
ʌɽɼɽʈɸʃʔʅʆɽ ɻʆʉʋɼɸʈʉʊɺɽʅʅʆɽ ɹʖɼɾɽʊʅʆɽ ʆɹʈɸɿʆɺɸʊɽʃʔʅʆɽ 

ʋʏʈɽɾɼɽʅʀɽ ɺʓʉʐɽɻʆ ʆɹʈɸɿʆɺɸʅʀʗ "ʂʈɸʉʅʆʗʈʉʂʀʁ ɻʆʉʋɼɸʈʉʊɺɽʅʅʓʁ 

ʄɽɼʀʎʀʅʉʂʀʁ ʋʅʀɺɽʈʉʀʊɽʊ ʀʄɽʅʀ ʇʈʆʌɽʉʉʆʈɸ ɺ.ʌ. ɺʆʁʅʆ-

ʗʉɽʅɽʎʂʆɻʆ" ʄʀʅʀʉʊɽʈʉʊɺɸ ɿɼʈɸɺʆʆʍʈɸʅɽʅʀʗ ʈʆʉʉʀʁʉʂʆʁ 

ʌɽɼɽʈɸʎʀʀ 

 

 
ʅʘ ʧʨʘʚʘʭ ʨʫʢʦʧʠʩʠ 

 

 

 

 

 

ʐʫʚʘʝʚ ɸʥʪʦʥ ʅʠʢʦʣʘʝʚʠʯ 

 

 

 

ʂʣʝʪʦʯʥʳʝ ʠ ʤʦʣʝʢʫʣʷʨʥʳʝ ʤʝʭʘʥʠʟʤʳ ʨʘʟʚʠʪʠʷ 

ʧʦʣʠʛʣʫʪʘʤʠʥʦʚʳʭ ʘʪʘʢʩʠʡ ʠ ʧʘʪʦʛʝʥʝʪʠʯʝʩʢʠʝ ʧʨʠʥʮʠʧʳ ʠʭ 

ʢʦʨʨʝʢʮʠʠ 

 
 

 

 

3.3.3. ï ʧʘʪʦʣʦʛʠʯʝʩʢʘʷ ʬʠʟʠʦʣʦʛʠʷ 

1.5.22. ï ʢʣʝʪʦʯʥʘʷ ʙʠʦʣʦʛʠʷ  

 

 

 

ɼʠʩʩʝʨʪʘʮʠʷ  

ʥʘ ʩʦʠʩʢʘʥʠʝ ʫʯʝʥʦʡ ʩʪʝʧʝʥʠ  

ʜʦʢʪʦʨʘ ʤʝʜʠʮʠʥʩʢʠʭ ʥʘʫʢ 

 

 

ʅʘʫʯʥʳʝ ʢʦʥʩʫʣʴʪʘʥʪ r

ʜʦʢʪʦʨ ʤʝʜʠʮʠʥʩʢʠʭ ʥʘʫʢ 

ʉʘʣʤʠʥʘ ɸʣʣʘ ɹʦʨʠʩʦʚʥʘ 

ʜʦʢʪʦʨ ʤʝʜʠʮʠʥʩʢʠʭ ʥʘʫʢ 

ʂʘʩʧʘʨʦʚ ʉʝʨʛʝʡ ɸʰʦʪʦʚʠʯ 
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ʆɻʃɸɺʃɽʅʀɽ 

ɺɺɽɼɽʅʀɽééééééééééééééééééééééééééé.6 

ɸʢʪʫʘʣʴʥʦʩʪʴ ʪʝʤʳ ʠʩʩʣʝʜʦʚʘʥʠʷéééééééééééééééééé.6 

ʎʝʣʠ ʠ ʟʘʜʘʯʠ ʨʘʙʦʪʳééééééééééééééééééééééé.9 

ʅʘʫʯʥʘʷ ʥʦʚʠʟʥʘééééééééééééééééééééééééé10 

ʊʝʦʨʝʪʠʯʝʩʢʘʷ ʠ ʧʨʘʢʪʠʯʝʩʢʘʷ ʟʥʘʯʠʤʦʩʪʴ ʨʘʙʦʪʳé.ééééééééé..12 

ʄʝʪʦʜʦʣʦʛʠʷ ʠ ʤʝʪʦʜʳ ʠʩʩʣʝʜʦʚʘʥʠʷéééééééééééééééé.13 

ʇʦʣʦʞʝʥʠʷ, ʚʳʥʦʩʠʤʳʝ ʥʘ ʟʘʱʠʪʫééééééééééééééééé..13 

ʉʪʝʧʝʥʴ ʜʦʩʪʦʚʝʨʥʦʩʪʠ éééééééééééééééééééééé.14 

ʃʠʯʥʳʡ ʚʢʣʘʜ ʩʦʠʩʢʘʪʝʣʷééééééééééééééééééééé.14 

ɸʧʨʦʙʘʮʠʷ ʨʘʙʦʪʳéééééééééééééééééééééééé.15 

ʉʪʨʫʢʪʫʨʘ ʠ ʦʙʲʝʤ ʜʠʩʩʝʨʪʘʮʠʠéééééééééééééééééé..16 

ɻʃɸɺɸ 1. ʆɹɿʆʈ ʃʀʊɽʈɸʊʋʈʓééééééééééééééééé...17 

1.1. ʆʙʱʠʝ ʩʚʝʜʝʥʠʷ ʦ ʧʦʣʠʛʣʫʪʘʤʠʥʦʚʳʭ ʉʎɸ ï ʦʧʨʝʜʝʣʝʥʠʝ, 

ʢʣʘʩʩʠʬʠʢʘʮʠʷ, ʢʣʠʥʠʢʘ, ʵʧʠʜʝʤʠʦʣʦʛʠʷ, ʠ ʣʝʯʝʥʠʝéééééééééé17 

1.1.1. ʆʙʱʠʝ ʩʚʝʜʝʥʠʷ ʦ ʧʦʣʠʛʣʫʪʘʤʠʥʦʚʳʭ ʉʎɸééééééééééé17 

1.1.2. ɿʘʙʦʣʝʚʘʝʤʦʩʪʴ ʧʦʣʠʛʣʫʪʘʤʠʥʦʚʳʤʠ ʉʎɸééééééééééé..18 

1.2.3. ʂʣʠʥʠʯʝʩʢʠʝ ʧʨʦʷʚʣʝʥʠʷ ʧʦʣʠʰʣʫʪʘʤʠʥʦʚʳʭ ʉʎɸééééééé...25 

1.2.4. ɼʠʬʬʝʨʝʥʮʠʘʣʴʥʳʡ ʜʠʘʛʥʦʟ ʧʦʣʠʛʣʫʪʘʤʠʥʦʚʳʭ ʉʎɸéééééé...29 

1.2.5. ʉʠʤʧʪʦʤʘʪʠʯʝʩʢʦʝ ʣʝʯʝʥʠʝ ʙʦʣʴʥʳʭ ʩ ʧʦʣʠʛʣʫʪʘʤʠʥʦʚʳʤʠ ʉʎɸé...30 

1.2. ʇʘʪʦʛʝʥʝʟ ʨʘʟʚʠʪʠʷ ʉʎɸ 1ééééééééééééééééééé33 

1.2.1. ɼʠʥʘʤʠʯʝʩʢʠʝ ʤʫʪʘʮʠʠ. ʄʝʭʘʥʠʟʤ ʪʨʠʥʫʢʣʝʦʪʠʜʥʦʛʦ ʫʜʣʠʥʝʥʠʷéé33 

1.2.2. ɻʝʥʳ, ʦʪʚʝʪʩʪʚʝʥʥʳʝ ʟʘ ʨʘʟʚʠʪʠʝ ʧʦʣʠʛʣʫʪʘʤʠʥʦʚʳʭ ʉʎɸéééé...37 

1.2.3. ʉʪʨʦʝʥʠʝ ʠ ʬʫʥʢʮʠʷ ʥʦʨʤʘʣʴʥʳʭ ʧʦʣʠʛʣʫʪʘʤʠʥʦʚʳʭ ʙʝʣʢʦʚ ʥʘ 

ʧʨʠʤʝʨʝ ʘʪʘʢʩʠʥʘ 1 ʠ ʘʪʘʢʩʠʥʘ 3éééééééééééééééééé.39 

1.2.4. ʉʪʨʦʝʥʠʝ ʠ ʬʫʥʢʮʠʷ ʧʦʣʠʛʣʫʪʘʤʠʥʦʚʦʡ ʮʝʧʦʯʢʠééééééééé45 

1.2.5. ʇʦʩʪʪʨʘʥʩʣʷʮʠʦʥʥʳʝ ʠʟʤʝʥʝʥʠʷ ʫʜʣʠʥʸʥʥʳʭ ʧʦʣʠʛʣʫʪʘʤʠʥʦʚʳʭ 

ʙʝʣʢʦʚ: ʚʣʠʷʥʠʝ ʥʘ ʥʝʡʨʦʪʦʢʩʠʯʥʦʩʪʴéééééééééééééééé46 
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1.3. ʂʣʝʪʦʯʥʳʝ ʥʘʨʫʰʝʥʠʷéééééééééééééééééééé...57 

1.3.1. mGluR1 ʧʫʪʴ ʧʝʨʝʜʘʯʠ ʩʠʛʥʘʣʦʚ ʠ ʝʛʦ ʥʘʨʫʰʝʥʠʝ ...ééééééé..58 
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ʘʥʩʘʤʙʣʠéééééééééééééééééééééééééééé.63 

1.3.5. ʌʦʨʤʠʨʦʚʘʥʠʝ ʘʪʘʢʩʠʯʝʩʢʦʛʦ ʩʠʥʜʨʦʤʘéééééééééééé...69 

1.4. ʇʝʨʩʧʝʢʪʠʚʳ ʧʘʪʦʛʝʥʝʪʠʯʝʩʢʦʛʦ ʣʝʯʝʥʠʷ ʧʦʣʠʛʣʫʪʘʤʠʥʦʚʳʭ ʉʎɸ. 

ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʘʷ ʪʝʨʘʧʠʷéééééééééééééééééééé.74 

1.4.1. ʇʨʝʜʦʪʚʨʘʱʝʥʠʝ ʵʢʩʧʨʝʩʩʠʠ ʤʫʪʘʥʪʥʦʛʦ ʛʝʥʘéééééééééé.74 

1.4.2. ʉʥʠʞʝʥʠʝ ʪʦʢʩʠʯʥʦʩʪʠ ʤʫʪʘʥʪʥʳʭ ʙʝʣʢʦʚééééééééééé...75 

1.4.3. ʋʩʠʣʝʥʠʝ ʢʣʠʨʝʥʩʘ ʤʫʪʘʥʪʥʳʭ ʙʝʣʢʦʚééééééééééééé..76 
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ɺɺɽɼɽʅʀɽ 

 

ɸʢʪʫʘʣʴʥʦʩʪʴ ʠʩʩʣʝʜʦʚʘʥʠʷ. 

ʇʦʣʠʛʣʫʪʘʤʠʥʦʚʳʝ ʩʧʠʥʦʮʝʨʝʙʝʣʣʷʨʥʳʝ ʘʪʘʢʩʠʠ ʦʙʨʘʟʫʶʪ ʦʜʥʫ ʠʟ ʥʘʠʙʦʣʝʝ 

ʯʘʩʪʦ ʚʩʪʨʝʯʘʶʱʠʭʩʷ ʛʨʫʧʧ ʥʘʩʣʝʜʩʪʚʝʥʥʳʭ ʥʝʡʨʦʜʝʛʝʥʝʨʘʪʠʚʥʳʭ 

ʟʘʙʦʣʝʚʘʥʠʡ ʤʦʟʞʝʯʢʘ. ʉʨʝʜʠ ʥʠʭ, ʩʧʠʥʦʮʝʨʝʙʝʣʣʷʨʥʘʷ ʘʪʘʢʩʠʷ 1 ʪʠʧʘ 

(ʉʎɸ1) ʜʦʤʠʥʠʨʫʝʪ ʚ ʩʣʘʚʷʥʩʢʦʡ ʧʦʧʫʣʷʮʠʠ (1; 2). ɹʦʣʝʝ ʪʦʛʦ, ʚ ʈʦʩʩʠʠ 

ʨʝʛʠʩʪʨʠʨʫʝʪʩʷ ʨʝʟʢʦʝ ʫʚʝʣʠʯʝʥʠʝ ʟʘʙʦʣʝʚʘʝʤʦʩʪʠ ʉʎɸ1 ʫ ʢʦʨʝʥʥʦʛʦ 

ʥʘʩʝʣʝʥʠʷ ʗʢʫʪʠʠ. ʕʪʦ ʩʘʤʳʡ ʙʦʣʴʰʦʡ ʦʯʘʛ ʟʘʙʦʣʝʚʘʝʤʦʩʪʠ ʉʎɸ1 ʚ ʤʠʨʝ 

(3). ʅʘ ʩʝʛʦʜʥʷʰʥʠʡ ʤʦʤʝʥʪ ʧʘʪʦʛʝʥʝʪʠʯʝʩʢʦʡ ʪʝʨʘʧʠʠ ʧʦʣʠʛʣʫʪʘʤʠʥʦʚʳʭ 

ʩʧʠʥʦʮʝʨʝʙʝʣʣʷʨʥʳʭ ʘʪʘʢʩʠʡ ʥʝ ʨʘʟʨʘʙʦʪʘʥʦ, ʟʘʙʦʣʝʚʘʥʠʝ ʥʝʫʢʣʦʥʥʦ 

ʧʨʦʛʨʝʩʩʠʨʫʝʪ ʠ ʟʘʢʘʥʯʠʚʘʝʪʩʷ ʩʤʝʨʪʴʶ ʦʪ ʧʦʨʘʞʝʥʠʷ ʟʦʥ ʩʪʚʦʣʘ ʤʦʟʛʘ, 

ʦʪʚʝʯʘʶʱʠʭ ʟʘ ʚʠʪʘʣʴʥʳʝ ʬʫʥʢʮʠʠ. ʆʪʩʫʪʩʪʚʠʝ ʧʘʪʦʛʝʥʝʪʠʯʝʩʢʦʡ ʪʝʨʘʧʠʠ 

ʧʨʠ ʧʦʣʠʛʣʫʪʘʤʠʥʦʚʳʭ ʩʧʠʥʦʮʝʨʝʙʝʣʣʷʨʥʳʭ ʘʪʘʢʩʠʷʭ ʪʨʝʙʫʝʪ ʠʟʫʯʝʥʠʷ 

ʜʘʥʥʳʭ ʩʦʩʪʦʷʥʠʡ ʠ ʜʝʣʘʝʪ ʵʪʫ ʧʨʦʙʣʝʤʫ ʘʢʪʫʘʣʴʥʦʡ. 

ʇʦʣʠʛʣʫʪʘʤʠʥʦʚʳʝ ʩʧʠʥʦʮʝʨʝʙʝʣʣʷʨʥʳʝ ʘʪʘʢʩʠʠ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ 

ʯʨʝʟʤʝʨʥʳʤ ʫʜʣʠʥʝʥʠʝʤ CAG ʪʨʠʥʫʢʣʝʦʪʠʜʥʳʭ ʧʦʚʪʦʨʦʚ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ 

ʛʝʥʦʚ (4). ʊʘʢʘʷ ʤʫʪʘʮʠʷ ʧʨʠʚʦʜʠʪ ʢ ʧʦʷʚʣʝʥʠʶ ʧʘʪʦʣʦʛʠʯʝʩʢʠʭ ʙʝʣʢʦʚ ʩ 

ʫʜʣʠʥʸʥʥʦʡ ʧʦʣʠʛʣʫʪʘʤʠʥʦʚʦʡ ʮʝʧʦʯʢʦʡ, ʠʭ ʥʝʧʨʘʚʠʣʴʥʦʡ ʢʦʥʬʦʨʤʘʮʠʠ, ʠ 

ʧʨʠʦʙʨʝʪʝʥʠʶ ʠʤʠ ʪʦʢʩʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ, ʯʪʦ ʚʳʟʳʚʘʝʪ ʛʠʙʝʣʴ ʢʣʝʪʦʢ ʤʦʟʛʘ 

(5). ʀʟʥʘʯʘʣʴʥʦ ʩʯʠʪʘʣʦʩʴ, ʯʪʦ ʤʫʪʘʮʠʷ ʚ ʨʘʟʣʠʯʥʳʭ ʛʝʥʘʭ ʧʨʠ ʨʘʟʥʳʭ 

ʧʦʣʠʛʣʫʪʘʤʠʥʦʚʳʭ ʩʧʠʥʦʮʝʨʝʙʝʣʣʷʨʥʳʭ ʘʪʘʢʩʠʷʭ ʜʦʣʞʥʘ ʧʨʠʚʦʜʠʪʴ ʢ 

ʨʘʟʥʳʤ ʥʘʨʫʰʝʥʠʷʤ ʬʫʥʢʮʠʡ ʤʫʪʘʥʪʥʳʭ ʙʝʣʢʦʚ ʠ ʨʘʟʣʠʯʥʳʤ ʧʨʦʷʚʣʝʥʠʷʤ 

ʟʘʙʦʣʝʚʘʥʠʷ. ʆʜʥʘʢʦ ʢʣʠʥʠʯʝʩʢʠ ʥʘʙʣʶʜʘʝʪʩʷ ʙʦʣʴʰʘʷ ʩʭʦʞʝʩʪʴ ʧʨʦʷʚʣʝʥʠʡ 

ʧʨʠ ʚʩʝʭ ʧʦʣʠʛʣʫʪʘʤʠʥʦʚʳʭ ʘʪʘʢʩʠʷʭ, ʣʠʰʴ ʩ ʥʝʢʦʪʦʨʳʤʠ ʠʥʜʠʚʠʜʫʘʣʴʥʳʤʠ 

ʦʩʦʙʝʥʥʦʩʪʷʤʠ (6), ʯʪʦ ʤʦʞʝʪ ʫʢʘʟʳʚʘʪʴ ʥʘ ʧʦʜʦʙʥʳʝ ʧʨʦʮʝʩʩʳ ʚ ʧʘʪʦʛʝʥʝʟʝ 

ʜʘʥʥʳʭ ʟʘʙʦʣʝʚʘʥʠʡ, ʘ ʟʥʘʯʠʪ ʠ ʩʭʦʞʠʝ ʧʦʜʭʦʜʳ ʢ ʠʭ ʢʦʨʨʝʢʮʠʠ. ʆʜʥʘʢʦ 

ʠʟʤʝʥʝʥʠʝ ʤʦʣʝʢʫʣʷʨʥʳʭ ʢʘʩʢʘʜʦʚ, ʧʨʠʚʦʜʷʱʠʭ ʢ ʤʦʨʬʦʣʦʛʠʯʝʩʢʠʤ ʠ 

ʬʫʥʢʮʠʦʥʘʣʴʥʳʤ ʥʘʨʫʰʝʥʠʷʤ ʩʪʨʫʢʪʫʨ ʤʦʟʞʝʯʢʘ ʧʨʠ ʧʦʣʠʛʣʫʪʘʤʠʥʦʚʳʭ 
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ʩʧʠʥʦʮʝʨʝʙʝʣʣʷʨʥʳʭ ʘʪʘʢʩʠʷʭ, ʩʣʘʙʦ ʠʟʫʯʝʥʳ, ʦʙʱʠʝ ʧʨʠʥʮʠʧʳ ʨʘʟʚʠʪʠʷ 

ʧʘʪʦʣʦʛʠʠ ʥʝ ʧʦʢʘʟʘʥʳ.  

ʇʦʵʪʦʤʫ ʚ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʙʳʣʦ ʫʜʝʣʝʥʦ ʚʥʠʤʘʥʠʝ ʦʙʱʠʤ ʧʘʪʦʛʝʥʝʪʠʯʝʩʢʠʤ 

ʘʩʧʝʢʪʘʤ, ʚʦʟʥʠʢʘʶʱʠʤ ʧʨʠ ʨʘʟʚʠʪʠʠ ʧʦʣʠʛʣʫʪʘʤʠʥʦʚʳʭ ʘʪʘʢʩʠʡ. ʀʟʚʝʩʪʥʦ, 

ʯʪʦ ʥʘʠʙʦʣʝʝ ʨʘʥʦ ʠ ʚʳʨʘʞʝʥʥʦ ʚʦʚʣʝʢʘʝʪʩʷ ʚ ʧʘʪʦʣʦʛʠʯʝʩʢʠʡ ʧʨʦʮʝʩʩ 

ʢʣʝʪʢʠ ʇʫʨʢʠʥʴʝ. ʀʭ ʛʠʙʝʣʴ, ʪʝʩʥʳʤ ʦʙʨʘʟʦʤ ʩʚʷʟʘʥʘ ʩ ʥʝʛʘʪʠʚʥʳʤʠ 

ʵʬʬʝʢʪʘʤʠ ʤʫʪʘʥʪʥʳʭ ʧʦʣʠʛʣʫʪʘʤʠʥʦʚʳʭ ʙʝʣʢʦʚ. ʊʘʢ, ʘʪʘʢʩʠʥ 1 ʦʙʨʘʟʫʝʪ ʩ 

ʜʨʫʛʠʤʠ ʙʝʣʢʘʤʠ ʢʦʤʧʣʝʢʩ, ʚʟʘʠʤʦʜʝʡʩʪʚʫʶʱʠʡ ʩ ʷʜʝʨʥʳʤ ʨʝʮʝʧʪʦʨʦʤ 

ʨʝʛʫʣʷʮʠʠ ʪʨʘʥʩʢʨʠʧʮʠʠ, RORŬ (7). ɽʛʦ ʤʫʪʘʥʪʥʘʷ ʬʦʨʤʘ ʩ ʫʜʣʠʥʸʥʥʦʡ 

ʧʦʣʠʛʣʫʪʘʤʠʥʦʚʦʡ ʮʝʧʦʯʢʦʡ ʥʝ ʠʤʝʝʪ ʚʦʟʤʦʞʥʦʩʪʠ ʦʙʨʘʟʦʚʳʚʘʪʴ ʢʦʤʧʣʝʢʩʳ 

ʩ RORŬ, ʯʪʦ ʧʨʠʚʦʜʠʪ ʢ ʜʝʛʨʘʜʘʮʠʠ ʜʘʥʥʦʛʦ ʨʝʮʝʧʪʦʨʘ ʠ ʥʘʨʫʰʝʥʠʶ 

ʪʨʘʥʩʢʨʠʧʮʠʠ ʜʝʩʷʪʢʦʚ ʨʘʟʣʠʯʥʳʭ ʛʝʥʦʚ, ʦʪʚʝʯʘʶʱʠʭ ʟʘ ʤʝʪʘʙʦʣʠʟʤ, ʨʦʩʪ ʠ 

ʨʘʟʚʠʪʠʝ ʢʣʝʪʦʢ, ʘ ʪʘʢʞʝ ʵʣʠʤʠʥʘʮʠʶ ʩʠʥʘʧʩʦʚ (8). ɺʝʨʦʷʪʥʦ ʵʪʦʪ ʤʝʭʘʥʠʟʤ 

ʣʝʞʠʪ ʚ ʦʩʥʦʚʝ ʥʘʨʫʰʝʥʠʷ ʨʘʟʚʠʪʠʷ ʢʣʝʪʦʢ ʇʫʨʢʠʥʴʝ ʠ ʧʨʠ ʜʨʫʛʠʭ 

ʧʦʣʠʛʣʫʪʘʤʠʥʦʚʳʭ ʩʧʠʥʦʮʝʨʝʙʝʣʣʷʨʥʳʭ ʘʪʘʢʩʠʷʭ, ʥʦ ʪʘʢʠʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʥʝ 

ʧʨʦʚʦʜʠʣʠʩʴ.  

ʈʘʥʝʝ ʙʳʣʦ ʧʦʢʘʟʘʥʦ ʥʘ ʥʦʢʘʫʪʥʳʭ ʞʠʚʦʪʥʳʭ, ʯʪʦ ʚʳʰʝ ʦʧʠʩʘʥʥʳʝ 

ʚʠʪʘʣʴʥʳʝ ʬʫʥʢʮʠʠ ʚ ʢʣʝʪʢʘʭ ʇʫʨʢʠʥʴʝ ʢʨʠʪʠʯʝʩʢʠ ʟʘʚʠʩʷʪ ʦʪ ʥʘʣʠʯʠʷ ʠ 

ʘʢʪʠʚʘʮʠʠ ʤʝʪʘʙʦʪʨʦʧʥʦʛʦ ʛʣʫʪʘʤʘʪʥʦʛʦ ʨʝʮʝʧʪʦʨʘ 1 ʪʠʧʘ, mGluR1 (9). 

ʊʘʢʞʝ ʜʘʥʥʳʡ ʨʝʮʝʧʪʦʨ ʙʳʣ ʟʘʤʝʯʝʥ ʚ ʨʘʟʚʠʪʠʠʠ ʢʨʘʪʢʦ- ʠ ʜʦʣʛʦʚʨʝʤʝʥʥʦʡ 

ʩʠʥʘʧʪʠʯʝʩʢʦʡ ʧʣʘʩʪʠʯʥʦʩʪʠ ʚ ʩʠʥʘʧʩʘʭ ʢʣʝʪʦʢ ʇʫʨʢʠʥʴʝ ʩ ʧʘʨʘʣʣʝʣʴʥʳʤʠ ʠ 

ʣʠʘʥʦʚʠʜʥʳʤʠ ʚʦʣʦʢʥʘʤʠ (9). ʆʜʥʘʢʦ ʨʦʣʴ mGluR1 ʚ ʧʘʪʦʛʝʥʝʟʝ 

ʩʧʠʥʦʮʝʨʝʙʝʣʣʷʨʥʳʭ ʘʪʘʢʩʠʡ ʠ, ʚ ʯʘʩʪʥʦʩʪʠ ʉʎɸ1, ʨʘʥʝʝ ʥʝ ʙʳʣʘ ʠʟʫʯʝʥʘ. 

ʇʦʵʪʦʤʫ ʚʳʷʚʣʝʥʠʝ ʵʬʬʝʢʪʦʚ ʤʫʪʘʥʪʥʳʭ ʧʦʣʠʛʣʫʪʘʤʠʥʦʚʳʭ ʙʝʣʢʦʚ ʥʘ 

ʬʫʥʢʮʠʶ RORŬ ʠ ʩʚʷʟʘʥʥʳʭ ʩ ʥʠʤ ʵʢʩʧʨʝʩʩʠʨʫʝʤʳʭ ʙʝʣʢʦʚ, ʪʘʢʠʭ ʢʘʢ 

mGluR1, ʧʨʝʜʩʪʘʚʣʷʝʪ ʦʩʦʙʳʡ ʠʥʪʝʨʝʩ. 

ʇʦʵʪʦʤʫ ʥʘʠʙʦʣʝʝ ʧʝʨʩʧʝʢʪʠʚʥʳʤʠ ʧʦʜʭʦʜʘʤʠ ʢ ʢʦʨʨʝʢʮʠʠ mGluR1-

ʦʧʦʩʨʝʜʦʚʘʥʥʦʛʦ ʧʫʪʠ ʧʝʨʝʜʘʯʠ ʩʠʛʥʘʣʦʚ ʚ ʢʣʝʪʢʘʭ ʇʫʨʢʠʥʴʝ ʧʨʠ 

ʧʦʣʠʛʣʫʪʘʤʠʥʦʚʳʭ ʩʧʠʥʦʮʝʨʝʙʝʣʣʷʨʥʳʭ ʘʪʘʢʩʠʷʭ ʷʚʣʷʝʪʩʷ ʫʩʠʣʝʥʠʝ 
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ʚʳʚʝʜʝʥʠʷ ʤʫʪʘʥʪʥʳʭ ʥʝʨʘʩʪʚʦʨʠʤʳʭ ʙʝʣʢʦʚ ʩ ʧʦʤʦʱʴʶ ʫʙʠʢʚʠʪʠʥ-

ʧʨʦʪʝʘʩʦʤʥʦʡ ʩʠʩʪʝʤʳ (10) ʠ ʘʢʪʠʚʘʮʠʷ ʢʦʤʧʣʝʢʩ-ʦʙʨʘʟʫʶʱʠʭ ʩ mGluR1 

ʤʝʪʘʙʦʪʨʦʧʥʳʭ ʨʝʮʝʧʪʦʨʦʚ, ʪʘʢʠʭ ʢʘʢ ɻɸʄʂʚ ʨʝʮʝʧʪʦʨʳ. ɼʘʥʥʦʡ ʟʘʜʘʯʠ 

ʤʦʞʥʦ ʜʦʩʪʠʯʴ ʧʨʠ ʧʦʤʦʱʠ ʪʘʨʛʝʪʥʦʡ ʜʦʩʪʘʚʢʠ ʨʝʢʦʤʙʠʥʘʥʪʥʦʛʦ ʛʝʥʘ, ʘ 

ʪʘʢʞʝ ʠʤʝʶʱʠʭʩʷ ʥʘ ʨʳʥʢʝ ʬʘʨʤʘʢʦʣʦʛʠʯʝʩʢʠʭ ʧʨʝʧʘʨʘʪʦʚ ï ʘʢʪʠʚʘʪʦʨʦʚ 

ɻɸʄʂʚ ʨʝʮʝʧʪʦʨʦʤ, ʪʘʢʠʭ ʢʘʢ ʙʘʢʣʦʬʝʥ. 

ɺʳʩʦʢʠʡ ʠʥʪʝʨʝʩ ʧʨʝʜʩʪʘʚʣʷʝʪ ʪʘʢʞʝ ʪʨʘʥʩʧʣʘʥʪʘʮʠʷ ʩʪʚʦʣʦʚʳʭ ʢʣʝʪʦʢ ʚ 

ʦʙʣʘʩʪʴ ʥʝʡʨʦʜʝʛʝʥʝʨʘʮʠʠ. ʇʦʧʘʜʘʷ ʚ ʦʨʛʘʥʠʟʤ ʨʝʮʠʧʠʝʥʪʘ, ʩʪʚʦʣʦʚʳʝ 

ʢʣʝʪʢʠ ʚʳʜʝʣʷʶʪ ʨʷʜ ʙʠʦʣʦʛʠʯʝʩʢʠ ʘʢʪʠʚʥʳʭ ʚʝʱʝʩʪʚ ʪʘʢʠʭ, ʢʘʢ ʬʘʢʪʦʨʳ 

ʨʦʩʪʘ (BDNF, NT-3 or GDNF) ʠ ʪ.ʜ. ʠ ʤʦʛʫʪ ʩʧʦʩʦʙʩʪʚʦʚʘʪʴ ʧʦʜʜʝʨʞʘʥʠʶ 

ʥʦʨʤʘʣʴʥʦʡ ʤʦʨʬʦʣʦʛʠʠ ʠ ʬʫʥʢʮʠʠ ʥʝʡʨʦʥʦʚ (11). ʀʟ ʙʦʣʴʰʦʛʦ ʨʷʜʘ 

ʩʪʚʦʣʦʚʳʭ ʢʣʝʪʦʢ, ʤʝʟʝʥʭʠʤʘʣʴʥʳʝ ʩʪʚʦʣʦʚʳʝ ʢʣʝʪʢʠ (ʄʉʂ) ʧʨʝʜʩʪʘʚʣʷʶʪʩʷ 

ʥʘʠʙʦʣʝʝ ʧʝʨʩʧʝʢʪʠʚʥʳʤʠ, ʪʘʢ ʢʘʢ ʫʞʝ ʠʩʧʦʣʴʟʫʶʪʩʷ ʚ ʵʢʩʧʝʨʠʤʝʥʪʘʭ ʥʘ 

ʤʦʜʝʣʷʭ ʥʝʡʨʦʜʝʛʝʥʝʨʘʮʠʠ ʚ ʩʠʣʫ ʠʭ ʚʳʩʦʢʦʡ ʧʦʪʝʥʮʠʘʣʴʥʦʡ ʧʦʣʴʟʳ ʚ 

ʣʝʯʝʥʠʠ ʜʘʥʥʳʭ ʩʦʩʪʦʷʥʠʡ, ʘ ʪʘʢʞʝ ʥʠʟʢʦʡ ʦʧʘʩʥʦʩʪʠ ʚ ʦʪʥʦʰʝʥʠʠ 

ʬʦʨʤʠʨʦʚʘʥʠʷ ʥʦʚʦʦʙʨʘʟʦʚʘʥʠʡ (12). 

ʈʘʥʝʝ ʙʳʣʦ ʧʦʢʘʟʘʥʦ, ʯʪʦ ʥʦʨʤʘʣʴʥʳʡ ʘʪʘʢʩʠʥ 1 ʣʦʢʘʣʠʟʫʝʪʩʷ ʚ ʷʜʨʝ ʥʝ 

ʪʦʣʴʢʦ ʥʝʡʨʦʥʦʚ, ʥʦ ʠ ʜʨʫʛʠʭ ʢʣʝʪʦʢ ʤʦʟʞʝʯʢʘ, ʚ ʯʘʩʪʥʦʩʪʠ, ʘʩʪʨʦʮʠʪʦʚ (13). 

ʅʦ ʚʦʚʣʝʯʝʥʠʝ ʘʩʪʨʦʮʠʪʦʚ ʚ ʧʘʪʦʛʝʥʝʟ ʧʦʣʠʛʣʫʪʘʤʠʥʦʚʳʭ 

ʩʧʠʥʦʮʝʨʝʙʝʣʣʷʨʥʳʭ ʘʪʘʢʩʠʡ, ʘ ʪʘʢʞʝ ʤʦʣʝʢʫʣʷʨʥʘʷ ʦʩʥʦʚʘ ʜʘʥʥʦʛʦ 

ʧʨʦʮʝʩʩʘ, ʷʚʣʷʝʪʩʷ ʥʘʠʤʝʥʝʝ ʠʟʫʯʝʥʥʦʡ ʪʝʤʦʡ. ʀʟʫʯʝʥʠʝ ʥʝʡʨʦʥ-

ʘʩʪʨʦʮʠʪʘʨʥʳʭ ʚʟʘʠʤʦʜʝʡʩʪʚʠʡ ʢʦʨʳ ʤʦʟʞʝʯʢʘ ʧʦʤʦʞʝʪ ʘʜʘʧʪʠʨʦʚʘʪʴ ʦʧʳʪ 

ʢʦʥʪʨʦʣʷ ʵʢʩʘʡʪʦʪʦʢʩʠʯʥʦʩʪʠ ʠ ʘʢʪʠʚʘʮʠʠ ʥʝʡʨʦʧʨʦʪʝʢʮʠʠ ʚ ʩʠʥʘʧʩʘʭ 

ʙʦʣʴʰʦʛʦ ʤʦʟʛʘ ʩ ʧʦʤʦʱʴʶ ʫʞʝ ʠʟʚʝʩʪʥʳʭ ʬʘʨʤʘʢʦʣʦʛʠʯʝʩʢʠʭ ʩʨʝʜʩʪʚ, 

ʪʘʢʠʭ ʢʘʢ ʤʝʤʘʥʪʠʥ, ʢ ʧʘʪʦʣʦʛʠʯʝʩʢʠʤ ʫʩʣʦʚʠʷʤ ʧʨʠ ʧʦʣʠʛʣʫʪʘʤʠʥʦʚʳʭ 

ʩʧʠʥʦʮʝʨʝʙʝʣʣʷʨʥʳʭ ʘʪʘʢʩʠʷʭ. 
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ʎʝʣʴ ʠʩʩʣʝʜʦʚʘʥʠʷ 

ɺʳʷʚʣʝʥʠʝ ʥʦʚʳʭ ʢʣʝʪʦʯʥʳʭ ʠ ʤʦʣʝʢʫʣʷʨʥʳʭ ʤʝʭʘʥʠʟʤʦʚ ʨʘʟʚʠʪʠʷ 

ʧʦʣʠʛʣʫʪʘʤʠʥʦʚʳʭ ʘʪʘʢʩʠʡ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʦʙʱʠʭ ʧʦʣʠʛʣʫʪʘʤʠʥʦʚʳʭ ʠ 

ʦʧʪʦʛʝʥʝʪʠʯʝʩʢʠʭ ʤʦʜʝʣʝʡ, ʘ ʪʘʢʞʝ ʯʘʩʪʥʳʭ ʤʦʜʝʣʝʡ ʩʧʠʥʦʮʝʨʝʙʝʣʣʷʨʥʦʡ 

ʘʪʘʢʩʠʠ 1 ʪʠʧʘ; ʨʘʟʨʘʙʦʪʢʘ ʥʘ ʠʭ ʦʩʥʦʚʝ ʧʦʜʭʦʜʦʚ ʢ ʧʘʪʦʛʝʥʝʪʠʯʝʩʢʦʡ 

ʢʦʨʨʝʢʮʠʠ ʜʘʥʥʳʭ ʩʦʩʪʦʷʥʠʡ. 

ɼʣʷ ʜʦʩʪʠʞʝʥʠʷ ʧʦʩʪʘʚʣʝʥʥʦʡ ʮʝʣʠ ʙʳʣʠ ʩʬʦʨʤʫʣʠʨʦʚʘʥʳ ʩʣʝʜʫʶɦ ʠʝ 

ʟʘʜʘʯʠ:  

1. ʉʦʟʜʘʪʴ ʚʝʢʪʦʨʥʳʝ ʤʦʜʝʣʠ, ʦʧʠʩʳʚʘʶʱʠʝ ʦʙʱʠʝ ʠ ʯʘʩʪʥʳʝ ʟʚʝʥʴʷ 

ʧʘʪʦʛʝʥʝʟʘ ʧʦʣʠʛʣʫʪʘʤʠʥʦʚʳʭ ʘʪʘʢʩʠʡ: ʤʦʜʝʣʴ ʩʧʠʥʦʮʝʨʝʙʝʣʣʷʨʥʦʡ 

ʘʪʘʢʩʠʠ 1 ʪʠʧʘ ʩ ʦʪʩʨʦʯʝʥʥʦʡ ʵʢʩʧʨʝʩʩʠʝʡ ʤʫʪʘʥʪʥʦʛʦ ʘʪʘʢʩʠʥʘ 1 ʚ 

ʢʣʝʪʢʘʭ ʇʫʨʢʠʥʴʝ, ʦʧʪʦʛʝʥʝʪʠʯʝʩʢʫʶ ʤʦʜʝʣʴ ʘʩʪʨʦʛʣʠʦʟʘ ʤʦʟʞʝʯʢʘ ʠ 

ʤʦʜʝʣʴ ʩ ʩʝʣʝʢʪʠʚʥʦʡ ʵʢʩʧʨʝʩʩʠʝʡ ʤʫʪʘʥʪʥʦʛʦ ʘʪʘʢʩʠʥʘ 1 ʚ ʛʣʠʠ 

ɹʝʨʛʤʘʥʘ. 

2. ɺ ʤʦʜʝʣʠ ʩʧʠʥʦʮʝʨʝʙʝʣʣʷʨʥʦʡ ʘʪʘʢʩʠʠ 1 ʪʠʧʘ ʠ ʧʦʣʠʛʣʫʪʘʤʠʥʦʚʦʡ 

ʤʦʜʝʣʠ ʧʦʢʘʟʘʪʴ ʤʦʣʝʢʫʣʫ-ʤʠʰʝʥʴ ʜʣʷ ʤʫʪʘʥʪʥʳʭ ʙʝʣʢʦʚ, ʚʣʠʷʶʱʫʶ 

ʥʘ ʤʦʨʬʦʣʦʛʠʶ ʢʣʝʪʦʢ ʇʫʨʢʠʥʴʝ ʠ ʵʢʩʧʨʝʩʩʠʶ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʠʭ 

ʜʝʥʜʨʠʪʦʚ mGluR1. ʀʟʫʯʠʪʴ ʧʨʦʮʝʩʩʳ ʢʨʘʪʢʦ- ʠ ʜʦʣʛʦʚʨʝʤʝʥʥʦʡ 

ʩʠʥʘʧʪʠʯʝʩʢʦʡ ʧʣʘʩʪʠʯʥʦʩʪʠ ʚ ʫʩʣʦʚʠʷʭ ʥʝʜʦʩʪʘʪʦʯʥʦʩʪʠ mGluR1 ʚ 

ʜʘʥʥʳʭ ʤʦʜʝʣʷʭ. 

3. ʅʘ ʦʧʪʦʛʝʥʝʪʠʯʝʩʢʦʡ ʤʦʜʝʣʠ ʘʩʪʨʦʛʣʠʦʟʘ ʤʦʟʞʝʯʢʘ ʠ ʤʦʜʝʣʠ ʩ 

ʩʝʣʝʢʪʠʚʥʦʡ ʵʢʩʧʨʝʩʩʠʝʡ ʤʫʪʘʥʪʥʦʛʦ ʘʪʘʢʩʠʥʘ 1 ʚ ʛʣʠʠ ɹʝʨʛʤʘʥʘ 

ʧʦʢʘʟʘʪʴ ʢʣʝʪʦʯʥʳʝ ʥʘʨʫʰʝʥʠʷ ʪʨʸʭʢʦʤʧʦʥʝʥʪʥʦʛʦ ʩʠʥʘʧʩʘ ʠ 

ʫʩʪʘʥʦʚʠʪʴ ʚʢʣʘʜ ʪʨʘʥʩʧʦʨʪʸʨʘ ʛʣʫʪʘʤʘʪʘ ɽɸɸʊ1 ʚ ʵʢʩʘʡʪʦʪʦʢʩʠʯʥʦʩʪʴ 

ʚ ʦʧʠʩʘʥʥʳʭ ʤʦʜʝʣʷʭ.  

4. ʅʘ ʪʨʘʥʩʛʝʥʥʦʡ ʧʦʣʠʛʣʫʪʘʤʠʥʦʚʦʡ ʤʦʜʝʣʠ ʦʮʝʥʠʪʴ ʚʥʫʪʨʠʚʝʥʥʳʡ ʧʫʪʴ 

ʚʝʢʪʦʨʥʦʡ ʜʦʩʪʘʚʢʠ ʘʜʝʥʦʚʠʨʫʩʥʦʛʦ ʨʝʢʦʤʙʠʥʘʥʪʥʦʛʦ ʛʝʥʘ MSCV-

GFP-P2A-CRAG ʩ ʧʦʩʣʝʜʫʶʱʠʤ ʩʠʥʪʝʟʦʤ ʚ ʢʣʝʪʢʘʭ ʇʫʨʢʠʥʴʝ 

ʩʠʛʥʘʣʴʥʦʡ ɻʊʌʘʟʳ CRAG, ʚʣʠʷʶʱʝʡ ʥʘ ʢʣʠʨʝʥʩ ʤʫʪʘʥʪʥʳʭ 
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ʧʦʣʠʛʣʫʪʘʤʠʥʦʚʳʭ ʥʝʨʘʩʪʚʦʨʠʤʳʭ ʙʝʣʢʦʚ. ʇʦʢʘʟʘʪʴ ʧʦʣʦʞʠʪʝʣʴʥʳʡ 

ʵʬʬʝʢʪ ʦʪ ʚʚʝʜʝʥʠʷ ʥʘ ʤʦʨʬʦʣʦʛʠʶ ʢʣʝʪʦʢ ʇʫʨʢʠʥʴʝ ʚ ʜʘʥʥʦʡ ʤʦʜʝʣʠ. 

ʆʮʝʥʠʪʴ ʚʦʩʩʪʘʥʦʚʣʝʥʠʝ ʩʠʥʘʧʪʠʯʝʩʢʦʡ ʧʣʘʩʪʠʯʥʦʩʪʠ ʥʘ 

ʧʦʣʠʛʣʫʪʘʤʠʥʦʚʦʡ ʤʦʜʝʣʠ ʠ ʤʦʜʝʣʠ ʩ ʩʝʣʝʢʪʠʚʥʦʡ ʵʢʩʧʨʝʩʩʠʝʡ 

ʤʫʪʘʥʪʥʦʛʦ ʘʪʘʢʩʠʥʘ 1 ʚ ʢʣʝʪʢʘʭ ʇʫʨʢʠʥʴʝ ʧʨʠ ʜʘʥʥʦʤ ʪʠʧʝ ʚʚʝʜʝʥʠʷ 

ʨʝʢʦʤʙʠʥʘʥʪʥʦʛʦ ʛʝʥʘ. 

5. ʆʮʝʥʠʪʴ ʵʬʬʝʢʪ ʦʪ ʚʚʝʜʝʥʠʷ ʤʝʟʝʥʭʠʤʘʣʴʥʳʭ ʩʪʚʦʣʦʚʳʭ ʢʣʝʪʦʢ ʚ 

ʧʦʜʦʙʦʣʦʯʝʯʥʦʝ ʧʨʦʩʪʨʘʥʩʪʚʦ ʚ ʦʙʣʘʩʪʠ ʚʝʨʭʥʠʭ ʜʚʫʭʦʣʤʠʡ 

ʪʨʘʥʩʛʝʥʥʳʭ ʤʦʜʝʣʴʥʳʭ ʧʦʣʠʛʣʫʪʘʤʠʥʦʚʳʭ ʞʠʚʦʪʥʳʭ ʥʘ ʤʦʨʬʦʣʦʛʠʶ 

ʢʣʝʪʦʢ ʇʫʨʢʠʥʴʝ, ʠ mGluR1-ʦʙʫʩʣʦʚʣʝʥʥʳʝ ʧʨʦʮʝʩʩʳ ʚ ʥʠʭ. ʆʧʠʩʘʪʴ 

ʚʦʩʩʪʘʥʦʚʣʝʥʠʝ ʜʚʠʛʘʪʝʣʴʥʳʭ ʥʘʚʳʢʦʚ ʫ ʜʘʥʥʳʭ ʞʠʚʦʪʥʳʭ ʧʦʩʣʝ 

ʚʚʝʜʝʥʠʷ ʤʝʟʝʥʭʠʤʘʣʴʥʳʭ ʩʪʚʦʣʦʚʳʭ ʢʣʝʪʦʢ. 

6. ʅʘ ʪʨʘʥʩʛʝʥʥʦʡ ʤʦʜʝʣʠ ʩ ʩʝʣʝʢʪʠʚʥʦʡ ʵʢʩʧʨʝʩʩʠʝʡ ʤʫʪʘʥʪʥʦʛʦ 

ʘʪʘʢʩʠʥʘ 1 ʚ ʢʣʝʪʢʘʭ ʇʫʨʢʠʥʴʝ ʧʦʢʘʟʘʪʴ ʵʬʬʝʢʪʳ ʠ ʜʣʠʪʝʣʴʥʦʩʪʴ 

ʚʣʠʷʥʠʷ ʥʠʟʢʠʭ ʜʦʟ ʙʘʢʣʦʬʝʥʘ, ʧʦʩʣʝ ʝʛʦ ʦʜʥʦʢʨʘʪʥʦʛʦ ʚʚʝʜʝʥʠʷ ʚ 

ʢʦʨʫ ʤʦʟʞʝʯʢʘ, ʥʘ mGluR1-ʦʧʦʩʨʝʜʦʚʘʥʥʳʡ ʧʫʪʴ ʧʝʨʝʜʘʯʠ ʩʠʛʥʘʣʦʚ. 

7. ɺ ʦʧʪʦʛʝʥʝʪʠʯʝʩʢʦʡ ʤʦʜʝʣʠ ʘʩʪʨʦʛʣʠʦʟʘ ʤʦʟʞʝʯʢʘ ʧʦʢʘʟʘʪʴ ʵʬʬʝʢʪ ʦʪ 

ʜʣʠʪʝʣʴʥʦʛʦ ʧʨʠʸʤʘ ʤʝʤʘʥʪʠʥʘ per os ʥʘ ʢʣʶʯʝʚʳʝ ʟʚʝʥʴʷ ʧʘʪʦʛʝʥʝʟʘ ʚ 

ʨʘʟʚʠʪʠʠ ʵʢʩʘʡʪʦʪʦʢʩʠʯʥʦʩʪʠ, ʦʮʝʥʠʪʴ ʤʦʨʬʦʣʦʛʠʶ ʠ ʬʫʥʢʮʠʶ ʛʣʠʠ 

ɹʝʨʛʤʘʥʘ ʠ ʢʣʝʪʦʢ ʇʫʨʢʠʥʴʝ, ʘ ʪʘʢʞʝ ʥʘ ʚʦʩʩʪʘʥʦʚʣʝʥʠʝ ʜʚʠʛʘʪʝʣʴʥʳʭ 

ʬʫʥʢʮʠʡ ʫ ʜʘʥʥʳʭ ʞʠʚʦʪʥʳʭ. ʆʮʝʥʠʪʴ ʚʦʟʤʦʞʥʳʝ ʧʦʙʦʯʥʳʝ ʵʬʬʝʢʪʳ 

ʧʨʠ ʜʣʠʪʝʣʴʥʦʤ ʧʨʠʸʤʝ ʤʝʤʘʥʪʠʥʘ. 

 

ʅʘʫʯʥʘʷ ʥʦʚʠʟʥʘ 

ʉʦʟʜʘʥʳ ʤʦʜʝʣʠ ʩʧʠʥʦʮʝʨʝʙʝʣʣʷʨʥʦʡ ʘʪʘʢʩʠʠ 1 ʪʠʧʘ: ʩ ʦʪʩʨʦʯʝʥʥʳʤ 

ʥʘʯʘʣʦʤ ʟʘʙʦʣʝʚʘʥʠʷ, ʤʘʢʩʠʤʘʣʴʥʦ ʧʨʠʙʣʠʞʝʥʥʘʷ ʧʦ ʚʨʝʤʝʥʠ ʢ 

ʝʩʪʝʩʪʚʝʥʥʦʤʫ ʜʝʙʶʪʫ ʫ ʙʦʣʴʥʳʭ ʠ ʩ ʩʝʣʝʢʪʠʚʥʦʡ ʵʢʩʧʨʝʩʩʠʝʡ ʘʪʘʢʩʠʥʘ 1 ʚ 

ʘʩʪʨʦʮʠʪʘʭ ʤʦʟʞʝʯʢʘ. ʉʦʟʜʘʥʘ ʦʧʪʦʛʝʥʝʪʠʯʝʩʢʘʷ ʤʦʜʝʣʴ ʘʩʪʨʦʛʣʠʦʟʘ 
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ʤʦʟʞʝʯʢʘ, ʦʧʠʩʳʚʘʶʱʘʷ ʘʩʪʨʦʮʠʪʘʨʥʦʝ ʟʚʝʥʦ ʧʘʪʦʛʝʥʝʟʘ ʧʦʣʠʛʣʫʪʘʤʠʥʦʚʳʭ 

ʩʧʠʥʦʮʝʨʝʙʝʣʣʷʨʥʳʭ ʘʪʘʢʩʠʡ. 

ʇʦʢʘʟʘʥ ʦʙʱʠʡ ʤʦʣʝʢʫʣʷʨʥʳʡ ʤʝʭʘʥʠʟʤ ʥʘʨʫʰʝʥʠʷ ʤʦʨʬʦʣʦʛʠʠ 

ʢʣʝʪʦʢ ʇʫʨʢʠʥʴʝ ʧʨʠ ʧʦʣʠʛʣʫʪʘʤʠʥʦʚʳʭ ʩʧʠʥʦʮʝʨʝʙʝʣʣʷʨʥʳʭ ʘʪʘʢʩʠʷʭ ʚ 

ʚʠʜʝ ʫʤʝʥʴʰʝʥʠʷ ʵʢʩʧʨʝʩʠʠ RoRŬ. ɹʳʣ ʢʦʣʠʯʝʩʪʚʝʥʥʦ ʦʮʝʥʸʥ ʵʬʬʝʢʪ ʦʪ 

ʥʝʜʦʩʪʘʪʦʯʥʦʩʪʠ mGluR1 ʚ ʤʦʜʝʣʷʭ ʩʧʠʥʦʮʝʨʝʙʝʣʣʷʨʥʦʡ ʘʪʘʢʩʠʠ 1 ʪʠʧʘ 

ʧʦʩʨʝʜʩʪʚʦʤ ʨʝʛʠʩʪʨʘʮʠʠ ʠ ʠʟʤʝʨʝʥʠʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢ mGluR1-

ʦʧʦʩʨʝʜʦʚʘʥʥʳʭ ʤʝʜʣʝʥʥʳʭ ʚʦʟʙʫʞʜʘʶʱʠʭ ʩʠʥʘʧʪʠʯʝʩʢʠʭ ʪʦʢʦʚ. ʇʦʢʘʟʘʥʘ 

ʟʘʚʠʩʠʤʦʩʪʴ ʤʦʪʦʨʥʦʛʦ ʦʙʫʯʝʥʠʷ ʦʪ mGluR1-ʦʧʦʩʨʝʜʦʚʘʥʥʦʡ ʩʠʥʘʧʪʠʯʝʩʢʦʡ 

ʧʣʘʩʪʠʯʥʦʩʪʠ, ʪʘʢ ʢʘʢ ʫ ʞʠʚʦʪʥʳʭ ʩ ʥʘʨʫʰʝʥʠʝʤ ʜʦʣʛʦʚʨʝʤʝʥʥʦʡ ʜʝʧʨʝʩʩʠʠ 

ʠ ʵʥʜʦʢʘʥʥʘʙʠʥʦʠʜ-ʦʧʦʩʨʝʜʦʚʘʥʥʛʦ ʧʦʜʘʚʣʝʥʠʷ ʩʠʥʘʧʪʠʯʝʩʢʦʛʦ 

ʚʦʟʙʫʞʜʝʥʠʷ ʥʘʙʣʶʜʘʣʦʩʴ ʨʘʟʚʠʪʠʝ ʘʪʘʢʩʠʯʝʩʢʦʛʦ ʬʝʥʦʪʠʧʘ. 

ʇʦʢʘʟʘʥʘ ʫʩʧʝʰʥʘʷ ʚʥʫʪʨʠʚʝʥʥʘʷ ʜʦʩʪʘʚʢʘ ʨʝʢʦʤʙʠʥʘʥʪʥʦʛʦ ʛʝʥʘ ʚ 

ʢʣʝʪʢʠ ʇʫʨʢʠʥʴʝ, ʵʢʩʧʨʝʩʩʠʨʫʶʱʝʛʦ ʩʠʛʥʘʣʴʥʫʶ ɻʊʌʘʟʫ CRAG. ɼʦʢʘʟʘʥʦ 

ʚʦʩʩʪʘʥʦʚʣʝʥʠʝ mGluR1-ʦʧʦʩʨʝʜʦʚʘʥʥʦʛʦ ʧʫʪʠ ʧʝʨʝʜʘʯʠ ʩʠʛʥʘʣʦʚ ʧʨʠ 

ʵʢʩʧʨʝʩʩʠʠ CRAG ʚ ʜʚʫʭ ʤʦʜʝʣʷʭ ʧʦʣʠʛʣʫʪʘʤʠʥʦʚʳʭ ʩʧʠʥʦʮʝʨʝʙʝʣʣʷʨʥʳʭ 

ʘʪʘʢʩʠʡ. 

ʇʦʢʘʟʘʥʘ ʵʬʬʝʢʪʠʚʥʘʷ ʪʨʘʥʩʧʣʘʥʪʘʮʠʷ ʤʝʟʝʥʭʠʤʘʣʴʥʳʭ ʩʪʚʦʣʦʚʳʭ 

ʢʣʝʪʦʢ ʧʨʠ ʠʭ ʠʥʲʝʢʮʠʠ ʚ ʧʦʜʦʙʦʣʦʯʝʯʥʦʝ ʧʨʦʩʪʨʘʥʩʪʚʦ ʚ ʦʙʣʘʩʪʠ ʚʝʨʭʥʠʭ 

ʜʚʫʭʦʣʤʠʡ ʪʨʘʥʩʛʝʥʥʳʤ ʤʦʜʝʣʴʥʳʤ ʧʦʣʠʛʣʫʪʘʤʠʥʦʚʳʤ ʞʠʚʦʪʥʳʤ. 

ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʥʘʣʠʯʠʝ ʤʝʟʝʥʭʠʤʘʣʴʥʳʭ ʩʪʚʦʣʦʚʳʭ ʢʣʝʪʦʢ ʚ ʢʦʨʝ 

ʤʦʟʞʝʯʢʘ ʚʦʩʩʪʘʥʘʚʣʠʚʘʝʪ ʤʦʨʬʦʣʦʛʠʶ ʢʣʝʪʦʢ ʇʫʨʢʠʥʴʝ ʠ mGluR1-

ʦʧʦʩʨʝʜʦʚʘʥʥʳʡ ʧʫʪʴ ʧʝʨʝʜʘʯʠ ʩʠʛʥʘʣʦʚ. 

ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ ʜʦʢʘʟʘʥʦ, ʯʪʦ ʦʜʥʦʢʨʘʪʥʦʝ ʚʚʝʜʝʥʠʝ ʥʠʟʢʠʭ ʜʦʟ 

ʙʘʢʣʦʬʝʥʘ ʚ ʢʦʨʫ ʤʦʟʞʝʯʢʘ ʪʨʘʥʩʛʝʥʥʳʭ ʞʠʚʦʪʥʳʭ ʩ ʩʝʣʝʢʪʠʚʥʦʡ 

ʵʢʩʧʨʝʩʩʠʝʡ ʤʫʪʘʥʪʥʦʛʦ ʘʪʘʢʩʠʥʘ 1 ʚ ʢʣʝʪʢʘʭ ʇʫʨʢʠʥʴʝ ʚʳʟʳʚʘʝʪ ʜʣʠʪʝʣʴʥʦʝ 

ʚʦʩʩʪʘʥʦʚʣʝʥʠʝ mGluR1-ʦʧʦʩʨʝʜʦʚʘʥʥʦʛʦ ʧʫʪʠ ʧʝʨʝʜʘʯʠ ʩʠʛʥʘʣʦʚ 

ʧʦʩʨʝʜʩʪʚʦʤ ʘʢʪʠʚʘʮʠʠ ɻɸʄʂʚ ʨʝʮʝʧʪʦʨʦʚ ʠ ʧʨʠʚʦʜʠʪ ʢ ʫʤʝʥʴʰʝʥʠʶ 

ʘʪʘʢʩʠʯʝʩʢʦʛʦ ʬʝʥʦʪʠʧʘ. 
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ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʜʦʣʛʦʚʨʝʤʝʥʥʳʡ ʧʨʠʸʤ ʤʝʤʘʥʪʠʥʘ ʞʠʚʦʪʥʳʤʠ ʩ 

ʦʧʪʦʛʝʥʝʪʠʯʝʩʢʦʡ ʤʦʜʝʣʴʶ ʘʩʪʨʦʛʣʠʦʟʘ ʤʦʟʞʝʯʢʘ ʦʢʘʟʳʚʘʝʪ ʚʳʨʘʞʝʥʥʦʝ 

ʚʣʠʷʥʠʝ ʥʘ ʪʨʸʭʢʦʤʧʦʥʝʥʪʥʳʡ ʩʠʥʘʧʩ ʚ ʚʠʜʝ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ ʤʦʨʬʦʣʦʛʠʠ 

ʢʣʝʪʦʢ ʇʫʨʢʠʥʴʝ ʠ ʛʣʠʠ ɹʝʨʛʤʘʥʘ. ʋʤʝʥʴʰʝʥʠʝ ʵʢʩʘʡʪʦʪʦʢʩʠʯʥʦʩʪʠ ʚ 

ʩʠʥʘʧʩʘʭ ʢʣʝʪʦʢ ʇʫʨʢʠʥʴʝ ʚʦ ʚʨʝʤʷ ʧʨʠʤʝʥʝʥʠʷ ʤʝʤʘʥʪʠʥʘ ʧʨʦʠʩʭʦʜʠʪ ʠʟ-ʟʘ 

ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ ʵʢʩʧʨʝʩʩʠʠ ʪʨʘʥʩʧʦʨʪʸʨʘ ʚʦʟʙʫʞʜʘʶʱʠʭ ʘʤʠʥʦʢʠʩʣʦʪ 

ɽɸɸʊ1 ʚ ʛʣʠʠ ɹʝʨʛʤʘʥʘ. 

 

ʊʝʦʨʝʪʠʯʝʩʢʘʷ ʠ ʧʨʘʢʪʠʯʝʩʢʘʷ ʟʥʘʯʠʤʦʩʪʴ ʨʘʙʦʪʳ 

ɼʘʥʥʦʝ ʠʩʩʣʝʜʦʚʘʥʠʝ ʠʤʝʝʪ ʚʘʞʥʦʝ ʟʥʘʯʝʥʠʝ ʢʘʢ ʜʣʷ ʧʨʘʢʪʠʯʝʩʢʦʡ, ʪʘʢ 

ʠ ʜʣʷ ʬʫʥʜʘʤʝʥʪʘʣʴʥʦʡ ʤʝʜʠʮʠʥʳ. ɺʳʷʚʣʝʥʳ ʤʦʣʝʢʫʣʷʨʥʳʝ ʤʝʭʘʥʠʟʤʳ 

ʥʘʨʫʰʝʥʠʷ ʩʠʛʥʘʣʠʟʘʮʠʠ ʚ ʢʣʝʪʢʘʭ ʇʫʨʢʠʥʴʝ ʧʨʠ ʧʦʣʠʛʣʫʪʘʤʠʥʦʚʳʭ 

ʘʪʘʢʩʠʷʭ ʥʘ ʨʘʥʥʝʡ ʠ ʨʘʟʚʸʨʥʫʪʦʡ ʩʪʘʜʠʠ ʟʘʙʦʣʝʚʘʥʠʷ. 

