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HUMAN FACTOR INFLUENCE ON PERFORMING TECHNICAL
MAINTENANCE AND REPAIR OF FREIGHT CARS

Purpose. The scientific work is aimed to: 1) study the indicators and criteria for evaluating the influence of hu-
man factor on failure-free operation of freight cars; 2) theoretically describe the probabilistic model of the human
factor role during the maintenance and repair of freight cars according to technical state; 3) consider the model of
situation development for the case of a critical defect of the freight car unit taking into account the human factor.
Methodology. In order to achieve this purpose, the methodological approaches were considered: 1) to evaluation of
the reliability indicators in the system «man — freight car» during maintenance and repair; 2) to evaluation of the
level of traffic safety in case of transition from the existing system of maintenance and repair of freight cars to the
system according to technical state. The model of the situation development for the case of a critical defect of the
freight car unit with the consideration of the human factor was described. Findings. The approach to the evaluation
of risk indicators of potential failures of freight cars is given. The probability of occurrence of negative events
(risks) and possible economic damage from their manifestation were taken as the indicators. In the developed model
of situation development for the case of a critical defect of the freight car unit with the consideration of the human
factor, three possible states are shown: workable and limited workable, unworkable and emergency. Each initial
state is characterized by the development of events, which is associated with designers’ errors, with defects during
manufacture of parts and units, with human factor. Originality. It is proposed to consider the value of the failure
probability, which is related to the human factor, as a certain proportion of the overall probability of failure of the
system «man — freight car». The interpretation of Harrington's desirability function for the case of application to
freight cars is given. During maintenance and repair, it is suggested to introduce an indicator that characterizes the
observance of the technology of use of maintenance services for freight cars, taking into account the human factor.
Practical value. Based on the conducted research it is possible to evaluate the influence of the human factor on the
maintenance and repair of freight cars. According to the developed model of situation development for the case of
a critical defect it is possible to determine the critical level of the defect of the freight car unit taking into account the
human factor to limit the risk of an accident or transport event.

Keywords: freight car; reliability; human factor; critical defect; maintenance; repair

Introduction a man carries out his/her activities according to
deterministic and random procedures or rules, in-
structions, technological schedule. In the first case,
this activity is strictly regulated. In the second
case, during the maintenance or repair process the
occurrence of unexpected events is possible, for
example, the deterioration of the natural environ-
ment. In some processes, such events predict and
prepare the appropriate guiding activities [4, 6, 17].

Mental work (intellectual activity) is associated
with the reception and processing of information,
and mainly requires concentration of attention, ex-
ertion of the sensory apparatus, memory, as well as
the activation of thinking processes and emotions.
The work of inspectors and mechanics during

The main duties of the railway transport work-
ers are the satisfaction of the requirements for the
passengers and cargo transportation subject to un-
conditional compliance with traffic safety [9].

Many scientific works are devoted to the im-
provement of designs, maintenance, repair tech-
nology and rolling stock diagnostics, which greatly
affect the traffic safety [1, 3, 5, 15]. According to
research data, the human factor significantly influ-
ences the traffic safety level [16, 18].

The activities of railway transport workers,
which are aimed at ensuring traffic safety in the
system «man — freight car», are connected with
mental and physical functions. At the same time,
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maintenance and repair requires increased respon-
sibility and high nervous-emotional tension. Such
work is recognized by the high degree of infor-
mation dynamism, its volume, the lack of time to
prepare and make the right decisions, the need to
resolve the conflict situations that arise occasional-
ly during the maintenance and repair of freight cars
[8].

The role of the human factor manifests itself in
the influence on the process of training inspectors
and mechanics for the maintenance and repair of
freight cars (operation process) and in evaluating
the results of its implementation. The human factor
can be defined as a set of peculiar psychophysio-
logical features that must be taken into account in
order to exclude the causes of wrong actions [2,
11].

The human factor that caused erroneous actions
is not always due to the psychological and psycho-
physiological characteristics of a person and does
not always correspond to the level of complexity of
tasks or problems. Mistakes caused by a human
factor, as a rule, occur unintentionally. A person
performs actions that are regarded by he/she as the
most appropriate or correct.

The reasons for the erroneous actions of a per-
son can be classified in the following groups:

— limitations of information provision, absence
or lack of information support;

— mistakes caused by external factors;

— errors caused by the physical and psycholog-
ical state and human properties;

— the limited resources of support and imple-
mentation of the taken decision;

— emotional tension;

— loss of attention that occurs when performing
the necessary actions, especially in the event of
unexpected equipment failure or a sudden change
of situation.

It is necessary to improve the methods of facili-
tating the work of inspectors and mechanics and to
take the necessary measures to reduce the human
factor influence. For this purpose, it is necessary to
develop a methodology for assessing the influence
of the human factor on performing maintenance
and repair.

Purpose

The scientific work is aimed to: 1) study the in-
dicators and criteria for evaluating the influence of
human factor on failure-free operation of freight
cars; 2) theoretically describe the probabilistic
model of the human factor role during the mainte-
nance and repair of freight cars according to tech-
nical state; 3) consider the model of situation de-
velopment for the case of a critical defect of the
freight car unit taking into account the human fac-
tor.

Methodology

The main indicator of the reliability of work in
the system «man — freight car» during the mainte-
nance and repair is the probability that the time
between failures will not exceed the given tem-
poral restriction. It can be determined by the fol-
lowing expression:

P(T<t) ={Re (T <)-Re(T<t)}, (1)

where P, and P — the value of the failure prob-

ability, which is determined by the reliability of the
freight car and the influence of the human factor,
respectively;
T —is the time of freight car operation to the first
failure; t — is the period of time during which the
failure probability of freight car is established.

