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CONTROL OF TECHNICAL SYSTEMS BASED ON PREDICTION
OF THEIR INDIVIDUAL RESOURCE

Contex. The actual task of forecasting an individual resource of a variety of design and design of technical systems was solved.

Objective. The purpose of the work is to develop a methodology for managing the operation of complex technical systems based on
the forecasting of their individual resource.

Method. Modern management methods allow you to make advance management decisions to prevent accidents and the consequent
technogenic catastrophes. These decisions are based on extrapolating the value of the monitored signal to the maximum permissible level.
However, the norms are compiled based on average statistical data, which can only relate to a controlled sample of the machine with a
certain degree of probability. This is the cause of errors in predicting the moment when this sample is stopped for repairs. This problem is
especially urgent for complex and responsible technical systems manufactured in small series or even in single specimens. Such systems do
not have statistical data to create these norms.

To solve this problem, another management methodology was developed that excludes the extrapolation procedure and allows
determining the operating time of the technical system prior to repair based on the identification results of the model, describing the time
variation of the value of the monitored parameter

Results. The methodology of management of technical systems is developed, ensuring the control of their current technical condition
based on information on their individual resource. The methodology was used to control the gradual deterioration of the technical state of
the hydro turbine, which resulted in its catastrophic destruction.

Conclusions. The performed calculations confirmed the efficiency of the proposed methodology for managing the operation of
technical systems based on the forecasting of their individual resource, which makes it possible to recommend it for use in practice when
solving problems of controlling the operation of complex technical systems, thus preventing their accidents, often leading to man-made
disasters. Prospects for further research will be the development of a forecasting - diagnostic complex, the software of which reflects the
algorithm for applying the developed methodology of forecasting an individual resource of various designs and designation of technical
systems.

Keywords: control, individual resource, software product, rotor systems, resource forecast, identification, information signal trend,
mathematical model, defect-free period, condition of supervised equipment.

NOMENCLATURE

VSS is vibration Severity Standards;

Ve is effective vibration rate;

[Ve] is vibration velocity effective level according to VSS;

A is both way gap between the shaft neck and sliding
bearing sleeve;

n is number of revolutions ;

Ve is mathematical expectation of an effective vibration
rate;
Gy is standard distribution deviation;

]_"r is machine resource predictive value;

ATy is life prediction variation ;

A[Ve] is machine bearing capacity variation;

H(P) is quintile of the normal distribution;

G_1,0; is the structural material fatigue limit and the

current mechanical stresses value, respectively, for a
symmetric cycle loading;

Ny, N; is basic cycles number and the number of cycles
that material can withstand at the mechanical stresses equal
to the fatigue limit o_;, and at mechanical stresses o;,
accordingly;

m is rate of the curve fatigue;
o is angle of inclination of the fatigue curve;

N rE is total working life;

n; is accrued operating time ;

A is oscillation amplitude;

t is operation time;

fro4p 18 certain repetition frequency;

kroap is equipment load factor ;

W is the conversion factor (3600x24) in terms of calendar
day and (3600x24x365) in terms of calendar years;

T, is required residual life;

T, is total calendar working life;
2\ 1s exponent;

k is the approximating amount of data (k > 2);

Ty p is most probable value of the working life (lower

border of a predicting time);

tcyr 1s operating time of the machine at the time of the

current control;
P is the machine reliability;
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Q is the probability of stopping the machine at the time
of the current control,
§ 1is estimation error;

A is the degree change of the vibration level;

Ve, is the effective level of vibration velocity recorded
at initial controlling;
K, v is coefficients of proportionality;

[Ve]., is the maximum permissible level of effective
vibration rate by vibration severity standards;

7 is dimensionless rate of change of the monitored
parameter,

Tppr is the operating time before the next preventive
maintenance;

TpR is the predictable operating time before repair due
to the unacceptable defect development degree;

ty is the operating time at initial controlling;

13 is the weigh coefficient;

M is number of parameters, describing the monitored
signal.

INTRODUCTION

The object of the study is the process of controlling
technical systems based on the forecasting of their
individual resource.

