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practical lessons of automation and electrical
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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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B crathe mNpOBEACHO WCCIECAOBAHME WCIIOJIB30BAHUS THOPHIHOTO Yyd4eOHOTO MPAaKTUKyMa IpH
NPOBEJICHUH NPAKTHYECKUX 3aHATHH 110 NPOQUINPYIOIUM JUCHUIUIMHAM aBTOMATHUKH M 3JIEKTPOTEXHUYECKUM
gucuuiHaM.  [IpeuioxkeHHyl0 METOIUKY THOpPHAHOTO NPAaKTUKyMa [pU  BBIIOJHEHHH CTYASHTaMHU
NPaKTHYECKOH padOThl IMPOMJUIIOCTPUPOBAHO HA IPUMEpPE ONPEJENCHNUs] HaJEeKHOCTH IEPCOHAIBHOTO
KOMITbIOTEpa. BBINONHEHHE NPaKTUYeCKOH pabOThl pPa3[eieHO Ha JTalbl. HCIOJIb30BaHHE TEOPETHYECKOTO
Marepualia ¥ ero WHTEpaKkTHBHAas 0o0paboTKa Uil NMPOBEACHHS pPacyeTOB BEPOSTHOCTH 0€30TKa3HOH paboThI
MIEPCOHAIBHOTO KOMITBIOTEPA C TOCTPOCHHEM Tpa(uKOB BEpoOATHOCTEH 0e30TKa3HOW pabOThl M OLICHWBAHHEM
KOHEYHOro pe3ynbTaTa. /[l BBINONHEHHS PacdyeTOB IEPCOHANBHBIM KOMIBIOTED IIPEACTaBIEH B BUJE
MHKPOIIPOILIECCOPHON CHCTEMBI, KOTOPasi IMEET CJIOKHYI0O KOMOMHUPOBAHHYIO MOJTYJIBHYIO CTPYKTYPY.
THOPUAHBIA NPaKTHKYM, BbINOJTHEHHEe TNPAKTHYECKHX 3aHATHI, HaJAe)KHOCTh IEPCOHAILHOIO
KOMIILIOTepa, KOMOMHNPOBAHHASI CTPYKTYpa

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.

FProhlem statement
and initial data input
Study the theoretical part and Interactive study of
performing the necessary ca]x:u.latmns theoretical material
Get the final resuli

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

Quantity Failure rate Avgrage ope_rating
No Modules ocs. %,-10°, time to failure
K 1/hour T, 10°, hours
1 | Motherboard 1 5.0 0.2
2 | Processor 1 0.1 6.6
Random access memory

3 “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 4; of PC
components (elements);

- variation coefficient of operation time to failure of PC components is equal to one
(v=1);

- distribution law of operating time to PC failure is described by exponential
distribution:

F(t)=1-e™, (1)

where 4 — common failure rate of all PC components;
t — PC working time.
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A=dma,, (2)

where m; — quantity of the same type PC components in system unit;
A; - failure rate for j type component.
Average operating time to failure T,, for PC is determined by equation:

T, =1/%. (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 T,, for PC by equation:

-1
T, = (ij -ij =(29.6-107°)" = 3381 hours; (4)
j=1

- determining gamma-percentile operating time to failure (y=0,9) for PC by equation:
T,=-T, -Iny=3381-0.1054 = 356 hours (5)

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

P(t) =e ™' =0.64. (6)

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

P=F-P,. (7)

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

P=1-(1-R)1-P,). (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:

P7 =P Py 'Pla; 9)

- determining the element with the least probability of failure-free operation among P;,

Py ta P13 (element 13);
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- determining wanted probability of failure-free operation of element 13

, P
pp= =09 9% _gg7e5, (o
P,-P, 0.9189.0.9998 0.9188
- determining the value of failure rate for element 13
. In(P; . :
X, =— n(Ps) _ In(0.9795) _ 0.0207 ~051: (11)

T 0.041 0.041

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

P =P Py 'P1'3- (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)

Ax107, Operating time, t-10°, hours
Element | 4 hour [0 0.2 0.3 0.4 0.5 0.6
15 2.6 0.7711 0.5945 0.4584 0.3535 0.2725 0.2101
?,3,8,13 5.0 0.6065 0.3679 0.2231 0.1353 0.0821 0.0498
46,9 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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P(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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3acrocyBaHHS TiOPUIHOT0 HABYAJIHHOT0 MPAKTUKYMY MiJ 4Yac NPAKTHYHUX 3aHATH 3 ABTOMATHKHU Ta
eJIeKTPOTEeXHIKH

VY crarTi JMOCHIPKEHO OCOOJIMBOCTI 3acTOCYBaHHS TiOpHIHOTO HAaBYAJIBHOTO TIPAKTUKYyMy Ha
MPAaKTUYHUX 3aHATTAX 3 MNPOQIUIIOI0YMX JUCHUILIIH aBTOMAaTHKH Ta EJIEKTPOTEXHIYHUX TUCLUILIIH.
3anporoHoOBaHy METOJUKY TiOPHIHOTO NPAKTHKyMy IIpH BHUKOHAHHI CTYIEGHTaMH IPAKTUYHOI pOOOTH
MIPOKA3aHO Ha MPUKIAI 3a/1a4i BU3HAYCHHS HAIHHOCTI IEPCOHATFHOTO KOMIT IOTepa.

BukonaHHsa npakTH4HOI POOOTH MOZICHO HA €TAIM. 3aCTOCYBaHHS TEOPETHMYHOTO MaTepialy Ta Horo
IHTepaKTUBHE OTIPAIFOBAHHS JJIsl IPOBEACHHS PO3pPaxyHKiB HMOBIPHOCTI O€3BiIMOBHOI pOOOTH MEPCOHATHFHOTO
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KOMITIOTepa 3 OTPHMaHHAM TpadidHuX 300pakeHb KpUBUX HMOBIpHOCTEH Oe3BiIMOBHOI poOOTH Ta
OIIIHIOBAHHSM BHXiJHOTO PE3yJIbTaTYy.

