝ ʥʘ ʘʜʭʝʟʠʚʥʘʪʘ 

ʩʠʩʪʝʤʘ 

 

 

ʆʙʪʫʨʘʮʠʦʥʝʥ 

ʤʘʪʝʨʠʘʣ 

 

 

ɻʨʫʧʘ 1 

n = 40 

 

OptiBond FL  

(Kerr) 

 

1. 37% ʬʦʩʬ.ʢ-ʥʘ 

2. ʧʨʘʡʤʝʨ 

3. ʙʦʥʜ 

-7 sec ʝʮʚʘʥʝ ʚ ʜʝʥʪʠʥʘ 

-15 sec ʧʨʦʤʠʚʘʥʝ ʩ ʚʦʜʥʦ-

ʚʲʟʜʫʰʥʘ ʩʪʨʫʷ 

-ʧʦʜʩʫʰʘʚʘʥʝ ʩʲʩ ʩʣʘʙʘ ʨʘʟʩʝʷʥʘ 

ʚʲʟʜʫʰʥʘ 

-15 sec ʚʪʨʠʚʘʥʝ ʥʘ ʧʨʘʡʤʝʨ 

-5 sec ʣʝʢʦ ʧʨʦʜʫʭʚʘʥʝ 

-15 sec ʘʧʣʠʮʠʨʘʥʝ ʥʘ ʙʦʥʜ 

- 3sec ʣʝʢʦ ʧʨʦʜʫʭʚʘʥʝ 

-20 sec ʬʦʪʦʧʦʣʠʤʝʨʠʟʘʮʠʷ 

 

 

 

Tetric EvoCeram 

Ivoclar Vivadent 

 

 

 

 

ɻʨʫʧʘ 2 

n=40 

 

Exite 

(IvoclarVivadent) 

 

1. 37% ʬʦʩʬ.ʢ-ʥʘ 

2. ʧʨʘʡʤʝʨ+ʙʦʥʜ 

-7 sec ʝʮʚʘʥʝ ʚ ʜʝʥʪʠʥʘ 

-15 sec ʧʨʦʤʠʚʘʥʝ ʩ ʚʦʜʥʦ-

ʚʲʟʜʫʰʥʘ ʩʪʨʫʷ 

-ʧʦʜʩʫʰʘʚʘʥʝ ʩʲʩ ʩʣʘʙʘ ʨʘʟʩʝʷʥʘ 

ʚʲʟʜʫʰʥʘ 

-10 sec ʚʪʨʠʚʘʥʝ ʥʘ ʘʜʭʝʟʠʚʘ 

-3 sec ʣʝʢʦ ʧʨʦʜʫʭʚʘʥʝ 

-10 sec ʬʦʪʦʧʦʣʠʤʝʨʠʟʘʮʠʷ 

 

 

Tetric EvoCeram 

Ivoclar Vivadent 

 

 

 

 

 

ɻʨʫʧʘ 3 

n = 40 

AdheSE 

(IvoclarVivadent) 

 

1.ʩʘʤʦʝʮʚʘʱ 

ʧʨʘʡʤʝʨ 

2.ʙʦʥʜ 

-20 sec ʚʪʨʠʚʘʥʝ ʥʘ ʩʘʤʦʝʮʚʘʱʠʷ 

ʧʨʘʡʤʝʨ 

- ʧʨʦʜʫʭʚʘʥʝ 

- 10 sec ʚʪʨʠʚʘʥʝ ʥʘ ʙʦʥʜʘ 

- ʩʣʘʙʦ ʧʨʦʜʫʭʚʘʥʝ 

- 20 sec ʬʦʪʦʧʦʣʠʤʝʨʠʟʘʮʠʷ 

 

 

Tetric EvoCeram 

Ivoclar Vivadent 

 

 

ɻʨʫʧʘ 4 

n = 40 

AdheSE One 

(IvoclarVivadent) 

1.ʩʘʤʦʝʮʚʘʱ 

ʧʨʘʡʤʝʨ+ʙʦʥʜ 

-20 sec ʚʪʨʠʚʘʥʝ ʥʘ ʘʜʭʝʟʠʚʘ 

-ʧʨʦʜʫʭʚʘʥʝ ʩʲʩ ʩʠʣʥʘ ʚʲʟʜʫʰʥʘ 

ʩʪʨʫʷ 

-10 sec ʬʦʪʦʧʦʣʠʤʝʨʠʟʘʮʠʷ 

 

Tetric EvoCeram 

Ivoclar Vivadent 

 

n = ʙʨʦʡ ʦʙʪʫʨʘʮʠʠ ʚ ʜʘʜʝʥʘ ʛʨʫʧʘ 

 
ʆʮʝʥʢʘʪʘ ʥʘ ʦʙʪʫʨʘʮʠʠʪʝ ʩʝ ʧʨʘʚʝʰʝ ʚʝʜʥʘʛʘ ʩʣʝʜ ʠʟʨʘʙʦʪʚʘʥʝʪʦ (baseline), ʥʘ 6, 

12, 18 ʠ 24-ʷ ʤʝʩʝʮ, ʢʘʪʦ ʩʝ ʠʟʧʦʣʟʚʘʰʝ ʥʘʰʘ ʤʦʜʠʬʠʢʘʮʠʷ ʥʘ ʢʨʠʪʝʨʠʠʪʝ ʥʘ Ryge 

(USPHS criteria 1971 Criteria for the clinical evaluation of dental restorative materials) (29).  

ɸʜʘʧʪʠʨʘʥʠʪʝ ʢʨʠʪʝʨʠʠ  ʟʘ ʦʮʝʥʢʘ ʥʘ ʩʲʩʪʦʷʥʠʝʪʦ ʥʘ ʦʙʪʫʨʘʮʠʠʪʝ, ʩʲʦʙʨʘʟʥʦ 

ʮʝʣʠʪʝ ʥʘ ʨʘʟʨʘʙʦʪʢʘʪʘ ʩʘ:  

 

ɸ. ʆʩʥʦʚʥʠ ʢʨʠʪʝʨʠʠ ʩ ʥʝʧʦʩʨʝʜʩʪʚʝʥʦ ʦʪʥʦʰʝʥʠʝ ʢʲʤ ʚʣʠʷʥʠʝʪʦ ʥʘ 

ʘʜʭʝʟʠʚʥʘʪʘ ʚʨʲʟʢʘ ʟʘ ʢʘʯʝʩʪʚʦʪʦ ʥʘ ʦʙʪʫʨʘʮʠʷʪʘ, ʚʢʣʶʯʚʘ ʦʮʝʥʢʘ ʥʘ: 
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- ʤʘʨʛʠʥʘʣʥʦ ʦʮʚʝʪʷʚʘʥʝ ï ʦʮʚʝʪʷʚʘʥʝ ʥʘ ʢʦʥʪʫʨʠʪʝ ʥʘ ʦʙʪʫʨʘʮʠʷʪʘ;  

- ʥʘʣʠʯʝʥ ʚʪʦʨʠʯʝʥ ʢʘʨʠʝʩ. 

ɹ. ɼʦʧʲʣʥʠʪʝ ʢʨʠʪʝʨʠʠ, ʢʦʠʪʦ ʩʘ ʩʣʝʜʩʪʚʠʝ ʦʪ ʢʦʤʙʠʥʠʨʘʥʦʪʦ ʚʣʠʷʥʠʝ ʥʘ 

ʦʙʪʫʨʘʮʠʦʥʥʠʷ ʤʘʪʝʨʠʘʣ ʠ ʘʜʭʝʟʠʚʥʘʪʘ ʩʠʩʪʝʤʘ ʚʢʣʶʯʚʘʪ ʦʮʝʥʢʘ ʥʘ: 

- ʘʥʘʪʦʤʠʯʥʘ ʬʦʨʤʘ;  

- ʤʘʨʛʠʥʘʣʥʘ ʘʜʘʧʪʘʮʠʷ ʥʘ ʦʙʪʫʨʘʮʠʷʪʘ. 

 

ʊʝʟʠ ʢʨʠʪʝʨʠʠ ʩʘ ʧʦʜʨʦʙʥʦ ʧʨʝʜʩʪʘʚʝʥʠ ʚ ʪʘʙʣʠʮʠ 9 ʠ 10.  

ʂʦʜ Ăɸò (Alpha) ʦʧʨʝʜʝʣʷ ʦʙʪʫʨʘʮʠʷʪʘ ʢʘʪʦ ʢʣʠʥʠʯʥʦ ʠʜʝʘʣʥʘ. ʂʦʜ Ăɺò (Bravo) 

ʦʧʨʝʜʝʣʷ ʢʨʠʪʝʨʠʷ ʢʘʪʦ ʢʣʠʥʠʯʥʦ ʧʨʠʝʤʣʠʚ, ʩ ʠʟʢʣʶʯʝʥʠʝ ʧʨʠ ʢʨʠʪʝʨʠʷ ʟʘ ʚʪʦʨʠʯʝʥ 

ʢʘʨʠʝʩ. ʂʦʜ Ăʉò (Charlie) ʠʣʠ ʢʦʜ ĂDò (Delta) ʦʧʨʝʜʝʣʷ ʦʙʪʫʨʘʮʠʷʪʘ ʢʘʪʦ ʢʣʠʥʠʯʥʦ 

ʥʝʧʨʠʝʤʣʠʚʘ ʠ ʥʫʞʜʘ ʦʪ ʥʝʡʥʦʪʦ ʧʦʜʤʝʥʷʥʝ. 

 ʇʨʝʜʠ ʦʮʝʥʢʘ ʥʘ ʦʙʪʫʨʘʮʠʠʪʝ, ʪʝ ʠ ʩʲʦʪʚʝʪʥʠʷʪ ʟʲʙ ʩʝ ʧʦʯʠʩʪʚʘʪ ʦʪ ʧʣʘʢʘ ʠ 

ʥʘʣʝʧʠ ʩ ʯʝʪʢʘ. ʆʮʝʥʢʘʪʘ ʥʘ ʦʙʪʫʨʘʮʠʠʪʝ ʩʝ ʧʨʘʚʠ ʚ ʢʣʠʥʠʯʥʠ ʫʩʣʦʚʠʷ ʩʣʝʜ ʠʟʦʣʠʨʘʥʝ 

ʥʘ ʩʝʛʤʝʥʪʘ ʠ ʧʦʜʩʫʰʘʚʘʥʝ ʠ ʦʩʚʝʪʣʝʥʠʝ ʦʪ ʜʝʥʪʘʣʥʠʷ ʶʥʠʪ ʩ ʧʦʤʦʱʪʘ ʥʘ ʜʝʥʪʘʣʥʦ 

ʦʛʣʝʜʘʣʦ ʠ ʩʦʥʜʘ.  

 

ʊʘʙʣʠʮʘ 9. ʆʩʥʦʚʥʠ ʢʨʠʪʝʨʠʠ ʟʘ ʦʮʝʥʢʘ ʥʘ ʦʙʪʫʨʘʮʠʠʪʝ ʚ ʢʣʠʥʠʯʥʠ  

        ʫʩʣʦʚʠʷ. 

 

ʂʦʜ ʂʨʠʪʝʨʠʠ 

 ʄʘʨʛʠʥʘʣʥʦ ʦʮʚʝʪʷʚʘʥʝ 

(ʚʠʟʫʘʣʝʥ ʧʨʝʛʣʝʜ ʩ ʦʛʣʝʜʘʣʦ) 

Alpha 0 ʃʠʧʩʚʘ ʦʮʚʝʪʷʚʘʥʝ. 

Bravo 1 ʆʮʚʝʪʷʚʘʥʝʪʦ ʥʝ ʝ ʧʝʥʝʪʨʠʨʘʣʦ ʧʦ ʧʨʦʜʲʣʞʝʥʠʝ ʥʘ ʢʦʥʪʫʨʠʪʝ ʚ ʧʦʩʦʢʘ 

ʢʲʤ ʧʫʣʧʘʪʘ. 

Charlie 2 ʆʮʚʝʪʷʚʘʥʝʪʦ ʝ ʧʝʥʝʪʨʠʨʘʣʦ ʧʦ ʧʨʦʜʲʣʞʝʥʠʝ ʥʘ ʢʦʥʪʫʨʠʪʝ ʚ ʧʦʩʦʢʘ 

ʢʲʤ ʧʫʣʧʘʪʘ ʠ ʝ ʢʣʠʥʠʯʥʦ ʥʝʧʨʠʝʤʣʠʚʦ. 

 ʅʘʣʠʯʝʥ ʚʪʦʨʠʯʝʥ  ʢʘʨʠʝʩ 

(ʚʠʟʫʘʣʝʥ ʧʨʝʛʣʝʜ ʩʲʩ ʩʦʥʜʘ ʠ ʦʛʣʝʜʘʣʦ) 

Alpha  0 ʅʝ ʩʝ ʥʘʙʣʶʜʘʚʘ ʢʘʨʠʝʩ ʦʢʦʣʦ ʨʲʙʦʚʝʪʝ ʥʘ ʦʙʪʫʨʘʮʠʷʪʘ. 

Bravo  1 ʅʘʣʠʯʝʥ ʢʘʨʠʝʩ ʦʢʦʣʦ ʨʲʙʦʚʝʪʝ ʥʘ ʦʙʪʫʨʘʮʠʷʪʘ, ʥʘʣʘʛʘʱ ʢʦʨʝʢʮʠʷ ʠʣʠ 

ʧʦʜʤʷʥʘ ʥʘ ʦʙʪʫʨʘʮʠʷʪʘ. 
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ʊʘʙʣʠʮʘ 10. ɼʦʧʲʣʥʠʪʝʣʥʠ ʢʨʠʪʝʨʠʠ ʟʘ ʦʮʝʥʢʘ ʥʘ ʦʙʪʫʨʘʮʠʠʪʝ ʚ ʢʣʠʥʠʯʥʠ  

  ʫʩʣʦʚʠʷ. 

 

 ɸʥʘʪʦʤʠʯʥʘ ʬʦʨʤʘ  

(ʚʠʟʫʘʣʝʥ ʧʨʝʛʣʝʜ) 

Alpha  0 ʆʙʪʫʨʘʮʠʷʪʘ ʝ ʧʨʦʜʲʣʞʝʥʠʝ ʥʘ ʘʥʘʪʦʤʠʯʥʘʪʘ ʬʦʨʤʘ ʥʘ ʟʲʙʘ. 

 

Bravo  

 

1 

ʆʙʪʫʨʘʮʠʷʪʘ ʝ ʩ ʥʘʨʫʰʝʥʘ ʘʥʘʪʦʤʠʯʥʘ ʬʦʨʤʘ, ʥʦ ʣʠʧʩʚʘʱʠʷʪ 

ʤʘʪʝʨʠʘʣ ʥʝ ʝ ʜʦʩʪʘʪʲʯʝʥ, ʟʘ ʜʘ ʦʪʢʨʠʝ ʜʝʥʪʠʥʘ ʠʣʠ ʧʦʜʣʦʞʢʘʪʘ. 

Charlie  2 ʆʙʪʫʨʘʮʠʷʪʘ ʝ ʬʨʘʢʪʫʨʠʨʘʥʘ ʠʣʠ ʣʠʧʩʚʘʪ ʯʘʩʪʠ ʦʪ ʥʝʷ ʠʣʠ ʣʠʧʩʚʘ 

ʠʟʮʷʣʦ. 

 ʄʘʨʛʠʥʘʣʥʘ ʘʜʘʧʪʘʮʠʷ ʥʘ ʦʙʪʫʨʘʮʠʷʪʘ* 

(ʚʠʟʫʘʣʝʥ ʧʨʝʛʣʝʜ ʩʲʩ ʩʦʥʜʘ ʠ ʦʛʣʝʜʘʣʦ) 

 

Alpha 

0 ʅʷʤʘ ʚʠʜʠʤʠ ʜʦʢʘʟʘʪʝʣʩʪʚʘ ʟʘ ʧʨʦʮʝʧʠ ʧʦ ʧʨʦʜʲʣʞʝʥʠʝ ʥʘ ʨʲʙʦʚʝʪʝ 

ʠʣʠ ʚʠʜʠʤʠʪʝ ʧʨʦʮʝʧʠ ʩʘ ʪʦʣʢʦʚʘ ʤʘʣʢʠ, ʯʝ ʩʦʥʜʘʪʘ ʩʘʤʦ ʩʝ ʟʘʢʘʯʘ ʙʝʟ 

ʜʘ Ăʧʨʦʧʘʜʘ ʚ ʪʷʭò. 

 

Bravo 

 

1 

ʉʦʥʜʘʪʘ ʩʝ ʟʘʜʲʨʞʘ ʧʨʠ ʥʘʧʨʝʯʥʦ ʜʚʠʞʝʥʠʝ ʧʨʝʟ ʧʝʨʠʬʝʨʥʘʪʘ ʚʨʲʟʢʘ 

ʦʪ ʦʙʪʫʨʘʮʠʷʪʘ ʢʲʤ ʟʲʙʥʘʪʘ ʧʦʚʲʨʭʥʦʩʪ, ʨʝʟʫʣʪʘʪ ʦʪ ʦʪʯʫʧʚʘʥʝ ʥʘ 

ʯʘʩʪʠ ʦʪ ʨʲʙʘ ʥʘ ʦʙʪʫʨʘʮʠʷʪʘ ʠ/ʠʣʠ ʝʤʘʡʣʦʚʠʷ ʨʲʙ, ʙʝʟ ʜʘ ʝ ʨʘʟʢʨʠʪ 

ʜʝʥʪʠʥʘ. 

ɺʠʜʠʤʠ ʜʦʢʘʟʘʪʝʣʩʪʚʘ ʟʘ ʧʨʦʮʝʧʠ ʧʦ ʧʨʦʪʝʞʝʥʠʝʪʦ ʥʘ ʢʦʥʪʫʨʠʪʝ ʥʘ 

ʦʙʪʫʨʘʮʠʷʪʘ, ʚ ʢʦʠʪʦ ʩʦʥʜʘʪʘ ʧʝʥʝʪʨʠʨʘ, ʥʦ ʜʝʥʪʠʥʘ ʠʣʠ ʧʦʜʣʦʞʢʘʪʘ 

ʥʝ ʩʘ ʨʘʟʢʨʠʪʠ 

 

Charlie 

2 

 

2ʘ 

ʉʦʥʜʘʪʘ ʧʝʥʝʪʨʠʨʘ ʚ ʧʨʦʮʝʧʠʪʝ, ʘ ʜʝʥʪʠʥʲʪ ʠʣʠ ʧʦʜʣʦʞʢʘʪʘ ʩʘ 

ʦʪʢʨʠʪʠ. 

ʉʦʥʜʘʪʘ ʩʝ ʟʘʜʲʨʞʘ ʧʨʠ ʥʘʧʨʝʯʥʦ ʜʚʠʞʝʥʠʝ ʧʨʝʟ ʧʝʨʠʬʝʨʥʘʪʘ ʚʨʲʟʢʘ 

ʦʪ ʟʲʙʥʘʪʘ ʧʦʚʲʨʭʥʦʩʪ ʢʲʤ ʦʙʪʫʨʘʮʠʷʪʘ ï ʜʲʣʞʠ ʩʝ ʥʘ ʠʤʙʠʙʠʨʘʥʝ ʥʘ 

ʤʘʪʝʨʠʘʣʘ. 

Delta 3 ʆʙʪʫʨʘʮʠʷʪʘ ʝ ʬʨʘʢʪʫʨʠʨʘʥʘ, ʣʠʧʩʚʘʪ ʯʘʩʪʠ ʦʪ ʥʝʷ ʠʣʠ ʮʷʣʘʪʘ. 

*ʥʘʰʘ ʤʦʜʠʬʠʢʘʮʠʷ ʥʘ ʢʨʠʪʝʨʠʷ, ʘʜʘʧʪʠʨʘʥʘ ʢʲʤ ʥʫʞʜʠʪʝ ʥʘ ʠʟʩʣʝʜʚʘʥʝʪʦ 

ʉ ʯʝʨʚʝʥʦ ʝ ʦʨʠʛʠʥʘʣʥʠʷ ʢʨʠʪʝʨʠʡ 

 

 

2.3. ʄʝʪʦʜʠʢʘ ʥʘ ʩʪʘʪʠʩʪʠʯʝʩʢʠʷ ʘʥʘʣʠʟ  

ʀʟʭʦʞʜʘʡʢʠ ʦʪ ʦʩʥʦʚʥʘʪʘ ʮʝʣ ʠ ʟʘʜʘʯʠ ʥʘ ʧʨʦʫʯʚʘʥʝʪʦ, ʢʘʢʪʦ ʠ ʦʪ ʦʙʝʤʘ ʠ ʚʠʜʘ 

ʥʘ ʜʘʥʥʠʪʝ, ʧʨʠ ʧʨʦʚʝʞʜʘʥʝ ʥʘ ʧʨʦʫʯʚʘʥʝʪʦ ʙʷʭʘ ʠʟʧʦʣʟʚʘʥʠ ʩʣʝʜʥʠʪʝ ʩʪʘʪʠʩʪʠʯʝʩʢʠ 

ʤʝʪʦʜʠ: 

 

2.3.1. ʇʘʨʘʤʝʪʨʠʯʥʠ ʤʝʪʦʜʠ 

ü ɺʘʨʠʘʮʠʦʥʝʥ ʘʥʘʣʠʟ ʟʘ ʦʧʠʩʘʥʠʝ ʥʘ ʢʦʣʠʯʝʩʪʚʝʥʦ ʠʟʨʘʟʠʤʠ (ʤʝʪʨʠʯʥʠ) 

ʧʦʢʘʟʘʪʝʣʠ; ʈʝʟʫʣʪʘʪʠʪʝ ʩʘ ʧʨʝʜʩʪʘʚʝʥʠ ʯʨʝʟ ʩʨʝʜʥʘʪʘ ʘʨʠʪʤʝʪʠʯʥʘ ʚʝʣʠʯʠʥʘ 

ʠ ʩʪʘʥʜʘʨʪʥʘ ʛʨʝʰʢʘ (meanÑSE); 
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ü ɸʣʪʝʨʥʘʪʠʚʝʥ ʘʥʘʣʠʟ ʟʘ ʦʮʝʥʢʘ ʥʘ ʯʝʩʪʦʪʥʠ ʨʘʟʧʨʝʜʝʣʝʥʠʷ ʧʨʠ ʢʘʯʝʩʪʚʝʥʠ 

(ʥʝʤʝʪʨʠʯʥʠ) ʠ ʛʨʫʧʠʨʘʥʠ ʜʘʥʥʠ; ʈʝʟʫʣʪʘʪʠʪʝ ʩʘ ʧʨʝʜʩʪʘʚʝʥʠ ʯʨʝʟ ʦʮʝʥʢʘ ʥʘ 

ʦʪʥʦʩʠʪʝʣʥʠʷ ʜʷʣ ʠ ʩʪʘʥʜʘʨʪʥʘ ʛʨʝʰʢʘ (Sp); 

ü t- ʢʨʠʪʝʨʠʡ ʥʘ Student ʟʘ ʪʝʩʪʚʘʥʝ ʥʘ ʭʠʧʦʪʝʟʠ ʟʘ ʥʘʣʠʯʠʝ ʥʘ ʩʪʘʪʠʩʪʠʯʝʩʢʠ 

ʟʥʘʯʠʤʦ ʨʘʟʣʠʯʠʝ ʧʨʠ ʢʦʣʠʯʝʩʪʚʝʥʦ ʠʟʨʘʟʠʤʠ  ʧʦʢʘʟʘʪʝʣʠ ʩ ʥʦʨʤʘʣʥʦ 

ʨʘʟʧʨʝʜʝʣʝʥʠʝ. ʀʟʧʦʣʟʚʘʥ ʝ  ʪʝʩʪʘ ʟʘ ʥʝʟʘʚʠʩʠʤʠ ʠʟʚʘʜʢʠ (independent 

sʘmples t- test) . 

ü ɽʜʥʦʬʘʢʪʦʨʝʥ (One-way ANOVA) ʠ ʤʥʦʛʦʬʘʢʪʦʨʝʥ (MANOVA ) 

ʜʠʩʧʝʨʩʠʦʥʝʥ ʘʥʘʣʠʟ ʟʘ ʩʲʧʦʩʪʘʚʢʘ ʥʘ ʢʦʣʠʯʝʩʪʚʝʥʦ ʠʟʤʝʨʠʤʠ ʧʦʢʘʟʘʪʝʣʠ 

ʧʨʠ ʧʦʚʝʯʝ ʦʪ ʜʚʝ ʛʨʫʧʠ ʠ ʦʮʝʥʢʘ ʥʘ ʢʦʤʙʠʥʠʨʘʥʦʪʦ ʚʣʠʷʥʠʝ ʥʘ ʥʷʢʦʣʢʦ 

ʬʘʢʪʦʨʘ; ʇʨʠʣʦʞʝʥ ʝ ʠ Post Hoc Multiple Comparisons test ʩʣʝʜ ʫʩʪʘʥʦʚʷʚʘʥʝ 

ʥʘ ʩʪʘʪʠʩʪʠʯʝʩʢʠ ʟʥʘʯʠʤʘ ʨʘʟʣʠʢʘ ʤʝʞʜʫ ʛʨʫʧʠʪʝ ʟʘ ʘʥʘʣʠʟʠʨʘʥʝ ʥʘ 

ʨʘʟʣʠʢʠʪʝ ʧʦ ʜʚʦʡʢʠ. 

ü ʄʥʦʛʦʬʘʢʪʦʨʥʘ ʣʦʛʠʩʪʠʯʥʘ ʨʝʛʨʝʩʠʷ ʟʘ  ʧʨʝʜʩʪʘʚʷʥʝ ʥʘ ʤʘʪʝʤʘʪʠʯʝʩʢʠ 

ʤʦʜʝʣ ʧʨʦʛʥʦʟʠʨʘʱ ʚʠʜʘ ʥʘ ʨʘʟʨʫʰʝʥʠʝ (ʨʝʟʫʣʪʘʪʠʚʥʘ ʧʨʦʤʝʥʣʠʚʘ Y) ʚ 

ʟʘʚʠʩʠʤʦʩʪ ʦʪ ʩʪʦʡʥʦʩʪʠʪʝ ʥʘ ʟʜʨʘʚʠʥʘʪʘ ʥʘ ʚʨʲʟʢʘʪʘ (ʢʦʣʠʯʝʩʪʚʝʥʘ 

ʦʧʨʝʜʝʣʷʱʘ ʧʨʦʤʝʥʣʠʚʘ -X) ʠ ʚʠʜʘ ʥʘ ʘʜʭʝʟʠʚʥʘʪʘ ʩʠʩʪʝʤʘ (ʢʘʯʝʩʪʚʝʥʘ 

ʦʧʨʝʜʝʣʷʱʘ ʧʨʦʤʝʥʣʠʚʘ Z). ʄʦʜʝʣʲʪ ʠʤʘ ʩʣʝʜʥʠʷ ʘʥʘʣʠʪʠʯʝʥ ʚʠʜ: 

ä
=

++=
-

11

1)(1

)(
ln(

i

ii ZX
Yprob

Yprob
fba  

 

2.3.2  ʅʝʧʘʨʘʤʝʪʨʠʯʥʠ ʤʝʪʦʜʠ 

ü ʂʨʠʪʝʨʠʡ ʥʘ ʂʦʣʤʦʛʦʨʦʚ ï ʉʤʠʨʥʦʚ ʟʘ ʠʟʩʣʝʜʚʘʥʝ ʥʘ ʥʦʨʤʘʣʥʦʩʪʪʘ ʥʘ 

ʨʘʟʧʨʝʜʝʣʝʥʠʝʪʦ ʧʨʠ ʢʦʣʠʯʝʩʪʚʝʥʠ  ʚʝʣʠʯʠʥʠ; 

ü Kʨʠʪʝʨʠʡ ʟʘ ʩʲʛʣʘʩʠʝ ʥʘ Pearson- 2c  . 

ü ʊʝʩʪ ʥʘ Mann-Whitney - ʧʨʠ ʩʲʧʦʩʪʘʚʢʘ ʥʘ ʜʚʝ ʥʝʟʘʚʠʩʠʤʠ ʠʟʚʘʜʢʠ, 

ʠʟʤʝʨʝʥʠ ʥʘ ʨʘʥʛʦʚʘ ʩʢʘʣʘ ʠʣʠ ʧʨʠ ʢʦʣʠʯʝʩʪʚʝʥʠ ʚʝʣʠʯʠʥʠ ʩ 

ʨʘʟʧʨʝʜʝʣʝʥʠʝ ʨʘʟʣʠʯʥʦ ʦʪ ʥʦʨʤʘʣʥʦʪʦ. 

ü ʊʝʩʪ ʥʘ Kruskal-Wallis - ʧʨʠ ʩʲʧʦʩʪʘʚʢʘ ʥʘ ʧʦʚʝʯʝ ʦʪ ʜʚʝ ʥʝʟʘʚʠʩʠʤʠ 

ʠʟʚʘʜʢʠ, ʠʟʤʝʨʝʥʠ ʥʘ ʨʘʥʛʦʚʘ ʩʢʘʣʘ ʠʣʠ ʧʨʠ ʢʦʣʠʯʝʩʪʚʝʥʠ ʚʝʣʠʯʠʥʠ ʩ 

ʨʘʟʧʨʝʜʝʣʝʥʠʝ ʨʘʟʣʠʯʥʦ ʦʪ ʥʦʨʤʘʣʥʦʪʦ. 
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 ɿʘ  ʫʨʦʚʝʥ ʥʘ ʟʥʘʯʠʤʦʩʪ ʥʘ ʥʫʣʝʚʘʪʘ ʭʠʧʦʪʝʟʘ ʙʝ ʚʲʟʧʨʠʝʪ P<0.05. ʂʨʠʪʠʯʥʘʪʘ 

ʦʙʣʘʩʪ ʟʘ ʧʦʩʦʯʝʥʠʪʝ ʩʪʦʡʥʦʩʪʠ ʥʘ ʈ ʝ ʜʚʫʩʪʨʘʥʥʘ;   

ɿʘ ʦʙʨʘʙʦʪʢʘʪʘ ʥʘ ʜʘʥʥʠʪʝ ʝ ʠʟʧʦʣʟʚʘʥ ʩʪʘʪʠʩʪʠʯʝʩʢʠʷ ʧʨʦʛʨʘʤʝʥ ʧʨʦʜʫʢʪ SPSS v.17.0 . 

 

III . ʈɽɿʋʃʊɸʊʀ ʀ ʆɹʉʒɾɼɸʅɽ 

 

 

ʇʒʈɺɸ ɿɸɼɸʏɸ 

 

ʉɽʄ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ ʥʘ ʧʨʝʧʘʨʠʨʘʥʘ ʩ ʙʦʨʝʨ ʜʝʥʪʠʥʦʚʘ ʧʦʚʲʨʭʥʦʩʪ ʥʘ 

ʦʙʨʘʟʮʠ ʦʪ ʚʨʝʤʝʥʥʠ ʠ ʧʦʩʪʦʷʥʥʠ ʟʲʙʠ, ʝʮʚʘʥʘ ʩ ʨʘʟʣʠʯʥʘ ʧʨʦʜʲʣʞʠʪʝʣʥʦʩʪ ʠ 

ʢʦʥʮʝʥʪʨʘʮʠʠ ʥʘ ʬʦʩʬʦʨʥʘ ʢʠʩʝʣʠʥʘ.  

 

ʈɽɿʋʃʊɸʊʀ 

 

ʂʦʥʪʨʦʣʥʠ ʦʙʨʘʟʮʠ 

 

ɼʝʥʪʠʥʲʪ ʥʘ ʢʦʥʪʨʦʣʥʠʪʝ ʦʙʨʘʟʮʠ ʙʝʟ ʝʮʚʘʥʝ ʧʦʢʘʟʚʘ ʥʘʣʠʯʠʝ ʥʘ ʟʘʤʲʨʩʷʚʘʱ 

ʩʣʦʡ ʧʨʠ ʜʚʘʪʘ ʚʠʜʘ ʟʲʙʠ ï ʚʨʝʤʝʥʝʥ ʠ ʧʦʩʪʦʷʥʝʥ, ʥʘ ʫʚʝʣʠʯʝʥʠʝʪʦ - 1500, ʠʟʧʦʣʟʚʘʥʦ ʚ 

ʪʦʚʘ ʠʟʩʣʝʜʚʘʥʝ (ʬʠʛ.7). 

 

ɸ ɹ  

ʌʠʛ.7. ʉɽʄ ʥʘ ʟʘʤʲʨʩʷʚʘʱ ʩʣʦʡ ʚʲʨʭʫ ʧʦʚʲʨʭʥʦʩʪʪʘ ʥʘ ʜʝʥʪʠʥʘ ʥʘ ʚʨʝʤʝʥʝʥ (ɸ) ʠ 

ʧʦʩʪʦʷʥʝʥ (ɹ) ʟʲʙ. 

 



 

99 

 

ʅʝʝʮʚʘʥʘʪʘ ʜʝʥʪʠʥʦʚʘ ʧʦʚʲʨʭʥʦʩʪ ʝ ʧʦʢʨʠʪʘ ʩʲʩ ʟʘʤʲʨʩʷʚʘʱ ʩʣʦʡ ʩ ʠʜʝʥʪʠʯʥʘ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʠ ʧʨʠ ʜʚʘʪʘ ʚʠʜʘ ʦʙʨʘʟʮʠ. ɿʘʤʲʨʩʷʚʘʱʠʷʪ ʩʣʦʡ ʩʝ ʚʠʞʜʘ ʢʘʪʦ ʧʝʣʝʥʘ, 

ʢʦʷʪʦ ʧʦʢʨʠʚʘ ʦʙʨʘʙʦʪʝʥʘʪʘ ʜʝʥʪʠʥʦʚʘ ʧʦʚʲʨʭʥʦʩʪ. ʅʝ ʩʝ ʚʠʞʜʘ ʭʘʨʘʢʪʝʨʥʘʪʘ ʟʘ ʜʝʥʪʠʥʘ 

ʤʠʢʨʦʢʘʥʘʣʯʝʩʪʘ ʩʪʨʫʢʪʫʨʘ. ʅʘ ʦʪʜʝʣʥʠ ʤʝʩʪʘ ʟʘʤʲʨʩʷʚʘʱʠʷʪ ʩʣʦʡ ʝ ʥʘʧʫʢʘʥ. ɺʠʞʜʘʪ ʩʝ 

ʧʫʢʥʘʪʠʥʠ, ʢʦʠʪʦ ʚʝʨʦʷʪʥʦ ʩʲʦʪʚʝʪʩʪʚʘʪ ʥʘ ʚʭʦʜʦʚʝʪʝ ʥʘ ʯʘʩʪ ʦʪ ʜʝʥʪʠʥʦʚʠ ʢʘʥʘʣʯʝʪʘ. 

ʇʦʚʲʨʭʥʦʩʪʪʘ ʥʘ ʟʘʤʲʨʩʷʚʘʱʠʷ ʩʣʦʡ ʝ ʦʩʝʷʥʘ ʦʪ ʯʘʩʪʠʮʠ ʩ ʥʝʧʨʘʚʠʣʥʘ ʬʦʨʤʘ ʠ ʨʘʟʣʠʯʥʠ 

ʨʘʟʤʝʨʠ, ʚʠʜʠʤʦ ʥʝʟʜʨʘʚʦ ʩʚʲʨʟʘʥʠ ʩ ʥʝʛʦ. 

 

ʇʨʠ ʘʧʣʠʮʠʨʘʥʝʪʦ ʥʘ 20% ʬʦʩʬʦʨʥʘ ʢʠʩʝʣʠʥʘ ʩʝ ʥʘʙʣʶʜʘʚʘʪ ʩʣʝʜʥʠʪʝ 

ʨʝʟʫʣʪʘʪʠ:  

 

ɻʨʫʧʠ 1 ʠ 2 ï 20% ʬʦʩʬʦʨʥʘ ʢʠʩʝʣʠʥʘ ʟʘ 7 ʩʝʢʫʥʜʠ 

 

ɽʮʚʘʥʝʪʦ ʥʘ ʜʝʥʪʠʥʦʚʘʪʘ ʧʦʚʲʨʭʥʦʩʪ ʚ ʜʚʝʪʝ ʛʨʫʧʠ ï ʥʘ ʚʨʝʤʝʥʥʠʪʝ ʠ 

ʧʦʩʪʦʷʥʥʠʪʝ ʟʲʙʠ ʨʘʟʢʲʩʚʘ, ʥʦ ʥʝ ʦʪʩʪʨʘʥʷʚʘ ʠʟʮʷʣʦ ʟʘʤʲʨʩʷʚʘʱʠʷ ʩʣʦʡ (ʬʠʛ.8). 

ɸ ɹ 

ʌʠʛ.8.ʉɽʄ ʥʘ ʝʮʚʘʥʘ ʩ 20% ʬʦʩʬʦʨʥʘ ʢʠʩʝʣʠʥʘ ʟʘ 7 ʩʝʢ. ʜʝʥʪʠʥʦʚʘ ʧʦʚʲʨʭʥʦʩʪ ʥʘ 

ʚʨʝʤʝʥʝʥ (ɸ) ʠ ʧʦʩʪʦʷʥʝʥ (ɹ) ʟʲʙ. ɺʠʞʜʘ ʩʝ ʟʘʧʘʟʝʥ ʟʘʤʲʨʩʷʚʘʱ ʩʣʦʡ ʚʲʨʭʫ 

ʠʥʪʝʨʪʫʙʫʣʘʨʥʠʷ ʜʝʥʪʠʥ. 

