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Abstract. The subject matter of the article is the life cycle of a T-64B tank sample during the period from normal
operation in a combat training group to resource consumption and carrying out average and capital repairs. The goal
of the study is to develop a model of dependence of inter-repair service life of the T-64B tank sample on the machine
operating conditions and, on its basis, a methodology for controlling the parameters of individual assemblies and
systems of the tank sample during its life cycle. The tasks to be solved are: to analyze the results of statistical records of
tank system failures and damages number and identify the predicates set affect the inter-repair service life of the machine
depending on conditions of its tasks for the intended purposes; to create the regression equation for getting the unified
analytical dependence of inter-repair service life of the T-64B tank sample in the period from normal operation in training
and combat group to service life and overhaul; to investigate specific influence of reliability indices on the machine's
service life. General scientific and special methods of scientific knowledge are used. The method of hierarchy analysis,
mathematical apparatus of probability theory and multidimensional statistical analysis were used. The following results are
obtained. A set of predicates influence the inter-repair service life of the machine depending on conditions of its tasks for
the intended purposes fulfillment has been determined. A regression equation has been drawn up to obtain a unified
analytical dependence of the overhaul life of a T-64B tank sample during the period from normal operation in a combat
training group to the development of a resource and carrying out of intermediate and complete overhauls were drawn up.
Engineering solutions have been proposed to implement a methodology for monitoring the parameters of individual units
and systems of the tank sample during its life cycle, namely integrated real-time monitoring of oil condition and recording
of engine operating hours under various load conditions. Conclusions. The space of features characterizes the conditions of
the tank sample tasks for its intended purposes, includes service life, crew training, operation, seasonality of the unit’s
performed tasks nature, machine operating time since the last service and range of the vehicle before the next overhaul.
The analytical relationship between the individual factors determining the conditions under which the T-64B tank sample
performs its tasks for the intended purposes and the machine's service life consumption as a dependent variable can be
determined in the form of a regression equation. Differentiated control of the parameters of individual assembly units and
systems of the tank sample plays a leading role in ensuring the combat readiness and efficiency of the use of aging samples
of weapons, insures personnel against possible accidents and catastrophes, sudden failures.
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Introduction

Formulation of the problem and research tasks.
The T-64 tank and its modifications remain one of the
most common and recognizable symbols of modern
warfare. Created in the early 1960s, it was very
advanced for its time and has retained the ability to be
upgraded to this day.

Restoration, repair and upgrading of existing
armored weapons and military equipment (AWME)
vehicles is one of the constant factors that ensure the high
combat readiness of a unit. However, during the life cycle
individual units and systems of the sample tank have
different impact on the life between overhauls, thus
contributing to irrational use of the latter.

Taking into account individual properties of a
particular vehicle, its operating conditions, character of
loading schedule and other factors, the rate of wear of
both separate units and subsystems of the vehicle can
significantly differ from the values determined for the
analogue sample. In this regard, the task of finding ways
to unify the method of calculating the service life of the
T-64B tank, depending on the conditions of performing
its tasks for the intended purposes seems to be relevant.

Analysis of recent research and publications on
the above issues shows the relevance of the study.

In general, warranty and overhaul resources of
AWME are defined by guiding documents, but the
method of their calculation, normative indicators are
obsolete, unique for samples of equipment for different
purposes, despite the differences in the mechanisms of
consumption of overhaul resources of individual
components.

The authors present a reasoned critique of the lack
of differentiated indicators of overhaul mileage in the
system of maintenance and repair of AMWE, but ways
to develop technically sound standards for overhaul
mileage and, accordingly, maintenance of AMWE
samples are not fully explored [1-5].

The authors are of the opinion that a more thorough
study of the feasibility of full maintenance under real
operating conditions is required, as well as the scope of
daily and numbered maintenance work, based on the time
and scope of the tasks that the sample AWME performs.

The goal of the study is to develop a model of
dependence of inter-repair service life of the T-64B tank
sample on the machine operating conditions and, on its
basis, a methodology for controlling the parameters of
individual assemblies and systems of the tank sample
during its life cycle.

To achieve this goal the following research tasks
are solved:
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- to analyze the results of statistical records of tank
system failures and damages number and identify the
predicates set affect the inter-repair service life of the
machine depending on conditions of its tasks for the
intended purposes;

- to create the regression equation for getting the
unified analytical dependence of inter-repair service life
of the T-64B tank sample in the period from normal
operation in training and combat group to service life
and overhaul;

- to investigate specific influence of reliability
indices on the machine's service life.

