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−∞  (27) 

 

    /      

 x1/x2 

 

/ =  ∫ , − ∫ , ,∞
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4 (4)
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 K  – ,    ℎ .  

  ,      𝜔   ̂ . 
      ̂    

. ,      

   ,    

,  – .  ,   

  

 

4ˆ ( ) ( )i xi
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  ,  p(x,y)     

(37)–(39)  -    .  

          

,       [21].  

  ,   , 
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    ℎ𝛼 .  

 1     .  

 4.    , … ,    

,   , … ,  –     , … , ,    1   –    

 , ∈ ,      . 

       .  

  , … ,     

 , … , .  

 1.  , = − + sin .  = − +   = sin .  ,      

 , ,  = ,  –  ,   

  1. ,     

   , .  

 ,   , … ,   

  f,       

  2.        

. ,        

 t,    , , … ,    
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       , , … ,    
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 2.   , = + ,  x,y –   

,   [0,1].  x    t, {  | = − . / , = , , … , }, = / .    

  𝜑 .  𝜑  f,   , ,    .   1    

 𝜑  f    n.    ,  

   𝜑  f   𝛼 = . .  

   

 1 –     

n 2f     

10 1.2887825282E-03 

20 4.5592973952E-04 

40 1.6120775967E-04 

80 5.6996092139E-05 

16

0 

2.0151185588E-05 

 

 ,       

 ∗    ,  n –   . 

,  -  ,   

   (1 )O n . ,   ,   

       / . 

   (40),      

    𝛼 = .    

 .   ,     1. 

         

 ,     

 𝛼 ≈ .       -
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. ,   -    /√ ,  N – 

  [3].      / 𝛼 .  

    𝜀,    -

    𝜀−       𝜀− /𝛼 , ,    𝛼 >  

 -    𝜀− − /𝛼  .  

     

 . 

 3.       

  [0,1]  .   =  , 

       

     1.1680 -03.   -  

   =   5.4601E-03,     =  – 

2.0284 -03,      .  

      

    ,   -    .  ,      

 -     . 

        

   .       
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 5. , = − + sin  и  = − + , = sin .   ,     

   , ,    = ∗ ,   
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Ч   
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3   я 

 

3.1      я 

 

      

  𝜉   n=4,6    [0,1] 

      .  

     [0,1]    

    - .  

      

  

 

 И -Х  

 

 - ,       

  ,      

,       , 

     .     

 ,    . 

  ,   

 ,      

  ,   ;  

  .    

-       

. 

  –  -    

   n     U (0, 

1)  : 

 

https://en.wikipedia.org/wiki/Probability_distribution
https://en.wikipedia.org/wiki/Probability_distribution
https://en.wikipedia.org/wiki/Independent_and_identically_distributed
https://en.wikipedia.org/wiki/Independent_and_identically_distributed
https://en.wikipedia.org/wiki/Uniform_distribution_(continuous)
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= ∑=  
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 x  ,   k  k +1, -  

  

 

; = − !∑ ,−
=  

 

  a, j ( k , n )      

  k 

 

, = { 
                                                                                        = , = −                                                                                       = , < −− , + − + − − ( − ) − −                    >  

https://en.wikipedia.org/wiki/Probability_density_function
https://en.wikipedia.org/wiki/Sign_function
https://en.wikipedia.org/wiki/Spline_(mathematics)
https://en.wikipedia.org/wiki/Recurrence_relation
https://en.wikipedia.org/wiki/Recurrence_relation
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  A188816  OEIS .   

  A188668 . 

     / 2   / 12, . 

 

-  n = 1 X    : 

 = {           ℎ  

 

-  n = 2 X    : 

 = {            −         
 

-  n = 3 

 

=
{  
                                   − + −      −                        

 

-  n = 4 

 

=
{  
                                                                     − + − +                      − + −                       −                                                         

                   (45) 

 

-  n = 5 

https://oeis.org/A188816
https://en.wikipedia.org/wiki/On-Line_Encyclopedia_of_Integer_Sequences
https://oeis.org/A188668
https://en.wikipedia.org/wiki/Mean
https://en.wikipedia.org/wiki/Variance
https://en.wikipedia.org/wiki/Uniform_distribution_(continuous)
https://en.wikipedia.org/wiki/Triangular_distribution
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  : 

1 –  -  . 