 

ɿʘʤʲʨʩʷʚʘʱʠʷʪ ʩʣʦʡ ʝ ʦʪʩʪʨʘʥʝʥ ʧʨʝʜʠʤʥʦ ʥʘʜ ʜʝʥʪʠʥʦʚʠʪʝ ʢʘʥʘʣʯʝʪʘ ʠ ʝ 

ʟʘʧʘʟʝʥ ʥʘʜ ʠʥʪʝʨʪʫʙʫʣʘʨʥʠʷ ʜʝʥʪʠʥ (ʢʘʙʲʨʯʝ, ʬʠʛ.8ɸ ʠ ɹ). ʅʘ ʦʪʜʝʣʥʠ ʤʝʩʪʘ ʥʷʢʦʠ ʦʪ 

ʦʪʚʦʨʠʪʝ ʥʘ ʜʝʥʪʠʥʦʚʠʪʝ ʢʘʥʘʣʯʝʪʘ ʥʝ ʩʘ ʨʘʟʢʨʠʪʠ. ʇʦ ʪʘʟʠ ʧʨʠʯʠʥʘ ʠ ʙʨʦʷʪ ʥʘ 

ʦʪʚʦʨʝʥʠʪʝ ʜʝʥʪʠʥʦʚʠ ʢʘʥʘʣʯʝʪʘ ʝ ʧʦ-ʤʘʣʲʢ ʦʪ ʜʝʡʩʪʚʠʪʝʣʥʠʷ ʠʤ ʙʨʦʡ. ʄʥʦʛʦ ʦʪ ʪʷʭ 

ʦʩʪʘʚʘʪ ʦʙʪʫʨʠʨʘʥʠ ʦʪ ʟʘʤʲʨʩʷʚʘʱʠʷ ʩʣʦʡ (ʧʦʢʘʟʘʣʝʮ, ʬʠʛ.8.ɸ ʠ ɹ).  
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ɻʨʫʧʠ 3 ʠ 4 ï 20% ʬʦʩʬʦʨʥʘ ʢʠʩʝʣʠʥʘ ʟʘ 15 ʩʝʢʫʥʜʠ 

 

ʈʝʟʫʣʪʘʪʠʪʝ ʧʨʠ ʫʚʝʣʠʯʘʚʘʥʝ ʥʘ ʚʨʝʤʝʪʦ ʟʘ ʝʮʚʘʥʝ ʥʘ 15 sec ʚ ʛʨʫʧʘ 3 ʚʨʝʤʝʥʥʠ 

ʟʲʙʠ ʠ ʛʨʫʧʘ 4 ʧʦʩʪʦʷʥʥʠ ʟʲʙʠ ʩʘ ʩʭʦʜʥʠ ʩ ʧʨʝʜʠʰʥʠʪʝ. ʅʷʢʦʠ ʦʪ ʜʝʥʪʠʥʦʚʠʪʝ ʪʫʙʫʣʠ 

ʦʩʪʘʚʘʪ ʯʘʩʪʠʯʥʦ ʠʣʠ ʥʘʧʲʣʥʦ ʦʙʪʫʨʠʨʘʥʠ ʦʪ ʟʘʤʲʨʩʷʚʘʱʠʪʝ ʟʘʧʫʰʘʣʢʠ (ʧʦʢʘʟʘʣʝʮ). ɺ 

ʜʚʝʪʝ ʛʨʫʧʠ ʩʝ ʥʘʙʣʶʜʘʚʘʪ ʦʩʪʘʪʲʮʠ ʦʪ ʟʘʤʲʨʩʷʚʘʱ ʩʣʦʡ ʠ ʧʨʝʮʠʧʠʪʘʪʠ ʚ ʛʨʘʥʠʮʠʪʝ ʥʘ 

ʠʥʪʝʨʪʫʙʫʣʘʨʥʠʷ ʜʝʥʪʠʥ (ʢʘʙʲʨ - ʬʠʛ.9.ɸ ʠ ɹ). 

 

A ɹ 

ʌʠʛ.9.ʉɽʄ ʥʘ ʝʮʚʘʥʘ ʩ 20% ʬʦʩʬʦʨʥʘ ʢʠʩʝʣʠʥʘ ʟʘ 15 ʩʝʢ. ʜʝʥʪʠʥʦʚʘ ʧʦʚʲʨʭʥʦʩʪ ʥʘ 

ʚʨʝʤʝʥʝʥ (ɸ) ʠ ʧʦʩʪʦʷʥʝʥ (ɹ) ʟʲʙ. ʅʘʙʣʶʜʘʚʘʪ ʩʝ ʦʩʪʘʪʲʮʠ ʦʪ ʟʘʤʲʨʩʷʚʘʱ 

ʩʣʦʡ ʠ ʝʜʠʥʠʯʥʠ, ʦʙʪʫʨʠʨʘʥʠ ʩʲʩ ʟʘʤʲʨʩʷʚʘʱʠ ʟʘʧʫʰʘʣʢʠ ʜʝʥʪʠʥʦʚʠ 

ʢʘʥʘʣʯʝʪʘ. 

 

ʇʨʠ ʩʲʧʦʩʪʘʚʷʥʝ ʥʘ ʨʝʟʫʣʪʘʪʠʪʝ ʤʝʞʜʫ ʛʨʫʧʘ 1 (ʚʨʝʤʝʥʥʠ ʟʲʙʠ ʝʮʚʘʥʠ ʟʘ 7 sec) ʠ 

ʛʨʫʧʘ 3 (ʚʨʝʤʝʥʥʠ ʟʲʙʠ ʝʮʚʘʥʠ ʟʘ 15 sec) (ʬʠʛ.8ɸ ʠ ʬʠʛ.9ɸ) ʧʦ-ʨʷʜʢʦ ʩʝ ʥʘʙʣʶʜʘʚʘʪ 

ʦʙʪʫʨʠʨʘʥʠ ʩʲʩ ʟʘʤʲʨʩʷʚʘʱʠ ʟʘʧʫʰʘʣʢʠ ʜʝʥʪʠʥʦʚʠ ʢʘʥʘʣʯʝʪʘ ʚ ʛʨʫʧʘ 3, ʥʦ ʩʝ ʟʘʧʘʟʚʘʪ 

ʦʩʪʘʪʲʮʠ ʦʪ ʟʘʤʲʨʩʷʚʘʱʠʷ ʩʣʦʡ ʠ ʧʨʝʮʠʧʠʪʘʪʠ ʚʲʨʭʫ ʠʥʪʝʨʪʫʙʫʣʘʨʥʠʷ ʜʝʥʪʠʥ. 

ʈʝʟʫʣʪʘʪʠʪʝ ʩʘ ʩʭʦʜʥʠ ʠ ʚ ʛʨʫʧʠʪʝ ʥʘ ʧʦʩʪʦʷʥʥʠʪʝ ʟʲʙʠ, ʛʨʫʧʘ 2 (15 sec ʝʮʚʘʥʝ) ʠ ʛʨʫʧʘ 

4 (7sec ʝʮʚʘʥʝ). ʇʦ-ʨʷʜʢʦ ʩʝ ʥʘʙʣʶʜʘʚʘʪ ʥʝʧʦʯʠʩʪʝʥʠ ʜʝʥʪʠʥʦʚʠ ʢʘʥʘʣʯʝʪʘ ʚ ʛʨʫʧʘ 4, 

ʥʦ ʚʩʝ ʦʱʝ ʩʝ ʥʘʙʣʶʜʘʚʘʪ ʦʩʪʘʪʲʮʠ ʦʪ ʟʘʤʲʨʩʷʚʘʱʠʷ ʩʣʦʡ ʚʲʨʭʫ ʠʥʪʝʨʪʫʙʫʣʘʨʥʠʷ 

ʜʝʥʪʠʥ ʠ ʚ ʜʚʝʪʝ ʛʨʫʧʠ (ʬʠʛ.8ɹ ʠ ʬʠʛ.9ɹ). 

 

ʇʨʠ ʘʧʣʠʮʠʨʘʥʝʪʦ ʥʘ 37% ʬʦʩʬʦʨʥʘ ʢʠʩʝʣʠʥʘ ʩʝ ʥʘʙʣʶʜʘʚʘʪ ʩʣʝʜʥʠʪʝ 

ʨʝʟʫʣʪʘʪʠ: 

ɻʨʫʧʠ 5 ʠ 6 ï 37% ʬʦʩʬʦʨʥʘ ʢʠʩʝʣʠʥʘ ʟʘ 7 ʩʝʢʫʥʜʠ 
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ʇʨʠ ʠʟʩʣʝʜʚʘʥʠʪʝ ʚʨʝʤʝʥʥʠ ʟʲʙʠ ʦʪ ʛʨʫʧʘ 5 (7 sec ʝʮʚʘʥʝ) ʩʝ ʥʘʙʣʶʜʘʚʘ 

ʮʷʣʦʩʪʥʦ ʦʪʩʪʨʘʥʝʥ ʟʘʤʲʨʩʷʚʘʱ ʩʣʦʡ ʢʘʢʪʦ ʦʪ ʟʦʥʘʪʘ ʥʘ ʠʥʪʝʨʪʫʙʫʣʘʨʥʠʷ ʜʝʥʪʠʥ ʪʘʢʘ ʠ 

ʦʪ ʚʭʦʜʦʚʝʪʝ ʥʘ ʜʝʥʪʠʥʦʚʠʪʝ ʢʘʥʘʣʯʝʪʘ (ʬʠʛ.10.ɸ). ʇʨʠ ʧʦʩʪʦʷʥʥʠʪʝ ʟʲʙʠ ʦʪ ʛʨʫʧʘ 6 (7 

sec ʝʮʚʘʥʝ) ʚʩʝ ʦʱʝ ʩʝ ʥʘʙʣʶʜʘʚʘʪ ʧʨʝʮʠʧʠʪʘʪʠ ʠ ʦʩʪʘʪʲʮʠ ʦʪ ʟʘʤʲʨʩʷʚʘʱʠʷ ʩʣʦʡ ʧʦ 

ʠʥʪʝʨʪʫʙʫʣʘʨʥʘʪʘ ʜʝʥʪʠʥʦʚʘʪʘ ʧʦʚʲʨʭʥʦʩʪ. ʅʘʙʣʜʁʘʚʘʪ ʩʝ ʠ ʦʩʪʘʪʲʮʠ ʦʪ ʟʘʧʫʰʘʣʢʠ ʚ 

ʫʩʪʠʷʪʘ ʥʘ ʜʝʥʪʠʥʦʚʠʪʝ ʢʘʥʘʣʯʝʪʘ (ʬʠʛ.10.ɹ). 

 

ɸ ɹ  
 

ʌʠʛ.10. ʉɽʄ ʥʘ ʜʝʥʪʠʥʦʚʘ ʧʦʚʲʨʭʥʦʩʪ ʥʘ ʝʮʚʘʥʘ ʩ 37% ʬʦʩʬʦʨʥʘ ʢʠʩʝʣʠʥʘ ʟʘ 7 

ʩʝʢʫʥʜʠ ʚʨʝʤʝʥʝʥ (ɸ) ʠ ʧʦʩʪʦʷʥʝʥ (ɹ) ʟʲʙ. ʋʩʪʘʥʦʚʷʚʘ ʩʝ ʯʠʩʪʘ ʦʪ 

ʟʘʤʲʨʩʷʚʘʱ ʩʣʦʡ ʜʝʥʪʠʥʦʚʘ ʧʦʚʲʨʭʥʦʩʪ (ʬʠʛ.10ɸ) ʠ ʝʜʠʥʠʯʥʦ ʦʙʪʫʨʠʨʘʥʠ ʦʪ 

ʟʘʤʲʨʩʷʚʘʱʠ ʟʘʧʫʰʘʣʢʠ ʜʝʥʪʠʥʦʚʠ ʢʘʥʘʣʯʝʪʘ (ʧʦʢʘʟʘʣʝʮ) ʠ ʦʩʪʘʪʲʮʠ ʦʪ 

ʟʘʤʲʨʩʷʚʘʱ ʩʣʦʡ ʚʲʨʭʫ ʠʥʪʝʨʪʫʙʫʣʘʨʥʠʷ ʜʝʥʪʠ ʧʨʠ ʧʦʩʪʦʷʥʥʠʪʝ ʟʲʙʠ 

(ʬʠʛ.10ɹ - ʢʘʙʲʨ). 

 

ɻʨʫʧʠ 7 ʠ 8 ï 37% ʬʦʩʬʦʨʥʘ ʢʠʩʝʣʠʥʘ ʟʘ 15 ʩʝʢʫʥʜʠ 

ɺ ʛʨʫʧʘʪʘ ʥʘ ʧʦʩʪʦʷʥʥʠʪʝ ʟʲʙʠ (ʛʨʫʧʘ 8), ʯʠʩʪʘ ʦʪ ʟʘʤʲʨʩʷʚʘʱ ʩʣʦʡ ʠ 

ʟʘʤʲʨʩʷʚʘʱʠ ʟʘʧʫʰʘʣʢʠ ʜʝʥʪʠʥʦʚʘ ʧʦʚʲʨʭʥʦʩʪ, ʢʘʢʪʦ ʠ ʣʠʧʩʘ ʥʘ ʧʨʝʮʠʧʠʪʘʪʠ, ʩʝ 

ʥʘʙʣʶʜʘʚʘ ʧʨʠ 15 ʩʝʢ ʝʮʚʘʥʝ ʩ 37% ʬʦʩʬʦʨʥʘ ʢʠʩʝʣʠʥʘ (ʬʠʛ.11.ɹ). 
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ɸ ɹ   

ʌʠʛ.11. ʉɽʄ ʥʘ ʜʝʥʪʠʥʦʚʘ ʧʦʚʲʨʭʥʦʩʪ ʥʘ ʚʨʝʤʝʥʝʥ (ɸ) ʠ ʧʦʩʪʦʷʥʝʥ ʟʲʙ (ɹ) ï 15 sec,  

37 % ʢʠʩʝʣʠʥʘ. 

 

ʇʨʠ ʚʨʝʤʝʥʥʠʪʝ ʟʲʙʠ (ʛʨʫʧʘ 7) ʥʝ ʩʝ ʫʩʪʘʥʦʚʷʚʘ ʨʘʟʣʠʢʘ ʚ ʢʘʯʝʩʪʚʦʪʦ ʥʘ 

ʧʦʯʠʩʪʚʘʥʝ ʥʘ ʜʝʥʪʠʥʦʚʘʪʘ ʧʦʚʲʨʭʥʦʩʪ ʚ ʩʨʘʚʥʝʥʠʝ ʩ ʦʙʨʘʟʮʠʪʝ ʦʪ ʛʨʫʧʘ 5 (ʚʨʝʤʝʥʥʠ 

ʟʲʙʠ ï 7 sec, 37% ʬʦʩʬʦʨʥʘ ʢʠʩʝʣʠʥʘ) (ʬʠʛ.10ɸ) ʢʘʪʦ ʦʪʥʦʚʦ ʩʝ  ʥʘʙʣʶʜʘʚʘ, ʯʝ 

ʟʘʤʲʨʩʷʚʘʱʠʷʪ ʩʣʦʡ ʝ ʥʘʧʲʣʥʦ ʦʪʩʪʨʘʥʝʥ ʦʪ ʟʦʥʘʪʘ ʥʘ ʠʥʪʝʨʪʫʙʫʣʘʨʥʠʷ ʜʝʥʪʠʥ ʠ 

ʜʝʥʪʠʥʦʚʠʪʝ ʢʘʥʘʣʯʝʪʘ ʩʘ ʦʪʚʦʨʝʥʠ. ʇʨʘʚʠ ʚʧʝʯʘʪʣʝʥʠʝ, ʯʝ ʧʨʠ ʚʨʝʤʝʥʥʠʪʝ ʟʲʙʠ 

ʝʮʚʘʥʠ ʩ 37% ʢʠʩʝʣʠʥʘ ʟʘ 7 ʩʝʢʫʥʜʠ, ʨʝʟʫʣʪʘʪʲʪ ʦʪ ʧʦʯʠʩʪʚʘʥʝʪʦ ʝ ʩʲʱʠʷʪ ʢʘʪʦ ʪʦʟʠ 

ʧʨʠ ʫʜʲʣʞʝʥʦʪʦ ʚʨʝʤʝ ʟʘ ʝʮʚʘʥʝ (ʬʠʛ.11ɸ). 

 

ʅʘʰʠʪʝ ʨʝʟʫʣʪʘʪʠ ʟʘ ʧʦʩʪʦʷʥʥʠʪʝ ʟʲʙʠ ʩʲʚʧʘʜʘʪ ʩ ʜʘʥʥʠʪʝ, ʦʧʠʩʘʥʠ ʚ 

ʩʧʝʮʠʘʣʠʟʠʨʘʥʘʪʘ ʣʠʪʝʨʘʪʫʨʘ, ʢʦʠʪʦ ʩʘ ʦʩʥʦʚʘʥʠʝʪʦ ʠ ʟʘ ʧʨʝʧʦʨʲʢʘʪʘ ʦʪ ʩʪʨʘʥʘ ʥʘ 

ʧʨʦʠʟʚʦʜʠʪʝʣʠʪʝ ʥʘ ʢʦʤʧʦʟʠʮʠʦʥʥʠ ʤʘʪʝʨʠʘʣʠ ʟʘ 15 ʩʝʢʫʥʜʥʘ ʧʨʦʜʲʣʞʠʪʝʣʥʦʩʪ ʥʘ 

ʝʮʚʘʥʝ ʥʘ ʜʝʥʪʠʥʘ ʧʨʠ ʪʝʟʠ ʟʲʙʠ.  

 

ʉʪʘʪʠʩʪʠʯʝʩʢʠ ʘʥʘʣʠʟ  

 

ʅʘ ʪʘʙʣʠʮʘ 11 ʝ ʧʨʝʜʩʪʘʚʝʥ ʦʙʱʠʷ ʙʨʦʡ ʪʫʙʫʣʠ ʠ ʙʨʦʷ ʥʝʧʦʯʠʩʪʝʥʠ ʪʫʙʫʣʠ ʟʘ 

ʚʩʠʯʢʠʪʝ ʦʙʨʘʟʮʠ ʦʪ ʦʪʜʝʣʥʠʪʝ ʛʨʫʧʠ. ɹʝʰʝ ʥʘʧʨʘʚʝʥ ʩʪʘʪʠʩʪʠʯʝʩʢʠ ʘʥʘʣʠʟ ʟʘ ʦʮʝʥʢʘ 

ʥʘ ʧʦʯʠʩʪʚʘʱʠʷ ʝʬʝʢʪ ʥʘ ʜʚʝʪʝ ʢʦʥʮʝʥʪʨʘʮʠʠ ʢʠʩʝʣʠʥʠ ʚ ʜʚʝʪʝ ʩʲʟʲʙʠʷ. 

 

ʊʘʙʣ.11. ʆʙʱ ʙʨʦʡ ʥʘʣʠʯʥʠ ʠ ʥʝʧʦʯʠʩʪʝʥʠ ʪʫʙʫʣʠ ʩʣʝʜ ʝʮʚʘʥʝ ʩ ʨʘʟʣʠʯʝʥ ʧʨʦʮʝʥʪ 

ʬʦʩʬʦʨʥʘ ʢʠʩʝʣʠʥʘ. 
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ɺʨʝʤʝ 

 

   

 ɺʠʜ ʟʲʙ 

 

ɹʨʦʡ 

ʦʙʨʘʟʮʠ 

 

ɹʨʦʡ 

ʩʢʝʥʦʛʨʘʤʠ 

20% ʬʦʩʬʦʨʥʘ ʢʠʩʝʣʠʥʘ 37% ʬʦʩʬʦʨʥʘ ʢʠʩʝʣʠʥʘ 

 

ʆʙʱ ʙʨʦʡ 

ʪʫʙʫʣʠ 

ɹʨʦʡ 

ʥʝʧʦʯʠʩʪʝʥʠ 

ʊʫʙʫʣʠ 

 

ʆʙʱ ʙʨʦʡ 

ʪʫʙʫʣʠ 

ɹʨʦʡ 

ʥʝʧʦʯʠʩʪʝʥ

ʠ ʪʫʙʫʣʠ 

7 sec. 

ʚʨ. ʟʲʙ 

n = 5 50 8699 905 8885 4 

7 sec. 

ʧʦʩʪ.ʟʲʙ 

n = 5 50 10095 884 10183 328 

15 sec. 

ʚʨ. ʟʲʙ 

n = 5 50 8894 131 8951 - 

15 sec. 

ʧʦʩʪ.ʟʲʙ 

n = 5 50 10194 154 10018 - 

 
ɹʝʰʝ ʥʘʧʨʘʚʝʥ ʩʪʘʪʠʩʪʠʯʝʩʢʠ ʘʥʘʣʠʟ ʟʘ ʦʮʝʥʢʘ ʥʘ ʧʦʯʠʩʪʚʘʱʠʷ ʝʬʝʢʪ ʥʘ 

ʜʚʝʪʝ ʢʦʥʮʝʥʪʨʘʮʠʠ ʢʠʩʝʣʠʥʠ ʚ ʜʚʝʪʝ ʩʲʟʲʙʠʷ, ʧʨʝʜʩʪʘʚʝʥ ʧʦ-ʜʦʣʫ. 

ʇʦʯʠʩʪʚʘʱʠʷʪ ʝʬʝʢʪ ʝ ʠʟʤʝʨʝʥ ʚ ʧʨʦʮʝʥʪʠ ʢʘʪʦ ʩʲʦʪʥʦʰʝʥʠʝ ʤʝʞʜʫ ʙʨʦʡ 

ʥʝʧʦʯʠʩʪʝʥʠ (ʥʘʧʲʣʥʦ ʠʣʠ ʯʘʩʪʠʯʥʦ ʦʙʪʫʨʠʨʘʥʠ ʦʪ ʟʘʤʲʨʩʷʚʘʱ ʩʣʦʡ) ʪʫʙʫʣʠ ʢʲʤ 

ʦʙʠɦ ̫ʙʨʦʡ ʪʫʙʫʣʠ ʚʲʨʭʫ ʩʲʦʪʚʝʪʥʘʪʘ ʩʢʝʥʦʛʨʘʤʘ.  

ʋʩʪʘʥʦʚʝʥʘ ʝ ʩʪʘʪʠʩʪʠʯʝʩʢʠ ʟʥʘʯʠʤʘ ʨʘʟʣʠʢʘ ʚ ʛʨʫʧʘʪʘ ʥʘ ʚʨʝʤʝʥʥʠʪʝ ʟʲʙʠ ʧʨʠ 

ʝʮʚʘʥʝ ʩ 20% ʬʦʩʬʦʨʥʘ ʢʠʩʝʣʠʥʘ (p<0.0001). ʇʨʠ ʝʮʚʘʥʝ ʟʘ 7 sec (ʛʨʫʧʘ 1) ʜʝʣʲʪ 

ʥʝʧʦʯʠʩʪʝʥʠ ʜʝʥʪʠʥʦʚʠ ʪʫʙʫʣʠ ʝ 10.43%. ʇʨʠ ʫʚʝʣʠʯʘʚʘʥʝ ʥʘ ʚʨʝʤʝʪʦ ʥʘ ʢʠʩʝʣʠʥʥʦ 

ʚʲʟʜʝʡʩʪʚʠʝ ʥʘ 15 sec (ʛʨʫʧʘ 3) ʜʝʣʲʪ ʥʝʧʦʯʠʩʪʝʥʠ ʪʫʙʫʣʠ ʝ 1.48%. ʇʦ-ʤʘʣʢʘʪʘ 

ʩʪʦʡʥʦʩʪ ʥʘ ʜʝʣʘ ʥʘ ʥʝʧʦʯʠʩʪʝʥʠʪʝ ʪʫʙʫʣʠ ʦʟʥʘʯʘʚʘ ʧʦ-ʚʠʩʦʢ ʧʦʯʠʩʪʚʘʱ ʝʬʝʢʪ (ʪʘʙʣ. 

12).  

 

     ʊʘʙʣ. 12. ʅʝʧʦʯʠʩʪʝʥʠ ʪʫʙʫʣʠ ʧʨʠ ʦʙʨʘʟʮʠ ʦʪ ʚʨʝʤʝʥʥʠ ʟʲʙʠ ʧʨʠ ʝʮʚʘʥʝ ʩ 20% 

ʬʦʩʬʦʨʥʘ ʢʠʩʝʣʠʥʘ. 

 

ɻʨʫʧʘ       

 ɺʨʝʤʝ ʟʘ ʝʮʚʘʥʝ 

ɹʨʦʡ 

ʩʢʝʥʦʛʨʘʤʠ 

ʅʝʧʦʯʠʩʪʝʥʠ ʪʫʙʫʣʠ (%) 

meanÑSE 

t P 

ɻʨʫʧʘ 1 ï 7 sec 

 

ɻʨʫʧʘ 3 ï 15 sec 

50 
 

50 

10.43 Ñ 0.18 

 

1.48 Ñ 0.10 

44.15 < 0.0001* 

     *ʈʘʟʣʠʢʘʪʘ ʝ ʩʪʘʪʠʩʪʠʯʝʩʢʠ ʟʥʘʯʠʤʘ 

 
ʉʪʘʪʠʩʪʠʯʝʩʢʠ ʟʥʘʯʠʤʘ ʨʘʟʣʠʢʘ ʝ ʫʩʪʘʥʦʚʝʥʘ ʠ ʧʦ ʦʪʥʦʰʝʥʠʝ ʥʘ ʧʦʯʠʩʪʚʘʱʠʷ   

ʝʬʝʢʪ ʚ ʛʨʫʧʘʪʘ ʥʘ ʧʦʩʪʦʷʥʥʠʪʝ ʟʲʙʠ ʧʨʠ ʩʲʱʠʪʝ ʫʩʣʦʚʠʷ (ʪʘʙʣ.13). 
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 ʊʘʙʣ. 13. ʅʝʧʦʯʠʩʪʝʥʠ ʪʫʙʫʣʠ ʧʨʠ ʦʙʨʘʟʮʠ ʦʪ ʧʦʩʪʦʷʥʥʠ ʟʲʙʠ ʧʨʠ ʝʮʚʘʥʝ ʩ 20% 

ʬʦʩʬʦʨʥʘ ʢʠʩʝʣʠʥʘ. 

ɻʨʫʧʘ       

 ɺʨʝʤʝ ʟʘ ʝʮʚʘʥʝ 

ɹʨʦʡ 

ʩʢʝʥʦʛʨʘʤʠ 

ʅʝʧʦʯʠʩʪʝʥʠ ʪʫʙʫʣʠ (%) 

meanÑSE 

t P 

ɻʨʫʧʘ 2 ï 7 sec 

 

ɻʨʫʧʘ 4 ï 15 sec 

50 
 

50 

8.76 Ñ 0.18 

 

1.51 Ñ 0.10 

62.47 < 0.0001* 

    *ʈʘʟʣʠʢʘʪʘ ʝ ʩʪʘʪʠʩʪʠʯʝʩʢʠ ʟʥʘʯʠʤʘ 

 

ʇʨʠ ʚʨʝʤʝ ʥʘ ʢʠʩʝʣʠʥʥʦ ʚʲʟʜʝʡʩʪʚʠʝ ʟʘ 7 sec ʜʝʣʲʪ ʥʘ ʥʝʧʦʯʠʩʪʝʥʠʪʝ ʜʝʥʪʠʥʦʚʠ 

ʪʫʙʫʣʠ ʦʪ ʚʩʠʯʢʠ ʩʢʝʥʦʛʨʘʤʠ ʦʪ ʛʨʫʧʘ 2 (ʧʦʩʪʦʷʥʥʠ ʟʲʙʠ) ʝ 8.76%. ʇʨʠ ʝʮʚʘʥʝ ʟʘ 15 sec 

ʜʝʣʲʪ ʥʝʧʦʯʠʩʪʝʥʠ ʪʫʙʫʣʠ ʚ ʛʨʫʧʘ 4 (ʧʦʩʪʦʷʥʥʠ ʟʲʙʠ) ʝ 1.51%. ʇʦ-ʜʦʙʨʝ ʠʟʨʘʟʝʥ 

ʧʦʯʠʩʪʚʘʱ ʝʬʝʢʪ ʧʨʠ ʛʨʫʧʠʪʝ ʦʪ ʧʦʩʪʦʷʥʥʠ ʟʲʙʠ ʩʝ ʫʩʪʘʥʦʚʷʚʘ ʧʨʠ ʚʨʝʤʝʪʨʘʝʥʝ ʥʘ 

ʢʠʩʝʣʠʥʥʦʪʦ ʚʲʟʜʝʡʩʪʚʠʝ ʦʪ 15 sec ï ʧʦ-ʜʲʣʛʦʪʦ ʚʨʝʤʝ ʥʘ ʝʮʚʘʥʝ ʠʤʘ ʟʘ ʧʦʩʣʝʜʠʮʘ 

ʧʦʩʪʠʛʘʥʝ ʥʘ ʧʦ-ʯʠʩʪʘ ʜʝʥʪʠʥʦʚʘ ʧʦʚʲʨʭʥʦʩʪ, ʦʪʩʪʨʘʥʷʚʘʥʝ ʥʘ ʟʘʤʲʨʩʷʚʘʱʠʷ ʩʣʦʡ ʠ 

ʦʪʚʘʨʷʥʝ ʥʘ ʧʦʚʝʯʝ ʜʝʥʪʠʥʦʚʠ ʪʫʙʫʣʠ.  

ʅʘ ʪʘʙʣʠʮʘ 14 ʝ ʧʨʝʜʩʪʘʚʝʥʦ ʚʣʠʷʥʠʝʪʦ ʥʘ ʬʘʢʪʦʨʘ ʚʨʝʤʝ ʥʘ ʝʮʚʘʥʝ ʟʘ ʜʚʝʪʝ 

ʛʨʫʧʠ ʦʙʨʘʟʮʠ ʧʨʠ ʝʮʚʘʥʝ ʩ 20% ʢʠʩʝʣʠʥʘ. 

 

ʊʘʙʣ.14. ʅʝʧʦʯʠʩʪʝʥʠ ʪʫʙʫʣʠ ʤʝʞʜʫ ʚʨʝʤʝʥʥʠ ʠ ʧʦʩʪʦʷʥʥʠ ʟʲʙʠ ʧʨʠ 

ʨʘʟʣʠʯʥʦ ʚʨʝʤʝ ʥʘ ʝʮʚʘʥʝ 

 

ɻʨʫʧʘ 

  

 
 ɺʨʝʤʝ ʟʘ ʝʮʚʘʥʝ 

 

ɹʨʦʡ 

ʩʢʝʥʦʛʨʘʤʠ 

ʅʝʧʦʯʠʩʪʝʥ

ʠ ʪʫʙʫʣʠ (%) 

meanÑSE 

 

 

T 

 

ʈ 

ɽʮʚʘʥʝ 7 sec     

ɺʨʝʤʝʥʥʠ ʟʲʙʠ 

ʇʦʩʪʦʷʥʥʠ ʟʲʙʠ 

50 

50 

10.43 Ñ 0.18 

8.76 Ñ 0.11 

7.94 <0.001* 

ɽʮʚʘʥʝ 15 sec     

ɺʨʝʤʝʥʥʠ ʟʲʙʠ 

ʇʦʩʪʦʷʥʥʠ ʟʲʙʠ 

50 

50 

1.48 Ñ 0.09 

1.51Ñ 0.03 

0.31 >0.05 

     * ʈʘʟʣʠʢʘʪʘ ʝ ʩʪʘʪʠʩʪʠʯʝʩʢʠ ʟʥʘʯʠʤʘ 
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ɸʥʘʣʠʟʲʪ ʥʘ ʚʣʠʷʥʠʝʪʦ ʥʘ ʚʠʜʘ ʥʘ ʟʲʙʘ ʧʦʢʘʟʚʘ ʩʪʘʪʠʩʪʠʯʝʩʢʠ ʟʥʘʯʠʤʘ ʨʘʟʣʠʢʘ 

ʥʘ ʜʝʣʘ ʥʝʧʦʯʠʩʪʝʥʠ ʪʫʙʫʣʠ ʤʝʞʜʫ ʚʨʝʤʝʥʥʠ ʠ ʧʦʩʪʦʷʥʥʠ ʟʲʙʠ, ʥʦ ʩʘʤʦ ʧʨʠ ʝʮʚʘʥʝ 7 

sec (p<0.001). ʇʨʠ ʝʮʚʘʥʝ 15 sec ʥʝ ʩʝ ʥʘʙʣʶʜʘʚʘ ʩʪʘʪʠʩʪʠʯʝʩʢʠ ʟʥʘʯʠʤʘ ʨʘʟʣʠʢʘ 

(p>0.05) (ʪʘʙʣ.14). 

 

ɿʘ ʠʟʩʣʝʜʚʘʥʝ ʥʘ ʝʜʥʦʚʨʝʤʝʥʥʦʪʦ ʚʣʠʷʥʠʝ ʥʘ ʜʚʘʪʘ ʬʘʢʪʦʨʘ ʚʨʝʤʝ ʥʘ ʝʮʚʘʥʝ ʠ 

ʚʠʜʘ ʥʘ ʟʲʙʘ (ʚʨʝʤʝʥʝʥ ʠʣʠ ʧʦʩʪʦʷʥʝʥ) ʧʨʠ 20% ʢʦʥʮʝʥʪʨʘʮʠʷ ʥʘ ʢʠʩʝʣʠʥʘʪʘ ʙʝʰʝ 

ʠʟʧʦʣʟʚʘʥ ʤʥʦʛʦʬʘʢʪʦʨʝʥ ʘʥʘʣʠʟ (MANOVA). ʋʩʪʘʥʦʚʝʥʘ ʝ ʩʪʘʪʠʩʪʠʯʝʩʢʠ ʟʥʘʯʠʤʘ 

ʨʘʟʣʠʢʘ ʧʨʠ ʦʮʝʥʢʘ ʥʘ ʩʲʚʤʝʩʪʥʦʪʦ ʚʣʠʷʥʠʝ ʥʘ ʜʚʘʪʘ ʬʘʢʪʦʨʘ (ʚʠʜ ʟʲʙ ʠ ʚʨʝʤʝ ʥʘ 

ʚʲʟʜʝʡʩʪʚʠʝ) ʧʨʠ ʝʮʚʘʥʝ ʩ 20% ʬʦʩʬʦʨʥʘ ʢʠʩʝʣʠʥʘ (ʪʘʙʣ.15) (p<0.001).  

 

        ʊʘʙʣ. 15. ʉʲʚʤʝʩʪʥʦ ʚʣʠʷʥʠʝ ʥʘ ʬʘʢʪʦʨʠʪʝ ʚʨʝʤʝ ʥʘ ʝʮʚʘʥʝ ʠ ʚʠʜʘ ʥʘ ʟʲʙʘ, ʧʨʠ 

ʝʮʚʘʥʝ ʩ 20% ʬʦʩʬʦʨʥʘ ʢʠʩʝʣʠʥʘ ʧʦ ʦʪʥʦʰʝʥʠʝ ʥʘ ʦʪʥʦʩʠʪʝʣʥʠʷ ʜʷʣ 

ʥʝʧʦʯʠʩʪʝʥʠ ʪʫʙʫʣʠ (ʨʝʟʫʣʪʘʪʠ ʦʪ ʜʚʫʬʘʢʪʦʨʝʥ ʘʥʘʣʠʟ). 

