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   –      ,  
         

 .       [1], 
       .  

    ,  , 
  [2],       

. 
    1928       

   .        
    .       

      . 
        

  ,     
,    .    

(   ),   ,  
 ,  .    

  ( )     .  [3] 
     ( )  

     , 
   ,     , 

   . 
           

,   ,   ,  
 ,  . 

  ,        
        . 

       
       . 

:  
1.         ; 
2.      ; 
3.      ; 
4.       ; 
5.     . 
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1   
 
1.1     

 –   ,    
        

.     (   )  
 . 

  –        
 ,    ,   

       
     ,    .  

      –   
       ( ),   

     ,   
. [4] 

    ( )     
(  ),   .  ,    

         
   ,   ,  

 .      
. 

          
 R&K [5]   ,  AASM [6].   

   . 
       : 

1.      .  
 - ,  -  (4–7 ). 

2.         
 : -    . 

3.        (2 ) 
   ,  -   

 50 %   –  -    
50 %.      

  ,  «  
»,       

  :    (40 
) . «  » –   ,  

          
 . [7] 

           
,     .      

 ,   . 



5 
 

     90–100 .   
  4-5  . 

  
   ( ,  ,  ) 

 ,    .  
       

     . 
         

«    » ( ).   
   ,         

 :   . 
      

. ,       
,  ,       

,  -   ( )   
  ( . 1)      

,          
 . [4] 

 

 1 –     
 

       
  : -   - . [8] 

        .   
         

 ,       
  ,   ,       

  .  ( , )   
   .  

 (  )    
         -   

       . 
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   ;  ,   
;   ,   .   

     , , ,  
  ,   ,   

      .  
     . 

  
  ,      

 .       ,  
 ,       ,  

  . 
      , ,  
      . 

   : 
1.  :       

  –   ,      
    ,    

  ,   .  
     5-25%. [9] 

2.    :       
,      .   

       
  .  

3. :        
,        10 
. ,    . [10] 

4.   [11]:     
   ,  , 

  ,  .  
5.  :      

   (  6 . 80%,   25%) [12]. 
,         

  . 
6.   :        

   .     
    ,    

       
 . [9] 

 
1.2   

          
,        . 
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 ,       , 
      . 

        
    .    

   ICSD-3 (International Classification of 
Sleep Disorders).    2014 .  

   (American Academy of Sleep Medicine) [13].  
      

 .        
  ,    . [14] 

ICSD-3        [15]: 
1.  ( ); 
2.    ; 
3. ; 
4.   «  – »; 
5. ; 
6.    . 

       
   [16, 17, 18, 19] : 

1.  ; 
2.    ; 
3.   ; 
4.  (I  II  ); 
5. ; 
6.   ; 
7. ; 
8.    ; 
9.   ; 
10.     . 

     : 
  (Insomnia)  

  ,  –    
,        

 ,   ,   : «  
  /   

 ,         
  ,       

  » [20]. 
      

,     (  
 ), - -  ,   

  . 
 (Narcolepsy) 
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 –    ,  
     (    

     )    
 . 

         
,         
       

(  )    (     
HLA). 

    (PLMD) 
    –  ,  

    ,   
     . 

      .  [21]  
 -      

  ( ),      
  . [22] 

     (RSBD) 
     –  , 
     ,  

    (  ).    REM 
      ,    

    ,   . 
      ,     

  ,    
,      

  .  ,  
 ,   , 

           
 [23]. 

    (NFLE) 
    –   

,        
     . 

       
 (  ).    

 .    CHRNA4, CHRNB2, 
CHRNA2, KCNT1, DEPDC5  CRH. 

 
1.3     

  ,      , 
   .      

    .  
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-  ,   –   ,  
        

       (  20 ). 
   ,  –   , 

      , 
    .  ,   

    –  . ,  
   ,       

 ,   ,    
 . 

 (   ),  ,   
    .    

.       
  -  .    

