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Mitogen acti-
vated protein 
kinase acti-
vated protein 

,  -
 MAPK     

MAPKK 

Mitogen 
activated 
protein kinase 
kinase 

  
, 

  
 

– 

MAPKKK 

Mitogen 
activated 
protein kinase 
kinase kinase 

  
,  

  
 

– 

MCP-1 
Monocyte 
chemoattrac-
tant protein-1 

 -
  

    
  ; 

   
 

M-CSF 
Macrophage 
colony-stimu-
lating factor  

-
  

  
 

– 

Mdm2 Murine double 
minute 2 – -   

 53 

MFG-E8  "milk fat 
globule" 

 "   
 " 

  -
   -

   

MPT 
Mitochondrial 
permeability 
transition 

 -
 -
 

  -
 -

  

myc 

 "oncogene 
of the MC29 
avian myelo-
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virus" 

 "  
 -

 " 
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NAIP 
Neuronal apo-
ptosis-inhibi-
tor protein 

 , 
 -

  

,    
   

Nef Negative exp-
ression factor 

 -
     

NF-kB Nuclear  
factor-kB 

  
-kB 

  
 

NGF Nerve growth 
factor 

  
 – 

NIK 
NF-kappaB-
inducing 
kinase 

,  -
 NF-kB  – 

NOS NO-syntase NO-  – 

NT3  "neuro-
tropic" 

 " -
" 

   
  

nuk-1  "nuclease"  " "  C. elegans 

53 Protein,  
53  , 53  

 ,  
 , -

  

PARP Poly-(ADP-ribo-
se)-polymerase 

-( - -
)-  – 

PDGF 
Platelet-
derived growth 
factor 

  
  

PDK-1 

3-Phosphoino-
sitide-depen-
dent protein 
kinase 1 

3'- -
-  

-1 
– 

PI Propidium 
iodide 

  
 

  
 

PIDD 
p53-induced 
protein with 
death domain 

  -
 , 
 -
 -

 53 
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PI3K 
Phosphatidyli
nositol-3'-ki-
nase 

-
-3'- -

 
– 

PkC Proteinkinase C   – 

pol  "poly-
merase"  " " 

  , 
   -

, , 
 

PS Phosphatidyl-
serine 

-
 – 

PTP Permeability 
transition pore 

   
 

,    
  

RAIDD 

RIP-associated 
IC -1/CED-3-
homologous 
protein with 
death domain 

RIP- -
 IC -

1/CED-3-
  

   
 

  

Rb  "retino-
blastoma" 

 " -
"  

rev 
Regulator of 
virus gene 
expression 

  
  
  

   

RING 
Really 
interesting  
new gene 

  
  

,   -
   -
  s.  

    
3- -   

 

RIP 
Receptor 
interacting 
prot in 

,   
  

  
  

ROS 
Reactive 
oxygene 
species 
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sAPP Soluble APP   – 

SDK-1 
Sphingosine-
dependent 
kinase 

-
  – 

sFas-R Soluble Fas-R   
 Fas – 

sFas-L Soluble Fas-L   
 Fas – 

SIDS 
Sudden  
infant death 
syndrom 

 -
  

 
– 

Smac/ 
Diablo 

Second mito-
chondria-
derived activa-
tor of caspa-
ses/direct IAP 
binding 
prorein  

 -
 ,  
 -

 -
/  
- '  

  

  
  

SMN  "survival 
motor neuron" 

,  -
   

  
 

,    
   

Src  "sarcoma"  " "    
   

S1P Sphingosine-
1-phosphate 

-
 – 

tat Transactivator 
of transcription 

 
    

t-Bid Truncated Bid " " 
Bid 

  
Bid  -

-10, -8, -2,  
'    
   -

 

TGF Tumor growth 
factor 

  
 – 
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TNF Tumor necrosis 
factor 

  
 – 

TNF-R Tumor necrosis 
factor receptor 

  
 -

  
– 

TRAIL 

Tumor necro-
sis (TNF)-rela-
ted apoptosis-
inducing  
ligand  

TNF-  
,   

  

   
  

TRADD 

TNF receptor 
associated 
death domain 
protein 

DD-   
, -
  -
 TNF  

  

TRAF 
TNF receptor 
associated 
factor 

, -
  TNF-

  
  

TSP-1  "thrombo-
spondin-1" 

  
-

-1 
– 

TUNEL 

Terminal 
deoxytrans-
ferase-media-
ted dUTP nick-
end labbeling 

 
-

- -
 

-  
-  

   
  

Vac-A Vacuolating 
toxin 

,  
  

 Helicobacter 
ylory 

VDAC 
Voltage-
dependent 
anion channel 

-
  
 

  – 
c   , 

  
   

   

VEGF 
Vascular 
endothelial 
growth factor 

  
  

 
– 
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vif Virus infection 
factor 

  
 

 
   

vpr  "viral 
protein" 

 "  
"    

vpu  "viral 
protein U" 

 "  
 U"    

z-VAD. 
fmk 

Benzyloxycarb
onyl-Val-Ala-
Asp (OMe) –
fluoromethyl-
ketone 

-
-Val-Ala-

Asp- -
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fusiformis)    (Spirocheta dentium),   
    ,  
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    (" ' ",  

    ,    
  ,    ( )).  -
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   , -
   –   -

 ,   
 ( . 1.8)  -
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   ,   
   .  

   
,  , -

    
 '   , 

,     –  . nome –  
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   , - ,  -
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      -

,          
      ,  
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     IL-1   IL-18  

        .    -
,   ,  -

 .  ,  -1   
, ,  ,    

      . 
      -

    ,     -
,      .  
    ,    -
       -
 ,  .  ,   -

   .    -
    (     

   ),  (   -
  -1)  . 

Ви
да
вн
ич
о-п
ол
ігр
аф
ічн
ий

 це
нт
р 

"Ки
ївс
ьки
й у
нів
ер
си
те
т".

 

Ве
рс
ія 
не

 дл
я д
ру
ку



 
 
 
 
 

2.    
 
 
 
 
 

2.1.    
 

 
 (  .  –  + ptosis – )  
    . ,     

   ,   -
   [34].        

,         ( . 2.1). 
 : ) -

  -  
 (   -

- )  ) -
   -

  . 
 : 

)    
  ; 

)    
,  -

  -
     -

  .    
 ,     -

 ; 
)      , 

    ( ,   .), 
    –    
 ( . 2.2); 

 

. 2.1.  (   
)   

    ; 
   

   ,  
   Ви

да
вн
ич
о-п
ол
ігр
аф
ічн
ий

 це
нт
р 

"Ки
ївс
ьки
й у
нів
ер
си
те
т".

 

Ве
рс
ія 
не

 дл
я д
ру
ку



   
 

 

 50 

)   -
  . 

    
 ,  -

 ,   
   -
  . ,  

  , -
  -

 ( . 2.2)   
    

 . 
  -

     
 . 2.1. 

 
 2.1.     

 

   

 
, , -

 ,  
  ( ) 

   
    
  

 
 – -   

 
 ,  

 , -
   

 , 
 ,  

   
  
 

 
  

 ,   
 180–200 . . ( -

 ) 

  
 

  
   -
  ; 

   
 ( ) 

 , ,  
  -

 (  -
 ),  -

-    
   

 
,  

 
    

  
 

;  
   

   -
  

 

 
 

 

. 2.2.    
 ;    

"  ",   
 ,   

Ви
да
вн
ич
о-п
ол
ігр
аф
ічн
ий

 це
нт
р 

"Ки
ївс
ьки
й у
нів
ер
си
те
т".

 

Ве
рс
ія 
не

 дл
я д
ру
ку



2.    
 
 

 51 
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     (    -
) ( . 2.3, ); 
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    – . , X. Xop  
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 Caenorhabditis elegans ( . 3.2, ).    
(1 )    , , - ,   (  
3 )        . -

,         -
,   ,  ,    

       -
   .       
   959       -

    .  ,  ,  
.   ,      

,   ,    . 
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  .     

     ,  
   . ,     .  

     ,     
(Molecular Science Institute).  

 –    1947 .  .     
  .  1978 .   

   .  
 –    1942 .  .  

          
(Salk-Institute)       

  (Medical Research Council).  
 1992 .     (Sanger Centre)  , 
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.     ,    -
    1090 ,   959,  131    
 ,      ( -

).       – 
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,  .    90-  . .    
    ced-3  ced-4 (  cell death –  
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  . 
  C. elegans ,    

   : 
1)    -   

; 
2)      

; 
3)     ; 
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 . 
 ,   ,   ,   

  ,  '   . 
   ,    -

  ,         : 
 

C. elegans   

ced -3  
1. ,      

-1( ) 
2. ,      

-3 ( ) 
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,    d-9 (  bcl-2  –  - ll lym-
foma/leukemia, -  - )  -

,   d-3  d-4 ( . 3.3). 
 

 
 

 

 

 

 

Egl-1 

Ced-4 

Ced-3 

  
 1-2 
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Ced-9 
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 . elegans      
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 L-1 ),       1. 
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    d-4,   , 
     -1 (Apaf-1) (  

Apoptotic Protease Activating Factor-1).   -
   '   Apaf-1, Apaf-1  '  

  -9,    ( -
. 3.4). Apaf-1   '    

ed-9  l-2 ,    Apaf-1  
-9,   . 

23 %       d-9 -
   bcl-2 . ,    bcl-2 -

      . elegans,   
      . 

 bcl-2    1985 .       
-  /  ( - ll lymfoma/leukemia),   

   . 
     l-2*   

  . 
 
 
3.2.2.   b l-2 
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   ( . 3.2).  

  l-2     -
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  (  ),     -
     , ,  
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   -  . -
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 (  305–323)  / -
  53 (  323–356). -   53 

(  363–392)     .  -
     - '  -
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p53 

p53 
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VEGF Tsp-1 
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       53,   -
  [18].  