ʇʦʣʫʯʝʥʥʳʝ ʜʘʥʥʳʝ ʦ ʤʦʣʝʢʫʣʷʨʥʦ-ʢʣʝʪʦʯʥʳʭ ʤʝʭʘʥʠʟʤʘʭ ʧʦʟʚʦʣʷʶʪ 

ʨʘʟʨʘʙʦʪʘʪʴ ʪʘʨʛʝʪʥʦʝ ʧʘʪʦʛʝʥʝʪʠʯʝʩʢʦʝ ʣʝʯʝʥʠʝ ʧʦʣʠʛʣʫʪʘʤʠʥʦʚʳʭ 

ʩʥʠʥʦʮʝʨʝʙʝʣʣʷʨʥʳʭ ʘʪʘʢʩʠʡ, ʢʦʪʦʨʦʝ ʤʦʞʝʪ ʙʳʪʴ ʥʘʧʨʘʚʣʝʥʦ ʥʘ ʢʦʨʨʝʢʮʠʶ 

ʢʘʢ ʘʩʪʨʦʮʠʪʘʨʥʦʛʦ, ʪʘʢ ʠ ʥʝʡʨʦʥʥʦʛʦ ʢʦʤʧʦʥʝʥʪʘ ʩʠʥʘʧʩʘ ʢʦʨʳ ʤʦʟʞʝʯʢʘ. 

ʆʪʢʨʳʪʳʝ ʥʘʤʠ ʠʟʤʝʥʝʥʠʷ ʥʘ ʨʘʥʥʝʡ ʩʪʘʜʠʠ ʟʘʙʦʣʝʚʘʥʠʷ, ʪʘʢʠʝ ʢʘʢ 

ʥʘʨʫʰʝʥʠʝ ʩʠʛʥʘʣʠʟʘʮʠʠ mGluR1, ʤʦʛʫʪ ʙʳʪʴ ʯʘʩʪʠʯʥʦ ʩʢʦʨʨʝʢʪʠʨʦʚʘʥ r

ʪʘʢʠʤʠ ʧʨʝʧʘʨʘʪʘʤʠ, ʢʘʢ ʙʘʢʣʦʬʝʥ. ʕʪʦʪ ʧʨʝʧʘʨʘʪ ʫʞʝ ʠʩʧʦʣʴʟʫʝʪʩʷ ʚ 

ʨʫʪʠʥʥʦʡ ʧʨʘʢʪʠʢʝ ʚʨʘʯʘ ʜʣʷ ʣʝʯʝʥʠʷ ʜʨʫʛʠʭ ʟʘʙʦʣʝʚʘʥʠʡ. ʅʘʨʫʰʝʥʠʷ, 

ʠʤʝʶʱʠʝ ʤʝʩʪʦ ʥʘ ʧʦʟʜʥʝʡ ʩʪʘʜʠʠ, ʪʘʢʠʝ ʢʘʢ ʵʢʩʘʡʪʦʪʦʢʩʠʯʥʦʩʪʴ, ʤʦʛʫʪ ʙʳʪʴ 

ʫʩʧʝʰʥʦ ʩʢʦʨʨʝʢʪʠʨʦʚʘʥʳ ʤʝʤʘʥʪʠʥʦʤ, ʢʦʪʦʨʳʡ ʩʧʦʩʦʙʩʪʚʫʝʪ ʩʦʭʨʘʥʝʥʠʶ 

ɽɸɸʊ1 ï ʤʦʣʝʢʫʣ, ʫʯʘʩʪʚʫʶʱʠʭ ʚ ʟʘʭʚʘʪʝ ʚʦʟʙʫʞʜʘʶʱʠʭ ʘʤʠʥʦʢʠʩʣʦʪ, ʚ ʪʦʤ 

ʯʠʩʣʝ, ʛʣʫʪʘʤʘʪʘ, ʠʟ ʩʠʥʘʧʪʠʯʝʩʢʦʡ ʱʝʣʠ. ʊʘʢʞʝ ʧʦʣʦʞʠʪʝʣʴʥʳʝ ʵʬʬʝʢʪʳ 

CRAG ʠ ʩʪʚʦʣʦʚʳʭ ʢʣʝʪʦʢ ʥʘ ʤʦʟʞʝʯʦʢ ʤʦʜʝʣʴʥʳʭ ʞʠʚʦʪʥʳʭ ʧʦʤʦʛʫʪ ʚ 

ʜʘʣʴʥʝʡʰʝʤ ʙʦʣʝʝ ʵʬʬʝʢʪʠʚʥʦ ʙʦʨʦʪʴʩʷ ʩ ʵʪʠʤʠ ʧʦʣʠʛʣʫʪʘʤʠʥʦʚʳʤʠ 

ʟʘʙʦʣʝʚʘʥʠʷʤʠ ʥʘ ʣʶʙʦʡ ʩʪʘʜʠʠ.  
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ɺʳʷʚʣʝʥʥʳʝ ʥʘʤʠ ʦʙʱʠʝ ʟʚʝʥʴʷ ʧʘʪʦʛʝʥʝʟʘ, ʧʦʟʚʦʣʷʶʪ ʚʳʰʝʫʢʘʟʘʥʥʳʝ 

ʬʘʨʤʘʢʦʣʦʛʠʯʝʩʢʠʝ ʩʨʝʜʩʪʚʘ ʠʩʧʦʣʴʟʦʚʘʪʴ ʚ ʢʣʠʥʠʯʝʩʢʠʭ ʠʩʩʣʝʜʦʚʘʥʠʷʭ ʜʣʷ 

ʨʘʟʛʘʙʦʪʢʠ ʪʝʨʘʧʠʠ ʧʦʣʠʛʣʫʪʘʤʠʥʦʚʳʭ ʩʧʠʥʦʮʝʨʝʙʝʣʣʷʨʥʳʭ ʘʪʘʢʩʠʡ. 

 

ʄʝʪʦʜʦʣʦʛʠʷ ʠ ʤʝʪʦʜʳ ʠʩʩʣʝʜʦʚʘʥʠʷ 

ʈʘʙʦʪʘ ʧʨʦʚʝʜʝʥʘ ʥʘ ʩʨʝʟʘʭ ʤʦʟʞʝʯʢʘ ʤʳʰʝʡ ʣʠʥʠʡ CD1 ʠ C57BL/6. 

ʀʩʧʦʣʴʟʦʚʘʣʠʩʴ ʠʤʤʫʥʦʛʠʩʪʦʭʠʤʠʯʝʩʢʦʝ, ʵʣʝʢʪʨʦʬʠʟʠʦʣʦʛʠʯʝʩʢʠʝ ʤʝʪʦʜ,r 

ʠʩʩʣʝʜʦʚʘʥʠʝ ʧʦʚʝʜʝʥʠʷ ʞʠʚʦʪʥʳʭ, ʦʧʪʦʛʝʥʝʪʠʯʝʩʢʠʝ ʤʝʪʦʜʳ, ʚʚʝʜʝʥʠʝ 

ʚʝʱʝʩʪʚ ʚ ʤʦʟʞʝʯʦʢ ʩ ʧʦʤʦʱʴʶ ʩʪʝʨʝʦʪʘʢʩʠʯʝʩʢʦʡ ʫʩʪʘʥʦʚʢʠ, ʛʝʥʝʪʠʯʝʩʢʠʝ 

ʤʝʪʦʜʳ ʠʩʩʣʝʜʦʚʘʥʠʷ (ʇʎʈ), ʉʘ
2+

 ʠʤʠʜʞʠʥʛ. ɼʦʩʪʦʚʝʨʥʦʩʪʴ ʧʦʣʫʯʝʥʥʳʭ 

ʜʘʥʥʳʭ ʧʦʜʪʚʝʨʞʜʝʥʘ ʤʝʪʦʜʘʤʠ ʤʘʪʝʤʘʪʠʯʝʩʢʦʡ ʩʪʘʪʠʩʪʠʢʠ. 

 

ʆʩʥʦʚʥʳʝ ʧʦʣʦʞʝʥʠʷ, ʚʳʥʦʩʠʤʳʝ ʥʘ ʟʘʱʠʪʫ 

1. ʆʙʱʠʤʠ ʟʚʝʥʴʷʤʠ ʧʘʪʦʛʝʥʝʟʘ ʧʦʣʠʛʣʫʪʘʤʠʥʦʚʳʭ ʩʧʠʥʦʮʝʨʝʙʝʣʣʷʨʥʳʭ 

ʘʪʘʢʩʠʡ ʷʚʣʷʶʪʩʷ ʥʘʨʫʰʝʥʠʝ mGluR1-ʦʧʦʩʨʝʜʦʚʘʥʥʦʛʦ ʧʫʪʠ ʧʝʨʝʜʘʯʠ 

ʩʠʛʥʘʣʦʚ ʠ ʨʘʟʚʠʪʠʝ ʵʢʩʘʡʪʦʪʦʢʩʠʯʥʦʩʪʠ, ʯʪʦ ʧʨʠʚʦʜʠʪ ʢ ʠʟʤʝʥʝʥʠʶ 

ʤʦʨʬʦʣʦʛʠʠ ʢʣʝʪʦʢ ʇʫʨʢʠʥʴʝ ʠ ʛʣʠʠ ɹʝʨʛʤʘʥʘ, ʘ ʪʘʢʞʝ ʥʘʨʫʰʝʥʠʶ 

ʩʠʥʘʧʪʠʯʝʩʢʦʡ ʧʣʘʩʪʠʯʥʦʩʪʠ ʥʝʡʨʦʥʦʚ ʢʦʨʳ ʤʦʟʞʝʯʢʘ ʠ ʧʦʷʚʣʝʥʠʶ 

ʘʪʘʢʩʠʯʝʩʢʦʛʦ ʩʠʥʜʨʦʤʘ ʫ ʤʦʜʝʣʴʥʳʭ ʞʠʚʦʪʥʳʭ. 

2. ʂʦʨʨʝʢʮʠʷ mGluR1-ʦʧʦʩʨʝʜʦʚʘʥʥʦʛʦ ʧʫʪʠ ʧʝʨʝʜʘʯʠ ʩʠʛʥʘʣʦʚ ʚ ʢʣʝʪʢʘʭ 

ʇʫʨʢʠʥʴʝ ʚʦʟʤʦʞʥʘ ʜʚʫʤʷ ʧʫʪʷʤʠ: 1- ʧʦʜʜʝʨʞʘʥʠʝ ʜʦʩʪʘʪʦʯʥʦʛʦ ʢʦʣʠʯʝʩʪʚʘ 

mGluR1 ʥʘ ʰʠʧʠʢʘʭ ʜʝʥʜʨʠʪʦʚ ʧʨʠ ʩʦʭʨʘʥʥʦʡ ʤʦʨʬʦʣʦʛʠʠ ʢʣʝʪʦʢ ʇʫʨʢʠʥʴʝ 

ʧʦʩʨʝʜʩʪʚʦʤ ʫʩʠʣʝʥʠʷ ʢʣʠʨʝʥʩʘ ʤʫʪʘʥʪʥʳʭ ʙʝʣʢʦʚ ʠ ʚʚʝʜʝʥʠʷ ʩʪʚʦʣʦʚʳʭ 

ʢʣʝʪʦʢ ʚ ʟʦʥʫ ʥʝʡʨʦʜʝʛʝʥʝʨʘʮʠʠ; 2- ʧʝʨʝʨʘʩʧʨʝʜʝʣʝʥʠʝ ʤʦʣʝʢʫʣʷʨʥʦʡ 

ʩʠʛʥʘʣʠʟʘʮʠʠ ʩ ʧʦʤʦʱʴʶ ʢʦʤʧʣʝʢʩ-ʦʙʨʘʟʫʶʱʠʭ ʩ mGluR1 ʤʝʪʘʙʦʪʨʦʧʥʳʭ 

ʨʝʮʝʧʪʦʨʦʚ, ʪʘʢʠʭ ʢʘʢ ɻɸʄʂʚ. 

3. ʋʤʝʥʴʰʝʥʠʝ ʷʚʣʝʥʠʡ ʵʢʩʘʡʪʦʪʦʢʩʠʯʥʦʩʪʠ ʚ ʩʠʥʘʧʩʘʭ ʢʣʝʪʦʢ ʇʫʨʢʠʥʴʝ 

ʚʦʟʤʦʞʥʦ ʧʨʠ ʜʣʠʪʝʣʴʥʦʤ ʚʚʝʜʝʥʠʠ ʤʝʤʘʥʪʠʥʘ ʞʠʚʦʪʥʳʤ ʩ 

ʦʧʪʦʛʝʥʝʪʠʯʝʩʢʦʡ ʥʝʩʧʝʮʠʬʠʯʝʩʢʦʡ ʤʦʜʝʣʴʶ ʘʩʪʨʦʛʣʠʦʟʘ ʤʦʟʞʝʯʢʘ, ʦʙʱʝʡ 
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ʜʣʷ ʚʩʝʭ ʧʦʣʠʛʣʫʪʘʤʠʥʦʚʳʭ ʩʧʠʥʦʮʝʨʝʙʝʣʣʷʨʥʳʭ ʘʪʘʢʩʠʡ. ʄʝʤʘʥʪʠʥ 

ʚʦʩʩʪʘʥʘʚʣʠʚʘʝʪ ʤʦʨʬʦʣʦʛʠʶ ʛʣʠʠ ɹʝʨʛʤʘʥʘ ʠ ʢʣʝʪʦʢ ʇʫʨʢʠʥʴʝ, ʘ ʪʘʢʞʝ 

ʫʣʫʯʰʘʝʪ ʪʨʘʥʩʩʠʥʘʧʪʠʯʝʩʢʫʶ ʧʝʨʝʜʘʯʫ ʚ ʩʠʥʘʧʩʘʭ ʢʦʨʳ ʤʦʟʞʝʯʢʘ. 

ʇʦʙʦʯʥʳʤʠ ʵʬʬʝʢʪʘʤʠ, ʚ ʚʠʜʝ ʧʦʷʚʣʝʥʠʷ ʪʨʝʚʦʞʥʦʩʪʠ ʧʨʠ ʭʨʦʥʠʯʝʩʢʦʤ 

ʧʦʪʨʝʙʣʝʥʠʠ ʤʝʤʘʥʪʠʥʘ, ʤʦʞʥʦ ʧʨʝʥʝʙʨʝʯʴ, ʚ ʩʠʣʫ ʚʳʨʘʞʝʥʥʦʛʦ ʝʛʦ 

ʧʦʣʦʞʠʪʝʣʴʥʦʛʦ ʚʣʠʷʥʠʷ ʥʘ ʥʝʡʨʦʥʳ ʤʦʟʞʝʯʢʘ ʧʨʠ ʥʝʡʨʦʜʝʛʝʥʝʨʘʪʠʚʥʦʤ 

ʧʨʦʮʝʩʩʝ. 

 

ʉʪʝʧʝʥʴ ʜʦʩʪʦʚʝʨʥʦʩʪʠ 

ɺʳʩʦʢʘʷ ʩʪʝʧʝʥʴ ʜʦʩʪʦʚʝʨʥʦʩʪʠ ʧʦʣʫʯʝʥʥʳʭ ʨʝʟʫʣʴʪʘʪʦʚ ʧʦʜʪʚʝʨʞʜʘʝʪʩʷ 

ʪʝʤ, ʯʪʦ ʥʘʫʯʥʳʝ ʧʦʣʦʞʝʥʠʷ ʠ ʚʳʚʦʜʳ ʦʙʦʩʥʦʚʘʥʳ ʠ ʧʦʣʫʯʝʥʳ ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʩʠʩʪʝʤʥʦʛʦ ʧʦʜʭʦʜʘ ʢ ʨʝʰʝʥʠʶ ʧʦʩʪʘʚʣʝʥʥʳʭ ʟʘʜʘʯ. ɺ 

ʵʢʩʧʝʨʠʤʝʥʪʘʭ ʠʩʧʦʣʴʟʦʚʘʣʘʩʴ ʜʦʩʪʘʪʦʯʥʘʷ ʚʳʙʦʨʢʘ ʠʩʩʣʝʜʫʝʤʳʭ ʞʠʚʦʪʥʳʭ 

ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʦʩʥʦʚʥʳʤʠ ʨʝʛʣʘʤʝʥʪʘʤʠ ʨʘʙʦʪʳ ʩ ʣʘʙʦʨʘʪʦʨʥʳʤʠ ʞʠʚʳʤʠ 

ʦʙʲʝʢʪʘʤʠ. ʕʢʩʧʝʨʠʤʝʥʪʳ ʧʨʦʚʦʜʠʣʠʩʴ ʥʘ ʚʳʩʦʢʦʪʝʭʥʦʣʦʛʠʯʥʦʤ 

ʦʙʦʨʫʜʦʚʘʥʠʠ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʩʦʚʨʝʤʝʥʥʳʭ ʤʝʪʦʜʦʚ ʠʩʩʣʝʜʦʚʘʥʠʡ. 

ʇʦʣʫʯʝʥʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʙʳʣʠ ʧʦʜʚʝʨʛʥʫʪʳ ʘʜʝʢʚʘʪʥʦʤʫ ʩʪʘʪʠʩʪʠʯʝʩʢʦʤʫ 

ʘʥʘʣʠʟʫ. 

 

ʃʠʯʥʳʡ ʚʢʣʘʜ ʩʦʠʩʢʘʪʝʣʷ 

ɸʚʪʦʨʦʤ ʙʳʣʠ ʦʧʨʝʜʝʣʝʥʳ ʮʝʣʠ ʠ ʟʘʜʘʯʠ, ʨʘʟʨʘʙʦʪʘʥ ʜʠʟʘʡʥ ʠʩʩʣʝʜʦʚʘʥʠʷ, 

ʦʪʨʘʙʦʪʘʥʳ ʧʨʦʪʦʢʦʣʳ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʡ ʯʘʩʪʠ ʨʘʙʦʪʳ. ʋʩʨʝʜʥʸʥʥʘʷ 

ʧʦʣʠʛʣʫʪʘʤʠʥʦʚʘʷ ʤʦʜʝʣʴ, ʘ ʪʘʢʞʝ ʚʝʢʪʦʨʥʳʝ ʤʦʜʝʣʠ ʉʎɸ1 ʙʳʣʠ ʩʦʟʜʘʥʳ 

ʧʨʠ ʩʦʚʤʝʩʪʥʦʤ ʫʯʘʩʪʠʠ ʫʯʸʥʳʭ ʋʥʠʚʝʨʩʠʪʝʪʘ ɻʫʥʤʘ (H. Hitai, K. Takayama, 

H. Hosoi, T. Torashima), ʘ ʪʘʢʞʝ ʋʥʠʚʝʨʩʠʪʝʪʘ ɹʨʠʩʪʦʣʷ (S. Kasparov). ʊʘʢʞʝ 

ʚʝʢʪʦʨʥʘʷ ʤʦʜʝʣʴ ʩʝʣʝʢʪʠʚʥʦʡ ʵʢʩʧʨʝʩʩʠʠ ʤʫʪʘʥʪʥʦʛʦ ʘʪʘʢʩʠʥʘ 1 ʚ 

ʘʩʪʨʦʮʠʪʘʭ ʠ S100ɓ ʦʧʦʩʨʝʜʦʚʘʥʥʘʷ ʤʦʜʝʣʴ ʘʩʪʨʦʛʣʠʦʟʘ ʙʳʣʠ ʨʘʟʨʘʙʦʪʘʥʳ ʠ 

ʠʟʫʯʘʣʠʩʴ ʩʦʚʤʝʩʪʥʦ ʩ ʠʩʩʣʝʜʦʚʘʪʝʣʝʤ ʂʨʘʩɻʄʋ ɹʝʣʦʟʦʨ ʆ.ʉ. ɸʚʪʦʨʦʤ 

ʩʘʤʦʩʪʦʷʪʝʣʴʥʦ ʥʘʙʨʘʥ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʡ ʤʘʪʝʨʠʘʣ ʜʣʷ ʠʩʩʣʝʜʦʚʘʥʠʡ, 
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ʧʨʦʚʝʜʝʥ r ʧʦʚʝʜʝʥʯʝʩʢʠʝ ʪʝʩʪʳ ʥʘ ʞʠʚʦʪʥʳʭ, ʠʤʤʫʥʦʛʠʩʪʦʭʠʤʠʯʝʩʢʘʷ 

ʦʢʨʘʩʢʘ ʧʨʝʧʘʨʘʪʦʚ ʠ ʠʭ ʤʠʢʨʦʩʢʦʧʠʷ, ʩʦʟʜʘʥʳ ʤʦʜʝʣʠ ʞʠʚʦʪʥʳʭ, ʧʨʦʚʝʜʝʥʦ 

ʇʎʈ ʠʩʩʣʝʜʦʚʘʥʠʝ, ʵʣʝʢʪʨʦʬʠʟʠʦʣʦʛʠʯʝʩʢʠʝ ʠʟʤʝʨʝʥʠʷ ʠ ʦʧʪʦʛʝʥʝʪʠʯʝʩʢʘʷ 

ʩʪʠʤʫʣʷʮʠʷ. ɸʚʪʦʨʦʤ ʧʨʦʚʝʜʝʥʘ ʩʪʘʪʠʩʪʠʯʝʩʢʘʷ ʦʙʨʘʙʦʪʢʘ ʧʦʣʫʯʝʥʥʳʭ 

ʜʘʥʥʳʭ, ʠ ʠʥʪʝʨʧʨʝʪʘʮʠʷ ʨʝʟʫʣʴʪʘʪʦʚ; ʧʦʜʛʦʪʦʚʢʘ ʧʫʙʣʠʢʘʮʠʡ ʠ ʦʬʦʨʤʣʝʥʠʝ 

ʨʫʢʦʧʠʩʠ ʜʠʩʩʝʨʪʘʮʠʠ.  

 

ɸʧʨʦʙʘʮʠʷ ʨʘʙʦʪʳ 

ɼʘʥʥʳʝ, ʧʦʣʫʯʝʥʥʳʝ ʚ ʨʘʙʦʪʝ, ʙʳʣʠ ʧʨʝʜʩʪʘʚʣʝʥʳ ʥʘ ʤʝʞʜʫʥʘʨʦʜʥʳʭ 

ʢʦʥʬʝʨʝʥʮʠʷʭ ʢʘʢ ʫʩʪʥʳʝ ʠ ʩʪʝʥʜʦʚʳʝ ʜʦʢʣʘʜʦʚ:r ʥʘ 35-ʡ ʝʞʝʛʦʜʥʦʡ 

ʢʦʥʬʝʨʝʥʮʠʠ ʷʧʦʥʩʢʦʛʦ ʦʙʱʝʩʪʚʘ ʅʝʡʨʦʥʘʫʢ, ʛ. ʅʠʘʛʦʷ, 2012; 36-ʡ 

ʝʞʝʛʦʜʥʦʡ ʢʦʥʬʝʨʝʥʮʠʠ ʷʧʦʥʩʢʦʛʦ ʦʙʱʝʩʪʚʘ ʅʝʡʨʦʥʘʫʢ çNeuroscience 

2013è , ʛ. ʂʠʦʪʦ;  5-ʡ ʝʞʝʛʦʜʥʦʡ ʢʦʥʬʝʨʝʥʮʠʠ ʤʝʞʜʫʥʘʨʦʜʥʦʛʦ ʦʙʱʝʩʪʚʘ 

ʨʘʜʠʘʮʠʦʥʥʦʡ ʥʝʡʨʦʙʠʦʣʦʛʠʠ, ʛ. ʊʘʢʘʩʘʢʠ, 2013; çRussia-Japan medical 

symposiumè, ʛ. ʂʨʘʩʥʦʷʨʩʢ, 2018 ʛ.; çII ɺʩʝʨʦʩʩʠʡʩʢʦʡ ʥʘʫʯʥʦʡ ʢʦʥʬʝʨʝʥʮʠʠ 

ʩ ʤʝʞʜʫʥʘʨʦʜʥʳʤ ʫʯʘʩʪʠʝʤ çʆʇʊʆɻɽʅɽʊʀʂɸ+ 2018è, ʛ. ʉʘʥʢʪ-ʇʝʪʝʨʙʫʨʛ, 

2020ʛ; ʥʘʫʯʥʦʡ ʢʦʥʬʝʨʝʥʮʠʠ ʩ ʤʝʞʜʫʥʘʨʦʜʥʳʤ ʫʯʘʩʪʠʝʤ çʈʘʟʨʘʙʦʪʢʘ 

ʣʝʢʘʨʩʪʚʝʥʥʳʭ ʩʨʝʜʩʪʚ - ʪʨʘʜʠʮʠʠ ʠ ʧʝʨʩʧʝʢʪʠʚʳè, ʛ. ʊʦʤʩʢ 2021ʛ; çIV 

ɺʩʝʨʦʩʩʠʡʩʢʦʡ ʥʘʫʯʥʦʡ ʢʦʥʬʝʨʝʥʮʠʠ ʩ ʤʝʞʜʫʥʘʨʦʜʥʳʤ ʫʯʘʩʪʠʝʤ 

çʆʇʊʆɻɽʅɽʊʀʂɸ+ 2023è, ʛ. ʉʘʥʢʪ-ʇʝʪʝʨʙʫʨʛ, 2023ʛ. 

ʇʦ ʨʝʟʫʣʴʪʘʪʘʤ ʨʘʙʦʪʳ ʦʧʫʙʣʠʢʦʚʘʥʦ 20 ʧʝʯʘʪʥʳʭ ʨʘʙʦʪ ʚ ʞʫʨʥʘʣʘʭ, 

ʠʥʜʝʢʩʠʨʫʝʤʳʭ ʘʥʘʣʠʪʠʯʝʩʢʠʤʠ ʙʘʟʘʤʠ Scopus, Web of Science, RSCI, ʚ ʪʦʤ 

ʯʠʩʣʝ ʚ ʞʫʨʥʘʣʘʭ, ʨʝʢʦʤʝʥʜʦʚʘʥʥʳʭ ɺɸʂ ʜʣʷ ʧʫʙʣʠʢʘʮʠʠ ʤʘʪʝʨʠʘʣʦʚ 

ʜʠʩʩʝʨʪʘʮʠʡ ʥʘ ʩʦʠʩʢʘʥʠʝ ʫʯʝʥʦʡ ʩʪʝʧʝʥʠ ʢʘʥʜʠʜʘʪʘ ʥʘʫʢ. 

ʈʘʙʦʪʘ ʙʳʣʘ ʚʳʧʦʣʥʝʥʘ ʧʨʠ ʧʦʜʜʝʨʞʢʝ ʛʨʘʥʪʦʚ: ɻʨʘʥʪ ʌʦʥʜʘ 

ʩʦʜʝʡʩʪʚʠʷ ʨʘʟʚʠʪʠʶ ʤʘʣʳʭ ʬʦʨʤ ʧʨʝʜʧʨʠʷʪʠʡ ʚ ʥʘʫʯʥʦ-ʪʝʭʥʠʯʝʩʢʦʡ ʩʬʝʨʝ 

çʋʄʅʀʂè 2017-2019 ʛʛ. (11950ɻʋ/2017); ɻʨʘʥʪʳ ʈʌʌʀ ʂʆ_ʘ 2017-2019 ʛʛ. 

(17-54-10005) ʠ ɸʩʧʠʨʘʥʪʳ 2019-2022 ʛʛ. (19-315-90044), ɻʨʘʥʪ 

ʂʨʘʩʥʦʷʨʩʢʦʛʦ ʢʨʘʝʚʦʛʦ ʬʦʥʜʘ ʥʘʫʢʠ 2021-2022 ʛʛ. (ˉ 636). 
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ʉʪʨʫʢʪʫʨʘ ʠ ʦʙʲʝʤ ʜʠʩʩʝʨʪʘʮʠʠ 

ɼʠʩʩʝʨʪʘʮʠʷ ʦʬʦʨʤʣʝʥʘ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʅʘʮʠʦʥʘʣʴʥʳʤ ʩʪʘʥʜʘʨʪʦʤ 

ʈʦʩʩʠʡʩʢʦʡ ʌʝʜʝʨʘʮʠʠ ɻʆʉʊ ʈ7.0.11-2011. ʄʘʪʝʨʠʘʣ ʜʠʩʩʝʨʪʘʮʠʠ ʠʟʣʦʞʝʥ 

ʥʘ 346 ʩʪʨʘʥʠʮʘʭ ʤʘʰʠʥʦʧʠʩʥʦʛʦ ʪʝʢʩʪʘ, ʠʣʣʶʩʪʨʠʨʦʚʘʥ 115 ʨʠʩʫʥʢʘʤʠ ʠ 19 

ʪʘʙʣʠʮʘʤʠ. ʈʘʙʦʪʘ ʩʦʩʪʦʠʪ ʠʟ ʚʚʝʜʝʥʠʷ, 4 ʛʣʘʚ (ʦʙʟʦʨ ʣʠʪʝʨʘʪʫʨʳ, ʤʘʪʝʨʠʘʣ r

ʠ ʤʝʪʦʜʳ, ʨʝʟʫʣʴʪʘʪʳ, ʦʙʩʫʞʜʝʥʠʝ ʨʝʟʫʣʴʪʘʪʦʚ), ʟʘʢʣʶʯʝʥʠʷ, ʚʳʚʦʜʦʚ, 

ʩʧʠʩʢʘ ʣʠʪʝʨʘʪʫʨʳ. ʉʧʠʩʦʢ ʣʠʪʝʨʘʪʫʨʳ ʚʢʣʶʯʘʝʪ 527 ʠʩʪʦʯʥʠʢʦʚ, ʚ ʪʦʤ 

ʯʠʩʣʝ 15 ʦʪʝʯʝʩʪʚʝʥʥʳʭ ʠ 512 ʟʘʨʫʙʝʞʥʳʭ. 
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ɻʃɸɺɸ 1. ʆɹɿʆʈ ʃʀʊɽʈɸʊʋʈʓ 

 

1.1. ʆɹʑʀɽ ʉɺɽɼɽʅʀʗ ʆ ʇʆʃʀɻʃʋʊɸʄʀʅʆɺʓʍ ʉʎɸ ï 

ʆʇʈɽɼɽʃɽʅʀɽ, ʂʃɸʉʉʀʌʀʂɸʎʀʗ, ʂʃʀʅʀʂɸ, 

ʕʇʀɼɽʄʀʆʃʆɻʀʗ, ʀ ʃɽʏɽʅʀɽ 

 

1.1.1. ʆʙʱʠʝ ʩʚʝʜʝʥʠʷ ʦ ʧʦʣʠʛʣʫʪʘʤʠʥʦʚʳʭ ʉʎɸ 

ɺ 1991 ʛʦʜʫ ʙʳʣ ʦʪʢʨʳʪ ʥʦʚʳʡ ʪʠʧ ʤʫʪʘʮʠʡ ʚ ʛʝʥʦʤʝ ʯʝʣʦʚʝʢʘ ï ʪʘʢ 

ʥʘʟʳʚʘʝʤʳʝ, ʜʠʥʘʤʠʯʝʩʢʠʝ ʤʫʪʘʮʠʠ, ʚʳʟʚʘʥʥʳʝ ʫʚʝʣʠʯʝʥʠʝʤ ʯʠʩʣʘ ʢʦʧʠʡ 

(ʵʢʩʧʘʥʩʠʝʡ) ʧʨʦʩʪʳʭ ʧʦʚʪʦʨʷʶʱʠʭʩʷ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʝʡ (14). ʂʘʢ ʙʳʣʦ 

ʚʳʷʚʣʝʥʦ ʧʦʟʞʝ, ʩʶʜʘ ʦʪʥʦʩʠʪʩʷ ʰʠʨʦʢʠʡ ʩʧʝʢʪʨ ʢʘʢ ʥʘʠʙʦʣʝʝ ʧʨʦʩʪʳʭ 

(CAG, GCG, GCC, Gɸɸ, CTG) (15); (16); (17); (18); (19); (20); (21); (22); (23); 

(24); (25); (26); (27); (28), ʪʘʢ ʠ ʙʦʣʝʝ ʩʣʦʞʥʳʭ (CTGG, ɸʊʊCʊ, 

CCCCGCCCCGCG) ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʝʡ (29); (30); (31). ʅʘʠʙʦʣʝʝ ʦʙʰʠʨʥʦʡ 

ʠ ʛʝʪʝʨʦʛʝʥʥʦʡ ʛʨʫʧʧʦʡ ʷʚʣʷʶʪʩʷ ʟʘʙʦʣʝʚʘʥʠʷ ʩ ʫʚʝʣʠʯʝʥʠʝʤ ʯʠʩʣʘ ʢʦʧʠʡ 

CAG ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ. ʊʘʢ ʢʘʢ CAG ʪʨʠʥʫʢʣʝʦʪʠʜ ʢʦʜʠʨʫʝʪ 

ʘʤʠʥʦʢʠʩʣʦʪʫ ʛʣʫʪʘʤʠʥ, ʵʪʠ ʟʘʙʦʣʝʚʘʥʠʷ ʥʘʟʳʚʘʶʪʩʷ ʧʦʣʠʛʣʫʪʘʤʠʥʦʚʳʤʠ 

(32).  

ʅʘ ʩʝʛʦʜʥʷʰʥʠʡ ʜʝʥʴ, ʩʫʱʝʩʪʚʫʝʪ, ʧʦ ʢʨʘʡʥʝʡ ʤʝʨʝ, ʜʝʚʷʪʴ ʪʘʢʠʭ 

ʟʘʙʦʣʝʚʘʥʠʡ. ʇʝʨʚʳʤ ʟʘʙʦʣʝʚʘʥʠʝʤ, ʦʧʠʩʘʥʥr ʤ ʚ 1991ʛ., ʩʚʷʟʘʥʥʳʤ ʩ 

ʫʚʝʣʠʯʝʥʠʝʤ CAG ʧʦʚʪʦʨʦʚ ʠ ʚʳʟʳʚʘʶʱʠʭ ʧʨʦʛʨʝʩʩʠʨʫʶʱʫʶ ʜʝʛʝʥʝʨʘʮʠʶ 

ʜʚʠʛʘʪʝʣʴʥʳʭ ʥʝʡʨʦʥʦʚ, ʷʚʠʣʘʩʴ ʩʧʠʥʦʙʫʣʴʙʘʨʥʘʷ ʤʳʰʝʯʥʘʷ ʘʪʨʦʬʠʷ 

(ʉɹʄɸ), ʠʣʠ ʙʦʣʝʟʥʴ ʂʝʥʥʝʜʠ (33). ɺʧʦʩʣʝʜʩʪʚʠʠ ʪʘʢʞʝ ʵʪʦʪ ʧʘʪʦʣʦʛʠʯʝʩʢʠʡ 

ʤʝʭʘʥʠʟʤ ʙʳʣ ʦʙʥʘʨʫʞʝʥ ʫ ʚʦʩʴʤʠ ʜʨʫʛʠʭ ʟʘʙʦʣʝʚʘʥʠʡ, ʚʢʣʶʯʘʷ ʙʦʣʝʟʥʴ 

ɻʝʥʪʠʥʛʪʦʥʘ (ɹɻ), ʜʝʥʪʘʪʦʨʫʙʨʦʧʘʣʣʠʜʦʣʶʠʩʦʚʫ ʘʪʨʦʬʠʶ (DRPLA ʠʣʠ 

ʩʠʥʜʨʦʤ Haw River), ʠ ʰʝʩʪʴ ʪʠʧʦʚ ʩʧʠʥʦʮʝʨʝʙʝʣʣʷʨʥʳʭ ʘʪʘʢʩʠʡ (ʉʎɸ1, 2, 

3, 6, 7, ʠ 17) (34) (ʊʘʙʣʠʮʘ 1). 
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ɿʘʙʦʣʝʚʘʥʠʝ ʃʦʢʫʩ ɹʝʣʦʢ ʅʦʨʤʘ ʧʦʚʪʦʨʦʚ ʇʘʪʦʣʦʛʠʷ 

ʉɹʄɸ Xq11-q12 ɸʥʜʨʦʛʝʥʦʚʳʡ 

ʨʝʮʝʧʪʦʨ 

6ï36 38ï62 

ɼʈʇʃɸ 12p13 ɸʪʨʦʬʠʥ 1 3ï38 49ï88 

ɹɻ 4p16.3 ɻʝʥʪʠʥʛʪʠʥ 6ï35 36ï265 

ʉʎɸ1 6p23 ɸʪʘʢʩʠʥ 1 6ï39 41ï83 

ʉʎɸ2 12q24 ɸʪʘʢʩʠʥ 2 14ï32 34ï77 

ʉʎɸ3 14q24-

q31 

ɸʪʘʢʩʠʥ 3 12ï40 55ï86 

ʉʎɸ6 19p13 P/Q Ca
2+

 ʢʘʥʘʣʳ 4ï18 21ï33 

ʉʎɸ7 3p21ïp12 ɸʪʘʢʩʠʥ 7 7ï18 37ï306 

ʉʎɸ17 6q27 ɹʝʣʦʢ, 

ʦʙʲʝʜʠʥʷ- 

ʶʱʠʡʩʷ ʩ TATA 

25ï43 45ï63 

 

ʊʘʙʣʠʮʘ 1. ɹʝʣʢʠ, ʤʫʪʘʮʠʠ ʢʦʪʦʨʳʭ ʧʨʠʚʦʜʠʪ ʢ ʧʦʚ̫ʣʝʥʠʶ 

ʧʦʣʠʛʣʫʪʘʤʠʥʦʚʳʭ ʉʎɸ. ɺ ʪʘʙʣʠʮʝ ʧʨʝʜʩʪʘʚʣʝʥʳ ʨʘʩʧʦʣʦʞʝʥʠʷ ʤʫʪʘʮʠʡ 

ʛʝʥʦʚ, ʢʦʜʠʨʫʶʱʠʭ ʙʝʣʢʠ, ʠʭ ʥʘʟʚʘʥʠʝ ʠ ʜʣʠʥʘ ʧʦʣʠʛʣʫʪʘʤʠʥʦʚʦʡ ʮʝʧʦʯʢʠ ʚ 

ʥʦʨʤʝ ʠ ʧʘʪʦʣʦʛʠʠ. 

   

ʉʨʝʜʠ ʵʪʠʭ ʟʘʙʦʣʝʚʘʥʠʡ ʚʳʜʝʣʷʝʪʩʷ ʛʨʫʧʧʘ, ʠʤʝʶʱʘʷ ʩʭʦʞʝʝ ʪʝʯʝʥʠʝ, 

ʧʘʪʦʬʠʟʠʦʣʦʛʠʶ ʠ ʧʨʦʷʚʣʝʥʠʷ ï ʵʪʦ ʧʦʣʠʛʣʫʪʘʤʠʥʦʚʳʝ ʉʎɸ (ʩʤ. ʪʘʙʣʠʮʫ 1). 

ʀʭ ʩʦʚʦʢʫʧʥʘʷ ʟʘʙʦʣʝʚʘʝʤʦʩʪʴ ʠʤʝʝʪ ʙʦʣʴʰʫʶ ʚʘʨʠʘʙʝʣʴʥʦʩʪʴ 1-9 ʥʘ 

100,000 ʥʘʩʝʣʝʥʠʷ, ʠ ʚ ʙʦʣʝʝ ʪʦʯʥʳʭ ʨʘʩʯʸʪʘʭ ʧʨʠʙʣʠʞʘʝʪʩʷ ʢ 4-5 ʙʦʣʴʥʳʤ 

ʥʘ 100,000 ʥʘʩʝʣʝʥʠʷ.  

 

1.1.2. ɿʘʙʦʣʝʚʘʝʤʦʩʪʴ ʧʦʣʠʛʣʫʪʘʤʠʥʦʚʳʤʠ ʉʎɸ 

ʉʎɸ1 ʥʘʙʣʶʜʘʝʪʩʷ ʧʨʠʙʣʠʟʠʪʝʣʴʥʦ ʫ 1-2 ʣʶʜʝʡ ʥʘ 100 ʪʳʩ. 

ʦʙʱʝʤʠʨʦʚʦʛʦ ʥʘʩʝʣʝʥʠʷ (35). ʉʎɸ2 ʙʳʣʘ ʚʳʷʚʣʝʥʘ ʚ 14% ʩʣʫʯʘʝʚ ʠʟ 

ʛʨʫʧʧʳ ʚʩʝʭ ʉʎɸ, ʯʪʦ ʩʦʩʪʘʚʣʷʝʪ ʧʨʠʙʣʠʟʠʪʝʣʴʥʦ 0,6 ʥʘ 100 ʪʳʩ. ʥʘʩʝʣʝʥʠʷ 

(36); (37); (38). ʉʎɸ3 ʫ ʥʝʢʦʪʦʨʳʭ ʥʘʨʦʜʦʚ ï ʵʪʦ ʥʘʠʙʦʣʝʝ ʯʘʩʪʦ ʚʩʪʨʝʯʘʝʤʘʷ 

ʬʦʨʤʘ ʘʫʪʦʩʦʤʥʦ-ʜʦʤʠʥʘʥʪʥʳʭ ʘʪʘʢʩʠʡ (39); (40). ʇʨʠʥʷʪʦ ʧʦʣʘʛʘʪʴ, ʯʪʦ 

ʯʘʩʪʦʪʘ ʚʩʪʨʝʯʘʝʤʦʩʪʠ ʉʎɸ3 ʩʦʩʪʘʚʣʷʝʪ 1,5-2 ʯʝʣʦʚʝʢʘ ʥʘ 100 ʪʳʩ. ʥʘʩʝʣʝʥʠʷ 

(41). ʈʘʩʧʨʦʩʪʨʘʥʝʥʠʝ ʚ ʄʠʨʝ ʉʎɸ6 ï ʤʝʥʝʝ 1 ʯʝʣʦʚʝʢʘ, ʠ ʚ ʙʦʣʝʝ ʪʦʯʥʳʭ 
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ʨʘʩʯʸʪʘʭ ʧʨʠʙʣʠʞʘʝʪʩʷ ʢ 0.02-0.31 ʥʘ 100 ʪʳʩ. ʥʘʩʝʣʝʥʠʷ (42), (43), (44), (45), 

(37), (46), (47), (48), (49). ɿʘʙʦʣʝʚʘʝʤʦʩʪʴ ʉʎɸ 7 ʚ ʥʝʩʢʦʣʴʢʠʭ ʠʩʩʣʝʜʦʚʘʥʠʷʭ 

ʩʦʩʪʘʚʣʷʣʘ 2% ʦʪ ʚʩʝʭ ʉʎɸ, ʠʣʠ ʚ ʙʦʣʝʝ ʪʦʯʥʳʭ ʨʘʩʯʸʪʘʭ, 0.05-0.2 (ʩʨʝʜʥʝʝ 

0,08) ʥʘ 100 ʪʳʩ. (50), (51). ʄʝʥʝʝ 100 ʩʝʤʝʡ ʩ ʉʎɸ17 ʙʳʣʦ ʦʧʠʩʘʥʦ ʥʘ 

ʩʝʛʦʜʥʷʰʥʠʡ ʜʝʥʴ. ʇʦʵʪʦʤʫ ʧʨʝʜʚʘʨʠʪʝʣʴʥʳʡ ʫʨʦʚʝʥʴ ʟʘʙʦʣʝʚʘʝʤʦʩʪʠ 

ʤʦʞʥʦ ʚʳʚʝʩʪʠ ʢʘʢ 0,0015 ʥʘ 100 ʪʳʩ. ʥʘʩʝʣʝʥʠʷ (52), (53), (54) (ʩʤ. ʨʠʩʫʥʦʢ 

1).  

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʥʘ ʜʦʣʶ ʧʦʣʠʛʣʫʪʘʤʠʥʦʚʳʭ ʉʎɸ ʧʨʠʭʦʜʠʪʩʷ ʜʦ 60% 

ʦʪ ʚʩʝʭ ʉʎɸ, ʪʦʛʜʘ ʢʘʢ ʦʩʪʘʣʴʥʳʝ ʜʠʘʛʥʦʩʪʠʨʫʝʤʳʝ ʬʦʨʤʳ ʟʘʥʠʤʘʶʪ ʥʝ 

ʙʦʣʝʝ 5%, ʘ 35-40% ï ʵʪʦ ʉʎɸ ʩ ʥʝʠʟʚʝʩʪʥʦʡ ʤʫʪʘʮʠʝʡ, ʚʳʷʚʣʷʝʤʳʝ ʣʠʰʴ 

ʬʝʥʦʪʠʧʠʯʝʩʢʠ (55). ɺ ʪʦ ʞʝ ʚʨʝʤʷ, ʩʨʝʜʠ ʧʦʣʠʛʣʫʪʘʤʠʥʦʚʳʭ ʉʎɸ 

ʜʦʤʠʥʠʨʫʶʪ ʉʎɸ1 ʠ ʉʎɸ3, ʥʘ ʢʦʪʦʨʳʝ ʧʨʠʭʦʜʠʪʩʷ ʙʦʣʝ 2/3 ʦʪ ʚʩʝʭ 

ʨʝʛʠʩʪʨʠʨʫʝʤʳʭ ʟʘʙʦʣʝʚʘʥʠʡ (37% ʠ 42% ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ) (ʩʤ. ʨʠʩʫʥʦʢ 1). 

ʈʘʟʚʠʪʠʝ ʪʘʢʦʡ ʜʠʩʮʠʧʣʠʥʳ, ʢʘʢ ʘʨʭʝʦʛʝʥʝʪʠʢʘ, ʧʦʟʚʦʣʠʣʦ ʦʪʚʝʪʠʪʴ ʥʘ 

ʚʦʧʨʦʩ, ʢʦʛʜʘ ʧʦʷʚʠʣʠʩʴ ʚ ʯʝʣʦʚʝʯʝʩʢʦʡ ʧʦʧʫʣʷʮʠʠ ʧʦʣʠʛʣʫʪʘʤʠʥʦʚʳʝ ʉʎɸ 

(ʪʦ ʝʩʪʴ, ʚʦʟʥʠʢʣʠ ʤʫʪʘʮʠʠ ʚ ʛʝʥʘʭ, ʦʪʚʝʪʩʪʚʝʥʥʳʭ ʟʘ ʨʘʟʚʠʪʠʝ ʜʘʥʥʳʭ 

ʟʘʙʦʣʝʚʘʥʠʡ). ʄʫʪʘʮʠʷ ʛʝʥʘ ï ʵʪʦ ʜʦʚʦʣʴʥʦ ʨʝʜʢʦʝ ʷʚʣʝʥʠʝ, ʧʦʵʪʦʤʫ 

ʭʘʨʘʢʪʝʨʥʦʡ ʦʩʦʙʝʥʥʦʩʪʴʶ ʧʦʣʠʛʣʫʪʘʤʠʥʦʚʳʭ ʟʘʙʦʣʝʚʘʥʠʡ ʷʚʣʝ̫ʪʩʷ ʥʘʣʠʯʠʝ 

ʦʩʥʦʚʘʪʝʣʷ ï ʯʝʣʦʚʝʢʘ, ʫ ʢʦʪʦʨʦʛʦ ʚʧʝʨʚʳʝ ʚʦʟʥʠʢʣʘ ʦʧʨʝʜʝʣʸʥʥʘʷ ʤʫʪʘʮʠʷ, 

ʠ ʢʦʪʦʨʳʡ ʥʝʩʸʪ ʫʥʠʢʘʣʴʥʫʶ ʛʝʥʝʪʠʯʝʩʢʫʶ ʠʥʬʦʨʤʘʮʠʶ, ʥʘʟʳʚʘʝʤʫ  ʁ

ʛʘʧʣʦʪʠʧʦʤ. ʂʘʢ ʧʨʘʚʠʣʦ, ʫ ʧʦʣʠʛʣʫʪʘʤʠʥʦʚʳʭ ʟʘʙʦʣʝʚʘʥʠʡ ʧʨʦʩʣʝʞʠʚʘʝʪʩʷ 

ʥʝʩʢʦʣʴʢʦ ʛʘʧʣʦʪʠʧʦʚ ʦʩʥʦʚʘʪʝʣʝʡ ï ʦʪ 2-3 ʜʦ ʦʪʜʝʣʴʥʳʭ ʛʘʧʣʦʪʠʧʦʚ ʚ 

ʢʘʞʜʦʡ ʠʩʩʣʝʜʫʝʤʦʡ ʧʦʧʫʣʷʮʠʠ (56), (57). ʏʝʤ ʚʳʰʝ ʩʢʦʨʦʩʪʴ ʤʫʪʘʮʠʠ ʠ/ʠʣʠ 

ʯʝʤ ʦʥʘ çʩʪʘʨʰʝè, ʪʝʤ ʚ ʙʦʣʴʰʠʭ ʧʦʢʦʣʝʥʠʷʭ ʦʥʘ ʚʩʪʨʝʯʘʝʪʩʷ, ʪʝʤ ʰʠʨʝ 

ʘʨʝʘʣ ʝʸ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʠ ʪʝʤ ʚʳʰʝ ʯʘʩʪʦʪʘ ʟʘʙʦʣʝʚʘʝʤʦʩʪʠ (56), (58). 

ʆʜʥʘʢʦ ʟʘʯʘʩʪʫʶ ʵʪʠ ʜʚʘ ʬʘʢʪʦʨʘ ʷʚʣʷʶʪʩʷ ʚʟʘʠʤʦʠʩʢʣʶʯʘʶʱʠʤʠ. ʇʦʵʪʦʤʫ 

ʧʦʣʠʛʣʫʪʘʤʠʥʦʚʳʝ ʉʎɸ ʤʦʞʥʦ ʫʩʣʦʚʥʦ ʨʘʟʜʝʣʠʪʴ ʥʘ 2 ʛʨʫʧʧʳ, ʠʩʭʦʜʷ ʠʟ 

ʩʢʦʨʦʩʪʠ ʤʫʪʘʮʠʠ ʠ ʜʘʚʥʦʩʪʠ ʝʸ ʚʦʟʥʠʢʥʦʚʝʥʠʷ. ɺ ʧʝʨʚʫʶ ʛʨʫʧʧʫ ʦʪʥʦʩʷʪʩʷ 

ʟʘʙʦʣʝʚʘʥʠʷ, ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ, ʩ ʨʘʥʥʠʤ ʚʦʟʥʠʢʥʦʚʝʥʠʝʤ, ʥʦ ʥʠʟʢʦʡ 
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ʩʢʦʨʦʩʪʴʶ ʤʫʪʘʮʠʠ (ʩʤ. ʨʠʩʫʥʦʢ 1). ʇʨʝʜʩʪʘʚʠʪʝʣʝʤ ʵʪʦʡ ʛʨʫʧʧ rʷʚʣʷʝʪʩʷ 

ʉʎɸ3. ʇʨʠ ʠʩʩʣʝʜʦʚʘʥʠʠ ʉʎɸ3 ʙʳʣʦ ʚʳʜʝʣʝʥʦ 3 ʦʩʥʦʚʥʳʭ ʛʘʧʣʦʪʠʧʘ (59), 

(60). ʉʘʤʳʡ ʩʪʘʨʳʡ ʠʟ ʥʠʭ ʠʤʝʝʪ ʘʟʠʘʪʩʢʦʝ ʧʨʦʠʩʭʦʞʜʝʥʠʝ ʠ ʚʦʟʥʠʢ ʚ ʵʧʦʭʫ 

ʭʘʣʢʦʣʠʪʘ, ʧʨʠʤʝʨʥʦ 5,800 (5,774 Ñ 1,116) ʣʝʪ ʥʘʟʘʜ, ʘ ʧʦ ʜʨʫʛʠʤ ʜʘʥʥʳʤ, 

ʙʦʣʝʝ 7000 ʣʝʪ ʥʘʟʘʜ. ɽʛʦ ʥʦʩʠʪʝʣʠ ʧʨʦʞʠʚʘʶʪ ʩʝʡʯʘʩ ʥʘ ʊʘʡʚʘʥʝ, ʚ ʀʥʜʠʠ, 

ʗʧʦʥʠʠ ʠ ʜʘʞʝ ʥʘ ʢʨʘʡʥʝʤ ʩʝʚʝʨʦ-ʚʦʩʪʦʢʝ ɸʚʩʪʨʘʣʠʠ (61). ɺʪʦʨʦʡ ʛʘʧʣʦʪʠʧ 

ʷʚʣʷʝʪʩʷ ʛʦʨʘʟʜʦ ʧʦʟʜʥʝʡ ʤʫʪʘʮʠʝʡ, ʚʦʟʥʠʢʰʝʡ ʚ ʨʘʥʥʝʤ ʩʨʝʜʥʝʚʝʢʦʚʴʝ, 

ʦʢʦʣʦ 1,400 (1,416 Ñ 434) ʣʝʪ ʥʘʟʘʜ ʥʘ ʪʝʨʨʠʪʦʨʠʠ ʩʦʚʨʝʤʝʥʥʦʡ ʇʦʨʪʫʛʘʣʠʠ. 

(56). ʆʜʥʘʢʦ ʵʪʦʪ ʝʚʨʦʧʝʡʩʢʠʡ ʛʘʧʣʦʪʠʧ ʰʠʨʦʢʦ ʨʘʩʧʨʦʩʪʨʘʥʸʥ ʧʦ ɿʝʤʥʦʤʫ 

ʰʘʨʫ. ʅʦʩʠʪʝʣʠ ʝʛʦ ʞʠʚʫʪ ʚ ʩʝʚʝʨʥʦʡ ɸʤʝʨʠʢʝ, ɻʝʨʤʘʥʠʠ, ʌʨʘʥʮʠʠ, 

ʇʦʨʪʫʛʘʣʠʠ, ɹʨʘʟʠʣʠʠ ʠ ʜʘʞʝ ʀʥʜʠʠ, ʠ ʂʠʪʘʝ, ʯʪʦ ʤʦʞʥʦ ʦʙʲʷʩʥʠʪʴ 

ʘʢʪʠʚʥʦʡ ʜʝʷʪʝʣʴʥʦʩʪʴʶ ʧʦʨʪʫʛʘʣʴʮʝʚ ʚ ʵʧʦʭʫ ɺʝʣʠʢʠʭ ʛʝʦʛʨʘʬʠʯʝʩʢʠʭ 

ʦʪʢʨʳʪʠʡ. ʊʘʢ ʞʝ ʥʘʣʠʯʠʝ ʧʦʨʪʫʛʘʣʴʩʢʦʛʦ ʛʘʧʣʦʪʠʧʘ ʙʳʣʦ ʥʘʡʜʝʥʦ ʫ 

ʘʙʦʨʠʛʝʥʦʚ ɸʚʩʪʨʘʣʠʠ, ʧʨʦʞʠʚʘʶʱʠʭ ʥʘ ɻʨʫʪ-ɸʡʣʝʥʜ ʠ ɸʨʥʝʤ-ʃʝʥʜ, ʯʪʦ 

ʤʦʞʥʦ ʦʙʲʷʩʥʠʪʴ ʢʦʥʪʘʢʪʘʤʠ ʠʭ ʩ ʄʘʢʘʩʘʨʮʘʤʠ ï ʦʜʥʠʤ ʠʟ ʥʘʨʦʜʦʚ 

ʀʥʜʦʥʝʟʠʠ, ʥʘʭʦʜʷʱʠʭʩʷ ʧʦʜ ʧʨʦʪʝʢʪʦʨʘʪʦʤ ʇʦʨʪʫʛʘʣʠʠ ʚ 16-17 ʩʪʦʣʝʪʠʷʭ 

(59). ʕʬʬʝʢʪ ʦʩʥʦʚʘʪʝʣʷ ʪʘʢʞʝ ʙʳʣ ʥʘʡʜʝʥ ʫ ʢʘʤʙʦʜʞʠʡʩʢʠʭ ʩʝʤʝʡ, ʯʪʦ 

ʫʢʘʟʳʚʘʝʪ ʥʘ ʝʱʸ ʙʦʣʝʝ ʧʦʟʜʥʝʝ ʝʛʦ ʚʦʟʥʠʢʥʦʚʝʥʠʝ (55).  

ʇʨʠ ʠʩʩʣʝʜʦʚʘʥʠʠ ʩʝʤʝʡ ʙʦʣʴʥʳʭ ʉʎɸ6, ʙʳʣ ʚʳʜʝʣʝʥ ʠʟʥʘʯʘʣʴʥʳʡ 

ʛʘʧʣʦʪʠʧ, ʢʦʪʦʨʳʡ ʧʨʠʩʫʪʩʪʚʫʝʪ ʫ ʘʥʛʣʠʡʩʢʠʭ, ʷʧʦʥʩʢʠʭ, ʙʨʘʟʠʣʴʩʢʠʭ ʠ 

ʬʠʥʩʢʠʭ ʩʝʤʝʡ ʙʦʣʴʥʳʭ ʉʎɸ6 (62), ʯʪʦ ʫʢʘʟʳʚʘʝʪ ʥʘ ʜʘʚʥʝʝ ʝʛʦ 

ʧʨʦʠʩʭʦʞʜʝʥʠʝ, ʪʦ ʝʩʪʴ ʥʘ ʚʨʝʤʷ ʜʦ ʨʘʟʜʝʣʝʥʠʷ ʯʝʣʦʚʝʯʝʩʪʚʘ ʥʘ ʨʘʩʳ. 

ʆʜʥʘʢʦ ʙr ʣʦ ʧʦʢʘʟʘʥʦ, ʯʪʦ ʵʬʬʝʢʪ ʦʩʥʦʚʘʪʝʣʷ ʚʦʟʤʦʞʝʥ ʚ ʥʝʤʝʮʢʦʡ 

(ʩʝʚʝʨʥʘʷ ʈʝʡʥ-ɺʝʩʪʬʘʣʠ)̫ (63) ʠ ʷʧʦʥʩʢʦʡ (ʧʨʝʬʝʢʪʫʨʘ ʊʦʪʪʦʨʠ) (64) 

ʧʦʧʫʣʷʮʠʷʭ, ʯʪʦ ʫʢʘʟʳʚʘʝʪ ʥʘ ʚʦʟʥʠʢʥʦʚʝʥʠʝ ʵʪʠʭ ʛʘʧʣʦʪʠʧʦʚ ʧʨʠʤʝʨʥʦ 10-

20 ʧʦʢʦʣʝʥʠʡ ʥʘʟʘʜ.  

ʉʎɸ1, ʉʎɸ2, ʉʎɸ7 ʠ ʉʎɸ17, ʚ ʦʪʣʠʯʠʝ ʦʪ ʉʎɸ3 ʠ ʉʎɸ6 ʠʤʝʶʪ 

ʚʳʩʦʢʫ  ʁ ʩʪʝʧʝʥʴ ʤʫʪʘʮʠʠ. ʄʫʪʘʮʠʠ, ʦʙʫʩʣʦʚʠʚʰʠʝ ʵʪʠ ʟʘʙʦʣʝʚʘʥʠʷ 

ʦʪʥʦʩʠʪʝʣʴʥʦ ʤʦʣʦʜʳ ï ʚ ʙʦʣʴʰʠʥʩʪʚʝ ʩʣʫʯʘʝʚ, ʦʥʠ ʧʨʠʩʫʪʩʪʚʫʶʪ ʚʩʝʛʦ 
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ʣʠʰʴ ʚ 12-17 ʧʦʢʦʣʝʥʠʷʭ, ʦʜʥʘʢʦ ʨʘʩʧʨʦʩʪʨʘʥʝʥʳ ʧʦʚʩʝʤʝʩʪʥʦ ʚ ʨʘʟʣʠʯʥʳʭ 

ʵʪʥʠʯʝʩʢʠʭ ʛʨʫʧʧʘʭ. 