The number of man — made disasters in the world is
growing because of the imperfection of methods for
predicting the residual resource of various in design and
designation of technical systems. The existing methods of
controlling the technical condition of the controlled
equipment are guided by the use of average statistical data
on the maximum permissible value of the monitored
parameter, which often leads to control errors.

The subject of the research is the methods of forecasting
the individual resource of technical systems used in the
control of their technical condition.

The purpose of this work was to develop a method for
controlling technical systems based on the forecasting of
their individual resource, carried out based on the
identification of the trend model of the information signal
generated by technical systems in the process of their
operation.

1 LITERATURE REVIEW

There are a number of methods for assessing the
resource of technical systems. So, for example, with
probabilistic methods of calculating a resource, the number
of intersections represents the operating time of an object
under load by a centered process of zero level with the sign
of the derivative greater than zero. This process is described
by mathematical expectation and standard deviation. The
representation of random and other processes using the
indicated parameters makes it possible to describe, for
example, the results of fatigue tests obtained under various
types of loading (harmonic, polychromic, random, mixed) [1].

Parametric methods for assessing the condition and
residual life of metal structures based on the non-destructive
testing methods performed during the whole life cycle [2].

As a model for the distribution of failures of mechanical
products, a monotonic diffusion distribution is used, which
makes it possible to obtain the mathematical expectation of
the residual resource [3].

One possible way of calculating the resource allocation
is to use individual fatigue curves in the form of quintiles of
the corresponding probability values [4, 5]. There are two
possible approaches to the construction of such curves:
direct and reverse. A direct approach is to find the resource
allocation and determine the actual behavior of the samples
based on these distributions. There is also a reverse
approach to modeling the fatigue phenomenon. If resource
distributions obtained based on are given tests, it is
necessary to find random objects responsible for the fatigue
behavior of the samples [6].

In determining the residual resource, methods based on
the analysis of time series are widely used. These methods
allow obtaining resource forecasts in the near future [7, 8].

However, these methods make it possible to obtain a
satisfactory forecast only for relatively “stable” data, the
trends of which are not prone to a drastic change.
Consequently, their application is most suitable in conditions
of stable operation of technical systems.

The analysis of the methods for estimating the remaining
resource showed the advisability of further improving the
methods for more accurate detection of faults in products at
an early stage of operation. Estimation of the residual
resource using such techniques is characterized by the use
of a large number of multifactor dependencies, which
excludes the expansion of the database in real time. Thus,
the creation of techniques for obtaining the most informative
signs of the technical state of the control object with the
aim of further predicting the probability of failure of an object
is an urgent task.

2 PROBLEM STATEMENT

There are two parts of the problem in controlling technical
systems: diagnostics of the machine current state and
predicting the onset of machine critical state and its stop for
the repairs.

Many diagnosticians have been working and continue
to work successfully at the solution of the first part of the
task [9-11]. However, the second part of the problem as the
most important for responsible machines has not found its
effective solution yet. Prediction of source based on the
analysis of development defects rate allows making
management decisions in order to prevent accidents and
technological disasters and to optimize the algorithm for
repair of industrial equipment in real time.

The extrapolation methods are most commonly used
methods for predict the service life of machines. This type
of methods based on the definition the parameters of the
approximating function, performed by the processing result
of time series, which consist of the machine vibration levels,
accumulated during periodic measurements of its
oscillations. Further, the approximating function graph
prolong to its intersection with maximum permissible
vibration velocity effective level [Ve] according to VSS [12].
The point of the abscissa intersection is a predictable life of
the machine.
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VSS represent the average statistical data of machines
vibration with its nature of the disadvantage prediction
method. That is why VSS relate to concerned sample
machine only with a certain probability and condition of the
model of machine viewed at present moment. For example,
standards for third class machines shown on a linear diagram
in Figure 1. There is principle of levels distribution of
effective values vibration rate of that class rotate machine.
The machine has the following parameters:

— shaft diameter is 100 mm;

— the number of revolutions 7 = 3000 rev/min;

— rotor mounted on sliding bearings.

