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ʉʧʠʩʦʢ ʩʦʢʨʘʱʝʥʠʡ ʠ ʦʙʦʟʥʘʯʝʥʠʡ 
 

AscNa ï ʘʩʢʦʨʙʘʪ ʥʘʪʨʠʷ 

ADMA  - ʘʥʪʨʘʮʝʥ-9,10-ʜʠʠʣ-ʙʠʩ-ʤʝʪʠʣʤʘʣʦʥʘʪ 

Bn - ʙʝʥʟʠʣ 

Boc ï ʪʨʝʪ-ʙʫʪʦʢʩʠʢʘʨʙʦʥʠʣ 

BSA ï ʙʳʯʠʡ ʩʳʚʦʨʦʪʦʯʥʳʡ ʘʣʴʙʫʤʠʥ 

CA4 ï ʢʦʤʙʨʝʪʘʩʪʘʪʠʥ ɸ4 

CDT ï ʭʝʤʦʜʠʥʘʤʠʯʝʩʢʘʷ ʪʝʨʘʧʠʷ  

CuAAC ï ʤʝʜʴ-ʢʘʪʘʣʠʟʠʨʫʝʤʦʝ ʧʨʠʩʦʝʜʠʥʝʥʠʝ ʘʟʠʜʘ ʢ ʘʣʢʠʥʫ 

ʉy ï ʮʠʢʣʦʛʝʢʩʘʥ 

DCC ï ʜʠʮʠʢʣʦʛʝʢʩʠʣʢʘʨʙʦʜʠʠʤʠʜ 

DCM ï ʜʠʭʣʦʨʤʝʪʘʥ 

DIC ï ʜʠʠʟʦʧʨʦʧʠʣʢʘʨʙʦʜʠʠʤʠʜ 

DIPEA ï ʜʠʠʟʦʧʨʦʧʠʣʵʪʠʣʘʤʠʥ  

DLI  ï ʠʥʪʝʨʚʘʣ ʚʨʝʤʝʥʠ ʜʦ ʦʙʣʫʯʝʥʠʷ 

DMAP ï N,N-ʜʠʤʝʪʠʣʘʤʠʥʦʧʠʨʠʜʠʥ  

DMF (ɼʄʌɸ) ï ʜʠʤʝʪʠʣʬʦʨʤʘʤʠʜ  

DOX ï ʜʦʢʩʦʨʫʙʠʮʠʥ 

DPBF ï 1,3-ʜʠʬʝʥʠʣʠʟʦʙʝʥʭʦʬʫʨʘʥ 

EDCĿHCl  ï ʛʠʜʨʦʭʣʦʨʠʜ (3-ʜʠʤʝʪʠʣʘʤʠʥʦʧʨʦʧʠʣ)-N-ʵʪʠʣʢʘʨʙʦʜʠʠʤʠʜʘ 

EGFR ï ʨʝʮʝʧʪʦʨ ʬʘʢʪʦʨʘ ʨʦʩʪʘ ʵʧʠʜʝʨʤʠʩʘ 

EMA ï ɽʚʨʦʧʝʡʩʢʦʝ ʤʝʜʠʮʠʥʩʢʦʝ ʘʛʝʥʪʩʪʚʦ 

GSH ï ʛʣʫʪʘʪʠʦʥ 

IC50 ï ʢʦʥʮʝʥʪʨʘʮʠʷ ʧʦʣʫʤʘʢʩʠʤʘʣʴʥʦʛʦ ʠʥʛʠʙʠʨʦʚʘʥʠʷ 

ICD ï ʠʤʤʫʥʦʛʝʥʥʘʷ ʢʣʝʪʦʯʥʘʷ ʛʠʙʝʣʴ  

FA ï ʬʦʣʠʝʚʘʷ ʢʠʩʣʦʪʘ 

FAP ï ʬʠʙʨʦʙʣʘʩʪ-ʘʢʪʠʚʠʨʫʶʱʠʡ ʙʝʣʦʢ 

FDA ï ʋʧʨʘʚʣʝʥʠʝ ʧʦ ʩʘʥʠʪʘʨʥʦʤʫ ʥʘʜʟʦʨʫ ʟʘ ʢʘʯʝʩʪʚʦʤ ʧʠʱʝʚʳʭ ʧʨʦʜʫʢʪʦʚ ʠ 

ʤʝʜʠʢʘʤʝʥʪʦʚ ʉʐɸ 

HDMA ï 1-[(ʜʠʤʝʪʠʣʘʤʠʥʦ) (ʤʦʨʬʦʣʠʥʦ) ʤʝʪʠʣʝʥ]-1H-[1, 2, 3]ʪʨʠʘʟʦʣʦ[4, 5-

b]ʧʠʨʠʜʠʥ-1-ʠʫʤ 3-ʦʢʩʠʜ ʛʝʢʩʘʬʪʦʨʬʦʩʬʘʪ 

Hpd ï ʧʨʦʠʟʚʦʜʥʦʝ ʛʝʤʘʪʦʧʦʨʬʠʨʠʥʘ 

HRMS-ESI ï ʤʘʩʩ-ʩʧʝʢʪʨʦʤʝʪʨʠʷ ʚʳʩʦʢʦʛʦ ʨʘʟʨʝʰʝʥʠʷ ʩ ʠʦʥʠʟʘʮʠʝʡ ʵʣʝʢʪʨʦʩʧʨʝʝʤ 

HSP ï ʙʝʣʦʢ ʪʝʨʤʠʯʝʩʢʦʛʦ ʰʦʢʘ  

LDL ï ʣʠʧʦʧʨʦʪʝʠʥ ʥʠʟʢʦʡ ʧʣʦʪʥʦʩʪʠ 

MALDI ï ʤʘʪʨʠʯʥʦ-ʘʢʪʠʚʠʨʦʚʘʥʥʘʷ ʣʘʟʝʨʥʘʷ ʜʝʩʦʨʙʮʠʷ/ʠʦʥʠʟʘʮʠʷ  

MePheid-a ï ʤʝʪʠʣʬʝʦʬʦʨʙʠʜ-ʘ 

Phytyl ï ʬʠʪʠʣ 

PBS ï ʬʦʩʬʘʪʥʳʡ ʙʫʬʝʨ 

PTX ï ʧʘʢʣʠʪʘʢʩʝʣ 

PET ï ʧʦʟʠʪʨʦʥʥʦ-ʵʤʠʩʩʠʦʥʥʘʷ ʪʦʤʦʛʨʘʬʠʷ 

ROS ï ʘʢʪʠʚʥʳʝ ʬʦʨʤʳ ʢʠʩʣʦʨʦʜʘ 

SERM ï ʩʝʣʝʢʪʠʚʥʳʝ ʤʦʜʫʣʷʪʦʨʳ ʵʩʪʨʦʛʝʥʦʚʳʭ ʨʝʮʝʧʪʦʨʦʚ 

TACN ï [1,4,7]-ʪʨʠʘʟʦʮʠʢʣʦʥʦʥʘʥ 

TBTA ï ʪʨʠʩ(ʙʝʥʟʠʣʪʨʠʘʟʦʣʠʣʤʝʪʠʣ)ʘʤʠʥ 

TEA ï ʪʨʠʵʪʠʣʘʤʠʥ 

TFA ï ʪʨʠʬʪʦʨʫʢʩʫʩʥʘʷ ʢʠʩʣʦʪʘ  

TMS ï ʪʨʠʤʝʪʠʣʩʠʣʠʣ 
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THF (ʊɻʌ) ï ʪʝʪʨʘʛʠʜʨʦʬʫʨʘʥ  

THP ï ʪʝʪʨʘʛʠʜʨʦʧʠʨʘʥ 

TNF ï ʬʘʢʪʦʨ ʥʝʢʨʦʟʘ ʦʧʫʭʦʣʠ 

TPP ï ʪʨʠʬʝʥʠʣʬʦʩʬʦʥʠʡ  

VDA ï ʘʛʝʥʪʳ, ʨʘʟʨʫʰʘʶʱʠʝ ʩʦʩʫʜʳ 

VEGF ï ʬʘʢʪʦʨ ʨʦʩʪʘ ʵʥʜʦʪʝʣʠʷ ʩʦʩʫʜʦʚ 

VEGFR ï ʨʝʮʝʧʪʦʨ ʬʘʢʪʦʨ ʨʦʩʪʘ ʵʥʜʦʪʝʣʠʷ ʩʦʩʫʜʦʚ 

ZnPc ï ʬʪʘʣʦʮʠʘʥʠʥ ʮʠʥʢʘ 

ɻɻ ï ʛʠʜʨʦʬʠʣʴʥʘʷ ʛʨʫʧʧʘ  

ʉʆɼ - ʩʫʧʝʨʦʢʩʠʜʜʠʩʤʫʪʘʟʘ 

ɼʄʉʆ ï ʜʠʤʝʪʠʣʩʫʣʴʬʦʢʩʠʜ  

ʂʍ ï ʢʦʣʦʥʦʯʥʘʷ ʭʨʦʤʘʪʦʛʨʘʬʠʷ  

ʄʊʊ ï (4,5-ʜʠʤʝʪʠʣʪʠʘʟʦʣ-2-ʠʣ)-2,5-ʜʠʬʝʥʠʣ-ʪʝʪʨʘʟʦʣʠʫʤ ʙʨʦʤʠʜ  

ʇʋɺɸ ï ʤʝʪʦʜ ʪʝʨʘʧʠʠ, ʦʩʥʦʚʘʥʥʳʡ ʥʘ ʧʨʠʤʝʥʝʥʠʠ ʧʩʦʨʘʣʝʥʦʚ ʠ ʋɺ-ɸ ʠʟʣʫʯʝʥʠʷ 

ʇʕ ï ʧʝʪʨʦʣʝʡʥʳʡ ʵʬʠʨ 

ʇʕɻ ï ʧʦʣʠʵʪʠʣʝʥʛʣʠʢʦʣʴ  

ʊʉʍ ï ʪʦʥʢʦʩʣʦʡʥʘʷ ʭʨʦʤʘʪʦʛʨʘʬʠʷ  

ʌɼʊ ï ʬʦʪʦʜʠʥʘʤʠʯʝʩʢʘʷ ʪʝʨʘʧʠʷ 

ʌʉ ï ʬʦʪʦʩʝʥʩʠʙʠʣʠʟʘʪʦʨ  

ʕʇʈ ï ʵʥʜʦʧʣʘʟʤʘʪʠʯʝʩʢʠʡ ʨʝʪʠʢʫʣʫʤ  

ʕʈ ï ʵʩʪʨʦʛʝʥʦʚʳʝ ʨʝʮʝʧʪʦʨʳ 

ʗʄʈ ï ʷʜʝʨʥʳʡ ʤʘʛʥʠʪʥʳʡ ʨʝʟʦʥʘʥʩ 
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ɺʚʝʜʝʥʠʝ 
 

ɸʢʪʫʘʣʴʥʦʩʪʴ ʨʘʙʦʪʳ 

ʆʥʢʦʣʦʛʠʯʝʩʢʠʝ ʟʘʙʦʣʝʚʘʥʠʷ ʥʘ ʩʝʛʦʜʥʷʰʥʠʡ ʜʝʥʴ ʷʚʣʷʶʪʩʷ ʦʩʪʨʝʡʰʝʡ 

ʩʦʮʠʘʣʴʥʦʡ ʧʨʦʙʣʝʤʦʡ ʠ ʧʦ ʜʘʥʥʳʤ ɺʆɿ ʥʘʭʦʜʷʪʩʷ ʥʘ ʚʪʦʨʦʤ ʤʝʩʪʝ ʚ ʤʠʨʝ ʩʨʝʜʠ 

ʧʨʠʯʠʥ ʩʤʝʨʪʥʦʩʪʠ. ʊʦʣʴʢʦ ʚ 2018 ʛʦʜʫ ʨʘʢ ʙʳʣ ʧʨʠʯʠʥʦʡ ʛʠʙʝʣʠ 9.6 ʤʠʣʣʠʦʥʦʚ 

ʞʠʟʥʝʡ. ʇʨʠ ʵʪʦʤ ʝʱʝ ʚ 2012 ʛʦʜʫ ʮʠʬʨʘ ʩʤʝʨʪʥʦʩʪʠ ʩʦʩʪʘʚʣʷʣʘ 8.2 ʤʠʣʣʠʦʥʘ 

ʩʣʫʯʘʝʚ, ʯʪʦ ʛʦʚʦʨʠʪ ʦ ʧʨʦʛʨʝʩʩʠʨʫʶʱʝʤ ʭʘʨʘʢʪʝʨʝ ʵʪʦʡ ʧʨʦʙʣʝʤʳ. 

 ɼʦ ʩʠʭ ʥʝ ʩʫʱʝʩʪʚʫʝʪ ʫʥʠʚʝʨʩʘʣʴʥʦʛʦ ʚʳʩʦʢʦʵʬʬʝʢʪʠʚʥʦʛʦ ʩʧʦʩʦʙʘ ʪʝʨʘʧʠʠ 

ʦʧʫʭʦʣʝʚʳʭ ʟʘʙʦʣʝʚʘʥʠʡ. ʅʘ ʜʘʥʥʳʡ ʤʦʤʝʥʪ ʥʘʠʙʦʣʴʰʝʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝ ʥʘʰʣʠ 

ʭʠʤʠʦʪʝʨʘʧʠʷ, ʣʫʯʝʚʘʷ ʠ ʬʦʪʦʜʠʥʘʤʠʯʝʩʢʘʷ ʪʝʨʘʧʠʷ.  

 ʌʦʪʦʜʠʥʘʤʠʯʝʩʢʘʷ ʪʝʨʘʧʠʷ ð ʵʪʦ ʤʠʥʠʤʘʣʴʥʦ ʠʥʚʘʟʠʚʥʳʡ ʩʧʦʩʦʙ ʣʝʯʝʥʠʷ 

ʦʥʢʦʣʦʛʠʯʝʩʢʠʭ ʟʘʙʦʣʝʚʘʥʠʡ, ʦʩʥʦʚʘʥʥʳʡ ʥʘ ʚʚʝʜʝʥʠʠ ʚ ʦʨʛʘʥʠʟʤ ʧʘʮʠʝʥʪʘ 

ʬʦʪʦʘʢʪʠʚʥʳʭ ʩʦʝʜʠʥʝʥʠʡ (ʬʦʪʦʩʝʥʩʠʙʠʣʠʟʘʪʦʨʦʚ) ʩ ʠʭ ʧʦʩʣʝʜʫʶʱʝʡ ʘʢʪʠʚʘʮʠʝʡ 

ʠʟʣʫʯʝʥʠʝʤ ʚʠʜʠʤʦʡ ʦʙʣʘʩʪʠ ʩʧʝʢʪʨʘ. ʆʩʥʦʚʥʳʤ ʜʦʩʪʦʠʥʩʪʚʦʤ ʬʦʪʦʜʠʥʘʤʠʯʝʩʢʦʡ 

ʪʝʨʘʧʠʠ ʷʚʣʷʝʪʩʷ ʥʠʟʢʘʷ ʩʠʩʪʝʤʥʘʷ ʪʦʢʩʠʯʥʦʩʪʴ, ʚʳʩʦʢʘʷ ʥʘʧʨʘʚʣʝʥʥʦʩʪʴ ʜʝʡʩʪʚʠʷ 

ʠ ʘʢʪʠʚʘʮʠʷ ʠʤʤʫʥʥʦʛʦ ʧʨʦʪʠʚʦʦʧʫʭʦʣʝʚʦʛʦ ʦʪʚʝʪʘ.  

ʅʘ ʩʝʛʦʜʥʷʰʥʠʡ ʜʝʥʴ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʬʦʪʦʩʝʥʩʠʙʠʣʠʟʘʪʦʨʦʚ ʚʩʝ ʝʱʝ ʩʠʣʴʥʦ 

ʣʠʤʠʪʠʨʦʚʘʥʦ ʠ ʧʦʢʘʟʘʥʦ ʪʦʣʴʢʦ ʜʣʷ ʧʨʠʤʝʥʝʥʠʷ ʧʨʠ ʦʧʫʭʦʣʷʭ ʧʨʦʩʪʘʪʳ, ʤʦʣʦʯʥʦʡ 

ʞʝʣʝʟʳ, ʰʝʡʢʠ ʤʘʪʢʠ, ʢʦʞʠ, ʛʦʣʦʚʳ ʠ ʰʝʠ, ʣʝʛʢʠʭ ʠ ʤʦʯʝʚʦʛʦ ʧʫʟʳʨʷ. ʆʩʥʦʚʥʳʝ 

ʥʝʜʦʩʪʘʪʢʠ ʧʨʠʤʝʥʷʝʤʳʭ ʚ ʢʣʠʥʠʯʝʩʢʦʡ ʧʨʘʢʪʠʢʝ ʧʨʝʧʘʨʘʪʦʚ ʩʚʷʟʘʥʳ ʩ ʥʠʟʢʦʡ 

ʵʬʬʝʢʪʠʚʥʦʩʪʴʶ ʥʘʢʦʧʣʝʥʠʷ ʚ ʦʧʫʭʦʣʝʚʳʭ ʢʣʝʪʢʘʭ, ʯʪʦ, ʚ ʩʚʦʶ ʦʯʝʨʝʜʴ, ʤʦʞʝʪ 

ʧʨʠʚʦʜʠʪʴ ʢ ʨʘʟʚʠʪʠʶ ʥʝʞʝʣʘʪʝʣʴʥʦʡ ʬʦʪʦʪʦʢʩʠʯʥʦʩʪʠ. ʂʨʦʤʝ ʵʪʦʛʦ, 

ʬʦʪʦʩʝʥʩʠʙʠʣʠʟʘʪʦʨʳ ʣʠʰʝʥʳ ʩʦʙʩʪʚʝʥʥʦʛʦ ʮʠʪʦʪʦʢʩʠʯʝʩʢʦʛʦ ʜʝʡʩʪʚʠʷ ʚ 

ʦʪʩʫʪʩʪʚʠʝ ʩʚʝʪʘ ʠ ʥʝ ʩʧʦʩʦʙʥʳ ʙʦʨʦʪʴʩʷ ʩ ʦʧʫʭʦʣʝʚʳʤʠ ʢʣʝʪʢʘʤʠ, ʥʝ ʧʦʧʘʚʰʠʤʠ ʚ 

ʨʘʜʠʫʩ ʩʚʝʪʦʚʦʛʦ ʦʙʣʫʯʝʥʠʷ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʨʠ ʥʘʣʠʯʠʠ ʤʝʪʘʩʪʘʟʠʨʫʶʱʠʭ 

ʦʧʫʭʦʣʝʚʳʭ ʟʘʙʦʣʝʚʘʥʠʡ, ʠʤʝʶʱʠʭ ʤʥʦʞʝʩʪʚʝʥʥʳʝ ʦʯʘʛʠ ʧʦʨʘʞʝʥʠʷ, ʧʨʠʤʝʥʝʥʠʝ 

ʬʦʪʦʩʝʥʩʠʙʠʣʠʟʘʪʦʨʦʚ ʩʠʣʴʥʦ ʟʘʪʨʫʜʥʝʥʦ. 

ɽʱʸ ʦʜʠʥ ʥʝʜʦʩʪʘʪʦʢ ʙʦʣʴʰʠʥʩʪʚʘ ʧʨʝʧʘʨʘʪʦʚ ʬʦʪʦʜʠʥʘʤʠʯʝʩʢʦʡ ʪʝʨʘʧʠʠ 

ʩʚʷʟʘʥ ʩ ʠʭ ʚʳʩʦʢʦʡ ʣʠʧʦʬʠʣʴʥʦʩʪʴʶ, ʟʘʪʨʫʜʥʷʶʱʝʡ ʧʨʠʛʦʪʦʚʣʝʥʠʝ ʨʘʩʪʚʦʨʦʚ ʜʣʷ 

ʚʥʫʪʨʠʚʝʥʥʦʛʦ ʚʚʝʜʝʥʠʷ. 

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʥʘʠʙʦʣʝʝ ʜʠʥʘʤʠʯʥʦ ʨʘʟʚʠʚʘʶʱʝʡʩʷ ʦʙʣʘʩʪʴʶ ʧʦ 

ʩʦʟʜʘʥʠʶ ʥʦʚʳʭ ʧʨʝʧʘʨʘʪʦʚ ʜʣʷ ʬʦʪʦʜʠʥʘʤʠʯʝʩʢʦʡ ʪʝʨʘʧʠʠ ʷʚʣʷʝʪʩʷ ʨʘʟʨʘʙʦʪʢʘ 

ʤʫʣʴʪʠʤʦʜʘʣʴʥʳʭ ʢʦʥʲʶʛʠʨʦʚʘʥʥʳʭ ʩʦʝʜʠʥʝʥʠʡ. ʇʦʜʦʙʥʳʝ ʘʛʝʥʪʳ, ʧʦʤʠʤʦ 

ʬʦʪʦʘʢʪʠʚʥʦʡ ʯʘʩʪʠ, ʩʦʜʝʨʞʘʪ ʚ ʩʝʙʝ ʨʘʟʣʠʯʥʳʝ ʚʝʢʪʦʨʥʳʝ ʠ/ʠʣʠ ʮʠʪʦʪʦʢʩʠʯʝʩʢʠʝ 

ʬʨʘʛʤʝʥʪʳ. ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʪʘʢʦʛʦ ʧʦʜʭʦʜʘ ʧʦʟʚʦʣʷʝʪ ʤʦʜʠʬʠʮʠʨʦʚʘʪʴ ʘʢʪʠʚʥʦʩʪʴ 

ʠʩʭʦʜʥʦʛʦ ʬʦʪʦʩʝʥʩʠʙʠʣʠʟʘʪʦʨʘ ʩ ʮʝʣʴʶ ʫʣʫʯʰʝʥʠʷ ʝʛʦ ʬʘʨʤʘʢʦʣʦʛʠʯʝʩʢʠʭ 

ʧʦʢʘʟʘʪʝʣʝʡ. ʂʨʦʤʝ ʵʪʦʛʦ, ʢʦʥʲʶʛʠʨʦʚʘʥʠʝ ʩ ʛʠʜʨʦʬʠʣʴʥʳʤʠ ʧʨʦʠʟʚʦʜʥʳʤʠ 

ʧʦʟʚʦʣʷʝʪ ʥʘʩʪʨʘʠʚʘʪʴ ʘʤʬʠʬʠʣʴʥʦʩʪʴ ʧʦʣʫʯʘʝʤʳʭ ʩʦʝʜʠʥʝʥʠʡ.  

ʆʩʦʙʝʥʥʦ ʵʬʬʝʢʪʠʚʥʳʤʠ ʧʦʢʘʟʘʣʠ ʩʝʙʷ ʢʦʥʲʶʛʠʨʦʚʘʥʥʳʝ ʘʛʝʥʪʳ ʥʘ ʦʩʥʦʚʝ 

ʬʦʪʦʩʝʥʩʠʙʠʣʠʟʘʪʦʨʦʚ, ʩʚʷʟʘʥʥʳʭ ʩ ʮʠʪʦʩʪʘʪʠʢʘʤʠ. ɺ ʪʘʢʠʭ ʩʦʝʜʠʥʝʥʠʷʭ 

ʮʠʪʦʩʪʘʪʠʢ ʚ ʙʦʣʴʰʠʥʩʪʚʝ ʩʣʫʯʘʝʚ ʧʦʟʚʦʣʷʝʪ: 1) ʠʟʙʠʨʘʪʝʣʴʥʦ ʜʦʩʪʘʚʣʷʪʴ ʢʦʥʲʶʛʘʪ 

ʢ ʦʧʫʭʦʣʝʚʳʤ ʢʣʝʪʢʘʤ ʚ ʨʝʟʫʣʴʪʘʪʝ ʩʚʷʟʳʚʘʥʠʷ ʩ ʢʣʝʪʦʯʥʳʤʠ ʤʠʰʝʥʷʤʠ; 2) 

ʫʚʝʣʠʯʠʚʘʪʴ ʦʙʱʫʶ ʧʨʦʪʠʚʦʦʧʫʭʦʣʝʚʫʶ ʘʢʪʠʚʥʦʩʪʴ ʟʘ ʩʯʸʪ ʩʦʙʩʪʚʝʥʥʳʭ 

ʤʝʭʘʥʠʟʤʦʚ ʠʥʛʠʙʠʨʦʚʘʥʠʷ ʢʣʝʪʦʯʥʦʡ ʧʨʦʣʠʬʝʨʘʮʠʠ. ɼʣʷ ʩʚʷʟʳʚʘʥʠʷ 

ʨʘʟʥʦʥʘʧʨʘʚʣʝʥʥʳʭ ʯʘʩʪʝʡ ʤʦʛʫʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥʳ ʬʝʨʤʝʥʪʘʪʠʚʥʦ-ʨʘʩʱʝʧʣʷʝʤʳʝ 

ʣʠʥʢʝʨʳ, ʦʙʝʩʧʝʯʠʚʘʶʱʠʝ ʚʳʩʚʦʙʦʞʜʝʥʠʝ ʪʝʨʘʧʝʚʪʠʯʝʩʢʠʭ ʬʨʘʛʤʝʥʪʦʚ 
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ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʚ ʦʧʫʭʦʣʝʚʳʭ ʪʢʘʥʷʭ ʧʦʜ ʜʝʡʩʪʚʠʝʤ ʨʘʟʣʠʯʥʳʭ ʚʥʝʰʥʠʭ ʠʣʠ 

ʚʥʫʪʨʝʥʥʠʭ ʬʘʢʪʦʨʦʚ (ʜʝʡʩʪʚʠʝ ʬʝʨʤʝʥʪʦʚ, pH ʩʨʝʜʳ, ʩʚʝʪʦʚʦʝ ʦʙʣʫʯʝʥʠʝ ʠ ʜʨ.). 

ʉʪʝʧʝʥʴ ʨʘʟʨʘʙʦʪʘʥʥʦʩʪʠ ʪʝʤʳ.  

ɺ ʧʦʩʣʝʜʥʠʝ ʜʝʩʷʪʠʣʝʪʠʷ ʨʘʟʨʘʙʦʪʢʘ ʤʫʣʴʪʠʤʦʜʘʣʴʥʳʭ 

ʬʦʪʦʩʝʥʩʠʙʠʣʠʟʘʪʦʨʦʚ ʷʚʣʷʝʪʩʷ ʦʜʥʦʡ ʠʟ ʥʘʠʙʦʣʝʝ ʙʳʩʪʨʦʨʘʟʚʠʚʘʶʱʠʭʩʷ ʦʙʣʘʩʪʝʡ 

ʬʦʪʦʜʠʥʘʤʠʯʝʩʢʦʡ ʪʝʨʘʧʠʠ ʦʥʢʦʣʦʛʠʯʝʩʢʠʭ ʟʘʙʦʣʝʚʘʥʠʡ. ʕʪʦ ʩʪʘʣʦ, ʚʦ ʤʥʦʛʦʤ, 

ʚʦʟʤʦʞʥʦ ʙʣʘʛʦʜʘʨʷ ʩʦʟʜʘʥʠʶ ʫʥʠʚʝʨʩʘʣʴʥʳʭ ʠ ʜʦʩʪʫʧʥʳʭ ʤʝʪʦʜʦʚ ʩʠʥʪʝʟʘ 

ʢʦʥʲʶʛʠʨʦʚʘʥʥʳʭ ʩʦʝʜʠʥʝʥʠʡ (ʥʘʧʨʠʤʝʨ, CuAAC-ʨʝʘʢʮʠʷ). ʅʘ ʩʝʛʦʜʥʷʰʥʠʡ 

ʤʦʤʝʥʪ ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʢʦʥʲʶʛʘʪʳ ʬʦʪʦʩʝʥʩʠʙʠʣʠʟʘʪʦʨʦʚ ʩ ʨʘʟʥʦʦʙʨʘʟʥʳʤʠ 

ʤʝʪʘʣʣʦʩʦʜʝʨʞʘʱʠʤʠ ʮʠʪʦʩʪʘʪʠʢʘʤʠ, ʠʥʛʠʙʠʪʦʨʘʤʠ ʢʣʝʪʦʯʥʳʭ ʙʝʣʢʦʚ, 

ʘʥʪʘʛʦʥʠʩʪʘʤʠ ʵʩʪʨʦʛʝʥʘ, ʠʥʪʝʨʢʘʣʷʪʦʨʘʤʠ ɼʅʂ ʠ ʪʫʙʫʣʠʥ-ʩʚʷʟʳʚʘʶʱʠʤʠ 

ʘʛʝʥʪʘʤʠ. ʆʜʥʘʢʦ ʜʦ ʩʠʭ ʧʦʨ ʠʟʚʝʩʪʥʳ ʣʠʰʴ ʥʝʢʦʪʦʨʳʝ ʧʨʠʤʝʨʳ ʫʩʧʝʰʥʦʛʦ 

ʩʦʟʜʘʥʠʷ ʪʘʢʠʭ ʤʫʣʴʪʠʤʦʜʘʣʴʥʳʭ ʧʨʦʠʟʚʦʜʥʳʭ, ʢʦʪʦʨʳʝ ʙʳʣʠ ʙʳ ʩʧʦʩʦʙʥʳ 

ʦʙʝʩʧʝʯʠʚʘʪʴ ʵʬʬʝʢʪʠʚʥʫʶ ʪʝʨʘʧʠʶ ʦʧʫʭʦʣʝʚʳʭ ʟʘʙʦʣʝʚʘʥʠʡ. ʅʘʠʙʦʣʴʰʠʡ ʚʢʣʘʜ ʚ 

ʨʘʟʚʠʪʠʝ ʵʪʦʡ ʦʙʣʘʩʪʠ ʚʥʝʩʣʠ ɪʥʜʞʵ ʖ (Youngjae You) ʠʟ ʋʥʠʚʝʨʩʠʪʝʪʘ ʆʢʣʘʭʦʤʳ 

(ʉʐɸ), ʎʟʠʥʴ-ʇʠʥ ʉʶʵ (Jin Ping Xue) ʠʟ ʫʥʠʚʝʨʩʠʪʝʪʘ ʌʫʯʞʦʫ (ʂʠʪʘʡ) ʠ ʈʘʚʠʥʜʨʘ 

ʇʘʥʜʠ (Ravindra Pandey) ʠʟ ʀʥʩʪʠʪʫʪʘ ʨʘʢʘ ʈʦʟʫʵʣʣ ʇʘʨʢʘ (ʉʐɸ).  

