
ʬʝʜʝʨʘʣʴʥʦʝ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʝ ʙʶʜʞʝʪʥʦʝ ʦʙʨʘʟʦʚʘʪʝʣʴʥʦʝ ʫʯʨʝʞʜʝʥʠʝ 

ʚʳʩʰʝʛʦ ʦʙʨʘʟʦʚʘʥʠʷ "ʗʨʦʩʣʘʚʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʤʝʜʠʮʠʥʩʢʠʡ 

ʫʥʠʚʝʨʩʠʪʝʪ" ʄʠʥʠʩʪʝʨʩʪʚʘ ʟʜʨʘʚʦʦʭʨʘʥʝʥʠʷ ʈʦʩʩʠʡʩʢʦʡ ʌʝʜʝʨʘʮʠʠ 

 

ʅʘ ʧʨʘʚʘʭ ʨʫʢʦʧʠʩʠ 

 

ʄʦʠʩʝʝʚ ʂʦʥʩʪʘʥʪʠʥ ʖʨʴʝʚʠʯ 

 

ɺʆɿʈɸʉʊʅʓɽ ʀɿʄɽʅɽʅʀʗ NO-ʆʇʆʉʈɽɼʆɺɸʅʅʆʁ 

ʉʀʅɸʇʊʀʏɽʉʂʆʁ ʇɽʈɽɼɸʏʀ ɺ ʉʀʄʇɸʊʀʏɽʉʂʆʁ ʅɽʈɺʅʆʁ 

ʉʀʉʊɽʄɽ ʂʈʓʉ 

03.03.01 ï ʬʠʟʠʦʣʦʛʠʷ  

 

ɼʠʩʩʝʨʪʘʮʠʷ ʥʘ ʩʦʠʩʢʘʥʠʝ ʫʯʸʥʦʡ ʩʪʝʧʝʥʠ  

ʢʘʥʜʠʜʘʪʘ ʤʝʜʠʮʠʥʩʢʠʭ ʥʘʫʢ  

 

 

 

 

 

 

 

ʗʨʦʩʣʘʚʣʴ ï 2020 

ʅʘʫʯʥʳʡ ʨʫʢʦʚʦʜʠʪʝʣʴ: 

ʜʦʢʪʦʨ ʤʝʜʠʮʠʥʩʢʠʭ ʥʘʫʢ, 

ʧʨʦʬʝʩʩʦʨ ʄʘʩʣʶʢʦʚ ʇ.ʄ. 



2 
 

ʆʛʣʘʚʣʝʥʠʝ 

ɺɺɽɼɽʅʀɽ .............................................................................................................. 5 

1. ʆɹɿʆʈ ʃʀʊɽʈɸʊʋʈʓ ..................................................................................... 14 

1.1. ʄʦʨʬʦʣʦʛʠʯʝʩʢʘʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ ʩʚʷʟʝʡ ʧʨʝʛʘʥʛʣʠʦʥʘʨʥʳʭ ʥʝʡʨʦʥʦʚ 

ʩʧʠʥʥʦʛʦ ʤʦʟʛʘ ʩ ʢʨʘʥʠʘʣʴʥʳʤ ʰʝʡʥʳʤ ʛʘʥʛʣʠʝʤ ........................................ 14 

1.1.1. ʉʧʠʥʥʦʤʦʟʛʦʚʳʝ ʩʠʤʧʘʪʠʯʝʩʢʠʝ ʷʜʨʘ ................................................ 14 

1.1.2. ʉʚʷʟʠ ʢʨʘʥʠʘʣʴʥʦʛʦ ʰʝʡʥʦʛʦ ʛʘʥʛʣʠʷ ʩ ʩʝʛʤʝʥʪʘʤʠ ʩʧʠʥʥʦʛʦ ʤʦʟʛʘ

 ........................................................................................................................... 16 

1.1.3. ʅʝʡʨʦʭʠʤʠʯʝʩʢʠʡ ʩʦʩʪʘʚ ʧʨʝʛʘʥʛʣʠʦʥʘʨʥʳʭ ʥʝʡʨʦʥʦʚ ................... 17 

1.1.4. ʉʪʨʫʢʪʫʨʥʘʷ ʦʨʛʘʥʠʟʘʮʠʷ ʰʝʡʥʦʛʦ ʩʠʤʧʘʪʠʯʝʩʢʦʛʦ ʩʪʚʦʣʘ ............ 18 

1.1.5. ɸʥʘʪʦʤʠʷ ʂʐɻ ..................................................................................... 19 

1.1.6. ʉʠʥʘʧʪʠʯʝʩʢʠʝ ʦʢʦʥʯʘʥʠʷ ʚ ʂʐɻ ...................................................... 20 

1.2. ʄʦʨʬʦʣʦʛʠʯʝʩʢʠʝ ʦʩʦʙʝʥʥʦʩʪʠ ʩʚʷʟʝʡ ʧʨʝʛʘʥʛʣʠʦʥʘʨʥʳʭ ʥʝʡʨʦʥʦʚ 

ʩʧʠʥʥʦʛʦ ʤʦʟʛʘ ʩ ʢʨʘʥʠʘʣʴʥʳʤ ʰʝʡʥʳʤ ʛʘʥʛʣʠʝʤ ʚ ʦʥʪʦʛʝʥʝʟʝ .................. 21 

1.2.1. ʀʟʤʝʥʝʥʠʷ ʩʪʨʫʢʪʫʨʥʦʡ ʦʨʛʘʥʠʟʘʮʠʠ ʧʨʝʛʘʥʛʣʠʦʥʘʨʥʳʭ ʥʝʡʨʦʥʦʚ ʚ 

ʦʥʪʦʛʝʥʝʟʝ. ....................................................................................................... 21 

1.2.2. ɺʦʟʨʘʩʪʥʳʝ ʠʟʤʝʥʝʥʠʷ ʰʝʡʥʦʛʦ ʩʠʤʧʘʪʠʯʝʩʢʦʛʦ ʩʪʚʦʣʘ ʠ ʥʝʡʨʦʥʦʚ 

ʂʐɻ .................................................................................................................. 23 

1.2.3. ʆʩʦʙʝʥʥʦʩʪʠ ʩʠʥʘʧʪʠʯʝʩʢʠʭ ʢʦʥʪʘʢʪʦʚ ʩʠʤʧʘʪʠʯʝʩʢʠʭ 

ʧʨʝʛʘʛʣʠʦʥʘʨʥʳʭ ʥʝʡʨʦʥʦʚ ʚ ʦʥʪʦʛʝʥʝʟʝ ..................................................... 24 

1.3. ʌʫʥʢʮʠʦʥʘʣʴʥʳʝ ʦʩʦʙʝʥʥʦʩʪʠ ʬʦʥʦʚʦʡ ʵʣʝʢʪʨʠʯʝʩʢʦʡ ʘʢʪʠʚʥʦʩʪʠ ʠ 

ʩʠʥʘʧʪʠʯʝʩʢʦʡ ʧʝʨʝʜʘʯʠ ʚ ʂʐɻ ...................................................................... 26 

1.3.1. ʇʨʦʚʝʜʝʥʠʝ ʚʦʟʙʫʞʜʝʥʠʷ ʯʝʨʝʟ ʂʐɻ ................................................. 26 

1.3.2. ʈʠʪʤʠʯʝʩʢʠʝ ʨʘʟʨʷʜʳ ʚ ʵʬʬʝʨʝʥʪʥʳʭ ʩʠʤʧʘʪʠʯʝʩʢʠʭ ʚʦʣʦʢʥʘʭ .... 27 

1.4. ʌʫʥʢʮʠʦʥʘʣʴʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʬʦʥʦʚʦʡ ʵʣʝʢʪʨʠʯʝʩʢʦʡ ʘʢʪʠʚʥʦʩʪʠ ʠ 

ʩʠʥʘʧʪʠʯʝʩʢʦʡ ʧʝʨʝʜʘʯʠ ʚ ʂʐɻ ʚ ʦʥʪʦʛʝʥʝʟʝ ................................................ 28 

1.4.1. ɺʦʟʨʘʩʪʥʳʝ ʠʟʤʝʥʝʥʠʷ ʧʨʦʚʝʜʝʥʠʷ ʚʦʟʙʫʞʜʝʥʠʷ ʧʦ ʰʝʡʥʦʤʫ 

ʩʠʤʧʘʪʠʯʝʩʢʦʤʫ ʩʪʚʦʣʫ ʠ ʯʝʨʝʟ ʂʐɻ ʚ ʦʥʪʦʛʝʥʝʟʝ .................................... 28 

1.4.2. ʀʟʤʝʥʝʥʠʷ ʬʦʥʦʚʦʡ ʵʣʝʢʪʨʠʯʝʩʢʦʡ ʘʢʪʠʚʥʦʩʪʠ ʥʝʨʚʥʳʭ ʚʦʣʦʢʦʥ ʚ 

ʧʦʩʪʥʘʪʘʣʴʥʦʤ ʦʥʪʦʛʝʥʝʟʝ ............................................................................. 29 

1.5. ʆʢʩʠʜ ʘʟʦʪʘ ï ʢʘʢ ʤʦʜʫʣʷʪʦʨ ʩʠʥʘʧʪʠʯʝʩʢʦʡ ʧʝʨʝʜʘʯʠ .......................... 31 

1.5.1. ʄʦʣʝʢʫʣʷʨʥʳʝ ʤʝʭʘʥʠʟʤʳ ʵʬʬʝʢʪʦʚ ʦʢʩʠʜʘ ʘʟʦʪʘ........................... 31 



3 
 

1.5.2. ɺʣʠʷʥʠʝ ʦʢʩʠʜʘ ʘʟʦʪʘ ʥʘ ʩʠʥʘʧʪʠʯʝʩʢʫʶ ʧʝʨʝʜʘʯʫ ʚ ʮʝʥʪʨʘʣʴʥʦʡ 

ʥʝʨʚʥʦʡ ʩʠʩʪʝʤʝ .............................................................................................. 33 

1.5.3. ɺʣʠʷʥʠʝ ʦʢʩʠʜʘ ʘʟʦʪʘ ʥʘ ʩʠʥʘʧʪʠʯʝʩʢʫʶ ʧʝʨʝʜʘʯʫ ʚ 

ʧʝʨʠʬʝʨʠʯʝʩʢʦʡ ʥʝʨʚʥʦʡ ʩʠʩʪʝʤʝ ................................................................. 35 

1.5.4. nNOS-ʠʤʤʫʥʦʨʝʘʢʪʠʚʥʦʩʪʴ ʚ ʩʠʤʧʘʪʠʯʝʩʢʠʭ ʫʟʣʘʭ ......................... 39 

2. ʄɸʊɽʈʀɸʃʓ ʀ ʄɽʊʆɼʓ ʀʉʉʃɽɼʆɺɸʅʀʗ ........................................... 40 

2.1. ʆʙʦʩʥʦʚʘʥʠʝ ʚʳʙʦʨʘ ʦʙʲʝʢʪʦʚ ʠʟʫʯʝʥʠʷ ................................................. 40 

2.2. ʇʦʩʪʘʥʦʚʢʘ ʵʢʩʧʝʨʠʤʝʥʪʘ .......................................................................... 40 

2.3. ʕʣʝʢʪʨʦʬʠʟʠʦʣʦʛʠʯʝʩʢʠʝ ʤʝʪʦʜʳ ʠʩʩʣʝʜʦʚʘʥʠʡ. ................................... 42 

2.3.1. ʈʝʛʠʩʪʨʘʮʠʷ ʠ ʘʥʘʣʠʟ ʬʦʥʦʚʦʡ ʘʢʪʠʚʥʦʩʪʠ ʚʦ ʚʥʫʪʨʝʥʥʝʤ ʩʦʥʥʦʤ 

ʥʝʨʚʝ ʢʨʘʥʠʘʣʴʥʦʛʦ ʰʝʡʥʦʛʦ ʫʟʣʘ ................................................................ 42 

2.3.2. ʈʝʛʠʩʪʨʘʮʠʷ ʠ ʘʥʘʣʠʟ ʚʳʟʚʘʥʥʳʭ ʵʣʝʢʪʨʠʯʝʩʢʠʭ ʧʦʪʝʥʮʠʘʣʦʚ ʚ 

ʧʦʩʪʛʘʥʛʣʠʦʥʘʨʥʳʭ ʚʦʣʦʢʥʘʭ ʚʥʫʪʨʝʥʥʝʛʦ ʩʦʥʥʦʛʦ ʥʝʨʚʘ. ....................... 44 

2.4. ʀʤʤʫʥʦʛʠʩʪʦʭʠʤʠʯʝʩʢʠʡ ʤʝʪʦʜ ............................................................... 45 

2.5. ɺʝʩʪʝʨʥ ï ʙʣʦʪʪʠʥʛ ..................................................................................... 48 

2.6. ʀʩʧʦʣʴʟʦʚʘʥʥʳʝ ʬʠʟʠʦʣʦʛʠʯʝʩʢʠ ʘʢʪʠʚʥʳʝ ʚʝʱʝʩʪʚʘ ʠ ʨʘʩʪʚʦʨʳ. ...... 49 

2.7. ʉʪʘʪʠʩʪʠʯʝʩʢʘʷ ʦʙʨʘʙʦʪʢʘ ʜʘʥʥʳʭ. ........................................................... 50 

3. ʈɽɿʋʃʔʊɸʊʓ ʉʆɹʉʊɺɽʅʅʓʍ ʀʉʉʃɽɼʆɺɸʅʀʁ ................................. 51 

3.1. ɺʣʠʷʥʠʝ ʦʢʩʠʜʘ ʘʟʦʪʘ ʥʘ ʬʦʥʦʚʫʶ ʵʣʝʢʪʨʠʯʝʩʢʫʶ ʘʢʪʠʚʥʦʩʪʴ ʚ 

ʧʦʩʪʛʘʥʛʣʠʦʥʘʨʥʳʭ ʚʦʣʦʢʥʘʭ ʂʐɻ ʚ ʦʥʪʦʛʝʥʝʟʝ .......................................... 51 

3.1.1. ʌʦʥʦʚʘʷ ʵʬʬʝʨʝʥʪʥʘʷ ʘʢʪʠʚʥʦʩʪʴ ʚ ʧʦʩʪʛʘʥʛʣʠʦʥʘʨʥʳʭ ʚʦʣʦʢʥʘʭ 

ʂʐɻ ʚ ʦʥʪʦʛʝʥʝʟʝ ........................................................................................... 51 

3.1.2. ɺʣʠʷʥʠʝ ʙʣʦʢʘʪʦʨʘ ʩʠʥʪʝʟʘ NO ʠ ʜʦʥʦʨʘ NO ʥʘ ʬʦʥʦʚʫʶ 

ʵʣʝʢʪʨʠʯʝʩʢʫʶ ʘʢʪʠʚʥʦʩʪʴ ʂʐɻ ʚ ʦʥʪʦʛʝʥʝʟʝ ............................................ 55 

3.1.3. ɺʣʠʷʥʠʝ ʤʝʤʙʨʘʥʦʧʨʦʥʠʢʘʶʱʠʭ ʘʥʘʣʦʛʦʚ ʮɻʄʌ ʠ ʩʧʝʮʠʬʠʯʝʩʢʦʛʦ 

ʠʥʛʠʙʠʪʦʨʘ ʨʘʩʪʚʦʨʠʤʦʡ ʛʫʘʥʠʣʘʪʮʠʢʣʘʟʳ ʥʘ ʬʦʥʦʚʫʶ ʵʣʝʢʪʨʠʯʝʩʢʫʶ 

ʘʢʪʠʚʥʦʩʪʴ ʧʦʩʪʛʘʥʛʣʠʦʥʘʨʥʳʭ ʚʦʣʦʢʦʥ ʚ ʦʥʪʦʛʝʥʝʟʝ ............................... 56 

3.2. ɺʣʠʷʥʠʝ ʦʢʩʠʜʘ ʘʟʦʪʘ ʥʘ ʚʳʟʚʘʥʥʫʶ ʵʣʝʢʪʨʠʯʝʩʢʫʶ ʘʢʪʠʚʥʦʩʪʴ 

ʚʦʣʦʢʦʥ ʂʐɻ ʚ ʧʦʩʪʥʘʪʘʣʴʥʦʤ ʦʥʪʦʛʝʥʝʟʝ .................................................... 59 

3.2.1. ɺʳʟʚʘʥʥʳʝ ʵʣʝʢʪʨʠʯʝʩʢʠʝ ʦʪʚʝʪʳ ʚ ʂʐɻ ʚ ʧʦʩʪʥʘʪʘʣʴʥʦʤ 

ʦʥʪʦʛʝʥʝʟʝ ........................................................................................................ 59 

3.2.2. ɺʣʠʷʥʠʝ ʜʦʥʦʨʘ NO ʠ ʙʣʦʢʘʪʦʨʘ ʩʠʥʪʝʟʘ NO ʥʘ ʚʳʟʚʘʥʥʫʶ 

ʵʣʝʢʪʨʠʯʝʩʢʫʶ ʘʢʪʠʚʥʦʩʪʴ ʚʦʣʦʢʦʥ ʂʐɻ ʚ ʧʦʩʪʥʘʪʘʣʴʥʦʤ ʦʥʪʦʛʝʥʝʟʝ .. 61 



4 
 

3.2.3. ɺʦʟʜʝʡʩʪʚʠʝ ʧʨʝʧʘʨʘʪʦʚ, ʚʣʠʷʶʱʠʭ ʥʘ ʛʫʘʥʠʣʘʪʮʠʢʣʘʟʥʫʶ ʩʠʩʪʝʤʫ 

ʥʘ ʚʳʟʚʘʥʥʫʶ ʵʣʝʢʪʨʠʯʝʩʢʫʶ ʘʢʪʠʚʥʦʩʪʴ ʚʦʣʦʢʦʥ ʂʐɻ ʚ ʧʦʩʪʥʘʪʘʣʴʥʦʤ 

ʦʥʪʦʛʝʥʝʟʝ ........................................................................................................ 65 

3.3. ʀʤʤʫʥʦʛʠʩʪʦʭʠʤʠʯʝʩʢʠʝ ʦʩʦʙʝʥʥʦʩʪʠ ʧʨʝʛʘʥʛʣʠʦʥʘʨʥʳʭ nNOS-ʀʈ 

ʥʝʡʨʦʥʦʚ ʩʧʠʥʥʦʛʦ ʤʦʟʛʘ .................................................................................. 69 

3.3.1. ʃʦʢʘʣʠʟʘʮʠʷ nNOS-ʀʈ ʥʝʡʨʦʥʦʚ ʚ ʘʚʪʦʥʦʤʥʳʭ ʩʠʤʧʘʪʠʯʝʩʢʠʭ 

ʷʜʨʘʭ ʩʧʠʥʥʦʛʦ ʤʦʟʛʘ ..................................................................................... 69 

3.3.2. ʉʦʣʦʢʘʣʠʟʘʮʠʷ nNOS ʩ ʭʦʣʠʥʘʮʝʪʠʣʪʨʘʥʩʬʝʨʘʟʦʡ .......................... 72 

3.3.3. ʉʦʣʦʢʘʣʠʟʘʮʠʷ nNOS ʩ ʢʘʣʴʙʠʥʜʠʥʦʤ ............................................... 76 

3.3.4. ʉʦʣʦʢʘʣʠʟʘʮʠʷ nNOS ʩ ʢʘʣʴʨʝʪʠʥʠʥʦʤ ............................................. 78 

3.3.5. ʉʦʣʦʢʘʣʠʟʘʮʠʷ nNOS ʩ CART ............................................................. 82 

3.3.6. ʕʢʩʧʨʝʩʩʠʷ nNOS ʧʦ ʜʘʥʥʳʤ ʚʝʩʪʝʨʥ-ʙʣʦʪʪʠʥʛʘ ............................. 85 

3.4. ʈʘʩʧʨʝʜʝʣʝʥʠʝ nNOS ʚ ʢʨʘʥʠʘʣʴʥʦʤ ʰʝʡʥʦʤ ʩʠʤʧʘʪʠʯʝʩʢʦʤ ʛʘʥʛʣʠʠ 86 

3.4.1. nNOS-ʧʦʟʠʪʠʚʥʳʝ ʧʨʝʛʘʥʛʣʠʦʥʘʨʥʳʝ ʚʦʣʦʢʥʘ ................................. 86 

3.4.2. ʉʦʣʦʢʘʣʠʟʘʮʠʷ nNOS ʩ ʍɸʊ, ʂʈ ʠ CART. ......................................... 87 

3.4.3. ʈʝʟʫʣʴʪʘʪʳ ʚʝʩʪʝʨʥ-ʙʣʦʪʪʠʥʛʘ. ........................................................... 90 

4. ʆɹʉʋɾɼɽʅʀɽ ................................................................................................. 91 

ɿɸʂʃʖʏɽʅʀɽ ..................................................................................................... 99 

ɺʓɺʆɼʓ ............................................................................................................. 101 

ʉʇʀʉʆʂ ʃʀʊɽʈɸʊʋʈʓ ................................................................................... 103 

 

  



5 
 

ʉʇʀʉʆʂ ʉʆʂʈɸʑɽʅʀʁ 

ɸʎʇ ï ʘʥʘʣʦʛʦ-ʮʠʬʨʦʚʦʡ ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʴ 

ʀʈ - ʠʤʤʫʥʦʨʝʘʢʪʠʚʥʳʝ  

ʂɹ ï ʢʘʣʴʙʠʥʜʠʥ 

ʂʈ - ʢʘʣʴʨʝʪʠʥʠʥ  

ʂʐɻ - ʢʨʘʥʠʘʣʴʥʳʡ ʰʝʡʥʳʡ ʛʘʥʛʣʠʡ 

ʅɸɼʌʅ - ʥʠʢʦʪʠʥʘʤʠʜ-ʘʜʝʥʠʥ-ʜʠʥʫʢʣʝʦʪʠʜ-ʬʦʩʬʘʪ 

ʅʅ ï ʥʠʪʨʦʧʨʫʩʩʠʜ ʥʘʪʨʠʷ 

ʍɸʊ - ʭʦʣʠʥʘʮʝʪʠʣʪʨʘʥʩʬʝʨʘʟʘ  

ʮɻʄʌ ï ʮʠʢʣʠʯʝʩʢʠʡ ʛʫʘʥʦʟʠʥ ʤʦʥʦʬʦʩʬʘʪ 

8Br-ʮɻʄʌ - ʤʝʤʙʨʘʥʦʧʨʦʥʠʢʘʶʱʠʡ ʘʥʘʣʦʛ ʮɻʄʌ 

CA ï ʮʝʥʪʨʘʣʴʥʘʷ ʘʚʪʦʥʦʤʥʘʷ ʦʙʣʘʩʪʴ 

CART - ʢʦʢʘʠʥ- ʠ ʘʤʬʝʪʘʤʠʥ- ʨʝʛʫʣʠʨʫʝʤʳʡ ʪʨʘʥʩʢʨʠʧʪʦʤ  

CY3 - ʠʥʜʦʢʘʨʙʦʮʠʘʥʠʥ 

FITC ï ʬʣʶʦʨʝʩʮʝʠʥ-ʠʟʦʪʠʦʮʠʘʥʘʪ 

L-NAME - G-ʥʠʪʨʦ-L-ʘʨʛʠʥʠʥ ʤʝʪʠʣʦʚʳʡ ʵʬʠʨ, ʙʣʦʢʘʪʦʨ NO-ʩʠʥʪʘʟʳ  

nNOS ï ʥʝʡʨʦʥʘʣʴʥʘʷ NO-ʩʠʥʪʘʟʘ 

NO ï ʤʦʥʦʦʢʩʠʜ ʘʟʦʪʘ 

nucl.IC - nucleus intercalatus spinalis 

nucl.ICpe - nucleus intercalatus spinalis pars paraependymalis 

nucl.ILf - nucleus intermediolateralis thoracolumbalis pars funicularis 

nucl.ILp - nucleus intermediolateralis thoracolumbalis pars principalis 

ODQ - ʩʧʝʮʠʬʠʯʝʩʢʠʡ ʠʥʛʠʙʠʪʦʨ ʨʘʩʪʚʦʨʠʤʦʡ ʛʫʘʥʠʣʘʪʮʠʢʣʘʟʳ  

PGP9.5 - ʩʧʝʮʠʬʠʯʝʩʢʠʡ ʥʝʡʨʦʥʘʣʴʥʳʡ ʙʝʣʦʢ (ʥʝʡʨʦʤʘʨʢʸʨ) 
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ɺɺɽɼɽʅʀɽ 

ɸʢʪʫʘʣʴʥʦʩʪʴ ʠʩʩʣʝʜʦʚʘʥʠʷ. ʀʩʩʣʝʜʦʚʘʥʠʝ ʤʝʭʘʥʠʟʤʦʚ 

ʩʠʥʘʧʪʠʯʝʩʢʦʡ ʧʝʨʝʜʘʯʠ ʚ ʛʘʥʛʣʠʷʭ ʘʚʪʦʥʦʤʥʦʡ (ʚʝʛʝʪʘʪʠʚʥʦʡ) ʥʝʨʚʥʦʡ 

ʩʠʩʪʝʤʳ ʧʨʝʜʩʪʘʚʣʷʝʪ ʙʦʣʴʰʦʡ ʠʥʪʝʨʝʩ ʜʣʷ ʥʝʡʨʦʙʠʦʣʦʛʠʠ ʠ 

ʥʝʡʨʦʬʠʟʠʦʣʦʛʠʠ ʚ ʯʘʩʪʥʦʩʪʠ. ʕʪʦ ʩʚʷʟʘʥʦ ʩ ʪʝʤ, ʯʪʦ ʚ ʦʪʣʠʯʠʝ ʦʪ 

ʮʝʥʪʨʘʣʴʥʦʡ ʥʝʨʚʥʦʡ ʩʠʩʪʝʤʳ, ʧʝʨʠʬʝʨʠʯʝʩʢʠʝ ʛʘʥʛʣʠʠ ʦʙʣʘʜʘʶʪ ʙʦʣʝʝ 

ʧʨʦʩʪʳʤʠ ʩʚʷʟʷʤʠ, ʘ ʪʘʢʞʝ ʙʦʣʝʝ ʫʜʦʙʥʳ ʜʣʷ ʠʟʫʯʝʥʠʷ ʚ ʩʚʷʟʠ ʩ ʠʭ 

ʧʝʨʠʬʝʨʠʯʝʩʢʦʡ ʣʦʢʘʣʠʟʘʮʠʝʡ. ʊʘʢʞʝ ʠʟʫʯʝʥʠʝ ʨʘʟʣʠʯʥʳʭ ʘʩʧʝʢʪʦʚ 

ʥʝʡʨʦʥʥʦʡ ʦʨʛʘʥʠʟʘʮʠʠ ʘʚʪʦʥʦʤʥʳʭ ʫʟʣʦʚ ʦʢʘʟʳʚʘʝʪʩʷ ʧʦʣʝʟʥʳʤ ʥʝ ʪʦʣʴʢʦ 

ʜʣʷ ʬʫʥʜʘʤʝʥʪʘʣʴʥʦʡ, ʥʦ ʠ ʜʣʷ ʢʣʠʥʠʯʝʩʢʦʡ ʤʝʜʠʮʠʥʳ, ʧʦʩʢʦʣʴʢʫ 

ʧʘʪʦʣʦʛʠʯʝʩʢʠʝ ʧʨʦʮʝʩʩʳ ʚ ʛʘʥʛʣʠʷʭ ʤʦʛʫʪ ʚʳʟʳʚʘʪʴ ʨʘʟʣʠʯʥʳʝ ʟʘʙʦʣʝʚʘʥʠʷ. 

ʂ ʥʘʠʙʦʣʝʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʳʤ ʦʪʥʦʩʷʪ ʙʦʣʝʟʥʴ ʈʝʡʥʦ, ʚʦʟʥʠʢʘʶʱʫʶ ʧʨʠ 

ʥʘʨʫʰʝʥʠʠ ʨʘʙʦʪʳ ʚʝʨʭʥʠʭ ʛʨʫʜʥʳʭ ʧʘʨʘʚʝʨʪʝʙʨʘʣʴʥʳʭ ʫʟʣʦʚ, ʘ ʪʘʢʞʝ 

ʙʦʣʝʟʥʴ ɻʠʨʰʧʨʫʥʛʘ, ʩʚʷʟʘʥʥʫʶ ʩ ʥʝʜʦʩʪʘʪʦʯʥʳʤ ʨʘʟʚʠʪʠʝʤ 

ʤʝʪʘʩʠʤʧʘʪʠʯʝʩʢʠʭ ʠʥʪʨʘʤʫʨʘʣʴʥʳʭ ʛʘʥʛʣʠʝʚ ʪʦʣʩʪʦʡ ʢʠʰʢʠ. 

ʉʦʛʣʘʩʥʦ ʢʣʘʩʩʠʯʝʩʢʠʤ ʧʨʝʜʩʪʘʚʣʝʥʠʷʤ, ʧʝʨʝʜʘʯʘ ʚʦʟʙʫʞʜʝʥʠʷ ʩ 

ʧʨʝʛʘʥʛʣʠʦʥʘʨʥʳʭ ʚʦʣʦʢʦʥ ʥʘ ʥʝʡʨʦʥʳ ʛʘʥʛʣʠʝʚ ʘʚʪʦʥʦʤʥʦʡ ʥʝʨʚʥʦʡ 

ʩʠʩʪʝʤʳ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʟʘ ʩʯʝʪ ʤʝʜʠʘʪʦʨʘ ʘʮʝʪʠʣʭʦʣʠʥʘ (ɸ.ɼ.ʅʦʟʜʨʘʯʝʚ, 

1969, 1978, 1983; ɺ.ʀ.ʉʢʦʢ, 1970; ɸ.ɼ.ʅʦʟʜʨʘʯʝʚ, ʖ.ʇ.ʇʫʰʢʘʨʝʚ, 1980). ɺ 

ʧʦʩʣʝʜʫʶʱʝʤ ʙʳʣʦ ʧʦʢʘʟʘʥʦ, ʯʪʦ ʤʥʦʛʠʝ ʥʝʡʨʦʥʳ, ʚ ʪʦʤ ʯʠʩʣʝ ʠ ʚ 

ʘʚʪʦʥʦʤʥʦʡ ʥʝʨʚʥʦʡ ʩʠʩʪʝʤʝ, ʩʦʜʝʨʞʘʪ ʦʜʥʦʚʨʝʤʝʥʥʦ ʥʝʩʢʦʣʴʢʦ 

ʥʝʡʨʦʪʨʘʥʩʤʠʪʪʝʨʦʚ, ʚ ʪʦʤ ʯʠʩʣʝ ʧʦʤʠʤʦ ʢʣʘʩʩʠʯʝʩʢʠʭ ʥʝʡʨʦʤʝʜʠʘʪʦʨʦʚ ï 

ʥʝʡʨʦʧʝʧʪʠʜʳ, ʘ ʪʘʢʞʝ ʤʦʣʝʢʫʣʳ ʛʘʟʦʚ ï ʦʢʩʠʜʘ ʘʟʦʪʘ, ʩʝʨʦʚʦʜʦʨʦʜʘ ʠ 

ʫʛʘʨʥʦʛʦ ʛʘʟʘ (ɸ.ɼ.ʅʦʟʜʨʘʯʝʚ, ʇ.ʄ.ʄʘʩʣʶʢʦʚ, 2014; Furness, Stebbing, 2018).  

ʆʢʩʠʜ ʘʟʦʪʘ (NO) ʷʚʣʷʝʪʩʷ ʫʥʠʚʝʨʩʘʣʴʥʦʡ ʩʠʛʥʘʣʴʥʦʡ ʤʦʣʝʢʫʣʦʡ ʚ 

ʤʦʟʛʝ ʠ ʚ ʜʨʫʛʠʭ ʦʨʛʘʥʘʭ ʪʝʣʘ. ʆʥ ʚʦʚʣʝʯʝʥ ʚ ʤʥʦʞʝʩʪʚʦ ʬʫʥʢʮʠʡ, ʚ ʪʦʤ 

ʯʠʩʣʝ ʚ ʨʝʪʨʦʛʨʘʜʥʦʡ ʧʝʨʝʜʘʯʝ ʩʠʛʥʘʣʦʚ, ʩʠʥʘʧʪʠʯʝʩʢʦʡ ʧʣʘʩʪʠʯʥʦʩʪʠ, 

ʚʥʫʪʨʠʢʣʝʪʦʯʥʦʡ ʨʝʛʫʣʷʮʠʠ (ʅ.ɺ.ɻʫʣʷʝʚʘ, 1995; ɺ.ɻ.ɹʘʰʢʘʪʦʚʘ, 

ʂ.ʉ.ʈʘʝʚʩʢʠʡ, 1998; ʆ.ɸ.ʃʶʙʘʰʠʥʘ, ɸ.ɼ.ʅʦʟʜʨʘʯʝʚ, 2008; Garthwaite, 2008, 

2018; Fºrstermann, Sessa, 2012; ɻ.ʌ.ʉʠʪʜʠʢʦʚʘ ʩ ʩʦʘʚʪ., 2014; Kourosh-Arami 
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et al., 2020), ʨʝʛʫʣʷʮʠʠ ʢʨʦʚʦʪʦʢʘ (Zhang et al., 2014; Gaynullina et al., 2019; 

Ataei Ataabadi et al., 2020) ʠ ʧʩʠʭʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ (ɼ.ʀ.ʇʝʨʝʛʫʜ ʩ ʩʦʘʚʪ., 

2017; Tripathi et al., 2020). ɹʳʣʦ ʧʦʢʘʟʘʥʦ, ʯʪʦ NO ʫʯʘʩʪʚʫʝʪ ʚ ʦʩʫʱʝʩʪʚʣʝʥʠʠ 

ʨʘʟʣʠʯʥʳʭ ʧʨʦʮʝʩʩʦʚ ʨʘʟʚʠʪʠʷ (Gray, Cheung, 2014; Gaynullina et al., 2019). 

ʌʝʨʤʝʥʪ ʩʠʥʪʝʟʘ NO ï ʥʝʡʨʦʥʘʣʴʥʘʷ NO-ʩʠʥʪʘʟʘ (nNOS) - ʚ 

ʩʠʤʧʘʪʠʯʝʩʢʦʡ ʥʝʨʚʥʦʡ ʩʠʩʪʝʤʝ ʤʣʝʢʦʧʠʪʘʶʱʠʭ ʚʳʷʚʣʷʝʪʩʷ ʚ 

ʧʨʝʛʘʥʛʣʠʦʥʘʨʥʳʭ ʥʝʡʨʦʥʘʭ ʩʧʠʥʥʦʛʦ ʤʦʟʛʘ ʠ ʩʦʣʦʢʘʣʠʟʦʚʘʥʘ ʩ ʬʝʨʤʝʥʪʦʤ 

ʩʠʥʪʝʟʘ ʘʮʝʪʠʣʭʦʣʠʥʘ ï ʭʦʣʠʥʘʮʝʪʠʣʪʨʘʥʩʬʝʨʘʟʦʡ (ʍɸʊ) (Grcovic, Anderson, 

1997; Navickaite et al., 2020). ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ NO ʤʦʞʝʪ ʦʢʘʟʳʚʘʪʴ ʢʘʢ 

ʦʙʣʝʛʯʘʶʱʝʝ, ʪʘʢ ʠ ʪʦʨʤʦʟʥʦʝ ʜʝʡʩʪʚʠʝ ʥʘ ʩʠʥʘʧʪʠʯʝʩʢʫʶ ʧʝʨʝʜʘʯʫ ʚ 

ʥʝʨʚʥʦ-ʤʳʰʝʯʥʦʤ ʩʠʥʘʧʩʝ ʠ ʫʟʣʘʭ ʘʚʪʦʥʦʤʥʦʡ ʥʝʨʚʥʦʡ ʩʠʩʪʝʤʳ (Cetiner, 

Bennett, 1993; Alkadhi et al., 2006; ɻ.ʌ.ʉʠʪʜʠʢʦʚʘ ʩ ʩʦʘʚʪ., 2014).  

ɺ ʧʦʩʪʥʘʪʘʣʴʥʦʤ ʦʥʪʦʛʝʥʝʟʝ ʬʫʥʢʮʠʦʥʘʣʴʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ 

ʥʝʡʨʦʥʦʚ ʘʚʪʦʥʦʤʥʦʡ ʥʝʨʚʥʦʡ ʩʠʩʪʝʤʳ ʠ ʠʭ ʥʝʡʨʦʭʠʤʠʯʝʩʢʠʡ ʩʦʩʪʘʚ 

ʧʨʝʪʝʨʧʝʚʘʶʪ ʠʟʤʝʥʝʥʠʷ. ʊʨʘʥʩʬʦʨʤʠʨʫʝʪʩʷ ʘʤʧʣʠʪʫʜʘ ʠ ʯʘʩʪʦʪʘ 

ʧʦʪʝʥʮʠʘʣʦʚ ʜʝʡʩʪʚʠʷ, ʚʦʟʨʘʩʪʘʶʪ ʨʘʟʤʝʨʳ ʥʝʨʚʥʳʭ ʢʣʝʪʦʢ, ʩʦʣʦʢʘʣʠʟʘʮʠʷ 

ʥʝʡʨʦʪʨʘʥʩʤʠʪʪʝʨʦʚ ʪʘʢʞʝ ʤʦʞʝʪ ʤʦʜʠʬʠʮʠʨʦʚʘʪʴʩʷ (ɸ.ɼ.ʅʦʟʜʨʘʯʝʚ, 

ʇ.ʄ.ʄʘʩʣʶʢʦʚ, 2014).  

ʊʝʤ ʥʝ ʤʝʥʝʝ, ʥʝʩʤʦʪʨʷ ʥʘ ʙʦʣʴʰʦʝ ʢʦʣʠʯʝʩʪʚʦ ʨʘʙʦʪ, ʧʦʩʚʷʱʝʥʥʳʭ 

ʨʦʣʠ NO ʚ ʨʝʛʫʣʷʮʠʠ ʜʝʷʪʝʣʴʥʦʩʪʠ ʚʥʫʪʨʝʥʥʠʭ ʦʨʛʘʥʦʚ, ʧʨʝʞʜʝ ʚʩʝʛʦ 

ʩʠʩʪʝʤʳ ʢʨʦʚʦʦʙʨʘʱʝʥʠʷ, ʚʣʠʷʥʠʝ NO ʥʘ ʩʠʥʘʧʪʠʯʝʩʢʫʶ ʧʝʨʝʜʘʯʫ ʚ 

ʘʚʪʦʥʦʤʥʦʡ ʥʝʨʚʥʦʡ ʩʠʩʪʝʤʝ, ʚ ʯʘʩʪʥʦʩʪʠ ʚ ʫʟʣʘʭ ʩʠʤʧʘʪʠʯʝʩʢʦʡ ʥʝʨʚʥʦʡ 

ʩʠʩʪʝʤʳ, ʦʩʪʘʝʪʩʷ ʤʘʣʦʠʩʩʣʝʜʦʚʘʥʥʳʤ. ʆʪʩʫʪʩʪʚʫʶʪ ʩʚʝʜʝʥʠʷ ʦ ʚʦʟʨʘʩʪʥʳʭ 

ʦʩʦʙʝʥʥʦʩʪʷʭ ʜʝʡʩʪʚʠʷ NO ʥʘ ʧʝʨʝʜʘʯʫ ʚʦʟʙʫʞʜʝʥʠʷ ʚ ʩʠʥʘʧʩʘʭ 

ʩʠʤʧʘʪʠʯʝʩʢʠʭ ʛʘʥʛʣʠʝʚ, ʘ ʪʘʢʞʝ ʦ ʩʪʨʫʢʪʫʨʥʦ-ʬʫʥʢʮʠʦʥʘʣʴʥʳʭ 

ʦʩʦʙʝʥʥʦʩʪʷʭ ʧʨʝ- ʠ ʧʦʩʪʛʘʥʛʣʠʦʥʘʨʥʳʭ ʥʝʡʨʦʥʦʚ ʠ ʚʦʣʦʢʦʥ, ʩʦʜʝʨʞʘʱʠʭ 

ʦʢʩʠʜ ʘʟʦʪʘ ʠ ʠʭ ʠʟʤʝʥʝʥʠʷʭ ʚ ʧʦʩʪʥʘʪʘʣʴʥʦʤ ʦʥʪʦʛʝʥʝʟʝ. 

ʉʪʝʧʝʥʴ ʨʘʟʨʘʙʦʪʘʥʥʦʩʪʠ ʪʝʤʳ. ɺ ʦʥʪʦʛʝʥʝʟʝ ʥʝʡʨʦʥʥʘʷ 

ʦʨʛʘʥʠʟʘʮʠʷ ʛʘʥʛʣʠʝʚ ʘʚʪʦʥʦʤʥʦʡ ʥʝʨʚʥʦʡ ʩʠʩʪʝʤʳ ʩʦʧʨʦʚʦʞʜʘʝʪʩʷ 

ʚʦʟʨʘʩʪʥʳʤʠ ʠʟʤʝʥʝʥʠʷʤʠ, ʩʦʧʨʦʚʦʞʜʘʶʱʠʤʠʩʷ ʠʟʤʝʥʝʥʠʝʤ ʤʦʨʬʦʣʦʛʠʠ 
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ʥʝʡʨʦʥʦʚ, ʧʨʦʷʚʣʷʶʱʝʡʩʷ ʚ ʫʚʝʣʠʯʝʥʠʠ ʨʘʟʤʝʨʦʚ ʢʣʝʪʦʢ ʠ ʯʠʩʣʘ ʜʝʥʜʨʠʪʦʚ 

(ʐʝʚʝʣʝʚʘ ɺ.ʉ., 1977; Purves, 1985; Masliukov, 2000; Hao et al., 2016), 

ʠʟʤʝʥʝʥʠʝʤ ʥʝʡʨʦʭʠʤʠʯʝʩʢʠʭ ʦʩʦʙʝʥʥʦʩʪʝʡ (Masliukov, Timmermans, 2004; 

ɸ.ɼ.ʅʦʟʜʨʘʯʝʚ, ʇ.ʄ.ʄʘʩʣʶʢʦʚ, 2014), ʘ ʪʘʢʞʝ ʵʣʝʢʪʨʦʬʠʟʠʦʣʦʛʠʯʝʩʢʠʭ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʥʝʡʨʦʥʦʚ (Foong et al., 2012; 2015). ɺ ʦʩʥʦʚʥʦʤ, ʠʤʝʶʱʠʝʩʷ 

ʩʚʝʜʝʥʠʷ ʢʘʩʘʶʪʩʷ ʤʦʨʬʦ-ʬʫʥʢʮʠʦʥʘʣʴʥʳʭ ʦʩʦʙʝʥʥʦʩʪʝʡ ʭʦʣʠʥʝʨʛʠʯʝʩʢʦʡ 

ʧʝʨʝʜʘʯʠ. ʆʜʥʘʢʦ, ʜʘʥʥʳʝ ʦʙ ʦʩʦʙʝʥʥʦʩʪʷʭ ʤʦʜʫʣʷʮʠʠ ʩʠʥʘʧʪʠʯʝʩʢʦʡ 

ʧʝʨʝʜʘʯʠ ʦʢʩʠʜʦʤ ʘʟʦʪʘ ʚ ʧʦʩʪʥʘʪʘʣʴʥʦʤ ʦʥʪʦʛʝʥʝʟʝ ʦʪʩʫʪʩʪʚʫʶʪ.  

ʎʝʣʴ ʠ ʟʘʜʘʯʠ ʠʩʩʣʝʜʦʚʘʥʠʷ. ɺ ʩʚʷʟʠ ʩ ʵʪʠʤ, ʮʝʣʴʶ ʜʘʥʥʦʡ ʨʘʙʦʪʳ 

ʷʚʠʣʦʩʴ ʚʳʷʚʣʝʥʠʝ ʩʪʨʫʢʪʫʨʥʦ-ʬʫʥʢʮʠʦʥʘʣʴʥʳʭ ʦʩʦʙʝʥʥʦʩʪʝʡ NO-

ʦʧʦʩʨʝʜʦʚʘʥʥʦʡ ʩʠʥʘʧʪʠʯʝʩʢʦʡ ʧʝʨʝʜʘʯʠ ʚ ʩʠʤʧʘʪʠʯʝʩʢʦʤ ʢʨʘʥʠʘʣʴʥʦʤ 

ʰʝʡʥʦʤ ʛʘʥʛʣʠʠ (ʂʐɻ) ʢʨʳʩ ʚ ʧʦʩʪʥʘʪʘʣʴʥʦʤ ʦʥʪʦʛʝʥʝʟʝ. 

ʂʦʥʢʨʝʪʥʳʝ ʟʘʜʘʯʠ ʠʩʩʣʝʜʦʚʘʥʠʷ ʚʢʣʶʯʘʣʠ: 

1.  ɺʳʷʚʣʝʥʠʝ ʵʬʬʝʢʪʦʚ NO ʥʘ ʬʦʥʦʚʫʶ ʠʤʧʫʣʴʩʘʮʠʶ ʩʠʤʧʘʪʠʯʝʩʢʠʭ 

ʥʝʨʚʦʚ ʂʐɻ ʫ ʢʨʳʩ ʚ ʧʦʩʪʥʘʪʘʣʴʥʦʤ ʦʥʪʦʛʝʥʝʟʝ. 

2.  ʆʧʨʝʜʝʣʝʥʠʝ ʚʣʠʷʥʠʷ NO ʥʘ ʚʳʟʚʘʥʥʫʶ ʵʣʝʢʪʨʠʯʝʩʢʫʶ ʘʢʪʠʚʥʦʩʪʴ ʚ 

ʂʐɻ ʫ ʞʠʚʦʪʥʳʭ ʨʘʟʥʦʛʦ ʚʦʟʨʘʩʪʘ. 

3.  ʋʩʪʘʥʦʚʣʝʥʠʝ ʣʦʢʘʣʠʟʘʮʠʠ ʠ ʥʝʡʨʦʭʠʤʠʯʝʩʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ 

ʥʝʡʨʦʥʦʚ, ʩʦʜʝʨʞʘʱʠʭ ʥʝʡʨʦʥʘʣʴʥʫʶ NO ʩʠʥʪʘʟʫ (nNOS), ʘ ʪʘʢʞʝ 

ʵʢʩʧʨʝʩʩʠʠ nNOS ʚ ʧʨʝʛʘʥʛʣʠʦʥʘʨʥʳʭ ʩʠʤʧʘʪʠʯʝʩʢʠʭ ʥʝʡʨʦʥʘʭ ʚ 

ʧʦʩʪʥʘʪʘʣʴʥʦʤ ʦʥʪʦʛʝʥʝʟʝ. 

4.  ɺʳʷʚʣʝʥʠʝ ʵʢʩʧʨʝʩʩʠʠ nNOS ʠ ʥʝʡʨʦʭʠʤʠʯʝʩʢʠʭ ʦʩʦʙʝʥʥʦʩʪʝʡ 

nNOS-ʧʦʟʠʪʠʚʥʳʭ ʧʨʝʛʘʥʛʣʠʦʥʘʨʥʳʭ ʚʦʣʦʢʦʥ ʚ ʂʐɻ ʚ ʧʨʦʮʝʩʩʝ 

ʚʦʟʨʘʩʪʥʦʛʦ ʨʘʟʚʠʪʠʷ. 

ʅʘʫʯʥʘʷ ʥʦʚʠʟʥʘ ʠʩʩʣʝʜʦʚʘʥʠʷ.  

ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʚʧʝʨʚʳʝ ʫʩʪʘʥʦʚʣʝʥʳ ʚʦʟʨʘʩʪʥʳʝ ʦʩʦʙʝʥʥʦʩʪʠ 

ʚʣʠʷʥʠʷ ʜʦʥʦʨʘ NO ʠ ʙʣʦʢʘʪʦʨʘ nNOS ʥʘ ʩʠʥʘʧʪʠʯʝʩʢʫʶ ʧʝʨʝʜʘʯʫ ʚ 

ʢʨʘʥʠʘʣʴʥʦʤ ʰʝʡʥʦʤ ʩʠʤʧʘʪʠʯʝʩʢʦʤ ʫʟʣʝ. ʇʦʢʘʟʘʥʦ ʯʪʦ NO ʦʢʘʟʳʚʘʝʪ 

ʦʙʣʝʛʯʘʶʱʝʝ ʚʣʠʷʥʠʝ ʥʘ ʩʠʥʘʧʪʠʯʝʩʢʫʶ ʧʝʨʝʜʘʯʫ ʩʠʤʧʘʪʠʯʝʩʢʦʤ ʫʟʣʝ ʩ 20 

ʩʫʪʦʢ ʞʠʟʥʠ. ɺʧʝʨʚʳʝ ʧʦʜʪʚʝʨʞʜʝʥʦ, ʯʪʦ ʜʝʡʩʪʚʠʝ NO ʥʘ ʩʠʥʘʧʪʠʯʝʩʢʫʶ 
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ʧʝʨʝʜʘʯʫ ʚ ʩʠʤʧʘʪʠʯʝʩʢʠʭ ʫʟʣʘʭ ʦʧʦʩʨʝʜʫʝʪʩʷ ʛʫʘʥʠʣʘʪʮʠʢʣʘʟʥʦʡ ʩʠʩʪʝʤʦʡ c 

20 ʩʫʪʦʢ ʞʠʟʥʠ.  

ɺʧʝʨʚʳʝ ʧʦʢʘʟʘʥʦ, ʯʪʦ ʚʣʠʷʥʠʝ ʙʣʦʢʘʪʦʨʘ ʩʠʥʪʝʟʘ NO ʠ ʜʦʥʦʨʘ NO, ʘ 

ʪʘʢʞʝ ʚʦʟʜʝʡʩʪʚʠʝ ʤʝʤʙʨʘʥʦʧʨʦʥʠʢʘʶʱʠʭ ʘʥʘʣʦʛʦʚ ʮɻʄʌ ʠ 

ʩʧʝʮʠʬʠʯʝʩʢʦʛʦ ʠʥʛʠʙʠʪʦʨʘ ʨʘʩʪʚʦʨʠʤʦʡ ʛʫʘʥʠʣʘʪʮʠʢʣʘʟʳ ʥʘ ʚʳʟʚʘʥʥʫʶ 

ʘʢʪʠʚʥʦʩʪʴ ʩʠʤʧʘʪʠʯʝʩʢʠʭ ʧʦʩʪʛʘʥʛʣʠʦʥʘʨʥʳʭ ʥʝʡʨʦʥʦʚ ʫ ʢʨʳʩ ʚ ʚʦʟʨʘʩʪʝ 20 

ʩʫʪʦʢ ʠ ʩʪʘʨʰʝ ʥʦʩʠʪ ʜʦʟʦʟʘʚʠʩʠʤʳʡ ʭʘʨʘʢʪʝʨ. 

ɺʧʝʨʚʳʝ ʚʳʷʚʣʝʥʦ, ʯʪʦ ʚ ʨʘʥʥʝʤ ʧʦʩʪʥʘʪʘʣʴʥʦʤ ʦʥʪʦʛʝʥʝʟʝ ʚ 

ʧʨʝʛʘʥʛʣʠʦʥʘʨʥʳʭ ʩʠʤʧʘʪʠʯʝʩʢʠʭ ʥʝʡʨʦʥʘʭ ʧʨʦʠʩʭʦʜʠʪ ʩʥʠʞʝʥʠʝ 

ʵʢʩʧʨʝʩʩʠʠ nNOS ʠ ʫʚʝʣʠʯʝʥʠʝ ʯʠʩʣʘ ʥʝʡʨʦʥʦʚ, ʩʦʜʝʨʞʘʱʠʭ ʍɸʊ. ʊʘʢʞʝ 

ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʧʨʝʛʘʥʛʣʠʦʥʘʨʥʳʝ nNOS-ʠʤʤʫʥʦʧʦʟʠʪʠʚʥʳʝ ʚʦʣʦʢʥʘ ʚ 

ʩʠʤʧʘʪʠʯʝʩʢʠʭ ʫʟʣʘʭ ʦʪʩʫʪʩʪʚʫʶʪ ʢ ʤʦʤʝʥʪʫ ʨʦʞʜʝʥʠʷ, ʧʦʷʚʣʷʶʪʩʷ ʢ 10 

ʩʫʪʢʘʤ. ʕʢʩʧʨʝʩʩʠʷ nNOS ʚ ʩʠʤʧʘʪʠʯʝʩʢʠʭ ʫʟʣʘʭ, ʚ ʦʪʣʠʯʠʝ ʦʪ ʩʧʠʥʥʦʛʦ 

ʤʦʟʛʘ, ʚʦʟʨʘʩʪʘʝʪ ʩ ʤʦʤʝʥʪʘ ʨʦʞʜʝʥʠʷ. 

ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʚʧʝʨʚʳʝ ʧʦʣʫʯʝʥʳ ʜʘʥʥʳʝ ʦ ʩʦʣʦʢʘʣʠʟʘʮʠʠ nNOS c 

ʭʦʣʠʥʘʮʝʪʠʪʨʘʥʩʬʝʨʘʟʦʡ (ʍɸʊ), ʢʘʣʴʙʠʥʜʠʥʦʤ (ʂɹ), ʢʘʣʴʨʝʪʠʥʠʥʦʤ (ʂʈ) ʠ 

ʢʦʢʘʠʥ- ʠ ʘʤʬʝʪʘʤʠʥ- ʨʝʛʫʣʠʨʫʝʤʳʤ ʪʨʘʥʩʢʨʠʧʪʦʤ (CART) ʚ 

ʧʨʝʛʘʥʛʣʠʦʥʘʨʥʳʭ ʩʠʤʧʘʪʠʯʝʩʢʠʭ ʥʝʡʨʦʥʘʭ ʚ ʩʧʠʥʥʦʤ ʤʦʟʛʝ ʠ 

ʧʨʝʛʘʥʛʣʠʦʥʘʨʥʳʭ ʚʦʣʦʢʥʘʭ ʂʐɻ ʚ ʧʦʩʪʥʘʪʘʣʴʥʦʤ ʦʥʪʦʛʝʥʝʟʝ. ɺʧʝʨʚʳʝ 

ʧʦʢʘʟʘʥʦ, ʯʪʦ ʚ ʨʘʥʥʝʤ ʧʦʩʪʥʘʪʘʣʴʥʦʤ ʦʥʪʦʛʝʥʝʟʝ ʚ ʧʨʝʛʘʥʛʣʠʦʥʘʨʥʳʭ 

ʩʠʤʧʘʪʠʯʝʩʢʠʭ ʥʝʡʨʦʥʘʭ ʧʨʦʠʩʭʦʜʠʪ ʩʥʠʞʝʥʠʝ ʵʢʩʧʨʝʩʩʠʠ nNOS ʠ 

ʫʚʝʣʠʯʝʥʠʝ ʯʠʩʣʘ ʥʝʡʨʦʥʦʚ, ʩʦʜʝʨʞʘʱʠʭ ʍɸʊ. 

ʆʩʥʦʚʥʳʝ ʧʦʣʦʞʝʥʠʷ, ʚʳʥʦʩʠʤʳʝ ʥʘ ʟʘʱʠʪʫ. 

1. ʉʠʤʧʘʪʠʯʝʩʢʠʝ ʫʟʣʳ ʥʦʚʦʨʦʞʜʝʥʥʳʭ ʢʨʳʩ ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ 

ʥʝʟʨʝʣʦʩʪʴʶ ʩʠʥʘʧʪʠʯʝʩʢʦʡ ʧʝʨʝʜʘʯʠ, ʧʨʦʷʚʣʷʶʱʝʡʩʷ ʚ ʥʠʟʢʦʡ 

ʘʤʧʣʠʪʫʜʝ ʬʦʥʦʚʦʡ ʠʤʧʫʣʴʩʘʮʠʠ, ʦʪʩʫʪʩʪʚʠʝʤ ʨʠʪʤʠʯʝʩʢʠʭ 

ʢʦʣʝʙʘʥʠʡ, ʦʜʥʦʬʘʟʥʳʤʠ ʚʳʟʚʘʥʥʳʤʠ ʧʦʪʝʥʮʠʘʣʘʤʠ ʠ 

ʥʝʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʴʶ ʢ ʜʝʡʩʪʚʠʶ NO. 

2. ʆʢʩʠʜ ʘʟʦʪʘ ʦʢʘʟʳʚʘʝʪ ʦʙʣʝʛʯʘʶʱʝʝ ʚʣʠʷʥʠʝ ʥʘ ʩʠʥʘʧʪʠʯʝʩʢʫʶ 

ʧʝʨʝʜʘʯʫ ʚ ʩʠʤʧʘʪʠʯʝʩʢʠʭ ʫʟʣʘʭ ʩ 20 ʩʫʪʦʢ ʞʠʟʥʠ. ʕʬʬʝʢʪʳ ʦʢʩʠʜʘ 
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ʘʟʦʪʘ ʥʘ ʩʠʥʘʧʪʠʯʝʩʢʫʶ ʧʝʨʝʜʘʯʫ ʚ ʩʠʤʧʘʪʠʯʝʩʢʠʭ ʫʟʣʘʭ 

ʦʧʦʩʨʝʜʫʶʪʩʷ ʥʘ ʧʨʦʪʷʞʝʥʠʠ ʧʦʩʪʥʘʪʘʣʴʥʦʛʦ ʦʥʪʦʛʝʥʝʟʘ ʧʨʠ 

ʫʯʘʩʪʠʠ ʨʘʩʪʚʦʨʠʤʦʡ ʛʫʘʥʠʣʘʪʮʠʢʣʘʟʳ. 

3. ʀʤʝʝʪʩʷ ʛʝʪʝʨʦʭʨʦʥʠʷ ʚ ʨʘʟʚʠʪʠʠ NO-ʝʨʛʠʯʝʩʢʠʭ ʠ 

ʭʦʣʠʥʝʨʛʠʯʝʩʢʠʭ ʩʪʨʫʢʪʫʨ ʥʘ ʫʨʦʚʥʝ ʧʨʝʛʘʥʛʣʠʦʥʘʨʥʳʭ 

ʩʠʤʧʘʪʠʯʝʩʢʠʭ ʥʝʡʨʦʥʦʚ ʠ ʩʠʤʧʘʪʠʯʝʩʢʠʭ ʫʟʣʦʚ. ʕʢʩʧʨʝʩʩʠʷ nNOS 

ʩʥʠʞʘʝʪʩʷ ʚ ʪʝʣʘʭ ʧʨʝʛʘʥʛʣʠʦʥʘʨʥʳʭ ʩʠʤʧʘʪʠʯʝʩʢʠʭ ʥʝʡʨʦʥʦʚ ʠ 

ʚʦʟʨʘʩʪʘʝʪ ʚ ʧʨʝʛʘʥʛʣʠʦʥʘʨʥʳʭ ʪʝʨʤʠʥʘʣʷʭ ʚ ʩʠʤʧʘʪʠʯʝʩʢʠʭ 

ʛʘʥʛʣʠʷʭ ʚ ʨʘʥʥʝʤ ʧʦʩʪʥʘʪʘʣʴʥʦʤ ʦʥʪʦʛʝʥʝʟʝ. 

ʊʝʦʨʝʪʠʯʝʩʢʘʷ ʠ ʧʨʘʢʪʠʯʝʩʢʘʷ ʟʥʘʯʠʤʦʩʪʴ. ɺ ʨʝʟʫʣʴʪʘʪʝ 

ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʦʣʫʯʝʥʳ ʥʦʚʳʝ ʜʘʥʥʳʝ, ʨʘʩʢʨʳʚʘʶʱʠʝ ʩʪʨʫʢʪʫʨʥʦ-

ʬʫʥʢʮʠʦʥʘʣʴʥʳʝ ʦʩʦʙʝʥʥʦʩʪʠ NO-ʝʨʛʠʯʝʩʢʦʡ ʤʦʜʫʣʷʮʠʠ ʩʠʥʘʧʪʠʯʝʩʢʦʡ 

ʧʝʨʝʜʘʯʠ ʚ ʩʠʤʧʘʪʠʯʝʩʢʠʭ ʫʟʣʘʭ ʚ ʦʥʪʦʛʝʥʝʟʝ. 

ʀʩʩʣʝʜʦʚʘʥʠʝ ʚʣʠʷʥʠʷ NO-ʝʨʛʠʯʝʩʢʦʡ ʩʠʩʪʝʤʳ ʥʘ ʩʠʤʧʘʪʠʯʝʩʢʫʶ 

ʧʝʨʝʜʘʯʫ ʥʘ ʨʘʟʥʳʭ ʵʪʘʧʘʭ ʧʦʩʪʥʘʪʘʣʴʥʦʛʦ ʦʥʪʦʛʝʥʝʟʘ ʜʘʝʪ ʚʦʟʤʦʞʥʦʩʪʴ ʚ 

ʜʘʣʴʥʝʡʰʝʤ ʠʩʧʦʣʴʟʦʚʘʪʴ ʧʦʣʫʯʝʥʥʳʝ ʜʘʥʥʳʝ ʜʣʷ ʬʦʨʤʠʨʦʚʘʥʠʷ 

ʨʝʢʦʤʝʥʜʘʮʠʡ ʧʦ ʢʦʨʨʝʢʮʠʠ ʨʷʜʘ ʧʘʪʦʣʦʛʠʯʝʩʢʠʭ ʩʦʩʪʦʷʥʠʡ ʎʅʉ, 

ʦʙʫʩʣʦʚʣʝʥʥʳʭ (ʠʣʠ ʩʚʷʟʘʥʥʳʭ) ʩ ʥʘʨʫʰʝʥʠʝʤ ʩʠʥʘʧʪʠʯʝʩʢʦʡ ʧʝʨʝʜʘʯʠ 

ʚʝʛʝʪʘʪʠʚʥʦʡ ʥʝʨʚʥʦʡ ʩʠʩʪʝʤʝ (ʙʦʣʝʟʥʠ ʈʝʡʥʦ ʠ ʙʦʣʝʟʥʠ ɻʠʨʰʧʨʫʥʛʘ), ʘ 

ʪʘʢʞʝ ʤʦʛʫʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥʳ ʜʣʷ ʨʘʟʨʘʙʦʪʢʠ ʥʦʚʳʭ ʧʦʜʭʦʜʦʚ ʜʣʷ 

ʩʦʟʜʘʥʠʷ ʬʘʨʤʘʢʦʣʦʛʠʯʝʩʢʠʭ ʧʨʝʧʘʨʘʪʦʚ, ʚʣʠʷʶʱʠʭ ʥʘ NO-ʝʨʛʠʯʝʩʢʫʶ 

ʧʝʨʝʜʘʯʫ. 

ʇʦʣʫʯʝʥʥʳʝ ʩʚʝʜʝʥʠʷ ʦ ʚʣʠʷʥʠʠ NO ʥʘ ʩʠʥʘʧʪʠʯʝʩʢʫʶ ʧʝʨʝʜʘʯʫ 

ʪʘʢʞʝ ʧʨʝʜʩʪʘʚʣʷʶʪ ʠʥʪʝʨʝʩ ʜʣʷ ʧʦʥʠʤʘʥʠʷ ʥʝʡʨʦʭʠʤʠʯʝʩʢʠʭ ʠ 

ʬʫʥʢʮʠʦʥʘʣʴʥʳʭ ʦʩʦʙʝʥʥʦʩʪʝʡ ʧʨʝ- ʠ ʧʦʩʪʛʘʥʛʣʠʦʥʘʨʥʳʭ ʥʝʡʨʦʥʦʚ 

ʩʠʤʧʘʪʠʯʝʩʢʦʡ ʥʝʨʚʥʦʡ ʩʠʩʪʝʤʳ, ʘ ʪʘʢʞʝ ʤʝʭʘʥʠʟʤʦʚ ʨʝʛʫʣʷʮʠʠ 

ʵʤʙʨʠʦʥʘʣʴʥʦʛʦ ʠ ʧʦʩʪʥʘʪʘʣʴʥʦʛʦ ʨʘʟʚʠʪʠʷ ʥʝʨʚʥʦʡ ʩʠʩʪʝʤʳ, ʤʦʛʫʪ 

ʠʩʧʦʣʴʟʦʚʘʪʴʩʷ ʚ ʧʨʦʚʝʜʝʥʠʠ ʤʦʨʬʦʣʦʛʠʯʝʩʢʦʛʦ ʠ ʬʠʟʠʦʣʦʛʠʯʝʩʢʦʛʦ 

ʵʢʩʧʝʨʠʤʝʥʪʘ, ʚ ʫʯʝʙʥʦʤ ʧʨʦʮʝʩʩʝ ʠ, ʩ ʫʯʝʪʦʤ ʚʠʜʦʚʳʭ ʦʩʦʙʝʥʥʦʩʪʝʡ, 

ʵʢʩʪʨʘʧʦʣʠʨʦʚʘʪʴʩʷ ʥʘ ʯʝʣʦʚʝʢʘ. ʂʦʥʢʨʝʪʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʧʨʦʚʝʜʝʥʥʦʛʦ 
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ʠʩʩʣʝʜʦʚʘʥʠʷ ʤʦʛʫʪ ʠʩʧʦʣʴʟʦʚʘʪʴʩʷ ʢʘʢ ʥʦʚʳʝ ʩʚʝʜʝʥʠʷ ʦ ʩʪʨʫʢʪʫʨʝ ʠ 

ʬʫʥʢʮʠʠ ʧʨʝ- ʠ ʧʦʩʪʛʘʥʛʣʠʦʥʘʨʥʳʭ ʥʝʡʨʦʥʦʚ ʩʠʤʧʘʪʠʯʝʩʢʦʡ ʥʝʨʚʥʦʡ 

ʩʠʩʪʝʤʳ ʚ ʫʯʝʙʥʦʤ ʧʨʦʮʝʩʩʝ ʥʘ ʢʘʬʝʜʨʘʭ ʘʥʘʪʦʤʠʠ, ʛʠʩʪʦʣʦʛʠʠ ʠ 

ʬʠʟʠʦʣʦʛʠʠ. 

ʄʝʪʦʜʦʣʦʛʠʷ ʠ ʤʝʪʦʜʳ ʠʩʩʣʝʜʦʚʘʥʠʷ. ʕʢʩʧʝʨʠʤʝʥʪʳ ʧʨʦʚʦʜʠʣʠʩʴ 

ʥʘ ʩʘʤʮʘʭ ʢʨʳʩ Wistar ʨʘʟʥʦʛʦ ʚʦʟʨʘʩʪʘ: ʥʦʚʦʨʦʞʜʝʥʥʳʝ, 10- 20-, 30-

ʩʫʪʦʯʥʳʝ, 2-, 6-ʤʝʩʷʯʥʳʝ, 3-ʣʝʪʥʠʝ. ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʧʨʦʪʦʢʦʣʳ 

ʩʦʦʪʚʝʪʩʪʚʦʚʘʣʠ ʵʪʠʯʝʩʢʠʤ ʥʦʨʤʘʤ ʧʦ ʛʫʤʘʥʥʦʤʫ ʦʙʨʘʱʝʥʠʶ ʩ ʞʠʚʦʪʥʳʤʠ, 

ʧʨʠʥʷʪʳʤ ʚ ʗʨʦʩʣʘʚʩʢʦʤ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʤ ʤʝʜʠʮʠʥʩʢʦʤ ʫʥʠʚʝʨʩʠʪʝʪʝ ʠ 

ʦʜʦʙʨʝʥʳ ʣʦʢʘʣʴʥʳʤ ʵʪʠʯʝʩʢʠʤ ʢʦʤʠʪʝʪʦʤ. ɺʩʝ ʤʝʨʳ ʙʳʣʠ ʧʨʝʜʧʨʠʥʷʪʳ ʜʣʷ 

ʤʠʥʠʤʠʟʘʮʠʠ ʯʠʩʣʘ ʠʩʧʦʣʴʟʫʝʤʳʭ ʚ ʵʢʩʧʝʨʠʤʝʥʪʘʭ ʞʠʚʦʪʥʳʭ (ʦʙʱʝʝ 

ʢʦʣʠʯʝʩʪʚʦ ʠʩʧʦʣʴʟʫʝʤʳʭ ʞʠʚʦʪʥʳʭ ï 140).  

ɺ ʢʘʯʝʩʪʚʝ ʤʝʪʦʜʦʚ ʠʩʩʣʝʜʦʚʘʥʠʷ ʠʩʧʦʣʴʟʦʚʘʣʠ: 

1. ʅʝʡʨʦʬʠʟʠʦʣʦʛʠʯʝʩʢʠʝ. ʈʝʛʠʩʪʨʘʮʠʷ ʠ ʘʥʘʣʠʟ ʬʦʥʦʚʦʡ ʘʢʪʠʚʥʦʩʪʠ 

ʚ ʥʘʨʫʞʥʦʤ ʩʦʥʥʦʤ ʥʝʨʚʝ ʢʨʘʥʠʘʣʴʥʦʛʦ ʰʝʡʥʦʛʦ ʫʟʣʘ, ʨʝʛʠʩʪʨʘʮʠʷ ʠ ʘʥʘʣʠʟ 

ʚʳʟʚʘʥʥʳʭ ʵʣʝʢʪʨʠʯʝʩʢʠʭ ʧʦʪʝʥʮʠʘʣʦʚ ʚ ʧʦʩʪʛʘʥʛʣʠʦʥʘʨʥʳʭ ʚʦʣʦʢʥʘʭ 

ʚʥʫʪʨʝʥʥʝʛʦ ʩʦʥʥʦʛʦ ʥʝʨʚʘ ʧʦʜ ʚʣʠʷʥʠʝʤ ʜʦʥʦʨʘ NO - ʥʠʪʨʦʧʨʫʩʩʠʜʘ ʥʘʪʨʠʷ 

ʠ ʥʝʢʦʥʢʫʨʝʥʪʥʦʛʦ ʠʥʛʠʙʠʪʦʨʘ NO ʩʠʥʪʘʟʳ N(G)-ʥʠʪʨʦ-L-ʘʨʛʠʥʠʥʘ 

ʤʝʪʠʣʦʚʦʛʦ ʵʬʠʨʘ (L-NAME), ʘ ʪʘʢʞʝ ʤʝʤʙʨʘʥʦʧʨʦʥʠʢʘʶʱʝʛʦ ʘʥʘʣʦʛʘ 

ʮɻʄʌ 8Br-ʮɻʄʌ ʠ ʩʧʝʮʠʬʠʯʝʩʢʦʛʦ ʠʥʛʠʙʠʪʦʨʘ ʨʘʩʪʚʦʨʠʤʦʡ 

ʛʫʘʥʠʣʘʪʮʠʢʣʘʟʳ ODQ. 

2. ʀʤʤʫʥʦʛʠʩʪʦʭʠʤʠʯʝʩʢʠʝ. ɺʳʷʚʣʝʥʠʝ ʤʝʪʦʜʦʤ ʜʚʦʡʥʦʛʦ ʤʝʯʝʥʠʷ 

ʥʝʡʨʦʥʘʣʴʥʦʡ NO-ʩʠʥʪʘʟʳ, ʭʦʣʠʥʘʮʝʪʠʣʪʨʘʥʩʬʝʨʘʟʳ, ʢʘʣʴʙʠʥʜʠʥʘ, 

ʢʘʣʴʨʝʪʠʥʠʥʘ, ʢʦʢʘʠʥ- ʠ ʘʤʬʝʪʘʤʠʥ- ʨʝʛʫʣʠʨʫʝʤʦʛʦ ʪʨʘʥʩʢʨʠʧʪʘ ʚ ʩʧʠʥʥʦʤ 

ʤʦʟʛʝ ʠ ʢʨʘʥʠʘʣʴʥʦʤ ʰʝʡʥʦʤ ʫʟʣʝ. 

3. ɺʝʩʪʝʨʥ ʙʣʦʪʪʠʥʛ. ʆʧʨʝʜʝʣʝʥʠʝ ʵʢʩʧʨʝʩʩʠʠ ʥʝʡʨʦʥʘʣʴʥʦʡ NO-

ʩʠʥʪʘʟʳ ʚ ʩʝʛʤʝʥʪʝ Th2 ʩʧʠʥʥʦʛʦ ʤʦʟʛʘ ʠ ʢʨʘʥʠʘʣʴʥʦʤ ʰʝʡʥʦʤ ʫʟʣʝ. 

ɼʦʩʪʦʚʝʨʥʦʩʪʴ ʧʦʣʫʯʝʥʥʳʭ ʨʝʟʫʣʴʪʘʪʦʚ ʧʦʜʪʚʝʨʞʜʘʝʪʩʷ ʜʦʩʪʘʪʦʯʥʳʤ 

ʦʙʲʝʤʦʤ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʜʘʥʥʳʭ ʠ ʩʪʘʪʠʩʪʠʯʝʩʢʠʤʠ ʤʝʪʦʜʘʤʠ ʘʥʘʣʠʟʘ. 
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ʉʪʝʧʝʥʴ ʜʦʩʪʦʚʝʨʥʦʩʪʠ ʜʘʥʥʳʭ. ʇʨʝʜʩʪʘʚʣʝʥʥʳʝ ʚ ʨʘʙʦʪʝ ʜʘʥʥʳʝ 

ʧʦʣʫʯʝʥʳ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʩʦʚʨʝʤʝʥʥʳʭ ʦʙʱʝʧʨʠʥʷʪʳʭ 

ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʤʝʪʦʜʠʢ; ʨʝʟʫʣʴʪʘʪʳ, ʧʨʝʜʩʪʘʚʣʝʥʥʳʝ ʚ ʨʘʙʦʪʝ, 

ʩʪʘʪʠʩʪʠʯʝʩʢʠ ʜʦʩʪʦʚʝʨʥʳ ʠ ʚʦʩʧʨʦʠʟʚʦʜʠʤʳ. ʆʙʟʦʨ ʣʠʪʝʨʘʪʫʨʳ ʠ 

ʦʙʩʫʞʜʝʥʠʝ ʧʦʜʛʦʪʦʚʣʝʥʳ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʘʢʪʫʘʣʴʥʦʡ ʪʝʤʘʪʠʯʝʩʢʦʡ 

ʣʠʪʝʨʘʪʫʨʳ. 

ʇʫʙʣʠʢʘʮʠʠ. ɸʧʨʦʙʘʮʠʷ ʨʝʟʫʣʴʪʘʪʦʚ. ʄʘʪʝʨʠʘʣʳ ʜʠʩʩʝʨʪʘʮʠʠ 

ʧʨʝʜʩʪʘʚʣʝʥʳ ʥʘ ʚʩʝʨʦʩʩʠʡʩʢʠʭ ʠ ʤʝʞʜʫʥʘʨʦʜʥʳʭ ʢʦʥʬʝʨʝʥʮʠʷʭ: II 

ɺʩʝʨʦʩʩʠʡʩʢʘʷ ʥʘʫʯʥʘʷ ʢʦʥʬʝʨʝʥʮʠʷ ʩ ʤʝʞʜʫʥʘʨʦʜʥʳʤ ʫʯʘʩʪʠʝʤ 

çʉʦʚʨʝʤʝʥʥʳʝ ʧʨʦʙʣʝʤʳ ʥʝʡʨʦʙʠʦʣʦʛʠʠ. ʉʪʨʫʢʪʫʨʘ ʠ ʬʫʥʢʮʠʠ ʥʝʨʚʥʦʡ 

ʩʠʩʪʝʤʳ ʚ ʥʦʨʤʝ ʠ ʧʘʪʦʣʦʛʠʠè (ʗʨʦʩʣʘʚʣʴ, 2016), XIII ʄʝʞʜʫʥʘʨʦʜʥʘʷ 

ʰʢʦʣʘ-ʢʦʥʬʝʨʝʥʮʠʷ, ʧʦʩʚʷʱʝʥʥʘʷ 65-ʣʝʪʠʶ ʢʘʬʝʜʨʳ ʦʭʨʘʥʳ ʟʜʦʨʦʚʴʷ 

ʯʝʣʦʚʝʢʘ ʠʥʩʪʠʪʫʪʘ ʬʫʥʜʘʤʝʥʪʘʣʴʥʦʡ ʤʝʜʠʮʠʥʳ ʠ ʙʠʦʣʦʛʠʠ ʂʌʋ. (ʂʘʟʘʥʴ, 

2016), ʦʙʲʝʜʠʥʝʥʥʳʡ V ʩʲʝʟʜ ʬʠʟʠʦʣʦʛʦʚ ʉʅɻ ʠ V ʩʲʝʟʜ ʙʠʦʭʠʤʠʢʦʚ ʈʦʩʩʠʠ 

(ʉʦʯʠ ï ɼʘʛʦʤʳʩ, ʈʦʩʩʠʷ, 2016), XIII ʤʝʞʜʫʥʘʨʦʜʥʳʡ ʤʝʞʜʠʩʮʠʧʣʠʥʘʨʥʳʡ 

ʢʦʥʛʨʝʩʩ çʅʝʡʨʦʥʘʫʢʘ ʜʣʷ ʤʝʜʠʮʠʥʳ ʠ ʧʩʠʭʦʣʦʛʠʠè. (ʉʫʜʘʢ, ʂʨʳʤ, ʈʦʩʩʠʷ, 

2017), XXIII ʩʲʝʟʜ ʌʠʟʠʦʣʦʛʠʯʝʩʢʦʛʦ ʦʙʱʝʩʪʚʘ ʠʤ. ʀ. ʇ. ʇʘʚʣʦʚʘ (ɺʦʨʦʥʝʞ, 

2017), 10 ʢʦʥʛʨʝʩʩ International Society for Autonomic Neuroscience (ISAN) 

(ʅʘʛʦʷ, ʗʧʦʥʠʷ,  2017), 47 ʩʲʝʟʜ Society for Neuroscience (SfN) (ɺʘʰʠʥʛʪʦʥ, 

ʉʐɸ, 2017), V ʩʲʝʟʜ ʬʘʨʤʘʢʦʣʦʛʦʚ ʈʦʩʩʠʠ "ʅʘʫʯʥʳʝ ʦʩʥʦʚʳ ʧʦʠʩʢʘ ʠ 

ʩʦʟʜʘʥʠʷ ʥʦʚʳʭ ʣʝʢʘʨʩʪʚ (ʗʨʦʩʣʘʚʣʴ, 2018), XIV ʤʝʞʜʫʥʘʨʦʜʥʳʡ 

ʤʝʞʜʠʩʮʠʧʣʠʥʘʨʥʳʡ ʢʦʥʛʨʝʩʩ çʅʝʡʨʦʥʘʫʢʘ ʜʣʷ ʤʝʜʠʮʠʥʳ ʠ ʧʩʠʭʦʣʦʛʠʠè 

(ʉʫʜʘʢ, ʂʨʳʤ, ʈʦʩʩʠʷ, 2018), ʄʝʜʠʮʠʥʩʢʠʡ ʧʨʦʬʝʩʩʦʨʩʢʠʡ ʬʦʨʫʤ 

çʄʝʞʦʪʨʘʩʣʝʚʘʷ ʠʥʪʝʛʨʘʮʠʷ ʠ ʧʝʨʝʜʦʚʳʝ ʪʝʭʥʦʣʦʛʠʠ ʚ ʟʜʨʘʚʦʦʭʨʘʥʝʥʠʠè 

(ʗʨʦʩʣʘʚʣʴ, 2018). 

ʇʦ ʤʘʪʝʨʠʘʣʘʤ ʨʘʙʦʪʳ ʙʳʣʦ ʦʧʫʙʣʠʢʦʚʘʥʦ 14 ʨʘʙʦʪ: 4 ʩʪʘʪʴʠ ʚ 

ʨʝʮʝʥʟʠʨʫʝʤʳʭ ʥʘʫʯʥʳʭ ʠʟʜʘʥʠʷʭ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʧʝʨʝʯʥʶ ɺɸʂ, 

ʠʥʜʝʢʩʠʨʫʝʤʳʭ ʚ ʙʘʟʘʭ ʜʘʥʥʳʭ Web of Science ʠʣʠ Scopus ʠ 10 ʪʝʟʠʩʦʚ 

ʜʦʢʣʘʜʦʚ ʚʩʝʨʦʩʩʠʡʩʢʠʭ ʠ ʤʝʞʜʫʥʘʨʦʜʥʳʭ ʢʦʥʬʝʨʝʥʮʠʡ. ʇʫʙʣʠʢʘʮʠʠ 
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ʧʦʣʥʦʩʪʴʶ ʩʦʦʪʚʝʪʩʪʚʫʶʪ ʪʝʤʝ ʥʘʫʯʥʦ-ʢʚʘʣʠʬʠʢʘʮʠʦʥʥʦʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ ʠ 

ʨʘʩʢʨʳʚʘʶʪ ʝʸ ʦʩʥʦʚʥʳʝ ʧʦʣʦʞʝʥʠʷ.  

ʃʠʯʥʳʡ ʚʢʣʘʜ ʘʚʪʦʨʘ. ʉʦʠʩʢʘʪʝʣʴ ʧʨʠʥʠʤʘʣ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦʝ 

ʣʠʯʥʦʝ ʫʯʘʩʪʠʝ ʚʦ ʚʩʝʭ ʵʪʘʧʘʭ ʨʘʙʦʪʳ: ʘʥʘʣʠʟʝ ʣʠʪʝʨʘʪʫʨʳ, ʬʦʨʤʫʣʠʨʦʚʢʝ 

ʮʝʣʠ ʠ ʟʘʜʘʯ ʠʩʩʣʝʜʦʚʘʥʠʷ, ʧʣʘʥʠʨʦʚʘʥʠʠ ʠ ʧʨʦʚʝʜʝʥʠʠ ʵʢʩʧʝʨʠʤʝʥʪʦʚ, 

ʩʪʘʪʠʩʪʠʯʝʩʢʦʡ ʦʙʨʘʙʦʪʢʝ ʠ ʦʙʦʙʱʝʥʠʠ ʨʝʟʫʣʴʪʘʪʦʚ, ʥʘʧʠʩʘʥʠʠ ʩʪʘʪʝʡ ʠ 

ʪʝʟʠʩʦʚ, ʧʨʝʜʩʪʘʚʣʝʥʠʠ ʨʝʟʫʣʴʪʘʪʦʚ ʨʘʙʦʪʳ ʥʘ ʨʦʩʩʠʡʩʢʠʭ ʠ ʤʝʞʜʫʥʘʨʦʜʥʳʭ 

ʢʦʥʬʝʨʝʥʮʠʷʭ. 

ʉʪʨʫʢʪʫʨʘ ʨʘʙʦʪʳ. ʄʘʪʝʨʠʘʣʳ ʜʠʩʩʝʨʪʘʮʠʦʥʥʦʡ ʨʘʙʦʪʳ ʠʟʣʦʞʝʥʳ 

ʥʘ 126 ʩʪʨʘʥʠʮʘʭ. ʈʘʙʦʪʘ ʩʦʩʪʦʠʪ ʠʟ ʦʙʟʦʨʘ ʣʠʪʝʨʘʪʫʨʳ ʧʦ ʚʳʙʨʘʥʥʦʡ ʪʝʤʝ, 

ʦʧʠʩʘʥʠʷ ʤʘʪʝʨʠʘʣʦʚ ʠ ʤʝʪʦʜʦʚ, ʠʩʧʦʣʴʟʦʚʘʥʥʳʭ ʧʨʠ ʚʳʧʦʣʥʝʥʠʠ ʜʘʥʥʦʡ 

ʨʘʙʦʪʳ, ʦʧʠʩʘʥʠʷ ʨʝʟʫʣʴʪʘʪʦʚ ʠ ʠʭ ʦʙʩʫʞʜʝʥʠʷ, ʘ ʪʘʢʞʝ ʟʘʢʣʶʯʝʥʠʷ ʠ 

ʚʳʚʦʜʦʚ. ɼʠʩʩʝʨʪʘʮʠʷ ʠʣʣʶʩʪʨʠʨʦʚʘʥʘ 18 ʪʘʙʣʠʮʘʤʠ ʠ 30 ʨʠʩʫʥʢʘʤʠ. 

ʉʧʠʩʦʢ ʠʩʧʦʣʴʟʦʚʘʥʥʦʡ ʣʠʪʝʨʘʪʫʨʳ ʚʢʣʶʯʘʝʪ 228 ʠʩʪʦʯʥʠʢʦʚ, ʚ ʪʦʤ ʯʠʩʣʝ 

40 ʦʪʝʯʝʩʪʚʝʥʥʳʭ ʠ 188 ʠʥʦʩʪʨʘʥʥʳʭ. 
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1. ʆɹɿʆʈ ʃʀʊɽʈɸʊʋʈʓ 

 

1.1. ʄʦʨʬʦʣʦʛʠʯʝʩʢʘʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ ʩʚʷʟʝʡ ʧʨʝʛʘʥʛʣʠʦʥʘʨʥʳʭ 

ʥʝʡʨʦʥʦʚ ʩʧʠʥʥʦʛʦ ʤʦʟʛʘ ʩ ʢʨʘʥʠʘʣʴʥʳʤ ʰʝʡʥʳʤ ʛʘʥʛʣʠʝʤ 

 

1.1.1. ʉʧʠʥʥʦʤʦʟʛʦʚʳʝ ʩʠʤʧʘʪʠʯʝʩʢʠʝ ʷʜʨʘ 

ʈʘʥʝʝ, ʜʦʚʦʣʴʥʦ ʜʣʠʪʝʣʴʥʦʝ ʚʨʝʤʷ ʩʯʠʪʘʣʦʩʴ, ʯʪʦ ʩʠʤʧʘʪʠʯʝʩʢʠʝ 

ʧʨʝʛʘʥʛʣʠʦʥʘʨʥʳʝ ʥʝʡʨʦʥʳ ʨʘʩʧʦʣʘʛʘʶʪʩʷ ʪʦʣʴʢʦ ʚ ʙʦʢʦʚʳʭ ʨʦʛʘʭ ʩʧʠʥʥʦʛʦ 

ʤʦʟʛʘ. ɹʦʣʝʝ ʧʦʟʜʥʠʝ ʤʦʨʬʦʣʦʛʠʯʝʩʢʠʝ ʠʩʩʣʝʜʦʚʘʥʠʷ, ʧʨʦʚʝʜʝʥʥʳʝ ʥʘ 

ʦʙʝʟʴʷʥʘʭ (Petras, Cummings, 1972), ʧʦʢʘʟʘʣʠ, ʯʪʦ ʩʠʤʧʘʪʠʯʝʩʢʠʝ 

ʧʨʝʛʘʥʛʣʠʦʥʘʨʥʳʝ ʥʝʡʨʦʥʳ ʨʘʩʧʦʣʘʛʘʶʪʩʷ ʥʝ ʪʦʣʴʢʦ ʚ ʙʦʢʦʚʦʤ ʨʦʛʝ, 

ʧʦʣʫʯʠʚʰʝʤ ʥʘʟʚʘʥʠʝ ʠʥʪʝʨʤʝʜʠʦʣʘʪʝʨʘʣʴʥʦʛʦ ʢʣʝʪʦʯʥʦʛʦ ʩʪʦʣʙʘ (nucleus 

intermediolateralis thoracolumbalis pars principalis - nucl.ILp), ʥʦ ʝʱʝ ʚ 8 ʷʜʨʘʭ: 

1) nucleus intermediolateralis thoracolumbalis pars funicularis (nucl.ILf ); 2) 

nucleus intercalatus spinalis (nucl.IC); 3) nucleus intercalatus spinalis pars 

paraependymalis (nucl.ICpe); 4) nucleus intermediomedialis (nucl.IMm); nucleus 

intermediolateralis sacralis (nucl.IMls); 5) nucleus intermediolateralis sacralis pars 

principalis (nucl.ILsp); 6) nucleus intermediolateralis sacralis pars funicularis 

(nucl.ILsf); 7) nucleus intercalatus disseminata (nucl.ICd); 8) central autonomic 

area (CA) (ɸ.ɼ.ʅʦʟʜʨʘʯʝʚ, ʄ.ʄ.ʌʘʪʝʝʚ, 2002; Paxinos, Watson, 2005; Wang et 

al., 2018; Navickaite et al., 2020). 
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ʈʠʩ. 1. ʉʭʝʤʘ ʣʦʢʘʣʠʟʘʮʠʠ ʩʠʤʧʘʪʠʯʝʩʢʠʭ ʷʜʝʨ ʥʘ ʧʦʧʝʨʝʯʥʦʤ ʩʨʝʟʝ 

ʩʧʠʥʥʦʛʦ ʤʦʟʛʘ ʤʘʢʘʢʠ ʨʝʟʫʩ (ʧʦ Petras, Cummings, 1972 ʩ ʠʟʤʝʥʝʥʠʷʤʠ). 

ILp - nucl. intermediolateralis thoracolumbalis pars principalis; ILf  - nucl. 

intermediolateralis thoracolumbalis pars funicularis; IC - nucl. intercalatus spinalis; 

ICpe - nucl. intercalatus spinalis pars paraependymalis. 

 

ʀʩʧʦʣʴʟʫʷ ʧʝʨʦʢʩʠʜʘʟʥʳʡ ʤʝʪʦʜ, ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʙʦʣʝʝ ʪʦʯʥʳʝ 

ʜʘʥʥʳʝ ʧʦ ʣʦʢʘʣʠʟʘʮʠʠ ʩʠʤʧʘʪʠʯʝʩʢʠʭ ʧʨʝʛʘʥʛʣʠʦʥʘʨʥʳʭ ʥʝʡʨʦʥʦʚ, ʘʢʩʦʥʳ 

ʢʦʪʦʨʳʭ ʦʙʨʘʟʫʶʪ ʩʠʥʘʧʩʳ ʥʘ ʥʝʡʨʦʥʘʭ ʧʨʝ- ʠ ʧʘʨʘʚʝʨʪʝʙʨʘʣʴʥʳʭ ʛʘʥʛʣʠʝʚ ʫ 

ʨʘʟʥʳʭ ʚʠʜʦʚ ʞʠʚʦʪʥʳʭ: ʢʦʰʢʠ (Chung et al ., 1975, Chung et al., 1979b; 

Dembowsky et al., 1985; ɸ.ɼ.ʅʦʟʜʨʘʯʝʚ, ʄ.ʄ.ʌʘʪʝʝʚ,  2002), ʩʦʙʘʢʠ (Faden et 

al., 1978; Petras et al., 1978), ʤʦʨʩʢʦʡ ʩʚʠʥʢʠ (Dalsgaard et al., 1979; McLachlan 

et al., 1985), ʢʨʳʩʳ (Pyner et al., 1994a; Pyner et al., 1994b; Fenwick et al., 2006). 

ɺ ʵʪʠʭ ʨʘʙʦʪʘʭ ʪʘʢʞʝ ʙʳʣʦ ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʙʦʢʦʚʳʝ ʨʦʛʘ ʩʧʠʥʥʦʛʦ ʤʦʟʛʘ 

ʷʚʣʷʶʪʩʷ ʥʝ ʝʜʠʥʩʪʚʝʥʥʳʤ ʤʝʩʪʦʤ ʨʘʩʧʦʣʦʞʝʥʠʷ ʩʠʤʧʘʪʠʯʝʩʢʠʭ 

ʧʨʝʛʘʥʛʣʠʦʥʘʨʥʳʭ ʥʝʡʨʦʥʦʚ. ʅʘʣʠʯʠʝ ʥʝʢʣʘʩʩʠʯʝʩʢʠʭ ʧʨʝʛʘʥʛʣʠʦʥʘʨʥʳʭ 

ʥʝʡʨʦʥʦʚ ʙʳʣʦ ʫʩʪʘʥʦʚʣʝʥʦ ʠ ʚ ʵʣʝʢʪʨʦʬʠʟʠʦʣʦʛʠʯʝʩʢʠʭ ʵʢʩʧʝʨʠʤʝʥʪʘʭ 

(ɺ.ʇ.ʃʝʙʝʜʝʚ, ɺ.ɸ.ʉʢʦʙʝʣʝʚ, 1974, ɺ.ʇ.ʃʝʙʝʜʝʚ ʩ ʩʦʘʚʪ., 1976; Wang et al., 

2018). ɺ ʨʝʟʫʣʴʪʘʪʝ ʧʨʦʚʝʜʝʥʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʥʘ ʢʦʰʢʘʭ, ʚ 

ʪʦʨʘʢʦʣʶʤʙʘʣʴʥʦʤ ʦʪʜʝʣʝ ʩʧʠʥʥʦʛʦ ʤʦʟʛʘ ʤʦʞʥʦ ʚʳʜʝʣʠʪʴ 5 ʷʜʝʨ, 
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ʩʦʜʝʨʞʘʱʠʭ ʤʝʯʝʥʳʝ ʧʝʨʦʢʩʠʜʘʟʦʡ ʩʠʤʧʘʪʠʯʝʩʢʠʝ ʧʨʝʛʘʥʛʣʠʦʥʘʨʥʳʝ 

ʥʝʡʨʦʥʳ: nucl.ILp, nucl.ILf, nucl.IC, nucl.ICpe, nucl.IMm, ʘ ʪʘʢʞʝ ʚ 

ʣʘʪʝʨʘʣʴʥʦʡ ʠ ʤʝʜʠʘʣʴʥʦʡ ʯʘʩʪʠ ʚʝʥʪʨʘʣʴʥʦʛʦ ʨʦʛʘ, ʚʥʝ nucl.Imm.  

ʇʨʝʛʘʥʛʣʠʦʥʘʨʥʳʝ ʥʝʡʨʦʥʳ ʦʙʨʘʟʫʶʪ ʢʦʤʧʘʢʪʥʳʝ ʧʦʧʫʣʷʮʠʠ ʢʦʣʦʥʦʢ 

ʧʦ ʚʠʩʮʝʨʦʪʦʧʠʯʝʩʢʦʤʫ ʧʨʠʥʮʠʧʫ, ʨʘʟʣʠʯʥʳʝ ʜʣʷ ʦʪʜʝʣʴʥʳʭ ʦʨʛʘʥʦʚ-

ʤʠʰʝʥʝʡ. ʊʘʢ, ʥʘʧʨʠʤʝʨ, ʫ ʢʨʳʩʳ ʧʨʝʛʘʥʛʣʠʦʥʘʨʥʳʝ ʥʝʡʨʦʥʳ, ʧʦʩʳʣʘʶʱʠʝ 

ʘʢʩʦʥʳ ʢ ʢʨʘʥʠʘʣʴʥʦʤʫ ʰʝʡʥʦʤʫ ʫʟʣʫ ʣʝʞʘʪ ʥʘʠʙʦʣʝʝ ʤʝʜʠʘʣʴʥʦ, 

ʧʦʩʳʣʘʶʱʠʝ ʦʪʨʦʩʪʢʠ ʢ ʟʚʝʟʜʯʘʪʦʤʫ ʛʘʥʛʣʠʶ -  ʮʝʥʪʨʘʣʴʥʦ ʠ ʢ ʤʦʟʛʦʚʦʤʫ 

ʚʝʱʝʩʪʚʫ ʥʘʜʧʦʯʝʯʥʠʢʦʚ ï ʙʦʣʝʝ ʣʘʪʝʨʘʣʴʥʦ ʍʘʨʘʢʪʝʨ ʚʝʪʚʣʝʥʠʷ ʜʝʥʜʨʠʪʦʚ ʠ 

ʠʭ ʥʘʧʨʘʚʣʝʥʠʝ ʟʘʚʠʩʷʪ ʦʪ ʪʠʧʘ ʠʥʥʝʨʚʠʨʫʝʤʦʛʦ ʦʨʛʘʥʘ-ʤʠʰʝʥʠ (Pyner, 

Coote, 1994a).  ɸʢʩʦʥʳ ʧʨʝʛʘʥʛʣʠʦʥʘʨʥʳʭ ʥʝʡʨʦʥʦʚ ʚʳʭʦʜʷʪ ʠʟ ʪʦʛʦ ʞʝ 

ʩʝʛʤʝʥʪʘ, ʛʜʝ ʥʘʭʦʜʷʪʩʷ ʪʝʣʘ ʵʪʠʭ ʢʣʝʪʦʢ (Dembowsky et al., 1987; Ladd et al., 

2014; Wang et al., 2018). 

 

1.1.2. ʉʚʷʟʠ ʢʨʘʥʠʘʣʴʥʦʛʦ ʰʝʡʥʦʛʦ ʛʘʥʛʣʠʷ ʩ ʩʝʛʤʝʥʪʘʤʠ 

ʩʧʠʥʥʦʛʦ ʤʦʟʛʘ 

ʉʚʷʟʠ ʢʨʘʥʠʘʣʴʥʦʛʦ ʰʝʡʥʦʛʦ ʛʘʥʛʣʠʷ ʩ ʩʝʛʤʝʥʪʘʤʠ ʩʧʠʥʥʦʛʦ ʤʦʟʛʘ ʚ 

ʦʩʥʦʚʥʦʤ ʙʳʣʠ ʠʟʫʯʝʥʳ ʧʫʪʝʤ ʨʝʪʨʦʛʨʘʜʥʦʛʦ ʘʢʩʦʥʥʦʛʦ ʪʨʘʥʩʧʦʨʪʘ 

ʤʘʨʢʝʨʦʚ, ʚʚʦʜʠʤʳʭ ʚ ʩʘʤ ʫʟʝʣ. ʊʘʢ ʫ ʤʦʨʩʢʦʡ ʩʚʠʥʢʠ ʧʨʠ ʚʚʝʜʝʥʠʠ 

ʧʝʨʦʢʩʠʜʘʟʳ ʚ ʢʨʘʥʠʘʣʴʥʳʡ ʰʝʡʥʳʡ ʛʘʥʛʣʠʡ ʤʝʯʝʥʳʝ ʥʝʡʨʦʥʳ ʙʳʣʠ 

ʦʙʥʘʨʫʞʝʥʳ ʚ nucl.ILp ʠ nucl.ILf  - ʚ ʩʝʛʤʝʥʪʘʭ ʉVIII -ʊhVI, ʘ ʚ nucl.IC ʠ 

nucl.ICpe - ʚ ʩʝʛʤʝʥʪʘʭ ʊhI-ʊhVII  ʩʧʠʥʥʦʛʦ ʤʦʟʛʘ (Dalsgaard, Elfvin, 1979a). 

ʇʨʠ ʚʚʝʜʝʥʠʠ ʧʝʨʦʢʩʠʜʘʟʳ ʚ ʢʨʘʥʠʘʣʴʥʳʡ ʰʝʡʥʳʡ ʛʘʥʛʣʠʡ ʫ ʢʦʰʢʠ 

ʤʝʯʝʥʳʝ ʥʝʡʨʦʥʳ ʚ nucl.ILp ʦʙʥʘʨʫʞʝʥʳ ʚ ʩʝʛʤʝʥʪʘʭ ʉVIII-ʊhVIII 

(ɸ.ʅ.ʐʘʙʘʥʦʚ, 1981) ʠ ʊhI-ʊhVII (ɺ.ʇ.ɹʘʙʤʠʥʜʨʘ ʩ ʩʦʘʚʪ., 1984), nucl.ILf - ʚ 

ʩʝʛʤʝʥʪʘʭ ʉVIII-ʊhIV (ɸ.ʅ.ʐʘʙʘʥʦʚ, 1981), ʊhI-ʊhVI (ɺ.ʇ.ɹʘʙʤʠʥʜʨʘ ʩ 

ʩʦʘʚʪ., 1984), nucl.IC - ʚ ʩʝʛʤʝʥʪʘʭ ʉVIII-ʊhVI (ɸ.ʅ.ʐʘʙʘʥʦʚ, 1981) ʠ ʊhI-

ʊhV (ɺ.ʇ.ɹʘʙʤʠʥʜʨʘ ʩ ʩʦʘʚʪ., 1984), nucl.ICpe - ʚ ʩʝʛʤʝʥʪʘʭ ʉVIII-ʊhV 

(ɸ.ʅ.ʐʘʙʘʥʦʚ, 1981) ʠ ʊhI-ʊhV (ɺ.ʇ.ɹʘʙʤʠʥʜʨʘ ʩ ʩʦʘʚʪ., 1984), ʚ 
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ʚʝʥʪʨʘʣʴʥʦʤ ʨʦʛʝ - ʚ ʩʝʛʤʝʥʪʘʭ ʊhI-ʊhIV (ɸ.ʅ.ʐʘʙʘʥʦʚ, 1981; 

ɺ.ʇ.ɹʘʙʤʠʥʜʨʘ ʩ ʩʦʘʚʪ., 1984) ʩʧʠʥʥʦʛʦ ʤʦʟʛʘ.  

ɺʚʝʜʝʥʠʝ ʤʝʪʦʢ Fast blue ʠ ʧʝʨʦʢʩʠʜʘʟʳ ʚ ʂʐɻ ʢʨʳʩʳ 

ʧʨʦʜʝʤʦʥʩʪʨʠʨʦʚʘʣʦ, ʯʪʦ 90 % ʤʝʯʝʥʳʭ ʥʝʡʨʦʥʦʚ ʦʙʥʘʨʫʞʠʚʘʣʠʩʴ ʚ nucl.ILp 

ʠ nucl.ILf, ʠ ʥʝʙʦʣʴʰʘʷ ʯʘʩʪʴ - ʚ CA ʠ nucl.IC (Yamamoto et al., 1989; Pyner, 

Coote, 1994a; Wang et al., 2018). ʊʘʢʞʝ ʫ ʢʨʳʩʳ ʙʦʣʴʰʠʥʩʪʚʦ ʨʝʪʨʦʛʨʘʜʥʦ 

ʤʝʯʝʥʳʭ ʥʝʡʨʦʥʦʚ ʂʐɻ ʙʳʣʠ ʣʦʢʘʣʠʟʦʚʘʥʳ ʚ T1-T3 ʩʝʛʤʝʥʪʘʭ ʩʧʠʥʥʦʛʦ 

ʤʦʟʛʘ ʠ ʩ ʤʘʢʩʠʤʫʤʦʤ ʚ ʩʝʛʤʝʥʪʝ T2 (Rando et al., 1981; Klimaschewski et al., 

1995; Wang et al., 2018). ʊʝʤ ʥʝ ʤʝʥʝʝ, ʜʘʥʥʳʝ ʦ ʩʧʠʥʘʣʴʥʦʤ ʨʘʩʧʨʝʜʝʣʝʥʠʠ 

ʧʨʝʛʘʥʛʣʠʦʥʘʨʥʳʭ ʥʝʡʨʦʥʦʚ, ʩʚʷʟʘʥʥʳʭ ʩ ʂʐɻ, ʚ nucl.ILp ʫ ʢʨʳʩ 

ʧʨʦʪʠʚʦʨʝʯʠʚʦ (Wang et al., 2018): ʦʪ C8 ʜʦ T5 (Rando et al., 1981; Strack et al., 

1988; Pyner, Coote, 1994b; Klimaschewski et al., 1995), ʦʪ C8 ʜʦ T7 (Hosoya et 

al., 1991), ʦʪ Th1 ʜʦ Th4 (Teclemariam-Mesbah et al., 1997; Wang et al., 2018) ʠ 

ʊhI-ʊhV (Fenwick et al., 2006). 

 

1.1.3. ʅʝʡʨʦʭʠʤʠʯʝʩʢʠʡ ʩʦʩʪʘʚ ʧʨʝʛʘʥʛʣʠʦʥʘʨʥʳʭ ʥʝʡʨʦʥʦʚ 

ʀʟʚʝʩʪʥʦ, ʯʪʦ ʦʩʥʦʚʥʳʤ ʥʝʡʨʦʪʨʘʥʩʤʠʪʪʝʨʦʤ ʩʠʤʧʘʪʠʯʝʩʢʠʭ 

ʧʨʝʛʘʥʛʣʠʦʥʘʨʥʳʭ ʥʝʡʨʦʥʦʚ ʷʚʣʷʝʪʩʷ ʘʮʝʪʠʣʭʦʣʠʥ. ʍʦʣʠʥʝʨʛʠʯʝʩʢʠʝ 

ʥʝʡʨʦʥʳ ʩʦʜʝʨʞʘʪ ʬʝʨʤʝʥʪ ʩʠʥʪʝʟʘ ʘʮʝʪʠʣʭʦʣʠʥʘ ï ʭʦʣʠʥʘʮʝʪʠʣʪʨʘʥʩʬʝʨʘʟʫ 

(ʍɸʊ) (Barber et al., 1984; Wetts et al., 1994). ʃʠʪʝʨʘʪʫʨʥʳʝ ʜʘʥʥʳʝ 

ʩʚʠʜʝʪʝʣʴʩʪʚʫʶʪ ʦ ʪʦʤ, ʯʪʦ ʚ ʚʳʰʝʫʧʦʤʷʥʫʪʳʭ ʥʝʡʨʦʥʘʭ ʥʘʨʷʜʫ ʩ ʍɸʊ 

ʚʳʷʚʣʷʝʪʩʷ ʬʝʨʤʝʥʪ ʩʠʥʪʝʟʘ ʦʢʩʠʜʘ ʘʟʦʪʘ NO-ʩʠʥʪʘʟʘ (NOS) (Anderson, 1992; 

Wetts et al., 1994; Grcovic, Anderson, 1997; Navickaite et al., 2020). ɺ ʦʪʣʠʯʠʝ 

ʦʪ ʩʠʤʧʘʪʠʯʝʩʢʠʭ ʫʟʣʦʚ, ʧʦʜʘʚʣʷʶʱʝʝ ʙʦʣʴʰʠʥʩʪʚʦ ʩʠʤʧʘʪʠʯʝʩʢʠʭ 

ʧʨʝʛʘʥʛʣʠʦʥʘʨʥʳʭ ʥʝʡʨʦʥʦʚ ʤʣʝʢʦʧʠʪʘʶʱʠʭ ʩʦʜʝʨʞʠʪ NO-ʩʠʥʪʘʟʫ, ʢʦʪʦʨʘʷ 

ʧʨʠ ʵʪʦʤ ʩʦʣʦʢʘʣʠʟʦʚʘʥʘ ʩ ʬʝʨʤʝʥʪʦʤ ʩʠʥʪʝʟʘ ʘʮʝʪʠʣʭʦʣʠʥʘ - 

ʭʦʣʠʥʘʮʝʪʠʣʪʨʘʥʩʬʝʨʘʟʦʡ (ʍɸʊ) (Hinrichs, Llewellyn-Smith, 2009). ʇʨʠ ʵʪʦʤ 

ʧʦʜʘʚʣʷʶʱʘʷ ʯʘʩʪʴ ʪʘʢʠʭ ʥʝʡʨʦʥʦʚ ʷʚʣʷʝʪʩʷ ʠʤʤʫʥʦʨʝʘʢʪʠʚʥʦʡ ʢ ʮɻʄʌ 
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(Powers-Martin et al., 1996). ʋ ʢʨʳʩʳ ʙʦʣʴʰʠʥʩʪʚʦ nNOS-ʧʦʟʠʪʠʚʥʳʭ 

ʥʝʡʨʦʥʦʚ ʩʦʜʝʨʞʘʪ ʪʘʢʞʝ ʢʘʣʴʮʠʡ-ʩʚʷʟʳʚʘʶʱʠʡ ʙʝʣʦʢ ʢʘʣʴʙʠʥʜʠʥ ʠ 

ʢʘʣʴʨʝʪʠʥʠʥ (Gonsalvez et al., 2010), ʘ ʪʘʢʞʝ ʢʦʢʘʠʥ- ʠ ʘʤʬʝʪʘʤʠʥ- 

ʨʝʛʫʣʠʨʫʝʤʳʡ ʪʨʘʥʩʢʨʠʧʪ (CART) (Dun et al., 2000; Fenwick et al., 2006) 

ɺ ILp 15% ʧʨʝʛʘʥʛʣʠʦʥʘʨʥʳʭ ʥʝʡʨʦʥʦʚ, ʩʚʷʟʘʥʥʳʭ ʩ ʂʐɻ, ʩʦʜʝʨʞʘʣʠ 

CART. CART-ʀʈ ʥʝʡʨʦʥʳ ʚ ʛʨʫʜʥʦʤ ʦʪʜʝʣʝ ʩʧʠʥʥʦʛʦ ʤʦʟʛʘ ʢʨʳʩʳ 

ʚʳʷʚʣʷʣʠʩʴ ʚ nucl.ILp, nucl.IC ʠ CA. ʇʦʜʘʚʣʷʶʱʝʝ ʙʦʣʴʰʠʥʩʪʚʦ ʠʟ ʥʠʭ ʙʳʣʦ 

ʪʘʢʞʝ ʍɸʊ-ʀʈ, ʠ ʣʠʰʴ ʝʜʠʥʠʯʥʳʝ ʥʝʡʨʦʥʳ ï ʍɸʊ-ʥʝʛʘʪʠʚʥʳʤʠ. CART 

ʠʤʤʫʥʦʨʝʘʢʪʠʚʥʦʩʪʴ ʩʝʣʝʢʪʠʚʥʦ ʠʜʝʥʪʠʬʠʮʠʨʫʝʪ ʧʨʝʛʘʥʛʣʠʦʥʘʨʥʳʝ 

ʥʝʡʨʦʥʳ, ʨʝʛʫʣʠʨʫʶʱʠʝ ʩʝʨʜʝʯʥʦ-ʩʦʩʫʜʠʩʪʫʶ ʩʠʩʪʝʤʫ (Dun et al., 2000; 

Fenwick et al., 2006).  