Main material

1.1 The results of statistical accounting of the
number of failures and damage to tank systems in
the period from normal operation to aging and
overhaul. The tank is a complex technical system.
During its operation, various types of failures may
occur. The availability of data on machine failures
provides opportunities to systematize, establish the
causes and develop measures to eliminate and develop
methods for predicting reliability, optimize the timing
and amount of numbered maintenance and increase the
time of repair resources. The classification of failures,
adopted in the scientific literature on the theory of
reliability, is quite relative.

So, to obtain the dependence on the generalized
assessment of the existing level of reliability of
machines, its constituent units and components, it is
necessary to consider the division of machine failures
into operational and resource.

It is believed that operational failures occur due to
accidental causes, which are due to a combination of
adverse factors arising from the operation of products
with low properties, which are inherent in the design,
and more often in the manufacture of machines.

The reasons for operational failures are various
minor violations of the established rules, norms of
design, production, storage and repair of machines, their
operation.

These are failures that are not usually expected.
Operational failures characterize faultlessness.

It is believed that in contrast to operational,
resource failures occur as expected events associated
with natural changes (usually over a long period of
time), which take place in the main (base) components
of the machine and lead to their extreme condition,
extreme wear, breakdowns parts and assemblies due to
the reduction of their strength.

When the failed element is restored, the initial (or
overhaul) resource of the main nodes is restored.

Resource failures characterize durability.

It should be noted that the operating conditions of
the machines are random and have probabilistic
characteristics, and failures of units and components of
the machine can occur both under normal (failures can
be expected in different units of the machine) and under
extreme operating conditions.

Given that both “operational” and ‘“resource”
failures occur during the operation of machines, and the
failure itself is sudden only because its development is

too fast over time and hidden for observation, proposed
resource and operational failures [6].

1.2 Failures after removal of equipment from
long-term storage. Most of the existing weapons of the
Armed Forces of Ukraine have been in operation for over
30 years and have been in long-term storage, which
inevitably affects its technical condition and combat
readiness.

Experience with the use of military equipment has
shown that a significant proportion of failures of
military equipment is associated with violations of the
requirements for its operation by crews, non-compliance
with the rules of storage of military equipment for long-
term storage, untimely and incomplete implementation
of the list and scope of at the time of removal of military
equipment from long-term storage.

When military equipment was brought to combat
condition to perform combat missions as intended, a
significant part of it required maintenance and repair,
and in some cases — routine works to renew the service
life of military equipment, whereby the indicators of
serviceability were not confirmed.

The available statistical data revealed the main
(type) failures (malfunctions) at the time of withdrawal
of the equipment from long-term storage (Table 1).

Table 1 — The main failures of the T-64B after
removal from long-term storage

Ne | Name of the T-64B tank sample systems | Failures, %
1. Fire control systems 8
2. Weapons 13
3. Power plant 36
4. Electrical equipment 12
5. Undercarriage 12
6. Transmission 16
7. Others 3

As a result, the current technical condition of the
Armed Forces, military equipment in long-term storage
(including storage bases) gives a high failure rate, after its
commissioning, due to violation of storage requirements
and bringing to combat readiness. In particular, storage of
engines involves turning the shafts, which is not always
done on time and properly [7-9].

1.3 Operation failures. Armored vehicles
operational failures are largely due to the fault of the
crew and repair units personnel, which make mistakes
during operation or during maintenance and repair of
the machine. A study of the quantitative analysis of the
operational failures flow was conducted on the results of
ones operation during performing intended tasks.

Data on the operation of 87 different “ages”
machines in the range from normal operation to aging
during 2014-2020 were subject to statistical processing,
so the sample can be considered sufficient and
representative. Generalized quantitative indicators of the
flow of operational failures of the sample tank T-64B
for a certain period of time are given in Table 2.
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Table 2 — Quantitative analysis of the operational failures flow for the sample tank T-64B

Operating time, thousand, | Average number of operational failures, | Intensity, Aex103, | 62ex10%, | Aeminx103, | e maxx10%6
km pcs 1/km 1/km 1/km 1/km
6,747 1,96 0,29 0,19 0,06 0,63

Here Ac, Aemin, Aemax are respectively average,
minimum and maximum values of the parameter of
operational disadvantages (intensity), and o). IS its
standard deviation.

According to the data of Table 2, it can be
concluded that operational faults amount to 15 to 30%
of the Ilimit permissible level of structural and
operational faults (1 fault per 1000 km).