The regularities of the dependencies of the fail-
ure probability P, and B, when T s less or

equal to t for the inspector or mechanic of the
freight car, are determined by the biological nature
of the human body, on the one hand, and the de-
sign, material properties and conditions of freight
car operation — on the other.

During analysis of the reliability of the system
«man-freight car», the research objects are differ-
ent occasional events and values that influence re-
spectively both the state of a person and the freight
car. The typical failure rate function of the freight
car is shown in Fig. 1. One can distinguish in it
three characteristic areas:

— from the beginning of operation to t; — the
time interval at which the failure rate function de-
creases as a result of design improvements of
freight cars in the process of production tests, run-
ning of parts and units and other technical reasons;
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— ti—t; — the time interval at which the failure
rate function is practically constant and character-
izes the stable operation of freight car;

— from t; to the limiting state — the time of the
failure rate increasing due to the physical wear of
freight car.
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Fig. 1. Dependence of the failure rate function of freight
car on the time between failure at 1 = const

The human body, in accordance with the 1-st
and 2-nd laws of thermodynamics of biological
systems, is in a steady unbalanced thermodynamic
state, unlike freight cars, which are always in an
unstable unbalanced thermodynamic state. It is
provided by human biorhythms throughout his/her
work. In this regard, a person is periodically in
workable and unworkable state. Researchers dis-
tinguish a daily alternation cycle of these states. As
a result of loadings, after a change of workable
state to unworkable one, a person needs rest for
restoration.

The failure rate of freight cars due to the human
factor during the workable period, consisting of
erroneous solutions or actions, in the form almost
coincides with the graph shown in Fig. 1.

The work of the inspector or mechanic, as well
as the freight car failure rate, can also be divided
into three time intervals [7]:

— characterizes the period of operative adapta-
tion of man to the working process after the rest;

— characterizes the basic working process, dur-
ing which it takes place a smooth, close to linear
transition of person’s thermodynamic state from
weakly to a highly unbalanced one;

— characterizes a highly unbalanced thermody-
namic state as a result of fatigue, in which the body
loses its ability to work and goes to rest.

Graphically, daily changes in the failure rate of
the inspector’s or mechanic’s body are shown in
Fig. 2

0,
A

‘max

A

‘min

hitw h R htw i R hhtw T R b VT

Fig. 2. Dependence of changes in the failure rate of in-
spector’s or mechanic’s body during the day:
tw — work; tr — rest

One can see from the dependence (Figure 2)
that during the tw time in the work of the system
«man — freight car» there is a change in the ther-
modynamic state of the body of inspector or me-
chanic from a weakly unbalanced at the beginning
of work to a highly unbalanced one at the end of it.
During the rest tz in the body of inspector or me-
chanic there is a complete restoration of its state,
and from the beginning of the next day the pro-
cesses are repeated. From the position of failure
rate, the most favourable time of work in most cas-
es is the work that begins in the morning, because
before this, during sleep, usually the most com-
plete restoration of all functions of the body oc-
curs. However, the production processes associated
with the maintenance of freight cars are around the
clock, and inspectors and mechanics who carry out
such maintenance tend to work double shifts. In
this case the failure rate due to the human factor
will correlate with the time of shift. Dependences
of daily changes in the failure rate of inspector or
mechanic, performing the freight car maintenance
in the case of double-shift work, are shown in
Fig. 3.

A1)

1

—

Fig. 3. Dependences of daily changes in the failure rate
of inspector or mechanic, performing the freight car
maintenance in the case of double-shift work:

A (t) — probability of failure rate;

t — work shifts duration

Creative Commons Attribution 4.0 International
doi: 10.15802/stp2018/154031

© V. Y. Shaposhnyk, 2018

167


http://creativecommons.org/licenses/by/4.0/

ISSN 2307-3489 (Print), ISSN 2307-6666 (Online)

Hayxka Ta nporpec Tpancnopty. BicHuk J{HiponeTpoBcbKoro

HAL[IOHAJILHOTO YHIBEPCUTETY 3alli3HHYHOro TpaHcnopty, 2018, Ne 6 (78)

PYXOMMI CKJIAJL I TATA TTOT3/11B

The work of inspectors and mechanics in night
shift during the freight car maintenance is charac-
terized by significant fatigue, which reaches the
maximum value until the end of the shift.

As can be seen from the dependences shown in
Fig. 3, the first shift of work is characterized by the
minimum failure rate function, the greater one falls
to the second shift. The average ratio of the failure
rate function is determined by the work conditions
of inspector and mechanic, who carry out technical
maintenance, technical parameters and operation
conditions of freight cars [7, 19].

The value of failure probability associated with
the human factor (P,.) can be presented as a pro-

portion of the overall failure probability of the sys-
tem «man — freight car» in this form:

Pee = ZkHFPP ’ (2)

where k. — is the significance coefficient the hu-

man factor affecting the reliability of the freight
car during maintenance.

Failure indicators that have occurred under the
influence of the human factor are almost the same
as reliability indicators of freight cars. Here are the
main ones:

— number of failures or violation of organiza-
tional and technological processes of freight cars
maintenance, caused by negative events associated
with the human factor;

— the probability of failure or violation of the
organizational and technological process of freight
car maintenance at a time interval less than the
predetermined P (T<t) caused by a negative event
associated with the human factor;

— the failures rate or violation of organizational
and technological processes of freight car mainte-
nance due to the human factor;

— time of restoration of the workable state or
organizational and technological processes of
freight car maintenance after the influence of nega-
tive factors that arose as a result of the human fac-
tor;

— failure rate function of freight cars caused by
negative events related to human factor (number of
failures per unit time);

— failure rate function of freight cars, which
occurred under the influence of the human factor
(the rate of failure per t/km).