 

 

ɺʠʜ ʟʲʙ 

 

ɽʮʚʘʥʝ 

ʅʝʧʦʯʠʩʪʝʥ

ʠ ʪʫʙʫʣʠ 

(%) 

ɹʨʦʡ 

ʩʢʝʥʦʛʨʘʤʠ 

 

ʌʘʢʪʦʨ 

 

F 

 

ʈ* 

ɺʨʝʤʝʥʥʠ 

ʟʲʙʠ 

7 sec 

15 sec 

10.43 

1.48 

50 

50 

 

ɺʠʜ ʟʲʙ 

ɽʮʚʘʥʝ 

ɺʠʜ ʟʲʙ*Eʮʚʘʥʝ 

 

48.66 

4799.29 

52.68 

 

 

= 0.000 

= 0.000 

= 0.000 

 

ʇʦʩʪʦʷʥʥʠ 

ʟʲʙʠ 

7 sec 

15 sec 

8.76 

1.51 

50 

50 

          *ɽʤʧʠʨʠʯʥʦ ʥʠʚʦ ʥʘ ʩʪʘʪʠʩʪʠʯʝʩʢʘ ʟʥʘʯʠʤʦʩʪ (MANOVA) 

 

ʇʨʠ ʧʦʩʪʦʷʥʥʠʪʝ ʟʲʙʠ ʩʝ ʥʘʙʣʶʜʘʚʘ ʧʦ-ʩʠʣʝʥ ʧʦʯʠʩʪʚʘʱ ʝʬʝʢʪ ʦʪ ʪʦʟʠ ʧʨʠ 

ʚʨʝʤʝʥʥʠʪʝ ʟʘ ʪʘʟʠ ʢʦʥʮʝʥʪʨʘʮʠʷ ʢʠʩʝʣʠʥʘ (ʪʘʙʣ.15). ɺʣʠʷʥʠʝʪʦ ʥʘ ʚʨʝʤʝʪʦ ʥʘ ʝʮʚʘʥʝ ʝ 

ʩʲʱʦ ʩʪʘʪʠʩʪʠʯʝʩʢʠ ʟʥʘʯʠʤʦ (ʨ=0.000). ʇʨʠ ʝʮʚʘʥʝ ʟʘ 7 sec ʠʤʘʤʝ ʧʦ-ʥʠʩʲʢ ʧʦʯʠʩʪʚʘʱ 

ʝʬʝʢʪ. ʉʲʚʤʝʩʪʥʦʪʦ ʚʣʠʷʥʠʝ ʙʝ ʦʮʝʥʝʥʦ ʢʘʪʦ ʩʪʘʪʠʩʪʠʯʝʩʢʠ ʟʥʘʯʠʤʦ ï ʨʘʟʣʠʢʠʪʝ ʚ 

ʧʦʯʠʩʪʚʘʱʠʷ ʝʬʝʢʪ ʤʝʞʜʫ ʚʨʝʤʝʥʥʠ ʠ ʧʦʩʪʦʷʥʥʠ ʟʲʙʠ ʧʨʠ ʝʮʚʘʥʝ ʟʘ 7 sec ʩʘ ʨʘʟʣʠʯʥʠ 

ʥʠʚʘ ʦʪ ʪʝʟʠ ʧʨʠ ʝʮʚʘʥʝ ʟʘ 15 sec - ʫʚʝʣʠʯʘʚʘʥʝʪʦ ʥʘ ʚʨʝʤʝʪʦ ʥʘ ʝʮʚʘʥʝ ʥʘ 15 sec 

ʜʦʚʝʞʜʘ ʜʦ ʧʦ-ʜʦʙʲʨ ʧʦʯʠʩʪʚʘʱ ʨʝʟʫʣʪʘʪ ï ʦʪʚʘʨʷʥʝ ʥʘ ʧʦʚʝʯʝ ʜʝʥʪʠʥʦʚʠ ʪʫʙʫʣʠ 

(ʪʘʙʣ.15) . 

ʇʨʠ ʩʪʘʪʠʩʪʠʯʝʩʢʘʪʘ ʦʙʨʘʙʦʪʢʘ ʥʘ ʜʘʥʥʠʪʝ ʟʘ ʝʬʝʢʪʘ ʥʘ ʧʦʯʠʩʪʚʘʥʝ ʥʘ 37% 

ʬʦʩʬʦʨʥʘ ʢʠʩʝʣʠʥʘ ʟʘ ʨʘʟʣʠʯʥʦ ʚʨʝʤʝ ʥʘ ʚʲʟʜʝʡʩʪʚʠʝ ï 7 ʠ 15 sec ʚ ʛʨʫʧʘʪʘ ʥʘ 

ʚʨʝʤʝʥʥʠʪʝ ʟʲʙʠ (ʛʨʫʧʠ 5 ʠ 7) ʥʝ ʝ ʫʩʪʘʥʦʚʝʥʘ ʩʪʘʪʠʩʪʠʯʝʩʢʠ ʟʥʘʯʠʤʘ ʨʘʟʣʠʢʘ (ʨ>0,05) 

(ʪʘʙʣ.16). 
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     ʊʘʙʣ. 16. ʅʝʧʦʯʠʩʪʝʥʠ ʪʫʙʫʣʠ ʧʨʠ ʦʙʨʘʟʮʠ ʦʪ ʚʨʝʤʝʥʥʠ ʟʲʙʠ ʧʨʠ ʝʮʚʘʥʝ ʩ 37% 

ʬʦʩʬʦʨʥʘ ʢʠʩʝʣʠʥʘ. 

 

ɻʨʫʧʘ       

  

 ɺʨʝʤʝ ʟʘ ʝʮʚʘʥʝ 

ɹʨʦʡ 

ʩʢʝʥʦʛʨʘ

ʤʠ 

ʅʝʧʦʯʠʩʪʝʥʠ ʪʫʙʫʣʠ 

(%) 

meanÑSE 

t P 

ɻʨʫʧʘ 5 ï 7 sec 

ɻʨʫʧʘ 7 ï 15 sec 
50 
50 

0.04 Ñ 0.02 

0.00 Ñ 0.00 

Mann Whitney 

U test 

>0.05 

      

ʋʚʝʣʠʯʘʚʘʥʝʪʦ ʥʘ ʚʨʝʤʝʪʦ ʥʘ ʚʲʟʜʝʡʩʪʚʠʝ ʥʝ ʜʦʚʝʞʜʘ ʜʦ ʧʦ-ʜʦʙʲʨ ʧʦʯʠʩʪʚʘʱ 

ʝʬʝʢʪ ʚ ʛʨʫʧʘʪʘ ʥʘ ʚʨʝʤʝʥʥʠʪʝ ʟʲʙʠ ï ʨʝʟʫʣʪʘʪʠʪʝ ʧʦʢʘʟʚʘʪ, ʯʝ 100% ʦʪ ʜʝʥʪʠʥʦʚʠʪʝ 

ʪʫʙʫʣʠ ʧʨʠ ʝʮʚʘʥʝ ʟʘ 7 sec ʩʘ ʧʦʯʠʩʪʝʥʠ, ʦʪʚʦʨʝʥʠ (ʪʘʙʣ.16).  

ʇʨʠ ʩʪʘʪʠʩʪʠʯʝʩʢʘ ʦʙʨʘʙʦʪʢʘ ʥʘ ʨʝʟʫʣʪʘʪʠʪʝ ʧʨʠ ʩʲʱʠʪʝ ʫʩʣʦʚʠʷ, ʥʦ ʟʘ ʛʨʫʧʘʪʘ 

ʥʘ ʧʦʩʪʦʷʥʥʠʪʝ ʟʲʙʠ (ʛʨʫʧʠ 6 ʠ 8) ʝ ʫʩʪʘʥʦʚʝʥʘ ʩʪʘʪʠʩʪʠʯʝʩʢʠ ʟʥʘʯʠʤʘ ʨʘʟʣʠʢʘ ʚ ʝʬʝʢʪʘ 

ʥʘ ʧʦʯʠʩʪʚʘʥʝ ʟʘ 7 sec  ʠ  15 sec (ʪʘʙʣ.17) (p<0.0001). 

        

ʊʘʙʣ. 17. ʅʝʧʦʯʠʩʪʝʥʠ ʪʫʙʫʣʠ ʧʨʠ ʦʙʨʘʟʮʠ ʦʪ ʧʦʩʪʦʷʥʥʠ ʟʲʙʠ ʧʨʠ ʝʮʚʘʥʝ ʩ 

37% ʬʦʩʬʦʨʥʘ ʢʠʩʝʣʠʥʘ. 

 

ɻʨʫʧʘ       

  ʚʨʝʤʝ ʟʘ ʝʮʚʘʥʝ 

ɹʨʦʡ 

ʩʢʝʥʦʛʨʘ

ʤʠ 

ʅʝʧʦʯʠʩʪʝʥʠ ʪʫʙʫʣʠ 

(%) 

meanÑSE 

t P 

ɻʨʫʧʘ 6 ï 7 sec 

 

ɻʨʫʧʘ 8 ï 15 sec 

50 
 

50 

 

3.22 Ñ 0.14 

 

0.00 Ñ 0.00 

22.2 < 0.0001* 

             *ʈʘʟʣʠʢʘʪʘ ʝ ʩʪʘʪʠʩʪʠʯʝʩʢʠ ʟʥʘʯʠʤʘ 

 

ʇʨʠ ʚʨʝʤʝ ʥʘ ʢʠʩʝʣʠʥʥʦ ʚʲʟʜʝʡʩʪʚʠʝ ʟʘ 7 sec ʜʝʣʲʪ ʥʘ ʥʝʧʦʯʠʩʪʝʥʠʪʝ ʜʝʥʪʠʥʦʚʠ 

ʪʫʙʫʣʠ ʦʪ ʚʩʠʯʢʠ ʩʢʝʥʦʛʨʘʤʠ ʦʪ ʛʨʫʧʘ 6 (ʧʦʩʪʦʷʥʥʠ ʟʲʙʠ) ʝ 3.22%. ʇʨʠ ʝʮʚʘʥʝ ʟʘ 15 sec 

ʜʝʣʲʪ ʥʘ ʥʝʧʦʯʠʩʪʝʥʠʪʝ ʪʫʙʫʣʠ ʚ ʛʨʫʧʘ 8 (ʧʦʩʪʦʷʥʥʠ ʟʲʙʠ) ʝ 0%. ʇʦ-ʜʦʙʨʝ ʠʟʨʘʟʝʥ 

ʧʦʯʠʩʪʚʘʱ ʝʬʝʢʪ ʧʨʠ ʛʨʫʧʠʪʝ ʦʪ ʧʦʩʪʦʷʥʥʠ ʟʲʙʠ (ʛʨʫʧʘ 6 ʠ ʛʨʫʧʘ 8) ʩʝ ʫʩʪʘʥʦʚʷʚʘ ʧʨʠ 

ʚʨʝʤʝ ʥʘ ʚʲʟʜʝʡʩʪʚʠʝʪʦ ʟʘ 15 sec. ʇʦ-ʜʲʣʛʦʪʦ ʚʨʝʤʝ ʥʘ ʝʮʚʘʥʝ ʠʤʘ ʟʘ ʧʦʩʣʝʜʠʮʘ 

ʧʦʩʪʠʛʘʥʝ ʥʘ ʧʦ-ʯʠʩʪʘ ʜʝʥʪʠʥʦʚʘ ʧʦʚʲʨʭʥʦʩʪ ʠ ʥʘʧʲʣʥʦʪʦ ʦʪʚʘʨʷʥʝ ʥʘ ʜʝʥʪʠʥʦʚʠʪʝ 

ʪʫʙʫʣʠ (ʪʘʙʣ.17). 
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ɿʘ ʦʮʝʥʢʘ ʥʘ ʩʲʚʤʝʩʪʥʦʪʦ ʚʣʠʷʥʠʝ ʥʘ ʬʘʢʪʦʨʠʪʝ ʚʨʝʤʝ ʥʘ ʝʮʚʘʥʝ (7 ʠ 15 sec) ʠ 

ʚʠʜ ʟʲʙ (ʚʨʝʤʝʥʝʥ ʠʣʠ ʧʦʩʪʦʷʥʝʥ) ʧʨʠ ʚʲʟʜʝʡʩʪʚʠʝ ʩ 37% ʬʦʩʬʦʨʥʘ ʢʠʩʝʣʠʥʘ ʙʝh ʝ 

ʠʟʧʦʣʟʚʘʥ ʦʪʥʦʚʦ ʤʥʦʛʦʬʘʢʪʦʨʝʥ ʘʥʘʣʠʟ (MANOVA), ʢʦʝʪʦ ʝ ʧʨʝʜʩʪʘʚʝʥʦ ʥʘ ʪʘʙʣ.18. 

 

       ʊʘʙʣ.18. ʉʲʚʤʝʩʪʥʦ ʚʣʠʷʥʠʝ ʥʘ ʬʘʢʪʦʨʠʪʝ  ʚʨʝʤʝ ʥʘ ʝʮʚʘʥʝ, ʚʠʜʘ ʥʘ ʟʲʙʘ, ʧʨʠ 

ʝʮʚʘʥʝ ʩ 37% ʬʦʩʬʦʨʥʘ ʢʠʩʝʣʠʥʘ ʧʦ ʦʪʥʦʰʝʥʠʝ ʥʘ ʦʪʥʦʩʠʪʝʣʥʠʷ  

                                ʜʷʣ ʥʝʧʦʯʠʩʪʝʥʠ ʪʫʙʫʣʠ (ʨʝʟʫʣʪʘʪʠ ʦʪ ʜʚʫʬʘʢʪʦʨʝʥ ʘʥʘʣʠʟ). 

 

 

ɺʠʜ ʟʲʙ 

 

ɽʮʚʘʥʝ 

ʅʝʧʦʯʠʩʪʝʥʠ 

ʪʫʙʫʣʠ (%) 

ɹʨʦʡ 

ʩʢʝʥʦʛʨʘʤʠ 
 

ʌʘʢʪʦʨ 

 
F 

 

ʈ* 

ɺʨʝʤʝʥʥʠ 

ʟʲʙʠ 

7 sec 

 

15 sec 

0.04 

 

0.00 

50 

 

50 

 

 
ɺʠʜ ʟʲʙ 

ɽʮʚʘʥʝ 

ɺʠʜ ʟʲʙ*Eʮʚʘʥʝ 

 

468.94 

495.85 

468.94 

 
= 0.000 

= 0.000  

= 0.000 

 
ʇʦʩʪʦʷʥʥʠ 

ʟʲʙʠ 

7 sec 

 

15 sec 

3.22 

 

0.00 

50 

 

50 

        *ɽʤʧʠʨʠʯʥʦ ʥʠʚʦ ʥʘ ʩʪʘʪʠʩʪʠʯʝʩʢʘ ʟʥʘʯʠʤʦʩʪ (MANOVA) 

 
ʈʝʟʫʣʪʘʪʠʪʝ ʦʪ ʚʣʠʷʥʠʝʪʦ ʥʘ ʬʘʢʪʦʨʘ ʚʠʜ ʟʲʙ (ʚʨʝʤʝʥʝʥ ʠ ʧʦʩʪʦʷʥʝʥ) ʧʦʢʘʟʚʘʪ 

ʩʪʘʪʠʩʪʠʯʝʩʢʠ ʟʥʘʯʠʤʘ ʨʘʟʣʠʢʘ (ʨ=0.000). ʇʨʠ ʧʦʩʪʦʷʥʥʠʪʝ ʟʲʙʠ ʩʝ ʥʘʙʣʶʜʘʚʘ ʧʦ-ʩʣʘʙ 

ʧʦʯʠʩʪʚʘʱ ʝʬʝʢʪ. ɺʣʠʷʥʠʝʪʦ ʥʘ ʬʘʢʪʦʨʘ ʚʨʝʤʝ ʥʘ ʝʮʚʘʥʝ ʝ ʩʲʱʦ ʩʪʘʪʠʩʪʠʯʝʩʢʠ 

ʟʥʘʯʠʤʦ. ʇʨʠ ʝʮʚʘʥʝ ʟʘ 7 sec ʩʝ ʥʘʙʣʶʜʘʚʘ ʧʦ-ʩʣʘʙ ʧʦʯʠʩʪʚʘʱ ʝʬʝʢʪ ʧʨʠ ʧʦʩʪʦʷʥʥʠʪʝ 

ʟʲʙʠ. ʉʲʚʤʝʩʪʥʦʪʦ ʚʣʠʷʥʠʝ ʥʘ ʜʚʘʪʘ ʬʘʢʪʦʨʘ ï ʚʨʝʤʝ ʥʘ ʝʮʚʘʥʝ (7 ʠ 15 sec) ʠ ʚʠʜ ʟʲʙ 

(ʚʨʝʤʝʥʝʥ ʠ ʧʦʩʪʦʷʥʝʥ) ʩʲʱʦ ʙʝ ʦʮʝʥʝʥʦ ʢʘʪʦ ʩʪʘʪʠʩʪʠʯʝʩʢʠ ʟʥʘʯʠʤʦ ï ʨʘʟʣʠʢʠʪʝ ʚ 

ʧʦʯʠʩʪʚʘʱʠʷ ʝʬʝʢʪ ʤʝʞʜʫ ʚʨʝʤʝʥʥʠ ʠ ʧʦʩʪʦʷʥʥʠ ʟʲʙʠ ʧʨʠ ʝʮʚʘʥʝ ʟʘ 7 sec ʩʘ ʩ ʨʘʟʣʠʯʥʠ 

ʥʠʚʘ ʦʪ ʪʝʟʠ ʥʘ ʝʮʚʘʥʝ ʟʘ 15 sec. ʈʝʟʫʣʪʘʪʠʪʝ ʩʘ ʩʲʩ ʟʥʘʯʠʤʘ ʨʘʟʣʠʢʘ ʚ ʧʦʯʠʩʪʚʘʱʠʷ 

ʝʬʝʢʪ ʧʦ ʚʠʜʦʚʝ ʟʲʙʠ ʧʨʠ ʝʮʚʘʥʝ ʟʘ 7 sec ʠ ʩ ʥʝʟʥʘʯʠʤʘ ʪʘʢʘʚʘ ʧʨʠ ʝʮʚʘʥʝ ʟʘ 15 sec 

(ʪʘʙʣ.18).   

 

ɹʝʰʝ ʠʟʚʲʨʰʝʥ ʠ ʤʥʦʛʦʬʘʢʪʦʨʝʥ ʘʥʘʣʠʟ (MANOVA ) ʟʘ ʦʮʝʥʢʘ ʥʘ ʩʲʚʤʝʩʪʥʦʪʦ 

ʚʣʠʷʥʠʝ ʥʘ ʚʩʠʯʢʠ ʮʠʪʠʨʘʥʠ ʧʦ-ʛʦʨʝ ʬʘʢʪʦʨʠ - ʚʠʜ ʟʲʙ, ʚʨʝʤʝ ʟʘ ʝʮʚʘʥʝ, ʢʦʥʮʝʥʪʨʘʮʠʷ 

(ʪʘʙʣ.19). ɿʘ ʪʦʚʘ ʝ ʧʨʠʣʦʞʝʥ ʤʦʜʝʣ, ʚʢʣʶʯʚʘʡʢʠ ʚʩʠʯʢʠ ʬʘʢʪʦʨʠ ʠ ʠʟʩʣʝʜʚʘʡʢʠ 

ʚʣʠʷʥʠʝʪʦ ʠʤ ʚʲʨʭʫ ʜʝʣʘ ʥʘ ʥʝʧʦʯʠʩʪʝʥʠ ʪʫʙʫʣʠ. 
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ʊʘʙʣ.19.ʉʲʚʤʝʩʪʥʦ ʚʣʠʷʥʠʝ ʥʘ ʬʘʢʪʦʨʠʪʝ ʚʨʝʤʝ ʥʘ ʝʮʚʘʥʝ, ʚʠʜʘ ʥʘ ʟʲʙʘ ʠ ʢʦʥʮʝʥʪʨʘʮʠʷ 

ʥʘ ʢʠʩʝʣʠʥʘʪʘ ʧʦ ʦʪʥʦʰʝʥʠʝ ʥʘ ʦʪʥʦʩʠʪʝʣʥʠʷ ʜʷʣ ʥʝʧʦʯʠʩʪʝʥʠ ʪʫʙʫʣʠ 

(ʨʝʟʫʣʪʘʪʠ ʦʪ ʤʥʦʛʦʬʘʢʪʦʨʝʥ ʘʥʘʣʠʟ).   

 

 

 

ɺʠʜ 

ʟʲʙ 

 

ʂʦʥʮʝʥʪʨʘ

ʮʠʷ 

 

ɽʮʚʘʥʝ 

 

ʅʝʧʦʯʠʩʪʝʥ

ʠ ʪʫʙʫʣʠ 

(%) 

ɹʨʦʡ 

ʩʢʝʥʦ

ʛʨʘʤʠ 

 

ʌʘʢʪʦʨ 

 

F 

 

 

ʈ* 

ɺɿ 20% 7sec. 

15sec 
10.43 

1.48 

50 

50 

ɺʠʜ ʟʲʙ 

ʂʦʥʮʝʥʪʨʘʮʠʷ 

ɽʮʚʘʥʝ 

ɺʠʜ ʟʲʙ*ʂʦʥʮʝʥʪʨʘʮʠʷ 

ɺʠʜ ʟʲʙ*ɽʮʚʘʥʝ 

ʂʦʥʮʝʥʪʨʘʮʠʷ*ɽʮʚʘʥʝ 

ɺʠʜʟʲʙ*ʂʦʥʮʝʥʪʨʘʮʠʷ*Eʮʚʘʥʝ 

31.42 

4691.34 

4972.10 

303.51 

28.80 

2193.52 

311.89 

 

 

 

 

 

 

 

= 0.000 

= 0.000 

= 0.000 

= 0.000 

= 0.000 

= 0.000 

= 0.000 

ʉʨʝʜʥʘ ʩʪʦʡʥʦʩʪ 

ʟʘ ʢʦʥʮ.20% 5.95 100 

37% 7 sec. 

15 sec. 
0.04 

0.00 

50 

50 

ʉʨʝʜʥʘ ʩʪʦʡʥʦʩʪ ʟʘ 

ʢʦʥʮ.37% 0.02 100 

ʆʙʱʦ ʟʘ 

ʢʦʥʮ.20 ʠ 

37 % 

7 sec. 

15 sec. 
5.24 

0.74 

100 

100 

ʉʨʝʜʥʘ ʩʪʦʡʥʦʩʪ ʟʘ ɺɿ 2.99 200 

ʇɿ 20% 7 sec. 

15 sec. 
8.76 

1.51 

50 

50 

ʉʨʝʜʥʘ ʩʪʦʡʥʦʩʪ 

ʟʘ ʢʦʥʮ.20% 

5.14 100 

37% 

 

7 sec 

15 sec 
3.22 

0.00 

50 

50 

ʉʨʝʜʥʘ ʩʪʦʡʥʦʩʪ ʟʘ 

ʢʦʥʮ.37% 
1.61 100 

ʆʙʱʦ ʟʘ 

ʢʦʥʮ.20 ʠ 

37 % 

7 sec 

15 sec 
5.99 

0.76 

100 

100 

 ʉʨʝʜʥʘ ʩʪʦʡʥʦʩʪ ʟʘ ʇɿ 3.37 200 

ʆʙʱʦ 

ɺɿ+

ʇɿ 

20% 7 sec 

15 sec 
9.59 

1.49 

100 

100 

 ʉʨʝʜʥʘ ʩʪʦʡʥʦʩʪ ʟʘ 

ʢʦʥʮ.20% 
5.54 200 

37% 7 sec 

15 sec 
1.63 

0.00 

100 

100 

ʉʨʝʜʥʘ ʩʪʦʡʥʦʩʪ ʟʘ 

ʢʦʥʮ.37% 
0.82 200 

ʆʙʱʦ ʟʘ 

ʢʦʥʮ.20 ʠ 

37 % 

7 sec 

15 sec 
5.61 

0.75 

200 

200 

ʉʨʝʜʥʘ ʩʪʦʡʥʦʩʪ ʟʘ ɺɿ+ ʇɿ 3.18 400 

*ɽʤʧʠʨʠʯʥʦ ʥʠʚʦ ʥʘ ʩʪʘʪʠʩʪʠʯʝʩʢʘ ʟʥʘʯʠʤʦʩʪ (MANOVA) 
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ʇʦʣʫʯʘʚʘʪ ʩʝ ʩʣʝʜʥʠʪʝ ʩʪʘʪʠʩʪʠʯʝʩʢʠ ʟʥʘʯʠʤʠ ʝʬʝʢʪʠ (p<0.0001, ʪʘʙʣ.19): 

1. ɽʜʥʦʤʝʨʥʦ ʚʣʠʷʥʠʝ 

a. ɺʠʜ ʟʲʙ ï  ʜʝʣʲʪ ʥʝʧʦʯʠʩʪʝʥʠ ʪʫʙʫʣʠ ʝ ʩʪʘʪʠʩʪʠʯʝʩʢʠ ʟʥʘʯʠʤʦ ʧʦ-ʛʦʣʷʤ ʧʨʠ 

ʧʦʩʪʦʷʥʥʠʪʝ ʟʲʙʠ ï 3.37% ʩʧʨʷʤʦ 2.99% ʟʘ ʚʨʝʤʝʥʥʠʪʝ ʟʲʙʠ; 

b. ʂʦʥʮʝʥʪʨʘʮʠʷ ï ʜʝʣʲʪ ʥʝʧʦʯʠʩʪʝʥʠ ʪʫʙʫʣʠ ʝ ʩʪʘʪʠʩʪʠʯʝʩʢʠ ʟʥʘʯʠʤʦ ʧʦ-ʛʦʣʷʤ 

ʧʨʠ 20% ʩʧʨʷʤʦ 37%  - ʩʲʦʪʚʝʪʥʦ 5.54% ʩʧʨʷʤʦ 0.82%; 

c. ɽʮʚʘʥʝ ï  ʜʝʣʲʪ ʥʝʧʦʯʠʩʪʝʥʠ ʪʫʙʫʣʠ ʝ ʩʪʘʪʠʩʪʠʯʝʩʢʠ ʟʥʘʯʠʤʦ ʧʦ-ʛʦʣʷʤ ʧʨʠ 7 sec 

ʩʧʨʷʤʦ 15 sec ï ʩʲʦʪʚʝʪʥʦ 5.61% ʩʧʨʷʤʦ 0.75%; 

2. ɼʚʫʤʝʨʥʦ ʚʣʠʷʥʠʝ ï ʩʲʚʤʝʩʪʥʦ ʚʣʠʷʥʠʝ ʥʘ ʜʚʘ ʬʘʢʪʦʨʘ 

a. ɺʠʜ ʟʲʙ ʠ ʢʦʥʮʝʥʪʨʘʮʠʷ ï ʜʝʣʲʪ ʥʝʧʦʯʠʩʪʝʥʠ ʪʫʙʫʣʠ ʧʨʠ ʚʨʝʤʝʥʥʠʪʝ ʟʲʙʠ ʝ ʧʦ-

ʚʠʩʦʢʘ ʦʪ ʪʘʟʠ ʧʨʠ ʧʦʩʪʦʷʥʥʠʪʝ ʟʲʙʠ ʧʨʠ ʢʦʥʮʝʥʪʨʘʮʠʷ 20% (5.95% ʩʧʨʷʤʦ 

5.14%), ʘ ʧʨʠ ʢʦʥʮʝʥʪʨʘʮʠʷ 37% ʪʘʟʠ ʟʘʚʠʩʠʤʦʩʪ ʝ ʦʙʨʘʪʥʘ (0.02% ʟʘ 

ʚʨʝʤʝʥʥʠʪʝ ʩʧʨʷʤʦ 1.61% ʟʘ ʧʦʩʪʦʷʥʥʠʪʝ ʟʲʙʠ); 

b. ɺʠʜ ʟʲʙ ʠ ʝʮʚʘʥʝ ï ʧʨʠ 7 sec ʩʝ ʥʘʙʣʶʜʘʚʘ ʧʦ-ʠʟʨʘʟʝʥʘ ʨʘʟʣʠʢʘ ʤʝʞʜʫ ʜʝʣʘ ʥʘ 

ʥʝʧʦʯʠʩʪʝʥʠ ʪʫʙʫʣʠ ʟʘ ʚʨʝʤʝʥʥʠʪʝ ʟʲʙʠ ʠ ʧʦʩʪʦʷʥʥʠʪʝ ʟʲʙʠ (5.24% ʩʧʨʷʤʦ 

5.99%), ʜʦʢʘʪʦ ʧʨʠ 15 sec ʪʘʟʠ ʨʘʟʣʠʢʘ ʧʨʘʢʪʠʯʝʩʢʠ ʠʟʯʝʟʚʘ (0.74% ʩʧʨʷʤʦ 

0.76%); 

c. ʂʦʥʮʝʥʪʨʘʮʠʷ ʠ ʝʮʚʘʥʝ ï ʨʘʟʣʠʢʘʪʘ ʚ ʜʝʣʘ ʥʘ ʥʝʧʦʯʠʩʪʝʥʠʪʝ ʪʫʙʫʣʠ ʤʝʞʜʫ ʜʚʝʪʝ 

ʢʦʥʮʝʥʪʨʘʮʠʠ ʟʘ ʝʮʚʘʥʝ 7 sec ʝ ʯʫʚʩʪʚʠʪʝʣʥʦ ʧʦ-ʛʦʣʷʤʘ (9.59% ʟʘ 20% ʢʠʩʝʣʠʥʘ 

ʩʧʨʷʤʦ 1.63% ʟʘ 37% ʢʠʩʝʣʠʥʘ) ʩʧʨʷʤʦ ʩʲʱʘʪʘ ʨʘʟʣʠʢʘ ʤʝʞʜʫ ʜʚʝʪʝ 

ʢʦʥʮʝʥʪʨʘʮʠʠ ʟʘ ʝʮʚʘʥʝ 15 sec (1.49% ʟʘ 20% ʢʠʩʝʣʠʥʘ ʩʧʨʷʤʦ 0.00% ʟʘ 37% 

ʢʠʩʝʣʠʥʘ); 

3. ʊʨʠʤʝʨʝʥ ʝʬʝʢʪ - ʩʲʚʤʝʩʪʥʦ ʚʣʠʷʥʠʝ ʥʘ ʪʨʠ ʬʘʢʪʦʨʘ ï ʧʨʦʷʚʘʪʘ ʩʝ ʩ ʦʪʩʲʩʪʚʠʝʪʦ 

ʥʘ ʩʪʘʪʠʩʪʠʯʝʩʢʠ ʟʥʘʯʠʤʘ ʨʘʟʣʠʢʘ ʤʝʞʜʫ ʝʮʚʘʥʝ 7 sec ʠ 15 sec ʟʘ ʚʨʝʤʝʥʥʠʪʝ 

ʟʲʙʠ ʚ ʜʝʣʘ ʥʘ ʥʝʧʦʯʠʩʪʝʥʠ ʪʫʙʫʣʠ ʧʨʠ 37% ʢʦʥʮʝʥʪʨʘʮʠʷ (ʪʘʙʣʠʮʘ 16) ʠ 

ʥʘʣʠʯʠʝʪʦ ʥʘ ʪʘʢʘʚʘ ʟʘ ʧʦʩʪʦʷʥʥʠʪʝ ʟʲʙʠ (ʪʘʙʣʠʮʘ 17). ʉʲʦʪʚʝʪʥʠʪʝ ʨʘʟʣʠʢʠ ʧʨʠ 

20% ʢʦʥʮʝʥʪʨʘʮʠʷ ʩʝ ʧʦʪʚʲʨʞʜʘʚʘʪ ʢʘʪʦ ʩʪʘʪʠʩʠʯʝʩʢʠ ʟʥʘʯʠʤʠ (ʪʘʙʣ. 12 ʠ ʪʘʙʣ. 

13). 

ʇʦʯʠʩʪʚʘʱʠʷʪ ʝʬʝʢʪ ʩʝ ʫʚʝʣʠʯʘʚʘ ʧʨʠ ʫʚʝʣʠʯʘʚʘʥʝ ʥʘ ʢʦʥʮʝʥʪʨʘʮʠʷʪʘ ʠ ʚʨʝʤʝʪʦ 

ʟʘ ʝʮʚʘʥʝ, ʢʘʪʦ ʧʨʦʷʚʘʪʘ ʝ ʨʘʟʣʠʯʥʘ ʚ ʟʘʚʠʩʠʤʦʩʪ ʦʪ ʚʠʜʘ ʟʲʙ ï ʚʨʝʤʝʥʝʥ ʠʣʠ ʧʦʩʪʦʷʥʝʥ. 

 

 

 



 

110 

 

ʆɹʉʒɾɼɸʅɽ  

 

ʅʘʰʝʪʦ ʠʟʩʣʝʜʚʘʥʝ ʠʤʘʰʝ ʟʘ ʮʝʣ ʜʘ ʧʨʦʩʣʝʜʠ ʤʠʢʨʦʤʦʨʬʦʣʦʛʠʯʥʠʪʝ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʥʘ ʝʮʚʘʥʠʷ ʜʝʥʪʠʥ ʢʘʪʦ ʩʫʙʩʪʨʘʪ ʟʘ ʩʚʲʨʟʚʘʥʝ. ɹʷʭʘ ʫʩʪʘʥʦʚʝʥʠ 

ʩʲʱʝʩʪʚʝʥʠ ʨʘʟʣʠʯʠʷ ʧʦ ʦʪʥʦʰʝʥʠʝ ʥʘ ʝʬʝʢʪʘ ʥʘ ʝʮʚʘʱʠʪʝ ʘʛʝʥʪʠ ʚʲʨʭʫ ʜʝʥʪʠʥʘ ʧʨʠ 

ʦʪʩʪʨʘʥʷʚʘʥʝʪʦ ʥʘ ʟʘʤʲʨʩʷʚʘʱʠʷ ʩʣʦʡ. ʊʝ ʧʦʢʘʟʚʘʪ, ʯʝ ʘʧʣʠʮʠʨʘʥʝʪʦ ʥʘ ʬʦʩʬʦʨʥʘ 

ʢʠʩʝʣʠʥʘ ʩ ʨʘʟʣʠʯʥʘ ʢʦʥʮʝʥʪʨʘʮʠʷ ʠ ʟʘ ʨʘʟʣʠʯʥʦ ʚʨʝʤʝ, ʧʨʝʜʠʟʚʠʢʚʘ ʧʦʣʫʯʘʚʘʥʝʪʦ ʥʘ 

ʜʝʥʪʠʥʦʚ ʩʫʙʩʪʨʘʪ, ʨʘʟʣʠʯʝʥ ʧʨʠ ʟʲʙʠʪʝ ʦʪ ʜʚʝʪʝ ʜʝʥʪʠʮʠʠ. 

ʇʨʠ ʚʩʷʢʦ ʧʨʝʨʷʟʚʘʥʝ ʥʘ ʟʲʙʥʘ ʧʦʚʲʨʭʥʦʩʪ ʩʝ ʦʙʨʘʟʫʚʘ ʟʘʤʲʨʩʷʚʘʱ ʩʣʦʡ. ʊʦʟʠ 

ʩʣʦʡ ʩʲʜʲʨʞʘ ʦʩʥʦʚʥʠ ʢʦʤʧʦʥʝʥʪʠ ʦʪ ʝʤʘʡʣʘ, ʠʥʪʝʨ- ʠ ʧʝʨʠʪʫʙʫʣʘʨʥʠʷ ʤʘʪʨʠʢʩ, 

ʚʢʣʶʯʠʪʝʣʥʦ ʠ ʩʲʜʲʨʞʘʥʠʝ ʦʪ ʜʝʥʪʠʥʦʚʠʪʝ ʪʫʙʫʣʠ, ʩʤʝʩʝʥʦ ʩ ʚʦʜʘ, ʤʠʢʨʦʦʨʛʘʥʠʟʤʠ, 

ʪʦʢʩʠʥʠ, ʝʥʟʠʤʠ, ʩʣʶʥʢʘ. ʊʦʟʠ ʩʣʦʡ ʝ ʩ ʜʝʙʝʣʠʥʘ ʦʪ 0.5 ʜʦ 2 - 5Õm ʠ ʤʦʞʝ ʜʘ ʚʘʨʠʨʘ ʚ 

ʩʲʩʪʘʚʘ, ʜʝʙʝʣʠʥʘʪʘ, ʧʣʲʪʥʦʩʪʪʘ ʠ ʩʪʝʧʝʥʪʘ ʥʘ ʩʚʲʨʟʚʘʥʝ ʩ ʧʦʜʣʝʞʘʱʘʪʘ ʟʲʙʥʘ 

ʩʪʨʫʢʪʫʨʘ ʚ ʟʘʚʠʩʠʤʦʩʪ ʦʪ ʣʦʢʘʣʠʟʘʮʠʷʪʘ ʥʘ ʧʨʝʧʘʨʘʮʠʷʪʘ (32, 234, 240, 278, 298, 391, 

446, 457). ʇʨʠ ʧʨʝʧʘʨʠʨʘʥʝ ʥʘ ʜʝʥʪʠʥʦʚʘ ʧʦʚʲʨʭʥʦʩʪ, ʜʝʥʪʠʥʦʚʠʪʝ ʢʘʥʘʣʯʝʪʘ ʩʝ 

ʧʨʝʨʷʟʚʘʪ ʢʘʪʦ ʩʝ ʦʙʪʫʨʠʨʘʪ ʦʪ ʤʘʣʢʠ ʟʘʧʫʰʘʣʢʠ ʦʪ ʪʦʟʠ ʩʣʦʡ, ʢʦʝʪʦ ʱʝ ʜʦʚʝʜʝ ʜʦ 

ʨʝʜʫʢʮʠʷ ʥʘ ʜʝʥʪʠʥʦʚʠʷ ʧʝʨʤʝʘʙʠʣʠʪʝʪ (81, 288, 295). ɿʘʤʲʨʩʷʚʘʱʠʷʪ ʩʣʦʡ ʥʝ ʤʦʞʝ ʜʘ 

ʩʝ ʧʨʝʤʘʭʥʝ ʯʨʝʟ ʧʨʦʤʠʚʘʥʝ ʩ ʚʦʜʘ, ʥʦ ʪʦʡ ʧʦʜʣʝʞʠ ʥʘ ʨʘʟʪʚʘʨʷʥʝ ʧʨʠ ʪʦʪʘʣʥʦʪʦ 

ʢʠʩʝʣʠʥʥʦ ʝʮʚʘʥʝ (327, 334, 428). 