ʆʧʨʝʜʝʣʠʪʴ ʢʦʣʠʯʝʩʪʚʦ ʛʘʧʣʦʛʨʫʧʧ ʠ ʚʦʟʨʘʩʪ ʤʫʪʘʮʠʡ ʚʪʦʨʦʡ ʧʦ 

ʨʘʩʧʨʦʩʪʨʘʥʸʥʥʦʩʪʠ ʉʎɸ, ʉʎɸ1 ʟʘʪʨʫʜʥʠʪʝʣʴʥʦ, ʚ ʩʚʷʟʠ ʩ 

ʥʝʜʦʩʪʘʪʦʯʥʦʩʪʴʶ ʠʩʩʣʝʜʦʚʘʥʠʡ ʚ ʵʪʦʡ ʦʙʣʘʩʪʠ. ʋ ʷʧʦʥʮʝʚ, ʤʫʪʘʮʠʷ ʚ ʛʝʥʝ 

ʉʎɸ1, ʚʦʟʤʦʞʥʦ, ʚʦʟʥʠʢʣʘ ʫ ʦʜʥʦʛʦ ʠʥʜʠʚʠʜʘ, ʢʦʪʦʨʳʡ ʞʠʣ ʚ ʧʨʝʬʝʢʪʫʨʝ 

ʄʠʷʛʠ ʠʣʠ ʧʨʝʬʝʢʪʫʨʝ ʗʤʘʛʘʪʘ. ʕʪʦ ʩʦʙʳʪʠʝ ʦʪʥʦʩʠʪʝʣʴʥʦ ʙʣʠʟʢʦʛʦ 

ʧʨʦʰʣʦʛʦ (ʦʢʦʣʦ 17 ʧʦʢʦʣʝʥʠʡ ʥʘʟʘʜ, ʠʣʠ 1500-1550 ʛ.ʥ.ʵ.) (65). ʗʢʫʪʩʢʠʡ 

ʛʘʧʣʦʪʠʧ ʙʦʣʝʝ ʜʨʝʚʥʠʡ. ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʧʨʦʠʩʭʦʞʜʝʥʠʝ ʉʎɸ1 ʚ ʷʢʫʪʩʢʦʡ 

ʧʦʧʫʣʷʮʠʠ ʩʚʷʟʘʥʦ ʩ ʵʬʬʝʢʪʦʤ ʦʩʥʦʚʘʪʝʣʷ, ʧʨʠ ʵʪʦʤ, ʚʨʝʤʷ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ 

ʤʫʪʠʨʦʚʘʥʥʦʛʦ ʛʝʥʘ ʚ ʗʢʫʪʠʠ ʦʮʝʥʠʚʘʝʪʩʷ ʠʩʩʣʝʜʦʚʘʪʝʣʷʤʠ, ʧʦ ʦʜʥʠʤ 

ʦʮʝʥʢʘʤ, ʚ 37 ʧʦʢʦʣʝʥʠʡ, ʠʣʠ 915-1110 ʣʝʪ ʥʘʟʘʜ (66), ʘ ʧʦ ʜʨʫʛʠʤ, 1500-1750 

ʣʝʪ ʥʘʟʘʜ (67), ʪʦ ʝʩʪʴ, ʜʦ ʤʠʛʨʘʮʠʠ ʷʢʫʪʦʚ ʠʟ ʩʨʝʜʥʝʡ ʃʝʥʳ ʚ ʤʝʩʪʘ 

ʥʳʥʝʰʥʝʛʦ ʠʭ ʧʨʦʞʠʚʘʥʠʷ ʠ ʬʦʨʤʠʨʦʚʘʥʠʷ ʷʢʫʪʩʢʦʛʦ ʵʪʥʦʩʘ (68). ʇʦʵʪʦʤʫ 

ʥʝ ʫʜʠʚʠʪʝʣʴʥʦ, ʯʪʦ ʷʢʫʪʩʢʠʡ ʛʘʧʣʦʪʠʧ ʙʳʣ ʚʳʷʚʣʝʥ ʧʨʠ ʠʩʩʣʝʜʦʚʘʥʠʠ 

ʢʠʪʘʡʩʢʦʡ ʧʦʧʫʣʷʮʠʠ. ʗʢʫʪʩʢʠʡ ʛʘʧʣʦʪʠʧ ʙʳʣ ʥʘʡʜʝʥ ʫ ʢʠʪʘʡʮʝʚ ʥʘʨʷʜʫ ʩ 

ʩʦʙʩʪʚʝʥʥʦ ʢʠʪʘʡʩʢʠʤ ʠ ʚʳʰʝʦʧʠʩʘʥʥʳʤ ʷʧʦʥʩʢʠʤ ʛʘʧʣʦʪʠʧʘʤʠ (69). ɺ 

ʠʥʜʠʡʩʢʦʡ ʧʦʧʫʣʷʮʠʠ ʉʎɸ1 ʚʩʪʨʝʯʘʝʪʩʷ ʨʝʜʢʦ (70), ʦʜʥʘʢʦ ʟʜʝʩʴ ʙʳʣʠ 

ʚʳʜʝʣʝʥʳ ʩʨʘʟʫ 2 ʛʘʧʣʦʪʠʧʘ, ʢʦʪʦʨʳʝ, ʩ ʙʦʣʴʰʦʡ ʜʦʣʝʡ ʚʝʨʦʷʪʥʦʩʪʠ, ʠʤʝʶʪ 

ʜʨʝʚʥʝʝ ʧʨʦʠʩʭʦʞʜʝʥʠʝ (71). ʇʝʨʚʳʡ ʠʟ ʵʪʠʭ ʛʘʧʣʦʪʠʧʦʚ, ʢʘʢ ʠ ʛʘʧʣʦʪʠʧ 

ʉʎɸ2 ʧʨʠʩʫʪʩʪʚʫʝʪ ʫ ʭʠʥʜʫʩʪʘʥʮʝʚ, ʧʦʞʠʚʘʶʱʠʤʠ ʚ ʰʪʘʪʝ ɹʠʭʘʨ (72). 

ɺʪʦʨʦʡ ʛʘʧʣʦʪʠʧ ʩʬʦʨʤʠʨʦʚʘʣʩʷ ʦʪʜʝʣʴʥʦ ʦʪ ʧʝʨʚʦʛʦ, ʪʘʢ ʢʘʢ ʚʩʪʨʝʯʘʝʪʩʷ 

ʠʩʢʣʶʯʠʪʝʣʴʥʦ ʫ ʪʘʤʠʣʴʮʝʚ, ʧʨʦʞʠʚʘʶʱʠʭ ʚ ʰʪʘʪʝ ʊʘʤʠʣʥʘʜ, ʚ ʜʚʫʭ 

ʜʝʨʝʚʥʷʭ ʈʘʜʞʘʧʘʣʘʷʤ ʠ ʂʦʪʪʘʤʝʜʫ (73).  

ʉʨʝʜʠ 26 ʩʝʤʝʡ ʩ ʉʎɸ2 ʠʟ ɽʚʨʦʧʳ, ʉʝʚʝʨʥʦʡ ɸʬʨʠʢʠ ʠ ʂʘʨʠʙʩʢʠʭ 

ʦʩʪʨʦʚʦʚ, ʦʧʠʩʘʥʥʳʭ Didierjean et al (74), ʙʳʣʦ ʥʘʡʜʝʥʦ ʥʝʩʢʦʣʴʢʦ ʤʫʪʘʮʠʡ 

ʦʩʥʦʚʘʪʝʣʝʡ. ʀʟ ʥʠʭ ʤʦʞʥʦ ʚʳʜʝʣʠʪʴ ʦʪʥʦʩʠʪʝʣʴʥʦ ʤʦʣʦʜʦʡ 

ʟʘʧʘʜʥʦʝʚʨʦʧʝʡʩʢʠʡ ʛʘʧʣʦʪʠʧ ʠ ʙʦʣʝʝ ʨʘʥʥʠʡ ʦʙʱʝʝʚʨʦʧʝʡʩʢʠʡ, ʢʦʪʦʨʳʡ 

ʧʨʠʩʫʪʩʪʚʦʚʘʣ, ʢʘʢ ʚ ʜʚʫʭ ʬʨʘʥʮʫʟʩʢʠʭ, ʯʝʪʳʨʸʭ ʥʝʤʝʮʢʠʭ, ʪʘʢ ʠ ʦʜʥʦʡ 
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ʩʝʨʙʩʢʦʡ ʩʝʤʴʝ. ʆʪʜʝʣʴʥʦ ʩʪʦʷʪ ʩʝʚʝʨʦʘʬʨʠʢʘʥʩʢʠʡ ʠ ʢʘʨʠʙʩʢʠʡ ʛʘʧʣʦʪʠʧʳ. 

ʀʥʜʠʡʩʢʠʡ ʛʘʧʣʦʪʠʧ, ʧʦʞʘʣʫʡ, ʥʝ ʷʚʣʷʝʪʩʷ ʦʙʱʝʠʥʜʦʝʚʨʦʧʝʡʩʢʠʤ, ʪʘʢ ʢʘʢ 

ʙr ʣʦ ʧʦʢʘʟʘʥʦ, ʯʪʦ ʦʥ ʧʨʦʠʩʭʦʜʠʪ ʠʟ ʠʥʜʠʡʩʢʦʛʦ ʰʪʘʪʘ ɹʠʭʘʨ ʠ ʚʩʪʨʝʯʘʝʪʩʷ 

ʠʩʢʣʶʯʠʪʝʣʴʥʦ ʫ ʭʠʥʜʫʩʪʘʥʮʝʚ, ʧʨʦʞʠʚʘʶʱʠʭ ʚ ʵʪʦʡ ʦʙʣʘʩʪʠ, ʠʣʠ ʚʳʭʦʜʮʝʚ 

ʠʟ ʥʝʸ (75). 

ʉʎɸ7 ʜʠʘʛʥʦʩʪʠʨʫʝʪʩʷ ʚ ʩʝʤʴʷʭ ʨʘʟʣʠʯʥʳʭ ʵʪʥʠʯʝʩʢʠʭ ʛʨʫʧʧ, ʚʢʣʶʯʘʷ 

ʜʝʪʝʡ ʠʟ ɽʚʨʦʧʳ (ɹʝʣʴʛʠʠ, ʌʠʥʣʷʥʜʠʠ, ʌʨʘʥʮʠʠ, ɻʝʨʤʘʥʠʠ, ʐʚʝʮʠʠ ʠ 

ɺʝʣʠʢʦʙʨʠʪʘʥʠʠ), ɹʣʠʞʥʝʛʦ ɺʦʩʪʦʢʘ (ʀʟʨʘʠʣʷ), ɸʬʨʠʢʠ (ɸʣʞʠʨʘ, ʄʘʨʦʢʢʦ, 

ʃʠʚʠʠ, ʊʫʥʠʩʘ ʠ ʖɸʈ), ʉʝʚʝʨʥʦʡ ɸʤʝʨʠʢʠ (ʘʤʝʨʠʢʘʥʮʳ ʝʚʨʦʧʝʦʠʜʥʦʡ ʠ 

ʥʝʛʨʦʠʜʥʦʡ ʨʘʩ), ʖʞʥʦʡ ɸʤʝʨʠʢʠ (ɹʨʘʟʠʣʠʠ), ɺʝʩʪ-ʀʥʜʠʠ (ʗʤʘʡʢʠ) ʠ ɸʟʠʠ 

(ʂʦʨʝʠ ʠ ʌʠʣʠʧʧʠʥ) (76); (77); (78); (79); (80); (81); (82); (46). ʇʨʝʜʳʜʫʱʠʝ 

ʠʩʩʣʝʜʦʚʘʥʠʷ, ʧʨʦʚʝʜʸʥʥʳʝ Stevanin ʩ ʩʦʘʚʪʦʨʘʤʠ, ʚʳʷʚʠʣʠ 4 ʛʘʧʣʦʪʠʧʘ ʫ 41 

ʩʝʤʝʡ ʩʦ ʉʎɸ7, ʧʨʦʞʠʚʘʶʱʠʭ ʚ ɸʟʠʠ, ʉʝʚʝʨʥʦʡ ɸʬʨʠʢʝ, ɽʚʨʦʧʝ, ɹʣʠʞʥʝʤ 

ɺʦʩʪʦʢʝ ʠ ʖʞʥʦʡ ɸʤʝʨʠʢʝ, ʘ ʪʘʢʞʝ ʜʚʘ ʛʘʧʣʦʪʠʧʘ ʚ ɻʝʨʤʘʥʠʠ ʠ ʀʪʘʣʠʠ (46). 

ʇʦʟʞʝ ʙʳʣʦ ʧʦʢʘʟʘʥʦ, ʯʪʦ ʠ ʩʢʘʥʜʠʥʘʚʩʢʠʝ ʩʝʤʴʠ, ʙʦʣʴʥʳʝ ʉʎɸ7, ʠʤʝʶʪ ʚ 

ʩʚʦʝʡ ʦʩʥʦʚʝ ʦʜʥʫ ʦʙʱʫʶ ʤʫʪʘʮʠʶ ʦʩʥʦʚʘʪʝʣʷ (83).  

ʂʘʢ ʤʠʥʠʤʫʤ ʪʨʠ ʛʘʧʣʦʪʠʧʘ ʙʳʣʦ ʚʳʷʚʣʝʥʦ ʧʨʠ ʠʟʫʯʝʥʠʠ ʙʦʣʴʥʳʭ 

ʉʎɸ17. ʀʥʪʝʨʝʩʝʥ ʪʦʪ ʬʘʢʪ, ʯʪʦ ʷʧʦʥʩʢʘʷ ʜʝʚʦʯʢʘ ʩ ʉʎɸ17 ʠʟ ʧʨʝʬʝʢʪʫʨʳ 

ʅʠʠʛʘʪʘ ʠʤʝʣʘ de novo ʜʫʧʣʠʢʘʮʠʶ ʚ ʝʸ ʦʪʮʦʚʩʢʦʤ ʘʣʣʝʣʝ (84). ʇʦʵʪʦʤʫ ʝʸ 

ʤʦʞʥʦ ʩ ʧʦʣʥʳʤ ʧʨʘʚʦʤ ʩʯʠʪʘʪʴ çʦʩʥʦʚʘʪʝʣʝʤè ʥʦʚʦʛʦ ʛʘʧʣʦʪʠʧʘ. ɺ ʜʚʫʭ 

ʩʝʤʴʷʭ ʩ ʉʎɸ17, ʧʨʦʞʠʚʘʶʱʠʭ ʚ ʩʝʚʝʨʥʦʡ ɻʝʨʤʘʥʠʠ, ʪʘʢʞʝ ʙʳʣ ʚʳʷʚʣʝʥ 

ʦʜʠʥ ʠ ʪʦʪ ʞʝ ʛʘʧʣʦʪʠʧ. ɽʛʦ ʦʪʣʠʯʠʪʝʣʴʥʦʡ ʯʝʨʪʦʡ ʷʚʣʷʝʪʩʷ ʚʳʩʦʢʘʷ ʩʪʝʧʝʥʴ 

ʥʝʩʪʘʙʠʣʴʥʦʩʪʠ ʧʦʚʪʦʨʦʚ CAG (85). ʆʜʥʘʢʦ ʚ ʦʩʪʘʣʴʥʳʭ ʩʣʫʯʘʷʭ ʫʜʣʠʥʝʥʠʝ 

ʧʦʚʪʦʨʦʚ ʧʨʠ ʉʎɸ17 ʠʤʝʝʪ ʤʝʡʦʪʠʯʝʩʢʫʶ ʩʪʘʙʠʣʴʥʦʩʪʴ ʧʨʠ ʧʝʨʝʜʘʯʝ 

ʛʝʥʝʪʠʯʝʩʢʦʛʦ ʤʘʪʝʨʠʘʣʘ ʯʝʨʝʟ ʧʦʢʦʣʝʥʠʷ (86); (87). ʈʘʩʧʨʦʩʪʨʘʥʝʥʠʝ ʉʎɸ17 

ʤʦʞʝʪ ʙʳʪʴ ʟʘʥʠʞʝʥʦ, ʪʘʢ ʢʘʢ ʥʝʢʦʪʦʨʳʝ ʙʦʣʴʥʳʝ ʉʎɸ17 ʠʤʝʶʪ ʬʝʥʦʪʠʧ, 

ʩʭʦʞʠʡ ʩ ɹɻ. 

ʀʩʩʣʝʜʦʚʘʥʠʝ ʧʦʣʠʛʣʫʪʘʤʠʥʦʚʳʭ ʟʘʙʦʣʝʚʘʥʠʡ ʚ ʈʌ ʥʘʩʯʠʪʳʚʘʝʪ ʙʦʣʝʝ 

20 ʣʝʪ. ɿʘʙʦʣʝʚʘʝʤʦʩʪʴ ʧʦʣʠʛʣʫʪʘʤʠʥʦʚʳʤʠ ʟʘʙʦʣʝʚʘʥʠʷʤʠ ʩʭʦʞʘ ʩ 
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ʪʘʢʦʚʳʤʠ ʚ ʝʚʨʦʧʝʡʩʢʠʭ ʧʦʧʫʣʷʮʠʷʭ, ʥʦ ʝʩʪʴ ʠ ʦʪʣʠʯʠʷ. ʀʟ 375 ʨʦʩʩʠʡʩʢʠʭ 

ʩʝʤʝʡ (ʠʩʢʣʶʯʘʷ ʷʢʫʪʩʢʫʶ ʧʦʧʫʣʷʮʠʶ), ʦʪʷʛʦʱʸʥʥʳʭ ʨʘʟʣʠʯʥʳʤʠ ʬʦʨʤʘʤʠ 

ʧʦʣʠʛʣʫʪʘʤʠʥʦʚʳʭ ʟʘʙʦʣʝʚʘʥʠʡ, ʉʎɸ1, 2, 3, 6 ʠ 7 ʜʠʘʛʥʦʩʪʠʨʦʚʘʥʘ ʚ 76 

ʩʝʤʴʷʭ. ɿʘʙʦʣʝʚʘʝʤʦʩʪʴ ʉʎɸ ʨʘʩʧʨʝʜʝʣʷʝʪʩʷ ʪʘʢ: ʉʎɸ1 ï ʚ 28 ʩʝʤʴʷʭ 

(45,9%), ʉʎɸ2 ï ʚ 21 (34,4%), ʉʎɸ3ï ʚ 7 (11,5%), ʉʎɸ6 ï ʚ 1 ʩʝʤʴʝ (1,6%), 

ʉʎɸ7 ï ʪʘʢʞʝ ʚ 1 ʩʝʤʴʝ (1,6%) ʠ ʉʎɸ17 ʚ 3 ʩʝʤʴʷʭ (4,9%). ʊʘʢʠʤ ʦʙʨʘʟʦʤ, 

ʭʘʨʘʢʪʝʨʥʦʡ ʦʩʦʙʝʥʥʦʩʪʴʶ ʚ ʨʦʩʩʠʡʩʢʦʡ ʧʦʧʫʣʷʮʠʠ ʷʚʣʷʝʪʩʷ ʥʠʟʢʘʷ 

ʟʘʙʦʣʝʚʘʝʤʦʩʪʴ ʉʎɸ3, ʪʦʛʜʘ ʢʘʢ ʚ ʧʦʧʫʣʷʮʠʷʭ ʉʐɸ ʠ ʗʧʦʥʠʠ ï ʵʪʦ 

ʥʘʠʙʦʣʝʝ ʯʘʩʪʘʷ ʧʘʪʦʣʦʛʠʷ (88). 

ʅʘʨʷʜʫ ʩʦ ʚʨʝʤʝʥʝʤ ʚʦʟʥʠʢʥʦʚʝʥʠʷ ʠ ʩʢʦʨʦʩʪʴʶ ʥʘʢʦʧʣʝʥʠʷ ʤʫʪʘʮʠʠ 

ʬʘʢʪʦʨʦʤ, ʩʧʦʩʦʙʩʪʚʫʶʱʠʤ ʨʦʩʪʫ ʧʦʣʠʛʣʫʪʘʤʠʥʦʚʳʭ ʟʘʙʦʣʝʚʘʥʠʡ, ʷʚʣʷʝʪʩʷ 

ʠʟʦʣʷʮʠ.̫ ʀʟʦʣʷʮʠʷ ʤʦʞʝʪ ʧʨʦʷʚʣʷʪʴʩʷ ʥʝ ʪʦʣʴʢʦ ʚ ʥʠʟʢʦʡ ʤʠʛʨʘʮʠʠ ʚ 

ʜʨʫʛʠʝ ʨʝʛʠʦʥʳ ʠʟ-ʟʘ ʫʜʘʣʸʥʥʦʩʪʠ ʤʝʩʪʘ ʧʨʦʞʠʚʘʥʠʷ ʠʣʠ ʵʪʥʠʯʝʩʢʠʭ 

ʦʩʦʙʝʥʥʦʩʪʝʡ, ʥʦ ʪʘʢʞʝ ʪʨʘʜʠʮʠʝʡ ʙʣʠʟʢʦʨʦʜʩʪʚʝʥʥʳʭ ʙʨʘʢʦʚ (89); (90). 

ʉʘʤʳʤ ʷʨʢʠʤ ʧʨʠʤʝʨʦʤ ʧʨʠʨʦʜʥʦʡ ʠʟʦʣʷʮʠʠ ʷʚʣʷʝʪʩʷ ʧʦʧʫʣʷʮʠʷ 

ʤʘʣʝʥʴʢʦʛʦ ʦʩʪʨʦʚʘ ʌʣʦʨʠʰ ʛʨʫʧʧʳ ɸʟʦʨʩʢʠʭ ʦʩʪʨʦʚʦʚ, ʛʜʝ ʥʘʙʣʶʜʘʝʪʩʷ 

ʩʘʤʘʷ ʚʳʩʦʢʘʷ ʟʘʙʦʣʝʚʘʝʤʦʩʪʴ ʉʎɸ3 ʚ ʄʠʨʝ. ʆʥʘ ʩʦʩʪʘʚʣʷʝʪ 1 ʥʘ 140 

ʯʝʣʦʚʝʢ (91). ʄʝʥʝʝ ʚʳʨʘʞʝʥʥʘʷ ʧʨʠʨʦʜʥʘʷ ʠʟʦʣʷʮʠʷ ʪʘʢʞʝ ʯʸʪʢʦ 

ʧʨʦʩʣʝʞʠʚʘʝʪʩʷ ʚ ʙʦʣʝʝ ʦʙʠhʨʥʦʡ ʷʢʫʪʩʢʦʡ ʧʦʧʫʣʷʮʠʠ, ʛʜʝ ʟʘʙʦʣʝʚʘʝʤʦʩʪʴ 

ʉʎɸ1 ʩʦʩʪʘʚʣʷʝʪ ʦʢʦʣʦ 38 ʩʣʫʯʘʝʚ ʥʘ 100 ʪʳʩ. ʥʘʩʝʣʝʥʠʷ (92). ʆʜʥʘʢʦ 

ʚʳʩʦʢʘʷ ʠʟʦʣʠʨʦʚʘʥʥʦʩʪʴ ʦʧʨʝʜʝʣʸʥʥʦʡ ʛʨʫʧʧʳ ʣʶʜʝʡ ʤʦʞʝʪ ʙʳʪʴ 

ʦʙʫʩʣʦʚʣʝʥʘ ʥʝ ʪʦʣʴʢʦ ʛʝʦʛʨʘʬʠʯʝʩʢʠʤʠ ʬʘʢʪʦʨʘʤʠ. ʂʫʣʴʪʫʨʥʘʷ ʠ 

ʵʪʥʠʯʝʩʢʘʷ ʠʟʦʣʷʮʠʷ ʤʘʣʳʭ ʥʘʨʦʜʥʦʩʪʝʡ ʀʥʜʠʠ, ʧʦʜʯʠʥʸʥʥʳʭ ʢʘʩʪʦʚʦʡ 

ʩʠʩʪʝʤʝ, ʪʘʢʞʝ ʧʨʠʚʦʜʠʪ ʢ ʚʧʝʯʘʪʣʷʶʱʠʤ ʧʦʩʣʝʜʩʪʚʠʷʤ. ʊʘʢ, 

ʤʘʣʦʭʘʨʘʢʪʝʨʥʘʷ ʜʣʷ ʀʥʜʠʠ ʉʎɸ1, ʥʘʙʣʶʜʘʝʪʩʷ ʫ ʪʘʤʠʣʴʩʢʠʭ ʩʝʤʝʡ, 

ʧʨʦʞʠʚʘʶʱʠʭ ʠʩʢʣʶʯʠʪʝʣʴʥʦ ʚ ʜʚʫʭ ʜʝʨʝʚʥʷʭ ʈʘʜʞʘʧʘʣʘʷʤ ʠ ʂʦʪʪʘʤʝʜʫ 

ʰʪʘʪʘ ʊʘʤʠʣʥʘʜ, ʩ ʯʘʩʪʦʪʦʡ 1 ʙʦʣʴʥʦʡ ʉʎɸ1 ʥʘ 15 ʟʜʦʨʦʚʳʭ ʞʠʪʝʣʝʡ (73). ɺ 

ʦʙʱʝʤ, ʠʟʦʣʷʮʠʷ ʥʝ ʦʢʘʟʳʚʘʝʪ ʛʣʦʙʘʣʴʥʦʛʦ ʚʣʠʷʥʠʷ ʥʘ ʟʘʙʦʣʝʚʘʝʤʦʩʪʴ (64), 
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ʦʜʥʘʢʦ ʷʚʣʷʝʪʩʷ ʨʝʰʘʶʱʠʤ ʬʘʢʪʦʨʦʤ ʜʣʷ ʢʦʥʢʨʝʪʥʦʡ ʛʨʫʧʧʳ ʣʶʜʝʡ, 

ʜʣʠʪʝʣʴʥʦ ʧʨʦʞʠʚʘʶʱʠʭ ʥʘ ʦʜʥʦʡ ʪʝʨʨʠʪʦʨʠʠ. 

 

 

ʈʠʩʫʥʦʢ 1. ʈʘʩʧʨʦʩʪʨʘʥʝʥʠʝ ʧʦʣʠʛʣʫʪʘʤʠʥʦʚʳʭ ʟʘʙʦʣʝʚʘʥʠʡ. ɸ. ʅʘ 

ʜʠʘʛʨʘʤʤʝ ʧʦʢʘʟʘʥʦ ʧʨʦʮʝʥʪʥʦʝ ʩʦʦʪʥʦʰʝʥʠʝ ʧʦʣʠʛʣʫʪʘʤʠʥʦʚʳʭ ʉʎɸ 

ʦʪʥʦʩʠʪʝʣʴʥʦ ʦʙʱʝʡ ʟʘʙʦʣʝʚʘʝʤʦʩʪʠ ʥʘ 100000 ʥʘʩʝʣʝʥʠʷ (ʊʘʢ ʢʘʢ ʉʎɸ17 

ʩʦʩʪʘʚʣʷʝʪ ʚʩʝʛʦ ʣʠʰʴ 0,037% ʦʪ ʦʙʱʝʛʦ ʯʠʩʣʘ, ʥʘ ʛʨʘʬʠʢʝ ʵʪʘ ʚʝʣʠʯʠʥʘ ʥʝ 

ʦʙʦʟʥʘʯʘʝʪʩʷ). ɹ. ʅʘ ʤʠʨʦʚʦʡ ʢʘʨʪʝ ʧʦʢʘʟʘʥʦ ʪʦʯʢʘʤʠ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʛʦ 

ʮʚʝʪʘ ʤʝʩʪʦ ʚʦʟʥʠʢʥʦʚʝʥʠʷ ʛʘʧʣʦʪʠʧʘ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʛʦ ʟʘʙʦʣʝʚʘʥʠʷ (93). 

 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʤʦʞʥʦ ʟʘʢʣʶʯʠʪʴ, ʯʪʦ ʧʦʣʠʛʣʫʪʘʤʠʥʦʚʳʝ ʉʎɸ 

ʚʦʟʥʠʢʣʠ ʦʯʝʥʴ ʜʘʚʥʦ, ʨʘʩʧʨʦʩʪʨʘʥʝʥʳ ʧʦ ʚʩʝʤʫ ʟʝʤʥʦʤʫ ʰʘʨʫ. ʂʨʘʡʥʝ 

ʤʘʣʳʡ ʦʭʚʘʪ ʥʘʩʝʣʝʥʠʷ ʧʣʘʥʝʪʳ ʚ ʧʣʘʥʝ ʜʠʘʛʥʦʩʪʠʢʠ ʧʦʣʠʛʣʫʪʘʤʠʥʦʚʳʭ 

ʟʘʙʦʣʝʚʘʥʠʡ, ʥʝ ʧʦʟʚʦʣʷʝʪ ʩ ʪʦʯʥʦʩʪʴʶ ʦʧʨʝʜʝʣʠʪʴ ʟʘʙʦʣʝʚʘʝʤʦʩʪʴ ʠ 

ʨʘʩʧʨʦʩʪʨʘʥʸʥʥʦʩʪʴ ʩʨʝʜʠ ʨʘʟʣʠʯʥʳʭ ʛʨʫʧʧ ʥʘʩʝʣʝʥʠʷ, ʪʘʢ ʢʘʢ ʥʘʠʙʦʣʝʝ 

ʦʙʰʠʨʥʳʝ ʨʝʛʠʦʥʳ, ʪʘʢʠʝ ʢʘʢ ɸʬʨʠʢʘ, ʀʥʜʠʷ, ʖʛʦ-ɺʦʩʪʦʯʥʘʷ ɸʟʠʷ, 

ʦʩʪʘʶʪʩʷ ʧʨʘʢʪʠʯʝʩʢʠ ʥʝʠʩʩʣʝʜʦʚʘʥʥʳʤʠ ʚ ʧʣʘʥʝ ʵʪʠʭ ʟʘʙʦʣʝʚʘʥʠʡ. ʆʜʥʘʢʦ 

ʘʥʘʣʠʟʠʨʫʷ ʜʘʥʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʡ ʚ ʦʙʣʘʩʪʠ ʧʦʧʫʣʷʮʠʦʥʥʦʡ ʛʝʥʝʪʠʢʠ, ʤʦʞʥʦ 

ʚʳʷʚʠʪʴ ʨʜ̫ ʯʝʨʪ, ʭʘʨʘʢʪʝʨʥʳʭ ʜʣʷ ʧʦʣʠʛʣʫʪʘʤʠʥʦʚʳʭ ʉʎɸ. ʕʪʦ ʥʘʣʠʯʠʝ 

ʦʩʥʦʚʘʪʝʣʷ, ʟʘʚʠʩʠʤʦʩʪʴ ʨʘʩʧʨʦʩʪʨʘʥʸʥʥʦʩʪʠ ʦʪ ʜʘʚʥʦʩʪʠ ʠ ʯʘʩʪʦʪʳ 

ʚʦʟʥʠʢʥʦʚʝʥʠʷ ʤʫʪʘʮʠʠ, ʘ ʪʘʢʞʝ ʧʨʝʚʘʣʠʨʦʚʘʥʠʝ ʧʦʣʠʛʣʫʪʘʤʠʥʦʚʳʭ ʉʎɸ ʚ 
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ʠʟʦʣʠʨʦʚʘʥʥʳʭ ʧʦʧʫʣʷʮʠʷʭ. ʄʦʞʥʦ ʪʘʢʞʝ ʧʨʝʜʧʦʣʦʞʠʪʴ, ʯʪʦ ʚ 

ʜʦʣʛʦʩʨʦʯʥʦʡ ʧʝʨʩʧʝʢʪʠʚʝ (ʥʝʩʢʦʣʴʢʦ ʪʳʩʷʯ ʣʝʪ) ʤʳ ʩʪʘʣʢʠʚʘʝʤʩʷ ʩ 

ʟʘʙʦʣʝʚʘʥʠʷʤʠ ʩ ʥʠʟʢʦʡ ʩʪʝʧʝʥʴʶ ʤʫʪʘʮʠʠ, ʪʘʢ ʢʘʢ ʚʳʩʦʢʘʷ ʩʪʝʧʝʥʴ 

ʧʨʠʚʦʜʠʪ ʢ ʙʳʩʪʨʦʤʫ ʫʜʣʠʥʝʥʠʶ CAG ʧʦʚʪʦʨʦʚ ʠ ʧʨʦʷʚʣʝʥʠʶ ʟʘʙʦʣʝʚʘʥʠʷ ʚ 

ʙʦʣʝʝ ʤʦʣʦʜʦʤ ʚʦʟʨʘʩʪʝ ʫ ʧʦʩʣʝʜʫʶʱʠʭ ʧʦʢʦʣʝʥʠʡ, ʯʪʦ ʥʝʤʠʥʫʝʤʦ ʚʝʜʸʪ ʢ 

ʠʩʢʣʶʯʝʥʠʶ ʪʘʢʠʭ ʣʶʜʝʡ ʠʟ ʧʨʦʮʝʩʩʘ ʚʦʩʧʨʦʠʟʚʝʜʝʥʠʷ ʧʨʠ ʧʨʦʷʚʣʝʥʠʠ 

ʩʠʤʧʪʦʤʦʚ ʜʦ ʟʨʝʣʦʛʦ ʚʦʟʨʘʩʪʘ. 

 

1.1.3. ʂʣʠʥʠʯʝʩʢʠʝ ʧʨʦʷʚʣʝʥʠʷ ʧʦʣʠʛʣʫʪʘʤʠʥʦʚʳʭ ʉʎɸ  

ʆʪʣʠʯʠʪʝʣʴʥʦʡ ʢʣʠʥʠʯʝʩʢʦʡ ʦʩʦʙʝʥʥʦʩʪʴʶ ʧʦʣʠʛʣʫʪʘʤʠʥʦʚʳʭ ʉʎɸ 

ʷʚʣʷʝʪʩʷ ʟʘʚʠʩʠʤʦʩʪʴ ʚʨʝʤʝʥʠ ʥʘʯʘʣʘ ʠ ʚʳʨʘʞʝʥʥʦʩʪʠ ʩʠʤʧʪʦʤʦʚ ʦʪ ʜʣʠʥʥʳ 

CAG ʧʦʚʪʦʨʦʚ ʛʝʥʘ, ʢʦʜʠʨʫʶʱʝʛʦ ʤʫʪʘʥʪʥʳʡ ʙʝʣʦʢ (94); (95). ʏʝʤ ʜʣʠʥʥʝʝ 

ʮʝʧʦʯʢʘ CAG ʧʦʚʪʦʨʦʚ, ʪʝʤ ʨʘʥʴʰʝ ʚʦʟʥʠʢʘʝʪ ʠ ʪʷʞʝʣʝʝ ʧʨʦʪʝʢʘʝʪ 

ʟʘʙʦʣʝʚʘʥʠʝ (14); (96); (97). ʆʜʥʘʢʦ ʢʨʘʡʥʝ ʜʣʠʥʥʳʝ ʮʝʧʦʯʢʠ ʠ 

ʧʨʦʤʝʞʫʪʦʯʥʦʝ ʢʦʣʠʯʝʩʪʚʦ CAG ʧʦʚʪʦʨʦʚ ʚʩʪʨʝʯʘʶʪʩʷ ʨʝʜʢʦ. ʉʫʱʝʩʪʚʫʶʪ 

ʝʜʠʥʠʯʥʳʝ ʟʘʬʠʢʩʠʨʦʚʘʥʥʳʝ ʩʣʫʯʘʠ, ʢʦʛʜʘ ʧʨʠʟʥʘʢʠ ʟʘʙʦʣʝʚʘʥʠʷ ʫʞʝ ʙʳʣʠ 

ʚʳʨʘʞʝʥʳ ʧʨʠ ʨʦʞʜʝʥʠʠ ʠʣʠ ʚʦʟʥʠʢʘʣʠ ʚ ʪʝʯʝʥʠʝ ʧʝʨʚʳʭ ʣʝʪ ʞʠʟʥʠ (15), 

(98). ʊʘʢʞʝ ʨʝʜʢʦ ʬʠʢʩʠʨʫʶʪʩʷ ʩʣʫʯʘʠ ʚʦʟʥʠʢʥʦʚʝʥʠʷ ʩʠʤʧʪʦʤʦʚ ʚ 

ʩʪʘʨʯʝʩʢʦʤ ʚʦʟʨʘʩʪʝ (99). ʏʘʱʝ ʚʩʝʛʦ, ʵʪʠ ʟʘʙʦʣʝʚʘʥʠʷ ʥʘʯʠʥʘʶʪʩʷ ʚ 

ʤʦʣʦʜʦʤ ʟʨʝʣʦʤ ʚʦʟʨʘʩʪʝ (ʩʤ. ʪʘʙʣʠʮʫ 2).  

 

ɿʘʙʦʣʝʚʘʥʠʝ ʂʨʘʡʥʝʝ ʉʨʝʜʥʝʝ ʉʩʳʣʢʘ 

ʉʎɸ1 4-74 36 (100) 

ʉʎɸ2 1-65 32 (101) 

ʉʎɸ3 5-70 36 (102); (103) 

ʉʎɸ6 30-71 52 (44) 

ʉʎɸ7 0-70 35 (78) 

ʉʎɸ17 6-48 33 (105) 

 

ʊʘʙʣʠʮʘ 2. ʂʨʘʡʥʝʝ ʠ ʩʨʝʜʥʝʝ ʢʦʣʠʯʝʩʪʚʦ ʛʣʫʪʘʤʠʥʦʚʳʭ ʦʩʪʘʪʢʦʚ ʚ 

ʧʦʣʠʛʣʫʪʘʤʠʥʦʚʦʡ ʮʝʧʦʯʢʝ ʙʝʣʢʦʚ, ʚʳʟʳʚʘʶʱʠʭ ʉʎɸ. 
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ʂʣʠʥʠʯʝʩʢʘʷ ʢʘʨʪʠʥʘ ʧʦʣʠʛʣʫʪʘʤʠʥʦʚʳʭ ʉʎɸ, ʚ ʦʙʱʝʤ, ʦʜʥʦʪʠʧʥʘ, ʦʜʥʘʢʦ 

ʠʤʝʶʪʩʷ ʠ ʦʪʣʠʯʠʷ. ʆʜʥʦʪʠʧʥʦʩʪʴ ʟʘʙʦʣʝʚʘʥʠʷ ʦʙʫʩʣʦʚʣʝʥʘ ʧʨʠʦʙʨʝʪʝʥʠʝʤ 

ʪʦʢʩʠʯʝʩʢʠʭ ʬʫʥʢʮʠʡ ʧʨʠ ʠʟʙʠʨʘʪʝʣʴʥʦʡ ʵʢʩʧʨʝʩʩʠʠ ʤʫʪʘʥʪʥʳʭ ʙʝʣʢʦʚ ʚ 

ʦʧʨʝʜʝʣʸʥʥʳʭ ʩʪʨʫʢʪʫʨʘʭ ʮʝʥʪʨʘʣʴʥʦʡ ʥʝʨʚʥʦʡ ʩʠʩʪʝʤ r(ʩʤ. ʥʠʞʝ). ɺ ʦʙʱʝʤ, 

ʤʫʪʘʥʪʥʳʝ ʧʦʣʠʛʣʫʪʘʤʠʥʦʚʳʝ ʙʝʣʢʠ ʵʢʩʧʨʝʩʩʠʨʫʶʪʩʷ ʚ ʙʦʣʴʰʦʤ ʤʦʟʛʝ, 

ʚʢʣʶʯʘʷ ʢʦʨʫ ʠ ʧʦʜʢʦʨʢʦʚʳʝ ʛʘʥʛʣʠʠ, ʤʦʟʞʝʯʢʝ, ʧʨʦʜʦʣʛʦʚʘʪʦʤ ʠ ʩʧʠʥʥʦʤ 

ʤʦʟʛʝ. ʇʦʨʘʞʝʥʠʝ ʵʪʠʭ ʩʪʨʫʢʪʫʨ ʚʳʟʳʚʘʝʪ ʥʘʨʫʰʝʥʠʝ ʚʳʩʰʠʭ ʢʦʨʢʦʚʳʭ 

ʬʫʥʢʮʠʡ, ʵʢʩʪʨʘʧʠʨʘʤʠʜʥʳʝ ʩʠʥʜʨʦʤʳ, ʘʪʘʢʩʠʯʝʩʢʠʝ ʷʚʣʝʥʠʷ, ʥʘʨʫʰʝʥʠʝ 

ʙʫʣʴʙʘʨʥʳʭ ʬʫʥʢʮʠʡ ʠ ʧʝʨʠʬʝʨʠʯʝʩʢʠʝ ʧʘʨʝʟʳ. ʀʥʜʠʚʠʜʫʘʣʴʥʳʝ 

ʦʩʦʙʝʥʥʦʩʪʠ ʢʦʥʢʨʝʪʥʦʛʦ ʧʦʣʠʛʣʫʪʘʤʠʥʦʚʦʛʦ ʟʘʙʦʣʝʚʘʥʠʷ ʚʦ ʤʥʦʛʦʤ ʟʘʚʠʩʷʪ 

ʦʪ ʩʪʝʧʝʥʠ ʵʢʩʧʨʝʩʩʠʠ ʧʘʪʦʣʦʛʠʯʝʩʢʦʛʦ ʙʝʣʢʘ ʚ ʪʦʡ ʠʣʠ ʠʥʦʡ ʦʙʣʘʩʪʠ 

(ʊʘʙʣʠʮʘ 3).  

 

ɿʘʙʦʣʝʚʘʥʠʝ ɹʝʣʦʢ ʆʙʣʘʩʪʴ ʵʢʩʧʨʝʩʩʠʠ ʉʩʳʣʢʘ 

ʉʎɸ1 ɸʪʘʢʩʠʥ 1 ʄʦʟʞʝʯʦʢ, ʩʪʚʦʣ ʤʦʟʛʘ (105) 

ʉʎɸ2 ɸʪʘʢʩʠʥ 2 ʄʦʟʞʝʯʦʢ, ʩʪʚʦʣ ʤʦʟʛʘ (106) 

ʉʎɸ3 ɸʪʘʢʩʠʥ 3 ʄʦʟʞʝʯʦʢ, ʩʪʚʦʣ ʤʦʟʛʘ, 

ʙʘʟʘʣʴʥʳʝ ʛʘʥʛʣʠʠ 

(16) 

ʉʎɸ6 Ŭ1ʘ ʩʫʙʲʝʜʠʥʠʮʘ 

VGCC 

ʄʦʟʞʝʯʦʢ (17) 

ʉʎɸ7 ɸʪʘʢʩʠʥ 7 ʉʝʪʯʘʪʢʘ ʠ ʤʦʟʞʝʯʦʢ (18) 

ʉʎɸ17 ɹʝʣʦʢ, ʦʙʲʝʜʠʥʷ-

ʶʱʠʡʩʷ ʩ ʊɸʊɸ 

ʉʪʨʠʘʪʫʤ ʠ ʤʦʟʞʝʯʦʢ (104) 

 

ʊʘʙʣʠʮʘ 3. ɺ ʪʘʙʣʠʮʝ ʧʨʝʜʩʪʘʚʣʝʥʳ ʥʘʟʚʘʥʠʷ ʟʘʙʦʣʝʚʘʥʠʡ, ʘ ʪʘʢʞʝ ʙʝʣʢʦʚ ʠʭ 

ʚʳʟʳʚʘʶʱʠʭ. ɺʳʥʝʩʝʥʳ ʦʙʣʘʩʪʠ ʥʘʠʙʦʣʴʰʝʡ ʵʢʩʧʨʝʩʩʠʠ ʧʦʣʠʛʣʫʪʘʤʠʥʦʚʳʭ 

ʙʝʣʢʦʚ, ʚʳʟʳʚʘʶʱʠʭ ʉʎɸ ʩ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʤʠ ʩʩʳʣʢʘʤʠ. 

 

ʇʨʠ ʩʧʠʥʦʮʝʨʝʙʝʣʣʷʨʥʳʭ ʘʪʘʢʩʠʷʭ 1, 2, 3, 6, 7 ʠ 17-ʛʦ ʪʠʧʦʚ ʥʘ ʧʝʨʚʳʡ ʧʣʘʥ 

ʚʳʩʪʫʧʘʝʪ ʘʪʘʢʩʠʯʝʩʢʠʡ ʤʦʟʞʝʯʢʦʚʳʡ ʩʠʥʜʨʦʤ. ʉʠʤʧʪʦʤʳ ʧʦʨʘʞʝʥʠʷ 

ʤʦʟʞʝʯʢʘ ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ ʚʠʜʝ ʥʘʨʫʰʝʥʠʷ ʧʦʭʦʜʢʠ, ʥʝʨʘʟʙʦʨʯʠʚʦʡ ʨʝʯʠ, 

ʥʘʨʫʰʝʥʠʷ ʨʘʚʥʦʚʝʩʠʷ, ʧʨʦʙʣʝʤʘʤʠ ʩʦ ʩʧʫʩʢʦʤ ʧʦ ʣʝʩʪʥʠʮʝ ʠʣʠ ʧʨʠ 

ʚʥʝʟʘʧʥʳʭ ʧʦʚʦʨʦʪʘʭ, ʦʞʠʚʣʝʥʠʝʤ ʛʣʫʙʦʢʠʭ ʩʫʭʦʞʠʣʴʥʳʭ ʨʝʬʣʝʢʩʦʚ, 
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ʛʠʧʝʨʤʝʪʨʠʯʝʩʢʠʤʠ ʩʘʢʢʘʜʘʤʠ, ʥʠʩʪʘʛʤʦʤ, ʜʠʩʤʝʪʨʠʝʡ, ʜʠʩʜʠʘʜʦʭʦʢʠʥʝʟʦʤ, 

ʛʠʧʦʪʦʥʠʝʡ, ʢʠʥʝʪʠʯʝʩʢʠʤ ʠʣʠ ʧʦʩʪʫʨʘʣʴʥʳʤ ʪʨʝʤʦʨʦʤ ʠ ʜʨ. ʆʜʥʘʢʦ ʪʘʢʞʝ 

ʧʨʠʩʫʪʩʪʚʫʶʪ, ʚ ʪʦʡ ʠʣʠ ʠʥʦʡ ʩʪʝʧʝʥʠ, ʠ ʜʨʫʛʠʝ ʚʳʰʝʧʝʨʝʯʠʩʣʝʥʥʳʝ 

ʩʠʥʜʨʦʤʳ. ʊʘʢ, ʙʫʣʴʙʘʨʥʳʡ ʩʠʥʜʨʦʤ ʧʨʝʜʩʪʘʚʣʝʥ ʜʠʟʘʨʪʨʠʝʡ, ʜʠʩʬʘʛʠʝʡ, 

ʧʘʨʘʣʠʯʦʤ ʚʟʦʨʘ ʚʚʝʨʭ, ʠ ʥʘʨʫʰʝʥʠʝʤ ʜʳʭʘʥʠʷ. ʅʘʨʫʰʝʥʠʷ ʚʳʩʰʝʡ ʥʝʨʚʥʦʡ 

ʜʝʷʪʝʣʴʥʦʩʪʠ ʙʦʣʝʝ ʤʷʛʢʠʝ, ʯʝʤ ʧʨʠ ʪʘʢʠʭ ʧʦʣʠʛʣʫʪʘʤʠʥʦʚʳʭ ʟʘʙʦʣʝʚʘʥʠʷʭ, 

ʢʘʢ ɼʈʇʃɸ ʠ ɹɻ, ʠ ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ ʣʠʰʴ ʥʘʨʫʰʝʥʠʝ ʠʩʧʦʣʥʠʪʝʣʴʥʳʭ 

ʬʫʥʢʮʠʡ, ʵʤʦʮʠʡ, ʥʝ ʧʣʘʚʥʦʩʪʴ ʨʝʯʠ, ʥʘʨʫʰʝʥʠʝ ʟʨʠʪʝʣʴʥʦʡ ʧʘʤʷʪʠ. ʆʜʥʘʢʦ 

ʧʨʠ ʉʎɸ7 ʠ ʉʎɸ 17 ʤʦʛʫʪ ʚʩʪʨʝʯʘʪʴʩʷ ʙʦʣʝʝ ʚʳʨʘʞʝʥʥʳʝ ʨʘʩʩʪʨʦʡʩʪʚʘ, ʚ 

ʚʠʜʝ ʜʝʤʝʥʮʠʠ ʠ ʧʩʠʭʠʯʝʩʢʠʭ ʥʘʨʫʰʝʥʠʡ. ʅʘʤʥʦʛʦ ʨʝʞʝ ʥʘʙʣʶʜʘʝʪʩʷ 

ʵʢʩʪʨʘʧʠʨʘʤʠʜʥʳʡ ʩʠʥʜʨʦʤ ʚ ʚʠʜʝ ʜʠʩʪʦʥʠʠ (ʙʣʝʬʘʨʦʩʧʘʟʤ, ʪʦʨʪʠʢʦʣʣʠʩ, 

ʧʠʩʯʠʡ ʩʧʘʟʤ, ʜʠʩʪʦʥʠʷ ʥʦʛ), ʧʘʨʢʠʥʩʦʥʠʟʤʘ, ʭʦʨʝʠ. ʇʨʠ ʉʎɸ17, ʪʘʢ ʢʘʢ 

ʚʳʰʝʧʝʨʝʯʠʩʣʝʥʥʳʝ ʵʢʩʪʨʘʧʠʨʘʤʠʜʥʳʝ ʨʘʩʩʪʨʦʡʩʪʚʘ ʙʦʣʝʝ ʚʳʨʘʞʝʥʳ, ʠ 

ʠʤʝʝʪ ʤʝʩʪʦ ʪʷʞʸʣʘʷ ʜʝʤʝʥʮʠʷ ʚ ʬʠʥʘʣʝ ʟʘʙʦʣʝʚʘʥʠʷ, ʵʪʦ ʜʝʣʘʝʪ ʝʸ ʩʭʦʞʝʡ ʩ 

ʢʣʠʥʠʢʦʡ ɹɻ. ʆʪʣʦʞʝʥʠʷ ʧʘʪʦʣʦʛʠʯʝʩʢʠʭ ʙʝʣʢʦʚ ʧʨʠ ʉʎɸ 1, 2, 3, 6, 7 ʠ 17 

ʥʘʭʦʜʷʪ, ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ, ʚ ʢʦʨʝ ʤʦʟʞʝʯʢʘ, ʟʫʙʯʘʪʳʭ ʷʜʨʘʭ ʠ 

ʧʨʦʜʦʣʛʦʚʘʪʦʤ ʤʦʟʛʝ. 

ʆʜʥʘʢʦ ʢɻʩʧʨʝʩʩʠʷ ʧʦʣʠʛʣʫʪʘʤʠʥʦʚʳʭ ʙʝʣʢʦʚ, ʥʝ ʦʛʨʘʥʠʯʠʚʘʝʪʩʷ ʦʜʥʦʡ 

ʣʠʰʴ ʎʅʉ. ʊʘʢ ʧʨʠ ʉʎɸ7 ʠʤʝʝʪ ʤʝʩʪʦ ʦʪʣʦʞʝʥʠʷ ʘʛʨʝʛʘʪʦʚ ʧʘʪʦʣʦʛʠʯʝʩʢʦʛʦ 

ʙʝʣʢʘ ʚ ʪʦʥʢʦʡ ʢʠʰʢʝ, ʧʦʜʞʝʣʫʜʦʯʥʦʡ ʞʝʣʝʟʝ ʠ ʩʝʨʜʝʯʥʦ-ʩʦʩʫʜʠʩʪʦʡ 

ʩʠʩʪʝʤʝ, ʘ ʪʘʢʞʝ ʩʝʪʯʘʪʢʝ ʛʣʘʟʘ, ʯʪʦ ʧʨʠʚʦʜʠʪ ʢ ʘʪʨʦʬʠʠ ʧʦʩʣʝʜʥʝʡ. ɹʦʣʝʝ 

ʪʦʛʦ, ʧʨʠ ʦʯʝʥʴ ʙʦʣʴʰʦʤ ʫʜʣʠʥʝʥʠʠ CAG ʧʦʚʪʦʨʦʚ ʚ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʛʝʥʘʭ, 

ʠʤʝʶʪ ʤʝʩʪʦ ʟʘʜʝʨʞʢʘ ʨʘʟʚʠʪʠʷ, ʥʘʨʫʰʝʥʠʷ ʩʝʨʜʝʯʥʦ-ʩʦʩʫʜʠʩʪʦʡ ʩʠʩʪʝʤʳ ʠ 

ʜʝʛʝʥʝʨʘʮʠʷ ʩʝʪʯʘʪʢʠ ʠ ʧʨʠ ʜʨʫʛʠʭ ʚʠʜʘʭ ʉʎɸ (ʉʎɸ1, ʉʎɸ2) (107). 

 

ʇʨʠ ʉʎɸ1, ʧʝʨʚʳʝ ʢʣʠʥʠʯʝʩʢʠʝ ʧʨʦʷʚʣʝʥʠʷ ʚʦʟʥʠʢʘʶʪ ʦʙʳʯʥʦ ʥʘ ʪʨʝʪʴʝʤ-

ʯʝʪʚʸʨʪʦʤ ʜʝʩʷʪʠʣʝʪʠʠ ʞʠʟʥʠ, ʭʦʪʷ ʨʘʥʥʠʝ ʠ ʧʦʟʜʥʠʝ (ʤʝʞʜʫ 4 ʠ 74 ʛʦʜʘʤʠ 

ʞʠʟʥʠ) ʩʣʫʯʘʠ ʪʘʢʞʝ ʙʳʣʠ ʦʧʠʩʘʥʳ (108), (109). ʌʝʥʦʪʠʧ ʦʯʝʥʴ ʚʘʨʠʘʙʝʣʝʥ ʠ 

ʤʦʞʝʪ ʙʳʪʴ ʦʧʨʝʜʝʣʸʥ, ʢʘʢ ʧʘʥʮʝʨʝʙʝʣʣʷʨʥʳʡ ʩʠʥʜʨʦʤ ʩ ʘʪʘʢʩʠʝʡ ʭʦʜʴʙʳ, 
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ʧʦʟʳ ʠ ʢʦʥʝʯʥʦʩʪʝʡ, ʜʠʟʘʨʪʨʠʝʡ ʠ ʛʣʘʟʦʜʚʠʛʘʪʝʣʴʥʳʤʠ ʥʘʨʫʰʝʥʠʷʤʠ, 

ʪʘʢʠʤʠ ʢʘʢ ʫʩʪʘʥʦʚʦʯʥʳʡ ʥʠʩʪʘʛʤ, ʧʣʘʚʥʳʝ ʩʘʢʢʘʜʠʯʝʩʢʠʝ ʜʚʠʞʝʥʠʷ ʛʣʘʟ, 

ʥʘʨʫʰʝʥʠʝ ʟʨʠʪʝʣʴʥʦʡ ʩʫʧʨʝʩʩʠʠ ʚʝʩʪʠʙʫʣʦ-ʦʢʫʣʷʨʥʦʛʦ ʨʝʬʣʝʢʩʘ ʠ 

ʫʤʝʥʴʰʝʥʠʝ ʦʧʪʦʢʠʥʝʪʠʯʝʩʢʦʛʦ ʥʠʩʪʘʛʤʘ. ʇʦʟʞʝ ʨʘʟʚʠʚʘʶʪʩʷ ʤʝʜʣʝʥʥʳʝ 

ʩʘʢʢʘʜʠʯʝʩʢʠʝ ʜʚʠʞʝʥʠʷ ʠ ʦʬʪʘʣʴʤʦʧʘʨʝʟ ʧʨʠ ʚʦʚʣʝʯʝʥʠʠ ʩʪʨʫʢʪʫʨ ʤʦʩʪʘ. 

ʇʠʨʘʤʠʜʥʳʝ ʟʥʘʢʠ (ʩʧʘʩʪʠʯʥʦʩʪʴ, ʛʠʧʝʨʨʝʬʣʝʢʩʠʷ ʠ ʨʘʟʛʠʙʘʪʝʣʴʥʳʝ 

ʧʦʜʦʰʚʝʥʥʳʝ ʨʝʬʣʝʢʩʳ) ʚʩʪʨʝʯʘʶʪʩʷ ʯʘʩʪʦ, ʥʦ ʘʤʠʦʪʨʦʬʠʷ ʠ ʧʦʪʝʨʷ 

ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʠ ʪʘʢʞʝ ʤʦʛʫʪ ʚʦʟʥʠʢʘʪʴ. ɼʠʩʬʘʛʠʷ, ʭʦʨʝʠʬʦʨʤʥʘʷ 

ʛʠʧʝʨʢʠʥʝʟʠʷ, ʩʪʨʠʜʦʨʦʟʥʦʝ (ʨʝʟʢʦʝ ʩʚʠʩʪʷʱʝʝ) ʜʳʭʘʥʠʝ ʠ ʧʘʨʘʣʠʯ 

ʛʦʣʦʩʦʚʳʭ ʩʚʷʟʦʢ ʦʙʳʯʥʦ ʠʤʝʶʪ ʤʝʩʪʦ ʥʘ ʧʦʟʜʥʠʭ ʩʪʘʜʠʷʭ ʟʘʙʦʣʝʚʘʥʠʷ (110). 

ʅʘʨʫʰʝʥʠʝ ʢʨʠʪʠʢʠ ʢ ʩʚʦʝʤʫ ʩʦʩʪʦʷʥʠʶ ʥʘʙʣʶʜʘʝʪʩʷ ʯʘʩʪʦ, ʥʦ ʨʝʜʢʦ 

ʧʨʦʛʨʝʩʩʠʨʫʝʪ ʜʦ ʚʳʨʘʞʝʥʥʦʡ ʜʝʤʝʥʮʠʠ (111). ʂʣʠʥʠʯʝʩʢʠʝ ʩʠʤʧʪʦʤʳ 

ʉʎɸ1 ʠʥʦʛʜʘ ʧʦʤʦʛʘʶʪ ʦʪʣʠʯʠʪʴ ʝʸ ʦʪ ʜʨʫʛʠʭ ʬʦʨʤ ʉʎɸ. ʅʦ ʥʘʨʫʰʝʥʠʝ 

ʚʳʟʚʘʥʥʳʭ ʜʚʠʛʘʪʝʣʴʥʳʭ ʧʦʪʝʥʮʠʘʣʦʚ ʙʦʣʝʝ ʩʧʝʮʠʬʠʯʥʦ ʜʣʷ ʉʎɸ1, ʠ 

ʧʦʢʘʟʳʚʘʝʪ ʠʟʤʝʥʝʥʠʝ ʚʨʝʤʝʥʠ ʧʝʨʠʬʝʨʠʯʝʩʢʦʛʦ ʠʣʠ ʮʝʥʪʨʘʣʴʥʦʛʦ 

ʧʨʦʚʝʜʝʥʠʷ (112). 

 

ɺʨʝʤʷ ʥʘʯʘʣʘ ʉʎɸ3 ʦʯʝʥʴ ʚʘʨʠʘʙʝʣʴʥʦ, ʥʦ ʚ ʦʩʥʦʚʥʦʤ ï ʵʪʦ ʚʪʦʨʦʝ-ʧʷʪʦʝ 

ʜʝʩʷʪʠʣʝʪʠʝ ʞʠʟʥʠ (113). ʌʝʥʦʪʠʧ ï ʦʜʠʥ ʠʟ ʥʘʠʙʦʣʝʝ ʨʘʟʥʦʦʙʨʘʟʥʳʭ ʩʨʝʜʠ 

ʉʎɸ. ʊʠʧʠʯʥʳʝ ʩʠʤʧʪʦʤʳ ʉʎɸ (ʩʤ. ʉʎɸ1) ʦʙʥʘʨʫʞʠʚʘʶʪʩʷ ʫ ʙʦʣʴʰʠʥʩʪʚʘ 

ʧʘʮʠʝʥʪʦʚ. ʆʜʥʘʢʦ ʉʎɸ3 ʤʦʞʝʪ ʧʨʦʪʝʢʘʪʴ, ʢʘʢ ʯʠʩʪʘʷ çʤʦʟʞʝʯʢʦʚʘʷè 

ʘʪʘʢʩʠʷ ʠʣʠ ʩʝʤʝʡʥʳʡ ʧʘʨʢʠʥʩʦʥʠʟʤ (114), ʢʘʢ ʥʘʩʣʝʜʩʪʚʝʥʥʘʷ ʩʧʘʩʪʠʯʝʩʢʘʷ 

ʧʘʨʘʧʣʝʛʠʷ, ʥʘʩʣʝʜʩʪʚʝʥʥʘʷ ʥʝʡʨʦʧʘʪʠʷ ʠʣʠ ʩʠʥʜʨʦʤ ʙʝʩʧʦʢʦʡʥʳʭ ʥʦʛ (115). 

ʅʘʨʫʰʝʥʠʷ ʩʥʘ ʯʘʩʪʳ ʧʨʠ ʉʎɸ3 ʠ, ʚ ʙʦʣʴʰʠʥʩʪʚʝ ʩʣʫʯʘʝʚ, ʷʚʣʷʶʪʩʷ 

ʩʣʝʜʩʪʚʠʝʤ ʩʠʥʜʨʦʤʘ ʥʝʩʧʦʢʦʡʥʳʭ ʥʦʛ ʠ ʧʝʨʠʦʜʠʯʝʩʢʠʭ ʜʚʠʞʝʥʠʡ ʥʦʛ ʚʦ 

ʩʥʝ ʚ ʦʪʚʝʪ ʥʘ (ʵʥʜʦʛʝʥʥʫʶ) ʜʦʧʘʤʠʥʝʨʛʠʯʝʩʢʫʶ ʩʪʠʤʫʣʷʮʠʶ (115). ʈʝʜʢʦ 

ʨʘʩʧʦʟʥʘʶʱʠʡʩʷ, ʥʦ ʯʘʩʪʳʡ ʠ ʙʦʣʝʝ ʩʧʝʮʠʬʠʯʝʩʢʠʡ ʧʨʠʟʥʘʢ ʉʎɸ3 ï ʵʪʦ 

ʥʘʨʫʰʝʥʠʝ ʪʝʤʧʝʨʘʪʫʨʥʦʡ ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʠ (102). ʃʦʞʥʳʡ ʵʢʟʦʬʪʘʣʴʤ, 

ʬʘʮʠʦʣʠʥʛʚʘʣʴʥʳʝ ʧʩʝʚʜʦʬʘʩʮʠʢʫʣʷʮʠʠ ʠ ʜʠʩʪʦʥʠʷ ʩʯʠʪʘʣʠʩʴ ʭʘʨʘʢʪʝʨʥʳʤʠ 
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ʩʠʤʧʪʦʤʘʤʠ ʙʦʣʝʟʥʠ ʄʘʯʘʜʦ-ɼʞʦʟʝʬʘ (116). ʆʜʥʘʢʦ ʦʥʠ ʥʝ ʩʧʝʮʠʬʠʯʥʳ ʜʣʷ 

ʵʪʦʛʦ ʟʘʙʦʣʝʚʘʥʠʷ. 