In this case, to control the human factor, it is
necessary to consider and account the following
indicators:

— the probability of negative event associated
with human factor potentially capable of causing
a freight car failure;

— the probability that in the freight car failure
the human factor will not be detected;

— the probability of erroneous attribution of the
freight car failure to the human factor cause;

— costs for restoration of the workable state of
freight car after the failures that occurred under the
influence of human factor.

Let us give one of the possible approaches to
evaluating the above-mentioned indicators of the
risks of potential freight car failures. We take the
probability of occurrence of negative events (risks)
and possible economic loss from their manifesta-
tion as indicators. By risk, we mean the events
identified as probabilistic (stochastic) factors of
negative influence on freight cars, causing viola-
tions of the maintenance process, reducing the reli-
ability and durability of the structural elements of
freight cars, traffic safety, financial and economic
losses of the railway.

The probability of risks of freight car failures
may serve as a criterion for quantifying additional
financial costs for their elimination. In the first ap-
proximation of the zone of qualitative risks as-
sessment one can take the generalized Harrington's
desirability functions for the processes of freight
car maintenance [12]. The Table 1 shows the
interpretation of Harrington's desirability function
for the case of application to freight cars.

Table 1
Scale ranges of risk assessment
Desirability Probability of risk
Unlikely critical risk 1.00-0.80
Expected minor risk 0.80-0.63
Expected moderate risk 0.63-0.37
Possible critical risk 0.37-0.20
Expected critical risk 0.20-0.00

The quantitative assessment of the risk of po-
tential freight car failures is now hampered by the
lack of information on the costs necessary for their

Creative Commons Attribution 4.0 International
doi: 10.15802/stp2018/154031

168

© V. Y. Shaposhnyk, 2018


http://creativecommons.org/licenses/by/4.0/

ISSN 2307-3489 (Print), ISSN 2307-6666 (Online)

Hayxka Ta nporpec Tpancnopty. BicHuk J{HiponeTpoBcbKoro

HAL[IOHAJILHOTO YHIBEPCUTETY 3alli3HHYHOro TpaHcnopty, 2018, Ne 6 (78)

PYXOMMI CKJIAJL I TATA TTOT3/11B

recovery. In the first stage, the assessment of eco-
nomic losses can be determined expertly.

The maximum economic loss averaged by ex-
perts will be determined by the formula:

Ri
G = zPij Cij ' (3)
j=1

where i — is the certain number of freight car, i = 1,
2,3 ...; B; —the probability of potential risk for

the i-th freight car; j — number of risk type, j = 1, 2,
3...; C; —economic damage from the j-th number

of the risk type for the i-th freight car.

We can also propose to assess the quality of in-
dicator of the train traffic safety in the form of a
coefficient, which will be determined by the ratio
of the probability of freight car being in the work-
ing condition and the design probability of failure-
free operation of freight car at the appropriate time
interval [20]:

Kpsi =P /' Ry, (4)

where Ky, — is the coefficient of decrease of
traffic safety indicator (failure-free) P, — is the

design probability of failure-free operation of a
freight car.

In addition, during maintenance and repair, one
can enter an indicator characterizing compliance
with the technology of carrying out maintenance
work for freight cars taking into account the human
factor:

ry=tE3a-, ®
i=1 ki

where t, — is the number of violations of the work

technology of the i-th maintenance of the freight
car; t,; — is the number of parameters and modes

of technology, which is controlled during the
works of i-th maintenance of freight car; n —is the
number of maintenance of freight car.

Then, in order to compare the maintenance
and repair of freight cars according to the available
technology and technical state, it is possible to ob-
tain an assessment as follows:

_ tiexs
P . ¢ ti )
OM — — HFexs kiexs (6)

PHFtc i=1 (1_'[ii)
1:kitc

In the last expression, the indices exs and tc de-
note the existing maintenance and repair system
and according to the technical state.

Then the coefficient (4), taking into account the
expression (6), will have the following form:

t

(1_ iexs )
P, P : hi
KDSI __P HFexsZ Izlexs . (7)
Po Pype T (1)
tkit(:

The obtained expression allows assessing the
traffic safety level during the transition to the sys-
tem of maintenance and repair of freight cars ac-
cording to the technical state [10].

Findings

The available methods of forecasting the influ-
ence of the human factor during the analysis of the
freight car reliability should include the following
stages, which lie in [13, 14]:

— compilation of the lists of basic failures of
freight car units;

— compilation of technology works for inspec-
tors and mechanics, and similarly for other in-
volved employees;

— estimating the frequency of human errors dur-
ing the execution of technological operations;

— determining the effects of the frequency of
human errors on the failure rate of the freight car
units;

— developing recommendations and making the
necessary changes in normative documentation.

The basic method, which takes into account the
reliability of human work, can be set by construct-
ing a probability tree (or results). The use of such a
method involves some conditional probability as-
sociated with the successful or erroneous imple-
mentation of a particular technological operation
by inspector or mechanic, or the probability asso-
ciated with the occurrence of the relevant event. In
this case, branches or links of the probability tree
can represent the result of any event. It is possible
to calculate the full probability of successful com-
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pletion of a certain task by summarizing certain
probabilities that will be known for the end point
of the path (in the case of a successful result) on
the probability tree.

In this method, one can consider the factors
with some refinements, for example: stress caused
by lack of time; a load that determines the need for
decision-making and its implementation in differ-
ent non-standard situations; emotional load, etc.

