
 



  

˚̖̋̌̎̑̒ ˕̛̖̗̥̠̉̔̎̋̑ 
ˤ̨̙̗̎̓̋̕  

 
 

ɀ ̖̤̌̔̉̋̒ ̖̜̠̖̤̉̒ ̛̗̙̜̖̍̑̓̚ 
˝̛̛̛̖̜̑̉̚ ̗̗̠̗̗̊̑̔̌̑̎̓̌̚ 
̨̛̘̙̗̙̗̙̗̖̑̊̎̑̚ ˥˕ˢȟ ̛̗̗̙̍̓ 
̗̗̠̞̊̑̔̌̑̎̓̑̚ ̖̜̉̓ȟ ̘̙̗̝̗̙̎̚̚. ˣ̖̍̑ 
̑ ̢̜̞̐̋̎̍̑ ̙̗̤̞̑̋̕ ̛̘̟̗̎̑̉̔̑̋̚̚ ̘ ̗
̧̜̠̖̑̐̎̑ ̨̧̢̛̤̞̎̉̔̔̋̐̋̉̑̕̚ ̗̊̎̔̓̋ȟ 
̛̗̙̉̋ ̗̊̔̎̎ 200 ̖̜̠̖̤̞̉ ̛̛̉̎̒̚  ̑ 10 
̗̖̗̙̝̌̉̑̒̕. ˣ̛̖̗̥̋̉̎̔̚  ̑ ̡̤̊̋̑̒ 
̛̙̗̙̍̑̎̓ ˝˖  ʕ˥˕ˢȟ ̗ ̡̖̘̙̗̎̔ ̛̘̜̥ ̗ ̛
̗̗̗̗̔̍̌̕ ̨̛̗̑̔̎̍̋̉̎̔̚̚ ̍ ̗
̨̛̛̐̉̎̑̎̔̕̚ ̨̛̘̙̎̍̎̍̉̎̔̚ ̙̜̘̖̗̗̓̌ 
̖̜̠̖̗̗̉̌ ̛̟̖̙̎̉.  



ɽʚʛʝʥʠʡ ɸʥʘʪʦʣʴʝʚʠʯ ʨʦʜʠʣʩʷ 8 ʤʘʷ 1946 ʛʦʜʘ ʚ ʛ. 

ʀʚʘʥʦʚʦ. ʆʪʝʮ ʇʝʨʤʷʢʦʚ ɸʥʘʪʦʣʠʡ ɸʣʝʢʩʝʝʚʠʯ - ʫʯʘʩʪʥʠʢ 

ɺʝʣʠʢʦʡ ʆʪʝʯʝʩʪʚʝʥʥʦʡ ɺʦʡʥʳ, ʩʪʨʝʣʦʢ-ʨʘʜʠʩʪ ʥʘ 

ʙʦʤʙʘʨʜʠʨʦʚʱʠʢʝ ʉɹ ʠ ʇʝ-2, ʧʨʝʧʦʜʘʚʘʣ ʚ ʀʚʘʥʦʚʩʢʦʤ 

ʧʝʜʘʛʦʛʠʯʝʩʢʦʤ ʠʥʩʪʠʪʫʪʝ, ʢʘʥʜʠʜʘʪ ʧʝʜʘʛʦʛʠʯʝʩʢʠʭ ʥʘʫʢ. 

ʄʘʪʴ ʚʨʘʯ-ʧʝʜʠʘʪʨ ʨʘʙʦʪʘʣʘ ʚ ʙʦʣʴʥʠʮʘʭ ʛ. ʀʚʘʥʦʚʦ. 

ʋʯʠʣʩʷ ʚ ʅʘʯʘʣʴʥʦʡ ʰʢʦʣʝ ˉ 7 ʠ ʚ ʉʨʝʜʥʝʡ ʰʢʦʣʝ ˉ 36 ʛ. 

ʀʚʘʥʦʚʘ. ʉʦ ʰʢʦʣʴʥʳʭ ʣʝʪ ʠʥʪʝʨʝʩʦʚʘʣʩʷ ʝʩʪʝʩʪʚʝʥʥʳʤʠ 

ʥʘʫʢʘʤʠ: ʬʠʟʠʢʦʡ, ʭʠʤʠʝʡ, ʙʠʦʣʦʛʠʝʡ.  

ɺ 1964 ʛʦʜʫ ʧʦʩʪʫʧʠʣ ʚ ʄʦʩʢʦʚʩʢʠʡ ʬʠʟʠʢʦ-ʪʝʭʥʠʯʝʩʢʠʡ 

ʠʥʩʪʠʪʫʪ (ʌʠʟʪʝʭ) ʥʘ ʬʘʢʫʣʴʪʝʪ ʤʦʣʝʢʫʣʷʨʥʦʡ ʠ 

ʭʠʤʠʯʝʩʢʦʡ ʬʠʟʠʢʠ. ʉʧʝʮʠʘʣʠʟʘʮʠʶ ʩ ʪʨʝʪʴʝʛʦ ʢʫʨʩʘ 

ʧʨʦʭʦʜʠʣ ʥʘ ʂʘʬʝʜʨʝ ʤʦʣʝʢʫʣʷʨʥʦʡ ʙʠʦʬʠʟʠʢʠ.  ̠ 1967 
̗̜̌̍ ̘̙̤̋̎̋̎ ̘̗̘̉̔  ̋ ˤ̢̜̖̗̑. ˤ̗̔̎̚ 3-̌ ̗ ̜̙̓̉̚ 
̘̙̗̞̗̍̑̔ ̛̘̙̜̉̓̑̓  ̋ ˝̛̛̛̖̜̑̎̚ ̗̗̠̗̊̑̔̌̑̎̓̒̚ 
̝̑̐̑̓̑ ˕  s ˦˦˦˥  ̋ ̙̜̘̘̌̎ ˲̜̙̍̉̍̉ ˕̙̗̖̗̠̋̑̉ 
˖̡̛̜̙̖̎̒̉ ɉˠ̨̛̗̙̗̙̉̊̉̑ ̝̑̐̑̓̑ ̛̝̙̖̖̤̞̎̎̕ 
̛̑̎̚̚̕Ɋ. ˤ̗̔̎̚ ̨̗̗̖̠̖̓̉̑ ˝̛̛̛̖̜̑̉̚  ̋ 1970 ̗̜̌̍ 
̘̙̗̗̍̔̏̑̔ ̛̛̙̗̥̉̊̉  ̋ ̛̗̒ ̏  ̎ ̙̜̘̘̌̎. ˧̉ ̕ ̖̠̉̉̔ 
̨̛̖̥̐̉̑̉̕̚ ̛̙̙̗̗̉̐̉̊̓̒ ̛̗̎̍̉̕ ̧̖̟̖̟̔̑̎̎̑̑̕̚ 
̗̊̎̔̓̋ ɀ ̛̎̉̕ȟ ̛̗̗̙̗̓̒ ̨̛̘̗̋̑̔̚ ̗̊̔̎̎ ̛̛̙̟̑̍̉̑ ̛̔̎  ̑
̖̘̉̑̉̔̚ 2 ̗̖̗̙̝̌̉̑̑̕ ɉˡ̛̗̎̍ ̛̗̖̖̗̊̋̎̒̚̚ 
̧̖̟̖̟̔̑̎̎̑̑̕̚ ̊̎̔̓̉ȟ Luminescence  Spectroscopy  
and  Circular  Dichroism ).  
 