When using AWME for its intended purposes,
there is an increase in the intensity of operational
failures. The large discrepancy of A values is explained
by the variability of environmental conditions, different
level of training of crews and maintenance personnel. In
addition, it is worth noting the dispersion of the number
of interruptions at the same values of the machine's
mileage and the different consumption of motor life.

In general, we can assume that the operation of the
barrel channel, armament, chassis, control system of the
tank T-64B sample is not uniform and depends on a
certain space of features that characterize the conditions
of its tasks for intended purposes. Thus, the service life
of the machine is most influenced by the operating
conditions, in particular the motor oils quality and
season suitability and the degree of training of the crew.

The connection between operating conditions, oil
quality and a condition of the engine basic details is
tendentiously seen [10]. It should be noted that the formal
representation of the feature space is proposed by
introducing a set of variables, different in their semantic
load and dimension. For example, the operating
conditions should take into account not only the time of
year but also the nature of the tasks performed by the unit
comprising the machine. In assessing the length of
service, or “age” of the machine is appropriate to
consider whether the machine has been overhauled, what
is the direction after the last maintenance and predicted
run of the technique to the next repair. Thus, the authors
propose to define the range of features, which
characterizes the conditions of the tank unit performing
the tasks for the purpose, as follows:

F1 — service life;

F, — degree of crew training;

F3 — operation seasonality;

F4 — the nature of the tasks performed by the unit
the sample belongs;

Fs — operating time of the machine after the last
maintenance;

Fes — power reserve before the next repair.

In order to formalize the level of the crew training
it is suggested to use the number of sample’s failures of
units and equipment occurred due to the fault of the
crew and the repair units staff, which caused the fault
during the operation or during maintenance and repair
of the machine.

Thus, certain variables (predicates) have different
dimensions, so to unify the processing of results, it is

proposed to normalize the results of calculations. For
predicates with an implicit dimension, it is proposed to
use a peer expert assessment.

The processing of statistical data allows us to
assume the normal character of the random variables
that are chosen as predicates.

The use of the STATISTICA application package
with sufficient and representative sampling allows to
obtain weights for each variable. In the final form, the
analytical relationship between the individual factors
that determine the conditions of the sample T-64B tasks
for its intended purpose, and the consumption of
machine life as a dependent variable is proposed to be
defined as a regression equation. Note that the feature
space can be changed depending on the specific tasks.

2. Regression equation to obtain a unified
analytical dependence of the influence of the
conditions of the T-64B tank sample’s tasks for the
intended purposes on its service life. It is considered
that the service life of the tank is the minimum
allowable operating time of the machine before the next
scheduled repair. It is assumed that the life between
overhauls of the tank is the minimum allowable
operating time of the machine up to the next scheduled
repair, it is the duration or amount of time the machine
is working, measured in km of run, engine hours,
cycles, starts, shots [11].

In order to achieve unification in the calculation of
the service life of the sample equipment, in particular, to
take into account the random nature of the influence of
the conditions of its tasks, operating time of separate
knots and units and its accounting unit, it is proposed to
put in accordance with the service life of the sample
tank T-64B some numerical value y, which would
characterize the dependence of the impact of the
conditions of its tasks on the service life of the machine.

Let's define the dependence y on the values of the
vector components F={Fi,F, ,...Fn} as a multiple
linear regression as follows:

y = aiF + axFo + ...+ amFm, @

here F = {Fi} — factors that determine the conditions of
the T-64B sample tasks for the purpose; {a} -
regression coefficients to be determined.

It is natural to require a rationing condition in the
form:

Zirilzl' @

3 The least-squares method for regression
coefficients renewal.

There are many ways of determining the
coefficients of multiple regressions [8, 9]. In this paper,

the direct estimation of the set {a, a2, ..., an}, i=1Lm,

is proposed to be performed by the method of least
squares.
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Suppose that, based on the results of processing
statistical estimates of the service life of the tank T-64B
samples, the accounting data for the number of failures

and damage to systems for n tanks, jzl,_n .. Assume
that each j-th tank is subject to the same space of
conditions Fy; = {Fi1, Fiz, ..., Fm}, j=1n,i=1m.

Thus, to find the coefficients of the regression
equation by the method of least squares, statistical data
were obtained according to Table 3.