It should be noted that the application of this
method can provide a good visibility, and the
mathematical calculations associated with it are
quite simple, which also leads to a decrease in the
probability of errors that can occur in this case.

In addition, the given method allows us to as-
sess the conditional probability of performance of
maintenance and repair work, which otherwise can
only be obtained on the basis of solutions of com-
plex equations of undefined nature.

We give an example related to the task perfor-
mance by inspector or mechanic for the mainte-
nance and repair of freight cars according to the
available technology x and the technical state y. It
is known that an inspector or mechanic can per-
form the task correctly or incorrectly. That is, the
tasks performed incorrectly are errors that appear
in a particular situation.

In this case, one can construct a tree of possible
finals and reach the definition of the overall proba-
bility of improper performance of the set task.
Then it is necessary to take statically independent
probabilities of the task performance X, y as the
basis.

In the tree of possible results, it is necessary to
provide the following designations related to:

— probability of successful performance of the
task (Ps);

— probability of non-performance of the task
(Pe);

— successful performance of the task s;

— non-performance of the set task f;

— probability of successful performance of the
set task x (Py);

— probability of successful performance of the
set task y (P,);

— probability of non-performance of the set
task x (P/x);

— probability of non-performance of the set
task y (Py).

According to the tree of possible results, the
probability of successful performance of the set
task will be equal to: P, =P, (PR,). Similarly, it is

possible to find the probability of non-performance
of the set task, which will have the following form:
P, =1-P.(R)).

From the given formulas and the tree of possi-
ble solutions, one can conclude that the only way
of successful performance of the complex mainte-
nance and repair task is to perform successfully
both tasks — the x and y. In addition, the above
mentioned formulas show that for the probability
of correct performance of the complex task there is
a definition in the form P, (P,).

The assessment of the work reliability, includ-
ing the human factor (inspectors and mechanics),
should be performed taking into account the fac-
tors associated with:

— the quality of teaching and practical training;

— the availability of quality instructions that
exclude misinterpretation;

— the ergonomics of work stations;

— adequate work environment;

— the degree of independence of the actions of
inspector or mechanic;

— psychological stresses.

It should be noted the need for human error da-
tabases to analyze and further forecast correctness
of the maintenance and repair of freight cars with
traffic safety compliance, as well as to prevent
dangerous situations.

Such information bases are divided into catego-
ries:

— experimental data, including experimental
results. However, despite the thoroughness of the
formation of such databases, a subjectivity is in-
herent in them;

— operational data obtained in real operating
conditions. Formation of such bases is difficult to
implement, since registration of actions must be
carried out in different conditions of freight cars’
operation. Such databases are characterized by sat-
isfactory results, better than the previous ones;

— subjective data based on expert assessments.

While creating such databases, one can do rela-
tively small financial costs, and obtaining a large
amount of information is possible from a small
number of interviewed experts.
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To use subjective data in order to analyze the
work reliability of inspector or mechanic one needs
to bring into compliance:

— the required level of data accuracy;

— the reliability of expert assessments.

Subjective data should come from individuals
who are highly skilled and able to cope with such
work.

The main advantage of a database with subjec-
tive data is the multifaceted coverage of various
parameters requiring availability of the information
on errors.

We will construct a model of the situation de-
velopment for the case of critical defect of the
freight car unit taking into account the human fac-
tor, Fig. 4

At this, the types of technical states of freight
cars are as follows:

W — workable;

LW — limited workable;

U — unworkable;

E — emergency;

P;, P,, P; — are the probabilities of the relevant
events.

The developed model shows 3 possible states:
workable and limited workable, unworkable and
emergency. Each initial state is characterized by
the development of events associated with design-
ers” errors, with defects during manufacture of
parts and units, with the human factor.

Then the border level of defect in the freight
car unit g, taking into account the human factor
with the limiting of the risk of accident or transport
event at the railway, can be determined as follows:

[FoRe@—Py)+ RRe(-Pp)+ BBy (- Byl ,

Uo

where P (A) — is the probability of transition of
design, a freight car unit or a technology into a
failure state of different gradation.

In this case, the failure probability due to hu-
man factor, in the case of improper actions of in-
spector or mechanic for the maintenance and repair
of freight cars, are determined by expression (i = 1,
n;j=1,n;;#i):

Powe =R [0 P), ©)
j=1

[nitial negative|Critical defect|] Designers’ | Material | Error Final | Final state probability
event error defect, |caused by| state
load re- | human
jection | factor
DD Pcl PD PHF
No No [ No LY w(Ww) (I-q) P, (1- Ps)(1-Po)
Failure Yes Yes W(LW)  (1-q) Pp (1- Pg)(1- Py)
Yes W(LW)  (1-g) Ps (1- Pp)(1-Pyg)
LW q(1-Po)(1- P)(1- Pyy)
Defect No [ No LY _ U q Poe (1- Po)(1-Po)
= Vs Yeo U q Pof1- Po)(1-Pye)
u q Pu(1- Pp)(1- Pys)
No
Defect Yes
Yes Yes A q Po Py (1- Ps)
No
Yes [ L_Yes a4 q Py Py (1- Pp)
= A q PoPys(1-Py)

Fig. 4. Model of the situation development for the case of a critical defect of the freight
car unit taking into account the human factor
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Originality and practical value

The proposed value of the failure probability,
which is related to the human factor, is considered
as a certain share of the overall probability of fail-
ure of the system «man — freight car». For this
purpose, the significance coefficient of the human
factor that affects the freight car reliability during
the maintenance is introduced. For a qualitative
assessment of risks one can take an interpretation
of the Harrington's desirability function for the
processes of freight car maintenance.