Ви
да
вн
ич
о-п
ол
ігр
аф
ічн
ий

 це
нт
р 

"Ки
ївс
ьки
й у
нів
ер
си
те
т".

 

Ве
рс
ія 
не

 дл
я д
ру
ку



   
 

 

 74 

      -
-3-  ( 3 )  53   -

15 (Ser-15).      (Ser-20, 
Ser-33, Ser-37),     '   -
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,  ,      -
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     N-    
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ATM ATR 

ARF 

Chk1 Chk2 PML 

p53 Mdm2 

 PUMA 
 Noxa 

Bak 
Bax 

Apaf-1 

-9 
 

 

  
  

 

  
  
   ? 

 
 

. 3.8.    53 

Ви
да
вн
ич
о-п
ол
ігр
аф
ічн
ий

 це
нт
р 

"Ки
ївс
ьки
й у
нів
ер
си
те
т".

 

Ве
рс
ія 
не

 дл
я д
ру
ку



3.   
 
 

 75 

     -   53   
 '    14-3-3,   53 

 ,    -    -
 .      

 53  ,    -
    -  [18]. 
  53    -  -
 (  "ataxia-telangiectasia mutated protein" – , -

   ,   -
   ), ,    

     –  
    53-  , 

        ( . 3.8). -
      -3-  

( 3 , . 3.2.4)     , 
    '  -

    -    
.       -

  ,   - , 
 ,       -

  ,     -
      .  

      
  –  R (ATM Related),   -

    53.  
  53    , -

 -myc ( . 3.2.4),     -
     . 
  53,     , -

  21, GADD45, 14-3-3- , , Puma, Noxa, Apaf-1, 
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   53 ,    
. 53      
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death domain ( 53-     ))  -
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       -

 53.       -
,    Bcl-xL,    -

        -
 . 
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 ,    ( . 3.6).  
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  ,      -
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  ,        – 
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. ,     ,  -
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    (" " ). 
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 ,     -  ,    
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  .     -
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 , ,   ,    -

 .     -
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   :   , -
       . . 

 
 3.4.  -    
  ,   

 
    

  -
  – pdgf 

sis –   
  

 

 ,  
   

 

  -
  

 – egf-r 

erb-B –  
 -

  

   
 ,  -
  -

   

 ,   
   

   –  
c-ras 

v-ras –  
  

  -
   

  

  
   

  ,  
   -

 
  – 

   
  -

   – c-src 

v-src –  
  
   

  
  ,  

   -
 

  -
  – 

c-myc 

v-myc –  
  
  -
  
   

 , -
    

   
 

   
   

rb (  retinoblastoma) rb* –   
 

 ,  
  -

   -
 .    

   
  

p53 (   53 
 . . 53 ;  -

  -
   -
  ) 

p53* –   
 

 .  
  -

,  -
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     .  -
     –  ATM  ATR ( . 

3.2.3).      . -
   -   p53.  -

    ATM  ATR  -
-  2 (Chk2),      -

.  Chk2,   ,   
,      p53.  -
 1 ( hk1)  ,  Chk2,    

chk1   ,     hk1 ( hk1(-/-)), 
     p53-  -

   .  ,  -
 chk1(-/-)       -
 G2- .    ,  hk1  p53 

in vitro.  ,     in vivo. 
      -

 ,        -
  .    
   ras  myc.      -

      -
,        -

 .       
,       -
,         -

.        
p53.       
 ,       

( .,    ).    -
    .    -

     " ",  -
         S-   .  

  myc-  (  oncogene of the 
MC29 avian myelocytomatosis virus –   -

  29)     -
 .  m    50 %  
          -

  .   - yc -
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 439 ,       -
 .      -

  ,       -
  ,   -

,  ,     
.  ,   -myc,  L-myc (  

small-cell lung carcinoma –   )  
 N-myc (  neuroblastoma – ). -myc -

   ,     ,   L-myc  
N-myc –       -

 (   , ,   ). -
  myc       

( )  G1-  ( -
 ). myc- -

    
   -

,     
   -

  .  
    

G1-    -
,   -

  G2 ( . 3.9). 

 

 G2 
 G1 

 S 

 M  c-myc 

 Bcl-2 

     
  
 
  

       

 53 

 + 

   - 

 + 

 
. 3.9.     
   -   53 

        
    Myc  

.  yc-    -
;         

53.     (   ) 
 21Cip –  ,  " " ,   -

   .    53 " "  
:   ,     , 

  . 
,    ras (  rat sarcoma 

–  ),      
G- .       
 189    '    -

Ви
да
вн
ич
о-п
ол
ігр
аф
ічн
ий

 це
нт
р 

"Ки
ївс
ьки
й у
нів
ер
си
те
т".

 

Ве
рс
ія 
не

 дл
я д
ру
ку



   
 

 

 82 

 .  '    ( T   
)   - ,     .  
      -ras- ,    

   21  (       -
  21- ): N-ras, Ha-ras  Ki-ras.   
    ,    -

  : Harwey  Kirsten.     
  .  ,       -

  :     
Ras-   .  

,        -
    .   -
    -ras,    -

 -   ,    -
'       G- -

.    -ras –  -
 ( .,    12, 61).  -

    Ras    -
  ( -  ) ( . 3.7). -

   53,     ras, 
    G1-  G2-   -

 .      20–30 %  
    ras. ,   -

      .  
 ,  ,   Ras-  -
 ,         

  .  ( ) 
  ras    ,  -

 .     
 Ras – Raf –  – 53,  '     -

   Ras –  Raf –    -
   Bad (   Bcl-2),  

     Ras – PI3K.  
,   Raf-  (   -ras- )   

.   Raf-     
    .  Raf-  

(  V-Raf-1 Murine Leukemia Viral Oncogene Homolog –  -
    V-Raf-1) –   / -
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 ,    c-raf – A-raf, B-raf  
 -raf-1.    Raf    
-   ,  N-    -

,     Ras- .  ,  
Raf       -

.          
/ERK-  ( . 3.7).    Raf 

  1  -    Ras – N- . -
 ERK     30 %  

.  Raf-     -
   Ras   ERK- . , A-Raf-

   ,     -
   . , B-Raf  c-Raf-1-
     -

         
  ,   c-raf-1- -

 ,  ,    
     (  . fetus – , 

, : ) 
     -3-  

( 3 ) '       ( ., -
   ),    -
   (  , NF-kB). PI3K 

       
,       Ras ( . 3.10). 

 PI3K   3'-  -
 (PI-3,4-P2  PI-3,4,5-P3)    

.     / -
 3'- -  -1 (phosphoinositide-de-

pendent kinase, PDK-1), ,   ,   -
 ,  Akt (=  ). -

  Akt/ B    -
  v-Akt     -
.      Akt- : Akt1, Akt2  Akt3.  

       
Akt    ,    

 ,     . -
 Akt       -
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: 1) Akt  ,   Bad -
 Bad/Bcl- L.  Bad '   14-3-3,  

   Bad/Bcl- L,    
 . 2) Akt  IKK-a,    -

 NF-k    .  ,  Akt 
    -9,  . -

     .  -
 Akt (RXRXXS/T)     -

       ( -
-8, Bcl-2, Apaf-1, IAPs, -7).  

 

 –   

  
  

 RAS 

   PDK 

SOS 

GRB 
SHC 

PI3K 

IKK-  

 p65 

NF-kB 

Bad 

PI-4-P 
PI-4,5-P2 

PI-3.4-P2 
PI-3.4.5-P3 

  
  

  

Bad  p50 

 p65 

 
  

 p50 
IkB 

       

14-3-3 Akt 

  Bcl-XL 
  Bcl-XL 

  TEP1 
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3.3.     
   

 
      

    ,      
  . ,     -

 ,     -
.  -     

  ,   -
  .         

   ,    
  ,      -

     ,   .  
  ,         

,       -
    .  

       
 ,       

  .   ,  
       

       ( . 3.4). 
      -

    (tumor necrosis factor, NF-R).  
       (TNF-

R1  TNF-R2)     (growth nerve factor, GNF), Fas-
pe  (  fibroblast associated antigen, Fas-R,  APO-1/CD95). 

       -
       .  -

    Fas-R  TNF-R1.  
    ,   -

 ,     – -   
CD40,   -  CD27    

  .      -
      ,    -

,        -
  (  25 % ).   -
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      .  
  ,     , -

       65 
 (    , death domain, DD ( . -

, . , . , 1993);     
    ).   -

 -    ,  DD -
    -     -

     .  -
, ,     .  

      -
 ,   DD- : Fas-R, TNF-R1, DR3, DR4, 

DR5  DR6.  
Fas-  (Fas-R)      

  ( .   ., .   ., 1989,  
.   ., .   ., 1991–1992)    , 

   .      -
   .  1991 .  ,  -

   Fas-R-      
     .  1995 . ,  

     Fas-R-  .  
Fas-R      . . 48 , 
   335  .   -

   N-     -
 ,      I .  

Fas-R  ,     ( -
 , -    -

  ,  , , ).   
, ,     : -

, ,   -
   .     -

    ,  -
 -  ,  ,  -

 – .  Fas-R    -
   ,     

( L-1, -2, -6),  ( - ),    
(TNF ) .  , ,   -  

   Fas-R-   . 
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  Fas (Fas-L)      
- .        

 .    . . 40    
        

- ,      Fas-   -
   . Fas-   -

  II :  NH2-     
,   OOH-     

. Fas-L    ,  
     ( ) ,  -
       -

.    -  Fas-
    .   '   

Fas-  - ,  '  Fas-L  
 Fas     . 