Table 3 — Service life of T-64B tank samples

The value of the factors determine
the conditions of the T-64B tank
sample tasks for its intended

Number of failures
caused a decrease in
the tank service life

purpose
Y1 F11 F12 Fim
Y2 F21 F22 Fam
Yn Fn1 Fn2 Frm

It is proposed to calculate the coefficients of
multiple linear regression in a matrix way. We present
data and regression coefficients in matrix form

Y V1 e F1 . R
a e F F

A 2,Y:y2,E:2,F: 21 2m7(3)
an Yn €n Fo - Fm

here Y — is a n-dimensional column of the independent
variable; F — matrix of nxm dimension values of
conditions of the T-64B tank sample tasks of intended
purposes; A — is a n dimension vector-column of the
coefficients of the regression equation; E — is a
n-dimension vector-column of deviations of the
dependent variable y; from similar values obtained by
the regression equation,

Vi =aiFp+aFy+...+aF,. 4)
In matrix form, the relationship will look like:
e=Y-FA. (5)
According to the least squares method

n
e =ele=(Y-FA) (Y -FA) >min  (6)
i=l
It can be shown that the preceding condition is
fulfilled if the vector column looks like

A=FTE)IFTY. @)

After the solution of equation (7) we obtain the
value of coefficients of regression equation A*.
Therefore, the coefficients of the equation (3) are as
follows:

A=) ®)

Thus, the obtained values of the regression
equation (2) and the known F={F,F; ,...,Fm} can form
the dependence of influence of operating conditions on
the inter-maintenance resource of the machine y.

The unconditional advantage of this technique is
that it makes it possible to conduct a comparative
analysis of both existing and prospective samples of
weapons with the desired conditions for the tasks
assigned.

A definite advantage of this methodology is that it
enables a comparative analysis of both existing and
advanced AWME vehicles with the desired conditions
for the purposes.

4.1 Proposals and engineering solutions for
monitoring the parameters of individual component
parts and systems of the tank during its life cycle. It
is natural to believe that monitoring of technical
condition of vehicles in military samples must be
carried out consistently, regardless of their deployment
(in places of permanent deployment or during military
operations). It is the control of the parameters of
individual assembly units and systems of the tank
sample that plays a leading role in ensuring the combat
readiness and efficiency of the use of aging samples of
weapons, insures personnel against possible accidents
and catastrophes, sudden failures. Given the results of
the research, the authors propose to focus efforts on
such engineering solutions [12-17].

4.2 Dipstick as a tool to improve technical
diagnostics of the engine lubrication system. In order
to prevent the causes of failure of the tank engine this
work considers a proposal for improvement of the
means of diagnostics and control of the technical
condition of the engine lubrication system (LS) by
carrying out maintenance according to its actual state.

Installation of the olive oil condition sensor is a
reliable and cost-effective way to solve a number of
problems of economic and ecological character. Sensors
of this type perform complex monitoring of olive
condition in real time, transmitting information to the
electronic control unit (ECU) in real time mode.

The function of the engine oil sensor [18]: to
accurately indicate the need to replace the olive;
reduction of operating costs; minimization of machine
downtimes; engine protection.

The olive oil sensor helps to protect the engine
through early detection of failures in the engine system,
the corresponding alarm signal to the driver and disable
the possibility of starting the engine, if it can cause
problems in the work of the engine. The optimum
replacement time for the motor oil is determined with
the utmost precision.

An example of implementation of physical and
chemical method of diagnostics of motor oil quality can be
a design of a dipstick. A distinctive feature of this
development is a comprehensive analysis of the actual
condition of the oil during operation of the machine, which
is based on assessing the degree of its contamination,
antifriction and anti-seizure properties, determining the
level, temperature and viscosity of engine oil.

Fig. 1 shows a schematic diagram of a dipstick for
motor oil quality control. The device is made in the form
of a gauge and consists of sensors of the oil level, fouling,
viscosity, load-bearing capacity and torque, temperature.
All the sensors of the device are designed as independent
modules located in a tube connected to the housing in
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which they are installed: The wrapping drive is connected
to the sensors of tension, bearing capacity and torque; the
information processing unit, which is connected to all the
sensors and transmits information about the olive quality
to the information panel [19].

[ T T |
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Fig. 1. Block diagram of the probe for oil quality control
in the T-64B tank lubrication system: 1 — oil level sensor;
2 — pollution sensor; 3 — viscosity sensor; 4 — load-bearing
capacity and torque sensor; 5 — tube; 6 — housing; 7 — stepper
motor; 8 — information processing unit; 9 — information panel

1 E

In addition, the information processing unit
provides the ability to select the oil quality control mode
(continuous and periodic). For convenience of operation
of the probe the information panel 9 on which the
information on a condition of oil is displayed is
provided. The information panel is made in a reliable
case and can be placed in any convenient place in the
control compartment. The design of the probe allows its
installation and use on various types of weapons and
military equipment. The principle of operation of the oil
level sensor is that in the sections of the dipstick
corresponding to the minimum and maximum oil level,
an infrared emitter and a photodetector (photodiode) are
built into the walls of the tank hull.

