
Леќ̶̛ №3 

Чɚɫɬɶ 1. Ƚɟɧɧɵɟ ɫɟɬɢ 

Чɚɫɬɶ 2. Ƚɟɧɧɵɟ ɫɟɬɢ ɜ ɷɩɨɯɭ 
ɜɵɫɨɤɨɩɪɨɢɡɜɨɞɢɬɟɥɶɧɨɝɨ ɫɟɤɜɟɧɢɪɨɜɚɧɢɹ 

 к.̍.̦., ̭.̦.̭. л̌̍. ̾̏ол̶̛̀о̦̦о̜ ̛̍о̴̛̦о̬̥̌т̛к̛ 

 ̛ тео̬ет̸̛е̭ко̜ ̐е̦ет̛к̛ И̦̐̌т̽е̏̌ ʫ.ʦ. 



ʥ̌̚о̼̏е п̶̛̛̬̦п̼ о̶̛̛̛̬̦̐̌̌̚ ̐е̵̦̦̼ ̭ете̜ 

1. С˞ˤː˜˝ˍ˙ˍˋ˘˓ː ˌ˙˖˧ˣ˙ˎ˙ ˛ˋ˒˘˙˙ˌ˛ˋ˒˓˪ ˗˙˖ː˕˞̟ ˪˛˘˦ˠ ˗ːˠˋ˘˓˒˗˙ˍ, 
˙ˌː˜˚ːˢ˓ˍˋ˩ˤ˓ˠ ˟ ˞˘˕ˡ˓˙˘˓˛˙ˍˋ˘˓ː ̇ ˌ˛ˋ˝˘˦ˠ ˜ˍ˪˒ː˔, ˍ ˝˙˗ s ˓˜˖ː ˒ˋ 
˜ˢː˝ ˓˒˗ː˘ː˘˓˪ ˓˘˝ː˘˜˓ˍ˘˙˜˝˓ ˚˛˙ˡː˜˜˙ˍ ˝˛ˋ˘˜˕˛˓˚ˡ˓˓, ˜˚˖ˋ˔˜˓˘ˎˋ, 
˝˛ˋ˘˜˖˪ˡ˓˓, ˚˙˜˝˝˛ˋ˘˜˖˪ˡ˓˙˘˘˦ˠ ˗˙ˏ˓˟˓˕ˋˡ˓˔ ˌː˖˕˙ˍ, 
˟ː˛˗ː˘˝ˋ˝˓ˍ˘˦ˠ ̨ ːˋ˕ˡ˓˔, ˝˛ˋ˘˜˚˙˛˝ˋ ˓ .̋ ˏ .; 

2. ʤˋ˖˓ˢ˓ː ˍ ˕ˋˑˏ˙˔ ̃ ː˝˓ «ˡː˘˝˛ˋ˖˧˘˦ˠ» ˎː˘˙ˍ ˓ ˌː˖˕˙ˍ (˕˖˩ˢːˍ˦ˠ 
˛ːˎ˞̟ ˪˝˙˛˙ˍ), ˙ˌː˜˚ːˢ˓ˍˋ˩ˤ˓ˠ ˕˙˙˛ˏ˓˘ˋˡ˓˩ ˟˞˘˕ˡ˓˔ ˙˜˝ˋ˖˧˘˦ˠ 
ˎː˘˙ˍ ˨ ˝˙˔ ˜ː˝˓; 
3. Кˋ˜˜ː˝˘˦˔ ˗ːˠˋ˘˓˒˗ ˛ːˎ˞̟ ˪ˡ˓˓ ˨˕˜˚˛ː˜˜˓˓ ˎː˘˙ˍ ̟ ˓ˌ˙ ˋ˕˝˓ˍ˘˙˜˝˓ 
ˌː˖˕˙ˍ; 
4. ʣ˙˖ː˕˞̟ ˪˛˘ˋ˪ ˌ˩˛˙˕˛ˋ˝˓˪; 
5. Аˍ˝˙˛ːˎ˞̟ ˪ˡ˓˪ ˎː˘˘˙˔ ̃ ː˝˓, ̇ ˜˞ˤː˜˝ˍ˖˪ː˗ˋ˪ ˌ˖ˋˎ˙ˏˋ˛˪ 
˟˞˘˕ˡ˓˙˘˓˛˙ˍˋ˘˓˩ ˛ːˎ˞̟ ˪˝˙˛˘˦ˠ ˕˙˘˝˞˛˙ˍ ˜ ˚˙˖˙ˑ˓˝ː˖˧˘˦˗˓ ˓  
˙˝˛˓ˡˋ˝ː˖˧˘˦˗˓ ̇ ˌ˛ˋ˝˘˦˗˓ ˜ˍ˪˒˪˗˓ ˓ ˘ˋ˚˛ˋˍ˖ː˘˘ˋ˪ ˘ˋ ˚˙ˏˏː˛ˑˋ˘˓ː 
˙˚˛ːˏː˖ː˘˘˙ˎ˙, ɣ ˋ˛ˋ˕˝ː˛˘˙ˎ˙ ˏ ˖˪ ˕ˋˑˏ˙˔ ˎː˘˘˙˔ ̃ ː˝˓ ˝˓˚ˋ ˏ˓˘ˋ˗˓˕˓; 

6. Иː˛ˋ˛ˠ˓ˢː˜˕ˋ˪ ˙˛ˎˋ˘˓˒ˋˡ˓˪; 
7. К˙˗˚ˋ˛˝˗ː˘˝ˋ˖˓˒ˋˡ˓˪ ГС 

Кɨɥɱɚɧɨɜ ɇ.Ⱥ., ɢ ɞɪ. ȽȿɇɇЫȿ ɋȿɌИ. ȼɚɜɢɥɨɜɫɤɢɣ ɠɭɪɧɚɥ ɝɟɧɟɬɢɤɢ ɢ 
ɫɟɥɟɤɰɢɢ, 2013, Ɍɨɦ 17, № 4/2, ɫɬɪ.833-850 



Чет̼̬е ̵̬̌̌кте̵̬̦̼ т̛п̌ д̛̛̦̥̌к̛   к̛̬т̸̛е̭к̵̛ пе̬е̥е̵̦̦̼ 
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д̴̴̛е̬е̶̛̦̬о̏к̛ ̛  
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Ȼɚɡɨɜɵɟ ɩɪɢɧɰɢɩɵ ɨɪɝɚɧɢɡɚɰɢɢ ɝɟɧɧɵɯ ɫɟɬɟɣ:  ɜɜɬɨɪɟɝɭɥɹɰɢɹ 

ʻ.А.Кол̸̦̌о̏, ʫ.ʦ. И̦̐̌т̽е̏̌,  О.А. ʿодколод̦̌́ ̐е̦̦̼е ̭ет̛. ʪокл̌д ̦̌ ко̴̦е̬е̶̛̦́ ʦОʧ̛ ˁ 

«ʿ̬о̍ле̥̼ ̐е̦ет̛к̛ ̛ ̭елек̶̛̛», ʻо̏о̛̛̭̬̭̍к ϭ–7 ̛̀л́ ϮϬϭϯ .̐  



 

 

ɉɈȼɌɈɊȿɇɂȿ: Ʉɚɫɫɟɬɧɵɣ ɩɪɢɧɰɢɩ ɪɟɝɭɥɹɰɢɢ: ɭ ɷɭɤɚɪɢɨɬ ɤɚɠɞɵɣ 
ɬɪɚɧɫɤɪɢɩɰɢɨɧɧɵɣ ɮɚɤɬɨɪ ɦɨɠɟɬ ɪɟɝɭɥɢɪɨɜɚɬɶ ɨɤɨɥɨ 1000 ɝɟɧɨɜ  

  

Ƚɟɧɧɚɹ ɫɟɬɶ ɤɥɟɬɨɱɧɨɝɨ ɰɢɤɥɚ ɧɚ ɫɬɚɞɢɢ G1/S – 

ɰɟɧɬɪɚɥɶɧɵɣ ɪɟɝɭɥɹɬɨɪ – ɬɪɚɧɫɤɪɢɰɢɨɧɧɵɣ ɮɚɤɬɨɪ 
E2F1/DP1 

Ƚɟɧɧɚɹ ɫɟɬɶ ɞɢɮɮɟɪɟɧɰɢɪɨɜɤɢ ɷɪɢɬɪɨɰɢɬɚ –
ɰɟɧɬɪɚɥɶɧɵɣ ɪɟɝɭɥɹɬɨɪ – ɬɪɚɧɫɤɪɢɰɢɨɧɧɵɣ ɮɚɤɬɨɪ 

GATA1 (GATA-binding factor 1    ) 

Ƚɟɧɧɚɹ ɫɟɬɶ ɬɟɩɥɨɜɨɝɨ ɲɨɤɚ – ɰɵɟɧɬɪɚɥɶɧɵɣ ɪɟɝɭɥɹɬɨɪ – 

ɬɪɚɧɫɤɪɢɩɰɢɨɧɧɵɣ ɮɚɤɬɨɪ HSF1 (Heat shock factor protein 1) 

Ȼɚɡɨɜɵɟ ɩɪɢɧɰɢɩɵ ɨɪɝɚɧɢɡɚɰɢɢ ɝɟɧɧɵɯ ɫɟɬɟɣ: ɤɚɫɫɟɬɧɵɣ ɩɪɢɧɰɢɩ ɪɟɝɭɥɹɰɢɢ 

E2F1/DP1 
ɉɪɢ ɷɬɨɦ ɨɩɪɟɞɟɥɟɧɧɚɹ ɞɨɥɹ ɢɡ ɦɧɨɠɟɫɬɜɚ ɪɟɝɭɥɢɪɭɟɦɵɯ 
ɝɟɧɨɜ ɮɭɧɤɰɢɨɧɢɪɭɸɬ ɜ ɫɨɫɬɚɜɟ ɫɟɬɢ, ɤɨɧɬɪɨɥɢɪɭɸɳɟɣ 
ɜɚɠɧɵɣ ɛɢɨɥɨɝɢɱɟɫɤɢɣ ɩɪɨɰɟɫɫ .  
Ɍɚɤɢɦ ɨɛɪɚɡɨɦ ɪɚɫɫɦɚɬɪɢɜɚɟɦɵɣ ɬɪɚɧɫɤɪɢɩɰɢɨɧɧɵɣ ɮɚɤɬɨɪ 
ɹɜɥɹɟɬɫɹ ɤɥɸɱɟɜɵɦ ɪɟɝɭɥɹɬɨɪɨɦ ɛɢɨɥɨɝɢɱɟɫɤɨɝɨ ɩɪɨɰɟɫɫɚ. 

ˀ̭̭̥̌от̬е̛̦е те̥̼ «ʧе̦̦̼е ̭ет̛ 
д̴̴̛е̬е̶̛̦̬о̏к̛ ̛ ̥о̴̬о̐е̦е̌̚» ̍удет 
о̭у̺е̭т̏л́т̭̽́ ̦̌ п̛̬̥е̬е п̬о̶е̭̭̌, 
̬е̐ул̛̬уе̥о̐о т̬̦̭̌к̛̬п̶̛о̦̦̼̥ 
̴̌кто̬о̥  GATA-1 
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Ƚɟɧɧɚɹ ɫɟɬɶ ɞɢɮɮɟɪɟɧɰɢɪɨɜɤɢ ɢ ɫɨɡɪɟɜɚɧɢɹ ɷɪɢɬɪɨɰɢɬɨɜ: ɤɨɧɬɭɪ ɫ 
ɩɨɥɨɠɢɬɟɥɶɧɨɣ ɨɛɪɚɬɧɨɣ ɫɜɹɡɶɸ  
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поло̛̙тел̦̽о̜ о̬̍̌т̦о̜  
̭̏́̽̀̚ 

ɉɪɨɰɟɫɫɵ, ɨɩɪɟɞɟɥɹɸɳɢɟ 

ɜɟɥɢɱɢɧɭ ɜɵɯɨɞɧɨɝɨ 
ɩɚɪɚɦɟɬɪɚ ɫɢɫɬɟɦɵ X0 

u(X) 

+ 
ɉɨɥɨɠɢɬɟɥɶɧɚɹ ɨɛɪɚɬɧɚɹ ɫɜɹɡɶ 

ʿодколод̦̌́ О.ʤ., ʰˉ̛ʧ ˁО ˀʤʻ 

Чɟɬɵɪɟ ɯɚɪɚɤɬɟɪɧɵɯ ɬɢɩɚ ɞɢɧɚɦɢɤɢ   ɤɪɢɬɢɱɟɫɤɢɯ ɩɟɪɟɦɟɧɧɵɯ: Ƚɋ ɞɢɮɮɟɪɟɧɰɢɪɨɜɤɢ ɢ ɦɨɪɮɨɝɟɧɟɡɚ 

Эɪɢɬɪɨɩɨɷɬɢɧ ɂɧɞɭɤɬɨɪɨɦ ɞɢɮɮɟɪɟɧɰɢɪɨɜɤɢ ɹɜɥɹɟɬɫɹ ɝɨɪɦɨɧ ɷɪɢɬɪɨɩɨɷɬɢɧ (EPO),  

ɤɨɬɨɪɵɣ ɜɵɪɚɛɚɬɵɜɚɟɬɫɹ  ɜ ɩɨɱɤɚɯ.  ȼ ɨɬɜɟɬ ɜɤɥɸɱɚɟɬɫɹ ɩɭɬɶ 

 ɫɢɝɧɚɥɶɧɨɣ ɬɪɚɧɫɞɭɤɰɢɢ ɢ ɚɤɬɢɜɢɪɭɟɬɫɹ 

ɬɪɚɧɫɤɪɢɩɰɢɨɧɧɵɣ   ɮɚɤɬɨɪ GATA-1, ɚɤɬɢɜɢɪɭɸɳɢɣ 

 ɷɤɫɩɪɟɫɫɢɸ  ɝɟɧɚ ɪɟɰɟɩɬɨɪɚ ɷɪɢɬɪɨɩɨɷɬɢɧɚ (EpoR), 

 ɚ ɬɚɤɠɟ ɝɟɧɨɜ, ɤɨɞɢɪɭɸɳɢɯ  ɮɟɪɦɟɧɬɵ  
ɛɢɨɫɢɧɬɟɡɚ ɝɟɦɚ. 



ˁ̜̌т̼ ̛̭̼̦̏́̏̌́̚ т̬̦̭̌к̛̬п̶̛о̦̦о̐о ̴̌кто̬̌ GATA-1 ̏ ̐е̵̦̌ ̸ело̏ек̌ ̛̚ 
̐е̦̦о̜ ̭ет̛ д̴̴̛е̬е̶̛̦̬о̏к̛ ̛ ̭о̬̚е̛̦̏̌́ ̛̬̾т̬о̶̛то̏  
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ʥ̌̚о̼̏е п̶̛̛̬̦п̼ о̶̛̛̛̬̦̐̌̌̚ ̐е̵̦̦̼ ̭ете̜ 

1. С˞ˤː˜˝ˍ˙ˍˋ˘˓ː ˌ˙˖˧ˣ˙ˎ˙ ˛ˋ˒˘˙˙ˌ˛ˋ˒˓˪ ˗˙˖ː˕˞̟ ˪˛˘˦ˠ ˗ːˠˋ˘˓˒˗˙ˍ, 
˙ˌː˜˚ːˢ˓ˍˋ˩ˤ˓ˠ ˟ ˞˘˕ˡ˓˙˘˓˛˙ˍˋ˘˓ː ̇ ˌ˛ˋ˝˘˦ˠ ˜ˍ˪˒ː˔, ˍ ˝˙˗ s ˓˜˖ː ˒ˋ 
˜ˢː˝ ˓˒˗ː˘ː˘˓˪ ˓˘˝ː˘˜˓ˍ˘˙˜˝˓ ˚˛˙ˡː˜˜˙ˍ ˝˛ˋ˘˜˕˛˓˚ˡ˓˓, ˜˚˖ˋ˔˜˓˘ˎˋ, 
˝˛ˋ˘˜˖˪ˡ˓˓, ˚˙˜˝˝˛ˋ˘˜˖˪ˡ˓˙˘˘˦ˠ ˗˙ˏ˓˟˓˕ˋˡ˓˔ ˌː˖˕˙ˍ, 
˟ː˛˗ː˘˝ˋ˝˓ˍ˘˦ˠ ̨ ːˋ˕ˡ˓˔, ˝˛ˋ˘˜˚˙˛˝ˋ ˓ .̋ ˏ .; 

2. ʤˋ˖˓ˢ˓ː ˍ ˕ˋˑˏ˙˔ ̃ ː˝˓ «ˡː˘˝˛ˋ˖˧˘˦ˠ» ˎː˘˙ˍ ˓ ˌː˖˕˙ˍ (˕˖˩ˢːˍ˦ˠ 
˛ːˎ˞̟ ˪˝˙˛˙ˍ), ˙ˌː˜˚ːˢ˓ˍˋ˩ˤ˓ˠ ˕˙˙˛ˏ˓˘ˋˡ˓˩ ˟˞˘˕ˡ˓˔ ˙˜˝ˋ˖˧˘˦ˠ 
ˎː˘˙ˍ ˨ ˝˙˔ ˜ː˝˓; 
3. Кˋ˜˜ː˝˘˦˔ ˗ːˠˋ˘˓˒˗ ˛ːˎ˞̟ ˪ˡ˓˓ ˨˕˜˚˛ː˜˜˓˓ ˎː˘˙ˍ ̟ ˓ˌ˙ ˋ˕˝˓ˍ˘˙˜˝˓ 
ˌː˖˕˙ˍ; 
4. ʣ˙˖ː˕˞̟ ˪˛˘ˋ˪ ˌ˩˛˙˕˛ˋ˝˓˪; 
5. Аˍ˝˙˛ːˎ˞̟ ˪ˡ˓˪ ˎː˘˘˙˔ ̃ ː˝˓, ̇ ˜˞ˤː˜˝ˍ˖˪ː˗ˋ˪ ˌ˖ˋˎ˙ˏˋ˛˪ 
˟˞˘˕ˡ˓˙˘˓˛˙ˍˋ˘˓˩ ˛ːˎ˞̟ ˪˝˙˛˘˦ˠ ˕˙˘˝˞˛˙ˍ ˜ ˚˙˖˙ˑ˓˝ː˖˧˘˦˗˓ ˓  
˙˝˛˓ˡˋ˝ː˖˧˘˦˗˓ ̇ ˌ˛ˋ˝˘˦˗˓ ˜ˍ˪˒˪˗˓ ˓ ˘ˋ˚˛ˋˍ˖ː˘˘ˋ˪ ˘ˋ ˚˙ˏˏː˛ˑˋ˘˓ː 
˙˚˛ːˏː˖ː˘˘˙ˎ˙, ɣ ˋ˛ˋ˕˝ː˛˘˙ˎ˙ ˏ ˖˪ ˕ˋˑˏ˙˔ ˎː˘˘˙˔ ̃ ː˝˓ ̋ ˓˚ˋ ˏ˓˘ˋ˗˓˕˓; 
6. Иː˛ˋ˛ˠ˓ˢː˜˕ˋ˪ ˙˛ˎˋ˘˓˒ˋˡ˓˪; 
7. К˙˗˚ˋ˛˝˗ː˘˝ˋ˖˓˒ˋˡ˓˪ ГС 

Кɨɥɱɚɧɨɜ ɇ.Ⱥ., ɢ ɞɪ. ȽȿɇɇЫȿ ɋȿɌИ. ȼɚɜɢɥɨɜɫɤɢɣ ɠɭɪɧɚɥ ɝɟɧɟɬɢɤɢ ɢ 
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        ̐е̦о̏, ˀʻК,  ̍елко̏ 

              ̛ ̥ет̌̍ол̛то̏;  

уровень  опе̶̛̬̌о̵̦̦̼ ̥одуле̜ 

 ;̬е̐ул́то̵̬̦̼ ̥от̛̏о̏,  
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         путе̜ пе̬ед̸̛̌ ̛̭̦̐̌ло̏)  

уровень лок̌л̵̦̼̽ ̐е̵̦̦̼ ̭ете̜; 

уровень  ̛̦те̶̛̛̬̐̌ лок̌л̵̦̼̽ ̐е̵̦̦̼ 
̭ете̜ ̏ к̬уп̦о̥̭̹̌т̦̼̌̍е ̭ете̼̏е 
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ɇɨɜɨɫɢɛɢɪɫɤ, 2015, ɋɬɪ.9-10. 
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Ȼɚɡɨɜɵɟ ɩɪɢɧɰɢɩɵ ɨɪɝɚɧɢɡɚɰɢɢ ɝɟɧɧɵɯ ɫɟɬɟɣ:  ɢɟɪɚɪɯɢɱɟɫɤɚɹ ɨɪɝɚɧɢɡɚɰɢɹ 

ˑле̥е̦т̬̦̼̌е ̭т̬укту̬̦̼е ̥от̛̼̏ ;̬е̐ул́то̬̦̼е ̥от̛̼̏Ϳ - од̛̦ ̛̚ 
̛е̵̸̛̬̬̌е̭к̵̛ у̬о̦̏е̜ о̶̛̛̛̬̦̐̌̌̚ ʧˁ 

Ɉɩɪɟɞɟɥɟɧɢɟ: ɫɜɹɡɧɨɟ ɩɨɞɦɧɨɠɟɫɬɜɨ ɝɟɧɧɨɣ ɫɟɬɢ ɦɚɥɨɣ ɪɚɡɦɟɪɧɨɫɬɢ (ɨɛɵɱɧɨ ɨɬ 3 
ɞɨ 7), ɧɚɡɵɜɚɟɬɫɹ ɷɥɟɦɟɧɬɚɪɧɵɦ ɫɬɪɭɤɬɭɪɧɵɦ ɦɨɬɢɜɨɦ, ɟɫɥɢ ɱɚɫɬɨɬɚ ɧɚɛɥɸɞɟɧɢɹ 
ɟɝɨ ɜ ɚɧɚɥɢɡɢɪɭɟɦɵɯ ɝɟɧɧɵɯ ɫɟɬɹɯ ɧɟ ɦɟɧɟɟ ɧɟɤɨɬɨɪɨɝɨ ɦɢɧɢɦɚɥɶɧɨɝɨ ɩɨɪɨɝɚ, 
ɨɛɭɫɥɨɜɥɟɧɧɨɝɨ ɫɥɭɱɚɣɧɵɦɢ ɩɪɢɱɢɧɚɦɢ. 