 Fas-R-    -  
" "  ,    -

,     –   . -
       , -

   -  –     
-  –      . 

   Fas    
,  F DD (Fas-associated death domain protein – -

,      Fas).   
        

DD,   ,   DD , -
  ,     -

,    (death inducing signalling complex, 
DISC).  DD,   F DD    
D D (death effector domain –   ),  -

   D D–D D  -8 
 DISC.    -8  

 DISC      -
  -8,      -
 ( . 3.4), ( . 3.11). 

FADD-     12,5   
( . 3.3),      FADD   
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.     , -
   . FADD    , -

 '   ,      -
'   ,   , ., 

     . 
 

 

   Fas-R 

Fas-L 

FADD 

DISK 

-8 
  DEDD 

 
-8 

2-  

 
 

 
 

  

 
 

Fas-L 

Daxx 

 
 
 
 
 
       ? 
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 FADD,    Fas-R  -
   .  Daxx (Fas death domain-associated 

protein – ,     Fas-R;   
.   . - , 1997)     

Fas-R,   JNK (c-jun-N-terminal kinase)  
 ASK1 (  Apoptosis signal-regulating kinase 1 –   -
  ), ,  , ,   

 .  ,      
    FADD-  ,   

   –    JNK ( , 
   daxx,    ). 

 DEDD (  Death-effector domain-containing protein – ,  
 DED- )  DED,    

FADD  -8,      -  -
,  .    Fas-R DEDD 

  ,   .  -
    –    -

  Fas-R-  .     , 
  Fas-R –    (aSMase), 
    ( . 3.8). 

    TNF-R1 (TNF -R)  
. ,   TNF-R1   -

  ,    .    
  , ,     -

    ,   -
   .    TNF-R1  -
  TRADD (  TNF receptor associated death domain –  

DD-  ,   TNF- ).  TRADD,  
 , '  DD-   RIP (  receptor interacting 

prot in – ,    )  FADD ( . 3.12).  
FADD       -

. RIP      TRAF2 (  
TNF receptor associated factor-2 – -2,   TNF-

)  RAIDD (  RIP-associated IC -1/CED-3-homologous 
protein with death domain – RIP-  IC -1/CED-3- -

    ). TRAF2  RIP   
,       

AP-1  NF-kB (Nuclear Factor-kappa B, . 3.5),   
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     ,  
  (    IAPs –  -

  (inhibitors of apoptosis proteases, . 4.5), Bcl-x 
). RAIDD, '        -
 RIP,   CARD-  –    -

 -2,     . 
 

 TNF 
TNFR1 

TRADD 

RIP 
  FADD 

 DED    TRAF2 

DISK 

-8 

 
-8 

 
 

  
 

 

 

 NF-kB     
  AP-1 

 
 

. 3.12.     TNF-R1-   
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     TNF-R1 
     , ,   
    . 

TRAF –    ,    '  -
: TRAF1, TRAF2, TRAF3, TRAF5, TRAF6.     

   TRAF2. TRAF2-   -
      TNF .  -

      RIP. TRAF2  RIP -
 NF-kB-   (NIK), ,   ,   

  ,    NF-kB  
(I-kB – . 3.5).  I-kB   -

 NF-kB      ,   
  -2, -4, -    . 

       
TRAIL (  Tumor necrosis (TNF)-related apoptosis-inducing ligand – 
TNF-  ,   ,  Apo2L),   -

  Fas-L  ,    ,   -
 .  ,  '  Apo2L,  

DR4 (death receptor-4)  DR5 –      
 .  DR4  DR5    -

,  FADD, TRADD, TRAF2  RIP. ,  ,   -
 FADD,         
  Fas-L-  ,   Apo2L- -

 ,     FADD- -
    .   ,   

Apo2L-      .  
   Fas-L- ,  -  

        -
   ,     .  

      -
.       ,  -

 ,      -
.     

'   ,       
  .        

 .     ,  
     -   -

  –     .  
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   –     
        -

   -  -  . 
 -    -  -

     –   -
     ,     -

 .  
    
,   
 -  

  -
 (  ), 

   -
    

  
( . 3.13).   

 -8  -
  -

  .  
   

   , -
   -

      

 
 

 

   
   
   

  
  

      
  

 
  

 
 

. 3.13.   -  
    

 ,        
 (ICAD),       -

 ( . 3.9).  B     
       -

      -
 ;     (   )  

    
 -     ,   
-  : ,    -

,      -  -
.      , -

     .  
-8 (  FLICE –  FADD-like interleukin 1 -converting 

enzyme – FADD-  ,     
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IL-1 ) –     , -
 TNF -R    .   

 FADD   D D.    -
 -8     . 

 -  FLI  ( : -  -8 ) 
– -FLIP –     -  FLI ,  

        D D-   -
 .   -FLIP   -

. D D – D D  -FLIP   
  DISK  -8,    

  -   ( . 3.14). 
 

FADD 

Fas-R 

DISK 

Fas-L 

c-FLIP -8 

FADD 

 
 

. 3.14.   Fas-R-    
-   8 -FLIP 

 
 ,  DISK  -FLIP ,   -8. -

 , -8  -FLIP  ,  -
     . -8-   
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 FADD-      12,5 
       . -

-8-  ,   FADD- ,  -
  ,   . -FLIP   

,      '   DISK.  
      -FLIP   -

 :        
  -8     

-FLIP – -8. 
    ,   -

,    . ,   
     –  

( H ),  ( 2 ), NO,  (RO ).   – -
 (O NO ),   (HOCl),  -

 (H2O2),  ,  (O3),   (HNO2), 
  (N2O3)    ,   

     . 
 , NO,   ( , 

)      
  .  NF-   Fas      
        , 
     . 

       
  ,     -

.    , ,   
  , '    
  ( . 3.11.3). 

 
 

3.4.    
    

 
    ,    

 " " ,    ,  
.      -

 '      –  
 . 
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 (cysteine-dependent aspartate-specific proteases)  
 ,     -

      -
 .        

     ( -1)  Ced-3 ( . 3.2.1). -
     1993 .;   13 -

   (  1–12  14).      
     .  ,   
  ,  -3, -9, -8 (  )   

-2, -6, -7  -10 ( );   (-1, -4, -5, -11,  
-12, -14)      ( . 3.5). -

  – ,    –   
  (  (-2, -8, -9, -10)  ,  -

 (-3, -6, -7) ).  
     ,  -

 – ,    D D ( -8  -10)  
RD (  caspases recruitment domains –   -
, -9  -2).     -

   DISK     '  -
  (   ,     

-8),         ( -
  ,    -9, -
    ).  

  ,   ,     
.       

    DISK   
-8 ( . 3.15).  

    ,     
,      -

 . '       
    l-  – id. id 

 -8    t id   
,        

ax  ak,      
 (    .) ( . 3.16).    -

     -
 – .  
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 3.5. -    
    (  . . , 2003) 

 

 
. .  

, 
 

  
 

/ , 
 

 
 

,    

-2 51 ,  
 CARD-  20/12 RAID, 

DEFCAP 

-8 55 ,   
DED-  18/11 FADD, 

DEDAF 

-9 45 ,  
 CARD-  17/10 Apaf, Nod-1, 

Bcl-10 

-10 55 ,   
DED-  17/12 FADD, 

DEDAF 
  

-3 32  17/12  
-6 34  18/11  
-7 35  20/12  

,     

-1 45 ,  
 CARD-  20/10 

CARDIAK, 
paf,  
CARD-8 

-4 43 ,  
 CARD-  20/10  

-5 48 ,  
 CARD-  20/10  

-11* 42 ,  
 CARD-  20/10  

-12* 50 ,  
 CARD-  20/10  

-14* 30  20/10  
    

ed-3 56 ,  
 CARD-  17/14 Ced-4 

Dcp-1** 36  22/13  
 

*   . 
**  -1  . 

Ви
да
вн
ич
о-п
ол
ігр
аф
ічн
ий

 це
нт
р 

"Ки
ївс
ьки
й у
нів
ер
си
те
т".

 

Ве
рс
ія 
не

 дл
я д
ру
ку



3.   
 
 

 97 

Fas-L 

Fas-R 

FADD 

FLIP 

-8 
  

-8 

 

-3, -2, -7 

  

  
. 3.15.        

 
         

     , " -
"  ,     ( . 3.3).  

   ,  -1-    
     IL-1 ,     

  ,        
     . -3-

        . , 
  ,     , -

          -
.        -

, -3      . -
     -9-  : , 
 ,       -

     . 
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 -8 

Bid 

t-Bid 

  Bax 

Bcl-2 

  

   
 

-9 

Apaf-1 

 

-9 
 

 
 

  Bax 
Bax 

Bcl-2 

   
 

    

  

 
. 3.16.        

 
   : 

1)  ,      
  –  ; 

2)     (cytokine response 
modifier A, CrmA) –   '  ,   

   -    -
-8,   -3. 
3) 35 –  ,     

,     .  -
    . 
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4) s –  ,   -3  -7 
( . 3.5).  

  Smac/Diablo    -
     -

  s  ,  Smac/Diablo  ' -
  s,    . 

     ,   R ,   -
 .   ( )    

–     .   –  , 
          ( . 3.17). 

  ,       
       – -
 ,     f-1,  

  ,    -9 ( . 3.18).  
 

  
 

 
 

 

   

 

 

 

 
 
H2N— 

 
 
—COOH 

 
Asp 

 
Asp 

 
. 3.17.     
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A  
  Apaf-1 

-9 

-3 

  
 

. 3.18.   
 

        
     (M.   ., 

2001).    '      -
       , d, 

k, d  ,      
   ( . 3.19). 

      : 
     , -

        
,  –    . -

 cl- L, l-2,   d    -
      .   