If the oil level does not reach the lower level of the
sensor, the photodetector receives the signals of the
emitter, which are reflected from the inner wall of the
housing: the resistance of the diode decreases, as
indicated by the corresponding LED on the display
panel. At normal oil levels the boundary of the oil
surface separates the receiver and the emitter. The
purity sensor of motor oil is executed similarly to the
optical level sensor, but in this case the radiator (light-
emitting diode) and the receiver (photodiode) are
directed opposite to each other. The signal received by
the photodiode depends on the degree of transparency of
the oil that is placed between the receiver and the
emitter. The design of the viscosity sensor is based on
the principle of a piston pump operation with an elastic
membrane. As the piston moves down, the oil is
partially expelled through the calibration holes, and the
remaining part of the oil deforms the elastic membrane
with the sensor. The lower of the oil viscosity, the more
of it will pass from the cavity under the piston through
the holes on the outside, and thus the deformation of the
membrane will be less. At the critical (lower) viscosity
level of the oil, the closing of the contact that is

connected to the membrane will stop and the indication
of the emergency state of the oil will turn on.

Friction force sensor (which characterizes the
antifriction properties of the oil) and bearing capacity
which is a miniature machine that is immersed in the oil
under study. The friction unit in this sensor is formed by
two spring electrodes, which are pressed against a metal
cable with an elastic force, which is set so that under the
action of the pressing force there is no rupture of the
lubrication film in the new oil with acceptable anti-
emergency properties.

The rubbing force sensor (characterizes the anti-
friction properties of the olive) and load-bearing
capacity which is a miniature machine which is
immersed in the olive which is being inspected. The
friction unit in this sensor is formed by two spring
electrodes, which are pressed against a metal cable with
an elastic force, which is set so that under the action of
the clamping force there is no rupture of the lubricating
film in the new oil with acceptable anti-seizure
properties. During working off of anti-seizure additives
in oil breaks of a film of greasing occur more often that
will be displayed by burning of the corresponding LED.

As a drive for the diagnostic probe to ensure the
operability of the modules for assessing the viscosity,
antifriction and anti-seize qualities of the engine oil, an
automated drive is proposed based on a stepper motor of
the reciprocating motion of a flexible (steel) cable. The
diagnostic probe monitors using five different sensors,
which allows the need to replace the engine oil with
high accuracy As a variant of the constructive basis of
the diagnostic dipstick a capacitive fuel gauge sensor
can be considered.

Note that it is the accounting of the engine will
provide an opportunity to lead to a "single denominator"
of its operation in hours and kilometers. Technical
implementation of this idea is possible without making
structural changes to the structure of the driver's panel.

Conclusions

The space of features characterizes the conditions
of the tank sample tasks for its intended purposes,
includes service life, crew training, operation,
seasonality of the unit’s performed tasks nature,
machine operating time since the last service and range
of the vehicle before the next overhaul.

The analytical relationship between the individual
factors determining the conditions under which the T-
64B tank sample performs its tasks for the intended
purposes and the machine's service life consumption as
a dependent variable can be determined in the form of a
regression equation.

Differentiated control of the parameters of
individual assembly units and systems of the tank
sample plays a leading role in ensuring the combat
readiness and efficiency of the use of aging samples of
weapons, insures personnel against possible accidents
and catastrophes, sudden failures.
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BukopucTaHHSI MAaTeMaTUYHOI'0 aNapaTy perpeciiHoro aHamizy
1J1s yHiikauii MeToanku po3paxyHkiB MiZKpeMOHTHOro pecypcy Tanka T-64b

