
20 / 2019    33 
 

© . , . , . , .  \  
 

 623.396 DOI: https://doi.org/10.33577/2312-4458.20.2019.33-41 
 

. 1, . 2, . 1, . 3 

 
1  

 " " ,   
2 ,  
3 2600,  
 

 
 

 
 

,  
.  

,  
, .  

 
.  

. 
,  

.  – 
.  

,  
 

,  
,  

,  
. 

 
.  

 
. 

 
: , , 
, . 

 
 

 
 ( )  

-
 
 
 

,  
 [1, 2].  

,  
. -

 
,   

. 
 
 

 
,  

,  
 [3, 4]. 

 
 

 [5]. 
 
 

 [1, 2],  
 

 [6]. 
 

 –  –  
,  

 [7, 8],  
 [9, 10],  



34    20 / 2019 
 

© . , . , . , .  \        
 

-
. 
 

,  
, -

,  
.  

, 
-

,  
, 
 

 [4, 11].  
 

 [9, 10],  
,  

 [7, 12],  
. 

 
 
 
 

 [13–17].  
 
 
 
 

,  
. 

 –  
 
 

,  
 
 
 

,  
. 

 
 
 

, ,  
.  

 
 

,  
. 

 
,  

, -
. 

,  
”  “ ”,  

.  
 

 
 ( , 

, , ,  
). 

 
 [3, 10, 

11],  
. -

,  
,  

.  
,  

 “ ”,  
 

.  
-

,  
 – .  

 
-
 

,  
, ,  

).  
 

 ( ,  
 “ ” ,  

”),  
.  

 
 
 

,  
 
 

.  
 

,  
.  

,  
,  

 
.  

 
.  

 
 
 

 [3, 4]. 
 

 ( , , 
, , )  

, 
,  

, . 
 



20 / 2019    35 
 

© . , . , . , .  \  
 

 
.  

 
.  

,  
. ,  

 
.  

. 
 
 
 

,  
 ( , , )  

 ( , )  
. 

 
 (Tpi),  

 [3-8]  
. 

 (T)  
 

,  
 (Ti),  ,  ,  

 
 (Zi) [5, 7, 12] 

./1 ii ZT  
-
 
 

 (Tpi) 

;/ ppii TTu ;,1 ni  
 

 n  –  ,   
; 

Tp – . 
 

  Tp   
 

n

i
iii

n

i i

pi ZuT
T

T
N

11
,  

 

 
 

n

i
ii

p

Z
Zu

N
T

T
1

;1/1
 

 

 Z – . 
,  

,   
 TB.   

 (t –  

, ty –  
), -

 [8-12], -
,  

, . 
 

,  
 

,  [9, 10] 
 

;log2 ii LK ;,1 ni  
 

 Ki –  
 Li,  

. 
 

 
 

n

i
iL

n
K

1
2 .log1

 
 

 
 

n

i
iLL

1
 

 

,  
 

. 
 

 Li   
 

,
1

1
Z
Zu

ZT
Z

Tu

ZuTT

T
N
N ii

p
i

pi
n
i iipi

pii

 
 

n

i
iiuZT

1
.1

 

 
 –  

,  
 (Ki)   

 (uizi/z) [18]. -
 (  

) 
 

 

n

i
iiiyBP LZu

Z
ttT

1
2 .log

 



36    20 / 2019 
 

© . , . , . , .  \        
 

 
, ,  

 

,log1/1
1 1

2
n

i

n

i
iiyiii

BP
ZutLZut

TT
TA

 

 U=1-A. 
 

 P=pK, 
 p –  

,  
 

),  –  [19, 20]. 
,  – 

 
 –  

 
 ( )  ( ),  

,  
 ( , u ) : 

U(x)= min U(x*); x* ; x=(Li, ui, Tpi, Zi, n, p, t, ty, 
P( ), T, T ); 

(Tpi, ui, Zi, n) ; T (t, ty,  , , P( )) ; 
   – ,  
; 

* – ; 
 –  

. 
: 

Li,  n,  Zi,  –   
. 

