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Abstract

Purpose: the main purpose of this research is to improve the accuracy of dependability evaluation of
avionics components under conditions of after-sales service. The accuracy of calculation of reliability
measures offered to improve by the application of probabilistic-physical diffusion nonmonotonic failure
model. Methods: the article proposes technique for estimating the accuracy of the quantile method based on
the simulation modeling of the process of occurrence of single failures, confirming the high data validity of
the empirical estimates of mean time to failure. Results: we obtained the quantitative assessment of
evaluation errors of mean time to failure. The calculation was made for practically important in the
operation of onboard equipment ranges of variation of first failure in the conjunction of the total number of
sets of the same type operated. The presented results of the research show that the quantile method is
effective tool for estimation the actual reliability of operated avionics components by single failures.
Discussion: during the operational phase of aircraft the quantiles method with using of probabilistic-
physical model of failure is an effective tool for obtaining adequate estimates of dependability of maintained
avionics components. First of all it concerns the mean time to failure - one of the measures of reliability.
This measure is widely used in international standards. The presented methodology provides increasing the
efficiency of integrated logistics support in the process of monitoring the technical condition and
maintenance characteristics of aircraft components.

Keywords: DN-model of dependability; operation supportability; probabilistic-physical technology; quantile
method; simulation modeling.

1. Introduction parameters supportability of operation of supplied
products. Integrated logistics support is means of
controlling of the life cyclecost (Life cycle cost —
LCC) and the main criterion for the decision to

purchase aircraft, including the cost of purchasing

Modern aircraft, which is definitely high technology
production, has long operating life. The expenses
necessary for the maintenance of predetermined
characteristics of dependability, availability and

safety of aircraft during operation, can greatly
exceed the cost of their purchasing. That is why in
the world market a precondition for the conclusion
of contracts for the supply of aircraft is fulfillment of
requirements of international standards for
integrated logistics support (ILP), which is a
complex of processes and procedures designed to
reduce the costs during the aircraft operational phase
and to provide the identification and analysis of the

and maintenance [1].
2. Analysis of the latest research and publications

At the same time, the calculations of dependability
by the methods of industry standards and the
estimates of integrated levels of failsafe of critical
systems and technological processes, techniques
based on exponential (EXP) distribution of possible
failure situations are used [1]. EXP-model
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satisfactorily described the distribution of failures of
elemental base during middle of 19th century and at
the same time it was introduced to all industry
standards for calculations of dependability.
However, for highly reliable and functionally
complex element base EXP-model of failures has
serious problems with the adequacy of predictive
and empirical estimates of dependability of elements
and systems: methodological error estimates of
dependability measures,obtained on the basis of an
exponential failure model, reach hundreds and
thousands of percent, which significantly reduces the
efficiency of integrated logistics support [1-3].

At the same time, the existing legal and technical
basis [4, 5] offers new and modern technology of
research of dependability of technical systems,
which uses a probabilistic and physical approach.

3. Research tasks

S =0( MTMA, MTBMA, RML, LOR, RST, ...,
MTTF, MTBF, MTTR, MTBR, ROA ),
arguments of which at the stage of operation of
aircraft are the characteristics of maintenance and
dependability  measures. Integral index of
supportability § eventually determines the life cycle
cost: LCC = o(S). Definitions and content of
functionality arguments S are represented by a table
1. One of the components of integrated logistics
support is information support as a part of
infrastructure of maintenance and repair system
which represents a set interconnected operations of
collection, processing and use of information for
managing the technical condition and processes of
maintenance and repair system based on the modern
automated information technologies. There is no
doubt that the data about dependability of aircraft
components — as the design and engineering, as well
as empirical, which are obtained during operation, —
should require high credibility, the achievement of

The effectiveness of after-sales maintenance is which s pgsmble only with ~small errors  of
. . . parameter estimates of table. 1 [1].
characterized by an integral index of
supportability — functionality
Table 1
The contents of the parameters - functionality argumentssS, which determine index of operation supportability
Maintenancecharacteristics Dependabilitymeasures
MTM . . . . .
A Mean Time Maintenance Actions MTTF | MeanTimeToFailure
ROA | Required Operational Availability MTBF | MeanTimeBetweenFailures
RML | Required Maintenance Level MTTR | MeanTimeToRepair
LOR | LevelofRepair MTBMA | Mean Time Between Maintenance Actions
RST | RequiredStandbyTime MTBR | Mean Time BetweenRepairs
—t 2 +1
4. Research methods Rt,uv) = q{ s ]_ exl{zj‘q’[_ s } )
Probabilistic-physical method establishes direct Veyp-t v Veypet

