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METHOD OF STOCHASTIC MODELING WHEN CALCULATING THE OPTIMAL
STRUCTURE OF THE ROLLING STOCK OF A MOTOR VEHICLE ENTERPRISE

METOJ CTOXACTUYHOI'O MOAEJIOBAHHS ITPU PO3PAXYHKY
OIITUMAJIBHOI CTPYKTYPH PYXOMOTI'O CKJIAZLY ATII

Nowadays, the task of increasing the efficiency of small-batch cargo transportation is relevant
for a number of reasons. First, with the development of small and medium-sized businesses in the
trade and construction sectors, there is a significant need for small-batch cargo transportation of a
wide range of goods to a large number of consumers who differ in different levels of demand and its
fluctuations. Second, the presence of a large number of companies engaged in road transportation of
goods has significantly intensified competition in the market of motor transport services, which forces
vehicle owners to look for new competitive advantages. Third, small-batch transportation is mostly
carried out by the transport systems of medium-sized and small cities, which impose a number of tech-
nical restrictions and complicate the process of organizing the transportation of small-batch cargo.
Fourth, the organization of small-batch transportation in urban transport systems is associated with
the analysis of large data sets: the number of suppliers, the number of carriers, the number of con-
signees, the number and carrying capacity of vehicles, the volume of demand for each consignee. As a
result, the delivery of small-batch cargo is much more expensive than the delivery of bulk cargo.

The article presents a stochastic modeling method for calculating the optimal structure of the
rolling stock of a motor transport enterprise, which takes into account random factors associated with
the unevenness and uncertain volume of cargo transportation.

Keywords: modeling, cargo, structure, load capacity, vehicle, probability.

Bracniook mozo, wo ece binvuie i Oinvute 3 ’16110MbCS NPUSAMHI NEPEBIZHUKU OJIsL OOCMABKU
MACOBUX 6AHMADICIE GIONPAGHUKAMY, MASMHUKOGT MAPWPYMU OMPUMATU WUPOKE 3ACHOCYBAHHSL.
Humu mano suxopucmogyromscsi eKOHOMIYHI Ma MAMEMAMUYHI MemoOU NIAHYBAHHS MPAHCHOPTNHUX
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cucmem. OOHAK nowiupene 3acmocy8anHs MASMHUKOBUX MAPUWIPYMIE He 3a62cOU NOZUMUBHO NO3HA-
yaemuvcs Ha cobisapmocmi nepegeseHb.

Ilpu docmaeyi eanmasicie no padianrbHUX MApUIPymax 3a6aHMANCEHH 8AHMANCI8 30iliCHIO-
EMbCAL 6 OOHOMY YEHMPATLHOMY NYHKMI 1 PO360O3UMbCSL NO OEKIIbKOM nepugepiiinum abo HaA8naxu.
Opeanizayis pobomu asmomooiiie Ha maKomy Mapupymi Habazamo CKIAOHIULA, HIdC HA KiTbYe8oMY i
mum OiblUL HA MAAMHUKOBOMY, 8 HACIIOOK NepemuHy 8aHMANCHUX NOMOKI6 8 YUEHMPATbHOMY NYHKMI

Y menepiwniit wac 3a0aua niosuwenns egpexmusHocmi nepeseserv OpiOHONAPMIUHUX 6AHMA-
HCI6 € AKMYaNbHOW 3 Yino2o psady npudun. Tlo-nepute, 3 pO3GUIMKOM MAN020 | CepeOHbO2O NIONPUEMHU-
ymea 6 mopeigenbHitl i 6y0igenbHill cghepax BUHUKAE 3HAYHA NOMpPeda 8 OPIOHONAPMITIHUX NEPEGE3CHHAX
BAHMAICIB UUPOKOI HOMEHKIamYpU 00 8eIUKOI KiIbKOCMI CROMCUBAYIS, SKI BIOPI3HAIOMbCA PI3HUM Dig-
Hem nonumy i tloeo konusauusamu. Ilo-opyee, nassHicmv enuxoi KiibKOCMI KOMAAHIU, 5Ki 30ilICHIOIOMb
ABMOMOOLIbHI Nepege3eHHs BAHMANCIB, 3HAYHO 3A20CPUNA KOHKYPEHYII0 HA PUHKY A6MOMPAHCHOPI-
HUX NOCTY2, WO 3MYULYE GACHUKIE ABMOMPAHCHOPMY WYKAmuy HOGI KOHKypenmHi nepesacu. Ilo-mpeme,
OpibHonapmitini nepegezents OLbULOI YACMUHOIO NPUNAOAOMb HA MPAHCNOPMHI CUCEMU CEPEOHIX |
Manux micm, sKi HAKIA0arms psao MeXHIYHUX 00MedceHb ma YCKIAOHIOI0Mb npoyec opeanizayii nepege-
3eHb OpibHonapmitinux eanmadicis. I[lo-uemeepme, opeanizayis OpiOHONAPMItIHUX Nepede3eHb 8 MPAHC-
HOPMHUX CUCMEMAX MICM NO08 A3aHA 3 AHANIZ0M BEUKUX MACUBIE OAHUX. KIIbKICMb NOCMAYATbHUKIE,
KIIbKICMb NEPEGI3HUKIB, HUCTO 8AHMAICCOMPUMYBEAUIS, KITbKICIb | 8AHMANCONIOUOMHICIb A8MOMODI-
76, 00CcsA2 nonumy no KOMCHOMY eaHmadxgceompumysayy. Y pesynomami, docmaska OpiOHONAPMILHUX
BAHMAICIB KOWIMYE 3HAUHO 00POXCHe, HIdHC O0CMABKA MACOBUX BAHMANCIS.

