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tion adaptability and its indicators has been formulated. 
The developed criterion makes it possible to evaluate the 
level of the enterprise innovation adaptability on the ba-
sis of the actual values of the enterprise resistance level 
to innovations and the enterprise receptivity level to in-
novations. The criterion is referred to the structure of the 
cycle of the enterprise innovation adaptation, thus ensur-
ing formalization of the account of the natural laws 
providing the cyclicity of the enterprise innovation adap-
tation process which makes it possible to estimate the 
level of the enterprise innovation adaptability at any 
point of its innovation development path. 

Originality. The developed criterion makes it possi-
ble to determine the enterprise innovation adaptability as  
the index characterizing the result of the combination of 
the actual level of the enterprise resistance to innovations  
 

and the actual level of the enterprise receptivity to inno-
vations at any point of the innovation development path. 
This solves the contradiction of simultaneous providing 
the stability and the changeability of the enterprise as the 
subject of adaptation. 

Practical value. The criterion is one of the instru-
ments to estimate the level of the enterprise adaptability 
to the innovation development. It can be used in the pro-
cess of forming the system of analytical providing moni-
toring of the actual level of the enterprise innovation 
adaptability. 

Keywords: innovation development, adaptability, re-
sistance, receptivity, many-valued logic function, criterion 

 
   . .    

. . .    14.06.13. 

 519.248:62-192 

. . ,  
. . , -  . , . 

 

i  i  i  i . . , 
. , , e-mail: jshvatskaya@gmail.com 

 

     
-  

I.I. Shvatska,  
O.H. Baibuz, Dr. Sci. (Tech.), Professor 
 
 

Oles Honchar Dnipropetrovsk National University, Dniprope-
trovsk, Ukrain , e-mail: jshvatskaya@gmail.com 
 

THE TECHNOLOGY OF APPROXIMATION OF A CONVOLUTION  
OF A SPLINE-WEIBULL DISTRIBUTION 

.         -
   - .      -

        -    
-  ,      
. 

.         
- .     -  -  -

  -       .   -
      . 

.         
-      . ,   -

   ,       -
    i ,  i=1,2. 

 .        -
,       ’ ,   -

     -       . 
 .          

          , 
       ,     .  

i : , -  ,  ,  
 

.2 -    -
    ,   

                                           
©  . .,  . ., 2014 

,       
.       -

   ,   -
  ( )   ,  -



128  ISSN 2071-2227, Науковий вісник НГУ, 2014, № 1

І Н Ф О Р М А Ц І Й Н І  Т Е Х Н О Л О Г І Ї ,  С И С Т Е М Н И Й  А Н А Л І З  Т А  К Е Р У В А Н Н Я 

 

,      ,  
      . 

     
    , 

       
 ,  ,    -

      . 
 -     

      
   ,   -

     . 
     -

  ’     
.    -

      -
,     -

     -
.    -

 ,   ,  
 . 

i  i  i   i i . 
     -

   ,   -
    '  -

  .   . , .   
. , .     [1–2].  -
        -

     . 
   -

      -
 : .   . , . ,  

. , . , . , . ,  

. . , . . , . . , . , 
.    [3]. 

       
    -

     -
   -   -

     
,       -

  ,    -
    . 

 .   -
     -

    -
.    -

     -
  -   -

 .    
    

    . 
 .   -

    ,   
    -

 ,      -
,   -  ,  -

 , '     
.       
,    -

.  

  -  -
    -

 . 
  -  -

   [4] 

            

1

2
1

0

0
0

0

1 exp , 0

( )
1 exp ,

w

t
t t

F t
t t

t t
t

,          (1) 

 
  –  ; 1 , 2  –  -
; 0t  –  . 

 0 0t    –  
,   1 = 2. 

   -  (1) 
   
 

1 0

1 0 2 0 0

, 01ln ln
( ),1 ( )w

A y t t

A y y y t tF t
, 

 
 0 0ln ; ln ; lnA y t y t . 