ʿ̛̬̥е̬: ̬е̐ул́то̬̦̼е 
̥от̛̼̏, ̼̏́̏ле̦̦̼е ̏ 
̬е̐ул́то̬̦о̜ ̭ет̛ 
д̴̴̛е̬е̶̛̦̬о̏к̛ 
̛̬̾т̬о̛д̵̦̼ клеток 

ȼɜɟɞɟɧɢɟ ɜ ɢɧɮɨɪɦɚɰɢɨɧɧɭɸ ɛɢɨɥɨɝɢɸ ɢ ɛɢɨɢɧɮɨɪɦɚɬɢɤɭ. Ɍɨɦ III. ɍɱɟɛɧɨɟ ɩɨɫɨɛɢɟ ɩɨɞ ɪɟɞ.Кɨɥɱɚɧɨɜɚ ɇ.Ⱥ., 
ȼɢɲɧɟɜɫɤɨɝɨ Ɉ.ȼ., Ɏɭɪɦɚɧ Ⱦ.ɉ. ɇɨɜɨɫɢɛɢɪɫɤ, 2015, ɋɬɪ.98-99. 
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ʿ̛̬̥е̬: ̹е̭т̽ о̭̦о̵̦̼̏ ̥от̛̏о̏, ̼̏́̏ле̵̦̦̼ п̛̬ ̦̌̌л̛̚е ̐е̵̦̦̼ ̭ете̜ д̬о̙̙е̜ 
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Ƚɟɧɧɚɹ ɫɟɬɶ ɪɟɝɭɥɹɰɢɢ ɦɚɫɫɵ ɬɟɥɚ: ɭɪɨɜɟɧɶ  ɢɧɬɟɝɪɚɰɢɢ ɥɨɤɚɥɶɧɵɯ ɝɟɧɧɵɯ ɫɟɬɟɣ ɜ 
ɤɪɭɩɧɨɦɚɫɲɬɚɛɧɵɟ ɫɟɬɟɜɵɟ ɫɬɪɭɤɬɭɪɵ.  

ʿо̭тупле̛̦е 
п̛т̌тел̵̦̼̽ ̏е̺е̭т̏ ̭ 

п̛̺е̜ 

ʦ̛̭̭̼̦̌̏̌е ̏ 
к̛̹е̸̛̦ке 

ʺет̌̍ол̛̥̚ ̏ 
пе̸е̛̦ 

ʺет̌̍ол̛̥̚ ̏ 
пе̬е̴е̸̛̬е̭к̵̛ тк̵̦̌́ 

̛ о̵̬̦̐̌̌ 

ʻ̌копле̛̦е 
т̛̬̐л̶̛е̛̬до̏ ̏ 
̛̙̬о̏о̜ тк̛̦̌ 

˃̬ ̦̭̌по̬т по л̴̛̥о- 
 ̛ к̬о̏отоку 

Це̦т̬̌л̦̽̌́ 
̬е̐ул̶̛́́ п̛̺е̏о̐о 
по̏еде̛̦́ 

ʧе̦̦̌́ ̭ет̽ ̌д̛по̶̛т̌ ʧе̦̦̌́ ̭ет̽ ̐еп̌то̶̛т̌ 

ʧе̦̦̌́ ̭ет̽ ̍ет̌ 

клеток под̙. ̙еле̼̚ 

ʧе̦̦̌́ ̭ет̽ ̥̌к̬о̴̌̐̌ 

Щ̛то̛̏д̦̌́ ̙ еле̌̚ 

ʻ̌дпо̸е̸̛̦к̛ 

ˀе̐ул̶̛́́ ̥ет̌̍ол̛̥̌̚ 
̦̾док̛̛̬̦̦̼̥ ̙еле̛̥̌̚ 

ʿод̙елудо̸̦̌́ ̙еле̌̚ 

ʧе̦̦̌́ ̭ет̽ ̛̍о̛̭̦те̌̚ 
т̛̬ео̛д̵̦̼ ̐ о̬̥о̦о̏ 

ˉ̛̬к̌д̦̼̜ ̬ ̛т̥ 

ʧе̦̦̌́ ̭ет̽ ̬е̐ул̶̛̛́ 
п̛̺е̏о̐о по̏еде̛̦́ 
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ɤɚɬɟɯɨɥɚɦɢɧɵ ɢ ɬ.ɞ.) 

ȼɧɭɬɪɟɧɧɢɟ 
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_ 
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ʦ̛̼̭̹̜ ̛е̵̸̛̬̬̌е̭к̵̛ у̬о̏е̦̽ у̬о̏е̦̽ о̶̛̛̛̬̦̐̌̌̚ ʧˁ  -  ̛̦те̶̛̬̐̌́ 
лок̌л̵̦̼̽ ̐е̵̦̦̼ ̭ете̜ ̏ к̬уп̦о̥̭̹̌т̦̼̌̍е ̭ете̼̏е ̭т̬укту̬̼.  

Ɋɟɝɭɥɹɬɨɪɧɵɟ ɤɨɧɬɭɪɵ, ɨɛɟɫɩɟɱɢɜɚɸɳɢɟ ɩɨɞɞɟɪɠɚɧɢɟ ɧɨɪɦɚɥɶɧɨɝɨ ɭɪɨɜɧɹ ɝɥɸɤɨɡɵ ɜ ɤɪɨɜɢ, ɜɤɥɸɱɚɸɬ: 

ɚ) ɪɟɝɭɥɹɰɢɸ ɢɧɫɭɥɢɧɨɦ ɩɨɫɬɭɩɥɟɧɢɹ ɝɥɸɤɨɡɵ ɜ ɩɟɪɢɮɟɪɢɱɟɫɤɢɟ ɬɤɚɧɢ; 
ɛ) ɦɟɬɚɛɨɥɢɱɟɫɤɢɟ ɩɪɨɰɟɫɫɵ ɜ ɩɟɱɟɧɢ; 
ɜ) ɩɚɪɚɤɪɢɧɧɵɟ ɜɡɚɢɦɨɞɟɣɫɬɜɢɹ α-ɢ β-ɤɥɟɬɨɤ ɨɫɬɪɨɜɤɨɜ Ʌɚɧɝɟɪɝɚɧɫɚ; 

ɝ) ɧɟɪɜɧɭɸ ɢ ɧɟɣɪɨɷɧɞɨɤɪɢɧɧɭɸ ɪɟɝɭɥɹɰɢɸ ɦɟɬɚɛɨɥɢɡɦɚ ɜ ɩɟɪɢɮɟɪɢɱɟɫɤɢɯ ɬɤɚɧɹɯ; ɞ) ɪɟɝɭɥɹɰɢɸ 
ɩɢɳɟɜɨɝɨ ɩɨɜɟɞɟɧɢɹ. 
 ȼ ɤɚɱɟɫɬɜɟ ɩɪɢɦɟɪɚ ɩɭɧɤɬɢɪɨɦ ɜɵɞɟɥɟɧɵ ɞɜɚ ɪɟɝɭɥɹɬɨɪɧɵɯ ɤɨɧɬɭɪɚ.  

Ɋɟɝɭɥɹɰɢɹ ɭɪɨɜɧɹ ɝɥɸɤɨɡɵ  
ɧɚ ɭɪɨɜɧɟ ɨɪɝɚɧɢɡɦɚ.  
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ʦ ̛е̵̸̛̬̬̌е̭ко̜ о̶̛̛̛̬̦̐̌̌̚ ̐е̵̦̦̼ ̭ете̜ 
̥о̙̦о ̼̏дел̛т̽ ̸ет̼̬е у̬о̦̏́: 

Oltvai ZN, BarabпsТ AL Systems biology. Life's complexity pyramid. 

Science. 2002 Oct 25;298(5594):763-4. 

Ȼɚɡɨɜɵɟ ɩɪɢɧɰɢɩɵ ɨɪɝɚɧɢɡɚɰɢɢ ɝɟɧɧɵɯ ɫɟɬɟɣ:  ɢɟɪɚɪɯɢɱɟɫɤɚɹ ɨɪɝɚɧɢɡɚɰɢɹ 

ʿОʦ˃Оˀʫʻʰʫ: ʰе̵̸̛̬̬̌е̭к̌́ о̶̛̛̬̦̐̌̌́̚ ʧˁ 

уровень    ̍̌̚о̵̼̏  ко̥по̦е̦т  - 
        ̐е̦о̏, ˀʻК,  ̍елко̏ 

              ̛ ̥ет̌̍ол̛то̏;  

уровень  опе̶̛̬̌о̵̦̦̼ ̥одуле̜ 

 ;̬е̐ул́то̵̬̦̼ ̥от̛̏о̏,  
     ̥ет̌̍ол̸̛е̭к̵̛ путе̜,  
         путе̜ пе̬ед̸̛̌ ̛̭̦̐̌ло̏)  

уровень лок̌л̵̦̼̽ ̐е̵̦̦̼ ̭ете̜; 

уровень  ̛̦те̶̛̛̬̐̌ лок̌л̵̦̼̽ ̐е̵̦̦̼ 
̭ете̜ ̏ к̬уп̦о̥̭̹̌т̦̼̌̍е ̭ете̼̏е 
̭т̬укту̬̼.  

ȼɜɟɞɟɧɢɟ ɜ ɢɧɮɨɪɦɚɰɢɨɧɧɭɸ ɛɢɨɥɨɝɢɸ ɢ ɛɢɨɢɧɮɨɪɦɚɬɢɤɭ. Ɍɨɦ III. ɍɱɟɛɧɨɟ 
ɩɨɫɨɛɢɟ ɩɨɞ ɪɟɞ.Кɨɥɱɚɧɨɜɚ ɇ.Ⱥ., ȼɢɲɧɟɜɫɤɨɝɨ Ɉ.ȼ., Ɏɭɪɦɚɧ Ⱦ.ɉ. 
ɇɨɜɨɫɢɛɢɪɫɤ, 2015, ɋɬɪ.9-10. 



ʥ̌̚о̼̏е п̶̛̛̬̦п̼ о̶̛̛̛̬̦̐̌̌̚ ̐е̵̦̦̼ ̭ете̜ 

1. С˞ˤː˜˝ˍ˙ˍˋ˘˓ː ˌ˙˖˧ˣ˙ˎ˙ ˛ˋ˒˘˙˙ˌ˛ˋ˒˓˪ ˗˙˖ː˕˞̟ ˪˛˘˦ˠ ˗ːˠˋ˘˓˒˗˙ˍ, 
˙ˌː˜˚ːˢ˓ˍˋ˩ˤ˓ˠ ˟ ˞˘˕ˡ˓˙˘˓˛˙ˍˋ˘˓ː ̇ ˌ˛ˋ˝˘˦ˠ ˜ˍ˪˒ː˔, ˍ ˝˙˗ s ˓˜˖ː ˒ˋ 
˜ˢː˝ ˓˒˗ː˘ː˘˓˪ ˓˘˝ː˘˜˓ˍ˘˙˜˝˓ ˚˛˙ˡː˜˜˙ˍ ˝˛ˋ˘˜˕˛˓˚ˡ˓˓, ˜˚˖ˋ˔˜˓˘ˎˋ, 
˝˛ˋ˘˜˖˪ˡ˓˓, ˚˙˜˝˝˛ˋ˘˜˖˪ˡ˓˙˘˘˦ˠ ˗˙ˏ˓˟˓˕ˋˡ˓˔ ˌː˖˕˙ˍ, 
˟ː˛˗ː˘˝ˋ˝˓ˍ˘˦ˠ ̨ ːˋ˕ˡ˓˔, ˝˛ˋ˘˜˚˙˛˝ˋ ˓ .̋ ˏ .; 

2. ʤˋ˖˓ˢ˓ː ˍ ˕ˋˑˏ˙˔ ̃ ː˝˓ «ˡː˘˝˛ˋ˖˧˘˦ˠ» ˎː˘˙ˍ ˓ ˌː˖˕˙ˍ (˕˖˩ˢːˍ˦ˠ 
˛ːˎ˞̟ ˪˝˙˛˙ˍ), ˙ˌː˜˚ːˢ˓ˍˋ˩ˤ˓ˠ ˕˙˙˛ˏ˓˘ˋˡ˓˩ ˟˞˘˕ˡ˓˔ ˙˜˝ˋ˖˧˘˦ˠ 
ˎː˘˙ˍ ˨ ˝˙˔ ˜ː˝˓; 
3. Кˋ˜˜ː˝˘˦˔ ˗ːˠˋ˘˓˒˗ ˛ːˎ˞̟ ˪ˡ˓˓ ˨˕˜˚˛ː˜˜˓˓ ˎː˘˙ˍ ̟ ˓ˌ˙ ˋ˕˝˓ˍ˘˙˜˝˓ 
ˌː˖˕˙ˍ; 
4. ʣ˙˖ː˕˞̟ ˪˛˘ˋ˪ ˌ˩˛˙˕˛ˋ˝˓˪; 
5. Аˍ˝˙˛ːˎ˞̟ ˪ˡ˓˪ ˎː˘˘˙˔ ̃ ː˝˓, ̇ ˜˞ˤː˜˝ˍ˖˪ː˗ˋ˪ ˌ˖ˋˎ˙ˏˋ˛˪ 
˟˞˘˕ˡ˓˙˘˓˛˙ˍˋ˘˓˩ ˛ːˎ˞̟ ˪˝˙˛˘˦ˠ ˕˙˘˝˞˛˙ˍ ˜ ˚˙˖˙ˑ˓˝ː˖˧˘˦˗˓ ˓  
˙˝˛˓ˡˋ˝ː˖˧˘˦˗˓ ̇ ˌ˛ˋ˝˘˦˗˓ ˜ˍ˪˒˪˗˓ ˓ ˘ˋ˚˛ˋˍ˖ː˘˘ˋ˪ ˘ˋ ˚˙ˏˏː˛ˑˋ˘˓ː 
˙˚˛ːˏː˖ː˘˘˙ˎ˙, ɣ ˋ˛ˋ˕˝ː˛˘˙ˎ˙ ˏ ˖˪ ˕ˋˑˏ˙˔ ˎː˘˘˙˔ ̃ ː˝˓ ̋ ˓˚ˋ ˏ˓˘ˋ˗˓˕˓; 
6. Иː˛ˋ˛ˠ˓ˢː˜˕ˋ˪ ˙˛ˎˋ˘˓˒ˋˡ˓˪; 
7. К˙˗˚ˋ˛˝˗ː˘˝ˋ˖˓˒ˋˡ˓˪ ГС 

Кɨɥɱɚɧɨɜ ɇ.Ⱥ., ɢ ɞɪ. ȽȿɇɇЫȿ ɋȿɌИ. ȼɚɜɢɥɨɜɫɤɢɣ ɠɭɪɧɚɥ ɝɟɧɟɬɢɤɢ ɢ 
ɫɟɥɟɤɰɢɢ, 2013, Ɍɨɦ 17, № 4/2, ɫɬɪ.833-850 
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ɉɪɢ ɢɡɭɱɟɧɢɢ ɝɟɧɧɵɯ ɫɟɬɟɣ ɧɟɨɛɯɨɞɢɦɨ ɭɱɢɬɵɜɚɬɶ, ɱɬɨ ɢɯ ɤɨɦɩɨɧɟɧɬɵ  ɪɚɡɧɟɫɟɧɵ ɩɨ 
ɪɚɡɥɢɱɧɵɦ ɤɨɦɩɚɪɬɦɟɧɬɚɦ.  
 

Кɥɟɬɤɢ.  Ƚɟɧɧɵɟ ɫɟɬɢ ɤɨɦɩɚɪɬɦɟɧɬɨɜ ɷɬɨɝɨ ɬɢɩɚ ɮɭɧɤɰɢɨɧɢɪɭɸɬ ɧɚ ɨɫɧɨɜɟ ɷɥɟɦɟɧɬɚɪɧɵɯ 
ɫɬɪɭɤɬɭɪ,  ɥɨɤɚɥɢɡɨɜɚɧɧɵɯ ɜ ɹɞɪɚɯ ɤɥɟɬɨɤ, ɢɯ ɰɢɬɨɩɥɚɡɦɟ, ɫɨɞɟɪɠɚɳɟɣ ɪɚɡɥɢɱɧɵɟ ɨɪɝɚɧɟɥɥɵ 
(ɦɢɬɨɯɨɧɞɪɢɢ,  ɯɥɨɪɨɩɥɚɫɬɵ,   ɚɩɩɚɪɚɬ Ƚɨɥɶɞɠɢ ɢ ɞɪ.)  ɢ ɤɥɟɬɨɱɧɵɯ  ɦɟɦɛɪɚɧɚɯ. 
 

Тɤɚɧɢ ɢ ɨɪɝɚɧɵ.  Ƚɟɧɧɵɟ ɫɟɬɢ ɷɬɢɯ ɤɨɦɩɚɪɬɦɟɧɬɨɜ ɮɭɧɤɰɢɨɧɢɪɭɸɬ ɧɚ ɨɫɧɨɜɟ   ɝɟɧɧɵɯ ɫɟɬɟɣ 
ɤɥɟɬɨɱɧɨɝɨ ɭɪɨɜɧɹ, ɭɩɪɚɜɥɹɟɦɵɯ (ɤɨɧɬɪɨɥɢɪɭɟɦɵɯ) ɫɢɝɧɚɥɚɦɢ ɦɟɠɤɥɟɬɨɱɧɵɯ, ɜɧɭɬɪɢɬɤɚɧɟɜɵɯ 
ɢ ɜɧɭɬɪɢɨɪɝɚɧɧɵɯ   ɤɨɦɦɭɧɢɤɚɰɢɣ, ɚ ɬɚɤɠɟ ɫɢɝɧɚɥɚɦɢ, ɝɟɧɟɪɢɪɭɟɦɵɦɢ ɧɚ ɭɪɨɜɧɟ ɨɪɝɚɧɢɡɦɨɜ.  
 

Ɉɪɝɚɧɢɡɦɵ. Ƚɟɧɧɵɟ ɫɟɬɢ  ɨɪɝɚɧɢɡɦɨɜ ɮɭɧɤɰɢɨɧɢɪɭɸɬ ɧɚ ɨɫɧɨɜɟ ɝɟɧɧɵɯ ɫɟɬɟɣ  ɤɥɟɬɨɱɧɨɝɨ, 
ɬɤɚɧɟɜɨɝɨ ɢ ɨɪɝɚɧɧɨɝɨ ɭɪɨɜɧɟɣ. ȼɚɠɧɟɣɲɭɸ ɪɨɥɶ ɜ  ɢɯ ɮɭɧɤɰɢɨɧɢɪɨɜɚɧɢɢ ɢɝɪɚɸɬ 
ɭɩɪɚɜɥɹɸɳɢɟ ɫɢɝɧɚɥɵ, ɨɛɟɫɩɟɱɢɜɚɸɳɢɟ ɢɧɬɟɝɪɚɰɢɸ ɝɟɧɧɵɯ ɫɟɬɟɣ ɧɢɠɟɞɟɥɚɳɢɯ ɭɪɨɜɧɟɣ, ɚ 
ɬɚɤɠɟ ɫɢɝɧɚɥɵ,  ɝɟɧɟɪɢɪɭɟɦɵɟ ɪɟɰɟɩɬɨɪɧɵɦɢ ɫɢɫɬɟɦɚɦɢ, ɨɰɟɧɢɜɚɸɳɢɦɢ ɫɨɫɬɨɹɧɢɟ ɠɢɡɧɟɧɧɨ-

ɡɧɚɱɢɦɵɯ  ɩɚɪɚɦɟɬɪɨɜ ɜɧɟɲɧɟɣ ɫɪɟɞɵ. 
 

ɉɨɩɭɥяɰɢɢ  ɢ ɫɨɨɛɳɟɫɬɜɚ ɨɪɝɚɧɢɡɦɨɜ. Эɬɨɦɭ ɨɫɨɛɨɦɭ ɬɢɩɭ  ɛɢɨɥɨɝɢɱɟɫɤɢɯ ɤɨɦɩɚɪɬɦɟɧɬɨɜ 

ɫɨɨɬɜɟɬɫɬɜɭɸɬ ɬɚɤ ɧɚɡɵɜɚɟɦɵɟ ɝɢɛɪɢɞɧɵɟ (ɧɚɞɨɪɝɚɧɢɡɦɟɧɧɵɟ) ɝɟɧɧɵɟ ɫɟɬɢ, ɮɨɪɦɢɪɭɟɦɵɟ ɢɡ  
ɜɡɚɢɦɨɞɟɣɫɬɜɭɸɳɢɯ ɞɪɭɝ ɫ ɞɪɭɝɨɦ ɝɟɧɧɵɯ ɫɟɬɹɦɢ, ɩɪɢɧɚɞɥɟɠɚɳɢɦɢ ɪɚɡɥɢɱɧɵɦ ɨɪɝɚɧɢɡɦɚɦ:  
(1) ɨɪɝɚɧɢɡɦɚɦ ɨɞɧɨɝɨ ɢ ɬɨɝɨ ɠɟ ɜɢɞɚ; ɜ ɷɬɨɦ ɫɥɭɱɚɟ ɪɟɱɶ ɢɞɟɬ ɨ ɝɢɛɪɢɞɧɵɯ ɝɟɧɧɵɯ ɫɟɬɹɯ, 
ɨɛɟɫɩɟɱɢɜɚɸɳɢɯ ɜɡɚɢɦɨɞɟɣɫɬɜɢɹ  ɦɟɠɞɭ ɨɫɨɛɹɦɢ ɜ  ɩɪɟɞɟɥɚɯ ɩɨɩɭɥɹɰɢɢ); 
(2) ɨɝɚɧɢɡɦɚɦ ɪɚɡɥɢɱɧɵɯ ɜɢɞɨɜ (ɜ ɞɚɧɧɨɦ ɫɥɭɱɚɟ  - ɷɬɨ ɝɢɛɪɢɞɧɵɟ ɝɟɧɧɵɟ ɫɟɬɢ, 
ɨɛɟɫɩɟɱɢɜɚɸɳɢɟ ɜɡɚɢɦɨɞɟɣɫɬɜɢɹ ɬɢɩɚ «ɯɢɳɧɢɤ –ɠɟɪɬɜɚ»,  «ɩɚɪɚɡɢɬ – ɯɨɡɹɢɧ»  ɢɥɢ 
ɫɢɦɛɢɨɬɢɱɟɫɤɢɟ ɜɡɚɢɦɨɞɟɣɫɬɜɢɹ.  

Ȼɚɡɨɜɵɟ ɩɪɢɧɰɢɩɵ ɨɪɝɚɧɢɡɚɰɢɢ ɝɟɧɧɵɯ ɫɟɬɟɣ: ɤɨɦɩɚɪɬɦɟɧɬɚɥɢɡɚɰɢɹ 

ȼɜɟɞɟɧɢɟ ɜ ɢɧɮɨɪɦɚɰɢɨɧɧɭɸ ɛɢɨɥɨɝɢɸ ɢ ɛɢɨɢɧɮɨɪɦɚɬɢɤɭ. Ɍɨɦ III. ɍɱɟɛɧɨɟ ɩɨɫɨɛɢɟ ɩɨɞ ɪɟɞ.Кɨɥɱɚɧɨɜɚ ɇ.Ⱥ., ȼɢɲɧɟɜɫɤɨɝɨ Ɉ.ȼ., Ɏɭɪɦɚɧ Ⱦ.ɉ. ɇɨɜɨɫɢɛɢɪɫɤ, 
2015, ɋɬɪ.14 
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ɉɪɢ ɢɡɭɱɟɧɢɢ ɝɟɧɧɵɯ ɫɟɬɟɣ ɧɟɨɛɯɨɞɢɦɨ ɭɱɢɬɵɜɚɬɶ, ɱɬɨ ɢɯ ɤɨɦɩɨɧɟɧɬɵ  ɪɚɡɧɟɫɟɧɵ ɩɨ 
ɪɚɡɥɢɱɧɵɦ ɤɨɦɩɚɪɬɦɟɧɬɚɦ.  
 