O. A. Makoros, B. B. Yananko, C. M. I'y6a, B. B. Crapuuenko, B. 1. Mockanenko, 0. B. KpacHomarnka

Anortanisn. IlpenMeroM BMBYEHHS B CTAaTTi € JKUTTEBUI LUKI 3pa3ka TaHka T-64b y mepion Big HOpMalbHOT
eKCIUTyaTanii B HaBYaJIbHO-OOMOBIHM Ipymi A0 BiANpauloBaHHS pecypcy 1 MPOBENCHHS CEPEIHBOTO Ta KaliTaJbHOTO PEMOHTY.
MeTo0 nocHimKeHHSI € PO3POOJECHHS MOJENi 3aJIeKHOCTI MDKPEMOHTHOTO pecypcy 3pa3ska TaHka T1-64b Bix ymoBm
eKCIITyaTanii MallHU Ta Ha II OCHOBI — METOIUKH KOHTPOJIIO IapaMeTpiB OKPEMHX CKJIaJaJbHUX OJUHUIb Ta CUCTEM 3pa3kKa
TaHKa IPOTATOM HOr0 JXUTTEBOTO IMKITY. 3aBAAHHS JOCTIIKEHHSI: IPOAHANI3yBaTH PE3yJIbTATH CTATHCTHYHOTO OOIIKYy
KiJTBKOCTI Bi]MOB Ta IOIIKO/DKEHb CHCTEM TaHKa Ta BM3HAYUTH MHOXHHY INPEAWKAT, SIKi YMHATH BIUIMB HAa MIXPEMOHTHHUX
pecypc MalllMHH B 3aJIEXKHOCTI BiZl yMOB BUKOHAHHS HEIO 3aBJaHb 3a NPU3HAYEHHIM; CKJIACTH PIBHSAHHS perpecii 1uIst OTpUMaHHSA
yHi(piKOBaHOT aHATITUYHOI 3aeKHOCTI MIKPEMOHTHOTO pecypcy 3pas3ka Tanka T-64b y mepioa Bix HOpManpHOI eKkcIuTyarallii B
HaBUYAJIBbHO-00MOB1# rpymi 10 BiANpPaLOBaHHSA PECypCy 1 MPOBEACHHS CEPEeIHbOTO 1 KaliTalbHOTO PEMOHTY; JOCTIAUTH TUTOMUI
BIUIMB HAJIMHICHUX MOKAa3HUKIB OKPEMHUX CKJIQJalbHUX OAMHHUIb Ta CHCTEM Ha HAIifHICTH 3pa3ka TEXHIKM Ta HOro
MDKPEMOHTHHIH Pecypc; 3alpoIOHyBaTH iH)KEHEPHI pIllIeHHs IIOMO0 peamizalii MEeTOAUKH KOHTPOJIIO MapaMeTpiB OKpeMUX
CKJIQIVIHAX OJVHUIIB Ta CHCTEM 3pa3ka TaHKa IPOTATOM HOT0 )KUTTEBOTO IUKIY. MeTOm0I0TiYHOI0 0CHOBOIO /10Ci/IiKeHHS
CTaIM 3araJlbHOHAYKOBI Ta CIIEIiaJbHI METOAM HayKoBoro misHaHHA. OTpumani Taki pe3yiabraTtH. BusHaueHa MHOXHHA
IIpeUKAT, SKi YMHATH BIUIMB Ha MDKPEMOHTHHH pecypc MAaIllMHH B 3aJIeKHOCTI Bil YMOB BHKOHAHHS HEIO 3aBIaHb 3a
MIPU3HAYEHHSM; CKJIaJCHO PIBHAHHS perpecii A7 OTpUMaHHS YHiI(iKOBAHOI aHANITHYHOI 3aI€KHOCTI MIKPEMOHTHOTO PeCcypcy
3pa3ka TaHka T-64b y mepion Big HOpMalnbHOI eKCIDIyaTalii B HaBYaJIbHO-OOMOBiM rpymi 10 BigmpamioBaHHS pecypey i
MIPOBENICHHS CEPEIHBOTO 1 KalliTaIbHOTO PEMOHTY; 3allPOIIOHOBAaHI iH)KEHEPHI PIICHHS LIOA0 peallizalii METOAUKHA KOHTPOIIO
napamMeTpiB OKPEMHX CKJIaJalbHUX OJUHMIIb Ta CUCTEM 3pa3Ka TaHKa MPOTArOM HOTo JKHTTEBOTO LUKITY, & caMe: KOMIUICKCHUIT
MOHITOPHHI' CTaHy OJIMBH B peaJbHOMY 4Yaci Ta OOJNIK MOTOTOAMH pOOOTH IBHTYHA HPH PI3HHX pPEKUMaxX HaBaHTaKEHHS.
BucnoBku. Ilpocrip 03HaK, 10 XapakTepu3ye YMOBH BHKOHAHHS 3pa3KOM TaHKA 3aBJaHb 3a MPU3HAYCHHSM, BKIIOYAE TEPMiH
eKCIUTyaTallii, CTYImiHb HaBYCHOCTI CKiMaXKy, CE30HHICTh €KCIUTyaTallil, XapakTep 3aBAaHb, 1[0 BHKOHYE MiIPO3IiT, JO CKIAIy
SIKOTO BXOAWTH MAIMHA, HAIpamIOBaHHS MaIIWHU Iicis octaHHboro TO Ta 3amac Xoqy MallMHHM /IO YEproBOTO PEMOHTY.
AHaNIITHYHA 3aeXKHICTh MDK OKPEMHMH YWHHHKAMH, IO BH3HAYAaIOTH YMOBH BHKOHAHHS 3pa3KoM TaHKa T-64b 3aBmaHp 3a
MPU3HAYEHHSM Ta BUTpPATy EKCIUIyaTalliiHOTO pecypcy MallldHH K 3aleXHOI 3MiHHOI, MO>ke OyTH BH3HAu€Ha Y BUTILIII
piBHsHHA perpecii. JudepeHuiiioBannii KOHTPOIb MapaMeTpiB OKPEMHUX CKIAJANbHUX OJUHUIL Ta CHCTEM 3pa3Ka TaHKa
BiZlirpae MpPOBIAHY POJb Yy TapaHTyBaHHI OO€rOTOBHOCTI Ta e()eKTHBHOCTI 3aCTOCyBaHHS cTapitounx 3paskiB OBT, crpaxye
0co0OBHI CKJIaJ BiJi MOJKIIMBHX aBapiil i KaTacTpod, panTOBUX BiIMOB.