During maintenance and repair, it is proposed
to introduce an indicator characterizing compliance
with the technology of performing maintenance
works for freight cars taking into account the hu-
man factor.

According to the developed model of situation
development for the case of a critical defect it is
possible to determine the border level of deficiency
of the freight car unit due to the human factor for
limiting the risk of accident or traffic event.

Conclusions

The complexity of modern technical systems
increases the probability of errors. The human fac-
tor is often interpreted and used during examina-
tion of the causes of accidents and transport events
that have caused human losses or material damage.
On the basis of the conducted research it is possi-
ble to estimate the influence of the human factor
on the maintenance and repair of freight cars.

LISTR OF REFERENCE LINKS

1. baOaeB, A. M. BidyansHuil KOHTPOJIb TPaHMYHKX 3HOCIB BY3:iB Barosis / A. M. babaes, B. 0. Illanomnuk //

3ami3n. Tpancn. Ykpainu. — 2017. — Ne 2. — C. 32-38.

2.  bapanoBcbkui, [I. M. BusHaueHHs nmapaMeTpiB eKCILTyaTaliifHOi HaliHOCTI BaHTQXKHUX BAaroHIB y CHCTEMI
TEXHIYHOTO 00CITyroByBaHHs Ta peMoHTY / [I. M. bapanoscekmii, JI. A. Mypanss // 3ami3H. TpaHcm. YKpaiHu.

—2016. — Ne 5/6. — C. 47-52.

3. Kamima, M. 1. HepyitHiBHI METOAN KOHTPOJIIO CTaHY i30JIAMIT €IEKTPUYHUX MAIIWH Ta BUCOKOBOJIBTHHX CHIIO-
Bux kabeniB / M. 1. Kamina, JI. B. booup // 36. Hayk. np. JloH. iH-Ty 3ami3H. TpaHc. — JJoremnpk, 2007. — Ne 12.

—C. 127-138.

4.  Makaperko, JI. M. BB mroAckKoT0 YMHHHKA Ha Oe3meKy pyxy 3amisHH9HOTo Tpancmopty / JI. M. Maka-
perko // 3amizu. TpaHcn. Ykpainu. — 2010. — Ne 1. — C. 46-51.

5. Mypaasn, JI. A. Mertononoruueckre OCHOBBI OIPENENICHHs] IKCIUTYaTallMOHHBIX XapaKTePUCTHK HECAMOXOJ-
HOro nojBmwKHOrO coctasa / JI. A. Mypansn, B. 10. lllanomuuk, A. A. Mumienko // Hayka Ta nporpec Tpasc-
nopty. — 2016. — Ne 1 (61). — C. 169-179. doi: 10.15802/stp2016/61044

6. Mypaasn, JI. A. TloGynoBa crcteMu NOCIiKeHHs HaAiiiHOCTI BaHTaXHUX BaroHiB / JI. A. Mypansu // Enek-
TPOMArHiTHa CyMiCHICTb Ta Oe3neka Ha 3ai3HuuHOMY Tpancnopti. — 2015. — Ne 10. — C. 90-95.

7. Msmuun, B. B. Teopernueckne 0OCHOBBI CO3AaHMsI THOKUX TTOTOYHBIX MPOWU3BOJICTB ISl PEMOHTA TTO/IBH)KHOTO
cocrana : MoHorpadus / B. B. Msmmmus. — [IaenponierpoBek : Crannapt-Cepsuc, 2014. — 380 c.

8. Ilix, b. II. HaniitricTs MOACEKOTO YHHHKKA sIK ocHOBa Oesmekn pyxy / b. IT. Ilix, B. I1. Jymcekuii / Memau-
[IHA 3aJJi3HHYHOTO TpaHcmopTy Ykpainu. — 2004. — Ne 3. — C. 60-61.

9. TIlpaBuma TeXHIYHOI €KCIUTyaTallii 3ali3HUIbP YKpaiHd :

Xapkis : [anycrpis, 2007. — 117 c.

3atB. 20.12.96 Ne 411 / M-Bo TpaHcn. YkpaiHu. —

10. TIpoGnemu icHyrouOi CHCTEMH TEXHIYHOrO OOCIYyrOBYBaHHS Ta PEMOHTY BaHTa)KHMX BaroHiB B YkpaiHi /
C. B. Mamuin, JI. A. Mypanss, A. M. Ba6aes, A. JI. Ilynapis, B. }0. Hlanoumnuk / TIpobnemMu mexaHiku
3aTI3HUYHOTO TpaHCHOPTy. besneka pyxy, AnHaMiKa, MII[HICTh PYXOMOTO CKJIaJy Ta €HEPro30epekeHHs : Te3U
qor. XIV Mixnap. xou¢. // JlHinpomeTp. Ham. yH-T 3ami3H. TpaHcl. iM. akan. B. JlasapsHa, IH-T TexH. Mex.
HAH Vkpainu i Hau. kocmiu. arencrBa Ykpainu, HBIT Ykprpancakan. — Juinponerposesk, 2016. — C. 89-91.

