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ESTIMATION OF VEHICLE OPERATING TIME TAKING INTO ACCOUNT
THE INFLUENCE OF A NUMBER OF FACTORS

Modern vehicles operated on the railways of Ukraine have almost exhausted or exceeded their
resource. The overuse of financial and material resources for their maintenance continues. The
standard service life of vehicles was calculated on stable economic conditions of use of vehicles and
their timely updating in process of aging.

The service life of modern vehicles is determined by the influence of many factors, the disregard of
which can lead to significant costs, even in compliance with the standard service life.

For railway transport, these factors need modern clarification, as in operation their service life
often exceeds the standard or, as for intermodal transport, the service life does not have a strict
Justification.

Accordingly, the article analyzes the issues of assessing the impact on the service life of vehicles of
the components of the cost of its maintenance and average daily mileage.

1t is shown that, firstly, the definition of the service life of vehicles must be linked to the cost of
vehicle development, its creation, testing and production, the cost of operation and storage, as well as
additional costs, and secondly , with the optimal average daily mileage, at which all the costs are
minimal.

Keywords: vehicle, optimal average daily mileage, service life, minimum reduced costs

Introduction. In recent years, the railway has remained the main industry for the massive
transport of passengers and goods. In modern conditions, it is increasingly difficult for the
railways to ensure the transportation process, mainly due to the deterioration of the
infrastructure and the slow renewal of the locomotive and wagon fleet.

Against this background, it becomes more and more difficult for a vehicle to compete with
road transport not only in the carriage of passengers, but also in freight transport, especially
for short and medium distances.

In these conditions, attention should be paid to modern vehicles, in particular, intermodal
transport, the use of which in some foreign countries has reached 40% in the volume of cargo
transportation by all means of transport. For our country, it represents a significant additional
reserve in the use of the railway infrastructure. Already now it is necessary to formulate a
policy of retaining new vehicles, taking into account the accumulated experience of railway
transport.
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Analysis of recent research and problem statement. The development and optimization
of the work of new transport systems are devoted to the works of Aleshinskiy E.S., Butko
T.V., Vernigora R.V., Demin Yu.V., Kirpa G.M., Kozachenko D.M., Kotenko A.M. ,
Lomotko D. V., Postan M. Ya., Reser S. M., Shibaeva A. G., Yanovsky P. A. and others.

Considerable attention is paid to theoretical and practical issues of using new types of
transport both in our country and abroad.

So, at the Department of Operation and Repair of Rolling Stock and Department of Cargo
and Commercial work of UkrDUZT, a number of studies were carried out related to
determining the efficiency of transportation by intermodal transport [1-4].

Abroad, these works have received practical meaning for a long time. So, in European
countries, intermodal transportation is widely used due to their greater environmental
friendliness, low cost and mobility [5-7]. Also, intermodal transport contributes to increasing
the competitiveness of rail transport, while ensuring the delivery of goods "from door to door"
[8-10].

The use of the technology of piggyback, container and bimodal routes allows to reduce the
cost of transportation, helps to reduce the delivery time of goods and improve the quality of
freight traffic [11-13].

UkrDUZT also carried out fundamental research to substantiate the timing of a more
standardized use of traction rolling stock [14, 15], the accounting of which will allow to
determine the optimal costs and quality indicators of the use of other vehicles.

The purpose and tasks of the study.

The purpose of this work is to assess and simulate the influence of a number of factors on
the overall service life of a vehicle to ensure optimal reduced costs for their maintenance.

In accordance with this, the following tasks have been set:

to determine the factors affecting the service life of the vehicle;

to develop an algorithm for assessing the costs of these factors to ensure the optimal
service life of the vehicle and the required average daily mileage of the vehicle;

to evaluate the effectiveness of interaction of various types of transport.

Materials and methods of research.

The efficiency of a vehicle with a service life must be assessed taking into account a set of
the following factors: the function of the need for a vehicle and the costs associated with the
entire structure of the life cycle.

Let us formalize the problem as follows. Let the demand function of some argument be
given: integral F(x)or differential f(x). There has been given the function of the cost of

producing one vehicle from this argument Z (x), the cost of developing, testing and
delivering the vehicle production Z (x) the cost of operating or storing the vehicle per unit
of time Z, (x)-

It is necessary to determine the optimal number of vehicle types and such values of their
arguments, at which the total costs will be minimal.