       .   
         

,   .     
  ( - ,  , V- , CAP , 
   . .),        

   . 
  ,      

 .     
    ,     

. 
 
1.3.1    

         
  ,   .  

    ,   . 
        

  ,     
 . 

       
 . ,  ,   

        
  5-10 .     

 ,        
 .  

     ,   
   . 

       
   10-20 [24] ( . 2):  
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 2 –    10-20   

 
       Rechtschaffen 

 Kales  [5]. R&K      
  .  ,     

 3  4     ,  
       .  

        AASM 
   .     
 F4- 1, C4-A1  O2-A1.       Fz-Cz, 

Cz-Oz [6]. 
 
1.3.2  ,     

         
,    .    –   

 ,     –  . 
    ( ,    ),  

   ,   ,    
   ( , - ).   

  (        
),       ( - ,  ).  
      ,  

. 
    ,  . 

  " "      
(     ),  ё   

.      ,    
 ,         
     : 
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α ( - ):    8–13     100 , 
   ,   . -
     .   

    ( ё  , ) 
 α-  .  -     

     - .   
  -       . 

β ( - ):    >13      25 
,           

  .            
 . ,   -     

    . 
θ ( - ):    4–8     40 .  -

,         
.       -    

«  - »,      . 
δ ( - ):      3.5 . 
-    (  2 )    . 

μ ( - ):    8-13     50 . 
 μ-     α- ,  μ-  
      .  

,       ,  
. 

    BETS 
(    SSS):       

,      - ,   
       . 

      50 c  50  
.  

     POSTS:  
     ,    . 

    .  , ,  
,  50 . POSTS     ,  

 1  2.    4-5  . 
V- :    (   ).  

 ,          
      .    

 .      250 . 
     ,   1  2 
 .  

K- :   0.5     100 , 
       ,  

     . -   
     . -     
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NREM- ,        .  
 -    -  - ,  K- . 

  : 0.5     11-15  (  , 12-14 
),   50 ,  ,      

 ,    .   
 . [25] 

 
1.3.3       

   (   )  - ,  
        . 

        
. -  ,    .  

    . -  
 -   .      

V- .        - . 
 50%       

,   , -    - .  
     . -    
   .     

2    -  ,  2   .  
         

   .       
,  ,       

 .    « ». 
.      15 

  - .  ,   -   
,      -

. 
 .       

 -    15    - , 
.     -    

   .       V-
. 

         
      -    

.      -  (  . . ) 
   6     75 . 

   - ,     
   -    ,  

  . 
    (     
    ) ,   

 -    6     75   
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 .       AASM 
     Fz–Cz. [6] 

 ,      
   . 

 .    ( -   ) 
         

(  ,  )    -
.         . 

    ,      
, 3  4  ,     -    

   15    . 
 

 1 –        

 δ θ α β 
 

 
-  

 
 

 - - ++ + - - 
  

 
  - + + + - -  

  - + + - - -  
 + + - - ++ ++  

  
 

++ + - - + -  

 
 : 

1.           
  5-15 ; 

2.       5%    
.         

; 
3.      50%  ; 
4.      13-20%,     

  ; 
5.     20-25%    (   

),      ,  4-6  
 ,  90 . 

 
1.3.4    

      : 
1.     ;  
2.  (   ,  );  
3.   ;  

3.1. (   ); 
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4.   . 
 

 
 3 –  . .,       

 -  [26] 

    . 
    (     

 . .)   (  ,    . .) 
: 

1.  –       
(       5-40 ).    

    ,   
      . 

,      (FIR 
)       

,   .  ,  
,    IIR     . 

2.        
        

( , ).     
     . 

3.       , 
   .    

       
.  ,    

        
 :    

,      
       . 

  ,   
 ,     
 (PCA).      

   ,  ,    
 .  ,    

    –   
      ,  
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,        
   . 

 ,     ( , -
,  )     

   .    
     (    ) 

  -  ( ) (   
  ).      