 

ʀʟ-ʟʘ ʧʦʨʘʞʝʥʠʷ ʤʦʟʞʝʯʢʘ ʙʦʣʴʥʳʝ ʧʦʣʠʛʣʫʪʘʤʠʥʦʚʳʤʠ ʉʎɸ ʩʪʘʥʦʚʷʪʩʷ 

ʦʙʝʟʜʚʠʞʝʥʥʳʤʠ ʯʝʨʝʟ 5-20 ʣʝʪ ʧʦʩʣʝ ʥʘʯʘʣʘ ʟʘʙʦʣʝʚʘʥʠʷ. ɺr ʨʘʞʝʥʥʘʷ 

ʘʪʘʢʩʠʷ ʟʥʘʯʠʪʝʣʴʥʦ ʚʣʠʷʝʪ ʥʘ ʘʢʪʠʚʥʦʩʪʴ ʪʘʢʠʭ ʙʦʣʴʥʳʭ. ʏʘʩʪʦ ʫ ʥʠʭ 

ʥʘʙʣʶʜʘʝʪʩʷ ʦʞʠʨʝʥʠʝ ʚʩʣʝʜʩʪʚʠʝ ʛʠʧʦʜʠʥʘʤʠʠ. ʆʜʥʘʢʦ ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʴ 

ʞʠʟʥʠ ʩʦʢʨʘʱʘʝʪʩʷ ʠʟ-ʟʘ ʚʦʚʣʝʯʝʥʠʷ ʚ ʧʘʪʦʣʦʛʠʯʝʩʢʠʡ ʧʨʦʮʝʩʩ ʩʪʚʦʣʘ ʤʦʟʛʘ, 

ʛʜʝ ʥʘʭʦʜʷʪʩʷ ʮʝʥʪʨʳ ʞʠʟʥʝʦʙʝʩʧʝʯʝʥʠʷ (ʜʳʭʘʪʝʣʴʥʳʡ, ʩʝʨʜʝʯʥʳʡ, 

ʛʣʦʪʘʪʝʣʴʥʳʡ ʠ ʪ.ʜ.). ɺ ʪʝʨʘʧʠʠ ʙʦʣʴʥʳʭ ʉʎɸ3 ʠ ʉʎɸ6 ʧʨʘʢʪʠʢʫʝʪʩʷ 

ʥʘʣʦʞʝʥʠʝ ʛʘʩʪʨʦʩʪʦʤʳ ʚʩʣʝʜʩʪʚʠʝ ʚʳʨʘʞʝʥʥʦʛʦ ʥʘʨʫʰʝʥʠʷ ʛʣʦʪʘʥʠʷ (117). 

ʇʦ ʵʪʦʡ ʧʨʠʯʠʥʝ, ʫ ʵʪʠʭ ʙʦʣʴʥʳʭ ʧʨʦʠʩʭʦʜʠʪ ʩʥʠʞʝʥʠʝ ʤʘʩʩʳ ʪʝʣʘ. ʇʨʠ 

ʉʎɸ1 ʠ 3 ʘʩʧʠʨʘʮʠʦʥʥʘʷ ʧʥʝʚʤʦʥʠʷ ʠ ʘʧʥʦʵ ʷʚʣʷʶʪʩʷ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦʡ 

ʧʨʠʯʠʥʦʡ ʩʤʝʨʪʠ (118). 

 

1.1.4. ɼʠʬʬʝʨʝʥʮʠʘʣʴʥʳʡ ʜʠʘʛʥʦʟ ʧʦʣʠʛʣʫʪʘʤʠʥʦʚʳʭ ʉʎɸ  

ʇʦʣʠʛʣʫʪʘʤʠʥʦʚʳʝ ʉʎɸ ʥʝʦʙʭʦʜʠʤʦ ʦʪʣʠʯʘʪʴ ʦʪ ʤʥʦʞʝʩʪʚʘ ʜʨʫʛʠʭ 

ʧʨʠʦʙʨʝʪʸʥʥʳʭ ʠ ʥʘʩʣʝʜʩʪʚʝʥʥʳʭ ʟʘʙʦʣʝʚʘʥʠʡ. ʅʘ ʧʝʨʚʦʤ ʵʪʘʧʝ, ʦʥʠ 

ʜʠʘʛʥʦʩʪʠʨʫʶʪʩʷ ʥʘ ʦʩʥʦʚʘʥʠʠ ʩʝʤʝʡʥʦʛʦ ʘʥʘʤʥʝʟʘ, ʦʙʱʝʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ ʠ 

ʩʨʝʜʩʪʚ ʥʝʡʨʦʚʠʟʫʘʣʠʟʘʮʠʠ. 

ʇʦʩʪʘʥʦʚʢʘ ʜʠʘʛʥʦʟʘ ʪʨʝʙʫʝʪ ʩʣʝʜʫʶʱʠʭ ʤʦʤʝʥʪʦʚ: 

¶ ʆʙʥʘʨʫʞʝʥʠʝ ʧʨʠ ʥʝʚʨʦʣʦʛʠʯʝʩʢʦʤ ʦʩʤʦʪʨʝ ʪʠʧʠʯʥʳʭ 

ʢʣʠʥʠʯʝʩʢʠʭ ʩʠʤʧʪʦʤʦʚ ʠ ʩʠʥʜʨʦʤʦʚ, ʚʢʣʶʯʘʷ ʥʘʨʫʰʝʥʠʝ 

ʢʦʦʨʜʠʥʘʮʠʠ ʧʦʭʦʜʢʠ ʠ ʜʚʠʞʝʥʠʡ ʧʘʣʴʮʝʚ/ʨʫʢ, ʯʘʩʪʦ 

ʩʦʯʝʪʘʶʱʠʝʩʷ ʩ ʜʠʟʘʨʪʨʠʝʡ ʠ ʥʠʩʪʘʛʤʦʤ. 

¶ ʀʩʢʣʶʯʝʥʠʝ ʥʝʛʝʥʝʪʠʯʝʩʢʠʭ ʧʨʠʯʠʥ ʟʘʙʦʣʝʚʘʥʠʷ (ʪʘʢʠʭ ʢʘʢ 

ʘʣʢʦʛʦʣʠʟʤ, ʘʚʠʪʘʤʠʥʦʟ, ʨʘʩʩʝʷʥʥʳʡ ʩʢʣʝʨʦʟ, 

ʮʝʨʝʙʨʦʚʘʩʢʫʣʷʨʥʳʝ ʟʘʙʦʣʝʚʘʥʠʷ, ʧʝʨʚʠʯʥʳʝ ʦʧʫʭʦʣʠ ʠ ʠʭ 



30 

 

ʤʝʪʘʩʪʘʟʳ, ʧʘʨʘʥʝʦʧʣʘʩʪʠʯʝʩʢʠʝ ʟʘʙʦʣʝʚʘʥʠʷ, ʩʚʷʟʘʥʥʳʝ ʩʦ 

ʩʢʨʳʪʦʡ ʢʘʨʮʠʥʦʤʦʡ ʷʠʯʥʠʢʦʚ, ʤʦʣʦʯʥʳʭ ʞʝʣʸʟ ʠʣʠ ʣʸʛʢʠʭ). 

ʇʦʜʪʚʝʨʞʜʝʥʠʝ ʥʘʩʣʝʜʩʪʚʝʥʥʦʡ ʧʨʠʨʦʜʳ ʟʘʙʦʣʝʚʘʥʠʷ ʧʨʦʠʟʚʦʜʠʪʩʷ 

ʧʦʩʨʝʜʩʪʚʦʤ ʧʦʣʦʞʠʪʝʣʴʥʦʛʦ ʩʝʤʝʡʥʦʛʦ ʘʥʘʤʥʝʟʘ, ʦʙʥʘʨʫʞʝʥʠʷ 

ʛʝʥʝʪʠʯʝʩʢʦʡ ʤʫʪʘʮʠʠ, ʚʳʟʳʚʘʶʱʝʡ ʟʘʙʦʣʝʚʘʥʠʝ, ʠʣʠ ʦʙʥʘʨʫʞʝʥʠʷ 

ʢʣʠʥʠʯʝʩʢʦʛʦ ʬʝʥʦʪʠʧʘ, ʭʘʨʘʢʪʝʨʥʦʛʦ ʜʣʷ ʪʦʛʦ ʠʣʠ ʠʥʦʛʦ 

ʧʦʣʠʛʣʫʪʘʤʠʥʦʚʦʛʦ ʟʘʙʦʣʝʚʘʥʠʷ. ʄʦʣʝʢʫʣʷʨʥʦʝ ʛʝʥʝʪʠʯʝʩʢʦʝ ʠʩʩʣʝʜʦʚʘʥʠʝ 

ʜʦʩʪʫʧʥʦ ʚ ʢʣʠʥʠʯʝʩʢʠʭ ʣʘʙʦʨʘʪʦʨʠʷʭ ʜʣʷ ʜʠʘʛʥʦʩʪʠʢʠ ʚʩʝʭ ʠʟʚʝʩʪʥʳʭ ʥʘ 

ʩʝʛʦʜʥʷʰʥʠʡ ʜʝʥʴ ʧʦʣʠʛʣʫʪʘʤʠʥʦʚʳʭ ʉʎɸ. ʇʦʜʪʚʝʨʞʜʝʥʠʝ ʷʚʥʳʭ 

ʬʝʥʦʪʠʧʦʚ ʧʨʦʚʦʜʠʪʩʷ ʩ ʧʦʤʦʱʴʶ ʤʝʪʦʜʦʚ ʇʎʈ. ʇʎʈ ʤʝʪʦʜʳ ʦʧʨʝʜʝʣʷʶʪ 

ʘʣʣʝʣʠ ʩ ʜʣʠʥʥʦʡ ʜʦ 115 CAG ʧʦʚʪʦʨʦʚ (119), (120). 

ʋ ʥʝʢʦʪʦʨʳʭ ʙʦʣʴʥʳʭ ʩ ʦʪʩʫʪʩʪʚʠʝʤ ʩʝʤʝʡʥʦʛʦ ʘʥʘʤʥʝʟʘ ʠʥʦʛʜʘ 

ʥʝʚʦʟʤʦʞʥʦ ʧʦʩʪʘʚʠʪʴ ʜʠʘʛʥʦʟ ʥʘʩʣʝʜʩʪʚʝʥʥʦʡ ʘʪʘʢʩʠʠ, ʢʦʛʜʘ ʚʩʝ 

ʚʦʟʤʦʞʥʳʝ ʛʝʥʝʪʠʯʝʩʢʠʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʥʝ ʧʦʢʘʟʳʚʘʶʪ ʦʪʢʣʦʥʝʥʠʷ ʦʪ ʥʦʨʤʳ. 

 

1.1.5. ʉʠʤʧʪʦʤʘʪʠʯʝʩʢʦʝ ʣʝʯʝʥʠʝ ʙʦʣʴʥʳʭ ʩ ʧʦʣʠʛʣʫʪʘʤʠʥʦʚʳʤʠ 

ʉʎɸ  

ʃʝʯʝʥʠʝ ʫ ʪʘʢʠʭ ʧʘʮʠʝʥʪʦʚ ʦʩʪʘʸʪʩʷ ʩʠʤʧʪʦʤʘʪʠʯʝʩʢʠʤ, ʪʘʢ ʢʘʢ ʥʘ 

ʩʝʛʦʜʥʷʰʥʠʡ ʜʝʥʴ ʥʝ ʚʳʷʚʣʝʥʦ ʧʨʠʯʠʥ ʢʫʧʠʨʫʶʱʠʭ ʠʣʠ ʜʘʞʝ ʟʘʤʝʜʣʷʶʱʠʭ 

ʧʨʦʛʨʝʩʩʠʨʦʚʘʥʠʝ ʩʫʱʝʩʪʚʫʶʱʠʭ ʩʠʤʧʪʦʤʦʚ (121). ɹʦʣʴʥʳʝ ʜʦʣʞʥʳ 

ʥʘʙʣʶʜʘʪʴʩʷ ʫ ʥʝʚʨʦʣʦʛʘ ʩ ʯʘʩʪʦʪʦʡ ʢʘʞʜʳʝ ʪʨʠ ï ʰʝʩʪʴ ʤʝʩʷʮʝʚ, ʩ 

ʧʝʨʠʦʜʠʯʝʩʢʠʤʠ ʢʦʥʩʫʣʴʪʘʮʠʷʤʠ ʧʩʠʭʠʘʪʨʘ ʠ ʪʝʨʘʧʝʚʪʘ (122), (123). 

ʉʠʤʧʪʦʤʘʪʠʯʝʩʢʦʝ ʣʝʯʝʥʠʝ ʜʦʩʪʫʧʥʦ ʜʣʷ ʰʠʨʦʢʦʛʦ ʩʧʝʢʪʨʘ ʧʨʦʷʚʣʝʥʠʡ, 

ʜʘʞʝ ʜʣʷ ʦʯʝʥʴ ʨʝʜʢʠʭ ʠ ʧʣʦʭʦ ʠʟʫʯʝʥʥʳʭ. ɿʜʝʩʴ ʤʦʞʥʦ ʚʳʜʝʣʠʪʴ ʜʚʘ 

ʧʦʜʭʦʜʘ ʢ ʢʦʨʨʝʢʮʠʠ ʧʘʪʦʣʦʛʠʯʝʩʢʠʭ ʧʨʦʷʚʣʝʥʠʡ ï ʤʝʜʠʢʘʤʝʥʪʦʟʥʘʷ ʠ 

ʥʝʤʝʜʠʢʘʤʝʥʪʦʟʥʘʷ ʪʝʨʘʧʠʷ. ʉʠʤʧʪʦʤʘʪʠʯʝʩʢʦʝ ʥʝʤʝʜʠʢʘʤʝʥʪʦʟʥʦʝ ʣʝʯʝʥʠʝ 

ʚʢʣʶʯʘʝʪ ʚ ʩʝʙʷ ʧʨʠʤʝʥʝʥʠʝ ʚʩʧʦʤʦʛʘʪʝʣʴʥʳʭ ʧʨʝʜʤʝʪʦʚ ʪʘʢʠʭ, ʢʘʢ ʪʨʦʩʪʠ ʠ 

ʭʦʜʫʥʢʠ, ʧʨʝʜʦʪʚʨʘʱʘʶʱʠʝ ʧʘʜʝʥʠʝ; ʧʝʨʝʫʩʪʨʦʡʩʪʚʦ ʢʚʘʨʪʠʨʳ ʩ ʫʩʪʘʥʦʚʢʦʡ 

ʧʦʨʫʯʥʝʡ, ʧʦʜʲʸʤʥʳʭ ʪʫʘʣʝʪʥʳʭ ʩʠʜʝʥʠʡ ʠ ʩʢʘʪʦʚ ʜʣʷ ʠʥʚʘʣʠʜʥʳʭ ʢʦʣʷʩʦʢ, 
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ʧʨʠʦʙʨʝʪʝʥʠʝ ʣʸʛʢʠʭ ʩʪʦʣʦʚʳʭ ʧʨʠʙʦʨʦʚ ʠ ʩʧʝʮʠʘʣʴʥʳʭ ʚʝʰʘʣʦʢ ʜʣʷ 

ʦʜʝʞʜʳ ʧʦʤʦʛʘʝʪ ʚʝʩʪʠ ʥʘʠʙʦʣʝʝ ʥʝʟʘʚʠʩʠʤʫʶ ʞʠʟʥʴ ʦʪ ʦʢʨʫʞʘʶʱʠʭ. 

ʐʠʨʦʢʦ ʧʨʠʤʝʥʷʝʪʩʷ ʪʝʨʘʧʠʷ ʨʝʯʝʚʳʭ ʨʘʩʩʪʨʦʡʩʪʚ ʠ ʜʠʟʘʨʪʨʠʠ. ʇʨʠ 

ʚʳʨʘʞʝʥʥʦʡ ʜʠʟʘʨʪʨʠʠ ʠʩʧʦʣʴʟʫʶʪʩʷ ʧʣʘʥʰʝʪʳ ʜʣʷ ʧʠʩʴʤʘ ʠ ʵʣʝʢʪʨʦʥʥʳʝ 

ʫʩʪʨʦʡʩʪʚʘ ʩ ʮʝʣʴʶ ʢʦʤʤʫʥʠʢʘʮʠʠ ʩ ʦʢʨʫʞʘʶʱʠʤʠ. ʂʦʛʜʘ ʜʠʩʬʘʛʠʷ 

ʩʪʘʥʦʚʠʪʩʷ ʚʳʨʘʞʝʥʥʦʡ, ʵʟʦʬʘʛʦʩʢʦʧʠʷ ʤʦʞʝʪ ʧʦʤʦʯʴ ʫʩʪʘʥʦʚʠʪʴ 

ʢʦʥʢʨʝʪʥʦʝ ʤʝʩʪʦ ʟʘʜʝʨʞʢʠ ʧʠʱʠ. ʅʝʤʘʣʦʚʘʞʥʫʶ ʨʦʣʴ ʚ ʩʦʭʨʘʥʝʥʠʠ 

ʤʘʢʩʠʤʘʣʴʥʦ ʚʦʟʤʦʞʥʦʛʦ ʦʙʲʸʤʘ ʜʚʠʞʝʥʠʡ ʠʛʨʘʝʪ ʢʦʥʪʨʦʣʴ ʚʝʩʘ, ʪʘʢ ʢʘʢ 

ʦʞʠʨʝʥʠʝ ʟʥʘʯʠʪʝʣʴʥʦ ʦʛʨʘʥʠʯʠʚʘʝʪ ʧʝʨʝʜʚʠʞʝʥʠʝ ʠ ʩʘʤʦʦʙʩʣʫʞʠʚʘʥʠʝ 

ʪʘʢʠʭ ʙʦʣʴʥʳʭ. ʍʦʪʷ ʥʝ ʙʳʣʦ ʚʳʷʚʣʝʥʦ ʚʣʠʷʥʠʷ ʥʘ ʧʨʦʛʨʝʩʩʠʨʦʚʘʥʠʝ 

ʥʘʨʫʰʝʥʠʷ ʜʚʠʞʝʥʠʡ ʠ ʤʳʰʝʯʥʦʡ ʩʣʘʙʦʩʪʠ ʃʌʂ ʠ ʬʠʟʠʦʪʝʨʘʧʠʠ, ʙʦʣʴʥʳʝ 

ʜʦʣʞʥʳ ʙʳʪʴ, ʧʦ ʚʦʟʤʦʞʥʦʩʪʠ, ʘʢʪʠʚʥʳ. ʇʨʠ ʫʪʦʤʣʷʝʤʦʩʪʠ 

ʥʝʤʝʜʠʢʘʤʝʥʪʦʟʥʦʝ ʣʝʯʝʥʠʝ ʚʢʣʶʯʘʝʪ ʚ ʩʝʙʷ ʦʙʫʯʝʥʠʝ ʙʦʣʴʥʳʭ ʠ ʩʠʜʝʣʦʢ, 

ʢʦʨʨʝʢʮʠʷ ʧʦʚʝʜʝʥʠʷ, ʬʠʟʠʯʝʩʢʘʷ ʘʢʪʠʚʥʦʩʪʴ (124). ɺʘʞʥʳʤ ʤʦʤʝʥʪʦʤ 

ʷʚʣʷʝʪʩʷ ʫʭʦʜ ʟʘ ʙʦʣʴʥʳʤ, ʜʠʝʪʘ, ʩʧʝʮʠʘʣʴʥʳʝ ʧʨʠʩʧʦʩʦʙʣʝʥʠʷ ʠ ʩʦʮʠʘʣʴʥʘʷ 

ʘʜʘʧʪʘʮʠʷ ʚ ʦʙʱʝʩʪʚʝ ʠ ʩʝʤʴʝ ʙʦʣʴʥʳʭ ʧʦʣʠʛʣʫʪʘʤʠʥʦʚʳʤʠ ʟʘʙʦʣʝʚʘʥʠʷʤʠ 

(125). 

ʉʠʤʧʪʦʤʘʪʠʯʝʩʢʘʷ ʤʝʜʠʢʘʤʝʥʪʦʟʥʘʷ ʪʝʨʘʧʠʷ ʚʢʣʶʯʘʝʪ ʚ ʩʝʙʷ 

ʦʙʱʝʫʢʨʝʧʣʷʶʱʠʝ ʩʨʝʜʩʪʚʘ, ʚʠʪʘʤʠʥʳ, ʥʦʦʪʨʦʧʳ ʠ ʮʝʨʝʙʨʦʧʨʦʪʝʢʪʦʨʳ. ɺ 

ʧʦʩʣʝʜʥʠʝ ʚʨʝʤʷ ʩʪʘʣʠ ʚʥʝʜʨʷʪʴʩʷ ʪʘʢʠʝ ʧʨʝʧʘʨʘʪʳ, ʢʘʢ ʣʠʪʠʡ (126), (127) ʠ 

ʠʥʩʫʣʠʥʦʧʦʜʦʙʥʳʡ ʬʘʢʪʦʨ ʨʦʩʪʘ 1 (128), ʢʦʪʦʨʳʝ ʫʣʫʯʰʘʶʪ 

ʥʝʚʨʦʣʦʛʠʯʝʩʢʠʝ ʬʫʥʢʮʠʠ ʤʦʜʝʣʴʥʳʭ ʤʳʰʝʡ ʠ ʧʘʮʠʝʥʪʦʚ ʩʦ ʉʎɸ1. ʐʠʨʦʢʦ 

ʪʘʢʞʝ ʧʨʠʤʝʥʷʝʪʩʷ ʩʠʤʧʪʦʤʘʪʠʯʝʩʢʦʝ ʣʝʯʝʥʠʝ ʨʘʟʣʠʯʥʳʭ ʧʨʦʷʚʣʝʥʠʡ ʉʎɸ. 

ʈʷʜ ʥʘʫʯʥʳʭ ʩʪʘʪʝʡ ʦʧʠʩʳʚʘʝʪ ʣʝʯʝʥʠʝ ʵʢʩʪʨʘʧʠʨʘʤʠʜʥʳʭ, ʧʩʠʭʠʯʝʩʢʠʭ 

ʙʦʣʝʚʳʭ ʩʠʤʧʪʦʤʦʚ, ʢʦʪʦʨʦʝ, ʚ ʦʩʥʦʚʥʦʤ, ʧʨʦʚʦʜʠʪʩʷ ʧʦ ʰʠʨʦʢʦ 

ʨʘʩʧʨʦʩʪʨʘʥʸʥʥʳʤ, ʦʙʱʝʧʨʠʥʷʪʳʤ ʩʭʝʤʘʤ. ʊʘʢ, ʧʦʣʦʞʠʪʝʣʴʥʦʝ ʚʣʠʷʥʠʝ ʥʘ 

ʭʦʨʝʠʬʦʨʤʥʳʝ ʜʚʠʞʝʥʠʷ ʦʢʘʟʳʚʘʶʪ ʥʝʡʨʦʣʝʧʪʠʢʠ, ʪʘʢʠʝ ʢʘʢ ʛʘʣʦʧʝʨʠʜʦʣ ʠ 

ʦʣʘʥʟʘʧʠʥ. ɻʠʧʦʢʠʥʝʟʠʷ ʣʝʯʠʪʩʷ ʘʥʪʠʧʘʨʢʠʥʩʦʥʠʯʝʩʢʠʤʠ ʧʨʝʧʘʨʘʪʘʤʠ, 

ʢʦʪʦʨʳʝ, ʦʜʥʘʢʦ, ʤʦʛʫʪ ʫʚʝʣʠʯʠʪʴ ʭʦʨʝʶ. (129), (130), (131). ʇʩʠʭʦʪʨʦʧʥʳʝ 
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ʩʨʝʜʩʪʚʘ ʭʦʨʦʰʦ ʢʫʧʠʨʫʶʪ ʪʘʢʠʝ ʨʘʩʩʪʨʦʡʩʪʚʘ, ʢʘʢ ʜʝʧʨʝʩʩʠʷ ʠ 

ʧʩʠʭʦʪʠʯʝʩʢʠʝ ʩʠʤʧʪʦʤʳ. ʃʝʯʝʥʠʝ ʜʝʧʨʝʩʩʠʠ ʠ ʵʧʠʣʝʧʪʠʯʝʩʢʠʭ ʧʨʠʩʪʫʧʦʚ 

ʦʩʫʱʝʩʪʚʣʷʶʪʩʷ ʧʦ ʩʪʘʥʜʘʨʪʥʳʤ ʩʭʝʤʘʤ ʫ ʪʘʢʠʭ ʙʦʣʴʥʳʭ (132), (133). ʇʨʠ 

ʜʠʩʩʦʤʥʠʠ ʠ ʩʠʥʜʨʦʤʝ ʥʝʩʧʦʢʦʡʥʳʭ ʥʦʛ ʣʝʯʝʥʠʝ ʧʨʦʚʦʜʠʪʩʷ ʘʛʦʥʠʩʪʘʤʠ 

ʜʦʧʘʤʠʥʘ ʠ ʣʝʚʘʜʦʧʦʡ (134). ɹʦʣʴ ʦʙʳʯʥʦ ʚʦʟʥʠʢʘʝʪ ʠʟ-ʟʘ ʨʘʟʣʠʯʥʳʭ ʧʨʠʯʠʥ. 

ʕʪʦ ʤʦʞʝʪ ʙʳʪʴ ʢʦʩʪʥʦ-ʤʳʰʝʯʥʘʷ, ʥʝʡʨʦʧʘʪʠʯʝʩʢʘʷ, ʚʪʦʨʠʯʥʘʷ, ʚʳʟʚʘʥʥʘʷ 

ʜʠʩʪʦʥʠʝʡ, ʠʣʠ ʩʤʝʰʘʥʥʘʷ ʙʦʣʴ. ʉʫʜʦʨʦʛʠ ʤʳʰʮ ʤʦʛʫʪ ʙʳʪʴ ʩʥʷʪʳ 

ʤʝʢʩʠʣʝʪʠʥʦʤ ʠʣʠ ʢʘʨʙʘʤʘʟʝʧʠʥʦʤ (135); (136). ɺ ʣʝʯʝʥʠʠ ʤʦʟʞʝʯʢʦʚʦʛʦ 

ʩʠʥʜʨʦʤʘ ʥʝʪ ʜʦʩʪʘʪʦʯʥʦ ʫʙʝʜʠʪʝʣʴʥʳʭ ʧʦʣʦʞʠʪʝʣʴʥʳʭ ʨʝʟʫʣʴʪʘʪʦʚ. ʀʤʝʶʪ 

ʤʝʩʪʦ ʣʠʰʴ ʦʪʜʝʣʴʥʳʝ ʩʣʫʯʘʠ ʢʣʠʥʠʯʝʩʢʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʚ ʦʙʣʘʩʪʠ 

ʢʦʨʨʝʢʮʠʠ ʤʦʟʞʝʯʢʦʚʦʛʦ ʩʠʥʜʨʦʤʘ ʜʦʩʪʫʧʥʳʤʠ ʬʘʨʤʘʢʦʣʦʛʠʯʝʩʢʠʤʠ 

ʩʨʝʜʩʪʚʘʤʠ. ɹʦʣʴʰʠʥʩʪʚʦ ʩʦʦʙʱʝʥʠʡ ʦʙ ʫʩʧʝʰʥʳʭ ʢʣʠʥʠʯʝʩʢʠʭ 

ʠʩʩʣʝʜʦʚʘʥʠʷʭ ʦʪʥʦʩʠʪʩʷ ʢ ʉʎɸ 3. ʊʘʢ, ʙʳʣʦ ʧʦʢʘʟʘʥʦ, ʯʪʦ 

ʩʫʣʴʬʘʤʝʪʦʢʩʘʟʦʣ ʠ ʪʨʠʤʝʪʦʧʨʠʤ ʫʣʫʯʰʘʶʪ ʧʦʭʦʜʢʫ ʠ ʢʦʦʨʜʠʥʘʮʠʶ 

ʜʚʠʞʝʥʠʡ (137); ʪʝʪʨʘʛʠʜʨʦʙʠʦʧʪʝʨʠʥ ï ʚʨʝʤʝʥʥʳʝ ʪʝʩʪʳ (138); ʪʘʣʪʠʨʝʣʠʥ 

ʛʠʜʨʘʪ ï ʤʦʟʞʝʯʢʦʚʫʶ ʜʠʟʘʨʪʨʠʶ (139); ʪʘʥʜʦʩʧʠʨʦʥ ï ʧʦʢʘʟʘʪʝʣʠ ʰʢʘʣʳ 

ʘʪʘʢʩʠʠ (140); ʣʘʤʦʪʨʠʞʜʠʥ ï ʧʦʭʦʜʢʫ (141). ʊʘʢʞʝ ʠʤʝʝʪʩʷ ʦʜʥʦ ʩʦʦʙʱʝʥʠʝ 

ʦ ʧʦʣʦʞʠʪʝʣʴʥʦʤ ʚʣʠʷʥʠʠ ʘʮʝʪʘʟʦʣʘʤʠʜʘ ʥʘ ʧʦʢʘʟʘʪʝʣʠ ʘʪʘʢʩʠʯʝʩʢʦʡ ʰʢʘʣʳ 

(142) ʧʨʠ ʉʎɸ6. ʊʝʤ ʥʝ ʤʝʥʝʝ ʥʠ ʦʜʠʥ ʠʟ ʠʟʚʝʩʪʥʳʭ ʤʝʪʦʜʦʚ ʣʝʯʝʥʠʷ ʥʝʣʴʟʷ 

ʥʘʟʚʘʪʴ ʵʬʬʝʢʪʠʚʥʳʤ, ʠ ʧʨʦʙʣʝʤʘ ʨʘʟʨʘʙʦʪʢʠ ʤʝʪʦʜʦʚ ʧʘʪʦʛʝʥʝʪʠʯʝʩʢʦʡ 

ʪʝʨʘʧʠʠ ʩʪʦʠʪ ʯʨʝʟʚʳʯʘʡʥʦ ʦʩʪʨʦ ʜʣʷ ʚʩʝʭ ʉʎɸ. 

ʇʨʝʜʦʪʚʨʘʱʝʥʠʝ ʚʪʦʨʠʯʥʳʭ ʦʩʣʦʞʥʝʥʠʡ ʫ ʧʘʮʠʝʥʪʦʚ ʩ 

ʧʦʣʠʛʣʫʪʘʤʠʥʦʚʳʤʠ ʉʎɸ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʢʦʥʪʨʦʣʝ ʨʝʩʧʠʨʘʪʦʨʥʳʭ 

ʥʘʨʫʰʝʥʠʡ ʪʘʢʠʭ, ʢʘʢ ʧʥʝʚʤʦʥʠʠ. ʅʘʠʙʦʣʝʝ ʪʷʞʸʣʳʝ ʦʩʣʦʞʥʝʥʠʷ ʩʚʷʟʘʥʳ ʩ 

ʙʫʣʴʙʘʨʥʳʤ ʧʘʨʝʟʦʤ, ʪʘʢʠʝ ʦʩʣʦʞʥʝʥʠʷ (ʘʩʬʠʢʩʠʷ ʠ ʘʩʧʠʨʘʮʠʦʥʥʘʷ 

ʧʥʝʚʤʦʥʠʷ) ʤʦʛʫʪ ʙʳʪʴ ʦʧʘʩʥʳ ʜʣʷ ʞʠʟʥʠ ʙʦʣʴʥʦʛʦ. ʊʘʢʠʝ ʙʦʣʴʥʳʝ ʜʦʣʞʥʳ 

ʧʨʠʥʠʤʘʪʴ ʧʠʱʫ ʪʘɦʪʝʣʴʥʦ ʠʟʤʝʣʴʯʸʥʥʦʡ ʠ ʠʟʙʝʛʘʪʴ ʚʝʱʝʩʪʚ, ʪʨʫʜʥʦ 

ʧʦʜʜʘʶʱʠʭʩʷ ʞʝʚʘʥʠʶ ʠ ʛʣʦʪʘʥʠʶ (143). 



33 

 

ɺʝʱʝʩʪʚʘʤʠ ʧʨʦʪʠʚʦʧʦʢʘʟʘʥʥʳʤʠ ʢ ʧʨʠʤʝʥʝʥʠʶ ʷʚʣʷʶʪʩʷ ʘʣʢʦʛʦʣʴ ʠ 

ʧʨʝʧʘʨʘʪʳ, ʚʳʟʳʚʘʶʱʠʝ ʜʦʢʘʟʘʥʥʦʝ ʧʦʨʘʞʝʥʠʝ ʥʝʨʚʥʳʭ ʢʣʝʪʦʢ (ʪʘʢʠʝ, ʢʘʢ 

ʠʟʦʥʠʘʟʠʜ ʠ ʜʨ.). L-ʜʦʧʘ-ʩʦʜʝʨʞʘʱʠʝ ʧʨʝʧʘʨʘʪʳ ʤʦʛʫʪ ʫʚʝʣʠʯʠʪʴ ʭʦʨʝʶ. 

ʊʘʢʞʝ ʥʝʛʘʪʠʚʥʦʝ ʚʣʠʷʥʠʝ ʦʢʘʟʳʚʘʶʪ ʘʣʢʦʛʦʣʴ ʠ ʢʫʨʝʥʠʝ. ɹʦʣʴʥʳʝ ʩʢʣʦʥʥʳʝ 

ʢ ʧʘʜʝʥʠʷʤ ʜʦʣʞʥʳ ʠʟʙʝʛʘʪʴ ʩʢʦʣʴʟʢʠʭ ʠ ʥʝʨʦʚʥʳʭ ʧʦʚʝʨʭʥʦʩʪʝʡ. 

ɿʘʢʣʶʯʝʥʠʝ. ʇʦʣʠʛʣʫʪʘʤʠʥʦʚʳʝ ʟʘʙʦʣʝʚʘʥʠʷ ʩʘʤʳʝ 

ʨʘʩʧʨʦʩʪʨʘʥʸʥʥʳʝ ʬʦʨʤʳ ʥʘʩʣʝʜʩʪʚʝʥʥʳʭ ʘʪʘʢʩʠʡ, ʠʤʝʶʪ ʚ ʩʚʦʝʡ ʦʩʥʦʚʝ 

ʩʭʦʞʠʝ ʧʘʪʦʛʝʥʝʪʠʯʝʩʢʠʝ ʤʝʭʘʥʠʟʤʳ ʠ ʧʨʦʷʚʣʝʥʠʷ. ɿʘʙʦʣʝʚʘʝʤʦʩʪʴ ʚ ʈʌ 

ʠʤʝʝʪ ʥʝʢʦʪʦʨʳʝ ʦʪʣʠʯʠʷ ʦʪ ʦʙʱʝʤʠʨʦʚʳʭ ʧʦʢʘʟʘʪʝʣʝʡ. ɼʘʞʝ ʙʝʟ ʫʯʸʪʘ 

ʷʢʫʪʩʢʦʡ ʧʦʧʫʣʷʮʠʠ, ʟʘʙʦʣʝʚʘʝʤʦʩʪʴ ʉʎɸ1 ʚʳʭʦʜʠʪ ʥʘ ʧʝʨʚʦʝ ʤʝʩʪʦ ʚ ʥʘʰʝʡ 

ʩʪʨʘʥʝ. ʇʦʜʭʦʜʳ ʢ ʩʠʤʧʪʦʤʘʪʠʯʝʩʢʦʡ ʪʝʨʘʧʠʠ ʦʜʥʦʪʠʧʥʳ ʜʣʷ ʚʩʝʭ 

ʧʦʣʠʛʣʫʪʘʤʠʥʦʚʳʭ ʟʘʙʦʣʝʚʘʥʠʡ, ʚ ʪʦʤ ʯʠʩʣʝ ʢ ʉʎɸ1 ʠ ʥʝ ʦʙʝʩʧʝʯʠʚʘʶʪ 

ʫʚʝʣʠʯʝʥʠʷ ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʠ ʠ ʟʥʘʯʠʤʦʛʦ ʧʦʚʳʰʝʥʠʷ ʢʘʯʝʩʪʚʘ ʞʠʟʥʠ. ɺ 

ʩʚʟ̫ʠ ʩ ʵʪʠʤ, ʥʝʦʙʭʦʜʠʤʘ ʨʘʟʨʘʙʦʪʢʘ ʧʘʪʦʛʝʥʝʪʠʯʝʩʢʦʛʦ ʣʝʯʝʥʠʷ, 

ʦʩʥʦʚʘʥʥʦʛʦ ʥʘ ʟʥʘʥʠʷʭ ʦ ʧʦʨʘʞʝʥʠʠ ʤʦʣʝʢʫʣ-ʤʠʰʝʥʝʡ ʠ ʧʫʪʝʡ ʧʝʨʝʜʘʯʠ 

ʩʠʛʥʘʣʦʚ ʢʣʝʪʦʢ ʢʦʨʳ ʤʦʟʞʝʯʢʘ ʠ ʩʪʨʫʢʪʫʨ ʧʨʦʜʦʣʛʦʚʘʪʦʛʦ ʤʦʟʛʘ, 

ʦʪʚʝʯʘʶʱʠʭ ʟʘ ʞʠʟʥʝʥʥʦ ʚʘʞʥʳʝ ʬʫʥʢʮʠʠ. 

  

1.2. ʇʘʪʦʛʝʥʝʟ ʨʘʟʚʠʪʠʷ ʉʎɸ 1 

 

1.2.1. ɼʠʥʘʤʠʯʝʩʢʠʝ ʤʫʪʘʮʠʠ. ʄʝʭʘʥʠʟʤ ʪʨʠʥʫʢʣʝʦʪʠʜʥʦʛʦ ʫʜʣʠʥʝʥʠʷ 

ʇʦʣʠʛʣʫʪʘʤʠʥʦʚʳʝ ʉʎɸ ʦʪʥʦʩʷʪʩʷ ʢ ʦʙʰʠʨʥʦʡ ʛʨʫʧʧʝ ʜʠʥʘʤʠʯʝʩʢʠʭ 

ʤʫʪʘʮʠʡ, ʦʪʣʠʯʠʪʝʣʴʥʦʡ ʯʝʨʪʦʡ ʢʦʪʦʨʳʭ ʷʚʣʷʝʪʩʷ ʠʟʤʝʥʝʥʠʝ ʜʣʠʥʥʳ 

ʪʨʠʥʫʢʣʝʦʪʠʜʥʳʭ ʧʦʚʪʦʨʦʚ ʥʘ ʦʧʨʝʜʝʣʸʥʥʦʤ ʫʯʘʩʪʢʝ ɼʅʂ ʧʨʠ ʜʝʣʝʥʠʠ 

ʩʦʤʘʪʠʯʝʩʢʠʭ ʠʣʠ ʟʘʨʦʜʳʰʝʚʳʭ ʢʣʝʪʦʢ. ʋʚʝʣʠʯʝʥʠʝ ʮʝʧʦʯʢʠ CAG ʧʦʚʪʦʨʦʚ 

ʚ ʯʝʣʦʚʝʯʝʩʢʦʡ ɼʅʂ ʠʛʨʘʝʪ ʢʣʶʯʝʚʫʶ ʨʦʣʴ ʚ ʧʘʪʦʛʝʥʝʟʝ ʧʦʣʠʛʣʫʪʘʤʠʥʦʚʳʭ 

ʟʘʙʦʣʝʚʘʥʠʡ. ʀʟʥʘʯʘʣʴʥʦ ʫʚʝʣʠʯʝʥʠʝ CAG ʧʦʚʪʦʨʦʚ ʙʳʣʦ ʦʙʥʘʨʫʞʝʥʦ, ʢʘʢ 

ʩʦʙʳʪʠʝ, ʩʚʷʟʳʚʘʶʱʝʝ ʜʚʘ ʧʦʢʦʣʝʥʠʷ, ʚʦʟʥʠʢʘʶʱʝʝ ʚʦ ʚʨʝʤʷ ʨʝʧʣʠʢʘʮʠʠ 

ɼʅʂ. ʆʜʥʘʢʦ ʙʦʣʝʝ ʧʦʟʜʥʠʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʤʦʜʝʣʴʥʳʭ 

ʩʠʩʪʝʤ ʙʘʢʪʝʨʠʡ, ʜʨʦʞʞʝʡ ʠ ʤʳʰʝʡ ʧʦʢʘʟʘʣʠ, ʯʪʦ ʪʘʢʦʝ ʫʚʝʣʠʯʝʥʠʝ 
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ʚʦʟʤʦʞʥʦ ʠ ʚ ʩʦʤʘʪʠʯʝʩʢʠʭ ʢʣʝʪʢʘʭ ʚʦ ʚʨʝʤʷ ʨʝʧʣʠʢʘʮʠʠ (144), ʨʝʧʘʨʘʮʠʠ 

ɼʅʂ (145), ʪʨʘʥʩʢʨʠʧʮʠʠ (146) ʠ ʨʝʢʦʤʙʠʥʘʮʠʠ (147). ʆʜʥʘʢʦ ʦʩʥʦʚʥʳʤʠ 

ʤʝʭʘʥʠʟʤʘʤʠ ʫʜʣʠʥʝʥʠʷ ʪʨʠʥʫʢʣʝʦʪʠʜʥʳʭ ʧʦʚʪʦʨʦʚ ʷʚʣʷʶʪʩʷ ʜʚʘ: 

ʟʘʚʠʩʠʤʳʡ ʦʪ ʨʝʧʣʠʢʘʮʠʠ, ʠ ʟʘʚʠʩʠʤʳʡ ʦʪ ʨʝʧʘʨʘʮʠʠ (148); (149). 

ʉ ʥʘʨʘʩʪʘʥʠʝʤ ʜʣʠʥʳ ʤʥʦʛʠʭ ʪʨʠʥʫʢʣʝʦʪʠʜʥʳʭ ʧʦʚʪʦʨʦʚ, ʚʦʟʨʘʩʪʘʝʪ 

ʦʧʘʩʥʦʩʪʴ ʥʘʨʫʰʝʥʠʷ ʥʦʨʤʘʣʴʥʦʡ ʩʪʨʫʢʪʫʨʳ ʮʝʧʦʯʢʠ ɼʅʂ. ɺ ʦʩʥʦʚʝ ʜʘʥʥʦʡ 

ʧʘʪʦʣʦʛʠʠ ʣʝʞʠʪ ʬʝʥʦʤʝʥ ʩʘʤʦʦʨʛʘʥʠʟʘʮʠʠ ʥʫʢʣʝʦʪʠʜʥʳʭ ʤʦʣʝʢʫʣ. ʊʘʢ, 

ʨʘʟʣʠʯʥʳʝ ʜʣʠʥʥʳʝ ʦʙʣʘʩʪʠ ʩ ʧʦʚʪʦʨʘʤʠ, ʚ ʪʦʤ ʯʠʩʣʝ ʠ CAG ʮʝʧʦʯʢʘ, ʩʘʤʠ 

ʧʦ ʩʝʙʝ ʩʧʦʩʦʙʥʳ ʦʙʨʘʟʦʚʳʚʘʪʴ ʩʪʘʙʠʣʴʥʳʝ ʚʪʦʨʠʯʥʳʝ ʩʪʨʫʢʪʫʨʳ. ʉʭG 

ʧʦʚʪʦʨʳ (ʛʜʝ ʭ ï ʵʪʦ A, T ʠʣʠ G), ʪʦ ʝʩʪʴ, CAG, CTG (147) ʠ CGG (150) ʤʦʛʫʪ 

ʦʙʨʘʟʦʚʳʚʘʪʴ ʩʚʷʟʠ ʤʝʞʜʫ ʜʚʫʤʷ ʩʦʩʝʜʥʠʤʠ ʧʘʨʘʤʠ CG ʩ ʧʦʷʚʣʝʥʠʝʤ 

ʚʥʝʩʧʠʨʘʣʴʥʳʭ ʩʪʨʫʢʪʫʨ ɼʅʂ. ʕʪʦ ʪʘʢʠʝ ʩʪʨʫʢʪʫʨʳ, ʢʘʢ ʰʧʠʣʴʢʠ, i-ʤʦʪʠʚʳ 

(151), e-ʤʦʪʠʚʳ ʠ ʢʚʘʜʨʫʧʣʝʢʩʥʘʷ ɼʅʂ (152). ʊʘʢ ʢʘʢ ʥʫʢʣʝʦʪʠʜʳ ɸʊ 

ʩʚʷʟʘʥʳ ʜʚʫʤʷ, ʘ GC ð ʪʨʝʤʷ ʚʦʜʦʨʦʜʥʳʤʠ ʩʚʷʟʷʤʠ, ʥʘ ʨʘʟʨʳʚ GC ʪʨʝʙʫʝʪʩʷ 

ʙʦʣʴʰʝ ʵʥʝʨʛʠʠ. ʇʨʦʮʝʥʪ GC-ʧʘʨ ʠ ʜʣʠʥʘ ʤʦʣʝʢʫʣʳ ɼʅʂ ʦʧʨʝʜʝʣʷʶʪ 

ʢʦʣʠʯʝʩʪʚʦ ʵʥʝʨʛʠʠ, ʥʝʦʙʭʦʜʠʤʦʡ ʜʣʷ ʜʠʩʩʦʮʠʘʮʠʠ ʮʝʧʝʡ: ʜʣʠʥʥʳʝ 

ʤʦʣʝʢʫʣʳ ɼʅʂ ʩ ʙʦʣʴʰʠʤ ʩʦʜʝʨʞʘʥʠʝʤ GC ʙʦʣʝʝ ʪʫʛʦʧʣʘʚʢʠ (153). ʕʪʦ 

ʷʚʣʝʥʠʝ ʣʝʞʠʪ ʚ ʦʩʥʦʚʝ ʥʘʨʫʰʝʥʠʷ ʨʝʧʣʠʢʘʮʠʠ ʠ ʨʝʧʘʨʘʮʠʠ ʧʨʠ 

ʧʦʣʠʛʣʫʪʘʤʠʥʦʚʳʭ ʟʘʙʦʣʝʚʘʥʠʷʭ. ʌʝʨʤʝʥʪʳ, ʫʯʘʩʪʚʫʶʱʠʝ ʚ ʜʘʥʥʳʭ 

ʧʨʦʮʝʩʩʘʭ ʩʚʝʨʭʵʥʝʨʛʦʟʘʚʠʩʠʤʳ. ʕʥʝʨʛʠʷ ʥʫʞʥʘ ʥʝ ʪʦʣʴʢʦ ʜʣʷ 

ʨʘʩʧʦʟʥʘʚʘʥʠʷ ʧʦʚʨʝʞʜʝʥʠʡ, ʥʦ ʠ ʨʘʟʨʳʚʘ ʚʦʜʦʨʦʜʥʳʭ ʩʚʷʟʝʡ ʤʝʞʜʫ 

ʢʦʤʧʣʝʤʝʥʪʘʨʥʳʤʠ ʦʩʥʦʚʘʥʠʷʤʠ. ʇʦʵʪʦʤʫ ʟʥʘʯʠʪʝʣʴʥʦʝ ʫʚʝʣʠʯʝʥʠʝ 

ʢʦʣʠʯʝʩʪʚʘ çʪʫʛʦʧʣʘʚʢʠʭè ʩʚʷʟʝʡ C-G ʟʥʘʯʠʪʝʣʴʥʦ ʟʘʤʝʜʣʷʝʪ ʠ ʜʘʞʝ 

ʦʩʪʘʥʘʚʣʠʚʘʝʪ ʧʨʦʜʚʠʞʝʥʠʝ ʪʘʢʠʭ ʢʣʶʯʝʚʳʭ ʬʝʨʤʝʥʪʦʚ, ʢʘʢ MSH2/MH6 ʧʨʠ 

ʨʝʧʘʨʘʮʠʠ ʠ FEN-1 ʧʨʠ ʨʝʧʣʠʢʘʮʠʠ (154).  

ʋʜʣʠʥʝʥʠʝ, ʧʦ ʦʧʨʝʜʝʣʝʥʠʶ, ʧʨʦʠʩʭʦʜʠʪ ʠʟ ʟʘʭʚʘʪʘ ʧʝʪʣʝʦʙʨʘʟʥʦʡ 

ʧʨʦʤʝʞʫʪʦʯʥʦʡ ʩʪʨʫʢʪʫʨʳ ɼʅʂ ʚ ʛʝʥʦʤʥʫʶ ɼʅʂ. ɺʦ ʚʨʝʤʷ ʨʝʧʘʨʘʮʠʠ 

MSH2/MH6 ʢʦʤʧʣʝʢʩ ʦʙʲʝʜʠʥʷʝʪʩʷ ʩ ʝʜʠʥʠʯʥʳʤ ʦʰʠʙʦʯʥʦ ʩʧʘʨʝʥʥʳʤ 

ʦʩʥʦʚʘʥʠʝʤ, ʯʪʦ ʧʨʠʚʦʜʠʪ ʢ ʧʦʚʦʨʦʪʫ ɼʅʂ ʥʘ 60Á ʥʘ ʫʯʘʩʪʢʝ ʥʝʧʨʘʚʠʣʴʥʦʛʦ 
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ʩʧʘʨʠʚʘʥʠʷ. ʕʪʦʪ ʠʟʛʠʙ ʷʚʣʷʝʪʩʷ ʚʘʞʥʳʤ ʵʪʘʧʦʤ ʚ ʨʘʩʧʦʟʥʘʚʘʥʠʠ, ʠ ʧʝʨʝʭʦʜ 

ʦʪ ʠʟʦʛʥʫʪʦʡ ʢ ʥʦʨʤʘʣʴʥʦʡ ʩʪʨʫʢʪʫʨʝ ʨʘʩʧʦʟʥʘʸʪʩʷ MSH2/MSH6, ʢʘʢ 

ʥʘʨʫʰʝʥʥʳʡ ʫʯʘʩʪʦʢ ɼʅʂ (155). ʆʜʥʘʢʦ ʦʙʲʝʜʠʥʝʥʠʝ MSH2/MSH3 ʩʦ 

ʰʧʠʣʴʢʦʡ CAG ʧʨʠʚʦʜʠʪ ʢ ʧʦʜʘʚʣʝʥʠʶ ɸʊʌʘʟʥʦʡ ʘʢʪʠʚʥʦʩʪʠ ʵʪʦʛʦ 

ʙʝʣʢʦʚʦʛʦ ʢʦʤʧʣʝʢʩʘ, ʯʪʦ ʚʝʜʸʪ ʢ ʥʘʨʫʰʝʥʠʶ ʝʛʦ ʦʙʲʝʜʠʥʝʥʠʷ ʩ ɼʅʂ ʠ 

ʠʟʤʝʥʝʥʠʶ ʝʛʦ ʩʨʦʜʩʪʚʘ ʢ ʥʫʢʣʝʦʪʠʜʘʤ. ʉʘʤʘ ʬʦʨʤʘ ʰʧʠʣʴʢʠ ʧʨʝʜʦʪʚʨʘʱʘʝʪ 

ʩʦʩʢʘʣʴʟʳʚʘʥʠʝ ʢʦʤʧʣʝʢʩʘ ʩ ʫʯʘʩʪʢʘ ʧʦʚʨʝʞʜʝʥʠʷ. ɺ ʠʪʦʛʝ ʢʦʤʧʣʝʢʩ 

MSH2/MSH3, ʥʝ ʧʨʦʩʪʦ ʦʙʲʝʜʠʥʷʝʪʩʷ, ʘ çʧʨʠʧʘʠʚʘʝʪʩʷè ʢ ʰʧʠʣʴʢʝ, ʧʦʵʪʦʤʫ 

ʦʥ ʨʘʩʧʦʟʥʘʸʪ ʥʝʧʨʘʚʠʣʴʥʦ ʩʧʘʨʝʥʥʳʝ ʦʩʥʦʚʘʥʠʷ, ʥʦ, ʦʙʲʝʜʠʥʠʚʰʠʩʴ, ʥʝ 

ʤʦʞʝʪ ʠʩʧʨʘʚʠʪʴ ʥʘʨʫʰʝʥʠʷ (156). ʉʠʩʪʝʤʘ ʨʝʧʘʨʘʮʠʠ ʥʝʧʨʘʚʠʣʴʥʦ 

ʩʧʘʨʝʥʥʳʭ ʦʩʥʦʚʘʥʠʡ ʙʫʜʝʪ ʨʘʙʦʪʘʪʴ ʥʦʨʤʘʣʴʥʦ ʥʘ ʙʦʣʴʰʠʥʩʪʚʝ ʫʯʘʩʪʢʦʚ 

ʛʝʥʦʤʘ, ʥʦ ʥʝ ʥʘ ʫʯʘʩʪʢʝ CAG ʰʧʠʣʴʢʠ. ʇʨʠ ʚʳʰʝʦʧʠʩʘʥʥʳʭ ʥʘʨʫʰʝʥʠʷʭ 

ʧʨʦʠʩʭʦʜʠʪ ñʟʘʭʚʘʪò ʧʨʦʤʝʞʫʪʦʯʥʦʡ ʩʪʨʫʢʪʫʨʳ, ʚʳʟʳʚʘʷ ʫʜʣʠʥʝʥʠʝ ʥʘ 

ʫʯʘʩʪʢʝ CAG ʰʧʠʣʴʢʠ. ʋʜʣʠʥʝʥʠʝ ʫ ʞʠʚʦʪʥʳʭ ʤʦʞʝʪ ʚʦʟʥʠʢʘʪʴ ʠ ʚ ʩʦʩʪʘʚʝ 

ʩʠʩʪʝʤʳ ʨʝʧʘʨʘʮʠʠ ʨʘʟʨʳʚʘ ʦʜʥʦʮʝʧʦʯʝʯʥʦʡ ɼʅʂ, ʢʘʢ ʩʣʝʜʩʪʚʠʝ ʨʝʧʘʨʘʮʠʠ 

ʧʫʪʸʤ ʚʳʱʝʧʣʝʥʠʷ ʦʩʥʦʚʘʥʠʡ [BER], ʠ ʚʦʟʤʦʞʥʦ, ʚ ʩʦʩʪʘʚʝ ʩʠʩʪʝʤʳ 

ʚʳʨʝʟʘʥʠʷ ʥʫʢʣʝʦʪʠʜʦʚ [NER], ʧʦ ʢʨʘʡʥʝʡ ʤʝʨʝ, ʚ ʩʦʤʘʪʠʯʝʩʢʠʭ ʢʣʝʪʢʘʭ 

(157). 

ɺ ʧʦʣʦʚʳʭ ʢʣʝʪʢʘʭ ʨʝʧʘʨʘʮʠʷ ʪʘʢʞʝ ʠʛʨʘʝʪ ʚʘʞʥʦʝ ʟʥʘʯʝʥʠʝ. 

ʅʘʨʫʰʝʥʠʝ ʨʝʧʘʨʘʮʠʠ ʧʨʠ ʦʙʨʘʟʦʚʘʥʠʠ ʚʪʦʨʠʯʥʳʭ ʚʥʝʩʧʠʨʘʣʴʥʳʭ ʩʪʨʫʢʪʫʨ 

ʧʨʠʚʦʜʠʪ ʢ ʩʪʘʙʠʣʴʥʦʤʫ ʧʝʨʝʥʦʩʫ ʧʝʪʝʣʴ ɼʅʂ ʙʝʟ ʠʭ ʚʳʨʝʟʘʥʠʷ ʧʨʠ ʧʝʨʚʦʤ 

ʤʠʪʦʪʠʯʝʩʢʦʤ ʜʝʣʝʥʠʠ, ʛʜʝ ʦʥʠ ʤʦʛʫʪ ʚʳʩʪʫʧʘʪʴ ʚ ʢʘʯʝʩʪʚʝ ʤʘʪʨʠʮʳ ʜʣʷ 

ʥʦʚʦʛʦ ʩʠʥʪʝʟʘ. ʂʨʦʤʝ ʪʦʛʦ, ʧʦʜʛʦʪʦʚʢʘ ʢ ʜʝʣʝʥʠʶ ʢʣʝʪʢʠ ʚʢʣʶʯʘʝʪ ʚ ʩʝʙʷ 

ʪʘʢʦʡ ʚʘʞʥʳʡ ʧʨʦʮʝʩʩ, ʢʘʢ ʨʝʧʣʠʢʘʮʠʷ ɼʅʂ. ɹʳʣʦ ʪʘʢʞʝ ʧʦʢʘʟʘʥʦ, ʯʪʦ 

ʫʜʣʠʥʸʥʥʘʷ CAG ʮʝʧʦʯʢʘ ʥʘʨʫʰʘʝʪ ʨʘʙʦʪʫ ʵʪʦʛʦ ʧʨʦʮʝʩʩʘ. ʋʚʝʣʠʯʝʥʠʝ CAG 

ʧʦʚʪʦʨʦʚ ʧʨʦʠʩʭʦʜʠʪ ʧʨʠ ʫʜʘʣʝʥʠʠ ʈʅʂ-ʟʘʪʨʘʚʦʢ ʠ ʩʦʝʜʠʥʝʥʠʠ ʬʨʘʛʤʝʥʪʦʚ 

ʆʢʘʜʟʘʢʠ. ʀʩʩʣʝʜʦʚʘʥʠʷ ʥʘ ʜʨʦʞʞʘʭ ʧʦʢʘʟʘʣʠ, ʯʪʦ ʚʪʦʨʠʯʥʳʝ ʩʪʨʫʢʪʫʨʳ 

ʙʦʣʝʝ ʯʘʩʪʦ ʦʙʨʘʟʫʶʪʩʷ ʥʘ ʦʪʩʪʘʶʱʝʡ ʥʠʪʠ ɼʅʂ, ʠ ʵʪʠ ʩʪʨʫʢʪʫʨʳ ʙʦʣʝʝ 

ʧʦʜʚʝʨʞʝʥʳ ʤʫʪʘʮʠʠ (158). ʇʨʠ ʟʘʩʪʨʦʡʢʝ ʙʨʝʰʝʡ ʧʦ ʦʪʩʪʘʶʱʝʡ ʮʝʧʠ, 
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ʩʦʜʝʨʞʘʱʝʡ ʧʦʚʪʦʨʳ, ʦʙʨʘʟʫʶʪʩʷ ʬʣʵʧ-ʩʪʨʫʢʪʫʨʳ, ʢʦʪʦʨʳʝ ʚ ʥʦʨʤʝ 

ʨʘʩʝɦʧʣʷʶʪʩʷ FEN1. ʌʝʨʤʝʥʪ FEN-1 ʩʫʱʝʩʪʚʫʝʪ ʚ ʚʠʜʝ ʢʦʣʴʮʘ, ʢʦʪʦʨʦʝ 

ʩʢʦʣʴʟʠʪ ʚʜʦʣʴ ʥʠʪʠ ɼʅʂ ʜʦ ʝʛʦ ʦʙʲʝʜʠʥʝʥʠʷ ʩ ʬʣʵʧ-ʩʪʨʫʢʪʫʨʦʡ. ʕʪʦ 

ʦʙʲʝʜʠʥʝʥʠʝ ʧʨʠʚʦʜʠʪ ʢ ʦʪʩʦʝʜʠʥʝʥʠʶ ʬʣʵʧ-ʩʪʨʫʢʪʫʨʳ (159). ɽʩʣʠ ʚ 

ʧʨʝʜʝʣʘʭ ʬʣʵʧ-ʩʪʨʫʢʪʫʨʳ ʥʘʭʦʜʷʪʩʷ ʧʦʚʪʦʨʳ, ʪʦ ʚʦʟʤʦʞʥʦ ʬʦʨʤʠʨʦʚʘʥʠʝ 

ʚʪʦʨʠʯʥʳʭ ʥʝʩʧʠʨʘʣʴʥʳʭ ʩʚʠʩʘʶʱʠʭ ʫʯʘʩʪʢʦʚ, ʯʪʦ ʧʨʝʧʷʪʩʪʚʫʝʪ 

ʦʪʱʝʧʣʝʥʠʶ ʚʳʪʝʩʥʷʝʤʦʡ ʮʝʧʠ ʬʣʵʧ-ʵʥʜʦʥʫʢʣʝʘʟʦʡ. ɽʩʣʠ ʬʣʵʧ-ʩʪʨʫʢʪʫʨʘ ʥʝ 

ʫʜʘʣʝʥʘ, (ʣʠʛʠʨʦʚʘʥʠʝ) ʩʰʠʚʘʥʠʝ ʧʝʨʝʤʝʱʸʥʥʦʡ ʥʠʪʠ ʧʨʦʠʩʭʦʜʠʪ ʩ ʥʠʪʴʶ 

ʜʦʧʦʣʥʠʪʝʣʴʥʦʡ ɼʅʂ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʟʘʜʝʨʞʢʘ ʚ ʨʘʩʱʝʧʣʝʥʠʠ 

ʦʙʨʘʟʫʶʱʝʡʩʷ ʚ ʨʝʟʫʣʴʪʘʪʝ ʨʝʩʠʥʪʝʟʘ ʩʚʠʩʘʶʱʝʡ ʮʝʧʠ ɼʅʂ ʧʨʠʚʦʜʠʪ ʢ 

ʫʚʝʣʠʯʝʥʠʶ ʯʠʩʣʘ ʧʦʚʪʦʨʦʚ (160). 