ʈʝʟʫʣʪʘʪʠʪʝ ʦʪ ʥʘʰʝʪʦ ʠʟʩʣʝʜʚʘʥʝ ʧʦʢʘʟʚʘʪ, ʯʝ ʨʝʘʢʪʠʚʥʦʩʪʪʘ ʥʘ ʜʝʥʪʠʥʘ ʥʘ 

ʚʨʝʤʝʥʥʠʪʝ ʟʲʙʠ ʩʧʨʷʤʦ ʢʠʩʝʣʠʥʥʦ ʚʲʟʜʝʡʩʪʚʠʝ ʝ ʨʘʟʣʠʯʥʘ ʦʪ ʪʘʟʠ ʥʘ ʧʦʩʪʦʷʥʥʠʪʝ 

ʟʲʙʠ, ʢʦʝʪʦ ʝ ʚ ʧʦʪʚʲʨʞʜʝʥʠʝ ʥʘ ʨʝʟʫʣʪʘʪʠʪʝ, ʧʦʣʫʯʝʥʠ ʠ ʧʨʠ ʜʨʫʛʠ ʠʟʩʣʝʜʦʚʘʪʝʣʠ (194, 

267, 268, 327, 353, 367) (ʪʘʙʣ.12, 13, 16, 17, 19).  

ʆʪʩʪʨʘʥʷʚʘʥʝʪʦ ʥʘ ʟʘʤʲʨʩʷʚʘʱʠʷ ʩʣʦʡ ʝ ʩʚʲʨʟʘʥʦ ʩ ʢʦʥʮʝʥʪʨʘʮʠʷʪʘ ʥʘ 

ʠʟʧʦʣʟʚʘʥʘʪʘ ʢʠʩʝʣʠʥʘ ʠ ʚʨʝʤʝʪʦ ʥʘ ʢʦʥʪʘʢʪʘ ʩ ʜʝʥʪʠʥʦʚʘʪʘ ʧʦʚʲʨʭʥʦʩʪ (149, 195, 267, 

268, 327, 448). ʊʦʚʘ ʧʦʢʘʟʘʭʘ ʠ ʥʘʰʠʪʝ ʨʝʟʫʣʪʘʪʠ, ʦʪʨʘʟʝʥʠ ʚ ʪʘʙʣ.12, 13, 14, 15, 16, 17, 

18, 19). 

 ʀʟʚʦʜʲʪ, ʢʦʡʪʦ ʙʠ ʤʦʛʲʣ ʜʘ ʩʝ ʥʘʧʨʘʚʠ ʥʘ ʙʘʟʘʪʘ ʥʘ ʥʘʰʝʪʦ ʠʟʩʣʝʜʚʘʥʝ ʝ, ʯʝ 

20% ʬʦʩʬʦʨʥʘʪʘ ʢʠʩʝʣʠʥʘ ʧʨʠʣʦʞʝʥʘ ʟʘ ʜʚʝ ʨʘʟʣʠʯʥʠ ʚʨʝʤʝʥʘ ʟʘ ʝʮʚʘʥʝ ʥʝ ʩʲʟʜʘʚʘ 

ʜʝʥʪʠʥʦʚʘ ʧʦʚʲʨʭʥʦʩʪ, ʧʦʯʠʩʪʝʥʘ ʦʪ ʟʘʤʲʨʩʷʚʘʱ ʩʣʦʡ. ʇʦ-ʜʦʙʲʨ ʧʦʯʠʩʪʚʘʱ ʝʬʝʢʪ ʝ 

ʫʩʪʘʥʦʚʝʥ ʧʨʠ ʦʙʨʘʟʮʠʪʝ ʦʪ ʧʦʩʪʦʷʥʥʠ ʟʲʙʠ (ʪʘʙʣ.13). ʇʨʠ ʚʨʝʤʝʥʥʠʪʝ ʟʲʙʠ (ʬʠʛ.8.ɸ) 

ʪʦʟʠ ʟʘʤʲʨʩʷʚʘʱ ʩʣʦʡ ʝ ʩʣʘʙʦ ʧʦʚʣʠʷʥ. ʊʦʚʘ ʚʝʨʦʷʪʥʦ ʩʝ ʜʲʣʞʠ ʥʘ ʦʙʨʘʟʫʚʘʥʝʪʦ ʥʘ ʧʦ-

ʜʝʙʝʣ ʟʘʤʲʨʩʷʚʘʱ ʩʣʦʡ, ʢʦʝʪʦ ʤʦʞʝ ʜʘ ʩʝ ʩʚʲʨʞʝ ʩ ʥʘʣʠʯʠʝʪʦ ʥʘ ʧʦ-ʛʦʣʷʤʦ ʢʦʣʠʯʝʩʪʚʦ 

ʦʨʛʘʥʠʯʥʘ ʤʘʪʝʨʠʷ ʧʨʠ ʚʨʝʤʝʥʥʠʪʝ ʟʲʙʠ, ʢʦʷʪʦ ʝ ʧʦ-ʫʩʪʦʡʯʠʚʘ ʥʘ ʢʠʩʝʣʠʥʥʦʪʦ 
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ʚʲʟʜʝʡʩʪʚʠʝ. ʅʘʣʠʯʠʝʪʦ ʥʘ ʦʩʪʘʪʲʮʠ ʦʪ ʟʘʤʲʨʩʷʚʘʱʠʷ ʩʣʦʡ ʠ ʧʨʝʮʠʧʠʪʘʪʠ ʚʲʨʭʫ 

ʜʝʥʪʠʥʦʚʘʪʘ ʧʦʚʲʨʭʥʦʩʪ ʚʝʨʦʷʪʥʦ ʙʠʭʘ ʜʦʚʝʣʠ ʜʦ ʥʝ ʜʦʙʨʦ ʩʚʲʨʟʚʘʥʝ ʥʘ ʛʨʘʥʠʯʥʘʪʘ 

ʧʦʚʲʨʭʥʦʩʪ ʤʝʞʜʫ ʜʝʥʪʠʥʘ ʠ ʘʜʭʝʟʠʚʥʠʷ ʩʣʦʡ ʢʘʪʦ ʧʦʩʨʝʜʥʠʢ ʚ ʪʦʚʘ ʩʚʲʨʟʚʘʥʝ. 

ɿʘʧʫʰʚʘʥʝʪʦ ʥʘ ʜʝʥʪʠʥʦʚʠʪʝ ʢʘʥʘʣʯʝʪʘ ʩʲʩ ʟʘʤʲʨʩʷʚʘʱʠ ʟʘʧʫʰʘʣʢʠ ʥʝ ʙʠ ʧʦʟʚʦʣʠʣʦ 

ʥʘʚʣʠʟʘʥʝʪʦ ʥʘ ʩʚʲʨʟʚʘʱʠʷ ʘʛʝʥʪ ʠ ʦʙʨʘʟʫʚʘʥʝʪʦ ʥʘ ʘʜʭʝʟʠʚʥʠ ʟʘʧʫʰʘʣʢʠ, ʢʦʠʪʦ ʩʲʱʦ 

ʠʤʘʪ ʟʥʘʯʝʥʠʝ ʟʘ ʟʜʨʘʚʠʥʘʪʘ ʥʘ ʚʨʲʟʢʘʪʘ. ʊʦʚʘ ʢʘʪʦ ʮʷʣʦ ʙʠ ʙʠʣʦ ʧʨʠʯʠʥʘ ʟʘ 

ʚʲʟʥʠʢʚʘʥʝʪʦ ʥʘ ʘʜʭʝʟʠʚʝʥ ʜʝʬʝʢʪ. ʉʣʝʜʦʚʘʪʝʣʥʦ, ʥʘʣʠʯʥʠʷʪ ʟʘʤʲʨʩʷʚʘʱ ʩʣʦʡ ʱʝ 

ʧʦʧʨʝʯʠ ʥʘ ʧʨʘʡʤʝʨʘ ʠ ʘʜʭʝʟʠʚʘ ʦʪ ʘʜʭʝʟʠʚʥʘʪʘ ʩʠʩʪʝʤʘ ʜʘ ʦʩʲʱʝʩʪʚʷʪ ʩʚʦʝʪʦ 

ʧʨʝʜʥʘʟʥʘʯʝʥʠʝ.      

 ʀʟʧʦʣʟʚʘʥʘʪʘ ʟʘ ʝʮʚʘʥʝ ʥʘ ʜʝʥʪʠʥʦʚʘʪʘ ʧʦʚʲʨʭʥʦʩʪ 37% ʬʦʩʬʦʨʥʘ ʢʠʩʝʣʠʥʘ, 

ʦʪʩʪʨʘʥʷʚʘ ʤʥʦʛʦ ʧʦ-ʙʲʨʟʦ ʟʘʤʲʨʩʷʚʘʱʠʷ ʩʣʦʡ ʧʨʠ ʚʨʝʤʝʥʥʠʪʝ ʟʲʙʠ ʦʪʢʦʣʢʦʪʦ ʧʨʠ 

ʧʦʩʪʦʷʥʥʠʪʝ ʟʲʙʠ (ʨ<0.0001, ʪʘʙʣ.16, 17 ʠ 18) (211, 268, 353, 367).                                          

ʋʩʪʘʥʦʚʠʭʤʝ, ʯʝ ʘʧʣʠʮʠʨʘʥʝʪʦ ʥʘ 37% ʬʦʩʬʦʨʥʘ ʢʠʩʝʣʠʥʘ ʟʘ 7 ʩʝʢʫʥʜʠ ʧʨʠ 

ʚʨʝʤʝʥʥʠʪʝ ʟʲʙʠ ʠ ʟʘ 15 ʩʝʢʫʥʜʠ ʧʨʠ ʧʦʩʪʦʷʥʥʠʪʝ ʟʲʙʠ ʚʦʜʠ ʜʦ ʮʷʣʦʩʪʥʦ ʦʪʩʪʨʘʥʷʚʘʥʝ 

ʥʘ ʟʘʤʲʨʩʷʚʘʱʠʷ ʩʣʦʡ, ʢʘʢʪʦ ʦʪ ʚʭʦʜʦʚʝʪʝ ʥʘ ʜʝʥʪʠʥʦʚʠʪʝ ʢʘʥʘʣʯʝʪʘ (ʪʘʙʣ.16 ʠ 17), 

ʪʘʢʘ ʠ ʦʪ ʟʦʥʠʪʝ ʥʘ ʠʥʪʝʨʪʫʙʫʣʘʨʥʠʷ ʜʝʥʪʠʥ ʧʨʠ ʜʚʝʪʝ ʛʨʫʧʠ ʦʙʨʘʟʮʠ (ʬʠʛ.10ɸ ʠ 

ʬʠʛ.11ɹ). 

ʈʘʟʣʠʯʥʘʪʘ ʨʝʘʢʪʠʚʥʦʩʪ ʥʘ ʜʝʥʪʠʥʘ ʦʪ ʜʚʝʪʝ ʜʝʥʪʠʮʠʠ ʤʦʞʝ ʜʘ ʩʝ ʜʲʣʞʠ ʥʘ ʜʚʝ 

ʧʨʠʯʠʥʠ. ɼʦʧʫʩʢʘʤʝ, ʯʝ ʝʜʥʘ ʦʪ ʧʨʠʯʠʥʠʪʝ ʟʘ ʪʦʚʘ ʙʠ ʤʦʛʲʣ ʜʘ ʙʲʜʝ ʧʦ-ʠʟʨʘʟʝʥʠʷʪ 

ʙʫʬʝʨʝʥ ʢʘʧʘʮʠʪʝʪ ʥʘ ʜʝʥʪʠʥʘ ʥʘ ʧʦʩʪʦʷʥʥʠʪʝ ʟʲʙʠ ʠ ʧʨʦʠʟʪʠʯʘʱʘʪʘ ʦʪ ʪʦʚʘ 

ʚʲʟʤʦʞʥʦʩʪ ʟʘ ʩʘʤʦʦʛʨʘʥʠʯʘʚʘʥʝ ʥʘ ʜʝʡʩʪʚʠʝʪʦ ʥʘ ʢʠʩʝʣʠʥʠʪʝ. ɼʨʫʛʘ ʚʲʟʤʦʞʥʘ 

ʧʨʠʯʠʥʘ ʝ ʨʘʟʣʠʢʘʪʘ ʚ ʙʨʦʷ ʥʘ ʜʝʥʪʠʥʦʚʠʪʝ ʢʘʥʘʣʯʝʪʘ (268). ʉʧʦʨʝʜ ʘʚʪʦʨʠʪʝ, 

ʟʘʩʪʲʧʚʘʱʠ ʤʥʝʥʠʝʪʦ ʟʘ ʧʦ-ʤʘʣʢʘʪʘ ʪʫʙʫʣʥʘ ʢʦʥʮʝʥʪʨʘʮʠʷ ʠ ʧʦ-ʤʘʣʢʠʷ ʜʠʘʤʝʪʲʨ ʥʘ 

ʜʝʥʪʠʥʦʚʠʪʝ ʢʘʥʘʣʯʝʪʘ ï ʜʝʥʪʠʥʲʪ ʥʘ ʚʨʝʤʝʥʥʠʪʝ ʟʲʙʠ ʧʨʦʷʚʷʚʘ ʠ ʧʦ-ʩʣʘʙ 

ʧʝʨʤʝʘʙʠʣʠʪʝʪ (211, 268). ʅʘʩʪʲʧʚʘʱʘʪʘ ʙʠʦʤʦʨʬʦʟʘ ʥʘ ʧʫʣʧʘʪʘ ʥʘ ʚʨʝʤʝʥʥʠʪʝ ʟʲʙʠ 

ʦʙʫʩʣʘʚʷ ʠ ʥʝʡʥʠʷʪ ʥʘʤʘʣʝʥ ʪʫʨʛʫʨ, ʢʦʝʪʦ ʩʲʱʦ ʙʠ ʤʦʛʣʦ ʜʘ ʜʘʜʝ ʦʪʨʘʞʝʥʠʝ. ʊʦʚʘ ʚʦʜʠ 

ʠ ʜʦ ʧʨʝʜʧʦʣʦʞʝʥʠʝʪʦ, ʯʝ ʜʝʥʪʠʥʲʪ ʥʘ ʚʨʝʤʝʥʥʠʪʝ ʟʲʙʠ ʠʤʘ ʧʦ-ʤʘʣʢʘ ʧʦʚʲʨʭʥʦʩʪʥʘ 

ʚʣʘʞʥʦʩʪ, ʢʦʝʪʦ ʚʦʜʠ ʜʦ ʧʨʦʤʷʥʘ ʥʘ ʝʬʝʢʪʠʚʥʦʩʪʪʘ ʥʘ ʜʝʡʩʪʚʠʝ ʥʘ ʜʝʥʪʠʥʦʚʠʪʝ 

ʢʦʥʜʠʮʠʦʥʝʨʠ ʧʨʠ ʦʪʩʪʨʘʥʷʚʘʥʝʪʦ ʥʘ ʟʘʤʲʨʩʷʚʘʱʠʷ ʩʣʦʡ ʢʘʪʦ ʪʝ ʧʨʦʷʚʷʚʘʪ ʧʦ-

ʘʛʨʝʩʠʚʥʦ ʜʝʡʩʪʚʠʝ ʚʲʨʭʫ ʪʝʭʥʠʷ ʜʝʥʪʠʥ (268, 448). 

ɽʮʚʘʥʝʪʦ ʥʘ ʜʝʥʪʠʥʦʚʘʪʘ ʧʦʚʲʨʭʥʦʩʪ ʜʦʨʠ ʟʘ ʢʨʘʪʲʢ ʧʝʨʠʦʜ ʤʦʞʝ ʜʘ ʜʦʚʝʜʝ ʜʦ 

ʟʥʘʯʠʪʝʣʥʠ ʧʨʦʤʝʥʠ ʚ ʩʪʨʫʢʪʫʨʘʪʘ ʥʘ ʜʝʥʪʠʥʘ. ʊʦ ʪʨʷʙʚʘ ʜʘ ʙʲʜʝ ʝʬʝʢʪʠʚʥʦ, ʘ ʥʝ 

ʝʢʩʪʝʥʟʠʚʥʦ (268). ʇʨʠ ʝʢʩʪʝʥʟʠʚʥʘ ʜʝʤʠʥʝʨʘʣʠʟʘʮʠʷ ʥʘ ʠʥʪʝʨʪʫʙʫʣʘʨʥʠʷ ʜʝʥʪʠʥ 

ʢʦʣʘʛʝʥʦʚʠʪʝ ʚʣʘʢʥʘ ʱʝ ʢʦʣʘʙʠʨʘʪ, ʘ ʢʘʣʮʠʝʚʦ ʬʦʩʬʘʪʥʠʪʝ ʢʨʠʩʪʘʣʠ ʱʝ ʧʨʝʮʠʧʠʪʠʨʘʪ, 
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ʢʘʪʦ ʩʝ ʬʦʨʤʠʨʘ ʟʘʱʠʪʝʥ ʩʣʦʡ, ʢʦʡʪʦ ʤʦʞʝ ʜʘ ʥʝ ʩʝ ʠʤʧʨʝʛʥʠʨʘ ʥʘʧʲʣʥʦ ʦʪ ʧʨʘʡʤʝʨʘ ʠ 

ʘʜʭʝʟʠʚʥʠʷ ʤʦʥʦʤʝʨ (267, 268, 353, 394). ʉʪʝʧʝʥʪʘ ʥʘ ʠʥʬʠʣʪʨʘʮʠʷʪʘ ʥʘ ʘʜʭʝʟʠʚʠʪʝ ʚ 

ʜʝʤʠʥʝʨʘʣʠʟʠʨʘʥʠʷ ʜʝʥʪʠʥ ʥʘʤʘʣʷʚʘ ʧʦʩʪʝʧʝʥʥʦ ʚ ʧʦʩʦʢʘ ʢʲʤ ʦʩʥʦʚʘʪʘ ʥʘ ʭʠʙʨʠʜʥʠʷ 

ʩʣʦʡ (353, 383, 388, 430, 439). ɺ ʪʦʟʠ ʩʣʫʯʘʡ ʦʪʩʪʨʘʥʝʥʠʷʪ ʤʠʥʝʨʘʣʝʥ ʤʘʪʨʠʢʩ ʥʝ ʩʝ 

ʟʘʤʝʩʪʚʘ ʥʘʧʲʣʥʦ ʦʪ ʧʨʘʡʤʝʨʘ ʢʘʪʦ ʦʩʪʘʚʘ ʝʜʥʘ ʧʦ-ʥʝʫʩʪʦʡʯʠʚʘ ʟʦʥʘ ʚ ʦʩʥʦʚʘʪʘ ʥʘ 

ʭʠʙʨʠʜʥʠʷ ʩʣʦʡ, ʢʦʷʪʦ ʩʪʘʚʘ ʧʦʪʝʥʮʠʘʣʝʥ ʧʲʪ ʟʘ ʤʠʢʨʦ- ʠ ʥʘʥʦʧʨʦʧʫʩʢʣʠʚʦʩʪ, ʝʥʟʠʤʝʥ 

ʠ ʭʠʜʨʦʣʠʪʠʯʝʥ ʨʘʟʧʘʜ ʠ ʧʦ ʩʲʚʢʫʧʥʦʩʪ - ʤʷʩʪʦ ʟʘ ʧʨʦʚʘʣ ʥʘ ʩʚʲʨʟʚʘʥʝʪʦ (161, 267, 268, 

345, 353). ɽʮʚʘʥʝʪʦ ʥʘ ʜʝʥʪʠʥʘ ʝ ʦʪ ʬʫʥʜʘʤʝʥʪʘʣʥʦ ʟʥʘʯʝʥʠʝ ʟʘ ʝʬʝʢʪʠʚʥʦʩʪʪʘ ʥʘ 

ʘʜʭʝʟʠʚʥʦʪʦ ʩʚʲʨʟʚʘʥʝ (267, 268, 367). ʇʦʚʠʰʝʥʘʪʘ ʨʝʘʢʪʠʚʥʦʩʪ ʩʧʨʷʤʦ ʢʠʩʝʣʠʥʥʦʪʦ 

ʚʲʟʜʝʡʩʪʚʠʝ ʥʘ ʜʝʥʪʠʥʘ ʥʘ ʚʨʝʤʝʥʥʠʪʝ ʟʲʙʠ ʝ ʠ ʦʩʥʦʚʘʥʠʝʪʦ ʥʷʢʦʠ ʘʚʪʦʨʠ ʜʘ 

ʧʨʝʧʦʨʲʯʘʪ ʩʲʢʨʘʱʘʚʘʥʝ ʥʘ ʧʦʣʦʚʠʥʘ ʥʘ ʚʨʝʤʝʪʦ ʟʘ ʝʮʚʘʥʝ ʧʨʠ ʪʷʭ ʚ ʩʨʘʚʥʝʥʠʝ ʩ ʪʦʚʘ 

ʧʨʠ ʧʦʩʪʦʷʥʥʠʪʝ (223, 228, 259, 353, 355), ʟʘ ʜʘ ʩʝ ʠʟʙʝʛʥʝ ʚʲʟʤʦʞʥʦʩʪʪʘ ʦʪ ʧʦ-ʜʲʣʙʦʢʘ 

ʜʝʤʠʥʝʨʘʣʠʟʘʮʠʷ ʠ ʧʦʩʣʝʜʚʘʱʦ ʥʝʧʲʣʥʦ ʠʥʬʠʣʪʨʠʨʘʥʝ ʥʘ ʢʦʣʘʛʝʥʦʚʠʪʝ ʚʣʘʢʥʘ ʦʪ 

ʧʨʘʡʤʝʨʘ/ʘʜʭʝʟʠʚʘ, ʢʦʝʪʦ ʙʠ ʢʦʤʧʨʦʤʝʪʠʨʘʣʦ ʝʬʝʢʪʠʚʥʦʩʪʪʘ ʥʘ ʘʜʭʝʟʠʚʥʦʪʦ ʩʚʲʨʟʚʘʥʝ 

(23, 78, 175, 177, 258, 290, 448). 

ʈʝʟʫʣʪʘʪʠʪʝ ʦʪ ʧʨʦʚʝʜʝʥʦʪʦ ʠʟʩʣʝʜʚʘʥʝ ʧʦʢʘʟʚʘʪ, ʯʝ ʩʲʢʨʘʱʘʚʘʥʝʪʦ ʥʘ ʚʨʝʤʝʪʦ 

ʟʘ ʝʮʚʘʥʝ ʥʘ ʜʝʥʪʠʥʘ ʥʘ ʚʨʝʤʝʥʥʠʪʝ ʟʲʙʠ ʥʘ 7 sec ʚʤʝʩʪʦ 15 sec, ʧʨʝʧʦʨʲʯʘʥʦ ʦʪ 

ʧʨʦʠʟʚʦʜʠʪʝʣʠʪʝ ʟʘ ʚʲʟʜʝʡʩʪʚʠʝ ʧʨʠ ʧʦʩʪʦʷʥʥʠʪʝ ʟʲʙʠ, ʚʦʜʠ ʜʦ ʩʲʟʜʘʚʘʥʝ ʥʘ ʜʝʥʪʠʥʦʚ 

ʩʫʙʩʪʨʘʪ ʩʭʦʜʝʥ ʩ ʪʦʟʠ ʧʨʠ ʧʦʩʪʦʷʥʥʠʪʝ ʟʲʙʠ ʚ ʩʣʫʯʘʠʪʝ ʥʘ ʠʟʧʦʣʟʚʘʥʝ ʥʘ 37% 

ʬʦʩʬʦʨʥʘ ʢʠʩʝʣʠʥʘ. ʊʦʚʘ ʱʝ ʦʛʨʘʥʠʯʠ ʚʲʟʤʦʞʥʦʩʪʪʘ ʦʪ ʥʝʥʫʞʥʦ ʟʘʜʲʣʙʦʯʘʚʘʥʝ ʥʘ 

ʜʝʤʠʥʝʨʘʣʠʟʘʮʠʷʪʘ, ʫʚʨʝʞʜʘʥʝ ʥʘ ʢʦʣʘʛʝʥʦʚʠʪʝ ʚʣʘʢʥʘ, ʩʲʤʥʝʥʠʝ ʦʪʥʦʩʪʥʦ ʙʲʜʝʱʦʪʦ 

ʠʤ ʠʤʧʨʝʛʥʠʨʘʥʝ ʩ ʘʜʭʝʟʠʚʥʘʪʘ ʩʠʩʪʝʤʘ ʠ ʦʪʪʘʤ ʩʲʤʥʝʥʠʝ ʦʪʥʦʩʥʦ ʟʜʨʘʚʠʥʘʪʘ ʥʘ 

ʩʚʲʨʟʚʘʥʝ ʩ ʧʦʩʣʝʜʠʮʠ ʢʘʪʦ ʤʠʢʨʦ- ʠ ʥʘʥʦʧʨʦʩʤʫʢʚʘʥʝ ʠ ʧʨʦʚʘʣ ʥʘ ʦʙʪʫʨʘʮʠʷʪʘ. 

ʂʘʟʘʥʦʪʦ ʧʦ-ʛʦʨʝ, ʟʘʝʜʥʦ ʩ ʨʝʟʫʣʪʘʪʠʪʝ ʦʪ ʥʘʰʝʪʦ ʠʟʩʣʝʜʚʘʥʝ ʜʘʚʘ ʦʩʥʦʚʘʥʠʝ ʜʘ 

ʩʝ ʧʨʝʜʧʦʣʦʞʠ, ʯʝ ʠʟʧʦʣʟʚʘʥʝʪʦ ʥʘ ʝʜʠʥ ʠ ʩʲʱ ʢʣʠʥʠʯʝʥ ʧʨʦʪʦʢʦʣ ʥʘ ʘʧʣʠʮʠʨʘʥʝ ʥʘ 

ʘʜʭʝʟʠʚʥʘʪʘ ʩʠʩʪʝʤʘ ʧʨʠ ʚʨʝʤʝʥʥʠʪʝ ʠ ʧʦʩʪʦʷʥʥʠʪʝ ʟʲʙʠ ʝ ʥʘʚʷʨʥʦ ʛʣʘʚʥʘʪʘ ʧʨʠʯʠʥʘ ʟʘ 

ʪʦʚʘ, ʚʨʝʤʝʥʥʠʪʝ ʟʲʙʠ ʜʘ ʧʦʢʘʟʚʘʪ ʧʦ-ʥʠʩʢʘ ʟʜʨʘʚʠʥʘ ʥʘ ʩʚʲʨʟʚʘʥʝ ʧʨʠ ʪʝʩʪʚʘʥʝ ʩ 

ʜʝʥʪʠʥ ʩʚʲʨʟʚʘʱʠʪʝ ʘʛʝʥʪʠ, ʢʘʢʪʦ ʠ ʥʘʤʘʣʝʥʘ ʜʲʣʛʦʪʨʘʡʥʦʩʪ ʥʘ ʦʙʪʫʨʘʮʠʠʪʝ ʚ 

ʢʣʠʥʠʯʥʠ ʫʩʣʦʚʠʷ. 

 

ʀʟʚʦʜʠ: 
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1. ɸʧʣʠʮʠʨʘʥʝʪʦ ʥʘ ʝʜʥʠ ʠ ʩʲʱʠ ʝʮʚʘʱʠ ʘʛʝʥʪʠ ʚʲʨʭʫ ʜʝʥʪʠʥʘ ʥʘ 

ʟʲʙʠʪʝ ʦʪ ʜʚʝʪʝ ʜʝʥʪʠʥʮʠʠ ʚʦʜʠ ʜʦ ʩʲʟʜʘʚʘʥʝʪʦ ʥʘ ʨʘʟʣʠʯʝʥ ʩʫʙʩʪʨʘʪ 

ʟʘ ʦʩʲʱʝʩʪʚʷʚʘʥʝ ʥʘ ʘʜʭʝʟʠʚʥʦ ʩʚʲʨʟʚʘʥʝ. 

2. ʇʨʠ ʨʘʚʥʠ ʫʩʣʦʚʠʷ (ʚʨʝʤʝ ʥʘ ʝʮʚʘʥʝ) 37% ʬʦʩʬʦʨʥʘ ʢʠʩʝʣʠʥʘ 

ʦʪʩʪʨʘʥʷʚʘ ʤʥʦʛʦ ʧʦ-ʙʲʨʟʦ ʟʘʤʲʨʩʷʚʘʱʠʷ ʩʣʦʡ ʦʪ ʜʝʥʪʠʥʦʚʘʪʘ 

ʧʦʚʲʨʭʥʦʩʪ ʥʘ ʚʨʝʤʝʥʥʠʪʝ ʟʲʙʠ ʚ ʩʨʘʚʥʝʥʠʝ ʩ ʪʦʟʠ ʦʪ ʜʝʥʪʠʥʦʚʘʪʘ 

ʧʦʚʲʨʭʥʦʩʪ ʥʘ ʧʦʩʪʦʷʥʥʠʪʝ. 

3. ɺʨʝʤʝʪʦ ʥʘ ʘʧʣʠʮʠʨʘʥʝ ʥʘ ʝʮʚʘʱʠʷ ʘʛʝʥʪ ʠ ʥʝʛʦʚʘʪʘ ʢʦʥʮʝʥʪʨʘʮʠʷ 

ʦʧʨʝʜʝʣʷʪ ʦʪʩʪʨʘʥʷʚʘʥʝʪʦ ʥʘ ʟʘʤʲʨʩʷʚʘʱʠ ̫ʩʣʦʡ. 

4. ʇʨʠ ʘʧʣʠʮʠʨʘʥʝ ʥʘ 20% ʬʦʩʬʦʨʥʘ ʢʠʩʝʣʠʥʘ ʥʝ ʩʝ ʩʲʟʜʘʚʘ ʜʝʥʪʠʥʦʚ 

ʩʫʙʩʪʨʘʪ ʠʟʯʠʩʪʝʥ ʦʪ ʟʘʤʲʨʩʷʚʘʱʠʷ ʩʣʦʡ ʟʘ ʚʨʝʤʝʪʦ ʥʘ ʚʲʟʜʝʡʩʪʚʠʝ ï 

7 ʠ 15 sec, ʢʘʢʪʦ ʧʨʠ ʚʨʝʤʝʥʥʠʪʝ ʪʘʢʘ ʠ ʧʨʠ ʧʦʩʪʦʷʥʥʠʪʝ ʟʲʙʠ. 

5. ɽʬʝʢʪʠʚʥʦ ʦʪʩʪʨʘʥʝʥ ʟʘʤʲʨʩʷʚʘʱ ʩʣʦʡ, ʢʘʢʪʦ ʠ ʣʠʧʩʘ ʥʘ 

ʧʨʝʮʠʧʠʪʘʪʠ ʩʝ ʥʘʙʣʶʜʘʚʘ ʧʨʠ ʚʨʝʤʝʥʥʠʪʝ ʟʲʙʠ ʦʱʝ ʧʨʠ 7 ʩʝʢʫʥʜʠ 

ʝʮʚʘʥʝ ʩ 37% ʬʦʩʬʦʨʥʘ ʢʠʩʝʣʠʥʘ.  

6. ʇʨʠ ʠʟʧʦʣʟʚʘʥʝ ʥʘ ʝʮʚʘʱ ʘʛʝʥʪ 37% ʬʦʩʬʦʨʥʘ ʢʠʩʝʣʠʥʘ ʩʲʟʜʘʚʘʥʝʪʦ 

ʥʘ ʜʝʥʪʠʥʦʚ ʩʫʙʩʪʨʘʪ ʧʨʠ ʚʨʝʤʝʥʥʠʪʝ ʟʲʙʠ ʩ ʤʦʨʬʦʣʦʛʠʯʥʠ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ, ʩʭʦʜʥʠ ʩ ʪeʟʠ ʥʘ ʧʦʩʪʦʷʥʥʠʪʝ, ʤʦʞʝ ʜʘ ʩʝ ʧʦʩʪʠʛʥʝ 

ʧʨʠ ʨʝʜʫʮʠʨʘʥʝ ʥʘ ʚʨʝʤʝʪʦ ʟʘ ʝʮʚʘʥʝ ʥʘ 7 sec ʚʤʝʩʪʦ 15 sec., 

ʧʨʝʧʦʨʲʯʘʥʦ ʦʪ ʧʨʦʠʟʚʦʜʠʪʝʣʠʪʝ ʠ ʧʨʠʣʘʛʘʥʦ ʟʘ ʧʦʩʪʦʷʥʥʠʪʝ ʟʲʙʠ.  

7. ʅʘʰʝʪʦ ʠʟʩʣʝʜʚʘʥʝ ʧʦʜʢʨʝʧʷ ʩʭʚʘʱʘʥʝʪʦ, ʯʝ ʝ ʚʲʟʤʦʞʥʦ ʜʘ ʩʝ 

ʢʦʥʪʨʦʣʠʨʘ ʦʪʩʪʨʘʥʷʚʘʥʝʪʦ ʥʘ ʟʘʤʲʨʩʷʚʘʱʠ ̫ ʩʣʦʡ ʦʪ ʜʝʥʪʠʥʦʚʘʪʘ 

ʧʦʚʲʨʭʥʦʩʪ ʯʨʝʟ ʢʦʥʪʨʦʣʠʨʘʥʝ ʥʘ ʚʨʝʤʝʪʦ ʥʘ ʘʧʣʠʮʠʨʘʥʝ ʥʘ 

ʩʲʦʪʚʝʪʥʠʷ ʝʮʚʘʱ ʘʛʝʥʪ. 

 

ɺʊʆʈɸ ɿɸɼɸʏɸ 

 

ʉɽʄ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ ʥʘ ʢʦʥʚʝʥʮʠʦʥʘʣʥʦ ʠ ʣʘʟʝʨʥʦ ʦʙʨʘʙʦʪʝʥʘ ʜʝʥʪʠʥʦʚʘ 

ʧʦʚʲʨʭʥʦʩʪ ʥʘ ʚʨʝʤʝʥʥʠ ʠ ʧʦʩʪʦʷʥʥʠ ʟʲʙʠ.  

 

ʈɽɿʋʃʊɸʊʀ 

ʂʦʥʪʨʦʣʥʠ ʦʙʨʘʟʮʠ ʩʣʝʜ ʧʨʝʧʘʨʘʮʠʷ ʩ ʙʦʨʝʨ 
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ʇʨʝʜʩʪʘʚʝʥʠ ʩʘ ʦʙʨʘʟʮʠ ʦʪ ʚʨʝʤʝʥʥʠ ʠ ʧʦʩʪʦʷʥʥʠ ʟʲʙʠ, ʧʨʠ ʢʦʠʪʦ ʢʘʚʠʪʝʪʥʘʪʘ 

ʧʨʝʧʘʨʘʮʠʷ ʝ ʠʟʧʲʣʥʝʥʘ ʩ ʜʠʘʤʘʥʪʝʥ ʧʠʣʠʪʝʣ ʠ ʥʝ ʝ ʧʨʦʚʝʜʝʥʦ ʝʮʚʘʥʝ. 

 

ɸ ɹ 

 ʌʠʛ.12. ʉɽʄ ʥʘ ʜʝʥʪʠʥʦʚʘ ʧʦʚʲʨʭʥʦʩʪ ʥʘ ʚʨʝʤʝʥʝʥ (ɸ) ʠ ʧʦʩʪʦʷʥʝʥ (ɹ) ʟʲʙ, 

ʧʨʝʧʘʨʠʨʘʥʘ ʩ ʜʠʘʤʘʥʪʝʥ ʧʠʣʠʪʝʣ 

 

ɼʝʥʪʠʥʲʪ ʥʘ ʪʝʟʠ ʦʙʨʘʟʮʠ ʧʦʢʘʟʚʘ ʥʘʣʠʯʠʝ ʥʘ ʟʘʤʲʨʩʷʚʘʱ ʩʣʦʡ ʧʨʠ ʜʚʘʪʘ ʟʲʙʘ ï 

ʚʨʝʤʝʥʝʥ ʠ ʧʦʩʪʦʷʥʝʥ, ʥʘ ʫʚʝʣʠʯʝʥʠʝʪʦ, ʠʟʧʦʣʟʚʘʥʦ ʚ ʪʦʚʘ ʠʟʩʣʝʜʚʘʥʝ (ʬʠʛ.12ɸ ʠ ɹ). 

ɺʠʞʜʘ ʩʝ ʧʝʣʝʥʘ, ʢʦʷʪʦ ʧʦʢʨʠʚʘ ʦʙʨʘʙʦʪʝʥʘʪʘ ʜʝʥʪʠʥʦʚʘ ʧʦʚʲʨʭʥʦʩʪ. ʅʝ ʩʝ ʫʩʪʘʥʦʚʷʚʘ 

ʭʘʨʘʢʪʝʨʥʘʪʘ ʟʘ ʜʝʥʪʠʥʘ ʤʠʢʨʦʢʘʥʘʣʯʝʩʪʘ ʩʪʨʫʢʪʫʨʘ. 

 

ʂʦʥʪʨʦʣʥʠ ʦʙʨʘʟʮʠ, ʧʨʝʧʘʨʠʨʘʥʠ ʩ ʣʘʟʝʨ 

 

ʇʨʝʜʩʪʘʚʝʥʠ ʩʘ ʦʙʨʘʟʮʠ ʦʪ ʚʨʝʤʝʥʥʠ ʠ ʧʦʩʪʦʷʥʥʠ ʟʲʙʠ, ʧʨʠ ʢʦʠʪʦ ʢʘʚʠʪʝʪʥʘʪʘ 

ʧʨʝʧʘʨʘʮʠʷ ʝ ʠʟʧʲʣʥʝʥʘ ʩ Er:YAG ʣʘʟʝʨ, ʙʝʟ ʧʦʩʣʝʜʚʘʱʦ ʚʲʟʜʝʡʩʪʚʠʝ. 