connection with the probability physical sense. So,
in the probabilistic-physical model of failures which
is represented by diffusive nonmonotonic(DN)
function distribution densities of mean operation
time ¢ to failure of achieving the level of physical
limit by determining parameter, ie dependence of the
probability of failure with the value of a physical
parameter, which causes failure. As a result, the

parameters of the probabilistic distribution of
failures have a specific
Ju (-0
ftpuv)y=————=-exp|—-5——| (1)
V-t-\2m-t 2vZu-t

and corresponding (1) reliability function

distribution scale parameter L is inversely proportional
to average rate of change of determining parameter and
it makes sense to mean time to failure 7, while the
parameter of distribution form v coincides with
thecoefficient of variation of rate J of degradation
processes and, therefore is the coefficient of variation of
mean time to failure (v=V) [3].

The presence of a priori information on the
coefficient of variation of operating time to failure v,
specific physical sense of scale parameter | and the
fact that this index of reliability @ = MTTF is
included in analytical structure of arguments of
functions of the standard normal distribution which
form DN-model of dependability (2), is objectively
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undeniable advantage of probabilistic-physical
technology of dependability research.

In the considered context (informational
support of operation = Accuracy of dependability
estimates = the accuracy of the information) the
quantile method [4, 5] is recommended for obtaining
the empirical estimates of dependability of the
exploited aircraft components. This method consists
of the fact that empirical quantiles are equated with
quintiles of the theoretical distribution and as many
equations are composed, as many parameters for the
selected distribution are necessary to determine. At
the two-parameter DN-distribution of failures it can
be limited to defining only one parameter U =
MTTF, since the value of the second parameter v —
the coefficient of variation of operating time to

failure is actually known [6, 7]. It is an advantage of
PP- technology, which provides the possibility of
obtaining the result at the individual failures of
onboard equipment components during aircraft
operation. The article proposes method of estimation
of accuracy of the quantile method based on the
simulation modeling of the process of occurrence of
single failures, confirming the high reliability of the
empirical estimates of MTTF.

Complex approach to the estimation of the
accuracy of dependability measures for quantile
method. The accuracy of prediction by MTTF the
method of quantile can be estimated on the basis of
complexation of statistical experiment (SE)and
analytical calculations (AC) by dependencies(1) and
(2), represented by the diagram in fig. 1.

Initial T calculation | T Simulation MO [tz] | Calculation of Calculation of | 8T,
data : 0 . MTTE
—»{by the quantiles 1S modeling MTTF by the fault —>
N, E, ff?,v method SM [t1, ..., 1% quantiles method 5Ty
F Y T
. ]
» Calculated estimate of T, &

Fig. 1. Diagram of complexation the SE and AC to estimate the error 87

5. Statement of research tasks, results and
discussion

Four procedures are implemented in the proposed
technique:

Procedure 1. Actually the solution of problem
of forecasting by the given input data in accordance
with the algorithm given in Listing 1 and the results
obtained — assessment 75. We will implement the
procedure with the example of calculation MTTF
satellite navigation equipment.

Task. Let a part of the onboard equipment of
airline’s aircraft is operated by N = 50 similar sets of
equipment for receiving and processing of satellite data,

providing in-flight navigation tasks solution. Within
3,000 flight hours after the start of their operation the
loss of flight functions (functionality) was recorded by
built-in means of control and confirmed by ground
inspections for three sets, while their times to failure

t2 =2010, £ =2580 and 17 =3000 flight

hours (K = 3). For subsequent forecasting of
dependability for the entire period of operation (before
reaching the limit state) it is necessary to find an
estimate of mean time to failure of maintained sets of
satellite navigation equipment by using the quantile
method (fig. 2).