ɺʥʝʩʧʠʨʘʣʴʥʳʝ ʩʪʨʫʢʪʫʨʳ ɼʅʂ ʧʨʠʩʫʪʩʪʚʫʶʪ ʚ ʥʝʩʪʘʙʠʣʴʥʳʭ, ʙʦʣʝʝ 

ʩʣʦʞʥʳʭ ʤʠʥʠ ʩʘʪʝʣʣʠʪʘʭ ʪʘʢʠʭ, ʢʘʢ ʪʝʣʦʤʝʨʳ. ʕʪʠ ʤʥʦʞʝʩʪʚʝʥʥʳʝ 

ʩʪʨʫʢʪʫʨʳ, ʠʛʨʘʶʪ ʨʦʣʴ ʚ ʛʝʥʦʤʥʦʡ ʠ ʭʨʦʤʦʩʦʤʥʦʡ ʥʝʩʪʘʙʠʣʴʥʦʩʪʠ. ʊʘʢʞʝ 

ʙʳʣʦ ʧʦʢʘʟʘʥʦ, ʯʪʦ CAG/ʉTG ʠ CGG/CCG ʮʝʧʦʯʢʠ ʤʦʛʫʪ ʩʦʜʝʨʞʘʪʴ ʣʦʤʢʠʝ 

ʫʯʘʩʪʢʠ (161); (162), ʠ ʯʪʦ ʦʥʠ ʙʦʣʝʝ ʩʢʣʦʥʥʳʝ ʢ ʧʦʨʳʚʫ ʠ ʧʦʚʨʝʞʜʝʥʠʶ 

ɼʅʂ, ʯʝʤ ʥʦʨʤʘʣʴʥʳʝ ʫʯʘʩʪʢʠ (163). ʃʦʤʢʠʝ ʫʯʘʩʪʢʠ ʙʳʣʠ ʦʧʠʩʘʥʳ ʚ 

ʜʨʦʞʞʘʭ (164); (165); (166); (167) ʠ ʢʣʝʪʢʘʭ ʤʣʝʢʦʧʠʪʘʶʱʠʭ (168). ʆʙʳʯʥʳʡ 

ʣʦʤʢʠʡ ʫʯʘʩʪʦʢ ʚ ʛʝʥʦʤʝ ʤʣʝʢʦʧʠʪʘʶʱʠʭ ʦʧʨʝʜʝʣʷʝʪʩʷ ʢʘʢ ʣʦʢʫʩ, ʢʦʪʦʨʳʡ 

ʠʤʝʝʪ ʧʨʦʤʝʞʫʪʢʠ ʠ ʨʘʟʨʳʚʳ ʚ ʩʦʩʪʦʷʥʠʠ ʨʝʧʣʠʢʘʮʠʦʥʥʦʛʦ ʩʪʨʝʩʩʘ (163); 

(168); (169). ɺ ʜʘʥʥʦʤ ʩʦʩʪʦʷʥʠʠ, ʩʠʩʪʝʤʘ ʢʦʥʪʨʦʣʴʥʳʭ ʪʦʯʝʢ ʤʦʞʝʪ 

ʦʩʪʘʥʦʚʠʪʴ ʢʣʝʪʦʯʥʳʡ ʮʠʢʣ ʠ ʘʢʪʠʚʠʨʦʚʘʪʴ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʡ ʢʣʝʪʦʯʥʳʡ 

ʦʪʚʝʪ (167), (170); (171). ɺ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʵʪʠʤ, ʧʦʚʨʝʞʜʝʥʠʝ ʩʠʩʪʝʤʳ 

ʢʦʥʪʨʦʣʴʥʳʭ ʪʦʯʝʢ ʠʣʠ ʙʝʣʢʦʚ ʧʨʦʛʨʝʩʩʠʠ ʢʣʝʪʦʯʥʦʛʦ ʮʠʢʣʘ ʫʚʝʣʠʯʠʚʘʝʪ 

ʥʝʩʪʘʙʠʣʴʥʦʩʪʴ ʭʨʦʤʦʩʦʤ ʠ ʠʭ ʧʝʨʝʩʪʨʦʡʢʫ (167); (172); (173). ʅʘ ʤʦʜʝʣʠ 

ʜʨʦʞʞʝʡ ʙʳʣʦ ʧʦʢʘʟʘʥʦ, ʯʪʦ ʫʜʘʣʝʥʠʝ Mec1 (ʛʦʤʦʣʦʛ ʯʝʣʦʚʝʯʝʩʢʦʛʦ ATR) ʠ 

Rad53 (ʛʦʤʦʣʦʛ ʯʝʣʦʚʝʯʝʩʢʦʛʦ Chk2) ʧʨʠʚʦʜʠʪ ʢ ʫʚʝʣʠʯʝʥʠʶ ʣʦʤʢʦʩʪʠ 

ʫʜʣʠʥʸʥʥʳʭ CAG ʧʦʚʪʦʨʦʚ (174). ʅʦʚʳʝ ʜʘʥʥʳʝ ʦ ʚʦʚʣʝʯʝʥʠʠ ʤʝʭʘʥʠʟʤʘ 

ʨʝʧʘʨʘʮʠʠ ɼʅʂ ʧʨʠ ʫʜʣʠʥʝʥʠʠ ʩʚʠʜʝʪʝʣʴʩʪʚʫʶʪ ʦ ʪʦʤ, ʯʪʦ ʩʨʝʜʘ, 
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ʦʢʨʫʞʘʶʱʘʷ ʭʨʦʤʘʪʠʥ, ʤʦʞʝʪ ʦʧʨʝʜʝʣʷʪʴ ʚʦʩʧʨʠʠʤʯʠʚʦʩʪʴ ʦʩʦʙʦʛʦ 

ʧʦʚʪʦʨʷʶʱʝʛʦʩʷ ʣʦʢʫʩʘ ʢ ʧʦʚʨʝʞʜʝʥʠʶ ɼʅʂ ʠ ʥʝʩʪʘʙʠʣʴʥʦʩʪʠ, ʩʣʝʜʫʶʱʝʡ 

ʟʘ ʨʝʧʘʨʘʮʠʝʡ (175); (176); (177); (178); (179). 

ɺʳʰʝʦʧʠʩʘʥʥʳʝ ʛʝʥʝʪʠʯʝʩʢʠʝ ʤʝʭʘʥʠʟʤʳ ʣʝʞʘʪ ʚ ʦʩʥʦʚʝ ʬʝʥʦʤʝʥʘ 

ʘʥʪʠʮʠʧʘʮʠʠ. ʆʥʘ ʥʘʙʣʶʜʘʝʪʩʷ ʧʨʠ ʜʦʤʠʥʘʥʪʥʳʭ ʟʘʙʦʣʝʚʘʥʠʷʭ, ʢʦʛʜʘ 

ʧʨʦʠʩʭʦʜʠʪ ʙʦʣʝʝ ʨʘʥʥʝʝ ʥʘʯʘʣʦ ʟʘʙʦʣʝʚʘʥʠʷ ʠ ʫʩʠʣʝʥʠʝ ʩʠʤʧʪʦʤʦʚ ʚ 

ʧʦʩʣʝʜʫʶʱʠʭ ʧʦʢʦʣʝʥʠʷʭ. ɺʘʨʠʘʮʠʠ ʚ ʚʦʟʨʘʩʪʝ ʥʘʯʘʣʘ ʟʘʙʦʣʝʚʘʥʠʷ, 

ʦʩʦʙʝʥʥʦ ʫʤʝʥʴʰʝʥʠʝ ʚʦʟʨʘʩʪʘ, ʥʘʯʘʣʘ ʟʘʙʦʣʝʚʘʥʠʷ ʚ ʧʦʩʣʝʜʫʶʱʠʭ 

ʧʦʢʦʣʝʥʠʷʭ, ʷʚʣʷʝʪʩʷ ʦʪʣʠʯʠʪʝʣʴʥʦʡ ʯʝʨʪʦʡ ʧʦʣʠʛʣʫʪʘʤʠʥʦʚʳʭ ʟʘʙʦʣʝʚʘʥʠʡ. 

ʆʥʦ ʩʚʷʟʘʥʦ ʩ ʪʝʤ, ʯʪʦ ʜʣʠʥʘ CAG ʧʦʚʪʦʨʦʚ ʤʝʥʷʝʪʩʷ ʚʦ ʚʨʝʤʷ ʧʝʨʝʜʘʯʠ ð 

ʪʦ ʝʩʪ,ɹ ʟʘʨʦʜʳʰʝʚʳʡ ʤʦʟʘʠʮʠʟʤðʤʦʣʝʢʫʣʷʨʥʦʝ ʦʙʲʷʩʥʝʥʠʝ ʵʪʦʛʦ ʬʝʥʦʤʝʥʘ. 

ʊʦʛʜʘ ʢʘʢ ʥʦʨʤʘʣʴʥʳʝ ʘʣʣʝʣʠ ʧʝʨʝʜʘʶʪʩʷ ʙʝʟ ʠʟʤʝʥʝʥʠʡ, ʯʠʩʪʳʝ 

ʫʜʣʠʥʸʥʥʳʝ ʘʣʣʝʣʠ ʥʝʩʪʘʙʠʣʴʥʳ ʯʠʩʣʦ CAG ʧʦʚʪʦʨʦʚ ʠʤʝʝʪ ʪʝʥʜʝʥʮʠʶ ʢ 

ʫʚʝʣʠʯʝʥʠʶ ʚʦ ʚʨʝʤʷ ʧʝʨʝʜʘʯʠ (ʦʪ +0,5 CAG ʧʦʚʪʦʨʦʚ ʜʣʷ ʉʎɸ3 ʜʦ +12 

CAG ʧʦʚʪʦʨʦʚ ʜʣʷ ʉʎɸ7) (180). ʆʪʮʦʚʩʢʦʝ ʫʚʝʣʠʯʝʥʠʝ ʘʣʣʝʣʷ ʙʦʣʝʝ 

ʥʝʩʪʘʙʠʣʴʥʦ. ʆʪʮʦʚʩʢʘʷ ʥʝʩʪʘʙʠʣʴʥʦʩʪʴ ʘʣʣʝʣʝʡ ʯʘʩʪʦ ʩʚʷʟʘʥʘ ʩ ʙʦʣʴʰʠʤ 

ʢʦʣʠʯʝʩʪʚʦʤ ʤʠʪʦʪʠʯʝʩʢʠʭ ʜʝʣʝʥʠʡ ʧʨʠ ʩʦʟʨʝʚʘʥʠʠ ʩʧʝʨʤʘʪʦʟʦʠʜʦʚ ʚʦ ʚʨʝʤʷ 

ʛʘʤʝʪʦʛʝʥʝʟʘ, ʥʦ ʪʘʢʞʝ ʤʦʞʝʪ ʙʳʪʴ ʩʚʷʟʘʥʦ ʩ ʧʦʚʨʝʞʜʝʥʠʝʤ ʘʢʪʠʚʥʦʩʪʠ ʠ 

ʩʥʠʞʝʥʠʝʤ ʢʦʥʮʝʥʪʨʘʮʠʠ ʙʝʣʢʦʚ, ʚʦʩʩʪʘʥʘʚʣʠʚʘʶʱʠʭ ɼʅʂ (181). ʏʘʩʪʦʪʘ 

ʪʘʢʠʭ ʫʚʝʣʠʯʝʥʠʡ ʫʢʘʟʳʚʘʝʪ ʥʘ ʩʪʝʧʝʥʴ ʥʝʩʪʘʙʠʣʴʥʦʩʪʠ ʚ ʧʦʢʦʣʝʥʠʷʭ ʠ, 

ʩʪʘʣʦ ʙʳʪʴ, ʥʘ ʘʥʪʠʮʠʧʘʮʠʶ. ʋ ʉʎɸ1 ʦʥʘ ʩʦʩʪʘʚʣʷʝʪ 15% (182), ʫ ʉʎɸ3 8% 

(183), ʘ ʪʘʢʞʝ ʫ ʜʨʫʛʠʭ ʧʦʣʠʛʣʫʪʘʤʠʥʦʚʳʭ ʉʎɸ, ʟʘ ʠʩʢʣʶʯʝʥʠʝʤ ʉʎɸ6. 

 

1.2.2. ɻʝʥr, ʦʪʚʝʪʩʪʚʝʥʥʳʝ ʟʘ ʨʘʟʚʠʪʠʝ ʧʦʣʠʛʣʫʪʘʤʠʥʦʚʳʭ ʉʎɸ  

ʇʨʠ ʢʘʞʜʦʡ ʧʦʣʠʛʣʫʪʘʤʠʥʦʚʦʡ ʉʎɸ ʦʧʨʝʜʝʣʸʥ ʝʜʠʥʩʪʚʝʥʥʳʡ ʛʝʥ, 

ʦʪʚʝʪʩʪʚʝʥʥʳʡ ʟʘ ʵʪʦ ʟʘʙʦʣʝʚʘʥʠʝ. ʊʘʢ, ATXN1 ʝʜʠʥʩʪʚʝʥʥʡr ʠʟʚʝʩʪʥʳʡ ʛʝʥ, 

ʘʩʩʦʮʠʠʨʦʚʘʥʥʳʡ ʩ ʉʎɸ1. ʆʥ ʨʘʩʧʦʣʦʞʝʥ ʥʘ ʢʦʨʦʪʢʦʤ ʧʣʝʯʝ 6-ʡ ʭʨʦʤʦʩʦʤʳ 

ʚ ʧʦʟʠʮʠʠ 23, ʘ ʪʦʯʥʝʝ, ʤʝʞʜʫ ʧʘʨʘʤʠ ʦʩʥʦʚʘʥʠʡ 16,299,342 ʠ 16,761,720 

(14); (105). ɸ ATXN3 (ʠʟʚʝʩʪʥʳʡ ʨʘʥʝʝ, ʢʘʢ MJD1) ʝʜʠʥʩʪʚʝʥʥʳʡ ʠʟʚʝʩʪʥʳʡ 
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ʛʝʥ, ʚʳʟʳʚʘʶʱʠʡ ʉʎɸ3. ʆʥ ʨʘʩʧʦʣʘʛʘʝʪʩʷ ʥʘ 14 ʭʨʦʤʦʩʦʤʝ, ʚ ʧʦʟʠʮʠʠ 21, ʘ 

ʢʦʥʢʨʝʪʥʦ ʤʝʞʜʫ ʧʘʨʘʤʠ ʦʩʥʦʚʘʥʠʡ 92,524,895 ʠ 92,572,964 (184). 

ʋʚʝʣʠʯʝʥʠʝ CAG ʧʦʚʪʦʨʦʚ ʚ ʚʳʰʝʫʢʘʟʘʥʥʳʭ ʛʝʥʘʭ ʷʚʣʷʝʪʩʷ ʤʫʪʘʮʠʦʥʥʳʤ 

ʤʝʭʘʥʠʟʤʦʤ ʚʦ ʚʩʝʭ ʩʝʤʴʷʭ, ʙʦʣʴʥʳʭ ʉʎɸ1 ʠ ʉʎɸ3, ʠʩʩʣʝʜʦʚʘʥʥʳʭ ʥʘ 

ʩʝʛʦʜʥʷʰʥʠʡ ʜʝʥʴ (14), (96), (97), (185). CAG ʧʦʚʪʦʨʳ ʦʯʝʥʴ ʧʦʣʠʤʦʨʬʥʳ ʚ 

ʥʦʨʤʘʣʴʥʦʡ ʧʦʧʫʣʷʮʠʠ ʠ ʠʭ ʯʠʩʣʦ ʚʘʨʴʠʨʫʝʪ ʦʪ 4 ʜʦ 39 (14). ʇʨʠ ʉʎɸ1, 

CAG ʧʦʚʪʦʨʳ ʥʝʩʪʘʙʠʣʴʥʳ ʠ ʠʭ ʢʦʣʠʯʝʩʪʚʦ ʩʦʩʪʘʚʣʷʝʪ ʦʪ 40 ʜʦ 91. ʏʝʤ 

ʜʣʠʥʥʝʝ ʮʝʧʦʯʢʘ ʵʪʠʭ ʧʦʚʪʦʨʦʚ, ʪʝʤ ʨʘʥʴʰʝ ʥʘʯʠʥʘʝʪʩʷ ʟʘʙʦʣʝʚʘʥʠʝ ʠ ʪʝʤ 

ʪʷʞʝʣʝʝ ʝʛʦ ʢʣʠʥʠʯʝʩʢʠʝ ʧʨʦʷʚʣʝʥʠʷ (14); (96); (97). ʅʦʨʤʘʣʴʥʳʡ ʘʣʣʝʣʴ ʛʝʥʘ 

ATXN3 ʩʦʩʪʦʠʪ ʠʟ ʤʝʥʝʝ, ʯʝʤ 44 CAG ʧʦʚʪʦʨʦʚ (186). ɺ ʦʙʱʝʤ, 93.5% 

ʥʦʨʤʘʣʴʥʳʭ ʘʣʣʝʣʝʡ ʠʤʝʶʪ ʤʝʥʝʝ 31 CAG ʧʦʚʪʦʨʦʚ. ʅʦ ʵʪʘ ʧʨʷʤʘʷ 

ʟʘʚʠʩʠʤʦʩʪʴ ʪʷʞʝʩʪʠ ʟʘʙʦʣʝʚʘʥʠʷ ʦʪ ʜʣʠʥʳ ʮʝʧʦʯʢʠ ʧʦʚʪʦʨʦʚ ʚ ʛʝʥʝ ʥʝ 

ʚʩʝʛʜʘ ʦʜʥʦʟʥʘʯʥʘ. ʊʘʢ, ʘʣʣʝʣʠ ʛʝʥʘ ATXN1 ʩ 39-44 CAG ʧʦʚʪʦʨʘʤʠ ʤʦʛʫʪ ʥʝ 

ʚʳʟʳʚʘʪʴ ʘʪʘʢʩʠʠ (187), (188), (189), ʧʨʠ ʫʩʣʦʚʠʠ, ʯʪʦ ʚ ʵʪʠʭ ʘʣʣʝʣʷʭ (ʢʘʢ 

ʧʨʘʚʠʣʦ, ʥʘʯʠʥʘʷ ʩ 21 CAG ʠ ʙʦʣʝʝ ʧʦʚʪʦʨʦʚ) ʧʨʝʨʳʚʘʝʪʩʷ 1-3 CAT 

ʪʨʠʥʫʢʣʝʦʪʠʜʘʤʠ, ʪʦʛʜʘ ʢʘʢ ʘʣʣʝʣʠ, ʚʳʟʳʚʘʶʱʠʝ ʟʘʙʦʣʝʚʘʥʠʷ, ʠʤʝʶʪ 

ʙʝʩʧʨʝʨʳʚʥʳʝ CAG ʧʦʚʪʦʨʳ (190); (191). ɺ ʛʝʥʝ ATXN3 ʮʝʧʦʯʢʫ CAG 

ʧʨʝʨʳʚʘʶʪ 3, 4 ʠ 6-ʡ ʧʦʟʠʮʠʷʭ ʥʝ CAT, ʘ CAA ʠ AAG ʪʨʠʥʫʢʣʝʦʪʠʜʳ, 

ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ (192), (193). ʆʪʣʠʯʠʝ ʥʝʧʘʪʦʛʝʥʥʳʭ ʧʨʝʨʳʚʠʩʪʳʭ ʘʣʣʝʣʝʡ ʦʪ 

ʧʘʪʦʛʝʥʥʳʭ ʥʝ ʧʨʝʨʳʚʠʩʪʳʭ ʘʣʣʝʣʝʡ ʚ 39-44 ʧʦʚʪʦʨʦʚ ʪʨʝʙʫʶʪ 

ʜʦʧʦʣʥʠʪʝʣʴʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ (190). 

ʄʫʪʘʥʪʥʳʝ ʥʦʨʤʘʣʴʥʳʝ (ʧʨʦʤʝʞʫʪʦʯʥʳʝ) ʘʣʣʝʣʠ ï ʵʪʦ ʘʣʣʝʣʠ ʩ 36-38 CAG 

ʧʦʚʪʦʨʘʤʠ, ʥʦ ʙʝʟ ʚʩʪʘʚʦʢ CAT. ʄʫʪʘʥʪʥʳʝ ʥʦʨʤʘʣʴʥʳʝ ʘʣʣʝʣʠ ʥʝ 

ʘʩʩʦʮʠʠʨʦʚʘʥʳ ʩ ʩʠʤʧʪʦʤʘʤʠ ʟʘʙʦʣʝʚʘʥʠʷ, ʥʦ ʤʦʛʫʪ ʫʚʝʣʠʯʠʚʘʪʴʩʷ ʧʨʠ 

ʧʝʨʝʜʘʯʝ ʚ ʧʦʩʣʝʜʫʶʱʠʭ ʧʦʢʦʣʝʥʠʷʭ. ʋʜʠʚʠʪʝʣʴʥʦ ʪʦ, ʯʪʦ ʙʦʣʴʰʠʥʩʪʚʦ 

ʦʪʮʦʚʩʢʠʭ ʪʨʘʥʩʤʠʩʩʠʡ ʤʫʪʘʥʪʥʦʛʦ ʉʎɸ1 ʘʣʣʝʣʷ ʦʯʝʥʴ ʥʝʩʪʘʙʠʣʴʥʳ, 

ʤʝʜʣʝʥʥʳ ʠ ʫʚʝʣʠʯʠʚʘʶʪ ʯʠʩʣʦ ʧʦʚʪʦʨʦʚ. ʅʝʩʪʘʙʠʣʴʥʦʩʪʴ CAG ʧʦʚʪʦʨʦʚ, 

ʧʝʨʝʜʘʶʱʘʷʩʷ ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʧʦ ʦʪʮʦʚʩʢʦʡ ʣʠʥʠʠ, ʷʚʣʷʝʪʩʷ 

ʤʦʣʝʢʫʣʷʨʥʦʡ ʦʩʥʦʚʦʡ ʬʝʥʦʤʝʥʘ ʘʥʪʠʮʠʧʘʮʠʠ ʧʨʠ ʉʎɸ1 (194). 
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ʊʘʢʞʝ ʚʳʜʝʣʷʶʪ ʘʣʣʝʣʠ ʩʦ ʩʥʠʞʝʥʥʦʡ ʧʝʥʝʪʨʘʥʪʥʦʩʪʴʶ. ɺ ʢʘʯʝʩʪʚʝ ʧʨʠʤʝʨʘ, 

ʞʝʥʱʠʥʘ ʩ 44 CAG ʧʦʚʪʦʨʘʤʠ, ʩ CAT ʚʢʣʶʯʝʥʠʷʤʠ ʠʤʝʣʘ ʦʪʮʘ ʩ 

ʧʨʦʷʚʣʝʥʠʷʤʠ ʉʎɸ1, ʥʦ ʫ ʩʘʤʦʡ ʥʠʢʘʢʠʭ ʧʨʦʷʚʣʝʥʠʡ ʥʝ ʙʳʣʦ ʚ ʩʚʦʠ 66 ʣʝʪ 

(187); ʧʦʵʪʦʤʫ, ʤʦʞʥʦ ʩʯʠʪʘʪʴ, ʯʪʦ ʦʥʘ ʠʤʝʣʘ ʩʥʠʞʝʥʥʫʶ ʧʝʥʝʪʨʘʥʪʥʦʩʪʴ. 

ɸʣʣʝʣʠ ʛʝʥʘ ATXN3 ʩʦ ʩʥʠʞʝʥʥʦʡ ʧʝʥʝʪʨʘʥʪʥʦʩʪʴʶ ʩʦʩʪʦ̫ ʪ ʠʟ 45 - 51 CAG 

ʧʦʚʪʦʨʘ (195), (186), ʠ ʥʦʩʠʪʝʣʠ ʠʭ ʤʦʛʫʪ ʠʤʝʪʴ ʠ ʥʝ ʠʤʝʪʴ ʢʣʠʥʠʯʝʩʢʠʝ 

ʧʨʦʷʚʣʝʥʠʷ ʚ ʪʝʯʝʥʠʝ ʠʭ ʞʠʟʥʠ. 

ʇʦʣʥʦʡ ʧʝʥʝʪʨʘʥʪʥʦʩʪʴʶ ʘʣʣʝʣʝʡ ʛʝʥʘ ATXN1 ʩʯʠʪʘʶʪʩʷ ʘʣʣʝʣʠ ʩ 39-91 

CAG ʧʦʚʪʦʨʘʤʠ, ʙʝʟ ʧʨʝʨʳʚʘʥʠʷ CAT (191), (187), (188), (189). ɸʣʣʝʣʴ ʩ 39 

CAG ʧʦʚʪʦʨʘʤʠ, ʙʝʟ CAT ʚʢʣʶʯʝʥʠʡ ʩʯʠʪʘʝʪʩʷ ʧʦʨʦʛʦʚʦʡ, ʧʨʠ ʢʦʪʦʨʦʡ 

ʧʦʷʚʣʷʶʪʩʷ ʩʠʤʧʪʦʤʳ ʟʘʙʦʣʝʚʘʥʠʷ (196). ɼʣʷ ʛʝʥʘ ATXN3 ʵʪʦʪ ʧʦʢʘʟʘʪʝʣʴ 

ʥʝʩʢʦʣʴʢʦ ʥʠʞʝ 52 - 86 CAG ʧʦʚʪʦʨʦʚ ʙʝʟ ʧʨʝʨʳʚʘʥʠʷ. ɹʳʣ ʦʧʠʩʘʥ ʩʣʫʯʘʡ 

ʥʘʯʘʣʘ ʟʘʙʦʣʝʚʘʥʠʷ ʉʎɸ1 ʚ ʧʦʜʨʦʩʪʢʦʚʦʤ ʚʦʟʨʘʩʪʝ, ʛʜʝ ʠʤʝʣʦ ʤʝʩʪʦ 

ʫʚʝʣʠʯʝʥʠʝ ʜʦ 91 CAG ʧʦʚʪʦʨʘ (191).  

 

1.2.3. ʉʪʨʦʝʥʠʝ ʠ ʬʫʥʢʮʠʷ ʥʦʨʤʘʣʴʥʳʭ ʧʦʣʠʛʣʫʪʘʤʠʥʦʚʳʭ ʙʝʣʢʦʚ 

ʥʘ ʧʨʠʤʝʨʝ ʘʪʘʢʩʠʥʘ 1 ʠ ʘʪʘʢʩʠʥʘ 3. 

ʇʨʦʜʫʢʪʦʤ ʵʢʩʧʨʝʩʩʠʠ ʛʝʥʦʚ, ʦʪʚʝʪʩʪʚʝʥʥʳʭ ʟʘ ʨʘʟʚʠʪʠʝ 

ʚʳʰʝʧʝʨʝʯʠʩʣʝʥʥʳʭ ʧʦʣʠʛʣʫʪʘʤʠʥʦʚʳʭ ʟʘʙʦʣʝʚʘʥʠʡ, ʷʚʣʷʶʪʩʷ ʙʝʣʢʠ. ʕʪʦ 

ʨʘʟʣʠʯʥʳʝ ʧʦ ʩʚʦʝʤʫ ʩʪʨʦʝʥʠʶ ʠ ʨʘʟʤʝʨʫ ʦʙʨʘʟʦʚʘʥʠʷ, ʦʜʥʘʢʦ ʠʤʝʶʱʠʝ 

ʩʭʦʞʠʝ ʬʫʥʢʮʠʠ. ʆʙʱʝʡ ʬʫʥʢʮʠʝʡ ʵʪʠʭ ʙʝʣʢʦʚ ʷʚʣʷʝʪʩʷ ʠʭ ʚʣʠʷʥʠʝ ʥʘ 

ʧʨʦʮʝʩʩ ʧʝʨʝʥʦʩʘ ʠ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʛʝʥʝʪʠʯʝʩʢʦʡ ʠʥʬʦʨʤʘʮʠʠ ʢʣʝʪʢʠ ʦʪ 

ɼʅʂ ʢ ʈʅʂ (ʊʘʙʣʠʮʘ 4). ʕʪʦ ʤʦʛʫʪ ʙʳʪʴ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʬʘʢʪʦʨʳ 

ʪʨʘʥʩʢʨʠʧʮʠʠ, ʢʘʢ Ŭ1ɸʉʊ ʠ ʊɺʈ, ʦʙ̡ʝʜʠʥʷʶʱʠʝʩʷ ʩ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴʶ 

ɼʅʂ, ʪʘʢ ʠ ʚʣʠʷʶʱʠʝ ʥʘ ʵʪʦʪ ʧʨʦʮʝʩʩ ʦʧʦʩʨʝʜʦʚʘʥʥʦ, ʪʦ ʝʩʪʴ, ʷʚʣʷʶʱʠʝʩʷ 

ʢʦʘʢʪʠʚʘʪʦʨʘʤʠ ʠʣʠ ʢʦʨʝʧʨʝʩʩʦʨʘʤʠ ʚ ʩʦʩʪʘʚʝ ʪʨʘʥʩʢʨʠʧʮʠʦʥʥʳʭ ʙʝʣʢʦʚʳʭ 

ʢʦʤʧʣʝʢʩʦʚ, ʪʘʢʠʝ ʢʘʢ ʘʪʨʦʬʠʥ 1, ʘʪʘʢʩʠʥʳ 1, 3 ʠ 7. ɸʪʘʢʩʠʥ 2 ʞʝ ʦʢʘʟʳʚʘʝʪ 

ʚʣʠʷʥʠʝ, ʥʦ ʥʘ ʩʣʝʜʫʶʱʫʶ ʩʪʫʧʝʥɹ  ʧʝʨʝʜʘʯʠ ʛʝʥʝʪʠʯʝʩʢʦʡ ʠʥʬʦʨʤʘʮʠʠ ï ʥʘ 

ʧʨʦʮʝʩʩʠʥʛ ʈʅʂ. ʇʦʤʠʤʦ ʚʣʠʷʥʠʷ ʥʘ ʪʨʘʥʩʢʨʠʧʮʠʶ, ʜʘʥʥr ʝ ʙʝʣʢʠ ʤʦʛʫʪ 
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ʦʙʣʘʜʘʪʴ ʠ ʜʨʫʛʠʤʠ ʥʝʤʘʣʦʚʘʞʥʳʤʠ ʬʫʥʢʮʠʷʤʠ ï ʨʝʛʫʣʠʨʦʚʘʪʴ ʬʫʥʢʮʠʶ 

ʮʠʪʦʩʢʝʣʝʪʘ, ʢʘʢ ʘʪʘʢʩʠʥ 3, ʠʣʠ ʫʯʘʩʪʚʦʚʘʪʴ ʚ ʜʝʛʨʘʜʘʮʠʠ ʩʫʙʩʪʨʘʪʦʚ 

ʥʝʧʨʘʚʠʣʴʥʦ ʫʧʘʢʦʚʘʥʥʳʭ ʙʝʣʢʦʚ, ʢʘʢ ʘʪʘʢʩʠʥ 1 ʠ ʘʪʘʢʩʠʥ 3. ʆʪʣʠʯʠʪʝʣʴʥʦʡ 

ʦʩʦʙʝʥʥʦʩʪʴʶ ʛʝʥʘ CACNA1A ʷʚʣʷʝʪʩʷ ʪʦ, ʯʪʦ ʦʥ ʢʦʜʠʨʫʝʪ ʙʝʣʦʢ, 

ʚʳʧʦʣʥʷʶʱʠʡ 2 ʨʘʟʣʠʯʥʳʝ ʬʫʥʢʮʠʠ ï ʦʥ ʷʚʣʷʝʪʩʷ, ʚʳʰʝ ʫʧʦʤʷʥʫʪʳʤ, 

ʬʘʢʪʦʨʦʤ ʪʨʘʥʩʢʨʠʧʮʠʠ, ʠ, ʚ ʪʦ ʞʝ ʚʨʝʤʷ, ʦʙʨʘʟʫʝʪ ʧʦʨʫ ʧʦʪʝʥʮʠʘʣ 

ʟʘʚʠʩʠʤʦʛʦ ʉʘ
2+ 
ʢʘʥʘʣʘ (197). 

 

ɿʘʙʦʣʝʚʘʥʠʝ ɹʝʣʦʢ ʌʫʥʢʮʠʷ ʀʩʪʦʯʥʠʢ 

ʉʎɸ1 ɸʪʘʢʩʠʥ 1 ʈʝʛʫʣʷʪʦʨ ʪʨʘʥʩʢʨʠʧʮʠʠ (198);  (199) 

ʉʎɸ2 ɸʪʘʢʩʠʥ 2 ʈʝʛʫʣʷʪʦʨ ʧʨʦʮʝʩʩʠʥʛʘ ʈʅʂ (200) 

ʉʎɸ3 ɸʪʘʢʩʠʥ 3 ʈʝʛʫʣʷʪʦʨ ʪʨʘʥʩʢʨʠʧʮʠʠ ʠ 

ʙʝʣʢʦʚʦʛʦ ʛʦʤʝʦʩʪʘʟʘ 

(201) 

ʉʎɸ6 Ŭ1ɸʉʊ ʌʘʢʪʦʨ ʪʨʘʥʩʢʨʠʧʮʠʠ (197) 

Ŭ1ʘ ʩʫʙʲʝʜʠʥʠʮʘ 

VGCC 
ʉʘ

2+
 ʢʘʥʘʣ ï ʛʦʤʝʦʩʪʘʟ ʢʘʣʴʮʠʷ 

ʉʎɸ 7 ɸʪʘʢʩʠʥ 7 ʂʦʘʢʪʠʚʘʪʦʨ ʪʨʘʥʩʢʨʠʧʮʠʠ (202) 

ʉʎɸ17 ɹʝʣʦʢ, ʦʙʲʝʜʠʥʷ-

ʶʱʠʡʩʷ ʩ ʊɸʊɸ 
ʌʘʢʪʦʨ ʪʨʘʥʩʢʨʠʧʮʠʠ (203); 

(204) 

 

ʊʘʙʣʠʮʘ 4. ʅʘʟʚʘʥʠʝ ʠ ʬʫʥʢʮʠʠ ʧʦʣʠʛʣʫʪʘʤʠʥʦʚʳʭ ʙʝʣʢʦʚ ʚ ʥʦʨʤʝ. 

 

ɺʳʰʝʫʢʘʟʘʥʥʳʝ ʬʫʥʢʮʠʠ ʜʘʥʥʳʭ ʙʝʣʢʦʚ ʪʝʩʥʦ ʩʚ̫ʟʘʥʳ ʩ ʠʭ ʩʪʨʦʝʥʠʝʤ 

(ʈʠʩʫʥʦʢ 2). ʊʨʘʥʩʢʨʠʧʮʠʷ ɼʅʂ, ʧʨʦʠʩʭʦʜʠʪ ʚ ʷʜʨʝ ʢʣʝʪʢʠ, ʧʦʵʪʦʤʫ ʚʩʝ 

ʚʳʰʝʧʝʨʝʯʠʩʣʝʥʥʳʝ ʙʝʣʢʠ ʠʤʝʶʪ ʚ ʩʚʦʸʤ ʩʦʩʪʘʚʝ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ, ʧʦʜ 

ʥʘʟʚʘʥʠʝʤ, ʩʠʛʥʘʣʳ ʷʜʝʨʥʦʡ ʣʦʢʘʣʠʟʘʮʠʠ (NLS). ʇʦʜʘʚʣʷʶʱʝʝ ʙʦʣʴʰʠʥʩʪʚʦ 

ʷʜʝʨʥʳʭ ʙʝʣʢʦʚ ʠʤʧʦʨʪʠʨʫʝʪʩʷ ʚ ʷʜʨʦ ʧʦ ʩʪʘʥʜʘʨʪʥʦʤʫ NLS-ʟʘʚʠʩʠʤʦʤʫ 

ʤʝʭʘʥʠʟʤʫ. ʅʝʦʙʭʦʜʠʤʦʩʪʴ ʧʨʝʙʳʚʘʥʠʷ ʧʦʣʠʛʣʫʪʘʤʠʥʦʚʳʭ ʙʝʣʢʦʚ, ʚ 

ʯʘʩʪʥʦʩʪʠ, ʘʪʘʢʩʠʥʘ 1 ʚʥʫʪʨʠ ʷʜʨʘ ʜʣʷ ʨʘʟʚʠʪʠʷ ʬʫʥʢʮʠʡ, ʚ ʪʦʤ ʯʠʩʣʝ 
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ʪʦʢʩʠʯʝʩʢʠʭ ʵʬʬʝʢʪʦʚ, ʧʦʜʪʚʝʨʞʜʝʥʘ ʛʝʥʝʪʠʯʝʩʢʠʤʠ ʠʩʩʣʝʜʦʚʘʥʠʷʤʠ. 

ɸʪʘʢʩʠʥ 1 ʩʦʜʝʨʞʠʪ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴ NLS ʥʘ ʝʛʦ ʉ ʢʦʥʮʝ (205). ɸʪʘʢʩʠʥ-

7 ʠʤʝʝʪ ʥʝ 1, ʘ ʩʨʘʟʫ 3 NLS ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ. ʀʥʘʢʪʠʚʠʨʦʚʘʥʠʝ NLS, ʢʘʢ 

ʵʪʦ ʚʠʜʥʦ ʥʘ ʧʨʠʤʝʨʝ ʘʪʘʢʩʠʥʘ 1, ʧʨʠ ʧʦʤʦʱʠ ʟʘʤʝʱʝʥʠʷ ʦʜʥʦʡ 

ʘʤʠʥʦʢʠʩʣʦʪʳ, ʃʠʟ ʚ ʧʦʣʦʞʝʥʠʠ 776 ʥʘ ʊʨʝ, ʥʘʨʫʰʘʝʪ ʧʨʦʮʝʩʩ ʧʝʨʝʤʝʱʝʥʠʷ 

ʝʛʦ ʚ ʷʜʨʦ ʢʣʝʪʢʠ, ʯʪʦ ʧʨʠʚʦʜʠʪ ʢ ʦʪʩʫʪʩʪʚʠʶ ʧʘʪʦʛʝʥʝʪʠʯʝʩʢʠʭ ʷʚʣʝʥʠʡ, 

ʥʝʩʤʦʪʨʷ ʥʘ ʩʦʭʨʘʥʷʶʱʫʶʩʷ ʫʚʝʣʠʯʝʥʥʫʶ ʧʦʣʠʛʣʫʪʘʤʠʥʦʚʫʶ ʮʝʧʦʯʢʫ. ʕʪʠ 

ʨʝʟʫʣʴʪʘʪʳ ʧʦʢʘʟʳʚʘʶʪ, ʯʪʦ ʩʚʦʡʩʪʚʦ ʤʫʪʘʥʪʥʦʛʦ ʘʪʘʢʩʠʥʘ 1 ʚʳʟʳʚʘʪʴ 

ʟʘʙʦʣʝʚʘʥʠʝ ʩʚʷʟʘʥʦ ʩ ʧʨʝʙʳʚʘʥʠʝʤ ʝʛʦ ʚ ʷʜʨʝ ʢʣʝʪʢʠ (205).  

ɺʥʫʪʨʠʷʜʝʨʥʳʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʧʦʣʠʛʣʫʪʘʤʠʥʦʚʳʭ ʙʝʣʢʦʚ ʩ ʙʝʣʢʘʤʠ 

ʢʦʤʧʣʝʢʩʦʚ-ʤʦʜʫʣʷʪʦʨʦʚ ʪʨʘʥʩʢʨʠʧʮʠʠ ʧʨʦʪʝʢʘʶʪ ʥʝ ʧʦ ʚʩʝʡ ʠʭ ʜʣʠʥʝ, ʘ ʚ 

ʦʧʨʝʜʝʣʸʥʥʳʭ ʫʯʘʩʪʢʘʭ. ʊʘʢ, ʘʪʘʢʩʠʥ 1 ʠʤʝʝʪ ʦʙʰʠʨʥʳʡ ʫʯʘʩʪʦʢ, 

ʚʢʣʶʯʘʶʱʠʡ ɸʍʅ ʜʦʤʝʥ, ʦʙʲʝʜʠʥʷʶʱʠʡʩʷ ʩ ʈʅʂ. ɸʍʅ ʜʦʤʝʥ ʩʭʦʞ ʧʦ 

ʩʪʨʦʝʥʠʶ ʩ ʦʧʨʝʜʝʣʸʥʥʳʤ ʫʯʘʩʪʢʦʤ ʬʘʢʪʦʨʘ ʪʨʘʥʩʢʨʠʧʮʠʠ HBP1 (ʙʝʣʦʢ 1, 

ʦʙʲʝʜʠʥʷʶʱʠʡʩʷ ʩ ʚr ʩʦʢʦʧʦʜʚʠʞʥʦʡ ʛʨʫʧʧʦʡ ʙʦʢʩʘ ʬʘʢʪʦʨʘ ʪʨʘʥʩʢʨʠʧʮʠʠ) 

(206). ʆʜʥʘʢʦ AXH ʜʦʤʝʥʳ HBP1 ʠ ʘʪʘʢʩʠʥʘ 1 ʧʨʠʦʙʨʝʪʘʶʪ ʨʘʟʣʠʯʥʫʶ 

ʢʦʥʬʦʨʤʘʮʠʶ, ʯʪʦ ʧʨʠʚʦʜʠʪ ʢ ʟʥʘʯʠʪʝʣʴʥʳʤ ʠʭ ʦʪʣʠʯʠʷʤ (207). ɹʳʣʦ 

ʚʳʩʢʘʟʘʥʦ ʧʨʝʜʧʦʣʦʞʝʥʠʝ, ʯʪʦ AXH ʜʦʤʝʥ ʘʪʘʢʩʠʥʘ 1 ʦʙʲʝʜʠʥʷʝʪʩʷ ʩ 

ʨʝʛʫʣʷʪʦʨʥʦʡ ʈʅʂ ʠ ʯʪʦ ʧʦ ʘʥʘʣʦʛʠʠ ʩ HBP1, ʦʥ ʪʘʢʞʝ ʫʯʘʩʪʚʫʝʪ ʚ 

ʨʝʛʫʣʷʮʠʠ ʪʨʘʥʩʢʨʠʧʮʠʠ (208). ʂʨʦʤʝ ʝʛʦ ʨʦʣʠ ʚ ʪʨʘʥʩʢʨʠʧʮʠʠ, ʩʚʦʡʩʪʚʦ 

ʦʙʲʝʜʠʥʷʪʴʩʷ ʩ ʈʅʂ (ʘʤʠʥʦʢʠʩʣʦʪʳ 541-767) ʫʢʘʟʳʚʘʝʪ ʥʘ ʚʦʟʤʦʞʥʫʶ ʨʦʣʴ 

ʘʪʘʢʩʠʥʘ 1 ʚ ʧʨʦʮʝʩʩʠʥʛʝ ʈʅʂ ʚʢʣʶʯʘʷ ʨʝʛʫʣʷʮʠʶ ʩʧʣʘʡʩʠʥʛʘ ʈʅʂ, 

ʩʪʘʙʠʣʠʟʘʮʠʶ ʤʈʅʂ, ʪʨʘʥʩʧʦʨʪ ʤʈʅʂ ʠ ʷʜʝʨʥʳʡ ʵʢʩʧʦʨʪ ʤʈʅʂ (209). ɹʦʣʝʝ 

ʜʦʢʘʟʘʥʦ ʩʚʦʡʩʪʚʦ ɸʍʅ ʜʦʤʝʥʘ ʘʪʘʢʩʠʥʘ 1 ʚ ʦʙʲʝʜʠʥʝʥʠʠ ʩ ʙʝʣʢʘʤʠ 

ʢʦʤʧʣʝʢʩʘ-ʤʦʜʫʣʷʪʦʨʘ ʪʨʘʥʩʢʨʠʧʮʠʠ (210). ʊʘʢ, ʥʝʩʢʦʣʴʢʦ ʨʝʛʫʣʷʪʦʨʦʚ 

ʪʨʘʥʩʢʨʠʧʮʠʠ ʚʟʘʠʤʦʜʝʡʩʪʚʫʶʪ ʩ ʘʪʘʢʩʠʥʦʤ 1 ʯʝʨʝʟ ɸʍʅ ʜʦʤʝʥ. ʊʘʢʠʝ 

ʨʝʛʫʣʷʪʦʨʳ ʪʨʘʥʩʢʨʠʧʮʠʠ ʚʢʣʶʯʘʶʪ ʚ ʩʝʙʷ ʢʦʨʝʧʨʝʩʩʦʨ SMRT (silencing 

mediator of retinoid and thyroid hormone receptors ï ʤʝʜʠʘʪʦʨ ʩʘʡʣʝʥʩʠʥʛʘ 

ʨʝʪʠʥʦʠʜʥʳʭ ʨʝʮʝʧʪʦʨʦʚ ʠ ʨʝʮʝʧʪʦʨʦʚ ʛʦʨʤʦʥʦʚ ʱʠʪʦʚʠʜʥʦʡ ʞʝʣʝʟʳ) (211), 
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SENS ʜʨʦʟʦʬʠʣʳ (Senseless - ʅʝʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʴ) ʠ ʝʛʦ ʛʦʤʦʣʦʛ ʫ 

ʤʣʝʢʦʧʠʪʘʶʱʠʭ Gfi1 (growth factor-independent 1 ï ʥʝʟʘʚʠʩʠʤʳʡ ʦʪ ʬʘʢʪʦʨʘ 

ʨʦʩʪʘ (ʙʝʣʦʢ) 1) (212), ʯʝʣʦʚʝʯʝʩʢʠʡ ʛʦʤʦʣʦʛ ʨʝʧʨʝʩʩʦʨʘ ʜʨʦʟʦʬʠʣʣʳ ʉIC 

(Capicua) (213) ʠ ʢʦʤʧʣʝʢʩ RORŬ-Tip60 (9).  

ɸʪʘʢʩʠʥ 3 ʩʦʜʝʨʞʠʪ ʥʝʩʢʦʣʴʢʦ ʢʦʥʩʝʨʚʠʨʦʚʘʥʥʳʭ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʝʡ, 

ʩʭʦʞʠʭ ʩ NR- ʠ CoRNR-ʙʦʢʩʘʤʠ L-x-x-L-L/[IL]-x-x-[IV]-I ʢʦʘʢʪʠʚʘʪʦʨʦʚ ʠ 

ʢʦʨʝʧʨʝʩʩʦʨʦʚ ʪʨʘʥʩʢʨʠʧʮʠʠ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ (214). ʉ ʧʦʤʦʱʴʶ ʵʪʠʭ 

ʫʯʘʩʪʢʦʚ ʘʪʘʢʩʠʥ 3 ʚʟʘʠʤʦʜʝʡʩʪʚʫʝʪ ʩ ʛʠʩʪʦʥʘʤʠ ʠ ʛʠʩʪʦʥʘʮʠʣʪʥʘʩʬʝʨʘʟʘʤʠ 

CBP, p300, ʠ PCAF, ʢʦʪʦʨʳʝ ʨʘʙʦʪʘʶʪ, ʢʘʢ ʢʦʘʢʪʠʚʘʪʦʨʳ ʪʨʘʥʩʢʨʠʧʮʠʠ. 

ʊʘʢʞʝ ʨʝʛʫʣʷʮʠʷ ʪʨʘʥʩʢʨʠʧʮʠʠ ʧʨʦʠʩʭʦʜʠʪ ʩ ʧʦʤʦʱʴʶ ʜʚʫʭ UIM 

ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʝʡ ʘʪʘʢʩʠʥʘ 3 ʯʝʨʝʟ (ʜʝ-) ʫʙʠʢʚʠʪʠʥʠʨʦʚʘʥʠʝ ʛʠʩʪʦʥʦʚ 

(215). ʊʘʢʞʝ ʙr ʣʦ ʧʦʢʘʟʘʥʦ, ʯʪʦ ʘʪʘʢʩʠʥ 3 ʚʟʘʠʤʦʜʝʡʩʪʚʫʝʪ ʩ ʫʙʠʢʚʠʪʠʥ-

ʧʦʜʦʙʥʳʤ (UBL) ʜʦʤʝʥʦʤ ʛʦʤʦʣʦʛʠʯʥʳʭ ʬʘʢʪʦʨʦʚ, ʦʙʲʝʜʠʥʷʶʱʠʭʩʷ ʩ 

ʫʙʠʢʚʠʪʠʥʦʤ ʠ ʧʨʦʪʝʘʩʦʤʘʤʠ ʪʘʢʠʭ, ʢʘʢ hHR23A ʠ hHR23B (216); (217); 

(218). ʕʪʠ ʬʘʢʪʦʨʳ ʪʘʢʞʝ ʚʦʚʣʝʯʝʥʳ ʚ ʧʫʪʴ ʵʢʩʮʠʟʠʦʥʥʦʡ ʨʝʧʘʨʘʮʠʠ 

ʥʫʢʣʝʦʪʠʜʦʚ ʧʦʩʨʝʜʩʪʚʦʤ ʥʘʮʝʣʠʚʘʥʠʷ ʫʙʠʢʚʠʪʠʥʠʨʦʚʘʥʥʦʛʦ ʬʘʢʪʦʨʘ 

ʵʢʩʮʠʟʠʦʥʥʦʡ ʨʝʧʘʨʘʮʠʠ XPC/Rad4 ʥʘ ʧʨʦʪʝʘʩʦʤʳ (219). 

ʆʜʥʘʢʦ ʙʳʣʦ ʧʦʢʘʟʘʥʦ, ʯʪʦ ʚ ʮʠʪʦʧʣʘʟʤʝ ʧʦʣʠʛʣʫʪʘʤʠʥʦʚʳʝ ʙʝʣʢʠ ʪʘʢʞʝ 

ʚʳʧʦʣʥʷʶʪ ʚʘʞʥʳʝ ʬʫʥʢʮʠʠ. ʇʦʵʪʦʤʫ ʦʥʠ ʜʦʣʞʥʳ ʵʢʩʧʦʨʪʠʨʦʚʘʪʴʩʷ ʠʟ ʷʜʨʘ 

ʚ ʮʠʪʦʟʦʣʴ ʢʣʝʪʢʠ. ʋ ʘʪʘʢʩʠʥʘ 3, 7 ʠ ʘʪʨʦʬʠʥʘ 1 ʙʳʣʘ ʦʧʨʝʜʝʣʝʥʘ 

ʩʧʝʮʠʬʠʯʝʩʢʘʷ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴ - NES (nuclear export signal) (ʥʘʣʠʯʠʝ 

NES ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ ʫ ʘʪʘʢʩʠʥʘ 1 ʥʝ ʜʦʢʘʟʘʥʦ), ʩ ʧʦʤʦʱʴʶ ʢʦʪʦʨʦʡ 

ʧʨʦʠʩʭʦʜʠʪ ʨʘʩʧʦʟʥʘʚʘʥʠʝ ʙʝʣʢʦʚ, ʥʫʞʜʘʶʱʠʭʩʷ ʚ ʵʢʩʧʦʨʪʝ ʠʟ ʷʜʨʘ ʢʣʝʪʢʠ 

(220); (221). ɼʘʥʥʘʷ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴ ʪʘʢʞʝ, ʢʘʢ ʠ NLS, ʤʦʞʝʪ 

ʨʘʩʧʦʣʘʛʘʪʴʩʷ, ʢʘʢ ʥʘ ʉ, ʪʘʢ ʠ ʥʘ N ʢʦʥʮʘʭ ʠ ʜʘʞʝ ʧʦʩʨʝʜʠʥʝ ʙʝʣʢʦʚʦʡ 

ʮʝʧʦʯʢʠ (ʈʠʩʫʥʦʢ 2). 

ɻʣʘʚʥʘ̫  ʮʠʪʦʟʦʣʴʥʘʷ ʬʫʥʢʮʠʷ ʘʪʘʢʩʠʥʘ 3 ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʢʦʥʪʨʦʣʝ ʢʘʯʝʩʪʚʘ 

ʢʣʝʪʦʯʥʳʭ ʙʝʣʢʦʚ (222). ɺ ʯʘʩʪʥʦʩʪʠ, ʚʳʰʝʫʧʦʤʷʥʫʪʘʷ ʬʫʥʢʮʠʷ UIM 

ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʝʡ ʥʝ ʩʪʦʣʴ ʦʜʥʦʟʥʘʯʥʘ (223). ʋʙʠʢʚʠʪʠʥʠʨʦʚʘʥʠʝ 



43 

 

ʚʳʧʦʣʥʷʝʪ ʤʥʦʞʝʩʪʚʦ ʢʣʝʪʦʯʥʳʭ ʬʫʥʢʮʠʡ ʠ ʚ ʮʠʪʦʧʣʘʟʤʝ, ʪʘʢʠʝ ʢʘʢ 

ʮʠʪʦʧʣʘʟʤʘʪʠʯʝʩʢʠʡ ʪʨʘʥʩʧʦʨʪ, ʩʦʧʨʦʚʦʞʜʝʥʠʝ ʩʧʝʮʠʬʠʯʝʩʢʠʭ ʙʝʣʢʦʚ ʯʝʨʝʟ 

ʚʥʫʪʨʠʢʣʝʪʦʯʥʳʝ ʧʫʪʠ, ʠ ʥʘʧʨʘʚʣʝʥʠʝ ʙʝʣʢʦʚ ʢ ʧʨʦʪʝʘʩʦʤʘʤ. ʂʨʦʤʝ ʪʦʛʦ, 

ʫʙʠʢʚʠʪʠʥ-ʧʨʦʪʝʘʩʦʤʥʳʡ ʧʫʪʴ ʚʦʚʣʝʯʸʥ ʚ ʧʨʦʮʝʩʩʠʥʛ ʤʫʪʘʥʪʥʳʭ ʠ 

ʧʦʚʨʝʞʜʸʥʥʳʭ ʙʝʣʢʦʚ, ʢʦʪʦʨʝr ʚʳʟʳʚʘʶʪ ʥʝʡʨʦʜʝʛʝʥʝʨʘʪʠʚʥʳʝ ʟʘʙʦʣʝʚʘʥʠʷ. 

(224); (225). ʌʫʥʢʮʠʦʥʘʣʴʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʦʢʘʟʳʚʘʶʪ, ʯʪʦ ʘʪʘʢʩʠʥ 3 ï ʵʪʦ 

ʫʙʠʢʚʠʪʠʥ ʧʨʦʪʝʘʟʘ (226); (227), ʘ ɼʞʦʟʝʬʠʥʦʚʳʡ ʜʦʤʝʥ ʚʳʩʪʫʧʘʝʪ ʚ ʨʦʣʠ 

ʢʘʪʘʣʠʪʠʯʝʩʢʦʛʦ ʜʦʤʝʥʘ ʵʪʦʡ ʧʨʦʪʝʘʟʳ (228). ʊʘʢʞʝ ɼʞʦʟʝʬʠʥʦʚrʡ ʜʦʤʝʥ 

(226) ʬʫʥʢʮʠʦʥʘʣʴʥʦ ʦʪʥʦʩʠʪʩʷ ʠ ʚʦʚʣʝʯʸʥ ʚ ʤʝʭʘʥʠʟʤ ʦʙʨʘʟʦʚʘʥʠʷ 

ʮʠʪʦʩʢʝʣʝʪʘ, ʪʨʘʥʩʧʦʨʪ ʚʝʟʠʢʫʣ ʠ ʢʣʘʪʨʠʥ-ʟʘʚʠʩʤʳʡ ʵʥʜʦ- ʠ ɻʢʟʦʮʠʪʦʟ (229). 

ʋ ʘʪʘʢʩʠʥʘ 1 ɸXH ʜʦʤʝʥ, ʪʘʢʞʝ ʠʛʨʘʝʪ ʚʘʞʥʫʶ ʨʦʣʴ ʚ ʥʝʧʘʪʦʛʝʥʥʳʭ 

ʬʫʥʢʮʠʷʭ ʚ ʮʠʪʦʟʦʣʝ ʢʣʝʪʢʠ, ʯʪʦ ʜʦʢʘʟʘʥʦ ʚ ʦʪʥʦʰʝʥʠʠ ʜʠʤʝʨʠʟʘʮʠʠ ʙʝʣʢʘ 

ʧʦʣʥʦʡ ʜʣʠʥʥʳ, ʝʛʦ ʘʛʨʝʛʘʮʠʠ, ʘ ʪʘʢʞʝ ʚʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʠ ʘʪʘʢʩʠʥʘ 1 ʩ 

ʜʨʫʛʠʤʠ ʙʝʣʢʘʤʠ ʮʠʪʦʟʦʣʷ ʢʣʝʪʢʠ (ʊʘʙʣʠʮʘ 5) (230).  

