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ʅʆʈʄɸʊʀɺʊɯʂ ʉɯʃʊɽʄɽʃɽʈ 

 

ʆʩ rʜʠʩʩʝʨʪʘʮʠʷʜʘ ʢʝʣʝʩʽ ʩʪʘʥʜʘʨʪʪʘʨסʘ ʩʽʣʪʝʤʝʣʝʨ ץʦʣʜʘʥʳʣסʘʥ: 

ʄɽʄʉʊ 2349-75 ï ɸʚʪʦʤʦʙʠʣʴ ʞᴅʥʝ ʪʨʘʢʪʦʨ ʧʦʡʳʟʜʘʨʳʥʳש çʽʣʤʝʢ-

ʽʣʤʝʢʰʝè ʪʘʨʪʫ-ʪʽʨʢʝʫ ʞװʡʝʩʽʥʽײץ שʨʳʣסʳʣʘʨʳ. ʅʝʛʽʟʛʽ ʧʘʨʘʤʝʪʨʣʝʨʽ ʤʝʥ 

ᴇʣʰʝʤʜʝʨʽ. ʊʝʭʥʠʢʘʣʳץ ʪʘʣʘʧʪʘʨ. 

ʄɽʄʉʊ ʈ 57837-2017 ï ʉᴇʨʝʣʝʨʽʥʽץ שʳʨʣʘʨʳ ʧʘʨʘʣʣʝʣʴ ʳʩʪʳץʪʘʡ 

ʠʣʝʢʪʝʣʛʝʥ ʙʦʣʘʪ ץʦʩ ʪʘʚʨʣʘʨ. ʊʝʭʥʠʢʘʣʳץ ʰʘʨʪʪʘʨ. 
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ʘʩʧʘʧʪʘʨʳ. ʉʘʥʳ, ʦʨʥʘʣʘʩʫʳ, ʪװʩʽ, ʢᴇʨʽʥʫ ʙײʨʳʰʪʘʨʳ. 

ʄɽʄʉʊ 10000-2017 - ʊʨʘʢʪʦʨ ʪʽʨʢʝʤʝʣʝʨʽ ʤʝʥ ʞʘʨʪʳʣʘʡ ʪʽʨʢʝʤʝʣʝʨʽ. ɾʘʣʧʳ 

ʪʝʭʥʠʢʘʣʳץ ʪʘʣʘʧʪʘʨ 

ʄɽʄʉʊ 5264-80. פʦʣʤʝʥ ʜʦסʘʣʳץ ʜᴅʥʝʢʝʨʣʝʫ. ɼᴅʥʝʢʝʨʣʝʥʛʝʥ ץʦʩʳʣʳʩʪʘʨ. 

ʅʝʛʽʟʛʽ ʪʠʧʪʝʨʽ, ʢʦʥʩʪʨʫʢʪʠʚʪʽʢ ʵʣʝʤʝʥʪʪʝʨʽ ʞᴅʥʝ ᴇʣʰʝʤʜʝʨʽ. 

ʄɽʄʉʊ 3242-79 ï ɼᴅʥʝʢʝʨʣʝʥʛʝʥ ץʦʩʳʣʳʩʪʘʨ. ʉʘʧʘʥʳ ʙʘץʳʣʘʫ ᴅʜʽʩʪʝʨʽ. 

ʄɽʄʉʊ 2405-88 (ʉʊ ʉʕɺ 6128-87). ʄʘʥʦʤʝʪʨʣʝʨ, ʚʘʢʫʫʤʤʝʪʨʣʝʨ, 

ʤʘʥʦʚʘʢʫʫʤʤʝʪʨʣʝʨ, ʥʘʧʦʨʦʤʝʨʣʝʨ, ʪʷʛʦʤʝʨʣʝʨ ʞᴅʥʝ ʪʷʛʦʥʘʧʦʨʦʤʝʨʣʝʨ. ɾʘʣʧʳ 

ʪʝʭʥʠʢʘʣʳץ ʰʘʨʪʪʘʨ. 

ʄɽʄʉʊ 577-68. ʉʘסʘʪ ʪʠʧʪʽ ʠʥʜʠʢʘʪʦʨʣʘʨ, ʙᴇʣʫ ʙʘסʘʩʳ 0,01 ʤʤ. ʊʝʭʥʠʢʘʣʳץ 

ʰʘʨʪʪʘʨ. 

ʄɽʄʉʊ 9200-76. ɸʚʪʦʤʦʙʠʣʴʜʝʨ ʤʝʥ ʪʨʘʢʪʦʨʣʘʨסʘ ʘʨʥʘʣסʘʥ ʞʝʪʽ ʢʦʥʪʘʢʪʽʣʽ 

ʘʞʳʨʘʪץʳʰ ץʦʩʳʣʳʩʪʘʨ. 

 ʳʥ ʝʩʝʧʢʝסʳʥʜʳʣʳץʘʨץ ʘʣʳʩסʦʟפ .ʈ ʉʊ 1378-2005. ɸʚʪʦʤʦʙʠʣʴ ʞʦʣʜʘʨʳפ

ʘʣʫ. 

-ʘʣʳʩʳסʦʟץ ʳʥʳסʳ ʢᴇʣʽʢ ʘסʈ ɺɽɾ 7.1-002-2025. ɸʚʪʦʤʦʙʠʣʴ ʞʦʣʜʘʨʳʥʜʘפ

ʥʳץ שʘʨץʳʥʜʳʣʳסʳʥ ʝʩʝʧʢʝ ʘʣʫ ʞᴅʥʝ ʙʦʣʞʘʫ. 

 ʦʣʜʘʥʫפ .ʨʘʣʜʘʨʳײץ ץʪʝʭʥʠʢʘʣʳ שʘʣʳʩʳʥ ʨʝʪʪʝʫʜʽסʦʟץ ʈ ʉʊ 1412-2017 ɾʦʣפ

 .ʩʪʘʥʜʘʨʪʳ. ï 2017 ץʣʪʪʳײ שʩʪʘʥ ʈʝʩʧʫʙʣʠʢʘʩʳʥʳץʘʟʘפ ʠʜʘʣʘʨʳ. ïסʘץ

 ʳסʞʳʣ 2015 שʩʪʘʥ ʈʝʩʧʫʙʣʠʢʘʩʳ ʀʥʚʝʩʪʠʮʠʷʣʘʨ ʞᴅʥʝ ʜʘʤʫ ʤʠʥʠʩʪʨʽʥʽץʘʟʘפ

26 ʥʘʫʨʳʟʜʘסʳ ˉ342 çפʘʟʘץʩʪʘʥ ʈʝʩʧʫʙʣʠʢʘʩʳʥʳש ʘʚʪʦʤʦʙʠʣʴ ʞʦʣʜʘʨʳʤʝʥ 

ʞװʨʫʛʝ ʘʨʥʘʣסʘʥ ʘʚʪʦʢᴇʣʽʢ ײץʨʘʣʜʘʨʳʥʳש ʞʦʣ ʙʝʨʽʣʝʪʽʥ ʧʘʨʘʤʝʪʨʣʝʨʽʥ ʙʝʢʽʪʫ 

ʪʫʨʘʣʳè ʙײʡʨʳסʳ. 

 ʜʘʤʫ ץʨʳʣʳʤʜʳײץʩʪʘʥ ʈʝʩʧʫʙʣʠʢʘʩʳ ʀʥʜʫʩʪʨʠʷ ʞᴅʥʝ ʠʥʬʨʘץʘʟʘפ

ʤʠʥʠʩʪʨʽʥʽ2020 ש ʞʳʣסʳ 27 ʩᴅʫʽʨʜʝʛʽ ˉ224 ʙײʡʨʳסʳ. ɸʫʳʨ ʩʘʣʤʘץʪʳ ʞᴅʥʝ ʽʨʽ 

ʛʘʙʘʨʠʪʪʽ ʢᴇʣʽʢ ײץʨʘʣʜʘʨʳʥʳפ שʘʟʘץʩʪʘʥ ʈʝʩʧʫʙʣʠʢʘʩʳʥʳש ʘʫʤʘסʳʥʜʘ ʞװʨʽʧ ᴇʪʫ 

  .ʠʜʘʣʘʨʳʥ ʙʝʢʽʪʫ ʪʫʨʘʣʳסʘץ

 ʩʪʘʥץʘʟʘפ ʰʘʨʪʪʘʨ. ï ץʈ ʉʊ 1125-2021 ɾʦʣ ʙʝʣʛʽʣʝʨʽ. ɾʘʣʧʳ ʪʝʭʥʠʢʘʣʳפ

ʈʝʩʧʫʙʣʠʢʘʩʳʥʳײ שʣʪʪʳץ ʩʪʘʥʜʘʨʪʳ. ï 2021. 

 ʩʪʘʥץʘʟʘפ ,ʠʜʘʣʘʨʳסʘץ ʨʽʩʽװɾʦʣ ʞ שʩʪʘʥ ʈʝʩʧʫʙʣʠʢʘʩʳʥʳץʘʟʘפ .ɽפʈ ɾפ

ʈʝʩʧʫʙʣʠʢʘʩʳ תʢʽʤʝʪʽʥʽ2014 ש ʞʳʣסʳ 13 ץʘʨʘʰʘʜʘסʳ ˉ1196 ץʘʫʣʳʩʳʤʝʥ 

ʙʝʢʽʪʽʣʛʝʥ. 
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ɹɽʃɻɯʃɽʈ ʄɽʅ פʓʉפɸʈʊʋʃɸʈ 

 

ɾʂʆ ï ʞʦʣ-ʢᴇʣʽʢ ʦץʠסʘʩʳ 

ɿʂɾ ï ʟʠʷʪʢʝʨʣʽʢ ʢᴇʣʽʢ ʞװʡʝʣʝʨʽ 

ʂɾɾ ï ʢᴇʰʝ-ʞʦʣ ʞʝʣʽʩʽ 

SWOT ï ʢװʰʪʽ ʞʘץʪʘʨ, ᴅʣʩʽʟ ʞʘץʪʘʨ, ʤװʤʢʽʥʜʽʢʪʝʨ, ץʘʫʽʧ-ץʘʪʝʨʣʝʨʜʽ ʪʘʣʜʘʫ 

ɸʉɽɸʅ - ʆשʪװʩʪʽʢ-ʐʳסʳʩ ɸʟʠʷ ʄʝʤʣʝʢʝʪʪʝʨʽʥʽץ שʘʫʳʤʜʘʩʪʳסʳ 

CAD ï ʘʚʪʦʤʘʪʪʘʥʜʳʨʳʣסʘʥ ʞʦʙʘʣʘʫ ʞװʡʝʩʽ 

CAE ï ʠʥʞʝʥʝʨʣʽʢ ʪʘʣʜʘʫ ʞװʡʝʩʽ 

3D ï װʰᴇʣʰʝʤʜʽ ʤʦʜʝʣʴ 

ʄʂʕ ï ʩʦסשʳ ʵʣʝʤʝʥʪʪʝʨ ᴅʜʽʩʽ 

FEA ï ʩʦסשʳ ʵʣʝʤʝʥʪʪʽʢ ʪʘʣʜʘʫ 

V2V ï ʢᴇʣʽʢ ײץʨʘʣʳïʢᴇʣʽʢ ײץʨʘʣʳ ʙʘʡʣʘʥʳʩʳ 

V2I ï ʢᴇʣʽʢ ײץʨʘʣʳïʠʥʬʨʘײץʨʳʣʳʤ ʙʘʡʣʘʥʳʩʳ 

ASTRA Bridge ï ASTRA ʤʦʙʠʣʴʜʽ ʞʦʣ ᴇʪʧʝʩʽ 

MB4.0 ï Mobile Bridge Version 4.0 ʤʦʙʠʣʴʜʽ ʢᴇʧʽʨʽ 

MGB ï Medium Girder Bridge ʦʨʪʘʰʘ ʘʨץʘʣʳץʪʳ ʢᴇʧʽʨ 

RDB ï Rapidly Deployable Bridge ʞʝʜʝʣ ʞʘʡʳʣʘʪʳʥ ʢᴇʧʽʨ 

ʊʄʄ ï ʘʫʳʨ ʤʝʭʘʥʠʢʘʣʘʥʜʳʨʳʣסʘʥ ʢᴇʧʽʨ 

DIN - Deutsches Institut f¿r Normung e.V. - ɻʝʨʤʘʥʠʷ ʩʪʘʥʜʘʨʪʪʘʫ ʠʥʩʪʠʪʫʪʳ. 

MLC - Military Load Classification - ᴅʩʢʝʨʠ ʞװʢʪʝʤʝ ʞʽʢʪʝʤʝʩʽ. 

RDB - ʞʳʣʜʘʤ ʦʨʥʘʣʘʩʪʳʨʳʣʘʪʳʥ ʢᴇʧʽʨ 

ʇʄʇ - ʧʦʥʪʦʥʜʳ-ʢᴇʧʽʨʣʽʢ ʧʘʨʢ 

ʄʊʋ - ʪʘʥʢʪʽʢ ʢᴇʧʽʨ ʩʘʣסʳʰ ץʦʥʜʳʨסʳ 

ɾʕʆ - ʞʳʣʫ ʵʣʝʢʪʨ ʦʨʪʘʣʳסʳ 

ɾפɽ - ʞʦʣ ץʦʟסʘʣʳʩʳ ʝʨʝʞʝʣʝʨʽ 

ɾʐʉ - ʞʘʫʘʧʢʝʨʰʽʣʽʛʽ ʰʝʢʪʝʫʣʽ ʩʝʨʽʢʪʝʩʪʽʢ 

ʄɽʄʉʊ - ʤʝʤʣʝʢʝʪʪʽʢ ʩʪʘʥʜʘʨʪ 

ʇᴄʂ -ʧʘʡʜʘʣʳ ᴅʩʝʨ ʢʦʵʬʬʠʮʠʝʥʪʽ 

ɾʐפ - ɾʘʫʘʧʢʝʨʰʽʣʽʛʽ ʰʝʢʪʝʫʣʽ ץʘʫʳʤʜʘʩʪʳץ 

ʊפʂ - ʪʝʭʥʠʢʘʣʳץ ץʳʟʤʝʪ ʢᴇʨʩʝʪʫ 
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ʂɯʈɯʉʇɽ 

 

ɼʠʩʩʝʨʪʘʮʠʷʣʳץ ʞײʤʳʩʪʳש ᴇʟʝʢʪʽʣʽʛʽ. ɼʠʩʩʝʨʪʘʮʠʷʣʳץ ʞײʤʳʩ פʘʟʘץʩʪʘʥ 

ʈʝʩʧʫʙʣʠʢʘʩʳʥʳש ʤʝʤʣʝʢʝʪʪʽʢ ʙʘʩʳʤʜʳץʪʘʨʳʥ ʽʩʢʝ ʘʩʳʨʫ ʘʷʩʳʥʜʘ ʦʨʳʥʜʘʣסʘʥ. 

ɹײʣ ʙʘʩʳʤʜʳץʪʘʨ çʂװʰʪʽ ᴇשʽʨʣʝʨ ï ʝʣ ʜʘʤʫʳʥʳש ʜʨʘʡʚʝʨʽè ײʣʪʪʳץ ʞʦʙʘʩʳʥʜʘ 

 ʩʪʘʥץʘʟʘפ ,(ʘʫʣʳʩʳץ ʳ ˉ729סʘʟʘʥʜʘץ ʳ 12סʞʳʣ 2021 שʢʽʤʝʪʽʥʽת ʈפ)

ʈʝʩʧʫʙʣʠʢʘʩʳʥʳ2030 ש ʞʳʣסʘ ʜʝʡʽʥʛʽ ʢᴇʣʽʢ-ʣʦʛʠʩʪʠʢʘʣʳץ ᴅʣʝʫʝʪʽʥ ʜʘʤʳʪʫ 

ʪײʞʳʨʳʤʜʘʤʘʩʳʥʜʘ (פʈ תʢʽʤʝʪʽʥʽ2022 ש ʞʳʣסʳ 30 ʞʝʣʪʦץʩʘʥʜʘסʳ ˉ1116 

 ʘʥסʘ ʘʨʥʘʣס2023ï2029 ʞʳʣʜʘʨ שʩʪʘʥ ʈʝʩʧʫʙʣʠʢʘʩʳʥʳץʘʟʘפ ʘʫʣʳʩʳ) ʞᴅʥʝץ

ʪײʨסʳʥ װʡ-ʢʦʤʤʫʥʘʣʜʳץ ʠʥʬʨʘײץʨʳʣʳʤʜʳ ʜʘʤʳʪʫ ʪײʞʳʨʳʤʜʘʤʘʩʳʥʜʘ (פʈ 

 .ʘʥץʘʫʣʳʩʳ) ʢᴇʨʽʥʽʩ ʪʘʧץ ʡʝʢʪʝʛʽ ˉ736װʳʨʢץ ʳ 23סʞʳʣ 2022 שʢʤ̔ʝʪʽʥʽת

ɸʪʘʣסʘʥ ʙʘסʜʘʨʣʘʤʘʣʳײץ ץʞʘʪʪʘʨ ץʘʣʘʣʘʨʜʳש ʢʦʤʤʫʥʘʣʜʳץ ʞʝʣʽʣʝʨʽʥ 

ʞʘסשʳʨʪʫʜʳ, ʢᴇʰʝ-ʞʦʣ ʞʝʣʽʩʽʥʽש ᴇʪʢʽʟʫ ץʘʙʽʣʝʪʽʥ ʘʨʪʪʳʨʫʜʳ, ʢᴇʣʽʢ ʢʝʧʪʝʣʽʩ-

ʪʝʨʽʥ ʘʟʘʡʪʫʜʳ ʞᴅʥʝ ʞᴇʥʜʝʫ ʞײʤʳʩʪʘʨʳʥ ʞװʨʛʽʟʫ ʢʝʟʽʥʜʝ ץʘʣʘʣʳץ 

ʠʥʬʨʘײץʨʳʣʳʤʥʳש ʪײʨʘץʪʳʣʳסʳʥ ץʘʤʪʘʤʘʩʳʟ ʝʪʝʪʽʥ ʠʥʞʝʥʝʨʣʽʢ ʰʝʰʽʤʜʝʨʜʽ 

ʝʥʛʽʟʫʜʽ ʢᴇʟʜʝʡʜʽ. 

ɿʝʨʪʪʝʫ ʩʦʥʜʘʡ-ʘץ, AP23487832 çʄʦʙʠʣʴʜʽ ʞʦʣ ᴇʪʧʝʩʽʥʽײץ שʨʳʣʳʤʳʥ 

ᴅʟʽʨʣʝʫ ʞᴅʥʝ ʝʩʝʧʪʝʫè ʘʪʪʳ ʛʨʘʥʪʪʳץ ʞʦʙʘ ʰʝשʙʝʨʽʥʜʝ ʦʨʳʥʜʘʣʜʳ (2024 ʞʳʣסʳ 

 .(ʡʝʢʪʝʛʽ ˉ258/ɻʌ24-26 ʰʘʨʪװʳʨʢץ 09

ʊʳסʳʟ ץʘʣʘʣʳײץ ץʨʳʣʳʩ ʞʘסʜʘʡʳʥʜʘ ʞʝʨʘʩʪʳ ʢʦʤʤʫʥʘʣʜʳץ ʢʦʤʤʫʥʠʢʘʮʠʷ-

ʣʘʨʳʥ (ʞʳʣʫ ʞʝʣʽʣʝʨʽʥ, ʩʫ ײץʙʳʨʣʘʨʳʥ, ʢᴅʨʽʟ ʞᴅʥʝ ʵʣʝʢʪʨ ʞʝʣʽʣʝʨʽʥ) ʩʘʣʫ, 

ʞᴇʥʜʝʫ ʞᴅʥʝ ʘʫʳʩʪʳʨʫ ʞײʤʳʩʪʘʨʳ ʞʦʣʜʳש ʞװʨʫ ʙᴇʣʽʛʽʥ ʘʰʫʤʝʥ ʞᴅʥʝ ʢᴇʣʽʢ 

 ʥʜʘʡײʰʝʢʪʝʫʤʝʥ ʪʽʢʝʣʝʡ ʙʘʡʣʘʥʳʩʪʳ. ʄ ץʘʣʳʩʳʥ ʽʰʽʥʘʨʘ ʥʝʤʝʩʝ ʪʦʣʳסʦʟץ

ʞײʤʳʩʪʘʨ ʂɾɾ ᴇʪʢʽʟʫ ץʘʙʽʣʝʪʽʥʽש ʝʜᴅʫʽʨ ʪᴇʤʝʥʜʝʫʽʥʝ, ʢᴇʣʽʢ ʢʝʧʪʝʣʽʩʪʝʨʽʥʽש 

ʧʘʡʜʘ ʙʦʣʫʳʥʘ, ʞʦʣʜʘ ʞװʨʫ ʫʘץʳʪʳʥʳײ שʟʘʨʫʳʥʘ, ʞʘʥʘʨʤʘʡ ʰʳסʳʥʳʥʳש 

ʘʨʪʫʳʥʘ, ʧʘʡʜʘʣʘʥʳʣסʘʥ ʛʘʟʜʘʨ ʰʳסʘʨʳʥʜʳʣʘʨʳʥʳש ʢᴇʙʝʶʽʥʝ ʞᴅʥʝ ʞʦʣ 

ʞײʤʳʩʪʘʨʳ ʞװʨʛʽʟʽʣʝʪʽʥ ʘʡʤʘץʪʘ ɾʂʆ ʘʨʪʫʳʥʘ ᴅʢʝʣʝʜʽ. 

ɹײʣ ʤᴅʩʝʣʝ ᴅʩʽʨʝʩʝ ץʘʣʘʣʘʨʜʳש ʦʨʪʘʣʳץ ʘʫʜʘʥʜʘʨʳʥʜʘ ʘʩʘ ᴇʪʢʽʨ ʙʘʡץʘʣʘʜʳ, 

ᴇʡʪʢʝʥʽ ʤײʥʜʘ ʢᴇʣʽʢ ʠʥʬʨʘײץʨʳʣʳʤʳ ᴇʟʽʥʽש ʤװʤʢʽʥʜʽʢʪʝʨʽʥʽש ʰʝʛʽʥʜʝ ʞײʤʳʩ 

ʽʩʪʝʡʜʽ ʞᴅʥʝ ʢᴇʣʽʢ ʘסʳʥʜʘʨʳʥ ץʘʡʪʘ ʙᴇʣʫʛʝ ʘʨʥʘʣסʘʥ ʙʘʣʘʤʘʣʳ ʙʘסʳʪʪʘʨ ʞʦץ. 

ɾᴇʥʜʝʫ ʞײʤʳʩʪʘʨʳʥ ʞװʨʛʽʟʫ ʢʝʟʝשʽʥʜʝ ץʦʟסʘʣʳʩʪʳ ײʡʳʤʜʘʩʪʳʨʫʜʳש 

ʜᴅʩʪװʨʣʽ ᴅʜʽʩʪʝʨʽ, ʤʳʩʘʣʳ ʘʡʥʘʣʤʘ ʞʦʣʜʘʨʜʳ ײʡʳʤʜʘʩʪʳʨʫ, ʨʝʚʝʨʩʠʚʪʽ ץʦʟסʘʣʳʩ 

ʞʦʣʘץʪʘʨʳʥ ʝʥʛʽʟʫ, ʙʘסʜʘʨʰʘʤʜʳץ ʨʝʪʪʝʫʜʽ ʦשʪʘʡʣʘʥʜʳʨʫ ʞᴅʥʝ ɿʂɾ ץʦʣʜʘʥʫ, 

ʞʦʣʜʘʨʜʳש ʞʘʙʳʣʫʳ ʩʘʣʜʘʨʳʥʘʥ ʪʫʳʥʜʘʡʪʳʥ ʤᴅʩʝʣʝʣʝʨʜʽ ʪʝʢ ʽʰʽʥʘʨʘ סʘʥʘ ᴇʪʝʡ 

ʘʣʘʜʳ. ɹײʣ ʰʘʨʘʣʘʨ ʞʦʣʜʳש ᴇʪʢʽʟʫ ץʘʙʽʣʝʪʽʥʽש ʬʠʟʠʢʘʣʳץ ʪײʨסʳʜʘʥ ʰʝʢʪʝʣʫʽ 

ʞᴅʥʝ ʢᴇʣʽʢ ʘסʳʥʳʥʳװ שʟʜʽʢʩʽʟʜʽʛʽʥ ץʘʤʪʘʤʘʩʳʟ ʝʪʫ ʤװʤʢʽʥ ʝʤʝʩʪʽʛʽ ʩʠʷץʪʳ 

ʥʝʛʽʟʛʽ ʤᴅʩʝʣʝʥʽ ʪʦʣʳץ ʰʝʰʧʝʡʜʽ. 

ʆʩʳ ʞʘסʜʘʡʣʘʨʜʘ ʞᴇʥʜʝʫ ʞײʤʳʩʪʘʨʳ ʞװʨʛʽʟʽʣʝʪʽʥ ʘʡʤʘץʪʳש ʜᴅʣ װʩʪʽʥʝ 

ʦʨʥʘʪʳʣʘʪʳʥ ʫʘץʳʪʰʘ ʞʦʣ ᴇʪʧʝʣʝʨʽʥ ץʦʣʜʘʥʫ ʝʨʝʢʰʝ ᴇʟʝʢʪʽʣʽʢʢʝ ʠʝ ʙʦʣʘʜʳ. 

ʄײʥʜʘʡ ײץʨʳʣʳʤʜʘʨ ʢᴇʣʽʢ ץʦʟסʘʣʳʩʳʥ ʙʘסʳʪʪʘʨʜʳ ᴇʟʛʝʨʪʧʝʡ ʞᴅʥʝ ʞʦʣʜʳש 

ᴇʪʢʽʟʫ ץʘʙʽʣʝʪʽʥ ʪᴇʤʝʥʜʝʪʧʝʡ ʩʘץʪʘʫסʘ ʤװʤʢʽʥʜʽʢ ʙʝʨʝʜʽ. ʅᴅʪʠʞʝʩʽʥʜʝ ʢᴇʣʽʢ, 

ʵʢʦʥʦʤʠʢʘʣʳץ ʞᴅʥʝ ʵʢʦʣʦʛʠʷʣʳץ ʞʘסʳʤʩʳʟ ᴅʩʝʨʣʝʨ ʝʜᴅʫʽʨ ʘʟʘʷʜʳ. 

ʆʩʳʣʘʡʰʘ, ʢʦʤʤʫʥʘʣʜʳץ ʞᴅʥʝ ʞʦʣ ʞᴇʥʜʝʫ ʞײʤʳʩʪʘʨʳ ʞװʨʛʽʟʽʣʝʪʽʥ 

ʞʘסʜʘʡʣʘʨʜʘ ʧʘʡʜʘʣʘʥʫסʘ ʘʨʥʘʣסʘʥ ʤʦʙʠʣʴʜʽ ʞʦʣ ᴇʪʧʝʣʝʨʽʥ ᴅʟʽʨʣʝʫ ʞᴅʥʝ ʟʝʨʪʪʝʫ 
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 ʘʥ ᴇʟʝʢʪʽסʳʪʪʘʣסʘ ʙʘסʳʥ ʘʨʪʪʳʨʫסʪʳʣʳץʨʘײʪ שʨʳʣʳʤʳʥʳײץʢᴇʣʽʢ ʠʥʬʨʘ ץʘʣʘʣʳץ

 .ʤʽʥʜʝʪ ʙʦʣʳʧ ʪʘʙʳʣʘʜʳ ץʳʣʳʤʠ-ʪʝʭʥʠʢʘʣʳס

ɹײʨʳʥ ʞװʨʛʽʟʽʣʛʝʥ ɸ.ɸ. ɻʘʥʶʢʦʚʪʳש ʟʝʨʪʪʝʫʣʝʨʽʥʜʝ çפʘʣʘʣʳץ ʢʦʤʤʫʥʘʣʜʳץ 

ʞʝʣʽʣʝʨʜʽ ʞᴇʥʜʝʫ ʢʝʟʽʥʜʝ ץʦʣʜʘʥʳʣʘʪʳʥ ʤʦʙʠʣʴʜʽ ʞʦʣ ᴇʪʧʝʩʽʥʽײץ שʨʳʣʳʤʳʥ 

ᴅʟʽʨʣʝʫ ʞᴅʥʝ ʝʩʝʧʪʝʫè ʘʪʪʳ ʜʠʩʩʝʨʪʘʮʠʷʣʳץ ʞײʤʳʩʳʥʜʘ ʞʦʣʜʳש ʘʧʘʪʪʳץ ʞᴅʥʝ 

ʞᴇʥʜʝʫ ʞװʨʛʽʟʽʣʽʧ ʞʘʪץʘʥ ʘʡʤʘץʪʘʨʳʥʳװ שʩʪʽʤʝʥ ʢᴇʣʽʢ ץʦʟסʘʣʳʩʳʥ ʫʘץʳʪʰʘ 

 ʨʽʥʜʝʛʽװʤʝʪʘʣʣ ʢʦʥʩʪʨʫʢʮʠʷ ʪ ץʪʳ ʬʝʨʤʘʣʳץʘʥ ʙʽʨ ʘʨʘʣʳסʘ ʘʨʥʘʣסʡʳʤʜʘʩʪʳʨʫײ

ʤʦʙʠʣʴʜʽ ʞʦʣ ᴇʪʧʝʩʽʥʽײץ שʨʳʣʳʤʳ ײʩʳʥʳʣסʘʥ. 

ɾʦʣ ᴇʪʧʝʩʽʥʽש ʢʦʥʩʪʨʫʢʮʠʷʩʳ ʙʦʡʣʳץ ʞᴅʥʝ ʜʠʘʛʦʥʘʣʴʜʳ ʙʘʡʣʘʥʳʩʪʘʨʜʘʥ 

ʪײʨʘʪʳʥ ʢʝשʽʩʪʽʢʪʽʢ ץʘץשʘ ʪװʨʽʥʜʝ ʦʨʳʥʜʘʣסʘʥ. ɹײʣ ײץʨʳʣʳʤ: 

- ʞʦסʘʨʳ ʢʝשʽʩʪʽʢʪʽʢ ץʘʪʪʳʣʳץʪʳ; 

- ʞװʢʪʝʤʝʣʝʨʜʽש ʘʨʘʣʳײץ ץʨʳʣʳʤ ʙʦʡʳʤʝʥ ʙʽʨʢʝʣʢʽ ʪʘʨʘʣʫʳʥ; 

 ʳʥסʪʳʣʳץʨʘײʪ שʢʪʝʤʝ ᴅʩʝʨʽ ʢʝʟʽʥʜʝ ʢʦʥʩʪʨʫʢʮʠʷʥʳװʘʣʤʘʣʳ ʞסʦʟץ -

 .ʘʤʪʘʤʘʩʳʟ ʝʪʝʜʽץ

ʂʦʥʩʪʨʫʢʮʠʷʥʳש ʙʝʣʛʽʣʽ ʫʘץʳʪʰʘ ʢᴇʧʽʨʣʝʨ ʤʝʥ ʞʦʣ ᴇʪʧʝʣʝʨʽʥʝʥ ʪװʙʝʛʝʡʣʽ 

ʘʡʳʨʤʘʰʳʣʳסʳ ï ʦʥʳש ᴇʟʽʥʽש ʜᴇשʛʝʣʝʢʪʽ ʞװʨʽʩ ʙᴇʣʽʛʽʥʽש ʙʦʣʫʳ. ʉʦʥʳש ʘʨץʘʩʳʥ-

ʜʘ ʞʦʣ ᴇʪʧʝʩʽ ʪʘʨʪץʳʰʪʳש ʢᴇʤʝʛʽʤʝʥ ᴇʟʽʥʽש ʦʩʴʪʽʢ ʙʘʟʘʩʳʥʜʘ ʦʨʥʘʪʫ ʦʨʥʳʥʘ 

ʜʝʡʽʥ ʪʘʩʳʤʘʣʜʘʥʘʜʳ. ɾʝʪʢʽʟʽʣʛʝʥʥʝʥ ʢʝʡʽʥ ʦʣ ʪʨʘʥʰʝʷʥʳװ שʩʪʽʥʝ ʞʳʣʞʳʪʳʣʳʧ 

ʦʨʥʘʪʳʣʘʜʳ ʞᴅʥʝ ʜᴇשʛʝʣʝʢʪʝʨʽʥ ʢᴇʪʝʨʽʧ, ʢᴇʪʝʨʛʽʰ ʢʦʥʩʪʨʫʢʮʠʷʥʳ ʪʽʨʝʢʪʝʨʛʝ 

ʪװʩʽʨʫ ʘʨץʳʣʳ çʢᴇʣʽʢ ʞʘסʜʘʡʳʥʘʥè çʢᴇʧʽʨ ʞʘסʜʘʡʳʥʘè ʘʫʳʩʪʳʨʳʣʘʜʳ. 

ʆʩʳʣʘʡʰʘ, ʤʦʙʠʣʴʜʽ ʞʦʣ ᴇʪʧʝʩʽ ʙʽʨʪײʪʘʩ ʠʥʞʝʥʝʨʣʽʢ ʞװʡʝ ʨʝʪʽʥʜʝ 

 שʳ ʦʩʴ ʨʘʤʘʣʘʨʳʥʳץʳ ʞᴅʥʝ ʘʨʪסשʨʽʩ ʙᴇʣʽʛʽ ʘʣʜʳװʥʜʘ ʞײʘʨʘʩʪʳʨʳʣʜʳ, ʤץ

ʙʝʨʽʢʪʽʛʽ, ץʘʪʪʳʣʳסʳ ʞᴅʥʝ ʜʠʥʘʤʠʢʘʩʳ ʪײʨסʳʩʳʥʘʥ, ʷסʥʠ ʞʘʣʧʳ ʤʝʪʘʣʣ 

ʢʦʥʩʪʨʫʢʮʠʷʩʳʥʳש ʵʣʝʤʝʥʪʪʝʨʽ ʨʝʪʽʥʜʝ ʟʝʨʪʪʝʣʜʽ. ʉʪʘʪʠʢʘʣʳץ ʞᴅʥʝ 

ʜʠʥʘʤʠʢʘʣʳץ ʝʩʝʧʪʝʫʣʝʨ ʞװʨʛʽʟʽʣʽʧ, ʤʝʥʰʽʢʪʽ ʞʠʽʣʽʢʪʝʨʜʽש ᴅʩʝʨʽ ʟʝʨʪʪʝʣʜʽ ʞᴅʥʝ 

ʨʘʤʘʣʘʨʜʳש ʢʦʥʩʪʨʫʢʪʠʚʪʽʢ ʧʘʨʘʤʝʪʨʣʝʨʽ ʥʝʛʽʟʜʝʣʜʽ. 

ɸʣʘʡʜʘ, ʙײʣ ʟʝʨʪʪʝʫʣʝʨʜʝ ʞװʨʽʩ ʙᴇʣʽʛʽʥʽש ʢʦʥʩʪʨʫʢʮʠʷʩʳ ʤʦʙʠʣʴʜʽʣʽʢʪʽ, 

ʦʨʥʘʣʘʩʪʳʨʫʜʳש ʪʝʭʥʦʣʦʛʠʷʣʳʣʳסʳʥ, ʧʘʡʜʘʣʘʥʫ ץʘʫʽʧʩʽʟʜʽʛʽʥ ʞᴅʥʝ ʞʦʣ 

ᴇʪʧʝʩʽʥʽש ʪʳסʳʟ ץʘʣʘʣʳײץ ץʨʳʣʳʩ ʞʘסʜʘʡʣʘʨʳʥʘ ʙʝʡʽʤʜʽʣʽʛʽʥ ʘʡץʳʥʜʘʡʪʳʥ 

ʜʝʨʙʝʩ ʠʥʞʝʥʝʨʣʽʢ ʽʰʢʽ ʞװʡʝ ʨʝʪʽʥʜʝ ץʘʨʘʩʪʳʨʳʣʤʘסʘʥ. 

ɸʪʘʧ ʘʡʪץʘʥʜʘ, ʞʦʣ ᴇʪʧʝʩʽʥ ʞʳʣʞʳʪʳʧ ʦʨʥʘʪʫ ʢʝʟʽʥʜʝ ʦʩʴʪʝʨ ʤʝʥ ʘʨʙʘʰʘ-

ʣʘʨʜʳץ שʦʟסʘʣʳʩ ʢʠʥʝʤʘʪʠʢʘʩʳ, ʙʝʢʽʪʫ ʞᴅʥʝ ᴇʟʽʥʜʽʢ ʧʦʟʠʮʠʷʣʘʫ ʤʝʭʘʥʠʟʤʜʝʨʽ, 

ʪʘʨ ʢʝשʽʩʪʽʢʪʝʛʽ ʤʘʥʝʚʨʣʽʣʽʢ, ʛʘʙʘʨʠʪʪʝʨ ʤʝʥ ץʦʟסʘʣʤʘʣʳ ʵʣʝʤʝʥʪʪʝʨʜʽש 

ʞװʨʛʽʟʫʰʽʣʝʨʜʽש ʢᴇʨʫ ʘʡʤʘסʳʥʘ ᴅʩʝʨʽ, ʩʦʥʜʘʡ-ʘץ, ʥʘץʪʳ ʧʘʡʜʘʣʘʥʫ ʪʘʣʘʧʪʘʨʳʥ 

ʝʩʢʝʨʝ ʦʪʳʨʳʧ ʞװʨʽʩ ʙᴇʣʽʛʽʥʽײ שʪʳʤʜʳ ʩײʣʙʘʩʳʥ ʪʘשʜʘʫ ᴅʜʽʩʪʝʤʝʩʽ 

 .ʘʥסʘʨʘʩʪʳʨʳʣʤʘץ

ʉʦʥʳʤʝʥ ץʘʪʘʨ, ʞװʨʽʩ ʙᴇʣʽʛʽʥ ᴅʟʽʨʣʝʫʜʽש ʤװʤʢʽʥ ʙʦʣʘʪʳʥ ʥײʩץʘʣʘʨʳʥʘ 

ʞװʡʝʣʽ ʪʘʣʜʘʫ ʞװʨʛʽʟʽʣʤʝʛʝʥ ʞᴅʥʝ ʤײʥʜʘʡ ʪʠʧʪʝʛʽ ʞװʨʽʩ ʙᴇʣʽʛʽʥ ʝʩʝʧʪʝʫʜʽש 

ʠʥʞʝʥʝʨʣʽʢ ᴅʜʽʩʪʝʤʝʩʽ ʜʝ ʞʦץ. ʆʩʳסʘʥ ʙʘʡʣʘʥʳʩʪʳ ʤʦʙʠʣʴʜʽ ʞʦʣ ᴇʪʧʝʩʽʥʽש ʞװʨʽʩ 

ʙᴇʣʽʛʽʥʽש ʢʦʥʩʪʨʫʢʮʠʷʩʳʥ ᴅʟʽʨʣʝʫʛʝ ʞᴅʥʝ ʦʥʳ ʝʩʝʧʪʝʫ ᴅʜʽʩʪʝʤʝʩʽʥ ʞʘʩʘʫסʘ 

ʙʘסʳʪʪʘʣסʘʥ ʟʝʨʪʪʝʫʣʝʨ Ϻʟʝʢʪʽ ʙʦʣʳʧ ʪʘʙʳʣʘʜʳ. 

 ʳʤʝʥסʘʰʳʣʜʳשʢʦʥʩʪʨʫʢʮʠʷʩʳ ʞʘ שʘʥ ʞʦʣ ᴇʪʧʝʩʽʥʽסʩʳʥʳʣʳʧ ʦʪʳʨױ

ʝʨʝʢʰʝʣʝʥʝʜʽ ʞᴅʥʝ ʪʝʢ ʘʨʘʣʳץ ʙᴇʣʽʢʢʝ סʘʥʘ ʝʤʝʩ, ʩʦʥʳʤʝʥ ץʘʪʘʨ, ʞװʨʽʩ ʙᴇʣʽʛʽʥʽש 

ʢʦʥʩʪʨʫʢʮʠʷʩʳʥʘ ʜʘ ʞʦסʘʨʳ ʪʘʣʘʧʪʘʨ ץʦʷʜʳ. 
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ʅʝʛʽʟʛʽ ʠʜʝʷ ï ʤʦʙʠʣʴʜʽ ʞʦʣ ᴇʪʧʝʩʽʥʽש ʞװʨʽʩ ʙᴇʣʽʛʽʥʽש ʞʘשʘ ʢʦʥʩʪʨʫʢʮʠʷʩʳʥ 

ᴅʟʽʨʣʝʫ ʞᴅʥʝ ʦʥʳ ʝʩʝʧʪʝʫ ʘʨץʳʣʳ ʤʦʙʠʣʴʜʽ ʞʦʣ ᴇʪʧʝʩʽʥ ʧʘʡʜʘʣʘʥʫʜʳש 

ʪʠʽʤʜʽʣʽʛʽʥ ʘʨʪʪʳʨʫ ʤװʤʢʽʥʜʽʛʽʥ ץʘʤʪʘʤʘʩʳʟ ʝʪʫ. 

ɿʝʨʪʪʝʫʜʽש ʤʘץʩʘʪʳ ï ᴅʨʪװʨʣʽ ʧʘʡʜʘʣʘʥʫ ʞʘסʜʘʡʣʘʨʳ װʰʽʥ ʤʦʙʠʣʴʜʽ ʞʦʣ 

ᴇʪʧʝʩʽʥʽש ʞװʨʽʩ ʙᴇʣʽʛʽʥ ʞʦʙʘʣʘʫסʘ ʞᴅʥʝ ʝʩʝʧʪʝʫʛʝ ʘʨʥʘʣסʘʥ ʠʥʞʝʥʝʨʣʽʢ 

ᴅʜʽʩʪʝʤʝʥʽ ᴅʟʽʨʣʝʫʛʝ ʤװʤʢʽʥʜʽʢ ʙʝʨʝʪʽʥ ʪᴅʫʝʣʜʽʣʽʢʪʝʨʜʽ ʘʣʫ. 

ɿʝʨʪʪʝʫ ʤʽʥʜʝʪʪʝʨʽ. ɾײʤʳʩ ʢʝʣʝʩʽ ᴅʜʽʩʪʝʤʝʣʽʢ ʨʝʪʧʝʥ ʦʨʳʥʜʘʣʜʳ: 

- ʤʦʜʫʣʴʜʽʢ ʞᴅʥʝ ʤʦʙʠʣʴʜʽ ʞʦʣ ᴇʪʧʝʣʝʨʽʥ ʞᴅʥʝ ʦʣʘʨʜʳש ʢʦʥʩʪʨʫʢʮʠʷʣʘʨʳʥ 
 ;ʦʣʜʘʥʫʜʳ ʪʘʣʜʘʫץ

- ʞʦʣ ᴇʪʧʝʩʽʥʽש ʞʘשʘ ʞװʨʽʩ ʙᴇʣʽʛʽʥ ᴅʟʽʨʣʝʫ ץʘʞʝʪʪʽʣʽʛʽʥ ʥʝʛʽʟʜʝʫ; 

- ʢᴇʣʽʢ ײץʨʘʣʜʘʨʳʥʳש ʞװʨʽʩ ʙᴇʣʽʢʪʝʨʽʥʽש ʢʦʥʩʪʨʫʢʮʠʷʣʘʨʳʥ ʪʘʣʜʘʫ; 

- ʞװʨʽʩ ʙᴇʣʽʛʽʥʽש ʤװʤʢʽʥ ʙʦʣʘʪʳʥ ʢʦʥʩʪʨʫʢʮʠʷʣʘʨʳʥ ʤʦʨʬʦʣʦʛʠʷʣʳץ ʪʘʣʜʘʫ 
ʞᴅʥʝ ʩʠʥʪʝʟʜʝʫ, ʩʦʥʜʘʡ-ʘץ, ʘʣʳʥסʘʥ ʥײʩץʘʣʘʨ ʞʠʳʥʪʳסʳʥʘʥ ʩʝʥʽʤʜʽʣʽʢ, ᴇʪʽʤʜʽ-

ʣʽʢ, ʤʘʩʩʘ ʞᴅʥʝ ײץʥ ʢʨʠʪʝʨʠʡʣʝʨʽʥʽש ʤʘשʳʟʜʳʣʳסʳʥ ʝʩʢʝʨʝ ʦʪʳʨʳʧ ʙʦʣʘʰʘסʳʥ 

ʪʘשʜʘʫ; 

- SolidWorks ʙʘסʜʘʨʣʘʤʘʣʳץ ʦʨʪʘʩʳʥʜʘ ʞʦʣ ᴇʪʧʝʩʽʥʽש ʞײʤʳʩʳʥ ʤʦʜʝʣʴʜʝʫ; 

- ʞʦʣ ᴇʪʧʝʩʽʥʽש ʩʳʟʙʘʣʘʨʳʥ ᴅʟʽʨʣʝʫ ʞᴅʥʝ 3D ʤʦʜʝʣʴʜʝʨʽʥ ʞʘʩʘʫ; 

- ʞʦʣ ᴇʪʧʝʩʽ ʢʦʥʩʪʨʫʢʮʠʷʩʳʥʳש ʜʝʬʦʨʤʘʮʠʷʩʳʥ, ʢʝʨʥʝʫʣʝʨʽʥ ʞᴅʥʝ ʙʝʨʽʢʪʽʢ 
 ;ʦʨʳʥ ʪʘʣʜʘʫץ

- ʤʦʜʝʣʴʜʝʫ ʥᴅʪʠʞʝʣʝʨ ̔ʙʦʡʳʥʰʘ ʞʦʣ ᴇʪʧʝʩʽʥʽש ʢʦʥʩʪʨʫʢʪʠʚʪʽʢ ʰʝʰʽʤʽʥ 

ᴅʟʽʨʣʝʫ; 

- ʵʢʩʧʝʨʠʤʝʥʪʪʽʢ ʩʪʝʥʜʪʽ ᴅʟʽʨʣʝʫ ʞᴅʥʝ ʜʘʡʳʥʜʘʫ, ʪᴅʞʽʨʠʙʝʣʝʨ ʞװʨʛʽʟʫ ʞᴅʥʝ 
ʘʣʳʥסʘʥ ʥᴅʪʠʞʝʣʝʨʜʽ ᴇשʜʝʫ; 

 ʘʥסʳʣʳ ʘʣʳʥץʪʝʦʨʠʷʩʳ ʤʝʥ ᴇʣʰʝʤʜʽʣʽʢ ʪʘʣʜʘʫ ᴅʜʽʩʪʝʨʽ ʘʨ ץʩʘʩʪʳץײ -

ʥᴅʪʠʞʝʣʝʨʜʽ ʙʘʩץʘ ᴇʣʰʝʤʜʝʛʽ ʢʦʥʩʪʨʫʢʮʠʷʣʘʨסʘ ץʦʣʜʘʥʫסʘ ʤװʤʢʽʥʜʽʢ ʙʝʨʝʪʽʥ 

ᴇʣʰʝʤʩʽʟ ʢʨʠʪʝʨʠʡʣʝʨʜʽ ʘʥʳץʪʘʫ; 

- ʞʦʣ ᴇʪʧʝʩʽʥʽש ʞװʨʽʩ ʙᴇʣʽʛʽʥ ʝʩʝʧʪʝʫ ᴅʜʽʩʪʝʤʝʩʽʥ ᴅʟʽʨʣʝʫ ʞᴅʥʝ ʟʝʨʪʪʝʫ 
ʥᴅʪʠʞʝʣʝʨʽʥ ʝʥʛʽʟʫ. 

ɿʝʨʪʪʝʫ ᴅʜʽʩʪʝʨʽ. ɾײʤʳʩʪʘ ʤʦʙʠʣʴʜʽ ʢᴇʣʽʢ ʢʦʥʩʪʨʫʢʮʠʷʣʘʨʳʥ ʞװʡʝʣʽʢ 

ʪʘʣʜʘʫ ʞᴅʥʝ ʠʥʞʝʥʝʨʣʽʢ ʞʦʙʘʣʘʫ ᴅʜʽʩʪʝʨʽ, ʞװʨʽʩ ʙᴇʣʽʛʽʥʽש ʥײʩץʘʣʘʨʳʥ 

ʤʦʨʬʦʣʦʛʠʷʣʳץ ʪʘʣʜʘʫ ʞᴅʥʝ ʩʠʥʪʝʟʜʝʫ ᴅʜʽʩʪʝʨʽ ץʦʣʜʘʥʳʣʜʳ. ʉʦʥʜʘʡ-ʘץ, 

ʤʘʪʝʤʘʪʠʢʘʣʳץ ʤʦʜʝʣʴʜʝʫ ʞᴅʥʝ ʠʥʞʝʥʝʨʣʽʢ ʝʩʝʧʪʝʫ ᴅʜʽʩʪʝʨʽ, SolidWorks 

ʙʘסʜʘʨʣʘʤʘʣʳץ ʦʨʪʘʩʳʥʜʘ ʩʦסשʳ ʵʣʝʤʝʥʪʪʝʨ ᴅʜʽʩʽ ʥʝʛʽʟʽʥʜʝʛʽ ʤʦʜʝʣʴʜʝʫ ʞᴅʥʝ 

ʢᴇʨʩʝʪʢʽʰʪʽʢ ʪʘʣʜʘʫ ʧʘʡʜʘʣʘʥʳʣʜʳ. 

ʕʢʩʧʝʨʠʤʝʥʪʪʽʢ ʟʝʨʪʪʝʫʣʝʨ ʤʦʜʝʣʴʜʽʢ ʵʢʩʧʝʨʠʤʝʥʪ ᴅʜʽʩʪʝʨʽʥ ʞᴅʥʝ 

ʞװʢʪʝʤʝʣʝʨ ʤʝʥ ʜʝʬʦʨʤʘʮʠʷʣʘʨʜʳ ᴇʣʰʝʫʜʽ ץʦʣʜʘʥʘ ʦʪʳʨʳʧ, ʤʦʙʠʣʴʜʽ ʞʦʣ 

ᴇʪʧʝʩʽʥʽש ᴅʟʽʨʣʝʥʛʝʥ ʩʪʝʥʜʽʥʜʝ ʦʨʳʥʜʘʣʜʳ. ʅᴅʪʠʞʝʣʝʨʜʽ ᴇשʜʝʫ ʨʝʛʨʝʩʩʠʷʣʳץ 

ʪʘʣʜʘʫ ᴅʜʽʩʪʝʨʽʤʝʥ, ץײʩʘʩʪʳץ ʪʝʦʨʠʷʩʳʤʝʥ ʞᴅʥʝ ᴇʣʰʝʤʜʝʨʜʽ ʪʘʣʜʘʫʤʝʥ, ʩʦʥʜʘʡ-

ʘץ, ʤʦʙʠʣʴʜʽ ʞʦʣ ᴇʪʢʝʣʽʥ ץʦʣʜʘʥʫ ʪʠʽʤʜʽʣʽʛʽʥ ʪʝʭʥʠʢʘʣʳץ-ɻ ʢʦʥʦʤʠʢʘʣʳץ ʙʘסʘʣʘʫ 

ᴅʜʽʩʪʝʨʽʤʝʥ ʞװʟʝʛʝ ʘʩʳʨʳʣʜʳ. 

ɿʝʨʪʪʝʫʜʽס שʳʣʳʤʠ ʞʘשʘʣʳסʳ ʞʦʣ ᴇʪʧʝʩʽʥʽש ʢʦʥʩʪʨʫʢʮʠʷʩʳʥʳש 

ʞʘשʘʰʳʣʜʳסʳʤʝʥ ʘʥʳץʪʘʣʘʜʳ ʞᴅʥʝ ʢʝʣʝʩʽʣʝʨʜʝʥ ʪײʨʘʜʳ: 

- ʞװʨʽʩ ʙᴇʣʽʛʽʥʽש ʵʣʝʤʝʥʪʪʝʨʽʥʝ ʤʦʨʬʦʣʦʛʠʷʣʳץ ʪʘʣʜʘʫ ʞᴅʥʝ ʩʠʥʪʝʟ ʞװʨʛʽʟʫ 
ʥᴅʪʠʞʝʣʝʨʽ ʘʣʳʥʳʧ, ʦʥʳץ שʦʟסʘʣʤʘʣʳ ʢʦʥʩʪʨʫʢʮʠʷʩʳ ʥʝʛʽʟʜʝʣʜʽ; 
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- ʤʘʪʝʤʘʪʠʢʘʣʳץ ᴅʜʽʩ ʘʨץʳʣʳ ʞʦʣ ᴇʪʧʝʩʽ ʤʝʥ ʦʥʳש ʞװʨʽʩ ʙᴇʣʽʛʽʥʽש ʞײʤʳʩʳʥ 
ʘʥʳץʪʘʡʪʳʥ ᴇʣʰʝʤʩʽʟ ʢʨʠʪʝʨʠʡʣʝʨ ʙʝʣʛʽʣʝʥʜʽ; 

- SolidWorks ʙʘסʜʘʨʣʘʤʘʣʳץ ʦʨʪʘʩʳʥʜʘ ʤʦʜʝʣʴʜʝʫ ʥʝʛʽʟʽʥʜʝ ʞװʨʽʩ ʙᴇʣʽʛʽʥʽש 

ʪײʨʘץʪʳʣʳסʳ ʤʝʥ ʞײʤʳʩץʘ ץʘʙʽʣʝʪʪʽʣʽʛʽʥʽש ʪᴅʫʝʣʜʽʣʽʢʪʝʨʽ ʘʣʳʥʜʳ; 

- ʘʨʘʣʳץ ʙᴇʣʽʢʪʝʛʽ ʞᴅʥʝ ʪʽʨʝʢʪʝʨʜʝʛʽ ʞװʢʪʝʤʝʣʝʨʜʽש ʞװʨʽʩ ʙᴇʣʽʛʽʥʽש ʦʨʥʘ-

ʣʘʩʫʳ ʤʝʥ ʢᴇʨʩʝʪʢʽʰʪʝʨʽʥʽש ᴇʟʛʝʨʫʽʤʝʥ ʙʘʡʣʘʥʳʩʳʥ ʩʠʧʘʪʪʘʡʪʳʥ ʪᴅʫʝʣʜʽʣʽʢʪʝʨ 

ʘʥʳץʪʘʣʜʳ. 

 :ʞʳʨʳʤʜʘʨײʳʣʳʤʠ ʪס ʩʳʥʳʣʘʪʳʥײ ʘסʘʫסʦʨפ

 ʜʘʡʳʥʜʘ ʪʘʩʳʤʘʣʜʘʫʜʳ, ʧʦʟʠʮʠʷʣʘʫʜʳ ʞᴅʥʝסʤʳʩ ʞʘײʞ שʨʳʣʳʩʪʳײץ -

ʪײʨʘץʪʳʣʳסʳʥ ץʘʤʪʘʤʘʩʳʟ ʝʪʝʪʽʥ ץʦʟסʘʣʤʘʣʳ ʞװʨʽʩ ʙᴇʣʽʛʽ ʙʘʨ ʤʦʙʠʣʴʜʽ ʞʦʣ 

ᴇʪʧʝʩʽʥʽש ʢʦʥʩʪʨʫʢʮʠʷʩʳ; 

- ʩʝʥʽʤʜʽʣʽʢ, ᴇʪʽʤʜʽʣʽʢ, ʤʘʩʩʘ ʞᴅʥʝ ʧʘʡʜʘʣʘʥʫ ʞʘʨʘʤʜʳʣʳסʳ ʢʨʠʪʝʨʠʡʣʝʨʽ 
ʙʦʡʳʥʰʘ ײʪʳʤʜʳ ʢʦʥʩʪʨʫʢʪʠʚʪʽʢ ʰʝʰʽʤʜʽ ʥʝʛʽʟʜʝʫʛʝ ʤװʤʢʽʥʜʽʢ ʙʝʨʛʝʥ ʞװʨʽʩ 

ʙᴇʣʽʛʽ ʥײʩץʘʣʘʨʳʥʘ ʞװʨʛʽʟʽʣʛʝʥ ʤʦʨʬʦʣʦʛʠʷʣʳץ ʪʘʣʜʘʫ ʤʝʥ ʩʠʥʪʝʟ ʥᴅʪʠʞʝʣʝʨʽ; 

- ʤʦʙʠʣʴʜʽ ʞʦʣ ᴇʪʧʝʩʽʥʽש ʞᴅʥʝ ʦʥʳש ʞװʨʽʩ ʙᴇʣʽʛʽʥʽש ʢʝʨʥʝʫʣʽ-ʜʝʬʦʨʤʘʮʠʷʣʳץ 

ʢװʡʽʥ ʞᴅʥʝ ʪײʨʘץʪʳʣʳסʳʥ ʩʠʧʘʪʪʘʡʪʳʥ ʝʩʝʧʪʽʢ ʪᴅʫʝʣʜʽʣʽʢʪʝʨ ʤʝʥ ʩʦסשʳ 

ʵʣʝʤʝʥʪʪʝʨ ᴅʜʽʩʽʥʝ ʥʝʛʽʟʜʝʣʛʝʥ ʤʦʜʝʣʴʜʝʨ; 

- ʞװʨʽʩ ʙᴇʣʽʛʽʥʽש ʢᴇʨʩʝʪʢʽʰʪʝʨʽ, ʞװʢʪʝʤʝ ʞʘסʜʘʡʣʘʨʳ ʞᴅʥʝ ʢʦʥʩʪʨʫʢʮʠʷʥʳש 
ʠʽʣʽʤʜʝʨʽ ʘʨʘʩʳʥʜʘסʳ ʙʘʡʣʘʥʳʩʪʳ ʘʥʳץʪʘʡʪʳʥ, ʵʢʩʧʝʨʠʤʝʥʪʪʽʢ ʟʝʨʪʪʝʫʣʝʨ ʤʝʥ 

ʝʩʝʧʪʝʫ ʥᴅʪʠʞʝʣʝʨʽʥ ᴇשʜʝʫ ʥʝʛʽʟʽʥʜʝ ʘʣʳʥסʘʥ ʨʝʛʨʝʩʩʠʷʣʳץ ʪᴅʫʝʣʜʽʣʽʢʪʝʨ; 

- ᴅʨʪװʨʣʽ ᴇʣʰʝʤʜʝʨʜʝʛʽ ʞᴅʥʝ ʧʘʡʜʘʣʘʥʫ ʞʘסʜʘʡʣʘʨʳʥʜʘסʳ ʤʦʙʠʣʴʜʽ ʞʦʣ 

ᴇʪʧʝʣʝʨʽʥʽש ʥʘץʪʳ ʢʦʥʩʪʨʫʢʮʠʷʣʘʨʳʥʘ ʤʦʜʝʣʴʜʝʫ ʤʝʥ ʵʢʩʧʝʨʠʤʝʥʪ ʥᴅʪʠʞʝʣʝʨʽʥ 

 ;ʤʢʽʥʜʽʢ ʙʝʨʝʪʽʥ ᴇʣʰʝʤʩʽʟ ʢʨʠʪʝʨʠʡʣʝʨװʘ ʤסʦʣʜʘʥʫץ

- ʤʦʙʠʣʴʜʽ ʞʦʣ ᴇʪʧʝʩʽʥʽש ʞװʨʽʩ ʙᴇʣʽʛʽʥ ʝʩʝʧʪʝʫ ʞᴅʥʝ ʞʦʙʘʣʘʫ ᴅʜʽʩʪʝʤʝʩʽ, ʦʣ 
ʢʦʥʩʪʨʫʢʪʠʚʪʽʢ ʢᴇʨʩʝʪʢʽʰʪʝʨ ʤʝʥ ʧʘʡʜʘʣʘʥʫ ʞʘסʜʘʡʣʘʨʳʥ ʥʝʛʽʟʜʽ ʪʘשʜʘʫʜʳ 

 ;ʘʤʪʘʤʘʩʳʟ ʝʪʝʜʽץ

- ʫʘץʳʪʰʘ ʢᴇʣʽʢ ץʦʟסʘʣʳʩʳ ʩʳʟʙʘʣʘʨʳʥ ײʡʳʤʜʘʩʪʳʨʫ ʢʝʟʽʥʜʝ ʦʥʳ ʧʨʘʢʪʠʢʘ-

ʣʳץ ץʦʣʜʘʥʫ ʤװʤʢʽʥʜʽʛʽʥ ʜᴅʣʝʣʜʝʡʪʽʥ ʤʦʙʠʣʴʜʽ ʞʦʣ ᴇʪʧʝʩʽ ʢʦʥʩʪʨʫʢʮʠʷʩʳʥʳש 

ʞײʤʳʩץʘ ץʘʙʽʣʝʪʪʽʣʽʛʽ ʙʦʡʳʥʰʘ ʵʢʩʧʝʨʠʤʝʥʪʪʽʢ ʟʝʨʪʪʝʫʣʝʨ ʥᴅʪʠʞʝʣʝʨʽ. 

ɸʚʪʦʨ ץʦʨסʘʫסʘ ײʩʳʥʘʜʳ: 

- ʞװʨʽʩ ʙᴇʣʽʛʽʥʽש ʞʘשʘ ʩײʣʙʘʩʳ ʙʘʨ ʤʦʙʠʣʴʜʽ ʞʦʣ ᴇʪʧʝʩʽʥʽש ʢʦʥʩʪʨʫʢʮʠʷʩʳʥ; 

- ʢʦʥʩʪʨʫʢʮʠʷʥʳש ʞײʤʳʩ ʞʘסʜʘʡʣʘʨʳʥ ʘʥʳץʪʘʡʪʳʥ ᴇʣʰʝʤʩʽʟ ץײʩʘʩʪʳץ 
ʢʨʠʪʝʨʠʡʣʝʨʽʥ; 

- ʞװʨʽʩ ʙᴇʣʽʛʽʥʽש ʢᴇʨʩʝʪʢʽʰʪʝʨʽ ʤʝʥ ʢʦʥʩʪʨʫʢʮʠʷʜʘסʳ ʞװʢʪʝʤʝʣʝʨ 

ʘʨʘʩʳʥʜʘסʳ ʙʘʡʣʘʥʳʩʪʳ ʩʠʧʘʪʪʘʡʪʳʥ ʨʝʛʨʝʩʩʠʷʣʳץ ʪᴅʫʝʣʜʽʣʽʢʪʝʨʜʽ; 

- ɻ ʢʩʧʝʨʠʤʝʥʪʪʽʢ ʟʝʨʪʪʝʫʣʝʨʜʽש ʥᴅʪʠʞʝʣʝʨʽʥ ʞᴅʥʝ ʵʢʦʥʦʤʠʢʘʣʳץ ʪʠʽʤʜʽʣʽʢʪʽ 
ʙʘסʘʣʘʫʜʳ; 

- ʞװʨʽʩ ʙᴇʣʽʛʽʥ ʝʩʝʧʪʝʫ ʞᴅʥʝ ʞʦʙʘʣʘʫʜʳש ʧʨʘʢʪʠʢʘʣʳץ ᴅʜʽʩʪʝʤʝʩʽʥ. 

ɿʝʨʪʪʝʫ ʥʳʩʘʥʳ ï ʢᴇʧʽʨʣʝʨ ʤʝʥ ʞʦʣ ᴇʪʧʝʣʝʨʽ. 

ɿʝʨʪʪʝʫ ʧᴅʥʽ  ï ʞʳʣʞʳʤʘʣʳ ʞװʨʽʩ ʙᴇʣʽʛʽ ʙʘʨ ʞʦʣ ᴇʪʧʝʩʽ. 

ʇʨʘʢʪʠʢʘʣʳץ ʤʘשʳʟʜʳʣʳסʳ ï ʤʦʙʠʣʴʜʽ ʞʦʣ ᴇʪʧʝʩʽʥʽש ʢʦʥʩʪʨʫʢʮʠʷʩʳʥ 

ʞᴅʥʝ ʦʥʳש ʞװʨʽʩ ʙᴇʣʽʛʽʥ ʝʩʝʧʪʝʫʜʽש ʠʥʞʝʥʝʨʣʽʢ ᴅʜʽʩʪʝʤʝʩʽʥ ᴅʟʽʨʣʝʫʜʝ. ɹײʣ 

ʰʝʰʽʤʜʝʨ ײץʨʳʣʳʩʪʳ ʪʘʩʳʤʘʣʜʘʫʜʳ, ʪʝʟ ʦʨʥʘʣʘʩʪʳʨʫʜʳ ʞᴅʥʝ ʞʦʣ ʤʝʥ 

ʢʦʤʤʫʥʘʣʜʳץ ʞײʤʳʩʪʘʨ ʞװʨʛʽʟʽʣʝʪʽʥ ʞʘסʜʘʡʣʘʨʜʘ ʩʝʥʽʤʜʽ ʧʘʡʜʘʣʘʥʫʜʳ 

 .ʤʢʽʥʜʽʢ ʙʝʨʝʜʽװʘʤʪʘʤʘʩʳʟ ʝʪʫʛʝ ʤץ
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ɿʝʨʪʪʝʫ ʥᴅʪʠʞʝʣʝʨʽ ʢᴇʣʽʢ ץʦʟסʘʣʳʩʳʥʳװ שʟʜʽʢʩʽʟʜʽʛʽʥ ʩʘץʪʘʫ, ʢᴇʣʽʢ 

ʢʝʧʪʝʣʽʩʪʝʨʽʥ ʘʟʘʡʪʫ, ʢʽʜʽʨʽʩ ʫʘץʳʪʳʥ ʞᴅʥʝ ʞʘʥʘʨʤʘʡ ʰʳסʳʥʳʥ ץʳʩץʘʨʪʫ, 

ʩʦʥʜʘʡ-ʘץ, ʞʦʣ ץʦʟסʘʣʳʩʳʥʳץ שʘʫʽʧʩʽʟʜʽʛʽʥ ʘʨʪʪʳʨʫ ʤʘץʩʘʪʳʥʜʘ ʫʘץʳʪʰʘ ʞʦʣ 

ᴇʪʧʝʣʝʨʽʥ ʞʦʙʘʣʘʫ ʞᴅʥʝ ʝʥʛʽʟʫ ʢʝʟʽʥʜʝ ץʦʣʜʘʥʳʣʫʳ ʤװʤʢʽʥ. 

ᴄʟʽʨʣʝʥʛʝʥ ʢʦʥʩʪʨʫʢʪʠʚʪʽʢ ʰʝʰʽʤʜʝʨ, ʝʩʝʧʪʽʢ ʪᴅʫʝʣʜʽʣʽʢʪʝʨ ʞᴅʥʝ ʧʘʡʜʘʣʘʥʫ 

ʞᴇʥʽʥʜʝʛʽ ײʩʳʥʳʩʪʘʨ ʞʦʙʘʣʘʫ ײʡʳʤʜʘʨʳʥʳש ʪᴅʞʽʨʠʙʝʩʽʥʜʝ, ʢᴇʣʽʢ ʠʥʬʨʘײץʨʳ-

ʣʳʤʳʥ ʙʘʩץʘʨʫ ʦʨʛʘʥʜʘʨʳʥʜʘ, ʩʦʥʜʘʡ-ʘץ, ʢʦʤʤʫʥʘʣʜʳץ, ʞʦʣ ʞᴇʥʜʝʫ ʞᴅʥʝ 

 .ʤʢʽʥװʦʣʜʘʥʳʣʫʳ ʤץ ʤʳʩʪʘʨʳʥ ʦʨʳʥʜʘʡʪʳʥ ʢᴅʩʽʧʦʨʳʥʜʘʨײʨʳʣʳʩ-ʤʦʥʪʘʞ ʞײץ

ɿʝʨʪʪʝʫ ʥᴅʪʠʞʝʣʝʨʽ çʀʅʉʊʀʊʋʊ ɻʈɸɼʀɽʅʊ ʇʈʆɽʂʊè ɾʐʉ-ʥʝ ʙʝʨʽʣʜʽ (ɸ 

 ʦʩʳʤʰʘʩʳ) ʞᴅʥʝ 6B07106 çʂᴇʣʽʢ, ʢᴇʣʽʢ ʪʝʭʥʠʢʘʩʳ ʞᴅʥʝ ʪʝʭʥʦʣʦʛʠʷʣʘʨʳè ʙʽʣʽʤץ

ʙʝʨʫ ʙʘסʜʘʨʣʘʤʘʩʳʥʳ1 ש-ʢʫʨʩ ʙʘʢʘʣʘʚʨʠʘʪ ʩʪʫʜʝʥʪʪʝʨʽʥʝ ʘʨʥʘʣסʘʥ çʂᴇʣʽʢ 

ʪʝʭʥʠʢʘʩʳʥʳש ʢʣʘʩʩʠʬʠʢʘʮʠʷʩʳ ʞᴅʥʝ ײץʨʳʣʳʤʳè ʧᴅʥʽʥʽש ʦץʫ װʜʝʨʽʩʽʥʝ 

ʝʥʛʽʟʽʣʜʽ (ɹ ץʦʩʳʤʰʘʩʳ). 

ɼʠʩʩʝʨʪʘʮʠʷ ʥᴅʪʠʞʝʣʝʨʽʥʽש ʩʝʥʽʤʜʽʣʽʛʽ ʞʦʣ ᴇʪʧʝʩʽ ʢʦʥʩʪʨʫʢʮʠʷʩʳʥʳש 

ʝʩʝʧʪʽʢ ʤʦʜʝʣʴʜʝʫ ʥᴅʪʠʞʝʣʝʨʽʤʝʥ, ʵʢʩʧʝʨʠʤʝʥʪ ʥᴅʪʠʞʝʣʝʨʽʥʽץ שʘʡʪʘʣʘʥʳʤʜʳ-

ʣʳסʳʤʝʥ, ʜʝʨʝʢʪʝʨʜʽ ᴇשʜʝʫʜʽש ʪʝʢʩʝʨʽʣʛʝʥ ᴅʜʽʩʪʝʨʽʥ ץʦʣʜʘʥʫʤʝʥ, ʘʣʳʥסʘʥ 

ʥᴅʪʠʞʝʣʝʨʜʽ ʥʘץʪʳ ʧʘʡʜʘʣʘʥʫ ʞʘסʜʘʡʣʘʨʳʥʘ ʢᴇʰʽʨʫʛʝ ʤװʤʢʽʥʜʽʢ ʙʝʨʝʪʽʥ 

 שʘʥ ʪᴅʫʝʣʜʽʣʽʢʪʝʨʜʽסʘʣʳʥ ,ץʢʨʠʪʝʨʠʡʣʝʨʽʥ ʧʘʡʜʘʣʘʥʫʤʝʥ, ʩʦʥʜʘʡ-ʘ ץʩʘʩʪʳץײ

ʤʦʙʠʣʴʜʽ ʞʦʣ ᴇʪʧʝʩʽ ʢʦʥʩʪʨʫʢʮʠʷʩʳʥʳש ʞײʤʳʩ ʽʩʪʝʫʽʥʽש ʬʠʟʠʢʘʣʳץ 

ʪʘʙʠסʘʪʳʤʝʥ װʡʣʝʩʽʤʜʽʣʽʛʽʤʝʥ ץʘʤʪʘʤʘʩʳʟ ʝʪʽʣʝʜʽ. 

ɼʠʩʩʝʨʪʘʮʠʷʥʳש ʙʘʨʣʳץ ʙᴇʣʽʤʜʝʨʽ ᴅʜʽʩʪʝʤʝʣʽʢ ʨʝʪʪʽʣʽʢʧʝʥ ʦʨʳʥʜʘʣסʘʥ ʞᴅʥʝ 

ᴇʟʘʨʘ ʣʦʛʠʢʘʣʳץ ʪײʨסʳʜʘʥ ʙʘʡʣʘʥʳʩץʘʥ. ɼʠʩʩʝʨʪʘʥʪ ץʦʡסʘʥ ʙʘʨʣʳץ ʤʽʥʜʝʪʪʝʨ 

ʰʝʰʽʣʛʝʥ, ʟʝʨʪʪʝʫʜʽש ʤʘץʩʘʪʳʥʘ ץʦʣ ʞʝʪʢʽʟʽʣʛʝʥ. ʇʨʘʢʪʠʢʘʣʳץ ʤʘשʳʟʜʳʣʳסʳ 

ʤʝʥ סʳʣʳʤʠ ʞʘשʘʣʳסʳ ʜʠʩʩʝʨʪʘʮʠʷʥʳץ שʦʡʳʣסʘʥ ʤʘץʩʘʪʳʥʘ, ʤʽʥʜʝʪʪʝʨʽʥʝ ʞᴅʥʝ 

ʘʪʘʫʳʥʘ ʩᴅʡʢʝʩ ʢʝʣʝʜʽ. 

ɾײʤʳʩʪʳש ʞʘʨʠʷʣʘʥʫʳ ʞᴅʥʝ ʘʧʨʦʙʘʮʠʷʩʳ. ɼʠʩʩʝʨʪʘʮʠʷʥʳש ʥʝʛʽʟʛʽ 

ʪײʞʳʨʳʤʜʘʨʳ Scopus ʜʝʨʝʢʪʝʨ ʙʘʟʘʩʳʥʘ ʢʽʨʝʪʽʥ 2 ʤʘץʘʣʘʜʘ (1 ʤʘץʘʣʘ - Applied 

Science, - 79%, ʢʚʘʨʪʠʣʴ Q2;  2 ʤʘץʘʣʘ - Applied Science, 79%, ʢʚʘʨʪʠʣʴ Q2), 

 ץʳץײץ ץʘʣʘʜʘ, ʘʚʪʦʨʣʳץʘʥ 2 ʤʘסʩʳʥײ ʂפɾɹʉʉנ ɾɹʄנ ʩʪʘʥ ʈʝʩʧʫʙʣʠʢʘʩʳץʘʟʘפ

ʦʙʲʝʢʪʽʣʝʨʽʥʝ ץײץʳץʪʘʨʜʳ ʤʝʤʣʝʢʝʪʪʽʢ ʪʽʨʢʝʫ ʪʫʨʘʣʳ ʙʽʨ ʢʫᴅʣʽʢʪʝ (ɺ 

 ʢʦʥʬʝʨʝʥʮʠʷʣʘʨʜʘ ץʳʣʳʤʠ-ʧʨʘʢʪʠʢʘʣʳס ץʘʨʘʣʳץʦʩʳʤʰʘʩʳ) ʞᴅʥʝ ʭʘʣʳץ

ʞʘʨʠʷʣʘʥסʘʥ 2 ʪʝʟʠʩʪʝ ʙʘʷʥʜʘʣסʘʥ. 

ɼʠʩʩʝʨʪʘʮʠʷʥʳש ʥʝʛʽʟʛʽ ʥᴅʪʠʞʝʣʝʨʽ ʢʝʣʝʩʽ סʳʣʳʤʠ ʽʩ-h ʘʨʘʣʘʨʜʘ ײʩʳʥʳʣʳʧ, 

ʪʘʣץʳʣʘʥʜʳ: 

ï çXVII ʉʘסʥrʦʚ ʦץʫʣʘʨʳ. ɹʽʣʽʤ, סʳʣʳʤ ʞᴅʥʝ ᴇʥʜʽʨʽʩʪʽש ʠʥʪʝʛʨʘʮʠʷʩʳè ʘʪʪʳ 

ʭʘʣʳץʘʨʘʣʳס ץʳʣʳʤʠ-ʧʨʘʢʪʠʢʘʣʳץ ʢʦʥʬʝʨʝʥʮʠʷʜʘ (פʘʨʘסʘʥʜʳ, 2025); 

ï çXVIII ʉʘסʥrʦʚ ʦץʫʣʘʨʳ. ɹʽʣʽʤ, סʳʣʳʤ ʞᴅʥʝ ᴇʥʜʽʨʽʩʪʽש ʠʥʪʝʛʨʘʮʠʷʩʳè 

ʘʪʪʳ ʭʘʣʳץʘʨʘʣʳס ץʳʣʳʤʠ-ʧʨʘʢʪʠʢʘʣʳץ ʢʦʥʬʝʨʝʥʮʠʷʜʘ (פʘʨʘסʘʥʜʳ, 2026); 

ï çʂᴇʣʽʢ ʪʝʭʥʠʢʘʩʳ ʞᴅʥʝ ʣʦʛʠʩʪʠʢʘʣʳץ ʞװʡʝʣʝʨè ʢʘʬʝʜʨʘʩʳʥʳס שʳʣʳʤʠ 

ʩʝʤʠʥʘʨʣʘʨʳʥʜʘ (2023ï2026ʞʞ). 

ɼʠʩʩʝʨʪʘʮʠʷʥʳש ʢᴇʣʝʤʽ ʤʝʥ ײץʨʳʣʳʤʳ: ɼʠʩʩʝʨʪʘʮʠʷʥʳײץ שʨʳʣʳʤʳ ʤʘʟʤײ-

ʥʳʥʘʥ, ʥʦʨʤʘʪʠʚʪʽʢ ʩʽʣʪʝʤʝʣʝʨ, ץʳʩץʘʨʪʫʣʘʨ ʤʝʥ ʙʝʣʛʽʣʝʨ ʪʽʟʽʤʽʥʝʥ, ʢʽʨʽʩʧʝʜʝʥ, 

5 ʪʘʨʘʫʜʘʥ, ץʦʨʳʪʳʥʜʳ ʞᴅʥʝ 3 ץʦʩʳʤʰʘʣʘʨʜʘʥ ʪײʨʘʜʳ. ɼʠʩʩʝʨʪʘʮʠʷʥʳש ʙʘʩʧʘ 

ʤᴅʪʽʥʽ 197 ʙʝʪʪʝʥ 113 ʩʫʨʝʪʪʝʥ ʞᴅʥʝ 27 ʢʝʩʪʝʜʝʥ ʪײʨʘʜʳ, ʩʦʥʜʘʡ-ʘ122 ,ץ ʜʝʨʝʢʢᴇʟ 

ʘʪʘʫʣʘʨʳʤʝʥ ʙʠʙʣʠʦʛʨʘʬʠʷʣʳץ ʪʽʟʽʤ ʙʘʨ.  
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1 ʄᴄʉɽʃɽʅɯפ רɸɿɯʈɻɯ ɾɸנɼɸʁʓʅ ʊɸʃɼɸʋ ɾᴄʅɽ ɿɽʈʊʊɽʋ 

ʄɯʅɼɽʊʊɽʈɯʅ פʆʖ 

 

1.1 ɯʨʽ ץʘʣʘʣʘʨʜʘסʳ ʞʦʣ ʢʝʧʪʝʣʽʩʪʝʨʽʥʽש ʢᴇʣʝʤʽʥ ʪʘʣʜʘʫ 

 

ʉʦסשʳ ʞʳʣʜʘʨʳ ᴅʣʝʤʥʽש ʜʘʤʳסʘʥ ʝʣʜʝʨʽʥʜʝ, ʦʥʳש ʽʰʽʥʜʝ, פʘʟʘץʩʪʘʥʜʘ 

ʘʚʪʦʤʦʙʠʣʴ ʢᴇʣʽʛʽʥʽש ʩʘʥʳ ʘʡʪʘʨʣʳץʪʘʡ ᴇʩʫʜʝ [1]. ʄʳʩʘʣʳ, ɻʝʨʤʘʥʠʷ [2], 

ɾʘʧʦʥʠʷ ʞᴅʥʝ ɸפʐ (ɸʤʝʨʠʢʘ ײפʨʘʤʘ ʐʪʘʪʪʘʨʳ) [3] ʩʠʷץʪʳ ʤʝʤʣʝʢʝʪʪʝʨʜʝ 

ʭʘʣʳץʪʳש ʢᴇʣʽʢʢʝ ץʦʣ- ʞʝʪʽʤʜʽʣʽʛʽʥʽש ʘʨʪʫʳ ʞᴅʥʝ ʫʨʙʘʥʠʟʘʮʠʷʥʳש ʞʝʜʝʣʜʝʫʽ 

ʥᴅʪʠʞʝʩʽʥʜʝ ʢᴇʣʽʢ ʪʳסʳʟʜʳסʳ ʙʽʨʥʝʰʝ ʝʩʝ ᴇʩʪʽ. ɹײʣ ᴇʟ ʢʝʟʝʛʽʥʜʝ ʞʦʣ-ʢᴇʣʽʢ 

ʠʥʬʨʘײץʨʳʣʳʤʳʥʘ ʞװʢʪʝʤʝʥʽש ʘʨʪʫʳʥʘ [4], ʢᴇʣʽʢ ץʦʟסʘʣʳʩʳʥʳש 

 .ʳʥ ʘʨʪʪʳʨʜʳ ʞᴅʥʝ ʩʦʟʳʣʤʘʣʳ ʢʝʧʪʝʣʽʩʪʝʨʛʝ ᴅʢʝʣʜʽ [5]סʳʥʜʳʣʳץʘʨץ

 ʘʥʘ ʝʤʝʩ, ʩʦʥʳʤʝʥס ᴇʩʫʽʥʝ שʳ ʤʝʛʘʧʦʣʠʩʪʝʨ ʞʦʣ ʢʝʧʪʝʣʽʩʪʝʨʽʥʽסʘʟʽʨʛʽ ʟʘʤʘʥפ

 ʪʦʟʫʳʥʘ, ʂɾɾ ᴇʪʢʽʟʫ שʨʳʣʳʤʥʳײץʘ, ʞʦʣʜʘʨʜʳ ʞᴇʥʜʝʫʛʝ, ʠʥʬʨʘסʘʪʘʨ ʘʧʘʪʪʘʨץ

ʽʩ-h ץʘʨʘʣʳץײʦʣʘʡʩʳʟ ʘʫʘ-ʨʘʡʳʥʘ, ʙץ ,ʞʝʪʢʽʣʽʢʩʽʟʜʽʛʽʥʝ שʘʙʽʣʝʪʽʥʽץ ʘʨʘʣʘʨסʘ ʞᴅʥʝ 

ʤʘʫʩʳʤʜʳץ ʬʘʢʪʦʨʣʘʨסʘ ʙʘʡʣʘʥʳʩʪʳ ʞʦʣ ʢʝʧʪʝʣʽʩʽʥʽש ʢʝʰʝʥʜʽ ʤᴅʩʝʣʝʩʽʥʝ 

ʘʡʥʘʣʜʳ. ɸʪʘʣסʘʥ ʩʝʙʝʧʪʝʨ ץʘʣʘʣʘʨʜʳש ʢᴇʣʽʢ ʞװʡʝʣʝʨʽʥʽש ʪײʨʘץʪʳ ʞײʤʳʩ 

ʽʩʪʝʫʽʥʝ ץʘʫʽʧ ʪᴇʥʜʽʨʝʜʽ, ʙײʣ ʘʫʳʨ ᴅʣʝʫʤʝʪʪʽʢ, ʵʢʦʣʦʛʠʷʣʳץ ʞᴅʥʝ ʵʢʦʥʦʤʠʢʘʣʳץ 

ʩʘʣʜʘʨסʘ ᴅʢʝʣʝʜʽ [6]. 

ɸפʐ ʢᴇʣʽʢ ʜʝʧʘʨʪʘʤʝʥʪʪʝʨʽʥʽש ʟʝʨʪʪʝʫʣʝʨʽʥʝ ʩᴅʡʢʝʩ, ʞʦʣ ʢʝʧʪʝʣʽʩʽʥʽש 

ʞʘʣʧʳ ʢᴇʣʝʤʽʥʽש ʰʘʤʘʤʝʥ 10 %-r  ʞʦʣ ʞײʤʳʩʪʘʨʳ ʞװʨʛʽʟʽʣʝʪʽʥ ʘʡʤʘץʪʘʨסʘ 

ʙʘʡʣʘʥʳʩʪʳ [7]. ʄײʥʜʘʡ ʞʘסʜʘʡʣʘʨʜʘ ʂɾɾ  ᴇʪʢʽʟʫ ץʘʙʽʣʝʪʪʽʣʽʛʽʥ ʰʝʢʪʝʫ ʞʦʣ 

ʞװʨʫ ʫʘץʳʪʳʥʳײ שʣסʘʶʳʥʘ, ʦʪʳʥ ʰʳסʳʥʳʥʳש ᴇʩʫʽʥʝ ʞᴅʥʝ ʘʪʤʦʩʬʝʨʘסʘ 

ʣʘʩʪʘʫʰʳ ʟʘʪʪʘʨ ʰʳסʘʨʳʥʜʳʣʘʨʳʥʳש ʞʦסʘʨʳʣʘʫʳʥʘ ᴅʢʝʣʝʜʽ, ʙײʣ ʢᴇʣʽʢʪʽש 

  .ʰʝʡʪʝʜʽ [8]װʘ ʪʝʨʽʩ ᴅʩʝʨʽʥ ʢסʘʥ ʦʨʪʘסʦʨʰʘץ

 שʪʘʨʜʳץᴇʟʛʝʨʫʽʥʝ, ʞʦʣʘ שʣʛʽʣʝʨʽʥʽװ ʘʣʳʩסʦʟץ - ʘʫʽʧ ʬʘʢʪʦʨʳץ ʦʩʳʤʰʘפ

ʪʘʨʳʣʫʳʥʘ ʞᴅʥʝ ʞװʨʛʽʟʫʰʽʣʝʨʜʽש ʙʦʣʞʘʥʙʘʡʪʳʥ ʤʘʥʝʚʨʣʝʨʽʥʝ ʙʘʡʣʘʥʳʩʪʳ 

ʞᴇʥʜʝʫ ʘʡʤʘץʪʘʨʳʥʘ ʞʘץʳʥ ʞʝʨʜʝ ʘʧʘʪʪʳש ʞʦסʘʨʳʣʘʫʳ. ʊʳסʳʟ ץʘʣʘʣʳץ 

 ʘ ʤʝʨʟʽʤʜʽ ʞʘʙʳʣʫʳ ʜʘ ʢᴇʣʽʢץʳʩץ שʜʘʡʳʥʜʘ, ʪʽʧʪʽ ʞʦʣʜʳסʨʳʣʳʩ ʞʘײץ

ʘסʳʥʜʘʨʳʥʳש ʘʡʪʘʨʣʳץʪʘʡ ʢʽʜʽʨʽʩʪʝʨʽʥʝ ᴅʢʝʣʫʽ ʤװʤʢʽʥ [9]. 

ɾʘʣʧʳ ʘʣסʘʥʜʘ, ʙײʣ ʬʘʢʪʦʨʣʘʨ ʘʡʪʘʨʣʳץʪʘʡ ᴅʣʝʫʤʝʪʪʽʢ-ɻ ʢʦʥʦʤʠʢʘʣʳץ ʩʘʣ-

ʜʘʨסʘ ᴅʢʝʣʝʜʽ: ʭʘʣʳץʪʳש ʢᴇʣʽʢʢʝ ʙʘʡʣʘʥʳʩʪʳ ʢװʡʟʝʣʽʩ ʜʝשʛʝʡʽʥʽש ʘʨʪʫʳʥʘ, 

 ץʪʘʡ ʵʢʦʥʦʤʠʢʘʣʳץʪᴇʤʝʥʜʝʫʽʥʝ ʞᴅʥʝ ʘʡʪʘʨʣʳ שʤʦʙʠʣʴʜʽʣʽʢ ʩʘʧʘʩʳʥʳ ץʘʣʘʣʳץ

ʰʳסʳʥʜʘʨסʘ [10]. ʍʘʣʳץʘʨʘʣʳץ ʟʝʨʪʪʝʫʣʝʨ ʞʦʣ ʢʝʧʪʝʣʽʩʽ ɸפʐ ʧʝʥ ɽʫʨʦʧʘʜʘ 

ʞʳʣ ʩʘʡʳʥ ʽʨʽ ʵʢʦʥʦʤʠʢʘʣʳץ ʰʳסʳʥʜʘʨסʘ ᴅʢʝʣʝʪʽʥʽʥ [11], ʘʣ ɸʟʠʷ/ɸʉɽɸʅ 

ʝʣʜʝʨʽʥʜʝ ʙײʣ ʰʳסʳʥʜʘʨ ɾɯᴆ-ʥʽש ʰʘʤʘʤʝʥ 2ï5%-r ʥʘ ʜʝʡʽʥ ʞʝʪʫʽ ʤװʤʢʽʥ ʝʢʝʥʽʥ 

ʢᴇʨʩʝʪʝʜʽ [12]. 

 ʨʫ ʞᴅʥʝײץ ʘʡʪʘץ ,ʟʘʤʘʥʘʫʠ ʢᴇʣʽʢ ʞʝʣʽʣʝʨʽ, ᴅʩʽʨʝʩʝ ʞᴇʥʜʝʫ שʘʣʘʣʘʨʜʳפ

ʘʧʘʪʪʘʨ ʢʝʟʽʥʜʝ ʰʘʤʘʜʘʥ ʪʳʩ ʞװʢʪʝʤʝʛʝ ײʰʳʨʘʡʜʳ [13]. פʘʨʙʘʣʘʩ ʫʘץʳʪʪʘ ʞʦʣ 

ʞװʨʫ ʫʘץʳʪʳʥʳש ʝʜᴅʫʽʨ ʙᴇʣʽʛʽ ʢʝʧʪʝʣʽʩʪʝʨʛʝ ʙʘʡʣʘʥʳʩʪʳ ʞʦסʘʣʘʜʳ, ʘʣ ʢʝʡʙʽʨ 

 .ʤʢʽʥ [14]װʛʝʡʽ 30-40% ʰʘʤʘʩʳʥʘ ʜʝʡʽʥ ʞʝʪʫʽ ʤשʞʝʣʽʣʝʨʜʝ ʢʝʧʪʝʣʽʩ ʜʝ ץʘʣʘʣʳץ

ñINRIX Global Traffic Scorecard 2023ï2024ò ʤᴅʣʽʤʝʪʪʝʨʽ ʙʦʡʳʥʰʘ ᴅʣʝʤʜʝʛʽ ʝש 

ʢᴇʧ ʞװʢʪʝʣʛʝʥ ץʘʣʘʣʘʨ ץʘʪʘʨʳʥʘ ʅʴʶ-ʁʦʨʢ, ʄʝʭʠʢʦ, ʃʦʥʜʦʥ, ʇʘʨʠʞ, ʏʠʢʘʛʦ, 

ʉʪʘʤʙʫʣ, ʩʦʥʜʘʡ-ʘ2024 ץ ʞʳʣʳ ʉʪʘʤʙʫʣ, ʅʴʶ-ʁʦʨʢ, ʏʠʢʘʛʦ, ʄʝʭʠʢʦ, ʃʦʥʜʦʥ, 

ʇʘʨʠʞ ʞᴅʥʝ ʈʠʤ ʩʠʷץʪʳ ץʘʣʘʣʘʨ ʢʽʨʛʝʥ (1.1 ʢʝʩʪʝ) [15], [16]. 
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ʂʝʩʪʝ 1.1 - TomTom Traffic Index 2023, 2024 ʜʝʨʝʢʪʝʨʽ ʙʦʡʳʥʰʘ ʞʦʣ 

ʢʝʧʪʝʣʽʩʪʝʨʽʥʽש ʩʪʘʪʠʩʪʠʢʘʩʳ 

 ʘʣʘפ
ʂʝʧʪʝʣʽʩʪʝʛʽ ʦʨʪʘʰʘ 

ʫʘץʳʪ (ʩʘסʘʪ/ʞʳʣ) 

 ʳסʳʪʪʘץʘʨʙʘʣʘʩ ʫʘפ

ʦʨʪʘʰʘ ʞʳʣʜʘʤʜʳץ 
ɽʩʢʝʨʪʧʝ 

ʉʪʘʤʙʫʣ 105 ʩʘסʘʪ ~20 ʢʤ/ʩʘס 
ɾʦסʘʣסʘʥ ʫʘץʳʪ ʙʦʡʳʥʰʘ 

ʢᴇʰʙʘʩʰʳ 

ʅʴ-ʁ

ʁʦʨʢ 
102 ʩʘסʘʪ ~23 ʢʤ/ʩʘס 

 ʳʪʪʘ ʢʽʜʽʨʽʩʪʝʨץʘʨʙʘʣʘʩ ʫʘפ

 ʘ ʜʝʡʽʥס-117%

ʏʠʢʘʛʦ 102 ʩʘסʘʪ ~22 ʢʤ/ʩʘס 
ᴆʪʢʽʟʫ ץʘʙʽʣʝʪʽʥʽש ʝש ʥʘʰʘʨ 

ʢᴇʨʩʝʪʢʽʰʪʝʨʽʥʽש ʙʽʨʽ 

ʃʦʥʜʦʥ 101 ʩʘסʘʪ ~18 ʢʤ/ʩʘס 
ɾʳʣʳʥʘ 3 ʞײʤʳʩ ʢװʥʽʥʝʥ 

ʘʩʪʘʤ ʫʘץʳʪ ʞʦסʘʣʪʘʜʳ 

ʄʝʭʠʢʦ 97 ʩʘסʘʪ ~21 ʢʤ/ʩʘס 
ɽש ʪʳסʳʟ  

ʤʝʛʘʧʦʣʠʩʪʝʨʜʽש ʙʽʨʽ 

ɹʦʛʦʪʘ 91 ʩʘסʘʪ ~17 ʢʤ/ʩʘס 
ʊʘשʝʨʪʝש ʞᴅʥʝ ʢʝʰʢʝ ʘʫʳʨ 

ʢʝʧʪʝʣʽʩʪʝʨ 

ɹʦʩʪʦʥ 88 ʩʘסʘʪ ~22 ʢʤ/ʩʘס 
ʂʝʧʪʝʣʽʩʪʝʨ ʥʝʛʽʟʽʥʝʥ ʦʨʪʘʣʳץ 

ʢᴇʧʽʨʣʝʨʜʝ ʰʦסʳʨʣʘʥסʘʥ 

ʇʘʨʠʞ 88 ʩʘסʘʪ ~20 ʢʤ/ʩʘס ɸʡʥʘʣʤʘ ʞʦʣʜʘʨʜʘ ʢʽʜʽʨʽʩʪʝʨ 

ʈʠʤ 83 ʩʘסʘʪ ~19 ʢʤ/ʩʘס 
ɽʩʢʽ ץʘʣʘ ʢᴇʰʝʣʝʨʽ ʰʘʤʘʜʘʥ 

ʪʳʩ ʞװʢʪʝʣʛʝʥ 

 

ɾʦסʘʨʳʜʘ ʢʝʣʪʽʨʽʣʛʝʥ ᴇʟʝʢʪʽ ʘץʧʘʨʘʪ ᴅʣʝʤʜʝʛʽ ʝש ʽʨʽ ʤʝʛʘʧʦʣʠʩʪʝʨʜʽש ʞʦʣ 

ʢʝʧʪʝʣʽʩʽ ʤʝʥ ʢʝʧʪʝʣʽʩʪʝʛʽ ʫʘץʳʪʪʳ ʞʦסʘʣʪʫסʘ ʙʘʡʣʘʥʳʩʪʳ ʢװʨʜʝʣʽ ʤᴅʩʝʣʝʣʝʨ ʙʘʨ 

ʝʢʝʥʽʥ ʨʘʩʪʘʡʜʳ. ɾʦסʘʣסʘʥ ʩʘסʘʪʪʘʨ ʩʘʥʳ ʙʦʡʳʥʰʘ ʢᴇʰʙʘʩʰʳ - ʉʪʘʤʙʫʣ-

ʞʳʣʳʥʘ 105 ʩʘסʘʪ, ʦʨʪʘʰʘ ʞʳʣʜʘʤʜʳסʳ ʰʘʤʘʤʝʥ 20 ʢʤ/ʩʘס., ʦʜʘʥ ʢʝʡʽʥ ʅʴʶ-

ʁʦʨʢ ʧʝʥ ʏʠʢʘʛʦ ʙʽʨʜʝʡ ʢᴇʨʩʝʪʢʽʰʪʝʨʤʝʥ - 102 ʩʘסʘʪ, ʅʴʶ-ʁʦʨʢʪʝ ץʘʨʙʘʣʘʩ 

ʫʘץʳʪʪʘ 117% - סʘ ʜʝʡʽʥ ʢʽʜʽʨʽʩʪʝʨ ʪʽʨʢʝʣʜʽ, ʘʣ ʏʠʢʘʛʦʜʘ ᴇʪʢʽʟʫ ץʘʙʽʣʝʪʽʥʽש ʝש 

ʥʘʰʘʨ ʢᴇʨʩʝʪʢʽʰʪʝʨʽʥʽש ʙʽʨʽ ʙʘʡץʘʣʘʜʳ, ʙײʣ ץʦʟסʘʣʳʩʪʳ ʘʡʪʘʨʣʳץʪʘʡ 

 ,ʧʝʥץʪᴇʤʝʥʛʽ ʦʨʪʘʰʘ ʞʳʣʜʘʤʜʳ שʞᴅʥʝ ʝ ץʘʪʪʳסʠʳʥʜʘʪʘʜʳ. ʃʦʥʜʦʥ, 101 ʩʘץ

ʰʘʤʘʤʝʥ 18 ʢʤ/ʩʘס, ʩʦʥʜʘʡ-ʘץ, ʪײʨסʳʥʜʘʨʜʳש ʞʳʣ ʩʘʡʳʥ װʰ ʞײʤʳʩ ʢװʥʽʥʝʥ 

ʘʨʪʳץ ʰʳסʳʥסʘ ײʰʳʨʘʫʳʥʘ ᴅʢʝʣʝʪʽʥ ʞʦסʘʨʳ ʞײʤʳʩ ʞװʢʪʝʤʝʩʽʤʝʥ 

ʝʨʝʢʰʝʣʝʥʝʜʽ. פʘʣסʘʥ ץʘʣʘʣʘʨʜʘ - ʄʝʭʠʢʦ, ɹʦʛʦʪʘ, ɹʦʩʪʦʥ, ʇʘʨʠʞ ʞᴅʥʝ ʈʠʤ: 

ʞʳʣʳʥʘ 83-ʪʝʥ 97 ʩʘסʘʪץʘ ʜʝʡʽʥ ʞᴅʥʝ ʦʨʪʘʰʘ ʞʳʣʜʘʤʜʳסʳ 17-ʜʝʥ 22 ʢʤ/ʩʘס. 

ʈʠʤʜʝʛʽ ʝʩʢʽ ʢᴇʰʝʣʝʨ ʥʝʤʝʩʝ ɹʦʩʪʦʥʥʳש ʦʨʪʘʣʳץ ʢᴇʧʽʨʣʝʨʽʥʜʝʛʽ ʪʘʨ ʘʡʤʘץʪʘʨ 

ʩʠʷץʪʳ ʠʥʬʨʘײץʨʳʣʳʤ ʤʝʥ ץʘʣʘ ײץʨʳʣʳʩʳʥʳש ʝʨʝʢʰʝʣʽʢʪʝʨʽ ʞʘסʜʘʡʜʳ 

ʥʘʰʘʨʣʘʪʘʜʳ. ɹײʣ ʢᴇʨʩʝʪʢʽʰʪʝʨ ʤʝʛʘʧʦʣʠʩʪʝʨʜʝʛʽ ʢʝʧʪʝʣʽʩ ʤᴅʩʝʣʝʩʽ ʞʘᴃʘʥʜʳץ 

ʩʠʧʘʪץʘ ʠʝ ʞᴅʥʝ ʠʥʥʦʚʘʮʠʷʣʳץ ʰʝʰʽʤʜʝʨʜʽ ץʘʞʝʪ ʝʪʝʪʽʥʽʥ ʢᴇʨʩʝʪʝʜʽ. 

ʉʦסשʳ ʞʳʣʜʘʨʳ פʘʟʘץʩʪʘʥʥʳש ʽʨʽ ץʘʣʘʣʘʨʳʥʜʘסʳ, ʘʪʘʧ ʘʡʪץʘʥʜʘ ɸʩʪʘʥʘ ʤʝʥ 

ɸʣʤʘʪʳʜʘסʳ ʞʦʣ ʢʝʧʪʝʣʽʩʽ ʙʦʡʳʥʰʘ ʩʪʘʪʠʩʪʠʢʘ ʞʦʣ ʞװʨʫ ʫʘץʳʪʳʥʳש, ᴅʩʽʨʝʩʝ 

 ʘʶʳʥ ʞᴅʥʝ ʥʝʛʽʟʛʽ ʤʘʛʠʩʪʨʘʣʴʜʘʨ ʙʦʡʳʥʰʘ ʦʨʪʘʰʘסʣײ ʳʪʪʘץʘʨʙʘʣʘʩ ʫʘץ

 ʪᴇʤʝʥʜʝʫʽʥ ʢᴇʨʩʝʪʽʧ ʦʪʳʨ [17], [18]. Sergek ITS ʞᴅʥʝ שʳʥʳסʘʣʳʩ ʞʳʣʜʘʤʜʳסʦʟץ

Sergek Group ʪʘʣʜʘʫ ʦʨʪʘʣʳץʪʘʨʳʥʳש ʜʝʨʝʢʪʝʨʽʥʝ ʩᴅʡʢʝʩ, ɸʩʪʘʥʘʥʳש ʢᴇʣʽʢ 

ʞʝʣʽʩʽʥʽש ʳסשʘʡʣʳ ᴇʪʢʽʟʫ ץʘʙʽʣʝʪʽ ʰʘʤʘʤʝʥ 100 000 ʘʚʪʦʢᴇʣʽʢʪʽ ײץʨʘʡʜʳ, ʘʣʘʡʜʘ, 

ʝש ʞʦסʘʨʳ ʫʘץʳʪʪʘ ʙײʣ ʢᴇʨʩʝʪʢʽʰ 136 000-ʥʘʥ ʘʩʘʜʳ, ʙײʣ ʘʡʪʘʨʣʳץʪʘʡ 

ʢʝʧʪʝʣʽʩʪʝʨʛʝ ʞᴅʥʝ ʥʝʛʽʟʛʽ ʘʡʤʘץʪʘʨʜʘ ץʦʟסʘʣʳʩ ʞʳʣʜʘʤʜʳסʳʥʳש ʪᴇʤʝʥʜʝʫʽʥʝ 

ᴅʢʝʣʝʜʽ [19]. ʆʩʳʥʜʘʡ ʞʘסʜʘʡ ɸʣʤʘʪʳ ץʘʣʘʩʳʥʜʘ ʜʘ ʙʘʡץʘʣʘʜʳ: ץʘʣʘ ʞʦʣʜʘʨʳʥʜʘ 
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ʙʽʨ ʤʝʟʛʽʣʜʝ 170 000 ʘʚʪʦʢᴇʣʽʢ ץʦʟסʘʣסʘʥ ʞʘסʜʘʡʜʘ ץʦʟסʘʣʳʩ ʩʘʣʳʩʪʳʨʤʘʣʳ ʪװʨʜʝ 

 ʘʥ ʢʝʟʜʝ ʢʝʧʪʝʣʽʩʪʝʨ ʧʘʡʜʘץʘʣʘʥʩʘ, 205 000 ʘʚʪʦʢᴇʣʽʢ ʰʝʛʽʥʝʥ ʘʩסʦʣʘʡʣʳ ʜʝʧ ʙʘץ

ʙʦʣʘʜʳ; ʝש ʞʦסʘʨʳ ʞװʢʪʝʤʝ, ʥʝʛʽʟʽʥʝʥ, ʪʘשʝʨʪʝשʛʽ 8:00 ʞᴅʥʝ ʢʝʰʢʽ 18:00 

ʫʘץʳʪʪʘʨʳʥʘ ʩᴅʡʢʝʩ ʢʝʣʝʜʽ [20]. 

ʉʦסשʳ ʞʳʣʜʘʨʜʘסʳ ʩʘʣʳʩʪʳʨʤʘʣʳ ʜʝʨʝʢʪʝʨ 2021 ʞʳʣʜʘʥ 2024 ʞʳʣסʘ ʜʝʡʽʥ 

 ʳʪʪʘ 31,2סʳʪʳ ʙʽʨ ʙʘץʨʫ ʫʘװʘʣʘʣʘʨʳ ʙʦʡʳʥʰʘ ʦʨʪʘʰʘ ʞʦʣ ʞץ ʩʪʘʥץʘʟʘפ

ʤʠʥʫʪʪʘʥ 35,6 ʤʠʥʫʪץʘ ʜʝʡʽʥ ᴇʩʢʝʥʽʥ, ʘʣ ɸʩʪʘʥʘ ʤʝʥ ɸʣʤʘʪʳʜʘ ʙײʣ ʢᴇʨʩʝʪʢʽʰ 

ʪײʨʘץʪʳ ʪװʨʜʝ 39 ʤʠʥʫʪʪʘʥ ʘʩʘʪʳʥʳʥ ʢᴇʨʩʝʪʝʜʽ (ʩʫʨʝʪ - 1.1) [21], [22]. 

 

 
 

ʉʫʨʝʪ 1.1 ï ɾʦʣʜʘ ʙʦʣʫʜʳש ʦʨʪʘʰʘ ʫʘץʳʪʳ 

 

 ʳ 3 ʞʳʣʜʘ ʘʨʪʪʳ: 130-ʜʘʥסשʢʪʝʣʫ ʠʥʜʝʢʩʽ ʜʝ ʩʦװʞ שʩʪʘʥʜʘ ʞʦʣʜʘʨʜʳץʘʟʘפ

(2022 ʞ.) 144,2-ʛʝ (2024 ʞ.) ʜʝʡʽʥ ᴇʩʪʽ (ʩʫʨʝʪ - 1.2) [22], [23]. 

 

 
 

ʉʫʨʝʪ 1.2 ï פʘʟʘץʩʪʘʥʜʘסʳ ʞʦʣʜʘʨʜʳש ʞװʢʪʝʣʫ ʠʥʜʝʢʩʽ 

 

ɸʣʤʘʪʳ ץʘʣʘʩʳʥʜʘ ʠʥʜʝʢʩ ʤᴅʥʽ ʨʝʩʧʫʙʣʠʢʘʣʳץ ʜʝשʛʝʡʜʝʥ ʪײʨʘץʪʳ ʞʦסʘʨʳ 

ʞᴅʥʝ 2024 ʞʳʣʳ 176,6 ײץʨʘʜʳ. ʍʘʣʳץʘʨʘʣʳץ ʜʝʨʝʢʪʝʨʤʝʥ ʩʘʣʳʩʪʳʨʫ (ʤʳʩʘʣʳ, 

Inrix ʞᴅʥʝ TomTom ʞװʡʝʣʝʨʽ ʙʦʡʳʥʰʘ) ɸʣʤʘʪʳ ʤʝʥ ɸʩʪʘʥʘ ʂɾɾ ʢʝʧʪʝʣʽʩʽ ʤʝʥ 
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ʫʘץʳʪ ʰʳסʳʥʳ ʙʦʡʳʥʰʘ ɸʬʠʥʘ, ɹʦʩʪʦʥ ʞᴅʥʝ ʇʘʨʠʞ ʩʠʷץʪʳ ץʘʣʘʣʘʨסʘ ʙʽʨʪʽʥʜʝʧ 

ʞʘץʳʥʜʘʧ ʢʝʣʝ ʞʘʪץʘʥʳʥ ʢᴇʨʩʝʪʝʜʽ [24].  

ɹײʜʘʥ ʙʘʩץʘ, פʘʟʘץʩʪʘʥʥʳש ʢᴇʣʽʢ ʞװʡʝʩʽʥʽש ʪʠʽʤʩʽʟʜʽʛʽ ʠʥʜʝʢʩʽ 2023 ʞʳʣʳ 

144,2 ʙʘʣʣסʘ ʞʝʪʪʽ, ʙײʣ ʢᴇʣʽʢ ʰʳסʳʥʜʘʨʳʥʳש ʞʦסʘʨʳ ʜʝשʛʝʡʽʥ, CO  

ʰʳסʘʨʳʥʜʳʣʘʨʳʥʳײ שʣסʘʶʳʥ (ʙʽʨ ʩʘʧʘʨסʘ 2 ʢʛ-סʘ ʜʝʡʽʥ) ʞᴅʥʝ ʭʘʣʳץʪʳש ᴇʤʽʨ 

ʩװʨʫ ʩʘʧʘʩʳʥʳש ʪᴇʤʝʥʜʝʫʽʥ ʢᴇʨʩʝʪʝʜʽ [25]. 

ʂʦʤʤʫʥʘʣʜʳץ ʞᴅʥʝ ʠʥʞʝʥʝʨʣʽʢ ʞʝʣʽʣʝʨʛʝ ץʳʟʤʝʪ ʢᴇʨʩʝʪʫ ʤʝʥ ʞᴇʥʜʝʫʛʝ 

ʙʘʡʣʘʥʳʩʪʳ ʞʦʣ ʞײʤʳʩʪʘʨʳ ʢᴇʣʽʢ ʘסʳʥʜʘʨʳʥʘ ʘʡʪʘʨʣʳץʪʘʡ ᴅʩʝʨ ʝʪʝʜʽ ʞᴅʥʝ 

ʢʝʧʪʝʣʽʩʪʝʨʜʽש ʧʘʡʜʘ ʙʦʣʫʳʥʳש ʥʝʛʽʟʛʽ ʩʝʙʝʧʪʝʨʽʥʽש ʙʽʨʽ ʙʦʣʳʧ ʪʘʙʳʣʘʜʳ. 

ʄʳʩʘʣʳ, ױʣʳʙʨʠʪʘʥʠʷʜʘ ʟʝʨʪʪʝʫʣʝʨ ʢʦʤʤʫʥʘʣʜʳץ ʞʝʣʽʣʝʨʜʝʛʽ ʞײʤʳʩʪʘʨ 

ʞʦʣ ʢʝʧʪʝʣʽʩʽʥʽש ʞʘʣʧʳ ʢᴇʣʝʤʽʥʽש ʰʘʤʘʤʝʥ 5% - ʟʘ ʞʘʫʘʧʪʳ ʝʢʝʥʽʥ ʢᴇʨʩʝʪʝʜʽ. 

ʂʝʧʪʝʣʽʩʪʝʨʜʽש ʙʦʣʞʘʤʜʳ ײץʥʳ ʰʘʤʘʤʝʥ  ʞʳʣʳʥʘ 20 ʤʣʨʜ Ã, ʙײʣ ʤײʥʜʘʡ 

ʞײʤʳʩʪʘʨʤʝʥ ʙʘʡʣʘʥʳʩʪʳ ʵʢʦʥʦʤʠʢʘʣʳץ ʰʳסʳʥʜʘʨ ʰʘʤʘʤʝʥ ʞʳʣ ʩʘʡʳʥ 1 ʤʣʨʜ 

Ã ʞʝʪʝʜʽ ʜʝʛʝʥʜʽ ʙʽʣʜʽʨʝʜʽ [26]. 

ɽʫʨʦʧʘ ʝʣʜʝʨʽʥʜʝ ʠʥʬʨʘײץʨʳʣʳʤסʘ ʠʥʚʝʩʪʠʮʠʷʣʘʨʜʳש ᴇʩʫʽ ʞᴅʥʝ 

ʵʣʝʢʪʨʦʤʦʙʠʣʴʜʝʨʛʝ ʘʨʥʘʣסʘʥ ʟʘʨʷʜʪʘʫ ʩʪʘʥʮʠʷʣʘʨʳʥ ʦʨʥʘʪʫʜʳ ץʦʩʘ ʘʣסʘʥʜʘ, 

ʪײʨʘץʪʳ ʵʥʝʨʛʠʷ ʢᴇʟʜʝʨʽʥʝ ʢᴇʰʫ ʘʷʩʳʥʜʘ ʞʦʣ ʞײʤʳʩʪʘʨʳʥʳש, ʦʥʳש ʽʰʽʥʜʝ, 

ʢʦʤʤʫʥʘʣʜʳץ ʞײʤʳʩʪʘʨʜʳש ʩʘʥʳ ʘʨʪʳʧ ʢʝʣʝʜʽ, ʙײʣ ʞʦʣʜʘʨʜʳש ʞʘʙʳʣʫʳ ʤʝʥ 

ʳץʪʠʤʘʣ ʢᴇʣʽʢ ʢʽʜʽʨʽʩʪʝʨʽʥʽש ᴇʩʫʽʥʝ ᴅʢʝʣʝʜʽ [27]. 

ɸʪʘʣסʘʥ ʬʘʢʪʦʨʣʘʨʜʘʥ ʙʘʩץʘ, ʢʝʧʪʝʣʽʩʪʝʨʜʽץ שʘʣʳʧʪʘʩʫʳʥʘ ʞʝʨʘʩʪʳ 

ʠʥʞʝʥʝʨʣʽʢ ʢʦʤʤʫʥʠʢʘʮʠʷʣʘʨʳʥ: ʞʳʣʫ, ʩʫ ײץʙʳʨʳ, ʢʘʙʝʣʴ ʞᴅʥʝ ʢᴅʨʽʟ ʞʝʣʽʣʝʨʽʥ 

ʞᴇʥʜʝʫ ʞᴅʥʝ ʞʘסשʳʨʪʫ ʞײʤʳʩʪʘʨʳ ʘʡʪʘʨʣʳץʪʘʡ ᴅʩʝʨ ʝʪʝʜʽ [27].  

 ʘ ʜʝʡʽʥסʦʩʳʤʰʘ ʝʨʝʢʰʝʣʽʛʽ ʙʘʨ: 7 ʘʡץ שʣ ʤᴅʩʝʣʝʥʽײʜʘʡʳʥʜʘ ʙסʩʪʘʥ ʞʘץʘʟʘפ

ʩʦʟʳʣʘʪʳʥ ײʟʘץ ʞʳʣʳʪʫ ʤʘʫʩʳʤʳ ʞʳʣʫ ʞʝʣʽʣʝʨʽʥʽש ʝʜᴅʫʽʨ ʙᴇʣʽʛʽ ץʘʣʘ 

ʢᴇʰʝʣʝʨʽʥʽש ʞװʨʽʩ ʙᴇʣʽʛʽʥʽש ʘʩʪʳʥʘ ʩʘʣʳʥסʘʥ ɾʕʆ ʞײʤʳʩʳʥʘ ʪʽʢʝʣʝʡ 

ʙʘʡʣʘʥʳʩʪʳ [29]. ʊʨʘʥʰʝʷʣʘʨʜʳ ʦʨʥʘʪʫʤʝʥ ʞᴇʥʜʝʫ ʞײʤʳʩʪʘʨʳʥ ʞװʨʛʽʟʫ ʢᴇʣʽʢ 

ʘסʳʥʜʘʨʳʥʳץ שʘʡʪʘ ʙᴇʣʽʥʫʽʥʝ, ʽʨʛʝʣʝʩ ʢᴇʰʝʣʝʨʜʽש ʰʘʤʘʜʘʥ ʪʳʩ ʞװʢʪʝʣʫʽʥʝ ʞᴅʥʝ 

ʂɾɾ ᴇʪʢʽʟʫ ץʘʙʽʣʝʪʽʥʽש ʪᴇʤʝʥʜʝʫʽʥʝ ᴅʢʝʣʝʜʽ, ᴅʩʽʨʝʩʝ ʠʥʞʝʥʝʨʣʽʢ ʢʦʤʤʫʥʠʢʘʮʠʷ-

ʣʘʨʜʳ ʦשʪʘʡʣʳ ʦʨʥʘʣʘʩʪʳʨʤʘסʘʥʜʘ [30]. ʉʦʥʳʤʝʥ ץʘʪʘʨ, ʤײʥʜʘʡ ʞײʤʳʩʪʘʨʜʳש 

-ʘʣʘʣʘʨʜʘ ʢʝʧʪʝʣʽʩץ ʣ ʦʣʘʨʜʳ ʽʨʽײʤʢʽʥ (5 ʜʝʡʽʥ), ʙװʘ ʞʝʪʫʽ ʤסʳ ʙʽʨʥʝʰʝ ʘʡסʪʳץʟʘײ

ʪʝʨʜʽש ʧʘʡʜʘ ʙʦʣʫʳʥʳש ʞװʡʝʣʽʢ ʬʘʢʪʦʨʣʘʨʳʥʳש ʙʽʨʽʥʝ ʘʡʥʘʣʜʳʨʜʳ [31]. 

ʆʩʳʥʜʘʡ ʤᴅʩʝʣʝʣʝʨ ʰʝʪʝʣʜʽʢ ʪᴅʞʽʨʠʙʝʜʝ ʜʝ ʙʘʡץʘʣʘʜʳ. ʉʦʥʳʤʝʥ, 

ɹʘʥʛʘʣʦʨʜʘ (תʥʜʽʩʪʘʥ) ʞʝʨʘʩʪʳ ʢʦʤʤʫʥʠʢʘʮʠʷʣʘʨʳʥ ʘʫʳʩʪʳʨʫ ʞᴅʥʝ ʞʘשʘʨʪʫ 

ʞʦʣʜʳש ʪʘʨʳʣʫʳʤʝʥ ʞᴅʥʝ ʩʦʟʳʣʤʘʣʳ ʢᴇʣʽʢ ʢʝʧʪʝʣʽʩʪʝʨʽʥʽש ʧʘʡʜʘ ʙʦʣʫʳʤʝʥ 

 ʳʥ ʞᴅʥʝסᴅʤʙʝʙʘʧʪʳ שʘʥ ʤᴅʩʝʣʝʥʽסʘʨʘʩʪʳʨʳʣʳʧ ʦʪʳʨץ ʣײʨʝʜʽ [30]. ɹװʘʪʘʨ ʞץ

ʞᴇʥʜʝʫ ʞײʤʳʩʪʘʨʳ ʞʘסʜʘʡʳʥʜʘ ʢᴇʣʽʢ ʘסʳʥʜʘʨʳʥ ʙʘʩץʘʨʫʜʳש ʪʠʽʤʜʽ ʪᴅʩʽʣʜʝʨʽʥ 

ᴅʟʽʨʣʝʫ ץʘʞʝʪʪʽʣʽʛʽʥ ʨʘʩʪʘʡʜʳ. 

ɾʘʣʧʳ ʘʣסʘʥʜʘ, ʪʘʣʜʘʫ ʠʥʞʝʥʝʨʣʽʢ ʞʝʣʽʣʝʨʜʽ ʞᴇʥʜʝʫ ʞᴅʥʝ ʞʘסשʳʨʪʫ ʽʨʽ 

 ʙʽʨʽ ʙʦʣʳʧ שʥʝʛʽʟʛʽ ʬʘʢʪʦʨʣʘʨʳʥʳ שʘʣʳʧʪʘʩʪʳʨʫʜʳץ ʘʣʘʣʘʨʜʘ ʢʝʧʪʝʣʽʩʪʝʨʜʽץ

ʪʘʙʳʣʘʪʳʥʳʥ ʞᴅʥʝ ʞײʤʳʩʪʘʨʜʳ ʞʦʩʧʘʨʣʘʫʜʳ ʦשʪʘʡʣʘʥʜʳʨʫʜʳ, ʠʥʬʨʘײץʨʳ-

ʣʳʤʜʳ ʞʘסשʳʨʪʫʜʳ, ץʘʪʳʩʫʰʳʣʘʨʜʳש ʽʩ-ץʠʤʳʣʜʘʨʳʥ װʡʣʝʩʪʽʨʫʜʽ ʞᴅʥʝ ץʘʣʘʣʳץ 

 ʝʤʝʩ ʞᴅʥʝ שʤʢʽʥʜʽʢ ʙʝʨʝʪʽʥ ʪʝʨʝװʘ ʤסʘ ᴅʩʝʨʜʽ ʙʘʨʳʥʰʘ ʘʟʘʡʪʫץץʳʨʣʳץʪײ

ʪʨʘʥʰʝʷʩʳʟ ʪʝʭʥʦʣʦʛʠʷʣʘʨʜʳ ץʦʣʜʘʥʫʜʳ ץʘʤʪʠʪʳʥ ʢʝʰʝʥʜʽ ʰʝʰʽʤʜʝʨʜʽ ʪʘʣʘʧ 

ʝʪʝʪʽʥʽʥ ʢᴇʨʩʝʪʝʜʽ. 
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ɾᴇʥʜʝʫ ʢʝʟʽʥʜʝ ʢᴇʣʽʢ ʢʝʧʪʝʣʽʩʽʥʽש ʩʝʙʝʧʪʝʨʽ ᴅʨʪװʨʣʽ. ɸʡʪʘ ʢʝʪʫ ʢʝʨʝʢ, 

ʰʝʪʝʣʜʽʢ ʞᴅʥʝ ʦʪʘʥʜʳץ ʪᴅʞʽʨʠʙʝʜʝ ʞᴇʥʜʝʫ ʘʡʤʘץʪʘʨʳʥʘ ʞʘץʳʥ ʢᴇʣʽʢʪʽʢ 

ʢʽʜʽʨʽʩʪʝʨʜʽ ʪʫʜʳʨʘʪʳʥ ʥʝʛʽʟʛʽ ʬʘʢʪʦʨʣʘʨ: ץʦʣʞʝʪʽʤʜʽ ʞʦʣʘץʪʘʨ ʩʘʥʳʥʳש 

ʪᴇʤʝʥʜʝʫʽ, ᴅʜʝʪʪʝʛʽ ץʦʟסʘʣʳʩ װʣʛʽʣʝʨʽʥʽש ᴇʟʛʝʨʫʽ, ʤʘʥʝʚʨʣʝʨʛʝ ʫʘץʳʪʪʳײ שʣסʘʶʳ 

ʞᴅʥʝ ʘסʳʥ ʞʳʣʜʘʤʜʳסʳʥʳש ʪᴇʤʝʥʜʝʫʽ [26].  

 ʘʙʘʪʪʘʩʫʳץ ʽʰʽʥʘʨʘ שʜʘʡʳʥʜʘ, ʪʽʧʪʽ ʞʦʣʜʳסʪʨʘʬʠʢ ʞʘ ץʘʣʘʣʳץ ʳʥʜʳץʘʨפ

ʢᴇʣʽʢ ʘסʳʥʜʘʨʳʥʳש ʪʝʧʝ-ʪʝשʜʽʛʽʥ ʙײʟʘʜʳ, ʙײʣ ʝש ʞʦסʘʨʳ ʫʘץʳʪʪʘ ʢװʰʝʡʝʪʽʥ çʪʘʨ 

ʤʦʡʳʥè ᴅʩʝʨʽʥ ʪʫʜʳʨʘʜʳ. ʉʦʥʳʤʝʥ ץʘʪʘʨ, ʢʝʧʪʝʣʽʩʪʝʨʜʽש ᴇʩʫʽ ʞװʨʛʽʟʫʰʽʣʝʨʜʽ 

ʫʘץʪʳʣʳ ʭʘʙʘʨʜʘʨ ʝʪʧʝʫ, ʙʘʣʘʤʘ ʤʘʨʰʨʫʪʪʘʨʜʳש ʙʦʣʤʘʫʳ ʞᴅʥʝ ʞײʤʳʩʪʘʨʜʳ 

ʞװʨʛʽʟʫʛʝ ʞʘʫʘʧʪʳ ᴅʨʪװʨʣʽ ײץʨʳʣʳʤʜʘʨ ʘʨʘʩʳʥʜʘסʳ ʩᴅʡʢʝʩʩʽʟʜʽʢ ʘʨץʳʣʳ 

ʢװʰʝʡʝʜʽ [26], [32]. ʃʦʥʜʦʥ, ʇʘʨʠʞ ʥʝʤʝʩʝ ʅʴʶ-ʁʦʨʢ ʩʠʷץʪʳ ʰʝʪʝʣ ץʘʣʘʣʘʨʜʘ 

ʢʝʧʪʝʣʽʩʪʝʨ ʢᴇʙʽʥʝʩʝ ʫʘץʳʪʰʘ ʠʥʞʝʥʝʨʣʽʢ ʰʝʰʽʤʜʝʨʜʽ ʝʥʛʽʟʫʤʝʥ ʙʽʨʛʝ ʞװʨʝʜʽ 

(ʫʘץʳʪʰʘ ʙʘסʜʘʨʰʘʤʜʘʨ, ʘץʧʘʨʘʪʪʳץ ʵʣʝʢʪʨʦʥʜʳ ʪʘץʪʘʡʰʘʣʘʨ, ʞʦʣ ʘʡʨʳץʪʘʨʳ), 

ʙʽʨʘץ ʤʝʨʜʽʛʝʨʣʝʨ ʤʝʥ ʙʠʣʽʢ ʘʨʘʩʳʥʜʘסʳ װʡʣʝʩʪʽʨʫʜʽש ʞʝʪʽʩʧʝʫʰʽʣʽʛʽʤʝʥ 

ʘʡʪʘʨʣʳץʪʘʡ ʢʽʜʽʨʽʩʪʝʨ ʧʘʡʜʘ ʙʦʣʘʜʳ [33], [34]. 

 ʪʳ ʤʝʛʘʧʦʣʠʩʪʝʨʜʝ ʤᴅʩʝʣʝʥʽץʩʪʘʥʜʘ, ᴅʩʽʨʝʩʝ ɸʩʪʘʥʘ ʞᴅʥʝ ɸʣʤʘʪʳ ʩʠʷץʘʟʘפ

ʘʡʥʘʣʳʧ ᴇʪʫ װʰʽʥ ʽʩ ʞװʟʽʥʜʝ ץʦʩʳʤʰʘ ʞʦʣʜʘʨ ʞʦץ. ʉʦʥʳʤʝʥ ץʘʪʘʨ, ʙʝʣʩʝʥʜʽ ʞʦʣ 

 ʤʳʩʪʘʨʳײʽʥʜʝ ʞᴇʥʜʝʫ ʞשʘʨʪʫ ʢʝʟʝשʞʝʣʽʣʝʨʜʽ ʞʘ ץʨʳʣʳʩʳ ʞᴅʥʝ ʢʦʤʤʫʥʘʣʜʳײץ

ʢᴇʙʽʥʝʩʝ ʞʦʣ ʞʝʣʽʩʽʥʽש ʙʽʨʥʝʰʝ ʘʡʤʘץʪʘʨʳʥʜʘ ʙʽʨ ʫʘץʳʪʪʘ ʞװʨʛʽʟʽʣʝʜʽ, ʙײʣ 

ʰʘʤʘʜʘʥ ʪʳʩ ʞװʢʪʝʤʝʥʽש ʞʠʳʥʪʳץ ᴅʩʝʨʽʥʝ ᴅʢʝʣʝʜʽ [1], [35].  