Кɥɟɬɤɢ.  Ƚɟɧɧɵɟ ɫɟɬɢ ɤɨɦɩɚɪɬɦɟɧɬɨɜ ɷɬɨɝɨ ɬɢɩɚ ɮɭɧɤɰɢɨɧɢɪɭɸɬ ɧɚ ɨɫɧɨɜɟ ɷɥɟɦɟɧɬɚɪɧɵɯ 
ɫɬɪɭɤɬɭɪ,  ɥɨɤɚɥɢɡɨɜɚɧɧɵɯ ɜ ɹɞɪɚɯ ɤɥɟɬɨɤ, ɢɯ ɰɢɬɨɩɥɚɡɦɟ, ɫɨɞɟɪɠɚɳɟɣ ɪɚɡɥɢɱɧɵɟ ɨɪɝɚɧɟɥɥɵ 
(ɦɢɬɨɯɨɧɞɪɢɢ,  ɯɥɨɪɨɩɥɚɫɬɵ,   ɚɩɩɚɪɚɬ Ƚɨɥɶɞɠɢ ɢ ɞɪ.)  ɢ ɤɥɟɬɨɱɧɵɯ  ɦɟɦɛɪɚɧɚɯ. 
 

Тɤɚɧɢ ɢ ɨɪɝɚɧɵ.  Ƚɟɧɧɵɟ ɫɟɬɢ ɷɬɢɯ ɤɨɦɩɚɪɬɦɟɧɬɨɜ ɮɭɧɤɰɢɨɧɢɪɭɸɬ ɧɚ ɨɫɧɨɜɟ   ɝɟɧɧɵɯ ɫɟɬɟɣ 
ɤɥɟɬɨɱɧɨɝɨ ɭɪɨɜɧɹ, ɭɩɪɚɜɥɹɟɦɵɯ (ɤɨɧɬɪɨɥɢɪɭɟɦɵɯ) ɫɢɝɧɚɥɚɦɢ ɦɟɠɤɥɟɬɨɱɧɵɯ, ɜɧɭɬɪɢɬɤɚɧɟɜɵɯ 
ɢ ɜɧɭɬɪɢɨɪɝɚɧɧɵɯ   ɤɨɦɦɭɧɢɤɚɰɢɣ, ɚ ɬɚɤɠɟ ɫɢɝɧɚɥɚɦɢ, ɝɟɧɟɪɢɪɭɟɦɵɦɢ ɧɚ ɭɪɨɜɧɟ ɨɪɝɚɧɢɡɦɨɜ.  
 

Ɉɪɝɚɧɢɡɦɵ. Ƚɟɧɧɵɟ ɫɟɬɢ  ɨɪɝɚɧɢɡɦɨɜ ɮɭɧɤɰɢɨɧɢɪɭɸɬ ɧɚ ɨɫɧɨɜɟ ɝɟɧɧɵɯ ɫɟɬɟɣ  ɤɥɟɬɨɱɧɨɝɨ, 
ɬɤɚɧɟɜɨɝɨ ɢ ɨɪɝɚɧɧɨɝɨ ɭɪɨɜɧɟɣ. ȼɚɠɧɟɣɲɭɸ ɪɨɥɶ ɜ  ɢɯ ɮɭɧɤɰɢɨɧɢɪɨɜɚɧɢɢ ɢɝɪɚɸɬ 
ɭɩɪɚɜɥɹɸɳɢɟ ɫɢɝɧɚɥɵ, ɨɛɟɫɩɟɱɢɜɚɸɳɢɟ ɢɧɬɟɝɪɚɰɢɸ ɝɟɧɧɵɯ ɫɟɬɟɣ ɧɢɠɟɞɟɥɚɳɢɯ ɭɪɨɜɧɟɣ, ɚ 
ɬɚɤɠɟ ɫɢɝɧɚɥɵ,  ɝɟɧɟɪɢɪɭɟɦɵɟ ɪɟɰɟɩɬɨɪɧɵɦɢ ɫɢɫɬɟɦɚɦɢ, ɨɰɟɧɢɜɚɸɳɢɦɢ ɫɨɫɬɨɹɧɢɟ ɠɢɡɧɟɧɧɨ-

ɡɧɚɱɢɦɵɯ  ɩɚɪɚɦɟɬɪɨɜ ɜɧɟɲɧɟɣ ɫɪɟɞɵ. 
 

ɉɨɩɭɥяɰɢɢ  ɢ ɫɨɨɛɳɟɫɬɜɚ ɨɪɝɚɧɢɡɦɨɜ. Эɬɨɦɭ ɨɫɨɛɨɦɭ ɬɢɩɭ  ɛɢɨɥɨɝɢɱɟɫɤɢɯ ɤɨɦɩɚɪɬɦɟɧɬɨɜ 

ɫɨɨɬɜɟɬɫɬɜɭɸɬ ɬɚɤ ɧɚɡɵɜɚɟɦɵɟ ɝɢɛɪɢɞɧɵɟ (ɧɚɞɨɪɝɚɧɢɡɦɟɧɧɵɟ) ɝɟɧɧɵɟ ɫɟɬɢ, ɮɨɪɦɢɪɭɟɦɵɟ ɢɡ  
ɜɡɚɢɦɨɞɟɣɫɬɜɭɸɳɢɯ ɞɪɭɝ ɫ ɞɪɭɝɨɦ ɝɟɧɧɵɯ ɫɟɬɹɦɢ, ɩɪɢɧɚɞɥɟɠɚɳɢɦɢ ɪɚɡɥɢɱɧɵɦ ɨɪɝɚɧɢɡɦɚɦ:  
(1) ɨɪɝɚɧɢɡɦɚɦ ɨɞɧɨɝɨ ɢ ɬɨɝɨ ɠɟ ɜɢɞɚ; ɜ ɷɬɨɦ ɫɥɭɱɚɟ ɪɟɱɶ ɢɞɟɬ ɨ ɝɢɛɪɢɞɧɵɯ ɝɟɧɧɵɯ ɫɟɬɹɯ, 
ɨɛɟɫɩɟɱɢɜɚɸɳɢɯ ɜɡɚɢɦɨɞɟɣɫɬɜɢɹ  ɦɟɠɞɭ ɨɫɨɛɹɦɢ ɜ  ɩɪɟɞɟɥɚɯ ɩɨɩɭɥɹɰɢɢ); 
(2) ɨɝɚɧɢɡɦɚɦ ɪɚɡɥɢɱɧɵɯ ɜɢɞɨɜ (ɜ ɞɚɧɧɨɦ ɫɥɭɱɚɟ  - ɷɬɨ ɝɢɛɪɢɞɧɵɟ ɝɟɧɧɵɟ ɫɟɬɢ, 
ɨɛɟɫɩɟɱɢɜɚɸɳɢɟ ɜɡɚɢɦɨɞɟɣɫɬɜɢɹ ɬɢɩɚ «ɯɢɳɧɢɤ –ɠɟɪɬɜɚ»,  «ɩɚɪɚɡɢɬ – ɯɨɡɹɢɧ»  ɢɥɢ 
ɫɢɦɛɢɨɬɢɱɟɫɤɢɟ ɜɡɚɢɦɨɞɟɣɫɬɜɢɹ.  

Ȼɚɡɨɜɵɟ ɩɪɢɧɰɢɩɵ ɨɪɝɚɧɢɡɚɰɢɢ ɝɟɧɧɵɯ ɫɟɬɟɣ: ɤɨɦɩɚɪɬɦɟɧɬɚɥɢɡɚɰɢɹ 

ȼɜɟɞɟɧɢɟ ɜ ɢɧɮɨɪɦɚɰɢɨɧɧɭɸ ɛɢɨɥɨɝɢɸ ɢ ɛɢɨɢɧɮɨɪɦɚɬɢɤɭ. Ɍɨɦ III. ɍɱɟɛɧɨɟ ɩɨɫɨɛɢɟ ɩɨɞ ɪɟɞ.Кɨɥɱɚɧɨɜɚ ɇ.Ⱥ., ȼɢɲɧɟɜɫɤɨɝɨ Ɉ.ȼ., Ɏɭɪɦɚɧ Ⱦ.ɉ. 
ɇɨɜɨɫɢɛɢɪɫɤ, 2015, ɋɬɪ.14 



Ƚɟɧɧɚɹ ɫɟɬɶ ɪɟɝɭɥɹɰɢɢ ɷɪɢɬɪɨɩɨɷɡɚ ɜ ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ ɫɨɞɟɪɠɚɧɢɹ ɤɢɫɥɨɪɨɞɚ: 
ɞɜɚ ɨɪɝɚɧɢɡɦɟɧɧɵɯ ɤɨɦɩɚɪɬɦɟɧɬɚ  

+ + 

+ 

+ 

+ 

+ 

Ȼɚɡɨɜɵɟ ɩɪɢɧɰɢɩɵ ɨɪɝɚɧɢɡɚɰɢɢ ɝɟɧɧɵɯ ɫɟɬɟɣ: ɤɨɦɩɚɪɬɦɟɧɬɚɥɢɡɚɰɢɹ  
 

ˑ̛̬т̬о̛д̦̌́ клетк̌ 

Эɪɢɬɪɨɩɨɷɬɢɧ 

X 

X 

t 

0 

ʿ̶̛̛̬̦п̛̌л̦̽̌́ 
̵̭е̥̌ ̬е̐ул́то̬̦о̐о 

ко̦ту̬̌ ̭  
поло̛̙тел̦̽о̜ 

о̬̍̌т̦о̜  
̭̏́̽̀̚ 

ʿодколод̦̌́ О.ʤ., ʰˉ̛ʧ ˁО ˀʤʻ 



X 

X 

t 

0 

Ƚɟɧɧɚɹ ɫɟɬɶ ɪɟɝɭɥɹɰɢɢ ɷɪɢɬɪɨɩɨɷɡɚ ɜ ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ ɫɨɞɟɪɠɚɧɢɹ ɤɢɫɥɨɪɨɞɚ: 
ɞɜɚ ɨɪɝɚɧɢɡɦɟɧɧɵɯ ɤɨɦɩɚɪɬɦɟɧɬɚ  

 

+ + 

+ 

+ 

+ 

+ 

ʿ̶̛̛̬̦п̛̌л̦̽̌́ 
̵̭е̥̌ ̬е̐ул́то̬̦о̐о 

ко̦ту̬̌ ̭  
поло̛̙тел̦̽о̜ 

о̬̍̌т̦о̜  
̭̏́̽̀̚ 

ʿодколод̦̌́ О.ʤ., ʰˉ̛ʧ ˁО ˀʤʻ 

Ȼɚɡɨɜɵɟ ɩɪɢɧɰɢɩɵ ɨɪɝɚɧɢɡɚɰɢɢ ɝɟɧɧɵɯ ɫɟɬɟɣ: ɤɨɦɩɚɪɬɦɟɧɬɚɥɢɡɚɰɢɹ  
 

Ƚɢɩɨɤɫɢɹ 

Ƚɟɧ 
ɷɪɢɬɪɨɩɨɷɬɢɧɚ 

ˑ̛̬т̬о̛д̦̌́ клетк̌ 

Клетк̌ по̸к̛ 

HIF1a / Arnt 

HIF1a  
(ɧɟɚɤɬɢɜɧɵɣ) 

HIF1a 
 (ɚɤɬɢɜɧɵɣ) 

ɋɟɬɶ ɮɭɧɤɰɢɨɧɢɪɭɟɬ ɤɚɤ ɦɢɧɢɦɭɦ 
ɜ ɞɜɭɯ ɤɨɦɩɚɪɬɦɟɧɬɚɯ 

ɨɪɝɚɧɢɡɦɚ -  ɤɥɟɬɤɚɯ ɩɨɱɟɤ ɢ 
ɤɥɟɬɤɚɯ ɤɪɨɜɢ (ɷɪɢɬɪɨɢɞɧɵɯ 

ɤɥɟɬɤɚɯ) 

Эɪɢɬɪɨɩɨɷɬɢɧ 



Ко̥п̬̌т̥е̦т̌л̶̛̛̌́̚ ʧˁ 

ɉɪɢ ɢɡɭɱɟɧɢɢ ɝɟɧɧɵɯ ɫɟɬɟɣ ɧɟɨɛɯɨɞɢɦɨ ɭɱɢɬɵɜɚɬɶ, ɱɬɨ ɢɯ ɤɨɦɩɨɧɟɧɬɵ  ɪɚɡɧɟɫɟɧɵ ɩɨ 
ɪɚɡɥɢɱɧɵɦ ɤɨɦɩɚɪɬɦɟɧɬɚɦ.  
 

Кɥɟɬɤɢ.  Ƚɟɧɧɵɟ ɫɟɬɢ ɤɨɦɩɚɪɬɦɟɧɬɨɜ ɷɬɨɝɨ ɬɢɩɚ ɮɭɧɤɰɢɨɧɢɪɭɸɬ ɧɚ ɨɫɧɨɜɟ ɷɥɟɦɟɧɬɚɪɧɵɯ 
ɫɬɪɭɤɬɭɪ,  ɥɨɤɚɥɢɡɨɜɚɧɧɵɯ ɜ ɹɞɪɚɯ ɤɥɟɬɨɤ, ɢɯ ɰɢɬɨɩɥɚɡɦɟ, ɫɨɞɟɪɠɚɳɟɣ ɪɚɡɥɢɱɧɵɟ ɨɪɝɚɧɟɥɥɵ 
(ɦɢɬɨɯɨɧɞɪɢɢ,  ɯɥɨɪɨɩɥɚɫɬɵ,   ɚɩɩɚɪɚɬ Ƚɨɥɶɞɠɢ ɢ ɞɪ.)  ɢ ɤɥɟɬɨɱɧɵɯ  ɦɟɦɛɪɚɧɚɯ. 
 

Тɤɚɧɢ ɢ ɨɪɝɚɧɵ.  Ƚɟɧɧɵɟ ɫɟɬɢ ɷɬɢɯ ɤɨɦɩɚɪɬɦɟɧɬɨɜ ɮɭɧɤɰɢɨɧɢɪɭɸɬ ɧɚ ɨɫɧɨɜɟ   ɝɟɧɧɵɯ ɫɟɬɟɣ 
ɤɥɟɬɨɱɧɨɝɨ ɭɪɨɜɧɹ, ɭɩɪɚɜɥɹɟɦɵɯ (ɤɨɧɬɪɨɥɢɪɭɟɦɵɯ) ɫɢɝɧɚɥɚɦɢ ɦɟɠɤɥɟɬɨɱɧɵɯ, ɜɧɭɬɪɢɬɤɚɧɟɜɵɯ 
ɢ ɜɧɭɬɪɢɨɪɝɚɧɧɵɯ   ɤɨɦɦɭɧɢɤɚɰɢɣ, ɚ ɬɚɤɠɟ ɫɢɝɧɚɥɚɦɢ, ɝɟɧɟɪɢɪɭɟɦɵɦɢ ɧɚ ɭɪɨɜɧɟ ɨɪɝɚɧɢɡɦɨɜ.  
 

Ɉɪɝɚɧɢɡɦɵ. Ƚɟɧɧɵɟ ɫɟɬɢ  ɨɪɝɚɧɢɡɦɨɜ ɮɭɧɤɰɢɨɧɢɪɭɸɬ ɧɚ ɨɫɧɨɜɟ ɝɟɧɧɵɯ ɫɟɬɟɣ  ɤɥɟɬɨɱɧɨɝɨ, 
ɬɤɚɧɟɜɨɝɨ ɢ ɨɪɝɚɧɧɨɝɨ ɭɪɨɜɧɟɣ. ȼɚɠɧɟɣɲɭɸ ɪɨɥɶ ɜ  ɢɯ ɮɭɧɤɰɢɨɧɢɪɨɜɚɧɢɢ ɢɝɪɚɸɬ 
ɭɩɪɚɜɥɹɸɳɢɟ ɫɢɝɧɚɥɵ, ɨɛɟɫɩɟɱɢɜɚɸɳɢɟ ɢɧɬɟɝɪɚɰɢɸ ɝɟɧɧɵɯ ɫɟɬɟɣ ɧɢɠɟɞɟɥɚɳɢɯ ɭɪɨɜɧɟɣ, ɚ 
ɬɚɤɠɟ ɫɢɝɧɚɥɵ,  ɝɟɧɟɪɢɪɭɟɦɵɟ ɪɟɰɟɩɬɨɪɧɵɦɢ ɫɢɫɬɟɦɚɦɢ, ɨɰɟɧɢɜɚɸɳɢɦɢ ɫɨɫɬɨɹɧɢɟ ɠɢɡɧɟɧɧɨ-

ɡɧɚɱɢɦɵɯ  ɩɚɪɚɦɟɬɪɨɜ ɜɧɟɲɧɟɣ ɫɪɟɞɵ. 
 

ɉɨɩɭɥяɰɢɢ  ɢ ɫɨɨɛɳɟɫɬɜɚ ɨɪɝɚɧɢɡɦɨɜ. Эɬɨɦɭ ɨɫɨɛɨɦɭ ɬɢɩɭ  ɛɢɨɥɨɝɢɱɟɫɤɢɯ ɤɨɦɩɚɪɬɦɟɧɬɨɜ 

ɫɨɨɬɜɟɬɫɬɜɭɸɬ ɬɚɤ ɧɚɡɵɜɚɟɦɵɟ ɝɢɛɪɢɞɧɵɟ (ɧɚɞɨɪɝɚɧɢɡɦɟɧɧɵɟ) ɝɟɧɧɵɟ ɫɟɬɢ, ɮɨɪɦɢɪɭɟɦɵɟ ɢɡ  
ɜɡɚɢɦɨɞɟɣɫɬɜɭɸɳɢɯ ɞɪɭɝ ɫ ɞɪɭɝɨɦ ɝɟɧɧɵɯ ɫɟɬɹɦɢ, ɩɪɢɧɚɞɥɟɠɚɳɢɦɢ ɪɚɡɥɢɱɧɵɦ ɨɪɝɚɧɢɡɦɚɦ:  
(1) ɨɪɝɚɧɢɡɦɚɦ ɨɞɧɨɝɨ ɢ ɬɨɝɨ ɠɟ ɜɢɞɚ; ɜ ɷɬɨɦ ɫɥɭɱɚɟ ɪɟɱɶ ɢɞɟɬ ɨ ɝɢɛɪɢɞɧɵɯ ɝɟɧɧɵɯ ɫɟɬɹɯ, 
ɨɛɟɫɩɟɱɢɜɚɸɳɢɯ ɜɡɚɢɦɨɞɟɣɫɬɜɢɹ  ɦɟɠɞɭ ɨɫɨɛɹɦɢ ɜ  ɩɪɟɞɟɥɚɯ ɩɨɩɭɥɹɰɢɢ); 
(2) ɨɝɚɧɢɡɦɚɦ ɪɚɡɥɢɱɧɵɯ ɜɢɞɨɜ (ɜ ɞɚɧɧɨɦ ɫɥɭɱɚɟ  - ɷɬɨ ɝɢɛɪɢɞɧɵɟ ɝɟɧɧɵɟ ɫɟɬɢ, 
ɨɛɟɫɩɟɱɢɜɚɸɳɢɟ ɜɡɚɢɦɨɞɟɣɫɬɜɢɹ ɬɢɩɚ «ɯɢɳɧɢɤ –ɠɟɪɬɜɚ»,  «ɩɚɪɚɡɢɬ – ɯɨɡɹɢɧ»  ɢɥɢ 
ɫɢɦɛɢɨɬɢɱɟɫɤɢɟ ɜɡɚɢɦɨɞɟɣɫɬɜɢɹ.  

Ȼɚɡɨɜɵɟ ɩɪɢɧɰɢɩɵ ɨɪɝɚɧɢɡɚɰɢɢ ɝɟɧɧɵɯ ɫɟɬɟɣ: ɤɨɦɩɚɪɬɦɟɧɬɚɥɢɡɚɰɢɹ 

ȼɜɟɞɟɧɢɟ ɜ ɢɧɮɨɪɦɚɰɢɨɧɧɭɸ ɛɢɨɥɨɝɢɸ ɢ ɛɢɨɢɧɮɨɪɦɚɬɢɤɭ. Ɍɨɦ III. ɍɱɟɛɧɨɟ ɩɨɫɨɛɢɟ ɩɨɞ ɪɟɞ.Кɨɥɱɚɧɨɜɚ ɇ.Ⱥ., ȼɢɲɧɟɜɫɤɨɝɨ Ɉ.ȼ., Ɏɭɪɦɚɧ Ⱦ.ɉ. 
ɇɨɜɨɫɢɛɢɪɫɤ, 2015, ɋɬɪ.14 



ɄɈɆɉȺɊɌɆȿɇɌɉɅɂɁȺЦɂə - ɫɨɨɛɳɟɫɬɜɨ ɨɪɝɚɧɢɡɦɨɜ  ɩɚɪɚɡɢɬ-ɯɨɡɹɢɧ  
Ƚɋ ɤɥɟɬɤɢ, ɢɧɮɢɰɢɪɨɜɚɧɧɨɣ ɜɢɪɭɫɨɦ 

Вɣɫɮɬ 

ɉɪɨɧɢɤɧɨɜɟɧɢɟ 
ɜɢɪɭɫɚ ɜ ɤɥɟɬɤɭ-

ɯɨɡɹɢɧɚ 

ȼɢɪɭɫ 

Ɋɚɡɪɭɲɟɧɢɟ 
ɤɥɟɬɤɢ 

Ⱦɟɥɟɧɢɟ ɤɥɟɬɤɢ-ɯɨɡɹɢɧɚ ɜɦɟɫɬɟ ɫ 
ɢɧɬɟɝɪɢɪɨɜɚɧɧɵɦ ɜ ɧɟɟ ɜɢɪɭɫɨɦ 

Иɧɬɟɝɪɚɰɢɹ 
ɜɢɪɭɫɧɨɣ ȾɇК ɜ 

ɝɟɧɨɦ 

Иɧɬɟɝɪɚɰɢɹ 
ɜɢɪɭɫɚ ɜ ɤɥɟɬɤɭ 

Ɋɟɩɥɢɤɚɰɢɹ 
ɜɢɪɭɫɚ 

Ɋɟɩɥɢɤɚɰɢɹ 

Кɦеɭɥа хɩɢɺɣɨа 

ɉɪɨɬɢɜɨɜɢɪɭɫɧɵɣ 
ɨɬɜɟɬ 

Иɧɝɢɛɢɪɨɜɚɧɢɟ 
ɩɪɨɬɢɜɨɜɢɪɭɫɧɨɝɨ 
ɨɬɜɟɬɚ 

Ȼɚɡɨɜɵɟ ɩɪɢɧɰɢɩɵ ɨɪɝɚɧɢɡɚɰɢɢ ɝɟɧɧɵɯ ɫɟɬɟɣ: ɤɨɦɩɚɪɬɦɟɧɬɚɥɢɡɚɰɢɹ  
 

(-) 

(-) 

(-) 

ȼɡɚɢɦɨɞɟɣɫɬɜɢɟ ɝɟɧɧɵɯ ɫɟɬɟɣ, 
ɩɪɢɧɚɞɥɟɠɚɳɢɯ ɞɜɭɦ ɪɚɡɥɢɱɧɵɦ 
ɨɪɝɚɧɢɡɦɚɦ, ɨɛɟɫɩɟɱɢɜɚɟɬ ɢɯ 

ɫɨɜɦɟɫɬɧɨɟ ɫɭɳɟɫɬɜɨɜɚɧɢɟ . 