The calculations performed in case where the slide
bearing has H8/f8 landing class, which provides double
amplitude variation of the gap A between the bushing and
the shaft in the interval from 36/2 to 125/2 microns. The
distribution principle of the machine vibration level
generated by rotor limit movement in the sliding bearing
gap when there is shaft neck running in around the
circumference of the sleeve was obtained by “Monte Carlo”
method. Effective vibration level calculated, using the
following formula:

amn 1 3
Ve_A%ﬁlo , mm/sec . (D

The following parameters of the normal distribution of
vibration levels were obtained through the following

calculation: A= 18...62.5microns, n=3000 rev/min, /¢ =9
mm/c; oy = 2.9 mm/c, v = 0.32. The gap in the sliding

bearings could be exhaust at the vibration level that does
not reach the maximum permissible by standards in 77.8%
of machines. This is shown in Figure 1. This leads to the
fact that the vibration level as diagnostic feature, does not
reach the maximum permissible by the standards

([Ve]CR =11.2 mm/sec [12]), and machine bearings tests

damaging limit load. Conversely, a stop for repairs due to
the sliding bearings can be premature in 22% of cases, when
reached the maximum level of vibration, and if the other
machine components defects were missing at this time.

Manufacturing tolerances on the machine components
leads not only to variations in machine vibration levels of
its bearing capacity, but there is also the reason for predict
resource of machine errors.

Consider the reason of these errors, when linear
approximation function used at the prediction (see Figure 2):

Ve=p-t, mm/sec 2)

Solving the equation (2) by ¢, and assuming, that the
vibration level is equal to the maximum allowable value of

the norms [Ve]CR in its left part, we obtain a demonstration

of the machine resource predictive value:

7= Veler | (3)
u
By linking up the life prediction variation A7y with
machine bearing capacity variation A[Ve] by previously
known relation, the formula is:
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Figure 1 — The distribution principle of the effective vibration rate values and VSS
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ATr rver=L are. @)

dVe u

To simplify the demonstration (4) needs to divide the
left and right parts of the equation (3).

ATr 1 AlVe] u [Ve]

Tr n Vel [Vel

ATr=——

®)

We solve the equation (5) relatively to prediction
variation.

ATr=v-Tr. (©6)

Taking into account the equation (6), prediction could
be write in the following form

Tr=Tr+H(P)ATr=Tr+vH(P)Tr. (7)

The equation (7) shows that the estimated forecast of
the machine service life is 100 days. In fact, the actual service
life varies with the probability 0.95 (H(0.95) = 1.645).from
47.4 to 152.6 days (see Figure 2). This difference between
the real and calculated resources of the machine reduces
idea of its prediction to zero. In this connection, it can be
research for new prediction methods without any
disadvantages. Thus, the analytical dependence should be
use as an approximation function, reflecting the fracture
mechanics of machines.

3 MATERIALS AND METHODS

Generally, machines operate in conditions of alternating
force action and therefore their working life determined by
the metal fatigue as well as depends on the load level and
the duration of its action. Dependence of permissible
mechanical stresses level of the number of cycles
represented in the form of a fatigue curve (see Figure 3),
which described by the following [13] equation:

1
o; Ny \m
i _ (_0] ) 8)
o1 N i
The equation (1) on the sloping part of the curve during
the stress change from ©; to ©; can be rewritten in the
following way:

1
o _(Ni|m
(N] . ©

Residual life could be formulated through total working life
Ny rp that has the construction and accrued operating time 7.

I
ﬁ:[NLIFE_nljm. (10)

Npre —n;
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Duration operation of the machine t, day

Figure 2 — Working life machine prediction at its bearing capacity variation
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The Graph of the function (10) in Figure 4 shows a mirror
reflection of the graph (9) in Figure 3. With increase of the
number of operating cycle’s n the mechanical stresses values
o submitted on the Graph (10) also growth.