 

ɹʠʦʣʦʛʠʯʝʩʢʘʷ 

ʟʥʘʯʠʤʦʩʪʴ 

ɹʝʣʦʢ ʆʙʣʘʩʪʴ 

ʚʟʘʠʤʦʜʝʡ-

ʩʪʚʠʷ ʩ 

ʘʪʘʢʩʠʥʦʤ 1 

ʄʦʜʫʣʷʮʠʷ c 

ʧʦʤʦʱʴʶ 

ʇʦʣʠQ 

ʀʩʪʦʯʥʠʢ 

ʈʝʛʫʣʷʮʠʷ 

ʪʨʘʥʩʢʨʠʧʮʠʠ 

ɺʆɸʊ SAR ʅʝʪ (231) 

ʉʉNK ʅʝʪ ʜʘʥʥʳʭ ʅʝʠʟʚʝʩʪʥʦ (232) 

CIC AXʅ ʅʝʠʟʚʝʩʪʥʦ (233) 

DAZAP2 ʅʝʪ ʜʘʥʥʳʭ ʅʝʠʟʚʝʩʪʥʦ (232) 

DERP6 ʅʝʪ ʜʘʥʥʳʭ ʅʝʠʟʚʝʩʪʥʦ (232) 

PQBP1 ʅʝʪ ʜʘʥʥʳʭ ɼʘ (232) 

NCOR2/SM

RT 

C-ʢʦʥʝʮ (ʙʦʣʝʝ 

ʚʝʨʦʷʪʥʦ, AXʅ) 

ʅʝʪ (233) 

HIVEP1 ʅʝʪ ʜʘʥʥʳʭ ʅʝʠʟʚʝʩʪʥʦ (232) 

HDAC3 ʅʝʪ ʜʘʥʥʳʭ ɼʘ (234) 

SIX5 ʅʝʪ ʜʘʥʥʳʭ ʅʝʠʟʚʝʩʪʥʦ (232) 

SPEN ʅʝʪ ʜʘʥʥʳʭ ʅʝʠʟʚʝʩʪʥʦ (232) 

SP1 AXʅ ɼʘ (232) 

YY1AP1 ʅʝʪ ʜʘʥʥʳʭ ʅʝʠʟʚʝʩʪʥʦ (232) 

ZXH1 ʅʝʪ ʜʘʥʥʳʭ ʅʝʠʟʚʝʩʪʥʦ (232) 

GFI-1/ 

SENSELES

S 

AXʅ ʅʝʪ (212) 

SMART ʅʝʪ ʜʘʥʥʳʭ ʅʝʪ (235) 
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RoRa ʅʝʪ ʜʘʥʥʳʭ ʅʝʪ (9) 

ʄʦʜʫʣʷʮʠʷ 

ʘʧʦʧʪʦʟʘ, 

ʨʝʛʫʣʷʮʠʷ 

ʪʨʘʥʩʢʨʠʧʮʠʠ 

DNAJA3 ʅʝʪ ʜʘʥʥʳʭ ʅʝʠʟʚʝʩʪʥʦ (232) 

ʆʙʲʝʜʠʥʝʥʠʝ ʈʅʂ, 

ʨʝʛʫʣʷʮʠʷ 

ʪʨʘʥʩʣʷʮʠʠ 

PUM1 ʅʝʪ ʜʘʥʥʳʭ ʅʝʠʟʚʝʩʪʥʦ (232) 

RBM9 ʅʝʪ ʜʘʥʥʳʭ ʅʝʠʟʚʝʩʪʥʦ (232) 

RBPMS N-ʢʦʥʝʮ ʅʝʠʟʚʝʩʪʥʦ (232) 

A2BP1 ʅʝʪ ʜʘʥʥʳʭ ʅʝʠʟʚʝʩʪʥʦ (232) 

ʇʨʦʮʝʩʩʠʥʛ ʧʨʝ-

ʤʈʅʂ 3'  

FLJ12529 ʅʝʪ ʜʘʥʥʳʭ ʅʝʠʟʚʝʩʪʥʦ (232) 

NUDT21 ʅʝʪ ʜʘʥʥʳʭ ʅʝʠʟʚʝʩʪʥʦ (232) 

U2AF2 ʅʝʪ ʜʘʥʥʳʭ ʅʝʠʟʚʝʩʪʥʦ (232) 

p80 ʢʦʠʣʠʥ ʉ-ʢʦʥʝʮ ʅʝʪ (236) 

TAP/NXF1 ʅʝʪ ʜʘʥʥʳʭ ʅʝʠʟʚʝʩʪʥʦ (209) 

ʉʧʣʘʡʩʠʥʛ ʧʨʝ-

ʤʈʅʂ 

ɺɸʊ2 ʅʝʪ ʜʘʥʥʳʭ ʅʝʠʟʚʝʩʪʥʦ (232) 

ʉʦʟʨʝʚʘʥʠʝ ʤʘʣʳʭ 

ʷʜʝʨʥʳʭ 

ʥʫʢʣʝʦʧʨʦʪʝʠʜʦʚ, 

ʩʧʣʘʡʩʠʥʛ ʈʅʂ 

COIL/ P80 ʉ-ʢʦʥʝʮ ʅʝʪ (232); (236) 

ʉʫʤʦʠʣʠʨʦʚʘʥʠʝ Sumo-1 ʄʥʦʞ. ʜʦʤʝʥʳ ɼʘ (237) 

ʋʙʠʢʚʠʪʠʥʠʨʦʚʘʥʠ

ʝ ʙʝʣʢʦʚ 

ʋʙʠʢʚʠʪʠʥ ʅʝʪ ʜʘʥʥʳʭ ɼʘ (238) 

TRIM32 ʅʝʪ ʜʘʥʥʳʭ ʅʝʠʟʚʝʩʪʥʦ (232) 

CHIP ʅʝʪ ʜʘʥʥʳʭ ʅʝʪ (239) 

UbcH6 ʉ-ʢʦʥʝʮ ʅʝʪ (240) 

ʋʙʠʢʚʠʪʠʥʠʨʦʚʘʥʠʝ, 

ʤʦʜʫʣʷʮʠʷ 

ʘʢʪʠʚʥʦʩʪʠ 

ʰʘʧʝʨʦʥʦʚ 

STUB1/CH

IP 

ʅʝʪ ʜʘʥʥʳʭ ʅʝʪ (241) 

ɼʝʛʨʘʜʘʮʠʷ ʩ 

ʧʦʤʦʱʴʶ ʋʇʉ, 

ʙʝʣʦʢ-ʤʠʰʝʥʴ ʜʣʷ 

ER 

A1UP/ 

UBQLN4 

SAR ʅʝʪ (242), (232) 

ɼʝʫʙʠʢʚʠʪʠʥʠʨʦʚʘ

ʥʠʝ 

USP54 ʅʝʪ ʜʘʥʥʳʭ ʅʝʠʟʚʝʩʪʥʦ (232) 

UPS7 C-ʢʦʥʝʮ ɼʘ (243) 

ʌʦʩʬʦʨʠʣʠʨʦʚʘʥʠʝ ʌʦʩʬʘʪ C-ʢʦʥʝʮ ɼʘ (244) 

 
Akt 

(ʇʨʦʪʝʠʥ 

ʢʠʥʘʟʘ ɺ) 

ʅʝʪ ʜʘʥʥʳʭ ʅʝʠʟʚʝʩʪʥʦ 

ʇʝʨʝʜʘʯʘ ʩʠʛʥʘʣʦʚ CRK ʅʝʪ ʜʘʥʥʳʭ ʅʝʠʟʚʝʩʪʥʦ (232) 

TBC1D5 ʅʝʪ ʜʘʥʥʳʭ ʅʝʠʟʚʝʩʪʥʦ (232) 

TRAF2 ʅʝʪ ʜʘʥʥʳʭ ʅʝʠʟʚʝʩʪʥʦ (232) 
ɻʣʫʪʘʤʘʪʥʘʷ 

ʧʝʨʝʜʘʯʘ 

ï ï (245) 

Drd2-

ʧʝʨʝʜʘʯʘ 

ï ï (246) 
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Wnt-

ʧʝʨʝʜʘʯʘ 

ï ï 

ʀʌ ï ï 

YWHAE/Y

WHAZ 

C-ʢʦʥʝʮ ɼʘ (245) 

ʉʪʘʙʠʣʠʟʘʮʠʷ USP7 ʉ-ʢʦʥʝʮ ɼʘ (243) 

14-3-3 ʉ-ʢʦʥʝʮ ɼʘ (243) 

CFL1 ʅʝʪ ʜʘʥʥʳʭ ʅʝʠʟʚʝʩʪʥʦ (232) 

ʎʠʪʦʩʢʝʣʝʪ ITSELF SAR ʅʝʪ (232) 

ʅʝʠʟʚʝʩʪʥʦ ATXN2 ʅʝʪ ʜʘʥʥʳʭ ʅʝʠʟʚʝʩʪʥʦ (247) 

C1oRF94 ʅʝʪ ʜʘʥʥʳʭ ʅʝʠʟʚʝʩʪʥʦ (232) 

GAPDH N-ʢʦʥʝʮ ʅʝʪ (232) 

KIAA0174 ʅʝʪ ʜʘʥʥʳʭ ʅʝʠʟʚʝʩʪʥʦ (232) 

KLHL12 ʅʝʪ ʜʘʥʥʳʭ ʅʝʠʟʚʝʩʪʥʦ (232) 

PLEKHA5 ʅʝʪ ʜʘʥʥʳʭ ʅʝʠʟʚʝʩʪʥʦ (232) 

   (232) 

 

ʊʘʙʣʠʮʘ 5. ɹʝʣʢʠ, ʚʟʘʠʤʦʜʝʡʩʪʚʫʶʱʠʝ ʩ ʘʪʘʢʩʠʥʦʤ 1. ʇʨʠʚʝʜʝʥʳ ʠʭ 

ʥʘʟʚʘʥʠʷ, ʤʝʩʪʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʩ ʘʪʘʢʩʠʥʦʤ 1 ʠ ʚʣʠʷʥʠʝ ʥʘ ʥʠʭ ʫʜʣʠʥʸʥʥʦʡ 

ʧʦʣʠʛʣʫʪʘʤʠʥʦʚʦʡ ʮʝʧʦʯʢʠ. SAR ï ʩʘʤʦʦʨʛʘʥʠʟʫʶʱʘʷʩʷ ʦʙʣʘʩʪʴ 

 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʤʦʞʥʦ ʟʘʢʣʶʯʠʪʴ, ʯʪʦ ʥʘʠʙʦʣʝʝ ʚʘʞʥʳʝ ʬʫʥʢʮʠʦʥʘʣʴʥʳʝ 

ʟʦʥʳ ʧʦʣʠʛʣʫʪʘʤʠʥʦʚʳʭ ʙʝʣʢʦʚ ʥʝ ʪʦʣʴʢʦ ʙʳʣʠ ʚʳʜʝʣʝʥʳ ʚ ʦʪʜʝʣʴʥʳʝ 

ʜʦʤʝʥʳ, ʥʦ ʜʘʞʝ ʥʘʟʚʘʥʳ ʚ ʯʝʩʪʴ ʩʚʦʠʭ ʙʝʣʢʦʚ ʠʣʠ ʚʳʟʳʚʘʝʤʳʭ ʠʭ 

ʟʘʙʦʣʝʚʘʥʠʡ, ʢʘʢ ɸʍʅ (ɸʪʘʢʩʠʥ 1/HBP1) ʜʦʤʝʥ ʠ ɼʞʦʟʝʬʠʥʦʚʳʡ ʜʦʤʝʥ 

(208). ʆʜʥʘʢʦ ʬʫʥʢʮʠʠ ʠʭ ʨʘʟʣʠʯʥʳ. ʉʨʝʜʠ ʠʟʚʝʩʪʥʳʭ ʙʝʣʢʦʚ, 

ʦʙʲʝʜʠʥʷʶʱʠʭʩʷ ʩ ɸtxn1, ʙʦʣʝʝ 16 ʚʦʚʣʝʯʝʥʳ ʚ ʨʝʛʫʣʷʮʠʶ ʪʨʘʥʩʢʨʠʧʮʠʠ ʠ 

ʙʦʣʝʝ 9 ʚ ʧʨʦʮʝʩʩ ʦʙʲʝʜʠʥʝʥʠʷ ʈʅʂ ʠ ʝʛʦ ʤʝʪʘʙʦʣʠʟʤ. ʆʩʦʙʦʝ ʟʥʘʯʝʥʠʝ 

ʪʘʢʞʝ ʥʝʦʙʭʦʜʠʤʦ ʫʜʝʣʠʪʴ ʩʚʦʡʩʪʚʫ ʘʪʘʢʩʠʥʘ 1 ʦʙʲʝʜʠʥʷʪʴʩʷ ʩ ʙʝʣʢʘʤʠ, 

ʫʯʘʩʪʚʫʶʱʠʤʠ ʚ ʜʝʛʨʘʜʘʮʠʠ ʙʝʣʢʦʚ ʠ ʬʦʩʬʦʨʠʣʠʨʦʚʘʥʠʠ. 

 

1.2.4. ʉʪʨʦʝʥʠʝ ʠ ʬʫʥʢʮʠʷ ʧʦʣʠʛʣʫʪʘʤʠʥʦʚʦʡ ʮʝʧʦʯʢʠ 

ʋ ʜʨʫʛʠʭ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʝʡ ʧʦʣʠʛʣʫʪʘʤʠʥʦʚʳʭ ʙʝʣʢʦʚ ʥʝ ʙʳʣʦ ʚʳʷʚʣʝʥʦ 

ʷʨʢʦ ʚʳʨʘʞʝʥʥʦʡ ʬʫʥʢʮʠʠ, ʟʘ ʠʩʢʣʶʯʝʥʠʝʤ ʧʦʣʠʛʣʫʪʘʤʠʥʦʚʦʡ ʮʝʧʦʯʢʠ, 

ʢʦʪʦʨʘʷ ʧʨʠʩʫʪʩʪʚʫʝʪ ʚʦ ʚʩʝʭ ʵʪʠʭ ʙʝʣʢʘʭ. ʌʫʥʢʮʠʷ ʧʦʣʠʛʣʫʪʘʤʠʥʦʚʦʡ 
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ʮʝʧʦʯʢʠ ʠʟʫʯʝʥʘ ʜʦʩʪʘʪʦʯʥʦ ʧʦʜʨʦʙʥʦ ʚ ʦʪʥʦʰʝʥʠʠ ʯʨʝʟʤʝʨʥʦʛʦ ʝʸ 

ʫʜʣʠʥʝʥʠʷ, ʪʦʛʜʘ ʢʘʢ ʬʠʟʠʦʣʦʛʠʯʝʩʢʘʷ ʬʫʥʢʮʠʷ ʵʪʦʡ ʮʝʧʦʯʢʠ ʥʦʨʤʘʣʴʥʦʡ 

ʜʣʠʥʥʳ ʠʟʫʯʝʥʘ ʩʣʘʙʦ. ʂʘʢ ʠ ʜʨʫʛʠʝ ʥʠʟʢʦ ʜʠʬʬʝʨʝʥʮʠʨʦʚʘʥʥʳʝ ʫʯʘʩʪʢʠ 

ʙʝʣʢʦʚ, ʧʦʣʠʛʣʫʪʘʤʠʥʦʚʘʷ ʮʝʧʦʯʢʘ ʦʙʨʘʟʫʝʪ ʛʠʙʢʫʶ ʧʨʦʢʣʘʜʢʫ ʤʝʞʜʫ 

ʙʝʣʢʦʚʳʤʠ ʜʦʤʝʥʘʤʠ, ʯʪʦ ʧʦʤʦʛʘʝʪ ʧʦʩʣʝʜʥʠʤ ʚʟʘʠʤʦʜʝʡʩʪʚʦʚʘʪʴ ʩ ʜʨʫʛʠʤʠ 

ʤʦʣʝʢʫʣʘʤʠ ʠ ʚʳʧʦʣʥʷʪʴ ʠʭ ʬʫʥʢʮʠʠ (248); (249); (250). ʉ ʵʪʠʤ ʬʝʥʦʤʝʥʦʤ 

ʩʚʷʟʘʥʘ ʝʱʸ ʦʜʥʘ ʥʦʨʤʘʣʴʥʘʷ ʬʫʥʢʮʠʷ ʧʦʣʠʛʣʫʪʘʤʠʥʦʚʦʡ ʮʝʧʦʯʢʠ ʚ ʙʝʣʢʘʭ ï 

ʵʪʦ ʩʪʘʙʠʣʠʟʘʮʠʷ ʙʝʣʦʢ-ʙʝʣʢʦʚʦʛʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ (251). ʀʟ ʩʧʝʮʠʬʠʯʝʩʢʠʭ 

ʬʫʥʢʮʠʡ, ʚ ʯʘʩʪʥʦʩʪʠ ʫ ʘʪʘʢʩʠʥʦʚ 1 ʠ 3 ʜʠʢʦʛʦ ʪʠʧʘ, ʤʦʞʥʦ ʦʪʤʝʪʠʪʴ, ʯʪʦ 

ʥʦʨʤʘʣʴʥʘʷ ʧʘʪʦʣʦʛʠʯʝʩʢʠ ʥʝ ʫʜʣʠʥʸʥʥʘʷ ʧʦʣʠʛʣʫʪʘʤʠʥʦʚʘʷ ʮʝʧʦʯʢʘ ʠʛʨʘʝʪ 

ʚʘʞʥʫʶ ʨʦʣʴ ʚ ʥʦʨʤʘʣʴʥʦʡ ʢʦʥʬʦʨʤʘʮʠʠ ʵʪʠʭ ʙʝʣʢʦʚ ʠ ʥʦʨʤʘʣʴʥʦʤ ʠʭ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʠ ʩ ʜʨʫʛʠʤʠ ʙʝʣʢʘʤʠ ʢʣʝʪʢʠ, ʘ ʪʘʢʞʝ ʥʦʨʤʘʣʴʥʦʤ ʢʣʠʨʝʥʩʝ ʩ 

ʧʦʤʦʱʴʶ ʫʙʠʢʚʠʪʠʥ-ʧʨʦʪʝʘʩʦʤʥʦʡ ʩʠʩʪʝʤʳ. 

 

 

 

ʈʠʩʫʥʦʢ 2. ɼʚʫʤʝʨʥʦʝ ʩʪʨʦʝʥʠʝ ʧʦʣʠʛʣʫʪʘʤʠʥʦʚʳʭ ʙʝʣʢʦʚ, ʚʳʟʳʚʘʶʱʠʭ 

ʉʎɸ. ɺʚʝʨʭʫ ʧʦʢʘʟʘʥʘ ʤʝʨʥʘʷ ʰʢʘʣʘ, ʦʙʦʟʥʘʯʘʶʱʘ̫  ʢʦʣʠʯʝʩʪʚʦ 

ʘʤʠʥʦʢʠʩʣʦʪ. 

 

1.2.5. ʇʦʩʪʪʨʘʥʩʣʷʮʠʦʥʥʳʝ ʠʟʤʝʥʝʥʠʷ ʫʜʣʠʥʸʥʥʳʭ ʧʦʣʠʛʣʫʪʘʤʠʥʦʚʳʭ 

ʙʝʣʢʦʚ: ʚʣʠʷʥʠʝ ʥʘ ʥʝʡʨʦʪʦʢʩʠʯʥʦʩʪʴ 
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ʅʘ ʟʘʚʝʨʰʘʶʱʝʤ ʵʪʘʧʝ ʙʠʦʩʠʥʪʝʟʘ ʧʦʣʠʛʣʫʪʘʤʠʥʦʚʳʝ ʙʝʣʢʠ, ʢʘʢ ʠ 

ʙʦʣʴʰʠʥʩʪʚʦ ʙʝʣʢʦʚ ʢʣʝʪʢʠ, ʧʦʜʚʝʨʛʘʶʪʩʷ ʧʦʩʪʪʨʘʥʩʣʷʮʠʦʥʥʳʤ 

ʠʟʤʝʥʝʥʠʷʤ. ʆʩʥʦʚʥʳʤʠ ʠʟʤʝʥʝʥʠʷʤʠ ʜʣʷ ʨʘʩʩʤʘʪʨʠʚʘʝʤʳʭ ʙʝʣʢʦʚ 

ʷʚʣʷʶʪʩʷ ʬʦʩʬʦʨʠʣʠʨʦʚʘʥʠʝ, ʘʮʝʪʠʣʠʨʦʚʘʥʠʝ, ʫʙʠʢʚʠʪʠʨʦʚʘʥʠʝ, 

ʩʫʤʦʠʣʠʨʦʚʘʥʠʝ, ʪʨʘʥʩʛʣʫʪʘʤʠʥʠʨʦʚʘʥʠʝ ʠ ʧʨʦʪʝʦʣʠʪʠʯʝʩʢʦʝ ʨʘʩʱʝʧʣʝʥʠʝ. 

ʌʦʩʬʦʨʠʣʠʨʦʚʘʥʠʝ ï ʵʪʦ ʧʦʩʪʪʨʘʥʩʢʨʠʧʮʠʦʥʥʦʝ ʠʟʤʝʥʝʥʠʝ, ʢʦʪʦʨʦʝ, 

ʨʝʛʫʣʠʨʫʝʪ ʨʘʩʧʦʣʦʞʝʥʠʝ, ʠʟʤʝʥʝʥʠʝ ʢʦʥʬʦʨʤʘʮʠʦʥʥʦʡ ʩʪʨʫʢʪʫʨʳ ʠ 

ʬʫʥʢʮʠʶ ʙʝʣʢʦʚ. ɼʘʥʥʦʝ ʧʦʩʪʪʨʘʥʩʣʷʮʠʦʥʥʦʝ ʠʟʤʝʥʝʥʠʝ ʜʦʩʪʠʛʘʝʪʩʷ ʩ 

ʧʦʤʦʱʴʶ ʢʠʥʘʟ, ʘ ʧʦʣʠʛʣʫʪʘʤʠʥʦʚʳʝ ʙʝʣʢʠ ï ʵʪʦ ʠʟʚʝʩʪʥʳʝ ʠʭ ʩʫʙʩʪʨʘʪʳ. 

ʊʘʢ, ʧʦʣʠʛʣʫʪʘʤʠʥʦʚʳʡ ʘʪʘʢʩʠʥ 3 ï ʵʪʦ ʩʫʙʩʪʨʘʪ ʢʘʟʝʠʥ ʢʠʥʘʟʳ 2 (252) ʠ 

ʛʣʠʢʦʛʝʥ ʩʠʥʪʝʪʘʟ ʢʠʥʘʟʳ 3b (253). ʇʦʣʠʛʣʫʪʘʤʠʥʦʚʳʡ ʘʪʘʢʩʠʥ 3 

ʬʦʩʬʦʨʠʣʠʨʫʝʪʩʷ ʩ ʧʦʤʦʱʴʶ ʛʣʠʢʦʛʝʥʩʠʥʪʝʪʘʟ ʢʠʥʘʟʳ 3b ʥʘ ʩʝʨʠʥʝ 256. 

ɿʘʤʝʥʘ ʵʪʦʛʦ ʩʝʨʠʥʘ ʥʘ ʘʣʘʥʠʥ ʫʚʝʣʠʯʠʚʘʝʪ ʧʦʣʠʤʝʨʠʟʘʮʠʶ ʘʪʘʢʩʠʥʘ 3, ʯʪʦ 

ʥʘʚʦʜʠʪ ʥʘ ʤʳʩʣʴ ʦ ʨʦʣʠ ʬʦʩʬʦʨʠʣʠʨʦʚʘʥʠʷ ʚ ʦʙʨʘʟʦʚʘʥʠʠ ʘʛʨʝʛʘʪʦʚ 

ʘʪʘʢʩʠʥʘ 3. ʅʘ ʤʦʜʝʣʷʭ ʜʨʦʟʦʬʠʣ ʩʦ ʉʎɸ 1 ʙʳʣʦ ʧʦʢʘʟʘʥʦ, ʯʪʦ 

ʘʢʪʠʚʠʨʦʚʘʥʠʝ ʬʦʩʬʘʪʠʜʠʣ-ʠʥʦʟʠʪʦʣ 3-ʢʠʥʘʟʥʦʛʦ/Akt ʧʫʪʠ ʤʦʞʝʪ ʫʩʫʛʫʙʠʪʴ 

ʜʝʛʝʥʝʨʘʮʠʶ ʩʪʨʫʢʪʫʨ ʛʣʘʟʘ, ʩʚʷʟʘʥʥʫʶ ʩ ʵʢʩʧʨʝʩʩʠʝʡ ʤʫʪʘʥʪʥʦʛʦ ʘʪʘʢʩʠʥʘ    

1. ɼʣʷ ʘʪʘʢʩʠʥʘ 1 ʬʦʩʬʦʨʠʣʠʨʦʚʘʥʠʝ ʩʝʨʠʥʘ 776 ʠʛʨʘʝʪ ʥʘʠʚʘʞʥʝʡʰʫʶ ʨʦʣʴ 

ʚ ʦʙʲʝʜʠʥʝʥʠʠ ʩ ʙʝʣʢʘʤʠ-ʤʦʜʫʣʷʪʦʨʘʤʠ ʪʨʘʥʩʢʨʠʧʮʠʠ, ʪʘʢʠʤʠ ʢʘʢ CIC (254) 

RBM17 (RNA-binding motif protein 17 ï ʙʝʣʦʢ 17, ʦʙʲʝʜʠʥʷʶʱʠʡʩʷ ʩ ʈʅʂ-

ʩʚʷʟʳʚʘʶʱʠʤ ʤʦʪʠʚʦʤ) ʠ 13-3-3 (190). ʆʜʥʘʢʦ ʙʳʣʠ ʧʦʢʘʟʘʥʳ ʠ ʥʝʛʘʪʠʚʥʳʝ 

ʵʬʬʝʢʪʳ ʧʨʠ ʬʦʩʬʦʨʠʣʠʨʦʚʘʥʠʠ ʘʪʘʢʩʠʥʘ 1 ʥʘ ʩʝʨʠʥʝ 776. ʊʘʢ, ʟʘʤʝʥʘ 

ʩʝʨʠʥʘ 776 ʥʘ ʘʣʘʥʠʥ ʥʘ ʥʝʬʦʩʬʦʨʠʣʠʨʫʝʤʫʶ ʘʤʠʥʦʢʠʩʣʦʪʫ ʫʤʝʥʴʰʘʝʪ 

ʥʘʢʦʧʣʝʥʠʝ ʙʝʣʢʘ ʚʦ ʚʥʫʪʨʠʢʣʝʪʦʯʥʳʭ ʚʢʣʶʯʝʥʠʷʭ ʠ ʫʤʝʥʴʰʘʝʪ ʪʦʢʩʠʯʝʩʢʠʝ 

ʩʚʦʡʩʪʚʘ ʫʜʣʠʥʸʥʥʦʛʦ ʧʦʣʠʛʣʫʪʘʤʠʥʦʚʦʛʦ ʙʝʣʢʘ (255). ʊʘʢʠʤ ʦʙʨʘʟʦʤ, 

ʬʦʩʬʦʨʠʣʠʨʦʚʘʥʠʝ ʫʩʠʣʠʚʘʝʪ ʪʦʢʩʠʯʝʩʢʠʝ ʵʬʬʝʢʪ r ʘʪʘʢʩʠʥʘ 1 ʩ 

ʨʘʩʰʠʨʝʥʥʦʡ ʧʦʣʠʛʣʫʪʘʤʠʥʦʚʦʡ ʮʝʧʦʯʢʦʡ (255). 
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1.2.6. ʊʝʦʨʠʷ ʧʦʪʝʨʠ ʬʫʥʢʮʠʠ ʧʨʠ ʵʢʩʧʨʝʩʩʠʠ ʤʫʪʘʥʪʥʳʭ 

ʧʦʣʠʛʣʫʪʘʤʠʥʦʚʳʭ ʙʝʣʢʦʚ 

ʀʜʝʷ ʪʦʛʦ, ʯʪʦ ʤʫʪʘʥʪʥʳʝ ʧʦʣʠʛʣʫʪʘʤʠʥʦʚʳʝ ʙʝʣʢʠ ʠʤʝʶʪ ʯʘʩʪʠʯʥʫʶ 

ʧʦʪʝʨʶ ʬʫʥʢʮʠʡ, ʜʦʩʪʘʪʦʯʥʦ ʤʦʣʦʜʘ. ʅʘ ʜʘʥʥʳʡ ʤʦʤʝʥʪ ʧʦʜʘʚʣʷʶʱʝʝ 

ʙʦʣʴʰʠʥʩʪʚʦ ʠʩʩʣʝʜʦʚʘʥʠʡ ʥʘʧʨʘʚʣʝʥʳ ʥʘ ʚʳʷʚʣʝʥʠʝ ʠ ʠʟʫʯʝʥʠʝ 

ʧʨʠʦʙʨʝʪʸʥʥʳʭ ʪʦʢʩʠʯʝʩʢʠʭ ʬʫʥʢʮʠʡ ʵʪʠʭ ʙʝʣʢʦʚ. ʆʜʥʘʢʦ ʚ ʦʪʥʦʰʝʥʠʠ 

ʉʎɸ1 ʙʳʣ ʩʜʝʣʘʥ ʧʨʦʨʳʚ ʚ ʧʦʥʠʤʘʥʠʠ ʨʦʣʠ ʯʘʩʪʠʯʥʦʡ ʧʦʪʝʨʠ ʬʫʥʢʮʠʡ 

ʘʪʘʢʩʠʥʘ 1 ʚ ʧʘʪʦʛʝʥʝʟʝ ʵʪʦʛʦ ʟʘʙʦʣʝʚʘʥʠʷ. ɹʳʣʦ ʧʦʢʘʟʘʥʦ, ʯʪʦ ʫʜʘʣʝʥʠʝ 

ʢʦʧʠʠ Atxn1 ʜʠʢʦʛʦ ʪʠʧʘ ʚ ʤʦʜʝʣʠ ʥʦʢʠʥʥʳʭ ʉʎɸ1 ʤʳʰʝʡ (Atxn1
154Q/-
) ʚʝʜʸʪ 

ʢ ʫʩʠʣʝʥʠʶ ʬʝʥʦʪʠʧʦʚ ʉʎɸ1 (252). ɹʦʣʝʝ ʪʦʛʦ, ʬʝʥʦʪʠʧʳ ʠ ʥʝʡʨʦʧʘʪʦʣʦʛʠʷ 

ʫ Atxn1
154Q/+

 ʤʳʰʝʡ ʯʘʩʪʠʯʥʦ ʧʦʜʘʚʣʝʥʳ ʧʦʩʨʝʜʩʪʚʦʤ ʫʤʝʨʝʥʥʦʡ 

ʩʚʝʨʭʵʢʩʧʨʝʩʩʠʠ ʝʛʦ ʫʢʦʨʦʯʝʥʥʦʛʦ ʧʘʨʘʣʦʛʘ, Atxn1-L (209). ɸʪʘʢʩʠʥ 1-L 

ʠʤʝʝʪ ʙʦʣʴʰʦʝ ʩʭʦʜʩʪʚʦ ʩ ʘʪʘʢʩʠʥʦʤ 1, ʦʥ ʚʟʘʠʤʦʜʝʡʩʪʚʫʝʪ ʩʦ ʚʩʝʤʠ 

ʪʝʩʪʠʨʦʚʘʥʥʳʤʠ ʙʝʣʢʘʤʠ, ʦʙʲʝʜʠʥʷʶʱʠʤʠʩʷ ʩ ʘʪʘʢʩʠʥʦʤ 1, ʦʜʥʘʢʦ ʫ ʥʝʛʦ 

ʦʪʩʫʪʩʪʚʫʝʪ ʧʦʣʠʛʣʫʪʘʤʠʥʦʚʳʡ ʪʨʘʢʪ (209), (254). ɺʩʝ ʚʤʝʩʪʝ ʵʪʠ ʜʘʥʥʳʝ 

ʫʢʘʟʳʚʘʶʪ ʥʘ ʯʘʩʪʠʯʥʦʝ ʟʘʤʝʱʝʥʠʝ ʬʫʥʢʮʠʡ ʘʪʘʢʩʠʥʘ 1 ʘʪʘʢʩʠʥʦʤ1-L ʠ ʥʘ 

ʯʘʩʪʠʯʥʦʝ ʩʤʷʛʯʝʥʠʝ ʬʝʥʦʪʠʧʦʚ ʉʎɸ1. 

ʇʘʪʦʣʦʛʠʯʝʩʢʠʝ ʤʝʭʘʥʠʟʤʳ ʧʨʠ ʚʳʧʘʜʝʥʠʠ ʬʫʥʢʮʠʠ ʤʫʪʠʨʦʚʘʚʰʝʛʦ 

ʧʦʣʠʛʣʫʪʘʤʠʥʦʚʦʛʦ ʙʝʣʢʘ ʜʦʚʦʣʴʥʦ ʧʨʦʩʪʳʝ. ʆʪʩʫʪʩʪʚʠʝ ʙʝʣʢʘ ʚ ʢʦʨʨʝʢʪʥʦʡ 

ʢʦʥʬʦʨʤʘʮʠʠ ʚ ʩʣʫʯʘʝ ʧʦʣʠʛʣʫʪʘʤʠʥʦʚʳʭ ʙʝʣʢʦʚ-ʤʦʜʫʣʷʪʦʨʦʚ ʪʨʘʥʩʢʨʠʧʮʠʠ, 

ʚ ʧʝʨʚʫʶ ʦʯʝʨʝʜʴ, ʚʳʨʘʞʘʝʪʩʷ ʚ ʜʠʩʨʝʛʫʣʷʮʠʠ ʵʢʩʧʨʝʩʩʠʠ ʦʧʨʝʜʝʣʸʥʥʳʭ 

ʛʝʥʦʚ (ʈʠʩʫʥʦʢ 3). ʕʪʠ ʚʘʞʥʳʝ ʜʘʥʥʳʝ ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʠʟ ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʥʘ 

ʥʦʢʘʫʪʥʳʭ ʞʠʚʦʪʥʳʭ. ʆʜʥʘʢʦ ʩʪʝʧʝʥʴ ʚʳʨʘʞʝʥʥʦʩʪʠ ʩʠʤʧʪʦʤʦʚ ʟʘʙʦʣʝʚʘʥʠʷ 

ʟʘʚʠʩʠʪ ʦʪ ʚʳʢʣʶʯʝʥʠʷ ʵʢʩʧʨʝʩʩʠʠ ʢʦʥʢʨʝʪʥʦʛʦ ʧʦʣʠʛʣʫʪʘʤʠʥʦʚʦʛʦ ʙʝʣʢʘ. 

ʊʘʢ, ʚ ʦʪʩʫʪʩʪʚʠʠ ʘʪʘʢʩʠʥʘ 3 ʫ ʥʦʢʘʫʪʥʳʭ ʤʳʰʝʡ, ʥʝ ʧʨʦʠʩʭʦʜʠʣʦ 

ʧʦʜʘʚʣʝʥʠʝ ʨʘʙʦʪʳ ʪʨʘʥʩʢʨʠʧʮʠʦʥʥʦʛʦ ʬʘʢʪʦʨʘ DAF-16, ʯʪʦ ʧʨʦʷʚʣʷʣʦʩʴ, 

ʢʘʢ ʩʚʝʨʭʵʢʩʧʨʝʩʩʠ ̫ʥʝʢʦʪʦʨʳʭ ʛʝʥʦʚ, ʢʦʜʠʨʫʶʱʠʭ ʙʝʣʢʠ ʪʝʧʣʦʚʦʛʦ ʰʦʢʘ 

(255). ɼʦ 12 ʥʝʜʝʣʴ ʫ ʪʘʢʠʭ ʞʠʚʦʪʥʳʭ ʥʘʙʣʶʜʘʣʦʩʴ ʥʝʟʥʘʯʠʪʝʣʴʥʦʝ 

ʩʥʠʞʝʥʠʝ ʚʝʩʘ, ʥʦ ʥʝ ʙʳʣʦ ʚʳʷʚʣʝʥʦ ʘʪʨʦʬʠʠ ʩʪʨʫʢʪʫʨ ʎʅʉ ʠ ʘʪʘʢʩʠʠ. ɹʳʣʦ 
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ʟʘʤʝʯʝʥʦ ʣʠʰʴ ʙʝʩʧʦʢʦʡʩʪʚʦ ʞʠʚʦʪʥʳʭ ʧʨʠ ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʦʤ ʧʦʚʝʜʝʥʠʠ ʠ 

ʚʦ ʚʨʝʤʷ ʪʝʩʪʘ çʦʪʢʨʳʪʦʝ ʧʦʣʝè (258). ʊʘʢʞʝ ʦ ʥʝʟʥʘʯʠʪʝʣʴʥʳʭ ʧʦʩʣʝʜʩʪʚʠʷʭ 

ʧʨʠ ʧʦʪʝʨʝ ʬʫʥʢʮʠʠ ʘʪʨʦʬʠʥʘ 1 ʛʦʚʦʨʷʪ ʵʢʩʧʝʨʠʤʝʥʪʳ ʥʘ ʤʳʰʘʭ c 

ʤʫʪʘʥʪʥʳʤ ʘʪʨʦʬʠʥʦʤ 1 ʩ ʦʪʨʝʟʘʥʥʳʤ ʉ-ʢʦʥʮʦʤ (259). 

ɹʦʣʝʝ ʧʨʠʩʪʘʣʴʥʦʝ ʚʥʠʤʘʥʠʝ ʩʪʦʠʪ ʫʜʝʣʠʪʴ ʧʦʪʝʨʠ ʬʫʥʢʮʠʠ ʤʫʪʘʥʪʥʦʛʦ 

ʘʪʘʢʩʠʥʘ 1. ʇʨʠ ʩʨʘʚʥʝʥʠʠ ʘʪʘʢʩʠʥ 1 ʥʦʢʘʫʪʥʳʭ ʠ ʪʨʘʥʩʛʝʥʥʳʭ ʉʎɸ1 ʤʳʰʝʡ, 

ʙʳʣʦ ʧʦʢʘʟʘʥʦ, ʯʪʦ ʜʠʩʨʝʛʫʣʷʮʠʷ 28% ʦʪ ʚʩʝʭ ʠʩʩʣʝʜʦʚʘʥʥʳʭ ʛʝʥʦʚ ʧʨʠ 

ʉʎɸ1 ʚʳʟʚʘʥʦ ʧʦʪʝʨʝʡ ʬʫʥʢʮʠʡ ʘʪʘʢʩʠʥʘ 1, ʘ ʦʩʪʘʣʴʥʘʷ, ʯʘʩʪʴ, ʙʳʣʘ ʩʚʷʟʘʥʘ 

ʩ ʧʨʠʦʙʨʝʪʝʥʠʝʤ ʝʛʦ ʪʦʢʩʠʯʝʩʢʠʭ ʬʫʥʢʮʠʡ (256). ʉʨʝʜʠ ʧʦʯʪʠ ʜʚʫʭʩʦʪ ʵʪʠʭ 

ʛʝʥʦʚ ʝʩʪʴ ʦʯʝʥʴ ʚʘʞʥʳʝ, ʫʯʘʩʪʚʫʶʱʠʝ ʚ ʬʫʥʢʮʠʠ ʨʘʟʥʳʭ ʦʪʜʝʣʦʚ ʎʅʉ, 

ʨʝʛʫʣʷʮʠʠ ʧʦʚʝʜʝʥʠʷ ʞʠʚʦʪʥʳʭ, ʠʭ ʜʚʠʛʘʪʝʣʴʥʦʡ ʘʢʪʠʚʥʦʩʪʠ, ʨʘʟʚʠʪʠʠ 

ʥʝʨʚʥʳʭ ʢʣʝʪʦʢ ʠ ʩʠʥʘʧʪʠʯʝʩʢʦʡ ʧʣʘʩʪʠʯʥʦʩʪʠ (260). ʋ ʘʪʘʢʩʠʥ 1 ʥʦʢʘʫʪʥʳʭ 

ʤʳʰʝʡ ʠʤʝʝʪ ʤʝʩʪʦ ʥʘʨʫʰʝʥʠʝ ʬʫʥʢʮʠʠ ʛʠʧʧʦʢʘʤʧʘ (ʦʪʢʣʦʥʝʥʠʷ 

ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʦʛʦ ʧʦʚʝʜʝʥʠʷ ʚ ʥʦʚʦʡ ʦʙʩʪʘʥʦʚʢʝ, ʟʘʧʦʤʠʥʘʥʠʷ 

ʧʨʦʩʪʨʘʥʩʪʚʘ), ʢʨʘʪʢʦʚʨʝʤʝʥʥʦʡ ʩʠʥʘʧʪʠʯʝʩʢʦʡ ʧʣʘʩʪʠʯʥʦʩʪʠ, ʜʚʠʛʘʪʝʣʴʥʦʡ 

ʘʢʪʠʚʥʦʩʪʠ ʠ ʥʝʢʦʪʦʨʳʭ ʥʝʡʨʦʧʦʚʝʜʝʥʯʝʩʢʠʭ ʦʪʢʣʦʥʝʥʠʡ ʧʨʠ ʦʪʩʫʪʩʪʚʠʠ 

ʚʠʜʠʤʳʭ ʥʝʡʨʦʘʥʘʪʦʤʠʯʝʩʢʠʭ ʥʘʨʫʰʝʥʠʡ (260). 

ʇʨʝʜʳʜʫʱʠʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʦʢʘʟʘʣʠ, ʯʪʦ ʘʪʘʢʩʠʥ 1 ʚʟʘʠʤʦʜʝʡʩʪʚʫʝʪ ʠ 

ʬʫʥʢʮʠʦʥʘʣʴʥʦ ʩʠʥʝʨʛʠʯʝʥ ʩ ʮʠʥʢ-ʧʘʣʴʮʝʚʳʤ ʪʨʘʥʩʢʨʠʧʮʠʦʥʥʳʤ ʬʘʢʪʦʨʦʤ 

Sp1, ʢʦʪʦʨʳʡ ʫʯʘʩʪʚʫʝʪ ʚ ʨʝʛʫʣʷʮʠʠ ʵʢʩʧʨʝʩʩʠʠ ʜʦʧʘʤʠʥʦʚʦʛʦ ʨʝʮʝʧʪʦʨʘ D2 

(Drd2) (246). ʊʘʢ, ʫʨʦʚʝʥʴ ʵʢʩʧʨʝʩʩʠʠ ʜʦʧʘʤʠʥʦʚʦʛʦ ʨʝʮʝʧʪʦʨʘ D2 (Drd2) 

ʟʥʘʯʠʪʝʣʴʥʦ ʩʥʠʞʝʥ ʚ ʤʦʟʞʝʯʢʝ ʥʦʢʘʫʪʥʳʭ ʤʳʰʝʡ ʩ ʥʝʜʦʩʪʘʪʦʯʥʦʩʪʴʶ 

ʘʪʘʢʩʠʥʘ 1, ʠ ʫ ʤʦʣʦʜʳʭ ʧʷʪʠʥʝʜʝʣʴʥʳʭ ʉʎɸ1 ʪʨʘʥʩʛʝʥʥʳʭ ʤʳʰʝʡ, 

ʵʢʩʧʨʝʩʩʠʨʫʶʱʠʭ ʯʝʣʦʚʝʯʝʩʢʠʡ ʘʪʘʢʩʠʥ 1 ʩ ʫʜʣʠʥʸʥʥʦʡ ʧʦʣʠʛʣʫʪʘʤʠʥʦʚʦʡ 

ʮʝʧʦʯʢʦʡ ʚ ʂʇ ʤʦʟʞʝʯʢʘ (246). ʈʝʮʝʧʪʦʨʳ Drd2 ʚʣʠʷʶʪ ʥʘ ʨʘʙʦʪʫ ʠʦʥʥʳʭ 

ʢʘʥʘʣʦʚ, ʬʦʩʬʦʣʠʧʘʟ, ʪʠʨʦʟʠʥ ʢʠʥʘʟʥʳʭ ʨʝʮʝʧʪʦʨʦʚ, ʛʣʫʪʘʤʘʪʵʨʛʠʯʝʩʢʫʶ ʠ 

ɻɸʄʂ-ʵʨʛʠʯʝʩʢʫʶ ʥʝʡʨʦʧʝʨʝʜʘʯʫ ʠ ʩʪʠʤʫʣʠʨʫʶʪ ʄɸʈ ʢʠʥʘʟʥʳʝ ʧʫʪʠ 

ʧʝʨʝʜʘʯʠ ʩʠʛʥʘʣʦʚ (261). ʇʨʠʤʝʯʘʪʝʣʴʥʦ ʪʦ, ʯʪʦ ʧʦʜʘʚʣʝʥʠʝ ʬʫʥʢʮʠʠ Drd2 ʫ 

ʤʳʰʝʡ ʚʝʜʸʪ ʢ ʫʤʝʥʴʰʝʥʠʶ ʜʚʠʛʘʪʝʣʴʥʦʡ ʘʢʪʠʚʥʦʩʪʠ ʠ ʩʚʷʟʘʥʥʦʤʫ ʩ ʵʪʠʤ 
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ʥʝʚʨʦʣʦʛʠʯʝʩʢʦʤʫ ʜʝʬʠʮʠʪʫ, ʥʘʨʫʰʝʥʠʶ ʦʪʚʝʪʫ ʥʘ ʥʝʢʦʪʦʨʳʝ ʚʚʦʜʠʤʳʝ 

ʧʨʝʧʘʨʘʪʳ ʠ ʠʟʤʝʥʝʥʠʝ ʵʣʝʢʪʨʦʬʠʟʠʦʣʦʛʠʯʝʩʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʦʪ Drd2-

ʵʢʩʧʨʝʩʩʠʨʫʶʱʠʭ ʥʝʡʨʦʥʦʚ (246). ʕʪʠ ʥʘʙʣʶʜʝʥʠʷ ʧʨʦʣʠʚʘʶʪ ʩʚʝʪ ʥʘ ʨʦʣʴ 

Drd2-ʟʘʚʠʩʠʤʳʡ ʜʦʧʘʤʠʥʝʨʛʠʯʝʩʢʠʡ ʧʫʪʴ ʧʝʨʝʜʘʯʠ ʩʠʛʥʘʣʦʚ ʚ ʨʝʛʫʣʷʮʠʠ 

ʜʚʠʛʘʪʝʣʴʥʦʛʦ ʧʦʚʝʜʝʥʠʷ ʠ ʥʝʢʦʪʦʨʳʭ ʬʦʨʤ ʟʘʧʦʤʠʥʘʥʠʷ ʠ ʧʘʤʷʪʠ ʠ 

ʫʢʘʟʳʚʘʶʪ ʥʘ ʚʦʟʤʦʞʥʳʝ ʥʘʨʫʰʝʥʠʷ Drd2-ʟʘʚʠʩʠʤʳʭ ʬʫʥʢʮʠʡ, ʣʝʞʘʱʠʭ ʚ 

ʦʩʥʦʚʝ ʨʘʟʚʠʪʠʷ ʥʝʡʨʦʧʦʚʝʜʝʥʯʝʩʢʦʛʦ ʜʝʬʠʮʠʪʘ ʫ ʘʪʘʢʩʠʥ 1-ʥʦʢʘʫʪʥʳʭ 

ʤʳʰʝʡ ʠ ʨʘʥʥʝʛʦ ʜʚʠʛʘʪʝʣʴʥʦʛʦ ʜʝʬʠʮʠʪʘ ʧʨʠ ʉʎɸ1.  

ʄʠʢʨʦʤʘʪʨʠʯʥʳʡ ʘʥʘʣʠʟ ʧʦʢʘʟʘʣ, ʯʪʦ ʧʦʪʝʨʷ ʬʫʥʢʮʠʠ ʘʪʘʢʩʠʥʘ 1, 

ʧʨʠʚʦʜʠʪ ʢ ʥʘʨʫʰʝʥʠʶ ʨʝʛʫʣʷʮʠʠ ʵʢʩʧʨʝʩʩʠʠ ʛʝʥʦʚ, ʩʚʷʟʘʥʥʳʭ ʩ 

ʠʥʠʮʠʘʮʠʝʡ ʪʨʘʥʩʣʷʮʠʠ, ʧʫʪʷʤʠ ʧʝʨʝʜʘʯʠ ʩʠʛʥʘʣʦʚ ʦʪ Wnt-ʨʝʮʝʧʪʦʨʦʚ, ʠ 

ʛʦʨʤʦʥʦʚ ʱʠʪʦʚʠʜʥʦʡ ʞʝʣʝʟʳ, ʦʙʲʝʜʠʥʝʥʠʝʤ ʥʫʢʣʝʠʥʦʚʳʭ ʢʠʩʣʦʪ ʠ 

ʢʘʩʢʘʜʘʤʠ ʚʥʫʪʨʠʢʣʝʪʦʯʥʳʭ ʩʠʛʥʘʣʦʚ (262). Wnt ʧʫʪʴ ʧʝʨʝʜʘʯʠ ʩʠʛʥʘʣʦʚ 

ʧʝʨʝʩʝʢʘʝʪʩʷ ʩ RA ʧʫʪʸʤ ʧʨʠ ʨʝʛʫʣʷʮʠʠ ʥʝʡʨʦʛʝʥʝʟʘ, ʜʠʬʬʝʨʝʥʮʠʨʦʚʢʠ ʠ 

ʩʧʝʮʠʘʣʠʟʘʮʠʠ ʥʝʡʨʦʥʦʚ (263). ʇʦʚʨʝʞʜʝʥʠʝ Wnt-ʨʝʮʝʧʪʦʨʥʦʛʦ ʠ RA ʧʫʪʝʡ 

ʫ ʘʪʘʢʩʠʥ 1-ʥʦʢʘʫʪʥʳʭ ʤʳʰʝʡ ʫʢʘʟʳʚʘʝʪ ʥʘ ʪʦ, ʯʪʦ ɸtxn1 ʤʦʞʝʪ 

ʨʝʛʫʣʠʨʦʚʘʪʴ ʛʝʥʝʪʠʯʝʩʢʠʝ ʧʨʦʛʨʘʤʤʳ, ʪʨʝʙʫʶʱʠʝʩʷ ʜʣʷ ʧʨʘʚʠʣʴʥʦʡ 

ʥʝʡʨʦʥʥʦʡ ʩʧʝʮʠʘʣʠʟʘʮʠʠ ʚʦ ʚʨʝʤʷ ʨʘʟʚʠʪʠʷ ʤʦʟʞʝʯʢʘ. ʆʜʥʘʢʦ ʜʘʥʥʳʝ 

ʧʨʝʜʧʦʣʦʞʝʥʠʷ ʚʭʦʜʷʪ ʚ ʧʨʦʪʠʚʦʨʝʯʠʝ ʩ ʚʳʰʝʦʧʠʩʘʥʥʳʤʠ ʨʝʟʫʣʴʪʘʪʘʤʠ, ʯʪʦ 

ʫ ʘʪʘʢʩʠʥ 1 ʥʦʢʘʫʪʥʳʭ ʤʳʰʝʡ ʦʪʩʫʪʩʪʚʫʶʪ ʚʠʜʠʤʳʝ ʥʝʡʨʦʘʥʘʪʦʤʠʯʩʢʠʝ 

ʥʘʨʫʰʝʥʠʷ (260). ʆʪʚʝʪ ʥʘ ʜʘʥʥʳʡ ʚʦʧʨʦʩ ʤʦʞʝʪ ʩʦʜʝʨʞʘʪʴʩʷ ʚ ʪʦʤ, ʯʪʦ ʚ 

ʧʘʪʦʣʦʛʠʠ ʉʎɸ1 ʥʝ ʚʩʪʨʝʯʘʝʪʩʷ ʧʦʣʥʦʝ ʚʳʢʣʶʯʝʥʠʝ ʬʫʥʢʮʠʠ ʘʪʘʢʩʠʥʘ 1, 

ʪʘʢʦʝ, ʢʘʢ ʵʪʦ ʧʦʢʘʟʳʚʘʶʪ ʤʦʜʝʣʴʥʳʝ ʥʦʢʘʫʪʥʳʝ ʉʎɸ1 ʦʨʛʘʥʠʟʤʳ, ʧʦʵʪʦʤʫ 

ʵʪʠ ʜʘʥʥʳʝ ʠʤʝʶʪ ʚʘʞʥʦʩʪʴ ʣʠʰʴ ʚ ʩʦʯʝʪʘʥʠʠ ʩ ʜʘʥʥʳʤʠ, ʧʦʣʫʯʝʥʥʳʤʠ ʥʘ 

ʤʳʰʘʭ, ʵʢʩʧʨʝʩʩʠʨʫʶʱʠʭ ʤʫʪʘʥʪʥʳʝ ʧʦʣʠʛʣʫʪʘʤʠʥʦʚʳʝ ʙʝʣʢʠ. 

 

1.2.7. ʊʝʦʨʠʷ ʧʨʠʦʙʨʝʪʝʥʠʷ ʪʦʢʩʠʯʝʩʢʠʭ ʬʫʥʢʮʠʡ ʧʨʠ ʵʢʩʧʨʝʩʩʠʠ 

ʤʫʪʘʥʪʥʳʭ ʙʝʣʢʦʚ 
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ɻʝʥʝʪʠʯʝʩʢʠʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʥʘ ʤʳʰʘʭ ʠ ʜʨʦʟʦʬʠʣʘʭ ʩʚʠʜʝʪʝʣʴʩʪʚʫʶʪ ʦ 

ʤʝʭʘʥʠʟʤʝ ʧʨʠʦʙʨʝʪʝʥʠʷ ʪʦʢʩʠʯʝʩʢʠʭ ʬʫʥʢʮʠʡ, ʪʘʢ ʢʘʢ ʤʳʰʠ ʩ 

ʥʝʜʦʩʪʘʪʦʯʥʦʩʪʴʶ ʘʪʘʢʩʠʥʘ 1 ʠ ʘʪʘʢʩʠʥʘ 3 ʥʝ ʠʤʝʶʪ ʘʪʘʢʩʠʠ ʠ ʧʘʪʦʣʦʛʠʠ ʂʇ 

ʤʦʟʞʝʯʢʘ (260); (264), ʢʘʢ ʙʳʣʦ ʫʢʘʟʘʥʦ ʚʳʰʝ, ʵʪʠ ʜʘʥʥʳʝ ʠʜʫʪ ʚʨʘʟʨʝʟ ʩ 

ʪʝʦʨʠʝʡ ʦ ʧʦʪʝʨʠ ʬʫʥʢʮʠʡ ʠʣʠ ʛʘʧʣʦʥʝʜʦʩʪʘʪʦʯʥʦʩʪʠ ʘʪʘʢʩʠʥʘ 1 ʠ ʘʪʘʢʩʠʥʘ 

3, ʷʚʣʷʶʱʠʝʩʷ ʦʜʥʠʤ ʠʟ ʧʘʪʦʛʝʥʝʪʠʯʝʩʢʠʭ ʤʝʭʘʥʠʟʤʦʚ ʧʨʠ ʉʎɸ1 ʠ ʉʎɸ3. 

ʕʢʩʧʝʨʠʤʝʥʪʳ ʥʘ ʣʠʥʠʷʭ ʪʨʘʥʩʛʝʥʥʳʭ ʤʳʰʝʡ, ʵʢʩʧʨʝʩʩʠʨʫʶʱʠʭ ʤʫʪʘʥʪʥʳʡ 

ʯʝʣʦʚʝʯʝʩʢʠʡ ʉʎɸ1 ʘʣʣʝʣʴ, ʧʦʢʘʟʘʣʠ, ʯʪʦ ʧʦʷʚʣʷʶʱʘʷʩʷ ʧʨʠ ʵʪʦʤ ʘʪʘʢʩʠʷ, ʚ 

ʯʠʩʪʦʤ ʚʠʜʝ, ʥʝ ʟʘʚʠʩʠʪ ʦʪ ʛʠʙʝʣʠ ʢʣʝʪʦʢ, ʥʦ ʟʘʚʠʩʠʪ ʦʪ ʜʠʩʬʫʥʢʮʠʠ 

ʥʝʡʨʦʥʦʚ ʠ ʤʦʨʬʦʣʦʛʠʯʝʩʢʠʭ ʧʦʚʨʝʞʜʝʥʠʡ, ʢʦʪʦʨʳʝ ʚʦʟʥʠʢʘʶʪ ʟʘʜʦʣʛʦ ʜʦ 

ʷʚʣʝʥʠʡ ʘʧʦʧʪʦʟʘ (265), (266). ɺ ʦʩʥʦʚʝ ʵʪʦʡ ʢʣʝʪʦʯʥʦʡ ʜʠʩʬʫʥʢʮʠʠ ʣʝʞʠʪ 

ʧʦʷʚʣʝʥʠʝ ʠ ʥʘʢʦʧʣʝʥʠʝ ʪʦʢʩʠʯʝʩʢʠʭ ʤʫʪʘʥʪʥʳʭ ʧʦʣʠʛʣʫʪʘʤʠʥʦʚʳʭ ʙʝʣʢʦʚ. 

ʄʫʪʘʥʪʥʳʝ, ʥʝʧʨʘʚʠʣʴʥʦ ʫʧʘʢʦʚʘʥʥʳʝ ʙʝʣʢʠ, ʩʧʦʩʦʙʥʳʝ ʢ ʦʙʨʘʟʦʚʘʥʠʶ 

ʘʛʨʝʛʘʪʦʚ, ʥʘʙʣʶʜʘʶʪʩʷ ʧʨʠ ʨʘʟʣʠʯʥʳʭ ʥʝʡʨʦʜʝʛʝʥʝʨʘʪʠʚʥʳʭ ʟʘʙʦʣʝʚʘʥʠʷʭ 

ʪʘʢʠʭ, ʢʘʢ ʙʦʣʝʟʥʴ ʇʘʨʢʠʥʩʦʥʘ, ʙʦʣʝʟʥʴ ɸʣʴʮʛʝʡʤʝʨʘ, ʙʦʢʦʚʦʡ 

ʘʤʠʦʪʥʦʬʠʯʝʩʢʠʡ ʩʢʣʝʨʦʟ ʠ ʧʦʣʠʛʣʫʪʘʤʠʥʦʚʝr ʟʘʙʦʣʝʚʘʥʠʷ (267); (268). 

ʆʜʥʘʢʦ ʤʝʭʘʥʠʟʤ ʧʦʷʚʣʝʥʠʷ ʘʛʨʝʛʘʪʦʚ ʧʨʠ ʧʦʣʠʛʣʫʪʘʤʠʥʦʚʳʭ ʟʘʙʦʣʝʚʘʥʠʷʭ 

ʠʤʝʝʪ ʩʚʦʠ ʦʩʦʙʝʥʥʦʩʪʠ. ʋʜʣʠʥʝʥʠʝ ʧʦʣʠʛʣʫʪʘʤʠʥʦʚʦʡ ʮʝʧʦʯʢʠ ʧʨʠʚʦʜʠʪ ʢ 

ʠʟʤʝʥʝʥʠʶ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʡ ʩʪʨʫʢʪʫʨʳ ʙʝʣʢʘ ʠ ʥʝʧʨʘʚʠʣʴʥʦʡ ʝʛʦ 

ʢʦʥʬʦʨʤʘʮʠʠ. ʇʨʠ ʥʝʧʨʘʚʠʣʴʥʦʡ ʞʝ ʢʦʥʬʦʨʤʘʮʠʠ, ʢʘʢ ʙʳʣʦ ʧʦʢʘʟʘʥʦ ʥʘ 

ʧʨʠʤʝʪʝ ʘʪʘʢʩʠʥʘ 1, ʧʨʦʠʩʭʦʜʠʪ ʚʳʧʷʯʠʚʘʥʠʝ ʛʠʜʨʦʬʦʙʥʳʭ ʦʩʪʘʪʢʦʚ, ʯʪʦ 

ʫʤʝʥʴʰʘʝʪ ʨʘʩʪʚʦʨʠʤʦʩʪʴ ʪʘʢʠʭ ʙʝʣʢʦʚ (260). ʊʘʢʞʝ, ʩʦʛʣʘʩʥʦ ʤʦʜʝʣʠ 

çʧʦʣʷʨʥʳʭ ʟʘʩʪʸʞʝʢè (çʤʦʣʥʠʡè), ʧʦʣʠʛʣʫʪʘʤʠʥʦʚrʝ ʮʝʧʦʯʢʠ ʦʙʨʘʟʫʶʪ 

ʫʜʣʠʥʸʥʥʳʝ ʧʨʦʪʠʚʦʧʦʣʦʞʥʳʝ ʧʦ ʥʘʧʨʘʚʣʝʥʠʶ ʙʝʪʘ-ʮʝʧʠ, ʫʜʝʨʞʠʚʘʶʱʠʝʩʷ 

ʚʤʝʩʪʝ ʙʣʘʛʦʜʘʨʷ ʚʦʜʦʨʦʜʥʳʤ ʩʚʷʟʷʤ ʤʝʞʜʫ ʦʩʥʦʚʥʦʡ ʠ ʧʦʙʦʯʥʦʡ ʮʝʧʷʤʠ 

ʘʤʠʜʦʚ, ʯʪʦ ʩʧʦʩʦʙʩʪʚʫʝʪ ʩʣʠʧʘʥʠʶ ʪʘʢʠʭ ʤʫʪʘʥʪʥʳʭ ʙʝʣʢʦʚ ʠ ʝʱʸ 

ʙʦʣʴʰʝʤʫ ʦʙʨʘʟʦʚʘʥʠʶ ʘʛʨʝʛʘʪʦʚ. ʕʪʠ ʤʝʭʘʥʠʟʤʳ ʭʦʨʦʰʦ ʠʟʫʯʝʥʳ in vitro, 

ʯʪʦ ʧʦʟʚʦʣʠʣʦ ʦʧʠʩʘʪʴ ʢʠʥʝʪʠʢʫ ʘʛʨʝʛʘʮʠʠ (269); (270). ʊʘʢ ʙʳʣʠ ʚʳʜʝʣʝʥʳ 

ʩʢʨʳʪʳʡ, ʨʘʩʪʷʥʫʪʳʡ ʚʦ ʚʨʝʤʝʥʠ, ʧʝʨʠʦʜ ʬʦʨʤʠʨʦʚʘʥʠʷ ʘʛʨʝʛʘʪʦʚ ʠ ʙʳʩʪʨʳʡ 
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ʧʝʨʠʦʜ ʧʨʠʩʦʝʜʠʥʝʥʠʷ ʤʦʥʦʤʝʨʦʚ ʧʦʣʠʛʣʫʪʘʤʠʥʘ ʢ ʨʘʩʪʫʱʠʤ ʘʛʛʨʝʛʘʪʘʤ 

(271); (272). 

ɼʣʠʪʝʣʴʥʦʝ ʚʨʝʤʷ ʚʝʜʫʪʩʷ ʜʠʩʢʫʩʩʠʠ, ʢʘʢʘʷ ʬʨʘʢʮʠʷ ʤʫʪʘʥʪʥʦʛʦ ʙʝʣʢʘ ʙʦʣʝʝ 

ʪʦʢʩʠʯʥʘ, ʨʘʩʪʚʦʨʠʤʘʷ ʠʣʠ ʥʝʨʘʩʪʚʦʨʠʤʘʷ. ʀʟʥʘʯʘʣʴʥʦ ʥʝʧʨʘʚʠʣʴʥʦ 

ʫʧʘʢʦʚʘʥʥʳʝ ʤʫʪʘʥʪʥʳʝ ʙʝʣʢʠ ʩʣʠʧʘʶʪʩʷ ʤʝʞʜʫ ʩʦʙʦʡ, ʦʙʨʘʟʫʷ ʜʠ- ʠ 

ʦʣʠʛʦʤʝʨʳ, ʢʦʪʦʨʳʝ ʦʙʣʘʜʘʶʪ ʪʦʢʩʠʯʝʩʢʠʤʠ ʩʚʦʡʩʪʚʘʤʠ. ʀ ʠʭ ʪʦʢʩʠʯʥʦʩʪʴ, 

ʚʝʨʦʷʪʥʝʝ ʚʩʝʛʦ, ʙʦʣʝʝ ʚʳʨʘʞʝʥʘ, ʯʝʤ ʚʠʜʠʤʳʭ ʘʛʨʝʛʘʪʦʚ, ʪʘʢ ʢʘʢ ʦʥʠ 

ʩʧʦʩʦʙʥʳ ʧʝʨʝʜʚʠʛʘʪʴʩʷ ʚ ʮʠʪʦʧʣʘʟʤʝ ʠ ʷʜʨʝ ʢʣʝʪʢʠ ʠ ʚʟʘʠʤʦʜʝʡʩʪʚʦʚʘʪʴ ʩ 

ʜʨʫʛʠʤʠ ʙʝʣʢʘʤʠ, ʪʘʢʠʤʠ ʢʘʢ ʙʣʠʟʢʦ ʨʦʜʩʪʚʝʥʥʳʝ ʙʝʣʢʠ ʠ ʙʝʣʢʠ-ʤʠʰʝʥʠ ʚ 

ʢʘʩʢʘʜʝ ʧʝʨʝʜʘʯʠ ʩʠʛʥʘʣʦʚ (273). ɹʳʣʦ, ʚ ʯʘʩʪʥʦʩʪʠ, ʜʦʢʘʟʘʥʦ, ʯʪʦ 

ʚʥʫʪʨʠʷʜʝʨʥʦʝ ʧʝʨʝʤʝʱʝʥʠʝ ʘʪʘʢʩʠʥʘ 1 ʙʦʣʝʝ ʢʨʠʪʠʯʥʦ ʜʣʷ ʢʣʝʪʦʯʥʦʡ 

ʛʠʙʝʣʠ, ʯʝʤ ʦʙʨʘʟʦʚʘʥʠʝ ʘʛʨʝʛʘʪʦʚ (205), (274); (275). ʌʝʥʦʤʝʥ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʩ ʙʝʣʢʘʤʠ-ʤʠʰʝʥʷʤʠ ʣʝʞʠʪ ʚ ʦʩʥʦʚʝ ʧʘʪʦʣʦʛʠʯʝʩʢʦʛʦ 

ʠʟʤʝʥʝʥʠʷ ʵʢʩʧʨʝʩʩʠʠ ʛʝʥʦʚ ʧʨʠ ʧʦʣʠʛʣʫʪʘʤʠʥʦʚʳʭ ʉʎɸ (ʩʤ. ʥʠʞʝ).
 

 ʋʩʠʣʝʥʠʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʧʦʣʠʛʣʫʪʘʤʠʥʦʚʳʭ ʙʝʣʢʦʚ ʩ ʙʝʣʢʘʤʠ-ʤʠʰʝʥʷʤʠ 

ʥʘʙʣʶʜʘʝʪʩʷ ʠ ʧʨʠ ʜʨʫʛʠʭ ʉʎɸ. ʊʘʢ, ʩʚʦʡʩʪʚʦ ʨʘʩʪʚʦʨʠʤʦʡ ʬʨʘʢʮʠʠ 

ʤʫʪʘʥʪʥʦʛʦ ʘʪʘʢʩʠʥʘ 3 ʚʟʘʠʤʦʜʝʡʩʪʚʦʚʘʪʴ ʩ ɽ3 ʫʙʠʢʚʠʪʠʥ-ʣʠʛʘʟʦʡ çʧʘʨʢʠʥè, 

ʠʛʨʘʶʱʝʡ ʨʦʣʴ ʚ ʧʘʪʦʛʝʥʝʟʝ ʇʘʨʢʠʥʩʦʥʠʟʤʘ, ʥʘʤʥʦʛʦ ʩʠʣʴʥʝʝ, ʯʝʤ ʫ 

ʘʪʘʢʩʠʥʘ 3 ʜʠʢʦʛʦ ʪʠʧʘ (276). ʆʜʥʘʢʦ ʚ ʙʦʣʴʰʠʥʩʪʚʝ ʩʣʫʯʘʝʚ, ʦʙʲʝʜʠʥʷʷʩʴ ʩ 

ʙʝʣʢʘʤʠ-ʤʠʰʝʥʷʤʠ, ʦʣʠʛʦʤʝʨʳ ʩʫʱʝʩʪʚʝʥʥʦ ʫʚʝʣʠʯʠʚʘʶʪ ʤʘʩʩʫ ʵʪʦʛʦ 

ʢʦʤʧʣʝʢʩʘ, ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʥʦʨʤʘʣʴʥʳʤ ʙʝʣʢʦʤ, ʯʪʦ ʚʝʜʸʪ ʢ ʟʥʘʯʠʪʝʣʴʥʦʤʫ 

ʟʘʤʝʜʣʝʥʠʶ ʪʘʢʠʭ ʙʠʦʣʦʛʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ, ʢʘʢ ʪʨʘʥʩʣʦʢʘʮʠʷ, ʘʢʪʠʚʘʮʠʷ 

ʩʫʙʩʪʨʘʪʦʚ ʠ ʪ.ʧ. (277). 