Эɬɨ ɫɭɳɟɫɬɜɨɜɚɧɢɟ ɩɪɨɬɟɤɚɟɬ ɜ 
ɧɟɩɪɟɪɵɜɧɨɣ ɛɨɪɶɛɟ  !!! 



ɍɩɪɨɳɟɧɧɚɹ ɫɯɟɦɚ ɝɟɧɧɨɣ ɫɟɬɢ ɩɪɨɬɢɜɨɜɢɪɭɫɧɨɝɨ ɨɬɜɟɬɚ 

Ȼɚɡɨɜɵɟ ɩɪɢɧɰɢɩɵ ɨɪɝɚɧɢɡɚɰɢɢ ɝɟɧɧɵɯ ɫɟɬɟɣ: ɤɨɦɩɚɪɬɦɟɧɬɚɥɢɡɚɰɢɹ (ɫɨɨɛɳɟɫɬɜɨ ɨɪɝɚɧɢɡɦɨɜ - ɩɚɪɚɡɢɬ-ɯɨɡɹɢɧ)  
 

Haller O, Kochs G, Weber F.  The interferon response circuit: induction and suppression by pathogenic viruses. 

Virology. 2006 Jan 5;344(1):119-30. 

ɂɧɞɭɤɬɨɪɵ 

ɋɟɧɫɨɪɵ 

ɉɭɬɢ 
ɩɟɪɟɞɚɱɢ 
ɫɢɝɧɚɥɨɜ 

Эɤɫɩɪɟɫɫɢɹ 
ɝɟɧɨɜ 

Кɥɸɱɟɜɵɦ ɫɨɛɵɬɢɟɦ ɜ ɩɪɨɬɢɜɨɜɢɪɭɫɧɨɦ ɨɬɜɟɬɟ ɤɥɟɬɤɢ 
ɹɜɥɹɟɬɫɹ ɩɪɨɞɭɤɰɢɹ ɢɧɬɟɪɮɟɪɨɧɨɜ. Ⱥɤɬɢɜɚɰɢɹ 
ɷɤɫɩɪɟɫɫɢɢ ɝɟɧɨɜ ɢɧɬɟɪɮɟɪɨɧɨɜ ɡɚɩɭɫɤɚɟɬɫɹ 
ɧɟɫɤɨɥɶɤɢɦɢ ɫɢɝɧɚɥɶɧɵɦɢ ɩɭɬɹɦɢ . ɋɢɝɧɚɥɶɧɵɦɢ 
ɜɟɳɟɫɬɜɚɦɢ, ɚɤɬɢɜɢɪɭɸɳɢɦɢ ɷɬɢ ɫɢɝɧɚɥɶɧɵɟ ɩɭɬɢ, 
ɹɜɥɹɸɬɫɹ ɩɪɨɞɭɤɬɵ ɠɢɡɧɟɞɟɹɬɟɥɶɧɨɫɬɢ ɜɢɪɭɫɚ 
(ɞɜɭɯɰɟɩɨɱɟɫɱɧɵɟ ɊɇК ɢ ȾɇК) . 



ɍɩɪɨɳɟɧɧɚɹ ɫɯɟɦɚ ɝɟɧɧɨɣ ɫɟɬɢ ɩɪɨɬɢɜɨɜɢɪɭɫɧɨɝɨ ɨɬɜɟɬɚ 

Ȼɚɡɨɜɵɟ ɩɪɢɧɰɢɩɵ ɨɪɝɚɧɢɡɚɰɢɢ ɝɟɧɧɵɯ ɫɟɬɟɣ: ɤɨɦɩɚɪɬɦɟɧɬɚɥɢɡɚɰɢɹ (ɫɨɨɛɳɟɫɬɜɨ ɨɪɝɚɧɢɡɦɨɜ - ɩɚɪɚɡɢɬ-ɯɨɡɹɢɧ)  
 

ɂɧɞɭɤɬɨɪɵ 

ɋɟɧɫɨɪɵ 

ɉɭɬɢ 
ɩɟɪɟɞɚɱɢ 
ɫɢɝɧɚɥɨɜ 

Эɤɫɩɪɟɫɫɢɹ 
ɝɟɧɨɜ 

Иɧɬɟɪɮɟɪɨɧ (IFN- beta) ɹɜɥɹɟɬɫɹ ɫɢɝɧɚɥɶɧɵɦ ɜɟɳɟɫɬɜɨɦ. Ɉɧ ɜɡɚɢɦɨɞɟɣɫɬɜɭɟɬ ɫ 
ɪɟɰɟɩɬɨɪɨɦ ɤɥɟɬɨɱɧɨɣ ɩɨɜɟɪɯɧɨɫɬɢ (IFNR) ɢ ɚɤɬɢɜɢɪɭɟɬ ɷɤɫɩɪɟɫɫɢɸ ɦɧɨɝɢɯ ɝɟɧɨɜ 
ɱɟɪɟɡ JAK/STAT-ɤɢɧɚɡɧɵɣ ɩɭɬɶ ɫɢɝɧɚɥɶɧɨɣ ɬɪɚɧɫɞɭɤɰɢɢ. ȼ ɱɢɫɥɟ ɚɤɬɢɜɢɪɭɟɦɵɯ ɝɟɧɨɜ 
ɟɫɬɶ ɬɪɚɧɫɤɪɢɩɰɢɨɧɧɵɣ ɮɚɤɬɨɪ IRF-7 , ɤɨɬɨɪɵɣ ɭɱɚɫɬɜɭɟɬ ɜ ɚɤɬɢɜɚɰɢɢ ɷɤɫɩɪɟɫɫɢɢ  ɬɨɝɨ 
ɠɟ ɝɟɧɚ ɢɧɬɟɪɮɟɪɨɧɚ ɛɟɬɚ, ɚ ɬɚɤɠɟ ɢɧɬɟɪɮɟɪɨɧɚ ɚɥɶɮɚ. Ɍɚɤɢɦ ɨɛɪɚɡɨɦ ɨɬɜɟɬ 
ɚɦɩɥɢɮɢɰɢɪɭɟɬɫɹ. 

Кɪɨɦɟ ɬɨɝɨ, ɜ ɱɢɫɥɟ ɢɧɬɟɪɮɟɪɨɧ-ɢɧɞɭɰɢɪɭɟɦɵɯ ɝɟɧɨɜ ɢɦɟɸɬɫɹ ɬɚɤɢɟ ɤɚɤ  Mx, OAS, 

ISG20  PKR, ɤɨɬɨɪɵɟ ɤɨɧɬɪɨɥɢɪɭɸɬ ɩɪɨɰɟɫɫ ɪɚɡɪɭɲɟɧɢɹ ɱɚɫɬɢɰ ɜɢɪɭɫɨɜ 

Ɏɭɧɤɰɢɢ 
ɛɟɥɤɨɜ Mx ɢ 

OAS ɫɦ.ɧɚ 
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Ɋɨɥɶ ɛɟɥɤɨɜ Mx ɢ OAS ɜ ɝɟɧɧɨɣ ɫɟɬɢ  ɩɪɨɬɢɜɨɜɢɪɭɫɧɨɝɨ ɨɬɜɟɬɚ 

Ȼɚɡɨɜɵɟ ɩɪɢɧɰɢɩɵ ɨɪɝɚɧɢɡɚɰɢɢ ɝɟɧɧɵɯ ɫɟɬɟɣ: ɤɨɦɩɚɪɬɦɟɧɬɚɥɢɡɚɰɢɹ (ɫɨɨɛɳɟɫɬɜɨ ɨɪɝɚɧɢɡɦɨɜ - ɩɚɪɚɡɢɬ-ɯɨɡɹɢɧ)  
 

Ɉɥɢɝɨ-
ɚɞɟɧɢɥɚɬ 
ɫɢɧɬɟɬɚɡɚ 

ɞɰɊɇК 

Ɉɥɢɝɨɚɞɟɧɢɥɚɬ ɫɢɧɬɟɬɚɡɚ (ɈȺS) ɨɫɭɳɟɫɬɜɥɹɟɬ 
ɫɢɧɬɟɡ ɨɥɢɝɨɚɞɟɧɢɥɚɬɨɜ ɫ ɧɟɨɛɵɱɧɨɣ 2',5'-
ɮɨɫɮɨɞɢɷɮɢɪɧɨɣ ɫɜɹɡɶɸ, ɤɨɬɨɪɵɟ ɚɤɬɢɜɢɪɭɸɬ ɥɚɬɟɧɬɧɭɸ 
ɷɧɞɨɪɢɛɨɧɭɤɥɟɚɡɭ L (RNaseL), ɤɚɬɚɥɢɡɢɪɭɸɳɭɸ 
ɞɟɝɪɚɞɚɰɢɸ ɤɚɤ ɜɢɪɭɫɧɨɣ, ɬɚɤ ɢ ɤɥɟɬɨɱɧɨɣ ɊɇК , ɱɬɨ 
ɩɪɢɜɨɞɢɬ ɤ ɢɧɝɢɛɢɪɨɜɚɧɢɸ ɷɥɨɧɝɚɰɢɢ ɢ ɫɧɢɠɟɧɢɸ 
ɫɤɨɪɨɫɬɢ ɫɢɧɬɟɡɚ ɛɟɥɤɨɜ 

Ȼɟɥɨɤ  Mx  ɫɜɹɡɵɜɚɟɬ 
ɧɭɤɥɟɨɤɚɩɫɢɞɵ ɢ ɞɪɭɝɢɟ 
ɤɨɦɩɨɧɟɬɵ ɜɢɪɭɫɚ  ɢ 
ɬɪɚɧɫɩɨɪɬɢɪɭɟɬ ɢɯ ɤ ɦɟɫɬɭ 
ɞɟɝɪɚɞɚɰɢɢ ɜ ɥɢɡɨɫɨɦɚɯ 

Sadler AJ, Williams BR.  Interferon-inducible antiviral effectors. Nat Rev Immunol. 2008;8(7):559-68.  



Randall RE, Goodbourn S. Interferons and viruses: an interplay between induction, signalling, antiviral responses and 

virus countermeasures. J Gen Virol. 2008 Jan;89(Pt 1):1-47.  

ɂɧɝɢɛɢɪɭɸɳɟɟ ɜɥɢɹɧɢɟ ɪɚɡɥɢɱɧɵɯ ɜɢɪɭɫɨɜ ɧɚ ɫɢɝɧɚɥɶɧɵɣ ɩɭɬɶ 
ɢɧɞɭɤɰɢɢ ɢɧɬɟɪɮɟɪɨɧɚ 

Ȼɚɡɨɜɵɟ ɩɪɢɧɰɢɩɵ ɨɪɝɚɧɢɡɚɰɢɢ ɝɟɧɧɵɯ ɫɟɬɟɣ: ɤɨɦɩɚɪɬɦɟɧɬɚɥɢɡɚɰɢɹ (ɫɨɨɛɳɟɫɬɜɨ ɨɪɝɚɧɢɡɦɨɜ - ɩɚɪɚɡɢɬ-ɯɨɡɹɢɧ)  
 

ɋɢɝɧɚɥɶɧɵɟ ɩɭɬɢ ɢɧɞɭɤɰɢɢ ɢɧɬɟɪɮɟɪɨɧɚ ɛɟɬɚ ɚɤɬɢɜɢɪɭɸɬɫɹ  ɞɜɭɯɰɟɩɨɱɟɱɧɨɣ ɊɇɄ (dsRNA). 

 Ɇɧɨɝɢɟ ɜɢɪɭɫɵ ɜɵɪɚɛɚɬɵɜɚɸɬ ɛɟɥɤɢ, ɢɧɝɢɛɢɪɭɸɳɢɟ ɩɪɨɬɢɜɨɜɢɪɭɫɧɵɣ ɨɬɜɟɬ ɤɥɟɬɤɢ 

ȼɢɪɭɫ ɝɪɢɩɩɚ ɢɧɝɢɛɢɪɭɟɬ ɊɇК-

ɝɟɥɢɤɚɡɭ RIG-1, ɤɨɬɨɪɚɹ ɹɜɥɹɟɬɫɹ 
ɫɟɧɫɨɪɨɦ ɞɰɊɇК ɜɢɪɭɫɚ 

ȼɢɪɭɫɵ ɫɜɢɧɨɝɨ ɝɪɢɩɩɚ,  

ɨɫɩɵ, ɦɢɤɫɨɦɚɬɨɡɚ 

ɤɪɨɥɢɤɨɜ ɢɧɝɢɛɢɪɭɸɬ  
ɬɪɚɧɫɤɪɢɩɰɢɨɧɧɵɣ 
ɮɚɤɬɨɪ NF-kB 

ASFV=African swine fever virus 

VACV= vaccinia virus 

MYXV=myxoma virus  



Ȼɚɡɨɜɵɟ ɩɪɢɧɰɢɩɵ ɨɪɝɚɧɢɡɚɰɢɢ ɝɟɧɧɵɯ ɫɟɬɟɣ: ɤɨɦɩɚɪɬɦɟɧɬɚɥɢɡɚɰɢɹ (ɫɨɨɛɳɟɫɬɜɨ ɨɪɝɚɧɢɡɦɨɜ - ɩɚɪɚɡɢɬ-ɯɨɡɹɢɧ)  
 

Haller O, Kochs G, Weber F.  The interferon response circuit: induction 

and suppression by pathogenic viruses. Virology. 2006 Jan 5;344(1):119-

30. 

ɂɧɝɢɛɢɪɭɸɳɟɦɭ ɜɥɢɹɧɢɸ 

 ɫɨ ɫɬɨɪɨɧɵ ɜɢɪɭɫɧɵɯ ɛɟɥɤɨɜ 
ɩɨɞɜɟɪɝɚɟɬɫɹ ɤɚɤ ɫɢɝɧɚɥɶɧɵɣ 
ɩɭɬɶ ɢɧɞɭɤɰɢɢ ɢɧɬɟɪɮɟɪɨɧɚ, ɬɚɤ 
ɢ ɡɚɩɭɫɤɚɟɦɵɟ ɢɧɬɟɪɮɟɪɨɧɨɦ 
ɩɪɨɰɟɫɫɵ, ɧɚɩɪɚɜɥɟɧɧɵɟ ɧɚ 
ɭɧɢɱɬɨɠɟɧɢɟ ɜɢɪɭɫɚ 

Ȼɟɥɤɢ ɦɧɨɝɢɯ ɜɢɪɭɫɨɜ ɢɧɝɢɛɢɪɭɸɬ ɩɪɨɬɢɜɨɜɢɪɭɫɧɵɣ ɨɬɜɟɬ ɤɥɟɬɤɢ-ɯɨɡɹɢɧɚ 

HSV-1, herpes simplex virus 1; JEV, Japanese 

encephalitis virus; PV, Polio virus; RV, Rabies 

virus; RSV, respiratory syncytial virus; RVFV, 

Rift valley fever virus; THOV, Thogoto virus; 

TMEV, Theiler's meningoencephalitis virus; 

VV, Vaccinia virus; VSV, vesicular stomatitis 

virus; WNV, West Nile virus; YFV, Yellow 

fever virus 

AdV, adenovirus; BDV, 

Borna disease virus; 

BUNV, Bunyamwera virus; 

CSFV, classical swine fever 

virus; DHFV, Dengue 

hemorrhagic fever virus; 

EBOV, Ebola virus; EBV, 

Epstein–Barr virus; FLUAV, 

influenza A virus; FLUBV, 

influenza B virus;  

HCV, Hepatitis C virus; 

HHV-8, human herpes 

virus 8; HIV, human 

immunodeficiency virus; 

HPV16, human papilloma 

virus 16; HPV18, human 

papilloma virus 18;  



ʿОʦ˃Оˀʫʻʰʫ: ʥ̌̚о̼̏е п̶̛̛̬̦п̼ о̶̛̛̛̬̦̐̌̌̚ ̐е̵̦̦̼ ̭ете̜ 

1. С˞ˤː˜˝ˍ˙ˍˋ˘˓ː ˌ˙˖˧ˣ˙ˎ˙ ˛ˋ˒˘˙˙ˌ˛ˋ˒˓˪ ˗˙˖ː˕˞̟ ˪˛˘˦ˠ ˗ːˠˋ˘˓˒˗˙ˍ, 
˙ˌː˜˚ːˢ˓ˍˋ˩ˤ˓ˠ ˟ ˞˘˕ˡ˓˙˘˓˛˙ˍˋ˘˓ː ̇ ˌ˛ˋ˝˘˦ˠ ˜ˍ˪˒ː˔, ˍ ˝˙˗ s ˓˜˖ː ˒ˋ 
˜ˢː˝ ˓˒˗ː˘ː˘˓˪ ˓˘˝ː˘˜˓ˍ˘˙˜˝˓ ˚˛˙ˡː˜˜˙ˍ ˝˛ˋ˘˜˕˛˓˚ˡ˓˓, ˜˚˖ˋ˔˜˓˘ˎˋ, 
˝˛ˋ˘˜˖˪ˡ˓˓, ˚˙˜˝˝˛ˋ˘˜˖˪ˡ˓˙˘˘˦ˠ ˗˙ˏ˓˟˓˕ˋˡ˓˔ ˌː˖˕˙ˍ, 
˟ː˛˗ː˘˝ˋ˝˓ˍ˘˦ˠ ̨ ːˋ˕ˡ˓˔, ˝˛ˋ˘˜˚˙˛˝ˋ ˓ .̋ ˏ .; 

2. ʤˋ˖˓ˢ˓ː ˍ ˕ˋˑˏ˙˔ ̃ ː˝˓ «ˡː˘˝˛ˋ˖˧˘˦ˠ» ˎː˘˙ˍ ˓ ˌː˖˕˙ˍ (˕˖˩ˢːˍ˦ˠ 
˛ːˎ˞̟ ˪˝˙˛˙ˍ), ˙ˌː˜˚ːˢ˓ˍˋ˩ˤ˓ˠ ˕˙˙˛ˏ˓˘ˋˡ˓˩ ˟˞˘˕ˡ˓˔ ˙˜˝ˋ˖˧˘˦ˠ 
ˎː˘˙ˍ ˨ ˝˙˔ ˜ː˝˓; 
3. Кˋ˜˜ː˝˘˦˔ ˗ːˠˋ˘˓˒˗ ˛ːˎ˞̟ ˪ˡ˓˓ ˨˕˜˚˛ː˜˜˓˓ ˎː˘˙ˍ ̟ ˓ˌ˙ ˋ˕˝˓ˍ˘˙˜˝˓ 
ˌː˖˕˙ˍ; 
4. ʣ˙˖ː˕˞̟ ˪˛˘ˋ˪ ˌ˩˛˙˕˛ˋ˝˓˪; 
5. Аˍ˝˙˛ːˎ˞̟ ˪ˡ˓˪ ˎː˘˘˙˔ ̃ ː˝˓, ̇ ˜˞ˤː˜˝ˍ˖˪ː˗ˋ˪ ˌ˖ˋˎ˙ˏˋ˛˪ 
˟˞˘˕ˡ˓˙˘˓˛˙ˍˋ˘˓˩ ˛ːˎ˞̟ ˪˝˙˛˘˦ˠ ˕˙˘˝˞˛˙ˍ ˜ ˚˙˖˙ˑ˓˝ː˖˧˘˦˗˓ ˓  
˙˝˛˓ˡˋ˝ː˖˧˘˦˗˓ ̇ ˌ˛ˋ˝˘˦˗˓ ˜ˍ˪˒˪˗˓ ˓ ˘ˋ˚˛ˋˍ˖ː˘˘ˋ˪ ˘ˋ ˚˙ˏˏː˛ˑˋ˘˓ː 
˙˚˛ːˏː˖ː˘˘˙ˎ˙, ɣ ˋ˛ˋ˕˝ː˛˘˙ˎ˙ ˏ ˖˪ ˕ˋˑˏ˙˔ ˎː˘˘˙˔ ̃ ː˝˓ ̋ ˓˚ˋ ˏ˓˘ˋ˗˓˕˓; 
6. Иː˛ˋ˛ˠ˓ˢː˜˕ˋ˪ ˙˛ˎˋ˘˓˒ˋˡ˓˪; 
7. К˙˗˚ˋ˛˝˗ː˘˝ˋ˖˓˒ˋˡ˓˪ ГС 

Кɨɥɱɚɧɨɜ ɇ.Ⱥ., ɢ ɞɪ. ȽȿɇɇЫȿ ɋȿɌИ. ȼɚɜɢɥɨɜɫɤɢɣ ɠɭɪɧɚɥ ɝɟɧɟɬɢɤɢ ɢ 
ɫɟɥɟɤɰɢɢ, 2013, Ɍɨɦ 17, № 4/2, ɫɬɪ.833-850 

√ 

√ 

√ 

√ 
√ 

√ 
√ 



Ɋɨɥɶ ɬɪɚɧɫɤɪɢɩɰɢɨɧɧɵɯ ɮɚɤɬɨɪɨɜ ɜ ɝɟɧɧɵɯ ɫɟɬɹɯ 

Ɍɪɚɧɫɤɪɢɩɰɢɨɧɧɵɟ ɮɚɤɬɨɪɵ ɮɭɧɤɰɢɨɧɢɪɭɸɬ ɜ ɫɨɫɬɚɜɟ 
ɜɧɭɬɪɢɤɥɟɬɨɱɧɵɯ ɫɟɧɫɨɪɨɜ ɫɨɫɬɨɹɧɢɹ ɤɥɟɬɢ 

 

Ɍɪɚɧɫɤɪɢɩɰɢɨɧɧɵɟ ɮɚɤɬɨɪɵ – ɷɥɟɦɟɧɬɚɪɧɵɟ ɤɨɦɩɨɧɟɧɬɵ 
ɝɟɧɧɵɯ ɫɟɬɟɣ, ɨɩɪɟɞɟɥɹɸɳɢɟ ɫɥɨɠɧɨɫɬɶ 



Ɋɨɥɶ ɬɪɚɧɫɤɪɢɩɰɢɨɧɧɵɯ ɮɚɤɬɨɪɨɜ ɜ ɝɟɧɧɵɯ ɫɟɬɹɯ 

Ɍɪɚɧɫɤɪɢɩɰɢɨɧɧɵɟ ɮɚɤɬɨɪɵ ɮɭɧɤɰɢɨɧɢɪɭɸɬ ɜ ɫɨɫɬɚɜɟ 
ɜɧɭɬɪɢɤɥɟɬɨɱɧɵɯ ɫɟɧɫɨɪɨɜ ɫɨɫɬɨɹɧɢɹ ɤɥɟɬɢ 

 

Ɍɪɚɧɫɤɪɢɩɰɢɨɧɧɵɟ ɮɚɤɬɨɪɵ – ɷɥɟɦɟɧɬɚɪɧɵɟ ɤɨɦɩɨɧɟɧɬɵ 
ɝɟɧɧɵɯ ɫɟɬɟɣ, ɨɩɪɟɞɟɥɹɸɳɢɟ ɫɥɨɠɧɨɫɬɶ ɫɟɬɟɣ. 