ɸ ɹ 

ʌʠʛ.13. ʉɽʄ ʥʘ ʜʝʥʪʠʥʦʚʘ ʧʦʚʲʨʭʥʦʩʪ ʥʘ ʚʨʝʤʝʥʝʥ (ɸ) ʠ ʧʦʩʪʦʷʥʝʥ (ɹ) ʟʲʙ 

ʧʨʝʧʘʨʠʨʘʥʘ ʩ Er:YAG ʣʘʟʝʨ 
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ɼʝʥʪʠʥʦʚʘʪʘ ʧʦʚʲʨʭʥʦʩʪ ʥʘ ʢʦʥʪʨʦʣʥʠʪʝ ʦʙʨʘʟʮʠ (ʬʠʛ.13ɸ ʠ ɹ) ʧʦʢʘʟʚʘ 

ʩʧʝʮʠʬʠʯʥʘ ʪʦʧʦʛʨʘʬʩʢʘ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ, ʩ ʣʶʩʧʝʩʪ ʭʘʨʘʢʪʝʨ, ʩʠʣʥʦ ʠʟʨʘʟʝʥʘ 

ʥʝʨʘʚʥʦʩʪ, ʦʪʚʦʨʝʥʠ ʜʝʥʪʠʥʦʚʠ ʢʘʥʘʣʯʝʪʘ (ʧʦʢʘʟʘʣʝʮ) (ʬʠʛ.13ɸ). ʅʝ ʩʝ ʥʘʙʣʶʜʘʚʘ 

ʥʘʣʠʯʠʝ ʥʘ ʟʘʤʲʨʩʷʚʘʱ ʩʣʦʡ, ʢʦʡʪʦ ʜʘ ʤʘʩʢʠʨʘ ʢʘʥʘʣʯʝʩʪʘʪʘ ʩʪʨʫʢʪʫʨʘ ʥʘ ʜʝʥʪʠʥʘ.  

 

ʂʘʚʠʪʝʪʥʘ ʧʨʝʧʘʨʘʮʠʷ ʩ ʜʠʘʤʘʥʪʝʥ ʙʦʨʝʨ ʠ ʝʮʚʘʥʝ ʩ ʬʦʩʬʦʨʥʘ ʢʠʩʝʣʠʥʘ 

 

ɽʢʩʧʝʨʠʤʝʥʪʘʣʥʘ ʛʨʫʧʘ 1  

 

ʇʨʠ ʛʨʫʧʘ 1 - ʚʨʝʤʝʥʥʠ ʟʲʙʠ - ʟʘʤʲʨʩʷʚʘʱʠʷʪ ʩʣʦʡ ʝ ʥʘʧʲʣʥʦ ʦʪʩʪʨʘʥʝʥ. 

ɼʝʥʪʠʥʦʚʠʪʝ ʢʘʥʘʣʯʝʪʘ ʩʘ ʦʪʚʦʨʝʥʠ (ʬʠʛ.14). ʄʝʞʜʫ ʢʘʥʘʣʠʪʝ ʩʝ ʫʩʪʘʥʦʚʷʚʘ 

ʠʥʪʝʨʪʫʙʫʣʘʨʝʥ ʜʝʥʪʠʥ ʩ ʯʠʩʪʘ ʧʦʚʲʨʭʥʦʩʪ.  

 

           

 

ʌʠʛ.14. ʉɽʄ ʥʘ ʜʝʥʪʠʥʦʚʘ ʧʦʚʲʨʭʥʦʩʪ ʥʘ ʚʨʝʤʝʥʝʥ ʟʲʙ ʝʮʚʘʥ ʩ 37% ʬʦʩʬʦʨʥʘ   

ʢʠʩʝʣʠʥʘ ʟʘ 7 ʩʝʢʫʥʜʠ.  

 

ɽʢʩʧʝʨʠʤʝʥʪʘʣʥʠ ʛʨʫʧʠ 2 ʠ 3  

 

ɺ ʛʨʫʧʘ 3 ʥʘ ʧʦʩʪʦʷʥʥʠʪʝ ʟʲʙʠ, ʧʨʠ ʝʮʚʘʥʝ ʟʘ 15 sec ʩ 37% ʬʦʩʬʦʨʥʘ ʢʠʩʝʣʠʥʘ ʩʝ 

ʥʘʙʣʶʜʘʚʘ ʯʠʩʪʘ ʦʪ ʟʘʤʲʨʩʷʚʘʱ ʩʣʦʡ ʠ ʟʘʤʲʨʩʷʚʘʱʠ ʟʘʧʫʰʘʣʢʠ ʜʝʥʪʠʥʦʚʘ ʧʦʚʲʨʭʥʦʩʪ, 

ʢʘʢʪʦ ʠ ʣʠʧʩʘ ʥʘ ʧʨʝʮʠʧʠʪʘʪʠ (ʬʠʛ.15. ɹ). 
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ɸ ɹ 

 

ʌʠʛ.15. ʉɽʄ ʥʘ ʜʝʥʪʠʥʦʚʘ ʧʦʚʲʨʭʥʦʩʪ ʥʘ ʚʨʝʤʝʥʝʥ (ɸ) ʠ ʧʦʩʪʦʷʥʝʥ ʟʲʙ (ɹ) ʝʮʚʘʥʘ 15 

ʩʝʢ ʩ 37% ʬʦʩʬʦʨʥʘ ʢʠʩʝʣʠʥʘ. 

 

ʇʨʠ ʛʨʫʧʘ 2 ʥʘ ʚʨʝʤʝʥʥʠʪʝ ʟʲʙʠ (ʬʠʛ.15ɸ) ʧʨʠ ʝʮʚʘʥʝ ʟʘ 15 sec ʩ 37% ʬʦʩʬʦʨʥʘ 

ʢʠʩʝʣʠʥʘ ʥʝ ʩʝ ʫʩʪʘʥʦʚʷʚʘ ʨʘʟʣʠʢʘ ʚ ʢʘʯʝʩʪʚʦʪʦ ʥʘ ʧʦʯʠʩʪʚʘʥʝ ʥʘ ʜʝʥʪʠʥʦʚʘʪʘ 

ʧʦʚʲʨʭʥʦʩʪ ʚ ʩʨʘʚʥʝʥʠʝ ʩ ʦʙʨʘʟʮʠʪʝ ʦʪ ʛʨʫʧʘ 1 (7 sec ʩ 37% ʬʦʩʬʦʨʥʘ ʢʠʩʝʣʠʥʘ) 

(ʬʠʛ.14).  

 

ʂʘʚʠʪʝʪʥʘ ʧʨʝʧʘʨʘʮʠʷ ʩ ER:YAG ʣʘʟʝʨ ʠ ʣʘʟʝʨʥʦ ʝʮʚʘʥʝ 

 

ɽʢʩʧʝʨʠʤʝʥʪʘʣʥʠ ʛʨʫʧʠ 4 ʠ 5 

 

ɸ ɹ 

 

ʌʠʛ.16. ʉɽʄ ʥʘ ʜʝʥʪʠʥʦʚʘ ʧʦʚʲʨʭʥʦʩʪ ʥʘ ʚʨʝʤʝʥʝʥ (ɸ) ʠ ʧʦʩʪʦʷʥʝʥ ʟʲʙ (ɹ) ʩʣʝʜ 

ʣʘʟʝʨʥʘ ʧʨʝʧʘʨʘʮʠʷ ʠ ʧʨʦʚʝʞʜʘʥʝ ʥʘ ʣʘʟʝʨʥʦ ʝʮʚʘʥʝ, ʩ ʧʨʦʛʨʘʤʘ, ʟʘʣʦʞʝʥʘ ʚ 

ʣʘʟʝʨʥʠʷ ʘʧʘʨʘʪ. 
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ʇʨʠ ʜʚʝʪʝ ʛʨʫʧʠ ʦʙʨʘʟʮʠ (ʬʠʛ.16 ɸ ʠ ɹ) ʩʝ ʥʘʙʣʶʜʘʚʘʪ ʦʪʚʦʨʝʥʠ ʦʨʠʬʠʮʠʫʤʠ ʥʘ 

ʜʝʥʪʠʥʦʚʠʪʝ ʢʘʥʘʣʯʝʪʘ. ʅʘʙʣʶʜʘʚʘ ʩʝ ʟʘʧʘʟʝʥ ʤʘʥʰʝʪ ʥʘ ʧʝʨʠʪʫʙʫʣʘʨʥʠʷ ʜʝʥʪʠʥ 

(ʧʦʢʘʟʘʣʝʮ) ʠ ʠʟʨʘʟʝʥʘ ʥʝʨʘʚʥʦʩʪ ʥʘ ʧʦʚʲʨʭʥʦʩʪʪʘ. ɺʭʦʜʦʚʝʪʝ ʥʘ ʜʝʥʪʠʥʦʚʠʪʝ 

ʢʘʥʘʣʯʝʪʘ ʧʨʦʤʠʥʠʨʘʪ ʥʘʜ ʥʠʚʦʪʦ ʥʘ ʠʥʪʝʨʪʫʙʫʣʘʨʥʠʷ ʜʝʥʪʠʥ, ʢʦʝʪʦ ʝ ʧʦ-

ʜʝʤʦʥʩʪʨʘʪʠʚʥʦ ʧʨʠ ʦʙʨʘʟʮʠʪʝ ʦʪ ʚʨʝʤʝʥʥʠ ʟʲʙʠ (ʬʠʛ.16 ɸ ʠ ɹ). 

 

ʆɹʉʒɾɼɸʅɽ 

 

ʅʘʧʨʘʚʝʥʠʷʪ ʦʪ ʥʘʩ ʉɽʄ ʦʧʠʩʘʪʝʣʝʥ ʘʥʘʣʠʟ ʧʦʢʘʟʚʘ, ʯʝ ʤʦʨʬʦʣʦʛʠʯʥʘʪʘ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ ʥʘ ʧʨʝʧʘʨʠʨʘʥʘʪʘ ʩ Er:YAG ʣʘʟʝʨ ʜʝʥʪʠʥʦʚʘ ʧʦʚʲʨʭʥʦʩʪ ʩʝ ʨʘʟʣʠʯʘʚʘ 

ʩʲʱʝʩʪʚʝʥʦ ʦʪ ʪʘʟʠ, ʦʙʨʘʙʦʪʝʥʘ ʯʨʝʟ ʢʦʥʚʝʥʮʠʦʥʘʣʥʘʪʘ ʪʝʭʥʠʢʘ. ʋʩʪʘʥʦʚʝʥʠʪʝ 

ʨʘʟʣʠʯʠʷ ʩʘ ʢʘʢʪʦ ʥʝʧʦʩʨʝʜʩʪʚʝʥʦ ʩʣʝʜ ʢʘʚʠʪʝʪʥʘʪʘ ʧʨʝʧʘʨʘʮʠʷ ʚ ʢʦʥʪʨʦʣʥʠʪʝ ʛʨʫʧʠ, 

ʪʘʢʘ ʠ ʩʣʝʜ ʢʠʩʝʣʠʥʥʦʪʦ ʪʨʝʪʠʨʘʥʝ ʩ ʨʘʟʣʠʯʥʦ ʚʨʝʤʝʪʨʘʝʥʝ  (7 ʠ 15 sec) ʠ ʩʣʝʜ ʣʘʟʝʨʥʦ 

ʝʮʚʘʥʝ (ʬʠʛ.12 ʜʦ ʬʠʛ.16). 

ʇʨʠ ʩʨʘʚʥʷʚʘʥʝ ʥʘ ʢʦʥʪʨʦʣʥʠʪʝ ʦʙʨʘʟʮʠ (ʢʦʥʚʝʥʮʠʦʥʘʣʥʘ ʧʨʝʧʘʨʘʮʠʷ ʙʝʟ 

ʝʮʚʘʥʝ) ʩʝ ʫʩʪʘʥʦʚʠ, ʯʝ ʧʨʠ ʢʘʚʠʪʝʪʥʘ ʧʨʝʧʘʨʘʮʠʷ ʩ ʜʠʘʤʘʥʪʝʥ ʙʦʨʝʨ, ʜʝʥʪʠʥʦʚʘʪʘ 

ʧʦʚʲʨʭʥʦʩʪʠ ʝ ʧʦʢʨʠʪʘ ʩ ʧʣʲʪʝʥ, ʧʦʯʪʠ ʥʝʧʨʝʢʲʩʥʘʪ ʟʘʤʲʨʩʷʚʘʱ ʩʣʦʡ, ʢʦʡʪʦ ʤʘʩʢʠʨʘ 

ʪʠʧʠʯʥʘʪʘ ʤʦʨʬʦʣʦʛʠʷ ʥʘ ʜʝʥʪʠʥʘ. ʅʝ ʩʝ ʥʘʙʣʶʜʘʚʘʪ ʥʠʪʦ ʜʝʥʪʠʥʦʚʠ ʢʘʥʘʣʯʝʪʘ, ʥʠʪʦ 

ʠʥʪʝʨʪʫʙʫʣʘʨʝʥ ʜʝʥʪʠʥ ʠ ʧʨʠ ʦʙʨʘʟʮʠʪʝ ʦʪ ʚʨʝʤʝʥʥʠ ʠ ʧʦʩʪʦʷʥʥʠ ʟʲʙʠ (ʬʠʛ.12ɸ ʠ ɹ). 

 ʇʨʠ ʧʨʝʧʘʨʠʨʘʥʝ ʥʘ ʜʝʥʪʠʥʦʚʘʪʘ ʧʦʚʲʨʭʥʦʩʪ ʩ Er:YAG ʣʘʟʝʨ (ʙʝʟ ʝʮʚʘʥʝ) 

ʥʘʰʝʪʦ ʉɽʄ ʠʟʩʣʝʜʚʘʥʝ ʧʦʢʘʟʚʘ ʠʟʨʘʟʝʥʘ ʥʘʙʨʘʟʜʝʥʦʩʪ, ʥʝʨʘʚʥʦʩʪ, ʣʶʩʧʝʩʪ ʚʠʜ, 

ʦʪʚʦʨʝʥʠ ʜʝʥʪʠʥʦʚʠ ʢʘʥʘʣʯʝʪʘ ʩʲʩ ʟʘʧʘʟʝʥ ʧʝʨʠʪʫʙʫʣʘʨʝʥ ʤʘʥʰʝʪ. ʅʝ ʩʝ ʫʩʪʘʥʦʚʷʚʘ 

ʟʘʤʲʨʩʷʚʘʱ ʩʣʦʡ, ʢʦʡʪʦ ʜʘ ʤʘʩʢʠʨʘ ʢʘʥʘʣʯʝʩʪʘʪʘ ʩʪʨʫʢʪʫʨʘ ʥʘ ʜʝʥʪʠʥʘ (ʬʠʛ.13ɸ ʠ ɹ). 

ʇʨʠʯʠʥʘʪʘ ʟʘ ʪʦʚʘ ʥʘʚʷʨʥʦ ʩʝ ʜʲʣʞʠ ʥʘ ʤʝʭʘʥʠʟʤʘ ʥʘ ʚʲʟʜʝʡʩʪʚʠʝ ʥʘ ʣʘʟʝʨʥʘʪʘ 

ʩʚʝʪʣʠʥʘ ʚʲʨʭʫ ʟʲʙʥʠʪʝ ʩʪʨʫʢʪʫʨʠ ï ʥʘ ʪʝʨʤʦʤʝʭʘʥʠʯʥʠʷ ʧʨʦʮʝʩ ʠ ʧʦʩʣʝʜʚʘʱʠʪʝ 

ʤʠʢʨʦʝʢʩʧʣʦʟʠʠ (4, 113, 206, 242, 366), ʢʦʡʪʦ ʩʝ ʨʘʟʣʠʯʘʚʘ ʦʪ ʪʦʟʠ ʥʘ ʙʦʨʝʨʠʪʝ.   

ʂʠʩʝʣʠʥʥʦʪʦ ʝʮʚʘʥʝ ʝ ʧʨʠʝʪ ʤʝʪʦʜ ʟʘ ʧʦʜʛʦʪʦʚʢʘ ʥʘ ʜʝʥʪʠʥʘ ʟʘ ʩʚʲʨʟʚʘʥʝ ʩ 

ʢʦʤʧʦʟʠʪʥʠʪʝ ʤʘʪʝʨʠʘʣʠ, ʚʲʧʨʝʢʠ ʥʝʛʦʚʠʪʝ ʥʝʜʦʩʪʘʪʲʮʠ ʩʚʲʨʟʘʥʠ ʩ ʚʝʨʦʷʪʥʦʩʪʪʘ ʦʪ 

ʧʨʝʝʮʚʘʥʝ, ʜʲʣʙʦʢʘ ʜʝʤʠʥʝʨʘʣʠʟʘʮʠʷ ʚ ʜʝʥʪʠʥʘ, ʢʦʷʪʦ ʥʝ ʤʦʞʝ ʜʘ ʩʝ ʦʧʦʣʟʦʪʚʦʨʠ ʯʨʝʟ 

ʮʷʣʦʩʪʥʦ ʠʟʧʲʣʚʘʥʝ ʩ ʘʜʭʝʟʠʚ, ʚʝʨʦʷʪʥʦʩʪʪʘ ʦʪ ʜʝʥʘʪʫʨʠʨʘʥʝ ʥʘ ʢʦʣʘʛʝʥʦʚʘʪʘ ʤʨʝʞʘ 

ʧʨʠ ʠʟʩʫʰʘʚʘʥʝ ʠ ʥʝʚʲʟʤʦʞʥʦʩʪ ʟʘ ʧʲʣʥʦʪʦ ʧʝʥʝʪʨʠʨʘʥʝ ʥʘ ʩʲʦʪʚʝʪʥʘʪʘ ʘʜʭʝʟʠʚʥʘ 

ʩʠʩʪʝʤʘ (270, 354, 396). ʉʣʝʜ ʢʦʥʚʝʥʮʠʦʥʘʣʥʘʪʘ ʧʨʝʧʘʨʘʮʠʷ ʠ ʝʮʚʘʥʝ ʟʘ 7 sec ʩ 37% 

ʬʦʩʬʦʨʥʘ ʢʠʩʝʣʠʥʘ ʧʨʠ ʚʨʝʤʝʥʥʠʪʝ ʟʲʙʠ (ʛʨʫʧʘ 1) ʩʝ ʧʦʩʪʠʛʘ ʮʷʣʦʩʪʥʦ ʦʪʩʪʨʘʥʷʚʘʥʝ ʥʘ 
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ʟʘʤʲʨʩʷʚʘʱʠʷ ʩʣʦʡ, ʯʘʩʪʠʯʥʦ ʦʪʩʪʨʘʥʷʚʘʥʝ ʥʘ ʧʝʨʠʪʫʙʫʣʘʨʥʠʷ ʜʝʥʪʠʥ ʠ ʬʫʥʠʝʚʠʜʥʦ 

ʦʪʚʦʨʝʥʠ ʜʝʥʪʠʥʦʚʠ ʢʘʥʘʣʯʝʪʘ (ʬʠʛ.14). ʉʲʱʠʪʝ ʨʝʟʫʣʪʘʪʠ ï ʦʪʩʪʨʘʥʝʥ ʟʘʤʲʨʩʷʚʘʱ 

ʩʣʦʡ, ʣʠʧʩʘ ʥʘ ʧʨʝʮʠʧʠʪʘʪʠ, ʬʫʥʠʝʚʠʜʥʦ ʦʪʚʦʨʝʥʠ ʜʝʥʪʠʥʦʚʠ ʢʘʥʘʣʯʝʪʘ ʧʨʠ ʦʙʨʘʟʮʠ ʦʪ 

ʧʦʩʪʦʷʥʥʠ ʟʲʙʠ (ʛʨʫʧʘ 8) ʩʝ ʥʘʙʣʶʜʘʚʘʪ ʩʣʝʜ 15 ʩʝʢ. ʝʮʚʘʥʝ ʧʨʠ ʩʲʱʠʪʝ ʫʩʣʦʚʠʷ 

(ʬʠʛ.15ɹ). ʊʦʚʘ ʩʘ ʚʩʝ ʧʨʝʜʧʦʩʪʘʚʢʠ ʟʘ ʦʩʲʱʝʩʪʚʷʚʘʥʝ ʥʘ ʦʧʪʠʤʘʣʥʦ ʘʜʭʝʟʠʚʥʦ 

ʩʚʲʨʟʚʘʥʝ ï ʭʠʙʨʠʜʠʟʘʮʠʷ.  

ʇʨʠ ʩʨʘʚʥʷʚʘʥʝ ʥʘ ʨʝʟʫʣʪʘʪʠʪʝ ʤʝʞʜʫ ʚʨʝʤʝʥʥʠ ʟʲʙʠ ʝʮʚʘʥʠ ʟʘ 7 sec ʩ 37% 

ʬʦʩʬʦʨʥʘ ʢʠʩʝʣʠʥʘ (ʛʨʫʧʘ 1) ʠ ʚʨʝʤʝʥʥʠ ʟʲʙʠ ʩʣʝʜ ʣʘʟʝʨʥʘ ʧʨʝʧʘʨʘʮʠʷ ʠ ʣʘʟʝʨʥʦ 

ʝʮʚʘʥʝ (ʛʨʫʧʘ 4) ʩʝ ʫʩʪʘʥʦʚʷʚʘʪ ʩʲʱʝʩʪʚʝʥʠ ʨʘʟʣʠʢʠ. ʇʨʠ ʦʙʨʘʟʮʠʪʝ ʦʪ ʚʨʝʤʝʥʥʠ ʟʲʙʠ 

ʝʮʚʘʥʠ ʟʘ 7 sec ʩ 37% ʬʦʩʬʦʨʥʘ ʢʠʩʝʣʠʥʘ (ʛʨʫʧʘ 1) ʠʤʘʤʝ ʦʪʩʪʨʘʥʝʥ ʥʘʧʲʣʥʦ 

ʟʘʤʲʨʩʷʚʘʱ ʩʣʦʡ, ʦʪʢʨʠʪ ʠʥʪʝʨʪʫʙʫʣʘʨʝʥ ʜʝʥʪʠʥ, ʰʠʨʦʢʠ, ʩ ʬʫʥʠʝʚʠʜʥʘ ʬʦʨʤʘ 

ʜʝʥʪʠʥʦʚʠ ʢʘʥʘʣʠ (ʬʠʛ.14). ʇʨʠ ʚʨʝʤʝʥʥʠʪʝ ʟʲʙʠ ʩʣʝʜ ʣʘʟʝʨʥʘ ʧʨʝʧʘʨʘʮʠʷ ʠ ʣʘʟʝʨʥʦ 

ʝʮʚʘʥʝ (ʛʨʫʧʘ 4) ʜʝʥʪʠʥʦʚʠʪʝ ʢʘʥʘʣʯʝʪʘ ʩʘ ʣʝʢʦ ʨʘʟʰʠʨʝʥʠ, ʥʦ ʧʝʨʪʫʙʫʣʘʨʥʠʷʪ ʜʝʥʪʠʥ 

ʝ ʥʘʧʲʣʥʦ ʟʘʧʘʟʝʥ ʠ ʧʨʦʤʠʥʠʨʘ ʥʘʜ ʠʥʪʝʨʪʫʙʫʣʘʨʥʠʷ ʜʝʥʪʠʥ (ʬʠʛ.16ɸ). ɿʘʧʘʟʝʥʠʷʪ 

ʤʘʥʰʝʪ ʧʝʨʠʪʫʙʫʣʘʨʝʥ ʜʝʥʪʠʥ ʝ ʠʥʜʠʢʘʮʠʷ ʟʘ ʥʝʛʦʚʘʪʘ ʧʦ-ʛʦʣʷʤʘ ʫʩʪʦʡʯʠʚʦʩʪ ʩʧʨʷʤʦ 

ʣʘʟʝʨʥʘʪʘ ʝʥʝʨʛʠʷ. ʊʦʚʘ ʤʦʞʝ ʜʘ ʩʝ ʦʙʷʩʥʠ ʩ ʬʘʢʪʘ, ʯʝ ʧʝʨʠʪʫʙʫʣʘʨʥʠʷʪ ʜʝʥʪʠʥ ʝ ʩ ʧʦ-

ʚʠʩʦʢʦ ʤʠʥʝʨʘʣʥʦ ʩʲʜʲʨʞʘʥʠʝ ʚ ʩʨʘʚʥʝʥʠʝ ʩ ʠʥʪʝʨʪʫʙʫʣʘʨʥʠʷ ʜʝʥʪʠʥ. 

ʀʥʪʝʨʪʫʙʫʣʘʨʥʠʷʪ ʜʝʥʪʠʥ ʝ ʩ ʧʦ-ʚʠʩʦʢʦ ʦʨʛʘʥʠʯʥʦ ʩʲʜʲʨʞʘʥʠʝ (92% ʝ ʦʪ ʢʦʣʘʛʝʥʦʚ 

ʤʘʪʨʠʢʩ) ʠ ʧʦʨʘʜʠ ʪʦʚʘ ʪʦʡ ʩʝ ʦʪʩʪʨʘʥʷʚʘ ʟʥʘʯʠʪʝʣʥʦ ʧʦ-ʙʲʨʟʦ ʧʨʠ ʣʘʟʝʨʥʘʪʘ ʘʙʣʘʮʠʷ 

(113). ʉʲʱʠʪʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʩʝ ʥʘʙʣʶʜʘʚʘʪ ʧʨʠ ʩʨʘʚʥʷʚʘʥʝ ʥʘ ʩʢʝʥʦʛʨʘʤʠʪʝ ʤʝʞʜʫ 

ʦʙʨʘʟʮʠʪʝ ʦʪ ʧʦʩʪʦʷʥʥʠ ʟʲʙʠ ʝʮʚʘʥʠ ʟʘ 15 sec ʩ 37% ʬʦʩʬʦʨʥʘ ʢʠʩʝʣʠʥʘ (ʛʨʫʧʘ 3 

ʬʠʛ.15ɹ) ʠ ʦʙʨʘʟʮʠʪʝ ʦʪ ʧʦʩʪʦʷʥʥʠ ʟʲʙʠ ʩʣʝʜ ʣʘʟʝʨʥʘ ʧʨʝʧʘʨʘʮʠʷ ʠ ʣʘʟʝʨʥʦ ʝʮʚʘʥʝ 

(ʛʨʫʧʘ 5 ʬʠʛ.16ɹ) ʢʲʜʝʪʦ ʧʝʨʠʪʫʙʫʣʘʨʥʠʷʪ ʜʝʥʪʠʥ ʝ ʩʲʱʦ ʟʘʧʘʟʝʥ ʠ ʧʨʦʤʠʥʘʨʘ ʥʘʜ 

ʠʥʪʝʨʪʫʙʫʣʘʨʥʠʷ. ʇʦʨʘʜʠ ʪʦʚʘ, ʯʝ ʧʝʨʠʪʫʙʫʣʘʨʥʠʷʪ ʜʝʥʪʠʥ ʥʝ ʝ ʦʪʩʪʨʘʥʝʥ ʥʝ ʤʦʞʝ ʜʘ 

ʩʝ ʦʯʘʢʚʘ ʧʦʚʠʰʘʚʘʥʝ ʥʘ ʠʥʪʨʘʪʫʙʫʣʘʨʥʠʷʪ ʧʝʨʤʝʘʙʠʣʝʪ, ʢʘʢʪʦ ʪʦʚʘ ʝ ʚʩʣʝʜʩʪʚʠʝ ʥʘ 

ʢʠʩʝʣʠʥʥʦʪʦ ʝʮʚʘʥʝ ʠ ʩʲʟʜʘʚʘʥʝ ʥʘ ʬʫʥʠʝʚʠʜʥʘ, ʨʘʟʰʠʨʝʥʘ ʬʦʨʤʘ ʥʘ ʦʨʠʬʠʮʠʫʤʠʪʝ. 

ʊʦʚʘ ʱʝ ʜʦʚʝʜʝ ʜʦ ʥʘʤʘʣʷʚʘʥʝ ʥʘ ʠʥʪʨʘʪʫʙʫʣʘʨʥʠʷ ʧʝʨʤʝʘʙʠʣʠʪʝʪ ʠ ʚʧʦʩʣʝʜʩʪʚʠʝ ʥʘ 

ʥʝʜʦʩʪʘʪʲʯʥʘ ʭʠʙʨʠʜʠʟʘʮʠʷ ʥʘ ʠʥʪʨʘʪʫʙʫʣʘʨʥʠʷʪ ʜʝʥʪʠʥ. ʇʨʠ ʩʨʘʚʥʷʚʘʥʝ ʥʘ ʛʨʫʧʘ 4 

ʚʨʝʤʝʥʥʠ ʟʲʙʠ ʩʣʝʜ ʣʘʟʝʨʥʘ ʧʨʝʧʘʨʘʮʠʷ ʠ ʣʘʟʝʨʥʦ ʝʮʚʘʥʝ (ʛʨʫʧʘ 4) ʠ ʧʦʩʪʦʷʥʥʠ ʟʲʙʠ 

ʩʣʝʜ ʣʘʟʝʨʥʘ ʧʨʝʧʘʨʘʮʠʷ ʠ ʣʘʟʝʨʥʦ ʝʮʚʘʥʝ (ʛʨʫʧʘ 5) (ʬʠʛ.16 ɸ ʠ ɹ) ʩʝ ʫʩʪʘʥʦʚʷʚʘ, ʯʝ 

ʜʝʥʪʠʥʦʚʘʪʘ ʧʦʚʲʨʭʥʦʩʪ ʧʨʠ ʚʨʝʤʝʥʥʠʪʝ ʟʲʙʠ (ʚ ʛʨʫʧʘ 4 ʬʠʛ.16ɸ) ʝ ʩ ʧʦ-ʠʟʨʘʟʝʥ ʨʝʣʝʬ, 

ʧʦʚʝʯʝ ʥʘ ʙʨʦʡ ʜʝʥʪʠʥʦʚʠ ʢʘʥʘʣʯʝʪʘ ʩʲʩ ʟʘʧʘʟʝʥ ʧʝʨʠʪʫʙʫʣʘʨʝʥ ʜʝʥʪʠʥ, ʢʦʡʪʦ 

ʧʨʦʤʠʥʠʨʘ ʥʘʜ ʠʥʪʝʨʪʫʙʫʨʣʘʨʥʠʷ ʟʘ ʨʘʟʣʠʢʘ ʦʪ ʦʙʨʘʟʮʠʪʝ ʦʪ ʧʦʩʪʦʷʥʥʠ ʟʲʙʠ (ʛʨʫʧʘ 5 

ʬʠʛ.16ɹ), ʢʲʜʝʪʦ ʩʝ ʥʘʙʣʶʜʘʚʘʪ ʧʦ-ʤʘʣʢʦ ʥʘ ʙʨʦʡ ʦʪʚʦʨʝʥʠ ʜʝʥʪʠʥʦʚʠ ʢʘʥʘʣʯʝʪʘ ʩʲʩ 
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ʟʘʧʘʟʝʥ ʧʝʨʠʪʫʙʫʣʘʨʝʥ ʜʝʥʪʠʥ (ʬʠʛ.16ɹ). ʉɽʄ ʥʘʭʦʜʢʘʪʘ ʝ ʨʘʟʣʠʯʥʘ ʤʝʞʜʫ ʦʙʨʘʟʮʠʪʝ 

ʦʪ ʜʚʝʪʝ ʜʝʥʪʠʮʠʠ ʩʣʝʜ ʣʘʟʝʨʥʘ ʧʨʝʧʘʨʘʮʠʷ ʠ ʣʘʟʝʨʥʦ ʝʮʚʘʥʝ (ʛʨʫʧʘ 4 ʠ ʛʨʫʧʘ 5). 

ʇʨʠʯʠʥʘʪʘ ʟʘ ʪʦʚʘ ʩʘ ʜʦʢʘʟʘʥʠʪʝ ʩʪʨʫʢʪʫʨʥʠ ʨʘʟʣʠʯʠʷ ʤʝʞʜʫ ʜʚʝʪʝ ʜʝʥʪʠʮʠʠ ï 

ʧʝʨʠʪʫʙʫʣʘʨʥʠʷʪ ʜʝʥʪʠʥ ʧʨʠ ʚʨʝʤʝʥʥʠʪʝ ʟʲʙʠ ʝ 2 ʜʦ 5 ʧʲʪʠ ʧʦ-ʜʝʙʝʣ (211, 323, 337, 

367, 378). ɺ ʪʘʟʠ ʚʨʲʟʢʘ ʚʝʨʦʷʪʥʦ ʩʘ ʠ ʥʘʙʣʶʜʘʚʘʥʠʪʝ ʨʘʟʣʠʢʠ ʤʝʞʜʫ ʚʨʝʤʝʥʥʠʪʝ ʠ 

ʧʦʩʪʦʷʥʥʠʪʝ ʟʲʙʠ ʚ ʝʬʝʢʪʘ ʥʘ ʣʘʟʝʨʥʦ ʚʲʟʜʝʡʩʪʚʠʝ ʚʲʨʭʫ ʜʝʥʪʠʥʦʚʘʪʘ ʧʦʚʲʨʭʥʦʩʪ. 

ʇʦʣʫʯʝʥʘʪʘ ʩʣʝʜ ʣʘʟʝʨʥʘ ʘʙʣʘʮʠʷ ʨʝʣʝʬʥʘ ʜʝʥʪʠʥʦʚʘ ʧʦʚʲʨʭʥʦʩʪ, ʙʝʟ ʥʘʣʠʯʠʝ ʥʘ 

ʟʘʤʲʨʩʷʚʘʱ ʩʣʦʡ, ʠʟʛʣʝʞʜʘ ʧʦʜʭʦʜʷʱʘ ʟʘ ʧʨʦʚʝʞʜʘʥʝ ʥʘ ʘʜʭʝʟʠʚʥʦ ʩʚʲʨʟʚʘʥʝ. ɺ 

ʩʲʱʦʪʦ ʚʨʝʤʝ ʧʦ-ʪʝʩʥʠʷʪ ʣʫʤʝʥ ʥʘ ʦʨʠʬʠʮʠʫʤʠʪʝ ʥʘ ʜʝʥʪʠʥʦʚʠʪʝ ʢʘʥʘʣʯʝʪʘ ʝ 

ʧʨʝʜʧʦʩʪʘʚʢʘ ʟʘ ʥʘʤʘʣʝʥ ʠʥʪʨʘʪʫʙʫʣʘʨʝʥ ʧʝʨʤʝʘʙʠʣʠʪʝʪ, ʢʦʝʪʦ ʙʠ ʤʦʛʣʦ ʜʘ ʧʦʚʣʠʷʝ 

ʩʧʦʩʦʙʥʦʩʪʪʘ ʟʘ ʧʝʥʝʪʨʘʮʠʷ ʥʘ ʘʜʭʝʟʠʚʥʠʪʝ ʩʤʦʣʠ, ʘ ʦʪʪʘʤ ʠ ʧʨʦʮʝʩʘ ʥʘ 

ʠʥʪʨʘʪʫʙʫʣʘʨʥʘ ʭʠʙʨʠʜʠʟʘʮʠʷ. 

ʀʟʩʣʝʜʚʘʥʠʷ ʩʘ ʫʩʪʘʥʦʚʠʣʠ, ʯʝ ʚ ʨʝʟʫʣʪʘʪ ʥʘ ʚʲʟʜʝʡʩʪʚʠʝʪʦ ʩ ʣʘʟʝʨʥʦ ʣʲʯʝʥʠʝ 

ʥʘʩʪʲʧʚʘʪ ʧʨʦʤʝʥʠ ʚ ʭʠʤʠʯʥʠʪʝ ʠ ʬʠʟʠʯʥʠʪʝ ʢʘʯʝʩʪʚʘ ʥʘ ʪʨʝʪʠʨʘʥʠʪʝ ʪʲʢʘʥʠ. ɽr:YAG 

ʣʘʟʝʨʘ ʤʦʞʝ ʜʘ ʧʨʦʤʝʥʠ ʭʠʤʠʯʥʘʪʘ ʩʪʨʫʢʪʫʨʘ ʥʘ ʜʝʥʪʠʥʘ (4, 134, 167). ʇʨʠ ʟʘʛʨʷʚʘʥʝʪʦ 

ʥʘ ʟʲʙʥʠʪʝ ʩʪʨʫʢʪʫʨʠ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʘ ʧʦ-ʚʠʩʦʢʘ ʦʪ 400ęʉ, ʤʠʥʝʨʘʣʠʪʝ ʩʝ ʨʘʟʧʘʜʘʪ, 

ʢʘʪʦ ʦʙʨʘʟʫʚʘʪ ʥʦʚʘ ʫʩʪʦʡʯʠʚʘ ʤʠʥʝʨʘʣʥʘ ʬʘʟʘ ï ʢʘʣʮʠʝʚ ʬʦʩʬʘʪ  (4, 113, 124, 196). 