ʎʝʣʴʶ ʜʠʩʩʝʨʪʘʮʠʦʥʥʦʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ ʷʚʣʷʝʪʩʷ ʨʘʟʨʘʙʦʪʢʘ ʤʝʪʦʜʦʚ 

ʩʠʥʪʝʟʘ ʥʦʚʳʭ ʢʦʥʲʶʛʠʨʦʚʘʥʥʳʭ ʩʦʝʜʠʥʝʥʠʡ ʥʘ ʦʩʥʦʚʝ ʧʨʦʠʟʚʦʜʥʳʭ 

ʬʦʪʦʩʝʥʩʠʙʠʣʠʟʘʪʦʨʘ ʭʣʦʨʠʥʘ-ʝ6, ʩʚʷʟʘʥʥʦʛʦ ʩ ʮʠʪʦʩʪʘʪʠʢʘʤʠ-ʠʥʛʠʙʠʪʦʨʘʤʠ 

ʪʠʨʦʟʠʥʢʠʥʘʟ (ʚʘʥʜʝʪʘʥʠʙ ʠʣʠ ʢʘʙʦʟʘʥʪʠʥʠʙ) ʠ ʩʦʜʝʨʞʘʱʝʛʦ ʛʠʜʨʦʬʠʣʴʥʳʝ 

ʬʨʘʛʤʝʥʪʳ: 

 
 ɺ ʢʘʯʝʩʪʚʝ ʧʨʝʢʫʨʩʦʨʘ ʭʣʦʨʠʥʦʚʦʡ ʯʘʩʪʠ ʠʩʧʦʣʴʟʦʚʘʥ ʤʝʪʠʣʬʝʦʬʦʨʙʠʜ-ʘ, 

ʢʦʪʦʨʳʡ ʚʳʜʝʣʝʥ ʠʟ ʚʦʟʦʙʥʦʚʣʷʝʤʳʭ ʧʨʠʨʦʜʥʳʭ ʠʩʪʦʯʥʠʢʦʚ. ɹʳʣʠ ʧʦʣʫʯʝʥʳ 

ʨʘʟʣʠʯʥʳʝ ʩʪʨʫʢʪʫʨʥʳʝ ʙʣʦʢʠ ʥʘ ʦʩʥʦʚʝ ʮʠʥʢʦʚʳʭ, ʧʘʣʣʘʜʠʝʚʳʭ ʠʣʠ ʠʥʜʠʝʚʳʭ 

ʤʝʪʘʣʣʦʢʦʤʧʣʝʢʩʦʚ ʭʣʦʨʠʥʘ-ʝ6, ʘ ʪʘʢʞʝ ʩʠʥʪʝʟʠʨʦʚʘʥʳ ʬʫʥʢʮʠʦʥʘʣʠʟʠʨʦʚʘʥʥʳʝ 

ʧʨʦʠʟʚʦʜʥʳʝ ʧʨʝʧʘʨʘʪʦʚ ʚʘʥʜʝʪʘʥʠʙ ʠ ʢʘʙʦʟʘʥʪʠʥʠʙ. ʉ ʧʨʠʤʝʥʝʥʠʝʤ ʨʝʘʢʮʠʡ 

ʘʤʠʜʠʨʦʚʘʥʠʷ/ʵʪʝʨʠʬʠʢʘʮʠʠ, ʘ ʪʘʢʞʝ ʨʝʘʢʮʠʠ CuAAC, ʥʘ ʦʩʥʦʚʝ ʩʦʟʜʘʥʥʳʭ ʙʣʦʢʦʚ 

ʙʳʣʦ ʧʦʣʫʯʝʥʦ 8 ʥʦʚʳʭ ʢʦʥʲʶʛʠʨʦʚʘʥʥʳʭ ʩʦʝʜʠʥʝʥʠʡ, ʦʪʣʠʯʘʶʱʠʭʩʷ ʩʪʨʦʝʥʠʝʤ 

ʣʠʥʢʝʨʘ, ʥʘʣʠʯʠʝʤ ʢʘʪʠʦʥʥʳʭ ʠʣʠ ʫʛʣʝʚʦʜʥʳʭ ʦʩʪʘʪʢʦʚ, ʪʠʧʦʤ ʮʠʪʦʩʪʘʪʠʢʘ. ɺ 

ʢʘʯʝʩʪʚʝ ʣʠʥʢʝʨʘ ʙʳʣʠ ʠʩʧʦʣʴʟʦʚʘʥʳ ʘʣʢʠʣʴʥʳʝ, ʇʕɻ ʬʨʘʛʤʝʥʪʳ ʠʣʠ 

ʬʝʨʤʝʥʪʘʪʠʚʥʦ-ʨʘʩʱʝʧʣʷʝʤʳʡ ɓ-ʛʣʶʢʫʨʦʥʠʜʥʳʡ ʣʠʥʢʝʨ. ʄʦʜʠʬʠʢʘʮʠʷ 

ʚʦʜʦʨʘʩʪʚʦʨʠʤʦʩʪʠ ʙʳʣʘ ʦʩʫʱʝʩʪʚʣʝʥʘ ʧʫʪʝʤ ʚʚʝʜʝʥʠʷ ʫʛʣʝʚʦʜʥʳʭ ʠʣʠ 

ʘʤʤʦʥʠʡʥʳʭ ʦʩʪʘʪʢʦʚ. ɼʣʷ ʥʦʚʳʭ ʢʦʥʲʶʛʠʨʦʚʘʥʥʳʭ ʤʦʣʝʢʫʣ ʙʳʣʠ ʦʧʨʝʜʝʣʝʥʳ 
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ʢʣʶʯʝʚʳʝ ʬʦʪʦʬʠʟʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ. ʇʨʦʪʠʚʦʦʧʫʭʦʣʝʚʘʷ ʘʢʪʠʚʥʦʩʪʴ 

ʢʦʥʲʶʛʘʪʦʚ ʠʟʫʯʝʥʘ in vivo ʠ in vitro. 

 ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʥʘʩʪʦʷʱʘʷ ʜʠʩʩʝʨʪʘʮʠʦʥʥʘʷ ʨʘʙʦʪʘ ʧʦʩʚʷʱʝʥʘ: 1) ʨʘʟʨʘʙʦʪʢʝ 

ʥʦʚʳʭ ʧʦʜʭʦʜʦʚ ʩʠʥʪʝʟʘ ʢʦʥʲʶʛʠʨʦʚʘʥʥʳʭ ʩʦʝʜʠʥʝʥʠʡ ʥʘ ʦʩʥʦʚʝ ʭʣʦʨʠʥʘ-ʝ6 ʠ 

ʮʠʪʦʩʪʘʪʠʢʦʚ ʚʘʥʜʝʪʘʥʠʙʘ ʠʣʠ ʢʘʙʦʟʘʥʪʠʥʠʙʘ; 2) ʦʧʨʝʜʝʣʝʥʠʶ ʬʦʪʦʬʠʟʠʯʝʩʢʠʭ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʧʦʣʫʯʝʥʥʳʭ ʩʦʝʜʠʥʝʥʠʡ ʠ ʠʭ in vivo/in vitro ʧʨʦʪʠʚʦʦʧʫʭʦʣʝʚʦʡ 

ʘʢʪʠʚʥʦʩʪʠ.  

ʅʘʫʯʥʘʷ ʥʦʚʠʟʥʘ 

1. ʈʘʟʨʘʙʦʪʘʥʳ ʠ ʨʝʘʣʠʟʦʚʘʥʳ ʧʦʜʭʦʜʳ ʧʦ ʩʦʟʜʘʥʠʶ ʥʦʚʳʭ ʢʦʥʲʶʛʠʨʦʚʘʥʥʳʭ 

ʩʦʝʜʠʥʝʥʠʡ ʥʘ ʦʩʥʦʚʝ ʧʦʣʫʯʝʥʥʳʭ ʠʟ ʧʨʠʨʦʜʥʳʭ ʚʦʟʦʙʥʦʚʣʷʝʤʳʭ ʠʩʪʦʯʥʠʢʦʚ 

(ʩʠʥʝ-ʟʝʣʝʥʳʝ ʚʦʜʦʨʦʩʣʠ, ʰʧʠʥʘʪ) ʭʣʦʨʠʥʦʚʳʭ ʬʦʪʦʩʝʥʩʠʙʠʣʠʟʘʪʦʨʦʚ, ʩʚʷʟʘʥʥʳʭ ʩ 

ʮʠʪʦʩʪʘʪʠʢʘʤʠ ʚʘʥʜʝʪʘʥʠʙ ʠʣʠ ʢʘʙʦʟʘʥʪʠʥʠʙ ʩ ʧʦʤʦʱʴʶ ʣʠʥʢʝʨʦʚ ʨʘʟʣʠʯʥʦʡ 

ʧʨʠʨʦʜʳ, ʠ ʤʦʜʠʬʠʮʠʨʦʚʘʥʥʳʭ ʛʠʜʨʦʬʠʣʴʥʳʤʠ ʫʛʣʝʚʦʜʥʳʤʠ ʠʣʠ ʢʘʪʠʦʥʥʳʤʠ 

ʘʤʤʦʥʠʡʥʳʤʠ ʛʨʫʧʧʘʤʠ. 

2. ʉʠʥʪʝʟʠʨʦʚʘʥ ʢʦʥʲʶʛʘʪ, ʦʙʣʘʜʘʶʱʠʡ ʘʬʬʠʥʦʩʪʴʶ ʢ EGFR-

ʵʢʩʧʨʝʩʩʠʨʫʶʱʝʡ ʢʣʝʪʦʯʥʦʡ ʣʠʥʠʠ ʵʧʠʜʝʨʤʦʠʜʥʦʡ ʢʘʨʮʠʥʦʤʳ ʯʝʣʦʚʝʢʘ ɸ431. 

ʉʠʥʪʝʟʠʨʦʚʘʥ ʢʦʥʲʶʛʘʪ, ʧʨʦʷʚʣʷʶʱʠʡ ʬʦʪʦʜʠʥʘʤʠʯʝʩʢʫʶ ʘʢʪʠʚʥʦʩʪʴ ʚ 

ʥʘʥʦʤʦʣʷʨʥʦʤ ʜʠʘʧʘʟʦʥʝ ʢʦʥʮʝʥʪʨʘʮʠʡ ʩ ʦʪʣʠʯʥʳʤ ʩʦʦʪʥʦʰʝʥʠʝʤ IC50 (ʚ ʪʝʤʥʦʪʝ) 

/ IC50 (ʥʘ ʩʚʝʪʫ) ~ 14000 ʜʣʷ ʢʣʝʪʦʯʥʦʡ ʣʠʥʠʠ ʵʧʠʜʝʨʤʦʠʜʥʦʡ ʢʘʨʮʠʥʦʤʳ ʯʝʣʦʚʝʢʘ 

ɸ431. ʇʦʣʫʯʝʥ ʢʦʥʲʶʛʘʪ, ʧʦʢʘʟʳʚʘʶʱʠʡ ʩʠʥʝʨʛʝʪʠʯʝʩʢʫʶ ʪʝʤʥʦʚʫʶ ʠ ʩʚʝʪʦʚʫʶ 

ʘʢʪʠʚʥʦʩʪʴ in vivo ʥʘ ʞʠʚʦʪʥʳʭ ʩ ʢʩʝʥʦʪʨʘʥʩʧʣʘʥʪʘʥʪʘʤʠ ʵʧʠʜʝʨʤʦʠʜʥʦʡ 

ʢʘʨʮʠʥʦʤʳ ʯʝʣʦʚʝʢʘ ɸ431. 

3. ɺʧʝʨʚʳʝ ʩʠʥʪʝʟʠʨʦʚʘʥ ʯʫʚʩʪʚʠʪʝʣʴʥʳʡ ʢ ɓ-ʛʣʶʢʫʨʦʥʠʜʘʟʝ ʬʝʨʤʝʥʪʘʪʠʚʥʦ-

ʨʘʩʱʝʧʣʷʝʤʳʡ ʢʦʥʲʶʛʘʪ ʬʦʪʦʩʝʥʩʠʙʠʣʠʟʘʪʦʨʘ ʠ ʮʠʪʦʩʪʘʪʠʢʘ ʢʘʙʦʟʘʥʪʠʥʠʙ. ɼʣʷ 

ʧʦʣʫʯʝʥʥʦʛʦ ʘʛʝʥʪʘ ʠʟʫʯʝʥʦ ʨʘʩʱʝʧʣʝʥʠʝ ʧʦʜ ʜʝʡʩʪʚʠʝʤ ɓ-ʛʣʶʢʫʨʦʥʠʜʘʟʳ.  

ʊʝʦʨʝʪʠʯʝʩʢʘʷ ʠ ʧʨʘʢʪʠʯʝʩʢʘʷ ʟʥʘʯʠʤʦʩʪʴ ʨʘʙʦʪʳ 

ʈʘʟʨʘʙʦʪʘʥʳ ʦʙʱʠʝ ʤʝʪʦʜʳ ʩʠʥʪʝʟʘ ʢʦʥʲʶʛʠʨʦʚʘʥʥʳʭ ʩʦʝʜʠʥʝʥʠʡ ʥʘ ʦʩʥʦʚʝ 

ʤʝʪʘʣʣʦʢʦʤʧʣʝʩʦʚ ʭʣʦʨʠʥʘ-ʝ6, ʩʚʷʟʘʥʥʳʭ ʩ ʮʠʪʦʩʪʘʪʠʢʘʤʠ ʚʘʥʜʝʪʘʥʠʙ ʠʣʠ 

ʢʘʙʦʟʘʥʪʠʥʠʙ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʨʘʟʣʠʯʥʳʭ, ʚ ʪʦʤ ʯʠʩʣʝ, ʬʝʨʤʝʥʪʘʪʠʚʥʦ-

ʨʘʩʱʝʧʣʷʝʤʳʭ ʣʠʥʢʝʨʦʚ. ʇʦʣʫʯʝʥʥʳʝ ʩʦʝʜʠʥʝʥʠʷ ʦʙʣʘʜʘʶʪ ʚʳʩʦʢʠʤʠ 

ʬʦʪʦʪʝʨʘʧʝʚʪʠʯʝʩʢʠʤʠ ʠʥʜʝʢʩʘʤʠ, ʧʦʚʳʰʝʥʥʳʤ ʥʘʢʦʧʣʝʥʠʝʤ ʚ EGFR-

ʵʢʩʧʨʝʩʩʠʨʫʶʱʠʭ ʦʧʫʭʦʣʝʚʳʭ ʢʣʝʪʦʯʥʳʭ ʣʠʥʠʷʭ in vitro, ʘ ʪʘʢʞʝ ʧʦʢʘʟʳʚʘʶʪ 

ʩʠʥʝʨʛʝʪʠʯʝʩʢʦʝ ʠʥʛʠʙʠʨʦʚʘʥʠʝ ʨʦʩʪʘ ʦʧʫʭʦʣʝʡ ʥʘ ʩʚʝʪʫ ʠ ʚ ʪʝʤʥʦʪʝ in vivo. ɺ ʭʦʜʝ 

ʨʘʙʦʪʳ ʙʳʣʠ ʫʩʪʘʥʦʚʣʝʥʳ ʦʩʥʦʚʥʳʝ ʦʩʦʙʝʥʥʦʩʪʠ ʚʣʠʷʥʠʷ ʩʪʨʦʝʥʠʷ 

ʢʦʥʲʶʛʠʨʦʚʘʥʥʳʭ ʘʛʝʥʪʦʚ ʥʘ ʠʭ ʧʨʦʪʠʚʦʦʧʫʭʦʣʝʚʫʶ ʘʢʪʠʚʥʦʩʪʴ. ʉʦʟʜʘʥʥʳʝ 

ʩʦʝʜʠʥʝʥʠʷ ʤʦʛʫʪ ʩʪʘʪʴ ʦʩʥʦʚʦʡ ʥʦʚʳʭ ʚʳʩʦʢʦʵʬʬʝʢʪʠʚʥʳʭ ʧʨʝʧʘʨʘʪʦʚ 

ʬʦʪʦʜʠʥʘʤʠʯʝʩʢʦʡ ʪʝʨʘʧʠʠ, ʦʙʣʘʜʘʶʱʠʭ ʥʘʧʨʘʚʣʝʥʥʳʤ ʜʝʡʩʪʚʠʝʤ ʚ ʦʪʥʦʰʝʥʠʠ 

ʨʷʜʘ ʦʧʫʭʦʣʝʡ. ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʚʦʟʦʙʥʦʚʣʷʝʤʳʭ ʧʨʠʨʦʜʥʳʭ ʠʩʪʦʯʥʠʢʦʚ ʜʣʷ 

ʩʦʟʜʘʥʠʷ ʭʣʦʨʠʥʦʚʳʭ ʬʦʪʦʩʝʥʩʠʙʠʣʠʟʘʪʦʨʦʚ ʧʦʟʚʦʣʠʪ ʤʠʥʠʤʠʟʠʨʦʚʘʪʴ ʟʘʪʨʘʪʳ ʥʘ 

ʧʨʦʠʟʚʦʜʩʪʚʦ ʧʦʜʦʙʥʳʭ ʧʨʦʪʠʚʦʦʧʫʭʦʣʝʚʳʭ ʩʦʝʜʠʥʝʥʠʡ. 

ʄʝʪʦʜʦʣʦʛʠʷ ʠ ʤʝʪʦʜʳ ʠʩʩʣʝʜʦʚʘʥʠʷ 

ʇʨʠ ʚʳʧʦʣʥʝʥʠʠ ʜʠʩʩʝʨʪʘʮʠʦʥʥʦʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ ʙʳʣʠ ʠʩʧʦʣʴʟʦʚʘʥʳ 

ʩʦʚʨʝʤʝʥʥʳʝ ʤʝʪʦʜʳ ʪʦʥʢʦʛʦ ʦʨʛʘʥʠʯʝʩʢʦʛʦ ʩʠʥʪʝʟʘ, ʚ ʪʦʤ ʯʠʩʣʝ ʨʝʘʢʮʠʠ CuAAC ʠ 

ʘʤʠʜʠʨʦʚʘʥʠʷ/ʵʪʝʨʠʬʠʢʘʮʠʠ ʧʦ ʐʪʝʛʣʠʭʫ ʠ ʗʤʘʛʫʯʠ. ʇʨʠ ʨʘʙʦʪʝ ʩ ʚʝʱʝʩʪʚʘʤʠ, 

ʯʫʚʩʪʚʠʪʝʣʴʥʳʤʠ ʢ ʢʠʩʣʦʨʦʜʫ ʚʦʟʜʫʭʘ, ʧʨʠʤʝʥʷʣʘʩʴ ʪʝʭʥʠʢʘ ʐʣʝʥʢʘ (ʨʘʙʦʪʘ ʚ 

ʘʪʤʦʩʬʝʨʝ ʘʨʛʦʥʘ). ʀʜʝʥʪʠʬʠʢʘʮʠʷ ʠ ʧʦʜʪʚʝʨʞʜʝʥʠʝ ʩʪʨʦʝʥʠʷ ʧʦʣʫʯʝʥʥʳʭ 

ʩʦʝʜʠʥʝʥʠʡ ʧʨʦʚʦʜʠʣʦʩʴ ʩ ʧʨʠʤʝʥʝʥʠʝʤ ʗʄʈ (1ʅ, 13ʉ), ʀʂ ʩʧʝʢʪʨʦʩʢʦʧʠʠ ʠ ʤʘʩʩ-

ʩʧʝʢʪʨʦʤʝʪʨʠʠ (MALDI , HRMS-ESI). ʕʢʩʧʝʨʠʤʝʥʪʳ ʧʦ ʨʘʩʱʝʧʣʝʥʠʶ ʮʝʣʝʚʳʭ 
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ʢʦʥʲʶʛʘʪʦʚ ʧʨʦʚʦʜʠʣʠʩʴ ʩ ʧʦʤʦʱʴʶ ɺʕɾʍ. ʆʯʠʩʪʢʘ ʩʦʝʜʠʥʝʥʠʡ ʧʨʦʚʦʜʠʣʘʩʴ ʩ 

ʧʦʤʦʱʴʶ ʢʦʣʦʥʦʯʥʦʡ ʭʨʦʤʘʪʦʛʨʘʬʠʠ ʥʘ ʩʠʣʠʢʘʛʝʣʝ. ʆʧʨʝʜʝʣʝʥʠʝ ʬʦʪʦʬʠʟʠʯʝʩʢʠʭ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʧʨʦʚʦʜʠʣʦʩʴ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ UV-Vis ʩʧʝʢʪʨʦʬʦʪʦʤʝʪʨʠʠ-

ʩʧʝʢʪʨʦʬʣʫʦʨʦʤʝʪʨʠʠ. ʇʨʦʪʠʚʦʦʧʫʭʦʣʝʚʘʷ ʘʢʪʠʚʥʦʩʪʴ ʜʣʷ ʮʝʣʝʚʳʭ ʢʦʥʲʶʛʘʪʦʚ 

ʙʳʣʘ ʠʟʫʯʝʥʘ ʩ ʧʦʤʦʱʴʶ in vitro ʄʊʊ ʪʝʩʪʦʚ ʥʘ ʩʚʝʪʫ ʠ ʚ ʪʝʤʥʦʪʝ, ʘ ʪʘʢʞʝ ʩ 

ʧʦʤʦʱʴʶ in vivo ʠʩʧʳʪʘʥʠʡ ʥʘ ʞʠʚʦʪʥʳʭ ʩ ʧʨʠʚʠʪʳʤʠ ʦʧʫʭʦʣʷʤʠ. 

ʇʦʣʦʞʝʥʠʷ, ʚʳʥʦʩʠʤʳʝ ʥʘ ʟʘʱʠʪʫ 

1. ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʜʘʥʥʳʝ ʦ ʩʠʥʪʝʟʝ 8 ʥʦʚʳʭ ʢʦʥʲʶʛʠʨʦʚʘʥʥʳʭ ʘʛʝʥʪʦʚ 

ʥʘ ʦʩʥʦʚʝ ʤʝʪʘʣʣʦʢʦʤʧʣʝʩʦʚ ʭʣʦʨʠʥʘ-ʝ6, ʩʚʷʟʘʥʥʳʭ ʩ ʮʠʪʦʩʪʘʪʠʢʘʤʠ ʚʘʥʜʝʪʘʥʠʙʦʤ 

ʠʣʠ ʢʘʙʦʟʘʥʪʠʥʠʙʦʤ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʨʘʟʣʠʯʥʳʭ, ʚ ʪʦʤ ʯʠʩʣʝ, ʬʝʨʤʝʥʪʘʪʠʚʥʦ-

ʨʘʩʱʝʧʣʷʝʤʳʭ ʣʠʥʢʝʨʦʚ.  

2. ʈʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʡ ʬʦʪʦʬʠʟʠʯʝʩʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʧʦʣʫʯʝʥʥʳʭ 

ʢʦʥʲʶʛʘʪʦʚ. 

3. ʈʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʡ ʧʨʦʪʠʚʦʦʧʫʭʦʣʝʚʦʡ ʘʢʪʠʚʥʦʩʪʠ (in vitro/in vivo) 

ʧʦʣʫʯʝʥʥʳʭ ʢʦʥʲʶʛʘʪʦʚ. 

4. ʈʝʟʫʣʴʪʘʪʳ ʠʟʫʯʝʥʠʷ ʧʨʦʮʝʩʩʦʚ ʵʥʟʠʤʘʪʠʯʝʩʢʦʛʦ ʨʘʩʱʝʧʣʝʥʠʷ 

ʬʝʨʤʝʥʪʘʪʠʚʥʦ-ʨʘʩʱʝʧʣʷʶʱʝʤʦʛʦ ʢʦʥʲʶʛʘʪʘ ʮʠʥʢʦʚʦʛʦ ʤʝʪʘʣʣʦʢʦʤʧʣʝʩʘ 

ʭʣʦʨʠʥʘ-ʝ6, ʢʦʥʲʶʛʠʨʦʚʘʥʥʦʛʦ ʩ ʮʠʪʦʩʪʘʪʠʢʦʤ ʢʘʙʦʟʘʥʪʠʥʠʙʦʤ. 

ʃʠʯʥʳʡ ʚʢʣʘʜ ʘʚʪʦʨʘ 

ɺʩʝ ʥʦʚʳʝ ʩʦʝʜʠʥʝʥʠʷ, ʧʨʝʜʩʪʘʚʣʝʥʥʳʝ ʚ ʜʠʩʩʝʨʪʘʮʠʦʥʥʦʤ ʠʩʩʣʝʜʦʚʘʥʠʠ, 

ʙʳʣʠ ʧʦʣʥʦʩʪʴʶ ʩʠʥʪʝʟʠʨʦʚʘʥʳ ʣʠʯʥʦ ʜʠʩʩʝʨʪʘʥʪʦʤ. ʉʦʠʩʢʘʪʝʣʴ ʧʨʠʥʠʤʘʣ 

ʘʢʪʠʚʥʦʝ ʫʯʘʩʪʠʝ ʚ ʧʦʩʪʘʥʦʚʢʝ ʮʝʣʝʡ ʠ ʟʘʜʘʯ ʠʩʩʣʝʜʦʚʘʥʠʷ, ʨʘʟʨʘʙʦʪʢʝ ʩʪʨʫʢʪʫʨ 

ʮʝʣʝʚʳʭ ʢʦʥʲʶʛʠʨʦʚʘʥʥʳʭ ʧʨʦʠʟʚʦʜʥʳʭ ʠ ʤʝʪʦʜʦʚ ʠʭ ʩʠʥʪʝʟʘ. ɼʠʩʩʝʨʪʘʥʪ 

ʫʯʘʩʪʚʦʚʘʣ ʚ ʘʥʘʣʠʟʝ ʠ ʦʙʩʫʞʜʝʥʠʠ ʨʝʟʫʣʴʪʘʪʦʚ ʬʦʪʦʬʠʟʠʯʝʩʢʠʭ ʵʢʩʧʝʨʠʤʝʥʪʦʚ, 

ʪʘʢʞʝ ʨʝʟʫʣʴʪʘʪʦʚ ʙʠʦʣʦʛʠʯʝʩʢʠʭ ʠʩʧʳʪʘʥʠʡ ʠ ʦʙʦʙʱʝʥʠʠ ʨʝʟʫʣʴʪʘʪʦʚ. ʇʦʜʛʦʪʦʚʢʘ 

ʥʘʫʯʥʳʭ ʧʫʙʣʠʢʘʮʠʡ ʧʨʦʚʦʜʠʣʘʩʴ ʩʦʚʤʝʩʪʥʦ ʩ ʥʘʫʯʥʳʤ ʨʫʢʦʚʦʜʠʪʝʣʝʤ ʠ 

ʩʦʘʚʪʦʨʘʤʠ ʨʘʙʦʪ. 

ʉʪʝʧʝʥʴ ʜʦʩʪʦʚʝʨʥʦʩʪʠ ʧʦʣʫʯʝʥʥʳʭ ʨʝʟʫʣʴʪʘʪʦʚ 

ʉʪʨʦʝʥʠʝ ʩʠʥʪʝʟʠʨʦʚʘʥʥʳʭ ʩʦʝʜʠʥʝʥʠʡ ʙʳʣʦ ʧʦʜʪʚʝʨʞʜʝʥʦ ʩʦʚʨʝʤʝʥʥʳʤʠ 

ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʤʠ ʤʝʪʦʜʘʤʠ (ʗʄʈ- ʠ ʀʂ-ʩʧʝʢʪʨʦʩʢʦʧʠʝʡ ʠ ʤʘʩʩ-

ʩʧʝʢʪʨʦʤʝʪʨʠʝʡ). ʌʦʪʦʬʠʟʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʮʝʣʝʚʳʭ ʤʦʣʝʢʫʣ ʙʳʣʠ 

ʟʘʨʝʛʠʩʪʨʠʨʦʚʘʥʳ ʩ ʧʨʠʤʝʥʝʥʠʝʤ ʩʧʝʢʪʨʦʬʦʪʦʤʝʪʨʠʠ-ʩʧʝʢʪʨʦʬʣʫʦʨʦʤʝʪʨʠʠ. 

ɼʘʥʥʳʝ ʧʦ ʮʠʪʦʪʦʢʩʠʯʝʩʢʦʡ ʘʢʪʠʚʥʦʩʪʠ ʧʦʣʫʯʝʥʳ ʩ ʧʦʤʦʱʴʶ ʧʨʦʚʝʜʝʥʠʷ ʄʊʊ-

ʪʝʩʪʦʚ ʥʘ ʢʣʝʪʦʯʥʳʭ ʢʫʣʴʪʫʨʘʭ ʚ ʧʨʠʩʫʪʩʪʚʠʠ/ʦʪʩʫʪʩʪʚʠʠ ʩʚʝʪʦʚʦʛʦ ʦʙʣʫʯʝʥʠʷ. 

ɸʥʘʣʠʟ ʢʣʝʪʦʯʥʦʡ ʣʦʢʘʣʠʟʘʮʠʠ ʚʳʧʦʣʥʝʥ ʧʦʩʨʝʜʩʪʚʦʤ ʢʦʥʬʦʢʘʣʴʥʦʡ ʤʠʢʨʦʩʢʦʧʠʠ. 

In vivo ʘʢʪʠʚʥʦʩʪʴ ʮʝʣʝʚʳʭ ʤʦʣʝʢʫʣ ʠʩʩʣʝʜʦʚʘʥʘ ʩ ʧʦʤʦʱʴʶ ʠʤʤʫʥʦʜʝʬʠʮʠʪʥʳʭ 

ʤʳʰʝʡ ʩ ʢʩʝʥʦʪʨʘʥʩʧʣʘʥʪʘʥʪʘʤʠ ʵʧʠʜʝʨʤʦʠʜʥʦʡ ʢʘʨʮʠʥʦʤʳ ʯʝʣʦʚʝʢʘ ɸ431; ʦʮʝʥʢʘ 

ʧʨʦʪʠʚʦʦʧʫʭʦʣʝʚʦʛʦ ʵʬʬʝʢʪʘ ʧʨʦʚʝʜʝʥʘ ʤʝʪʦʜʦʤ ʢʦʥʪʨʦʣʴʥʳʭ ʛʨʫʧʧ.  