 
: 

T , ui – ; 
t,  ty –   

; 
 – -

; 

, P( ) –  
,  

 
. 

 
 

,  
 [7, 

12-17] (U'),  
 

 (U) 
 

 = 100(U'-U) /U'%. 
 

.  1,   
 
 

. 
 
 

,  
 

. 
,  

. 1  ui=1  
)  =  1   

 Li , 
 1. 

 
 

 [21]. 
 

.  1,  1 –  ,   
 “ ”,  2 –   

” 12 – ,  
 ( , -

, , ). 

 
. 1.  

 
 

 L = 4096,  
 L3 = 512 

,  « » L2 = 3072  
 « » L1 = 1024 .  

Z1=307·10-6 -1, Z2= 532·10-6 -2, Z3=154·10-6 -1. 



20 / 2019    37 
 

© . , . , . , .  \  
 

 
 (n=3) 

 

,10*993 16
3

1
ZZ

i
i  

 

 T 1007 .  
 
 

=0,997 )=0,96 [19, 20].  
 

,  K=8,86. , 

 t=3, 5  ty=8  
.43TB  

 
1000 .  

60 , '=0,9993(U'=0,0007).  
 

. 2  
. 1  

 
 

”  “ ”  
. 3, 4. 

 
 1 

 

 

   
  

 n

i
iZZ

1
 

n

i
iiZuZ

1
 

 T'=1/Z' T=1/Z 
 

 
n

i
ip ZTN

1
 

n

i
iip ZuTN

1
 

 
 

n

i
iyBP L

n
ttT

1
2log  

n

i
iiiyBP LZutT

1
2log  

   n

i
iL

n
K

1
2log1

 

 
 

KpP  
 

P
TT BP

B  )(* PP
TT BP

B  
 

 

BTT
TA  

BTT
TA  

  
 

B

B
TT

TU  
B

B
TT

TU  
 

 %100
U

UU
 

 



38    20 / 2019 
 

© . , . , . , .  \        
 

 
. 2.   

 
 

 
  

 



20 / 2019    39 
 

© . , . , . , .  \  
 

. 3.  
 “ ” 

 

 
. 4.  

 
 “ ” 

,  
 

 “ ”: 
,   

 
 ( . 3); 

 
 

,  
 

 t ( . 4); 
 
 
 

 –   , , 
 U; 

 )(P  
 6,7% 

 
 6,5%; 

 
 50% (  10  5 )  

 
11,2%; 

 
 

 5,9% (  0,941  0,997)  
 63,5%; 

 
 t, 

 

 
 (  

)  
 ( ). 

,  
 
 
 

. 
 
 

) ,  
90%  « » 
(u2=0,9), , 

 33% 
=1507 .),  14% 
=50 )  

28% (U=0,000548). 
,  

 
 

.  

 
 

-
 

. , , 
 

, .  
 
 

:  
 

. 
-
 
 
 
 
 

. 
-
 

,  
 
 

. 
 
 
 

,  
 

 [22, 23]. 

 
1. .  

 
 / . , . , 



40    20 / 2019 
 

© . , . , . , .  \        
 

. , .  //  
. – .: , 2017. – . 1 (49). – 

. 42–49. 
2. .  

: -
 / . , . , . , 

.  //  
. – ., 2019. – . 1 (34). 91–101. 

http://dx.doi.org/10.30748/nips.2019.34.13. 
3. .  / 
. . – .: ., 2003. – 463 . 
4. .  / 
. , . . – .: , 2006. – 

704 . 
5. .  

,  
 / . , . , 

. . – :  
, 2003. – 300 . 

6. .  
 / . . –  

 // . 
. . . 1 (25). – .: , 2014. – 

. 73 – 79. 
7. .  

 // . , 
. , . . – .:  – 

, 2004. – 376 . 
8.  2860-94. .  

.  1996.01.01. – .:  
, 1995. – 89 . 

9. .  
 / 

. , . , . . – 
.: , 1990. – 336 . 

10. .  
 

,  / . , 
. , . , . . – 
.: , 2010. – 240 . 

11. .  
 / . , 

.  / XXII  
. . – ,  

. , 2018. – .201–203. 
12. .  

