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       .  
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   –  1: 

-  (MSE) – ;  

-    (MAE) – B; 

-     (Huber loss) – C; 

-   (Quantile Loss) – D;  

 

 

 1 –    

 

. .   . .     [1]   

      

     ARIMA+hist (  

   +  ).  

20%        

.        



26 
 

  (        

)       ARIMA ,  

      .   

    hist      

    .    

    ARIMA  hist. 

    : , , 

,    hist  20, 50, 300, 500   

.          

    3. 

 

 3 –         
 

 
 

  
 

  
 

  

ARIMA 0,127 0,265 0,340 

ARIMA + hist (20) 0,128 0,267 0,260 

ARIMA + hist (50) 0,127 0,266 0,267 

ARIMA + hist (300) 0,127 0,265 0,266 

ARIMA + hist (500) 0,127 0,265 0,266 

 
 

    3,     

    ARIMA+hist  

     ,    

  ARIMA .       

       

       ARIMA. 
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y(t+1)=x(t),             (3) 

 

 x(t) –   , y(t+1) – .  

    ,    

,      

 

y(t+1)=x(t)+[x(t)-x(t-1)]           (4) 

 

  

 

y(t+1)=x(t)[x(t)/x(t-1)]           (5) 
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y(t+1)=x(t-s),             (6) 

 

 s – ,     

 . 

я я.    f(x)    

 [x0, xn],       

    xn+1.      

,   f(x),       

,       .  

      –  

.      ,    

  ,     .  

         

  . ,     « » 

,        

y(t+1)= λ y(t)+(1-λ) x(t),          (7) 

 x(t) –   , y(t) –    

 t, y(t+1) –     t+1. 0< λ 

    я  . 

     –    

    

y(t+1)=(x(t)+x(t-1)+x(t-2)+…+x(1))/t       (8) 

       ,  
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        « ».   
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 .      

 –  ,       

.       ,  

    ,       
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  ,       ,  

    ,   

 y=a+b t,                    (10) 
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    , t – .  
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yt+k=a+b(t’+k),                   (11) 

 t’ –  , k –  .   
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  JB     

 

 JB = n ∕ 6 A + Ex ∕                      (12) 

 

 n –  ;  – ; Ex – . 

 JB   χ2 –     

        ,   

  .  ,  

,   ,   –      

.      JB,     

   . 

  F- .      

      .  

   ,     

 N > 2 ,    .     

    .     

   ,    .    

   . 

     
      ,    

       .  

         

   ,    ARIMA (p,d,q)  

          



34 
 

.        ,  

    ,   ,  

  . 

 HIST 

   hist     

[1]      ,    

 .  

  hist     

   x,      p̂ u ,  

      

 . 

 :    

 𝑥 = {𝑥  .  …  .𝑥𝑇}                   (13) 

 

   

 l x̂, xT+                    (14) 

 

:  x̂,    . 

я  :  
 1:   n  .  

 2:      

 𝑥 = ax x −  x
                   (15) 

 

     u , u ,…, u    p̂ u . 
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 3:  ;   p̂ u ;  

;       y  .  …  .  y . 

 4:     

 ∑ ℎ , 𝑢𝑖+𝑢𝑖−=                   (16) 

 

   

 C ∈ { + , … , n+ n− };                  (17) 

 

 C∗,      ;  

   x̂: 
x̂ = c∗ ∈ { +𝑢 , … , n+ n− }.                    (18) 

 

         

           

.     .  

        

       n.  

 n    p̂ u   ,  

 n –  ,      

  . 

     

   ,    

,       
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  , ,  ,     
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 . 

     ,  

,   -   [47]. 

2.2   

  ,       
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  [38].  
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  {xi\i 0,..., n},    [xi-1, xi], i = 1,..., n 

    pt. 

        . 

      X  , 

   

 

 𝜔 = {𝑥 |𝑖 = , , , … , }      (19) 

 

,        N 

    𝑥 − , 𝑥 ]. 
       c 

 /𝑁.     