ɹʦʣʴʰʠʥʩʪʚʦ ʂɹ-ʀʈ ʧʨʝʛʘʥʛʣʠʦʥʘʨʥʳʭ ʥʝʡʨʦʥʦʚ ʪʘʢʞʝ 

ʩʦʣʦʢʘʣʠʟʦʚʘʣʠ nNOS, ʭʦʪʷ ʧʦʧʫʣʷʮʠʷ ʧʨʝʛʘʥʛʣʠʦʥʘʨʥʳʭ ʥʝʡʨʦʥʦʚ ʚ 

ʩʨʝʜʥʠʭ ʠ ʥʠʞʥʠʭ ʛʨʫʜʥʳʭ ʩʝʛʤʝʥʪʘʭ ʩʧʠʥʥʦʛʦ ʤʦʟʛʘ ʚ ILp ʠʤʝʣʘ ʪʦʣʴʢʦ ʂɹ-

ʠʤʤʫʥʦʨʝʘʢʪʠʚʥʦʩʪʴ. ʂɹ-ʀʈ ʥʝʡʨʦʥʳ, ʩʦʣʦʢʘʣʠʟʫʶʱʠʝ nNOS, ʷʚʣʷʶʪʩʷ 

ʥʘʠʙʦʣʝʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʳʤʠ ʚ ʚʝʨʭʥʠʭ ʦʪʜʝʣʘʭ ʛʨʫʜʥʦʛʦ ʠ ʧʦʷʩʥʠʯʥʦʛʦ 

ʦʪʜʝʣʦʚ (Gonsalvez et al., 2010). ʂɹ-ʀʈ ʧʨʝʛʘʥʛʣʠʦʥʘʨʥʳʝ ʥʝʡʨʦʥʳ ʧʦʩʳʣʘʶʪ 

ʩʚʦʠ ʘʢʩʦʥʳ ʚ ʂʐɻ ʠ ʟʚʝʟʜʯʘʪʳʡ ʛʘʥʛʣʠʡ (Grkovic, Anderson, 1997). 

 

1.1.4. ʉʪʨʫʢʪʫʨʥʘʷ ʦʨʛʘʥʠʟʘʮʠʷ ʰʝʡʥʦʛʦ ʩʠʤʧʘʪʠʯʝʩʢʦʛʦ ʩʪʚʦʣʘ 

ɹʦʣʴʰʘʷ ʯʘʩʪʴ ʧʨʝʛʘʥʛʣʠʦʥʘʨʥʳʭ ʚʦʣʦʢʦʥ ʵʪʠʭ ʥʝʨʚʦʚ ʥʘʧʨʘʚʣʷʝʪʩʷ ʢ 

ʢʨʘʥʠʘʣʴʥʦʤʫ ʰʝʡʥʦʤʫ ʛʘʥʛʣʠʶ ʚ ʩʦʩʪʘʚʝ ʰʝʡʥʦʛʦ ʩʠʤʧʘʪʠʯʝʩʢʦʛʦ ʩʪʚʦʣʘ. 

ʏʠʩʣʦ ʧʨʝʛʘʥʛʣʠʦʥʘʨʥʳʭ ʚʦʣʦʢʦʥ, ʥʘʧʨʘʚʣʷʶʱʠʭʩʷ ʢ ʂʐɻ ʢʨʳʩʳ, 

ʚʘʨʴʠʨʫʝʪ ʦʪ 970 ʜʦ 8610 (Wang et al., 1995, 2018). ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʠʤʝʶʪʩʷ 

3 ʛʨʫʧʧʳ ʥʝʨʚʥʳʭ ʧʨʦʚʦʜʥʠʢʦʚ: ɸ - ʦʢʦʣʦ 200 ʚʦʣʦʢʦʥ ʜʠʘʤʝʪʨʦʤ 6.5-5.0 

ʤʢʤ, ɺ - ʧʨʠʤʝʨʥʦ 2000 ʚʦʣʦʢʦʥ ʜʠʘʤʝʪʨʦʤ 4.5-3.0 ʤʢʤ, ʉ - 2000 ʚʦʣʦʢʦʥ 

ʜʠʘʤʝʪʨʦʤ 2.5-1.5 ʤʢʤ (ɸ.ɼ.ʅʦʟʜʨʘʯʝʚ, ʖ.ʇ.ʇʫʰʢʘʨʝʚ, 1980). 

ʐʝʡʥʳʡ ʩʠʤʧʘʪʠʯʝʩʢʠʡ ʩʪʚʦʣ ʩʦʜʝʨʞʠʪ 84% ʚʦʣʦʢʦʥ 

ʧʨʝʛʘʥʛʣʠʦʥʘʨʥʳʭ ʘʢʩʦʥʦʚ, 11% ʥʠʩʭʦʜʷʱʠʭ (ʧʦʩʪʛʘʥʛʣʠʦʥʘʨʥʳʭ) ʘʢʩʦʥʦʚ ʠ 
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ʦʢʦʣʦ 5% ʩʝʥʩʦʨʥʳʭ ʚʦʣʦʢʦʥ (Teclemariam-Mesbah et al., 1997; Wang et al., 

2018). 

 

1.1.5. ɸʥʘʪʦʤʠʷ ʂʐɻ 

ʂʐɻ ʷʚʣʷʝʪʩʷ ʦʩʥʦʚʥʳʤ ʠʩʪʦʯʥʠʢʦʤ ʩʠʤʧʘʪʠʯʝʩʢʦʡ ʠʥʥʝʨʚʘʮʠʠ 

ʦʨʛʘʥʦʚ ʛʦʣʦʚʳ ʠ ʰʝʠ (ɺ.ʀ.ʉʢʦʢ, 1970; ɸ.ɼ.ʅʦʟʜʨʘʯʝʚ, 1978, 1983; Ladd et 

al., 2014). ʆʥ ʨʘʩʧʦʣʦʞʝʥ ʚ ʚʝʨʭʥʝʡ ʯʘʩʪʠ ʰʝʠ ʠ ʧʨʠʣʝʛʘʝʪ ʢ ʫʟʣʦʚʘʪʦʤʫ 

ʛʘʥʛʣʠʶ ʙʣʫʞʜʘʶʱʝʛʦ ʥʝʨʚʘ. ʅʘʠʙʦʣʝʝ ʢʨʫʧʥʳʤʠ ʥʝʨʚʘʤʠ ʛʘʥʛʣʠʷ 

ʷʚʣʷʶʪʩʷ ʰʝʡʥʳʡ ʩʠʤʧʘʪʠʯʝʩʢʠʡ ʠ ʚʥʫʪʨʝʥʥʠʡ ʩʦʥʥʳʡ ʥʝʨʚʳ. ɺʥʫʪʨʝʥʥʠʡ 

ʩʦʥʥʳʡ ʥʝʨʚ ʤʦʞʝʪ ʥʘʯʠʥʘʪʴʩʷ ʦʪ ʂʐɻ ʥʝʩʢʦʣʴʢʠʤʠ ʚʝʪʚʷʤʠ, ʬʦʨʤʠʨʫʝʪ 

ʩʧʣʝʪʝʥʠʝ ʚʦʢʨʫʛ ʚʥʫʪʨʝʥʥʝʡ ʩʦʥʥʦʡ ʘʨʪʝʨʠʠ, ʘ ʪʘʢʞʝ ʚʝʪʦʯʢʠ ʢ 

ʱʠʪʦʚʠʜʥʦʡ ʞʝʣʝʟʝ, ʫʟʣʘʤ ʙʣʫʞʜʘʶʱʝʛʦ ʥʝʨʚʘ, ʢ ʛʦʨʪʘʥʠ, ʛʣʦʪʢʝ 

(ɺ.ʀ.ʉʢʦʢ, 1970; ɸ.ɼ.ʅʦʟʜʨʘʯʝʚ, 1978, 1983; ɸ.ɸ.ʂʦʨʦʙʢʠʥ, 2011; Ladd et 

al., 2014; Wang et al., 2018).  

ɺ ʩʦʩʪʘʚʝ ʂʐɻ ʥʘʙʣʶʜʘʶʪʩʷ ʠ ʜʨʫʛʠʝ ʧʦʩʪʦʷʥʥʳʝ ʚʝʪʚʠ, ʥʘʧʨʠʤʝʨ, 

ʠʜʫʱʠʝ ʢ ʢʘʨʦʪʠʜʥʦʤʫ ʩʠʥʫʩʫ, ʧʦʜʲʷʟʳʯʥʦʤʫ ʠ ʷʟʳʢʦʛʣʦʪʦʯʥʦʤʫ 

ʯʝʨʝʧʥʦʤʦʟʛʦʚʳʤ ʥʝʨʚʘʤ. ʂʨʦʤʝ ʵʪʦʛʦ, 2-3 ʚʝʪʚʠ, ʩʦʝʜʠʥʷʷʩʴ, ʦʙʨʘʟʫʶʪ 

ʢʨʘʥʠʘʣʴʥʳʡ ʰʝʡʥʳʡ ʩʝʨʜʝʯʥʳʡ ʥʝʨʚ, ʩʦʩʪʘʚʣʷʶʱʠʡ ʯʘʩʪʴ ʩʝʨʜʝʯʥʦʛʦ 

ʩʧʣʝʪʝʥʠʷ (ɸ.ɼ.ʅʦʟʜʨʘʯʝʚ, 1978, 1983; Gabella, 2004). 
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ʈʠʩ. 2. ʂʨʘʥʠʘʣʴʥʳʡ ʰʝʡʥʳʡ ʛʘʥʛʣʠʡ ʢʨʳʩʳ. 

1 - ʚʥʫʪʨʝʥʥʠʡ ʩʦʥʥʳʡ ʥʝʨʚ; 2- ʥʘʨʫʞʥʳʡ ʩʦʥʥʳʡ ʥʝʨʚ; 3 ï ʰʝʡʥʳʡ 

ʩʠʤʧʘʪʠʯʝʩʢʠʡ ʥʝʨʚ. 

 

1.1.6. ʉʠʥʘʧʪʠʯʝʩʢʠʝ ʦʢʦʥʯʘʥʠʷ ʚ ʂʐɻ 

ɺ ʂʐɻ ʚʟʨʦʩʣʦʡ ʢʨʳʩʳ ʠʤʝʝʪʩʷ 4ï12 ʭ 10
6
 ʩʠʥʘʧʩʦʚ (Field, Raisman, 

1985; SikloËs et al., 1990; Smolen, Raisman, 1980) ʠ 19ï36 ʭ 10
3
 ʥʝʡʨʦʥʦʚ 

(Ostberg et al., 1976; Purves et al., 1986; Ribeʀʈo et al., 2004). ʕʪʦ ʜʘʝʪ 

ʩʨʝʜʥʝʝ ʦʪʥʦʰʝʥʠʝ ʩʠʥʘʧʩ: ʥʝʡʨʦʥ ʦʢʦʣʦ 290:1, ʠ ʧʦʜʘʚʣʷʶʱʝʝ 

ʙʦʣʴʰʠʥʩʪʚʦ ʠʟ ʥʠʭ, 90% ʠʣʠ ʙʦʣʝʝ, ʷʚʣʷʶʪʩʷ ʘʢʩʦʜʝʥʜʨʠʪʥʳʤʠ (Matthews, 

1983; Forehand, 1985; Gibbins, Morris, 2006; Ladd et al., 2014). ɺ ʂʐɻ ʢʨʳʩʳ 

ʯʠʩʣʦ ʩʠʥʘʧʩʦʚ ʥʘ ʦʜʥʦʤ ʥʝʡʨʦʥʝ ʚʘʨʴʠʨʫʝʪ ʦʪ 250 ʜʦ 430 (Forehand, 1985; 

Loesch et al., 2010). ɹʦʣʝʝ ʢʨʫʧʥʳʝ ʚʠʜʳ ʞʠʚʦʪʥʳʭ ʦʙʣʘʜʘʶʪ ʥʝʡʨʦʥʘʤʠ, 

ʢʦʪʦʨʳʝ ʧʨʦʷʚʣʷʶʪ ʙʦʣʴʰʫʶ ʢʦʥʚʝʨʛʝʥʮʠʶ, ʙʦʣʝʝ ʩʣʦʞʥʳʝ ʘʨʙʦʨʠʟʘʮʠʠ ʠ 

ʙʦʣʴʰʫʶ ʜʦʣʶ ʘʢʩʦʜʝʥʜʨʠʪʥʳʭ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʘʢʩʦʩʦʤʘʪʠʯʝʩʢʠʤʠ 
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ʩʠʥʘʧʩʘʤʠ (Forehand, 1985; Purves, Lichtman, 1985; Purves et al., 1986; 

Gibbins et al., 1998). 

ɺ ʩʠʥʘʧʪʠʯʝʩʢʠʭ ʛʘʥʛʣʠʷʭ ʢʦʰʢʠ ʚʩʝ ʥʝʨʚʥʳʝ ʵʣʝʤʝʥʪʳ ʦʢʨʫʞʝʥʳ 

ʦʪʨʦʩʪʢʘʤʠ ʰʚʘʥʥʦʚʩʢʠʭ ʢʣʝʪʦʢ ʠ ʨʘʟʜʝʣʝʥʳ ʥʘ ʦʪʜʝʣʴʥʳʝ ʛʨʫʧʧʳ 

ʧʨʦʩʣʦʡʢʘʤʠ ʩʦʝʜʠʥʠʪʝʣʴʥʦʡ ʪʢʘʥʠ. ɺʩʝ ʩʠʥʘʧʪʠʯʝʩʢʠʝ ʩʦʝʜʠʥʝʥʠʷ 

ʦʩʫʱʝʩʪʚʣʷʶʪʩʷ ʚʥʫʪʨʠ ʵʪʠʭ ʛʨʫʧʧ. ʆʩʥʦʚʥʫʶ ʤʘʩʩʫ ʩʠʥʘʧʩʦʚ ʩʦʩʪʘʚʣʷʶʪ 

ʘʢʩʦʜʝʥʜʨʠʪʠʯʝʩʢʠʝ ʩʠʥʘʧʩʳ, ʤʝʥʴʰʝ ʘʢʩʦʘʢʩʦʥʘʣʴʥʳʭ ʠ ʟʥʘʯʠʪʝʣʴʥʦ 

ʤʝʥʴʰʝ ʘʢʩʦʩʦʤʘʪʠʯʝʩʢʠʭ. ɺʩʝ ʧʨʝʩʠʥʘʧʪʠʯʝʩʢʠʝ ʪʝʨʤʠʥʘʣʠ ʩʦʜʝʨʞʘʪ 

ʧʫʟʳʨʴʢʠ ʦʢʨʫʛʣʦʡ ʬʦʨʤʳ ʩ ʜʠʤʝʪʨʦʤ 0,02 ï 0,04 ʤʢʤ. ɺ ʥʝʢʦʪʦʨʳʭ 

ʪʝʨʤʠʥʘʣʷʭ ʥʘ ʨʷʜʫ ʩ ʵʪʠʤʠ ʧʫʟʳʨʴʢʘʤʠ ʦʙʥʘʨʫʞʠʚʘʝʶʪʩʷ ʙʦʣʝʝ ʢʨʫʧʥʳʝ 

ʧʫʟʳʨʴʢʠ ʩ ʦʩʤʠʦʬʠʣʴʥʳʤ ʮʝʥʪʨʦʤ. (Elfvin, 1983; ʉ.ɸ.ʅʦʚʘʢʦʚʩʢʘʷ ʩ 

ʩʦʘʚʪ., 2011). 

 

1.2. ʄʦʨʬʦʣʦʛʠʯʝʩʢʠʝ ʦʩʦʙʝʥʥʦʩʪʠ ʩʚʷʟʝʡ ʧʨʝʛʘʥʛʣʠʦʥʘʨʥʳʭ 

ʥʝʡʨʦʥʦʚ ʩʧʠʥʥʦʛʦ ʤʦʟʛʘ ʩ ʢʨʘʥʠʘʣʴʥʳʤ ʰʝʡʥʳʤ ʛʘʥʛʣʠʝʤ ʚ ʦʥʪʦʛʝʥʝʟʝ 

1.2.1. ʀʟʤʝʥʝʥʠʷ ʩʪʨʫʢʪʫʨʥʦʡ ʦʨʛʘʥʠʟʘʮʠʠ ʧʨʝʛʘʥʛʣʠʦʥʘʨʥʳʭ 

ʥʝʡʨʦʥʦʚ ʚ ʦʥʪʦʛʝʥʝʟʝ.  

ʉʦʤʘʪʠʯʝʩʢʠʝ ʤʦʪʦʥʝʡʨʦʥʳ ʠ ʧʨʝʛʘʥʛʣʠʦʥʘʨʥʳʝ ʥʝʡʨʦʥʳ ʢʨʳʩ 

ʚʳʷʚʣʷʶʪʩʷ ʚ ʚʝʥʪʨʦʣʘʪʝʨʘʣʴʥʦʤ ʢʣʝʪʦʯʥʦʤ ʩʪʦʣʙʝ ʧʨʦʤʝʞʫʪʦʯʥʦʡ ʟʦʥʳ ʩ 

11-12 ʜʥʷ ʵʤʙʨʠʦʥʘʣʴʥʦʛʦ ʨʘʟʚʠʪʠʷ ʠ ʵʢʩʧʨʝʩʩʠʨʫʶʪ ʬʝʨʤʝʥʪ ʩʠʥʪʝʟʘ 

ʘʮʝʪʠʣʭʦʣʠʥʘ-ʍɸʊ. ʇʨʝʛʘʥʛʣʠʦʥʘʨʥʳʝ ʥʝʡʨʦʥʳ ʧʝʨʝʤʝʱʘʶʪʩʷ ʢʘʢ 

ʜʦʨʩʘʣʴʥʦ, ʪʘʢ ʠ ʤʝʜʠʘʣʴʥʦ ʤʝʞʜʫ ʵʤʙʨʠʦʥʘʣʴʥʳʤʠ ʜʥʷʤʠ 14 ʠ 18, ʢʦʛʜʘ ʦʥʠ 

ʧʨʠʙʣʠʞʘʶʪʩʷ ʢ ʩʚʦʝʤʫ ʦʢʦʥʯʘʪʝʣʴʥʦʤʫ ʨʘʩʧʦʣʦʞʝʥʠʶ ʚ ʩʧʠʥʥʦʤ ʤʦʟʛʝ. ʅʘ 

17-ʡ ʵʤʙʨʠʦʥʘʣʴʥʳʡ ʜʝʥʴ ʵʪʠ ʥʝʡʨʦʥʳ ʜʦʩʪʠʛʘʶʪ ʩʚʦʠʭ ʢʦʥʝʯʥʳʭ 

ʧʦʣʦʞʝʥʠʡ ʚ ʩʨʝʜʥʝʡ ʯʘʩʪʠ ʧʨʦʤʝʞʫʪʦʯʥʦʡ ʟʦʥʳ ʩʧʠʥʥʦʛʦ ʤʦʟʛʘ. ɺ ʵʪʦʪ ʞʝ 

ʚʨʝʤʝʥʥʦʡ ʧʝʨʠʦʜ ʫʩʪʘʥʘʚʣʠʚʘʶʪʩʷ ʢʦʥʪʘʢʪʳ ʤʝʞʜʫ ʧʨʝʛʘʥʛʣʠʦʥʘʨʥʳʤʠ 

ʥʝʡʨʦʥʘʤʠ ʠ ʦʨʛʘʥʘʤʠ ʤʠʰʝʥʷʤʠ. ɺ ʧʝʨʠʦʜ ʵʤʙʨʠʦʥʘʣʴʥʦʛʦ ʨʘʟʚʠʪʠʷ ɽ14-21 

ʦʪʨʦʩʪʢʠ ʥʝʡʨʦʥʦʚ ʦʨʠʝʥʪʠʨʦʚʘʥʳ ʤʝʜʠʦʣʘʪʝʨʘʣʴʥʦ ʠ ʪʦʣʴʢʦ ʧʦʩʣʝ 

ʨʦʞʜʝʥʠʷ ʥʘʙʣʶʜʘʝʪʩʷ ʠʭ ʨʦʩʪʨʦʢʘʫʜʘʣʴʥʘʷ ʦʨʠʝʥʪʘʮʠʷ (Phelps et al., 1991). 

ɺ ʪʨʝʪʴʶ ʬʘʟʫ ʨʘʟʚʠʪʠʷ, ʥʝʢʦʪʦʨʳʝ ʠʟ ʧʨʝʛʘʥʛʣʠʦʥʘʨʥʳʭ ʥʝʡʨʦʥʦʚ 
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ʧʝʨʝʤʝʱʘʶʪʩʷ ʚ ʤʝʜʠʘʣʴʥʦʤ ʥʘʧʨʘʚʣʝʥʠʠ ʤʝʞʜʫ nucl.Ilp ʠ ʮʝʥʪʨʘʣʴʥʳʤ 

ʢʘʥʘʣʦʤ (Markham, Vaughn, 1991). 

ʋ ʥʦʚʦʨʦʞʜʝʥʥʳʭ ʢʨʳʩ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʧʨʝʛʘʥʛʣʠʦʥʘʨʥʳʭ ʥʝʡʨʦʥʦʚ ʚ 

ʷʜʨʘʭ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʚʟʨʦʩʣʦʤʫ: ILp, ILf, IC ʠ ICpe. ʅʘʠʙʦʣʴʰʝʝ ʢʦʣʠʯʝʩʪʚʦ 

ʥʝʡʨʦʥʦʚ ʥʘʭʦʜʠʪʩʷ ʚ ILp. IC ʠ ICpe ʩʦʜʝʨʞʘʪ ʥʝʤʥʦʛʦ ʙʦʣʝʝ ʚʳʩʦʢʠʡ 

ʧʨʦʮʝʥʪ ʧʨʝʛʘʥʛʣʠʦʥʘʨʥʳʭ ʥʝʡʨʦʥʦʚ ʚ ʷʜʨʘʭ ʫ ʥʦʚʦʨʦʞʜʝʥʥʦʛʦ ʧʦ 

ʩʨʘʚʥʝʥʠʶ ʩʦ ʚʟʨʦʩʣʳʤ (Pyner, Coote, 1994). ʊʝʤ ʥʝ ʤʝʥʝʝ, 

ʧʨʝʛʘʥʛʣʠʦʥʘʨʥʳʝ ʥʝʡʨʦʥʳ, ʠʥʥʝʨʚʠʨʫʶʱʠʝ ʤʦʟʛʦʚʦʝ ʚʝʱʝʩʪʚʦ 

ʥʘʜʧʦʯʝʯʥʠʢʦʚ ʫ ʢʦʪʷʪ, ʦʙʥʘʨʫʞʠʚʘʣʠʩʴ ʚ ʙʦʣʴʰʝʤ ʜʠʘʧʘʟʦʥʝ ʩʝʛʤʝʥʪʦʚ 

ʩʧʠʥʥʦʛʦ ʤʦʟʛʘ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʜʘʥʥʳʤʠ, ʧʦʣʫʯʝʥʥʳʤʠ ʜʨʫʛʠʤʠ ʘʚʪʦʨʘʤʠ ʥʘ 

ʚʟʨʦʩʣʳʭ ʞʠʚʦʪʥʳʭ (Pyner, Coote, 1995). ʇʨʠ ʵʪʦʤ, ʫ ʢʦʪʷʪ ʦʙʥʘʨʫʞʠʚʘʣʠʩʴ 

ʥʝ ʪʦʣʴʢʦ ʠʧʩʠ-, ʥʦ ʠ ʢʦʥʪʨʘʣʘʪʝʨʘʣʴʥʳʝ ʧʨʦʝʢʮʠʠ, ʦʪʩʫʪʩʪʚʫʶʱʠʝ ʫ 

ʚʟʨʦʩʣʳʭ (Holets, Elde, 1983). 

ʈʘʟʤʝʨʳ ʧʨʝʛʘʥʛʣʠʦʥʘʨʥʳʭ ʥʝʡʨʦʥʦʚ (ʚ ʩʨʝʜʥʝʤ, 23.4 ʤʢʤ), ʚ ʦʪʣʠʯʠʝ 

ʦʪ ʧʦʩʪʛʘʥʛʣʠʦʥʘʨʥʳʭ, ʥʝ ʠʟʤʝʥʷʣʠʩʴ ʚ ʧʦʩʪʥʘʪʘʣʴʥʦʤ ʦʥʪʦʛʝʥʝʟʝ. 

ʄʦʨʬʦʣʦʛʠʯʝʩʢʠʝ ʦʪʣʠʯʠʷ ʢʘʩʘʣʠʩʴ ʣʠʰʴ ʭʘʨʘʢʪʝʨʘ ʚʝʪʚʣʝʥʠʷ ʜʝʥʜʨʠʪʦʚ ʠ 

ʦʨʠʝʥʪʘʮʠʠ ʪʝʣʘ ʥʝʡʨʦʥʦʚ. ʋ ʥʦʚʦʨʦʞʜʝʥʥʳʭ ʢʨʳʩʷʪ ʜʝʥʜʨʠʪʳ ʚʝʪʚʠʣʠʩʴ 

ʙʦʣʝʝ ʜʠʬʬʫʟʥʦ. ʅʝʡʨʦʥʳ ʚ nucl.Ilp ʙʳʣʠ ʦʨʠʝʥʪʠʨʦʚʘʥʳ ʚ 

ʨʦʩʪʨʦʢʘʫʜʘʣʴʥʦʤ ʠ ʚ ʤʝʜʠʦʣʘʪʝʨʘʣʴʥʦʤ ʥʘʧʨʘʚʣʝʥʠʠ, ʤʝʥʝʝ ʧʣʦʪʥʦ 

ʫʧʘʢʦʚʘʥʳ ʚ ʢʣʘʩʪʝʨʳ. ʋ ʚʟʨʦʩʣʦʛʦ ʞʠʚʦʪʥʦʛʦ ʪʝʣʘ ʢʣʝʪʦʢ ʠʤʝʣʠ ʪʦʣʴʢʦ 

ʨʦʩʪʨʦʢʘʫʜʘʣʴʥʫʶ ʦʨʠʝʥʪʘʮʠʶ (Pyner, Coote, 1994b). 

ʈʘʟʚʠʪʠʝ ʩʠʤʧʘʪʠʯʝʩʢʠʭ ʧʨʝʛʘʥʛʣʠʦʥʘʨʥʳʭ ʥʝʡʨʦʥʦʚ ʥʘʭʦʜʠʪʩʷ ʧʦʜ 

ʚʣʠʷʥʠʝʤ ʩʘʤʳʭ ʨʘʟʥʦʦʙʨʘʟʥʳʭ ʥʝʡʨʦʪʨʦʬʠʯʝʩʢʠʭ ʬʘʢʪʦʨʦʚ: ʥʝʡʨʦʪʨʦʬʠʥʘ, 

ʬʘʢʪʦʨʘ ʨʦʩʪʘ ʬʠʙʨʦʙʣʘʩʪʦʚ, ʥʝʡʨʦʢʠʥʦʚ (Sendtner et al., 1994; Snider, 1994; 

Schober, Unsicker, 2001; Coulibaly et al., 2013). ʇʨʝʛʘʥʛʣʠʦʥʘʨʥʳʝ 

ʚʝʛʝʪʘʪʠʚʥʳʝ ʜʚʠʛʘʪʝʣʴʥʳʝ ʥʝʡʨʦʥʳ ʩʪʘʥʦʚʷʪʩʷ ʅɸɼʌʅ-ʜʠʘʬʦʨʘʟʦ-

ʧʦʣʦʞʠʪʝʣʴʥʳʤʠ (NO-ʝʨʛʠʯʝʩʢʠʤʠ) ʚ ʥʘʯʘʣʝ ʩʚʦʝʛʦ ʨʘʟʚʠʪʠʷ ʚʦ ʚʨʝʤʷ 

ʤʠʛʨʘʮʠʠ ʢ ʩʚʦʠʤ ʚʟʨʦʩʣʳʤ ʧʦʟʠʮʠʷʤ (Wetts et al., 1995). 
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ɼʘʥʥʳʝ ʦʙ ʠʟʤʝʥʝʥʠʠ ʯʠʩʣʘ ʩʠʤʧʘʪʠʯʝʩʢʠʭ ʧʨʝʛʘʥʛʣʠʦʥʘʨʥʳʭ 

ʥʝʡʨʦʥʦʚ ʚ ʦʥʪʦʛʝʥʝʟʝ ʦʩʪʘʶʪʩʷ ʧʨʦʪʠʚʦʨʝʯʠʚʳʤʠ. ɽʩʪʴ ʩʚʝʜʝʥʠʷ ʦʙ 

ʫʤʝʥʴʰʝʥʠʠ ʯʠʩʣʘ ʘʢʩʦʥʦʚ, ʠʥʥʝʨʚʠʨʫʶʱʠʭ ʥʝʡʨʦʥʳ ʢʨʘʥʠʘʣʴʥʦʛʦ ʰʝʡʥʦʛʦ 

ʛʘʥʛʣʠʷ ʟʦʣʦʪʠʩʪʳʭ ʭʦʤʷʯʢʦʚ ʚ ʧʝʨʚʳʝ ʜʚʝ ʥʝʜʝʣʠ ʧʦʩʪʥʘʪʘʣʴʥʦʛʦ ʨʘʟʚʠʪʠʷ c 

11-12 ʜʦ 6-7 ʥʘ ʦʜʠʥ ʥʝʡʨʦʥ (Purves, Lichtman, 1980). ɺ ʵʢʩʧʝʨʠʤʝʥʪʘʭ, 

ʩʚʷʟʘʥʥʳʭ ʩ ʨʝʪʨʦʛʨʘʜʥʳʤ ʘʢʩʦʥʥʳʤ ʪʨʘʥʩʧʦʨʪʦʤ, ʥʘʡʜʝʥʦ ʟʥʘʯʠʪʝʣʴʥʦʝ 

ʩʥʠʞʝʥʠʝ ʯʠʩʣʘ ʧʨʝʛʘʥʛʣʠʦʥʘʨʥʳʭ ʥʝʡʨʦʥʦʚ, ʠʥʥʝʨʚʠʨʫʶʱʠʭ ʤʦʟʛʦʚʦʝ 

ʚʝʱʝʩʪʚʦ ʥʘʜʧʦʯʝʯʥʠʢʦʚ (Parker et al., 1993). ʀʤʝʶʪʩʷ ʨʘʙʦʪʳ, 

ʜʝʤʦʥʩʪʨʠʨʫʶʱʠʝ ʛʠʙʝʣʴ ʢʣʝʪʦʢ ʜʦʨʩʘʣʴʥʦʡ ʠ ʠʥʪʝʨʤʝʜʠʘʣʴʥʦʡ ʯʘʩʪʠ 

ʩʝʨʦʛʦ ʚʝʱʝʩʪʚʘ ʩʧʠʥʥʦʛʦ ʤʦʟʛʘ ʧʦ ʤʝʭʘʥʠʟʤʫ ʘʧʦʧʪʦʟʘ (Lawson et al., 1997). 

ɺ ʪʦ ʞʝ ʚʨʝʤʷ ʨʷʜ ʠʩʩʣʝʜʦʚʘʪʝʣʝʡ ʥʝ ʧʦʜʪʚʝʨʞʜʘʝʪ ʛʠʙʝʣʴ ʧʨʝʛʘʥʛʣʠʦʥʘʨʥʳʭ 

ʥʝʡʨʦʥʦʚ ʚ ʧʨʝʥʘʪʘʣʴʥʦʤ (Wetts, Vaughn, 1998) ʠ ʧʦʩʪʥʘʪʘʣʴʥʦʤ ʦʥʪʦʛʝʥʝʟʝ 

(Pyner, Coote, 1994b). 

 

1.2.2. ɺʦʟʨʘʩʪʥʳʝ ʠʟʤʝʥʝʥʠʷ ʰʝʡʥʦʛʦ ʩʠʤʧʘʪʠʯʝʩʢʦʛʦ ʩʪʚʦʣʘ ʠ 

ʥʝʡʨʦʥʦʚ ʂʐɻ 

ʋ ʥʦʚʦʨʦʞʜʝʥʥʳʭ ʥʝʟʨʝʣʦʨʦʞʜʘʶʱʠʭ ʞʠʚʦʪʥʳʭ ʚʦʣʦʢʥʘ ʰʝʡʥʦʛʦ 

ʩʠʤʧʘʪʠʯʝʩʢʦʛʦ ʩʪʚʦʣʘ ʷʚʣʷʶʪʩʷ ʙʝʟʤʠʝʣʠʥʦʚʳʤʠ, ʚ ʪʦ ʚʨʝʤʷ ʢʘʢ ʫ 

ʚʟʨʦʩʣʳʭ ʦʥʠ ʚ ʙʦʣʴʰʠʥʩʪʚʝ ʩʚʦʝʤ ʧʦʢʨʳʪʳ ʤʠʝʣʠʥʦʤ. ʄʠʝʣʠʥʠʟʘʮʠʷ 

ʚʦʣʦʢʦʥ ʥʘʯʠʥʘʝʪʩʷ ʥʘ 3-4 ʜʝʥʴ ʧʦʩʣʝ ʨʦʞʜʝʥʠʷ. ʄʠʝʣʠʥʦʚʳʝ ʚʦʣʦʢʥʘ 

ʚʥʘʯʘʣʝ ʧʦʷʚʣʷʶʪʩʷ ʣʠʰʴ ʚ ʦʜʥʦʡ ʠʣʠ ʜʚʫʭ ʛʨʫʧʧʘʭ ʚʦʣʦʢʦʥ, 

ʬʦʨʤʠʨʫʶʱʠʭ ʰʝʡʥʳʡ ʩʠʤʧʘʪʠʯʝʩʢʠʡ ʩʪʚʦʣ. ʇʨʠ ʵʪʦʤ ʧʨʦʮʝʩʩ 

ʤʠʝʣʠʥʠʟʘʮʠʠ ʚʦʣʦʢʦʥ ʧʨʦʠʩʭʦʜʠʪ ʧʦʩʪʝʧʝʥʥʦ ʚ ʢʨʘʥʠʦ-ʢʘʫʜʘʣʴʥʦʤ 

ʥʘʧʨʘʚʣʝʥʠʠ, ʘ ʥʝ ʦʜʥʦʚʨʝʤʝʥʥʦ ʧʦ ʚʩʝʡ ʜʣʠʥʝ. ʋ 10-ʜʥʝʚʥʳʭ ʢʨʦʣʠʢʦʚ 

ʢʦʣʠʯʝʩʪʚʦ ʤʠʝʣʠʥʦʚʳʭ ʚʦʣʦʢʦʥ ʰʝʡʥʦʛʦ ʩʠʤʧʘʪʠʯʝʩʢʦʛʦ ʩʪʚʦʣʘ ʫ 

ʟʚʝʟʜʯʘʪʦʛʦ ʛʘʥʛʣʠʷ ʨʘʚʥʷʝʪʩʷ 250-260 ʥʘ ʩʨʝʟ, ʘ ʫ ʂʐɻ - 50-80 

(ɺ.ʉ.ʐʝʚʝʣʝʚʘ, 1977). 

ɺ ʂʐɻ ʧʨʦʠʩʭʦʜʠʪ ʟʥʘʯʠʪʝʣʴʥʳʡ ʨʦʩʪ ʜʝʥʜʨʠʪʥʦʛʦ ʜʝʨʝʚʘ ʚ 

ʧʦʩʪʥʘʪʘʣʴʥʳʡ ʧʝʨʠʦʜ. ʆʙʱʘʷ ʜʣʠʥʘ ʜʝʥʜʨʠʪʦʚ ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʧʨʠʤʝʨʥʦ ʥʘ 
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50%, ʨʘʟʤʝʨ ʩʦʤʳ ʧʨʠʤʝʨʥʦ ʥʘ 70% ʠ ʢʦʣʠʯʝʩʪʚʦ ʜʝʥʜʨʠʪʥʳʭ ʚʝʪʚʝʡ 

ʧʨʠʤʝʨʥʦ ʥʘ 32%. ʆʜʥʘʢʦ, ʚ ʦʪʣʠʯʠʝ ʦʪ ʨʦʩʪʘ ʦʙʱʝʛʦ ʜʝʨʝʚʘ, ʯʠʩʣʦ 

ʧʝʨʚʠʯʥʳʭ ʜʝʥʜʨʠʪʦʚ ʥʘ ʥʝʡʨʦʥʘʭ ʂʐɻ ʥʝ ʫʚʝʣʠʯʠʚʘʝʪʩʷ. ʋ ʩʪʘʨʳʭ ʢʨʳʩ 

ʜʝʥʜʨʠʪʥʦʝ ʜʝʨʝʚʦ ʥʝʡʨʦʥʦʚ ʂʐɻ ʧʦʢʘʟʘʣʦ ʟʥʘʯʠʪʝʣʴʥʫʶ ʘʪʨʦʬʠʶ. ʆʙʱʘʷ 

ʜʝʥʜʨʠʪʥʘʷ ʜʣʠʥʘ ʥʝʡʨʦʥʦʚ ʫʤʝʥʴʰʘʝʪʩʷ ʧʨʠʤʝʨʥʦ ʥʘ 40%, ʢʦʣʠʯʝʩʪʚʦ 

ʪʦʯʝʢ ʜʝʥʜʨʠʪʥʳʭ ʚʝʪʚʝʡ ʧʨʠʤʝʨʥʦ ʥʘ 20%, ʘ ʨʘʟʤʝʨ ʩʦʤʳ ʩʦʢʨʘʱʘʝʪʩʷ 

ʧʨʠʤʝʨʥʦ ʥʘ 14%. ɸʥʦʤʘʣʴʥʳʝ ʜʝʥʜʨʠʪʥʳʝ ʧʨʦʬʠʣʠ ʙʳʣʠ ʟʘʤʝʯʝʥʳ ʥʘ 

ʚʩʝʭ ʚʦʟʨʘʩʪʥʳʭ ʩʪʘʜʠʷʭ, ʥʦ ʙʳʣʠ ʚʩʝ ʙʦʣʝʝ ʯʘʩʪʳʤʠ ʚ ʩʪʘʨʳʭ ʥʝʡʨʦʥʘʭ. 

ʕʪʠ ʘʥʦʤʘʣʠʠ ʧʨʦʷʚʣʷʣʠʩʴ ʚ 2 ʨʘʟʥʳʭ ʬʦʨʤʘʭ: ʨʘʩʪʷʥʫʪʳʝ ʜʝʥʜʨʠʪʥʳʝ 

ʦʪʨʦʩʪʢʠ ʠʣʠ ʥʘʙʫʭʘʥʠʝ ʩʦʤʳ. ʏʠʩʣʦ ʥʝʡʨʦʥʦʚ ʩ ʘʥʦʤʘʣʴʥʳʤʠ ʧʨʦʬʠʣʷʤʠ 

ʩʦʩʪʘʚʠʣʦ 23% ʚ ʚʦʟʨʘʩʪʝ 6 ʥʝʜʝʣʴ, 30% ʚ 7 ʤʝʩʷʮʝʚ ʠ 50% ʚ 24 ʤʝʩʷʮʘ 

(Andrews et al., 1994; Schmidt et al., 2008). 

ʊʢʘʥʠ-ʤʠʰʝʥʠ ʚʣʠʷʶʪ ʥʘ ʠʭ ʠʥʥʝʨʚʠʨʫʶʱʠʝ ʩʠʤʧʘʪʠʯʝʩʢʠʝ 

ʥʝʡʨʦʥʳ ʟʘ ʩʯʝʪ ʣʦʢʘʣʴʥʦʡ ʧʨʦʜʫʢʮʠʠ ʠ ʚʳʩʚʦʙʦʞʜʝʥʠʷ ʥʝʡʨʦʪʨʦʬʠʥʘ, 

ʬʘʢʪʦʨʘ ʨʦʩʪʘ ʥʝʨʚʦʚ, ʢʦʪʦʨʳʡ ʧʦʛʣʦʱʘʝʪʩʷ ʠ ʨʝʪʨʦʛʨʘʜʥʦ 

ʪʨʘʥʩʧʦʨʪʠʨʫʝʪʩʷ ʘʢʩʦʥʦʤ ʚ ʢʣʝʪʦʯʥʫʶ ʩʦʤʫ (Hendry, Hill, 1980; Schmidt et 

al., 2008). ɸʥʦʤʘʣʴʥʳʝ ʜʝʥʜʨʠʪʥʳʝ ʩʪʨʫʢʪʫʨʳ ʠ ʘʪʨʦʬʠʷ ʚ ʩʦʩʪʘʨʠʚʰʠʭʩʷ 

ʩʠʤʧʘʪʠʯʝʩʢʠʭ ʥʝʡʨʦʥʘʭ, ʧʦʢʘʟʳʚʘʶʪ ʩʠʣʴʥʦʝ ʩʭʦʜʩʪʚʦ ʩ ʪʘʢʦʚʳʤʠ ʚ 

ʠʩʩʣʝʜʦʚʘʥʠʷʭ ʤʦʣʦʜʳʭ ʚʟʨʦʩʣʳʭ ʩʠʤʧʘʪʠʯʝʩʢʠʭ ʥʝʡʨʦʥʦʚ ʧʦʩʣʝ 

ʘʢʩʦʪʦʤʠʠ (Andrews et al., 1994). ʉʥʠʞʝʥʠʝ ʜʦʩʪʫʧʥʦʩʪʠ ʥʝʡʨʦʪʨʦʬʠʯʝʩʢʠʭ 

ʬʘʢʪʦʨʦʚ ʙʳʣʦ ʧʦʩʪʫʣʠʨʦʚʘʥʦ ʢʘʢ ʧʨʠʯʠʥʘ ʚʦʟʨʘʩʪʥʦʡ ʘʪʨʦʬʠʠ ʥʝʡʨʦʥʦʚ 

(Gavazzi et al., 1992; Gavazzi, Cowen, 1993). 

 

1.2.3. ʆʩʦʙʝʥʥʦʩʪʠ ʩʠʥʘʧʪʠʯʝʩʢʠʭ ʢʦʥʪʘʢʪʦʚ ʩʠʤʧʘʪʠʯʝʩʢʠʭ 

ʧʨʝʛʘʛʣʠʦʥʘʨʥʳʭ ʥʝʡʨʦʥʦʚ ʚ ʦʥʪʦʛʝʥʝʟʝ 

ʉʦʟʨʝʚʘʥʠʝ ʥʝʨʚʥʳʭ ʠ ʛʣʠʘʣʴʥʳʭ ʢʣʝʪʦʢ, ʬʦʨʤʠʨʦʚʘʥʠʝ ʥʝʡʨʦʧʠʣʷ ʠ 

ʩʠʥʘʧʩʦʚ ʛʘʥʛʣʠʝʚ ʢ ʤʦʤʝʥʪʫ ʨʦʞʜʝʥʠʷ ʥʝ ʟʘʢʦʥʯʝʥʦ. ʋ ʥʦʚʦʨʦʞʜʝʥʥʳʭ 

ʞʠʚʦʪʥʳʭ ʧʨʝʦʙʣʘʜʘʶʪ ʤʘʣʦ ʨʘʟʚʠʪʳʝ, ʥʝʜʦʩʪʘʪʦʯʥʦ ʜʠʬʬʝʨʝʥʮʠʨʦʚʘʥʥʳʝ 

ʥʝʡʨʦʥʳ ʚ ʩʪʘʜʠʠ ʩʦʟʨʝʚʘʥʠʷ ʨʘʟʥʦʡ ʩʪʝʧʝʥʠ, ʫ ʢʦʪʦʨʳʭ ʤʘʣʳʝ ʨʘʟʤʝʨʳ, 

ʵʢʩʮʝʥʪʨʠʯʥʦ ʨʘʩʧʦʣʦʞʝʥʥʦʝ ʷʜʨʦ, ʫʟʢʠʡ ʦʙʦʜʦʢ ʮʠʪʦʧʣʘʟʤʳ, ʤʘʣʦ 
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ʦʨʛʘʥʝʣʣ. ʇʨʠ ʵʪʦʤ ʛʘʥʛʣʠʠ ʩʦʜʝʨʞʘʪ ʥʝʡʨʦʥʳ ʩ ʨʘʟʥʳʤ ʫʨʦʚʥʝʤ 

ʜʠʬʬʝʨʝʥʮʠʨʦʚʢʠ (ɺ.ʅ.ʐʚʘʣʝʚ ʩ ʩʦʘʚʪ., 1992; ʉ.ɸ.ʅʦʚʘʢʦʚʩʢʘʷ ʩ ʩʦʘʚʪ., 

2011). 

ʅʝʡʨʦʧʠʣʴ ʩʠʤʧʘʪʠʯʝʩʢʠʭ ʥʝʡʨʦʥʦʚ ʚ ʨʘʥʥʝʤ ʧʦʩʪʥʘʪʘʣʴʥʦʤ 

ʦʥʪʦʛʝʥʝʟʝ ʫ ʥʦʚʦʨʦʞʜʝʥʥʳʭ ʢʦʪʷʪ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʘʩʠʥʭʨʦʥʥʦʩʪʴʶ 

ʜʠʬʬʝʨʝʥʮʠʨʦʚʢʠ, ʚʳʨʘʞʘʶʱʝʡʩʷ ʚ ʨʘʟʣʠʯʥʦʡ ʩʪʝʧʝʥʠ ʟʨʝʣʦʩʪʠ ʢʘʢ 

ʥʝʨʚʥʳʭ, ʪʘʢ ʠ ʛʣʠʘʣʴʥʳʭ ʦʪʨʦʩʪʢʦʚ. ʅʘ ʜʘʥʥʦʤ ʵʪʘʧʝ ʨʘʟʚʠʪʠʷ ʛʘʥʛʣʠʠ 

ʠʤʝʶʪ ʦʙʣʘʩʪʠ ʩ ʚʧʦʣʥʝ ʨʘʟʚʠʪʳʤ ʥʝʡʨʦʧʠʣʝʤ, ʩʦʜʝʨʞʘʱʝʤ ʦʢʦʥʯʘʥʠʷ 

ʘʢʩʦʥʦʚ ʠ ʜʝʥʜʨʠʪʦʚ ʩ ʧʨʠʩʫʱʝʡ ʠʤ ʫʣʴʪʨʘʩʪʨʫʢʪʫʨʥʦʡ ʦʨʛʘʥʠʟʘʮʠʝʡ. ɺ 

ʪʘʢʦʤ ʥʝʡʨʦʧʠʣʝ ʥʘʙʣʶʜʘʶʪʩʷ ʘʢʩʦ-ʜʝʥʜʨʠʪʥʳʝ ʠ ʘʢʩʦ-ʩʦʤʘʪʠʯʝʩʢʠʝ 

ʩʠʥʘʧʩʳ ʩ ʭʘʨʘʢʪʝʨʥʳʤ ʥʘʙʦʨʦʤ ʩʠʥʘʧʪʠʯʝʩʢʠʭ ʚʝʟʠʢʫʣ ï ʭʦʣʠʥʝʨʛʠʯʝʩʢʠʭ ʠ 

ʘʜʨʝʥʝʨʛʠʯʝʩʢʠʭ. ʆʙʣʘʩʪʠ ʩʠʥʘʧʪʠʯʝʩʢʠʭ ʢʦʥʪʘʢʪʦʚ ʭʦʨʦʰʦ ʚʳʨʘʞʝʥʳ ʠ 

ʧʨʦʷʚʣʷʶʪ ʧʦʚʳʰʝʥʥʫʶ ʵʣʝʢʪʨʦʥʥʫʶ ʧʣʦʪʥʦʩʪʴ ʢʦʥʪʘʢʪʠʨʫʶʱʠʭ ʤʝʤʙʨʘʥ, 

ʠʭ ʘʩʠʤʤʝʪʨʠʶ, ʩʚʦʡʩʪʚʝʥʥʫʶ ʟʨʝʣʳʤ ʜʠʬʬʝʨʝʥʮʠʨʦʚʘʥʥʳʤ ʩʠʥʘʧʩʘʤ. ɺ 

ʛʘʥʛʣʠʷʭ ʵʪʦʛʦ ʧʝʨʠʦʜʘ ʨʘʟʚʠʪʠʷ ʦʪʤʝʯʘʶʪʩʷ ʪʘʢʞʝ ʦʙʣʘʩʪʠ ʩ ʥʘʯʘʣʴʥʳʤʠ 

ʩʪʘʜʠʷʤʠ ʩʠʥʘʧʪʦʛʝʥʝʟʘ, ʢʦʛʜʘ ʪʦʥʢʠʝ ʥʝʨʚʥʳʝ ʦʪʨʦʩʪʢʠ ʩ ʥʝʙʦʣʴʰʠʤ 

ʢʦʣʠʯʝʩʪʚʦʤ ʦʨʛʘʥʝʣʣ ʥʘʯʠʥʘʶʪ ʬʦʨʤʠʨʦʚʘʪʴ ʩʠʥʘʧʪʠʯʝʩʢʠʡ ʢʦʥʪʘʢʪ, 

ʢʦʪʦʨʳʡ ʥʝ ʧʦʢʨʳʪ ʛʣʠʘʣʴʥʦʡ ʦʙʦʣʦʯʢʦʡ ʠ ʰʠʨʦʢʦ ʩʦʦʙʱʘʝʪʩʷ ʩ 

ʦʢʨʫʞʘʶʱʠʤ ʠʥʪʝʨʩʪʠʮʠʘʣʴʥʳʤ ʧʨʦʩʪʨʘʥʩʪʚʦʤ, ʟʘʧʦʣʥʝʥʥʳʤ ʨʳʭʣʦʡ 

ʩʦʝʜʠʥʠʪʝʣʴʥʦʡ ʪʢʘʥʴʶ. ɺʤʝʩʪʝ ʩ ʪʝʤ ʠ ʚ ʜʘʥʥʦʤ ʧʝʨʠʦʜʝ ʧʨʦʠʩʭʦʜʠʪ 

ʜʝʛʝʥʝʨʘʮʠʷ ʯʘʩʪʠ ʥʝʡʨʦʥʦʚ ʠ ʠʭ ʪʝʨʤʠʥʘʣʝʡ, ʯʪʦ ʷʚʣʷʝʪʩʷ ʧʦʢʘʟʘʪʝʣʝʤ 

ʘʢʪʠʚʥʳʭ ʧʝʨʝʩʪʨʦʝʢ ʚ ʥʝʨʚʥʦʡ ʩʠʩʪʝʤʝ, ʧʨʦʠʩʭʦʜʷʱʠʭ ʚ ʵʪʦʤ ʧʝʨʠʦʜʝ 

ʧʫʪʝʤ ʘʧʦʧʪʦʟʘ (Smolen, 1981; ʉ.ɸ.ʅʦʚʘʢʦʚʩʢʘʷ ʩ ʩʦʘʚʪ., 2011). 

