
ISSN 2409-9392        ,  , , 2016, . 29 

 

 281

 681.3 
 
Dmitro Trushakov, Assos. Prof., PhD tech. sci. 
Kirovograd National Technical University, Kirovohrad, Ukraine 
Serhiy Rendzinyak, Prof., DSc. 
Lviv Polytechnic National University, Lviv, Ukraine 
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The article describes the use of hybrid research workshop in conducting workshops for majors 
automation and electrical disciplines. The proposed hybrid technique workshop when the students practical work 
is illustrated by the example of determining the reliability of a personal computing system. Practical work is 
divided into two stages. Stage 1 - the study of the theoretical part of the material to the performance calculations 
of the probability of failure-free operation of a personal computing system. Stage 2 - Perform interactive 
processing of theoretical material to the construction schedules of probabilities uptime and evaluation of the final 
result.. To perform the calculations Personal Computer is presented in terms of its separate modules. 
hybrid workshop, implementation of practical training, the reliability of the personal computing system, 
combined structure 
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Intrduction. Nowadays modern higher education needs a new approach to better 
conduct not only laboratory work, but also for practical lessons. This applies particularly to 
profiling of technical subjects taught at the technical universities of Ukraine. For example, in 
the Institute of Electrical Power Engineering and Control Systems of the Lviv Polytechnic 
National University at the department of theoretical and general electrical engineering to 
improve the quality of the educational process is carried out hybrid laboratory practice [1, 2]. 
This approach divides the laboratory work into two phases: 

– performing the experiment on physical model in which research is performed in real 
processes; 
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– performing mathematical experiment, so-called virtual simulation in which using 
specialized software the results are confirmed and defined additional characteristics of the 
investigated object. 

Thus, laboratory practice for such an approach allows to combine in itself explain the 
physical aspects of electrical phenomena using computer analyzer that allows alternative 
resolve issues. 

Statement of the problem. At department the automation of production processes of 
Kirovograd National Technical University for a number of disciplines, such as for example 
“Mathematical foundations of the theory of systems” in the practical sessions used classical 
approach using computer technology and software MATLAB type. However, other basic 
subjects, such as “Diagnosis systems and theory of reliability”, “Reliability of devices and 
systems automation” creates some problems. 

The main task of the article. Modern education in carrying out practical work 
requires a combination of analytical part with computational modeling the final result. the 
solution of these problems is proposed in this paper. 

The main material. The proposed structure of practical application of hybrid training 
workshop during practical lessons is shown in Figure 1. 

 

 
 

Figure 1 – The structure of practical application of hybrid training workshop during practical lessons 
 

The proposed hybrid workshop during practical lessons enables: 
- apply a standard approach to the study of theoretical material and carrying out the 

necessary calculations with electrical power engineering and control systems; 
- ability to work with computer skills and gaining work with application software; 
- interactive study of theoretical material according to the theme of practical work; 
- the acquisition of skills assessment initial result, which is an important activity in 

modern systems analyst engineer. 
To illustrate the proposed hybrid technique workshop with students performing 

practical work determine the reliability of the personal computer (PC). Implementation of 
practical work is divided into two stages. 

Stage 1. Using theoretical material for the necessary calculations [3, 4, 6]. First, build 
a simplified block diagram of a typical PC as all major components with regard to their serial 
and parallel connections (figure 2). 
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Figure 2 – Simplified block diagram of a typical PC 
 

PC modules reliability [5] features are shown in table 1. 
 
Table 1 – PC modules reliability features 

 Modules 
Quantity 

jm , pcs. 

Failure rate  
510j
, 

1/hour 

Average operating 
 time to failure 
 510jT , hours 

1 Motherboard 1 5.0 0.2 
2 Processor 1 0.1 6.6 

3 Random access memory 
“DRAM”-type 2 0.5 2.0 

4 Video card 1 2.6 0.375 
5 Hard disk 1 1.0 1.0 
6 CD-ROM 1 5.0 0.2 
7 Keyboard 1 5.0 0.2 
8 “Mouse” manipulator 1 5.0 0.2 
9 Power unit 1 2.6 0.375 
10 Cooler 3 0.76 1.3 

 

For personal computer reliability calculation according to exponential distribution 
(lambda method) the following assumptions are admitted: 
 - failures of PC components (elements) are primary failures (independent); 
 - failure of any unit results in  complete PC failure; 
 - basic data for calculation of the PC reliability measures are failure rate j of PC 
components (elements); 
 - variation coefficient of operation time to failure of PC components is equal to one 
( =1); 
 - distribution law of operating time to PC failure is  described by exponential 
distribution: 

tetF 1)( ,                                                            (1) 

where  – common failure rate of all PC components; 

t – PC working time. 
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1
,                                                             (2) 

where mj – quantity of the same type PC components in system unit;  
j - failure rate for j type component. 