 
ˤ̗̖̐̍̎̎ ̨̛̖̙̗̐̉̑̎̎̋̉̔̚̚ ̨̗̖̑̔̎̍̋̉̑̑̚̚̕ ̥̟̓̉̔̑̒- 
̨̧̢̤̞̋̐̋̉̑̚  ̗̊̎̔̓̋  ̑ ̛̉̔̚ ̗̖̍̑̕ ̑ ̐ ̢̜̞̋̎̍̑ 
̜̠̖̤̞̎ȟ ̧̢̨̖̞̐̉̑̉̑̕̚ ̛̦̗̒ ̛̗̎̒̕. ˡ̗̖̗̏ ̛̥̓̉̐̉̚ 
̗̖̍̑̕ ̑ ̗̖̗̗̘̗̗̖̗̐̋̔̏̑̓̋̚ ̖̖̗̗̍̉̌ ̨̖̘̙̖̉̉̋̔̎̑. 
˝̗̖ ̛̤̗̎̉̔̔̋̕ ɀ ̛̦̗  ̋ ̡̖̉̏̎̒̑̒ ̛̗̘̗̖̖̓̎̕ ̤̞̏̑̋ 
̛̑̎̚̚̕. ˝  ̞ ̧̛̖̤̉̐̋̉ ̛̎̉̔̔̉̑̕̕ ̖̏̑̐̑: ̥̟̓̉̔̑̒ȟ 
̖̉̌̑̒̕ȟ ̛̖̙̉̑̒ȟ ̓̉̔̑̒ȟ ̟̖̑̓  ̑ ̍ .̙ ˖̎̐ ̖̑ ̞
̖̗̗̖̗̎̋̐̏̕ ̝̜̖̟̗̖̙̗̖̓̑̑̋̉̑̎ ̖  ̑ ̗̖̗̍̒ ̗̏̑̋̒ 
̛̤̑̎̚̚̕. ˗̨̛̗̜̐̉̑̍̎̒̋̕̚ ̚ ̗ ̘̟̝̠̎̑̑̎̓̑̑̚̚̕ 
̊̎̔̓̉̑̕ȟ ̗̖̤̑ ̛̗̎̉̔̔̋̕ ̨̧̛̤̘̗̖̋̔ ̨̛̙̜̗̙̖̤̎̌̔̎ȟ 
̛̛̙̜̜̙̖̤̓̎̚  ̛̛̝̙̖̖̤̑̎̎̉̑̋̎̕ ̝̜̖̟̓̑̑.  ̛̠̗̤̋̊ 
̨̛̘̗̖̥ȟ ̓̉̓ ̛̜̙̗̖̤̎̚  ̑ ̧̛̝̜̖̟̗̖̙̜̓̑̑ ̤̏̑̋̎ 
̛̤̑̎̚̚̕ȟ ̖̗̞̗̗̎̊̍̑̕ ̛̖̥̐̉ȟ ̓̉̓ ̛̜̙̗̖̤̎̚ ̛̦̑ 
̨̧̢̛̤̎̉̔̔̋̐̋̉̑̎̕̚ ̊̎̔̓̑. ˲̛ ̑ ̨̗̖̑̔̎̍̋̉̑̚̚ 
̖̤̋̉̏ ̖  ̛̗̥̗̎̔̓ ̨̍̔ ̛̝̜̖̖̥̖̗̍̉̎̉̔̒̕ ̗̗̊̑̔̌̑̑ȟ 
̖  ̗  ̑ ̨̍̔ ̟̖̤̎̍̑̑̕ ɀ ̨̍̔ ̛̙̙̗̉̐̉̊̓̑ ̖̗̤̞̋ 
̛̙̖̖̤̞̔̎̓̉̋̎̚ ̛̘̙̘̙̗̎̉̉̋.  ̠ 1976 ̗̜̌̍ ̢̛̐̉̑̑̔ 
̧̛̖̜̓̉̍̑̍̉̓̚ ̧̛̙̟̍̑̎̉̑̚̚ ̖  ̉ ̛̜̎̕ 
Ⱥˠ̧̛̖̟̖̖̤̑̎̎̎̕̚ ̨̗̖̑̔̎̍̋̉̑̚̚ ̖̍̑̉̑̓̑̕ 
̛̛̙̜̜̙̤̓̚ ̊ ̎̔̓̉ ̘ ̙ ̖̑ ̞̑̐̓̑ ̛ ̛̘̙̜̙̞̎̎̉̉̕Ȼ. 

 ̠ 1986 ̗̜̌̍ ̢̛̐̉̑̑̔ ̧̛̗̗̙̜̍̓̓̚ ̧̛̙̟̍̑̎̉̑̚̚ ̖  ̉
̛̜̎̕ Ⱥ˗̛̗̐̉̑̍̎̒̋̑̎̕̚ ̨̧̢̥̟̤̞̓̉̔̑̒̋̐̋̉̑̚ ̗̊̎̔̓̋ 
 ̓̚ ̛̗̖̉̑̉̑̕ ̕ ̛̗̎̉̔̔̋Ȼ. 

 

 



 ̠ ̛̗̋̎̓̑̎̚̚ ̙̖̋̎̎̉̕ ̜̠̖̤̎̎ .̌ ˤ̢̜̖̗̑ ̛̖̗̉̓̑̋ 
̛̗̙̜̖̠̍̑̉̔̑̚  ̚ ̨̛̗̙̗̙̔̉̊̉̑̑̕ ̛̗̟̠̞̑̉̔̑̑̎̓̑̚̚̚ ̛̙̖̉̚. 
˖̤ ̖̔ ̖̉̔̉̏̎ ̙ ̨̜̙̖̤̎̌̔̒ ̗ ̖̊̎̕ ̚ ̛̗̙̜̖̍̑̓̉̑̕. 