ʋʞʝ ʩ ʧʝʨʚʳʭ ʩʫʪʦʢ ʩ ʤʦʤʝʥʪʘ ʨʦʞʜʝʥʠʷ ʚ ʩʠʤʧʘʪʠʯʝʩʢʠʭ ʫʟʣʘʭ 

ʢʦʰʢʠ ʦʙʥʘʨʫʞʠʚʘʝʪʩʷ ʙʦʣʴʰʦʝ ʯʠʩʣʦ ʢʦʣʙ ʨʦʩʪʘ. ʆʥʠ ʩʦʜʝʨʞʘʪ ʚʝʟʠʢʫʣʳ 

ʨʘʟʣʠʯʥʳʭ ʨʘʟʤʝʨʦʚ ʠ ʧʣʦʪʥʦʩʪʠ. ʇʨʠ ʦʙʨʘʟʦʚʘʥʠʠ ʧʝʨʚʠʯʥʳʭ ʢʦʥʪʘʢʪʦʚ ʚ 

ʦʥʪʦʛʝʥʝʟʝ, ʚ ʥʘʯʘʣʝ ʧʦʷʚʣʷʝʪʩʷ ʦʪʜʝʣʴʥʳʝ ʩʠʤʤʝʪʨʠʯʥʳʝ ʫʧʣʦʪʥʝʥʠʷ 

ʢʦʥʪʘʢʪʠʨʫʶʱʠʭ ʤʝʤʙʨʘʥ ʧʦ ʪʠʧʫ ʜʝʩʤʦʩʦʤ. ʅʘ ʧʷʪʳʡ ʜʝʥʴ ʧʦʩʪʥʘʪʘʣʴʥʦʛʦ 

ʨʘʟʚʠʪʠʷ ʚ ʦʪʜʝʣʴʥʳʭ ʩʦʝʜʠʥʝʥʠʷʭ ʫʞʝ ʦʙʥʘʨʫʞʠʚʘʝʪʩʷ ʥʘʣʠʯʠʝ 

ʧʦʣʷʨʠʟʘʮʠʠ: ʚʙʣʠʟʠ ʧʨʝʩʠʥʘʧʪʠʯʝʩʢʦʡ ʤʝʤʙʨʘʥʳ ʨʘʩʧʦʣʘʛʘʝʪʩʷ ʥʝʙʦʣʴʰʦʝ 
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ʢʦʣʠʯʝʩʪʚʦ ʪʠʧʠʯʥʳʭ ʩʠʥʘʧʪʠʯʝʩʢʠʭ ʚʝʟʠʢʫʣ. ʇʨʠ ʵʪʦʤ ʦʪʤʝʯʘʝʪʩʷ 

ʧʦʚʳʰʝʥʠʝ ʧʣʦʪʥʦʩʪʠ ʧʦʩʪʩʠʥʘʧʪʠʯʝʩʢʦʡ ʤʝʤʙʨʘʥʳ ʚ ʩʨʘʚʥʝʥʠʝ ʩ 

ʧʨʝʩʠʥʘʧʪʠʯʝʩʢʦʡ. ʅʘ ʧʷʪʥʘʜʮʘʪʳʡ ʜʝʥʴ ʧʦʩʣʝ ʨʦʞʜʝʥʠʷ ʧʨʝʦʙʣʘʜʘʶʪ 

ʧʦʣʷʨʠʟʦʚʘʥʥʳʝ ʩʠʥʘʧʩʳ ʠ ʦʙʥʘʨʫʞʠʚʘʶʪʩʷ ʣʠʰʴ ʝʜʠʥʠʯʥʳʝ ʢʦʥʪʘʢʪʳ ʧʦ 

ʪʠʧʫ ʜʝʩʤʦʩʦʤ. ʆʜʥʘʢʦ ʜʘʞʝ ʥʘ ʵʪʦʡ ʩʪʘʜʠʠ ʨʘʟʚʠʪʠʷ ʣʠʰʴ ʝʜʠʥʠʯʥʳʝ 

ʧʫʟʳʨʴʢʠ ʨʘʩʧʦʣʦʞʝʥʥʳʝ ʚʙʣʠʟʠ ʧʨʝʩʠʥʘʧʪʠʯʝʩʢʦʡ ʤʝʤʙʨʘʥʳ, ʠʤʝʶʪ ʚʠʜ 

ʪʠʧʠʯʥʳʭ ʩʠʥʘʧʪʠʯʝʩʢʠʭ ʚʝʟʠʢʫʣ, ʘ ʦʩʥʦʚʥʘʷ ʤʘʩʩʘ ʧʨʠʦʙʨʝʪʘʝʪ ʪʘʢʦʡ ʚʠʜ 

ʚʝʟʠʢʫʣ ʚ ʙʦʣʴʰʠʥʩʪʚʝ ʪʝʨʤʠʥʘʣʝʡ ʪʦʣʴʢʦ ʯʝʨʝʟ ʪʨʠ ʥʝʜʝʣʠ ʧʦʩʣʝ ʨʦʞʜʝʥʠʷ 

(ʉ.ɸ.ʅʦʚʘʢʦʚʩʢʘʷ ʩ ʩʦʘʚʪ., 2011). 

 

1.3. ʌʫʥʢʮʠʦʥʘʣʴʥʳʝ ʦʩʦʙʝʥʥʦʩʪʠ ʬʦʥʦʚʦʡ ʵʣʝʢʪʨʠʯʝʩʢʦʡ 

ʘʢʪʠʚʥʦʩʪʠ ʠ ʩʠʥʘʧʪʠʯʝʩʢʦʡ ʧʝʨʝʜʘʯʠ ʚ ʂʐɻ 

1.3.1. ʇʨʦʚʝʜʝʥʠʝ ʚʦʟʙʫʞʜʝʥʠʷ ʯʝʨʝʟ ʂʐɻ 

ɺ ʰʝʡʥʦʤ ʩʠʤʧʘʪʠʯʝʩʢʦʤ ʩʪʚʦʣʝ ʚʳʜʝʣʷʶʪ ʥʝʩʢʦʣʴʢʦ ʛʨʫʧʧ ʚʦʣʦʢʦʥ 

ʧʦ ʩʢʦʨʦʩʪʠ ʧʨʦʚʝʜʝʥʠʷ ʚʦʟʙʫʞʜʝʥʠʷ. ʅʘʠʙʦʣʝʝ ʙʳʩʪʨʦʧʨʦʚʦʜʷʱʠʝ ʚʦʣʦʢʥʘ 

ʰʝʡʥʦʛʦ ʩʠʤʧʘʪʠʯʝʩʢʦʛʦ ʩʪʚʦʣʘ ʫ ʢʦʰʝʢ ʠʤʝʣʠ ʩʢʦʨʦʩʪʴ ʧʨʦʚʝʜʝʥʠʷ 15-18 

ʤ/ʩ, ʘ ʥʘʠʙʦʣʝʝ ʤʝʜʣʝʥʥʦʧʨʦʚʦʜʷʱʠʝ - 3.5ʤ/ʩ. (A.Szulczyk, P.Szulczyk, 1987; 

Boczek-Funcke et al., 1993). ʇʦ ʜʘʥʥʳʤ (Kamosinska et al., 1991) ʚ ʰʝʡʥʦʤ 

ʩʠʤʧʘʪʠʯʝʩʢʦʤ ʩʪʚʦʣʝ ʦʙʥʘʨʫʞʠʚʘʣʠʩʴ ʧʨʝʛʘʥʛʣʠʦʥʘʨʥʳʝ ʚʦʣʦʢʥʘ ʛʨʫʧʧʳ ɺ 

ʩʦ ʩʢʦʨʦʩʪʷʤʠ ʧʨʦʚʝʜʝʥʠʷ ʤʝʞʜʫ 3.5 ʠ 18.3 ʤ/ʩ ʠ ʛʨʫʧʧʳ ʉ, ʛʜʝ ʵʪʠ ʩʢʦʨʦʩʪʠ 

ʢʦʣʝʙʘʣʠʩʴ ʦʪ 0.6 ʜʦ 1.2 ʤ/ʩ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. 

ɸʢʩʦʥʳ ʧʨʝʛʘʥʛʣʠʦʥʘʨʥʳʭ ʥʝʡʨʦʥʦʚ ʙʦʢʦʚʳʭ ʨʦʛʦʚ ʩʧʠʥʥʦʛʦ ʤʦʟʛʘ 

ʚʝʨʭʥʠʭ ʛʨʫʜʥʳʭ ʩʝʛʤʝʥʪʦʚ ʦʪʥʦʩʷʪʩʷ ʢ ʛʨʫʧʧʝ ɺ ʠ ʠʤʝʶʪ ʩʢʦʨʦʩʪʠ 

ʧʨʦʚʝʜʝʥʠʷ ʚʦʟʙʫʞʜʝʥʠʷ ʦʪ 3 ʜʦ 10 ʤ/ʩ. ʅʝʢʣʘʩʩʠʯʝʩʢʠʝ ʩʠʤʧʘʪʠʯʝʩʢʠʝ 

ʧʨʝʛʘʥʛʣʠʦʥʘʨʥʳʝ ʥʝʡʨʦʥʳ ʚ ʚʝʥʪʨʘʣʴʥʦʤ ʨʦʛʝ ʦʪʥʦʩʷʪʩʷ ʪʘʢʞʝ ʢ ʛʨʫʧʧʝ ɺ, 

ʥʦ ʠʭ ʘʢʩʦʥʳ ʠʤʝʶʪ ʙʦʣʝʝ ʚʳʩʦʢʫʶ ʩʢʦʨʦʩʪʴ ʧʨʦʚʝʜʝʥʠʷ ʚʦʟʙʫʞʜʝʥʠʷ - 10-

20 ʤ/ʩ. ɸʢʩʦʥʳ ʧʨʝʛʘʥʛʣʠʦʥʘʨʥʳʭ ʥʝʡʨʦʥʦʚ ʣʘʪʝʨʘʣʴʥʦʡ ʯʘʩʪʠ 

ʧʨʦʤʝʞʫʪʦʯʥʦʡ ʟʦʥʳ ʦʪʥʦʩʷʪʩʷ ʢ ʛʨʫʧʧʝ ʉ ʩʦ ʩʢʦʨʦʩʪʷʤʠ ʧʨʦʚʝʜʝʥʠʷ 



27 
 

ʚʦʟʙʫʞʜʝʥʠʷ ʤʝʥʝʝ 1.5 ʤ/ʩ (ɺ.ʇ.ʃʝʙʝʜʝʚ ʩ ʩʦʘʚʪ., 1974, 1976; Boczek-Funcke 

et al., 1993). 

ʉʪʠʤʫʣʷʮʠʷ ʰʝʡʥʦʛʦ ʩʠʤʧʘʪʠʯʝʩʢʦʛʦ ʩʪʚʦʣʘ ʚʳʟʳʚʘʝʪ ʚ 

ʧʦʩʪʛʘʥʛʣʠʦʥʘʨʥʳʭ ʚʦʣʦʢʥʘʭ ʂʐɻ, ʚ ʯʘʩʪʥʦʩʪʠ ʚʥʫʪʨʝʥʥʝʛʦ ʩʦʥʥʦʛʦ ʥʝʨʚʘ, 

ʩʦʩʪʘʚʥʦʡ ʧʦʪʝʥʮʠʘʣ ʜʝʡʩʪʚʠʷ (ɺ.ʀ.ʉʢʦʢ, 1970; Newberry, 1988; Purnyn' et al., 

2007). ʋ ʢʨʳʩʳ ʩʠʣʘ ʩʪʠʤʫʣʘ, ʚʳʟʳʚʘʶʱʘʷ ʤʘʢʩʠʤʘʣʴʥʳʡ 

ʧʦʩʪʛʘʥʛʣʠʦʥʘʨʥʳʡ ʦʪʚʝʪ, ʟʥʘʯʠʪʝʣʴʥʦ ʥʠʞʝ, ʯʝʤ ʪʨʝʙʫʝʪʩʷ ʜʣʷ ʘʢʪʠʚʘʮʠʠ 

ʚʩʝʭ ʚʦʣʦʢʦʥ ʩʠʤʧʘʪʠʯʝʩʢʦʛʦ ʩʪʚʦʣʘ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʛʨʫʧʧʘ ʚʦʣʦʢʦʥ ʩ 

ʩʘʤʳʤ ʥʠʟʢʠʤ ʧʦʨʦʛʦʤ ʠ, ʚʝʨʦʷʪʥʦ, ʩʘʤʦʡ ʙʳʩʪʨʦʡ ʩʢʦʨʦʩʪʴʶ 

ʧʨʦʚʦʜʠʤʦʩʪʠ, ʧʦ-ʚʠʜʠʤʦʤʫ, ʩʧʦʩʦʙʥʘ ʘʢʪʠʚʠʨʦʚʘʪʴ ʙʦʣʴʰʠʥʩʪʚʦ ʥʝʡʨʦʥʦʚ 

ʛʘʥʛʣʠʷ (Purnyn' et al., 2007). ʋ ʤʦʨʩʢʦʡ ʩʚʠʥʢʠ, ʧʨʠ ʧʦʚʳʰʝʥʠʠ ʩʠʣʳ 

ʩʪʠʤʫʣʘ, ʘʤʧʣʠʪʫʜʘ ʧʦʩʪʛʘʥʛʣʠʦʥʘʨʥʦʛʦ ʦʪʚʝʪʘ ʧʦʩʪʝʧʝʥʥʦ ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʩ 

ʚʦʟʙʫʞʜʝʥʠʝʤ ʥʦʚʳʭ ʧʨʝʛʘʥʛʣʠʦʥʘʨʥʳʭ ʚʦʣʦʢʦʥ ʩʠʤʧʘʪʠʯʝʩʢʦʛʦ ʩʪʚʦʣʘ. 

ʉʣʝʜʦʚʘʪʝʣʴʥʦ, ʬʘʢʪʦʨ ʙʝʟʦʧʘʩʥʦʩʪʠ ʜʣʷ ʦʨʪʦʜʨʦʤʥʦʡ ʘʢʪʠʚʘʮʠʠ ʧʫʣʘ 

ʛʘʥʛʣʠʦʟʥʳʭ ʢʣʝʪʦʢ ʫ ʢʨʳʩʳ ʛʦʨʘʟʜʦ ʚʳʰʝ. ʋ ʤʦʨʩʢʦʡ ʩʚʠʥʢʠ ʧʦ ʤʝʥʴʰʝʡ 

ʤʝʨʝ ʜʚʘ ʦʩʥʦʚʥʳʭ ʢʦʤʧʦʥʝʥʪʘ ʧʨʠʩʫʪʩʪʚʫʶʪ ʚ ʧʦʩʪʛʘʥʛʣʠʦʥʘʨʥʦʤ 

ʚʳʟʚʘʥʥʦʤ ʦʪʚʝʪʝ, ʚʳʟʚʘʥʥʦʤ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ ʤʝʜʣʝʥʥʳʤʠ ʠ 

ʙʳʩʪʨʦʧʨʦʚʦʜʷʱʠʤʠ ʧʨʝʛʘʥʛʣʠʦʥʘʨʥʳʤʠ ʚʦʣʦʢʥʘʤʠ (ɸ.ʗ.ʀʚʘʥʦʚ, ɺ.ʀ.ʉʢʦʢ, 

1989). 

 

1.3.2. ʈʠʪʤʠʯʝʩʢʠʝ ʨʘʟʨʷʜʳ ʚ ʵʬʬʝʨʝʥʪʥʳʭ ʩʠʤʧʘʪʠʯʝʩʢʠʭ 

ʚʦʣʦʢʥʘʭ 

ʌʦʥʦʚʘʷ ʵʣʝʢʪʨʠʯʝʩʢʘʷ ʘʢʪʠʚʥʦʩʪʴ ʩʠʤʧʘʪʠʯʝʩʢʠʭ ʥʝʨʚʦʚ 

ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʦʧʨʝʜʝʣʝʥʥʦʡ ʧʝʨʠʦʜʠʯʥʦʩʪʴʶ. ʇʘʪʪʝʨʥʳ ʩʧʦʥʪʘʥʥʦʡ 

ʘʢʪʠʚʥʦʩʪʠ ʩʠʤʧʘʪʠʯʝʩʢʠʭ ʥʝʨʚʦʚ ʤʦʞʥʦ ʨʘʟʜʝʣʠʪʴ ʥʘ ʥʝʩʢʦʣʴʢʦ ʛʨʫʧʧ. ɺ 

ʩʧʝʢʪʨʦʛʨʘʤʤʝ ʵʣʝʢʪʨʠʯʝʩʢʦʡ ʘʢʪʠʚʥʦʩʪʠ ʩʠʤʧʘʪʠʯʝʩʢʠʭ ʚʦʣʦʢʦʥ ʫ 

ʤʣʝʢʦʧʠʪʘʶʱʠʭ ʨʘʟʣʠʯʘʶʪ ʥʠʟʢʦʯʘʩʪʦʪʥʳʡ (ʩ ʯʘʩʪʦʪʦʡ ʤʝʥʴʰʝ 1 ɻʮ) ʨʠʪʤ 

(Montano et al., 1992; Persson et al., 1992; Malpas, 1998; Barman, 2020), 

ʩʚʷʟʘʥʥʳʡ ʩ ʜʳʭʘʥʠʝʤ (0.8-3 ɻʮ) ʠ ʩ ʩʝʨʜʝʯʥʦʡ ʜʝʷʪʝʣʴʥʦʩʪʴʶ ʩ ʯʘʩʪʦʪʦʡ 2-6 

ɻʮ (ʖ.ʀ.ʑʝʨʙʠʥ ʩ ʩʦʘʚʪ., 2000; Guild et al., 2010). ɺ ʧʦʩʣʝʜʫʶʱʝʤ, ʫ 
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ʤʣʝʢʦʧʠʪʘʶʱʠʭ ʙʳʣʘ ʚʳʷʚʣʝʥ ʪʘʢʞʝ "10-ɻʮ ʨʠʪʤ" (8-13 ɻʮ) (Ninomiya et al., 

1989, 1990; Barman, Gebber, 2007).  

ʌʦʥʦʚʘʷ ʘʢʪʠʚʥʦʩʪʴ ʚ ʧʦʢʦʝ ʧʨʦʷʚʣʷʝʪʩʷ ʨʘʟʨʷʜʘʤʠ ʣʠʰʴ ʦʪ ʦʜʥʦʡ 

ʜʝʩʷʪʦʡ ʜʦ ʯʝʪʚʝʨʪʠ ʚʦʣʦʢʦʥ ʦʪ ʦʙʱʝʛʦ ʢʦʣʠʯʝʩʪʚʘ ʚ ʩʠʤʧʘʪʠʯʝʩʢʦʤ ʥʝʨʚʝ 

(Malpas et al., 1996). ʉ ʫʯʝʪʦʤ ʪʦʛʦ, ʯʪʦ ʩʧʝʢʪʨʘʣʴʥʳʡ ʩʦʩʪʘʚ ʨʘʟʨʷʜʦʚ ʚ 

ʮʝʣʳʭ ʩʠʤʧʘʪʠʯʝʩʢʠʭ ʥʝʨʚʘʭ ʩʦʜʝʨʞʠʪ ʚʳʩʦʢʦʯʘʩʪʦʪʥʳʡ ʢʦʤʧʦʥʝʥʪ, ʯʘʩʪʦʪʘ 

ʠʤʧʫʣʴʩʘʮʠʠ ʚ ʦʪʜʝʣʴʥʳʭ ʚʦʣʦʢʥʘʭ ʩʫʱʝʩʪʚʝʥʥʦ ʥʠʞʝ. ʅʘʧʨʠʤʝʨ, ʫ 

ʢʨʦʣʠʢʦʚ ʚ ʧʦʯʝʯʥʳʭ ʥʝʨʚʘʭ ʦʥʘ ʨʘʚʥʷʝʪʩʷ 2-2.5 ɻʮ, ʚ ʯʨʝʚʥʳʭ ʥʝʨʚʘʭ ʫ 

ʢʦʰʝʢ ʩʦʩʪʘʚʣʷʝʪ 1-2 ɻʮ (Meckler, Weaver, 1988). ʇʨʦʠʩʭʦʞʜʝʥʠʝ 

ʚʳʩʦʢʦʯʘʩʪʦʪʥʳʭ ʨʘʟʨʷʜʦʚ ʦʙʲʷʩʥʷʝʪʩʷ ʩʫʤʤʘʮʠʝʡ ʠʤʧʫʣʴʩʦʚ ʦʪ ʙʦʣʴʰʦʛʦ 

ʯʠʩʣʘ ʚʦʣʦʢʦʥ, ʨʘʟʨʷʞʘʶʱʠʭʩʷ ʩʠʥʭʨʦʥʥʦ (Malpas, 1998; Barman, 2020). 

 

1.4. ʌʫʥʢʮʠʦʥʘʣʴʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʬʦʥʦʚʦʡ ʵʣʝʢʪʨʠʯʝʩʢʦʡ 

ʘʢʪʠʚʥʦʩʪʠ ʠ ʩʠʥʘʧʪʠʯʝʩʢʦʡ ʧʝʨʝʜʘʯʠ ʚ ʂʐɻ ʚ ʦʥʪʦʛʝʥʝʟʝ 

1.4.1. ɺʦʟʨʘʩʪʥʳʝ ʠʟʤʝʥʝʥʠʷ ʧʨʦʚʝʜʝʥʠʷ ʚʦʟʙʫʞʜʝʥʠʷ ʧʦ ʰʝʡʥʦʤʫ 

ʩʠʤʧʘʪʠʯʝʩʢʦʤʫ ʩʪʚʦʣʫ ʠ ʯʝʨʝʟ ʂʐɻ ʚ ʦʥʪʦʛʝʥʝʟʝ 

ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʚ ʭʦʜʝ ʦʥʪʦʛʝʥʝʟʘ ʧʨʦʠʩʭʦʜʠʪ ʫʤʝʥʴʰʝʥʠʝ 

ʣʘʪʝʥʪʥʦʛʦ ʧʝʨʠʦʜʘ ʦʪʚʝʪʦʚ ʠ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ ʵʪʦʤʫ, ʫʚʝʣʠʯʝʥʠʝ ʩʢʦʨʦʩʪʠ 

ʧʨʦʚʝʜʝʥʠʷ ʚʦʟʙʫʞʜʝʥʠʷ ʪʨʘʥʟʠʪʦʨʥʳʭ ʧʫʪʝʡ. ʆʢʦʥʯʘʪʝʣʴʥʦʝ ʩʦʟʨʝʚʘʥʠʝ 

ʚʦʣʦʢʦʥ ʧʦ ʵʪʦʤʫ ʧʦʢʘʟʘʪʝʣʶ ʧʨʠʭʦʜʠʪʩʷ ʥʘ ʰʝʩʪʦʡ ʤʝʩʷʮ ʞʠʟʥʠ. ʂʨʦʤʝ 

ʪʦʛʦ, ʚ ʦʥʪʦʛʝʥʝʟʝ ʧʨʦʠʩʭʦʜʠʪ ʚʦʟʨʘʩʪʘʥʠʝ ʩʨʝʜʥʝʡ ʘʤʧʣʠʪʫʜʳ ʦʪʚʝʪʦʚ 

(ʄʘʩʣʶʢʦʚ, 2000; Masliukov et al., 2000). 

ʉʨʝʜʥʷʷ ʩʢʦʨʦʩʪʴ ʧʨʦʚʝʜʝʥʠʷ ʚʦʟʙʫʞʜʝʥʠʷ ʧʦ ʚʦʣʦʢʥʘʤ ʰʝʡʥʦʛʦ 

ʩʠʤʧʘʪʠʯʝʩʢʦʛʦ ʩʪʚʦʣʘ ʫ ʥʦʚʦʨʦʞʜʝʥʥʳʭ ʢʦʪʷʪ ʨʘʚʥʘ 0.5-0.8 ʤ/ʩ, ʫ ʢʦʪʷʪ 7-14 

ʜʥʝʡ - 1.4 ʤ/ʩ, 1-1.5 ʤʝʩ - 5-6 ʤ/ʩ, ʫ ʚʟʨʦʩʣʳʭ ʢʦʰʝʢ - 25 ʤ/ʩ (ɺ.ʉ.ʐʝʚʝʣʝʚʘ, 

1977). ʋʤʝʥʴʰʝʥʠʝ ʣʘʪʝʥʪʥʦʛʦ ʧʝʨʠʦʜʘ ʦʪʚʝʪʦʚ ʠ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ ʵʪʦʤʫ, 

ʫʚʝʣʠʯʝʥʠʝ ʩʢʦʨʦʩʪʠ ʧʨʦʚʝʜʝʥʠʷ ʚʦʟʙʫʞʜʝʥʠʷ ʪʨʘʥʟʠʪʦʨʥʳʭ ʧʫʪʝʡ 

ʥʘʙʣʶʜʘʣʦʩʴ ʠ ʚ ʟʚʝʟʜʯʘʪʦʤ ʫʟʣʝ ʢʦʪʷʪ. ʕʪʘ ʚʝʣʠʯʠʥʘ ʨʘʚʥʷʣʘʩʴ 0.7Ñ0.01 ʤ/ʩ 

ʫ ʥʦʚʦʨʦʞʜʝʥʥʦʛʦ ʠ 1.0Ñ0.02 ʤ/ʩ ʫ 10-ʜʥʝʚʥʦʛʦ ʢʦʪʝʥʢʘ. ʉʨʝʜʥʷʷ ʩʢʦʨʦʩʪʴ 

ʧʨʦʚʝʜʝʥʠʷ ʚʦʟʙʫʞʜʝʥʠʷ ʧʦ ʥʘʠʙʦʣʝʝ ʙʳʩʪʨʦʧʨʦʚʦʜʷʱʠʤ ʧʫʪʷʤ ʫ 
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ʦʜʥʦʤʝʩʷʯʥʦʛʦ ʢʦʪʝʥʢʘ ʨʘʚʥʷʣʘʩʴ 6.6Ñ0.21 ʤ/ʩ, ʫ ʜʚʫʭʤʝʩʷʯʥʦʛʦ - 8.3Ñ0.28 

ʤ/ʩ, ʫ ʯʝʪʳʨʝʭʤʝʩʷʯʥʦʛʦ - 9.6Ñ0.37 ʤ/ʩ, ʫ ʰʝʩʪʠʤʝʩʷʯʥʦʛʦ - 10.8Ñ0.41 ʤ/ʩ. 

ʂʨʦʤʝ ʪʦʛʦ, ʚ ʦʥʪʦʛʝʥʝʟʝ ʥʘʙʣʶʜʘʣʦʩʴ ʫʚʝʣʠʯʝʥʠʝ ʩʨʝʜʥʝʡ ʘʤʧʣʠʪʫʜʳ 

ʦʪʚʝʪʦʚ ʦʪ 16.0Ñ0.38 ʤʢɺ ʫ ʥʦʚʦʨʦʞʜʝʥʥʦʛʦ ʜʦ 55.7Ñ7.41 ʤʢɺ ʫ 

ʰʝʩʪʠʤʝʩʷʯʥʦʛʦ ʢʦʪʝʥʢʘ (ʄʘʩʣʶʢʦʚ, 2000; Masliukov et al., 2000). 

ɺ ʪʝʯʝʥʠʝ ʧʝʨʚʦʛʦ ʧʦʣʫʛʦʜʠʷ ʞʠʟʥʠ ʥʘʙʣʶʜʘʣʦʩʴ ʥʝ ʪʦʣʴʢʦ ʣʠʥʝʡʥʦʝ 

ʫʚʝʣʠʯʝʥʠʝ ʩʢʦʨʦʩʪʠ ʧʨʦʚʝʜʝʥʠʷ ʚʦʟʙʫʞʜʝʥʠʷ, ʥʦ ʠ ʫʩʣʦʞʥʝʥʠʝ ʦʪʚʝʪʦʚ. ʋ 

ʥʦʚʦʨʦʞʜʝʥʥʦʛʦ ʠ 10-ʜʥʝʚʥʦʛʦ ʢʦʪʝʥʢʘ ʦʪʚʝʪʳ ʙʳʣʠ ʤʦʥʦʬʘʟʥʳʤʠ, 

ʦʜʥʦʨʦʜʥʳʤʠ ʧʦ ʩʚʦʝʤʫ ʭʘʨʘʢʪʝʨʫ. ʉʨʝʜʠ ʪʨʘʥʟʠʪʦʨʥʳʭ ʧʫʪʝʡ ʚ ʵʪʠʭ 

ʚʦʟʨʘʩʪʥʳʭ ʛʨʫʧʧʘʭ ʥʝ ʥʘʙʣʶʜʘʣʦʩʴ ʜʦʩʪʦʚʝʨʥʳʭ ʨʘʟʣʠʯʠʡ ʧʦ ʩʢʦʨʦʩʪʷʤ 

ʧʨʦʚʝʜʝʥʠʷ. ʇʦ ʩʢʦʨʦʩʪʠ ʧʨʦʚʝʜʝʥʠʷ ʦʥʠ ʩʦʦʪʚʝʪʩʪʚʫʶʪ ʛʨʫʧʧʝ ʉ. ʋ 20-

ʜʥʝʚʥʳʭ ʢʦʪʷʪ ʚʧʝʨʚʳʝ ʧʦʷʚʣʷʶʪʩʷ ʢʦʨʦʪʢʦʣʘʪʝʥʪʥʳʝ ʦʪʚʝʪʳ ʚʦʣʦʢʦʥ, 

ʢʦʪʦʨʳʝ ʧʦ ʩʢʦʨʦʩʪʠ ʧʨʦʚʝʜʝʥʠʷ ʚʦʟʙʫʞʜʝʥʠʷ ʤʦʛʫʪ ʙʳʪʴ ʦʪʥʝʩʝʥʳ ʢ ʛʨʫʧʧʝ 

ɸŭ ʠ ɺ. ʋ 20-ʜʥʝʚʥʳʭ ʢʦʪʷʪ ʚʧʝʨʚʳʝ ʧʦʷʚʣʷʝʪʩʷ ʨʘʟʜʝʣʝʥʠʝ ʚʳʟʚʘʥʥʦʛʦ 

ʦʪʚʝʪʘ ʥʘ ʦʪʜʝʣʴʥʳʝ ʬʘʟʳ (ʄʘʩʣʶʢʦʚ, 2000; Masliukov et al., 2000).  

 

1.4.2. ʀʟʤʝʥʝʥʠʷ ʬʦʥʦʚʦʡ ʵʣʝʢʪʨʠʯʝʩʢʦʡ ʘʢʪʠʚʥʦʩʪʠ ʥʝʨʚʥʳʭ 

ʚʦʣʦʢʦʥ ʚ ʧʦʩʪʥʘʪʘʣʴʥʦʤ ʦʥʪʦʛʝʥʝʟʝ 

ʋ ʥʦʚʦʨʦʞʜʝʥʥʳʭ ʧʦʨʦʩʷʪ ʠ ʢʦʪʷʪ ʚ ʩʪʨʫʢʪʫʨʝ ʬʦʥʦʚʦʡ ʘʢʪʠʚʥʦʩʪʠ 

ʫʞʝ ʠʤʝʶʪʩʷ ʢʦʣʝʙʘʥʠʷ, ʩʠʥʭʨʦʥʥʳʝ ʩ ʩʝʨʜʝʯʥʦʡ ʜʝʷʪʝʣʴʥʦʩʪʴʶ ʠ ʬʘʟʘʤʠ 

ʜʳʭʘʥʠʷ (Sica et al., 1990; Sica, Siddiqi, 1993). ʈʘʟʣʠʯʠʷ ʚ ʦʩʥʦʚʥʦʤ ʢʘʩʘʶʪʩʷ 

ʩʧʝʢʪʨʘʣʴʥʦʛʦ ʩʦʩʪʘʚʘ. ʋ ʢʦʪʷʪ ʥʠʟʢʦʯʘʩʪʦʪʥʳʝ ʢʦʤʧʦʥʝʥʪʳ ʬʦʥʦʚʦʡ 

ʘʢʪʠʚʥʦʩʪʠ ʚ ʰʝʡʥʦʤ ʩʠʤʧʘʪʠʯʝʩʢʦʤ ʩʪʚʦʣʝ ʫʞʝ ʩʭʦʜʥʳ ʩ ʯʘʩʪʦʪʘʤʠ 

ʨʘʟʨʷʜʦʚ ʫ ʚʟʨʦʩʣʳʭ ʞʠʚʦʪʥʳʭ ʠ ʩʦʩʪʘʚʣʷʶʪ (4-11 ɻʮ). ɺ ʪʦ ʞʝ ʚʨʝʤʷ 

ʨʘʟʨʷʜʳ, ʩʚʷʟʘʥʥʳʝ ʩʦ ʚʜʦʭʦʤ (8-9 ɻʮ) ʦʙʥʘʨʫʞʠʚʘʣʠʩʴ ʣʠʰʴ ʫ ʞʠʚʦʪʥʳʭ 

ʩʪʘʨʰʝ 45 ʜʥʝʡ (Sica et al., 1990; Sica, Siddiqi, 1993). ʋ ʙʦʣʝʝ ʤʦʣʦʜʳʭ 

ʞʠʚʦʪʥʳʭ ʠʥʩʧʠʨʘʪʦʨʥʘʷ ʩʦʩʪʘʚʣʷʶʱʘʷ ʚʢʣʶʯʘʣʘ ʚ ʩʝʙʷ ʚʳʩʦʢʦʯʘʩʪʦʪʥʳʝ 

ʢʦʣʝʙʘʥʠʷ (50-100 ɻʮ) (Sica, Gandhi, 1990).  

ʆʜʥʘʢʦ ʚ ʵʢʩʧʝʨʠʤʝʥʪʘʭ ʥʘ ʢʘʫʜʘʣʴʥʦʤ ʙʨʳʞʝʝʯʥʦʤ ʫʟʣʝ ʢʦʪʷʪ ʙʳʣʠ 

ʧʦʣʫʯʝʥʳ ʜʨʫʛʠʝ ʜʘʥʥʳʝ. ɸʢʪʠʚʥʦʩʪʴ ʧʨʝ- ʠ ʧʦʩʪʛʘʥʛʣʠʦʥʘʨʥʳʭ ʥʝʨʚʦʚ 
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ʚʦʟʨʘʩʪʘʣʘ ʧʦ ʯʘʩʪʦʪʝ ʠ ʘʤʧʣʠʪʫʜʝ. ʋ ʥʦʚʦʨʦʞʜʝʥʥʳʭ ʢʦʪʷʪ ʚ ʨʠʪʤʝ ʜʳʭʘʥʠʷ 

ʠ ʩʝʨʜʮʝʙʠʝʥʠʷ ʨʘʟʨʷʞʘʣʠʩʴ ʣʠʰʴ ʧʦʩʪʛʘʥʛʣʠʦʥʘʨʥʳʝ ʚʦʣʦʢʥʘ. ɺ 

ʧʨʝʛʘʥʛʣʠʦʥʘʨʥʳʭ ʚʦʣʦʢʥʘʭ ʪʘʢʠʝ ʨʠʪʤʠʯʝʩʢʠʝ ʢʦʣʝʙʘʥʠʷ ʚʳʷʚʣʷʣʠʩʴ ʣʠʰʴ 

ʧʦʩʣʝ ʧʝʨʚʦʛʦ ʤʝʩʷʮʘ ʞʠʟʥʠ. ɸʤʧʣʠʪʫʜʘ ʢʦʣʝʙʘʥʠʡ ʚʦʟʨʘʩʪʘʣʘ ʦʪ 10-25 ʤʢɺ 

ʫ ʥʦʚʦʨʦʞʜʝʥʥʳʭ ʜʦ 40-100 ʤʢɺ ʫ ʞʠʚʦʪʥʳʭ ʩʪʘʨʰʝ ʜʚʫʭ ʤʝʩʷʮʝʚ 

(ɺ.ʉ.ʐʝʚʝʣʝʚʘ, 1977). 

ʋ ʧʦʨʦʩʷʪ ʜʦ 19 ʜʥʷ ʞʠʟʥʠ, ʥʝʩʤʦʪʨʷ ʥʘ ʥʘʣʠʯʠʝ ʨʘʟʨʷʜʦʚ ʚ ʪʝʭ ʞʝ 

ʜʠʘʧʘʟʦʥʘʭ, ʯʪʦ ʠ ʫ ʚʟʨʦʩʣʳʭ ʞʠʚʦʪʥʳʭ, ʦʪʩʫʪʩʪʚʫʝʪ ʢʦʛʝʨʝʥʪʥʦʩʪʴ ʨʘʟʨʷʜʦʚ 

ʚ ʨʘʟʣʠʯʥʳʭ ʩʠʤʧʘʪʠʯʝʩʢʠʭ ʥʝʨʚʘʭ. ʊʘʢʞʝ ʫ ʥʦʚʦʨʦʞʜʝʥʥʳʭ ʵʪʦʛʦ ʚʠʜʘ 

ʚʧʣʦʪʴ ʜʦ ʢʦʥʮʘ 2-ʡ ʥʝʜʝʣʠ ʞʠʟʥʠ ʙʘʨʦʨʝʮʝʧʪʦʨʥʳʡ ʚʭʦʜ ʥʝ ʚʣʠʷʝʪ ʥʘ 

ʩʠʤʧʘʪʠʯʝʩʢʠʝ ʧʝʨʠʬʝʨʠʯʝʩʢʠʝ ʨʘʟʨʷʜʳ. ʂʨʦʤʝ ʪʦʛʦ, ʚ ʵʪʦʤ ʚʦʟʨʘʩʪʝ 

ʤʘʪʝʤʘʪʠʯʝʩʢʦʝ ʚʳʯʠʪʘʥʠʝ ʨʘʟʨʷʜʦʚ ʜʠʘʬʨʘʛʤʘʣʴʥʦʛʦ ʥʝʨʚʘ ʚʝʜʝʪ ʢ 

ʫʚʝʣʠʯʝʥʠʶ ʢʦʛʝʨʝʥʪʥʦʩʪʠ ʨʘʟʨʷʜʦʚ ʩʠʤʧʘʪʠʯʝʩʢʠʭ ʥʝʨʚʦʚ ʨʘʟʣʠʯʥʳʭ 

ʦʙʣʘʩʪʝʡ. ʇʨʝʜʧʦʣʘʛʘʝʪʩʷ, ʯʪʦ ʫ ʩʪʦʣʴ ʶʥʳʭ ʞʠʚʦʪʥʳʭ ʩʫʱʝʩʪʚʫʝʪ 

ʥʝʩʢʦʣʴʢʦ ʥʝʟʘʚʠʩʠʤʳʭ ʜʨʫʛ ʦʪ ʜʨʫʛʘ ʦʩʮʠʣʣʷʪʦʨʦʚ ʚ ʎʅʉ, ʢʦʪʦʨʳʝ ʟʘʪʝʤ 

ʦʙʨʘʟʫʶʪ ʬʫʥʢʮʠʦʥʘʣʴʥʳʝ ʩʚʷʟʠ ʜʨʫʛ ʩ ʜʨʫʛʦʤ (Gootman et al., 1996). 

ʋ ʥʦʚʦʨʦʞʜʝʥʥʳʭ ʠ 10-ʜʥʝʚʥʳʭ ʢʦʪʷʪ ʩʠʥʭʨʦʥʥʳʝ ʨʘʟʨʷʜʳ 

ʧʦʩʪʛʘʥʛʣʠʦʥʘʨʥʳʭ ʚʦʣʦʢʦʥ ʙʳʣʠ ʧʨʝʜʩʪʘʚʣʝʥʳ ʤʝʜʣʝʥʥʳʤʠ 

ʥʠʟʢʦʘʤʧʣʠʪʫʜʥʳʤʠ ʥʠʟʢʦʚʦʣʴʪʥʳʤʠ ʢʦʣʝʙʘʥʠʷʤʠ ʩ ʯʘʩʪʦʪʦʡ ʜʳʭʘʥʠʷ ʠ 

ʩʝʨʜʮʝʙʠʝʥʠʷ. ʉʠʥʭʨʦʥʥʘʷ ʠʤʧʫʣʴʩʘʮʠʷ ʩ ʯʘʩʪʦʪʦʡ, ʦʛʠʙʘʶʱʝʡ ʦʢʦʣʦ 10 ɻʮ, 

ʧʦʷʚʣʷʣʘʩʴ ʩ 20 ʜʥʷ ʞʠʟʥʠ. ʌʦʨʤʠʨʦʚʘʥʠʝ ʧʘʪʪʝʨʥʘ ʨʘʟʨʷʜʦʚ ʩʠʤʧʘʪʠʯʝʩʢʠʭ 

ʥʝʨʚʦʚ ʫ ʢʦʰʝʢ ʟʘʢʘʥʯʠʚʘʝʪʩʷ ʢʦ ʚʪʦʨʦʤʫ ʤʝʩʷʮʫ ʞʠʟʥʠ (Masliukov, 2003; 

ʇ.ʄ.ʄʘʩʣʶʢʦʚ, ɸ.ɼ.ʅʦʟʜʨʘʯʝʚ, 2006; ʄʘʩʣʶʢʦʚ ʩ ʩʦʘʚʪ., 2009). 

ʅʘʙʣʶʜʘʝʪʩʷ ʛʝʪʝʨʦʭʨʦʥʠʷ ʚ ʨʘʟʚʠʪʠʠ ʬʦʥʦʚʦʡ ʘʢʪʠʚʥʦʩʪʠ ʧʨʝ- ʠ 

ʧʦʩʪʛʘʥʛʣʠʦʥʘʨʥʳʭ ʩʠʤʧʘʪʠʯʝʩʢʠʭ ʚʦʣʦʢʦʥ ʫ ʢʨʳʩ. ʕʣʝʢʪʨʠʯʝʩʢʘʷ 

ʘʢʪʠʚʥʦʩʪʴ ʧʨʝʛʘʥʛʣʠʦʥʘʨʥʳʭ ʚʦʣʦʢʦʥ ʚʳʨʘʞʝʥʘ ʩ ʤʦʤʝʥʪʘ ʨʦʞʜʝʥʠʷ, ʘ ʚ 

ʧʦʩʪʛʘʥʛʣʠʦʥʘʨʥʳʭ ʥʘʙʣʶʜʘʝʪʩʷ ʣʠʰʴ ʩ 10 ʩʫʪʦʢ ʞʠʟʥʠ. ɺ ʩʧʝʢʪʨʘʣʴʥʦʤ 

ʘʥʘʣʠʟʝ ʨʘʟʨʷʜʦʚ ʦʙʦʠʭ ʪʠʧʦʚ ʚʦʣʦʢʦʥ ʥʘʠʙʦʣʴʰʝʝ ʟʥʘʯʝʥʠʝ ʩʧʝʢʪʨʘ 

ʤʦʱʥʦʩʪʠ ʚʳʷʚʣʝʥʦ ʫ ʯʘʩʪʦʪ, ʩʠʥʭʨʦʥʥʳʭ ʩ ʩʝʨʜʝʯʥʦʡ ʜʝʷʪʝʣʴʥʦʩʪʴʶ 

(ɸ.ɸ.ʂʦʨʦʙʢʠʥ, 2011).  
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1.5. ʆʢʩʠʜ ʘʟʦʪʘ ʢʘʢ ʤʦʜʫʣʷʪʦʨ ʩʠʥʘʧʪʠʯʝʩʢʦʡ ʧʝʨʝʜʘʯʠ 

1.5.1. ʄʦʣʝʢʫʣʷʨʥʳʝ ʤʝʭʘʥʠʟʤʳ ʵʬʬʝʢʪʦʚ ʦʢʩʠʜʘ ʘʟʦʪʘ 

ʆʢʩʠʜ ʘʟʦʪʘ (NO) ʷʚʣʷʝʪʩʷ ʚʘʞʥʦʡ ʨʝʛʫʣʷʪʦʨʥʦʡ ʤʦʣʝʢʫʣʦʡ, 

ʫʯʘʩʪʚʫʶʱʝʡ ʚ ʨʘʟʣʠʯʥʳʭ ʧʨʦʮʝʩʩʘʭ, ʚʢʣʶʯʘʷ ʨʝʪʨʦʛʨʘʜʥʫ  ʁ ʧʝʨʝʜʘʯʫ 

ʩʠʛʥʘʣʦʚ, ʩʠʥʘʧʪʠʯʝʩʢʫ  ʁ ʧʣʘʩʪʠʯʥʦʩʪ,ɹ ʚʥʫʪʨʠʢʣʝʪʦʯʥʳʝ ʩʠʛʥʘʣʴʥʳʝ 

ʢʘʩʢʘʜʳ (Garthwaite, 2008, 2018; Fºrstermann, Sessa, 2012; Kourosh-Arami et 

al., 2020), ʨʝʛʫʣʷʮʠʶ ʪʦʥʫʩʘ ʩʦʩʫʜʦʚ ʠ ʩʝʨʜʝʯʥʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ (Zhang et al., 

2014; Gaynullina et al., 2019; Ataei Ataabadi et al., 2020). ʊʘʢʞʝ ʫʩʪʘʥʦʚʣʝʥʘ 

ʨʦʣʴ NO ʚ ʦʩʫʱʝʩʪʚʣʝʥʠʠ ʨʘʟʣʠʯʥʳʭ ʧʨʦʮʝʩʩʦʚ ʨʘʟʚʠʪʠʷ (Gray, Cheung, 

2014; Gaynullina et al., 2019). 

NO ʩʠʥʪʝʟʠʨʫʝʪʩʷ NO-ʩʠʥʪʘʟʦʡ (NOS), ʢʦʪʦʨʘʷ ʫʯʘʩʪʚʫʝʪ ʚ 

ʧʨʝʚʨʘʱʝʥʠʠ ʘʤʠʥʦʢʠʩʣʦʪʳ L-ʘʨʛʠʥʠʥʘ ʚ L-ʮʠʪʨʫʣʠʥ. NOS1 (nNOS ʠʣʠ 

ʥʝʡʨʦʥʘʣʴʥʘʷ NOS) ʷʚʣʷʝʪʩʷ ʦʜʥʦʡ ʠʟ ʪʨʝʭ ʦʩʥʦʚʥʳʭ ʠʟʦʬʦʨʤ NO-ʩʠʥʪʘʟʳ, 

ʜʨʫʛʠʝ - NOS2 (iNOS ʠʣʠ ʠʥʜʫʮʠʙʝʣʴʥʘʷ NOS) ʠ NOS3 (eNOS ʠʣʠ 

ʵʥʜʦʪʝʣʠʘʣʴʥʘʷ NOS). ʅʝʡʨʦʥʘʣʴʥʘʷ ʠ ʵʥʜʦʪʝʣʠʘʣʴʥʘʷ ʠʟʦʬʦʨʤʳ ʧʦʩʪʦʷʥʥʦ 

ʧʨʠʩʫʪʩʪʚʫʶʪ ʚ ʢʣʝʪʢʘʭ ʠ ʥʘʟʳʚʘʶʪʩʷ ʢʦʥʩʪʠʪʫʪʠʚʥʳʤʠ, ʘ ʤʘʢʨʦʬʘʛʘʣʴʥʘʷ 

ʠʣʠ ʠʥʜʫʮʠʙʠʣʴʥʘʷ ʠʟʦʬʦʨʤʘ ʩʠʥʪʝʟʠʨʫʝʪʩʷ ʚ ʦʪʚʝʪ ʥʘ ʦʧʨʝʜʝʣʝʥʥʦʝ 

ʚʥʝʰʥʝʝ ʚʦʟʜʝʡʩʪʚʠʝ ʥʘ ʢʣʝʪʢʫ (Schuman, Madison, 1991; Kelly et al., 1996; 

ɺ.ʇ.ʈʝʫʪʦʚ ʩ ʩʦʘʚʪ., 1998; ɽ.ɹ.ʄʝʥʴʰʠʢʦʚ ʩ ʩʦʘʚʪ., 2000; ɸ.ɸ.ʉʦʩʫʥʦʚ, 2000; 

Rastaldo et al., 2007; Garthwaite, 2008, 2018). 

ɺʘʞʥʝʡʰʝʡ ʬʠʟʠʦʣʦʛʠʯʝʩʢʦʡ ʤʠʰʝʥʴʶ ʜʣʷ NO ʷʚʣʷʝʪʩʷ ʨʘʩʪʚʦʨʠʤʘʷ 

ʛʫʘʥʠʣʘʪʮʠʢʣʘʟʘ, ʢʘʪʘʣʠʟʠʨʫʶʱʘʷ ʙʠʦʩʠʥʪʝʟ ʮɻʄʌ. ɹʦʣʴʰʠʥʩʪʚʦ 

ʬʠʟʠʦʣʦʛʠʯʝʩʢʠʭ ʵʬʬʝʢʪʦʚ NO ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʯʝʨʝʟ ʩʪʠʤʫʣʷʮʠʶ 

ʨʘʩʪʚʦʨʠʤʦʡ ʛʫʘʥʠʣʘʪʮʠʢʣʘʟʳ ʠ ʥʘʢʦʧʣʝʥʠʝ ʮɻʄʌ (ɻ.ʌ.ʉʠʪʜʠʢʦʚʘ c ʩʦʘʚʪ., 

2014; Hardingham et al., 2013; Hollas et al., 2019). ɻʫʘʥʠʣʘʪʮʠʢʣʘʟʥʘʷ ʠ 

ʘʜʝʥʠʣʘʪʮʠʢʣʘʟʥʘʷ ʚʥʫʪʨʠʢʣʝʪʦʯʥʳʝ ʩʠʛʥʘʣʴʥʳʝ ʩʠʩʪʝʤʳ ʦʧʦʩʨʝʜʫʶʪ 

ʵʬʬʝʢʪʳ ʦʢʩʠʜʘ ʘʟʦʪʘ ʯʝʨʝʟ ʠʟʤʝʥʝʥʠʝ ʘʢʪʠʚʥʦʩʪʠ ʮɻʄʌ-ʩʪʠʤʫʣʠʨʫʝʤʦʡ 
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ʮɸʄʌ-ʩʧʝʮʠʬʠʯʥʦʡ ʬʦʩʬʦʜʠʵʩʪʝʨʘʟʳ (ʬʦʩʬʦʜʠʵʩʪʝʨʘʟʳ II) (ɸ.ɺ.ʗʢʦʚʣʝʚ ʩ 

ʩʦʘʚʪ., 2002; ɻ.ʌ.ʉʠʪʜʠʢʦʚʘ ʩ ʩʦʘʚʪ., 2014; Khalid et al., 2020). 

ʂʨʦʤʝ ʵʪʦʛʦ, ʵʬʬʝʢʪʳ NO ʤʦʛʫʪ ʨʝʘʣʠʟʦʚʳʚʘʪʴʩʷ ʯʝʨʝʟ ʭʠʤʠʯʝʩʢʫʶ 

ʤʦʜʠʬʠʢʘʮʠʶ ʙʝʣʢʦʚʳʭ ʩʪʨʫʢʪʫʨ. ɼʘʥʥʳʡ ʤʝʭʘʥʠʟʤ ʚʢʣʶʯʘʝʪ ʧʨʷʤʦʝ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ NO ʩ ʙʝʣʢʘʤʠ, ʚʝʜʫʱʝʝ ʢ ʥʠʪʨʦʟʠʣʠʨʦʚʘʥʠʶ (S-

ʥʠʪʨʦʟʠʣʠʨʦʚʘʥʠʝ), ʠ ʦʧʦʩʨʝʜʦʚʘʥʥʦʝ ï ʯʝʨʝʟ ʦʙʨʘʟʦʚʘʥʠʝ ʧʝʨʦʢʩʠʥʠʪʨʠʪʦʚ 

(Roy et al., 2008). ʊʘʢʠʤ ʤʦʜʠʬʠʢʘʮʠʷʤ ʤʦʛʫʪ ʧʦʜʚʝʨʛʘʪʴʩʷ ʙʝʣʢʠ, 

ʫʯʘʩʪʚʫʶʱʠʝ ʚ ʵʢʟʦʮʠʪʦʟʝ, ʩʫʙʲʝʜʠʥʠʮʳ ʠʦʥʥʳʭ ʢʘʥʘʣʦʚ ʠ ʨʝʮʝʧʪʦʨʦʚ 

(Meffert et al, 1994; Wang et al., 2006). 