ʊᴅʞʽʨʠʙʝʣʽʢ ʪʘʣʜʘʫ ʢᴇʨʩʝʪʢʝʥʜʝʡ, פʘʟʘץʩʪʘʥʜʘ ץʘʣʘʣʘʨʜʳש ʦʨʪʘʣʳץ 

ʘʫʜʘʥʜʘʨʳʥʜʘסʳ ʢʝʧʪʝʣʽʩʪʝʨʜʽ20-25% ש-r  ʞᴇʥʜʝʫ ʞײʤʳʩʪʘʨʳʥ ʞװʨʛʽʟʫʜʝʥ 

ʪʫʳʥʜʘסʘʥ ʰʝʢʪʝʫʣʝʨʤʝʥ ʙʘʡʣʘʥʳʩʪʳ. ʂʝʡʙʽʨ ʞʘסʜʘʡʣʘʨʜʘ ʘʣʜʳʥ-ʘʣʘ ʜʘʡʳʥʜʳץ 

ʞʝʪʢʽʣʽʢʩʽʟ: ʥʘץʪʳ ʣʦʛʠʩʪʠʢʘʥʳש ʙʦʣʤʘʫʳ, ץʦʟסʘʣʳʩʪʳ ʫʘץʳʪʰʘ ײʡʳʤʜʘʩʪʳʨʫ-

ʜʳש ʞʝʪʽʣʤʝʛʝʥ ʩʳʟʙʘʩʳ, ɿʂɾ ʮʠʬʨʣʘʥʜʳʨʫʜʳש ᴅʣʩʽʟ ʜʝשʛʝʡʽ. ɹײʣ ʂɾɾ ʝש ʘʟ 

ʘʨʘʣʘʩʫ ʢʝʟʽʥʜʝ ʢᴇʣʽʢ ʘסʳʥʳʥʳװ שʟʜʽʢʩʽʟʜʽʛʽʥ ʩʘץʪʘʫסʘ ʤװʤʢʽʥʜʽʢ ʙʝʨʝʪʽʥ ʢʝʰʝʥʜʽ 

ʞᴅʥʝ ʠʢʝʤʜʽ ʪʝʭʥʠʢʘʣʳץ ʰʝʰʽʤʜʝʨʜʽ ʝʥʛʽʟʫ ץʘʞʝʪʪʽʣʽʛʽʥ ʨʘʩʪʘʡʜʳ.  

ɼʝʤʝʢ, ʞʦʣʜʘʨʜʳ ʞʘʙʫ ץʘʞʝʪʪʽʣʽʛʽʥ ʘʟʘʡʪʘ ʦʪʳʨʳʧ, ʞᴇʥʜʝʫ ʞʘסʜʘʡʳʥʜʘ ʜʘ 

ʢᴇʣʽʢ ץʦʟסʘʣʳʩʳʥ ʩʘץʪʘʫסʘ ʤװʤʢʽʥʜʽʢ ʙʝʨʝʪʽʥ ʪʠʽʤʜʽ ᴅʜʽʩʪʝʨ ʤʝʥ ʪʝʭʥʦʣʦʛʠʷʣʘʨ 

 .ʘʞʝʪץ

 

 

1.2 ɾᴇʥʜʝʫ ʞײʤʳʩʪʘʨʳ ʢʝʟʽʥʜʝ ץʦʟסʘʣʳʩʪʳ ʩʘץʪʘʫסʘ ʘʨʥʘʣסʘʥ 

 ʰʝʢʪʝʫʣʝʨʽ שʳ ʰʝʰʽʤʜʝʨ ʞᴅʥʝ ʦʣʘʨʜʳסʦʣʜʘʥʳʩʪʘץ

 

ɹװʛʽʥʛʽ ʪʘשʜʘ ʞʦʣ ʞײʤʳʩʪʘʨʳ ʢʝʟʽʥʜʝ ʢʝʧʪʝʣʽʩʪʝʨʜʽ ʘʟʘʡʪʫ װʰʽʥ ʂɾɾ ᴇʪʢʽʟʫ 

 ʘʤʪʘʤʘʩʳʟ ʝʪʫʛʝץ ʳʥסʪʳʣʳץʨʘײʪ שʳʥʜʘʨʳʥʳסʘ ʞᴅʥʝ ʢᴇʣʽʢ ʘסʪʘʫץʘʙʽʣʝʪʽʥ ʩʘץ

ʙʘסʳʪʪʘʣסʘʥ ʙʽʨץʘʪʘʨ ײʡʳʤʜʘʩʪʳʨʫʰʳʣʳץ-ʪʝʭʥʠʢʘʣʳץ ʰʘʨʘʣʘʨ ץʦʣʜʘʥʳʣʘʜʳ 

[1], [26].  

ɽש ʢᴇʧ ʪʘʨʘסʘʥʜʘʨʳ - ʢʝʨʽ ʞʦʣʘץʪʘʨ, ʫʘץʳʪʰʘ ʘʡʥʘʣʤʘ ʤʘʨʰʨʫʪʪʘʨ, ʩʦʥʜʘʡ-

ʘץ, ʪʨʘʬʠʢʪʽ ʞʝʜʝʣ ʙʘʩץʘʨʫ װʰʽʥ ץʦʣʜʘʥʳʣʘʪʳʥ ɿʂɾ.  

ʂʝʨʽ ʞʦʣʘץʪʘʨ (ʨʝʚʝʨʩʠʚʪʽ ץʦʟסʘʣʳʩ). ɹײʣ ᴅʜʽʩ ʞʦʣʘץʪʘʨʜʳ ʜʠʥʘʤʠʢʘʣʳץ 

ʪװʨʜʝ ץʘʡʪʘ ʙᴇʣʫʜʽ ץʘʨʘʩʪʳʨʘʜʳ: ʙʝʣʛʽʣʽ ʙʽʨ ʫʘץʳʪʪʘ ʞʦʣʘץʪʘʨʜʳש ʙʽʨʽ ץʘʨʘʤʘ-

 ʳʪʳʥ ʢʝʨʽʩʽʥʰʝ ᴇʟʛʝʨʪʝʜʽ (çʢʝʨʽסʘʣʳʩ ʙʘסʦʟץ ,ʘ ʘʫʳʩʪʳʨʳʣʳʧץʳʪסʘʨʩʳ ʙʘץ

 .ʘʣʳʩè ʥʝʤʝʩʝ  çʪʘʨʪʫ ᴅʜʽʩʽè ʜʝʧ ʘʪʘʣʘʜʳ") [36]סʦʟץ
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ɾᴇʥʜʝʫ ʢʝʟʽʥʜʝ ʙײʣ ᴅʜʽʩ, ʤʳʩʘʣʳ, ʪʘשʝʨʪʝשʛʽ ץʘʨʙʘʣʘʩ ʫʘץʳʪʪʘ ʙʽʨ ʫʘץʳʪ 

ʙʝʣʜʝʫʽʥ ץʘʣʘ ʦʨʪʘʣʳסʳʥʘ, ʘʣ ʢʝʰʢʝ ï ʢʝʨʽ ʙʘסʳʪʪʘ ʙᴇʣʫ ʘʨץʳʣʳ ץʦʣʜʘʥʳʣʘʜʳ. 

ʂʝʨʽ ʞʦʣʘץʪʘʨ ᴇʪʢʽʟʫ ץʘʙʽʣʝʪʪʽʣʽʛʽʥʽש ʪᴇʤʝʥʜʝʫʽʥ ʽʰʽʥʘʨʘ ᴇʪʝʡ ʘʣʘʜʳ: ʜʘʣʘʣʳץ 

ʞʦʙʘʣʘʨ ʢᴇʨʩʝʪʢʝʥʜʝʡ, ʤײʥʜʘʡ ʞʦʣʘץʪʳש ᴇʪʢʽʟʫ ץʘʙʽʣʝʪʽ 1600-2250 ʘʚʪʦ/ʩʘס 

ʞʝʪʫʽ ʤװʤʢʽʥ, ʘʣ ʩʘʫʘʪʪʳ ץʦʣʜʘʥʫ ʢʽʜʽʨʽʩʪʝʨʜʽ ʘʟʘʡʪʘʜʳ ʞᴅʥʝ ʞʦʣ ʪᴇʩʝʤʽʥ ʪʠʽʤʜʽ 

ʧʘʡʜʘʣʘʥʫ ʘʨץʳʣʳ ʞײʤʳʩ ʫʘץʳʪʳʥ ץʳʩץʘʨʪʘʜʳ. ɸʣʘʡʜʘ, ʢʝʨʽ ץʦʟסʘʣʳʩʪʳש 

ʢʝʤʰʽʣʽʢʪʝʨʽ ʘʡʪʘʨʣʳץʪʘʡ [36].  

ɹʽʨʽʥʰʽʜʝʥ, ʙײʣ ᴅʜʽʩ ʙʘסʳʪʪʘʨ ʙʦʡʳʥʰʘ ʘסʳʥʜʘʨʜʳש ʘʡץʳʥ ʘʩʠʤʤʝʪʨʠʷʩʳ 

ʙʦʣסʘʥ ʞʘסʜʘʡʜʘ ʪʠʽʤʜʽ (ץʘʨʩʳ ʘסʳʥʜʘʨʜʳץ שʘʨץʳʥʜʳʣʳסʳʥʳש ʘʨʘץʘʪʳʥʘʩʳ 

ʢʝʤʽʥʜʝ 2:1, ʘʣ ʪʠʽʤʜʽʩʽ 3:1) [36].   

ɽʢʽʥʰʽʜʝʥ, ʢװʨʜʝʣʽ ײʡʳʤʜʘʩʪʳʨʫʰʳʣʳץ-ʪʝʭʥʠʢʘʣʳץ ץʘʤʪʘʤʘʩʳʟ ʝʪʫ ץʘʞʝʪ: 

ʙʘסʜʘʨʰʘʤʜʘʨ ʥʝʤʝʩʝ ʢᴇʪʝʨʛʽʰ ʢʝʜʝʨʛʽʣʝʨ, ʝʩʢʝʨʪʫ ʞװʡʝʩʽ, ʥʘץʪʳ ʙʝʣʛʽʣʝʫ, 

ʩʦʥʜʘʡ-ʘץ, ʢʽʨʝʙʝʨʽʩʪʝʨʜʽ ʞʘʙʫ װʰʽʥ ʞʦʣ ʪʦʙʳʥʳש ʙʦʣʫʳ. ױʡʳʤʜʘʩʪʳʨʫʜʘס rʝש 

ʢʽʰʢʝʥʪʘʡ ץʘʪʝʣʽʢ ʪʝ ץʘʨʩʳ ʙʘסʳʪʪʘסʳ ʢᴇʣʽʢʪʝʨʜʽש ʩʦץʪʳסʳʩʫʳʥʘ ᴅʢʝʣʫʽ ʤװʤʢʽʥ.  

 - ʘʣʘʜʳסʨʝʟʝʨʚʽ ʞʦ שʪʘʨʳʥʳץʘʫʽʧʩʽʟʜʽʢ ʞʦʣʘץ ʰʽʥʰʽʜʝʥ, ʞʦʣ ʞʠʝʢʪʝʨʽ ʤʝʥת

 ʜʘʡʳʥʜʘ ʘʨʥʘʡʳסʰʽʥ ʧʘʡʜʘʣʘʥʳʣʘʜʳ, ʘʧʘʪ ʞʘװ ʘʣʳʩסʦʟץ ʪʘʨץʦʩʳʤʰʘ ʞʦʣʘץ

 ʪʘʥ ʨʝʚʝʨʩʠʚʪʽץʠʳʥʜʘʡʜʳ [36]. ʉʦʥʜʳץ ʪʘʡץʞʝʪʫʽ ʘʡʪʘʨʣʳ שʳʟʤʝʪʪʝʨʜʽץ

ʞʦʣʘץʪʘʨ ʞᴇʥʜʝʫ ʘʡʤʘסʳ ʘʨץʳʣʳ ץʦʟסʘʣʳʩ ץʘץʪʳסʳʩʳʥ ʞʦʡʤʘʡʜʳ, ʪʝʢ ʦʥʳ 

 ,ʤʢʽʥ ʝʤʝʩװʳʤʝʥ ʙʦʣʜʳʨʤʘʫ ʤסʪʘʥ ʢʝʧʪʝʣʽʩʪʝʨʜʽ ʪʦʣʳץʘʡʪʘ ʙᴇʣʝʜʽ, ʩʦʥʜʳץ

ᴅʩʽʨʝʩʝ ץʘʨץʳʥʜʳʣʳסʳ ʝʢʽ ʙʘסʳʪʪʘ ʜʘ ʞʦסʘʨʳ ʙʦʣʩʘ. 

ʋʘץʳʪʰʘ ʘʡʥʘʣʤʘ ʞʦʣʜʘʨ ʞᴅʥʝ ʘʡʥʘʣʳʧ ᴇʪʫ ʙʘסʳʪʪʘʨʳ. ɹײʣ ᴅʜʽʩʪʽש ʤᴅʥʽ -

ʘסʳʥʜʳ ʞײʤʳʩ ʘʡʤʘסʳʥʘʥ ʙᴇʣʫ װʰʽʥ ʞᴇʥʜʝʣʝʪʽʥ ʘʡʤʘץʪʳ ʘʡʥʘʣʳʧ ᴇʪʫʜʽ 

 שʳʥʳשʨʳʣʳʩ ʘʣʘײץ ,ʳʪʰʘ ʘʡʥʘʣʤʘ ʞʦʣʜʘʨ (ʤʳʩʘʣʳץʰʽʥ ʫʘװ ʡʳʤʜʘʩʪʳʨʫ. ʆʣײ

ʘʡʥʘʣʘʩʳʥʜʘסʳ ץʠʳʨʰʳץ ʪʘʩʪʳ ʥʝʤʝʩʝ ʘʩʬʘʣʴʪʪʳ ʘʡʥʘʣʤʘ ʞʦʣʜʘʨ), ץʘʣʘʣʳץ 

ʞʝʣʽʥʽץ שʦʩʳʤʰʘ ʢᴇʰʝʣʝʨʽʥ ʧʘʡʜʘʣʘʥʫ, ʘסʳʥʜʘʨʜʳ ʘʡʥʘʣʤʘ ʤʘʨʰʨʫʪʪʘʨסʘ ץʘʡʪʘ 

ʙʘסʜʘʨʣʘʫ ʞᴅʥʝ ʪ.ʙ. ץʦʣʜʘʥʳʣʘʜʳ [27]. ʉʦʥʳʤʝʥ, ɸפʐ ʤʘʛʠʩʪʨʘʣʴʜʘʨʳʥʜʘסʳ 

ʢᴇʧʽʨʣʝʨʜʽ ץʘʡʪʘ ײץʨʫ ʢʝʟʽʥʜʝ ʞʘץʳʥ ʞʝʨʜʝ ʦʨʥʘʪʳʣסʘʥ ʫʘץʳʪʰʘ ʢᴇʧʽʨ 

ʘʨʘʣʳץʪʘʨʳ ʞʠʽ ץʦʣʜʘʥʳʣʘʜʳ, ʞײʤʳʩ ʘʷץʪʘʣסʘʥʥʘʥ ʢʝʡʽʥ ʫʘץʳʪʰʘ ʞʦʣ ᴇʪʢʝʣ ̔

ʙᴇʣʰʝʢʪʝʣʝʜʽ [37]. 

ɸʡʥʘʣʤʘ ʞʦʣʜʳש ʙʘʩʪʳ ʘʨʪʳץʰʳʣʳסʳ - ʪʨʘʬʠʢʪʽ ʞײʤʳʩ ʦʨʥʳʥʘʥ ʙᴇʣʫ, 

ʩʦʥʳש ʘʨץʘʩʳʥʜʘ ʞײʤʳʩ ʽʩʪʝʡʪʽʥ ʙʨʠʛʘʜʘʣʘʨ ץʦʟסʘʣʳʩץʘ ᴅʩʝʨ ʝʪʧʝʡʜʽ, ʘʣ 

ʘʚʪʦʤʦʙʠʣʴʜʝʨ ʙʘʣʘʤʘ ʞʦʣʤʝʥ ʞװʨʝʜʽ. ɸʣʘʡʜʘ, ʤײʥʜʘʡ ʩʳʟʙʘʣʘʨʜʳ ʞװʟʝʛʝ ʘʩʳʨʫ 

 שʨʳʣʳʩʪʘ ʘʡʥʘʣʤʘ ʞʦʣʜʳײץ ʳʟסʦʨʪʘ ʤʝʥ ʨʝʩʫʨʩʪʘʨʤʝʥ ʰʝʢʪʝʣʝʜʽ. ʊʳ ץʘʣʘʣʳץ

 ʘץʳʩץ ʤʢʽʥ, ʘʣ ʢᴇʨʰʽ ʢᴇʰʝʣʝʨʜʝ ʢʝʧʪʝʣʽʩ. ʊʽʧʪʽװʦʩʳʤʰʘ ʜᴅʣʽʟʽ ʙʦʣʤʘʫʳ ʤץ

ʫʘץʳʪʪʳץ ʞʦʣʜʳ ʩʘʣʫ ʫʘץʳʪ ʧʝʥ ʢʝשʽʩʪʽʢʪʽ ץʘʞʝʪ ʝʪʝʜʽ, ʙײʣ װʰʽʥ ץʦʨʰʘʫʣʘʨʜʳ 

ʙײʟʫ ʢʝʨʝʢ, ʢʝʡʜʝ ʢᴇʰʽʨʫ ץʘʞʝʪ ʙʦʣʫʳ ʤװʤʢʽʥ [27]. 

ʋʘץʳʪʰʘ ʞʦʣʜʳש ʩʘʧʘʩʳ ʢᴇʙʽʥʝʩʝ ʪᴇʤʝʥ ʙʦʣʘʜʳ (ʤʳʩʘʣʳ, ʪʦʧʳʨʘץ ʥʝʤʝʩʝ 

-ʘʙʽʣʝʪʪʽʣʽʛʽʥ ʰʝʢʪʝʡʜʽ. ʉʦʥʜʘʡץ ʧʝʥ ᴇʪʢʽʟʫ ץʣ ʞʳʣʜʘʤʜʳײʪʘʩ ʞʦʣ), ʙץʠʳʨʰʳץ

ʘץ, ʘʡʥʘʣʤʘ ʞʦʣ ʤʘʨʰʨʫʪʪʳ ײʟʘʨʪʘʜʳ, ʢᴇʣʽʢ ʞװʨʽʩʽ ʤʝʥ ʞװʨʫ ʫʘץʳʪʳʥ 

ʘʨʪʪʳʨʘʜʳ. ɯʨʽ ץʘʣʘʣʳץ ʞᴇʥʜʝʫ ʢʝʟʽʥʜʝ ץʘʣʘ ʽʰʽʥʜʝ ʘʡʥʘʣʤʘ ʞʦʣʜʳ ײʡʳʤʜʘʩʪʳʨʫ 

ʢᴇʙʽʥʝʩʝ ʙʦʩ ʦʨʳʥʥʳש ʙʦʣʤʘʫʳʥʘ ʞᴅʥʝ ʂɾɾ ʞʝʪʢʽʣʽʢʪʽ ʙʦʣʫʳʥʘ ʙʘʡʣʘʥʳʩʪʳ 

ʤװʤʢʽʥ ʝʤʝʩ [30], [35]. ʆʩʳʣʘʡʰʘ, ʢʣʘʩʩʠʢʘʣʳץ çʞʦʣʜʳ ʞʘʫʳʧ, ץʦʟסʘʣʳʩʪʳ 

ʘʡʥʘʣʤʘ ʞʦʣסʘ ʙʘסʳʪʪʘʫè ʪᴅʩʽʣʽ ᴅʨʜʘʡʳʤ ץʦʣʜʘʥʳʣʘ ʙʝʨʤʝʡʜʽ ʞᴅʥʝ ʤᴅʩʝʣʝʣʽʢ 

ʪװʡʽʥ ʽʰʽʥʜʝ ʪʨʘʬʠʢʪʽש ʩʘץʪʘʣʫʳʥ ץʘʤʪʘʤʘʩʳʟ ʝʪʧʝʡʜʽ. 
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ɿʂɾ ʞᴅʥʝ ʪʨʘʬʠʢʪʽ ʙʘʩץʘʨʫ. פʘʟʽʨʛʽ ʟʘʤʘʥסʳ ɿʂɾ ʢʝʣʝʩʽ ʰʘʨʘʣʘʨ ʢʝʰʝʥʽʥ 

 ʨʛʽʟʫʰʽʣʝʨʜʽ ʢʝʧʪʝʣʽʩʪʝʨװʘʨʫ, ʞץʜʘʨʰʘʤʜʘʨʜʳ ʘʜʘʧʪʠʚʪʽ ʙʘʩסʩʳʥʘʜʳ: ʙʘײ

ʪʫʨʘʣʳ ʭʘʙʘʨʜʘʨ ʝʪʫ, ʥʘʚʠʛʘʪʦʨʣʘʨ ʘʨץʳʣʳ ʙʘʣʘʤʘ ʤʘʨʰʨʫʪʪʘʨʜʳ ײʩʳʥʫ, ʞװʨʫʜʽש 

ʫʘץʳʪʰʘ ʰʝʢʪʝʫʣʝʨʽ, ʞʦʣ ʘץʳʩʳʥʳש ʩʘʨʘʣʘʥʫʳ ʞᴅʥʝ ʪ.ʙ. ɿʂɾ ʞᴇʥʜʝʫ 

ʞײʤʳʩʪʘʨʳ ʘʷʩʳʥʜʘ ʘסʳʥʜʘʨʜʳ ץʘʡʪʘ ʙᴇʣʫʛʝ ʢᴇʤʝʢʪʝʩʝʜʽ: ʤʳʩʘʣʳ, ʘʣʜʳʥ-ʘʣʘ 

ʞʦʣʜʳש ʞʘʙʳʣʫʳ ʪʫʨʘʣʳ ʭʘʙʘʨʣʘʫ ʞᴅʥʝ ʢᴇʣʽʢʪʽש ʙʽʨ ʙᴇʣʽʛʽʥ ʝʨʢʽʥ ʞʦʣʜʘʨʤʝʥ 

ʘʡʥʘʣʳʧ ᴇʪʫʛʝ ʙʘסʳʪʪʘʫ. çʊʘʨ ʤʦʡʳʥè ᴅʩʝʨʽʥ ʘʟʘʡʪʫ װʰʽʥ ʞᴇʥʜʝʫ ʘʡʤʘסʳʥʳש 

ʘʣʜʳʥʜʘ ʢʝʧʪʝʣʽʩʪʝʨʜʽ ʥʘץʪʳ ʫʘץʳʪ ʪᴅʨʪʽʙʽʥʜʝ ʙʘץʳʣʘʫ ʞᴅʥʝ ʞʳʣʜʘʤʜʳץ ʪᴅʨʪʽʙʽʥ 

ʘʚʪʦʤʘʪʪʳ ʪװʨʜʝ ʨʝʪʪʝʫ ʞװʡʝʣʝʨʽ ץʦʣʜʘʥʳʣʘʜʳ [37]. 

ɸʣʘʡʜʘ, ɿʂɾ ʤᴅʩʝʣʝʥʽ ʪװʙʝʛʝʡʣʽ ʰʝʰʧʝʡʜʽ ï ʦʣ ʪʝʢ ʩʘʣʜʘʨʳʥ ʞʝשʽʣʜʝʪʝʜʽ. 

ɽʛʝʨ ʞʦʣʘץʪʘʨʜʳש ʩʘʥʳ ʬʠʟʠʢʘʣʳץ ʪװʨʜʝ ץʳʩץʘʨʩʘ, ʝʰץʘʥʜʘʡ çʘץʳʣʜʳè ʙʘʩץʘʨʫ 

ʤװʤʢʽʥʜʽʛʽ ʪᴇʤʝʥʜʝʛʝʥ ᴇʪʢʽʟʫ ץʘʙʽʣʝʪʪʽʣʽʛʽʥ ʞʦʡʤʘʡʜʳ [13], [30], [35]. ɿʝʨʪʪʝʫʣʝʨ 

ʘʪʘʧ ᴇʪʢʝʥʜʝʡ [28], ɿʂɾ ʪʠʽʤʜʽ ʪװʨʜʝ ʭʘʙʘʨʣʘʡʜʳ, ʙʽʨʘץ ʙʦʩ ʙʘʣʘʤʘ ʤʘʨʰʨʫʪʪʘʨ 

ʙʦʣʤʘʩʘ, ʦʣ ʢʝʧʪʝʣʽʩʪʽ ʞʦʡʤʘʡ סʘʥʘ ʙʝʢʽʪʝʜʽ [28]. ʉʦʥʳʤʝʥ ץʘʪʘʨ, ʤײʥʜʘʡ 

ʞװʡʝʣʝʨʜʽ ʝʥʛʽʟʫ ʜʝשʛʝʡʽ ʞʝʪʢʽʣʽʢʩʽʟ: McKinsey ʤᴅʣʽʤʝʪʪʝʨʽ ʙʦʡʳʥʰʘ, ɿʂɾ 

ʪʦʣʳץ ʧʘʡʜʘʣʘʥʫ װʰʽʥ ץʘʣʘʣʘʨʜʳש ʮʠʬʨʣʘʥʜʳʨʫ, ʜʝʨʝʢʪʝʨ ʘʣʤʘʩʫ ʞᴅʥʝ 

ʠʥʬʨʘײץʨʳʣʳʤʜʳץ ʜʘʡʳʥʜʳץ ʜʝשʛʝʡʽ ʞʝʪʢʽʣʽʢʪʽ ʙʦʣʫʳ ץʘʞʝʪ [38]. 

 ɿʂɾ ʜʘʤʫ ʩʘʪʳʩʳʥʜʘ ʞᴅʥʝ ʢᴇʙʽʥʝʩʝ שʘʨʫʜʳץʘʣʳʩʪʳ ʙʘʩסʦʟץ ʩʪʘʥʜʘץʘʟʘפ

ʰʘסʳʥ ʢᴇʰʝʣʝʨ ʤʝʥ ʢᴇʧʽʨʣʝʨʛʝ ᴅʩʝʨ ʝʪʧʝʡ, ʪʝʢ ʦʨʪʘʣʳץ ʤʘʛʠʩʪʨʘʣʴʜʘʨʜʳ סʘʥʘ 

 ʳʥʜʘʨʜʳסʜʘʡʳʥʜʘ ɿʂɾ ʪʝʢ ʘסʟʽʥʜʝ ʞᴇʥʜʝʫ ʞʘװʘʤʪʠʜʳ [39]. ʆʩʳʣʘʡʰʘ, ʽʩ ʞץ

ʦשʪʘʡʣʘʥʜʳʨʫסʘ ץʘʙʽʣʝʪʪʽ, ʙʽʨʘץ ʞײʤʳʩ ʘʡʤʘסʳʥʳש ᴇʟʽ ʘʨץʳʣʳ װʟʜʽʢʩʽʟ 

 ʢʦʥʪʝʢʩʪʽʥʜʝ שʢʝ שʘʤʪʘʤʘʩʳʟ ʝʪʝ ʘʣʤʘʡʜʳ. ʂᴇʣʽʢ ʢʝʧʪʝʣʽʩʽʥ ʰʝʰʫʜʽץ ʘʣʳʩʪʳסʦʟץ

ʞʝʨʛʽʣʽʢʪʽ ʙʘʩץʘʨʫ ʰʝʰʽʤʜʝʨʽ סʘʥʘ ʝʤʝʩ, ʩʦʥʳʤʝʥ ץʘʪʘʨ, ץʘʣʘʣʳײ ץʪץʳʨʣʳץʪʳ 

ʙʘʩץʘʨʫʜʳש ʢʝʰʝʥʜʽ ʩʪʨʘʪʝʛʠʷʣʳץ ʪᴅʩʽʣʜʝʨʽ ʜʝ ץʘʨʘʩʪʳʨʳʣʘʜʳ. 

ɿʂɾ ʢᴇʣʽʢ ʘסʳʥʜʘʨʳʥ ʦשʪʘʡʣʘʥʜʳʨʫ װʰʽʥ ʪʝʨʝש ʦץʳʪʫ ʘʣʛʦʨʠʪʤʜʝʨʽʥʝ 

ʥʝʛʽʟʜʝʣʛʝʥ ʙʝʡʽʤʜʝʣʤʝʣʽ ʙʘסʜʘʨʰʘʤ ʙʘʩץʘʨʫʳʥ ץʦʣʜʘʥʘʜʳ. ʉʦʥʳʤʝʥ ץʘʪʘʨ ʦʣʘʨ 

ʢᴇʣʽʢ-ʢᴇʣʽʢ (V2V) ʞᴅʥʝ ʢᴇʣʽʢ-ʠʥʬʨʘײץʨʳʣʳʤ (V2I) ʪʝʭʥʦʣʦʛʠʷʣʘʨʳʥ ʧʘʡʜʘʣʘ-

ʥʘʜʳ. תʣʢʝʥ ʜʝʨʝʢʪʝʨ ʞʦʣʜʘʨʜʳש ʞװʢʪʝʣʫ ʜʝשʛʝʡʽʥ ʥʘץʪʳ ʫʘץʳʪ ʪᴅʨʪʽʙʽʥʜʝ 

ʙʦʣʞʘʫסʘ ʤװʤʢʽʥʜʽʢ ʙʝʨʝʜʽ, ʘʣ ʥʘʚʠʛʘʮʠʷʣʳץ ʞװʡʝʣʝʨʜʝ ʤʘʨʰʨʫʪʪʘʨʜʳ 

ʦשʪʘʡʣʘʥʜʳʨʫ ɿʂɾ ʧʨʘʢʪʠʢʘʣʳײץ ץʨʘʣʜʘʨʳʥʳש ʙʽʨʽ ʙʦʣʳʧ ʪʘʙʳʣʘʜʳ [6], [40].  

ʄʘʪʝʤʘʪʠʢʘʣʳץ ʤʦʜʝʣʴʜʝʫ ʤʝʥ ʤʠʢʨʦʩʠʤʫʣʷʮʠʷʣʘʨ ʪʠʽʤʜʽ ʞʦʣ ʘʡʨʳץʪʘʨʳʥ 

ʞʦʙʘʣʘʫסʘ ʢᴇʤʝʢʪʝʩʝʜʽ [27]. ᴆʟʛʝʨʤʝʣʽ ʪʘʨʠʬʪʝʨʛʝ ʥʝʛʽʟʜʝʣʛʝʥ ʜʠʥʘʤʠʢʘʣʳץ ʙʘסʘ 

ʙʝʣʛʽʣʝʫ ʞװʡʝʩʽ ʢᴇʣʽʢ ʘסʳʥʜʘʨʳʥ ץʘʡʪʘ ʙᴇʣʫʛʝ ʤװʤʢʽʥʜʽʢ ʙʝʨʽʧ, ʞװʨʛʽʟʫʰʽʣʝʨʜʽ 

 ʣ ʪᴅʩʽʣ ʉʠʥʛʘʧʫʨ, ʃʦʥʜʦʥײʘ ʳʥʪʘʣʘʥʜʳʨʘʜʳ. ɹסʙʦʣʫ ץʳʪʪʘʥ ʘʫʣʘץʘʨʙʘʣʘʩ ʫʘץ

ʞᴅʥʝ ʉʪʦʢʛʦʣʴʤ ץʘʣʘʣʘʨʳʥʜʘ ʩᴅʪʪʽ ʞװʟʝʛʝ ʘʩʳʨʳʣסʘʥ [28], [41]. 

ʊʝʭʥʦʣʦʛʠʷʣʳץ ʰʝʰʽʤʜʝʨʜʽ ʠʥʬʨʘײץʨʳʣʳʤʜʳ ʦשʪʘʡʣʘʥʜʳʨʫ ʞᴅʥʝ 

ʙʘʣʘʤʘʣʳ ʢᴇʣʽʢ ʪװʨʣʝʨʽʥ ʜʘʤʳʪʫ ʪʦʣʳץʪʳʨʘʜʳ [37]. ɾʦʣʜʘʨʜʳ ץʘʡʪʘ ʞʘסשʳʨʪʫ, 

 ʳʣʜʳèץʪʘʨ ʝʥʛʽʟʫ [41] ʞᴅʥʝ çʘץʘʥ ʘʨʥʘʡʳ ʞʦʣʘסʢᴇʣʽʢʢʝ ʘʨʥʘʣ ץʘʤʜʳסʦץ

-ʘʣʳʩסʦʟץ ,ʘʙʽʣʝʪʽʥ ʘʨʪʪʳʨʳʧץ ᴇʪʢʽʟʫ שʠʳʣʳʩʪʘʨʜʳ ʧʘʡʜʘʣʘʥʫ [42] ʞʦʣʜʘʨʜʳץ

ʪʘסʳ ץʘץʪʳסʳʩ ʥװʢʪʝʣʝʨʽʥ ʘʟʘʡʪʘʜʳ [43]. ʉʦʥʳʤʝʥ ץʘʪʘʨ, ץʦסʘʤʜʳץ ʢᴇʣʽʢʢʝ 

ʙʝʨʽʣʝʪʽʥ ʩʫʙʩʠʜʠʷʣʘʨ [44], ʞʝʢʝ ʘʚʪʦʢᴇʣʽʢʪʽ ʧʘʡʜʘʣʘʥʫʜʳ ʘʟʘʡʪʫסʘ ʙʘסʳʪʪʘʣסʘʥ 

ʢᴇʣʽʢ ʩʠʧʘʪʳʥ ᴇʟʛʝʨʪʫ ʢʘʤʧʘʥʠʷʣʘʨʳ, ʩʦʥʜʘʡ-ʘץ ,ץʦסʘʤʜʳץ ʢᴇʣʽʢʢʝ, 

ʚʝʣʦʩʠʧʝʜʪʝʨʛʝ ʞᴅʥʝ ʵʣʝʢʪʨ ʢᴇʣʽʢʪʝʨʽʥʝ ʢᴇʰʫ ʞʦʣʜʘʨʜʳש ʞװʢʪʝʣʫʽʥ ʪײʨʘץʪʳ 

ʪװʨʜʝ ʪᴇʤʝʥʜʝʪʫʛʝ ʤװʤʢʽʥʜʽʢ ʙʝʨʝʜʽ [45]. 
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ɸʣʘʡʜʘ, ץʘʨʘʩʪʳʨʳʣסʘʥ ײʡʳʤʜʘʩʪʳʨʫʰʳʣʳץ-ʪʝʭʥʠʢʘʣʳץ ʰʘʨʘʣʘʨ ʞʦʣ 

ʞײʤʳʩʪʘʨʳ ʢʝʟʽʥʜʝ ʢʝʧʪʝʣʽʩʪʽ ʽʰʽʥʘʨʘ ʞʝשʽʣʜʝʪʫʛʝ ʤװʤʢʽʥʜʽʢ ʙʝʨʝʜʽ, ʙʽʨʘץ 

ʦʣʘʨʜʳש ʝʰץʘʡʩʳʩʳ ʤᴅʩʝʣʝʥʽ ʪʦʣʳסʳʤʝʥ ʰʝʰʧʝʡʜʽ. ᴄʨʙʽʨ ʰʝʰʽʤʜʝ ʪʳסʳʟ ץʘʣʘ 

 ʘסʦʣʜʘʥʫץ ʘʫʽʧʩʽʟʜʽʢʢʝ ʥʝʤʝʩʝץ ,ʘסʜʘʡʳʥʜʘ ʪʠʽʤʜʽʣʽʢʢʝ, ʨʝʩʫʨʩʪʘʨסʨʳʣʳʩʳ ʞʘײץ

ʙʘʡʣʘʥʳʩʪʳ ʘʡʪʘʨʣʳץʪʘʡ ʰʝʢʪʝʫʣʝʨ ʙʘʨ. ʆʩʳʣʘʡʰʘ, ʦʣʘʨʜʳ ץʦʣʜʘʥʫ ʤץײʠʷʪ 

ʞʘסʜʘʡʣʳץ ʪʘʣʜʘʫ ʤʝʥ ʢʝʰʝʥʜʽ ʪᴅʩʽʣʜʽ ץʘʞʝʪ ʝʪʝʜʽ. פʘʨʘʩʪʳʨʳʣסʘʥ ᴅʜʽʩʪʝʨ ʤʝʥ 

ʦʣʘʨʜʳש ʩʠʧʘʪʪʘʤʘʣʘʨʳʥ ʢᴇʨʥʝʢʽ ʩʘʣʳʩʪʳʨʫ װʰʽʥ ʪᴇʤʝʥʜʝ 1.2 ʢʝʩʪʝ ʙʝʨʽʣʛʝʥ. 

 

ʂʝʩʪʝ 1.2 - ɾʦʣ ʞײʤʳʩʪʘʨʳ ʢʝʟʝשʽʥʜʝ ʢʝʧʪʝʣʽʩʪʽ ʘʟʘʡʪʫסʘ ʘʨʥʘʣסʘʥ ץʦʣʜʘʥʳʩʪʘסʳ 

 ʰʝʰʽʤʜʝʨ ץʪʝʭʥʠʢʘʣʳ-ץʡʳʤʜʘʩʪʳʨʫʰʳʣʳײ

ᴄʜʽʩ 
ʉʠʧʘʪʪʘ-

ʤʘʩʳ 
ɸʨʪʳץʰʳʣʳץʪʘʨʳ ʂʝʤʰʽʣʽʢʪʝʨʽ ʤʝʥ ʰʝʢʪʝʫʣʝʨʽ 

ʈʝʚʝʨʩʠʚʪʽ 

 ʘʣʳʩסʦʟץ

ɾʦʣʘץʪʘʨʜʳש 

 ʘʣʳʩסʦʟץ

ʙʘסʳʪʳʥ 

ʞװʢʪʝʤʝʛʝ 

ʙʘʡʣʘʥʳʩʪʳ 

ᴇʟʛʝʨʪʫ. 

- ʂᴇʣʽʢ ʘסʳʥʜʘʨʳʥ ץʘʡʪʘ 
ʙᴇʣʫ ʢʝʟʽʥʜʝ ʠʢʝʤʜʽʣʽʢ. 

 ʳʪʪʘʨʜʘץʘʨʙʘʣʘʩ ʫʘפ -
ᴇʪʢʽʟʫ ץʘʙʽʣʝʪʽʥ ʘʨʪʪʳʨʫ.  

 ʳסʦʣʜʘʥʳʩʪʘפ -
ʠʥʬʨʘײץʨʳʣʳʤ 

ʞʘסʜʘʡʳʥʜʘ ʝʥʛʽʟʫ ײץʥʳ 

ʩʘʣʳʩʪʳʨʤʘʣʳ ʪװʨʜʝ 

ʪᴇʤʝʥ. 

- ɹʘʩץʘʨʫʜʘ ץʘʪʝʣʽʢ ʙʦʣסʘʥ ʞʘסʜʘʡ-

ʜʘ ץʘʨʩʳ ʙʘסʳʪʪʘסʳ ʩʦץʪʳסʳʩʫ 

  .ʘʫʧʽץ

- ɼᴅʣ ʞʦʣ ʪʘשʙʘʣʘʨʳʥ ʞᴅʥʝ 

ʪײʨʘץʪʳ ʙʘץʳʣʘʫʜʳ ʪʘʣʘʧ ʝʪʝʜʽ.  

- ɸʚʘʨʠʷʣʳץ ץʳʟʤʝʪʪʝʨʛʝ ʘʨʥʘʣסʘʥ 
ʨʝʟʝʨʚʪʽʢ ʞʦʣʘץʪʘʨʜʳש ʰʝʢʪʝʣʫʽ. 

- ʊʝʢ ʢᴇʣʽʢ ʘסʳʥʜʘʨʳʥʳש 

ʘʩʠʤʤʝʪʨʠʷʩʳ ʢʝʟʽʥʜʝ סʘʥʘ ʪʠʽʤʜʽ. 

ʋʘץʳʪʰʘ 

ʘʡʥʘʣʤʘ 

ʞʦʣʜʘʨ 

ɾᴇʥʜʝʣʽʧ 

ʞʘʪץʘʥ ʘʡʤʘץʪʳ 

ʘʡʥʘʣʳʧ ᴇʪʝʪʽʥ 

ʙʘʣʘʤʘʣʳ 

ʙʘסʳʪʪʘʨʜʳ 

 .ʡʳʤʜʘʩʪʳʨʫײ

- ʂᴇʣʽʢ ʘסʳʥʳʥ ʞײʤʳʩ 
ʘʡʤʘסʳʥʘʥ ʪʦʣʳץ ʙᴇʣʫ.  

- ɾײʤʳʩʰʳʣʘʨ ʤʝʥ 
ʞװʨʛʽʟʫʰʽʣʝʨʜʽש 

  .ʘʫʽʧʩʽʟʜʽʛʽʥ ʘʨʪʪʳʨʫץ

 ʘʣʳʩʪʳסʦʟפ -
 שʡʳʤʜʘʩʪʳʨʫʜʳײ

 ʩʽʥʽʢʪʽװʘʨʘʧʘʡʳʤ ᴅʨʽ ʪץ

ᴅʜʽʩʽ. 

- ʄʘʨʰʨʫʪʪʳײ שʟʘץʪʳסʳ ʤʝʥ ʞʦʣ 
ʞװʨʫ ʫʘץʳʪʳʥʳש ʘʨʪʫʳ.  

- ʊʳסʳʟ ץʘʣʘʣʳײץ ץʨʳʣʳʩ 
ʞʘסʜʘʡʳʥʜʘ ʙʦʩ ʢʝשʽʩʪʽʢʪʽש 

ʙʦʣʤʘʫʳʥʘ ʙʘʡʣʘʥʳʩʪʳ ץʦʣʜʘʥʫ 

ʤװʤʢʽʥʜʽʛʽʥʽש ʰʝʢʪʝʫʣʽʛʽ.  

- ʋʘץʳʪʰʘ ʞʦʣʜʘʨʜʳ ʩʘʣʫסʘ 
ʞʦסʘʨʳ ʰʳסʳʥʜʘʨ.  

- ʋʘץʳʪʰʘ ʞʦʣ ʞʘʙʳʥʳʥʳש ʩʘʧʘ-

ʩʳʥʳש ʪᴇʤʝʥ ʙʦʣʫʳ (ʪʦʧʳʨʘץ 

ʞʦʣʜʘʨ). 

ɿʠʷʪʢʝʨʣʽʢ 

ʢᴇʣʽʢ 

ʞװʡʝʣʝʨʽ  

 ʘʣʳʩʪʳסʦʟפ

ʦשʪʘʡʣʘʥʜʳʨʫ 

 ʰʽʥ ʪʨʘʬʠʢʪʽװ

ʙʘʩץʘʨʫ ʞᴅʥʝ 

ʘץʧʘʨʘʪʪʘʥʜʳʨʫ 

ʞװʡʝʣʝʨʽʥ 

 .ʦʣʜʘʥʫץ

ï ɹʘסʜʘʨʰʘʤʜʘʨʜʳ 

ʙʝʡʽʤʜʝʣʤʝʣʽ ʙʘʩץʘʨʫ 

ʘʨץʳʣʳ ʞʘʣʧʳ 

ʢʽʜʽʨʽʩʪʝʨʜʽ ʘʟʘʡʪʫ.  

ï ɾװʨʛʽʟʫʰʽʣʝʨʜʽ ʢʝʧʪʝ-

ʣʽʩʪʝʨ ʤʝʥ ʞʦʣʜʘʨʜʳש 

ʞʘʙʳʣʫʳ ʪʫʨʘʣʳ ʘʣʜʳʥ 

ʘʣʘ ʭʘʙʘʨʜʘʨ ʝʪʫ.  

ï ɹʘʣʘʤʘʣʳ ʙʘסʳʪʪʘʨסʘ 

ʪװʩʝʪʽʥ ʞװʢʪʝʤʝʥʽש 

ʢװʪʧʝʛʝʥ ʘʨʪʫʳʥ ʘʟʘʡʪʫ. 

ï ɾʦʣʜʳש ᴇʪʢʽʟʫ ץʘʙʽʣʝʪʽʥʽש 

ʬʠʟʠʢʘʣʳץ ʰʝʢʪʝʫʽʥ ʞʦʷ ʘʣʤʘʡʜʳ.  

ï ʊʝʢ ʙʦʩ ʙʘʣʘʤʘʣʳ ʙʘסʳʪʪʘʨ 

ʙʦʣסʘʥ ʞʘסʜʘʡʜʘ סʘʥʘ ʪʠʽʤʜʽ.  

ï ɾʦסʘʨʳ ʙʘʩʪʘʧץʳ ʰʳסʳʥʜʘʨ 

ʞᴅʥʝ ʠʥʬʨʘײץʨʳʣʳʤʜʳ ʮʠʬʨʣʘʥ-

ʜʳʨʫסʘ ץʦʡʳʣʘʪʳʥ ʪʘʣʘʧʪʘʨ.  

ï ɼʘʤʫʳ ʪᴇʤʝʥ ץʘʣʘʣʘʨʜʘ ʢʝש 

ʪʘʨʘʣʤʘʫʳ. 

 

ʊʘʣʜʘʫ ʢᴇʨʩʝʪʢʝʥʜʝʡ, ץʦʣʜʘʥʳʩʪʘסʳ ᴅʜʽʩʪʝʨ ʢʝʧʪʝʣʫ ʩʝʙʝʧʪʝʨʽʥ ʪװʙʝʛʝʡʣʽ 

ʞʦʶʜʘʥ ʛᴇʨʽ ʙʝʡʽʤʜʝʣʫ ʰʘʨʘʩʳ ʙʦʣʳʧ ʪʘʙʳʣʘʜʳ. ʆʣʘʨ ʞʘסʳʤʩʳʟ ᴅʩʝʨʣʝʨʜʽ 

ʽʰʽʥʘʨʘ ᴇʪʝʡʜʽ, ʙʽʨʘץ ʰʘʤʘʜʘʥ ʪʳʩ ʞװʢʪʝʤʝ ʤʝʥ ʞʦʣʜʳש ʙʽʪʝʣʫ ʤᴅʩʝʣʝʩʽʥ 

ʰʝʰʧʝʡʜʽ. ʆʩʳסʘʥ ʙʘʡʣʘʥʳʩʪʳ ʞʘשʘ ʧʝʨʩʧʝʢʪʠʚʘʣʳץ ʰʝʰʽʤʜʝʨʜʽ ʽʟʜʝʫ ᴇʟʝʢʪʽ 
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ʙʦʣʳʧ ʪʘʙʳʣʘʜʳ. ʉʦʥʜʘʡ-ʘץ, ʞʦʣʜʘʨʜʳ ʞᴇʥʜʝʫ ʢʝʟʽʥʜʝ ʪʨʘʬʠʢʪʽ ʩʘץʪʘʫʜʳש ʪʘסʳ 

ʙʽʨ ʙʝʣʛʽʣʽ ᴅʜʽʩʽ ʙʘʨ.  

ʆʣʘʨסʘ ʫʘץʳʪʰʘ ʢᴇʧʽʨʣʝʨ ʥʝʤʝʩʝ ᴇʪʢʝʣʜʝʨ ʞʘʪʘʜʳ, ʞᴇʥʜʝʣʝʪʽʥ ʘʡʤʘץʪʘʨʜʘ 

 ʩʪʽʥʝװ שʳʥʳסʘʞʝʪ ʝʪʝʪʽʥ ʞʦʣ ʘʡʤʘץ ʣ ʪʝʭʥʦʣʦʛʠʷ ʞᴇʥʜʝʫʜʽײʦʣʜʘʥʳʣʘʜʳ. ɹץ

ʫʘץʳʪʰʘ ʘʨץʘʣʳץ ʘʨʘʣʳײץ ץʨʳʣʳʤʜʳ ʦʨʥʘʪʫסʘ ʥʝʛʽʟʜʝʣʛʝʥ. ʂᴇʙʽʥʝʩʝ ʤʦʜʫʣʴʜʽʢ 

ʞᴅʥʝ ʙʝʨʽʢʪʽʛʽ ʞʦסʘʨʳ ʙʦʣʘʪʪʘʥ ʞʘʩʘʣסʘʥ ʙײʣ ʘʨʘʣʳץ ʞᴇʥʜʝʣʝʪʽʥ ʘʡʤʘץʪʳש 

ʙװʡʽʨʣʝʨʽʥʝ ʦʨʥʘʪʳʣסʘʥ ʫʘץʳʪʰʘ ʪʽʨʝʢʪʝʨʛʝ (ᴅʜʝʪʪʝ ʤʝʪʘʣʣ ʞʘץʪʘʫʣʘʨ ʥʝʤʝʩʝ 

 ʳʣʳץʳʪʰʘ ʢᴇʧʽʨ ʘʨץʳʥʳ ʫʘסʡʝʥʝʜʽ [46]. ʆʩʳʣʘʡʰʘ, ʢᴇʣʽʢ ʘװʘʜʘʣʘʨ) ʩץ

 ʨʛʽʟʽʣʫʜʝ: ʝʩʢʽװʤʳʩʪʘʨ ʞײʘʞʝʪʪʽ ʞץ ץʘʩʪʳʥʜʘ ʙʘʨʣʳ שʘʣʘʜʳ, ʘʣ ʦʥʳסʦʟץ

ʞʘʙʳʥʜʳ ʙᴇʣʰʝʢʪʝʫ, ʞʝʨ ʪᴇʩʝʤʽʥ ץʘʡʪʘ ײץʨʫ, ʠʥʞʝʥʝʨʣʽʢ ʢʦʤʤʫʥʠʢʘʮʠʷʣʘʨʜʳ 

ʘʫʳʩʪʳʨʫ ʥʝʤʝʩʝ ʪײʨʘץʪʳ ʢᴇʧʽʨʜʽש ʪʽʨʝʢ ײץʨʳʣʳʤʜʘʨʳʥ ʞᴇʥʜʝʫ. 

ʋʘץʳʪʰʘ ʢᴇʧʽʨ ײץʨʳʣʳʤʜʘʨʳ ʩʘʣʘʩʳʥʜʘסʳ ץʦʣʜʘʥʳʩʪʘסʳ ʠʥʞʝʥʝʨʣʽʢ 

ʰʝʰʽʤʜʝʨʜʽ ʩʘʣʳʩʪʳʨʤʘʣʳ ʪʘʣʜʘʫ ʤʦʙʠʣʴʜʽ ᴇʪʢʝʣʜʝʨʜʽש ʙʽʨץʘʪʘʨ ʘʨʪʳץʰʳʣʳץ-

ʪʘʨʳʥ ʘʪʘʧ ᴇʪʫʛʝ ʤװʤʢʽʥʜʽʢ ʙʝʨʝʜʽ. ʂᴇʧʽʨ ʤʝʥ ʢᴇʣʽʢ ײץʨʘʣʳʥʳש ʬʫʥʢʮʠʷʣʘʨʳʥ 

ʙʽʨʽʢʪʽʨʝʪʽʥ ʤʦʙʠʣʴʜʽ ʞʦʣ ᴇʪʧʝʩʽ ʘʨʥʘʡʳ ʪʝʭʥʠʢʘʥʳ ץʦʣʜʘʥʫʜʳ ʪʘʣʘʧ ʝʪʝʪʽʥ 

ʜᴅʩʪװʨʣʽ ʪʝʟ ʩʘʣʳʥʘʪʳʥ ʢᴇʧʽʨʣʝʨʜʝʥ, ʩʦʥʜʘʡ-ʘץ, ʧʘʡʜʘʣʘʥʫʜʳש ʞʦסʘʨʳ ײץʥʳʤʝʥ 

ʝʨʝʢʰʝʣʝʥʝʪʽʥ ᴅʩʢʝʨʠ װʣʛʽʜʝʛʽ ʢᴇʧʽʨ ʪᴇʩʝʛʽʰʪʝʨʜʝʥ ʘʩʳʧ, ץʦʥʜʳʨסʳʥʳש ʞʦסʘʨʳ 

 .ʘʤʪʘʤʘʩʳʟ ʝʪʝʜʽ [6], [46]ץ ʳ ʤʝʥ ʞʝʜʝʣʜʽʛʽʥסʳʨʣʳץʪײ

ɸʥʘʣʠʪʠʢʘʣʳץ ʪʝʨʝשʜʽʢʪʽ ʘʨʪʪʳʨʫ ʞᴅʥʝ ʫʘץʳʪʰʘ ʢᴇʧʽʨʣʝʨ ʤʝʥ ᴇʪʢʝʣʜʝʨʜʽ 

ʜʘʤʳʪʫʜʳש ʩʪʨʘʪʝʛʠʷʣʳץ ʙʘסʳʪʪʘʨʳʥ ʘʥʳץʪʘʫ װʰʽʥ [46] ʦʩʳ ʪᴅʩʽʣʛʝ ʢʝʰʝʥʜʽ 

SWOT ʪʘʣʜʘʫʳʥ ײʩʳʥסʘʥ ʞᴇʥ. 

ʋʘץʳʪʰʘ ʢᴇʧʽʨʣʝʨ ʤʝʥ ᴇʪʢʝʣʜʝʨʜʽש ʢװʰʪʽ ʞʘץʪʘʨʳʥʘ (Strengths) ʞײʤʳʩ 

ʞʘסʜʘʡʳʥʜʘ װʟʜʽʢʩʽʟ ʢᴇʣʽʢ ʘסʳʥʳʥ ץʘʤʪʘʤʘʩʳʟ ʝʪʫ, ץʦʣʜʘʥʳʩʪʘסʳ ʂɾɾ ʤʠʥʠ-

ʤʘʣʜʳ ʘʨʘʣʘʩʫ, ʪʳסʳʟ ץʘʣʘʣʳײץ ץʨʳʣʳʩ ʞʘסʜʘʡʳʥʜʘ ץʦʣʜʘʥʫʜʳש ʞʦסʘʨʳ 

ᴅʤʙʝʙʘʧʪʳסʳ ʞᴅʥʝ ײץʨʳʣʳʤʜʳ ʪʝʟ ʦʨʥʘʣʘʩʪʳʨʫ ʤװʤʢʽʥʜʽʛʽ ʞʘʪʘʜʳ [6], [46]. 

ʆʩʳʥʳש ʘʨץʘʩʳʥʜʘ ʦʣʘʨ ʘʡʥʘʣʤʘ ʞʦʣʜʘʨ ʥʝʤʝʩʝ ʢʝʨʽ ʩʳʟʙʘ ץʦʣʜʘʥʫ ʤװʤʢʽʥ ʝʤʝʩ 

ʞʘסʜʘʡʣʘʨʜʘ ʪʠʽʤʜʽ ʰʝʰʽʤʛʝ ʘʡʥʘʣʘʜʳ [13], [35]. ʉʦʥʳʤʝʥ ץʘʪʘʨ, ʦʣʘʨ ʞʦסʘʨʳ 

 ʳʤʝʥסʳʥʘʥ ʪʦʣʳסʤʳʩ ʘʡʤʘײʘʫʽʧʩʽʟʜʽʢʪʽ ʢᴇʨʩʝʪʝʜʽ, ᴇʡʪʢʝʥʽ ʦʣʘʨ ʢᴇʣʽʢʪʽ ʞץ

ʦץʰʘʫʣʘʡʜʳ. 

ɼʝʛʝʥʤʝʥ, ʙײʣ ᴅʜʽʩʪʽש ᴅʣʩʽʟ ʞʘץʪʘʨʳʥ (Weaknesses) ʝʩʢʝʨʫ ץʘʞʝʪ. ʆʣʘʨʜʳש 

ʽʰʽʥʜʝʛʽ ʝש ʤʘשʳʟʜʳʣʘʨʳ - ʤʝʪʘʣʜʳש ʞʦסʘʨʳ ʩʳʡʳʤʜʳʣʳסʳ ʤʝʥ ᴇʥʜʽʨʽʩ ײץʥʳ, 

ʜᴅʣ ײץʨʘʩʪʳʨʫ ץʘʞʝʪʪʽʣʽʛʽ ʞᴅʥʝ ʙʽʣʽʢʪʽ ʤʦʥʪʘʞʜʘʫ ʪʦʙʳʥʳש ʙʦʣʫʳ [46]. ʉʦʥʳʤʝʥ 

 (ʳסʟʳʥʜʳײ ץʢ ʢᴇʪʝʨʛʽʰʪʽʛʽ, ʘʨʘʣʳװʤʳʩʘʣʳ, ʞ) ʘʪʘʨ, ʢʦʥʩʪʨʫʢʪʠʚʪʽ ʰʝʢʪʝʫʣʝʨץ

ᴅʨʪװʨʣʽ ʞʘסʜʘʡʣʘʨʜʘ ץʦʣʜʘʥʫʜʳש ᴅʤʙʝʙʘʧʪʳסʳʥ ʰʝʢʪʝʡʜʽ. ʉʦʥʜʘʡ-ʘץ, ʧʘʡʜʘʣʘʥʫ 

ʪʝʭʥʠʢʘʣʳץ ʜʘʡʳʥʜʳץʪʳ, ʩʦʥʳש ʽʰʽʥʜʝ, ץʦʣʘʡʣʳ ʢᴇʣʽʢ ʙʘʟʘʩʳ ʤʝʥ ʪʝʭʥʠʢʘʣʳץ 

 .ʘʞʝʪ ʝʪʝʜʽ [6], [46]ץ ʘʣʘʫʜʳסʘʜʘץ

ʄװʤʢʽʥʜʽʢʪʝʨ ʪײʨסʳʩʳʥʘʥ (Opportunities), ʫʘץʳʪʰʘ ʢᴇʧʽʨʣʝʨ ʤʝʥ ᴇʪʢʝʣʜʝʨʜʽ 

ʧʘʡʜʘʣʘʥʫ ʠʥʪʝʣʣʝʢʪʫʘʣʜʳ ʢᴇʣʽʢ ʠʥʬʨʘײץʨʳʣʳʤʳʥʳץ שʦʣʘʡʣʳ ʜʘʤʫʳʥʘ ʳץʧʘʣ 

ʝʪʝʜʽ, ᴅʩʽʨʝʩʝ ʘסʳʥʜʘʨʜʳ ʙʘץʳʣʘʫ ʞᴅʥʝ ʙʘʩץʘʨʫ ʞװʡʝʣʝʨʽʤʝʥ ʠʥʪʝʛʨʘʮʠʷʣʘʥסʘʥ 

ʢʝʟʜʝ [38], [40]. ײפʨʘʤʘ ʞᴅʥʝ ʪʝʣʝʩʢʦʧʠʷʣʳץ ʢʦʥʩʪʨʫʢʮʠʷʣʘʨ ʩʘʣʘʩʳʥʜʘסʳ 

ʪʝʭʥʦʣʦʛʠʷʣʳץ ʜʘʤʫ ʞʝשʽʣ, ᴅʤʙʝʙʘʧ ʞᴅʥʝ ʘʚʪʦʤʘʪʪʘʥʜʳʨʳʣסʘʥ ʰʝʰʽʤʜʝʨʜʽ ײץʨʫ 

ʞʘשʘ ʤװʤʢʽʥʜʽʢʪʝʨʥ̔ ʘʰʘʜʳ. ʉʦʥʳʤʝʥ ץʘʪʘʨ, ʤײʥʜʘʡ ʢᴇʧʽʨʣʝʨ ʤʝʥ ᴇʪʢʝʣʜʝʨʜʽ 

ʢʝשʽʥʝʥ ץʦʣʜʘʥʫ ʢʦʤʤʫʥʘʣʜʳץ ʞʝʣʽʣʝʨʜʽ ץʘʡʪʘ ײץʨʫ ʞʘסʜʘʡʳʥʜʘ ʤװʤʢʽʥ, ʤײʥʜʘ 

ʪʧ̔ʪʽ ʞʝʨʛʽʣʽʢʪʽ ʘʡʤʘץʪʘʨʜʘ ʜʘ ץʦʟסʘʣʳʩ װʟʜʽʢʩʽʟʜʽʛʽʥ ʙײʟʙʘʫ ʤʘשʳʟʜʳ [31], [46]. 
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-ʨʳʣʳʤײץʘʫʽʧ ʬʘʢʪʦʨʣʘʨʳ ʠʥʬʨʘץ ʥʝʛʽʟʛʽ ,ץʘʫʽʧʪʝʨʛʝ (Threats) ʢʝʣʝʪʽʥ ʙʦʣʩʘפ

ʜʳץ ʞʦʙʘʣʘʨʜʳ ʰʝʢʪʝʫʣʽ ץʘʨʞʳʣʘʥʜʳʨʫ, ʤʦʙʠʣʴʜʽ ʢʦʥʩʪʨʫʢʮʠʷʣʘʨʜʳ ʪײʨʘץʪʳ 

ʧʘʡʜʘʣʘʥʫסʘ ʝʥʛʽʟʫ װʰʽʥ ʥʦʨʤʘʪʠʚʪʽʢ ʙʘʟʘʥʳש ʙʦʣʤʘʫʳ, ʩʦʥʜʘʡ-ʘץ ,ץʘʪʘʣ ʢʣʠʤʘʪ 

ʥʝʤʝʩʝ ʞʦסʘʨʳ ʞװʢʪʝʤʝ ʞʘסʜʘʡʳʥʜʘ ʧʘʡʜʘʣʘʥʫ ʢʝʟʽʥʜʝ ʤװʤʢʽʥ ʙʦʣʘʪʳʥ 

 ʳʟʤʝʪʪʝʨ ʤʝʥץ ץʘʪʘʨ, ʢʦʤʤʫʥʘʣʜʳץ ʪʘʨ ʙʦʣʳʧ ʪʘʙʳʣʘʜʳ [46]. ʉʦʥʳʤʝʥץʠʳʥʜʳץ

ʞʦʣ ʚʝʜʦʤʩʪʚʦʣʘʨʳ ʘʨʘʩʳʥʜʘסʳ װʡʣʝʩʪʽʨʫʜʽש ʞʝʪʢʽʣʽʢʩʽʟʜʽʛʽ ʞʘסʜʘʡʳʥʜʘ ʝש 

ʟʘʤʘʥʘʫʠ ʰʝʰʽʤʜʝʨʜʽ ץʦʣʜʘʥʫʜʳש ʪʠʽʤʩʽʟʜʽʛʽ ʤװʤʢʽʥ, ʙײʣ ʞײʤʳʩʪʘʨʜʳש 

 .ʥʘʰʘʨʣʘʫʳʥʘ ᴅʢʝʣʝʜʽ [26], [31], [35] שʜʘʡʳʥʳסʘʡʪʘʣʘʥʫʳʥʘ ʞᴅʥʝ ʢᴇʣʽʢ ʞʘץ

SWOT ʪʘʣʜʘʫʳ ʥʝʛʽʟʛʽ ʢװʰʪʽ ʞᴅʥʝ ᴅʣʩʽʟ ʞʘץʪʘʨʜʳ ʞװʡʝʣʝʫʛʝ, ʩʦʥʜʘʡ-ʘץ, 

 ʨʳʣʳʤʜʘʨʜʳײץ ʜʘʡʳʥʜʘ ʤʦʙʠʣʴʜʽסʡʳʤʜʘʩʪʳʨʫ ʞʘײ ʳʪʰʘץʘʣʳʩʪʳ ʫʘסʦʟץ

ʧʘʡʜʘʣʘʥʫ ʢʝʟʽʥʜʝʛʽ ʳץʪʠʤʘʣ ʤװʤʢʽʥʜʽʢʪʝʨ ʤʝʥ ץʘʫʽʧʪʝʨʜʽ ʘʥʳץʪʘʫסʘ ʤװʤʢʽʥʜʽʢ 

ʙʝʨʜʽ. ʊʘʣʜʘʫʜʳש ʞʠʳʥʪʳץ ʥᴅʪʠʞʝʣʝʨʽ 1.3 ʢʝʩʪʝʜʝ ʢʝʣʪʽʨʽʣʛʝʥ. 

 

ʂʝʩʪʝ 1.3 ï ɾʦʣʜʘʨʜʳ ʞᴇʥʜʝʫ ʢʝʟʽʥʜʝ ʫʘץʳʪʰʘ ʢᴇʧʽʨʣʝʨ ʤʝʥ ʞʦʣ ᴇʪʧʝʣʝʨʽʥ 

ʦʣʜʘʥʫʜʳ SWOT ʪʘʣʜʘʫ rץ
SWOT ײץʨʘʤʜʘʩ 

ʙᴇʣʽʢʪʝʨʽ 
ʉʠʧʘʪʪʘʤʘʩʳ 

S ï Strengths (ʂװʰʪʽ 

ʞʘץʪʘʨʳ) 

- ɾᴇʥʜʝʫ ʘʡʤʘסʳʥʜʘ ʘʡʥʘʣʤʘ ʞʦʣ ײʡʳʤʜʘʩʪʳʨʫ ץʘʞʝʪʪʽʣʽʛʽʥʩʽʟ 
ʢᴇʣʽʢ ץʦʟסʘʣʳʩʳʥʳװ שʟʜʽʢʩʽʟʜʽʛʽʥ ץʘʤʪʘʤʘʩʳʟ ʝʪʫ.  

- ʊʳסʳʟ ץʘʣʘʣʳײץ ץʨʳʣʳʩ ʞʘסʜʘʡʳʥʜʘ ʞʦסʘʨʳ ʪʠʽʤʜʽʣʽʢ.  

- ʄʦʜʫʣʴʜʽʢ ʥʝʤʝʩʝ ʞʠʥʘʣʤʘʣʳ ʢʦʥʩʪʨʫʢʮʠʷ ʙʦʣסʘʥ ʞʘסʜʘʡʜʘ 
ʞʳʣʜʘʤ ʦʨʥʘʣʘʩʪʳʨʫ ʞᴅʥʝ ײץʨʘʩʪʳʨʫ ʤװʤʢʽʥʜʽʛʽ.  

 ʳʥʳʥʘʥסʳʥ ʢᴇʣʽʢ ʘסʤʳʩ ʘʡʤʘײʛʝʡʽ: ʞשʘʨʳ ʜʝסʞʦ שʘʫʽʧʩʽʟʜʽʢʪʽפ -
ʦץʰʘʫʣʘʫ. 

W ï Weaknesses 

(ᴄʣʩʽʟ ʞʘץʪʘʨʳ) 

- ʄʝʪʘʣʩʳʡʳʤʜʳʣʳסʳʥʳש ʞʦסʘʨʳ ʙʦʣʫʳ ʞᴅʥʝ ʜʘʡʳʥʜʘʫ ײץʥʳʥʳש 
  .ʳסʳʤʙʘʪʪʳץ

- ɹʽʣʽʢʪʽ ʤʦʥʪʘʞʜʘʫ ʙʨʠʛʘʜʘʩʳ ʤʝʥ ʪʝʭʥʠʢʘʣʳץ ʙʘץʳʣʘʫʜʳש 

  .ʘʞʝʪʪʽʣʽʛʽץ

- ʊײʨʘץʪʳ ʢʦʥʩʪʨʫʢʮʠʷʣʘʨʤʝʥ ʩʘʣʳʩʪʳʨסʘʥʜʘ ʘʨʘʣʳײ ץʟʳʥʜʳסʳ 
ʤʝʥ ʞװʢ ʢᴇʪʝʨʛʽʰʪʽʛʽ ʙʦʡʳʥʰʘ ʰʝʢʪʝʫʣʝʨ.  

- ɯʨʽ ʢᴇʣʝʤʜʽ ʵʣʝʤʝʥʪʪʝʨʜʽ ʪʘʩʳʤʘʣʜʘʫ ʞᴅʥʝ ʩʘץʪʘʫ ץʠʳʥʜʳץʪʘʨʳ. 

O ï Opportunities 

(ʄװʤʢʽʥʜʽʢʪʝʨ) 

- ɾʳʣʜʘʤ ײץʨʘʩʪʳʨʳʣʘʪʳʥ ʢʦʥʩʪʨʫʢʮʠʷʣʘʨ ʪʝʭʥʦʣʦʛʠʷʩʳʥʳש 

ʜʘʤʫʳ (ʪʝʣʝʩʢʦʧʠʷʣʳץ, ʞʠʥʘʣʤʘʣʳ).  

- ɿʠʷʪʢʝʨʣʽʢ ʢᴇʣʽʢ ʞװʡʝʣʝʨʽʤʝʥ ʙʽʨʽʢʪʽʨʫ ʤװʤʢʽʥʜʽʛʽ.  

- ɹʶʜʞʝʪʽ ʰʝʢʪʝʫʣʽ ץʘʣʘʣʘʨ װʰʽʥ ʞᴇʥʜʝʫ ʢʝʟʝשʽʥʜʝ ʞʘʣסʘ ʙʝʨʫ 
ʤʦʜʝʣʽʥ ץʦʣʜʘʥʫ.  

- ʊᴇʪʝʥʰʝ ʞʘסʜʘʡʣʘʨʜʘ (ʩʫ ʪʘʩץʳʥʳ, ʘʧʘʪʪʳץ ʞʘסʜʘʡʣʘʨ) 

ʢʦʥʩʪʨʫʢʮʠʷʥʳ ʙʝʡʽʤʜʝʫ ʤװʤʢʽʥʜʽʛʽ. 

T ï Threats (פʘʫʽʧ-

 (ʘʪʝʨʣʝʨץ

 ʘʥ ʥʦʨʤʘʪʠʚʪʽʢסʽʥʝʥ ʝʥʛʽʟʫʛʝ ʘʨʥʘʣשʨʳʣʳʤʜʘ ʢʝײץʠʥʬʨʘ ץʘʣʘʣʳפ -
ʙʘʟʘʥʳש ʙʦʣʤʘʫʳ.  

- ɾʝʨʛʽʣʽʢʪʽ ʙʠʣʽʢ ʦʨʛʘʥʜʘʨʳ ʪʘʨʘʧʳʥʘʥ ץʘʨʞʳʣʘʥʜʳʨʫʜʳש ʙʦʣʫʳ.  

- ʂʣʠʤʘʪʪʳץ ʪᴅʫʝʢʝʣʜʝʨ (ʤײʟʜʘʥʫ, ʞʘʫʳʥ-ʰʘʰʳʥ, ʤʝʪʘʣʜʳש 

ʞʳʣʫʣʳץ ʢʝשʝʶʽ).  

- ʄʦʥʪʘʞʜʘʫ ʢʝʟʽʥʜʝ ץʘʪʝʣʽʢʪʝʨʜʽש ʙʦʣʫʳ ʥʝʤʝʩʝ ʢʦʥʩʪʨʫʢʮʠʷʥʳש 
ʰʘʤʘʜʘʥ ʪʳʩ ʞװʢʪʝʣʫʽ. 

 

SWOT ʪʘʣʜʘʫʳʥʳש ʥᴅʪʠʞʝʣʝʨʽ ʙʦʡʳʥʰʘ ʫʘץʳʪʰʘ ʢᴇʧʽʨ ᴇʪʢʝʣʜʝʨʽ ʤʝʥ 

ᴇʪʢʝʣʜʝʨ ץʦʟסʘʣʳʩ װʟʜʽʢʩʽʟʜʽʛʽ ʤʝʥ ץʦʣʜʘʥʫʜʳש ᴅʤʙʝʙʘʧʪʳסʳ ʪײʨסʳʩʳʥʘʥ ʝש 

 ʳʪʰʘ ʘʡʥʘʣʤʘץʘʣʳʩ ʞᴅʥʝ ʫʘסʦʟץ ʘ ʠʝ (ɿʂɾ, ʢʝʨʽסʪʘʨץʰʳʣʳץʣʢʝʥ ʘʨʪʳװ
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ʞʦʣʜʘʨʤʝʥ ʩʘʣʳʩʪʳʨסʘʥʜʘ), ʙʽʨʘץ ʘʡʪʘʨʣʳץʪʘʡ ʙʘʩʪʘʧץʳ ʰʳסʳʥʜʘʨʜʳ ʪʘʣʘʧ 

ʝʪʝʜʽ [6], [46]. ɿʂɾ ʞᴅʥʝ ʢʝʨʽ ץʦʟסʘʣʳʩʪʳ ʧʘʡʜʘʣʘʥʫ ʙʶʜʞʝʪʪʽʢ ʙʘʣʘʤʘ ʙʦʣʳʧ 

ʪʘʙʳʣʘʜʳ, ʙʽʨʘץ ʙײʣ ᴅʜʽʩʪʝʨʜʽש ʪʠʽʤʜʽʣʽʛʽ ʨʝʟʝʨʚʪʽʢ ץʫʘʪʪʳש ʞʝʪʽʩʧʝʫʰʽʣʽʛʽʤʝʥ 

ʥʝʤʝʩʝ ʪʨʘʬʠʢʪʽ ץʘʡʪʘ ʙᴇʣʫʜʽש ʤװʤʢʽʥ ʙʦʣʤʘסʘʥ ʞʘסʜʘʡʜʘ ʪᴇʤʝʥʜʝʡʜʽ [27], [28]. 

ʋʘץʳʪʰʘ ʘʡʥʘʣʤʘ ʞʦʣʜʘʨ ʙʦʩ ʢʝשʽʩʪʽʢʪʽ ץʘʞʝʪ ʝʪʝʜʽ ʞᴅʥʝ ʞʦʣ ʧʘʡʜʘʣʘʥʫʰʳʣʘʨʳ 

 .ʳʥʜʘʨʳʥ ʪʘʣʘʧ ʝʪʝʜʽ [13], [35]סʳʪ ʰʳץʣʢʝʥ ʫʘװ ʰʽʥװ

ʆʩʳʣʘʡʰʘ, ʫʘץʳʪʰʘ ʢᴇʧʽʨ ᴇʪʢʝʣʜʝʨʽ ʤʝʥ ʤʦʙʠʣʴʜʽ ᴇʪʢʝʣʜʝʨ ʠʥʞʝʥʝʨʣʽʢ, 

ʢʦʤʤʫʥʘʣʜʳץ ʞᴅʥʝ ʢװʨʜʝʣʽ ʞײʤʳʩʪʘʨʜʳ ʞװʨʛʽʟʫ ʢʝʟʽʥʜʝ ʫʘץʳʪʰʘ ʞʦʣ ץʦʟסʘʣʳ-

ʩʳʥ ײʡʳʤʜʘʩʪʳʨʫ ʞװʡʝʩʽʥʜʝʛʽ ʝש ʧʝʨʩʧʝʢʪʠʚʘʣʳ ʙʘסʳʪʪʳ ʙʽʣʜʽʨʝʜʽ [6] [46]. 

ʆʣʘʨʜʳש ʙʘʩʪʳ ʘʨʪʳץʰʳʣʳסʳ - ʥʝʛʽʟʛʽ ʞʦʣʜʘʨʜʳש ʪʦʣʳץ ʞʘʙʳʣʫʳ ʞʘסʜʘʡʳʥʜʘ 

ʜʘ ʪʦʣʳץץʘʥʜʳ ʞᴅʥʝ װʟʜʽʢʩʽʟ ʢᴇʣʽʢ ץʘʪʳʥʘʩʳʥ ץʘʤʪʘʤʘʩʳʟ ʝʪʫ ʤװʤʢʽʥʜʽʛʽ [47]. 

ʂʝשʽʩʪʽʢʪʽץ שʦʣʞʝʪʽʤʜʽʣʽʛʽʥʝ, ʪʨʘʬʠʢʪʽץ שʘʨץʳʥʜʳʣʳסʳʥʘ ʞᴅʥʝ ʘʫʘ-ʨʘʡʳʥʳש 

ʞʘסʜʘʡʳʥʘ ʙʘʡʣʘʥʳʩʪʳ ʙʦʣʘʪʳʥ ʢʝʨʽ ʞʦʣʘץʪʘʨʜʘʥ ʥʝʤʝʩʝ ʫʘץʳʪʰʘ ʘʡʥʘʣʤʘ 

ʞʦʣʜʘʨʜʘʥ ʘʡʳʨʤʘʰʳʣʳסʳ, ʤʦʙʠʣʴʜʽ ײץʨʳʣʳʤʜʘʨ ᴅʤʙʝʙʘʧʪʳץץʘ, ʘʚʪʦʥʦʤʠʷסʘ 

ʞᴅʥʝ ʞʦסʘʨʳ ʪʝʭʥʠʢʘʣʳץ ʙʝʡʽʤʜʝʣʫʛʝ ʠʝ. 

ʊʘʣʜʘʫ ʢᴇʨʩʝʪʢʝʥʜʝʡ, ץʘʣʘ ײץʨʳʣʳʩʳʥʳש ʪʳסʳʟʜʳסʳ ʞʦסʘʨʳ, ʂɾɾ 

ʤװʤʢʽʥʜʽʢʪʝʨʽ ʰʝʢʪʝʫʣʽ ʞᴅʥʝ ʤʘʛʠʩʪʨʘʣʴʜʳץ ʙʘסʳʪʪʘʨסʘ ʞװʢʪʝʤʝ ʘʨʪʳʧ ʢʝʣʝ 

ʞʘʪץʘʥ ʞʘסʜʘʡʜʘ, ץʦʟסʘʣʳʩʪʳ ץʘʡʪʘ ʙᴇʣʫʜʽש ʢʣʘʩʩʠʢʘʣʳץ ʩʳʟʙʘʣʘʨʳ ʪʠʽʤʜʽʣʽʛʽʥ 

ʞʦסʘʣʪʘʜʳ [13], [35]. ʉʦʥʳʤʝʥ ץʘʪʘʨ, ʢʦʤʤʫʥʘʣʜʳץ ʞᴅʥʝ ʢᴇʣʽʢ ʞײʤʳʩʪʘʨʳʥ 

ʙʽʨʽʢʪʽʨʫ (ʤʳʩʘʣʳ, ʞʝʨ ʘʩʪʳ ʞʝʣʽʣʝʨʽʥ ʘʫʳʩʪʳʨʫ ʢʝʟʽʥʜʝ) ץʦʟסʘʣʳʩʪʳ ʪʦʣʳץ 

ʪʦץʪʘʪʫ ץʘʞʝʪʪʽʣʽʛʽʥ ʙʦʣʜʳʨʤʘʡʪʳʥ ʰʝʰʽʤʜʝʨʜʽ ץʘʞʝʪ ʝʪʝʜʽ [31]. ɹײʣ ʞʘסʜʘʡʜʘ 

ʫʘץʳʪʰʘ ʢᴇʧʽʨʣʝʨ ʤʝʥ ᴇʪʢʝʣʜʝʨ ʢᴇʣʽʢ ץʦʣ ʞʝʪʽʤʜʽʣʽʛʽʥ ʩʘץʪʘʫסʘ, ʢʝʧʪʝʣʽʩʪʝʨʜʽ 

ʘʟʘʡʪʫסʘ, ʵʢʦʣʦʛʠʷʣʳץ ʞװʢʪʝʤʝʥʽ ʘʟʘʡʪʫסʘ ʞᴅʥʝ ץʦʟסʘʣʳʩ ץʘʪʳʩʫʰʳʣʘʨʳ װʰʽʥ 

ʜʝ, ʞײʤʳʩ ʪʦʧʪʘʨʳ װʰʽʥ ʜʝ ץʘʫʽʧʩʽʟʜʽʢʪʽ ʘʨʪʪʳʨʫסʘ ץʘʙʽʣʝʪʪʽ ʰʝʰʽʤʜʝʨ ʙʦʣʳʧ 

ʪʘʙʳʣʘʜʳ. 

ʉʦʥʳʤʝʥ ץʘʪʘʨ, ᴅʣʝʤʜʽʢ ʪᴅʞʽʨʠʙʝʜʝ ʘʟʘʤʘʪʪʳײץ ץʨʳʣʳʩ (Astra Bridge, Acrow, 

Mabey ʞʦʙʘʣʘʨʳ) ʰʝשʙʝʨʽʥʜʝ ʜʝ, ʘʟʘʤʘʪʪʳץ ץʦʨסʘʥʳʩ ʞᴅʥʝ ʠʥʬʨʘײץʨʳʣʳʤʜʳץ 

-ʩʘʣʘʩʳʥʜʘ ʜʘ ʞʳʣʜʘʤ ʦʨʥʘʣʘʩʪʳʨʳʣʘʪʳʥ ʢᴇʧʽʨ ʪʠʧʪʽ ʢʦʥʩʪʨʫʢ ץʳʨʣʳץʪײ

ʮʠʷʣʘʨʜʳ ʝʥʛʽʟʫʜʽש ʘʡץʳʥ װʨʜʽʩʽ ʙʘʡץʘʣʘʪʳʥʳʥ ʘʪʘʧ ᴇʪʢʝʥ ʞᴇʥ [47], [48]. ʊʨʘʬʠʢ 

ʪʳסʳʟʜʳסʳʥʳש ᴇʩʫʽʥʝ ʞᴅʥʝ ʠʥʞʝʥʝʨʣʽʢ ʞʝʣʽʣʝʨʜʽ ʞʘסשʳʨʪʫ ץʘʞʝʪʪʽʣʽʛʽʥʝ ʪʘʧ 

ʙʦʣסʘʥ פʘʟʘץʩʪʘʥ ʜʘ ʦʩʳʥʜʘʡ ʞʦסʘʨʳ ʙʝʡʽʤʜʝʣʛʽʰ ʰʝʰʽʤʜʝʨʛʝ ʤץײʪʘʞ. 

ʆʩʳסʘʥ ʙʘʡʣʘʥʳʩʪʳ ʙʝʨʽʢʪʽʢ ʧʝʥ ʢʦʥʩʪʨʫʢʪʠʚʪʽʢ ʪʘʣʘʧʪʘʨʜʳ סʘʥʘ ʝʤʝʩ, 

ʩʦʥʳʤʝʥ ץʘʪʘʨ, ʧʘʡʜʘʣʘʥʫ ʠʢʝʤʜʽʣʽʛʽʥ, ץʘʣʘʣʳץ ʞʘסʜʘʡʣʘʨסʘ ʙʝʡʽʤʜʝʣʫʽʥ, 

ʪʘʩʳʤʘʣʜʘʫ ʤװʤʢʽʥʜʽʛʽʥ ʞᴅʥʝ ʦʨʥʘʪʫ ץʘʫʽʧʩʽʟʜʽʛʽʥ ʝʩʢʝʨʝʪʽʥ ʤʦʙʠʣʴʜʽ 

ʢʦʥʩʪʨʫʢʮʠʷʣʘʨסʘ ʘʨʥʘʣסʘʥ ʠʥʞʝʥʝʨʣʽʢ ʰʝʰʽʤʜʝʨʜʽ ᴅʟʽʨʣʝʫ ץʘʞʝʪʪʽʣʽʛʽ 

ʪʫʳʥʜʘʡʜʳ. ɹײʣ װʰʽʥ ʫʘץʳʪʰʘ ʢᴇʧʽʨ ᴇʪʢʝʣʜʝʨʽ ʤʝʥ ʞʦʣ ᴇʪʧʝʣʝʨʽʥ ᴅʟʽʨʣʝʫ ʞᴅʥʝ 

 .ʘʞʝʪץ ʘʨʘʩʪʳʨʫץ ʳ ᴅʣʝʤʜʽʢ ʪᴅʞʽʨʠʙʝʥʽסʦʣʜʘʥʫ ʩʘʣʘʩʳʥʜʘץ

ɹײʣ ʢᴇʪʝʨʛʽʰ ʢʦʥʩʪʨʫʢʮʠʷʣʘʨʜʳ ʝʩʝʧʪʝʫ, ץʦʟסʘʣʤʘʣʳ ʞװʢʪʝʤʝ ᴅʩʝʨʽʥʜʝʛʽ 

ʪײʨʘץʪʳʣʳץʪʳ ʪʘʣʜʘʫ, ʤʝʪʘʣʩʳʡʳʤʜʳʣʳסʳʥ ʘʟʘʡʪʫ ʞᴅʥʝ ײץʨʘʩʪʳʨʫʜʳש 

ʪʝʭʥʦʣʦʛʠʷʣʳץ ʪʠʽʤʜʽʣʽʛʽʥ ʘʨʪʪʳʨʫ ʙʘסʳʪʳʥʜʘ ץʦʩʳʤʰʘ ץʦʣʜʘʥʙʘʣʳ ʟʝʨʪʪʝʫʣʝʨ 

ʞװʨʛʽʟʫʜʽ ʪʘʣʘʧ ʝʪʝʜʽ. 
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1.3 ʋʘץʳʪʰʘ ʢᴇʧʽʨ ᴇʪʢʝʣʜʝʨʽʥ ץʦʣʜʘʥʫʜʳש ᴅʣʝʤʜʽʢ ʪᴅʞʽʨʠʙʝʩʽ 

 

ʂᴇʣʽʢ ʢʝʜʝʨʛʽʥʽש ʥʝʤʝʩʝ ʞᴇʥʜʝʫ ʘʡʤʘסʳʥʳװ שʩʪʽʤʝʥ ᴇʪʝ ʘʣʘʪʳʥ ʫʘץʳʪʰʘ 

ʢᴇʧʽʨ ᴇʪʢʝʣʽ ʠʜʝʷʩʳ ʞʘשʘ ʝʤʝʩ. ɽʢʽʥʰʽ ʜװʥʠʝʞװʟʽʣʽʢ ʩʦסʳʩ ʢʝʟʽʥʜʝ ʜʝ ʪʝʟ 

ʩʘʣʳʥʘʪʳʥ ʤʦʜʫʣʴʜʽʢ ʢᴇʧʽʨ ʪײʞʳʨʳʤʜʘʤʘʩʳ ʞʘʩʘʣʜʳ - ᴅʡʛʽʣʽ ɹʵʡʣʠ ʢᴇʧʽʨʽ 

(Bailey Bridge), ʙײʣ ᴅʩʢʝʨʣʝʨʛʝ ᴇʟʝʥʜʝʨ ʤʝʥ ץʠʨʘסʘʥ ʞʦʣʜʘʨʜʳש ᴇʪʢʝʣʜʝʨʽʥ 

ʞʳʣʜʘʤ ʙʘסʳʪʪʘʫסʘ ʤװʤʢʽʥʜʽʢ ʙʝʨʜʽ. 1940 ʞʳʣʳ ʘסʳʣʰʳʥ ʠʥʞʝʥʝʨʽ ɼʦʥʘʣʴʜ 

ɹʵʡʣʠ ʞʘʩʘסʘʥ ɹʵʡʣʠ ʢᴇʧʽʨʽ (ʩʫʨʝʪ - 1.3) ץʘʞʝʪʪʽ ײʟʳʥʜʳץʪʘסʳ ʘʨʘʣʳײץ ץʨʳʣʳʤסʘ 

 (ʧʘʥʝʣʴʜʝʨ, ʨʠʛʝʣʴʜʝʨ) שʘʥ ʩʪʘʥʜʘʨʪʪʳ ʤʝʪʘʣʣ ʵʣʝʤʝʥʪʪʝʨʽʥʽסʦʣʤʝʥ ʞʠʥʘʣץ

ʞʠʳʥʪʳסʳ ʙʦʣʜʳ (ʩʫʨʝʪ 1.4) [49], [50]. 

 

  
 

ʉʫʨʝʪ 1.3 ï ɼʦʥʘʣʴʜ ɹʡɻʣʠ  

ᴇʟʽʥʽש ʢᴇʧʽʨʽʥʽש ʤʦʜʝʣʽʤʝʥ  

ʉʫʨʝʪ 1.4 ï çʐʝʨʤʘʥè ʪʘʥʢʽ ʀʪʘʣʠʷʜʘסʳ 

ʉʘʥʪʝʨʥʦ ᴇʟʝʥʽ ʘʨץʳʣʳ ʩʘʣʳʥסʘʥ ɹʡɻʣʠ 

ʢᴇʧʽʨʽʥʝʥ ᴇʪʫʜʝ 
 

ʊʘʩʳʤʘʣʜʘʫʜʳץ שʘʨʘʧʘʡʳʤʜʳʣʳסʳ (ʙʘʨʣʳץ ʙᴇʣʰʝʢʪʝʨ ʞװʢ ʢᴇʣʽʛʽʥʝ ʩʳʜ̫ʳ) 

ʞᴅʥʝ ײץʨʘʩʪʳʨʫʜʳץ שʘʨʘʧʘʡʳʤʜʳʣʳסʳ ʢᴇʧʽʨʣʝʨʜʽ ʙʽʨʥʝʰʝ ʩʘסʘʪ ʽʰʽʥʜʝ, ʘʫʳʨ 

ʪʝʭʥʠʢʘʥʳ ץʦʣʜʘʥʙʘʡ ʙʘסʳʪʪʘʫסʘ ʤװʤʢʽʥʜʽʢ ʙʝʨʜʽ. ʉʦסʳʩʪʘʥ ʢʝʡʽʥ ɹʵʡʣʠʜʽש 

ʤʦʜʫʣʴʜʽʢ ʢᴇʧʽʨʣʝʨʽ ʢװʨʜʝʣʽ ײץʨʳʣʳʩʪʘʨʜʳ ʞᴇʥʜʝʫʛʝ ʞᴅʥʝ ʪᴇʪʝʥʰʝ ʞʘסʜʘʡʣʘʨסʘ 

ʘʨʥʘʣסʘʥ ʫʘץʳʪʰʘ ʢᴇʧʽʨʣʝʨ ʨʝʪʽʥʜʝ ʢʝש ʘʟʘʤʘʪʪʳץ ץʦʣʜʘʥʫʜʳ ʪʘʧʪʳ.  

ʂᴇʧʪʝʛʝʥ ʝʣʜʝʨʜʝ (ʤʳʩʘʣʳ ɻʝʨʤʘʥʠʷ) ʦʩʳ ʢᴇʧʽʨʣʝʨʜʽש ʞʝʪʽʣʜʽʨʽʣʛʝʥ 

ʥײʩץʘʣʘʨʳ ᴅʣʽ ʜʝ ץʦʣʜʘʥʳʣʘʜʳ (ʩʫʨʝʪ 1.5).  
 

 
 

ʉʫʨʝʪ 1.5 ï ɻʝʨʤʘʥʠʷʜʘסʳ ʩʫ ʪʘʩץʳʥʳʥʘʥ ʢʝʡʽʥ   

ɹɻʡʣʠ ʪʠʧʪʽ ʢᴇʧʽʨʜʽ ʦʨʥʘʪʫ 
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ʄʳʩʘʣʳ, ʘʤʝʨʠʢʘʥʜʳץ Acrow ʢʦʤʧʘʥʠʷʩʳ ʤʝʥ ʙʨʠʪʘʥʜʳץ Mabey Bridge 

ʫʘץʳʪʰʘ ᴇʪʢʝʣʜʝʨ ʤʝʥ ʘʡʥʘʣʤʘ ʞʦʣʜʘʨ װʰʽʥ ɹʵʡʣʠ ʢᴇʧʽʨʣʝʨʽʥʽש ʤײʨʘʛʝʨʣʝʨʽ 

ʙʦʣʳʧ ʪʘʙʳʣʘʪʳʥ ʤʦʜʫʣʴʜʽʢ ʙʦʣʘʪ ʢᴇʧʽʨ ײץʨʳʣʳʤʜʘʨʳʥ ײʩʳʥʘʜʳ [48 ], [50]. 

ʄײʥʜʘʡ ʢᴇʧʽʨʣʝʨ ʢᴇʙʽʥʝ ץʦʣʜʘʥʳʩʪʘסʳ ʢᴇʧʽʨʣʝʨʜʽש ʞʘʥʳʥʘ ʦʨʥʘʪʳʣʘʜʳ. ɹײʣ 

ʥʝʛʽʟʛʽ ʢᴇʧʽʨʜʽ ץʘʡʪʘ ʞʘשʘʨʪʫ ʢʝʟʝשʽʥʜʝ ʢᴇʣʽʢ ץʦʟסʘʣʳʩʳʥ ץʘʤʪʘʤʘʩʳʟ ʝʪʫʛʝ 

ʥʝʤʝʩʝ ʞʦʣʜʳ ײʟʘץ ʫʘץʳʪץʘ ʞʘʙʫ ץʘʞʝʪ ʙʦʣʘʪʳʥ ʘʡʤʘץʪʘʨʜʘ ʪʝʟ ʦʨʥʘʣʘʩʪʳʨʳ-

ʣʘʪʳʥ ʘʡʥʘʣʤʘ ᴇʪʢʝʣ ʢʦʥʩʪʨʫʢʮʠʷʩʳ ʨʝʪʽʥʜʝ ʧʘʡʜʘʣʘʥʫסʘ ʤװʤʢʽʥʜʽʢ ʙʝʨʝʜʽ.  

ʄʳʩʘʣʳ, 2021 ʞʳʣʳ ɸפʐ-ʪʘ ʅʴʶ-ɼʞʝʨʩʠʜʝʛʽ I-295 ʞʦʣ ʘʡʨʳסʳʥ ץʘʡʪʘ 

 ʪʳ Acrow ʢᴇʧʽʨʽץʳʪʰʘ ʝʢʽ ʞʦʣʘץʳ 137 ʤ ʙʦʣʘʪʳʥ ʫʘסʟʳʥʜʳײ ʨʫ ʢʝʟʽʥʜʝײץ

ʦʨʥʘʪʳʣʜʳ (ʩʫʨʝʪ 1.6), ʙײʣ ʢᴇʧʽʨ ʝʩʢʽ ʢᴇʧʽʨʜʽ ʙᴇʣʰʝʢʪʝʫ ʢʝʟʽʥʜʝ ʢᴇʣʽʢ ץʦʟסʘʣʳʩʳ 

ʤʝʥ ʞʘʷʫ ʞװʨʛʽʥʰʽʣʝʨʜʽש ᴇʪʫʽʥ ץʘʤʪʘʤʘʩʳʟ ʝʪʫʛʝ ʤװʤʢʽʥʜʽʢ ʙʝʨʜʽ. ɹײʣ ʘʨʘʣʳ4 ץ 

ʞʳʣ ʙʦʡʳ ʞײʤʳʩ ʽʩʪʝʡʜʽ, ʩʦʜʘʥ ʢʝʡʽʥ ʦʣ ʙᴇʣʰʝʢʪʝʣʝʜʽ. ʄײʥʜʘʡ ʰʝʰʽʤʜʝʨʜʽ 

ʢᴇʣʽʢ ʜʝʧʘʨʪʘʤʝʥʪʪʝʨʽ ײץʨʳʣʳʩ ʢʝʟʝשʽʥʜʝ ʟʘʫʳʪʪʘ ʜʘʡʳʥʜʘʣסʘʥ ʜʘʡʳʥ ᴇʥʽʤ 

ʨʝʪʽʥʜʝ ʞʘʣסʘ ʘʣʘʜʳ, ʙײʣ ʙʽʨʥʝʰʝ ʘʡʣʳץ ʢʝʧʪʝʣʽʩʪʝʨʛʝ ץʘʨʘסʘʥʜʘ װʥʝʤʜʽ. 1.6 

ʩʫʨʝʪʪʝ ʙᴇʣʰʝʢʪʝʣʛʝʥ ʢװʨʜʝʣʽ ᴇʪʢʝʣʛʝ ʧʘʨʘʣʣʝʣʴ ʩʘʣʳʥסʘʥ ʫʘץʳʪʰʘ ʬʝʨʤʘ 

ʢᴇʧʽʨʽʥʽש ʘʨʘʣʳסʳ ʢᴇʨʩʝʪʽʣʛʝʥ [48 ], [50 ], [51]. 
 

 
 

ʉʫʨʝʪ 1.6 ï I-295 ʘʚʪʦʞʦʣ ʘʡʨʳסʳʥ ץʘʡʪʘ ʞʘשʘʨʪʫ ʢʝʟʽʥʜʝ ʘʡʥʘʣʤʘ ᴇʪʢʝʣ 

ʨʝʪʽʥʜʝ ʦʨʥʘʪʳʣסʘʥ ʫʘץʳʪʰʘ ʤʦʜʫʣʴʜʽʢ çAcrowè ʞʦʣ ᴇʪʧʝʩʽ (2021) 

 

 ʘסʳʪʰʘ ʢᴇʧʽʨʣʝʨ ʤʝʥ ᴇʪʢʝʣʜʝʨʜʝʛʽ ʪᴅʞʽʨʠʙʝʩʽ ʜʝ ʥʘʟʘʨ ʘʫʜʘʨʫץʫʘ שʳʪʘʡʜʳפ

ʪײʨʘʨʣʳץ, ʜʝʛʝʥʤʝʥ, ʜᴅʩʪװʨʣʽ ʪװʨʜʝ ץʦʣʘʡʩʳʟʜʳץʪʳ ʘʟʘʡʪʫ װʰʽʥ ʞײʤʳʩʪʳש ᴇʪʝ 

ʞʳʣʜʘʤ ʘʷץʪʘʣʫʳʥʘ ʙʘʩʘ ʥʘʟʘʨ ʘʫʜʘʨʳʣʘʜʳ. ʉʦסשʳ ʞʳʣʜʘʨʳ פʳʪʘʡ ᴅʣʝʤʜʽ 

ʢᴇʧʽʨʣʝʨ ʤʝʥ ʞʦʣ ʪᴇʩʝʤʜʝʨʽʥ çʞʝʜʝʣè ʘʫʳʩʪʳʨʫ ʞʦʙʘʣʘʨʳʤʝʥ ʪʘץ שʘʣʜʳʨʜʳ. 

ɾʘʨץʳʥ ʤʳʩʘʣ - ɹʝʡʞʽשʜʝ 2016 ʞʳʣʳ ʝʩʢʽ ʢᴇʧʽʨ ʙײʟʳʣʳʧ, ʦʨʥʳʥʘ ʥʝʙᴅʨʽ 43 ʩʘסʘʪ 

ʽʰʽʥʜʝ ʞʘשʘʩʳ ʩʘʣʳʥʜʳ, ʘʣ ᴅʜʝʪʪʝʛʽ ᴅʜʽʩʪʝʨʤʝʥ ʙײʣ ʰʘʤʘʤʝʥ ʝʢʽ ʘʡʜʘʥ ʢᴇʧ 

ʫʘץʳʪץʘ ʩʦʟʳʣʘʜʳ (ʩʫʨʝʪ 1.7) [51 ], [52].  
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ʉʫʨʝʪ 1.7 ï 2016 ʞʳʣʳ ɹʝʡʞʽשʜʝ (פʳʪʘʡ) ʝʩʢʽ ʢᴇʧʽʨʜʽ  

43 ʩʘסʘʪ ʽʰʽʥʜʝ ʞʘשʘʩʳʥʘ ʘʫʳʩʪʳʨʫ ʩᴅʪʽ 

 

ɹײʣ ʨʝʢʦʨʜ ʞʘץʳʥ ʤʘשʜʘסʳ ʞʘשʘ ʘʨʘʣʳץʪʳ ʘʣʜʳʥ-ʘʣʘ ײץʨʘʩʪʳʨʫ ʞᴅʥʝ 

ʙʦʡʣʳץ ʢʣʘʧʘʥ ʪʝʭʥʦʣʦʛʠʷʩʳʥ ץʦʣʜʘʥʫ ʘʨץʳʣʳ ʤװʤʢʽʥ ʙʦʣʜʳ: ʜʝʤʘʣʳʩ ʢװʥʜʝʨʽ 

ʞʘשʘ ʢᴇʧʽʨ ʙʽʨ ʘʧʪʘʣʳץ ʢᴇʣʽʢ ʮʠʢʣʽʥ ʙײʟʙʘʡ ʝʩʢʽ ʦʨʥʳʥʘ ʦʨʥʘʪʳʣʜʳ. 

ɹײʣ ʞʘסʜʘʡʜʘ ʫʘץʳʪʰʘ ʢᴇʧʽʨ ᴇʪʢʝʣʜʝʨʽ ץʦʣʜʘʥʳʣʤʘסʘʥ, ʦʥʳש ʦʨʥʳʥʘ 

ʪײʨʘץʪʳ ʢᴇʧʽʨʜʽ ʞʝʜʝʣ ʘʫʳʩʪʳʨʫ ᴅʜʽʩʽ ʧʘʡʜʘʣʘʥʳʣסʘʥ. ɼʝʛʝʥʤʝʥ, ʤײʥʜʘʡ ʪᴅʩʽʣ 

ʞʦʣ ʞᴇʥʜʝʫ ʞײʤʳʩʪʘʨʳʥʳש ʫʘץʳʪʳʥ ʙʘʨʳʥʰʘ ץʳʩץʘʨʪʫ ʘʨץʳʣʳ ʢᴇʣʽʢ 

ʢʝʧʪʝʣʽʩʪʝʨʽ ʤᴅʩʝʣʝʩʽʥ ʘʟʘʡʪʫסʘ ײʤʪʳʣʳʩʪʳ ʢᴇʨʩʝʪʝʜʽ. 

ɽʫʨʦʧʘʜʘ ʤʦʙʠʣʴʜʽ ʫʘץʳʪʰʘ ʢᴇʧʽʨʣʝʨ ʠʜʝʷʩʳ 2020 ʞʳʣʜʘʨʜʳש ʙʘʩʳʥʜʘ 

ʐʚʝʡʮʘʨʠʷʥʳש ʌʝʜʝʨʘʣʜʳ ʞʦʣ ʙʘʩץʘʨʤʘʩʳ (ASTRA) ʞʦʙʘʩʳʥʳש ʘʨץʘʩʳʥʜʘ 

ʜʘʤʳʜʳ. ʐʚʝʡʮʘʨʠʷ A1 ʘʚʪʦʪʨʘʩʩʘʩʳʥʜʘסʳ ʞʦʣ ʪᴇʩʝʤʽʥ ʞʘʧʧʘʡ ʘʫʳʩʪʳʨʫ 

 ʨʝʪʽʥ ʞʦʣ. ɹʽʨʥʝʰʝװʢᴇʧ ʞ שʢᴇʥʝ ʞᴅʥʝ ʝ שʣ ʝʣʜʝʛʽ ʝײʘʞʝʪʪʽʣʽʛʽʥʝ ʪʘʧ ʙʦʣʜʳ ï ʙץ

ʰʘץʳʨʳʤʜʳץ ʢʝʧʪʝʣʽʩʪʝʨʜʽ ʙʦʣʜʳʨʤʘʫ װʰʽʥ ʐʚʝʡʮʘʨʠʷʣʳץ ʠʥʞʝʥʝʨʣʝʨ ASTRA 

Bridge ʘʪʪʳ ʞʳʣʞʳʤʘʣʳ ʢᴇʧʽʨʜʽ ᴅʟʽʨʣʝʜʽ (ʩʫʨʝʪ 1.8) [47], [54].  

 

 
 

ʉʫʨʝʪ 1.8 ï ʐʚʝʡʮʘʨʠʷ ʘʚʪʦʤʘʛʠʩʪʨʘʣʽʥʜʝʛʽ ASTRA Bridge  

ʤʦʜʫʣʴʜʽʢ ʞʦʣ ᴇʪʧʝʩʽ 

 

ɹײʣ ʢᴇʣʽʢ ʘסʳʥʳʥʳש ʪᴇʤʝʥʛʽ ʞʘסʳʥʜʘ ʞᴇʥʜʝʫ ʞײʤʳʩʪʘʨʳ ʞװʨʛʽʟʽʣʽʧ ʞʘʪץʘʥ 

ʘʡʤʘץʪʘʨʜʘʥ ᴇʪʫʽʥʝ ʤװʤʢʽʥʜʽʢ ʙʝʨʝʜʽ. ASTRA Bridge ʢʦʥʩʪʨʫʢʮʠʷʩʳ ײʟʳʥʜʳסʳ 
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257 ʤ ʞᴅʥʝ ʝʥʽ ʰʘʤʘʤʝʥ 7,6 ʤ ʙʦʣʘʪʳʥ ʵʩʪʘʢʘʜʘʥʳ ײץʨʘʡʪʳʥ ʜᴅʡʝʢʪʽ ʪװʨʜʝ 

ʦʨʥʘʪʳʣʘʪʳʥ ʤʦʜʫʣʴʜʽʢ ʙᴇʣʽʤʜʝʨʜʝʥ ʪײʨʘʜʳ. ʂᴇʧʽʨʜʽײ שʰʪʘʨʳʥʜʘ ʢᴇʣʽʢʪʝʨʛʝ 

ʢᴇʧʽʨʛʝ ʢʽʨʫʛʝ ʞᴅʥʝ ʪʘʩ ʞʦʣסʘ ʰʳסʫסʘ ʤװʤʢʽʥʜʽʢ ʙʝʨʝʪʽʥ ʞײʤʩʘץ ʢʽʨʝʙʝʨʽʩ 

ʧʘʥʜʫʩʪʘʨ ʦʨʥʘʪʳʣסʘʥ. ɾװʡʝ ʘʣסʘʰ ʨʝʪ 2022 ʞʳʣʳ ʩʳʥʘʣʜʳ, ʘʣ 2023 ʞʳʣʳ 

ʞʝʪʽʣʜʽʨʽʣʛʝʥ ʥײʩץʘ A1 ʪʨʘʩʩʘʩʳʥʜʘ ʙʽʨʥʝʰʝ ʘʡ ʙʦʡʳ ʞײʤʳʩ ʽʩʪʝʜʽ [54], [55]. 

ASTRA Bridge ʝʨʝʢʰʝʣʽʛʽ - ʦʥʳײ שʪץʳʨʣʳסʳ: ʦʣ ʜʦסשʘʣʘץ ʤʦʜʫʣʴʜʝʨʽʥʜʝ 

ʤʦʪʦʨʣʳ ʪʽʨʝʢʪʝʨʤʝʥ ʞʘʙʜʳץʪʘʣסʘʥ, ʩʦʥʳש ʘʨץʘʩʳʥʜʘ ʞʦʣ ʞײʤʳʩʪʘʨʳ ʞװʨʽʧ 

ʞʘʪץʘʥ ʢʝʟʜʝ ʢᴇʧʽʨ ʘʡʤʘץ ʙʦʡʳʤʝʥ ᴇʟʜʽʛʽʥʝʥ ץʦʟסʘʣʘʜʳ. ʄʝʨʟʽʤʜʽ ʪװʨʜʝ ײץʨʳʣʳʤ 

ʞʘשʘ ʧʦʟʠʮʠʷʣʘʨסʘ çʘʫʳʩʘʜʳè, ᴇʡʪʢʝʥʽ ʞײʤʳʩʰʳʣʘʨ ʦʥʳש ʘʩʪʳʥʜʘסʳ ʞʦʣʜʳש 

ʢʝʣʝʩʽ ʙᴇʣʽʛʽʥ ʘʷץʪʘʡʜʳ. ɹײʣ ʰʳʥ ʤᴅʥʽʥʜʝ ʞᴇʥʜʝʫ ʘʡʤʘסʳʤʝʥ ʙʽʨʛʝ ץʦʟסʘʣʘʪʳʥ 

çʢʦʥʚʝʡʝʨʣʽʢ ʞʦʣ ᴇʪʧʝʩʽè. ʄײʥʜʘʡ ʢᴇʧʽʨʜʽ ץʦʣʜʘʥʫ ʘʨץʳʣʳ ʰʚʝʡʮʘʨʠʷʣʳץʪʘʨ 

ʢװʥʜʽʟʛʽ ʞײʤʳʩʪʘʨʜʳ ʢᴇʣʽʢ ʞʦʣʘסʳʥ ʪʦʣʳסʳʤʝʥ ʞʘʧʧʘʡ ï ʘץ ʞװʨʛʽʟʝ ʘʣʜʳ. 

 ʨʜʝװʘʫʽʧʩʽʟ ʪץ ʳסʘʩʪʳʥʜʘ שʳ ʢᴇʧʽʨʜʝʥ ᴇʪʝʜʽ, ʘʣ ʦʥʳסʘʨʳʜʘסʘʣʳʩ ʞʦסʦʟפ

ʞʘʙʳʣסʘʥ çʪʫʥʥʝʣʴè ʘʡʤʘסʳʥʜʘ ʪʝʭʥʠʢʘ ʞײʤʳʩ ʽʩʪʝʡʜʽ. ʂᴇʧʽʨ ʙʦʡʳʥʰʘ 

ʞʳʣʜʘʤʜʳץ ʰʝʛʽ 60 ʢʤ/ʩʘײץ סʨʘʡʜʳ, ʙײʣ ʘʚʪʦʙʘʥʜʘסʳ ᴅʜʝʪʪʝʛʽ ʞʳʣʜʘʤʜʳץʪʘʥ 

ʪᴇʤʝʥ ʙʦʣʩʘ ʜʘ, ʘסʳʥʥʳש ʪʦץʪʘʧ ץʘʣʫʳʥ ʙʦʣʜʳʨʤʘʡʜʳ [54], [55]. 

ɾʘʧʦʥʠʷ ʤʝʥ ʂʦʨʝʷ ʈʝʩʧʫʙʣʠʢʘʩʳʥʜʘ ʤײʥʜʘʡ ʰʝʰʽʤʜʝʨʜʽץ שʘʣʘʣʳץ ʦʨʪʘʜʘ 

ʢʝשʽʥʝʥ ץʦʣʜʘʥʳʣʫʳ ʰʝʢʪʝʫʣʽ ʙʦʣסʘʥʳʤʝʥ, ʘʣʘʡʜʘ, ʙײʣ ʝʣʜʝʨ ʞʦʣ ײץʨʳʣʳʩʳʥʜʘ 

ʞᴅʥʝ ʪᴇʪʝʥʰʝ ʞʘסʜʘʡʣʘʨʜʳש ʩʘʣʜʘʨʳʥ ʞʦʶʜʘ ʦʟʳץ ʪʝʭʥʦʣʦʛʠʷʣʘʨʤʝʥ ʪʘʥʳʤʘʣ. 

ɾʘʧʦʥʠʷ ʞʦסʘʨʳ ʩʝʡʩʤʠʢʘʣʳץ ʙʦʣסʘʥʜʳץʪʘʥ, ʞʝʨ ʩʽʣʢʽʥʽʩʽʥʝʥ ʢʝʡʽʥ ʢᴇʧʽʨʣʝʨ 

ʤʝʥ ʞʦʣʜʘʨʜʳ ʪʝʟ ץʘʣʧʳʥʘ ʢʝʣʪʽʨʫʜʝ װʣʢʝʥ ʪᴅʞʽʨʠʙʝ ʞʠʥʘʜʳ. ɸʪʘʧ ʘʡʪץʘʥʜʘ, 

 ʰʽʥ ʧʦʨʪʘʪʠʚʪʽ ʢᴇʧʽʨװ ʳʣ ʦʨʥʘʣʘʩʪʳʨʫסײʦʨʳʥʜʘʨʳʥʜʘ ʰ שʘʥ ᴇʪʢʝʣʜʝʨʜʽסʠʨʘץ

ʞװʡʝʣʝʨʽ ᴅʟʽʨʣʝʥʜʽ. ɹʽʨ ʤʳʩʘʣ-ʜʦʢʪʦʨ ʀʪʠʨʦ ɸʨʠʦʥʳש ʞʝʪʝʢʰʽʣʽʛʽʤʝʥ ʍʠʨʦʩʠʤʘ 

ʫʥʠʚʝʨʩʠʪʝʪʽʥʜʝ ʞʘʩʘʣסʘʥ Mobile Bridge Version 4.0 (MB4.0) (1.9 ʩʫʨʝʪ). ɹײʣ 

 .ʘʡʰʳ ʤʝʭʘʥʠʟʤʽʥʝ ʥʝʛʽʟʜʝʣʛʝʥ ʞʠʥʘʣʤʘʣʳ ʢᴇʧʽʨ [56]ץ

 

 
ʘ) 

 
ʙ)                                        ʚ) 

 

ʘ ï ץʘʡʰʳ ʪᴅʨʽʟʜʽ ʢᴇʧʽʨʜʽש ʢʦʥʩʪʨʫʢʮʠʷʩʳ; ʙ ï Mobile Bridge 4.0 ʤʦʙʠʣʴʜʽ ʢᴇʧʽʨʽʥʽש 

ʘʰʳʣʫ (ʞʘʡʳʣʫ) װʨʜʽʩʽ; ʚ ï Mobile Bridge 4.0 ʤʦʙʠʣʴʜʽ ʢᴇʧʽʨʽʥʽש ʘʣסʘʰץʳ ʩʳʥʘסʳ. 

ʉʫʨʝʪ 1.9 ï ɹװʢʪʝʤʝʣʽ ײץʨʳʣʳʤ ץʘסʠʜʘʩʳʥʘ ʥʝʛʽʟʜʝʣʛʝʥ ץʘʡʰʳ ʪᴅʨʽʟʜʽ 

ʢᴇʧʽʨʜʽש ʞʘשʘ ʪײʞʳʨʳʤʜʘʤʘʩʳ 
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MB4.0 ʢᴇʧʽʨʽ ʞʠʥʘʣסʘʥ ʳץʰʘʤ ʢװʡʽʥʜʝ ʪʘʩʳʤʘʣʜʘʥʘʜʳ (ʪʽʨʢʝʤʝʛʝ ʩʳʷʜʳ) 

ʞᴅʥʝ ʘʫʳʨ ʪʝʭʥʠʢʘʩʳʟ ʰʘסʳʥ ʙʨʠʛʘʜʘʥʳש ʢװʰʪʝʨʽʤʝʥ ʘʰʳʣʘʜʳ. 2015 ʞʳʣʳ 

ɾʘʧʦʥʠʷʜʘ ʩʳʥʘץ ʩᴅʪʪʽ ᴇʪʪʽ: MB4.0 ʢᴇʧʽʨʽ ʙʽʨʥʝʰʝ ʩʘסʘʪ ʽʰʽʥʜʝ ʍʦʥʛʦ ᴇʟʝʥʽ 

ʘʨץʳʣʳ ʞʘʡʳʣʳʧ, ʩʦʜʘʥ ʢʝʡʽʥ ʦʜʘʥ ʢᴇʣʽʢʧʝʥ ʞװʨʜʽ. ɹײʣ ᴅʟʽʨʣʝʤʝʥʽש ʥʝʛʽʟʛʽ 

ʤʘץʩʘʪʳ ʪᴇʪʝʥʰʝ ʞʘסʜʘʡʣʘʨʜʘ (ʪʘʙʠסʠ ʘʧʘʪʪʘʨ ʢʝʟʽʥʜʝ) ץʦʣʜʘʥʫ ʙʦʣסʘʥʳʤʝʥ, 

ʩʪʘʮʠʦʥʘʨʣʳץ ʪʽʨʝʢʪʝʨʩʽʟ ʘʨʘʣʳײץ ץʨʳʣʳʤʜʳ ʞʳʣʜʘʤ ʦʨʥʘʣʘʩʪʳʨʫ ʪʝʭʥʦʣʦ-

ʛʠʷʩʳ ץʘʣʘʣʳץ ʞʘסʜʘʡʣʘʨʜʘ ʜʘ ᴇʪʝ ײץʥʜʳ [56].  

ʆשʪװʩʪʽʢ ʂʦʨʝʷ ʠʥʞʝʥʝʨʣʝʨʽ ʵʩʪʘʢʘʜʘʣʘʨʜʳ ʞʝʜʝʣ ʪײʨסʳʟʫ ʞʦʣʜʘʨʳʥ ʜʘ 

ʟʝʨʪʪʝʧ ʞʘʪʳʨ. ʂʦʨʝʷʜʘ ɿʂɾ ʞᴅʥʝ ʞʦʣ ʞײʤʳʩʪʘʨʳʥ ʘʚʪʦʤʘʪʪʘʥʜʳʨʫʜʳש 

ʘʫץʳʤʜʳ ʙʘסʜʘʨʣʘʤʘʩʳ ʞװʟʝʛʝ ʘʩʳʨʳʣʫʜʘ [38], [40]. 

ʋʘץʳʪʰʘ ʢᴇʧʽʨʣʝʨ ʤʝʥ ᴇʪʢʝʣʜʝʨ ʪʘʥʢ ᴅʩʢʝʨʣʝʨʽʥʽש ʠʥʞʝʥʝʨʣʽʢ ʙᴇʣʽʤʰʝ-

ʣʝʨʽʥʜʝ ʢʝש ʪʘʨʘʣסʘʥ. ʆʣʘʨסʘ ʤʝʭʘʥʠʢʘʣʘʥʜʳʨʳʣסʘʥ ʪʘʥʢʪʽʢ ʪᴇʩʝʛʽʰʪʝʨʽʥʽש 

ᴅʨʪװʨʣʽ ʪװʨʣʝʨʽ, ʧʦʥʪʦʥʜʳץ ᴇʪʢʝʣʜʝʨ, ʘʫʳʨ ʤʝʭʘʥʠʢʘʣʘʥʜʳʨʳʣסʘʥ ʢᴇʧʽʨ 

ʞװʡʝʣʝʨʽ ʞᴅʥʝ ʙʘʩץʘ ʜʘ ץײʩʘʩ ײץʨʳʣʳʤʜʘʨ ʞʘʪʘʜʳ. ᴄʜʝʪʪʝ, ʤײʥʜʘʡ ʤʦʙʠʣʴʜʽ 

ʢᴇʧʽʨ ץʦʥʜʳʨסʳʣʘʨʳʥʳש ᴇʟʽʥʜʽʢ ʞװʨʽʩʽ ʙʘʨ ʞᴅʥʝ ᴅʨʪװʨʣʽ ᴇʟʜʽʛʽʥʝʥ ʞװʨʝʪʽʥ 

ʤʘʰʠʥʘʣʘʨ ʥʝʛʽʟʽʥʜʝ ʦʨʥʘʪʳʣʘʜʳ. ʆʩʳʥʳש ʘʨץʘʩʳʥʜʘ ʦʣʘʨ ᴅʩʢʝʨʠ ʞʘסʜʘʡʜʘ 

ᴇʪʢʝʣʜʝʨʜʽ ʞʳʣʜʘʤ ʙʘסʳʪʪʘʫʜʳ ץʘʤʪʘʤʘʩʳʟ ʝʪʝʜʽ ʞᴅʥʝ ᴅʩʢʝʨʣʝʨʜʽש ʞʦסʘʨʳ 

 .ʤʢʽʥʜʽʢ ʙʝʨʝʜʽ [46], [50], [56]װʘ ʤסʪʘʫץʳʥ ʩʘסʳʨʣʳץʪײ

 ʳסʙʽʨʽ ʨʝʪʽʥʜʝ ʈʝʩʝʡ ʘʨʤʠʷʩʳʥʜʘ שʳ ᴅʩʢʝʨʠ ʢᴇʧʽʨ ʪᴇʩʝʛʽʰʪʝʨʜʽסʘʟʽʨʛʽ ʟʘʤʘʥפ

ʄʊʋ-2020 ʞװʡʝʩʽʥ ʘʪʘʫסʘ ʙʦʣʘʜʳ. ʆʤʙʳ ʢᴇʣʽʢ ʤʘʰʠʥʘʣʘʨʳʥ ʞʘʩʘʫ ʟʘʫʳʪʳ 

ᴅʟʽʨʣʝʛʝʥ, ץʫʘʪʪʳʣʳסʳ ʞʦסʘʨʳ ʤʝʭʘʥʠʢʘʣʘʥʜʳʨʳʣסʘʥ ʢᴇʧʽʨʤʝʥ ʞʘʙʜʳץʪʘʣסʘʥ 

ʄʊʋ-2020. ɹײʣ ʢᴇʧʽʨ ʩʘʣסʳʰ ʪʘʥʢʪʝʨ ʤʝʥ ʙʘʩץʘ ʜʘ ᴅʩʢʝʨʠ ʪʝʭʥʠʢʘʥʳש ʘʣסʘ 

ʞʳʣʞʫʳʥ ץʘʤʪʘʤʘʩʳʟ ʝʪʫʛʝ ʘʨʥʘʣסʘʥ, ʙײʣ ʘʨʳץʪʘʨʜʳ, ʢʘʥʘʣʜʘʨʜʳ, ᴇʟʝʥʜʝʨʜʽ 

ʞᴅʥʝ ʝʥʽ 27 ʤʝʪʨʛʝ ʜʝʡʽʥʛʽ ᴅʨʪװʨʣʽ ʢʝʜʝʨʛʽʣʝʨʜʽ ʝשʩʝʨʫʛʝ ʤװʤʢʽʥʜʽʢ ʙʝʨʝʜʽ (ʩʫʨʝʪ-

1.10) [55], [57]. 

 

 
 

ʉʫʨʝʪ 1.10 ï ʄʊʋ-2020 ʪʘʥʢʪʽʢ ʢᴇʧʽʨ ʩʘʣסʳʰʳ 

 

ʄʊʋ-2020 ʢᴇʧʽʨ ʙʣʦʛʳʥ ʪʘʩʳʤʘʣʜʘʫסʘ ʞᴅʥʝ ʪᴇʩʝʫʛʝ ʘʨʥʘʣסʘʥ ʞʘʙʜʳץʪʘʨʳ 

ʙʘʨ ʊ-72ɹ3 ʞᴅʥʝ ʊ-90ɸ ʪʘʥʢʪʝʨʽʥʽש ʪʦʨʘʧʪʘʨʳ, ʘʛʨʝʛʘʪʪʘʨʳ ʤʝʥ ʞװʡʝʣʝʨʽ 

ʥʝʛʽʟʽʥʜʝ ʙʨʦʥʜʘʣסʘʥ ʰʳʥʞʳʨ ʪʘʙʘʥʜʳ ʤʘʰʠʥʘ. ɿʘʤʘʥʘʫʠ ʧʦʣʠʤʝʨʣʽ 

ʢʦʤʧʦʟʠʪʪʽʢ ʤʘʪʝʨʠʘʣʜʘʨʜʘʥ ʞʘʩʘʣסʘʥ ʢᴇʧʽʨʜʽש ʘʡʨʳץʰʘ ʝʨʝʢʰʝʣʽʢʪʝʨʽ ʦʥʳש 

 - ʝʥʽ שʢ ʢᴇʪʝʨʛʽʰʪʽʛʽ - 60 ʪ ʞᴅʥʝ ʞʦʣʜʳװʳ - 27 ʤ (ʙʦʣʘʪ ʢᴇʧʽʨ - 26 ʤ), ʞסʟʳʥʜʳײ

4,6 ʤ, ʙײʣ ᴇʪʢʽʟʫ ץʘʙʽʣʝʪʽʥ ʝʜᴅʫʽʨ ʘʨʪʪʳʨʫסʘ ʤװʤʢʽʥʜʽʢ ʙʝʨʝʜʽ. ʂᴇʧʽʨʜʽ ʪᴇʩʝʫ 

ʛʠʜʨʘʚʣʠʢʘʣʳץ ʞʝʪʝʢʪʝʨʜʽש ʢᴇʤʝʛʽʤʝʥ ʪʦʣʳסʳʤʝʥ ʤʝʭʘʥʠʢʘʣʘʥʜʳʨʳʣסʘʥ, 

ʵʢʠʧʘʞʜʳש ʰʳסʫʳʥʩʳʟ ʢʝʜʝʨʛʽʛʝ ʦʨʥʘʪʫ ʫʘץʳʪʳ 5 ʤʠʥʫʪʪʘʥ ʘʩʧʘʡʜʳ. 
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ʂʦʤʧʦʟʠʪʪʽʢ ʘʨʘʣʳײץ ץʨʳʣʳʤʳ ʙʘʨ ʤʘʰʠʥʘʥʳש ʪʦʣʳץ ʩʘʣʤʘסʳ 55,85 ʪ, ʙʦʣʘʪʧʝʥ 

- 58,5 ʪ, ʪʘʩ ʞʦʣ ʙʦʡʳʤʝʥ ץʦʟסʘʣʳʩʪʳש ʤʘʢʩʠʤʘʣʜʳ ʞʳʣʜʘʤʜʳסʳ 60 ʢʤ/ʩʘס, 

ʛʘʙʘʨʠʪʪʝʨʽ 11,7 ʭ 4,0 ʭ 3,95 ʤ, ʵʢʠʧʘʞʳ 2 ʘʜʘʤ [55], [57]. 

çʊʝʭʈʝʟʝʨʚè ɾʐפ (ɸʨʭʘʥʛʝʣʴʩʢ ץ., ʈʌ) ʢʦʤʧʘʥʠʷʩʳʥʜʘ ʘʟʘʤʘʪʪʳץ ʞᴅʥʝ 

ᴅʩʢʝʨʠ ʤʘץʩʘʪʪʘʨסʘ ʘʨʥʘʣסʘʥ ʊʄʄ-3, ʊʄʄ-6 ʞᴅʥʝ ʊʄʄ-7 ʘʫʳʨ ʤʝʭʘʥʠʢʘʣʘʥ-

ʜʳʨʳʣסʘʥ ʞʠʥʘʣʤʘʣʳ-ʙᴇʣʰʝʢʪʝʣʝʪʽʥ ʢᴇʧʽʨʣʝʨʽ ᴅʟʽʨʣʝʥʛʝʥ (1.11, 1.12 - ʩʫʨʝʪʪʝʨ). 

ɹײʣ ʢᴇʧʽʨ ʢʦʥʩʪʨʫʢʮʠʷʣʘʨʳ ᴇʪʢʝʣʜʝʨʜʽ ʞʝʜʝʣ ʦʨʥʘʪʫ װʰʽʥ ץʦʣʜʘʥʳʣʘʜʳ ʞᴅʥʝ 

ᴇʟʝʥʜʝʨ, ʢᴇʣʜʝʨ, ʞʳʨʘʣʘʨ ʤʝʥ ʙʘʪʧʘץʪʳ ʞʝʨʣʝʨ ʩʠʷץʪʳ ᴅʨʪװʨʣʽ ʢʝʜʝʨʛʽʣʝʨ 

ʘʨץʳʣʳ ʢᴇʣʽʢ ץʦʟסʘʣʳʩʳʥ ץʘʤʪʘʤʘʩʳʟ ʝʪʝʜʽ [58], [59]. 