WCEIe

¥=50 1v.=080 K=3 t;:=2010 tz:= 2580 t3:= 3000 flhours k = 2

1. Calculations of quantiles of DN-distribution

Given Approximate value H =01

Operational failure probability Q=k=+-N

-1 2 H+1 k Q= 0.04
crorm + exp| — |-cnorm| — -— =0
/X . vofx) N

Mean times to first failure ..., are obtained as result of Find(X) solution of equation
at consecutive changes in 1ditial data of index k from 1 to K

k
Find(X) = 0.23376  Values X[ﬁ,v]: x = 019612 =3 = 0.23376 %3 = 0.26314

2. Estimate MTTF of operating blocks

K
1 ti .
To= o 5 = = 1.08%6x 10" flight hours
K o m

Fig. 2. Listing of MTTF calculation by quantile method with single failures
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Procedure 2. Simulation modeling of failures on
basis of DN-model of dependability [2] with the aim
of statistical reproduction of modeling expected
., tgof first K=3 in
conjunction with N = 50 similar sets (;uct. 2). The
simulation program highlights the occurrence of the
first K failures in conjunction with N maintained

values mean time to failure ¢, ..

similar sets with parameters 7 and v. Generator of
DN-sequence of random numbers, simulating the
value of operating time to first failure, which is
represented by operators in the cycle for je 1..N
on listing 2 and is described in detail in work [8].

In each statistical experiment in accordance
with the accepted distribution of failures (DN-
model of dependability) vector dn is formed of N

which is
converted to an increasing variation series (operator

random operating times to failure,

Y<«—sort (dn)). First K series elements form a vector
T (cycle ke 1..K and operator T} «Y;) and
simulate the statistics of single failures.
Cycleforwe 1...W provides obtaining of W
statistical sampling with length of N each.

After completing all statistical tests (cycle
completion for ie 1..W) the mathematical
expectation of operating time to failure MO, of
each of K sets of equipment (operator
MOj<—mean (T)), which failed at first of N
operated, is determined, which appears as result of
the programas a vector of sampled values of
mathematical expectation (fig, 3).

MO = |for icl W Predicted re]iab:]ity parameters
for je1. N b= 1.0896.10 1] hours,v = 0.80
7 md(1) le_lber of operating components of onboard
equpmentof same type N =50
for me 1. M
Fin < chorm + exp| — | chorm| —
1V Hm v2 Voot Em
breale f Fipy = v
¥ = Fr-1
dnj & | Hyp1 + = —AX |
Pm il Pm—]_ + 10
T & sortidn)
b ks Expected value (EV) of
Ty ;& Y1 mean time to failure of
’ first K failed sets of
for kel K processing satellite data
for i 1. W hardware :
Pl iy 201910
- 3
M O, & mean(T) MO =| 2474 % 10
retum MO 2811% 107

Fig. 3. Listing of simulation model and statistical estimation of MTTF

Procedure 3. Calculation of MTTF by quantile
method by results of modeling, ie by modeling

operating time M =2019, t¥ =2474 u tM = 2811

flight hours in accordance with the analytical
dependences on fig. 2. Results are presented in
fig. 4.
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Probability of k-th failure 1s determined by DN-model of dependability, where X 1s the value
of mean time, which corresponds operational failure probability k /M, for k= 1. K

k=2 (Given Reference X =03

Find(X0) = 0.233761
Mean times to first failure

[X
Ciiorm

x] = 0.186125

=4l z X+1 ke
+ exp| — |-cnotm| — et

VX 5 v/X) N

ry = 0233761 r3 = 0.263144

Static mean operating times to failure of operating components ( K. = 3 )

§ = MBy = 5019 %107

by = MOy = 2474 % 10°

t3 = Mg = 2811 x 103 . MACOE

Static estimate of mean time to failure by the quantiles method
for individual failures (K = 3 )

K
MTTF = LY Z L - 1.052x 107 flight hours with failure & = e
K K B

= 3451%

Fig. 4. Listing of. calculation of MTTF by quantile method by results of modeling

Procedure 4. Calculation of methodical error of
the quantile method

T, —MTTF

8Ty =—2———-100 %=3,5%.  (3)
0

On the basis of stated approach there are

researched relationship between the errors of the

quantile method and “capacities” of statistics K

single faults and size of /N operated same

components of onboard equipment. Influence of

parameters K and N on prediction error of MTTF in
a certain sense is predictable — reduction of errors by
increasing the statistical data is confirmed. We
obtained the quantitative assessment of evaluation
errors of MTTF by the quantile method for
practically significant ranges of variation of
parameters K and N for operation of onboard
equipment, presented in Figure. 5 and 6.