ʉʠʥʘʧʪʠʯʝʩʢʘʷ ʧʝʨʝʜʘʯʘ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʧʣʘʩʪʠʯʥʦʩʪʴʶ 

(ɸ.ʃ.ɿʝʬʠʨʦʚ, ʄ.ɸ.ʄʫʭʘʤʝʜʴʷʨʦʚ, 2004). ʕʬʬʝʢʪʳ NO ʥʘ ʩʝʢʨʝʮʠʶ 

ʤʝʜʠʘʪʦʨʘ ʤʦʛʫʪ ʙʳʪʴ ʦʧʦʩʨʝʜʦʚʘʥʳ ʤʦʜʫʣʷʮʠʝʡ ʂ+-ʢʘʥʘʣʦʚ ʠʣʠ ʯʝʨʝʟ 

ʩʠʩʪʝʤʫ ʚʪʦʨʠʯʥʳʭ ʧʦʩʨʝʜʥʠʢʦʚ. ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ NO ʩʥʠʞʘʣ 

ʧʦʪʝʥʮʠʘʣʟʘʚʠʩʠʤʳʝ ʂ+-ʪʦʢʠ ʠ ʘʢʪʠʚʠʨʦʚʘʣ ʢʘʣʴʮʠʡ-ʘʢʪʠʚʠʨʫʝʤʳʝ ʂ+-ʪʦʢʠ 

ʚ ʧʨʝʩʠʥʘʧʪʠʯʝʩʢʦʡ ʤʝʤʙʨʘʥʝ ʥʝʨʚʥʦʛʦ ʦʢʦʥʯʘʥʠʷ (ɸ.ʃ.ɿʝʬʠʨʦʚ ʩ ʩʦʘʚʪ., 

1999). ɺ ʥʝʡʨʦʥʘʭ ʫʣʠʪʢʠ NO ʠʥʛʠʙʠʨʦʚʘʣ ʢʘʣʴʮʠʡ-ʘʢʪʠʚʠʨʫʝʤʳʝ ʂ+-

ʢʘʥʘʣʳ (Zsombok et al, 2000), ʚ ʩʢʝʣʝʪʥʦʡ ʤʳʰʮʝ ʨʘʢʘ ʜʦʥʦʨʳ NO, SNAP ʠ 

ʛʠʜʨʦʢʩʠʣʘʤʠʥ ʘʢʪʠʚʠʨʦʚʘʣʠ ʧʦʪʝʥʮʠʘʣʟʘʚʠʩʠʤʳʝ ʂ+-ʪʦʢʠ. ʇʨʠ ʵʪʦʤ 

ʭʝʣʘʪʦʨʳ NO ï ʛʝʤʦʛʣʦʙʠʥ ʠʣʠ PTIO ʧʦʜʘʚʣʷʣʠ ʵʬʬʝʢʪʳ ʜʦʥʦʨʦʚ NO ʥʘ 

ʨʘʥʥʠʡ ʠ ʟʘʜʝʨʞʘʥʥʳʡ ʚʳʭʦʜʷʱʠʝ ʂ+-ʪʦʢʠ (Hermann, Erxleben, 2001). 

ɺ ʩʠʥʘʧʩʘʭ NO ʤʦʞʝʪ ʜʝʡʩʪʚʦʚʘʪʴ ʥʘ ʧʨʝ- ʠ ʧʦʩʪʩʠʥʘʧʪʠʯʝʩʢʦʤ 

ʫʨʦʚʥʝ (Feiland, Kleppisch, 2008; Garthwaite, 2018; Kourosh-Arami et al., 2020). 

ɼʦʥʦʨʳ NO ʩʧʦʩʦʙʥʳ ʨʝʛʫʣʠʨʦʚʘʪʴ ʚʳʟʚʘʥʥʫʶ ʠ ʩʧʦʥʪʘʥʥʫʶ ʩʝʢʨʝʮʠʶ 

ʤʝʜʠʘʪʦʨʘ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʢʦʥʮʝʥʪʨʘʮʠʠ ʢʘʣʴʮʠʷ (Lindgren, Laʀʈd, 1994; 

ɸ.ʃ.ɿʝʬʠʨʦʚ ʩ ʩʦʘʚʪ., 1999; ɸ.ɺ.ʗʢʦʚʣʝʚ ʩ ʩʦʘʚʪ., 2002) ʧʫʪʝʤ ʠʟʤʝʥʝʥʠʷ 

ʣʦʢʘʣʴʥʦʡ ʢʦʥʮʝʥʪʨʘʮʠʠ ʉʘ
2+

 ʚ ʮʠʪʦʧʣʘʟʤʝ ʠ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ 

ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʩ ʙʝʣʢʘʤʠ ʵʢʟʦʮʠʪʦʟʘ (Thomas, Robitaille, 2001). 

NO ʚ ʨʘʟʥʳʭ ʪʢʘʥʷʭ ʘʢʪʠʚʠʨʫʝʪ ʠʣʠ ʠʥʛʠʙʠʨʫʶʪ Ca
2+

 ʢʘʥʘʣʳ. ʊʘʢ, ʚ 

ʥʝʡʨʦʥʘʭ ʢʦʨʳ ʛʦʣʦʚʥʦʛʦ ʤʦʟʛʘ ʤʳʰʠ NO ʫʩʠʣʠʚʘʝʪ ʢʘʣʴʮʠʝʚʳʡ ʪʦʢ ʯʝʨʝʟ 

L- ʠ P-ʪʠʧ ʢʘʣʴʮʠʝʚʳʭ ʢʘʥʘʣʦʚ (Han et al, 1998; Stamler et al., 2001), ʥʦ 
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ʙʣʦʢʠʨʫʝʪ ʨʘʙʦʪʫ ʉʘ
2+

-ʢʘʥʘʣʦʚ ʚ ʛʣʘʜʢʦʡ ʤʫʩʢʫʣʘʪʫʨʝ ʠ N-ʪʠʧ Ca
2+

-ʢʘʥʘʣʦʚ ʚ 

ʢʦʨʝ (Courtney et al., 2014). NO ʠ ʮɻʄʌ ʦʙʣʝʛʯʘʶʪ ʢʘʣʴʮʠʝʚʳʡ ʪʦʢ ʯʝʨʝʟ 

ʥʫʢʣʝʦʪʠʜʟʘʚʠʩʠʤʳʝ ʢʘʥʘʣʳ, ʜʝʧʦʣʷʨʠʟʫʶʱʠʡ ʥʝʨʚʥʫʶ ʢʣʝʪʢʫ ʜʦ ʫʨʦʚʥʷ 

ʥʝʦʙʭʦʜʠʤʦʛʦ ʜʣʷ ʘʢʪʠʚʘʮʠʠ ʧʦʪʝʥʮʠʘʣʟʘʚʠʩʠʤʦʛʦ ʢʘʣʴʮʠʝʚʦʛʦ ʢʘʥʘʣʘ 

(Andric et al, 2001; ɸ.ʃ.ɿʝʬʠʨʦʚ, ɻ.ʌ.ʉʠʪʜʠʢʦʚʘ, 2002, 2010). 

 

1.5.2. ɺʣʠʷʥʠʝ ʦʢʩʠʜʘ ʘʟʦʪʘ ʥʘ ʩʠʥʘʧʪʠʯʝʩʢʫʶ ʧʝʨʝʜʘʯʫ ʚ 

ʮʝʥʪʨʘʣʴʥʦʡ ʥʝʨʚʥʦʡ ʩʠʩʪʝʤʝ 

NO ʩʧʝʮʠʬʠʯʝʩʢʠ ʥʝ ʩʚʷʟʳʚʘʝʪʩʷ ʩ ʨʝʮʝʧʪʦʨʘʤʠ ʧʦʩʪʩʠʥʘʧʪʠʯʝʩʢʦʡ 

ʤʝʤʙʨʘʥʳ, ʢʘʢ ʚ ʩʣʫʯʘʷʭ ʩ ʢʣʘʩʩʠʯʝʩʢʠʤʠ ʥʝʡʨʦʪʨʘʥʩʤʠʪʪʝʨʘʤʠ, ʥʦ ʦʥ 

ʜʠʬʬʫʥʜʠʨʫʝʪ ʚ ʜʨʫʛʠʝ ʫʯʘʩʪʢʠ, ʚʢʣʶʯʘʷ ʧʨʝʩʠʥʘʧʪʠʯʝʩʢʠʝ ʥʝʡʨʦʥʳ (ʪʦ 

ʝʩʪʴ ʜʝʡʩʪʚʫʝʪ ʢʘʢ ʨʝʪʨʦʛʨʘʜʥʳʡ ʤʝʩʩʝʥʜʞʝʨ) ʠ ʜʨʫʛʠʝ ʩʤʝʞʥʳʝ ʥʝʡʨʦʥʳ ʠ 

ʛʣʠʘʣʴʥʳʝ ʢʣʝʪʢʠ. ʇʦʣʘʛʘʶʪ, ʯʪʦ NO ʜʝʡʩʪʚʫʝʪ, ʚʝʨʦʷʪʥʦ, ʢʘʢ 

ʥʝʡʨʦʤʦʜʫʣʷʪʦʨ. ʀʩʪʦʯʥʠʢʦʤ NO ʚ ʮʝʥʪʨʘʣʴʥʦʡ ʥʝʨʚʥʦʡ ʩʠʩʪʝʤʝ ʢʨʦʤʝ 

ʥʝʡʨʦʥʦʚ ʷʚʣʷʶʪʩʷ ʥʝʡʨʦʛʣʠʘʣʴʥʳʝ ʢʣʝʪʢʠ ʠ ʵʥʜʦʪʝʣʠʡ ʢʨʦʚʝʥʦʩʥʳʭ 

ʩʦʩʫʜʦʚ (ɸ.ɸ.ʉʦʩʫʥʦʚ, 2000; Kourosh-Arami et al., 2020). ɺ ʦʩʥʦʚʥʦʤ NO 

ʜʝʡʩʪʚʫʝʪ ʢʘʢ ʤʝʞʢʣʝʪʦʯʥʳʡ ʧʦʩʨʝʜʥʠʢ, ʙʳʩʪʨʦ ʜʠʬʬʫʥʜʠʨʫʷ ʠ ʜʦʩʪʠʛʘʷ 

ʢʣʝʪʦʢ-ʤʠʰʝʥʝʡ ʚ ʧʨʝʜʝʣʘʭ ʜʦ 0.3-0.4 ʤʤ (Garthwaite, 2018). ʕʬʬʝʢʪʳ NO ʚ 

ʮʝʥʪʨʘʣʴʥʦʡ ʥʝʨʚʥʦʡ ʩʠʩʪʝʤʝ ʨʘʟʥʦʦʙʨʘʟʥʳ, ʜʘʞʝ ʚ ʦʪʜʝʣʴʥʦʤ ʥʝʡʨʦʥʝ NO 

ʤʦʞʝʪ ʢʘʢ ʫʚʝʣʠʯʠʚʘʪʴ, ʪʘʢ ʠ ʫʤʝʥʴʰʘʪʴ ʚʦʟʙʫʜʠʤʦʩʪʴ (Esplugues, 2002; 

Philippu, 2016; Kourosh-Arami et al., 2020). NO ʢʦʥʪʨʦʣʠʨʫʝʪ ʧʘʯʝʯʥʫʶ 

ʘʢʪʠʚʥʦʩʪʴ ʥʝʡʨʦʥʦʚ, ʷʚʣʷʝʪʩʷ ʤʝʜʠʘʪʦʨʦʤ ʥʦʮʠʮʝʧʮʠʠ, ʪʝʨʤʦʛʝʥʝʟʘ, 

ʦʙʦʥʷʥʠʷ, ʫʯʘʩʪʚʫʝʪ ʚ ʨʝʛʫʣʷʮʠʠ ʞʘʞʜʳ ʠ ʛʦʣʦʜʘ, ʩʥʠʞʘʝʪ ʪʨʝʚʦʞʥʦʩʪʴ 

(Bishop, Anderson, 2005; Kourosh-Arami et al., 2020). NO ʠʛʨʘʝʪ ʚʘʞʥʫʶ ʨʦʣʴ 

ʚ ʧʨʦʮʝʩʩʘʭ ʜʦʣʛʦʚʨʝʤʝʥʥʦʡ ʧʦʪʝʥʮʠʘʮʠʠ ʠ ʜʝʧʨʝʩʩʠʠ ʠ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, 

ʦʙʫʯʝʥʠʷ ʠ ʧʘʤʷʪʠ (Schuman, Madison, 1994; Pitsikas, 2015; Aso et al., 2019). ɺ 

ʦʩʥʦʚʝ ʨʷʜʘ ʵʬʬʝʢʪʦʚ NO ʣʝʞʠʪ ʝʛʦ ʚʣʠʷʥʠʝ ʥʘ ʮʝʥʪʨʘʣʴʥʳʝ ʠ 

ʧʝʨʠʬʝʨʠʯʝʩʢʠʝ ʩʠʥʘʧʩʳ, ʛʜʝ ʦʥ ʤʦʞʝʪ ʦʢʘʟʳʚʘʪʴ ʢʘʢ ʠʥʛʠʙʠʨʫʶʱʝʝ, ʪʘʢ ʠ 

ʘʢʪʠʚʠʨʫʶʱʝʝ ʜʝʡʩʪʚʠʝ (Bredt, Snyder 1992; Schuman, Madison, 1994; 
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Mukhtarov et al., 1999, ɸ.ʃ.ɿʝʬʠʨʦʚ ʩ ʩʦʘʚʪ., 1999; Sagi et al., 2014; Garthwaite, 

2018).  

ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ NO ʤʦʞʝʪ ʤʦʜʫʣʠʨʦʚʘʪʴ ʩʠʥʘʧʪʠʯʝʩʢʫʶ ʬʫʥʢʮʠʶ ʚ 

ʨʘʟʣʠʯʥʳʭ ʨʝʛʠʦʥʘʭ ʤʦʟʛʘ. ʇʦʢʘʟʘʥʦ ʚʣʠʷʥʠʝ NO ʥʘ ʚʳʩʚʦʙʦʞʜʝʥʠʝ 

ʚʦʟʙʫʞʜʘʶʱʠʭ ʠ ʪʦʨʤʦʟʥʳʭ ʘʤʠʥʦʢʠʩʣʦʪ ʚ ʛʠʧʧʦʢʘʤʧʝ, ʚ ʩʪʨʠʘʪʫʤʝ ʠ ʚ 

ʜʨʫʛʠʭ ʦʙʣʘʩʪʷʭ ʤʦʟʛʘ (Philippu, 2016). ʇʨʠʯʝʤ ʵʬʬʝʢʪʳ NO ʯʘʩʪʦ ʟʘʚʠʩʷʪ ʦʪ 

ʢʦʥʮʝʥʪʨʘʮʠʠ: ʚ ʥʠʟʢʠʭ ʢʦʥʮʝʥʪʨʘʮʠʷʭ NO ʫʤʝʥʴʰʘʣ ʦʩʚʦʙʦʞʜʝʥʠʝ 

ʛʣʫʪʘʤʘʪʘ ʠʣʠ ɻɸʄʂ ʚ ʛʠʧʧʦʢʘʤʧʝ, ʘ ʚ ʚʳʩʦʢʠʭ - ʫʚʝʣʠʯʠʚʘʣ (Segieth et al., 

1995).  

ʊʘʢ, ʚ ʙʘʟʘʣʴʥʳʭ ʛʘʥʛʣʠʷʭ NO ʧʦʯʪʠ ʚ ʜʚʘ ʨʘʟʘ ʫʚʝʣʠʯʠʚʘʝʪ ʩʝʢʨʝʮʠʶ 

ʘʮʝʪʠʣʭʦʣʠʥʘ (Philippu, 2016), ʘ ʚ ʛʠʧʧʦʢʘʤʧʝ - ʥʦʨʘʜʨʝʥʘʣʠʥʘ ʠ 

ʘʮʝʪʠʣʭʦʣʠʥʘ (Lonart et al, 1992), ʩʪʠʤʫʣʠʨʫʷ ʉʘ
2+

-ʥʝʟʘʚʠʩʠʤʦʝ 

ʚʳʩʚʦʙʦʞʜʝʥʠʝ ʩʠʥʘʧʪʠʯʝʩʢʠʭ ʚʝʟʠʢʫʣ (Meffert et al, 1994). ʉʥʠʞʝʥʠʝ 

ʚʳʜʝʣʝʥʠʷ ʛʣʫʪʘʤʘʪʘ ʧʨʠ ʥʠʟʢʠʭ ʢʦʥʮʝʥʪʨʘʮʠʷʭ NO ʩʦʧʨʦʚʦʞʜʘʣʦʩʴ 

ʫʚʝʣʠʯʝʥʠʝʤ ʫʨʦʚʥʷ ʮɻʄʌ, ʪʦʛʜʘ ʢʘʢ ʫʚʝʣʠʯʝʥʠʝ ʚʳʜʝʣʝʥʠʷ ʧʨʠ ʜʝʡʩʪʚʠʠ 

ʚʳʩʦʢʠʭ ʢʦʥʮʝʥʪʨʘʮʠʡ ʩʚʷʟʘʥʦ ʩ ʠʥʛʠʙʠʨʦʚʘʥʠʝʤ ʤʠʪʦʭʦʥʜʨʠʘʣʴʥʳʭ 

ʬʫʥʢʮʠʡ ʠ ʤʘʩʩʠʚʥʳʤ ʚʳʙʨʦʩʦʤ ʛʣʫʪʘʤʘʪʘ ʠʟ ʢʣʝʪʢʠ ʯʝʨʝʟ ʛʣʫʪʘʤʘʪʥʳʡ 

ʪʨʘʥʩʧʦʨʪʝʨ (Segieth et al., 1995). NO ʤʦʜʫʣʠʨʫʝʪ ʦʩʚʦʙʦʞʜʝʥʠʝ 

ʢʘʪʝʭʦʣʘʤʠʥʦʚ - ʜʦʬʘʤʠʥʘ ʠ ʥʦʨʘʜʨʝʥʘʣʠʥʘ. ɺ ʩʪʨʠʘʪʫʤʝ ʜʦʥʦʨʳ NO ʠ 

ʩʫʙʩʪʨʘʪ ʩʠʥʪʝʟʘ NO - L-ʘʨʛʠʥʠʥ ʢʘʢ ʫʤʝʥʴʰʘʣʠ, ʪʘʢ ʠ ʫʚʝʣʠʯʠʚʘʣʠ 

ʚʳʩʚʦʙʦʞʜʝʥʠʝ ʜʦʬʘʤʠʥʘ (West, Galloway, 1998, Silva et al., 1998). ɺ 

ʛʠʧʧʦʢʘʤʧʝ ʜʦʥʦʨʳ NO ʫʚʝʣʠʯʠʚʘʣʠ ʚʳʩʚʦʙʦʞʜʝʥʠʝ ʥʦʨʘʜʨʝʥʘʣʠʥʘ ʚ 

ʫʩʣʦʚʠʷʭ in vitro ʠ in vivo. ɺ ʨʘʟʣʠʯʥʳʭ ʦʙʣʘʩʪʷʭ ʤʦʟʛʘ ʵʥʜʦʛʝʥʥʳʡ NO 

ʫʚʝʣʠʯʠʚʘʝʪ ʦʩʚʦʙʦʞʜʝʥʠʝ ʘʮʝʪʠʣʭʦʣʠʥʘ ʟʘ ʩʯʝʪ ʘʢʪʠʚʘʮʠʠ ʛʫʘʥʠʣʘʪʮʠʢʣʘʟʳ 

(Philippu, 2016). 

ɹʳʣʦ ʦʙʥʘʨʫʞʝʥʦ, ʯʪʦ ʜʦʣʛʦʚʨʝʤʝʥʥʘʷ ʧʦʪʝʥʮʠʘʮʠʷ ʚ ʛʠʧʧʦʢʘʤʧʝ 

ʯʘʩʪʠʯʥʦ ʠʣʠ ʧʦʣʥʦʩʪʴʶ ʙʣʦʢʠʨʫʝʪʩʷ ʫ ʤʳʰʝʡ, ʥʦʢʘʫʪʠʨʦʚʘʥʥʳʭ ʧʦ 

ʥʝʡʨʦʥʘʣʴʥʦʡ ʠ ʵʥʜʦʪʝʣʠʘʣʴʥʦʡ NO-ʩʠʥʪʘʟʘʤ, ʘ ʪʘʢʞʝ ʧʦʜ ʜʝʡʩʪʚʠʝʤ 

ʠʥʛʠʙʠʪʦʨʦʚ NO-ʩʠʥʪʘʟʳ ʠ ʚ ʧʨʠʩʫʪʩʪʚʠʠ ʛʝʤʦʛʣʦʙʠʥʘ, ʢʦʪʦʨʳʡ ʩʚʷʟʳʚʘʝʪ 

NO ʚʦ ʚʥʝʢʣʝʪʦʯʥʦʤ ʧʨʦʩʪʨʘʥʩʪʚʝ (Son et al., 1996, Schuman, Madison, 1991; 
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Hopper, Garthwaite, 2006). ʅʘʧʨʦʪʠʚ, ʜʦʥʦʨʳ NO ʦʙʣʝʛʯʘʣʠ ʜʦʣʛʦʚʨʝʤʝʥʥʫʶ 

ʧʦʪʝʥʮʠʘʮʠʶ ʧʨʠ ʠʭ ʚʚʝʜʝʥʠʠ ʚ ʧʨʝʩʠʥʘʧʪʠʯʝʩʢʫʶ ʢʣʝʪʢʫ.  

NO ʤʦʞʝʪ ʚʦʟʜʝʡʩʪʚʦʚʘʪʴ ʥʘ ʢʘʥʘʣʳ ʛʣʫʪʘʤʘʪʥʳʭ ʨʝʮʝʧʪʦʨʦʚ NMDA-

ʪʠʧʘ. ʄʦʜʫʣʠʨʫʷ ʠʦʥʥʳʡ ʪʦʢ ʯʝʨʝʟ ʵʪʠ ʢʘʥʘʣʳ, NO ʤʦʞʝʪ ʦʢʘʟʳʚʘʪʴ 

ʩʫʱʝʩʪʚʝʥʥʦʝ ʚʣʠʷʥʠʝ ʥʘ ʤʥʦʛʠʝ ʥʝʡʨʦʥʘʣʴʥʳʝ ʢʘʣʴʮʠʡ-ʘʢʪʠʚʠʨʫʝʤʳʝ 

ʧʨʦʮʝʩʩʳ, ʪʘʢʠʝ ʢʘʢ ʩʠʥʘʧʪʠʯʝʩʢʘʷ ʧʝʨʝʜʘʯʘ, ʧʣʘʩʪʠʯʥʦʩʪʴ ʠ ʨʘʟʚʠʪʠʝ 

ʥʝʨʚʥʦʡ ʩʠʩʪʝʤʳ. NO ʠ ʮɻʄʌ ʦʙʣʝʛʯʘʶʪ ʢʘʣʴʮʠʝʚʳʡ ʪʦʢ ʯʝʨʝʟ 

ʥʫʢʣʝʦʪʠʜʟʘʚʠʩʠʤʳʝ ʢʘʥʘʣʳ, ʜʝʧʦʣʷʨʠʟʫʶʱʠʡ ʥʝʨʚʥʫʶ ʢʣʝʪʢʫ ʜʦ ʫʨʦʚʥʷ 

ʥʝʦʙʭʦʜʠʤʦʛʦ ʜʣʷ ʘʢʪʠʚʘʮʠʠ ʧʦʪʝʥʮʠʘʣʟʘʚʠʩʠʤʦʛʦ ʢʘʣʴʮʠʝʚʦʛʦ ʢʘʥʘʣʘ 

(Andric et al, 2001; ɸ.ʃ.ɿʝʬʠʨʦʚ, ɻ.ʌ.ʉʠʪʜʠʢʦʚʘ, 2002, 2010; Garthwaite, 

2018). 

ɼʠʬʬʫʟʠʷ NO ʚ ʧʨʝʩʠʥʘʧʪʠʯʝʩʢʦʝ ʦʢʦʥʯʘʥʠʝ, ʨʝʪʨʦʛʨʘʜʥʦ ʜʝʡʩʪʚʫʝʪ 

ʥʘ ʛʫʘʥʠʣʘʪʮʠʢʣʘʟʫ, ʚʳʟʳʚʘʷ ʦʙʨʘʟʦʚʘʥʠʝ ʮɻʄʌ, ʯʪʦ ʧʨʠʚʦʜʠʪ ʢ ʫʩʠʣʝʥʠʶ ʠ 

ʫʚʝʣʠʯʝʥʠʶ ʜʣʠʪʝʣʴʥʦʩʪʠ ʚʳʜʝʣʝʥʠʷ ʥʝʡʨʦʤʝʜʠʘʪʦʨʘ, ʢʦʪʦʨʳʡ, ʚ ʩʚʦʶ 

ʦʯʝʨʝʜʴ, ʦʢʘʟʳʚʘʝʪ ʚʦʟʙʫʞʜʘʶʱʝʝ ʜʝʡʩʪʚʠʝ ʥʘ ʧʦʩʪʩʠʥʘʧʪʠʯʝʩʢʠʝ ʥʝʡʨʦʥʳ 

ʧʦ ʤʝʭʘʥʠʟʤʫ ʧʦʣʦʞʠʪʝʣʴʥʦʡ ʦʙʨʘʪʥʦʡ ʩʚʷʟʠ (Bredt, Snyder, 1992; Schuman, 

Madison, 1994).  

ʉʫʱʝʩʪʚʫʝʪ ʠ ʮɻʄʌ-ʥʝʟʘʚʠʩʠʤʳʡ ʤʝʭʘʥʠʟʤ ʜʝʡʩʪʚʠʷ NO. ɼʝʧʨʝʩʩʠʷ, 

ʚʳʟʚʘʥʥʘʷ ʚʳʩʦʢʦʯʘʩʪʦʪʥʦʡ ʩʪʠʤʫʣʷʮʠʝʡ ʥʝʨʚʘ, ʩʥʠʞʘʣʘʩʴ ʚ ʧʨʠʩʫʪʩʪʚʠʠ 

ʭʝʣʘʪʦʨʘ NO, ʥʦ ʥʝ ʠʟʤʝʥʷʣʘʩʴ ʧʦʜ ʜʝʡʩʪʚʠʝʤ ʠʥʛʠʙʠʪʦʨʘ ʛʫʘʥʠʣʘʪʮʠʢʣʘʟʳ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʚʳʩʦʢʦʯʘʩʪʦʪʥʘʷ ʩʠʥʘʧʪʠʯʝʩʢʘʷ ʜʝʧʨʝʩʩʠʷ ʨʝʛʫʣʠʨʫʝʪʩʷ NO 

ʯʝʨʝʟ ʮɻʄʌ-ʥʝʟʘʚʠʩʠʤʳʡ ʤʝʭʘʥʠʟʤ (Thomas, Robitaille, 2001; Arrigoni, 

Rosenberg, 2006).  

 

1.5.3. ɺʣʠʷʥʠʝ ʦʢʩʠʜʘ ʘʟʦʪʘ ʥʘ ʩʠʥʘʧʪʠʯʝʩʢʫʶ ʧʝʨʝʜʘʯʫ ʚ 

ʧʝʨʠʬʝʨʠʯʝʩʢʦʡ ʥʝʨʚʥʦʡ ʩʠʩʪʝʤʝ 

ɺ ʦʪʣʠʯʠʝ ʦʪ ʤʦʟʛʘ ʚ ʵʥʪʝʨʘʣʴʥʦʡ ʥʝʨʚʥʦʡ ʩʠʩʪʝʤʝ NO ʦʙʣʘʜʘʝʪ 

ʬʠʟʠʦʣʦʛʠʯʝʩʢʠʤ ʠʥʛʠʙʠʪʦʨʥʳʤ ʜʝʡʩʪʚʠʝʤ ʥʘ ʚʳʟʚʘʥʥʦʝ ʦʩʚʦʙʦʞʜʝʥʠʝ 

ʘʮʝʪʠʣʭʦʣʠʥʘ (Kilbinger, 1996). ɺ ʥʝʨʚʥʦ-ʤʳʰʝʯʥʦʤ ʩʦʝʜʠʥʝʥʠʠ ʷʱʝʨʠʮʳ 

NO ʚʦʚʣʝʯʝʥ ʚ ʧʨʝʩʠʥʘʧʪʠʯʝʩʢʫʶ ʘʫʪʦʨʝʛʫʣʷʮʠʶ ʦʩʚʦʙʦʞʜʝʥʠʷ 
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ʘʮʝʪʠʣʭʦʣʠʥʘ, ʫʯʘʩʪʚʫʷ ʢʘʢ ʠʥʛʠʙʠʪʦʨʥʦʤ, ʪʘʢ ʠ ʦʙʣʝʛʯʘʶʱʝʤ ʵʬʬʝʢʪʝ 

ʤʫʩʢʘʨʠʥʘ (Graves, Lewin, Lindgren, 2004). ɺ ʥʝʨʚʥʦ-ʤʳʰʝʯʥʳʭ ʩʠʥʘʧʩʘʭ 

ʪʝʧʣʦʢʨʦʚʥʳʭ ʞʠʚʦʪʥʳʭ ʵʢʟʦʛʝʥʥʳʝ ʜʦʥʦʨʳ NO ʠ ʩʫʙʩʪʨʘʪ NO ï L-ʘʨʛʠʥʠʥ 

ʥʝ ʦʢʘʟʳʚʘʣʠ ʚʣʠʷʥʠʷ ʥʘ ʚʳʟʚʘʥʥʦʝ ʦʩʚʦʙʦʞʜʝʥʠʝ ʤʝʜʠʘʪʦʨʘ, ʦʜʥʘʢʦ, 

ʧʨʠʚʦʜʠʣʠ ʢ ʟʥʘʯʠʪʝʣʴʥʦʤʫ ʫʩʠʣʝʥʠʶ ʢʚʘʥʪʦʚʦʡ ʩʝʢʨʝʮʠʠ ʚ ʫʩʣʦʚʠʷʭ 

ʙʣʦʢʠʨʦʚʘʥʠʷ ɸ1 ʨʝʮʝʧʪʦʨʦʚ ʘʜʝʥʦʟʠʥʘ. ʊʘʢ ʢʘʢ ʘʜʝʥʦʟʠʥ ʷʚʣʷʝʪʩʷ 

ʠʥʛʠʙʠʪʦʨʦʤ Ca
2+

-ʢʘʥʘʣʦʚ N-ʪʠʧʘ, ʙʳʣʦ ʧʨʝʜʧʦʣʦʞʝʥʦ, ʯʪʦ NO ʫʚʝʣʠʯʠʚʘʝʪ 

ʦʩʚʦʙʦʞʜʝʥʠʝ ʤʝʜʠʘʪʦʨʘ ʧʫʪʝʤ ʫʩʠʣʝʥʠʷ ʚʭʦʜʘ ʢʘʣʴʮʠʷ.  

ɺ ʜʚʠʛʘʪʝʣʴʥʳʭ ʥʝʨʚʥʳʭ ʦʢʦʥʯʘʥʠʷʭ ʭʦʣʦʜʥʦʢʨʦʚʥʳʭ ʞʠʚʦʪʥʳʭ 

ʦʙʥʘʨʫʞʝʥʘ ʪʦʥʠʯʝʩʢʘʷ ʨʝʛʫʣʷʮʠʷ ʦʩʚʦʙʦʞʜʝʥʠʷ ʘʮʝʪʠʣʭʦʣʠʥʘ ʩ ʧʦʤʦʱʴʶ 

NO (Lindgren, Laʀʈd 1994, ɸ.ʃ.ɿʝʬʠʨʦʚ ʩ ʩʦʘʚʪ., 1999, Thomas, Robitaille, 

2001, Wang, Xie, Lu, 1995, Etherinton, Everett, 2004). ɺ ʵʢʩʧʝʨʠʤʝʥʪʘʭ ʥʘ 

ʥʝʨʚʥʦ-ʤʳʰʝʯʥʳʭ ʧʨʝʧʘʨʘʪʘʭ ʘʤʬʠʙʠʡ ʙʳʣʦ ʧʦʢʘʟʘʥʦ ʫʛʥʝʪʝʥʠʝ ʩʝʢʨʝʮʠʠ 

ʤʝʜʠʘʪʦʨʘ ʧʦʜ ʜʝʡʩʪʚʠʝʤ ʵʢʟʦʛʝʥʥʳʭ ʜʦʥʦʨʦʚ NO (Lindgren, Laʀʈd, 1994, 

ɸ.ʃ.ɿʝʬʠʨʦʚ ʩ ʩʦʘʚʪ., 1999; Thomas, Robitaille, 2001; ɸ.ɺ.ʗʢʦʚʣʝʚ ʩ ʩʦʘʚʪ., 

2002). ʀʩʩʣʝʜʦʚʘʥʠʝ ʚʥʫʪʨʠʢʣʝʪʦʯʥʳʭ ʤʝʭʘʥʠʟʤʦʚ ʜʝʡʩʪʚʠʷ NO 

ʧʨʝʜʧʦʣʦʞʠʣʦ ʨʦʣʴ ʮɻʄʌ-ʟʘʚʠʩʠʤʳʭ ʩʠʩʪʝʤ. ʂʨʦʤʝ ʪʦʛʦ, NO ʚʳʟʳʚʘʣ 

ʣʦʢʘʣʴʥʦʝ ʠʟʤʝʥʝʥʠʝ ʢʦʥʮʝʥʪʨʘʮʠʠ ʠʦʥʦʚ ʉʘ
2+

 ʚ ʮʠʪʦʧʣʘʟʤʝ ʥʝʨʚʥʦʛʦ 

ʦʢʦʥʯʘʥʠʷ. ʇʨʝʜʧʦʣʘʛʘʝʪʩʷ, ʯʪʦ NO ʚ ʥʝʨʚʥʦ-ʤʳʰʝʯʥʦʤ ʩʠʥʘʧʩʝ 

ʩʠʥʪʝʟʠʨʫʝʪʩʷ ʪʦʥʠʯʝʩʢʠ ʚ ʦʙʣʘʩʪʠ ʢʦʥʮʝʚʦʡ ʧʣʘʩʪʠʥʢʠ ʠ ʰʚʘʥʥʦʚʩʢʠʤʠ 

ʢʣʝʪʢʘʤʠ (Brenman et al, 1996; Descarries et al, 1998) ʠ ʨʝʛʫʣʠʨʫʝʪ 

ʩʠʥʘʧʪʠʯʝʩʢʫʶ ʧʝʨʝʜʘʯʫ ʧʦ ʧʨʠʥʮʠʧʫ ʦʪʨʠʮʘʪʝʣʴʥʦʡ ʦʙʨʘʪʥʦʡ ʩʚʷʟʠ 

(Thomas, Robitaille, 2001; Etherington, Everett, 2004). ɺ ʥʝʨʚʥʦ-ʤʳʰʝʯʥʦʤ 

ʩʠʥʘʧʩʝ NO ʫʚʝʣʠʯʠʚʘʣ ʘʤʧʣʠʪʫʜʫ ʤʳʰʝʯʥʳʭ ʩʦʢʨʘʱʝʥʠʡ, ʜʝʡʩʪʚʫʷ ʥʘ 

ʧʨʝʩʠʥʘʧʪʠʯʝʩʢʦʤ ʫʨʦʚʥʝ, ʠ ʫʤʝʥʴʰʘʣ ʝʝ, ʜʝʡʩʪʚʫʷ ʥʘ ʧʦʩʪʩʠʥʘʧʪʠʯʝʩʢʦʤ 

ʫʨʦʚʥʝ (Ambiel, Alves-Do-Prado, 1997).  

ɺ ʩʠʤʧʘʪʠʯʝʩʢʠʭ ʛʘʥʛʣʠʷʭ NO ʫʤʝʥʴʰʘʝʪ Ca
2+

-ʘʢʪʠʚʠʨʫʝʤʳʝ ʂ
+
 ʪʦʢʠ 

ʚ ʛʘʥʛʣʠʠ ʧʦ ʤʝʭʘʥʠʟʤʫ, ʢʦʪʦʨʳʡ ʥʝ ʟʘʚʠʩʠʪ ʦʪ ʢʘʢʦʛʦ-ʣʠʙʦ ʚʣʠʷʥʠʷ ʥʘ 

ʧʨʠʪʦʢ Ca
2+

 ʯʝʨʝʟ ʢʘʣʴʮʠʝʚʳʝ ʢʘʥʘʣʳ (Cetiner, Bennett, 1993). ʕʪʦʪ ʨʝʟʫʣʴʪʘʪ 

ʧʦʜʪʚʝʨʞʜʘʝʪ ʛʠʧʦʪʝʟʫ ʦ ʪʦʤ, ʯʪʦ NO ʤʦʞʝʪ ʫʚʝʣʠʯʠʚʘʪʴ ʩʝʢʨʝʮʠʶ 
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ʤʝʜʠʘʪʦʨʘ ʧʫʪʝʤ ʫʚʝʣʠʯʝʥʠʷ ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʠ ʧʦʪʝʥʮʠʘʣʘ ʜʝʡʩʪʚʠʷ ʧʦʩʣʝ 

ʙʣʦʢʘʜʳ ʙʳʩʪʨʦʛʦ Ca
2+

-ʟʘʚʠʩʠʤʦʛʦ ʂ
+
 ʪʦʢʘ, ʪʘʢʞʝ NO ʫʤʝʥʴʰʘʝʪ 

ʪʨʘʥʟʠʪʦʨʥʳʝ ʠ ʧʦʩʪʦʷʥʥʳʝ ʢʘʣʴʮʠʝʚʳʝ ʪʦʢʠ ʚ ʥʝʡʨʦʥʘʭ ʛʘʥʛʣʠʝʚ (Khurana, 

Bennett, 1993). ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʩ ʦʜʥʦʡ ʩʪʦʨʦʥʳ, ʧʨʠʪʦʢ ʢʘʣʴʮʠʷ ʯʝʨʝʟ 

ʤʝʤʙʨʘʥʫ ʤʦʞʝʪ ʙʳʪʴ ʫʚʝʣʠʯʝʥ ʟʘ ʩʯʝʪ NO, ʯʪʦʙʳ ʫʚʝʣʠʯʠʪʴ 

ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʴ ʧʦʪʝʥʮʠʘʣʘ ʜʝʡʩʪʚʠʷ ʠ, ʩʣʝʜʦʚʘʪʝʣʴʥʦ, ʚʨʝʤʷ ʦʪʢʨʳʪʠʷ 

ʯʫʚʩʪʚʠʪʝʣʴʥʳʭ ʢ ʥʘʧʨʷʞʝʥʠʶ ʢʘʣʴʮʠʝʚʳʭ ʢʘʥʘʣʦʚ. ʆʜʥʘʢʦ, ʩ ʜʨʫʛʦʡ 

ʩʪʦʨʦʥʳ, ʩʘʤʠ ʵʪʠ ʢʘʥʘʣʳ ʤʦʛʫʪ ʙʳʪʴ ʧʦʜʘʚʣʝʥʳ, ʯʪʦ ʫʤʝʥʴʰʘʝʪ ʧʨʠʪʦʢ 

ʢʘʣʴʮʠʷ. 

NO ʫʯʘʩʪʚʫʝʪ ʚ ʧʨʦʮʝʩʩʘʭ ʜʦʣʛʦʚʨʝʤʝʥʥʦʡ ʧʦʪʝʥʮʠʘʮʠʠ ʚ ʨʝʩʥʠʯʥʦʤ 

ʫʟʣʝ ʠ ʩʠʤʧʘʪʠʯʝʩʢʠʭ ʫʟʣʘʭ (Briggs, 1992; Altememi, Alkadhi, 1999; Alkadhi et 

al., 2006). ʅʠʪʨʦʧʨʫʩʩʠʜ ʥʘʪʨʠʷ (100 ʤʢʄ) ʫʚʝʣʠʯʠʚʘʣ ʩʠʥʘʧʪʠʯʝʩʢʫʶ 

ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʚ ʩʨʝʜʥʝʤ ʥʘ 26%. 8-Br-ʮɻʄʌ (100 ʤʢʄ) ʫʚʝʣʠʯʠʚʘʣ 

ʩʠʥʘʧʪʠʯʝʩʢʫʶ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʚ ʩʨʝʜʥʝʤ ʥʘ 61%. ɼʦʙʘʚʣʝʥʠʝ 8-Br-ʮɸʄʌ 

(100 ʤʢʄ) ʠʤʝʣʦ ʤʝʥʴʰʠʡ ʵʬʬʝʢʪ, ʫʚʝʣʠʯʠʚʘʷ ʧʝʨʝʜʘʯʫ ʚ ʩʨʝʜʥʝʤ ʥʘ 46%. 

ɹʣʦʢʘʪʦʨ ʩʠʥʪʘʟʳ ʦʢʩʠʜʘ ʘʟʦʪʘ L-NAME (100 ʤʢʄ) ʩʥʠʞʘʣ ʜʣʠʪʝʣʴʥʦʝ 

ʧʦʪʝʥʮʠʨʦʚʘʥʠʝ ʚ ʩʨʝʜʥʝʤ ʥʘ 47%, ʥʦ ʥʝ ʠʟʤʝʥʷʣ ʩʫʱʝʩʪʚʝʥʥʦ 

ʧʦʩʪʪʝʪʘʥʠʯʝʩʢʦʝ ʧʦʪʝʥʮʠʨʦʚʘʥʠʝ. ʇʦʩʣʝ ʢʨʘʪʢʦʛʦ ʧʨʠʤʝʥʝʥʠʷ 8-Br-ʮɸʄʌ, 

8-Br-ʮɻʄʌ ʠ ʥʠʪʨʦʧʨʫʩʩʠʜʘ ʥʘʪʨʠʷ ʥʘʙʣʶʜʘʣʦʩʴ ʧʦʚʳʰʝʥʠʝ ʵʬʬʝʢʪʠʚʥʦʩʪʠ 

ʩʠʥʘʧʪʠʯʝʩʢʦʡ ʧʝʨʝʜʘʯʠ, ʢʦʪʦʨʘʷ ʩʦʭʨʘʥʷʣʘʩʴ ʧʦʩʣʝ ʫʜʘʣʝʥʠʷ ʧʨʝʧʘʨʘʪʦʚ 

(Briggs, 1992; Scott, Bennett, 1993). 

ʂʣʘʩʩʠʯʝʩʢʠʡ ʧʫʪʴ ʜʝʡʩʪʚʠʷ NO, ʘ ʠʤʝʥʥʦ ʯʝʨʝʟ ʛʝʤʦʚʫʶ ʛʨʫʧʧʫ 

ʛʫʘʥʠʣʘʪʮʠʢʣʘʟʳ, ʟʘʭʚʘʪʳʚʘʶʱʝʡ ʦʢʩʠʜ ʘʟʦʪʘ, ʩ ʧʦʩʣʝʜʫʶʱʠʤ 

ʢʦʥʬʦʨʤʘʮʠʦʥʥʳʤ ʠʟʤʝʥʝʥʠʝʤ ʬʝʨʤʝʥʪʘ, ʧʨʠʚʦʜʷʱʠʤ ʢ ʧʨʦʜʫʮʠʨʦʚʘʥʠʶ 

ʮɻʄʌ ʠ ʬʦʩʬʦʨʠʣʠʨʦʚʘʥʠʶ ʩʫʙʩʪʨʘʪʘ ʧʦʩʨʝʜʩʪʚʦʤ ʮɻʄʌ-ʟʘʚʠʩʠʤʦʡ 

ʢʠʥʘʟʳ (Bredt, Snyder, 1992; ɻ.ʌ.ʉʠʪʜʠʢʦʚʘ ʩ ʩʦʘʚʪ., 2014), ʷʚʣʷʝʪʩʷ ʦʜʥʠʤ ʠʟ 

ʩʧʦʩʦʙʦʚ ʜʝʡʩʪʚʠʷ, ʥʘʙʣʶʜʘʝʤʳʭ ʚ ʩʠʤʧʘʪʠʯʝʩʢʠʭ ʛʘʥʛʣʠʷʭ (Dun et al., 1978 

Southam et al., 1996). ɺ ʵʪʠʭ ʛʘʥʛʣʠʷʭ ʫʚʝʣʠʯʝʥʠʝ ʮɻʄʌ, ʩʦʧʨʦʚʦʞʜʘʶʱʝʛʦ 

ʩʪʠʤʫʣʷʮʠʶ ʥʝʨʚʘ, ʚʝʨʦʷʪʥʦ, ʦʛʨʘʥʠʯʠʚʘʝʪʩʷ ʥʝʨʚʥʳʤʠ ʦʢʦʥʯʘʥʠʷʤʠ, 

ʧʦʩʢʦʣʴʢʫ ʜʝʧʦʣʷʨʠʟʘʮʠʷ ʛʘʥʛʣʠʷ ʩ ʚʳʩʦʢʠʤʠ ʢʦʥʮʝʥʪʨʘʮʠʷʤʠ ʂ
+
 ʥʝ 
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ʧʨʠʚʦʜʠʪ ʢ ʫʚʝʣʠʯʝʥʠʶ ʮɻʄʌ, ʝʩʣʠ ʛʘʥʛʣʠʡ ʜʝʥʝʨʚʠʨʦʚʘʥ. ʕʪʦ ʫʚʝʣʠʯʝʥʠʝ 

ʪʝʨʤʠʥʘʣʴʥʦʛʦ ʮɻʄʌ ʤʦʞʝʪ ʙʳʪʴ ʩʚʷʟʘʥʦ ʩ ʜʝʡʩʪʚʠʝʤ ʩʝʢʨʝʪʠʨʫʝʤʦʛʦ 

ʘʮʝʪʠʣʭʦʣʠʥʘ, ʜʝʡʩʪʚʫʶʱʝʛʦ ʥʘ ʪʝʨʤʠʥʘʣʴʥʳʝ ʤʫʩʢʘʨʠʥʦʚʳʝ ʨʝʮʝʧʪʦʨʳ, 

ʜʣʷ ʠʥʛʠʙʠʨʦʚʘʥʠʷ ʩʝʢʨʝʮʠʠ, ʪʘʢ ʢʘʢ ʘʮʝʪʠʣʭʦʣʠʥ ʫʚʝʣʠʯʠʚʘʝʪ ʩʦʜʝʨʞʘʥʠʝ 

ʮɻʄʌ ʚ ʛʘʥʛʣʠʠ ʧʦʩʨʝʜʩʪʚʦʤ ʘʪʨʦʧʠʥ-ʯʫʚʩʪʚʠʪʝʣʴʥʦʛʦ ʤʝʭʘʥʠʟʤʘ (Morita et 

al., 1982).  

ɺʦʟʤʦʞʥʦ, ʯʪʦ ʦʢʩʠʜ ʘʟʦʪʘ ʪʘʢʞʝ ʜʝʡʩʪʚʫʝʪ ʯʝʨʝʟ ʮɸʄʌ. ɺ 

ʩʠʤʧʘʪʠʯʝʩʢʠʭ ʛʘʥʛʣʠʷʭ ʘʥʘʣʦʛʠ ʮɸʄʌ ʜʘʶʪ ʜʣʠʪʝʣʴʥʦʝ ʫʚʝʣʠʯʝʥʠʝ 

ʚʳʟʚʘʥʥʦʡ ʩʝʢʨʝʮʠʠ ʘʮʝʪʠʣʭʦʣʠʥʘ ʧʦʩʨʝʜʩʪʚʦʤ ʤʝʭʘʥʠʟʤʘ, ʢʦʪʦʨʳʡ ʥʝ 

ʚʦʚʣʝʢʘʝʪ ʚʥʝʢʣʝʪʦʯʥʳʡ ʢʘʣʴʮʠʡ (Briggs et al., 1985; 1988; Hurt et al., 2012). 

ʆʜʠʥ ʠʟ ʩʧʦʩʦʙʦʚ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʩʧʦʩʦʙʥʦʩʪʠ ʮɻʄʌ ʠʥʛʠʙʠʨʦʚʘʪʴ 

ʬʦʩʬʦʜʠʵʩʪʝʨʘʟʫ (Maurice, Haslam, 1990): ʵʪʦʪ ʤʝʭʘʥʠʟʤ ʛʘʨʘʥʪʠʨʫʝʪ, ʯʪʦ 

ʝʩʣʠ ʫʨʦʚʥʠ ʮɻʄʌ ʚ ʥʝʨʚʥʦʤ ʦʢʦʥʯʘʥʠʠ ʧʦʚʳʰʘʶʪʩʷ ʟʘ ʩʯʝʪ NO, ʪʦ ʠ 

ʫʨʦʚʝʥʴ ʮɸʄʌ ʚʦʟʨʘʩʪʘʝʪ (Pugh et al., 2010; Hurt et al., 2012).  

ʇʨʝʜʧʦʣʘʛʘʝʪʩʷ, ʯʪʦ ʚʳʩʦʢʦʯʘʩʪʦʪʥʘʷ ʩʪʠʤʫʣʷʮʠʷ ʧʨʝʛʘʥʛʣʠʦʥʘʨʥʳʭ 

ʚʦʣʦʢʦʥ ʧʨʠʚʦʜʠʪ ʢ ʧʨʠʪʦʢʫ ʜʦʩʪʘʪʦʯʥʦʛʦ ʢʦʣʠʯʝʩʪʚʘ Ca
2+

 ʚ ʪʝʨʤʠʥʘʣʴ ʜʣʷ 

ʘʢʪʠʚʘʮʠʠ nNOS (Garthwaite, 2008, 2018; Socodato et al., 2012); 

ʧʨʦʠʟʚʝʜʝʥʥʳʡ ʪʘʢʠʤ ʦʙʨʘʟʦʤ NO ʜʝʡʩʪʚʫʝʪ ʥʘ ʛʫʘʥʠʣʘʪʮʠʢʣʘʟʫ, 

ʨʘʩʧʦʣʦʞʝʥʥʫʶ ʚ ʪʝʨʤʠʥʘʣʝ, ʯʪʦ ʧʨʠʚʦʜʠʪ ʢ ʫʚʝʣʠʯʝʥʠʶ ʩʝʢʨʝʮʠʠ 

ʧʝʨʝʜʘʪʯʠʢʘ ʚ ʚʝʛʝʪʘʪʠʚʥʳʭ ʛʘʥʛʣʠʷʭ, ʥʦ ʥʝ ʤʝʥʷʝʪ ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʴ 

ʧʦʩʪʩʠʥʘʧʪʠʯʝʩʢʠʭ ʨʝʮʝʧʪʦʨʦʚ (Kuba, Kumamoto, 1990; Scott, Bennett, 1993). 

ʆʩʥʦʚʥʳʤ ʵʬʬʝʢʪʦʤ ʧʦʣʫʯʘʝʤʦʛʦ ʮɻʄʌ ʷʚʣʷʝʪʩʷ ʬʦʩʬʦʨʠʣʠʨʦʚʘʥʠʝ 

ʬʦʩʬʦʜʠʵʩʪʝʨʘʟʳ, ʪʘʢ ʯʪʦ ʦʥʘ ʙʦʣʴʰʝ ʥʝ ʤʦʞʝʪ ʤʝʪʘʙʦʣʠʟʠʨʦʚʘʪʴ ʮɸʄʌ 

(Maurice, Haslam, 1990). ʇʦʩʣʝʜʫʶʱʝʝ ʫʚʝʣʠʯʝʥʠʝ ʮɸʄʌ ʚ ʪʝʨʤʠʥʘʣʠ 

ʧʨʠʚʦʜʠʪ ʢ ʬʦʩʬʦʨʠʣʠʨʦʚʘʥʠʶ ʩʫʙʩʪʨʘʪʘ ʧʨʦʪʝʠʥʢʠʥʘʟʳ ɸ (Pugh et al., 2010; 

Hurt et al., 2012), ʢʦʪʦʨʳʡ ʤʦʞʥʦ ʠʜʝʥʪʠʬʠʮʠʨʦʚʘʪʴ ʢʘʢ Ca
2+

-ʘʢʪʠʚʠʨʫʝʤʳʝ 

ʂ+ ʢʘʥʘʣʳ ʚ ʪʝʨʤʠʥʘʣʠ. ʕʪʦ ʧʨʠʚʦʜʠʪ ʢ ʫʤʝʥʴʰʝʥʠʶ ʦʪʢʨʳʪʠʷ ʵʪʠʭ ʢʘʥʘʣʦʚ 

(Cetiner, Bennett, 1993) ʩ ʧʦʩʣʝʜʫʶʱʠʤ ʫʚʝʣʠʯʝʥʠʝʤ ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʠ 

ʧʦʪʝʥʮʠʘʣʘ ʜʝʡʩʪʚʠʷ ʚ ʪʝʨʤʠʥʘʣʠ ʠ ʦʯʝʥʴ ʙʦʣʴʰʠʤ ʫʚʝʣʠʯʝʥʠʝʤ 
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ʢʨʘʪʢʦʚʨʝʤʝʥʥʦʡ ʢʦʥʮʝʥʪʨʘʮʠʠ ʢʘʣʴʮʠʷ, ʥʝʦʙʭʦʜʠʤʦʡ ʚʦ ʚʨʝʤʷ ʵʢʟʦʮʠʪʦʟʘ 

ʚʝʟʠʢʫʣ ʚ ʘʢʪʠʚʥʳʭ ʟʦʥʘʭ ʪʝʨʤʠʥʘʣʠ (Scott, Bennett, 1993). 

ɺ ʧʘʨʘʩʠʤʧʘʪʠʯʝʩʢʦʤ ʨʝʩʥʠʯʥʦʤ ʫʟʣʝ nNOS ʘʩʩʦʮʠʠʨʫʝʪʩʷ ʩ Ŭ7 

ʥʠʢʦʪʠʥʦʚʳʤʠ ʭʦʣʠʥʦʨʝʮʝʧʪʦʨʘʤʠ, ʤʥʦʛʠʝ ʠʟ ʢʦʪʦʨʳʭ ʷʚʣʷʶʪʩʷ 

ʧʨʝʩʠʥʘʧʪʠʯʝʩʢʠʤʠ, ʘ ʪʘʢʞʝ ʩ ʛʝʪʝʨʦʤʝʨʥʳʤʠ Ŭ3* ʥʠʢʦʪʠʥʦʚʳʤʠ 

ʭʦʣʠʥʦʨʝʮʝʧʪʦʨʘʤʠ, ʢʦʪʦʨʳʝ ʛʝʥʝʨʠʨʫʶʪ ʦʩʥʦʚʥʫʶ ʯʘʩʪʴ ʩʠʥʘʧʪʠʯʝʩʢʦʡ 

ʘʢʪʠʚʥʦʩʪʠ. ʌʠʟʠʯʝʩʢʘʷ ʘʩʩʦʮʠʘʮʠʷ nNOS-ʥʠʢʦʪʠʥʦʚʳʝ ʭʦʣʠʥʦʨʝʮʝʧʪʦʨʳ 

ʙʫʜʝʪ ʩʧʦʩʦʙʩʪʚʦʚʘʪʴ ʚʳʨʘʙʦʪʢʝ NO ʚ ʧʨʝʩʠʥʘʧʪʠʯʝʩʢʠʭ ʠ ʩʤʝʞʥʳʭ 

ʧʦʩʪʩʠʥʘʧʪʠʯʝʩʢʠʭ ʩʘʡʪʘʭ ʜʣʷ ʫʩʠʣʝʥʠʷ ʬʦʢʘʣʴʥʦʛʦ ʚʳʩʚʦʙʦʞʜʝʥʠʷ 

ʘʮʝʪʠʣʭʦʣʠʥʘ ʠʟ ʨʘʩʧʦʣʦʞʝʥʥʳʭ ʨʷʜʦʤ ʧʨʝʩʠʥʘʧʪʠʯʝʩʢʠʭ ʪʝʨʤʠʥʘʣʝʡ 

(Jayakar et al., 2014). 