ʊʄʄ-3, ʊʄʄ-6 ʞᴅʥʝ ʊʄʄ-7 ʢᴇʧʽʨʣʝʨʽ ʜʦסשʘʣʘץʪʳ ʞװʢ ʘʚʪʦʤʦʙʠʣʴʜʝʨʽʥʽש 

ʙʘʟʘʩʳʥʜʘ ʦʨʥʘʣʘʩʪʳʨʳʣסʘʥ, ʩʦʥʜʳץʪʘʥ ʦʣʘʨʜʳ ʫʘץʳʪʰʘ ʢᴇʧʽʨʣʝʨ ʩʘʥʘʪʳʥʘ 

ʞʘʪץʳʟʫסʘ ʙʦʣʘʜʳ. ʆʣʘʨʜʳש ʥʝʛʽʟʛʽ ʘʨʪʳץʰʳʣʳסʳ ï ʩʪʘʮʠʦʥʘʨʣʳץ ʪʽʨʝʢʪʝʨʜʽ 

ʦʨʥʘʪʫʜʳ ץʘʞʝʪ ʝʪʧʝʡ, ʞʳʣʜʘʤ ᴅʨʽ װʥʝʤʜʽ ʪװʨʜʝ ʤʦʥʪʘʞʜʘʫ ʤװʤʢʽʥʜʽʛʽ ʙʦʣʳʧ 

ʪʘʙʳʣʘʜʳ [59], [60]. 

 

  
ʉʫʨʝʪ 1.11 ï ʊʄʄ-6 (ʊʄʄ-3) ʘʫʳʨ 

ʤʝʭʘʥʠʢʘʣʘʥʜʳʨʳʣסʘʥ ʢᴇʧʽʨʽ 

ʉʫʨʝʪ 1.12 ï ʊʄʄ-7 çʇʨʦʣʝʪè ʘʫʳʨ 

ʤʝʭʘʥʠʢʘʣʘʥʜʳʨʳʣסʘʥ ʢᴇʧʽʨʽ 

(2017ʞ.) 

 

ʂᴇʧʽʨ ʙʣʦʛʳʥʳש ʢʦʥʩʪʨʫʢʮʠʷʩʳ ʝʢʽ ʞʦʣʘץʪʳ, ʦʨʪʘʩʳʥʘʥ ʙװʢʪʝʣʝʪʽʥ ʘʨʘʣʳץ 

 ʡʽʥʜʝװʘʥ ʢסʨʘʜʳ. ɾʘʡʳʣײʪʽʨʝʢʪʝʥ ʪ ץʨʳʣʳʤʥʘʥ ʞᴅʥʝ ʪʝʣʝʩʢʦʧʠʷʣʳײץ

ʘʨʘʣʳץʪʳײ שʟʳʥʜʳסʳ 17 ʤʝʪʨʜʽ ײץʨʘʡʜʳ, ʘʣ ʪʝʣʝʩʢʦʧʠʷʣʳץ ʪʽʨʝʢ ʘʚʪʦʤʘʪʪʳ 

ʪװʨʜʝ 2-ʜʝʥ 5 ʤʝʪʨʛʝ ʜʝʡʽʥʛʽ ʙʠʽʢʪʽʢʢʝ ʦʨʥʘʪʳʣʘʜʳ. ʂᴇʧʽʨʜʽ ײץʨʘʩʪʳʨʫ ʙʽʨʥʝʰʝ 

ʦʩʳʥʜʘʡ ʙʣʦʢʪʘʨʜʳ ʙʽʨʽʥʝʥ ʢʝʡʽʥ ʙʽʨʽʥ ʦʨʥʘʪʫ ʘʨץʳʣʳ ʞװʟʝʛʝ ʘʩʳʨʳʣʘʜʳ.  

ɾʘʙʜʳץʪʳש ʙʽʨ ʞʠʳʥʪʳסʳ װʰ ʪᴅʨʪʽʧʪʝ ץʦʣʜʘʥʳʣʘʜʳ: ײʟʳʥʜʳסʳ 102 ʤʝʪʨ 

ʙʦʣʘʪʳʥ ʙʽʨ ʢᴇʧʽʨʜʽ ʦʨʥʘʪʫ װʰʽʥ, ײʟʳʥʜʳסʳ 34 ʤʝʪʨ ʙʦʣʘʪʳʥ װʰ ʢᴇʧʽʨʜʽ ʦʨʥʘʪʫ 

 ʳ 17 ʤʝʪʨ ʙʦʣʘʪʳʥ ʘʣʪʳ ʢᴇʧʽʨʜʽ ʦʨʥʘʪʫסʟʳʥʜʳײ שʘʡʩʳʩʳʥʳץʰʽʥ ʥʝʤʝʩʝ ᴅʨװ

 ,ʘ ʜʝʡʽʥ ʞʝʪʝʜʽ [55]סʢ ʢᴇʪʝʨʛʽʰʪʽʛʽ 60 ʪʦʥʥʘװʘʨʳ ʞסʞʦ שʝ שʰʽʥ. ʂʦʥʩʪʨʫʢʮʠʷʥʳװ

[58], [59], [60]. 

ʄײʥʜʘʡ ʢᴇʧʽʨ ʞװʡʝʣʝʨʽ ᴅʤʙʝʙʘʧʪʳסʳ, ʧʘʡʜʘʣʘʥʫʜʳץ שʘʨʘʧʘʡʳʤʜʳʣʳסʳ 

ʞᴅʥʝ ʪᴇʪʝʥʰʝ ʞʘסʜʘʡʣʘʨ ʤʝʥ ᴅʩʢʝʨʠ ʽʩ-ץʠʤʳʣʜʘʨ ʢʝʟʽʥʜʝ ʢᴇʣʽʢ ץʘʪʳʥʘʩʳʥ ʞʝʜʝʣ 

 .ʘ ʠʝ [55], [56]ץʦʣʜʘʥʳʩץ ʽʥʝʥשʘʩʳʥʜʘ ʢʝץʤʢʽʥʜʽʛʽ ʘʨװʘʣʧʳʥʘ ʢʝʣʪʽʨʫ ʤץ

ʄʊʋ-2020, ʊʄʄ-3, ʊʄʄ-6 ʞᴅʥʝ ʊʄʄ-7 ʪʘʥʢʪʽʢ ʢᴇʧʽʨ ʩʘʣסʳʰʳ ʘʫʳʨ 

ʤʝʭʘʥʠʢʘʣʘʥʜʳʨʳʣסʘʥ ʢᴇʧʽʨʣʝʨʽ ᴇʪʢʝʣʜʝʨʜʽ ʞʝʜʝʣ ʦʨʥʘʪʫסʘ ʘʨʥʘʣסʘʥ ʪʠʽʤʜʽ 

ʠʥʞʝʥʝʨʣʽʢ ʰʝʰʽʤʜʝʨ ʙʦʣסʘʥʳʤʝʥ, ʦʣʘʨʜʳ ץʘʣʘʣʳץ ʂɾɾ ץʦʣʜʘʥʫ ʰʝʢʪʝʫʣʽ. ɹײʣ 

ʢᴇʧʽʨ ʩʘʣסʳʰʪʘʨ ʥʝʛʽʟʽʥʝʥ ᴅʩʢʝʨʠ ʤʘץʩʘʪʪʘʨסʘ ʘʨʥʘʣסʘʥ ʞᴅʥʝ ʪʘʥʢʪʝʨ ʤʝʥ ʘʫʳʨ 

ᴅʩʢʝʨʠ ʪʝʭʥʠʢʘʥʳש ᴇʪʫʽʥ ץʘʤʪʘʤʘʩʳʟ ʝʪʫʛʝ ʙʘסʳʪʪʘʣסʘʥ. ʄʘʰʠʥʘʥʳװ שʣʢʝʥ 
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ʤʘʩʩʘʩʳ ʤʝʥ ʛʘʙʘʨʠʪʪʝʨʽ, ʩʦʥʜʘʡ-ʘץ, ʢᴇʧʽʨʜʽש ʝʥʽ ʤʝʥ ʢʦʥʩʪʨʫʢʮʠʷʣʳץ 

ʝʨʝʢʰʝʣʽʢʪʝʨʽ ʦʥʳ ץʘʣʘʣʳץ ʞʦʣ ʠʥʬʨʘײץʨʳʣʳʤʳʥʘ ʙʝʡʽʤʜʝʫʽ ץʠʳʥ. ʗסʥʠ, 

ʩʦʥʜʳץʪʘʥ ʤײʥʜʘʡ ʞװʡʝʣʝʨ ʢᴇʙʽʥʝʩʝ ᴅʩʢʝʨʠ ʥʝʤʝʩʝ ʘʨʥʘʡʳ ʠʥʞʝʥʝʨʣʽʢ 

ʤʽʥʜʝʪʪʝʨʜʽ ʦʨʳʥʜʘʫסʘ ץʦʣʘʡʣʳ ʙʦʣʳʧ, ץʘʣʘʣʳץ ʢᴇʣʽʢ ʘסʳʥʜʘʨʳ װʰʽʥ ʪʠʽʤʜʽ 

ʰʝʰʽʤ ʙʦʣʳʧ ʩʘʥʘʣʤʘʡʜʳ. 

ʋʘץʳʪʰʘ ʢᴇʧʽʨʣʝʨ ʤʝʥ ʞʦʣ ᴇʪʧʝʣʝʨʽʥʽש ʞʝʢʝ ʙʽʨ ʩʘʥʘʪʳʥʘ פʘʟʘץʩʪʘʥʜʳץ 

 ʘʣʳʤʜʘʨ ɸ.ʉ. ʂʘʜʳʨʦʚ, ʂ.ɻ. ɹʘʣʘʙʝʢʦʚʘ ʞᴅʥʝ ɸ.ɸ. ɻʘʥʶʢʦʚ ᴅʟʽʨʣʝʛʝʥ ʤʦʜʫʣʴʜʽʢס

ʞʦʣ ᴇʪʧʝʩʽ ʞʘʪʘʜʳ (1.13 - ʩʫʨʝʪ) [61], [62], [63]. 

 

 
 

ʉʫʨʝʪ 1.13 ï ɾײʤʳʩ ʞʘסʜʘʡʳʥʜʘסʳ ʤʦʜʫʣʴʜʽʢ ʞʦʣ ᴇʪʧʝʩʽ 

 

ɹײʣ ʢʦʥʩʪʨʫʢʮʠʷ ʜᴇשʛʝʣʝʢʪʽ ʰʘʩʩʠʛʝ ʦʨʥʘʪʳʣסʘʥ ʞᴅʥʝ ʪʘʨʪץʳʰ ʘʨץʳʣʳ 

ʦʨʥʘʪʳʣʘʪʳʥ ʞʝʨʛʝ ʞʝʪʢʽʟʽʣʝʪʽʥ ʤʦʜʫʣʴʜʽʢ ʢᴇʧʽʨ ʙʦʣʳʧ ʪʘʙʳʣʘʜʳ. 

ɾʝʪʢʽʟʽʣʛʝʥʥʝʥ ʢʝʡʽʥ ʞʦʣ ᴇʪʧʝʩʽ ʞʦʣʜʳש ʞװʢʪʝʤʝʩʽ ʞʦסʘʨʳ ʘʡʤʘסʳʥʳװ שʩʪʽʥʝ 

ʦʨʥʘʣʘʩʪʳʨʳʣʳʧ, ʢᴇʣʽʢ ץʦʟסʘʣʳʩʳʥ ʧʝʨʧʝʥʜʠʢʫʣʷʨ ʙʘסʳʪʪʘ ײʡʳʤʜʘʩʪʳʨʫסʘ 

ʤװʤʢʽʥʜʽʢ ʙʝʨʝʜʽ ʞᴅʥʝ ʘʡʥʘʣʤʘ ʙʘסʳʪʪʘʨʜʳ ײʡʳʤʜʘʩʪʳʨʫʜʳ ץʘʞʝʪ ʝʪʧʝʡ-ʘץ 

ʢᴇʣʽʢ ʢʝʧʪʝʣʽʩʪʝʨʽʥ ʞʦʷʜʳ  [62], [63]. 

ʄʦʜʫʣʴʜʽ ʞʦʣ ᴇʪʧʝʩʽ ʪװʨʽʥʜʝʛʽ ʤײʥʜʘʡ ʰʝʰʽʤ ײץʨʳʣʳʩ ʥʝʤʝʩʝ ʞᴇʥʜʝʫ 

ʞײʤʳʩʪʘʨʳ ʞװʨʛʽʟʽʣʝʪʽʥ ʢʝʟʜʝ ʢᴇʣʽʢ ץʦʟסʘʣʳʩʳ ץʘʨץʳʥʜʳ ʙʦʣʘʪʳʥ ץʠʳʣʳʩʪʘʨ 

ʤʝʥ ʞʦʣ ʘʡʤʘץʪʘʨʳʥʳש ʪʦʣʳץץʘʥʜʳ ʞײʤʳʩ ʽʩʪʝʫʽʥ ץʳʩץʘ ʤʝʨʟʽʤʜʝ ץʘʤʪʘʤʘʩʳʟ 

ʝʪʫʛʝ ʤװʤʢʽʥʜʽʢ ʙʝʨʝʜʽ.  

ʉʦʥʳʤʝʥ ץʘʪʘʨ ʙײʣ ʙʘסʳʪʪʘ ɸ.ʉ. פʘʜʳʨʦʚ ʞᴅʥʝ ɸ.ɸ. ɻʘʥʶʢʦʚ ᴅʟʽʨʣʝʛʝʥ  

ʤʦʙʠʣʴʜʽ ʞʦʣ ᴇʪʧʝʩʽʥ ʘʡʪʫסʘ ʙʦʣʘʜʳ. 1.14 ʩʫʨʝʪʪʝ ʤʦʙʠʣʴʜʽ ʞʦʣ ᴇʪʧʝʩʽʥʽש 

ʵʩʢʠʟʜʽʢ 3D ʤʦʜʝʣʽ ʝʢʽ ʢװʡʜʝ ײʩʳʥʳʣסʘʥ: ʢᴇʣʽʢ ʞᴅʥʝ ʧʘʡʜʘʣʘʥʫ ʞʘסʜʘʡʣʘʨʳ. 

ʂᴇʣʽʢ ʪᴅʨʪʽʙʽʥʜʝ (ʩʫʨʝʪ 1.14, ʘ) ʞʦʣ ᴇʪʧʝʩʽ ץʘʪʪʳ ʽʣʽʥʽʩʫ ʘʨץʳʣʳ ʪʘʨʪץʳʰץʘ 

 ʨʽʩ ʙᴇʣʽʛʽʥʜʝʛʽ ʦʨʥʘʪʫ ʦʨʥʳʥʘ ʪʘʩʳʤʘʣʜʘʥʘʜʳ. ʂʝʣʛʝʥ ʢʝʟʜʝװʞ שʘʥ ᴇʟʽʥʽסʦʩʳʣץ

ʦʣ ʪʨʘʥʰʝʷʥʳװ שʩʪʽʥʝʥ ʤʝʪʘʣʣ ʙʘסʳʪʪʘʫʰʳ ʞװʛʽʨʫʰʽʣʝʨ ʙʦʡʳʤʝʥ ץʦʟסʘʣʘʜʳ. 

ʉʦʜʘʥ ʢʝʡʽʥ ʤʦʥʪʘʞʜʳץ ʜʦʤʢʨʘʪʪʘʨʜʳ ץʦʣʜʘʥʘ ʦʪʳʨʳʧ, ʞװʨʽʩ ʜᴇשʛʝʣʝʢʪʝʨʽ 

ʢᴇʪʝʨʽʣʽʧ, ʪʽʨʝʢ ײץʨʳʣʳʤʳ ʙʝʪʦʥ ʪʽʨʝʢʪʝʨʛʝ ʪװʩʽʧ, ᴇʪʢʝʣʜʽ ʧʘʡʜʘʣʘʥʫ ʞʘסʜʘʡʳʥʘ 

(ʢᴇʧʽʨ ʞʘסʜʘʡʳ) ʘʫʳʩʪʳʨʘʜʳ (ʩʫʨʝʪ 1.14, ʙ) [6], [64]. 
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ʘ) ʢᴇʣʽʢ ʞʘסʜʘʡʳ                           ʙ) ʧʘʡʜʘʣʘʥʫ ʞʘסʜʘʡʳ (ʢᴇʧʽʨ ʞʘסʜʘʡʳ) 

ʉʫʨʝʪ 1.14 ï ʄʦʙʠʣʴʜʽ ʞʦʣ ᴇʪʧʝʩʽʥʽש ʵʩʢʠʟʜʽʢ 3D-ʤʦʜʝʣʽ 

 

ɾװʨʛʽʟʽʣʛʝʥ ᴅʜʝʙʠ ʪʘʣʜʘʫ ʥʝʛʽʟʽʥʜʝ ᴅʨ ʪװʨʣʽ ʝʣʜʝʨʜʝʛʽ ᴇʪʢʝʣʜʝʨ ʤʝʥ ʫʘץʳʪʰʘ 

ʢᴇʧʽʨ ᴇʪʢʝʣʜʝʨʽʥʽש ᴅʨʪװʨʣʽ ʪװʨʣʝʨʽʥ ʝʥʛʽʟʫ ʭʨʦʥʦʣʦʛʠʷʩʳʥ ʩʠʧʘʪʪʘʡʪʳʥ ʛʨʘʬʠʢ 

(ʩʫʨʝʪ - 1.15) ʞʘʩʘʣʜʳ. [48], [49], [54], [56], [64], [65]. 

 ʘʨʳ ʙʝʨʽʢʪʽʛʽʤʝʥסʳʤʝʥ ʞᴅʥʝ ʞʦסʘʨʘʧʘʡʳʤʜʳʣʳץ שʨʘʩʪʳʨʫʜʳײפ

ʝʨʝʢʰʝʣʝʥʝʪʽʥ ʙײʣ ʞʦʣ ᴇʪʧʝʣʝʨʽ ᴅʩʢʝʨʣʝʨʜʽש ʢʝʜʝʨʛʽʣʝʨʜʝʥ ᴇʪʫʽʥ ץʘʤʪʘʤʘʩʳʟ 

ʝʪʫʜʽש ʨʝʚʦʣʶʮʠʷʣʳץ ʰʝʰʽʤʽ ʙʦʣʜʳ. çBaileyè ʢᴇʧʽʨʽʥʽש ʜʘʤʫʳ ʤʦʙʠʣʴʜʽ ʞʦʣ 

ᴇʪʧʝʣʝʨʜ ̔ʦʜʘʥ ᴅʨʽ ʜʘʤʳʪʫ ʚʝʢʪʦʨʳʥ ʙʝʣʛʽʣʝʧ, ʦʣʘʨʜʳ ᴅʩʢʝʨʠ ʞᴅʥʝ ʘʟʘʤʘʪʪʳץ 

ʠʥʬʨʘײץʨʳʣʳʤʥʳש ʤʘשʳʟʜʳ ʵʣʝʤʝʥʪʽʥʝ ʘʡʥʘʣʜʳʨʜʳ [49], [65] 

 

 
 

ʉʫʨʝʪ 1.15 ï ᴄʨʪװʨʣʽ ʝʣʜʝʨʜʝ ʫʘץʳʪʰʘ ʢᴇʧʽʨʣʝʨ ʤʝʥ ʞʦʣ ᴇʪʧʝʣʝʨʽʥʽש 

ʜʘʤʫ ʪʘʨʠʭʳ ʤʝʥ ץʦʣʜʘʥʫʜʳש ᴅʣʝʤʜʽʢ ʪᴅʞʽʨʠʙʝʩʽ 

 

ʉʘʣʳʥסʘʥ ʛʨʘʬʠʢ ʩᴅʡʢʝʩ, ʫʘץʳʪʰʘ ʢᴇʧʽʨʣʝʨ ʤʝʥ ᴇʪʢʝʣʜʝʨʜʽ ʝʥʛʽʟʫ ʩʘʣʘʩʳʥʜʘ 

ʘʣסʘʰץʳʣʘʨʜʳש ʙʽʨʽ ʙʦʣʳʧ ױʣʳʙʨʠʪʘʥʠʷʜʘסʳ Bailey Bridge (1941 ʞʳʣʜʘʥ 

ʙʘʩʪʘʧ) ʞᴅʥʝ ɸפʐ-ʪʘסʳ Acrow Detour (1950 ʞʳʣʜʘʥ ʙʘʩʪʘʧ) ʙʦʣʜʳ, ʦʣʘʨ 

ʥʝʛʽʟʽʥʝʥ ᴅʩʢʝʨʠ ʞᴅʥʝ ʫʘץʳʪʰʘ ץʘʞʝʪʪʽʣʽʢʪʝʨ װʰʽʥ ץʦʣʜʘʥʳʣʜʳ [48], [49], [65]. 
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ɾʦʣ ᴇʪʧʝʣʝʨʽ ʞᴅʥʝ ʤʝʤʣʝʢʝʪ ʘʪʘʫʣʘʨʳ

˸͔͙͊ͭͪ͊͒͊ͪ͡
͔͔ͣͤͭͻͤͦͦ͡-

͎͙Ύ͊ͪ͡ όмфу1-2000) 

ˢ͍ͭͦͣ͊ͭͭ͊ͤ͒·ͪͯ
͗ ͔ͤ ͼ͙ͺͪ͊ͤ͒͡·ͪͯ 

(2001-2020)

͔͙ͫͪ͟ 
͔͔͘͟  

(1940-1960)

˭͙͊ͣ͊ͤ͊ͯ 
͙͍ͤͤͦ͊ͼ͙Ύ͊ͪ͡ 
(2021-2024)

ͦ͒͊ͤͯ͒͡·
͔͟ ͔͚ͭͯ 

(1961-1980)

Bailey Bridge ( ͡·͙͙͋ͪͭ͊ͤΎ)

Civil Bailey Usage (͡ ·͙͙͋ͪͭ͊ͤΎΣ ˢ ̊ύ

Acrow 700XS (Lecroy Corporation) (ˢ )̊

Telescopic and Pontoon Bridges (˥͔͙ͪͣ͊ͤΎΣ ˢ ̊)

Pontoon Bridge System (˥͔ ͙ͪͣ͊ͤΎύ

Titan AVLB (Military Bridge) (s )̊

Aluminum Alloy Bridges (s ̊Σ ˬ͙͊ͨͦͤΎ)

French Mobile Bridges (̅ͪ͊ͤͼ͙Ύ)

Composite Material Bridges (s ̊Σ ˬ͙͊ͨͦͤΎ)

Automated Deployment Systems (s ̊Σ ˥͔͙ͪͣ͊ͤΎ)

Scandinavian Mobile Bridges(˹͍͔͎͙ͦͪΎΣ ͍͔̊ͼ͙ΎΣ ͙̅ͤ͡Ύ͙ͤ͒Ύ)

Digital Monitoring Bridges  (˥͔͙ͪͣ͊ͤΎΣ ˴͙͚ͭ͊)

Chinese Mobile Bridges (˴͙ ͚ͭ͊)

Swiss Mobile Bridge (͍͔͚̊ͼ͙͊ͪΎ)
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ʂʝʡʽʥʽʨʝʢ ɻʝʨʤʘʥʠʷʜʘ Mabey Bridge ʞᴅʥʝ ɾʘʧʦʥʠʷʜʘ Mobile Bridge mb4.0 

ʰʝʰʽʤʜʝʨʽ ʧʘʡʜʘ ʙʦʣʜʳ, ʙײʣ ʤʦʙʠʣʴʜʽ ʞװʡʝʣʝʨʜʽש ʢʦʥʩʪʨʫʢʪʠʚʪʽ ʞᴅʥʝ 

ʪʝʭʥʦʣʦʛʠʷʣʳץ ʩʠʧʘʪʪʘʤʘʣʘʨʳʥʳש ʜʘʤʫʳʥ ʢᴇʨʩʝʪʝʜʽ [48], [56]. 

ʉʦסשʳ ʞʳʣʜʘʨʳ פʳʪʘʡʜʘ çChinese Mobile Bridgesè ʞᴅʥʝ ʐʚʝʡʮʘʨʠʷʜʘ 

çAstra Bridgeè ʠʥʥʦʚʘʮʠʷʣʳץ ʢʦʥʩʪʨʫʢʮʠʷʣʘʨʳʥʳש ʝʥʛʽʟʽʣʫʽ ʙʘʡץʘʣʜʳ, ʦʣʘʨ 

ʢᴇʧʽʨ ײץʨʳʣʳʤʜʘʨʳʥ ᴇʪʝ ʞʳʣʜʘʤ ʘʫʳʩʪʳʨʫסʘ ʞᴅʥʝ ץʦʟסʘʣʳʩ ʫʘץʳʪʳʥʳש 

ʰʝʢʪʝʫʣʝʨʽʥ ʘʟʘʡʪʫסʘ ʤװʤʢʽʥʜʽʢ ʙʝʨʝʜʽ [52], [53], [54]. 

ʆʩʳʣʘʡʰʘ, ᴅʣʝʤʜʽʢ ʪᴅʞʽʨʠʙʝ ʪײʞʳʨʳʤʜʘʤʘʜʘʥ ʤʦʙʠʣʴʜʽ (ʫʘץʳʪʰʘ) 

ʢʦʥʩʪʨʫʢʮʠʷʣʘʨ ʥʘץʪʳ ʧʘʡʜʘʣʘʥʫסʘ ʢᴇʰʝʪʽʥʽʥ ʢᴇʨʩʝʪʝʜʽ. ɸפʐ ʞᴅʥʝ ʙʘʩץʘ ʜʘ 

ʙʽʨץʘʪʘʨ ʝʣʜʝʨ ʦʥʜʘסʘʥ ʞʳʣʜʘʨ ʙʦʡʳ ʘʡʥʘʣʤʘ ʞʦʣʜʘʨʜʳ ײʟʘץ ʤʝʨʟʽʤʜʽ ʞᴇʥʜʝʫ 

ʢʝʟʽʥʜʝ ʤʦʜʫʣʴʜʽʢ ʫʘץʳʪʰʘ ʢᴇʧʽʨʣʝʨʜʽ (Bailey/Acrow ʩʠʷץʪʳ) ץʦʣʜʘʥʳʧ ʢʝʣʝʜʽ. 

ɽʫʨʦʧʘʜʘ ץʦʟסʘʣʤʘʣʳ ʘסʳʥʤʝʥ ʞײʤʳʩ ʽʩʪʝʫʛʝ ʤװʤʢʽʥʜʽʢ ʙʝʨʝʪʽʥ ʪװʙʝʛʝʡʣʽ ʞʘשʘ 

ᴇʪʧʝʣʽ ʢᴇʧʽʨ ʞʘʩʘʣʜʳ (Astra ʞʦʙʘʩʳ, ʐʚʝʡʮʘʨʠʷ). ɸʟʠʷʜʘ ʞʦʣ ʞײʤʳʩʪʘʨʳʥ 

ʞʝʜʝʣʜʝʪʫ ץʘʞʝʪʪʽʣʽʛʽ ʘʷʩʳʥʜʘ ʦʩʳʥʜʘʡ ʰʝʰʽʤʜʝʨʛʝ ץʳʟʳסʫʰʳʣʳץ ʙʘʡץʘʣʘʜʳ. 

ʊʘʨʠʭʠ ʪײʨסʳʜʘʥ ᴅʩʢʝʨʠ ʩʘʣʘʜʘ ʧʘʡʜʘ ʙʦʣסʘʥ ʪʝʟ ʞʠʥʘʣʘʪʳʥ ʢᴇʧʽʨʣʝʨ ʠʜʝʷʩʳ 

ʢʝʧʪʝʣʽʩʪʝʨʤʝʥ ʢװʨʝʩʫ װʰʽʥ ʘʟʘʤʘʪʪʳץ ʠʥʬʨʘײץʨʳʣʳʤʜʳץ ʪʝʭʥʦʣʦʛʠʷסʘ 

ʘʡʥʘʣʜʳ [50], [54], [65]. 

ɾʦסʘʨʳʜʘ ʘʡʪʳʣסʘʥʜʘʨʜʳש ʥʝʛʽʟʽʥʜʝ ʫʘץʳʪʰʘ ʢᴇʧʽʨʣʝʨ ʤʝʥ ᴇʪʢʝʣʜʝʨʜʽש 

  ,ʨʛʽʟʽʣʜʽ (ʢʝʩʪʝ 1.5) [6]װʘʣʘʨʳʥʘ ʩʘʣʳʩʪʳʨʤʘʣʳ ʪʘʣʜʘʫ ʞץʩײʘʥ ʥסʘʨʘʩʪʳʨʳʣץ

[46], [48], [49], [50], [52], [54-56], [61], [65]. 
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ʂʝʩʪʝ 1.5 - פʘʨʘʩʪʳʨʳʣסʘʥ ʫʘץʳʪʰʘ ʢᴇʧʽʨʣʝʨ ʤʝʥ ʞʦʣ ᴇʪʧʝʣʝʨʽʥʽש ʥײʩץʘʣʘʨʳʥʘ ʩʘʣʳʩʪʳʨʤʘʣʳ ʪʘʣʜʘʫ 

ɸʪʘʫʳ 
ʐʳץץʘʥ 

ʝʣʽ 

ᴄʟʽʨʣʝʥ-

ʛʝʥ 

ʞʳʣ r

ʄʘץʩʘʪʳ 

ʂʦʥʩʪʨʫʢ-

ʮʠʷ ʤʘʪʝ-

ʨʠʘʣʳ 

ɽװ שʣʢʝʥ 

ʘʨʘʣʳץ 

 ʳסʟʳʥʜʳײ

ɾװʢ 

ʢᴇʪʝʨ-

ʛʽʰʪʽʛʽ 

-ʨʘʩײפ

ʪʳʨʫ ᴅʜʽʩʽ 

ʊʝʭʥʠʢʘ 

ʘʞʝʪʪʽʣץ

ʽʛʽ 

ʆʨʥʘʪʫ 

ʞʳʣʜʘʤ-

ʜʳסʳ 

 ʦʣʜʘʥʫפ

ʩʘʣʘ-

ʣʘʨʳ 

 ʦʣʜʘʥʫפ

ʤʳʩʘʣʜʘʨʳ 

ʄʦʜʫʣʴʜʽʢ 

ʞᴅʥʝ 

ʙʝʡʽʤʜʝʣʫ 

 ʳʟʤʝʪפ

ʝʪʫ 

ʤʝʨʟʽʤʽ 

ɽʥʛʽʟʫ ʪᴅʫʝʢʝʣʜʝʨʽʥ 

ʪʘʣʜʘʫ 

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 

MGB  
-ʣʳʙʨʠױ

ʪʘʥʠʷ 
1971 

ᴄʩʢʝʨʠ 

ᴇʪʢʝʣʜʝʨ, 

ʪᴇʪʝʥʰʝ 

ʞʘסʜʘʡʣʘʨ 

ɸʣʶʤʠʥʠʡ 

 ʦʨʳʪʧʘʩʳץ
76 ʤ ʜʝʡʽʥ 

MLC 70 

ʜʝʡʽʥ 
 ʦʣʤʝʥפ

 ʘʞʝʪפ

ʝʤʝʩ 

1 ʩʘסʘʪץʘ 

ʜʝʡʽʥ (31 

ʤ) 

ᴄʩʢʝʨ, 

ʘʧʘʪ 

ʞʘסʜʘʡ-

ʣʘʨʳ 

ʌʦʣʢʣʝʥʜ, 

ɹʦʩʥʠʷ 
ɾʦסʘʨʳ 

50 ʞʳʣסʘ 

ʜʝʡʽʥ 

ɾʦסʘʨʳ ʪᴅʫʝʢʝʣʜʝʨ: ʪʘʨ 

ᴅʩʢʝʨʠ ʤʘץʩʘʪʪʘ 

 ʳסʦʣʜʘʥʫ, 1971 ʞʳʣץ

ʝʩʢʽ ʢʦʥʩʪʨʫʢʮʠʷ. 

 ץʘʟʘʤʘʪʪʳ ץʘʣʘʣʳפ

ʞʘסʜʘʡʣʘʨסʘ 

ʙʝʡʽʤʜʝʣʤʝʛʝʥ, ʠʤʧʦʨʪ 

ʧʝʥ ʣʦʛʠʩʪʠʢʘ 

ʰʳסʳʥʜʘʨʳ ʞʦסʘʨʳ. 

Bailey 

Bridge 

-ʣʳʙʨʠʪʘױ

ʥʠʷ 
1941 

ᴄʩʢʝʨʠ 

ʞᴅʥʝ 

ʘʟʘʤʘʪʪʳץ 

ᴇʪʢʝʣʜʝʨ 

ɹʦʣʘʪ 60 ʤ ʜʝʡʽʥ ~70 ʪ 

ʦʣʤʝʥ/ʞʳפ

ʣʞʳʪʫ 

ʘʨץʳʣʳ 

 ʘʞʝʪפ

ʝʤʝʩ 
1ï2 ʢװʥ 

ᴄʩʢʝʨ, 

ʞᴇʥʜʝʫ 

ɽʢʽʥʰʽ 

ʜװʥʠʝʞװʟʽʣʽ

ʢ ʩʦסʳʩ, 

 ,ʳʪʘʡפ

ʂʘʥʘʜʘ 

ᴆʪʝ 

ʞʦסʘʨʳ 

70 ʞʳʣסʘ 

ʜʝʡʽʥ 

ʆʨʪʘʰʘïʞʦסʘʨʳ 

ʪᴅʫʝʢʝʣʜʝʨ: ʤʦʨʘʣʴʜʳץ 

ʪײʨסʳʜʘʥ ʝʩʢʽʨʛʝʥ, 

ʦʨʥʘʪʫ ʫʘץʳʪʳ ײʟʘ1) ץï2 

ʢװʥ), ץʘʣʘʣʳץ 

 ʠʳʣʳʩʪʘʨʜʳ ʞʝʜʝʣץ

ʙʦʩʘʪʫסʘ ʞʘʨʘʤʩʳʟ. 

Acrow 

Bridge 

ɸפʐ / 

ʂʘʥʘʜʘ 

1945 

ʞʳʣʜʘʥ 

ʢʝʡʽʥ 

ɸʟʘʤʘʪʪʳץ 

 ʨʳʣʳʩײץ

ʄʳʨʳʰʧʝ

ʥ 

 ʘʥסʘʧʪʘʣץ

ʙʦʣʘʪ 

100 ʤ ʜʝʡʽʥ 
250 ʪ 

ʜʝʡʽʥ 

ʂʨʘʥʤʝʥ / 

ʞʳʣʞʳʪʫ 
 ʥװʘʣʘʫʣʳ 2ï5 ʢפ

ʊɾ, 

ʘʡʥʘʣʤʘ 

ᴇʪʢʝʣʜʝʨ 

ɸפʐ, 

ʋʢʨʘʠʥʘ 

ᴆʪʝ 

ʞʦסʘʨʳ 

100 

ʞʳʣסʘ 

ʜʝʡʽʥ 

ʆʨʪʘʰʘ ʪᴅʫʝʢʝʣʜʝʨ: 

ʘʫʳʨ ʪʝʭʥʠʢʘ ץʘʞʝʪ, ʙײʣ 

 ʜʘʡʜʘסʞʘ ץʘʣʘʣʳץ

ʰʳסʳʥʜʳ ʞᴅʥʝ ʫʘץʳʪʪʳ 

ʘʨʪʪʳʨʘʜʳ. ʀʤʧʦʨʪʪʳץ 

ʢʦʥʩʪʨʫʢʮʠʷʣʘʨʜʳש 

 .ʘʨʳסʥʳ ʞʦײץ

Janson 

Bridging  

ʅʠʜʝʨʣʘʥʜ

 r
1975+ 

ʋʘץʳʪʰʘ / 

ʪײʨʘץʪʳ 

ɹʦʣʘʪ 

ʧʘʥʝʣʴʜʝʨ 

ʤʝʥ 

ʘʨץʘʣʳץʪʘʨ 

100 ʤ ʜʝʡʽʥ 
250+ ʪ 

ʜʝʡʽʥ 

ʂʨʘʥ / 

ʤʝʭʘʥʠʢʘ 
ɯʰʽʥʘʨʘ 

ɹʽʨʥʝʰʝ 

ʩʘסʘʪʪʘʥ 

ʘʧʪʘסʘ 

ʜʝʡʽʥ 

ᴄʩʢʝʨ, 

 ʨʳʣʳʩײץ

A1 

(ɸʤʩʪʝʨʜʘʤ)

, ʇʦʣʴʰʘ 

ʄʘʢʩʠʤʘʣʜ

 r

100 

ʞʳʣסʘ 

ʜʝʡʽʥ 

ʆʨʪʘʰʘïʞʦסʘʨʳ 

ʪᴅʫʝʢʝʣʜʝʨ: ʢᴇʙʽʥʝ 

ʢʨʘʥʜʘʨʜʳ ץʘʞʝʪ ʝʪʝʜʽ, 

ʙײʣ ʞʦʙʘʥʳ 

 ʣʢʝʥת .ʳʤʙʘʪʪʘʪʘʜʳץ

ʘʨʘʣʳץʪʘʨסʘ 

ʙʘסʳʪʪʘʣסʘʥ, ץʘʣʘʣʳץ 

 .ץʰʽʥ ʘʨʪʳװ ʠʳʣʳʩʪʘʨץ
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ʂʝʩʪʝ 1.5 ʞʘʣסʘʩʳ 
1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 

Mabey 

Bridge 

-ʣʳʙʨʠʪʘױ

ʥʠʷ 

1970-

ʞʳʣʜʘʨ 

ʋʘץʳʪʰʘ / 

ʪײʨʘץʪʳ 

ɾʦסʘʨʳ 

ʙʝʨʽʢ 

ʤʳʨʳʰʪʘʣ

 ʘʥ ʙʦʣʘʪס-

100 ʤ ʜʝʡʽʥ 250 ʪ ʜʝʡʽʥ 
 / ʦʣʤʝʥפ

ʢʨʘʥʤʝʥ 
 ʥװʘʣʘʫʣʳ 1ï5 ʢפ

ɸʟʘʤʘʪʪʳ

 ץ

 ʨʳʣʳʩײץ

ʀʨʘʢ, 

ʣʳʙʨʠʪʘʥʠױ

ʷ, ɸʚʩʪʨʘʣʠʷ 

4 ʞʦʣʘץץʘ 

ʜʝʡʽʥ 

100 

ʞʳʣסʘ 

ʜʝʡʽʥ 

ʆʨʪʘʰʘ ʪᴅʫʝʢʝʣʜʝʨ: 

ʪʝʭʥʠʢʘ ץʘʞʝʪ, ʦʨʥʘʪʫ 

ʫʘץʳʪʳ ײʟʘפ .ץʘʣʘʣʳץ 

 ʘʥסʘ ʘʨʥʘʣסʠʳʣʳʩʪʘʨץ

ʫʘץʳʪʰʘ ʞʦʣ ᴇʪʧʝʩʽ 

 .ʳʤʙʘʪץ ʰʽʥװ

RDB 
ɸפʐ / 

ɻʝʨʤʘʥʠʷ 
2000-

ʞʳʣʜʘʨ 

ᴄʩʢʝʨʠ, 

ʘʧʘʪʪʳץ 

ʞʘסʜʘʡʣʘʨ 

ɼᴅʥʝʢʝʨʣʝʥʛ

ʝʥ ʤʝʪʘʣʣ 
20 ʤ ʜʝʡʽʥ 

MLC 80 

ʜʝʡʽʥ 
ɾʘʡʳʣʘ-

ʪʳʥ 
ʄʠʥʠ-

ʤʘʣʜʳ 
<1 ʩʘסʘʪ 

ᴄʩʢʝʨʠ 

ʤʠʩʩʠʷʣʘʨ 
ɽʫʨʦʧʘ ʆʨʪʘʰʘ 

15ï30 

ʞʳʣ 

ɾʦסʘʨʳ ʪᴅʫʝʢʝʣʜʝʨ: 

ᴅʩʢʝʨʠ ʤʘץʩʘʪץʘ ʘʨʥʘʣסʘʥ, 

ʘʨʘʣʳײ ץʟʳʥʜʳסʳ ʘʟ, 

ʢᴇʧʪʝʛʝʥ ץʘʣʘʣʳץ 

ʞʘסʜʘʡʣʘʨסʘ ʞʘʨʘʤʩʳʟ. 

ASTRA 

Bridge 
ʐʚʝʡʮʘʨʠʷ 

2020-

ʞʳʣʜʘʨ 

ɸʚʪʦʤʘʛʠʩʪʨ

ʘʣʴ ʞᴇʥʜʝʫ 

ʞײʤʳʩʪʘʨʳ 

ɹʦʣʘʪ 

ʤʦʜʫʣʴʜʝʨ 
257 ʤ 

15ï20 ʪ 

ʜʝʡʽʥ 

ʄʦʪʦʨʣʳ 

ʤʦʜʫʣʴʜʽʢ 
 ʘʪסʘʞʝʪ ɹʽʨʥʝʰʝ ʩʘפ

ɾʦʣ 

ʞᴇʥʜʝʫ 

A1 ʘʚʪʦʤʘʛʠʩ-

ʪʨʘʣʽ 

(ʐʚʝʡʮʘʨʠʷ) 

ʆʨʪʘʰʘ 

20 

ʞʳʣסʘ 

ʜʝʡʽʥ 

ɾʦסʘʨʳ ʪᴅʫʝʢʝʣʜʝʨ: 

ʪᴅʞʽʨʠʙʝʣʽʢ ʞʦʙʘ, ʢװʨʜʝʣʽ 

ʤʦʥʪʘʞ ʞᴅʥʝ ʞʦסʘʨʳ ײץʥ. 

ɾʘʧʧʘʡ ץʦʣʜʘʥʫ ᴅʣʽ 

ʜᴅʣʝʣʜʝʥʙʝʛʝʥ. 

ʇʄʇ-3 ʈʝʩʝʡ 
1980-

ʞʳʣʜʘʨ 

ᴄʩʢʝʨʠ  

ʞᴅʥʝ ʊɾ 

ɹʦʣʘʪ ʞᴅʥʝ 

ʘʣʶʤʠʥʠʡ 
300 ʤ ʜʝʡʽʥ 60 ʪ ʜʝʡʽʥ 

ʇʦʥʪʦʥ-

ʜʳץ 
 סʘʞʝʪ 4ï6 ʩʘפ

ᴄʩʢʝʨ, ʩʫ 

ʪʘʩץʳʥʳ 
ʈʌ-ʪʘסʳ ʊɾ ʆʨʪʘʰʘ 

15ï20 

ʞʳʣ 

ᴆʪʝ ʞʦסʘʨʳ ʪᴅʫʝʢʝʣʜʝʨ: 

ʢװʨʜʝʣʽ ʧʦʥʪʦʥ ʞװʡʝʩʽ, 

 ʜʘʡʜʘסʞʘ ץʘʣʘʣʳץ

 .ʘ ʞʘʨʘʤʩʳʟסʦʣʜʘʥʫץ

ʄʦʙʠʣʴʜʽ 

ʞʦʣ ᴇʪʧʝʩʽ 
 ʩʪʘʥ 2024ï2025ץʘʟʘפ

 ʳסʘʣʘʣʘʨʜʘפ

ʞװʢʪʝʤʝʩʽ 

ʞʦסʘʨʳ 

-ʠʳʣʳʩץ

ʪʘʨʜʳ 

ʘʡʥʘʣʳʧ 

ᴇʪʫʛʝ 

ʘʨʥʘʣסʘʥ 

ʫʘץʳʪʰʘ 

ʞʦʣ ᴇʪʧʝʩʽ 

ɹʦʣʘʪ 

(ʰʚʝʣʣʝʨ, 

ʜʚʫʪʘʚʨ, 

ʪʘʙʘץ 

ʤʝʪʘʣʣ, 

ʙʦʣʪʪʘʨ, 

ʪʦʡʪʘʨʤʘ-

ʣʘʨ) 

10ï24 ʤ 30 ʪ ʜʝʡʽʥ 

ʄʦʜʫʣʴʜʽʢ 

(ʙʦʣʪʪʳץ 

-ʦʩʳʣʳʩץ

ʪʘʨ) 

 ʘʣʘʫʣʳפ

(ʢʨʘʥ, 

ʧʣʘʪʬʦʨ-

ʤʘ) 

<1 ʩʘסʘʪ 

 ץʘʣʘʣʳפ

ʢᴇʣʽʢ 

ʣʦʛʠʩʪʠʢʘ

ʩʳ, 

 ʨʳʣʳʩײץ

-ʩʪʘʥץʘʟʘפ

ʜʘסʳ 

ʤʦʜʝʣʴʜʝʫ 

ʞᴅʥʝ 

ʩʳʥʘץʪʘʨ 

 ץʘʣʘʣʳפ

ʞʘסʜʘʡʣʘʨסʘ 

ʙʝʡʽʤʜʝʣʝʜʽ 

~30 ʞʳʣ 

ʊᴇʤʝʥ ʪᴅʫʝʢʝʣʜʝʨ / ʥʝʛʽʟʛʽ 

ʘʨʪʳץʰʳʣʳץʪʘʨ: ᴇʥʜʽʨʽʩʪʽ 

ʞʝʨʛʽʣʽʢʪʝʥʜʽʨʫ 

ʰʳסʳʥʜʘʨʜʳ ʘʟʘʡʪʘʜʳ; 

 שʘʣʘʣʘʨʳʥʳץ ʩʪʘʥץʘʟʘפ

ʥʘץʪʳ ʞʘסʜʘʡʣʘʨʳʥʘ 

ʙʝʡʽʤʜʝʣʛʝʥ; ʞʝʜʝʣ 

ʤʦʥʪʘʞ (<1 ʩʘס); 

ʩʪʘʥʜʘʨʪʪʳ ʤʘʪʝʨʠʘʣʜʘʨ 

 ʘʥ; ʢʦʥʩʪʨʫʢʮʠʷסʦʣʜʘʥʳʣץ

 .ʘʨʘʧʘʡʳʤ ʞᴅʥʝ ʪʠʽʤʜʽץ
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ɾװʨʛʽʟʽʣʛʝʥ ʪʘʣʜʘʫ ʥʝʛʽʟʽʥʜʝ ʦʪʘʥʜʳץ ʤʦʙʠʣʴʜʽ ʞʦʣ ᴇʪʧʝʩʽʥ ᴅʟʽʨʣʝʫ ʰʝʪʝʣʜʽʢ 

ʘʥʘʣʦʛʪʘʨʜʳ ʝʥʛʽʟʫʤʝʥ ʩʘʣʳʩʪʳʨסʘʥʜʘ ʩʪʨʘʪʝʛʠʷʣʳץ ʘʨʪʳץʰʳ-ʣʳץʪʳ, 

ʵʢʦʥʦʤʠʢʘʣʳץ ʪײʨסʳʜʘʥ ʦʨʳʥʜʳ ʞᴅʥʝ ʪᴅʫʝʢʝʣʜʽʣʽʛʽ ʘʟ ʙʦʣʳʧ ʪʘʙʳʣʘʪʳʥʳ 

ʘʥʳץʪʘʣʜʳ. ɹײʣ ʢʝʣʝʩʽ ʥʝʛʽʟʛʽ ʬʘʢʪʦʨʣʘʨʤʝʥ ʨʘʩʪʘʣʘʜʳ: 

- ʤʘʤʘʥʜʘʥʫ.r ʂʦʥʩʪʨʫʢʮʠʷ ץʘʣʘʣʳץ ץʠʳʣʳʩʪʘʨʜʳ ʫʘץʳʪʰʘ ʢᴇʣʽʢ 

ʞװʢʪʝʤʝʩʽʥ ʘʟʘʡʪʫ װʰʽʥ ʤʘץʩʘʪʪʳ ʪװʨʜʝ ʞʘʩʘʣסʘʥ, ʘʣ ʰʝʪʝʣʜʽʢ ʘʥʘʣʦʛʪʘʨ ʞʘʣʧʳ 

ʩʠʧʘʪʪʘ (ᴅʩʢʝʨʠ, ʤʘʛʠʩʪʨʘʣʴʜʳץ).  

- ʪʠʽʤʜʽʣʽʢ. ʆʨʥʘʣʘʩʪʳʨʫ ʫʘץʳʪʳ ʰʝʪʝʣʜʽʢ ʘʥʘʣʦʛʪʘʨʜʘ ʙʽʨʥʝʰʝ ʩʘסʘʪʪʘʥ 

ʙʽʨʥʝʰʝ ʢװʥʛʝ ʜʝʡʽʥ ʩʦʟʳʣʘʜʳ. ɸʣ, ʤʦʙʠʣʴʜʽ ʞʦʣ ᴇʪʧʝʩʽʥ ʦʨʥʘʣʘʩʪʳʨʫ ʫʘץʳʪʳ 1 

ʩʘסʘʪʪʘʥ ʘʩʧʘʡʜʳ, ʙײʣ ץʘʨʘʧʘʡʳʤ ʞᴅʥʝ ʢʝʧʪʝʣʽʩ ʰʳסʳʥʜʘʨʳʥ ʘʟʘʡʪʘʜʳ. 

- ɻ ʢʦʥʦʤʠʢʘʣʳץ ʪʠʽʤʜʽʣʽʛʽ. ʉʪʘʥʜʘʨʪʪʳ ʤʝʪʘʣʣ ʧʨʦʢʘʪʳʥʘ (ʰʚʝʣʣʝʨ, ʝʢʽ 

ʪʘʚʨʣʳ ʙʘʣʢʘ) ʞᴅʥʝ ץʘʨʘʧʘʡʳʤ ײץʨʘʩʪʳʨʫ ʪʝʭʥʦʣʦʛʠʷʩʳʥʘ ʥʝʛʽʟʜʝʣʛʝʥ ᴇʥʜʽʨʽʩʪʽ 

ʦץʰʘʫʣʘʫ ʠʤʧʦʨʪʪʳץ ʪᴅʫʝʢʝʣʜʝʨʜʽ (ʣʦʛʠʩʪʠʢʘ, ʢʝʜʝʥ, ʚʘʣʶʪʘʣʳץ ʘʫʳʪץʫʣʘʨ) ʞʦʷ 

ʦʪʳʨʳʧ, ʢװʨʜʝʣʽ ʞᴅʥʝ ʧʘʡʜʘʣʘʥʫ ʰʳסʳʥʜʘʨʳʥ ʘʡʪʘʨʣʳץʪʘʡ ʪᴇʤʝʥʜʝʪʝʜʽ. 

- ʧʘʡʜʘʣʘʥʫ ץʘʨʘʧʘʡʳʤʜʳʣʳסʳ. ʆʨʥʘʣʘʩʪʳʨʫ ʞᴅʥʝ ץʳʟʤʝʪ ʢᴇʨʩʝʪʫ ʞʝʨʛʽʣʽʢʪʽ 
ʤʝʨʜʽʛʝʨʣʝʨʜʽש ʢװʰʽʤʝʥ ʘʫʳʨ ʪʝʭʥʠʢʘʣʘʨ ʤʝʥ ʰʝʪʝʣʜʽʢ ʤʘʤʘʥʜʘʨʜʳ ʪʘʨʪʧʘʡ-ʘץ 

ʤװʤʢʽʥ ʙʦʣʘʜʳ, ʙײʣ ʞײʤʳʩʪʳײץ שʥʳ ʤʝʥ ʢװʨʜʝʣʽʣʽʛʽʥ ʪᴇʤʝʥʜʝʪʝʜʽ. 

- ʙʝʡʽʤʜʝʣʛʽʰʪʽʛʽ. ʂʦʥʩʪʨʫʢʮʠʷ ʙʘʩʪʘʧץʳʜʘ פʘʟʘץʩʪʘʥʜʳץ ץʘʣʘʣʘʨʜʳש ʥʘץʪʳ 

ʞʘסʜʘʡʣʘʨʳʥʘ ʙʝʡʽʤʜʝʣʛʝʥ, ʘʣ ʰʝʪʝʣʜʽʢ ʰʝʰʽʤʜ̔  ʝʥʛʽʟʫ ץʳʤʙʘʪ, ץʘʡʪʘ ʙʝʡʽʤʜʝʫʜʽ 

ʪʘʣʘʧ ʝʪʝʨ ʝʜʽ. 

ʆʩʳʣʘʡʰʘ, ײʣʪʪʳץ ʪʝʭʥʦʣʦʛʠʷʥʳ ᴅʟʽʨʣʝʫ ʩʪʨʘʪʝʛʠʷʣʳץ ʞᴅʥʝ ʪʝʭʥʦʣʦʛʠʷ-ʣʳץ 

ʪᴅʫʝʣʩʽʟʜʽʢʪʽ ץʘʤʪʘʤʘʩʳʟ ʝʪʝ ʦʪʳʨʳʧ, ʝש ʘʟ ʞʠʳʥʪʳץ ʰʳסʳʥʜʘʨ ʤʝʥ 

ʪᴅʫʝʢʝʣʜʝʨʤʝʥ ʞʦסʘʨʳ ʤʘʤʘʥʜʘʥʜʳʨʳʣסʘʥ ʰʝʰʽʤ ʘʣʫסʘ ʤװʤʢʽʥʜʽʢ ʙʝʨʝʜʽ. 

 

 

1.4 ʄʦʙʠʣʴʜʽ ʞᴅʥʝ ʤʦʜʫʣʴʜʽʢ ʞʦʣ ᴇʪʧʝʣʝʨʽʥʽש ʢʦʥʩʪʨʫʢʮʠʷʣʳץ 

ʰʝʰʽʤʜʝʨʽ 

 

ʋʘץʳʪʰʘ ᴇʪʢʝʣʜʝʨ ʞᴇʥʜʝʫ ʥʝʤʝʩʝ ʘʧʘʪʪʳץ-ץʘʣʧʳʥʘ ʢʝʣʪʽʨʫ ʞײʤʳʩʪʘʨʳʥ 

ʞװʨʛʽʟʫ ʢʝʟʽʥʜʝ ʢᴇʣʽʢ ץʦʟסʘʣʳʩʳʥʳװ שʟʜʽʢʩʽʟʜʽʛʽʥ ץʘʤʪʘʤʘʩʳʟ ʝʪʝ ʦʪʳʨʳʧ, ץʘʟʽʨʛʽ 

ʟʘʤʘʥסʳ ʢᴇʣʽʢ ʠʥʬʨʘײץʨʳʣʳʤʳʥʳש ʤʘשʳʟʜʳ ʵʣʝʤʝʥʪʽ ʙʦʣʳʧ ʪʘʙʳʣʘʜʳ. ʄײʥʜʘʡ 

ʢʦʥʩʪʨʫʢʮʠʷʣʘʨʜʳש ʝש ʢᴇʧ ʪʘʨʘʣסʘʥ ʪװʨʣʝʨʽ ʤʦʜʫʣʴʜʽʢ ʞᴅʥʝ ʤʦʙʠʣʴʜʽש ʞʦʣ 

ᴇʪʧʝʣʝʨʽ ʙʦʣʳʧ ʪʘʙʳʣʘʜʳ, ʦʣʘʨ ʞʘʣʧʳ ʬʫʥʢʮʠʦʥʘʣʜʳץ ʙʘסʳʪʳʥʘ ץʘʨʘʤʘʩʪʘʥ, 

ʢʦʥʩʪʨʫʢʮʠʷʩ,r ʦʨʥʘʪʫ ᴅʜʽʩʽ ʞᴅʥʝ ʧʘʡʜʘʣʘʥʫ ʩʠʧʘʪʪʘʤʘ-ʣʘʨʳ ʙʦʡʳʥʰʘ ʪװʙʝʛʝʡʣʽ 

ʝʨʝʢʰʝʣʝʥʝʜʽ [48], [50], [61]. ʂʝʣʝʩʽ ʙᴇʣʽʤʜʝʨʜʽש ᴅʜʽʩʥʘʤʘʣʳץ ʥʝʛʽʟʽʥ 

 שʘʨʘʩʪʳʨʳʧ, ʦʣʘʨʜʳץ ʨʣʝʨʽʥװʦʩʳ ʪ שʨʳʣʳʤʜʘʨʜʳײץ ʰʽʥװ ʘʣʳʧʪʘʩʪʳʨʫץ

ʝʨʝʢʰʝʣʽʢʪʝʨʽʥ ʘʥʳץʪʘʧ, ᴅʨʽ ץʘʨʘʡ ʟʝʨʪʪʝʫ ʦʙʲʝʢʪʽʩʽ ʨʝʪʽʥʜʝ ʤʦʙʠʣʴʜʽ ᴇʪʢʝʣʜʽ 

ʪʘשʜʘʫ ʩʝʙʝʧʪʝʨʽʥ ʘʥʳץʪʘʫ ץʘʞʝʪ [61], [62], [64]. 

ʄʦʜʫʣʴʜʽʢ ʞʦʣ ᴇʪʧʝʩʽ - ʙײʣ ʩʪʘʥʜʘʨʪʪʳ ʵʣʝʤʝʥʪʪʝʨʜʝʥ, ʬʝʨʤʘʣʘʨʜʘʥ, 

ʧʘʥʝʣʴʜʝʨʜʝʥ, ʘʨץʘʣʳץʪʘʨʜʘʥ, ʫʘץʳʪʰʘ ʪʽʨʝʢʪʝʨʜʝʥ ʞᴅʥʝ ʧʘʣʫʙʘʜʘʥ ʞʘʩʘʣסʘʥ 

ʞʠʥʘʣʤʘʣʳ ײץʨʳʣʳʤ [48], [49], [50]. ʄʦʜʫʣʴʜʝʨʜʽ ʪʘʩʳʤʘʣʜʘʫ ʵʣʝʤʝʥʪʪʽʢ ʪװʨʜʝ 

ʞװʟʝʛʝ ʘʩʳʨʳʣʘʜʳ, ʘʣ ʪװʧʢʽʣʽʢʪʽ ײץʨʘʩʪʳʨʫ ʤʦʥʪʘʞʜʘʫ ʙʨʠʛʘʜʘʣʘʨʳ ʤʝʥ ʞװʢ 

ʢᴇʪʝʨʫ ʤʝʭʘʥʠʟʤʜʝʨʽʥ ץʦʣʜʘʥʘ ʦʪʳʨʳʧ ʦʨʳʥʜʘʣʘʜʳ [46], [50]. ɹײʣ ʪᴅʩʽʣ 

ʘʨʘʣʳץʪʳײ שʟʳʥʜʳסʳʥ ᴇʟʛʝʨʪʫʛʝ, ʞװʢ ʢᴇʪʝʨʛʽʰʪʽʛʽʥ ʘʨʪʪʳʨʫסʘ ʞᴅʥʝ ʢʦʥʩʪʨʫʢ-

ʮʠʷʩʳʥ ᴅʨʪװʨʣʽ ʞײʤʳʩ ʞʘסʜʘʡʣʘʨʳʥʘ ʙʝʡʽʤʜʝʫʛʝ ʤװʤʢʽʥʜʽʢ ʙʝʨʝʜʽ [48], [50]. 
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ʄʦʜʫʣʴʜʽʢ ʞװʡʝʣʝʨʜʽש ʢʣʘʩʩʠʢʘʣʳץ ʤʳʩʘʣʜʘʨʳ Bailey, Acrow ʞᴅʥʝ Mabey 

ʢᴇʧʽʨʣʝʨʽ ʙʦʣʳʧ ʪʘʙʳʣʘʜʳ, ʦʣʘʨ ᴇʟʜʝʨʽʥ ץʘʨץʳʥʜʳ ʘסʳʥʜʘʨʜʳ, ʩʦʥʳש ʽʰʽʥʜʝ, 

ʘʫʳʨ ʢᴇʣʽʢʪʝʨʜʽ ᴇʪʢʽʟʫʛʝ ץʘʙʽʣʝʪʪʽ ײʟʘץ ʤʝʨʟʽʤʜʽ ʫʘץʳʪʰʘ ײץʨʳʣʳʤʜʘʨ ʨʝʪʽʥʜʝ 

ʢᴇʨʩʝʪʪʽ [48], [49], [50]. ʉʦʥʳʤʝʥ ץʘʪʘʨ, ʤʦʜʫʣʴʜʽʢ ᴇʪʧʝʣʝʨ ʤʦʥʪʘʞʜʘʫ, ʜʘʡʳʥ-

ʜʘʣסʘʥ ʘʣʘשʥʳש ʙʦʣʫʳ, ʪʝʭʥʠʢʘʥʳ ץʦʣʜʘʥʫ ʞᴅʥʝ ʙʽʨץʘʪʘʨ ʪʝʭʥʦʣʦʛʠʷ-ʣʳץ 

ʦʧʝʨʘʮʠʷʣʘʨʜʳ ʦʨʳʥʜʘʫ װʰʽʥ ʘʡʪʘʨʣʳץʪʘʡ ʫʘץʳʪʪʳ ץʘʞʝʪ ʝʪʝʜʽ, ʙײʣ ʦʣʘʨʜʳ 

ʞʝʜʝʣ ʞᴇʥʜʝʫ ʞײʤʳʩʪʘʨʳ ʞʘסʜʘʡʳʥʜʘ ʧʘʡʜʘʣʘʥʫʜʳ ʰʝʢʪʝʡʜʽ [46], [50], [54]. 

ʆʣʘʨʜʘʥ ʘʡʳʨʤʘʰʳʣʳסʳ, çʤʦʙʠʣʴʜʽ ʞʦʣ ᴇʪʧʝʩʽè ʢᴇʣʽʢ ʙʘʟʘʩʳʤʝʥ - 

ʘʚʪʦʤʦʙʠʣʴ ʰʘʩʩʠʽʤʝʥ, ʪʽʨʢʝʤʝʤʝʥ ʥʝʤʝʩʝ ʘʨʥʘʡʳ ʧʣʘʪʬʦʨʤʘʤʝʥ ʙʽʨʽʢʪʽʨʽʣʛʝʥ 

 ʘʥסʳʤʝʥ ʞʠʥʘʣסʣ ʢʦʥʩʪʨʫʢʮʠʷ ʪʦʣʳײʨʳʣʳʤ ʙʦʣʳʧ ʪʘʙʳʣʘʜʳ [55], [61], [64]. ɹײץ

ʥʝʤʝʩʝ ʞʠʥʘץʳ ʪװʨʜʝ ʪʘʩʳʤʘʣʜʘʥʘʜʳ ʞᴅʥʝ ʵʣʝʤʝʥʪʪʽ ײץʨʘʩʪʳʨʫʩʳʟ ʘʰʳʣʘʜʳ 

[61], [62], [64]. ʊʝʣʝʩʢʦʧʠʷʣʳץ, ʞʠʥʘʣʤʘʣʳ ʥʝʤʝʩʝ ʪװʩʽʨʽʣʝʪʽʥ ʤʝʭʘʥʠʟʤʜʝʨʜʽש 

ʘʨץʘʩʳʥʜʘ ʤʦʙʠʣʴʜʽ ʞʦʣ ᴇʪʧʝʩʽ ʙʽʨʥʝʰʝ ʤʠʥʫʪ ʥʝʤʝʩʝ ʙʽʨʥʝʰʝ ʩʘסʘʪ ʽʰʽʥʜʝ 

ʞײʤʳʩ ʦʨʥʳʥ ץʘʙʳʣʜʘʡ ʘʣʘʜʳ [55], [61]. ʄʦʙʠʣʴʜʽ ʞʦʣ ᴇʪʧʝʩʽ ʽʩ ʞװʟʽʥʜʝ ʪʝʢ 

ʠʥʞʝʥʝʨʣʽʢ ײץʨʳʣʳʤ סʘʥʘ ʝʤʝʩ, ʩʦʥʳʤʝʥ ץʘʪʘʨ, ʢᴇʣʽʢ ʪʝʭʥʠʢʘʩʳʥʳש ʪװʨʽ ʙʦʣʳʧ 

ʪʘʙʳʣʘʜʳ, ᴇʡʪʢʝʥʽ ʦʣ ʦʙʲʝʢʪʽʛʝ ᴇʟ ʞװʨʽʩʽʤʝʥ ʥʝʤʝʩʝ ʢᴇʣʽʢ ײץʨʘʣʳʥʳש ʙᴇʣʽʛʽ 

ʨʝʪʽʥʜʝ ʢʝʣʝʜʽ ʞᴅʥʝ ʦʨʥʘʪʫʜʘʥ ʢʝʡʽʥ ʙʽʨʜʝʥ ץʦʟסʘʣʳʩʪʳ ץʘʤʪʘʤʘʩʳʟ ʝʪʝʜʽ. ɹײʣ 

ʤʦʙʠʣʴʜʽ ʞʦʣ ᴇʪʧʝʣʝʨʽʥ ᴅʩʽʨʝʩʝ ʢʝשʽʩʪʽʢ ʰʝʢʪʝʫʣʽ ʞᴅʥʝ ʞײʤʳʩ ʫʘץʳʪʳ ʘʟ 

ʙʦʣʘʪʳʥ ץʘʣʘʣʳײץ ץʨʳʣʳʩ ʞʘסʜʘʡʳʥʜʘ ᴇʟʝʢʪʽ ʝʪʝʜʽ [55], [63], [64]. 

ʂʦʥʩʪʨʫʢʮʠʷʣʳץ ץʘסʠʜʘʣʘʨʳ ʙʦʡʳʥʰʘ ץʦʣʜʘʥʳʩʪʘסʳ ʫʘץʳʪʰʘ ʞʦʣ 

ᴇʪʧʝʣʝʨʽʥ ʙʽʨʥʝʰʝ ʪʦʧץʘ ʙᴇʣʫʛʝ ʙʦʣʘʜʳ: ʞʠʥʘʣʤʘʣʳ-ײץʨʘʩʪʳʨʤʘʣʳ ʤʦʜʫʣʴʜʽʢ 

ʞװʡʝʣʝʨ, ʪʝʣʝʩʢʦʧʠʷʣʳײץ ץʨʳʣʳʤʜʘʨ, ʞʠʥʘʣʤʘʣʳ ʢᴇʧʽʨʣʝʨ ʞᴅʥʝ ᴇʟʜʽʛʽʥʝʥ 

ʞװʨʝʪʽʥ ʧʣʘʪʬʦʨʤʘʣʘʨ [48], [50], [56].  

ɾʠʥʘʣʤʘʣʳ ʞᴅʥʝ ײץʨʘʩʪʳʨʤʘʣʳ ʞװʡʝʣʝʨ ʞʦסʘʨʳ ʢᴇʪʝʨʛʽʰʪʽʢʪʽ ץʘʤʪʘʤʘʩʳʟ 

ʝʪʝʜʽ, ʙʽʨʘײ ץʟʘץ ʦʨʥʘʪʫʜʳ ץʘʞʝʪ ʝʪʝʜʽ. ʊʝʣʝʩʢʦʧʠʷʣʳץ ʞᴅʥʝ ʞʠʥʘʣʤʘʣʳ 

ʢʦʥʩʪʨʫʢʮʠʷʣʘʨ ʪʘʩʳʤʘʣʜʘʫʜʳש ʳסשʘʡʣʳʣʳסʳ ʤʝʥ ʞʳʣʜʘʤ ʦʨʥʘʣʘʩʫʳʥ 

 ץʳʤʝʥ ʰʝʢʪʝʣʝʜʽ. ʐʚʝʡʮʘʨʠʷʣʳסʟʳʥʜʳײ שʪʳץʘʨʘʣʳ ץʘʤʪʘʤʘʩʳʟ ʝʪʝʜʽ, ʙʽʨʘץ

ASTRA Bridge ʩʠʷץʪʳ ʞʳʣʞʳʤʘʣʳ ʞᴅʥʝ ᴇʟʜʽʛʽʥʝʥ ʞװʨʝʪʽʥ ʞװʡʝʣʝʨ ʘʣʜʳסשʳ 

 .ʘʨʳ [54]סʳ ʞʦסʠʳʥʜʳץ שʤʝʭʘʥʠʢʘʣʘʥʜʳʨʫʜʳ ץʘʙʽʣʝʪʪʽ, ʙʽʨʘץ ʘסʘʣʫסʦʟץ ʘʪʘʨʜʘץ

ɹײʣ ʞʽʢʪʝʫ ץʦʣʜʘʥʳʩʪʘסʳ ʰʝʰʽʤʜʝʨʜʽש ʢʝשʜʽʛʽʥ ʢᴇʨʩʝʪʝʜʽ ʞᴅʥʝ ʦʣʘʨʜʳש 

ʪʝʭʥʦʣʦʛʠʷʣʳץ ʩʠʧʘʪʳʥʜʘסʳ ʘʡʪʘʨʣʳץʪʘʡ ʘʡʳʨʤʘʰʳʣʳץʪʘʨʜʳ ʢᴇʨʩʝʪʝʜʽ. 

ʋʘץʳʪʰʘ ʢᴇʧʽʨʣʽʢ ʢʦʥʩʪʨʫʢʮʠʷʣʘʨʜʳ ץʘʣʳʧʪʘʩʪʳʨʫʜʳש ᴅʨʪװʨʣʽ ʪᴅʩʽʣʜʝʨʽʥ 

ʞװʡʝʣʝʫ ʞᴅʥʝ ʪʘʣʜʘʫʜʳש ᴅʜʽʩʪʝʤʝʣʽʢ ʪײʪʘʩʪʳסʳʥ ץʘʤʪʘʤʘʩʳʟ ʝʪʫ ʤʘץʩʘʪʳʥʜʘ 

ʫʘץʳʪʰʘ ʞʦʣ ᴇʪʧʝʣʝʨʽʥʽש ʢʦʥʩʪʨʫʢʮʠʷʣʳץ ʰʝʰʽʤʜʝʨʽ ʞʽʢʪʝʣʜʽ (ʩʫʨʝʪ - 1.16) [6],  

[46], [48], [49], [50], [52], [55], [61], [65].  

ɹʝʨʽʣʛʝʥ ʞʽʢʪʝʫ ʫʘץʳʪʰʘ ʞʦʣ ᴇʪʧʝʣʝʨʽʥʽש ʥʝʛʽʟʛʽ ʢʦʥʩʪʨʫʢʪʠʚʪʽʢ ʪʠʧʪʝʨʽʥ 

ʩʘʣʳʩʪʳʨʫסʘ ʤװʤʢʽʥʜʽʢ ʙʝʨʝʜʽ ʞᴅʥʝ ʦʣʘʨʜʳץ שʦʣʜʘʥʳʣʫ ʪʠʽʤʜʽʣʽʛʽʥ ʠʥʞʝʥʝʨʣʽʢ, 

ʢᴇʣʽʢʪʽʢ ʞᴅʥʝ ʵʢʩʧʣʫʘʪʘʮʠʷʣʳץ ʪʘʣʘʧʪʘʨ ʪײʨסʳʩʳʥʘʥ ʙʘסʘʣʘʫסʘ ʥʝʛʽʟ ʙʦʣʘʜʳ.  
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ʉʫʨʝʪ 1.16 ï ʋʘץʳʪʰʘ ʞʦʣ ᴇʪʧʝʣʝʨʽʥʽש ʞʽʢʪʝʣʫʽ 

 

 ʢʦʥʩʪʨʫʢʮʠʷʣʘʨ שʳʪʰʘ ʞʦʣ ᴇʪʧʝʣʝʨʽʥʽץʘʟʽʨʛʽ ʫʘץ ʘʥ ʞʽʢʪʝʫסʩʳʥʳʣױ

ʘʨʘʩʳʥʜʘסʳ ʪװʙʝʛʝʡʣʽ ʘʡʳʨʤʘʰʳʣʳץʪʘʨʜʳ ʘʥʳץʪʘʫסʘ, ʦʣʘʨʜʳץ שʘʣʘʣʳץ ʞᴅʥʝ 

ʥʝʛʽʟʛʽ ʤʘʛʠʩʪʨʘʣʜʘʨʜʘ ץʦʣʜʘʥʳʣʫ ʤװʤʢʽʥʜʽʛʽʥ ʙʘסʘʣʘʫסʘ, ʩʦʥʜʘʡ-ʘץ ʦʨʥʘʣʘʩ-

ʪʳʨʫ ʞʳʣʜʘʤʜʳסʳ, ʪʘʩʳʤʘʣʜʘʫ ʤװʤʢʽʥʜʽʛʽ ʞᴅʥʝ ʧʘʡʜʘʣʘʥʫ ʩʠʧʘʪʪʘʤʘʣʘʨʳ 

ʪײʨסʳʩʳʥʘʥ ʪʝʭʥʦʣʦʛʠʷʣʳץ ᴅʣʝʫʝʪʽʥ ʘʡץʳʥʜʘʫסʘ ʤװʤʢʽʥʜʽʢ ʙʝʨʝʜʽ. 

ɹײʣ ʞʽʢʪʝʫ ʟʝʨʪʪʝʫ ʙʘסʳʪʳʥ ʪʘשʜʘʫʜʘ ʝʨʝʢʰʝ ʤʘשʳʟסʘ ʠʝ, ʩʝʙʝʙʽ ʤʦʙʠʣʴʜʽ 

ʞʦʣ ᴇʪʧʝʣʝʨʽ ʦʥʜʘ ʠʥʞʝʥʝʨʣʽʢ ײץʨʳʣʳʩ ʧʝʥ ʢᴇʣʽʢ ײץʨʘʣʳʥʳש ʪʝʭʥʠʢʘʣʳץ 

ʤװʤʢʽʥʜʽʢʪʝʨʽʥ ʙʽʨʽʢʪʽʨʝʪʽʥ ʞʝʢʝ ʢʘʪʝʛʦʨʠʷ ʨʝʪʽʥʜʝ ץʘʨʘʩʪʳʨʳʣʘʜʳ. ʆʣʘʨʜʳש 

ʞʽʢʪʝʫ ʞװʡʝʩʽʥʜʝ ʙʦʣʫʳ ʤʦʙʠʣʴʜʽ ʢʦʥʩʪʨʫʢʮʠʷʣʘʨʜʳש ʙʽʨʝʛʝʡʣʽʛʽʥ ʥʝʛʽʟʜʝʫʛʝ, 

ʩʦʥʜʘʡ-ʘץ, ʜᴅʣ ʦʩʳ ʤʦʙʠʣʴʜʽ ʰʝʰʽʤʜʝʨʜʽש ʤʝʭʘʥʠʢʘʣʘʥʜʳʨʫʜʳ ʞʝʪʽʣʜʽʨʫ, ʞװʨʽʩ 

ʙᴇʣʽʛʽʥ ʜʘʤʳʪʫ ʞᴅʥʝ ץʘʣʘʣʳץ ʠʥʬʨʘײץʨʳʣʳʤ ʞʘסʜʘʡʣʘʨʳʥʘ ʙʝʡʽʤʜʝʫ 

ʪײʨסʳʩʳʥʘʥ ᴅʨʽ ץʘʨʘʡ ʞʝʪʽʣʜʽʨʫ ᴅʣʝʫʝʪʽʥʝ ʠʝ ʝʢʝʥʽʥ ʢᴇʨʩʝʪʫʛʝ ʤװʤʢʽʥʜʽʢ ʙʝʨʝʜʽ. 

ʄʦʙʠʣʴʜʽ ʞᴅʥʝ ʤʦʜʫʣʴʜʽʢ ᴇʪʢʝʣʜʝʨʜʽ ʩʘʣʳʩʪʳʨʫ ʦʣʘʨʜʳש ʘʨʘʩʳʥʜʘסʳ 

ʘʡʳʨʤʘʰʳʣʳץʪʘʨ ᴇʤʽʨʣʽʢ ʮʠʢʣʜʽש ʙʘʨʣʳץ ʢʝʟʝשʜʝʨʽʥ ץʘʤʪʠʪʳʥʳʥ ʢᴇʨʩʝʪʝʜʽ: 

ʪʘʩʳʤʘʣʜʘʫ, ʦʨʥʘʪʫ, ʧʘʡʜʘʣʘʥʫ ʞᴅʥʝ ʙᴇʣʰʝʢʪʝʫ. ʄʦʜʫʣʴʜʽʢ ʞװʡʝʣʝʨ װʣʢʝʥ 

ᴅʤʙʝʙʘʧʪʳץץʘ ʞᴅʥʝ ʞʦסʘʨʳ ʢᴇʪʝʨʛʽʰʪʽʢʢʝ ʠʝ, ʙʽʨʘץ ʘʡʪʘʨʣʳץʪʘʡ 

 ʘʞʝʪ ʝʪʝʜʽ. ʄʦʙʠʣʴʜʽץ ʳʪʪʳץʫʘ ץʟʘײ ʨʝʩʫʨʩʪʘʨʜʳ ʞᴅʥʝ ץʡʳʤʜʘʩʪʳʨʫʰʳʣʳײ

ʞװʡʝʣʝʨ ʢᴇʣʽʢ ʙʘʡʣʘʥʳʩʳʥ ʞʝʜʝʣ ץʘʣʧʳʥʘ ʢʝʣʪʽʨʫʜʽ ץʘʤʪʘʤʘʩʳʟ ʝʪʝʜʽ, ʦʣʘʨʜʳש 

ʳץʰʘʤ ʪʘʩʳʤʘʣʜʘʫ ץʘʞʝʪʪʽʣʽʛʽʤʝʥ ʞᴅʥʝ ʙװʢʪʝʣʤʝʣʽ ʢʦʥʬʠʛʫʨʘʮʠʷʩʳʤʝʥ 

ʙʘʡʣʘʥʳʩʪʳ ʙʝʣʛʽʣʽ ʙʽʨ ʰʝʢʪʝʫʣʝʨʽ ʙʘʨ [46], [50], [55], [64]. ɹײʣ ץʘʣʘʣʳץ ʦʨʪʘʜʘסʳ 

ʤʦʙʠʣʴʜʽ ᴇʪʢʝʣʜʝʨʜʽש ʥʝʛʽʟʛʽ ʘʨʪʳץʰʳʣʳסʳʥ ʘʥʳץʪʘʡʪʳʥ ʦʨʥʘʣʘʩʪʳʨʫ 

ʞʳʣʜʘʤʜʳסʳ, ʢᴇʣʽʢ ʪʝʭʥʠʢʘʩʳʤʝʥ ʠʥʪʝʛʨʘʮʠʷ ʞᴅʥʝ ʪʘʨ ʞʘסʜʘʡʣʘʨʜʘ ʞײʤʳʩ 

ʽʩʪʝʫ ʤװʤʢʽʥʜʽʛʽ. ʄʦʙʠʣʴʜʽ ʞᴅʥʝ ʤʦʜʫʣʴʜʽʢ ᴇʪʢʝʣʜʝʨʜʽש ʥʝʛʽʟʛʽ 

ʘʡʳʨʤʘʰʳʣʳץʪʘʨʳ 1.6-ʢʝʩʪʝʜʝ ʢʝʣʪʽʨʽʣʛʝʥ. 
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ʂʝʩʪʝ 1.6 ï ʄʦʙʠʣʴʜʽ ʞᴅʥʝ ʤʦʜʫʣʴʜʽʢ ʞʦʣ ᴇʪʧʝʣʝʨʽʥʽש ʩʘʣʳʩʪʳʨʤʘʣʳ 

ʩʠʧʘʪʪʘʤʘʩʳ 
ɹʝʣʛʽʩʽ ʄʦʙʠʣʴʜʽ ʞʦʣ ᴇʪʧʝʣʝʨʽ ʄʦʜʫʣʴʜʽʢ ʞʦʣ ᴇʪʧʝʣʝʨʽ 

ʂʦʥʩʪʨʫʢ-

ʮʠʷʩʳ 

ʂᴇʣʽʢ ʙʘʟʘʩʳʤʝʥ ʙʽʨʽʢʪʽʨʽʣʛʝʥ; 

ʙװʢʪʝʣʤʝʣʽ, ʪʝʣʝʩʢʦʧʠʷʣʳץ ʥʝʤʝʩʝ 

ʜʦסשʘʣʘץʪʳ ʰʘʩʩʠʛʝ ʦʨʥʘʪʳʣסʘʥ 

ʙʦʣʫʳ ʤװʤʢʽʥ 

ɾʝʢʝ ʵʣʝʤʝʥʪʪʝʨʜʝʥ 

(ʘʨץʘʣʳץʪʘʨ, ʬʝʨʤʘʣʘʨ, 

ʧʘʥʝʣʴʜʝʨ) ʪײʨʘʜʳ, ʦʨʥʘʪʫ 

ʦʨʥʳʥʜʘ ײץʨʘʩʪʳʨʳʣʘʜʳ 

ʆʨʥʘʪʫ 

 ʠʜʘʩʳסʘץ

ʕʣʝʤʝʥʪʪʝʨ ʙʦʡʳʥʰʘ 

 ʨʘʩʪʳʨʳʣʤʘʡ ʦʨʥʘʪʳʣʘʜʳ; ʢᴇʣʽʢײץ

ʞʘסʜʘʡʳʥʘʥ ʞʘʡʳʣʳʧ ʥʝʤʝʩʝ 

ʞʳʣʞʳʧ ʘʰʳʣʘʜʳ 

ɹʘʨʣʳץ ʵʣʝʤʝʥʪʪʝʨʜʽ ʦʨʥʳʥʜʘ 

ʞװʢ ʢᴇʪʝʨʛʽʰ ʤʝʭʘʥʠʟʤʜʝʨ 

ʘʨץʳʣʳ ʤʦʥʪʘʞʜʘʫʜʳ ʪʘʣʘʧ ʝʪʝʜʽ 

ʆʨʥʘʣʘʩʪʳʨʫ 

ʫʘץʳʪʳ 

ɹʽʨʥʝʰʝ ʤʠʥʫʪʪʘʥ ʙʽʨʥʝʰʝ ʩʘסʘʪץʘ 

ʜʝʡʽʥ 

ʂᴇʧʽʨʜʽש ʛʘʙʘʨʠʪʽʥʝ ʙʘʡʣʘʥʳʩʪʳ 

ʙʽʨʥʝʰʝ ʩʘסʘʪʪʘʥ ʙʽʨʥʝʰʝ ʢװʥʛʝ 

ʜʝʡʽʥ 

 ʘʞʝʪʪʽפ

ʪʝʭʥʠʢʘ 

ʄʠʥʠʤʘʣʜʳ; ʢᴇʙʽʥʝ ʙʽʨ ʪʘʨʪץʳʰ 

ʥʝʤʝʩʝ ʢʨʘʥʩʳʟ ʞײʤʳʩʰʳʣʘʨ ʪʦʙʳ 

ʞʝʪʢʽʣʽʢʪʽ 

ɾװʢ ʢᴇʪʝʨʛʽʰ ʤʝʭʘʥʠʟʤʜʝʨ, 

ʤʦʥʪʘʞʜʘʫ ʙʨʠʛʘʜʘʣʘʨʳ ʞᴅʥʝ 

ʘʣʜʳʥ ʘʣʘ ʜʘʡʳʥʜʘʣסʘʥ ʘʣʘץ שʘʞʝʪ 

ʊʘʩʳʤʘʣʜʘʫ 

ɹװʢʪʝʣʛʝʥ ʢװʡʜʝ ʙʽʨʪײʪʘʩ ʢʦʥʩʪʨʫʢ-

ʮʠʷ ʨʝʪʽʥʜʝ ʜʦסשʘʣʘץʪʳ ʰʘʩʩʠʜʝ 

ʥʝʤʝʩʝ ʪʽʨʢʝʤʝʜʝ ʪʘʩʳʤʘʣʜʘʥʘʜʳ 

ʕʣʝʤʝʥʪʪʝʨ ʙʦʡʳʥʰʘ 

ʪʘʩʳʤʘʣʜʘʥʘʜʳ; ʢᴇʧʽʨ ײʟʳʥʜʳסʳ 

 ʘʞʝʪץ ʣʢʝʥ ʙʦʣʩʘ ʙʽʨʥʝʰʝ ʨʝʡʩװ

ɾװʢ 

ʢᴇʪʝʨʛʽʰʪʽʛʽ 

ʂʦʥʩʪʨʫʢʮʠʷ ʪʠʧʽʤʝʥ ʰʝʢʪʝʣʝʜʽ 

(ʙװʢʪʝʣʤʝʣʽ ʞᴅʥʝ ʪʝʣʝʩʢʦʧʠʷʣʳץ 

ʞװʡʝʣʝʨ ʢᴇʙʽʥʝ ʞʝשʽʣ ʞᴅʥʝ ʞʝשʽʣ 

ʞװʢ ʘʚʪʦʤʦʙʠʣʴʜʝʨʽʥʝ ʘʨʥʘʣסʘʥ) 

ɾʦסʘʨʳ; ʘʚʪʦʤʦʙʠʣʴ 

ʞʦʣʜʘʨʳʥʳש ʩʪʘʥʜʘʨʪʪʳ 

ʞװʢʪʝʤʝʣʝʨʽʥʝ ʪᴇʪʝʧ ʙʝʨʝ ʘʣʘʜʳ 

ɸʨʘʣʳץ 

 ʳסʟʳʥʜʳײ

ᴄʜʝʪʪʝ 20ï30 ʤ ʜʝʡʽʥ (ʪʝʣʝʩʢʦʧʠʷʣʳץ 

ʞᴅʥʝ ʙװʢʪʝʣʤʝʣʽ); ʰʘʩʩʠʜʝʛʽ ʤʦʙʠʣʴʜʽ 

ʞװʡʝʣʝʨ ï 10-15 ʤ 

ʌʝʨʤʘʣʳץ ʘʨʘʣʳץʪʘʨʜʳ 

 ʨʘʩʪʳʨʫ ʢʝʟʽʥʜʝ 70 ʤ ʞᴅʥʝײץ

ʦʜʘʥ ʜʘ ʢᴇʧ 

ʅʝʛʽʟʛʽ 

 ʦʣʜʘʥʳʣʫʳץ

ɸʧʘʪ ʞʘסʜʘʡʣʘʨʳʥʜʘ ᴇʪʢʝʣʜʝʨʜʽ 

ʞʝʜʝʣ ײʡʳʤʜʘʩʪʳʨʫ, ʢʝʧʪʝʣʽʩʪʝʨʜʽ 

ʞʦʶ, 1ï7 ʢװʥʛʝ ʘʨʥʘʣסʘʥ ʫʘץʳʪʰʘ 

ʰʝʰʽʤʜʝʨ 

ʋʘץʳʪʰʘ ʵʩʪʘʢʘʜʘʣʘʨ ʤʝʥ 

ʘʡʥʘʣʤʘ ʢᴇʧʽʨʣʝʨ ʩʘʣʫ, ʘʡʣʘʨ 

ʥʝʤʝʩʝ ʞʳʣʜʘʨסʘ ʩʦʟʳʣʘʪʳʥ 

 ʤʳʩʪʘʨʳײʘʨʪʫ ʞשʘʡʪʘ ʞʘץ

ʄʳʩʘʣʜʘʨ 

MB4.0 (ɾʘʧʦʥʠʷ), ʪʘʥʢʪʽʢ ʢᴇʧʽʨ 

ʩʘʣסʳʰʪʘʨ, פʘʟʘץʩʪʘʥʜʘסʳ ʰʘʩʩʠʛʝ 

ʦʨʥʘʪʳʣסʘʥ ʤʦʙʠʣʴʜʽ ʞʦʣ ᴇʪʧʝʩʽ 

Bailey Bridge, Acrow Bridge, 

ASTRA Bridge (ʞʠʥʘʣʤʘʣʳ-

ʤʦʜʫʣʴʜʽʢ ʞᴅʥʝ ʥʘʢʘʪʪʳץ ʞװʡʝ) 

 

ʀʥʞʝʥʝʨʣʽʢ ʤʘסʳʥʘʜʘ ʤʦʙʠʣʴʜʽʢ ʞʦʣ ᴇʪʧʝʩʽ ʞᴇʥʜʝʣʝʪʽʥ ʘʡʤʘץʪʳװ שʩʪʽʥʜʝ 

ʫʘץʳʪʰʘ ʪײʨסʳʟʳʣסʘʥ ʢᴇʧʽʨ ײץʨʳʣʳʤʳ סʘʥʘ ʝʤʝʩ, ʩʦʥʳʤʝʥ ץʘʪʘʨ, ʪʦʣʳץץʘʥʜʳ 

ʢᴇʣʽʢ ײץʨʘʣʳ ʙʦʣʳʧ ʪʘʙʳʣʘʪʳʥʜʳסʳʥ ʘʪʘʧ ᴇʪʫ ʤʘשʳʟʜʳ. ʆʥʳש ʬʫʥʢʮʠʦʥʘʣʜʳץ 

ʝʨʝʢʰʝʣʽʛʽ ʝʢʽ ʞʘץʪʳ ʩʠʧʘʪץʘ ʠʝ: ʙʽʨ ʞʘסʳʥʘʥ ʦʣ ʢʝʜʝʨʛʽʥʽ ʞʝשʫʜʽ ץʘʤʪʘʤʘʩʳʟ 

ʝʪʝʪʽʥ ʪʽʨʝʢ ʘʨʘʣʳײץ ץʨʳʣʳʤʥʳש ʨᴇʣʽʥ ʘʪץʘʨʘʜʳ, ʘʣ ʝʢʽʥʰʽ ʞʘסʳʥʘʥ - ʞװʨʽʩ 

ʙᴇʣʽʛʽʤʝʥ, ץʦʟסʘʣʳʩ ʤʝʭʘʥʠʟʤʜʝʨʽʤʝʥ, ʢᴇʪʝʨʫ ʞᴅʥʝ ʢʝשʝʡʪʫ ʞװʡʝʣʝʨʽʤʝʥ 

ʞʘʙʜʳץʪʘʣסʘʥ ʤʦʙʠʣʴʜʽ ʧʣʘʪʬʦʨʤʘ [6], [55], [64].. 

ʄʦʜʫʣʴʜʽʢ ᴇʪʢʝʣʜʝʨʜʝʥ ʘʡʳʨʤʘʰʳʣʳסʳ, ʦʣʘʨ ʪʝʢ ײץʨʳʣʳʩ ʨʝʪʽʥʜʝ ʞײʤʳʩ 

ʽʩʪʝʡʜʽ ʞᴅʥʝ ʦʨʥʘʪʳʣסʘʥʥʘʥ ʢʝʡʽʥ סʘʥʘ ʬʫʥʢʮʠʦʥʘʣʜʳʣʳץץʘ ʠʝ ʙʦʣʘʜʳ, ʤʦʙʠʣʴʜʽ 

ᴇʪʢʝʣ ʙʘʩʪʘʧץʳʜʘ ʢᴇʣʽʢ-ʠʥʞʝʥʝʨʣʽʢ ʢʝʰʝʥ ʨʝʪʽʥʜʝ ʞʦʙʘʣʘʥסʘʥ. ʆʣ ʢᴇʣʽʢ 

 ʡʽʥʝװʤʳʩ ʢײʘʣʘʜʳ, ᴇʟʜʽʛʽʥʝʥ ʞסʦʟץ ʨʘʤʳʥʜʘ ʞʦʣʜʘʨʤʝʥײץ שʨʘʣʳʥʳײץ

ʢʝʣʪʽʨʽʣʝʜʽ, ʘʣ ʞײʤʳʩ ʘʷץʪʘʣסʘʥʥʘʥ ʢʝʡʽʥ ʢᴇʣʽʢ ʢװʡʽʥʝ ʪʝʟ ʘʫʳʩʪʳʨʳʣʳʧ, ʢʝʣʝʩʽ 

ʦʨʳʥסʘ ʪʘʩʳʤʘʣʜʘʥʘʜʳ. ʆʩʳʣʘʡʰʘ, ʤʦʙʠʣʴʜʽ ʞʦʣ ᴇʪʧʝʩʽ ץʦʟסʘʣʳʩ 
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ʤʝʭʘʥʠʟʤʜʝʨʽʥ, ʞװʢʪʝʤʝʥʽ ʪʽʨʝʢ ʙʝʪʽʥʝ ʙʝʨʫ, ʪײʨʘץʪʘʥʜʳʨʫ ʞᴅʥʝ ʘʰʫʜʳ 

 .ʵʣʝʤʝʥʪʽ ʙʦʣʳʧ ʪʘʙʳʣʘʜʳ [6], [55], [64] שʘʤʪʠʪʳʥ ʢᴇʣʽʢ ʪʝʭʥʠʢʘʩʳʥʳץ

ɼᴅʣ ʦʩʳ ʝʨʝʢʰʝʣʽʢ - ʢᴇʧʽʨ ʬʫʥʢʮʠʷʩʳʥ ʦʨʳʥʜʘʧ ץʘʥʘ ץʦʡʤʘʡ, ʩʦʥʳʤʝʥ ץʘʪʘʨ, 

ʤʦʙʠʣʴʜʽ ʠʥʞʝʥʝʨʣʽʢ-ʢᴇʣʽʢ ʤʘʰʠʥʘʩʳ ʨʝʪʽʥʜʝ ʞײʤʳʩ ʽʩʪʝʡ ʙʽʣʫ - ʦʥʳץ שʘʣʘʣʳץ 

ʦʨʪʘʜʘסʳ ʥʝʛʽʟʛʽ ʤʘשʳʟʜʳʣʳסʳʥ ʘʥʳץʪʘʡʜʳ. ʆʣ ʩʦʥʜʘʡ-ʘץ, ʦʩʳ ʟʝʨʪʪʝʫʜʽש 

ʦʙʲʝʢʪʽʩʽ ʨʝʪʽʥʜʝ ʤʦʙʠʣʴʜʽ ᴇʪʢʝʣʜʽ ʪʘשʜʘʫʜʳ ʪװʩʽʥʜʽʨʝʜʽ, ᴇʡʪʢʝʥʽ ʦʥʳש ʞװʨʽʩ 

ʙᴇʣʽʛʽ, ʞʦʣʤʝʥ ʜʠʥʘʤʠʢʘʣʳץ ᴇʟʘʨʘ ᴅʨʝʢʝʪʪʝʩʫʽ ʞᴅʥʝ ʪʨʘʥʩʬʦʨʤʘʮʠʷ 

ʤʝʭʘʥʠʟʤʜʝʨʽ ʜᴅʩʪװʨʣʽ ʤʦʜʫʣʴʜʽʢ ʢᴇʧʽʨ ʞװʡʝʣʝʨʽ ץʘʙʳʣʜʘʤʘʡʪʳʥ 

ʤʘʤʘʥʜʘʥʜʳʨʳʣסʘʥ ʝʩʝʧʪʝʫʜʽ ץʘʞʝʪ ʝʪʝʜʽ [6], [55]. 

 ʜʘʡʣʘʨʳʥ ʪʘʣʜʘʫ ʦʩʳʥʜʘʡ ʪʝʟסʘʣʘʣʘʨʳʥʜʘ, ʧʘʡʜʘʣʘʥʫ ʞʘץ ʩʪʘʥץʘʟʘפ

ʦʨʥʘʣʘʩʪʳʨʳʣʘʪʳʥ ײץʨʳʣʳʩʪʘʨסʘ ץʘʞʝʪʪʽʣʽʢʪʽש ʘʨʪץʘʥʳʥ ʨʘʩʪʘʡʜʳ [17-20]. 

ʀʥʞʝʥʝʨʣʽʢ ʞʝʣʽʣʝʨʜʝʛʽ ʞᴇʥʜʝʫ ʞᴅʥʝ ʘʚʘʨʠʷʣʳץ ʞײʤʳʩʪʘʨ ʢᴇʙʽʥʝʩʝ ʞʦʣʜʘʨʜʳש 

ʞʝʢʝʣʝʛʝʥ ʘʡʤʘץʪʘʨʳʥ ץʳʩץʘ, ʙʽʨʘץ ʪʦʣʳץ ʞʘʙʫʜʳ ʪʘʣʘʧ ʝʪʝʜʽ, ʙײʣ ʘʡʪʘʨʣʳץʪʘʡ 

ʢᴇʣʽʢ ʢʽʜʽʨʽʩʪʝʨʽʥʝ ᴅʢʝʣʝʜʽ [30], [31]. ʄײʥʜʘʡ ʞʘסʜʘʡʣʘʨʜʘ ʤʦʜʫʣʴʜʽʢ ᴇʪʢʝʣʜʝʨʜʽ 

ʧʘʡʜʘʣʘʥʫ ʤʦʥʪʘʞʜʘʫʜʳײ שʟʘץ ʤʝʨʟʽʤʜʝʨʽʥʝ, ʽʨʽ ʪʝʭʥʠʢʘʥʳ ʪʘʨʪʫסʘ ʞᴅʥʝ 

ʰʝʢʪʝʫʣʽ ʘʫʤʘץʪʘ ײץʨʘʩʪʳʨʫ ʦʧʝʨʘʮʠʷʣʘʨʳʥ ײʡʳʤʜʘʩʪʳʨʫʜʳש ʤװʤʢʽʥ ʝʤʝʩʪʽʛʽʥʝ 

ʙʘʡʣʘʥʳʩʪʳ ץʠʳʥסʘ ʩʦסʘʜʳ. ʄʦʙʠʣʴʜʽ ʞʦʣ ᴇʪʧʝʩʽ, ʢʝʨʽʩʽʥʰʝ, ץʳʩץʘ ʫʘץʳʪ ʽʰʽʥʜʝ 

ʦʨʥʘʪʳʣʫʳ ʤװʤʢʽʥ ʞᴅʥʝ ʢᴇʣʽʢʪʽש ᴇʪʫʽʥ ʙʽʨʜʝʥ ץʘʤʪʘʤʘʩʳʟ ʝʪʝʜʽ, ʙײʣ ʦʥʳ ץʳʩץʘ 

ʤʝʨʟʽʤʜʽ ʪʨʘʬʠʢʪʽ ץʘʣʧʳʥʘ ʢʝʣʪʽʨʫʜʽש ʞʘʣסʳʟ ʪʠʽʤʜʽ ʪʝʭʥʠʢʘʣʳץ ʰʝʰʽʤʽ ʝʪʝʜʽ 

[55], [63], [64]. 

ɾʦסʘʨʳʜʘ ʘʡʪʳʣסʘʥʜʘʨʜʳ ʝʩʢʝʨʝ ʦʪʳʨʳʧ, ᴅʨʽ ץʘʨʘʡ ʟʝʨʪʪʝʫ ʥʳʩʘʥʳ ʨʝʪʽʥʜʝ 

ʤʦʙʠʣʴʜʽ ᴇʪʢʝʣʜʽ ʪʘשʜʘʫ ץʠʩʳʥʜʳ ʙʦʣʳʧ ʪʘʙʳʣʘʜʳ. ʆʣ ʞʳʣʞʳʤʘʣʳ ʠʥʞʝʥʝʨʣʽʢ-

ʢᴇʣʽʢ ʢʦʥʩʪʨʫʢʮʠʷʣʘʨʳʥʳש ʞװʨʽʩ ʙᴇʣʽʛʽʥ ᴅʟʽʨʣʝʫʛʝ ʞᴅʥʝ ʞʝʪʽʣʜʽʨʫʛʝ ʙʘסʳʪʪʘʣסʘʥ 

ʜʠʩʩʝʨʪʘʮʠʷʣʳץ ʞײʤʳʩʪʳש ʪʘץʳʨʳʙʳʥʘ ʩᴅʡʢʝʩ ʢʝʣʝʜʽ, פʘʟʘץʩʪʘʥʥʳץ שʘʣʘʣʳץ 

ʠʥʬʨʘײץʨʳʣʳʤʳʥʳש ʪʘʣʘʧʪʘʨʳʥʘ ʞʘʫʘʧ ʙʝʨʝʜʽ ʞᴅʥʝ ʢᴇʧʽʨ ײץʨʳʣʳʩʪʘʨʳʥ 

ʞʳʣʜʘʤ ʦʨʥʘʣʘʩʪʳʨʫ ʩʘʣʘʩʳʥʜʘסʳ ᴅʣʝʤʜʽʢ װʨʜʽʩʪʝʨʜʽ ʢᴇʨʩʝʪʝʜʽ. ʆʩʳʣʘʡʰʘ, 

ʤʦʙʠʣʴʜʽ ʞʦʣ ᴇʪʧʝʩʽ ʢʦʥʩʪʨʫʢʮʠʷ ʢᴇʨʩʝʪʢʽʰʪʝʨʽʥ ʦʜʘʥ ᴅʨʽ ʪʘʣʜʘʫ, ʝʩʝʧʪʝʫ ʞᴅʥʝ 

ʦשʪʘʡʣʘʥʜʳʨʫ װʰʽʥ ʫʘץʳʪʰʘ ʞʦʣ ᴇʪʧʝʩʽʥʽש ʝש ʧʝʨʩʧʝʢʪʠʚʘʣʳ ʙʘסʳʪ rʨʝʪʽʥʜʝ 

 .ʘʨʘʩʪʳʨʳʣʘʜʳץ

 

 

1.5 ʂʝʡʽʥʛʽ ʟʝʨʪʪʝʫʣʝʨ װʰʽʥ ʙʘʟʘʣʳץ ʤʦʙʠʣʴʜʽ ʞʦʣ ᴇʪʧʝʩʽʥʽש 

ʢʦʥʩʪʨʫʢʮʠʷʩʳʥ ʪʘʣʜʘʫ 

 

ɿʝʨʪʪʝʫ ʥʳʩʘʥʳ ʞᴇʥʜʝʫ, ʢʦʤʤʫʥʘʣʜʳץ ʥʝʤʝʩʝ ʘʧʘʪʪʳ-ץʘʣʧʳʥʘ ʢʝʣʪʽʨʫ 

ʞײʤʳʩʪʘʨʳʥ ʞװʨʛʽʟʫ ʘʡʤʘץʪʘʨʜʘ װʟʜʽʢʩʽʟ ʢᴇʣʽʢ ץʦʟסʘʣʳʩʳʥ ʫʘץʳʪʰʘ ץʘʤʪʘʤʘʩʳʟ 

ʝʪʫʛʝ ʘʨʥʘʣסʘʥ ʤʦʙʠʣʴʜʽ  ʞʦʣ ᴇʪʧʝʩʽ ʙʦʣʳʧ ʪʘʙʳʣʘʜʳ [66]. 

ɹײʣ ʟʝʨʪʪʝʫ ɸ.ʉ. ʂʘʜʳʨʦʚ ʧʝʥ ɸ.ɸ. ɻʘʥʶʢʦʚʪʳס שʳʣʳʤʠ ᴅʟʽʨʣʝʤʝʣʝʨʽʥʝ 

ʥʝʛʽʟʜʝʣʛʝʥ, ʦʣʘʨ ʤʦʙʠʣʴʜʽ ʨʘʤʘʥʳ ץʦʣʜʘʥʘ ʦʪʳʨʳʧ, ʤʦʙʠʣʴʜʽ ʞʦʣ ᴇʪʢʝʣʽʥ 

ʦʨʥʘʪʫ ʞᴅʥʝ ʪᴇʩʝʫ ʤʝʭʘʥʠʟʤʽʥ ײʩʳʥʜʳ. ɹײʣ ʢʦʥʩʪʨʫʢʮʠʷ ʞʦʣ ᴇʪʧʝʩʽʥ ʘʚʪʦʤʦʙʠʣʴ 

ʞʦʣʜʘʨʳʥʳש ʫʘץʳʪʰʘ ʘʡʤʘץʪʘʨʳʥʜʘ ʘʫץʳʤʜʳ ʜʘʡʳʥʜʳץ ʞײʤʳʩʪʘʨʳʥ ץʘʞʝʪ 

ʝʪʧʝʡ-ʘץ ʞʝʜʝʣ ʘʰʫסʘ ʤװʤʢʽʥʜʽʢ ʙʝʨʝʜʽ [66].  

 שʨʽʩ ʙᴇʣʽʛʽʥʽװʣ ʞײʘʥʜʘ, ʤʦʙʠʣʴʜʽ ʞʦʣ ᴇʪʧʝʩʽ - ʙסʳʜʘʥ ʘʣסʨײʪ ץʨʳʣʳʤʜʳײפ

ʬʫʥʢʮʠʷʩʳʥ ʦʨʳʥʜʘʡʪʳʥ ʝʢʽ ʦʩʴʪʽ ʜʦסשʘʣʘץʪʳ ʰʘʩʩʠʛʝ ʦʨʥʘʪʳʣסʘʥ ʞװʨʽʩ 

ʙᴇʣʽʛʽʥʽש ʤʝʪʘʣʣ ʪʽʨʝʢ ײץʨʳʣʳʤʳ. ʄײʥʜʘʡ ʰʝʰʽʤ ʤʦʜʫʣʴʜʽש ʪʘʩʳʤʘʣʜʘʥʫʳʥ ʜʘ, 
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ʦʥʳש ʞײʤʳʩ ʞʘסʜʘʡʳʥʜʘ ʩʝʥʽʤʜʽ ץʦʣʜʘʫʳʥ ʜʘ ץʘʤʪʘʤʘʩʳʟ ʝʪʝʜʽ (ʩʫʨʝʪ -1.17) 

[64], [66]. 

 

ʘ) ɹװʡʽʨʜʝʥ ʢᴇʨʽʥʽʩ  

 
ʙ) ɾʦסʘʨʳʜʘʥ ʢᴇʨʽʥʽʩ 

 
 

ʕʣʝʤʝʥʪʪʝʨʜʽש ʢʦʥʩʪʨʫʢʪʠʚʪʽʢ ʪװʩʽʥʜʽʨʤʝʩʽ: I ï ʞʦʣ ᴇʪʧʝʩʽʥʽש ʞװʨʫ ʙᴇʣʽʛʽʥʽש 

ʢᴇʪʝʨʛʽʰ ʢʦʥʩʪʨʫʢʮʠʷʩʳ; II ï ʞʦʣ ᴇʪʧʝʩʽʥʽש ʪʝʤʽʨʙʝʪʦʥ ʪʽʨʝʢʪʝʨʽ; III ï ʪʦʧʳʨʘץʪʘʥ 

ʞʘʩʘʣסʘʥ ʢʽʨʫ ʘʧʧʘʨʝʣʴʜʝʨʽ; IV ï ʤʝʪʘʣʣ ʙʘסʳʪʪʘʫʰʳ ʩʳʨסʳʤʘʣʘʨ; V ï ʢᴇʪʝʨʽʣʛʝʥ 

ʢװʡʜʝʛʽ ʞװʨʽʩ ʜᴇשʛʝʣʝʢʪʝʨʽ ʙʘʨ ʞװʨʽʩ ʙᴇʣʽʛʽ.  
ʉʫʨʝʪ 1.17 ï ʄʦʙʠʣʴʜʽ ʞʦʣ ᴇʪʧʝʩʽʥʽש ʢʦʥʩʪʨʫʢʮʠʷʣʳץ ʩײʣʙʘʩʳ 

 

ʄʦʙʠʣʴʜʽ ʞʦʣ ᴇʪʧʝʩʽʥʽש ʪʽʨʝʢ ʢʦʥʩʪʨʫʢʮʠʷʩʳ ʦʣ ʘʨץʳʣʳ ʘʚʪʦʢᴇʣʽʢʪʽש ᴇʪʫʽʥʝ 

ʘʨʥʘʣסʘʥ ʞᴅʥʝ ײץʨʘʤʜʘʩ ʙᴇʣʽʢʪʝʨʽ ʞʦץ ʙ̔ ʨʳסשʘʡ ʙʽʨ ʘʨʘʣʳץʪʳ ʢʦʥʩʪʨʫʢʮʠʷ 

ʙʦʣʳʧ ʪʘʙʳʣʘʜʳ. ʂʦʥʩʪʨʫʢʮʠʷ ʝʥʽ 8 ʤ-ʛʝ ʜʝʡʽʥʛʽ ʪʨʘʥʰʝʷʣʘʨ ʘʨץʳʣʳ ʢᴇʣʽʢ ᴇʪʫʽʥ 

 ʝʥʽ - 3,5 שʨʫ ʙᴇʣʽʛʽʥʽװʞ שʪʽʨʝʢ ʢʦʥʩʪʨʫʢʮʠʷʩʳʥʳ שʘʤʪʘʤʘʩʳʟ ʝʪʝʜʽ. ɾʦʣ ᴇʪʧʝʩʽʥʽץ

ʤ, ʞװʨʫ ʙᴇʣʽʛʽʥʝ ʝʩʝʧʪʽʢ ʞװʢʪʝʤʝʩʽ 3 ʪ/ʤ2 ʜʝʡʽʥ. ʄײʥʜʘʡ ʞװʢʪʝʤʝ 2,5 ʪʦʥʥʘסʘ 

ʜʝʡʽʥ ʞʘʨʘץʪʘʥʜʳʨʳʣסʘʥ ʘʚʪʦʢᴇʣʽʢʪʽש ᴇʪʫʽʥ ץʘʤʪʘʤʘʩʳʟ ʝʪʝʜʽ, ʙײʣ ץʘʣʘʣʳץ 

ʧʘʡʜʘʣʘʥʫ ʞʘסʜʘʡʳʥʜʘ ʞʝשʽʣ ʞᴅʥʝ ʘʟ ʞװʢʪʝʣʛʝʥ ʘʚʪʦʢᴇʣʽʢʢʝ ʩᴅʡʢʝʩ ʢʝʣʝʜʽ [66]. 

ʂᴇʪʝʨʛʽʰ ʢʦʥʩʪʨʫʢʮʠʷ çʪᴇʤʝʥʛʽ ʞװʨʽʩʪʽè ʝʢʽ ʢᴇʧʽʨʣʽʢ ʬʝʨʤʘ ʥʝʛʽʟʽʥʜʝ 

ʞʦʙʘʣʘʥסʘʥ. ɾװʨʫ ʙᴇʣʽʛʽ ץʘʣʳשʜʳסʳ 20 ʤʤ ʙʦʣʘʪʳʥ ʨʠʬʣʝʥʛʝʥ ʤʝʪʘʣʣ ʪᴇʩʝʤʤʝʥ 

ʞʘʙʳʣסʘʥ ʙʦʡʣʳץ ʞᴅʥʝ ʢᴇʣʜʝʥʝש ʘʨץʘʣʳץʪʘʨ ʞװʡʝʩʽʥʝʥ ʪײʨʘʜʳ (ʩʫʨʝʪ - 1.18, ʘ, 

ʙ, I-ʙʝʣʛʽʩʽ). ʂᴇʪʝʨʛʽʰ ʢʦʥʩʪʨʫʢʮʠʷʥʳש ʘʨʘʣʳײ ץʟʳʥʜʳסʳ ï 12,9 ʤ, ʘʣ ʬʝʨʤʘʣʘʨ 

ʦʩʴʪʝʨʽ ʘʨʘʩʳʥʜʘסʳ ʝʥʽ ï 3,5 ʤ (ʩʫʨʝʪ - 1.17, ʙ). ɾװʨʫ ʙᴇʣʽʛʽʥʽש ʬʝʨʤʘʣʘʨʳ ʤʝʥ 

ʘʨץʘʣʳץʪʘʨʳ ʝʢʽ ʪʘʚʨʣʳ ץʠʤʘʩʳʥʘʥ ʞʦʙʘʣʘʥסʘʥ. ɹʘʨʣʳץ ʵʣʝʤʝʥʪʪʝʨʜʽש 

ʤʘʪʝʨʠʘʣʳ ï ʉ235 ʞᴅʥʝ ʉ245 ʤʘʨʢʘʣʳ ʢʦʥʩʪʨʫʢʮʠʷʣʳץ ʙʦʣʘʪ. ɾʦʣ ᴇʪʧʝʩʽʥʽש 

ʢᴇʪʝʨʛʽʰ ʢʦʥʩʪʨʫʢʮʠʷʩʳʥʳש ʤʘʩʩʘʩʳ ï 9,5 ʪ. [66]. 
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ɾʦʣ ᴇʪʧʝʩʽʥʽײץ שʨʘʤʜʘʩ ʵʣʝʤʝʥʪʪʝʨʽʥʽץ שʘʪʘʨʳʥʘ ʤʝʪʘʣʣ ʙʘסʳʪʪʘʫʰʳ 

ʩʳʨסʳʤʘʣʘʨ (ʩʫʨʝʪ - 1.17, IV ʧʦʟ.) ʞᴅʥʝ ʪʝʤʽʨʙʝʪʦʥ ʪʽʨʝʢʪʝʨ (ʩʫʨʝʪ - 1.17, II ʧʦʟ.) 

ʞʘʪʘʜʳ. ɾʦʣ ᴇʪʧʝʩʽʥʽש ʞװʨʽʩ ʙᴇʣʽʛʽ 2 ʦʩʴʪʝʥ ʪײʨʘʜʳ: ʘʣʜʳסשʳ ʙײʨʳʣʘʪʳʥ ʞᴅʥʝ 

ʘʨʪץʳ ʙײʨʳʣʤʘʡʪʳʥ, ʦʣʘʨ ʬʝʨʤʘʣʘʨʜʳש ʪᴇʤʝʥʛʽ ʩʳʨʪץʳ ʙʝʣʜʝʫʣʝʨʽ ʙʦʡʳʥʰʘ 

ʞװʨʽʩ ʙᴇʣʽʛʽʥʽש ʪʽʨʝʢ ײץʨʳʣʳʤʳʥʳש ʢᴇʣʜʝʥʝש ʘʨץʘʣʳץʪʘʨʳʤʝʥ ʪʳסʳʟ 

ʙʘʡʣʘʥʳʩʪʳ (ʩʫʨʝʪ - 1.17, V ʧʦʟ.). ɹײʨʳʣʤʘʣʳ ʘʣʜʳסשʳ ʦʩʴʪʽש ʘʨץʘʩʳʥ-ʜʘ 

ʤʦʙʠʣʴʜʽ ʞʦʣ ᴇʪʧʝʩʽ ʪʘʩʳʤʘʣʜʘʫ ʢʝʟʽʥʜʝ ʤʘʥʝʚʨ ʞʘʩʘʡ ʘʣʘʜʳ. ɾʦʣ ᴇʪʧʝʩʽʥʽש 

 ʛʽʨʛʽʰʪʝʨ (ʩʫʨʝʪ 1.17, IV ʧʦʟ.)װʳʪʪʘʫʰʳ ʤʝʪʘʣʣ ʞסʙʽʨʽ ʙʘ שʨʘʤʜʘʩ ʙᴇʣʽʢʪʝʨʽʥʽײץ

ʞᴅʥʝ ʪʝʤʽʨʙʝʪʦʥ ʪʽʨʝʢʪʝʨ (ʩʫʨʝʪ - 1.17, II ʧʦʟ.) ʙʦʣʳʧ ʪʘʙʳʣʘʜʳ [66]. 

ɹʘסʳʪʪʘʫʰʳ ʩʳʨסʳʤʘʣʘʨ ʞʦʣ ᴇʪʧʝʩʽʥ ʢᴇʣʽʢ ʞʘסʜʘʡʳʥʘʥ ʢᴇʧʽʨ ʞʘסʜʘʡʳʥʘ 

ʘʫʳʩʪʳʨʫסʘ ʜʘʡʳʥʜʘʫ ʢʝʟʽʥʜʝ ʦʥʳ ʘʰʳץ ʪʨʘʥʰʝʷʥʳװ שʩʪʽʥʝ ʞʳʣʞʳʪʫ װʰʽʥ 

 ʳʤʘʣʘʨ (1.17 ʩʫʨʝʪ, IV ʧʦʟ.)סʳ ʢʝʤʽʥʜʝ 13 ʤ ʙʦʣʘʪʳʥ ʩʳʨסʟʳʥʜʳױ .ʦʣʜʘʥʳʣʘʜʳץ

ˉ40 ʰʚʝʣʣʝʨʜʝʥ ʞʘʩʘʣסʘʥ, ʦʣ ʜᴇשʛʝʣʝʢʪʝʨ װʰʽʥ ʙʘסʳʪʪʘʫʰʳ ʞʠʝʢʪʝʨ 

 ʘʨʘʪʳʧ ʪᴇʩʝʣʝʜʽ ʞᴅʥʝ 380Ĭ60ץ ʘʩʳʤʝʥè ʪᴇʤʝʥסʘʙʳʨץʩʘʪʳʥʜʘ çץʘʣʳʧʪʘʩʪʳʨʫ ʤʘץ

ʤʤ ᴇʣʰʝʤʜʝʛʽ ʙʦʣʘʪ ʪʘʙʘץʧʝʥ ʢװʰʝʡʪʽʣʝʜʽ [66]. 

1.18 ʞᴅʥʝ 1.19 ʩʫʨʝʪʪʝʨʜʝ ʩᴅʡʢʝʩʽʥʰʝ ʘʨʪץʳ ʞᴅʥʝ ʘʣʜʳסשʳ ʦʩʴʪʝʨʜʽש 

ʢʦʤʧʦʥʦʚʢʘʣʳץ ʩײʣʙʘʣʘʨʳ ʢᴇʨʩʝʪʽʣʛʝʥ. ʆʩʴ ʨʘʤʘʣʘʨʳ ʞʦʣ ᴇʪʧʝʩʽʥʽש ʢᴇʪʝʨʛʽʰ 

ʢʦʥʩʪʨʫʢʮʠʷʩʳʥʳש ʥʝʛʽʟʽʤʝʥ (ʤʝʪʘʣʣ ʬʝʨʤʘʣʘʨʜʳש ʪᴇʤʝʥʛʽ ʙʝʣʜʝʫʽʤʝʥ) ץʘʪʪʳ 

ʙʝʢʽʪʽʣʝʜʽ ʞᴅʥʝ ץʦʩʳʤʰʘ ץʘʪʪʳʣʳץ ʪʘʨʪץʳʰʪʘʨʳʤʝʥ ʢװʰʝʡʪʽʣʝʜʽ [66]. 
 

 
 

ɸʨʪץʳ ʦʩʴ ʵʣʝʤʝʥʪʪʝʨʽʥʽש ʪװʩʽʥʜʽʨʤʝʩʽ: 1 ï ʞʦʣ ᴇʪʧʝʩʽʥʽש ʞװʨʫ ʙᴇʣʽʛʽʥʽש ʢᴇʪʝʨʛʽʰ 

ʢʦʥʩʪʨʫʢʮʠʷʩʳ; 2 ï hʘʩʩʠ ʨʘʤʘʩʳʥʳש ʵʣʝʤʝʥʪʪʝʨʽ; 3 ï ʜᴇשʛʝʣʝʢʪʝʨʜʽ ʙײʨʫ ײץʨʳʣסʳʩʳ; 

4ï ʪʨʦʩʪʳ ᴇʪʢʽʟʫʛʝ ʘʨʥʘʣסʘʥ ʙʣʦʢ; 5 ï ʞʦʣ ᴇʪʧʝʩʽʥ ʧʘʡʜʘʣʘʥʫ ʞʘסʜʘʡʳʥʘ ʦʨʥʘʪʫ ʢʝʟʽʥʜʝ 

ʜᴇשʛʝʣʝʢʪʝʨʜʽ ʙײʨʫסʘ ʘʨʥʘʣסʘʥ ʪʨʦʩ; 6 ï ʜᴇשʛʝʣʝʢʪʝʨʜʽ ʙʝʢʽʪʫʛʝ ʘʨʥʘʣסʘʥ ʦʩʴʪʽʢ 

ʢʦʥʩʪʨʫʢʮʠʷ; 7 ï hʠʥʘʩʳ ʙʘʨ ʞװʨʽʩ ʜᴇשʛʝʣʝʛʽ (285/70ïR19,5); 8 ï ʤʝʪʘʣʣ ʙʘסʳʪʪʘʫʰʳ 

ʩʳʨסʳʤʘʣʘʨ; 9 ï ʤʦʥʪʘʞʜʘʫ ʜʦʤʢʨʘʪʪʘʨʳ (2 ʜʘʥʘ); 10 ï ʦʩʴ ʨʘʤʘʩʳʥʳש ʪײʨʘץʪʳʣʳסʳʥ 

ʘʨʪʪʳʨʫסʘ ʘʨʥʘʣסʘʥ ץʘʪʪʳʣʳץ ʪʘʨʪץʳʰʪʘʨʳ. 

ʉʫʨʝʪ 1.18 ï ɸʨʪץʳ ʙײʨʳʣʤʘʡʪʳʥ ʦʩʴʪʽש ʢʦʥʩʪʨʫʢʮʠʷʣʳץ ʩײʣʙʘʩʳ 

 

ɸʣʜʳסשʳ ʘʡʥʘʣʤʘʣʳ ʦʩʴ ʪʽʨʝʢ ײץʨʳʣʳʤʳʥʘ ʪʝʢ ʙʽʨ ʥװʢʪʝʜʝ ʙʝʢʽʪʽʣʝʜʽ: ʢᴇʧʽʨ 

ʬʝʨʤʘʣʘʨʳ ʘʨʘʩʳʥʜʘסʳ ʰʝʪʢʽ ʢᴇʣʜʝʥʝש ʘʨץʘʣʳץʪʘ (ʩʫʨʝʪ-1.19). ʉʦʣ ʞʝʨʜʝ, ʪʽʢ 

ʪʽʨʝʫʽʰʪʝ, ʩʦʣסʘ ʥʝʤʝʩʝ ʦסשʘ ʪʘʩʳʤʘʣʜʘʫ ʢʝʟʽʥʜʝ ʘʣʜʳסשʳ ʦʩʴʪʽ 300 ʙײʨʫסʘ 

(ʠʪʝʨʫʛʝ) ʤװʤʢʽʥʜʽʢ ʙʝʨʝʪʽʥ ʤʝʭʘʥʠʟʤ ʦʨʥʘʣʘʩץʘʥ (ʩʫʨʝʪ-1.19, 10 ʧʦʟ.) [66]. 
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ɸʣʜʳסשʳ ʦʩʴ ʵʣʝʤʝʥʪʪʝʨʽʥʽש ʪװʩʽʥʜʽʨʤʝʩʽ: 1 ï ʞʦʣ ᴇʪʧʝʩʽʥʽש ʞװʨʫ ʙᴇʣʽʛʽʥʽש 

ʢᴇʪʝʨʛʽʰ ʢʦʥʩʪʨʫʢʮʠʷʩʳ; 2 ï hʘʩʩʠ ʨʘʤʘʩʳʥʳש ʵʣʝʤʝʥʪʪʝʨʽ; 3 ï ʜᴇשʛʝʣʝʢʪʝʨʜʽ ʙײʨʫ 

 ʳʩʳʤʝʥסʨʳʣײץ ʳ (ʪʝʞʝʛʽʰסʨʳʣײץ ʘʥסʳʩʳ; 4 ï ʪʨʦʩʪʳ ᴇʪʢʽʟʫʛʝ ʘʨʥʘʣסʨʳʣײץ

ʞʘʙʜʳץʪʘʣסʘʥ ʘʡʥʘʣʤʘʣʳ ʣʝʙʝʜʢʘ ʙʣʦʛʳ); 5 ï ʞʦʣ ᴇʪʧʝʩʽʥ ʧʘʡʜʘʣʘʥʫ ʞʘסʜʘʡʳʥʘ ʦʨʥʘʪʫ 

ʢʝʟʽʥʜʝ ʜᴇשʛʝʣʝʢʪʝʨʜʽ ʙײʨʫסʘ ʘʨʥʘʣסʘʥ ʪʨʦʩ; 6 ï ʜᴇשʛʝʣʝʢʪʝʨʜʽ ʙʝʢʽʪʫʛʝ ʘʨʥʘʣסʘʥ ʦʩʴʪʽʢ 

ʢʦʥʩʪʨʫʢʮʠʷ; 7 ï ʞװʨʽʩ ʰʠʥʘʩʳ ʙʘʨ ʜᴇשʛʝʣʝʢ (285/70ïR19,5); 8 ï ʤʝʪʘʣʣ ʙʘסʳʪʪʘʫʰʳ 

ʩʳʨסʳʤʘʣʘʨ (ˉ40 ʰʚʝʣʣʝʨ + 380Ĭ60 ʤʤ ʪʘʙʘץ);    9 ï ʤʦʥʪʘʞʜʘʫ ʜʦʤʢʨʘʪʳ (1 ʜʘʥʘ);     

10 ï ʘʣʜʳסשʳ ʦʩʴʪʽש ʙײʨʳʣʫ (ʨʫʣʴʜʽʢ) ײץʨʳʣסʳʩʳ; 11 ï ʦʩʴ ʨʘʤʘʩʳʥʳש ʪײʨʘץʪʳʣʳסʳʥ 

ʘʨʪʪʳʨʫסʘ ʘʨʥʘʣסʘʥ ץʘʪʪʳʣʳץ ʪʘʨʪץʳʰʪʘʨʳ 
 

ʉʫʨʝʪ 1.19 ï ɸʣʜʳסשʳ ʙײʨʳʣʤʘʣʳ ʦʩʴʪʽש ʢʦʥʩʪʨʫʢʮʠʷʣʳץ ʩײʣʙʘʩʳ 
 

ᴆʪʢʝʣʜʽ ʞʘʙʳʣʘʪʳʥ ʪʨʘʥʰʝʷʥʳװ שʩʪʽʥʜʝʛʽ ʧʘʡʜʘʣʘʥʫ ʞʘסʜʘʡʳʥʘ ʦʨʥʘʪʫ 

 ʳʤʝʥסʨʳʣײץ ʨʽʥʜʝʛʽ ʘʡʥʘʣʤʘʣʳװʪʦʧʩʘ ʪ ץʳ ʦʩʴ ʩʬʝʨʘʣʳץʳ ʞᴅʥʝ ʘʨʪסשʰʽʥ ʘʣʜʳװ

ʞʘʙʜʳץʪʘʣסʘʥ (ʩʫʨʝʪʪʝʨ1.19, 1.20, 3 ʧʦʟ.). ɸʡʥʘʣʤʘʣʳ ʤʝʭʘʥʠʟʤ ʰʘʩʩʠ ʦʩʽʥʽש 

ʩʦסשʳ ʙᴇʣʽʛʽʥ ʰʘʩʩʠ ʜᴇשʛʝʣʝʛʽʤʝʥ ʙʽʨʛʝ 600 ʜʝʡʽʥʛʽ ʙײʨʳʰץʘ ʙײʨʫסʘ ʤװʤʢʽʥʜʽʢ 

ʙʝʨʝʜʽ, ʦʩʳʣʘʡʰʘ ʪʽʨʝʢ ײץʨʳʣʳʤʳʥʳש ʩʦסשʳ ʥʝʛʽʟʜʝʨʽ ʪʽʨʝʢʪʝʨʛʝ ʢʝʜʝʨʛʽʩʽʟ 

çʦʪʳʨʘʜʳè (ʩʫʨʝʪ - 1.17, II ʧʦʟ.). ʆʩʴʪʽש ʩʦסשʳ ʙᴇʣʽʛʽʥ ʙײʨʫ ʢʝʨʤʝ ʘʨץʘʥʜʘʨ 

ʘʨץʳʣʳ (ʩʫʨʝʪʪʝʨ 1.19, 1.20, 5 ʧʦʟ.) ʬʝʨʤʘʣʘʨʜʳש ʪʽʨʝʢʪʝʨʽʥʝ ʦʨʥʘʪʳʣסʘʥ ʣʝʙʝʜʢʘ 

ʙʣʦʛʳʥʳש (ʩʫʨʝʪʪʝʨ 1.18, 1.19, 4 ʧʦʟ.) ʢᴇʤʝʛʽʤʝʥ ʞװʟʝʛʝ ʘʩʳʨʳʣʘʜʳ [66]. 