 ̠ 90-̗̤̌̍ ̨̘̗̥̋̑̔̉̚ ̛̗̗̖̗̥̋̐̏̕̚ ̛̥̎̐̍̑  ̑  ̋ ̙̜̍̌̑̎ 
̛̙̖̤̉̚.  ̛̠  ̎̋ ̙̖̎̎̉̕  ̋ ̛̗̗̖̗̥̐̏̕̚ ̦ ̛̉  ̗ ̗̖̖̗̊̎̚ ̟ ̖̥̎̑̔̉̚ȟ 
̘̗̗̥̜̓̔̓̚ ̝̖̖̙̗̖̑̉̑̋̉̑̎̚ ̖̜̉̓̑  ̋ ˥̗̑̑̚̚  ̤̗̊̔  
̜̖̤̓̍̚̕. ˧̗̌̍̉ ˚̖̋̌̎̑̒ ˕̛̖̗̥̠̉̔̎̋̑  ̛̠̗̉̚ ̛̙̗̉̊̉̔  ̋
˦˭˕ȟ ̨̛̗̙̜̖̠̍̑̉̚  ̘̙̗̝̗̙̗̎̚̚̚̕ ˖̙̖̙̗̎̔̑̎̕ (Ohio  State 
University , Columbus , Ohio ; ̘̗̖̐̍̎̎ Denver  University , 
Denver , Colorado )  ̋ ̛̗̊̔̉̑̚ ̨̗̖̑̔̎̍̋̉̑̚̚ 
̨̧̢̥̟̤̞̓̉̔̑̒̋̐̋̉̑̚ ̗̊̎̔̓̋.  ̠ ̟̗̎̔̕ȟ ̗  ̛̖̘̙̗̙̗̉̊̉̔  ̋
˦˭  ̞ ̗̗̗̓̔ ̛̙̞̎ ̛̔̎. ˖̤̋̉̔  ̋ ̨̛̗̙̗̙̞̔̉̊̉̑  ̋ ˟̖̉̉̍̎  ̑
˭̟̋̎̑̑ȟ ̛̙̗̉̊̉̔  ̋ ˴̘̗̖̑̑ ɉ˨̛̛̖̙̑̋̎̑̎̚ ˪̗̗̓̓̉̒̍ȟ 
˦̘̘̗̙̗̉Ɋ. 

 ̠̖̠̉̉̔̎ 90-̞ȟ ̘̗̔̎̚ ̙̘̉̉̍̉̚ ˦˦˦˥ȟ ̝̖̖̙̗̖̑̉̑̋̉̑̎̚ ̖̜̉̓̑ 
̙̗̎̐̓ ̛̗̙̗̥̓̉̑̔̚̚ȟ ̛̠̗ ̘̙̗̑̋̎̔  ̓ ̜̞̗̜̍ ̑ ̗̙̖̟̐̌̉̑̐̉̑̑ 
̖̗̞̌̑̕ ̟̖̖̤̞̎ ̛̘̟̗̎̑̉̔̑̋̚̚  ̋ ̘̗̞̑̓̉̚ ̗̊̔̎̎ 
̤̗̗̗̘̠̗̋̓̔̉̑̋̉̎̒̚̕ ̛̙̗̤̉̊. ˢ̛̗̗̙̤̎̓̎ ̢̜̋̎̍̑̎ 
̛̗̙̜̖̍̑̓̑̚ ̜̞̎̉̔̑ ̐ ̉ ̙̜̊̎̏. ˦̛̗̉̔ ̨̖̗̚ȟ ̛̠̗ ˦˟ ̟ ˖ˤȟ 
̜̜̠̊̍̑ ̛̞̗̙̠̖̗̐̉̎̒̚ ̗̙̖̟̌̉̑̐̉̑̎̒ȟ ̖  ̎ ̛̤̋̏̑̋̎.  ̠ 1994 
̗̜̌̍ ̛̙̜̗̗̗̓̋̍̋̚ ˥˕ s̨̘̙̖̗̑̔ ̡̙̖̎̎̑̎ ̛̘̙̗̙̗̥̎̊̉̐̋̉ ̗̎̌ 
 ̋˝̛̛̛̖̜̑̚ ̗̗̠̗̗̊̑̔̌̑̎̓̌̚ ̨̛̘̙̗̙̗̙̗̖̑̊̎̑̚  ̛̗̘̤̖̤̚̕ 
̛̘̙̗̗̗̑̐̋̍̋̚̕ ɉ˝˖ˤ ˥˕ˢɊȟ ̛̗̗̙̤̓̒ ̛̉̔̚ ̨̛̝̖̖̙̗̥̑̉̑̋̉̚̚ 
̑ ̐̌ ̧̛̗̊̍̏̎̉̚.   
 



 ̠ ̛̗ ̕ ̏  ̎ 1994 ̗̜̌̍ ˚̖̋̌̎̑̒ ˕̛̖̗̥̠̉̔̎̋̑ȟ ̘̗̔̎̚  
̢̨̗̙̖̋̐̋̉̎̑ ̑ ̐ ˦˭˕ȟ ̘̗̜̠̔̑̔ ̘̙̗̖̎̍̔̏̎̑̎  
̛̗̥̋̐̌̔̉̋̑ ˝̛̛̛̖̜̑̚ ̗̗̠̗̗̊̑̔̌̑̎̓̌̚ 
̨̛̘̙̗̙̗̙̗̖̑̊̎̑̚ ˥˕ sɉ̡̤̊̋̎̎ ˦˟ ̟˖  ʕ˕  s˦˦˦˥Ɋ. 
˟̉ ̓ ̤̘̜̖̋̓̑̓̚ ˡ˩˧ ̋ ̗  ̖ ̑̎̔̕ ̖̖̙̖̗̑̏̎̎̎ 
̗̙̗̖̊̉̐̋̉̑̎ȟ ̖  ̗̋̎̌̍̉̚ ̖̤̌̔̉̋̕ ̛̖̙̗̑̎̎̚̕ ̤̊̔̉ 
̨̛̝̜̖̖̥̖̍̉̎̉̔̉̕ ̖̜̉̓̉. ˖̤̗̔ ̘̙̗̖̗̎̍̔̏̎ 
̛̛̗̥̋̎̑̚̕̚ ̛̦̑ ̍̋̉ ̋̑̍̉ ̨̛̛̥̖̗̍̎̎̔̑̚ȟ  ̑ ̗  ̖
̨̗̌̔̉̑̔̚̚̚ ̛̘̗̘̙̗̗̥̊̋̉. ˣ̖̗̖̤̋̎̚ ̨̖̘̙̖̉̉̋̔̎̑ 
̨̛̛̥̖̗̍̎̎̔̑̚ ˣ̙̖̟̌̉̑̐̉̑̑ ̛̗̥̉̔̑̚̚ ̓̉̓  ̑  ̋˦˟:̟ 
Ⱥ̛̙̙̗̉̐̉̊̓̉ ̖̜̠̖̤̞̉ ̗̖̗̋̚  ̑ ̗̖̐̍̉̑̎̚ ̖̗̤̞̋ 
̛̗̎̍̑̓̕ȟ ̘̙̗̙̗̑̊̋  ̑ ̨̗̗̙̜̗̖̊̍̋̉̑ ̨̍̔ 
̗̗̠̞̊̑̔̌̑̎̓̑̚  ̑ ̖̤̞̎̏̚̕ ɉ̟̖̎̍̑̑̉̕ȟ ̥̗̎̔̓̎̚̚ 
̨̛̞̗̗̐̒̋̚Ɋ ̛̗̊̔̉̎̒̚ ̨̗̖̑̔̎̍̋̉̑̚̚Ȼ. ˝̛̛̛̖̜̑̚ 
̛̗̥̗̔̓ ̛̠̗ ̨̗̙̖̗̤̌̉̑̐̋̋̉̔̚ȟ   ̑ ˚̖̋̌̎̑̒ 
˕̛̖̗̥̠̉̔̎̋̑  ̛̉̔̚ ̛̙̗̙̗̍̑̎̓̕-̛̗̙̖̗̙̗̌̉̑̐̉̕. 
˩̖̖̗̗̑̉̋̎̚ ̘̗̗̖̔̏̎̑̎ ̛̛̛̖̜̑̑̉̚ ̤̗̊̔ 
̘̠̖̤̔̉̎̋̕: ̡̗̥̊̔̑̎ ̗̍̔̌̑ȟ ̛̠̤̉̎̚ ̙̐̉̍̎̏̓̑  ̚
̛̙̘̗̐̉̔̉̒ȟ ̉̉̕̚̚ ̙̜̞̍̌̑ ̨̛̛̖̘̙̖̗̎̑̎̒̚ȟ ̖  ̗
̗̖̓̉̍̉̕  ˝˖  ʕ˥ ˕  s̚ ̘̙̥̉̋̑̔̉̚. 