ʊʦʚʘ ʙʠ ʤʦʛʣʦ ʜʘ ʜʦʚʝʜʝ ʜʦ ʥʝʘʜʝʢʚʘʪʥʦ ʨʘʟʢʨʠʪʠʝ ʥʘ ʢʦʣʘʛʝʥʦʚʠʪʝ ʚʣʘʢʥʘ ʥʘ 

ʠʥʪʝʨʪʫʙʫʣʘʨʥʠʷʪ ʜʝʥʪʠʥ, ʥʝʜʦʙʨʘ ʭʠʙʨʠʜʠʟʘʮʠʷ ʠ ʦʙʨʘʟʫʚʘʥʝ ʥʘ ʥʝʢʘʯʝʩʪʚʝʥ 

ʭʠʙʨʠʜʝʥ ʩʣʦʡ (354). 

  

ɿʘʢʣʶʯʝʥʠʝ: 

 

ʃʘʟʝʨʥʦʪʦ ʧʨʝʧʘʨʠʨʘʥʝ ʥʘ ʟʲʙʥʠʪʝ ʩʪʨʫʢʪʫʨʠ ʝ ʠʥʦʚʘʪʠʚʝʥ ʤʝʪʦʜ ʟʘ 

ʦʪʩʪʨʘʥʷʚʘʥʝ ʥʘ ʢʘʨʠʦʟʥʦ ʫʚʨʝʜʝʥʠʪʝ ʟʲʙʥʠ ʩʪʨʫʢʪʫʨʠ. ʇʦʨʘʜʠ ʪʘʟʠ ʧʨʠʯʠʥʘ ʩʘ ʥʫʞʥʠ 

ʢʣʠʥʠʯʥʠ ʠ ʣʘʙʦʨʘʪʦʨʥʠ ʠʟʩʣʝʜʚʘʥʠʷ ʟʘ ʦʧʨʝʜʝʣʷʥʝ ʥʘ ʝʬʠʢʘʩʝʥ ʢʣʠʥʠʯʝʥ ʧʨʦʪʦʢʦʣ, 

ʛʘʨʘʥʪʠʨʘʱ ʢʘʯʝʩʪʚʝʥʘ ʠ ʜʲʣʛʦʪʨʘʡʥʘ ʘʜʭʝʟʠʷ ʥʘ ʚʲʟʩʪʘʥʦʚʷʚʘʥʠʷʪʘ ʥʘʧʨʘʚʝʥʠ ʧʨʠ 

ʪʘʢʠʚʘ ʫʩʣʦʚʠʷ, ʢʘʢʪʦ ʧʦ ʦʪʥʦʰʝʥʠʝ ʥʘ ʚʨʝʤʝʥʥʠʪʝ ʟʲʙʠ, ʪʘʢʘ ʠ ʧʨʠ ʧʦʩʪʦʷʥʥʦʪʦ 

ʩʲʟʲʙʠʝ.  

 

ʊʈɽʊɸ ɿɸɼɸʏɸ 

ʉɽʄ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ ʥʘ ʘʜʭʝʟʠʚʥʘʪʘ ʚʨʲʟʢʘ ʤʝʞʜʫ ʜʝʥʪʠʥʘ ʥʘ ʚʨʝʤʝʥʥʠ ʠ 

ʧʦʩʪʦʷʥʥʠ ʟʲʙʠ ʠ ʨʘʟʣʠʯʥʠ ʛʝʥʝʨʘʮʠʠ ʘʜʭʝʟʠʚʥʠ ʩʠʩʪʝʤʠ ʩʣʝʜ ʢʦʥʚʝʥʮʠʦʥʘʣʥʘ 

ʢʘʚʠʪʝʪʥʘ ʧʨʝʧʘʨʘʮʠʷ.  
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3.1. ʇʨʠʣʦʞʝʥʠʝ ʥʘ ʘʜʭʝʟʠʚʥʠ ʩʠʩʪʝʤʠ ʩ ʪʦʪʘʣʥʦ ʝʮʚʘʥʝ 

 

ʈɽɿʋʃʊɸʊʀ 

 

ɻʨʫʧʠ 1 ʠ 2 

 

ɺ ʪʝʟʠ ʜʚʝ ʛʨʫʧʠ ʩʘ ʠʟʩʣʝʜʚʘʥʠ ʦʙʨʘʟʮʠ ʦʪ ʚʨʝʤʝʥʥʠ ʤʦʣʘʨʠ. ʇʨʠ ʟʲʙʠʪʝ ʦʪ 

ʛʨʫʧʘ 1 ʝ ʘʧʣʠʮʠʨʘʥʘ ʘʜʭʝʟʠʚʥʘ ʩʠʩʪʝʤʘ ʦʪ ʯʝʪʚʲʨʪʘ ʛʝʥʝʨʘʮʠʷ - OptiBond FL (Kerr). 

ʆʙʨʘʟʮʠʪʝ ʩʘ ʜʝʤʠʥʝʨʘʣʠʟʠʨʘʥʠ ʩ 37% ʬʦʩʬʦʨʥʘ ʢʠʩʝʣʠʥʘ ʟʘ 7 sec. ɸʜʭʝʟʠʚʥʘʪʘ 

ʩʠʩʪʝʤʘ ʝ ʥʘʥʝʩʝʥʘ ʩʧʦʨʝʜ ʠʥʩʪʨʫʢʮʠʠʪʝ ʥʘ ʧʨʦʠʟʚʦʜʠʪʝʣʷ, ʩʘʤʦ ʚʨʝʤʝʪʦ ʟʘ ʝʮʚʘʥʝ ʝ 

ʩʲʢʨʘʪʝʥʦ ʥʘ 7 sec (ʬʠʛ.17, 18 ʠ 19). 

 

   

ʌʠʛ. 17          ʌʠʛ. 18 

 

                          

    ʌʠʛ. 19 
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ʌʠʛ.17, 18, 19. ʉɽʄ ʥʘ ʭʠʙʨʠʜʝʥ (ʤʝʞʜʫ ʩʪʨʝʣʢʠʪʝ) ʠ ʘʜʭʝʟʠʚʝʥ (Ad) ʩʣʦʡ ʚ ʛʨʘʥʠʮʠʪʝ 

ʥʘ ʜʝʥʪʠʥʘ ʧʨʠ ʚʨʝʤʝʥʝʥ ʤʦʣʘʨ, ʝʮʚʘʥ ʩ 37% ʬʦʩʬʦʨʥʘ ʢʠʩʝʣʠʥʘ ʟʘ 7 

ʩʝʢʫʥʜʠ ʠ ʘʜʭʝʟʠʚʥʘ ʩʠʩʪʝʤʘ OptiBond FL (Kerr) (ʪʨʠʩʪʲʧʢʦʚʘ, ʩ 

ʪʦʪʘʣʥʦ ʝʮʚʘʥʝ). ɺʠʜʠʤʠ ʩʘ ʤʥʦʞʝʩʪʚʦ ʘʜʭʝʟʠʚʥʠ ʟʘʧʫʰʘʣʢʠ (R) ʚ 

ʜʝʥʪʠʥʘ (D), ʉ=ʢʦʤʧʦʟʠʪ. 

 

ɻʨʫʧʘ 2 ʝ ʦʪ ʚʨʝʤʝʥʥʠ ʤʦʣʘʨʠ, ʧʨʠ ʢʦʠʪʦ ʩʣʝʜ ʝʮʚʘʥʝ ʩ 37% ʬʦʩʬʦʨʥʘ ʢʠʩʝʣʠʥʘ, 

ʝ ʘʧʣʠʮʠʨʘʥʘ ʘʜʭʝʟʠʚʥʘ ʩʠʩʪʝʤʘ ï one bottle ï Exite (Ivoclar Vivadent, ʜʚʫʩʪʲʧʢʦʚʘ ʩ 

ʪʦʪʘʣʥʦ ʝʮʚʘʥʝ), ʩʧʦʨʝʜ ʠʥʩʪʨʫʢʮʠʠʪʝ ʥʘ ʧʨʦʠʟʚʦʜʠʪʝʣʷ, ʢʘʪʦ ʚʨʝʤʝʪʦ ʟʘ ʝʮʚʘʥʝ ʝ 

ʩʲʢʨʘʪʝʥʦ ʥʘ 7 sec (ʬʠʛ.20, 21 ʠ 22). 

 

   

ʌʠʛ.20         ʌʠʛ.21     

                    

                                  

                                  ʌʠʛ.22 

 

ʌʠʛ.20, 21 ʠ 22. ʉɽʄ ʥʘ ʭʠʙʨʠʜʝʥ (ʤʝʞʜʫ ʩʪʨʝʣʢʠʪʝ) ʠ ʘʜʭʝʟʠʚʝʥ ʩʣʦʡ (Ad) ʚ 

ʛʨʘʥʠʮʠʪʝ ʥʘ ʜʝʥʪʠʥʘ ʧʨʠ ʚʨʝʤʝʥʝʥ ʤʦʣʘʨ, ʜʝʤʠʥʝʨʘʣʠʟʠʨʘʥ ʩ 
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37% ʬʦʩʬʦʨʥʘ ʢʠʩʝʣʠʥʘ ʟʘ 7 ʩʝʢʫʥʜʠ ʠ ʘʜʭʝʟʠʚʥʘ ʩʠʩʪʝʤʘ Exite 

(Ivoclar Vivadent)(ʜʚʫʩʪʲʧʢʦʚʘ ʩ ʪʦʪʘʣʥʦ ʝʮʚʘʥʝ). ɺʠʞʜʘʪ ʩʝ ʠ 

ʤʥʦʛʦʙʨʦʡʥʠ ʘʜʭʝʟʠʚʥʠ ʟʘʧʫʰʘʣʢʠ (R) ʚ ʜʝʥʪʠʥʘ (D); ʉ=ʢʦʤʧʦʟʠʪ. 

 

ʆʪ ʥʘʧʨʘʚʝʥʠʪʝ ʩʢʝʥʦʛʨʘʤʠ, ʥʘ ʜʚʝʪʝ ʫʚʝʣʠʯʝʥʠʷ ï 750 ʠ 1500, ʤʦʞʝ ʜʘ ʩʝ ʢʘʞʝ, 

ʯʝ ʜʝʙʝʣʠʥʘʪʘ ʥʘ ʧʦʣʫʯʝʥʠʷ ʭʠʙʨʠʜʝʥ ʩʣʦʡ ʝ ʧʦ-ʛʦʣʷʤʘ ʧʨʠ ʦʙʨʘʟʮʠʪʝ ʦʪ ʛʨʫʧʘ 2 

(ʚʨʝʤʝʥʥʠ ʟʲʙʠ ʠ ʘʜʭʝʟʠʚʥʘ ʩʠʩʪʝʤʘ Exite). ʍʠʙʨʠʜʥʠʷʪ ʩʣʦʡ ʧʨʠ ʦʙʨʘʟʮʠʪʝ ʦʪ ʛʨʫʧʘ 2 

ʝ ʧʦ-ʥʝʨʘʚʥʦʤʝʨʝʥ, ʩ ʨʘʟʣʠʯʥʘ ʜʝʙʝʣʠʥʘ ʧʦ ʧʨʦʪʝʞʝʥʠʝʪʦ ʩʠ. ʋʩʪʘʥʦʚʷʚʘʪ ʩʝ 

ʟʥʘʯʠʪʝʣʝʥ ʙʨʦʡ ʘʜʭʝʟʠʚʥʠ ʜʝʥʪʠʥʦʚʠ ʟʘʧʫʰʘʣʢʠ ʩ ʬʫʥʠʝʚʠʜʥʘ ʬʦʨʤʘ, ʥʘʚʣʠʟʘʱʠ ʚ 

ʜʲʣʙʦʯʠʥʘ ʥʘ ʜʝʥʪʠʥʦʚʠʪʝ ʢʘʥʘʣʯʝʪʘ, ʚ ʦʙʨʘʟʮʠʪʝ ʦʪ ʜʚʝʪʝ ʛʨʫʧʠ (ʬʠʛ.17, 18, 19, 20, 21 

ʠ 22). 

 

ɻʨʫʧʠ 3 ʠ 4  

 

ɺ ʛʨʫʧʠ 3 ʠ 4 ʩʘ ʚʢʣʶʯʝʥʠ ʦʙʨʘʟʮʠ ʦʪ ʧʦʩʪʦʷʥʥʠ ʟʲʙʠ ï ʧʨʝʤʦʣʘʨʠ ʠ ʤʦʣʘʨʠ.  

ɺ ʛʨʫʧʘ 3 ʝ ʠʟʧʦʣʟʚʘʥʘ ʘʜʭʝʟʠʚʥʘ ʩʠʩʪʝʤʘ ʯʝʪʚʲʨʪʘ ʛʝʥʝʨʘʮʠʷ ï OptiBond FL 

(Kerr) (ʪʨʠʩʪʲʧʢʦʚʘ, ʩ ʪʦʪʘʣʥʦ ʝʮʚʘʥʝ). ɸʜʭʝʟʠʚʥʘʪʘ ʩʠʩʪʝʤʘ ʝ ʘʧʣʠʮʠʨʘʥʘ ʩʧʦʨʝʜ 

ʠʥʩʪʨʫʢʮʠʠʪʝ ʥʘ ʧʨʦʠʟʚʦʜʠʪʝʣʷ ï ʝʮʚʘʥʝʪʦ ʝ ʩ ʧʨʦʜʲʣʞʠʪʝʣʥʦʩʪ 15 sec, ʠʟʧʦʣʟʚʘʥʘ ʝ 

37% ʬʦʩʬʦʨʥʘ ʢʠʩʝʣʠʥʘ (ʬʠʛ.23, 24 ʠ 25). 

 

  

ʌʠʛ. 23                                                             ʌʠʛ. 24 
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         ʌʠʛ.25 

 

ʌʠʛ.23, 24 ʠ 25. ʉɽʄ ʥʘ ʭʠʙʨʠʜʝʥ (ʤʝʞʜʫ ʩʪʨʝʣʢʠʪʝ) ʠ ʘʜʭʝʟʠʚʝʥ (Ad) ʩʣʦʡ ʚ 

ʛʨʘʥʠʮʠʪʝ ʥʘ ʜʝʥʪʠʥa ʧʨʠ ʧʦʩʪʦʷʥʝʥ ʤʦʣʘʨ, ʜʝʤʠʥʝʨʘʣʠʟʠʨʘʥ ʩ 

37% ʬʦʩʬʦʨʥʘ ʢʠʩʝʣʠʥʘ ʟʘ 15 ʩʝʢʫʥʜʠ ʠ ʘʜʭʝʟʠʚʥʘ ʩʠʩʪʝʤʘ 

OptiBond FL (Kerr ï ʪʨʠʩʪʲʧʢʦʚʘ, ʩ ʪʦʪʘʣʥʦ ʝʮʚʘʥʝ). ɺʠʞʜʘʪ ʩʝ 

ʘʜʭʝʟʠʚʥʠʪʝ ʟʘʧʫʰʘʣʢʠ (R) ʚ ʜʝʥʪʠʥʘ (D); ʉ=ʢʦʤʧʦʟʠʪ. 

 

ɺ ʛʨʫʧʘ 4 ʝ ʠʟʧʦʣʟʚʘʥʘ ʧʝʪʘ ʛʝʥʝʨʘʮʠʷ ʘʜʭʝʟʠʚʥʘ ʩʠʩʪʝʤʘ Exite (Ivoclar Vivadent, 

ʜʚʫʩʪʲʧʢʦʚʘ ʩ ʪʦʪʘʣʥʦ ʝʮʚʘʥʝ), ʥʘʥʝʩʝʥʘ ʦʪʥʦʚʦ ʩʧʦʨʝʜ ʠʥʩʪʨʫʢʮʠʠʪʝ ʥʘ 

ʧʨʦʠʟʚʦʜʠʪʝʣʷ, ʧʨʝʜʰʝʩʪʚʘʥʦ ʦʪ ʝʮʚʘʥʝ ʩ 37 % ʬʦʩʬʦʨʥʘ ʢʠʩʝʣʠʥʘ ʟʘ 15 sec (ʬʠʛ.26, 27 

ʠ 28). 

 

    

 ʌʠʛ.26           ʌʠʛ. 27 
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ʌʠʛ.28 

 

ʌʠʛ.26, 27 ʠ 28. ʉɽʄ ʥʘ ʭʠʙʨʠʜʝʥ (ʤʝʞʜʫ ʩʪʨʝʣʢʠʪʝ) ʠ ʘʜʭʝʟʠʚʝʥ ʩʣʦʡ (Ad) ʚ 

ʛʨʘʥʠʮʠʪʝ ʥʘ ʜʝʥʪʠʥʘ ʧʨʠ ʧʦʩʪʦʷʥʝʥ ʤʦʣʘʨ, ʜʝʤʠʥʝʨʘʣʠʟʠʨʘʥ ʩ 

37% ʬʦʩʬʦʨʥʘ ʢʠʩʝʣʠʥʘ ʟʘ 15 ʩʝʢʫʥʜʠ ʠ ʘʜʭʝʟʠʚʥʘ ʩʠʩʪʝʤʘ Exite 

(Ivoclar Vivadent, ʜʚʫʩʪʲʧʢʦʚʘ ʩ ʪʦʪʘʣʥʦ ʝʮʚʘʥʝ). R=ʘʜʭʝʟʠʚʥʠ 

ʟʘʧʫʰʘʣʢʠ;  D=ʜʝʥʪʠʥ;  C=ʢʦʤʧʦʟʠʪ.  

 

ʉʢʝʥʦʛʨʘʤʠʪʝ ʧʦʟʚʦʣʷʚʘʪ ʜʘ ʩʝ ʥʘʙʣʶʜʘʚʘ ʜʝʙʝʣʠʥʘʪʘ ʥʘ ʘʜʭʝʟʠʚʥʠʷ ʠ 

ʭʠʙʨʠʜʥʠ ̫ʩʣʦʡ, ʢʦʷʪʦ ʝ ʨʘʟʣʠʯʥʘ ʢʘʢʪʦ ʧʦ ʧʨʦʪʝʞʝʥʠʝʪʦ ʥʘ ʥʘʙʣʶʜʘʚʘʥʠʪʝ ʦʙʨʘʟʮʠ ʦʪ 

ʝʜʥʘ ʠ ʩʲʱʘ ʛʨʫʧʘ, ʪʘʢʘ ʠ ʤʝʞʜʫ ʦʙʨʘʟʮʠʪʝ ʦʪ ʜʚʝʪʝ ʛʨʫʧʠ (ʬʠʛ.23, 24, 25, 26, 27 ʠ 28). 

ʍʠʙʨʠʜʥʠʷʪ ʩʣʦʡ ʝ ʧʦ-ʜʝʙʝʣ ʧʨʠ ʦʙʨʘʟʮʠʪʝ ʦʪ ʛʨʫʧʘ 4 (ʬʠʛ.26, 27 ʠ 28) ʚ ʩʨʘʚʥʝʥʠʝ ʩ 

ʪʦʟʠ ʧʨʠ ʛʨʫʧʘ 3 (ʬʠʛ.23, 24 ʠ 25). ɼʝʙʝʣʠʥʘʪʘ ʥʘ ʘʜʭʝʟʠʚʥʠʷ ʩʣʦʡ ʧʨʠ ʦʙʨʘʟʮʠʪʝ ʦʪ 

ʛʨʫʧʘ 4 (ʬʠʛ.26, 27 ʠ 28) ʝ ʩʲʱʦ ʧʦ-ʛʦʣʷʤʘ ʦʪ ʪʘʟʠ ʧʨʠ ʦʙʨʘʟʮʠʪʝ ʦʪ ʛʨʫʧʘ 3 (ʬʠʛ.23, 24 

ʠ 25). ʅʘʙʣʶʜʘʚʘʪ ʩʝ ʛʦʣʷʤ ʙʨʦʡ ʘʜʭʝʟʠʚʥʠ ʢʨʘʯʝʪʘ ʩ ʬʫʥʠʝʚʠʜʥʘ ʬʦʨʤʘ ï ʨʝʟʫʣʪʘʪ ʦʪ 

ʠʥʪʨʘʪʫʙʫʣʘʨʥʘʪʘ ʭʠʙʨʠʜʠʟʘʮʠʷ, ʩʚʲʨʟʘʥʠ ʩ ʭʠʙʨʠʜʥʠʷ ʩʣʦʡ. ʊʝʟʠ ʘʜʭʝʟʠʚʥʠ ʢʨʘʯʝʪʘ 

ʩʘ ʧʦ-ʤʥʦʛʦʙʨʦʡʥʠ ʧʨʠ ʦʙʨʘʟʮʠʪʝ ʦʪ ʛʨʫʧʘ 4 ʠ ʥʘʚʣʠʟʘʪ ʥʘ ʧʦ-ʛʦʣʷʤʘ ʜʲʣʙʦʯʠʥʘ ʚ 

ʜʝʥʪʠʥʘ (ʬʠʛ.26,  27 ʠ 28 ʚ ʩʨʘʚʥʝʥʠʝ ʩ ʬʠʛ.23, 24 ʠ 25). 

 

ɻʨʫʧʠ 5 ʠ 6  

 

ɻʨʫʧʘ 5 ʩʝ ʩʲʩʪʦʠ ʦʪ ʚʨʝʤʝʥʥʠ ʤʦʣʘʨʠ, ʧʨʠ ʢʦʠʪʦ ʝ ʠʟʧʦʣʟʚʘʥʘ ʯʝʪʚʲʨʪʘ 

ʛʝʥʝʨʘʮʠʷ ʘʜʭʝʟʠʚʥʘ ʩʠʩʪʝʤʘ OptiBond FL (Kerr ʪʨʠ ʩʪʲʧʢʠ, ʩ ʪʦʪʘʣʥʦ ʝʮʚʘʥʝ) ï 

ʩʲʱʘʪʘ ʦʪ ʛʨʫʧʠ 1 ʠ 3. ɼʝʥʪʠʥʦʚʠʪʝ ʦʙʨʘʟʮʠ ʦʪ ʚʨʝʤʝʥʥʠ ʟʲʙʠ ʩʘ ʝʮʚʘʥʠ ʟʘ 15 sec ʩ 

37% ʬʦʩʬʦʨʥʘ ʢʠʩʝʣʠʥʘ. ɻʨʫʧʘ 5 ʧʦʟʚʦʣʷʚʘ ʩʨʘʚʥʷʚʘʥʝ ʥʘ ʜʝʙʝʣʠʥʘʪʘ ʠ 
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ʤʠʢʨʦʤʦʨʬʦʣʦʛʠʯʥʘʪʘ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ ʥʘ ʧʦʣʫʯʝʥʠʷ ʭʠʙʨʠʜʝʥ ʠ ʘʜʭʝʟʠʚʝʥ ʩʣʦʡ ʩ 

ʪʦʟʠ ʥʘ ʦʙʨʘʟʮʠʪʝ ʦʪ ʛʨʫʧʘ 3 ʢʘʪʦ ʩʝ ʧʨʠʣʘʛʘ ʝʜʥʘʢʚʦ ʚʨʝʤʝʪʨʘʝʥʝ ʥʘ ʝʮʚʘʥʝʪʦ ʥʘ 

ʜʝʥʪʠʥʦʚʠʷ ʩʫʙʩʪʨʘʪ (ʬʠʛ.29, 30 ʠ 31). 

 

    

 ʌʠʛ. 29         ʌʠʛ.30 

 

                                    

        ʌʠʛ.31 

 

ʌʠʛ.29, 30 ʠ 31. ʉɽʄ ʥʘ ʭʠʙʨʠʜʝʥ (ʤʝʞʜʫ ʩʪʨʝʣʢʠʪʝ) ʠ ʘʜʭʝʟʠʚʝʥ ʩʣʦʡ (ɸd) ʧʨʠ 

ʚʨʝʤʝʥʝʥ ʤʦʣʘʨ ʝʮʚʘʥ ʩ 37% ʬʦʩʬʦʨʥʘ ʢʠʩʝʣʠʥʘ ʟʘ 15 sec ʠ 

ʘʜʭʝʟʠʚʥʘ ʩʠʩʪʝʤʘ OptiBond FL (Kerr), ʪʨʠʩʪʲʧʢʦʚʘ ʩ ʪʦʪʘʣʥʦ 

ʝʮʚʘʥʝ). ʉ=ʢʦʤʧʦʟʠʪ; R=ʘʜʭʝʟʠʚʥʠ ʟʘʧʫʰʘʣʢʠ; D=ʜʝʥʪʠʥ 

 

ɻʨʫʧʘ 6 ʩʝ ʩʲʩʪʦʠ ʦʪ ʚʨʝʤʝʥʥʠ ʤʦʣʘʨʠ, ʧʨʠ ʢʦʠʪʦ ʝ ʠʟʧʦʣʟʚʘʥʘ ʘʜʭʝʟʠʚʥʘ ʩʠʩʪʝʤʘ 

ʧʝʪʘ ʛʝʥʝʨʘʮʠʷ ï Exite (Ivoclar Vivadent, ʜʚʫʩʪʲʧʢʦʚʘ ʩ ʪʦʪʘʣʥʦ ʝʮʚʘʥʝ) ï ʩʲʱʘʪʘ ʦʪ 

ʛʨʫʧʠ 2 ʠ 4. ɼʝʥʪʠʥʦʚʠʪʝ ʦʙʨʘʟʮʠ ʦʪ ʚʨʝʤʝʥʥʠ ʟʲʙʠ ʩʘ ʝʮʚʘʥʠ ʟʘ 15 sec ʩ 37% ʬʦʩʬʦʨʥʘ 

ʢʠʩʝʣʠʥʘ. ɻʨʫʧʘ 6 ʧʦʟʚʦʣʷʚʘ ʩʨʘʚʥʷʚʘʥʝ ʥʘ ʜʝʙʝʣʠʥʘʪʘ ʠ ʤʠʢʨʦʤʦʨʬʦʣʦʛʠʯʥʘʪʘ 
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ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ ʥʘ ʧʦʣʫʯʝʥʠʷ ʭʠʙʨʠʜʝʥ ʠ ʘʜʭʝʟʠʚʝʥ ʩʣʦʡ ʩ ʪʦʟʠ ʥʘ ʦʙʨʘʟʮʠʪʝ ʦʪ ʛʨʫʧʘ 

4, ʢʘʪʦ ʩʝ ʧʨʠʣʘʛʘ ʝʜʥʘʢʚʦ ʚʨʝʤʝʪʨʘʝʥʝ ʥʘ ʝʮʚʘʥʝʪʦ ʥʘ ʜʝʥʪʠʥʦʚʠʷ ʩʫʙʩʪʨʘʪ (ʬʠʛ.32, 33 

ʠ 34). 

 

   

ʌʠʛ. 32         ʌʠʛ. 33 

 

                                   

       ʌʠʛ. 34 

 

ʌʠʛ.32, 33 ʠ 34. ʉɽʄ ʥʘ ʭʠʙʨʠʜʝʥ (ʤʝʞʜʫ ʩʪʨʝʣʢʠʪʝ) ʠ ʘʜʭʝʟʠʚʝʥ ʩʣʦʡ (ɸd) ʧʨʠ 

ʚʨʝʤʝʥʝʥ ʤʦʣʘʨ ʝʮʚʘʥ ʩ 37% ʬʦʩʬʦʨʥʘ ʢʠʩʝʣʠʥʘ ʟʘ 15sec ʠ 

ʘʜʭʝʟʠʚʥʘ ʩʠʩʪʝʤʘ Exite (Ivoclar Vivadent, ʜʚʫʩʪʲʧʢʦʚʘ ʩ ʪʦʪʘʣʥʦ 

ʝʮʚʘʥʝ). ʉ=ʢʦʤʧʦʟʠʪ; R=ʘʜʭʝʟʠʚʥʠ ʟʘʧʫʰʘʣʢʠ; D=ʜʝʥʪʠʥ. 

 

ʉʢʝʥʦʛʨʘʤʠʪʝ ʧʦʟʚʦʣʷʚʘʪ ʜʘ ʩʝ ʫʩʪʘʥʦʚʠ, ʯʝ ʜʝʙʝʣʠʥʘʪʘ ʥʘ ʭʠʙʨʠʜʥʠʷ ʩʣʦʡ ʧʨʠ 

ʜʚʝʪʝ ʠʟʩʣʝʜʚʘʥʠ ʛʝʥʝʨʘʮʠʠ ʘʜʭʝʟʠʚʥʠ ʩʠʩʪʝʤʠ ʝ ʨʘʟʣʠʯʥʘ ʢʘʢʪʦ ʤʝʞʜʫ ʦʙʨʘʟʮʠʪʝ ʦʪ 

ʛʨʫʧʠʪʝ 3 ʠ 4 - ʦʪ ʧʦʩʪʦʷʥʥʠ ʟʲʙʠ (ʦʪ ʬʠʛ.23 ʜʦ ʬʠʛ. 28), ʪʘʢʘ ʠ ʟʘ ʦʙʨʘʟʮʠʪʝ ʦʪ ʛʨʫʧʘ 

5 ʠ 6 ʦʪ ʚʨʝʤʝʥʥʠ ʟʲʙʠ (ʦʪ ʬʠʛ.29 ʜʦ ʬʠʛ. 34). ʇʨʠ ʩʨʘʚʥʷʚʘʥʝ ʥʘ ʛʨʫʧʠʪʝ 3 ʠ 4 
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ʭʠʙʨʠʜʥʠʷʪ ʩʣʦʡ ʝ ʧʦ-ʜʝʙʝʣ ʧʨʠ ʦʙʨʘʟʮʠʪʝ ʦʪ ʛʨʫʧʘ 5 ʠ 6 ʚ ʛʨʘʥʠʮʠʪʝ ʥʘ ʜʝʥʪʠʥʘ (ʦʪ 

ʬʠʛ. 23 ʜʦ ʬʠʛ. 34). ʅʘʙʣʶʜʘʚʘʪ ʩʝ ʘʜʭʝʟʠʚʥʠ ʜʝʥʪʠʥʦʚʠ ʟʘʧʫʰʘʣʢʠ ʩ ʬʫʥʠʝʚʠʜʥʘ 

ʬʦʨʤʘ ʚ ʦʙʨʘʟʮʠʪʝ ʦʪ ʚʩʠʯʢʠʪʝ ʛʨʫʧʠ, ʢʘʢʪʦ ʠ ʥʘʣʠʯʠʝ ʥʘ ʤʠʢʨʦʧʫʢʥʘʪʠʥʠ ʤʝʞʜʫ 

ʭʠʙʨʠʜʥʠʷ ʠ ʘʜʭʝʟʠʚʥʠʷ ʩʣʦʡ ʧʨʠ ʦʙʨʘʟʮʠʪʝ ʚ ʛʨʫʧʘ 5 (ʬʠʛ.30 ʠ 31 ʢʘʙʲʨʯʝ) ʠ ʛʨʫʧʘ 6 

(ʬʠʛ.32 ʠ 34 ʢʘʙʲʨʯʝ). 

ʉʨʘʚʥʷʚʘʥʝ ʥʘ ʩʢʝʥʦʛʨʘʤʠʪʝ ʥʘ ʦʙʨʘʟʮʠʪʝ ʦʪ ʛʨʫʧʘ 1 ʩ ʛʨʫʧʘ 5 (ʬʠʛ.17, 18 ʠ 19 

ʠ ʬʠʛ. 29, 30 ʠ 31) ʠ ʤʝʞʜʫ ʛʨʫʧʘ 2 (ʬʠʛ.20, 21 ʠ 22) ʩ ʛʨʫʧʘ 6 (ʬʠʛ.32, 33 ʠ 34) ʩʝ 

ʫʩʪʘʥʦʚʷʚʘ ʧʦ-ʜʝʙʝʣ ʭʠʙʨʠʜʝʥ ʩʣʦʡ, ʩ ʥʘʣʠʯʠʝ ʥʘ  ʤʠʢʨʦʧʫʢʥʘʪʠʥʠ ʧʨʠ ʦʙʨʘʟʮʠʪʝ 

ʝʮʚʘʥʠ ʟʘ 15 sec (ʬʠʛ.30, 31, 32 ʠ 34 ʢʘʙʲʨʯʝ).   

 

ʉʪʘʪʠʩʪʠʯʝʩʢʠ ʘʥʘʣʠʟ ʥʘ ʨʝʟʫʣʪʘʪʠʪʝ 

 

ʅʘ ʪʘʙʣʠʮʘ 20 ʩʘ ʧʨʝʜʩʪʘʚʝʥʠ ʩʨʝʜʥʠʪʝ ʩʪʦʡʥʦʩʪʠʪʝ ʟʘ ʠʟʤʝʨʝʥʘʪʘ ʜʝʙʝʣʠʥʘ ʥʘ 

ʭʠʙʨʠʜʥʠʷ ʩʣʦʡ ʟʘ ʦʪʜʝʣʥʠʪʝ ʛʨʫʧʠ ʦʙʨʘʟʮʠ ʠ ʘʧʣʠʮʠʨʘʥʠʪʝ ʘʜʭʝʟʠʚʥʠ ʩʠʩʪʝʤʠ ʩ 

ʪʦʪʘʣʥʦ ʝʮʚʘʥʝ. 

  

ʊʘʙʣ.20. ʉʨʝʜʥʠ ʩʪʦʡʥʦʩʪʠ ʥʘ ʜʝʙʝʣʠʥʘʪʘ ʥʘ ʭʠʙʨʠʜʥʠʷ ʩʣʦʡ (ʚ ɛ) ʦʪ ʘʜʭʝʟʠʚʥʠ 

ʩʠʩʪʝʤʠ ʩ ʪʦʪʘʣʥʦ ʝʮʚʘʥʝ ʧʨʠ ʚʨʝʤʝʥʠ ʠ ʧʦʩʪʦʷʥʥʠ ʟʲʙʠ. 

 

ɻʨʫʧʘ 

        

      ɺʠʜ ʟʲʙ 

 

ɽʮʚʘʥʝ 

ʚʨʝʤʝʪʨʘʝʥʝ/ʢʦʥʮʝʥʪʨʘʮʠʷ 

 

ɸʜʭʝʟʠʚʥʘ ʩʠʩʪʝʤʘ 

ɻʝʥʝʨʘʮʠʷ 

ɼʝʙʝʣʠʥʘ ʥʘ ʍʉ- 

ʩʨʝʜʥʠ 

ʩʪʦʡʥʦʩʪʠ (ɛ) 
meanҕSE 

ɻʨʫʧʘ 1 

n=5 ʚʨ.ʟʲʙʠ 

7 sec  37% ʬʦʩʬ.ʢ-ʥʘ OptiBond FL (Kerr)                    

3-ʩʪʲʧʢʠ, ʪʦʪʘʣʥʦ ʝʮʚʘʥʝ 

3,74Ñ 0,32 

ɻʨʫʧʘ 2 

n=5 ʚʨ.ʟʲʙʠ 

7 sec  37% ʬʦʩʬ.ʢ-ʥʘ Exite 

2-ʩʪʲʧʢʠ, ʪʦʪʘʣʥʦ ʝʮʚʘʥʝ 

4,70Ñ0,18 

ɻʨʫʧʘ 3 

n=5 ʧ.ʟʲʙʠ 

15 sec  37% ʬʦʩʬ.ʢ-ʥʘ OptiBond FL (Kerr)                    

3-ʩʪʲʧʢʠ, ʪʦʪʘʣʥʦ ʝʮʚʘʥʝ 

4,46Ñ0,13 

ɻʨʫʧʘ 4 

n=5 ʧ.ʟʲʙʠ 

15 sec  37% ʬʦʩʬ.ʢ-ʥʘ Exite 

2-ʩʪʲʧʢʠ, ʪʦʪʘʣʥʦ ʝʮʚʘʥʝ 

7,36Ñ0,56 

ɻʨʫʧʘ 5 

n=5 ʚʨ.ʟʲʙʠ 

15 sec  37% ʬʦʩʬ.ʢ-ʥʘ OptiBond FL (Kerr)                    

3-ʩʪʲʧʢʠ, ʪʦʪʘʣʥʦ ʝʮʚʘʥʝ 

5,66Ñ0,11 

ɻʨʫʧʘ 6 

n=5 ʚʨ.ʟʲʙʠ 

15 sec  37% ʬʦʩʬ.ʢ-ʥʘ Exite 

2-ʩʪʲʧʢʠ, ʪʦʪʘʣʥʦ ʝʮʚʘʥʝ 

8,85Ñ0,41 

 
ɸʥʘʣʠʟʲʪ ʥʘ ʨʝʟʫʣʪʘʪʠʪʝ ʧʦʢʘʟʚʘ ʩʪʘʪʠʩʪʠʯʝʩʢʠ ʟʥʘʯʠʤʘ ʨʘʟʣʠʢʘ ʚ ʜʝʙʝʣʠʥʘʪʘ ʥʘ 

ʭʠʙʨʠʜʥʠʷ ʩʣʦʡ ʤʝʞʜʫ ʦʪʜʝʣʥʠʪʝ ʝʢʩʧʝʨʠʤʝʥʪʘʣʥʠ ʛʨʫʧʠ ʦʙʨʘʟʮʠ (ʪʘʙʣʠʮʘ 21). 

 



 

128 

 

 

ʊʘʙʣ.21. ɼʝʙʝʣʠʥʘ ʥʘ ʭʠʙʨʠʜʥʠʷ ʩʣʦʡ ʧʨʠ ʦʙʨʘʟʮʠʪʝ ʦʪ ʝʢʩʧʝʨʠʤʝʥʪʘʣʥʠ 

ʛʨʫʧʠ 1 ʠ 2, 3 ʠ 4, 5 ʠ 6. 