ɸʣʘʡʜʘ, ʞʦʣ ᴇʪʧʝʩʽʥʽש ʢʦʥʩʪʨʫʢʮʠʷʩʳʥʳש ʢʝʤʰʽʣʽʢʪʝʨʽ ʜʝ ʙʘʨ. ʆʣʘʨʜʳש 

ʽʰʽʥʜʝ ʤʝʪʘʣʜʳש ʞʦסʘʨʳ ʩʳʡʳʤʜʳʣʳסʳʥ, ײץʨʘʩʪʳʨʫ ʜᴅʣʜʽʛʽʥʝ ʩʝʟʽʤʪʘʣʜʳ-סʳʥ, 

ʢװʨʜʝʣʽ ʪʦʧʳʨʘץ ʞʘסʜʘʡʣʘʨʳʥʘ ʰʝʢʪʝʫʣʽ ʙʝʡʽʤʜʝʣʫʽʥ, ʩʦʥʜʘʡ-ʘץ ʙʽʣʽʢʪʽ 

ʤʦʥʪʘʞʜʘʫ ʙʨʠʛʘʜʘʩʳ ʤʝʥ ʤʘʤʘʥʜʘʥʜʳʨʳʣסʘʥ ʪʝʭʥʠʢʘʥʳש ʙʦʣʫ ץʘʞʝʪʪʽʣʽʛʽʥ 

ʘʪʘʧ ᴇʪʢʝʥ ʞᴇʥ. 

ʉʦʥʳʤʝʥ ץʘʪʘʨ, ʜᴇשʛʝʣʝʢʪʝʨʜʽ ʢᴇʪʝʨʫ ᴇʪʽʧ ʙʘʨʘ ʞʘʪץʘʥ ʢᴇʣʽʢ ײץʨʘʣʜʘʨʳʥʳש 

ʞװʨʛʽʟʫʰʽʣʝʨʽʥ ʢᴇʨʫʜʽ ʰʝʢʪʝʡʜʽ, ʞᴅʥʝ ʦʣʘʨʜʳװ שʣʢʝʥ ʤʝʪʘʣʣ ʩʳʡʳʤʜʳʣʳסʳ 

ʞᴅʥʝ ʜᴇשʛʝʣʝʢʪʝʨʜʽ ʙײʨʫ װʰʽʥ ʢᴇʧ ʫʘץʳʪʪʳ ץʘʞʝʪ ʝʪʝʪʽʥ ʦʧʝʨʘʮʠʷʥʳ ʦʨʳʥʜʘʫ 

 .ʘʞʝʪʪʽʣʽʛʽ ʘʪʘʧ ᴇʪʽʣʝʜʽץ

ɹʘʩʪʳ ʢʝʤʰʽʣʽʢ ʤʦʙʠʣʴʜʽ ʞʦʣ ᴇʪʧʝʩʽʥʽש ʞʘʣʧʳ ᴇʣʰʝʤ ʙʽʨʣʽʛʽ, ʘʪʘʧ ʘʡʪץʘʥʜʘ 

ʞʦסʘʨʳ ʧʣʘʪʬʦʨʤʘʥʳש ʢᴇʣʽʢ ᴇʪʫ װʰʽʥ ʝʥʽ - 3,5ʤ. ʙʦʣʩʘ, ʞʘʣʧʳ ʝʥʽʥ ʞװʨʽʩ 

ʙᴇʣʽʛʽʤʝʥ ʝʩʝʧʪʝʩʝʢ 4,86 ʤ. ʘʣ ʙײʣ ʢʝʟʝʛʽʥʜʝ ʛʘʙʘʨʠʪʪʽʢ ʥʦʨʤʘʜʘʥ ʘʩʘʪʳʥʳ ʞᴅʥʝ 

ʂɾɾ ʞʝʣʽʩʽʥʝ ʪʘʩʳʤʘʣʜʘʫ ʙʘʨʳʩʳʥʜʘ ʥʝʛʽʟʛʽ ʢʝʜʝʨʛʽ ʢʝʣʪʽʨʝʪʽʥʽ ʘʡץʳʥʜʘʣʜʳ. 

ʄʦʙʠʣʴʜʽ ʞʦʣ ᴇʪʧʝʩʽʥʽש ʞװʨʽʩ ʙᴇʣʽʛʽ ʢʦʥʩʪʨʫʢʮʠʷʩʳʥ ʪʘʣʜʘʫ ʦʥʳש 

ʬʫʥʢʮʠʦʥʘʣʜʳץ ʤװʤʢʽʥʜʽʢʪʝʨʽʥ, ʩʝʥʽʤʜʽʣʽʛʽʥ ʞᴅʥʝ ʵʢʦʥʦʤʠʢʘʣʳץ ʪʠʽʤʜʽʣʽʛʽʥ 
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ʰʝʢʪʝʡʪʽʥ ʙʽʨץʘʪʘʨ ʤʘשʳʟʜʳ ʢʝʤʰʽʣʽʢʪʝʨʜʽ ʘʥʳץʪʘʫסʘ ʤװʤʢʽʥʜʽʢ ʙʝʨʝʜʽ. ɾʦʣ 

 ʙʽʨʽ ï שʘʫʽʧʩʽʟʜʽʛʽʥʝ ʝʣʝʫʣʽ ᴅʩʝʨ ʝʪʝʪʽʥ ʥʝʛʽʟʛʽ ʬʘʢʪʦʨʣʘʨʜʳץ ʘʣʳʩʳסʦʟץ

ʜᴇשʛʝʣʝʢʪʝʨʜʽש ʢᴇʪʝʨʽʣʛʝʥ ʢװʡʜʝ ʦʨʥʘʣʘʩʫʳ [64]. [66]. ʄײʥʜʘʡ ʢʦʥʩʪʨʫʢʮʠʷ-ʣʳץ 

ʰʝʰʽʤ ʵʢʨʘʥʜʘʫʰʳ ʛʘʙʘʨʠʪʪʽʢ ʧʨʦʬʠʣʴ ץʘʣʳʧʪʘʩʪʳʨʳʧ, ʢᴇʣʽʢ ʞװʨʛʽʟʫʰʽ-ʣʝʨʽ 

 ʣ, ᴅʩʽʨʝʩʝ, ʪʘʨײè ʧʘʡʜʘ ʙʦʣʫʳʥʘ ᴅʢʝʣʝʜʽ. ɹשʪʘʨʜʳץʳʨ ʘʡʤʘץʟʳʥ çʩʦײ ʰʽʥװ

 ʳʩʫ ʥʝʤʝʩʝ ʞʘʷʫסʪʳץʩʦ שʨʘʣʜʘʨʳʥʳײץ ʠʳʣʳʩʪʘʨʜʘ ʢᴇʣʽʢץ ʢᴇʰʝʣʝʨ ʤʝʥ ץʘʣʘʣʳץ

ʞװʨʛʽʥʰʽʣʝʨʜʽ ץʘסʳʧ ʢʝʪʫ ץʘʫʧʽʥ ʘʡʪʘʨʣʳץʪʘʡ ʘʨʪʪʳʨʘʜʳ. 

ʂʦʥʩʪʨʫʢʮʠʷʥʳש ʥʝʛʽʟʛʽ ʤᴅʩʝʣʝʣʝʨʽʥʽש ʙʽʨʽ ï ʤʘʩʩʠʚʪʽ ʨʘʤʘʣʘʨ, ʘʨץʘʣʳץʪʘʨ 

ʞᴅʥʝ ʙײʨʳʣʫ ʤʝʭʘʥʠʟʤʜʝʨʽʥ ץʦʣʜʘʥʫʤʝʥ ʙʘʡʣʘʥʳʩʪʳ ʤʝʪʘʣʩʳʡʳʤʜʳʣʳסʳ-ʥʳש 

ʞʦסʘʨʳ ʙʦʣʫʳ [66]. ɹײʣ ᴇʟ ʢʝʟʝʛʽʥʜʝ ʙʽʨץʘʪʘʨ ץʦʩʳʤʰʘ ʤᴅʩʝʣʝʣʝʨʜʽש ʪʫʳʥʜʘʫʳʥʘ 

ʩʝʙʝʧ ʙʦʣʘʜʳ: ץʫʘʪʪʳ ʪʘʨʪץʳʰ ʪʝʭʥʠʢʘʥʳ ʧʘʡʜʘʣʘʥʫ ʞᴅʥʝ ʘʫʳʨ ʞװʢʪʝʨʜʽ 

ʪʘʩʳʤʘʣʜʘʫסʘ ʘʨʥʘʡʳ ʨץײʩʘʪ ʘʣʫ ץʘʞʝʪʪʽʣʽʛʽʥʝ ʙʘʡʣʘʥʳʩʪʳ ʪʘʩʳʤʘʣʜʘʫ 

ʰʳסʳʥʜʘʨʳ ʤʝʥ ʣʦʛʠʩʪʠʢʘʣʳץ ץʠʳʥʜʳץʪʘʨ ʘʨʪʘʜʳ; ʝʣʝʫʣʽ ʩʪʘʪʠʢʘʣʳץ 

ʞװʢʪʝʤʝʣʝʨ ᴅʩʝʨʽʥʝʥ ʢᴇʪʝʨʛʽʰ ʵʣʝʤʝʥʪʪʝʨ ʤʝʥ ʪʽʨʝʢ ʪװʡʽʥʜʝʨʽʥʽש ʰʘʨʰʘʫ ʪʦʟʫʳ 

ʞʝʜʝʣʜʝʡʜʽ; ʤʦʥʪʘʞʜʘʫ ʞײʤʳʩʪʘʨʳ ʢװʨʜʝʣʝʥʽʧ, ץʫʘʪʪʳ ʞװʢ ʢᴇʪʝʨʛʽʰ 

ʤʝʭʘʥʠʟʤʜʝʨʜʽ ץʦʣʜʘʥʫʜʳ ʪʘʣʘʧ ʝʪʝʜʽ. 

ɾװʡʝʥʽש ʞᴇʥʜʝʫʛʝ ʞʘʨʘʤʜʳʣʳסʳ ʤʝʥ ʩʝʥʽʤʜʽʣʽʛʽ ʦʥʳײץ שʨʘʩʪʳʨʫ ʜᴅʣʜʽʛʽʥʝ 

ʞʦסʘʨʳ ʩʝʟʽʤʪʘʣʜʳסʳʤʝʥ ʥʘʰʘʨʣʘʡʜʳ. ʉʬʝʨʘʣʳץ ʰʘʨʥʠʨʣʝʨ ʤʝʥ ʞʳʣʞʳʤʘʣʳ 

ʦʩʴʪʝʨ ʩʠʷץʪʳ ʜᴅʣ ʪװʡʽʥʜʝʨʜʽש ʙʦʣʫʳ ʛʝʦʤʝʪʨʠʷסʘ ᴇʪʝ ץʘʪʘש ʪᴇʟʽʤʜʽʣʽʢʪʽ ײʩʳʥʘʜʳ 

[66]. ʈʘʤʘʥʳץ שʠʩʘʶʳ ʤʝʥ ʦʨʥʘʪʫʜʳש ʜᴅʣʩʽʟʜʽʛʽʥʜʝ ʢᴇʨʩʝʪʽʣʛʝʥ ʙײʣ ʪʘʣʘʧʪʘʨʜʳ 

ʩʘץʪʘʤʘʫ ʞװʢʪʝʤʝʣʝʨʜʽש ʙʽʨʢʝʣʢʽ ʙᴇʣʽʥʙʝʫʽʥʝ, ʝʩʝʧʪʝʣʤʝʛʝʥ ʽʰʢʽ ʢʝʨʥʝʫʣʝʨʜʽש 

ʧʘʡʜʘ ʙʦʣʫʳʥʘ ʞᴅʥʝ ʤʝʨʟʽʤʽʥʝʥ ʙײʨʳʥ ʜʝʬʦʨʤʘʮʠʷסʘ ᴅʢʝʣʝʜʽ, ʙײʣ ʞʦסʘʨʳ ʙʽʣʽʢʪʽ 

ʞײʤʳʩʰʳ ʤʝʥ ʜᴅʣ ᴇʣʰʝʫ ʞʘʙʜʳץʪʘʨʳʥ ʪʘʨʪʫʜʳ ʪʘʣʘʧ ʝʪʝʜʽ. 

 ʜʘʡʣʘʨʳʥʘ ʥʘʰʘʨסʞʘ ץʨʜʝʣʽ ʪʦʧʳʨʘװʢ שʤʳʩ ʠʢʝʤʜʽʣʽʛʽ ʦʥʳײʞ שʨʳʣʳʤʥʳײפ

ʙʝʡʽʤʜʝʣʫʽʤʝʥ ʘʡʪʘʨʣʳץʪʘʡ ʰʝʢʪʝʣʝʜʽ. פʘʪʪʳ, ʙʝʡʽʤʜʝʣʤʝʛʝʥ ʪʽʨʝʢ ʞװʡʝʩʽ 

ʪʦʧʳʨʘץʪʳש ᴅʨʪʝʢʪʽʣʽʛʽʥ ᴇʪʝʡ ʘʣʤʘʡʜʳ, ʥᴅʪʠʞʝʩʽʥʜʝ ʪʽʨʝʢʪʝʨʜʽש ʙʽʨʝʫʽʥʽש 

ʞʝʨʛʽʣʽʢʪʽ ʰᴇʛʫʽ ʞװʢʪʝʤʝʣʝʨʜʽץ שʘʡʪʘ ʙᴇʣʽʥʫʽʥ, ʘʨʘʣʳײץ ץʨʳʣʳʤʥʳץ שʠʩʘʶʳʥ 

ʞᴅʥʝ ʞװʢ ʢᴇʪʝʨʛʽʰ ʵʣʝʤʝʥʪʪʝʨʜʽװ שʜʝʤʝʣʽ ʜʝʬʦʨʤʘʮʠʷ ץʘʫʧʽʥ ʪʫʜʳʨʘʜʳ [66]. 

ʄʘʥʝʚʨ ʞʘʩʘʫ ʦʧʝʨʘʮʠʷʩʳ, ʘʪʘʧ ʘʡʪץʘʥʜʘ, ʩʘʣʤʘסʳ 9,2 ʪ ʘʣʜʳסשʳ ʦʩʴʪʽש ʘʡʥʘʣʫʳ 

ʰʘʤʘʜʘʥ ʪʳʩ ʝשʙʝʢ ʩʳʡʳʤʜʳʣʳסʳʤʝʥ ʞᴅʥʝ ʪʠʽʤʜʽʣʽʛʽʥʽש ʪᴇʤʝʥʜʽʛʽʤʝʥ 

ʩʠʧʘʪʪʘʣʘʜʳ [66]. ʂʘʙʝʣʴʜʽʢ ʙʝʨʽʣʽʩʪʝʨ ʤʝʥ ʙʣʦʢʪʘʨסʘ ʥʝʛʽʟʜʝʣʛʝʥ ʨʫʣʴʜʽʢ 

ʤʝʭʘʥʠʟʤʥʽש ʢʦʥʩʪʨʫʢʮʠʷʩʳ ʪʝʛʽʩ ʙʘʩץʘʨʫ װʰʽʥ ץʘʞʝʪʪʽ ʢװʰ-ʞʽʛʝʨʜʽ ץʘʤʪʘʤʘʩʳʟ 

ʝʪʧʝʡʜʽ, ʙײʣ ʢʝʧʪʝʣʫ ײץʙʳʣʳʩʪʘʨʳʥʜʘ, ʜʝʬʦʨʤʘʮʠʷʣʘʨʜʘ ʞᴅʥʝ ʪʦʧʩʘʣʳ 

 ʘʣʘʜʳ. ɾʦʣץʨʽʥʜʝ ʙʘʡװʪʝʟ ʞʝʜʝʣ ʪʦʟʫʳ ʪ שʦʩʳʣʳʩʪʘʨ ʤʝʥ ʚʪʫʣʢʘʣʘʨʜʳץ

ʪᴇʩʝʤʽʥʽש ʙײʟʳʣʫʳʥʘʥ ʙʦʣʘʪʳʥ ʜʠʥʘʤʠʢʘʣʳץ ʞװʢʪʝʤʝʣʝʨ ʨʫʣʴʜʽʢ ʪʦʨʘʧʪʳש 

ʪʦʟʫʳʥ ʢװʰʝʡʪʝʪʽʥ ʞᴅʥʝ ץʦʣʘʡʩʳʟ ʦʡʳʥסʘ ᴅʢʝʣʝʪʽʥ ʩʦץץʳ ᴅʩʝʨʣʝʨʽʥ ʪʫʜʳʨʘʜʳ, 

ʘʣ ʙʘʩץʘʨʫ ʧʨʦʮʝʩʽʥʽש ᴇʟʽ ʦʧʝʨʘʪʦʨʜʘʥ ʘʡʪʘʨʣʳץʪʘʡ ʬʠʟʠʢʘʣʳץ ʢװʰ ʩʘʣʫʜʳ ʪʘʣʘʧ 

ʝʪʝʜʽ.  

ɾװʡʝʥʽ ʦʨʥʘʣʘʩʪʳʨʫ ʞᴅʥʝ ʊפʂ װʨʜʽʩʪʝʨʽ ʘʡʪʘʨʣʳץʪʘʡ ץʘʞʝʪ ʝʪʝʜʽ. ɾײʤʳʩ 

ʙʘʨʳʩʳʥʜʘ ʢᴇʧʪʝʛʝʥ ʙʫʳʥʜʘʨʜʳש, ʢʘʙʝʣʴʜʽʢ ʙʝʨʽʣʽʩʪʝʨʜʽש ʞᴅʥʝ ʰʳסʳʨ 

ʤʝʭʘʥʠʟʤʜʝʨʽʥʽש ʪʘʨʤʘץʪʘʣסʘʥ ʞװʡʝʩʽ ʜʠʘʛʥʦʩʪʠʢʘʥʳ, ʤʘʡʣʘʫʜʳ ʞᴅʥʝ ʪʦʟסʘʥ 

ʢʦʤʧʦʥʝʥʪʪʝʨʜʽ ʘʫʳʩʪʳʨʫʜʳ ץʘʤʪʠʪʳʥ ʞʠʽ ʨʝʪʪʝʫʰʽ ʞײʤʳʩʪʘʨʜʳ ץʘʞʝʪ ʝʪʝʜʽ 

 ʙʦʣʤʘʫʳ שʣʢʝʥ ʤʘʩʩʘʩʳʤʝʥ ʙʽʨʽʢʪʽʨʽʣʛʝʥ ʪʠʽʤʜʽ ʜʝʤʧʬʝʨʜʽװ שʨʳʣʳʤʥʳײפ .[66]

ʩʳʥʠ ʘʡʤʘץʪʘʨʜʘסʳ ʮʠʢʣʜʽʢ ʜʠʥʘʤʠʢʘʣʳץ ʞװʢʪʝʤʝʣʝʨʜʽש ʰʦסʳʨʣʘʥʫʳʥʘ 
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ᴅʢʝʣʝʜʽ, ʙײʣ ʤʝʪʘʣʜʳש ʰʘʨʰʘʫ ʙײʟʳʣʫʳʥ ʞᴅʥʝ ʞʘʨʳץʪʘʨʜʳש ʧʘʡʜʘ ʙʦʣʫʳʥʘ 

ʩʝʙʝʧ ʙʦʣʘʜʳ. 

ʊʘʩʳʤʘʣʜʘʫ ʢʝʟʽʥʜʝʛʽ ʛʘʙʘʨʠʪʪʽʢ ʤʝʥ ʩʘʣʤʘץʪʳש ʰʝʢʪʝʫʣʝʨʽ. ɾʘʧʧʘʡ ʞװʨʽʩ 

ʙᴇʣʽʛʽ ʞᴅʥʝ ײץʨʳʣʳʤʜʳ ʢᴇʪʝʨʽʣʛʝʥ ʥʝʤʝʩʝ ʞʘʡʳʣסʘʥ ʵʣʝʤʝʥʪʪʝʨʤʝʥ ʢᴇʣʽʢ 

ʪװʨʽʥʜʝ ʪʘʩʳʤʘʣʜʘʫ ץʘʞʝʪʪʽʣʽʛʽ ʪʘʩʳʤʘʣʜʘʥʘʪʳʥ ʦʙʲʝʢʪʽʥʽש ʙʠʽʢʪʽʛʽʥʽש ʜʝ, 

ʤʘʩʩʘʩʳʥʳש ʜʘ ᴇʩʫʽʥʝ ᴅʢʝʣʝʜʽ [66]. ɹײʣ ʤʘʨʰʨʫʪʪʘʨʜʳ ʪʘשʜʘʫʜʳ ʰʝʢʪʝʡʜʽ (ʪᴇʤʝʥ 

ʢᴇʧʽʨʣʝʨ, ʞʝʨʘʩʪʳ ᴇʪʢʝʣʜʝʨʽ), ʘʨʥʘʡʳ ʨץײʩʘʪʪʘʨʜʳ, ʢʝʡ ʞʘסʜʘʡʜʘ ʢᴇʣʽʢ 

ʩװʡʝʤʝʣʜʝʫʜʽ ץʘʞʝʪ ʝʪʝʜʽ ʞᴅʥʝ ʦʨʥʘʪʫ ʦʨʥʳʥʘ ʞʝʪʢʽʟʫ ʫʘץʳʪʳʥ ᴅʨʽ ײץʥʳʥ 

ʘʨʪʪʳʨʘʜʳ. ʂʝʡʙʽʨ ʞʘסʜʘʡʣʘʨʜʘ ʤײʥʜʘʡ h ʝʢʪʝʫʣʝʨ ʠʥʬʨʘײץʨʳʣʳʤʳ װʣʢʝʥ 

ʢᴇʣʝʤʜʽ ʢᴇʣʽʢʢʝ ʘʨʥʘʣʤʘסʘʥ ʢʝʡʙʽʨ ץʘʣʘʣʳץ ʘʡʤʘץʪʘʨʳ װʰʽʥ ʰʝʰʽʤʜʽ ץʦʣʜʘʥʫסʘ 

ʤװʤʢʽʥʜʽʢ ʙʝʨʤʝʡʜʽ. 

ɾʦסʘʨʳʜʘ ʘʪʘʣסʘʥ ʢʝʤʰʽʣʽʢʪʝʨ ʞʠʳʥʪʳסʳ ʜᴅʩʪװʨʣʽ ʞװʨʽʩ ʙᴇʣʽʛʽʥʽש 

ʰʝʢʪʝʫʣʝʨʽʥ ʘʡץʳʥ ʢᴇʨʩʝʪʝʜʽ: ʦʣʘʨ ץʦʟסʘʣʳʩ ץʘʫʽʧʩʽʟʜʽʛʽʥʝ ʞᴅʥʝ ʤʦʥʪʘʞʜʘʫ 

ʞײʤʳʩʪʘʨʳʥʘ ᴅʩʝʨ ʝʪʝʜʽ, ʧʘʡʜʘʣʘʥʫ ʞᴅʥʝ ʙʘʩʪʘʧץʳ ʰʳסʳʥʜʘʨʜʳ ʘʨʪʪʳʨʘʜʳ, 

ʧʝʨʩʦʥʘʣ ʤʝʥ ʣʦʛʠʩʪʠʢʘסʘ ץʦʡʳʣʘʪʳʥ ʪʘʣʘʧʪʘʨʜʳ ʢװʰʝʡʪʝʜʽ, ʩʦʥʜʘʡ-ʘץ ץʘʣʘʣʳץ 

ʧʘʡʜʘʣʘʥʫ ʞʘסʜʘʡʳʥʜʘ ʢʦʥʩʪʨʫʢʮʠʷʥʳש ʩʝʥʽʤʜʽʣʽʛʽ ʤʝʥ ײʟʘץ ʤʝʨʟʽʤʜʽʣʽʛʽʥ 

ʪᴇʤʝʥʜʝʪʝʜʽ. 

ɾװʨʽʩ ʙᴇʣʽʛʽʥʽץ שʘʟʽʨʛʽ ʢʦʥʬʠʛʫʨʘʮʠʷʩʳʥʜʘ ʘʥʳץʪʘʣסʘʥ ʰʝʢʪʝʫʣʝʨʜʽ ʝʩʢʝʨʝ 

ʦʪʳʨʳʧ, ץʦʣʜʘʥʳʩʪʘסʳ ʢʦʥʩʪʨʫʢʮʠʷʣʳץ ʰʝʰʽʤ ץʘʣʘʣʳץ ʧʘʡʜʘʣʘʥʫ ʪʘʣʘʧʪʘʨʳʥʘ 

ʪʦʣʳץ ʩᴅʡʢʝʩ ʢʝʣʤʝʡʜʽ ʜʝʛʝʥ ץʦʨʳʪʳʥʜʳ ʞʘʩʘʫסʘ ʙʦʣʘʜʳ. 

ɾʦסʘʨʳʜʘ ʘʡʪʳʣסʘʥʜʘʨʜʳ ʥʝʛʽʟʛʝ ʘʣʘ ʦʪʳʨʳʧ, ʙײʣ ʟʝʨʪʪʝʫ ʤʦʙʠʣʴʜʽ ʞʦʣ 

ᴇʪʧʝʩʽʥʽש ʞװʨʽʩ ʙᴇʣʽʛʽ ʢʦʥʩʪʨʫʢʮʠʷʩʳʥ ᴅʟʽʨʣʝʫʛʝ ʙʘסʳʪʪʘʣסʘʥ ʞᴅʥʝ ʦʥʳש 

ʤʝʭʘʥʠʢʘʣʳץ-ʢʦʥʩʪʨʫʢʮʠʷʣʳץ, ʠʥʞʝʥʝʨʣʽʢ ʞᴅʥʝ ʢᴇʣʽʢ-ʤʦʥʪʘʞʜʳץ 

ʩʠʧʘʪʪʘʤʘʣʘʨʳʥ ʘʥʳץʪʘʫסʘ ʝʨʝʢʰʝ ʥʘʟʘʨ ʘʫʜʘʨʘʜʳ. 

ɾװʨʛʽʟʽʣʽʧ ʦʪʳʨסʘʥ ʟʝʨʪʪʝʫʜʽש ʘʣʜʳסשʳ ᴅʟʽʨʣʝʤʝʣʝʨʜʝʥ ʥʝʛʽʟʛʽ 

ʘʡʳʨʤʘʰʳʣʳץʪʘʨʳ 1.7 ʢʝʩʪʝʜʝ ʢʝʣʪʽʨʽʣʛʝʥ. 

 

ʂʝʩʪʝ 1.7 - ɾװʨʛʽʟʽʣʽʧ ʦʪʳʨסʘʥ ʟʝʨʪʪʝʫʜʽץ שʦʣʜʘʥʳʩʪʘסʳ ᴅʟʽʨʣʝʤʝʣʝʨʜʝʥ ʥʝʛʽʟʛʽ 

ʘʡʳʨʤʘʰʳʣʳץʪʘʨʳ 

ʉʠʧʘʪʪʘʤʘʣʘʨ 
ɸʣʜʳסשʳ ʟʝʨʪʪʝʫʜʝʛʽ  

ʞʦʣ ᴇʪʧʝʩʽ [64] [66]. 
ᴄʟʽʨʣʝʥʽʧ ʞʘʪץʘʥ ʞʦʣ ᴇʪʧʝʩʽ 
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ʄʘץʩʘʪʳ 

ʋʘץʳʪʰʘ, ʩʪʘʮʠʦʥʘʨʣʳץ, 

ʞᴇʥʜʝʫ ʘʡʤʘסʳʥʳש 

 ʩʪʽʥʝ ʦʨʥʘʪʳʣʘʜʳװ

ʄʦʙʠʣʴʜʽ, ʪʘʩʳʤʘʣʜʘʥʘʪʳʥ, ʙʽʨʥʝʰʝ ʨʝʪ 

 ʘʥסʘ ʘʨʥʘʣסʦʣʜʘʥʫץ

ɾװʨʽʩ ʙᴇʣʽʛʽ 
ʂʦʥʩʪʨʫʢʮʠʷ ʪʽʢʝʣʝʡ 

ʥʝʛʽʟʛʝ ʪʽʨʝʣʝʜʽ 

ʊʦʣʳץ ʟʝʨʪʪʝʣʛʝʥ: ʘʣʜʳסשʳ ʞᴅʥʝ ʘʨʪץʳ 

ʦʩʴ, ʜᴇשʛʝʣʝʢʪʝʨ, ʙײʨʳʣʫ ʤʝʭʘʥʠʟʤʜʝʨʽ 

ʊʽʨʝʢʪʝʨ פʘʪʘש ʈʝʩʩʦʨʣʳ, ʢᴇʣʽʢ ʪʠʧʽʥʜʝʛʽ 

ʆʨʥʘʣʘʩʫʳ 

ʉʝʨʧʽʤʜʽ-ʪײʪץʳʨ ʥʝʛʽʟʜʝ, 

ʦʨʳʥ ʘʫʳʩʪʳʨʫʳ 

 ʘʥסʘʨʘʩʪʳʨʳʣץ

ɼᴇשʛʝʣʝʢʪʽ ʙʘʟʘסʘ ʦʨʥʘʪʳʣסʘʥ, ʪʽʨʢʝʤʝ 

ʨʝʪʽʥʜʝ ץʦʟסʘʣʘʜʳ 

ʊʝʞʝʛʽʰ ʞװʡʝʩʽ פʘʨʘʩʪʳʨʳʣʤʘסʘʥ 
 ץʰʽʥ ʧʥʝʚʤʘ-ʪʠʢʘʣʳװ ʘʫʽʧʩʽʟ ʪʘʩʳʤʘʣʜʘʫפ

ʪʝʞʝʛʽʰ ʞװʡʝʩʽ ʙʘʨ 

ʆʩʴʪʝʨ ʞװʡʝʩʽ 
ʆʨʥʳʥ ᴇʟʛʝʨʪʫ 

ʤʝʭʘʥʠʟʤʽ ʞʦץ 

ɸʣʜʳסשʳ ʞᴅʥʝ ʘʨʪץʳ ʘʩʧʘʣʘʨ ץʦʟסʘʣʘʜʳ: 

ʢᴇʣʽʢ ʞʘסʜʘʡʳʥʜʘ ï ʜᴇשʛʝʣʝʢʪʝʨ ʰʝʪʽʥʜʝ; 

ʞײʤʳʩ ʞʘסʜʘʡʳʥʜʘ ï ʤʝʭʘʥʠʟʤ ʢᴇʧʽʨʜʽ 

ʪʨʘʥʰʝʷ װʩʪʽʥʝ ʘʫʳʩʪʳʨʘʜʳ 
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ʂʝʩʪʝ 1.7 ʞʘʣסʘʩʳ 
1 2 3 

ʆʩʴʪʝʨ ʞװʡʝʩʽ 
ʆʨʥʳʥ ᴇʟʛʝʨʪʫ 

ʤʝʭʘʥʠʟʤʽ ʞʦץ 

ɸʣʜʳסשʳ ʞᴅʥʝ ʘʨʪץʳ ʘʩʧʘʣʘʨ ץʦʟסʘʣʘʜʳ: 

ʢᴇʣʽʢ ʞʘסʜʘʡʳʥʜʘ ï ʜᴇשʛʝʣʝʢʪʝʨ ʰʝʪʽʥʜʝ; 

ʞײʤʳʩ ʞʘסʜʘʡʳʥʜʘ ï ʤʝʭʘʥʠʟʤ ʢᴇʧʽʨʜʽ 

ʪʨʘʥʰʝʷ װʩʪʽʥʝ ʘʫʳʩʪʳʨʘʜʳ 

ʆʩʴʪʝʨʜʽ 

ʞʳʣʞʳʪʫ 

 ʳʩʳסʨʳʣײץ

 ʘʥסʘʨʘʩʪʳʨʳʣʤʘפ
ɼᴇשʛʝʣʝʢ ʞײʧʪʘʨʳʥ ʧʣʘʪʬʦʨʤʘʥʳש 

ʦʨʪʘʩʳʥʘ ʞʳʣʞʳʪʫ ײץʨʳʣסʳʩʳ ʙʘʨ 

ʆʩʴʪʝʨʜʽ ʙʝʢʽʪʫ ɾʦץ 
ɹʝʢʽʪʢʽʰ ʩʘʫʩʘסʳ ʞᴅʥʝ ʧʥʝʚʤʦʞװʡʝʩʽ 

ʙʘʨ ʤʝʭʘʥʠʟʤ 

ɾװʨʛʽʟʫʰʽʣʝʨʛʝ 

ʢᴇʨʽʥʫ 

ʂᴇʪʝʨʽʣʛʝʥ ʜᴇשʛʝʣʝʢʪʝʨ 

ʢᴇʨʽʥʫʜʽ ʰʝʢʪʝʡʜʽ 

ʂᴇʨʽʥʫ ʰʝʢʪʝʣʤʝʡʜʽ, ʜᴇשʛʝʣʝʢʪʝʨ 

ʞʦסʘʨʳ ʢᴇʪʝʨʽʣʤʝʡʜʽ 

ʄʝʪʘʣʩʳʡʳʤ-

ʜʳʣʳסʳ 
ɾʦסʘʨʳ 

ʊᴇʤʝʥʜʝʪʽʣʛʝʥ, ʢʦʥʩʪʨʫʢʮʠʷ 

ʦשʪʘʡʣʘʥʜʳʨʳʣסʘʥ 

ʆʧʝʨʘʮʠʷʣʘʨ ʝשʙʝʢ 

ʩʳʡʳʤʜʳʣʳסʳ 

ɼᴇשʛʝʣʝʢʪʝʨʜʽ ʙײʨʫ 

ʢװʨʜʝʣʽ 

ʂᴇʣʽʢ ʞʘסʜʘʡʳʥʘʥ ʞײʤʳʩ ʞʘסʜʘʡʳʥʘ 

ʞʳʣʜʘʤ ʘʫʳʩʪʳʨʳʣʘʜʳ 

 

1.7 ʢʝʩʪʝʜʝ ʢʝʣʪʽʨʽʣʛʝʥ ʩʘʣʳʩʪʳʨʤʘʣʳ ʪʘʣʜʘʫ ᴅʟʽʨʣʝʥʽʧ ʞʘʪץʘʥ ʞʦʣ ᴇʪʧʝʩʽʥʽש 

ʬʫʥʢʮʠʦʥʘʣʜʳץ ʞᴅʥʝ ʢʦʥʩʪʨʫʢʪʠʚʪʽʢ ʩʠʧʘʪʪʘʤʘʣʘʨʳ ʙʦʡʳʥʰʘ ʙײʨʳʥ ʙʝʣʛʽʣʽ 

ʰʝʰʽʤʜʝʨʜʝʥ ʘʡʪʘʨʣʳץʪʘʡ ʝʨʝʢʰʝʣʝʥʝʪʽʥʽʥ ʢᴇʨʩʝʪʝʜʽ. ɾʘשʘ ʢʦʥʩʪʨʫʢʮʠʷ 

 ʳ ʦʩʴʪʝʨʽץʳ ʞᴅʥʝ ʘʨʪסשʘʥ ʘʣʜʳסʪʘʣץʘʣʫ ʞᴅʥʝ ʙʝʢʽʪʫ ʤʝʭʘʥʠʟʤʜʝʨʽʤʝʥ ʞʘʙʜʳסʦʟץ

ʙʘʨ ʪʦʣʳץ ʜʦסשʘʣʘץ ʙʘʟʘʩʳʥʳש ʙʦʣʫʳʥ ץʘʤʪʘʤʘʩʳʟ ʝʪʝʜʽ, ʙײʣ ײʪץʳʨʣʳץ ʧʝʥ 

ʙʽʨʥʝʰʝ ʨʝʪ ץʦʣʜʘʥʫ ʤװʤʢʽʥʜʽʛʽʥ ץʘʤʪʘʤʘʩʳʟ ʝʪʝʜʽ. ɸʣʜʳסשʳ ᴅʟʽʨʣʝʤʝʣʝʨʜʝʥ 

ʘʡʳʨʤʘʰʳʣʳסʳ, ʞʘשʘ ʞװʡʝ ʘʤʦʨʪʠʟʘʮʠʷʣʘʥʘʪʳʥ ʜʦסשʘʣʘץ ʪʽʨʝʢʪʝʨʽʥ, 

ʧʥʝʚʤʘʪʠʢʘʣʳץ ʪʝʞʝʫ ʞװʡʝʩʽʥ, ʦʩʴʪʝʨʜʽ ʞʳʣʞʳʪʫ ʤʝʭʘʥʠʟʤʽʥ ʞᴅʥʝ 

ʞʘץʩʘʨʪʳʣסʘʥ ʞײʤʳʩ ʵʨʛʦʥʦʤʠʢʘʩʳʥ ץʘʤʪʘʤʘʩʳʟ ʝʪʝʜʽ. ʉʦʥʳʤʝʥ ץʘʪʘʨ, ʞʘשʘ 

ʢʦʥʩʪʨʫʢʮʠʷ ʜᴇשʛʝʣʝʢʪʝʨʜʽש ʞʦסʘʨʳ ʢᴇʪʝʨʽʣʫʽʥ ʙʦʣʜʳʨʤʘʡʜʳ, ʙײʣ ᴇʪʽʧ ʙʘʨʘ 

ʞʘʪץʘʥ ʢᴇʣʽʢ ʞװʨʛʽʟʫʰʽʣʝʨʽ װʰʽʥ ʢᴇʨʫʜʽ ʰʝʢʪʝʫ ʤᴅʩʝʣʝʩʽʥ ʪʦʣʳסʳʤʝʥ ʞʦʷʜʳ. 

ʄʝʪʘʣʣ ʢʦʥʩʪʨʫʢʮʠʷʣʘʨʳʥ ʦשʪʘʡʣʘʥʜʳʨʫ ʤʝʪʘʣʣ ʩʳʡʳʤʜʳʣʳסʳʥ ʪᴇʤʝʥʜʝʪʫʛʝ 

ʞᴅʥʝ ʧʘʡʜʘʣʘʥʫ ʰʳסʳʥʜʘʨʳʥ ʘʟʘʡʪʫסʘ ʤװʤʢʽʥʜʽʢ ʙʝʨʜʽ, ʘʣ ʞʦʣ ᴇʪʧʝʩʽʥ ʢᴇʣʽʢ 

ʞʘסʜʘʡʳʥʘʥ ʞײʤʳʩ ʞʘסʜʘʡʳʥʘ ʘʫʳʩʪʳʨʫ ʦʧʝʨʘʮʠʷʣʘʨʳʥ ʤʝʭʘʥʠʢʘʣʘʥʜʳʨʫ 

ʝשʙʝʢ ʩʳʡʳʤʜʳʣʳסʳ ʤʝʥ ʦʨʥʘʪʫ ʫʘץʳʪʳʥ ʝʜᴅʫʽʨ ץʳʩץʘʨʪʘʜʳ. ʆʩʳʣʘʡʰʘ, 

 ʞᴅʥʝ ʧʘʡʜʘʣʘʥʫ שʘʫʽʧʩʽʟʜʽʢʪʽץ ,שʪʳץʳʨʣʳץʪײ ʘʥ ʩʳʥʜʘʨʣʳ ʰʝʰʽʤסʩʳʥʳʣײ

ʩʝʥʽʤʜʽʣʽʛʽʥʽש ʞʦסʘʨʳ ʜʝשʛʝʡʽʥ ץʘʤʪʘʤʘʩʳʟ ʝʪʝʜʽ, ʙײʣ ʦʥʳ ץʘʣʘʣʳץ ʧʘʡʜʘʣʘʥʫ 

 .ʰʽʥ ʪʠʽʤʜʽʨʝʢ ʝʪʝʜʽװ

ʆʩʳ ʟʝʨʪʪʝʫʜʝ ײʩʳʥʳʣסʘʥ ʢʦʥʩʪʨʫʢʮʠʷʥʳש ʥʝʛʽʟʛʽ ʝʨʝʢʰʝʣʽʛʽ ï ʤʦʙʠʣʴʜʽ ʞʦʣ 

ᴇʪʧʝʩʽʥʽש ʞװʨʽʩ ʙᴇʣʽʛʽʥ ץʘʡʪʘ ץʘʨʘʩʪʳʨʫ ʞᴅʥʝ ʦשʪʘʡʣʘʥʜʳʨʫסʘ ʝʨʝʢʰʝ ʥʘʟʘʨ 

ʘʫʜʘʨʳʣʫʳ. ʉʝʙʝʙʽ, ʞװʨʽʩ ʙᴇʣʽʛʽ ʦʥʳש ʬʫʥʢʮʠʦʥʘʣʜʳץ ʪײʨʘץʪʳʣʳסʳʥ, ʞʝʜʝʣ 

ʦʨʳʥ ʘʫʳʩʪʳʨʫ ʤװʤʢʽʥʜʽʛʽʥ ʞᴅʥʝ ʞײʤʳʩ ʞʘסʜʘʡʳʥʜʘ ʩʝʥʽʤʜʽ ʙʝʢʽʪʽʣʫʽʥ 

 .ʙʽʨʽ ʙʦʣʳʧ ʪʘʙʳʣʘʜʳ שʘʤʪʘʤʘʩʳʟ ʝʪʝʪʽʥ ʥʝʛʽʟʛʽ ʵʣʝʤʝʥʪʪʝʨʜʽץ

ɹʽʟʜʽש ʟʝʨʪʪʝʫʽʤʽʟ ʤʦʙʠʣʴʜʽ ʞʦʣ ᴇʪʧʝʩʽʥʽש ʥʝʛʽʟʛʽ ʵʣʝʤʝʥʪʪʝʨʽʥʽש ʙʝʨʽʢʪʽʛʽ ʤʝʥ 

ʢʦʥʩʪʨʫʢʪʠʚʪʽ ʝʩʝʙʽʥ ʞװʨʛʽʟʫʛʝ, ʦʣʘʨʜʳש ʘʫʳʩʧʘʣʳ ʞװʢʪʝʤʝʣʝʨ ʞʘסʜʘʡʳʥʜʘ 

ʩʝʥʽʤʜʽʣʽʛʽʥ ץʘʤʪʘʤʘʩʳʟ ʝʪʫʛʝ ʞᴅʥʝ ײץʨʳʣʳʤʜʳ ʥʘץʪʳ ʞʦʣ ʪᴅʞʽʨʠʙʝʩʽʥʜʝ 

 .ʘʥסʳʪʪʘʣסʪʳʤʜʳ ʠʥʞʝʥʝʨʣʽʢ ʰʝʰʽʤʜʝʨʜʽ ʥʝʛʽʟʜʝʫʛʝ ʙʘײ ʰʽʥװ ʦʣʜʘʥʫץ

ʆʩʳʣʘʡʰʘ, ᴅʨʽ ץʘʨʘʡ ʪʘʣʜʘʫ װʰʽʥ ʢᴇʣʽʢ ײץʨʘʣʜʘʨʳʥʳש ʞװʨʽʩ ʙᴇʣʽʢʪʝʨʽʥʽש 

 שʨʽʩ ʙᴇʣʽʢʪʝʨʽʥʽװʘʞʝʪ. ɾץ ʘʨʘʩʪʳʨʫץ ʳ ʢʦʥʩʪʨʫʢʮʠʷʣʘʨʳʥסʦʣʜʘʥʳʩʪʘץ
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ʢʦʥʩʪʨʫʢʪʠʚʪʽʢ ʰʝʰʽʤʜʝʨʽʥ ʪʘʣʜʘʫ ʦשʪʘʡʣʘʥʜʳʨʫʜʳש ʤװʤʢʽʥ ʞʦʣʜʘʨʳʥ 

ʘʥʳץʪʘʫסʘ, ʤʝʪʘʣʣ ʩʳʡʳʤʜʳʣʳסʳʥ ʪᴇʤʝʥʜʝʪʫʛʝ, ʞʦʣ ץʦʟסʘʣʳʩʳʥ ʫʘץʳʪʰʘ 

 ʳ ʤʝʥסʘʡʣʳʣʳסשʡʳʤʜʘʩʪʳʨʫ ʢʝʟʽʥʜʝ ʤʦʙʠʣʴʜʽ ʞʦʣ ᴇʪʧʝʣʝʨʽʥ ʧʘʡʜʘʣʘʥʫ ʳײ

ʧʘʡʜʘʣʘʥʫ ץʘʫʽʧʩʽʟʜʽʛʽʥ ʘʨʪʪʳʨʫסʘ ʤװʤʢʽʥʜʽʢ ʙʝʨʝʜʽ. 

 

 

1.6 ɿʝʨʪʪʝʫʜʽש ʤʘץʩʘʪʳ ʤʝʥ ʤʽʥʜʝʪʪʝʨʽ 

 

ɹʽʨʽʥʰʽ ʪʘʨʘʫʜʘ ʞװʨʛʽʟʽʣʛʝʥ ʪʘʣʜʘʫ ʢᴇʣʽʢ ʘסʳʥʜʘʨʳʥʳץ שʘʨץʳʥʜʳʣʳסʳʥʳש 

ᴇʩʫʽ, ʞʦʣ ʞᴅʥʝ ʢʦʤʤʫʥʘʣʜʳץ ʞײʤʳʩʪʘʨ ʩʘʥʳʥʳש ʘʨʪʫʳ, ʩʦʥʜʘʡ-ʘץ ʽʨʽ 

ʂɾɾ h שʘʣʘʣʘʨʜʳץ ʝʢʪʝʣʫʽ ʞʘסʜʘʡʳʥʜʘ ʞᴇʥʜʝʫ ʘʡʤʘסʳʥʜʘ ʢᴇʣʽʢ ץʦʟסʘʣʳʩʳ-

ʥʳװ שʟʜʽʢʩʽʟʜʽʛʽʥ ʩʘץʪʘʫסʘ ʤװʤʢʽʥʜʽʢ ʙʝʨʝʪʽʥ ʠʥʞʝʥʝʨʣʽʢ ʰʝʰʽʤʜʝʨ ʝʨʝʢʰʝ 

ᴇʟʝʢʪʽʣʽʢʢʝ ʠʝ ʙʦʣʘʪʳʥʳʥ ʢᴇʨʩʝʪʪʽ. ʋʘץʳʪʰʘ ʘʡʥʘʣʤʘ ʞʦʣʜʘʨ, ʢʝʨʽ ʞʦʣʘץʪʘʨ 

ʞᴅʥʝ ɿʂɾ ʩʠʷץʪʳ ʞʦʣʜʳ ײʡʳʤʜʘʩʪʳʨʫʜʳש ʜᴅʩʪװʨʣʽ ʪᴅʩʽʣʜʝʨʽ ʢʝʧʪʝʣʽʩ ᴅʩʝʨʽʥ 

ʽʰʽʥʘʨʘ ʘʟʘʡʪʫסʘ ʤװʤʢʽʥʜʽʢ ʙʝʨʝʜʽ, ʙʽʨʘץ ʦʣʘʨ ʥʝʛʽʟʛʽ ʤᴅʩʝʣʝʥʽ - ʞʦʣʜʳש ᴇʪʢʽʟʫ 

 .ʰʝʢʪʝʫʜʽ ʞʦʡʤʘʡʜʳ [55], [65] ץʘʙʽʣʝʪʪʽʣʽʛʽʥ ʬʠʟʠʢʘʣʳץ

ɹʦʣʘʰʘץ ʰʝʰʽʤʜʝʨʜʽש ʙʽʨʽ - ʞᴇʥʜʝʫ ʞײʤʳʩʪʘʨʳʥ ʞװʨʛʽʟʫ ʘʡʤʘסʳʥʳװ שʩʪʽʥʜʝ 

ʦʨʥʘʪʳʣסʘʥ ʤʦʙʠʣʴʜʽ ʞʦʣ ᴇʪʢʝʣʽʥ ʧʘʡʜʘʣʘʥʫ. ɹײʣ ײץʨʳʣʳʤ ʞʦʣʜʳש ʪʦʣʳץ 

ʞʘʙʳʣʫʳʥ ץʘʞʝʪ ʝʪʧʝʩʪʝʥ ʞᴅʥʝ ץʦʣʜʘʥʳʩʪʘסʳ ʤʘʨʰʨʫʪʪʘʨʜʳ ʘʡʪʘʨ-ʣʳץʪʘʡ 

ᴇʟʛʝʨʪʧʝʩʪʝʥ ʢᴇʣʽʢ ײץʨʘʣʜʘʨʳʥʳש ʞᴇʥʜʝʫ ʘʡʤʘסʳʥʘʥ ʞʦסʘʨʳ ץʦʟסʘʣʳʩʳʥ 

 ʘʪʘʨ, ʤʦʙʠʣʴʜʽ ʞʦʣ ᴇʪʧʝʩʽʥץ ʤʢʽʥʜʽʢ ʙʝʨʝʜʽ. ʉʦʥʳʤʝʥװʘʤʪʘʤʘʩʳʟ ʝʪʫʛʝ ʤץ

 ʘʪʘʨץ ʘʥʘ ʝʤʝʩ, ʩʦʥʳʤʝʥס ʨʫ ʙᴇʣʽʛʽʥʝװʞ שʪʠʽʤʜʽʣʽʛʽ ʢᴇʙʽʥʝʩʝ ʦʥʳ שʦʣʜʘʥʫʜʳץ

 ʨʳʣʳʤʜʳ ʪʘʩʳʤʘʣʜʘʫʜʳ, ʤʘʥʝʚʨ ʞʘʩʘʫʜʳ, ʦʨʥʘʪʫʜʳ, ʙʝʢʽʪʫʜʽ ʞᴅʥʝ ʢʝʡʽʥʥʝʥײץ

ʧʘʡʜʘʣʘʥʫʜʳ ץʘʤʪʘʤʘʩʳʟ ʝʪʝʪʽʥ ʞװʨʽʩ ʙᴇʣʽʛʽʥʽש ʢʦʥʩʪʨʫʢʮʠʷʩʳʥʘ ʙʘʡʣʘʥʳʩʪʳ. 

ʄʦʙʠʣʴʜʽ ʞʦʣ ᴇʪʧʝʩʽʥʽש ʥʝʛʽʟʛʽ ʢʦʥʩʪʨʫʢʮʠʷʩʳʥ ʪʘʣʜʘʫ, ʞװʨʽʩ ʙᴇʣʽʛʽ ʙװʢʽʣ 

 ʘʫʽʧʩʽʟ-ʜʽʛʽʥץ ʦʣʜʘʥʫץ ʳʥ, ʦʨʥʘʣʘʩʫ ʪʝʭʥʦʣʦʛʠʷʩʳʥ ʞᴅʥʝסʳʨʣʳץʪײ שʨʳʣʳʤʥʳײץ

ʘʥʳץʪʘʡʪʳʥ ʥʝʛʽʟʛʽ ʽʰʢʽ ʞװʡʝʣʝʨʜʽש ʙʽʨʽ ʝʢʝʥʽʥ ʢᴇʨʩʝʪʪʽ. ɸʣʘʡʜʘ, ʞװʨʽʩ ʙᴇʣʽʛʽʥʽש 

 ,ץʪʳʣʳץʨʘײʘʣʳʩ ʢʠʥʝʤʘʪʠʢʘʩʳ, ʪסʦʟץ ,ʜʘʫ, ʦʥʳ ʝʩʝʧʪʝʫשʪʳʤʜʳ ʩʳʟʙʘʩʳʥ ʪʘײ

ʙʝʢʽʪʫ ʞᴅʥʝ ᴅʨ ʪװʨʣʽ ʞײʤʳʩ ʨʝʞʠʤʜʝʨʽʥʜʝʛʽ ʞײʤʳʩ ץʘʙʽʣʝʪʪʽʣʽʛʽ ʤᴅʩʝʣʝʣʝʨʽ ʦʜʘʥ 

ᴅʨʽ סʳʣʳʤʠ ʟʝʨʪʪʝʫʜʽ ץʘʞʝʪ ʝʪʝʜʽ. 

ʆʩʳסʘʥ ʙʘʡʣʘʥʳʩʪʳ ʜʠʩʩʝʨʪʘʮʠʷʣʳץ ʟʝʨʪʪʝʫʜʽש ʤʘץʩʘʪʳ ʝʩʝʧʪʝʫʜʽש 

ʠʥʞʝʥʝʨʣʽʢ ᴅʜʽʩʪʝʤʝʩʽʥ ʞʘʩʘʫסʘ ʞᴅʥʝ ᴅʨʪװʨʣʽ ʞײʤʳʩ ʞʘסʜʘʡʣʘʨʳ װʰʽʥ ʤʦʙʠʣʴʜʽ 

ʞʦʣ ᴇʪʧʝʩʽʥʽש ʞװʨʽʩ ʙᴇʣʽʛʽʥ ʞʦʙʘʣʘʫסʘ ʤװʤʢʽʥʜʽʢ ʙʝʨʝʪʽʥ ʪᴅʫʝʣʜʽʣʽʢʪʝʨʜʽ ʘʣʫ 

ʙʦʣʳʧ ʪʘʙʳʣʘʜʳ. 

ɼʠʩʩʝʨʪʘʮʠʷʣʳץ ʞײʤʳʩʪʘ ץʦʡʳʣסʘʥ ʤʘץʩʘʪץʘ ʞʝʪʫ װʰʽʥ ʢʝʣʝʩʽ ʤʽʥʜʝʪʪʝʨʜʽ 

ʰʝʰʫ ץʘʞʝʪ: 

- ʤʦʜʫʣʴʜʽʢ ʞᴅʥʝ ʤʦʙʠʣʴʜʽ ʞʦʣ ᴇʪʧʝʣʝʨʽʥ, ʩʦʥʜʘʡ-ʘץ ʦʣʘʨʜʳש ʢʦʥʩʪʨʫʢ-

ʪʠʚʪʽʢ ʰʝʰʽʤʜʝʨʽʥ ץʦʣʜʘʥʫסʘ ʪʘʣʜʘʫ ʞʘʩʘʫ; 

- ʤʦʙʠʣʴʜʽ ʞʦʣ ᴇʪʧʝʩʽʥʽש ʞʘשʘ ʞװʨʽʩ ʙᴇʣʽʛʽʥ ᴅʟʽʨʣʝʫ ץʘʞʝʪʪʽʣʽʛʽʥ ʥʝʛʽʟʜʝʫ; 

- ʢᴇʣʽʢ ײץʨʘʣʜʘʨʳʥʳש ʞװʨʽʩ ʙᴇʣʽʢʪʝʨʽʥʽץ שʦʣʜʘʥʳʩʪʘסʳ ʢʦʥʩʪʨʫʢʮʠʷ-

ʣʘʨʳʥʘ ʪʘʣʜʘʫ ʞװʨʛʽʟʫ ʞᴅʥʝ ʦʣʘʨʜʳ ʤʦʙʠʣʴʜʽ ʞʦʣ ᴇʪʧʝʩʽ װʰʽʥ ץʦʣʜʘʥʫ 

ʤװʤʢʽʥʜʽʛʽʥ ʘʥʳץʪʘʫ; 

- ʞװʨʽʩ ʙᴇʣʽʛʽʥʽש ʢʦʥʩʪʨʫʢʮʠʷ ʤװʤʢʽʥ ʥײʩץʘʣʘʨʳʥ ʤʦʨʬʦʣʦʛʠʷʣʳץ ʪʘʣʜʘʫ 

ʞᴅʥʝ ʩʠʥʪʝʟʜʝʫ; 
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- ʩʝʥʽʤʜʽʣʽʢ, ᴇʪʽʤʜʽʣʽʢ, ʤʘʩʩʘ ʞᴅʥʝ ʧʘʡʜʘʣʘʥʫ ʞʘʨʘʤʜʳʣʳסʳ ʰʘʨʪʪʳʨʳʥ 

ʝʩʢʝʨʝ ʦʪʳʨʳʧ, ʞװʨʽʩ ʙᴇʣʽʛʽʥ ʞʦʙʘʣʘʫʜʳש ʙʦʣʰʘץ ʥײʩץʘʩʳʥ ʪʘשʜʘʫ; 

- SolidWorks ʙʘסʜʘʨʣʘʤʘʣʳץ ʦʨʪʘʩʳʥʜʘ ʤʦʙʠʣʴʜʽ ʞʦʣ ᴇʪʧʝʩʽʥʽש ʞᴅʥʝ ʦʥʳש 

ʞװʨʽʩ ʙᴇʣʽʛʽʥʽ3 שD ʤʦʜʝʣʽʥ ᴅʟʽʨʣʝʫ; 

- ʜʝʬʦʨʤʘʮʠʷʣʘʨʜʳ, ʢʝʨʥʝʫʣʝʨʜʽ ʞᴅʥʝ ʙʝʨʽʢʪʽʢ ץʦʨʳʥ ʘʥʳץʪʘʡ ʦʪʳʨʳʧ, 
ʢʦʥʩʪʨʫʢʮʠʷסʘ ʝʩʝʧʪʽʢ-ʩʘʥʜʳץ ʪʘʣʜʘʫ ʞװʨʛʽʟʫ; 

- 1:4 ʤʘʩʰʪʘʙʪʘ ʤʦʙʠʣʴʜʽ ʞʦʣ ᴇʪʧʝʩʽʥʽש ʵʢʩʧʝʨʠʤʝʥʪʪʽʢ ʩʪʝʥʜʽʥ ᴅʟʽʨʣʝʫ ʞᴅʥʝ 
ʜʘʡʳʥʜʘʫ; 

- ᴅʟʽʨʣʝʥʛʝʥ ײץʨʳʣʳʤʥʳש ʞײʤʳʩץʘ ץʘʙʽʣʝʪʪʽʣʽʛʽʥ ʪʝʢʩʝʨʫ װʰʽʥ 

ʵʢʩʧʝʨʠʤʝʥʪʪʽʢ ʟʝʨʪʪʝʫʣʝʨ ʞװʨʛʽʟʫ; 

- ʵʢʩʧʝʨʠʤʝʥʪʪʽʢ ʜʝʨʝʢʪʝʨʜʽ ᴇשʜʝʫ ʞᴅʥʝ ʨʝʛʨʝʩʩʠʷʣʳץ ʪᴅʫʝʣʜʽʣʽʢʪʝʨʜʽ ʘʣʫ; 

 ᴅʜʽʩʪʝʨʽ ʤʝʥ ᴇʣʰʝʤʜʝʨʽʥ ʪʘʣʜʘʫ ʥʝʛʽʟʽʥʜʝ ᴇʣʰʝʤʩʽʟ שʪʝʦʨʠʷʩʳʥʳ ץʩʘʩʪʳץײ -

 ;ʢʨʠʪʝʨʠʡʣʝʨʽʥ ʙʝʣʛʽʣʝʫ ץʩʘʩʪʳץײ

- ʤʦʙʠʣʴʜʽ ʞʦʣ ᴇʪʧʝʩʽʥʽש ʞװʨʽʩ ʙᴇʣʽʛʽʥ ʝʩʝʧʪʝʫʜʽש ʠʥʞʝʥʝʨʣʽʢ ᴅʜʽʩʪʝʤʝʩʽʥ 
ᴅʟʽʨʣʝʫ; 

- ᴅʟʽʨʣʝʥʛʝʥ ʰʝʰʽʤʜʽ ץʦʣʜʘʥʫʜʳש ʧʨʘʢʪʠʢʘʣʳץ ʞᴅʥʝ ʵʢʦʥʦʤʠʢʘʣʳץ 

ʪʠʽʤʜʽʣʽʛʽʥ ʙʘסʘʣʘʫ. 

ɿʝʨʪʪʝʫ ʥʳʩʘʥʳ ʞʦʣ ʞᴅʥʝ ʢʦʤʤʫʥʘʣʜʳץ ʞײʤʳʩʪʘʨ ʞװʨʛʽʟʫ ʞʘסʜʘʡʳʥʜʘ 

ʢᴇʣʽʢ ץʦʟסʘʣʳʩʳʥ ʫʘץʳʪʰʘ ײʡʳʤʜʘʩʪʳʨʫ װʰʽʥ ץʦʣʜʘʥʳʣʘʪʳʥ ʤʦʙʠʣʴʜʽ ʢᴇʧʽʨ 

 .ʨʳʣʳʩʪʘʨʳ ʤʝʥ ʞʦʣ ᴇʪʧʝʣʝʨʽ ʙʦʣʳʧ ʪʘʙʳʣʘʜʳײץ

ɿʝʨʪʪʝʫ ʧᴅʥʽ ʤʦʙʠʣʴʜʽ ʞʦʣ ᴇʪʧʝʩʽʥʽש ʞװʨʽʩ ʙᴇʣʽʛʽ ʙʦʣʳʧ ʪʘʙʳʣʘʜʳ, ʦʣ ʦʥʳ 

ʪʘʩʳʤʘʣʜʘʫʜʳ, ʦʨʥʘʣʘʩʪʳʨʫʜʳ, ʞײʤʳʩ ʞʘסʜʘʡʳʥʘ ʦʨʥʘʪʫʜʳ ʞᴅʥʝ ʪײʨʘץʪʳ 

ʧʘʡʜʘʣʘʥʫʜʳ ץʘʤʪʘʤʘʩʳʟ ʝʪʝʜʽ. 

ɼʠʩʩʝʨʪʘʮʠʷʣʳץ ʟʝʨʪʪʝʫʜʽ ʦʨʳʥʜʘʫʜʳש ᴅʜʽʩʪʝʤʝʣʽʢ ʨʝʪʪʽʣʽʛʽ 1.20 ʩʫʨʝʪʪʝ 

ʢᴇʨʩʝʪʽʣʛʝʥ.  
 

 
 

ʉʫʨʝʪ 1.20 ï ɼʠʩʩʝʨʪʘʮʠʷʣʳץ ʞײʤʳʩʪʳ ʦʨʳʥʜʘʫ ײץʨʳʣʳʤʳ 
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ʆʣ ʤʦʜʫʣʴʜʽʢ ʞᴅʥʝ ʤʦʙʠʣʴʜʽʢ ʞʦʣ ᴇʪʧʝʩʽʥ ץʦʣʜʘʥʫʜʳ ʪʘʣʜʘʫʜʳ, ʞʘשʘ ʞװʨʽʩ 

ʙᴇʣʽʛʽʥ ᴅʟʽʨʣʝʫ ץʘʞʝʪʪʽʣʽʛʽʥ ʥʝʛʽʟʜʝʫʜʽ, ʢᴇʣʽʢ ײץʨʘʣʜʘʨʳʥʳש ʞװʨʽʩ ʙᴇʣʽʢʪʝʨʽʥʽש 

ʢʦʥʩʪʨʫʢʮʠʷʣʘʨʳʥ ʪʘʣʜʘʫʜʳ, ʳץʪʠʤʘʣ ʰʝʰʽʤʜʝʨʜʽ ʤʦʨʬʦʣʦʛʠʷ-ʣʳץ ʪʘʣʜʘʫʜʳ 

ʞᴅʥʝ ʩʠʥʪʝʟʜʝʫʜʽ, 3D ʤʦʜʝʣʽʥ ᴅʟʽʨʣʝʫʜʽ, ʜʝʬʦʨʤʘʮʠʷʣʘʨ, ʢʝʨʥʝʫʣʝʨ ʞᴅʥʝ ʙʝʨʽʢʪʽʢ 

ʰʝʛʽ ʙʦʡʳʥʰʘ ʝʩʝʧʪʽʢ ʜʝʨʝʢʪʝʨʜʽ ʘʣʫʜʳ, ʵʢʩʧʝʨʠʤʝʥʪʪʽʢ ʩʪʝʥʜ ײץʨʫʜʳ, 

ʵʢʩʧʝʨʠʤʝʥʪʪʽʢ ʟʝʨʪʪʝʫʣʝʨ ʞװʨʛʽʟʫʜʽ, ʥᴅʪʠʞʝʣʝʨʜʽ ᴇשʜʝʫʜʽ, ʨʝʛʨʝʩʩʠʷʣʳץ 

ʪᴅʫʝʣʜʽʣʽʢʪʝʨʜʽ ʘʣʫʜʳ ץʘʤʪʠʜʳ, ʤʦʙʠʣʴʜʽ ʞʦʣ ᴇʪʧʝʩʽʥʽץײ שʩʘʩʪʳץ ʢʨʠʪʝʨʠʡʣʝʨʽʥ, 

ʝʩʝʧʪʝʫ ᴅʜʽʩʪʝʤʝʩʽʥ ᴅʟʽʨʣʝʫ ʞᴅʥʝ ץʦʣʜʘʥʫ ʪʠʽʤʜʽʣʽʛʽʥ ʙʘסʘʣʘʫ. 

ɸʪʘʣסʘʥ ʤʽʥʜʝʪʪʝʨʜʽ ʽʩʢʝ ʘʩʳʨʫ ʤʦʙʠʣʴʜʽ ʞʦʣ ᴇʪʧʝʩʽʥʽש ʞװʨʽʩ ʙᴇʣʽʛʽʥʽש 

ʢʦʥʩʪʨʫʢʮʠʷʩʳʥ ʥʝʛʽʟʜʝʫʛʝ, ʦʥʳש ʝʩʝʧʪʽʢ ʧʘʨʘʤʝʪʨʣʝʨʽʥ ʘʡץʳʥʜʘʫסʘ ʞᴅʥʝ 

 ʜʘʡʳʥʜʘ ʤʦʙʠʣʴʜʽ ʞʦʣ ᴇʪʧʝʣʝʨʽʥ ʞʦʙʘʣʘʫ ʞᴅʥʝסʢᴇʰʝ-ʞʦʣ ʞʝʣʽʩʽ ʞʘ ץʘʣʘʣʳץ

ʧʨʘʢʪʠʢʘʣʳץ ץʦʣʜʘʥʫ װʰʽʥ ץʘʞʝʪʪʽ ʠʥʞʝʥʝʨʣʽʢ ᴅʜʽʩʪʝʤʝʥʽ ץʘʣʳʧʪʘʩʪʳʨʫסʘ 

ʤװʤʢʽʥʜʽʢ ʙʝʨʝʜʽ. 

 

 

ɹʽʨʽʥʰʽ ʪʘʨʘʫ ʙʦʡʳʥʰʘ ץʦʨʳʪʳʥʜʳ 

 

ɾװʨʛʽʟʽʣʛʝʥ ʪʘʣʜʘʫ ʞᴇʥʜʝʫ ʞײʤʳʩʪʘʨʳʥʘ ʙʘʡʣʘʥʳʩʪʳ ʞʦʣ ʢʝʧʪʝʣʽʩʽ, ᴅʩʽʨʝʩʝ 

ɸʩʪʘʥʘ ʤʝʥ ɸʣʤʘʪʳ ʩʠʷץʪʳ פʘʟʘץʩʪʘʥʥʳש ʽʨʽ ץʘʣʘʣʘʨʳʥʜʘ ʢװʨʜʝʣʽ ʤᴅʩʝʣʝ ʙʦʣʳʧ 

 ʘʣʳʩ, ʘʡʥʘʣʤʘסʦʟץ ʳ ʰʘʨʘʣʘʨ, ʤʳʩʘʣʳ, ʢʝʨʽסʦʣʜʘʥʳʩʪʘפ .ʘʣʘʪʳʥʳʥ ʢᴇʨʩʝʪʪʽץ

ʞʦʣʜʘʨ ʞᴅʥʝ ɿʂɾ ʪʝʢ ʽʰʽʥʘʨʘ ʢᴇʤʝʢʪʝʩʝʜʽ ʞᴅʥʝ ʤᴅʩʝʣʝʥʽ ʪʦʣʳסʳʤʝʥ ʰʝʰʧʝʡʜʽ. 

ᴄʣʝʤʜʽʢ ʪᴅʞʽʨʠʙʝʥʽ ʟʝʨʪʪʝʫ ʫʘץʳʪʰʘ ʢᴇʧʽʨʣʝʨ ʤʝʥ ᴇʪʢʝʣʜʝʨʜʽש ʪʠʽʤʜʽ ʰʝʰʽʤ 

ʙʦʣʫʳ ʤװʤʢʽʥ ʝʢʝʥʽʥ ʢᴇʨʩʝʪʪʽ, ʙʽʨʘץ ʢᴇʧʪʝʛʝʥ ʰʝʪʝʣʜʽʢ ײץʨʳʣʳʤʜʘʨ ץʳʤʙʘʪ, 

ʦʨʥʘʪʫ ץʠʳʥ ʞᴅʥʝ ʞʝʨʛʽʣʽʢʪʽ ʞʘסʜʘʡʣʘʨסʘ ʩᴅʡʢʝʩ ʢʝʣʤʝʡʜʽ. ʋʘץʳʪʰʘ ᴇʪʢʝʣʜʝʨʜʽש 

ᴅʨʪװʨʣʽ ʪװʨʣʝʨʽʥ ʩʘʣʳʩʪʳʨʫ ʤʦʙʠʣʴʜʽ ᴇʪʢʝʣʜʝʨʜʽץ שʘʣʘʣʳץ ʦʨʪʘ װʰʽʥ ʝץ שʦʣʘʡʣʳ 

ʝʢʝʥʽʥ ʢᴇʨʩʝʪʪʽ, ᴇʡʪʢʝʥʽ ʦʣʘʨ ʪʝʟʽʨʝʢ ʦʨʥʘʪʳʣʘʜʳ ʞᴅʥʝ ʘʟ ʪʝʭʥʠʢʘʥʳ ץʘʞʝʪ ʝʪʝʜʽ. 

ʉʦʥʳʤʝʥ ץʘʪʘʨ, ʜʦסשʘʣʘץʪʳ ʰʘʩʩʠʜʝʛʽ ʤʦʙʠʣʴʜʽ ᴇʪʢʝʣʜʽ ʪʘʣʜʘʫ ʦʥʳש ʞװʨʽʩ 

ʙᴇʣʽʛʽʥʽש ʝʣʝʫʣʽ ʢʝʤʰʽʣʽʢʪʝʨʽʥ ʘʥʳץʪʘʜʳ: װʣʢʝʥ ʤʘʩʩʘ, ʧʘʡʜʘʣʘʥʫʜʘסʳ 

 ʳ ʞᴅʥʝ ʪᴇʤʝʥסʠʳʥʜʳץ שᴇʣʰʝʤ ʙʽʨʣʽʛʽ, ʰʝʢʪʝʫʣʽ ʢᴇʨʽʥʽʩ, ʞᴇʥʜʝʫʜʽ ,ץʦʣʘʡʩʳʟʜʳץ

ᴇʪʫ ʤװʤʢʽʥʜʽʛʽ. ɹײʣ ʞʘשʘ, ʩʝʥʽʤʜʽʨʝʢ ʞᴅʥʝ ʳסשʘʡʣʳ ʞװʨʽʩ ʙᴇʣʽʛʽʥ ᴅʟʽʨʣʝʫ 

 ᴇʟʝʢʪʽʣʽ-ʛʽʥ ʞᴅʥʝ שʳʨʳʧʪʳץʘʞʝʪʪʽʣʽʛʽʥ ʨʘʩʪʘʡʜʳ. ʆʩʳʣʘʡʰʘ, ʙʽʨʽʥʰʽ ʪʘʨʘʫ ʪʘץ

ʞʝʪʽʣʜʽʨʽʣʛʝʥ ʤʦʙʠʣʴʜʽ ʞʦʣ ᴇʪʧʝʩʽʥ ײץʨʫ ץʘʞʝʪʪʽʣʽʛʽʥ ʥʝʛʽʟʜʝʡʜʽ.  

ɸʥʳץʪʘʣסʘʥ ʪʘʣʘʧʪʘʨʜʳ, ʠʥʞʝʥʝʨʣʽʢ ʰʝʢʪʝʫʣʝʨʜʽ ʞᴅʥʝ ץʘʫʽʧʩʽʟʜʽʢ 

ʬʘʢʪʦʨʣʘʨʳʥ ʝʩʢʝʨʝ ʦʪʳʨʳʧ, ʜʠʩʩʝʨʪʘʮʠʷʥʳש ʢʝʣʝʩʽ ʙᴇʣʽʤʜʝʨʽ ʞװʨʽʩ ʙᴇʣʽʛʽʥʽש 

ʞʘשʘ ʢʦʥʩʪʨʫʢʮʠʷʣʳץ ʰʝʰʽʤʽʥ ʥʝʛʽʟʜʝʫʛʝ ʞᴅʥʝ ʞʦʙʘʣʘʫסʘ ʘʨʥʘʣʜʳ.  
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2 ʄʆɹʀʃʔɼɯ ɾʆʃ ᴆʊʇɽʉɯʅɯר ɾתʈɯʉ ɹᴆʃɯɻɯʅɯר 

ʂʆʅʉʊʈʋʂʎʀʗʉʓʅ ᴄɿɯʈʃɽʋ 

 

2.1 ʂᴇʣʽʢ ײץʨʘʣʜʘʨʳʥʳש ʞװʨʽʩ ʙᴇʣʽʢʪʝʨʽʥʽש ʢʦʥʩʪʨʫʢʮʠʷʣʘʨʳʥ ʪʘʣʜʘʫ 

 

1.5 ʙᴇʣʽʤʜʝ ʟʝʨʪʪʝʫ ʥʳʩʘʥʳ ʨʝʪʽʥʜʝ ʤʦʙʠʣʴʜʽ ʞʦʣ ᴇʪʧʝʩʽʥʽײץ שʨʳʣʳʤʜʳץ 

ʝʨʝʢʰʝʣʽʢʪʝʨʽ ץʘʨʘʩʪʳʨʳʣʜʳ. פʘʣʘʣʳץ ʦʨʪʘʜʘסʳ ʬʫʥʢʮʠʦʥʘʣʜʳײץ ץʨʳʣʳʤסʘ, 

ʪʘʩʳʤʘʣʜʘʥʫסʘ ʞᴅʥʝ ʧʘʡʜʘʣʘʥʫ ʞʘסʜʘʡʣʘʨʳʥʘ ʝʨʝʢʰʝ ʥʘʟʘʨ ʘʫʜʘʨʳʣʜʳ [66]. ɹײʣ 

ʨʝʪʪʝ ײץʨʳʣʳʤʥʳש ʞװʨʽʩ ʙᴇʣʽʛʽ ʙװʢʽʣ ʞװʡʝʥʽ ץʦʣʜʘʥʫʜʳײ שʪץʳʨʣʳסʳ, 

ʪײʨʘץʪʳʣʳסʳ ʤʝʥ ץʘʫʽʧʩʽʟʜʽʛʽ ʪᴅʫʝʣʜʽ ʙʦʣʘʪʳʥ ʥʝʛʽʟʛʽ ʪװʡʽʥ ʙʦʣʳʧ ʪʘʙʳʣʘʪʳʥʳ 

ʘʥʳץʪʘʣʜʳ [55], [67]. ʆʩʳסʘʥ ʙʘʡʣʘʥʳʩʪʳ ʦʣʘʨʜʳש ʘʨʪʳץʰʳʣʳץʪʘʨʳʥ, 

ʢʝʤʰʽʣʽʢʪʝʨʽʥ ʞᴅʥʝ ʤװʤʢʽʥ ʙʦʣʘʪʳʥ ʞʘסשʳʨʪʫ ʙʘסʳʪʪʘʨʳʥ ʘʥʳץʪʘʫ ʤʘץʩʘʪʳʥʜʘ 

ʞװʨʽʩ ʙᴇʣʽʢʪʝʨʽʥ ʞʦʙʘʣʘʫ ʩʘʣʘʩʳʥʜʘסʳ ץʦʣʜʘʥʳʩʪʘסʳ ʰʝʰʽʤʜʝʨʛʝ ʞʝʢʝ 

ʪʝʭʥʠʢʘʣʳץ ʪʘʣʜʘʫ ץʘʞʝʪ. 

ʄʦʙʠʣʴʜʽ ʞʦʣ ᴇʪʧʝʩʽʥʽש ʞװʨʽʩ ʙᴇʣʽʛʽ ʦʥʳש ʞײʤʳʩ ʞʘסʜʘʡʳʥʜʘ 

ʪʘʩʳʤʘʣʜʘʥʫʳʥ, ʦʨʥʘʪʳʣʫʳʥ ʞᴅʥʝ ʪײʨʘץʪʳʣʳסʳʥ ץʘʤʪʘʤʘʩʳʟ ʝʪʝʪʽʥ ʥʝʛʽʟʛʽ 

 ץʙʽʨʽ ʙʦʣʳʧ ʪʘʙʳʣʘʜʳ [55], [64]. ʉʪʘʮʠʦʥʘʨʣʳ שʵʣʝʤʝʥʪʪʝʨʜʽ ץʨʳʣʳʤʜʳײץ

ʪʠʧʪʝʛʽ ʢᴇʧʽʨʣʝʨʜʝʥ ʘʡʳʨʤʘʰʳʣʳסʳ, ʪ̔ ʨʝʢʪʝʨ ʤʝʥ ʽʨʛʝʪʘʩ ʪײʨʘץʪʳ ʦʨʳʥסʘ 

ʝʩʝʧʪʝʣʽʧ ʞʦʙʘʣʘʥʙʘʡʜʳ. ʄʦʙʠʣʴʜʽ ʢʦʥʩʪʨʫʢʮʠʷ ʢʝʨʽʩʽʥʰʝ ᴅʤʙʝʙʘʧʪʳץʪʳ, 

ʞʦסʘʨʳ ʙʝʡʽʤʜʝʣʫʜʽ ʞᴅʥʝ ʙʽʨʥʝʰʝ ʨʝʪ ʦʨʥʘʪʫ ʞᴅʥʝ ץʦʣʜʘʥʫ ʤװʤʢʽʥʜʽʛʽʥ ʪʘʣʘʧ 

ʝʪʝʜʽ. ʉʦʥʜʳץʪʘʥ ʞװʨʽʩ ʙᴇʣʽʛʽ ʙʝʨʽʢʪʽʢ ʧʝʥ ʛʝʦʤʝʪʨʠʷʣʳץ ʪײʨʘץʪʳʣʳץʪʳ סʘʥʘ 

ʝʤʝʩ, ʩʦʥʳʤʝʥ ץʘʪʘʨ, ʘʫʳʩʧʘʣʳ ʞװʢʪʝʤʝʣʝʨ, ʙʽʨʢʝʣʢʽ ʝʤʝʩ ʥʝʛʽʟʜʝʨ ʞᴅʥʝ ץʘʣʘʣʳץ 

ʦʨʪʘʥʳש ʰʝʢʪʝʫʣʽ ʢʝשʽʩʪʽʛʽ ʞʘסʜʘʡʳʥʜʘ ʞײʤʳʩ ʽʩʪʝʫ ʤװʤʢʽʥʜʽʛʽʥ ץʘʤʪʘʤʘʩʳʟ 

ʝʪʫʽ ʢʝʨʝʢ [61], [62]. 

ʋʘץʳʪʰʘ ʢᴇʧʽʨʣʝʨ ʤʝʥ ᴇʪʢʝʣʜʝʨʜʽ ʞʦʙʘʣʘʫ ʪᴅʞʽʨʠʙʝʩʽʥ ʪʘʣʜʘʫ ʢᴇʨʩʝʪʢʝʥʜʝʡ, 

 ʘʪʪʳ ʥʝʤʝʩʝ ʪʦʧʩʘʣʳ ʘʩʧʘʣʘʨʳʥʜʘ ʘʨʙʘʣʘʨʳ ʙʘʨ ʢʦʥʩʪʨʫʢʮʠʷʣʘʨ, ʨʝʣʴʩץ

ʤʦʜʫʣʴʜʝʨʽ ʞᴅʥʝ ʪʘʨʪʳʣʘʪʳʥ ʪʽʨʝʢʪʝʨ ʝש ʢᴇʧ ʪʘʨʘʣסʘʥ ASTRA Bridge, Bailey 

Bridge ʞᴅʥʝ Mabey Compact ʩʠʷץʪʳ ʰʝʪʝʣʜʽʢ ʰʝʰʽʤʜʝʨ ʤʦʜʫʣʴʜʽʣʽʢʪʽש, 

ʩʪʘʥʜʘʨʪʪʘʫʜʳש ʞᴅʥʝ ץʦʩʘʣץʳ ʧʦʟʠʮʠʷʣʘʨʜʳ ʙʘʩץʘʨʫ ʞװʡʝʣʝʨʽʥʽש 

ʠʥʪʝʛʨʘʮʠʷʩʳʥʳש ʞʦסʘʨʳ ʜʝשʛʝʡʽʥ ʢᴇʨʩʝʪʝʜʽ [48], [50], [54]. ʄʳʩʘʣʳ, ASTRA 

ʞװʡʝʩʽʥʜʝ ʪײʨʘץʪʘʥʜʳʨʫ ʞᴅʥʝ ʛʦʨʠʟʦʥʪʘʣʴʜʳ ʪʫʨʘʣʘʫ ʬʫʥʢʮʠʷʩʳ ʙʘʨ 

ʙʘʩץʘʨʳʣʘʪʳʥ ʜʦסשʘʣʘץ ʧʣʘʪʬʦʨʤʘʩʳ ץʦʣʜʘʥʳʣʘʜʳ [54]. ʉʦʥʳʤʝʥ ץʘʪʘʨ, Bailey 

Bridge ʪʠʧʪʽ ʢʦʥʩʪʨʫʢʮʠʷʣʘʨ ʢʣʘʩʩʠʢʘʣʳץ ʤʘסʳʥʘʜʘ ʞװʨʽʩ ʙᴇʣʽʛʽʥ ʙʦʣʤʘʩʘ ʜʘ, 

ʘʣʜʳʥ-ʘʣʘ ʜʘʡʳʥʜʘʫʜʳ ץʘʞʝʪ ʝʪʝʪʽʥ ʫʘץʳʪʰʘ ʪʽʨʝʢʪʝʨʛʝ ʩʘʣʳʥסʘʥ ʞʠʥʘʣʤʘʣʳ 

ʤʦʜʫʣʴʜʝʨ ʨʝʪʽʥʜʝ ץʦʣʜʘʥʳʣʘʜʳ [49], [50]. 

ʊᴅʞʽʨʠʙʝʜʝ ʞװʨʽʩ ʙᴇʣʽʢʪʝʨʽʥ ʞʦʙʘʣʘʫ ʪᴅʩʽʣʽ ʢᴇʙʽʥʝʩʝ ײץʨʳʣʳʩ ʥʝʤʝʩʝ ᴅʩʢʝʨʠ 

ʪʝʭʥʠʢʘʜʘʥ ʙʝʡʽʤʜʝʣʛʝʥ ʘʨʙʘʰʘʣʘʨʜʳ ץʦʣʜʘʥʫʤʝʥ סʘʥʘ ʰʝʢʪʝʣʝʜʽ ʞᴅʥʝ ʢʝʰʝʥʜʽ 

ʝʩʝʧʪʽʢ ʪᴅʩʽʣʜʽש ʙʦʣʤʘʫʳʤʝʥ ʩʠʧʘʪʪʘʣʘʜʳ. ʄײʥʳש ʩʘʣʜʘʨʳʥʘʥ ʙʽʨץʘʪʘʨ 

ʧʘʡʜʘʣʘʥʫ ʢʝʤʰʽʣʽʢʪʝʨʽ ʪʫʳʥʜʘʡʜʳ: ʤʝʪʘʣʩʳʡʳʤʜʳʣʳ-סʳʥʳש ʞʦסʘʨʳ ʙʦʣʫʳ, 

ʪʘʩʳʤʘʣʜʘʫʜʳש ʢװʨʜʝʣʽʣʽʛʽ, ʤʦʥʪʘʞ ʞʘסʜʘʡʣʘʨʳʥʘ ʙʝʡʽʤʜʝʣʫʜʽש ʰʝʢʪʝʫʣʽʣʽʛʽ, 

ʪʝשʝʩʪʽʨʫ ʞᴅʥʝ ʞʳʣʜʘʤ ʙʝʢʽʪʫ ʞװʡʝʣʝʨʽʥʽש ʙʦʣʤʘʫʳ [55], [66]. ʉʦʥʜʘʡ-ʘץ, ʞװʨʽʩ 

ʙᴇʣʽʛʽʥ ʘʨʘʣʳײץ ץʨʳʣʳʤʜʘʨʤʝʥ ʙʽʨʽʢʪʽʨʫʜʽש ʙʽʨʳסשʘʡ ʪᴅʩʽʣʜʝʨʽʥʽש ʙʦʣʤʘʫʳ 

ʙʘʡץʘʣʘʜʳ, ʙײʣ ץʘʡʪʘ ʧʘʡʜʘʣʘʥʫ ʢʝʟʽʥʜʝ ײץʨʳʣʳʤʥʳש ʩʝʥʽʤʜʽʣʽʛʽʥ ʰʝʢʪʝʡʜʽ. 

ɾװʨʽʩ ʞװʡʝʣʝʨʽʥ ʞʽʢʪʝʫ - ץʦʟסʘʣʳʩ ʪװʨʽ ʙʦʡʳʥʰʘ (ʜᴇשʛʝʣʝʢʪʽ, ʨʝʣʴʩʪʽ, 

ʩʪʘʮʠʦʥʘʨʣʳץ), ʙʝʢʽʪʫ ʪװʨʽ ʙʦʡʳʥʰʘ (ץʘʪʪʳ, ʤʦʜʫʣʴʜʽʢ, ᴇʟʽʥ-ᴇʟʽ ʪʝשʝʩʪʽʨʫ), 
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ʩʦʥʜʘʡ-ʘץ, ʬʫʥʢʮʠʦʥʘʣʜʳץ ʤʘץʩʘʪʳ ʙʦʡʳʥʰʘ (ʢᴇʪʝʨʛʽʰ, ʤʘʥʝʚʨʣʽʢ, 

ʪײʨʘץʪʘʥʜʳʨסʳʰ) ʞװʟʝʛʝ ʘʩʳʨʳʣʘʜʳ. ʄײʥʜʘʡ ײץʨʳʣʳʤʜʘʫ ʧʘʡʜʘʣʘʥʫ 

ʞʘסʜʘʡʣʘʨʳ ʤʝʥ ײʪץʳʨʣʳץ ʪʘʣʘʧʪʘʨʳʥʘ ʙʘʡʣʘʥʳʩʪʳ ʙʝʣʛʽʣʽ ʙʽʨ ʢʦʥʩʪʨʫʢʮʠʷʣʳץ 

 .ʤʢʽʥʜʽʢ ʙʝʨʝʜʽ [67], [69]װʜʘʫʜʳ ʥʝʛʽʟʜʝʫʛʝ ʤשʨʳʣʳʤʜʳ ʪʘײץ

ɾװʨʽʩ ʞװʡʝʣʝʨʽʥ ʞʽʢʪʝʫ ץʦʟסʘʣʳʩ ʪװʨʽʥʝ (ʜᴇשʛʝʣʝʢʪʽ, ʨʝʣʴʩʪʽ, ʩʪʘʮʠʦʥʘʨʣʳץ), 

ʙʝʢʽʪʫ ʪװʨʽʥʝ (ץʘʪʘש, ʤʦʜʫʣʴʜʽʢ, ᴇʟʽʥ-ᴇʟʽ ʪʝשʝʩʪʽʨʝʪʽʥ), ʩʦʥʜʘʡ-ʘץ ʬʫʥʢʮʠʦʥʘʣʜʳץ 

ʤʘץʩʘʪʳʥʘ (ʪʽʨʝʢʪʽʢ, ʤʘʥʝʚʨʣʽʢ, ʪײʨʘץʪʘʥʜʳʨʫʰʳ) ץʘʨʘʡ ʞװʟʝʛʝ ʘʩʳʨʳʣʘʜʳ 

ʆʥʳש ʞײʤʳʩ ץʘסʠʜʘʩʳ ʜʝשʛʝʡʜʽ ʨʝʪʪʝʫ, ʙʝʢʽʪʫ ʞᴅʥʝ ʢʝʡʽʥʥʝʥ ʪײʨʘץʪʘʥʜʳʨʫ 

ʤװʤʢʽʥʜʽʛʽʤʝʥ ʞװʢʪʝʤʝʥʽ ʘʨʘʣʳײץ ץʨʳʣʳʤʳʥʘʥ ʥʝʛʽʟʛʝ ʙʽʨʢʝʣʢʽ ʙʝʨʫ ʙʦʣʳʧ 

ʪʘʙʳʣʘʜʳ [55], [68]. 

 ʦʨʳʪʧʘʣʘʨʜʳ, ʪʦʧʩʘʣʳץ ʽʣשʳ ʠʥʞʝʥʝʨʣʽʢ ʰʝʰʽʤʜʝʨ ʞʝסʘʟʽʨʛʽ ʟʘʤʘʥפ

ʝʩʪʽʨʫ ɻשʦʩʳʣʳʩʪʘʨʳ ʙʘʨ ʤʦʜʫʣʴʜʽʢ ʘʨʙʘʣʘʨʜʳ ʞᴅʥʝ ʘʚʪʦʤʘʪʪʳ ʪʝץ ʣʝʤʝʥʪʪʝʨʽʥ 

ʢᴇʙʽʨʝʢ ץʦʣʜʘʥʘʜʳ. ʂʦʤʧʦʟʠʪʪʽʢ ʤʘʪʝʨʠʘʣʜʘʨʜʳ, ʪʝʟ ʙʦʩʘʪʳʣʘʪʳʥ ʙʝʢʽʪʢʽʰʪʝʨʜʽ, 

ʙʽʨʳסשʘʡ ʙʝʢʽʪʫ ʪʦʨʘʧʪʘʨʳʥ ץʦʣʜʘʥʫ ʞᴅʥʝ ʞװʢʪʝʤʝ ʜʝשʛʝʡʽ ʤʝʥ ʪʘʨʘʣʫʳʥ 

ʙʘץʳʣʘʫ ʞװʡʝʣʝʨʽʥ ʠʥʪʝʛʨʘʮʠʷʣʘʫ ʧʝʨʩʧʝʢʪʠʚʘʣʳ ʙʘסʳʪʪʘʨ ʙʦʣʳʧ ʪʘʙʳʣʘʜʳ. 

ɹײʣ ײץʨʳʣʳʤʜʳ ʤʦʥʪʘʞʜʘʫ ʤʝʥ ʙᴇʣʰʝʢʪʝʫʜʽ ʞʝʜʝʣʜʝʪʫʛʝ סʘʥʘ ʝʤʝʩ, ʩʦʥʳʤʝʥ 

 ʜʘʡʳʥʜʘסʞʘ ץʩʳʟ ʪʦʧʳʨʘץʨʘײʘʨʳ ʞᴅʥʝ ʪסʳ ʞʦסʳʟʜʳסʨʳʣʳʩ ʪʳײץ ʘʪʘʨ ʦʥʳץ

 .ʤʢʽʥʜʽʢ ʙʝʨʝʜʽװʘʤʪʘʤʘʩʳʟ ʝʪʫʛʝ ʤץ ʘʫʽʧʩʽʟʜʽʛʽʥץ ʦʨʪʘʜʘ ʧʘʡʜʘʣʘʥʫ ץʘʣʘʣʳץ

ʄᴅʩʝʣʝ ʩʦʥʳʤʝʥ ץʘʪʘʨ, װʣʢʝʥ ʘʨʙʘʣʘʨסʘ ʥʝʤʝʩʝ ʨʘʤʘʣʳײץ ץʨʳʣʳʤʜʘʨסʘ ʊפʂ 

ʤʝʥ ʪʘʩʳʤʘʣʜʘʫʜʳש ʢװʨʜʝʣʽʣʽʛʽ ʙʦʣʳʧ ʪʘʙʳʣʘʜʳ. פʘʟʽʨʛʽ ʪʝʥʜʝʥʮʠʷʣʘʨ ץʘʞʝʪʪʽ 

ʙʝʨʽʢʪʽʢ ʧʝʥ ʪײʨʘץʪʳʣʳץʪʳ ʩʘץʪʘʡ ʦʪʳʨʳʧ, ʞʝשʽʣ ʙʦʣʘʪʪʘʨʜʘʥ ʥʝʤʝʩʝ 

ʢʦʤʧʦʟʠʪʪʝʨʜʝʥ ʞʘʩʘʣסʘʥ ʤʦʙʠʣʴʜʽʢ, ʦשʘʡ ʙᴇʣʽʥʝʪʽʥ ʞװʨʽʩ ʪʦʨʘʧʪʘʨʳʥ ʞʘʩʘʫסʘ 

ʙʘסʳʪʪʘʣסʘʥ. ɼᴅʥʝʢʝʨʣʝʫʜʽ ʥʝʤʝʩʝ ʘʫʳʨ ʢᴇʪʝʨʫ ʪʝʭʥʠʢʘʩʳʥ ʧʘʡʜʘʣʘʥʙʘʡ 

ʤʦʥʪʘʞʜʘʫ ʞᴅʥʝ ʙᴇʣʰʝʢʪʝʫ ʧʨʦʮʝʩʪʝʨʽʥ ʞʝʜʝʣʜʝʪʫʛʝ ʤװʤʢʽʥʜʽʢ ʙʝʨʝʪʽʥ ᴇʟʜʽʛʽʥʝʥ 

 ʦʩʳʣʳʩʪʘʨʜʳץ ʣʳʧʪʘʣʘʪʳʥ ʙʝʢʽʪʫ ʤʝʭʘʥʠʟʤʽ ʙʘʨ ʞʳʣʜʘʤ ʘʞʳʨʘʪʳʣʘʪʳʥײץ

 .ʳʪ ʙʦʣʳʧ ʪʘʙʳʣʘʜʳ [71]סʦʣʜʘʥʫ ʧʝʨʩʧʝʢʪʠʚʘʣʳ ʙʘץ

ɾʦסʘʨʳʜʘ ʘʡʪʳʣסʘʥʜʘʨʜʳ ʝʩʢʝʨʝ ʦʪʳʨʳʧ, ʦʩʳ ʞײʤʳʩʪʳ1.5 ש-ʪʘʨʤʘסʳʥʜʘ 

ʩʠʧʘʪʪʘʣסʘʥ ʤʦʙʠʣʴʜʽ ʞʦʣ ᴇʪʧʝʩʽʥ ʧʘʡʜʘʣʘʥʫ ʞʘסʜʘʡʣʘʨʳʥʘ ʘʨʥʘʡʳ ʙʝʡʽʤʜʝʣʛʝʥ 

ʞװʨʽʩ ʙᴇʣʽʛʽʥʽש ʞʘשʘ ʢʦʥʩʪʨʫʢʮʠʷʩʳʥ ᴅʟʽʨʣʝʫ ʦʨʳʥʜʳ ʙʦʣʳʧ ʢᴇʨʽʥʝʜʽ. 

 ץʢʝʤʰʽʣʽʢʪʝʨʽ ʤʝʥ ʧʝʨʩʧʝʢʪʠʚʘʣʳ שʳ ʰʝʰʽʤʜʝʨʜʽ, ʦʣʘʨʜʳסʦʣʜʘʥʳʩʪʘפ

ʙʘסʳʪʪʘʨʳʥ ʪʘʣʜʘʫ ᴅʟʽʨʣʝʥʽʧ ʞʘʪץʘʥ ʪװʡʽʥʛʝ ʪʝʭʥʠʢʘʣʳץ ʞᴅʥʝ ʧʘʡʜʘʣʘʥʫ 

ʪʘʣʘʧʪʘʨʳʥ ʥʝʛʽʟʜʝʫʛʝ ʤװʤʢʽʥʜʽʢ ʙʝʨʝʜʽ. ᴄʟʽʨʣʝʫ ʮʠʢʣʜʽʢ ʧʘʡʜʘʣʘʥʫʜʳ, ʞʳʣʜʘʤ 

ʦʨʥʘʪʫ ʪʘʣʘʧʪʘʨʳʥ, ᴅʨʪװʨʣʽ ʥʝʛʽʟ ʪװʨʣʝʨʽʥʝ ʙʝʡʽʤʜʝʣʫʜʽ, ʩʦʥʜʘʡ-ʘץ ᴅʜʝʪʪʝʛʽ 

ʘʨʘʣʳץ ʩʳʟʙʘʩʳʥʘ ʙʨ̔ʽʢʪʽʨʫ ʤװʤʢʽʥʜʽʛʽʥ ʝʩʢʝʨʫʽ ʢʝʨʝʢ. 

ʂᴇʣʽʢ ײץʨʘʣʜʘʨʳʥʳש ʞװʨʽʩ ʙᴇʣʽʢʪʝʨʽʥʽײץ שʨʳʣʳʤʳ ᴅʨʪװʨʣʽ ʞᴅʥʝ ʢᴇʣʽʢ 

 ʜʘʡʣʘʨʳʥʘ ʞᴅʥʝסʩʘʪʳʥʘ, ʧʘʡʜʘʣʘʥʫ ʞʘץʤʘ שʨʽʥʝ, ʦʥʳװʪ שʨʘʣʳʥʳײץ

ᴇʥʜʽʨʫʰʽʣʝʨʜʽש ʪʝʭʥʦʣʦʛʠʷʣʳץ ʰʝʰʽʤʜʝʨʽʥʝ ʙʘʡʣʘʥʳʩʪʳ. ʊᴇʤʝʥʜʝ ʞװʨʽʩ 

ʙᴇʣʽʢʪʝʨʽ ʢʦʥʩʪʨʫʢʮʠʷʣʘʨʳʥ ʪʘʣʜʘʫʜʳש ʥʝʛʽʟʛʽ ʞʽʢʪʝʣʽʤʜʝʨʽ ʤʝʥ ʘʩʧʝʢʪʽʣʝʨʽ 

ʢʝʣʪʽʨʽʣʛʝʥ [72]: 

1. ʂᴇʣʽʢ ײץʨʘʣʳʥʳש ʪװʨʽ ʙʦʡʳʥʰʘ: 

 ʞʝשʽʣ ʢᴇʣʽʢʪʝʨ: ʘʩʧʘʣʘʨʜʳ (ʤʳʩʘʣʳ, ʪᴅʫʝʣʩʽʟ ʥʝʤʝʩʝ ʪᴅʫʝʣʜʽ), ʨʫʣʴʜʽʢ 

ʞװʡʝʣʝʨʜʽ, ʪʝʞʝʛʽʰ ʤʝʭʘʥʠʟʤʜʝʨʜʽ (ʜʠʩʢ ʥʝʤʝʩʝ ʙʘʨʘʙʘʥ) ʞᴅʥʝ ʘʤʦʨʪʠʟʘʮʠʷʣʳץ 

ʞװʡʝʣʝʨʜʽ ץʘʤʪʠʜʳ. 
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 ʞװʢ ʢᴇʣʽʢʪʝʨʽ ʤʝʥ ʘʚʪʦʙʫʩʪʘʨ: װʣʢʝʥ ʞװʢ ʢᴇʪʝʨʛʽʰʪʽʛʽʥʝ, ʪᴇʟʽʤʜʽʣʽʢʢʝ ʞᴅʥʝ 
ʞװʢ ʢᴇʪʝʨʛʽʰ ʙᴇʣʽʢʪʝʨʜʽש ʪײʨʘץʪʳʣʳסʳʥʘ ʥʘʟʘʨ ʘʫʜʘʨʳʣʘʜʳ. ʅʝײסʨʣʳʤ ץʫʘʪʪʳ 

ʞᴅʥʝ ʙʝʨʽʢ ʢʦʤʧʦʥʝʥʪʪʝʨ ץʦʣʜʘʥʳʣʘʜʳ. 

 ʤʦʪʦʮʠʢʣʜʝʨ ʤʝʥ ʚʝʣʦʩʠʧʝʜʪʝʨ: ʢᴇʙʽʥʝʩʝ ʘʤʦʨʪʠʟʘʮʠʷʣʳץ ʘʣʜʳסש rʘʩʧʘ, 

ʨʫʣʴʜʽʢ ʞװʡʝʣʝʨ ʞᴅʥʝ ʘʚʪʦʤʦʙʠʣʴʜʝʨʜʝʥ ʝʨʝʢʰʝʣʝʥʝʪʽʥ ʪʝʞʝʛʽʰʪʝʨ 

 .ʦʣʜʘʥʳʣʘʜʳץ

 ʧʦʡʳʟʜʘʨ ʤʝʥ ʪʨʘʤʚʘʡʣʘʨ: ʤײʥʜʘ ʞʦסʘʨʳ ʞװʢʪʝʤʝʛʝ, ʙʝʨʽʢʪʽʢʢʝ ʞᴅʥʝ 
ʪʦʟʫסʘ ʪᴇʟʽʤʜʽʣʽʢʢʝ, ʩʦʥʜʘʡ-ʘץ ,ץʦʟסʘʣʳʩ ʧʝʥ ʪʝʞʝʫʜʽ ʙʘʩץʘʨʫ ʞװʡʝʣʝʨʽʥʝ ʙʘʩʘ 

ʥʘʟʘʨ ʘʫʜʘʨʳʣʘʜʳ. 

 :ʝʨʝʢʰʝʣʽʢʪʝʨʽ ʙʦʡʳʥʰʘ  ץʨʳʣʳʤʜʳײפ .2

- ɸʩʧʘ ʞװʡʝʩʽ: ʪᴅʫʝʣʩʽʟ ʞᴅʥʝ ʪᴅʫʝʣʜʽ ʘʩʧʘʣʘʨʜʳ, ʩʝʨʽʧʧʝʣʽ ʰʝʰʽʤʜʝʨʜʽ 

(ʧʥʝʚʤʘʪʠʢʘʣʳץ, ʩʝʨʽʧʧʝʣʽ), ʩʦʥʜʘʡ-ʘץ, ʘʤʦʨʪʠʟʘʪʦʨʣʘʨʜʳש ʪװʨʣʝʨʽʥ 

(ʛʠʜʨʘʚʣʠʢʘʣʳץ, ʛʘʟʙʝʥ ʪʦʣʪʳʨʳʣסʘʥ) ץʦʣʜʘʥʘʜʳ. 

ɸʚʪʦʢᴇʣʽʢʪʽש ʘʩʧʘ ʞװʡʝʩʽ - ʙײʣ ʰʘʥʘץʪʳש (ʨʘʤʘʥʳש) ʜᴇשʛʝʣʝʢʪʝʨʤʝʥ 

ʩʝʨʧʽʤʜʽ ʙʘʡʣʘʥʳʩʳ ʞװʟʝʛʝ ʘʩʳʨʳʣʘʪʳʥ ʪʦʨʘʧʪʘʨ ʤʝʥ ʤʝʭʘʥʠʟʤʜʝʨʜʽש 

ʞʠʳʥʪʳסʳ. ɸʩʧʘ ʞװʡʝʩʽ ʪᴅʫʝʣʜʽ ʞᴅʥʝ ʪᴅʫʝʣʩʽʟ ʙʦʣʳʧ ʙᴇʣʽʥʝʜʽ [72].  

ʊᴅʫʝʣʜʽ ʘʩʧʘ ʞװʡʝʩʽʥʽש (ʩʫʨʝʪ - 2.1) - ʩʦʣ ʞᴅʥʝ ʦש ʜᴇשʛʝʣʝʢʪʝʨʜʽ ʙʘʡʣʘʥʳʩ-

ʪʳʨʘʪʳʥ ץʘʪʪʳ ʙʘʣʢʘʜʘʥ ʪײʨʘʜʳ. ɹײʣ ʘʞʳʨʘʤʘʩ ʢᴇʧʽʨ ʩʠʷץʪʳ. ɽʛʝʨ ʙʽʟ ʦʩʳ 

ʘʩʧʘʥʳש ʞײʤʳʩ ʽʩʪʝʫ ʧʨʠʥʮʠʧʽ ʪʫʨʘʣʳ ʘʡʪʘʪʳʥ ʙʦʣʩʘץ, ʦʥʜʘ ʦʣ ʢᴇʣʜʝʥʝש 

ʞʘʟʳץʪʳץʪʘסʳ ʜᴇשʛʝʣʝʢʪʝʨʜʽש ʙʽʨʽʥʽץ שʦʟסʘʣʳʩʳʥ ʝʢʽʥʰʽʩʽʥʝ ʙʝʨʫʜʝʥ ʪײʨʘʜʳ. 

ɼᴅʣ ʦʩʳ ʜʦסשʘʣʘץʪʘʨʜʳש ᴇʟʘʨʘ ʪᴅʫʝʣʜʽʣʽʛʽ ʪᴅʫʝʣʜʽ ʜʝʧ ʘʪʘʣʘʪʳʥ ʘʩʧʘ 

ʤʝʭʘʥʠʟʤʽʥʽש ʥʝʛʽʟʽʥʜʝ ʞʘʪʳʨ. 

 

  
 

ʉʫʨʝʪ 2.1 ï ʊᴅʫʝʣʜʽ ʘʩʧʘ ʞװʡʝʩʽ 

 

ʊᴅʫʝʣʜʽ ʘʩʧʘʥʳש ʙʘʩʪʳ ʢʝʤʰʽʣʽʛʽ - ʦʥʳש ʢʦʥʩʪʨʫʢʮʠʷʣʳײץ ץʨʳʣʳʤʳʥʜʘ. 

ɸʚʪʦʢᴇʣʽʢ ʞʦʣʜʘסʳ ʢʝʜʽʨ-ʙײʜʳʨ ʞʝʨʤʝʥ ʞװʨʛʝʥʜʝ ʙʽʨ ʜᴇשʛʝʣʝʛʽ ʪᴇʤʝʥ ץʘʨʘʡ 

ʪװʩʩʝ ʦʥʳʤʝʥ ץʦʩʘ ץʘʨʩʳ ʙʝʪʪʝʛʽ ʝʢʽʥʰʽ ʜᴇשʛʝʣʝʛʽ ʜʝ ʪװʩʝʜʽ. ʅᴅʪʠʞʝʩʽʥʜʝ, 

ʘʚʪʦʤʦʙʠʣʴ ʜᴇשʛʝʣʝʢʪʝʨʽʥʽש ʞʦʣ ʙʝʪʽʥʝ ʽʣʽʥʫʽ ʳסשʘʡʣʳ ʞװʨʫ װʰʽʥ ץʘʞʝʪ 

ʙʦʣʘʪʳʥʜʘʡ ʙʽʨʢʝʣʢʽ ʝʤʝʩ. 

ɼʝʛʝʥʤʝʥ, ʘʩʧʘʥʳש ʙײʣ ʪװʨʽʥʽש ʘʨʪʳץʰʳʣʳץʪʘʨʳ ʜʘ ʙʘʨ. ʆʥʳש ʙʘʩʪʳ 

ʘʨʪʳץʰʳʣʳסʳ - ʙʝʨʽʢʪʽʢ ʧʝʥ ʩʝʥʽʤʜʽʣʽʢ. ײפʨʳʣʳʤʥʳץ שʘʪʪʳʣʳסʳ ʙʽʨʢʝʣʢʽ ʝʤʝʩ 

ʞʦʣʜʘ ʳסשʘʡʩʳʟʜʳץʪʳ ʪʫʜʳʨʩʘ ʜʘ, ʙײʣ ʘʩʧʘʥʳש ʪʝʢ ʢʝʤʰʽʣʽʢʪʝʨʽ ʙʘʨ ʜʝʧ ʘʡʪʫסʘ 

ʥʝʛʽʟ ʞʦץ. ʄʝʭʘʥʠʟʤʥʽש ʪʦʟʫסʘ ʪᴇʟʽʤʜʽʣʽʛʽ ʦʥʳש ʤʘשʳʟʜʳ ʩʠʧʘʪʪʘʤʘʩʳ ʙʦʣʳʧ 

ʪʘʙʳʣʘʜʳ. 

ʊᴅʫʝʣʩʽʟ ʘʩʧʘ. ɽʛʝʨ ʪᴅʫʝʣʜʽ ʘʩʧʘʜʘ ʜʦסשʘʣʘץʪʘʨ ץʦʟסʘʣʳʩ ʙʝʨʽʣʽʩʽʥʜʝ ʙʽʨ - 

ʙʽʨʽʤʝʥ ʙʘʡʣʘʥʳʩץʘʥ ʙʦʣʩʘ, ʦʥʜʘ ʪᴅʫʝʣʩʽʟ ʘʩʧʘʜʘ (ʩʫʨʝʪ - 2.2) ʦʣʘʨ ʙʽʨʙʽʨʽʤʝʥ 

ʪᴅʫʝʣʩʽʟ ʞײʤʳʩ ʞʘʩʘʡʜʳ. ɹײʣ ʙʽʨ ʜᴇשʛʝʣʝʢʪʽש ʦʨʥʳʥ ᴇʟʛʝʨʪʫ ʙʽʨ ʢᴇʣʜʝʥʝש 
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ʞʘʟʳץʪʳץʪʘ ʝʢʽʥʰʽ ʜᴇשʛʝʣʝʢʪʽש ʦʨʥʳʥ ʘʚʪʦʤʘʪʪʳ ʪװʨʜʝ ᴇʟʛʝʨʪʫʛʝ ᴅʢʝʣʤʝʡʪʽʥʽʥ 

ʙʽʣʜʽʨʝʜʽ. 

 

 
 

 

ʉʫʨʝʪ 2.2 ï ʊᴅʫʝʣʩʽʟ ʘʩʧʘ ʞװʡʝʩʽ 

 

ʊᴅʫʝʣʩʽʟ ʘʩʧʘʥʳש ʘʨʪʳץʰʳʣʳץʪʘʨʳ ʢʝʣʝʩʽʜʝʡ: 

 ʜʦסשʘʣʘץʪʳש ʢᴇʣʙʝʫʽʥ ʜʠʥʘʤʠʢʘʣʳץ ʨʝʪʪʝʫ; 

 ʘʚʪʦʢᴇʣʽʢ ʙײʨʳʣʳʩʪʘʨʜʘ ץʦʟסʘʣסʘʥ ʢʝʟʜʝ ʜʝʥʝʥʽש ʘʡʥʘʣʫʳʥ ᴇʪʝʡʪʽʥ 

ʤʝʭʘʥʠʟʤ; 

 ʞʳʣʜʘʤʜʳץʧʝʥ ʞװʨʫ װʰʽʥ ʦשʪʘʡʣʳʣʳץ. 

ʄײʥʜʘʡ ʘʩʧʘʥʳש ʙʝʣʛʽʣʽ ʙʽʨ ʢʝʤʰʽʣʽʛʽ - ʙᴇʣʰʝʢʪʝʨʜʽש ʦʩʘʣʜʳסʳ. ɹײʣ ʪײʨסʳʜʘ 

ʘʩʧʘʥʳש ʪᴅʫʝʣʩʽʟ ʪװʨʽ ʪᴅʫʝʣʜʽʜʝʥ ʪᴇʤʝʥ. ʉʦʥʜʘʡ-ʘץ, ʜʦסשʘʣʘץʪʘʨʜʳץ שʦʟסʘʣʳʩʳʥ 

ʪʦץʪʘʪʘ ʪײʨʫ ʪײʪץʘʩʳʥʳײ שʟʳʥʜʳסʳʤʝʥ ʰʝʢʪʝʫʜʽ ʘʪʘʧ ᴇʪʢʝʥ ʞᴇʥ. 

 .ʦʣʜʘʥʳʣʘʜʳץ ʳ ʘʚʪʦʤʦʙʠʣʴʜʝʨʜʝ ʢᴇʙʽʥʝʩʝ ʪᴅʫʝʣʩʽʟ ʘʩʧʘסʘʟʽʨʛʽ ʟʘʤʘʥפ

ʉʦʥʳʤʝʥ ץʘʪʘʨ, ᴅʨ ʜᴇשʛʝʣʝʢʪʽש ʢʦʨʧʫʩץʘ ᴇʟʽʥʜʽʢ ʙʝʢʽʪʫ ʞװʡʝʩʽ ʞᴅʥʝ ᴇʟʽʥʽש 

ʩʝʨʽʧʧʝʣʽ ʵʣʝʤʝʥʪʪʝʨʽ ʙʘʨ. ɹײʣ ײץʨʳʣʳʤ ʘʚʪʦʤʦʙʠʣʴʜʝ ʞװʨʫ ʳסשʘʡʣʳʣʳסʳʥ 

ʝʜᴅʫʽʨ ʘʨʪʪʳʨʫסʘ ʤװʤʢʽʥʜʽʢ ʙʝʨʝʜʽ. ɹװʛʽʥʛʽ ʪʘשʜʘ ʪᴅʫʝʣʩʽʟ ʘʩʧʘʥʳש ʝש ʢᴇʧ 

ʪʘʨʘʣסʘʥ ʪװʨʽ ï çʄʘʢʌʝʨʩʦʥè ʪʠʧʪʽ ʘʩʧʘ [72]. 

ɸʫʳʨ ʪʝʭʥʠʢʘסʘ ʘʨʥʘʣסʘʥ ʘʨʥʘʡʳ ʢʦʥʩʪʨʫʢʮʠʷʣʳץ h ʝʰʽʤʜʝʨʽ: ʪʘʥʜʝʤʜʽʢ 

ʦʩʴʪʝʨ. ɸʫʳʨ ʢᴇʣʽʢʪʝʨʛʝ ʘʨʥʘʣסʘʥ ʞװʨʽʩ ʙᴇʣʽʢʪʝʨʽʥ ʞᴅʥʝ ʞʦʙʘʣʘʥסʘʥ ʤʦʙʠʣʴʜʽ 

ᴇʪʢʝʣʜʽ ץʘʤʪʠʪʳʥ ʘʨʥʘʡʳ ʪʝʭʥʠʢʘʥʳ ʪʘʣʜʘʫ ʢʦʥʪʝʢʩʪʽʥʜʝ ʪʘʥʜʝʤʜʽʢ ʦʩʴʪʽש 

 .ʘʞʝʪ [72], [73]ץ ʘʨʘʩʪʳʨʫץ ʨʳʣʳʤʳʥײץ

ʊʘʥʜʝʤ ʦʩʽ (ʩʫʨʝʪ - 2.3) - ʙʽʨ-ʙʽʨʽʥʝʥ ʝש ʘʟ ץʘʰʳץʪʳץʪʘ ʦʨʥʘʣʘʩץʘʥ ʝʢʽ ʦʩʴʪʝʥ 

ʪײʨʘʪʳʥ ץʦʩ ײץʨʳʣʳʤ. ɹײʣ ʰʝʰʽʤ ʞʘʨʪʳʣʘʡ ʪʽʨʢʝʤʝʣʝʨʜʝ ʞᴅʥʝ ʞװʢ 

ʤʘʰʠʥʘʣʘʨʳʥʜʘ ʙʽʨ ʦʩʴ װʰʽʥ ʨץײʩʘʪ ʝʪʽʣʛʝʥ ʩʘʣʤʘץʪʘʥ ʘʩʘʪʳʥ ʩʘʣʤʘץʪʳ ʙᴇʣʫ 

 .ʦʣʜʘʥʳʣʘʜʳ [73]ץ ʽʥʝʥשʰʽʥ ʢʝװ
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 ʪʘʫʳʥʘץʳʜʘʥ ʞʳʣʞʳʤʘʣʳ ʪʘʥʜʝʤʽ ʞʘʨʪʳʣʘʡ ʪʽʨʢʝʤʝ ʞʘסʨײʪ ץʨʳʣʳʤʜʳײפ

ʙʽʨʽʢʪʽʨʽʣʛʝʥ ʙʘסʳʪʪʘʫʰʳʣʘʨ ʙʦʡʳʤʝʥ ʞʳʣʞʠʪʳʥ ץʦʟסʘʣʤʘʣʳ ʩʳʨסʳʤʘʣʘʨסʘ 

ʦʨʥʘʪʳʣסʘʥ ץʦʩ ʦʩʴ ʪװʨʽʥʜʝ ʞװʟʝʛʝ ʘʩʳʨʳʣʘʜʳ. ɹײʣ ʞװʡʝʥʽש ʬʫʥʢʮʠʦʥʘʣʜʳסʳ 

ʘʚʪʦʧʦʝʟʜʳש ʪʦʣʳץ ʤʘʩʩʘʩʳʥʳש ʦʩʴʪʝʨ ʙʦʡʳʥʰʘ ʪʘʨʘʣʫʳʥ ʨʝʪʪʝʫ ʤװʤʢʽʥʜʽʛʽ 

ʙʦʣʳʧ ʪʘʙʳʣʘʜʳ. ɾװʢʪʝʤʝʥʽ ʨʝʪʪʝʫ ʰʘʨʪʳ ʪʽʨʢʝʤʝʥʽש ʤʘʩʩʘ ʦʨʪʘʣʳסʳʥʳש ʪʽʨʝʢ 

ʥװʢʪʝʣʝʨʽʥʝ ץʘʪʳʩʪʳ ʦʨʥʳʥ ᴇʟʛʝʨʪʫʛʝ ʥʝʛʽʟʜʝʣʛʝʥ: ʪʘʥʜʝʤ ʙʣʦʛʳʥ ʘʣסʘ ʞʳʣʞʳʪʫ 

ʪʽʨʢʝʤʝ ʦʩʴʪʝʨʽʥʝ ʪװʩʝʪʽʥ ʞװʢʪʝʤʝʥʽ ʘʨʪʪʳʨʳʧ, ʙʽʨ ʤʝʟʛʽʣʜʝ ʪʘʨʪץʳʰʪʳש 

ʞʝʪʝʢʰʽ ʢᴇʧʽʨʣʝʨʽʥʝ ʪװʩʝʪʽʥ ʞװʢʪʝʤʝʥʽ ʘʟʘʡʪʘʜʳ, ʘʣ ʙʣʦʢʪʳ ʘʨʪץʘ ʞʳʣʞʳʪʫ ʢʝʨʽ 

ᴅʩʝʨʛʝ ʘʣʳʧ ʢʝʣʝʜʽ, ʷסʥʠ ʪʘʨʪץʳʰץʘ ʪװʩʝʪʽʥ ʞװʢʪʝʤʝʥʽ ʘʨʪʪʳʨʘʜʳ [73]. [74]. ɹײʣ 

ʨʝʪʪʝʫ ʦʩʴʪʽʢ ʞװʢʪʝʤʝʣʝʨ ʙʦʡʳʥʰʘ ʟʘשʥʘʤʘʣʳץ ʙʝʣʛʽʣʝʥʛʝʥ ʞʦʣ ʥʦʨʤʘʣʘʨʳʥ ʜᴅʣ 

ʩʘץʪʘʫ װʰʽʥ ʘʩʘ ʤʘשʳʟʜʳ ʧʘʡʜʘʣʘʥʫ ʨᴅʩʽʤʽ ʙʦʣʳʧ ʪʘʙʳʣʘʜʳ.  

ʊʘʥʜʝʤʜʽʢ ʦʩʴʪʝʨʜʽש ʦʨʥʘʣʘʩʫʳ ʥʝʛʽʟʛʽ ʧʘʡʜʘʣʘʥʫ ʩʠʧʘʪʪʘʤʘʣʘʨʳʥʘ ʪʽʢʝʣʝʡ 

ᴅʩʝʨ ʝʪʝʜʽ: ʦʣ ʩʪʘʪʠʢʘʣʳץ ʞᴅʥʝ ʜʠʥʘʤʠʢʘʣʳץ ʞװʢʪʝʤʝʣʝʨʜʽש ʪʘʨʘʣʫʳʥ, 

ʪʽʨʢʝʤʝʥʽש ʘʨʪץʳ ʙᴇʣʽʛʽʥʽש ʙײʨʳʣʳʩʪʘʨʜʘסʳ ʪʘʨʪץʳʰʪʳץ שʦʟסʘʣʳʩ 

ʪʨʘʝʢʪʦʨʠʷʩʳʥʘʥ ʘʫʳʪץʫ ʰʘʤʘʩʳʥ (ʽʟʜʝʥʫ ײץʙʳʣʳʩʳ), ʙײʨʳʣʳʩʪʳש ʤʠʥʠʤʘʣʜʳ 

ʨʘʜʠʫʩʳʥ ʞᴅʥʝ ᴅʨʪװʨʣʽ ʞʦʣ ʞʘסʜʘʡʣʘʨʳʥʜʘ ʘʚʪʦʧʦʝʟʜʳש ʞʘʣʧʳ ʙʘסʘʤʜʳץ 

ʪײʨʘץʪʳʣʳסʳ ʤʝʥ ʙʘʩץʘʨʳʣʫʳʥ ʘʥʳץʪʘʡʜʳ. 

ɾװʨʽʩ ʙᴇʣʽʢʪʝʨʽʥʽש ʢʦʥʩʪʨʫʢʪʠʚʪʽ ʰʝʰʽʤʜʝʨʽʥ ʪʘʣʜʘʫ ʥʝʛʽʟʽʥʜʝ ʤʳʥʘʣʘʨ 

ʘʥʳץʪʘʣʜʳ: 

 ʪᴅʫʝʣʜʽ ʘʩʧʘʣʘʨ ʞʦסʘʨʳ ʙʝʨʽʢʪʽʢʪʽ, ײץʨʳʣʳʤʳʥʳץ שʘʨʘʧʘʡʳʤʜʳʣʳסʳʥ 

ʞᴅʥʝ ץʘʥʘסʘʪʪʘʥʘʨʣʳץ ʩʝʥʽʤʜʽʣʽʢʧʝʥ ʪᴇʤʝʥ ײץʥʳʥ ʢᴇʨʩʝʪʝʜʽ, ʙײʣ ʦʣʘʨʜʳש ʘʫʳʨ 

ʞᴅʥʝ ʢʦʤʤʝʨʮʠʷʣʳץ ʪʝʭʥʠʢʘʜʘ, ʩʦʥʳש ʽʰʽʥʜʝ, ʪʝʧʝ-ʪʝשʜʽʢ ʞᴅʥʝ ʪʘʥʜʝʤʜʽʢ ʦʩʴʪʽʢ 

ʰʝʰʽʤʜʝʨʜʝ ץʦʣʜʘʥʳʣʫʳʥ ʘʣʜʳʥ ʘʣʘ ʘʥʳץʪʘʡʜʳ. 

 ʪᴅʫʝʣʩʽʟ ʘʩʧʘʣʘʨ ʥʝײסʨʣʳʤ ʢװʨʜʝʣʽ ʞᴅʥʝ ץʳʤʙʘʪ ʢʠʥʝʤʘʪʠʢʘʣʳץ ʩʭʝʤʘʣʘʨ 

ʘʨץʳʣʳ ʜʠʥʘʤʠʢʘʣʳץ ᴇʥʽʤʜʽʣʽʢʪʽ, ʪʝʛʽʩ ʞװʨʫʜʽ ʞᴅʥʝ ʙʘʩץʘʨʫ ʜᴅʣʜʽʛʽʥ ץʘʤʪʘʤʘʩʳʟ 

ʝʪʝʜʽ. 

 ʢɻʩʪʨʝʤʘʣʜʳ ʞװʢʪʝʤʝʣʝʨʤʝʥ ʞײʤʳʩ ʽʩʪʝʡʪʽʥ ʪʝʭʥʠʢʘ װʰʽʥ (ʤʦʙʠʣʴʜʽ ʞʦʣ 
ᴇʪʧʝʩʽ ʩʠʷץʪʳ) ʤʘʩʩʘʥʳ ʦשʪʘʡʣʳ ʙᴇʣʫʛʝ ʞᴅʥʝ ʞװʨʽʩ ʙᴇʣʽʛʽʥ ᴇʟʛʝʨʝʪʽʥ 

ʞʘסʜʘʡʣʘʨסʘ ʙʝʡʽʤʜʝʫʛʝ ʤװʤʢʽʥʜʽʢ ʙʝʨʝʪʽʥ ʢᴇʧ ʦʩʴʪʽ ʩʭʝʤʘʣʘʨ ʤʝʥ ʪʘʥʜʝʤʜʽʢ 

ʰʝʰʽʤʜʝʨ ʧʝʨʩʧʝʢʪʠʚʘʣʳ. 

ʂᴇʣʽʢ ʪʝʭʥʠʢʘʩʳʥʳש ʞװʨʽʩ ʙᴇʣʽʢʪʝʨʽʥʽש ʢʦʥʩʪʨʫʢʮʠʷʣʘʨʳʥ ʪʘʣʜʘʫ ʞᴅʥʝ 

ʞװʡʝʣʝʫ ʥʘץʪʳ ʪײʞʳʨʳʤʜʘʨ ʞʘʩʘʫסʘ ʞᴅʥʝ ʤʦʙʠʣʴʜʽ ᴇʪʢʝʣʜʽש ʞװʨʽʩ ʙᴇʣʽʛʽʥ 

ᴅʟʽʨʣʝʫʜʽש ʪײʞʳʨʳʤʜʘʤʘʣʳץ ʙʘסʳʪʳʥ ʘʥʳץʪʘʫסʘ ʤװʤʢʽʥʜʽʢ ʙʝʨʝʜʽ. 