          
       -

   . [27] 
       
 (       

 ),  (   )   (  
  ). [28] 

       
   : , ,   

.   ( )   
 ё      ,  
      .  

      .  , 
     Relief, 

  –   (mRMR), 
,  (t-test).    

    . [29–31] 
       

 ,       
   , , Null-beamformer. 

-      
     ,    
. -        

       . 
      , 

,     .   
    ,   

    .   
        ,  

       
    .  

        
      . 

      
,      

    . [32] 
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1.4    

   –     
 ,   ,   

        
   ,      . 

     ,  ,  
   .  –   

  . 
     :    

     ,     
   . 

  
  –  ,    

  .  , , . 
       (Rectifier) 

    (Softmax –  
 ).     

  ,     «   
», -      ( , 
  ) . [33] 

   
  (     )  , 

    .      
    .  

    (   )   
   ,     . 

       ,   
 ,       .   

  :  (  )   
-  . 

         
  ,      .   

 .        
        .  

         
   . 

      –   
 . 

      . 
       .  

        
    .  ,    

 ,      . 
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     ,      
   (  . .  ).    

      ,   
. 

   
       : 

 ,    ,   
   –     

 ( ,    ,    
: ,    . .),  

     . 
        

.        
:  ,  -  , 

   (    )    
. 

       
     (   )  

 97%    . [34] 
 ,       

          
 (   +     
 ). [33] 

          
  .   

          
. 

 
1.4.1   

 ,       
  .       
  .       

    ,     
.         

  « » (      ) 
      (  

   ).      
   ё   ,   

      .    
         

.    . 
 ё       

  –    .   
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   .  

       
   (EM – expectation maximization),   
      

 (    ),  ,    
    (   «  »  

 ).       
 (contrastive divergence),    

  EM- . 
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2    

2.1      

          
   PhysioNet [35]: The Sleep-EDF Database (Expanded) [36], The 

CAP Sleep Database [37], MIT-BIH Polysomnographic Database [38], Sleep Heart 
Health Study (SHHS) Polysomnography Database [39],   St. Vincent's 
University Hospital / University College Dublin Sleep Apnea Database [40]   

  [41]  [42].  
    The CAP Sleep Database, . .   

        
 ё ,         

 .  ,    
. 

         
  ,  (Sleep Disorders Center of the Ospedale Maggiore of 

Parma). 
  14–82  (  45). 

  108     
986 ,   16      

,   ,     92  
:  

 40      (NFLE) –  
 ; 

 22  REM-  (RSBD); 
 10   ( )   

 (PLMD) (     
   ); 

 9   (Narcolepsy); 
 4      (Sleep-disordered breathing); 
 2   (Bruxism). 

    3  (F3/F4/C3/C4/O1/O2 
  1  2),     512 , 

       10-20 (Fp1-F3, 
F3-C3, C3-P3, P3-O1 /  Fp2-F4, F4-C4, C4-P4, P4-O2), 2  , 

     , 
 , . 

       
  :  
1.   (Insomnia); 
2.  (Narcolepsy); 
3.     (PLMD); 
4.      (RSBD); 
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5.     (NFLE). 
  [10-13]     

. 
 ,        

  ICSD (International Classification of Sleep Disorders) 
[15].   2014 .     
(American Academy of Sleep Medicine)   ICSD-3   

  ,       
[13-14]. 

         
  : 

1.  : 6     6   – 
 , 3     3   ; 

2.  (Narcolepsy): 3  -     
 2   ; 

3.     (PLMD): 6   
  4  ; 

4.      (RSBD): 11     
5  ; 

5.     (NFLE): 7     
5  . 

 
2.2       

        
   ,     1980  

2017 .,    Google Scholar (Google )  PubMed  
  : eeg, sleep disorder, insomnia, narcolepsy, REM, 

periodic, limb, leg, movement, nocturnal frontal lobe epilepsy, features, neural 
network, machine learning, normal subjects.  