ɸʧʨʦʙʘʮʠʷ ʨʘʙʦʪʳ 

ʈʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʷ ʙʳʣʠ ʧʨʝʜʩʪʘʚʣʝʥʳ ʥʘ ʨʷʜʝ ʤʝʞʜʫʥʘʨʦʜʥʳʭ, 

ʚʩʝʨʦʩʩʠʡʩʢʠʭ ʠ ʨʝʛʠʦʥʘʣʴʥʳʭ ʢʦʥʬʝʨʝʥʮʠʡ: XVIII ʂʦʥʬʝʨʝʥʮʠʷ ʄʦʣʦʜʳʭ 

ʋʯʸʥʳʭ-ʭʠʤʠʢʦʚ ʅʠʞʝʛʦʨʦʜʩʢʦʡ ʆʙʣʘʩʪʠ (ʈʌ, ʛ. ʅʠʞʥʠʡ ʅʦʚʛʦʨʦʜ, 2015); ʆʨʛʭʠʤ-

2016 (ʈʌ, ʛ. ʉʘʥʢʪ-ʇʝʪʝʨʙʫʨʛ, 2016); XII ʄʝʞʜʫʥʘʨʦʜʥʘʷ ʂʦʥʬʝʨʝʥʮʠʷ çʉʠʥʪʝʟ ʠ 

ʧʨʠʤʝʥʝʥʠʝ ʧʦʨʬʠʨʠʥʦʚ ʠ ʠʭ ʘʥʘʣʦʛʦʚè (ʈʌ, ʛ. ʀʚʘʥʦʚʦ, 2016); XIX ʂʦʥʬʝʨʝʥʮʠʷ 

ʄʦʣʦʜʳʭ ʋʯʝʥʳʭ-ʭʠʤʠʢʦʚ ʅʠʞʝʛʦʨʦʜʩʢʦʡ ʦʙʣʘʩʪʠ (ʈʌ, ʛ. ʅ. ʅʦʚʛʦʨʦʜ, 2016); VI 

ʄʝʞʜʫʥʘʨʦʜʥʘʷ ʂʦʥʬʝʨʝʥʮʠʷ ʧʦ ʬʠʟʠʯʝʩʢʦʡ ʭʠʤʠʠ ʢʨʘʫʥ-ʩʦʝʜʠʥʝʥʠʡ, 

ʧʦʨʬʠʨʠʥʦʚ ʠ ʬʪʘʣʦʮʠʘʥʠʥʦʚ (ʈʌ, ʛ. ʊʫʘʧʩʝ, 2016); ɿʠʤʥʷʷ ʰʢʦʣʘ ʧʦ ʦʨʛʘʥʠʯʝʩʢʦʡ 

ʭʠʤʠʠ WSOC-2017 (ʈʌ, ʂʨʘʩʥʦʚʠʜʦʚʦ, 2017); ʍX ɺʩʝʨʦʩʩʠʡʩʢʘʷ ʢʦʥʬʝʨʝʥʮʠʷ 
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ʤʦʣʦʜʳʭ ʫʯʸʥʳʭ-ʭʠʤʠʢʦʚ (ʩ ʤʝʞʜʫʥʘʨʦʜʥʳʤ ʫʯʘʩʪʠʝʤ) (ʈʌ, ʛ. ʅʠʞʥʠʡ ʅʦʚʛʦʨʦʜ, 

2017); XI ʄʝʞʜʫʥʘʨʦʜʥʘʷ ʰʢʦʣʘ-ʢʦʥʬʝʨʝʥʮʠʷ ʤʦʣʦʜʳʭ ʫʯʸʥʳʭ ʧʦ ʭʠʤʠʠ 

ʧʦʨʬʠʨʠʥʦʚ ʠ ʠʭ ʘʥʘʣʦʛʦʚ (ʈʌ, ʛ. ʀʚʘʥʦʚʦ, 2017); ʍX ʰʢʦʣʘ-ʢʦʥʬʝʨʝʥʮʠʷ ʧʦ 

ʦʨʛʘʥʠʯʝʩʢʦʡ ʭʠʤʠʠ (ʈʌ, ʛ. ʂʘʟʘʥʴ, 2017); 20th European Symposium on Organic 

Chemistry (ESOC 2017) (ʂʸʣʴʥ, ɻʝʨʤʘʥʠʷ, 2017); Workshop çMacrocycles in medicineè 

(ʅʦʨʚʠʯ, ɺʝʣʠʢʦʙʨʠʪʘʥʠʷ, 2018); Chemistry conference for young scientists 

(ɹʣʘʥʢʝʥʙʝʨʛ, ɹʝʣʴʛʠʷ, 2018); ʍXI ɺʩʝʨʦʩʩʠʡʩʢʘʷ ʢʦʥʬʝʨʝʥʮʠʷ ʤʦʣʦʜʳʭ ʫʯʸʥʳʭ-

ʭʠʤʠʢʦʚ (ʩ ʤʝʞʜʫʥʘʨʦʜʥʳʤ ʫʯʘʩʪʠʝʤ) (ʈʌ, ʛ. ʅʠʞʥʠʡ ʅʦʚʛʦʨʦʜ, 2018); ʍXII 

ɺʩʝʨʦʩʩʠʡʩʢʘʷ ʢʦʥʬʝʨʝʥʮʠʷ ʤʦʣʦʜʳʭ ʫʯʸʥʳʭ-ʭʠʤʠʢʦʚ (ʩ ʤʝʞʜʫʥʘʨʦʜʥʳʤ 

ʫʯʘʩʪʠʝʤ) (ʈʌ, ʛ. ʅʠʞʥʠʡ ʅʦʚʛʦʨʦʜ, 2019); Advances in synthesis and complexing (ʈʌ, 

ʛ. ʄʦʩʢʚʘ, 2019). 

ʇʫʙʣʠʢʘʮʠʠ ʧʦ ʪʝʤʝ ʜʠʩʩʝʨʪʘʮʠʠ 

ʇʦ ʪʝʤʝ ʜʠʩʩʝʨʪʘʮʠʠ ʦʧʫʙʣʠʢʦʚʘʥʦ 3 ʩʪʘʪʴʠ ʚ ʞʫʨʥʘʣʘʭ J. Med. Chem. (ACS), 

Eur. J. Med. Chem ʠ Mendeleev Communications (Elsevier), ʚʭʦʜʷʱʠʭ ʚ 

ʤʝʞʜʫʥʘʨʦʜʥʳʝ ʨʝʬʝʨʘʪʠʚʥʳʝ ʙʘʟʳ ʜʘʥʥʳʭ, ʘ ʪʘʢʞʝ 1 ʧʘʪʝʥʪ ʈʦʩʩʠʡʩʢʦʡ 

ʌʝʜʝʨʘʮʠʠ. 

ʉʪʨʫʢʪʫʨʘ ʜʠʩʩʝʨʪʘʮʠʠ 

ɼʠʩʩʝʨʪʘʮʠʦʥʥʘʷ ʨʘʙʦʪʘ ʩʦʩʪʦʠʪ ʠʟ ʩʧʠʩʢʘ ʫʩʣʦʚʥʳʭ ʦʙʦʟʥʘʯʝʥʠʡ ʠ 

ʩʦʢʨʘʱʝʥʠʡ, ʚʚʝʜʝʥʠʷ, ʣʠʪʝʨʘʪʫʨʥʦʛʦ ʦʙʟʦʨʘ, ʦʙʩʫʞʜʝʥʠʷ ʨʝʟʫʣʴʪʘʪʦʚ, 

ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʡ ʯʘʩʪʠ, ʚʳʚʦʜʦʚ ʠ ʩʧʠʩʢʘ ʣʠʪʝʨʘʪʫʨʳ. ʈʘʙʦʪʘ ʠʟʣʦʞʝʥʘ ʥʘ 188 

ʩʪʨʘʥʠʮʘʭ ʤʘʰʠʥʦʧʠʩʥʦʛʦ ʪʝʢʩʪʘ ʠ ʚʢʣʶʯʘʝʪ ʚ ʩʝʙʷ 48 ʨʠʩʫʥʢʦʚ, 38 ʩʭʝʤ, 15 ʪʘʙʣʠʮ. 

ʉʧʠʩʦʢ ʣʠʪʝʨʘʪʫʨʳ ʚʢʣʶʯʘʝʪ 230 ʥʘʠʤʝʥʦʚʘʥʠʡ. 

ʉʦʦʪʚʝʪʩʪʚʠʝ ʜʠʩʩʝʨʪʘʮʠʠ ʧʘʩʧʦʨʪʫ ʩʧʝʮʠʘʣʴʥʦʩʪʠ 

 ʀʟʣʦʞʝʥʥʳʡ ʤʘʪʝʨʠʘʣ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʧʫʥʢʪʘʤ: 1. çɺʳʜʝʣʝʥʠʝ ʠ ʦʯʠʩʪʢʘ 

ʥʦʚʳʭ ʩʦʝʜʠʥʝʥʠʡè, 3 çʈʘʟʚʠʪʠʝ ʨʘʮʠʦʥʘʣʴʥʳʭ ʧʫʪʝʡ ʩʠʥʪʝʟʘ ʩʣʦʞʥʳʭ ʤʦʣʝʢʫʣè, 7 

çɺʳʷʚʣʝʥʠʝ ʟʘʢʦʥʦʤʝʨʥʦʩʪʝʡ ʪʠʧʘ çʩʪʨʫʢʪʫʨʘ ï ʩʚʦʡʩʪʚʦè ʧʘʩʧʦʨʪʘ ʩʧʝʮʠʘʣʴʥʦʩʪʠ 

02.00.03 ï çʆʨʛʘʥʠʯʝʩʢʘʷ ʭʠʤʠʷè. 

ɹʣʘʛʦʜʘʨʥʦʩʪʠ 

ɸʚʪʦʨ ʚʳʨʘʞʘʝʪ ʙʣʘʛʦʜʘʨʥʦʩʪʴ ʟʘ ʧʨʦʚʝʜʝʥʠʝ ʙʠʦʣʦʛʠʯʝʩʢʠʭ ʠʩʧʳʪʘʥʠʡ 

ʢ.ʙ.ʥ. ʀ.ɺ. ɹʘʣʘʣʘʝʚʦʡ, ʢ.ʙ.ʥ. ʅ.ʖ. ʐʠʣʷʛʠʥʦʡ, ʘʩʧ. ʅ.ʅ. ʇʝʩʢʦʚʦʡ ʠ ʘʩʧ. ʃ.ɺ. 

ʂʨʳʣʦʚʦʡ ï ʩʦʪʨʫʜʥʠʢʘʤ ʢʘʬʝʜʨʳ ʙʠʦʬʠʟʠʢʠ ʀɹɹʄ ʅʅɻʋ ʠʤ. ʅ.ʀ. ʃʦʙʘʯʝʚʩʢʦʛʦ,  

ʯʣ.-ʢʦʨʨ. ʈɸʅ ʖ.ɻ. ɻʦʨʙʫʥʦʚʦʡ ʠ ʢ.ʭ.ʥ. ʀ.ʅ. ʄʝʰʢʦʚʫ ï ʩʦʪʨʫʜʥʠʢʘʤ ʣʘʙʦʨʘʪʦʨʠʠ 

ʥʦʚʳʭ ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʭ ʧʨʦʙʣʝʤ ʀʌʍʕ ʠʤ ɸ.ʅ. ʌʨʫʤʢʠʥʘ ʈɸʅ ʟʘ ʧʦʤʦʱʴ ʚ 

ʧʨʦʚʝʜʝʥʠʠ ʬʦʪʦʬʠʟʠʯʝʩʢʠʭ ʵʢʩʧʝʨʠʤʝʥʪʦʚ, ʯʣ.-ʢʦʨʨ. ʈɸʅ ʆ.ʀ. ʂʦʡʬʤʘʥʫ ʠ ʢ.ʭ.ʥ. 

ʖ.ɺ. ʈʦʤʘʥʝʥʢʦ ï ʩʦʪʨʫʜʥʠʢʘʤ  ʢʘʬʝʜʨʳ ʭʠʤʠʠ ʠ ʪʝʭʥʦʣʦʛʠʠ ʚʳʩʦʢʦʤʦʣʝʢʫʣʷʨʥʳʭ 

ʩʦʝʜʠʥʝʥʠʡ ʀɻʍʊʋ ï ʟʘ ʧʨʝʜʦʩʪʘʚʣʝʥʥʳʡ ʤʝʪʠʣʬʝʦʬʦʨʙʠʜ-ʘ, ʧʨʦʬ. ɻ.ɻ. ʐʤʘʣʴʮʫ 

ʟʘ ʚʦʟʤʦʞʥʦʩʪʴ ʩʪʘʞʠʨʦʚʢʠ ʚ ʂʝʣʴʥʩʢʦʤ ʫʥʠʚʝʨʩʠʪʝʪʝ, ʜ.ʭ.ʥ. ʀ.ɼ. ɻʨʠʰʠʥʫ ʠ ʘʩʧ. 

ɸ.ʆ. ɻʨʠʛʦʨʴʝʚʦʡ ʟʘ ʨʝʛʠʩʪʨʘʮʠʶ ʤʘʩʩ-ʩʧʝʢʪʨʦʚ, ʢ.ʭ.ʥ. ʖ.ɹ. ʄʘʣʳʰʝʚʦʡ ʟʘ 

ʨʝʛʠʩʪʨʘʮʠʶ ʗʄʈ-ʩʧʝʢʪʨʦʚ.  
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ʃʠʪʝʨʘʪʫʨʥʳʡ ʦʙʟʦʨ 
 

 ʈʦʩʪ ʯʠʩʣʘ ʦʥʢʦʣʦʛʠʯʝʩʢʠʭ ʟʘʙʦʣʝʚʘʥʠʡ ʚ ʧʦʩʣʝʜʥʠʝ ʜʝʩʷʪʠʣʝʪʠʷ ʚ 

ʩʦʚʦʢʫʧʥʦʩʪʠ ʩ ʦʪʩʫʪʩʪʚʠʝʤ ʥʘʜʝʞʥʳʭ ʤʝʪʦʜʦʚ ʠʭ ʪʝʨʘʧʠʠ ʧʨʠʚʦʜʠʪ ʢ 

ʥʝʦʙʭʦʜʠʤʦʩʪʠ ʩʦʟʜʘʥʠʷ ʥʦʚʳʭ ʵʬʬʝʢʪʠʚʥʳʭ ʣʝʢʘʨʩʪʚʝʥʥʳʭ ʧʨʝʧʘʨʘʪʦʚ.  

ʆʜʥʠʤ ʠʟ ʥʘʠʙʦʣʝʝ ʜʠʥʘʤʠʯʥʦ ʨʘʟʚʠʚʘʶʱʠʭʩʷ ʥʘʧʨʘʚʣʝʥʠʡ ʚ ʵʪʦʡ ʦʙʣʘʩʪʠ 

ʷʚʣʷʝʪʩʷ ʨʘʟʨʘʙʦʪʢʘ ʬʦʪʦʘʢʪʠʚʥʳʭ ʧʨʝʧʘʨʘʪʦʚ ʜʣʷ ʬʦʪʦʜʠʥʘʤʠʯʝʩʢʦʡ ʪʝʨʘʧʠʠ 

ʦʧʫʭʦʣʝʚʳʭ ʟʘʙʦʣʝʚʘʥʠʡ.  ʊʘʢʠʝ ʧʨʝʧʘʨʘʪʳ, ʙʣʘʛʦʜʘʨʷ ʦʩʦʙʝʥʥʦʩʪʷʤ ʬʠʟʠʢʦ-

ʭʠʤʠʯʝʩʢʦʛʦ ʩʪʨʦʝʥʠʷ, ʧʦʟʚʦʣʷʶʪ ʧʦʜ ʜʝʡʩʪʚʠʝʤ ʠʟʣʫʯʝʥʠʷ ʛʝʥʝʨʠʨʦʚʘʪʴ 

ʮʠʪʦʪʦʢʩʠʯʝʩʢʠʝ ʯʘʩʪʠʮʳ, ʩʧʦʩʦʙʥʳʝ ʠʥʛʠʙʠʨʦʚʘʪʴ ʨʦʩʪ ʟʣʦʢʘʯʝʩʪʚʝʥʥʳʭ ʪʢʘʥʝʡ. 

ɹʣʘʛʦʜʘʨʷ ʥʠʟʢʦʡ ʪʝʤʥʦʚʦʡ ʪʦʢʩʠʯʥʦʩʪʠ ʠ ʚʳʩʦʢʦʡ ʥʘʧʨʘʚʣʝʥʥʦʩʪʠ ʜʝʡʩʪʚʠʷ 

ʬʦʪʦʘʢʪʠʚʥʳʝ ʧʨʝʧʘʨʘʪʳ ʦʙʣʘʜʘʶʪ ʥʠʟʢʦʡ ʩʠʩʪʝʤʥʦʡ ʪʦʢʩʠʯʥʦʩʪʴʶ, ʯʪʦ ʜʝʣʘʝʪ ʠʭ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʧʝʨʩʧʝʢʪʠʚʥʦʡ ʘʣʴʪʝʨʥʘʪʠʚʦʡ ʢʣʘʩʩʠʯʝʩʢʠʤ ʤʝʪʦʜʘʤ ʭʠʤʠʦʪʝʨʘʧʠʠ. 

ʆʜʥʘʢʦ, ʧʨʠʤʝʥʝʥʠʝ ʬʦʪʦʘʢʪʠʚʥʳʭ ʩʦʝʜʠʥʝʥʠʡ ʜʦ ʩʠʭ ʧʦʨ ʥʝ ʧʦʣʫʯʠʣʦ 

ʰʠʨʦʢʦʛʦ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ, ʧʦʩʢʦʣʴʢʫ ʥʝʜʦʩʪʘʪʦʯʥʘʷ ʩʝʣʝʢʪʠʚʥʦʩʪʴ ʥʘʢʦʧʣʝʥʠʷ 

ʪʘʢʠʭ ʧʨʝʧʘʨʘʪʦʚ ʚ ʦʧʫʭʦʣʷʭ ʧʨʝʞʜʝ ʚʩʝʛʦ ʧʨʠʚʦʜʠʪ ʢ ʧʦʚʨʝʞʜʝʥʠʶ ʟʜʦʨʦʚʳʭ 

ʪʢʘʥʝʡ. ɺ ʪʦ ʞʝ ʚʨʝʤʷ ʚʦʟʥʠʢʘʶʪ ʪʨʫʜʥʦʩʪʠ ʩ ʪʝʨʘʧʠʝʡ ʤʝʪʘʩʪʘʟʠʨʫʶʱʠʭ 

ʟʘʙʦʣʝʚʘʥʠʡ, ʪʘʢ ʢʘʢ ʢʣʠʥʠʯʝʩʢʠ ʠʩʧʦʣʴʟʫʝʤʳʝ ʧʨʝʧʘʨʘʪʳ ʥʝ ʤʦʛʫʪ ʠʥʛʠʙʠʨʦʚʘʪʴ 

ʢʣʝʪʦʯʥʫʶ ʧʨʦʣʠʬʝʨʘʮʠʶ ʚ ʦʪʩʫʪʩʪʚʠʝ ʠʟʣʫʯʝʥʠʷ, ʘ ʦʙʣʫʯʝʥʠʝ ʚʩʝʛʦ ʦʨʛʘʥʠʟʤʘ ʥʝ 

ʧʨʝʜʩʪʘʚʣʷʝʪʩʷ ʚʦʟʤʦʞʥʳʤ.  

ʍʦʨʦʰʠʤ ʦʪʚʝʪʦʤ ʥʘ ʩʦʚʨʝʤʝʥʥʳʝ ʚʳʟʦʚʳ ʚ ʨʘʟʨʘʙʦʪʢʝ ʬʦʪʦʘʢʪʠʚʥʳʭ 

ʣʝʢʘʨʩʪʚ ʩʪʘʣʦ ʩʦʟʜʘʥʠʝ ʢʦʥʲʶʛʠʨʦʚʘʥʥʳʭ ʘʛʝʥʪʦʚ, ʢʦʪʦʨʳʝ, ʧʦʤʠʤʦ ʬʦʪʦʘʢʪʠʚʥʦʡ 

ʯʘʩʪʠ, ʩʦʜʝʨʞʘʪ ʚ ʩʝʙʝ ʨʘʟʥʳʝ ʚʝʢʪʦʨʥʳʝ/ʮʠʪʦʩʪʘʪʠʯʝʩʢʠʝ ʬʨʘʛʤʝʥʪʳ. ʊʘʢʦʡ ʧʦʜʭʦʜ 

ʧʦʟʚʦʣʷʝʪ ʦʙʝʩʧʝʯʠʚʘʪʴ ʥʘʧʨʘʚʣʝʥʥʫʶ ʜʦʩʪʘʚʢʫ ʣʝʢʘʨʩʪʚʘ ʚ ʦʧʫʭʦʣʴ, ʘ ʪʘʢʞʝ 

ʫʚʝʣʠʯʠʚʘʝʪ ʝʛʦ ʦʙʱʫʶ ʧʨʦʪʠʚʦʦʧʫʭʦʣʝʚʫʶ ʵʬʬʝʢʪʠʚʥʦʩʪʴ.  

ɺ ʣʠʪʝʨʘʪʫʨʥʦʤ ʦʙʟʦʨʝ ʨʘʩʩʤʦʪʨʝʥʳ ʦʩʥʦʚʥʳʝ ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʝ ʧʨʠʥʮʠʧʳ 

ʠ ʘʢʪʫʘʣʴʥʦʝ ʩʦʩʪʦʷʥʠʝ ʧʨʦʪʠʚʦʦʧʫʭʦʣʝʚʦʡ ʬʦʪʦʜʠʥʘʤʠʯʝʩʢʦʡ ʪʝʨʘʧʠʠ; ʜʠʟʘʡʥ 

ʥʦʚʳʭ ʬʦʪʦʘʢʪʠʚʥʳʭ ʩʦʝʜʠʥʝʥʠʡ; ʧʨʦʚʝʜʝʥ ʘʥʘʣʠʟ ʩʫʱʝʩʪʚʫʶʱʠʭ ʧʦʜʭʦʜʦʚ ʧʦ 

ʩʦʟʜʘʥʠʶ ʢʦʥ̡ʁ ʛʠʨʦʚʘʥʥʳʭ ʘʛʝʥʪʦʚ ʬʦʪʦʜʠʥʘʤʠʯʝʩʢʦʡ ʪʝʨʘʧʠʠ ʥʘ ʦʩʥʦʚʝ 

ʪʝʪʨʘʧʠʨʨʦʣʴʥʳʭ ʧʨʦʠʟʚʦʜʥʳʭ.  

 

1. ʇʝʨʚʳʝ ʬʦʪʦʘʢʪʠʚʥʳʝ ʣʝʢʘʨʩʪʚʘ 

ʏʝʣʦʚʝʯʝʩʢʘʷ ʮʠʚʠʣʠʟʘʮʠʷ ʥʘ ʧʨʦʪʷʞʝʥʠʠ ʩʚʦʝʡ ʠʩʪʦʨʠʠ ʤʥʦʛʦ ʨʘʟ ʧʳʪʘʣʘʩʴ 

ʠʩʧʦʣʴʟʦʚʘʪʴ ʵʥʝʨʛʠʶ ʩʦʣʥʮʘ ʜʣʷ ʪʝʨʘʧʝʚʪʠʯʝʩʢʠʭ ʮʝʣʝʡ. ʇʝʨʚʳʝ ʫʧʦʤʠʥʘʥʠʷ ʦʙ 

ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʩʦʣʥʝʯʥʦʛʦ ʩʚʝʪʘ ʜʣʷ ʣʝʯʝʥʠʷ ʢʦʞʥʳʭ ʟʘʙʦʣʝʚʘʥʠʡ ʚʩʪʨʝʯʘʶʪʩʷ ʚ 

ʠʩʪʦʯʥʠʢʘʭ, ʜʦʰʝʜʰʠʭ ʜʦ ʥʘʩ ʩʧʫʩʪʷ ʪʳʩʷʯʝʣʝʪʠʷ ʦʪ ʜʨʝʚʥʠʭ ʛʨʝʢʦʚ, ʝʛʠʧʪʷʥ ʠ 

ʠʥʜʫʩʦʚ [1, 2]. ʅʘʧʨʠʤʝʨ, ʛʝʣʠʦʪʝʨʘʧʠʷ ï ʥʘʧʨʘʚʣʝʥʠʝ, ʦʩʥʦʚʘʪʝʣʝʤ ʢʦʪʦʨʦʛʦ 

ʷʚʣʷʝʪʩʷ ʛʨʝʯʝʩʢʠʡ ʚʨʘʯ ɻʝʨʦʜʦʪ, ʧʦʩʪʫʣʠʨʦʚʘʣʦ ʧʨʷʤʫʶ ʩʚʷʟʴ ʤʝʞʜʫ ʥʘʭʦʞʜʝʥʠʝʤ 

ʧʦʜ ʩʦʣʥʝʯʥʳʤʠ ʣʫʯʘʤʠ ʠ ʚʦʩʩʪʘʥʦʚʣʝʥʠʝʤ ʟʜʦʨʦʚʴʷ ʚʦ ʚʨʝʤʷ ʙʦʣʝʟʥʝʡ. ʆʢʦʣʦ 

2000-1200 ʣʝʪ ʜʦ ʥ.ʵ. ʞʠʪʝʣʠ ɼʨʝʚʥʝʡ ʀʥʜʠʠ ʠ ɼʨʝʚʥʝʛʦ ɽʛʠʧʪʘ ʟʘʤʝʪʠʣʠ, ʯʪʦ 

ʥʘʪʠʨʘʥʠʝ ʠʟʤʝʣʴʯʝʥʥʳʤʠ ʣʠʩʪʴʷʤʠ ʧʩʦʨʘʣʝʠ (Psoralea) (ʈʠʩ. 1A) ʩ ʧʦʩʣʝʜʫʶʱʠʤ 

ʥʘʭʦʞʜʝʥʠʝʤ ʥʘ ʩʦʣʥʮʝ ʧʦʤʦʛʘʝʪ ʣʝʯʠʪʴ ʚʠʪʠʣʠʛʦ ï ʟʘʙʦʣʝʚʘʥʠʝ, 

ʭʘʨʘʢʪʝʨʠʟʫʶʱʝʝʩʷ ʥʘʨʫʰʝʥʠʝʤ ʧʠʛʤʝʥʪʘʮʠʠ ʢʦʞʠ. ɺ ʧʦʩʣʝʜʩʪʚʠʠ ʮʝʣʠʪʝʣʴʥʳʝ 
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ʩʚʦʡʩʪʚʘ ʵʪʦʛʦ ʨʘʩʪʝʥʠʷ ʙʳʣʠ ʧʨʠʧʠʩʘʥʳ ʥʘʣʠʯʠʶ ʚ ʥʠʭ ʧʩʦʨʘʣʝʥʘ 1 (ʈʠʩ. 1B) ï 

ʧʨʦʩʪʝʡʰʝʛʦ ʬʫʨʘʥʦʢʫʤʘʨʠʥʘ, ʢʦʪʦʨʳʡ ʙʳʣ ʚʧʝʨʚʳʝ ʚʳʜʝʣʝʥ ʚ 1933 ʛ. ʠʟ ʧʩʦʨʘʣʝʠ 

ʣʝʱʠʥʦʣʠʩʪʥʦʡ (Psoralea corylifolia) [3]. ʇʩʦʨʘʣʝʥ 1 ʦʪʥʦʩʠʪʩʷ ʢ ʢʣʘʩʩʫ 

ʬʦʪʦʘʢʪʠʚʥʳʭ ʤʦʣʝʢʫʣ ï ʬʦʪʦʩʝʥʩʠʙʠʣʠʟʘʪʦʨʦʚ (ʌʉ) ʠ, ʧʦʛʣʦʱʘʷ ʩʚʝʪ, ʧʨʠʚʦʜʠʪ ʢ 

ʟʘʧʫʩʢʫ ʬʦʪʦʭʠʤʠʯʝʩʢʠʭ ʨʝʘʢʮʠʡ, ʢʦʪʦʨʳʝ ʠ ʠʩʧʦʣʴʟʫʶʪʩʷ ʜʣʷ ʣʝʯʝʥʠʷ ʢʦʞʥʳʭ 

ʟʘʙʦʣʝʚʘʥʠʡ [4]. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʘʨʘʣʣʝʣʴʥʦ ʩ ʨʘʟʚʠʪʠʝʤ ʛʝʣʠʦʪʝʨʘʧʠʠ ʚʦʟʥʠʢʘʝʪ 

ʬʦʪʦʭʠʤʠʦʪʝʨʘʧʠʷ ï ʤʝʪʦʜ ʣʝʯʝʥʠʷ, ʚʢʣʶʯʘʶʱʠʡ ʚ ʩʝʙʷ ʠʩʧʦʣʴʟʦʚʘʥʠʝ 

ʬʦʪʦʩʝʥʩʠʙʠʣʠʟʠʨʫʶʱʠʭ ʩʦʝʜʠʥʝʥʠʡ ʚ ʢʦʤʙʠʥʘʮʠʠ ʩ ʩʦʣʥʝʯʥʳʤ ʠʟʣʫʯʝʥʠʝʤ.  

ʇʩʦʨʘʣʝʥʳ, ʚʚʝʜʝʥʥʳʝ ʚ ʯʝʣʦʚʝʯʝʩʢʠʡ ʦʨʛʘʥʠʟʤ ʩ ʧʦʩʣʝʜʫʶʱʠʤ ʦʙʣʫʯʝʥʠʝʤ 

ʫʣʴʪʨʘʬʠʦʣʝʪʦʤ ʜʠʘʧʘʟʦʥʘ ʋʌ-ɸ, ʠ ʧʦ ʩʝʛʦʜʥʷʰʥʠʡ ʜʝʥʴ ʷʚʣʷʶʪʩʷ ʦʩʥʦʚʦʡ ʇʋɺɸ-

ʪʝʨʘʧʠʠ (PUVA, Psoralen UltraViolet A) ï ʰʠʨʦʢʦʨʘʩʧʨʦʩʪʨʘʥʝʥʥʳʤ ʤʝʪʦʜʦʤ 

ʣʝʯʝʥʠʷ ʨʘʟʣʠʯʥʳʭ ʜʝʨʤʘʪʠʪʦʚ, ʚ ʪʦʤ ʯʠʩʣʝ ʚʠʪʠʣʠʛʦ ʠ ʧʩʦʨʠʘʟʘ [4].  

 

ʈʠʩ. 1. (ɸ) ʌʦʪʦʛʨʘʬʠʷ ʧʩʦʨʘʣʝʠ ʣʝʱʠʥʦʣʠʩʪʥʦʡ. (ɺ) ʇʝʨʚʳʝ ʬʦʪʦʩʝʥʩʠʙʠʣʠʟʘʪʦʨʳ. 