ʘʨʘʩʪʳʨʫ hץ ʳ ʞʽʢʪʝʣʽʤʜʝʨʜʽסʦʣʜʘʥʳʩʪʘפ ʝʰʽʤʜʽ ʜʝʨʝʢʩʽʟ ʽʟʜʝʫʜʝʥ ʜᴅʣʝʣʜʝʥʛʝʥ 

ʪʝʭʥʠʢʘʣʳץ ʰʝʰʽʤʜʝʨʜʽש ʢʦʤʙʠʥʘʮʠʷʩʳ ʥʝʛʽʟʽʥʜʝ ʤʘץʩʘʪʪʳ ʢʦʥʩʪʨʫʢʮʠʷ 

ʩʠʥʪʝʟʽʥʝ ʢᴇʰʫʛʝ ʤװʤʢʽʥʜʽʢ ʙʝʨʜʽ [55], [64], [66].  

-ʢʦʥʩʪʨʫʢʮʠʷ שʨʽʩ ʙᴇʣʽʢʪʝʨʽʥʽװʞ שʦʨʳʪʳʥʜʣrʘʡ ʢʝʣʝ, ʢᴇʣʽʢ ʪʝʭʥʠʢʘʩʳʥʳפ

ʣʘʨʳʥ ʪʘʣʜʘʫ ʞᴅʥʝ ʞװʡʝʣʝʫ ᴅʟʽʨʣʝʫ װʰʽʥ ʤʘץʩʘʪʪʳ ʪײʞʳʨʳʤʜʘʤʘʥʳ 

ʪײʞʳʨʳʤʜʘʫסʘ ʤװʤʢʽʥʜʽʢ ʙʝʨʜʽ, ʙʽʨʘץ ʥʘץʪʳ ʢʦʥʩʪʨʫʢʪʠʚʪʽ ʽʩʢʝ ʘʩʳʨʫʜʳ 

ʘʥʳץʪʘʤʘʡʜʳ. ɾʘʣʧʳ ʪײʞʳʨʳʤʜʘʤʘʜʘʥ ʝʛʞʝʡ-ʪʝʛʞʝʡʣʽ ʪʝʭʥʠʢʘʣʳײ ץʩʳʥʳʩץʘ 

ʢᴇʰʫ ʞᴅʥʝ ʞװʨʽʩ ʙᴇʣʽʛʽʥ ײץʨʫʜʳש ʙʘʨʣʳץ ʤװʤʢʽʥ ʥײʩץʘʣʘʨʳʥ ʘʥʳץʪʘʫ װʰʽʥ 

ʞװʡʝʣʽ ʪᴅʩʽʣ ץʘʞʝʪ. ʄײʥʜʘʡ ײץʨʘʣ ʤʦʨʬʦʣʦʛʠʷʣʳץ ʪʘʣʜʘʫ ʙʦʣʳʧ ʪʘʙʳʣʘʜʳ, ʙײʣ 

ʞװʡʝʥʽש ᴅʨʙʽʨ ʥʝʛʽʟʛʽ ʢᴇʨʩʝʪʢʽʰʽ ʙʦʡʳʥʰʘ ʰʝʰʽʤʜʝʨʜʽש ʙʘʨʣʳץ 

ʢʦʤʙʠʥʘʮʠʷʣʘʨʳʥ ʪʦʣʳץ ʽʨʽʢʪʝʫʛʝ ʞᴅʥʝ ʙʘסʘʣʘʫסʘ ʤװʤʢʽʥʜʽʢ ʙʝʨʝʜʽ. 
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2.2 ɾʦʣ ᴇʪʧʝʩʽʥʽש ʞװʨʽʩ ʙᴇʣʽʛʽʥ ʤʦʨʬʦʣʦʛʠʷʣʳץ ʪʘʣʜʘʫ ʞᴅʥʝ ʩʠʥʪʝʟʜʝʫ 

 

2.1 ʪʘʨʤʘץʪʘ ʘʥʳץʪʘʣסʘʥʜʘʡ, ʤʦʙʠʣʴʜʽ ʠʥʞʝʥʝʨʣʽʢ ײץʨʳʣʳʩʪʘʨʜʳש ʞװʨʽʩ 

ʞװʡʝʣʝʨʽ ײץʨʳʣʳʤʜʳץ ʰʝʰʽʤʜʝʨʜʽש ʘʡʪʘʨʣʳץʪʘʡ ᴅʨʪװʨʣʽʣʽʛʽʤʝʥ ʩʠʧʘʪʪʘʣʘʜʳ. 

ᴄʟʽʨʣʝʥʽʧ ʞʘʪץʘʥ ʤʦʙʠʣʴʜʽ ʞʦʣ ᴇʪʧʝʩʽ װʰʽʥ (ʦʥʳש ʢᴇʨʩʝʪʢʽʰʪʝʨʽ 1.5 ʙᴇʣʽʤʜʝ 

ʘʡץʳʥʜʘʣסʘʥ) ʞװʨʽʩ ʙᴇʣʽʛʽ ʤʘשʳʟʜʳ ʵʣʝʤʝʥʪ ʙʦʣʳʧ ʪʘʙʳʣʘʜʳ. ʆʣ ײץʨʳʣʳʤʜʳ 

ʞײʤʳʩ ʦʨʥʳʥʘ ʪʘʩʳʤʘʣʜʘʫʜʳ סʘʥʘ ʝʤʝʩ, ʩʦʥʳʤʝʥ ץʘʪʘʨ ʦʥʳ ʪʨʘʥʰʝʷʥʳװ שʩʪʽʥʝ 

ʜᴅʣ ʦʨʥʘʪʫʜʳ, ץʦʟסʘʣʘʪʳʥ ʢᴇʣʽʢʪʝʥ ʞװʢʪʝʤʝ ʢʝʟʽʥʜʝ ʪײʨʘץʪʘʥʜʳʨʫʜʳ, ʩʦʥʜʘʡ-ʘץ, 

ʢʝʡʽʥʥʝʥ ʢᴇʣʽʢ ʞʘסʜʘʡʳʥʘ ʢᴇʰʫʜʽ ץʘʤʪʘʤʘʩʳʟ ʝʪʫʽ ʢʝʨʝʢ [55], [66]. 

ʌʫʥʢʮʠʷʣʘʨ ʤʝʥ ʧʘʡʜʘʣʘʥʫ ʪʘʣʘʧʪʘʨʳʥʳש ʢʝש ʘʫץʳʤʳ (ʪʠʧʪʽʢ ʪʘʨʪץʳʰ-

ʪʘʨʤʝʥ װʡʣʝʩʽʤʜʽʣʽʢ, ץʘʣʘʣʳץ ʞײʤʳʩ, -40-ʪʘʥ +40 ÁC-ץʘ ʜʝʡʽʥʛʽ ʪʝʤʧʝʨʘʪʫʨʘ 

ʜʠʘʧʘʟʦʥʳ) ʢᴇʧʪʝʛʝʥ ʳץʪʠʤʘʣ ʪʝʭʥʠʢʘʣʳץ ʰʝʰʽʤʜʝʨʜʽ ʪʫʜʳʨʘʜʳ. ʊᴅʞʽʨʠʙʝʣʽʢ 

ʧʘʡʳʤסʘ ʥʝʤʝʩʝ ץײʩʘʩ ʰʝʰʽʤʜʝʨʛʝ ʥʝʛʽʟʜʝʣʛʝʥ ʥײʩץʘʣʘʨʜʳ ʪʽʢʝʣʝʡ ʪʘשʜʘʫ 

ʦשʪʘʡʣʳ ʰʝʰʽʤʜʽ ʪʘʙʫסʘ ʢʝʧʽʣʜʽʢ ʙʝʨʤʝʡʜʽ ʞᴅʥʝ ʧʝʨʩʧʝʢʪʠʚʘʣʳ ʢʦʤʙʠʥʘʮʠʷ-

ʣʘʨʜʳש ʥʘʟʘʨʜʘʥ ʪʳʩ ץʘʣʫʳʥʘ ʘʣʳʧ ʢʝʣʫʽ ʤװʤʢʽʥ. ʆʩʳסʘʥ ʙʘʡʣʘʥʳʩʪʳ ʞװʨʽʩ 

ʙᴇʣʽʛʽʥʽש ʢᴇʧʪʝʛʝʥ ʤװʤʢʽʥ ʢʦʥʩʪʨʫʢʮʠʷʣʘʨʳʥ ʞװʡʝʣʽ ʟʝʨʪʪʝʫ װʰʽʥ 

ʤʦʨʬʦʣʦʛʠʷʣʳץ ʪʘʣʜʘʫʜʳש ʬʦʨʤʘʣʴʜʳ ᴅʜʽʩʽ ץʦʣʜʘʥʳʣʜʳ [74], [75]. 

ʄʦʨʬʦʣʦʛʠʷʣʳץ ʪʘʣʜʘʫ - ʙײʣ ʢʦʥʩʪʨʫʢʮʠʷʥʳש, ʪʝʭʥʠʢʘʣʳץ ʰʝʰʽʤʜʝʨʜʽש 

ʥʝʤʝʩʝ װʨʜʽʩʪʝʨʜʽש ʙʘʨʣʳץ ʤװʤʢʽʥ ʥײʩץʘʣʘʨʳʥ ʞװʡʝʣʽ ʪװʨʜʝ ʘʥʳץʪʘʫסʘ 

ʤװʤʢʽʥʜʽʢ ʙʝʨʝʪʽʥ ʪʝʦʨʠʷʣʳץ ᴅʜʽʩ. ʆʣ ʦʙʲʝʢʪʽʥʽש ʞʽʢʪʝʫ ʝʨʝʢʰʝʣʽʢʪʝʨʽʥ 

ʦץʰʘʫʣʘʫסʘ ʞᴅʥʝ ʦʣʘʨʜʳש ʙʘʨʣʳץ ʢʦʤʙʠʥʘʮʠʷʣʘʨʳʥ ʤʦʨʬʦʣʦʛʠʷʣʳץ ʢʝʩʪʝ 

ʪװʨʽʥʜʝ ץʘʣʳʧʪʘʩʪʳʨʫסʘ ʥʝʛʽʟʜʝʣʛʝʥ (çʤʦʨʬʦʣʦʛʠʷʣʳץ ץʘʨʘ ʞᴅʰʽʢè ʜʝʧ ʪʝ 

ʘʪʘʣʘʜʳ) [74]ï[76]. 

ʄʦʨʬʦʣʦʛʠʷʣʳץ ʪʘʣʜʘʫ ʘʣʛʦʨʠʪʤʽ ʤʳʥʘʣʘʨʜʳ ץʘʤʪʠʜʳ: 

 ;ʪʘʫץʞʽʢʪʝʫ ʙʝʣʛʽʣʝʨʽʥ ʘʥʳ שʨʳʣʳʤʥʳײץ 

 ʤʦʨʬʦʣʦʛʠʷʣʳץ ʢʝʩʪʝʥʽ ײץʨʫ; 

 ʘʣʳʥסʘʥ ʢʦʤʙʠʥʘʮʠʷʣʘʨʜʳ ʪʘʣʜʘʫ ʞᴅʥʝ ײʪʳʤʜʳ ʥײʩץʘʥʳ ʪʘשʜʘʫ. 

ʄʦʨʬʦʣʦʛʠʷʣʳץ ʪʘʣʜʘʫʜʳ ץʦʣʜʘʥʫʜʳש ʤʘץʩʘʪʳ ץʘʣʘʣʳץ ʞʘסʜʘʡʜʘ 

ʢʦʤʤʫʥʘʣʜʳץ ʞʝʣʽʣʝʨ ʩʘʣʜʘʨʳʥʘʥ ץʘʟʳʣסʘʥ ʪʨʘʥʰʝʷʣʘʨʜ rʝשʩʝʨʫ װʰʽʥ 

 ʤʢʽʥװʰʽʥ ʤװ ʨʽʩ ʙᴇʣʽʛʽʥ ʞʦʙʘʣʘʫװʞ שʦʣʜʘʥʳʣʘʪʳʥ ʤʦʙʠʣʴʜʽ ʞʦʣ ᴇʪʧʝʩʽʥʽץ

ʙʦʣʘʪʳʥ ʪʝʭʥʠʢʘʣʳץ ʰʝʰʽʤʜʝʨʜʽ ʟʝʨʪʪʝʫ ʞᴅʥʝ ʞװʡʝʣʝʫ ʙʦʣʳʧ ʪʘʙʳʣʘʜʳ. 

ʄʦʙʠʣʴʜʽ ʞʦʣ ᴇʪʧʝʩʽʥʽש ʞװʨʽʩ ʙᴇʣʽʛʽʥʝ ʤʦʨʬʦʣʦʛʠʷʣʳץ ʪʘʣʜʘʫ ʞװʨʛʽʟʫ װʰʽʥ 

ʦʥʳש ʞײʤʳʩʳʥʘ, ײʪץʳʨʣʳסʳʥʘ, ץʘʣʘʣʳץ ʦʨʪʘʤʝʥ װʡʣʝʩʽʤʜʽʣʽʛʽʥʝ ʞᴅʥʝ 

ʪʝʭʥʠʢʘʣʳץ ʩʠʧʘʪʪʘʤʘʣʘʨʳʥʘ ᴅʩʝʨ ʝʪʝʪʽʥ ײץʨʳʣʳʤʥʳש ʥʝʛʽʟʛʽ ʢᴇʨʩʝʪʢʽʰʪʝʨʽ 

(ʞʽʢʪʝʫ ʙʝʣʛʽʣʝʨʽ) ʘʥʳץʪʘʣʜʳ. ʄײʥʜʘʡ ʞʽʢʪʝʫ ʙʝʣʛʽʣʝʨʽʥʽ18 ש-̔ ʪʘשʜʘʣʜʳ (ʢʝʩʪʝ 

2.1). 

 

ʂʝʩʪʝ 2.1 -ɾװʨʽʩ ʙᴇʣʽʛʽ ʢʦʥʩʪʨʫʢʮʠʷʩʳʥʳש ʞʽʢʪʝʫ ʙʝʣʛʽʣʝʨʽ 
ˉ ʂᴇʨʩʝʪʢʽʰ ʅײʩץʘ 

1 2 3 

1 

ɾװʨʽʩ ʙᴇʣʽʛʽ 

ʢʦʥʩʪʨʫʢʮʠʷʩʳʥʳש 

ʪװʨʽ 

ʊᴇʤʝʥ ʨʘʤʘʣʳ 2-ʦʩʴʪʽ 

ʊᴇʤʝʥ ʨʘʤʘʣʳ 3-ʦʩʴʪʽ 

ɾʦסʘʨʳ ʨʘʤʘʣʳ 2-ʦʩʴʪʽ 

ɸʜʘʧʪʝʨʣʝʨʽ ʙʘʨ ʤʦʜʫʣʴʜʽʢ ʙʘʣʢʘʣʳ 

ʐʳʥʞʳʨ ʪʘʙʘʥʜʳ ʘʨʙʘʰʘ 

ɸʣʳʥʙʘʣʳ ʤʦʡʥʳ ʙʘʨ ʞʘʨʪʳʣʘʡ ʪʽʨʢʝʤʝ 
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ʂʝʩʪʝ 2.1 ʞʘʣסʘʩʳ 
1 2 3 

2 ʅʝʛʽʟʛʽ ʬʫʥʢʮʠʷʩʳ 

ʊʝʢ ʪʘʩʳʤʘʣʜʘʫ 

ʊʘʩʳʤʘʣʜʘʫ + ʙʝʢʽʪʫ 

ʊʘʩʳʤʘʣʜʘʫ + ʦʨʥʘʪʫ 

ʊʘʩʳʤʘʣʜʘʫ + ʙʝʢʽʪʫ + ᴇʟʽʥʜʽʢ ʧʦʟʠʮʠʷʣʘʫ 

3 ʐʘʩʩʠ / ʨʘʤʘ ʪװʨʽ 

 ʘʪʪʳ ʜᴅʥʝʢʝʨʣʝʥʛʝʥפ

ɹʦʣʪʪʳ-ʜᴅʥʝʢʝʨʣʽ ײץʨʘʩʪʳʨʤʘʣʳ 

ʃʦʥʞʝʨʦʥʜʘʨʳ ʤʝʥ ץʘʙʳʨסʘʣʘʨʳ ʙʘʨ ʨʘʤʘʣʳץ 

ʂʝשʽʩʪʽʢʪʽʢ ʬʝʨʤʘ 

 ʡʤʘʣʳ ʤʦʜʫʣʴʜʽʢײפ

4 
ʆʩʴʪʝʨ / ʜᴇשʛʝʣʝʢʪʝʨ 

ʩʘʥʳ 

1 ʦʩʴ (2 ʜᴇשʛʝʣʝʢ) 

2 ʦʩʴ (4 ʜᴇשʛʝʣʝʢ) 

ʊʘʥʜʝʤ 2 ʦʩʴ (8 ץʦʩ ʜᴇשʛʝʣʝʢ) 

3 ʦʩʴ (6 ʜᴇשʛʝʣʝʢ) 

ɹʘʣʘʥʩʠʨʣʽ ʘʨʙʘʰʘ 

5 ʇʘʡʜʘʣʳ ʞװʢʪʝʤʝ 

6 ʪ ʜʝʡʽʥ 

8 ʪ ʜʝʡʽʥ 

10 ʪ ʜʝʡʽʥ 

12 ʪ ʜʝʡʽʥ 

14ï16 ʪ 

6 
ɾʘʙʜʳץʪʘʣסʘʥ 

ʰʘʩʩʠʜʽש ʤʘʩʩʘʩʳ 

~2 ʪ 

~2,5 ʪ 

~3 ʪ 

3,5ï4 ʪ 

>4 ʪ 

7 
ɾʦʣ ᴇʪʧʝʩʽʥʽש ʪʦʣʳץ 

ʤʘʩʩʘʩʳ 

11 ʪ ʜʝʡʽʥ 

13 ʪ ʜʝʡʽʥ 

15 ʪ ʜʝʡʽʥ 

16ï18 ʪ 

8 ʈʘʤʘʥʳש ʛʘʙʘʨʠʪʪʝʨʽ 

~8Ĭ2,5 ʤ 

~9,5Ĭ2,5 ʤ 

~10,9Ĭ2,373 ʤ 

~13Ĭ3,5 ʤ 

ʊʝʣʝʩʢʦʧʠʷʣʳ8 ץï12 ʤ 

9 ɾʦʣ ʩʘשʳʣʘʫʳ 

250ï300 ʤʤ 

320ï350 ʤʤ 

380 ʤʤ 

420ï450 ʤʤ 

ɻʠʜʨʘʚʣʠʢʘʣʳץ ʨʝʪʪʝʣʝʪʽʥ 

10 
ɸʩʬʘʣʴʪʪʘסʳ ʝש 

ʞʦסʘʨʳ ʞʳʣʜʘʤʜʳץ 

40 ʢʤ/ʩʘס 

60 ʢʤ/ʩʘס 

80 ʢʤ/ʩʘס 

90ï100 ʢʤ/ʩʘס 

11 
ʊʦʧʳʨʘץ ʞʦʣʜʘסʳ ʝש 

ʞʦסʘʨʳ ʞʳʣʜʘʤʜʳץ 

20 ʢʤ/ʩʘס 

30 ʢʤ/ʩʘס 

40 ʢʤ/ʩʘס 

50 ʢʤ/ʩʘס 
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ʂʝʩʪʝ 2.1 ʞʘʣסʘʩʳ 
1 2 3 

12 ʐʠʥʘ ʪװʨʽ 

9.00R20 

10.00R20 

11.00R20 

385/65R22.5 

425/65R22.5 

13 ʐʠʥʘʜʘסʳ ץʳʩʳʤ 

4,5ï5,0 

5,75 

6,5 

ʆʨʪʘʣʳץʪʘʥʜʳʨʳʣסʘʥ ץʳʩʳʤ ʨʝʪʪʝʫ ʞװʡʝʩʽ 

14 ʊʽʨʢʝʫ ײץʨʳʣסʳʩʳ 

ʉʝʜʝʣʴʜʽ-ʪʽʨʢʝʤʝ ײץʨʳʣסʳʩʳʥʘ ʘʨʥʘʣסʘʥ ʰʢʚʦʨʝʥʴ 

DIN ʽʣʤʝʛʽ 

ʄɽʄʉʊ 2349-75  H=750 ʽʣʤʝʛʽ 

ʐʘʨʣʳ (50 ʤʤ) 

ᴄʤʙʝʙʘʧ ʘʫʳʩʪʳʨʤʘʣʳ ʢʽʨʽʩʪʽʨʫ 

15 ɸʩʧʘ ʞװʡʝʩʽ 

ʈʝʩʩʦʨʣʳ 

ʈʝʩʩʦʨʣʘʨ + ʘʤʦʨʪʠʟʘʪʦʨʣʘʨ 

ʇʥʝʚʤʦʘʩʧa 

ʊʦʨʩʠʦʥʜʳ 

ɹʘʣʘʥʩʠʨʣʽ 

16 ʇʦʟʠʮʠʷʣʘʫ ʞʝʪʝʛʽ 

ʊʨʦʩʪʳ ʣɻʝʢʪʨʦʤʝʭʘʥʠʢʘʣʳץ  

ɻʠʜʨʘʚʣʠʢʘʣʳץ 

 ץʦʣʤʝʥ ʤʝʭʘʥʠʢʘʣʳפ

17 
ʆʩʴʪʽ ʞʳʣʞʳʪʫ 

ʤʝʭʘʥʠʟʤʽ 

ʈʦʣʠʢʪʝʨʽ ʙʘʨ ץʦʟסʘʣʤʘʣʳ ʘʨʙʘʰʘʣʘʨ 

ʉʳʨסʳʤʘʣʳ ʧʣʘʪʬʦʨʤʘ 

18 ʆʩʴʪʝʨʜʽ ʙʝʢʽʪʫ ʞװʡʝʩʽ 

ɸʚʪʦʤʘʪʪʳ ʧʥʝʚʤʦʮʠʣʠʥʜʨʣʝʨ 

ʄʝʭʘʥʠʢʘʣr  ʰʪʳʨʴʣʘʨ ץ

ɹײʨʘʥʜʘʣʳ ʪʘʨʪץʳʰʪʘʨ 

 

ɹʘʨʣʳץ ʙʝʣʛʽʣʝʨ ʤʝʥ ʪʠʽʩʪʽ ʥײʩץʘʣʘʨ ʤʦʨʬʦʣʦʛʠʷʣʳ2.2 ץ ʢʝʩʪʝʛʝ ʢʝʣʪʽʨʽʣʜʽ. 

 

ʂʝʩʪʝ 2.2 - ʄʦʙʠʣʴʜʽ ʞʦʣ ᴇʪʧʝʩʽʥʽש ʞװʨʽʩ ʙᴇʣʽʛʽʥʽש ʙʘʨʣʳץ ʥײʩץʘʣʘʨʳ 
ʂᴇʨʩʝʪʢʽʰʪʝʨ V1 V2 V3 V4 V5 V6 

ɾװʨʽʩ ʙᴇʣʽʛʽ 

ʢʦʥʩʪʨʫʢʮʠʷʩʳ

ʥʳש ʪװʨʽ 

ʊᴇʤʝʥ 

ʨʘʤʘʣʳ  

2-ʦʩʴʪʽ 

ʊᴇʤʝʥ 

ʨʘʤʘʣʳ  

3-ʦʩʴʪʽ 

ɾʦסʘʨʳ 

ʨʘʤʘʣʳ 2-ʦʩʴʪʽ 

ɸʜʘʧʪʝʨʣʝʨʽ 

ʙʘʨ 

ʤʦʜʫʣʴʜʽʢ 

ʙʘʣʢʘʣʳ 

ʐʳʥʞʳʨ 

ʪʘʙʘʥʜʳ 

ʘʨʙʘʰʘ 

ɸʣʳʥʙʘʣʳ 

ʤʦʡʥʳ ʙʘʨ 

ʞʘʨʪʳʣʘʡ 

ʪʽʨʢʝʤʝ 

ʅʝʛʽʟʛʽ 

ʬʫʥʢʮʠʷʩʳ 

ʊʝʢ 

ʪʘʩʳʤʘʣʜʘ

ʫ 

ʊʘʩʳʤʘʣʜʘʫ 

+ ʙʝʢʽʪʫ 

ʊʘʩʳʤʘʣʜʘʫ + 

ʦʨʥʘʪʫ 

ʊʘʩʳʤʘʣʜʘʫ 

+ ʙʝʢʽʪʫ + 

ᴇʟʽʥʜʽʢ 

ʧʦʟʠʮʠʷʣʘʫ 

ï ï 

ʐʘʩʩʠ / ʨʘʤʘ 

ʪװʨʽ 

 ʘʪʪʳפ

ʜᴅʥʝʢʝʨ-

ʣʝʥʛʝʥ 

ɹʦʣʪʪʳ-

ʜᴅʥʝʢʝʨʣʽ 

ʨʘʩʪʳʨʤʘײץ

ʣ  r

ʃʦʥʞʝʨʦʥʜʘʨʳ 

ʤʝʥ 

 ʘʣʘʨʳסʘʙʳʨץ

ʙʘʨ ʨʘʤʘʣʳץ 

ʂʝשʽʩʪʽʢʪʽʢ 

ʬʝʨʤʘ 

 ʡʤʘʣʳײפ

ʤʦʜʫʣʴ-

ʜʽʢ 

ï 

ʆʩʴʪʝʨ / 

ʜᴇשʛʝʣʝʢʪʝʨ 

ʩʘʥʳ 

1 ʦʩʴ (2 

ʜᴇשʛʝʣʝʢ) 

2 ʦʩʴ (4 

ʜᴇשʛʝʣʝʢ) 

ʊʘʥʜʝʤ 2 ʦʩʴ 

 ʦʩץ 8)

ʜᴇשʛʝʣʝʢ) 

3 ʦʩʴ (6 

ʜᴇשʛʝʣʝʢ) 

ɹʘʣʘʥʩʠʨ

ʣʽ ʘʨʙʘʰʘ 
ï 
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ʂʝʩʪʝ 2.2 ʞʘʣסʘʩʳ 
1 2 3 4 5 6 7 

ʇʘʡʜʘʣʳ 

ʞװʢʪʝʤʝ 
6 ʪ ʜʝʡʽʥ 8 ʪ ʜʝʡʽʥ 10 ʪ ʜʝʡʽʥ 12 ʪ ʜʝʡʽʥ 14ï16 ʪ ï 

ɾʘʙʜʳץʪʘʣ-

 שʘʥ ʰʘʩʩʠʜʽס

ʤʘʩʩʘʩʳ 

~2 ʪ ~2,5 ʪ ~3 ʪ 3,5ï4 ʪ >4 ʪ ï 

ɾʦʣ ᴇʪʧʝʩʽʥʽש 

ʪʦʣʳץ 

ʤʘʩʩʘʩʳ 

11 ʪ ʜʝʡʽʥ 13 ʪ ʜʝʡʽʥ 15 ʪ ʜʝʡʽʥ 16ï18 ʪ ï ï 

ʈʘʤʘʥʳש 

ʛʘʙʘʨʠʪʪʝʨʽ 
~8Ĭ2,5 ʤ ~9,5Ĭ2,5 ʤ ~10,9Ĭ2,373 ʤ ~12Ĭ2,5 ʤ 

ʊʝʣʝʩʢʦʧ

ʠʷʣʳ8 ץï

12 ʤ 

ï 

ɾʦʣ 

ʩʘשʳʣʘʫʳ 
250ï300 ʤʤ 320ï350 ʤʤ 380 ʤʤ 420ï450 ʤʤ 

ɻʠʜʨʘʚ-

ʣʠʢʘʣʳץ 

ʨʝʪʪʝ-

ʣʝʪʽʥ 

ï 

ɸʩʬʘʣʴʪʪʘסʳ 

ʝש ʞʦסʘʨʳ 

ʞʳʣʜʘʤʜʳץ 

40 ʢʤ/ʩʘ60 ס ʢʤ/ʩʘ80 ס ʢʤ/ʩʘס 
90 ï100 

ʢʤ/ʩʘס 
ï ï 

ʊʦʧʳʨʘץ 

ʞʦʣʜʘסʳ ʝש 

ʞʦסʘʨʳ 

ʞʳʣʜʘʤʜʳץ 

20 ʢʤ/ʩʘ30 ס ʢʤ/ʩʘ40 ס ʢʤ/ʩʘ50 ס ʢʤ/ʩʘס ï ï 

ʐʠʥʘ ʪװʨʽ 9.00R20 10.00R20 11.00R20 385/65R22.5 
425/65R2

2.5 
ï 

ʐʠʥʘʜʘסʳ 

 ʡʝװʳʩʳʤ / ʞץ
4,5ï5,0 5,75 6,5 

ʆʨʪʘʣʳץʪʘʥʜ

ʳʨʳʣסʘʥ 

 ʳʩʳʤ ʨʝʪʪʝʫץ

ʞװʡʝʩʽ 

ï ï 

ʊʽʨʢʝʫ 

 ʳʩʳסʨʳʣײץ

ʉʝʜʝʣʴʜʽ-

ʪʽʨʢʝʤʝ 

ʳʩʳסʨʳʣײץ

ʥʘ ʘʨʥʘʣסʘʥ 

ʰʢʚʦʨʝʥʴ 

DIN ʽʣʤʝʛʽ 

ʄɽʄʉʊ 2349-

75  H=750 

ʽʣʤʝʛʽ 

ʐʘʨʣʳ (50 

ʤʤ) 

ᴄʤʙʝʙʘʧ 

ʘʫʳʩʪʳʨ

ʤʘʣʳ 

ʢʽʨʽʩʪʽʨʫ 

ï 

ɸʩʧʘ ʞװʡʝʩʽ ʈʝʩʩʦʨʣʳ 

ʈʝʩʩʦʨʣʘʨ + 

ʘʤʦʨʪʠʟʘʪʦʨ

ʣʘʨ 

ʇʥʝʚʤʦʘʩʧʘ ʊʦʨʩʠʦʥʜʳ 
ɹʘʣʘʥʩʠʨ

ʣ ̔
ï 

ʇʦʟʠʮʠʷʣʘʫ 

ʞʝʪʝʛʽ 

ʊʨʦʩʪʳ 

ʣɻʝʢʪʨʦʤʝʭʘ

ʥʠʢʘʣʳץ  

ɻʠʜʨʘʚʣʠʢʘ-

ʣʳץ 

 ʦʣʤʝʥפ

ʤʝʭʘʥʠʢʘʣʳץ 
ï ï ï 

ʆʩʴʪʽ 

ʞʳʣʞʳʪʫ 

ʤʝʭʘʥʠʟʤʽ 

ʈʦʣʠʢʪʝʨʽ 

ʙʘʨ 

 ʘʣʤʘʣʳסʦʟץ

ʘʨʙʘʰʘʣʘʨ 

ʉʳʨסʳʤʘʣʳ 

ʧʣʘʪʬʦʨʤʘ 
ï ï ï ï 

ʆʩʴʪʝʨʜʽ 

ʙʝʢʽʪʫ ʞװʡʝʩʽ 

ɸʚʪʦʤʘʪʪʳ 

ʧʥʝʚʤʦʮʠʣʠ

ʥʜʨʣʝʨ 

ʄʝʭʘʥʠʢʘ-

ʣʳץ 

ʰʪʳʨʴʣʘʨ 

ɹײʨʘʥʜʘʣʳ 

ʪʘʨʪץʳʰʪʘʨ 
ï ï ï 
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 שʥʝʛʽʟʽʥʜʝ ʤʦʙʠʣʴʜʽ ʞʦʣ ᴇʪʧʝʩʽʥʽ שʢʝʩʪʝʥʽ ץʘʥ ʤʦʨʬʦʣʦʛʠʷʣʳסʨʘʩʪʳʨʳʣײפ

ʞװʨʽʩ ʙᴇʣʽʛʽʥʽש ʙʘʨʣʳץ ʪװʨʜʝʛʽ ʢʦʥʬʠʛʫʨʘʮʠʷʣʘʨʳʥʳש ʞʘʣʧʳ ʩʘʥʳ ʢʝʣʝʩʽ 

ʬʦʨʤʫʣʘ ʙʦʡʳʥʰʘ ʘʥʳץʪʘʣʘʜʳ [75], [76]: 

 

 ὔ̋ ̏̎̕ὲϽὲϽὲϽȣȢϽὲ (2.1) 

 

ὔ̋ ̏̎̕φϽτϽυϽυϽυϽυϽτϽυϽυϽτϽτϽυϽτϽυϽυϽσϽςϽσ º ρςϽρπ 

 

ᴄʨ ʪװʨʣʽ ʢʦʥʬʠʛʫʨʘʮʠʷʣʘʨʜʳש ʩʘʥʳʥ ʘʟʘʡʪʫ ʞᴅʥʝ ʤʦʙʠʣʴʜʽ ʞʦʣ ᴇʪʧʝʩʽʥʽש 

ʞװʨʽʩ ʙᴇʣʽʛʽʥʽש ʦשʪʘʡʣʳ ײץʨʳʣʳʤʳ װʰʽʥ ʦʣʘʨʜʳש ʩʠʥʪʝʟʽ ʞװʨʛʽʟʽʣʜʽ. ʉʠʥʪʝʟ 

ʤʦʨʬʦʣʦʛʠʷʣʳץ ʢʝʩʪʝ ʢᴇʨʩʝʪʢʽʰʝʨʽʥʽש ʙʘʨʣʳץ ʤװʤʢʽʥ ʢʦʤʙʠʥʘʮʠʷʣʘʨʳʥʘʥ 

ʟʝʨʪʪʝʫ ʤʘץʩʘʪʳʥʘ ʩᴅʡʢʝʩ ʢʝʣʝʪʽʥ ʙʽʨ ʥʝʤʝʩʝ ʙʽʨʥʝʰʝ ʦשʪʘʡʣʳ 

ʢʦʥʬʠʛʫʨʘʮʠʷʣʘʨʜʳ ʪʘשʜʘʫסʘ ʤװʤʢʽʥʜʽʢ ʙʝʨʝʜʽ [74]ï[76]. 

ʉʠʥʪʝʟʜʽ ʞװʨʛʽʟʫ װʰʽʥ ʤʦʙʠʣʴʜʽ ʞʦʣ ᴇʪʧʝʩʽʥʽש ʞװʨʽʩ ʙᴇʣʽʛʽʥʽש ʢᴇʨʩʝʪʢʽʰʪʝʨʽ 

ʙʦʡʳʥʰʘ ʙʘʨʣʳץ ʥײʩץʘʣʘʨʜʳש ʦש ʞᴅʥʝ ʪʝʨʽʩ ʞʘץʪʘʨʳ ץʘʨʘʩʪʳʨʳʣʜʳ (ʢʝʩʪʝ 2.3).  

 

ʂʝʩʪʝ 2.3 ï ʂʦʥʩʪʨʫʢʮʠʷ ʢᴇʨʩʝʪʢʽʰʪʝʨʽʥʽש ʙʘʨʣʳץ ʥײʩץʘʣʘʨʳʥʳש 

ʘʨʪʳץʰʳʣʳץʪʘʨʳ ʤʝʥ ʢʝʤʰʽʣʽʢʪʝʨʽ 
ʂᴇʨʩʝʪʢʽʰ ʅײʩץʘ ɸʨʪʳץʰʳʣʳץʪʘʨʳ ʂʝʤʰʽʣʽʢʪʝʨʽ 

1 2 3 4 

ɾװʨʽʩ ʙᴇʣʽʛʽ 

ʢʦʥʩʪʨʫʢʮʠʷ-

ʩʳʥʳש ʪװʨʽ 

ʊᴇʤʝʥ ʨʘʤʘʣʳ 2-ʦʩʴʪʽ 

ʊᴇʤʝʥ ʘʫʳʨʣʳץ ʮʝʥʪʨʽ, 

ʞʘץʩʳ ʪײʨʘץʪʳʣʳץ, 

ʪʝʭʥʠʢʘʥʳש ʢʽʨʫʽ ʞʝשʽʣ 

3-ʦʩʴʪʽʛʝ ץʘʨʘסʘʥʜʘ ʞװʢ 

ʢᴇʪʝʨʛʽʰʪʽʛʽ ʪᴇʤʝʥ 

ʊᴇʤʝʥ ʨʘʤʘʣʳ 3-ʦʩʴʪʽ 
ɾװʢ ʢᴇʪʝʨʛʽʰʪʽʛʽ ʞʦסʘʨʳ, 

ʦʩʴʢʝ ʪװʩʝʪʽʥ ʞװʢʪʝʤʝ ʘʟ 

ʄʘʥʝʚʨ ʞʘʩʘʫ 

 ʳʤʙʘʪץ ,ץʠʳʥʳʨʘץ

ɾʦסʘʨʳ ʨʘʤʘʣʳ 2-ʦʩʴʪʽ 
ɾʦʣ ʩʘשʳʣʘʫʳ װʣʢʝʥ, 

ᴇʪʽʤʜʽʣʽʛʽ ʞʦסʘʨʳ 

ɸʫʳʨʣʳץ ʮʝʥʪʨʽ 

ʞʦסʘʨʳ, ʪײʨʘץʪʳʣʳסʳ 

ʪᴇʤʝʥ 

ɸʜʘʧʪʝʨʣʝʨʽ ʙʘʨ 

ʤʦʜʫʣʴʜʽʢ ʙʘʣʢʘʣʳ 

ᴄʨʪװʨʣʽ ʧʣʘʪʬʦʨʤʘʣʘʨʤʝʥ 

 ʡʣʝʩʽʤʜʽװ

ʂʦʥʩʪʨʫʢʮʠʷʩʳ ʢװʨʜʝʣʽ 

ʞᴅʥʝ ʩʘʣʤʘסʳ ʞʦסʘʨʳ 

ʐʳʥʞʳʨ ʪʘʙʘʥʜʳ 

ʘʨʙʘʰʘ 
ᴆʪʽʤʜʽʣʽʛʽ ᴇʪʝ ʞʦסʘʨʳ 

ɾʳʣʜʘʤʜʳסʳ ʪᴇʤʝʥ, 

 ʘʨʳסʥʳ ʞʦײץ

ɸʣʳʥʙʘʣʳ ʤʦʡʥʳ ʙʘʨ 

ʞʘʨʪʳʣʘʡ ʪʽʨʢʝʤʝ 
ɾʦסʘʨʳʜʘʥ ʞװʢʪʝʫ ʞʝשʽʣ 

ʂʦʥʩʪʨʫʢʮʠʷʩʳ ʢװʨʜʝʣʽ, 

ʩʘʣʤʘסʳ װʣʢʝʥ 

ʅʝʛʽʟʛʽ 

ʬʫʥʢʮʠʷʩʳ 

ʊʝʢ ʪʘʩʳʤʘʣʜʘʫ פʘʨʘʧʘʡʳʤ 
ʆʨʥʳʥʜʘ ʙʝʢʽʪʫ ʥʝʤʝʩʝ 

ʦʨʥʘʪʫ ʤװʤʢʽʥʜʽʛʽ ʞʦץ 

ʊʘʩʳʤʘʣʜʘʫ  

+ ʙʝʢʽʪʫ 

ᴄʤʙʝʙʘʧ, ʞײʤʳʩ ʢʝʟʽʥʜʝ 

 ʘʫʽʧʩʽʟץ

ʂʦʥʩʪʨʫʢʮʠʷ 

ʢװʨʜʝʣʝʥʝʜʽ 

ʊʘʩʳʤʘʣʜʘʫ + ʦʨʥʘʪʫ ʄʦʥʪʘʞ ʞʳʣʜʘʤ ʐʘʩʩʠ ʘʫʳʨ ᴅʨʽ ץʳʤʙʘʪ 

ʊʘʩʳʤʘʣʜʘʫ  

+ ʙʝʢʽʪʫ + ᴇʟʽʥʜʽʢ 

ʧʦʟʠʮʠʷʣʘʫ 

ɽש ʞʦסʘʨʳ ʘʚʪʦʥʦʤʜʳʣʳץ 
ɾװʡʝ ᴇʪʝ ʢװʨʜʝʣʽ, ײץʥʳ 

ʞʦסʘʨʳ 

ʐʘʩʩʠ / ʨʘʤʘ 

ʪװʨʽ 

 ץʟʘײ ,ʘʨʳסʘʪʪʳ ʜᴅʥʝʢʝʨʣʝʥʛʝʥ ɹʝʨʽʢʪʽʛʽ ʞʦפ

ʤʝʨʟʽʤʜʽ 

ɾᴇʥʜʝʫ װʰʽʥ ʙᴇʣʰʝʢʪʝʫ 

 ʠʳʥץ

ɹʦʣʪʪʳ-ʜᴅʥʝʢʝʨʣʽ 

 ʨʘʩʪʳʨʤʘʣʳײץ

ɾᴇʥʜʝʫ ʞʝשʽʣ פʘʪʪʳʣʳסʳ ʪᴇʤʝʥʜʝʫʽ 

ʤװʤʢʽʥ 
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ʂʝʩʪʝ 2.3 ʞʘʣסʘʩʳ 
1 2 3 4 

 

ʃʦʥʞʝʨʦʥʜʘʨʳ ʤʝʥ 

 ʘʣʘʨʳ ʙʘʨסʘʙʳʨץ

ʨʘʤʘʣʳץ 

ɾװʢʪʝʤʝ ʞʘץʩʳ ʪʘʨʘʣʘʜʳ ʉʘʣʤʘסʳ ʞʦסʘʨʳ 

ʂʝשʽʩʪʽʢʪʽʢ ʬʝʨʤʘ ɹʝʨʽʢʪʽʛʽ ʞʦסʘʨʳ ᴅʨʽ ʞʝשʽʣ ᴆʥʜʽʨʽʩʽ ץʳʤʙʘʪ 

 ʜᴅʣʜʽʛʽ ץʡʤʘʣʳ ʤʦʜʫʣʴʜʽʢ ɻʝʦʤʝʪʨʠʷʣʳײפ

ʞʦסʘʨʳ 

  ,ʳʤʙʘʪפ

ʞᴇʥʜʝʫ ʢװʨʜʝʣʽ 

ʐʘʩʩʠ / ʨʘʤʘ 

ʪװʨʽ 

 ʘʪʪʳ ʜᴅʥʝʢʝʨʣʝʥʛʝʥפ
ɹʝʨʽʢʪʽʛʽ ʞʦסʘʨʳ, ײʟʘץ 

ʤʝʨʟʽʤʜʽ 

ɾᴇʥʜʝʫ װʰʽʥ  

ʙᴇʣʰʝʢʪʝʫ ץʠʳʥ 

ɹʦʣʪʪʳ-ʜᴅʥʝʢʝʨʣʽ 

 ʨʘʩʪʳʨʤʘʣʳײץ
ɾᴇʥʜʝʫ ʞʝשʽʣ 

 ʳ ʪᴇʤʝʥʜʝʫʽסʘʪʪʳʣʳפ

ʤװʤʢʽʥ 

ʃʦʥʞʝʨʦʥʜʘʨʳ ʤʝʥ 

 ʘʣʘʨʳ ʙʘʨסʘʙʳʨץ

ʨʘʤʘʣʳץ 

ɾװʢʪʝʤʝ ʞʘץʩʳ ʪʘʨʘʣʘʜʳ ʉʘʣʤʘסʳ ʞʦסʘʨʳ 

ʂʝשʽʩʪʽʢʪʽʢ ʬʝʨʤʘ ɹʝʨʽʢʪʽʛʽ ʞʦסʘʨʳ ᴅʨʽ ʞʝשʽʣ ᴆʥʜʽʨʽʩʽ ץʳʤʙʘʪ 

 ʡʤʘʣʳ ʤʦʜʫʣʴʜʽʢײפ
ɻʝʦʤʝʪʨʠʷʣʳץ ʜᴅʣʜʽʛʽ 

ʞʦסʘʨʳ 
 ʨʜʝʣʽװʳʤʙʘʪ, ʞᴇʥʜʝʫ ʢפ

ʆʩʴʪʝʨ / 

ʜᴇשʛʝʣʝʢʪʝʨ 

ʩʘʥʳ 

1 ʦʩʴ (2 ʜᴇשʛʝʣʝʢ) ʉʘʣʤʘסʳ ʘʟ 
ʊײʨʘץʪʳʣʳסʳ ʞᴅʥʝ ʞװʢ 

ʢᴇʪʝʨʛʽʰʪʽʛʽ ʪᴇʤʝʥ 

2 ʦʩʴ (4 ʜᴇשʛʝʣʝʢ) 
ʄʘʥʝʚʨʣʽʢ ʧʝʥ ʞװʢ 

ʢᴇʪʝʨʛʽʰʪʽʢʪʽש ʪʝשʛʝʨʽʤʽ 

3-ʦʩʴʪʽʛʝ ץʘʨʘסʘʥʜʘ ᴅʨ 

ʦʩʴʢʝ ʪװʩʝʪʽʥ ʞװʢʪʝʤʝ 

ʞʦסʘʨʳ 

ʊʘʥʜʝʤ 2 ʦʩʴ (8 ץʦʩ 

ʜᴇשʛʝʣʝʢ) 

ʊʦʧʳʨʘץץʘ ʪװʩʝʪʽʥ ץʳʩʳʤ 

ʘʟ 

ʂʦʥʩʪʨʫʢʮʠʷ 

ʢװʨʜʝʣʝʥʝʜʽ 

3 ʦʩʴ (6 ʜᴇשʛʝʣʝʢ) ɾװʢ ʢᴇʪʝʨʛʽʰʪʽʛʽ ʞʦסʘʨʳ 
ɹʘʟʘ ײʟʳʥ, ʤʘʥʝʚʨʣʽʛʽ 

ʪᴇʤʝʥ 

ɹʘʣʘʥʩʠʨʣʽ ʘʨʙʘʰʘ ᴆʪʽʤʜʽʣʽʛʽ ʞʘץʩʳ פʳʟʤʝʪ ʢᴇʨʩʝʪʫʽ ʢװʨʜʝʣʽ 

ʇʘʡʜʘʣʳ 

ʞװʢʪʝʤʝ 

6 ʪ ʜʝʡʽʥ ʐʘʩʩʠ ʞʝשʽʣ 
ʊʝʭʥʠʢʘ ʪװʨʣʝʨʽ 

ʙʦʡʳʥʰʘ ʰʝʢʪʝʫ ʙʘʨ 

8 ʪ ʜʝʡʽʥ 
ʂᴇʧʪʝʛʝʥ ʞʝשʽʣ 

ʤʘʰʠʥʘʣʘʨסʘ ʞʘʨʘʤʜʳ 

ɸʫʳʨ ʪʝʭʥʠʢʘ װʰʽʥ 

ʞʝʪʢʽʣʽʢʩʽʟ 

10 ʪ ʜʝʡʽʥ 
ᴄʤʙʝʙʘʧʪʳץ ʧʝʥ ʩʘʣʤʘץ 

ʪʝשʛʝʨʽʤʽ 
ʉᴅʣ ʘʫʳʨ ᴅʨʽ ץʳʤʙʘʪ 

12 ʪ ʜʝʡʽʥ ɸʫʳʨ ʪʝʭʥʠʢʘסʘ ʞʘʨʘʤʜʳ 
ʂʦʥʩʪʨʫʢʮʠʷסʘ ʪװʩʝʪʽʥ 

ʞװʢʪʝʤʝ ʞʦסʘʨʳ 

14ï16 ʪ ɽש ʞʦסʘʨʳ ʤװʤʢʽʥʜʽʢʪʝʨ 
ʐʘʩʩʠ ᴇʪʝ ʘʫʳʨ ʞᴅʥʝ 

 ʳʤʙʘʪץ

ɾʘʙʜʳץʪʘʣ-

 שʘʥ ʰʘʩʩʠʜʽס

ʤʘʩʩʘʩʳ 

~2 ʪ ʊʘʩʳʤʘʣʜʘʫ ʞʝשʽʣ ɹʝʨʽʢʪʽʛʽ ʪᴇʤʝʥ 

~2,5 ʪ 
ʉʘʣʤʘץ ʧʝʥ ʙʝʨʽʢʪʽʢ 

ʪʝשʛʝʨʽʤʽ 
ɾװʢʪʝʤʝ ʰʝʢʪʝʫʣʽ 

~3 ʪ 
ɹʝʨʽʢʪʽʛʽ ʞᴅʥʝ 

ʪײʨʘץʪʳʣʳסʳ ʞʦסʘʨʳ 
ʉᴅʣ ʘʫʳʨ 

3,5ï4 ʪ ᴆʪʝ ʙʝʨʽʢ 
ʂʦʥʩʪʨʫʢʮʠʷʥʳ 

ʘʫʳʨʣʘʪʘʜʳ 

>4 ʪ ɽש ʞʦסʘʨʳ ʙʝʨʽʢʪʽʢ ʄʦʙʠʣʴʜʽʣʽʢ ʪᴇʤʝʥʜʝʡʜʽ 

ɾʦʣ ᴇʪʧʝʩʽʥʽש 

ʪʦʣʳץ 

ʤʘʩʩʘʩʳ 

11 ʪ ʜʝʡʽʥ 
ʆʩʴʪʝʨʛʝ ʪװʩʝʪʽʥ ʞװʢʪʝʤʝ 

ʘʟ 

ɾװʢʪʝʤʝ ʙʦʡʳʥʰʘ 

ʰʝʢʪʝʫ ʙʘʨ 

13 ʪ ʜʝʡʽʥ 
ɾװʢ ʢᴇʪʝʨʛʽʰʪʽʢ װʰʽʥ 

ʦשʪʘʡʣʳ 
ɹʝʨʽʢ ʰʘʩʩʠ ץʘʞʝʪ 
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ʂʝʩʪʝ 2.3 ʞʘʣסʘʩʳ 
1 2 3 4 

 
15 ʪ ʜʝʡʽʥ 

ɸʫʳʨ ʪʝʭʥʠʢʘסʘ 

ʞʘʨʘʤʜʳ 

ʂʦʥʩʪʨʫʢʮʠʷ 

ʢװʨʜʝʣʝʥʝʜʽ 

16ï18 ʪ ɽש ʞʦסʘʨʳ ʤװʤʢʽʥʜʽʢʪʝʨ ᴆʪʝ ʘʫʳʨ, ᴅʨʽ ץʳʤʙʘʪ 

ʈʘʤʘʥʳש 

ʛʘʙʘʨʠʪʪʝʨʽ 

~8Ĭ2,5 ʤ ʓץʰʘʤ ʊʽʨʝʢ ʘʡʤʘסʳ ʘʟ 

~9,5Ĭ2,5 ʤ 
ʓץʰʘʤʜʳץ ʧʝʥ 

ʪײʨʘץʪʳʣʳץ ʪʝשʛʝʨʽʤʽ 
 ʳ ʰʝʢʪʝʫʣʽסʟʳʥʜʳױ

~10,9Ĭ2,373 ʤ 
ɾʦʣ ʥʦʨʤʘʣʘʨʳʥʘ 

ʩᴅʡʢʝʩ 
ʉʘʣʤʘסʳ ʞʦסʘʨʳ 

~12Ĭ2,5 ʤ ʊʽʨʝʢ ʘʡʤʘסʳ װʣʢʝʥ 
ʊʘʩʳʤʘʣʜʘʫסʘ 

ʰʝʢʪʝʫʣʝʨ 

ʊʝʣʝʩʢʦʧʠʷʣʳ8 ץï12 ʤ ʀʢʝʤʜʽ ʄʝʭʘʥʠʟʤʽ ʢװʨʜʝʣʽ 

ɾʦʣ 

ʩʘשʳʣʘʫʳ 

250ï300 ʤʤ ᴆʪʝ ʪײʨʘץʪʳ ʧʣʘʪʬʦʨʤʘ ᴆʪʽʤʜʽʣʽʛʽ ʪᴇʤʝʥ 

320ï350 ʤʤ ʊʝשʛʝʨʽʤʜʽ ʊײʨʘץʪʳʣʳסʳ ʩᴅʣ ʪᴇʤʝʥ 

380 ʤʤ ᴆʪʽʤʜʽʣʽʛʽ ʞʘץʩʳ 
ɸʫʳʨʣʳץ ʮʝʥʪʨʽ 

ʞʦסʘʨʳʨʘץ 

420ï450 ʤʤ ᴆʪʽʤʜʽʣʽʛʽ ᴇʪʝ ʞʘץʩʳ ʊײʨʘץʪʳʣʳץ ʪᴇʤʝʥʜʝʡʜʽ 

ɻʠʜʨʘʚʣʠʢʘʣʳץ ʨʝʪʪʝʣʝʪʽʥ ᴄʤʙʝʙʘʧ 
 ,ʘʨʳסʥʳ ʞʦײפ

ʢʦʥʩʪʨʫʢʮʠʷ ʢװʨʜʝʣʽ 

ɸʩʬʘʣʴʪʪʘסʳ 

ʝש ʞʦסʘʨʳ 

ʞʳʣʜʘʤʜʳץ 

40 ʢʤ/ʩʘפ סʘʫʽʧʩʽʟ ɹʘʷʫ 

60 ʢʤ/ʩʘס 
 ʘʫʽʧʩʽʟʜʽʢ ʧʝʥפ

ʞʳʣʜʘʤʜʳץ ʪʝשʛʝʨʽʤʽ 
ɾʦʣʜʘ ʫʘץʳʪ ײʟʘʨʘʜʳ 

80 ʢʤ/ʩʘס ɾʝʪʢʽʣʽʢʪʽ ʞʳʣʜʘʤ ʉʘʧʘʣʳ ʰʠʥʘʣʘʨ ץʘʞʝʪ 

90ï100 ʢʤ/ʩʘס ᴆʪʝ ʞʳʣʜʘʤ 
ʂʦʥʩʪʨʫʢʮʠʷסʘ ʞʦסʘʨʳ 

ʪʘʣʘʧ 

ʊʦʧʳʨʘץ 

ʞʦʣʜʘסʳ ʝש 

ʞʦסʘʨʳ 

ʞʳʣʜʘʤʜʳץ 

20 ʢʤ/ʩʘס ɽש ʞʦסʘʨʳ ץʘʫʽʧʩʽʟʜʽʢ ᴆʪʝ ʙʘʷʫ 

30 ʢʤ/ʩʘס ʊʝשʛʝʨʽʤʜʽ פʘʞʝʪʪʝʥ ʙʘʷʫ 

40 ʢʤ/ʩʘס ʄʦʙʠʣʴʜʽʣʽʛʽ ʞʘץʩʳ ʂװʰʝʡʪʽʣʛʝʥ ʘʩʧʘ ץʘʞʝʪ 

50 ʢʤ/ʩʘס ɾʳʣʜʘʤ ʊʦʟʫ ʞʦסʘʨʳ 

ʐʠʥʘ ʪװʨʽ 

9.00R20 ɾʝשʽʣ ɾװʢ ʢᴇʪʝʨʛʽʰʪʽʛʽ ʘʟ 

10.00R20 
ɹʘסʘ ʤʝʥ ʙʝʨʽʢʪʽʢ 

ʪʝשʛʝʨʽʤʽ 

ᴆʪʝ ʘʫʳʨ ʞװʢʪʝʤʝʣʝʨʛʝ 

ʘʨʥʘʣʤʘסʘʥ 

11.00R20 
ɾװʢ ʢᴇʪʝʨʛʽʰʪʽʛʽ 

ʞʦסʘʨʳ 
ʉʘʣʤʘסʳ ʘʫʳʨ 

385/65R22.5 ʊײʨʘץʪʳʣʳסʳ ʞʦסʘʨʳ פʳʤʙʘʪ 

425/65R22.5 ɽש ʞʦסʘʨʳ ʪײʨʘץʪʳʣʳץ ᴆʪʝ ץʳʤʙʘʪ 

ʐʠʥʘʜʘסʳ 

 ʳʩʳʤץ

4,5ï5,0 ɾײʤʩʘץ ʞװʨʽʩ ʊʦʟʫ ʞʦסʘʨʳ 

5,75 
ɾװʢ ʢᴇʪʝʨʛʽʰʪʽʢ 

ʦשʪʘʡʣʳ 
ɾװʨʽʩʽ ץʘʪʪʳʨʘץ 

6,5 ɹʝʨʽʢʪʽʛʽ ʞʦסʘʨʳ ɾװʨʽʩʽ ץʘʪʪʳ 

ʆʨʪʘʣʳץʪʘʥʜʳʨʳʣ-סʘʥ 

 ʡʝʩʽװʳʩʳʤ ʨʝʪʪʝʫ ʞץ
ᴄʤʙʝʙʘʧ פʳʤʙʘʪ 

ʊʽʨʢʝʫ 

 ʳʩʳסʨʳʣײץ

ʉʝʜʝʣʴʜʽ-ʪʽʨʢʝʤʝ 

 ʘʥסʳʩʳʥʘ ʘʨʥʘʣסʨʳʣײץ

ʰʢʚʦʨʝʥʴ 

ɾʘʨʪʳʣʘʡ ʪʽʨʢʝʤʝʣʝʨʛʝ 

ʘʨʥʘʣסʘʥ 
ᴄʤʙʝʙʘʧ ʝʤʝʩ 

DIN ʽʣʤʝʛʽ ʉʝʥʽʤʜʽ 
ɹʘʨʣʳץ ʞʝʨʜʝ װʡʣʝʩʽʤʜʽ 

ʝʤʝʩ 

ʄɽʄʉʊ 2349-75  H=750 

ʽʣʤʝʛʽ 
ᴄʤʙʝʙʘʧ 

ɹʝʣʛʽʣʽ ʙʽʨ  

ʪʘʨʪץʳʰ ץʘʞʝʪ 

ʐʘʨʣʳ (50 ʤʤ) פʘʨʘʧʘʡʳʤ ɾװʢʪʝʤʝ ʰʝʢʪʝʫʣʽ 
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ʂʝʩʪʝ 2.3 ʞʘʣסʘʩʳ 
1 2 3 4 

 
ᴄʤʙʝʙʘʧ ʘʫʳʩʪʳʨʤʘʣʳ 

ʢʽʨʽʩʪʽʨʫ 
ʀʢʝʤʜʽ פʳʤʙʘʪ 

ɸʩʧʘ ʞװʡʝʩʽ 

ʈʝʩʩʦʨʣʳ פʘʨʘʧʘʡʳʤ ɾװʨʽʩʽ ץʘʪʪʳ 

ʈʝʩʩʦʨʣʘʨ + 

ʘʤʦʨʪʠʟʘʪʦʨʣʘʨ 
ɾײʤʩʘץ ʂʦʥʩʪʨʫʢʮʠʷ ʢװʨʜʝʣʽʨʝʢ 

ʇʥʝʚʤʦʘʩʧʘ ᴆʪʝ ʞʘʡʣʳ פʳʤʙʘʪ ʞᴅʥʝ ʢװʨʜʝʣʽ 

ʊʦʨʩʠʦʥʜʳ ʓץʰʘʤ 
ɾװʢʪʝʤʝ ʙʦʡʳʥʰʘ 

ʰʝʢʪʝʫ ʙʘʨ 

ɹʘʣʘʥʩʠʨʣʽ ᴆʪʽʤʜʽʣʽʛʽ ʞʘץʩʳ ɾᴇʥʜʝʫʽ ʢװʨʜʝʣʽ 

ʇʦʟʠʮʠʷʣʘʫ 

ʞʝʪʝʛʽ 

ʕʣʝʢʪʨʦʤʝʭʘʥʠ-ʢʘʣʳץ 

ʪʨʦʩʪʳ 

ɼᴅʣʜʽʛʽ ʞʦסʘʨʳ, ʩʝʥʽʤʜʽ, 

ʪᴇʤʝʥ ʪʝʤʧʝʨʘʪʫʨʘʜʘ 

ʞײʤʳʩ ʽʩʪʝʡʜʽ 

ʕʣʝʢʪʨ ץʫʘʪʳʥ ץʘʞʝʪ 

ʝʪʝʜʽ 

ɻʠʜʨʘʚʣʠʢʘʣʳץ 
ʂװʰʽ ʞʦסʘʨʳ,  

 ʘʣʳʧʪʳץʘʣʳʩʳ ʙʽʨסʦʟץ

ʊʝʤʧʝʨʘʪʫʨʘסʘ ʩʝʟʽʤʪʘʣ, 

ʘסʳʧ ʢʝʪʫ ץʘʫʧʽ ʙʘʨ 

 ʦʣץ) ץʦʣʤʝʥ ʤʝʭʘʥʠʢʘʣʳפ

ʰʳסʳʨ) 

  ,ʘʨʘʧʘʡʳʤפ

ʵʥʝʨʛʠʷ ʢᴇʟʽ ץʘʞʝʪ ʝʤʝʩ 

ɹʘʷʫ, ʝשʙʝʢ ʰʳסʳʥʳ 

ʞʦסʘʨʳ 

ʆʩʴʪʽ 

ʞʳʣʞʳʪʫ 

ʤʝʭʘʥʠʟʤʽ 

ʈʦʣʠʢʪʝʨʽ ʙʘʨ ץʦʟסʘʣʤʘʣʳ 

ʘʨʙʘʰʘʣʘʨ 

ɼᴅʣ ʧʦʟʠʮʠʷʣʘʫ, װʡʢʝʣʽʩ 

ʘʟ, ץʦʟסʘʣʳʩʳ 

ʙʽʨץʘʣʳʧʪʳ 

ɹʘסʳʪʪʘʫʰʳʣʘʨʜʳ ʜᴅʣ 

ʞʘʩʘʫ ץʘʞʝʪ 

ʉʳʨסʳʤʘʣʳ ʧʣʘʪʬʦʨʤʘ 
ʂʦʥʩʪʨʫʢʮʠʷʩʳ 

 ʥʳ ʪᴇʤʝʥײץ ,ʘʨʘʧʘʡʳʤץ

 ʘʨʳ, ʪʝʟסʡʢʝʣʽʩʽ ʞʦת

ʪʦʟʘʜʳ 

ʂᴇʧʽʨʜʽ ʙʝʢʽʪʫ 

ʞװʡʝʩʽ 

ʇʥʝʚʤʦʮʠʣʠʥʜʨʣʝʨʽ ʙʘʨ 

ʘʚʪʦʤʘʪʪʳ ʙʝʢʽʪʢʽʰʪʝʨ 

ɾʳʣʜʘʤ ʞᴅʥʝ ץʘʫʽʧʩʽʟ, 

ʘʜʘʤ ʬʘʢʪʦʨʳʥ ʘʟʘʡʪʘʜʳ 
ʉʳסʳʣסʘʥ ʘʫʘ ʢᴇʟʽ ץʘʞʝʪ 

ʄʝʭʘʥʠʢʘʣʳץ ʰʪʳʨʴʣʘʨ פʘʨʘʧʘʡʳʤ ᴅʨʽ ʩʝʥʽʤʜʽ 
ɹʘʷʫ, ʦʧʝʨʘʪʦʨ ץʘʪʳʩʫʳ 

 ʘʞʝʪץ

ɹײʨʘʥʜʘʣʳ ʪʘʨʪץʳʰʪʘʨ ɹʝʢʽʪʫ ʢװʰʽ ʞʦסʘʨʳ 
ɹʝʢʽʪʫʛʝ ʢᴇʧ ʫʘץʳʪ 

ʢʝʪʝʜʽ 

 

ɹʘʨʣʳץ ʘʨʪʳץʰʳʣʳץʪʘʨ ʤʝʥ ʢʝʤʰʽʣʽʢʪʝʨʜʽ ʝʩʢʝʨʝ ʦʪʳʨʳʧ, ʪʝʭʥʠʢʘʣʳץ 

ʪʘʣʘʧʪʘʨסʘ, ɾפɽ, ᴇʣʰʝʤʜʝʨʛʝ ʩᴅʡʢʝʩ ʢʝʣʝʪʽʥ, ʂɸʄɸɿ, Volvo FMX ʞᴅʥʝ 

Mercedes-Benz Arocs ʘʚʪʦʤʦʙʠʣʴʜʝʨʽʤʝʥ װʡʣʝʩʽʤʜʽ ʞᴅʥʝ -40-ʪʘʥ +40 ÁC-ץʘ 

ʜʝʡʽʥʛʽ ʪʝʤʧʝʨʘʪʫʨʘʜʘ ʞᴅʥʝ ʥʘץʪʳ ʞװʢʪʝʤʝ ʨʝʞʠʤʜʝʨʽʥʜʝ ʞײʤʳʩ ʽʩʪʝʡ ʘʣʘʪʳʥ 

ʞװʨʽʩ ʙᴇʣʽʛʽʥʽש ʥײʩץʘʣʘʨʳ סʘʥʘ ʪʘשʜʘʣʜʳ (ʢʝʩʪʝ 2.4) [55], [71]ï[73]. 

 

ʂʝʩʪʝ 2.4 - ɾװʨʽʩ ʙᴇʣʽʛʽ ʢʦʥʬʠʛʫʨʘʮʠʷʩʳʥ ʪʘשʜʘʫסʘ ץʦʡʳʣʘʪʳʥ ʰʝʢʪʝʫʣʝʨ 
ʂᴇʨʩʝʪʢʽʰ ʈץײʩʘʪ ʝʪʽʣʝʪʽʥ ʥײʩץʘʣʘʨ 

1 2 

ɾװʨʽʩ ʙᴇʣʽʛʽ 

ʢʦʥʩʪʨʫʢʮʠʷʩʳʥʳש 

ʪװʨʽ 

ʊᴇʤʝʥ ʨʘʤʘʣʳ 2-ʦʩʴʪʽ; ʊᴇʤʝʥ ʨʘʤʘʣʳ 3-ʦʩʴʪʽ; ɾʦסʘʨʳ ʨʘʤʘʣʳ 2-

ʦʩʴʪʽ; ɸʜʘʧʪʝʨʣʝʨʽ ʙʘʨ ʤʦʜʫʣʴʜʽʢ ʙʘʣʢʘʣʳ (ʘʣʳʥʳʧ ʪʘʩʪʘʣʜʳ: 

ʰʳʥʞʳʨ ʪʘʙʘʥʜʳ ï ʞʳʣʜʘʤʜʳסʳ ʪᴇʤʝʥ/ײץʥʳ ʞʦסʘʨʳ; ʘʣʳʥʙʘʣʳ 

ʤʦʡʥʳ ʙʘʨ ʞʘʨʪʳʣʘʡ ʪʽʨʢʝʤʝ ï ʪʽʨʢʝʫ ʢʦʥʮʝʧʮʠʷʩʳ ʙʘʩץʘ) 

ʅʝʛʽʟʛʽ ʬʫʥʢʮʠʷʩʳ 

ʊʘʩʳʤʘʣʜʘʫ + ʙʝʢʽʪʫ; ʊʘʩʳʤʘʣʜʘʫ + ʦʨʥʘʪʫ; ʊʘʩʳʤʘʣʜʘʫ + ʙʝʢʽʪʫ 

+ ᴇʟʽʥʜʽʢ ʧʦʟʠʮʠʷʣʘʫ (ʘʣʳʥʳʧ ʪʘʩʪʘʣʜʳ: ʪʝʢ ʪʘʩʳʤʘʣʜʘʫ ï 

ʦʨʥʳʥʜʘ ץʘʫʽʧʩʽʟ ʙʝʢʽʪʫ ʞʦץ) 

ʐʘʩʩʠ / ʨʘʤʘ ʪװʨʽ 

 ;ʨʘʩʪʳʨʤʘʣʳײץ ʘʪʪʳ ʜᴅʥʝʢʝʨʣʝʥʛʝʥ; ɹʦʣʪʪʳ-ʜᴅʥʝʢʝʨʣʽפ

ʃʦʥʞʝʨʦʥʜʘʨʳ ʤʝʥ ץʘʙʳʨסʘʣʘʨʳ ʙʘʨ ʨʘʤʘʣʳץ; ʂʝשʽʩʪʽʢʪʽʢ ʬʝʨʤʘ; 

 è ʢʨʠʪʝʨʠʡʣʝʨ ʙʦʡʳʥʰʘשʘʪʘץʳ çסʡʤʘʣʳ ʤʦʜʫʣʴʜʽʢ (ʙʘʨʣʳײפ

ʨץײʩʘʪ ʝʪʽʣʝʜʽ) 
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ʂʝʩʪʝ 2.4 ʞʘʣסʘʩʳ 
1 2 

ʆʩʴʪʝʨ / ʜᴇשʛʝʣʝʢʪʝʨ 

ʩʘʥʳ 

2 ʦʩʴ (4 ʜᴇשʛʝʣʝʢ); ʊʘʥʜʝʤ 2 ʦʩʴ (8 ץʦʩ ʜᴇשʛʝʣʝʢ); 3 ʦʩʴ (6 

ʜᴇשʛʝʣʝʢ); ɹʘʣʘʥʩʠʨʣʽ ʘʨʙʘʰʘ (ʘʣʳʥʳʧ ʪʘʩʪʘʣʜʳ: 1 ʦʩʴ ï ʞװʢ 

ʢᴇʪʝʨʛʽʰʪʽʢ ʧʝʥ ʪײʨʘץʪʳʣʳץ ʪʘʣʘʧʪʘʨʳʥʘ ʩᴅʡʢʝʩ ʢʝʣʤʝʡʜʽ) 

ʇʘʡʜʘʣʳ ʞװʢʪʝʤʝ 
10 ʪ ʜʝʡʽʥ; 12 ʪ ʜʝʡʽʥ; 14ï16 ʪ (ʘʣʳʥʳʧ ʪʘʩʪʘʣʜʳ: 6 ʪ ʞᴅʥʝ 8 ʪ ï 

ʪʘʣʘʧ ʝʪʽʣʝʪʽʥ ʞװʢʪʝʤʝ ʢʣʘʩʳʥ ץʘʤʪʘʤʘʩʳʟ ʝʪʧʝʡʜʽ) 

ɾʘʙʜʳץʪʘʣסʘʥ 

ʰʘʩʩʠʜʽש ʤʘʩʩʘʩʳ 

~2,5 ʪ; ~3 ʪ; 3,5ï4 ʪ; >4 ʪ (ʘʣʳʥʳʧ ʪʘʩʪʘʣʜʳ: ~2 ʪ ï ץʘʞʝʪʪʽ 

ʞװʢʪʝʤʝʣʝʨ װʰʽʥ ʙʝʨʽʢʪʽʛʽ ʞʝʪʢʽʣʽʢʩʽʟ ʙʦʣʫʳ ʤװʤʢʽʥ) 

ɾʦʣ ᴇʪʧʝʩʽʥʽש ʪʦʣʳץ 

ʤʘʩʩʘʩʳ 

13 ʪ ʜʝʡʽʥ; 15 ʪ ʜʝʡʽʥ (ʘʣʳʥʳʧ ʪʘʩʪʘʣʜʳ: 11 ʪ ʜʝʡʽʥ ï Ó10 ʪ 

ʧʘʡʜʘʣʳ ʞװʢʪʝʤʝʥʽ ץʘʤʪʘʤʘʩʳʟ ʝʪʧʝʡʜʽ; 16ï18 ʪ ï ʰʘʤʘʜʘʥ ʪʳʩ 

ʘʫʳʨ, ɾפɽ ʙʦʡʳʥʰʘ ʢװʨʜʝʣʽ ʞᴅʥʝ ץʳʤʙʘʪ) 

ʈʘʤʘ ʛʘʙʘʨʠʪʪʝʨʽ 
~8Ĭ2,5 ʤ; ~9,5Ĭ2,5 ʤ; ~10,9Ĭ2,373 ʤ; ~12Ĭ2,5 ʤ; ʊʝʣʝʩʢʦʧʠʷʣʳץ 

8ï12 ʤ (ʙʘʨʣʳסʳ ʝʥʽ Ò2,55 ʤ ʞʦʣ ʥʦʨʤʘʣʘʨʳʥʘ ʩᴅʡʢʝʩ ʢʝʣʝʜʽ) 

ɾʦʣ ʩʘשʳʣʘʫʳ 
320ï350 ʤʤ; 380 ʤʤ; 420ï450 ʤʤ; ʈʝʪʪʝʣʝʪʽʥ ʛʠʜʨʘʚʣʠʢʘʣʳץ 

ʢᴇʪʝʨʛʽʰ (ʘʣʳʥʳʧ ʪʘʩʪʘʣʜʳ: 250ï300 ʤʤ ï ᴇʪʽʤʜʽʣʽʛʽ ʞʝʪʢʽʣʽʢʩʽʟ) 

ɸʩʬʘʣʴʪʪʘסʳ ʝש 

ʞʦסʘʨʳ ʞʳʣʜʘʤʜʳץ 

40 ʢʤ/ʩʘ60 ;ס ʢʤ/ʩʘ80 ;ס ʢʤ/ʩʘס (ʘʣʳʥʳʧ ʪʘʩʪʘʣʜʳ: 90ï100 ʢʤ/ʩʘס 

ï ʙײʣ ʤʘʩʩʘ װʰʽʥ ʪʝʞʝʫ ʞװʡʝʩʽʥʝ ʞᴅʥʝ ʰʠʥʘʣʘʨסʘ ʰʘʤʘʜʘʥ ʪʳʩ 

ʪʘʣʘʧ ץʦʷʜʳ) 

ʊʦʧʳʨʘץ ʞʦʣʜʘסʳ ʝש 

ʞʦסʘʨʳ ʞʳʣʜʘʤʜʳץ 

20 ʢʤ/ʩʘ30 ;ס ʢʤ/ʩʘ40 ;ס ʢʤ/ʩʘס (ʘʣʳʥʳʧ ʪʘʩʪʘʣʜʳ: 50 ʢʤ/ʩʘס ï 

ʪʦʟʫ ʤʝʥ ʙʘʩץʘʨʫ ʪײʨʘץʪʳʣʳסʳʥ ʞʦסʘʣʪʫ ץʘʫʧʽ ʞʦסʘʨʳ) 

ʐʠʥʘ ʪװʨʽ 

10.00R20; 11.00R20 (ʘʣʳʥʳʧ ʪʘʩʪʘʣʜʳ: 9.00R20 ï ʞװʢʪʝʤʝ ץʦʨʳ 

ʘʟ; 385/65R22.5 ʞᴅʥʝ 425/65R22.5 ï װʡʣʝʩʽʤʜʽʣʽʛʽ ʪᴇʤʝʥ/ײץʥʳ 

ʞʦסʘʨʳ) 

ʐʠʥʘʜʘסʳ ץʳʩʳʤ / 

ʞװʡʝ 

4,5ï5,0; 5,75; 6,5; ʆʨʪʘʣʳץʪʘʥʜʳʨʳʣסʘʥ ץʳʩʳʤ ʨʝʪʪʝʫ ʞװʡʝʩʽ 

(ʙʘʨʣʳסʳ ʨץײʩʘʪ ʝʪʽʣʝʜʽ, ʩʦסשʳ ʪʘשʜʘʫ ʰʠʥʘʣʘʨסʘ ʞᴅʥʝ ʞײʤʳʩ 

ʨʝʞʠʤʽʥʝ ʙʘʡʣʘʥʳʩʪʳ) 

ʊʽʨʢʝʫ ײץʨʳʣסʳʩʳ 

ʄɽʄʉʊ 2349-75 H=750 ʽʣʤʝʛʽ (ʘʣʳʥʳʧ ʪʘʩʪʘʣʜʳ: ʩʝʜʝʣʴʜʽ 

ʪʽʨʢʝʤʝ ʰʢʚʦʨʝʥʽ, ʰʘʨ 50 ʤʤ ï ʙʘʩץʘ ʪʽʨʢʝʤʝ ʢʘʪʝʛʦʨʠʷʣʘʨʳ; 

DIN ʽʣʤʝʛʽ ʞᴅʥʝ ᴅʤʙʝʙʘʧ ʢʽʨʽʩʪʽʨʫ ï װʡʣʝʩʽʤʜʽʣʽʢ/ײץʥ ʤᴅʩʝʣʝʣʝʨʽ 

ʙʦʣʫʳ ʤװʤʢʽʥ) 

ɸʩʧʘ ʞװʡʝʩʽ 

ʈʝʩʩʦʨʣʳ; ʈʝʩʩʦʨʣʘʨ + ʘʤʦʨʪʠʟʘʪʦʨʣʘʨ (ʘʣʳʥʳʧ ʪʘʩʪʘʣʜʳ: 

ʧʥʝʚʤʦʘʩʧʘ ï ʘʷʟʜʘ ʪᴅʫʝʢʝʣʜʝʨ ʞᴅʥʝ ײץʥʳ ʞʦסʘʨʳ; ʪʦʨʩʠʦʥʜʳ ï 

ʞװʢʪʝʤʝ ʙʦʡʳʥʰʘ ʰʝʢʪʝʫʣʝʨ; ʙʘʣʘʥʩʠʨʣʽ ï ʞᴇʥʜʝʫʽ ʢװʨʜʝʣʽ) 

ʇʦʟʠʮʠʷʣʘʫ ʞʝʪʝʛʽ 

ʕʣʝʢʪʨʦʤʝʭʘʥʠʢʘʣʳץ ʪʨʦʩʪʳ (ʘʣʳʥʳʧ ʪʘʩʪʘʣʜʳ: ʛʠʜʨʘʚʣʠʢʘʣʳץ 

ï ī40ÁC ʢʝʟʽʥʜʝ ʪᴅʫʝʢʝʣʜʝʨ; ץʦʣʤʝʥ ï ʪᴇʤʝʥ ʞʝʜʝʣʜʽʢ ʞᴅʥʝ 

ʝשʙʝʢ ʰʳסʳʥʳ, ץʘʫʽʧʩʽʟʜʽʛʽ ʞʦסʘʨʳ) 

ʆʩʴʪʽ ʞʳʣʞʳʪʫ 

ʤʝʭʘʥʠʟʤʽ 

ʈʦʣʠʢʪʝʨʽ ʙʘʨ ץʦʟסʘʣʤʘʣʳ ʘʨʙʘʰʘʣʘʨ (ʘʣʳʥʳʧ ʪʘʩʪʘʣʜʳ: 

ʩʳʨסʳʤʘʣʳ ʤʝʭʘʥʠʟʤ ï װʡʢʝʣʽʩʽ ʞʦסʘʨʳ ʞᴅʥʝ ʪʝʟ ʪʦʟʘʜʳ, ʜᴅʣ 

ʧʦʟʠʮʠʷʣʘʫ ʤʝʥ ʞʠʽ ʮʠʢʣʜʝʨ װʰʽʥ ץʦʣʘʡʩʳʟ) 

ʆʩʴʪʝʨʜʽ ʙʝʢʽʪʫ 

ʞװʡʝʩʽ 

ʇʥʝʚʤʦʮʠʣʠʥʜʨʣʝʨʽ ʙʘʨ ʘʚʪʦʤʘʪʪʳ ʙʝʢʽʪʢʽʰʪʝʨ (ʘʣʳʥʳʧ 

ʪʘʩʪʘʣʜʳ: ʤʝʭʘʥʠʢʘʣʳץ ʰʪʳʨʴʣʘʨ ʞᴅʥʝ ʙײʨʘʥʜʘʣʳ ʪʘʨʪץʳʰʪʘʨ 

ï ʙʘʷʫ, ʦʧʝʨʘʪʦʨʜʳץ שʘʫʽʧʪʽ ʘʡʤʘץʪʘ ʞײʤʳʩ ʽʩʪʝʫʽʥ ʪʘʣʘʧ ʝʪʝʜʽ) 

 

ɽʥʛʽʟʽʣʛʝʥ ʰʝʢʪʝʫʣʝʨʜʽ ʝʩʢʝʨʛʝʥʥʝʥ ʢʝʡʽʥ ʨץײʩʘʪ ʝʪʽʣʝʪʽʥ ײץʨʳʣʳʤʜʳץ 

ʥײʩץʘʣʘʨʜʳש ʞʘʣʧʳ ʩʘʥʳ: 

 

ὔ̋ ̏̎̕τϽσϽυϽτϽσϽτϽςϽυϽτϽσϽσϽςϽτϽρϽς  ρφ υψψ ψππ 
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ɽש ʦשʪʘʡʣʳ ʥײʩץʘʣʘʨʜʳ ʦʙʲʝʢʪʠʚʪʽ ʩʘʣʳʩʪʳʨʫ װʰʽʥ ʘʣʪʳ ʥʝʛʽʟʛʽ ʢʨʠʪʝʨʠʡ 

ʘʥʳץʪʘʣʳʧ, ᴅʨץʘʡʩʳʩʳʥʘ ʙʝʨʽʣʛʝʥ ʩʘʣʤʘץ ʢʦʵʬʬʠʮʠʝʥʪʽ ʦʥʳש ʞװʨʽʩ ʙᴇʣʽʛʽʥ 

ʞʦʙʘʣʘʫʜʘסʳ ʤʘשʳʟʜʳʣʳסʳʥʘ ʙʘʡʣʘʥʳʩʪʳ (2.5 ʢʝʩʪʝ) [77]. 

 

ʂʝʩʪʝ 2.5 - ʊʘשʜʘʫ ʞᴅʥʝ ʩʘʣʤʘץ ʢʨʠʪʝʨʠʡʣʝʨʽ 
ʊʘשʜʘʫ ᴇʣʰʝʤʜʝʨʽ ʉʘʣʤʘץ ɹʘʩʳʤʜʳץ ʅʝʛʽʟʜʝʤʝ 

 ʜʘʡʣʘʨʜʘסʠʳʥ ʞʘפ

ʩʝʥʽʤʜʽʣʽʛʽ 
0,3 ᴆʪʝ ʞʦסʘʨʳ 

ī40é+40 ÁC ʪʝʤʧʝʨʘʪʫʨʘ ʘʨʘʣʳסʳʥʜʘ, 

ʰʘש ʞᴅʥʝ ʣʘʡ ʞʘסʜʘʡʳʥʜʘ ʧʘʡʜʘʣʘʥʫ 

ʊʘʨʪץʳʰ ʢᴇʣʽʢʪʝʨ 

ʧʘʨʢʽʤʝʥ װʡʣʝʩʽʤʜʽʣʽʛʽ 
0,2 ɾʦסʘʨʳ 

ʂɸʄɸɿ, Volvo FMX, Mercedes-Benz 

Arocs ʞᴅʥʝ ʙʘʩץʘ ץײʩʘʩ ʢᴇʣʽʢʪʝʨ 

ʧʘʡʜʘʣʘʥʳʣʘʜʳ 

 ʳʟʤʝʪ ʢᴇʨʩʝʪʫפ

 ʳסʘʨʘʧʘʡʳʤʜʳʣʳץ
0,15 ɾʦסʘʨʳ 

ɼʘʣʘʣʳץ ʞʘסʜʘʡʜʘ ʝש ʘʟ ʨʝʩʫʨʩʪʘʨʤʝʥ 

ʞᴇʥʜʝʫ ʤװʤʢʽʥʜʽʛʽ 

ᴆʪʽʤʜʽʣʽʛʽ 0,15 ɾʦסʘʨʳ 
ʂʝʜʽʨ-ʙײʜʳʨ ʞʝʨʣʝʨʜʝ, ʪʨʘʥʰʝʷʣʘʨ 

ʤʘשʳʥʜʘ ʞײʤʳʩ ʽʩʪʝʫ 

ʂʦʥʩʪʨʫʢʮʠʷ ʤʘʩʩʘʩʳ 0,1 ʆʨʪʘʰʘ 
ɹʝʨʽʢʪʽʢ ʧʝʥ ʪʘʩʳʤʘʣʜʘʫ ʤװʤʢʽʥʜʽʛʽ 

ʘʨʘʩʳʥʜʘסʳ ʪʝשʛʝʨʽʤ ץʘʞʝʪ 

 ʳʟʜʳשʰʽʥ ʤʘװ ᴇʥʜʽʨʽʩ ץʥʳ 0,1 ʆʨʪʘʰʘ ʉʝʨʠʷʣʳײפ

 

ᴄʨ ̔ץʘʨʘʡ, ʤʦʙʠʣʴʜʽ ʞʦʣ ᴇʪʧʝʩʽʥʽש ʞװʨʽʩ ʙᴇʣʽʛʽʥʽש ʝץ שʦʣʘʡʣʳ ʙʝʩ 

ʢʦʥʬʠʛʫʨʘʮʠʷʩʳ ʪʘשʜʘʣʜʳ ʞᴅʥʝ ʞʦסʘʨʳʜʘ ʩʠʧʘʪʪʘʣסʘʥ ʢʨʠʪʝʨʠʡʣʝʨ ʙʦʡʳʥʰʘ 

ʙʘסʘʣʘʥʜʳ (ʢʝʩʪʝ 2.6). 

 

ʂʝʩʪʝ 2.6 - ɾʦʣ ᴇʪʧʝʩʽʥʽש ʞװʨʽʩ ʙᴇʣʽʛʽʥʽש ʦשʪʘʡʣʳ ײץʨʳʣʳʤʜʳץ ʥײʩץʘʣʘʨʳ 
ʅײʩץʘ ײפʨʳʣʳʤʜʳץ ʥײʩץʘ 

A 

ʊᴇʤʝʥ ʨʘʤʘʣʳ 2-ʦʩʴʪʽ; ץʘʪʪʳ ʜᴅʥʝʢʝʨʣʝʥʛʝʥ ʨʘʤʘ; 2 ʦʩʴ; ʞװʢ ʢᴇʪʝʨʛʽʰʪʽʛʽ 10 ʪ 

ʜʝʡʽʥ; ʪʦʣʳץ ʤʘʩʩʘʩʳ 13 ʪ ʜʝʡʽʥ; ʛʘʙʘʨʠʪʪʝʨʽ 10,9Ĭ2,373 ʤ; ʞʦʣ ʩʘשʳʣʘʫʳ 380 ʤʤ; 

ʞʳʣʜʘʤʜʳסʳ 80/40 ʢʤ/ʩʘס; ʰʠʥʘʩʳ 10.00R20; ץʳʩʳʤʳ 5,75; ʄɽʄʉʊ ʽʣʤʝʛʽ 750; 

ʨʝʩʩʦʨʣʘʨ; ʵʣʝʢʪʨʦʤʝʭʘʥʠʢʘʣʳץ ʞʝʪʝʢ; ʨʦʣʠʢʪʝʨʽ ʙʘʨ ץʦʟסʘʣʤʘʣʳ ʘʨʙʘʰʘʣʘʨ; 

ʧʥʝʚʤʦʮʠʣʠʥʜʨʣʝʨ ʘʨץʳʣʳ ʘʚʪʦʤʘʪʪʳ ʙʝʢʽʪʫ 

ɹ 

ʊᴇʤʝʥ ʨʘʤʘʣʳ 3-ʦʩʴʪʽ; ץʘʪʪʳ ʨʘʤʘ; 3 ʦʩʴ; ʞװʢ ʢᴇʪʝʨʛʽʰʪʽʛʽ 12 ʪ ʜʝʡʽʥ; ʪʦʣʳץ 

ʤʘʩʩʘʩʳ 15 ʪ ʜʝʡʽʥ; ʩʦʣ ʛʘʙʘʨʠʪʪʝʨ; ʞʦʣ ʩʘשʳʣʘʫʳ 380 ʤʤ; 80/40 ʢʤ/ʩʘס; ʰʠʥʘʩʳ 

11.00R20; ץʳʩʳʤʳ 5,75; ʄɽʄʉʊ ʽʣʤʝʛʽ; ʨʝʩʩʦʨʣʘʨ + ʘʤʦʨʪʠʟʘʪʦʨʣʘʨ; 

ʵʣʝʢʪʨʦʤʝʭʘʥʠʢʘʣʳץ ʞʝʪʝʢ; ʨʦʣʠʢʪʝʨʽ ʙʘʨ ץʦʟסʘʣʤʘʣʳ ʘʨʙʘʰʘʣʘʨ; ʘʚʪʦʤʘʪʪʳ 

ʙʝʢʽʪʫ 

C 

ɾʦסʘʨʳ ʨʘʤʘʣʳ 2-ʦʩʴʪʽ; ʣʦʥʞʝʨʦʥʜʘʨʳ ʤʝʥ ץʘʙʳʨסʘʣʘʨʳ ʙʘʨ ʨʘʤʘ; 2 ʦʩʴ; ʞװʢ 

ʢᴇʪʝʨʛʽʰʪʽʛʽ 10 ʪ ʜʝʡʽʥ; ʪʦʣʳץ ʤʘʩʩʘʩʳ 13 ʪ ʜʝʡʽʥ; ʛʘʙʘʨʠʪʪʝʨʽ 10,9Ĭ2,373 ʤ; ʞʦʣ 

ʩʘשʳʣʘʫʳ 420ï450 ʤʤ; 60/40 ʢʤ/ʩʘס; ʰʠʥʘʩʳ 11.00R20; ץʳʩʳʤʳ 5,75; ʄɽʄʉʊ 

ʽʣʤʝʛʽ; ʨʝʩʩʦʨʣʳ ʘʩʧʘ; ʵʣʝʢʪʨʦʤʝʭʘʥʠʢʘʣʳץ ʞʝʪʝʢ; ʨʦʣʠʢʪʝʨʽ ʙʘʨ ץʦʟסʘʣʤʘʣʳ 

ʘʨʙʘʰʘʣʘʨ; ʘʚʪʦʤʘʪʪʳ ʙʝʢʽʪʫ 

D 

ʊᴇʤʝʥ ʨʘʤʘʣʳ 2-ʦʩʴʪʽ; ץʘʪʪʳ ʨʘʤʘ; 2 ʦʩʴ; ʞװʢ ʢᴇʪʝʨʛʽʰʪʽʛʽ 10 ʪ ʜʝʡʽʥ; ʪʦʣʳץ 

ʤʘʩʩʘʩʳ 13 ʪ ʜʝʡʽʥ; ʛʘʙʘʨʠʪʪʝʨʽ 9,5Ĭ2,5 ʤ; ʞʦʣ ʩʘשʳʣʘʫʳ 380 ʤʤ; 80/40 ʢʤ/ʩʘס; 

ʰʠʥʘʩʳ 10.00R20; ץʳʩʳʤʳ 5,75; ʄɽʄʉʊ ʽʣʤʝʛʽ; ʨʝʩʩʦʨʣʘʨ + ʘʤʦʨʪʠʟʘʪʦʨʣʘʨ; 

ʛʠʜʨʘʚʣʠʢʘʣʳץ ʞʝʪʝʢ; ʨʦʣʠʢʪʝʨʽ ʙʘʨ ץʦʟסʘʣʤʘʣʳ ʘʨʙʘʰʘʣʘʨ; ʤʝʭʘʥʠʢʘʣʳץ 

ʰʪʳʨʴʣʘʨ 

E 

ʄʦʜʫʣʴʜʽʢ ʙʘʣʢʘʣʳ; ʙʦʣʪʪʳ-ʜᴅʥʝʢʝʨʣʽ; 2 ʦʩʴ; ʞװʢ ʢᴇʪʝʨʛʽʰʪʽʛʽ 10 ʪ ʜʝʡʽʥ; ʪʦʣʳץ 

ʤʘʩʩʘʩʳ 13 ʪ ʜʝʡʽʥ; ʛʘʙʘʨʠʪʪʝʨʽ 9,5Ĭ2,5 ʤ; ʞʦʣ ʩʘשʳʣʘʫʳ 320ï350 ʤʤ; 60/30 

ʢʤ/ʩʘס; ʰʠʥʘʩʳ 10.00R20; ץʳʩʳʤʳ 4,5ï5,0; ʄɽʄʉʊ ʽʣʤʝʛʽ; ʨʝʩʩʦʨʣʳ ʘʩʧʘ; ץʦʣʤʝʥ 

ʙʘʩץʘʨʳʣʘʪʳʥ ʞʝʪʝʢ; ʩʳʨסʳʤʘʣʳ ʧʣʘʪʬʦʨʤʘ; ʙײʨʘʥʜʘʣʳ ʪʘʨʪץʳʰʪʘʨ 
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ʉʦʜʘʥ ʢʝʡʽʥ ʦʣʘʨʜʳש ʽʰʽʥʝʥ ʝש ʦשʪʘʡʣʳʩʳʥ ʘʥʳץʪʘʫ ʤʘץʩʘʪʳʥʜʘ ᴅʨʙʽʨ 

 ʢᴇʨʩʝʪʢʽʰʽ ʢʝʣʝʩʽ ʬʦʨʤʫʣʘ ʙʦʡʳʥʰʘ ץʰʽʥ ʠʥʪʝʛʨʘʣʜʳװ ʘץʩײʥ ץʨʳʣʳʤʜʳײץ

ʝʩʝʧʪʝʣʜʽ [77]: 

 

 Ὅ В ὡ Ͻὄ , (2.2) 

 

ʤײʥʜʘ ὡï ᴇʣʰʝʤʜʝʨʜʽש ʩʘʣʤʘץʪʳץ ʢʦʵʬʬʠʮʠʝʥʪʪʝʨʽ; 

ὄï ᴇʣʰʝʤʜʝʨ ʙʦʡʳʥʰʘ ʦʨʪʘʰʘ ʙʘʣʣʜʘʨ, Biɴ[1,5]. 

 

ʀʥʪʝʛʨʘʣʜʳץ ʢᴇʨʩʝʪʢʽʰʪʽ ʝʩʝʧʪʝʫ ᴅʜʽʩʪʝʤʝʩʽ ʢʝʣʝʩʽʜʝʡ: ᴅʨʙʽʨ ʢʦʥʬʠʛʫʨʘʮʠʷ 

ʢᴇʨʩʝʪʢʽʰʽʥ (ʢʦʥʩʪʨʫʢʮʠʷ ʪװʨʽ, ʨʘʤʘ, ʦʩʴʪʝʨ, ʞװʢʪʝʤʝ, ʞʦʣ ʩʘשʳʣʘʫʣʘʨʳ, 

ʞʳʣʜʘʤʜʳץ, ʰʠʥʘʣʘʨ, ʽʣʽʥʽʩʫ, ʘʩʧʘ ʞᴅʥʝ ʪ.ʙ.) ʘʣʪʳ ʢʨʠʪʝʨʠʡ ʙʦʡʳʥʰʘ 1-ʜʝʥ 5-ʢʝ 

ʜʝʡʽʥʛʽ ײʧʘʡʣʘʨʤʝʥ ʘʣʜʳʥ ʘʣʘ ʙʘסʘʣʘʥʘʜʳ: ʩʝʥʽʤʜʽʣʽʢ, װʡʣʝʩʽʤʜʽʣʽʢ, ʊפʂ, 

ᴇʪʽʤʜʽʣʽʢ, ʩʘʣʤʘײץ ,ץʥʳ [77].  

ʂʝʣʝʩʽ ʙʘʨʣʳץ ʢᴇʨʩʝʪʢʽʰʪʝʨ ʙʦʡʳʥʰʘ ʢʨʠʪʝʨʠʡ ײʧʘʡʣʘʨʳ ץʦʩʳʣʘʜʳ. 

ɸʣʳʥסʘʥ ʩʦʤʘ ʢᴇʨʩʝʪʢʽʰʪʝʨʜʽש ʞʘʣʧʳ ʩʘʥʳʥʘ ʙᴇʣʽʥʝʜʽ. ʆʩʳʣʘʡʰʘ, ʦʨʪʘʰʘ 

 ʥᴅʪʠʞʝʣʝʨʽ 2.7 שʣ ʝʩʝʧʪʝʫʣʝʨʜʽײʪʘʣʜʳ. ɹץʧʘʡʣʘʨ Bi ʢʨʠʪʝʨʠʡʣʝʨʽ ʙʦʡʳʥʰʘ ʘʥʳײ

ʢʝʩʪʝʜʝ ʢʝʣʪʽʨʽʣʛʝʥ.  

 

ʂʝʩʪʝ 2.7 - Bi ʢʨʠʪʝʨʠʡʣʝʨʽ ʙʦʡʳʥʰʘ ʦʨʪʘʰʘ ײʧʘʡʣʘʨ 

 ץʨʳʣʳʤ-ʜʳײפ

ʥײʩץʘ 

ʉʝʥʽʤʜʽʣʽʢ 

(ʦʨʪʘʰʘ 

ʙʘʣʣ) 

 ʡʣʝʩʽʤ-ʜʽʣʽʢת

(ʦʨʪʘʰʘ ʙʘʣʣ) 

 ʳʟʤʝʪפ

ʢᴇʨʩʝʪʫ 

(ʦʨʪʘʰʘ ʙʘʣʣ) 

ᴆʪʽʤʜʽʣʽʢ 

(ʦʨʪʘʰʘ 

ʙʘʣʣ) 

ʄʘʩʩʘ 

(ʦʨʪʘʰʘ 

ʙʘʣʣ) 

 ʥʳײפ

(ʦʨʪʘʰʘ 

ʙʘʣʣ) 

A 5 5 4,62 4,08 4,46 4,31 

ɹ 4,92 5 4,54 4,08 4,54 4,23 

C 4,85 5 4,46 4,15 4,15 4,08 

D 4,69 4,92 4,62 3,85 4,54 4,38 

E 5 4,92 4,23 3,92 4 3,92 

 

ɸʣʳʥסʘʥ ʦʨʪʘʰʘ ʙʘʣʣʜʘʨ ʥʝʛʽʟʽʥʜʝ Bi ʢʨʠʪʝʨʠʡʣʝʨʽ ʙʦʡʳʥʰʘ ᴅʨ 

ʢʦʥʬʠʛʫʨʘʮʠʷʥʳש ʠʥʪʝʛʨʘʣʜʳ ʢᴇʨʩʝʪʢʽʰʽ ʝʩʝʧʪʝʣʝʜʽ.  

ɸ ʢʦʥʬʠʛʫʨʘʮʠʷʩʳʥ ʝʩʝʧʪʝʫ ʤʳʩʘʣʳ ʪᴇʤʝʥʜʝ ʢʝʣʪʽʨʽʣʛʝʥ: 

- ʩʝʥʽʤʜʽʣʽʢ ʙʦʡʳʥʰʘ: 

Ὅ̒̆ ̎ πȟσϽυ ρȟυȟ 
 

 :ʡʣʝʩʽʤʜʽʣʽʢ ʙʦʡʳʥʰʘװ -

Ὅװʡʣʝʩπȟςẗυ ρ 

 

 :ʳʟʤʝʪ ʢᴇʨʩʝʪʫ ʙʦʡʳʥʰʘץ -

-  
Ὅץʳʟʤπȟρυẗτȟφς πȟφωσ 

 

- ᴇʪʽʤʜʽʣʽʢ ʙʦʡʳʥʰʘ: 

 

Ὅᴇʪʽʤπȟρυẗτȟπψ πȟφρς 
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- ʤʘʩʩʘ ʙʦʡʳʥʰʘ: 

 

Ὅʤʘʩʩʘπȟρẗτȟτφ πȟττφ 
 

 :ʥ rʙʦʡʳʥʰʘײץ -

 

Ὅײץʥπȟρẗτȟσρ πȟτσρ 

 

- A ײץʨʳʣʳʤʜʳץ ʥײʩץʘʩʳʥʳש ʠʥʪʝʛʨʘʣʜʳץ ʢᴇʨʩʝʪʢʽʰʽ: 

 

Ὅ ρȟυ ρ πȟφωσπȟφρςπȟττφπȟτσρτȟφψς 

 

ɾʦסʘʨʳʜʘ ʩʠʧʘʪʪʘʣסʘʥ ᴅʜʽʩʪʝʤʝ ʥʝʛʽʟʽʥʜʝ ʙʘʩץʘ ʢʦʥʬʠʛʫʨʘʮʠʷʣʘʨʜʳש 

ʠʥʪʝʛʨʘʣʜʳ ʢᴇʨʩʝʪʢʽʰʽ ʝʩʝʧʪʝʣʛʝʥ. ɽʩʝʧʪʝʫ ʥᴅʪʠʞʝʣʝʨʽ 2.8 ʢʝʩʪʝʜʝ ʢᴇʨʩʝʪʽʣʛʝʥ. 

 

ʂʝʩʪʝ 2.8 - ײפʨʳʣʳʤʜʳץ ʥײʩץʘʣʘʨʜʳש ʠʥʪʝʛʨʘʣʜʳ ʢʦʥʬʠʛʫʨʘʮʠʷ ʢᴇʨʩʝʪʢʽʰʽ 
 ʢᴇʨʩʝʪʢʽʰ ץʘ ʀʥʪʝʛʨʘʣʜʳץʩײʥ ץʨʳʣʳʤʜʳײפ

A 4,682 

ɹ 4,5 

C 4,519 

D 4,415 

E 4,554 

 

ʂʨʠʪʝʨʠʡʣʝʨ ʙʦʡʳʥʰʘ ʩʘʣʳʩʪʳʨʤʘʣʳ ʪʘʣʜʘʫʜʘʥ ʢʝʡʽʥ ʝש ʞʘץʩʳ ʢʦʤʙʠʥʘʮʠʷ 

ɸ ʢʦʥʬʠʛʫʨʘʮʠʷʩʳ ʙʦʣʜʳ, ʦסʘʥ ʤʳʥʘʣʘʨ ʢʽʨʝʜʽ: 

 ʢʦʥʩʪʨʫʢʮʠʷ ʪװʨʽ: ʪᴇʤʝʥ ʨʘʤʘʣʳ 2 ʦʩʴ - ʪᴇʤʝʥ ʘʫʳʨʣʳץ ʦʨʪʘʣʳסʳʥ, 

ʪʘʩʳʤʘʣʜʘʫ ʢʝʟʽʥʜʝ ʞʘץʩʳ ʪײʨʘץʪʳʣʳץʪʳ ʞᴅʥʝ ʧʣʘʪʬʦʨʤʘסʘ ץʘʨʘʧʘʡʳʤ 

ʞʘʙʜʳץʪʳ ʝʥʛʽʟʫʜʽ ץʘʤʪʘʤʘʩʳʟ ʝʪʝʜʽ; 

 ʥʝʛʽʟʛʽ ʬʫʥʢʮʠʷ: ʪʘʩʳʤʘʣʜʘʫ + ʙʝʢʽʪʫ - ʞʦʣ ᴇʪʧʝʩʽʥ ʞײʤʳʩ ʦʨʥʳʥʘ 

ʞʳʣʞʳʪʳʧ ץʘʥʘ ץʦʡʤʘʡ, ʦʥʳ ʞײʤʳʩ ʦʨʥʳʥʜʘ ʩʝʥʽʤʜʽ ʪװʨʜʝ ʙʝʢʽʪʫʛʝ ʤװʤʢʽʥʜʽʢ 

ʙʝʨʝʜʽ; 

 ʨʘʤʘ ʪװʨʽ: ץʘʪʪʳ ʜᴅʥʝʢʝʨʣʝʥʛʝʥ - ʢʦʥʩʪʨʫʢʮʠʷʥʳש ʩʘʣʳʩʪʳʨʤʘʣʳ ʪװʨʜʝ 

ʰʘסʳʥ ʤʘʩʩʘʩʳʥ ʩʘץʪʘʡ ʦʪʳʨʳʧ, ʞʦסʘʨʳ ʙʝʨʽʢʪʽʢ ʧʝʥ ײʟʘץ ץʳʟʤʝʪ ʤʝʨʟʽʤʽʥ 

 ;ʘʤʪʘʤʘʩʳʟ ʝʪʝʜʽץ

 ʦʩʴʪʝʨ ʩʘʥʳ: 2 ʦʩʴ (4 ʜʦסשʘʣʘץ) - ץʘʣʘʣʳײץ ץʨʳʣʳʩ ʞʘסʜʘʡʳʥʜʘ ʞװʢ 

ʢᴇʪʝʨʛʽʰʪʽʛʽ ʤʝʥ ʤʘʥʝʚʨ ʘʨʘʩʳʥʜʘסʳ ʦשʪʘʡʣʳ ʪʝʧʝ-ʪʝשʜʽʢ; 

 ʞװʢ ʢᴇʪʝʨʛʽʰʪʽʛʽ: 10 ʪ ʜʝʡʽʥ - ʜʠʥʘʤʠʢʘʣʳץ ʞװʢʪʝʤʝʣʝʨʜʽ ʝʩʝʧʢʝ ʘʣʫ װʰʽʥ 

ʙʝʨʽʢʪʽʢ ʰʝʛʽ 0,8 ʪ ʙʦʣʘʪʳʥ ʩʘʣʤʘסʳ 9,2 ʪ ʪʽʨʝʢ ײץʨʳʣʳʤʳʥ ʪʘʩʳʤʘʣʜʘʫסʘ 

ʤװʤʢʽʥʜʽʢ ʙʝʨʝʜʽ; 

 ʞʘʙʜʳץʪʘʣסʘʥ ʰʘʩʩʠʜʽש ʤʘʩʩʘʩʳ: ~3 ʪ - ʪʘʩʳʤʘʣʜʘʫ װʰʽʥ ץʦʣʘʡʣʳ ʤʘʩʩʘʥʳ 

ʩʘץʪʘʡ ʦʪʳʨʳʧ, ץʘʞʝʪʪʽ ʙʝʨʽʢʪʽʢʪʽ ץʘʤʪʘʤʘʩʳʟ ʝʪʝʜʽ; 

 ʞװʡʝʥʽש ʪʦʣʳץ ʩʘʣʤʘסʳ: 13 ʪ ʜʝʡʽʥ - ʞʘʣʧʳסʘ ʦʨʪʘץ ʧʘʡʜʘʣʘʥʳʣʘʪʳʥ 

ʘʚʪʦʤʦʙʠʣʴ ʞʦʣʜʘʨʳʥʜʘ ʞװʨʫ װʰʽʥ ɾפɽ ʰʝʢʪʝʫʣʝʨʽʥʝ ʩᴅʡʢʝʩ ʢʝʣʝʜʽ; 
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 ʨʘʤʘʥʳש ᴇʣʰʝʤʜʝʨʽ: 10,9Ĭ2,373 ʤ - ʞʝʪʢʽʣʽʢʪʽ ʪʽʨʝʢ ʘʡʤʘסʳʥ ץʘʤʪʘʤʘʩʳʟ ʝʪʝ 

ʦʪʳʨʳʧ, ʩʪʘʥʜʘʨʪʪʳ ʢᴇʣʽʢ ᴇʣʰʝʤʜʝʨʽʥʝ ʩᴅʡʢʝʩ ʢʝʣʝʜʽ; 

 ʞʦʣ ʩʘשʳʣʘʫʳ: 380 ʤʤ - ʘʫʳʨʣʳץ ʮʝʥʪʨʽʥ ʘʡʪʘʨʣʳץʪʘʡ ʘʨʪʪʳʨʤʘʡ, ʪʝʛʽʩ ʝʤʝʩ 

ʙʝʪʪʝʨʜʝ ʞʘץʩʳ ʪʨʘʬʠʢʪʽ ץʘʤʪʘʤʘʩʳʟ ʝʪʝʜʽ; 

 ʞr ʣʜʘʤʜʳץ: ʘʩʬʘʣʴʪ ʙʦʡʳʥʰʘ 60 ʢʤ/ʩʘס, ʪʦʧʳʨʘץ ʙʦʡʳʥʰʘ 40 ʢʤ/ʩʘס - 

 ʨʫʛʝװʪʘʡ ʦʪʳʨʳʧ, ʦʙʲʝʢʪʽʣʝʨ ʘʨʘʩʳʥʜʘ ʞʝʜʝʣ ʞץʘʫʽʧʩʽʟʜʽʢ ʪʘʣʘʧʪʘʨʳʥ ʩʘץ

ʤװʤʢʽʥʜʽʢ ʙʝʨʝʜʽ; 

 h ʠʥʘʣʘʨ: 10. 00R20 - ʂɸʄɸɿ, Volvo FMX ʞᴅʥʝ Mercedes-Benz Arocs ʞᴅʥʝ 

ʙʘʩץʘ ץײʩʘʩ ʘʥʘʣʦʛʪʘʨʤʝʥ ʙʽʨʽʢʪʽʨʽʣʛʝʥ, ʙײʣ ʜᴇשʛʝʣʝʢʪʝʨʜʽש ᴇʟʘʨʘ ʘʣʤʘʩʪʳʨʳʣ-

ʫʳʥ ץʘʤʪʘʤʘʩʳʟ ʝʪʝʜʽ ʞᴅʥʝ ʊפʂ ʞʝשʽʣʜʝʪʝʜʽ; 

 h ʠʥʘʥʳץ שʳʩʳʤʳ: 5,75 ʢʛʩ/ʩʤ2 - ʞʦʣ ʞʘʤʳʣסʳʩʳʥʳש ᴅʨʪװʨʣʽ ʪװʨʣʝʨʽ 

ʙʦʡʳʥʰʘ ʞװʨʫ ʢʝʟʽʥʜʝ ʙʦʣʞʘʤʜʳ ʞװʢ ʢᴇʪʝʨʛʽʰʪʽʛʽʥ, ʪʦʟʫסʘ ʪᴇʟʽʤʜʽʣʽʛʽʥ ʞᴅʥʝ 

ʞʘʡʣʳʣʳסʳʥ ץʘʤʪʘʤʘʩʳʟ ʝʪʝʪʽʥ ʦשʪʘʡʣʳ ʤᴅʥ; 

 ʪ̔ ʨʢʝʫ ײץʨʳʣסʳʩʳ: ʄɽʄʉʊ 2349-75, h=750 ʤʤ ʮʠʢʣ - ʩʪʘʥʜʘʨʪʪʳ ʦʪʘʥʜʳץ 

ʞᴅʥʝ ʰʝʪʝʣʜʽʢ ʪʘʨʪץʳʰʪʘʨʤʝʥ ʪʦʣʳװ ץʡʣʝʩʽʤʜʽʣʽʢʪʽ ץʘʤʪʘʤʘʩʳʟ ʝʪʝʜʽ 

 ʘʩʧʘ ʞװʡʝʩʽ: ʘʤʦʨʪʠʟʘʪʦʨʣʘʨʳ ʙʘʨ ʩʝʨʽʧʧʝʣʝʨ ï ʢʦʥʩʪʨʫʢʮʠʷʥʳש 

 ʜʘʡʜʘ ʞᴇʥʜʝʫʜʽ ʞᴅʥʝ ʜʽʨʽʣʜʽ ʪʠʽʤʜʽ ʩᴇʥʜʽʨʫʜʽסʞʘ ץʳʥ, ʜʘʣʘʣʳסʘʨʘʧʘʡʳʤʜʳʣʳץ

ʙʽʨʽʢʪʽʨʝʜʽ. 

 ʦʨʥʘʣʘʩʫ ʞʝʪʝʛʽ: ʵʣʝʢʪʨʦʤʝʭʘʥʠʢʘʣʳץ ʢʘʙʝʣʴ - ʞʦסʘʨʳ ʦʨʥʘʪʫ ʜᴅʣʜʽʛʽʥ, ʢʝש 

ʪʝʤʧʝʨʘʪʫʨʘ ʜʠʘʧʘʟʦʥʳʥʜʘ ʞײʤʳʩ ʽʩʪʝʫ ʩʝʥʽʤʜʽʣʽʛʽʥ (-40ÁC-ʪʘʥ +40ÁC-ץʘ ʜʝʡʽʥ) 

ʞᴅʥʝ ʛʠʜʨʘʚʣʠʢʘʣʳץ ʞװʡʝʣʝʨʜʝʥ ʪᴅʫʝʣʩʽʟʜʽʢʪʽ ץʘʤʪʘʤʘʩʳʟ ʝʪʝʜʽ 

 ʦʩʴʪʽש ʞʳʣʞʳʪʫ ʤʝʭʘʥʠʟʤʽ: ʨʦʣʠʢʪʝʨʽ ʙʘʨ ʞʳʣʞʳʤʘʣʳ ʢʘʨʝʪʢʘʣʘʨ - ʦʩʴʪʽש 

ʜᴅʣ ʦʨʥʘʣʘʩʫʳʥ ʤʠʥʠʤʘʣʜʳ װʡʢʝʣʽʩʧʝʥ ץʘʤʪʘʤʘʩʳʟ ʝʪʝʜʽ, ʙײʣ ᴅʩʽʨʝʩʝ ʞʦʣ 

ᴇʪʧʝʩʽʥʽש ʙʽʨʥʝʰʝ ʪʨʘʥʩʬʦʨʤʘʮʠʷ ʮʠʢʣʜʘʨʳ װʰʽʥ ᴇʪʝ ʤʘשʳʟʜʳ. 

 ʙʝʢʽʪʫ ʞװʡʝʩʽ: ʩʘʫʩʘץʪʘʨʳ ʙʘʨ ʘʚʪʦʤʘʪʪʳ ʧʥʝʚʤʘʪʠʢʘʣʳץ - ʘʜʘʤ ʬʘʢʪʦʨʳʥ 

 ,ʘʤʪʘʤʘʩʳʟ ʝʪʝ ʦʪʳʨʳʧץ ʩʝʥʽʤʜʽʣʽʛʽʥ שʢʪʝʤʝ ʢʝʟʽʥʜʝ ʙʝʢʽʪʫʜʽװʘʥʜʘ ʞᴅʥʝ ʞסʦʩʧʘץ

ʞʳʣʞʳʤʘʣʳ ʦʩʴʪʽ ʵʢʩʪʨʝʤʘʣʜʳ ʧʦʟʠʮʠʷʣʘʨʜʘ ʪʝʟ ʞᴅʥʝ ץʘʫʽʧʩʽʟ ʙʝʢʽʪʫʛʝ 

ʤװʤʢʽʥʜʽʢ ʙʝʨʝʜʽ 

ɾװʨʛʽʟʽʣʛʝʥ ʤʦʨʬʦʣʦʛʠʷʣʳץ ʪʘʣʜʘʫ ʤʝʥ ʩʠʥʪʝʟ ʤʦʙʠʣʴʜʽ ʞʦʣ ᴇʪʧʝʩʽʥʽש ʞװʨʽʩ 

ʙᴇʣʽʛʽʥʽש ʙʘʨʣʳץ ʤװʤʢʽʥ ʥײʩץʘʣʘʨʳʥ ʞװʡʝʣʽ ʪװʨʜʝ ʙʘסʘʣʘʫסʘ ʞᴅʥʝ ʦשʪʘʡʣʳ 

ʰʝʰʽʤʜʽ ʥʝʛʽʟʜʽ ʪʘשʜʘʫסʘ ʤװʤʢʽʥʜʽʢ ʙʝʨʜʽ. ɸ ʢʦʥʬʠʛʫʨʘʮʠʷʩʳ ʬʫʥʢʮʠʦʥʘʣʜʳʣʳץ, 

ʩʝʥʽʤʜʽʣʽʢ, ʪʘʨʪץʳʰ ʧʘʨʢʽʤʝʥ װʡʣʝʩʽʤʜʽʣʽʢ, ʊפʂ ʞᴅʥʝ ʰʳסʳʥʜʘʨ ʘʨʘʩʳʥʜʘסʳ ʝש 

ʞʘץʩʳ ʪʝʧʝ-ʪʝשʜʽʢʪʽ ʢᴇʨʩʝʪʪʽ [74]ï[77]. 

ʄʘʤʘʥʜʘʥʜʳʨʳʣסʘʥ ʞʳʣʞʳʤʘʣʳ ʦʩʴʪʽ ʦʨʥʘʣʘʩʪʳʨʫ ʞᴅʥʝ ʙʝʢʽʪʫ ʞװʡʝʣʝʨʽʥ 

ʪʘʣʜʘʫסʘ ץʦʩʫ ײץʨʳʣʳʤʥʳש ʙʘʨʣʳץ ʤʘשʳʟʜʳ ʘʩʧʝʢʪʽʣʝʨʽʥ ʪʦʣʳץ ץʘʨʘʩʪʳʨʫʜʳ 

 ʘʙʽʣʝʪʪʽʣʽʛʽʥץ ʤʳʩײʜʘʡʣʘʨʜʘ ʞסʞʘ ץʘʤʪʘʤʘʩʳʟ ʝʪʪʽ. ʊᴇʪʝʥʰʝ ʪʝʤʧʝʨʘʪʫʨʘʣʳץ

ʞᴅʥʝ ץʦʣʜʘʥʳʩʪʘסʳ ʞʦʣ-ײץʨʳʣʳʩ ʪʝʭʥʠʢʘʩʳʤʝʥ װʡʣʝʩʽʤʜʽʣʽʢʪʽ ץʘʤʪʘʤʘʩʳʟ 

ʝʪʫʛʝ ʝʨʝʢʰʝ ʥʘʟʘʨ ʘʫʜʘʨʳʣʜʳ. 

ʊʘשʜʘʣסʘʥ ʰʝʰʽʤ ץʘʣʘʣʳץ ʦʨʪʘʜʘסʳ ʪʝʭʥʠʢʘʣʳץ ʪʘʣʘʧʪʘʨ ʤʝʥ ʧʘʡʜʘʣʘʥʫ 

ʰʘʨʪʪʘʨʳʥʘ ʪʦʣʳץ ʩᴅʡʢʝʩ ʢʝʣʝʜʽ, ʙײʣ ʠʥʪʝʛʨʘʣʜʳץ ʢᴇʨʩʝʪʢʽʰʪʽ ʝʩʝʧʪʝʫ ʘʨץʳʣʳ 

ʨʘʩʪʘʣʘʜʳ (4,682). ɸ ʢʦʥʬʠʛʫʨʘʮʠʷʩʳ ץʘʞʝʪʪʽ ʩʝʥʽʤʜʽʣʽʢ ʧʝʥ ʙʝʨʽʢʪʽʢʪʽ 

 ʧʝʥ ʤʠʥʠʤʘʣʜʳ ץʘʤʪʘʤʘʩʳʟ ʝʪʝ ʦʪʳʨʳʧ, ʤʘʢʩʠʤʘʣʜʳ ʬʫʥʢʮʠʦʥʘʣʜʳʣʳץ

ʰʳסʳʥʜʘʨ ʘʨʘʩʳʥʜʘסʳ ײʪʳʤʜʳ ʢʦʤʧʘʥʳ ʙʽʣʜʽʨʝʜʽ. 

ʆʩʳʣʘʡʰʘ, ʢᴇʨʩʝʪʢʽʰʪʝʨʜʽש r -ʜʘʣשʽʰʽʥʝʥ ʪʘ שʪʠʤʘʣ ʢʦʤʙʠʥʘʮʠʷʣʘʨʳʥʳץ

 ʳʥʜʘʨסʞᴅʥʝ ʰʳ ץʳʨʣʳץʪײ ,ʩʝʥʽʤʜʽʣʽʢ ,ץʘʥ ʢʦʥʬʠʛʫʨʘʮʠʷ ʬʫʥʢʮʠʦʥʘʣʜʳʣʳס
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ʘʨʘʩʳʥʜʘסʳ ʦשʪʘʡʣʳ ʪʝʧʝ-ʪʝשʜʽʢ ʙʦʣʳʧ ʪʘʙʳʣʘʜʳ. ɹײʣ ʰʘʩʩʠʜʽש ʤʘʢʩʠʤʘʣʜʳ 

ʢװʨʜʝʣʽʣʽʛʽ ʤʝʥ ʤʠʥʠʤʘʣʜʳ ʢʦʥʬʠʛʫʨʘʮʠʷʩʳ ʝʤʝʩ, ʤʦʙʠʣʴʜʽ ʞʦʣ ᴇʪʧʝʩʽʥ 

ʧʘʡʜʘʣʘʥʫʜʳש ʙʘʨʣʳץ ʥʝʛʽʟʛʽ ץʘʞʝʪʪʽʣʽʢʪʝʨʽʥ ʞʘʙʘʪʳʥ ײʪʳʤʜʳ ʦʨʪʘʰʘ ʥײʩץʘ. 

ɸʣʳʥסʘʥ ʥᴅʪʠʞʝʣʝʨ ʜʠʩʩʝʨʪʘʮʠʷʥʳש ʢʝʣʝʩʽ ʙᴇʣʽʤʜʝʨʽʥʜʝ ץʘʨʘʩʪʳʨʳʣʘʪʳʥ 

ʤʦʙʠʣʴʜʽ ʞʦʣ ᴇʪʧʝʩʽʥʽש ʞװʨʽʩ ʙᴇʣʽʛʽʥ ʞʦʙʘʣʳץ ʝʩʝʧʪʝʫ, ʢʦʥʩʪʨʫʢʮʠʷʣʘʫ ʞᴅʥʝ 

ʩʳʥʘʫ װʰʽʥ ʪʝʦʨʠʷʣʳץ ʞᴅʥʝ ᴅʜʽʩʪʝʤʝʣʽʢ ʥʝʛʽʟ ʞʘʩʘʡʜʳ. 

 

 

2.3 ʄʦʙʠʣʴʜʽ ʞʦʣ ᴇʪʧʝʩʽʥʽש ʞװʨʽʩ ʙᴇʣʽʛʽʥʽש ʞʘʣʧʳ ʩײʣʙʘʩʳʥ ᴅʟʽʨʣʝʫ 

 

ʆʨʳʥʜʘʣסʘʥ ʤʦʨʬʦʣʦʛʠʷʣʳץ ʪʘʣʜʘʫ ʞᴅʥʝ ʢʦʥʩʪʨʫʢʮʠʷʣʘʨʜʳש ʥײʩץʘʣʘʨʳʥ 

ʩʠʥʪʝʟʜʝʫ ʥʝʛʽʟʽʥʜʝ 2.2 ʪʘʨʤʘץʪʘ ɸ ʦשʪʘʡʣʳ ʢʦʥʬʠʛʫʨʘʮʠʷʩʳʥʘ ʩᴅʡʢʝʩ ʢʝʣʝʪʽʥ 

ʤʦʙʠʣʴʜʽ ʞʦʣ ᴇʪʧʝʩʽʥʽש ʞװʨʽʩ ʙᴇʣʽʛʽʥʽץ שʦʨʳʪʳʥʜʳ ײץʨʳʣʳʤʜʳץ ʩʳʟʙʘʩʳ 

ᴅʟʽʨʣʝʥʜʽ [74]ï[77].  

 ʘʤʪʘʤʘʩʳʟץ ʤʳʩ ʮʠʢʣʽʥײʞ ץʪʦʣʳ שʘʥ ʩʳʟʙʘ ʤʦʙʠʣʴʜʽ ʞʦʣ ᴇʪʧʝʩʽʥʽסʩʳʥʳʣױ

ʝʪʝʪʽʥ ʢʝʰʝʥʜʽ ʪʝʭʥʠʢʘʣʳץ ʰʝʰʽʤ ʙʦʣʳʧ ʪʘʙʳʣʘʜʳ: ʞװʢ ʢᴇʪʝʨʛʽʰ ʧʣʘʪʬʦʨʤʘʥʳ 

ʪʘʩʳʤʘʣʜʘʫ, ʦʥʳ ʞײʤʳʩ ʞʘסʜʘʡʳʥʘ ʰʳסʘʨʫ, ץʘʙʘʪʪʘʩץʘʥ ʢʝʜʝʨʛʽʜʝʥ ײʩʪʘʧ ʪײʨʫ 

ʞᴅʥʝ ʢʝʡʽʥʥʝʥ ʘʣʳʧ ʪʘʩʪʘʫ. 

ɾװʨʽʩ ʙᴇʣʽʛʽʥʽש ʥʝʛʽʟʛʽ ʤʽʥʜʝʪʽ ʞװʢ ʢᴇʪʝʨʛʽʰ ʧʣʘʪʬʦʨʤʘʥʳ ʪʘʩʳʤʘʣʜʘʫ ʞᴅʥʝ 

ʩʝʥʽʤʜʽ ʙʝʢʽʪʫ ʙʦʣסʘʥʜʳץʪʘʥ, ʦʥʳ ʞʦʙʘʣʘʫʜʳש ʥʝʛʽʟʛʽ ʙʘʩʪʘʧץʳ ʰʘʨʪʳ ʞʦסʘʨסʳ 

 ʞᴅʥʝ ʧʘʡʜʘʣʘʥʫ ʢᴇʨʩʝʪʢʽʰʪʝʨʽ ʙʦʣʜʳ. ʄʦʙʠʣʴʜʽ ʞʦʣ ץʨʳʣʳʤʜʳײץ שʨʳʣʳʤʥʳײץ

ᴇʪʧʝʩʽʥʽש ʪʽʨʝʢ ʧʣʘʪʬʦʨʤʘʩʳ ʞᴇʥʜʝʫ ʞᴅʥʝ ץʘʣʧʳʥʘ ʢʝʣʪʽʨʫ ʞײʤʳʩʪʘʨʳʥ ʞװʨʛʽʟʫ 

ʢʝʟʽʥʜʝ ʫʘץʳʪʰʘ ʞװʨʽʩ ʙᴇʣʽʛʽʥʽש ʬʫʥʢʮʠʷʣʘʨʳʥ ʦʨʳʥʜʘʡʪʳʥ ʙʽʨʪײʪʘʩ ʤʝʪʘʣʣ 

ʢʦʥʩʪʨʫʢʮʠʷ ʙʦʣʳʧ ʪʘʙʳʣʘʜʳ. ʆʣ ʘʚʪʦʤʦʙʠʣʴ ʢᴇʣʽʛʽʥʽש ʪʨʘʥʰʝʷʣʘʨ ʤʝʥ ʝʥʽ 8 ʤ-

ʛʝ ʜʝʡʽʥʛʽ ʙʘʩץʘ ʢʝʜʝʨʛʽʣʝʨʜʝʥ ץʘʫʽʧʩʽʟ ᴇʪʫʽʥ ץʘʤʪʘʤʘʩʳʟ ʝʪʝʜʽ [64], [66]. 