Y cmammi nasedena memoouxa cmoxacmuunoco MoOen08aHHs PO3PAXYHKY ONMUMATLHOL
CMPYKMYPU PYXOMO20 CKIAOY AGMOMPAHCNOPMHO20 NIONPUEMCIBA, KA 8PAX08YE SUNAOKOBI (haK-
mMopu, NO8 A3aHI 3 HePIBHOMIPHICIO [ HeBUZHAYEHUM 00CA20M Nepege3eHHs 6AHMANCIE.

Knrouoei cnosa: modeniosanns, sanmagic, CmMpyKmypd, 6aHMANCONIOUOMHICTb, A8MOMOOIb,
8ipocioHicmb.

Problem’s Formulation

When choosing vehicles to complete the fleet for road transport services of a particular facili-
ty, the most important factor, in addition to the type of rolling stock, the type of cargo being transport-
ed, and other factors, is the most complete correspondence of the vehicle capacity to the size of the
cargo lots presented for transportation. In this case, optimal use of vehicles of each type is ensured due
to the presence of the required number of vehicles with the required load capacity in the fleet. In most
cases, it is impossible to establish exactly at what point a certain volume of cargo is required to be
transported, since even when servicing permanent facilities, due to fluctuations in cargo flows and
production and consumption volumes, cargo lots of different volumes (masses) are presented for
transportation.

Analysis of recent research and publications

Due to the fact that more and more private carriers are appearing for the delivery of bulk cargo
by senders, shuttle routes have become widely used. They make little use of economic and mathemati-
cal methods of planning transport systems. However, the widespread use of shuttle routes does not
always have a positive effect on the cost of transportation [1—3].

When delivering cargo along radial routes, cargo is loaded at one central point and transported
along several peripheral ones or vice versa. The organization of the work of vehicles on such a route is
much more complicated than on a ring route and even more so on a shuttle route, due to the intersec-
tion of cargo flows at the central point [4,5].

Delivery routes are usually used for intra-city service. A typical example of this is the trans-
portation of food products to the retail network. For this type of cargo, vans are usually used, although
flatbed trucks can also be used. Typically, vans with a shipping weight of up to two tons are used,
which is more than 40% of the transportation volume. However, it should be added that such routes
have also become widespread in intercity traffic, due to their cost-effectiveness [6—38].

One way to increase the efficiency of delivery routes can be to deliver cargo batches through
the previous or several previous unloading points [9,10]. This will reduce the amount of empty runs
and increase labor productivity in general. However, the theory of these routes is not fully developed.
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In particular, the criteria for such an application when it is advisable to deliver cargo batches through a
point where unloading has already taken place have not been studied. It should be noted that arrival
through points where unloading has already taken place can create subcycles on the route.
Formulation of the study purpose

In connection with the requirements of transporting a certain volume of cargo, the size of the
batch can be considered a random variable and to describe its fluctuations it is necessary to use the
laws of distribution of random variables. That is, the task is reduced to dividing the interval of fluctua-
tions of the size of the batch of cargo (from gmin to gmax) iNto subintervals in accordance with the carry-
ing capacity of vehicles that are available or planned to be purchased by the transport company and
determining the required number of them for transporting batches of cargo in each subinterval. In this
case, if the sizes of the batches of cargo change over large intervals, then to describe their distribution
it is better to use discrete distribution laws, in which the random variable can take fixed values.