ʇʨʠ ʜʘʣʴʥʝʡʰʝʡ ʘʜʛʝʟʠʠ ʦʣʠʛʦʤʝʨʥʳʭ ʤʫʪʘʥʪʥʳʭ ʙʝʣʢʦʚ ʦʙʨʘʟʫʝʪʩʷ 

ʧʦʣʠʤʝʨʥʘʷ ʩʪʨʫʢʪʫʨʘ, ʢʦʪʦʨʘʷ ʥʝʩʧʦʩʦʙʥʘ ʢ ʧʝʨʝʤʝʱʝʥʠʶ ʚ ʮʠʪʦʧʣʘʟʤʝ ʠ 

ʥʝʨʘʩʪʚʦʨʠʤʘ. ʆʜʥʘʢʦ ʙʳʣʦ ʧʦʢʘʟʘʥʦ, ʯʪʦ ʘʛʨʝʛʘʪʳ ʠʤʤʫʥʦʧʦʣʦʞʠʪʝʣʴʥʳ ʠ 

ʢ ʚʳʰʝʫʧʦʤʷʥʫʪʳʤ ʙʣʠʟʢʦ ʨʦʜʩʪʚʝʥʥʳʤ ʙʝʣʢʘʤ, ʠ ʢ ʙʝʣʢʘʤ-ʤʠʰʝʥʷʤ, ʘ 

ʪʘʢʞʝ, ʢ ʤʦʣʝʢʫʣʘʤ ʬʠʙʨʠʥʘ, ʢʦʤʧʦʥʝʥʪʘʤ ʫʙʠʢʚʠʪʠʥ-ʧʨʦʪʝʘʩʦʤʥʦʡ 

ʩʠʩʪʝʤʳ, ʩʦʩʪʦʷʱʠʝ ʠʟ ʩʫʙʲʝʜʠʥʠʮ ʫʙʠʢʚʠʪʠʥʘ ʠ ʧʨʦʪʝʘʩʦʤ ʪ.ʜ. (278); (275). 
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ʉʦʚʦʢʫʧʥʦʩʪʴ ʵʪʠʭ ʥʝʨʘʩʪʚʦʨʠʤʳʭ ʩʪʨʫʢʪʫʨ, ʦʙʨʘʟʫʝʪ ʘʛʨʝʛʘʪʳ. ʆʙʨʘʟʦʚʘʥʠʝ 

ʘʛʨʝʛʘʪʦʚ ʧʨʝʜʩʪʘʚʣʷʝʪʩʷ, ʢʘʢ ʣʦʛʠʯʝʩʢʦʝ ʟʘʚʝʨʰʝʥʠʝ ʥʝʧʨʘʚʠʣʴʥʦʡ 

ʢʦʥʬʦʨʤʘʮʠʠ ʤʫʪʘʥʪʥʳʭ ʙʝʣʢʦʚ. ʅʘ ʤʦʜʝʣʷʭ ʢʣʝʪʦʢ ʠ ʞʠʚʦʪʥʳʭ ʙʳʣʦ 

ʧʦʢʘʟʘʥʦ, ʯʪʦ ʘʛʨʝʛʘʪʳ ʩʧʦʩʦʙʥʳ ʦʙʨʘʟʦʚʳʚʘʪʴʩʷ ʧʨʠ ʚʩʝʭ 

ʧʦʣʠʛʣʫʪʘʤʠʥʦʚʳʭ ʟʘʙʦʣʝʚʘʥʠʷʭ. 

 

1.2.8. ʅʘʨʫʰʝʥʠʝ ʛʝʥʝʪʠʯʝʩʢʠʭ ʤʝʭʘʥʠʟʤʦʚ ʧʨʠ ʧʨʠʦʙʨʝʪʝʥʠʠ 

ʤʫʪʘʥʪʥʳʤʠ ʧʦʣʠʛʣʫʪʘʤʠʥʦʚʳʤʠ ʙʝʣʢʘʤʠ ʪʦʢʩʠʯʝʩʢʠʭ ʬʫʥʢʮʠʡ. 

ʅʝʧʨʘʚʠʣʴʥʦ ʢʦʥʬʦʨʤʠʨʦʚʘʥʥʳʡ ʤʫʪʘʥʪʥʳʡ ʧʦʣʠʛʣʫʪʘʤʠʥʦʚʳʡ ʙʝʣʦʢ, ʢʘʢ 

ʵʪʦ ʙʳʣʦ ʧʦʢʘʟʘʥʦ ʥʘ ʘʪʘʢʩʠʥʝ 1, ʚ ʩʠʣʫ ʩʚʦʠʭ ʪʦʢʩʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ, ʪʘʢʞʝ 

ʤʦʞʝʪ ʚʳʟʳʚʘʪʴ ʠʟʤʝʥʝʥʠʝ ʵʢʩʧʨʝʩʩʠʠ ʛʝʥʦʚ, ʦʜʥʘʢʦ ʤʝʭʘʥʠʟʤ ʙʦʣʝʝ 

ʩʣʦʞʝʥ, ʯʝʤ ʧʨʠ ʧʨʦʩʪʦʡ ʥʝʜʦʩʪʘʪʦʯʥʦʩʪʠ ʝʛʦ ʚ ʦʨʛʘʥʠʟʤʝ (256) (ʈʠʩʫʥʦʢ 3). 

ʊʘʢ ʢʘʢ ʥʦʨʤʘʣʴʥʳʝ ʧʦʣʠʛʣʫʪʘʤʠʥʦʚʳʝ ʙʝʣʢʠ ʷʚʣʷʶʪʩʷ ʢʦʘʢʪʠʚʘʪʦʨʘʤʠ 

ʦʜʥʠʭ ʛʝʥʦʚ ʠ ʢʦʨʝʧʨʝʩʩʦʨʘʤʠ ʜʨʫʛʠʭ, ʪʦ ʥʘʨʫʰʝʥʠʝ ʪʨʘʥʩʢʨʠʧʮʠʠ ʧʨʠ ʉʎɸ 

ʩ ʜʠʥʘʤʠʯʝʩʢʠʤʠ ʤʫʪʘʮʠʷʤʠ ʤʦʞʝʪ ʧʨʦʪʝʢʘʪʴ ʚ ʥʘʧʨʘʚʣʝʥʠʠ ʧʦʜʘʚʣʝʥʠʷ ʠʣʠ 

ʘʢʪʠʚʘʮʠʠ, ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʪʦʯʢʠ ʧʨʠʣʦʞʝʥʠʷ ʢʦʥʢʨʝʪʥʦʛʦ ʤʫʪʘʥʪʥʦʛʦ 

ʙʝʣʢʘ. ʅʘʠʙʦʣʴʰʝʝ ʚʣʠʷʥʠʝ ʥʘ ʥʘʨʫʰʝʥʠʝ ʵʢʩʧʨʝʩʩʠʠ ʦʢʘʟʳʚʘʶʪ ʘʛʨʝʛʘʪʳ 

ʯʝʨʝʟ ʦʙʲʝʜʠʥʝʥʠʝ ʧʦʩʣʝʜʥʠʭ ʩ ʙʝʣʢʘʤʠïʤʠʰʝʥʷʤʠ. ɹʝʣʢʘʤʠ-ʤʠʰʝʥʷʤʠ, ʚ 

ʜʘʥʥʦʤ ʩʣʫʯʘʝ, ʷʚʣʷʶʪʩʷ ʣʠʙʦ ʩʘʤʠ ʪʨʘʥʩʢʨʠʧʮʠʦʥʥʳʝ ʬʘʢʪʦʨʳ, ʣʠʙʦ ʙʝʣʢʠ 

ʪʨʘʥʩʢʨʠʧʮʠʦʥʥʦʛʦ ʢʦʤʧʣʝʢʩʘ. ʅʘʠʙʦʣʝʝ ʯʘʩʪʦ ʧʘʪʦʣʦʛʠʯʝʩʢʠʝ ʧʨʦʮʝʩʩʳ 

ʧʨʠ ʧʦʣʠʛʣʫʪʘʤʠʥʦʚʳʭ ʉʎɸ ʧʨʦʪʝʢʘʶʪ ʚ ʥʘʧʨʘʚʣʝʥʠʠ ʧʦʜʘʚʣʝʥʠʷ 

ʵʢʩʧʨʝʩʩʠʠ ʛʝʥʦʚ. ʊʨʠ ʤʝʭʘʥʠʟʤʘ ʪʦʨʤʦʞʝʥʠʷ ʪʨʘʥʩʢʨʠʧʮʠʠ ʙʳʣʠ ʧʦʢʘʟʘʥʳ 

ʜʣʷ ʧʦʣʠʛʣʫʪʘʤʠʥʦʚʳʭ ʙʝʣʢʦʚ, ʚʢʣʶʯʘʷ ʩʝʢʚʝʩʪʨʘʮʠʶ ʘʢʪʠʚʘʪʦʨʦʚ/ 

ʢʦʘʢʪʠʚʘʪʦʨʦʚ ʪʨʘʥʩʢʨʠʧʮʠʠ ʧʦʩʨʝʜʩʪʚʦʤ ʚʢʣʶʯʝʥʠʡ ʧʦʣʠʛʣʫʪʘʤʠʥ-

ʩʦʜʝʨʞʘʱʠʭ ʙʝʣʢʦʚ (279); (280); (281); (282); (283), ʠʥʛʠʙʠʨʦʚʘʥʠʝ ʛʠʩʪʦʥʦʚ 

ʘʮʝʪʠʣ ʪʨʘʥʩʬʝʨʘʟʥʦʡ ʘʢʪʠʚʥʦʩʪʠ ʢʦʘʢʪʠʚʘʪʦʨʦʚ ʪʘʢʠʭ, ʢʘʢ CBP/p300 (284), 

ʠ ʧʨʷʤʫ  ʁʢʦʨʝʧʨʝʩʩʦʨʥʫ  ʁʘʢʪʠʚʥʦʩʪʴ (285); (286).  

ɺ ʤʦʟʞʝʯʢʝ ʥʘʠʙʦʣʝʝ ʯʘʩʪʦ ʥʘʙʣʶʜʘʝʪʩʷ ʧʘʪʦʣʦʛʠʯʝʩʢʦʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ 

ʤʫʪʘʥʪʥʳʭ ʧʦʣʠʛʣʫʪʘʤʠʥʦʚʳʭ ʙʝʣʢʦʚ ʩ ʜʨʫʛʠʤʠ ʙʝʣʢʘʤʠ, ʩʦʜʝʨʞʘʱʠʤʠ 



54 

 

ʢʦʨʦʪʢʠʝ ʧʦʣʠʛʣʫʪʘʤʠʥʦʚʳʝ ʮʝʧʦʯʢʠ, ʪʘʢʠʝ ʢʘʢ ʙʝʣʦʢ, ʦʙʲʝʜʠʥʷʶʱʠʡʩʷ ʩ 

ʪʨʘʥʩʢʨʠʧʮʠʦʥʥʳʤ ʘʢʪʠʚʘʪʦʨʦʤ CREB, ʠʣʠ CBP, ʢʘʢ ʵʪʦ ʙʳʣʦ ʧʦʢʘʟʘʥʦ ʥʘ 

ʤʦʜʝʣʭ̫ ʞʠʚʦʪʥʳʭ ʩ ɹɻ ʠ ɼʈʇʃɸ (282). ʊʘʢʞʝ ʙʳʣʦ ʧʦʢʘʟʘʥʦ ʪʦʢʩʠʯʝʩʢʦʝ 

ʠʟʤʝʥʝʥʠʝ ʩʘʤʦʛʦ ʪʨʘʥʩʢʨʠʧʮʠʦʥʥʦʛʦ ʢʦʘʢʪʠʚʘʪʦʨʘ CREB ʤʫʪʘʥʪʥʳʤʠ 

ʧʦʣʠʛʣʫʪʘʤʠʥʦʚʳʤʠ ʙʝʣʢʘʤʠ ʚ ʤʦʜʝʣʷʭ ʉɹʄɸ ʠ ʉʎɸ3 (281). ʇʨʠ ʉʎɸ7, ʚ 

ʩʝʪʯʘʪʢʝ ʛʣʘʟʘ ʘʪʘʢʩʠʥ 7 ʘʢʪʠʚʥʦ ʧʦʜʘʚʣʷʝʪ ʜʨʫʛʦʡ ʬʘʢʪʦʨ ʪʨʘʥʩʢʨʠʧʮʠʠ ï 

CRX, ʯʪʦ ʚʳʟʳʚʘʝʪ ʧʦʜʘʚʣʝʥʠʝ ʤʥʦʞʝʩʪʚʘ ʬʦʪʦʨʝʮʝʧʪʦʨ-ʩʧʝʮʠʬʠʯʝʩʢʠʭ 

ʛʝʥʦʚ (280). 

ʉʫʧʨʝʩʩʦʨʥʳʝ ʩʚʦʡʩʪʚʘ ʤʫʪʘʥʪʥʦʛʦ ʘʪʘʢʩʠʥʘ 1 ʪʘʢʞʝ ʷʨʢʦ ʚʳʨʘʞʝʥʳ, ʦʜʥʘʢʦ 

ʤʝʭʘʥʠʟʤ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʝʛʦ ʩ ʪʨʘʥʩʢʨʠʧʮʠʦʥʥʳʤ ʢʦʤʧʣʝʢʩʦʤ ʙʦʣʝʝ 

ʩʣʦʞʝʥ. ʕʪʦ ʥʝ ʪʦʣʴʢʦ ʧʨʠʦʙʨʝʪʝʥʠʝ ʥʦʚʳʭ ʩʫʧʨʝʩʩʦʨʥrʭ ʩʚʦʡʩʪʚ, ʥʦ ʠ 

ʫʩʠʣʝʥʠʝ ʠʣʠ ʦʩʣʘʙʣʝʥʠʝ ʬʠʟʠʦʣʦʛʠʯʝʩʢʦʡ ʩʫʧʨʝʩʩʠʠ. ʊʘʢ, ʨʘʩʪʚʦʨʠʤʘʷ 

ʬʨʘʢʮʠʷ ʫʜʣʠʥʸʥʥʦʛʦ ʘʪʘʢʩʠʥʘ 1 ʩʧʦʩʦʙʥʘ ʦʙʲʝʜʠʥʷʪʴʩʷ ʩ ʪʘʢʠʤʠ ʬʘʢʪʦʨʘʤʠ 

ʪʨʘʥʩʢʨʠʧʮʠʠ, ʢʘʢ PQBP-1 ʠ Brn-2 (287) ʠ, ʫʩʠʣʠʚʘʷ ʩʚʦʶ ʩʫʧʨʝʩʩʦʨʥʫʶ 

ʬʫʥʢʮʠʶ, ʯʨʝʟʤʝʨʥʦ ʧʦʜʘʚʣʷʪʴ ʵʢʩʧʨʝʩʩʠʶ ʦʜʥʠʭ ʛʝʥʦʚ ʠ ʩʧʦʩʦʙʩʪʚʦʚʘʪʴ 

ʧʨʦʛʨʝʩʩʠʠ ʉʎɸ1. ʉ ʜʨʫʛʦʡ ʩʪʦʨʦʥʳ, ʧʦʚʳʰʝʥʥʦʝ ʩʨʦʜʩʪʚʦ ʤʫʪʘʥʪʥʦʛʦ 

ʘʪʘʢʩʠʥʘ 1 ʢ ʥʝʢʦʪʦʨʳʤ ʙʝʣʢʘʤ ʪʨʘʥʩʢʨʠʧʮʠʦʥʥʦʛʦ ʢʦʤʧʣʝʢʩʘ, ʪʘʢʠʤ ʢʘʢ 

Rbm17, ʣʝʞʠʪ ʚ ʦʩʥʦʚʝ ʥʝʜʦʩʪʘʪʦʯʥʦʡ ʩʫʧʨʝʩʩʠʠ ʪʨʘʥʩʢʨʠʧʮʠʠ ʜʨʫʛʠʭ ʛʝʥʦʚ 

(ʈʠʩʫʥʦʢ 3) (256). 
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ʈʠʩʫʥʦʢ 3. ʊʠʧʳ ʪʨʘʥʩʢʨʠʧʮʠʦʥʥʳʭ ʥʘʨʫʰʝʥʠʡ ʧʨʠ ʉʎɸ1. ʆʙʲʝʜʠʥʝʥʠʝ 

ʧʨʦʤʦʪʦʨʘ ʛʝʥʘ-ʤʠʰʝʥʠ ʩ ʢʦʤʧʣʝʢʩʦʤ ʘʪʘʢʩʠʥ 1-ʬʘʢʪʦʨ ʪʨʘʥʩʢʨʠʧʮʠʠ, ʚ 

ʥʦʨʤʝ, ʧʨʠʚʦʜʠʪ ʢ ʟʘʧʫʩʢʫ ʪʨʘʥʩʢʨʠʧʮʠʠ ʛʝʥʘ-ʤʠʰʝʥʠ. ʋ ʉʎɸ1 ʙʦʣʴʥʳʭ ʠ 

ʤʦʜʝʣʴʥʳʭ ʦʨʛʘʥʠʟʤʦʚ ʤʫʪʘʥʪʥʳʡ ʘʪʘʢʩʠʥ 1 ʧʨʠʦʙʨʝʪʘʝʪ ʥʝʧʨʘʚʠʣʴʥʫʶ 

ʢʦʥʬʦʨʤʘʮʠʶ ʠ ʥʝ ʤʦʞʝʪ ʦʙʲʝʜʠʥʠʪʴʩʷ ʩ ʬʘʢʪʦʨʦʤ ʪʨʘʥʩʢʨʠʧʮʠʠ Sp1, ʯʪʦ 

ʚʝʜʸʪ ʢ ʪʦʨʤʦʞʝʥʠʶ ʵʢʩʧʨʝʩʩʠʠ ʛʝʥʘ-ʤʠʰʝʥʠ (246). ʇʨʠʦʙʨʝʪʝʥʠʝ 

ʪʦʢʩʠʯʝʩʢʠʭ ʬʫʥʢʮʠʡ ʘʪʘʢʩʠʥʘ 1 ʤʦʞʝʪ ʚʳʟʳʚʘʪʴ ʥʝʧʨʘʚʠʣʴʥʫ  ʁ

ʢʦʥʬʦʨʤʘʮʠ ʁʥʝ ʪʦʣʴʢʦ ʵʪʦʛʦ ʙʝʣʢʘ, ʥʦ ʠ ʝʛʦ ʩʫʙʩʪʨʘʪʦʚ ʪʘʢʠʭ, ʢʘʢ Tip60. 

ʅʝʧʨʘʚʠʣʴʥʘʷ ʢʦʥʬʦʨʤʘʮʠʷ ʧʦʩʣʝʜʥʝʛʦ ʧʨʝʧʷʪʩʪʚʫʝʪ ʝʛʦ ʦʙʲʝʜʠʥʝʥʠʶ ʩ 

ʬʘʢʪʦʨʦʤ ʪʨʘʥʩʢʨʠʧʮʠʠ RorŬ ʠ ʧʦʩʣʝʜʫʶʱʝʡ ʘʢʪʠʚʘʮʠʠ ʪʨʘʥʩʢʨʠʧʮʠʠ ʛʝʥʘ-

ʤʠʰʝʥʠ (288); (289). ɺ ʥʝʢʦʪʦʨʳʭ ʩʣʫʯʘʷʭ, ʤʫʪʘʥʪʥʳʡ ʘʪʘʢʩʠʥ 1 

ʧʦʪʝʥʮʠʘʣʴʥʦ ʩʧʦʩʦʙʝʥ ʚʟʘʠʤʦʜʝʡʩʪʚʦʚʘʪʴ ʩ ʬʘʢʪʦʨʘʤʠ ʪʨʘʥʩʢʨʠʧʮʠʠ, 

Tip60

ʉʆR ʉʘʡʪ ʦʙʲʝʜʠʥʝʥʠʷ ʩ RorŬ

RorŬ

Rbm17
ʨʘʟʥʳʝ ʙʝʣʢʠ, ʢ ʧʨʠʤʝʨʫ,

ʬʘʢʪʦʨ ʩʧʘʡʩʠʥʛʘ Rbm17

ʉʆʉ ʉʘʡʪ ʦʙʲʝʜʠʥʝʥʠʷ ʩ Cic

ʄʠʰʝʥɻɹʝʥ-ʤʠʰʝʥʴ

Cic

ʅʦʨʤʘʣʴʥʳʡ ɸʪʘʢʩʠʥ-1

ʄʫʪʘʥʪʥʳʡ ɸʪʘʢʩʠʥ-1

Sp1

Gʉ-box ʉʘʡʪ ʦʙʲʝʜʠʥʝʥʠʷ ʩ Sp1

ʧʨʦʤʦʪʝʨʳ ʛʝʥʦʚ-ʤʠʰʝʥʝʡ

ʬʘʢʪʦʨʳ ʪʨʘʥʩʢʨʠʧʮʠʠ

ʜʨʫʛʠʝ ʙʝʣʢʠ

ʅʦʨʤʘʣʴʥʳʡ ʦʨʛʘʥʠʟʤ

ɸʪʘʢʩʠʥ-1Q<39/Q<39

ʉʆʉ ʄʠʰʝʥʴ

ɹʦʣʴʥʦʡ ʉʎɸ1

ɸʪʘʢʩʠʥ-1QÓ39/Q<39

ʉʆʉ ʄʠʰʝʥʴ

Rbm17

Rbm17

ʂʦʥʢʫʨʝʥʪʥʦʝ ʟʘʤʝʱʝʥʠʝ

ʅʦʨʤʘʣʴʥʳʡ ʦʨʛʘʥʠʟʤ

ɸʪʘʢʩʠʥ-1Q<39/Q<39

ʉʆR

ɹʦʣʴʥʦʡ ʉʎɸ1

ɸʪʘʢʩʠʥ-1QÓ39/Q<39

ʉʆR ʄʠʰʝʥʴʄʠʰʝʥʴ

X

ɼʝʛʨʘʜʘʮʠʷ

RorŬ

ʊʦʢʩʠʯʝʩʢʦʝ ʠʟʤʝʥʝʥʠʝ ʩʫʙʩʪʨʘʪʘ

ʅʦʨʤʘʣʴʥʳʡ ʦʨʛʘʥʠʟʤ

ɸʪʘʢʩʠʥ-1Q<39/Q<39

Gʉ-box

ɹʦʣʴʥʦʡ ʉʎɸ1

ɸʪʘʢʩʠʥ-1QÓ39/Q<39

Gʉ-box ʄʠʰʝʥʴʄʠʰʝʥʴ

X

ʇʦʪʝʨʷ ʬʫʥʢʮʠʠ

ʇʨʠʦʙʨʝʪʝʥʠʝ ʪʦʢʩʠʯʝʩʢʦʡ ʬʫʥʢʮʠʠ 
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ʪʘʢʠʤʠ ʢʘʢ Cic, ʥʦ ʦʥ ʘʩʩʦʮʠʠʨʦʚʘʥ, ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ, ʩ ʜʨʫʛʠʤʠ ʙʝʣʢʦʚʳʤʠ 

ʢʦʤʧʣʝʢʩʘʤʠ, ʪʘʢʠʤʠ ʢʘʢ Rbm17, ʪʦʛʜʘ ʢʘʢ ʫʤʝʥʴʰʝʥʠʝ ʘʪʘʢʩʠʥ 1-Cic 

ʢʦʤʧʣʝʢʩʦʚ ʜʝʩʪʘʙʠʣʠʟʠʨʫʝʪ Cic ʠ ʫʤʝʥʴʰʘʝʪ ʫʨʦʚʝʥʴ ʧʦʩʣʝʜʥʝʛʦ ʥʘ 

ʧʨʦʤʦʪʦʨʘʭ, ʯʪʦ ʧʨʠʚʦʜʠʪ ʢ ʫʤʝʥʴʰʝʥʠʶ ʨʝʧʨʝʩʩʠʠ ʛʝʥʦʚ-ʤʠʰʝʥʝʡ 

(ʇʝʨʝʨʘʙʦʪʘʥʦ ʦʪ (256)). 

 

ʆʜʥʘʢʦ ʠʤʝʝʪ ʤʝʩʪʦ ʠ ʧʦʜʘʚʣʝʥʠʝ ʘʢʪʠʚʘʮʠʠ ʛʝʥʦʚ ʧʦ ʪʝʤ ʞʝ ʤʝʭʘʥʠʟʤʘʤ, 

ʯʪʦ ʠ ʧʨʠ ʉʎɸ3, ʉʎɸ7, ɹɻ ʠ ʉɹʄɸ (ʩʤ. ʚʳʰʝ). ʂ ʧʨʠʤʝʨʫ, ʪʦʢʩʠʯʝʩʢʦʝ 

ʚʣʠʷʥʠʝ ʤʫʪʘʥʪʥʦʛʦ ʘʪʘʢʩʠʥʘ 1 ʥʘ ʙʝʣʦʢ ʪʨʘʥʩʢʨʠʧʮʠʦʥʥʦʛʦ ʢʦʤʧʣʝʢʩʘ 

Tip60, ʧʨʠʚʦʜʠʪ ʢ ʠʟʤʝʥʝʥʠʶ ʢʦʥʬʦʨʤʘʮʠʠ ʧʦʩʣʝʜʥʝʛʦ ʠ ʦʪʩʫʪʩʪʚʠʶ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʩ ʬʘʢʪʦʨʦʤ ʪʨʘʥʩʢʨʠʧʮʠʠ RORŬ ʠ ʧʦʜʘʚʣʝʥʠʶ ʵʢʩʧʨʝʩʩʠʠ 

ʛʝʥʦʚ. ʊʘʢ, ʙʳʣʦ ʚʳʷʚʣʝʥʦ, ʚ ʦʙʱʝʡ ʩʣʦʞʥʦʩʪʠ, ʦʢʦʣʦ ʪʨʸʭʩʦʪ ʛʝʥʦʚ ʩ 

ʥʘʨʫʰʝʥʥʦʡ ʵʢʩʧʨʝʩʩʠʝʡ ʫ ʉʎɸ1 ʤʦʜʝʣʴʥʳʭ ʤʳʰʝʡ. ʀʟ ʥʠʭ ʩʣʝʜʫʝʪ 

ʦʪʤʝʪʠʪʴ ʥʘʠʙʦʣʝʝ ʚʘʞʥʳʝ ʛʝʥʳ, ʢʦʜʠʨʫʶʱʠʝ mGluR1, ʢʘʣʴʙʠʥʜʠʥ, ʠ ʜʨʫʛʠʝ, 

ʵʢʩʧʨʝʩʩʠʨʫʶʱʠʝʩʷ ʧʨʠ ʘʢʪʠʚʘʮʠʠ ʬʘʢʪʦʨʘ ʪʨʘʥʩʢʠʧʮʠʠ RORŬ. ʋʩʧʝʰʥʦʝ 

ʦʙʲʝʜʠʥʝʥʠʝ ʥʦʨʤʘʣʴʥʦʛʦ ʘʪʘʢʩʠʥʘ 1 ʩ ʪʘʢʠʤʠ ʪʨʘʥʩʢʨʠʧʮʠʦʥʥʳʤʠ 

ʬʘʢʪʦʨʘʤʠ, ʢʘʢ RoRa, Tip60 ʠ YAP, ʦʪʚʝʯʘʝʪ ʟʘ ʧʨʘʚʠʣʴʥʦʝ ʨʘʟʚʠʪʠʝ 

ʤʦʟʞʝʯʢʘ ʠ, ʚ ʯʘʩʪʥʦʩʪʠ, ʂʇ (9); (290). ʊʨʘʥʩʢʨʠʧʮʠʦʥʥʳʡ ʬʘʢʪʦʨ RoRa ï 

ʯʨʝʟʚʳʯʘʡʥʦ ʚʘʞʥʳʡ ʠ ʧʦʵʪʦʤʫ, ʥʘʠʙʦʣʝʝ ʠʟʫʯʝʥʥʳʡ ʪʨʘʥʩʢʨʠʧʮʠʦʥʥʳʡ 

ʬʘʢʪʦʨ ʥʘ ʜʘʥʥʳʡ ʤʦʤʝʥʪ (9); (256). ɸʥʘʣʠʟ ʧʦʢʘʟʘʣ, ʯʪʦ ʂʇ ʞʠʚʦʪʥʳʭ ʩ 

ʦʪʩʫʪʩʪʚʠʝʤ ʵʢʩʧʨʝʩʩʠʠ RoRa, ʫ ʪʘʢ ʥʘʟʳʚʘʝʤʦʡ staggerer ʣʠʥʠʠ ʤʳʰʝʡ, 

ʟʘʧʘʟʜʳʚʘʶʪ ʚ ʨʘʟʚʠʪʠʠ ʠ ʩʦʭʨʘʥʷʶʪ ʥʝʜʦʨʘʟʚʠʪʳʝ ʩʚʦʡʩʪʚʘ ʚ ʪʝʯʝʥʠʝ ʚʩʝʡ 

ʞʠʟʥʠ. ʄʦʨʬʦʣʦʛʠʯʝʩʢʠ, ʵʪʦ ʚʳʨʘʞʘʝʪʩʷ ʚ ʫʤʝʥʴʰʝʥʠʠ ʜʝʥʜʨʠʪʦʚ ʂʇ ʩ 

ʫʤʝʥʴʰʝʥʠʝʤ ʰʠʧʠʢʦʚ, ʠʩʯʝʟʥʦʚʝʥʠʝʤ ʩʠʥʘʧʩʦʚ ʂʇ ʩ ʧʘʨʘʣʣʝʣʴʥʳʤʠ 

ʚʦʣʦʢʥʘʤʠ ʠ ʩʦʭʨʘʥʝʥʠʝʤ ʚʨʝʤʝʥʥʳʭ ʣʘʟʘʶʱʠʭ ʚʦʣʦʢʦʥ (291); (292). 

ʕʣʝʢʪʨʦʬʠʟʠʦʣʦʛʠʯʝʩʢʠʝ ʵʢʩʧʝʨʠʤʝʥʪʳ ʧʦʢʘʟʘʣʠ, ʯʪʦ ʂʇ ʩ ʦʪʩʫʪʩʪʚʠʝʤ 

RoRa, ʠʤʝʶʪ ʤʥʦʞʝʩʪʚʝʥʥʫʶ ʠʥʥʝʨʚʘʮʠʶ ʣʘʟʘʶʱʠʤʠ ʚʦʣʦʢʥʘʤʠ 

ʪʠʧʠʯʥʳʤʠ ʜʣʷ ʵʤʙʨʠʦʥʘʣʴʥʦʡ ʩʪʘʜʠʠ ʠ ʧʨʦʠʩʭʦʜʷʱʠʤʠ ʦʪ ʥʠʞʥʠʭ ʦʣʠʚ, ʚʦ 

ʚʟʨʦʩʣʦʤ ʩʦʩʪʦʷʥʠʠ (293). ʕʪʦ ʜʦʢʘʟʳʚʘʝʪ, ʯʪʦ ʘʢʪʠʚʥʦʩʪʴ ʧʘʨʘʣʣʝʣʴʥʳʭ 
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ʚʦʣʦʢʦʥ ʚʘʞʥʘ ʜʣʷ ʥʦʨʤʘʣʴʥʦʛʦ ʨʘʟʚʠʪʠʷ ʠ ʧʦʩʣʝʜʫʶʱʝʛʦ ʫʤʝʥʴʰʝʥʠʷ 

ʣʘʟʘʶʱʠʭ ʚʦʣʦʢʦʥ. ʂʨʦʤʝ ʪʦʛʦ, ʥʘʨʫʰʝʥʠʝ ʨʘʙʦʪʳ RoRa ʚʝʜʸʪ ʢ 

ʩʝʣʝʢʪʠʚʥʦʡ ʜʝʛʨʘʜʘʮʠʠ ʥʝʡʨʦʥʦʚ ʤʦʟʞʝʯʢʘ. ʂ 12 ʤʝʩʷʮʘʤ ʞʠʟʥʠ, ʚ 

ʤʦʟʞʝʯʢʝ staggerer ʛʝʪʝʨʦʟʠʛʦʪʥʳʭ ʤʳʰʝʡ ʥʘʭʦʜʠʪʩʷ ʥʘ 35% ʤʝʥʴʰʝ ʂʇ, ʥʘ 

35% ʤʝʥʴʰʝ ʛʨʘʥʫʣʷʨʥʳʭ ʢʣʝʪʦʢ, ʠ ʥʘ 40% ʤʝʥʴʰʝ ʢʣʝʪʦʢ ʥʠʞʥʠʭ ʦʣʠʚ. 

(294). ʆʜʥʘʢʦ ʧʨʠ ʉʎɸ1 ʠʤʝʝʪ ʤʝʩʪʦ ʥʝ ʧʦʣʥʦʝ ʚʳʢʣʶʯʝʥʠʝ ʬʫʥʢʮʠʡ 

ʷʜʝʨʥʦʛʦ ʨʝʮʝʧʪʦʨʘ RoRa, ʘ ʣʠʰʴ ʝʛʦ ʥʘʨʫʰʝʥʠʝ ʠʟ-ʟʘ ʥʝʧʨʘʚʠʣʴʥʦʛʦ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʧʦʩʣʝʜʥʝʛʦ ʩ ʤʫʪʘʥʪʥʳʤ ʘʪʘʢʩʠʥʦʤ 1. ʇʦʵʪʦʤʫ ʜʝʛʨʘʜʘʮʠʷ 

ʥʝʡʨʦʥʦʚ ʂʇ ʠ ʠʭ ʘʪʨʦʬʠʷ ʠʤʝʝʪ ʤʝʥʝʝ ʚʳʨʘʞʝʥʥʳʡ ʭʘʨʘʢʪʝʨ, ʯʝʤ ʫ ʤʳʰʝʡ 

ʣʠʥʠʠ staggerer (295). 

 

1.3. ʂʣʝʪʦʯʥʳʝ ʥʘʨʫʰʝʥʠʷ 

ʋʯʠʪʳʚʘʷ ʚʩʸ ʚʳʰʝ ʩʢʘʟʘʥʥʦʝ, ʤʦʞʥʦ ʟʘʢʣʶʯʠʪʴ, ʯʪʦ ʧʦʣʠʛʣʫʪʘʤʠʥʦʚʳʝ 

ʉʎɸ ï ʵʪʦ ʯʨʝʟʚʳʯʘʡʥʦ ʩʣʦʞʥʳʝ ʟʘʙʦʣʝʚʘʥʠ.̫ ʉ ʦʜʥʦʡ ʩʪʦʨʦʥʳ, 

ʝʜʠʥʩʪʚʝʥʥʳʡ ʤʫʪʘʥʪʥʳʡ ʛʝʥ ʧʨʠ ʢʘʞʜʦʤ ʨʘʩʩʤʦʪʨʝʥʥʦʤ ʟʘʙʦʣʝʚʘʥʠʠ, 

ʢʦʜʠʨʫʝʪ ʝʜʠʥʩʪʚʝʥʥʳʡ ʤʫʪʘʥʪʥʳʡ ʙʝʣʦʢ. ʆʜʥʘʢʦ ʜʘʥʥʳʡ ʙʝʣʦʢ ʚʩʪʫʧʘʝʪ ʚʦ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʩ ʜʝʩʷʪʢʘʤʠ ʙʝʣʢʦʚ-ʢʦʘʢʪʠʚʘʪʦʨʦʚ ʪʨʘʥʩʢʨʠʧʮʠʠ, ʢʦʪʦʨʳʝ ʚ 

ʩʚʦʶ ʦʯʝʨʝʜʴ, ʫʧʨʘʚʣʷʶʪ ʨʘʙʦʪʦʡ ʜʝʩʷʪʢʦʚ ʬʘʢʪʦʨʦʚ ʪʨʘʥʩʢʨʠʧʮʠʠ (ʊʘʙʣʠʮʘ 

ˉ5) ʠ, ʪʝʤ ʩʘʤʳʤ, ʦʩʫʱʝʩʪʚʣʷʶʪ ʢʦʥʪʨʦʣʴ ʥʘʜ ʩʦʪʥʷʤʠ ʛʝʥʦʚ-ʤʠʰʝʥʝʡ (256). 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʠʤʝʝʪ ʤʝʩʪʦ ʥʘʨʫʰʝʥʠʝ ʨʘʙʦʪʳ ʩʦʪʝʥ ʛʝʥʦʚ, ʬʫʥʢʮʠʷ 

ʢʦʪʦʨʳʭ, ʟʘʯʘʩʪʫʶ, ʷʚʣʷʝʪʩʷ ʥʝʚʳʷʩʥʝʥʥʦʡ. ʆʜʥʘʢʦ ʧʦʩʪʝʧʝʥʥʦ 

ʧʨʦʩʣʝʞʠʚʘʶʪʩʷ ʥʝʢʦʪʦʨʳʝ ʧʫʪʠ ʧʝʨʝʜʘʯʠ ʩʠʛʥʘʣʦʚ, ʧʦʪʝʥʮʠʘʣʴʥʦ, 

ʦʢʘʟʳʚʘʶʱʠʝ ʚʘʞʥʦʝ ʚʣʠʷʥʠʝ ʥʘ ʞʠʟʥʝʜʝʷʪʝʣʴʥʦʩʪʴ ʂʇ, ʠʭ ʧʣʘʩʪʠʯʥʦʩʪʴ ʠ 

ʨʘʟʚʠʪʠʝ ʘʪʘʢʩʠʠ. ʕʪʦ, ʙʝʟ ʩʦʤʥʝʥʠʷ, ʛʝʥʳ, ʦʪʚʝʯʘʶʱʠʝ ʟʘ ʵʢʩʧʨʝʩʩʠʶ ʪʘʢʠʭ 

ʙʝʣʢʦʚ ʂʇ, ʢʘʢ ʢʘʣʴʙʠʥʜʠʥ; ʙʝʣʢʦʚ ʠʟʤʝʥʷʶʱʠʭ ʤʝʪʘʙʦʣʠʟʤ ʢʣʝʪʦʢ ʯʝʨʝʟ 

ʢʘʩʢʘʜʳ ʩʠʛʥʘʣʦʚ: mGluR1, IP3 (296); ʙʝʣʢʦʚ, ʚʟʘʠʤʦʜʝʡʩʪʚʫʶʱʠʭ ʩ 

ʬʘʢʪʦʨʘʤʠ ʨʦʩʪʘ: IGFBP, TGFB (297); ʙʝʣʢʦʚ RAS (298), ʙʝʣʢʦʚ ʢʣʝʪʦʯʥʦʛʦ 

ʮʠʢʣʘ ʠ ʜʠʬʬʝʨʝʥʮʠʨʦʚʢʠ ʛʝʥʝʪʠʯʝʩʢʦʛʦ ʤʘʪʝʨʠʘʣʘ: CREB (299), Cyclin D1; 

ʙʝʣʢʦʚ, ʦʪʚʝʯʘʶʱʠʭ ʟʘ ʤʠʛʨʘʮʠʶ ʢʣʝʪʦʢ ʧʨʠ ʵʤʙʨʠʦʛʝʥʝʟʝ: Tiam2 ʠ ʜʨ. (256).  



58 

 

 

1.3.1. mGluR1 ʧʫʪɹ ʧʝʨʝʜʘʯʠ ʩʠʛʥʘʣʦʚ ʠ ʝʛʦ ʥʘʨʫʰʝʥʠʝ 

ʆʩʦʙʳʡ ʠʥʪʝʨʝʩ ʜʣʷ ʧʦʥʠʤʘʥʠʷ ʤʦʣʝʢʫʣʷʨʥʦʛʦ ʧʘʪʦʛʝʥʝʟʘ ʤʦʟʞʝʯʢʦʚʦʛʦ 

ʘʪʘʢʩʠʯʝʩʢʦʛʦ ʩʠʥʜʨʦʤʘ ʚʳʟʳʚʘʝʪ mGluR1. ʅʘ ʩʢʦʣʴʢʦ ʚʘʞʥʘ ʥʦʨʤʘʣʴʥʘʷ 

ʨʘʙʦʪʘ mGluR1, ʙʳʣʦ ʧʦʢʘʟʘʥʦ ʚ ʨʘʙʦʪʘʭ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʤʳʰʝʡ ʩ 

ʦʪʩʫʪʩʪʚʠʝʤ mGluR1 (300), ʪʘʢ ʢʘʢ ʵʪʠ ʤʳʰʠ ʠʤʝʣʠ ʚʳʨʘʞʝʥʥʫʶ ʘʪʘʢʩʠʶ, 

ʥʘʨʫʰʝʥʠʝ ʦʙʨʘʟʦʚʘʥʠʷ ʩʠʥʘʧʩʦʚ ʤʝʞʜʫ ʂʇ ʠ ʃɺ ʠ ʦʪʩʫʪʩʪʚʠʝ LTD (301); 

(302); (303). ʕʢʩʧʨʝʩʩʠʷ mGluR1 ʚ ʤʦʟʞʝʯʢʝ ʪʘʢʠʭ ʤʳʰʝʡ ʚʦʩʩʪʘʥʘʚʣʠʚʘʝʪ 

ʥʦʨʤʘʣʴʥʦʝ ʦʙʨʘʟʦʚʘʥʠʝ ʩʠʥʘʧʩʦʚ ʤʝʞʜʫ ʂʇ ʠ ʃɺ, ʩʠʥʘʧʪʠʯʝʩʢʫʶ 

ʧʣʘʩʪʠʯʥʦʩʪʴ ʠ ʜʚʠʛʘʪʝʣʴʥʳʡ ʢʦʥʪʨʦʣʴ ʤʦʟʞʝʯʢʘ (300).  

ʕʪʠ ʨʝʮʝʧʪʦʨʳ ʰʠʨʦʢʦ ʵʢʩʧʨʝʩʩʠʨʫʶʪʩʷ ʥʘ ʧʦʩʪʩʠʥʘʧʪʠʯʝʩʢʦʡ ʤʝʤʙʨʘʥʝ ʂʇ. 

ʉʘʤʘ ʂʇ ʚʦʟʙʫʞʜʘʝʪʩʷ ʧʨʠ ʚʳʩʚʦʙʦʞʜʝʥʠʠ ʛʣʫʪʘʤʘʪʘ ʠʟ ʧʨʝʩʠʥʘʧʪʠʯʝʩʢʠʭ 

ʦʢʦʥʯʘʥʠʡ ʇɺ ʠ ʃɺ ʯʝʨʝʟ ʘʢʪʠʚʘʮʠʶ, ʚ ʦʩʥʦʚʥʦʤ, ʧʦʩʪʩʠʥʘʧʪʠʯʝʩʢʠʭ 

ʛʣʫʪʘʤʘʪʥʳʭ ʨʝʮʝʧʪʦʨʦʚ AMPA-ʪʠʧʘ. ʆʜʥʘʢʦ ʤʝʭʘʥʠʟʤ ʘʢʪʠʚʘʮʠʠ mGluR1 

ʙʦʣʝʝ ʩʣʦʞʝʥ. ʇʨʠ ʙʦʣʝʝ ʩʠʣʴʥʦʤ ʨʘʟʜʨʘʞʝʥʠʠ, ʪʘʢʦʤ ʢʘʢ, ʚʳʩʦʢʦ ʯʘʩʪʦʪʥʦʝ 

ʨʘʟʜʨʘʞʝʥʠʝ ʇɺ ʧʨʦʠʩʭʦʜʠʪ ʚʳʪʝʢʘʥʠʝ ʛʣʫʪʘʤʘʪʘ ʠʟ ʩʠʥʘʧʪʠʯʝʩʢʦʡ ʱʝʣʠ, ʠ 

ʚʝʜʸʪ ʢ ʘʢʪʠʚʘʮʠʠ ʧʘʨʘʩʠʥʘʧʪʠʯʝʩʢʠ ʨʘʩʧʦʣʦʞʝʥʥʳʭ mGluR1. ʇʨʝʜʳʜʫʱʠʝ 

ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʦʢʘʟʘʣʠ, ʯʪʦ mGluR1 ʚʦʚʣʝʯʝʥʳ ʚ ʦʙʨʘʟʦʚʘʥʠʝ ʤʝʜʣʝʥʥʳʭ 

ɺʇʉʊ, ʵʥʜʦʢʘʥʥʘʙʠʥʦʠʜ-ʦʧʦʩʨʝʜʦʚʘʥʥʦʛʦ ʨʝʪʨʦʛʨʘʜʥʦʛʦ ʪʦʨʤʦʞʝʥʠʷ ʇɺ 

ɺʇʉʊ, ʢʦʪʦʨʦʝ ʠʟʚʝʩʪʥʦ, ʢʘʢ ʩʠʥʘʧʪʠʯʝʩʢʠ ʚʳʟʚʘʥʥʦʝ ʪʦʨʤʦʞʝʥʠʝ 

ʚʦʟʙʫʞʜʝʥʠʷ, ʠ ʟʘʧʫʩʢ ʜʦʣʛʦʚʨʝʤʝʥʥʦʡ ʜʝʧʨʝʩʩʠʠ ʚ ʇɺ-ʂʇ ʩʠʥʘʧʩʘʭ 

(ʈʠʩʫʥʦʢ 4). ʕʪʠ ʨʝʮʝʧʪʦʨʳ, ʪʘʢʞʝ, ʠʛʨʘʶʪ ʚʘʞʥʫʶ ʨʦʣʴ ʚ ʜʨʫʛʠʭ ʚʘʞʥʳʭ 

ʚʥʫʪʨʠʢʣʝʪʦʯʥʳʭ ʧʨʦʮʝʩʩʘʭ ʪʘʢʠʭ, ʢʘʢ ʨʦʩʪ ʢʣʝʪʦʢ, ʠʭ ʜʠʬʬʝʨʝʥʮʠʨʦʚʢʘ ʠ 

ʚʳʞʠʚʘʥʠʝ. ɺ ʯʘʩʪʥʦʩʪʠ, ʢʦʘʢʪʠʚʘʮʠʷ mGluR1 ʠ ɻɸʄʂʚ ʨʝʮʝʧʪʦʨʦʚ 

ʫʚʝʣʠʯʠʚʘʶʪ ʥʝʡʨʦʛʝʥʝʟ ʫ ʚʟʨʦʩʣʳʭ ʧʦʩʨʝʜʩʪʚʦʤ ʘʢʪʠʚʘʮʠʠ ʩʪʚʦʣʦʚʳʭ 

ʢʣʝʪʦʢ, ʥʘʭʦʜʷʱʠʭʩʷ ʚ ʥʝʡʨʦʛʝʥʥʳʭ ʥʠʰʘʭ ʤʦʟʛʘ. ʊʘʢʞʝ ʦʥʠ ʚʣʠʷʶʪ ʥʘ 

ʩʠʥʘʧʪʠʯʝʩʢʠʝ ʠ ʚʥʝʩʠʥʘʧʪʠʯʝʩʢʠʝ ʧʨʦʮʝʩʩʳ (304), (305). 
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ʈʠʩʫʥʦʢ 4. mGluR1 ʦʧʦʩʨʝʜʦʚʘʥʥʳʡ ʧʫʪʴ ʧʝʨʝʜʘʯʠ ʩʠʛʥʘʣʦʚ ʠ ʫʯʘʩʪʠʝ 

mGluR1 ʚ ʧʨʦʮʝʩʩʘʭ ʢʨʘʪʢʦʚʨʝʤʝʥʥʦʡ ʠ ʜʦʣʛʦʚʨʝʤʝʥʥʦʡ ʧʘʤʷʪʠ ʂʇ. 

ʀʤʧʫʣʴʩ, ʧʨʠʭʦʜʷʱʠʡ ʚ ʧʨʝʩʠʥʘʧʪʠʯʝʩʢʦʝ ʦʢʦʥʯʘʥʠʝ, ʧʨʦʚʦʮʠʨʫʝʪ 

ʚʳʜʝʣʝʥʠʝ ʥʝʡʨʦʤʝʜʠʘʪʦʨʘ ʛʣʫʪʘʤʘʪʘ ʚ ʩʠʥʘʧʪʠʯʝʩʢʫʶ ʱʝʣʴ. ʊʘʢ ʢʘʢ 

mGluR1 ʨʘʩʧʦʣʦʞʝʥʳ ʥʘ ʧʝʨʠʬʝʨʠʠ ʧʦʩʪʩʠʥʘʧʪʠʯʝʩʢʦʡ ʤʝʤʙʨʘʥʳ 

(ʧʘʨʘʩʠʥʘʧʪʠʯʝʩʢʦʝ ʨʘʩʧʦʣʦʞʝʥʠʝ), ʪʨʝʙʫʝʪʩʷ ʫʩʠʣʝʥʥʦʝ ʠʣʠ ʚʳʩʦʢʦ 

ʯʘʩʪʦʪʥʦʝ ʨʘʟʜʨʘʞʝʥʠʝ ʧʨʝʩʠʥʘʧʪʠʯʝʩʢʠʭ ʪʝʨʤʠʥʘʣʠʡ ʜʣʷ ʦʙʨʘʟʦʚʘʥʠʷ 

ʠʟʣʠʰʝʢ ʠ ʚʳʪʝʢʘʥʠʷ ʛʣʫʪʘʤʘʪʘ ʟʘ ʧʨʝʜʝʣʳ ʩʠʥʘʧʪʠʯʝʩʢʦʡ ʱʝʣʠ ʚ ʤʝʩʪʘ 

ʨʘʩʧʦʣʦʞʝʥʠʷ mGluR1. ʇʨʠ ʘʢʪʠʚʘʮʠʠ mGluR1 ʧʨʦʠʩʭʦʜʠʪ ʠʟʤʝʥʝʥʠʝ 

ʤʝʪʘʙʦʣʠʟʤʘ ʢʣʝʪʢʠ ʧʦʩʨʝʜʩʪʚʦʤ ʘʢʪʠʚʘʮʠʠ ʢʘʩʢʘʜʘ ʩʠʛʥʘʣʦʚ, ʯʪʦ ʤʦʞʥʦ 

ʨʝʛʠʩʪʨʠʨʦʚʘʪʴ ʵʣʝʢʪʨʦʬʠʟʠʦʣʦʛʠʯʝʩʢʠ, ʢʘʢ 1. ʋʚʝʣʠʯʝʥʠʝ ʤʝʜʣʝʥʥʳʭ 

TRPC3 ɺʇʉʊ; 2. ʇʦʷʚʣʝʥʠʝ ʢʨʘʪʢʦʚʨʝʤʝʥʥʦʛʦ ʪʦʨʤʦʞʝʥʠʷ 

ʛʣʫʪʘʤʘʪʝʨʛʠʯʝʩʢʦʡ ʘʢʪʠʚʥʦʩʪʠ ʧʨʝʩʠʥʘʧʪʠʯʝʩʢʠʭ ʪʝʨʤʠʥʘʣʠʡ 

(ʵʥʜʦʢʘʥʥʘʙʠʥʦʠʜ ʦʧʦʩʨʝʜʦʚʘʥʥʘʷ ʧʣʘʩʪʠʯʥʦʩʪʴ) ʠ 3. ɼʦʣʛʦʚʨʝʤʝʥʥʘʷ 

ʧʣʘʩʪʠʯʥʦʩʪʴ, ʠʤʝʶʱʘʷ ʚ ʦʩʥʦʚʝ LTD ʩ ʠʥʪʝʨʥʘʣʠʟʘʮʠʝʡ ɸʄʈɸ ʨʝʮʝʧʪʦʨʦʚ. 

 

ʅʝʩʤʦʪʨʷ ʥʘ ʙʦʣʴʰʠʝ ʜʦʩʪʠʞʝʥʠʷ ʥʦʨʤʘʣʴʥʦʡ ʤʦʣʝʢʫʣʷʨʥʦʡ ʬʠʟʠʦʣʦʛʠʠ ʚ 

ʵʪʦʡ ʦʙʣʘʩʪʠ, ʧʘʪʦʣʦʛʠʷ mGluR1 ʧʨʠ ʧʦʣʠʛʣʫʪʘʤʠʥʦʚʳʭ ʉʎɸ ʠʩʩʣʝʜʦʚʘʥʘ 

ʩʣʘʙʦ. ʀʤʝʶʪʩʷ ʦʪʜʝʣʴʥʳʝ ʜʘʥʥʳʝ ʦ ʪʦʤ, ʯʪʦ ʥʘ ʨʘʥʥʝʡ ʩʪʘʜʠʠ ʉʎɸ1, ʚ ʩʠʣʫ 
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ʚʳʰʝʦʧʠʩʘʥʥʳʭ ʛʝʥʝʪʠʯʝʩʢʠʭ ʥʘʨʫʰʝʥʠʡ, ʧʨʦʠʩʭʦʜʠʪ ʢʦʣʠʯʝʩʪʚʝʥʥʦʝ 

ʫʤʝʥʴʰʝʥʠʝ ʵʢʩʧʨʝʩʩʠʠ IP3 ʠ mGluR1, (256). ʋ ʚʳʰʝ ʫʧʦʤʷʥʫʪʦʡ staggerer 

ʣʠʥʠʠ ʤʳʰʝʡ ʥʘʙʣʶʜʘʝʪʩʷ ʥʘʨʫʰʝʥʠʝ ʢʘʩʢʘʜʘ ʧʝʨʝʜʘʯʠ ʩʠʛʥʘʣʦʚ ʙʝʣʢʦʚ, 

ʢʦʪʦʨʳʝ ʵʢʩʧʨʝʩʩʠʨʫʶʪʩʷ ʩ ʧʦʤʦʱʴʶ RoRa, ʚ ʪʦʤ ʯʠʩʣʝ ʠ mGluR1 

ʦʧʦʩʨʝʜʦʚʘʥʥʳʡ ʧʫʪʴ ʩ ʥʘʨʫʰʝʥʠʝʤ ʤʝʜʣʝʥʥʳʭ ɺʇʉʊ ʠ ʩʠʥʘʧʪʠʯʝʩʢʦʡ 

ʧʣʘʩʪʠʯʥʦʩʪʠ (306), ʯʪʦ ʢʦʩʚʝʥʥʦ ʤʦʞʝʪ ʩʚʠʜʝʪʝʣʴʩʪʚʦʚʘʪʴ ʦ ʧʦʜʦʙʥʦʡ 

ʧʘʪʦʣʦʛʠʠ ʫ ʉʎɸ1 ʤʦʜʝʣʴʥʳʭ ʤʳʰʝʡ ʠ ʙʦʣʴʥʳʭ ʉʎɸ1, ʪʘʢ ʢʘʢ ʫ ʥʠʭ ʪʘʢ ʞʝ 

ʠʤʝʝʪ ʤʝʩʪʦ ʜʝʛʨʘʜʘʮʠʷ RoRa. ɹʦʣʝʝ ʜʝʪʘʣʴʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʚ ʵʪʦʤ 

ʥʘʧʨʘʚʣʝʥʠʠ ʙʳʣʠ ʧʨʦʚʝʜʝʥʳ ʩʦʚʩʝʤ ʥʝʜʘʚʥʦ. ɹʳʣʦ ʧʦʢʘʟʘʥʦ, ʯʪʦ ʘʛʦʥʠʩʪʳ 

mGluR1 ʫʩʠʣʠʚʘʶʪ ʬʦʩʬʦʨʠʣʠʨʦʚʘʥʠʝ (ʢʦʩʚʝʥʥʳʡ ʧʨʠʟʥʘʢ ʠʥʪʝʨʥʘʣʠʟʘʮʠʠ) 

ɸʄʈɸ ʨʝʮʝʧʪʦʨʦʚ ʠ ʫʤʝʥʴʰʘʶʪ ʘʪʘʢʩʠʯʝʩʢʠʡ ʩʠʥʜʨʦʤ ʫ ʉʎɸ1 ʤʦʜʝʣʴʥʳʭ 

ʤʳʰʝʡ (307). ʆʜʥʘʢʦ ʚʳʨʘʞʝʥʥʦʡ ʢʦʨʨʝʣʷʮʠʠ ʬʫʥʢʮʠʠ mGluR1 ʩ 

ʤʦʟʞʝʯʢʦʚʦʡ ʘʪʘʢʩʠʝʡ ʧʦʢʘʟʘʥʦ ʥʝ ʙʳʣʦ. ʅʘʨʫʰʝʥʠʝ mGluR1 

ʦʧʦʩʨʝʜʦʚʘʥʥʦʛʦ ʧʫʪʠ ʧʝʨʝʜʘʯʠ ʩʠʛʥʘʣʦʚ ʚʳʷʚʣʝʥʦ ʠ ʚ ʤʦʜʝʣʷʭ ʤʳʰʝʡ ʩ ɹɻ 

(308), ʯʪʦ ʤʦʞʝʪ ʛʦʚʦʨʠʪʴ ʦ ʥʝʩʧʝʮʠʬʠʯʝʩʢʦʤ ʥʝʛʘʪʠʚʥʦʤ ʚʦʟʜʝʡʩʪʚʠʠ 

ʧʦʣʠʛʣʫʪʘʤʠʥʦʚʳʭ ʙʝʣʢʦʚ ʥʘ ʨʘʙʦʪʫ mGluR1. ʆʜʥʘʢʦ ʥʘʨʫʰʝʥʠʝ ʬʫʥʢʮʠʠ 

ʵʪʠʭ ʚʘʞʥʳʭ ʨʝʮʝʧʪʦʨʦʚ ʥʘ ʤʦʜʝʣʷʭ ʜʨʫʛʠʭ ʧʦʣʠʛʣʫʪʘʤʠʥʦʚʳʭ ʘʪʘʢʩʠʡ 

ʪʘʢʠʭ, ʢʘʢ ʉʎɸ3, ʧʦʢʘʟʘʥʦ ʥʝ ʙʳʣʦ. 

 

1.3.2. ʅʘʨʫʰʝʥʠʝ ʤʦʨʬʦʣʦʛʠʠ ʂʇ ʧʨʠ ʧʦʣʠʛʣʫʪʘʤʠʥʦʚʳʭ ʉʎɸ  

ʅʘʨʫʰʝʥʠʝ ʨʘʟʤʝʨʘ ʠ ʬʦʨʤʳ ʂʇ ʥʘʯʠʥʘʝʪʩʷ ʩ ʨʘʥʥʝʡ ʩʪʘʜʠʠ 

ʧʦʣʠʛʣʫʪʘʤʠʥʦʚʳʭ ʉʎɸ. ʉʘʤʳʝ ʧʝʨʚʳʝ ʵʢʩʧʝʨʠʤʝʥʪʳ ʥʘ ʂʇ ʤʦʟʞʝʯʢʘ 

ʉʎɸ1 ʤʳʰʝʡ ʧʦʢʘʟʘʣʠ ʨʘʟʣʠʯʠʝ ʚ ʤʦʨʬʦʣʦʛʠʠ ʧʨʠ ʩʨʘʚʥʝʥʠʠ ʠʭ ʩ 

ʢʦʥʪʨʦʣʴʥʳʤʠ ʞʠʚʦʪʥʳʤʠ ʫʞʝ ʚ ʚʦʟʨʘʩʪʝ ʈ25 (266). ɺ ʵʪʦ ʚʨʝʤʷ, ʪʝʣʘ ʂʇ 

ʩʦʜʝʨʞʘʪ ʮʠʪʦʧʣʘʟʤʘʪʠʯʝʩʢʠʝ ʚʘʢʫʦʣʠ, ʢʦʪʦʨʳʝ, ʚʦʟʤʦʞʥʦ, ʦʙʨʘʟʫʶʪʩʷ ʠʟ 

ʠʥʚʘʛʠʥʘʮʠʡ ʚʥʝʰʥʝʡ ʤʝʤʙʨʘʥʳ ʢʣʝʪʢʠ, ʪʘʢ ʢʘʢ ʦʥʠ ʩʦʜʝʨʞʘʪ ʙʝʣʢʠ ʠʟ 

ʧʣʘʟʤʘʪʠʯʝʩʢʦʡ ʤʝʤʙʨʘʥʳ ʢʣʝʪʢʠ, ʚʢʣʶʯʘʷ mGluR1, GluRD1/D2, CluRʈ2/3 ʠ 

ʈʂʉg (307). ɺ ʚʦʟʨʘʩʪʝ 4 ʥʝʜʝʣʴ, ʝʜʠʥʠʯʥʳʝ ʚʥʫʪʨʠʢʣʝʪʦʯʥʳʝ ʘʛʨʝʛʘʪʳ, 

ʩʦʜʝʨʞʘʱʠʝ ʤʫʪʘʥʪʥʳʡ ʘʪʘʢʩʠʥ 1, ʦʙʥʘʨʫʞʠʚʘʶʪʩʷ ʚʦ ʤʥʦʛʠʭ ʂʇ. ʉ 5 
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ʥʝʜʝʣʴ ʞʠʟʥʠ, ʥʘʙʣʶʜʘʝʪʩʷ ʫʤʝʥʴʰʝʥʠʝ ʧʨʦʢʩʠʤʘʣʴʥʳʭ ʚʝʪʚʝʡ ʜʝʥʜʨʠʪʦʚ, 

ʫʤʝʥʴʰʝʥʠʝ ʠʭ ʚʝʪʚʣʝʥʠʷ ʠ ʫʤʝʥʴʰʝʥʠʝ ʪʝʣ ʥʝʡʨʦʥʦʚ, ʚ ʩʨʘʚʥʝʥʠʠ ʩ 

ʢʦʥʪʨʦʣʴʥʦʡ ʛʨʫʧʧʦʡ (309). ʆʜʥʘʢʦ ʦʩʥʦʚʥʳʝ ʵʣʝʢʪʨʦʬʠʟʠʦʣʦʛʠʯʝʩʢʠʝ 

ʩʚʦʡʩʪʚʘ ʂʇ ʫ ʧʦʣʠʛʣʫʪʘʤʠʥʦʚʳʭ ʉʎɸ ʚ ʵʪʦʤ ʚʦʟʨʘʩʪʝ, ʠ, ʚ ʯʘʩʪʥʦʩʪʠ, 

ʉʎɸ1 ʪʨʘʥʩʛʝʥʥʳʭ ʤʳʰʝʡ ʩʭʦʞʠ ʩ ʥʝʡʨʦʥʘʤʠ ʜʠʢʦʛʦ ʪʠʧʘ (310), ʥʝʩʤʦʪʨʷ 

ʥʘ ʠʭ ʤʦʨʬʦʣʦʛʠʯʝʩʢʠʝ ʠ ʤʦʣʝʢʫʣʷʨʥʳʝ ʨʘʟʣʠʯʠʷ (210). 