KawuoBi caoBa: MDKpeMOHTHHII pecypc 3paska TaHka T1-64B; yMoBHM ekcimyaramii; perpeciiHMil aHaui3;
nudepeHiiioBaHnit KOHTPOJIb MAPAMETPIB.

Hcnonb3oBaHne MaTEMaTHYeCKOT0 aNNapaTa PerpecCHOHHOI0 aHAIN3a
A YHU(HUKANHH MeTOAMKH PacyeToB Me:KPEeMOHTHOIO pecypca Tanka T-64b

E. A. Makoros, B. B. Hananko, C. M. I'y6a, B. B. Crapuuenko, B. 1. Mockanenko, 0. B. KpacrHomranka

AunHoranus. [IpeameTroM wW3y4yeHWsI B CTaThe SBIACTCS J>KU3HCHHBIA IUKJI oOpas3ima TaHka T-64b B mepuonm ot
HOPMAaJIbHOM SKCIUTyaTallid B y4eOHO-00CBOI Tpymme 10 BhIPAOOTKH pecypca W IMPOBEICHHS CPEIHEr0 W KAMHTAILHOTO
pemonTa. Llesbl0 Hecaeq0BaHus SBISETCS pa3padOTKa MOJIENN 3aBHCUMOCTH MEXPEMOHTHOTO pecypca oOpasia Tanka T-64b
OT YCJIOBHUS JKCIUTyaTallid MAallMHBI U Ha €€ OCHOBE - METOIUKH KOHTPOJIS MapaMeTpoB OTAEIBHBIX COOPOYHBIX €AWHHIl U
cucteM oO0Opas3lla TaHKa B TEUCHHE €ro J>KM3HEHHOTO IHKIA. 3aJayd HCCIeJOBAHHUA: MPOAHAIM3UPOBATH PE3YNBTATHI
CTaTUCTUYECKOTO y4deTa KOJMYECTBA OTKA30B W TOBPEKICHUH CHCTEM TaHKA M ONPENCITUTh MHOXECTBO MPEAHMKAT, KOTOpPHIE
OKa3bIBAIOT BIUSHHE HA MEXPEMOHTHBIX PEeCypC MalIMHbI B 3aBUCUMOCTH OT YCJIOBHI BBIMIOJIHEHHUS €10 3a/1a4 110 Ha3HAYCHHUIO;
COCTaBHUTh YPABHEHUE PETPECCHU JUIS MOJYYCHUS YHUPHUIMPOBAHHONW aHAMTUYECKOW 3aBUCHMOCTH MEXPEMOHTHOTO pecypca
oOpasia tanka T-64b B meproa 0T HOPMaNbHOW 3KCIUTyaTallud B y4eOHO-00€BOM rpymme K oTpaboTKe pecypca M MpOBEACHUS
CpellHEro M KalMTaJIbHOIO PEMOHTA; HCCIIEJOBATh YAEIbHOE BIIMSHUE HAJICKHOCTHBIX IOKa3aTeNedl OTIAENbHBIX COOPOUYHBIX
€IMHUIl ¥ CHCTEM Ha HaJeKHOCTh 00paslia TeXHUKH M €r0 MEXPEMOHTHBIH pecypc; MpPeAyioKHUTh WH)KEHEPHBIE PEHICHHS IO
peanm3anuy METOIUKH KOHTPOIS TMapaMeTpOB OTAEIBHBIX COOPOYHBIX €AWHHII M CHUCTeM oOpaslla TaHKa B TEYEHHE ETro
KU3HEHHOTO NUKIa. MeToq0I0rHYecKoil OCHOBOI HMCCIeI0BAHUS CTAIM OOIICHAYYHBIC M CICIHATBHBIE METOABI HAYYHOTO