2 –   . 

3 –    . 

4 –  . 

5 –   . 

 : 

1 –  - . 

2 –  .  . 

3 –  . 

 

3.3 я   я 

 

         – 

. 

  6    . 
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Начало

xi:=1.999999;

s:=0; n:=10;

h:=1/n; i1:=0;

i1=n

да

s:=s*h/3;

writeln(s:12:8,pfr4(x

i):12:8);

Конец

Нет

t1:=2*i1*h; s:=s+ 

pftr(xi - t1)*pftr(t1);

t:=t1+h;

s:=s+ 4*pftr(xi - 

t)*pftr(t); t:=t1+2*h;

s:=s+ pftr(xi - 

t)*pftr(t);

i1:=i1+1;

 

 6 –    

 

  7     . 
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f1

a,b,x:real

(x>= a) and 

(x<=b)
f1:=1.0Да

f1:=0

Нет

Конец фунуции

 

 7 –     

 

  8  -     

      . 
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pftr

x:real

(x < 1) and 

(x>= 0)
Да r:= x

Нет

(x >= 1) and 

(x <= 2)
Да r:= (2 - x)

Нет

(x < 0) or (x > 2) Да then r:= 0

Нет

pftr:=r;

Конец функции
 

 8 – -    

 

  9    -   n=4. 
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pftr4

x:real

x < 0 Да r:=0;

Нет

(x >=0) and 

(x < 1)
Да r:= x3/6;

(x >=1) and 

(x < 2)
Даr:= -x3/2 +x2*2 - 2*x 

+2/3;

x2:=x*x;

x3:=x2*x;

(x >=2) and 

(x < 3)
Даr:= x3/2  -4*x2 + 

10*x -22/3;

(x >=3) and 

(x < 4)
Да r:= -x3/6 +x2*2 - 8*x 

+32/3;

Нет

x >= 4 Да r:=0;pftr4:=r;

Конец функции

Нет

Нет

Нет

Нет

 9 –   -   n=4 
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  10  -     

. 

test1

xi:=2.0;

s:=0; n:=10;

h:=1/n;

i1=n Да s:=s*h*h*h;
writeln(s:8:4,

pfr4(xi):8:4);

Конец процедуры

Нет

i2=n

Нет

i3=n

Нет

t1:=(i1-0.5)*h;

t2:=(i2-0.5)*h;

t3:=(i3-0.5)*h;

i2:=i2+1;Да

i1:=i1+1; Да

s:=s+ 

f1(t1+t2+t3,1+t1+t2

+t3,xi);

i3:=i3+1;  

 10 –     
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3.4    я  PascalABC 

 

  –   , 

   ,      

    (   ,  

,    ).    

    ,    

    ,    

  ( ,  MPI  OpenMP). 

OpenMP –       

     ( ,   

).  

OpenMP      

:      ,   

  . 

OpenMP     ,  

      , 

    . 

  PascalABC.NET    OpenMP: 

-        

 (  parallel for  parallel sections) 

-     (  critical) 

   : 

{$omp directive-name [ [[,] ]...]} 

 $omp  ,    OpenMP, directive-name –  

,  parallel,     .  

   ,    . 
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 : 

 

program recurs00; 

Var xi,s,t,t1,t2,t3,h : real; 

    i,i1,i2,i3,n : integer; 

 

function f1(a,b,x:real):real; 

begin 

if (x>= a) and (x<=b) then f1:=1.0 else f1:=0; 

end;  

 

function pftr(x:real):real; 

Var r, t : real; 

    i,j : integer; 

begin 

if (x < 1) and (x>= 0) then r:= x; 

if (x >= 1) and (x <= 2) then r:= (2 - x); 

if (x < 0) or (x > 2) then r:= 0; 

pftr:=r; 

end;      

 

function pfr4(x:real):real; 

Var r, t, x2,x3 : real; 

    i,j : integer; 

begin 

 

x2:=x*x; 

x3:=x2*x; 
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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; 

procedure test1; 