       
  : eeg, sleep disorder, learning, feature, neural 

network, perceptron      . 
    . 
      . .  

  ,      
        

. 
 

2.3    
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( . 4) [43]. ,     
(  ),      

          
 [44].        

   .   ,      
,        
       
 [45]. 

      
         

  :  
       , 

,  (       
)  ; 

  2        
  ; 

        
  ; 

      ,  
   . 

 ,       
   [46]. 

 

 
 4 –     

 
2.3.1   

       
        

 . 
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 ё          
 .      . 

       
     0.1. 

      , 
         

.      0.9. 
     (1): 

 ′ = + 𝜂 𝛿 𝑖⏟            О   ц  
 ,        (1) 

 
 i –   , η –  , f –  , δ – 

 ,    
 𝛿 = 𝑖 𝑎 −          (2) 

 
     

 𝛿 =  ∑ , 𝛿           (3) 
 

   ,  j –    . 
       

 : 
 ′ = + ∆ + 𝛼∆ − ,        (4) 

 
 α –  , k –  . 

 щ  
  (bias )      

  .       
,         

.          
,      ,      

1        ,   
. 

 
2.3.2   

        
           

. 
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        (  
     )   (   

    ).      
   ,      

       , . . 
  .      

.      . 5. 
 

 
 5 –         

 

        
         

,         
 . 

    
   –       

 .       
,        
  .  

       
       . 

     .   
        

  .      
 .        

 .         , 
         (   

    , . 6)    
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   (         
  , . 7).      , 

          
. 

 
 6 –        

  
  

 7 –     .  
–  ;  –   

 
2.4    

      
 ( . 8): 

1.    *.EDF(+) ( -    
   ) 

    30 ; 
2.      ; 
3.       

,     ; 
4.       

    (30  ).   
    ; 

5.       .  
       

   ; 
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6.         
.        .  

  ,     . 
 

 
 8 –   
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3    

3.1    

   ,   ,   
  C#.        

       . 
       

. 
    *.EDF(+) 

-         .EDF 
(The European Data Format)      .EDF+. 

,     , . .  
     , , 

,  ,     
.  ,       , 

    . 
,    ,     , 

         
 ,   ,      . 

     600 .    
          

       . 
     ,  : 

    ,   
; 

    c ; 
      100/128 . 

     . 9.   
        80%. 

      *.EDF(+) 
         
, : 

      ,   
       ; 

    -     
 ( - )   ; 

      ; 
   ; 
       

(Generalized Likelihood Ratio – GLR) [47]; 
    ; 
   -  [48]; 
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 (Empirical Mode Decomposition – EMD [48]). 

     . 10.  
    . 

 

 
 9 –     .EDF(+)  

 

 
 10 –       .EDF(+)  

 
    

         
    , : 



28 
 

        
       ; 

       ; 
      –    

; 
    (  ),  

    ; 
       :  

        ( . . 2.3.2). 
        

 . 11. 
 

 
 11 –        . 

 
3.2       

      
        . 

         
 ( ) ,    

      [49]. 
     . 

 
3.2.1   

  51 ,     
          

.     11 ,  
 – 14,  NFLE – 11,  PLMD – 8,  RSBD – 7. 

  20  ,     
      . 



29 
 

        
:  –      

 –      . 
,     ( . 

)   . 
  

        
   :  ,  

 ,  ,   . 
         

  . [50] 
,      ,   

    ,    
     

  [51–58]     
[57 - 60],   CAP [54, 61],     

  [61].       
    [62],     

[61-63],   1   [57],     -
 [55, 59], -      [55]   

   2  REM   [61],  [56]    
  . 

 
   1  2  : 

        3 
, ≤ 8        (MSLT) [64],  

REM   ,   (  1 ),  
-1    [49]. 

       
REM .        REM ,    90 

  1-4 . Awake-S1-REM  S2. ,    
       . 

