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ξ(t,ω)      , 
   .  

 
mξ(t)=E{ξ(t)}     Bξ(t,u)=E{[ξ(t) mξ(t)][ξ(u) mξ(u)]}   (1) 

ξ(t,t)  
   .   

 
Pξ=MₜBξ(t,t)<      (2) 

 [16]. 

 
mξ(t+T )=mξ(t)     Bξ(t+T ,u+T )=Bξ(t,u)   (3) 

τ   
: 

Rξ(t,τ)=Bξ(t+τ/2,t τ/2)     Rξ(t+T ,τ)=Rξ(t,τ)   (4) 
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ξ(t+T0,τ)=Rξ(t,τ).  
    -  , 

       
   .      

  

 [17, 18]. 

 

 [19, 20]. 

 
x(t) 

c, 
̃(c,t)=x(t)-m(c), m(c) 

: 
̂ₓ(c,τ)=Σ w(c,t) ̃(c,t) ̃(c,t+τ) / Σ w(c,t)  (5) 

: 
ρ̂ₓ(c,τ)= ̂ₓ(c,τ) / [ ̂ₓ(c,0)+ε]   (6) 

ε    .     
       
  : 
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T(c)=arg max ρ̂ₓ(c,τ)     τ∈[Tₘᵢₙ,Tₘₐₓ]  (7) 

-QRS-

 [21]. 
- -

-

 
RR-

 

: 
CV(I)=σT(I) / [ T(I)+ε]   (8) 

σT

 
ₖ    k-  , 

 Tₖ=T(tₖ)   
φ∈[0,1)  : 

Xₖ(φ)=x(tₖ+φTₖ)     0 φ<1 (9) 

φₙ=n/Nφ.      

ₖ.    . 
     ,    
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- ⱼ  L  .   
 L=15.      ,   
  L-1  .    

 : 
̂ⱼ(φ)=L⁻¹ Σ Xₖ(φ)     k∈Wⱼ (10) 

 
̂ⱼʷ(φ)=Σ aⱼₖXₖ(φ) / Σ aⱼₖ     aⱼₖ=exp[ eⱼₖ²/(2sⱼ²)]                   (11) 

ⱼₖ        
.        

,     .  
  

 [22]. 
Yⱼₖ(φ)=Xₖ(φ)- ̂ⱼ(φ)   

 : 
ⱼ(φ,ψ)=(L 1)⁻¹ Σ [Xₖ(φ) ̂ⱼ(φ)][Xₖ(ψ) ̂ⱼ(ψ)]                         (12) 

ⱼ(φ,φ

: 
Eⱼᶠˡ ⱼ(φ,φ)dφ (13) 

 ̂ⱼ, ⱼ  Eⱼᶠˡ  
  .      

   .      
   L   ,    

  [23].  

ⱼ  L  
Nφ.  Yⱼ    .  

   
ⱼ ⁻¹YⱼᵀYⱼ (14) 

φ=1/Nφ.  sⱼᵣ     Yⱼ,   
     

λⱼᵣ= φ sⱼᵣ  (15) 
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ⱼ  

  ,   ⱼ) L 1. 
 L=15  Nφ=256       

14.  det( ⱼ)=0   ,   -

ⱼ    .  
       
         
. 

 
Eⱼᶠˡ= φ tr( ⱼ)=Σᵣ λⱼᵣ               (16) 

 
: 

pⱼᵣ=λⱼᵣ / Σₗ λⱼₗ     pⱼᵣ Σᵣ pⱼᵣ=1                         (17) 

: 
Hⱼᶜᵒᵛ Σᵣ pⱼᵣ ⱼᵣ                (18) 

Hⱼᶜᵒᵛ   .   ,  
 

ⱼ     rⱼ 
 .     
  Hⱼⁿᵒʳᵐ=Hⱼᶜᵒᵛ/log (L 1).  L=15   

   
: 

rⱼᵉᶠᶠ=2ᴴʲᶜᵒᵛ (19) 

 
Σpⱼᵣ²,    r =2ᴴ²     

pⱼ .       
    . 

Eⱼᶠˡ   
       ,  

 Hⱼᶜᵒᵛ       
.       ,   
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 .  
Sⱼ=(Eⱼᶠˡ,Hⱼⁿᵒʳᵐ,rⱼᵉᶠᶠ,pⱼ ).      

 .     
,       

    
 [24]. 

- δ,  y(q)  
   .    

: 
⁻¹[y(q)δᵀ+δy(q)ᵀ ⁻¹)δδᵀ]                      (20) 

δ.    : 

tr ⁻¹[2〈y(q),δ〉 ⁻¹)‖δ‖²]                    (21) 

-

-T.  
. 

-

 115,2  

-QRS-

-
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ADAPTIVE WINDOWED SYNPHASE ANALYSIS OF 
ELECTROCARDIOGRAPHIC SIGNALS AS PERIODICALLY CORRELATED 

RANDOM PROCESSES WITH ENTROPY-BASED ASSESSMENT OF 
COVARIANCE FLUCTUATIONS 

 

An adaptive windowed synphase method for processing an ECG 
signal as a periodically correlated random process within the 
framework of the energy theory of stochastic signals is proposed. The 
local correlation period is determined from the maximum of the 
normalized autocorrelation function, while synphase estimation is 
performed only for segments with a coefficient of variation of the 
period below 5%. For each 15-cycle window, the mean cycle, 
covariance kernel, and fluctuation energy are estimated. To provide a 
structural description of the covariance, the Shannon entropy of the 
normalized eigenvalue spectrum, normalized entropy, effective rank, 
and the proportion of the dominant mode are introduced. A 
computational experiment using an open-access PhysioNet record 
confirmed local rhythm stability, reproducibility of the synphase 
ensemble, and the sensitivity of the covariance structure to a 
controlled change in ST-T morphology. 

Keywords: ECG signal, mathematical model, periodically 
correlated random process, cyclostationarity, correlation, covariance, 
statistical signal processing, synphase method, local rhythmic stability, 
adaptive processing method, sliding window, segmentation, algorithm, 
informativeness, computer-aided diagnostic system. 
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