Juis mpoBemeHHS PO3PaxyHKIB IEPCOHATBHHUHA KOMIT IOTEP TIPEACTABICHO SK MIKPOIPOIECOPHY
CHCTEMY, SIKA MA€ CKIAHy KOMOIHOBaHY MOJYJBHY CTPYKTYPY.
riopuaHNii NMPaKTHKYM, NPOBEJAEHHS! MPAKTHYHUX 3aHITH, HAXIHHICTH NMEPCOHAJIBLHOI0 KOMII' I0OTepa,
KOMOiHOBaHa CTPYKTypa
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Pa3paboTka yCcOBEpIIIEHCTBOBAHHON KOHCTPYKIIMHU
TSTOBBIX JIBUTATEJICH MOCTOSTHHOI'O TOKA JJISl IIAXTHBIX
KOHTAKTHBIX 3JIEKTPOBO30B

Cratbs MOCBAIIEHA aHATM3Y CYLIECTBYIOMINX CIIOCOO0OB OXJIQXKJCHUS TATOBBIX 3JICKTPUUECKUX MAIINH
PYJHUYHBIX 3JICKTPOBO30B, YCIOBHH MX HKCILIyaTallM{ B IOJ3EMHBIX BBIPAOOTKAX TOPHOPYIHBIX MPEAIPHSITHH.
PaccMoTpeHBl H3BECTHBIE KOHCTPYKTHBHBIE BAPHAHTBI TSATOBBIX MIEKTPUUECKUX ABHUraTelIeld OT€YECTBEHHOIO U
3apyOeXHOTO TPOM3BOACTBA, BBIABICHBI HMX IPEUMYINECTBA W HENOCTaTKU. IIpemnoskeH MepcreKTHBHBIN
BapUAHT KOHCTPYKIHMH TATOBOTO JBHTATENS C IPUHYAWTEIBHBIM OXJaKACHHEM. I[IpuBeneHBI OCHOBHBIC
MPEUMYIIECTBA PEKOMEHAYEMOTO KOHCTPYKTHBHOTO BApPHAHTA TSATOBOTO AJIEKTPHUECKOTO ABUIATENS.
3J71eKTPOBO3, TATOBBIN IBUTaTe b, HATPEB, BEHTUISIUS, HAe;KHOCTh

B.O. YopHa, 1011., KaH/I. TeXH. HAYK
Kpemenuyyvruii nayionanvruii ynisepcumem imeni Muxaiina Ocmpozepaocvkozo, m. Kpemenuyk, Yrpaina
Po3po6ka B1oCKOHAICHOI KOHCTPYKIII TATOBUX ABUTYHIB NOCTIHHOr0 CTPYMY ISl INAXTHUX KOHTAKTHUX
eJIEeKTPOBO3iB

CrarTsi mpuUCBSYEHA aHali3y ICHYIOUMX CIIOCOOIB OXOJIOJDKEHHS TSMOBUX EJEKTPUYHMX MAIIUH
PYAHUYHHUX EJIEKTPOBO3iB, YMOB iX eKcIUIyatamii B MiJI3eMHHX BHUPOOKAX TipHUYOPYTHHUX IIIPUEMCTB.
Po3risiHyTO BiIOMi KOHCTPYKTHBHI BapiaHTH TSATOBHX €JIEKTPUYHHUX JIBUTYHIB BITYM3HSHOIO Ta 3apyOiKHOIO
BUPOOHMIITBA, BHSIBJICHO iX MEpeBard 1 HEAOJIKU. 3allpOIIOHOBAHO MEPCIIEKTUBHUN BapiaHT KOHCTPYKINT
TSTOBOTO JIBUTYHAa 3 TIPUMYCOBHM OXOJIOJUKEHHSM. HaBejeHO OCHOBHI mepeBard pEeKOMEHOBAHOTO
KOHCTPYKTUBHOTO BapiaHTa TATOBOTO €JIEKTPUYHOTO JABUTYHA.
€JIeKTPOBO3, TATOBMIi IBUTYH, HATPiB, BEHTHIALISA, HaAiliHicTH

IMocranoBka mpodJemMbl. M3BECTHO, YTO HCMOJIBb3yeMbIC HA COBPEMEHHBIX THIIAX
PYAHUYHBIX KOHTAKTHBIX 2J1eKTpoB030B K14 TsaroBsie snekTpuueckue asurarenu (TD]) tuma
JATH-45, ¢ ux pa3muuHbIMA MOAUGDHUKALUSIMH, TI0 CBOEMY KOHCTPYKTHBHOMY HCIIOJHEHUIO U
OTCYTCTBUIO JICHCTBEHHOM CHCTEMbI KOHTPOJS MapaMEeTPOB TSATOBBIX MAIlMH  HE
COOTBETCTBYIOT YCJIOBHSIM IKCIUTyaTallik B JKEJIC30PYAHBIX MIAXTaX W TPEOOBAHHSAM CIyKO
9KCIUTyaTallii BHyTpHIaxTHoro Tpancnopra (BIUT) stux npeanpustwuii [1, 2].

Tak, [TAO «Dnekrpomamrnay (r. XapbKoB) — 10 HEJJABHETO BPEMEHHU OTCYCCTBEHHBIN
MOHOIIOJKMCT 1O BbIMycKy nBuratencit JTH-45 pasiauynbix ux mMoaupukanui — genaan u
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