11. Cunopenxko, I'. I'. Jlronchknii YMHHUK SK OCHOBa O€3NEKH pyXy 3aJli3HMYHOTO TPAHCHOPTY : aHAIITHYHHUH
orisin / I'. T'. Cunopenxo, O. A. Hukudoposa / TpaHCHOPTHI CHCTEMH Ta TEXHOJIOTII IepeBe3eHb : 30. HayK.
np. JlHinponeTp. Hal. yH-Ty 3ali3H. TpaHcI. iM. akaj. B. Jlasapsna. — J{ninponerposebk, 2013. — Bum. 6. —

C. 86-89. doi: 10.15802/tstt2013/24457

12. Xappunrron, JI. YrpaBineHue kauecTBOM B aMEpUKaHCKUX KOpHOpanusx : [cokp. mep. ¢ auri.] / JI. Xappunr-
TOH ; Hayd. pex. JI. A. KonapeB. — MockBa : OkoHoMuKa, 1990. —272 c.

Creative Commons Attribution 4.0 International
doi: 10.15802/stp2018/154031

172

© V. Y. Shaposhnyk, 2018


http://creativecommons.org/licenses/by/4.0/

ISSN 2307-3489 (Print), ISSN 2307-6666 (Online)

Hayka Ta nporpec tpancropry. Bicuuk J{HinponeTpoBcbKoro
HAL[IOHAJILHOTO YHIBEPCUTETY 3alli3HHYHOro TpaHcnopty, 2018, Ne 6 (78)

PYXOMMI CKJIAJL I TATA TTOT3/11B

13. Yenoseueckuii dakrop : [mep. ¢ anrin.] / K. Kpucrtencen, . Meiictep, I1. ®oymu [u np.] ; nox pen. I'. Can-
BeH M. — Mocksa : Mup, 1991. — T. 1 : DproHoMHKa — KOMIUIEKCHasl HayYHO-TeXHHYECKash TUCIUILTIHA. — 599
C.

14. Yepneuxas, H. b. Bnusnue udenoBedeckoro Qakropa Ha 0e30MaCHOCTH JIBMXKEHHS HA HKEJIE3HOJLOPOKHOM
tpancropte / H. b. Uepnenkas, 10. A. Kpacuukosa, JI. I'. Bom4ok // Bicuuk InxenepHoi akagemii Ykpainu. —
2010. — Bum. 3-4. — C. 168-172.

15. Bodnar, B. Improving Operation and Maintenance of Locomotives of Ukrainian Railways / B. Bodnar,
A. Ochkasov, D. Bobyr // Technologijos ir Menas = Technology and Art. — 2016. — Ne 7. — P. 109-114.

16. Britton, M. A. Analysis of train derailment cause and outcome in Victoria, Australia, between 2007 and 2013:
Implications for regulation / Mark A. Britton, Shima Asnaashari, Gemma J. M. Read // Journal of Transporta-
tion Safety & Security. —2017. — Vol. 9. — Iss. 1. — P. 45-63. doi: 10.1080/19439962.2015.1088906

17. Cerniauskaite, L. Research into safe traffic of Lithuanian railway lines / Laura Cerniauskaite, Igoris Podagelis,
Kazys Sakalauskas // Transport. — 2005. — Vol. 20 (4). — P. 154-159.

18. Markovi¢, M. Fuzzy renewal theory about forecasting mistakes done by a locomotive driver: a Serbian railway
case study / Milan Markovi¢, Norbert Pavlovi¢, Milo§ Ivi¢ // Transport. — 2011. — Vol. 26. — Iss. 4. — P. 403—
409. doi: 10.3846/16484142.2011.641183

19. Roets, B. Shift work, fatigue, and human error: An empirical analysis of railway traffic control / Bart Roets,
Johan Christiaens /[ Journal of  Transportation Safety & Security. - 2017.
doi: 10.1080/19439962.2017.1376022

20. Shaposhnyk, V. Y. Theoretical studies on the process of change of the technical condition of freight cars in
operation / V. Y. Shaposhnyk // Hayka ta mporpec tpancmopty. — 2018. — Ne 4 (76). — C. 134-141.
doi: 10.15802/stp2018/140782

B. 10. HIATIOITHUK!

Kad. «Baronu Ta BaroHHe TOCTOIapCTBOY, JIHIMPONETPOBCHKHIT HAIliOHAEHHI YHIBEPCHTET 3aTi3HMYHOTO TPAHCHIOPTY iMeHi
akazgemika B. JlazapsnHa, Byn. Jlazapsiaa, 2, [IHinpo, Ykpaina, 49010, ten. +38 (056) 373 15 19,
en. morura vladislav.sh9 1 @gmail.com, ORCID 0000-0003-4701-649