   1 2; ;      
 

 

0 1, 2,min sup ( ) ( , , , , ) .n i w i k k k kk i
F t F t t  (2) 

 
    1 2; ;     

  
 

1 2 1 2

2 2
1, , . , , . 0

2
0 2 0

1

1min min ( )
4

( ) ( )

k

i i
i

N

i i
i k

S z A y
n

z z y y
,  (3) 

 

  
)(1

1lnln
in

i tF
z . 

 
  (1)   , 

  ’  (3),   
     

 
k

i
ii yAzS

0

2
1

.,,
2
1

.,,
)(minmin

2121  
 

       

   
N

ki
ii yyzzS

1

2
020

.,,
2
2

.,,
)()(minmin

2121

. 

 
   : 

1. ,    0t   -
 -  (1)     -



ISSN 2071-2227, Науковий вісник НГУ, 2014, № 1 129

І Н Ф О Р М А Ц І Й Н І  Т Е Х Н О Л О Г І Ї ,  С И С Т Е М Н И Й  А Н А Л І З  Т А  К Е Р У В А Н Н Я 

 

 ; kt k

 
 

k

   
k

i
zz

0

 

2.  tk
 

 ( ,iF t

 

 
. 1. 

 
 

  

-
 

  
 

-
 

 
 

 

1( )seF t

 

3; 4.n  

 ,  k

1

1exp y
k

N

ki
k2

iz ; 
k

i
iyy

0

4,3, nkk
 

1, 2,      , , )k k k

 

 
  –  = 0,0

 
 

, 
 
  
 

 
  

 
-

 (4)  
 

1 ex
1 exp( (

 

1 2,  k k  [4] 

z , 1k

N

ki
i

ii

yy

yzz

1
0

1
0

)(

)((

 

; 
k

i
ii yzyz

0

   
 

) . 

)  

 
00006113; 1 =

  
 , 

, 
 

 
 

 -

-  
 

  (5
 

1

1 2 1 2

xp( ),
) )
t
t t

 

2 2

z y k zy

y k y
;

y

2

0 )
, 

i ; 
0

22 k

i
iyy

 
  

 

 
= 2,0924; 2 = 

 
, 

. 
 

 
 

  
 

 
 

5) [5],  

1

1

0
,

),  
t t

t t
  

 kt  

.2
i

 

 
-

3

4
5

nD

nD

 D

      
 

  
1,489; t0 = 49

 -
 
 

-
. 

-
  
 

-
 -

 

  (4) 

 

 

Fse

 
 

t2, t3

 

3.   (3
 0t

 
4. 
5. 

 
 . 1 

, 
-8   

  
-

 
  
 i

i  
0,001712

-58,926 10

1

(maxn n
i n

D F t

 
2,8 ;  ) 

1, 2 – 
  

exp1
exp1
exp1

)(3 t

1,  2,  3,  4

3 –  
 

 
 

 p(x) 
 a = x0  x1

  xi-1   <xi-1.

)  

0
t   
. 
  
  

 (
 

  
 

 
  

 
  
 i
i   

(  

 (  
) ( )i w it F t . 

 ) 

  -8 :
 

 

)(p(
)(p(
)(p(

exp(1

43

32

21
1

t

t

t
t

 –  
. 
 

  
 

 
1  x2 … xn 

 

 

 
  

, )
 

  
 I 

,  
  i-

-  

i  i

 

 

: )  
  –  = 689;

 

),
),
),

0),

3

2

1

43

32

21

t

t

t

tt

tt

tt
t

 

 
 
  

 ( ).  
 xn+1 = b  c(x

  
 

. 
 -

. 
 -

. -
 

. -
  -

 ,
 i  

 i
) 

- ),

 -
;  = 1,019 

; t1 – 

)5(,

0

3

32

21
1

t

tt

tt
tt

; t1,

 -
  -

 (x)
 -

x) = ci(x ) = ci

 
 

-

-
 

-
 

-
-
, 
 
 
 

, 

-

 

 

, 

-
-
) 
-
i   



130  ISSN 2071-2227, Науковий вісник НГУ, 2014, № 1

І Н Ф О Р М А Ц І Й Н І  Т Е Х Н О Л О Г І Ї ,  С И С Т Е М Н И Й  А Н А Л І З  Т А  К Е Р У В А Н Н Я 

 

  f(x)  c(x)  (a, b)    
 

.)()()(b
a

b
a

b
a dxxcxxpc  

 
     -

  x1, x2, …xn,     -
   

 

1 2

min ,
... n

b caa x x x b  
 

   ci(x)   xi-1  xi.  
xi-1  xi  ,  ci(x)    -

  

 

1
min

( )
i

i
i i

x cxc x R
. 