ʉʧʫʩʪʷ ʤʥʦʛʦ ʩʪʦʣʝʪʠʡ ʧʦʩʣʝ ʧʝʨʚʳʭ ʥʘʙʣʶʜʝʥʠʡ, ʩʦʣʥʝʯʥʳʡ ʩʚʝʪ ʜʦʢʘʟʘʣ 

ʩʚʦʶ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʜʣʷ ʣʝʯʝʥʠʷ ʪʘʢʠʭ ʙʦʣʝʟʥʝʡ ʢʘʢ ʪʫʙʝʨʢʫʣʝʟ, ʨʘʭʠʪ, ʮʠʥʛʘ, 

ʨʝʚʤʘʪʠʟʤ ʠ ʨʷʜʘ ʜʨʫʛʠʭ [5]. ʇʨʦʰʣʦ ʤʥʦʛʦ ʣʝʪ, ʧʨʝʞʜʝ ʯʝʤ ʫʯʸʥʳʝ ʠ ʚʨʘʯʠ ʩʪʘʣʠ 

ʥʘʧʨʘʚʣʝʥʥʦ ʠʟʫʯʘʪʴ ʚʣʠʷʥʠʝ ʩʚʝʪʘ ʥʘ ʣʝʯʝʥʠʝ ʢʦʞʥʳʭ ʟʘʙʦʣʝʚʘʥʠʡ ʠ 

ʢʦʥʩʪʨʫʠʨʦʚʘʪʴ ʠʩʢʫʩʩʪʚʝʥʥʳʝ ʠʩʪʦʯʥʠʢʠ ʩʚʝʪʘ. ʅʘ ʩʤʝʥʫ ʛʝʣʠʦʪʝʨʘʧʠʠ ʧʨʠʰʣʘ 

ʬʦʪʦʪʝʨʘʧʠʷ, ʦʩʥʦʚʘʪʝʣʝʤ ʢʦʪʦʨʦʡ ʧʨʠʥʷʪʦ ʩʯʠʪʘʪʴ ʜʘʪʩʢʦʛʦ ʫʯʸʥʦʛʦ ʠ 

ʬʠʟʠʦʪʝʨʘʧʝʚʪʘ ʅ.ʈ. ʌʠʥʟʝʥʘ (N.R. Finsen). ɽʤʫ ʫʜʘʣʦʩʴ ʫʩʧʝʰʥʦ ʧʨʠʤʝʥʠʪʴ 

ʠʩʪʦʯʥʠʢ ʢʨʘʩʥʦʛʦ ʩʚʝʪʘ ʜʣʷ ʧʨʝʜʦʪʚʨʘʱʝʥʠʷ ʥʘʛʥʦʝʥʠʷ ʧʫʩʪʫʣ ʚʦ ʚʨʝʤʷ ʦʩʧʳ. ɺ 

ʜʘʣʴʥʝʡʰʝʤ ʦʥ ʧʝʨʝʰʝʣ ʢ ʠʩʧʦʣʴʟʦʚʘʥʠʶ ʫʣʴʪʨʘʬʠʦʣʝʪʦʚʦʛʦ ʠʟʣʫʯʝʥʠʷ, ʢʦʪʦʨʦʝ 

ʧʦʟʚʦʣʠʣʦ ʵʬʬʝʢʪʠʚʥʦ ʧʦʙʝʜʠʪʴ ʪʫʙʝʨʢʫʣʝʟʥʫʶ ʚʦʣʯʘʥʢʫ [6], ʟʘ ʯʪʦ ʚ 1903 ʛ. ʦʥ ʙʳʣ 

ʫʜʦʩʪʦʝʥ ʅʦʙʝʣʝʚʩʢʦʡ ʧʨʝʤʠʠ ʚ ʦʙʣʘʩʪʠ ʬʠʟʠʦʣʦʛʠʠ ʠ ʤʝʜʠʮʠʥʳ.  

ɺʦʟʥʠʢʥʦʚʝʥʠʝ ʠʜʝʡʥʦʛʦ ʥʘʩʣʝʜʥʠʢʘ ʬʦʪʦʭʠʤʠʦʪʝʨʘʧʠʠ ï 

ʬʦʪʦʜʠʥʘʤʠʯʝʩʢʦʡ ʪʝʨʘʧʠʠ (ʌɼʊ), ʥʘʧʨʷʤʫʶ ʩʚʷʟʘʥʦ ʩ ʨʘʙʦʪʘʤʠ ʧʨʦʬ. ɻ. ʬʦʥ 

ʊʘʧʝʡʥʝʨʘ (H. von Tappeiner) ʠ ʝʛʦ ʩʪʫʜʝʥʪʘ  ʆ. ʈʘʘʙʘ (O. Raab), ʢʦʪʦʨʳʡ, ʧʦ 

ʩʣʫʯʘʡʥʦʤʫ ʩʪʝʯʝʥʠʶ ʦʙʩʪʦʷʪʝʣʴʩʪʚ, ʧʦʜʚʝʨʛ ʜʝʡʩʪʚʠʶ ʩʚʝʪʦʚʦʛʦ ʠʟʣʫʯʝʥʠʷ 

ʠʥʬʫʟʦʨʠʠ, ʠʥʢʫʙʠʨʦʚʘʥʥʳʝ ʚ ʬʦʪʦʩʝʥʩʠʙʠʣʠʟʘʪʦʨʝ ï ʘʢʨʠʜʠʥʝ ʢʨʘʩʥʦʤ 2. ɺ 

ʨʝʟʫʣʴʪʘʪʝ ʦʧʣʦʰʥʦʩʪʠ ʈʘʘʙ ʦʙʥʘʨʫʞʠʣ ʛʠʙʝʣʴ ʠʩʩʣʝʜʫʝʤʳʭ ʤʠʢʨʦʦʨʛʘʥʠʟʤʦʚ ʠ ʚ 
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ʧʦʩʣʝʜʩʪʚʠʠ ʠʟʫʯʠʣ ʦʪʜʝʣʴʥʦ ʜʝʡʩʪʚʠʝ ʩʚʝʪʘ, ʩʚʝʪʘ ʚʤʝʩʪʝ ʩ ʘʢʨʠʜʠʥʦʤ ʠ ʘʢʨʠʜʠʥʘ 

ʧʦ ʦʪʜʝʣʴʥʦʩʪʠ ʥʘ ʧʦʧʫʣʷʮʠʠ ʠʥʬʫʟʦʨʠʡ. ʈʘʘʙ ʧʨʦʜʝʤʦʥʩʪʨʠʨʦʚʘʣ 

ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʫʶ in vitro ʪʦʢʩʠʯʥʦʩʪʴ ʦʙʣʫʯʝʥʥʦʛʦ ʩʚʝʪʦʤ ʘʢʨʠʜʠʥʘ ʠ ʩʚʷʟʘʣ ʝʝ ʩ 

ʦʙʨʘʟʦʚʘʥʠʝʤ ʥʝʠʟʚʝʩʪʥʳʭ ʧʨʦʜʫʢʪʦʚ ʬʣʫʦʨʝʩʮʝʥʮʠʠ [7]. ʃʦʛʠʯʥʳʤ ʧʨʦʜʦʣʞʝʥʠʝʤ 

ʜʘʥʥʦʡ ʨʘʙʦʪʳ ʩʪʘʣʘ ʩʪʘʪʴʷ, ʚ ʢʦʪʦʨʦʡ ʬʦʥ ʊʘʧʝʡʥʝʨ ʧʦʜʪʚʝʨʜʠʣ 

ʬʦʪʦʩʝʥʩʠʙʠʣʠʟʘʮʠʦʥʥʫʶ ʧʨʠʨʦʜʫ ʘʢʨʠʜʠʥʘ ʠ ʚʚʝʣ ʪʝʨʤʠʥ çʬʦʪʦʜʠʥʘʤʠʯʝʩʢʦʝ 

ʜʝʡʩʪʚʠʝè, ʦʧʠʩʳʚʘʶʱʠʡ ʵʬʬʝʢʪ, ʥʘʙʣʶʜʘʝʤʳʡ ʧʨʠ ʜʝʡʩʪʚʠʠ ʩʚʝʪʦʚʦʛʦ ʧʦʪʦʢʘ ʥʘ 

ʌʉ [8] ʚʦ ʚʨʝʤʷ in vitro ʵʢʩʧʝʨʠʤʝʥʪʦʚ.  

ʇʝʨʚʦʝ ʟʘʜʦʢʫʤʝʥʪʠʨʦʚʘʥʥʦʝ ʚʚʝʜʝʥʠʝ ʬʦʪʦʩʝʥʩʠʙʠʣʠʟʘʪʦʨʘ ʚ ʦʨʛʘʥʠʟʤ 

ʯʝʣʦʚʝʢʘ ʙʳʣʦ ʧʨʦʚʝʜʝʥʦ ʚ 1900 ʛ. ʬʨʘʥʮʫʟʩʢʠʤ ʥʝʚʨʦʣʦʛʦʤ ɾ. ʇʨʘʡʤʦʤ (J. Prime), 

ʢʦʪʦʨʳʡ ʠʩʧʦʣʴʟʦʚʘʣ ʬʦʪʦʩʝʥʩʠʙʠʣʠʟʘʪʦʨ ʵʦʟʠʥ 3 ʜʣʷ ʣʝʯʝʥʠʷ ʥʝʚʨʦʣʦʛʠʯʝʩʢʠʭ 

ʨʘʩʩʪʨʦʡʩʪʚ. ʇʨʘʡʤ ʟʘʤʝʪʠʣ, ʯʪʦ ʧʦʩʣʝ ʧʨʦʚʝʜʝʥʥʦʡ ʪʝʨʘʧʠʠ ʥʘ ʢʦʞʝ ʧʘʮʠʝʥʪʦʚ 

ʚʦʟʥʠʢʘʶʪ ʜʝʨʤʘʪʠʪʳ ʚ ʤʝʩʪʘʭ, ʦʪʢʨʳʪʳʭ ʜʣʷ ʩʦʣʥʝʯʥʦʛʦ ʩʚʝʪʘ [9]. ɼʘʥʥʦʝ 

ʦʪʢʨʳʪʠʝ ʧʨʠʚʝʣʦ ʢ ʪʦʤʫ, ʯʪʦ ʫʞʝ ʚ 1905 ʛ. ʬʦʥ ʊʘʧʝʡʥʝʨ ʠ ʝʛʦ ʢʦʣʣʝʛʘ ɸ. ʁʝʩʠʦʥʝʢ 

(A. Jesionek) ʧʦʜʝʣʠʣʠʩʴ ʩ ʤʠʨʦʤ ʨʝʟʫʣʴʪʘʪʘʤʠ ʧʦ ʠʩʧʦʣʴʟʦʚʘʥʠʶ ʵʦʟʠʥʘ 3 ʜʣʷ 

ʣʝʯʝʥʠʷ ʢʦʞʥʳʭ ʦʧʫʭʦʣʝʚʳʭ ʦʙʨʘʟʦʚʘʥʠʡ [10]. ʆʧʫʙʣʠʢʦʚʘʥʠʝ ʵʪʦʡ ʨʘʙʦʪʳ ʩʪʘʣʦ 

ʦʪʧʨʘʚʥʦʡ ʪʦʯʢʦʡ ʩʦʟʜʘʥʠʷ ʤʝʪʦʜʘ ʬʦʪʦʜʠʥʘʤʠʯʝʩʢʦʡ ʪʝʨʘʧʠʠ.   

ʀʜʝʠ ʬʦʥ ʊʘʧʝʡʥʝʨʘ ʧʦʙʫʜʠʣʠ ʥʝʤʝʮʢʦʛʦ ʚʨʘʯʘ ʌ. ʄʘʡʝʨ-ɹʝʪʮʘ (F. Meyer-

Betz) ʠʟʫʯʠʪʴ ʜʝʡʩʪʚʠʝ ʛʝʤʘʪʦʧʦʨʬʠʨʠʥʘ 4 ʥʘ ʦʨʛʘʥʠʟʤ ʯʝʣʦʚʝʢʘ. ɻʝʤʘʪʦʧʦʨʬʠʨʠʥ 

4 ʙʳʣ ʠʟʚʝʩʪʝʥ ʩ ʩʝʨʝʜʠʥʳ 19 ʚʝʢʘ ʙʣʘʛʦʜʘʨʷ ʨʘʙʦʪʘʤ ɻ. ʐʝʨʝʨʘ (H. Scherer), 

ʢʦʪʦʨʳʡ ʨʘʟʨʘʙʦʪʘʣ ʤʝʪʦʜʠʢʫ ʝʛʦ ʚʳʜʝʣʝʥʠʷ ʠʟ ʩʫʭʦʛʦ ʦʩʪʘʪʢʘ ʢʨʦʚʠ ʜʝʡʩʪʚʠʝʤ 

ʩʝʨʥʦʡ ʢʠʩʣʦʪʳ (ʈʠʩ. 2ɸ) [11]. ʄʘʡʝʨ-ɹʝʪʮ ʚ 1913 ʛ. ʩʜʝʣʘʣ ʩʝʙʝ ʠʥʲʝʢʮʠʶ 200 ʤʛ 

ʛʝʤʘʪʦʧʦʨʬʠʨʠʥʘ 4 ʠ ʥʘʙʣʶʜʘʣ ʚʦʟʥʠʢʥʦʚʝʥʠʝ ʦʪʝʢʦʚ ʥʘ ʫʯʘʩʪʢʘʭ ʢʦʞʠ, ʜʦʩʪʫʧʥʳʭ 

ʜʣʷ ʚʦʟʜʝʡʩʪʚʠʷ ʩʦʣʥʝʯʥʦʛʦ ʩʚʝʪʘ (ʈʠʩ. 2ɺ). ʆʙʥʘʨʫʞʝʥʥʳʝ ʵʬʬʝʢʪʳ ʩʦʭʨʘʥʷʣʠʩʴ 

ʜʦ ʥʝʩʢʦʣʴʢʠʭ ʤʝʩʷʮʝʚ [12]. ʇʦʟʜʥʝʝ ʚ 1925 ʛ. ʬʨʘʥʮʫʟʩʢʠʡ ʫʯʝʥʳʡ ɸ. ʇʦʣʠʢʘʨ (A. 

Policard) ʧʦʢʘʟʘʣ ʠʥʜʫʮʠʨʫʝʤʫʶ ʣʘʤʧʦʡ ɺʫʜʘ ʬʣʫʦʨʝʩʮʝʥʮʠʶ ʛʝʤʘʪʦʧʦʨʬʠʨʠʥʘ 4 

ʚ ʦʧʫʭʦʣʠ ʤʳʰʠ [13].  
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ʈʠʩ. 2. (ɸ) ʄʝʪʦʜ ʐʝʨʝʨʘ ʜʣʷ ʚʳʜʝʣʝʥʠʷ ʛʝʤʘʪʦʧʦʨʬʠʨʠʥʘ. (ɺ) ʌʦʪʦʛʨʘʬʠʠ ʌ. ʄʘʡʝʨ-

ɹʝʪʮʘ ʧʦʩʣʝ ʚʚʝʜʝʥʠʷ ʛʝʤʘʪʦʧʦʨʬʠʨʠʥʘ. 

ʉ.ʂ. ʐʚʘʨʮ (S. K. Schwartz) ʚ 1955 ʛ. ʜʦʢʘʟʘʣ, ʯʪʦ ʧʨʦʜʦʣʞʠʪʝʣʴʥʘʷ 

ʬʦʪʦʜʠʥʘʤʠʯʝʩʢʘʷ ʘʢʪʠʚʥʦʩʪʴ, ʦʪ ʢʦʪʦʨʦʡ ʩʪʨʘʜʘʣ ʄʘʡʝʨ-ɹʝʪʮ, ʙʳʣʘ ʩʚʷʟʘʥʘ ʥʝ ʩ 

ʜʝʡʩʪʚʠʝʤ ʩʘʤʦʛʦ ʛʝʤʘʪʦʧʦʨʬʠʨʠʥʘ 4, ʘ ʩ ʝʛʦ ʦʣʠʛʦʤʝʨʥʳʤ ʧʨʦʠʟʚʦʜʥʳʤ [14], ʪʘʢʞʝ 

ʦʙʨʘʟʫʶʱʠʤʩʷ ʚʦ ʚʨʝʤʷ ʚʳʜʝʣʝʥʠʷ ʠʟ ʩʫʭʦʡ ʢʨʦʚʠ ʧʦʜ ʜʝʡʩʪʚʠʝʤ ʩʝʨʥʦʡ ʢʠʩʣʦʪʳ. 

ʇʦʣʫʯʝʥʥʦʝ ʩʦʝʜʠʥʝʥʠʝ ʙʳʣʦ ʥʘʟʚʘʥʦ çʧʨʦʠʟʚʦʜʥʦʝ ʛʝʤʘʪʦʧʦʨʬʠʨʠʥʘè 5 (ʩʭʝʤʘ 1) 

(hematoporphyrin derivative, HpD). ʄʦʣʝʢʫʣʳ HpD 5 ʦʙʣʘʜʘʶʪ ʧʦʚʳʰʝʥʥʳʤ 

ʩʨʦʜʩʪʚʦʤ ʢ ʨʘʟʣʠʯʥʳʤ ʦʧʫʭʦʣʷʤ ʠ ʤʦʛʫʪ ʜʣʠʪʝʣʴʥʦʝ ʚʨʝʤʷ ʥʝ ʚʳʚʦʜʠʪʩʷ ʠʟ 

ʦʨʛʘʥʠʟʤʘ, ʢʘʢ ʧʦʢʘʟʘʣ ʈ.ʃ. ʃʠʧʩʦʥ (R.L. Lipson) ʚ 1960 ʛ. [15]. ɺ ʜʘʣʴʥʝʡʰʝʡ ʩʚʦʝʡ 

ʨʘʙʦʪʝ ʩ ʧʦʤʦʱʴʶ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦ ʚʚʝʜʝʥʥʦʛʦ HpD 5 ʠ ʠʩʪʦʯʥʠʢʘ ʩʚʝʪʘ, 

ʩʬʦʢʫʩʠʨʦʚʘʥʥʦʛʦ ʥʘ ʤʝʩʪʦ ʣʦʢʘʣʠʟʘʮʠʠ ʦʧʫʭʦʣʠ, ʃʠʧʩʦʥ ʧʨʦʚʝʣ ʫʩʧʝʰʥʦʝ ʣʝʯʝʥʠʝ 

ʤʝʪʘʩʪʘʟ ʚ ʛʨʫʜʠ ʫ ʞʝʥʱʠʥʳ, ʯʝʤ ʦʟʥʘʤʝʥʦʚʘʣ ʚʦʟʥʠʢʥʦʚʝʥʠʝ ʬʦʪʦʜʠʥʘʤʠʯʝʩʢʦʡ 

ʪʝʨʘʧʠʠ ʜʣʷ ʣʝʯʝʥʠʷ ʦʥʢʦʣʦʛʠʯʝʩʢʠʭ ʟʘʙʦʣʝʚʘʥʠʡ [16].   

ʉʣʝʜʫʶʱʠʤ ʚʘʞʥʳʤ ʰʘʛʦʤ ʥʘ ʧʫʪʠ ʨʘʟʚʠʪʠʷ ʩʦʚʨʝʤʝʥʥʦʡ 

ʧʨʦʪʠʚʦʦʧʫʭʦʣʝʚʦʡ ʌɼʊ ʩʪʘʣʠ ʨʘʙʦʪʳ ɼ. ɼʦʛʝʨʪʠ (J. Dougherty), ʧʦ ʰʠʨʦʢʦʤʫ 

ʠʩʩʣʝʜʦʚʘʥʠʶ ʘʢʪʠʚʥʦʩʪʠ HpD 5 ʥʘ ʧʘʮʠʝʥʪʘʭ ʩ ʢʦʞʥʳʤʠ ʦʧʫʭʦʣʷʤʠ, ʥʝ 

ʧʦʜʜʘʶʱʠʤʠʩʷ ʣʝʯʝʥʠʶ ʠʟʚʝʩʪʥʳʤʠ ʪʝʨʘʧʝʚʪʠʯʝʩʢʠʤʠ ʤʝʪʦʜʘʤʠ, ʢʦʪʦʨʳʝ  

ʧʨʦʚʦʜʠʣʠʩʴ ʚ ʢʦʥʮʝ 70-ʭ ï ʥʘʯʘʣʝ 80-ʭ ʚ ʀʥʩʪʠʪʫʪʝ ʨʘʢʘ ʈʦʟʫʵʣʣ ʇʘʨʢʘ ʉʐɸ 

(Roswell Park Cancer Institute, USA). HpD 5 ʙʳʣ ʚʚʝʜʝʥ 25 ʧʘʮʠʝʥʪʘʤ ʩʦ 113 

ʦʧʫʭʦʣʝʚʳʤʠ ʦʙʨʘʟʦʚʘʥʠʷʤʠ ʩ ʧʦʩʣʝʜʫʶʱʠʤ ʦʙʣʫʯʝʥʠʝʤ ʢʩʝʥʦʥʦʚʦʡ ʣʘʤʧʦʡ ʯʝʨʝʟ 

24-168 ʯ. ɹʣʘʛʦʜʘʨʷ ʵʪʦʤʫ 98 ʦʧʫʭʦʣʝʡ ʙʳʣʠ ʧʦʣʥʦʩʪʴʶ ʚʳʣʝʯʝʥʳ, 13 ʦʧʫʭʦʣʝʡ 

ʧʦʢʘʟʘʣʠ ʯʘʩʪʠʯʥʳʡ ʨʝʛʨʝʩʩ, ʘ ʦʧʫʭʦʣʠ ʫ ʜʚʫʭ ʧʘʮʠʝʥʪʦʚ ʦʩʪʘʣʠʩʴ ʫʩʪʦʡʯʠʚʳ ʢ 

ʣʝʯʝʥʠʶ [17]. ɼʘʥʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʜʦʢʘʟʘʣʠ ʮʝʥʥʦʩʪʴ ʥʦʚʦʛʦ ʤʝʪʦʜʘ ʣʝʯʝʥʠʷ 

ʦʥʢʦʣʦʛʠʯʝʩʢʠʭ ʟʘʙʦʣʝʚʘʥʠʡ, ʧʦʩʣʝ ʯʝʛʦ ʥʘʯʘʣʠʩʴ ʢʣʠʥʠʯʝʩʢʠʝ ʠʩʩʣʝʜʦʚʘʥʠʷ HpD 
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5. ʊʘʢʞʝ ɼʦʛʝʨʪʠ ʩ ʧʦʤʦʱʴʶ ʫʣʴʪʨʘʬʠʣʴʪʨʘʮʠʠ ʫʜʘʣʦʩʴ ʫʣʫʯʰʠʪʴ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ 

ʠʩʧʦʣʴʟʫʝʤʦʛʦ HpD 5 [18], ʧʦʩʣʝ ʯʝʛʦ ʥʘ ʦʩʥʦʚʝ ʝʛʦ ʨʘʟʨʘʙʦʪʦʢ ʚ 1991 ʛ. ʙʳʣʘ 

ʟʘʧʘʪʝʥʪʦʚʘʥʘ ʣʠʦʬʠʣʠʟʠʨʦʚʘʥʥʘʷ ʬʦʨʤʘ HpD 5 ï ʧʨʝʧʘʨʘʪ ʌʦʪʦʬʨʠʥ, ʢʦʪʦʨʳʡ ʠ 

ʥʘ ʩʝʛʦʜʥʷʰʥʠʡ ʜʝʥʴ ʷʚʣʷʝʪʩʷ çʟʦʣʦʪʳʤ ʩʪʘʥʜʘʨʪʦʤè ʜʣʷ ʩʦʟʜʘʥʠʷ ʥʦʚʳʭ ʌʉ ʠ 

ʠʩʧʦʣʴʟʫʝʪʩʷ ʜʣʷ ʣʝʯʝʥʠʷ ʦʧʫʭʦʣʝʡ ʧʠʱʝʚʦʜʘ ʠ ʣʝʛʢʠʭ [19]. 

 

2. ʌʦʪʦʜʠʥʘʤʠʯʝʩʢʘʷ ʪʝʨʘʧʠʷ: ʤʝʭʘʥʠʟʤʳ 

 ʋʥʠʢʘʣʴʥʳʝ ʚʦʟʤʦʞʥʦʩʪʠ ʤʝʪʦʜʘ ʌɼʊ ʥʘʧʨʷʤʫʶ ʩʚʷʟʘʥʳ ʩ 

ʬʦʪʦʬʠʟʠʯʝʩʢʠʤʠ ʧʨʦʮʝʩʩʘʤʠ, ʚʦʟʥʠʢʘʶʱʠʤʠ ʧʨʠ ʧʦʛʣʦʱʝʥʠʠ ʤʦʣʝʢʫʣʦʡ ʌʉ 

ʩʚʝʪʦʚʦʡ ʵʥʝʨʛʠʠ. ɼʣʷ ʦʧʠʩʘʥʠʷ ʥʘʙʣʶʜʘʝʤʳʭ ʧʝʨʝʭʦʜʦʚ ʯʘʱʝ ʚʩʝʛʦ ʠʩʧʦʣʴʟʫʶʪ 

ʘʜʘʧʪʠʨʦʚʘʥʥʫʶ ʜʠʘʛʨʘʤʤʫ ʗʙʣʦʥʩʢʦʛʦ (ʈʠʩ. 3) [20]. 

 

ʈʠʩ. 3. ɸʜʘʧʪʠʨʦʚʘʥʥʘʷ ʜʠʘʛʨʘʤʤʘ ʗʙʣʦʥʩʢʦʛʦ. 

 ʂʘʢ ʠ ʧʦʯʪʠ ʚʩʝ ʤʦʣʝʢʫʣʳ ʚ ʦʩʥʦʚʥʦʤ ʩʦʩʪʦʷʥʠʠ, ʬʦʪʦʩʝʥʩʠʙʠʣʠʟʘʪʦʨ 

ʥʘʭʦʜʠʪʩʷ ʚ ʩʠʥʛʣʝʪʥʦʡ ʬʦʨʤʝ (S0) (ʨʠʩ. 2). ʇʨʠ ʜʘʣʴʥʝʡʰʝʤ ʚʦʟʜʝʡʩʪʚʠʠ ʠʩʪʦʯʥʠʢʘ 

ʩʚʝʪʘ ʧʨʦʠʩʭʦʜʠʪ ʧʝʨʝʭʦʜ ʌʉ ʥʘ ʚʦʟʙʫʞʜʝʥʥʳʡ S1 ʫʨʦʚʝʥʴ (ʚʨʝʤʷ ʞʠʟʥʠ ï 

ʥʘʥʦʩʝʢʫʥʜʳ) [21], ʦʜʥʘʢʦ, ʦʙʱʠʡ ʩʧʠʥ ʩʠʩʪʝʤʳ ʦʩʪʘʝʪʩʷ ʧʨʝʞʥʠʤ. ʇʦʩʣʝʜʫʶʱʘʷ 

ʨʝʣʘʢʩʘʮʠʷ ʩ ʚʦʟʚʨʘʱʝʥʠʝʤ ʚ ʦʩʥʦʚʥʦʝ ʩʦʩʪʦʷʥʠʝ ʚʦʟʤʦʞʥʘ ʧʫʪʝʤ ʠʟʣʫʯʘʪʝʣʴʥʦʛʦ 

ʠʣʠ ʙʝʟʳʟʣʫʯʘʪʝʣʴʥʦʛʦ ʧʝʨʝʭʦʜʘ. ʇʨʠ ʵʪʦʤ, ʢʘʢ ʩʣʝʜʩʪʚʠʝ ʧʝʨʚʦʛʦ, ʚʦʟʥʠʢʘʝʪ 

ʬʣʫʦʨʝʩʮʝʥʮʠʷ, ʘ ʚʪʦʨʦʛʦ ï ʪʝʨʤʠʯʝʩʢʦʝ ʥʘʛʨʝʚʘʥʠʝ.  

 ɽʱʸ ʦʜʥʠʤ ʧʨʦʮʝʩʩʦʤ, ʭʘʨʘʢʪʝʨʥʳʤ ʜʣʷ ʥʝʢʦʪʦʨʳʭ ʬʦʪʦʘʢʪʠʚʥʳʭ ʤʦʣʝʢʫʣ, 

ʷʚʣʷʝʪʩʷ ʧʝʨʝʭʦʜ ʠʟ ʚʦʟʙʫʞʜʝʥʥʦʛʦ ʩʠʥʛʣʝʪʥʦʛʦ ʩʦʩʪʦʷʥʠʷ S1 ʚ ʪʨʠʧʣʝʪʥʦʝ T1 (ʚʨʝʤʷ 

ʞʠʟʥʠ ï ʤʠʢʨʦʩʝʢʫʥʜʳ) [21] ʧʫʪʝʤ ʩʧʠʥ-ʦʨʙʠʪʘʣʴʥʦʛʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ, ʥʘʟʳʚʘʝʤʦʛʦ 

ʠʥʪʝʨʢʦʤʙʠʥʘʮʠʦʥʥʳʤ ʧʝʨʝʭʦʜʦʤ. ʆʪʥʦʩʠʪʝʣʴʥʦ ʚʳʩʦʢʦʝ ʚʨʝʤʷ ʞʠʟʥʠ 
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ʪʨʠʧʣʝʪʥʦʛʦ ʩʦʩʪʦʷʥʠʷ ʚʦʟʥʠʢʘʝʪ ʠʟ-ʟʘ ʟʘʧʨʝʪʘ ʝʛʦ ʧʝʨʝʭʦʜʘ ʚ ʦʩʥʦʚʥʦʝ ʩʠʥʛʣʝʪʥʦʝ 

ʩʦʩʪʦʷʥʠʝ ʙʝʟ ʠʟʤʝʥʝʥʠʷ ʩʧʠʥʘ, ʧʨʠ ʵʪʦʤ ʠʥʚʝʨʩʠʷ ʩʧʠʥʘ ʧʨʦʠʩʭʦʜʠʪ ʜʦʩʪʘʪʦʯʥʦ 

ʜʦʣʛʦ [22]. ɺʝʨʥʫʪʩʷ ʚ ʦʩʥʦʚʥʦʝ ʩʦʩʪʦʷʥʠʝ ʌʉ ʩʧʦʩʦʙʝʥ ʣʠʙʦ ʧʦʩʨʝʜʩʪʚʦʤ 

ʠʟʣʫʯʘʪʝʣʴʥʦʛʦ ʧʝʨʝʭʦʜʘ (ʬʦʩʬʦʨʝʩʮʝʥʮʠʷ), ʣʠʙʦ ʧʦʩʨʝʜʩʪʚʦʤ ʧʝʨʝʜʘʯʠ ʩʚʦʝʡ 

ʵʥʝʨʛʠʠ ʜʨʫʛʠʤ ʤʦʣʝʢʫʣʘʤ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʛʝʥʝʨʠʨʦʚʘʪʴ ʚʳʩʦʢʦʘʢʪʠʚʥʳʝ 

ʦʢʠʩʣʠʪʝʣʠ, ʚʟʘʠʤʦʜʝʡʩʪʚʫʶʱʠʝ ʩ ʙʠʦʣʦʛʠʯʝʩʢʠ ʟʥʘʯʠʤʳʤʠ ʩʫʙʩʪʨʘʪʘʤʠ. 