It is important to select the types N, the arguments x,,x,,...,x, of which, and each
vehicle of the type K 1is applied in the range of the argument from X,__ to X, . Then the total
costs can be determined by the formula.

Cy :g(F(xkn)_F(xk))'Zo(xkn)"'gzp(xkn +].iZL xk+l xkﬂ)—F(xk)]dt—)min (1)

k=0
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It is necessary to determine such a set X, including N, at which the value C, will be

minimal. The given problem is one-dimensional, since it has one parameter.

In practice, the fulfillment of the condition when the vehicle can be used with the argument
values less than the corresponding type and more than the previous ones is not required. That
is, a vehicle with a standard service life can be used in excess of the standard period, which is
associated with additional costs.

The value of the argument X, characterizes the given type of vehicle, and the value of the

argument to which this type of vehicle is applied is denoted Z;, . We denote the function of
need F(x), the cost of production of one vehicle Z,(x, ), the cost of development, testing and
delivery of a vehicle for production Z, (x,), the cost of operating or storing a vehicle per unit

of time Z (x,), additional costs per vehicle per unit of time Z{i]. Then we have the
Xk

formula (1) as follows

N

Cy =S (Flen)- F()) Zo(ven)+ 2, (6, )+

k=0 k=0 (2)

+ ].ﬁ: Z, (xk+1 )[F(Zk+1 ) - F(Zk )]dt + Jr.i J-q’(x)Zo (inxdt — min

X

Then the problem of determining such a set x_,Z; for which the value will be minimal,

arises.

The solution can be found by the random search method according to the structural
diagram (Fig. 1).

In this way:

we define N,

we get N —1 random numbers from a set of uniformly distributed from 0 to X, . Adding

x, to them and arranging them in ascending order, we get the previous row Z; ;
getting N random numbers from the same population, and the previous ones, we have the
previous row X, ;

replacing the values x_ andz, from the previous series in such a way that z, 2 X, , we

get the series Z, andx,_for this attempt and perform the calculations C,, ;
we repeat the cycle many times, memorizing the best option for C, ;

compare the results with z, =X, .
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e
o]

x={0, xy.1}, where N-1

Xi1={0, Xn.1, Xn}

r~ )

o]

Xi={0, Xn.1, Xn}

N N

Cy, :Z(F(zm)_[:(:x ))'Zo(*\]-l)+ZZ,:(-"A-|)+

+IZ\:Z(-(-‘]-1)[F(-’A+|)_F(:A )]d’+

0 k=0

T N %
+ I Z JQ’(-\')Z(,[—}I,\'(II — min

0 k=0, X

yes

C,

¥ min

where 7, =v..

Fig. 1. Block diagram of the choice X _, C,

Practice shows that dependence Z, [i] can be of a different nature.

Xi

In the first case, it is a step function
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Z{iJ =0 where — < I;

Xy Xk
z
Za(ij:Z*a where | < —<2; (3)
Xk Xk

z z
Z,| — |=nZ*, where n<—<n+1.
Xk Xk

In the second case, it is a function of the following form

Z{i) =0 where —<1;

Xi Xy

Za (ij = ko {i - lj where i >1. (4)
Xp Xy X

The second case is limiting with respect to the first case wheren — .
In the first case, a heuristic method of solving the problem can be used. In the second case,
we write the equation as follows

N

¢, =3[P )-Fle, )1-[20 (o)

k=0

Sty

N
25 )dr}zzp(w
k=0

(5)
+ i j f(x)[xi - ljdx [ k,dt — min,

k=0 x, k

z
where v = 2k
Xk

Due to the fact that v is not a discrete quantity, it is very difficult to solve the problem.
One of the possible methods of solution is a consistent search for v while solving the problem
of choosing the optimal series for each v.

Consider one of the cases of solving this problem. We accept the following assumptions

F(x)=bx where 0 <x<x,;
F(x)=0 where x <0; (6)

F(x) =bx, where x> x,.