˃̬̦̭̌к̛̬п̶̛о̦̦̼е ̴̌кто̬̼ ̬е̐ул̛̬у̀т т̬̦̭̌к̛̬п̶̛̀ ̐е̦о̏ ̏ от̏ет ̦̌ ̬̌̚л̸̛̦̼е ̛̭̦̐̌л̼ 

     ʧ̛ поќ̛̭ HIF1 / Arnt 

Ⱥɤɬɢɜɚɰɢɹ 

 

HIF1a / Arnt 

 

+ 

Акт̛̦̼̏е ̸̭̌т̶̛̼ 
к̛̭ло̬од̌ ;ROS) 

EPO 

Ⱥɤɬɢɜɚɰɢɹ 
Nrf2 Nrf2/sMaf 

SOD  

ʻ̛̚кое ̭оде̛̬̙̦̌е 
̵оле̭те̛̬̦̌ 

SREBP  
SREBP  

LDLR 

+ 

Ⱥɤɬɢɜɚɰɢɹ 

Ɍɪɚɧɫɤɪɢɩɰɢɨɧɧɵɟ ɮɚɤɬɨɪɵ – ɫɟɧɫɨɪɵ ɤɥɟɬɨɱɧɵɯ ɫɢɝɧɚɥɨɜ 

˃̬̦̭̌к̛̬п̶̛о̦̦̼е ̴̌кто̬̼ – ̦̏ут̛̬клето̸̦̼е ̭е̦̭о̬̼ 



ʺʫˈʤʻʰʯʺ ˀʫʧ˄ЛЯˉʰʰ ʤК˃ʰʦʻОˁ˃ʰ ˃ˀʤʻˁКˀʰʿˉʰОʻʻОʧО ˇʤК˃Оˀʤ 

 HIF-1 ʦ ʯʤʦʰˁʰʺОˁ˃ʰ О˃ ˄ˀОʦʻЯ КʰˁЛОˀОʪʤ 

ʪе̬̐̌д̶̛̌́ п̛̬ ̦о̬̥ок̛̛̭: 
1) ʧ̛ д̬ок̛̭л̛̬о̛̦̏̌е 

п̬ол̛л̛̐д̬ок̛̭л̛̥̌̌̚ (PHD) 

2) ʿ̛̬̭оед̛̦е̛̦е ̍елк̌ pVHL (von 

Hippel-Lindeau protein) 

3) ˄̛̍к̛̏т̛̛̦̬о̛̦̏̌е ̛ де̬̐̌д̶̛̌́ 
̭ у̸̭̌т̛е̥ п̬оте̭̌о̥̦о̐о ко̥плек̭̌ 
26S  

Акт̶̛̛̏̌́ п̛̬ ̛̐пок̛̛̭: 
ϭͿ ʿ̛̬ де̴̶̛̛те к̛̭ло̬од̌ 
̛̐д̬ок̛̭л̛̬о̛̦̏̌е ̥̌̚едл́ет̭́ 

 2) О̬̍̌̚о̛̦̏̌е ко̥плек̭̌ ̭ 
́де̬̦̼̥ т̬̦̭̌лок̌то̬о̥ (ARNT = 

HIF-1)  

3) ˃̬̦̭̌по̬т ̏ ́д̬о 

4Ϳ ˁ̛̼̦̏́̏̌̚е ̭ ̭̜̌т̛̥̌ ̦̌ ʪʻК, 
кото̬̼е ̦̼̌̏̌̀̚т̭́ HRE (hypoxia 

response element ) 

5) Акт̶̛̛̏̌́ т̬̦̭̌к̛̬п̶̛̛ ̐е̦о̏, 
̭оде̵̛̬̙̺̌ HRE ̏ ̬е̐ул́то̵̬̦̼ 
̬̜̌о̵̦̌. 

http://regulatedtranscription.blogspot.com/p/hif-1-alpha.html 

ʧе̦ ̛̬̾т̬опо̾т̛̦̌ 
(ˑ̛̬т̬опо̾̚) 

О̍е̭пе̸е̛̦е клеток к̛̭ло̬одо̥ 

Ɍɪɚɧɫɤɪɢɩɰɢɨɧɧɵɟ ɮɚɤɬɨɪɵ – ɫɟɧɫɨɪɵ ɤɥɟɬɨɱɧɵɯ ɫɢɝɧɚɥɨɜ 

 HIF-1 = hypoxia-inducible factor 1  = ̛̦ду̶̛̬уе̥̼̜ ̛̐пок̛̭е̜ ̴̌кто̬ 1 

ʻо̬̥оќ̛̭ 

ʧ̛ поќ̛̭ 



SREBP 

(ɚɤɬɢɜɧɵɣ ɬɪɚɧɫɤɪɢɩɰɢ- 

ɨɧɧɵɣ ɮɚɤɬɨɪ) 

SCAP/preSREBP SREBP 

ȼɵɫɨɤɢɣ 

ɭɪɨɜɟɧɶ 

ɯɨɥɟɫɬɟɪɢɧɚ 

S1P S2P 

Ⱥɩɩɚɪɚɬ Ƚɨɥɶɞɠɢ 

+ + 

Ɇɟɦɛɪɚɧɚ 
ɷɧɞɨɩɥɚɡɦɚɬɢɱɟɫɤɨɝɨ  

ɪɟɬɢɤɭɥɭɦɚ 

INSIG/SCAP/preSREBP 

- 

əɞɪɨ 

SREBP 

preSREBP 

(ɧɟɚɤɬɢɜɧɵɣ 
ɩɪɟɞɲɟɫɬɜɟɧɧɢɤ) 

N
 

C
O

O
H

 

1
 

2
 

S1P S2P 

1 

2 Ɇɟɦɛɪɚɧɚ 

SCAP/preSREBP 

ɇɢɡɤɢɣ 

ɭɪɨɜɟɧɶ 

ɯɨɥɟɫɬɟɪɢɧɚ 

Ɍɪɚɧɫɤɪɢɩɰɢɨɧɧɵɟ ɮɚɤɬɨɪɵ – ɫɟɧɫɨɪɵ ɤɥɟɬɨɱɧɵɯ ɫɢɝɧɚɥɨɜ 

Ɇɟɯɚɧɢɡɦ ɪɟɝɭɥɹɰɢɢ ɚɤɬɢɜɧɨɫɬɢ ɬɪɚɧɫɤɪɢɩɰɢɨɧɧɨɝɨ ɮɚɤɬɨɪɚ 

 SREBP (Sterol regulatory element-binding protein) ɜ ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ ɭɪɨɜɧɹ 
ɯɨɥɟɫɬɟɪɢɧɚ ɜ ɤɥɟɬɤɟ 

Ɏɟɪɦɟɧɬɵ 
ɛɢɨɫɢɧɬɟɡɚ 
 ɯɨɥɟɫɬɟɪɢɧɚ 

Ɋɟɰɟɩɬɨɪ 
ɥɢɩɨɩɪɨɬɟ- 

ɢɧɨɜ ɧɢɡɤɨɣ 
ɩɥɨɬɧɨɫɬɢ 

ɉɪɨɬɟɨɥɢɬɢɱɟɫɤɢɣ 
 ɩɪɨɰɟɫɫɢɧɝ 



ɍɫɢɥɟɧɢɟ ɷɤɫɩɪɟɫɫɢɢ ɝɟɧɨɜ 
ɩɪɨɬɢɜɨɨɤɢɫɥɢɬɟɥɶɧɨɣ ɡɚɳɢɬɵ, 
 ɧɚɩɪɢɦɟɪ, ɫɭɩɟɪɨɤɫɢɞɞɢɫɦɭɬɚɡɵ 

 

ˁупе̬ок̛̭д̦̼̜ 

̬̌д̛к̌л 

ʿе̬ок̛̭д  

̏одо̬од̌ 

ʺе̵̛̦̥̌̚ ̌кт̶̛̛̛̏̌ т̬̦̭̌к̛̬п̶̛о̦̦о̐о 

 ̴̌кто̬̌ Nrf2 (NF-E2-related factor 2) п̛̬ ок̛̭л̛тел̦̽о̥ ̭т̬е̭̭е 

ɉɪɢ ɫɬɪɟɫɫɟ ROS 

(ɚɤɬɢɜɧɵɟ ɱɚɫɬɢɰɵ 
ɤɢɫɥɨɪɨɞɚ) ɢɡɦɟɧɹɸɬ 
ɤɨɧɮɨɪɦɚɰɢɸ Keap1, 

ɱɬɨ ɩɪɢɜɨɞɢɬ ɤ ɟɝɨ 
ɞɟɡɚɤɬɢɜɚɰɢɢ. 

ȼɵɫɜɨɛɨɠɞɚɟɬɫɹ 
ɚɤɬɢɜɧɵɣ Nrf2  

ɍɛɢɤɜɢɬɢɧɢɪɨɜɚɧɢɟ 

ɹɜɥɹɟɬɫɹ ɫɢɝɧɚɥɨɦ ɞɥɹ 
ɞɟɝɪɚɞɚɰɢɢ ɜ ɩɪɨɬɟɨɫɨɦɧɨɦ 

ɤɨɦɩɥɟɤɫɟ.  

ȼ ɧɨɪɦɚɥɶɧɵɯ 
ɭɫɥɨɜɢɹɯ Nrf2 

ɫɭɳɟɫɬɜɭɟɬ ɜ 
ɰɢɬɨɩɥɚɡɦɟ ɜ 

ɤɨɦɩɥɟɤɫɟ ɜ ɛɟɥɤɨɦ 
Keap1. 

 Keap1 ɹɜɥɹɟɬɫɹ 
ɫɭɛɴɟɞɢɧɢɰɟɣ 

ɭɛɢɤɜɢɬɢɧ- 

ɥɢɝɚɡɧɨɝɨ ɤɨɦɩɥɟɤɫɚ 
E3, ɨɛɟɫɩɟɱɢɜɚɸɳɟɝɨ 
ɭɛɢɤɜɢɬɢɧɢ-ɪɨɜɚɧɢɟ 

Nrf2.  

Ɍɪɚɧɫɤɪɢɩɰɢɨɧɧɵɟ ɮɚɤɬɨɪɵ – ɫɟɧɫɨɪɵ ɤɥɟɬɨɱɧɵɯ ɫɢɝɧɚɥɨɜ 

ˀ̬̌̚у̹е̛̦е ̭̏о̍од̵̦̼  ̬̌д̛к̌ло̏ 

 

Kobayashi E, Suzuki T, Yamamoto M. Roles nrf2 plays in 

myeloid cells and related disorders. Oxid Med Cell 

Longev. 2013;2013:529219.  

antioxidant response element 

* * 



ТȞȎțȟȘȞȖȝȤȖȜțțые ȢȎȘȠȜȞы –ȚȜșеȘȡșȭȞțые ȟеțȟȜȞы ȘșеȠȜȥțыȣ 
ȟȖȑțȎșȜȐб ȜȏеȟȝеȥȖȐȎȬȠ ȢȡțȘȤȖȜțȖȞȜȐȎțȖе ȜȏȞȎȠțыȣ ȟȐȭȕеȗ 

ʻедо̭т̌ток 
к̛̭ло̬од̌ 

HIF1a / Arnt 

˃̬
̦̌

̭к
̛̬

п̶
̛о

̦̦
̼

̜ 
 

̴
̌к

то
̬ 

ʧо̬̥о̦ 
̛̬̾т̬опо̾т̛̦ 

ˁт̛̥ул̶̛́́ ̛̬̾т̬опо̾̌̚ 

ʤк
т̛

̏̌
̶̛

́ 
̭̦

̌̍
̙

е̦
̛́

 
тк

̦̌
е̜

 к
̛̭

ло
̬о

до
̥

 

ˑ̛̬̾т̬о̶̛т̼ 

ʻ̛̚к̛̜ у̬о̏е̦̽ 
̵оле̭те̛̬̦̌ 

SREBP  

Лʿʻʿ 
̬е̶епто̬  ˇе̬̥е̦т̼ 

̛̍о̛̭̦те̌̚ 
̵оле̭те̛̬̦̌ 

ʥ̛о̛̭̦те̚ ̵ оле̭те̛̬̦̌ 

˃̬̦̭̌по̬т  ̵оле̭те̛̬̦̌ 
̏ клетку 

ʿо
̼̏

̹
е̦

̛е
 у

̬о
̦̏

́ 
̵о

ле
̭т

е̬
̛̦

̌ ʤкт̶̛̛̏̌́ ʤкт̶̛̛̏̌́ 

ˁ̛
̦̐

̌л
 

Ок̛̭л̛тел̦̼̜̽ 

 ̭т̬е̭̭ 

Nrf2 

ʤкт̶̛̛̏̌́ 

ˇе̬̥е̦т̼ п̬от̛̏оок̛̭л̛- 
тел̦̽о̜ ̛̺̌̚т̼ 

ʯ̌
̺

̛т
̌ 

кл
ет

к̛
 о

т ̭
т̬

е̭
̭̌

 

ˀ̬̌̚у̹е̛̦е ̭̏о̍од̵̦̼ 
 ̬̌д̛к̌ло̏ 

Ɍɪɚɧɫɤɪɢɩɰɢɨɧɧɵɟ ɮɚɤɬɨɪɵ – ɫɟɧɫɨɪɵ ɤɥɟɬɨɱɧɵɯ ɫɢɝɧɚɥɨɜ.  
Ɋɨɥɶ ɬɪɚɧɫɤɪɢɩɰɢɨɧɧɵɯ ɮɚɤɬɨɪɨɜ ɜ ɪɟɚɥɢɡɚɰɢɢ ɨɛɪɚɬɧɵɯ ɫɜɹɡɟɣ 



Ɍɪɚɧɫɤɪɢɩɰɢɨɧɧɵɟ ɮɚɤɬɨɪɵ – ɫɟɧɫɨɪɵ ɤɥɟɬɨɱɧɵɯ ɫɢɝɧɚɥɨɜ.  
Ɋɨɥɶ ɬɪɚɧɫɤɪɢɩɰɢɨɧɧɵɯ ɮɚɤɬɨɪɨɜ ɜ ɪɟɚɥɢɡɚɰɢɢ ɨɛɪɚɬɧɵɯ ɫɜɹɡɟɣ 

ȼɵɜɨɞɵ ɩɨ ɩɪɟɞɵɞɭɳɟɦɭ ɫɥɚɣɞɭ  
«Ɍɪɚɧɫɤɪɢɩɰɢɨɧɧɵɟ ɮɚɤɬɨɪɵ –ɦɨɥɟɤɭɥɹɪɧɵɟ ɫɟɧɫɨɪɵ ɤɥɟɬɨɱɧɵɯ ɫɢɝɧɚɥɨɜ, 
ɨɛɟɫɩɟɱɢɜɚɸɬ ɮɭɧɤɰɢɨɧɢɪɨɜɚɧɢɟ ɨɛɪɚɬɧɵɯ ɫɜɹɡɟɣ» 

ȼɨ ɜɫɟɯ ɪɚɫɫɦɨɬɪɟɧɧɵɯ ɫɥɭɱɚɹɯ ɩɪɢ ɚɤɬɢɜɚɰɢɢ ɬɪɚɧɫɤɪɢɩɰɢɨɧɧɵɯ ɮɚɤɬɨɪɨɜ (HIF-1, 

SREBP, Nrf2) ɪɚɛɨɬɚɟɬ ɩɪɢɧɰɢɩ «ɜɡɜɟɞɟɧɧɨɝɨ ɤɭɪɤɚ».  ɇɟɚɤɬɢɜɧɵɣ ɩɪɟɞɲɟɫɬɜɟɧɧɢɤ 
ɮɚɤɬɨɪɚ ɧɚɯɨɞɢɬɫɹ ɜ ɤɥɟɬɤɟ ɜ ɛɨɥɶɲɢɯ ɤɨɥɢɱɟɫɬɜɚɯ. ȼɧɭɬɪɢɤɥɟɬɨɱɧɵɣ ɫɢɝɧɚɥ ɥɢɛɨ 
ɬɨɪɦɨɡɢɬ ɞɟɝɪɚɞɚɰɢɸ ɌɎ, ɡɚ ɫɱɟɬ ɱɟɝɨ ɤɨɧɰɟɧɬɪɚɰɢɹ ɚɤɬɢɜɧɨɝɨ ɌɎ ɪɟɡɤɨ ɜɨɡɪɚɫɬɚɟɬ (HIF-1, 

Nrf2), ɥɢɛɨ ɩɪɟɞɨɬɜɪɚɳɚɟɬ ɚɤɬɢɜɚɰɢɸ ɧɟɚɤɬɢɜɧɨɝɨ ɩɪɟɞɲɟɫɬɜɟɧɧɢɤɚ (SREBP). 

 

Ɋɚɫɫɦɨɬɪɟɧɧɵɟ ɬɪɚɧɫɤɪɢɩɰɢɨɧɧɵɟ ɮɚɤɬɨɪɵ  ɮɭɧɤɰɢɨɧɢɪɭɸɬ ɜ ɫɨɫɬɚɜɟ ɜɧɭɬɪɢɤɥɟɬɨɱɧɵɯ 
ɫɟɧɫɨɪɨɜ ɧɟɛɥɚɝɨɩɪɢɹɬɧɵɯ ɮɚɤɬɨɪɨɜ (ɝɢɩɨɤɫɢɹ, ɧɢɡɤɢɣ  ɭɪɨɜɟɧɶ ɯɨɥɟɫɬɟɪɢɧɚ, ɚɤɬɢɜɧɵɟ 
ɮɨɪɦɵ ɤɢɫɥɨɪɨɞɚ). 

 

Ȼɥɚɝɨɞɚɪɹ ɫɟɧɫɨɪɧɨɣ ɮɭɧɤɰɢɢ ɬɪɚɧɫɤɪɢɩɰɢɨɧɧɵɯ ɮɚɤɬɨɪɨɜ ɡɚɦɵɤɚɟɬɫɹ ɩɟɬɥɹ ɨɛɪɚɬɧɨɣ 
ɫɜɹɡɢ, ɨɛɟɫɩɟɱɢɜɚɸɳɚɹ ɜɧɭɬɪɢɤɥɟɬɨɱɧɵɯ ɝɨɦɟɨɫɬɚɡ (ɩɨɫɬɨɹɧɫɬɜɨ ɜɧɭɬɪɢɤɥɟɬɨɱɧɵɯ 
ɩɚɪɚɦɟɬɪɨɜ).   

ɈɌɊɂЦȺɌȿɅɖɇȺə 

 ɈȻɊȺɌɇȺə ɋȼəɁɖ - 

x ɉɪɨɰɟɫɫɵ, 
 ɨɩɪɟɞɟɥɹɸɳɢɟ 

 ɡɧɚɱɟɧɢɟ  
 ɩɚɪɚɦɟɬɪɚ 

ȼɧɭɬɪɢɤɥɟɬɨɱɧɵɣ 
ɩɚɪɚɦɟɬɪ 

˃ˇ 

Эɤɫɩɪɟɫɫɢɹ 
ɝɟɧɨɜ 



Ɋɨɥɶ ɬɪɚɧɫɤɪɢɩɰɢɨɧɧɵɯ ɮɚɤɬɨɪɨɜ ɜ ɝɟɧɧɵɯ ɫɟɬɹɯ 

Ɍɪɚɧɫɤɪɢɩɰɢɨɧɧɵɟ ɮɚɤɬɨɪɵ ɮɭɧɤɰɢɨɧɢɪɭɸɬ ɜ ɫɨɫɬɚɜɟ 
ɜɧɭɬɪɢɤɥɟɬɨɱɧɵɯ ɫɟɧɫɨɪɨɜ ɫɨɫɬɨɹɧɢɹ ɤɥɟɬɢ. 

 

Ɍɪɚɧɫɤɪɢɩɰɢɨɧɧɵɟ ɮɚɤɬɨɪɵ – ɷɥɟɦɟɧɬɚɪɧɵɟ ɤɨɦɩɨɧɟɧɬɵ 
ɝɟɧɧɵɯ ɫɟɬɟɣ, ɨɩɪɟɞɟɥɹɸɳɢɟ ɫɥɨɠɧɨɫɬɶ ɫɟɬɟɣ. 



Ɍɪɚɧɫɤɪɢɩɰɢɨɧɧɵɟ ɮɚɤɬɨɪɵ - ɤɨɦɩɨɧɟɧɬɵ 
ɝɟɧɧɵɯ ɫɟɬɟɣ, ɨɩɪɟɞɟɥɹɸɳɢɟ ɢɯ ɫɥɨɠɧɨɫɬɶ.  

˃̬̦̭̌к̛̬п̶̛о̦̦̼е ̴̌кто̬̼ ̥о̐ут у̸̭̌т̏о̏̌т̽ ̏ ̬е̌л̶̛̛̛̌̚ 
̦е̭кол̽к̵̛ ̬е̐ул́то̵̬̦̼ ко̦ту̬о̏ ̭ о̬̍̌т̛̦̼̥ ̛̭̥̏́́̚ 

˃̬̦̭̌к̛̬п̶̛о̦̦̼е ̴̌кто̬̼ ̛̦те̛̬̬̐у̀т ̬̌̚л̸̛̦̼е ̛̭̦̐̌л̼ о 
̭о̭то̛̛̦́ клетк̛ 



Ɍɪɚɧɫɤɪɢɩɰɢɨɧɧɵɟ ɮɚɤɬɨɪɵ - ɤɨɦɩɨɧɟɧɬɵ 
ɝɟɧɧɵɯ ɫɟɬɟɣ, ɨɩɪɟɞɟɥɹɸɳɢɟ ɢɯ ɫɥɨɠɧɨɫɬɶ.  

˃̬̦̭̌к̛̬п̶̛о̦̦̼е ̴̌кто̬̼ ̥о̐ут у̸̭̌т̏о̏̌т̽ ̏ ̬е̌л̶̛̛̛̌̚ 
̦е̭кол̽к̵̛ ̬е̐ул́то̵̬̦̼ ко̦ту̬о̏ ̭ о̬̍̌т̛̦̼̥ ̛̭̥̏́́̚ 

˃̬̦̭̌к̛̬п̶̛о̦̦̼е ̴̌кто̬̼ ̛̦те̛̬̬̐у̀т ̬̌̚л̸̛̦̼е ̛̭̦̐̌л̼ о 
̭о̭то̛̛̦́ клетк̛ 



Ɍɪɚɧɫɤɪɢɩɰɢɨɧɧɵɟ ɮɚɤɬɨɪɵ - ɤɨɦɩɨɧɟɧɬɵ ɝɟɧɧɵɯ ɫɟɬɟɣ, ɨɩɪɟɞɟɥɹɸɳɢɟ ɢɯ ɫɥɨɠɧɨɫɬɶ.  