 / . , 
. , . , . . – .: , 

2018. – 268 . 
13. Military handbook: reliability prediction of electronic 

equipment, MIL-HDBK-217F, (02-Dec-1991). 150 . 

14. Kharchenko V.A. (2015). “Problems of reliability of 
electronic components”, Modern Electronic Materials, 
Volume 1, Issue 3, pp. 88 – 92. DOI: 
http://dx.doi.org/10.1016/j.moem.2016.03.002. 

15. Villanueva Ignacio, L.ázaro Isidro, Anzurez Juan. 
(2012). “Reliability analysis of LED-based electronic 
devices”, Procedia Engineering, Volume 35, 2012, pp. 260 – 269. 
DOI: 10.1016/j.proeng.2012.04.189. 

16. M.Catelani, L.Ciani (2012). “Experimental tests and 
reliability assessment of electronic ballast system”, 
Microelectronics Reliability, Volume 52, Issues 9–10, 
pp. 1833 – 1836. DOI:  
http://dx.doi.org/10.1016/j.microrel.2012.06.077. 

17. Yi Wan, Hailong Huang, Diganta Das, Michael Pecht 
(2016). “Thermal reliability prediction and analysis for high-
density electronic systems based on the Markov process”, 
Microelectronics Reliability, Volume 56, pp. 182 – 188. DOI: 
https://doi.org/10.1016/j.microrel.2015.10.006. 

18. . . – .: 
., 2002. – 575 . 

19. .  
 

 / . , . , 
. , . , . . – .: 

, 2017. – 288 . 
20. .  

 
 / 

. , . , .  //  
, . – .:  

,  2 (48), 2018. – . 164–166. 
21. . -

 / 
. , .  // . – 2005. – . 61–64. 
22. .  

 / . , .  // 
. –  1 (5). – 2015, . 26–28. 

23. . -
 

 / . , 
. , . , .  //  

. – 
 1 (31). – .: 2018, . – 

. 95 – 103. 
 
 

: , -
. ,  

 
, . 

 

 
. , . , . , .  

 
,  
.  

, ,  
.  

.  
 

. 
,  

.  
 – .  

,  
. 



20 / 2019    41 
 

© . , . , . , .  \  
 

,  
,  

,  
. 

 
.  

 
. 

: , , 
, . 

 

ASSESSMENT OF RELIABILITY OF TACTICAL LEVEL RADIO STATIONS  

L. Sakovych,Y. Ryzhov,Ya. Nebesna, S. Vovk 

The article first proposed an approach to improving the accuracy of quantitative assessment of reliability indicators of 
radio-electronic means with a variable structure, operating in different modes of operation using separate sets of elements in 
each of them. In the well-known works, this circumstance is not taken into account and there liability indicators of the product 
are estimated under the assumption that all elements operate simultaneously, which leads to a decrease in the calculated value of 
mean time to failure. The problem is solved by the introduction of the utilization rate of each structural element of the product in 
all possible modes of operation. An example of using the obtained results for the quantitative assessment of the time to failure of 
a radio station is given, and the effect of clarifying the calculations is shown. 

Reliability of radio-electronic means is quantitatively evaluated by indicators, the main ones being the time between 
products failure and the average time of its recovery. They define a comprehensive measure of reliability - availability. Reducing 
the calculated value of time between failures requires, to ensure its desired value, the use of more reliable components, which 
leads to an increase in the value of the product as a whole. 

The article for the first time obtained a mathematical model for assessing reliability indicators, taking into account the 
product operation time in each of the possible modes, and when calculating the maintainability index, metrological reliability of 
measuring equipment tools that are used in the process of diagnostics during radio repair is taken into account. 

The proposed model for estimating the values of reliability indicators of objects with variable structure is advisable to use 
at the design stage of modern radio electronic equipment. The effect of its implementation is to provide the specified values of 
reliability indicators of multi-mode electronic means at their minimum cost. 

Keywords: radio electronic means with variable structure, evaluation of reliability indicators, time to failure, average 
recovery time. 

 
 
 
 
 