 
   -

 -    -
    

 
1 21 1

0 01 2
1 2 1 0

1 2
  ; ; , 

2 2
a t t b

t t
 

 
 1 ; 2 1

2 1 0t ; 2
2 ln wb ; w  – -

 . 
   -

      
    

 

1. a)  0 3
a b

b t ,   A = a, B = 0t  

 1t      
 

1
1 11 1 1

11 1

1
1 11 1

1
1 1 1

1 11

1 1
11

1
1 1 1

1 11

2 2 ( )

2 ( )

2 ( ) 0.

t A t t

t A t

t A t t B
 

 
     -

   
 

1 11 11 1 1
2 1 112 ( )t t A t t ; 3 0t t ; 

 
1 11 1

1 1 1 1 2
1 2

1 1

; ;
2 2

 A t t t

 
 

1 21 1

2 3 31 2
3 4

1 2

 ; ;
2 2

t t t b

 

)  
30

ba
ta ,   A = 0t , B = b, 

,01 tt  2t      
 

2
2 22 2 2

22 2

2
2 22 2

1
1 1 1

2 22

1 1
22

1
1 1 1

2 22

2 2 ( )

2 ( )

2 ( ) 0.

t A t t

t A t

t A t t B

 

 
     -

   
 

;)(2 2
1 1

2
1

23 2 222 ttAtt
 

 
1 21 1

1 1 2 1 2
1 2

1 2
; ;

2 2
 a t t t

 
 

2 21 1
2 3 32 2

3 4
2 2

 ; .
2 2

t t t b

 
 

2.       -
  

 
0

1 2 0 3
1 2

; ; ,t b
t t t t

C C  
 

       1 21 21 1
1 2  (2 1) 1; (2 1) 1 ;C C  

 
1

1

1
101

1 1
1

;
2
t

C
 

 
1

1 1

1
101

2 1
1

2
2

 1 ;t
C

 
 

2
2

1
12

3 2
2

;
2
b

C
 

 
2

2 2

1
12

4 2
2

2 1 . 
2
b

C
 

 
 . 2    

 i  i     
 -    1 = 1;  

1 = 0,8; 2 = 1; 2 = 2,6 - i  
i     ( 1 = 0,919; 2 = 3,775;  

t1 = 1)    ( 1 = 1,179; 2 = 0,874; 3 = 
5,238; 4 = 8,527; t1 = 0,288; t2 = 1; t3 = 2,099). 



ISSN 2071-2227, Науковий вісник НГУ, 2014, № 1 131

І Н Ф О Р М А Ц І Й Н І  Т Е Х Н О Л О Г І Ї ,  С И С Т Е М Н И Й  А Н А Л І З  Т А  К Е Р У В А Н Н Я 

 

 
. 2. 

 
 . 

 
t0=1, 1  0

-
 
 

 i, 
 

-
1; 

0,4; 

0,8; 

1,6; 

2,0; 

0,4; 

0,8; 

1,6; 

2,0; 

0,4; 

0,8; 

1,6; 

2,0; 

 

 

I  
i  
 ( )  

1 
-

0,4  2   

  

 
  

 i=1,2,  
  

 

  
  

, 
2 

0,9 

0,9 

0,9 

0,9 

1,3 

1,3 

1,3 

1,3 

1,9 

1,9 

1,9 

1,9 

)  

 
i   

 

 
  

2  0,9  
 

  
 

-  
 

  

 

-
  1-
1; 2; t

0,6; 0,83

0,92; 0,83

1,06; 0,83

1; 0,83;

0,6; 1,5;

0,9; 1,5;

1,05; 1,5

1; 1,5; 

0,6; 2,55

0,91; 2,55

1,9; 2,55

1; 2,55;

 

 
 

  

 
 

1,9  
  

  
, 

  
 

 
 

 

  
 

 , 
t1 

3; 1 

3; 1 

3; 1 

 1 

; 1 

; 1 

5; 1 

1 

5; 1 

5; 1 

5; 1 

 1 

   
 

i  i
  

-

 
=1, 
 0,4 
  

. 
 -

 
 

 -
-

2.