˃̬̦̭̌к̛̬п̶̛о̦̦̼е ̴̌кто̬̼ ̥о̐ут у̸̭̌т̏о̏̌т̽ ̏ ̬е̌л̶̛̛̛̌̚ ̦е̭кол̽к̵̛ 
̬е̐ул́то̵̬̦̼ ко̦ту̬о̏ ̭ о̬̍̌т̛̦̼̥ ̛̭̥̏́́̚ 

Ɉɞɢɧ ɢ ɬɨɬ ɠɟ ɬɪɚɧɫɤɪɢɩɰɢɨɧɧɵɣ ɮɚɤɬɨɪ ɦɨɠɟɬ ɭɱɚɫɬɜɨɜɚɬɶ ɜ 
ɪɟɚɥɢɡɚɰɢɢ ɧɟɫɤɨɥɶɤɢɯ ɪɟɝɭɥɹɬɨɪɧɵɯ ɤɨɧɬɭɪɨɜ ɫ ɨɛɪɚɬɧɵɦɢ ɫɜɹɡɹɦɢ. 
 
Ɋɚɫɫɦɨɬɪɢɦ ɜ ɤɚɱɟɫɬɜɟ ɩɪɢɦɟɪɚ ɝɟɧɧɭɸ ɫɟɬɶ ɪɟɝɭɥɹɰɢɢ ɭɪɨɜɧɹ 
ɯɨɥɟɫɬɟɪɢɧɚ ɜ ɤɥɟɬɤɟ. 
Цɟɧɬɪɚɥɶɧɵɦ ɪɟɝɭɥɹɬɨɪɨɦ ɹɜɥɹɟɬɫɹ ɬɪɚɧɫɤɪɢɩɰɢɨɧɧɵɣ ɮɚɤɬɨɪ 
ɫɟɦɟɣɫɬɜɚ SREBP.  
ɂɡɜɟɫɬɧɨ ɩɨ ɤɪɚɣɧɟɣ ɦɟɪɟ ɬɪɢ ɪɟɝɭɥɹɬɨɪɧɵɯ ɤɨɧɬɭɪɚ ɫ ɨɬɪɢɰɚɬɟɥɶɧɵɦɢ 
ɨɛɪɚɬɧɵɦɢ ɫɜɹɡɹɦɢ, ɜ ɤɨɬɨɪɵɯ ɡɚɞɟɣɫɬɜɨɜɚɧ ɮɚɤɬɨɪ SREBP. 
(ɫɦ. ɫɥɟɞɭɸɳɢɟ ɫɥɚɣɞɵ). 
Ʉɪɨɦɟ ɬɨɝɨ, ɮɭɧɤɰɢɨɧɢɪɭɟɬ ɬɚɤɠɟ ɨɞɢɧ ɤɨɧɬɭɪ ɫ ɩɨɥɨɠɢɬɟɥɶɧɨɣ 
ɨɛɪɚɬɧɨɣ ɫɜɹɡɶɸ. 
 
ɂɡɜɟɫɬɧɵ ɬɚɤɠɟ ɞɨɩɨɥɧɢɬɟɥɶɧɵɟ ɦɟɯɚɧɢɡɦɵ ɪɟɝɭɥɹɰɢɢ ɚɤɬɢɜɧɨɫɬɢ 
ɮɚɤɬɨɪɨɜ SREBP (ɩɨɦɢɦɨ ɦɟɯɚɧɢɡɦɚ, ɡɚɩɭɫɤɚɟɦɨɝɨ ɯɨɥɟɫɬɟɪɢɧɨɦ) 
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ʿо̭тупле̛̦е ̵оле̭те̛̬̦̌ ̏ клетку 
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Лʿʻʿ 

ˈоле̭те̛̬̦ 

DHCR7  

ʪе̭̥о̭те̬ол 

DHCR7  

+ 

ʧе̦̦̌́ ̭ет̽ ̬е̐ул̶̛̛́ у̬о̦̏́ ̵оле̭те̛̬̦̌ ̏ клетке 

ʧо̥ео̭т̌̚ у̬о̦̏́ 

 ̵оле̭те̛̬̦̌ ̏ клетке 

 о̍е̭пе̸̛̏̌ет̭́ п̛̬ у̸̭̌т̛̛ 

 т̬̦̭̌к̛̬п̶̛о̵̦̦̼  ̴̌кто̬о̏ 

 ̭е̥е̜̭т̏̌   SREBP (Sterol regulatory 

 element-binding proteins),  ̌кт̛̦̏о̭т̽ 

 кото̵̬̼  ̼̭̏ок̌  тол̽ко п̛̬  ̛̦̚ко̥  у̬о̦̏е  

̵оле̭те̛̬̦̌ 

 

Ɍɪɚɧɫɤɪɢɩɰɢɨɧɧɵɟ ɮɚɤɬɨɪɵ - ɤɨɦɩɨɧɟɧɬɵ ɝɟɧɧɵɯ ɫɟɬɟɣ, ɨɩɪɟɞɟɥɹɸɳɢɟ ɢɯ ɫɥɨɠɧɨɫɬɶ.  

ʯде̭̽ ϰ ̬е̐ул́то̵̬̦̼ ко̦ту̬̌ !!! 

SREBP 

Кɨɥɱɚɧɨɜ ɇ.Ⱥ., ɢ ɞɪ. ȽȿɇɇЫȿ ɋȿɌИ. ȼɚɜɢɥɨɜɫɤɢɣ ɠɭɪɧɚɥ ɝɟɧɟɬɢɤɢ ɢ ɫɟɥɟɤɰɢɢ, 2013, 
Ɍɨɦ 17, № 4/2, ɫɬɪ.833-850 
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ʧе̦̦̌́ ̭ет̽ ̬е̐ул̶̛̛́ у̬о̦̏́ ̵оле̭те̛̬̦̌ ̏ клетке: ко̦ту̬ ̭  поло̛̙тел̦̽о̜  о̬̍̌т̦о̜ 
̭̏́̽̀̚, ̬е̐ул̛̬у̛̺̜̀  т̬̦̭̌к̛̬п̶̛̀ ̐е̦̌ SRйBPϮ 

ʦ п̬едел̵̌ ̬е̐ул́то̬̦о̐о ко̦ту̬̌ ̭ 

поло̛̙тел̦̽о̜ о̬̍̌т̦о̜ ̭̏́̽̀̚ 

̬е̐ул̛̬ует̭́ ̌кт̛̦̏о̭т̽ ̐е̦̌ , 
код̛̬у̺̀е̐о ̴̌кто̬ SRйBPϮ 

(̌̏то̬е̐ул̶̛́́) 

  

Ɍɪɚɧɫɤɪɢɩɰɢɨɧɧɵɟ ɮɚɤɬɨɪɵ - ɤɨɦɩɨɧɟɧɬɵ ɝɟɧɧɵɯ ɫɟɬɟɣ, ɨɩɪɟɞɟɥɹɸɳɢɟ ɢɯ ɫɥɨɠɧɨɫɬɶ.  

Кɨɥɱɚɧɨɜ ɇ.Ⱥ., ɢ ɞɪ. ȽȿɇɇЫȿ ɋȿɌИ. ȼɚɜɢɥɨɜɫɤɢɣ ɠɭɪɧɚɥ ɝɟɧɟɬɢɤɢ 
ɢ ɫɟɥɟɤɰɢɢ, 2013, Ɍɨɦ 17, № 4/2, ɫɬɪ.833-850 
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ʿОʦ˃Оˀʫʻʰʫ: ʧе̦̦̌́ ̭ет̽ ̬е̐ул̶̛̛́ у̬о̦̏́ ̵оле̭те̛̬̦̌ ̏ клетке: ̵̭е̥̌т̸̛е̭кое 
п̬ед̭т̌̏ле̛̦е пе̬̏о̜ от̶̛̬̌тел̦̽о̜ о̬̍̌т̦о̜ ̛̭̏́̚. 

Ɏɚɤɬɨɪɵ  ɫɟɦɟɣɫɬɜɚ   SREBP ɪɟɝɭɥɢɪɭɸɬ 

 ɚɤɬɢɜɧɨɫɬɶ ɰɟɥɨɣ ɤɚɫɫɟɬɵ  ɝɟɧɨɜ, ɜɤɥɸɱɚɹ 

ɝɟɧɵ ɮɟɪɦɟɧɬɨɜ ɦɟɜɚɥɨɧɚɬɧɨɝɨ  ɩɭɬɢ ɛɢɨɫɢɧɬɟɡɚ 

 ɯɨɥɟɫɬɟɪɢɧɚ  (HMGCoAS, HMGCoAR, FDFS, SS, 

 DHCR7 ɢ ɞɪ.). 
Ⱥɤɬɢɜɧɨɫɬɶ  ɬɪɚɧɫɤɪɢɩɰɢɨɧɧɵɯ ɮɚɤɬɨɪɨɜ 

ɫɟɦɟɣɫɬɜɚ  SREBP  ɪɟɝɭɥɢɪɭɟɬɫɹ ɜ ɨɛɪɚɬɧɨɣ 

ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ ɭɪɨɜɧɹ ɯɨɥɟɫɬɟɪɢɧɚ ɜ ɤɥɟɬɤɟ: 
ɱɟɦ ɜɵɲɟ ɭɪɨɜɟɧɶ ɯɨɥɟɫɬɟɪɢɧɚ, ɬɟɦ ɧɢɠɟ ɚɤɬɢɜɧɨɫɬɶ 

 ɮɚɤɬɨɪɨɜ SREBP. 

ȼɫɥɟɞɫɬɜɢɟ ɷɬɨɝɨ ɩɨ ɦɟɯɚɧɢɡɦɭ ɨɛɪɚɬɧɨɣ ɫɜɹɡɢ ɪɟɝɭɥɢɪɭɟɬɫɹ 

ɢ ɚɤɬɢɜɧɨɫɬɶ  ɝɟɧɨɜ, ɤɨɧɬɪɥɢɪɭɸɳɢɯ ɛɢɨɫɢɧɬɟɡɚ ɯɨɥɟɫɬɟɪɢɧɚ: 
  ɱɟɦ ɜɵɲɟ  ɤɨɧɰɟɧɬɪɚɰɢɹ  ɯɨɥɟɫɬɟɪɢɧɚ, ɬɟɦ  ɧɢɠɟ  ɚɤɬɢɜɧɨɫɬɶ 

 ɮɚɤɬɨɪɚ SREBP, ɢ ɬɟɦ ɧɢɠɟ  ɬɪɚɧɫɤɪɢɩɰɢɹ ɝɟɧɨɜ, 
 ɤɨɞɢɪɭɸɳɢɯ ɮɟɪɦɟɧɬɵ ɛɢɨɫɢɧɬɟɡɚ ɯɨɥɟɫɬɟɪɢɧɚ  

 
ʦ̦еклето̸̦ое п̬о̭т̬̦̭̌т̏о 
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ʿОʦ˃Оˀʫʻʰʫ: ʧе̦̦̌́ ̭ет̽ ̬е̐ул̶̛̛́ у̬о̦̏́ ̵оле̭те̛̬̦̌ ̏ клетке: ̵̭е̥̌т̸̛е̭кое 
п̬ед̭т̌̏ле̛̦е ̏то̬о̜ от̶̛̬̌тел̦̽о̜ о̬̍̌т̦о̜ ̛̭̏́̚ ;̭ у̸̭̌т̛е̥ ̬е̶епто̬̌ LDL) 

ʦ п̬едел̵̌ ̏то̬о̐о ̬е̐ул́то̬̦о̐о ко̦ту̬̌ по 

̥е̵̛̦̥̌̚у о̬̍̌т̦о̜ ̛̭̏́̚ ̬е̐ул̛̬ует̭́ 

̌кт̛̦̏о̭т̽ ̐е̦̌ эDэR, код̛̬у̺̀е̐о ̬е̶епто̬ 

л̛̬оп̬оте̛̦о̏ ̛̦̚ко̜ плот̦о̭т̛ ;ЛʿʻʿͿ: 
̸е̥ ̼̹̏е ко̶̦е̦т̶̛̬̌́  ̵оле̭те̛̬̦̌, те̥ 

 ̛̦̙е ̌кт̛̦̏о̭т̽ т̬̦̭̌к̛̬п̶̛о̦̦о̐о 

̴̌кто̬̌ SREBP, ̛ те̥ ̛̦̙е 

т̬̦̭̌к̛̬п̶̛о̦̦̌́ ̌кт̛̦̏о̭т̽ 

̬е̐ул̛̬уе̥о̐о ̾т̛̥ ̴̌кто̬о̥  ̐е̦̌ 

̬е̶епто̬̌ LDLR. ̛ те̥ ̛̦̙е 

по̭тупле̛̦е  ̵оле̭те̛̬̦̌ ̏ 

клетку, кото̬ое о̭у̺е̭т̏л́ет̭́ 

п̛̬ у̸̭̌т̛̛ ̬е̶епто̬̌ эDэR  

(-) 

Кɨɥɱɚɧɨɜ ɇ.Ⱥ., ɢ ɞɪ. Ƚɟɧɧɵɟ 
ɫɟɬɢ. ȼɚɜɢɥɨɜɫɤɢɣ ɠɭɪɧɚɥ 
ɝɟɧɟɬɢɤɢ ɢ ɫɟɥɟɤɰɢɢ, 2013, 
Ɍɨɦ 17, № 4/2, ɫɬɪ.833-850 
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ʿо̭тупле̛̦е ̵оле̭те̛̬̦̌ ̏ клетку 

Лʿʦʿ 

Лʿʻʿ 

ˈоле̭те̛̬̦ 

DHCR7  

ʪе̭̥о̭те̬ол 

DHCR7  

+ 

ʧе̦̦̌́ ̭ет̽ ̬е̐ул̶̛̛́ у̬о̦̏́ ̵оле̭те̛̬̦̌ ̏ клетке: ̵̭е̥̌т̸̛е̭кое 
п̬ед̭т̌̏ле̛̦е т̬ет̽е̜ от̶̛̬̌тел̦̽о̜ о̬̍̌т̦о̜ ̛̭̏́̚ ;̭ у̸̭̌т̛е̥ miRNA ̛ ̍елк̌ 
ABCA1 

ʦ п̬едел̵̌ т̬ет̽е̐о ̬е̐ул́то̬̦о̐о ко̦ту̬̌ 

 ̭ от̶̛̬̌тел̦̽о̜ о̬̍̌т̦о̜ ̭̏́̽̀̚ 

̭ у̸̭̌т̛е̥ miRNA по ̥е̵̛̦̥̌̚у о̬̍̌т̦о̜ 

̛̭̏́̚ ̬е̐ул̛̬ует̭́ ̌кт̛̦̏о̭т̽ ̐е̦̌, 
код̛̬у̺̀е̐о ̍елок ABCAϭ, 
о̍е̭пе̸̛̛̺̜̏̌̀ ̾к̭по̬т 

̵оле̭те̛̬̦̌ ̛̚ клетк̛. 
  

Ɍɪɚɧɫɤɪɢɩɰɢɨɧɧɵɟ ɮɚɤɬɨɪɵ - ɤɨɦɩɨɧɟɧɬɵ ɝɟɧɧɵɯ ɫɟɬɟɣ, ɨɩɪɟɞɟɥɹɸɳɢɟ ɢɯ ɫɥɨɠɧɨɫɬɶ.  

Кɨɥɱɚɧɨɜ ɇ.Ⱥ., ɢ ɞɪ. 

Ƚɟɧɧɵɟ ɫɟɬɢ. ȼɚɜɢɥɨɜɫɤɢɣ 

ɠɭɪɧɚɥ ɝɟɧɟɬɢɤɢ ɢ 
ɫɟɥɟɤɰɢɢ, 2013, Ɍɨɦ 17, № 
4/2, ɫɬɪ.833-850 



SREBF2 

ʰ̦т̬о̦ 16 ̐е̦̌ SREBF2  код̛̬ует mir-33a 

miR-33a SREBF2 mRNA 
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˃̬̦̭̌к̛̬п̶̛о̦̦̼̜ 
 ̴̌кто̬  SREBP2 

ˑк̭п̬е̛̭̭́ ̛̥к̬оˀʻК ̏ ̭о̭т̌̏е пе̸̛̬̦̏о̐о т̬̦̭̌к̛̬пт̌ ̐е̦̌ SRйBнϮ 

SREBP 2 -ɨɞɢɧ ɢɡ ɬɪɚɧɫɤɪɢɩɰɢɨɧɧɵɯ ɮɚɤɬɨɪɨɜ ɫɟɦɟɣɫɬɜɚ SREBP (Sterol regulatory element-binding protein). 

Эɬɨɬ ɮɚɤɬɨɪ  ɤɨɞɢɪɭɟɬɫɹ ɝɟɧɨɦ SREBF2. Ʉɚɤ ɛɵɥɨ ɨɩɢɫɚɧɨ ɪɚɧɟɟ, ɢɦɟɟɬɫɹ ɪɟɝɭɥɹɬɨɪɧɵɣ ɤɨɧɬɭɪ ɫ 
ɩɨɥɨɠɢɬɟɥɶɧɨɣ ɨɛɪɚɬɧɨɣ ɫɜɹɡɶɸ: ɬɪɚɧɫɤɪɢ ɩɰɢɨɧɧɵɣ ɮɚɤɬɨɪ SREBP 2 ɚɤɬɢɜɢɪɭɟɬ ɷɤɫɩɪɟɫɫɢɸ 
ɤɨɞɢɪɭɸɳɟɝɨ ɟɝɨ ɝɟɧɚ (SREBF2) 
Ɋɚɣɨɧ 16-ɝɨ ɢɧɬɪɨɧɚ ɝɟɧɚ SREBF2 ɤɨɞɢɪɭɟɬ ɦɢɤɪɨɊɇɄ. Эɬɚ ɦɢɤɪɨɊɇɄ (miR-33ɚ) ɷɤɫɩɪɟɫɫɢɪɭɟɬɫɹ ɜ ɫɨɫɬɚɜɟ 
ɩɟɪɜɢɱɧɨɝɨ ɬɪɚɧɫɤɪɢɩɬɚ ɝɟɧɚ SREBF2 ɢ ɩɨɞɚɜɥɹɟɬ ɬɪɚɧɫɥɹɰɢɸ ɦɊɇɄ, ɤɨɞɢɪɭɸɳɟɣ ɛɟɥɨɤ  ABCA1.  

Ɍɪɚɧɫɤɪɢɩɰɢɨɧɧɵɟ ɮɚɤɬɨɪɵ - ɤɨɦɩɨɧɟɧɬɵ ɝɟɧɧɵɯ ɫɟɬɟɣ, ɨɩɪɟɞɟɥɹɸɳɢɟ ɢɯ ɫɥɨɠɧɨɫɬɶ.  

AAA ϯ’ 

ABCA1 (ATP binding cassette subfamily A member 1) – ɦɟɦɛɪɚɧɧɵɣ ɬɪɚɧɫɩɨɪɬɧɵɣ ɛɟɥɨɤ, ɨɫɭɳɟɫɬɜɥɹɟɬ 
ɷɤɫɩɨɪɬ ɯɨɥɟɫɬɟɪɢɧɚ ɢɡ ɤɥɟɬɤɢ. 
 

ɋɯɟɦɚ ɢɧɝɢɛɢɪɨɜɚɧɢɹ ɬɪɚɧɫɥɹɰɢɢ ɛɟɥɤɚ ABCA1 

mRNA ABCA1 

 RNA-induced silencing complex Кɨɧɬɚɤɬ ɤɨɦɩɥɟɤɫɚ miR-33ɚ/RISC c 

ɦɊɇК, ɤɨɞɢɪɭɸɳɟɣ ɛɟɥɨɤ ABCA1,  

ɢɧɝɢɛɢɪɭɟɬ ɢɧɢɰɢɚɰɢɸ ɬɪɚɧɫɥɹɰɢɢ, 
ɫɧɢɠɚɟɬ ɫɬɚɛɢɥɶɧɨɫɬɶ ɦɊɇК 

Кɨɥɱɚɧɨɜ ɇ.Ⱥ., ɢ ɞɪ. ȽȿɇɇЫȿ ɋȿɌИ. ȼɚɜɢɥɨɜɫɤɢɣ ɠɭɪɧɚɥ ɝɟɧɟɬɢɤɢ ɢ 
ɫɟɥɟɤɰɢɢ, 2013, Ɍɨɦ 17, № 4/2, ɫɬɪ.833-850 
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ʧе̦̦̌́ ̭ет̽ ̬е̐ул̶̛̛́ у̬о̦̏́ ̵оле̭те̛̬̦̌ ̏ клетке: ̵̭е̥̌т̸̛е̭кое 
п̬ед̭т̌̏ле̛̦е т̬ет̽е̜ от̶̛̬̌тел̦̽о̜ о̬̍̌т̦о̜ ̛̭̏́̚ ;̭ у̸̭̌т̛е̥ miRNA ̛ ̍елк̌ 
ABCA1 

ʦ п̬едел̵̌ т̬ет̽е̐о ̬е̐ул́то̬̦о̐о ко̦ту̬̌ 

 ̭ от̶̛̬̌тел̦̽о̜ о̬̍̌т̦о̜ ̭̏́̽̀̚ 

̭ у̸̭̌т̛е̥ miRNA по ̥е̵̛̦̥̌̚у о̬̍̌т̦о̜ 

̛̭̏́̚ ̬е̐ул̛̬ует̭́ ̌кт̛̦̏о̭т̽ ̐е̦̌, 
код̛̬у̺̀е̐о ̍елок ABCAϭ, 
о̍е̭пе̸̛̛̺̜̏̌̀ ̾к̭по̬т 

̵оле̭те̛̬̦̌ ̛̚ клетк̛. 
  

Ɍɪɚɧɫɤɪɢɩɰɢɨɧɧɵɟ ɮɚɤɬɨɪɵ - ɤɨɦɩɨɧɟɧɬɵ ɝɟɧɧɵɯ ɫɟɬɟɣ, ɨɩɪɟɞɟɥɹɸɳɢɟ ɢɯ ɫɥɨɠɧɨɫɬɶ.  

Кɨɥɱɚɧɨɜ ɇ.Ⱥ., ɢ ɞɪ. 