 ˟̗̖̟̜̓ 90-  ̞̗̗̌̍̋  ̋˝˖  ʕ˥˕ s̗̥̔̏̑̔̑̚̚ ̧̢̜̔̎̍̑̎̚ 
̗̖̗̖̤̋̎̚ ̨̖̘̙̖̉̉̋̔̎̑ ̖̜̠̖̗̉-̛̞̖̠̞̎̑̎̓̑̚ 
̛̙̙̗̗̉̐̉̊̓: 

Ɇ ˕̛̖̠̉̔̑̑̎̓̑̎̚ ̚ ̛̘̙̥̖̤̎̓̉̔̎ ̘ ̙̗̙̤̑̊. 
Ɇ ˧̘̗̝̠̎̔̑̐̑̎̓̑̎̚ ̘ ̙̗̙̤̑̊. 
Ɇ ˣ̗̙̜̗̖̊̍̋̉̑̎ ̍ ̨̔ ̓ ̛̗̠̖̤̞̔̎ ̑ ̗̖̔̎̍̋̉̑̒̚̚. 
Ɇ ˖̛̗̞̖̗̗̠̗̑̎̔̌̑̎̓̎̚ ̗ ̗̙̜̗̖̊̍̋̉̑̎. 
Ɇ ˧̟̖̎̔̎̎̍̑̑̓̑̎̕̚ ̚ ̛̤̑̎̚̕. 
Ɇ ˣ̢̛̗̙̗̙̖̗̊̎̔̉̊̉̎ ̗ ̗̙̜̗̖̊̍̋̉̑̎. 

 ̠ 1995 ̗̜̌̍ ˚̖̋̌̎̑̒ ˕̛̖̗̥̠̉̔̎̋̑  ̗̙̖̗̌̉̑̐̋̉̔  ̋
˝̛̛̛̖̜̑̎̚ ˠ̧̛̗̙̗̙̉̊̉̑ ̖̗̤̞̋ ̛̗̗̎̍̋̕  ̋ ̗̗̊̑̔̌̑̑ȟ 
̨̛̗̗̙̓̉  ̑ ̠̎̒̉̚̚ ̨̛̖̐̉̑̉̎̕̚ ̗̖̑̔̎̍̋̉̑̎̚̚̕ ̛̎̉̔̔̕-
̨̧̢̤̞̋̐̋̉̑̚ ̗̊̎̔̓̋. ˚ ̛̙̜̗̗̎̓̋̍̑̎̔̎̕  ̨̢̛̖̗̋̉̎̎̚ 
̨̙̋̎̕ ̨ ̨̨̛̋̔̎̚ ̓ . .̝ .̕ .̖ ˦̙̎̌̎̒ ̊ ̖̥̠̋̌̎̎̋̑ ʕ ̨̙̗̎̓̋̕. 
ˣ̖̗̖̤̋̎̚ ̖ ̨̘̙̖̉̉̋̔̎̑ ̍ ̨̛̛̥̖̗̎̎̔̑̚ ɣ ̛̗̙̗̙̉̊̉̑̑: 

Ɇ                ˥ ̛̙̗̉̐̉̊̓̉ ̖̗̤̞̋ ̛̗̗̎̍̋̕ ̛̖̗̍̑̉̌̑̓̑̚ 
 ̛̙̘̑̎̉̑̑ ̗̟̥̖̗̑̉̔̚ ̖̠̤̞̐̉̑̕ ̗̖̐̉̊̔̎̋̉̑̒ ̖  ̉
̗̖̗̋̎̚ ̛̗̗̤̞̊̑̋̎̑̚̕̚̕ ̛̖̖̗̗̉̊̑̑̎̚̚̕ ̑̔ ̑
̨̗̜̟̍̔̑̑̕ ̉ ̛̛̖̗̓̑̋̑̚ ̊ ̗̎̔̓̋. 
Ɇ   ˝̗̖̔̎̍̋̉̑̎̚̚ ̝̗̑̐̑̓-̞̠̞̑̑̎̓̑̕̚  ̑
̝̜̖̟̗̖̥̖̤̞̓̑̉̔ ̛̗̋̒̋̚̚ ̨̧̢̛̤̞̎̉̔̔̋̐̋̉̑̕̚ 
̗̊̎̔̓̋: ̊̎̔̓̑ S100, ̖̙̗̖̥̖̤̎̒̉̔̎ ̥̟̤̓̉̔̑̎̋̎ 
̖̗̙̤̎̚̚ȟ ̓ ̥̗̜̖̉̔̍̔̑̕, ̘ ̙̥̜̖̉̋̉̔̊̑̕, ̑  ̛ . .̍ 
Ɇ ˩̗̑̐̑̓-̞̠̑̑̎̓̑̎̕̚ ̨̗̖̑̔̎̍̋̉̑̚̚ 
̛̙̖̖̤̞̔̎̓̉̋̎̚ ̓ ̛̖̗̉̍̑̍̉̋ ̖  ̗̉ ̖̗̋̎̚ ̊ ̗̎̔̓̋. 



 
 
 
Ɇ ˥̛̙̗̉̐̉̊̓̉ ̛̗̗̎̍̋̕ 

̨̘̗̜̠̖̔̎̑  ̑ ̨̘̙̖̖̑̎̎̑̕ 
̛̝̙̖̗̎̎̋̕  ̋ ̢̘̗̑̎̋̒ 
̡̛̘̙̗̤̖̖̗̔̎̑̕̚ȟ ̛̗̗̗̓̎̔̌̑̑̚̕  ̑
̟̖̎̍̑̑̎̕. 
Ɇ ˥̛̙̗̉̐̉̊̓̉ 
̛̙̗̙̝̠̗̗̓̉̌̉̑̎̓̌̚ ̛̗̎̍̉̕ 
Ⱥˤ̛̔̉̑̓̉̚ ̙̥̝̎̔̎̉Ȼ  ̘̙̖̖̋̑̎̎̑̑̕ 

 ̓ ̙̠̖̤̉̐̔̑̕ ̨̛̗̊̔̉̚̕ ̖̙̗̖̗̗̉̍̌ 
̨̛̞̗̐̒̋̉̚. 