 

 𝑃 = / 𝑁 𝑥 − 𝑥 −      (20) 

 

     . 

   — -     

  𝜔,  {𝑃 },     𝑥 − , 𝑥 ] 
  𝑃  [39]. 

   2,   . 
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 2 -   

 

       

    .   

     .    

    .   

,     P(x)  

 . 

      

    .  

  —  ,    —  

[43]. 

         

     

  ,   

   ( ). 

     -  

.   ,    ,   {z i, i = 

0,1,... n}    {Pi, i = 1,2,...,n}.    [zi-1, zi]  

   Pi. 
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   .     

[Yi , i = 1,2,...,N}.  Yj     pi : £ pt = 1. 

   ,    Y i,    {z i, i = 

0,1,...n}    [zk-1, zk] Y i   Y ik.  ,  

  [zk-1, zk]    Yk,  

 Y ik   { .   ,    

  [zk-1, zk]   Pzk. 

  3    ,   

   .   

(    Pt   t,  t —  ) 

  .    

« »      — 

    Pt   x [44, 45]. 

 

 

 3 —    

     « » 

,        
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 ,   ,    

 [46]. 

2.3 я  

  -     

  ,   , , , 

  . .       . 

,     𝑝 +    

   𝑥 + 𝑥    [40] 

 

 𝑝 + 𝑥 = ∫ 𝑝 𝑥 − 𝑣, 𝑣 𝑣 = ∫ 𝑝 𝑣, 𝑥 − 𝑣 𝑣∞−∞∞−∞     (21) 

 

        . 

       

  .  𝑧 = 𝑥 + 𝑥 ,   𝑥 − [ , ], 𝑥 −[ , ], 𝑝 𝑥 , 𝑥   –      𝑥 , 𝑥  . ,   [ , ] × [ , ] –   

  𝑝 𝑥 , 𝑥     3    𝑧 
     [ + , + ].   𝑧 , 𝑖 = , , … ,  – 

      .    

 𝑧   [𝑧 , 𝑧 + ]    [41]: 

 

 𝑃 𝑧 < 𝑧 < 𝑧 + = ∫∫ 𝑝 𝑥 , 𝑥 𝑥 𝑥Ω𝑖      (22) 

 

 Ω = { 𝑥 , 𝑥 |𝑧 ≤ 𝑥 + 𝑥 ≤ 𝑧 + }.  
  𝑝     
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 𝑝 = ∫∫ 𝑝 𝑥 , 𝑥 𝑥 𝑥 / 𝑧 + − 𝑧Ω𝑖 .    (23) 

 

 

 4 –       

 

      

    ,    

.       

      . 

2.5  

 – -     

f(x) [42].        

   K/(N + 1).  K-   

    f(x)    

   r ≤ K.  

    ,    

K,  ξj = x(jk).   m = K/N     

    :   

c(t) = {1 : t ≥ 0; 0 : t < 0}, 

     : 
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𝑁 𝑥 =   ∑ 𝑐 −𝜉𝑖 −𝑐 −𝜉𝑖+𝜉𝑖+ −𝜉𝑖= .             (24) 

 

.    f(x) > 0,    

  ,   fN (x) -ro ,  

K = Nα, α < 0.5 fN (x)    f(x). 

  : 

1.      ; 

2.  ; 

3.         

  : ∧Xi =Xi+Xi+  

4.   hi: hi=∧x-xi 

5.         

 

Fn(x) = i∗N,                   (25) 

 

 h - , h  – , N –  . 

  5   . 

 

 

 5 –  1  
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2.6    

   –      

,       ,  

    , . .    

  ( -  ) [43]. 

         

xi,     wi.  (xi, wi)      

 .    6,    

. 

 

 

 6-   

2.4 я   

   —     

  .      

