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METHOD OF TIME DISTRIBUTION FOR REPAIR
OF RADIO ELECTRONIC MEANS WITH MULTIPLE DEFECTS

The article proposes a method of redistribution of time between stages of diagnostics and complete elimination
of defects of radio-electronic means in the conditions of the repairing service. The method minimizes the average
recovery time in the process of elimination of multiple defects which result from accidental or combat damage. It
consists in a comprehensive consideration of the components of the repair process after preliminary identification of
defects at the location of damage and in the estimation of the expected multiplicity of defects.

A block diagram of the algorithm for solving of this problem is proposed. The algorithm differs from the known
analogs by the account for the probability of correct diagnosis and the metrological reliability of the used
measuring equipment.

The application of the method at given conditions allows us to quantify the time of implementation of each
stage of recovery and to reasonably recommend a redistribution of efforts to minimize the average recovery time of
electronic devices with multiple defects.

An example of the application of method, illustrating the influence of managed variables on the efficiency of
the method, is presented. The use of the obtained results allows one to increase the capability of military repairing
service in the recovery of equipment with weak and medium combat damages, either in the field conditions, or at the
points of maintenance and repair service. The proposed method is recommended for implementation in the software

for maintenance of the REMs of modular type.
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Statement of the problem, analysis of recent
research and publications

Upon accidental or combat damaging in the field
conditions radio-electronic means (REM) usually have
multiple (numerous) defects. In such a case the recovery
is performed in several stages: first, at the place of
damage the repairing crews performs preliminary
inspection to determine the extent of damage; at the
second stage, a repairing specialist completes the
isolation and description of faults and eliminates those
which are well evident; at the third, stage using
measuring instruments (MI) and diagnostic software one
eliminates the hidden defects and restores the unit, which
is under repair, to the working state. These Authors
consider methods for recovering the REMs, assessing
their real technical state, developing effective diagnostic
support for the current repair. There are several
peculiarities of the recovery of REM with multiple
defects which have to be studied and which affect the
effective work of the repair team in the elimination of
emergency and combat damage, especially in the field
conditions.

In the available literature [1-8] the directions of the
improvement of the efficiency of current repair of REM
is considered in the presence of a single defect. However,
when repairing REMs with multiple defects in conditions
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of distanced repair and supply bases, the average recovery
time can be minimized by improving the efficiency of
defecting and diagnosis. For this reason, the determination
of the real technical state of REM in the presence of
multiple defects is an important scientific task.
Approaches to its solution are presented in [9-14],
however they do not take into account the current
achievements of technical diagnostics in terms of
reliability of diagnosis [15-17] and metrology [18], which
allow to take into account the metrological reliability of the
measuring instrument (MI). In this paper we fill this gap.

The purpose of the article is to formalize the
process of time distribution for its minimization in the
course of stages of the recovery of REMs with multiple
defects for the assessment of the quality of metrological
and diagnostic support.

The main material

The problem is solved on the basis of taking into
account the results of the preliminary identification of
defects, following the method [14], using an external
tester to determine the degree of damage in the REM

$=Q/L,

where Q is the multiplicity of defects from the total
number of elements L .
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In this case, the objective function takes the form
Tg(X) =minTg(X*); X*e€ A,

where Tg is the average recovery time of the REM, X

are the parameters of the repair system, X * are their

given values at the solving of the problem, A is the set
of allowable parameter values:

X ={L,S,t, p, P, K},

where tj is working time for inspections and
troubleshooting, p is the probability of a correct

assessment of the result of the inspection, P is the
metrological reliability of the MI, K is the average
number of inspections by the algorithm of diagnosis.

Then the effectiveness of the method is measured
by the index

Tg T

0<n= B'sl
T] TB| i)

where T is the reduced mean recovery time of REM

with multiple defects by known methods.

It is shown in [9-14], that the time of complete
detection and elimination of each subsequent fault
increases in comparison with the previous value. In this
case, for the approximation one uses the geometric
progression with the common ratio g >1, then the time

of complete procedure of the fault identification (CPFI)
can be quantified by the expression

! Qo _ )
Tl t1g 1

where 1 is the time of detection of the first fault and its

repair, Qq is the total number of faults detected at the

CPFI. The CPFI is performed by a qualified specialist
via the external inspection of all structural units (blocks,
typical replacement elements) of the REM without
employment of special software. Usually one uses
simple Mls, for example, a tester for detection of
breakages and short-circuits. After the CPFI, the REM

contains Q —Qp hidden faults, for identification of

which one needs the diagnostic support in the form of
the diagnostic software and special Mls. In [9-14] it is

proposed to divide the inspected REM into Q —Qp

parts with uniform distribution of faults, if the PCFI is
performed by a single specialist. Then after the
elimination of all the faults identified in the previous
part of the REM, the specialist starts the diagnosis of the
next part. The total number of inspections at the search
of hidden defects will be

L
K :(2+Iogz 5-0 J(Q—QO)+1,

Y
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and the average diagnosis time will be equal
K-t+1,(Q-Qp)
T, = 7
p* P

where ty is the average troubleshooting time.
The total recovery time of the RES will be

TB =T1 +T2.