The transition from the mechanical stresses to the
oscillation amplitude 4 and from cycles to operation time ¢ is
necessary for practical usage of the formula (10). The
nonlinear dependence between the oscillation amplitude 4
and a mechanical stress describes the equation below:

Azy-cﬁ,mm/sec. (11)

The certain repetition frequency f;o4p and the
equipment load factor k;,p characterize effect of load.
Instead of the number of cycles by entering a conversion
factor the astronomical time (hours, days and years) is easily
detect the operating time ¢;:

n.
i = ’ : 12
"V fL04D KLOAD (12)

The required residual life T,
calendar working life T,

s €xpressed through the total

- and current operating time #;:

Tres = Toire =1 (13)
Total calendar working life T, can be express through
the resource in cycles N,

IFE

IFE"

Niire
V- f104D *KLOAD

Trire = (14)

If the formulas (11-14) into (10) substitute, an expression
relating the oscillation amplitude A with the current operating

time 7, and its working life T, ., taken:
T t *
A) = 4 (Mj : (15)
TLirE =t
Ino
&
o
a2
i i
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| |
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Figure 3 — The fatigue curve on a logarithmic scale
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Figure 4 — Graph of the function (10) on a logarithmic scale
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Required residual life and the exponent A=—
m

determined parameters by computer approximation of regular
monitoring vibration machines data. Functional minimum is
determined during this processing:

L2
Sl 4 (Tyre -1
U= |- |- (16)

ol A \Ture -4

One can apply the estimation range of the resource
predict. Minimize the functional (16) allows to define the
top border of this interval. The most probable value of the
working life considered as the lower border, calculated by
the formula below:

Typ =Q-tcur + T rirE - P (17)
Parameters P and Q are calculated based on the results

_teur.
O=1-P).

The equation (15) is an approximation model, obtained
by transforming equation (8), that describes the fatigue
curve. It seems reasonable to say that it was received
proceeding from physical grounds. In contrast to the
universal approach, when the approximation of the
experimental data used graphics analytical dependences,
selected on the base on formal mathematical considerations.
The equation obtained because of the fatigue curve;
therefore, it reflects the mechanics of destruction and its
raise reliability of the prediction machine working life. The
resource of the machine is a key parameter used to evaluate
the criticality degree of the technical condition. However, to
raise the reliability of diagnosis, the number of parameters
describing the diagnostic feature could be increase.

Known from the information theory, that the system state
estimation error § is inversely proportional to the square
root from the number of parameters, used to describe it.

of the resource definition (P =e Tre R

5l (18)

Jn

Generally, the controlled signal described by a single
parameter — its value. However, it does not provide
information on the dynamics of deterioration of the machine.
In this case, there are two parameters that describing the
controlled signal: value of the signal A4 and the rate change
of the its value V as an indicator of degradation of the
machine technical condition. When the number of
parameters, describing the monitored signal, increased to
two, an error in estimating the state of the machine decreased
by 30%.

For convenience, the size of the controlled parameter
and the rate of its change lead to a dimensionless form. In
this case, they range from zero to one. Complex (19) varies
in the same range and these parameters includes in the
complex as summands with weight coefficients.

F=t-A+(1-¢)7. (19)
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Degree change of the vibration level:

Ve—Ve,

_Ve-Vey 20)
[Velcr —Veo

Z =
Dimensionless rate of change in the control feature:

— T -1
7 _Tppr—1to
Tpr—1tg

@D

Recognition procedure of the defect development degree
is comparing the actual value of the complex F' with its
boundary values (Table 1). Standard complex values shown
in the Table 1. Typical values are dimensionless geometric

progression with the denominator q:«/S 10 . Similar

geometric series of preferred numbers R5 [15] are used in
VSS[12].

The maximum value of complex F); 4y among the all

calculated controlled machine defects used to estimate the
degree of the machine criticality condition as a whole.
Boundary values of machine condition characteristics as a
whole presented in the Table 2.

4 EXPERIMENTS

The effectiveness of the developed methodology for
forecasting the resource of a technical system in the process
of controlling its state is demonstrated by the example of
the destroyed turbine of Sayano-Shushenskaya (HPP). In
the example, the state of the turbine is analyzed on the eve
of its catastrophic destruction. The levels and dates of
vibration measurements of the turbine, shown in Figure 5,
were used, as input data for predicting the turbine’s operating
time before its failure.