        -
   ,   -

     .  , 
   cl-2    

 ,     -
 .  
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1-2 

Bcl-2 
Bax 

VDAC2 

 
 
 
 
 
ANT 

Cl- 

Na+ 

+ 

,  

,  

+ 
Cl- Na+ 

 
. 3.19.       

      l-2 
 

  '      -
  ,      -

 .        -
 ,     ,   (  

mitochondrial permeability transition) –   -
,   2+-    -

       
  1,5 .      . -

  .  1976 .        
  ,     ( -

  ,  ,    
 )     . 

     -
    ( )  

.         ,  -
       -
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 ( . 3.9).      
     -

     .  
       -

   :  ,  -
      ; ,   

 – IF; Smac/Diablo;  2,  EndoG, 
Htr/Omi. ,       -

 ,       ,  
       -

    .  
 ,       

   :   , -
-   ( , )   , 

    (   ROS – reactive 
oxygen species:  ,    -

 ).   ROS    
,    ,    -

 ( . 3.11.3). 
     ,  -

        (PTP, 
permeability transition pore)  2,6–2,9 ,  -

   ANT (  adenin nucleotide translocator – -
  )  VDAC (  voltage-dependent anion 

channel –   ) ( . 3.20).  
 ANT      -

 .   ,    
      ( ).  N   -

    . 
VDAC,   –  ,     -

       . -
   -    

VDAC-ANT   , '     
     "  ". -

 '    VDAC-   -
  , ,  VDAC   
      . 
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2+ 

   

 
 

VDAC 

 ANT 

 D 

  

 

 Bax  

Bcl-2 

 Bcl-2  

 
 

. 3.20.     ( ) 
 

    : 
  D – - - - -  -
,       (    ANT)   

   ; 
  (   VDAC), ; 
    (  -

  VDAC); 
 -     l-2. 

      
: 

  2+  ; 
  ; 
  ; 
 ROS; 
  . 

  : 
 g2+; 
  ; 
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   (  , , 
, ); 

  ; 
   . 

,      -
,  -3    .  , -

  2+  . 
 ,      -

    ,    
,        

  ;    
  -   l-2.  

 VDAC ( )     l-2 
      .  

    ,   -
    . -  k-

        (   
VDAC),    .   ,  -

, -8   id,      -
 – t id –         

 cl-2,    / k  ( ) -
    .    l-2 -

   ,     -
  . ,   -

   l-2, '    -3-  , 
,  - ( k-) / ,  -

   .  l-2  l-
xL         

   ROS,  ,    
      .  

  ,   l-2, l- L, -
   NF-kB.   -

   cl- , NF-kB   
   ,   IAPs ( . 3.5). 

      
 ,    ,   ,  -
   ,          
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  ( . 3.11).     , ,  
     , -

    ,     
   . ,    
   ,    -

 '     . , -
         
 .      
        -

,     - .  
-9     – -3, -6  

 -7, ,   ,    ,  
     ( . 3.21). 

 
 Fas-L 

Fas-R 

  

 

 

-1 

 
 
 
 
 

-3 

-4 

-6 
-7 

-8 

-9 

-10 
FADD 

DFF 

 
 
 
 
 
 
 

    PARP  
  

Apaf-1 

 
. 3.21.   

 
  ,      ,  -
     .     – F 
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( ,   ) – 57  ,   
      .   

     z-VAD.fmk,  
      .  , F -

      , -
  ,       -

    .  
       metazoan ( , -
  ),    ,  F     

    . 
   – Diablo/Smac (Second mitochondria-derived 

activator of caspases/Direct IAP binding protein with low pl – -
  ,    / -

'  )  HtrA2/Omi (  high temperature requirement – 
   )   N-   

 IAP- '   (AVPS): Ala-Val-
Pro-Ile.   '      

 s,   XIAP, - 1, - 2  , -
   ,     -

.  Diablo/Smac  Omi/Htr 2   -
       

,       
    . 

Diablo/Smac   - ,   
 ,  " " (    55 

  N-   ,   
  Diablo/Smac  ).  " " 

   AVPS    
Diablo/Smac  . 

 
 

3.5.    NF-KB 
 

NF-kB    ,  '   
      -

  (kappa)   - ,     -
 ( .   . , 1986).  
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  ,  - '    
    ,   

     de novo-  . NF-kB 
    ,     ' -

       -
    .   NF-kB 

  ,      -
, ,   .   -

      ,  
, . 

  NF-kB –  -  .  
       (Rel/NF-kB 

proteins).    '    : 
 NF-kB1 (    p50)  
 NF-kB2 (p52)  
 RelA (p65)  
 RelB  
 c-Rel  

    Rel-  -
,       '     

   IkB 
(inhibitor of NF-kB). 

 NF-kB  -
;   

  p50  p52 
  p65- -

 ( . 3.22). 
NF-kB  -

 ,  
 (TNF   IL-1),  

-  -  -
,  , -

  (ROS, 
 -

).   NF-kB 
   -

    

 50 

 65 

. 3.22.  NF-kB/   
.  
  

   :  
p50 ( )  p65 ( ).  

(  . ) 
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   IkB,    IkB , IkB   IkB . 
   ( ., '  TNF    -
)    IkB  

 (IKK (IkB-kinase)).    IkB  -
 ,   -    

    26S-  ( . 3.23).  
        

  . 
 

 

     50 65 

   IkB 

  IkB-  

   IkB 

  IkB   

 Ub-Ub-Ub 

   

  

 50 

  50 

65 

  65 

   IkB 

 IkB 

     

     50 65 

     IkB 

     50 65 

    

       

 Ub-Ub-Ub 

     
     

  50   65 
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 (  -   –    
,  .   . ) –  -

  ,        
   ,     
      –   -
,    .     

   ,    ,   -
,    ,        -

  .    -
    ,     
   (S):     

   700    -
 20S ( . . 20S- )     

      – 26S- . 
   90 %   –   ,    

   –     
. ,      -

   '     .  
" "     –  

,  " "       -
   ,      76 

 .     -
   48-    ,   -

   -    -
 .      – 

1, 2  3 ( . 3.24),      
 ,      -

.  1 (     )   
        2 (   

 " ' " ).     – 
  3 – ,  " " .  

   2, '   -   -
      [2].  

     -
 NF-kB       -

 . 
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  ,      
NF-kB  ,     IAPs –  

 . s –    -
,     ,    -

  .    8 s- , 
  NAIP, - 1, - 2, , ,  ( . 3.25).  

 
 

1 

1 

1 

2 

2 

2  

 
  

(  ) 

 
 

'   
 - 

  
  

 

+   

26-S-  

-  

 

 
3 

    
     3     3 

 
 

. 3.24.      
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-9 

 

-9 -3 
-7 

-8 

 Apollon,  
 CIAP-1 
 CIAP-2, NAIP,    
 livin, XIAP,  
 survivin 

Smac/Diablo 

  Apaf-1 
  Apaf-1 

 

 
 

     
  

,  
, ,  

  Bcl-2 

IAPs 

     A  
  A  

 
 

. 3.25.  s  .  
IAPs-   , '    .  

  ,      
(   ),      

(    )   
 

 s    – BIR-  (  baculo-
virus IAP repeat – -  ) –   70 

,     s -
   s  . , - 1  - 2  
 BIR- ,     -3, -7  

 -9.  s,   -3  -7 (  -
   54 %   ),   BIR-2  -
   ,   BIR-2  BIR-1.  

  -9   -
 BIR-3- .    BIR-3  BIR-2  

,      ,   
    .   BIR-1 

    . ,     -
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  s,   ,    -
   '     -

 s,      [33]. ,  
'   BIR3-     -9, 

      -9,    -
  . BIR2-  (  ,  -

,   Gly-144, Val-146, Val-147, Asp-148) '   
 -3  -7      -

   .    
    s – - 1  - 2. 

 BIR- , , - 1  - 2  -
 RING- ,    ring (really interesting new 

gene –    )   - ,  -
 -3- -  .    s 
   ,     

        ,     -
-3  -7,     .  

  Diablo/Smac    
  BIR-2  BIR-3-  s,    -
  .    Diablo/Smac – 

Smac-3 –      -
  ,      -

  .  
   , XIAP, , - 1  - 2   

RING-      Diablo/Smac -
     –   .  

 Diablo/Smac     
IAP-  ,     IAPs 

   ,  -
 . ,  IAPs-     

   . 
   ,  (   1999 .), 

  RING-       -
.     ,  -

,      .   
        -

     -
  . 
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 ,   IAPs     
      -

  . ,  -
        

     . 
 
 

3.6. -     
 

     - -
     ( ),  

  .  
 
 
3.6.1.   
 

,        -
 2+ (         

 ),   ,  .  , 
   ,  , -

    ,   -
 ,  - ,   2+- -

         
- . -       -

 ;         
     ( . , . -

, 2005) [44].  
-      . UPR (  Unfolded 

Protein Response –   )   -
       

  ,   "  -
 "    - -
 ,     -   ,  

   .   -   
 : IRE1 (  inositol requiring 1), PERK (double-

stranded RNA-activated protein kinase (PKR) – like endoplasmic 
reticulum kinase)  ATF6 (activating transcription factor 6).   
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     ,   -
    - . 

UPR,  ,       -
-     . 

IRE1  PERK  / -   -
,  -      -

  .  BiP    
   ( ,     ) IREl 
 PERK –      .   -  

        
BiP    IREl  PERK,   -

 . ATF6   BiP,    .  
- -   IRE l   

  XBP-I (X-box binding protein 1). XBP-I  -
 ,        

   -  ,   
 Grp78 ( : BiP)  Grp94 (  glucose regulated protein). 

PERK-  (  eIF2- )   -
    eIF2 (  eukaryotic initiation 

factor 2),      . 
      . 