(F n

1(F t

-
 

, 
1 , % 

8,9 

2,4 

3,6 

   5 

13 

3,8 

8,9 

11 

13 

3,3 

  7 

7,7 

 -
   

  

  
 

 
)() tn  – n-

2), ( ),..., nt F t F

 -

 

1; 

0,6; 0,79

0,92; 0,78; 

1,06; 0,78; 0

1,01; 0,78; 0

0,6;1,6; 

0,91; 1,62

1,05;1,63; 2

1; 1,6; 2,0

1,72; 0,55; 4

0,91; 2,8; 4

0,64; 1,31; 4

1,01; 2,82; 4

 ) 

  
 

 

 
  

   
 

( )t  

( ) (( ) (nF t F

-
  3-  

2; 3; 4; t1; t2; t3 

; 0,7; 0,7; 1, 6.4

0,7; 0,69; 1; 6,3

0.7; 0,69; 1; 6,4

0,7; 0,69; 1; 6,3

2; 2,2; 1; 3,25; 

; 2; 2,2; 1; 3,26

,07; 2,21; 1; 3,2

7; 2,21; 1; 3,26

4,61; 5,46; 1; 2,

4,61; 5,46; 1; 2,

4,61; 5,05; 0,45

4,61; 5,46; 1; 2,

 
 
 ( ) 

  0,4 
 

 
 

( 1) * )( ).n
nF t  

 

  
, 

 

4, 16 

3; 16,4 

4; 16,41 

3; 16,44 

 6,2 

6; 6,24 

26; 6,24 

6; 6,24 

,1; 3,24 

1; 3,24 

5; 1; 1,9 

12; 3,25 

  

i  -
 -

 1,8  -
 1 

 
 

 1
 

, 
2 , % 

29 

24 

19 

24 

30 

27 

29 

32 

8,6 

4,8 

16 

20 

-
-

-
 

 
 

 
1 



132  ISSN 2071-2227, Науковий вісник НГУ, 2014, № 1

І Н Ф О Р М А Ц І Й Н І  Т Е Х Н О Л О Г І Ї ,  С И С Т Е М Н И Й  А Н А Л І З  Т А  К Е Р У В А Н Н Я

     
-     -

     [5]. 
  n(s)    

  

0
)()exp()( tdFszs nn . 

 
 F1(t)     

 

1 1
0

1 2 1
1 1

1 2 1

3 2
2 2

3 2

34
3 3

4 3

( ) exp( ) ( )

exp( ( ) )

exp( ( ) )

exp( ( ) ).

s sz dF t

s t
s s s

s t
s s

s t
s s

 

 
     -

  -   
F(n)(t)    

 

( )

1
( ) ( )

n
n

i
i

s s . 

 
     n-  -

    
 

( ) ( )1( ) exp( ) ( )
2

c i
n n

c i

f t tz z dz
i

. 

 
     

.       -
    -  

, ,   ,   
    s = - 1, s = - 2, s = - 3, s = - 4 -

 n-  ,     
       

  
 

14
( ) ( )

1
1

1( ) lim ( ) ( )exp( ) .
( 1)! i

n
n n n

insi

d
f t s s st

n ds  
 

 . 2    
   -   

-  ,   
   -   -

   -
. 

 . 2    -
  -     

 =1, t0=1, 1  0,4  2   2  0,9  1,9   
0,4  -    -

   .   -
 ,    
     -   

  i ,  i=1,2,   -
       -

 -      0,8 
 1,6. 