 

1.5.4. nNOS-ʠʤʤʫʥʦʨʝʘʢʪʠʚʥʦʩʪʴ ʚ ʩʠʤʧʘʪʠʯʝʩʢʠʭ ʫʟʣʘʭ 

nNOS-ʧʦʟʠʪʠʚʥʳʝ ʥʝʡʨʦʥʳ ʦʪʩʫʪʩʪʚʫʶʪ ʚ ʩʠʤʧʘʪʠʯʝʩʢʠʭ 

ʢʨʘʥʠʘʣʴʥʦʤ ʰʝʡʥʦʤ, ʟʚʝʟʜʯʘʪʦʤ ʛʘʥʛʣʠʠ ʠ ʯʨʝʚʥʳʭ ʫʟʣʘʭ ʤʳʰʠ ʠ ʢʨʳʩʳ ʥʘ 

ʧʨʦʪʷʞʝʥʠʠ ʧʦʩʪʥʘʪʘʣʴʥʦʛʦ ʦʥʪʦʛʝʥʝʟʘ, ʩ ʤʦʤʝʥʪʘ ʨʦʞʜʝʥʠʷ ʠ ʜʦ ʩʪʘʨʦʩʪʠ 

(Grozdanovic et al., 1992; Santer, Symons, 1993; Emanuilov et al., 2008; 

Masliukov et al., 2014). ʆʜʥʘʢʦ ʙʦʣʴʰʘ ̫ʜʦʣʷ nNOS-ʧʦʟʠʪʠʚʥʳʭ ʥʝʡʨʦʥʦʚ 

ʚʩʪʨʝʯʘʣʘʩɹ ʚ ʩʠʤʧʘʪʠʯʝʩʢʠʭ ʛʘʥʛʣʠʷʭ ʢʦʰʝʢ ʫʞʝ ʩ ʤʦʤʝʥʪʘ ʨʦʞʜʝʥʠʷ 

(Emanuilov et al., 2008; Masliukov et al., 2015).  
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2. ʄɸʊɽʈʀɸʃʓ ʀ ʄɽʊʆɼʓ ʀʉʉʃɽɼʆɺɸʅʀʗ  

 

2.1. ʆʙʦʩʥʦʚʘʥʠʝ ʚʳʙʦʨʘ ʦʙʲʝʢʪʦʚ ʠʟʫʯʝʥʠʷ 

ʆʜʥʠʤ ʠʟ ʥʘʠʙʦʣʝʝ ʯʘʩʪʦ ʠʩʧʦʣʴʟʫʝʤʳʭ ʦʙʲʝʢʪʦʚ ʠ ʥʘʠʙʦʣʝʝ 

ʧʦʜʭʦʜʷʱʠʭ ʜʣʷ ʠʟʫʯʝʥʠʷ ʚʦʟʨʘʩʪʥʳʭ ʠʟʤʝʥʝʥʠʡ ʘʚʪʦʥʦʤʥʦʡ ʥʝʨʚʥʦʡ 

ʩʠʩʪʝʤʳ, ʷʚʣʷʝʪʩʷ ʢʨʳʩʘ. (Hirst, Mclachlan, 1984; ɸ.ɼ. ʅʦʟʜʨʘʯʝʚ, ɽ.ʃ. 

ʇʦʣʷʢʦʚ, 2001; Paxinos, 2004; ʊ.ɸ.ʈʫʤʷʥʮʝʚʘ, 2004; Masliukov, Timmermans, 

2004; Masliukov et al., 2012).  

ʂʐɻ ʚ ʩʚʷʟʠ ʩ ʝʛʦ ʧʦʚʝʨʭʥʦʩʪʥʳʤ ʨʘʩʧʦʣʦʞʝʥʠʝʤ (ʉʢʦʢ, 1970, 

ʅʦʟʜʨʘʯʝʚ, 1983, ʅʦʟʜʨʘʯʝʚ, ʄʘʩʣʶʢʦʚ, 2014), ʘ ʪʘʢʞʝ ʪʝʤ, ʯʪʦ 

ʧʨʝʛʘʥʛʣʠʦʥʘʨʥʳʝ ʚʦʣʦʢʥʘ ʢ ʥʝʤʫ ʧʨʦʭʦʜʷʪ ʚ ʩʦʩʪʘʚʝ ʝʜʠʥʦʛʦ ʰʝʡʥʦʛʦ 

ʩʠʤʧʘʪʠʯʝʩʢʦʛʦ ʩʪʚʦʣʘ, ʢʦʪʦʨʳʡ ʧʦʯʪʠ ʥʝ ʩʦʜʝʨʞʠʪ ʧʦʩʪʛʘʥʛʣʠʦʥʘʨʥʳʭ ʠ 

ʘʬʬʝʨʝʥʪʥʳʭ ʚʦʣʦʢʦʥ, ʷʚʣʷʝʪʩʷ ʥʘʠʙʦʣʝʝ ʫʜʦʙʥʳʤ ʠʟ ʩʠʤʧʘʪʠʯʝʩʢʠʭ ʫʟʣʦʚ 

ʜʣʷ ʧʨʦʚʝʜʝʥʠʷ ʬʠʟʠʦʣʦʛʠʯʝʩʢʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ.  

 

2.2. ʇʦʩʪʘʥʦʚʢʘ ʵʢʩʧʝʨʠʤʝʥʪʘ  

ʀʩʩʣʝʜʦʚʘʥʠʝ ʧʨʦʚʦʜʠʣʦʩʴ ʥʘ ʩʘʤʮʘʭ ʢʨʳʩ ʣʠʥʠʠ Wistar. ɺ 

ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʮʝʣʴʶ ʠ ʟʘʜʘʯʘʤʠ ʠʩʩʣʝʜʦʚʘʥʠʷ ʵʢʩʧʝʨʠʤʝʥʪʳ ʙʳʣʠ 

ʧʨʦʚʝʜʝʥʳ ʥʘ 140 ʞʠʚʦʪʥʳʭ. ɾʠʚʦʪʥʳʝ ʙʳʣʠ ʧʦʜʝʣʝʥʳ ʥʘ ʩʝʤʴ ʛʨʫʧʧ ʧʦ 20 

ʦʩʦʙʝʡ ʚ ʢʘʞʜʦʡ (ʧʷʪʴ ʦʩʦʙʝʡ ʜʣʷ ʠʤʤʫʥʦʛʠʩʪʦʭʠʤʠʯʝʩʢʠʭ ʵʢʩʧʝʨʠʤʝʥʪʦʚ, 

ʧʷʪʴ ʜʣʷ ʚʝʩʪʝʨʥ ï ʙʣʦʪʪʠʥʛ ʘʥʘʣʠʟʘ ʠ 10 ï ʜʣʷ ʵʣʝʢʪʨʦʬʠʟʠʦʣʦʛʠʯʝʩʢʠʭ ʠ 

ʬʘʨʤʘʢʦʣʦʛʠʯʝʩʢʠʭ). ʀʩʩʣʝʜʦʚʘʣʠʩʴ ʚʦʟʨʘʩʪʥʳʝ ʛʨʫʧʧʳ: ʥʦʚʦʨʦʞʜʝʥʥʳʝ 

(ʤʘʩʩʘ ʪʝʣʘ 5 ï 7 ʛ.), 10 ï ʩʫʪʦʯʥʳʝ (ʤʘʩʩʘ ʪʝʣʘ 15 ï 25 ʛ.), 20 ï 

ʩʫʪʦʯʥʳʝ(ʤʘʩʩʘ ʪʝʣʘ 35 ï 55 ʛ.) 30 ï ʩʫʪʦʯʥʳʝ (ʤʘʩʩʘ ʪʝʣʘ 70 ï 90 ʛ.), 2 ï 

ʤʝʩʷʯʥʳʝ (ʤʘʩʩʘ ʪʝʣʘ 160 ï 190 ʛ.), 6 ï ʤʝʩʷʯʥʳʝ (ʤʘʩʩʘ ʪʝʣʘ 200 ï 250 ʛ.) ʠ 

3ïʣʝʪʥʠʝ (ʤʘʩʩʘ ʪʝʣʘ 310 ï 330 ʛ.).  

ɺʩʝ ʞʠʚʦʪʥʳʝ ʩʦʜʝʨʞʘʣʠʩʴ ʚ ʘʢʨʠʣʦʚʳʭ ʢʣʝʪʢʘʭ ʩ ʥʘʧʦʣʥʠʪʝʣʝʤ ʚ 

ʚʠʜʝ ʜʨʝʚʝʩʥʦʡ ʩʪʨʫʞʢʠ ʚ ʘʢʢʣʠʤʘʪʠʟʠʨʦʚʘʥʥʦʤ ʧʦʤʝʱʝʥʠʠ (12/12 ï ʯʘʩʦʚʦʡ 

ʮʠʢʣ ʩʚʝʪ / ʪʝʤʥʦʪʘ; 22 Ñ 3 Á C) ʩʦ ʩʚʦʙʦʜʥʳʤ ʜʦʩʪʫʧʦʤ ʢ ʧʠʱʝ ʠ ʚʦʜʝ. ɺʩʝ 
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ʧʨʦʮʝʜʫʨʳ ʥʘ ʞʠʚʦʪʥʳʭ ʙʳʣʠ ʦʜʦʙʨʝʥʳ ʵʪʠʯʝʩʢʠʤ ʢʦʤʠʪʝʪʦʤ ʗʨʦʩʣʘʚʩʢʦʛʦ 

ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʛʦ ʤʝʜʠʮʠʥʩʢʦʛʦ ʫʥʠʚʝʨʩʠʪʝʪʘ (ʧʨʦʪʦʢʦʣ N 12 ʦʪ 27.10.2016) 

ʠ ʧʨʦʚʦʜʠʣʠʩʴ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ɼʠʨʝʢʪʠʚʦʡ 2010/63/EU ɽʚʨʦʧʝʡʩʢʦʛʦ 

ʧʘʨʣʘʤʝʥʪʘ ʠ ʉʦʚʝʪʘ ɽʚʨʦʧʝʡʩʢʦʛʦ ʉʦʶʟʘ ʦʪ 22 ʩʝʥʪʷʙʨʷ 2010 ʛʦʜʘ ʧʦ ʦʭʨʘʥʝ 

ʞʠʚʦʪʥʳʭ, ʠʩʧʦʣʴʟʫʝʤʳʭ ʚ ʥʘʫʯʥʳʭ ʮʝʣʷʭ. ɹʳʣʠ ʧʨʝʜʧʨʠʥʷʪʳ ʚʩʝ ʫʩʠʣʠʷ, 

ʯʪʦʙʳ ʩʚʝʩʪʠ ʢ ʤʠʥʠʤʫʤʫ ʢʦʣʠʯʝʩʪʚʦ ʞʠʚʦʪʥʳʭ ʠ ʠʭ ʩʪʨʘʜʘʥʠʷ ʥʘ 

ʧʨʦʪʷʞʝʥʠʠ ʚʩʝʛʦ ʵʢʩʧʝʨʠʤʝʥʪʘ. 

ɼʣʷ ʧʦʣʫʯʝʥʠʷ ʧʦʪʦʤʩʪʚʘ ʢ ʧʦʣʦʚʦʟʨʝʣʳʤ ʩʘʤʢʘʤ ʧʦʜʩʘʞʠʚʘʣʠ 

ʩʘʤʮʦʚ ʚ ʩʦʦʪʥʦʰʝʥʠʠ 3:2, ʯʝʨʝʟ 14 ʜʥʝʡ ʩʘʤʮʦʚ ʦʪʩʘʞʠʚʘʣʠ, ʘ ʩʘʤʦʢ 

ʧʦʤʝʱʘʣʠ ʚ ʠʥʜʠʚʠʜʫʘʣʴʥʳʝ ʢʣʝʪʢʠ. ʇʦʩʣʝ ʨʦʜʦʚ ʠ ʜʦ 20-ʭ ʩʫʪʦʢ ʞʠʟʥʠ 

ʧʦʪʦʤʩʪʚʦ ʩʦʜʝʨʞʘʣʠ ʩ ʩʘʤʢʘʤʠ ʚ ʠʥʜʠʚʠʜʫʘʣʴʥʳʭ ʢʣʝʪʢʘʭ, ʢʨʳʩʷʪ ʦʪʙʠʨʘʣʠ 

ʠʟ ʚʩʝʭ ʧʦʤʝʪʦʚ ʨʘʚʥʦʤʝʨʥʦ, ʯʪʦ ʧʦʟʚʦʣʷʣʦ ʧʦʣʫʯʘʪʴ ʚ ʢʘʞʜʦʡ ʠʟʫʯʘʝʤʦʡ 

ʥʘʤʠ ʚʦʟʨʘʩʪʥʦʡ ʛʨʫʧʧʝ ʞʠʚʦʪʥʳʭ ʩʭʦʜʥʦʡ ʤʘʩʩʳ. 

ɺʩʝ ʵʢʩʧʝʨʠʤʝʥʪʳ ʩʦʛʣʘʩʥʦ ʧʨʠʤʝʥʷʝʤʳʤ ʤʝʪʦʜʘʤ ʤʦʞʥʦ ʨʘʟʜʝʣʠʪʴ 

ʥʘ ʪʨʠ ʛʨʫʧʧʳ:  

1. ʅʝʡʨʦʬʠʟʠʦʣʦʛʠʯʝʩʢʠʝ.  

1.1. ʈʝʛʠʩʪʨʘʮʠʷ ʠ ʘʥʘʣʠʟ ʬʦʥʦʚʦʡ ʘʢʪʠʚʥʦʩʪʠ ʚʦ ʚʥʫʪʨʝʥʥʝʤ ʩʦʥʥʦʤ 

ʥʝʨʚʝ ʢʨʘʥʠʘʣʴʥʦʛʦ ʰʝʡʥʦʛʦ ʫʟʣʘ ʧʦʜ ʚʣʠʷʥʠʝʤ ʜʦʥʦʨʘ NO ʥʠʪʨʦʧʨʫʩʩʠʜʘ 

ʥʘʪʨʠʷ ʠ ʙʣʦʢʘʪʦʨʘ ʩʠʥʪʝʟʘ NO L-NAME, ʘ ʪʘʢʞʝ ʤʝʤʙʨʘʥʦʧʨʦʥʠʢʘʶʱʝʛʦ 

ʘʥʘʣʦʛʘ ʮɻʄʌ 8Br-ʮɻʄʌ ʠ ʩʧʝʮʠʬʠʯʝʩʢʦʛʦ ʠʥʛʠʙʠʪʦʨʘ ʨʘʩʪʚʦʨʠʤʦʡ 

ʛʫʘʥʠʣʘʪʮʠʢʣʘʟʳ ODQ. (35 ʞʠʚʦʪʥʳʭ: 5 ʥʦʚʦʨʦʞʜʝʥʥʳʭ, 5 ʜʝʩʷʪʠʜʥʝʚʥʳʭ, 5 

ʜʚʘʜʮʘʪʠʜʥʝʚʥʳʭ, 5 ʦʜʥʦʤʝʩʷʯʥʳʭ ʢʨʳʩʷʪ, 5 ʜʚʫʭʤʝʩʷʯʥʳʭ, 5 

ʰʝʩʪʠʤʝʩʷʯʥʳʭ ʠ 5 ʪʨʝʭʣʝʪʥʠʭ ʢʨʳʩ). 

1.2. ʈʝʛʠʩʪʨʘʮʠʷ ʠ ʘʥʘʣʠʟ ʚʳʟʚʘʥʥʳʭ ʵʣʝʢʪʨʠʯʝʩʢʠʭ ʧʦʪʝʥʮʠʘʣʦʚ ʚ 

ʧʦʩʪʛʘʥʛʣʠʦʥʘʨʥʳʭ ʚʦʣʦʢʥʘʭ ʚʥʫʪʨʝʥʥʝʛʦ ʩʦʥʥʦʛʦ ʥʝʨʚʘ ʧʦʜ ʚʣʠʷʥʠʝʤ 

ʜʦʥʦʨʘ NO ʥʠʪʨʦʧʨʫʩʩʠʜʘ ʥʘʪʨʠʷ ʠ ʙʣʦʢʘʪʦʨʘ ʩʠʥʪʝʟʘ NO L-NAME, ʘ ʪʘʢʞʝ 

ʤʝʤʙʨʘʥʦʧʨʦʥʠʢʘʶʱʝʛʦ ʘʥʘʣʦʛʘ ʮɻʄʌ 8Br-ʮɻʄʌ ʠ ʩʧʝʮʠʬʠʯʝʩʢʦʛʦ 

ʠʥʛʠʙʠʪʦʨʘ ʨʘʩʪʚʦʨʠʤʦʡ ʛʫʘʥʠʣʘʪʮʠʢʣʘʟʳ ODQ. (35 ʞʠʚʦʪʥʳʭ: 5 

ʥʦʚʦʨʦʞʜʝʥʥʳʭ, 5 ʜʝʩʷʪʠʜʥʝʚʥʳʭ, 5 ʜʚʘʜʮʘʪʠʜʥʝʚʥʳʭ, 5 ʦʜʥʦʤʝʩʷʯʥʳʭ 

ʢʨʳʩʷʪ, 5 ʜʚʫʭʤʝʩʷʯʥʳʭ, 5 ʰʝʩʪʠʤʝʩʷʯʥʳʭ ʠ 5 ʪʨʝʭʣʝʪʥʠʭ ʢʨʳʩ). 
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2. ʀʤʤʫʥʦʛʠʩʪʦʭʠʤʠʯʝʩʢʠʝ. ɺʳʷʚʣʝʥʠʝ ʤʝʪʦʜʦʤ ʜʚʦʡʥʦʛʦ ʤʝʯʝʥʠʷ 

ʠʤʤʫʥʦʨʝʘʢʪʠʚʥʦʩʪʠ ʢ ʥʝʡʨʦʥʘʣʴʥʦʡ NO ï ʩʠʥʪʘʟʝ (nNOS), 

ʭʦʣʠʥʘʮʝʪʠʣʪʨʘʥʩʬʝʨʘʟʝ (ʍɸʊ), ʢʘʣʴʨʝʪʠʥʠʥʫ (ʂʈ), ʢʘʣʴʙʠʥʜʠʥʫ (ʂɹ), 

ʢʦʢʘʠʥ- ʠ ʘʤʬʝʪʘʤʠʥ- ʨʝʛʫʣʠʨʫʝʤʦʤʫ ʪʨʘʥʩʢʨʠʧʪʫ (CART)ʚ ʩʧʠʥʥʦʤ ʤʦʟʛʝ ʠ 

ʢʨʘʥʠʘʣʴʥʦʤ ʰʝʡʥʦʤ ʫʟʣʝ (35 ʞʠʚʦʪʥʳʭ: 5 ʥʦʚʦʨʦʞʜʝʥʥʳʭ, 5 

ʜʝʩʷʪʠʜʥʝʚʥʳʭ, 5 ʜʚʘʜʮʘʪʠʜʥʝʚʥʳʭ, 5 ʦʜʥʦʤʝʩʷʯʥʳʭ ʢʨʳʩʷʪ, 5 

ʜʚʫʭʤʝʩʷʯʥʳʭ, 5 ʰʝʩʪʠʤʝʩʷʯʥʳʭ ʠ 5 ʪʨʝʭʣʝʪʥʠʭ ʢʨʳʩ). 

3. ɺʝʩʪʝʨʥ ʙʣʦʪʪʠʥʛ. ʆʧʨʝʜʝʣʝʥʠʝ ʵʢʩʧʨʝʩʩʠʠ ʥʝʡʨʦʥʘʣʴʥʦʡ NO-

ʩʠʥʪʘʟʳ ʚ ʩʝʛʤʝʥʪʝ Th2 ʩʧʠʥʥʦʛʦ ʤʦʟʛʘ ʠ ʢʨʘʥʠʘʣʴʥʦʤ ʰʝʡʥʦʤ ʫʟʣʝ (35 

ʞʠʚʦʪʥʳʭ: 5 ʥʦʚʦʨʦʞʜʝʥʥʳʭ, 5 ʜʝʩʷʪʠʜʥʝʚʥʳʭ, 5 ʜʚʘʜʮʘʪʠʜʥʝʚʥʳʭ, 5 

ʦʜʥʦʤʝʩʷʯʥʳʭ ʢʨʳʩʷʪ, 5 ʜʚʫʭʤʝʩʷʯʥʳʭ, 5 ʰʝʩʪʠʤʝʩʷʯʥʳʭ ʠ 5 ʪʨʝʭʣʝʪʥʠʭ 

ʢʨʳʩ). 

2.3. ʕʣʝʢʪʨʦʬʠʟʠʦʣʦʛʠʯʝʩʢʠʝ ʤʝʪʦʜʳ ʠʩʩʣʝʜʦʚʘʥʠʡ. 

2.3.1. ʈʝʛʠʩʪʨʘʮʠʷ ʠ ʘʥʘʣʠʟ ʬʦʥʦʚʦʡ ʘʢʪʠʚʥʦʩʪʠ ʚʦ ʚʥʫʪʨʝʥʥʝʤ 

ʩʦʥʥʦʤ ʥʝʨʚʝ ʢʨʘʥʠʘʣʴʥʦʛʦ ʰʝʡʥʦʛʦ ʫʟʣʘ 

ʇʨʦʚʦʜʠʣʩʷ ʘʥʘʣʠʟ ʬʦʥʦʚʦʡ ʵʣʝʢʪʨʠʯʝʩʢʦʡ ʘʢʪʠʚʥʦʩʪʠ ʚ 

ʧʦʩʪʛʘʥʛʣʠʦʥʘʨʥʳʭ ʚʦʣʦʢʥʘʭ ʂʐɻ ʫ ʥʘʨʢʦʪʠʟʠʨʦʚʘʥʥʳʭ ʞʠʚʦʪʥʳʭ ʧʨʠ 

ʩʘʤʦʩʪʦʷʪʝʣʴʥʦʤ ʜʳʭʘʥʠʠ ʩ ʩʦʭʨʘʥʝʥʥʳʤ ʰʝʡʥʳʤ ʩʠʤʧʘʪʠʯʝʩʢʠʤ ʩʪʚʦʣʦʤ. 

ʂʐɻ ʧʦʤʝʱʘʣʩʷ ʚ ʚʘʥʥʦʯʢʫ ʠ ʧʝʨʬʫʟʠʨʦʚʘʣʩʷ ʨʘʩʪʚʦʨʦʤ ʂʨʝʙʩʘ (120 ʤʄ 

NaCl, 5.6 ʤʄ KCl, 2 ʤʄ CaCl2, 26 ʤʄ NaHCO3, 1.19 ʤʄ MgSO4, 1.18 ʤʄ 

KH2PO4, 11 ʤʄ ʛʣʶʢʦʟʳ) ʩ ʧʨʦʧʫʩʢʘʥʠʝʤ ʛʘʟʦʚʦʡ ʩʤʝʩʠ 5% CO2, 95% ʆ2 ʩ 

ʧʦʤʦʱʴʶ 4-ʢʘʥʘʣʴʥʦʡ ʩʠʩʪʝʤʳ ʘʧʧʣʠʢʘʮʠʠ ʨʘʩʪʚʦʨʦʚ ("ɹʠʦʪʝʭʥʦʣʦʛʠʠ").  
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ʈʠʩ. 3. ʉʭʝʤʘ ʨʝʛʠʩʪʨʘʮʠʠ ʬʦʥʦʚʦʡ ʘʢʪʠʚʥʦʩʪʠ ʂʐɻ. 

1. ʂʐɻ; 2. ʩʪʝʢʣʷʥʥʳʡ ʧʨʠʩʘʩʳʚʘʶʱʠʡʩʷ ʵʣʝʢʪʨʦʜ; 3. ʠʥʜʠʬʬʝʨʝʥʪʥʳʡ 

ʵʣʝʢʪʨʦʜ; 4. ʪʨʫʙʢʘ 4-ʢʘʥʘʣʴʥʦʡ ʩʠʩʪʝʤʳ ʘʧʧʣʠʢʘʮʠʠ ʨʘʩʪʚʦʨʦʚ; 5. ʪʨʫʙʢʘ 

ʘʩʧʠʨʘʪʦʨʘ. 

ʕʣʝʢʪʨʠʯʝʩʢʘʷ ʘʢʪʠʚʥʦʩʪʴ ʦʪ ʚʥʫʪʨʝʥʥʝʛʦ ʩʦʥʥʦʛʦ ʥʝʨʚʘ 

ʨʝʛʠʩʪʨʠʨʦʚʘʣʘʩʴ ʩ ʧʦʤʦʱʴʶ ʩʪʝʢʣʷʥʥʳʭ ʧʨʠʩʘʩʳʚʘʶʱʠʭʩʷ ʵʣʝʢʪʨʦʜʦʚ 

ʜʠʘʤʝʪʨʦʤ 50 ʤʢʤ ʠ ʧʦʜʘʚʘʣʘʩʴ ʥʘ ʚʭʦʜ ʫʩʠʣʠʪʝʣʷ ʧʝʨʝʤʝʥʥʦʛʦ ʪʦʢʘ 

(Digitimer Neurolog, ɺʝʣʠʢʦʙʨʠʪʘʥʠʷ). ʇʦʣʦʩʘ ʧʨʦʧʫʩʢʘʥʠʷ ʚʳʙʠʨʘʣʘʩʴ ʦʪ 

100 ʜʦ 2000 ɻʮ. ʉʠʛʥʘʣ ʦʮʠʬʨʦʚʳʚʘʣʩʷ ʩ ʯʘʩʪʦʪʦʡ 20 ʢɻʮ ʧʨʠ ʧʦʤʦʱʠ ɸʎʇ 

ɽ20-10 (L-CARD, ʈʦʩʩʠʷ) ʠ ʟʘʧʠʩʳʚʘʣʩʷ ʥʘ ʞʝʩʪʢʠʡ ʜʠʩʢ ʢʦʤʧʴʶʪʝʨʘ (ʚʨʝʤʷ 

ʟʘʧʠʩʠ 60 ʩ), ʧʦʩʣʝ ʯʝʛʦ ʧʦʜʚʝʨʛʘʣʩʷ off-line ʘʥʘʣʠʟʫ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ 

ʧʨʦʛʨʘʤʤʳ Power Graph, ʚʝʨʩʠʷ 3.2 (ʈʦʩʩʠʷ). ʇʨʠ ʵʪʦʤ ʩʠʛʥʘʣ ʦʪ ʥʝʨʚʦʚ 

ʧʦʜʚʝʨʛʘʣʩʷ ʦʙʨʘʙʦʪʢʝ ʩ ʧʦʩʪʨʦʝʥʠʝʤ ʦʛʠʙʘʶʱʝʡ ʠ ʧʦʩʣʝʜʫʶʱʝʛʦ 

ʠʥʪʝʛʨʠʨʦʚʘʥʠʷ ʩ ʧʦʩʪʦʷʥʥʦʡ ʚʨʝʤʝʥʠ 20 ʤʩ. ɼʘʣʴʥʝʡʰʠʡ ʘʥʘʣʠʟ ʚʢʣʶʯʘʣ 

ʧʦʩʪʨʦʝʥʠʝ ʩʧʝʢʪʨʘ ʤʦʱʥʦʩʪʠ, ʢʦʪʦʨʳʡ ʚʳʯʠʩʣʷʣʩʷ ʥʘ ʦʩʥʦʚʘʥʠʠ ʙʳʩʪʨʦʛʦ 

ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʌʫʨʴʝ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʦʢʦʥ ʍʘʤʤʠʥʛʘ. ʊʘʢʞʝ 

ʦʧʨʝʜʝʣʷʣʦʩʴ ʩʨʝʜʥʝʝ ʟʥʘʯʝʥʠʝ ʘʤʧʣʠʪʫʜʳ. 
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ʇʨʠ ʟʘʚʝʨʰʝʥʠʠ ʵʢʩʧʝʨʠʤʝʥʪʘ ʞʠʚʦʪʥʦʝ ʫʩʳʧʣʷʣʦʩʴ ʧʝʨʝʜʦʟʠʨʦʚʢʦʡ 

ʫʨʝʪʘʥʘ (3 ʛ/ʢʛ ʤʘʩʩʳ). ʏʝʨʝʟ 20 ʤʠʥ ʧʦʩʣʝ ʦʩʪʘʥʦʚʢʠ ʩʝʨʜʮʘ ʟʘʧʠʩʳʚʘʣʠ ʰʫʤ 

ʫʩʠʣʠʪʝʣʷ ʙʠʦʧʦʪʝʥʮʠʘʣʦʚ, ʥʝ ʩʥʠʤʘʷ ʥʝʨʚ ʩ ʵʣʝʢʪʨʦʜʦʚ. ɼʘʥʥʳʝ 

ʨʝʛʠʩʪʨʘʮʠʠ ʦʙʨʘʙʘʪʳʚʘʣʠ ʪʝʤ ʞʝ ʤʝʪʦʜʦʤ, ʯʪʦ ʠ ʚ ʩʣʫʯʘʝ ʟʘʧʠʩʠ ʥʝʨʚʥʦʡ 

ʘʢʪʠʚʥʦʩʪʠ. ʇʨʦʠʟʚʦʜʠʣʠ ʩʨʘʚʥʝʥʠʝ ʜʘʥʥʳʭ ʘʥʘʣʠʟʘ ʥʝʨʚʥʦʡ ʘʢʪʠʚʥʦʩʪʠ ʩ 

ʰʫʤʦʤ, ʩ ʧʦʩʣʝʜʫʶʱʠʤ ʚʳʯʝʪʦʤ ʠʟ ʩʧʝʢʪʨʘ ʤʦʱʥʦʩʪʠ ʰʫʤʦʚʦʛʦ 

ʢʦʤʧʦʥʝʥʪʘ. 

 

2.3.2. ʈʝʛʠʩʪʨʘʮʠʷ ʠ ʘʥʘʣʠʟ ʚʳʟʚʘʥʥʳʭ ʵʣʝʢʪʨʠʯʝʩʢʠʭ 

ʧʦʪʝʥʮʠʘʣʦʚ ʚ ʧʦʩʪʛʘʥʛʣʠʦʥʘʨʥʳʭ ʚʦʣʦʢʥʘʭ ʚʥʫʪʨʝʥʥʝʛʦ ʩʦʥʥʦʛʦ ʥʝʨʚʘ. 

ɺʳʟʚʘʥʥʳʝ ʵʣʝʢʪʨʠʯʝʩʢʠʝ ʧʦʪʝʥʮʠʘʣʳ ʚ ʧʦʩʪʛʘʥʛʣʠʦʥʘʨʥʳʭ ʚʦʣʦʢʥʘʭ 

ʚʥʫʪʨʝʥʥʝʛʦ ʩʦʥʥʦʛʦ ʥʝʨʚʘ ʂʐɻ ʨʝʛʠʩʪʨʠʨʦʚʘʣʠʩʴ in vitro. ʂʐɻ ʚʳʜʝʣʷʣʩʷ 

ʚʤʝʩʪʝ ʩ ʰʝʡʥʳʤ ʩʠʤʧʘʪʠʯʝʩʢʠʤ ʠ ʚʥʫʪʨʝʥʥʠʤ ʩʦʥʥʳʤ ʥʝʨʚʦʤ, ʧʦʤʝʱʘʣʩʷ ʚ 

ʚʘʥʥʦʯʢʫ ʠ ʧʝʨʬʫʟʠʨʦʚʘʣʩʷ ʨʘʩʪʚʦʨʦʤ ʂʨʝʙʩʘ (ʩʤ. ʧ. 2.5.1).  

ʇʨʝʛʘʥʛʣʠʦʥʘʨʥʳʡ ʥʝʨʚ ʧʦʤʝʱʘʣʩʷ ʥʘ ʚʦʣʴʬʨʘʤʦʚʳʝ ʵʣʝʢʪʨʦʜʳ ʠ 

ʩʪʠʤʫʣʠʨʦʚʘʣʩʷ ʧʨʷʤʦʫʛʦʣʴʥʳʤʠ ʵʣʝʢʪʨʠʯʝʩʢʠʤʠ ʠʤʧʫʣʴʩʘʤʠ 

ʩʚʝʨʭʧʦʨʦʛʦʚʦʡ ʩʠʣʳ ʜʣʠʪʝʣʴʥʦʩʪʴʶ 0.2-0.3 ʤʩ ʩ ʯʘʩʪʦʪʦʡ 0.2-0.4 ʠʤʧ/ʩ.  

ʕʣʝʢʪʨʠʯʝʩʢʘʷ ʘʢʪʠʚʥʦʩʪʴ ʦʪ ʚʥʫʪʨʝʥʥʝʛʦ ʩʦʥʥʦʛʦ ʥʝʨʚʘ 

ʨʝʛʠʩʪʨʠʨʦʚʘʣʘʩʴ ʩ ʧʦʤʦʱʴʶ ʩʪʝʢʣʷʥʥʳʭ ʧʨʠʩʘʩʳʚʘʶʱʠʭʩʷ ʵʣʝʢʪʨʦʜʦʚ 

ʜʠʘʤʝʪʨʦʤ 50 ʤʢʤ ʠ ʧʦʜʘʚʘʣʘʩʴ ʥʘ ʚʭʦʜ ʫʩʠʣʠʪʝʣʷ ʧʝʨʝʤʝʥʥʦʛʦ ʪʦʢʘ 

(Digitimer Neurolog, ɺʝʣʠʢʦʙʨʠʪʘʥʠʷ). ʇʦʣʦʩʘ ʧʨʦʧʫʩʢʘʥʠʷ ʚʳʙʠʨʘʣʘʩʴ ʦʪ 0 

ʜʦ 100 ɻʮ. ʉʠʛʥʘʣ ʦʮʠʬʨʦʚʳʚʘʣʩʷ ʩ ʯʘʩʪʦʪʦʡ 1 ʢɻʮ ʧʨʠ ʧʦʤʦʱʠ ʫʩʪʨʦʡʩʪʚʘ 

ʩʙʦʨʘ ʜʘʥʥʳʭ CED Micro 1401-3 (ɺʝʣʠʢʦʙʨʠʪʘʥʠʷ) ʧʦʜ ʫʧʨʘʚʣʝʥʠʝʤ 

ʧʨʦʛʨʘʤʤʳ Signal ʚʝʨʩʠʷ 5 (ɺʝʣʠʢʦʙʨʠʪʘʥʠʷ). ɸʥʘʣʠʟ ʜʘʥʥʳʭ ʪʘʢʞʝ 

ʧʨʦʚʦʜʠʣʩʷ ʧʨʠ ʧʦʤʦʱʠ ʚʳʰʝʫʢʘʟʘʥʥʦʡ ʧʨʦʛʨʘʤʤʳ. 
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2.4. ʀʤʤʫʥʦʛʠʩʪʦʭʠʤʠʯʝʩʢʠʡ ʤʝʪʦʜ 

ʕʚʪʘʥʘʟʠʶ ʞʠʚʦʪʥʳʭ ʦʩʫʱʝʩʪʚʣʷʣʠ ʧʦʜ ʫʨʝʪʘʥʦʚʳʤ ʥʘʨʢʦʟʦʤ (3 ʛ/ʢʛ, 

ʚʥʫʪʨʠʙʨʶʰʠʥʥʦ), ʜʘʣʝʝ ʧʨʦʚʦʜʠʣʠ ʪʨʘʥʩʢʘʨʜʠʘʣʴʥʫʶ ʧʝʨʬʫʟʠʶ 

ʬʠʟʠʦʣʦʛʠʯʝʩʢʠʤ ʨʘʩʪʚʦʨʦʤ ʩ ʛʝʧʘʨʠʥʦʤ (5 ɽʜ/ʣ) ʚ ʩʣʝʜʫʶʱʠʭ ʦʙʲʸʤʘʭ: 20 

ʤʣ (ʥʦʚʦʨʦʞʜʝʥʥʳʤ ʠ 10-ʩʫʪʦʯʥʳʤ), 100 ʤʣ (20- 30- ʩʫʪʦʯʥʳʤ) ʠ 500 ʤʣ (2 

ʤʝʩʷʯʥʳʤ ʠ ʩʪʘʨʰʝ), ʟʘʪʝʤ ʘʥʘʣʦʛʠʯʥʳʤʠ ʦʙʲʸʤʘʤʠ 4% ʨʘʩʪʚʦʨʘ 

ʧʘʨʘʬʦʨʤʘʣʴʜʝʛʜʘ ʥʘ 0,1ʄ ʬʦʩʬʘʪʥʦʤ ʙʫʬʝʨʝ (ʨʅ 7,4) ʚ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ 

ʚʦʟʨʘʩʪʥʳʭ ʛʨʫʧʧʘʭ. 

ʇʦʩʣʝ ʧʨʦʚʝʜʝʥʠʷ ʧʝʨʬʫʟʠʠ ʧʨʦʠʟʚʦʜʠʣʠ ʜʦʩʪʫʧ ʢ ʩʝʛʤʝʥʪʘʤ 

ʰʝʡʥʦʛʦ ʠ ʛʨʫʜʥʦʛʦ ʦʪʜʝʣʦʚ ʩʧʠʥʥʦʛʦ ʤʦʟʛʘ ʧʫʪʝʤ ʜʚʫʭʩʪʦʨʦʥʥʝʡ 

ʣʘʤʠʥʵʢʪʦʤʠʠ. ʋ ʞʠʚʦʪʥʳʭ ʚʩʝʭ ʚʦʟʨʘʩʪʥʳʭ ʛʨʫʧʧ ʧʨʦʠʟʚʦʜʠʣʩʷ ʟʘʙʦʨ Th2 

ʩʝʛʤʝʥʪʦʚ ʛʨʫʜʥʦʛʦ ʦʪʜʝʣʘ ʩʧʠʥʥʦʛʦ ʤʦʟʛʘ. ɼʦʩʪʫʧ ʢ ʢʨʘʥʠʘʣʴʥʦ ʰʝʡʥʦʤʫ 

ʛʘʥʛʣʠʶ ʩʠʤʧʘʪʠʯʝʩʢʦʛʦ ʩʪʚʦʣʘ ʦʩʫʱʝʩʪʚʣʷʣʩʷ ʧʫʪʸʤ ʧʦʩʣʦʡʥʦʛʦ ʨʘʩʩʝʯʝʥʠʷ 

ʤʷʛʢʠʭ ʪʢʘʥʝʡ ʧʝʨʝʜʥʝʡ ʧʦʚʝʨʭʥʦʩʪʠ ʰʝʠ ʠ ʩʤʝʱʝʥʠʷ ʧʦʜʣʝʞʘʱʠʭ ʤʳʰʮ. 

ɺʳʜʝʣʝʥʥʳʡ ʤʘʪʝʨʠʘʣ ʬʠʢʩʠʨʦʚʘʣʠ ʚ ʪʝʯʝʥʠʝ 2 ʯʘʩʦʚ ʚ ʧʨʝʜʳʜʫʱʝʡ 

ʩʤʝʩʠ, ʧʦʩʣʝ ʯʝʛʦ ʧʨʦʤʳʚʘʣʠ ʪʨʝʭʢʨʘʪʥʦ ʚ 0,01 M ʬʦʩʬʘʪʥʦ-ʩʦʣʝʚʦʤ ʙʫʬʝʨʝ 

(PBS) pH 7,4 (ʆʆʆ çɹʠʦʣʦʪè, ʉʘʥʢʪ-ʇʝʪʝʨʙʫʨʛ, ʈʦʩʩʠʷ) ʚ ʪʝʯʝʥʠʝ 30 ʤʠʥʫʪ ʠ 

ʦʩʪʘʚʣʷʣʠ ʚ 30% ʨʘʩʪʚʦʨʝ ʩʘʭʘʨʦʟʳ ʥʘ 24 ʯʘʩʘ. ʀʟ ʬʠʢʩʠʨʦʚʘʥʥʦʛʦ ʤʘʪʝʨʠʘʣʘ 

ʥʘ ʢʨʠʦʩʪʘʪʝ ʛʦʪʦʚʠʣʠ ʩʝʨʠʠ ʩʨʝʟʦʚ ʪʦʣʱʠʥʦʡ 14 ʤʢʤ.  

ɺʳʷʚʣʝʥʠʝ ʠʤʤʫʥʦʨʝʘʢʪʠʚʥʦʩʪʠ ʢ nNOS, ʍɸʊ, ʂʈ, ʂɹ, CART 

ʧʨʦʠʟʚʦʜʠʣʩʷ ʧʨʠ ʧʦʤʦʱʠ ʠʤʤʫʥʦʛʠʩʪʦʭʠʤʠʯʝʩʢʠʭ ʤʝʪʦʜʦʚ ʜʚʦʡʥʦʛʦ 

ʤʝʯʝʥʠʷ. ʉʨʝʟʳ ʧʨʝʠʥʢʫʙʠʨʦʚʘʣʠʩʴ ʚ ʪʝʯʝʥʠʝ 30 ʤʠʥ ʧʨʠ ʢʦʤʥʘʪʥʦʡ 

ʪʝʤʧʝʨʘʪʫʨʝ ʚ PBS ʩ ʜʦʙʘʚʣʝʥʠʝʤ 10% ʩʳʚʦʨʦʪʢʠ, 1% ʪʨʠʪʦʥ X ï 100, 0.1% 

ʙʳʯʴʝʛʦ ʩʳʚʦʨʦʪʦʯʥʦʛʦ ʘʣʴʙʫʤʠʥʘ. ɿʘʪʝʤ ʩʨʝʟʳ ʠʥʢʫʙʠʨʦʚʘʣʠʩʴ ʩ 

ʧʝʨʚʠʯʥʳʤʠ ʘʥʪʠʪʝʣʘʤʠ (ʪʘʙʣ. 1) ʚ ʪʝʯʝʥʠʝ 24 ʯ ʧʨʠ ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ.  

ʀʩʩʣʝʜʦʚʘʣʠʩʴ ʢʦʤʙʠʥʘʮʠʠ ʘʥʪʠʪʝʣ: nNOS+PGP9.5 (ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ 

ʧʨʦʮʝʥʪʘ nNOS ʚ ʷʜʨʘʭ ʩʧʠʥʥʦʛʦ ʤʦʟʛʘ), ʘ ʪʘʢʞʝ ʜʣʷ ʠʩʩʣʝʜʦʚʘʥʠʷ 

ʩʦʣʦʢʘʣʠʟʘʮʠʠ nNOS c ʜʨʫʛʠʤʠ ʤʘʨʢʝʨʘʤʠ: nNOS+ʍɸʊ (ʚ ʩʧʠʥʥʦʤ ʤʦʟʛʝ ʠ 

ʂʐɻ), nNOS+ʂɹ (ʚ ʩʧʠʥʥʦʤ ʤʦʟʛʝ) nNOS+ʂʈ (ʚ ʩʧʠʥʥʦʤ ʤʦʟʛʝ ʠ ʂʐɻ) 

nNOS+CART (ʚ ʩʧʠʥʥʦʤ ʤʦʟʛʝ ʠ ʂʐɻ). ɺʳʙʦʨ nNOS, ʍɸʊ, ʂʈ, ʂɹ, CART 
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ʦʙʲʷʩʥʷʝʪʩʷ ʪʝʤ, ʯʪʦ ʩʦʛʣʘʩʥʦ ʣʠʪʝʨʘʪʫʨʥʳʤ ʜʘʥʥʳʤ, ʚʳʰʝʫʢʘʟʘʥʥʳʝ 

ʤʘʨʢʝʨʳ ʚ ʦʩʥʦʚʥʦʤ ʧʨʠʩʫʪʩʪʚʫʶʪ ʚ ʧʨʝʛʘʥʛʣʠʦʥʘʨʥʳʭ ʥʝʡʨʦʥʘʭ, ʠ 

ʦʪʩʫʪʩʪʚʫʶʪ ʠʣʠ ʠʤʝʶʪʩʷ ʚ ʦʯʝʥʴ ʥʝʙʦʣʴʰʦʤ ʯʠʩʣʝ ʚ ʧʦʩʪʛʘʥʛʣʠʦʥʘʨʥʳʭ 

ʥʝʡʨʦʥʘʭ (ɿʘ ʠʩʢʣʶʯʝʥʠʝʤ ʂɹ, ʚʳʷʚʣʷʶʱʝʛʦ ʚ ʛʘʥʛʣʠʦʥʘʨʥʳʭ ʥʝʡʨʦʥʘʭ. 

ʇʦʵʪʦʤʫ ʨʘʩʧʨʝʜʝʣʝʥʠʝ nNOS+ʂɹ ʚ ʂʐɻ ʥʝ ʠʩʩʣʝʜʦʚʘʣʦʩʴ, ʪ.ʢ. ʥʝ 

ʧʨʝʜʩʪʘʚʣʷʣʦʩʴ ʚʦʟʤʦʞʥʳʤ ʨʘʟʜʝʣʠʪʴ ʂɹ-ʀʈ ʧʨʝ- ʠ ʧʦʩʪʛʘʥʛʣʠʦʥʘʨʥʳʝ 

ʚʦʣʦʢʥʘ). 

ʇʦʩʣʝ ʢʨʘʪʢʦʚʨʝʤʝʥʥʦʡ ʧʨʦʤʳʚʢʠ ʩʨʝʟʳ ʜʘʣʝʝ ʠʥʢʫʙʠʨʦʚʘʣʠʩʴ ʩ 

ʚʪʦʨʠʯʥʳʤʠ ʘʥʪʠʪʝʣʘʤʠ, ʢʦʥʲʶʛʠʨʦʚʘʥʥʳʤʠ ʩ ʬʣʶʦʨʦʭʨʦʤʦʤ 

ʬʣʶʦʨʝʩʮʝʠʥ-ʠʟʦʪʠʦʮʠʘʥʘʪʦʤ (FITC), ʜʘʶʱʠʤ ʟʝʣʝʥʫʶ ʬʣʫʦʨʝʩʮʝʥʮʠʶ, ʠʣʠ 

ʠʥʜʦʢʘʨʙʦʮʠʘʥʠʥʦʤ (CY3), ʜʘʶʱʠʤ ʢʨʘʩʥʫʶ ʬʣʫʦʨʝʩʮʝʥʮʠʶ (Jackson 

Immunoresearch, ʉʐɸ, ʨʘʟʚʝʜʝʥʠʝ 1:150) ʚ ʪʝʯʝʥʠʝ 2 ʯ (ʪʘʙʣ. 2). ʇʦʩʣʝ ʯʝʛʦ 

ʩʨʝʟʳ ʦʪʤʳʚʘʣʠ ʚ PBS ʠ ʟʘʢʣʶʯʘʣʠ ʚ ʩʨʝʜʫ ʜʣʷ ʠʤʤʫʥʦʬʣʶʦʨʝʩʮʝʥʮʠʠ 

(VectaShield, Vector Laboratories, ʉʐɸ).  

ɸʥʘʣʠʟ ʧʨʝʧʘʨʘʪʦʚ, ʧʦʜʚʝʨʛʥʫʪʳʭ ʧʨʦʮʝʜʫʨʝ 

ʠʤʤʫʥʦʛʠʩʪʦʭʠʤʠʯʝʩʢʦʡ ʦʙʨʘʙʦʪʢʠ, ʧʨʦʚʦʜʠʣʩʷ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ 

ʧʨʦʛʨʘʤʤʥʦ-ʘʧʧʘʨʘʪʥʦʛʦ ʢʦʤʧʣʝʢʩʘ, ʚʢʣʶʯʘʶʱʝʛʦ ʬʣʫʦʨʝʩʮʝʥʪʥʳʡ 

ʤʠʢʨʦʩʢʦʧ Olympus BX45 (ʗʧʦʥʠʷ) ʩ ʥʘʙʦʨʦʤ ʬʠʣʴʪʨʦʚ (ʤʦʜʫʣʴ ʟʝʨʢʘʣ U-

FBWA - ʩʠʥʝʝ ʚʦʟʙʫʞʜʝʥʠʝ, ʬʠʣʴʪʨ ʚʦʟʙʫʞʜʝʥʠʷ BP460-495, ʙʘʨʴʝʨʥʳʡ 

ʬʠʣʴʪʨ BA510-550; ʤʦʜʫʣʴ ʟʝʨʢʘʣ U-FGWɸ - ʟʝʣʝʥʦʝ ʚʦʟʙʫʞʜʝʥʠʝ, ʬʠʣʴʪʨ 

ʚʦʟʙʫʞʜʝʥʠʷ BP530-550, ʙʘʨʴʝʨʥʳʡ ʬʠʣʴʪʨ BA575-625), ʦʭʣʘʞʜʘʝʤʫʶ ʉʉD 

ʢʘʤʝʨʫ Tucsen TCH-5.0ICE (Xintu Photonics, ʂʠʪʘʡ) ʠ ʢʦʤʧʴʶʪʝʨ ʥʘ ʙʘʟʝ 

ʧʨʦʮʝʩʩʦʨʘ Intel Core i7. ʇʦʣʫʯʝʥʠʝ ʠ ʧʦʩʣʝʜʫʶʱʘʷ ʦʙʨʘʙʦʪʢʘ ʠʟʦʙʨʘʞʝʥʠʡ 

ʧʨʦʚʦʜʠʣʘʩʴ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʧʨʦʛʨʘʤʤʳ ISCapture, ʚʝʨʩʠʷ 3.6 (Xintu 

Photonics, ʂʠʪʘʡ).  

ʉʨʝʜʥʷʷ ʧʣʦʱʘʜʴ ʩʝʯʝʥʠʷ ʠ ʧʨʦʮʝʥʪ ʠʤʤʫʥʦʨʝʘʢʪʠʚʥʳʭ ʥʝʡʨʦʥʦʚ, ʘ 

ʪʘʢʞʝ ʧʣʦʪʥʦʩʪʴ ʀʈ ʚʦʣʦʢʦʥ ʦʧʨʝʜʝʣʷʣʠʩʴ ʧʨʠ ʧʦʤʦʱʠ ʧʨʦʛʨʘʤʤʳ ImageJ 

(NIH, ʉʐɸ). ɸʥʘʣʠʟʫ ʧʦʜʣʝʞʘʣʠ ʥʝʨʚʥʳʝ ʢʣʝʪʢʠ, ʩʨʝʟ ʢʦʪʦʨʳʭ ʧʨʦʰʝʣ 

ʯʝʨʝʟ ʷʜʨʦ. ɼʣʷ ʨʘʩʩʯʝʪʘ ʧʨʦʮʝʥʪʘ nNOS-ʀʈ ʥʝʡʨʦʥʦʚ ʦʧʨʝʜʝʣʷʣʠ ʠʭ 

ʦʪʥʦʰʝʥʠʝ ʢ ʦʙʱʝʤʫ ʯʠʩʣʫ ʠʤʤʫʥʦʧʦʟʠʪʠʚʥʳʭ ʥʝʡʨʦʥʦʚ, ʢʦʪʦʨʦʝ 
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ʧʨʠʥʠʤʘʣʠ ʟʘ 100%. ʇʣʦʪʥʦʩʪʴ ʚʦʣʦʢʦʥ ʦʧʨʝʜʝʣʷʣʠ ʧʦ ʧʨʦʛʨʘʤʤʝ ImageJ ʢʘʢ 

ʧʨʦʮʝʥʪ ʦʪ ʧʣʦʱʘʜʠ, ʟʘʥʠʤʘʝʤʦʡ nNOS-ʀʈ ʚʦʣʦʢʥʘʤʠ ʢ ʦʙʱʝʡ ʧʣʦʱʘʜʠ ʫʟʣʘ 

ʥʘ ʩʨʝʟʝ. 

ʊʘʙʣʠʮʘ 1. 

ʀʩʧʦʣʴʟʦʚʘʥʥʳʝ ʧʝʨʚʠʯʥʳʝ ʘʥʪʠʪʝʣʘ 

ʊʠʧ ʘʥʪʠʪʝʣ ɾʠʚʦʪʥʦʝ-

ʜʦʥʦʨ 

ʈʘʟʚʝʜʝʥʠʝ ʀʩʪʦʯʥʠʢ 

nNOS ʂʨʦʣʠʢ 1:200 Abcam, ab15323, ɺʝʣʠʢʦʙʨʠʪʘʥʠʷ 

ʍɸʊ ʂʦʟʘ 1:100 Millipore, AB144P, ʉʐɸ 

ʂʘʣʴʙʠʥʜʠʥ ʂʨʦʣʠʢ 1:500 Abcam, ab11426, ɺʝʣʠʢʦʙʨʠʪʘʥʠʷ 

ʂʘʣʴʨʝʪʠʥʠʥ ʂʨʦʣʠʢ 1:100 Abcam, ab702, ɺʝʣʠʢʦʙʨʠʪʘʥʠʷ 

CART ʂʨʦʣʠʢ 1:200 Phoenix Pharmaceuticals, H-003-62, 

ʂʠʪʘʡ 

PGP9.5 ʄʦʨʩʢʘʷ ʉʚʠʥʢʘ 1:100 Abcam, ab10410, ɺʝʣʠʢʦʙʨʠʪʘʥʠʷ 

ʊʘʙʣʠʮʘ 2. 