     ,    
    :   

  [65-66],        
 1   [65-66]    2   [66-67, 72], 

  REM  [65, 68],   1963  [77]   
    18  18.8 %),   REM 

 [65, 69],    REM  [65, 70],  
    [71],    [76], 

    [72],  [73]   
,        -
 [72],   CAP [72-73],   
 [71-72, 74-77],  [69,  68]   ;  
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  [69, 75, 78],      [69], 
 [78-79] . 

    
   PLMD     

       
    PLMS    15    

    5  . PLMS –   
   –      

         
    [80]:      

( ,      8    0.5 – 10 
)   5-90 .    

     .  
     ,    

       
  :     

  [81-87] (   [87],  >70% [82]), 
   [86, 88],    [88, 82-

83, 86-87],     [82, 89],    
 [83, 87],   1, 3  4  ,   2  

 [89],   CAP [90],    -
  -  [82, 87],       REM 

 ,          
[83] 

     
     REM 

     ,   
 (  )     RSWA 

 (   AASM) [49, 112].  
  ,      
   ,   Jean-François Gagnon  

  [95]       , 
     ,   . 
     ,    

        
:      [91-95, 96] (96 –  ), 

   [94-95] ([1076]  ),   
  [91, 93, 96, 98],      

,   [98],    [91, 98],   
REM  [70, 91, 96-97],   REM  [97],   1 

     2  [97],     
[91]. , Maria Livia Fantini   [92]     

  . 
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 (    ).  :  

        
    <2  (  

 ),      
    .      

       , 
 . 

   -   CAP-A .    
 . 

        . [101, 111] 
  ,    NFLE   

 [101, 111],      
,        

   :       
[99-103],    [101, 104],   CAP (  
32%  80% [81]) [102, 105-108],     (  2.4%  
0.9%)  REM  (16%  6.8%) [104, 109]    REM 

 (c 116  214 .),   1   (  11%  15%), 
  2  (c 56%  47%) [109],     

[106],   -   -  [101, 103, 106, 110], 
    [102-103]   [102-103, 106-

107]. 
  

       
  - : 

      PLMS; 
         ,  

 : , PLMS [65, 68], RSBD   [68, 70]; 
    NFLE    PLMS,  

 [101]; 
 PLMS       

: , ,  [114], RSBD [91, 115],   
     [113]. 
  

        
(Delayed Sleep-Wake Phase Disorder),   « - » 
(Circadian Sleep-Wake Disorder). 

NFLE   ,  , ,   
[104]    . 

  
      

( )   2.     
. 
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 2 –      

    NFLE PLMD RSBD 
 

       

       

      
 

 

    
 

 
 

 
    

 
  

    
   

 

  
 

 
   

    
 

  

 1        

 2   
 

 
    

 3-4        

   
 

 
  

 
 

 

   
 

 
 

 
 

 
 

  
  

     

 CAP      

        

Arousals      

       

-       

-   
 

   

 
       ,  

     . 
        

. 
NFLE        , REM 

,   . 
   -      

 . ,    REM   
  ,         

 -   . 
    ,   -  

,        
,       . 
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3.2.2   

      32 ,   
 ,    3.1.2.    

 3. 
 

 3 –      
№   

1 
  [124–126] 

 

= −∫ log  

𝑟 = log  

S(w) –  
  

2 
   

[124, 126] = .9∫.  

3   [124, 127] 

𝑎 = −∑ ln𝑁
=  

N –   
n –    
ni –    i  

4 
   

[124] 
 

= ∫ ∙  

5   [126, 129] = ∑ 𝑖 ∙ 𝑋 𝑖∑𝑋 𝑖  

X –   

6   [126] = (∏ 𝑋 𝑖𝑁= ) /𝑁∏ 𝑋 𝑖𝑁=  

7   [135] = ∑|𝑋 𝑖 |  

8 
  -  

[116, 117] 
TE  =  x  − − +  
x –    

9-13 
   [121, 127, 133]:  

δ, θ, α, σ, β  

14-
18 

   [130–132]: 
σ/θ, σ/lowα, σ/β,  
α/δ+θ, θ/α+δ 

  [121–123] 

19    = ∑ .∑ .  
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20   𝜎 = √∑ −= . ∑ .  