no3Hanus. IlosydyeHsl ciaenymomue pe3yabTaTbl. ONpeneneHO MHOXECTBO IPEIUKAT, KOTOPHIE OKAa3bIBAIOT BIMSHHE Ha
MEXPEMOHTHBIH pecypc MalllHbl B 3aBUCUMOCTH OT YCJIOBMH BBIIIOJHEHMS €I0 3a[ay 110 HA3HAUCHUIO; COCTABJICHO ypaBHEHHS
perpeccus [Uisi NONy4YeHHs YHU(DHUIMPOBAHHON aHAIUTHYECKOH 3aBUCHMMOCTH MEXPEMOHTHOTO pecypca obpasua tanka T-645 B
nepuoJ OT HOPMAIBHOM OJKCIUTyaTallid B y4eOHO-00eBOW Tpymme 10 BBIPaOOTKM pecypca U INPOBEICHHS CpPEIHEro H
KalUTAJIbHOTO PEMOHTA; MPEIOKECHbI MHXKEHEPHBIC PEIICHUS MO pealn3allid METOJUKH KOHTPOJIS MapamMeTpPOB OTACIbHBIX
COOPOYHBIX EIUHHI[ M CHCTEM O0pa3lla TaHKa B TEUCHHE €r0 JKU3HEHHOTO IMKJIa, a UMEHHO: KOMIUICKCHBI MOHHTOPHHT
COCTOSIHUSI Maclia B peajlbHOM BPEMEHH U y4eT MOTOYAacoB PabOTHI ABHTATEINS MPH PA3IMIHBIX PEKUMax HArpy3kd. BhIBoabI.
[IpocTpaHCTBO MPU3HAKOB, XapaKTEPU3YIOMIUX YCIOBUS BBIIOIHEHHUS 00pa3lloM TaHKa 3a7ad 10 Ha3HAYEHHIO, BKIIFOYAET CPOK
IKCIUTyaTalldid MAalIMHBI, CTENEeHb OOYYCHHOCTH OSKUIaKa, CE30HHOCTh OKCIUTyaTallud, XapakTep 3a7ad, BBIMOIHICMBIX
noJpa3AeiCHHEM, B COCTAB KOTOPOTO BXOJHWT MallMHA, HApaOOTKK MamuHbl mocie nocneanero TO u 3amac Xo/aa MalIuHBL 10
OUYEepPETHOTO PEMOHTA. AHAIUTHYECKAs! 3aBUCHMOCTh MKy OTISIbHBIMH (haKTOPaMH, OTPEACISIOIIUMYU YCIOBHS BHIOJTHEHUS
obpasrom Tanka T-64b 3amau Mo Ha3HAYEHMIO M PACXOJ] IKCIUTYaTAMOHHOTO pecypca MaIllMHbI KaK 3aBHCHMOMN IEePEeMEHHOI,
MOJXKET OBITH OIpe/ielieHa B BUJIE ypaBHeHuUs perpeccur. JuddepeHnnpoBaHHblil KOHTPOJIb MapaMETPOB OTACIBHBIX COOPOUHBIX
CIMHUII ¥ CUCTeM oOpaslla TaHKa WrpaeT BEAYIIYI0 pOJib B oOecredeHHH OOEroTOBHOCTH M 3(P(PEKTHBHOCTH NPHMEHEHUS
craperomux oopas3noB BBT, crpaxyer JIMYHBIA COCTaB OT BO3MOKHBIX aBapHii M BHE3AITHBIX OTKa30B.

KaruyeBblie cioBa: MEeXPEeMOHTHBIH pecypc 3pa3ka TaHka T-64b; ycioBus 3KCIUTyaTallid, PerpecCHOHHBIA aHAu3;
b depeHInpOBaHHbI KOHTPOJIb ITapaMeTPOB.
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