Let us estimate the change of expenses by the following dependences
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Z (x) =cx; @)

Then

f(x)=b where 0<x<x,;
f(x)=0 where x <0where x> x,. (8)

Let us simplify the problem so that it is necessary to choose such value x_, assuming that

one type of vehicles is used. In this case, Z, =X, and the expression (5) has the following
form

T Y
C, = be(axk +Iexkdtj+cxk + Ib(
0

Xk

T
i —1de [,dt =
% 0 )
bk,Tx;,

Xk

:xk[be(a+eT)+c—%bk(,T}+ —bk,Tx,, — min.

Differentiating the expression (9) using x_, equating the derivative to zero and solving the
equation, we find a formula for calculating the optimal value x,_.

bk,Txy

y/(xk)=be(a+eT)+c+lbkoT+ 0 (10)
2 2x,
X, =Xy kT . (11)
2xN(a+eT)+2%+koT

If we get x, > x,,, then we need to accept x; =X, .

To calculate the value X; for different service life of vehicles, the following initial data is

accepted:
costs of production of one vehicle Z,(x,)=10-10° hryvnia;

the cost of development, testing and installation for the production of vehicles Z, (x,)=10°
hryvnia;
cost of operation of vehicles per unit time hryvnia;

additional costs per vehicle per unit time Z O(iJ =0,3Z,(x,)=0,3-20-10-10° hryvnia.

Xi
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The corresponding coefficients of equations (6), (7) are calculated for the standard service

life 7=20 years. Thus recalculation of years of operation in kilometers of run was carried
out as follows.

Tw = S() .t()/,vt ‘k,w .T’ (12)

where S, —average daily mileage of vehicles, S,=300 km/per day;
t,,, — number of days per month, #,,=30,4 per day;

k, —number of months in a year, £, =12 months;

T _ regulatory service life of vehicles.
Thus 7, =S,-1,, -k, -T=2,16-10° km.

The following service life of vehicles 7,=10 years (1-10°km), T, =15 years (1,62-10°km),
T, =20years (2,16-10°km ) were accepted for calculation.

The coefficients of equations (6), (7) were determined for the service life of 7 = 20 years.

_Zy(x,), a:—10-106 = 4,63 hryvnia /km;
=T 216-10° 0 Y ’
Z,(x 10°
c= il "); c= —=0,463 hryvnia /km;
T, 2,16-10
Z.(x,) 20-10-10°

e=—"""" __0,093 hryvnia /km;
x, T, 10°-2,16-10° e

z,| ™ ]
X, 0,3-20-10-10
k, = ky=

516.10° =27,8 hryvnia /km,

. . 3
where x, — maximum range of cargo delivery, x, =10" km.

The value of the coefficient b is calculated for the entire period of operation of vehicles.

sz; b ! !

7" " 2,16-10°

Values x; ,C, for the service life T, are calculated using Excel and are shown in Table 1.
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Table 1. Values of quantities x, , C, for service life T,

Service life T, year 10 15 20 25 30
Average daily mileage X, , li 260 320 360 400 430
Total costs Cy , hryvnia 38816 43218 53116 55681 61913

Graphic representations in the form Cy, = f (T ) ,T = f(x,) are shown in Fig. 2

Cy, 10" hryvnia
70000 -
60000 i
50000 /'—’/
40000 r""'/
30000
" 10 15 20 25 30 4 year
a)
T year
35
30
25
20
15
10
0 260 320 360 400 430
x;_km

Fig. 2. Dynamics of dependencies a) C, = f (T ), b) T=f (xK)

b)

As it can be seen from the above dependencies (Fig. 2), to ensure a given average daily range
of traffic at the appropriate service life T, it is necessary to comply with the mileage x_, taking

into account the amount of costs ¢, .

The nature of the change in costs from the service life at the optimal value according to 20
years increases, then slows down slightly to 25 years, but after this period increases again.
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Conclusions

1. When assessing the optimal service life of vehicles, the following costs must be taken
into account such as the development of the vehicle, its creation, testing and production, the
cost of operation and storage, as well as additional costs.

2. By modeling with the help of the developed algorithm, the optimal values X+ and Cy for a
given vehicle with a period of use are determined. As it can be seen from the obtained
dependencies, where large 7, the meaning in carrying out additional measures for the
maintenance of the vehicle disappears due to a significant decrease in the increase in value x; .