Table 1 — Normalized degree of defect development and the corresponding boundary values of the complex F

The degree of defect
No defect - —
below average the average above average inadmissible
0<F £ 0,25 0,25 <F < 041 0,41 <F < 0,63 0,63 <F<1,0 F>10

Table 2 — Normalized conditions of the machine as a whole and the standard values of the complex F,

MAX

Condition of machine
No defect
0 detec serviceable able-bodied ;hould be needs
improved repair
0<Fyyx <025 0,25 <Fyyx < 0,41 0,41 < Fypyx < 0,63 0,63 <Fyyxy <1,0 Fpy 2 1,0

Vibration level A, mkm
(0]
3

21.4. 09

/ T

 E- —\Ltual le\ els 01 v 1brat1011
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Duration of operation of the turbine T, day

Figure 5 — Results of vibration control of hydraulic unit and its function approximation mapping the fracture mechanics of the metal
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5 RESULTS

The diagnostic reports shown in Table 3. The information,
given in these reports, indicates that the technical condition
of the turbine deteriorated over time.

6 DISCUSSION

The results of the diagnosis show that two months
before the disaster (17.8.09) in the protocol dated 23.06.09
was indicate that the degree of development of the imbalance
of the rotor was “above average” and the operating time
before repair was 2-3 weeks. The subsequent reports
indicated that needed to stop the turbine and prediction
working life was negative therefore stopping time for a repair
was lost.

CONCLUSION

In the article, using the example of rotary machines, the
results of research on developing a new methodology for
controlling the operation of technical systems are presented.

The scientific novelty of the research results outlined in
the article is that for the first time in the practice of controlling
technical systems, it is wise to develop an entirely new
methodology for predicting their individual resource, which
allows to purposefully controlling the duration of system
operation during the inter-repair period.

The practical significance of the results obtained is that
the use of the methodology of forecasting an individual
resource of a controlled system in the management of
technical systems allows timely stopping them for repairs,
which in the practice of their operation prevents accidents
and subsequent technogenic catastrophes.

Prospects for further research are the development of a
software product that reflects the algorithm of a new control
methodology and the creation based on this product of an
automated control system.
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'Kan. TeXH. HayK, CTapIINii BUKJIafaq KadeIpy KOMIT IOTePHHX HayK CeKLii iHpopMaLiiiHiX TeXHONOr il IpoekTyBaHHs, CyMCbKHIl IepiKaB-
Huit yHiBepcuter, Cymu, Ykpaina

JI-p TexH. Hayk, npodecop Kadenpy KOMII'IOTEPHUX HayK Cekuii iHopMauiiHux TexHonoriii mpoexryBaHHsi, CyMCbKHil JepiKaBHHMIi
yHniBepcurer, Cymu, Ykpaina

*KaH[. TexH. HayK, CTapIIuii BUKJIa a4 Kadeapu KoMII IOTEPHUX HayK ceKuil inopMariiifHux Texaooriii npoexrysants, CyMCbKuUil fepiKas-
Huit yHiBepcuter, Cymu, Ykpaina

“Kanj. TexH. HayK, CTapIIMi BUKJIa/[a4 Kadepy KOMII IOTepHHX HayK CeKIil iHopManiiiHiX TeXHONoriii npoekTyBaHHs, CyMCbKHIl IepiKaB-
Huit yHiBepcuter, Cymu, Ykpaina

VIPABJIIHHS TEXHIYHUMU CUCTEMAMUJ HA OCHOBI ITPOTHO3YBAHHS iX IHJUBIJYAJIBHOT'O PECYPCY

AKTyanbHicTb. BupileHo akTyajbHe 3aBIaHHS IPOTHO3YBaHHS iHAUBILYalbHOIO PECYPCY PI3HOMAHITHUX MO KOHCTPYKLII i IpH3HAYEH-
HIO TEXHIYHHX CHCTEM.

Meta po6oTH — po3poOKa METOIOJIO il yIpaBIiHH POOOTOI0 CKIIAJJHUX TEXHIYHUX CHCTEM Ha OCHOBI IIPOTHO3YBaHHS X IHIMBIyalbHOTO
pecypcey.