Statistical analysis of accuracy of MTTF estimates calculated by the quantiles method

7 021 S
5‘% Predicted reliability parameter Vi
= 4 =
: b = 1.0896.10" flight hours . e
with variation coefficient of 1 = 0.8 T g
E e SUBELI
g The number of operated similar P r =}
< components of —0.174 -E
= ] i —
= on-board equipment IJ = 30 ’ sample means of E
2 ’ coefficient of variation - 142 >
> % oferror @ 5
¥= s H 4=
s =
E G ’, 015 v 8
o sl mET i
5 4 R s RORECII
E LT Sample means of error ap ‘s
= -t of repro_du_cﬁun of parameter p o124 b}
3 0 upon variation K to 20 samples ) 2
8 # - =
w 3 ,f, B S LBSCR
o ’ The statistical error of estimate E
g ’ . - " Ho10z2 &
g ’, in a sample &p = —— % £
= ’ 0.01 &
g . ' . ' 0.09

[mu}

3 4 5

f & 8 9

The number of K single failures of operated components

Fig. 5. The results of the statistical analysis of the accuracy of the quantiles method for variation K



80 ISSN 1813-1166 print / ISSN 2306-1472 online. Proceedings of the National Aviation University. 2018. N1(74): 75-83

3. Evaluation of the accuracy of the quantile determined by the characteristics of reproducibility,
method. At the estimation of error of the quantiles stability and independence of dn—generator of
method it is advisable to specify its distribution random numbers —software converter rnd (1) —
between CJ and AB. The error of modeling of dn, which are investigated in detail in work [9].

Ksingle failures with the operating time # is

Accuracy of calculation of MTTF by the quantiles method, %

54

5.2

48]

o 4.6f

44

4.2

3.8

Statistical analysis of accuracy of MTTF estimates calculated by the quantiles method

The parameters of reliability ofonboard

equipment component
o= 10000 flight hours, 1 = 0.8

The number of failures after the beginning of
operation,which reproduce the value p= MTTF
FA=l

Sample mean values 5T (17,
obtained from 20 samples

10 20 30 40 50 il 70 an o0 100
The number N of the observed sets of onboard equipment

Fig. 6. The results of the statistical analysis of the accuracy of the quantiles method for variation N

The results of an additional experiment with dn- sample, with subsequent calculation of errors of
converter, consisting in the 100-a multiple it turning  reproducing the original input parameter values u
it on, in each of which 20 samples are implemented  and v, shown in figure. 7.

by 5000 appeals to the sensor rnd (1) in each

Characteristics of stability of the dn-converter during reproducing of parameter |

wo Ll goo | R Wkl 1m0 ]
L e | I i
; ' " The mathematical é;pectaljuh of error '
at 100 convertor switchings - mean(dp) = 0.054 %

10 20 30 40 50 60 70 a0 90 100
Successive switching of dn-converter at the analysis of stability

Fig. 7. Confirmation of the high reproducibility of the parameter p
by converter rnd(1) — dn
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It follows from the results that b the sample d
average errors du and Jv of reproducing set values
M and v do not exceed 0,5 percent with the
reliability of 0,98 (exceeding the level of error 0,5
% in 2 out of 100 converter inclusion share marked
in Fig. 4 by symbol “0O’), and mathematical
expectation of error of reproducing parameterlis.

Thus, the conversion errors rnd (1) — dn are
significantly less than the values shown in Fig. 3
and 4, and therefore, we can say, that the error o7
is a statistical error of the quantile method. It
should be noted that the use of the quantile method
in the dependability estimates completely meets the
requirements for the accuracy of engineering
calculations &, = 5 % while K22 and N>10. The
presented results of the research show that the
quantile method is effective tool for estimation the
actual reliability of operated avionics components
by single failures.

5. Conclusion

1) Estimates for the accuracy of the method of
quantiles are obtained on the basis of a complex
methodology that combines analytical calculations
and simulation modeling, performed in Mathcad
system, which got the status of an international
standard of mathematical analysis for all areas of
science and technics [2, 4. 11-12].

2) During the operational phase of aircraft the
quantiles method with using of probabilistic-
physical model of failure is an effective tool for
obtaining adequate estimates of dependability of
maintained avionics components.