3. The above provisions make it possible to make optimal decisions regarding the
expediency of interaction among various modes of transport to ensure the implementation of
the required transportation distance.
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Onexcandp Kpaweninin', Onvea Hlanamina’’, Bimaniii Ilonomapenxo’

! Tpodecop, Kadempa excrmyataiis Ta peMOHT pyXOMOToO CKIamy, YKpaiHChKHMil JepiKaBHHUIl yHiBepCHTET
3aJI3HMYHOTO TPaHCHOPTY, Maiinan @elepbdaxa, 7, M. Xapkis, 61050, Ykpaina

? Crapumii Buknmagau, Kadempa yhpaBmiHHS BaHTaKHOK i KOMEpILiiHOI poGOTO0, YKpaiHChKHil
JlepKaBHHUI YHIBEPCHUTET 3aII3HUYHOTO TPAHCMIOPTY, Maiinan deiepbaxa, 7, M. Xapkis, 61050, Ykpaina

3 Crapmmii Buxnamau, Kabenpa iHoszeMHi MOBH, YKpaiHCHKHIl ICpXKABHHIl YHIBEpPCHTET 3ali3HHYHOTO
TpaHCcHopTy, Malinan @eliepbaxa, 7, M. Xapkis, 61050, Ykpaina

OILIIHKA TEPMIHY EKCILTYATAIII TPAHCIIOPTHUX 3ACOBIB
3 YPAXYBAHHSAM BILVIUBY PA1Y YNHHUKIB

Cyuacni mpancnopmHi 3acoou (13), wo excniyamyromsca Ha 3aai3HUYAX YKpainu, matiice sudepnan
¢aitl pecypc abo tiozo nepeguwui. 1Ipooosicyemvcs nepesumpama QiHancosux i MamepianbHux pecypcie
Ha ix ympumanna. Hopmamuenuii mepmin excnayamayii T3 6ye pospaxoeanuti Ha cmabiibHi eKOHOMIUHI
ymoau guxopucmants 13 i cgoeuacHe ix OHOBNEeHHA Yy MipY CIMAPIHHAL.

Tepmin excniyamayii cy4acHux mMpaHCNOPMHUX 3AC00i8 BUSHAUAEMbCA BNIUBOM 6OA2AMbOX
YUHHUKIG, He 6PAXYBAHHA AKUX MOJCe Npusecmu 00 3HAYHUX BUMPAM HABIMb HPpU OOMPUMAHHI
HOPMAmMu@HO20 MepMIHY eKChiyamayii.

s 3anisnuyno2o mpancnopmy yi YUHHUKU ROMPEOVIOmb CYYACHO20 VMOUHEHHS, OCKIIbKU 8
excniyamayii mepmin ix pobomu uacmo nepesuwye HOPMAMmusHull abo, K O IHMEPMOOAILHO2O
MPAHCNOPMY, 8302l MEePMIH eKCRAYAMAYii He MAe CMpo202o 0OTPYHINYBAHHSL.

Bionosiono 0o yvoco 6 cmammi Npoanani308aHi NUMAHHA WOOO OYIHKU 6NAUBY HA MepMiH
excnayamayii T3 ckiadogux eumpam Ha 11020 YMpUManHs i cepedHbo00008020 npobizy.

IHokazano, wo, no-nepuwe, susHaueHHs mepminy excnayamayii 13 HeobxioHo y8’azyeamu 3
sumpamamu Ha po3pobky T3, tioco cmeopenHs, GunpoOysamHs i NOCMAHOBKY HA BUPOOHUYMEO,
sUMpamam. Ha excnayamayiio i 30epieants, a maKoxic 3 000amKosuUMY sumpamamu, a, no-opyze, 3
ONTMUMATILHUM ~ NOKA3HUKOM  CepeOHb0000068020 Npobicy, npu sSKOMY 6CI HABEOeHI Sumpamu
MIHIMATbHI.

Knrouoei cnosa: mpancnopmuuil  3acib, OnmuManbHull cepeOHb000008uUll npobie, mepmin
eKcnyamayii, MiHIMAIbHI NPUEOEH GUMPAami.
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