ʇʣʘʪʬʦʨʤʘʥʳש ᴇʣʰʝʤʜʝʨʽ ʤʝʥ ʽʰʢʽ ʦʨʥʘʣʘʩʫʳ (2.4 ʩʫʨʝʪ) ʞװʨʽʩ ʙᴇʣʽʛʽʥʽש 

ʢᴇʨʩʝʪʢʽʰʪʝʨʽʥʝ ץʦʡʳʣʘʪʳʥ ʥʝʛʽʟʛʽ ʪʘʣʘʧʪʘʨʜʳ ʘʡץʳʥʜʘʡʜʳ. ɾװʨʽʩ ʙᴇʣʽʛʽʥʽש 

ʷסʥʠ ʞʦסʘʨסʳ ʧʣʘʪʬʦʨʤʘʩʳʥʳש ʥʝʛʽʟʛʽ ʢᴇʨʩʝʪʢʽʰʪʝʨʽ 1.5 ʪʘʨʘʫʜʘ ʥʘץʪʳ 

ʙʘʷʥʜʘʣסʘʥ. 

 

 
 

ʉʫʨʝʪ 2.4 ï ʄʦʙʠʣʴʜʽ ʞʦʣ ᴇʪʧʝʩʽʥʽש ʞʦסʘʨסʳ ʧʣʘʪʬʦʨʤʘʥʳש  

ʛʘʙʘʨʠʪʪʽʢ ᴇʣʰʝʤʜʝʨʽ 

 

ɼʠʥʘʤʠʢʘʣʳץ ʢʦʵʬʬʠʮʠʝʥʪʪʝʨ ʤʝʥ ʞײʤʳʩ ʞʘסʜʘʡʣʘʨʳʥ ʝʩʢʝʨʝ ʦʪʳʨʳʧ, 

ʞװʨʽʩ ʞװʡʝʩʽ ʢᴇʨʩʝʪʽʣʛʝʥ ʤʘʩʩʘʥʳש ʪʘʩʳʤʘʣʜʘʥʫʳʥ סʘʥʘ ʝʤʝʩ, ʩʦʥʳʤʝʥ ץʘʪʘʨ, 

ʦʥʳש ʥʘץʪʳ ʦʨʥʘʣʘʩʫʳʥ ʞᴅʥʝ ʞײʤʳʩ ʞʘסʜʘʡʳʥʜʘ ʪײʨʘץʪʳ ʩʘץʪʘʣʫʳʥ 

 ʪʘʩ ʞᴅʥʝ ʙᴇʣʽʥʙʝʡʪʽʥײʙʽʨʪ שʘʤʪʘʤʘʩʳʟ ʝʪʫʽ ʢʝʨʝʢ [67], [78]. ʇʣʘʪʬʦʨʤʘʥʳץ
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 שʰʘʩʩʠʜʽ ץʘʤʪʘʤʘʩʳʟ ʝʪʝʜʽ, ʙʽʨʘץ ʢ ʢᴇʪʝʨʛʽʰʪʽʛʽʥװʘʨʳ ʞסʨʳʣʳʤʳ ʞʦײץ

ʤʘʥʝʚʨʣʽʛʽʥʝ, ץʘʪʪʳʣʳסʳʥʘ ʞᴅʥʝ ʬʫʥʢʮʠʦʥʘʣʜʳסʳʥʘ ʞʦסʘʨʳ ʪʘʣʘʧʪʘʨ ץʦʷʜʳ. 

ʄʦʨʬʦʣʦʛʠʷʣʳץ ʪʘʣʜʘʫ ʥᴅʪʠʞʝʣʝʨʽ ʙʝʨʽʣʛʝʥ ʰʘʨʪʪʘʨ װʰʽʥ ʝש ʞʘץʩʳ ʥײʩץʘ ɸ 

ʢʦʥʬʠʛʫʨʘʮʠʷʩʳ ʝʢʝʥʽʥ ʢᴇʨʩʝʪʪʽ [74]ï[77]. ɸ ʢʦʥʬʠʛʫʨʘʮʠʷʩʳʥ ʪʘשʜʘʫ ʘʨʥʘʡʳ 

ʪʽʨʢʝʤʝ ʤʦʜʫʣʽ ʨʝʪʽʥʜʝ ʞװʨʽʩ ʙᴇʣʽʛʽʥʽש ʞʘʣʧʳ ʪײʞʳʨʳʤʜʘʤʘʩʳʥ ʘʥʳץʪʘʜʳ. ʆʜʘʥ 

ᴅʨʽ ᴅʟʽʨʣʝʫ ʩʪʘʥʜʘʨʪʪʳ ʪʘʨʪץʳʰʧʝʥ ʩװʡʨʝʪʫʜʽ, ʞײʤʳʩ ʞװʨʛʽʟʽʣʝʪʽʥ ʘʡʤʘץʪʘ ʞװʢ 

ʢᴇʪʝʨʛʽʰ ʧʣʘʪʬʦʨʤʘʥʳש ʜᴅʣ ʦʨʥʘʣʘʩʫʳʥ ʞᴅʥʝ ʦʥʳש ʞײʤʳʩ ʞʘסʜʘʡʳʥʜʘ ץʘʪʘש 

ʙʝʢ̔ʪʽʣʫʽʥ ץʘʤʪʘʤʘʩʳʟ ʝʪʫʛʝ ץʘʙʽʣʝʪʪʽ ʘʚʪʦʥʦʤʜʳ ʢᴇʣʽʢʪʽʢ-ʤʦʥʪʘʞʜʳץ ʪʦʨʘʧʪʳ 

 ʪʘʡʣʳשʘʥ ʦסʜʘʣשʢʦʥʩʪʨʫʢʮʠʷʩʳ ʪʘ שʨʽʩ ʙᴇʣʽʛʽʥʽװʨʛʽʟʽʣʝʜʽ. ɾװʳʪʳʥʜʘ ʞסʨʫ ʙʘײץ

ʩײʣʙʘʥʳ ʪʝʭʥʠʢʘʣʳץ ʽʩʢʝ ʘʩʳʨʫ ʨʝʪʽʥʜʝ ץʘʨʘʩʪʳʨʳʣʘʜʳ ʞᴅʥʝ ʥʦʨʤʘʪʠʚʪʽʢ 

ʞװʢʪʝʤʝʣʝʨʜʽ, ʧʘʡʜʘʣʘʥʫ ʞʘסʜʘʡʣʘʨʳʥ ʞᴅʥʝ ʩʝʥʽʤʜʽʣʽʢʢʝ ץʦʡʳʣʘʪʳʥ 

ʪʘʣʘʧʪʘʨʜʳ ʝʩʢʝʨʝ ʦʪʳʨʳʧ, ʝʛʞʝʡ-ʪʝʛʞʝʡʣʽ ʧʳʩʳץʪʘʫʜʳ ץʘʞʝʪ ʝʪʝʜʽ [67], [78]. 

ɾװʨʛʽʟʽʣʛʝʥ ʪʘʣʜʘʫ ʥʝʛʽʟʽʥʜʝ ʤʦʙʠʣʴʜʽ ʞʦʣ ᴇʪʧʝʩʽʥʽש ʞװʨʽʩ ʙᴇʣʽʛʽʥʽש ʦשʪʘʡʣʳ 

ʪʽʨʢʝʤʝ-h ץʘʩʳ ʨʝʪʽʥʜʝ 2-ʇʅ-9ʄ ʪʠʧʪʽ ʩʝʨʠʷʣʳץʩײʥ ץʨʳʣʳʤʜʳײץ ʘʩʩʠʽ ץʦʣʜʘʥʫ 

ʪʠʽʤʜʽ ʝʢʝʥʜʽʛʽ ʘʥʳץʪʘʣʜʳ [79], [80]. ɸʪʘʣסʘʥ ʪʽʨʢʝʤʝʥʽ ʈʝʩʝʡʜʽש 

"ʋʨʘʣʘʚʪʦʧʨʠʮʝʧ" ʘʢʮʠʦʥʝʨʣʽʢ ץʦסʘʤʳ (ʙײʨʳʥ - ʏʝʣʷʙʽ ʘʚʪʦʤʦʙʠʣʴ 

ʪʽʨʢʝʤʝʣʝʨʽʥʽש ʤʘʰʠʥʘ ʞʘʩʘʫ ʟʘʫʳʪʳ) ʢᴅʩʽʧʦʨʳʥʜʘ ʰʳסʘʨʳʣʘʜʳ [80]. 

ɹײʣ ʤʦʜʝʣʴʜʝʨ ץʘʪʪʳ ʜᴅʥʝʢʝʨʣʝʥʛʝʥ ʞʘץʪʘʫʳ ʤʝʥ ʩʝʨʽʧʧʝʣʽ ʘʩʧʘʩʳ ʙʘʨ ʪᴇʤʝʥ 

ʙʽʣʽʢʪʽ ʝʢʽ ʦʩʴʪʽ ʰʘʩʩʠ ʢʣʘʩʳʥʘ ʞʘʪʘʜʳ ʞᴅʥʝ "ɸ" ʢʦʥʬʠʛʫʨʘʮʠʷʩʳ װʰʽʥ 

ʤʦʨʬʦʣʦʛʠʷʣʳץ ʪʘʣʜʘʫ ʘʥʳץʪʘסʘʥ ʢᴇʨʩʝʪʢʽʰʪʝʨʛʝ ʪʦʣʳץ ʩᴅʡʢʝʩ ʢʝʣʝʜʽ [78], [80]. 

ʂʦʥʩʪʨʫʢʮʠʷ ʝʨʝʢʰʝʣʽʢʪʝʨʽ - ʝʢʽ ʦʩʴʪʽ ʪᴇʨʪ ʜʦסשʘʣʘץʪʳ ʦʨʳʥʜʘʫ, ʙʽʨʳסשʘʡ 

ʪʽʨʢʝʤʝ ʞᴅʥʝ 10.00R20 ʰʠʥʘʣʘʨʳʥ ʧʘʡʜʘʣʘʥʫ-ʦʣʘʨʜʳש ʞʘʣʧʳ ʪʨʘʢʪʦʨʣʘʨʤʝʥ 

ʪʝʭʥʦʣʦʛʠʷʣʳװ ץʡʣʝʩʽʤʜʽʣʽʛʽʥ ʞᴅʥʝ 10 ʪʦʥʥʘסʘ ʜʝʡʽʥʛʽ ʞװʢ ʢᴇʪʝʨʛʽʰʪʽʛʽ 

ʪʘʣʘʧʪʘʨʳʥʘ ʩᴅʡʢʝʩʪʽʛʽʥ ץʘʤʪʘʤʘʩʳʟ ʝʪʝʜʽ [79], [80]. 

ɸʚʪʦʤʦʙʠʣʴʜʽʢ ʝʢʽ ʦʩʴʪʽ 2-ʇʅ-9ʄ ʪʽʨʢʝʤʝ-h ʘʩʩʠʽ ᴅʤʙʝʙʘʧ ʞʦסʘʨʳ ʞװʢ 

ʢᴇʪʝʨʛʽʰ ʢᴇʣʽʢ ʪʽʨʢʝʤʝʩʽ ʙʦʣʳʧ ʪʘʙʳʣʘʜʳ. ʆʥʳש ʠʣʣʶʩʪʨʘʮʠʷʣʳ3 ץD ʤʦʜʝʣʽ 2.5 

ʩʫʨʝʪʪʝ, ʘʣ ʞʘʣʧʳ ʢᴇʨʽʥʽʩʽ 2.6 ʩʫʨʝʪʪʝ ʢᴇʨʩʝʪʽʣʛʝʥ. ʊʽʨʢʝʤʝʥʽש ʢʦʥʩʪʨʫʢʮʠʷʩʳ ᴅʨ 

ʪװʨʣʽ ץʦʥʜʳʨʤʘʣʘʨʜʳ, ʩʦʥʳש ʽʰʽʥʜʝ ʬʫʨʛʦʥ ʢʦʨʧʫʩʪʘʨʳʥ (ʤʳʩʘʣʳ, ʂʇ8-11, 

ʂʇ8), ʘʨʥʘʡʳ ʧʣʘʪʬʦʨʤʘʣʘʨʜʳ, ʢʦʥʪʝʡʥʝʨʣʝʨʜʽ, ʩʦʥʜʘʡ-ʘץ ,ץʘʨʫ-ʞʘʨʘץ ʧʝʥ 

ᴅʩʢʝʨʠ ʪʝʭʥʠʢʘʥʳש ʵʣʝʤʝʥʪʪʝʨʽʥ ʦʨʥʘʪʫסʘ ʤװʤʢʽʥʜʽʢ ʙʝʨʝʜʽ, ʙײʣ ʦʥʳש ʢʝש 

ʧʘʡʜʘʣʘʥʫ ʤװʤʢʽʥʜʽʢʪʝʨʽʥ ʨʘʩʪʘʡʜʳ [79], [80]. 
 

 
 

ʉʫʨʝʪ 2.5 ï ɽʢʽ ʦʩʴʪʽ 2-ʇʅ-9ʄ ʪʽʨʢʝʤʝ-h ʘʩʩʠʽʥʽש ʠʣʣʶʩʪʨʘʮʠʷʣʳץ  
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ʉʫʨʝʪ 2.6 ï ɽʢʽ ʦʩʴʪʽ 2-ʇʅ-9ʄ ʪʽʨʢʝʤʝ-h ʘʩʩʠʽʥʽש ʞʘʣʧʳ ʢᴇʨʽʥʽʩʽ 

 

ʊʽʨʢʝʤʝ ʢᴇʧ ʤʘץʩʘʪʪʳ ʘʚʪʦʤʦʙʠʣʴʜʝʨʽ ʙʘʨ ʘʚʪʦʧʦʝʟʜʘʨ ײץʨʘʤʳʥʜʘ ʞײʤʳʩ 

ʽʩʪʝʫʛʝ ʘʨʥʘʣסʘʥ ʞᴅʥʝ -50 ÁC-ʪʘʥ +50 ÁC-ץʘ ʜʝʡʽʥʛʽ ʪʝʤʧʝʨʘʪʫʨʘʜʘ ʢʣʠʤʘʪʪʳץ 

ʞʘסʜʘʡʣʘʨʜʳש ʢʝש ʘʫץʳʤʳʥʜʘ ʧʘʡʜʘʣʘʥʫסʘ ʤװʤʢʽʥʜʽʢ ʙʝʨʝʜʽ [80]. 

ʊʽʨʢʝʤʝʥʽש ʥʝʛʽʟʛʽ ʪʝʭʥʠʢʘʣʳץ ʩʠʧʘʪʪʘʤʘʣʘʨʳʥʘ ʪ̔ ʨʢʝʤʝʥʽש ʥʦʤʠʥʘʣʜʳ ʞװʢ 

ʢᴇʪʝʨʛʽʰʪʽʛʽ ʰʪʘʪʪʳץ ʧʘʡʜʘʣʘʥʫ ʞʘסʜʘʡʣʘʨʳ װʰʽʥ 9500 ʢʛ ʙʦʣʳʧ ʙʝʣʛʽʣʝʥʜʽ. 

ɸʣʘʡʜʘ, ʨʘʤʘʥʳש, ʩʝʨʽʧʧʝʣʽ ʘʩʧʘʥʳש ʞᴅʥʝ ʪʽʨʢʝʤʝʥʽײץ שʨʳʣʳʤʜʳץ ץʘʫʽʧʩʽʟʜʽʢ 

ʰʝʛʽ ʵʣʝʤʝʥʪʪʝʨʜʝʛʽ ʰʝʢʪʽ ʢʝʨʥʝʫʣʝʨʜʝʥ ʘʩʧʘʡ, ʩʘʣʤʘסʳ 10 000 ʢʛ-סʘ ʜʝʡʽʥʛʽ 

ʞװʢʪʽ ץʳʩץʘ ʤʝʨʟʽʤʜʽ ʥʝʤʝʩʝ ʤʝʨʟʽʤʜʽ ʪʘʩʳʤʘʣʜʘʫ ʤװʤʢʽʥʜʽʛʽʥ ץʘʤʪʘʤʘʩʳʟ ʝʪʝʜʽ. 

ɾװʢʪʝʣʛʝʥ ʩʘʣʤʘ3000 - ץ ʢʛ, ʞʘʣʧʳ ʩʘʣʤʘסʳ-13000 ʢʛ. ʢʝʧʽʣʜʽʢ ᴇʥʽʤʜʽʣʽʛʽ 30 000 

ʢʤ ʥʝʤʝʩʝ 10 ʞʳʣסʘ ʞʝʪʝʜʽ. ɸʚʪʦʧʦʝʟʜ ײץʨʘʤʳʥʜʘסʳ ʞʦʣ ʙʝʨʽʣʝʪʽʥ ץʦʟסʘʣʳʩ 

ʞʳʣʜʘʤʜʳסʳ - 60 ʢʤ/ʩʘס. ʪʽʨʢʝʤʝʥʽש ʣ̔ʤʝʢ ʙʠʽʢʪʽʛʽ 750 ʤʤ, 10.00R20 

ʰʠʥʘʣʘʨʳʤʝʥ (ʆʀ-73ɹ ʤʦʜʠʬʠʢʘʮʠʷʩʳ) ʞʘʙʜʳץʪʘʣסʘʥ ʞᴅʥʝ ʂɸʄɸɿ, Volvo 

FMX, Mercedes-Benz Arocs ʤʘʨʢʘʣʳ ʢᴇʣʽʢʪʝʨʽʤʝʥ ʞᴅʥʝ ʦʣʘʨ-ʜʳש ʘʥʘʣʦʛʪʘʨʳʤʝʥ 

 ʪʘʫץʞʘʙʜʳ שʰʪʝʨʽʥʽװʘʨʫʣʳ ʂפ שʡʣʝʩʽʤʜʽ [78], [80]. 2002 ʞʳʣʜʘʥ ʙʘʩʪʘʧ ʈʌ-ʥʳװ

ʞװʡʝʩʽʥʝ ʝʥʛʽʟʽʣʛʝʥ [79], [81]. 

2-ʇʅ-9ʄ ʪʽʨʢʝʤʝ-h ʘʩʩʠ ʢʦʥʩʪʨʫʢʮʠʷʩʳ ʘʫʳʨ ʪʽʨʢʝʤʝ ʪʝʭʥʠʢʘʩʳʥʘ ʪᴅʥ ʞᴅʥʝ 

ʦסʘʥ ʢװʰ ʞʘץʪʘʫʳ, ʞװʨʽʩ ʙᴇʣʽʛʽ, ʘʩʧʘ, ʦʩʴ, ʪʝʞʝʛʽʰ ʞʘʙʜʳסʳ ʞᴅʥʝ ʽʣʽʥʽʩʫ 

 ʞᴅʥʝ שʩʝʥʽʤʜʽʣʽʢʪʽ ץʨʳʣʳʤʜʳײץ ,שʢ ʢᴇʪʝʨʛʽʰʪʽʛʽʥʽװʘʨʳ ʞסʳʩʳ ʢʽʨʝʜʽ. ɾʦסʨʳʣײץ

ʥʝʛʽʟʛʽ ʪװʡʽʥʜʝʨʜʽש ʙʽʨʽʛʫʽʥʽש ʘʨץʘʩʳʥʜʘ ʦʥʳ ʤʦʙʠʣʴʜʽ ʞʦʣ ᴇʪʧʝʩʽʥʽש ʥʝʛʽʟʛʽ 

ʞװʨʽʩ ʙᴇʣʽʛʽ ʨʝʪʽʥʜʝ ʧʘʡʜʘʣʘʥʫ ʪʝʭʥʠʢʘʣʳץ ʥʝʛʽʟʜʝʣʛʝʥ ʞᴅʥʝ ʤʦʨʬʦʣʦʛʠʷʣʳץ 

ʪʘʣʜʘʫ ʥᴅʪʠʞʝʣʝʨʽʤʝʥ ʘʥʳץʪʘʣסʘʥ ʪʘʣʘʧʪʘʨסʘ ʩᴅʡʢʝʩ ʢʝʣʝʜʽ [74]ï[78], [80]. 

 ʨʽʩ ʙᴇʣʽʛʽ ʪᴅʫʝʣʜʽ ʩʝʨʽʧʧʝʣʽ ʘʩʧʘʣʘʨʤʝʥ ʝʢʽ ʦʩʴʪʽװʳʥʘʥ ʞסʞʘ ץʨʳʣʳʤʜʳײפ

ʩײʣʙʘ ʙʦʡʳʥʰʘ ʞʘʩʘʣʘʜʳ. ɹᴇʣʽʥʙʝʡʪʽʥ ʝʢʽ ʙʽʣʽʢ - ʙײʣ ʠʽʣʫʛʝ ʪᴇʟʽʤʜʽʣʽʢ ʤʦʤʝʥʪʽ 

ʞʦסʘʨʳʣʘסʘʥ ʝʢʽ ʪʘʚʨʣʳ ʙʘʣʢʘ ʩʦסʳʣסʘʥ ʥʝʤʝʩʝ ʰʪʘʤʧʪʘʣסʘʥ ʜᴅʥʝʢʝʨʣʝʥʛʝʥ 

ʘʨץʘʣʳץʪʘʨ [78]. ᴄʨ ʦʩʴʪʽײ שʰʪʘʨʳʥʜʘ ʜʦסשʘʣʘץ ʪװʡʽʥʜʝʨʽ ʤʝʥ ʪʝʞʝʛʽʰ ʞװʡʝʩʽʥʽש 

ʵʣʝʤʝʥʪʪʝʨʽ ʦʨʥʘʣʘʩץʘʥ.  

ʂװʧʰʝʢ 7611ɸ ʞᴅʥʝ 7609ɸ ʪʠʧʪʽ ʝʢʽ ʢʦʥʫʩʪʳץ ʨʦʣʠʢʪʽ ʤʦʡʳʥʪʽʨʝʢʪʝʨʛʝ 

ʦʨʥʘʪʳʣסʘʥ ʞᴅʥʝ 10.00R20 hʠʥʘʣʘʨʳ װʰʽʥ ʙʽʨ ʨʦʣʠʢʪʽ ʜʦסשʘʣʘץʪʘʨʤʝʥ 

ʞʘʙʜʳץʪʘʣסʘʥ. ʄײʥʜʘʡ ʩײʣʙʘ ʝʢʽ ץʘʪʘʨʣʳ ʰʠʥʘʣʘʥʫʤʝʥ ʩʘʣʳʩʪʳʨסʘʥʜʘ ʤʘʩʩʘʥʳ 

ʘʟʘʡʪʘʜʳ ʞᴅʥʝ ʜʦʤʘʣʘʫ ʢʝʜʝʨʛʽʩʽʥ ʪᴇʤʝʥʜʝʪʝʜʽ. ʐʠʥʘʥʳש ʞײʤʳʩ ץʳʩʳʤʳ 5,75 

ʢʛʩ/ʩʤ2 ײץʨʘʡʜʳ, ʘʣ ʤʦʡʳʥʪʽʨʝʢʪʝʨ ʞʠʥʘץʪʘʨʳ ʤʝʟʛʽʣ-ʤʝʟʛʽʣ ʨʝʪʪʝʫʜʽ ʞᴅʥʝ 

ʤʘʡʣʘʫʜʳ ץʘʞʝʪ ʝʪʝʜʽ [78]. 
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ʂװʧʰʝʢ ʞʠʥʘסʳʥʘ ʤʳʥʘʣʘʨ ʢʽʨʝʜʽ (ʩʫʨʝʪ 2.7): ʢװʧʰʝʢ ץʘץʧʘסʳ 1, ʙʝʢʽʪʢʽʰ 

ʛʘʡʢʘ 2, ײץʣʳʧʪʘʫ ʰʘʡʙʘʩʳ 3, ʢʽʣʪ ʰʘʡʙʘʩʳ, ʛʘʡʢʘ 5, ʢװʧʰʝʢ 6, ʪʝʞʝʛʽʰ ʢʘʤʝʨʘ 

7, ʨʝʪʪʝʛʽʰ ʨʳʯʘʛ 8, ʘʞʳʨʘʪץʳʰ ʞײʜʳʨʳץʰʘ 9. 

 

 
 

ʉʫʨʝʪ 2.7 ï ɼᴇשʛʝʣʝʢʪʝʨʽ ʤʝʥ ʪʝʞʝʫ ʞװʡʝʩʽ ʙʘʨ ʦʩʴ 

 

ɸʩʧʘ ʞʘʨʪʳʣʘʡ ʵʣʣʠʧʩʪʽʢ ʝʢʽ ץʘʙʘʪʪʳ ʞʘʧʳʨʘץ ʩʝʨʽʧʧʝʣʝʨʽʥʜʝ ʩʝʨʽʧʧʝʣʽ-

ʪʝʧʝ-ʪʝשʜʽʢ ʩײʣʙʘ ʙʦʡʳʥʰʘ ʞʘʩʘʣסʘʥ. ʉʝʨʽʧʧʝʣʝʨʜʽש ʘʣʜʳסשʳ ײץʣʘץʪʘʨʳ ʞʘץʪʘʫ 

ʢʨʦʥʰʪʝʡʥʜʝʨʽʥʝ ʩʘʫʩʘץʪʘʨ ʘʨץʳʣʳ ʙʝʢʽʪʽʣʝʜʽ, ʘʣ ʘʨʪץʳ ײץʣʘץʪʘʨʳ ʢʨʦʥʰʪʝʡʥ 

ʪᴇʩʝʤʜʝʨʽʥʝ ʪʽʨʝʣʝʜʽ. ʉʝʨʽʧʧʝʥʽש ʦʨʪʘסשʳ ʙᴇʣʽʛʽ ʦʩʴʪʽʢ ʘʨץʘʣʳץ ʙʘʩʧʘʣʜʘץʪʘʨʤʝʥ 

ʙʝʢʽʪʽʣʽʧ, ʪʽʢ ʞװʢʪʝʤʝʣʝʨʜʽש ʙʝʨʽʣʫʽʥ ʞᴅʥʝ ʢװʰʪʝʨʜʽש ʙʽʨʢʝʣʢʽ ʪʘʨʘʣʫʳʥ 

 .ʩʳʟʙʘʩʳ 2.8 ʩʫʨʝʪʪʝ ʢᴇʨʩʝʪʽʣʛʝʥ שʡʝʩʽʥʽװʘʤʪʘʤʘʩʳʟ ʝʪʝʜʽ [78]. ɸʩʧʘ ʞץ

 

 
 

1 ï ʨʝʩʩʦʨ ʩʘʫʩʘסʳ; 2 ï ץʘʧʪʘʤʘ; 3 ï U-ʪᴅʨʽʟʜʽ ʙʦʣʪ; 4 ï ʨʝʩʩʦʨʣʘʨ; 5 ï ʪᴇʩʝʤ 
 

ʉʫʨʝʪ 2.8 ï ɸʩʧʘ ʞװʡʝʩʽ 

 

ʊʽʨʢʝʤʝʥʽש ʥʝʛʽʟʛʽ ʢʠʥʝʤʘʪʠʢʘʣʳץ ʪװʡʽʥʽ - ʪʽʨʝʢ-ʘʡʥʘʣʤʘʣʳ ײץʨʳʣסʳʤʝʥ 

ʞʘʙʜʳץʪʘʣסʘʥ ʘʡʥʘʣʤʘʣʳ ʦʩʴ. ʂʦʥʩʪʨʫʢʮʠʷʜʘ ʝʢʽ ʩʘץʠʥʘʜʘʥ ʞᴅʥʝ ʰʘʨʣʘʨ 

ʞװʡʝʩʽʥʝʥ ʪײʨʘʪʳʥ װʣʢʝʥ ʜʠʘʤʝʪʨʣʽ ʙʽʨ ץʘʪʘʨʣʳ ʰʘʨʠʢʪʽ ʘʡʥʘʣʤʘʣʳ ʰʝשʙʝʨ 

 ʘʪʳʩʪʳ ʝʨʢʽʥ ʘʡʥʘʣʫʳʥץ ʘסʪʘʫץʞʘ שʣ ʘʡʥʘʣʤʘʣʳ ʘʨʙʘʥʳײʦʣʜʘʥʳʣʘʜʳ, ʙץ

 ʘʤʪʘʤʘʩʳʟ ʝʪʝʜʽ [78]. ʂʦʥʩʪʨʫʢʮʠʷʩʳ 2.9 ʩʫʨʝʪʪʝ ʢᴇʨʩʝʪʽʣʛʝʥ ʘʡʥʘʣʤʘʣʳ ʦʩʴʢʝץ

ʞʘץʪʘʫ, ʘʣʜʳסשʳ ʦʩʴ, ʘʩʧʘ ɻʣʝʤʝʥʪʪʝʨʽ ʞᴅʥʝ ʘʨʙʘ ʞʘץʪʘʫʳ ʤʝʥ ʪʽʨʢʝʤʝ ʞʘץʪʘʫʳʥʘ 

ʙײʨʘʥʜʘʣʳ ץʦʩʳʣʳʩʪʘʨʤʝʥ ʙʝʢʽʪʽʣʛʝʥ ʘʡʥʘʣʤʘʣʳ ʰʝשʙʝʨ ʢʽʨʝʜʽ.   
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ɹײʨʳʣʤʘʣʳ ʦʩʴ (2.9-ʩʫʨʝʪ) ʢʝʣʝʩʽ ʵʣʝʤʝʥʪʪʝʨʜʝʥ ʪײʨʘʜʳ: 1 ʪʘʨʪʫ ʩʳʨʳסʳ, 2 

ʨʘʤʘ, 4 ʩʝʨʽʧʧʝ, 5  ʘʣʜʳסשʳ ʘʩʧʘ, 6  ʜᴇשʛʝʣʝʢʪʝʨʽ ʤʝʥ ʪʝʞʝʫ ʞװʡʝʩʽ ʙʘʨ ʘʣʜʳסשʳ 

ʦʩʴ, 9  ʙײʨʳʣʫ ʰʝשʙʝʨʽ, 12  ʙײʨʳʣʫ ײץʨʳʣסʳʩʳʥʳש ʙʝʢʽʪʢʽʰʽ.  

ɸʡʥʘʣʤʘʣʳ ʰʝשʙʝʨ-h ʘʨʠʢʪʽ ʙʽʨ ץʘʪʘʨʣʳ, ʘʨʥʘʡʳ ʧʨʦʬʠʣʴʜʝʥ ʞʘʩʘʣסʘʥ 

ʞʦסʘʨסʳ ʞᴅʥʝ ʪᴇʤʝʥʛʽ ʩʘץʠʥʘʣʘʨʜʘʥ ʪײʨʘʜʳ, ʰʘʨʣʘʨʜʳ ʞᴅʥʝ ʪʳסʳʥʥʘʥ ʪײʨʘʜʳ 

14. ɾʦסʘʨסʳ ʩʘץʠʥʘ ʪʽʨʢʝʤʝʥʽש ʞʘץʪʘʫʳʥʘ, ʪᴇʤʝʥʛʽ ʩʘץʠʥʘ 10 ʙʦʣʪʪʘʨ ʘʨץʳʣʳ 

ʘʡʥʘʣʤʘʣʳ ʘʨʙʘʥʳש ʞʘץʪʘʫʳʥʘ ʙʝʢʽʪʽʣʝʜʽ.  

 

 
 

1 ï ʪʘʨʪʫ ʩʳʨʳסʳ; 2 ï ʘʨʙʘʰʘ ʨʘʤʘʩʳ; 3 ï ʪʽʟʙʝʢ;         4 ï ʩʝʨʽʧʧʝ; 5 ï ʘʩʧʘ;          6 ï 

ʜᴇשʛʝʣʝʢʪʝʨʽ ʤʝʥ ʪʝʞʝʫ ʞװʡʝʩʽ ʙʘʨ ʘʣʜʳסשʳ ʦʩʴ; 7 ï ʩʘʫʩʘ8 ;ץ ï ʩʳʥʘʪʽʨʝʢ; 9 ï ʙײʨʳʣʫ 

ʰʝשʙʝʨʽ; 10 ï ʙʦʣʪ; 11 ï ʛʘʡʢʘ; 12 ï ʙײʨʳʣʫ ײץʨʳʣסʳʩʳʥʳש ʙʝʢʽʪʢʽʰʽ; 13 ï ʪʽʨʢʝʫ ʽʣʤʝʛʽ;  14 ï 

ʪʳסʳʥ. 

ʉʫʨʝʪ 2.9 ï ɹײʨʳʣʤʘʣʳ ʘʣʜʳסש rʦʩʴ 

 

ʊʘʨʪץʳʰ ʢᴇʣʽʢ ʙײʨʳʣסʘʥ ʢʝʟʜʝ, ʪʘʨʪץʳʰʪʳץ שʦʟסʘʣʫ ʪʨʘʝʢʪʦʨʠʷʩʳ ʘʨʙʘʥʳש 

ʪʽʢ ʦʩʴʪʽש ʘʡʥʘʣʫʳʥʘ ᴅʢʝʣʽʧ ʩʦסʘʜʳ, ʙײʣ ʜᴇשʛʝʣʝʢʪʝʨʜʽש ʪʘʟʘ ʘʡʥʘʣʫʳʥ 

 ʣײʧʘʡʜʘ ʙʦʣʫʳʥʘ ʞʦʣ ʙʝʨʤʝʡʜʽ. ɹ שʫʜʳסʡʽʨʣʽʢ ʩʳʨװʘʤʪʘʤʘʩʳʟ ʝʪʝʜʽ ʞᴅʥʝ ʙץ

ʰʠʥʘʣʘʨʜʳש ʪʝʟ ʪʦʟʫʳʥ ʞᴅʥʝ ץʦʟסʘʣʳʩץʘ ʪᴇʟʽʤʜʽʣʽʢʪʽש ʞʦסʘʨʳʣʘʫʳʥ 

ʙʦʣʜʳʨʤʘʡʜʳ, ʩʦʥʳʤʝʥ ץʘʪʘʨ, ʘʚʪʦʧʦʝʟʜʳש ʙʦʣʞʘʤʜʳ ʙʦʣʳʧ ʞᴅʥʝ ʦʙʲʝʢʪʽʜʝʛʽ 

ʘʫʳʨ ʤʦʙʠʣʴʜʽ ʞʦʣ ᴇʪʧʝʩʽ ʧʣʘʪʬʦʨʤʘʩʳʥʳש ʤʘʥʝʚʨʽʥʽש ʜᴅʣʜʽʛʽʥ ץʘʤʪʘʤʘʩʳʟ 

ʝʪʝʜʽ [78]. 

ɸʨʪץʘ ץʦʟסʘʣסʘʥ ʢʝʟʜʝ ץʘʫʽʧʩʽʟ ʤʘʥʝʚʨʣʝʫʜʽ ץʘʤʪʘʤʘʩʳʟ ʝʪʫ װʰʽʥ 

ʢʦʥʩʪʨʫʢʮʠʷʜʘ ʙײʨʳʣʫ ײץʨʳʣסʳʩʳʥʳש ʙʝʢʽʪʢʽʰʽ ץʘʨʘʩʪʳʨʳʣסʘʥ. ʊʦץʪʘʪʫ 

ʤʝʭʘʥʠʟʤʽ ʘʨʙʘʥʳ ʪʽʨʢʝʤʝ ʞʘץʪʘʫʳʥʳײ שʷʩʳʥʘ ʝʥʛʽʟʽʣʛʝʥ ʪװʡʨʝʫʽʰ ʘʨץʳʣʳ 

ʙʝʢʽʪʽʣʛʝʥ ʢװʡʜʝ ʙʝʢʽʪʝʜʽ. ɸʡʥʘʣʤʘʣʳ ײץʨʳʣסʳʥʳ ײץʣʳʧʪʘʫ ʘʨʙʘʥʳש ʝʨʽʢʪʽ ʪװʨʜʝ 

ʙײʨʳʣʫʳʥ ʙʦʣʜʳʨʤʘʫסʘ ʤװʤʢʽʥʜʽʢ ʙʝʨʝʜʽ ʞᴅʥʝ ʪʽʨʢʝʤʝʥʽש ʢʝʨʽ ʙʘסʳʪʪʘ ʪײʨʘץʪʳ 

 ʝʨʢʽʥ ʘʡʥʘʣʫʳʥʘ ʙʘʡʣʘʥʳʩʪʳ שʣ ʦʥʳײʘʤʪʘʤʘʩʳʟ ʝʪʝʜʽ, ʙץ ʘʣʳʩʳʥסʦʟץ

ʙסײʘʪʪʘʣʤʘסʘʥ ʘʨʙʘʤʝʥ ʤװʤʢʽʥ ʝʤʝʩ [78]. 

ʆʩʳʣʘʡʰʘ, 2-ʇʅ-9ʄ ʪʽʨʢʝʤʝ-h ʘʩʩʠʽʥʽש ʞװʨʽʩ ʙᴇʣʽʛʽ ʤʝʥ ʘʡʥʘʣʤʘʣʳ ʦʩʽ 

ʞʘʧʧʘʡ ʰʳסʘʨʳʣʘʪʳʥ ʪʦʨʘʧʪʘʨ ʙʦʣʘ ʦʪʳʨʳʧ, ʤʦʙʠʣʴʜʽ ʞʦʣ ᴇʪʧʝʩʽʥʜʝ ץʦʣʜʘʥʫ 

ʞʘסʜʘʡʳʥʜʘ ʢᴇʣʽʢ-ʤʦʥʪʘʞ ʢʝʰʝʥʽʥʽש ʤʘשʳʟʜʳ ʵʣʝʤʝʥʪʪʝʨʽ ʤᴅʨʪʝʙʝʩʽʥʝ ʠʝ 

ʙʦʣʘʜʳ [78], [80]. ɹײʣ ʦʣʘʨʜʳש ʪʝʭʥʠʢʘʣʳץ ʞʘסʜʘʡʳʥʘ ʢʽʨʽʩ ʙʘץʳʣʘʫʳʥ, ʊפʂ 

ʨʝʛʣʘʤʝʥʪʽʥ ʩʘץʪʘʫʜʳ ʞᴅʥʝ ײץʨʳʣʳʩʪʳ ʪʘʩʳʤʘʣʜʘʫʜʳש, ʦʨʥʘʣʘʩʪʳʨʫʜʳש ʞᴅʥʝ 
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ʧʘʡʜʘʣʘʥʫʜʳש ʙʘʨʣʳץ ʢʝʟʝשʜʝʨʽʥʜʝ ץʘʫʽʧʩʽʟʜʽʢʪʽ ץʘʤʪʘʤʘʩʳʟ ʝʪʫ װʰʽʥ ʰʪʘʪʪʳץ 

ʞᴅʥʝ ץʦʩʳʤʰʘ ʙʝʢʽʪʫ ײץʨʘʣʜʘʨʳʥ ʧʘʡʜʘʣʘʥʫʜʳ ʪʘʣʘʧ ʝʪʝʜʽ. 

ʊʽʨʢʝʤʝ ʰʘʩʩʠʽʥʽש ʨʘʤʘʩʳ ʄɽʄʉʊ 10000-2017 ʪʘʣʘʧʪʘʨʳʥʘ ʩᴅʡʢʝʩ ʤʦʙʠʣʴʜʽ 

ʞʦʣ ᴇʪʧʝʩʽʥʝ ʙʽʨʽʢʪʽʨʫʛʝ ʤװʤʢʽʥʜʽʢ ʙʝʨʝʪʽʥ ʥʝʛʽʟʛʽ ʢᴇʪʝʨʛʽʰ ʵʣʝʤʝʥʪ ʨʝʪʽʥʜʝ 

 שʪʝʨʝ שʡʝʩʽʥ ʪʘʣʜʘʫ ʦʥʳװʞ ץʳ ʨʘʤʘʣʳץʘʨʘʩʪʳʨʳʣʜʳ. 2-ʇʅ-9ʄ ʙʘʩʪʘʧץ

ʤʦʜʝʨʥʠʟʘʮʠʷʩʳʟ ʞʦʣ ᴇʪʧʝʩʽ ʢʝʰʝʥʽʥʽײץ שʨʘʤʳʥʜʘ ʧʘʡʜʘʣʘʥʫסʘ ʞʘʨʘʤʩʳʟʜʳסʳʥ 

ʢᴇʨʩʝʪʪʽ. ʅʝʛʽʟʛʽ ʰʝʢʪʝʫ-ʦʩʴʪʝʨʜʽץ שʘʪʘש ʙʝʢʽʪʽʣʛʝʥ ʦʨʥʘʣʘʩʫʳ, ʙʘʩʪʘʧץʳʜʘ 

ʩװʡʨʝʫ ʢʝʟʽʥʜʝ ʪײʨʘץʪʳʣʳץץʘ ʘʨʥʘʣסʘʥ, ʙʽʨʘײץ ץʨʳʣʳʤʜʳ ʪʨʘʥʰʝʷʥʳװ שʩʪʽʥʝ 

ʦʨʥʘʪץʘʥ ʢʝʟʜʝ ʦשʪʘʡʣʳ ʪʽʨʝʢ ʢʦʥʪʫʨʳʥ ץʘʤʪʘʤʘʩʳʟ ʝʪʧʝʡʜʽ. ʂᴇʣʽʢ ʞʘסʜʘʡʳʥʜʘ 

ʜʦסשʘʣʘץ ʞײʧʪʘʨʳʥʳש ʵʢʩʪʨʝʤʘʣʜʳ ʦʨʥʘʣʘʩʫʳ ʙʦʡʣʳץ ʞᴅʥʝ ʢᴇʣʜʝʥʝש 

ʪײʨʘץʪʳʣʳץʪʳ ץʘʤʪʘʤʘʩʳʟ ʝʪʝʜʽ, ʙʽʨʘץ ʞײʤʳʩ ʢʦʥʬʠʛʫʨʘʮʠʷʩʳʥʜʘ ʤײʥʜʘʡ ʩײʣʙʘ 

ʞװʢʪʝʤʝʣʝʨʜʽץ שʘʞʝʪʪʽ ʙᴇʣʽʥʫʽʥ ץʘʣʳʧʪʘʩʪʳʨʤʘʡʜʳ ʞᴅʥʝ ᴇʪʽʧ ʙʘʨʘ ʞʘʪץʘʥ 

ʢᴇʣʽʢʪʝʥ ʧʘʡʜʘʣʘʥʫ ʢװʰʪʝʨʽʥ ץʘʫʽʧʩʽʟ ץʘʙʳʣʜʘʫסʘ ʢʝʧʽʣʜʽʢ ʙʝʨʤʝʡʜʽ.  

ʆʩʳסʘʥ ʙʘʡʣʘʥʳʩʪʳ ץʦʡʳʣסʘʥ ʤʽʥʜʝʪ ʞʦʣ ᴇʪʧʝʩʽʥ ʢᴇʣʽʢʪʝʥ ʞײʤʳʩ 

ʞʘסʜʘʡʳʥʘ ʘʫʳʩʪʳʨʫסʘ ʞᴅʥʝ ʦʥʳש ʢʝʜʝʨʛʽʜʝʥ ʩʝʥʽʤʜʽ ʙʝʢʽʪʽʣʫʽʥ ץʘʤʪʘʤʘʩʳʟ 

ʝʪʫʛʝ ʤװʤʢʽʥʜʽʢ ʙʝʨʝʪʽʥ ʨʘʤʘסʘ ץʘʪʳʩʪʳ ʪʽʨʝʢ ʢᴇʧʽʨʣʝʨʜʽש ʦʨʥʳʥ ᴇʟʛʝʨʪʫʛʝ 

 ʥᴅʪʠʞʝʩʽ ץʪʝʭʥʠʢʘʣʳ שʨʫ ʙʦʣʳʧ ʪʘʙʳʣʘʜʳ . ɼʘʤʫʜʳײץ ʨʳʣʳʤʜʳײץ ʘʙʽʣʝʪʪʽץ

ʘʣʜʳסשʳ ʞᴅʥʝ ʘʨʪץʳ ʦʩʴʪʝʨʜʽ ʧʣʘʪʬʦʨʤʘʥʳש ʦʨʪʘʣʳץ ʘʡʤʘסʳʥʘ ץʘʨʩʳ ʞʳʣʞʳʪʫ 

ʞװʡʝʩʽ ʙʦʣʳʧ ʪʘʙʳʣʘʜʳ, ʙײʣ ʪʽʨʝʢ ʪʽʟʙʝʛʽʥ ʧʘʡʜʘʣʘʥʫ ʞʘסʜʘʡʣʘʨʳʥʘ ʙʝʡʽʤʜʝʫʛʝ 

ʞᴅʥʝ ᴅʨʪװʨʣʽ ʞײʤʳʩ ʪᴅʨʪʽʧʪʝʨʽʥʜʝ ײץʨʳʣʳʤʥʳש ʪײʨʘץʪʳʣʳסʳʥ ץʘʤʪʘʤʘʩʳʟ 

ʝʪʫʛʝ ʤװʤʢʽʥʜʽʢ ʙʝʨʝʜ ̔[82] -  [84]. 

ʆʩʴʪʝʨʜʽש ʦʨʥʳʥ ʨʝʪʪʝʫ ʙʘʨʘʙʘʥʜʳ ʘʡʥʘʣʜʳʨʫ ʘʨץʳʣʳ ʞװʟʝʛʝ ʘʩʳʨʳʣʘʜʳ 

(2.10 ʩʫʨʝʪ, 1 ʧʦʟ.). ɹʘʨʘʙʘʥ ʪʘʨʪʫ ʢװʰʽʥ ʘʨץʘʥסʘ (ʪʨʦʩץʘ) ʙʝʨʝʜʽ (ʩʫʨʝʪ -2.10, 2-

ʢᴇʨʩʝʪʢʽʰ). ɸʨץʘʥʥʳש ʢʝʨʽʣʫʽʥ ᴇʟʛʝʨʪʫ ʢʘʨʝʪʢʘʣʘʨʜʳץ שʘʞʝʪʪʽ ʦʨʳʥסʘ ʞʳʣʞʫʳʥ 

 .ʘʤʪʘʤʘʩʳʟ ʝʪʝʜʽ [87]ï[89]ץ

ɹʘʨʘʙʘʥʥʳש ʘʡʥʘʣʫʳ ʵʣʝʢʪʨʞʝʪʝʢ ʘʨץʳʣʳ ʦʨʳʥʜʘʣʘʜʳ (ʩʫʨʝʪ - 2.10, 4 ʧʦʟ.), 

ʙײʣ ʦʩ ɹɻ ʣʝʤʝʥʪʪʝʨʽʥʽש ʞʳʣʞʫʳʥ ʙʽʨץʘʣʳʧʪʳ ʞװʨʛʽʟʫʛʝ ʞᴅʥʝ ʧʦʟʠʮʠʷʣʘʫʜʳש 

ʞʦסʘʨʳ ʜᴅʣʜʽʛʽʥ ץʘʤʪʘʤʘʩʳʟ ʝʪʫʛʝ ʤװʤʢʽʥʜʽʢ ʙʝʨʝʜʽ [88], [89]. ʕʣʝʢʪʨʞʝʪʝʢ 

 שʵʣʝʢʪʨ ʞʝʣʽʩʽʥʝʥ ʥʝʤʝʩʝ ʞʦʣ ᴇʪʧʝʩʽʥʽ ץʙʦʨʪʪʳ שʳʰ ʢᴇʣʽʢʪʽץʦʨʝʛʽ ʪʘʨʪץ

ʨʘʤʘʩʳʥʘ ʦʨʥʘʪʳʣסʘʥ ʘʚʪʦʥʦʤʜʳ ʘʢʢʫʤʫʣʷʪʦʨʣʳץ ʙʘʪʘʨʝʷʜʘʥ ʙʝʨʽʣʫʽ ʤװʤʢʽʥ. 

 

 
1 ï ʙʘʨʘʙʘʥ, 2 ï ʪʨʦʩ, 3 ï ʧʦʣʠʩʧʘʩʪ, 4 ï ɻʣʝʢʪʨ ʞʝʪʝʢ, 5 ï ץʦʣ ʪײʪץʘʩ  r

 

ʉʫʨʝʪ 2.10 ï ɾʳʣʞʳʤʘʣʳ ʦʩʴʪʝʨʜʽש ʞײʤʳʩ ʩײʣʙʘʩʳ 
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ʄʦʙʠʣʴʜʽ ʞʦʣ ᴇʪʧʝʩʽʥʽש ʞװʨʽʩ ʙᴇʣʽʛʽʥʽץ שʦʨʳʪʳʥʜʳ ʢʦʥʩʪʨʫʢʮʠʷʩʳ 

ʪװʩʽʥʜʽʨʤʝ ʩײʣʙʘʣʘʨ ʪװʨʽʥʜʝ ʦʨʳʥʜʘʣסʘʥ ʞᴅʥʝ ʝʢʽ ʥʝʛʽʟʛʽ ʧʦʟʠʮʠʷʜʘ ʞײʤʳʩ ʽʩʪʝʡ 

ʘʣʘʪʳʥ ʞװʨʫ ʜᴇשʛʝʣʝʢʪʝʨʽ ʞװʡʝʩʽʤʝʥ ʞʘʙʜʳץʪʘʣסʘʥ: ʢᴇʣʽʢ ʞʘסʜʘʡʳ ʞᴅʥʝ 

ʪʨʘʥʰʝʷ װʩʪʽʥʜʝʛʽ ʧʘʡʜʘʣʘʥʫ ʞʘסʜʘʡʳ [55].  

ʂᴇʣʽʢ ʞʘסʜʘʡʳʥʜʘ ʜᴇשʛʝʣʝʢʪʝʨ ʧʣʘʪʬʦʨʤʘʥʳש ʙװʡʽʨ ʞʠʝʢʪʝʨʽʥʜʝ 

ʦʨʥʘʣʘʩʘʜʳ (ʩʫʨʝʪ - 2.11), ʤʦʙʠʣʴʜʽ ʞʦʣ ᴇʪʧʝʩʽʥ ʦʨʥʘʣʘʩʪʳʨʫ ʦʨʥʳʥʘ ʞʳʣʞʳʪʫ 

ʤװʤʢʽʥʜʽʛʽʥ ץʘʤʪʘʤʘʩʳʟ ʝʪʝʜʽ. ʂᴇʣʽʢ ᴇʪʝʪʝʽʥ ʧʣʘʪʬʦʨʤʘʥʳ ʪʨʘʥʰʝʷʥʳװ שʩʪʽʥʝ 

ʦʨʥʘʪץʘʥʥʘʥ ʢʝʡʽʥ ʞʦʣ ᴇʪʧʝʩʽʥ ʢᴇʧʽʨʜʽש ʧʘʡʜʘʣʘʥʫ ʞʘסʜʘʡʳʥʘ ʘʫʳʩʪʳʨʘʪʳʥ 

ʘʨʥʘʡʳ ʤʝʭʘʥʠʟʤʥʽש ʢᴇʤʝʛʽʤʝʥ ʞװʨʽʩ ʦʩʴʪʝʨʽʥ ײץʨʳʣʳʤʥʳש ʦʨʪʘʣʳץ ʙᴇʣʽʛʽʥʝ 

ʞʳʣʞʳʪʫ ʞװʟʝʛʝ ʘʩʳʨʳʣʘʜʳ. ʅᴅʪʠʞʝʩʽʥʜʝ ʞʦʣ ᴇʪʧʝʩʽ ʢᴇʧʽʨʜʽש ʞײʤʳʩ 

ʞʘסʜʘʡʳʥʘ ʘʫʳʩʘʜʳ (ʩʫʨʝʪ - 2.12) [55], [87]ï[89]. 

 ʪʳץʩʳʟʙʘʩʳ (ʩʫʨʝʪ - 2.11) ʙʽʨ ʘʨʘʣʳ ץʣʙʘʣʳײʩ שʨʽʩ ʙᴇʣʽʛʽʥʽװʘʥ ʞסʩʳʥʳʣױ

ʤʦʙʠʣʴʜʽ ʞʦʣ ᴇʪʧʝʩʽʥʽש ʪʦʣʳץ ʬʫʥʢʮʠʦʥʘʣʜʳ ʢᴇʨʽʥʽʩʽʥ ץʘʣʳʧʪʘʩʪʳʨʘʜʳ ʞᴅʥʝ 

ʪʨʘʥʰʝʷʥʳװ שʩʪʽʥʜʝʛʽ ʧʘʡʜʘʣʘʥʫ ʞʘסʜʘʡʳʥʜʘסʳ ײץʨʳʣʳʤʥʳש ʞײʤʳʩʳʥ 

ʢᴇʨʩʝʪʝʜʽ [55], [66]. ɾʳʣʞʳʤʘʣʳ ʦʩʴʪʝʨ, ʙʝʢʽʪʫ ʞװʡʝʩʽʤʝʥ ʞᴅʥʝ ʠʥʪʝʛʨʘʮʠʷʣʘʥ-

 ʨʳʣʳʤʜʳײץ ʘʥ ʦʨʥʘʣʘʩʫסʡʝʣʝʨʤʝʥ ʞʘʩʘʣװʘʥ ʪʝʞʝʛʽʰ ʞᴅʥʝ ʵʣʝʢʪʨʣʽʢ ʽʰʢʽ ʞס

ʢᴇʣʽʢ ʪᴅʨʪʽʙʽʥʝʥ ʞײʤʳʩ ʪᴅʨʪʽʙʽʥʝ ʘʫʳʩʪʳʨʫʜʳ ץʘʤʪʘʤʘʩʳʟ ʝʪʝʜʽ ʞᴅʥʝ ʧʘʡʜʘʣʘʥʫ 

ʞװʢʪʝʤʝʣʝʨʽ ʢʝʟʽʥʜʝ ʦʥʳש ʪײʨʘץʪʳʣʳסʳʥʘ ʢʝʧʽʣʜʽʢ ʙʝʨʝʜʽ [83]-[89]. 

ʂʝʡʽʥʛʽ ʠʥʞʝʥʝʨʣʽʢ ʞʦʙʘʣʘʫ װʰʽʥ ᴅʟʽʨʣʝʥʛʝʥ ʞװʨʽʩ ʙᴇʣʽʛʽ ʩᴅʡʢʝʩ ʢʝʣʫʽ ʢʝʨʝʢ 

ʪʝʭʥʠʢʘʣʳץ ʪʘʣʘʧʪʘʨ ʤʝʥ ʧʘʡʜʘʣʘʥʫ ʰʘʨʪʪʘʨʳʥʳש ʞʠʳʥʪʳסʳʥ ʨᴅʩʽʤʜʝʫ ץʘʞʝʪ. 

 

 
 

1 ï ʤʦʙʠʣʴʜʽ ʞʦʣ ᴇʪʧʝʩʽʥʽש ʧʣʘʪʬʦʨʤʘʩʳ; 2 ï ʞʦʣ ᴇʪʧʝʩʽʥʽש ʞʳʣʞʳʤʘʣʳ ʦʩʴʪʝʨʽ 

ʉʫʨʝʪ 2.11 ï ʄʦʙʠʣʴʜʽ ʞʦʣ ᴇʪʧʝʩʽʥʽש ʢʦʥʩʪʨʫʢʮʠʷʩʳ ï  

ʪʘʩʳʤʘʣʜʘʫ ʞʘסʜʘʡʳ 
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1 ï ʤʦʙʠʣʴʜʽ ʞʦʣ ᴇʪʧʝʩʽʥʽש ʧʣʘʪʬʦʨʤʘʩʳ; 2 ï ʞʦʣ ᴇʪʧʝʩʽʥʽש ʞʳʣʞʳʤʘʣʳ ʦʩʴʪʝʨʽ;  

3 ï ʪʨʘʥʰʝʷ ʞʠʝʛʽ 

ʉʫʨʝʪ 2.12 ï ʄʦʙʠʣʴʜʽ ʞʦʣ ᴇʪʧʝʩʽʥʽש ʢʦʥʩʪʨʫʢʮʠʷʩʳ ï 

 ʪʨʘʥʰʝʷ װʩʪʽʥʜʝʛʽ ʧʘʡʜʘʣʘʥʫ ʞʘסʜʘʡʳ 

 

ʄʦʙʠʣʴʜʽ ʞʦʣ ᴇʪʧʝʩʽʥ ʤʦʥʪʘʞʜʘʫ ʪʝʭʥʦʣʦʛʠʷʩʳ. ʄʦʙʠʣʴʜʽ ʞʦʣ ᴇʪʧʝʩʽ 

ʪʘʨʪץʳʰ ʢᴇʣʽʢʧʝʥ ץʘʪʪʳ ̔ʣʽʥʽʩʫ ʘʨץʳʣʳ ʘʚʪʦʧʦʝʟʜ ײץʨʘʤʳʥʜʘ ʧʘʡʜʘʣʘʥʫ ʦʨʥʳʥʘ 

ʞʝʪʢʽʟʽʣʝʜʽ. ʄʦʙʠʣʴʜʽ ʞʦʣ ᴇʪʧʝʩʽʥ ʞʝʪʢʽʟʛʝʥʥʝʥ ʢʝʡʽʥ ײץʨʳʣʳʤʜʳ ʢᴇʪʝʨʫʜʽ, 

ʢᴇʣʽʢ ʞʘסʜʘʡʳʥʘʥ ʧʘʡʜʘʣʘʥʫסʘ ʙʝʨʫʜʽ ʞᴅʥʝ ʜʘʡʳʥʜʘʣסʘʥ ʪʽʨʝʢʪʝʨʛʝ ʦʨʥʘʪʫʜʳ 

ʢᴇʟʜʝʡʪʽʥ ʢʨʘʥ ᴅʜʽʩʽʤʝʥ ʤʦʥʪʘʞʜʘʫ ʞװʨʛʽʟʽʣʜʽ [55], [91], [94]. 

ʄʦʥʪʘʞ ʤʦʙʠʣʴʜʽ ʞʦʣ ᴇʪʧʝʩʽʥ ʞװʢ ʢᴇʪʝʨʛʽʰ ʢʨʘʥʤʝʥ ʢᴇʪʝʨʫ ʘʨץʳʣʳ ʞװʟʝʛʝ 

ʘʩʳʨʳʣʜʳ, ʩʦʜʘʥ ʢʝʡʽʥ ײץʨʳʣʳʤʜʳ ʞʘʙʳʣʘʪʳʥ ʪʨʘʥʰʝʷʥʳװ שʩʪʽʥʜʝʛʽ ʞʦʙʘʣʳץ 

ʞʘסʜʘʡסʘ ʘʫʳʩʪʳʨʜʳ. ʂʨʘʥ ᴅʜʽʩʽʥ ץʦʣʜʘʥʫ ײץʨʳʣʳʤʥʳש ʜᴅʣ ʦʨʥʘʣʘʩʫʳʥ ʞᴅʥʝ 

ʤʦʥʪʘʞʜʘʫ ʞײʤʳʩʪʘʨʳʥʳײ שʟʘץʪʳסʳʥ ץʳʩץʘʨʪʫʜʳ ץʘʤʪʘʤʘʩʳʟ ʝʪʪʽ [90]ï[94]. 

ʆʨʥʘʪʫʜʳש ʪʝʭʥʦʣʦʛʠʷʣʳװ ץʨʜʽʩʽ ʢʝʣʝʩʽ ʥʝʛʽʟʛʽ ʢʝʟʝשʜʝʨʜʽ ץʘʤʪʳʜʳ: 

 ʤʦʙʠʣʴʜʽ ʞʦʣ ᴇʪʧʝʩʽʥ ʤʦʥʪʘʞʜʘʫ ʦʨʥʳʥʘ ʞʝʪʢʽʟʫ ʞᴅʥʝ ʞװʢ ʢᴇʪʝʨʛʽʰ ʢʨʘʥʜʳ 

ʞײʤʳʩ ʞʘסʜʘʡʳʥʘ ʦʨʥʘʪʫʜʳ ʞᴅʥʝ ʢʦʥʩʪʨʫʢʮʠʷʥʳ ʘʨץʘʥʜʘʫʜʳ ץʘʤʪʠʪʳʥ ʢᴇʪʝʨʫ 

ʞײʤʳʩʪʘʨʳʥʘ ʜʘʡʳʥʜʘʫ; 

 ʤʦʙʠʣʴʜʽ ʞʦʣ ᴇʪʧʝʩʽʥ ʢᴇʪʝʨʫ ʞᴅʥʝ ʢʦʥʩʪʨʫʢʮʠʷʥʳ ʧʘʡʜʘʣʘʥʫ ʞʘסʜʘʡʳʥʘ 

ʘʫʳʩʪʳʨʫ; 

 ʞʦʣ ᴇʪʧʝʩʽʥ ʪʝʤʽʨʙʝʪʦʥ ʪʽʨʝʢʪʝʨʛʝ ʪװʧʢʽʣʽʢʪʽ ʦʨʥʘʪʫ ʞᴅʥʝ ʞײʤʳʩ 

ʞʘסʜʘʡʳʥʜʘ ʙʝʢʽʪʫ [90], [91]. 

ɹʽʨʽʥʰʽ ʢʝʟʝשʜʝ ʤʦʙʠʣʴʜʽ ʞʦʣ ᴇʪʧʝʩʽ ʤʦʥʪʘʞʜʘʫ ʘʣʘשʳʥʘ ʪʘʨʪץʳʰʧʝʥ ץʘʪʪʳ 

ʽʣʽʥʽʩʫ ʘʨץʳʣʳ ᴇʟ ʞװʨʽʩʽʤʝʥ ʞʝʪʢʽʟʽʣʜʽ. ײפʨʳʣʳʩ ʢᴇʪʝʨʛʽʰ ʦʧʝʨʘʮʠʷʣʘʨʜʳש 

 שʘʤʪʘʤʘʩʳʟ ʝʪʫʜʽ ʝʩʢʝʨʝ ʦʪʳʨʳʧ, ʞʘʙʳʣʘʪʳʥ ʪʨʘʥʰʝʷʥʳץ ʘʫʽʧʩʽʟ ʦʨʳʥʜʘʣʫʳʥץ

ʞʘʥʳʥʜʘ ʙʘʩʪʘʧץʳ ʢװʡʽʥʜʝ ʦʨʥʘʣʘʩʪʳʨʳʣʜʳ. 

ɾʦʣ ᴇʪʧʝʩʽʥʽש ʦʨʥʳ ײץʨʳʣʳʤʥʳש ʽʣʽʥʫʽʥʝ ʞᴅʥʝ ʢʝʡʽʥʥʝʥ ץʦʟסʘʣʫʳʥʘ 

ʳסשʘʡʣʳ ʙʦʣʘʪʳʥʜʘʡ ʝʪʽʧ ʪʘשʜʘʣʜʳ. ɸʚʪʦʧʦʝʟʜʳ ʪʦץʪʘʪץʘʥʥʘʥ ʢʝʡʽʥ ʞʦʣ 

ᴇʪʧʝʩʽʥʽש ʜʦסשʘʣʘץʪʘʨʳʥʳש ʘʩʪʳʥʘ ʜʦʤʘʣʘʫסʘ ץʘʨʩʳ ʘʷʣʜʘʤʘʣʘʨ ʦʨʥʘʪʳʣʜʳ, 

ʩʦʜʘʥ ʢʝʡʽʥ ʽʣʽʥʽʩʫ ײץʨʳʣסʳʩʳ ʪʘʨʪץʳʰʪʘʥ ʘʞʳʨʘʪʳʣʜʳ. 

ɾװʢ ʢᴇʪʝʨʛʽʰ ʢʨʘʥ ʤʦʥʪʘʞ ʘʣʘשʳʥʜʘ ʞײʤʳʩ ʦʨʥʳʥ ʘʣʜʳ (ʩʫʨʝʪ - 2.13). ʂʨʘʥ 

ʢʦʥʩʪʨʫʢʮʠʷʥʳ ʢᴇʪʝʨʫ ʞᴅʥʝ ʞʳʣʞʳʪʫ װʰʽʥ ʞʝʙʝʥʽש ʪײʨʘץʪʳʣʳסʳ ʤʝʥ ץʘʞʝʪʪʽ 

 .ʘ ʦʨʥʘʪʳʣʜʳ [91]ï[94]ץץʨʘײʘʥ ʪסʘʤʪʘʤʘʩʳʟ ʝʪʝ ʦʪʳʨʳʧ, ʜʘʡʳʥʜʘʣץ ʳʥסʟʳʥʜʳײ
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ʉʦʥʳʤʝʥ ץʘʪʘʨ, ʪʨʘʥʰʝʷʥʳש ʰʝʪʪʝʨʽʥʜʝ ײץʨʳʣʳʤʥʳש ʧʘʡʜʘʣʘʥʫ ʞװʢʪʝʤʝʣʝʨʽʥ 

 .ʘʥ ʪʝʤʽʨʙʝʪʦʥ ʪʽʨʝʢʪʝʨʽ ʦʨʥʘʣʘʩʪʳʨʳʣʜʳסʘ ʘʨʥʘʣסʘʙʳʣʜʘʫץ

 

 
 

1 ï ʤʦʙʠʣʴʜʽ ʞʦʣ ᴇʪʧʝʩʽʤʝʥ ʞʘʙʳʣʘʪʳʥ ʪʨʘʥʰʝʷ; 2 ï ʞʝʨ ʘʩʪʳ ʠʥʞʝʥʝʨʣʽʢ 

ʢʦʤʤʫʥʠʢʘʮʠʷʣʘʨʳ; 3 ï ʪʘʨʪץʳʰ ʢᴇʣʽʢ; 4 ï ʤʦʙʠʣʴʜʽ ʞʦʣ ᴇʪʧʝʩʽ; 5 ï ʤʦʥʪʘʞ ʢʨʘʥʳ. 

ʉʫʨʝʪ 2.13 ï ʄʦʙʠʣʴʜʽ ʞʦʣ ᴇʪʧʝʩʽʥ ʤʦʥʪʘʞ ʦʨʥʳʥʘ ʞʝʪʢʽʟʫ ʩײʣʙʘʩʳ 

(ʞʦסʘʨʳʜʘʥ ʢᴇʨʽʥʽʩ) 

 

ɽʢʽʥʰʽ ʢʝʟʝשʜʝ ʤʦʙʠʣʴʜʽ ʞʦʣ ᴇʪʧʝʩʽʥ ʞװʢ ʢᴇʪʝʨʛʽʰ ʢʨʘʥʤʝʥ ʤʦʥʪʘʞʜʘʫ 

ʘʣʘשʳʥʳש ʙʝʪʽʥʝʥ ʢᴇʪʝʨʫ ʦʨʳʥʜʘʣʜʳ, ʩʦʥʳʤʝʥ ʙʽʨʛʝ ʞװʨʽʩ ʙᴇʣʽʛʽʥ ʢᴇʣʽʢ 

ʞʘסʜʘʡʳʥʘʥ ʞײʤʳʩ ʞʘסʜʘʡʳʥʘ ʘʫʳʩʪʳʨʜʳ (ʩʫʨʝʪ - 2.14) [90], [91]. 

 .ʨʳʣʳʤʜʳ ʢᴇʪʝʨʛʝʥʥʝʥ ʢʝʡʽʥ ʪʽʨʝʢ ʢᴇʧʽʨʣʝʨʽ ʢᴇʣʽʢʪʽʢ ʙʝʢʽʪʫʜʝʥ ʙʦʩʘʪʳʣʜʳײפ

ɹײʜʘʥ ʦʩʳ ʪʘʨʤʘץʪʘ ᴅʟʽʨʣʝʥʛʝʥ ʘʣʜʳסשʳ ʞᴅʥʝ ʘʨʪץʳ ʦʩʴʪʝʨʜʽץ שʘʨʩʳ ʦʨʳʥ 

ʘʫʳʩʪʳʨʫ ʞװʡʝʩʽ ʘʨץʳʣʳ ʞʦʣ ᴇʪʧʝʩʽʥ ʧʘʡʜʘʣʘʥʫ ʞʘסʜʘʡʳʥʘ ʘʫʳʩʪʳʨʫ 

ʦʨʳʥʜʘʣʜʳ. ʂᴇʧʽʨʣʝʨʜʽץ שʦʟסʘʣʳʩʳ ʧʣʘʪʬʦʨʤʘʥʳש ʦʨʪʘʣʳץ ʘʡʤʘסʳ ʙʘסʳʪʳʥʜʘ 

ʞװʟʝʛʝ ʘʩʳʨʳʣʜʳ, ʥᴅʪʠʞʝʩʽʥʜʝ ײץʨʳʣʳʤʥʳש ʪʽʨʝʢ ʢʦʥʪʫʨʳ ᴇʟʛʝʨʜʽ ʞᴅʥʝ ʦʥʳש 

ʞʘʙʳʣʘʪʳʥ ʢʝʜʝʨʛʽʜʝ ʪײʨʘץʪʳ ʞײʤʳʩʳ ץʘʤʪʘʤʘʩʳʟ ʝʪʽʣʜʽ. 
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1 ï ʤʦʙʠʣʴʜʽ ʞʦʣ ᴇʪʧʝʩʽʤʝʥ ʞʘʙʳʣʘʪʳʥ ʪʨʘʥʰʝʷ;   2 ï ʪʽʨʝʢʪʝʨʛʝ ʦʨʥʘʪʳʣסʘʥʥʘʥ ʢʝʡʽʥʛʽ 

ʤʦʙʠʣʴʜʽ ʞʦʣ ᴇʪʧʝʩʽʥʽש ʦʨʥʳ;     3 ï ʞʝʨ ʘʩʪʳ ʠʥʞʝʥʝʨʣʽʢ ʢʦʤʤʫʥʠʢʘʮʠʷʣʘʨʳ;      4ïʪʘʨʪץʳʰ 

ʢᴇʣʽʢ; 5 ï ʤʦʥʪʘʞ װʨʜʽʩʽʥʜʝʛʽ ʢʨʘʥ ʞʝʙʝʩʽʥʽש ʦʨʥʘʣʘʩʫʳ; 6 ï ʢᴇʪʝʨʫ ʘʣʜʳʥʜʘסʳ ʤʦʙʠʣʴʜʽ ʞʦʣ 

ᴇʪʧʝʩʽʥʽש ʙʘʩʪʘʧץʳ ʦʨʥʳ; 7 ï ʤʦʥʪʘʞ ʢʨʘʥʳʥʳש ʞײʤʳʩ ʢװʡʽ 

ʉʫʨʝʪ 2.14 ï ʄʦʙʠʣʴʜʽ ʞʦʣ ᴇʪʧʝʩʽʥ ʤʦʥʪʘʞʜʘʫ ʞᴅʥʝ ʧʘʡʜʘʣʘʥʫ ʢװʡʽʥʝ 

ʘʫʳʩʪʳʨʫ ʢʝʟʽʥʜʝʛʽ ʙʘʩʪʘʧץʳ ʞᴅʥʝ ʩʦסשʳ ʦʨʳʥʜʘʨʳʥʳש ʩײʣʙʘʩʳ  

(ʞʦסʘʨʳʜʘʥ ʢᴇʨʽʥʽʩ) 

 

ʆʩʴʪʝʨʜʽש ʦʨʥʘʣʘʩʫʳʥ ʨʝʪʪʝʫ ʞװʨʽʩ ʙᴇʣʽʛʽʥʽש ʵʣʝʤʝʥʪʪʝʨʽʥʽש ʙʽʨʢʝʣʢʽ 

ʞʳʣʞʫʳʥ ʞᴅʥʝ ʢᴇʧʽʨʜʽש ʜᴅʣ ʦʨʥʘʣʘʩʫʳʥ ץʘʤʪʘʤʘʩʳʟ ʝʪʝʪʽʥ ʵʣʝʢʪʨ ʞʝʪʝʛʽʥʽש 

 ʟʝʛʝ ʘʩʳʨʳʣʜʳ. ʕʣʝʢʪʨ ʞʝʪʝʛʽ ʢʝʨʥʝʫʽ 24 ɺ ʵʣʝʢʪʨװʘʣʫ ʤʝʭʘʥʠʟʤʽʤʝʥ ʞסʦʟץ

ᴇʪʢʽʟʛʽʰ ʞװʡʝʩʽʥʝʥ ץʫʘʪ ʘʣʜʳ. ʂᴇʧʽʨʣʝʨʜʽ ʞʳʣʞʳʪʫ ʘʷץʪʘʣסʘʥʥʘʥ ʢʝʡʽʥ 

 .ʘ ʜʘʡʳʥʜʘʣʜʳסʧʢʽʣʽʢʪʽ ʦʨʥʘʪʫװʨʳʣʳʤ ʪʽʨʝʢʪʝʨʛʝ ʪײץ

-ʧʢʽʣʽʢʪʽ ʦʨʥʘװʜʝ ʤʦʙʠʣʴʜʽ ʞʦʣ ᴇʪʧʝʩʽʥ ʪʝʤʽʨʙʝʪʦʥ ʪʽʨʝʢʪʝʨʛʝ ʪשʰʽʥʰʽ ʢʝʟʝת

ʪʫ ʞᴅʥʝ ʦʥʳ ʧʘʡʜʘʣʘʥʫ ʞʘסʜʘʡʳʥʜʘ ʙʝʢʽʪʫ ʦʨʳʥʜʘʣʜʳ (2.15 ʩʫʨʝʪ) [90], [91], [94]. 

ɾװʢ ʢᴇʪʝʨʛʽʰ ʢʨʘʥʤʝʥ ײץʨʳʣʳʤ ʪʽʨʝʢ ʵʣʝʤʝʥʪʪʝʨʽ ʞװʢʪʝʤʝʥʽ ʪʦʣʳץ 

 ʳʥ ʪʽʨʝʢʪʝʨʛʝסʩʘʣʤʘ שʨʳʣʳʤʥʳײפ .ʘ ʜʝʡʽʥ ʙʽʨʪʽʥʜʝʧ ʪᴇʤʝʥʜʝʡʜʽסʘʥסʘʙʳʣʜʘץ

ʙʝʨʛʝʥʥʝʥ ʢʝʡʽʥ ʪʨʘʥʰʝʷ ʦʩʽʥʝ ץʘʪʳʩʪʳ ʞʦʣ ᴇʪʧʝʩʽʥʽש ʜײʨʳʩ ʦʨʥʘʣʘʩʫʳʥ ʞᴅʥʝ 

ʪʽʨʝʢ ʧʣʘʪʬʦʨʤʘʩʳʥʳש ʪʽʨʝʫʽʥʽש ʙʽʨʢʝʣʢʽʣʽʛʽʥ ʪʝʢʩʝʨʫ ʞװʨʛʽʟʽʣʜʽ [90], [94]. 
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1 ï ʤʦʙʠʣʴʜʽ ʞʦʣ ᴇʪʧʝʩʽʤʝʥ ʞʘʙʳʣʘʪʳʥ ʪʨʘʥʰʝʷ; 2 ï ʤʦʙʠʣʴʜʽ ʞʦʣ ᴇʪʧʝʩʽʥʽש ʞװʨʽʩ 

ʙᴇʣʽʛʽ (ʞʳʣʞʳʤʘʣʳ ʦʩʴʪʝʨʽ); 3 ï ʞʦʣ ᴇʪʧʝʩʽʥʽש ʪʝʤʽʨʙʝʪʦʥ ʪʽʨʝʢʪʝʨʽ; 4 ï ʪʽʨʝʢʪʝʨʛʝ 

ʦʨʥʘʪʳʣסʘʥʥʘʥ    ʢʝʡʽʥʛʽ     ʤʦʙʠʣʴʜʽ    ʞʦʣ     ᴇʪʧʝʩʽʥʽש ʦʨʥʳ;    5 ï ʢʨʘʥʥʳש   ʞװʢ   ʘʨץʘʥʳ;   

6 ï ʤʦʥʪʘʞʜʘʫ װʰʽʥ ʢʨʘʥʥʳש ʞײʤʳʩ ʞʘסʜʘʡʳ; 7 ï ʪʨʘʥʰʝʷ ʞʠʝʛʽ; 8 ï ʞʝʨ ʘʩʪʳ ʠʥʞʝʥʝʨʣʽʢ 

ʢʦʤʤʫʥʠʢʘʮʠʷʣʘʨʳ 

ʉʫʨʝʪ 2.15 ï ʄʦʙʠʣʴʜʽ ʞʦʣ ᴇʪʧʝʩʽʥ ʪʽʨʝʢʪʝʨʛʝ ʪװʧʢʽʣʽʢʪʽ ʦʨʥʘʪʫ ʩײʣʙʘʩʳ 

(ʘʣʜʳסשʳ ʢᴇʨʽʥʽʩ) 

 

ᴄʨ ̔ץʘʨʘʡ ʞװʢ ʽʣʫ ײץʨʳʣסʳʣʘʨʳ ʘʞʳʨʘʪʳʣʜʳ, ʩʦʜʘʥ ʢʝʡʽʥ ʞװʢ ʢᴇʪʝʨʛʽʰ ʢʨʘʥ 

 שʨʳʣʳʩʪʳײפ .ʘʨʳʣʜʳסʳʥʘʥ ʰʳסʤʳʩ ʘʡʤʘײʨʳʣʳʤʜʳ ʙʦʩʘʪʳʧ, ʞײץ

ʪײʨʘץʪʳʣʳסʳʥʘ, ʞװʨʽʩ ʙᴇʣʽʛʽ ʵʣʝʤʝʥʪʪʝʨʽʥʽש ʦʨʥʘʣʘʩʫʳʥʘ ʞᴅʥʝ ʞʦʣ ᴇʪʧʝʩʽʥʽש 

ʧʘʡʜʘʣʘʥʫסʘ ʜʘʡʳʥʜʳסʳʥʘ ʙʘץʳʣʘʫ ʞװʨʛʽʟʽʣʜʽ. 

ɹʘץʳʣʘʫ ʦʧʝʨʘʮʠʷʣʘʨʳ ʘʷץʪʘʣסʘʥʥʘʥ ʢʝʡʽʥ ʤʦʙʠʣʴʜʽ ʞʦʣ ᴇʪʧʝʩʽ ʦʨʥʘʪʳʣסʘʥ 

ʞᴅʥʝ ʞᴇʥʜʝʫ ʞײʤʳʩʪʘʨʳʥ ʞװʨʛʽʟʫ ʘʡʤʘסʳ ʘʨץʳʣʳ ʢᴇʣʽʢ ײץʨʘʣʜʘʨʳʥ ᴇʪʢʽʟʫʛʝ 

ʜʘʡʳʥ ʜʝʧ ʩʘʥʘʣʜʳ (ʩʫʨʝʪ - 2.16). 

ʆʩʳʣʘʡʰʘ, ʤʦʙʠʣʜɹ ̔ʞʦʣ ᴇʪʧʝʩʽʥ ʤʦʥʪʘʞʜʘʫ ײץʨʳʣʳʩʪʳ ʧʘʡʜʘʣʘʥʫ ʦʨʥʳʥʘ 

ʞʝʪʢʽʟʫʜʽ, ʢᴇʪʝʨʫ-ʤʦʥʪʘʞʜʘʫ ʞײʤʳʩʪʘʨʳʥ ʦʨʳʥʜʘʫʜʳ ʞᴅʥʝ ʦʥʳש ʦʨʥʳץʪʳ-ʣʳסʳ 

ʤʝʥ ʧʘʡʜʘʣʘʥʫסʘ ʜʘʡʳʥʜʳסʳʥ ץʘʤʪʘʤʘʩʳʟ ʝʪʝ ʦʪʳʨʳʧ, ʢʦʥʩʪʨʫʢʮʠʷʥʳ ʞʦʙʘʣʳץ 

ʞʘסʜʘʡסʘ ʦʨʥʘʪʫʜʳ ץʘʤʪʠʪʳʥ ʪʝʭʥʦʣʦʛʠʷʣʳץ ʦʧʝʨʘʮʠʷʣʘʨ ʢʝʰʝʥʽʥ ʙʽʣʜʽʨʝʜʽ [90], 

[91], [94]. ʄʦʥʪʘʞʜʘʫ ʞײʤʳʩʪʘʨʳʥʳש ʪʠʽʤʜʽʣʽʛʽ ʤʝʥ ץʘʫʽʧʩʽʟʜʽʛʽ ʢᴇʙʽʥʝʩʝ 

 ʦʨʥʘʪʫ ʘʣʜʳʥʜʘ ץʘ, ʩʦʥʜʘʡ-ʘסʡʳʤʜʘʩʪʳʨʫײ ʨʳʩײʨʳʣʳʤʜʳ ʪʘʩʳʤʘʣʜʘʫʜʳ ʜײץ

ʞʘʙʜʳץʪʘʨ ʤʝʥ ײץʨʳʣʳʤʜʳץ ʵʣʝʤʝʥʪʪʝʨʜʽ ʜʘʡʳʥʜʘʫסʘ ץʦʡʳʣʘʪʳʥ ʪʘʣʘʧʪʘʨʜʳש 

ʩʘץʪʘʣʫʳʥʘ ʙʘʡʣʘʥʳʩʪʳ. 

 שʨʽʩ ʙᴇʣʽʛʽʥʽװʪʘʣʫʳʥ, ʞץʩʘ שʪʽʨʝʢ ʵʣʝʤʝʥʪʪʝʨʽʥʽ שʨʳʣʳʤʥʳײפ

ʞʘʨʘʤʜʳʣʳסʳʥ ʞᴅʥʝ ײץʨʳʣʳʩʪʳש ʢʝʡʽʥʛʽ ʤʦʥʪʘʞʜʘʫסʘ ʜʘʡʳʥʜʳסʳʥ ץʘʤʪʘʤʘʩʳʟ 

ʝʪʝʪʽʥ ʤʦʙʠʣʴʜʽ ʞʦʣ ᴇʪʧʝʩʽʥ ʪʘʩʳʤʘʣʜʘʫ ʝʨʝʞʝʣʝʨʽʥʽש ʩʘץʪʘʣʫʳ ʝʨʝʢʰʝ ʤʘשʳʟסʘ 

ʠʝ. ɹײʜʘʥ ʙʘʩץʘ, ʞʦʣ ᴇʪʧʝʩʽʥ ʧʘʡʜʘʣʘʥʫסʘ ʙʝʨʝʨ ʘʣʜʳʥʜʘ ײץʨʳʣʳʩʪʳץ שʘʫʽʧʩʽʟ 

ʞײʤʳʩʳʥ ʞᴅʥʝ ʦʥʳש ʧʘʡʜʘʣʘʥʫ ʪʘʣʘʧʪʘʨʳʥʘ ʩᴅʡʢʝʩʪʽʛʽʥ ץʘʤʪʘʤʘʩʳʟ ʝʪʫ װʰʽʥ 

 .ʪʳ ʦʨʥʘʪʫ ʦʨʳʥʜʘʣʘʜʳ [92], [93]ץʦʩʳʤʰʘ ʞʘʙʜʳץ ʘʞʝʪʪʽץ
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1 ï ʤʦʙʠʣʴʜʽ ʞʦʣ ᴇʪʧʝʩʽ ʞʦסʘʨסʳ ʧʣʘʪʬʦʨʤʘʩʳ; 2 ï ʞʦʣ ᴇʪʧʝʩʽʥʽש ʞװʨʫ ʙᴇʣʽʛʽʤʝʥ 

 ;ʨʽʩ ʙᴇʣʽʛʽ (ʞʳʣʞʳʤʘʣʳ ʦʩʴʪʝʨʽ)װʞ שʨʘʣʜʘʨʳ; 3 ï ʤʦʙʠʣʴʜʽ ʞʦʣ ᴇʪʧʝʩʽʥʽײץ ʘʣʘʪʳʥ ʢᴇʣʽʢסʦʟץ

4 ï ʞʦʣ ᴇʪʧʝʩʽʥʽש ʪʝʤʽʨʙʝʪʦʥ ʪʽʨʝʢʪʝʨʽ; 5 ï ʪʨʘʥʰʝʷ ʞʠʝʛʽ; 6 ï ʞʝʨ ʘʩʪʳ ʠʥʞʝʥʝʨʣʽʢ 

ʢʦʤʤʫʥʠʢʘʮʠʷʣʘʨʳ; 7 ï ʪʦʧʳʨʘץ ʥʝʛʽʟʽ; 8 ï ʢᴇʣʽʢ ײץʨʘʣʜʘʨʳʥʳץ שʘʫʽʧʩʽʟ ᴇʪʫʽʥ ץʘʤʪʘʤʘʩʳʟ 

ʝʪʫʛʝ ʘʨʥʘʣסʘʥ ʞʘʨʳץ ʩʠʛʥʘʣʳ 

ʉʫʨʝʪ 2.16 ï פʦʩʳʤʰʘ ʞʘʙʜʳץʪʘʨʤʝʥ ʞʘʙʜʳץʪʘʣסʘʥ ʤʦʙʠʣʴʜʽ ʞʦʣ 

ᴇʪʧʝʩʽʥʽש ʩײʣʙʘʩʳ 
 

 

ɽʢʽʥʰʽ ʪʘʨʘʫ ʙʦʡʳʥʰʘ ץʦʨʳʪʳʥʜʳ 

 

ɽʢʽʥʰʽ ʪʘʨʘʫʜʘ ײʩʳʥʳʣסʘʥ ʞײʤʳʩ ʙʘʨʳʩʳʥʜʘ ץʦʣʜʘʥʳʩʪʘסʳ ʞװʨʽʩ ʙᴇʣʽʢʪʝ-

ʨʽʥʝ ʢʝʰʝʥʜʽ ʪʘʣʜʘʫ ʞʘʩʘʣʜʳ, ײץʨʳʣʳʤʜʳץ ʰʝʰʽʤʜʝʨʜʽש ʤʦʨʬʦʣʦʛʠʷʣʳץ 

ʩʠʥʪʝʟʽ ʞװʨʛʽʟʽʣʜʽ ʞᴅʥʝ ʤʦʙʠʣʴʜʽ ᴇʪʢʝʣʜʽש ʞװʨʽʩ ʙᴇʣʽʛʽʥʽש ʩײʣʙʘʣʳץ ʩʳʟʙʘʩʳ 

ʞʘʩʘʣʜʳ. ᴄʨʽ ץʘʨʘʡ ʞʘסשʳʨʪʫ װʰʽʥ ᴇʥʝʨʢᴅʩʽʧʪʽʢ ʧʣʘʪʬʦʨʤʘ ʨʝʪʽʥʜʝ ʙʘʟʘʣʳץ 

ʰʘʩʩʠ ʪʽʨʢʝʤʝʩʽʥ ʪʘשʜʘʫ ʥʝʛʽʟʜʝʣʝʜʽ, ʢᴇʧʽʨʣʝʨʜʽ ʞʳʣʞʳʪʫ ʞװʡʝʩʽʥ, ʙʝʢʽʪʫ 

ʤʝʭʘʥʠʟʤʽʥ, ʪʝʞʝʛʽʰ ʞᴅʥʝ ʵʣʝʢʪʨ ʠʥʬʨʘײץʨʳʣʳʤʳʥ ץʦʩʘ ʘʣסʘʥʜʘ, ʢʦʥʩʪʨʫʢʮʠʷ 

ʪʦʨʘʧʪʘʨʳʥʘ ץʦʡʳʣʘʪʳʥ ʥʝʛʽʟʛʽ ʪʝʭʥʠʢʘʣʳץ ʞᴅʥʝ ʧʘʡʜʘʣʘʥʫ ʪʘʣʘʧʪʘʨʳ 

ʘʡץʳʥʜʘʣʘʜʳ. ʊʘʨʘʫʜʳץ שʦʨʳʪʳʥʜʳʩʳ ʤʦʙʠʣʴʜʽ ʞʦʣ ᴇʪʧʝʩʽʥ ʢᴇʣʽʢʪʝʥ ʞײʤʳʩ 

ʞʘסʜʘʡʳʥʘ ʘʫʳʩʪʳʨʫʜʳ ʞᴅʥʝ ʪײʨʘץʪʳʣʳץ, ʩʝʥʽʤʜʽʣʽʢ ʞᴅʥʝ ʪʝʭʥʦʣʦʛʠʷʣʳʣʳץ 

ʪʘʣʘʧʪʘʨʳʥ ʦʨʳʥʜʘʫʜʳ ץʘʤʪʘʤʘʩʳʟ ʝʪʝʪʽʥ ʞװʨʽʩ ʙᴇʣʽʛʽʥʽש ʪʦʣʳץ ʬʫʥʢʮʠʦʥʘʣʜʳץ 

ʪײʞʳʨʳʤʜʘʤʘʩʳʥ ץʘʣʳʧʪʘʩʪʳʨʫ ʙʦʣʳʧ ʪʘʙʳʣʘʜʳ. 

ɸʣʘʡʜʘ, ʤʦʙʠʣʴʜʽ ʞʦʣ ᴇʪʧʝʩʽʥʽש ʩʝʥʽʤʜʽʣʽʛʽ ʤʝʥ ץʘʫʽʧʩʽʟʜʽʛʽ ʥʝʛʽʟʽʥʝʥ 

 ʘʥʘ ʝʤʝʩ, ʩʦʥʳʤʝʥס ʳʤʝʥסʪʳʤʜʳʣʳײ שʰʝʰʽʤʜʝʨʜʽ ץʨʳʣʳʤʜʳײץ ʘʥסʘʙʳʣʜʘʥץ

 ץʽʰʽʥʜʝ ʜʠʥʘʤʠʢʘʣʳ שʩʦʥʳ ,שʢʪʝʤʝʣʝʨʽʥʽװʪʳ ʧʘʡʜʘʣʘʥʫ ʞץʘʪʘʨ, ʥʘץ

ʞװʢʪʝʤʝʣʝʨʜʽש ᴅʩʝʨʽʥʝʥ ʦʣʘʨʜʳש ʞײʤʳʩ ץʘʙʽʣʝʪʪʽʣʽʛʽʤʝʥ ʘʥʳץʪʘʣʘʜʳ. 

ʂʦʥʩʪʨʫʢʮʠʷʥʳש ʢʝʨʥʝʫ-ʜʝʬʦʨʤʘʮʠʷʣʳץ ʢװʡʽʥʝ ʝש ʝʣʝʫʣʽ ᴅʩʝʨʜʽ ʘʨʘʣʳץ 

 ʳʪ ʙʦʡʳʥʰʘץʣ ʫʘײʳʟʘʜʳ. ɹסʨʘʣʜʘʨʳ ʪʫײץ ʘʥ ʢᴇʣʽʢסʘʣסʦʟץ ʳʣʳץʨʳʣʳʤ ʘʨײץ

ᴇʟʛʝʨʝʪʽʥ ʞװʢʪʝʤʝʣʝʨʜʽש, ʠʽʣʫ ʜʝʬʦʨʤʘʮʠʷʣʘʨʳʥʳש ʞᴅʥʝ ʪʝʨʙʝʣʤʝʣʽ 

 .ʧʘʡʜʘ ʙʦʣʫʳʥʘ ᴅʢʝʣʝʜʽ שʜʝʨʽʩʪʝʨʜʽװ

ʆʩʳסʘʥ ʙʘʡʣʘʥʳʩʪʳ װʰʽʥʰʽ ʪʘʨʘʫʜʘ ʤʦʙʠʣʴʜʽ ʞʦʣ ᴇʪʧʝʩʽʥʽש ʞװʨʽʩ ʙᴇʣʽʛʽʥʽש 

 ʳʜʘ ʽʩʢʝ ʘʩʳʨʳʣʘʜʳ. 3D-ʤʦʜʝʣʴסʨײʪ ץʩʳʟʙʘʩʳ ʧʨʘʢʪʠʢʘʣʳ ץʨʳʣʳʤʜʳײץ

ʧʘʨʘʤʝʪʨʣʝʨʽ, ʤʘʪʝʨʠʘʣ ץʘʩʠʝʪʪʝʨʽ, ʰʝʢʘʨʘʣʳץ ʰʘʨʪʪʘʨ ʤʝʥ ʞװʢʪʝʤʝʣʝʨ 

 .ʜʝʫ ʪʘʣʘʧʪʘʨʳʥʘ ʩᴅʡʢʝʩ ʙʝʨʽʣʝʜʽשʪʝ ץʢʨʠʪʝʨʠʡʣʝʨʽ ʞᴅʥʝ ʜʠʥʘʤʠʢʘʣʳ ץʩʘʩʪʳץײ

ɹײʣ ʢʦʥʩʪʨʫʢʮʠʷʥʳש ʢʝʨʥʝʫʣʽ-ʜʝʬʦʨʤʘʮʠʷʣʘʥסʘʥ ʢװʡʽʥ ʪʘʣʜʘʫסʘ, ʞװʢʪʝʤʝ 

 שʨʽʩ ʙᴇʣʽʛʽʥʽװʘ ʞᴅʥʝ ʞסʪʘʫץʪʘʨʳʥ ʘʥʳץʩʳʥʠ ʞʳʣʜʘʤʜʳ שʘʣʳʩʳʥʳסʦʟץ

ʜʠʥʘʤʠʢʘʣʳץ ʪײʨʘץʪʳʣʳסʳʥ ʙʘסʘʣʘʫסʘ ʤװʤʢʽʥʜʽʢ ʙʝʨʝʜʽ.  
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3 ʄʆɹʀʃʔɼɯ ɾʆʃ ᴆʊʇɽʉɯʅ ɾᴄʅɽ ʆʅʓר ɾתʈɯʉ ɹᴆʃɯɻɯʅ 

SOLIDWORKS ɹɸנɼɸʈʃɸʄɸʃʓפ ʆʈʊɸʉʓʅɼɸ ʄʆɼɽʃʔɼɽʋ 

 

3.1 SolidWorks ʙʘסʜʘʨʣʘʤʘʩʳʥ ʤʦʜʝʣʴʜʝʫʜʝ ץʦʣʜʘʥʫʜʳ ʥʝʛʽʟʜʝʫ 

 

ɼʠʩʩʝʨʪʘʮʠʷʥʳש ʝʢʽʥʰʽ ʪʘʨʘʫʳʥʜʘ ʘʣʳʥסʘʥ ʥᴅʪʠʞʝʣʝʨʛʝ ʩᴅʡʢʝʩ, ʤʦʙʠʣʴʜʽ 

ʞʦʣ ᴇʪʧʝʩʽʥʽש ʩʝʥʽʤʜʽʣʽʛʽ, ʪײʨʘץʪʳʣʳסʳ ʤʝʥ ʞײʤʳʩ ץʘʙʽʣʝʪʪʽʣʽʛʽʥ ץʘʤʪʘʤʘʩʳʟ 

ʝʪʫ ʦʥʳש ʥʝʛʽʟʛʽ ʢᴇʨʩʝʪʢʽʰʪʝʨʽʥ ʪʝʦʨʠʷʣʳץ ʝʩʝʧʪʝʫʜʽ סʘʥʘ ʝʤʝʩ, ʩʦʥʳʤʝʥ ץʘʪʘʨ 

ʟʘʤʘʥʘʫʠ ʢʦʤʧʴʶʪʝʨʣʽʢ ʤʦʜʝʣʴʜʝʫ ײץʨʘʣʜʘʨʳʥ ץʦʣʜʘʥʘ ʦʪʳʨʳʧ, ʞװʨʽʩ ʙᴇʣʽʛʽʥʽש 

ʢʦʥʩʪʨʫʢʮʠʷʩʳʥ ʝʛʞʝʡ-ʪʝʛʞʝʡʣʽ ʟʝʨʪʪʝʫʜʽ ץʘʞʝʪ ʝʪʪ̔ [55]. ʊʝʦʨʠʷʣʳץ 

ʪᴅʫʝʣʜʽʣʽʢʪʝʨ ʤʝʥ ʝʩʝʧʪʝʣʛʝʥ ʤʦʜʝʣʴʜʝʨ ʢʦʥʩʪʨʢʫʢʮʠʷ ʞײʤʳʩʳʥʳש ʞʘʣʧʳ 

ʟʘשʜʳʣʳץʪʘʨʳʥ ʘʥʳץʪʘʫסʘ ʤװʤʢʽʥʜʽʢ ʙʝʨʝʜʽ, ʘʣʘʡʜʘ ʘʩʧʘʣʳ ʵʣʝʤʝʥʪʪʝʨʜʽ, ʦʩʴʪʽʢ 

ʪװʡʽʥʜʝʨʜʽ, ʘʨʙʘʰʘ ʞʘץʪʘʫʣʘʨʳʥ ʞᴅʥʝ ʞʳʣʞʳʪʫ ʤʝʭʘʥʠʟʤʜʝʨʽʥ ץʘʤʪʠʪʳʥ 

ʢװʨʜʝʣʽ ʢʝשʽʩʪʽʢʪʽʢ ʞװʡʝʥʽש ʥʘץʪʳ ᴅʨʝʢʝʪʽʥ ʙʘסʘʣʘʫ װʰʽʥ ʢᴇʨʩʝʪʢʽʰʪʽʢ 3D 

ʤʦʜʝʣʴʜʝʫ ʤʝʥ ʚʠʨʪʫʘʣʜʳ ʩʳʥʘץʪʘʨʜʳ ץʦʣʜʘʥʫ ץʘʞʝʪ [95]. ʆʩʳסʘʥ ʙʘʡʣʘʥʳʩʪʳ 

ʟʝʨʪʪʝʫʜʽש ʦʩʳ ʢʝʟʝשʽʥʜʝ ʘʥʘʣʠʪʠʢʘʣʳץ ʝʩʝʧʪʝʫʣʝʨʜʝʥ ʤʘʤʘʥʜʘʥʜʳʨʳʣסʘʥ 

CAD/CAE ʦʨʪʘʩʳʥʜʘ ʤʦʙʠʣʴʜʽ ʞʦʣ ᴇʪʧʝʩʽʥʽש ʞװʨʽʩ ʙᴇʣʽʛʽʥʽש ʢʦʥʩʪʨʫʢʮʠʷʩʳʥ 

ʤʦʜʝʣʴʜʝʫʛʝ, ʪʘʣʜʘʫסʘ ʞᴅʥʝ ʦשʪʘʡʣʘʥʜʳʨʫסʘ ʢᴇʰʫ ʞװʟʝʛʝ ʘʩʳʨʳʣʜʳ [95]. 

ʄʦʜʝʣʴʜʝʫ װʰʽʥ ʙʘסʜʘʨʣʘʤʘʣʳץ ʦʨʪʘʥʳ ʪʘשʜʘʫ ᴇʪʝ ʤʘשʳʟʜʳ, ᴇʡʪʢʝʥʽ ʟʝʨʪʪʝʫ 

ʥʳʩʘʥʳ ʩʪʘʪʠʢʘʣʳץ ʞᴅʥʝ ʜʠʥʘʤʠʢʘʣʳץ ʞװʢʪʝʤʝʣʝʨʜʽש ʢװʨʜʝʣʽ װʡʣʝʩʽʤʽ 

ʞʘסʜʘʡʳʥʜʘ ʞײʤʳʩ ʽʩʪʝʡʪʽʥ ʢʝשʽʩʪʽʢʪʽʢ ʪʽʨʝʢ ʞװʡʝʩʽ ʤʝʥ ʞʳʣʞʳʤʘʣʳ 

ʵʣʝʤʝʥʪʪʝʨʽ ʙʘʨ ʤʘʰʠʥʘ ʞʘʩʘʫ ᴇʥʽʤʜʝʨʽʥʽש ʢʣʘʩʳʥʘ ʞʘʪʘʜʳ [6]. ʄײʥʜʘʡ 

ʥʳʩʘʥʘʣʘʨ װʰʽʥ ʢᴇʨʩʝʪʢʽʰʪʽʢ 3D ʤʦʜʝʣʴʜʝʫʜʽ, ᴇʥʽʤʥʽײץ שʨʘʩʪʳʨʫ ʞᴅʥʝ 

ʢʠʥʝʤʘʪʠʢʘʣʳץ ʩʠʧʘʪʪʘʤʘʩʳʥ, ʩʦʥʜʘʡ-ʘץ, ʙ̔ ʨʳסשʘʡ ʮʠʬʨʣʳץ ʢʝשʽʩʪʽʢʪʝ ʙʝʨʽʢʪʽʢ 

ʧʝʥ ʜʝʬʦʨʤʘʮʠʷʣʳץ ʪʘʣʜʘʫʜʳ ʦʨʳʥʜʘʫ ʤװʤʢʽʥʜʽʛʽʥ ץʘʤʪʘʤʘʩʳʟ ʝʪʝʪʽʥ ʙʘסʜʘʨʣʘ-

ʤʘʣʳץ ʞʘʩʘץʪʘʤʘ ץʘʞʝʪ [96]. ᴄʨʪװʨʣʽ ʙʘסʜʘʨʣʘʤʘʣʳץ ʞʘʩʘץʪʘʤʘʥʳש 

ʬʫʥʢʮʠʦʥʘʣʜʳסʳʥ ʪʘʣʜʘʫ ʛʨʘʬʠʢʘʣʳץ ʨʝʜʘʢʪʦʨʣʘʨʜʳש (ʤʳʩʘʣʳ, Photoshop, 

CorelDRAW ʞᴅʥʝ ʩʦסʘʥ ץײʩʘʩ) ʪʝʢ ʘץʧʘʨʘʪʪʳ ʚʠʟʫʘʣʜʳ ʪװʨʜʝ ײʩʳʥʫסʘ ʘʨʥʘʣסʘʥ-

ʳʥ ʞᴅʥʝ ʠʥʞʝʥʝʨʣʽʢ ʤʦʜʝʣʴʜʝʫ ʤʝʥ ʝʩʝʧʪʝʫʛʝ ʤװʤʢʽʥʜʽʢ ʙʝʨʤʝʡʪʽʥʽʥ ʢᴇʨʩʝʪʪʽ. 

ʅʝʛʽʟʽʥʝʥ ʝʢʽ ᴇʣʰʝʤʜʽ ʢʦʥʩʪʨʫʢʮʠʷסʘ ʙʘסʳʪʪʘʣסʘʥ CAD ʞװʡʝʣʝʨʽ (ʤʳʩʘʣʳ, 

AutoCAD) ʩʳʟʙʘʣʘʨʜʳ ʞʦʙʘʣʘʫʜʳש ʞʦסʘʨʳ ʩʘʧʘʩʳʥ ץʘʤʪʘʤʘʩʳʟ ʝʪʝʜʽ, ʙʽʨʘץ  

ʢᴇʨʩʝʪʢʽʰʪʽʢ ʤʦʜʝʣʴʜʝʫ, ץʦʟסʘʣʤʘʣʳ ץʦʩʳʣʳʩʪʘʨʳ ʪװʨʜʝ ʪʝʢʩʝʨʫ ʞᴅʥʝ ʢװʨʜʝʣʽ 

 ץʨʘʩʪʳʨʫ ʢʦʥʩʪʨʫʢʮʠʷʣʘʨʳʥ ʙʽʨʽʢ-ʪʽʨʽʣʛʝʥ ʝʩʝʧʪʝʫ ʪʘʣʜʘʫʳ ʤᴅʩʝʣʝʣʝʨʽʥ ʪʦʣʳײץ

ʰʝʰʫʛʝ ʤװʤʢʽʥʜʽʢ ʙʝʨʤʝʡʜʽ [97]. 

ʂᴇʨʩʝʪʽʣʛʝʥ ʪʘʣʘʧʪʘʨʜʳ ʝʩʢʝʨʝ ʦʪʳʨʳʧ, ʤʦʙʠʣʴʜʽ ʞʦʣ ᴇʪʧʝʩʽʥ ʤʦʜʝʣʴʜʝʫ 

 ʡʝʣʝʨװʦʨʪʘ ʨʝʪʽʥʜʝ ʙʽʨʽʢʪʽʨʽʣʛʝʥ CAD/CAE ʞ ץʜʘʨʣʘʤʘʣʳסʰʽʥ ʥʝʛʽʟʛʽ ʙʘװ

ʢʣʘʩʳʥʘ ʞʘʪʘʪʳʥ SolidWorks ʙʘסʜʘʨʣʘʤʘʣʳץ ʢʝʰʝʥʽ ʪʘשʜʘʣʜʳ [95]. ɹײʣ 

ʙʘסʜʘʨʣʘʤʘʣʳץ ᴇʥʽʤ ʙᴇʣʰʝʢʪʝʨ ʤʝʥ ײץʨʘʩʪʳʨʫ ʙʽʨʣʽʢʪʝʨʽʥʽש ʢᴇʨʩʝʪʢʽʰʪʽʢ 3D 

ʤʦʜʝʣʴʜʝʨʽʥ ײץʨʫסʘ, ʙʘʩʪʘʧץʳ ᴇʣʰʝʤʜʝʨʽ ʤʝʥ ʪᴇʟʽʤʜʽʣʽʢʪʝʨʽ ᴇʟʛʝʨʛʝʥ ʢʝʟʜʝ 

ʛʝʦʤʝʪʨʠʷʥʳ ʘʚʪʦʤʘʪʪʳ ʪװʨʜʝ ʞʘשʘʨʪʫסʘ, ʩʦʥʜʘʡ-ʘץ, ᴇʥʽʤʥʽש ʠʝʨʘʨʭʠʷʣʳץ 

 ʣ ᴅʩʽʨʝʩʝ ʤʦʙʠʣʴʜʽ ʞʦʣײʤʢʽʥʜʽʢ ʙʝʨʝʜʽ. ɹװʘ ʤסʘʣʳʧʪʘʩʪʳʨʫץ ʨʳʣʳʤʳʥײץ

ᴇʪʧʝʩʽʥʽש ʞװʨʽʩ ʙᴇʣʽʛʽ װʰʽʥ ᴇʪʝ ʤʘשʳʟʜʳ, ᴇʡʪʢʝʥʽ ʢʦʥʩʪʨʫʢ-ʮʠʷʥʳ ʦשʪʘʡʣʘʥʜʳʨʫ 

ʘʩʧʘ ʵʣʝʤʝʥʪʪʝʨʽʥʽש, ʦʩʴʪʝʨʜʽש, ʘʨʙʘ ʞʘץʪʘʫʣʘʨʳʥʳש ʞᴅʥʝ ʪʽʨʝʢ ʪװʡʽʥʜʝʨʽʥʽש 

ʛʝʦʤʝʪʨʠʷʣʳץ ʢᴇʨʩʝʪʢʽʰʪʝʨʽ ʜײʨʳʩ ᴇʟʘʨʘ ʪװʡʽʥʜʝʩʫʣʝʨʜ ̔ʩʘץʪʘʡ ʦʪʳʨʳʧ ʙʽʨʥʝʰʝ 

ʨʝʪ ᴇʟʛʝʨʪʫʜʽ ץʘʞʝʪ ʝʪʝʜʽ [97]. 
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SolidWorks ʦʨʪʘʩʳʥʜʘ ʤʦʙʠʣʴʜʽ ʞʦʣ ᴇʪʧʝʩʽʥ ʤʦʜʝʣʴʜʝʫ ʦʩʴʪʝʨʜʽש ʞʳʣʞʫʳ, 

ʙʘʟʘʥʳש ᴇʟʛʝʨʫʽ, ʘʩʧʘʥʳש ʞײʤʳʩʳ ʞᴅʥʝ ʦʨʥʘʪʫ ʞᴅʥʝ ʧʘʡʜʘʣʘʥʫ װʨʜʽʩʽʥʜʝ ʞʝʢʝ 

ʪװʡʽʥʜʝʨʜʽש ᴇʟʛʝʨʫʽ ʩʠʷץʪʳ ʞװʨʽʩ ʙᴇʣʽʛʽʥʽש ʵʣʝʤʝʥʪʪʝʨʽʥʽש ʢװʨʜʝʣʽ 

 ץʞᴅʥʝ ʢʠʥʝʤʘʪʠʢʘʣʳ ץʪʠʤʘʣ ʛʝʦʤʝʪʨʠʷʣʳץʘʣʳʩʪʘʨʳʥʜʘ ʧʘʡʜʘ ʙʦʣʘʪʳʥ ʳסʦʟץ

ʩʦץʪʳסʳʩʫʣʘʨʜʳ ʘʣʜʳʥ ʘʣʘ ʘʥʳץʪʘʫסʘ ʞᴅʥʝ ʞʦʶסʘ ʤװʤʢʽʥʜʽʢ ʙʝʨʝʜʽ. 

ʂʠʥʝʤʘʪʠʢʘʣʳץ ʙʘʡʣʘʥʳʩʪʘʨ ʤʝʥ ʰʝʢʪʝʫʣʝʨʜʽ ʦʨʥʘʪʫ ʤװʤʢʽʥʜʽʛʽ ʙʘʨ ײץʨʘʩʪʳʨʫ 

ʤʦʜʝʣʴʜʝʫʽʥʽש ʙʦʣʫʳ ʢʦʥʩʪʨʫʢʮʠʷʥʳש ʝʢʽ ᴇʣʰʝʤʜʽ ʞʦʙʘʣʘʫ ᴅʜʽʩʪʝʨʽʥ ץʦʣʜʘʥʫ 

ʘʨץʳʣʳ ץʦʣ ʞʝʪʢʽʟʫ ʤװʤʢʽʥ ʝʤʝʩ ʙʘʨʣʳץ ʝʩʝʧʪʽʢ ʧʦʟʠʮʠʷʣʘʨʜʘ ʞײʤʳʩ 

 ʣ ᴇʥʜʽʨʽʩ ʧʝʥ ʤʦʥʪʘʞʜʘʫײʘʤʪʘʤʘʩʳʟ ʝʪʝʜʽ [96]. ɹץ ʘʙʽʣʝʪʪʽʣʽʛʽʥ ʪʝʢʩʝʨʫʜʽץ

ʢʝʟʝשʽʥʜʝʛʽ ץʘʪʝʣʽʢʪʝʨʜʽש ʳץʪʠʤʘʣʜʳסʳʥ ʝʜᴅʫʽʨ ʘʟʘʡʪʘʜʳ, ʩʦʥʳʤʝʥ ץʘʪʘʨ, 

 .ʩʝʥʽʤʜʽʣʽʛʽʥ ʘʨʪʪʳʨʘʜʳ שʨʳʣʳʤʥʳײץ

SolidWorks-ʪʽש ʤʘשʳʟʜʳ ʘʨʪʳץʰʳʣʳסʳ - 3D ʤʦʜʝʣʴ ʥʝʛʽʟʽʥʜʝ ʩʪʘʪʠʢʘʣʳץ 

ʞᴅʥʝ ʜʠʥʘʤʠʢʘʣʳץ ʢʦʥʩʪʨʫʢʮʠʷʥʳ ʪʘʣʜʘʫסʘ ʤװʤʢʽʥʜʽʢ ʙʝʨʝʪʽʥ ʢʽʨʽʢʪʽʨʽʣʛʝʥ 

Simulation ʝʩʝʧʪʝʫ ʤʦʜʫʣʽʥʽש ʙʦʣʫʳ [95]. ɹʽʨʽʢʪʽʨʽʣʛʝʥ ʝʩʝʧʪʝʫ ʤʦʜʫʣʽʥ 

ʧʘʡʜʘʣʘʥʫ ʛʝʦʤʝʪʨʠʷʥʳ װʰʽʥʰʽ ʪʘʨʘʧ ʙʘסʜʘʨʣʘʤʘʣʳץ ᴇʥʽʤʜʝʨʽʥʝ ʰʳסʘʨʫ 

 ,ʘʣʫʳʥʘסʞʦ שʙʘʡʣʘʥʳʩʪʘʨʜʳ ץʘʞʝʪʪʽʣʽʛʽʥ ʞʦʷʜʳ ʞᴅʥʝ ʦʩʳʣʘʡʰʘ ʛʝʦʤʝʪʨʠʷʣʳץ

ʰʝʢʘʨʘʣʳץ ʰʘʨʪʪʘʨ ʤʝʥ ʤʘʪʝʨʠʘʣʜʘʨʜʳץ שʘʩʠʝʪʪʝʨʽʥʽש ʜײʨʳʩ ʦʨʥʘʪʳʣʤʘʫʳʥʘ 

ʙʘʡʣʘʥʳʩʪʳ ץʘʪʝʣʽʢʪʝʨʜʽש ʳץʪʠʤʘʣʜʳסʳʥ ʘʟʘʡʪʘʜʳ. ʆʩʳ ʟʝʨʪʪʝʫ ʰʝשʙʝʨʽʥʜʝ 

Simulation ʤʦʜʫʣʽ ʞװʨʽʩ ʙᴇʣʽʛʽʥʽש ʵʣʝʤʝʥʪʪʝʨʽʥʽש ʢʝʨʥʝʫʣʽ - ʜʝʬʦʨʤʘʮʠʷʣʘʥסʘʥ 

ʢװʡʽʥ ʙʘסʘʣʘʫ, ʢʝʨʥʝʫ ʰʦסʳʨʣʘʥʫ ʘʡʤʘץʪʘʨʳʥ ʘʥʳץʪʘʫ, ʜᴇשʛʝʣʝʢʪʝʨʛʝ ʪʽʢ ʞᴅʥʝ 

ʙװʡʽʨʣʽʢ ʞװʢʪʝʤʝʣʝʨʜʽש ᴅʨʪװʨʣʽ ʢʦʤʙʠʥʘʮʠʷ-ʣʘʨʳʥʜʘסʳ ʠʽʣʫʣʝʨʜʽ ʪʘʣʜʘʫ, 

ʩʦʥʜʘʡ-ʘץ, ʧʘʡʜʘʣʘʥʫ ᴅʩʝʨʣʝʨʽ ʢʝʟʽʥʜʝ ײץʨʳʣʳʤʥʳש ʪײʨʘץʪʳʣʳסʳʥ ʪʝʢʩʝʨʫ װʰʽʥ 

ʧʘʡʜʘʣʘʥʳʣʘʜʳ [96]. 

SolidWorks סʘʣʘʤʜʳץ ʘʡʥʳʤʘʣʳʣʘʨʜʳ, ʪʝשʜʝʫʣʝʨʜʽ ʞᴅʥʝ ʢʦʥʬʠʛʫʨʘʮʠʷ-

ʣʘʨʜʳ ʦʨʥʘʪʫʜʳץ שʦʩʳʤʰʘ ʤװʤʢʽʥʜʽʢʪʝʨʽ ʜʦסשʘʣʘץʪʘʨʜʳש ʜʠʘʤʝʪʨʽ, ʘʩʧʘ 

ʵʣʝʤʝʥʪʪʝʨʽʥʽץ שʘʪʪʳʣʳסʳ, ʘʨʙʘ ʞʘץʪʘʫʣʘʨʳʥʳש ʤʘʩʩʘʩʳ ʤʝʥ ʛʝʦʤʝʪʨʠʷʩʳ 

ʩʠʷץʪʳ ʤʦʙʠʣʴʜʽ ʞʦʣ ᴇʪʧʝʩʽʥʽש ʞװʨʽʩ ʙᴇʣʽʛʽʥʽש ʥʝʛʽʟʛʽ ʢᴇʨʩʝʪʢʽʰʪʝʨʽ ʤʘץʩʘʪʪʳ 

ʪװʨʜʝ ʦשʪʘʡʣʘʥʜʳʨʫסʘ ʤװʤʢʽʥʜʽʢ ʙʝʨʝʜʽ [95]. ɹײʣ ʙʽʨʳסשʘʡ ʙʘʟʘʣʳץ ʤʦʜʝʣʴʛʝ 

ʥʝʛʽʟʜʝʣʛʝʥ ᴅʨ ʪװʨʣʽ ʢʦʥʩʪʨʫʢʮʠʷ ʥײʩץʘʣʘʨʳʥ ʩʘʣʳʩʪʳʨʤʘʣʳ ʪװʨʜʝ ʪʘʣʜʘʫסʘ 

ʞᴅʥʝ ʚʠʨʪʫʘʣʜʳ ʩʳʥʘץ ʥᴅʪʠʞʝʣʝʨʽ ʙʦʡʳʥʰʘ ײʪʳʤʜʳ ʢᴇʨʩʝʪʢʽʰʪʝʨʜʽ ʪʘשʜʘʫסʘ 

ʤװʤʢʽʥʜʽʢ ʙʝʨʝʜʽ. ɾʘʣʧʳ ʜʝʨʝʢʪʝʨ ʘʣʤʘʩʫ ʬʦʨʤʘʪʪʘʨʳʥ ץʦʣʜʘʫ, ʩʦʥʜʘʡ-ʘץ, C235 

ʞᴅʥʝ C245 ʪʠʧʪʽ ײץʨʳʣʳʤʜʳץ ʙʦʣʘʪʪʘʨʜʳ, ʘʩʧʘ ʵʣʝʤʝʥʪʪʝʨʽʥ ʞᴅʥʝ ʧʥʝʚʤʘʪʠʢʘ-

ʣʳץ ʢʦʤʧʦʥʝʥʪʪʝʨʜʽ ץʦʩʘ ʘʣסʘʥʜʘ, ʩʪʘʥʜʘʨʪʪʳ ʧʨʦʬʠʣʴʜʝʨ ʤʝʥ ʤʘʪʝʨʠʘʣʜʘʨʜʳש 

ʢʽʨʽʢʪʽʨʽʣʛʝʥ ʢʽʪʘʧʭʘʥʘʣʘʨʳʥʳש ʙʦʣʫʳ ᴅʟʽʨʣʝʥʛʝʥ ʤʦʜʝʣʴʜʽ ʢʦʥʩʪʨʫʢʮʠʷʩʳ 

 ʜʝʨʽʥʝ ʙʽʨʽʢʪʽʨʫʜʽשʢʝʡʽʥʛʽ ʢʝʟʝ שʞʘʪʪʘʤʘʩʳʥ ʞʦʙʘʣʘʫ ʤʝʥ ʜʘʡʳʥʜʘʫʜʳײץ

ʞʝשʽʣʜʝʪʝʜʽ [95]- [97]. 

ʆʩʳʣʘʡʰʘ, SolidWorks ʙʘסʜʘʨʣʘʤʘʣʳץ ʦʨʪʘʩʳʥʜʘ ʤʦʙʠʣʴʜʽ ʞʦʣ ᴇʪʧʝʩʽʥ 

ʤʦʜʝʣʴʜʝʫ ʘʣʜʳסשʳ ʪʘʨʘʫʣʘʨʜʘ ʞʘʩʘʣסʘʥ ʪʝʦʨʠʷʣʳץ ʟʝʨʪʪʝʫʣʝʨʜʽש ʣʦʛʠʢʘʣʳץ 

ʞʘʣסʘʩʳ ʙʦʣʳʧ ʪʘʙʳʣʘʜʳ ʞᴅʥʝ ײץʨʳʣʳʤʥʳש ʙʝʨʽʢʪʽʛʽʥ, ץʘʪʪʳʣʳסʳʥ ʞᴅʥʝ 

ʢʠʥʝʤʘʪʠʢʘʣʳץ ᴇʥʽʤʜʽʣʽʛʽʥ ʚʠʨʪʫʘʣʜʳ ʪʝʢʩʝʨʫʛʝ ʢᴇʰʫʜʽ ץʘʤʪʘʤʘʩʳʟ ʝʪʝʜʽ [96]. 

ɹײʣ ʙʘסʜʘʨʣʘʤʘʣʳץ ʞʘʩʘץʪʘʤʘʥʳ ץʦʣʜʘʥʫ ʜʘʤʫʜʳש ʘʣסʘʰץʳ ʢʝʟʝשʜʝʨʽʥ-ʜʝ 

 ʳʪʳʥץʘ, ʞʦʙʘʣʘʫ ʫʘסʘʨʫʜʘʥ ʙʘʩ ʪʘʨʪʫסʧʨʦʪʦʪʠʧʪʝʨʜʽ ʰʳ ץʳʤʙʘʪ ʬʠʟʠʢʘʣʳץ

 ʘסʩʘʧʘʩʳʥ ʘʨʪʪʳʨʫ שʘʥ ʠʥʞʝʥʝʨʣʽʢ ʰʝʰʽʤʜʝʨʜʽסʘʙʳʣʜʘʥץ ʘ ʞᴅʥʝסʘʨʪʫץʳʩץ

ʤװʤʢʽʥʜʽʢ ʙʝʨʝʜʽ [95]. ʅᴅʪʠʞʝʩʽʥʜʝ SolidWorks ʤʦʙʠʣʴʜʽ ʞʦʣ ᴇʪʧʝʩʽʥʽש ʞװʨʽʩ 

ʙᴇʣʽʛʽʥ ʤʦʜʝʣʴʜʝʫʜʽש ʞᴅʥʝ ʦʩʳ ʜʠʩʩʝʨʪʘʮʠʷ ʘʷʩʳʥʜʘ ʦʥʳש ʦʜʘʥ ᴅʨʽ ʙʝʨʽʢʪʽʛʽ ʤʝʥ 
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ʢʠʥʝʤʘʪʠʢʘʣʳץ ʙʘסʘʣʘʫʳʥ ʞװʨʛʽʟʫʜʽש ʥʝʛʽʟʛʽ ײץʨʘʣʳ ʨʝʪʽʥʜʝ ʥʝʛʽʟʜʝʣʛʝʥ ʪװʨʜʝ 

ʪʘשʜʘʣʜʳ. 

 

 

3.2 CAD ʙʘסʜʘʨʣʘʤʘʩʳʥʜʘ ʞʦʣ ᴇʪʧʝʩʽ ʤʝʥ ʦʥʳש ʞװʨʽʩ ʙᴇʣʽʛʽʥʽש 

ʩʳʟʙʘʣʘʨʳʥ ᴅʟʽʨʣʝʫ 

 

ɹʘסʜʘʨʣʘʤʘʣʳץ ʦʨʪʘʥʳ ʪʘשʜʘʫʜʳ ʥʝʛʽʟʜʝʛʝʥʥʝʥ ʢʝʡʽʥ ʟʝʨʪʪʝʫʜʽש ʢʝʣʝʩʽ 

ʢʝʟʝשʽ ʤʦʙʠʣʴʜʽ ʞʦʣ ᴇʪʧʝʩʽ ʤʝʥ ʦʥʳש ʞװʨʽʩ ʙᴇʣʽʛʽʥʽש ʩʳʟʙʘʣʘʨʳʥ ᴅʟʽʨʣʝʫ ʙʦʣʜʳ 

[95]. ɹײʣ ʢʝʟʝש ʢʦʥʩʪʨʫʢʮʠʷʥʳש ʝʩʝʧʪʽʢ-ʪʝʦʨʠʷʣʳץ ʥʝʛʽʟʜʝʤʝʩʽ ʤʝʥ ʦʥʳ3 שD 

ʤʦʜʝʣʴʜʝʫʽ ʘʨʘʩʳʥʜʘסʳ ʙʘʡʣʘʥʳʩʪʳʨʫʰʳ ʙʫʳʥ ʙʦʣʳʧ ʪʘʙʳʣʘʜʳ, ᴇʡʪʢʝʥʽ 

ʩʳʟʙʘʣʘʨ ʜʝשʛʝʡʽʥʜʝ ᴇʥʽʤʥʽש ʛʝʦʤʝʪʨʠʷʩʳʥ, ʥʝʛʽʟʛʽ ʪװʡʽʥʜʝʨʜʽש ᴇʟʘʨʘ 

ʦʨʥʘʣʘʩʫʳʥ, ʙᴇʣʰʝʢʪʝʨʜʽש ᴇʣʰʝʤʜʝʨʽʥ, ײץʨʳʣʳʤʜʳץ ʢʦʥʲʶʛʘʮʠʷʣʘʨʜʳ, 

ʩʦʥʜʘʡ-ʘץ, ʢʝʡʽʥʛʽ ᴇʥʜʽʨʽʩ ʧʝʥ ײץʨʘʩʪʳʨʫ װʰʽʥ ץʘʞʝʪʪʽ ʪʝʭʥʦʣʦʛʠʷʣʳץ 

ʢᴇʨʩʝʪʢʽʰʪʝʨʜʽ ʪװʧʢʽʣʽʢʪʽ ʥʘץʪʳʣʘʫ ʞװʟʝʛʝ ʘʩʳʨʳʣʘʜʳ [97]. 

ʉʳʟʙʘʣʘʨʜʳ ᴅʟʽʨʣʝʫ ʞײʤʳʩʪʳש ʘʣʜʳסשʳ ʙᴇʣʽʤʜʝʨʽʥʜʝ ץʘʣʳʧʪʘʩץʘʥ ʤʦʙʠʣʴʜʽ 

ʞʦʣ ᴇʪʧʝʩʽʥʽש ʞװʨʽʩ ʙᴇʣʽʛʽʥʽש ʢʦʥʩʪʨʫʢʪʠʚʪʽ ʩײʣʙʘʩʳ ʥʝʛʽʟʽʥʜʝ ʞװʟʝʛʝ ʘʩʳʨʳʣʜʳ 

[55]. ɹײʣ ʨʝʪʪʝ ץʘʞʝʪʪʽ ʞװʢ ʢᴇʪʝʨʛʽʰʪʽʛʽʥ, ʩʪʘʪʠʢʘʣʳץ ʞᴅʥʝ ʜʠʥʘʤʠʢʘʣʳץ 

ʞװʢʪʝʤʝʣʝʨʜʽש ᴅʩʝʨ ʝʪʫʽʥʜʝʛʽ ʪײʨʘץʪʳʣʳץʪʳ, ײʪץʳʨʣʳץʪʳ, ʪʘʩʳʤʘʣʜʘʫʜʳש, 

ʤʦʥʪʘʞʜʘʫʜʳש ʞᴅʥʝ ʙᴇʣʰʝʢʪʝʫʜʽש ʪʝʭʥʦʣʦʛʠʷʣʳʣʳסʳʥ, ʩʦʥʜʘʡ-ʘץ, ᴅʨʪװʨʣʽ 

ʞײʤʳʩ ʪᴅʨʪʽʙʽʥʜʝ ʞײʤʳʩ ʽʩʪʝʫ ʩʝʥʽʤʜʽʣʽʛʽʥ ץʘʤʪʠʪʳʥ ᴇʥʽʤʛʝ ץʦʡʳʣʘʪʳʥ 

ʧʘʡʜʘʣʘʥʫ ʪʘʣʘʧʪʘʨʳ ʝʩʢʝʨʽʣʜʽ [98]. 