ʃʦʛʠʯʥʳʤ ʚʳʚʦʜʦʤ ʠʟ ʦʧʠʩʘʥʥʳʭ ʚʟʘʠʤʦʜʝʡʩʪʚʠʡ ʷʚʣʷʝʪʩʷ ʪʦʪ ʬʘʢʪ, ʯʪʦ 

ʫʚʝʣʠʯʝʥʠʝ ʚʨʝʤʝʥʠ ʞʠʟʥʠ T1 ʧʨʷʤʦ ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʦ ʚʝʨʦʷʪʥʦʩʪʠ ʧʝʨʝʜʘʯʠ 

ʵʥʝʨʛʠʠ ʪʨʝʪʴʠʤ ʯʘʩʪʠʮʘʤ.  

ʆʛʨʦʤʥʘʷ ʨʘʙʦʪʘ ʧʦ ʠʟʫʯʝʥʠʶ ʨʝʣʘʢʩʘʮʠʦʥʥʳʭ ʧʨʦʮʝʩʩʦʚ, ʩʚʷʟʘʥʥʳʭ ʩ 

ʪʨʠʧʣʝʪʥʳʤ ʩʦʩʪʦʷʥʠʝʤ ʬʦʪʦʘʢʪʠʚʥʳʭ ʤʦʣʝʢʫʣ, ʧʦʟʚʦʣʠʣʘ ʚʳʜʝʣʠʪʴ ʜʚʘ ʦʩʥʦʚʥʳʭ 

ʪʠʧʘ ʧʝʨʝʜʘʯʠ ʵʥʝʨʛʠʠ ʦʪ ʌʉ ʢ ʦʢʨʫʞʘʶʱʠʤ ʝʛʦ ʤʦʣʝʢʫʣʘʤ ʚʦ ʚʨʝʤʷ ʧʨʦʚʝʜʝʥʠʷ 

ʌɼʊ [23]. 

2.1 I ʊʠʧ ʨʝʣʘʢʩʘʮʠʠ ʬʦʪʦʩʝʥʩʠʙʠʣʠʟʘʪʦʨʘ 

I ʊʠʧ ʧʝʨʝʜʘʯʠ ʵʥʝʨʛʠʠ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʧʝʨʝʥʦʩʦʤ ʵʣʝʢʪʨʦʥʘ ʦʪ ʥʘʭʦʜʷʱʝʡʩʷ 

ʨʷʜʦʤ ʤʦʣʝʢʫʣʳ-ʚʦʩʩʪʘʥʦʚʠʪʝʣʷ ʬʦʪʦʩʝʥʩʠʙʠʣʠʟʘʪʦʨʫ, ʚ ʨʝʟʫʣʴʪʘʪʝ ʯʝʛʦ 

ʦʙʨʘʟʫʝʪʩʷ ʧʦʣʦʞʠʪʝʣʴʥʦ ʠ ʦʪʨʠʮʘʪʝʣʴʥʦ ï ʟʘʨʷʞʝʥʥʳʝ ʨʘʜʠʢʘʣʳ (ʈʠʩ. 3).  

ʉʨʝʜʠ ʦʩʥʦʚʥʳʭ ʩʦʝʜʠʥʝʥʠʡ, ʩʧʦʩʦʙʥʳʭ ʦʪʜʘʪʴ ʵʣʝʢʪʨʦʥ ʠ ʦʜʥʦʚʨʝʤʝʥʥʦ 

ʧʨʠʩʫʪʩʪʚʫʶʱʠʭ ʚ ʞʠʚʳʭ ʩʠʩʪʝʤʘʭ, ʤʦʞʥʦ ʚʳʜʝʣʠʪʴ NADPH, ʛʫʘʥʠʥ, ʪʨʠʧʪʦʬʘʥ ʠ 

ʪʠʨʦʟʠʥ. ʅʘʧʨʠʤʝʨ, NADPH ʦʢʠʩʣʷʝʪʩʷ ʚʦʟʙʫʞʜʝʥʥʳʤ ʩʦʩʪʦʷʥʠʝʤ ˡ˞z ˟  ʜʦ 

NADP+ c ʦʙʨʘʟʦʚʘʥʠʝʤ ʘʥʠʦʥ-ʨʘʜʠʢʘʣʘ ˡ Ͻ˞, ʢʦʪʦʨʳʡ ʚ ʘʵʨʦʙʥʳʭ ʫʩʣʦʚʠʷʭ ʘʪʘʢʫʝʪ 

ʤʦʣʝʢʫʣʫ ʢʠʩʣʦʨʦʜʘ, ʛʝʥʝʨʠʨʫʷ ʩʫʧʝʨʦʢʩʠʜ ʘʥʠʦʥ-ʨʘʜʠʢʘʣ /Ͻ  (ʩʫʧʝʨʦʢʩʠʜ) (ʋʨ. 

1, 2) [23]. ʊʘʢʞʝ ʥʝ ʠʩʢʣʶʯʝʥʘ ʨʝʘʢʮʠʷ ʤʝʞʜʫ ˡ˞z ˟  ʠ ʤʦʣʝʢʫʣʷʨʥʳʤ 

ʢʠʩʣʦʨʦʜʦʤ, ʧʨʠʚʦʜʷʱʘ ̫ʢ ʦʙʨʘʟʦʚʘʥʠʶ ˡ Ͻ˞  ʠ /Ͻ  (ʋʨ. 3).  

ˡ˞ᶻ ἚἋἎἜἒ O ˡ˞Ͻ ἚἋἎἜ ἒ  (1) 

ˡ˞Ͻ Ἓ  O  l˞  ἛϽ
 
 (2) 

ˡ˞ᶻ Ἓ  O  l ˞Ͻ  ἛϽ
 
(3) 

ʉʫʧʝʨʦʢʩʠʜ ʦʪʥʦʩʠʪʩʷ ʢ ʘʢʪʠʚʥʳʤ ʬʦʨʤʘʤ ʢʠʩʣʦʨʦʜʘ (reactive oxygen species, 

ROS) ʠ ʠʛʨʘʝʪ ʩʫʱʝʩʪʚʝʥʥʫʶ ʨʦʣʴ ʚ ʧʨʦʮʝʩʩʘʭ ʦʢʠʩʣʠʪʝʣʴʥʦʛʦ ʩʪʨʝʩʩʘ. ʆʥ ʩʧʦʩʦʙʝʥ 

ʦʢʠʩʣʷʪʴ ʥʝʙʦʣʴʰʠʝ ʤʦʣʝʢʫʣʳ, ʪʘʢʠʝ ʢʘʢ ʩʫʣʴʬʠʪʳ, ʪʝʪʨʘʛʠʜʨʦʬʣʘʚʠʥʳ, 

ʣʝʡʢʦʬʣʘʚʠʥʳ, ʢʘʪʝʭʦʣʘʤʠʥʳ ʠ ʜʨ. [24]. ʆʜʥʘʢʦ ʩʨʘʚʥʠʪʝʣʴʥʦ ʥʠʟʢʠʡ 

ʦʢʠʩʣʠʪʝʣʴʥʳʡ ʧʦʪʝʥʮʠʘʣ (ʈʠʩ. 4) ʜʝʣʘʝʪ ʩʫʧʝʨʦʢʩʠʜ ʤʷʛʢʠʤ ʦʢʠʩʣʠʪʝʣʝʤ, 

ʥʝʩʧʦʩʦʙʥʳʤ ʨʘʟʨʫʰʘʪʴ ʣʠʧʠʜʳ, ʥʫʢʣʝʠʥʦʚʳʝ ʢʠʩʣʦʪʳ ʠ ʪ.ʜ. [24, 25].  
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ʈʠʩ. 4. ɺʦʩʩʪʘʥʦʚʠʪʝʣʴʥʳʝ ʧʨʝʚʨʘʱʝʥʠʷ ʢʠʩʣʦʨʦʜʘ. 

ʅʝʩʤʦʪʨʷ ʥʘ ʥʠʟʢʫʶ çʧʨʷʤʫʶè ʪʦʢʩʠʯʥʦʩʪʴ, ʩʚʷʟʘʥʥʫʶ ʩ ʜʝʡʩʪʚʠʝʤ 

ʩʫʧʝʨʦʢʩʠʜ-ʨʘʜʠʢʘʣʘ, ʝʛʦ çʢʦʩʚʝʥʥʘʷè ʪʦʢʩʠʯʥʦʩʪʴ ʤʦʞʝʪ ʙʳʪʴ ʜʦʩʪʘʪʦʯʥʦ 

ʩʫʱʝʩʪʚʝʥʥʘ ʜʣʷ ʢʣʝʪʦʯʥʳʭ ʩʪʨʫʢʪʫʨ.  

ʅʘʧʨʠʤʝʨ, ʨʝʘʢʮʠʷ ʩʫʧʝʨʦʢʩʠʜʘ ʩ ʥʠʪʨʦʢʩʠʜ-ʨʘʜʠʢʘʣʦʤ ./Ͻ, ʢʘʪʘʣʠʟʠʨʫʝʤʘʷ 

ʩʫʧʝʨʦʢʩʠʜʜʠʩʤʫʪʘʟʦʡ* (ʉʆɼ), ʧʨʠʚʦʜʠʪ ʢ ʦʙʨʘʟʦʚʘʥʠʶ ʧʝʨʦʢʩʠʥʠʪʨʠʪʘ /.//, 

ʢʦʪʦʨʳʡ ʦʢʠʩʣʷʝʪ ʨʷʜ ʙʠʦʤʦʣʝʢʫʣ [26]. ɺ ʧʦʩʣʝʜʩʪʚʠʠ ʧʝʨʦʢʩʠʥʠʪʨʠʪ ʪʘʢʞʝ 

ʩʧʦʩʦʙʝʥ ʧʨʝʚʨʘʱʘʪʴʩʷ ʚ ʘʢʪʠʚʠʨʦʚʘʥʥʳʡ ʠʥʪʝʨʤʝʜʠʘʪ /.//(z , ʩʭʦʜʥʳʡ ʧʦ ʩʚʦʠʤ 

ʦʢʠʩʣʠʪʝʣʴʥʳʤ ʩʚʦʡʩʪʚʘʤ ʩ ʚʳʩʦʢʦʘʢʪʠʚʥʳʤ ʛʠʜʨʦʢʩʠʣʴʥʳʤ ʨʘʜʠʢʘʣʦʤ (/Ͻ[27]. 

ʂʨʦʤʝ ʵʪʦʛʦ, ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʩʫʧʝʨʦʢʩʠʜʘ ʩ ʬʝʥʦʢʩʠʣʴʥʳʤʠ ʨʘʜʠʢʘʣʘʤʠ, 

ʦʙʨʘʟʫʶʱʠʤʠʩʷ ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʠʟ ʪʠʨʦʟʠʥʘ, ʤʦʞʝʪ ʪʘʢʞʝ ʧʨʠʚʦʜʠʪʴ ʢ 

ʚʳʜʝʣʝʥʠʶ ʧʦʪʝʥʮʠʘʣʴʥʦ ʪʦʢʩʠʯʥʳʭ ʩʦʝʜʠʥʝʥʠʡ, ʪʘʢʠʭ ʢʘʢ ʧʝʨʦʢʩʠʜ ʪʠʨʦʟʠʥʘ [28].  

ɽʱy ʦʜʥʠʤ ʦʢʠʩʣʠʪʝʣʝʤ, ʦʪʥʦʩʷʱʠʤʩʷ ʢ ʛʨʫʧʧʝ ROS ʠ ʩʧʦʩʦʙʥʳʤ ʧʨʦʷʚʣʷʪʴ 

ʚʳʨʘʞʝʥʥʫʶ ʪʦʢʩʠʯʥʦʩʪʴ, ʷʚʣʷʝʪʩʷ ʧʝʨʦʢʩʠʜ ʚʦʜʦʨʦʜʘ, ʦʙʨʘʟʫʶʱʠʡʩʷ ʚ ʨʝʟʫʣʴʪʘʪʝ 

ʉʆɼ - ʢʘʪʘʣʠʟʠʨʫʝʤʦʛʦ ʜʠʩʧʨʦʧʦʨʮʠʦʥʠʨʦʚʘʥʠʷ ʩʫʧʝʨʦʢʩʠʜ ʨʘʜʠʢʘʣʘ (ʋʨ. 4).  

ἛϽ ἒ ᴼἒἛ Ἓ  (4) 

ʅʝʩʤʦʪʨʷ ʥʘ ʥʝʙʦʣʴʰʦʡ ʦʢʠʩʣʠʪʝʣʴʥʳʡ ʧʦʪʝʥʮʠʘʣ (ʈʠʩ. 4), ʧʝʨʦʢʩʠʜ 

ʚʦʜʦʨʦʜʘ ʦʙʣʘʜʘʝʪ ʚʳʩʦʢʠʤ ʚʨʝʤʝʥʝʤ ʞʠʟʥʠ ʦʪʥʦʩʠʪʝʣʴʥʦ ʜʨʫʛʠʭ ROS ʠ ʩʧʦʩʦʙʝʥ 

ʧʨʦʭʦʜʠʪʴ ʯʝʨʝʟ ʢʣʝʪʦʯʥʳʝ ʤʝʤʙʨʘʥʳ, ʚʳʟʳʚʘʷ ʦʢʠʩʣʠʪʝʣʴʥʳʡ ʩʪʨʝʩʩ ʙʣʘʛʦʜʘʨʷ 

ʧʨʦʭʦʜʷʱʝʤʫ ʚʥʫʪʨʠ ʢʣʝʪʢʠ ʮʠʢʣʫ ɻʘʙʝʨʘ-ɺʝʡʩʘ (Haber-Weiss cycle) [29]. ʇʝʨʚʳʤ 

ʧʨʝʚʨʘʱʝʥʠʝʤ ʚ ʵʪʦʡ ʮʝʧʦʯʢʝ ʷʚʣʷʝʪʩʷ ʨʝʘʢʮʠʷ ʌʝʥʪʦʥʘ (Fenton reaction) ʤʝʞʜʫ 

(/  ʠ ʨʘʩʪʚʦʨʝʥʥʳʤʠ ʚ ʦʨʛʘʥʠʟʤʝ ʩʦʣʷʤʠ &Å ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ ʛʠʜʨʦʢʩʠʣʴʥʦʛʦ 

ʨʘʜʠʢʘʣʘ (/Ͻ ʠ &Å (ʋʨ. 5). ɼʘʣʴʥʝʡʰʝʝ ʚʦʩʩʪʘʥʦʚʣʝʥʠʝ &Åʜʝʡʩʪʚʠʝʤ 

ʩʫʧʝʨʦʢʩʠʜʘ ʧʨʠʚʦʜʠʪ ʢ ʨʝʛʝʥʝʨʘʮʠʠ ʩʦʣʝʡ &Å (ʋʨ. 6) [30]. ɻʠʜʨʦʢʩʠʣʴʥʳʡ 

ʨʘʜʠʢʘʣ (/Ͻ, ʚʳʜʝʣʷʶʱʠʡʩʷ ʚ ʭʦʜʝ ʦʧʠʩʳʚʘʝʤʳʭ ʦʢʠʩʣʠʪʝʣʴʥʦ-ʚʦʩʩʪʘʥʦʚʠʪʝʣʴʥʳʭ 

ʧʨʝʚʨʘʱʝʥʠʡ, ʚʭʦʜʠʪ ʚ ʛʨʫʧʧʫ ROS ʠ ʷʚʣʷʝʪʩʷ ʦʜʥʠʤ ʠʟ ʩʠʣʴʥʝʡʰʠʭ ʦʢʠʩʣʠʪʝʣʝʡ 

(ʈʠʩ. 4), ʯʪʦ ʦʧʨʝʜʝʣʷʝʪ ʝʛʦ ʚʳʩʦʢʫʶ ʪʦʢʩʠʯʥʦʩʪʴ ʜʣʷ ʦʨʛʘʥʠʟʤʘ. ʅʘʧʨʠʤʝʨ, 

ʛʠʜʨʦʢʩʠʣʴʥʳʡ ʨʘʜʠʢʘʣ ʩʧʦʩʦʙʝʥ ʨʘʟʨʫʰʘʪʴ ʤʦʣʝʢʫʣʳ ɼʅʂ, ʣʠʧʠʜʦʚ, ʙʝʣʢʦʚ ʠ ʪ.ʜ., 

ʯʪʦ ʚ ʪʦʤ ʯʠʩʣʝ ʧʨʠʚʦʜʠʪ ʢ ʟʘʧʫʩʢʫ ʤʝʭʘʥʠʟʤʦʚ ʛʠʙʝʣʠ ʢʣʝʪʢʠ [31].  

ἐἭ ἒἛ ᴼἒἛϽ ἐἭ ἒἛ  (5) 

 
*  ˿ ͔͙͙ͯͨͪͦͫ͒͒ͫͣͯͭ͊͊͘͟ ς ͊ ͙͙ͤͭͦͫ͒͊ͤͭͤ͟·͚ ͺ͔͔ͪͣͤͭΣ ͚ͦ͒ͤͦ ͙͘ ͍ͦͫͤͦͤ·ͻ ͺͯͤ͟ͼ͙͚ ͎ͦͭͦͪͦͦ͟ Ύ͍͡Ύ͔ͭͫΎ ͊͘΅͙ͭ͊ 
͎͙ͦͪ͊ͤͣ͊͘ ;͔͍͔ͦ͊͟͡ ͦͭ ͍·͙ͫͦͦͭͦͫ͟͟;ͤ·ͻ ͙ͫͦͪͦ͒ͤ͟͡·ͻ ͙͍ͪ͊͒͊ͦ͟͡Φ 



18 
 

ἐἭ ἛϽ ᴼἐἭ Ἓ (6) 

ɽʱy ʦʜʥʠʤ ʧʫʪʝʤ ʛʝʥʝʨʘʮʠʠ ʛʠʜʨʦʢʩʠʣʴʥʳʭ ʨʘʜʠʢʘʣʦʚ ʤʦʞʝʪ ʙʳʪʴ 

ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʘʷ ʨʝʘʢʮʠʷ ʘʥʠʦʥ-ʨʘʜʠʢʘʣʘ ˡ Ͻ˞  ʩ (/  ʧʦ ʪʠʧʫ ʧʨʝʚʨʘʱʝʥʠʷ 

ʌʝʥʪʦʥʘ (ʋʨ. 7) [23]. 

ˡ˞Ͻ ἒἛ ᴼἒἛϽ ˡ˞ ἒἛ (7) 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʘʥʘʣʠʟʠʨʫʷ ʚʳʰʝʦʧʠʩʘʥʥʳʝ ʧʨʦʮʝʩʩʳ, ʩʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ 

ʭʦʪʷ ʩʘʤ ʧʦ ʩʝʙʝ ʌʉ ʥʝ ʦʙʣʘʜʘʝʪ ʢʘʢʦʡ-ʣʠʙʦ ʟʥʘʯʠʤʦʡ ʪʦʢʩʠʯʥʦʩʪʴʶ, ʨʝʟʫʣʴʪʘʪ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʝʛʦ ʚʦʟʙʫʞʜʝʥʥʦʛʦ ʩʦʩʪʦʷʥʠʷ  ˡ˞z ˟  ʩ ʦʢʨʫʞʘʶʱʠʤʠ 

ʤʦʣʝʢʫʣʘʤʠ ʩʧʦʩʦʙʝʥ ʚʳʟʚʘʪʴ ʦʙʨʘʟʦʚʘʥʠʝ ʚʳʩʦʢʦʘʢʪʠʚʥʳʭ ʦʢʠʩʣʠʪʝʣʝʡ, 

ʧʨʦʚʦʮʠʨʫʶʱʠʭ ʧʦʚʨʝʞʜʝʥʠʝ ʙʠʦʣʦʛʠʯʝʩʢʠ ʟʥʘʯʠʤʳʭ ʩʦʝʜʠʥʝʥʠʡ ʠ, ʚ ʢʦʥʝʯʥʦʤ 

ʠʪʦʛʝ, ʢʣʝʪʦʯʥʫʶ ʛʠʙʝʣʴ.  

2.2 II ʊʠʧ ʨʝʣʘʢʩʘʮʠʠ ʬʦʪʦʩʝʥʩʠʙʠʣʠʟʘʪʦʨʘ 

ɸʙʩʦʣʶʪʥʦ ʜʨʫʛʠʤ ʧʦ ʩʚʦʝʡ ʧʨʠʨʦʜʝ ʷʚʣʷʝʪʩʷ II ʪʠʧ ʨʝʣʘʢʩʘʮʠʠ ʪʨʠʧʣʝʪʥʦʛʦ 

ʩʦʩʪʦʷʥʠʷ ʬʦʪʦʩʝʥʩʠʙʠʣʠʟʘʪʦʨʘ. ʕʪʦʪ ʧʨʦʮʝʩʩ ʩʦʩʪʦʠʪ ʚ ʧʝʨʝʥʦʩʝ ʵʥʝʨʛʠʠ ʦʪ 

ʤʦʣʝʢʫʣʳ ˡ˞z ˟  ʥʘ ʤʦʣʝʢʫʣʫ ʢʠʩʣʦʨʦʜʘ ʚ ʪʨʠʧʣʝʪʥʦʤ ʩʦʩʪʦʷʥʠʠ /, ʯʪʦ 

ʧʨʠʚʦʜʠʪ ʢ ʦʙʨʘʟʦʚʘʥʠʶ ʚʳʩʦʢʦʪʦʢʩʠʯʥʦʛʦ ʦʢʠʩʣʠʪʝʣʷ ï ʩʠʥʛʣʝʪʥʦʛʦ ʢʠʩʣʦʨʦʜʘ 

/  (ʋʨ. 8), ʪʘʢʞʝ ʧʨʠʥʘʜʣʝʞʘʱʝʛʦ ʢ ʩʝʤʝʡʩʪʚʫ ROS [23]. 

ˡ˞z ˟ ╞ ᴼˡ˞ Ἓ (8) 

ɺʧʝʨʚʳʝ ʠʜʝʶ ʩʫʱʝʩʪʚʦʚʘʥʠʷ ʥʠʟʢʦʣʝʞʘʱʠʭ ʩʠʥʛʣʝʪʥʳʭ ʬʦʨʤ ʢʠʩʣʦʨʦʜʘ 

ʚʳʜʚʠʥʫʣ ʈ. ʄʘʣʣʠʢʝʥ (R. Mulliken) ʚ 1928 ʛ. ʈʘʙʦʪʘʷ ʥʘʜ ʦʨʙʠʪʘʣʴʥʦʡ 

ʤʦʣʝʢʫʣʷʨʥʦʡ ʪʝʦʨʠʝʡ, ʦʥ ʧʨʝʜʧʦʣʦʞʠʣ, ʯʪʦ ʢʨʦʤʝ ʠʟʚʝʩʪʥʦʡ ʧʦʣʦʩʳ ʧʦʛʣʦʱʝʥʠʷ 

ʌʨʘʫʥʭʦʬʝʨʘ (Fraunhofer line) ʥʘ 762 ʥʤ, ʢʠʩʣʦʨʦʜ ʜʦʣʞʝʥ ʠʤʝʪʴ ʧʦʣʦʩʫ 

ʧʦʛʣʦʱʝʥʠʷ Ḑ1500 ʥʤ [32]. ɺ ʜʘʣʴʥʝʡʰʝʤ ʠʩʢʦʤʘʷ ʧʦʣʦʩʘ ʙʳʣʘ ʟʘʨʝʛʠʩʪʨʠʨʦʚʘʥʘ 

ʥʘ Ḑ1270 ʥʤ [33].  

ɺʩʢʦʨʝ ʧʦʩʣʝ ʨʘʙʦʪ ʄʘʣʣʠʢʝʥʘ, ʘʚʩʪʨʠʡʩʢʠʡ ʭʠʤʠʢ ʍ. ʂʘʫʪʩʢʠʡ (H. Kautsky) 

ʚ 1931 ʛ. ʧʨʝʜʧʦʣʦʞʠʣ, ʯʪʦ  /  ʤʦʞʝʪ ʦʙʨʘʟʦʚʳʚʘʪʴʩʷ ʚʦ ʚʨʝʤʷ ʬʦʪʦʜʠʥʘʤʠʯʝʩʢʦʛʦ 

ʧʨʦʮʝʩʩʘ ʧʦʜ ʜʝʡʩʪʚʠʝʤ ʌʉ ʠ ʠʩʪʦʯʥʠʢʘ ʠʟʣʫʯʝʥʠʷ [34]. ʇʦʟʜʥʝʝ ʂʘʫʪʩʢʠʡ 

ʧʦʜʪʚʝʨʜʠʣ ʩʚʦʶ ʪʝʦʨʠʶ ʩ ʧʦʤʦʱʴʶ ʦʙʣʫʯʝʥʠʷ ʩʚʝʪʦʤ ʥʘʥʝʩʝʥʥʦʛʦ ʌʉ ʠ ʩʫʙʩʪʨʘʪʘ 

ʥʘ ʟʝʨʥʘ ʩʠʣʠʢʘʛʝʣʷ. ʅʘʙʣʶʜʘʝʤʦʝ ʦʢʠʩʣʠʪʝʣʴʥʦʝ ʧʨʝʚʨʘʱʝʥʠʝ ʩʫʙʩʪʨʘʪʘ ʙʳʣʦ 

ʦʪʥʝʩʝʥʦ ʢ ʜʝʡʩʪʚʠʶ ʚʳʜʝʣʷʶʱʝʛʦʩʷ ʛʘʟʦʦʙʨʘʟʥʦʛʦ /  [35].  

ʉʝʛʦʜʥʷʰʥʠʝ ʧʨʝʜʩʪʘʚʣʝʥʠʷ ʦ ʩʪʨʦʝʥʠʠ ʤʦʣʝʢʫʣʷʨʥʳʭ ʦʨʙʠʪʘʣʝʡ ʢʠʩʣʦʨʦʜʘ 

ʩʦʩʪʦʷʪ ʚ ʪʦʤ, ʯʪʦ ʧʨʠ ʚʦʟʙʫʞʜʝʥʠʠ ʦʩʥʦʚʥʦʛʦ ʪʨʠʧʣʝʪʥʦʛʦ ʩʦʩʪʦʷʥʠʷ В  

ʤʦʣʝʢʫʣʘ ʢʠʩʣʦʨʦʜʘ ʩʧʦʩʦʙʥʘ ʩʫʱʝʩʪʚʦʚʘʪʴ ʚ ʜʚʫʭ ʩʠʥʛʣʝʪʥʳʭ ʬʦʨʤʘʭ Ў ʠ В , 

ʨʘʟʣʠʯʘʶʱʠʭʩʷ ʪʠʧʦʤ  ́- ʘʥʪʠʩʚʷʟʳʚʘʶʱʝʡ ʦʨʙʠʪʘʣʠ (ʈʠʩ. 5). ʕʥʝʨʛʠʷ ʧʝʨʝʭʦʜʘ ʥʘ 

ʧʝʨʚʳʡ ʩʠʥʛʣʝʪʥʳʡ ʫʨʦʚʝʥʴ ʩʦʩʪʘʚʣʷʝʪ 22.5 ʢʢʘʣ/ʤʦʣʴ, ʘ ʥʘ ʚʪʦʨʦʡ 31.5 ʢʢʘʣ/ʤʦʣʴ 

[36]. 
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ʈʠʩ. 5. ʋʧʨʦʱʝʥʥʘʷ ʠʥʪʝʨʧʨʝʪʘʮʠʷ ʤʦʣʝʢʫʣʷʨʥʳʭ ʦʨʙʠʪʘʣʝʡ ʢʠʩʣʦʨʦʜʘ. 

ɺʦʟʤʦʞʥʦʩʪʴ ʨʝʘʣʠʟʘʮʠʠ ʬʦʪʦʜʠʥʘʤʠʯʝʩʢʦʛʦ ʜʝʡʩʪʚʠʷ /  ʩʚʷʟʘʥʘ ʩ 

ʦʪʥʦʩʠʪʝʣʴʥʦ ʜʦʣʛʠʤ ʚʨʝʤʝʥʝʤ ʞʠʟʥʠ ʝʛʦ ʤʝʪʘʩʪʘʙʠʣʴʥʦʛʦ Ў ʩʦʩʪʦʷʥʠʷ: 45 ʤʠʥʫʪ 

ʚ ʛʘʟʦʚʦʡ ʬʘʟʝ ʠ 10-6-10-3 ʩ ʚ ʨʘʩʪʚʦʨʝ. ʇʨʠ ʵʪʦʤ ʚʨʝʤʷ ʞʠʟʥʠ ʚʳʩʦʢʦʵʥʝʨʛʝʪʠʯʝʩʢʦʡ 

В  ʬʦʨʤʳ ʚʩʝʛʦ ʣʠʰʴ 7-12 ʩ ʚ ʛʘʟʦʚʦʡ ʬʘʟʝ ʠ 10-11-10-9 ʩ ʚ ʨʘʩʪʚʦʨʝ. ʏʪʦ 

ʦʙʲʷʩʥʷʝʪʩʷ ʚʦʟʤʦʞʥʦʩʪʴʶ ʙʳʩʪʨʦʛʦ ʨʝʣʘʢʩʘʮʠʦʥʥʦʛʦ ʧʝʨʝʭʦʜʘ В ᴼ Ў, ʥʝ 

ʟʘʧʨʝʱʝʥʥʦʛʦ ʧʨʘʚʠʣʦʤ ʦʨʙʠʪʘʣʴʥʦʡ ʩʠʤʤʝʪʨʠʠ. ʇʨʦʪʠʚʦʧʦʣʦʞʥʘʷ ʩʠʪʫʘʮʠʷ 

ʥʘʙʣʶʜʘʝʪʩʷ ʜʣʷ ʧʝʨʝʭʦʜʘ В ᴼ В, ʢʦʪʦʨʳʡ ʷʚʣʷʝʪʩʷ ʟʘʧʨʝʱʝʥʥʳʤ ʠ ʪʨʝʙʫʝʪ 

ʠʥʚʝʨʩʠʠ ʩʧʠʥʘ. ɼʘʥʥʳʝ ʦʩʦʙʝʥʥʦʩʪʠ ʵʣʝʢʪʨʦʥʥʦʛʦ ʩʪʨʦʝʥʠʷ ʢʠʩʣʦʨʦʜʘ ʩʣʫʞʘʪ 

ʧʨʠʯʠʥʦʡ ʥʘʣʠʯʠʷ ʫ ʥʝʛʦ ʬʦʩʬʦʨʝʩʮʝʥʮʠʠ ( Ў, 1270 ʥʤ) [37].  