 ,     ,  

   .   ,    

   ,      

- . 
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 𝑥 , 𝑥 , . . . , 𝑥      

 ё  , ё     

   ƒ.       

 ƒ. ё     

 

ℎ̂ 𝑥 =  ∑ ℎ= 𝑥 − 𝑥 =  ℎ∑ 𝐾= − 𝑖ℎ              (26) 

 

 K  , . .  ,  h > 0  

 ,   ы.   

 h  в в ы  я     𝐾ℎ 𝑥 = /ℎ𝐾 ℎ .    h   ,   

 ,         

 .       . 

      : 

, , , , , 

  .      

 ,     , 

  , .     

   ,   𝐾 𝑥 = ф 𝑥 ,   

    . 

       

    . ,    

  , ,    

 (    ) 

     xi.     

          

 . 



47 
 

      ,   

  ,     , ё  

  .   ,   

       6 ,  7: 

 

 

 7 –         

 

      , 

   .      6 , 

  2.      ,   

  1/12.       ,  

    . 

         

 2,25 (    )    

 xi.  ,     (  

 ).         

 ,       

          

. 

  ( )     ( ), 

     . 6    

  ,      

.    ё      

  –  8. 
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 8 –       

 

        : 

  9   ,  n = 3. 

 

 

 9 –    , 3  

 

     .   10  

 .  
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  10 –   

 

   -      11. 

 

 

 11 – ё   

 

  -  .     , 

      = 3, ,  

  ,    3,    

 -  12. 
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 12 – ё   

 K - ,  ,      n 

: x1,. , , xn. 

      

 ̂ 𝑥 =  ∑ 𝐾= 𝑥 − 𝑥                 (27) 

 

  K (x - xi),        xi. 

2.6 я я   
  [48]        

        

 .         

  h .      

   . 

      

     2l    
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   .     

    h  [49].  

  —   ,   

      

.        ,    

        

    .   

           

     .      

         

 ,       

  .  

       

      .  

       

        

       

    [49].  

       h  

  hu     

 

( )h k k mu u h v O h        (28) 

 u     , v  -   and h  — 

  ,    ,   

 .   k     

 , and 0m      

    kh v .  u   v    

 h ,   2h   :  
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2 ( )
2

k
h k mh

u u v O h      
 

  (29) 

    ,    

 kh .  (2)  2k     (1)   

22 1
( )

2 1 2 1

k
h h k m

k k
u u u O h    

   (30) 

  

 ,        

 .  

       

 ,         

    . 

 

2.5 ё   

         

 .        f(x)  

h(x)  : 

 𝑥 = 𝑥 ⊗ ℎ 𝑥 = ∫ 𝑠 ℎ 𝑥 − 𝑠 𝑠,∞−∞              (31) 

 

 s -   .  

        f(x) 

 -    h(x).    

      13. 
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 13 – ё     

 

        

          : 

G(u) = F(u) H(u),                  (32) 

  

G(u) = F {g(x)} 

F(u) = F {f(x)} 

H(u) = F {h(x)} 

 

2.7  

        

  –  .   

       

,    .  
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 – -  ,    [a, 

b]         

 [44]. 

   ,    ,  

 .      

         

  (  ),    

   ,      

    . ,     

,         

,  ,      . 

       

      . 

     y = f(x)    y = 

S(x)  ,  f(xi) = S(xi)   x = xi, a    

 [a;b]   f(x)  S(x)    .  

        

       

.        

  .    ,   

       

  .  

 ,       

  14. 
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 14 –  

 

, , ,    ,   

,     ,     

   .     

    ,     

, . .      “ ”. 

    .  , 

         

  ,     ,  

   ,   ,  

 [45]. 

 , –  ,     

    ,    

       . 
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3 я  

3.1     я 

       

  .      

,  : , ,      . 