ʀʩʧʦʣʴʟʦʚʘʥʥʳʝ ʚʪʦʨʠʯʥʳʝ ʘʥʪʠʪʝʣʘ 

ʊʠʧ ʘʥʪʠʪʝʣ ɾʠʚʦʪʥʦʝ 

-ʜʦʥʦʨ 

ʈʘʟʚʝʜʝ-

ʥʠʝ 

ʀʩʪʦʯʥʠʢ 

ɸʥʪʠʢʨʦʣʠʯʠʡ IgG  FITʉ-

ʢʦʥʲʶʛʠʨʦʚʘʥʥʳʡ 

ʦʩʝʣ 1:150 Jackson Immunoresearch, 

ʉʐɸ 

ɸʥʪʠʢʨʦʣʠʯʠʡ IgG CY3- 

ʢʦʥʲʶʛʠʨʦʚʘʥʥʳʡ 

ʦʩʝʣ 1:150 Jackson Immunoresearch, 

ʉʐɸ 

ɸʥʪʠʢʦʟʠʡ IgG  FITʉ-

ʢʦʥʲʶʛʠʨʦʚʘʥʥʳʡ 

ʦʩʝʣ 1:100 Jackson Immunoresearch, 

ʉʐɸ 

ɸʥʪʠʢʦʟʠʡ IgG CY3- 

ʢʦʥʲʶʛʠʨʦʚʘʥʥʳʡ 

ʦʩʝʣ 1:100 Jackson Immunoresearch, 

ʉʐɸ 

ɸʥʪʠ-ʤʦʨʩʢʘʷ ʩʚʠʥʢʘ IgG  

FITʉ-ʢʦʥʲʶʛʠʨʦʚʘʥʥʳʡ 

ʦʩʝʣ 1:150 Jackson Immunoresearch, 

ʉʐɸ 
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2.5. ɺʝʩʪʝʨʥ ï ʙʣʦʪʪʠʥʛ 

ʄʝʪʦʜʠʢʘ ʠʟʚʣʝʯʝʥʠʷ Th2 ʩʝʛʤʝʥʪʘ ʠ ʂʐɻ ʩʭʦʜʥʘ ʩ ʚʳʰʝʦʧʠʩʘʥʥʦʡ, 

ʧʨʠʤʝʥʷʝʤʦʡ ʧʨʠ ʠʤʤʫʥʦʛʠʩʪʦʭʠʤʠʯʝʩʢʠʭ ʵʢʩʧʝʨʠʤʝʥʪʘʭ, ʠ ʦʪʣʠʯʘʝʪʩʷ 

ʣʠʰʴ ʪʝʤ, ʯʪʦ ʧʦʩʣʝ ʚʚʝʜʝʥʠʷ ʣʝʪʘʣʴʥʦʡ ʜʦʟʳ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʧʝʨʬʫʟʠʷ 

ʭʦʣʦʜʥʳʤ (+ 4
0 
ʉ) 0.1ʄ ʨʘʩʪʚʦʨʦʤ ʬʦʩʬʘʪʥʦʛʦ ʙʫʬʝʨʘ (PBS) ʠ ʚʩʝ 

ʜʘʣʴʥʝʡʰʠʝ ʤʘʥʠʧʫʣʷʮʠʠ ʩ ʧʨʝʧʘʨʘʪʦʤ ʦʩʫʱʝʩʪʚʣʷʶʪʩʷ ʥʘ ʢʫʩʢʝ ʣʴʜʘ. 

ʅʝʦʙʭʦʜʠʤʳʡ ʜʣʷ ʘʥʘʣʠʟʘ ʤʘʪʝʨʠʘʣ, ʚʟʚʝʰʠʚʘʣʠ ʠ ʛʦʤʦʛʝʥʠʟʠʨʦʚʘʣʠ ʚ 

ʜʝʩʷʪʠʢʨʘʪʥʦʤ ʨʘʩʪʚʦʨʝ ʣʠʟʠʨʫʶʱʝʛʦ ʙʫʬʝʨʘ (0,02ʄ TRIS (hydroxymethyl-

aminomethane), 0,15ʄ NaCl, 0,001ʄ EDTA, 1% Triton X-100, ʨʅ 7,5), ʢʦʪʦʨʳʡ 

ʩʤʝʰʠʚʘʣʠ ʩ ʠʥʛʠʙʠʪʦʨʦʤ ʧʨʦʪʝʘʟ (Sigma, ʉʐɸ).  ʇʦʩʣʝ ʮʝʥʪʨʠʬʫʛʠʨʦʚʘʥʠʷ 

ʚ ʪʝʯʝʥʠʝ 15 ʤʠʥʫʪ (10 000 ʦʙ./ʤʠʥ. (12 G)), ʘʩʧʠʨʠʨʦʚʘʣʠ ʧʨʦʟʨʘʯʥʫʶ ʯʘʩʪʴ 

ʮʝʥʪʨʠʬʫʛʘʪʘ ʥʝ ʢʘʩʘʷʩʴ ʦʩʘʜʢʘ, ʢʦʣʠʯʝʩʪʚʦ ʙʝʣʢʘ ʚ ʣʠʟʘʪʝ ʦʧʨʝʜʝʣʷʣʠ ʧʦ 

ʤʝʪʦʜʫ ɹʨʝʜʬʦʨʜ (Bradford, 1976) ʩ ʧʦʤʦʱʴʶ ʤʘʩʩʧʝʢʪʨʦʤʝʪʨʘ (Analytic Jena 

Spekol 1300, ɻʝʨʤʘʥʠʷ) ʧʨʠ 595 ʥʤ ʠ ʢʫʤʘʩʠ-G (1 ʤʢʣ ʥʘ 1 ʤʣ ʧʨʦʙʳ). ɺ 

ʢʘʯʝʩʪʚʝ ʩʪʘʥʜʘʨʪʘ ʙʳʣʘ ʠʩʧʦʣʴʟʦʚʘʥʘ ʢʨʠʚʘʷ ʜʣʷ ʠʟʤʝʥʝʥʠʷ ʢʦʥʮʝʥʪʨʘʮʠʠ 

ʙʝʣʢʘ ʚ ʙʳʯʴʝʤ ʩʳʚʦʨʦʪʦʯʥʦʤ ʘʣʴʙʫʤʠʥʝ. ʂʦʣʠʯʝʩʪʚʦ ʙʝʣʢʘ ʚ ʧʨʦʙʘʭ 

ʚʳʨʘʚʥʠʚʘʣʠ ʣʠʟʠʨʫʶʱʠʤ ʙʫʬʝʨʦʤ. ʇʦʣʫʯʝʥʥʳʡ ʨʘʩʪʚʦʨ ʩʤʝʰʠʚʘʣʠ ʩ SDS-

ʙʫʬʝʨʦʤ (6% SDS - sodium dodecyl sulfate, 0,2M TRIS-HCl, 15% ʛʣʠʮʝʨʠʥ, 3% 

ʙʨʦʤʬʝʥʦʣʦʚʳʡ ʩʠʥʠʡ, 10% ɓ-ʤʝʨʢʘʧʪʦʵʪʘʥʦʣ, pH 6,7) ʚ ʩʦʦʪʥʦʰʝʥʠʠ 2:1, 

ʟʘʪʝʤ ʚ ʪʝʯʝʥʠʝ 5 ʤʠʥʫʪ ʥʘʛʨʝʚʘʣʠ ʥʘ ʚʦʜʷʥʦʡ ʙʘʥʝ ʧʨʠ 95 
0 
ʉ.   ɻʦʪʦʚʳʝ 

ʧʨʦʙʳ ʭʨʘʥʠʣʠ ʧʨʠ - 25 
0
 ʉ.   

ɺ ʜʝʥʴ ʧʨʦʚʝʜʝʥʠʷ ʵʣʝʢʪʨʦʬʦʨʝʟʘ ʧʨʦʙʳ ʨʘʟʤʦʨʘʞʠʚʘʣʠ, 

ʧʝʨʝʤʝʰʠʚʘʣʠ ʠ ʨʘʟʚʦʜʠʣʠ ʚ SDSïʙʫʬʝʨʝ (ʢ 300 ʤʢʣ 6% sodium dodecyl 

sulfate (SDS), 0,2M TRISïHCl, 15% ʛʣʠʮʝʨʠʥ, 3% ʙʨʦʤʬʝʥʦʣʦʚʳʡ ʩʠʥʠʡ, 

ʜʦʙʘʚʣʷʣʠ 900 ʤʢʣ ʜʠʩʪʠʣʣʠʨʦʚʘʥʥʦʡ ʅ2ʆ, ʠ 30 ʤʢʣ ɓïʤʝʨʢʘʧʪʦʵʪʘʥʦʣ, pH 

6,7). ɿʘʪʝʤ ʧʨʦʙʳ ʥʘʛʨʝʚʘʣʠ ʚ ʪʝʯʝʥʠʝ 5 ʤʠʥʫʪ ʧʨʠ 95
ʦ
ʉ, ʧʦʩʣʝ ʯʝʛʦ ʠʭ ʩʨʘʟʫ 

ʞʝ ʦʭʣʘʞʜʘʣʠ ʥʘ ʣʴʜʫ. 

ɹʝʣʢʠ ʚ ʧʨʦʙʘʭ ʨʘʟʜʝʣʷʣʠ ʩ ʧʦʤʦʱʴʶ ʵʣʝʢʪʨʦʬʦʨʝʟʘ ʚ 10% 

ʧʦʣʠʘʢʨʠʣʘʤʠʜʥʦʤ ʛʝʣʝ, ʠʩʧʦʣʴʟʦʚʘʣʠ ʦʙʦʨʫʜʦʚʘʥʠʝ ʜʣʷ ʵʣʝʢʪʨʦʬʦʨʝʟʘ 

(BioïRad Laboratories, ʉʐɸ). ʀʟ ʢʘʞʜʦʡ ʧʨʦʙʳ ʜʣʷ ʵʣʝʢʪʨʦʬʦʨʝʟʘ ʙʨʘʣʠ ʧʦ 5 
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ï 15 ʤʢʣ, ʘ ʚ ʧʝʨʚʫʶ ʣʫʥʢʫ ʧʦʤʝʱʘʣʠ 5 ʤʢʣ ʦʢʨʘʰʝʥʥʦʛʦ ʤʘʨʢʝʨʘ 

ʤʦʣʝʢʫʣʷʨʥʦʛʦ ʚʝʩʘ (PierceÊ Prestained Protein MW Marker; Thermo Fisher 

Scientific, ʉʐɸ). ʈʘʟʜʝʣʝʥʠʝ ʙʝʣʢʦʚ ʧʨʦʚʦʜʠʣʠ ʩʥʘʯʘʣʘ ʧʨʠ ʥʘʧʨʷʞʝʥʠʠ 80 

ɺ, ʘ ʯʝʨʝʟ 15ï20 ʤʠʥ ʫʚʝʣʠʯʠʚʘʣʠ ʜʦ 130 ɺ. ɻʝʣʴ ʩ ʙʝʣʢʦʚʳʤʠ ʬʨʘʢʮʠʷʤʠ 

ʧʝʨʝʥʦʩʠʣʠ ʥʘ ʥʠʪʨʦʮʝʣʣʶʣʦʟʥʫʶ ʤʝʤʙʨʘʥʫ (Amersham, ɺʝʣʠʢʦʙʨʠʪʘʥʠʷ) ʚ 

ʪʝʯʝʥʠʝ 1 ʯ. ʄʝʤʙʨʘʥʳ ʙʣʦʢʠʨʦʚʘʣʠ ʙʣʦʢʠʨʫʶʱʠʤ ʨʘʩʪʚʦʨʦʤ, ʩʦʜʝʨʞʘʱʠʤ 

3% ʦʙʝʟʞʠʨʝʥʥʦʝ ʩʫʭʦʝ ʤʦʣʦʢʦ (AppliChem, ɻʝʨʤʘʥʠʷ) ʚ TBS-T (0,1% Tween 

20, 0,2 ʤʄ ʊʨʠʩ, 137 ʤʄ NaCl), ʚ ʪʝʯʝʥʠʝ 30 ʤʠʥ ʧʨʠ ʢʦʤʥʘʪʥʦʡ 

ʪʝʤʧʝʨʘʪʫʨʝ. 

ʇʦʩʣʝ ʧʨʦʤʳʚʢʠ TBS-T, ʤʝʤʙʨʘʥʳ ʠʥʢʫʙʠʨʦʚʘʣʠ ʩ ʧʝʨʚʠʯʥʳʤʠ 

ʘʥʪʠʪʝʣʘʤʠ (Abcam, ɺʝʣʠʢʦʙʨʠʪʘʥʠʷ): ʧʦʣʠʢʣʦʥʘʣʴʥʳʝ ʢʨʦʣʠʯʴʠ ʧʨʦʪʠʚ 

nNOS, ʨʘʟʚʝʜʝʥʠʝ 1:1000 (ab15323), ʧʨʦʪʠʚ GAPDH (ʛʣʠʮʝʨʘʣʴʜʝʛʠʜ-3-

ʬʦʩʬʘʪ-ʜʝʛʠʜʨʦʛʝʥʘʟʘ), ʨʘʟʚʝʜʝʥʠʝ 1:2500 (ab9485) ʧʨʠ 4ÁC ʚ ʪʝʯʝʥʠʝ 18 

ʯʘʩʦʚ. ʇʦʩʣʝ ʧʨʦʤʳʚʢʠ TBS-T, ʤʝʤʙʨʘʥʳ ʠʥʢʫʙʠʨʦʚʘʣʠ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʤʠ 

ʚʪʦʨʠʯʥʳʤʠ ʘʥʪʠʪʝʣʘʤʠ, ʢʦʥʲʶʛʠʨʦʚʘʥʥʳʭ ʩ ʧʝʨʦʢʩʠʜʘʟʦʡ ʭʨʝʥʘ, 

ʨʘʟʚʝʜʝʥʥʳʝ ʥʘ 4% ʙʣʦʢʠʨʫʶʱʝʤ ʨʘʩʪʚʦʨʝ (ʢʦʟʴʠ HRP-ʢʦʥʲʶʛʠʨʦʚʘʥʥʳʝ 

ʘʥʪʠ-ʢʨʦʣʠʯʴʠ IgG, (Abcam, ab6721, ɺʝʣʠʢʦʙʨʠʪʘʥʠʷ) ʚ ʩʦʦʪʥʦʰʝʥʠʠ 1:3000. 

ʀʤʤʫʥʦʙʣʦʪʳ ʙʳʣʠ ʦʙʥʘʨʫʞʝʥʳ ʭʝʤʠʣʶʤʠʥʝʩʮʝʥʮʠʝʡ (ECL Prime 

ʜʝʪʝʢʪʠʨʫʶʱʠʡ ʨʝʘʛʝʥʪ ʚʝʩʪʝʨʥ-ʙʣʦʪʪʠʥʛʘ, BioRad) ʩ ʛʝʣʴ-

ʜʦʢʫʤʝʥʪʠʨʫʶʱʝʡ ʩʠʩʪʝʤʦʡ Syngene G:BOX Chemi XR5E (Syngene, 

ɺʝʣʠʢʦʙʨʠʪʘʥʠʷ). 

 

2.6. ʀʩʧʦʣʴʟʦʚʘʥʥʳʝ ʬʠʟʠʦʣʦʛʠʯʝʩʢʠ ʘʢʪʠʚʥʳʝ ʚʝʱʝʩʪʚʘ ʠ 

ʨʘʩʪʚʦʨʳ.  

ʀʩʧʦʣʴʟʦʚʘʣʠ ʵʢʟʦʛʝʥʥʳʡ ʜʦʥʦʨ NO - ʥʠʪʨʦʧʨʫʩʩʠʜ ʥʘʪʨʠʷ (Panreac-

AppliChem, ɻʝʨʤʘʥʠʷ) ʠ ʥʝʢʦʥʢʫʨʝʥʪʥʳʡ ʠʥʛʠʙʠʪʦʨ NO ʩʠʥʪʘʟʳ N
G
-ʥʠʪʨʦ-

L-ʘʨʛʠʥʠʥ ʤʝʪʠʣʦʚʳʡ ʵʬʠʨ (L-NAME, Tocris, ʉʐɸ) ʚ ʢʦʥʮʝʥʪʨʘʮʠʠ 100 

ʤʢʄ. ɼʣʷ ʫʚʝʣʠʯʝʥʠʷ ʚʥʫʪʨʠʢʣʝʪʦʯʥʦʡ ʢʦʥʮʝʥʪʨʘʮʠʠ ʮɻʄʌ ʠ ʘʢʪʠʚʘʮʠʠ 

ʧʨʦʪʝʠʥʢʠʥʘʟʳ G ʠʩʧʦʣʴʟʦʚʘʣʠ ʤʝʤʙʨʘʥʦʧʨʦʥʠʢʘʶʱʠʡ ʘʥʘʣʦʛʠ 8Br-ʮɻʄʌ 
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(Sidma-Aldrich, ʉʐɸ) ʚ ʢʦʥʮʝʥʪʨʘʮʠʠ 100 ʤʢʄ. ɼʣʷ ʩʥʠʞʝʥʠʷ 

ʚʥʫʪʨʠʢʣʝʪʦʯʥʦʡ ʢʦʥʮʝʥʪʨʘʮʠʠ ʮɻʄʌ ʧʨʠʤʝʥʷʣʠ ʩʧʝʮʠʬʠʯʝʩʢʠʡ ʠʥʛʠʙʠʪʦʨ 

ʨʘʩʪʚʦʨʠʤʦʡ ʛʫʘʥʠʣʘʪʮʠʢʣʘʟʳ ï ODQ (1H-[1,2,4] oxadiazolo [4,3-a] 

quinoxalin-1-one) (Sidma-Aldrich, ʉʐɸ) ʚ ʢʦʥʮʝʥʪʨʘʮʠʠ 10 ʤʢʄ.  

2.7. ʉʪʘʪʠʩʪʠʯʝʩʢʘʷ ʦʙʨʘʙʦʪʢʘ ʜʘʥʥʳʭ. 

ʄʘʪʝʤʘʪʠʯʝʩʢʘʷ, ʩʪʘʪʠʩʪʠʯʝʩʢʘʷ ʦʙʨʘʙʦʪʢʘ ʜʘʥʥʳʭ ʠ ʧʦʩʪʨʦʝʥʠʝ 

ʛʨʘʬʠʢʦʚ ʚʳʧʦʣʥʝʥʦ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʧʨʦʛʨʘʤʤʳ Sigma Plot (çSystat 

Softwareè, USA). ɺʩʝ ʚʝʣʠʯʠʥʳ ʧʨʝʜʩʪʘʚʣʝʥʳ ʢʘʢ ʩʨʝʜʥʷʷ ʘʨʠʬʤʝʪʠʯʝʩʢʘʷ Ñ 

ʦʰʠʙʢʘ ʩʨʝʜʥʝʛʦ (ʄÑm). ɼʚʝ ʥʝʟʘʚʠʩʠʤʳʝ ʛʨʫʧʧʳ ʩʨʘʚʥʠʚʘʣʠʩʴ ʩ ʧʦʤʦʱʴʶ 

t-ʢʨʠʪʝʨʠʷ ʉʪʴʶʜʝʥʪʘ, ʪʨʠ ʠ ʙʦʣʝʝ ʩ ʧʦʤʦʱʴʶ ʜʠʩʧʝʨʩʠʦʥʥʦʛʦ ʘʥʘʣʠʟʘ 

ʚʘʨʠʘʮʠʡ ANOVA ʠ ʢʨʠʪʝʨʠ ̫ ʊʴʶʢʠ ʈost-hoc ʘʥʘʣʠʟʘ. ʇʨʦʚʝʨʢʫ 

ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʚ ʚʳʙʦʨʢʘʭ ʥʘ ʥʦʨʤʘʣʴʥʦʩʪʴ ʦʩʫʱʝʩʪʚʣʷʣʠ ʩ ʧʦʤʦʱʴʶ ʪʝʩʪʘ 

ʐʘʧʠʨʦ-ʋʠʣʢʘ. ɿʘ ʫʨʦʚʝʥʴ ʩʪʘʪʠʩʪʠʯʝʩʢʦʡ ʟʥʘʯʠʤʦʩʪʠ ʙʳʣ ʚʟʷʪ p<0,05.  
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3. ʈɽɿʋʃʔʊɸʊʓ ʉʆɹʉʊɺɽʅʅʓʍ ʀʉʉʃɽɼʆɺɸʅʀʁ 

3.1. ɺʣʠʷʥʠʝ ʦʢʩʠʜʘ ʘʟʦʪʘ ʥʘ ʬʦʥʦʚʫʶ ʵʣʝʢʪʨʠʯʝʩʢʫʶ ʘʢʪʠʚʥʦʩʪʴ ʚ 

ʧʦʩʪʛʘʥʛʣʠʦʥʘʨʥʳʭ ʚʦʣʦʢʥʘʭ ʂʐɻ ʚ ʦʥʪʦʛʝʥʝʟʝ 

 

3.1.1. ʌʦʥʦʚʘʷ ʵʬʬʝʨʝʥʪʥʘʷ ʘʢʪʠʚʥʦʩʪʴ ʚ ʧʦʩʪʛʘʥʛʣʠʦʥʘʨʥʳʭ ʚʦʣʦʢʥʘʭ 

ʂʐɻ ʚ ʦʥʪʦʛʝʥʝʟʝ 

 

ʌʦʥʦʚʘʷ ʵʣʝʢʪʨʠʯʝʩʢʘʷ ʘʢʪʠʚʥʦʩʪʴ ʚ ʧʦʩʪʛʘʥʛʣʠʦʥʘʨʥʳʭ ʚʦʣʦʢʥʘʭ 

ʚʥʫʪʨʝʥʥʝʛʦ ʩʦʥʥʦʛʦ ʥʝʨʚʘ ʂʐɻ ʥʘʙʣʶʜʘʣʘʩʴ ʫ ʚʩʝʭ ʞʠʚʦʪʥʳʭ. 

ɼʦʩʪʦʚʝʨʥʳʝ ʨʘʟʣʠʯʠʷ ʤʝʞʜʫ ʘʢʪʠʚʥʦʩʪʴʶ ʦʜʥʦʠʤʝʥʥʳʭ ʥʝʨʚʦʚ ʩ ʧʨʘʚʦʡ ʠ 

ʣʝʚʦʡ ʩʪʦʨʦʥ ʥʝ ʥʘʙʣʶʜʘʣʠʩʴ, ʧʦʵʪʦʤʫ ʜʘʣʝʝ ʧʨʠʚʦʜʷʪʩʷ ʫʩʨʝʜʥʝʥʥʳʝ 

ʜʘʥʥʳʝ ʜʣʷ ʦʙʝʠʭ ʩʪʦʨʦʥ. ʈʘʟʣʠʯʠʷ ʢʘʩʘʣʠʩʴ ʘʤʧʣʠʪʫʜʳ ʨʘʟʨʷʜʦʚ, 

ʚʳʨʘʞʝʥʥʦʩʪʠ ʦʪʜʝʣʴʥʳʭ ʯʘʩʪʦʪ ʚ ʦʙʱʝʤ ʩʧʝʢʪʨʝ.  

ɺ ʧʦʩʪʥʘʪʘʣʴʥʦʤ ʦʥʪʦʛʝʥʝʟʝ ʩʨʝʜʥʷʷ ʘʤʧʣʠʪʫʜʘ ʨʘʟʨʷʜʦʚ ʚʦʟʨʘʩʪʘʣʘ 

(ʨʠʩ. 4, ʪʘʙʣ. 3). ɺʳʜʝʣʷʣʦʩʴ 3 ʛʨʫʧʧʳ ʚʦʟʨʘʩʪʦʚ, ʜʦʩʪʦʚʝʨʥʦ ʨʘʟʣʠʯʘʶʱʠʭʩʷ 

ʧʦ ʩʨʝʜʥʝʤʫ ʟʥʘʯʝʥʠʶ ʘʤʧʣʠʪʫʜʳ: 1) ʥʦʚʦʨʦʞʜʝʥʥʳʡ ʠ 10-ʜʥʝʚʥʳʡ, 2) 20-

ʜʥʝʚʥʳʡ, 3) ʙʦʣʝʝ ʚʟʨʦʩʣʳʝ ʞʠʚʦʪʥʳʝ. 

ʋ ʥʦʚʦʨʦʞʜʝʥʥʳʭ ʬʦʥʦʚʘʷ ʠʤʧʫʣʴʩʘʮʠʷ ʚ ʧʦʩʪʛʘʥʛʣʠʦʥʘʨʥʳʭ 

ʚʦʣʦʢʥʘʭ ʥʦʩʠʣʘ ʥʝʨʝʛʫʣʷʨʥʳʡ ʭʘʨʘʢʪʝʨ, ʨʠʪʤʠʯʝʩʢʠʝ ʢʦʣʝʙʘʥʠʷ 

ʦʪʩʫʪʩʪʚʦʚʘʣʠ. ʈʠʪʤʠʯʝʩʢʘʷ ʘʢʪʠʚʥʦʩʪʴ ʧʦʷʚʣʷʣʘʩʴ ʥʘ 10 ʩʫʪʢʠ.  

ɺ ʢʦʥʪʨʦʣʝ ʚ ʩʧʝʢʪʨʝ ʤʦʱʥʦʩʪʠ ʫ 10-ʩʫʪʦʯʥʳʭ ʠ ʙʦʣʝʝ ʚʟʨʦʩʣʳʭ 

ʞʠʚʦʪʥʳʭ ʥʘʠʙʦʣʴʰʝʝ ʟʥʘʯʝʥʠʝ ʠʤʝʣʠ ʯʘʩʪʦʪʳ, ʩʚʷʟʘʥʥʳʝ ʩ ʜʳʭʘʥʠʝʤ (0,7-

1,5 ɻʮ), ʩʝʨʜʝʯʥʦʡ ʜʝʷʪʝʣʴʥʦʩʪʴʶ (4-7 ɻʮ). ʉ 20 ʩʫʪʦʢ ʚ ʩʧʝʢʪʨʝ ʤʦʱʥʦʩʪʠ 

ʥʘʙʣʶʜʘʣʩʷ ʪʘʢʞʝ ç10 ɻʮè ʨʠʪʤ (8-12 ɻʮ) ʠ ʜʦʧʦʣʥʠʪʝʣʴʥʳʝ ʯʘʩʪʦʪʳ ʚ 

ʜʠʘʧʘʟʦʥʝ ʩʚʳʰʝ 12 ɻʮ (ʨʠʩ. 5, ʪʘʙʣ. 4). ʋ 10-ʩʫʪʦʯʥʳʭ ʠ ʙʦʣʝʝ ʚʟʨʦʩʣʳʭ 

ʥʘʠʙʦʣʴʰʫʶ ʤʦʱʥʦʩʪʴ ʚ ʩʧʝʢʪʨʝ ʯʘʩʪʦʪ ʧʦʩʪʛʘʥʛʣʠʦʥʘʨʥʳʭ ʚʦʣʦʢʦʥ 

ʧʨʝʜʩʪʘʚʣʷʣʠ ʢʦʣʝʙʘʥʠʷ ʩ ʯʘʩʪʦʪʘʤʠ ʜʦ 1,5 ɻʮ, ʩʠʥʭʨʦʥʥʳʝ ʩ ʜʳʭʘʥʠʝʤ. 
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ʊʘʙʣʠʮʘ 3. 

ʉʨʝʜʥʷʷ ʘʤʧʣʠʪʫʜʘ ʠʤʧʫʣʴʩʦʚ ʨʘʟʨʷʜʦʚ ʩʠʤʧʘʪʠʯʝʩʢʠʭ ʚʦʣʦʢʦʥ (ʤʢɺ) 

ʚ ʢʦʥʪʨʦʣʝ, ʧʨʠ ʘʧʧʣʠʢʘʮʠʠ ʅʅ, L-NAME 8Br-ʮɻʄʌ ʠ ODQ ʚ ʂʐɻ ʢʨʳʩ ʚ 

ʦʥʪʦʛʝʥʝʟʝ  

 

ɺʦʟʨʘʩʪ ʂʦʥʪʨʦʣʴ ʅʅ L-NAME 8Br-

ʮɻʄʌ 

ODQ 

ʅʦʚʦʨʦʞʜʝʥʥʳʡ 15°2,6 14°3,8 14°2,0 13°2,3 16°2,7 

10 ʩʫʪʦʢ 21°3,2 23°2,8 22°2,6 21°2,8 20°3,1 

20 ʩʫʪʦʢ 35°4,1 43°3,6* 24°2,5* 45°3,8* 27°2,8* 

30 ʩʫʪʦʢ 52°5,2 63°4,8* 32°5,6* 68°4,8* 34°4,3* 

60 ʩʫʪʦʢ 55°4,2 65°5,1* 30°4,6* 63°5,1* 36°4,7* 

6 ʤʝʩʷʮʝʚ 51°5,4 66°4,7* 31°3,4* 70°4,9* 33°3,8* 

3 ʛʦʜʘ 44°5,6 61°5,1* 28°5,4* 58°4,1* 26°3,1* 

 

*p<0,05 ʈʘʟʣʠʯʠʷ ʜʦʩʪʦʚʝʨʥʳ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʢʦʥʪʨʦʣʝʤ ʚ ʢʘʞʜʦʡ 

ʚʦʟʨʘʩʪʥʦʡ ʛʨʫʧʧʝ. 
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ʈʠʩ. 4. ʌʦʥʦʚʘʷ ʘʢʪʠʚʥʦʩʪʴ ʚ ʧʦʩʪʛʘʥʛʣʠʦʥʘʨʥʳʭ ʚʦʣʦʢʥʘʭ ʂʐɻ: ʘ ï ʫ 

ʥʦʚʦʨʦʞʜʝʥʥʦʡ, ʙ ï ʫ 30-ʩʫʪʦʯʥʦʡ, ʚ ï 3-ʭ ʣʝʪʥʝʡ ʢʨʳʩʳ. 

ʂʘʣʠʙʨʦʚʢʘ: 0,5 ʩ, 25 ʤʢɺ 

ʊʘʙʣʠʮʘ 4. 

ʉʨʝʜʥʠʝ ʟʥʘʯʝʥʠʷ ʧʠʢʦʚ ʩʧʝʢʪʨʘ ʤʦʱʥʦʩʪʠ ʜʳʭʘʪʝʣʴʥʳʭ ʨʘʟʨʷʜʦʚ 

ʩʠʤʧʘʪʠʯʝʩʢʠʭ ʚʦʣʦʢʦʥ ʚ ʢʦʥʪʨʦʣʝ (0,7-1,5 ɻʮ)  

 

ɺʦʟʨʘʩʪ ʇʠʢʠ ʩʧʝʢʪʨʘ ʤʦʱʥʦʩʪʠ ʨʘʟʨʷʜʦʚ (ʤʢɺ
2
/ɻʮ ʭ 10

-2
) 

0,7-1,5 ɻʮ 4-8 ɻʮ 

10 ʩʫʪʦʢ 7,1°0,22 1,3°0,12 

20 ʩʫʪʦʢ 8,6°0,43 1,6°0,14 

30 ʩʫʪʦʢ 9,6°0,24* 1,3°0,08 

60 ʩʫʪʦʢ 9,4°0,34* 1,6°0,12 

1 ʛʦʜ 10,1°0,2* 1,4°0,24 

3 ʛʦʜʘ 9,6°0,34* 1,8°0,36 

*P<0,05 ʈʘʟʣʠʯʠʷ ʜʦʩʪʦʚʝʨʥʳ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʥʦʚʦʨʦʞʜʝʥʥʳʤ. 
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ʈʠʩ. 5. ʉʧʝʢʪʨʳ ʤʦʱʥʦʩʪʠ ʨʘʟʨʷʜʦʚ ʩʠʤʧʘʪʠʯʝʩʢʠʭ ʚʦʣʦʢʦʥ ʚ ʢʦʥʪʨʦʣʝ, ʧʨʠ 

ʘʧʧʣʠʢʘʮʠʠ ʅʅ ʠ L-NAME ʫ ʥʦʚʦʨʦʞʜʝʥʥʳʭ (ʘ) 20-ʩʫʪʦʯʥʳʭ (ʙ) ʠ 3-ʭ 

ʣʝʪʥʠʭ ʢʨʳʩ (ʚ), (ʤʢɺ
2
/ɻʮ). 
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3.1.2. ɺʣʠʷʥʠʝ ʙʣʦʢʘʪʦʨʘ ʩʠʥʪʝʟʘ NO ʠ ʜʦʥʦʨʘ NO ʥʘ ʬʦʥʦʚʫʶ 

ʵʣʝʢʪʨʠʯʝʩʢʫʶ ʘʢʪʠʚʥʦʩʪʴ ʂʐɻ ʚ ʦʥʪʦʛʝʥʝʟʝ 

 

ʋ ʥʦʚʦʨʦʞʜʝʥʥʦʛʦ ʠ 10-ʩʫʪʦʯʥʦʛʦ ʢʨʳʩʝʥʢʘ 10 ʤʠʥ ʘʧʧʣʠʢʘʮʠʷ ʅʅ ʥʝ 

ʚʣʠʷʣʘ ʥʘ ʭʘʨʘʢʪʝʨ ʬʦʥʦʚʦʡ ʩʠʤʧʘʪʠʯʝʩʢʦʡ ʘʢʪʠʚʥʦʩʪʠ ʚ ʂʐɻ. ʋ 20-

ʩʫʪʦʯʥʳʭ ʠ ʙʦʣʝʝ ʚʟʨʦʩʣʳʭ ʢʨʳʩ ʘʧʧʣʠʢʘʮʠʷ ʅʅ ʚʳʟʳʚʘʣʘ ʫʚʝʣʠʯʝʥʠʝ 

ʩʨʝʜʥʝʡ ʘʤʧʣʠʪʫʜʳ ʨʘʟʨʷʜʦʚ, ʫʚʝʣʠʯʝʥʠʝ ʤʦʱʥʦʩʪʠ ʯʘʩʪʦʪ ʚ ʜʠʘʧʘʟʦʥʝ 

ʜʳʭʘʥʠʷ ʠ ʩʝʨʜʝʯʥʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ (ʨʠʩ. 5, ʪʘʙʣ. 3, 5, 6). ʅʅ ʜʦʩʪʦʚʝʨʥʦ ʥʝ 

ʚʣʠʷʣ ʥʘ ʯʘʩʪʦʪʳ ʩʚʳʰʝ 8 ɻʮ.  

ʇʨʠ ʘʧʧʣʠʢʘʮʠʠ L-NAME ʚ ʪʝʯʝʥʠʝ 1 ʯʘʩʘ ʧʨʦʠʩʭʦʜʠʣʦ ʫʤʝʥʴʰʝʥʠʝ 

ʩʨʝʜʥʝʡ ʘʤʧʣʠʪʫʜʳ ʨʘʟʨʷʜʦʚ ʠ ʤʦʱʥʦʩʪʠ ʜʳʭʘʪʝʣʴʥʦʡ ʠ ʩʝʨʜʝʯʥʦʡ ʯʘʩʪʦʪ 

ʩʧʝʢʪʨʘ (ʨʠʩ. 5, ʪʘʙʣ. 3, 5, 6) ʬʦʥʦʚʦʡ ʩʠʤʧʘʪʠʯʝʩʢʦʡ ʘʢʪʠʚʥʦʩʪʠ ʚ ʂʐɻ 

ʢʨʳʩ, ʥʘʯʠʥʘʷ ʩ 20 ʩʫʪʦʢ ʞʠʟʥʠ. L-NAME ʜʦʩʪʦʚʝʨʥʦ ʥʝ ʚʣʠʷʣ ʥʘ ʯʘʩʪʦʪʳ 

ʩʚʳʰʝ 8 ɻʮ. ʅʝ ʥʘʙʣʶʜʘʣʦʩʴ ʜʦʩʪʦʚʝʨʥʳʭ ʨʘʟʣʠʯʠʡ ʦʪʥʦʩʠʪʝʣʴʥʦ ʚʣʠʷʥʠʷ 

ʅʅ ʠ L-NAME ʥʘ ʤʦʱʥʦʩʪʠ ʯʘʩʪʦʪ ʚ ʜʠʘʧʘʟʦʥʝ ʜʳʭʘʥʠʷ ʠ ʩʝʨʜʝʯʥʦʡ 

ʜʝʷʪʝʣʴʥʦʩʪʠ ʤʝʞʜʫ 20 ʜʥʝʚʥʳʤʠ ʠ ʙʦʣʝʝ ʚʟʨʦʩʣʳʤʠ ʢʨʳʩʘʤʠ (p>0,05). 

ʊʘʙʣʠʮʘ 5. 

ʀʟʤʝʥʝʥʠʷ ʩʧʝʢʪʨʘ ʤʦʱʥʦʩʪʠ ʜʳʭʘʪʝʣʴʥʳʭ ʨʘʟʨʷʜʦʚ (0,7-1,5 ɻʮ) 

ʩʠʤʧʘʪʠʯʝʩʢʠʭ ʚʦʣʦʢʦʥ ʧʨʠ ʘʧʧʣʠʢʘʮʠʠ ʅʅ ʠ L-NAME  

 

ɺʦʟʨʘʩʪ ʀʟʤʝʥʝʥʠʷ ʩʧʝʢʪʨʘ ʤʦʱʥʦʩʪʠ ʨʘʟʨʷʜʦʚ (%) 

ʅʅ L-NAME 

20 ʩʫʪʦʢ +13,6°1,64 -11,7°2,15 

30 ʩʫʪʦʢ +16,5°3,26 -15,6°2,45 

60 ʩʫʪʦʢ +12,5°3,56 -16,4°1,18 

1 ʛʦʜ +10,5°2,24 -12,3°2,36 

3 ʛʦʜʘ +16,4°3,89 -14,2°2,04 
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ʊʘʙʣʠʮʘ 6. 

ʀʟʤʝʥʝʥʠʷ ʩʧʝʢʪʨʘ ʤʦʱʥʦʩʪʠ ʨʘʟʨʷʜʦʚ ʩʠʤʧʘʪʠʯʝʩʢʠʭ ʚʦʣʦʢʦʥ, 

ʩʠʥʭʨʦʥʥʳʭ ʩ ʩʝʨʜʝʯʥʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ (4-7 ɻʮ) ʧʨʠ ʘʧʧʣʠʢʘʮʠʠ ʅʅ ʠ L-

NAME  

ɺʦʟʨʘʩʪ 
ʀʟʤʝʥʝʥʠʷ ʩʧʝʢʪʨʘ ʤʦʱʥʦʩʪʠ ʨʘʟʨʷʜʦʚ (%) 

ʅʅ L-NAME 

20 ʩʫʪʦʢ +18,4°4,46 -16,3°3,38 

30 ʩʫʪʦʢ +22,3°5,34 -18,8°4,24 

60 ʩʫʪʦʢ +16,7°4,18 -18,4°4,76 

1 ʛʦʜ +18,8°5,18 -20,6°6,12 

3 ʛʦʜʘ +24,2°3,46 -26,4°5,11 

 

3.1.3. ɺʣʠʷʥʠʝ ʤʝʤʙʨʘʥʦʧʨʦʥʠʢʘʶʱʠʭ ʘʥʘʣʦʛʦʚ ʮɻʄʌ ʠ 

ʩʧʝʮʠʬʠʯʝʩʢʦʛʦ ʠʥʛʠʙʠʪʦʨʘ ʨʘʩʪʚʦʨʠʤʦʡ ʛʫʘʥʠʣʘʪʮʠʢʣʘʟʳ ʥʘ ʬʦʥʦʚʫʶ 

ʵʣʝʢʪʨʠʯʝʩʢʫʶ ʘʢʪʠʚʥʦʩʪʴ ʧʦʩʪʛʘʥʛʣʠʦʥʘʨʥʳʭ ʚʦʣʦʢʦʥ ʚ ʦʥʪʦʛʝʥʝʟʝ 

 

8Br-ʮɻʄʌ ʠ ODQ ʥʝ ʚʣʠʷʣʠ ʥʘ ʭʘʨʘʢʪʝʨ ʬʦʥʦʚʦʡ ʵʣʝʢʪʨʠʯʝʩʢʦʡ 

ʘʢʪʠʚʥʦʩʪʠ ʧʦʩʪʛʘʥʛʣʠʦʥʘʨʥʳʭ ʩʠʤʧʘʪʠʯʝʩʢʠʭ ʚʦʣʦʢʦʥ ʫ ʥʦʚʦʨʦʞʜʝʥʥʳʭ ʠ 

10-ʩʫʪʦʯʥʳʭ ʢʨʳʩ. 10 ʤʠʥ. ʘʧʧʣʠʢʘʮʠʷ 8Br-ʮɻʄʌ ʚ ʢʦʥʮʝʥʪʨʘʮʠʠ 100 ʤʢʄ 

ʚʳʟʳʚʘʣʘ ʫʚʝʣʠʯʝʥʠʝ ʩʨʝʜʥʝʡ ʘʤʧʣʠʪʫʜʳ ʨʘʟʨʷʜʦʚ (ʪʘʙʣ. 3), ʫʚʝʣʠʯʝʥʠʝ 

ʤʦʱʥʦʩʪʠ ʯʘʩʪʦʪ ʚ ʜʠʘʧʘʟʦʥʝ ʜʳʭʘʥʠʷ (0,7-1,5 ɻʮ) (ʨʠʩ. 6, ʪʘʙʣ. 7) ʠ 

ʩʝʨʜʝʯʥʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ ʫ 20-ʩʫʪʦʯʥʳʭ ʠ ʙʦʣʝʝ ʚʟʨʦʩʣʳʭ ʢʨʳʩ (ʨʠʩ. 6, ʪʘʙʣ. 

8).  

ʇʨʠ ʘʧʧʣʠʢʘʮʠʠ ODQ ʚ ʪʝʯʝʥʠʝ 1 ʯʘʩʘ ʧʨʦʠʩʭʦʜʠʣʦ ʫʤʝʥʴʰʝʥʠʝ 

ʩʨʝʜʥʝʡ ʘʤʧʣʠʪʫʜʳ ʨʘʟʨʷʜʦʚ ʠ ʤʦʱʥʦʩʪʠ ʯʘʩʪʦʪ ʩʧʝʢʪʨʘ ʬʦʥʦʚʦʡ 

ʩʠʤʧʘʪʠʯʝʩʢʦʡ ʘʢʪʠʚʥʦʩʪʠ, ʩʠʥʭʨʦʥʥʳʭ ʩ ʜʳʭʘʥʠʝʤ (ʨʠʩ. 6, ʪʘʙʣ. 7) ʠ 

ʩʝʨʜʝʯʥʦʡ ʜʝʷʪʝʣʴʥʦʩʪʴʶ ʚ ʂʐɻ ʢʨʳʩ, ʥʘʯʠʥʘʷ ʩ 20 ʩʫʪʦʢ ʞʠʟʥʠ ʚʧʣʦʪʴ ʜʦ 

ʩʪʘʨʳʭ 3-ʭʣʝʪʥʠʭ ʢʨʳʩ (ʨʠʩ. 6, ʪʘʙʣ. 8). ʅʝ ʥʘʙʣʶʜʘʣʦʩʴ ʜʦʩʪʦʚʝʨʥʳʭ 

ʨʘʟʣʠʯʠʡ ʦʪʥʦʩʠʪʝʣʴʥʦ ʚʣʠʷʥʠʷ 8Br-ʮɻʄʌ ʠ ODQ ʥʘ ʤʦʱʥʦʩʪʠ ʯʘʩʪʦʪ ʚ 

ʜʠʘʧʘʟʦʥʝ ʜʳʭʘʥʠʷ ʠ ʩʝʨʜʝʯʥʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ ʤʝʞʜʫ 20 ʜʥʝʚʥʳʤʠ ʠ ʙʦʣʝʝ 

ʚʟʨʦʩʣʳʤʠ ʢʨʳʩʘʤʠ.  
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ʊʘʙʣʠʮʘ 7. 

ʀʟʤʝʥʝʥʠʷ ʩʧʝʢʪʨʘ ʤʦʱʥʦʩʪʠ ʜʳʭʘʪʝʣʴʥʳʭ ʨʘʟʨʷʜʦʚ (0-1,5 ɻʮ) 

ʩʠʤʧʘʪʠʯʝʩʢʠʭ ʚʦʣʦʢʦʥ ʧʨʠ ʘʧʧʣʠʢʘʮʠʠ 8Br-ʮɻʄʌ ʠ ODQ 

 

ɺʦʟʨʘʩʪ ʀʟʤʝʥʝʥʠʷ ʩʧʝʢʪʨʘ ʤʦʱʥʦʩʪʠ ʨʘʟʨʷʜʦʚ (%) 

8Br-ʮɻʄʌ ODQ 

20 ʩʫʪʦʢ +16,3°2,18 -13,7°2,43 

30 ʩʫʪʦʢ +14,6°2,65 -14,6°2,54 

60 ʩʫʪʦʢ +13,3°3,18 -15,1°2,81 

1 ʛʦʜ +12,6°2,64 -14,6°2,43 

3 ʛʦʜʘ +13,9°2,27 -11,5°1,22 

 

 

ʊʘʙʣʠʮʘ 8. 

ʀʟʤʝʥʝʥʠʷ ʩʧʝʢʪʨʘ ʤʦʱʥʦʩʪʠ ʨʘʟʨʷʜʦʚ ʩʠʤʧʘʪʠʯʝʩʢʠʭ ʚʦʣʦʢʦʥ, 

ʩʠʥʭʨʦʥʥʳʭ ʩ ʩʝʨʜʝʯʥʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ (4-7 ɻʮ) ʧʨʠ ʘʧʧʣʠʢʘʮʠʠ 8Br-ʮɻʄʌ ʠ 

ODQ 

 

ɺʦʟʨʘʩʪ ʀʟʤʝʥʝʥʠʷ ʩʧʝʢʪʨʘ ʤʦʱʥʦʩʪʠ ʨʘʟʨʷʜʦʚ (%) 

8Br-ʮɻʄʌ ODQ 

20 ʩʫʪʦʢ +15,4°4,46 -16,1°2,33 

30 ʩʫʪʦʢ +17,3°3,47 -16,3°4,81 

60 ʩʫʪʦʢ +11,6°2,19 -13,7°3,48 

1 ʛʦʜ +14,5°3,56 -16,6°3,19 

3 ʛʦʜʘ +13,8°3,17 -18,2°4,19 
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ʈʠʩ. 6. ʉʧʝʢʪʨʳ ʤʦʱʥʦʩʪʠ ʨʘʟʨʷʜʦʚ ʩʠʤʧʘʪʠʯʝʩʢʠʭ ʧʦʪʛʘʥʛʣʠʦʥʘʨʥʳʭ 

ʚʦʣʦʢʦʥ ʂʐɻ ʚ ʢʦʥʪʨʦʣʝ, ʧʨʠ ʘʧʧʣʠʢʘʮʠʠ 8Br-ʮɻʄʌ ʠ ODQ ʫ 

ʥʦʚʦʨʦʞʜʝʥʥʳʭ (ʘ), 20-ʩʫʪʦʯʥʳʭ (ʙ) ʠ 3-ʭʣʝʪʥʠʭ ʢʨʳʩ (ʚ) (ʤʢɺ
2
/ɻʮ). 
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3.2. ɺʣʠʷʥʠʝ ʦʢʩʠʜʘ ʘʟʦʪʘ ʥʘ ʚʳʟʚʘʥʥʫʶ ʵʣʝʢʪʨʠʯʝʩʢʫʶ 

ʘʢʪʠʚʥʦʩʪʴ ʚʦʣʦʢʦʥ ʂʐɻ ʚ ʧʦʩʪʥʘʪʘʣʴʥʦʤ ʦʥʪʦʛʝʥʝʟʝ 

 

3.2.1. ɺʳʟʚʘʥʥʳʝ ʵʣʝʢʪʨʠʯʝʩʢʠʝ ʦʪʚʝʪʳ ʚ ʂʐɻ ʚ ʧʦʩʪʥʘʪʘʣʴʥʦʤ 

ʦʥʪʦʛʝʥʝʟʝ 

 ʇʨʠ ʩʪʠʤʫʣʷʮʠʠ ʧʨʝʛʘʥʛʣʠʦʥʘʨʥʳʭ ʚʦʣʦʢʦʥ ʰʝʡʥʦʛʦ ʩʠʤʧʘʪʠʯʝʩʢʦʛʦ 

ʩʪʚʦʣʘ ʨʝʛʠʩʪʨʠʨʦʚʘʣʠʩʴ ʚʳʟʚʘʥʥʳʝ ʵʣʝʢʪʨʠʯʝʩʢʠʝ ʧʦʪʝʥʮʠʘʣʳ ʚ 

ʧʦʩʪʛʘʥʛʣʠʦʥʘʨʥʳʭ ʚʦʣʦʢʥʘʭ ʚʥʫʪʨʝʥʥʝʛʦ ʩʦʥʥʦʛʦ ʥʝʨʚʘ ʂʐɻ ʩ ʤʦʤʝʥʪʘ 

ʨʦʞʜʝʥʠʷ. ɼʦʩʪʦʚʝʨʥʳʝ ʨʘʟʣʠʯʠʷ ʤʝʞʜʫ ʘʤʧʣʠʪʫʜʘʤʠ ʦʪʚʝʪʦʚ ʩ ʧʨʘʚʦʡ ʠ 

ʣʝʚʦʡ ʩʪʦʨʦʥ ʥʝ ʥʘʙʣʶʜʘʣʠʩʴ, ʧʦʵʪʦʤʫ ʜʘʣʝʝ ʧʨʠʚʦʜʷʪʩʷ ʫʩʨʝʜʥʝʥʥʳʝ 

ʜʘʥʥʳʝ ʜʣʷ ʦʙʝʠʭ ʩʪʦʨʦʥ. ʉʪʠʤʫʣʷʮʠʷ ʰʝʡʥʦʛʦ ʩʠʤʧʘʪʠʯʝʩʢʦʛʦ ʩʪʚʦʣʘ 

ʦʜʠʥʦʯʥʳʤʠ ʠʤʧʫʣʴʩʘʤʠ ʚʳʟʳʚʘʣʘ ʚ ʂʐɻ ʦʜʥʦʬʘʟʥʳʝ ʦʪʚʝʪʳ ʫ 

ʥʦʚʦʨʦʞʜʝʥʥʳʭ,  ʜʚʫʭʬʘʟʥʳʝ ʦʪʚʝʪʳ ʫ 10-ʩʫʪʦʯʥʳʭ ʢʨʳʩ ʠ ʪʨʝʭʬʘʟʥʳʝ - ʚ 

ʚʦʟʨʘʩʪʝ 20 ʩʫʪʦʢ ʠ ʙʦʣʝʝ (ʨʠʩ. 7, ʪʘʙʣ. 9).  

 

ʊʘʙʣʠʮʘ 9. 

ʉʨʝʜʥʷʷ ʘʤʧʣʠʪʫʜʘ ʬʘʟ ʚʳʟʚʘʥʥʳʭ ʧʦʪʝʥʮʠʘʣʦʚ ʚ ʧʦʩʪʛʘʥʛʣʠʦʥʘʨʥʳʭ 

ʚʦʣʦʢʥʘʭ ʚʥʫʪʨʝʥʥʝʛʦ ʩʦʥʥʦʛʦ ʥʝʨʚʘ ʂʐɻ (ʤʢɺ) ʧʨʠ ʩʪʠʤʫʣʷʮʠʠ 

ʧʨʝʛʘʥʛʣʠʦʥʘʨʥʳʭ ʚʦʣʦʢʦʥ ʰʝʡʥʦʛʦ ʩʠʤʧʘʪʠʯʝʩʢʦʛʦ ʩʪʚʦʣʘ ʚ ʦʥʪʦʛʝʥʝʟʝ  

 

ɺʦʟʨʘʩʪ 

ʌʘʟʳ 

1 2 3 

ʅʦʚʦʨʦʞʜʝʥʥʳʡ 24°2,6 - - 

10 ʩʫʪʦʢ 41°3,2* 18°1,9 - 

20 ʩʫʪʦʢ 82°5,5*
,
**  37°3,6**  16°1,5 

30 ʩʫʪʦʢ 84°6,7*
,
**  33°2,9**  18°1,6 
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60 ʩʫʪʦʢ 82°8,3*
,
**  31°1,7**  20°1,3 

6 ʤʝʩʷʮʝʚ 88°7,1*
,
**  35°3,3**  18°1,7 

3 ʛʦʜʘ 76°5,9*
,
**  26°2,1**  18°1,3 

 

(*p<0,01, ʨʘʟʣʠʯʠʷ ʜʦʩʪʦʚʝʨʥʳ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʥʦʚʦʨʦʞʜʝʥʥʳʤ, 

**p<0,001, ʨʘʟʣʠʯʠʷ ʜʦʩʪʦʚʝʨʥʳ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ 10-ʩʫʪʦʯʥʦʡ ʢʨʳʩʦʡ) 

 

 

 

 

 

ʈʠʩ. 7. ʌʘʟʳ ʚʳʟʚʘʥʥʳʭ ʦʪʚʝʪʦʚ (1-3) ʚʥʫʪʨʝʥʥʝʛʦ ʩʦʥʥʦʛʦ ʥʝʨʚʘ ʂʐɻ 

ʧʨʠ ʩʪʠʤʫʣʷʮʠʠ ʰʝʡʥʦʛʦ ʩʠʤʧʘʪʠʯʝʩʢʦʛʦ ʩʪʚʦʣʘ ʫ ʥʦʚʦʨʦʞʜʝʥʥʳʭ (ʘ), 20-

ʩʫʪʦʯʥʳʭ (ʙ) ʠ 3-ʭʣʝʪʥʠʭ ʢʨʳʩ (ʚ). ʂʘʣʠʙʨʦʚʢʘ: 25 ʤʢɺ, 5 ʤʩ. 