ʇʦʩʣʝ ʬʦʪʦʚʦʟʙʫʞʜʝʥʠʷ ʜʘʣʴʥʝʡʰʘʷ ʩʫʜʴʙʘ ʩʠʥʛʣʝʪʥʦʛʦ ʩʦʩʪʦʷʥʠʷ 

ʢʠʩʣʦʨʦʜʘ ʦʧʨʝʜʝʣʷʝʪʩʷ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝʤ ʩ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʦʡ. ɺʦʟʤʦʞʥʳ ʜʚʘ 

ʪʠʧʘ ʛʘʰʝʥʠʷ: ʬʠʟʠʯʝʩʢʠʡ ʠ ʭʠʤʠʯʝʩʢʠʡ. ʇʝʨʚʳʡ ï ʵʪʦ, ʧʦ ʩʫʪʠ, ʧʝʨʝʜʘʯʘ ʵʥʝʨʛʠʠ 

ʜʨʫʛʠʤ ʤʦʣʝʢʫʣʘʤ M  ʩ ʦʜʥʦʚʨʝʤʝʥʥʳʤ ʠʟʤʝʥʝʥʠʝʤ ʩʧʠʥʘ. ɺʦ ʚʨʝʤʷ ʵʪʦʛʦ ʧʨʦʮʝʩʩʘ 

ʥʝ ʧʨʦʠʩʭʦʜʠʪ ʨʘʩʭʦʜʦʚʘʥʠ ̫ʢʠʩʣʦʨʦʜʘ ʥʘ ʦʢʠʩʣʠʪʝʣʴʥʳʝ ʨʝʘʢʮʠʠ ʠ ʦʙʨʘʟʦʚʘʥʠʝ 

ʥʦʚʳʭ ʧʨʦʜʫʢʪʦʚ (ʋʨ. 9). ʍʠʤʠʯʝʩʢʦʝ ʛʘʰʝʥʠʝ ʧʨʠʚʦʜʠʪ ʢ ʩʠʥʪʝʟʫ ʥʦʚʳʭ 

ʩʦʝʜʠʥʝʥʠʡ P ʠ ʩʚʷʟʳʚʘʥʠʶ ʢʠʩʣʦʨʦʜʘ ʩ ʄ (ʋʨ. 10) [36]. 

Ἓ Ἑᴼ Ἓ Ἑ (9) 

Ἓ ἙᴼἜ (10) 

ʅʘʣʠʯʠʝ ʚʘʢʘʥʪʥʦʡ ʦʨʙʠʪʘʣʠ ʠ ʘʥʪʠʧʘʨʘʣʣʝʣʴʥʳʭ ʵʣʝʢʪʨʦʥʦʚ ʧʦʟʚʦʣʷʝʪ 

ʤʝʪʘʩʪʘʙʠʣʴʥʦʡ ʬʦʨʤʝ ʩʠʥʛʣʝʪʥʦʛʦ ʢʠʩʣʦʨʦʜʘ ʚʳʩʪʫʧʘʪʴ ʚ ʢʘʯʝʩʪʚʝ ʵʣʝʢʪʨʦʬʠʣʘ ʠ 

ʵʬʬʝʢʪʠʚʥʦ ʦʢʠʩʣʷʪʴ ʨʘʟʣʠʯʥʳʝ ʩʫʙʩʪʨʘʪʳ ʚ ʦʪʣʠʯʠʝ ʦʪ ʩʚʦʝʛʦ ʪʨʠʧʣʝʪʥʦʛʦ 

ʩʦʩʪʦʷʥʠ.̫ ʂʨʦʤʝ ʵʪʦʛʦ, ʩʠʥʛʣʝʪʥʳʡ ʢʠʩʣʦʨʦʜ ʤʦʞʝʪ ʙʳʪʴ ʜʠʝʥʦʬʠʣʦʤ ʚ ʧʨʦʮʝʩʩʘʭ 

[4+2]-ʧʨʠʩʦʝʜʠʥʝʥʠʷ ʠ ʝʥʦʬʠʣʦʤ ʚ ʝʥ-ʨʝʘʢʮʠʷʭ (Alder-ene reaction) [38].  

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʙʣʘʛʦʜʘʨʷ ʚʳʩʦʢʦʡ ʨʝʘʢʮʠʦʥʥʦʡ ʩʧʦʩʦʙʥʦʩʪʠ /   ʩʧʦʩʦʙʝʥ 

ʦʢʘʟʳʚʘʪʴ ʪʦʢʩʠʯʝʩʢʦʝ ʜʝʡʩʪʚʠʝ ʥʘ ʢʣʝʪʢʫ, ʨʘʟʨʫʰʘʷ ʩʦʩʪʘʚʣʷʶʱʠʝ ʝ y

ʙʠʦʤʦʣʝʢʫʣʳ. ʆʩʥʦʚʥʳʤʠ ʙʠʦʣʦʛʠʯʝʩʢʠʤʠ ʮʝʣʷʤʠ ʜʣʷ ʩʠʥʛʣʝʪʥʦʛʦ ʢʠʩʣʦʨʦʜʘ 

ʷʚʣʷʶʪʩʷ ʤʦʣʝʢʫʣʳ ɼʅʂ, ʈʅʂ, ʙʝʣʢʠ, ʣʠʧʠʜʳ ʠ ʩʪʝʨʦʣʳ [39]. ʇʦʢʘʟʘʥʦ, ʯʪʦ 

ʦʩʥʦʚʥʘ ̫ʤʠʰʝʥʴ ʜʣʷ ʦʢʠʩʣʝʥʠʷ ð ʵʪʦ ʚʥʫʪʨʠʢʣʝʪʦʯʥʳʝ ʙʝʣʢʠ, ʯʪʦ ʩʚʷʟʘʥʦ ʩ 

ʙʦʣʴʰʠʤʠ ʢʦʥʩʪʘʥʪʘʤʠ ʨʝʘʢʮʠʠ çʢʠʩʣʦʨʦʜ-ʙʝʣʦʢè (ʈʠʩ. 6) [40].  
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ʈʠʩ. 6. ʉʤʦʜʝʣʠʨʦʚʘʥʥʳʡ ʧʨʦʮʝʥʪ ʧʦʛʣʦʱʝʥʠ ̫ʩʠʥʛʣʝʪʥʦʛʦ ʢʠʩʣʦʨʦʜʘ ʚʥʫʪʨʠʢʣʝʪʦʯʥʳʤʠ 

ʤʦʣʝʢʫʣʘʤʠ-ʤʠʰʝʥʷʤʠ. ɼʘʥʥʳʝ ʠʟ [40]. 

ʍʦʨʦʰʦ ʠʟʫʯʝʥʳ ʨʝʘʢʮʠʠ ʨʘʟʨʫʰʝʥʠʷ ʦʩʪʘʪʢʦʚ ʪʨʠʧʪʦʬʘʥʘ 6 [41], ʪʠʨʦʟʠʥʘ 8 

[42], ʛʠʩʪʠʜʠʥʘ 10 [43], ʤʝʪʠʦʥʠʥʘ [44], ʮʠʩʪʝʠʥʘ [45] ʠ ʮʠʩʪʠʥʘ [45], ʢʦʪʦʨʳʝ 

ʷʚʣʷʪʁʩʷ ʚʘʞʥʝʡʰʠʤʠ ʩʪʨʫʢʪʫʨʥʳʤʠ ʵʣʝʤʝʥʪʘʤʠ ʙʝʣʢʦʚʳʭ ʩʦʝʜʠʥʝʥʠʡ (ʉʭʝʤʘ 1). 

ʅʘʧʨʠʤʝʨ, ʧʨʠ ʜʝʡʩʪʚʠʠ Ἓ   ʥʘ ʦʩʪʘʪʢʠ ʪʨʠʧʪʦʬʘʥʘ 6 ʚ ʙʝʣʢʦʚʳʭ ʮʝʧʷʭ ʧʨʦʠʩʭʦʜʠʪ 

ʦʙʨʘʟʦʚʘʥʠʝ ʧʝʨʦʢʩʠʜʦʚ ʠ ʵʥʜʦʧʝʨʦʢʩʠʜʦʚ, ʨʘʩʧʘʜʘʶʱʠʭʩʷ ʯʝʨʝʟ ʥʝʩʢʦʣʴʢʦ 

ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʳʭ ʩʪʘʜʠʡ ʜʦ ʧʨʦʠʟʚʦʜʥʦʛʦ ʢʠʥʫʨʝʥʠʥʘ 7 [41] (ʉʭʝʤʘ 1ɸ). ʊʠʨʦʟʠʥ 

8 ʦʢʠʩʣʷʝʪʩʷ ʜʦ ʛʠʜʨʦʧʝʨʦʢʩʠʜʘ, ʢʦʪʦʨʳʡ ʟʘʪʝʤ ʨʘʟʨʫʰʘʝʪʩʷ ʩ ʚʳʜʝʣʝʥʠʝʤ ʩʧʠʨʪʘ 9 

(ʉʭʝʤʘ 1ɺ) [42]. ɸ ʛʠʩʪʠʜʠʥ 10, ʦʢʠʩʣʷʷʩʴ ʩʠʥʛʣʝʪʥʳʤ ʢʠʩʣʦʨʦʜʦʤ, ʦʙʨʘʟʫʝʪ ʜʚʘ 

ʨʘʟʣʠʯʥʳʭ ʵʥʜʦʧʝʨʦʢʩʠʜʘ, ʜʝʛʨʘʜʠʨʫʶʱʠʭ ʜʦ ʤʦʯʝʚʠʥʳ 11, ʘʩʧʘʨʪʘʤʦʚʦʡ ʢʠʩʣʦʪʳ 

12 ʠ ʘʩʧʘʨʛʠʥʘ 13 (ʉʭʝʤʘ 1ʉ) [43].  
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ʉʭʝʤʘ 1 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʦʢʠʩʣʠʪʝʣʴʥʦʝ ʜʝʡʩʪʚʠʝ ʩʠʥʛʣʝʪʥʦʛʦ ʢʠʩʣʦʨʦʜʘ ʥʘ 

ʙʠʦʣʦʛʠʯʝʩʢʠ ʟʥʘʯʠʤʳʝ ʩʫʙʩʪʨʘʪʳ ʚʳʟʳʚʘʝʪ ʦʙʨʘʟʦʚʘʥʠʝ ʥʝʩʪʘʙʠʣʴʥʳʭ ʧʝʨʝʢʠʩʥʳʭ 

ʩʦʝʜʠʥʝʥʠʡ, ʥʝʦʙʨʘʪʠʤʦ ʜʝʛʨʘʜʠʨʫʶʱʠʭ ʠ ʥʘʨʫʰʘʶʱʠʭ ʙʠʦʭʠʤʠʯʝʩʢʠʝ ʮʠʢʣʳ 

ʢʣʝʪʦʢ. 

ʉʣʝʜʫʝʪ ʜʦʙʘʚʠʪʴ, ʯʪʦ ʥʝʩʤʦʪʨʷ ʥʘ ʚʳʩʦʢʫʶ ʘʢʪʠʚʥʦʩʪʴ, ʚʦʟʤʦʞʥʦʩʪʠ 

ʩʠʥʛʣʝʪʥʦʛʦ ʢʠʩʣʦʨʦʜʘ ʧʦ ʧʝʨʝʤʝʱʝʥʠʶ ʚʥʫʪʨʠ ʢʣʝʪʢʠ ʩʠʣʴʥʦ ʣʠʤʠʪʠʨʦʚʘʥʳ. 

ɺʨʝʤʷ ʞʠʟʥʠ ʩʠʥʛʣʝʪʥʦʛʦ ʢʠʩʣʦʨʦʜʘ ʚ ʯʠʩʪʦʡ ʚʦʜʝ ʦʛʨʘʥʠʯʝʥʦ ʬʠʟʠʯʝʩʢʠʤ 

ʛʘʰʝʥʠʝʤ ʧʨʠʙʣʠʟʠʪʝʣʴʥʦ ʜʦ 4 ʤʢʩ. ʆʜʥʘʢʦ, ʚ ʢʣʝʪʢʝ ʭʠʤʠʯʝʩʢʦʝ ʛʘʰʝʥʠʝ ʩʥʠʞʘʝʪ 

ʵʪʫ ʮʠʬʨʫ ʚ ʨʘʟʳ. ɼʘʞʝ ʝʩʣʠ ʧʨʝʜʩʪʘʚʠʪʴ, ʯʪʦ ʭʠʤʠʯʝʩʢʦʝ ʛʘʰʝʥʠʝ ʦʪʩʫʪʩʪʚʫʝʪ, ʪʦ 

ʩʠʥʛʣʝʪʥʳʡ ʢʠʩʣʦʨʦʜ ʩʧʦʩʦʙʝʥ ʧʨʝʦʜʦʣʝʪʴ ʜʠʩʪʘʥʮʠʶ, ʥʝ ʧʨʝʚʳʰʘʶʱʫʶ Ḑ220 ʥʤ 

[46]. ʇʨʠ ʵʪʦʤ ʩʨʝʜʥʠʡ ʜʠʘʤʝʪʨ ʢʣʝʪʢʠ ʯʝʣʦʚʝʢʘ ï 100 ʤʢʤ. ʀʟ ɻʪʠʭ ʬʘʢʪʦʚ ʤʦʞʥʦ 

ʩʜʝʣʘʪʴ ʚʳʚʦʜ, ʯʪʦ ʤʝʩʪʦ ʣʦʢʘʣʠʟʘʮʠʠ ʌʉ ʚ ʢʣʝʪʢʝ ʚʦ ʚʨʝʤʷ ʝʛʦ ʦʙʣʫʯʝʥʠʷ 

ʥʘʧʨʷʤʫʶ ʦʧʨʝʜʝʣʷʝʪ ʜʘʣʴʥʝʡʰʝʝ ʪʦʢʩʠʯʝʩʢʦʝ ʜʝʡʩʪʚʠʝ. ʀ ʜʝʡʩʪʚʠʪʝʣʴʥʦ, ʜʘʥʥʦʝ 

ʫʪʚʝʨʞʜʝʥʠʝ ʥʘʰʣʦ ʧʦʜʪʚʝʨʞʜʝʥʠʝ ʚʦ ʤʥʦʞʝʩʪʚʝ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʨʘʙʦʪ ʧʦ 

ʩʦʟʜʘʥʠʶ ʌʉ, ʥʘʧʨʘʚʣʝʥʥʦ ʘʢʢʫʤʫʣʠʨʫʶʱʠʭʩʷ ʚ ʨʘʟʥʳʭ ʢʣʝʪʦʯʥʳʭ ʩʪʨʫʢʪʫʨʥʳʭ 

ʝʜʠʥʠʮʘʭ [47]. 



22 
 

2.3 ʂʦʥʢʫʨʝʥʮʠʷ I  ʠ II ʪʠʧʦʚ ʨʝʣʘʢʩʘʮʠʠ ʬʦʪʦʩʝʥʩʠʙʠʣʠʟʘʪʦʨʘ  

ʇʨʠʥʷʪʦ ʩʯʠʪʘʪʴ, ʯʪʦ ʠ ʧʨʦʮʝʩʩ ʧʝʨʝʥʦʩʘ ʵʣʝʢʪʨʦʥʘ (I ʊʠʧ), ʠ ʧʨʦʮʝʩʩ 

ʧʝʨʝʜʘʯʠ ʵʥʝʨʛʠʠ (II ʊʠʧ) ʧʨʦʠʩʭʦʜʷʪ ʦʜʥʦʚʨʝʤʝʥʥʦ ʠ ʢʦʥʢʫʨʠʨʫʶʪ ʜʨʫʛ ʩ ʜʨʫʛʦʤ. 

ʇʨʠ ʵʪʦʤ ʚʳʜʝʣʷʶʪʩʷ ʚʩʝʚʦʟʤʦʞʥʳʝ ROS. ʅʦ ʩʫʱʝʩʪʚʫʝʪ ʟʥʘʯʠʪʝʣʴʥʘʷ ʨʘʟʥʠʮʘ ʚ 

ʢʦʥʩʪʘʥʪʘʭ ʩʢʦʨʦʩʪʝʡ ʜʘʥʥʳʭ ʧʨʦʮʝʩʩʦʚ: k (I ʊʠʧ) Ò 1 Ĭ 107 M ï1 ʩ ï1 ʠ k (II ʊʠʧ) å 1ï

3 Ĭ 109 M ï1 ʩ -1 [48], ʯʪʦ ʦʧʨʝʜʝʣʷʝʪ ʧʨʝʚʘʣʠʨʫʶʱʫʶ ʩʢʦʨʦʩʪʴ ʦʙʨʘʟʦʚʘʥʠʷ 

ʩʠʥʛʣʝʪʥʦʛʦ ʢʠʩʣʦʨʦʜʘ ʥʘʜ ʦʙʨʘʟʦʚʘʥʠʝʤ ʩʫʧʝʨʦʢʩʠʜʘ ʠ ʜʨ. ʨʘʜʠʢʘʣʴʥʳʭ ʬʦʨʤ. ɺ 

ʩʦʚʦʢʫʧʥʦʩʪʠ ʩ ʵʪʠʤ ʠ ʪʝʤ ʬʘʢʪʦʤ, ʯʪʦ ʩʠʥʛʣʝʪʥʳʡ ʢʠʩʣʦʨʦʜ ʙʦʣʝʝ 

ʨʝʘʢʮʠʦʥʥʦʩʧʦʩʦʙʝʥ, ʤʦʞʥʦ ʫʪʚʝʨʞʜʘʪʴ, ʯʪʦ ʚ ʦʩʥʦʚʥʦʤ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʝʛʦ 

ʛʝʥʝʨʠʨʦʚʘʥʠʷ ʷʚʣʷʝʪʩʷ ʛʣʘʚʥʳʤ ʬʘʢʪʦʨʦʤ ʜʣʷ ʫʩʧʝʰʥʦʡ ʌɼʊ.  

ʂʨʦʤʝ ʵʪʦʛʦ, ʝʱʝ ʦʜʠʥ ʤʦʤʝʥʪ, ʦʧʨʝʜʝʣʷʶʱʠʡ ʦʩʥʦʚʥʫʶ ʨʦʣʴ ʩʠʥʛʣʝʪʥʦʛʦ 

ʢʠʩʣʦʨʦʜʘ ʚ ʌɼʊ, ʵʪʦ ʦʪʩʫʪʩʪʚʠʝ ʩʦʙʩʪʚʝʥʥʳʭ ʵʚʦʣʶʮʠʦʥʥʦ-ʚʳʨʘʙʦʪʘʥʥʳʭ 

ʟʘʱʠʪʥʳʭ ʤʝʭʘʥʠʟʤʦʚ ʢʣʝʪʢʠ ʧʨʦʪʠʚ ʝʛʦ ʜʝʡʩʪʚʠʷ. ʇʨʠ ʵʪʦʤ, ʩʫʧʝʨʦʢʩʠʜ ʠ ʧʝʨʝʢʠʩʴ 

ʚʦʜʦʨʦʜʘ ʧʦʩʪʦʷʥʥʦ ʦʙʨʘʟʫʶʪʩʷ ʠ ʨʘʩʧʘʜʘʶʪʩʷ ʧʦʜ ʜʝʡʩʪʚʠʝʤ ʨʘʟʣʠʯʥʳʭ ʉʆɼ, 

ʧʝʨʦʢʩʠʜʘʟ, ʢʘʪʘʣʘʟ, ʥʠʟʢʦʤʦʣʝʢʫʣʷʨʥʳʭ ʘʥʪʠʦʢʠʩʣʠʪʝʣʝʡ (ʥʘʧʨʠʤʝʨ, ʘʩʢʦʨʙʘʪʦʚ, 

ʜʠʧʝʧʪʠʜʦʚ ʠ ʪ.ʜ.) [49].  

ʇʨʠ ʵʪʦʤ, ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʥʝʢʦʪʦʨʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʦ ʩʦʟʜʘʥʠʶ ʥʦʚʳʭ ʌʉ 

ʧʦʢʘʟʳʚʘʶʪ, ʯʪʦ ʚ ʦʪʜʝʣʴʥʳʭ ʩʣʫʯʘʷʭ ʨʘʜʠʢʘʣʴʥʳʝ ROS ʦʢʘʟʳʚʘʶʪʩʷ ʙʦʣʝʝ 

ʪʦʢʩʠʯʥʳ, ʯʝʤ ʩʠʥʛʣʝʪʥʳʡ ʢʠʩʣʦʨʦʜ [23]. 

2.4 ʂʘʪʠʦʥʥʳʝ ʠ ʘʥʠʦʥʥʳʝ ʬʦʪʦʩʝʥʩʠʙʠʣʠʟʘʪʦʨʳ 

ʇʨʠʥʮʠʧʠʘʣʴʥʦʡ ʦʩʦʙʝʥʥʦʩʪʴʶ, ʦʧʨʝʜʝʣʷʶʱʝʡ ʤʝʭʘʥʠʟʤ ʛʠʙʝʣʠ ʢʣʝʪʢʠ, ʘ 

ʟʥʘʯʠʪ ʠ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʚʩʝʛʦ ʣʝʯʝʥʠʷ, ʩʣʫʞʠʪ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʬʦʪʦʘʢʪʠʚʥʳʭ 

ʤʦʣʝʢʫʣ ʜʦ ʠʭ ʘʢʪʠʚʘʮʠʠ ʚʥʫʪʨʠ ʢʣʝʪʢʠ, ʧʦʩʢʦʣʴʢʫ ʚʨʝʤʷ ʞʠʟʥʠ ROS, ʛʝʥʝʨʠʨʫʝʤʳʭ 

ʬʦʪʦʩʝʥʩʠʙʠʣʠʟʘʪʦʨʦʤ ʧʦʩʣʝ ʦʙʣʫʯʝʥʠʷ, ʯʨʝʟʚʳʯʘʡʥʦ ʤʘʣʦ 

ʉʨʝʜʠ ʦʩʥʦʚʥʳʭ ʢʣʝʪʦʯʥʳʭ ʤʠʰʝʥʝʡ ʜʣʷ ʥʘʢʦʧʣʝʥʠʷ ʌʉ ʤʦʞʥʦ ʚʳʜʝʣʠʪʴ: 

ʤʠʪʦʭʦʥʜʨʠʠ, ʘʧʧʘʨʘʪ ɻʦʣʴʜʞʠ, ʵʥʜʦʧʣʘʟʤʘʪʠʯʝʩʢʠʡ ʨʝʪʠʢʫʣʫʤ (ʕʇʈ), ʣʠʟʦʩʦʤʳ ʠ 

ʢʣʝʪʦʯʥʫʶ ʤʝʤʙʨʘʥʫ [50].  

ɺ ʢʘʢʦʤ ʚʠʜʝ ʬʦʪʦʘʢʪʠʚʥʳʡ ʧʨʝʧʘʨʘʪ ʧʨʦʥʠʢʘʝʪ ʠ ʨʘʩʧʨʝʜʝʣʷʝʪʩʷ ʚ ʢʣʝʪʢʝ, 

ʦʧʨʝʜʝʣʷʝʪʩʷ ʝʛʦ ʣʠʧʦʬʠʣʴʥʦʩʪʴʶ. ɻʠʜʨʦʬʠʣʴʥʳʝ ʬʦʪʦʩʝʥʩʠʙʠʣʠʟʘʪʦʨʳ ʥʝ ʤʦʛʫʪ 

ʧʨʦʡʪʠ ʩʢʚʦʟʴ ʣʠʧʠʜʥʳʡ ʙʠʩʣʦʡ ʠ ʘʢʢʫʤʫʣʠʨʫʶʪʩʷ ʧʦʩʨʝʜʩʪʚʦʤ ʵʥʜʦʮʠʪʦʟʘ. ɺ 

ʧʦʩʣʝʜʩʪʚʠʠ ʪʘʢʠʝ ʤʦʣʝʢʫʣʳ ʯʘʱʝ ʚʩʝʛʦ ʦʢʘʟʳʚʘʶʪʩʷ ʚ ʣʠʟʦʩʦʤʘʭ [51]. 

ʃʠʧʦʬʠʣʴʥʳʝ ʬʦʪʦʩʝʥʩʠʙʠʣʠʟʘʪʦʨʳ, ʥʘʧʨʦʪʠʚ, ʧʦʩʣʝ ʧʨʝʦʜʦʣʝʥʠʷ ʢʣʝʪʦʯʥʦʡ 

ʤʝʤʙʨʘʥʳ ʩʪʨʝʤʷʪʩʷ ʩʚʷʟʘʪʴʩʷ ʩ ʤʠʪʦʭʦʥʜʨʠʷʤʠ ʠ ʕʇʈ, ʢʦʪʦʨʳʝ ʪʘʢʞʝ ʠʤʝʶʪ ʚ 

ʩʚʦʝʡ ʩʪʨʫʢʪʫʨʝ ʣʠʧʠʜʥʳʝ ʤʝʤʙʨʘʥʳ [47]. 

ʆʩʦʙʦʝ ʚʥʠʤʘʥʠʝ ʚʦ ʚʨʝʤʷ ʩʦʟʜʘʥʠʷ ʌʉ ʜʣʷ ʌɼʊ ʫʜʝʣʷʝʪʩʷ ʢʘʪʠʦʥʥʳʤ 

ʩʦʝʜʠʥʝʥʠʷʤ. ʅʘʧʨʠʤʝʨ, ʧʦʣʦʞʠʪʝʣʴʥʳʡ ʟʘʨʷʜ ʥʘ ʬʦʪʦʘʢʪʠʚʥʦʡ ʤʦʣʝʢʫʣʝ 

ʩʧʦʩʦʙʩʪʚʫʝʪ ʙʳʩʪʨʦʡ ʢʣʝʪʦʯʥʦʡ ʠʥʪʝʨʥʘʣʠʟʘʮʠʠ, ʘ ʟʥʘʯʠʪ, ʠ ʚʳʩʦʢʦʡ ʪʦʢʩʠʯʥʦʩʪʠ, 

ʢʘʢ ʙʳʣʦ ʧʦʢʘʟʘʥʦ, ʚ ʪʦʤ ʯʠʩʣʝ, ʚ ʨʘʙʦʪʝ ʄ.ʈ. ɻʘʤʙʣʠʥʘ (ʄ.R. Hamblin) ʧʦ ʠʟʫʯʝʥʠʶ 

ʢʘʪʠʦʥʥʳʭ ʠ ʘʥʠʦʥʥʳʭ ʧʨʦʠʟʚʦʜʥʳʭ ʧʦʨʬʠʨʠʥʘ [52]. ʊʘʢʞʝ ʚʘʞʥʦʡ ʦʩʦʙʝʥʥʦʩʪʴʶ 

ʢʘʪʠʦʥʥʳʭ ʬʦʪʦʩʝʥʩʠʙʠʣʠʟʘʪʦʨʦʚ ʷʚʣʷʝʪʩʷ ʠʭ ʧʨʝʦʙʣʘʜʘʶʱʝʝ ʘʢʢʫʤʫʣʠʨʦʚʘʥʠʝ ʚ 

ʤʠʪʦʭʦʥʜʨʠʷʭ ʟʘ ʩʯʸʪ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʩ ʤʠʪʦʭʦʥʜʨʠʘʣʴʥʦʡ ʤʝʤʙʨʘʥʦʡ [47]. ʕʪʦʪ 

ʧʨʦʮʝʩʩ ʧʨʠʚʦʜʠʪ ʢ ʚʳʩʦʢʦʡ ʬʦʪʦʪʦʢʩʠʯʥʦʩʪʠ [53]. ʂʨʦʤʝ ʵʪʦʛʦ, ʤʦʞʥʦ ʚʳʜʝʣʠʪʴ 
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ʜʦʚʦʣʴʥʦ ʣʶʙʦʧʳʪʥʦʝ ʩʚʦʡʩʪʚʦ ʧʦʨʬʠʨʠʥʦʚʳʭ ʢʘʪʠʦʥʥʳʭ ʬʦʪʦʩʝʥʩʠʙʠʣʠʟʘʪʦʨʦʚ ï 

ʚʦʟʤʦʞʥʦʩʪʴ ʪʘʨʛʝʪʠʨʦʚʘʥʥʦʛʦ ʨʘʩʱʝʧʣʝʥʠʷ ɼʅʂ ʚ ʢʣʝʪʦʯʥʦʤ ʷʜʨʝ ʧʦʜ ʜʝʡʩʪʚʠʝʤ 

ʩʚʝʪʘ ʟʘ ʩʯʸʪ ʩʚʷʟʳʚʘʥʠʷ ʩ ʝʸ ʘʥʠʦʥʥʳʤʠ ʫʯʘʩʪʢʘʤʠ [54].  