Average operating time to failure Tav for PC is determined by equation: 
/1=Tav .                                                                (3) 

Personal computer reliability calculation using lambda-method with the help of PC 
modules characteristics shown in table 1 is performed in the following sequence [5]: 
 - determining average operating time to failure Tav for PC by equation: 

3381)106.29( 15

1

1

n

=j
jjav m=T   hours ;                         (4) 

 - determining gamma-percentile operating time to failure ( =0,9) for PC by  equation: 
3561054.03381lnavT=T  hours                             (5) 

calculating reliability function (probability of failure-free operation taking into account given 
operating time t=1500 hours: 

64.0)( tetP .                                                       (6) 

Probability of failure-free operation of two sequentially connected elements 
determining by equation: 

21 PPP .                                                             (7) 

Probability of failure-free operation of two parallel connected elements determining by 
equation: 

)1)(1(1 21 PPP .                                                  (8) 

Calculating probability of failure-free operation for a logical simplified PC structure 
scheme (Fig.2) taking into account sequential and parallel connection of PC modules with 
considering the following: 
 - elements 4 and 5, 6 and 7, 9 and 10 create sequential connection. Hence, we replace 
them with quasielements B, C, D accordingly; 
 - elements 2 and 3, 11 and 12, create parallel connection. Hence, we replace them with 
quasielements A, E accordingly; 
 - elements B, C, 8 create parallel connection. Hence, we replace them with 
quasielement F; 
 - elements D, E, create parallell connection. Hence, we replace them with 
quasielement G; 
 - elements A, F and G, create parallell connection. Hence, we replace them with 
quasielement H; 
 - elements 1, H and 13  create sequential connection. We receive general equation for 
calculating probability of failure-free operation for all logical simplified PC structure scheme: 

131 PPPP H ;                                                 (9) 

 - determining the element with the least probability of failure-free operation among P1, 
PH  P13 (element 13); 
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 - determining wanted probability of failure-free operation of element 13 

9795.0
9188.0

9.0
9998.09189.0

9.0

1

'
13

HPP
P

P ;             (10) 

 - determining the value of failure rate for element 13 

51.0
041.0

0207.0
041.0

)9795.0ln()ln( '
13'

13 T
P

;                 (11) 

 - receiving the value of probability of failure-free operation for PC with enlarged 
operating time and reduced failure rate 

'
131

' PPPP H .                                                        (12) 

 Calculation results of PC reliability values with the help of lambda method 
(exponential distribution) are shown in Table 2. 

Stage 2. Interactive study of theoretical material on which the student shows the 
ability to work with a personal computer and the ability to work with application software.. 

Based on the results of calculations of reliability indices PC with lambda method, are 
shown in table 2, students using appropriate software build graphs probability uptime PC 
which shown in Figure 3. 

 
Table 2 – Calculation results of PC reliability values with the help of exponential 

distribution (lambda method) 
Operating time, t 105, hours Element ×10-5, 

1/hour 0.1 0.2 0.3 0.4 0.5 0.6 
1,5 2.6 0.7711 0.5945 0.4584 0.3535 0.2725 0.2101 

2,3,8,13 5.0 0.6065 0.3679 0.2231 0.1353 0.0821 0.0498 
4,6,9 0.76 0.9268 0.8590 0.7961 0.7379 0.6839 0.6338 
7 1.0 0.9048 0.8187 0.7408 0.6703 0.6065 0.5488 
10 0.1 0.9900 0.9802 0.9704 0.9608 0.9512 0.9418 
11,12 0.5 0.9512 0.9048 0.8607 0.8187 0.7788 0.7408 
A - 0.8452 0.6004 0.3965 0.2524 0.1574 0.0971 
B - 0.7146 0.5107 0.3649 0.2608 0.1864 0.1332 
C - 0.8386 0.7033 0.5898 0.4946 0.4148 0.3478 
D - 0.9176 0.8420 0.7726 0.7089 0.6505 0.5969 
E - 0.9976 0.9909 0.9806 0.9671 0.9511 0.9328 
F - 0.9819 0.9082 0.7976 0.6770 0.5629 0.4628 
G - 0.9998 0.9986 0.9956 0.9904 0.9829 0.9729 
H - 0.9999 0.9998 0.9995 0.9977 0.9937 0.9869 
P - 0.4677 0.2187 0.1022 0.0477 0.0222 0.0103 
13` 0.51 0.9612 0.9048 0.8607 0.8187 0.7788 0.7408 
P` - 0.7334 0.5379 0.3943 0.2887 0.2109 0.1536 
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(t) – Probability of failure-free operation of PC based on  initial data 
P’(t) – Probability of failure-free operation of PC as a result of failure rate reduction 

 
Figure3 – Probability of failure-free operation of PC  

 
Conclusions. Based on the calculation of PC reliability and graphs probability of 

failure-free operation of PC student concludes reliability PC taking into account serial and 
parallel connection of its parts. 
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