3) High accuracy of empirical estimates of
dependability, which was achieved in the system
“PP technology + quantiles method”, provides
increased efficiency of integrated logistics support in
the process of monitoring of technical condition and
the characteristics of maintenance of the aircraft
components during the operational phase and it
allows:

® to establish accordance (or inconsistency) of
actual operational technical characteristics of the
aircraft components to their calculated (design)
values;

® to obtain objective data for the improvement
of the components of aircraft and system of technical
operation;

e to implement accurate feedback from the
customer (operator) to the developer and
manufacturer;

e to determine the possibility of transition
from a planned preventive maintenance of onboard
equipment to the maintenance on the actual
condition of the aircraft components [10].
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Merta: TOJIOBHOIO METOK JAHOT'O HOCIIIHKEHHS € IMABUIICHHS TOYHOCTI OLIHIOBAHHS HAMIMHOCTI aBIOHIKH B
YMOBax MICISAIPOAAXKHOIO 00CIyroByBaHHs. JJOCTOBIPHICTh PO3PaxyHKIB IOKa3HUKIB O€3BiIMOBHOCTI
MPOTIOHYETHCS TOJIMIINTH 338 PaXyHOK 3acTOCYBaHHS WMOBiIpHICHO-(hi3M4YHOT OU]y3iHHOI HEMOHOTOHHOI
Mozeli BiqMoB. MeToam AOCTIIUKeHHNA: Y CTaTTi MPOITOHYETHCS METOIUKA OIIHIOBAHHS TOYHOCTI METOIY
KBaHTUJIIB Ha OCHOBI IMITallifHOTO MOJEIIOBAHHS MPOIECY MOSBU OJWHUYHUX BIJMOB, IO MiATBEPIKYE
BUCOKY  JOCTOBIPHICTh ~ OTPHUMAHHX  CMIIIPUYHHUX  OIIHOK  CEPelHLOrO  HAMPAIIOBAHHA  JI0
BimMoBH. Pe3yJibTaTH: OTpUMaHO KUIBKICHI OITIHKHM IMOXHOOK OIIHIOBAHHS CEPEIHHOTO HANpAIIOBAHHS IO
BiIMOBM METOJOM KBaHTWIIB. Po3paxyHOK 3poONeHHil Ui TpakTHYHO 3HAYYLNIMX MPH eKCIUTyaTamii
OopToBOrOo OONamHAHHS [ialla30HIB Bapiamili HEpIIUX BIAMOB B CYKYITHOCTI i3 3arajxbHOi KiTBKOCTI
eKCIUTyaTOBaHMX OJAHOTHUITHUX KOMIUIEKTIB. [IpencraBieni pe3ynbTaTi JOCHIKEHHs MOKAa3YIOTh, IO METOJ
KBaHTWUJIIB € e(QeKTUBHUM IHCTPYMEHTOM OIIIHIOBaHHA 3a OJUHUYHUMH BigMoBaMu (hakTUIHOI
0€3BIIMOBHOCTI €KCIIIyaTOBAaHWX KOMIIOHEHTIB aBioHIKH. OOroBOpeHHsI: Ha eTall eKCIUIyaTallii MOBITPSHUX
CyJCH METOA KBAaHTWIIB 3 BHKOPHUCTAHHSIM IMOBIpHICHO-(Qi3U4HOi MoOIeni BiAMOB € e(eKTUBHUM
IHCTPYMEHTOM OTPHMaHHS aJIeKBaTHUX OIlIHOK HAJIHHOCTI eKCIUTyaTOBaHWX KOMITOHEHTIB aBioHiku. B
Mepury 4epry Ie BiTHOCHTBCS CEpeJHHOTO HANpAIfOBaHHS 1O BiIMOBH - JIO OJHOTO 3 ITOKa3HHKIB
0e3BimMOBHOCTI. [[eli MoKa3HUK MIHPOKO BHUKOPHCTOBYETHCS B MIXKHAPOJHUX CTaHAapTax. [IpeacraBieHa
METOAWKA 3a0e3ledye TMiABUINCHHS ©()EeKTUBHOCTI IHTETPOBAHOI JIOTICTHYHOI MATPUMKH B TIPOIECi
MOHITOPHHTY TEXHIYHOTO CTaHy 1 XapakTEPHCTHK TEXHIYHOTO OOCIyrOBYBaHHsS KOMIIOHEHTIB MOBITPSHHX
CYJICH.