ɹʘʩʪʘʧץʳ ʢʝʟʝשʜʝ ײץʨʳʣʳʤʥʳש ʞײʤʳʩ ʞʘסʜʘʡʣʘʨʳʥʘ ʪʘʣʜʘʫ ʞʘʩʘʣʜʳ. 

ɹʘʩʪʘʧץʳ ʪʘʣʘʧʪʘʨʜʳ ʘʥʳץʪʘʫ ʢʝʟʽʥʜʝ ᴇʪʽʧ ʙʘʨʘ ʞʘʪץʘʥ ʢᴇʣʽʢʪʽש ʞװʢʪʝʤʝʣʝʨʽ, 

 ᴅʩʝʨʽ, ʞʝʣ שʳ, ʪʝʨʙʝʣʤʝʣʽ ʞᴅʥʝ ʜʽʨʽʣ ᴅʩʝʨʽʥʽסᴇʟʽʥʜʽʢ ʩʘʣʤʘ שʨʳʣʳʤʥʳײץ

ʞװʢʪʝʤʝʣʝʨʽ, ʩʦʥʜʘʡ-ʘץ ʪʝʤʧʝʨʘʪʫʨʘʣʳץ ʜʝʬʦʨʤʘʮʠʷʣʘʨ ʝʩʢʝʨʽʣʜʽ [96]. 

ʂʦʥʩʪʨʫʢʮʠʷʥʳש ʥʝʛʽʟʛʽ ʢʨʠʪʝʨʠʡʣʝʨʽ ʨʝʪʽʥʜʝ ײץʨʳʣʳʤʥʳש ʙʝʨʽʢʪʽʛʽ, 

 ʘʙʳʣʜʘʥʜʳ. ʆʩʳץ ʳסʦʨʳʥʜʳʣʳ ץʳ ʞᴅʥʝ ʪʝʭʥʦʣʦʛʠʷʣʳסʪʳʣʳץʨʘײʳ, ʪסʘʪʪʳʣʳץ

ʥʝʛʽʟʜʝ ʞװʨʫ ʙᴇʣʽʛʽʥʽײ שʪʳʤʜʳ ʛʝʦʤʝʪʨʠʷʣʳץ ᴇʣʰʝʤʜʝʨʽ, ʞװʨʽʩ ʞװʡʝʩʽʥʽש 

ʞʘץʪʘʫʳ, ʜʦסשʘʣʘץ ʙʘʟʘʩʳʥʳש ʧʘʨʘʤʝʪʨʣʝʨʽ, ʪʽʨʝʢ ʪʦʨʘʧʪʘʨʳ ʤʝʥ ʦʩʴʪʝʨʜʽש 

ʦʨʥʘʣʘʩʫʳ, ʩʦʥʜʘʡ-ʘץ ץʦʣʜʘʥʳʣʘʪʳʥ ʤʘʪʝʨʠʘʣʜʘʨʜʳש ʩʠʧʘʪʪʘʤʘʣʘʨʳ 

ʘʥʳץʪʘʣʜʳ [55]. 

ɾʘʣʧʳ ʦʨʥʘʣʘʩʫʜʳ ʚʠʟʫʘʣʠʟʘʮʠʷʣʘʫ ʞᴅʥʝ ʥʝʛʽʟʛʽ ᴇʣʰʝʤʜʝʨʜʽ ʙʝʣʛʽʣʝʫ װʰʽʥ 

ʤʦʙʠʣʜɹ ̔ʞʦʣ ᴇʪʧʝʩʽʥʽש ʪʽʨʝʢ ײץʨʳʣʳʤʳʥʳש ʩʳʟʙʘʩʳ ʞʘʩʘʣʜʳ. ɹײʣ ʩʳʟʙʘʜʘ 

ʧʣʘʪʬʦʨʤʘʥʳש ʥʝʛʽʟʛʽ ᴇʣʰʝʤʜʝʨʽ, ʞʦʣʜʳש ʝʥʽ, ʞװʢʪʝʤʝʥʽ ץʘʙʳʣʜʘʡʪʳʥ ץʫʘʪ 

ʵʣʝʤʝʥʪʪʝʨʽ ʤʝʥ ʪװʡʽʥʜʽʢ ʥװʢʪʝʣʝʨʜʽש ʦʨʥʘʣʘʩʫʳ ʢᴇʨʩʝʪʽʣʛʝʥ [95]. ɹײʣ ʩʳʟʙʘ 

ʢʝשʽʩʪʽʢʪʽʢ ʤʝʪʘʣʣ ײץʨʳʣʳʤʳʥ ʦʜʘʥ ᴅʨʽ ʝʛʞʝʡ-ʪʝʛʞʝʡʣʽ ʞᴅʥʝ ʦʥʳץ שʫʘʪ 

ʩʳʟʙʘʩʳʥ ʪʘʣʜʘʫ װʰʽʥ ʥʝʛʽʟ ʙʦʣʜʳ [64]. ʄʦʙʠʣʴʜʽ ʞʦʣ ᴇʪʧʝʩʽʥʽש ʢᴇʣʽʢʪʝʨ ᴇʪʝʪʽʥ 

ʞʦסʘʨסʳ ʧʣʘʪʬʦʨʤʘʥʳש ʞʘʣʧʳ ʩʳʟʙʘʩʳ 3.1 ʩʫʨʝʪʪʝ ʢᴇʨʩʝʪʽʣʛʝʥ. 
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2-2 

 
 ʩʳʟʙʘʩʳ ץʠʤʘʣʳץ 2-2

 

ʉʫʨʝʪ 3.1 ï ʄʦʙʠʣʴʜʽ ʞʦʣ ᴇʪʧʝʩʽʥʽש ʢᴇʪʝʨʛʽʰ ʢʦʥʩʪʨʫʢʮʠʷʩʳʥʳש 

(ʧʣʘʪʬʦʨʤʘʩʳʥʳש) ʩʳʟʙʘʩʳ 

 

ʂʝʣʝʩʽ ʢʝʟʝש ʞװʨʽʩ ʙᴇʣʽʛʽʥʽש ʞʘʣʧʳ ʩʳʟʙʘʩʳʥ ʧʳʩʳץʪʘʫ ʙʦʣʜʳ. ɹײʣ ʢʝʟʝשʜʝ 

ʞװʢ ʢᴇʪʝʨʛʽʰ ʪʽʟʙʝʢʪʽש ʪװʨʽʥʝ, ʦʩʴʪʝʨʜʽש ʦʨʥʘʣʘʩʫʳʥʘ, ʘʩʧʘʥʳש ʢᴇʨʩʝʪʢʽʰʪʝʨʽʥʝ, 

ʪʨʘʥʩʬʦʨʤʘʮʠʷ ʤװʤʢʽʥʜʽʢʪʝʨʽʥʝ ʞᴅʥʝ ʞװʢʪʝʤʝʥʽ ʙʝʨʫ ʞʘסʜʘʡʣʘʨʳʥʘ 

ʙʘʡʣʘʥʳʩʪʳ ᴅʨ ʪװʨʣʽ ײץʨʳʣʳʤʜʳץ ʰʝʰʽʤʜʝʨ ʪʘʣʜʘʥʜʳ. ʊʽʨʝʢ ʙᴇʣʽʛʽʥ 

 ʘʣʘʨʳץʩײʬʝʨʤʘ ʞᴅʥʝ ʘʨʘʣʘʩ ʥ ,ץʘʣʳץʘʨ שʡʳʤʜʘʩʪʳʨʫʜʳײ ץʨʳʣʳʤʜʳײץ

 ʳ, ʤʘʩʩʘʩʳ ʞᴅʥʝ ʽʩʢʝסʘʪʪʳʣʳץ ,ʙʝʨʽʢʪʽʛʽ שʘʪʘʨ ʦʣʘʨʜʳץ ʘʨʘʩʪʳʨʳʣʜʳ, ʩʦʥʳʤʝʥץ

ʘʩʳʨʫʜʳץ שʘʨʘʧʘʡʳʤʜʳʣʳסʳ ʙʘסʘʣʘʥʜʳ [98]. ʊʘʣʜʘʫ ʥᴅʪʠʞʝʣʝʨʽ ʙʦʡʳʥʰʘ 

ʞʦסʘʨʳ ʢᴇʪʝʨʛʽʰʪʽʢʪʽ, ʩʘʣʳʩʪʳʨʤʘʣʳ ʪװʨʜʝ ʘʟ ʤʘʩʩʘʥʳ, ʞʝʪʢʽʣʽʢʪʽ ʢʝשʽʩʪʽʢʪʽʢ 



81 

 ʤʢʽʥʜʽʛʽʥװʦʨʥʳʥ ᴇʟʛʝʨʪʫ ʤʝʭʘʥʠʟʤʽʥ ʙʽʨʽʢʪʽʨʫ ʤ שʪʳ ʞᴅʥʝ ʢᴇʧʽʨʣʝʨʜʽץʘʪʪʳʣʳץ

ʙʽʨʽʢʪʽʨʝʪʽʥ ײʪʳʤʜʳ ʩʳʟʙʘ ʪʘשʜʘʣʜʳ [99]. 

ɹײʣ ʞײʤʳʩʪʳש ʥᴅʪʠʞʝʩʽ ʦʥʳש ʥʝʛʽʟʛʽ ʛʝʦʤʝʪʨʠʷʣʳץ ʩʠʧʘʪʪʘʤʘʣʘʨʳʥ ʙᴇʣʽʧ 

ʢᴇʨʩʝʪʝ ʦʪʳʨʳʧ, ʞװʨʽʩ ʙᴇʣʽʛʽʥʽש ʢᴇʨʩʝʪʢʽʰʪʽʢ ʩʳʟʙʘʩ  rʙʦʣʜʳ. ɹײʣ ʩײʣʙʘʜʘ 

ʜᴇשʛʝʣʝʢʪʝʨ ʙʘʟʘʩʳʥ, ʞʘץʪʘʫʜʳש ᴇʣʰʝʤʜʝʨʽʥ, ʦʩʴʪʝʨʜʽש ʦʨʥʘʣʘʩʫʳʥ, ʦʩʴʪʝʨʜʽ 

ʙʝʢʽʪʫ ʥװʢʪʝʣʝʨʽʥ ʞᴅʥʝ ʥʝʛʽʟʛʽ ײץʨʳʣʳʤʜʳץ ʵʣʝʤʝʥʪʪʝʨʜʽש ᴇʟʘʨʘ ʦʨʥʘʣʘʩʫʳʥ 

 ʩʽʥʫװʞʘʣʧʳ ʦʨʥʘʣʘʩʫʳʥ ʪ שʥʜʘʡ ʩʳʟʙʘ ᴇʥʽʤʥʽײʨʜʝ ʢᴇʨʩʝʪʝʜʽ. ʄװʣʢʝʡʪʽʣʛʝʥ ʪװ

ʞᴅʥʝ ʢʝʡʽʥʛʽ 3D ʤʦʜʝʣʴʜʝʫʜʽש ʙʘʩʪʘʧץʳ ʧʘʨʘʤʝʪʨʣʝʨʽʥ ץʘʣʳʧʪʘʩʪʳʨʫ װʰʽʥ 

 .ʥʝʛʽʟʛʽ ʢᴇʨʩʝʪʢʽʰʪʝʨʽ 3.2 ʩʫʨʝʪʪʝ ʢᴇʨʩʝʪʽʣʛʝʥ [80] שʨʽʩ ʙᴇʣʽʛʽʥʽװʘʞʝʪ. ɾץ

 

 
 

ʉʫʨʝʪ 3.2 ï ʄʦʙʠʣʴʜʽ ʞʦʣ ᴇʪʧʝʩʽʥʽש ʞװʨʽʩ ʙᴇʣʽʛʽʥʽש ʥʝʛʽʟʛʽ ʢᴇʨʩʝʪʢʽʰʪʝʨʽ 

 

ɾʘʣʧʳ ʢʦʥʩʪʨʫʢʪʠʚʪʽ ʩײʣʙʘʥʳ ʘʥʳץʪʘסʘʥʥʘʥ ʢʝʡʽʥ ʞװʨʽʩ ʙᴇʣʽʛʽʥʽש ʵʩʢʠʟʜʽʢ 

ʧʳʩʳץʪʘʫ ʢʝʟʝשʽ ʦʨʳʥʜʘʣʜʳ [95]. ɹײʣ ʢʝʟʝשʜʝ ʨʘʤʘʥʳש, ʦʩʴʪʝʨʜʽש, ʘʩʧʘʥʳש, 

ʙʝʢʽʪʫ ʤʝʭʘʥʠʟʤʜʝʨʽʥʽש ʞᴅʥʝ ʦʩʴʪʝʨʜʽץ שʦʟסʘʣʳʩʳʥʳש ʦʨʥʘʣʘʩʫʳʥ ʢᴇʨʩʝʪʝʪʽʥ 

ʙʘʩʪʘʧץʳ ʩʳʟʙʘʣʘʨ ʞʘʩʘʣʜʳ. ᴆʣʰʝʤʜʝʨʜʽ ʙʘʡʣʘʥʳʩʪʳʨʫסʘ, ʤʦʥʪʘʞʜʳץ 

ʩʘשʳʣʘʫʣʘʨʜʳ ʪʘʣʜʘʫסʘ, ʩʦʥʜʘʡ-ʘץ, ʦʥʳש ʢᴇʣʽʢ ʞʘסʜʘʡʳʥʘʥ ʞײʤʳʩ ʞʘסʜʘʡʳʥʘ 

ʘʫʳʩʫʳʥ ʝʩʢʝʨʝ ʦʪʳʨʳʧ, ײץʨʳʣʳʤʥʳש ʪװʙʝʛʝʡʣʽ ʽʩʢʝ ʘʩʳʨʳʣʫʳʥ ץʘʤʪʘʤʘʩʳʟ 

ʝʪʫʛʝ ʝʨʝʢʰʝ ʥʘʟʘʨ ʘʫʜʘʨʳʣʜʳ. ɹײʣ ʢʝʟʝשʥʽש ʥᴅʪʠʞʝʩʽ ʞʝʢʝ ʪװʡʽʥʜʝʨʜʽ ʝʛʞʝʡ-

ʪʝʛʞʝʡʣʽ ʞʦʙʘʣʘʫסʘ ʥʝʛʽʟ ʙʦʣסʘʥ ʞװʨʽʩ ʙᴇʣʽʛʽʥʽש ʵʩʢʠʟʜʽʢ ʩʳʟʙʘʩʳ ʙʦʣʜʳ. ɾװʨʽʩ 

ʙᴇʣʽʛʽʥʽש ʵʩʢʠʟʜʽʢ ʩʳʟʙʘʩʳ 3.3 ʩʫʨʝʪʪʝ ʢᴇʨʩʝʪʽʣʛʝʥ. 

 

 
 

ʉʫʨʝʪ 3.3 ï ʄʦʙʠʣʴʜʽ ʞʦʣ ᴇʪʧʝʩʽʥʽש ʞװʨʽʩ ʙᴇʣʽʛʽʥʽש ʩʳʟʙʘʩʳ 
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ᴄʨʽ ץʘʨʘʡ ʞʦʙʘʣʘʫ ײץʨʳʣʳʤʥʳש ʞʝʢʝ ʢװʰʪʝʨʽ ʤʝʥ ʬʫʥʢʮʠʦʥʘʣʜʳ 

ʵʣʝʤʝʥʪʪʝʨʽʥ ʝʛʞʝʡ-ʪʝʛʞʝʡʣʽ ᴅʟʽʨʣʝʫʜʽ ץʘʤʪʳʜʳ. ɾװʨʽʩ ʙᴇʣʽʛʽʥʽש ʪʽʨʝʢ ʞװʡʝʩʽʥʽש 

ʥʝʛʽʟʛʽ ʢʦʤʧʦʥʝʥʪʪʝʨʽʥʽש ʙʽʨʽ-ʞײʤʳʩ ʞװʢʪʝʤʝʣʝʨʽʥʽש ʝʜᴅʫʽʨ ʙᴇʣʽʛʽʥ 

 ʰʽʥװ ʳ ʦʩʴʪʝʨʜʽ ʞʳʣʞʳʪʫץʳ ʞᴅʥʝ ʘʨʪסʘʙʳʣʜʘʡʪʳʥ ʞᴅʥʝ ʩʦʥʳʤʝʥ ʙʽʨʛʝ ʘʣʜʳʥץ

ʙʘסʳʪʪʘʫʰʳ ʵʣʝʤʝʥʪ ץʳʟʤʝʪʽʥ ʘʪץʘʨʘʪʳʥ ʙʦʡʣʳץ ץʦʩ ʪʘʚʨʣʳ ʙʘʣʢʘ. ɹײʣ ʵʣʝʤʝʥʪ 

ʧʘʡʜʘʣʘʥʫ ʞװʢʪʝʤʝʣʝʨʽʥʽש ʝʜᴅʫʽʨ ʙᴇʣʽʛʽʥ ץʘʙʳʣʜʘʡʜʳ ʞᴅʥʝ ʩʦʥʳʤʝʥ ץʘʪʘʨ 

ʢʘʨʝʪʢʘʣʘʨʜʳץ שʦʟסʘʣʫʳʥʘ ʘʨʥʘʣסʘʥ ʙʘסʳʪʪʘʫʰʳ ʵʣʝʤʝʥʪ ץʳʟʤʝʪʽʥ ʘʪץʘʨʘʜʳ. 

ɽʛʞʝʡ-ʪʝʛʞʝʡʣʽ ʤᴅʣʽʤʝʪʪʝʨ ʰʝשʙʝʨʽʥʜʝ ʦʩʳ ʵʣʝʤʝʥʪʪʽש ʞʝʢʝ ʩʳʟʙʘʩʳ 

ʜʘʡʳʥʜʘʣʜʳ, ʦʥʜʘ ʦʥʳש ʥʝʛʽʟʛʽ ʛʝʦʤʝʪʨʠʷʣʳץ ʩʠʧʘʪʪʘʤʘʣʘʨʳ ʢᴇʨʩʝʪʽʣʛʝʥ: 

 ʧʪʘʩʫײʳ, ʞסʜʳשʘʣʳץ שʙʠʽʢʪʽʛʽ, ʝʥʽ, ʧʨʦʬʠʣʴ ʵʣʝʤʝʥʪʪʝʨʽʥʽ שʘʥʳסʘʙʳʨץ

ʨʘʜʠʫʩʪʘʨʳ, ʩʦʥʳʤʝʥ ץʘʪʘʨ, ᴇʥʜʽʨʽʩ ʧʝʥ ʙʘץʳʣʘʫסʘ ץʘʞʝʪʪʽ ʘʥʳץʪʘʤʘʣʳץ 

ʤᴅʣʽʤʝʪʪʝʨ [97]. פʦʩ ʪʘʚʨʣʳ ʙʘʣʢʘʥʳש ʢᴇʨʩʝʪʢʽʰʪʝʨʽ 3.4 ʩʫʨʝʪʪʝ ʢᴇʨʩʝʪʽʣʛʝʥ. 

 

 
 

ʉʫʨʝʪ 3.4 ï פʦʩ ʪʘʚʨʣʳ ʙʘʣʢʘʥʳש ʢᴇʨʩʝʪʢʽʰʪʝʨʽש ʩʳʟʙʘʩʳ 

 

ɾװʨʽʩ ʙᴇʣʽʛʽʥʽש ʪʘסʳ ʙʽʨ ʤʘשʳʟʜʳ ʪװʡʽʥʽ - ʢᴇʧʽʨʣʝʨʜʽש ʞʘץʪʘʫסʘ ץʘʪʳʩʪʳ 

ʙʦʡʣʳץ ץʦʟסʘʣʳʩʳʥ ץʘʤʪʘʤʘʩʳʟ ʝʪʝʪʽʥ ʞʳʣʞʳʤʘʣʳ ʢʘʨʝʪʢʘ. ʂʘʨʝʪʢʘʥʳש 

ʢʦʥʩʪʨʫʢʮʠʷʩʳ ʙʽʨ ʫʘץʳʪʪʘ ʙʽʨʥʝʰʝ ʪʘʣʘʧʪʘʨʜʳ ץʘʥʘסʘʪʪʘʥʜʳʨʫʳ ʢʝʨʝʢ: 

ʢᴇʧʽʨʜʝʥ ʞװʢʪʝʤʝʥʽ ץʘʙʳʣʜʘʫ, ʙʘʣʢʘ ʙʦʡʳʤʝʥ ʪʝʛʽʩ ץʦʟסʘʣʫʜʳ ץʘʤʪʘʤʘʩʳʟ ʝʪʫ, 

 שʘʪʘץ ʪʘʫ ʞᴅʥʝ ʙʝʨʽʣʛʝʥ ʧʦʟʠʮʠʷʣʘʨʜʘץʪʳ ʧʦʟʠʮʠʷʥʳ ʩʘץʨʘײʘʣʳʩ ʢʝʟʽʥʜʝ ʪסʦʟץ

ʙʝʢʽʪʫʛʝ ʤװʤʢʽʥʜʽʢ ʙʝʨʫ. ʆʩʳ ʤʘץʩʘʪʪʘ ʦʥʳש ʞײʤʳʩ ʩʳʟʙʘʩʳ ʞʘʩʘʣʜʳ, ʦʥʜʘ 

ʢʦʨʧʫʩʪʳש ʛʝʦʤʝʪʨʠʷʩʳ, ʙʝʢʽʪʫ ʵʣʝʤʝʥʪʪʝʨʽʥʝ ʘʨʥʘʣסʘʥ ʪʝʩʽʢʪʝʨʜʽש ʦʨʥʘʣʘʩʫʳ, 

ʨʦʣʠʢʪʝʨʜʽש ʦʪʳʨʘʪʳʥ ʦʨʳʥʜʘʨʳ ʞᴅʥʝ ʙʘʩץʘ ʜʘ ʢʦʥʩʪʨʫʢʮʠʷ ʩʠʧʘʪʪʘʤʘʣʘʨʳ 

ʪʫʨʘʣʳ ʤᴅʣʽʤʝʪʪʝʨ ʙʘʨ [55], [97]. ɾʳʣʞʳʤʘʣʳ ʢʘʨʝʪʢʘʥʳש ᴇʣʰʝʤ ʙʽʨʣʽʢʪʝʨʽ 3.5 

ʩʫʨʝʪʪʝ ʢᴇʨʩʝʪʽʣʛʝʥ.  
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ʉʫʨʝʪ 3.5 ï ɾʳʣʞʳʤʘʣʳ ʢʘʨʝʪʢʘʥʳש  ʢᴇʨʩʝʪʢʽʰʪʽʢ ʩʳʟʙʘʩʳ 

 

ʆʩʳʣʘʡʰʘ, ʩʳʟʙʘʣʘʨʜʳ ᴅʟʽʨʣʝʫ ʢʝʟʝשʽ ʤʦʙʠʣʴʜʽ ʞʦʣ ᴇʪʧʝʩʽʥʽש ʞʘʣʧʳʣʘʥ-סʘʥ 

 ʞᴅʥʝ ץʛʝʦʤʝʪʨʠʷʣʳ שʥʝʛʽʟʛʽ ʵʣʝʤʝʥʪʪʝʨʽʥʽ שʣʙʘʩʳʥ ʦʥʳײʩ ץʨʳʣʳʤʜʳײץ

 ʳʥʘ ᴇʪʫʛʝסʘʥ ʞʠʳʥʪʳסʪʘʣץʝʛʞʝʡ-ʪʝʛʞʝʡʣʽ ʘʥʳ שʢᴇʨʩʝʪʢʽʰʪʝʨʽʥʽ ץʨʳʣʳʤʜʳײץ

ʤװʤʢʽʥʜʽʢ ʙʝʨʜʽ [95]. ɸʣʳʥסʘʥ ʩʳʟʙʘʣʘʨ ʞʠʳʥʪʳסʳ ᴇʥʽʤʥʽש ʢᴇʨʩʝʪʢʽʰʪʽʢ 3D 

ʤʦʜʝʣʽʥ ײץʨʫסʘ, ʩʦʥʜʘʡ-ʘץ SolidWorks ʮʠʬʨʣʳץ ʦʨʪʘʩʳʥʜʘ ʦʜʘʥ ᴅʨʽ ʙʝʨʽʢʪʽʢ ʧʝʥ 

ʢʠʥʝʤʘʪʠʢʘʣʳץ ʪʘʣʜʘʫסʘ ʥʝʛʽʟ ʙʦʣʜʳ. 

 

 

3.3 ɾʦʣ ᴇʪʧʝʩʽʥʽש ʞᴅʥʝ ʦʥʳש ʞװʨʽʩ ʙᴇʣʽʛʽʥʽ3 שD-ʤʦʜʝʣʽʥ ײץʨʫ 

 

ᴄʟʽʨʣʝʥʛʝʥ ʝʢʽ ᴇʣʰʝʤʜʽ ʩʳʟʙʘʣʘʨ ʞʠʳʥʪʳסʳʥʳש ʥʝʛʽʟʽʥʜʝ ʟʝʨʪʪʝʫʜʽש ʢʝʣʝʩʽ 

ʢʝʟʝשʽ SolidWorks ʦʨʪʘʩʳʥʜʘ ʤʦʙʠʣʴʜʽ ʞʦʣ ᴇʪʧʝʩʽʥʽש ʞᴅʥʝ ʦʥʳש ʞװʨʽʩ ʙᴇʣʽʛʽʥʽש 

ʢװʨʜʝʣʽ ʢᴇʨʩʝʪʢʽʰʪʽʢ 3D ʤʦʜʝʣʽʥ ײץʨʫ ʙʦʣʜʳ [95].  

ɹײʣ ʢʝʟʝשʥʽש ʤʘץʩʘʪʳ ʢʦʥʩʪʨʫʢʮʠʷʥʳ ʢʝשʽʩʪʽʢʪʽʢ ʪʝʢʩʝʨʫʛʝ, ʦʥʳ 

 ,ʘסᴇʟʘʨʘ ʦʨʥʘʣʘʩʫʳʥ ʪʘʣʜʘʫ שʡʽʥʜʝʨʜʽװʘ, ʪסʘʣʘʫסʳʥ ʙʘסʨʳʩʪʳײʜ שʨʘʩʪʳʨʫʜʳײץ

ʳץʪʠʤʘʣ ʩʦץʪʳסʳʩʫʣʘʨʜʳ ʘʥʳץʪʘʫסʘ, ʩʦʥʜʘʡ-ʘץ, ʤʦʜʝʣʴʜʽ ʩʦסשʳ ʵʣʝʤʝʥʪʪʝʨ 

ᴅʜʽʩʽʤʝʥ ʢʝʡʽʥʛʽ ʠʥʞʝʥʝʨʣʽʢ ʪʘʣʜʘʫסʘ ʜʘʡʳʥʜʘʫסʘ ʤװʤʢʽʥʜʽʢ ʙʝʨʝʪʽʥ ᴇʥʽʤʥʽש 

ʩʘʥʜʳץ ʧʨʦʪʦʪʠʧʽʥ ץʘʣʳʧʪʘʩʪʳʨʫ ʙʦʣʜʳ. 

ת  hᴇʣʰʝʤʜʽ ʤʦʜʝʣʴʜʽײץ שʨʳʣʳʩʳ ʢᴇʨʩʝʪʢʽʰʪʽʢ ʤʦʜʝʣʴʜʝʫ ʰʘʨʪʳ ʙʦʡʳʥʰʘ 

ʞװʟʝʛʝ ʘʩʳʨʳʣʜʳ, ʦʥʜʘ ʞʝʢʝ ʙᴇʣʰʝʢʪʝʨ ʤʝʥ ײץʨʘʩʪʳʨʫ ʙʽʨʣʽʢʪʝʨʽʥʽש 

ʛʝʦʤʝʪʨʠʷʩʳ ᴇʟʘʨʘ ʙʘʡʣʘʥʳʩʪʳ ᴇʣʰʝʤʜʝʨ, ʰʝʢʪʝʫʣʝʨ ʤʝʥ ʪᴅʫʝʣʜʽʣʽʢʪʝʨ 

ʞװʡʝʩʽʤʝʥ ʙʝʨʽʣʝʜʽ [97]. ɹײʣ ʪᴅʩʽʣ ʢʦʥʩʪʨʫʢʮʠʷ ʢᴇʨʩʝʪʢʽʰʪʝʨʽʥ ʞʝʜʝʣ ᴇʟʛʝʨʪʫʛʝ 

ʞᴅʥʝ ʦסʘʥ ʙʘʡʣʘʥʳʩʪʳ ʵʣʝʤʝʥʪʪʝʨʽʥ ʘʚʪʦʤʘʪʪʳ ʪװʨʜʝ ʞʘשʘʨʪʫסʘ ʤװʤʢʽʥʜʽʢ 

ʙʝʨʝʜʽ, ʙײʣ ᴅʩʽʨʝʩʝ ᴇʟʘʨʘ ʙʘʡʣʘʥʳʩʪʳ ʪװʡʽʥʜʝʨʽ ʢᴇʧ ʦʙʲʝʢʪʽʣʝʨ װʰʽʥ ᴇʪʝ 

ʤʘשʳʟʜʳ. פʘʨʘʩʪʳʨʳʣʳʧ ʦʪʳʨסʘʥ ʢʦʥʩʪʨʫʢʮʠʷ װʰʽʥ ʙײʣ ᴇʪʝ ʤʘשʳʟʜʳ, ᴇʡʪʢʝʥʽ 

ʞװʢ ʢᴇʪʝʨʛʽʰ ʧʣʘʪʬʦʨʤʘʥʳש, ʣʦʥʞʝʨʦʥʜʘʨʜʳש, ʢʘʨʝʪʢʘ ʥʝʤʝʩʝ ʦʩʴ ʪװʡʽʥʜʝʨʽʥʽש 

ᴇʣʰʝʤʜʝʨʽʥʽש ᴇʟʛʝʨʫʽ ᴇʥʽʤʥʽש ʞʘʣʧʳ ʛʝʦʤʝʪʨʠʷʩʳʥʘ ʞᴅʥʝ ʦʥʳש 

ʢʦʤʧʦʥʝʥʪʪʝʨʽʥʽש ᴇʟʘʨʘ ᴅʨʝʢʝʪʪʝʩʫ ʞʘסʜʘʡʣʘʨʳʥʘ ʙʽʨʜʝʥ ᴅʩʝʨ ʝʪʝʜʽ [55]. 
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ʄʦʜʝʣʴʜʽ ײץʨʫ ʢʝʟʽʥʜʝ ʪᴇʤʝʥ ץʘʨʘʡ ʞʦʙʘʣʘʫ ʰʘʨʪʳ ץʦʣʜʘʥʳʣʜʳ, ʦʥʜʘ 

ʘʣʜʳʤʝʥ ᴇʥʽʤʥʽש ʞʘʣʧʳ ʞʠʥʘסʳ ץʘʣʳʧʪʘʩʘʜʳ, ʦʣ ʥʝʛʽʟʛʽ ʦʨʥʘʣʘʩʫʜʳ ʞᴅʥʝ ʪʽʨʝʢ 

ʞʘʟʳץʪʳץʪʘʨ ʞװʡʝʩʽʥ ʘʥʳץʪʘʡʜʳ, ʩʦʜʘʥ ʢʝʡʽʥ ʦʩʳ ײץʨʘʩʪʳʨʫ ʘʷʩʳʥʜʘ ʞʝʢʝ 

ʙᴇʣʰʝʢʪʝʨ ʤʝʥ ץʦʩʘʣץʳ ʞʠʥʘץʪʘʨ ʜᴅʡʝʢʪʽ ʪװʨʜʝ ʞʘʩʘʣʘʜʳ. ɹײʣ ʪᴅʩʽʣ 

ʵʣʝʤʝʥʪʪʝʨʜʽש ʞʦסʘʨʳ ʛʝʦʤʝʪʨʠʷʣʳץ ʜᴅʡʝʢʪʽʣʽʛʽʥ ץʘʤʪʘʤʘʩʳʟ ʝʪʝʜʽ ʞᴅʥʝ 

ʤʦʜʝʣʴʜʝʫʜʽש ʙʘʨʣʳץ ʢʝʟʝשʜʝʨʽʥʜʝ ᴇʟʘʨʘ ʪװʡʽʩʫʽʥ ʪʝʢʩʝʨʫʜʽ ʞʝשʽʣʜʝʪʝʜʽ [97]. 

ɹʽʨʽʥʰʽ ʢʝʟʝשʜʝ ʤʦʙʠʣʴʜʽ ʞʦʣ ᴇʪʧʝʩʽʥʽש ʞʦסʘʨסʳ ʧʣʘʪʬʦʨʤʘʩʳʥʳש 

ʢʝשʽʩʪʽʢʪʽʢ ʤʦʜʝʣʽ ʞʘʩʘʣʜʳ. ʇʣʘʪʬʦʨʤʘʥʳש ʪʽʨʝʢ ʞװʡʝʩʽ-ʙʦʡʣʳץ, ʢᴇʣʜʝʥʝש ʞᴅʥʝ 

ʜʠʘʛʦʥʘʣʴʜʳ ʵʣʝʤʝʥʪʪʝʨʜʝʥ ʪװʟʽʣʛʝʥ ʬʝʨʤʘ ʪװʨʽʥʜʝʛʽ ʢʝשʽʩʪʽʢʪʽʢ ʤʝʪʘʣʣ 

 שʨʫ ʙᴇʣʽʛʽʥʽװʘʙʳʣʜʘʫʜʳ ʞᴅʥʝ ʞץ ʢʪʝʤʝʩʽʥװʤʳʩ ʞײʨʳʣʳʤʳ. ʄʦʜʝʣʴʜʝ ʞײץ

ʢʝשʽʩʪʽʢʪʽʢ ץʘʪʪʳʣʳסʳʥ ץʘʤʪʘʤʘʩʳʟ ʝʪʝʪʽʥ ʥʝʛʽʟʛʽ ʬʝʨʤʘ ʙʝʣʜʽʢʪʝʨʽ, ʢᴇʣʙʝʫ ʞᴅʥʝ 

ʪʽʢ ʙʘʡʣʘʥʳʩʪʘʨ ײץʨʳʣʜʳ. ʌʝʨʤʘ ʵʣʝʤʝʥʪʪʝʨʽʥʽש ʛʝʦʤʝʪʨʠʷʣʳץ ʢᴇʨʩʝʪʢʽʰʽ 

ʙײʨʳʥ ʞʘʩʘʣסʘʥ ʩʳʟʙʘʣʘʨ ʤʝʥ ʝʩʝʧʪʝʫ ʩʠʧʘʪʪʘʤʘʣʘʨʳʥʘ ʩᴅʡʢʝʩ ץʘʙʳʣʜʘʥʜʳ. 3.6 

ʩʫʨʝʪʪʝ ʤʦʙʠʣʴʜʽ ʞʦʣ ᴇʪʧʝʩʽʥʽש ʞʦסʘʨסʳ ʧʣʘʪʬʦʨʤʘʩʳ 3D ʤʦʜʝʣʽʥʜʝ ʞʘʣʧʳ 

ʢᴇʨʽʥʽʩʽ ʢᴇʨʩʝʪʽʣʛʝʥ. 

 

   
 

ʉʫʨʝʪ 3.6 ï ʄʦʙʠʣʴʜʽ ʞʦʣ ᴇʪʧʝʩʽʥʽ3 שD ʤʦʜʝʣʽʥʜʝʛʽ ʛʘʙʘʨʠʪʪʽʢ ᴇʣʰʝʤʜʝʨʽ 

 

ɾʦסʘʨסʳ ʧʣʘʪʬʦʨʤʘʥʳ ʤʦʜʝʣʴʜʝʫ ʘʷץʪʘʣסʘʥʥʘʥ ʢʝʡʽʥ ʞװʨʽʩ ʙᴇʣʽʛʽʥ 

 שʦʩ ʪʘʚʨʣʳ ʙʘʣʢʘ, ʢᴇʣʜʝʥʝץ ץʨʘʤʳʥʘ ʙʦʡʣʳײץ שʨʳʣʜʳ. ʆʥʳײץ ʽשʨʘʩʪʳʨʫ ʢʝʟʝײץ

ʞʘץʪʘʫ ʵʣʝʤʝʥʪʪʝʨʽ, ʘʣʜʳסשʳ ʞᴅʥʝ ʘʨʪץʳ ʦʩʴʪʝʨ, ʘʩʧʘ ʪװʡʽʥʜʝʨʽ, ʜʦסשʘʣʘץ 

ʞײʧʪʘʨʳ, ʞʳʣʞʳʤʘʣʳ ʢʘʨʝʪʢʘʣʘʨ, ʩʦʥʜʘʡ-ʘץ ʦʩʴʪʝʨʜʽ ʞʳʣʞʳʪʫ ʞᴅʥʝ ʙʝʢʽʪʫ 

ʤʝʭʘʥʠʟʤʜʝʨʽʥʽש ʵʣʝʤʝʥʪʪʝʨʽ ʢʽʨʜʽ [55]. ʆʩʳ ʽʰʢʽ ʞװʡʝʣʝʨʜʽש ᴅʨץʘʡʩʳʩʳʥ 

ʤʦʜʝʣʴʜʝʫ ʢʝʟʽʥʜʝ ʙᴇʣʰʝʢʪʝʨʜʽש ʛʝʦʤʝʪʨʠʷʣʳץ ʢᴇʨʩʝʪʢʽʰʪʝʨʽ סʘʥʘ ʝʤʝʩ, 

ʩʦʥʳʤʝʥ ץʘʪʘʨ ʦʣʘʨʜʳש ʞʘʣʧʳ ײץʨʳʣʳʤʜʘסʳ ʬʫʥʢʮʠʦʥʘʣʜʳץ ʨᴇʣʽ ʜʝ ʝʩʢʝʨʽʣʜʽ. 

ʅʝʛʽʟʛʽ ʵʣʝʤʝʥʪʪʝʨʜʽש ʚʠʨʪʫʘʣʜʳ ײץʨʘʩʪʳʨʫʳʥ ʦʨʳʥʜʘסʘʥʥʘʥ ʢʝʡʽʥ ʤʦʙʠʣʴʜʽ 

ʞʦʣ ᴇʪʧʝʩʽʥʽש ʞװʨʽʩ ʙᴇʣʽʛʽʥʽש ʞʘʣʧʳ ʮʠʬʨʣʳץ ʧʨʦʪʦʪʠʧʽ ʘʣʳʥʜʳ. 3.7 ʩʫʨʝʪʪʝ 

ʞʦʣ ᴇʪʧʝʩʽʥʽ3 שD ʤʦʜʝʣʽʥʽש ʞװʨʽʩ ʙᴇʣʽʛʽʥʽש ʞʘʣʧʳ ʢᴇʨʽʥʽʩʽ ʢᴇʨʩʝʪʽʣʛʝʥ. 
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ʉʫʨʝʪ 3.7 ï ɾʦʣ ᴇʪʧʝʩʽʥʽ3 שD-ʤʦʜʝʣʽʥʜʝʛʽ ʞװʨʽʩ ʙᴇʣʽʛʽʥʽש ʞʘʣʧʳ ʢᴇʨʽʥʽʩʽ 

 

ɹײʣ ʤʦʜʝʣʴʜʝ ײץʨʳʣʳʤʥʳש ʥʝʛʽʟʛʽ ײץʨʘʤʜʘʩ ʵʣʝʤʝʥʪʪʝʨʽ ʢᴇʨʩʝʪʽʣʛʝʥ: 

ʙʦʡʣʳץ ץʦʩ ʪʘʚʨʣʳ ʙʘʣʢʘ, ʨʘʤʘʥʳש ʢᴇʣʜʝʥʝש ʙʘʡʣʘʥʳʩʪʘʨʳ, ʜᴇשʛʝʣʝʢʪʝʨʽ ʙʘʨ 

ʘʣʜʳסשʳ ʞᴅʥʝ ʘʨʪץʳ ʦʩʴʪʝʨ, ʨʝʩʩʦʨʣʳ ʘʩʧʘ, ʩʦʥʜʘʡ-ʘץ ʪᴅʥ ʧʦʟʠʮʠʷʣʘʨʜʘסʳ 

ʞʳʣʞʳʤʘʣʳ ʢʘʨʝʪʢʘʣʘʨ [55]. ױʩʳʥʳʣסʘʥ ʩʘʥʜʳץ ʧʨʦʪʦʪʠʧ ʞʘʣʧʳ ʞװʨʽʩ 

ʙᴇʣʽʛʽʥʽש ʦʨʥʘʣʘʩʫʳʥ, ʦʥʳש ʵʣʝʤʝʥʪʪʝʨʽʥʽש ᴇʟʘʨʘ ʦʨʥʘʣʘʩʫʳʥ ʞᴅʥʝ ײץʨʳʣʳʤʥʳש 

ʥʝʛʽʟʛʽ ᴇʥʽʤʜʽʣʽʛʽʥ ʙʘסʘʣʘʫסʘ ʤװʤʢʽʥʜʽʢ ʙʝʨʝʜʽ. 

ɾװʢ ʢᴇʪʝʨʛʽʰ ʵʣʝʤʝʥʪʪʝʨʜʽש ʢʝשʽʩʪʽʢʪʽʢ ײץʨʳʣʳʤʳʥ ʥʝײסʨʣʳʤ ʝʛʞʝʡ-

ʪʝʛʞʝʡʣʽ ʙʘסʘʣʘʫ װʰʽʥ ʞʝשʽʣ ʨʘʤʘʣʳץ ʢᴇʨʽʥʽʩʪʝ ʬʝʨʤʘ ʤʝʥ ʞװʨʽʩ ʙᴇʣʽʛʽʥʽש 

ʞʘץʪʘʫʳ ʙʝʡʥʝʣʝʥʛʝʥ. ʄײʥʜʘʡ ʙʝʡʥʝʣʝʫ ᴅʜʽʩʽ ʵʣʝʢʪʨ ʪʽʟʙʝʛʽʥʽש ʛʝʦʤʝʪʨʠʷʩʳʥ 

ʥʘץʪʳ ʙʘץʳʣʘʫסʘ, ʪװʡʽʥʜʝʨʜʽש ʢʝשʽʩʪʽʢʪʽʢ ʙʘʡʣʘʥʳʩʪʘʨʳʥ ʪʝʢʩʝʨʫʛʝ, 

ʵʣʝʤʝʥʪʪʝʨʜʽש ʦʨʥʘʣʘʩʫʳʥʜʘסʳ ʤװʤʢʽʥ ʘʫʳʪץʫʣʘʨʜʳ ʘʥʳץʪʘʫסʘ ʞᴅʥʝ 

ʦʨʥʘʣʘʩʫʜʳש ʞʘʣʧʳ ʣʦʛʠʢʘʩʳʥ ʙʘסʘʣʘʫסʘ ʤװʤʢʽʥʜʽʢ ʙʝʨʝʜʽ [95]. 3.8 ʩʫʨʝʪʪʝ 

ʞʦסʘʨʳʜʘʥ ʞװʨʽʩ ʙᴇʣʽʛʽʥʽש ʵʣʝʤʝʥʪʪʝʨʽʥʽץ שʘץשʘʩʳ 3D ʤʦʜʝʣʽʥʜʝ ʢᴇʨʩʝʪʽʣʛʝʥ. 

 

 
 

ʉʫʨʝʪ 3.8 ï ɾװʨʽʩ ʙᴇʣʽʛʽʥʽש ʵʣʝʤʝʥʪʪʝʨʽʥʽץ שʘץשʘʩʳʥʳ3 שD-ʤʦʜʝʣʽ 

 

ʂʝʣʝʩʽ ʢʝʟʝשʜʝ ʦʩʴ ʪʦʨʘʧʪʘʨʳ ʧʳʩʳץʪʘʣʜʳ. ɸʣʜʳסשʳ ʦʩʴ ʘʡʥʘʣʤʘʣʳ 

 ʘʤʪʠʪʳʥץ ʧʪʘʩʪʳʨʫʜʳײʳʥʳ, ʪʽʨʢʝʫ ʵʣʝʤʝʥʪʪʝʨʽʥ, ʘʩʧʘ ʞᴅʥʝ ʨʘʤʘʤʝʥ ʞסʨʳʣײץ

ʙʘʩץʘʨʳʣʘʪʳʥ ʦʩʴ ʞʠʥʘסʳ ʨʝʪʽʥʜʝ ʤʦʜʝʣʴʜʝʥʛʝʥ. ɸʨʪץʳ ʦʩʴ ײץʨʳʣʳʤʥʳש 

ʙʦʡʣʳץ ʦʩʽʥʝ ץʘʪʳʩʪʳ ʙײʨʳʣʤʘʡʪʳʥ, ץʘʪʘש ʙʘסʳʪʪʘʣסʘʥ ʞᴅʥʝ ʞײʤʳʩ 

ʞװʢʪʝʤʝʩʽʥʽש ʥʝʛʽʟʛʽ ʙᴇʣʽʛʽʥ ץʘʙʳʣʜʘʫסʘ ʘʨʥʘʣסʘʥ. ɽʢʽ ʦʩʴʪʽש ʙᴇʣʝʢ 

ʚʠʟʫʘʣʠʟʘʮʠʷʩʳ ʦʣʘʨʜʳש ʛʝʦʤʝʪʨʠʷʣʳץ ʝʨʝʢʰʝʣʽʢʪʝʨʽʥ ʙʘסʘʣʘʫסʘ סʘʥʘ ʝʤʝʩ, 

ʩʦʥʳʤʝʥ ץʘʪʘʨ, ʦʣʘʨʜʳש ʬʫʥʢʮʠʦʥʘʣʜʳץ ʤʘץʩʘʪʳʥʜʘסʳ ʘʡʳʨʤʘʰʳʣʳץʪʳ ʘʥʳץ 

ʢᴇʨʩʝʪʫʛʝ ʤװʤʢʽʥʜʽʢ ʙʝʨʜʽ [55]. ɸʣʜʳסשʳ ʞᴅʥʝ ʘʨʪץʳ ʦʩʴʪʝʨʜʽ3 שD ʤʦʜʝʣʴʜʝʨʽ 

3.9 ʩʫʨʝʪʪʝ ʢᴇʨʩʝʪʽʣʛʝʥ. 
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ʘ) ʘʣʜʳʥסʳ ʦʩʴ ʙ) ʘʨʪץʳ ʦʩʴ 

 

ʉʫʨʝʪ 3.9 ï ʄʦʙʠʣʴʜʽ ʞʦʣ ᴇʪʧʝʩʽʥʽש ʞװʨʽʩ ʙᴇʣʽʛʽʥʽש ʘʣʜʳסשʳ (ʘ) ʞᴅʥʝ ʘʨʪץʳ 

(ʙ) ʦʩʴʪʝʨʜʽ3 שD-ʤʦʜʝʣʴʜʝʨʽ 

 

ʄʦʜʝʣʴʜʝʫ װʨʜʽʩʽʥʜʝ ʞʦʣ ᴇʪʧʝʩʽʥ ʢᴇʣʽʢ ʞʘסʜʘʡʳʥʘʥ ʞײʤʳʩ ʦʨʥʳʥʘ 

ʘʫʳʩʪʳʨʫ ʤװʤʢʽʥʜʽʛʽ ʪᴅʫʝʣʜʽ ʙʦʣʘʪʳʥ ײץʨʳʣʳʤʥʳש ʞʳʣʞʳʤʘʣʳ ʵʣʝʤʝʥʪʪʝʨʽ-ʥʝ 

ʘʡʪʘʨʣʳץʪʘʡ ʥʘʟʘʨ ʘʫʜʘʨʳʣʜʳ (ʩʫʨʝʪ 3.9, ʘ). ɹײʣ ʤᴅʩʝʣʝʥʽ ʰʝʰʫ װʰʽʥ 

ʞʳʣʞʳʤʘʣʳ ʢʘʨʝʪʢʘ ʤʝʥ ʦʥʳ ʙʝʢʽʪʫ ʤʝʭʘʥʠʟʤʽʥʽש ʪװʡʽʥʜʝʨʽ ʝʛʞʝʡ-ʪʝʛʞʝʡʣʽ 

ʞʘʩʘʣʜʳ. ʂʘʨʝʪʢʘ ʤʦʜʝʣʽʥʜʝ ʢʦʨʧʫʩ, ʨʦʣʠʢʪʽ ʪʽʨʝʢʪʝʨ, ʦʩʴʪʝʨʛʝ ʘʨʥʘʣסʘʥ ʘʩʧʘ 

ʞװʡʝʩʽ ʞᴅʥʝ ʙʝʢʽʪʫ ʵʣʝʤʝʥʪʪʝʨʽ ʝʩʢʝʨʽʣʜʽ (ʩʫʨʝʪ 3.9, ʙ). ɹʝʢʽʪʫ ʤʝʭʘʥʠʟʤʽʥʽש 

ʤʦʜʝʣʽ ʧʥʝʚʤʘʪʠʢʘʣʳץ ʮʠʣʠʥʜʨʜʽש ʢʦʨʧʫʩʳʥ, ʙʝʢʽʪʫ ʩʘʫʩʘסʳʥʳש ʨᴇʣʽʥ 

ʘʪץʘʨʘʪʳʥ ᴇʟʝʢʪʽ ʞᴅʥʝ ʢʘʨʝʪʢʘ ʤʝʥ ʙʘʣʢʘʜʘס  r ʞײʧʪʘʩʪʳʨʳʣסʘʥ ʪʝʩʽʢʪʝʨʜʽ 

ʢᴇʨʩʝʪʪʽ. ɹײʣ ʤʝʭʘʥʠʟʤʥʽש ʪװʙʝʛʝʡʣʽ ʞײʤʳʩ ץʘʙʽʣʝʪʪʽʣʽʛʽʥ, ʙʽʣʽʢʪʽש ʞʝʪʢʽʣʽʢʪʽ 

ʞװʨʫʽʥ, ʩʦץʪʳסʳʩʫʜʳש ʙʦʣʤʘʫʳʥ ʞᴅʥʝ ʵʣʝʤʝʥʪʪʝʨʜʽש ᴇʟʘʨʘ ʦʨʥʘʣʘʩʫʳʥʳש 

ʜײʨʳʩʪʳסʳʥ ʪʝʢʩʝʨʫʛʝ ʤװʤʢʽʥʜʽʢ ʙʝʨʜʽ [95]. ʂᴇʨʩʝʪʽʣʛʝʥ ʪװʡʽʥʜʝʨʜʽ3 שD 

ʤʦʜʝʣʴʜʝʨʽ 3.10 ʩʫʨʝʪʪʝ ʢᴇʨʩʝʪʽʣʛʝʥ. 

 

  
ʘ) ʙ) 

 

ʉʫʨʝʪ 3.10 ï ʄʦʙʠʣʴʜʽ ʞʦʣ ᴇʪʧʝʩʽʥʽש ʞʳʣʞʳʤʘʣʳ ʢʘʨʝʪʢʘ ʤʝʭʘʥʠʟʤʽ ʤʝʥ 

ʦʥʳ ʙʝʢʽʪʫ ʤʝʭʘʥʠʟʤʽʥʽ3 שD-ʤʦʜʝʣʴʜʝʨʽ 

 

ɾʘʩʘʣסʘʥ ʤʦʙʠʣʴʜʽ ʞʦʣ ᴇʪʧʝʩʽʥʽ3 שD ʤʦʜʝʣʽ ʙʽʨץʘʪʘʨ ʤʘשʳʟʜʳ ʠʥʞʝʥʝʨʣʽʢ 

ʤʽʥʜʝʪʪʝʨʜʽ ʰʝʰʫʛʝ ʤװʤʢʽʥʜʽʢ ʙʝʨʜʽ [55]. ɹʽʨʽʥʰʽʜʝʥ, ʙʘʨʣʳץ ʥʝʛʽʟʛʽ 

 ,ʡʣʝʩʽʤʜʽʣʽʛʽ ʪʝʢʩʝʨʽʣʜʽ. ɽʢʽʥʰʽʜʝʥװ ץʛʝʦʤʝʪʨʠʷʣʳ שʵʣʝʤʝʥʪʪʝʨʜʽ ץʨʳʣʳʤʜʳײץ

ᴇʥʽʤʥʽש ʮʠʬʨʣʳץ ʦʨʪʘʜʘ ʞʠʥʘʣʫʳ ʨʘʩʪʘʣʜʳ, ʙײʣ ʦʥʳש ʢʝʡʽʥʛʽ ᴇʥʜʽʨʽʩʽʥʽש 

ʤʘשʳʟʜʳ ʘʣסʳʰʘʨʪʳ ʙʦʣʳʧ ʪʘʙʳʣʘʜʳ. תʰʽʥʰʽʜʝʥ, ײץʨʳʣʳʤʥʳש ʥʝʛʽʟʛʽ ʪʽʨʝʢ 
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ʵʣʝʤʝʥʪʪʝʨʽʥʝ ʦʜʘʥ ᴅʨʽ ʠʥʞʝʥʝʨʣʽʢ ʪʘʣʜʘʫ ʞװʨʛʽʟʫ ʤװʤʢʽʥ ʙʦʣʜʳ. ʉʦשʳʥʜʘ, 

ʤʦʜʝʣʴ ᴇʥʽʤʥʽש ᴅʨʪװʨʣʽ ʞײʤʳʩ ʪᴅʨʪʽʧʪʝʨʽʥ ʚʠʟʫʘʣʠʟʘʮʠʷʣʘʫסʘ ʞᴅʥʝ ץʘʙʳʣʜʘʥסʘʥ 

ʰʝʰʽʤʥʽש ʥʝʛʽʟʜʝʤʝʩʽʥʝ ʥʝʛʽʟ ʙʦʣʜʳ. 

ʆʩʳʣʘʡʰʘ, 3D ʤʦʜʝʣʴʜʝʫ ʢʝʟʝשʽ ʦʥʳש ʥʝʛʽʟʛʽ ʪװʡʽʥʜʝʨʽʥ ʙʝʨʽʢʪʽʢ, 

ʜʝʬʦʨʤʘʮʠʷ ʞᴅʥʝ ʢʦʥʩʪʨʫʢʪʠʚʪʽ ʪʘʣʜʘʫ װʰʽʥ ʦʜʘʥ ᴅʨʽ ץʦʣʜʘʥʳʣʘʪʳʥ ʤʦʙʠʣʴʜʽ 

ʞʦʣ ᴇʪʧʝʩʽʥʽש ʪײʪʘʩ ʮʠʬʨʣʳץ ʧʨʦʪʦʪʠʧʽʥ ץʘʣʳʧʪʘʩʪʳʨʫסʘ ʤװʤʢʽʥʜʽʢ ʙʝʨʜʽ. 

 

 

3.4 SolidWorks ʦʨʪʘʩʳʥʜʘ ʤʦʜʝʣʴʜʝʫ ʥʝʛʽʟʽʥʜʝ ʤʦʙʠʣʴʜʽ ʞʦʣ ᴇʪʧʝʩʽʥʽש 

ʞװʨʽʩ ʙᴇʣʽʛʽʥʽש ʪײʨʘץʪʳʣʳסʳ ʤʝʥ ʞײʤʳʩץʘ ץʘʙʽʣʝʪʪʽʣʽʛʽʥ ʪʘʣʜʘʫ 

 

ʄʦʙʠʣʴʜʽ ʞʦʣ ᴇʪʧʝʩʽʥʽש ʧʘʨʘʤʝʪʨʣʽʢ 3D ʤʦʜʝʣʽʥ ʞʘʩʘסʘʥʥʘʥ ʢʝʡʽʥ 

SolidWorks Simulation ʤʦʜʫʣʽʥ ץʦʣʜʘʥʘ ʦʪʳʨʳʧ, ʦʥʳש ʥʝʛʽʟʛʽ ʞװʢ ʢᴇʪʝʨʛʽʰ 

ʵʣʝʤʝʥʪʪʝʨʽʥʽש ʪײʨʘץʪʳʣʳסʳʥʘ, ʙʝʨʽʢʪʽʛʽʥʝ ʞᴅʥʝ ʞײʤʳʩʳʥʘ ʠʥʞʝʥʝʨʣʽʢ ʪʘʣʜʘʫ 

ʞʘʩʘʣʜʳ [95]. ɹײʣ ʢʝʟʝשʥʽש ʤʘץʩʘʪʳ ʢʦʥʩʪʨʫʢʮʠʷʥʳש ʧʘʡʜʘʣʘʥʫ ʞװʢʪʝʤʝʣʝʨʽ 

ᴅʩʝʨʽʥʜʝʛʽ ʞʘסʜʘʡʳʥ ʙʘסʘʣʘʫ, ʝװ שʣʢʝʥ ʢʝʨʥʝʫ ʰʦסʳʨʣʘʥʘʪʳʥ ʘʡʤʘץʪʘʨʜʳ 

ʘʥʳץʪʘʫ, ʦʨʳʥ ʘʫʳʩʪʳʨʫʣʘʨ ʤʝʥ ʜʝʬʦʨʤʘʮʠʷʣʘʨ ʰʘʤʘʩʳʥ ʝʩʝʧʪʝʫ, ʩʦʥʜʘʡ-ʘץ 

 ʪʘʣʘʧʪʘʨʳʥʘ ץʘʪʪʳʣʳץ ʙʝʨʽʢʪʽʢ ʞᴅʥʝ שʘʥ ʢʦʥʩʪʨʫʢʪʠʚʪʽʢ ʰʝʰʽʤʜʝʨʜʽסʘʙʳʣʜʘʥץ

ʩᴅʡʢʝʩʪʽʛʽʥ ʪʝʢʩʝʨʫ ʙʦʣʜʳ. 

ɽʩʝʧʪʽʢ ʪʘʣʜʘʫ ʩʦסשʳ ʵʣʝʤʝʥʪʪʝʨ ᴅʜʽʩʽʤʝʥ ʞװʨʛʽʟʽʣʜʽ [97]. ɿʝʨʪʪʝʫ ʙʘʨʳʩʳʥʜʘ 

ʝʢʽ ʥʝʛʽʟʛʽ ʽh ʢʽ ʞװʡʝ ץʘʨʘʩʪʳʨʳʣʜʳ:  

- ʤʦʙʠʣʴʜʽ ʞʦʣ ᴇʪʧʝʩʽʥʽש ʞʦסʘʨסʳ ʧʣʘʪʬʦʨʤʘʩʳ ï ʢᴇʪʝʨʛʽʰ ʘʨʘʣʳץ 

ʢʦʥʩʪʨʫʢʮʠʷ ʨʝʪʽʥʜʝ; 

- ʞװʨʽʩ ʙᴇʣʽʛʽʥʽש ʙʦʡʣʳץ ץʦʩ ʪʘʚʨʣʳ ʙʘʣʢʘʣʘʨʳ ï ʧʣʘʪʬʦʨʤʘʜʘʥ ʪװʩʝʪʽʥ 

ʞװʢʪʝʤʝʥʽ ץʘʙʳʣʜʘʡʪʳʥ ʞᴅʥʝ ʰʘʩʩʠ ʢʦʥʩʪʨʫʢʮʠʷʩʳʥʳץ שʘʪʪʳʣʳסʳʥ 

 .ʰʪʽʢ ʵʣʝʤʝʥʪʪʝʨʽ ʨʝʪʽʥʜʝװʥʝʛʽʟʛʽ ʢ שʘʤʪʘʤʘʩʳʟ ʝʪʝʪʽʥ ʨʘʤʘʥʳץ

ʄʦʙʠʣʴʜʽ ʞʦʣ ᴇʪʧʝʩʽʥʽש ʞʦסʘʨסʳ ʧʣʘʪʬʦʨʤʘʩʳʥ ʪʘʣʜʘʫ. ʄʦʙʠʣʴʜʽ ʞʦʣ 

ᴇʪʧʝʩʽʥʽש ʞʦסʘʨסʳ ʧʣʘʪʬʦʨʤʘʩʳ - ʞװʨʽʩ ʙᴇʣʽʛʽʥʽװ שʩʪʽʥʜʝ ʦʨʥʘʣʘʩץʘʥ ʞᴅʥʝ ʢᴇʣʽʢ 

 ʳʣʳ ᴇʪʢʽʟʫʛʝץʘ ʜʘ ʞʝʨʛʽʣʽʢʪʽ ʢʝʜʝʨʛʽʣʝʨ ʘʨץʨʘʣʜʘʨʳʥ ʪʨʘʥʰʝʷʣʘʨ ʤʝʥ ʙʘʩײץ

ʘʨʥʘʣסʘʥ ʢʝשʽʩʪʽʢʪʽʢ ʤʝʪʘʣʣ ʢʦʥʩʪʨʫʢʮʠʷʩʳ. ʇʣʘʪʬʦʨʤʘʥʳש ʢʦʥʩʪʨʫʢʮʠʷʩʳ 

 ʘʥ. ʄʦʜʝʣʴʜʝʫסʨʽʥʜʝ ʞʘʩʘʣװʡʝ ʪװʪʳ ʞץʘʡ ʙʽʨ ʘʨʘʣʳסשʨʘʤʘ ʩʝʢʮʠʷʣʘʨʩʳʟ ʙʽʨʳײץ

ʢʝʟʽʥʜʝ ʦʥʳש ʛʝʦʤʝʪʨʠʷʣʳץ ʢᴇʨʩʝʪʢʽʰʪʝʨʽ, ᴇʟʽʥʜʽʢ ʤʘʩʩʘʩʳ, ʪʽʨʝʫ ʰʘʨʪʪʘʨʳ ʞᴅʥʝ 

ʞʦʣʜʳש ʝʩʝʧʪʽʢ ʞװʢʪʝʤʝʩʽ ʝʩʢʝʨʽʣʜʽ [98]. 

ʇʣʘʪʬʦʨʤʘʥʳש ʞײʤʳʩʳʥ ʙʘסʘʣʘʫ װʰʽʥ ʦʥʳש ʢʝʨʥʝʫʣʽ ʜʝʬʦʨʤʘʮʠʷʣʘʥסʘʥ 

ʢװʡʽʥʝ ʩʪʘʪʠʢʘʣʳץ ʪʘʣʜʘʫ ʞװʨʛʽʟʽʣʜʽ, ʦʣ ʢᴇʣʽʢ ײץʨʘʣʳʥʳש ʞײʤʳʩ ᴅʩʝʨʽʥ 

ʠʤʠʪʘʮʠʷʣʘʡʪʳʥ ʙʽʨʢʝʣʢʽ ʙᴇʣʽʥʛʝʥ ʞװʢʪʝʤʝ ᴅʩʝʨ ʝʪʪʽ [95]. ɽʩʝʧʪʝʫʜʽש ʥʝʛʽʟʛʽ 

ʥᴅʪʠʞʝʣʝʨʽʥʽש ʙʽʨʽ-ײץʨʳʣʳʤʥʳש ʞʘʣʧʳ ץʘʪʪʳʣʳסʳʥ ʞᴅʥʝ ʦʥʳש ʜʝʬʦʨʤʘʮʠʷ-

ʣʘʥʫ ʩʠʧʘʪʳʥ ʙʘסʘʣʘʫסʘ ʤװʤʢʽʥʜʽʢ ʙʝʨʝʪʽʥ ʩʪʘʪʠʢʘʣʳץ ץʦʟסʘʣʳʩʪʘʨʜʳש ʪʘʨʘʣʫʳ. 

ʉʪʘʪʠʢʘʣʳץ ʦʨʳʥ ʘʫʳʩʪʳʨʫʣʘʨʜʳ ʪʘʣʜʘʫ ʥᴅʪʠʞʝʣʝʨʽ 3.10 ʩʫʨʝʪʪʝ ʢᴇʨʩʝʪʽʣʛʝʥ. 
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ʉʫʨʝʪ 3.11 ï ʄʦʙʠʣʴʜʽ ʞʦʣ ᴇʪʧʝʩʽʥʽש ʞʦסʘʨסʳ ʧʣʘʪʬʦʨʤʘʩʳʥʳש ʩʪʘʪʠʢʘʣʳץ 

ʦʨʳʥ ʘʫʳʩʪʳʨʫʣʘʨʳʥ ʪʘʣʜʘʫ 

 

SolidWorks Simulation ʤʦʜʫʣʽʥʜʝ ʘʣʳʥסʘʥ ʪװʩʪʽ ʜʠʘʛʨʘʤʤʘ ʧʣʘʪʬʦʨʤʘʥʳש 

ʢᴇʪʝʨʛʽʰ ʤʝʪʘʣʣ ײץʨʳʣʳʤʳʥʳש ʪʽʢ ʙʘסʳʪʪʘ ץʦʟסʘʣʫ ʢʘʨʪʘʩʳʥ ײʩʳʥʘʜʳ. ʊʘʣʜʘʫ 

ʩʦסשʳ ʵʣʝʤʝʥʪʪʝʨ ᴅʜʽʩʽʤʝʥ (ʊʕᴄ) ʞװʨʛʽʟʽʣʜʽ ʞᴅʥʝ ʦסʘʥ ʢᴇʣʽʢ ײץʨʘʣʳʥʘʥ ʪװʩʝʪʽʥ 

 .ʦʣʜʘʥʳʣʜʳ [95]ץ ʢʪʝʤʝװʘʥ ʞסʘʣʳʧʪʳ ʪʘʨʘʣץʳʩʳʤʜʳ ʠʤʠʪʘʮʠʷʣʘʡʪʳʥ ʙʽʨץ

ʄʦʜʝʣʴʜʽש ʦש ʞʘסʳʥʜʘ ʙʝʨʽʣʛʝʥ ʪװʩʪʽʢ ʰʢʘʣʘ (ʢᴇʢʪʝʥ ץʳʟʳʣסʘ ʜʝʡʽʥ) ʦʨʳʥ 

ʘʫʳʩʪʳʨʫ ʰʘʤʘʩʳʥ ʤʠʣʣʠʤʝʪʨʤʝʥ ʩʘʥʜʳץ ʪװʨʜʝ ʢᴇʨʩʝʪʝʜʽ. 

ʉʫʨʝʪʪʝʥ ʢᴇʨʽʧ ʦʪʳʨסʘʥʳʤʳʟʜʘʡ, ʤʘʢʩʠʤʘʣʜʳ ʘʫʳʪץʫ ʘʨʘʣʳץʪʳש ʦʨʪʘסשʳ 

ʙᴇʣʽʛʽʥʜʝ ʣʦʢʘʣʠʟʘʮʠʷʣʘʥסʘʥ, ʙײʣ ײʰʪʘʨʳʥʜʘ ʦʧʝʨʘʮʠʷʣʘʥסʘʥ ʞᴅʥʝ ʘʨʘʣʳץʪʘ 

ʞװʢʪʝʣʛʝʥ ʙʽʨ ʘʨʘʣʳץʪʳ ײץʨʳʣʳʤʥʳש ʪʝʦʨʠʷʣʳץ ʞײʤʳʩ ʩʳʟʙʘʩʳʥʘ ʪʦʣʳסʳʤʝʥ 

ʩᴅʡʢʝʩ ʢʝʣʝʜʽ. ʄײʥʜʘʡ ʩʫʨʝʪ ץʘʙʳʣʜʘʥסʘʥ ʝʩʝʧʪʝʫ ʩʳʟʙʘʩʳʥʳש ʩᴅʡʢʝʩʪʽʛʽʥ ʞᴅʥʝ 

ʧʣʘʪʬʦʨʤʘʥʳש ʪʘשʜʘʣסʘʥ ʢװʰ ײץʨʳʣʳʤʳʥʳײ שʪʳʤʜʳʣʳסʳʥ ʨʘʩʪʘʡʜʳ. 

ʂʝʣʝʩʽ ץʘʜʘʤ ʧʣʘʪʬʦʨʤʘʥʳש çʜʝʬʦʨʤʘʮʠʷʣʳץ ʢװʡʽʥè ʪʘʣʜʘʫ ʙʦʣʜʳ, ʙײʣ 

ʩʝʨʧʽʤʜʽ ʜʝʬʦʨʤʘʮʠʷʣʘʨʜʳש ʦʥʳש ʪʽʨʝʢ ʵʣʝʤʝʥʪʪʝʨʽʥʝ ʪʘʨʘʣʫʳʥ ʝʛʞʝʡ-ʪʝʛʞʝʡʣʽ 

ʙʘסʘʣʘʫסʘ ʤװʤʢʽʥʜʽʢ ʙʝʨʜʽ [97]. ɼʝʬʦʨʤʘʮʠʷʥʳ ʪʘʣʜʘʫ ʥᴅʪʠʞʝʣʝʨʽ 3.12 ʩʫʨʝʪʪʝ 

ʢᴇʨʩʝʪʽʣʛʝʥ. 
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ʉʫʨʝʪ 3.12 ï ʄʦʙʠʣʴʜʽ ʞʦʣ ᴇʪʧʝʩʽʥʽש ʞʦסʘʨסʳ ʧʣʘʪʬʦʨʤʘʩʳʥʳש 

ʜʝʬʦʨʤʘʮʠʷʣʘʨʳʥ ʪʘʣʜʘʫ 

 

ɸʣʳʥסʘʥ ʥᴅʪʠʞʝʣʝʨʛʝ ʩᴅʡʢʝʩ, ʝװ שʣʢʝʥ ʩʝʨʧʽʤʜʽ ʜʝʬʦʨʤʘʮʠʷʣʘʨ ʤʘʢʩʠʤʘʣʜʳ 

ʠʽʣʫ ʤʦʤʝʥʪʽ ʘʡʤʘסʳʥʜʘ, ʷסʥʠ ʧʣʘʪʬʦʨʤʘʥʳש ʦʨʪʘסשʳ ʙᴇʣʽʛʽʥʜʝ ʜʝ ʙʘʡץʘʣʘʜʳ. 

ʉʦʥʳʤʝʥ ץʘʪʘʨ, ʜʝʬʦʨʤʘʮʠʷʣʘʨʜʳש ᴇʟʛʝʨʫ ʩʠʧʘʪʳ ʪʝʛʽʩ, װʟʜʽʢʩʽʟ, ʢʝʥʝʪʪʝʥ 

ʩʝʢʽʨʫʣʝʨ ʤʝʥ ʞʝʨʛʽʣʽʢʪʽ ʘʫʳʪץʫʣʘʨʩʳʟ. ɹײʣ ʬʝʨʤʘʥʳש ʥʝʛʽʟʛʽ ʵʣʝʤʝʥʪʪʝʨʽ 

ʘʨʘʩʳʥʜʘסʳ ʢװʰʪʝʨʜʽש ʙʽʨʢʝʣʢʽ ʘʫʳʩʫʳʥ ʞᴅʥʝ ʞʝʨʛʽʣʽʢʪʽ ʰʘʤʘʜʘʥ ʪʳʩ ʞװʢʪʝʤʝ 

 ʘʥ ʦʨʳʥʜʘʨʳ ʥʝʤʝʩʝסʳʨʣʘʥסʳʥ ʰʦץʘʡ ץʘʪʪʳʣʳץ ʳʥץʤʢʽʥ ʘʡװʘʫʧʽ ʙʦʣʫʳ ʤץ

ʞʝʨʛʽʣʽʢʪʽ ʰʘʤʘʜʘʥ ʪʳʩ ʞװʢʪʝʤʝ ʧʘʡʜʘ ʙʦʣʫʳ ʤװʤʢʽʥ ʘʡʤʘץʪʘʨʜʳש ʞʦץ ʝʢʝʥʽʥ 

ʢᴇʨʩʝʪʝʜ.̔ ɸʣʳʥסʘʥ ʪʘʣʜʘʫ ʧʣʘʪʬʦʨʤʘʥʳש ʢʦʥʩʪʨʫʢʮʠʷ ʩʳʟʙʘʩʳʥʳש 

ʜײʨʳʩʪʳסʳʥ ʞᴅʥʝ ʝʩʝʧʪʽʢ ʞװʢʪʝʤʝ ʢʝʟʽʥʜʝ ʦʥʳש ʞײʤʳʩ ץʘʙʽʣʝʪʪʽʣʽʛʽʥ ʨʘʩʪʘʡʜʳ 

[98]. 

ʇʣʘʪʬʦʨʤʘʥʳש ʩʝʥʽʤʜʽʣʽʛʽʥ ʪװʧʢʽʣʽʢʪʽ ʙʘסʘʣʘʫ װʰʽʥ ץʘʫʽʧʩʽʟʜʽʢ 

ʢʦʵʬʬʠʮʠʝʥʪʽ ʝʩʝʧʪʝʣʜʽ. ɹײʣ ʢᴇʨʩʝʪʢʽʰ ײץʨʳʣʳʤʥʳש ʢʝʨʥʝʫ ʢװʡʽʥ ʰʝʢʪʽ 

ʜʝשʛʝʡʜʝʥ ʘʣʳʧ ʪʘʩʪʘʫ ʜᴅʨʝʞʝʩʽʥ ʙʘסʘʣʘʫסʘ ʤװʤʢʽʥʜʽʢ ʙʝʨʝʜʽ, ʩʦʥʜʳץʪʘʥ 

 ʙʽʨʽ שʥʝʛʽʟʛʽ ʢʨʠʪʝʨʠʡʣʝʨʽʥʽ שʜʽʛʽʥʽשʠʥʞʝʥʝʨʣʽʢ ᴇʤʽʨʰʝ שʘʥ ʰʝʰʽʤʥʽסʘʙʳʣʜʘʥץ

ʙʦʣʳʧ ʪʘʙʳʣʘʜʳ [95]. ɹʝʨʽʢʪʽʢ ץʦʨʳ ʢʦʵʬʬʠʮʠʝʥʪʽʥʽש ʪʘʨʘʣʫ ʢʘʨʪʘʩʳ 3.13 

ʩʫʨʝʪʪʝ ʢᴇʨʩʝʪʽʣʛʝʥ. 

ɽʩʝʧʪʝʫ ʥᴅʪʠʞʝʣʝʨʽʥʝʥ ץʘʫʽʧʩʽʟʜʽʢ ʢʦʵʬʬʠʮʠʝʥʪʽʥʽש ʤʠʥʠʤʘʣʜʳ ʤᴅʥʽ ʥʝʛʽʟʛʽ 

ʵʣʝʤʝʥʪʪʝʨʜʽש ʝש ʢᴇʧ ʞװʢʪʝʣʛʝʥ ʢʦʥʲʶʛʘʮʠʷ ʘʡʤʘץʪʘʨʳʥʜʘ, ʝש ʘʣʜʳʤʝʥ 

ʢʝשʽʩʪʽʢʪʽʢ ʞװʡʝʥʽש ʙʦʡʣʳץ ʞᴅʥʝ ʢᴇʣʜʝʥʝש ʢʦʤʧʦʥʝʥʪʪʝʨʽ ʘʨʘʩʳʥʜʘסʳ ʢװʰʪʝʨʜʽ 

ʙʝʨʫ ʪװʡʽʥʜʝʨʽʥʜʝ ץʦʣ ʞʝʪʢʽʟʽʣʝʜʽ.  
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ʉʫʨʝʪ 3.13 ï ʄʦʙʠʣʴʜʽ ʞʦʣ ᴇʪʧʝʩʽʥʽש ʞʦסʘʨסʳ ʧʣʘʪʬʦʨʤʘʩʳʥʳש  

ʙʝʨʽʢʪʽʢ ץʦʨʳʥʳש ʪʘʣʜʘʫʳ 

 

ʉʦʥʳʤʝʥ ץʘʪʘʨ, ʪʽʧʪʽ ʦʩʳ ʫʯʘʩʢʝʣʝʨʜʝ ʜʝ ץʦʨ ʢʦʵʬʬʠʮʠʝʥʪʽ ʨץײʩʘʪ ʝʪʽʣʛʝʥ 

ʜʝשʛʝʡʜʝʥ ʞʦסʘʨʳ ʙʦʣʳʧ ץʘʣʘʜʳ, ʙײʣ ʩʝʨʧʽʤʜʽ ʘʡʤʘץʪʘסʳ ײץʨʳʣʳʤʥʳש 

ʞײʤʳʩʳʥ ʞᴅʥʝ ʝʩʝʧʪʽʢ ʞװʢʪʝʤʝ ʢʝʟʽʥʜʝ ʧʣʘʩʪʠʢʘʣʳץ ʙײʟʳʣʫ ץʘʫʧʽʥʽש ʞʦץʪʳסʳʥ 

ʢᴇʨʩʝʪʝʜʽ. ɸʣʳʥסʘʥ ʥᴅʪʠʞʝʣʝʨ ʞװʢ ʢᴇʪʝʨʛʽʰ ʧʣʘʪʬʦʨʤʘʥʳש ʩʝʥʽʤʜʽʣʽʛʽʥʽש 

ʞʝʪʢʽʣʽʢʪʽ ʜʝשʛʝʡʽʥ, ʦʥʳש ʙʝʨʽʢʪʽʢ ʪʘʣʘʧʪʘʨʳʥʘ ʩᴅʡʢʝʩʪʽʛʽʥ ʞᴅʥʝ ʪʘשʜʘʣסʘʥ 

 .ʩʘʪ ʝʪʽʣʛʝʥʜʽʛʽʥ ʨʘʩʪʘʡʜʳץײʘ ʨסʩʳʟʙʘʥʳ ʦʜʘʥ ᴅʨʽ ʧʘʡʜʘʣʘʥʫ ץʨʳʣʳʤʜʳײץ

ʆʩʳʣʘʡʰʘ, ʩʘʥʜʳץ ʤʦʜʝʣʴʜʝʫ ʥᴅʪʠʞʝʣʝʨʽ ʤʦʙʠʣʴʜʽ ʞʦʣ ᴇʪʧʝʩʽʥʽש ʞʦסʘʨסʳ 

ʧʣʘʪʬʦʨʤʘʩʳʥʜʘ ץʘʞʝʪʪʽ ʙʝʨʽʢʪʽʢ ʧʝʥ ץʘʪʪʳʣʳץ ʙʘʨ ʝʢʝʥʽʥ, ץʦʟסʘʣʳʩʪʘʨ ʤʝʥ 

ʜʝʬʦʨʤʘʮʠʷʣʘʨʜʳש ʨץײʩʘʪ ʝʪʽʣʛʝʥ ʤᴅʥʜʝʨʽʥ ץʘʤʪʘʤʘʩʳʟ ʝʪʝʪʽʥʽʥ ʞᴅʥʝ ʙʝʨʽʣʛʝʥ 

ʞײʤʳʩ ʞʘסʜʘʡʳʥʜʘ ʞײʤʳʩ ʽʩʪʝʡ ʘʣʘʪʳʥʜʳסʳʥ ʢᴇʨʩʝʪʝʜʽ [98]. 

ʄʦʙʠʣʴʜʽ ʞʦʣ ᴇʪʧʝʩʽʥʽש ʞװʨʽʩ ʙᴇʣʽʛʽʥʽש ʢᴇʪʝʨʛʽʰ ץʦʩ ʪʘʚʨʣʳ 

ʙʘʣʢʘʣʘʨʳʥ ʪʘʣʜʘʫ. ɽʩʝʧʪʽʢ ʟʝʨʪʪʝʫʜʽש ʢʝʣʝʩʽ ʢʝʟʝשʽ ʨʘʤʘʥʳש ʥʝʛʽʟʛʽ ʢװʰ 

ʵʣʝʤʝʥʪʪʝʨʽ ʙʦʣʳʧ ʪʘʙʳʣʘʪʳʥ ʞװʨʽʩ ʙᴇʣʽʛʽʥʽש çʙʦʡʣʳץ ץʦʩ ʪʘʚʨʣʳ ʙʘʣʢʘʣʘʨʳʥʘè 

ʪʘʣʜʘʫ ʙʦʣʜʳ. ɹײʣ ʘʨץʘʣʳץʪʘʨ ʞʦסʘʨסʳ ʧʣʘʪʬʦʨʤʘʜʘʥ ʞװʢʪʝʤʝʥʽ ץʘʙʳʣʜʘʡʜʳ, 

ʰʘʩʩʠʜʽש ʢʝשʽʩʪʽʢʪʽʢ ץʘʪʪʳʣʳסʳʥ ץʘʤʪʘʤʘʩʳʟ ʝʪʝʜʽ ʞᴅʥʝ ʩʦʥʳʤʝʥ ʙʽʨʛʝ ʦʩʴ 

ʪʦʨʘʧʪʘʨʳ ʦʨʥʘʪʳʣסʘʥ ʞʳʣʞʳʤʘʣʳ ʢʘʨʝʪʢʘʣʘʨסʘ ʙʘסʳʪʪʘʫʰʳ ʨᴇʣ ʘʪץʘʨʘʜʳ [99]. 

ʆʩʳסʘʥ ʙʘʡʣʘʥʳʩʪʳ ʦʣʘʨʜʳש ʢʝʨʥʝʫʣʽ ʜʝʬʦʨʤʘʮʠʷʣʘʥסʘʥ ʢװʡʽʥ ʙʘסʘʣʘʫ ʙװʢʽʣ 

ʞװʨʽʩ ʞװʡʝʩʽʥʽש ʞײʤʳʩʳʥ ʨʘʩʪʘʫ װʰʽʥ ʤʘשʳʟʜʳ ʙʦʣʳʧ ʪʘʙʳʣʘʜʳ. 

ɽʩʝʧʪʽʢ ʤʽʥʜʝʪʪʽ ץʦʶ ʢʝʟʽʥʜʝ ʙʦʡʣʳץ ץʦʩ ʪʘʚʨʣʳ ʙʘʣʢʘʣʘʨ ʞʦסʘʨסʳ 

ʧʣʘʪʬʦʨʤʘʥʳש ʤʘʩʩʘʩʳʥʘʥ ʞװʢʪʝʤʝ ʤʝʥ ʧʘʡʜʘʣʘʥʫ ᴅʩʝʨʽʥʝʥ ʞײʤʳʩ ʽʩʪʝʡʪʽʥ 

ʢʝשʽʩʪʽʢʪʽʢ ʨʘʤʘʥʳש ʵʣʝʤʝʥʪʪʝʨʽ ʨʝʪʽʥʜʝ ץʘʨʘʩʪʳʨʳʣʜʳ. ʄʦʜʝʣʴʜʝ ʧʨʦʬʠʣʴ-ʜʽש 

ʛʝʦʤʝʪʨʠʷʣʳץ ʢᴇʨʩʝʪʢʽʰʪʝʨʽ, ʤʘʪʝʨʠʘʣʜʳש ʩʠʧʘʪʪʘʤʘʣʘʨʳ, ʪʽʨʝʫ ʰʘʨʪʪʘ-ʨʳ 

ʞᴅʥʝ ײץʨʳʣʳʤʥʳש ʥʘץʪʳ ʞײʤʳʩ ʞʘסʜʘʡʳʥʘ ʩᴅʡʢʝʩ ʢʝʣʝʪʽʥ ʞװʢʪʝʤʝʥʽ ץʦʣʜʘʥʫ 

ʩr ʟʙʘʩʳ ʢᴇʨʩʝʪʽʣʛʝʥ [95]. ɹʦʡʣʳץ ץʦʩ ʪʘʚʨʣʳ ʙʘʣʢʘʣʘʨ ʢʝʨʥʝʫʣʽ ʢװʡʽʥ ʪʘʣʜʘʫ 

ʥᴅʪʠʞʝʣʝʨʽ 3.14 ʩʫʨʝʪʪʝ ʢᴇʨʩʝʪʽʣʛʝʥ. 
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ʉʫʨʝʪ 3.14 ï ʄʦʙʠʣʴʜʽ ʞʦʣ ᴇʪʧʝʩʽʥʽש ʞװʨʽʩ ʙᴇʣʽʛʽʥʽש ʢᴇʪʝʨʛʽʰ ץʦʩ ʪʘʚʨʣʳ 

ʙʘʣʢʘʣʘʨʳʥʳש ʢʝʨʥʝʫʣʽ ʢװʡʽʥ ʪʘʣʜʘʫ 

 

 ʠʤʘʩʳץ ʳ ʤʝʥסʟʳʥʜʳײ שʪʘʨʳʥʳץʘʣʳץʢʪʝʤʝ ʘʨװʘʥ ʜʠʘʛʨʘʤʤʘ ʞסʩʳʥʳʣױ

ʙʦʡʳʥʰʘ ʵʢʚʠʚʘʣʝʥʪʪʽ ʢʝʨʥʝʫʣʝʨʜʽש ʪʘʨʘʣʫʳʥ ʢᴇʨʩʝʪʝʜʽ. ʂʝʨʥʝʫʣʝʨʜʽש ʝװ שʣʢʝʥ 

ʤᴅʥʜʝʨʽ ʤʘʢʩʠʤʘʣʜʳ ʠʽʣʫ ʤʦʤʝʥʪʪʝʨʽʥ ʞᴅʥʝ ʞװʢʪʝʤʝʥʽ ʪʽʨʝʢ ʙᴇʣʽʤʜʝʨʽʥʝ 

ʙʝʨʫʜʝʥ ʢװʰ-ʞʽʛʝʨʜʽ ץʘʙʳʣʜʘʡʪʳʥ ʘʡʤʘץʪʘʨʜʘ ʙʘʡץʘʣʘʜʳ, ʙײʣ ʙʦʡʣʳץ ץʦʩ 

ʪʘʚʨʣʳ ʙʘʣʢʘʣʘʨʳʥʳש ʢʣʘʩʩʠʢʘʣʳץ ʞײʤʳʩ ʩʳʟʙʘʩʳʥʘ ʩᴅʡʢʝʩ ʢʝʣʝʜʽ. ɹײʣ 

ʞʘסʜʘʡʜʘ ʢʝʨʥʝʫʣʝʨʜʽש ʝʩʝʧʪʽʢ ʤᴅʥʜʝʨʽ ʪʘשʜʘʣסʘʥ ʤʘʪʝʨʠʘʣ װʰʽʥ ʨץײʩʘʪ 

ʝʪʽʣʛʝʥʥʝʥ ʘʩʧʘʡʜʳ, ʘʣ ʦʣʘʨʜʳש ʪʘʨʘʣʫʳ ʪʘʙʠסʠ ʩʠʧʘʪץʘ ʠʝ, ʙײʣ ʘʨץʘʣʳץʪʘʨʜʳ 

ʦʨʥʘʣʘʩʪʳʨʫʜʳש ʢᴇʣʜʝʥʝץ שʠʤʘʩʳ ʤʝʥ ײץʨʳʣʳʤʜʳץ ʩʳʟʙʘʩʳʥ ʜײʨʳʩ ʪʘשʜʘʫʜʳ 

ʨʘʩʪʘʡʜʳ [99]. 

ɹʦʡʣʳץ ץʦʩ ʪʘʚʨʣʳ ʙʘʣʢʘʣʘʨʳʥʳץ שʘʪʪʳʣʳסʳʥ ʙʘסʘʣʘʫ װʰʽʥ ʦʣʘʨʜʳש 

ʩʝʨʧʽʤʜʽ ץʦʟסʘʣʳʩʪʘʨʳʥʘ ʪʘʣʜʘʫ ʞʘʩʘʣʜʳ. ɹײʣ ʝʩʝʧʪʝʫʜʽש ʥᴅʪʠʞʝʣʝʨʽ 3.15 

ʩʫʨʝʪʪʝ ʢᴇʨʩʝʪʽʣʛʝʥ. 
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ʉʫʨʝʪ 3.15 ï ʄʦʙʠʣʴʜʽ ʞʦʣ ᴇʪʧʝʩʽʥʽש ʞװʨʽʩ ʙᴇʣʽʛʽʥʽש ʢᴇʪʝʨʛʽʰ ץʦʩ ʪʘʚʨʣʳ 

ʙʘʣʢʘʣʘʨʳʥʳש ʜʝʬʦʨʤʘʮʠʷʣʘʨʳ 

 

SolidWorks Simulation ʤʦʜʫʣʽʥʜʝ ʘʣʳʥסʘʥ ʜʠʘʛʨʘʤʤʘ ʤʦʙʠʣʴʜʽ ʞʦʣ ᴇʪʧʝʩʽʥʽש 

ʞװʨʽʩ ʙᴇʣʽʛʽʥʽש ʙʦʡʣʳץ ʙʘʣʢʘ ײץʨʘʡʪʳʥ ʝʢʽ ʧʘʨʘʣʣʝʣʴ ץʦʩ ʪʘʚʨʣʳ ʙʘʣʢʘʣʘʨ 

ʞװʡʝʩʽʥʽש ʩʝʨʧʽʤʜʽ ץʦʟסʘʣʳʩʪʘʨʳʥʳש ʪʘʨʘʣʫʳʥ ʢᴇʨʩʝʪʝʜʽ. ʊʘʣʜʘʫ ײץʨʳʣʳʤʥʳש 

ʪʦʣʳץ ʝʩʝʧʪʽʢ ʤʘʩʩʘʩʳʥʳש ᴅʨʝʢʝʪʽ ʢʝʟʽʥʜʝ ʞʦʣ ᴇʪʧʝʩʽʥʽש ʧʘʡʜʘʣʘʥʫ ʞʘסʜʘʡʳʥʘ 

ʩᴅʡʢʝʩ ʢʝʣʝʪʽʥ ʝץ שʦʣʘʡʩʳʟ ʞװʢʪʝʤʝ ʞʘסʜʘʡʳʥʘ ʘʨʥʘʣסʘʥ ʩʦסשʳ ʵʣʝʤʝʥʪʪʝʨ 

ᴅʜʽʩʽʤʝʥ ʦʨʳʥʜʘʣʘʜʳ [95]. ʊװʩ ʰʢʘʣʘʩʳ ʥᴅʪʠʞʝʩʽʥʜʝ ʦʨʳʥ ʘʫʳʩʪʳʨʫʜʳש 

ʰʘʤʘʩʳʥ ʢᴇʨʩʝʪʝʜʽ ʞᴅʥʝ ץʫʘʪ ʪʽʟʙʝʛʽʥʽש ʜʝʬʦʨʤʘʮʠʷʩʳʥʳש ʩʠʧʘʪʳʥ ʥʘץʪʳ 

ʙʘסʘʣʘʫסʘ ʤװʤʢʽʥʜʽʢ ʙʝʨʝʜʽ. 

ʉʫʨʝʪʪʝʥ ʢᴇʨʽʥʽʧ ʪײʨסʘʥʜʘʡ, ʤʘʢʩʠʤʘʣʜʳ ʠʽʣʫ ᴅʨ ʘʨץʘʣʳץ ʘʨʘʣʳסʳʥʳש 

ʦʨʪʘʣʳץ ʙᴇʣʽʛʽʥʜʝ ʣʦʢʘʣʠʟʘʮʠʷʣʘʥסʘʥ, ʙײʣ ʙʽʨʢʝʣʢʽ ʙᴇʣʽʥʛʝʥ ʞװʢʪʝʤʝ ᴅʩʝʨʽʥʝʥ 

ʝʢʽ ʪʽʨʝʢʢʝ ʘʨʥʘʣסʘʥ ʠʽʣʫʜʽש ʪʝʦʨʠʷʣʳץ ʜʠʘʛʨʘʤʤʘʩʳʥʘ ʪʦʣʳץ ʩᴅʡʢʝʩ ʢʝʣʝʜʽ. ɹײʣ 

ʞʘסʜʘʡʜʘ ץʦʟסʘʣʳʩʪʘʨʜʳש ʰʘʤʘʣʘʨʳ ʨץײʩʘʪ ʝʪʽʣʛʝʥ ʰʝʢʪʝʨʜʝ ץʘʣʘʜʳ ʞᴅʥʝ 

 .ʟʳʣʫʳʥʘ ᴅʢʝʣʤʝʡʜʽײʙ שʳʥʳסʪʳʣʳץʨʘײʪ ץʛʝʦʤʝʪʨʠʷʣʳ שʨʳʣʳʤʥʳײץ

ɸʣʳʥסʘʥ ʥᴅʪʠʞʝ ʙʦʡʣʳץ ʙʘʣʢʘʣʘʨʜʳש ʞʝʪʢʽʣʽʢʪʽ ץʘʪʪʳʣʳסʳʥ ʪʽʢʝʣʝʡ ʨʘʩʪʘʫ 

ʙʦʣʳʧ ʪʘʙʳʣʘʜʳ. ʂᴇʣʜʝʥʝש ʵʣʝʤʝʥʪʪʝʨʤʝʥ ʞᴅʥʝ ʪʽʨʝʢ ʪװʡʽʥʜʝʨʽʤʝʥ ʪװʡʽʩʫ 

ʘʡʤʘץʪʘʨʳʥʜʘ ɽʣʝʫʣʽ ʜʝʬʦʨʤʘʮʠʷʣʘʨʜʳש ʙʦʣʤʘʫʳ ʨʘʤʘʥʳש ʙװʢʽʣ ʢʝשʽʩʪʽʢʪʽʢ 

ʞװʡʝʩʽʥʽש ʜײʨʳʩ ʙʽʨʣʝʩʢʝʥ ʞײʤʳʩʳʥ ʢᴇʨʩʝʪʝʜʽ. ɼʝʤʝʢ, ץʦʩ ʪʘʚʨʣʳ 

ʙʘʣʢʘʣʘʨʳʥʳש ʪʘשʜʘʣסʘʥ ʧʨʦʬʠʣʽ ʞᴅʥʝ ʦʣʘʨʜʳ ʞװʨʽʩ ʙᴇʣʽʛʽʥʽש ʢʦʥʩʪʨʫʢʮʠʷʩʳʥʘ 

ʦʨʥʘʣʘʩʪʳʨʫ ʩʳʟʙʘʩʳʥ ץʘʪʪʳʣʳץ ʢʨʠʪʝʨʠʡʽ ʙʦʡʳʥʰʘ ץʘʞʝʪʪʽ ᴇʥʽʤʜʽʣʽʢʪʽ 

 .ʘʤʪʘʤʘʩʳʟ ʝʪʝʜʽ [99]ץ

ɹʦʡʣʳץ ʙʘʣʢʘʣʘʨʜʳ ʪʘʣʜʘʫʜʳש ʩʦסשʳ ʢʝʟʝשʽ ץʘʫʽʧʩʽʟʜʽʢ ʢʦʵʬʬʠʮʠʝʥʪʽʥ 

ʘʥʳץʪʘʫ ʙʦʣʜʳ. ɹײʣ ʢᴇʨʩʝʪʢʽʰʪʝʨʜʽש ʪʘʨʘʣʫ ʢʘʨʪʘʩʳ 3.16 ʩʫʨʝʪʪʝ ʢᴇʨʩʝʪʽʣʛʝʥ. 
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ʉʫʨʝʪ 3.16 ï ʄʦʙʠʣʴʜʽ ʞʦʣ ᴇʪʧʝʩʽʥʽש ʞװʨʽʩ ʙᴇʣʽʛʽʥʽש ʢᴇʪʝʨʛʽʰ  

 ʦʨʳץ ʙʝʨʽʢʪʽʢ שʦʩ ʪʘʚʨʣʳ ʙʘʣʢʘʣʘʨʳʥʳץ

 

ɹײʣ ʜʠʘʛʨʘʤʤʘ ץʦʩ ʪʘʚʨʣʳ ʙʘʣʢʘʣʘʨʳʥʳײ שʟʳʥʜʳסʳ ʤʝʥ ʪᴅʥ ץʠʤʘʣʘʨʳ 

ʙʦʡʳʥʰʘ ץʘʫʽʧʩʽʟʜʽʢ ʢʦʵʬʬʠʮʠʝʥʪʽʥ ʝʩʝʧʪʝʫ ʥᴅʪʠʞʝʣʝʨʽʥ ʢᴇʨʩʝʪʝʜʽ. ʄʦʜʝʣʴʜʝʫ 

ʥᴅʪʠʞʝʣʝʨʽʥʝʥ ʢᴇʨʽʧ ʦʪʳʨסʘʥʳשʳʟʜʘʡ, ʪʽʧʪʽ ʝש ʢᴇʧ ʞװʢʪʝʣʛʝʥ ʞʝʨʣʝʨʜʝ ʜʝ 

ʢʦʥʩʪʨʫʢʮʠʷ ץʘʞʝʪʪʽ ʙʝʨʽʢʪʽʢ ץʦʨʳʥ ʩʘץʪʘʡʜʳ. ɹײʣ ʪʘשʜʘʣסʘʥ ʧʨʦʬʠʣʴʜʝʨʜʽש 

ʛʝʦʤʝʪʨʠʷʣʳץ ʩʠʧʘʪʪʘʤʘʣʘʨʳ ʤʝʥ ʤʘʪʝʨʠʘʣʜʳץ שʘʩʠʝʪʪʝʨʽ ʝʩʝʧʪʝʣʛʝʥ ʞײʤʳʩ 

ʞװʢʪʝʤʝʣʝʨʽʥʜʝ ʨʘʤʘʥʳץ שʘʫʽʧʩʽʟ ʞײʤʳʩʳʥ ץʘʤʪʘʤʘʩʳʟ ʝʪʝʪʽʥʜʽʛʽʥ ʢᴇʨʩʝʪʝʜʽ 

[95]. ʆʩʳʣʘʡʰʘ, ʙʦʡʣʳץ ץʦʩ ʪʘʚʨʣʳ ʙʘʣʢʘʣʘʨ ʢʦʥʩʪʨʫʢʪʠʚʪʽ ʞᴅʥʝ ʝʩʝʧʪʝʣʛʝʥ 

ʪװʨʜʝ ʪʘʥʳʣʫʳ ʤװʤʢʽʥ. 

ʊײʪʘʩʪʘʡ ʘʣסʘʥʜʘ, ʠʥʞʝʥʝʨʣʽʢ ʪʘʣʜʘʫ ʥᴅʪʠʞʝʣʝʨʽ ʞʦסʘʨסʳ ʧʣʘʪʬʦʨʤʘʥʳש ʜʘ, 

ʞװʨʽʩ ʙᴇʣʽʛʽʥʽש ʥʝʛʽʟʛʽ ʪʽʨʝʢ ʵʣʝʤʝʥʪʪʝʨʽʥʽש ʜʝ ʙʝʨʽʢʪʽʢ, ץʘʪʪʳʣʳץ ʞᴅʥʝ ᴇʥʽʤʜʽʣʽʢ 

ʪʘʣʘʧʪʘʨʳʥ ץʘʥʘסʘʪʪʘʥʜʳʨʘʪʳʥʳʥ ʢᴇʨʩʝʪʝʜʽ. ɹײʣ ʤʦʙʠʣʴʜʽ ʞʦʣ ᴇʪʧʝʩʽʥʽש 

ʪװʧʢʽʣʽʢʪʽ ʩʳʥʜʘʨʣʳ ʰʝʰʽʤʽʥ ץʘʣʳʧʪʘʩʪʳʨʫסʘ ʢᴇʰʫ װʰʽʥ ʞʝʪʢʽʣʽʢʪʽ ʥʝʛʽʟʜʝʨ 

ʞʘʩʘʡʜʳ. 

ɾװʨʛʽʟʽʣʛʝʥ ʪʘʣʜʘʫ ʥᴅʪʠʞʝʩʽʥʜʝ ʪᴇʤʝʥʜʝʛʽʣʝʨ ʘʥʳץʪʘʣʜʳ: 

 ʢʦʥʩʪʨʫʢʮʠʷ ʙʝʨʽʣʛʝʥ ʞװʢʪʝʤʝʥʽ ʨץײʩʘʪ ʝʪʽʣʛʝʥ ʢʝʨʥʝʫʣʝʨʜʝʥ ʘʩʧʘʡ 

 ;ʘʙʳʣʜʘʡʜʳץ

 ʠʽʣʫ ʰʘʤʘʩʳ ײץʨʳʣʳʩ ʩʪʘʥʜʘʨʪʪʘʨʳʥʜʘ ʙʝʣʛʽʣʝʥʛʝʥ ʥʦʨʤʘʣʘʨʜʘʥ ʘʩʧʘʡʜʳ; 

 ʙʝʨʽʢʪʽʢ ץʦʨʳʥʳש ʢʦʵʬʬʠʮʠʝʥʪʽ ʪʘʣʘʧʪʘʨסʘ ʩᴅʡʢʝʩ ʢʝʣʝʜʽ. 

ʊײʪʘʩʪʘʡ ʘʣסʘʥʜʘ, ʠʥʞʝʥʝʨʣʽʢ ʪʘʣʜʘʫ ʥᴅʪʠʞʝʣʝʨʽ ʞʦסʘʨסʳ ʧʣʘʪʬʦʨʤʘʥʳש ʜʘ, 

ʞװʨʽʩ ʙᴇʣʽʛʽʥʽש ʥʝʛʽʟʛʽ ʪʽʨʝʢ ʵʣʝʤʝʥʪʪʝʨʽʥʽש ʜʝ ʙʝʨʽʢʪʽʢ, ץʘʪʪʳʣʳץ ʞᴅʥʝ ᴇʥʽʤʜʽʣʽʢ 

ʪʘʣʘʧʪʘʨʳʥ ץʘʥʘסʘʪʪʘʥʜʳʨʘʪʳʥʳʥ ʢᴇʨʩʝʪʝʜʽ. ɹײʣ ʤʦʙʠʣʴʜʽ ʞʦʣ ᴇʪʧʝʩʽʥʽש 

ʪװʧʢʽʣʽʢʪʽ ʩʳʥʜʘʨʣʳ ʰʝʰʽʤʽʥ ץʘʣʳʧʪʘʩʪʳʨʫסʘ ʢᴇʰʫ װʰʽʥ ʞʝʪʢʽʣʽʢʪʽ ʥʝʛʽʟʜʝʨ 

ʞʘʩʘʡʜʳ. 
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3.5 ʄʦʜʝʣʴʜʝʫ ʥᴅʪʠʞʝʣʝʨʽ ʥʝʛʽʟʽʥʜʝ ʤʦʙʠʣʴʜʽ ʞʦʣ ᴇʪʧʝʩʽʥʽש 

ʢʦʥʩʪʨʫʢʪʠʚʪʽʢ ʰʝʰʽʤʽʥ ᴅʟʽʨʣʝʫ 

 

ɾװʨʛʽʟʽʣʛʝʥ ʝʩʝʧʪʝʫʣʝʨ ʤʝʥ ʮʠʬʨʣʳץ ʤʦʜʝʣʴʜʝʫ ʥᴅʪʠʞʝʣʝʨʽʥʽש ʥʝʛʽʟʽʥʜʝ 

ʤʦʙʠʣʴʜʽ ʞʦʣ ᴇʪʧʝʩʽʥʽש ʞᴅʥʝ ʦʥʳש ʞװʨʽʩ ʙᴇʣʽʛʽʥʽץ שʦʨʳʪʳʥʜʳ ʢʦʥʩʪʨʫʢʪʠʚʪʽʢ 

ʰʝʰʽʤʽ ץʘʣʳʧʪʘʩʪʳʨʳʣʜʳ. ɹײʣ ʢʝʟʝש ʟʝʨʪʪʝʫʜʽש ʞʦʙʘʣʘʫ-ʤʦʜʝʣʴʜʝʫ ʙᴇʣʽʛʽʥʜʝʛʽ 

ʩʦסשʳ ʢʝʟʝש ʙʦʣʳʧ ʪʘʙʳʣʘʜʳ, ᴇʡʪʢʝʥʽ ʜᴅʣ ʦʩʳ ʞʝʨʜʝ ʝʩʝʧʪʝʫʣʝʨʜʽש, ʮʠʬʨʣʳץ 

ʧʳʩʳץʪʘʫʜʳש, ʠʥʞʝʥʝʨʣʽʢ ʪʘʣʜʘʫʜʳש ʞᴅʥʝ ʢʦʥʩʪʨʫʢʪʠʚʪʽʢ ʵʣʝʤʝʥʪʪʝʨʜʽ 

ʪʘשʜʘʫʜʳש ʥᴅʪʠʞʝʣʝʨʽ ʞʠʥʘץʪʘʣʳʧ, ʢʝʡʽʥʛʽ ʞʦʙʘʣʘʫ ʤʝʥ ʪᴅʞʽʨʠʙʝʣʽʢ ʪʝʢʩʝʨʫʛʝ 

ʞʘʨʘʤʜʳ ʪײʪʘʩ ʪʝʭʥʠʢʘʣʳץ ʰʝʰʽʤ ץʘʣʳʧʪʘʩʪʳʨʳʣʘʜʳ [55]. 

ɾװʨʽʩ ʙᴇʣʽʛʽ ʝʢʽ ʪװʨʣʽ ʞʘסʜʘʡʜʘ ʦʨʥʘʣʘʩʘʪʳʥ ʞװʨʽʩ ʜʦסשʘʣʘץʪʘʨʳ ʞװʡʝʩʽʤʝʥ 

ʞʘʙʜʳץʪʘʣסʘʥ: ʦʨʪʘʣʳץʪʘ ʞᴅʥʝ ʰʝʪʪʝʨʽʥʜʝ [55]. ʊʘʩʳʤʘʣʜʘʫ ʢװʡʽʥʜʝ 

ʜʦסשʘʣʘץʪʘʨ ʧʣʘʪʬʦʨʤʘʥʳש ʰʝʪʪʝʨʽʥʜʝ ʦʨʥʘʣʘʩʘʜʳ (3.17 ʩʫʨʝʪ, ʘ), ʙײʣ ʞʦʣ 

ᴇʪʧʝʩʽʥ ʦʨʥʘʪʳʣʘʪʳʥ ʞʝʨʛʝ ʜʝʡʽʥ ʪʘʩʳʤʘʣʜʘʫסʘ ʤװʤʢʽʥʜʽʢ ʙʝʨʝʜʽ. ʇʣʘʪʬʦʨʤʘ 

ʪʨʘʥʰʝʷʥʳװ שʩʪʽʥʝ ʦʨʥʘʪʳʣסʘʥʥʘʥ ʢʝʡʽʥ ʤʦʙʠʣʴʜʽ ʞʦʣ ᴇʪʧʝʩʽʥʽש ʢᴇʪʝʨʛʽʰ 

ʢʦʥʩʪʨʫʢʮʠʷʩʳ ʘʨʥʘʡʳ ʤʝʭʘʥʠʟʤʥʽש ʢᴇʤʝʛʽʤʝʥ ʦʨʪʘʣʳץץʘ ץʘʨʘʡ ʞʳʣʞʳʪʳʣʘʜʳ. 

ʉʦʥʳש ʥᴅʪʠʞʝʩʽʥʜʝ ʞʦʣ ᴇʪʧʝʩʽ ʢᴇʧʽʨ ʞʘסʜʘʡʳʥʘ ʘʫʳʩʘʜʳ [55] (ʩʫʨʝʪ 3.17, ʙ). 

 

  
ʘ) ʢᴇʣʽʢʪʽʢ ʞʘסʜʘʡ ʙ) ʧʘʡʜʘʣʘʥʫ ʞʘסʜʘʡʳ 

 

ʉʫʨʝʪ 3.17 - ʄʦʙʠʣʴʜʽ ʞʦʣ ᴇʪʧʝʩʽʥʽש ʵʩʢʠʟʜʽʢ 3D-ʤʦʜʝʣʽ 

 

 ʦʨʥʘʣʘʩʫʳ 3D ʤʦʜʝʣʴʜʝʫ שʨʽʩ ʙᴇʣʽʛʽʥʽװʨʽ ʞᴅʥʝ ʞװʽʩʪʽʢʪʽʢ ʪשʢʝ שʨʳʣʳʤʥʳײפ

ʥᴅʪʠʞʝʣʝʨʽʥʝ ʥʝʛʽʟʜʝʣʛʝʥ. ʆʩʳ ʬʫʥʢʮʠʦʥʘʣʜʳץ ʩʳʟʙʘʥʳ ʽʩʢʝ ʘʩʳʨʫ װʰʽʥ ץʦʩ 

ʪʘʚʨʣʳ ʘʨץʘʣʳץʪʘʨʜʘʥ ʞʘʩʘʣסʘʥ ʝʢʽ ʙʦʡʣʳץ ʰʧʘʪʪʳ ʧʘʡʜʘʣʘʥʫסʘ ʥʝʛʽʟʜʝʣʛʝʥ 

ʞװʨʽʩ ʙᴇʣʽʛʽʥʽש ʞʘשʘ ʢʦʥʩʪʨʫʢʪʠʚʪʽ ʰʝʰʽʤʽ ײʩʳʥʳʣʜʳ [99]. ʄײʥʜʘʡ ʧʨʦʬʠʣʴʜʽ 

ʪʘשʜʘʫ ʦʥʳש ʞʦסʘʨʳ ʞװʢ ʢᴇʪʝʨʛʽʰʪʽʛʽʥʝ, ʙʘʣʢʘ ʤʝʥ ץʘʙʳʨסʘʥʳץ שʘʣʳשʜʳסʳʥʳש 

ʞʦסʘʨʳʣʘʫʳʥʘ ʙʘʡʣʘʥʳʩʪʳ, ʙײʣ ʨʘʤʘʥʳ ץʦʟסʘʣʘʪʳʥ ʪʽʨʝʢ ʪװʡʽʥʜʝʨʽʥʝʥ 

ʰʦסʳʨʣʘʥסʘʥ ʞװʢʪʝʤʝʣʝʨ ʢʝʟʽʥʜʝ ץʘʞʝʪʪʽ ץʘʪʪʳʣʳץ ʧʝʥ ʪײʨʘץʪʳʣʳץʪʳ 

 ʳ ʦʩʴʪʝʨʜʽ ʘʩʧʘ ʵʣʝʤʝʥʪʪʝʨʽʤʝʥ ʙʽʨʛʝץʳ ʞᴅʥʝ ʘʨʪסשʘʤʪʘʤʘʩʳʟ ʝʪʝʜʽ [99]. ɸʣʜʳץ

ʘʣʳʧ ʞװʨʝʪʽʥ ʢʘʨʝʪʢʘʣʘʨ ʙʘסʳʪʪʘʫʰʳ ʙʘʣʢʘ ʙʦʡʳʤʝʥ ץʦʟסʘʣʘʜʳ. ᴄʨʙʽʨ ʢʘʨʝʪʢʘ 

ʪᴇʨʪ ʨʦʣʠʢʪʽ ʪʽʨʝʫʽʰʧʝʥ ʞʘʙʜʳץʪʘʣסʘʥ, ʙײʣ ʦʥʳש ʘʨץʘʣʳץ ʙʦʡʳʤʝʥ ץʦʟסʘʣʫʳʥ 

 .ʘʣʪʘʜʳסʘʩʳʥʜʘ ʵʥʝʨʛʠʷʥʳ ʘʟ ʞʦץʘʨ שʡʢʝʣʽʩʽʥʽװ ʘʤʪʘʤʘʩʳʟ ʝʪʝʜʽ, ʘʡʥʘʣʫץ

ɾװʨʛʽʟʽʣʛʝʥ ʪʘʣʜʘʫ ʨʦʣʠʢʪʽ ʪʽʨʝʢʪʝʨʜʽ ץʦʣʜʘʥʫ ײץʨʳʣʳʤʜʳץ ץʘʨʘʧʘʡʳʤʜʳʣʳסʳ, 

ʝʧʪʽʣʽʛʽ, ʨʝʩʫʨʩʳ ʞᴅʥʝ ץʳʟʤʝʪ ʢᴇʨʩʝʪʫ ʳסשʘʡʣʳʣʳסʳ ʙʦʡʳʥʰʘ ʙʘʣʘʤʘ 

ʥײʩץʘʣʘʨʜʘʥ - ʨʝʣʴʩʪʽ ʞᴅʥʝ ʰʳʥʞʳʨ ʪʘʙʘʥʜʳ ʞװʡʝʣʝʨʜʝʥ ʞʦסʘʨʳ ʝʢʝʥʽʥ 

ʢᴇʨʩʝʪʪʽ [55]. 
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ʂʘʨʝʪʢʘʣʘʨʜʳש ʙʘץʳʣʘʥʘʪʳʥ ץʘʨʘʤʘ-ץʘʨʩʳ ʙʘסʳʪʪʘסʳ ץʦʟסʘʣʳʩʳ 

çʵʣʝʢʪʨʞʝʪʝʢʪʽ ʪʨʦʩ-ʙʘʨʘʙʘʥ ʤʝʭʘʥʠʟʤʽè ʘʨץʳʣʳ ץʘʤʪʘʤʘʩʳʟ ʝʪʽʣʝʜʽ. ʂʘʨʝʪʢʘסʘ 

ʙʝʢʽʪʽʣʛʝʥ ʪʨʦʩ ʙʘʨʘʙʘʥסʘ ʦʨʘʣʘʜʳ, ʘʣ ʙʘʨʘʙʘʥʥʳש ʘʡʥʘʣʫʳ ʨʝʜʫʢʪʦʨ ʘʨץʳʣʳ 

ʵʣʝʢʪʨץʦʟסʘʫʳʰʪʘʥ ʙʝʨʽʣʝʜʽ. ɸʡʥʘʣʫ ʙʘסʳʪʳʥʳש ᴇʟʛʝʨʫʽ ʪʨʦʩʪʳ ʪʘʨʪʫʜʳ ʥʝʤʝʩʝ 

 ʘ ʞᴅʥʝסʢʪʝʛʝ ʜᴅʣ ʦʨʥʘʣʘʩʪʳʨʫװʘʞʝʪʪʽ ʥץ ʣ ʦʩʴʪʽײʘʤʪʘʤʘʩʳʟ ʝʪʝʜʽ, ʙץ ʘʡʪʘʨʫʜʳץ

ʪʽʨʝʢ ʪʽʟʙʝʛʽʥʽץ שʘʞʝʪʪʽ ʢʦʥʬʠʛʫʨʘʮʠʷʩʳʥ ץʘʣʳʧʪʘʩʪʳʨʫסʘ ʤװʤʢʽʥʜʽʢ ʙʝʨʝʜʽ [55]. 

ʕʣʝʢʪʨ ʞʝʪʝʛʽ ʪײʨʘץʪʘʥʜʳʨʳʣסʘʥ ץʦʟסʘʣʳʩ ʢװʰʽʥʝ ʞᴅʥʝ ʧʨʦʮʝʩʪʽ ץʘʰʳץʪʘʥ 

ʥʝʤʝʩʝ ʘʚʪʦʤʘʪʪʘʥʜʳʨʳʣסʘʥ ʙʘʩץʘʨʫ ʤװʤʢʽʥʜʽʛʽʥʝ ʢʝʧʽʣʜʽʢ ʙʝʨʝʜʽ. 

ʂʘʨʝʪʢʘʣʘʨʜʳ ʙʝʢʽʪʫ ʞװʡʝʩʽ ʦʣʘʨʜʳ ʰʝʪʢʽ ʪʘʩʳʤʘʣʜʘʫ ʢװʡʽʥʜʝ ʜʝ, ʩʦʥʜʘʡ-ʘץ, 

ʘʨʘʣʳץ ʞײʤʳʩ ʢװʡʽʥʜʝ ʜʝ ץʘʪʘש ʙʝʢʽʪʫʜʽ ץʘʤʪʘʤʘʩʳʟ ʝʪʝʜʽ ʞᴅʥʝ ʧʥʝʚʤʘʪʠʢʘʣʳץ 

ʮʠʣʠʥʜʨʣʝʨʜʽ ץʦʣʜʘʥʘ ʦʪʳʨʳʧ ʞװʟʝʛʝ ʘʩʳʨʳʣʘʜʳ, ʦʥʜʘ ʰʪʘʥʛʘ ʙʦʣʘʪ ʩʘʫʩʘץ 

  .ʘʨʘʜʳץʳʟʤʝʪʽʥ ʘʪץ

ɹʝʢʽʪʫ װʰʽʥ ʮʠʣʠʥʜʨʜʝʛʽ ץʳʩʳʤ ʙʦʩʘʪʳʣʘʜʳ ʞᴅʥʝ ʢʽʨʽʢʪʽʨʽʣʛʝʥ ʩʝʨʽʧʧʝ 

ᴇʟʝʢʰʝʥʽ ʘʚʪʦʤʘʪʪʳ ʪװʨʜʝ ʽʰʢʝ ʪʘʨʪʳʧ, ʵʣʝʤʝʥʪʪʝʨʜʽץ שʘʫʽʧʩʽʟ ʘʞʳʨʘʪʳʣʫʳʥ 

 ʳʰץʳ ʪʘʨʪסʦʣʜʘʥʳʩʪʘץ ʜʘʫשʞʝʪʝʢʪʽ ʪʘ ץʘʤʪʘʤʘʩʳʟ ʝʪʝʜʽ. ʇʥʝʚʤʘʪʠʢʘʣʳץ

ʧʥʝʚʤʘʪʠʢʘʣʳץ ʞװʡʝʩʽʤʝʥ ʙʽʨʽʟʜʝʥʜʽʨʫ ʤװʤʢʽʥʜʽʛʽʥʝ ʙʘʡʣʘʥʳʩʪʳ, ʙײʣ 

ʙʝʢʽʪʢʽʰʪʝʨʜʽ ʙʘʩץʘʨʫʜʳ ʞʘʣʧʳ ʘʚʪʦʧʦʝʟʜʳץ ʞװʡʝʛʝ, ʩʦʥʳש ʽʰʽʥʜʝ, ʤʦʙʠʣʴʜʽ 

ʞʦʣ ᴇʪʧʝʩʽʥʽש ʪʝʞʝʛʽʰ ʞװʡʝʩʽʥʝ ʙʽʨʽʢʪʽʨʫʛʝ ʤװʤʢʽʥʜʽʢ ʙʝʨʝʜʽ [78], [80]. 

ʇʥʝʚʤʘʪʠʢʘʣʳץ ʮʠʣʠʥʜʨʣʝʨ ʜʽʨʽʣ ʞװʢʪʝʤʝʣʝʨʽ ʤʝʥ ʪʝʤʧʝʨʘʪʫʨʘʥʳש ᴇʟʛʝʨʫʽʥʜʝ 

ʞʦסʘʨʳ ʞʳʣʜʘʤʜʳץʪʳ ʞᴅʥʝ ʩʝʥʽʤʜʽ ʞײʤʳʩʪʳ ץʘʤʪʘʤʘʩʳʟ ʝʪʝʜʽ ʞᴅʥʝ ʦʣʘʨʜʳש 

ʢʦʥʩʪʨʫʢʮʠʷʩʳ ץʘʨʘʧʘʡʳʤ, ʞᴇʥʜʝʫʛʝ ʞʘʨʘʤʜʳ ʞᴅʥʝ ʽʩʪʝʥ ʰʳסʫסʘ ץʘʫʽʧʩʽʟ: 

 ʨʜʝװʘʥʜʘ, ʘʚʪʦʤʘʪʪʳ ʪסʦʩʧʘץ ʙʽʪʝʣʫʜʽ ץʳʩʳʤ ʪᴇʤʝʥʜʝʛʝʥ ʢʝʟʜʝ ᴇʟʝʢ ʢʝʟʜʝʡʩʦץ

ʪʘʨʪʳʣʘʜʳ [55]. 

3.18 ʩʫʨʝʪʪʝ ʢʦʥʩʪʨʫʢʮʠʷʥʳש ʞʠʥʘץʪʘʣסʘʥ ʢװʡʜʝʛʽ ʢʝשʽʩʪʽʢʪʽʢ ʢᴇʨʽʥʽʩʽ (ʘ) 

ʞᴅʥʝ ʞװʨʽʩ ʙᴇʣʽʛʽʥʽש ʢʦʤʧʦʥʦʚʢʘʩʳ (ʙ) װʰᴇʣʰʝʤʜʽ ʤʦʜʝʣʴʜʝʫ ʥᴅʪʠʞʝʣʝʨʽ 

ʥʝʛʽʟʽʥʜʝ ץʘʣʳʧʪʘʩʪʳʨʳʣʜʳ. 
 

  
ʘ) ʞʘʣʧʳ ʢᴇʨʽʥʽʩʽ;                                     ʙ) ʞװʨʽʩ ʙᴇʣʽʛʽʥʽש ʢʦʤʧʦʥʦʚʢʘʩʳ 

 

ʉʫʨʝʪ 3.18 ï ʄʦʙʠʣʴʜʽ ʞʦʣ ᴇʪʧʝʩʽʥʽװ שʰᴇʣʰʝʤʜʽ ʤʦʜʝʣʽ 

 

ʄʦʙʠʣʴʜʽ ʞʦʣ ᴇʪʧʝʩʽʥʽש ʞװʨʽʩ ʙᴇʣʽʛʽ ï ʘʨʥʘʡʳ ʨʘʤʘʣʳץ ʢʦʥʩʪʨʫʢʮʠʷʩʳ ʙʘʨ 

ʝʢʽ ʦʩʴʪʽ ʪᴇʤʝʥ ʨʘʤʘʣʳ ʰʘʩʩʠ, ʦʣ ʞʦסʘʨסʳ ʧʣʘʪʬʦʨʤʘʥʳ ʪʘʩʳʤʘʣʜʘʫסʘ ʘʨʥʘʣסʘʥ. 
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ʐʘʩʩʠ ʘʚʪʦʧʦʝʟʜʳײץ שʨʘʤʳʥʜʘ ʙʘʨʣʳץ ʘʚʪʦʤʦʙʠʣʴ ʞʦʣʜʘʨʳʥʜʘ ʧʘʡʜʘʣʘʥʳʣʫʳ 

ʤװʤʢʽʥ. ʄʦʙʠʣʴʜʽ ʞʦʣ ᴇʪʧʝʩʽʥʽש ʞװʨʽʩ ʙᴇʣʽʛʽʥʽש ʥʝʛʽʟʛʽ ʢᴇʨʩʝʪʢʽʰʪʝʨʽ 3.1 ʢʝʩʪʝʜʝ 

ʢʝʣʪʽʨʽʣʛʝʥ. 

 

ʂʝʩʪʝ 3.1 - ʄʦʙʠʣʴʜʽ ʞʦʣ ᴇʪʧʝʩʽʥʽש ʞװʨʽʩ ʙᴇʣʽʛʽʥʽש ʥʝʛʽʟʛʽ ʢᴇʨʩʝʪʢʽʰʪʝʨʽ 
ˉ ʂᴇʨʩʝʪʢʽʰ ʄᴅʥʽ 

1 ʇʘʡʜʘʣʳ ʞװʢʪʝʤʝ, ʢʛ 10 000 

2 ɾʘʙʜʳץʪʘʣסʘʥ ʰʘʩʩʠʜʽש ʤʘʩʩʘʩʳ, ʢʛ 3000 

3 ɾʦʣ ᴇʪʧʝʩʽʥʽש ʪʦʣʳץ ʤʘʩʩʘʩʳ, ʢʛ 12 500 

4 ʈʘʤʘʥʳש ʤʦʥʪʘʞʜʳץ ᴇʣʰʝʤʜʝʨʽ, ʤʤ: ײʟʳʥʜʳסʳ 10 900 

5 ʝʥʽ 2373 

6 

ʈץײʩʘʪ ʝʪʽʣʛʝʥ ץʦʟסʘʣʳʩ ʞʳʣʜʘʤʜʳסʳ, ʢʤ/ʩʘס:  

 ʘʪʪʳ ʞʘʙʳʥʜʳ ʞʦʣʜʘʨʜʘץ -
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- ʪʦʧʳʨʘץ ʞʦʣʜʘʨʜʘ ʞᴅʥʝ ʪʘʩ ʪᴇʩʝʣʛʝʥ ʞʦʣʜʘʨʜʘ 40 

8 ɼʦסשʘʣʘץ ʩʘʥʳ 4 

9 ʊʽʨʢʝʤʝ ʽʣʤʝʛʽʥʽש ʙʠʽʢʪʽʛʽ, ʤʤ 750 

10 ɾװʢʪʝʤʝ ʢʝʟʽʥʜʝʛʽ ʞʦʣ ʩʘשʳʣʘʫʳ, ʤʤ 380 

 

 ʞᴅʥʝ (ʘʥסʧʣʘʪʬʦʨʤʘʩʳ ʦʨʥʘʪʳʣ) ʘʨʳʜʘʥסʘʥ 3.19 ʩʫʨʝʪʪʝ ʞʦסʩʳʥʳʣױ

ʙװʡʽʨʜʝʥ (ʧʣʘʪʬʦʨʤʘʩʳ ʞʦץ) ʢᴇʨʽʥʽʩʪʝʨ ʪװʨʽʥʜʝʛʽ ʤʦʙʠʣʴʜʽ ʞʦʣ ᴇʪʧʝʩʽʥʽש ʞװʨʽʩ 

ʙᴇʣʽʛʽʥʽש ʦʨʥʘʣʘʩʫ ʩײʣʙʘʩʳ ʙʘʨʣʳץ ʥʝʛʽʟʛʽ ʪװʡʽʥʜʝʨʜʽ ʞᴅʥʝ ʦʣʘʨʜʳש ʘʨʘʩʳʥʜʘסʳ 

  .ʪʳ ʢᴇʨʩʝʪʽʣʛʝʥ [55]ץʘʪʳʥʘʩʪʘʨʜʳ ʥʘץ

ɼᴅʥʝʢʝʨʣʝʥʛʝʥ ʪʽʨʢʝʤʝ ʞʘץʪʘʫʳ (ʩʫʨʝʪ 3.19, 21 ʧʦʟ.) ʢᴇʣʜʝʥʝש ʘʨץʘʣʳץʪʘʨ-

ʤʝʥ ᴇʟʘʨʘ ʙʘʡʣʘʥʳʩץʘʥ ʝʢʽ ʙʦʡʣʳץ ץʦʩ ʪʘʚʨʣʳ ʙʘʣʢʘʜʘʥ ʞʘʩʘʣסʘʥ ʞᴅʥʝ 

ʢʦʥʩʪʨʫʢʮʠʷʥʳש ʢᴇʪʝʨʛʽʰ ʵʣʝʤʝʥʪʽ ʙʦʣʳʧ ʪʘʙʳʣʘʜʳ. ʆʥʳש ʞʦסʘʨסʳ ʞʘסʳʥʘ 

ʘʨʥʘʡʳ ʢʨʦʥʰʪʝʡʥʜʝʨ ʘʨץʳʣʳ ʰʘʨʠʢʪʽ ʙʽʨ ץʘʪʘʨʣʳ ʘʡʥʘʣʤʘʣʳ ʰʝשʙʝʨ 

ʙʝʢʽʪʽʣʛʝʥ (ʩʫʨʝʪ 3.19, 3 ʧʦʟ.) ʙײʣ ʵʣʝʤʝʥʪ ʪʽʨʢʝʤʝʥʽש ʘʣʜʳסשʳ ʙᴇʣʽʛʽʥʝʥ ʪװʩʝʪʽʥ 

ʞװʢʪʝʤʝʥʽ ץʘʙʳʣʜʘʧ, ʘʣʜʳסשʳ ʦʩʴʧʝʥ (4 ʧʦʟ.) ʙײʨʳʣʤʘʣʳ ʙʘʡʣʘʥʳʩ ʞʘʩʘʡʜʳ 

ʞᴅʥʝ ʄɽʄʉʊ 2349-75  ʙʦʡʳʥʰʘ ʘʣʳʥʙʘʣʳ ʽʣʤʝʛʽ (ʜʳʰʣʦ) ʙʘʨ, ʙײʣ ʩװʡʨʝʪʢʽʰ 

ʤʘʰʠʥʘʤʝʥ ʩʝʥʽʤʜʽ ʙʘʡʣʘʥʳʩʪʳ ץʘʤʪʘʤʘʩʳʟ ʝʪʫʛʝ ʞᴅʥʝ ץʘʞʝʪ ʙʦʣסʘʥ ʞʘסʜʘʡʜʘ 

ʽʣʽʥʽʩʫ ʞʠʥʘסʳʥ ʪʝʟ ʘʫʳʩʪʳʨʫסʘ ʤװʤʢʽʥʜʽʢ ʙʝʨʝʜʽ [78], [80].  