Presenting main material
The probability of a discrete quantity g falling into an interval bounded by the values g; ;. i

0; max Will look like

0=0smax
P(Gimin <9 < Gimax) = Z P(i )= F(dimax)— F (Gimin ) 1
0=0imin

where P(q) — the probability that a random variable will be equal to g; F(q ) — value of the

imax

distribution function of a random variable at q = Giyax; F( ) — value of the distribution function

Qimin
of a random variable at q = Qjmip -
If a random variable is given on a continuous interval, then the probability of it falling into the
given interval will by
0=0smax
P(Gimin < 0 < Gimax )= .[ f (a)dq = F(dimax)— F (Gimin) - (2)
4=Cimin
For most distribution laws, the values of the distribution functions are tabulated. For example,
for a random variable that is distributed according to a normal law with parameters 6 — mathematical
expectation and y — standard deviation, tables are compiled for the values of the probability integral F.
P(qimin <q<Qimax)=F(qimaX _aJ_F(Qimin _aj- @)

O o

Let us consider the application of the calculation method for a single-type (by specialization)
fleet of motor vehicles in the operating conditions of the motor transport enterprise LLC "ETALON-
PAK". Distribution of the volumes of consignments of packaged and piece goods arriving at the rail-
way station of the city of Kamianske. Average size of a consignment of cargo Oep =125 tons. Mini-
mum consignment size 0yin = 0,5 tons. To transport 10 thousand tons of cargo from the station per
year, a motor transport company can use a rolling stock, the data on which are given in Tabl. 1. Aver-
age length of a cargo journey Iy =15 km; mileage utilization rate £ =0,5; working hours on the

route 7, =7 hours.

Table 1. Rolling stock input data

Technical and operational indicators Rolling stock model

Ford Transit TATA-613 MAN TGM
Technical speed, V, km/h 30 26 24
Load capacity, q, tons 1,0 25 8,0
Loading and unloading time, ti.,, hours 0,5 0,9 14
Release rate, 6 0,75 0,8 0,7
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It is necessary to determine how many cars of each model are required to transport cargo arriv-
ing at the railway station.

The interval of changing the size of cargo lots is distributed according to the models of rolling
stock available at the motor transport enterprise LLC "ETALON-PAK". Cargo lots from 0.5 to 1 tons
are advisable to be transported by Ford Transit cars (we will denote its model 1); from 1 to 2.5 tons —
by TATA-613 cars (model 2); from 2.5 to 8 tons — by MAN TGM cars (model 3) and more than 8
tons — by MAN TGM cars in two or more trips.

The probability of arrival of a cargo lot at the railway station in a certain range is determined
for each model of rolling stock by formula (2) using the probability distribution function for the expo-
nential law:

P, =F(1)-F(0,5)=1-exp(-1,25(-0,5))-[1—exp(-1,25(0,5-0,5))| =
= exp(—0)—exp(-0,625)=1- 0,535 = 0,465;
P, = F(2,5)— F(1)=exp(-0,625)—exp(- 2,5) = 0,453;
P53 =F(8)- F(2,5)=exp(-2,5)—exp(—9,375)=0,082.

The probability that a shipment of cargo from 8 to 16 tons will arrive and it will be necessary

to make two trips on a MAN TGM vehicle will by
P, = F(16)— F(8) = exp(-9,375)—exp(~19,375) = 0,000008 ~ 0 .

The resulting probability value is so small that it can be neglected, which means there is no
need to consider the possibility of performing three or more trips.

The total number of cargo batches arriving at the station will by

N=2 @
Qav
N = 10000 _ 8000 consignment of cargo.
1,25
The number of trips required to transport the cargo will be equal to
me=NY (P + Py (5)

n; =8000(0,465+0453+0,082+2-0)=8000 rides,

where P;— the probability of receipt of cargo consignments, the transportation of which requires one
trip of rolling stock of a certain carrying capacity; i — number of rolling stock models; P; — the prob-
ability of receiving cargo shipments that require several trips of the same model of rolling stock; j —
number of rides.

We calculate the number of trips that each model of car needs to make

n; =N-P, (6)
n;1 =8000- 0,465 = 3720 rides.

nip=N-Py, (M
n;o =8000-0,453=23624 rides.

ni3=N-Ps, 8)

n;3 =8000- 0,082 =656 rides.
Now you can determine how many trips one vehicle can make per year using the equation
365-a T, -pB-v;

Rry = | ' ©))

de +0r8 1ty
where o — release rate; 7, — vehicle operating time on the route, rox; f— vehicle mileage utilization
ratio; lsc — distance traveled by a car with cargo, rox; x. — technical speed, km/h; t., — downtime

under load (unload), hours. For the first car model, it will be

Mpyp = 365-0.75:7-05-30 _ 1997 ries,

15+30-0,5-0,5
Similarly, for other rolling stock models, the number of trips will by
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Ny =995 rides;
npy3 =674 rides.
Then the required number of rolling stock to transport a given volume of cargo from the rail-

way station will by

Apg =L (10)
3720
=——=291 car.
M= 1977

We accept 4,1 =3 car.

3624
=——=23,64 car.
M2~ 995

We accept 4, =4 car.

656
Apnq =——=0,97 car.
M3~ 674
We accept 4,3 =1 car.
Conclusions

The proposed stochastic modeling technique allows taking into account random factors when

calculating the optimal structure of the rolling stock fleet of a motor transport enterprise, which in turn
allows for the creation of freight transportation schedules for each vehicle model. The technique is
aimed at determining the number of trips that must be made by vehicles of each model per year.
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