ʋʚʝʣʠʯʝʥʠʝ ʢʦʣʠʯʝʩʪʚʘ ʧʦʣʦʞʠʪʝʣʴʥʦ ʟʘʨʷʞʝʥʥʳʭ ʛʨʫʧʧ ʥʝ ʚʩʝʛʜʘ ʫʣʫʯʰʘʝʪ 

ʬʘʨʤʘʢʦʜʠʥʘʤʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʧʨʝʧʘʨʘʪʘ, ʧʦʩʢʦʣʴʢʫ ʧʨʠʚʦʜʠʪ ʢ ʦʙʨʘʟʦʚʘʥʠʶ 

ʚʳʩʦʢʦʛʠʜʨʦʬʠʣʴʥʦʛʦ ʬʦʪʦʩʝʥʩʠʙʠʣʠʟʘʪʦʨʘ, ʥʝʩʧʦʩʦʙʥʦʛʦ ʵʬʬʝʢʪʠʚʥʦ ʧʨʦʭʦʜʠʪʴ 

ʩʢʚʦʟʴ ʢʣʝʪʦʯʥʫʶ ʤʝʤʙʨʘʥʫ. ʅʘʧʨʠʤʝʨ, ʚ ʨʘʙʦʪʝ ʄ.ɻ.ʅ. ɺʠʩʝʥʪʘ (M.G.H. Vicente) 

[55] ʙʳʣʘ ʠʟʫʯʝʥʘ ʘʢʪʠʚʥʦʩʪʴ ʧʷʪʠ ʨʘʟʣʠʯʥʳʭ ʧʦʨʬʠʨʠʥʦʚʳʭ 

ʬʦʪʦʩʝʥʩʠʙʠʣʠʟʘʪʦʨʦʚ 14-18, ʦʪʣʠʯʘʶʱʠʭʩʷ ʢʘʢ ʢʦʣʠʯʝʩʪʚʦʤ ʢʘʪʠʦʥʥʳʭ 

ʬʨʘʛʤʝʥʪʦʚ, ʪʘʢ ʠ ʠʭ ʨʘʩʧʦʣʦʞʝʥʠʝʤ (ʈʠʩ. 7).  ʀʩʩʣʝʜʦʚʘʥʠʝ ʩʢʦʨʦʩʪʠ ʥʘʢʦʧʣʝʥʠʷ 

ʢʣʝʪʢʘʤʠ HEp2 ʧʦʢʘʟʘʣʦ ʝʝ ʫʙʳʚʘʥʠʝ ʚ ʨʷʜʫ 15>16>17>14>18. ʕʪʦ ʛʦʚʦʨʠʪ ʦ ʪʦʤ, 

ʯʪʦ ʜʚʘʞʜʳ ʠ ʪʨʠʞʜʳ ʟʘʨʷʞʝʥʥʳʝ ʧʨʦʠʟʚʦʜʥʳʝ 15, 16 ʠ 17 ʢʦʧʷʪʩʷ ʙʳʩʪʨʝʝ ʚʩʝʛʦ, 

ʚʦʟʤʦʞʥʦ, ʙʣʘʛʦʜʘʨʷ ʠʭ ʘʤʬʠʬʠʣʴʥʦʤʫ ʩʪʨʦʝʥʠʶ, ʦʙʝʩʧʝʯʠʚʘʶʱʝʤʫ ʙʘʣʘʥʩ ʤʝʞʜʫ 

ʭʦʨʦʰʝʡ ʚʦʜʦʨʘʩʪʚʦʨʠʤʦʩʪʴʶ ʠ ʣʠʧʦʬʠʣʴʥʦʩʪʴʶ, ʥʝʦʙʭʦʜʠʤʦʡ ʜʣʷ 

ʠʥʪʝʨʥʘʣʠʟʘʮʠʠ. ʇʨʦʠʟʚʦʜʥʦʝ 14 ʧʦʢʘʟʘʣʦ ʥʘʢʦʧʣʝʥʠʝ ʚ ʤʝʤʙʨʘʥʘʭ ʢʘʢ ʩʘʤʦʡ 

ʢʣʝʪʢʠ, ʪʘʢ ʠ ʧʦʯʪʠ ʚʩʝʭ ʝʸ ʩʪʨʫʢʪʫʨʥʳʭ ʝʜʠʥʠʮ, ʚ ʨʝʟʫʣʴʪʘʪʝ ʚʳʩʦʢʦʡ 

ʣʠʧʦʬʠʣʴʥʦʩʪʠ. ʉʦʝʜʠʥʝʥʠʝ 15 ʩ ʜʚʫʤʷ ʟʘʨʷʜʘʤʠ ʚ ʦʨʪʦ-ʧʦʣʦʞʝʥʠʷʭ 

ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʥʘʢʘʧʣʠʚʘʣʦʩʴ ʚ ʤʠʪʦʭʦʥʜʨʠʷʭ, ʘ 16 ʩ ʧʘʨʘ-ʨʘʩʧʦʣʦʞʝʥʥʳʤʠ 

ʟʘʨʷʜʘʤʠ ï ʚ ʣʠʟʦʩʦʤʘʭ. ɸʛʝʥʪʳ ʩ ʪʨʝʤʷ ʠ ʯʝʪʳʨʝʤʷ ʟʘʨʷʜʘʤʠ 17 ʠ 18 

ʘʢʢʫʤʫʣʠʨʦʚʘʣʠʩʴ ʚ ʤʠʪʦʭʦʥʜʨʠʷʭ, ʪʘʢʞʝ ʢʘʢ ʠ ʧʨʦʠʟʚʦʜʥʦʝ 15. ʇʨʠ ʵʪʦʤ ʥʘʜʦ 

ʩʢʘʟʘʪʴ, ʯʪʦ 15-18 ʧʦʩʣʝ ʧʨʦʥʠʢʥʦʚʝʥʠʷ ʚ ʢʣʝʪʢʫ ʦʪʯʘʩʪʠ ʙʝʩʧʦʨʷʜʦʯʥʦ 

ʨʘʩʧʨʝʜʝʣʷʣʠʩʴ ʚ ʮʠʪʦʧʣʘʟʤʝ ʚ ʦʪʣʠʯʠʝ ʦʪ ʤʦʣʝʢʫʣʳ 14. ʇʦʵʪʦʤʫ, ʥʝʩʤʦʪʨʷ ʥʘ 

ʥʘʙʣʶʜʘʝʤʫʶ ʨʘʟʥʠʮʫ ʚ ʩʢʦʨʦʩʪʷʭ ʥʘʢʦʧʣʝʥʠʷ, ʠʟʤʝʨʝʥʥʘʷ ʬʦʪʦʠʥʜʫʮʠʨʫʝʤʘʷ 

ʪʦʢʩʠʯʥʦʩʪʴ ʫʤʝʥʴʰʘʝʪʩʷ ʚ ʨʷʜʫ 14>15>16>17>18, ʯʪʦ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʨʦʩʪʫ 

ʛʠʜʨʦʬʠʣʴʥʦʩʪʠ.  

 

ʈʠʩ. 7. ʉʪʨʫʢʪʫʨʥʳʝ ʬʦʨʤʫʣʳ ʢʘʪʠʦʥʥʳʭ ʬʦʪʦʩʝʥʩʠʙʠʣʠʟʘʪʦʨʦʚ, ʠʟʫʯʘʝʤʳʭ ʚ [55]. 

ɸʥʠʦʥʥʳʝ ʬʦʪʦʩʝʥʩʠʙʠʣʠʟʘʪʦʨʳ ʦʙʳʯʥʦ ʧʦʩʨʝʜʩʪʚʝʥʥʦ ʥʘʢʘʧʣʠʚʘʶʪʩʷ ʚ 

ʢʣʝʪʦʯʥʳʭ ʩʫʙʲʝʜʠʥʠʮʘʭ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʢʘʪʠʦʥʥʳʤʠ ʘʥʘʣʦʛʘʤʠ [56], ʯʪʦ, ʢʘʢ 

ʩʣʝʜʩʪʚʠʝ, ʧʨʠʚʦʜʠʪ ʢ ʩʥʠʞʝʥʠʶ ʠʭ ʩʚʝʪʦʚʦʡ ʪʦʢʩʠʯʥʦʩʪʠ. ʆʜʥʘʢʦ, ʥʘʣʠʯʠʝ ʦʜʥʦʛʦ 

ʠʣʠ ʜʚʫʭ ʦʪʨʠʮʘʪʝʣʴʥʦ ʟʘʨʷʞʝʥʥʳʭ ʬʨʘʛʤʝʥʪʦʚ ʫ ʬʦʪʦʘʢʪʠʚʥʦʛʦ ʩʦʝʜʠʥʝʥʠʷ ʤʦʞʝʪ 
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ʫʣʫʯʰʠʪʴ ʚʦʜʦʨʘʩʪʚʦʨʠʤʦʩʪʴ ʠ ʧʦʟʚʦʣʠʪ ʩʦʟʜʘʪʴ ʘʤʬʠʬʠʣʴʥʫʶ ʩʪʨʫʢʪʫʨʫ, 

ʩʧʦʩʦʙʥʫʶ ʢ ʧʨʝʦʜʦʣʝʥʠʶ ʢʣʝʪʦʯʥʦʡ ʤʝʤʙʨʘʥʳ. ɽʩʣʠ ʟʘʨʷʜʦʚ ʙʦʣʝʝ ʯʝʤ ʜʚʘ, ʪʦ ʌʉ 

ʦʙʳʯʥʦ ʩʪʘʥʦʚʠʪʩʷ ʩʠʣʴʥʦ ʛʠʜʨʦʬʠʣʴʥʳʤ ʠ ʧʣʦʭʦ ʘʢʢʫʤʫʣʠʨʫʝʪʩʷ ʚ ʢʣʝʪʢʝ [47]. 

ʊʘʢʞʝ ʩʣʝʜʫʝʪ ʫʧʦʤʷʥʫʪʴ ʧʘʨʘʤʝʪʨ, ʚʦ ʤʥʦʛʦʤ ʦʧʨʝʜʝʣʷʶʱʠʡ ʧʫʪʴ 

ʣʦʢʘʣʠʟʘʮʠʠ ʬʦʪʦʩʝʥʩʠʙʠʣʠʟʘʪʦʨʘ ʚʥʫʪʨʠ ʢʣʝʪʢʠ. ʕʪʦʪ ʧʘʨʘʤʝʪʨ ʥʘʟʳʚʘʝʪʩʷ çʚʨʝʤʷ 

ʜʦ ʦʙʣʫʯʝʥʠʷ ʣʝʢʘʨʩʪʚʘè (çDrug-to-light intervalè, DLI) ʠ ʠʟʤʝʨʷʝʪʩʷ ʚʨʝʤʝʥʝʤ ʧʦʩʣʝ 

ʠʥʲʝʢʮʠʠ ʬʦʪʦʘʢʪʠʚʥʦʛʦ ʣʝʢʘʨʩʪʚʘ, ʯʝʨʝʟ ʢʦʪʦʨʦʝ ʧʨʦʠʩʭʦʜʠʪ ʦʙʣʫʯʝʥʠʝ ʧʘʮʠʝʥʪʘ. 

ɺʝʣʠʯʠʥʘ DLI ʥʘʧʨʷʤʫʶ ʚʣʠʷʝʪ ʥʘ ʜʦʩʪʠʛʥʫʪʳʡ ʪʝʨʘʧʝʚʪʠʯʝʩʢʠʡ ʵʬʬʝʢʪ, ʢʘʢ 

ʧʦʢʘʟʘʥʦ ʥʘ ʧʨʠʤʝʨʝ ʧʨʝʧʘʨʘʪʘ çʌʦʩʢʘʥè [57].  ʀʟʤʝʥʝʥʠʝ DLI ʧʦʟʚʦʣʷʝʪ 

ʚʘʨʴʠʨʦʚʘʪʴ ʣʦʢʘʣʠʟʘʮʠʶ ʌʉ ʠ ʧʨʦʚʦʜʠʪʴ ʦʙʣʫʯʝʥʠʝ, ʢʦʛʜʘ ʝʛʦ ʢʦʥʮʝʥʪʨʘʮʠʷ 

ʤʘʢʩʠʤʘʣʴʥʘ ʚ ʦʧʫʭʦʣʝʚʳʭ ʪʢʘʥʷʭ.  

2.5 ɼʠʟʘʡʥ ʘʤʬʠʬʠʣʴʥʦʛʦ ʌʉ 

ʉʦʟʜʘʥʠʝ ʠ ʨʘʟʚʠʪʠʝ ʤʝʪʦʜʘ ʌɼʊ ʜʣʷ ʣʝʯʝʥʠʷ ʦʧʫʭʦʣʝʚʳʭ ʟʘʙʦʣʝʚʘʥʠʡ ʙʳʣʦ 

ʙʳ ʥʝʚʦʟʤʦʞʥʦ ʙʝʟ ʨʘʟʨʘʙʦʪʢʠ ʣʝʢʘʨʩʪʚ ʥʘ ʦʩʥʦʚʝ ʧʦʨʬʠʨʠʥʦʚ ʠ ʨʦʜʩʪʚʝʥʥʳʭ 

ʩʦʝʜʠʥʝʥʠʡ (ʬʪʘʣʦʮʠʘʥʠʥʳ, ʭʣʦʨʠʥʳ ʠ ʪ.ʜ.), ʢʦʪʦʨʳʝ ʥʘ ʩʝʛʦʜʥʷʰʥʠʡ ʜʝʥʴ ʪʘʢʞʝ 

ʷʚʣʷʶʪʩʷ ʩʘʤʳʤʠ ʨʘʩʧʨʦʩʪʨʘʥʸʥʥʳʤʠ ʧʣʘʪʬʦʨʤʘʤʠ ʜʣʷ ʩʦʟʜʘʥʠʷ ʥʦʚʳʭ 

ʬʦʪʦʘʢʪʠʚʥʳʭ ʩʦʝʜʠʥʝʥʠʡ.  

ʆʜʥʘʢʦ ʪʘʢʠʝ ʩʦʝʜʠʥʝʥʠʷ ʦʙʣʘʜʘʶʪ ʦʜʥʦʡ ʦʙʱʝʡ ʦʩʦʙʝʥʥʦʩʪʴʶ, ʘ ʠʤʝʥʥʦ, 

ʦʙʰʠʨʥʦʡ ʤʥʦʛʦʵʣʝʢʪʨʦʥʥʦʡ ˊ-ʩʠʩʪʝʤʦʡ, ʯʪʦ ʦʧʨʝʜʝʣʷʝʪ ʠʭ ʧʦʚʝʜʝʥʠʝ ʚ ʨʘʩʪʚʦʨʝ, 

ʩʚʷʟʘʥʥʦʝ ʩ ˊ-ˊ ʩʪʵʢʠʥʛʦʤ (ˊ-ˊ stacking) [58]. ɺ ʨʝʟʫʣʴʪʘʪʝ ʵʪʦʛʦ ʧʨʦʠʩʭʦʜʠʪ 

ʦʙʨʘʟʦʚʘʥʠʝ ʘʛʨʝʛʘʪʦʚ ʠ ʩʥʠʞʝʥʠʝ ʬʦʪʦʜʠʥʘʤʠʯʝʩʢʦʡ ʘʢʪʠʚʥʦʩʪʠ ʠʟ-ʟʘ ʫʤʝʥʴʰʝʥʠʷ 

ʧʦʛʣʦʱʝʥʠʷ ʠʟʣʫʯʝʥʠʷ ʠ ʚʳʭʦʜʘ ʛʝʥʝʨʘʮʠʠ ʩʠʥʛʣʝʪʥʦʛʦ ʢʠʩʣʦʨʦʜʘ [59]. ʊʘʢʞʝ 

ʘʛʨʝʛʠʨʦʚʘʥʠʝ ʟʘʪʨʫʜʥʷʝʪ ʚʥʫʪʨʠʚʝʥʥʦʝ ʚʚʝʜʝʥʠʝ ʧʨʝʧʘʨʘʪʘ ʠ ʥʝʛʘʪʠʚʥʦ ʦʪʨʘʞʘʝʪʩʷ 

ʥʘ ʣʦʢʘʣʠʟʘʮʠʠ ʚʥʫʪʨʠ ʢʣʝʪʢʠ, ʩʥʠʞʘʷ ʬʦʪʦʜʠʥʘʤʠʯʝʩʢʫʶ ʘʢʪʠʚʥʦʩʪʴ ʌʉ [60].  

ɼʣʷ ʨʝʰʝʥʠʷ ʜʘʥʥʦʡ ʧʨʦʙʣʝʤʳ ʤʦʞʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʨʘʟʣʠʯʥʳʝ ʩʠʩʪʝʤʳ 

ʜʦʩʪʘʚʢʠ (ʣʠʧʦʩʦʤʳ ʠ ʪ.ʜ.) [61, 62] ʠʣʠ ʚʚʦʜʠʪʴ ʚ ʩʦʩʪʘʚ ʌʉ ʛʠʜʨʦʬʠʣʴʥʳʝ 

ʬʨʘʛʤʝʥʪʳ (ʫʛʣʝʚʦʜʳ, ʢʘʪʠʦʥʥʳʝ/ʘʥʠʦʥʥʳʝ ʧʨʦʠʟʚʦʜʥʳʝ ʠ ʪ.ʜ.) [63]. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʚ ʦʙʱʝʤ ʩʣʫʯʘʝ ʧʨʠ ʩʦʟʜʘʥʠʠ ʬʦʪʦʩʝʥʩʠʙʠʣʠʟʘʪʦʨʦʚ ʥʫʞʥʦ 

ʚʩʝʛʜʘ ʫʯʠʪʳʚʘʪʴ ʥʝʩʢʦʣʴʢʦ ʤʦʤʝʥʪʦʚ, ʩʚʷʟʘʥʥʳʭ ʩ ʙʘʣʘʥʩʦʤ ʣʠʧʦʬʠʣʴʥʳʭ ʠ 

ʛʠʜʨʦʬʠʣʴʥʳʭ ʩʚʦʡʩʪʚ ʧʦʣʫʯʘʝʤʦʛʦ ʩʦʝʜʠʥʝʥʠʷ, ʘ ʠʤʝʥʥʦ: 1) ʙʫʜʝʪ ʣʠ ʜʦʩʪʘʪʦʯʥʦ 

ʣʠʧʦʬʠʣʴʥʳʤ ʌʉ, ʯʪʦʙʳ ʵʬʬʝʢʪʠʚʥʦ ʘʢʢʫʤʫʣʠʨʦʚʘʪʴʩʷ ʚ ʢʣʝʪʢʝ; 2) ʙʫʜʝʪ ʣʠ ʌʉ 

ʜʦʩʪʘʪʦʯʥʦ ʛʠʜʨʦʬʠʣʴʥʳʤ ʜʣʷ ʩʠʩʪʝʤʥʦʛʦ ʚʚʝʜʝʥʠʷ ʠ ʤʠʥʠʤʠʟʘʮʠʠ ʦʙʨʘʟʦʚʘʥʠʷ 

ʘʛʨʝʛʘʪʦʚ ʚʦ ʚʨʝʤʷ ʌɼʊ. ʍʦʨʦʰʠʤ ʦʪʚʝʪʦʤ ʥʘ ʜʘʥʥʳʝ ʢʨʠʪʝʨʠʠ ʯʘʱʝ ʚʩʝʛʦ ʷʚʣʷʝʪʩʷ 

ʨʘʟʨʘʙʦʪʢʘ ʘʤʬʠʬʠʣʴʥʦʛʦ ʘʛʝʥʪʘ [47]. 

2.6 ʆʩʥʦʚʥʳʝ ʧʫʪʠ ʛʠʙʝʣʠ ʢʣʝʪʢʠ ʚʦ ʚʨʝʤʷ ʌɼʊ 

ɻʝʥʝʨʠʨʫʷ ROS, ʬʦʪʦʩʝʥʩʠʙʠʣʠʟʘʪʦʨ ʠʥʜʫʮʠʨʫʝʪ ʦʢʠʩʣʠʪʝʣʴʥʳʡ ʩʪʨʝʩʩ, 

ʚʦʟʥʠʢʘʶʱʠʡ ʚ ʢʣʝʪʢʝ, ʠ ʦʧʨʝʜʝʣʷʶʱʠʡ ʜʘʣʴʥʝʡʰʫʶ ʚʦʟʤʦʞʥʦʩʪʴ ʝʸ 

ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ, ʝʩʣʠ ʢʣʝʪʦʯʥʳʝ ʤʝʭʘʥʠʟʤʳ ʟʘʱʠʪʳ ʚ ʩʦʩʪʦʷʥʠʠ ʥʠʚʝʣʠʨʦʚʘʪʴ 

ʜʝʡʩʪʚʠʝ ʦʢʠʩʣʠʪʝʣʝʡ; ʚ ʧʨʦʪʠʚʥʦʤ ʩʣʫʯʘʝ ʧʨʦʠʩʭʦʜʠʪ ʛʠʙʝʣʴ ʢʣʝʪʢʠ. 

ʄʝʭʘʥʠʟʤʳ ʟʘʱʠʪʳ ʦʪ ʬʦʪʦʦʢʠʩʣʠʪʝʣʴʥʦʛʦ ʩʪʨʝʩʩʘ ʜʦʩʪʘʪʦʯʥʦ ʩʣʦʞʥʳ ʠ 

ʚʢʣʶʯʘʶʪ ʚ ʩʝʙʷ ʤʥʦʞʝʩʪʚʦ ʙʠʦʭʠʤʠʯʝʩʢʠʭ ʦʪʚʝʪʦʚ [64]. 
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ʉʨʝʜʠ ʧʫʪʝʡ ʛʠʙʝʣʠ ʢʣʝʪʢʠ ʧʦʩʣʝ ʧʨʦʚʝʜʝʥʠʷ ʌɼʊ ʦʙʳʯʥʦ ʚʳʜʝʣʷʶʪ ʪʨʠ 

ʦʩʥʦʚʥʳʭ: ʥʝʢʨʦʟ, ʘʧʦʧʪʦʟ ʠ ʘʫʪʦʬʘʛʠʷ [65].  

ʏʘʱʝ ʚʩʝʛʦ ʚʦ ʚʨʝʤʷ ʌɼʊ ʨʝʘʣʠʟʫʶʪʩʷ ʚʩʝ ʪʨʠ ʤʝʭʘʥʠʟʤʘ. ʇʨʠ ʵʪʦʤ ʤʦʞʝʪ 

ʧʨʝʦʙʣʘʜʘʪʴ ʪʦʪ ʠʣʠ ʠʥʦʡ ʚʘʨʠʘʥʪ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʫʩʣʦʚʠʡ ʧʨʦʚʝʜʝʥʠʷ 

ʬʦʪʦʜʠʥʘʤʠʯʝʩʢʦʛʦ ʚʦʟʜʝʡʩʪʚʠʷ. ɺʳʩʦʢʘʷ ʬʦʪʦʜʠʥʘʤʠʯʝʩʢʘʷ ʘʢʪʠʚʥʦʩʪʴ, ʩʚʷʟʘʥʥʘʷ 

ʣʠʙʦ ʩ ʙʦʣʴʰʠʤʠ ʤʦʱʥʦʩʪʷʤʠ ʦʙʣʫʯʝʥʠʷ, ʣʠʙʦ ʩ ʚʳʩʦʢʦʡ ʢʦʥʮʝʥʪʨʘʮʠʝʡ ʌʉ ʚ 

ʪʢʘʥʷʭ, ʧʨʠʚʦʜʠʪ ʢ ʘʢʪʠʚʘʮʠʠ ʥʝʢʨʦʟʘ. ʋʤʝʨʝʥʥʘʷ ʪʦʢʩʠʯʥʦʩʪʴ ʧʦʜ ʜʝʡʩʪʚʠʝʤ ʩʚʝʪʘ 

ʩʧʦʩʦʙʩʪʚʫʝʪ ʘʧʦʧʪʦʟʫ, ʘ ʥʠʟʢʘʷ ï ʘʫʪʦʬʘʛʠʠ [64, 65]. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʥʘʧʨʠʤʝʨ, ʥʘ 

ʧʦʚʝʨʭʥʦʩʪʠ ʦʙʣʫʯʘʝʤʦʡ ʪʢʘʥʠ ʨʝʘʣʠʟʫʝʪʩʷ ʥʝʢʨʦʟ ʟʘ ʩʯʝʪ ʤʘʢʩʠʤʘʣʴʥʦʛʦ 

ʧʦʛʣʦʱʝʥʠʷ ʠʟʣʫʯʝʥʠʷ, ʘ ʚʥʫʪʨʠ ʪʢʘʥʠ ʧʦ ʤʝʨʝ ʧʨʦʭʦʞʜʝʥʠʷ ʚʛʣʫʙʴ ʠ ʩʥʠʞʝʥʠʷ 

ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʤʦʛʫʪ ʚʦʟʥʠʢʥʫʪʴ ʘʧʦʧʪʦʟ ʠ ʜʨʫʛʠʝ ʬʦʨʤʳ ʧʨʦʛʨʘʤʤʠʨʫʝʤʦʡ 

ʢʣʝʪʦʯʥʦʡ ʩʤʝʨʪʠ.  

ʂʨʦʤʝ ʵʪʦʛʦ, ʚʘʞʥʝʡʰʫʶ ʨʦʣʴ ʥʘ ʤʝʭʘʥʠʟʤʳ ʛʠʙʝʣʠ ʦʢʘʟʳʚʘʝʪ ʢʣʝʪʦʯʥʦʝ 

ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʤʦʣʝʢʫʣ ʌʉ. ʇʦʩʢʦʣʴʢʫ ʚʦ ʚʨʝʤʷ ʧʦʚʨʝʞʜʝʥʠʷ ʪʝʭ ʠʣʠ ʠʥʳʭ 

ʢʣʝʪʦʯʥʳʭ ʦʨʛʘʥʝʣʣ ʚʦʟʥʠʢʘʶʪ ʩʘʤʳʝ ʨʘʟʥʦʦʙʨʘʟʥʳʝ ʚʘʨʠʘʥʪʳ ʦʪʚʝʪʘ ʥʘ 

ʬʦʪʦʦʢʠʩʣʠʪʝʣʴʥʳʡ ʩʪʨʝʩʩ, ʵʪʠʤ ʦʧʨʝʜʝʣʷʝʪʩʷ ʟʘʧʫʩʢ ʥʝʢʨʦʟʘ, ʘʧʦʧʪʦʟʘ ʠʣʠ 

ʘʫʪʦʬʘʛʠʠ (ʈʠʩ. 8) [23]. 

 
ʈʠʩ. 8. ʆʩʥʦʚʥʳʝ ʢʣʝʪʦʯʥʳʝ ʤʠʰʝʥʠ ʜʣʷ ʬʦʪʦʩʝʥʩʠʙʠʣʠʟʘʪʦʨʦʚ ʠ ʩʚʷʟʘʥʥʳʝ ʩ ʵʪʠʤ 

ʤʝʭʘʥʠʟʤʳ ʛʠʙʝʣʠ ʢʣʝʪʢʠ. 

ʅʝʢʨʦʟ 

ʅʝʢʨʦʟ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʥʝʧʨʦʛʨʘʤʤʠʨʫʝʤʫʶ ʬʦʨʤʫ ʢʣʝʪʦʯʥʦʡ ʛʠʙʝʣʠ ʠ 

ʥʝ ʪʨʝʙʫʝʪ ʘʢʪʠʚʘʮʠʠ ʩʠʛʥʘʣʴʥʳʭ ʧʫʪʝʡ, ʧʨʠʚʦʜʷʱʠʭ ʢ ʩʠʥʪʝʟʫ ʙʝʣʢʦʚ, ʠʟʤʝʥʝʥʠʶ 

ʵʥʝʨʛʝʪʠʯʝʩʢʦʛʦ ʙʘʣʘʥʩʘ ʠ ʪ.ʧ. ʅʝʢʨʦʟ ʚʦʟʥʠʢʘʝʪ ʧʦʜ ʜʝʡʩʪʚʠʝʤ ʩʠʣʴʥʳʭ ʚʥʝʰʥʠʭ 

ʜʝʩʪʨʫʢʪʠʚʥʳʭ ʩʠʣ ʠ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʙʝʩʢʦʥʪʨʦʣʴʥʳʤ ʫʚʝʣʠʯʝʥʠʝʤ ʧʨʦʥʠʮʘʝʤʦʩʪʠ 

ʤʝʤʙʨʘʥʳ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʵʪʦʛʦ ʚ ʢʣʝʪʢʫ ʥʘʯʠʥʘʝʪ ʧʦʩʪʫʧʘʪʴ ʙʦʣʴʰʠʝ ʦʙʲʝʤʳ ʚʦʜʳ, 

ʨʘʟʣʠʯʥʳʭ ʠʦʥʦʚ (ʥʘʧʨʠʤʝʨ, ʉa2+), ʧʨʦʠʩʭʦʜʠʪ ʥʘʙʫʭʘʥʠʝ ʩʘʤʦʡ ʢʣʝʪʢʠ ʠ ʝʸ 

ʦʨʛʘʥʝʣʣ ʩ ʥʘʨʫʰʝʥʠʝʤ ʜʝʷʪʝʣʴʥʦʩʪʠ ʠʦʥʥʳʭ ʥʘʩʦʩʦʚ.  ʊʘʢʞʝ ʥʘʙʣʶʜʘʝʪʩʷ 
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ʢʦʥʜʝʥʩʘʮʠʷ ʭʨʦʤʘʪʠʥʘ ʠ çʙʣʵʙʙʠʥʛ*è (çblebbingè). ɺ ʢʦʥʝʯʥʦʤ ʠʪʦʛʝ ʨʘʟʨʫʰʝʥʠʝ 

ʢʣʝʪʦʯʥʦʡ ʤʝʤʙʨʘʥʳ ʧʨʠʚʦʜʠʪ ʢ ʧʨʦʥʠʢʥʦʚʝʥʠʶ ʩʦʜʝʨʞʠʤʦʛʦ ʢʣʝʪʢʠ ʚʦ ʚʥʝʰʥʶʶ 

ʦʙʣʘʩʪʴ ʠ ʨʘʟʚʠʪʠʶ ʚʦʩʧʘʣʠʪʝʣʴʥʦʛʦ ʧʨʦʮʝʩʩʘ (ʈʠʩ. 8) [66].  

ʅʘ ʩʝʛʦʜʥʷʰʥʠʡ ʜʝʥʴ ʪʘʢʞʝ ʰʠʨʦʢʦ ʧʨʠʟʥʘʥʳ ʚʢʣʘʜʳ ʧʨʦʛʨʘʤʤʠʨʫʝʤʳʭ 

ʬʦʨʤ ʥʝʢʨʦʟʘ ʚ ʬʦʪʦʠʥʜʫʮʠʨʫʝʤʫʶ ʛʠʙʝʣʴ ʢʣʝʪʦʢ [64, 67]. 

ʆʪʣʠʯʠʪʝʣʴʥʦʡ ʯʝʨʪʦʡ ʤʝʪʦʜʘ ʌɼʊ ʷʚʣʷʝʪʩʷ ʚʦʟʤʦʞʥʦʩʪʴ ʤʦʜʝʨʠʨʦʚʘʥʠʷ 

ʧʫʪʝʡ ʛʠʙʝʣʠ ʢʣʝʪʢʠ. ʅʘʧʨʠʤʝʨ, ʥʝʢʨʦʟ ʚʦʟʥʠʢʘʝʪ ʧʦʜ ʜʝʡʩʪʚʠʝʤ ʤʦʱʥʳʭ 

ʠʩʪʦʯʥʠʢʦʚ ʦʙʣʫʯʝʥʠʷ ʠ/ʠʣʠ ʫʚʝʣʠʯʝʥʠʠ ʢʦʥʮʝʥʪʨʘʮʠʠ ʌʉ [68]. 

 ʋʯʠʪʳʚʘʷ, ʯʪʦ ʦʩʥʦʚʥʘʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ ʥʝʢʨʦʟʘ ï ʵʪʦ ʨʘʟʨʫʰʝʥʠʝ ʢʣʝʪʦʯʥʦʡ 

ʤʝʤʙʨʘʥʳ, ʪʦ ʣʦʛʠʯʥʦ ʧʨʝʜʧʦʣʦʞʠʪʴ ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʫʶ ʘʢʪʠʚʘʮʠʶ ʪʘʢʦʛʦ 

ʧʨʦʮʝʩʩʘ ʜʝʡʩʪʚʠʝʤ ʌʉ, ʣʦʢʘʣʠʟʦʚʘʥʥʳʭ ʠʤʝʥʥʦ ʚ ʢʣʝʪʦʯʥʦʡ ʤʝʤʙʨʘʥʝ. ʇʦʜʦʙʥʦʝ 

ʜʝʡʩʪʚʠʝ ʙʳʣʦ ʧʨʦʜʝʤʦʥʩʪʨʠʨʦʚʘʥʦ, ʥʘʧʨʠʤʝʨ, ʥʘ ʧʨʠʤʝʨʝ ʛʣʠʢʦʢʦʥʲʶʛʘʪʘ 

ʭʣʦʨʠʥʘ [69]. 