BIIJIMB JIIOACBKOT'O ®PAKTOPA HA BUKOHAHHSA TEXHIYHOI'O
OBCJIYI'OBYBAHHSA TA PEMOHTY BAHTAKHUX BAI'OHIB

Mera. ¥V HaykoBiit po60Ti HeOOXiHO: 1) TOCTIAUTH TIOKa3HUKHU i KpUTEPii OLIHKU BpaxyBaHHs BIUIUBY JIFOJICh-
Koro ¢akropa Ha 0€3BiIMOBHICTh BaHT@)KHUX BAaroHIB; 2) TEOPETUYHO OMKCATH WMOBIPHICHY MOJEIb POJIi JIIOJCh-
KOro (aktopa IiJ| 4ac BUKOHAHHS TEXHIYHOTO OOCIYroBYBaHHS i pEMOHTY BaHTa)KHHUX BAaroHIB 3a TEXHIYHHM CTa-
HOM; 3) pO3IIISTHYTH MOJAENb PO3BUTKY CUTYyalii IJIsl BHIAAKy KPHUTHYHOTO Je(EeKTy By3lla BaHTa)KHOTO BaroHa
3 ypaxyBaHHSM JIIOJICbKOTO (akTopa. MeToauka. J{is TOCATHEHHS MOCTaBJIEHOT METH JTOCHI/PKEHHS! OYJIM pO3IJIsi-
HYTI METOMOJIOTIUHI MiaAXou: 1) 10 OIIHKH MMOKA3HHUKIB HAIIIHOCTI B CHCTEMI «JIFOJMHA — BAHTQKHUN BaroH» IIif
Yac BUKOHAHHS TEXHIYHOTO OOCIyTOBYBaHHS i pEMOHTY; 2) 10 OIIIHKY PiBHA OE3MEKH pyXy B pasi Mepexoy 3 Has-
BHOI CHCTEMH TEXHIYHOT'O OOCIYrOBYBaHHS W PEMOHTY BAHTAXXKHHX BaroHiB Ha CHUCTEMY 3a TEXHIYHHM CTAaHOM.
Onwncana MOJIeTIb PO3BUTKY CUTYaLlil IS BUINAAKY KPUTHYHOTO Je(eKTy By3Ja BAHTAXKHOTO BaroHa 3 ypaxyBaHHIM
moackkoro ¢dakropa. Pesyabrarun. HaBemeHo miaxia 1o OMIHKK MOKAa3HHUKIB PU3UKIB MOTCHIIHHIX BiTMOB BaHTaX-
HUX BaroHiB. 3a MOKAa3HHUKH B35ATO HMOBIPHICTh TOSBA HETATHBHUX TOMIH (PU3HKIB) i MOKIMBHI €KOHOMIYHUI 30H-
TOK BiJl X NposiBY. Y po3po0IieHiit Mojiesni po3BUTKY CUTYyalii JJisl BUNAAKY KPUTHYHOTO JedeKTy By3Jia BAHTaKHO-
IO BaroHa 3 ypaxyBaHHSM JIIOJCHKOTO (hakTopa MOKa3aHO TPU MOXKJIMBI CTaHH: Npale3IaTHUI Ta 00MEXEHO Ipale-
3MATHUN, HEMpare3gaTHHii 1 aBapifiHuil. [ KOXXHOTO BHXIJHOTO CTaHy XapaKTePHHUH PO3BHTOK MOMIN, IO
OB’ sI3aHUH 13 TOMMJIKAMH IPOEKTYBAIBHUKIB, 13 Ae(eKxTaMu IiJ 9ac BUTOTOBIICHHS JeTalei Ta BY3JiB, i3 JIOJICH-
kuM (akropoMm. HaykoBa HoBU3HA. 3arIpONOHOBAHO BEITHYMHY WMOBIPHOCTI BiIMOB, IO TOB’A3aHA 3 JIFOACHKUM
(hakTOpoM, PO3MIIAIATH SIK MEBHY YaCTKy 3arajibHOT iMOBIPHOCTI BiJMOB CHCTEMH «JIIOJMHA — BAaHTAXKHUW BaroH.
Hagenena inrepnperanis pyHKmii 6askanocti XappiHrToHa Uit BUMNAAKY 3aCTOCYBAaHHS /10 BAHTQ)KHUX BaroHiB. [1in
Yac MPOBEJCHHS TEXHIYHOTO 0OCIyroByBaHHS i PEMOHTY 3allpOIIOHOBAHO BBECTH ITOKAa3HHMK, 10 XapaKTepHU3YeE J10-
TPUMaHHS TEXHOJIOTii BUKOPHUCTAHHsS POOIT 13 TEXHIYHOrO OOCIYyroBYBaHHS BaHTa)KHHX BaroHiB 3 ypaxyBaHHSIM
mojcekoro ¢akropa. IlpakTuuna 3HaummicTb. Ha OCHOBI mpoBeneHOrO AOCIIKEHHS MOXKHA OLIIHWUTH BIUINB
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JIFOJICHKOTO (paKTOpa Ha BUKOHAHHS TEXHIYHOTO 00CIyrOBYBaHHS Ta PEMOHTY BaHTa)KHHX BaroHiB. 3a po3po0JIeHOO
MOJIEIUTIO PO3BUTKY CUTYyalii Uil BUMAAKY KPUTHYHOTO JIeeKTy MOXKHA BU3HAYUTH IPaHUYHHUN PiBeHb JedeKTHOC-
Ti By3Jla BAHTKHOTO BaroHa 3 ypaxyBaHHSM JIFOJICBKOTO (haKTopa JJsi OOMEXEHHSI PU3HKY aBapii YM TPaHCIIOPTHOL
noii.

Kniouosi crosa: BaHTaXHWII BaroH; HaJIHHICTB; JIIOACBKUH (DaKTOp; KpUTHYHUI NedeKT; TeXHIiuHe 00CIyroBy-
BaHHS; PEMOHT

B. 0. HIATIOIITHUK

"Kag. «BaroHsl 1 BATOHHOE XO3SHCTBOY», JIHENPONETPOBCKUI HALMOHAIBHBIA YHUBEPCHTET HKEIE3HOA0OPOKHOIO TPAHCIIOPTA
nMeHH akafgemuka B. Jlazapsaa, yin. Jlazapsna, 2, Jaunpo, Ykpauna, 49010, ten. +38 (056) 373 15 19,
a11. moura vladislav.sh91@gmail.com, ORCID 0000-0003-4701-6491