Metoa. CyyacHi METOAHU YIPaBIIiHHS J03BOJIAIOTH 3a3/1aJ€riib NPUIMATH YIPABIiHChKI PillieHHs U1 3an00iraHHs aBapiil i HACTYIHUX 3a
LM TEXHOTeHHUX KaracTpod. Lli pileHHs IPyHTYIOTbCA Ha €KCTPAIOoNALii BEIMYMHN KOHTPOIBOBAHOIO CUTHATY JIO TPAHUYHO JIOIyCTUMOIO
3a HopMaMmH piBHA. OJlHAK HOPMHM CKJIQJICHI HA OCHOBI CEPEIHbO CTATUCTUYHUX JAHUX, SIKI MOKYTh TUIBKH 3 IIEBHOIO YaCTKOIO HMOBIpHOCTI
CTAaBUTHCSI 10 KOHTPOJILOBAHOIO 3pa3KOM MaIIUHU. Lle € NpUYMHOIO IOMUIIOK [IPU MPOrHO3yBaHHI MOMEHTY 3yITHHKH JAAaHOTO 3pa3Ka Ha PEMOHT.
Oco0uBO akTyabHA s pobJieMa JIsl CKJIaJHHUX 1 BIINOBIAJIbHUX TEXHIYHUX CUCTEM, BUTOTOBJICHUX MAJIIMMU cepisiMu a00 B3araJii B OUHUY-
HHX €K3eMIUIIpax. Y MopiOHUX CHCTeM CTATUCTHYHI JaHi JUIS CTBOPEHHS 3a3HAUYEHUX HOPM BiAcCyTHi. Jlis BupimeHHs naHoi npobiemu Oyna
po3pobJieHa iHIIa METOLOJIOris YIIPABIiHHS, KA BUKJIIOUA€E NPOLEAYPY eKCTPAOISLI 1 J03BOJI€ BU3HAYATH HANIPALIIOBAHHS TEXHIYHOI CUCTEMH
JI0 PEMOHTY 3a pe3ylbTaTaMy ileHTudikaLii Moeni, ska onucye 3MiHy B 4aci BEIMYMHHM KOHTPOJIBOBAHOTO NapaMerpa.

Pe3yabraTn. Po3po6ieHo MeTononorito ynpapiiHHsS TEXHIYHUMU CHCTEMAaMH, IO 3a0e3Iedye KOHTPOJIb iX MOTOYHOIO TEXHIYHOrO CTaHy
Ha OCHOBI iH(popMaLii npo ix inauBigyanebHuil pecypc. MeTonosorist Oyna BUKOPUCTaHA PU KOHTPOII 3@ MOCTYIOBUM HOTIPIIEHHAM TeXHIYHO-
ro CTaHy rifpoTypOiHu, 10 3aKiHUMIOoCA 1 KaTacTpodiuHUM pyHHYBaHHSM.

BucnoBku. IIpoBesieHi po3paXyHKH MiATBEpIUIN IIPALE3JaTHICTh 3aIPOIIOHOBAHOI METONONOTIT YIIpaBIiHHS POOOTOI0 TEXHIYHUX CHCTEM
Ha OCHOBIi IIPOTHO3YBAHHA iX iHIHMBIyaIbHOTO pecypcy, IO J03BOJIE PEKOMEHTYBATH 1i 1)1 BUKOPUCTAHHS Ha IPAKTUIIi IPU BUPILICHH] 3aBIaHb
YIpaBJIiHHS POOOTOIO CKIATHHX TEXHIYHUX CHCTEM, 3am00iralodu THM CaMHM iX aBapii, IKH 9acTo IPU3BOIATH IO TEXHOICHHUX KaTacTpod.
IlepcrieKTHBY MOAATBIIMX AOCTIIKEHb OyIyTh CHPSMOBAHI HAa PO3POOKY IMPOTHO3HO-AiarHOCTHYHOIO KOMIUIEKCY, IPOTpaMHe 3a0e3MeueHHs
AKoro Oyne BimoOpaXkaTH aJrOpHTM 3aCTOCYBAaHHS PO3pOOJIEHOI MeTOoIorii IPOrHO3yBaHHS iHIMBINYyaIbHOTO PECypcy pi3HOMAHITHUX IIO
KOHCTPYKIIi i IPU3HAUCHHIO TEXHIYHUX CHCTEM.