ɸʧʦʧʪʦʟ 

ɸʧʦʧʪʦʟʦʤ ʷʚʣʷʝʪʩʷ ʧʨʦʛʨʘʤʤʠʨʫʝʤʘʷ ʬʦʨʤʘ ʢʣʝʪʦʯʥʦʡ ʛʠʙʝʣʠ, ʢʦʪʦʨʘʷ 

ʢʦʥʪʨʦʣʠʨʫʝʪʩʷ ʨʘʟʣʠʯʥʳʤʠ ʩʠʛʥʘʣʴʥʳʤʠ ʧʨʦʮʝʩʩʘʤʠ, ʚʦʟʥʠʢʘʶʱʠʤʠ ʚ ʢʣʝʪʢʝ. 

ɸʧʦʧʪʦʟ ï ʵʪʦ ʥʦʨʤʘʣʴʥʳʡ ʛʝʥʝʪʠʯʝʩʢʠ-ʟʘʧʨʦʛʨʘʤʤʠʨʦʚʘʥʥʳʡ ʢʣʝʪʦʯʥʳʡ 

ʤʝʭʘʥʠʟʤ, ʩʣʫʞʘʱʠʡ ʜʣʷ ʫʥʠʯʪʦʞʝʥʠʷ ʜʝʬʝʢʪʥʳʭ ʢʣʝʪʦʢ, ʧʦʜʜʝʨʞʘʥʠ ̫ʢʣʝʪʦʯʥʦʛʦ 

ʛʦʤʝʦʩʪʘʟʘ ʠ ʪ.ʜ. [64, 66].  

ɺʳʜʝʣʷʶʪ ʜʚʘ ʦʩʥʦʚʥʳʭ ʚʘʨʠʘʥʪʘ ʨʘʟʚʠʪʠʷ ʘʧʦʧʪʦʟʘ ʚ ʢʣʝʪʢʝ: ʨʝʮʝʧʪʦʨ-

ʟʘʚʠʩʠʤʳʡ ʧʫʪʴ ʠ ʤʠʪʦʭʦʥʜʨʠʘʣʴʥʳʡ ʧʫʪʴ [64, 66].  

ʈʝʮʝʧʪʦʨ-ʟʘʚʠʩʠʤʳʡ ʧʫʪʴ ʚʢʣʶʯʘʝʪ ʚ ʩʝʙʷ ʜʝʡʩʪʚʠʝ ʩʧʝʮʠʬʠʯʝʩʢʠʭ ʣʠʛʘʥʜʦʚ 

ʥʘ ʨʝʮʝʧʪʦʨʳ ʢʣʝʪʦʯʥʦʡ ʛʠʙʝʣʠ, ʵʢʩʧʨʝʩʩʠʨʦʚʘʥʥʳʝ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʢʣʝʪʦʯʥʦʡ 

ʤʝʤʙʨʘʥʳ. ʊʘʢʦʡ ʢʣʘʩʩ ʨʝʮʝʧʪʦʨʦʚ ʦʪʥʦʩʠʪʩʷ ʢ ʩʝʤʝʡʩʪʚʫ ʬʘʢʪʦʨʦʚ ʥʝʢʨʦʟʘ 

ʦʧʫʭʦʣʠ (tumor necrosis factor receptor, TNF). ɺ ʢʦʥʝʯʥʦʤ ʠʪʦʛʝ ʨʝʟʫʣʴʪʘʪʦʤ ʪʘʢʦʛʦ 

ʩʚʷʟʳʚʘʥʠʷ ʩʪʘʥʦʚʠʪʩʷ ʘʢʪʠʚʘʮʠʷ ʢʘʩʧʘʟÀ. ʄʠʪʦʭʦʥʜʨʠʘʣʴʥʳʡ ʧʫʪʴ ʧʨʦʪʝʢʘʝʪ ʯʝʨʝʟ 

ʧʦʚʳʰʝʥʠʝ ʧʨʦʥʠʮʘʝʤʦʩʪʠ ʥʘʨʫʞʥʦʡ ʤʝʤʙʨʘʥʳ ʤʠʪʦʭʦʥʜʨʠʡ ʟʘ ʩʯʝʪ ʚʥʝʰʥʠʭ ʠʣʠ 

ʚʥʫʪʨʝʥʥʠʭ ʬʘʢʪʦʨʦʚ, ʯʪʦ ʪʘʢʞʝ ʧʨʠʚʦʜʠʪ ʢ ʘʢʪʠʚʘʮʠʠ ʢʘʩʧʘʟ. ʆʙʘ ʧʫʪʠ ʧʨʠʚʦʜʷʪ ʢ 

ʨʘʟʜʝʣʝʥʠʶ ʢʣʝʪʢʠ ʥʘ ʘʧʦʧʪʦʪʠʯʝʩʢʠʝ ʪʝʣʴʮʘ, ʢʦʪʦʨʳʝ ʧʝʨʝʚʘʨʠʚʘʶʪʩʷ 

ʤʘʢʨʦʬʘʛʘʤʠÿ [23, 64, 66]. 

ɺ ʨʘʤʢʘʭ ʌɼʊ ʨʝʟʫʣʴʪʘʪʦʤ ʪʦʢʩʠʯʝʩʢʦʛʦ ʜʝʡʩʪʚʠʷ ʤʦʣʝʢʫʣʳ ʌʉ ʯʘʱʝ ʚʩʝʛʦ 

ʷʚʣʷʝʪʩʷ ʤʠʪʦʭʦʥʜʨʠʘʣʴʥʳʡ ʩʮʝʥʘʨʠʡ ʘʧʦʧʪʦʟʘ, ʧʨʦʠʩʭʦʜʷʱʠʡ ʧʨʠ ʨʘʟʨʫʰʝʥʠʠ 

ʤʠʪʦʭʦʥʜʨʠʡ, ʕʇʈ ʠ ʣʠʟʦʩʦʤ. ʕʪʦʪ ʩʮʝʥʘʨʠʡ ʚʢʣʶʯʘʝʪ ʚ ʩʝʙʷ ʚʳʜʝʣʝʥʠʝ ʚ 

ʮʠʪʦʧʣʘʟʤʫ ʘʧʦʧʪʦʛʝʥʥʳʭ ʙʝʣʢʦʚ (ʮʠʪʦʭʨʦʤ ʩ) ʠʟ ʤʝʞʤʝʤʙʨʘʥʥʦʛʦ ʧʨʦʩʪʨʘʥʩʪʚʘ 

ʤʠʪʦʭʦʥʜʨʠʡ. ʌʦʪʦʦʢʠʩʣʠʪʝʣʴʥʦʝ ʜʝʡʩʪʚʠʝ ʪʘʢʞʝ ʧʨʠʚʦʜʠʪ ʢ ʨʘʟʨʫʰʝʥʠʶ ʘʥʪʠ-

ʘʧʦʧʪʦʪʠʯʝʩʢʠʭ ʙʝʣʢʦʚ ʩʝʤʝʡʩʪʚʘ Bcl-2 ʚ ʕʇʈ ʠ ʤʠʪʦʭʦʥʜʨʠʷʭ, ʘʢʪʠʚʠʨʫʷ ʘʧʦʧʪʦʟ. 

ɽʱʸ ʦʜʥʦʡ ʤʝʥʝʝ ʧʨʷʤʦʡ ʘʢʪʠʚʘʮʠʝʡ ʤʠʪʦʭʦʥʜʨʠʘʣʴʥʦʛʦ ʘʧʦʧʪʦʟʘ ʤʦʞʝʪ ʙʳʪʴ 

 
* ˣ͡Ή͙͎͋͋ͤ όBlebbing) ς ͨͪͦͼ͔ͫͫ ͍͙ͦ͋ͪ͊ͦ͊ͤ͘Ύ ͨͯ͘·ͪΈ͍ͦ͟ ͼ͙ͭͦͨ͊ͣ͘͡· ͤ͊ ͍͔ͨͦͪͻ͙ͤͦͫͭ ͔ͭͦ͟͡;͚ͤͦ ͔ͣͣ͋ͪ͊ͤ·Σ 
Ύ͍͡Ύ͔ͭͫΎ ͤͦͪͣ͊͡Έͤ·ͣ ͺ͙͙͎͙ͦͦ͘͡;͔͙ͫͣ͟ ͨͪͦͼ͔ͫͫͦͣΦ ˻͒ͤ͊ͦ͟Σ ͋͡Ή͙͎͋͋ͤ ͙͍͔͔͊ͭͤ͟ ͍͔͎ͫͦ ͔͙͔ͪ͊ͯͭͫ͘͡Ύ ͙͔ͣͤͤͦ 
͙ͨͪ ͍͔͔͙͙ͨͦͪ͗͒ͤ ͔ͭͦ͟͡;͚ͤͦ ͔ͣͣ͋ͪ͊ͤ·Φ 
Ϟ ˴͊ͫͨ͊͊͘- ͙͎ͫͤ͊͡Έͤ͊Ύ ͼ͙͔͙͍ͫͭͤͦ͊Ύ ͔ͨͪͦͭ͊͊͘Σ ͪ͊ͫ΅͔ͨ͡ΎΌ΅͊Ύ ͔͙͋͟͡Φ ˨͔͚͍͙͔ͫͭ ͊ͫͨ͊͘͟ ͙͍͙ͨͪͦ͒ͭ ͟ ͙͍͊ͭ͊͟ͼ͙͙ 
͔ͣͻ͙͍͊ͤͣͦ͘ ͫ͊ͣͦͪ͊ͪͯ͘΄͔͙ͤΎ ͔ͭͦ͟͡;ͤ·ͻ ͍ͫͦͫͭ͊͡ΎΌ΅͙ͻΦ 
ϟ ˸ ͊ͪͦ͟ͺ͎͊ ς ͟ ͔ͭ͊͟͡Σ ͫͨͦͫͦ͋ͤ͊Ύ ͔͔͍͙͍ͨͪ͊ͪ͊ͭΈ ;͔ͯ͗ͪͦ͒ͤ·͔ ͙ ͙ͭͦͫ͟;ͤ·͔ ͒͡Ύ ͎͙ͦͪ͊ͤͣ͊͘ ;͙͊ͫͭͼ· ͙ ͔͙ͭ͟͟͡Φ  
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ʬʦʪʦʨʘʟʨʫʰʝʥʠʝ ʣʠʟʦʩʦʤ ʩ ʚʳʜʝʣʝʥʠʝʤ ʧʨʦʪʝʘʟ*, ʢʦʪʦʨʳʝ ʚ ʩʚʦʶ ʦʯʝʨʝʜʴ ʟʘʧʫʩʢʘʶʪ 

ʚʳʜʝʣʝʥʠʝ ʧʨʦ-ʘʧʦʧʪʦʪʠʯʝʩʢʦʛʦ ʙʝʣʢʘ tBID. tBID ʚʟʘʠʤʦʜʝʡʩʪʚʫʝʪ ʩ ʤʠʪʦʭʦʥʜʨʠʝʡ 

ʠ ʟʘʧʫʩʢʘʝʪ ʠʟʤʝʥʝʥʠʷ ʚ ʧʨʦʥʠʮʘʝʤʦʩʪʠ ʥʘʨʫʞʥʦʡ ʤʠʪʦʭʦʥʜʨʠʘʣʴʥʦʡ ʤʝʤʙʨʘʥʳ, 

ʘʥʘʣʦʛʠʯʥʳʝ ʧʨʷʤʦʤʫ ʨʘʟʨʫʰʝʥʠʶ ʤʠʪʦʭʦʥʜʨʠʠ (ʈʠʩ. 8) [23]. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ ʣʦʢʘʣʠʟʘʮʠʷ ʌʉ ʚ ʣʠʟʦʩʦʤʘʭ, ʤʠʪʦʭʦʥʜʨʠʷ ʠ ʕʇʈ ʤʦʞʝʪ ʙʳʪʴ 

ʢʦʩʚʝʥʥʦʡ ʧʨʠʯʠʥʦʡ ʘʢʪʠʚʘʮʠʠ ʘʧʦʧʪʦʪʠʯʝʩʢʠʭ ʤʝʭʘʥʠʟʤʦʚ ʛʠʙʝʣʠ ʢʣʝʪʢʠ.  

ɸʫʪʦʬʘʛʠʷ 

ɸʫʪʦʬʘʛʠʷ ï ʵʪʦ ʧʨʦʮʝʩʩʳ ʞʠʟʥʝʜʝʷʪʝʣʴʥʦʩʪʠ ʢʣʝʪʢʠ, ʧʨʠʚʦʜʷʱʠʝ ʢ: ʘ) 

ʨʘʟʙʦʨʢʝ ʥʝʥʫʞʥʦʛʦ ʠʣʠ ʧʦʚʨʝʞʜʝʥʥʦʛʦ ʢʣʝʪʦʯʥʦʛʦ ʤʘʪʝʨʠʘʣʘ (ʦʨʛʘʥʝʣʣ), ʪʘʢʠʤ 

ʦʙʨʘʟʦʤ, ʤʦʣʝʢʫʣʘ ʢʣʝʪʢʘ ʤʦʞʝʪ ʩʘʤʦʚʦʩʩʪʘʥʘʚʣʠʚʘʪʴʩʷ; ʙ) ʛʠʙʝʣʠ ʢʣʝʪʢʠ, ʚ ʩʣʫʯʘʝ, 

ʝʩʣʠ ʧʦʚʨʝʞʜʝʥʠʷ ʦʨʛʘʥʝʣʣ ʙʫʜʫʪ ʧʨʦʠʩʭʦʜʠʪʴ ʧʦʩʪʦʷʥʥʦ. ʈʝʟʫʣʴʪʘʪʦʤ ʘʫʪʦʬʘʛʠʠ 

ʷʚʣʷʝʪʩʷ ʦʙʨʘʟʦʚʘʥʠʝ ʚʘʢʫʦʣʠ, ʥʘʟʳʚʘʝʤʦʡ ʘʫʪʦʬʘʛʦʩʦʤʦʡ, ʩ ʧʦʚʨʝʞʜʝʥʥʳʤʠ 

ʬʨʘʛʤʝʥʪʘʤʠ ʢʣʝʪʢʠ ʚʥʫʪʨʠ. ɺ ʧʦʩʣʝʜʩʪʚʠʠ ʣʠʟʦʩʦʤʳ ʧʝʨʝʚʘʨʠʚʘʶʪ ʩʦʜʝʨʞʠʤʦʝ 

ʘʫʪʦʬʘʛʦʩʦʤ, ʚʦʟʚʨʘʱʘʷ ʘʤʠʥʦʢʠʩʣʦʪʳ, ʥʫʢʣʝʦʪʠʜʳ ʠ ʞʠʨʥʳʝ ʢʠʩʣʦʪʳ ʦʙʨʘʪʥʦ ʚ 

ʢʣʝʪʢʫ [23, 64, 66]. 

ɸʫʪʦʬʘʛʠʷ, ʩʪʨʦʛʦ ʛʦʚʦʨʷ, ʥʝ ʷʚʣʷʝʪʩʷ ʥʝʟʘʚʠʩʠʤʳʤ ʤʝʭʘʥʠʟʤʦʤ ʢʣʝʪʦʯʥʦʡ 

ʛʠʙʝʣʠ, ʧʦʩʢʦʣʴʢʫ ʤʦʞʝʪ ʧʨʦʠʩʭʦʜʠʪʴ ʪʦʣʴʢʦ ʧʘʨʘʣʣʝʣʴʥʦ ʩ ʜʨʫʛʠʤʠ 

ʧʨʦʛʨʘʤʤʠʨʫʝʤʳʤʠ ʚʘʨʠʘʥʪʘʤʠ ʨʘʟʨʫʰʝʥʠʷ ʢʣʝʪʢʠ (ʥʘʧʨʠʤʝʨ, ʘʧʦʧʪʦʟʦʤ). 

ʇʦʵʪʦʤʫ ʜʣʷ ʦʙʦʟʥʘʯʝʥʠʷ ʝʝ ʚʢʣʘʜʘ ʠʩʧʦʣʴʟʫʝʪʩʷ ʪʝʨʤʠʥ çʩʤʝʨʪʴ ʩ ʘʫʪʦʬʘʛʠʝʡè 

(çdeath with autophagyè) [70].  

ʌʦʪʦʜʠʥʘʤʠʯʝʩʢʘʷ ʘʢʪʠʚʘʮʠʷ ʘʫʪʦʬʘʛʠʠ ʧʦʢʘ ʥʝʜʦʩʪʘʪʦʯʥʦ ʠʟʫʯʝʥʘ. ʅʦ ʫʞʝ 

ʩʝʡʯʘʩ ʧʦʢʘʟʘʥʦ, ʯʪʦ ʜʝʡʩʪʚʠʝ ROS ʧʨʠʚʦʜʠʪ ʢ ʚʦʟʥʠʢʥʦʚʝʥʠʶ ʘʫʪʦʬʘʛʠʠ [71]. ɽʱʸ 

ʦʜʥʠʤ ʪʨʠʛʛʝʨʦʤ ʤʦʞʝʪ ʙʳʪʴ ʬʦʪʦʨʘʟʨʫʰʝʥʠʝ ʙʝʣʢʦʚ ʩʝʤʝʡʩʪʚʘ Bcl-2, ʢʦʪʦʨʳʝ, 

ʢʨʦʤʝ ʘʧʦʧʪʦʟʘ, ʪʘʢʞʝ ʙʣʦʢʠʨʫʶʪ ʠ ʘʫʪʦʬʘʛʠʶ [72]. 

ʀʥʪʝʨʝʩʥʳʤ ʤʦʤʝʥʪʦʤ, ʭʘʨʘʢʪʝʨʥʳʤ ʜʣʷ ʌɼʊ, ʷʚʣʷʝʪʩʷ ʩʧʦʩʦʙʥʦʩʪʴ 

ʘʫʪʦʬʘʛʠʠ ʥʠʚʝʣʠʨʦʚʘʪʴ ʜʝʡʩʪʚʠʝ ʌʉ. ʇʨʦʜʝʤʦʥʩʪʨʠʨʦʚʘʥʦ, ʯʪʦ ʙʣʦʢʠʨʦʚʘʥʠʝ 

ʘʫʪʦʬʘʛʠʠ ʩʧʦʩʦʙʩʪʚʫʝʪ ʫʚʝʣʠʯʝʥʠʶ ʬʦʪʦʪʦʢʩʠʯʥʦʩʪʠ ʧʨʝʧʘʨʘʪʦʚ [73, 74]. ʅʦ ʪʘʢʦʡ 

ʟʘʱʠʪʥʳʡ ʤʝʭʘʥʠʟʤ ʥʝ ʧʨʦʷʚʣʷʝʪʩʷ, ʝʩʣʠ ʮʝʣʴʶ ʌʉ ʚʳʩʪʫʧʘʝʪ ʣʠʟʦʩʦʤʘ ʠʟ-ʟʘ ʝʸ 

ʫʯʘʩʪʠʷ ʚ ʤʝʭʘʥʠʟʤʘʭ ʨʘʟʚʠʪʠʷ ʘʫʪʦʬʘʛʠʠ [75]. ʀʤʝʥʥʦ ʧʦʵʪʦʤʫ ʣʠʟʦʩʦʤʘ ʷʚʣʷʝʪʩʷ 

ʦʪʣʠʯʥʦʡ ʤʠʰʝʥʴʶ ʜʣʷ ʧʨʝʧʘʨʘʪʦʚ ʌɼʊ [65].  

ʇʨʦʪʠʚʦʦʧʫʭʦʣʝʚʳʡ ʠʤʤʫʥʥʳʡ ʦʪʚʝʪ 

ʆʜʥʘ ʠʟ ʚʘʞʥʝʡʰʠʭ ʦʩʦʙʝʥʥʦʩʪʝʡ ʤʝʪʦʜʘ ʌɼʊ ï ʚʦʟʥʠʢʥʦʚʝʥʠʝ ʩʦʙʩʪʚʝʥʥʦʛʦ 

ʠʤʤʫʥʥʦʛʦ ʦʪʚʝʪʘ ʦʨʛʘʥʠʟʤʘ, ʥʘʧʨʘʚʣʝʥʥʦʛʦ ʧʨʦʪʠʚ ʫʥʠʯʪʦʞʘʝʤʳʭ ʦʧʫʭʦʣʝʚʳʭ 

ʢʣʝʪʦʢ, ʯʪʦ ʫʚʝʣʠʯʠʚʘʝʪ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʣʝʯʝʥʠʷ ʠ ʧʦʟʚʦʣʷʝʪ ʙʦʨʦʪʴʩʷ ʩ ʤʝʪʘʩʪʘʟʘʤʠ. 

ʇʦʷʚʣʝʥʠʝ ʵʪʦʛʦ ʤʝʭʘʥʠʟʤʘ ʩʚʷʟʘʥʦ ʩ ʪʝʤ, ʯʪʦ ʥʝʢʨʦʟ, ʚʦʟʥʠʢʘʶʱʠʡ ʚʦ ʚʨʝʤʷ 

ʌɼʊ, ʤʦʞʝʪ ʧʨʠʚʦʜʠʪʴ ʢ ʨʘʟʚʠʪʠʶ ʚʦʩʧʘʣʝʥʠʷ, ʩʚʷʟʘʥʥʦʛʦ ʩ ʧʦʩʪʫʧʣʝʥʠʝʤ 

ʬʨʘʛʤʝʥʪʦʚ ʧʦʛʠʙʰʝʡ ʢʣʝʪʢʠ ʚ ʤʝʞʢʣʝʪʦʯʥʦʝ ʧʨʦʩʪʨʘʥʩʪʚʦ ʧʦʩʣʝ ʨʘʟʨʫʰʝʥʠʷ 

ʤʝʤʙʨʘʥʳ. ʉʨʝʜʠ ʪʘʢʠʭ ʬʨʘʛʤʝʥʪʦʚ ʩʦʜʝʨʞʘʪʴʩʷ ʤʦʣʝʢʫʣʳ, ʘʩʩʦʮʠʠʨʦʚʘʥʥʳʝ ʩ 

ʧʦʚʨʝʞʜʝʥʠʷʤʠ (damage-associated molecular patterns, DAMPs), ʢʦʪʦʨʳʝ, ʩʚʷʟʳʚʘʷʩʴ 

 
*  ˽ ͔ͪͦͭ͊͊͘ ς ͅ ͔͔ͪͣͤͭΣ ͪ͊ͫ΅͔ͨ͡ΎΌ΅͙͚ ͔͙ͨͨͭ͒ͤ·͔ ͍ͫΎ͙͘ ͍ ͔͋͊͟͡ͻΦ 
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ʩ ʨʝʮʝʧʪʦʨʘʤʠ ʦʧʦʟʥʘʚʘʥʠʷ ʤʦʣʝʢʫʣʷʨʥʳʭ ʩʪʨʫʢʪʫʨ (pattern recognition receptors, 

PRPs), ʦʢʘʟʳʚʘʶʪ ʠʤʤʫʥʦʩʪʠʤʫʣʠʨʫʶʱʝʝ ʜʝʡʩʪʚʠʝ [76].  

ɼʦʣʛʦʝ ʚʨʝʤʷ ʩʯʠʪʘʣʦʩʴ, ʯʪʦ ʘʧʦʧʪʦʟ ʥʝ ʤʦʞʝʪ ʧʨʠʚʦʜʠʪʴ ʢ ʟʘʧʫʩʢʫ ʧʦʜʦʙʥʳʭ 

ʧʨʦʮʝʩʩʦʚ ʠʟ-ʟʘ ʪʦʛʦ, ʯʪʦ ʥʝ ʧʨʦʠʩʭʦʜʠʪ ʨʘʟʨʫʰʝʥʠʝ ʚʥʝʰʥʝʡ ʤʝʤʙʨʘʥʳ 

ʘʧʦʧʪʦʪʠʯʝʩʢʦʛʦ ʪʝʣʴʮʘ, ʧʦʩʢʦʣʴʢʫ ʦʥʦ ʙʳʩʪʨʦ ʟʘʭʚʘʪʳʚʘʝʪʩʷ ʤʘʢʨʦʬʘʛʘʤʠ. ʆʜʥʘʢʦ 

ʩʝʡʯʘʩ ʵʪʦ ʦʙʱʝʧʨʠʟʥʘʥʥʳʡ ʬʘʢʪ, ʯʪʦ ʘʧʦʧʪʦʟ ʩʧʦʩʦʙʝʥ ʚ ʥʝʢʦʪʦʨʳʭ ʩʣʫʯʘʷʭ 

ʘʢʪʠʚʠʨʦʚʘʪʴ ʘʜʘʧʪʠʚʥʳʡ ʠʤʤʫʥʥʳʡ ʦʪʚʝʪ [64]. ɺʦʟʥʠʢʥʦʚʝʥʠʝ ʘʜʘʧʪʠʚʥʦʛʦ 

ʠʤʤʫʥʥʦʛʦ ʦʪʚʝʪʘ ʢʘʢ ʨʝʘʢʮʠʠ ʥʘ ʘʧʦʧʪʦʟ ʩʚʷʟʘʥʦ ʩ ʩʫʱʝʩʪʚʦʚʘʥʠʝʤ ʨʘʟʥʦʚʠʜʥʦʩʪʠ 

ʘʧʦʧʪʦʟʘ, ʥʘʟʳʚʘʝʤʦʡ çʠʤʤʫʥʦʛʝʥʥʘʷ ʢʣʝʪʦʯʥʘʷ ʩʤʝʨʪʴè (immunogenic cell death, 

ICD). ʊʘʢʦʡ ʪʠʧ ʩʤʝʨʪʠ ʤʦʞʝʪ ʙʳʪʴ ʩʣʝʜʩʪʚʠʝʤ, ʚ ʪʦʤ ʯʠʩʣʝ, ʜʝʡʩʪʚʠʷ ʌɼʊ.  

 

ʈʠʩ. 9. ʆʙʨʘʟʦʚʘʥʠʝ DAMPs ʠ ʘʢʪʠʚʘʮʠʷ ʠʤʤʫʥʥʦʛʦ ʦʪʚʝʪʘ. ʈʠʩʫʥʦʢ ʠʟ [64]. 

ɺʦ ʚʨʝʤʷ ICD ʧʦʛʠʙʘʶʱʘʷ ʢʣʝʪʢʘ ʧʨʦʜʫʮʠʨʫʝʪ ʦʩʦʙʳʝ ʚʠʜʳ DAMPs, ʢʦʪʦʨʳʝ 

ʣʦʢʘʣʠʟʫʶʪʩʷ ʥʘ ʝʝ ʧʦʚʝʨʭʥʦʩʪʠ ʠ ʦʢʘʟʳʚʘʶʪ ʠʤʤʫʥʦʩʪʠʤʫʣʠʨʫʶʱʝʝ ʜʝʡʩʪʚʠʝ 

(ʈʠʩ. 9). ʉʨʝʜʠ DAMPs ʧʨʠʩʫʪʩʪʚʫʶʪ ʦʧʫʭʦʣʝʚʳʝ ʘʥʪʠʛʝʥʳ*, ʩʚʷʟʳʚʘʝʤʳʝ ʚ 

ʜʘʣʴʥʝʡʰʝʤ ʜʝʥʜʨʠʪʥʳʤʠ ʢʣʝʪʢʘʤʠ. ʕʪʦ ʧʨʠʚʦʜʠʪ ʢ ʧʝʨʝʜʘʯʝ ʘʥʪʠʛʝʥʘ ʥʘʠʚʥʦʡ ʊ-

ʢʣʝʪʢʝÀ, ʢʦʪʦʨʘʷ ʧʨʝʚʨʘʱʘʝʪʩʷ ʚ ʵʬʬʝʢʪʦʨʥʳʝ ʊ-ʣʠʤʬʦʮʠʪʳÿ, ʥʘʧʨʘʚʣʝʥʥʦ 

ʫʥʠʯʪʦʞʘʶʱʠʝ ʦʧʫʭʦʣʝʚʳʝ ʢʣʝʪʢʠ ʚ ʦʨʛʘʥʠʟʤʝ ʯʝʣʦʚʝʢʘ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ 

 
* ˢ͙͎͔ͤͭͤ ς ;͔͔ͯ͗ͪͦ͒ͤͦ ͔ͭͦ͡Σ ͔ͦͭͦͪͦ͟ ͔ͫͨͼ͙ͺ͙;͔͙ͫ͟ ͍ͫΎ͘·͍͔͊ͭͫΎ ͫ ͙͔͊ͤͭͭͦͣ͡Φ ˤ ͔ͤͦͭͦͪ͟·ͻ ͫͯ͡;͊Ύͻ 
͍·͔͔͙͔͒ͤ͡ ͙͎͔͍͊ͤͭͤͦ ͍·͘·͍͔͊ͭ ͍ͣ͊ͫͫͦͯΌ ͍·ͪ͊͋ͦͭͯ͟ ͙͔͊ͤͭͭ͡Σ ͭͦ ͔ͫͭΈ ͙ͣͣͯͤͤ·͚ ͍͔ͦͭͭΦ 
Ϟ ˹ ͙͍͊ͤ͊Ύ ́-͔ͭ͊͟͟͡ ς ͙ ͣͣͯͤͤ·͔ ͔͙ͭ͟͟͡Σ ͔ͤ ͍͙͍ͫͭͯͨ΄͙͔ ͍ ͔ͪ͊͟ͼ͙Ό ͫ ͙͎͔͊ͤͭͤͦͣΦ 
ϟ ̏ ͺͺ͔ͭͦͪͤ͟·͔ ́-͔͙ͭ͟͟͡ ς ͙ ͣͣͯͤͤ·͔ ͔͙ͭ͟͟͡Σ ͍·ͪ͊͋͊ͭ·͍͔͊ͣ·͔ ͙͘ ͙͍ͤ͊ͤ·ͻ ́-͔ͭͦ͟͟͡ ͔ͨͦͫ͡ ͙͍͊ͭ͊͟ͼ͙͙ 
͙͎͔͊ͤͭͤͦͣΦ ˤ͟͡Ό;͊Όͭ ͍ ͔ͫ͋Ύ ͔͍ͣͤͦ͗ͫͭͦ ͙ͪ͊͘͡;ͤ·ͻ ͍͊ͫͫͦ͟͡ ́-͔ͭͦ͟͟͡Σ ͍ ͭͦͣ ;͙͔ͫ͡Σ ͼ͙͙ͭͦͭͦͫ͟;͔͙͔ͫ͟ ́-͔͙ͭ͟͟͡Φ 


































































































































































































































































