  ATF6       
.  ATF6  '    BiP,   -
  '       

,    GLS (  Golgi localization signals –  
   ).  -  BiP , -

  ATF6    ,  -
   (Site-1  Site-2  – SlP  S2P)  

 N-  ,    -
 bZIP (basic leucine zipper). , '   ATF/CRE-

        (ER stress 
response elements I  II ),   -  -

,   BiP, XBP-J  CHOP.  
 UPR,  ,    

, ,   ,   
 ,   - ,   -

  .  
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,         
      -

       -
 .    ,   -
       

 .      
   .  ' -

        
        -

,        -
 .  ,     

      .  -
      , -

        .  
 ,       

 ,      
 .  -   

   ,   -
  .    -
         -

,    . ,  -  
 ,     ( . 3.26). 

       -
   UPR.  ,   -
  -  " "    , -

 ' . 
- -      -

 ,      -
,    .  

  - -     
 ' ,     .  

   CHOP (  CCAAT/enhancer-
binding protein (C/EBP) homologous protein,    
GADD153 (  growth arrest and DNA damage-inducible gene 153) 

    -  
(PERK, IRE 1  ATF6).     

 - -      
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Bcl-2.   ,    CHOP-  
   - -   -

  in vitro,   in vivo.  
 

      -  

 -  

  
 

 
 

 
  

  
 (  ) 

 

 

 
 

  
 

 
 

. 3.26.     -  
 

-       2+. 
        -7, 

   -12.  Apaf-1- -
  -9,     -3   -
      -12   

 .         
 l-2 ,      2+. - -

  2+       , 
      . 

-12     - - -
 IRE 1 ( -    , -

 ),    -12  -
  TRAF2 (  tumour-necrosis-factor receptor-associated 

factor 2 protein).  IRE1,  ,  ' -
 TRAF2  Ask-1 (apoptosis signal-regulating kinase 1)  -

 Ire-1-TRAF2-ASKl ,    JNK (c-Jun 
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N-terminal kinase, . 4.7),      
   .  

 -     ROS,  -
     - -  -

 ( . 3.11.3).  
  -12    - - -

   -4,     
      -  ( . 3.27).  

 

IRE-1 

TRAF2 

ASK1 

JNK 

c-JNK 

-  

A  

-12 

-7, 
    

-3 
    

-9 

-1 

Bax 

Bak 

Bcl-2 

PUMA, 
NOXA  

  

BIK 
PERK ATF-6 

CHOP 

Ca2+ 

Bcl-2 

 
. 3.27.       

 
    -     

 ,   - -  -
  ,      Bcl-2 

(Bcl-2, Bcl- L, BAX, BAK, BI-1  BIK), BAP31  p53-  -
 – NOXA  PUMA.  

       - -
  . -   -
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 -  - ,    -
   Bcl-2.    -
     -   
     .    -
 ,       

 –  , AIF, Omi, Diablo/Smac,  -
    ,  -

  .    ( -
,  )   -

        -
-  . 

 
 
3.6.2.     
 

-2    , ,    
.      ,  -

  ,      
.        '   

   -160.   -
      -

     .  ,  
      GD-3 (  

ganglioside-3).       GD-3 
         

       . 
-2         -

;   -2     
 .    -2   

 .  
-2      53-  -

 ( . 3.28).     -2 
    PIDD (  p53-induced protein with a 

DD – p53-    DD)  RAIDD (  receptor-interacting 
protein (RIP )-associated IC -1/CED-3 homologous protein with a DD – 
RIP-  IC -1/CED-3-    DD),  -

    ,     
 c    .  
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 PIDD   p53-  , 
 PIDD  -2      
,  . 

 
   

 -2   

 
  

Diablo/ 
Smac 

paf-1 

IAPs -9 

-3/-7 

  

paf-1 

 
 

. 3.28.  -2-    
 
3.6.3.  
 

 ,  ,   . 
     ,  

  ,   ,   
      .  
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     ' ,   -
 –        

 . 
      -

      Bcl-2 Bid 
( . 3.29).  D    Bax  -

   ,        
 .     

      
,      . 

 ROS     -
      ' ,   -
     . 

 

 

  

  

 
 '  

Bax Bid t-Bid PLA2 

ROS 

 

 
 

 , AIF, 
   

 

 ? 

 ? 

 
 

. 3.29.      
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3.7. -  
 

-  ( ; Mitogen Activated Protein Kinases, -
,   ) –    -

  (  –  ,   -
      , T , A  

     ,     -
,        -

).        
,   ,     

.    , ,  , -
, , .      

( )        ,  
       -

,  ,       
  .  

      ,   
        

.    ,  -
       .  

 –    ,    -
: p38, JNK/SAPK (c-Jun-N-terminal kinase/Stress activated 

protein kinase)  ERK (Exracellular signal regulated kinase).  -
     ERK  

   ,    -
      . 

     .  -
      -   

  ,   .  
     

    ,  '   .  
 ,   ,   -

 ,       
  .  -    -

    ,     -
      , -
    ,     

 . -     
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 –         , 
 (mitogen activated protein kinase activated protein).  

 -     -
  ( . 3.30).  

 

Ras Rac Cdc-42 Rho 

Raf 

ERK-  JNK-  p38-  

 TAK  ASK-1 

1 
2 

4 
7 

3 
6 

ERK JNK p38 
= SAPK-1 = SAPK-2 

 
 
 
SRF 

 
 
 
TGF 

 
 
 
AP-1 

 
 
 
 
 
ATF-2 

 
 
 
AP-1 

  

  

 

/ 
 

 
 

 
 

 

, 
, 

 

, 
, , 

 

-
 

 

s 
(G- ) 

MAPKKKs 

MAPKKs 

MAPKs 

 
 

   

   

  

  
   
   
  
   

  

  

   
   

  
 
  

   

   

   

   

  
  
 

  
 
  

 

. 3.30.  ERK-, p38-  JNK/SAPK-    
 ,    .  

'        
  .  :  G-   

( : Ras, Rho, .);  Ras (Rho, .)  ;  
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   -  ( )  
    (MAPK Kinase, ;   
– , ).  ,   ,   -

 -     (MAPK 
Kinase Kinase, MAPKKK;   – , ).  

       
  –    .  

   ,      -
     ,   

   (  Ras)  ,   
        

     .  
   "     (MAPK Kinase 

Kinase Kinase, MAPKKKK;   –   ) [12].  
  -    

    ,   -
    . 
ERK-     , -

   , G- -  
   .   -

,          
 . 

, p38, JNK/SAPK-      
   ,      -

 .      -
.   ,    -

,   , , ,  
,  , , ,  , -

, , ,  ,  -
, - ,   ,  NF . 

,  JNK  l-2,   -
      , -

-9-   -3   -
 .  ,  JNK   -

  53 –      
 (34),      

    .    
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    53  p38 .  -
     (ERK, p38, JNK/SAPK-

 )  ,    -
  .  
,        -

        
       -

/    (  )   .  
 
 

3.8.   
    

 
   –   -

  ,     
       

      -
    – , -1- , -

-1- .      -
  ,    -

, , , , , -
 , ,  2+    -
  :      

   ;    
  ,    

;     . 
      -

    -   
. ,  (N- ),   -

-1-    "  "  -
 .     ,   

-1-    .  – 
    –   -  -

      
.    ,    -

     
   -    [39]. 
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 , , ,       
    .  

 (N- -1- )   
    ,  

  (  – ).  
    -

  – ,    '  
     : 

 

   

O

NH

H
OH

H

(CH2)12CH3

P OO-

O N+CH3

CH3

CH3

O R

         

OH

NH

H

OR

OH

H

(CH2)12CH3  
  

 

-  
        

 
 

       -
   / . 

     ,   
     :  ( .  4,5–5,0), 

g2+-    g2+-  , , 
   . 

 ,     -
   ( . 3.31),    -

     . 
    de novo   -

  -  ( . 3.32);  de novo  
  ,  ;     

     . 
      ,  

    ( . 3.31.): 
) -1-  (  ); 
)  ( )  -1-  ( -

); 

Ви
да
вн
ич
о-п
ол
ігр
аф
ічн
ий

 це
нт
р 

"Ки
ївс
ьки
й у
нів
ер
си
те
т".

 

Ве
рс
ія 
не

 дл
я д
ру
ку



   
 

 

 126 

)  ( ); 
)    –    -

. 
 

   
 
   

      

O

NH

H
OH

H

(CH2)12CH3

P OO-

O N+CH3

CH3

CH3

O R

              

OH

NH

H

OR
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 Science "  ". 
      ,  

     ,    -
 . 

NO       -
 .     -
    , , -

 ( . 3.46, ). ,  (  , 
. 3.46, )      NO –   -

    . 
   NO     

L-   L-     -
-  -   – NO-  (NOS) 

( . 3.46, ). 
 NOS (nNOS)   NOS ( NOS)  
      -

       
2+,      -

 .   -   NOS  
– NOS (   NOS     NOS)  
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       NO  
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 ( . 3.47). 
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 2  –  – 2   
     |    |   | 
     O   O   O 
     |    |   | 
 O2N   NO2 NO2 

. NO-  : 

2Arg + 3NADPH + 4 2  2Cit + 2NO + 3NADP+ + 4H2O, 
 Arg – ; Cit –  

.   NO2   NO  
   (  ): 

 

Hb (Fe2+) + NO2  + 2H+  MetHb (Fe3+) + NO + 2  
MioHb (Fe2+) + NO2  +2H+  MetMioHb (Fe3+) + NO + 2  

.   : 

 
 

. 3.46.     
 

   
NOS 

 NO 

  HbO2  

NO3  

OONO  

NO2 

  O2 

    N2O 

N2O3 

N2O4 

NO2  
 NO3  

RSNO 

,  
,   

  

RS  

 1 

 2  3 

 4 

 5 

 6 
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      NO 
         -

,  NO       -
 ( . 3.47). 
   NO   -   -

.    NO-   -
 ,    '    -

   ,   -
 . 