˜ ̉ ̗̤̌̍ ̢̨̛̜̗̖̎̋̋̉̑̚̚ ˝˖  ʕ ˥˕ s
ˠ̛̗̙̗̙̉̊̉̑̎̒ ̗̘̜̗̖̗̊̔̑̓̋̉  ̋
̜̖̙̗̖̤̞̎̏̍̉̍̕ ̨̖̞̑̐̍̉̑ ̗̗̗̓̔ 1000 
̛̛̉̎̒̚ȟ ̖̤̑̐̍̉ ̘  ̗ ̡̖̥̎̎̒̕ ̙̎̎̕ 8 
̗̖̗̙̝̌̉̑̒̕ȟ ̘̗̜̠̖̤̔̎ 2 ̛̛̘̖̉̎̉ȟ 
̢̢̖̤̐̉̑̎ 15 ̛̙̟̍̑̎̉̑̒̚̚ȟ ̘̗̜̠̖̤̔̎ 
̛̖̗̗̏̎̋̕̚ ̛̙̖̗̌̉̋ ˥˩˩˝ȟ ˥ˢ˩ȟ 
̘̙̗̙̌̉̕̕ ˤ̙̜̎̐̑̍̑̉̕ ˥˕ˢȟ 
ˡ̖̗̙̖̜̑̊̉̓̑. 
 
 



 
 
 
Ȯ Ȼɟɥɔəɚ ȱɎɏɑəɔɕ ȬəɌɞɚɗɨɑɎɔɣ 
Ɏɝɞɜɑɞɔɗ ɝɎɚɪ ɗɪɍɔɘɟɪ ɒɑəɥɔəɟ, ɝ  
ɖɚɞɚɜɚɕ ɛɚɒɑəɔɗɔɝɨ Ɏ 1968 ɏ. ȱɏɚ ɝɟɛɜɟɏɌ 
ȻɑɜɘɫɖɚɎɌ ȾɌɞɨɫəɌ ȮɌɝɔɗɨɑɎəɌ - ɎɜɌɣ-
ɛɑɐɔɌɞɜ.  ȮɚɝɛɔɞɌɗɔ ɐɎɚɔɡ ɐɑɞɑɕ: 
ȱɖɌɞɑɜɔəɟ ɔ Ƚɑɜɏɑɫ. 

 



Ƚɧə Ƚɑɜɏɑɕ ɎɝɑɏɐɌ ɔəɞɑɜɑɝɚɎɌɗɝɫ ɜɌɍɚɞɚɕ ɝɎɚɑɏɚ 
ɚɞɢɌ, ɟɎɗɑɖɌɗɝɫ ɠɔɓɔɖɚɕ ɔ ɘɌɞɑɘɌɞɔɖɚɕ ɔ ɛɚɝɗɑ 
ɚɖɚəɣɌəɔɫ ɤɖɚɗɧ ɛɚɝɞɟɛɔɗ ɞɌɖɒɑ Ɏ ȸɚɝɖɚɎɝɖɔɕ 
ɠɔɓɔɖɚ-ɞɑɡəɔɣɑɝɖɔɕ ɔəɝɞɔɞɟɞ, Ɍ ɛɚɝɗɑ ɑɏɚ 
ɚɖɚəɣɌəɔɫ ɝɞɌɗ ɜɌɍɚɞɌɞɨ Ɏ ɗɌɍɚɜɌɞɚɜɔɔ ɚɞɢɌ. Ȼɚɝɗɑ  
ɟɡɚɐɌ ȱɎɏɑəɔɫ ȬəɌɞɚɗɨɑɎɔɣɌ ɝ ɛɚɝɞɌ ɐɔɜɑɖɞɚɜɌ 
ȴəɝɞɔɞɟɞɌ Ɏ 2017 ɏɚɐɟ Ƚɑɜɏɑɕ ȱɎɏɑəɨɑɎɔɣ Ɏ ɞɑɣɑəɔɑ 
ɜɫɐɌ ɗɑɞ ɍɧɗ  ɐɔɜɑɖɞɚɜɚɘ ȴəɝɞɔɞɟɞɌ. ȽɑɕɣɌɝ ɚə 
ɎɚɓɏɗɌɎɗɫɑɞ  ɝɚɓɐɌəəɟɪ  ɑɏɚ ɚɞɢɚɘ  ɗɌɍɚɜɌɞɚɜɔɪ. 

 

ȱɏɚ ɐɚɣɨ ȶɗɌɘ ȱɖɌɞɑɜɔəɌ ȱɎɏɑəɨɑɎəɌ ɞɚɒɑ ɝɎɫɓɌɗɌ ɝɎɚɪ 
ɒɔɓəɨ ɝ ȴəɝɞɔɞɟɞɚɘ ɍɔɚɗɚɏɔɣɑɝɖɚɏɚ ɛɜɔɍɚɜɚɝɞɜɚɑəɔɫ. Ƚ 
1998 ɜɌɍɚɞɌɗɌ ɖɚəɝɞɜɟɖɞɚɜɚɘ 1 ɖɌɞɑɏɚɜɔɔ Ɏ ȯɜɟɛɛɑ 
ɝɛɑɢɔɌɗɨəɧɡ ɩɗɑɖɞɜɚəəɧɡ ɝɜɑɐɝɞɎ ɔ ɘɑɞɚɐɚɎ 
ɍɔɚɞɑɡəɚɗɚɏɔɣɑɝɖɔɡ ɔɝɝɗɑɐɚɎɌəɔɕ. ȽɑɕɣɌɝ ɜɌɍɚɞɌɑɞ 
Ɏɑɐɟɥɔɘ ɖɚəɝɞɜɟɖɞɚɜɚɘ Ɏ ȷɌɍɚɜɌɞɚɜɔɔ ɍɔɚɞɑɡəɚɗɚɏɔɔ. 



 ̠ 1999 ̗̜̌̍ ˚̨̖̋̌̎̑ 
˕̛̖̗̥̠̉̔̎̋̑̉ ̖̙̉̌̉̍̑̔̑ 
̧̥̎̍̉̔̕ ˣ̙̖̍̎̉ Ⱥ˜̉ ̜̐̉̔̌̑̚ 
̘̙̎̎̍ x ̛̛̠̗̎̎̋̚̕Ȼ II  ̚ ̛̘̖̎̎̑.  
 