       

 .      
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Program forecasting; 
uses GraphABC; 
 
Var  
   h, x, xi, u0, uh, u2h, al : real; 
   i,j : integer; 
 
function r4:real; 
Var r, t : real; 
    i,j : integer; 
begin 
r:=0;  
for i:= 1 to 4 do 
r := r +  Random; 
 
r4 := r-2.0; 
end;     
 
function pfr4(x:real):real; 
Var r, t, x2,x3 : real; 
    i,j : integer; 
begin 
 
x2:=x*x; 
x3:=x2*x; 
 
if x < 0 then r:=0; 
if (x >=0) and (x < 1)  then r:= x3/6; 
if (x >=1) and (x < 2)  then r:= -x3/2 +x2*2 - 2*x +2/3; 
if (x >=2) and (x < 3)  then r:= x3/2  -4*x2 + 10*x -22/3; 
if (x >=3) and (x < 4)  then r:= -x3/6 +x2*2 - 8*x +32/3; 
if x >= 4 then r:=0; 
//    
pfr4:=r; 
 
end; 
 
function pfal(x,al:real):real; 
Var r, t, x2,x3 : real; 
    i,j : integer; 
begin 
 
pfal:= pfr4(x/al + 2)/al; 
 
end; 
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Procedure tt1; 
var i: integer; 
begin 
 
al:=1; 
h:=0.5; 
 
for i:=-8 to 8  do 
begin 
x:=i*h; 
writeln(x:6:3, pfal(x, al): 8:4, pfr4(x/al + 2)/al :8:4);   
end; 
end; 
 
Procedure tt2; 
var i: integer; 
begin 
xi:=2.0; 
uh:=0; 
u2h:=0; 
h:=0.01; 
for i:=1 to 100 do 
begin 
x:=0.5 + (i-0.5)*h; 
al := 0.5+0.5*x; 
uh:=uh + pfal(xi, al); 
end; 
 
uh:=uh*h; 
 
writeln(uh :8:4, pfr4(2+xi) :8:4); 
 
for i:=1 to 200 do 
begin 
x:=0.0 + (i-0.5)*h; 
al := 0.5+0.5*x; 
u2h:=u2h + pfal(xi, al); 
end; 
u2h:=u2h*h/2; 
writeln( u2h:8:4, pfr4(2+xi) :8:4); 
u0:=(4*uh - u2h)/3.0;  
writeln( u0:8:4,pfr4(2+xi) :8:4); 
end; 
 
function par(t : real):real; 
begin 
  par := 100*(4 - t)*t + 200; 
end; 
function alpha(t : real):real; 
begin 
  alpha := 0.5 +0.5*t; 
end; 
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Procedure Reg01; 
Var t,xt : real; 
   i, ip,jp,jp0,jpr,jt,c : integer; 
begin 
h:=2.0/800; 
 
 SetWindowSize(1000,1000); 
 for i:=0 to 800 do 
 begin 
 t:= i*h; 
 jp0:= Round(par(t));  
 jpr:= Round(200*alpha(t)); 
  for jt:= 1 to 15 do 
 begin 
 jp:= Round(par(t)+ 100*r4*alpha(t)); 
 SetPixel(i+100,jp,RGB(0,0,0)); 
 end; 
 
 SetPixel(i+100,jp0,RGB(255,0,0)); 
 SetPixel(i+100,jp0-jpr,RGB(255,0,0)); 
 SetPixel(i+100,jp0+jpr,RGB(255,0,0)); 
 SetPixel(i+100,jp0+1,RGB(255,0,0)); 
 SetPixel(i+100,jp0+1-jpr,RGB(255,0,0)); 
 SetPixel(i+100,jp0+1+jpr,RGB(255,0,0)); 
 
 end; 
  
  MoveTo(50,50); 
  Pen.Width := 1; 
  setpencolor(clBlack); 
  LineTo(50,950); 
  LineTo(950, 950);  
  LineTo(950, 50); 
  LineTo(50, 50); 
 Window.Save('forecasting.png'); 
end;  
begin 
Reg01; 
end. 

 