  –    1  1 
,      -

. N-      '  , 
     -  . 
       -

,   '   . '  NO  -
      

 400-     : 
 

 N N 

   N   N 

   
   N 

Fe 

 O 
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  2+  ,       
' ,   ,   ' , -

 (  – ); 
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3)    2,    
     -

 ; 
4)  G, ,   ,    

 . -   -
  '     ; 

5)    ; 
6)     , -

; 
-    '  Fe-S- , 

- ,  - -   -
   ,  -

  S-  (= )   -
 (  NO- ),  ,  

 (= )  (  NO2- ).  
  NO     -

   -  (  (NO+), -
-  (NO–)    NO•),      

.         -
     - . 

NO–    ,    
   N2O,   Fe-

,   Fe( )- .   NO–, -
,     NO. 

NO•    ,   
(•O-O–)   ,     

  ,     -
    (   -

 NO- ). ,   NO•   
 ,  

•N = O + •O–O– + H+  O = N–O–OH ( ) 

       -
 (OH•):  

O = N–O–OH  O = N–O• + HO• (  ) 
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  (  )   -
 ( -NO2)    .  -

      
  . ,    -

  ,    -
  . NO-     -

      NOS-  -
 .  

       
,       

  .  
NO   NO•      

    '     ( -
, , , , )  Fe-

  ,     Fe-S- ,   
    (Fe( )  Fe( ).    

Fe-S-  , , NADH: - -
 (  )  : -  ( -

 )     ,  -
    ,    -

  .  
 NO  Fe  NOS     NO -

 NOS.   NO   u-  Zn-  . 
  (   ) NO+   

S-  (= )   , 
, ,  ,  -

.      SH-    
  ( -N=O); , , -

   – S-  (RS-N=O).  -
   ,      

,     -
. ,    ,  -

  – .  S- -
 – S- , S- . S- -

 NOS        
  NO NOS. 
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 ,  ,  -
   NO,    -

,    NO,        
 . 

     -
  (R2N-N=O) –     -

,       . 
 -  NO-   -

 ,     
NO. S-  , ,   -

,   NO   ,   -
     .    

   ,   -
  ( ., 21  -jun-N-  -2).  

     ,  
  - '    -

 NF-kB. 
NO-       
  : 

 S-       -
   . ,  -

     ,  
 NF-k ; 

 NO  " "   , ,   
   ,  -

  ; 
 NO    ,   -

  Hsp 70. ,      
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   . NO    
 l-2; 

 -  :  ,    
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     :  , F, 
Omi/HtrA2, Diablo/Smac. 

NO     ,     
    -   ,  

,    (   NO   -
 ,       -
 – ).  

NO-        – 
 , , -   , -

, , .    -
  ,  ,     

 -   53,    
-     l-2,  -
-3-  ,   .   

         
dm-2 –   53,    

     ( . 3.48). 
NO-       

   '     -
   (  , , Fe-S- , -

  , ).     -
;      NO   

,       –     
  O=N–O–OH    

.   NO    ,   -
,     –  , 

 ,  . , NO -
     -
,    - ,   

      
.       -

       -
  .  , -
   ,  . 

      ,  -
    : 
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OH
O

OH
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OH
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OH
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OH

O

OH
H

O

OH
O

OHH
O

OH
O  

 
 

 

-  

 

-
 

 

 
-

 
-  

 

 

 

 

NAD[2H] NAD[2H] CO2 

NAD[2H] 

NAD[2H] 

CO2 
+ 
NAD[2H] 

NAD[2H] 

CO2 

CO2 

    H2O 

    H2O 

    H2O 

  H2O 

    H2O 

CoA-SH 

CoA-SH 

 
CoA-SH 

+ 

 

 GTP 

   GDP 
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NO 

 

 FAS-R 

 ,  
 ROS 

FAS-L 

 DISK 

 

  JNK 

AP-1 
NF-kB 

p53 

Mdm-2 

  Bid 
  
 Bcl-2 
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   '      
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   NO-     

   ,  -
 ,    '  , 

       . 
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      -
 ,      -

,     2, ,  -
 [15, 19]. 

 
 

3.11.3. ROS   :  
     

 
 
3.11.3.1.   ROS   
 
ROS (reactive oxygen species,    – ) –  

 ,     ,    
    .   -

    ( H ), -  ( 2 ), 
  2N  (  )  N  (  ) 

(           
  (RNS – reactive nitrogen species)),  (RO ). 

  –  (OON ),   
(HOCl),   (H2O2),  ,  (O3), 

  (HNO2),   (N2O3)   -
 ,     
    [11]. 

      2.   
    –   

2  ( : - , ).  -
     -
       

.  
      

 - ,      ROS,  
  – 2 :  

2 2  +   2 2 + + + +. 

   –    – -
, ROS    .  
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  ,   -
   ,  :   

  –    (  -
     -
,   5-  – ) 

  ( -  [Fe2S2]-  ,  
     ,  -

 –   ); 
 ; 
 ; 
 NO- ; 
 . 

     ROS    
    (  -

    -450-  b5-   , 
  ,     

  ' ). ,     -
   " "  -

 (  I–IV)    ROS. -  
,    ,   -
,      ROS  " " -

 .   " "  ROS 
    1–2 %   

O2.      -
  2    

 .  ,    H2O2,  -
      , 

 2      -
.   ROS,   , -
   .  ,  TNF   IL-1-  -
    ROS.  ,  

   "O2- "   -
 ,      . 

 2     2 2 (   
   ( ))    -
  ,  NO,   -

 ( . 3.49, , ). 
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  2O   2 2 

 +  
 NO. 

 ONOO– 

  
  

 . 

  

     
   
  

 NOS 

    
 

   
 

  

 
 

 

 
 

 

  : 

     : 

  (    ): 

 - : 

      2 + –  2O   

       2 2O  + 2 +  2 2 + 2 

   2O  + n+  (n–1)+ + 2 

      (n–1)+ + 2 2  n+ + – + . 

  2O + 2 2   2 + – + . 

 –  , ., Fe3+/Fe2+ 

2O –   (= - ) 
. –   
– –   

2 2 –   
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     (Fe3+, Cu2+) 2   
    H  (  

) ( . 3.49, ). H      -
-     (   – ). 

H          -
,  ,       

 . 
  2 2      -

 – l (  ): 
H2O2 + Cl–  H2O + Cl – ( - ) 

 
 

3.11.3.2.  ROS  :  
    . -    

 
        
   . H ,    

    – ,      
 -  ,       

( - , - ).     -
  SH- ,     , -

  ;  -  -
       ( )   

 .      , 
 , , ,   

  .     H   
        

   ,        -
  ;    ,  -

.    ,  ROS,  -
   .    

 ROS   –     -
     .   -
 H        
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   . 
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         -
 .       Fe( ) -
  H ,     ,   -

 : 
 

ClO– + Fe2+ + H+  Fe3+ + Cl– + H .. 
 

       -
     .  -

       
 ROS ( 2 , H ),  ,  ,   -

   2 2 ( . , 2001; . , 2003 – "ROS  
 2 2 –   "  ",   "  "). 

     ROS   -
       -
- ,     - . -

        
 ,      -

   ,        
,  +/ , +/ , GSSG/GSH.  -

 ,   ,    
 ,  '    -  -

    ,    ,  
    ,  -1  NF- B. -

-     -
 ,        

 ( . 3.50). 
  ,     

        -
     ROS ( . 3.51, ). -

     ROS  ,   -
 2   2 2  2 (Cu2+, Zn2+-  ( ), 
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.      -
.        -

       
  ;      -
    ;  ,  

  . 4.51,     -
 –  / , -
/ / ,  . 

 
     

    

,   
  ( , , 
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) 

,   
  

( , 
, 

, 
) 

 ( , 
,   , 

, ,  
 ) 

 ( , 
, ,  

, , , , , , 
 ,  

, , 
, ) 

 

. 3.50.     
 

 . 3.51,  ,    ( . 3.51, ) -
       -
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    ROS   (  ) 

 2.–: 
 

 

 2 2: 
 

, 
, 

 

  
: 

 
, 
, 

-
-  

  
   

  : 
 

, 
, 

 

 I 

 II 

 III 

 IV 

 
 

 

O O
NH2

OHOH

O
NH2

SH

OH

O
NH2

OH

 
 

OH
O

NH2

O
NH

SH O
NH

O
OH

           
OH

O

NH2

O
NH

SO
NH

O
OH

OH
O
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O
NH

S O
NH

O
OH

 

    

    ( )  
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      :  (GSH)  
 (GSSG, ): 

 

     

OH
O

NH2

O
NH

SO
NH

O
OH

OH
O

NH2

O
NH

S O
NH

O
OH

 
 
 
 
 
 
 

OH
O

NH2

O
NH

SH O
NH

O
OH

 
  

(GSH) 

 
 (GSSG) 

   N DP  + + 

         N DP+ 

2 

 
    ,      

  ,    –     . -
   (GSH + GSSG)    

   (1–11 ),  (3–15 ),  
(5–15 ).        -

  - - - .  
      10 %  -
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 ,       -
 .   GSH/GSSG –   -

,     –    -
  S-  ( . ). 

    -
  , , , 

  : 
 

 2.– 

 2 2 

 2  

 - 
   

  GSSG 

  GSH 

 -   
  

  NADP+ 

 NADPH 

 -   
  

    

    

 
       

,       
. 
        

 ,    -  ( . ) 
 ( )  ,   ,   -

  ( , , )   ,  
       
 [9].  
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  ,  -  ( . 3.52, ).  
        : 
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   ,        
   –    -, -

   .    
     ,  -

        -
  ,  .  