21 
    

 =  

  [120, 121] 

22   = 𝑉𝑎 𝑖  

23   = 𝑉𝑎 𝑖 ′𝑉𝑎 𝑖  

24   = √    
      𝑉𝑎 𝑖 ′′𝑉𝑎 𝑖 ′  − 𝑉𝑎 𝑖 ′𝑉𝑎 𝑖   

   [118] 

25    𝑃 =  ∫ + 𝐼𝑖  

26   = ∫√ + 𝐼  

-   [118, 119] 

27   = ∫ 𝐼  

28    
𝐼  =  / 𝜋  

m –     
   0 

  

29    [128] 

30    [130] 

31   (wavelet)  [134] 

32    [136, 137] 
 

 1, 2, 8, 14-18, 30, 31, 32     
;  1-4, 9-24, 29, 31-32    ;  1, 

19-24      ;  3, 7, 9-13, 29, 31  
  (arousals);  9-13, 29, 31   

 .  ,  31 (wavelet- ) 
    CAP   - . 

      1-24. 
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3.2.3   

     ,  
   .     

   ,     
    (δ, θ, α, β)    

       .  
        

 10-10-6     : 3     
3  . 

  23  .   
      . 12.  

      50%  
     ,  

       1-8, 19-20, 23   
2. 

,       22, 
24     . 

        14, 
16, 18  <1%.  

     12, 15, 17  
   3%. 

  9-18    
.        

       
  . 

 

 
 12 –       
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3.3     

     6  -   
   3     1000  .  

  . 13. 
         

:       
     .   

      ,  
      (    

)           
 .        . 

        
      .    

    –       
      .    

 6-4.         
  .       
  . , 8   

     10  
 . 

 

 
 13 –          
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3.4     

         
      6-4 (   

. 3.3)    10  (   . 3.2.3).   
  0.1,    0.9. 

 
     

 . 14.        1500 
    75.5%.     

         
. 

 

 
 14 –     

 
 

      
 60%.      54%. 

      3   (~58 ) 
      . ,   

     . 
    
      

 54%.   ,      17,  
 ,          

(  20%  80%).   ,     
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   .     

        
.  [138, 139] ,   ,   

       NFLE 
,          

     . 
    

     PLMD 
  . 15.       

    1500   69%    
(   )  58%     (  

 ).  1500    
     –  . 

      6-6  500    
72%  65%       . 

 

 
 15 –       

 
     

 1000       
        

  96,6% (   )  99,5%   
  (   ).     

    . 16.   
        

     . 
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 16 –          
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      ,   

      . 
        

   6-4 (  , 6   , 4  
). 

   :  98%  
     , 75%   

 , 65% –    
  57% –  (    ). 

         
        

. 
       

          
          

 .  



41 
 

 Щ  

AASM – American Academy of Sleep Medicine,  ,   
CAP –     
EDF – The European Data Format,      
EMD – Empirical Mode Decomposition,     

 
FIR –      
GLR – Generalized Likelihood Ratio,    
ICSD – International Classification of Sleep Disorders,  

   
IIR –      
MSLT – Multiple Sleep Latency Test,      
NFLE – Nocturnal Frontal Lobe Epilepsy,     
PCA –    
PLMS – Periodic Limb Movement Disorder,  ( ) 

     
PSG – Polysomnography,  ,   
R&K – Rechtschaffen  Kales,       
REM – Rapid Eye Movement,  ,    
RSBD – REM Sleep Behavior Disorder,      

 –      
 –     

 –     
 – -   

 –  -  
 –    
 –  

 –     
 –    
 –   
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