Ƚɟɧɧɵɟ ɫɟɬɢ. ȼɚɜɢɥɨɜɫɤɢɣ 

ɠɭɪɧɚɥ ɝɟɧɟɬɢɤɢ ɢ 
ɫɟɥɟɤɰɢɢ, 2013, Ɍɨɦ 17, № 
4/2, ɫɬɪ.833-850 



CDKN1A WAF1/CIP1 

Бɨɥɟɟ 1000 ɞɪɭɝɢɯ 

ɝɟɧɨɜ-ɦɢɲɟɧɟɣ 

SREBP1 
(Reed B.D., et al.  PLoS Genet, 2008) 

Кɥɟɬɨɱɧɵɣ ɰɢɤɥ, ɚɩɨɩɬɨɡ 

Тɪɚɧɫɤɪɢɩɰɢɨɧɧɵɟ ɪɟɝɭɥяɬɨɪɵ (104 ɝɟɧɚ) 

48 

ɋɥɨɠɧɨɫɬɶ ɝɟɧɧɵɯ ɫɟɬɟɣ: ɤɨɨɪɞɢɧɚɰɢɹ ɪɚɡɥɢɱɧɵɯ ɩɪɨɰɟɫɫɨɜ (ɩɨɞɫɟɬɟɣ) 
ɤɥɸɱɟɜɵɦ ɪɟɝɭɥɹɬɨɪɨɦ SREBP  

SREBP 

CASP2 Гɨɦɟɨɫɬɚɡ ɯɨɥɟɫɬɟɪɢɧɚ 

ɜ ɤɥɟɬɤɟ  

HMGR 

FPPS 

HMGS 
LDLR 

DHCR7 

SS 

SRBI 

ABC1 

CAV 

CEH 

ACL 

CETP 

CYP51 

ACC FAS 

ACS 

Бɢɨɫɢɧɬɟɡ 
 ɠɢɪɧɵɯ 
ɤɢɫɥɨɬ 

ACBP 

MTP 

Тɪɚɧɫɩɨɪɬ 

 ɥɢɩɢɞɨɜ 

APOA2 

IDH1 

HK2 

Фɟɪɦɟɧɬɵ 

 ɦɟɬɚɛɨɥɢɡɦɚ  

PPARg 

STAR 

Бɚɡɚɥɶɧɵɟ 
ɬɪɚɧɫɤɪɢɩɰɢɨɧɧɵɟ 
ɮɚɤɬɨɪɵ 

GTF2A1 

TAF1B 

GTF2E2 

GTF2B 

TAF1 

TP53 

SP1 

SP2 

SREBF2 

Тɪɚɧɫɤɪɢɩɰɢɨɧɧɵɟ 
ɮɚɤɬɨɪɵ  

Ɍɪɚɧɫɤɪɢɩɰɢɨɧɧɵɟ ɮɚɤɬɨɪɵ - ɤɨɦɩɨɧɟɧɬɵ ɝɟɧɧɵɯ ɫɟɬɟɣ, ɨɩɪɟɞɟɥɹɸɳɢɟ ɢɯ ɫɥɨɠɧɨɫɬɶ.  



ȼɵɜɨɞ ɩɨ ɩɪɟɞɵɞɭɳɢɦ ɫɥɚɣɞɚɦ: 
ɭɪɨɜɟɧɶ ɯɨɥɟɫɬɟɪɢɧɚ ɪɟɝɭɥɢɪɭɟɬ ɢɧɬɟɧɫɢɜɧɨɫɬɶ ɩɪɨɬɟɤɚɧɢɹ ɪɚɡɥɢɱɧɵɯ 

ɛɢɨɥɨɝɢɱɟɫɤɢɯ ɩɪɨɰɟɫɫɨɜ (ɧɟ ɬɨɥɶɤɨ ɫɢɧɬɟɡ ɯɨɥɟɫɬɟɪɢɧɚ!!) 

ɉɪɨɞɭɤɬ-
Хɨɥɟɫɬɟɪɢɧ 

Ȼɚɡɨɜɵɟ ɩɪɢɧɰɢɩɵ ɨɪɝɚɧɢɡɚɰɢɢ ɝɟɧɧɵɯ ɫɟɬɟɣ:  ɜɜɬɨɪɟɝɭɥɹɰɢɹ 

ɈɌɊɂЦȺɌȿɅɖɇȺə 

 ɈȻɊȺɌɇȺə ɋȼəɁɖ 
- 

x0 

x  ɉɪɨɰɟɫɫɵ, 
 ɨɩɪɟɞɟɥɹɸɳɢɟ 

 ɡɧɚɱɟɧɢɟ  ɜɵɯɨɞɧɨɝɨ 
 ɩɚɪɚɦɟɬɪɚ ɫɢɫɬɟɦɵ 

Ȼɢɨɫɢɧɬɟɡ 
ɯɨɥɟɫɬɟɪɢɧɚ ɢ ɟɝɨ 

ɬɪɚɧɫɩɨɪɬ 
ɜɧɭɬɪɶ/ɧɚɪɭɠɭ 

ɤɥɟɬɤɢ 

Эɤɫɩɪɟɫɫɢɹ 
1) ɮɟɪɦɟɧɬɨɜ ɛɢɨɫɢɧɬɟɡɚ 

 ɯɨɥɟɫɬɟɪɢɧɚ 
2) Ɋɟɰɟɩɬɨɪɚ LDLR  

3) Ɍɪɚɧɩɨɪɬɟɪɚ ABCA1 

SREBP 

(ɬɪɚɧɫɤɪɢɩɰɢɨɧɧɵɣ ɮɚɤɬɨɪ) 

ɉɪɨɞɭɤɬ-
Хɨɥɟɫɬɟɪɢɧ ɈɌɊɂЦȺɌȿɅɖɇȺə 

 ɈȻɊȺɌɇȺə ɋȼəɁɖ 
- 

x0 

x  ɉɪɨɰɟɫɫɵ, 
 ɨɩɪɟɞɟɥɹɸɳɢɟ 

 ɡɧɚɱɟɧɢɟ  ɜɵɯɨɞɧɨɝɨ 
 ɩɚɪɚɦɟɬɪɚ ɫɢɫɬɟɦɵ 

ȼɫɟ ɩɪɨɰɟɫɫɵ 
ɛɢɨɫɢɧɬɟɡɚ ɤɥɟɬɤɢ 

Эɤɫɩɪɟɫɫɢɹ  ɛɚɡɚɥɶɧɵɯ 
ɬɪɚɧɫɤɪɢɩɰɢɨɧɧɵɯ 

ɮɚɤɬɨɪɨɜ 

SREBP 

(ɬɪɚɧɫɤɪɢɩɰɢɨɧɧɵɣ ɮɚɤɬɨɪ) 

ɉɪɨɞɭɤɬ-
Хɨɥɟɫɬɟɪɢɧ ɈɌɊɂЦȺɌȿɅɖɇȺə 

 ɈȻɊȺɌɇȺə ɋȼəɁɖ - 

x0 

x  ɉɪɨɰɟɫɫɵ, 
 ɨɩɪɟɞɟɥɹɸɳɢɟ 

 ɡɧɚɱɟɧɢɟ  ɜɵɯɨɞɧɨɝɨ 
 ɩɚɪɚɦɟɬɪɚ ɫɢɫɬɟɦɵ 

Ⱦɟɥɟɧɢɟ ɤɥɟɬɤɢ: 
ɉɨɫɬɪɨɟɧɢɟ ɤɥɟɬɨɱɧɨɣ 

ɦɟɦɛɪɚɧɵ 

Эɤɫɩɪɟɫɫɢɹ  ɛɟɥɤɨɜ-
ɪɟɝɭɥɹɬɨɪɨɜ ɤɥɟɬɨɱɧɨɝɨ 

ɰɢɤɥɚ 

SREBP 
(ɬɪɚɧɫɤɪɢɩɰɢɨɧɧɵɣ ɮɚɤɬɨɪ) 



Ɍɪɚɧɫɤɪɢɩɰɢɨɧɧɵɟ ɮɚɤɬɨɪɵ - ɤɨɦɩɨɧɟɧɬɵ 
ɝɟɧɧɵɯ ɫɟɬɟɣ, ɨɩɪɟɞɟɥɹɸɳɢɟ ɢɯ ɫɥɨɠɧɨɫɬɶ.  

˃̬̦̭̌к̛̬п̶̛о̦̦̼е ̴̌кто̬̼ ̥о̐ут у̸̭̌т̏о̏̌т̽ ̏ ̬е̌л̶̛̛̛̌̚ 
̦е̭кол̽к̵̛ ̬е̐ул́то̵̬̦̼ ко̦ту̬о̏ ̭ о̬̍̌т̛̦̼̥ ̛̭̥̏́́̚ 

˃̬̦̭̌к̛̬п̶̛о̦̦̼е ̴̌кто̬̼ ̛̦те̛̬̬̐у̀т ̬̌̚л̸̛̦̼е ̛̭̦̐̌л̼ о 
̭о̭то̛̛̦́ клетк̛ 



Ɍɪɚɧɫɤɪɢɩɰɢɨɧɧɵɟ ɮɚɤɬɨɪɵ - ɤɨɦɩɨɧɟɧɬɵ ɝɟɧɧɵɯ ɫɟɬɟɣ, ɨɩɪɟɞɟɥɹɸɳɢɟ ɢɯ ɫɥɨɠɧɨɫɬɶ.  

˃̬̦̭̌к̛̬п̶̛о̦̦̼е ̴̌кто̬̼ ́̏л́̀т̭́ ̛̦те̬̐̌то̛̬̥̌ ̛̭̦̐̌ло̏ о 
̭о̭то̛̛̦́ клетк̛: ̬е̐ул̶̛́́ ̌кт̛̦̏о̭т̛ ̴̌кто̬о̏ SRйBP. 

ȼ ɤɚɱɟɫɬɜɟ ɩɪɢɦɟɪɚ ɪɚɫɫɦɨɬɪɢɦ ɬɪɚɧɫɤɪɢɩɰɢɨɧɧɵɟ ɮɚɤɬɨɪɵ ɫɟɦɟɣɫɬɜɚ 
SREBP. 
 Ɋɚɧɟɟ ɛɵɥ ɨɩɢɫɚɧ ɦɟɯɚɧɢɡɦ ɪɟɝɭɥɹɰɢɢ ɚɤɬɢɜɧɨɫɬɢ ɮɚɤɬɨɪɨɜ SREBP  ɜ 
ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ ɭɪɨɜɧɹ ɯɨɥɟɫɬɟɪɢɧɚ ɜ ɤɥɟɬɤɟ. 
Ɉɞɧɚɤɨ,  ɢɫɫɥɟɞɨɜɚɧɢɹ ɩɨɫɥɟɞɧɢɯ ɥɟɬ ɩɨɤɚɡɵɜɚɸɬ, ɱɬɨ ɪɟɝɭɥɹɰɢɹ 
ɚɤɬɢɜɧɨɫɬɢ ɬɪɚɧɫɤɪɢɩɰɢɨɧɧɵɯ ɮɚɤɬɨɪɨɜ SREBP ɩɪɟɞɫɬɚɜɥɹɟɬ ɫɨɛɨɣ 
ɝɨɪɚɡɞɨ ɫɥɨɠɧɵɣ ɩɪɨɰɟɫɫ.  
 
Ⱥɤɬɢɜɚɰɢɹ ɮɚɤɬɨɪɨɜ SREBP ɨɫɭɳɟɫɬɜɥɹɟɬɫɹ ɧɟɫɤɨɥɶɤɢɦɢ ɦɟɯɚɧɢɡɦɚɦɢ: 
(Ⱥ) ɫ ɭɱɚɫɬɢɟɦ ɩɪɨɬɟɚɡ S1P ɢ S2P ɜ ɤɥɟɬɤɟ (ɫɦ. 1-ɵɣ ɦɟɯɚɧɢɡɦ ɚɤɬɢɜɚɰɢɢ 
ɧɚ ɫɥɟɞ. ɫɥɚɣɞɟ); 
(Ȼ) ɱɟɪɟɡ mTOR ɫɢɝɧɚɥɶɧɵɣ ɩɭɬɶ (ɫɦ. 2-ɨɣ ɦɟɯɚɧɢɡɦ ɚɤɬɢɜɚɰɢɢ ɧɚ ɫɥɟɞ. 
ɫɥɚɣɞɟ); 
(ȼ) ɱɟɪɟɡ MAP-ɤɢɧɚɡɵ ɫɟɦɟɣɫɬɜɚ ERK (ɫɦ. 3-ɢɣ ɦɟɯɚɧɢɡɦ ɚɤɬɢɜɚɰɢɢ ɧɚ 
ɫɥɟɞ. ɫɥɚɣɞɟ). 
 
ɂɧɝɢɛɢɪɨɜɚɧɢɟ ɮɚɤɬɨɪɨɜ SREBP ɨɫɭɳɟɫɬɜɥɹɟɬɫɹ ɡɚ ɫɱɟɬ ɩɨɫɬɨɹɧɧɨɣ 
ɞɟɝɪɚɞɚɰɢɢ ɩɪɢ ɭɱɚɫɬɢɢ SUMO-1-ɤɨɧɶɸɝɢɪɭɸɳɟɝɨ ɮɟɪɦɟɧɬɚ UЛМ9 
ɢɭɛɢɤɜɢɬɢɧ-ɥɢɝɚɡɵ Fbw7 (ɫɦ. ɦɟɯɚɧɢɡɦ ɢɧɚɤɬɢɜɚɰɢɢ ɧɚ ɫɥɟɞ. ɫɥɚɣɞɟ) 

√ 



ɉɭɬɢ ɪɟɝɭɥɹɰɢɢ ɚɤɬɢɜɧɨɫɬɢ ɬɪɚɧɫɤɪɢɩɰɢɨɧɧɨɝɨ ɮɚɤɬɨɪɚ SREBP 

ɜɧɟɤɥɟɬɨɱɧɵɦɢ ɢ ɜɧɭɬɪɢɤɥɟɬɨɱɧɵɦɢ ɫɢɝɧɚɥɚɦɢ  

Ɍɪɚɧɫɤɪɢɩɰɢɨɧɧɵɟ ɮɚɤɬɨɪɵ - ɤɨɦɩɨɧɟɧɬɵ ɝɟɧɧɵɯ ɫɟɬɟɣ, ɨɩɪɟɞɟɥɹɸɳɢɟ ɢɯ ɫɥɨɠɧɨɫɬɶ.  
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1 484 330 401 

Ɍɪɚɧɫɚɤɬɢɜɚɰɢɨɧɧɵɣ  

ɞɨɦɟɧ 
ȾɇɄ-ɫɜɹɡɵɜɚɸɳɢɣ 

 ɞɨɦɟɧ 

Ⱦɢɦɟɪɢɡɚɰɢɨɧɧɵɣ 

 ɞɨɦɟɧ 

Ȼɥɢɡɤɨɟ ɪɚɫɩɨɥɨɠɟɧɢɟ ɫɚɣɬɨɜ ɩɨɫɬ-ɬɪɚɧɫɤɪɢɩɰɢɨɧɧɨɣ ɦɨɞɢɮɢɤɚɰɢɢ 
ɨɩɪɟɞɟɥɹɟɬ ɤɨɧɤɭɪɟɧɬɧɵɟ ɜɡɚɢɦɨɨɬɧɨɲɟɧɢɟ ɦɟɠɞɭ ɚɤɬɢɜɢɪɭɸɳɢɦɢ ɢ 
ɢɧɝɢɛɢɪɭɸɳɢɦɢ ɜɥɢɹɧɢɹɦɢ ɜ ɝɟɧɧɨɣ ɫɟɬɢ 

380 50 

SREBP 

Ⱥɤɬɢɜɚɰɢɹ  
ɬɪɚɧɫɤɪɢɩɰɢɢ 
ɝɟɧɨɜ 

Ser455 

ERK- 

ɤɢɧɚɡɵ 

Ubc9 ˀо̭то̼̏е ̴̌кто̬̼ 

Ɍɪɚɧɫɤɪɢɩɰɢɨɧɧɵɣ ɮɚɤɬɨɪ SREBP 

Ɏɨɫɮɨɪɢɥɢ-
ɪɨɜɚɧɢɟ 

P 

SUMO1 

Ʉɨɧɴɸɝɚɰɢɹ 
ɫ ɛɟɥɤɨɦ 
 SUMO1 

SREBP-SUMO1 

Lys464 

Ubc9 
ERK- 

ɤɢɧɚɡɵ 

Ⱦɟɝɪɚɞɚɰɢɹ 
SREBP-P 

Ɇɨɥɟɤɭɥɹɪɧɵɣ ɭɪɨɜɟɧɶ 

ɍɪɨɜɟɧɶ ɝɟɧɧɨɣ ɫɟɬɢ 

Arito M. et al. J. Biol. Chem. 2008.283(22):15224-31 

Ɍɪɚɧɫɤɪɢɩɰɢɨɧɧɵɟ ɮɚɤɬɨɪɵ - ɤɨɦɩɨɧɟɧɬɵ ɝɟɧɧɵɯ ɫɟɬɟɣ, ɨɩɪɟɞɟɥɹɸɳɢɟ ɢɯ ɫɥɨɠɧɨɫɬɶ.  

ɋɚɣɬɵ ɩɨɫɬɬɪɚɧɫɥɹɰɢɨɧɧɨɣ ɦɨɞɢɮɢɤɚɰɢɢ  (Ser455 

 ɢ Lys464) ɧɚɯɨɞɹɬɫɹ ɱɪɟɡɜɵɱɚɣɧɨ ɛɥɢɡɤɨ ɧɚ 
ɩɨɜɟɪɯɧɨɫɬɢ ɛɟɥɤɨɜɨɣ ɦɨɥɟɤɭɥɵ, ɜɫɥɟɞɫɬɜɢɟ 

 ɱɟɝɨ ɧɚɛɥɸɞɚɸɬɫɹ  ɤɨɧɤɭɪɟɧɬɧɵɟ 

 ɜɡɚɢɦɨɨɬɧɨɲɟɧɢɹ ɦɟɠɞɭ  ɩɪɨɰɟɫɫɨɦ 
ɮɨɫɮɨɪɢɥɢɪɨɜɚɧɢɹ ɢ  ɭɛɢɤɜɢɬɢɧɢɪɨɜɚɧɢɹ. 

Ɏɨɫɮɨɪɢɥɢɪɨɜɚɧɢɟ, ɢɧɞɭɰɢɪɭɟɦɨɟ 

 ɪɨɫɬɨɜɵɦɢ ɮɚɤɬɨɪɚɦɢ,  ɩɪɟɩɹɬɫɬɜɭɟɬ 

 ɫɭɦɨɢɥɢɪɨɜɚɧɢɸ 



Ƚɟɧɧɵɟ ɫɟɬɢ ɜ ɷɩɨɯɭ 
ɜɵɫɨɤɨɩɪɨɢɡɜɨɞɢɬɟɥɶɧɨɝɨ 

ɫɟɤɜɟɧɢɪɨɜɚɧɢɹ 



И ɫɧɨɜɚ ɨɩɪɟɞɟɥɟɧɢɟ ɩɨɧɹɬɢɹ «Ƚɟɧɧɵɟ ɫɟɬɢ» 

Ƚɟɧɧɵɟ ɫɟɬɢ – ɝɪɭɩɩɵ ɤɨɨɪɞɢɧɢɪɨɜɚɧɧɨ 

ɮɭɧɤɰɢɨɧɢɪɭɸɳɢɯ ɝɟɧɨɜ, 
ɜɡɚɢɦɨɞɟɣɫɬɜɭɸɳɢɯ 

ɞɪɭɝ ɫ ɞɪɭɝɨɦ ɤɚɤ ɱɟɪɟɡ ɫɜɨɢ ɩɟɪɜɢɱɧɵɟ 
ɩɪɨɞɭɤɬɵ (ɊɇɄ ɢ ɛɟɥɤɢ), ɬɚɤ ɢ ɱɟɪɟɡ 
ɪɚɡɧɨɨɛɪɚɡɧɵɟ ɦɟɬɚɛɨɥɢɬɵ ɢ ɞɪɭɝɢɟ 
ɜɬɨɪɢɱɧɵɟ ɩɪɨɞɭɤɬɵ 
ɮɭɧɤɰɢɨɧɢɪɨɜɚɧɢɹ ɝɟɧɧɵɯ ɫɟɬɟɣ.  
 

Ⱥɧɝɥɢɣɫɤɢɣ ɷɤɜɢɜɚɥɟɧɬ ɬɟɪɦɢɧɚ «ɝɟɧɧɵɟ 
ɫɟɬɢ»: 
gene (or genetic) regulatory network (GRN) is 

a collection of molecular regulators that interact 

with each other and with other substances in the 

cell to govern the gene expression levels 

of mRNA and proteins. These play a central role 

in morphogenesis, the creation of body 

structures, which in turn is central 

to evolutionary developmental biology (evo-

devo). 

The regulator can be DNA, RNA, protein and 

complexes of these. The interaction can be 

direct or indirect (through transcribed RNA or 

translated protein). In general, each mRNA 

molecule goes on to make a specific protein (or 

set of proteins).  

           https://en.wikipedia.org/wiki/Gene_regulatory_network 

 ɝɪɭɩɩɚ ɤɨɨɪɞɢɧɢɪɨɜɚɧɨ ɷɤɫɩɪɟɫɫɢɪɭɸɳɢɯɫɹ ɝɟɧɨɜ, ɫɨɫɬɚɜɥɹɸɳɚɹ ɹɞɪɨ ɫɟɬɢ; 

 ɊɇɄ ɢ ɛɟɥɤɢ, ɤɨɞɢɪɭɟɦɵɟ ɷɬɢɦɢ ɝɟɧɚɦɢ; 
 ɧɢɡɤɨɦɨɥɟɤɭɥɹɪɧɵɟ ɤɨɦɩɨɧɟɧɬɵ (ɝɨɪɦɨɧɵ, ɢ ɞɪ. ɫɢɝɧɚɥɶɧɵɟ ɦɨɥɟɤɭɥɵ, 

 ɷɧɟɪɝɟɬɢɱɟɫɤɢɟ ɤɨɦɩɨɧɟɧɬɵ, ɦɟɬɚɛɨɥɢɬɵ); 

 ɨɬɪɢɰɚɬɟɥɶɧɵɟ ɢ ɩɨɥɨɠɢɬɟɥɶɧɵɟ ɨɛɪɚɬɧɵɟ ɫɜɹɡɢ, ɫɬɚɛɢɥɢɡɢɪɭɸɳɢɟ ɩɚɪɚɦɟɬɪɵ ɝɟɧɧɨɣ ɫɟɬɢ 

 ɧɚ ɨɩɪɟɞɟɥɟɧɧɨɦ ɭɪɨɜɧɟ, ɢɥɢ, ɧɚɩɪɨɬɢɜ, ɨɬɤɥɨɧɹɸɳɢɟ ɢɯ ɨɬ ɢɫɯɨɞɧɨɝɨ ɡɧɚɱɟɧɢɹ, ɨɛɟɫɩɟɱɢɜɚɹ ɩɟɪɟɯɨɞ 

 ɤ ɧɨɜɨɦɭ ɮɭɧɤɰɢɨɧɚɥɶɧɨɦɭ ɫɨɫɬɨɹɧɢɸ.  