  

    

 

ɻʨʫʧʘ 

ɹʨʦʡ 

ʩʢʝʥʦʛʨʘʤʠ 

ɼʝʙʝʣʠʥʘ ʥʘ 

ʍʉ (ɛ) 

meanÑSD 

 

t 

 

 

ʈ 

 

ɻʨʫʧʘ 1 

ɻʨʫʧʘ 2 

5 

5 

3.74Ñ0.32 

4.70Ñ0.18 

5.84 <0.001* 

 

ɻʨʫʧʘ 3 

ɻʨʫʧʘ 4 

5 

5 

4.46Ñ0.13 

7.36Ñ0.56 

11.28 <0.0001* 

 

ɻʨʫʧʘ 5 

ɻʨʫʧʘ 6 

5 

5 

5.66Ñ0.11 

8.85Ñ0.41 

16.80 <0.0001* 

             *ʈʘʟʣʠʢʘʪʘ ʝ ʩʪʘʪʠʩʪʠʯʝʩʢʠ ʟʥʘʯʠʤʘ 

 

 

ʇʨʠ ʩʨʘʚʥʝʥʠʝ ʥʘ ʨʝʟʫʣʪʘʪʠʪʝ ʟʘ ʜʝʙʝʣʠʥʘʪʘ ʥʘ ʦʙʨʘʟʫʚʘʥʠʷ ʭʠʙʨʠʜʝʥ ʩʣʦʡ ʝ 

ʫʩʪʘʥʦʚʝʥʘ ʨʘʟʣʠʢʘ ʤʝʞʜʫ ʦʙʨʘʟʮʠʪʝ ʦʪ ʛʨʫʧʘ 1 (ʚʨʝʤʝʥʥʠ ʟʲʙʠ OptiBond FL, 7 sec 

ʝʮʚʘʥʝ ʩ 37% ʬʦʩʬʦʨʥʘ ʢʠʩʝʣʠʥʘ) ʠ ʛʨʫʧʘ 2 (ʚʨʝʤʝʥʥʠ ʟʲʙʠ Exite, 7 sec ʝʮʚʘʥʝ ʩ 37% 

ʬʦʩʬʦʨʥʘ ʢʠʩʝʣʠʥʘ), ʤʝʞʜʫ ʦʙʨʘʟʮʠʪʝ ʦʪ ʛʨʫʧa 3 (ʧʦʩʪʦʷʥʥʠ ʟʲʙʠ OptiBond FL, 15 sec 

ʝʮʚʘʥʝ ʩ 37% ʬʦʩʬʦʨʥʘ ʢʠʩʝʣʠʥʘ)  ʠ  ʛʨʫʧʘ 4 (ʧʦʩʪʦʷʥʥʠ ʟʲʙʠ Exite, 15 sec ʝʮʚʘʥʝ ʩ 

37% ʬʦʩʬʦʨʥʘ ʢʠʩʝʣʠʥʘ), ʢʘʢʪʦ ʠ ʤʝʞʜʫ ʪʝʟʠ ʦʪ ʛʨʫʧʘ 5 (ʚʨʝʤʝʥʥʠ ʟʲʙʠ OptiBond FL, 

15 sec ʝʮʚʘʥʝ ʩ 37% ʬʦʩʬʦʨʥʘ ʢʠʩʝʣʠʥʘ) ʠ ʛʨʫʧʘ 6 (ʚʨʝʤʝʥʥʠ ʟʲʙʠ Exite, 15 sec ʝʮʚʘʥʝ ʩ 

37% ʬʦʩʬʦʨʥʘ ʢʠʩʝʣʠʥʘ) (ʪʘʙʣ.21). ʉʣʝʜ ʘʧʣʠʮʠʨʘʥʝ ʥʘ ʜʚʫʩʪʲʧʢʦʚʘ ʘʜʭʝʟʠʚʥʘ ʩʠʩʪʝʤʘ 

ʩ ʪʦʪʘʣʥʦ ʝʮʚʘʥʝ (Exitʝ ï ʛʨʫʧʘ 2, 4 ʠ 6) ʩʝ ʦʙʨʘʟʫʚʘ ʧʦ-ʜʝʙʝʣ ʭʠʙʨʠʜʝʥ ʩʣʦʡ, ʚ 

ʩʨʘʚʥʝʥʠʝ ʩ ʪʦʟʠ, ʠʟʤʝʨʝʥ ʩʣʝʜ ʘʧʣʠʮʠʨʘʥʝʪʦ ʥʘ ʪʨʠʩʪʲʧʢʦʚʘ ʘʜʭʝʟʠʚʥʘ ʩʠʩʪʝʤʘ ʩ 

ʪʦʪʘʣʥʦ ʝʮʚʘʥʝ (OptiBond FL ï ʛʨʫʧʘ1, 3 ʠ 5). ʈʘʟʣʠʢʘʪʘ ʚ ʠʟʤʝʨʝʥʘʪʘ ʩʨʝʜʥʘ ʜʝʙʝʣʠʥʘ 

ʥʘ ʭʠʙʨʠʜʥʠʷ ʩʣʦʡ ʝ ʩʪʘʪʠʩʪʠʯʝʩʢʠ ʟʥʘʯʠʤʘ ʤʝʞʜʫ ʜʚʦʡʢʠʪʝ ʛʨʫʧʠ (ʪʘʙʣ.21)(ʨ<0.0001). 

 

ʉʨʘʚʥʝʥʘ ʝ ʜʝʙʝʣʠʥʘʪʘ ʥʘ ʭʠʙʨʠʜʥʠʷ ʩʣʦʡ ʤʝʞʜʫ ʝʢʩʧʝʨʠʤʝʥʪʘʣʥʠʪʝ ʦʙʨʘʟʮʠ ʦʪ 

ʛʨʫʧʘ 1 (ʚʨʝʤʝʥʥʠ ʟʲʙʠ, 7 sec ʝʮʚʘʥʝ), ʛʨʫʧʘ 3 (ʧʦʩʪʦʷʥʥʠ ʟʲʙʠ, 15 sec ʝʮʚʘʥʝ) ʠ ʛʨʫʧʘ 5 

(ʚʨʝʤʝʥʥʠ ʟʲʙʠ, 15 sec ʝʮʚʘʥʝ) ʧʨʠ ʠʟʧʦʣʟʚʘʥʝʪʦ ʥʘ ʘʜʭʝʟʠʚʥʘ ʩʠʩʪʝʤʘ OptiBond FL 

(ʪʨʠʩʪʲʧʢʦʚʘ, ʪʦʪʘʣʥʦ ʝʮʚʘʥʝ) ʠ ʨʘʟʣʠʯʥʦ ʚʨʝʤʝ ʥʘ ʝʮʚʘʥʝ ʠ e ʧʨʝʜʩʪʘʚʝʥʦ ʥʘ ʪʘʙʣʠʮʘ 

22. 
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ʊʘʙʣ.22. ɼʝʙʝʣʠʥʘ ʥʘ ʭʠʙʨʠʜʥʠʷ ʩʣʦʡ  ʚ ʝʢʩʧʝʨʠʤʝʥʪʘʣʥʠ ʛʨʫʧʠ 1, 3 ʠ 5 ʠ 

ʘʜʭʝʟʠʚʥʘ ʩʠʩʪʝʤʘ OptiBond FL (Kerr). 

 

 

 

ɻʨʫʧʘ 

 

ɹʨʦʡ 

ʩʢʝʥʦʛʨʘʤʠ 

 

ɼʝʙʝʣʠʥʘ ʥʘ ʍʉ (ɛ) 

meanÑSD 

 

 

F 

 

 

 

ʈ 

 

ɻʨʫʧʘ 1 5 

 

3.74Ñ0.32 

106.99 <0.0001* 
ɻʨʫʧʘ 3 

 

5 

 

4.46Ñ0.13 

 

ɻʨʫʧʘ 5 

 

5 

 

5.66Ñ0.11 

 

          *ʈʘʟʣʠʢʘʪʘ ʝ ʩʪʘʪʠʩʪʠʯʝʩʢʠ ʟʥʘʯʠʤʘ 

 

ɸʥʘʣʠʟʲʪ ʥʘ ʨʝʟʫʣʪʘʪʠʝ ʧʦʢʘʟʚʘ ʩʪʘʪʠʩʪʠʯʝʩʢʠ ʟʥʘʯʠʤʘ ʨʘʟʣʠʢʘ (ʨ<0.0001) ʥʘ 

ʠʟʤʝʨʝʥʘʪʘ ʜʝʙʝʣʠʥʘ ʥʘ ʭʠʙʨʠʜʥʠʷ ʩʣʦʡ ʚ ʪʝʟʠ ʛʨʫʧʠ (ʪʘʙʣ.22) 

ɿʘ ʧʦ-ʧʦʜʨʦʙʝʥ ʘʥʘʣʠʟ ʝ ʥʘʧʨʘʚʝʥʦ ʠ ʩʨʘʚʥʝʥʠʝ ʥʘ ʩʨʝʜʥʠʪʝ ʩʪʦʡʥʦʩʪʠ ʥʘ 

ʜʝʙʝʣʠʥʘʪʘ ʥʘ ʭʠʙʨʠʜʥʠʷ ʩʣʦʡ ʟʘ ʢʦʤʙʠʥʘʮʠʠʪʝ ʧʦ ʜʚʦʡʢʠ ʤʝʞʜʫ ʩʲʱʠʪʝ 

ʝʢʩʧʝʨʠʤʝʥʪʘʣʥʠ ʛʨʫʧʠ 1 (ʚʨʝʤʝʥʥʠ ʟʲʙʠ, 7 sec ʝʮʚʘʥʝ), ʛʨʫʧʘ 3 (ʧʦʩʪʦʷʥʥʠ ʟʲʙʠ, 15 sec 

ʝʮʚʘʥʝ) ʠ ʛʨʫʧʘ 5 (ʚʨʝʤʝʥʥʠ ʟʲʙʠ, 15 sec ʝʮʚʘʥʝ), ʢʲʜʝʪʦ ʠʟʧʦʣʟʚʘʤʝ ʩʨʘʚʥʝʥʠʝ ʤʝʞʜʫ 

ʜʚʝʪʝ ʜʝʥʪʠʮʠʠ ʠ ʨʘʟʣʠʯʥʦ ʚʨʝʤʝ ʟʘ ʝʮʚʘʥʝ ʠ ʝʜʥʘ ʠ ʩʲʱʘ ʘʜʭʝʟʠʚʥʘ ʩʠʩʪʝʤʘ OptiBond 

FL (ʪʨʠʩʪʲʧʢʦʚʘ, ʪʦʪʘʣʥʦ ʝʮʚʘʥʝ) ʢʘʪʦ ʝ ʧʨʠʣʦʞʝʥ one-way ANOVA ʘʥʘʣʠʟ (ʪʘʙʣʠʮʘ 

23). ɺʩʠʯʢʠ ʜʚʦʡʢʠ ʩʘ ʩ ʧʦʪʚʲʨʜʝʥʘ ʩʪʘʪʠʩʪʠʯʝʩʢʘ ʟʥʘʯʠʤʦʩʪ ʥʘ ʨʘʟʣʠʢʠʪʝ ʚ 

ʩʪʦʡʥʦʩʪʠʪʝ ʟʘ ʜʝʙʝʣʠʥʘʪʘ ʥʘ ʭʠʙʨʠʜʥʠʷ ʩʣʦʡ (ʪʘʙʣ. 23).  

 

ʊʘʙʣ. 23. ɼʝʙʝʣʠʥʘ ʥʘ ʭʠʙʨʠʜʥʠʷ ʩʣʦʡ ʧʦ ʜʚʦʡʢʠ ʝʢʩʧʝʨʠʤʝʥʪʘʣʥʠ ʛʨʫʧʠ 1, 3 ʠ 5 

ʠ ʘʜʭʝʟʠʚʥʘ ʩʠʩʪʝʤʘ OptiBond FL (Kerr). 

 

ɻʨʫʧʘ 

 

 

ʉʨʘʚʥʝʥʠʝ ʩ 

ʛʨʫʧʘ 

ʉʨʝʜʥʠ ʨʘʟʣʠʢʠ ʚ 

ʜʝʙʝʣʠʥʘʪʘ ʥʘ 

ʭʠʙʨʠʜʥʠʷ ʩʣʦʡ 

95% ʜʦʚʝʨʠʪʝʣʝʥ  ʠʥʪʝʨʚʘʣ  

ʈ* ɼʦʣʥʘ 

ʛʨʘʥʠʮʘ 

ɻʦʨʥʘ 

ʛʨʘʥʠʮʘ 

ɻʨʫʧʘ 1 

 

ɻʨʫʧʘ 3 

ɻʨʫʧʘ 5 

-0.72 

-1.92 

-1.26 

-2.46 

-0.19 

-1.38 

<0.0001 

<0.0001 

ɻʨʫʧʘ 3 ɻʨʫʧʘ 5 -1.19 -1.42 -0.96 <0.0001 

            *ɽʤʧʠʨʠʯʥʦ ʥʠʚʦ ʥʘ ʩʪʘʪʠʩʪʠʯʝʩʢʘ ʟʥʘʯʠʤʦʩʪ (ANOVA) 
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ʋʩʪʘʥʦʚʝʥʘ ʝ ʩʪʘʪʠʩʪʠʯʝʩʢʠ ʟʥʘʯʠʤʘ ʨʘʟʣʠʢʘ ʚ ʜʝʙʝʣʠʥʘʪʘ ʥʘ ʭʠʙʨʠʜʥʠʷ ʩʣʦʡ ʚ 

ʛʨʫʧʘʪʘ ʥʘ ʚʨʝʤʝʥʥʠʪʝ ʟʲʙʠ (ʛʨʫʧʠ 1 ʠ 5) ʧʨʠ ʨʘʟʣʠʯʥʦ ʚʨʝʤʝ ʥʘ ʝʮʚʘʥʝ ï 7 ʠ 15 sec 

ʢʘʪʦ ʧʦ-ʛʦʣʷʤʘ ʜʝʙʝʣʠʥʘ ʝ ʠʟʤʝʨʝʥʘ ʧʨʠ 15 sec ʝʮʚʘʥʝ (ʛʨʫʧʘ 5) (p<0.0001); 

ʩʪʘʪʠʩʪʠʯʝʩʢʠ ʟʥʘʯʠʤʘ ʨʘʟʣʠʢʘ ʚ ʜʝʙʝʣʠʥʘʪʘ ʥʘ ʭʠʙʨʠʜʥʠʷ ʩʣʦʡ ʧʨʠ ʝʮʚʘʥʝ ʟʘ 15 sec 

ʤʝʞʜʫ ʦʙʨʘʟʮʠʪʝ ʦʪ ʜʚʝʪʝ ʜʝʥʪʠʮʠʠ (ʛʨʫʧʠ 3 ʠ 5) ʚ ʧʦʣʟʘ ʥʘ ʧʦ-ʛʦʣʷʤʘ ʠʟʤʝʨʝʥʘ ʩʨʝʜʥʘ 

ʜʝʙʝʣʠʥʘ ʥʘ ʭʠʙʨʠʜʥʠʷ ʩʣʦʡ ʧʨʠ ʦʙʨʘʟʮʠʪʝ ʦʪ ʚʨʝʤʝʥʥʠ ʟʲʙʠ (ʛʨʫʧʘ 5) (ʨ<0.0001); ʠ 

ʩʪʘʪʠʩʪʠʯʝʩʢʠ ʟʥʘʯʠʤʘ ʨʘʟʣʠʢʘ ʚ ʜʝʙʝʣʠʥʘʪʘ ʥʘ ʭʠʙʨʠʜʥʠʷ ʩʣʦʡ ʤʝʞʜʫ ʛʨʫʧʘ 1 ʠ ʛʨʫʧʘ 

3 ʚ ʧʦʣʟʘ ʥʘ ʧʦ-ʛʦʣʷʤʘ ʜʝʙʝʣʠʥʘ ʥʘ ʪʦʟʠ ʩʣʦʡ ʧʨʠ ʧʦʩʪʦʷʥʥʠʪʝ ʟʲʙʠ (ʛʨʫʧʘ 3) 

(ʨ<0,0001) ʠ ʠʟʧʦʣʟʚʘʥʝʪʦ ʥʘ ʝʜʥʘ ʠ ʩʲʱʘ ʘʜʭʝʟʚʠʥʘ ʩʠʩʪʝʤʘ OptiBond FL (ʪʘʙʣ.23).  

 

ʉʨʘʚʥʝʥʠʝ ʟʘ ʜʝʙʝʣʠʥʘʪʘ ʥʘ ʭʠʙʨʠʜʥʠʷ ʩʣʦʡ ʝ ʥʘʧʨʘʚʝʥʦ ʠ ʤʝʞʜʫ  

ʝʢʩʧʝʨʠʤʝʥʪʘʣʥʠʪʝ ʦʙʨʘʟʮʠ ʦʪ ʛʨʫʧʘ 2 (ʚʨʝʤʝʥʥʠ ʟʲʙʠ, 7 sec ʝʮʚʘʥʝ), ʛʨʫʧʘ 4 

(ʧʦʩʪʦʷʥʥʠ ʟʲʙʠ, 15 sec ʝʮʚʘʥʝ) ʠ ʛʨʫʧʘ 6 (ʚʨʝʤʝʥʥʠ ʟʲʙʠ, 15 sec ʝʮʚʘʥʝ) ʧʨʠ 

ʠʟʧʦʣʟʚʘʥʝʪʦ ʥʘ ʘʜʭʝʟʠʚʥʘ ʩʠʩʪʝʤʘ Exite (ʜʚʫʩʪʲʧʢʦʚʘ, ʪʦʪʘʣʥʦ ʝʮʚʘʥʝ) ʠ ʨʘʟʣʠʯʥʦ 

ʚʨʝʤʝ ʥʘ ʝʮʚʘʥʝ, ʠ e ʧʨʝʜʩʪʘʚʝʥʦ ʥʘ ʪʘʙʣʠʮʘ 24. 

 

 ʊʘʙʣʠʮʘ 24. ɼʝʙʝʣʠʥʘ ʥʘ ʭʠʙʨʠʜʥʠʷ ʩʣʦʡ  ʚ ʝʢʩʧʝʨʠʤʝʥʪʘʣʥʠ ʛʨʫʧʠ 2, 4 ʠ 6 ʠ  

ʘʜʭʝʟʠʚʥʘ ʩʠʩʪʝʤʘ Exite. 

 

 

ɻʨʫʧʘ 

 

ɹʨʦʡ 

ʩʢʝʥʦʛʨʘʤʠ 

 

ɼʝʙʝʣʠʥʘ ʥʘ ʍʉ (ɛ) 

meanÑSD 

 

 

F 

 

 

 

ʈ 

 

ɻʨʫʧʘ 2 5 

 

4.70Ñ0.18 

128.07 <0.0001* 
ɻʨʫʧʘ 4 

 

5 

 

7.36Ñ0.56 

 

ɻʨʫʧʘ 6 

 

5 

 

8.85Ñ0.41 

 

            *ʈʘʟʣʠʢʘʪʘ ʝ ʩʪʘʪʠʩʪʠʯʝʩʢʠ ʟʥʘʯʠʤʘ 

 

ɸʥʘʣʠʟʲʪ ʥʘ ʨʝʟʫʣʪʘʪʠʝ ʧʦʢʘʟʚʘ ʩʪʘʪʠʩʪʠʯʝʩʢʠ ʟʥʘʯʠʤʘ ʨʘʟʣʠʢʘ (ʨ<0.0001) ʥʘ 

ʠʟʤʝʨʝʥʘʪʘ ʜʝʙʝʣʠʥʘ ʥʘ ʭʠʙʨʠʜʥʠʷ ʩʣʦʡ ʚ ʪʝʟʠ ʛʨʫʧʠ (ʪʘʙʣ.24) 

 

ɿʘ ʩʨʘʚʥʝʥʠʝ ʥʘ ʩʨʝʜʥʠʪʝ ʩʪʦʡʥʦʩʪʠ ʥʘ ʜʝʙʝʣʠʥʘʪʘ ʥʘ ʭʠʙʨʠʜʥʠʷ ʩʣʦʡ ʟʘ 

ʢʦʤʙʠʥʘʮʠʠʪʝ ʧʦ ʜʚʦʡʢʠ ʤʝʞʜʫ ʝʢʩʧʝʨʠʤʝʥʪʘʣʥʠʪʝ ʛʨʫʧʠ 2 (ʚʨʝʤʝʥʥʠ ʟʲʙʠ, 7 sec 

ʝʮʚʘʥʝ), ʛʨʫʧʘ 4 (ʧʦʩʪʦʷʥʥʠ ʟʲʙʠ, 15 sec ʝʮʚʘʥʝ) ʠ ʛʨʫʧʘ 6 (ʚʨʝʤʝʥʥʠ ʟʲʙʠ, 15 sec 

ʝʮʚʘʥʝ), ʢʲʜʝʪʦ ʠʟʧʦʣʟʚʘʤʝ ʩʨʘʚʥʝʥʠʝ ʤʝʞʜʫ ʜʚʝʪʝ ʜʝʥʪʠʮʠʠ ʠ ʨʘʟʣʠʯʥʦ ʚʨʝʤʝ ʟʘ 
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ʝʮʚʘʥʝ ʠ ʝʜʥʘ ʠ ʩʲʱʘ ʘʜʭʝʟʠʚʥʘ ʩʠʩʪʝʤʘ Exite (ʜʚʫʩʪʲʧʢʦʚʘ, ʪʦʪʘʣʥʦ ʝʮʚʘʥʝ), ʝ 

ʧʨʠʣʦʞʝʥ one-way ANOVA ʘʥʘʣʠʟ (ʪʘʙʣʠʮʘ 25). ɺʩʠʯʢʠ ʜʚʦʡʢʠ ʩʘ ʩ ʧʦʪʚʲʨʜʝʥʘ 

ʩʪʘʪʠʩʪʠʯʝʩʢʘ ʟʥʘʯʠʤʦʩʪ ʥʘ ʨʘʟʣʠʢʠʪʝ ʚ ʩʪʦʡʥʦʩʪʠʪʝ ʟʘ ʜʝʙʝʣʠʥʘʪʘ ʥʘ ʭʠʙʨʠʜʥʠʷ ʩʣʦʡ 

(ʪʘʙʣ. 25).  

 

ʊʘʙʣ. 25  ɼʝʙʝʣʠʥʘ ʥʘ ʭʠʙʨʠʜʥʠʷ ʩʣʦʡ ʧʦ ʜʚʦʡʢʠ ʝʢʩʧʝʨʠʤʝʥʪʘʣʥʠ ʛʨʫʧʠ 2, 4 

ʠ 6 ʠ ʘʜʭʝʟʠʚʥʘ ʩʠʩʪʝʤʘ Exite. 

 

ɻʨʫʧʘ ʉʨʘʚʥʝʥʠ

ʝ ʩ ʛʨʫʧʘ 

ʉʨʝʜʥʠ ʨʘʟʣʠʢʠ 

ʚ ʜʝʙʝʣʠʥʘʪʘ ʥʘ 

ʭʠʙʨʠʜʥʠʷ ʩʣʦʡ 

95% ʜʦʚʝʨʠʪʝʣʝʥ  ʠʥʪʝʨʚʘʣ  

ʨ* ɼʦʣʥʘ 

ʛʨʘʥʠʮʘ 

ɻʦʨʥʘ 

ʛʨʘʥʠʮʘ 

ɻʨʫʧʘ 2  

 

ɻʨʫʧʘ 4 

ɻʨʫʧʘ 6 

-2.65 

-4.14 

-3.59 

-4.83 

-1.71 

-3.46 

<0.0001 

<0.0001 

ɻʨʫʧʘ 4  ɻʨʫʧʘ 6 -1.49 -2.44 -0.53 <0.0001 

       *ɽʤʧʠʨʠʯʥʦ ʥʠʚʦ ʥʘ ʩʪʘʪʠʩʪʠʯʝʩʢʘ ʟʥʘʯʠʤʦʩʪ (ANOVA) 

 

ʋʩʪʘʥʦʚʝʥʘ ʝ ʩʪʘʪʠʩʪʠʯʝʩʢʠ ʟʥʘʯʠʤʘ ʨʘʟʣʠʢʘ ʚ ʜʝʙʝʣʠʥʘʪʘ ʥʘ ʭʠʙʨʠʜʥʠʷ ʩʣʦʡ ʚ 

ʛʨʫʧʘʪʘ ʥʘ ʚʨʝʤʝʥʥʠʪʝ ʟʲʙʠ (ʛʨʫʧʠ 2 ʠ 6) ʧʨʠ ʨʘʟʣʠʯʥʦ ʚʨʝʤʝ ʥʘ ʝʮʚʘʥʝ ï 7 ʠ 15 sec, 

ʢʘʪʦ ʝ ʨʝʛʠʩʪʨʠʨʘʥʘ ʧʦ-ʛʦʣʷʤʘ ʜʝʙʝʣʠʥʘ ʥʘ ʩʣʦʷ ʧʨʠ ʝʮʚʘʥʝ ʟʘ 15 sec (ʛʨʫʧʘ 6)  

(p<0.0001) (ʪʘʙʣ.25); ʩʪʘʪʠʩʪʠʯʝʩʢʠ ʟʥʘʯʠʤʘ ʨʘʟʣʠʢʘ ʚ ʜʝʙʝʣʠʥʘʪʘ ʥʘ ʭʠʙʨʠʜʥʠʷ ʩʣʦʡ 

ʧʨʠ ʝʮʚʘʥʝ ʟʘ 15 sec ʤʝʞʜʫ ʦʙʨʘʟʮʠʪʝ ʦʪ ʜʚʝʪʝ ʜʝʥʪʠʮʠʠ (ʛʨʫʧʠ 4 ʠ 6), ʢʘʪʦ ʧʦ-ʛʦʣʷʤʘ 

ʜʝʙʝʣʠʥʘ ʝ ʨʝʛʠʩʪʨʠʨʘʥʘ ʧʨʠ ʦʙʨʘʟʮʠʪʝ ʦʪ ʚʨʝʤʝʥʥʠ ʟʲʙʠ (ʛʨʫʧʘ 6) (p<0.0001) 

(ʪʘʙʣ.25); ʠ ʩʪʘʪʠʩʪʠʯʝʩʢʠ ʟʥʘʯʠʤʘ ʨʘʟʣʠʢʘ ʚ ʜʝʙʝʣʠʥʘʪʘ ʥʘ ʭʠʙʨʠʜʥʠʷ ʩʣʦʡ ʚ ʛʨʫʧʘ 2 

(ʚʨʝʤʝʥʥʠ ʟʲʙʠ) ʠ ʛʨʫʧʘ 4 (ʨ<0.0001) ʢʘʪʦ ʧʦ-ʛʦʣʷʤʘʪʘ ʜʝʙʝʣʠʥʘ ʝ ʨʝʛʠʩʪʨʠʨʘʥʘ ʧʨʠ 

ʦʙʨʘʟʮʠʪʝ ʦʪ ʧʦʩʪʦʷʥʥʠ ʟʲʙʠ (ʛʨʫʧʘ 4) ʠ ʠʟʧʦʣʟʚʘʥʝʪʦ ʥʘ ʝʜʥʘ ʠ ʩʲʱʘ ʘʜʭʝʟʠʚʥʘ 

ʩʠʩʪʝʤʘ Exite (ʪʘʙʣ.25).   

 

ʆɹʉʒɾɼɸʅɽ 

 

ʆʙʨʘʟʮʠʪʝ ʦʪ ʟʲʙʠ ʚʢʣʶʯʝʥʠ ʚ ʛʨʫʧʘ 1 (ʚʨʝʤʝʥʥʠ ʟʲʙʠ), ʛʨʫʧʘ 2 (ʚʨʝʤʝʥʥʠ ʟʲʙʠ), 

ʛʨʫʧʘ  3 (ʧʦʩʪʦʷʥʥʠ ʟʲʙʠ), ʛʨʫʧʘ 4 (ʧʦʩʪʦʷʥʥʠ ʟʲʙʠ), ʛʨʫʧʘ 5 (ʚʨʝʤʝʥʥʠ ʟʲʙʠ) ʠ ʛʨʫʧʘ 6 

(ʚʨʝʤʝʥʥʠ ʟʲʙʠ) ʩʘ ʦʙʪʫʨʠʨʘʥʠ ʯʨʝʟ ʧʦʩʨʝʜʥʠʯʝʩʪʚʦʪʦ ʥʘ ʘʜʭʝʟʠʚʥʠ ʩʠʩʪʝʤʠ, 

ʧʨʠʥʘʜʣʝʞʘʱʠ ʢʲʤ Total etch ʠʣʠ Etch&Rinse ʩʪʨʘʪʝʛʠʷʪʘ ʟʘ ʘʜʭʝʟʠʚʥʦ ʩʚʲʨʟʚʘʥʝ ʥʘ 

ʟʲʙʥʠʪʝ ʩʪʨʫʢʪʫʨʠ ʩ ʝʩʪʝʪʠʯʥʠʪʝ ʦʙʪʫʨʘʮʠʦʥʥʠ ʤʘʪʝʨʠʘʣʠ. ʇʨʠ ʪʷʭ ʤʝʭʘʥʠʟʤʲʪ ʥʘ 
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ʘʜʭʝʟʠʷʪʘ ʩʝ ʧʦʩʪʠʛʘ ʯʨʝʟ ʦʙʨʘʟʫʚʘʥʝʪʦ ʥʘ ʭʠʙʨʠʜʝʥ ʩʣʦʡ ʠʣʠ ʪʘʢʘ ʥʘʨʝʯʝʥʘʪʘ ʟʦʥʘ ʥʘ 

ʚʲʪʨʝʰʥʘ ʜʠʬʫʟʠʷ ʥʘ ʘʜʭʝʟʠʚʘ ʚ ʜʝʤʠʥʝʨʘʣʠʟʠʨʘʥʠʷ ʜʝʥʪʠʥ (233, 251, 255, 268).  

ɿʘ ʟʜʨʘʚʠʥʘʪʘ ʥʘ ʚʨʲʟʢʘʪʘ ʩ ʜʝʥʪʠʥʘ ʦʪ ʩʲʱʝʩʪʚʝʥʦ ʟʥʘʯʝʥʠʝ ʝ ʢʘʯʝʩʪʚʦʪʦ ʥʘ 

ʦʙʨʘʟʫʚʘʥʠʷ ʭʠʙʨʠʜʝʥ ʩʣʦʡ, ʘ ʥʝ ʥʝʛʦʚʘʪʘ ʜʝʙʝʣʠʥʘ ï ʠʣʠ ʧʦ-ʜʝʙʝʣʠʷʪ ʭʠʙʨʠʜʝʥ ʩʣʦʡ 

ʥʝ ʩʝ ʦʪʲʞʜʝʩʪʚʷʚʘ ʩ ʧʦ-ʛʦʣʷʤʘ ʟʜʨʘʚʠʥʘ ʥʘ ʘʜʭʝʟʠʚʥʘʪʘ ʚʨʲʟʢʘ (71, 161, 164, 267, 268, 

305). 

ʈʝʟʫʣʪʘʪʠʪʝ ʦʪ ʥʘʰʝʪʦ ʠʟʩʣʝʜʚʘʥʝ ʧʦʢʘʟʚʘʪ, ʯʝ ʢʠʩʝʣʠʥʥʦʪʦ ʪʨʝʪʠʨʘʥʝ ʥʘ 

ʜʝʥʪʠʥʘ ʥʘ ʚʨʝʤʝʥʥʠʪʝ ʟʲʙʠ ʩ 37% ʬʦʩʬʦʨʥʘ ʢʠʩʝʣʠʥʘ ʟʘ 7 sec (ʛʨʫʧʘ 1 ʠ ʛʨʫʧʘ 2) ʠʤʘ 

ʟʘ ʨʝʟʫʣʪʘʪ ʦʙʨʘʟʫʚʘʥʝ ʥʘ ʭʠʙʨʠʜʝʥ ʩʣʦʡ ʧʦ ʧʨʦʪʝʞʝʥʠʝʪʦ ʥʘ ʚʩʠʯʢʠ ʥʘʙʣʶʜʘʚʘʥʠ 

ʦʙʨʘʟʮʠ (ʬʠʛ. 17, 18, 19, 20, 21 ʠ 22).  

ʂʠʩʝʣʠʥʥʦʪʦ ʝʮʚʘʥʝ ʥʘ ʚʨʝʤʝʥʥʠʪʝ ʟʲʙʠ ʟʘ 15 sec (ʛʨʫʧʘ 5 ʠ 6) ʠʤʘ ʟʘ ʨʝʟʫʣʪʘʪ 

ʦʙʨʘʟʫʚʘʥʝ ʥʘ ʭʠʙʨʠʜʝʥ ʩʣʦʡ ʩʲʩ ʟʥʘʯʠʪʝʣʥʦ ʧʦ-ʛʦʣʷʤʘ ʜʝʙʝʣʠʥʘ ʦʪ ʪʦʟʠ ʧʨʠ ʦʙʨʘʟʮʠʪʝ 

ʦʪ ʛʨʫʧʠ 1 ʠ 2 (ʚʨʝʤʝʥʥʠ ʟʲʙʠ ʠ 7 sec ʝʮʚʘʥʝ) (ʨ<0,05), ʢʘʢʪʦ ʠ ʚ ʩʨʘʚʥʝʥʠʝ ʩ ʪʦʟʠ ʧʨʠ 

ʛʨʫʧʠʪʝ ʩ ʦʙʨʘʟʮʠ ʦʪ ʧʦʩʪʦʷʥʥʠ ʟʲʙʠ ï 3 ʠ 4 (ʧʦʩʪʦʷʥʥʠ ʟʲʙʠ ʠ 15 sec eʮʚʘʥʝ) (ʪʘʙʣ.22 ʠ 

ʪʘʙʣ.23) (ʦʪ ʬʠʛ.17 ʜʦ ʬʠʛ.34). ʂʘʢʪʦ ʠ ʨʝʟʫʣʪʘʪʠʪʝ ʦʪ ʧʨʝʜʭʦʜʥʦʪʦ ʥʠ ʠʟʩʣʝʜʚʘʥʝ ʟʘ 

ʢʘʯʝʩʪʚʦʪʦ ʥʘ ʧʨʦʤʝʥʠʪʝ ʚ ʜʝʥʪʠʥʘ ʚʩʣʝʜʩʪʚʠʝ ʥʘ ʢʠʩʝʣʠʥʥʥʦ ʝʮʚʘʥʝ, ʪʘʢʘ ʠ ʪʝʟʠ 

ʠʟʩʣʝʜʚʘʥʠʷ, ʧʦʪʚʲʨʞʜʘʚʘʪ ʬʘʢʪʘ, ʯʝ ʠʟʧʦʣʟʚʘʥʘʪʘ ʢʠʩʝʣʠʥʘ ʝ ʩ ʧʦ-ʘʛʨʝʩʠʚʥʦ 

ʚʲʟʜʝʡʩʪʚʠʝ ʚʲʨʭʫ ʜʝʥʪʠʥʘ ʥʘ ʚʨʝʤʝʥʥʠʪʝ ʟʲʙʠ, ʦʪʢʦʣʢʦʪʦ ʚʲʨʭʫ ʪʦʟʠ ʥʘ ʧʦʩʪʦʷʥʥʠʪʝ, 

ʠʟʩʣʝʜʚʘʥʠ ʧʨʠ ʨʘʚʥʠ ʫʩʣʦʚʠʷ. ʊʦʚʘ ʜʦʚʝʞʜʘ ʜʦ ʧʦ-ʜʲʣʙʦʢʘ ʜʝʤʠʥʝʨʘʣʠʟʘʮʠʷ ʥʘ 

ʠʥʪʝʨʪʫʙʫʣʘʨʥʠʷ ʜʝʥʪʠʥ ʠ ʢʘʪʦ ʧʦʩʣʝʜʠʮʘ ʦʙʨʘʟʫʚʘʥʝʪʦ ʥʘ ʟʥʘʯʠʪʝʣʥʦ ʧʦ-ʜʝʙʝʣ 

ʭʠʙʨʠʜʝʥ ʩʣʦʡ ʧʨʠ ʚʨʝʤʝʥʥʠʪʝ ʟʲʙʠ (ʪʘʙʣ.23 ʠ 25). ɺʝʨʦʷʪʥʦʩʪʪʘ ʪʦʟʠ ʧʦ-ʜʲʣʙʦʢʦ 

ʜʝʤʠʥʝʨʘʣʠʟʠʨʘʥ ʜʝʥʪʠʥ ʜʘ ʥʝ ʙʲʜʝ ʥʘʧʲʣʥʦ ʠʤʧʨʝʛʥʠʨʘʥ ʦʪ ʘʜʭʝʟʠʚʥʠʪʝ ʩʠʩʪʝʤʠ 

ʩʲʟʜʘʚʘ ʦʧʘʩʥʦʩʪʪʘ ʦʪ ʧʦʣʫʯʘʚʘʥʝ ʥʘ ʥʝʠʥʬʠʣʪʨʠʨʘʥʘ ʦʪ ʘʜʭʝʟʠʚ ʟʦʥʘ ʤʝʞʜʫ 

ʭʠʙʨʠʜʥʠʷ ʩʣʦʡ ʠ ʠʥʪʘʢʪʥʘʪʘ ʜʝʥʪʠʥʦʚʘ ʩʪʨʫʢʪʫʨʘ. ɺ ʪʦʟʠ ʩʣʫʯʘʡ ʦʪʩʪʨʘʥʝʥʠʷʪ 

ʤʠʥʝʨʘʣʝʥ ʤʘʪʨʠʢʩ ʥʝ ʩʝ ʟʘʤʝʩʪʚʘ ʥʘʧʲʣʥʦ ʦʪ ʧʨʘʡʤʝʨʘ ʥʘ ʘʜʭʝʟʠʚʥʘʪʘ ʩʠʩʪʝʤʘ, ʢʦʡʪʦ 

ʫʣʝʩʥʷʚʘ ʥʘʚʣʠʟʘʥʝʪʦ ʥʘ ʘʜʭʝʟʠʚʘ, ʢʘʪʦ ʦʩʪʘʚʘ ʝʜʥʘ ʧʦ-ʥʝʫʩʪʦʡʯʠʚʘ ʟʦʥʘ ʚ ʦʩʥʦʚʘʪʘ ʥʘ 

ʭʠʙʨʠʜʥʠʷ ʩʣʦʡ, ʢʦʷʪʦ ʩʪʘʚʘ ʧʦʪʝʥʮʠʘʣʝʥ ʧʲʪ ʟʘ ʤʠʢʨʦ- ʠ ʥʘʥʦʧʨʦʧʫʩʢʣʠʚʦʩʪ, ʝʥʟʠʤʝʥ 

ʠ ʭʠʜʨʦʣʠʪʠʯʝʥ ʨʘʟʧʘʜ ʠ ʧʦ ʩʲʚʢʫʧʥʦʩʪ - ʤʷʩʪʦ ʟʘ ʧʨʦʚʘʣ ʥʘ ʩʚʲʨʟʚʘʥʝʪʦ (161, 267, 268, 

345, 353). ʇʨʠʯʠʥʘ ʟʘ ʪʦʚʘ ʩʘ ʥʘʚʷʨʥʦ ʠ ʥʘʙʣʶʜʘʚʘʥʠʪʝ ʦʪ ʥʘʩ ʤʠʢʨʦʧʫʢʥʘʪʠʥʠ ʚ 

ʦʙʨʘʟʮʠʪʝ ʦʪ ʛʨʫʧʠ 5 ʠ 6 (ʬʠʛ.31, 32, 33 ʠ 35 ʢʘʙʲʨʯʝ).  