Obviously, the more faults will be found at the
PCFI, the less time will be needed for search of the
hidden defects at diagnostics. In other words, at the
increase of Q, the time Ty of the identification of

faults increases and the time of diagnosis decreases.
Therefore their sum will show a minimum (Fig. 1) at

some value QO

L=1000
Q=50
min Tg=422 min

T. min

0 10 20 30 40 50

Fig. 1. The time (Tl) needed for the CPFI, the time of
diagnosis (T2) and average recovery time TB asa

function of the quality of PCF1 (Qp)

An attempt to find a minimum of the function

TB(QO) leads to a transcendental equation for which
the explicit solution is not known. Therefore, the

minimum value TEr;mn should be calculated numerically
using the algorithm depicted by the diagram, shown in
Fig. 2, where D is the fraction of the PCFI time in the
total recovery time of REM.

The correction of the average recovery time,
taking into account the metrological reliability of the Ml
and the probability of correct diagnosis in percentage is
of the form

n=2le,
Tg
(ktty(@-Qo)la- p*P) |
p¥ P ’

IS N e [

pKP-(tl-(gQO —1)J +(g-1) (Kt +1,(Q-Q))
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Fig. 2. Flowchart of the algorithm for determination of the
minimum recovery time and the optimal time of CPFI

Following the algorithm, shown in Fig. 2, we have
developed a computer program and performed a
simulation of the process of recovery of the REM with
the following initial data: L=1000; t;=2min.;
t, =3min,;

g=105 t=2min;

P=0978; s =0,05.

The analysis of the obtained results allows us to
draw the following conclusions:
- improvement of the quality of metrological

p =0,9992;

support p has a significant impact on value Ts
(increase in value p from 0.9 to 0.999 reduces the value

Tg by four times) (fig. 3);
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- increase of metrological reliability P of the MI
leads to a proportional decrease in the minimal value

TN of T (fig. 4);

min TB
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Fig. 3. Dependence of the minimal average recovery time
on the probability of a correct evaluation of the result of

the test
min Te
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Fig. 4. Dependence of the minimal average recovery time
on the metrological reliability
of measuring instruments

- the minimal value Tg" grows linearly with the
degree of damage in the REM (Fig. 5);

- the fraction of time of the PCFI of the REM
increases with the increase of the damage of the RES
(Fig. 6).

Our estimation shows that for
S =0.05, one has

min Tg(p = 0,99; P = 0,95) = 447 min ;
minTg(p =1; P =1)= 410 min ;
n=9%.

L =1000 and

min TB
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Fig. 5. Dependence of the minimal average recovery time
on the degree of damage to the product
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Fig. 6. Dependence of the relative time of PCFI on the
degree of damage of the REM

Our estimation shows that for L =1000 and

S =0.05, one has
minTg(p =0,99; P = 0,95) = 447 min.;
minTg(p=1 P =1)=410min,;
n=9%.

Thus, the account for the quality of metrological
support in this case allows one to correct the average
recovery time by 9% in comparison with the previously
known methods [9-14].

Conclusions

1. The proposed method is intended to determine
the time of complete procedure of the fault identification
(CPFI) of the REM in the elimination of emergency and
combat damage of various degrees in order to minimize
the average recovery time.

2. The scientific novelty of the obtained results
consists in the account for the quality of metrological
maintenance of repair, which was not done in the
previously known methods.

3. The effect of the method consists in the
correction of the calculated value of the minimal average
recovery time of the REM with multiple defects, which
allows one to plan the capacity of the repairing office.