 
 

 
 O  N 

  
 /  

 

 -  

  

1)  ; 
2)   

( ); 
3)  

( ); 
4) S-  

( ); 
5) S-  

( ) 

1) /  
 ( );  

2) / -
 ( ); 

3)  ( ); 
4) ; 
5)  
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-6-  

-1,6-  

-6-  

-3-  

1,3-  

 

2-  

 

3-  

-  

6-  

6-  

D- -5-  

D- -5-  

 

 

-6- -  

 

 

-3-
-  

 

 

 

 

 

-6- -  

 

- 
 

- 
 

- 
 

G- ; 
D-  ; 

N-  
;  

-  
 

G 

G 

C 

C 

GND 

GCN 

GCND 

GCND 

GCND 

. 3.52, .      
     

 
 SH-    ,   

Cys-SH       < 7,0.  -
   Cys-SH   ,  -

   -  (-S–).    
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 . ,      Cys-SH 
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 , .   
   > 8,0 –      

.  -   – , G, Akt,  – 
 Cys-SH ,     ,    

,      (   
)     . 

       -
     S -   ( SH) 

 SH-    (  S- ).  
     S-   

(  S- ) ( . 3.53, ): 
PSH + GSSG  PSSG + GSH 
PSOH + GSH  PSSG + H2O. 

S-       , -
,       -

    ( . 3.53, ),   
  ( , , , -

, ,  )  -  [29]. 
  Cys   ,  -

   -     -
;   -   ,  -

 S-     .  
   ,     

S-  – , , - -
, , -3- -

,    ( :  -
),  , ,  2 , 

  1 , , -
 , ,  . 

   –  , 
    –   

  .  
 (Trx) – ,       -

        (-S-S-),    
 (2SH-) .    -

  PSSP   ;     -
 -  ( . 3.54). 
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-SH   +    GSH             – S – S – G   

 
 
 
 
 
 
 

 

  
 

 
-Cys-SH 

-Cys-S-OH 
(  ) 

-Cys-S-O2H 
(  ) 

-Cys-S-O3H 
(  ) 

Cys-S-O3H  
(   
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Cys-S-O2H  
(   

) 
 

 

2  

ROS ( 2 2) 

 
 
 
 
 
 

GS-H 
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    GS-H-  
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-   

-   

-   

-   

SH-  
  

 

  –S-S- '     
    

-    

P-(SH)2 
 
 
 

P-S2 

T-S2 
 
 
 

T-(SH)2 

TR-(SH)2 
 
 
 

TR-S2 

 
 
 
 

2 

 + + 
 
 
 

        + 
 

 

. 3.54.     
     
 '      
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 (2SH-)  ,      
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  SSG 
  SH 

   
 
 
  S 
  S 

  
 
 
 SH 
 SH 

  

 

  
 
 
 S 
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   2GSH 

 
 + + 

 + 

  

 

  
 
 
  SH 
  SH 
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  SH 
  SH 
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  GSSG 

     GSH 
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  GSSG   2GSH 
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      . -
 Cys-SH  2+-   , -

,      2+  . -
 Cys-SH       

   .  Cys-SH  
      . -

  Cys-SH      , -
 ,      .  -
,         

 -  ,     
    . 

     ,  
    (   -

;   –  -
)   ,    -
     .  -
        -

-      . 
 
 
3.11.3.4. ROS   : 

      
 

    ROS,  2 2, -
     . 3.56, . 

  ( . 3.56, ),   ROS   -
      –   -

        [31, 46].  
 ROS    .  yr-

 -      
  –   (   -

 (Lck, Fyn, Syk, JAK-2,   Src – Lck, Fyn))  
  . ,     
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     .  , -
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 , -    -
       Tyr-

    . 
 

    , 
    2 2 

      ,     
    

2.– 

2 2 2 2   

   

 -   
  

  

 JAK-STATS 

 MAP-  

 NF-kB (  
) 

 -  

  2, , D 

   

 - 
 

    
     

 
 

 
ROS     

,      
  -
 ,    

,     
  , 

    
 / -

  -  

   
2+ 

  -
 

  ,   
 S- / -

 ("  ")  
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     Ser/Thr-  – . 
      -

/   ( ,   -
    ROS     -

 )  /  .  
  ,       N-  -

,       2+,   -
 ,      ( 2 2) – 

Cys- , Zn2+-   ( . . "  ", . 3.57).  

 F 
 
   
 
 
 
  Y 

   F 

Zn-    Zn-  

 Y H 

H 

Zn2+ 

C 

L 

Zn2+ 

C 

C C H 

H 

L 

 
. 3.57.  "  " 

 
SH-       ,  

       -
.  , "  "   '  -

,        ROS ( , 
   SH-  Cys),     

      . ,  
-  ,    , , G, Akt, S6-  – 

    Cys-SH-     
 ,    '    -

.        
         

     .  
Raf      G-  

Ras ( 21).     ROS – -  
      "  

"  ;   ROS-  
 .      Raf  

 ROS        
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G-  Ras.      -
  NF-kB  ROS.   Ras  ROS  

-     ,   ROS 
  ,    Ras 

     .  ROS-  Ras – S-
 Cys-118,     Ras-

         -
-  Ras (   -3'- , Raf, 

, - , ,    ). 
    ROS    -

 2+   . 3.6. 
  ROS     . 3.8  . 3.58. 

 
 3.6.    ROS     2+ 

 

  ROS     2+ 
   

  
   

  2+   ,  – 
  2+  

)    
 2+-   

) 2+-     -
  –   -

  SH-    
.     

   2+,  
      2+ 

)  +, Na+,  
Cl–-   

)    ( -
 2+-     , 

     
) 

)    
 ( +, Na+- ) 

)  3 -    -
 ROS   (  -

);      -
  –   3 . , 

'   3 - ,    
   2+ 

)    
 (Na+/ 2+) 

)  ROS   2+  , 
    , -

  ROS 
)  -

 ( +/ 1-, 
1Na+/1 +/2 1-) 
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  ,  ,  , Fas-  

   

ASK-1   1/4 (= ) 

 3/6 

38  (=SAPK-2) 

  , ,    

 
 

(
-

 
) 

 
 

 

 Cys69    Cys32 
Cys35 

  SH  S–S  

     2.- / 2 2 

Ask-1 

 Cys69         
 

 

 SH 

Ask-1 

MKK 

JNK 

Jun/Fos 

   

 
 

         

 Ras 

Raf-  
( -  ) 

 

 (ERK) 

 
 , 

   
   

, -  
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( .  . 3.7) 
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 3.7.    ROS    -  
 

  -  

  
  

( 38, JNK, ERK) 
   –  

ROS-    
 

 

  
 

 Ser i Tre  
  

   
 

1)  ROS-  -
   Src -

 38  JNK ( . 4.58, ) 
 

 

2)  ,   
     

(SAPKs = 38 + JNK) – Ask-1 – -
      

  .  
 ROS   -

 ,  ASK-1  SAPKs 
( . 4.58, ) 

 

 3)   Ras  Raf  
(ERK- ) ( . 4.58, )  

 4)   -    
 
 

3.11.3.5. ROS   :  
     

 
   - ,   -

 ( . 3.7),     ( -
 NF-kB, -1),      

 .  ROS    -
    - .  NF-kB 

( . 3.5),       -
      , 

    - ,  -
-   - ,    -

  NF-kB    .   -
     NF-kB.     
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  NF-kB  - '    
   ,   NF-kB   
         -

.       -
      . 

   –  ( ctivated protein) – 
    , -

  .  ,    x -
 – -Fos  c-Jun –    , , , 

 , TGF-1b,  .  -
 ( -Fos + c-Jun)   -  -

 – -1- '   -1  . 
 -1  ,  , -

 , TNF , 2 2, ,  . -
 ROS-   -1  -

   -1. , ROS-  
 -  (JNK)   -

 Ser-63  -73   -Jun -1,    
/ . -Fos   -1    -

 Thr-232  Fos-   -
  Ras. ,   NF-kB,   

   - '  -
 -1  - :     

 '  -1  .    -
   -1,    
 '   . 

ROS       
53,     ,    

 .   53,     
 ,   21, GADD45, 14-3-3- , 

, Puma, Noxa, Apaf-1, Fas-R, DR5,   ,  l-2  
Bcl- L,   53   .  , 53 -

        ( -
. 3.2.3). 
 . 3.8      ROS  -

   . 
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 3.8.       
 

    

  (   
 EGF, PDGF, ; Src, Lck, Fyn,  

Zap-70, Syk, Lyn, Fgr, Hck, Btk, Ltk) 
 

   
  (PLC, PLD, PLA2, PI3K)  

2+- : 3 - , 2+-   
 G-  (Ras)  
-   (  – 

JNK, p38, ERK; BMK-1, Akt, S6- , ) 
/ 

 
-    

( 1, 2 , )  

  ( -1 (c-fos + c-jun), 
NF-kB, rel, Myb, p53, ATF, . 

/ 
 

 
       (   

/ ) : 
  ROS (       -

 ,     ); 
   ROS (     

 ROS); 
  ; 
  ; 
  ; 
 -  . 

 
 
3.11.3.6.  ROS       
 

  ROS,   ,   -
        

.   ROS –    -
    –  -

     ,   -
 ,      [28].  
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ROS      ,    
        -

  ,    ,   
    ( . 3.4).  -

  GSH      
GSSG,     ROS     

 .  ,  GSH  
 Trx,     ROS,      -

-    / , -
    (  ,   l-2, 

, , 53 ) ( . 3.59). 
 