ʅʘ ʦʩʥʦʚʘʪʘ ʥʘ ʧʦʣʫʯʝʥʠʪʝ ʦʪ ʥʘʩ ʨʝʟʫʣʪʘʪʠ, ʢʘʢʪʦ ʠ ʥʘ ʨʝʟʫʣʪʘʪʠ ʦʪ 

ʩʧʝʮʠʘʣʠʟʠʨʘʥʘʪʘ ʣʠʪʝʨʘʪʫʨʘ ʤʦʞʝ ʜʘ ʩʝ ʧʨʠʝʤʝ, ʯʝ: 
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1. ʇʨʠ ʚʨʝʤʝʥʥʠʪʝ ʟʲʙʠ ʜʝʙʝʣʠʥʘʪʘ ʥʘ ʭʠʙʨʠʜʥʠʷ ʩʣʦʡ ʥʘʨʘʩʪʚʘ ʩ ʫʚʝʣʠʯʘʚʘʥʝ 

ʚʨʝʤʝʪʦ ʟʘ ʝʮʚʘʥʝ. 

2. ʇʦ-ʛʦʣʷʤʘʪʘ ʜʝʙʝʣʠʥʘ ʥʘ ʭʠʙʨʠʜʥʠʷ ʩʣʦʡ ʥʝ ʝ ʛʘʨʘʥʮʠʷ ʟʘ ʥʘʜʝʞʜʥʘ ʠ 

ʜʲʣʛʦʪʨʘʡʥʘ ʘʜʭʝʟʠʚʥʘ ʚʨʲʟʢʘ. 

3. ɼʝʙʝʣʠʥʘʪʘ ʥʘ ʭʠʙʨʠʜʥʠʷ ʩʣʦʡ ʧʨʠ ʚʨʝʤʝʥʥʠʪʝ ʟʲʙʠ ʧʨʠ ʝʜʥʘʢʚʘ 

ʢʦʥʮʝʥʪʨʘʮʠʷ ʠ ʧʨʦʜʲʣʞʠʪʝʣʥʦʩʪ ʥʘ ʝʮʚʘʥʝ ʝ ʧʦ-ʛʦʣʷʤʘ ʦʪ ʪʘʟʠ ʥʘ ʭʠʙʨʠʜʥʠʷ 

ʩʣʦʡ ʧʨʠ ʧʦʩʪʦʷʥʥʠʪʝ ʟʲʙʠ. 

4. ɿʘ ʚʨʝʤʝʥʥʠʪʝ ʟʲʙʠ ʝ ʧʦʜʭʦʜʷʱʦ ʜʘ ʩʝ ʩʲʢʨʘʪʠ ʚʨʝʤʝʪʦ ʟʘ ʝʮʚʘʥʝ ʥʘ 7 sec ʟʘ 

ʧʦʣʫʯʘʚʘʥʝ ʥʘ ʧʦ-ʢʘʯʝʩʪʚʝʥ ʭʠʙʨʠʜʝʥ ʩʣʦʡ. 

 

 

3.2. ʀʟʧʦʣʟʚʘʥʝ ʥʘ self-priming ʠ all-in-one ʘʜʭʝʟʠʚʥʠ ʩʠʩʪʝʤʠ  

 

ʈɽɿʋʃʊɸʊʀ 

 

ʅʘ ʬʠʛʫʨʠ ʦʪ 35 ʜʦ 58 ʩʘ ʧʨʝʜʩʪʘʚʝʥʠ ʩʢʝʥʦʛʨʘʤʠ ʥʘ ʛʨʘʥʠʯʥʘʪʘ ʟʦʥʘ ʥʘ 

ʦʙʨʘʟʮʠʪʝ ʦʪ ʨʘʟʣʠʯʥʠʪʝ ʠʟʩʣʝʜʚʘʥʠ ʛʨʫʧʠ (ʦʪ 7 ʜʦ 14), ʥʘʙʣʶʜʘʚʘʥʠ ʯʨʝʟ ʉɽʄ ʠ 

ʧʦʣʫʯʝʥʠ ʚʩʣʝʜʩʪʚʠʝ ʥʘ ʧʨʠʣʦʞʝʥʠʪʝ ʩʘʤʦʝʮʚʘʱʠ ʘʜʭʝʟʠʚʥʠ ʩʠʩʪʝʤʠ.  

 ʇʨʠ ʚʩʠʯʢʠ ʩʘʤʦʝʮʚʘʱʠ ʘʜʭʝʟʠʚʥʠ ʩʠʩʪʝʤʠ ʚ ʨʘʟʣʠʯʥʠʪʝ ʛʨʫʧʠ ʩʝ ʥʘʙʣʶʜʘʚʘ 

ʦʙʨʘʟʫʚʘʥʝʪʦ ʥʘ ʘʜʭʝʟʠʚʝʥ ʠ ʭʠʙʨʠʜʝʥ ʩʣʦʡ ʩ ʚʘʨʠʨʘʱʘ ʜʝʙʝʣʠʥʘ, ʩ ʠʟʢʣʶʯʝʥʠʝ ʥʘ 

ʦʙʨʘʟʮʠʪʝ ʦʪ ʛʨʫʧʠʪʝ 11 ʠ 12 (ʬʠʛ. 47-49 ʠ ʬʠʛ. 50-52) ʩ ʘʜʭʝʟʠʚʥʘ ʩʠʩʪʝʤʘ iBond, 

ʢʲʜʝʪʦ ʘʜʭʝʟʠʚʥʠʷ ʠ ʭʠʙʨʠʜʥʠʷ ʩʣʦʡ ʩʘ ʥʝʟʥʘʯʠʪʝʣʥʠ. ʇʨʠ ʥʷʢʦʠ ʦʪ ʦʙʨʘʟʮʠʪʝ ʩʝ 

ʥʘʙʣʶʜʘʚʘʪ ʘʜʭʝʟʠʚʥʠ ʢʨʘʯʝʪʘ, ʤʘʢʘʨ ʠ ʥʝ ʪʦʣʢʦʚʘ ʤʥʦʛʦʙʨʦʡʥʠ (ʛʨʫʧʘ 7 ʠ 8 ï ʬʠʛ.35-

37 ʠ ʬʠʛ.38-40), ʢʘʢʪʦ ʧʨʠ ʘʜʭʝʟʠʚʥʠʪʝ ʩʠʩʪʝʤʠ ʩ ʪʦʪʘʣʥʦ ʝʮʚʘʥʝ, ʥʘʭʦʜʢʘ ʥʘ ʘʜʭʝʟʠʚʥʠ 

ʢʨʘʯʝʪʘ ʧʨʠ ʜʨʫʛʠ ʝ ʨʷʜʢʘ (ʛʨʫʧʘ 9 ʠ 10 ï ʬʠʛ.41 - 43 ʠ ʬʠʛ.44 - 46), ʢʘʪʦ ʧʨʠ ʥʷʢʦʠ ʦʪ 

ʛʨʫʧʠʪʝ (ʛʨ. 11, 12 ʠ 14, ʬʠʛ.47-52 ʠ ʬʠʛ.56-58), ʪʘʢʠʚʘ ʥʝ ʩʝ ʫʩʪʘʥʦʚʠʭʘ. 
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ʋʩʪʘʥʦʚʷʚʘ ʩʝ ʜʝʙʝʣ ʘʜʭʝʟʠʚʝʥ ʩʣʦʡ ʧʦ ʮʷʣʦʪʦ ʧʨʦʪʝʞʝʥʠʝ ʥʘ ʥʘʙʣʶʜʘʚʘʥʠʪʝ 

ʦʙʨʘʟʮʠ (ʦʪ ʚʨʝʤʝʥʥʠ ʟʲʙʠ). ɼʝʙʝʣʠʥʘʪʘ ʥʘ ʪʦʟʠ ʩʣʦʡ ʥʝ ʝ ʨʘʚʥʦʤʝʨʥʘ (ʬʠʛ.35, 36 ʠ 37). 

ʅʘʙʣʶʜʘʚʘ ʩʝ ʠ ʭʠʙʨʠʜʝʥ ʩʣʦʡ, ʩ ʢʲʩʠ ʘʜʭʝʟʠʚʥʠ ʢʨʘʯʝʪʘ, ʠʟʣʠʟʘʱʠ ʦʪ ʥʝʛʦ ʠ 

ʜʦʩʪʠʛʘʱʠ ʥʘ ʤʠʥʠʤʘʣʥʘ ʜʲʣʙʦʯʠʥʘ ʚ ʧʦʜʣʝʞʘʱʠʷ ʜʝʥʪʠʥ (ʬʠʛ.35 ʠ 36). ʊʝʟʠ 

ʘʜʭʝʟʠʚʥʠ ʢʨʘʯʝʪʘ ʚ ʧʦʚʝʯʝʪʦ ʟʦʥʠ ʩʘ ʤʥʦʛʦʙʨʦʡʥʠ. ʊʝ ʩʘ ʩʚʲʨʟʘʥʠ ʩ ʠʥʪʨʘʪʫʙʫʣʘʨʥʠʷ 
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ʜʝʥʪʠʥ ʙʣʠʟʦ ʜʦ ʭʠʙʨʠʜʥʠʷ ʩʣʦʡ. ʊʝʭʥʠʷʪ ʙʨʦʡ ʟʘʚʠʩʠ ʚʝʨʦʷʪʥʦ ʦʪ ʨʘʟʧʦʣʦʞʝʥʠʝʪʦ ʥʘ 

ʜʝʥʪʠʥʦʚʠʪʝ ʢʘʥʘʣʯʝʪʘ ʚ ʪʘʟʠ ʟʦʥʘ ʦʪ ʜʝʥʪʠʥʘ, ʢʘʢʪʦ ʠ ʧʦʩʦʢʘʪʘ ʥʘ ʩʨʝʟʘ ʥʘ ʦʙʨʘʟʝʮʘ. ɺ 

ʦʪʜʝʣʥʠ ʫʯʘʩʪʲʮʠ ʩʝ ʚʠʞʜʘ ʤʠʢʨʦʧʨʦʮʝʧ ʤʝʞʜʫ ʜʝʥʪʠʥʦʚʘʪʘ ʧʦʚʲʨʭʥʦʩʪ ʠ ʭʠʙʨʠʜʥʠʷ 

ʩʣʦʡ, ʢʦʝʪʦ ʤʦʞʝ ʜʘ ʩʝ ʜʲʣʞʠ ʥʘ ʤʝʭʘʥʠʯʥʠʷ ʩʪʨʝʩ, ʧʦʣʫʯʝʥ ʧʨʠ ʦʙʨʘʙʦʪʢʘʪʘ ʥʘ 

ʦʙʨʘʟʮʠʪʝ ʩ ʥʘʩʪʦʷʱʘʪʘ ʤʝʪʦʜʠʢʘ.  

 

                 

 ʌʠʛ.35                                ʌʠʛ.36 

 

                                     

        ʌʠʛ. 37  

 

ʌʠʛ.35, 36 ʠ 37.: ʉɽʄ ʥʘʙʣʶʜʝʥʠʝ ʥʘ ʛʨʘʥʠʯʥʘʪʘ ʟʦʥʘ ʚʨʝʤʝʥʝʥ ʟʲʙ ʘʜʭʝʟʠʚʥʘ ʩʠʩʪʝʤʘ 

AdheSE (2-ʙʫʪʠʣʢʠ, ʩʘʤʦʝʮʚʘʱʘ). ɸʜʭʝʟʠʚʝʥ ʩʣʦʡ (Ad) ʩ 

ʨʘʟʣʠʯʥʘ ʜʝʙʝʣʠʥʘ, ʭʠʙʨʠʜʝʥ ʩʣʦʡ (ʤʝʞʜʫ ʜʚʝʪʝ ʩʪʨʝʣʢʠ), 

ʥʘʣʠʯʠʝ ʥʘ ʩʨʘʚʥʠʪʝʣʥʦ ʢʲʩʠ ʘʜʭʝʟʠʚʥʠ ʢʨʘʯʝʪʘ (R), ʥʘʣʠʯʠʝ ʥʘ 

ʤʠʢʨʦʧʨʦʮʝʧ ʤʝʞʜʫ ʜʝʥʪʠʥʘ ʠ ʭʠʙʨʠʜʥʠʷ ʩʣʦʡ (ʢʘʙʲʨʯʝ) 

(ʬʠʛ.36 ʠ 37), C= ʢʦʤʧʦʟʠʪ, D= ʜʝʥʪʠʥ. 
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ʇʨʠ ʦʙʨʘʟʮʠʪʝ ʦʪ ʪʘʟʠ ʛʨʫʧʘ (ʧʦʩʪʦʷʥʥʠ ʟʲʙʠ) ʩʝ ʥʘʙʣʶʜʘʚʘ ʦʙʨʘʟʫʚʘʥ 

ʘʜʭʝʟʠʚʝʥ ʩʣʦʡ ʩ ʨʘʟʣʠʯʥʘ ʜʝʙʝʣʠʥʘ ʧʦ ʮʷʣʦʪʦ ʧʨʦʪʝʞʝʥʠʝ ʥʘ ʦʙʨʘʟʮʠʪʝ (ʬʠʛ. 38, 39 ʠ 

40). ɺ ʦʪʜʝʣʥʠ ʟʦʥʠ ʭʠʙʨʠʜʥʠʷʪ ʩʣʦʡ ʝ ʷʩʥʦ ʚʠʜʠʤ, ʜʦʢʘʪʦ ʚ ʜʨʫʛʠ ʫʯʘʩʪʲʮʠ ʪʦʡ ʝ 

ʪʨʫʜʥʦ ʟʘʙʝʣʝʞʠʤ (ʬʠʛ.39). ʇʨʠ ʧʦʚʝʯʝʪʦ ʦʪ ʩʢʝʥʦʛʨʘʤʠʪʝ ʩʝ ʥʘʙʣʶʜʘʚʘʪ ʘʜʭʝʟʠʚʥʠ 

ʢʨʘʯʝʪʘ ʩ ʬʫʥʠʝʚʠʜʥʘ ʬʦʨʤʘ, ʩʚʲʨʟʘʥʠ ʩ ʭʠʙʨʠʜʥʠʷ ʩʣʦʡ. ʌʫʥʠʝʚʠʜʥʘʪʘ ʬʦʨʤʘ ʩʝ 

ʜʲʣʞʠ ʥʘ ʜʝʤʠʥʝʨʘʣʠʟʘʮʠʷʪʘ ʥʘ ʧʝʨʠʪʫʙʫʣʘʨʥʠʷ ʜʝʥʪʠʥ ʠ ʥʝʧʦʩʨʝʜʩʪʚʝʥʦʪʦ ʩʚʲʨʟʚʘʥʝ 

ʥʘ ʘʜʭʝʟʠʚʥʠʪʝ ʢʨʘʯʝʪʘ ʩ ʠʥʪʨʘʪʫʙʫʣʘʨʥʠʷ ʜʝʥʪʠʥ. ʇʨʠ ʯʘʩʪ ʦʪ ʥʘʙʣʶʜʘʚʘʥʠʪʝ ʦʙʨʘʟʮʠ 

ʪʝʟʠ ʘʜʭʝʟʠʚʥʠ ʢʨʘʯʝʪʘ ʥʘʚʣʠʟʘʪ ʥʘ ʨʘʟʣʠʯʥʘ ʜʲʣʙʦʯʠʥʘ ʚ ʜʝʥʪʠʥʘ. ʊʦʚʘ ʛʦʚʦʨʠ ʟʘ 

ʥʝʨʘʚʥʦʤʝʨʥʘ ʧʝʥʝʪʨʝʮʠʷ ʥʘ ʘʜʭʝʟʠʚʥʘʪʘ ʩʠʩʪʝʤʘ ʚ ʜʝʥʪʠʥʦʚʠʪʝ ʪʫʙʫʣʠ. ɺ ʦʪʜʝʣʥʠ 

ʟʦʥʠ ʩʝ ʥʘʙʣʶʜʘʚʘʪ ʤʠʢʨʦʧʨʦʮʝʧʠ ʤʝʞʜʫ ʜʝʥʪʠʥʘ ʠ ʭʠʙʨʠʜʥʠʷ ʩʣʦʡ (ʬʠʛ.38). 

 

          

         ʌʠʛ.38                                                               ʌʠʛ.39 

  

                                          

                                 ʌʠʛ.40 
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ʌʠʛ.38, 39 ʠ 40: ʉɽʄ ʥʘʙʣʶʜʝʥʠʝ ʥʘ ʛʨʘʥʠʯʥʘʪʘ ʟʦʥʘ ʧʦʩʪʦʷʥʝʥ ʟʲʙ ʘʜʭʝʟʠʚʥʘ 

ʩʠʩʪʝʤʘ AdheSE (2-ʙʫʪʠʣʢʠ, ʩʘʤʦʝʮʚʘʱʘ). ɸʜʭʝʟʠʚʝʥ ʩʣʦʡ (Ad) ʩ 

ʨʘʟʣʠʯʥʘ ʜʝʙʝʣʠʥʘ, ʭʠʙʨʠʜʝʥ ʩʣʦʡ (ʤʝʞʜʫ ʜʚʝʪʝ ʩʪʨʝʣʢʠ), 

C=ʢʦʤʧʦʟʠʪ, D=ʜʝʥʪʠʥ, ʘʜʭʝʟʠʚʥʠ ʢʨʘʯʝʪʘ (R) ʠ ʤʠʢʨʦʧʨʦʮʝʧ 

(ʢʘʙʲʨʯʝ) ʤʝʞʜʫ ʜʝʥʪʠʥʘ ʠ ʭʠʙʨʠʜʥʠʷ ʩʣʦʡ (ʬʠʛ.38). 

 

ɻʨʫʧʘ 9 

 

ʇʨʠ ʦʙʨʘʟʮʠʪʝ ʦʪ ʪʘʟʠ ʛʨʫʧʘ (ʚʨʝʤʝʥʥʠ ʟʲʙʠ) ʦʪʥʦʚʦ ʩʝ ʥʘʙʣʶʜʘʚʘ ʥʝʨʘʚʥʦʤʝʨʝʥ 

ʧʦ ʜʝʙʝʣʠʥʘ ʘʜʭʝʟʠʚʝʥ ʩʣʦʡ ʧʦ ʧʨʦʪʝʞʝʥʠʝʪʦ ʥʘ ʥʘʙʣʶʜʘʚʘʥʠʪʝ ʦʙʨʘʟʮʠ (ʬʠʛ.41, 42 ʠ 

43). ʍʠʙʨʠʜʥʠʷʪ ʩʣʦʡ ʚ ʦʪʜʝʣʥʠ ʟʦʥʠ ʝ ʩʲʱʦ ʩ ʨʘʟʣʠʯʥʘ ʜʝʙʝʣʠʥʘ (ʬʠʛ.41 ʠ 43). ʇʨʠ 

ʝʜʥʘ ʯʘʩʪ ʦʪ ʦʙʨʘʟʮʠʪʝ ʩʝ ʥʘʙʣʶʜʘʚʘʪ ʝʜʠʥʠʯʥʠ ʘʜʭʝʟʠʚʥʠ ʢʨʘʯʝʪʘ. ʊʦʚʘ ʙʠ ʤʦʛʣʦ ʜʘ ʩʝ 

ʜʲʣʞʠ ʥʘ ʬʘʢʪʘ, ʯʝ ʧʨʠ ʨʷʟʘʥʝʪʦ ʥʘ ʦʙʨʘʟʮʠʪʝ ʧʦʩʦʢʘʪʘ ʥʘ ʩʨʝʟʘ ʥʝ ʝ ʧʨʝʤʠʥʘʣʘ ʧʦ 

ʜʲʣʞʠʥʘʪʘ ʥʘ ʜʝʥʪʠʥʦʚʠʪʝ ʢʘʥʘʣʯʝʪʘ. ʊʫʢ ʥʝ ʩʝ ʥʘʙʣʶʜʘʚʘʪ ʤʠʢʨʦʧʨʦʮʝʧʠ ʤʝʞʜʫ 

ʘʜʭʝʟʠʚʥʠʷ/ʭʠʙʨʠʜʥʠʷ ʩʣʦʡ ʠ ʜʝʥʪʠʥʘ (ʬʠʛ.41-43). 

 

       

 ʌʠʛ.41                                                              ʌʠʛ.42 
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            ʌʠʛ.43 

 

ʌʠʛ.41, 42 ʠ 43.: ʉɽʄ ʥʘʙʣʶʜʝʥʠʝ ʥʘ ʛʨʘʥʠʯʥʘʪʘ ʟʦʥʘ ʚʨʝʤʝʥʝʥ ʟʲʙ ʘʜʭʝʟʠʚʥʘ 

ʩʠʩʪʝʤʘ AdheSE One (1-ʙʫʪʠʣʢʘ, ʩʘʤʦʮʝʚʘʱʘ). ʅʝʨʘʚʥʦʤʝʨʝʥ  

ʘʜʭʝʟʠʚʝʥ ʩʣʦʡ (Ad), ʭʠʙʨʠʜʝʥ ʩʣʦʡ (ʤʝʞʜʫ ʜʚʝʪʝ ʩʪʨʝʣʢʠ), 

ʘʜʭʝʟʠʚʥʠ ʢʨʘʯʝʪʘ (R) (ʬʠʛ.41), C = ʢʦʤʧʦʟʠʪ, D=ʜʝʥʪʠʥ.  
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ʆʙʨʘʟʮʠʪʝ ʦʪ ʪʘʟʠ ʛʨʫʧʘ (ʧʦʩʪʦʷʥʥʠ ʟʲʙʠ) ʧʦʢʘʟʚʘʪ ʘʜʭʝʟʠʚʝʥ ʩʣʦʡ ʩ ʦʪʥʦʩʠʪʝʣʥʦ 

ʨʘʚʥʦʤʝʨʥʘ ʜʝʙʝʣʠʥʘ ʧʦ ʮʷʣʘʪʘ ʜʲʣʞʠʥʘ (ʬʠʛ.44, 45 ʠ 46), ʢʘʢʪʦ ʠ ʜʦʙʨʝ ʚʠʜʠʤ 

ʭʠʙʨʠʜʝʥ ʩʣʦʡ. ʊʫʢ ʨʷʜʢʦ ʩʝ ʥʘʙʣʶʜʘʚʘʪ ʘʜʭʝʟʠʚʥʠ ʢʨʘʯʝʪʘ, ʢʦʠʪʦ ʩʘ ʝʜʠʥʠʯʥʠ ʠ ʢʲʩʠ 

(ʬʠʛ.45) ʩ ʬʫʥʠʝʚʠʜʥʘ ʬʦʨʤʘ ʠ ʩʚʲʨʟʘʥʠ ʩ ʭʠʙʨʠʜʥʠʷ ʩʣʦʡ.  

 

   

ʌʠʛ.44                                                               ʌʠʛ.45 
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       ʌʠʛ.46 

 

ʌʠʛ.44, 45 ʠ 46: ʉɽʄ ʥʘʙʣʶʜʝʥʠʝ ʥʘ ʛʨʘʥʠʯʥʘʪʘ ʟʦʥʘ ʧʨʠ ʧʦʩʪʦʷʥʝʥ ʟʲʙ ʠ ʘʜʭʝʟʠʚʥʘ 

ʩʠʩʪʝʤʘ AdheSE One (1-ʙʫʪʠʣʢʘ, ʩʘʤʦʝʮʚʘʱʘ). ʈʘʚʥʦʤʝʨʝʥ 

ʘʜʭʝʟʠʚʝʥ ʩʣʦʡ (Ad), ʭʠʙʨʠʜʝʥ ʩʣʦʡ (ʤʝʞʜʫ ʜʚʝʪʝ ʩʪʨʝʣʢʠ), 

ʝʜʠʥʠʯʥʠ ʘʜʭʝʟʠʚʥʠ ʟʘʧʫʰʘʣʢʠ (R), ʉ=ʢʦʤʧʦʟʠʪ, D=ʜʝʥʪʠʥ.  

 

ɻʨʫʧʘ 11 

 

ʇʨʠ ʦʙʨʘʟʮʠʪʝ ʦʪ ʪʘʟʠ ʛʨʫʧʘ (ʚʨʝʤʝʥʥʠ ʟʲʙʠ) ʥʝ ʩʝ ʥʘʙʣʶʜʘʚʘ ʥʝʧʨʝʢʲʩʥʘʪ 

ʘʜʭʝʟʠʚʝʥ ʩʣʦʡ (ʬʠʛ.47 ʠ 48). ʊʘʢʲʚ ʘʜʭʝʟʠʚʝʥ ʩʣʦʡ ʩʝ ʥʘʙʣʶʜʘʚʘ ʩʘʤʦ ʚ ʠʟʦʣʠʨʘʥʠ 

ʟʦʥʠ ʦʪ ʥʘʙʣʶʜʘʚʘʥʠʪʝ ʦʙʨʘʟʮʠ (ʬʠʛ.49). ɺʲʚ ʚʲʪʨʝʰʥʦʩʪʪʘ ʥʘ ʘʜʭʝʟʠʚʥʠʷ ʩʣʦʡ ʩʝ 

ʥʘʙʣʶʜʘʚʘʪ ʝʜʠʥʠʯʥʠ ʰʫʧʣʠ (ʬʠʛ.49 ʧʝʨʦ). ʊʨʫʜʥʦ ʫʩʪʘʥʦʚʠʤ ʝ ʠ ʭʠʙʨʠʜʥʠʷ ʩʣʦʡ, ʘ ʚ 

ʥʷʢʦʠ ʟʦʥʠ ʜʦʨʠ ʣʠʧʩʚʘ (ʬʠʛ.50). ʇʨʠ ʥʘʙʣʶʜʘʚʘʥʠʪʝ ʦʪ ʥʘʩ ʟʦʥʠ ʥʝ ʩʝ ʦʪʢʨʠʚʘʪ 

ʘʜʭʝʟʠʚʥʠ ʟʘʧʫʰʘʣʢʠ.  

 

   

  ʌʠʛ.47                                                              ʌʠʛ.48 
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              ʌʠʛ.49 

 

ʌʠʛ.47, 48 ʠ 49: ʉɽʄ ʥʘʙʣʶʜʝʥʠʝ ʥʘ ʛʨʘʥʠʯʥʘʪʘ ʟʦʥʘ ʧʨʠ ʚʨʝʤʝʥʝʥ ʟʲʙ ʠ ʘʜʭʝʟʠʚʥʘ 

ʩʠʩʪʝʤʘ iBond (ʝʜʥʦʙʫʪʠʣʢʦʚʘ ʩʘʤʦʝʮʚʘʱʘ). ʃʠʧʩʚʘ ʘʜʭʝʟʠʚʝʥ 

ʩʣʦʡ (ʬʠʛ.47 ʠ 48). ʅʘ ʬʠʛ.49 ʥʝ ʩʝ ʥʘʙʣʶʜʘʚʘ ʭʠʙʨʠʜʝʥ ʩʣʦʡ. 

ʍʠʙʨʠʜʝʥ ʩʣʦʡ (ʤʝʞʜʫ ʜʚʝʪʝ ʩʪʨʝʣʢʠ ʥʘ ʬʠʛ.47 ʠ 48), 

ʤʠʢʨʦʧʨʦʮʝʧ ʤʝʞʜʫ ʜʝʥʪʠʥʘ ʠ ʭʠʙʨʠʜʥʠʷ ʩʣʦʡ (ʢʘʙʲʨʯʝ) 

(ʬʠʛ.47), ʰʫʧʣʠ ʚʲʚ ʚʲʪʨʝʰʥʦʩʪʪʘ ʥʘ ʘʜʭʝʟʠʚʥʠʷ ʩʣʦʡ (ʬʠʛ.49 - 

ʧʝʨʦ), ʜʠʨʝʢʪʥʦ ʩʚʲʨʟʚʘʥʝ ʥʘ ʢʦʤʧʦʟʠʪʘ (ʉ) ʩ ʭʠʙʨʠʜʥʠʷ ʩʣʦʡ 

(ʬʠʛ.47 ʠ 48),  D=ʜʝʥʪʠʥ. 

 

ɻʨʫʧʘ 12 

 

ʇʨʠ ʦʙʨʘʟʮʠʪʝ ʦʪ ʪʘʟʠ ʛʨʫʧʘ (ʧʦʩʪʦʷʥʥʠ ʟʲʙʠ) ʥʝ ʩʝ ʥʘʙʣʶʜʘʚʘ ʥʝʧʨʝʢʲʩʥʘʪ 

ʘʜʭʝʟʠʚʝʥ ʠ ʭʠʙʨʠʜʝʥ ʩʣʦʡ. ʊʝ ʩʘ ʪʨʫʜʥʦ ʫʩʪʘʥʦʚʠʤʠ, ʦʩʦʙʝʥʦ ʭʠʙʨʠʜʥʠʷ ʩʣʦʡ (ʬʠʛ.50, 

51 ʠ 52). ʇʨʠ ʧʦʚʝʯʝʪʦ ʦʪ ʦʙʨʘʟʮʠʪʝ ʥʝ ʩʝ ʥʘʙʣʶʜʘʚʘʪ ʘʜʭʝʟʠʚʥʠ ʢʨʘʯʝʪʘ, ʘ ʝʜʠʥʠʯʥʠ 

ʟʘʯʘʪʲʮʠ ʥʘ ʪʘʢʠʚʘ (ʬʠʛ.52 ʧʦʢʘʟʘʣʝʮ). 
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ʌʠʛ.50                                                               ʌʠʛ.51 

 

                                       

      ʌʠʛ.52 

 

ʌʠʛ.50, 51 ʠ 52: ʉɽʄ ʥʘʙʣʶʜʝʥʠʝ ʥʘ ʛʨʘʥʠʯʥʘʪʘ ʟʦʥʘ ʧʦʩʪʦʷʥʝʥ ʟʲʙ ʘʜʭʝʟʠʚʥʘ 

ʩʠʩʪʝʤʘ iBond (ʝʜʥʦʙʫʪʠʣʢʦʚʘ ʩʘʤʦʝʮʚʘʱʘ). ʃʠʧʩʚʘ ʷʩʥʦ 

ʦʙʦʩʦʙʝʥ ʭʠʙʨʠʜʝʥ ʩʣʦʡ (ʬʠʛ.50, 51 ʠ 52), ʥʘʙʣʶʜʘʚʘ ʩʝ 

ʤʠʢʨʦʧʦʨʮʝʧ (ʢʘʙʲʨʯʝ) ʥʘ ʛʨʘʥʠʯʥʘʪʘ ʟʦʥʘ ʜʝʥʪʠʥ ʘʜʭʝʟʠʚ, 

ʟʘʯʘʪʲʮʠ ʥʘ ʘʜʭʝʟʠʚʥʠ ʢʨʘʯʝʪʘ (ʬʠʛ.52 ʧʦʢʘʟʘʣʝʮ), ʉ=ʢʦʤʧʦʟʠʪ, 

D=ʜʝʥʪʠʥ, ʥʘʣʠʯʝʥ ʘʜʭʝʟʠʚʝʥ ʩʣʦʡ (Ad) (ʬʠʛ.50). 

 

ɻʨʫʧʘ 13 

 

ʇʨʠ ʯʘʩʪ ʦʪ ʦʙʨʘʟʮʠʪʝ (ʚʨʝʤʝʥʥʠ ʟʲʙʠ) ʷʩʥʦ ʩʝ ʥʘʙʣʶʜʘʚʘ ʘʜʭʝʟʠʚʝʥ ʠ ʭʠʙʨʠʜʝʥ 

ʩʣʦʡ ʚ ʛʨʘʥʠʮʠʪʝ ʥʘ ʜʝʥʪʠʥʘ (ʬʠʛ.54 ʠ 55). ɺ ʜʨʫʛʠ ʫʯʘʩʪʲʮʠ ʠʤʘ ʠʟʨʘʟʝʥ ʭʠʙʨʠʜʝʥ 

ʩʣʦʡ ʙʝʟ ʷʩʥʦ ʫʩʪʘʥʦʚʠʤ ʘʜʭʝʟʠʚʝʥ ʩʣʦʡ ʠ ʙʝʟ ʥʘʣʠʯʠʝ ʥʘ ʘʜʭʝʟʠʚʥʠ ʢʨʘʯʝʪʘ (ʬʠʛ.53), 

ʢʘʢʪʦ ʠ ʟʦʥʠ ʩ ʷʩʥʦ ʠʟʨʘʟʝʥ ʘʜʭʝʟʠʚʝʥ ʩʣʦʡ, ʭʠʙʨʠʜʝʥ ʩʣʦʡ ʠ ʘʜʭʝʟʠʚʥʠ ʢʨʘʯʝʪʘ ʩ 
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ʨʘʟʣʠʯʥʘ ʜʲʣʞʠʥʘ ʦʪ 20 ʜʦ 81.4 Õm ʚ ʜʝʥʪʠʥʘ ʠ ʬʫʥʠʝʚʠʜʥʘ ʬʦʨʤʘ ʥʘ ʦʩʥʦʚʘʪʘ, 

ʩʚʲʨʟʘʥʠ ʩ ʭʠʙʨʠʜʥʠʷ ʩʣʦʡ (ʬʠʛ.54 ʠ 55). ʉʢʝʥʦʛʨʘʤʠʪʝ ʧʦʢʘʟʚʘʪ ʤʦʨʦʬʦʣʦʛʠʯʥʠ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ, ʩʭʦʜʥʠ ʥʘ ʘʜʭʝʟʠʚʥʠʪʝ ʩʠʩʪʝʤʠ ʩ ʪʦʪʘʣʥʦ ʝʮʚʘʥʝ.  

                                               

   

ʌʠʛ.53                                                                 ʌʠʛ.54 

 

                                      

      ʌʠʛ.55 

 

ʌʠʛ.53, 54 ʠ 55: ʉɽʄ ʥʘʙʣʶʜʝʥʠʝ ʥʘ ʛʨʘʥʠʯʥʘʪʘ ʟʦʥʘ ʧʨʠ ʚʨʝʤʝʥʝʥ ʟʲʙ ʠ ʘʜʭʝʟʠʚʥʘ 

ʩʠʩʪʝʤʘ Adper Prompt (ʝʜʥʦʙʫʪʠʣʢʦʚʘ ʩʘʤʦʝʮʚʘʱʘ). ʀʟʨʘʟʝʥ 

ʘʜʭʝʟʠʚʝʥ ʩʣʦʡ (Ad) ʠ ʭʠʙʨʠʜʝʥ ʩʣʦʡ (ʤʝʞʜʫ ʜʚʝʪʝ ʩʪʨʝʣʢʠ), 

ʥʘʣʠʯʠʝ ʥʘ ʘʜʭʝʟʚʥʠ ʢʨʘʯʝʪʘ (R) (ʬʠʛ.54 ʠ 55), D=ʜʝʥʪʠʥ, 

C=ʢʦʤʧʦʟʠʪ. 

 

 

 

 
























































































































































