Ɍɢɩɵ ɫɜɹɡɟɣ (ɪɟɛɟɪ) ɜ ɬɪɚɧɫɤɪɢɩɰɢɨɧɧɵɯ ɪɟɝɭɥɹɬɨɪɧɵɯ ɫɟɬɹɯ: 
 ɋɬɪɟɥɤɢ ɨɬɨɛɪɚɠɚɸɬ ɚɤɬɢɜɚɰɢɸ (ɩɨɞɚɜɥɟɧɢɟ) ɷɤɫɩɪɟɫɫɢɢ  ɝɟɧɚ 

  ɬɪɚɧɫɤɪɢɩɰɢɨɧɧɵɦ ɮɚɤɬɨɪɨɦ, 
 Ʌɢɧɢɢ ɨɬɨɛɪɚɠɚɸɬ ɛɟɥɨɤ-ɛɟɥɤɨɜɵɟ ɜɡɚɢɦɨɞɟɣɫɬɜɢɹ 

Ɍɪɚɧɫɤɪɢɩɰɢɨɧɧɵɟ ɪɟɝɭɥɹɬɨɪɧɵɟ ɫɟɬɢ 

(Transcription regulatory networks)  

Ɍɪɚɧɫɤɪɢɩɰɢɨɧɧɵɟ ɪɟɝɭɥɹɬɨɪɧɵɟ ɫɟɬɢ ɫɨɞɟɪɠɚɬ ɭɡɥɵ, ɨɛɨɡɧɚɱɚɸɳɢɟ ɞɜɚ ɜɢɞɚ 
ɨɛɴɟɤɬɨɜ: 
1) ɝɟɧɵ, ɨɬɧɨɫɹɳɢɟɫɹ ɤ ɪɚɫɫɦɚɬɪɢɜɚɟɦɨɣ ɫɢɫɬɟɦɟ; 
2) ɬɪɚɧɫɤɪɢɩɰɢɨɧɧɵɟ ɮɚɤɬɨɪɵ, ɪɟɝɭɥɢɪɭɸɳɢɟ ɷɤɫɩɪɟɫɫɢɸ ɝɟɧɨɜ. 

ɉɪɢ ɨɬɨɛɪɚɠɟɧɢɢ ɬɪɚɧɫɤɪɢɩɰɢɨɧɧɵɯ ɪɟɝɭɥɹɬɨɪɧɵɯ ɫɟɬɟɣ 

ɧɟ ɩɪɢɧɹɬɨ ɢɡɨɛɪɚɠɚɬɶ ɨɬɞɟɥɶɧɨ ɝɟɧ ɢ ɨɬɞɟɥɶɧɨ ɛɟɥɨɤ !!! 
Reece-Hoyes JS, Deplancke B, Shingles J, Grove CA, Hope IA, Walhout AJ. A compendium of Caenorhabditis elegans regulatory transcription 

factors: a resource for mapping transcription regulatory networks. Genome Biol. 2005;6(13):R110.  



ˀеко̦̭т̬уќ̶̛  т̬̦̭̌к̛̬п̶̛о̵̦̦̼ ̬е̐ул́то̵̬̦̼ ̭ете̜ 

̏ ϰϭ т̛п̵̌ клеток ̸ело̏ек̌ ;Cell, 2012, 1, 1274–1286) 

Лок̌л̦̽̌́ ̭ ет̽ т̬̦̭̌к̛̬п̶̛о̦̦о̜ ̬ е̐ул̶̛̛́ 

̴̌кто̬̌ IRнϭ ;тк̦̌е̭пе̶̴̸̛̛̦̌́ !!) 

STAT1 CNOT3 SP1 NFKB 

IRF1 

IRF1 

STAT1 CNOT3 SP1 NFKB 

IRF1 

GABPB1 

IRF7 

STAT6 

ʦ ̐е̦о̵̥̌ ϰϭ т̛п̌ клеток ̸ ело̏ек̌ ̾ к̭пе̛̬̥е̦т̌л̦̽о  ̼̏́̏ле̦о 45 096 726   ʪʻК-̌̌̚ I ̸у̭̏т̛̏тел̵̦̼̽ 
̴утп̛̬̦то̏, ̭ оот̏ет̭т̏у̵̛̺̀ ̬ е̐ул́то̬̦̼̥   ̬̜̌о̦̥̌ ̐е̦о̏. 

 ˁ по̥о̺̽̀ ко̥п̽̀те̬̦о̐о ̌ ̦̌л̛̌̚  ̏ ̴утп̛̬̦т̵̌  ̼̏́̏ле̦̼  ̭̜̌т̼ ̛̭̼̦̏́̏̌́̚ ϰ7ϱ т̬̦̭̌к̛̬п̶̛о̵̦̦̼ 
̴̌кто̬о̏.  

ʿ̛̬̥е̬ п̬о̴̛л́  ʪʻК-̌̌̚ I ̸у̭̏т̛̏тел̵̦̼̽ ̴утп̛̬̦то̏ (SCIENCE vol 342, 2013) 

IRF1 

IRF1 

ʦ п̬о̥ото̬е ̐е̦̌, 
код̛̬у̺̀е̐о 

т̬̦̭̌к̛̬п̶̛о̦̦̼̜ 
̴̌кто̬  IRнϭ, ̼̏́̏ле̦̼ 
̭̜̌т̼ ̛̭̼̦̏́̏̌́̚ ϰ-̵  

т̬̦̭̌к̛̬п̶̛о̵̦̦̼ 
̴̌кто̬о̏  

ˁ̜̌т̼ ̛̭̼̦̏́̏̌́̚  
̴̌кто̬̌ IRнϭ, 
̼̏́̏ле̦̼ ̏ 

п̬о̥ото̵̬̌ ϯ-̵ ̐е̦о̏, 
код̛̬у̵̛̺̀ д̬у̛̐е 
т̬̦̭̌к̛̬п̶̛о̦̦̼е 

̴̌кто̬̼ 

Neph S., et al., Circuitry and Dynamics of Human Transcription Factor Regulatory Networks,  Cell, 2012, 1, 1274–1286 

GABP1 

IRF7 

STAT6 

Ɍɤɚɧɟ-ɫɩɟɰɢɮɢɱɧɵɣ ɩɪɨɮɢɥɶ ɫɜɹɡɵɜɚɧɢɹ ɛɟɥɤɨɜ ɧɚ ȾɇɄ 



ȼɢɫɰɟɪɚɥɶɧɵɟ 
Ɋɚɤɨɜɵɟ ɤɥɟɬɤɢ 

 

ɗɩɢɬɟɥɢɣ 

Ʉɪɨɜɶ 

Фɟɬɚɥɶɧɵɟ ɬɤɚɧɢ ɗɧɞɨɬɟɥɢɣ 

ɋɬɪɨɦɚ 

Ɋɚɤɨɜɵɟ ɤɥɟɬɤɢ 

ȼɢɫɰɟɪɚɥɶɧɵɟ ɤɥɟɬɤɢ 

ˁет̛ ̬е̐ул́то̵̬̦̼ т̬̦̭̌к̛̬п̶̛о̵̦̦̼ ̛̥̏̌̚оде̜̭т̛̜̏  дл́ ϰϭ т̛по̏ клеток ̸ело̏ек̌ 
ˀʫʯ˄Лː˃ʤ˃ˏ ʤʻʤЛʰʯʤ 

ȼɵɹɜɥɟɧɵ ɤɨɞɵ ɤɥɟɬɨɱɧɨɣ ɫɩɟɰɢɮɢɱɧɨɫɬɢ,  ɡɚɩɢɫɚɧɧɵɟ  ɜ ɝɪɚɮɚɯ ɫɟɬɟɣ 
ɬɪɚɧɫɤɪɢɩɰɢɨɧɧɨɣ ɪɟɝɭɥɹɰɢɢ.  

ɇɚ ɞɢɚɝɪɚɦɦɚɯ ɩɪɟɨɛɥɚɞɚɸɬ ɠɟɥɬɵɟ ɥɢɧɢɢ, ɢɯ ɩɚɬɬɟɪɧ ɢɧɞɢɜɢɞɭɚɥɟɧ ɞɥɹ ɤɚɠɞɨɝɨ ɬɢɩɚ ɤɥɟɬɨɤ 

ȼЫȼɈȾ: ɋɟɬɢ ɪɟɝɭɥɹɬɨɪɧɵɯ ɬɪɚɧɫɤɪɢɩɰɢɨɧɧɵɯ ɜɡɚɢɦɨɞɟɣɫɬɜɢɣ  ɫɩɟɰɢɮɢɱɧɵ ɞɥɹ ɤɚɠɞɨɝɨ 

 ɬɢɩɚ ɤɥɟɬɨɤ 

ɀɟɥɬɵɦ ɰɜɟɬɨɦ ɨɬɨɛɪɚɠɟɧɵ 
ɜɡɚɢɦɨɞɟɣɫɬɜɢɹ ɦɟɠɞɭ 
ɬɪɚɧɫɤɪɢɰɢɨɧɧɵɦɢ ɮɚɤɬɨɪɚɦɢ, 
ɜɵɹɜɥɟɧɧɵɟ ɬɨɥɶɤɨ ɜ ɞɚɧɧɨɦ 
ɬɢɩɟ ɤɥɟɬɨɤ 

Чɟɪɧɵɦ ɰɜɟɬɨɦ ɨɬɦɟɱɟɧɵ 
ɜɡɚɢɦɨɞɟɣɫɬɜɢɹ , ɜɵɹɜɥɟɧɧɵɟ ɜ 
2-ɯ ɢ ɛɨɥɟɟ ɬɢɩɚɯ ɤɥɟɬɨɤ 

ɍɫɥɨɜɧɵɟ ɨɛɨɡɧɚɱɟɧɢɹ: 
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ˇ̛олето̼̥̏ ̶̏ето̥ ото̬̙̍̌е̦̼ 
̛̥̏̌̚оде̜̭т̛̏́ ̭ у̸̭̌т̛е̥ ϰ-̵ ̴̌кто̬о̏ 

 (KLF4, NANOG, POU5F1, SOX2),  ̵̛̛̬̺̐̌̀ 
кл̸̀е̏у̀ ̬ ол̽ ̏ подде̛̛̬̙̦̌ 
пл̛̬̀поте̦т̦о̭т̛ ̛̥̬̾̍о̦̌л̵̦̼̽ ̭ т̏оло̵̼̏ 
клеток  
 

ʮелт̼̥ ̶̏ето̥ ото̬̙̍̌е̦̼ ̛̥̏̌̚оде̜̭т̛̏́, 
̵̬̌̌кте̬̦̼е дл́ ̾то̐о т̛п̌ клеток (ESCsͿ ̛ ̦е 
̭̏т̬е̸̛̺̌̀е̭́ ̏  д̬у̵̛̐ т̛п̵̌ клеток, . 
 

ʯеле̦̼̥ ̶̏ето̥ от̥е̸е̦̼ – ̛̥̏̌̚оде̜̭т̛̏́  
4-̵ ко̦̭т̛тут̵̛̦̼̏ ̴ ̌кто̬о̏ ;SP1, CTCF, NFYA, 

MAX) 

 

ˀе̐ул́то̬ ->   ̬е̐ул̛̬уе̥̼̜  

ˁет̛ ̬е̐ул́то̵̬̦̼ т̬̦̭̌к̛̬п̶̛о̵̦̦̼ ̛̥̏̌̚оде̜̭т̛̜̏ ̏ ̛̥̬̾̍о̦̌л̵̦̼̽ ̭т̏оло̵̼̏ 
клетк̵̌ ̸ело̏ек̌  

˃̛п̼ ̛̥̏̌̚оде̜̭т̛̜̏ 

ʦ̛̥̌̚оде̜̭т̛̏́ ̭ у̸̭̌т̛е̥ 
̴̌кто̬о̏ 
пл̛̬̀поте̦т̦о̭т̛ 

ʦ̛̥̌̚оде̜̭т̛̏́  
ко̦̭т̛тут̵̛̦̼̏ ̴̌кто̬о̏ 

Клето̸̦о-̭пе̶̴̸̛̛̦̼е 

ɉɨɫɬɪɨɟɧɚ ɫɟɬɶ ɪɟɝɭɥɹɬɨɪɧɵɯ ɜɡɚɢɦɨɞɟɣɫɬɜɢɣ ɞɥɹ ɷɦɛɪɢɨɧɚɥɶɧɵɯ ɫɬɜɨɥɨɜɵɯ 
ɤɥɟɬɨɤ ɱɟɥɨɜɟɤɚ 

Neph S., et al., Circuitry and Dynamics of Human Transcription Factor Regulatory Networks,  Cell, 2012, 1, 1274–1286 



ʦ̼́̏ле̦̌ ̾̏ол̶̛̀о̦̦̌́ ко̦̭е̬̏̌т̛̦̏о̭т̽ ̸̭̌тот ̭̏т̬е̸̌е̥о̭т̛ п̌тте̬̦о̏ ̛̥̦̏̌̚о̜ ̬е̐ул̶̛̛́ 
;̬еп̬е̛̛̭̭ ̛ ̌кт̶̛̛̛̏̌Ϳ  т̬̦̭̌к̛̬п̶̛о̵̦̦̼ ̴̌кто̬о̏  дл́ C. elegans ̛ ϰϭ  т̛п̌ клеток ̸ело̏ек̌   

 

ˁет̛ ̬е̐ул́то̵̬̦̼ т̬̦̭̌к̛̬п̶̛о̵̦̦̼ ̛̥̏̌̚оде̜̭т̛̜̏  дл́ ϰϭ т̛по̏ клеток ̸ело̏ек̌ 

ʿ̛̬̥е̬ ̬е̐ул́то̬̦о̐о ̥от̛̏̌  

ɇ
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Z
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Откло̦е̛̦е  = Ϭ.Ϭ7Ϭϱ 

О̍о̺̐̌е̛̦е  
̥от̛̏о̏ 

И̭то̺е̛̦е 

 ̥от̛̏о̏ 

 

Клето̸̦о-̭пе̶̴̸̛̛̦̼е ̭ет̛ 
т̬̦̭̌к̛̬п̶̛о̵̦̦̼ 

̴̌кто̬о̏, ̭о̚д̦̦̼̌е ̭ 
̛̭пол̽̚о̛̦̏̌е̥ DNaseI 

̴утп̛̬̦то̏ ̏ ϰϭ т̛пе клеток  

ˀе̐ул́то̬̦̼е ̥от̛̼̏ 

Neph S., et al., Circuitry and Dynamics of Human Transcription Factor Regulatory Networks,  Cell, 2012, 1, 1274–1286 



http://www.regulatorynetworks.org/ 

ȼЭȻ-ɪɟɫɭɪɫ : The Interactome 
Visualizing interactions of transcription factors in human, mouse and plant 

cell types 

ɉɪɟɞɫɬɚɜɥɹɟɬ ɜ ɝɪɚɮɢɱɟɫɤɨɦ ɜɢɞɟ ɞɚɧɧɵɟ ɨ ɬɤɚɧɟɫɩɟɰɢɮɢɱɧɵɯ ɪɟɝɭɥɹɬɨɪɧɵɯ ɫɟɬɹɯ. 
Ⱦɚɧɧɵɟ ɩɨ ɫɟɬɹɦ ɱɟɥɨɜɟɤɚ ɛɵɥɢ ɩɨɥɭɱɟɧɵ ɜ ɪɚɦɤɚɯ ɢɫɫɥɟɞɨɜɚɧɢɹ, ɨ ɤɨɬɨɪɨɦ ɝɨɜɨɪɢɥɨɫɶ ɧɚ ɩɪɟɞɵɞɭɳɢɯ ɫɥɚɣɞɚɯ  

Клетк̛ K562 (̛̬̾т̬оле̜ке̛̥́)  
Клетк̛ HSMM 

(̛̥о̍л̭̌т̼ ̭келет̦о̜ ̥у̭кул̌ту̬̼Ϳ  



Ʉɚɤ ɨɩɭɛɥɢɤɨɜɚɬɶ ɫɬɚɬɶɸ ɜ ɠɭɪɧɚɥɟ ɫ ɞɨɫɬɨɣɧɵɦ ɢɦɩɚɤɬ-ɮɚɤɬɨɪɨɦ ?? 

ȼɨ ɦɧɨɝɢɯ ɫɥɭɱɚɹɯ ɧɚɭɱɧɵɟ ɩɭɛɥɢɤɚɰɢɢ 
ɫɨɞɟɪɠɚɬ ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɟ ɞɚɧɧɵɟ, ɤɨɬɨɪɵɟ 
ɩɪɨɚɧɚɥɢɡɢɪɨɜɚɧɵ ɝɥɭɛɨɤɨ, ɧɨ ɧɟ ɩɨɥɧɨɫɬɶɸ. 
Эɬɢ  ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɟ ɞɚɧɧɵɟ  ɦɨɠɧɨ 
ɚɧɚɥɢɡɢɪɨɜɚɬɶ ɩɨɜɬɨɪɧɨ, ɢɫɩɨɥɶɡɭɹ ɞɪɭɝɢɟ 
ɦɟɬɨɞɢɱɟɫɤɢɟ ɩɨɞɯɨɞɵ. Ɍɚɤ ɛɵɥɨ ɢ ɫɨ ɫɬɚɬɶɟɣ 
(Neph S., et al., Cell, 2012, 1, 1274–1286), ɩɪɨ 
ɤɨɬɨɪɭɸ ɛɵɥ ɪɚɫɫɤɚɡ ɧɚ ɩɪɟɞɵɞɭɳɢɯ ɫɥɚɣɞɚɯ 

 

 

 

 

 

 

 

Neph S., et al., Cell, 2012, 1, 1274–1286 

;ˑк̭пе̛̬̥е̦т + ̦̌̌л̛̚ д̵̦̦̼̌Ϳ 
IF = 28 

Zhang S., et al., Nucleic Acids Res. 

2014;42(20):12380-7 

IF = 9 

ʪопол̛̦тел̦̼̜̽ 
̦̌̌л̛̚ д̵̦̦̼̌ 



10% 

67% 

Zhang S,  et al., Profiling the transcription factor regulatory networks of human cell types. Nucleic Acids Res. 2014 Nov 10;42(20):12380-7 

Иɟɪɟɪɚɯɢɱɟɫɤɚɹ ɫɬɪɭɤɬɭɪɚ ɫɟɬɢ ɪɟɝɭɥɹɬɨɪɧɵɯ ɜɡɚɢɦɨɞɟɣɫɬɜɢɣ  
ɷɦɛɪɢɨɧɚɥɶɧɵɯ ɫɬɜɨɥɨɜɵɯ ɤɥɟɬɨɤ ɱɟɥɨɜɟɤɚ 

ɋɟɬɶ ɪɟɝɭɥɹɬɨɪɧɵɯ 
ɜɡɚɢɦɨɞɟɣɫɬɜɢɣ ɞɥɹ 
ɷɦɛɪɢɨɧɚɥɶɧɵɯ 
ɫɬɜɨɥɨɜɵɯ ɤɥɟɬɨɤ 
ɱɟɥɨɜɟɤɚ (Neph S., et al., 
Cell, 2012, 1, 1274–1286) 

Ⱥɧɚɥɢɡ ɫ ɩɨɦɨɳɶɸ 
vertex-sort algorithm 

(ȼɵɹɜɥɟɧɢɟ ɫɬɪɭɤɬɭɪ 
ɜɢɞɚ ) 

ȼɟɪɯɧɢɣ 
ɭɪɨɜɟɧɶ 

ɋɪɟɞɧɢɣ 
ɭɪɨɜɟɧɶ 

ɇɢɡɲɢɣ 
ɭɪɨɜɟɧɶ 

Ƚɟɧɵ-ɦɢɲɟɧɢ 

Vertex-sort algorithm ɜɵɹɜɥɹɟɬ ɜ ɫɟɬɢ 
ɜɟɪɲɢɧɵ ɜɟɪɯɧɟɝɨ, ɫɪɟɞɧɟɝɨ ɢ ɧɢɡɲɟɝɨ 
ɭɪɨɜɧɹ. ȼɵɹɜɥɟɧɨ, ɱɬɨ ɜ ɪɟɝɭɥɹɬɨɪɧɨɣ ɫɟɬɢ 
ɷɦɛɪɢɨɧɚɥɶɧɵɯ ɫɬɜɨɥɨɜɵɯ ɤɥɟɬɨɤ ɱɟɥɨɜɟɤɚ 
ɤ ɜɟɪɯɧɟɦɭ ɭɪɨɜɧɸ ɨɬɧɨɫɹɬɫɹ  6% 
ɬɪɚɧɫɤɪɢɩɰɢɨɧɧɵɯ ɮɚɤɬɨɪɨɜ, ɤ ɫɪɟɞɧɟɦɭ 
ɭɪɨɜɧɸ 85%, ɢ ɤ ɧɢɡɲɟɦɭ ɭɪɨɜɧɸ 9%.  

ȼɢɫ
ɰɟɪ
ɚɥɶ
ɧɵɟ 
Ɋɚɤɨɜ

ɵɟ 
ɤɥɟɬɤɢ 

 

ɗɩɢɬɟɥɢɣ 

Ʉɪɨɜɶ 

Фɟɬɚɥɶɧɵɟ ɬɤɚɧɢ ɗɧɞɨɬɟɥɢɣ 

ɋɬɪɨɦɚ 

Ɋɚɤɨɜɵɟ ɤɥɟɬɤɢ 

ȼɢɫɰ
ɟɪɚɥɶ
ɧɵɟ 
ɤɥɟɬɤ
ɢ 

85% 

6% 

9% 

Ɋɚɫɩɪɟɞɟɥɟɧɢɟ 
ɡɧɚɱɢɦɨ ɨɬɥɢɱɚɥɨɫɶ 
ɨɬ ɬɚɤɨɜɨɝɨ ɭ 
ɨɫɬɚɥɶɧɵɯ 40 ɬɢɩɨɜ 
ɤɥɟɬɨɤ. 

23% 

Ɋɟɝɭɥɹɬɨɪɧɚɹ ɫɟɬɶ ɷɦɛɪɢɨɧɚɥɶɧɵɯ 
ɫɬɜɨɥɨɜɵɯ ɤɥɟɬɨɤ ɱɟɥɨɜɟɤɚ 



ɂɬɨɝɢ: ɜɨɡɦɨɠɧɵɟ ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɨ-ɬɟɨɪɢɬɢɱɟɫɤɢɟ ɩɨɞɯɨɞɵ ɞɥɹ 
ɩɨɥɭɱɟɧɢɹ ɞɚɧɧɵɯ ɞɥɹ ɪɟɤɨɧɫɬɪɭɤɰɢɢ  ɬɪɚɧɫɤɪɢɩɰɢɨɧɧɵɯ ɪɟɝɭɥɹɬɨɪɧɵɯ 
ɫɟɬɟɣ (TRN) 

ʦ̼́̏ле̛̦е ̭̜̌то̏ ̸у̭̏т̛̏тел̦̽о̭т̛ к ʪʻ̌̚еI ̏ ̐е̦о̥е ̛ 
п̬ед̭к̛̦̌̌̚е ̭̜̌то̏ ̛̭̼̦̏́̏̌́̚ т̬̦̭̌к̛̬п̶̛о̵̦̦̼ 
̴̌кто̬о̏ ̏ ̬̜̌о̵̦̌ ʪʻК, ̭оот̏ет̭т̏у̵̛̺̀ ̭̜̌т̥̌ 
̸у̭̏т̛̏тел̦̽о̭т̛ к ʪʻ̌̚еI 

О̶е̦к̌ ̴̴̾ект̌ ̼̏кл̸̀е̛̦́  ̌кт̛̦̏о̭т̛ 
т̬̦̭̌к̛̬п̶̛о̵̦̦̼ ̴̌кто̬о̏ ̬̌̚л̸̛̛̦̼̥ 
̭по̭о̛̥̍̌ ;siRNA ̛ т.д.Ϳ.  

√ 

. . . . . . 

. . . . . . 



Ко̦е̶ ϯ-е̜ лек̶̛̛ 

ˁп̛̭̌̍о ̌̚ ̛̛̦̥̦̏̌е !!!! 