 2 
     

-   -  
 

 
   

- , 
1, 2 

, 
1 , % 

, 
2 , % 

0,8; 0,9 4,3 16 

1,6; 0,9 9,2 17 

2,0; 0,9 10 16 

0,8; 1,3 6,5 21 

1,6; 1,3 14 19 

2,0; 1,3 25 22 

0,8; 1,9 12 23 

1,6; 1,9 26 27 

2,0; 1,9 31 27 
 

.    
 ,    -

 -    -
  ,   -

    -   
  i , i=1,2. 

   -
   -   

      -
    -

    -  
. 

 
  / References 

1.  . .   : -
 /  . .,  . .,  . . – 

.: , 2001. – 386 . 
Babak, V.P. and Biletskiy, A.Y. and Pristavka, P.O. 

(2001), Statystychna obrobka danykh [Statistical Analy-
sis of Data], Monograph, MIVVT, Kiev, Ukraine. 
2.  . .   : 2-  ., 

.  . / . . , . .  – .: 
- , 2006. – 704 . 

Polovko, A.M. and Gurov, S.V. (2006), Osnovy teorii 
nadezhnosti [Fundamentals of Reliability Theory], 2nd 
edition, Piter, St.-Petersburg, Russia. 
3. Horst Rinne (2008), “The Weibull Distribution”,  
A Handbook / Chapman & Hall/CRC, 816 p. 
4.  . . -    

 /  . . – , 1995. – 152 . 
Pristavka, O.P. (1995), Splain-rozpodily u statystych-

nomu analizi [Spline Distributions in Statistical Analy-
sis], Dn propetrovsk, Ukraine. 



ISSN 2071-2227, Науковий вісник НГУ, 2014, № 1 133

І Н Ф О Р М А Ц І Й Н І  Т Е Х Н О Л О Г І Ї ,  С И С Т Е М Н И Й  А Н А Л І З  Т А  К Е Р У В А Н Н Я 

 

5.  . .    / . . , 
. .  – , 2003. – 256 . 

Baibuz, O.H. and Pristavka, O.P. (2003), Splayny v 
nadezhnosti [Splines in Reliability], Dn propetrovsk, 
Ukraine. 
 

.    
    -

    -
.    

  -   -
     

 -    -
 ,  -

   -
 . 

.   -
    -

  - . -
    

-  -   
 -  -

     .   
-    -

   . 
.   -

    -
  -    

  . ,  -
 -  -

  ,   
    -

    i ,  i=1,2. 
 .   -

     
- ,     
  ,  -

      
-      

 . 
 .  -

      
     -
     

  ,   -
     -

,    .  

 : , -
 ,  

,  
 

Purpose. To develop the informational technology of 
statistical treatment of the data about mining and pro-
cessing equipment failures using spline-distributions. To 
study the renewal model of the distribution function of 
spline-Weibull and to develop the algorithm of analytical 
approximation of convolution of spline-Weibull distribu-
tions in class of spline-exponential distributions, to eval-
uate the efficiency of the proposed approximation meth-
ods. 

Methodology. We have used the modified method of 
maximum reality to reproduce the parameters of spline 
distributions. We have approximated the function of in-
tensity of spline-Weibull distribution by pieces-constant 
functions of intensity of spline-exponential distribution 
with 1 and 3 knots. We have calculated the convolution 
of spline-exponential distributions by the method of 
characterizing functions. 

Findings. The analysis of the approximation methods 
showed the necessity of usage of spline-Weibull distribu-
tions for analyzing the failures of mining and processing 
systems. We have proved that the approximation by 
spline-exponential distribution is universal as it lets us to 
conduct approximation procedures for any values of pa-
rameters of i, form, where i=1.2. 

Originality. We have proposed the methods of 
construction of distribution function of convolution of 
spline-Weibull distribution, for which the exact ana-
lytical decision is impossible, and the approximation 
methods and algorithms of construction of the convo-
lution of spline-exponential distributions with 1 and 3 
knots.  

Practical value. The new informational technology 
can be used for evaluation of the reliability and effi-
ciency of complicated technical systems of the mining 
and processing industry in the conditions of accumula-
tion of violations which require the usage of more ade-
quate and reliable distributions based on Weibull distri-
bution. 

Keywords: renewal, spline-exponential distribution, 
empirical function, failure 
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