61 
 

3.2.2. ɺʣʠʷʥʠʝ ʜʦʥʦʨʘ NO ʠ ʙʣʦʢʘʪʦʨʘ ʩʠʥʪʝʟʘ NO ʥʘ ʚʳʟʚʘʥʥʫʶ 

ʵʣʝʢʪʨʠʯʝʩʢʫʶ ʘʢʪʠʚʥʦʩʪʴ ʚʦʣʦʢʦʥ ʂʐɻ ʚ ʧʦʩʪʥʘʪʘʣʴʥʦʤ ʦʥʪʦʛʝʥʝʟʝ 

 

ɺʦʟʜʝʡʩʪʚʠʝ ʥʠʪʨʦʧʨʫʩʩʠʜʘ ʥʘʪʨʠʷ (ʅʅ) (ʨʠʩ. 8) ʠ L-NAME (ʨʠʩ. 9) ʥʘ 

ʘʤʧʣʠʪʫʜʫ ʚʳʟʚʘʥʥʳʭ ʧʦʪʝʥʮʠʘʣʦʚ ʚ ʂʐɻ ʥʦʩʠʣʦ ʜʦʟʦʟʘʚʠʩʤʳʡ ʭʘʨʘʢʪʝʨ. 

ʅʘʠʙʦʣʴʰʝʝ ʫʚʝʣʠʯʝʥʠʝ ʘʤʧʣʠʪʫʜʳ ʧʦʜ ʚʣʠʷʥʠʝʤ ʅʅ ʠ ʫʤʝʥʴʰʝʥʠʝ ʧʨʠ 

ʚʦʟʜʝʡʩʪʚʠʠ L-NAME ʦʪʤʝʯʘʣʦʩʴ ʧʨʠ ʢʦʥʮʝʥʪʨʘʮʠʠ 100 ʤʢʄ ʠ ʜʦʩʪʦʚʝʨʥʦ 

ʥʝ ʤʝʥʷʣʦʩʴ ʧʨʠ ʫʚʝʣʠʯʝʥʠʠ ʢʦʥʮʝʥʪʨʘʮʠʠ ʜʦ 1000 ʤʢʄ. 

 

 

ʈʠʩ. 8. ɺʣʠʷʥʠʝ ʨʘʟʣʠʯʥʳʭ ʢʦʥʮʝʥʪʨʘʮʠʡ ʅʅ (ʤʢʄ) ʥʘ ʘʤʧʣʠʪʫʜʫ 

ʚr ʟʚʘʥʥʳʭ ʦʪʚʝʪʦʚ ʚʥʫʪʨʝʥʥʝʛʦ ʩʦʥʥʦʛʦ ʥʝʨʚʘ ʂʐɻ ʧʨʠ ʩʪʠʤʫʣʷʮʠʠ 

ʰʝʡʥʦʛʦ ʩʠʤʧʘʪʠʯʝʩʢʦʛʦ ʩʪʚʦʣʘ ʫ 30-ʩʫʪʦʯʥʳʭ ʢʨʳʩ. 

*p<0,01, ʨʘʟʣʠʯʠʷ ʜʦʩʪʦʚʝʨʥʳ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʢʦʥʮʝʥʪʨʘʮʠʝʡ 100 ʤʢʄ. 
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ʈʠʩ. 9. ɺʣʠʷʥʠʝ ʨʘʟʣʠʯʥʳʭ ʢʦʥʮʝʥʪʨʘʮʠʡ L-NAME (ʤʢʄ) ʥʘ 

ʘʤʧʣʠʪʫʜʫ ʚʳʟʚʘʥʥʳʭ ʦʪʚʝʪʦʚ ʚʥʫʪʨʝʥʥʝʛʦ ʩʦʥʥʦʛʦ ʥʝʨʚʘ ʂʐɻ ʧʨʠ 

ʩʪʠʤʫʣʷʮʠʠ ʰʝʡʥʦʛʦ ʩʠʤʧʘʪʠʯʝʩʢʦʛʦ ʩʪʚʦʣʘ ʫ 30-ʩʫʪʦʯʥʳʭ ʢʨʳʩ. 

*p<0,01, ʨʘʟʣʠʯʠʷ ʜʦʩʪʦʚʝʨʥʳ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʢʦʥʮʝʥʪʨʘʮʠʝʡ 100 ʤʢʄ. 

 

ɺ ʦʥʪʦʛʝʥʝʟʝ, ʘʧʧʣʠʢʘʮʠʷ ʅʅ ʚ ʢʦʥʮʝʥʪʨʘʮʠʠ 100 ʤʢʄ ʧʨʠʚʦʜʠʣʘ ʢ 

ʫʚʝʣʠʯʝʥʠʶ ʘʤʧʣʠʪʫʜʳ ʚʳʟʚʘʥʥʳʭ ʧʦʪʝʥʮʠʘʣʦʚ, ʢʦʪʦʨʦʝ ʜʦʩʪʠʛʘʣʦ 

ʤʘʢʩʠʤʫʤʘ ʯʝʨʝʟ 10 ʤʠʥ ʫ 20-ʩʫʪʦʯʥʳʭ ʠ ʙʦʣʝʝ ʚʟʨʦʩʣʳʭ ʢʨʳʩ. ʕʪʦ 

ʫʚʝʣʠʯʝʥʠʝ ʘʤʧʣʠʪʫʜʳ ʧʦʣʥʦʩʪʴʶ ʫʩʪʨʘʥʷʣʦʩʴ ʧʦʜ ʚʣʠʷʥʠʝʤ L-NAME ʚ 

ʪʝʯʝʥʠʝ 30 ʤʠʥ (ʨʠʩ. 10, ʪʘʙʣ. 10). ʋ 30-ʩʫʪʦʯʥʳʭ ʠ ʙʦʣʝʝ ʚʟʨʦʩʣʳʭ ʢʨʳʩ, 

ʫʚʝʣʠʯʝʥʠʝ ʘʤʧʣʠʪʫʜʳ ʧʦʜ ʚʣʠʷʥʠʝʤ ʅʅ ʠ ʫʤʝʥʴʰʝʥʠʝ ʧʨʠ ʚʦʟʜʝʡʩʪʚʠʠ L-

NAME, ʙʳʣʦ ʜʦʩʪʦʚʝʨʥʦ ʙʦʣʴʰʠʤ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ 20-ʩʫʪʦʯʥʳʤʠ ʢʨʳʩʘʤʠ 

(p<0,01). 
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ʊʘʙʣʠʮʘ 10. 

ʀʟʤʝʥʝʥʠʝ ʘʤʧʣʠʪʫʜʳ ʬʘʟ ʚʳʟʚʘʥʥʳʭ ʧʦʪʝʥʮʠʘʣʦʚ ʚ ʂʐɻ ʧʨʠ 

ʵʣʝʢʪʨʠʯʝʩʢʦʡ ʩʪʠʤʫʣʷʮʠʠ ʧʨʝʛʘʥʛʣʠʦʥʘʨʥʳʭ ʚʦʣʦʢʦʥ ʧʦʜ ʚʣʠʷʥʠʝʤ ʅʅ ʠ 

L-NAME (%) 

 

ɺʦʟʨʘʩʪ ʀʟʤʝʥʝʥʠʷ ʘʤʧʣʠʪʫʜʳ ʬʘʟ ʚʳʟʚʘʥʥʳʭ 

ʧʦʪʝʥʮʠʘʣʦʚ ʧʨʠ ʘʧʧʣʠʢʘʮʠʠ 

ʅʅ L-NAME 

20 ʩʫʪʦʢ +15Ñ2,6 -13Ñ1,8 

30 ʩʫʪʦʢ +29Ñ1,7* -28Ñ1,6* 

60 ʩʫʪʦʢ +30Ñ2,9* -29Ñ3,2* 

1 ʛʦʜ +35Ñ2,6* -37Ñ2,9* 

3 ʛʦʜʘ +29Ñ3,1* -32Ñ3,2* 

*p<0,01, ʨʘʟʣʠʯʠʷ ʜʦʩʪʦʚʝʨʥʳ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ 20-ʩʫʪʦʯʥʦʡ ʢʨʳʩʦʡ 
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ʈʠʩ. 10. ɺʳʟʚʘʥʥʳʝ ʦʪʚʝʪʳ ʚʥʫʪʨʝʥʥʝʛʦ ʩʦʥʥʦʛʦ ʥʝʨʚʘ ʂʐɻ ʧʨʠ 

ʩʪʠʤʫʣʷʮʠʠ ʰʝʡʥʦʛʦ ʩʠʤʧʘʪʠʯʝʩʢʦʛʦ ʩʪʚʦʣʘ ʚ ʢʦʥʪʨʦʣʝ, ʧʨʠ ʘʧʧʣʠʢʘʮʠʠ 

ʥʠʪʨʦʧʨʫʩʩʠʜʘ ʥʘʨʠʷ (100 ʤʢʄ) ʠ L-NAME (100 ʤʢʄ) ʫ ʥʦʚʦʨʦʞʜʝʥʥʳʭ (ʘ), 

20-ʩʫʪʦʯʥʳʭ (ʙ) ʠ 3-ʭʣʝʪʥʠʭ ʢʨʳʩ (ʚ). ʂʘʣʠʙʨʦʚʢʘ: 25 ʤʢɺ, 5 ʤʩ. 
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3.2.3. ɺʦʟʜʝʡʩʪʚʠʝ ʧʨʝʧʘʨʘʪʦʚ, ʚʣʠʷʶʱʠʭ ʥʘ ʛʫʘʥʠʣʘʪʮʠʢʣʘʟʥʫʶ 

ʩʠʩʪʝʤʫ ʥʘ ʚʳʟʚʘʥʥʫʶ ʵʣʝʢʪʨʠʯʝʩʢʫʶ ʘʢʪʠʚʥʦʩʪʴ ʚʦʣʦʢʦʥ ʂʐɻ ʚ 

ʧʦʩʪʥʘʪʘʣʴʥʦʤ ʦʥʪʦʛʝʥʝʟʝ 

 

ʈʠʩ. 11. ɺʣʠʷʥʠʝ ʨʘʟʣʠʯʥʳʭ ʢʦʥʮʝʥʪʨʘʮʠʡ 8Br-ʮɻʄʌ (ʤʢʄ) ʥʘ ʘʤʧʣʠʪʫʜʫ 

ʚʳʟʚʘʥʥʳʭ ʦʪʚʝʪʦʚ ʚʥʫʪʨʝʥʥʝʛʦ ʩʦʥʥʦʛʦ ʥʝʨʚʘ ʂʐɻ ʧʨʠ ʩʪʠʤʫʣʷʮʠʠ 

ʰʝʡʥʦʛʦ ʩʠʤʧʘʪʠʯʝʩʢʦʛʦ ʩʪʚʦʣʘ ʫ 30-ʩʫʪʦʯʥʳʭ ʢʨʳʩ. 

*p<0,01, ʨʘʟʣʠʯʠʷ ʜʦʩʪʦʚʝʨʥʳ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʢʦʥʮʝʥʪʨʘʮʠʝʡ 100 ʤʢʄ. 

 

ɺʦʟʜʝʡʩʪʚʠʝ 8Br-ʮɻʄʌ (ʨʠʩ. 11) ʠ ODQ (ʨʠʩ. 12) ʥʘ ʘʤʧʣʠʪʫʜʫ 

ʚʳʟʚʘʥʥʳʭ ʧʦʪʝʥʮʠʘʣʦʚ ʚ ʂʐɻ ʪʘʢ ʞʝ, ʢʘʢ ʠ ʚ ʩʣʫʯʘʝ ʅʅ ʠ L-NAME, ʥʦʩʠʣʦ 

ʜʦʟʦʟʘʚʠʩʤʳʡ ʭʘʨʘʢʪʝʨ. ʅʘʠʙʦʣʴʰʝʝ ʫʚʝʣʠʯʝʥʠʝ ʘʤʧʣʠʪʫʜʳ ʧʦʜ ʚʣʠʷʥʠʝʤ 

8Br-ʮɻʄʌ ʦʪʤʝʯʘʣʦʩʴ ʧʨʠ ʢʦʥʮʝʥʪʨʘʮʠʠ 100 ʤʢʄ. ʄʘʢʩʠʤʘʣʴʥʦʝ ʞʝ 

ʦʩʣʘʙʣʝʥʠʝ ʘʤʧʣʠʪʫʜʳ ʦʪʚʝʪʳ ʧʨʠ ʜʝʡʩʪʚʠʠ ODQ ʦʪʤʝʯʘʣʦʩʴ ʧʨʠ 

ʢʦʥʮʝʥʪʨʘʮʠʠ 10 ʤʢʄ. ɼʘʣʴʥʝʡʰʝʝ ʫʚʝʣʠʯʝʥʠʠ ʢʦʥʮʝʥʪʨʘʮʠʠ ʜʦ 1000 ʤʢʄ 
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(8Br-ʮɻʄʌ) ʠ 100 ʤʢʄ (ODQ) ʥʝ ʚʳʟʳʚʘʣʦ ʜʦʩʪʦʚʝʨʥʳʭ ʠʟʤʝʥʝʥʠʡ 

ʘʤʧʣʠʪʫʜʳ ʦʪʚʝʪʘ ʫ 30-ʩʫʪʦʯʥʳʭ ʢʨʳʩ. 

 

ʈʠʩ. 12. ɺʣʠʷʥʠʝ ʨʘʟʣʠʯʥʳʭ ʢʦʥʮʝʥʪʨʘʮʠʡ ODQ (ʥʄ) ʥʘ ʘʤʧʣʠʪʫʜʫ 

ʚʳʟʚʘʥʥʳʭ ʦʪʚʝʪʦʚ ʚʥʫʪʨʝʥʥʝʛʦ ʩʦʥʥʦʛʦ ʥʝʨʚʘ ʂʐɻ ʧʨʠ ʩʪʠʤʫʣʷʮʠʠ 

ʰʝʡʥʦʛʦ ʩʠʤʧʘʪʠʯʝʩʢʦʛʦ ʩʪʚʦʣʘ ʫ 30-ʩʫʪʦʯʥʳʭ ʢʨʳʩ. 

*p<0,01, ʨʘʟʣʠʯʠʷ ʜʦʩʪʦʚʝʨʥʳ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʢʦʥʮʝʥʪʨʘʮʠʝʡ 10 ʤʢʄ. 

 

ɸʧʧʣʠʢʘʮʠʷ 8Br-ʮɻʄʌ ʚ ʢʦʥʮʝʥʪʨʘʮʠʠ 100 ʤʢʄ ʧʨʠʚʦʜʠʣʘ ʢ 

ʫʚʝʣʠʯʝʥʠʶ ʘʤʧʣʠʪʫʜʳ ʚʳʟʚʘʥʥʳʭ ʧʦʪʝʥʮʠʘʣʦʚ, ʢʦʪʦʨʦʝ ʜʦʩʪʠʛʘʣʦ 

ʤʘʢʩʠʤʫʤʘ ʯʝʨʝʟ 10 ʤʠʥ ʫ 20-ʩʫʪʦʯʥʳʭ ʠ ʙʦʣʝʝ ʚʟʨʦʩʣʳʭ ʢʨʳʩ. ʕʪʦ 

ʫʚʝʣʠʯʝʥʠʝ ʘʤʧʣʠʪʫʜʳ ʧʦʣʥʦʩʪʴʶ ʫʩʪʨʘʥʷʣʦʩʴ ʧʦʜ ʚʣʠʷʥʠʝʤ ODQ (10 ʤʢʄ) 

ʚ ʪʝʯʝʥʠʝ 30 ʤʠʥ (ʨʠʩ. 13, ʪʘʙʣ. 11). ʋʚʝʣʠʯʝʥʠʝ ʘʤʧʣʠʪʫʜʳ ʧʦʜ ʚʣʠʷʥʠʝʤ 

8Br-ʮɻʄʌ ʠ ʫʤʝʥʴʰʝʥʠʝ ʧʨʠ ʚʦʟʜʝʡʩʪʚʠʠ ODQ ʫ 30-ʩʫʪʦʯʥʳʭ ʠ ʙʦʣʝʝ 

ʚʟʨʦʩʣʳʭ ʢʨʳʩ ʙʳʣʦ ʜʦʩʪʦʚʝʨʥʦ ʙʦʣʴʰʠʤ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ 20-ʩʫʪʦʯʥʳʤʠ 

ʞʠʚʦʪʥʳʤʠ (p<0,01). 
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ʈʠʩ. 13. ɺʳʟʚʘʥʥʳʝ ʦʪʚʝʪʳ ʚʥʫʪʨʝʥʥʝʛʦ ʩʦʥʥʦʛʦ ʥʝʨʚʘ ʂʐɻ ʧʨʠ 

ʩʪʠʤʫʣʷʮʠʠ ʰʝʡʥʦʛʦ ʩʠʤʧʘʪʠʯʝʩʢʦʛʦ ʩʪʚʦʣʘ ʚ ʢʦʥʪʨʦʣʝ, ʧʨʠ ʘʧʧʣʠʢʘʮʠʠ 

8Br-ʮɻʄʌ (100 ʤʢʄ) ʠ ODQ (10 ʤʢʄ) ʫ ʥʦʚʦʨʦʞʜʝʥʥʳʭ (ʘ), 20-ʩʫʪʦʯʥʳʭ (ʙ) 

ʠ 3-ʭʣʝʪʥʠʭ ʢʨʳʩ (ʚ). ʂʘʣʠʙʨʦʚʢʘ: 25 ʤʢɺ, 5 ʤʩ. 
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ʊʘʙʣʠʮʘ 11. ʀʟʤʝʥʝʥʠʝ ʘʤʧʣʠʪʫʜʳ ʬʘʟ ʚʳʟʚʘʥʥʳʭ ʧʦʪʝʥʮʠʘʣʦʚ ʚ ʂʐɻ 

ʧʨʠ ʵʣʝʢʪʨʠʯʝʩʢʦʡ ʩʪʠʤʫʣʷʮʠʠ ʧʨʝʛʘʥʛʣʠʦʥʘʨʥʳʭ ʚʦʣʦʢʦʥ ʧʦʜ ʚʣʠʷʥʠʝʤ 

8Br-ʮɻʄʌ ʠ ODQ (%) 

 

ɺʦʟʨʘʩʪ 

ʀʟʤʝʥʝʥʠʷ ʘʤʧʣʠʪʫʜʳ ʬʘʟ ʚʳʟʚʘʥʥʳʭ ʧʦʪʝʥʮʠʘʣʦʚ ʧʨʠ 

ʘʧʧʣʠʢʘʮʠʠ 

8Br-ʮɻʄʌ ODQ 

20 ʩʫʪʦʢ +14Ñ2,1 -14Ñ1,8* 

30 ʩʫʪʦʢ +28Ñ1,9* -23Ñ1,7* 

60 ʩʫʪʦʢ +29Ñ2,4* -31Ñ3,2* 

1 ʛʦʜ +31Ñ2,3* -32Ñ3,6* 

3 ʛʦʜʘ +27Ñ3,1* -26Ñ3,3* 

*p<0,01, ʨʘʟʣʠʯʠʷ ʜʦʩʪʦʚʝʨʥʳ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ 20-ʩʫʪʦʯʥʦʡ ʢʨʳʩʦʡ 
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3.3. ʀʤʤʫʥʦʛʠʩʪʦʭʠʤʠʯʝʩʢʠʝ ʦʩʦʙʝʥʥʦʩʪʠ ʧʨʝʛʘʥʛʣʠʦʥʘʨʥʳʭ 

nNOS-ʀʈ ʥʝʡʨʦʥʦʚ ʩʧʠʥʥʦʛʦ ʤʦʟʛʘ 

3.3.1. ʃʦʢʘʣʠʟʘʮʠʷ nNOS-ʀʈ ʥʝʡʨʦʥʦʚ ʚ ʘʚʪʦʥʦʤʥʳʭ ʩʠʤʧʘʪʠʯʝʩʢʠʭ 

ʷʜʨʘʭ ʩʧʠʥʥʦʛʦ ʤʦʟʛʘ  

ɺ ʩʧʠʥʥʦʤ ʤʦʟʛʝ ʚ ʙʦʢʦʚʳʭ ʨʦʛʘʭ ʥʝʡʨʦʥʘʣʴʥʘʷ NOïʩʠʥʪʘʟʘ (nNOS) 

ʚʳʷʚʣʷʣʘʩʴ ʚ ʘʚʪʦʥʦʤʥʳʭ ʩʠʤʧʘʪʠʯʝʩʢʠʭ ʷʜʨʘʭ: 1) nucleus intermediolateralis 

thoracolumbalis pars principalis (nucl.ILp), 2) nucleus intermediolateralis 

thoracolumbalis pars funicularis (nucl.ILf); 3) nucleus intercalatus spinalis 

(nucl.IC); 4) nucleus intercalatus spinalis pars paraependymalis (nucl.ICpe) ʩ 

ʤʦʤʝʥʪʘ ʨʦʞʜʝʥʠʷ ʫ ʚʩʝʭ ʞʠʚʦʪʥʳʭ (ʨʠʩ. 14). ɺʳʷʚʣʷʣʠʩʴ ʦʪʜʝʣʴʥʳʝ nNOS-

ʀʈ ʢʣʝʪʢʠ ʪʘʢʞʝ ʚ ʦʙʣʘʩʪʠ ʜʦʨʩʘʣʴʥʦʛʦ ʨʦʛʘ, ʧʨʦʤʝʞʫʪʦʯʥʦʛʦ ʩʝʨʦʛʦ 

ʚʝʱʝʩʪʚʘ (partition cell), ʠ ʚ ʚʝʥʪʨʘʣʴʥʦʡ ʯʘʩʪʠ ʦʙʣʘʩʪʠ ʚʦʢʨʫʛ ʮʝʥʪʨʘʣʴʥʦʛʦ 

ʢʘʥʘʣʳ, ʢʦʪʦʨʳʝ, ʧʦ ʣʠʪʝʨʘʪʫʨʥʳʤ ʜʘʥʥʳʤ ʥʝ ʦʪʥʦʩʷʪʩʷ ʢ ʘʚʪʦʥʦʤʥʦʡ 

ʥʝʨʚʥʦʡ ʩʠʩʪʝʤʝ (Phleps et al., 1991). 

ʅʘʠʙʦʣʴʰʠʡ ʧʨʦʮʝʥʪ nNOS-ʀʈ ʩʠʤʧʘʪʠʯʝʩʢʠʭ ʧʨʝʛʘʥʛʣʠʦʥʘʨʥʳʭ 

ʥʝʡʨʦʥʦʚ ʚʳʷʚʣʷʣʩʷ ʫ ʥʦʚʦʨʦʞʜʝʥʥʳʭ ʠ 10-ʩʫʪʦʯʥʳʭ ʢʨʳʩ, ʩʦʩʪʘʚʣʷʷ 

88Ñ5,3% ʠ 84Ñ6,7% ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. ʂ 20 ʩʫʪʢʘʤ ʞʠʟʥʠ ʧʨʦʮʝʥʪ ʩʥʠʞʘʝʪʩʷ ʜʦ 

73Ñ5,2% ʠ ʢ 30 ʩʫʪʢʘʤ ï ʜʦ 58Ñ4,2% (ʨʘʟʣʠʯʠʷ ʜʦʩʪʦʚʝʨʥʳ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ 

ʥʦʚʦʨʦʞʜʝʥʥʳʤʠ ʠ 10-ʩʫʪʦʯʥʳʤʠ, p<0,05). ʇʦʩʣʝ 30 ʩʫʪʦʢ ʞʠʟʥʠ ʧʨʦʮʝʥʪ 

nNOS-ʀʈ ʩʠʤʧʘʪʠʯʝʩʢʠʭ ʧʨʝʛʘʥʛʣʠʦʥʘʨʥʳʭ ʥʝʡʨʦʥʦʚ ʥʝ ʠʟʤʝʥʷʣʩʷ ʜʦ 

ʩʪʘʨʦʩʪʠ (p>0,05). 

ʇʨʠ ʵʪʦʤ ʫ ʢʨʳʩ ʚʩʝʭ ʚʦʟʨʘʩʪʦʚ ʥʘʠʙʦʣʴʰʝʝ ʢʦʣʠʯʝʩʪʚʦ nNOS-ʀʈ 

ʩʠʤʧʘʪʠʯʝʩʢʠʭ ʧʨʝʛʘʥʛʣʠʦʥʘʨʥʳʭ ʥʝʡʨʦʥʦʚ ʚʳʷʚʣʷʣʦʩʴ ʚ nucl.ILp (ʨʠʩ. 15). 

ɺ ʧʝʨʚʳʝ 30 ʜʥʝʡ ʧʨʦʮʝʥʪ nNOS-ʀʈ ʥʝʡʨʦʥʦʚ ʚ nucl.ILf ʟʥʘʯʠʪʝʣʴʥʦ 

ʫʚʝʣʠʯʠʣʩʷ ʩ 9Ñ0,8% ʫ ʥʦʚʦʨʦʞʜʝʥʥʳʭ ʜʦ 14Ñ1,2% (ʨ<0,05), ʘ ʜʦʣʷ 

ʠʤʤʫʥʦʧʦʟʠʪʠʚʥʳʭ ʢʣʝʪʦʢ ʚ nucl.ICpe ʟʥʘʯʠʪʝʣʴʥʦ ʩʥʠʟʠʣʘʩʴ ʩ 20Ñ1,8% ʜʦ 

14Ñ0,5% (ʨ<0,05). ʋ ʢʨʳʩʷʪ ʜʦ 30 ʩʫʪʦʢ ʚ nucl.ILf ʥʘʙʣʶʜʘʣʩʷ ʤʝʥʴʰʠʡ 

ʧʨʦʮʝʥʪ nNOS-ʀʈ ʥʝʡʨʦʥʦʚ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ nucl.IC ʠ nucl.ICpe, ʘ ʫ 
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ʞʠʚʦʪʥʳʭ ʩʪʘʨʰʝ 2 ʤʝʩʷʮʝʚ ʥʘʠʤʝʥʴʰʘʷ ʜʦʣʷ nNOS-ʀʈ ʢʣʝʪʦʢ ʧʨʠʭʦʜʠʣʘʩʴ 

ʥʘ  nucl.ICpe. 

ʋ ʚʩʝʭ ʞʠʚʦʪʥʳʭ ʧʨʝʛʘʥʛʣʠʦʥʘʨʥʳʝ ʥʝʡʨʦʥʳ, ʠʤʤʫʥʦʨʝʘʢʪʠʚʥʳʝ ʢ 

nNOS, ʧʦʢʘʟʘʣʠ ʩʠʣʴʥʦʝ ʮʠʪʦʧʣʘʟʤʘʪʠʯʝʩʢʦʝ ʦʢʨʘʰʠʚʘʥʠʝ, ʢʦʪʦʨʦʝ 

ʨʘʩʧʨʦʩʪʨʘʥʷʣʦʩʴ ʥʘ ʧʨʦʢʩʠʤʘʣʴʥʳʝ ʜʝʥʜʨʠʪʳ. ɹʦʣʴʰʠʥʩʪʚʦ nNOS-ʀʈ 

ʥʝʡʨʦʥʦʚ ʙʳʣʠ ʪʝʩʥʦ ʩʛʨʫʧʧʠʨʦʚʘʥʳ ʚ nucl.ILp. ʄʥʦʛʠʝ ʦʪʨʦʩʪʢʠ ʙʳʣʠ 

ʦʨʠʝʥʪʠʨʦʚʘʥʳ ʤʝʜʠʘʣʴʥʦ, ʥʝʢʦʪʦʨʳʝ ʧʨʦʩʪʠʨʘʣʠʩʴ ʜʦ ʞʝʣʫʜʦʯʢʘ, ʪʦʛʜʘ ʢʘʢ 

ʜʨʫʛʠʝ ʦʪʨʦʩʪʢʠ ʨʘʩʧʨʦʩʪʨʘʥʷʣʠʩʴ ʚ ʩʦʩʝʜʥʠʡ ʙʦʢʦʚʦʡ ʧʫʯʦʢ. ɹʦʣʴʰʠʥʩʪʚʦ 

ʥʝʡʨʦʥʦʚ nNOS-ʀʈ ʥʘ ʩʨʝʟʘʭ ʠʤʝʣʠ ʢʨʫʛʣʫʶ ʠʣʠ ʚʝʨʝʪʝʥʦʦʙʨʘʟʥʫʶ ʬʦʨʤʫ. 

ʊʘʢʞʝ ʦʪʤʝʯʘʣʠʩʴ ʦʪʜʝʣʴʥʳʝ ʢʣʝʪʢʠ ʪʨʝʫʛʦʣʴʥʦʡ ʬʦʨʤʳ. 

ɺʦ ʚʩʝʭ ʯʝʪʳʨʝʭ ʷʜʨʘʭ ʩʨʝʜʥʝʝ ʟʥʘʯʝʥʠʝ ʧʣʦʱʘʜʠ ʧʦʧʝʨʝʯʥʦʛʦ ʩʝʯʝʥʠʷ 

ʧʨʦʬʠʣʝʡ nNOS-ʀʈ ʥʝʡʨʦʥʦʚ ʜʦʩʪʦʚʝʨʥʦ ʫʚʝʣʠʯʠʚʘʣʦʩʴ ʚ ʧʝʨʚʳʝ 10 ʜʥʝʡ 

ʨʘʟʚʠʪʠʷ ʩ 176Ñ8 ʜʦ 208Ñ14 ʤʢʤ
2
 (ʨ<0,05, ʪʘʙʣ. 12). ɺ ILp, ILf, IC ʠ ICpe 

ʩʨʝʜʥʝʝ ʟʥʘʯʝʥʠʝ ʧʣʦʱʘʜʠ ʧʦʧʝʨʝʯʥʦʛʦ ʩʝʯʝʥʠʷ ʧʨʦʬʠʣʝʡ nNOS-ʀʈ 

ʥʝʡʨʦʥʦʚ ʜʦʩʪʦʚʝʨʥʦ ʥʝ ʨʘʟʣʠʯʘʣʦʩʴ ʫ 10-ʜʥʝʚʥʳʭ ʠ ʙʦʣʝʝ ʩʪʘʨʳʭ ʢʨʳʩ (p> 

0,05). ʅʝ ʥʘʙʣʶʜʘʣʦʩʴ ʜʦʩʪʦʚʝʨʥʳʭ ʨʘʟʣʠʯʠʡ ʤʝʞʜʫ ʦʙʣʘʩʪʷʤʠ ʧʦʧʝʨʝʯʥʦʛʦ 

ʩʝʯʝʥʠʷ nNOS-ʀʈ ʧʨʦʬʠʣʝʡ ʥʝʡʨʦʥʦʚ ʚ ʨʘʟʥʳʭ ʷʜʨʘʭ (ʨ>0,05). 
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ʈʠʩ. 14. ʄʠʢʨʦʬʦʪʦ. nNOS-ʀʈ (ʢʨʘʩʥʘʷ ʬʣʫʦʨʝʩʮʝʥʮʠʷ) ʥʝʡʨʦʥʳ 20-

ʩʫʪʦʯʥʦʡ ʢʨʳʩʳ ʚ ʘʚʪʦʥʦʤʥʳʭ ʷʜʨʘʭ ʩʧʠʥʥʦʛʦ ʤʦʟʛʘ ʢʨʳʩ. ʎʂ ï 

ʮʝʥʪʨʘʣʴʥʳʡ ʢʘʥʘʣ. ʌʣʶʦʨʝʩʮʝʥʮʠʷ ʉY3 (ʢʨʘʩʥʳʡ). ʄʘʩʰʪʘʙ ï 100 ʤʢʤ. 

 

 

ʈʠʩ. 15. ʈʘʩʧʨʝʜʝʣʝʥʠʝ nNOS-ʀʈ ʧʨʝʛʘʥʛʣʠʦʥʘʨʥʳʭ ʥʝʡʨʦʥʦʚ ʚ ʷʜʨʘʭ 

ʩʧʠʥʥʦʛʦ ʤʦʟʛʘ ʢʨʳʩʳ (ʚ %). (*ʨ<0,05, ʨʘʟʣʠʯʠʷ ʜʦʩʪʦʚʝʨʥʳ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ 

ʥʦʚʦʨʦʞʜʝʥʥʳʤ). 
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ʊʘʙʣʠʮʘ 12. 

 ʇʣʦʱʘʜʴ ʧʦʧʝʨʝʯʥʦʛʦ ʩʝʯʝʥʠʷ nNOS-ʀʈ-ʥʝʡʨʦʥʦʚ (ʤʢʤ
2
) (n = 100 ʚ ʢʘʞʜʦʤ 

ʷʜʨʝ, ʚ ʢʘʞʜʦʡ ʚʦʟʨʘʩʪʥʦʡ ʛʨʫʧʧʝ). 

 

 

3.3.2. ʉʦʣʦʢʘʣʠʟʘʮʠʷ nNOS ʩ ʭʦʣʠʥʘʮʝʪʠʣʪʨʘʥʩʬʝʨʘʟʦʡ 

ʋ ʥʦʚʦʨʦʞʜʝʥʥʳʭ ʠ 10-ʩʫʪʦʯʥʳʭ ʢʨʳʩ ʙʦʣʴʰʠʥʩʪʚʦ ʥʝʡʨʦʥʦʚ ʚ 

nucl.ILp ʷʚʣʷʣʠʩʴ nNOS-ʀʈ ʦʜʥʦʚʨʝʤʝʥʥʦ ʩʦʜʝʨʞʘʣʠ ʬʝʨʤʝʥʪ ʩʠʥʪʝʟʘ 

ʘʮʝʪʠʣʭʦʣʠʥʘ - ʭʦʣʠʥʘʮʝʪʠʣʪʨʘʥʩʬʝʨʘʟʫ (ʍɸʊ) (ʨʠʩ. 16 ʠ 17). ʆʜʥʘʢʦ ʧʨʠ 

ʵʪʦʤ ʚ ʵʪʠʭ ʚʦʟʨʘʩʪʥʳʭ ʛʨʫʧʧʘʭ ʚ ʚʝʥʪʨʦ-ʤʝʜʠʘʣʴʥʦʡ ʦʙʣʘʩʪʠ ʷʜʨʘ 

ʦʙʥʘʨʫʞʠʚʘʣʘʩʴ ʛʨʫʧʧʘ nNOS-ʀʈ/ʍɸʊ-ʥʝʛʘʪʠʚʥʳʭ ʥʝʡʨʦʥʦʚ, ʢʦʪʦʨʳʝ ʥʝ 

ʥʘʙʣʶʜʘʣʠʩʴ ʫ ʙʦʣʝʝ ʚʟʨʦʩʣʳʭ ʞʠʚʦʪʥʳʭ (26Ñ3,1% ʫ ʥʦʚʦʨʦʞʜʝʥʥʳʭ ʠ 

8Ñ1,4% ʫ 10-ʩʫʪʦʯʥʳʭ). ɺ ILp ʧʨʦʮʝʥʪ nNOS-ʀʈ ʥʝʡʨʦʥʦʚ ʫʤʝʥʴʰʘʝʪʩʷ, ʘ 

ʜʦʣʷ ʍɸʊ-ʀʈ ʢʣʝʪʦʢ ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʚʦ ʚʨʝʤʷ ʨʘʟʚʠʪʠʷ. ɺ ʧʝʨʚʳʡ ʤʝʩʷʮ ʜʦʣʷ 

nNOS-ʀʈ ʥʝʡʨʦʥʦʚ ʟʥʘʯʠʪʝʣʴʥʦ ʩʥʠʟʠʣʘʩʴ ʩ 92Ñ3,4% ʫ ʥʦʚʦʨʦʞʜʝʥʥʳʭ ʜʦ 

55Ñ4,6% ʫ 1-ʤʝʩʷʯʥʦʛʦ (ʨ<0,001), ʪʦʛʜʘ ʢʘʢ ʯʠʩʣʦ ʍɸʊ-ʀʈ ʥʝʡʨʦʥʦʚ 

ʫʚʝʣʠʯʠʣʦʩʴ ʩ 74Ñ4,2% ʜʦ 99Ñ0,3% ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ (ʨ<0,01). ʅʝ ʙʳʣʦ 

ʥʠʢʘʢʠʭ ʩʫʱʝʩʪʚʝʥʥʳʭ ʨʘʟʣʠʯʠʡ ʚ ʧʨʦʮʝʥʪʝ nNOS(-)/ʍɸʊ(+) ʥʝʡʨʦʥʦʚ 

ʤʝʞʜʫ 30-ʜʥʝʚʥʳʤʠ ʠ ʙʦʣʝʝ ʩʪʘʨʳʤʠ ʢʨʳʩʘʤʠ (p>0,05). 

ɺʦʟʨʘʩʪ nucl.ILp nucl.ILf nucl.IC nucl.ICpe 

ʅʦʚʦʨʦʞʜʝʥʥʳʡ 176 Ñ 8 163 Ñ 11 182 Ñ 19 166 Ñ 12 

10 ʩʫʪʦʢ 208 Ñ 14* 215 Ñ 15* 222 Ñ 20* 189 Ñ 17 

20 ʩʫʪʦʢ 213 Ñ 14* 205 Ñ 9* 218 Ñ 14* 200 Ñ 16* 

30 ʩʫʪʦʢ 220 Ñ 13* 214 Ñ 16* 230 Ñ 12* 226 Ñ 18* 

2 ʤʝʩʷʮʘ 225 Ñ 12* 225 Ñ 23* 225 Ñ 19* 225 Ñ 17* 

6  ʤʝʩʷʮʝʚ 216 Ñ 15* 221 Ñ 18* 218 Ñ 14* 232 Ñ 18* 

ɿ ʛʦʜʘ 230 Ñ 28* 212 Ñ 15* 214 Ñ 19* 206 Ñ 32* 
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ɼʦʣʷ nNOS(+)/ʍɸʊ(+) ʥʝʡʨʦʥʦʚ ʜʦʩʪʦʚʝʨʥʦ ʜʦʩʪʦʚʝʨʥʦ ʫʚʝʣʠʯʠʚʘʣʘʩʴ 

ʩ 8Ñ0,7% ʫ ʥʦʚʦʨʦʞʜʝʥʥʳʭ ʜʦ 18Ñ2,3% ʫ 10-ʩʫʪʦʯʥʳʭ ʠ 22Ñ1,6% ʫ 20-

ʩʫʪʦʯʥʳʭ (p<0,05) ʠ ʜʘʣʝʝ ʚʥʦʚʴ ʜʦʩʪʦʚʝʨʥʦ ʚʦʟʨʘʩʪʘʣʘ ʜʦ 45Ñ4,5% ʫ 30-

ʩʫʪʦʯʥʳʭ (p<0,05) ʠ ʧʦʩʣʝ ʵʪʦʛʦ ʜʦʩʪʦʚʝʨʥʦ ʥʝ ʠʟʤʝʥʷʣʘʩʴ ʫ ʙʦʣʝʝ ʚʟʨʦʩʣʳʭ 

ʢʨʳʩ (p>0,05). 

 

ʈʠʩ. 16. ʄʠʢʨʦʬʦʪʦ. NOS-ʠʤʤʫʥʦʨʝʘʢʪʠʚʥʳʝ (ʢʨʘʩʥʘʷ ʬʣʫʦʨʝʩʮʝʥʮʠʷ) ʠ 

ʍɸʊ-ʧʦʟʠʪʠʚʥʳʝ (ʟʝʣʝʥʘʷ ʬʣʫʦʨʝʩʮʝʥʮʠʷ) ʥʝʡʨʦʥʳ ʚ nucl.ILp ʩʧʠʥʥʦʛʦ 

ʤʦʟʛʘ ʢʨʳʩ: ʥʦʚʦʨʦʞʜʝʥʥʦʡ (ʘ), 10-ʩʫʪʦʯʥʦʡ (ʙ), 30-ʩʫʪʦʯʥʦʡ (ʚ), ʪʨʝʭʣʝʪʥʝʡ 

(ʛ). NOS-ʧʦʟʠʪʠʚʥʳʝ ʥʝʡʨʦʥʳ, ʥʝ ʩʦʜʝʨʞʘʱʠʝ ʍɸʊ, ʫʢʘʟʘʥʳ ʩʪʨʝʣʢʘʤʠ. 

ʌʣʁ ʦʨʝʩʮʝʥʮʠʷ FITC (ʟʝʣʝʥʳʡ ʮʚʝʪ), ʉY3 (, ʢʨʘʩʥʳʡ). ʄʘʩʰʪʘʙ ï 30 

ʤʢʤ (ʘ), 50 ʤʢʤ (ʙ-ʛ). 
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ʈʠʩ. 17. ʇʨʦʮʝʥʪ ʍɸʊ-ʀʈ ʠ nNOS-ʀʈ ʥʝʡʨʦʥʦʚ nucl.ILp ʚ ʦʥʪʦʛʝʥʝʟʝ. 

(*p<0,01, ʨʘʟʣʠʯʠʷ ʜʦʩʪʦʚʝʨʥʳ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʥʦʚʦʨʦʞʜʝʥʥʳʤ, **p<0,05, 

ʨʘʟʣʠʯʠʷ ʜʦʩʪʦʚʝʨʥʳ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ 20-ʩʫʪʦʯʥʦʡ ʢʨʳʩʦʡ). 

ɺ nucl.ILf ʫ ʚʩʝʭ ʞʠʚʦʪʥʳʭ nNOS-ʀʈ ʥʝʡʨʦʥʳ ʷʚʣʷʣʠʩʴ ʍɸʊ-

ʧʦʟʠʪʠʚʥʳʤʠ.  

ɺ nucl.IC ʠ nucl.ICpe ʩʦʜʝʨʞʘʥʠʝ nNOS-ʀʈ/ʍɸʊ-ʥʝʛʘʪʠʚʥʳʭ, nNOS-

ʀʈ/ʍɸʊ-ʀʈ, nNOS-ʥʝʛʘʪʠʚʥʳʭ/ʍɸʊ-ʀʈ ʜʦʩʪʦʚʝʨʥʦ ʥʝ ʦʪʣʠʯʘʣʦʩʴ ʤʝʞʜʫ 

ʩʦʙʦʡ ʫ ʞʠʚʦʪʥʳʭ ʚʩʝʭ ʚʦʟʨʘʩʪʥʳʭ ʛʨʫʧʧ (ʪʘʙʣ. 13, 14). 
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ʊʘʙʣʠʮʘ 13. 

ʇʨʦʮʝʥʪʥʦʝ ʩʦʜʝʨʞʘʥʠʝ ʥʝʡʨʦʥʦʚ nNOS(+)/ʍɸʊ(-), nNOS (+)/ʍɸʊ(+), 

nNOS(-)/ʍɸʊ(+) ʚ nucl.IC ʫ ʢʨʳʩ ʨʘʟʥʳʭ ʚʦʟʨʘʩʪʦʚ. (n = 5 ʚ ʢʘʞʜʦʡ 

ʚʦʟʨʘʩʪʥʦʡ ʛʨʫʧʧʝ) 

ɺʦʟʨʘʩʪ nNOS(+)/ʍɸʊ(ī) nNOS(+)/ʍɸʊ(+) nNOS(ī)/ʍɸʊ(+) 

ʅʦʚʦʨʦʞʜʝʥʥʳʡ 35 Ñ 1,7 31 Ñ 2,5 34 Ñ 2,1 

10 ʩʫʪʦʢ 32 Ñ 2,8 36 Ñ 2,4 32 Ñ 1,5 

20 ʩʫʪʦʢ 33 Ñ 1,9 32 Ñ 2,5 35 Ñ 2,1 

30 ʩʫʪʦʢ 36 Ñ 1,4 31 Ñ 2,3 33 Ñ 1,6 

2 ʤʝʩʷʮʘ 32 Ñ 2,7 33 Ñ 1,5 35 Ñ 1,1 

6  ʤʝʩʷʮʝʚ 33 Ñ 1,7 33 Ñ 1,5 34 Ñ 1,1 

ɿ ʛʦʜʘ 34 Ñ 0,7 35 Ñ 1,5 31 Ñ 2,1 

ʊʘʙʣʠʮʘ 14. 

ʇʨʦʮʝʥʪʥʦʝ ʩʦʜʝʨʞʘʥʠʝ ʥʝʡʨʦʥʦʚ nNOS (+)/ʍɸʊ (-), nNOS (+)/ʍɸʊ (+), 

nNOS(-)/ʍɸʊ(+) ʚ nucl. ICpe ʫ ʢʨʳʩ ʨʘʟʥʳʭ ʚʦʟʨʘʩʪʦʚ. (n = 5 ʚ ʢʘʞʜʦʡ 

ʚʦʟʨʘʩʪʥʦʡ ʛʨʫʧʧʝ) 

ɺʦʟʨʘʩʪ nNOS(+)/ʍɸʊ(ī) nNOS(+)/ʍɸʊ(+) nNOS(ī)/ʍɸʊ(+) 

ʅʦʚʦʨʦʞʜʝʥʥʳʡ 36 Ñ 2,5 31 Ñ 1,2 33 Ñ 2,6 

10 ʩʫʪʦʢ 30 Ñ 2,2 34 Ñ 1,6 36 Ñ 2,5 

20 ʩʫʪʦʢ 35 Ñ 2,3 33 Ñ 1,1 32 Ñ 1,1 

30 ʩʫʪʦʢ 36 Ñ 2,5 33 Ñ 1,1 31 Ñ 1,3 

2 ʤʝʩʷʮʘ 36 Ñ 1,5 31 Ñ 2,2 33 Ñ 1,8 

6 ʤʝʩʷʮʝʚ 32 Ñ 1,5 34 Ñ 2,2 34 Ñ 2,8 

ɿ ʛʦʜʘ 35 Ñ 1,5 34 Ñ 1,2 31 Ñ 1,8 
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3.3.3. ʉʦʣʦʢʘʣʠʟʘʮʠʷ nNOS ʩ ʢʘʣʴʙʠʥʜʠʥʦʤ 

ʊʝʣʘ ʥʝʡʨʦʥʦʚ ʠ ʠʭ ʧʨʦʢʩʠʤʘʣʴʥʳʝ ʜʝʥʜʨʠʪʳ ʜʝʤʦʥʩʪʨʠʨʦʚʘʣʠ 

ʠʤʤʫʥʦʨʝʘʢʪʠʚʥʦʩʪʴ ʢ ʢʘʣʴʙʠʥʜʠʥʫ (ʂɹ), ʢʦʪʦʨʘʷ ʚʘʨʴʠʨʦʚʘʣʘ ʧʦ 

ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʦʪ ʩʣʘʙʦʡ ʜʦ ʦʯʝʥʴ ʩʠʣʴʥʦʡ (ʨʠʩ. 18). ʅʘʠʙʦʣʴʰʠʡ ʧʨʦʮʝʥʪ 

ʥʝʡʨʦʥʦʚ ʂɹ-ʀʈ, ʩʦʣʦʢʘʣʠʟʫʶʱʠʭ nNOS, ʙʳʣ ʦʙʥʘʨʫʞʝʥ ʚ nucl.ILp, ʘ 

ʤʝʥʴʰʠʡ - ʚ nucl.IC. ʉʦʣʦʢʘʣʠʟʘʮʠʠ ʂɹ ʠ nNOS ʥʝ ʥʘʙʣʶʜʘʣʦʩʴ ʚ nucl.ILf ʠ 

nucl.ICpe. 

ʇʨʦʮʝʥʪ nNOS(+)/ʂɹ(-) ʚ nucl.ILp ʫʚʝʣʠʯʠʣʩʷ ʩ 22Ñ3,3% ʫ 

ʥʦʚʦʨʦʞʜʝʥʥʳʭ ʠ 23Ñ3,6% ʫ 10-ʜʥʝʚʥʳʭ ʢʨʳʩ ʜʦ 36Ñ4,2% ʫ ʜʚʫʭʤʝʩʷʯʥʳʭ 

(ʩʪʘʪʠʩʪʠʯʝʩʢʠ ʟʥʘʯʠʤʳʝ ʨʘʟʣʠʯʠʷ ʤʝʞʜʫ 10-ʜʥʝʚʥʳʤʠ ʠ ʜʚʫʭʤʝʩʷʯʥʳʤʠ 

ʢʨʳʩʘʤʠ, ʨ<0,05) (ʨʠʩ. 19). ʆʜʥʘʢʦ ʜʦʣʷ nNOS(-)/ʂɹ(+) ʥʝ ʠʟʤʝʥʠʣʘʩʴ ʚ 

ʧʝʨʚʳʡ ʤʝʩʷʮ ʞʠʟʥʠ ʠ ʜʦʩʪʦʚʝʨʥʦ ʫʚʝʣʠʯʠʣʘʩʴ ʩ 8Ñ2,5% ʚ ʚʦʟʨʘʩʪʝ ʦʜʥʦʛʦ 

ʤʝʩʷʮʘ ʜʦ 17Ñ3,4% ʚ ʚʦʟʨʘʩʪʝ ʰʝʩʪʠ ʤʝʩʷʮʝʚ (ʨ <0,05). 
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ʈʠʩ. 18. ʄʠʢʨʦʬʦʪʦ. nNOS-ʠʤʤʫʥʦʨʝʘʢʪʠʚʥʳʝ (ʟʝʣʝʥʘʷ ʬʣʫʦʨʝʩʮʝʥʮʠʷ) ʠ 

ʂɹ-ʧʦʟʠʪʠʚʥʳʝ  (ʢʨʘʩʥʘʷ ʬʣʫʦʨʝʩʮʝʥʮʠʷ) ʥʝʡʨʦʥʳ ʚ nucl.ILp ʩʧʠʥʥʦʛʦ ʤʦʟʛʘ 

ʢʨʳʩ: 10-ʩʫʪʦʯʥʦʡ (ʘ), 20-ʩʫʪʦʯʥʦʡ (ʙ), 30-ʩʫʪʦʯʥʦʡ (ʚ), 3-ʭ ʣʝʪʥʝʡ (ʛ). 

ʌʣʶʦʨʝʩʮʝʥʮʠʷ FITC (ʟʝʣʝʥʳʡ ʮʚʝʪ), ʉY3 (ʢʨʘʩʥʳʡ). ʄʘʩʰʪʘʙ ï 50 

ʤʢʤ. 

 

 

ʈʠʩ. 19. ʇʨʦʮʝʥʪ ʂɹ-ʀʈ ʠ nNOS-ʀʈ ʥʝʡʨʦʥʦʚ nucl.ILp ʚ ʦʥʪʦʛʝʥʝʟʝ. (*p<0,01, 

ʨʘʟʣʠʯʠʷ ʜʦʩʪʦʚʝʨʥʳ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʥʦʚʦʨʦʞʜʝʥʥʳʤ, **p< 0,05, ʨʘʟʣʠʯʠʷ 

ʜʦʩʪʦʚʝʨʥʳ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ 20-ʩʫʪʦʯʥʦʡ ʢʨʳʩʦʡ). 

ɺ nucl.IC ʧʨʦʮʝʥʪ nNOS(+)/ʂɹ(+) ʥʝʡʨʦʥʦʚ ʙʳʣ ʚʳʩʦʢʠʤ ʠ ʫʚʝʣʠʯʠʣʩʷ 

ʩ 40Ñ4,8% ʫ ʥʦʚʦʨʦʞʜʝʥʥʳʭ ʠ 43Ñ5,1% ʫ 10-ʜʥʝʚʥʳʭ ʢʨʳʩ ʜʦ 61 Ñ 5,5% ʫ 20- 

ʜʥʝʚʥʳʝ ʢʨʳʩʳ (ʩʪʘʪʠʩʪʠʯʝʩʢʠ ʟʥʘʯʠʤʳʝ ʨʘʟʣʠʯʠʷ, ʨ <0,05) (ʨʠʩ. 20). ɼʦʣʷ 

nNOS(+)/ʂɹ(-) ʥʝʡʨʦʥʦʚ ʪʘʢʞʝ ʫʚʝʣʠʯʠʣʘʩʴ ʩ 18Ñ2,4% ʫ ʥʦʚʦʨʦʞʜʝʥʥʳʭ ʠ ʩ 

20Ñ2,1% ʫ 10-ʜʥʝʚʥʳʭ ʜʦ 30Ñ3,5% ʫ 20-ʜʥʝʚʥʳʭ ʢʨʳʩ (ʩʪʘʪʠʩʪʠʯʝʩʢʠ 

ʟʥʘʯʠʤʳʝ ʨʘʟʣʠʯʠʷ, ʨ<0,05). ʄʳ ʥʝ ʥʘʙʣʶʜʘʣʠ ʩʪʘʪʠʩʪʠʯʝʩʢʠ ʟʥʘʯʠʤʳʭ 

ʨʘʟʣʠʯʠʡ ʤʝʞʜʫ ʨʘʟʣʠʯʥʳʤʠ 20-ʜʥʝʚʥʳʤʠ ʠ ʙʦʣʝʝ ʩʪʘʨʳʤʠ ʢʨʳʩʘʤʠ (ʨ> 

0,05). 






















