ˡ̨̗̖̗̙̝̌̉̑ ̨̢̘̗̖̋̎̉̚ ̧̛̙̗̙̖̉̎̑̚̚̕ ̝̗̑̐̑̓-
̞̠̞̑̑̎̓̑̕̚  ̑ ̝̜̖̟̗̖̥̖̤̞̓̑̉̔ ̛̗̋̒̋̚̚ 
̨̧̢̥̟̤̞̓̉̔̑̒̋̐̋̉̑̚ ̗̊̎̔̓̋ȟ ̡̖̞̋̉̏̎̒̑ ˦-̉
̨̛̙̜̗̙̖̤̞̎̌̔ ̛̦̖̗̔̎̎̋̕  ̋ ̡̛̗̥̖̊̔̑̋̎̚ 
̗̗̠̞̊̑̔̌̑̎̓̑̚ ̛̑̎̚̚̕. ˣ̗̗̊̎̚ ̖̖̋̑̉̑̎̕ ̜̖̗̍̎̔̎ 
̊̎̔̓̉̕ȟ ̧̢̗̊̔̉̍̉̑̕ ̡̖̤̉̑̋̑̚̕ ̛̙̗̗̍̋̚̚̕  ̓
̧̥̟̓̉̔̑: ̘̙̥̜̖̜̉̋̉̔̊̑̕, ̥̗̜̖̜̓̉̔̍̔̑̕, 
̛̙̗̘̗̖̖̜̑ ˦ȟ ʂ-̛̥̜̖̜̔̉̓̉̔̊̑̕  ̑ ̍.̙ ˤ̗̙̗̖̗̍̊ 
̛̙̗̙̖̤̉̎̚̚̕ ̑ ̞ ̝̗̑̐̑̓-̞̠̑̑̎̓̑̎̕̚ ̛̗̋̒̋̉̚̚: 
̛̙̗̗̍̋̚̚  ̓ ̛̗̖̓̉̑̉̕ ̛̗̎̉̔̔̋̕; ̛̞̙̙̉̉̓̎ 
̛̛̙̜̜̙̖̤̞̓̚ ̖̖̑̐̎̎̑̒̕ȟ ̤̤̤̞̋̐̋̉̎̕ 
̨̤̖̋̐̋̉̑̎̚̕ ̛̗̖̗̓̉̑̋ ̛̗̎̉̔̔̋̕. ˣ̜̖̤̊̏̍̎̚ 
̞̖̤̎̉̑̐̕̕ ̨̝̜̖̟̗̖̙̗̖̓̑̑̋̉̑ 
̨̧̢̥̟̤̞̓̉̔̑̒̋̐̋̉̑̚ ̗̊̎̔̓̋  ̋ ̙̠̖̤̞̉̐̔̑ 
̗̗̠̞̊̑̔̌̑̎̓̑̚ ̘̙̗̟̞̎̉̚̚ ɉ̡̤̠̖̗̎̎̕ 
̢̗̙̖̓̉̎̑̎̚ȟ ̨̖̙̖̎̋̉ ̛̘̙̗̗̗̥̋̍̑̕̚ȟ ̨̙̟̎̓̎̑̚  ̑
.̛ .̍). ˥̛̠̖̉̑̉̉̚̚ ̖ ̉ ̗̝̗̊̑̑̐̑̓̋ȟ ̗̞̗̊̑̑̑̓̋̕ȟ 
̝̗̗̗̑̐̑̔̌̋. 

 



ˡ̨̗̖̗̙̝̌̉̑ ̨̢̘̗̖̋̎̉̚ ̧̛̙̗̙̖̉̎̑̚̚̕ 
̛̛̙̜̜̙̖̤̞̓̚ȟ ̝̗̑̐̑̓-̞̠̞̑̑̎̓̑̕̚  ̑
̝̜̖̟̗̖̥̖̤̞̓̑̉̔ ̛̗̋̒̋̚̚ ̨̧̢̥̟̤̞̓̉̔̑̒̋̐̋̉̑̚ 
̗̊̎̔̓̋ ̘̙̥̜̖̗̗̗̉̋̉̔̊̑̋̌̕ ̛̎̎̒̋̉̚̕̚ 
(̘̙̥̜̖̤̉̋̉̔̊̑̕, ̛̙̗̘̗̖̖̑ ˦ȟ ̗̜̖̓̉̔̍̔̑̕, ̗̊̎̔̓ 
S-100  ̑ .̛ .̍). ˤ̙̗̖̤̋̎̍̎ ̖̖̤̍̉̎ ̗ ̊ ̑ ̞
̛̖̗̗̖̤̞̉̑̓̑̔̕̚ ̨̛̛̘̗̗̥̖̗̞̔̎̍̋̉̎̔̚̚ȟ  ̉ ̛̉̓̏̎ 
̗ ̊ ̑ ̞ ̛̗̙̠̖̗̋̑̒  ̑ ̛̛̙̠̖̗̎̑̒ ̛̛̙̜̜̙̓̎̚  ̑ ̎ ̎
̖̍̑̉̑̓̎̕. ˤ̗̙̗̖̗̍̊ ̛̙̗̙̖̤̉̎̚̚̕ 
̨̧̢̛̤̎̉̔̔̋̐̋̉̑̎̕̚ ̛̗̋̒̋̉̚̚ ̗̊̎̔̓̋ ̛̦̗̗̌ 
̛̎̎̒̋̉̚̕̚  ̑ ̑ ̞ ̨̧̢̗̘̙̎̍̎̔̎̎ ̨̖̋̔̑̑̎ ̖ ̉
̛̛̥̖̗̥̉̊̑̔̚̚ ̛̛̙̜̜̙̤̓̚ ̛̦̞̑ ̗̊̎̔̓̋. ˥̖̗̉̓̉̐̉̚̚ 
̗ ̊ ̛̖̤̞̑̐̋̎̚ ̖ ̉ ̨̗̖̎̌̍̚ ̝̗̗̠̞̑̐̑̔̌̑̎̓̑̚ 
̨̝̜̖̟̞̓̑ ̘̙̥̜̖̗̉̋̉̔̊̑̋̕  ̙̜̞̑̍̌̑ ̛̙̗̖̖̤̞̍̋̎̚ 
̑  ̕ ̗̊̎̔̓̋. ˟̖̑̌̉ ̛̙̠̖̉̑̉̉̚̚ ̖ ̉ ̗̝̗̊̑̑̐̑̓̋ȟ 
̗̗̗̊̑̔̌̋ ̑  ̗̎̍̑̓̋̕. 

 



Luminescent Spectroscopy of Proteins is devoted to the method of 
intrinsic protein luminescence, one of the most popular experimental 
methods in modern biophysics and biochemistry. The book discusses 
general physical principles of the luminescence method; spectral 
properties of the main protein chromophores; and protein 
luminescence and its use for studies on structural, physico-chemical, 
and functional properties of proteins. Principles of luminescent 
spectroscopy are illustrated by real-life applications and problems. 
Luminescent Spectroscopy of Proteins will be an excellent reference for 
biophysicists, biochemists, analytical chemists, and other scientists 

interested in this topic . 