Var n : integer; 

begin 

xi:=2.0; 

s:=0; 

n:=10; 

h:=1/n; 

{$omp parallel for} 

for var i1:=1 to n do  

for var i2:=1 to n do  

for var i3:=1 to n do  

begin 

t1:=(i1-0.5)*h; 

t2:=(i2-0.5)*h; 

t3:=(i3-0.5)*h; 

s:=s+ f1(t1+t2+t3,1+t1+t2+t3,xi); 

end; 

s:=s*h*h*h; 

writeln(s:8:4,pfr4(xi):8:4); 

end; 
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procedure test2; 

begin 

var i1: integer; 

xi:=1.999999; 

s:=0; 

n:=10; 

h:=1/n; 

for i1:=0 to n do  

begin 

t1:=2*i1*h; 

s:=s+ pftr(xi - t1)*pftr(t1); 

t:=t1+h; 

s:=s+ 4*pftr(xi - t)*pftr(t); 

t:=t1+2*h; 

s:=s+ pftr(xi - t)*pftr(t); 

end; 

s:=s*h/3; 

writeln(s:12:8,pfr4(xi):12:8); 

end; 

 

begin 

test1; 

test2; 

end. 

 

3.5    я 

 

       

      n=4,6  
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( ) ( )rf x f x r    
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p

x r r

   
     

 

 

     

   m    [0,1]  
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  𝜉       

.       

 .    –  .  

      m  .   

    𝑡 𝜉 ,  = + +⋯+ .  

 8.       

     [0,1] 

 = + + +  

 

       

11. 

 

 11 –       
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2.0: . .   . = / ,  ℎ = .   

   0.6700,  ℎ = .  – 0.66750.  

,      𝜀 = . ,   – 

 𝜀 = . .   𝛼. ,  

  𝜀 ℎ ≈ 𝐶ℎ𝛼 

  

 

ln( ( )) ln( ) ln( ) 1 2i ih C h i        

 

 𝛼 = . ,       

  . 

 

 

 12 –   

 

 9.  NPV  IRR. 

  ,     

  ,  .  
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     𝐶 ,   

  NPV     IRR.  

 𝐶 =∑ − 𝐴 −∑ −𝐴 𝐸 −∑ − 

−∑ (𝐴 + ) −∑ −∑𝐶 + − , 
 

  –   i-  ;  

 –  i-  ;  𝐴  –      i-  ; 

 –  j-  ; 𝐴 𝐸  –         j-  

 ; 

 –   k-  ; 

 –     k-  ; 

–       k-   

; 

 –   p-  ; 𝐴  –    p-    ; 

 –  ,      p-   

  (   ); 

–  q-  ; 𝐶 –  l-  ; 

 –   l-  ; 

–      z-  ; 

–  ,     

; 
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–  ,     

.  

NPV –         

    .   

   :  
  =∑ 𝐶+𝑇

=  

 

 T –      ; 

d –  .  

     ,  

 > .  

IRR –   ,    

  (NPV)  . IRR     
  ∑ 𝐶+𝑇
= = . 

 

       > .  

 ,      

     .    

   , ,  , ,  

  .   ,  , 

   .    

 2 

 

 2 –    
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  0   1   2   3   

    $6,00  $6,05  $6,10   

 , 

.  

 802000  967000  1132000   

   $4 812 000  $5 850 350  $6 905 200   

   $2 646 600  $3 217 693  $3 797 860   

    $2 165 400  $2 632 658  $3 107 340   

 

  

 $324 810  $394 899  $466 101   

   

  

 $1 840 590  $2 237 759  $2 641 239   

   $588 989  $716 083  $845 196   

   –$3 400 000     

   –$3 400 000  $1 251 601  $1 521 676  $1 796 043   
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 14 –    IRR 

 

 . 13  . 14   NPV  IRR  

 .    NPV  IRR ,   

   ,       

   .   ,  

   ,    

      

  ,     

        

 ,     .  
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    ,   

  ,      

    .     

        

  –  .    

   ,    – 

 . 

     

        

         

     . 

     , 

         

    .   

      

   ,  ,      

.        ,  

        

  .         

     , ,  

     . ,  

   ,   

 NPV  IRR,       

  .  
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