KnrouoBi cjioBa: ynpapiIiHHS, iHIUBINya bHUIA pecypc, IPOrpaMHHUIA IIPOLYKT, POTOPHI CHCTEMH, IIPOTHO3 PECYpCY, iNeHTH(IKALIisA, TpeHN
iH(OPMAIIIfHOTO CHTHAJTY, MATEMaTHYHA MOJENb, repion 6e3aedeKTHOH poOOTH, CTaH MiTHATIAAHOTO O0IaIHAHHS.

Haropasiii B. B.!, Jlaspos E. A2, ®enoroa H. A, Kyznenos E. T

'Kanz. TexH. HayK, CTapuinii IpermogaBareib Kageapsl KOMITBIOTEPHBIX HayK CEKIHH WH(GOPMAIMOHHBIX TEXHOJOTHH MPOCKTUPOBAHM,
CyMcKkuii rocynapcTBeHHBIH yHIBepcuTeT, CyMbl, YKpanHa

*JT-p TexH. Hayk, mpodeccop Kadeapbl KOMIBIOTEPHBIX HAYK CEKINH HHGOPMALMOHHBIX TEXHOIOTHI poekTipoBanust, CyMCKuii rocyaap-
cTBeHHbIH yHUBepcutet, Cymbl, YkpanHa

SKaHz. TeXH. HayK, CTapUINii TIpernoxaBareins Kadeapsl KOMIBIOTEPHBIX HayK CEKIMH WH(POPMAILMOHHBIX TEXHOJOTHI MPOCKTUPOBAHM,
CyMckuii rocynapcTBeHHbIH yHIBepcuTeT, CyMbl, YKpanHa

“Kanj. TexH. HayK, CTapUIMii NPEnoaaBareib Kadeapbl KOMIBIOTEPHBIX HAyK CEKIMU MH(POPMALMOHHBIX TEXHOIOIMH MPOEKTHPOBAHMUSI,
CyMckuiil rocynapcTBeHHBIH yHIBepcuTeT, CyMmbl, YKpanHa

YIPABJIEHUE TEXHUYECKUMU CUCTEMAMM HA OCHOBE ITPOTI'HO3UPOBAHMS UX TPOTHO3UPOBAHUS UX
HUHAUBUAYAJIBHOI'O PECYPCA

AKTyabHOCTB. Peliena aktyanbHas 3a/ja4a IPOrHO3UPOBAHUS MHIMBHUIYaJIbHOTO Pecypca pa3HOOOpa3HbIX MO KOHCTPYKIMU M Ha3HaYe-
HHIO TEXHHYECKHUX CHCTEM.

Leab padoTsl — pa3paboTka METOMOIOTUH YIPABICHUS PAOOTOH CIIOXKHBIX TEXHHYECKHX CHCTEM HA OCHOBE NMPOTHO3UPOBAHUS HX
WHJMBUIYalIbHOTO pecypca.