BJIMAHUE YEJIOBEYECKOI'O ®AKTOPA HA BbIIIOJIHEHUE
TEXHUYECKOI'O OBCOYXNUBAHUA U PEMOHTA I'PY30BbIX
BAI'OHOB

Heasb. B HayuHoit pabore HeoOxomuMo: 1) rccenoBaTh MOKa3aTeNy U KPUTEPHH OLIEHKH Y4eTa BIIMSHUS Yelo-
BEYECKOTo (hakTopa Ha OE30TKA3HOCTH IPY30BBIX BArOHOB; 2) TEOPETUYECKH OIMCATh BEPOSITHOCTHYIO MOJICIb POJIH
YEJIOBEUECKOTO (PAKTOpa IPH BHITOJHEHUH TEXHUUECKOTO O0CTY)KMBaHHUS M PEMOHTA TPYy30BbIX BarOHOB IO TEXHH-
YECKOMY COCTOSIHHIO; 3) pacCMOTPETh MOJIENb PAa3BUTHS CUTYALMH VISl CITydast KpUTHIECKOro JedeKTa y3ia rpy3o-
BOT'O BaroHa C y4eToM denoBedeckoro (akropa. Meroauka. s TOCTIKEHUS IOCTABICHHON ETH MCCIIEAOBAHUS
OBUIH PacCMOTPEHBI METOAOJIOTHYECKUE MOIXOMbL: 1) K OLIEHKE MOKazaTeJeld Halle)KHOCTH B CHCTEME «UYENIOBEK —
I'py30BOil BaroH» MpH BBINOJHEHUH TEXHHYECKOTO OOCITYKUBAaHHS U PEMOHTA; 2) K OIIEHKE ypOBHA 6e30IacHOCTU
JIBHDKEHUS TIPU IIepexo/ie OT AeHCTBYIOMIEH CHCTEMBl TEXHUUECKOI0 OOCIYKUBaHUA M PEMOHTA IPY30BBIX BarOHOB
Ha CHCTEMY 0 TEXHHYECKOMY cOcTosHHUIO. OmnucaHa MOJIENb Pa3BUTHA CUTYaIllUH AJs Clydas KpUTHYECKOIO Jie-
(exTa y3na rpy30BOro BaroHa ¢ y4eToM uesioBedeckoro ¢akropa. Pesyasrarnl. [IpuBenen moaxos K OleHKe NOKa-
3areneil pUCKOB MOTEHIMAIBHBIX OTKAa30B IPY30BBIX BaroHOB. B kauecTBe mokasaTesneil MpUHATH BEPOATHOCTH IO-
SIBTICHUS] HETaTUBHBIX COOBITHII (PHCKOB) M BO3MO>KHBIM SKOHOMUYECKHH ymepd oT uX mposiBiieHus. B pazpaboTan-
HOW MOJIENTM Pa3BUTHS CUTYAIIMH JUIA CIydas KPUTHUYECKOTro JedeKTa y3ia rpy30BOrO BaroHa ¢ y4eTOM YeloBede-
ckoro ¢akropa IOKa3aHbl TPH BO3MOXKHBIX COCTOSIHHSI: pabOTOCHOCOOHOE M OrpaHH4YeHO paboTocrocoOHOE,
HepaboTocnocoOHOe U aBapuitHOe. [l KaX10r0 MCXOXHOTO COCTOSIHUS XapaKTEPHO Pa3BUTHE COOBITHH, CBI3aHHOE
C OMMOKaMH MPOEKTUPOBIIUKOB, C Je(eKTaMu MPH W3TOTOBJICHHUHN JETaJel M y3JI0B, C YEJIOBEYECKUM (hakTOpoM.
Hayunas HoBu3Ha. [IpennoxkeHo BeJIMUMHY BEPOSTHOCTH OTKA30B, CBS3AaHHBIX C YEJIOBEYECKHM (pakTopoMm, pac-
CMaTpHUBaTh KaK OMPEICICHHYIO OO 00IIel BEpOSTHOCTH OTKAa30B CHCTEMBI «UEJIOBEK — Ipy30BOii Barony. Ilpu-
BeJIeHAa MHTEpIpeTays QyHKIMU JKeNaTeJbHOCTH XappHHITOHA Ui Ciydas NPUMEHEHHS K I'PY30BBIM BaroHaM.
IIpu npoBegeHNH TEXHUYECKOTO OOCITYXHBAHHSA U PEMOHTA NPEIOKEHO BBECTH IMOKa3aTellb, XapaKTEePHU3YIOIIUH
cOOJTI0/IEHHE TEXHOJOTHH ITPOBEACHUS paboT M0 TEXHHYECKOMY 0OCTYKHBAHHIO TPY30BbIX BATOHOB C YYETOM Y€JIO-
Beueckoro Qakropa. Ilpakrnyeckas 3HaunMocTh. Ha 0CHOBaHMM NMPOBEJICHHOTO MCCIIENIOBAHUS MOXHO OLIEHHUTH
BIIMSTHHE YEJIOBEYECKOT0 (PaKTopa Ha BBIIOJIHEHHE TEXHUYECKOTO 00CITYKHBAHUSA U PEMOHTA IPy30BbIX BaroHoB. I1o
pa3paboTaHHOW MOJIENIM PA3BUTHSI CUTYAIMH JUIS CIydasi KpUTHYECKOTo nedekTa MOXKHO OIPEAEINUTh NpeiebHbII
YpOBeHb Ae(EKTHOCTH y3Jla TPY30BOT0 BaroHa ¢ y4eTOM 4YeIOBEYECKOro (akropa /s OrpaHNYeHHs PHCKA aBapuu
WJIN TPAHCTIOPTHOTO TPOUCIIECTBHS.

Kniouegvie cnosa: Tpy30BOH BaroH; HaJEKHOCTb;, YEJIOBEUECKUI (AaKTOP; KPUTHUECKUI AE(PEKT; TEXHHIECKOE
o0cIryKUBaHHUE; PEMOHT
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