4. The obtained results can be used for the
development of the software for maintenance of the
REMs of modular type.

5. Further studies are needed to clarify the
functional dependence of the time of PCFI on the degree
of damage in the REM and on the qualification of
specialists of the repairing office.
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Merton po3noaisly yacy npu BiZHOBJIEHHI pajlioeIeKTPOHHHX 3aCc00iB 3 KpaTHUMM AedeKTaMu

JI.M. Cakosuu, €.B. Pwxos, A.M. Coboie

Y cmammi 3anpononosano memoo nepepo3nodiny uacy mixc emanamu nogHoi Oeghexmayii ma OiacHOCMY8AHHAM
PadioeneKmpoHHUx 3aco0ié 6 YMO8ax PeMOHmMHO20 opeaHa. Memoo 0036015€ MIHIMIZyeamu cepeoHili Yac GIOHOGIEHHS Npu
YVCYHEeHHI KpamHux Oegexmis, OmpuManux 6 pesyivmami agapitivux abo 601osux yuKooxiceHv. Bin nonseae 8 KOMIIEKCHOMY
PO32N1A0I  CKIA008UX NPOYecy PeMOHmY NiCls NOnepeoHboi Oeghexkmayii Ha Micyi NOWKOOMNCEHH I OYIHKU NPOSHO308AHOT
Kpamuocmi Oeghexmis. 3asnaueno, uum Oinvute Oegpekmie Oyoe 6UABNIEHO NPU NOBHIU Oepexmayii, mum MeHule Yacy NOULyKy
NPUX08AHUX OedeKkmig npu 0iazHOCHY8AHHI: MOOMO 8 Mipy 30LNbUeHHs 302ANbHOT KITbKOCMI 8UAGTIEHUX OedeKmis npu noeHii
deghexmayii uac oeghexmayii 30iNbUYEMbCI, @ YAC OiASHOCY8AHHS 3MEHULYEMBCSL.

Pospobneno 6nok-cxemy ancopummy SUPIULEHHS 3A3HAYEHO20 3A60AHHS, WO GIOPIZHAEMbCA IO 8I00MUX VPAXYBAHHAM
UMOBIPHOCMI NPABUILHOI NOCMAHOBKU OIAZHO3Y MA MempoJO2IHOT HAOIUHOCMI 3ac06i8 SUMIPIOGAHOT MEXHIKU, KA 6UKO-
PUCTHOBYEMBCA.

3acmocysants memooy 6 KOHKPEmHUX yMo8ax 0036015€ KINbKICHO OYIHUMU YAC peanizayii KOXCHO20 emany 6i0HO08IeHHs.
i 06IPYHMOBAHO peKOMeHIY8amu Nnepepo3nooill 3yCuib Oisk MiHIMI3ayil cepeoHb020 Yacy 6iOHOGIEHHs NPaye30amuHocmi padio-
eeKMPOHHUX 3ac00i8 3 KpAmHUMU OepeKmamii.

Hasedeno npuxnao peanizayii memooy, 0e 00CHONCEHO 6NAUE KEPOBAHUX 3MIHHUX HA 11020 epexmusHnicmb. Bukxopu-
CIMAHHA OMPUMAHUX Pe3YTbmamie 00380J1A€ NIOGUUMU NPONYCKHY 30aMHICIb BIICbKOBUX PEMOHMHUX OP2aHi NPU IOHOGIEHH]
mexHiku i3 crabkumu i cepeOHimu OOtoBUMU YULIKOOJICEHHSMU, K 6 NOAbOGUX YMOBAX, MAK | HA NYHKMAX MEXHIYHO020 06CLy-
208Y8AHHS | pEMOHINY.

Hayxosa Hosusna ompumanux pe3yiomamis noisieae 8 00niKy AKOCMI Mempono2iuH020 3a0e3nedeHHs PEMOHNMY, Y020 He
pobunocs 6 gidomux memoouxax. Egpexm 6i0 peanizayii memoody nonseac 6 ymouHeHHi PO3PAXYHKOB020 3HAYEHHS MIHIMYMY
Ccepednb020 Hacy BIOHOBNEHH pAadioeleKMPOHHUX 3Aco0i8 3 KpamHumu Oe@ekmamu, wjo 0036018€ NIAHYBAMU HPONYCKHY
30AMHICMb PEMOHNHO20 Opeand.

3anpononosanuii Memoo OOYINbHO peanizy8amu 8 NPOSPAMHOMY 3a0e3neueHHi NePCneKMUGHUX anapamHux MexHiuHo2o
3a6e3neueHHs MOOYIbHO20 MUNY.

Knrouosi cnosa: panioenekTpoHHi 3acodu, KpaTHi AeeKTH, AedeKTalis, 1iarHOCTyBaHHs, BiIHOBJICHHS IIPAle31aTHOCTI.

