
 

ɚʉʚʔʉʀʑʎʂ ʋʈɻɿʋʌʋʅʂʈʘʉʖʉ ʋʊʀʅɿʖʐʅʆʡʉ 
ɼʇɻɼʡʉ $.! ʑʌʝ ʐʂʉ ʀʌʚɿʍɻʎʂ ʎʑʎʐʂʈʅʆʡʉ 
ʒɻʅʉʋʈʘʉʖʉ ɢʋʉʐʚʁʋʑʎɻʏ ɻʆʐʅʉʋɼʋʇʚɻʏ 

ɝʅʌʇʖʈɻʐʅʆʙ ʀʍɾɻʎʚɻ  



 

 

 



 



ɞɭɯɚɪɢɫɬɢɞɫ 

 



 

 

 

 

 

 

 

 

 

 

 



ɩɞɪɢɤɠɰɠ 



ABSTRACT 



 

ɩʚʉɻʆɻʏ ʌʀʍʅʀʔʋʈʘʉʖʉ 

 

 

 

 

  

  

 

 

 

 

 

 

 

 

 

 

 

  

 

 

 

 

 

 

 

 



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



ɣʀʒʗʇɻʅʋ ρ 

ɢʋʉʐʚʁʋʑʎɻ ɻʆʐʅʉʋɼʋʇʚɻ 

1.1 ɞʅʎɻɾʖɾʙ 

1.2 ɢʋʉʐʚʁʋʑʎɻ  ɚʆʐʅʉʋɼʋʇʚɻ 

 ɞʚɿʂ ɢʋʉʐʚʁʋʑʎɻʏ ɻʆʐʅʉʋɼʋʇʚɻʏ 

o 

o 



 

1.3.  ɚʇʇʂʇʀʌʚɿʍɻʎʂ ɻʆʐʅʉʋɼʋʇʚɻʏ ʈʀ ʞʇʂ 



1.2.2.1 ɮʖʐʋʂʇʀʆʐʍʅʆʝ ʒɻʅʉʝʈʀʉʋ 
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1.2.2.2 ɫʆʘɿɻʎʂ Compton 
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1.2.2.3 ɝʚɿʑʈʂ  ɜʘʉʀʎʂ 

 

 

 

 



1.2.3 ɚʌʋʍʍʝʒʂʎʂ ɻʆʐʅʉʋɼʋʇʚɻʏ 
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ɣʀʒʗʇɻʅʋ 2 

2.1 ɠ ɛɢɨɤɨɜɢɚ ɬɨɭ ɣɭɬɬɚɪɨɭ  





ςȢρȢρ ɨ ɣʑʐʐɻʍʅʆʝʏ ɣʞʆʇʋʏ ʆɻʅ ʐɻ ʎʐʗɿʅɻ ʐʋʑ. 



 

 

 

 

 

 

 

 

2.1.2 ɪʞʃʈʅʎʂ ʐʋʑ ʆʑʐʐɻʍʅʆʋʞ ʆʞʆʇʋʑ 



2.1.3 ɬʋ ʎʞʎʐʂʈɻ ʀʇʘɾʔʋʑ ʐʋʑ ʆʑʐʐɻʍʅʆʋʞ ʆʞʆʇʋʑ 







2.1.4 ɥʀʚʖʎʂ 



 

2.2. ɣɭɬɬɚɪɢɣɨɫ ɡɚɦɚɬɨɫ 

 

2.2.1 ɩʍʋɾʍɻʈʈɻʐʅʎʈʘʉʋʏ ʆʑʐʐɻʍʅʆʝʏ ʃʗʉɻʐʋʏ 

2.2.1.1 ɥʂʔɻʉʅʎʈʝʏ ɻʌʝʌʐʖʎʂʏ 



2.2.1.2. ɝʋʈʅʆʘʏ ʆɻʅ ʇʀʅʐʋʑʍɾʅʆʘʏ ɻʇʇɻɾʘʏ ʐʋʑ ʆʑʐʐʗʍʋʑ ʆɻʐʗ ʐʂʉ 

ɻʌʝʌʐʖʎʂ 



 

 

 



ςȢςȢςȢ ɥʅʐʖʐʅʆʙ ɣɻʐɻʎʐʍʋʒʙ  

ςȢςȢσ ɦʘʆʍʖʎʂ 



2.2.4 ɚʑʐʋʒɻɾʚɻ  

ςȢςȢυ ɜʙʍɻʉʎʂ ɉ Senescence) 



2.2.6. ɨɾʆʋɾʋʉʚɿʅɻ  ʆɻʅ  ʋɾʆʋʆɻʐɻʎʐɻʇʐʅʆʗ  ɾʋʉʚɿʅɻ 

 



2.3 ɬʋ DNA ʆɻʅ ʂ ɿʋʈʙ ʐʋʑȢ 

ςȢσȢρ ɬʅ ʀʚʉɻʅ ʐʋ DNA  



ü 

ü 

ü 

ü 



2.3.2  ɛʅʋʇʋɾʅʆʙ ʎʂʈɻʎʚɻ ʐʋʑ $.! 

2.3.3 ɚʉʐʅɾʍɻʒʙȟ ʘʆʒʍɻʎʂ ʆɻʅ ʍʞʃʈʅʎʂ ʐʂʏ ɾʀʉʀʐʅʆʙʏ 

ʌʇʂʍʋʒʋʍʚɻʏ 



2.4   ɛɤɚɛɞɫ ɫɬɨ $.! 

2.4.1  ɞʚɿʂ ɼʇɻɼʡʉ ʐʋʑ $.! 
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ɨɥɚɝɨɩɨɢɠɥɞɦɞɫ ɛɤɚɛɞɫ ʙ Oxidative Clustered DNA lesions 

(OCDLs) 


































































































































