MeTtoa. CoBpeMeHHbIE METO/IbI YIPABICHHUS TO3BOJSIOT 3apaHee MPUHUMATD yIpPaBICHYECKHUE PELICHUS IUIsl TPEIOTBPALICHUS aBapuil U
CHIEAYIONIMX 32 THM TEXHOTCHHBIX KaracTpod. DTH pelleHHs OCHOBBIBAIOTCS Ha HKCTPAIOJSALMHU BEIUYMHBI KOHTPOJIUPYEMOIO CUTHANA JI0
HpeebHO AOMYCTHMOTO 110 HopMaM ypoBHs. OJTHaKO HOPMBI COCTaBJICHBI HA OCHOBE CPEIHE CTATHCTHYECKHX JAHHBIX, KOTOPBIE MOTYT TOJIBKO
C OIPEJIEIICHHOM 10JIeH BEPOSTHOCTH OTHOCHTBCS K KOHTPOJIHUPYEMOMY 00pa3sIly MalMHbl. DTO SBISIETCS IPUYUHON OIIMOOK MPU MPOrHO3HPO-
BaHMU MOMEHTa OCTAaHOBKH JIAHHOTO 00pa3siia Ha peMOHT. OcOOEHHO aKTyajbHa 3Ta mpolieMa JUlsl CJIOKHBIX U OTBETCTBEHHBIX TEXHMYECKUX
CHCTEM, N3TOTOBIISIEMbIX MAJIBIMU CEPHSMHU HJIM BOOOIIE B SANHUYHBIX SK3eMIUIIpax. Y MOJTO0OHBIX CHCTEM CTATHCTHYECKUE JaHHBIE IS CO3JaHUs
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YKa3aHHBIX HOPM OTCYTCTBYIOT.J[Jsl pelueHust JaHHOH npoOGiemsl Obula paspaboTaHa MHas METONOJIOTHUs YNPABJIEHMS, KOTOpas UCKIIOYaeT
IPOLENYPY SKCTPAIONALHHU U [T03BOJISET ONPEENATh HAPAOOTKY TEXHMYECKOH CHCTEMBI IO PEMOHTA 110 pe3ybTaTaM MAeHTH(HKALIMY MOJEINH,
OIMCHIBAIOIIEH M3MEHEHHE BO BPEMEHU BEIUUHHBI KOHTPOJIUPYEMOTIO NapaMerpa

Pe3yabraTsl. Paspaborana MeTononorus ynpaBieHHs TEXHUUECKMMH CHCTEMaMH, 00€CIeYMBaIOIIasi KOHTPOIb MX TEKYIIEro TeXHHYec-
KOT'O COCTOSIHUS Ha 0OCHOBE HH(opMalu 06 X MHAUBUIYaILHOM pecypce. MeTononorus Oblia CIONb30BaHa [IPU KOHTPOJIE 3@ MOCTEIEHHbIM
YXyIIIEHHEM TEXHHYECKOrO COCTOSIHHMS TMAPOTYpOMHBI, 3aKOHUMBLIETOCS €€ KaTaCTPO(UUECKUM Pa3pyLICHUEM.

BriBoapbl. [IpoBenieHHbIE pacyeThl MOATBEPAUIN PAOOTOCIIOCOOHOCTD MPEIOKEHHOH METOONOTHH  YIIpaBJIeHHs pabOTON TEXHUYECKUX
CHCTEM Ha OCHOBE IIPOrHO3UPOBAHUS MX UHIUBUIYAILHOIO PECYPCa, UTO MO3BOJISIET PEKOMEHJ0BATh €€ JUIsl UCIONIb30BaHHs Ha IPAKTHKE MU
pElIeHUH 3a/1a4 yIpaBieHHs paboTol CIOKHBIX TEXHUUECKHX CUCTEM, IIPEOTBPAllasi TEM CaMbIM HX aBapHH, 4AaCTO MPUBOJALINE K TEXHOICH-
HbIM KaTtactpodam. IlepcrieKTuBbl nanbHEHIINX HUcCaenoBaHuil OyayT 3aKiouaThes B pa3paboTKe MPOrHO3HO-IHAarHOCTHYECKOIO KOMILIEKCa,
IporpaMMHoe o0ecreyeHre KOTOPOro OTpakaeT aJrOpUTM IPUMEHEHMs! pa3paboTaHHOH METONOJIOrUH MPOrHO3HMPOBAHHS MHIMBUIYaIbLHOTO
pecypca pa3HOOOPa3HBIX MO KOHCTPYKIUHM M Ha3HAUEHHUIO TEXHUYECKHUX CHCTEM.

KutoueBble ciioBa: ynpapieHue, HHIUBULYalbHBIH pecypc, NporpaMMHbII NPOIYKT, POTOPHbIE CUCTEMBI, IPOrHO3 pecypca, UAeHTHHH-
Kauus, TpeHa HH(OPMALOHHOrO CUTHaNla, MaTeMaTHuecKas MoJeNb, Iepuoy Oe3aedexTHoil paboThl, COCTOSHHE MOAHAI30PHOIO 000pyIOBa-
HHUSL
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