ɹײʨʳʣʤʘʣʳ ʪʝʣʝʞʢʘ ʨʘʤʘʩʳʥʘ ʩʳʨסʘʣʘʨ ʤʝʥ ʢʨʦʥʰʪʝʡʥʜʝʨ ʘʨץʳʣʳ ʝʢʽʞʘץʪʳ 

ʞʘʨʪʳʣʘʡ ʵʣʣʠʧʩʪʽʢ ʨʝʩʩʦʨʣʳ ʘʩʧʘ (22 ʧʦʟ.) ʙʝʢʽʪʽʣʛʝʥ. ɹײʣ ʘʩʧʘ ץʦʟסʘʣʳʩ ʢʝʟʽʥʜʝ 

ʧʘʡʜʘ ʙʦʣʘʪʳʥ ʜʠʥʘʤʠʢʘʣʳץ ʞװʢʪʝʤʝʣʝʨʜʽ ʞײʤʩʘʨʪʘʜʳ [80]. 

ɸʣ ʩʳʨסʳʤʘʣʳ ʢʘʨʝʪʢʘסʘ (23 ʧʦʟ.) ʧʥʝʚʤʦʮʠʣʠʥʜʨ (7 ʞᴅʥʝ 14 ʧʦʟ.) ʘʨץʳʣʳ 

ʢװʰ ʙʝʨʽʣʝʜʽ. ʉʦʥʳש ʥᴅʪʠʞʝʩʽʥʜʝ ʢʘʨʝʪʢʘʥʳש ʙʝʢʽʪʢʽʰ ʩʘʫʩʘסʳ ʪʽʨʢʝʤʝʥʽש 

ʙʦʡʣʳץ ʦʩʽ ʙʦʡʳʤʝʥ ʞʳʣʞʠʜʳ ʞᴅʥʝ ʜʦסשʘʣʘץ ʙʘʟʘʩʳʥ ᴇʟʛʝʨʪʫʛʝ ʤװʤʢʽʥʜʽʢ 

ʙʝʨʝʜʽ [78] - [80]. 
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ʂʦʥʩʪʨʫʢʪʠʚʪʽʢ ʵʣʝʤʝʥʪʪʝʨʜʽש ʪװʩʽʥʜʽʨʤʝʩʽ:     1 ï ʞʦʣ ᴇʪʧʝʩʽʥʽש   ʪʽʨʢʝʤʝ   ʩʳʨʳסʳ;    2 ï 

ʘʣʜʳסשʳ ʘʩʧʘ; 3 ï ʘʣʜʳסשʳ ʦʩʴʪʽש ʙײʨʳʣʫ ײץʨʳʣסʳʩʳ; 4 ï ʘʣʜʳסשʳ ʦʩʴ; 5 ï ʰʠʥʘʩʳ ʙʘʨ 

ʘʣʜʳסשʳ ʞװʨʽʩ ʜʦסשʘʣʘסʳ; 6 ï ʘʣʜʳסשʳ ʪʝʞʝʛʽʰ ʢʘʤʝʨʘʩʳ; 7 ï ʘʣʜʳסשʳ ʞʳʣʞʳʤʘʣʳ 

ʢʘʨʝʪʢʘʥʳש ʩʘʫʩʘסʳʥ ʞʳʣʞʳʪʫסʘ ʘʨʥʘʣסʘʥ ʧʥʝʚʤʘʪʠʢʘʣʳץ ʢʘʤʝʨʘ; 8 ï ʞʦסʘʨסʳ ʧʣʘʪʬʦʨʤʘ; 9 

ï ʩʘʫʩʘץʪʳ ʞʳʣʞʳʪʫ ʧʥʝʚʤʦʞװʡʝʩʽʥʝ ʘʨʥʘʣסʘʥ ץʳʩʳʣסʘʥ ʘʫʘ ʨʝʩʠʚʝʨʽ; 10 ï ʧʥʝʚʤʘʪʠʢʘʣʳץ 

ʪʝʞʝʛʽʰʪʝʨʛʝ ʘʨʥʘʣסʘʥ ץʳʩʳʣסʘʥ ʘʫʘ ʨʝʩʠʚʝʨʽ; 11 ï ʘʨʪץʳ ʘʩʧʘ; 12 ï ʰʠʥʘʩʳ ʙʘʨ ʘʨʪץʳ ʞװʨʽʩ 

ʜʦסשʘʣʘסʳ; 13 ï ʘʨʪץʳ ʨʝʩʩʦʨʣʘʨ; 14 ï ʘʨʪץʳ ʞʳʣʞʳʤʘʣʳ ʢʘʨʝʪʢʘʥʳש ʩʘʫʩʘסʳʥ ʞʳʣʞʳʪʫסʘ 

ʘʨʥʘʣסʘʥ ʧʥʝʚʤʘʪʠʢʘʣʳץ ʢʘʤʝʨʘ; 15 ï ʘʨʪץ  rʞʳʣʞʳʤʘʣʳ ʢʘʨʝʪʢʘ; 16 ï ʘʨʪץʳ ʦʩʴ; 17 ï ʘʨʪץʳ 

ʪʝʞʝʛʽʰ ʢʘʤʝʨʘʩʳ; 18 ï ʩʘʫʩʘץʪʳ ʧʥʝʚʤʘʪʠʢʘʣʳץ ʞʳʣʞʳʪʫסʘ ʘʨʥʘʣסʘʥ ʰʣʘʥʛ; 19 ï 

ʧʥʝʚʤʘʪʠʢʘʣʳץ ʪʝʞʝʛʽʰʪʝʨʛʝ ʘʨʥʘʣסʘʥ ʰʣʘʥʛ; 20 ï ʪʝʞʝʛʽʰ ʢװʰʪʝʨʽʥ ʙᴇʣʫ ʢʨʘʥʳ; 21 ï ʢװʥ 

ʧʘʥʝʣʽ; 22 - ץʦʩ ʪʘʚʨʣʳ ʙʘʣʢʘ (ʘʣʜʳסשʳ ʞᴅʥʝ ʘʨʪץʳ ʦʩʴʪʝʨʜʽ ʙʽʨʽʢʪʽʨʝʪʽʥ); 23 ï 

ʘʢʢʫʤʫʣʷʪʦʨʣʳץ ʙʘʪʘʨʝʷ; 24 ï ʢʘʙʝʣʜɹʽ ʙʘʩץʘʨʫ ʧʫʣʴʪʽ (5 ʤ);  25 ï ʘʣʜʳסשʳ ʨʝʩʩʦʨʣʘʨ; 26 ï 

ʘʣʜʳסשʳ ʞʳʣʞʳʤʘʣʳ ʢʘʨʝʪʢʘ. 

 

ʉʫʨʝʪ 3.19 ï ʄʦʙʠʣʴʜ̔  ʞʦʣ ᴇʪʧʝʩʽʥʽש ʞװʨʽʩ ʙᴇʣʽʛʽʥʽש  

ʢʦʥʩʪʨʫʢʪʠʚʪʽʢ ʩײʣʙʘʩʳ 

 

ɸʡʥʘʣʤʘʣʳ ʰʝשʙʝʨʛʝ ʞʦסʘʨסʳ ʪ̔ʨʝʢ ʦʨʥʘʪʳʣסʘʥ, ʦסʘʥ ʞʦʣ ᴇʪʧʝʩʽʥʽש ʞʘץʪʘʫʳ 

ʙʝʢʽʪʽʣʝʜʽ, ʘʣ ʪᴇʤʝʥʛʽ ʪ̔ʨʝʢ ʢᴇʧʽʨʜʽש ʘʡʥʘʣʤʘʣʳ ʞʘץʪʘʫʳʥʘ ץʘʪʪʳ ץʦʩʳʣʘʜʳ [55]. 

ɽʢʽ ʦʩʴʪʽש ʜᴇשʛʝʣʝʢʪʝʨʽ ʜʠʩʢʽʩʽʟ, ʰʪʘʤʧʪʘʣסʘʥ, ʘʫʳʩʪʳʨʳʣʘʪʳʥ ʙʦʨʪʪʳץ ʞᴅʥʝ 

 ʘ 10.00R20 ᴇʣʰʝʤʜʽסʘʥ, ʦʣʘʨסʪʘʣץʠʥʘʣʘʨʳʤʝʥ ʞʘʙʜʳץʣʳʧʪʘʫ ʩʘײץ

ʧʥʝʚʤʘʪʠʢʘʣʳץ ʰʠʥʘʣʘʨ ʦʨʥʘʪʳʣסʘʥ. ʆʀ-73ɹ ʞײʤʳʩ ץʳʩʳʤʳ 5,75 ʢʛʩ/ʩʤ2. 

ɸʣʜʳסשʳ ʜʦסשʘʣʘץ (ʩʫʨʝʪ 3.19, 5 ʧʦʟ.) ʞᴅʥʝ ʘʨʪץʳ ʜʦסשʘʣʘץ (12 ʧʦʟ.) ʪʝʞʝʛʽʰ 

ʤʝʭʘʥʠʟʤʽʥʽש ʢʦʥʩʪʨʫʢʮʠʷʩʳ ʙʽʨʜʝʡ, ʦʥʜʘ ʪʝʞʝʛʽʰ ʢʘʤʝʨʘʩʳ (6 ʞᴅʥʝ 17 ʧʦʟ.) 

ʞʘʣʧʳ ʞװʡʝʣʽʢ ʢʦʥʪʫʨʜʘʥ ʩʳסʳʣסʘʥ ʘʫʘʥʳץ שʳʩʳʤʳʥ ץʘʙʳʣʜʘʡʜʳ [78] - [80]. 

ɹײʨʳʣʤʘʡʪʳʥ ʘʨʪץʳ ʦʩʴ (16 ʧʦʟ.) ʢᴇʧʽʨʜʽש ʜᴅʥʝʢʝʨʣʝʥʛʝʥ ʞʘץʪʘʫʳʥʘ 

ʦʨʥʘʪʳʣʘʜʳ (11 ʧʦʟ.), ʘʣʜʳסשʳ ʘʩʧʘʥʳש ʞʘץʪʘʫʳʥʘ ץײʩʘʩ, ʙʽʨʘץ ʪʽʨʢʝʤʝʥʽש 

ʞʘץʪʘʫʳʥʘ ץʘʪʳʩʪʳ ץʘʪʪʳ ʙʝʢʽʪʽʣʛʝʥ. ɸʨʪץʳ ʘʩʧʘʥʳש ʞʘʨʪʳʣʘʡ ʵʣʣʠʧʩʪʽʢ 

ʨʝʩʩʦʨʣʘʨʳ (13 ʧʦʟ.) ʦʥʳש ʙʘʣʢʘסʘ ʩʳʨסʘ ʘʨץʳʣʳ ʙʝʢʽʪʽʣʝʜʽ, ʘʣ ʙװʡʽʨʽʥʜʝ 

ʞʳʣʞʳʤʘʣʳ ʢʘʨʝʪʢʘ (15 ʧʦʟ.) ʧʥʝʚʤʦʮʠʣʠʥʜʨʤʝʥ ʙʽʨʛʝ (14 ʧʦʟ.). ɹײʣ ʪʦʨʘʧ 

ʙʦʡʣʳץ ʙʘסʳʪʪʘ ʙʝʢʽʪʫʜʽ ץʘʤʪʘʤʘʩʳʟ ʝʪʝʜʽ ʞᴅʥʝ ʙʫʢʩʠʨʣʝʫ ʢʝʟʽʥʜʝ 

ʢʦʥʩʪʨʫʢʮʠʷʥʳץ שʘʞʝʪʩʽʟ ʞʳʣʞʫʳʥ ʙʦʣʜʳʨʤʘʡʜʳ [78] - [80]. 
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ʕʣʝʢʪʨ ʞʘʙʜʳץʪʘʨʳ ʢʝʨʥʝʫʽ 24 ɺ ʪײʨʘץʪʳ ʪʦʢʪʳש ʙʽʨ ʩʳʤʜʳ ʩʳʟʙʘ ʙʦʡʳʥʰʘ 

ʦʨʳʥʜʘʣʘʜʳ, ʦʥʳ ʩװʡʨʝʪʫʰʽ ʘʚʪʦʤʦʙʠʣʴʜʽש ʙʦʨʪʪʳץ ʞʝʣʽʩʽ ʘʨץʳʣʳ ץʦʨʝʢʪʝʥʝʜʽ 

ʞᴅʥʝ  ʘʞʳʨʘʪʳʣסʘʥʥʘʥ ʢʝʡʽʥ ʘʚʪʦʥʦʤʜʳ ʵʣʝʢʪʨʤʝʥ ʞʘʙʜʳץʪʘʫ, ʙʘʩץʘʨʫ 

ʵʣʝʤʝʥʪʪʝʨʽ ץʦʩʳʤʰʘ ץʘʨʘʩʪʳʨʳʣסʘʥ: 24ɺ ʘʢʢʫʤʫʣʷʪʦʨʣʳץ ʙʘʪʘʨʝʷ (23 ʧʦʟ.), ʢװʥ 

ʧʘʥʝʣʽ (21 ʧʦʟ.), ʟʘʨʷʜ ʢʦʥʪʨʦʣʣʝʨʽ ʞᴅʥʝ ʦʩʴʪʝʨʜʽץ שʦʟסʘʣʳʩʳʥ ʙʘʩץʘʨʫʜʳש 

ʢʘʙʝʣʴʜʽʢ ʙʘʩץʘʨʫ ʧʫʣʴʪʽʥʽץ שʦʩץʳʰʳ (24 ʧʦʟ.). ɸʪʘʣסʘʥ ʵʣʝʤʝʥʪʪʝʨʜʽ ʞʦʣ 

ᴇʪʧʝʩʽʥʽש ʞʘץʪʘʫʳʥʘ ʦʨʥʘʣʘʩʪʳʨʫ ʪʘʨʪץʳʰʪʳ ʘסʳʪץʘʥʥʘʥ ʢʝʡʽʥ ʞװʡʝʥʽש 

ʘʚʪʦʥʦʤʜʳ ʞײʤʳʩʳʥ ץʘʤʪʘʤʘʩʳʟ ʝʪʝʜʽ. 

ʄʦʙʠʣʴʜʽ ʞʦʣ ᴇʪʧʝʩʽʥ ʪʘʩʳʤʘʣʜʘʫסʘ ʘʨʥʘʣסʘʥ ʦשʪʘʡʣʳ ʢᴇʣʽʢʪʝʨ ʨʝʪʽʥʜʝ 

ʂɸʄɸɿ, Volvo FMX, Mercedes-Benz Arocs ʘʚʪʦʤʦʙʠʣʴʜʝʨʽ ʞᴅʥʝ ץʘʞʝʪʪʽ ʞװʢ 

ʢᴇʪʝʨʛʽʰʪʽʛʽ, ʧʥʝʚʤʘʪʠʢʘʣʳץ ʞװʡʝʩʽ ʞᴅʥʝ ʪʽʨʢʝʤʝʤʝʥ ʵʣʝʢʪʨʣʽʢ װʡʣʝʩʽʤʜʽʣʽʛʽ, 

ʩʦʥʜʘʡ-ʘץ, ʢװʨʜʝʣʽ ʞʦʣ ʞʘסʜʘʡʣʘʨʳʥʜʘ ʞʦסʘʨʳ ʪʨʘʬʠʛʽ ʙʘʨ ʙʘʩץʘ ʘʥʘʣʦʛʪʘʨ 

 .ʩʳʥʳʣʜʳ [78], [80]ײ

ɿʝʨʪʪʝʫʜʽש ʪʝʭʥʠʢʘʣʳץ ʥᴅʪʠʞʝʩʽ ʘʣʜʳסשʳ ʞᴅʥʝ ʘʨʪץʳ ʦʩʴʪʽ ʤʦʙʠʣʴʜʽ ʞʦʣ 

ᴇʪʧʝʩʽʥʽש ʦʨʪʘʩʳʥʘ ʞʳʣʞʳʪʫ ʞװʡʝʩʽʥ ᴅʟʽʨʣʝʫ ʙʦʣʳʧ ʪʘʙʳʣʘʜʳ (ʩʫʨʝʪ 3.20), ʙײʣ 

ʦʥʳש ᴅʨʪװʨʣʽ ʞײʤʳʩ ʞʘסʜʘʡʣʘʨʳʥʜʘ ʦשʪʘʡʣʳ ʞײʤʳʩ ʽʩʪʝʫʽʥ ץʘʤʪʘʤʘʩʳʟ ʝʪʝʜʽ. 

ɸʪʘʧ ʘʡʪץʘʥʜʘ, ʞʦʣ ᴇʪʧʝʩʽʥ ʪʨʘʥʰʝʷ װʩʪʽʥʜʝʛʽ ʞײʤʳʩ ʞʘסʜʘʡʳʥʘ ʘʫʳʩʪʳʨʫʜʳ 

 ץʘʣʘסשʜʘʡʳʥʜʘ (ʩʫʨʝʪ 3.17, ʘ) ʜʦסʘʤʪʘʤʘʩʳʟ ʝʪʫ (ʩʫʨʝʪ 3.17, ʙ), ᴇʡʪʢʝʥʽ ʢᴇʣʽʢ ʞʘץ

ʞײʧʪʘʨʳ ʞʦʣ ᴇʪʧʝʩʽʥ ʥʝʛʽʟʜʝ ʙʝʢʽʪʫ װʰʽʥ ʞʝʪʢʽʣʽʢʪʽ ʪʽʨʝʢ ץʘʤʪʘʤʘʩʳʟ ʝʪʧʝʜʽ, ʙײʣ 

ʦʥʳ ʢᴇʣʽʢ ײץʨʘʣʜʘʨʳʥʳש ᴇʪʫʽ װʰʽʥ ʧʘʡʜʘʣʘʥʫסʘ ʢʝʜʝʨʛʽ ʢʝʣʪʽʨʜʽ [55]. 

 .ʳ ʦʩʴ (3.20 ʩʫʨʝʪ, ʙץʳ ʞᴅʥʝ ʘʨʪסשʤʳʩ ʽʩʪʝʡʜʽ. ɸʣʜʳײʳ ʢʝʣʝʩʽʜʝʡ ʞסʨʳʣײפ

ʧʦʟ. 1) ʞʳʣʞʳʤʘʣʳ ʢʘʨʝʪʢʘʣʘʨ ʜʝʧ ʘʪʘʣʘʪʳʥ ʘʨʥʘʡʳ ʢʦʥʩʪʨʫʢʮʠʷʣʘʨסʘ 

ʙʝʢʽʪʽʣʛʝʥ (3.20 ʩʫʨʝʪ, ʘ). ɹײʣ ʢʘʨʝʪʢʘʣʘʨ (ʩʫʨʝʪ 3.20, ʙ, 2 ʧʦʟ) ʝʢʽ ʙʦʡʣʳץ ץʦʩ 

ʪʘʚʨʣʳ ʙʘʣʢʘסʘ ץʘʪʳʩʪʳ ʩʦʣסʘ ʞᴅʥʝ ʦסשʘ (ʢᴇʣʜʝʥʝשʽʥʝʥ) ʞʳʣʞʫ ʤװʤʢʽʥʜʽʛʽʥ 

 ʘʣʳʩʳ ʽʰʢʝסʦʟץ שʘʪʘʨ, ʦʣʘʨʜʳץ ʘʤʪʘʤʘʩʳʟ ʝʪʝʜʽ (ʩʫʨʝʪ 3.20, ʙ, 4 ʧʦʟ.). ʉʦʥʳʤʝʥץ

 ʣ ʦʩʴʪʝʨײʘʥ. ɹסʳʪʪʘʣסʘʨʘʡ ʙʘץ ʦʨʪʘʩʳʥʘ שʘʨʘʡ, ᴇʪʢʝʣ ʧʣʘʪʬʦʨʤʘʩʳʥʳץ

ʢʦʥʩʪʨʫʢʮʠʷ ʞײʤʳʩ ʽʩʪʝʧ ʪײʨסʘʥ ʢʝʟʜʝ ᴇʟ ʦʨʥʳʥ ʘʚʪʦʤʘʪʪʳ ʪװʨʜʝ ʨʝʪʪʝʫ װʰʽʥ 

ʞʘʩʘʣʘʜʳ. 

 

   

ʘ) ʙ) 

 

ʉʫʨʝʪ 3.20 ï ʄʦʙʠʣʴʜʽ ʞʦʣ ᴇʪʧʝʩʽʥʽש ʞʳʣʞʳʤʘʣʳ ʢʘʨʝʪʢʘʩʳʥʳש ʢᴇʨʽʥʽʩʽ 
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ʆʩʴʪʝʨʜʽ ʦשʘʡ ʞᴅʥʝ ץʘʞʝʪʩʽʟ װʡʢʝʣʽʩʩʽʟ ʞʳʣʞʳʪʫ װʰʽʥ ʘʨʥʘʡʳ ʤʝʭʘʥʠʟʤ 

 ʘʥ ʙᴇʣʽʛʽʥʜʝ ʨʦʣʠʢʪʝʨץʢʘʨʝʪʢʘʣʘʨ ʤʝʥ ʦʩʴʪʝʨ ʦʨʥʘʣʘʩ שʘʥ. ɹʘʣʢʘʥʳסʘʨʘʩʪʳʨʳʣץ

ʦʨʥʘʪʳʣסʘʥ (ʩʫʨʝʪ - 3.20, 3 ʧʦʟ.). ᴄʨ ʢʘʨʝʪʢʘʜʘ ʪᴇʨʪ ʨʦʣʠʢʪʝʥ ʙʘʨ. ɹײʣ ʨʦʣʠʢ 

 .ʤʢʽʥʜʽʢ ʙʝʨʝʜʽ [55]װʫʳʥʘ ʤסʤʦʡʳʥʪʽʨʝʢʪʝʨʜʝʛʽʜʝʡ ʪʝʛʽʩ ʩʳʨ שʨʳʣʳʤʥʳײץ

ʉʦʥʳש ʥᴅʪʠʞʝʩʽʥʜʝ ץʦʟסʘʣʳʩ ʢʝʜʝʨʛʽʩʽ ʘʟʘʡʳʧ, ʢʘʨʝʪʢʘʣʘʨʜʳץ שʦʟסʘʣʳʩʳ 

ʘʥʘײסʨʣʳʤ ʞײʤʩʘץ ʞᴅʥʝ ʪײʨʘץʪʳ ʙʦʣʘʜʳ. 

ʄʝʭʘʥʠʢʘʣʳץ ʰʝʰʽʤʜʝʨʜʽש ʥײʩץʘʣʘʨʳ: ʨʝʣʴʩʪʽʢ, ʰʳʥʞʳʨ ʪʘʙʘʥʜ  rʞᴅʥʝ 

ʜʦסשʘʣʘץ ʥײʩץʘʣʘʨʳʥ ʪʘʣʜʘʫ ʩʦסשʳʩʳʥʳש ʘʨʪʳץʰʳʣʳץʪʘʨʳʥ ʢᴇʨʩʝʪʪʽ. ʆʣ 

ʞʦסʘʨʳ ʤʘʥʝʚʨʣʽʢ, ʽʩʢʝ ʘʩʳʨʫʜʳץ שʘʨʘʧʘʡʳʤʜʳʣʳסʳ, ᴅʨ ʪװʨʣʽ ʪʠʧʪʝʛʽ 

ᴅʤʙʝʙʘʧʪʳ[55] ץ. ʇʘʡʜʘʣʘʥʫ ʢᴇʨʩʝʪʢʽʰʪʝʨʽ ʝʩʢʝʨʽʣʜʽ: ײץʨʳʣʳʤʥʳש ᴇʣʰʝʤʜʝʨʽ 

ʤʝʥ ʩʘʣʤʘסʳ, ʦʩʴʢʝ ʨץײʩʘʪ ʝʪʽʣʛʝʥ ʞװʢʪʝʤʝ, ʩʦʥʜʘʡ-ʘץ ʪײʨʘץʪʳʣʳץץʘ ץʦʡʳʣʘʪʳʥ 

ʪʘʣʘʧʪʘʨ. 

ɸʣʜrסש  rʞᴅʥʝ ʘʨʪץʳ ʦʩʴʪʝʨʜʽש ʦʨʥʳʥ ᴇʟʛʝʨʪʫ ʘʨʥʘʡʳ ʙʘʨʘʙʘʥʜʳ ʘʡʥʘʣʜʳʨʫ 

ʘʨץʳʣʳ ʞװʟʝʛʝ ʘʩʳʨʳʣʘʜʳ (ʩʫʨʝʪ. 3.21, 1 ʧʦʟ.), ʦʣ ʘʨץʳʣʳ ʢװʰ ʪʨʦʩץʘ (ʩʫʨʝʪ 

3.21, 2 ʧʦʟ.) ʙʝʨʽʣʝʜʽ. ɹʘʨʘʙʘʥ ʘʡʥʘʣסʘʥ ʢʝʟʜʝ ʪʨʦʩ ʢʝʨʥʝʫʽ ᴇʟʛʝʨʝʜʽ, ʩʦʥʳש 

ʥᴅʪʠʞʝʩʽʥʜʝ ʦʩʴ (ʩʫʨʝʪ 3.21, 3 ʧʦʟ.) ץʘʞʝʪʪʽ ʦʨʳʥסʘ ʞʳʣʞʠʜʳ. ʊʨʦʩʪʳ ʪʘʨʪʫ 

ʵʣʝʢʪʨ ʞʝʪʝʛʽ ʘʨץʳʣʳ ʞװʟʝʛʝ ʘʩʳʨʳʣʘʜʳ (ʩʫʨʝʪ 3.21, ʧʦʟ. 4) ʦʩʴʪʽש ʜᴅʣ 

ʦʨʥʘʣʘʩʫʳʥ ץʘʤʪʘʤʘʩʳʟ ʝʪʝʜʽ. 

 

 
 

ʉʫʨʝʪ 3.21 ï ɾʳʣʞʳʤʘʣʳ ʧʣʘʪʬʦʨʤʘʥʳ ʙʘʩץʘʨʫ ʤʝʭʘʥʠʟʤʽ 

 

ʄʦʙʠʣʴʜʽ ʞʦʣ ᴇʪʧʝ ʦʩʴʪʝʨʜʽץ שʦʟסʘʣʳʩʳʥʳש ʵʣʝʢʪʨ ʞʝʪʝʛʽʥ ʙʘʩץʘʨʫ 

 ʢᴇʤʝʛʽʤʝʥ שʘʨʫ ʧʫʣʴʪʽʥʽץʪʘʥ ʙʘʩץʘʰʳץ ʘʨʳʣʘʪʳʥץʳ 5 ʤ ʢʘʙʝʣʴʜʽʢ ʙʘʩסʟʳʥʜʳײ

ʞװʟʝʛʝ ʘʩʳʨʳʣʘʜʳ. ɹײʣ ʰʝʰʽʤ ʦʧʝʨʘʪʦʨסʘ ץʦʟסʘʣʘʪʳʥ ײץʨʳʣʳʤʜʳץ 

ʵʣʝʤʝʥʪʪʝʨʜʝʥ ץʘʫʽʧʩʽʟ ץʘʰʳץʪʳץʪʘ ʙʦʣʫסʘ ʞᴅʥʝ ʦʩʴʪʝʨʜʽץ שʦʟסʘʣʳʩʳʥ 

ʙʘץʳʣʘʥʘʪʳʥ ʪᴅʨʪʽʙʽʥ ʦʨʳʥʜʘʫסʘ ʤװʤʢʽʥʜʽʢ ʙʝʨʝʜʽ. 

3.22 ʩʫʨʝʪʪʝ ʤʦʙʠʣʴʜʽ ʞʦʣ ᴇʪʧʝʩʽʥʽש ʘʚʪʦʥʦʤʜʳ ʵʣʝʢʪʨʤʝʥ ץʦʨʝʢʪʝʥʜʽʨʫ, 

ʢʘʙʝʣʴʜʽ ʙʘʩץʘʨʫ ʞᴅʥʝ ʩʠʛʥʘʣ ʙʝʨʫ ʞʘʙʜʳץʪʘʨʳʥʳץ שʦʩʳʣʫ ʩײʣʙʘʩʳ ʢᴇʨʩʝʪʽʣʛʝʥ. 

ɾװʡʝʜʝ ʢװʥ ʧʘʥʝʣʽ ʘʨץʳʣʳ ʘʢʢʫʤʫʣʷʪʦʨʣʳץ ʙʘʪʘʨʝʷ ʟʘʨʷʜʪʘʣʘʜʳ, ʘʣ 

ʘʢʢʫʤʫʣʷʪʦʨ 24 ɺ ʪײʨʘץʪʳ ʪʦʢʧʝʥ ᴇʩʪʽ ʞʳʣʞʳʪʫ ʵʣʝʢʪʨʞʝʪʝʛʽʥ, ʢʘʙʝʣʴʜʽ ʙʘʩץʘʨʫ 

ʧʫʣʴʪʽʥ ʞᴅʥʝ ʝʩʢʝʨʪʫ ʰʘʤʜʘʨʳʥ ץʦʨʝʢʪʝʥʜʽʨʝʜʽ. ɾʦʣ ᴇʪʧʝʩʽ ʦʨʥʘʪʳʣסʘʥʥʘʥ 

ʢʝʡʽʥ ʞʳʧʳʣʳץʪʘʡʪʳʥ ʩʠʛʥʘʣ ʙʝʨʫ ʰʘʤʜʘʨʳ ʘʚʪʦʤʘʪʪʳ ʪװʨʜʝ ʥʝʤʝʩʝ ʙᴇʣʝʢ 

ʪʽʟʙʝʢ ʘʨץʳʣʳ ʽʩʢʝ ץʦʩʳʣʳʧ, ʞװʨʛʽʟʫʰʽʣʝʨʛʝ ץʘʫʽʧʩʽʟʜʽʢ ʪʫʨʘʣʳ ʝʩʢʝʨʪʫ ʙʝʨʝʜʽ 

[102]. ɹײʣ ʰʝʰʽʤ ʪʘʨʪץʳʰʪʘʥ ʘʞʳʨʘʪʳʣסʘʥʥʘʥ ʢʝʡʽʥ ʜʝ ʞʦʣ ᴇʪʧʝʩʽʥʽש 

ʘʚʪʦʥʦʤʜʳ ʞײʤʳʩ ʽʩʪʝʫʽʥ ʞᴅʥʝ ʧʘʡʜʘʣʘʥʫ ץʘʫʽʧʩʽʟʜʽʛʽʥ ץʘʤʪʘʤʘʩʳʟ ʝʪʝʜʽ. 
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ʉʫʨʝʪ 3.22 - ʄʦʙʠʣʴʜʽ ʞʦʣ ᴇʪʧʝʩʽʥʽש ʘʚʪʦʥʦʤʜʳ ʵʣʝʢʪʨ ʢᴇʟʽʤʝʥ 

 ʡʝʩʽװʦʨʝʢʪʝʥʜʽʨʫ ʞץ

 

ɸʣʜʳסשʳ ʞᴅʥʝ ʘʨʪץʳ ʦʩʴʪʝʨʜʽש ʞʳʣʞʳʤʘʣʳ ʢʘʨʝʪʢʘʣʘʨʜʳ ʢᴇʣʽʢ 

ʞʘסʜʘʡʳʥʜʘ ʪʽʨʢʝʤʝ ʞʘץʪʘʫʳʥʳץ שʦʩ ʪʘʚʨʣʳ ʙʘʣʢʘʥʳש ʵʢʩʪʨʝʤʘʣʜʳ 

ʧʦʟʠʮʠʷʣʘʨʳʥʜʘ ʦʨʥʘʣʘʩʘʜʳ ʞᴅʥʝ ʧʥʝʚʤʘʪʠʢʘʣʳץ ʮʠʣʠʥʜʨʣʝʨ-ʬʠʢʩʘʪʦʨʣʘʨʜʳש 

(ʩʫʨʝʪ 3.23 ʘ, ʙ, 1 ʧʦʟ.). ʢᴇʤʝʛʽʤʝʥ ץʘʪʘש ʙʝʢʽʪʽʣʝʜʽ. ɹײʣ ʮʠʣʠʥʜʨʣʝʨʜʽש ᴇʟʝʢʪʝʨʽ 

ʙʦʣʘʪ ʩʘʫʩʘץʪʘʨʜʳץ שʳʟʤʝʪʽʥ ʘʪץʘʨʘʜʳ (ʩʫʨʝʪ 3.23 ʘ, ʧʦʟ. 2) ʞᴅʥʝ ʢʘʨʝʪʢʘ 

ʢʦʨʧʫʩʳʥʘ ʩᴅʡʢʝʩ ץʦʩ ʪʘʚʨʣʳ ʙʘʣʢʘʥʳש ʞʦסʘʨסʳ ץʘʙʳʨסʘʩʳʥʜʘ ʞʘʩʘʣסʘʥ ᴇʪʧʝʣʽ 

ʪʝʩʽʢʪʝʨʛʝ (ʩʫʨʝʪ. 3.23, ʘ) ʢʽʨʝʜʽ [55]. 

 

  

ʘ ʙ 

ʉʫʨʝʪ 3.23 ï ɾʳʣʞʳʤʘʣʳ ʢʘʨʝʪʢʘʥʳ ʙʝʢʽʪʫ ʤʝʭʘʥʠʟʤʽ 

 

ᴄʨ ʢᴇʧʽʨʜʝ ʝʢʽʜʝʥ ʢʘʨʝʪʢʘ ʦʨʥʘʪʳʣסʘʥ: ʘʣʜʳסשʳ ʞʘסʳʥʜʘ ʝʢʽ ʢʘʨʝʪʢʘ ʙʘʨ 

(ʩʫʨʝʪ 3.23 ʙ, ʧʦʟ. 3) ʙʘʨʣʳסʳ ʪᴇʨʪ ʪʝʩʽʢ ʙʘʨ (ʩʫʨʝʪ 3.23 ʙ, ʧʦʟ. 4), ʘʨʪץʳ ʢᴇʧʽʨʜʝ 

ʜʝ ʜᴅʣ ʦʩʳʣʘʡ ʝʢʽ ʢʘʨʝʪʢʘ ʞᴅʥʝ ʪᴇʨʪ ʩᴅʡʢʝʩ ʢʝʣʝʪʽʥ ʪʝʩʽʢ ץʘʨʘʩʪʳʨʳʣסʘʥ. 

ʊʘʨʪץʳʰʪʳש ʙʦʨʪʪʳץ ʧʥʝʚʤʘʪʠʢʘʣʳץ ʞװʡʝʩʽʥʝʥ ʩʳסʳʣסʘʥ ʘʫʘʥʳ ʙʝʨʫ ʢʝʟʽʥʜʝ 
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ᴇʟʝʢ-ʩʘʫʩʘץ ʩʳʨʪץʘ ץʘʨʘʡ ʠʪʝʨʽʣʝʜʽ ʞᴅʥʝ ʩʘשʳʣʘʫʣʘʨʜʳ ʜᴅʣ ʪʫʨʘʣʘʫ ʘʨץʳʣʳ 

ʢᴇʧʽʨʣʝʨʜʽש ʙʦʡʣʳץ ʞʳʣʞʫʳʥ ʙʦʣʜʳʨʤʘʡ, ʢʘʨʝʪʢʘʣʘʨʜʳש ʞʘץʪʘʫʤʝʥ ץʘʪʘש 

ʤʝʭʘʥʠʢʘʣʳץ ʙʘʡʣʘʥʳʩʳʥ ץʘʤʪʘʤʘʩʳʟ ʝʪʝʜʽ. 

ʂʘʨʝʪʢʘʣʘʨʜʳ ʞʳʣʞʳʪʫ װʰʽʥ ʙʦʩʘʪʫ ʧʥʝʚʤʘʪʠʢʘʣʳץ ʢʣʘʧʘʥʜʳ (ʩʫʨʝʪ 3.23, 

ʘ, 1 ʧʦʟ.)  çʰʳסʘʨʫè ʢװʡʽʥʝ ʘʫʳʩʪʳʨʫ ʘʨץʳʣʳ ʞװʟʝʛʝ ʘʩʳʨʳʣʘʜʳ. ʆʩʳ ʢʝʟʜʝ 

-ʳʩʳʤ ʘʡʳʨʤʘʩʳ ʰʪʦʢץ ʘʨʳʣʘʜʳ, ʘʣ ʩʝʨʽʧʧʝ ʥʝʤʝʩʝסʘ ʰʳסʳʩʳʤ ʘʪʤʦʩʬʝʨʘץ

ʩʘʫʩʘץʪʳ ʮʠʣʠʥʜʨ ʢʦʨʧʫʩʳʥʳש ʽʰʽʥʝ ʪʘʨʪʳʧ ʘʣʘʜʳ. ʉʦʥʳש ʥᴅʪʠʞʝʩʽʥʜʝ ʢʘʨʝʪʢʘ 

ʣʦʥʞʝʨʦʥ ʙʦʡʳʤʝʥ ʢʝʣʝʩʽ ʙʝʢʽʪʽʣʛʝʥ ʦʨʳʥסʘ ʜʝʡʽʥ ʝʨʢʽʥ ץʦʟסʘʣʘ ʘʣʘʜʳ. 

ʇʥʝʚʤʘʪʠʢʘʣʳץ ʞʝʪʝʢʪʽ ʪʘשʜʘʫ ʪʘʨʪץʳʰʪʘ ʙʽʨʳסשʘʡ ʘʫʘ ʞʝʣʽʩʽʥʽש ʙʦʣʫʳʥʘ 

ʙʘʡʣʘʥʳʩʪʳ, ʙײʣ ʢʦʥʩʪʨʫʢʮʠʷʥʳ ʞʝשʽʣʜʝʪʝʜʽ, ʪʦʨʘʧʪʳש ʤʘʩʩʘʩʳʥ ʘʟʘʡʪʘʜʳ ʞᴅʥʝ 

ʩʪʘʥʜʘʨʪʪʘʣסʘʥ ץʳʟʤʝʪ ʢᴇʨʩʝʪʝʜʽ. 

ʇʥʝʚʤʘʪʠʢʘʣʳײץ ץʣʳʧʪʘʫ ʮʠʣʠʥʜʨʣʝʨʽʥ ʪʘʨʪʳʣʘʪʳʥ ᴇʟʝʢ ʩʘʫʩʘץʪʘʨʳʤʝʥ 

ʞᴅʥʝ ʢʘʨʝʪʢʘʣʘʨ ʤʝʥ ʞʘץʪʘʫʜʳץ שʦʩ ʪʘʚʨʣʳ ʙʘʣʢʘʣʘʨʳʥʜʘסʳ ʜᴅʣ ʙʽʨʽʢʪʽʨʽʣʛʝʥ 

ʪʝʩʽʢʪʝʨʤʝʥ ץʦʣʜʘʥʫ ʢᴇʧʽʨʣʝʨʜʽש ʢᴇʣʽʢ ʞʘסʜʘʡʳʥʜʘ ʩʝʥʽʤʜʽ ʙʝʢʽʪʽʣʫʽʥ 

 .ʽʣʜʝʪʝʜʽשʨʫ ʧʨʦʮʝʩʽʥ ʞʝײץ ʘʡʪʘץ ʘʤʪʘʤʘʩʳʟ ʝʪʝʜʽ ʞᴅʥʝ ʦʣʘʨʜʳץ

ʊʘʣʜʘʫ ʞᴅʥʝ ʩʘʣʳʩʪʳʨʤʘʣʳ ʩʳʥʘץʪʘʨ ʥᴅʪʠʞʝʩʽʥʜʝ ʧʥʝʚʤʘʪʠʢʘʣʳץ ʞװʡʝʥʽ 

ʧʘʡʜʘʣʘʥʫ ʪʫʨʘʣʳ ʰʝʰʽʤ ץʘʙʳʣʜʘʥʜʳ, ᴇʡʪʢʝʥʽ ʦʣ ʢʦʥʩʪʨʫʢʮʠʷ ʪʘʣʘʧʪʘʨʳʥʘ 

ʩᴅʡʢʝʩ ʢʝʣʝʜʽ. ʇʥʝʚʤʘʪʠʢʘʣʳץ ʞװʡʝʥʽש ʥʝʛʽʟʛʽ ʘʨʪʳץʰʳʣʳץʪʘʨʳ ʦʥʳש ʞʦסʘʨʳ 

ʩʝʥʽʤʜʽʣʽʛʽ, ʞײʤʳʩ ʪʠʽʤʜʽʣʽʛʽ ʞᴅʥʝ ʊפʂ ץʘʨʘʧʘʡʳʤʜʳʣʳסʳ ʙʦʣʳʧ ʪʘʙʳʣʘʜʳ. 

ʉʦʥʳʤʝʥ ץʘʪʘʨ, ʧʥʝʚʤʘʪʠʢʘʣʳץ ʞװʡʝʥʽ ʪʘשʜʘʫ ʢʝʣʝʩʽ ʩʝʙʝʧʪʝʨʛʝ ʙʘʡʣʘʥʳʩʪʳ 

ʞʘʩʘʣʜʳ: 

 ʧʥʝʚʤʘʪʠʢʘʣʳץ ʪʝʞʝʛʽʰ ʞװʡʝʩʽʤʝʥ װʡʣʝʩʽʤʜʽʣʽʢ [78]. ʄʦʙʠʣʴʜʽ ʞʦʣ ᴇʪʧʝʩʽ 

ʧʥʝʚʤʘʪʠʢʘʣʳץ ʪʝʞʝʛʽʰ ʞװʡʝʩʽʤʝʥ ʞʘʙʜʳץʪʘʣסʘʥ, ʙײʣ ʢʦʤʧʦʥʝʥʪʪʝʨʜʽ 

ʙʽʨʽʟʜʝʥʜʽʨʫʛʝ ʞᴅʥʝ ʞײʤʳʩʪʳ ʞʝשʽʣʜʝʪʫʛʝ ʤװʤʢʽʥʜʽʢ ʙʝʨʝʜʽ. 

 ʞʳʣʞʳʤʘʣʳ ʢʘʨʝʪʢʘʥʳ ʙʝʢʽʪʫ ʪʠʽʤʜʽʣʽʛʽ. ʇʥʝʚʤʘʪʠʢʘʣʳײץ ץʣʳʧʪʘʨ 

ʵʣʝʤʝʥʪʪʝʨʜʽש ᴇʟʜʽʛʽʥʝʥ ʞʳʣʞʫʳʥ ʙʦʣʜʳʨʤʘʡ, ײץʨʳʣʳʤʜʳ ʳʜʳʨʘסʘʥ ʢװʡʜʝ 

ʩʝʥʽʤʜʽ ʙʝʢʽʪʫʜʽ ץʘʤʪʘʤʘʩʳʟ ʝʪʝʜʽ. 

 ʪʘʨʪץʳʰ ʢᴇʣʽʢʧʝʥ װʡʣʝʩʽʤʜʽʣʽʢ, ᴇʡʪʢʝʥʽ ʩװʡʨʝʪʽʣʝʪʽʥ ʢᴇʣʽʢ ʧʥʝʚʤʘʪʠʢʘ-ʣʳץ 

ʞװʡʝʥʽ ʧʘʡʜʘʣʘʥʘʜʳ. ɹײʣ ʧʥʝʚʤʘʪʠʢʘʣʳץ ᴇʪʢʝʣ ʤʝʭʘʥʠʟʤʜʝʨʽʥ ʙʘʩץʘʨʫʜʳ ʦʥʳש 

ʞװʡʝʩʽʤʝʥ ʙʽʨʽʢʪʽʨʫʛʝ ʤװʤʢʽʥʜʽʢ ʙʝʨʝʜʽ ʞᴅʥʝ ʪʘʩʳʤʘʣʜʘʫ ʞᴅʥʝ ʦʨʥʘʪʫ ʧʨʦʮʝʩʽʥ 

ʞʝשʽʣʜʝʪʝʜʽ [78], [80]. 

ʆʩʳʣʘʡʰʘ, ʧʥʝʚʤʘʪʠʢʘʣʳץ ʞװʡʝ ʩʝʥʽʤʜʽʣʽʢ, ʳסשʘʡʣʳʣʳץ ʞᴅʥʝ ʊפʂ 

ʘʨʘʩʳʥʜʘסʳ ʦשʪʘʡʣʳ ʪʝʧʝ-ʪʝשʜʽʢʪʽ ץʘʤʪʘʤʘʩʳʟ ʝʪʝʜʽ. ױʩʳʥʳʣסʘʥ ʜʦסשʘʣʘץ 

ʞײʧʪʘʨʳʥʳש ʢʦʥʩʪʨʫʢʮʠʷʩʳ ʞᴅʥʝ ʤʦʙʠʣʴʜʽ ʞʦʣ ᴇʪʧʝʩʽʥ ʦʨʥʘʪʫ ʤʝʭʘʥʠʟʤʽ ʦʥʳ 

ʤʘץʩʘʪʳʥʘ ʩʘʡ ʧʘʡʜʘʣʘʥʫʜʳ ץʘʤʪʘʤʘʩʳʟ ʝʪʝ ʦʪʳʨʳʧ, ʢᴇʣʽʢ ʞʘסʜʘʡʳʥʘʥ ʞײʤʳʩ 

ʞʘסʜʘʡʳʥʘ ʪʝʟ ʞᴅʥʝ ʳסשʘʡʣʳ ʘʫʳʩʫ ʤװʤʢʽʥʜʽʛʽʥ ץʘʤʪʘʤʘʩʳʟ ʝʪʝʜʽ. 

2-ʇʅ-9ʄ  ʪʽʨʢʝʤʝ-ʰʘʩʩʠ ʪʝʞʝʛʽʰ ʞװʡʝʩʽ ʪʽʨʢʝʤʝʥʽש ʙʘʨʣʳץ ʜᴇשʛʝʣʝʢʪʝʨʽʥ 

 ץʨʘײʤʳʩ ʞᴅʥʝ ʪײʘʤʪʘʤʘʩʳʟ ʝʪʝʪʽʥ ʞץ ʪʘʪʫʜʳץʘʫʽʧʩʽʟ ʙʘʷʫʣʘʪʫʜʳ ʞᴅʥʝ ʪʦץ

ʤʝʭʘʥʠʟʤʜʝʨʽʥʽש ʢʝʰʝʥʽ ʙʦʣʳʧ ʪʘʙʳʣʘʜʳ [80].  

ʊʝʞʝʛʽʰ ʞװʡʝʩʽ - ʥʝʛʽʟʛʽ ʨʝʪʽʥʜʝ 2-ʇʅ-9ʄ ʩʝʨʠʷʣʳץ ʪʽʨʢʝʤʝʥʽש ʰʪʘʪʪʳץ 

ʞװʡʝʩʽ ʘʣʳʥʜʳ - ʙʘʨʣʳץ ʜᴇשʛʝʣʝʢʪʝʨʜʝ ʙʘʨʘʙʘʥʜʳ ʪʝʞʝʛʽʰ ʤʝʭʘʥʠʟʤʜʝʨʽ ʙʘʨ ʙʽʨ 

ᴇʪʢʽʟʛʽʰʪʽ ʧʥʝʚʤʘʪʠʢʘʣʳץ ʞװʡʝ. ɸʣʘʡʜʘ, ʥʝʛʽʟʛʽ ʬʫʥʢʮʠʷʣʘʨʜʳץ שʘʫʽʧʩʽʟʜʽʛʽ ʤʝʥ 

ʪᴅʫʝʣʩʽʟʜʽʛʽʥ ץʘʤʪʘʤʘʩʳʟ ʝʪʫ װʰʽʥ ʦʣ ʪʦʣʳץʪʳʨʳʣʜʳ ʞᴅʥʝ ᴇʟʛʝʨʪʽʣʜʽ [80]. ɾװʡʝ 

ᴅʨץʘʡʩʳʩʳʥʳש ʞʝʢʝ ʘʫʘ ʨʝʩʠʚʝʨʽ (ʙʘʣʣʦʥʳ) ʙʘʨ ʝʢʽ ʪᴅʫʝʣʩʽʟ ʢʦʥʪʫʨʜʘʥ ʪײʨʘʜʳ. 
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ɾײʤʳʩ ʞᴅʥʝ ʘʚʘʨʠʷʣʳץ ʪʝʞʝʫ ʪʽʟʙʝʛʽ: ˉ1 ʨʝʩʠʚʝʨʜʝʥ ץʫʘʪ ʘʣʘʜʳ. ɼʠʩʢ 

ʢʣʘʩʩʠʢʘʣʳץ ʙʽʨ ᴇʪʢʽʟʛʽʰʪʽ ʩײʣʙʘ ʙʦʡʳʥʰʘ ʞײʤʳʩ ʽʩʪʝʡʜʽ. ʊʘʨʪץʳʰʪʳש ʪʝʞʝʛʽʰ 

ʧʝʜʘʣʳʥ ʙʘʩץʘʥ ʢʝʟʜʝ, ʪʝʞʝʛʽʰ ʢʨʘʥ ʘʨץʳʣʳ ץʦʩʳʣʘʪʳʥ ʤʘʛʠʩʪʨʘʣʴʜʘסʳ 

 ʪʝʞʝʛʽʰ ʢʘʤʝʨʘʣʘʨʳʥʘ ˉ1 שʛʝʣʝʢʪʽשʪᴇʨʪ ʜᴇ ץʪᴇʤʝʥʜʝʫʽ ʙʘʨʣʳ שʳʩʳʤʥʳץ

 .ʳʰʳʥʘ ᴅʩʝʨ ʝʪʝʜʽץʘʫʘ ʪʘʨʘʪ שʘʥ ʘʫʘʥʳ ʙʝʨʝʪʽʥ ʪʽʨʢʝʤʝʥʽסʳʣסʳʰʪʘʥ ʩʳסʘʙʳʣʜʘץ

ɾװʡʝ ʘʧʘʪʪʳץ ʢʣʘʧʘʥʤʝʥ ʞʘʙʜʳץʪʘʣסʘʥ, ʦʣ ʤʘʛʠʩʪʨʘʣʴ װʟʽʣʛʝʥ ʥʝʤʝʩʝ 

ʪʘʨʪץʳʰʧʝʥ ʙʦʩʘʪʳʣסʘʥ ʢʝʟʜʝ ʪʽʨʢʝʤʝʥʽש ʪʦʣʳץ ʪʝʞʝʣʫʽʥ ʘʚʪʦʤʘʪʪʳ ʽʩʢʝ ץʦʩʘʜʳ, 

ʪʽʨʢʝʤʝʥʽ ʦʨʥʳʥʜʘ ʙʝʢʽʪʝʜʽ. 

ɹʝʢʽʪʫ ʞװʡʝʣʝʨʽ ʤʝʥ ץʦʩʘʣץʳ ʤʝʭʘʥʠʟʤʜʝʨʜʽש ʢʦʥʪʫʨʳ: ˉ 2 ʨʝʩʠʚʝʨʜʝʥ ץʫʘʪ 

ʘʣʘʜʳ. ɹײʣ ʪʽʟʙʝʢ ʧʥʝʚʤʘʪʠʢʘʣʳץ ʮʠʣʠʥʜʨʣʝʨʜʽש ʞײʤʳʩʳʥʘ ʞʘʫʘʧ ʙʝʨʝʜʽ-

ʞʳʣʞʳʤʘʣʳ ʢʘʨʝʪʢʘʥʳ ʙʝʢʽʪʝʜʽ. ʊʝʞʝʛʽʰ ʪʽʟʙʝʛʽʥʝʥ ʪᴅʫʝʣʩʽʟ ʙʦʣʫʳ ʪʽʨʝʢʪʝʨʜʽ 

ʙʝʢʽʪʫ ʥʝʤʝʩʝ ʙʝʢʽʪʫ ʦʧʝʨʘʮʠʷʣʘʨʳ ʪʝʞʝʛʽʰ ʞװʡʝʩʽʥʜʝʛʽ ץʳʩʳʤסʘ ᴅʩʝʨ ʝʪʧʝʡʪʽʥʽʥ 

ʞᴅʥʝ ʢʝʨʽʩʽʥʰʝ ʙʦʣʫʳʥ ץʘʤʪʘʤʘʩʳʟ ʝʪʝʜʽ. ɽʢʽ ʨʝʩʠʚʝʨ ʜʝ ʪʘʨʪץʳʰʪʳש ʞʘʣʧʳ 

ʧʥʝʚʤʘʪʠʢʘʣʳץ ʞʝʣʽʩʽʥʝʥ ʙᴇʣʫ ʢʣʘʧʘʥʳ ʘʨץʳʣʳ ʪʦʣʪʳʨʳʣʘʜʳ, ʙײʣ ʪʽʟʙʝʢʪʝʨ 

ʘʨʘʩʳʥʜʘסʳ ʘʫʘ ʘסʳʥʳʥ ʙʦʣʜʳʨʤʘʡʜʳ. ʊײʨʘץ (ץʦʣʤʝʥ) ʪʝʞʝʛʽʰ ʞװʡʝʩʽ ʙᴇʣʝʢ 

ʞװʟʝʛʝ ʘʩʳʨʳʣʘʜʳ ʞᴅʥʝ ʪʝʢ ʘʨʪץʳ ʦʩʴ ʜᴇשʛʝʣʝʢʪʝʨʽʥʝ ᴅʩʝʨ ʝʪʝʜʽ. ɹײʣ ʢᴇʣʙʝʫ 

ʪײʨʘץ ʢʝʟʽʥʜʝ ץʦʩʳʤʰʘ ץʘʫʽʧʩʽʟʜʽʢʪʽ ץʘʤʪʘʤʘʩʳʟ ʝʪʝʜʽ, ᴇʡʪʢʝʥʽ ʘʨʪץʳ ʦʩʴ 

ʽʣʽʥʽʩʫʛʝ ʞʘץʳʥ ʙʦʣסʘʥʜʳץʪʘʥ, ʢʝʨʽ ʢʝʪʫʜʽ ʙʦʣʜʳʨʤʘʡʜʳ. 
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ʘʨץʳʣʳ  ʪʝʞʝʛʽʰ ʢʘʤʝʨʘʣʘʨʳʥʘ (ʩʫʨʝʪ 3.24, 10 ʧʦʟ.) ʪװʩʝʜʽ, ʪʽʨʢʝʤʝ ʪʝʞʝʣʝʜʽ. 

ʊʝʞʝʫ ʢʝʟʽʥʜʝ ʪʝʞʝʛʽʰ ʢʘʤʝʨʘʣʘʨʳʥʘʥ ʘʫʘ ʪʘʨʘʪץʳʰ ʘʨץʳʣʳ ʘʪʤʦʩʬʝʨʘסʘ 

ʰʳסʘʜʳ. 

 

 
1 ï çɹè ʪʠʧʪʽ ץʦʩʫ ʙʘʩʳ; 2 ï ʠʽʣʛʽʰ ʰʣʘʥʛ; 3 ï ʤʘʛʠʩʪʨʘʣʴʜʳץ ʩװʟʛʽ; 4 ï ʘʫʘ ʪʘʨʘʪץʳʰ; 5 ï 

ʘʫʘ ʙʘʣʣʦʥʳ (ʨʝʩʠʚʝʨ); 6 ï ʪװʩʽʨʫ ʢʨʘʥʳ; 7 ï ײץʙʳʨʞʦʣʜʘʨ; 8ï ʪʝʞʝʫ ʢʘʤʝʨʘʣʘʨʳ 

 

ʉʫʨʝʪ 3.24 ï ʇʥʝʚʤʘʪʠʢʘʣʳץ ʪʝʞʝʫ ʞװʡʝʩʽʥʽץ שʦʩʳʣʫ ʩײʣʙʘʩʳ 

 

ɹʝʨʽʣʛʝʥ ʘʫʘ ʨʝʩʠʚʝʨʣʝʨʜʝ (ʩʫʨʝʪ 3.25 ʘ, 1 ʧʦʟ.) ʞʠʥʘʣʘʜʳ ʜʘ, ʙᴇʣʛʽʰ ʢʨʘʥ 

(3.25 ʩʫʨʝʪ ʘ, 2 ʧʦʟ.) ʘʨץʳʣʳ ᴅʨʙʽʨ ʜʦסשʘʣʘץʪʳש ʪʝʞʝʫ ʢʘʤʝʨʘʣʘʨʳʥʘ (ʩʫʨʝʪ 3.25 

ʘ, ʙ, 3 ʧʦʟ.) ʞʽʙʝʨʽʣʝʜʽ. 
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ɾװʨʛʽʟʫʰʽ ʪʝʞʝʛʽʰ ʧʝʜʘʣʜʳ ʙʘʩץʘʥʜʘ, ʢʣʘʧʘʥ ʘʚʪʦʤʘʪʪʳ ʪװʨʜʝ ʘʰʳʣʘʜʳ 

ʞᴅʥʝ ʰʣʘʥʛʽʣʝʨʜʝʛʽ ʩr  ʩʽʧ, ʧʦʨʰʝʥʴʜʝʨʜʽװʘʥ ʘʫʘ ʪʝʞʝʛʽʰ ʢʘʤʝʨʘʣʘʨʳʥʘ ʪסʳʣס

ʪʝʞʝʛʽʰ ʙʘʨʘʙʘʥʳʥʘ (ʩʫʨʝʪ 3.25, ʙ. ʧʦʟ. 4) ʪʽʨʝʣʛʝʥ ʞʘʩʪʳץʰʘʣʘʨסʘ ʙʘʩʘʜʳ. 

ʇʝʜʘʣʴ ʙʘʩʳʣסʘʥ ʢʝʟʜʝ ʘʫʘ ץʘʡʪʘʜʘʥ ʘʪʤʦʩʬʝʨʘסʘ ʰʳסʘʨʳʣʘʜʳ ʞᴅʥʝ 

ʞʘʩʪʳץʰʘʣʘʨ ʪʝʞʝʛʽʰ ʙʘʨʘʙʘʥʜʳ ʙʦʩʘʪʘʜʳ, ʙײʣ ʜᴇשʛʝʣʝʢʪʝʨʜʽש ʝʨʢʽʥ ʘʡʥʘʣʫʳʥʘ 

ʤװʤʢʽʥʜʽʢ ʙʝʨʝʜʽ. ʊᴇʪʝʥʰʝ ʞʘסʜʘʡʜʘ, ʤʳʩʘʣʳ, ʤʘʛʠʩʪʨʘʣʴʜʳץ שʳʩʳʤʳʥ 

ʪᴇʤʝʥʜʝʪʫ ʢʝʟʽʥʜʝ, ʘʧʘʪʪʳץ ʢʣʘʧʘʥ ʽʩʢʝ ץʦʩʳʣʘʜʳ, ʦʣ ʘʫʘ ʙʝʨʫʜʽ ʪʦʣʳסʳʤʝʥ 

ʙʣʦʢʪʘʡʜʳ ʞᴅʥʝ ʪʝʞʝʛʽʰ ʢʘʤʝʨʘʣʘʨʳʥ ʪʽʨʢʝʤʝʥʽ ץʦʟסʘʣʳʩʪʘʥ ʤʳץʪʘʧ ײʩʪʘʧ 

ʪײʨʳʧ, çʪʝʞʝʫè ʢװʡʽʥʝ ץʦʷʜʳ. ʆʩʳʣʘʡʰʘ, ʧʥʝʚʤʘʪʠʢʘʣʳץ ʞװʡʝ ʩʳסʳʣסʘʥ ʘʫʘʥʳ 

 ʘʫʽʧʩʽʟץ ʪʝʛʽʩ ʞᴅʥʝ שʦʣʜʘʥʘ ʦʪʳʨʳʧ, ᴇʪʢʝʣʜʽץ ʘʨʫʜʳץʘʨʘʧʘʡʳʤ ʞᴅʥʝ ʩʝʥʽʤʜʽ ʙʘʩץ

ʙʘʷʫʣʘʫʳʥ ץʘʤʪʘʤʘʩʳʟ ʝʪʝʜʽ. 

ʊʝʞʝʫ ʢʘʤʝʨʘʩʳ (3.25 ʩʫʨʝʪ, ʘ, ʙ, 3 ʧʦʟ.) ï ʜʠʘʬʨʘʛʤʘʣʳ24 ,ץ ʪʠʧʪʽ, ʘʣʜʳסשʳ 

ʞᴅʥʝ ʘʨʪץʳ ʦʩʴʪʝʨʜʽש ʪʝʞʝʫ ʤʝʭʘʥʠʟʤʜʝʨʽʥ ʽʩʢʝ ץʦʩʫסʘ ʘʨʥʘʣסʘʥ. 

 

  
ʘ ʙ 

 

ʉʫʨʝʪ 3.25 ï ʄʦʙʠʣʴʜʽ ʞʦʣ ᴇʪʧʝʩʽʥʽש ʪʝʞʝʛʽʰ ʞװʡʝʩʽ 

 

ʉʦʥʳʤʝʥ ץʘʪʘʨ, ʵʣʝʢʪʨ ʞʘʙʜʳץʪʘʨʳ ʞװʡʝʩʽ ʩʪʘʥʜʘʨʪʪʳ ʞʘʨʳץʪʘʥʜʳʨʫ 

ʞʘʙʜʳץʪʘʨʳʥʳש ʞʠʳʥʪʳסʳʥ ץʘʤʪʠʜʳ: ʞʘʣʧʳ ʰʘʤʜʘʨ, ʪʝʞʝʛʽʰ ʰʘʤʜʘʨʳ, 

ʙײʨʳʣʳʩ ʩʠʛʥʘʣʜʘʨʳ, ʰʘסʳʣʳʩʪʳʨסʳʰʪʘʨ ʞᴅʥʝ ץʦʩʳʤʰʘ ʞʘʨʳץ ʜʘʙʳʣʳ. 

ʕʣʝʢʪʨ ʞʘʙʜʳץʪʘʨʳʥ ʪʘʨʪץʳʰץʘ ץʦʩʫ ʄɽʄʉʊ 9200-76 ʪʘʣʘʧʪʘʨʳʥʘ ʩᴅʡʢʝʩ 7 

ʽʩʪʽʢʰʝʣʽ ʨʦʟʝʪʢʘ ʘʨץʳʣʳ ʞװʟʝʛʝ ʘʩʳʨʳʣʘʜʳ. 

ʆʩʳʣʘʡʰʘ, SolidWorks CAD ʦʨʪʘʩʳʥʜʘסʳ ʝʩʝʧʪʝʫʣʝʨ ʤʝʥ ʩʳʟʙʘʣʘʨ ʥʝʛʽʟʽʥʜʝ 

[95] ʞʦʣ ᴇʪʧʝʩʽʥʽש ʞװʨʽʩ ʙᴇʣʽʛʽʥʽ3 שD ʤʦʜʝʣʽ ʞʘʩʘʣʜʳ, ʘʡʥʘʣʤʘʣʳ 

ʤʝʭʘʥʠʟʤʜʝʨʜʽץ ,שʦʩʳʣʳʩʪʘʨ ʤʝʥ ʙʝʢʽʪʧʝʣʝʨʜʽש ʪװʡʽʥʜʝʨʽ ʝʛʞʝʡ-ʪʝʛʞʝʡʣʽ 

ʩʠʧʘʪʪʘʣʜʳ. ɹʘʨʣʳץ ץʦʩʳʣʳʩʪʘʨ ʙᴇʣʰʝʢʪʝʫ ʞᴅʥʝ ʊפʂ ʤװʤʢʽʥʜʽʛʽʥ ʝʩʢʝʨʝ 

ʦʪʳʨʳʧ ʞʘʩʘʣʘʜʳ. 

 

 

 ʦʨʳʪʳʥʜʳץ ʰʽʥʰʽ ʪʘʨʘʫ ʙʦʡʳʥʰʘת

 

 ʦʨʪʘʩʳʥʜʘ ʤʦʙʠʣʴʜʽ ʞʦʣ ᴇʪʧʝʩʽ ץʜʘʨʣʘʤʘʣʳסʰʽʥʰʽ ʪʘʨʘʫʜʘ SolidWorks ʙʘת

ʤʝʥ ʦʥʳש ʞװʨʽʩ ʙᴇʣʽʛʽʥ ʢʝʰʝʥʜʽ ʮʠʬʨʣʳץ ʤʦʜʝʣʴʜʝʫ ʦʨʳʥʜʘʣʜʳ [95]. ɽʩʝʧʪʝʫ-

ʢʦʥʩʪʨʫʢʪʠʚʪʽʢ ʧʳʩʳץʪʘʫ ʥᴅʪʠʞʝʣʝʨʽ ʥʝʛʽʟʽʥʜʝ ʞʦסʘʨʳ  ʧʣʘʪʬʦʨʤʘʥʳ, ʞװʨʽʩ 

ʙᴇʣʽʛʽʥʽש ʞʘץʪʘʫʳʥ, ʢᴇʧʽʨ ʪʦʨʘʧʪʘʨʳʥ, ʞʳʣʞʳʤʘʣʳ ʢʘʨʝʪʢʘʣʘʨʜʳ, ʙʦʡʣʳץ 
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 שʡʝʩʽʥʽװʪʝʞʝʫ ʞ ץʧʥʝʚʤʘʪʠʢʘʣʳ ,ץʘʣʫ ʞᴅʥʝ ʙʝʢʽʪʫ ʤʝʭʘʥʠʟʤʜʝʨʽʥ, ʩʦʥʜʘʡ-ʘסʦʟץ

ʵʣʝʤʝʥʪʪʝʨʽʥ ץʘʤʪʠʪʳʥ ᴇʥʽʤʥʽש ʧʘʨʘʤʝʪʨʣʽʢ 3D ʤʦʜʝʣʽ ᴅʟʽʨʣʝʥʜʽ . 

ɿʝʨʪʪʝʫ ʙʘʨʳʩʳʥʜʘ SolidWorks ʙʘסʜʘʨʣʘʤʘʣʳץ ʢʝʰʝʥʽʥ ʠʥʪʝʛʨʘʮʠʷʣʘʥסʘʥ 

CAD/CAE ʦʨʪʘʩʳ ʨʝʪʽʥʜʝ ʪʘשʜʘʫ ʥʝʛʽʟʜʝʣʜʽ, ʙײʣ ʢʦʥʩʪʨʫʢʮʠʷ, ʦʨʥʘʣʘʩʫ, 

ʩʳʟʙʘʣʘʨʜʳ ʰʳסʘʨʫ ʞᴅʥʝ ʠʥʞʝʥʝʨʣʽʢ ײץʨʳʣʳʤʜʳץ ʪʘʣʜʘʫ ʤᴅʩʝʣʝʣʝʨʽʥ ʜᴅʡʝʢʪʽ 

ʰʝʰʫʛʝ ʤװʤʢʽʥʜʽʢ ʙʝʨʝʜʽ. ʆʩʳ ʥʝʛʽʟʜʝ ʮʠʬʨʣʳץ ʧʨʦʪʦʪʠʧʪʽ ײץʨʫסʘ ʥʝʛʽʟ ʙʦʣסʘʥ 

ʤʦʙʠʣʴʜʽ ʞʦʣ ᴇʪʧʝʩʽʥʽש ʥʝʛʽʟʛʽ ʪʦʨʘʧʪʘʨʳʥʳש ʩʳʟʙʘʣʘʨ ʞʠʳʥʪʳסʳ ʞʘʩʘʣʜʳ. 

ʆʨʳʥʜʘʣסʘʥ 3D ʤʦʜʝʣʴʜʝʫ ʙᴇʣʰʝʢʪʝʨʜʽש ʛʝʦʤʝʪʨʠʷʣʳװ ץʡʣʝʩʽʤʜʽʣʽʛʽʥ, 

 ʳʥ, ʵʣʝʤʝʥʪʪʝʨ ʘʨʘʩʳʥʜʘ ʞʦʣ ʙʝʨʽʣʤʝʡʪʽʥסʨʳʩʪʳײʜ שʨʳʣʳʤʳʥʳײץ ʨʘʩʪʳʨʫײץ

 ʳסʨʣʽ ʧʦʟʠʮʠʷʣʘʨʳʥʜʘװᴅʨʪ שʨʽʩ ʙᴇʣʽʛʽʥʽװʞ ,ץʙʦʣʤʘʫʳʥ, ʩʦʥʜʘʡ-ʘ שʠʳʣʳʩʪʘʨʜʳץ

 .ʤʢʽʥʜʽʢ ʙʝʨʜʽװʘʙʽʣʝʪʪʽʣʽʛʽʥ ʪʝʢʩʝʨʫʛʝ ʤץ ʤʳʩײʞ שʩʭʝʤʘʥʳ ץʨʳʣʳʤʜʳײץ

ɸʣʜrסש  r ʞᴅʥʝ ʘʨʪץʳ ʦʩʴʪʝʨʜʽש ʦʨʥʘʣʘʩʫʳʥ ᴇʟʛʝʨʪʫʜʽ ʞᴅʥʝ ʢʘʨʝʪʢʘʣʘʨʜʳ 

ʙʦʡʣʳץ ʙʘʣʢʘ ʙʦʡʳʤʝʥ ʙʝʢʽʪʫʜʽ ץʘʤʪʘʤʘʩʳʟ ʝʪʝʪʽʥ ʞʳʣʞʳʤʘʣʳ ʢʘʨʝʪʢʘʥʳ 

ʮʠʬʨʣʳץ ʧʳʩʳץʪʘʫ ʝʨʝʢʰʝ ʤʘשʳʟסʘ ʠʝ ʙʦʣʜʳ. 

SolidWorks Simulation ʤʦʜʫʣʽʥ ץʦʣʜʘʥʘ ʦʪʳʨʳʧ, ʞʦסʘʨסʳ ʧʣʘʪʬʦʨʤʘʥʳש ʜʘ, 

ʞװʨʽʩ ʙᴇʣʽʛʽʥʽש ʥʝʛʽʟʛʽ ʪʽʨʝʢ ʵʣʝʤʝʥʪʪʝʨʽʥʽש ʜʝ ʙʝʨʽʢʪʽʛʽʥʝ, ץʘʪʪʳʣʳסʳʥʘ ʞᴅʥʝ 

ᴇʥʽʤʜʽʣʽʛʽʥʝ ʝʩʝʧʪʽʢ - ɻ ʢʩʧʝʨʠʤʝʥʪʪʽʢ ʪʘʣʜʘʫ ʞװʨʛʽʟʽʣʜʽ. ᴄʟʽʨʣʝʥʛʝʥ ʢʦʥʩʪʨʫʢʮʠʷ 

ʝʩʝʧʪʽʢ ʞװʢʪʝʤʝʣʝʨ ʢʝʟʽʥʜʝ ʢʝʨʥʝʫʣʝʨʜʽש, ʦʨʳʥ ʘʫʳʩʪʳʨʫʣʘʨʜʳש ʞᴅʥʝ 

ʜʝʬʦʨʤʘʮʠʷʣʘʨʜʳש ʨץײʩʘʪ ʝʪʽʣʛʝʥ ʤᴅʥʜʝʨʽʥ ץʘʤʪʘʤʘʩʳʟ ʝʪʝʪʽʥʽ ʘʥʳץʪʘʣʜʳ, ʘʣ 

 .ʘʫʽʧʩʽʟʜʽʢ ʢʦʵʬʬʠʮʠʝʥʪʪʝʨʽ ʩʝʥʽʤʜʽ ʧʘʡʜʘʣʘʥʫ ʪʘʣʘʧʪʘʨʳʥʘ ʩᴅʡʢʝʩ ʢʝʣʝʜʽץ

ʄʦʜʝʣʴʜʝʫ ʥᴅʪʠʞʝʣʝʨʽ ʙʦʡʳʥʰʘ ᴇʪʧʝ  ʧʣʘʪʬʦʨʤʘʩʳʥ, ʞʳʣʞʳʤʘʣʳ ʦʩʴ 

ʪʦʨʘʧʪʘʨʳ ʙʘʨ, ʝʢʽ ʦʩʴʪʽ ʰʘʩʩʠʜʽ, ʨʦʣʠʢʪʽ ʞʳʣʞʳʤʘʣʳ ʢʘʨʝʪʢʘʣʘʨʜʳ, ʪʨʦʩ-

ʙʘʨʘʙʘʥʜʳ ץʦʟסʘʣʳʩ ʤʝʭʘʥʠʟʤʽʥ ʞᴅʥʝ ʧʥʝʚʤʘʪʠʢʘʣʳץ ʙʝʢʽʪʫ ʞװʡʝʩʽʥ ץʦʣʜʘʥʫסʘ 

ʥʝʛʽʟʜʝʣʛʝʥ ʤʦʙʠʣʴʜʽ ʞʦʣ ᴇʪʧʝʩʽʥʽץ שʦʨʳʪʳʥʜʳ ʢʦʥʩʪʨʫʢʪʠʚʪʽ ʰʝʰʽʤʽ 

ʪײʞʳʨʳʤʜʘʣʜʳ [55]. ɹײʣ ʢʦʥʩʪʨʫʢʮʠʷ ʞײʤʳʩ ʽʩʪʝʡʪʽʥ, ʪʝʭʥʦʣʦʛʠʷʣʳץ ʪײʨסʳʜʘʥ 

ʞװʟʝʛʝ ʘʩʳʨʳʣʘʪʳʥ ʞᴅʥʝ ʙʝʨʽʢʪʽʢ, ץʘʪʪʳʣʳץ ʞᴅʥʝ ʧʘʡʜʘʣʘʥʫ ʩʝʥʽʤʜʽʣʽʛʽ 

ʪײʨסʳʩʳʥʘʥ ʥʝʛʽʟʜʝʣʛʝʥ. 

ʆʩʳʣʘʡʰʘ, 3 ʪʘʨʘʫʜʘ ʘʣʳʥסʘʥ ʥᴅʪʠʞʝʣʝʨ ᴅʟʽʨʣʝʥʛʝʥ ʤʦʙʠʣʴʜʽ ʞʦʣ ᴇʪʧʝʩʽʥʽש 

ʢʦʥʩʪʨʫʢʮʠʷʣʳץ ʥʝʛʽʟʜʽʣʽʛʽʥ ʞᴅʥʝ ʪʝʦʨʠʷʣʳץ ʪײʨסʳʜʘʥ ʞײʤʳʩץʘ ץʘʙʽʣʝʪʪʽʣʽʛʽʥ 

ʜᴅʣʝʣʜʝʜʽ ʞᴅʥʝ ץʘʙʳʣʜʘʥסʘʥ ʰʝʰʽʤʜʝʨʜʽ ʵʢʩʧʝʨʠʤʝʥʪʪʽʢ ʪʝʢʩʝʨʫʛʝ ʙʘסʳʪʪʘʣסʘʥ 

ʟʝʨʪʪʝʫʜʽש ʢʝʣʝʩʽ ʢʝʟʝשʽʥʝ ᴇʪʫ װʰʽʥ ץʘʞʝʪʪʽ סʳʣʳʤʠ-ʪʝʭʥʠʢʘʣʳץ ʥʝʛʽʟ 

  .ʘʣʳʧʪʘʩʪʳʨʜʳץ
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4. ʄʆɹʀʃʔɼɯ ɾʆʃ ᴆʊʇɽʉɯʅɯר ʕʂʉʇɽʈʀʄɽʅʊʊɯʂ ʉʊɽʅɼɯʅ 

ᴄɿɯʈʃɽʋ ɾᴄʅɽ ʕʂʉʇɽʈʀʄɽʅʊʊɯʂ ɿɽʈʊʊɽʋ ɾתʈɻɯɿʋ 

 

4.1 ʄʦʙʠʣʴʜʽ ʞʦʣ ᴇʪʧʝʩʽʥʽש ʵʢʩʧʝʨʠʤʝʥʪʪʽʢ ʩʪʝʥʜʽʥ ʜʘʡʳʥʜʘʫ 

 

 שʰʽʥʰʽ ʙᴇʣʽʤʜʝ 3D ʤʦʜʝʣʴʜʝʫ ʥᴅʪʠʞʝʣʝʨʽ ʥʝʛʽʟʽʥʜʝ ʤʦʙʠʣʴʜʽ ʞʦʣ ᴇʪʧʝʩʽʥʽת

ʵʢʩʧʝʨʠʤʝʥʪʪʽʢ ʩʪʝʥʜʽ ʞʘʩʘʣʜʳ. ʄʦʙʠʣʴʜʽ ʞʦʣ ᴇʪʧʝʩʽʥʽש ʵʢʩʧʝʨʠʤʝʥʪʪʽʢ ʩʪʝʥʜʽʥ 

ʞʘʩʘʫ ʘʣʜʳסשʳ ʪʘʨʘʫʣʘʨʜʘ ʦʨʳʥʜʘʣסʘʥ ʪʝʦʨʠʷʣʳץ ʞᴅʥʝ ʩʘʥʜʳץ ʪʘʣʜʘʫ 

ʥᴅʪʠʞʝʣʝʨʽʥ ʧʨʘʢʪʠʢʘʣʳץ ʪʝʢʩʝʨʫʛʝ ʙʘסʳʪʪʘʣסʘʥ ʟʝʨʪʪʝʫʽʤʽʟʜʽש ʥʝʛʽʟʛʽ ʢʝʟʝשʽ 

ʙʦʣʳʧ ʪʘʙʳʣʘʜʳ. ʉʪʝʥʜʪʽ ᴅʟʽʨʣʝʫ ץʘʞʝʪʪʽʣʽʛʽ ʞʳʣʞʳʤʘʣʳ ʦʩʴʪʝʨʜʽ, ʢʘʨʝʪʢʘ-

ʣʘʨʜʳ, ʙʝʢʽʪʫ, ʙʘʩץʘʨʫ ʞᴅʥʝ ʪʝʞʝʫ ʞװʡʝʣʝʨʽʥ ץʘʤʪʠʪʳʥ ʤʦʙʠʣʴʜʽ ʞʦʣ ᴇʪʧʝʩʽʥʽש 

 ᴇʟʘʨʘ ᴅʨʝʢʝʪʪʝʩʫʽ שʨʜʝʣʽʣʽʛʽʥʝ ʙʘʡʣʘʥʳʩʪʳ, ʦʣʘʨʜʳװʢ שʩʳʟʙʘʩʳʥʳ ץʨʳʣʳʤʜʳײץ

ʦʣʘʨʜʳש ʞײʤʳʩ ץʘʙʽʣʝʪʪʽʣʽʛʽ ʤʝʥ ʩʝʥʽʤʜʽʣʽʛʽʥ ʵʢʩʧʝʨʠʤʝʥʪʪʽʢ ʨʘʩʪʘʫʜʳ ʪʘʣʘʧ 

ʝʪʝʜʽ [55], [64].  

ɾʦʣ ᴇʪʧʝʩʽʥʽש ʩʪʝʥʜʽʥ ᴅʟʽʨʣʝʫ ʪʝʦʨʠʷʣʳץ ʞʦʙʘʣʘʫʜʘʥ ʧʨʘʢʪʠʢʘʣʳץ ʽʩʢʝ 

ʘʩʳʨʫסʘ ʞᴅʥʝ ʦʥʳש ʘʫץʳʤʜʳ ʤʦʜʝʣʴʜʝʛʽ ʞײʤʳʩʳʥ ʪʝʢʩʝʨʫʛʝ ʢᴇʰʫʛʝ ʤװʤʢʽʥʜʽʢ 

ʙʝʨʜʽ. 

ɿʝʨʪʪʝʫ ʙʘʨʳʩʳʥʜʘ ʛʝʦʤʝʪʨʠʷ ʤʝʥ ʢʠʥʝʤʘʪʠʢʘʥʳש ʙʘʨʘʙʘʨ ʜᴅʣʜʽʛʽʥ 

 שʘʩʳ ʤʦʜʝʣʴʜʽץשʘץ שʜʘʣʜʳ. ʉʪʝʥʜʪʽשʘʤʪʘʤʘʩʳʟ ʝʪʝʪʽʥ 1:4 ʤʘʩʰʪʘʙʳ ʪʘץ

ʤʘʩʰʪʘʙʪʘʣסʘʥ ʞװʢʪʝʤʝʣʝʨʽʥʝ ʧʨʦʧʦʨʮʠʦʥʘʣʜʳ ʪװʨʜʝ ʙʝʡʽʤʜʝʣʛʝʥ ץʘʣʳשʜʳסʳ 

0,5-3 ʤʤ ʙʦʣʘʪ ʪʘʙʘץʪʘʨʜʘʥ ʞʘʩʘʣסʘʥ. ɹײʣ ʪʽʨʝʢ ʜʦסשʘʣʘץʪʘʨʳ ʙʘʩʪʘʧץʳ 

ʢʦʥʩʪʨʫʢʮʠʷʥʳש ʧʽʰʽʥʽʥ ʞᴅʥʝ ᴇʣʰʝʤʜʽʢ ץʘʪʳʥʘʩʪʘʨʳʥ ʩʘץʪʘʡ ʦʪʳʨʳʧ ʪʘשʜʘʣʜʳ, 

ʙײʣ ʞʦʣ ʙʝʪ̔ʤʝʥ ʰʳʥʘʡʳ ʞʘʥʘʩʫʜʳ ץʘʤʪʘʤʘʩʳʟ ʝʪʝʜʽ [55]. 

ɼʘʡʳʥʜʳץ ʢʝʟʝשʽʥʜʝ ʩʪʝʥʜʪʽש ᴇʣʰʝʤʜʝʨʽ ʘʥʳץʪʘʣʜʳ, ʩʦʥʳʤʝʥ ץʘʪʘʨ ʙʘʨʣʳץ 

 ,ʦʩʳʣʳʩʪʘʨʳץ ʪʽʟʽʤʽ ʞʘʩʘʣʜʳ: ʤʝʪʘʣʣ ʧʨʦʬʠʣʴʜʝʨ, ʙʝʢʽʪʫ שʘʞʝʪʪʽ ʵʣʝʤʝʥʪʪʝʨʜʽץ

ʞʳʣʞʳʤʘʣʳ ʞᴅʥʝ ʪʽʨʝʢ ʪʦʨʘʧʪʘʨʳ. ʅʝʛʽʟʛʽ ʪʽʨʝʢ ʙᴇʣʽʢʪʝʨʽ ʛʝʦʤʝʪʨʠʷʥʳש 

ʜᴅʣʜʽʛʽʥ ץʘʤʪʘʤʘʩʳʟ ʝʪʝʪʽʥ ʣʘʟʝʨʣʽʢ ʢʝʩʫ ʞᴅʥʝ ʠʽʣʫ ᴅʜʽʩʽʤʝʥ ʞʘʩʘʣסʘʥ [104-106]. 

ʊװʡʽʥʜʝʨʜʽ ץʦʩʫ ץʘʞʝʪʪʽ ץʘʪʪʳʣʳץ ʧʝʥ ʙᴇʣʰʝʢʪʝʫ ץʘʞʝʪʪʽʣʽʛʽʥʝ ʙʘʡʣʘʥʳʩʪʳ 

ʜᴅʥʝʢʝʨʣʝʫ ʞײʤʳʩʪʘʨʳ ʄɽʄʉʊ 5264-80 ʙʦʡʳʥʰʘ, ʞᴅʥʝ ʙʦʣʪʪʘʨ ʞᴅʥʝ 

ʪʦʡʪʘʨʤʘʣʘʨ ʘʨץʳʣʳ ʞװʟʝʛʝ ʘʩʳʨʳʣʜʳ [107, 108]. 

ʐʘסʳʥ ʢʦʤʧʦʥʝʥʪʪʝʨ ʞʠʳʥʪʳסʳ, ʧʥʝʚʤʦʢʘʤʝʨʘʣʘʨ, ʪʝʞʝʛʽʰ ʞװʡʝʩʽʥʽש 

ʪʦʨʘʧʪʘʨʳ, ʵʣʝʢʪʨ ʞʝʪʝʢʪʝʨʽ ʤʝʥ ʙʝʢʽʪʢʽʰʪʝʨʜʽש ʵʣʝʤʝʥʪʪʝʨʽ ʪʝʭʥʠʢʘʣʳץ 

ʧʣʘʩʪʤʘʩʩʘʜʘʥ 3D ʧʨʠʥʪʝʨʜʝʥ ʙʘʩʳʧ ʰʳסʘʨʫ ᴅʜʽʩʽʤʝʥ ʞʘʩʘʣסʘʥ [109], ʙײʣ 

ʢʦʥʩʪʨʫʢʮʠʷסʘ ʞʝʜʝʣ ᴇʟʛʝʨʽʩʪʝʨ ʝʥʛʽʟʫʛʝ ʞᴅʥʝ ʰʝʰʽʤʜʽ ʦשʪʘʡʣʘʥʜʳʨסʘʥסʘ ʜʝʡʽʥ 

 ʰʠʥʘʣʘʨʳ ʞᴅʥʝ ץʤʢʽʥʜʽʢ ʙʝʨʝʜʽ. ʆʩʴʪʝʨʽ, ʧʥʝʚʤʘʪʠʢʘʣʳװʘʡʪʘ ʪʝʢʩʝʨʫʛʝ ʤץ

ʩʝʨʽʧʧʝʣʽ-ʘʤʦʨʪʠʟʘʮʠʷʣʳץ ʞװʡʝʩʽ ʙʘʨ ʘʨʙʘʣʘʨʜʳ ץʘʤʪʠʪʳʥ ʞװʨʽʩ ʙᴇʣʽʛʽʥʝ 

ʝʨʝʢʰʝ ʥʘʟʘʨ ʘʫʜʘʨʳʣʜʳ. ɼʽʨʽʣʜʽ ʘʟʘʡʪʫ ʞᴅʥʝ ʩʝʥʽʤʜʽʣʽʢʪʽ ʘʨʪʪʳʨʫ װʰʽʥ 

ʜʝʤʧʬʝʨʣʝʨ ʤʝʥ ʢװʰʝʡʪʽʣʛʝʥ ʩʝʨʽʧʧʝʣʝʨ ץʦʣʜʘʥʳʣʘʜʳ, ʘʣ ʘʨʙʘʣʘʨʜʳש ᴇʟʽ 

ʘʣʶʤʠʥʠʡ ʦʩʴʪʝʨʽ ʥʝʛʽʟʽʥʜʝ ʞʠʥʘʣʘʜʳ ʞᴅʥʝ ʤʦʜʝʣʴʜʽש ʩʪʘʪʠʢʘʣʳץ ʞװʢʪʝʤʝʩʽʥʝ 

ʙʝʡʽʤʜʝʣʝʜʽ [55], [71], [100], [101]. 

ɼʘʡʳʥʜʳץ ʢʝʟʝשʽʥʝʥ ʢʝʡʽʥ ʵʢʩʧʝʨʠʤʝʥʪʪʽʢ ʩʪʝʥʜ ʞʘʩʘʫ ײץʨʳʣʳʤʥʳש ʥʝʛʽʟʛʽ 

ʪʽʨʝʢ ʵʣʝʤʝʥʪʽ ʙʦʣʳʧ ʪʘʙʳʣʘʪʳʥ ʞʦסʘʨסʳ ʧʣʘʪʬʦʨʤʘʥʳ ʞʘʩʘʫʜʘʥ ʙʘʩʪʘʣʜʳ. ɽש 

ʘʣʜʳʤʝʥ, ʣʘʟʝʨʣʽʢ ʢʝʩʫ ʞᴅʥʝ ʠʽʣʫ ᴅʜʽʩʽʤʝʥ ʘʣʳʥסʘʥ ʞʦסʘʨסʳ ʧʣʘʪʬʦʨʤʘ 

ʙᴇʣʰʝʢʪʝʨʽʥʽש ʜʘʡʳʥʜʘʤʘʣʘʨʳ ʜʘʡʳʥʜʘʣʜʳ (ʩʫʨʝʪ 4.1) [104-106].  
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ʉʫʨʝʪ 4.1 ï ɾʦסʘʨסʳ ʧʣʘʪʬʦʨʤʘ ʙᴇʣʰʝʢʪʝʨʽʥʽש ʜʘʡʳʥʜʘʤʘʣʘʨʳ 

ʞᴅʥʝ ʙʘץʳʣʘʫ ᴇʣʰʝʫ ʢʝʟʝשʽ 

 

ʂʝʩʫ ʞᴅʥʝ ʠʽʣʫ ʞײʤʳʩʪʘʨʳʥʘʥ ʢʝʡʽʥ ʜʘʡʳʥʜʘʤʘʣʘʨ ʙײʨסʳʣʘʫ ʞᴅʥʝ 

ʞʝʨʛʽʣʽʢʪʽ ʙײʟʫʰʳʣʳץʪʘʨʜʳ ʞʦʶ װʰʽʥ ᴇשʜʝʣʜʽ ʞᴅʥʝ ʵʣʝʤʝʥʪʪʝʨ ʜᴅʥʝʢʝʨ-ʣʝʥʛʝʥ 

ʞʽʢʪʝʨʜʽש ʩʘʧʘʩʳʥ ʞᴅʥʝ ײץʨʘʩʪʳʨʫ ʛʝʦʤʝʪʨʠʷʩʳʥ ʢʝʟʝש-ʢʝʟʝשʽʤʝʥ ʙʘץʳʣʘʡ 

ʦʪʳʨʳʧ, ʙʽʨʳסשʘʡ ʜᴅʥʝʢʝʨʣʝʥʛʝʥ ײץʨʳʣʳʤסʘ ץʦʩʳʣʜʳ [108].  

ʄʦʙʠʣʴʜʽ ʞʦʣ ᴇʪʧʝʩʽʥʽש ʞʦסʘʨסʳ ʧʣʘʪʬʦʨʤʘʩʳʥ ײץʨʘʩʪʳʨʫʜʳש ʙʘʩʪʘʧץʳ 

ʢʝʟʝשʽ 4.2 ʩʫʨʝʪʪʝ ʢᴇʨʩʝʪʽʣʛʝʥ, ʦʥʜʘ ʪʽʨʝʢ ʞʘץʪʘʫʳʥ ץʘʣʳʧʪʘʩʪʳʨʫʜʳש ʥʝʛʽʟʛʽ 

ʢʝʟʝשʜʝʨʽ ʢᴇʨʩʝʪʽʣʛʝʥ. 

 

  
ʘ) ʧʣʘʪʬʦʨʤʘʥʳש ʘʩʪʳס  rץʘʪʘʨʳʥ ᴅʟʽʨʣʝʫ 

  

ʙ) ʜᴅʥʝʢʝʨʣʝʫ ʞײʤʳʩʪʘʨʳ 

 

  
ʚ) ʙᴇʣʰʝʢʪʝʨ ʜʘʡʳʥʜʘʤʘʣʘʨʳ ʛ) ʧʣʘʪʬʦʨʤʘʥʳש ʘʩʪʳʥסʳ ײץʨʘʤʘʩʳ 

 

ʉʫʨʝʪ 4.2 ï ʄʦʙʠʣʴʜʽ ʞʦʣ ᴇʪʧʝʩʽʥʽש ʞʦסʘʨסʳ ʧʣʘʪʬʦʨʤʘʩʳʥ ײץʨʘʩʪʳʨʫʜʳש 

ʙʘʩʪʘʧץʳ ʢʝʟʝשʽ 

 

ʆʨʳʥʜʘʣסʘʥ ʞײʤʳʩʪʘʨʜʳש ʥᴅʪʠʞʝʩʽʥʜʝ ʵʢʩʧʝʨʠʤʝʥʪʪʽʢ ʩʪʝʥʜʪʽש ʞʦסʘʨסʳ 

ʧʣʘʪʬʦʨʤʘʩʳ ʞʘʩʘʣʜʳ (4.3 ʩʫʨʝʪ). ʇʣʘʪʬʦʨʤʘ 1:4 ʤʘʩʰʪʘʙ װʰʽʥ ʝʩʝʧʪʝʣʛʝʥ 

ᴇʣʰʝʤʜʝʨ ʤʝʥ ʢʦʥʬʠʛʫʨʘʮʠʷסʘ ʩᴅʡʢʝʩ ʙʦʣʘʪ ʧʨʦʬʠʣʴʜʝʨʜʝʥ ʞʘʩʘʣסʘʥ ץʘʪʪʳ 

ʜᴅʥʝʢʝʨʣʝʥʛʝʥ ʞʘץʪʘʫ ʪװʨʽʥʜʝ ʦʨʳʥʜʘʣʜʳ. ɼᴅʥʝʢʝʨʣʝʥʛʝʥ ץʦʩʳʣʳʩʪʘʨʜʳש 

ʩʘʧʘʩʳʥ ʙʘץʳʣʘʫ ʄɽʄʉʊ 3242-79 ʪʘʣʘʧʪʘʨʳʥʘ ʩᴅʡʢʝʩ ʞװʨʛʽʟʽʣʜʽ. 

ʇʣʘʪʬʦʨʤʘʥʳש ʢʦʥʩʪʨʫʢʮʠʷʩʳʥʜʘ ʙʦʡʣʳץ ʙʘסʳʪʪʘʫʰʳ ʙʘʣʢʘʣʘʨʜʳ, ʘʩʧʘ 
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ʵʣʝʤʝʥʪʪʝʨʽʥ ʞᴅʥʝ ʦʩʴʪʝʨʜʽ ʞʳʣʞʳʪʫ ʤʝʭʘʥʠʟʤʜʝʨʽʥ ʦʨʥʘʪʫסʘ ʘʨʥʘʣסʘʥ 

ʤʦʥʪʘʞʜʘʫ ʘʡʤʘץʪʘʨʳ ץʘʨʘʩʪʳʨʳʣסʘʥ [55, 64]. 

 

  
ʘ) ʞʦסʘʨסʳ ʧʣʘʪʬʦʨʤʘʥʳש ʪʦʩץʘʫʳʣ ץʦʨʰʘʫʳʥʳש ʜᴅʥʝʢʝʨʣʝʥʫʽ 

 

  
ʙ) ʪʦʩץʘʫʳʣ ץʦʨʰʘʫʳʥʳש ᴇʰʝʤ ʙʽʨʣʽʛʽʥ ʪʝʢʩʝʨʫ ʩᴅʪʽ 

 

  
ʚ) ʞʦסʘʨסʳ ʧʣʘʪʬʦʨʤʘʥʳש ʜʘʡʳʥ ʙʦʣסʘʥ ʩᴅʪʪʽ 

 

ʉʫʨʝʪ 4.3 ï ʄʦʙʠʣʴʜʽ ʞʦʣ ᴇʪʧʝʩʽʥʽש ʞʦסʘʨסʳ ʧʣʘʪʬʦʨʤʘʩʳʥ ʜʘʡʳʥʜʘʫ 

ʧʨʦʮʝʩʽ ʞᴅʥʝ ʜʘʡʳʥ ʧʣʘʪʬʦʨʤʘ 

 

ʉʦʜʘʥ ʢʝʡʽʥ ʘʣʜʳסשʳ ʞᴅʥʝ ʘʨʪץʳ ʦʩʴʪʝʨʽ ʞʘʩʘʣʜʳ. ʄʦʙʠʣʴʜʽ ʞʦʣ ᴇʪʧʝʩʽʥʽש 

ʘʣʜʳסשʳ ʞᴅʥʝ ʘʨʪץʳ ʦʩʴʪʝʨʽ ʨʘʤʘסʘ ץʘʪʳʩʪʳ ʦʣʘʨʜʳש ʙʦʡʣʳץ ץʦʟסʘʣʳʩʳʥ 

 ʳ ʦʩʴסשʘ ʦʨʥʘʪʳʣʘʜʳ [55]. ɸʣʜʳסʘʤʪʘʤʘʩʳʟ ʝʪʝʪʽʥ ʞʳʣʞʳʤʘʣʳ ʢʘʨʝʪʢʘʣʘʨץ

ʘʡʥʘʣʤʘʣʳ ʪװʨʜʝ ʞʘʩʘʣʘʜʳ, ʙײʣ ץʦʟסʘʣʳʩ ʧʝʥ ʦʨʥʘʣʘʩʫ ʢʝʟʽʥʜʝ ʞʦʣ ᴇʪʧʝʩʽʥʽש 

ʤʘʥʝʚʨʣʽʛʽʥ ʤʦʜʝʣʴʜʝʫʛʝ ʤװʤʢʽʥʜʽʢ ʙʝʨʝʜʽ (4.4 ʩʫʨʝʪ). 
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ʘ) ʘʣʜʳʥסʳ ʦʩʴ 

 

ʘ) ʘʨʳʪץʳ ʦʩʴ 

 

  
ʚ) ʘʣʜʳʥסʳ ʦʩʴ ʞײʤʳʩ ʢװʡʽʥʜʝ ʛ) ᴅʟʽʨʣʝʥʛʝʥ ʞװʨʽʩ ʙᴇʣʽʛʽ 

 

ʉʫʨʝʪ 4.4 ï ʄʦʙʠʣʴʜʽ ʞʦʣ ᴇʪʧʝʩʽʥʽש ᴅʟʽʨʣʝʥʛʝʥ ʞװʨʽʩ ʙᴇʣʽʛʽ 

 

ʆʩʴʪʝʨʜʽש ʢʦʥʩʪʨʫʢʮʠʷʩʳ ʵʢʩʧʝʨʠʤʝʥʪʪʽʢ ʩʪʝʥʜʪʽש ʩʪʘʪʠʢʘʣʳץ ʞᴅʥʝ 

ʜʠʥʘʤʠʢʘʣʳץ ʞװʢʪʝʤʝʣʝʨʽʥʝ ʙʝʡʽʤʜʝʣʛʝʥ ʞᴅʥʝ ʢװʰʪʝʨʜʽש ʜᴇשʛʝʣʝʢʪʝʨʜʝʥ ʪʽʨʝʢ 

ʞʘץʪʘʫʳʥʘ ʩʝʥʽʤʜʽ ʙʝʨʽʣʫʽʥ ץʘʤʪʘʤʘʩʳʟ ʝʪʝʜʽ. 

ʆʩʴʪʝʨʜʽש ʙʦʡʣʳץ ʙʘסʳʪʪʘ ʞʳʣʞʫʳʥ ץʘʤʪʘʤʘʩʳʟ ʝʪʫ ʞᴅʥʝ ʧʘʡʜʘʣʘʥʫ 

ʞװʢʪʝʤʝʣʝʨʽʥ ץʘʙʳʣʜʘʫ װʰʽʥ ʞװʨʽʩ ʙᴇʣʽʛʽ ʢʦʥʩʪʨʫʢʮʠʷʩʳʥʜʘ ʄɽʄʉʊ ʈ 57837ï

2017 ʩʪʘʥʜʘʨʪʳ ʙʦʡʳʥʰʘ ʪʠʧʪʽ ʳʩʪʳץʪʘʡ ʠʣʝʢʪʝʣʛʝʥ ץʦʩ ʪʘʚʨʣʳ ʙʘʣʢʘ 

 .ʘʨʘʜʳץʳʟʤʝʪʽʥ ʘʪץ שʣʦʥʞʝʨʦʥʜʘʨʜʳ ץʦʣʜʘʥʳʣʜʳ. ʆʣʘʨ ʙʦʡʣʳץ

ɾװʨʽʩ ʙᴇʣʽʛʽʥʽץ שʦʩ ʪʘʚʨʣʳ ʙʘʣʢʘʣʘʨ ʜʘʡʳʥʜʘʫ ʞᴅʥʝ ʤʦʥʪʘʞʜʘʫ ʧʨʦʮʝʩʽ 4.4 

ʞᴅʥʝ 4.5 ʩʫʨʝʪʪʝʨʜʝ ʢᴇʨʩʝʪʽʣʛʝʥ, ʦʥʜʘ ʙʘסʳʪʪʘʫʰʳ ʵʣʝʤʝʥʪʪʝʨʜʽ ײץʨʘʩʪʳʨʫ ʤʝʥ 

ʦʨʥʘʪʫʜʳש ʞʝʢʝ ʢʝʟʝשʜʝʨʽ ʢᴇʨʩʝʪʽʣʛʝʥ. ɹײʣ ʞװʡʝ ʤʦʙʠʣʴʜʽ ʞʦʣ ᴇʪʢʝʣʜʽש 

ʘʣʜʳʥסʳ ʞᴅʥʝ ʘʨʪץʳ ʦʩʴʪʝʨʽʥʽש ʙʽʨץʘʣʳʧʪʳ ʞʳʣʞʫʳʥ ץʘʤʪʘʤʘʩʳʟ ʝʪʫʛʝ ʞᴅʥʝ 

ʦʥʳ ץʘʞʝʪʪʽ ʞײʤʳʩ ʢװʡʽʥʜʝ ʩʝʥʽʤʜʽ ʙʝʢʽʪʫʛʝ ʤװʤʢʽʥʜʽʢ ʙʝʨʜʽ, ʩʦʥʜʘʡ-ʘץ ʦʥʳ 

 .ʤʢʽʥʜʽʢ ʙʝʨʜʽ [55]װʜʘʡʜʘ ʙʝʢʽʪʫʛʝ ʤסʘʞʝʪʪʽ ʞʘץ
 

 

  
 

 

ʉʫʨʝʪ 4.5 ï ɾװʨʽʩ ʙᴇʣʽʛʽʥʽץ שʦʩ ʪʘʚʨʣʳ ʙʘʣʢʘʣʘʨʳʥ ʜʘʡʳʥʜʘʫ  

ʞᴅʥʝ ʤʦʥʪʘʞʜʘʫ 
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4.6 ʩʫʨʝʪʪʝ ʤʦʙʠʣʴʜʽ ʞʦʣ ᴇʪʧʝʩʽʥʽש ʦʩʴʪʝʨʽʥ ʞʳʣʞʳʪʫסʘ ʘʨʥʘʣסʘʥ 

ʞʳʣʞʳʤʘʣʳ ʢʘʨʝʪʢʘʥʳ ײץʨʘʩʪʳʨʫ ʤʝʥ ʦʨʥʘʪʫʜʳש ʙʘʩʪʘʧץʳ ʢʝʟʝשʽ ʢᴇʨʩʝʪʽʣʛʝʥ. 

ʉʫʨʝʪʪʝ ʞװʨʽʩ ʙᴇʣʽʛʽʥʝ ʞᴅʥʝ ʞװʢʪʝʤʝʥʽ ʢᴇʪʝʨʛʽʰ ʞװʡʝʛʝ ʙʝʨʫʽʥ ץʘʤʪʘʤʘʩʳʟ 

ʝʪʝʪʽʥ ʥʝʛʽʟʛʽ ʢʦʥʩʪʨʫʢʮʠʷʣʳץ ʵʣʝʤʝʥʪʪʝʨ ʙʝʡʥʝʣʝʥʛʝʥ. 

 

  
 

ʉʫʨʝʪ 4.6 ï ʄʦʙʠʣʴʜʽ ʞʦʣ ᴇʪʧʝʩʽʥʽש ʞʳʣʞʳʤʘʣʳ ʢʘʨʝʪʢʘʩʳʥ ײץʨʘʩʪʳʨʫʜʳש 

ʢʝʟʝשʜʝʨʽ 

 

4.7 ʩʫʨʝʪʪʝ ʞʳʣʞʳʤʘʣʳ ʢʘʨʝʪʢʘʥʳײץ שʨʳʣʳʤʳ ʞʠʥʘץʪʘʣסʘʥ: ʞʘʣʧʳ ʢᴇʨʽʥʽʩ 

ʞᴅʥʝ ʞʝʢʝ ʙᴇʣʰʝʢʪʝʨ. ʊײʨʘץʪʳʣʳץʪʳ, ʙʘסʳʪʪʘʣסʘʥ ץʦʟסʘʣʳʩʪʳ ʞᴅʥʝ ʢװʰʪʝʨʜʽ 

ʜʦסשʘʣʘץʪʘʨʜʘʥ ʤʦʙʠʣʴʜʽ ʞʦʣ ᴇʪʧʝʩʽʥʽש ʪʽʨʝʢ ʞʘץʪʘʫʳʥʘ ʩʝʥʽʤʜʽ ʙʝʨʫʜʽ 

 .ʡʽʥʜʝʨ ʢᴇʨʩʝʪʽʣʛʝʥ [55]װʘʤʪʘʤʘʩʳʟ ʝʪʝʪʽʥ ʥʝʛʽʟʛʽ ʪץ

 

  
 

ʉʫʨʝʪ 4.7 ï ɾʳʣʞʳʤʘʣʳ ʢʘʨʝʪʢʘʥʳײץ שʨʘʩʪʳʨʳʣסʘʥ ʢװʡʜʝʛʽ 

ʢʦʥʩʪʨʫʢʮʠʷʩʳ (ʞʘʣʧʳ ʢᴇʨʽʥʽʩʽ ʞᴅʥʝ ʘʨʪץʳ ʦʩʴ) 

 

ɸʣʜʳסשʳ ʞᴅʥʝ ʘʨʪץʳ ʦʩʴʪʝʨ (ʩʫʨʝʪ 4.8, ʙ, 1 ʧʦʟ.) ʘʨʥʘʡʳ ʢʦʥʩʪʨʫʢʮʠʷʣʘʨסʘ ï 

ʞʳʣʞʳʤʘʣʳ ʢʘʨʝʪʢʘʣʘʨסʘ (ʩʫʨʝʪ 4.8, ʘ, ʙ, 2 ʧʦʟ.) ʙʝʢʽʪʽʣʛʝʥ. ʂʘʨʝʪʢʘʣʘʨ ʝʢʽ 

ʙʦʡʣʳץ ץʦʩ ʪʘʚʨʣʳ ʙʘʣʢʘסʘ (ʩʫʨʝʪ 4.8, ʧʦʟ. 4)  ץʘʪʳʩʪʳ ʢᴇʣʜʝʥʝש ʙʘסʳʪʪʘ, ʷסʥʠ 

ʩʦʣסʘ ʞᴅʥʝ ʦסשʘ ץʦʟסʘʣʘʜʳ.  

ʆʣʘʨʜʳץ שʦʟסʘʣʳʩʳ ʽʰʢʝ ץʘʨʘʡ, ʧʣʘʪʬʦʨʤʘʥʳש ʦʨʪʘʩʳʥʘ ʙʘסʳʪʪʘʣסʘʥ. 

ʄײʥʜʘʡ ʰʝʰʽʤ ʢʦʥʩʪʨʫʢʮʠʷ ʞײʤʳʩ ʽʩʪʝʛʝʥ ʢʝʟʜʝ ʦʩʴʪʝʨʜʽש ʦʨʥʘʣʘʩʫʳʥ 

ʘʚʪʦʤʘʪʪʳ ʪװʨʜʝ ʨʝʪʪʝʫʛʝ ʤװʤʢʽʥʜʽʢ ʙʝʨʝʜʽ [55]. 

 



110 

  
ʘ) ʞʘʣʧʳ ʢᴇʨʽʥʽʩʽ; ʙ) ʞʠʥʘץʪʘʣסʘʥ ʢװʡʜʝʛʽ ʢʦʥʩʪʨʫʢʮʠʷʩʳ 

 

ʉʫʨʝʪ 4.8 ï ʄʦʙʠʣʴʜʽ ʞʦʣ ᴇʪʧʝʩʽʥʽש ʞʳʣʞʳʤʘʣʳ ʢʘʨʝʪʢʘʩʳ 

 

ɾʳʣʞʳʤʘʣʳ ʢʘʨʝʪʢʘʣʘʨʜʳ ʙʝʢʽʪʫ, ʙʝʢʽʪʢʽʰ ײץʣʳʧʪʘʨ ʞװʡʝʩʽʥʽש ʢᴇʤʝʛʽʤʝʥ 

ʞװʟʝʛʝ ʘʩʳʨʳʣʘʜʳ. ʊװʧʥײʩץʘ ʢʦʥʩʪʨʫʢʮʠʷʜʘ, ʦʥʳש ʽʰʽʥʜʝ 3D-ʤʦʜʝʣʴʜʝ 

ʧʥʝʚʤʘʪʠʢʘʣʳץ ʬʠʢʩʘʪʦʨʣʘʨʜʳ ץʦʣʜʘʥʫ ץʘʨʘʩʪʳʨʳʣסʘʥ. ɼʝʛʝʥʤʝʥ, 1:4 

ʤʘʩʰʪʘʙʪʘסʳ ʵʢʩʧʝʨʠʤʝʥʪʪʽʢ ʩʪʝʥʜʪʽ ʞʘʩʘʫ ʢʝʟʽʥʜʝ ʰʘסʳʥ ᴇʣʰʝʤʜʽ 

ʧʥʝʚʤʦʢʘʤʝʨʘʣʘʨʜʳ ʧʘʡʜʘʣʘʥʫ ʪʝʭʥʠʢʘʣʳץ ʞʘסʳʥʘʥ ץʠʳʥ ʙʦʣʜʳ. ʆʩʳסʘʥ 

ʙʘʡʣʘʥʳʩʪʳ ʩʪʝʥʜʪʝ ʢʝʨʥʝʫʽ 12 ɺ ץʦʨʝʢʪʝʥʜʽʨʫ ʢᴇʟʽʥʝʥ ʞײʤʳʩ ʽʩʪʝʡʪʽʥ 

ʵʣʝʢʪʨʦʥʜʳץ ʬʠʢʩʘʪʦʨʣʘʨ (ʵʣʝʢʪʨʩʘʫʩʘץʪʘʨ) ץʦʣʜʘʥʳʣʜʳ (ʩʫʨʝʪ 4.9). 

 

  

  
 

ʉʫʨʝʪ 4.9 ï ʄʦʙʠʣʴʜʽ ʞʦʣ ᴇʪʧʝʩʽʥʽש ʞʳʣʞʳʤʘʣʳ ʢʘʨʝʪʢʘʣʘʨʳʥ 

ʙʝʢʽʪʫ ʤʝʭʘʥʠʟʤʽʥ ʜʘʡʳʥʜʘʫ 

 

ʕʣʝʢʪʨʩʘʫʩʘץʪʘʨ ʢʘʨʝʪʢʘʜʘ ʪʝʩʽʢʢʝ ʙʝʢʽʪʢʽʰ ʩʘʫʩʘץʪʳ ʝʥʛʽʟʫ ץʳʟʤʝʪʽʥ 

ʘʪץʘʨʘʜʳ, ʙʽʨʘץ ʦʣʘʨ ʵʣʝʢʪʨʣʽʢ ʩʠʛʥʘʣ ʘʨץʳʣʳ ʙʘʩץʘʨʳʣʘʜʳ. ɹײʣ ʞװʡʝʥʽש 

ʬʫʥʢʮʠʦʥʘʣʜʳסʳʥ ʩʘץʪʘʫסʘ ʞᴅʥʝ ʪװʡʽʥʜʝʨʜʽש ʩʝʥʽʤʜʽ ʙʝʢʽʪʽʣʫʽʥ ץʘʤʪʘʤʘʩʳʟ 

ʝʪʫʛʝ ʤװʤʢʽʥʜʽʢ ʙʝʨʜʽ. ʉʪʝʥʜʪʝʛʽ ʞʳʣʞʳʤʘʣʳ ʢʘʨʝʪʢʘ ʙʘʩץʘʨʫ ʧʫʣʴʪʽʥʝ 
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 שʦʨʝʢʪʝʥʝʪʽʥ ʩʝʛʽʟ ʵʣʝʢʪʨʦʥʜʳ ʙʝʢʽʪʢʽʰʪʽץ ʘʥ ʞᴅʥʝ 12 ɺ ʢᴇʟʽʥʝʥסʦʩʳʣץ

ʢᴇʤʝʛʽʤʝʥ ʞװʟʝʛʝ ʘʩʳʨʳʣʘʜʳ. 

ʕʣʝʢʪʨʣʽʢ ʩʘʫʩʘץʪʘʨʜʳש ʢᴇʤʝʛʽʤʝʥ ʪʽʨʝʫʽʰ ʩʘʫʩʘץʪʳ ʢʘʨʝʪʢʘ ʤʝʥ ץʦʩ ʪʘʚʨʣʳ 

ʙʘʣʢʘʥʳש ʪʝʩʽʢʪʝʨʽʥʝ ʝʥʛʽʟʫ ʞװʟʝʛʝ ʘʩʳʨʳʣʘʜʳ, ʦʩʳʣʘʡʰʘ ʪװʡʽʥʥʽץ שʘʪʪʳ 

ʙʝʢʽʪʽʣʫʽʥ ץʘʤʪʘʤʘʩʳʟ ʝʪʝʜʽ. ɾʘʣʧʳ ʢʦʥʩʪʨʫʢʮʠʷʜʘ ʘʣʜʳסשʳ ʞᴅʥʝ ʘʨʪץʳ 

ʦʩʴʪʝʨʜʽ ʙʝʨʽʣʛʝʥ ʧʦʟʠʮʠʷʣʘʨʜʘ ʙʝʢʽʪʫʜʽ ץʘʤʪʘʤʘʩʳʟ ʝʪʝʪʽʥ ʙʘʨʣʳסʳ ʩʝʛʽʟ 

ʵʣʝʢʪʨʦʥʜʳ ʙʝʢʽʪʢʽʰ ץʦʣʜʘʥʳʣʘʜʳ (ʩʫʨʝʪ 4.10, ʘ, ʙ). ɸʣʜʳסשʳ ʞᴅʥʝ ʘʨʪץʳ 

ʦʩʴʪʝʨʜʽש ʞʳʣʞʳʤʘʣʳ ʢʘʨʝʪʢʘʣʘʨʳ ʢᴇʣʽʢ ʞʘסʜʘʡʳʥʜʘ ʞʘץʪʘʫʜʳץ שʦʩʪʘʚʨʣʳ 

ʙʘʣʢʘʥʳש ʰʝʪʢʽ ʥװʢʪʝʣʝʨʽʥʜʝ ʦʨʥʘʣʘʩʘʜʳ ʞᴅʥʝ ʵʣʝʢʪʨʦʥʜʳ ʩʘʫʩʘץʪʘʨʤʝʥ ץʘʪʘש 

ʙʝʢʽʪʽʣʝʜʽ (4.10-ʩʫʨʝʪ, ʘ, ʙ, 1 ʧʦʟ). 

 

  
ʘ) ʙ) 

 

ʉʫʨʝʪ 4.10 ï ɾʳʣʞʳʤʘʣʳ ʢʘʨʝʪʢʘʥʳ ʙʝʢʽʪʫ ʤʝʭʘʥʠʟʤʽ 

 

ʎʠʣʠʥʜʨ ᴇʟʝʢʪʝʨʽ ʙʦʣʘʪ ʙʝʢʽʪʢʽʰʪʝʨʜʽץ שʳʟʤʝʪʽʥ ʘʪץʘʨʘʜʳ (ʩʫʨʝʪ 4.10, ʘ, ʧʦʟ. 

2) ʞᴅʥʝ ʢʘʨʝʪʢʘ ʢʦʨʧʫʩʳʥʜʘ ʞᴅʥʝ ץʦʩ ʪʘʚʨʣʳ ʙʘʣʢʘʥʳש ʞʦסʘʨסʳ ʩᴇʨʝʩʽʥʜʝ 

ʞʘʩʘʣסʘʥ ʪʝʩʽʢʪʝʨʛʝ (ʩʫʨʝʪ 4.10, ʘ, ʧʦʟ. 3) ʢʽʨʝʜʽ. 

ᴄʨ ʦʩʴʢʝ ʝʢʽ ʢʘʨʝʪʢʘ ʦʨʥʘʪʳʣסʘʥ: 

- ʘʣʜʳסשʳ ʦʩʴʪʝ - ʝʢʽ ʢʘʨʝʪʢʘ (ʩʫʨʝʪ - 4.10, ʙ, ʧʦʟ. 3) ʪᴇʨʪ ʪʝʩʽʢʧʝʥ (ʩʫʨʝʪ 

4.10, ʘ, ʧʦʟ. 3); 

- ʘʨʪץʳ ʦʩʴʪʝ - ʜᴅʣ ʦʩʳʣʘʡ ʪᴇʨʪ ʩᴅʡʢʝʩ ʪʝʩʽʛʽ ʙʘʨ ʝʢʽ ʢʘʨʝʪʢʘ ʦʨʥʘʪʳʣסʘʥ. 

ʕʣʝʢʪʨʩʘʫʩʘץʪʘʨסʘ ʙʘʩץʘʨʫ ʙʣʦʛʳʥʘʥ ʢʝʨʥʝʫ ʙʝʨʽʣʛʝʥ ʢʝʟʜʝ ʰʪʦʢ-ʩʘʫʩʘץ 

ʩʳʨʪץʘ ʰʳסʘʜʳ, ʩʦʜʘʥ ʢʝʡʽʥ ʪʝʩʽʢʪʝʨʜʽש ʜᴅʣ ʩᴅʡʢʝʩ ʢʝʣʫʽ ʘʨץʳʣʳ ʢʘʨʝʪʢʘʣʘʨʜʳ 

ʨʘʤʘסʘ ץʘʪʘש ʤʝʭʘʥʠʢʘʣʳץ ʪװʨʜʝ ʙʝʢʽʪʝʜʽ. ɹײʣ ʦʩʴʪʝʨʜʽש ʞʳʣʞʫʳʥ 

ʙʦʣʜʳʨʤʘʡʜʳ. ʂʘʨʝʪʢʘʣʘʨʜʳ ʙʦʩʘʪʫ װʰʽʥ ʙʘʩץʘʨʫ ʙʣʦʛʳʥʘʥ ʢʝʨʽ ʩʠʛʥʘʣ ʙʝʨʽʣʝʜʽ, 

ʩʦʜʘʥ ʢʝʡʽʥ ʥᴅʪʠʞʝʩʽʥʜʝ ʰʪʦʢ-ʩʘʫʩʘץ ʮʠʣʠʥʜʨ ʢʦʨʧʫʩʳʥʳש ʽʰʽʥʝ ʪʘʨʪʳʣʘʜʳ 

ʞᴅʥʝ ʢʘʨʝʪʢʘ ʣʦʥʞʝʨʦʥ ʙʦʡʳʤʝʥ ʢʝʣʝʩʽ ʙʝʢʽʪʽʣʛʝʥ ʦʨʳʥסʘ ʜʝʡʽʥ ʝʨʢʽʥ ץʦʟסʘʣʘʜʳ. 

ʆʩʴʪʝʨʜʽץ שʦʟסʘʣʳʩʳʥ ʞʝשʽʣʜʝʪʫ װʰʽʥ ʘʨʥʘʡʳ ʤʝʭʘʥʠʟʤ ץʘʨʘʩʪʳʨʳʣסʘʥ. 

ɹʽʣʽʢʪʝʨ ʤʝʥ ʢʘʨʝʪʢʘʣʘʨ ʦʨʥʘʪʳʣסʘʥ ʘʨץʘʣʳץʪʳש ʙʝʪʽʥʝ ʨʦʣʠʢʪʝʨ ʙʝʢʽʪʽʣʛʝʥ (4.8 

ʩʫʨʝʪ, 3 ʧʦʟ), ᴅʨ ʢʘʨʝʪʢʘסʘ ʪᴇʨʪʝʫʜʝʥ. ɹײʣ ʨʦʣʠʢʪʝʨ ײץʨʳʣʳʤʥʳש ʪʝʛʽʩ ʩʳʨסʫʳʥʘ 

ʤװʤʢʽʥʜʽʢ ʙʝʨʝʜʽ, װʡʢʝʣʽʩʪʽ ʘʟʘʡʪʘʜʳ ʞᴅʥʝ ʞʳʣʞʫʜʳ ʞʝשʽʣʜʝʪʝʜʽ. 

ʂʘʨʝʪʢʘʣʘʨ ʨʘʤʢʘ ʙʦʡʳʤʝʥ ʙʘסʳʪʪʘʫʰʳ ʨʝʣʴʩʪʝʨ ץʳʟʤʝʪʽʥ ʘʪץʘʨʘʪʳʥ 

ʙʦʡʣʳץ ץʦʩ ʪʘʚʨʣʳ ʙʘʣʢʘʣʘʨ ʙʦʡʳʤʝʥ ץʦʟסʘʣʘʜʳ (ʩʫʨʝʪ - 4.11). 
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ʉʫʨʝʪ 4.11 ï פʦʩ ʪʘʚʨʣʳ ʙʘʣʢʘ ʙʦʡʳʤʝʥ ץʦʟסʘʣʘʪʳʥ ʘʣʜʳסשʳ ʞᴅʥʝ  

ʘʨʪץʳ ʦʩʴʪʝʨ 

 

 ʳʣʳץʘʤʪʠʪʳʥ ʤʝʭʘʥʠʟʤ ʘʨץ ʡʝʩʽʥװʳʰ ʧʝʥ ʪʨʦʩ ʞץʘʣʪסʦʟץ ʘʣʳʩ ʵʣʝʢʪʨסʦʟפ

ʞװʟʝʛʝ ʘʩʳʨʳʣʘʜʳ. ʆʩʴʪʽש ʦʨʥʘʣʘʩʫʳʥ ᴇʟʛʝʨʪʫ ʘʨʥʘʡʳ ʙʘʨʘʙʘʥʜʳ ʘʡʥʘʣʜʳʨʫ 

ʘʨץʳʣʳ ʞװʟʝʛʝ ʘʩʳʨʳʣʘʜʳ (ʩʫʨʝʪ - 4.12, ʧʦʟ. 1), ʦסʘʥ ʢװʰ ʪʨʦʩ ʘʨץʳʣʳ ʙʝʨʽʣʝʜʽ 

(ʩʫʨʝʪ - 4.12, ʧʦʟ. 2). ɹʘʨʘʙʘʥ ʘʡʥʘʣסʘʥ ʢʝʟʜʝ ʪʨʦʩʪʳש ʢʝʨʽʣʫʽ ᴇʟʛʝʨʝʜʽ, ʩʦʥʳש 

ʥᴅʪʠ-ʞʝʩʽʥʜʝ ʢᴇʧʽʨ (ʩʫʨʝʪ - 4.12, ʧʦʟ. 3) ץʘʞʝʪʪʽ ʦʨʳʥסʘ ʞʳʣʞʠʜʳ. ɾʝʪʝʢ 

ʵʣʝʢʪʨץʦʟסʘʫʳʰ (ʩʫʨʝʪ - 4.12, ʧʦʟ. 4) ʘʨץʳʣʳ ʽʩʢʝ ʘʩʳʨʳʣʘʜʳ ʞᴅʥʝ ʦʣ ʦʩʴʪʽש ʜᴅʣ 

ʦʨʥʘʣʘʩʫʳʥ ץʘʤʪʘʤʘʩʳʟ ʝʪʝʜʽ. 

 

 
 

ʉʫʨʝʪ 4.12 ï פʦʩ ʪʘʚʨʣʳ ʙʘʣʢʘ ʙʦʡʳʤʝʥ ץʦʟסʘʣʘʪʳʥ ʦʩʴʪʝʨʜʽ  

ʙʘʩץʘʨʫ ʤʝʭʘʥʠʟʽʤʽ 

 

ʕʢʩʧʝʨʠʤʝʥʪʪʽʢ ʩʪʝʥʜʪʽש ʞʳʣʞʳʤʘʣʳ ʦʩʴ ʤʝʭʘʥʠʟʤʜʝʨʽʥ ʦʨʪʘʣʳץʪʘʥ-

ʜʳʨʳʣסʘʥ ʙʘʩץʘʨʫʜʳ ץʘʤʪʘʤʘʩʳʟ ʝʪʫ, ʩʦʥʜʘʡ-ʘץ ʢᴇʣʽʢ ײץʨʘʣʜʘʨʳʥʳש ʞװʨʫ 

 ʡʝʩʽʤʝʥ ʙʽʨʽʢʪʽʨʽʣʛʝʥװʜʘʙʳʣʳ ʞ ץʰʽʥ ʞʘʨʳװ ʘʫʽʧʩʽʟʜʽʛʽʥ ʘʨʪʪʳʨʫץ

ʤʘʤʘʥʜʘʥʜʳʨʳʣסʘʥ ʙʘʩץʘʨʫ ʙʣʦʛʳ ᴅʟʽʨʣʝʥʜʽ ʞᴅʥʝ ʞʘʩʘʣʜʳ (4.13-ʩʫʨʝʪ). 
 

   
 

ʉʫʨʝʪ 4.13 ï ʕʢʩʧʝʨʠʤʝʥʪʪʽʢ ʩʪʝʥʜʽʥʽש ʞʳʣʞʳʤʘʣʳ ʦʩʴʽʥ ʙʘʩץʘʨʫ ʙʣʦʛʳ 

ʞᴅʥʝ ʞʘʨʳץʪʳץ ʩʠʛʥʘʣ ʙʝʨʫ ʞװʡʝʩʽ 