MerToj pacnpeaesieHusi BpeMEHH PU BOCCTAHOBJIEHHH PaIH03JIEKTPOHHBIX CPEICTB ¢ KPATHBLIMH AeeKTaMu
JI.H. Cakosuu, E.B. Peikos, A.H. Cobones

B cmamve npednosicen memoo nepepacnpedenenus 6pemenu Mexcoy dSMandamu noaAHou oegekmayuu u OuazHoOCmu-
POBAHUSL PAOUOITIEKMPOHHBIX CPEOCME 8 YCILOBUAX PEMOHNHO20 Opeand. Memod no3goisiem MUHUMUIUPOBANb CPeOHee 8peMs
60CCMAHOGICHUS NPU YCMPAHEHUU KPAMHBIX 0e)eKnos, NOIYUeHHbIX 6 pe3yibmame aeapuiinelx unu 60egvix nogpesicoenui. Ou
3aKI0YAEMCs 8 KOMNAEKCHOM PACCMOMPEHUU COCMABIAIOWUX NPOYecca peMOHma nocie npeosapumensroll degpekmayuu Ha
Mecme nOBpedCcOeHUss U OYeHKU NPOSHO3upyemoll kpamuocmu Oegexmog. Ommeueno, uem 6oavute degpexmos Oydem obna-
DYIHCEHO npU NOTHOU OeeKmayuu, mem MeHbUle 6peMEHU NOUCKA CKPLIMbIX 0eheKmos npu OUAeHOCMUPOSAHUU, O eChib No
Mepe ysenuueHus 06ue2o Konuuecmsa ebisGIeHHbIX 0egheKmos npu noaHoll deghekmayuu gpems oepekmayuu y8eauiusaemcs, a
8peMs QUASHOCIUPOBAHUS YMEHbULACICAL.
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Paspabomana 610K-cxema anzopumma peuwleHus YKa3aHHol 3a0aqu, OMIULAouez0cs On U36eCmHbIX YUEMom 6eposim-
HOCMU NPABULLHOU NOCMAHOBKU OUASHO3A U MEMPONIOSULECKOU HAOENCHOCMU UCROLb3YEMbIX CPDEOCE USMEPEHUIL.

Ipumenenue memooa 8 KOHKPENHbIX YCL0BUSX NO3BONSLEN KOIUYECMECHHO OYEHUNb 6PeMsl PEau3ayuil Kaxcoo20 smand
60CCMAHOGIEHUS U 0OOCHOBAHHO PEKOMEHO08AMb NEPePACnpedeiere YCUiuil 0 MUHUMUIAYUL CPEOHE20 8PEeMEeHU 60CCma-
HOBJIeHUsL pabomocnocoOHOCMU PAOUOIIEKIMPOHHBIX CPEOCME C KPAMHbIMU OedheKmamu.

Ipueedén npumep peamnusayuu memood, UCCICO08AHO GNUAHUE YAPABTIACMbIX NEPEMEHHbIX HA €20 dppexmusnocme.
Hcnonv3zosanue noiyueHHbIX pe3yibmamos no360sien noeblCUumb NPONYCKHYIO CNOCOOHOCb 80UCKOBBIX DEMOHMHBIX OP2AHO8
npU 60CCMAHOBLEHUU MEXHUKU CO CIAOLIMU U CPEOHUMU BOEBbIMU NOBPENCOCHUAMU, KAK 6 NONEEbIX YCILOBUSX, MAK U HA NYHKMAX
MEXHUYECKO20 0OCIYICUBAHUSL U PEMOHMA.

Hayunasi HOU3HA NONYUEHHBIX PE3YIbMAMO8 3aKIIOYACTICS 8 YUeme KAuecmed Mempoio2utecko20 00eCcneuenus peMonma,
ye20 He Jenanoch 8 U3BECIHBIX MEMOoOuKax. dpgexm om peanuzayuu mMemodd 3aKmOUACMCS 8 YMOYHEHUU PACUCMHO20 3HA-
YeHUSL MUHUMYMA CPEOHEe20 8PEMEHU BOCCIMAHOBNICHUS. PAOUOITIEKMPOHHBIX CPEOCME C KDAMHbIMU deheKmamu, 4mo no360sem
NAAHUPOBAMb NPONYCKHYIO CHOCOOHOCTb PEMOHNHO20 OP2AHd.

Ipeonazaemviii. Memod yenecooOPAsHO peanu3068ams 6 HPOSPAMMHOM 00eCneuenuu NepCneKmuEHbIX annapamublx
MEXHUYECKO020 06eChedeHus MOOYIbHO20 MUnd.

Knruesvie cnosa: paouosnekmponuvie cpeocmea, Kpammuwvle Oegexmsl, Oeghekmayuu, OUazHOCMuposanue, 80CCMAHO-
6n1eHUe pabomocnocooHocmu.
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