˟̖̑̌̉ ̛̗̙̍̎̏̑̚ ̢̧̗̜̊ ̧̖̝̗̙̟̑̉̑̕ ̗̊ ̨̜̙̗̖̞̋ ̦̖̙̎̌̑̑ ̛̖̗̗̗̖̤̞̌̉̕̕ ̗̜̔̎̓̔̕ 
̑ ̘̙̞̗̞̎̎̍̉ ̜̎̏̍̕ ̖̑̑̕ ̚ ̘ ̗̙̗̖̤̍̊̕ ̙̗̙̗̉̐̊̕ ̛̝̗̗̝̠̞̑̐̑̎̓̑̚ ̘̙̗̟̗̎̋̚̚ȟ 
̨̢̘̙̗̞̗̞̑̍̑̚ ̋ ̖̞̑Ȣ ˤ̙̖̤̑̋̎̍̎ ̨̖̋̎̍̎̑̚ ̗ ̛ ̞̖̎̑̓̎ ̨̙̖̑̐̎̎̑̕ ̧̖̟̖̟̔̑̎̎̑̑̕̚Ȣ 
˦̢̧̨̛̗̗̊̉̚ ̛̖̤̑̐̋̎̎̚ ̋ ̨̢̛̖̗̉̎̎̚ ̨̙̋̎̕ ̨̖̋̎̍̎̑̚ ̗ ̚ ̛̘̙̥̖̤̞̎̓̉̔ ̛̗̞̋̒̋̉̚̚ 
̗̙̗̖̖̤̞̑̐̔̑̋̉ ̗̤̞̊̎̔̓̋ ̞̙̗̗̝̗̙̗̋̕ȡ ̛̛̙̘̗̝̖̑̉̉ȟ ̛̙̗̖̑̐̑̉ ̑ ̝̖̖̖̎̑̔̉̔̉̑̉. 
ˣ̨̖̗̖̋̉̚ ̛̠̥̉̚ ̖̓̑̌̑ ̨̢̘̗̖̋̎̉̚ ̛̗̖̖̗̊̋̎̒̚̚ ̗̗̊̎̔̓̋̒ 
̧̖̟̖̟̔̑̎̎̑̑̕̚Ȣ x ̜̖̗̊̏̍̎̚ ̘̗̗̖̔̏̎̑̎ ̑ ̝̗̙̉̕ ̛̘̙̗̎̓̋̚ ̝̜̗̙̟̖̟̔̎̎̑̑̚ 
̗̊̎̔̓̋ȟ ̛̖̗̤̓̋̉̋̒ ̤̞̗̋̍ ̝̜̗̙̟̖̟̔̎̎̑̑̚ ̗̊̎̔̓̋ȟ ̛̜̞̖̐̉̉̑̎ ̗̗̊̎̔̓̋̒ 
̝̜̗̙̟̖̟̔̎̎̑̑̚Ȣ ˥̛̗̙̖̉̎̉̚̚̕ ̢̨̗̊̉ ̨̛̛̙̉̎̌̑̚ ̧̛̖̟̖̖̗̗̔̑̎̎̌̕̚ ̨̗̖̑̔̎̍̋̉̑̚̚ 
̗̊̎̔̓̋Ȣ 
˙̨̔ ̛̛̜̖̗̍̎̋̚ȟ ̛̘̙̖̗̉̑̉̋̚ ̑ ̖̜̠̖̤̞̉ ̛̗̙̜̖̗̍̑̓̋̚ȟ ̧̢̨̘̟̙̜̞̎̑̉̔̑̐̑̑̚̚ 
 ̋˖̗̝̑̑̐̑̓̎ȟ ̗̞̊̑̑̑̑̕ ̑ ̝̗̑̐̑̓-̞̠̗̑̑̎̓̒̕̚ ̗̗̊̑̔̌̑̑Ȣ 



˗ ̖̓̑̌̎ ̘̗̙̗̖̗̍̊ ̛̙̗̙̖̤̉̎̚̚̕ ̛̛̙̜̜̙̓̉̚ȟ ̝̗̑̐̑̓-
̞̠̑̑̎̓̑̎̕̚ ̛̗̋̒̋̉̚̚ ̑ ̝̗̗̠̑̐̑̔̌̑̎̓̑̎̚ ̝̜̖̟̓̑̑ 
̗̊̎̔̓̋ȟ ̘̟̝̠̎̑̑̎̓̑̚̚ ̨̧̢̤̞̋̐̋̉̑̚ ̛̗̖̤̓̉̑ ̛̗̎̉̔̔̋̕Ȣ 
˖̡̗̥̗̔̎ ̖̖̋̑̉̑̎̕ ̜̖̗̍̎̔̎ ̧̛̙̗̖̎̑̚ ̛̟̖̙̗̎̋ 
̨̨̤̖̋̐̋̉̑̚ ̙̠̖̤̞̉̐̔̑ ̛̗̎̉̔̔̋̕ ̑ ̘̙̙̗̑̍̎ 
̛̗̋̐̉̑̍̎̒̋̑̒̕̚ ̛̗̎̉̔̔̋̕ ̚ ̑ ̞ ̔̑ ̖̌̉̍̉̑̕ ̋  ̞̊̎̔̓̉Ȣ 

 ̠̕ ̗̖̗̙̝̌̉̑̑ ̘̙̖̤̑̋̎̍̎ ̛̖̤̑̐̋̎̎̚ ̖̉ ̨̗̖̎̌̍̚ 
̛̙̞̙̖̤̎̎̎̕ ̛̛̙̜̜̙̤̓̚ ̖̗̗̠̖̖̤̞̌̑̔̎̕̚ 
̨̧̢̛̤̞̎̉̔̔̋̐̋̉̑̕̚ ̗̊̎̔̓̋ȟ ̗̜̖̤̊̏̍̎̚ ̛̗̗̖̖̗̊̎̑̚̚ ̞̑ 
̨̛̙̗̖̎̑̚ ̑ ̨̝̜̖̟̗̖̙̗̖̓̑̑̋̉̑ 
 ̙̋ ̠̖̤̞̉̐̔̑ ̊ ̗̗̠̞̑̔̌̑̎̓̑̚ ̛̞̑̎̉̚̚̕ȟ ̘̙̖̤̑̋̎̍̎ 
̖̖̤̍̉̎ ̗ ̙ ̗̔̑ ̛̗̖̗̓̉̑̋ ̛̗̎̉̔̔̋̕ ̋ ̙̠̖̤̞̉̐̔̑ 
̨̗̖̞̐̉̊̔̎̋̉̑Ȣ ˤ̙̖̤̑̋̎̍̎ ̛̉̓̏̎ ̛̖̤̑̐̋̎̎̚ ̖̉ ̨̗̖̎̌̍̚ 
̨̖̋̎̍̎̑̚ ̗ ̋ ̛̗̐̉̑̍̎̒̋̑̑̕̚ ̨̧̢̛̤̞̎̉̔̔̋̐̋̉̑̕̚ ̗̊̎̔̓̋ 
 ̐̚ ̨̨̧̢̙̖̉̌̐̑̑̕ ̨̛̤̏̎̔̑̕ ̛̎̉̔̔̉̑̕̕ ɉ̛̛̙̜̥ȟ ̖̟̋̑̎̚ȟ 
̓̉̍̑̒̕ȟ ̛̖̖̗̤̔̉̉̑̍ȟ ̛̖̗̤̉̓̑̑̍Ɋ ̑ ̞̑ ̨̖̋̔̑̑̑ ̖̉ 
̗̗̠̊̑̔̌̑̎̓̑̎̚ ̘̙̗̟̤̎̚̚Ȣ ˟̛̙̗̉̓ ̛̗̞̙̙̗̖̤̉̉̓̎̑̐̋̉ 
̗̖̗̖̤̋̎̚ ̝̠̑̐̑̎̓̑̎̚ ̑ ̞̠̑̑̎̓̑̎̕̚ ̛̗̤̎̍̕ 
̨̗̖̑̔̎̍̋̉̑̚̚ ̨̧̢̛̤̞̎̉̔̔̋̐̋̉̑̕̚ ̗̊̎̔̓̋Ȣ ˡ̨̗̖̗̙̝̌̉̑ 
̛̜̊̍̎ ̘̗̖̔̎̐̉ ̗̝̊̑̑̐̑̓̉̕ȟ ̗̞̊̑̑̑̓̉̕̕ȟ ̗̗̊̑̔̌̉̕ȟ 
̧̢̑̎̑̕̕ ̗̍̎̔ ̋ ̚ ̗̋̎̒ ̛̙̗̉̊̎ ̚ ̕ ̨̧̢̛̤̎̉̔̔̋̐̋̉̑̑̚̕ 
̊̎̔̓̉̑̕Ȣ ˡ̛̗̏̎ ̛̤̥̊ ̘̗̥̗̖̑̔̐̋̉̉̚ ̋ ̛̠̓̉̎̋̎̚ 
̛̗̘̗̖̥̖̗̗̍̔̑̎̔̌ ̛̙̉̎̑̉̔̉̕ ̛̛̜̖̍̎̉̑̚̕ȟ ̛̛̙̖̉̌̑̉̉̑̕̚̕ 
̑ ̛̘̙̖̉̑̉̉̑̚̕ ̘̙̑ ̜̠̖̑̐̎̑̑ ̜̙̓̉̚ ̗̞̊̑̑̑̑̕ ̑ 
̗̝̊̑̑̐̑̓̑Ȣ 