Karouosi ciaoBa: DN-Moznens HamiitHOCTI; iMmiTaliliHe MOJICIIOBaHHS; HMOBIPHOCHO-(Di3WYHA TEXHOJIOTIS;
METOJ KBAaHTHIIIB; MiATPUMYBaHICTh €KCILTyaTaIlii.
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IOMnupuYecKoe oleHNBaHUE HAXEKHOCTH ABHOHUKH B YCJIOBHUSIX MOCTENPOAAKHOTO 00CTyKNBAHUSA
HanuonanbHublll aBUalIMOHHBIN YHUBEPCUTET, Ipocit. KocMonasTa Komapoga, 1, Kues, 03058, Ykpauna
E-mails: 'vmgribov@gmail.com; *hryshchenko8y@gmail.com; *noktinua@gmail.com

Lenb: TIaBHOM IENBI0 JAHHOTO MCCIIEIOBAHUS SIBJISETCS TIOBBIIIEHHE TOYHOCTH OLEHUBAHUS HAAEKHOCTH
ABUOHHMKHM B YCIOBHSX IOCIENPOJAXHOTO OOCTyXKMBaHUS. J[OCTOBEpHOCTh pacyeToB IoKa3aTeneit
0€30TKa3HOCTH TMpeUIaraeTcs YIy4lIUTh 338 CUET MPUMEHEHHs BEepOATHOCTHO-Pu3ndeckoil auddy3noHHOMI
HEMOHOTOHHOW MOJENTH OTKa30B. MeTobl HCCIeI0BAHMUA: B CTaThe MpeNIaraeTcsi METONNKa OIICHUBAHUS
TOYHOCTH METOJ]a KBaHTHJIEH Ha OCHOBE MMHUTAIIIOHHOTO MOJETHPOBAHMS MPOLIecca TMOSBICHUS eINHUYHBIX
OTKa30B, IIOATBEPXKIAIONIAs BBHICOKYIO JIOCTOBEPHOCTh IIOJyYaeMbIX ASMIHPUYECKHX OICHOK CpenHei
HapaOOTKH /10 OTKa3a. Pe3yabTaThl: MONYyYeHB KONWYECTBEHHBIC OIEHKH IMOTPENTHOCTEH OIEHWBaHUS
cpeaHell HapaOOTKH IO OTKa3a METOJOM KBaHTWiIeH. Pacuer mpousBeaeH Ui MPaKTHUECKH 3HAYMMBIX MPH
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JKCIUTyaTaluid OOPTOBOTrO OOOPYIOBaHMS IHMANIA30HOB BapHAllMU IEPBBIX OTKAa30B B COBOKYIHOCTH W3
o0IIero KOJMYECTBAa JKCIUYaTUPYEMbIX OJHOTUITHBIX KOMILUIEKTOB. [lpencTaBiieHHBIE pe3yJbTaThl
WCCIIEIOBAHUS TIOKA3bIBAIOT, YTO METOJ KBaHTHIICH siBisieTcs d(h(HEKTUBHBIM MHCTPYMEHTOM OIICHUBAHUS
[0 CAWHWYHBIM OTKa3aM (aKTUYEeCKOi O€30TKa3HOCTH 3KCIUTyaTUPYEMBIX KOMIIOHCHTOB ABHOHUKH.
OOcy:kneHue: Ha OJTane »dKCIUTyaTallid BO3AYIIHBIX CYJOB METOJ KBaHTHICH C WCIIOIb30BAHUEM
BEPOSITHOCTHO-(PU3MUECKOH MOAETH OTKa30B sBJsieTcs 3(PQEKTUBHBIM HHCTPYMEHTOM  TIONyYEHHS
aJICKBaTHBIX OIICHOK HAJEXKHOCTH 3KCILTyaTUPYEMBIX KOMIIOHCHTOB aBHOHUKH. B TiepByIO ouepens 3TO
OTHOCHUTCSI CpeaHell HapaOOTKH 1O OTKa3a — K OJHOMY M3 IOKa3aTeled 0e30TKAa3HOCTH. DTOT IOoKa3aTelh
IIMPOKO HCIOJB3YEeTCS B MEXKIYHAapOIHBIX CTaHiapTax. [IpencTaBiieHHass MeETOIMKa OOECIeUnBaET
noBbIeHHe 3((GEKTUBHOCTH HWHTETPUPOBAHHOW JIOTHCTUYCCKOW MOMJACPKKUA B MPOLECCE MOHHTOPHHTA
TCXHUYCCKOTO COCTOAHUA U XaPaAKTCPUCTHUK TEXHUICCKOT'O O6CHy>KI/IBaHI/I$I KOMIIOHCHTOB BO3YIIHLIX CYI0B.

KiroueBble cjioBa: BEPOATHOCTHO-(DHM3MYECKas TEXHOJOTHSA; DN-Momens HaA&KHOCTH; WMHUTAIMOHHOE
MOJEIUPOBaHUE; METO]] KBAaHTHUJICH; TOAEPKUBAEMOCTD IKCILTyaTalluH.
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