ROS   
  

 -  
   

 ROS –  
Fas-   

    
Bcl-2,   –  
    

 
 

 53 – 
 

'   
  

 
   

PI3K 

 
JNK- , 
NF-kB, c-myc 

 
 

 

. 3.59.   ROS    
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   ROS     -
    Mn2+- . 

  ,   ROS  -
 . , ROS     -

  –  ,    
   ( . 3.8) ( . 3.60, , ). 

       Fas-L 
( . 3.3), '      -

  .  
 

  
 

2 2, ,  
-  

TNF- , IL-1  

ROS 

2GSH GSSG 
 

 

 

GSH 

GSH 

JNK/SAPK 

Ask-1 

 

 
 

AP-1 REF-1 p53 
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   2 2, ,  
-  

TNF- , IL-1  

ROS 

 

 

  

Ask-1  

SEK-1/MKK4 

JNK/SAPK 

 
 

 
 

  

Bcl-2 

Daxx 

Fas-R 

Fas-L 

 
 

. 3.60, . ROS-     
 

  ( . 3.4) –  ,   
  .     -

        -
   V.  

     .  -
  ROS     -
     2    2. 

        
    .    -

 ROS (    GSH)   -
       ( ) / k-    
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   Apaf-1  -9  -
 –         -
 ;       -
. ,         

  ,        
.     GSH  

     .  , 
         -
  ,    

(         -
   );   -

   (   ROS / ) 
  GSH),        

  .      ,  -
-       -

    . 
ROS      ( . 3.7,   

. 3.8, . 3.58): ERK- ,    -
 ,  ,    – 

SAPKs (JNKs + 38),      
  ,      -

   .  -
          

   .  ,    JNK-  
 38- ,       

Ask-1,    -   –   
   Trx    -

  '  Trx  N-   , 
 Trx  -    -
 Ask-1   -  ( . 3.58). -
 ROS JNK-     -

  53, -1;  l-2  Ser-70 -
    . 

ROS     3 -  – Akt ( . 3.10).  
       

Akt    ,   -
  ,     . -
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     -9, -
 .      . -

  Akt (RXRXXS/T)     
-       -

 ( -8, Bcl-2, Apaf-1, IAP, -7).  , -
  Akt     -

  . 
 ROS   (    -

     )    -
   . ,   -
  NF-kB ( . 3.11.3.5),   -

     53 (   )  -
 l-2 (   ),     

  . - '    -
  – -1 –   Ref-1 (redox-factor-1) – 

 - ,   '    
Fos-  Jun-     SH-

   - '     ( . 
).     -
 -1      Ref-1,   Trx -
   +  Ref-1.  

 53   ( . 3.2.3)  -
 53-   (PIGs);     -

 ,     ,   ROS 
( -  NQO-1 – quinone oxidoreductase,  
PIG3  , POX – prolin oxidoreductase,  PIG6). 

      -
   .    53-  -

 (   ) – , PUMA  p66Shc.   
 ( . 3.2.2)   53  -

 ,     ROS -
     . 53-

     ,   -
  l-2,       

  . 
p66Shc,      ,  

      -
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,     ,  -
 ,        -
 ( . 3.4). 

   53   ROS –  
  (Mn2+- O  i ). 

 ,  53    -
 ,     53-   

      ROS.   
          53-

      53. , ,  -
  ROS      ( 53-

  ),      
    53-   .   -
 ,   ,     ( -

  ,  , )  
 -     53-  

,      . 
  ROS  53   ,   

     .    53  
'     , -

 , , , -
  .).  53    53  -

    ;  ( -
 38, ERK  ),    

  53,    . 
  ,  53  -   

     Cys,   -
 SH- .  53     Cys  -

'  ,      
'  53       

53-  . Cys-176, -238, -242   His-179 -
  '   Zn2+.     -

    '  53  
.    – Cys-124, -135, -141, -182, -277 – 

   - '   53  -
    - .   -
       ( -
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  (-S-S-),  (-SOH),   
(-SO2H),   (-SO3H),  (-SNR1R2)) 

   53    -
 ;      
 . 

,   53     
- '    ,   -
   Cys-124, -141  -182  53  

 '     .   
 ( . ),   S-  -
       53,   

    – -1, NF-kB.  
-       

 -  – ,  Cys-277 -
 '  53   GADD45,    21CIP1.  

     53  53-
  – -      

 . 
       -

 .   53   -
  ,     53. S- -

    ; ,  
 S-  (  -   )  

  53,  .   ,  -
-     ,   

   53 [37]. 
  -1,   53  Ref-1. 

   (  -3),   -
  -   –      

 –     ,   .  
 , ROS    , , 

  ,     ,    -
-         -

 ,  ,  - ,  
   ,     

  ( . 3.61). 
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450 

 - 
  

- 
 

 SAPKs 

 p38 
MAPK 

 JNK 
MAPK, 
AP-1 

 ERK1/2  
MAPK 

 NF-kB  Akt /  ; 
 

 
 ; 

 
 ; 

/  p53 
 

+    
ROS-   

PDGF, ,  , TNF, VEGF, 
,    

 
/ / 

 

 
ROS 

 ROS  
 ROS 

 

. 3.61. ROS   :   
 
 

3.12.    
 

       
,        . -

       -
    ( . 3.62). 

      ( . 3.63): 
    ,  ,  

, ,      .  
     ,  MCP-1 

(monocyte hemoattractant protein 1 –  1  -
),      . -

     '    
      .  
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. 3.62, . -   
    

(  . ) 

 

. 3.62, .    
( ,  )  

  ,  
    ( )  
(  .   . ) 
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   ,   
   ,     -

 .    "   ", 
 "   " (eat-me signals) ( .   . )  

[26, 30, 40] ( . 3.64): 
 

 
 

 

          

 

        

 

CD-14 

CD-36 

SR-A 

   PS 

TSP 
ABC1/Ced7 

 vß3 

PS – ; 
TPS – ; 

    – - ; 
   – ,    

 
 

. 3.64.     
(  . ) (   ) 

 
1.      ,   -

  ,    
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    .     
   (     
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 –  2+-      
       -

        -
   ),    

  (PS),   -
  ( . 3.65).    

       
 :    – -

,    – ,   
 [17].  

 

  
 

 
 

 

 

 
 

. 3.65.       
 
2.         -

       
 ,      -
 '     . 

       -
    ,    -

  N- , N- , -D-
, , -D-    -

    (  –  ,  
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  '    ' -
      -

 ).     
     ,  

      . 
3.       
   vß3    

 ,  '    , 
 .       ' -

  –  ,   
    .  , 

      -
  .       -

  D36.  
 ,      

 -     " "  -
,     "tether and tickle," 

(" '   " –  .   . ).  
     -

   (pathogen associated molecular 
pathways (PAMPs)),   (LPS)  -

.         
      -

.         
 .   – -

         -
  (scavenger receptors (SRs) – CD36, CD14)  

    
(macrophage PS receptor). 

  –     
    ,   

,        
   .  CD36 (  , 

: TSP1- ,   ) -
   ,    , 

, , ( . , 1995). , 
   -1 (TSP1) , '  -
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    CD36   -
 ( vß3 integrin) ( . , 1992).   vß3  TSP1 

  .    ced-1, ced-6  ced-7 
 ,      

(scavenger receptor-like protein ( .   ., 2001)),  -
   - . 

  – CD14 –  , -
    ,     -

,        -
 LPS      -
.     '  

  ,     – 2- -
  ,      

.  
      

      -
     (macro-

phage PS receptor), CD68     -8  
   (milk fat globule-EGF-factor 8 (MFG-E8) ( . -

, 2002)).    .  -
  '     -

 ,     .   -
  MFG-E8    ,   

   .    -
   ,  vß3- . 

         
,     ,     -

  ( .,     -
,    ).   

      -
        -

  ( . 6).  
       – 
   –  . '  -

       , 
     . -

     Toll-   (Toll-
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like receptors),       -
,      

(grab and stab:    ( . )). 
 '      -

   ( .   ., 2002),   -
    eat-me,  leave-me-away (" -

 ") – ,    ,   -
.    ,   , 

   - ,   
  CD31-  ( .   ., 1997,  
.   ., 1999),   " "   -

  . 
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 . 4.1. 

, '   
    

, '   
   

  
3 :  

  ; 
  ; 
    ,  

,  12; 
 ; 
  

3  , -
 : 

   –  
; 

 ; 
  ; 
   ; 
 -   

4   –  
" - " ("  ", 
"  ") 

4  : 
  ; 
   

5   : 
     -

; 
  ; 
   ; 
   

  

6    
 

  

7      
8 -  : 

  / ; 
   ; 
  ; 
 ; 
 ; 
   ; 
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   ; 
 ; 
 ; 
 ; 
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 . 4.1. 

, '   
    

, '   
   

  
11  : 

  
  

12  : 
 ; 
     

; 
  ; 
    

 

13  : 
     

(      -
); 

  ; 
   

  

14   : 
 ; 
   ; 
    (  , , , 

 ) 
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  . 
        -

 ,       -
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        -
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   53    ( .,  dm 2, 
. 3.2.3) '  55–70 %      
 ( . 4.1).     ,   

 ,  53    
   ,    -
     ,  

 . 

50  100  100  50  150  150  200  200  250  250  

   

,               

%    
 53 

70 % 

65 % 

45 % 

60 % 

  (  1000)   53  

  

  

  
 

   
 

30 % 
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 53-       -
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   ,      -

 ( -  ) ( . 5). 
 

 
 

 

 
 

 
   

  
   

53 53 

 

. 4.2.     53   
 

     ,   -
 ,     – ,  

- ,   ,   
, 90 %  53  - ,   
        .  

,  53       
  (   ).    -

   ,   ,   -
  - '    53, 

   175, 245, 248, 249, 273, 282 ( . . "  -
").         

 , ,     ( ) -
 . ,    175  -
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