Protein research is a frontier field 
in science. Proteins are widely 
distributed in plants and animals 
and are the principal constituents 
of the protoplasm of all cells, and 
consist essentially of combinations 
of a-amino acids in peptide 
linkages. This book gathers 
together research from throughout 
the world in this field of research. 



Protein research is a frontier  field in 
science. Proteins are widely distributed  
in plants and animals and are the 
principal  constituents of the protoplasm 
of all cells, and consist essentially of 
combinations of a-amino acids in 
peptide linkages. Twenty different  amino 
acids are commonly found in proteins, 
and serve as enzymes, structural  
elements, hormones, immunoglobulins , 
etc., and are involved throughout  the 
body, and in photosynthesis. This book 
gathers new leading-edge research from 
throughout  the world  in this exciting and 
exploding field of research. 



Parvalbumin is a small (Mr 12,000), acidic (pI 4-5), Ca2+-
binding  protein  of the EF-hand superfamily, that is very 
important  from several points of view. First of all, this protein  
takes part in Ca2+ regulation of activity of some types of 
muscle cells, neurons and some other types of cells. At the 
same time, the exact physiological role of parvalbumin in 
some of these cells is not clear enough now. Second, 
parvalbumin has two high affinity  Ca2+ binding  sites and for 
this reason it  is frequently used as a simple model Ca2+ 
binding  protein . It  is convenient for studies of effects of 
interactions between two calcium binding  sites and is very 
useful for studies of calcium binding  effects on interactions of 
the protein  with  another proteins, peptides, membranes and 
low molecular weight organic compounds, which frequently 
have physiological significance. Third,  parvalbumin forms 
several partially  folded intermediate states, which have been 
studied by many researchers interested in protein  folding  and 
stability  problems. It  is very attractive for studies of the 
properties and structure of intermediate molten globule-like 
states. The present book summarises our knowledge on 
physical, chemical and physiological properties of 
parvalbumins. 
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Calcium Binding Proteins  
 

Calcium Binding Proteins explains the unique and 
highly diverse functions of calcium in biology, 
which are realized by calcium binding  proteins. 
The structures and physical characteristics of 
these calcium binding  proteins are described, as 
well as their  functions and general patterns of 
their  evolution. Techniques that underlie the 
description of proteins are discussed, including  
NMR, circular dichroism, optical rotatory  
dispersion spectroscopy, calorimetry,and 
crystallography.  The book discusses the patterns 
of bochmical phenomena such as calcium 
homeostasis, mineralization,  and cell signaling 
that involve specific proteins.  It  summarizes 
ongoing research and presents general hypotheses 
that help to focus future research, and also 
provides a conceptual framework and a 
description of the underlying techniques that 
permits someone entering the field to become 
conversant. 



Synthesizes the current knowledge in the field and provides new insights 
into medical applicationsMetalloproteomics is the large-scale study of 
metal-binding proteins. These proteins, which represent about one 
quarter of all the proteins in the Protein Data Bank, play important roles 
in all biological systems and all biological 
processes. Metalloproteomics provides the latest information on all major 
families of metal-binding proteins, including their structural, physico-
chemical, and functional properties, enabling readers to better 
understand these proteins. Moreover, the book demonstrates how 
understanding the structures, properties, and functions of intracellular 
and extracellular metal-binding proteins may unlock the key to drug 
development for the treatment of a myriad of diseases. 
Written by Eugene Permyakov, an international expert and pioneer in the 
structural analysis of metal-binding proteins, the book offers 
Theoretical introduction to cation binding  
Broad range of methods for investigating the binding of different cations 
to proteins 
Characteristics of interactions of physiologically important cations of Ca, 
Mg, Zn, Fe, Mn, Co, Cu, Ni, Mo, W, Na, and K with proteins 
Detailed considerations of structural and physico-chemical properties of 
the metal-binding proteins  
Interactions of all other metal cations with proteins  
Interactions of different types of cations with nucleic acids 
Throughout the text, the author integrates principles of proteomics. In 
addition, detailed examples underscore the role metal-binding proteins 
play in health and medicine. 
Bringing together and analyzing all the latest 
findings, Metalloproteomics' scope and level of insight are unparalleled. It 
is recommended for biophysicists, biochemists, enzymologists, cell and 
molecular biologists, protein and peptide scientists, organic and 
bioinorganic chemists, and chemical biologists. 

 



In biochemistry, a metalloprotein  is a generic term for a protein 
that contains a metal cofactor. The metal may be an isolated ion or 
may be coordinated with a nonprotein  organic compound, such as 
the porphyrin  found in hemoproteins. In some cases, the metal is 
co-coordinated with a side chain of the protein and an inorganic 
nonmetallic ion. This kind of protein -metal-nonmetal structure is 
seen in iron-sulfur clusters 
Metalloproteins deals with all aspects related to the intracellular 
and extracellular metal-binding proteins, including their 
structures, properties and functions. The biological roles of metal 
cations and metal-binding proteins are endless. They are involved 
in all crucial cellular activities. Many pathological conditions are 
related to the problematic metal metabolism. 
Research in metalloprotein -related topics is therefore rapidly 
growing, and different aspects of metal-binding proteins 
progressively enter curricula at Universities andeven at the High 
School level on occasion. However, no key resource providing 
basic, but comprehensible knowledge on this rapidly expanding 
field exists. The Encyclopedia of Metalloproteins aims to bridge 
this gap, and will attempt to cover various aspects of 
metalloprotein /metalloproteomics and will deal with the different 
issues related to the intracellular and extracellular metal-binding 
proteins, including their structures, properties and functions. The 
goal is to cover exhaustively all catalytically and biologically crucial 
metal ions and to find at least one interacting protein for other 

metal ions. The Encyclopedia of Metalloproteins will provide a key 

resource for advanced undergraduate and graduate students, 
researchers, instructors, and professors interested in protein 
science, biochemistry, cell biology, and genetics. 

 