ʕʣʝʢʪʨʦʬʠʟʠʦʣʦʛʠʯʝʩʢʠʝ ʠʩʩʣʝʜʦʚʘʥʠʷ, ʧʨʦʚʝʜʸʥʥʳʝ ʥʘ ʥʦʢʠʥʥʳʭ 

Sca1
2Q/154Q

 ʤʳʰʘʭ, ʚʳʷʚʠʣʠ ʚʦʟʨʘʩʪ-ʟʘʚʠʩʠʤʦʝ ʨʘʩʩʪʨʦʡʩʪʚʦ ʩʠʥʘʧʪʠʯʝʩʢʦʡ 

ʧʣʘʩʪʠʯʥʦʩʪʠ ʛʠʧʧʦʢʘʤʧʘ ʚ ʩʦʯʝʪʘʥʠʠ ʩ ʢʦʛʥʠʪʠʚʥʳʤʠ ʨʘʩʩʪʨʦʡʩʪʚʘʤʠ, 

ʪʘʢʠʤʠ ʢʘʢ ʥʘʨʫʰʝʥʠʝ ʦʙʫʯʝʥʠʷ ʠ ʧʘʤʷʪʠ (311). ʋʜʠʚʠʪʝʣʴʥʦ ʪʦ, ʯʪʦ ʥʝ ʙʳʣʦ 

ʚʳʷʚʣʝʥʦ ʥʠʢʘʢʠʭ ʩʠʥʘʧʪʠʯʝʩʢʠʭ ʥʘʨʫʰʝʥʠʡ (ʚ ʚʦʟʨʘʩʪʝ 5 ʥʝʜʝʣʴ) 

ʚʦʟʙʫʞʜʘʶʱʠʭ ʧʦʩʪʩʠʥʘʧʪʠʯʝʩʢʠʭ ʪʦʢʦʚ (ɺʇʉʊ) ʤʦʟʞʝʯʢʘ, ʚʳʟʳʚʘʝʤʳʭ 

ʨʘʟʜʨʘʞʝʥʠʝʤ ʣʘʟʘʶʱʠʭ (ʃɺ) ʠ ʧʘʨʘʣʣʝʣʴʥʳʭ ʚʦʣʦʢʦʥ (ʇɺ). 

ɺ ʚʦʟʨʘʩʪʝ 8 ʥʝʜʝʣʴ, ʥʘʙʣʶʜʘʝʪʩʷ ʫʤʝʨʝʥʥʳʡ ʛʣʠʦʟ ʚ ʤʦʣʝʢʫʣʷʨʥʦʤ ʩʣʦʝ 

ʤʦʟʞʝʯʢʘ. ʋʤʝʨʝʥʥʘʷ ʧʦʪʝʨʷ ʥʝʡʨʦʥʦʚ ʚʧʝʨʚʳʝ ʥʘʙʣʶʜʘʝʪʩʷ ʚ ʚʦʟʨʘʩʪʝ 12 

ʥʝʜʝʣʴ. ʇʦʯʪʠ ʩʨʘʟʫ ʧʦʩʣʝ ʵʪʦʛʦ, ʚ ʚʦʟʨʘʩʪʝ 15 ʥʝʜʝʣʴ, ʠʤʝʝʪ ʤʝʩʪʦ 

ʠʩʪʦʥʯʝʥʠʝ ʤʦʣʝʢʫʣʷʨʥʦʛʦ ʩʣʦʷ ʤʦʟʞʝʯʢʘ ʚ ʩʦʯʝʪʘʥʠʠ ʩ ʧʦʷʚʣʝʥʠʝʤ 

ʨʘʟʥʦʨʘʟʤʝʨʥʳʭ ʂʇ. ʍʦʪʷ ʧʝʨʚʳʝ ʣʸʛʢʠʝ ʜʚʠʛʘʪʝʣʴʥʳʝ ʥʘʨʫʰʝʥʠʷ 

ʥʘʙʣʶʜʘʶʪʩʷ ʫ ʤʳʰʝʡ ʚ 5-ʥʝʜʝʣʴʥʦʤ ʚʦʟʨʘʩʪʝ ʚ ʦʪʩʫʪʩʪʚʠʠ ʥʘʨʫʰʝʥʠʠ 

ʨʘʚʥʦʚʝʩʠʷ ʠ ʜʚʠʛʘʪʝʣʴʥʦʡ ʢʦʦʨʜʠʥʘʮʠʠ, ʘʪʘʢʩʠʷ ʚʳʷʚʣʷʝʪʩʷ ʣʠʰʴ ʥʘ 12 

ʥʝʜʝʣʝ ʧʦʩʣʝ ʨʦʞʜʝʥʠʷ. ʇʦʵʪʦʤʫ, ʚʳʨʘʞʝʥʥʘʷ ʥʝʡʨʦʧʘʪʦʣʦʛʠʷ ʨʘʟʚʠʚʘʝʪʩʷ ʚ 

ʂʇ ʫ ʉʎɸ1 ʪʨʘʥʩʛʝʥʥʳʭ ʤʳʰʝʡ ʜʦ ʥʘʯʘʣʘ ʘʪʘʢʩʠʯʝʩʢʠʭ ʷʚʣʝʥʠʡ. ɺ ʦʙʱʝʤ, 

ʵʪʠ ʜʘʥʥʳʝ ʩʭʦʞʠ ʩ ʪʘʢʦʚʳʤʠ, ʧʦʣʫʯʝʥʥʳʤʠ ʦʪ ʥʦʢʠʥʥʳʭ ʤʳʰʝʡ ʩ 

ʠʩʢʫʩʩʪʚʝʥʥʳʤ ʫʜʣʠʥʝʥʠʝʤ 154 CAG ʧʦʚʪʦʨʦʚ ʚ ʤʳʰʠʥʦʤ Sca1 ʛʝʥʝ 

(Sca1
2Q/154Q

) (311). 

ʋ ʥʝʢʦʪʦʨʳʭ ʤʦʜʝʣʴʥʳʭ ʤʳʰʝʡ ʩ ʉʎɸ3 ʚʳʨʘʞʝʥʥʦʝ ʫʤʝʥʴʰʝʥʠʝ ʨʘʟʤʝʨʦʚ 

ʂʇ, ʘʪʨʦʬʠʷ ʠʭ ʜʝʥʜʨʠʪʦʚ ʠ ʘʧʦʧʪʦʟ ʙʳʣʠ ʚʳʷʚʣʝʥʳ ʫʞʝ ʩ 3-ʡ ʥʝʜʝʣʠ ʞʠʟʥʠ 

(312). 
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1.3.3. ɺʢʣʘʜ ʘʩʪʨʦʛʣʠʠ ʚ ʧʘʪʦʛʝʥʝʟ ʧʦʣʠʛʣʫʪʘʤʠʥʦʚʳʭ ʉʎɸ 

ɺ ʠʩʩʣʝʜʦʚʘʥʠʷʭ ʧʦʩʣʝʜʥʠʭ ʜʝʩʷʪʠ ʣʝʪ ʙʳʣʦ ʧʦʢʘʟʘʥʦ, ʯʪʦ ʘʢʪʠʚʥʦʝ ʫʯʘʩʪʠʝ 

ʚ ʨʘʟʚʠʪʠʠ ʥʝʡʨʦʜʝʛʝʥʝʨʘʪʠʚʥʳʭ ʟʘʙʦʣʝʚʘʥʠʡ ʧʨʠʥʠʤʘʝʪ ʫʯʘʩʪʠʝ ʢʣʝʪʢʠ 

ʛʣʠʠ. ʆʥʠ ʤʦʛʫʪ ʦʢʘʟʳʚʘʪʴ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦʝ ʥʝʛʘʪʠʚʥʦʝ ʚʦʟʜʝʡʩʪʚʠʝ ʥʘ 

ʥʝʡʨʦʥʳ (313), (314). ʄʠʢʨʦʛʣʠʷ ʠ ʘʩʪʨʦʮʠʪʳ ʨʝʘʛʠʨʫʶʪ ʥʘ ʧʦʚʨʝʞʜʝʥʠʝ 

ʤʦʟʛʘ, ʜʝʡʩʪʚʫʷ ʨʘʟʥʦʥʘʧʨʘʚʣʝʥʥʦ. ʉ ʦʜʥʦʡ ʩʪʦʨʦʥʳ, ʦʥʠ ʟʘʱʠʱʘʶʪ 

ʥʝʡʨʦʥʳ ʦʪ ʥʝʛʘʪʠʚʥʦʛʦ ʚʦʟʜʝʡʩʪʚʠʷ, ʩ ʜʨʫʛʦʡ ʩʪʦʨʦʥʳ ʷʚʣʷʶʪʩʷ ʘʢʪʠʚʥʳʤʠ 

ʫʯʘʩʪʥʠʢʘʤʠ ʥʝʡʨʦʚʦʩʧʘʣʠʪʝʣʴʥʳʭ ʩʪʨʫʢʪʫʨʥʳʭ ʠ ʬʫʥʢʮʠʦʥʘʣʴʥʳʭ 

ʠʟʤʝʥʝʥʠʡ (315), (316). ʈʘʟʚʠʪʠʝ ʘʩʪʨʦʛʣʠʦʟʘ ʩʦʧʨʦʚʦʞʜʘʝʪ ʧʨʘʢʪʠʯʝʩʢʠ ʚʩʝ 

ʠʟʚʝʩʪʥʳʝ ʧʘʪʦʣʦʛʠʠ ʤʦʟʛʘ. ɸʩʪʨʦʛʣʠʦʟ ʷʚʣʷʝʪʩʷ ʧʘʪʦʣʦʛʠʯʝʩʢʠʤ ʧʨʦʮʝʩʩʦʤ, 

ʟʘʢʣʶʯʘʶʱʠʤʩʷ ʚ ʘʥʦʤʘʣʴʥʦʤ ʫʚʝʣʠʯʝʥʠʠ ʨʘʟʤʝʨʦʚ ʠ ʯʠʩʣʘ ʘʩʪʨʦʮʠʪʦʚ ʟʘ 

ʩʯʝʪ ʠʭ ʘʢʪʠʚʘʮʠʠ ʠ ʧʦʚʨʝʞʜʝʥʠʷ, ʩʚʷʟʘʥʥʳʭ ʩ ʥʠʤʠ, ʥʝʡʨʦʥʦʚ ʧʨʠ 

ʠʥʬʝʢʮʠʠ, ʠʰʝʤʠʠ ʤʦʟʛʘ, ʪʨʘʚʤʝ ʎʅʉ, ʘʫʪʦʠʤʤʫʥʥʳʭ ʠ 

ʥʝʡʨʦʜʝʛʝʥʝʨʘʪʠʚʥʳʭ ʟʘʙʦʣʝʚʘʥʠʷʭ (313). 

ɺʢʣʘʜ ʘʩʪʨʦʮʠʪʦʚ ʚ ʨʘʟʚʠʪʠʝ ʉʎɸ1 ʙʳʣ ʧʦʢʘʟʘʥ ʚ ʥʝʩʢʦʣʴʢʠʭ ʨʘʙʦʪʘʭ. ʊʘʢ, 

Cvetanovich ʩ ʩʦʘʚʪʦʨʘʤʠ ʧʦʢʘʟʘʣʘ, ʯʪʦ ʘʩʪʨʦʮʠʪʳ ʩʪʘʥʦʚʷʪʩʷ ʨʝʘʢʪʠʚʥʳʤʠ 

ʫʞʝ ʥʘ ʨʘʥʥʝʡ ʩʪʘʜʠʠ ʟʘʙʦʣʝʚʘʥʠʷ, ʢʦʛʜʘ ʤʫʪʘʥʪʥʳʡ ʘʪʘʢʩʠʥ 1 

ʦʙʥʘʨʫʞʠʚʘʝʪʩʷ ʪʦʣʴʢʦ ʚ ʂʇ ʠ ʟʘʜʦʣʛʦ ʜʦ ʨʘʟʚʠʪʠʷ ʚʳʨʘʞʝʥʥʳʭ 

ʘʪʘʢʩʠʯʝʩʢʠʭ ʨʘʩʩʪʨʦʡʩʪʚ (317). 

ʆʜʥʘʢʦ ʘʢʪʠʚʘʮʠʷ ʛʣʠʠ ʥʝ ʚʩʝʛʜʘ ʧʨʦʠʩʭʦʜʠʪ ʚ ʦʪʚʝʪ ʥʘ ʧʦʚʨʝʞʜʝʥʠʝ 

ʥʝʡʨʦʥʦʚ. ʕʪʦ ʤʦʛʫʪ ʙʳʪʴ ʧʘʪʦʣʦʛʠʯʝʩʢʠʝ ʧʨʦʮʝʩʩʳ ʚ ʩʘʤʦʡ ʛʣʠʠ, ʢʦʪʦʨʳʝ 

ʟʘʧʫʩʢʘʶʪ ʜʝʛʝʥʝʨʘʮʠʶ ʂʇ ʢʘʢ ʵʪʦ ʧʦʢʘʟʘʥʦ ʥʘ ʤʦʜʝʣʠ ʉʎɸ7 (318); (319), 

(320). 

ɻɹ ï ʵʪʦ ʩʧʝʮʠʘʣʠʟʠʨʦʚʘʥʥʳʝ ʘʩʪʨʦʮʠʪʳ ʩ ʦʪʨʦʩʪʢʘʤʠ ʨʘʜʠʘʣʴʥʦʡ 

ʥʘʧʨʘʚʣʝʥʥʦʩʪʠ ʚ ʢʦʨʝ ʤʦʟʞʝʯʢʘ. ɺ ɻɹ ʩ ʷʚʣʝʥʠʷʤʠ ʘʩʪʨʦʛʣʠʦʟʘ ʫʤʝʥʴʰʘʝʪʩʷ 

ʵʢʩʧʨʝʩʩʠʷ EAAT, ʢʦʪʦʨʳʝ ʫʜʘʣʷʶʪ ʛʣʫʪʘʤʘʪ ʠʟ ʩʠʥʘʧʪʠʯʝʩʢʦʡ ʱʝʣʠ. ʕʪʦ 

ʚʳʟʳʚʘʝʪ ʵʢʩʘʡʪʦʪʦʢʩʠʯʥʦʩʪ ɹ ʩ ʧʦʩʣʝʜʫʶʱʠʤʠ ʤʦʨʬʦʣʦʛʠʯʝʩʢʠʤʠ ʠ 

ʬʫʥʢʮʠʦʥʘʣʴʥʳʤʠ ʠʟʤʝʥʝʥʠʷʤʠ ʂʇ (321). 
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ɺ ʦʩʥʦʚʝ ʵʢʩʘʡʪʦʪʦʢʩʠʯʥʦʩʪʠ ʣʝʞʠʪ ʠʟʙʳʪʦʯʥʘʷ ʘʢʪʠʚʘʮʠʷ 

ʧʦʩʪʩʠʥʘʧʪʠʯʝʩʢʠʭ NMDA-ʨʝʮʝʧʪʦʨʦʚ (322). ɸʢʪʠʚʘʮʠʷ NMDA ʨʝʮʝʧʪʦʨʦʚ 

ʩʦʧʨʦʚʦʞʜʘʝʪʩʷ ʠʟʙʳʪʦʯʥʳʤ ʧʦʩʪʫʧʣʝʥʠʝʤ ʠʦʥʦʚ ʉʘ2+ ʚʥʫʪʨʴ ʥʝʡʨʦʥʦʚ ʠ 

ʧʦʩʣʝʜʫʶʱʠʤ ʢʘʩʢʘʜʦʤ ʧʘʪʦʣʦʛʠʯʝʩʢʠʭ ʙʠʦʭʠʤʠʯʝʩʢʠʭ ʨʝʘʢʮʠʡ, ʢʦʪʦʨʳʝ ʚ 

ʠʪʦʛʝ ʟʘʧʫʩʢʘʶʪ ʘʧʦʧʪʦʟ ʥʝʡʨʦʥʦʚ ʠ ʠʭ ʬʘʛʦʮʠʪʦʟ ʤʘʢʨʦʬʘʛʘʤʠ (323); (324); 

(325). ʅʝʦʙʭʦʜʠʤʦ ʫʧʦʤʷʥʫʪʴ, ʯʪʦ ʥʘ ʧʨʦʮʝʩʩ ʥʝʡʨʦʜʝʛʝʥʝʨʘʮʠʠ ʚʣʠʷʶʪ ʠ 

ʜʨʫʛʠʝ ʬʘʢʪʦʨʳ: ʦʢʠʩʣʠʪʝʣʴʥʳʡ ʩʪʨʝʩʩ, ʤʠʪʦʭʦʥʜʨʠʘʣʴʥʘʷ ʜʠʩʬʫʥʢʮʠʷ, 

ʜʝʬʠʮʠʪ ʥʝʡʨʦʪʨʦʬʠʯʝʩʢʠʭ ʬʘʢʪʦʨʦʚ ʠ ʚʦʩʧʘʣʠʪʝʣʴʥʳʝ ʧʨʦʮʝʩʩʳ (326), 

(327). 

 

1.3.4. ʅʘʜʤʦʣʝʢʫʣʷʨʥʳʝ ʧʘʪʦʣʦʛʠʯʝʩʢʠʝ ʤʝʭʘʥʠʟʤʳ. 

ʅʘʜʤʦʣʝʢʫʣʷʨʥʳʝ ʘʥʩʘʤʙʣʠ. 

ʅʘ ʧʦʟʜʥʝʡ ʩʪʘʜʠʠ ʟʘʙʦʣʝʚʘʥʠʷ ʚʳʰʝʧʝʨʝʯʠʩʣʝʥʥʳʝ ʧʘʪʦʬʠʟʠʦʣʦʛʠʯʝʩʢʠʝ 

ʤʝʭʘʥʠʟʤʳ ʧʨʠʚʦʜʷʪ ʢ ʦʙʱʠʤ ʛʣʦʙʘʣʴʥʳʤ ʢʣʝʪʦʯʥʳʤ ʥʘʨʫʰʝʥʠʷʤ, ʪʘʢʠʤ 

ʢʘʢ ʵʢʩʘʡʪʦʪʦʢʩʠʯʥʦʩʪʴ, ʕʇʈ ʩʪʨʝʩʩ, ʩʨʳʚ ʋʇʉ ʠ ʘʧʦʧʪʦʟ.  

ɸʛʨʝʛʘʪʳ. ʇʦʷʚʣʝʥʠʝ ʥʦʚʳʭ ʩʚʷʟʝʡ ʠ ʦʪʩʫʪʩʪʚʠʝ ʩʪʘʨʳʭ ʧʨʠ ʤʫʪʘʮʠʦʥʥʦʡ 

ʟʘʤʝʥʝ ʘʤʠʥʦʢʠʩʣʦʪ ʚ ʩʦʩʪʘʚʝ ʙʝʣʢʦʚ ʧʨʠʚʦʜʠʪ ʢ ʠʟʤʝʥʝʥʠʶ 

ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʡ ʩʪʨʫʢʪʫʨʳ ʙʝʣʢʘ, ʥʝʧʨʘʚʠʣʴʥʦʡ ʢʦʥʬʦʨʤʘʮʠʠ ʠ 

ʦʙʨʘʟʦʚʘʥʠʶ ʥʝʨʘʩʪʚʦʨʠʤʳʭ ʬʨʘʢʮʠʡ (ʘʛʨʝʛʘʪʦʚ). ʄʫʪʘʥʪʥʳʝ, ʥʝʧʨʘʚʠʣʴʥʦ 

ʫʧʘʢʦʚʘʥʥʳʝ ʙʝʣʢʠ, ʦʙʨʘʟʫʶʱʠʝ ʘʛʨʝʛʘʪʳ, ʥʘʙʣʶʜʘʶʪʩʷ ʠ ʧʨʠ ʨʘʟʣʠʯʥʳʭ 

ʥʝʡʨʦʜʝʛʝʥʝʨʘʪʠʚʥʳʭ ʟʘʙʦʣʝʚʘʥʠʷʭ ʪʘʢʠʭ, ʢʘʢ ʙʦʣʝʟʥʴ ʇʘʨʢʠʥʩʦʥʘ, ʙʦʣʝʟʥʴ 

ɸʣʴʮʛʝʡʤʝʨʘ, ʙʦʢʦʚʦʡ ʘʤʠʦʪʨʦʬʠʯʝʩʢʠʡ ʩʢʣʝʨʦʟ ʠ ʧʦʣʠʛʣʫʪʘʤʠʥʦʚrʝ 

ʟʘʙʦʣʝʚʘʥʠʷ (268); (328); (329). ʀʟʥʘʯʘʣʴʥʦ ʥʝʧʨʘʚʠʣʴʥʦ ʫʧʘʢʦʚʘʥʥʳʝ 

ʤʫʪʘʥʪʥʳʝ ʙʝʣʢʠ ʩʣʠʧʘʶʪʩʷ ʤʝʞʜʫ ʩʦʙʦʡ, ʦʙʨʘʟʫʷ ʜʠ- ʠ ʦʣʠʛʦʤʝʨʳ, ʢʦʪʦʨʳʝ 

ʦʙʣʘʜʘʶʪ ʪʦʢʩʠʯʝʩʢʠʤʠ ʩʚʦʡʩʪʚʘʤʠ. ʀ ʠʭ ʪʦʢʩʠʯʥʦʩʪʴ ʙʦʣʝʝ ʚʳʨʘʞʝʥʘ, ʯʝʤ 

ʚʠʜʠʤʳʝ ʘʛʨʝʛʘʪʳ, ʪʘʢ ʢʘʢ ʦʥʠ ʩʧʦʩʦʙʥʳ ʧʝʨʝʜʚʠʛʘʪʴʩʷ ʚ ʮʠʪʦʧʣʘʟʤʝ ʢʣʝʪʢʠ 

ʠ ʚʟʘʠʤʦʜʝʡʩʪʚʦʚʘʪʴ ʩ ʜʨʫʛʠʤʠ ʙʝʣʢʘʤʠ, ʪʘʢʠʤʠ ʢʘʢ ʙʣʠʟʢʦ ʨʦʜʩʪʚʝʥʥʳʝ 

ʙʝʣʢʠ ʠ ʙʝʣʢʠ-ʤʠʰʝʥʠ ʚ ʢʘʩʢʘʜʝ ʧʝʨʝʜʘʯʠ ʩʠʛʥʘʣʦʚ (330). ʀʤʝʥʥʦ ʵʪʠʤ 

ʤʦʞʥʦ ʦʙʲʷʩʥʠʪʴ ʧʨʠʦʙʨʝʪʝʥʠʝ ʪʦʢʩʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ ʧʦʣʠʛʣʫʪʘʤʠʥʦʚʳʭ 
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ʙʝʣʢʦʚ ʠ ʨʘʟʚʠʪʠʝ ʚʳʰʝʦʧʠʩʘʥʥʳʭ ʥʝʛʘʪʠʚʥʳʭ ʵʬʬʝʢʪʦʚ ʥʘ ʪʨʘʥʩʢʨʠʧʮʠʶ. 

ʆʙʲʝʜʠʥʷʷʩʴ ʩ ʙʝʣʢʘʤʠ-ʤʠʰʝʥʷʤʠ, ʦʣʠʛʦʤʝʨʳ ʩʫʱʝʩʪʚʝʥʥʦ ʫʚʝʣʠʯʠʚʘʶʪ 

ʤʘʩʩʫ ʵʪʦʛʦ ʢʦʤʧʣʝʢʩʘ, ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʥʦʨʤʘʣʴʥʳʤ ʤʦʥʦʤʝʨʦʤ ʜʠʢʦʛʦ ʪʠʧʘ, 

ʯʪʦ ʚʝʜʸʪ ʢ ʟʥʘʯʠʪʝʣʴʥʦʤʫ ʟʘʤʝʜʣʝʥʠʶ ʪʘʢʠʭ ʙʠʦʣʦʛʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ, ʢʘʢ 

ʪʨʘʥʩʣʦʢʘʮʠʷ, ʘʢʪʠʚʘʮʠʷ ʩʫʙʩʪʨʘʪʦʚ ʠ ʪ.ʧ. (331). 

ʇʨʠ ʜʘʣʴʥʝʡʰʝʡ ʘʜʛʝʟʠʠ ʦʣʠʛʦʤʝʨʥʳʭ ʤʫʪʘʥʪʥʳʭ ʙʝʣʢʦʚ ʦʙʨʘʟʫʝʪʩʷ 

ʧʦʣʠʤʝʨʥʘʷ ʩʪʨʫʢʪʫʨʘ, ʢʦʪʦʨʘʷ ʥʝʩʧʦʩʦʙʥʘ ʢ ʧʝʨʝʤʝʱʝʥʠʶ ʚ ʮʠʪʦʧʣʘʟʤʝ ʠ 

ʥʝʨʘʩʪʚʦʨʠʤʘ. ʆʜʥʘʢʦ ʙʳʣʦ ʧʦʢʘʟʘʥʦ, ʯʪʦ ʘʛʨʝʛʘʪʳ ʠʤʤʫʥʦʧʦʣʦʞʠʪʝʣʴʥʳ ʠ 

ʢ ʚʳʰʝʫʧʦʤʷʥʫʪʳʤ ʙʣʠʟʢʦ ʨʦʜʩʪʚʝʥʥʳʤ ʙʝʣʢʘʤ, ʠ ʢ ʙʝʣʢʘʤ-ʤʠʰʝʥʷʤ, ʘ 

ʪʘʢʞʝ, ʢ ʤʦʣʝʢʫʣʘʤ ʬʠʙʨʠʥʘ, ʢʦʤʧʦʥʝʥʪʘʤ ʫʙʠʢʚʠʪʠʥʘ ʠ ʪ.ʜ. ʉʦʚʦʢʫʧʥʦʩʪʴ 

ʵʪʠʭ ʥʝʨʘʩʪʚʦʨʠʤʳʭ ʩʪʨʫʢʪʫʨ, ʦʙʨʘʟʫʝʪ ʘʛʨʝʛʘʪʳ. ʆʙʨʘʟʦʚʘʥʠʝ ʘʛʨʝʛʘʪʦʚ 

ʧʨʝʜʩʪʘʚʣʷʝʪʩʷ, ʢʘʢ ʣʦʛʠʯʝʩʢʦʝ ʟʘʚʝʨʰʝʥʠʝ ʥʝʧʨʘʚʠʣʴʥʦʡ ʢʦʥʬʦʨʤʘʮʠʠ 

ʤʫʪʘʥʪʥʳʭ ʙʝʣʢʦʚ. ʇʦʷʚʣʝʥʠʝ ʥʝʧʦʜʚʠʞʥʳʭ ʘʛʨʝʛʘʪʦʚ, ʧʦ ʚʩʝʡ ʚʠʜʠʤʦʩʪʠ, 

ʚʥʦʩʠʪ ʟʥʘʯʠʪʝʣʴʥʳʡ ʚʢʣʘʜ ʚ ʤʝʭʘʥʠʟʤ ʧʦʪʝʨʠ ʬʫʥʢʮʠʡ ʧʦʣʠʛʣʫʪʘʤʠʥʦʚʳʭ 

ʙʝʣʢʦʚ. ʅʘ ʤʦʜʝʣʷʭ ʢʣʝʪʦʢ ʠ ʞʠʚʦʪʥʳʭ ʙʳʣʦ ʧʦʢʘʟʘʥʦ, ʯʪʦ ʘʛʨʝʛʘʪʳ 

ʩʧʦʩʦʙʥʳ ʦʙʨʘʟʦʚʳʚʘʪʴʩʷ ʧʨʠ ʚʩʝʭ ʧʦʣʠʛʣʫʪʘʤʠʥʦʚʳʭ ʉʎɸ (332). ʇʨʠ ʉʎɸ6 

ʦʥʠ ʠʤʝʶʪ ʪʦʣʴʢʦ ʮʠʪʦʧʣʘʟʤʘʪʠʯʝʩʢʦʝ ʨʘʩʧʦʣʦʞʝʥʠʝ (333), ʪʦʛʜʘ ʢʘʢ ʧʨʠ 

ʦʩʪʘʣʴʥʳʭ, ʨʘʩʩʤʘʪʨʠʚʘʝʤʳʭ ʥʘʤʠ ʟʘʙʦʣʝʚʘʥʠʷʭ, ʚ ʪʦʤ ʯʠʩʣʝ, ʠ 

ʚʥʫʪʨʠʷʜʝʨʥʦʝ (334). 

ʇʦʨʘʞʝʥʠʝ ʦʨʛʘʥʝʣʣ. ʆʨʛʘʥʝʣʣʳ ʢʣʝʪʢʠ ʠʩʧʳʪʳʚʘʶʪ ʚʩʶ ʩʦʚʦʢʫʧʥʦʩʪʴ 

ʧʘʪʦʣʦʛʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ, ʧʨʦʪʝʢʘʶʱʠʭ ʥʘ ʤʦʣʝʢʫʣʷʨʥʦʤ ʫʨʦʚʥʝ. 

ʇʨʦʪʝʘʩʦʤʳ. ʋʙʠʢʚʠʪʠʥ-ʧʨʦʪʝʘʩʦʤʥʘʷ ʩʠʩʪʝʤʘ ï ʦʜʥʘ ʠʟ ʦʩʥʦʚʥʳʭ 

ʧʨʦʪʝʦʣʠʪʠʯʝʩʢʠʭ ʩʠʩʪʝʤ ʚ ʢʣʝʪʢʘʭ ʤʣʝʢʦʧʠʪʘʶʱʠʭ. ʕʪʘ ʩʠʩʪʝʤʘ ʚʦʚʣʝʯʝʥʘ 

ʚ ʜʝʛʨʘʜʘʮʠʶ 80ð90% ʚʩʝʭ ʢʦʨʦʪʢʦ ʞʠʚʫʱʠʭ ʙʝʣʢʦʚ ʮʠʪʦʟʦʣʷ, ʚʢʣʶʯʘʷ 

ʥʝʧʨʘʚʠʣʴʥʦ ʫʧʘʢʦʚʘʥʥʳʝ ʙʝʣʢʠ (335), (336). ɼʝʛʨʘʜʘʮʠʷ ʙʝʣʢʦʚ ʩ ʧʦʤʦʱʴʶ 

ʜʘʥʥʦʡ ʩʠʩʪʝʤʳ ʧʨʦʪʝʢʘʝʪ ʚ ʜʚʘ ʰʘʛʘ: (1) ʫʙʠʢʚʠʪʠʥʠʨʦʚʘʥʠʝ, ʪ.ʝ., 

ʩʚʷʟʳʚʘʥʠʝ ʫʙʠʢʚʠʪʠʥʘ ʩ ʙʝʣʢʦʤ-ʤʠʰʝʥʴʶ ʯʝʨʝʟ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʳʝ ʜʝʡʩʪʚʠʷ 

ʬʝʨʤʝʥʪʦʚ ʘʢʪʠʚʠʨʫʶʱʠʭ ʫʙʠʢʚʠʪʠʥ (E1), ʩʚʷʟʳʚʘʶʱʠʭ ʫʙʠʢʚʠʪʠʥ (E2) ʠ 

ʣʠʛʠʨʦʚʘʥʠʝ ʫʙʠʢʚʠʪʠʥʘ (E3); ʠ (2) ʜʝʛʝʥʝʨʘʮʠʶ, ʪ.ʝ., ʨʘʩʧʦʟʥʘʚʘʥʠʝ Lys48 
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ʧʦʣʠʫʙʠʢʚʠʪʠʥʦʚʦʡ ʮʝʧʦʯʢʠ ʩ ʧʦʤʦʱʴʶ 26S ʧʨʦʪʝʘʩʦʤʳ ʠ ʜʝʛʨʘʜʘʮʠʠ 

ʙʝʣʢʘ-ʤʠʰʝʥʠ ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ ʩʚʦʙʦʜʥʦʛʦ ʫʙʠʢʚʠʪʠʥʘ ʧʨʠ ʧʦʤʦʱʠ 

ʫʙʠʢʚʠʪʠʥ-ʚʦʟʦʙʥʦʚʣʷʝʤʦʛʦ ʬʝʨʤʝʥʪʘ. ʉʘʤ ʘʪʘʢʩʠʥ 3 ʷʚʣʷʝʪʩʷ 

ʜʝʫʙʠʢʚʠʪʠʥʠʨʫʶʱʠʤ ʬʝʨʤʝʥʪʦʤ, ʪʝʩʥʦ ʩʚʷʟʘʥʥʳʤ ʩ ʨʘʙʦʪʦʡ ʋʇʉ. ʆʜʥʘʢʦ 

ʩʫʱʝʩʪʚʫʝʪ ʠ ʥʝʩʧʝʮʠʬʠʯʝʩʢʠʡ ʤʝʭʘʥʠʟʤ, ʧʨʠʩʫʱʠʡ ʚʩʝʤ 

ʧʦʣʠʛʣʫʪʘʤʠʥʦʚʳʤ ʟʘʙʦʣʝʚʘʥʠʷʤ. ʅʝʧʨʘʚʠʣʴʥʦ ʫʧʘʢʦʚʘʥʥʳʝ ʙʝʣʢʠ ʪʨʝʙʫʶʪ 

ʫʩʠʣʝʥʥʦʡ ʨʘʙʦʪʳ ʫʙʠʢʚʠʪʠʥ-ʧʨʦʪʝʘʩʦʤʥʦʡ ʩʠʩʪʝʤʳ ʧʦ ʠʭ ʨʘʩʱʝʧʣʝʥʠʶ ʠ 

ʚʳʚʝʜʝʥʠʶ, ʯʪʦ, ʚ ʠʪʦʛʝ ʧʨʠʚʦʜʠʪ ʢ ʧʝʨʝʥʘʧʨʷʞʝʥʠʶ ʠ ʩʨʳʚʫ ʤʝʭʘʥʠʟʤʦʚ 

ʜʘʥʥʦʡ ʩʠʩʪʝʤʳ. ʅʝʜʦʩʪʘʪʦʯʥʦʩʪʴ ʫʙʠʢʚʠʪʠʥ-ʧʨʦʪʝʘʩʦʤʥʦʡ ʩʠʩʪʝʤʳ ʚʝʜʸʪ ʢ 

ʥʘʢʦʧʣʝʥʠʶ ʩʢʣʦʥʥʳʭ ʢ ʘʛʨʝʛʘʮʠʠ ʙʝʣʢʦʚ, ʢʦʪʦʨʳʝ, ʚʦʚʣʝʯʝʥʳ ʚ ʨʘʟʚʠʪʠʝ 

ʧʦʣʠʛʣʫʪʘʤʠʥʦʚʳʭ ʟʘʙʦʣʝʚʘʥʠʡ (241). ʉ ʧʦʤʦʱʴʶ ʤʝʪʦʜʦʚ 

ʠʤʤʫʥʦʛʠʩʪʦʭʠʤʠʠ ʙʳʣʦ ʚʳʷʚʣʝʥʦ ʩʦʚʤʝʩʪʥʦʝ ʨʘʩʧʦʣʦʞʝʥʠʝ ʘʛʨʝʛʘʪʦʚ 

ʧʦʣʠʛʣʫʪʘʤʠʥʦʚʳʭ ʙʝʣʢʦʚ ʩ ʧʨʦʪʝʘʩʦʤʘʤʠ, ʯʪʦ ʥʘʚʦʜʠʪ ʥʘ ʤʳʩʣʴ ʦ ʪʝʩʥʦʡ ʠʭ 

ʩʚʷʟʠ ʩ ʫʙʠʢʚʠʪʠʥ-ʧʨʦʪʝʘʩʦʤʥʦʡ ʩʠʩʪʝʤʦʡ (337). ɺ ʨʘʟʣʠʯʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʷʭ 

ʙʳʣʦ ʧʦʢʘʟʘʥʦ, ʯʪʦ ʘʛʨʝʛʘʮʠʷ ʙʝʣʢʦʚ ʧʨʝʧʷʪʩʪʚʫʝʪ ʥʦʨʤʘʣʴʥʦʡ ʨʘʙʦʪʝ 

ʫʙʠʢʚʠʪʠʥ-ʧʨʦʪʝʘʩʦʤʥʦʡ ʩʠʩʪʝʤʳ. ɿʜʝʩʴ ʜʝʡʩʪʚʫʝʪ ʧʨʠʥʮʠʧ ʧʦʣʦʞʠʪʝʣʴʥʦʡ 

ʦʙʨʘʪʥʦʡ ʩʚʷʟʠ ï ʙʝʣʢʦʚʘʷ ʘʛʨʝʛʘʮʠʷ ʫʩʠʣʠʚʘʝʪ ʜʠʩʬʫʥʢʮʠʶ ʋʇʉ ʯʝʨʝʟ 

ʩʝʢʚʝʩʪʨʘʮʠʶ 26S ʧʨʦʪʝʘʩʦʤʥʦʛʦ ʢʦʤʧʣʝʢʩʘ, ʯʪʦ ʝʱʸ ʙʦʣʴʰʝ ʫʩʠʣʠʚʘʝʪ 

ʧʨʦʮʝʩʩ ʘʛʨʝʛʘʮʠʠ (335). 

ʕʇʈ ʫʯʘʩʪʚʫʝʪ ʚ ʧʨʦʠʟʚʦʜʩʪʚʝ ʠ ʩʦʟʨʝʚʘʥʠʠ ʙʝʣʢʦʚ. ʅʘʨʫʰʝʥʠʷ ʧʨʦʮʝʩʩʦʚ 

ʢʦʥʬʦʨʤʘʮʠʦʥʥʦʛʦ ʩʦʟʨʝʚʘʥʠʷ ʙʝʣʢʦʚ ʚ ʕʇʈ ʥʘʟʳʚʘʶʪ ʕʇʈ ʩʪʨʝʩʩʦʤ. 

ʄʫʪʘʥʪʥʳʝ ʧʦʣʠʛʣʫʪʘʤʠʥʦʚʳʝ ʙʝʣʢʠ ʧʨʠ ʩʨʳʚʝ ʋʇʉ ʤʦʛʫʪ ʥʘʧʨʷʤʫʶ 

ʚʳʟʳʚʘʪʴ ʕʇʈ ʩʪʨʝʩʩ, ʪʘʢ ʢʘʢ ʚ ʧʦʩʣʝʜʥʝʤ ʧʨʦʠʩʭʦʜʠʪ ʤʘʩʩʦʚʦʝ ʠʭ 

ʥʘʢʦʧʣʝʥʠʝ (338). ʄʥʦʞʝʩʪʚʦ ʨʘʙʦʪ ʧʦʢʘʟʘʣʠ, ʯʪʦ ʘʛʨʝʛʘʮʠʷ ʤʫʪʘʥʪʥʳʭ 

ʙʝʣʢʦʚ ʧʨʦʚʦʮʠʨʫʝʪ ʕʇʈ ʩʪʨʝʩʩ ʚ ʤʦʜʝʣʷʭ ʢʣʝʪʦʢ ʞʠʚʦʪʥʳʭ ʨʘʟʣʠʯʥʳʭ 

ʥʝʡʨʦʜʝʛʝʥʝʨʘʪʠʚʥʳʭ ʟʘʙʦʣʝʚʘʥʠʡ (339). ʇʨʠ ʧʦʷʚʣʝʥʠʠ ʧʘʪʦʣʦʛʠʯʝʩʢʠ 

ʫʧʘʢʦʚʘʥʥʳʭ ʙʝʣʢʦʚ ʚ ʕʇʈ, ʚʢʣʶʯʘʶʪʩʷ ʢʦʤʧʝʥʩʘʪʦʨʥʳʝ ʤʝʭʘʥʠʟʤʳ, 

ʫʚʝʣʠʯʠʚʘʶʱʠʝ ʵʢʩʧʨʝʩʩʠʶ ʬʝʨʤʝʥʪʦʚ ʪʘʢʠʭ, ʢʘʢ ʦʢʩʠʜʨʝʜʫʢʪʘʟʳ, 

ʫʯʘʩʪʚʫʶʱʠʝ ʚ ʦʙʨʘʟʦʚʘʥʠʠ ʜʠʩʫʣʴʬʠʜʥʳʭ ʩʚʷʟʝʡ ʚ ʙʝʣʢʘʭ. ʇʨʦʜʫʢʪʦʤ 
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ʦʢʠʩʣʝʥʠʷ ʩʫʣʴʬʛʠʜʨʠʣʴʥʳʭ ʛʨʫʧʧ ʙʝʣʢʦʚ ʷʚʣʷʶʪʩʷ ʘʢʪʠʚʥʳʝ ʬʦʨʤʳ 

ʢʠʩʣʦʨʦʜʘ, ʧʨʠʥʠʤʘʶʱʠʝ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦʝ ʫʯʘʩʪʠʝ ʚ ʨʘʟʚʠʪʠʠ 

ʦʢʠʩʣʠʪʝʣʴʥʦʛʦ ʩʪʨʝʩʩʘ (340). ʇʨʠ ʧʦʣʠʛʣʫʪʘʤʠʥʦʚʳʭ ʟʘʙʦʣʝʚʘʥʠʷʭ ʪʘʢʠʭ, 

ʢʘʢ ʉʎɸ 2 ʠ ʉʎɸ3, ʥʘʢʦʧʣʝʥʠʝ ʤʫʪʘʥʪʥʳʭ ʙʝʣʢʦʚ ʧʨʠʚʦʜʠʪ ʢ 

ʟʥʘʯʠʪʝʣʴʥʦʤʫ ʧʦʚʨʝʞʜʝʥʠʶ ʕʇʈ (341); (264).  

ʄʠʪʦʭʦʥʜʨʠʠ. ʉʪʨʫʢʪʫʨʥʦ-ʬʫʥʢʮʠʦʥʘʣʴʥʳʝ ʥʘʨʫʰʝʥʠʷ ʤʠʪʦʭʦʥʜʨʠʡ, 

ʥʘʨʷʜʫ ʩ ʕʇʈ ʩʪʨʝʩʩʦʤ ʠ ʩʨʳʚʦʤ ʋʇʉ, ʷʚʣʷʶʪʩʷ ʦʜʥʠʤ ʠʟ ʦʩʥʦʚʥʳʭ ʟʚʝʥʴʝʚ 

ʚ ʧʘʪʦʛʝʥʝʟʝ ʜʝʛʝʥʝʨʘʪʠʚʥʳʭ ʟʘʙʦʣʝʚʘʥʠʡ ʥʝʨʚʥʦʡ ʩʠʩʪʝʤʳ (342). 

ʄʫʪʘʥʪʥʳʝ ʧʦʣʠʛʣʫʪʘʤʠʥʦʚʳʝ ʙʝʣʢʠ, ʚ ʯʘʩʪʥʦʩʪʠ ʘʪʘʢʩʠʥ 3 ʠ ʘʪʘʢʩʠʥ 7, ʠ ʠʭ 

ʘʛʨʝʛʘʪʳ, ʚʩʣʝʜʩʪʚʠʝ ʩʚʦʝʡ ʪʦʢʩʠʯʥʦʩʪʠ, ʩʧʦʩʦʙʥʳ ʥʘʧʨʷʤʫʶ ʚʣʠʷʪʴ ʥʘ 

ʬʫʥʢʮʠʠ ʤʠʪʦʭʦʥʜʨʠʡ (343); (344). ʊʘʢʞʝ ʙʳʣʦ ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʧʨʠ 

ʥʝʡʨʦʜʝʛʝʥʝʨʘʪʠʚʥʳʭ ʧʨʦʮʝʩʩʘʭ ʚ ʢʣʝʪʢʝ, ʨʘʟʣʠʯʥʳʝ ʦʨʛʘʥʝʣʣʳ ʦʢʘʟʳʚʘʶʪ 

ʥʝʛʘʪʠʚʥʦʝ ʚʣʠʷʥʠʝ ʜʨʫʛ ʥʘ ʜʨʫʛʘ, ʦʙʨʘʟʫʷ, ʚ ʩʚʦʸʤ ʨʦʜʝ, çʧʦʨʦʯʥʳʡ ʢʨʫʛè. ɺ 

ʯʘʩʪʥʦʩʪʠ, ʕʇʈ, ʥʘʭʦʜʷʱʠʡʩʷ ʚ ʩʦʩʪʦʷʥʠʠ ʩʪʨʝʩʩʘ, ʩʧʦʩʦʙʩʪʚʫʝʪ ʨʘʟʚʠʪʠʶ 

ʜʝʛʝʥʝʨʘʪʠʚʥʳʭ ʠʟʤʝʥʝʥʠʡ ʚ ʤʠʪʦʭʦʥʜʨʠʷʭ (345). ɺʩʷ ʩʦʚʦʢʫʧʥʦʩʪʴ 

ʩʧʝʮʠʬʠʯʝʩʢʠʭ ʠ ʥʝʩʧʝʮʠʬʠʯʝʩʢʠʭ ʚʦʟʜʝʡʩʪʚʠʡ ʧʨʠ ʧʦʣʠʛʣʫʪʘʤʠʥʦʚʳʭ ʉʎɸ 

ʥʘ ʤʠʪʦʭʦʥʜʨʠʠ ʧʨʠʚʦʜʠʪ ʢ ʨʘʟʚʠʪʠʶ ʤʠʪʦʭʦʥʜʨʠʘʣʴʥʦʡ ʜʠʩʬʫʥʢʮʠʠ, 

ʢʦʪʦʨʘʷ ʚʢʣʶʯʘʝʪ ʚ ʩʝʙʷ ʪʘʢʠʝ ʧʨʦʷʚʣʝʥʠʷ, ʢʘʢ ʩʥʠʞʝʥʠʝ ʩʠʥʪʝʟʘ ɸʊʌ, 

ʧʨʦʜʫʢʮʠʶ ʘʢʪʠʚʥʳʭ ʬʦʨʤ ʢʠʩʣʦʨʦʜʘ ʠ ʘʢʪʠʚʠʟʘʮʠʶ ʤʝʭʘʥʠʟʤʦʚ 

ʟʘʧʨʦʛʨʘʤʤʠʨʦʚʘʥʥʦʡ ʛʠʙʝʣʠ ʢʣʝʪʢʠ (346). 

ɸʧʦʧʪʦʟ. ʌʠʥʘʣʴʥʦʡ ʩʪʘʜʠʝʡ ʥʝʡʨʦʜʝʛʝʥʝʨʘʪʠʚʥʳʭ ʟʘʙʦʣʝʚʘʥʠʡ, ʚ ʪʦʤ ʯʠʩʣʝ 

ʠ ʧʦʣʠʛʣʫʪʘʤʠʥʦʚʳʭ ʉʎɸ, ʷʚʣʷʝʪʩʷ ʟʘʧʨʦʛʨʘʤʤʠʨʦʚʘʥʥʘʷ ʢʣʝʪʦʯʥʘʷ ʛʠʙʝʣʴ, 

ʠʣʠ ʘʧʦʧʪʦʟ. ʉʘ
2+

 ʟʘʚʠʩʠʤʳʡ ʧʫʪʴ ʘʧʦʧʪʦʟʘ ʠʛʨʘʝʪ ʥʘʠʚʘʞʥʝʡʰʫʶ ʨʦʣʴ ʚ 

ʧʘʪʦʛʝʥʝʟʝ ʜʘʥʥʳʭ ʟʘʙʦʣʝʚʘʥʠʡ. 

 ʆʜʥʘʢʦ ʥʝʩʧʝʮʠʬʠʯʝʩʢʠʝ ʧʘʪʦʛʝʥʥʳʝ ʬʘʢʪʦʨʳ ʪʘʢʞʝ ʦʢʘʟʳʚʘʶʪ 

ʟʥʘʯʠʪʝʣʴʥʦʝ ʚʣʠʷʥʠʝ ʥʘ ʘʧʦʧʪʦʟ. ɺ ʯʘʩʪʥʦʩʪʠ, ʘʧʦʧʪʦʟ ʥʘʙʣʶʜʘʣʩʷ ʚ ʂʇ, 

ʠʤʝʶʱʠʭ ʘʛʨʝʛʘʪʳ ʤʫʪʘʥʪʥʳʭ ʧʦʣʠʛʣʫʪʘʤʠʥʦʚʳʭ ʙʝʣʢʦʚ, ʥʦ ʥʝ ʚ ʂʇ ʙʝʟ 

ʘʛʨʝʛʘʪʦʚ (347). ɼʘʥʥʳʡ ʬʝʥʦʤʝʥ ʙʳʣ ʦʧʠʩʘʥ ʚ ʧʘʪʦʛʝʥʝʟʝ ʨʘʟʣʠʯʥʳʭ 

ʥʝʡʨʦʜʝʛʝʥʝʨʘʪʠʚʥʳʭ ʟʘʙʦʣʝʚʘʥʠʡ (348). ɺʳʨʘʞʝʥʥʦʝ ʚʣʠʷʥʠʝ ʥʘ ʘʧʦʧʪʦʟ 
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ʧʨʠ ʧʦʣʠʛʣʫʪʘʤʠʥʦʚʳʭ ʉʎɸ ʦʢʘʟʳʚʘʝʪ ʢʘʩʧʘʟʘ-ʟʘʚʠʩʠʤʳʡ ʧʫʪʴ ʧʝʨʝʜʘʯʠ 

ʩʠʛʥʘʣʦʚ. ʂʘʩʧʘʟʘ 1 ï ʵʪʦ ʢʣʶʯʝʚʦʡ ʪʨʠʛʛʝʨ ʘʧʦʧʪʦʪʠʯʝʩʢʦʛʦ ʧʫʪʠ ʧʨʠ ʉʎɸ3 

ʠ ɹɻ (349). ɽy  ʘʢʪʠʚʘʮʠʷ ʟʘʪʨʘʛʠʚʘʝʪ ʪʘʢʠʝ ʬʠʥʘʣʴʥr ʝ ʢʘʩʧʘʟʳ ʘʧʦʧʪʦʟʘ, ʢʘʢ 

ʢʘʩʧʘʟʘ 3. ɸʢʪʠʚʘʮʠʷ ʬʠʥʘʣʴʥʦʛʦ ʢʘʩʢʘʜʘ ʢʘʩʧʘʟ ʯʝʨʝʟ ʢʘʩʧʘʟʫ 3 ʪʘʢʞʝ ʠʤʝʝʪ 

ʤʝʩʪʦ ʧʨʠ ʵʢʩʧʨʝʩʩʠʠ ʤʫʪʘʥʪʥʦʛʦ ʘʪʘʢʩʠʥʘ 2, ʩʦʜʝʨʞʘʱʝʛʦ ALS ʦʙʣʘʩʪʴ 

(350). ɼʘʥʥʳʡ ʧʫʪʴ ʘʧʦʧʪʦʟʘ ʤʦʞʝʪ ʙʳʪʴ ʘʢʪʠʚʠʨʦʚʘʥ ʠ ʜʨʫʛʠʤʠ 

ʢʦʤʧʦʥʝʥʪʘʤʠ, ʪʝʩʥʦ ʩʚʷʟʘʥʥʳʤʠ ʩ ʧʘʪʦʬʠʟʠʦʣʦʛʠʝʡ ʥʝʡʨʦʜʝʛʝʥʝʨʘʪʠʚʥʳʭ 

ʟʘʙʦʣʝʚʘʥʠʡ. ʊʘʢ, ʥʘ ʧʦʟʜʥʠʭ ʩʪʘʜʠʷʭ, ʧʨʠ ʧʦʚʨʝʞʜʝʥʠʠ ʕʇʈ ʠ ʤʠʪʦʭʦʥʜʨʠʡ, 

ʧʨʦʠʩʭʦʜʠʪ ʤʘʩʩʠʚʥʳʡ ʚʳʙʨʦʩ ʉʘ
2+

 ʠʟ ʵʥʜʦʛʝʥʥʦʛʦ ʜʝʧʦ (351). ɺ ʨʝʟʫʣʴʪʘʪʝ 

ʨʘʟʨʫʰʝʥʠʷ ʤʝʤʙʨʘʥ ʦʨʛʘʥʝʣʣ ʚʩrʚʦʙʦʞʜʘʝʪʩʷ ʢʘʩʧʘʟʘ-12, ʢʦʪʦʨʘʷ 

ʘʢʪʠʚʠʨʫʝʪʩʷ ʉʘ
2+
. ʂʘʩʧʘʟʘ 12, ʚ ʩʚʦʶ ʦʯʝʨʝʜʴ, ʘʢʪʠʚʠʨʫʝʪ ʢʘʩʧʘʟʫ 9, ʘ 

ʢʘʩʧʘʟʘ 9 ï ʬʠʥʘʣʴʥʳʝ ʢʘʩʧʘʟʳ ʘʧʦʧʪʦʟʘ ʪʘʢʠʝ, ʢʘʢ ʢʘʩʧʘʟʳ 3, 6 ʠ 7. ʇʨʠ 

ʨʘʟʨʫʰʝʥʠʠ ʤʠʪʦʭʦʥʜʨʠʡ ʚʳʩʚʦʙʦʞʜʘʝʪʩʷ ʮʠʪʦʭʨʦʤ ʩ, ʢʦʪʦʨʳʡ ʚʢʣʶʯʘʝʪʩʷ 

ʚ ʩʦʩʪʘʚ ʘʧʦʧʪʦʩʦʤʳ, ʪʘʢʞʝ ʘʢʪʠʚʠʨʫʶʱʝʡ ʢʘʩʧʘʟʘ-12 ʦʧʦʩʨʝʜʦʚʘʥʥʳʡ ʧʫʪʴ 

ʘʧʦʧʪʦʟʘ (352).  

ʇʨʠ ʧʦʣʠʛʣʫʪʘʤʠʥʦʚʳʭ ʉʎɸ ʘʧʦʧʪʦʟʫ ʧʦʜʚʝʨʛʘʶʪʩʷ ʥʝ ʪʦʣʴʢʦ ʩʪʨʫʢʪʫʨʳ 

ʤʦʟʞʝʯʢʘ, ʥʦ ʠ ʜʨʫʛʠʝ ʦʪʜʝʣʳ ʎʅʉ, ʚ ʦʩʦʙʝʥʥʦʩʪʠ ʧʨʦʜʦʣʛʦʚʘʪʳʡ ʤʦʟʛ. 

ɸʧʦʧʪʦʟ ʩʪʨʫʢʪʫʨ ʤʦʟʞʝʯʢʘ ʠ ʩʪʚʦʣʘ ʤʦʟʛʘ ʚʳʨʘʞʘʝʪʩʷ, ʤʦʨʬʦʣʦʛʠʯʝʩʢʠ, ʚ 

ʫʤʝʥʴʰʝʥʠʠ ʠʭ ʦʙʲʸʤʘ, ʘ ʬʫʥʢʮʠʦʥʘʣʴʥʦ ʚ ʚʳʧʘʜʝʥʠʠ ʬʫʥʢʮʠʡ ʠ 

ʬʦʨʤʠʨʦʚʘʥʠʠ ʨʘʟʣʠʯʥʳʭ ʥʝʚʨʦʣʦʛʠʯʝʩʢʠʭ ʩʠʥʜʨʦʤʦʚ (ʩʤ. ʨʘʟʜʝʣ ʚʳʰʝ). 
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ʈʠʩʫʥʦʢ 5. ʆʩʥʦʚʥʳʝ ʟʚʝʥʴʷ ʧʘʪʦʛʝʥʝʟʘ ʧʦʣʠʛʣʫʪʘʤʠʥʦʚʳʭ ʉʎɸ ʥʘ ʧʨʠʤʝʨʝ 

ʉʎɸ1. ʄʫʪʘʮʠʷ ʚ ʛʝʥʝ ATXN1 ʧʨʠʚʦʜʠʪ ʢ ʧʦʷʚʣʝʥʠʶ ʙʝʣʢʘ ʩ ʫʚʝʣʠʯʝʥʥʦʡ 

ʧʦʣʠʛʣʫʪʘʤʠʥʦʚʦʡ ʮʝʧʦʯʢʦʡ, ʯʪʦ ʧʨʠʚʦʜʠʪ ʢ ʥʝʧʨʘʚʠʣʴʥʦʡ ʝʸ ʢʦʥʬʦʨʤʘʮʠʠ. 

ʈʘʩʪʚʦʨʠʤʳʝ ʬʦʨʤʳ ʵʪʦʛʦ ʙʝʣʢʘ ʥʝ ʤʦʛʫʪ ʚʟʘʠʤʦʜʝʡʩʪʚʦʚʘʪʴ ʩ ʙʝʣʢʦʚʳʤ 

ʢʦʤʧʣʝʢʩʦʤ, ʫʯʘʩʪʚʫʶʱʠʤ ʚ ʘʢʪʠʚʘʮʠʠ ʪʨʘʥʩʢʨʠʧʮʠʠ ʚʘʞʥʳʭ ʜʣʷ 

ʞʠʟʥʝʜʝʷʪʝʣʴʥʦʩʪʠ ʢʣʝʪʢʠ ʛʝʥʦʚ. ʉʥʠʞʝʥʠʝ ʵʢʩʧʨʝʩʩʠʠ ʵʪʠʭ ʛʝʥʦʚ ʧʨʠʚʦʜʠʪ 

ʢ ʧʦʜʘʚʣʝʥʠʶ ʩʠʥʪʝʟʘ ʪʘʢʠʭ ʙʝʣʢʦʚ, ʢʘʢ mGluR1, ʢʘʣʴʙʠʥʜʠʥ, IP3-R ʠ ʜʨ. ʕʪʦ 

ʩʢʘʟʳʚʘʝʪʩʷ ʦʪʨʠʮʘʪʝʣʴʥʦ ʥʘ ʤʦʨʬʦʣʦʛʠʠ ʢʣʝʪʦʢ. ɼʝʛʨʘʜʘʮʠʷ ʂʇ ʚʳʟʳʚʘʝʪ 

ʘʢʪʠʚʘʮʠʶ ʛʣʠʠ ʢʦʨʳ ʤʦʟʞʝʯʢʘ, ʚ ʯʘʩʪʥʦʩʪʠ, ɻɹ. ʕʪʦ ʧʨʠʚʦʜʠʪ ʢ ʛʠʙʝʣʠ 

ʥʝʨʚʥʳʭ ʢʣʝʪʦʢ. ɼʨʫʛʦʡ ʧʫʪʴ ʥʘʨʫʰʝʥʠʡ ʩʚʷʟʘʥ ʩ ʧʦʷʚʣʝʥʠʝʤ 

ʥʝʨʘʩʪʚʦʨʠʤʳʭ ʬʦʨʤ ʤʫʪʘʥʪʥʦʛʦ ʘʪʘʢʩʠʥʘ 1 ʚ ʚʠʜʝ ʘʛʨʝʛʘʪʦʚ, ʢʦʪʦʨʳʝ 

ʦʙʣʘʜʘʶʪ ʮʠʪʦʪʦʢʩʠʯʝʩʢʠʤ ʵʬʬʝʢʪʦʤ. ʅʝʨʘʩʪʚʦʨʠʤʳʝ ʘʛʨʝʛʘʪʳ ʥʝ ʤʦʛʫʪ 

ʙʳʪʴ ʧʝʨʝʨʘʙʦʪʘʥʳ ʋʇʉ ʠ ʚʳʟʳʚʘʶʪ ʤʠʪʦʭʦʥʜʨʠʘʣʴʥʳʡ ʠ ʕʇʈ ʩʪʨʝʩʩ, 

ʚʳʩʚʦʙʦʞʜʝʥʠʶ ʩʚʦʙʦʜʥʳʭ ʨʘʜʠʢʘʣʦʚ ʠ ʵʢʩʘʡʪʦʪʦʢʩʠʯʥʦʩʪʠ. ʕʪʦ ʟʘʧʫʩʢʘʝʪ 


