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COMPREHENSIVE SOLUTION TO THE PROBLEM OF ROLLING STOCK CHOICE
AND INVENTORY MANAGEMENT

The paper establishes the relationship between the distance of cargo transportation, the size
of this consumption and the optimal batch of cargo, for a certain load capacity of the car, which al-
lows to reduce the cost of freight and provide optimal choice of rolling stock, at which the total costs
transportation of goods, the cost of material assets in circulation and investments in rolling stock and
warehousing, reach a minimum. In the proposed model, the main factors were taken into account only
the cost of order fulfillment and the cost of storing the goods. Ordering in small batches allows you to
optimize the cost of ordering, and large batches — the cost of storage.
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Y pobomi ecmanoeieno 63aem038 930K MidC BIOCMAHHIO NEPEBE3CHHS BAHMAICY, POIMIDOM
O0aH020 CHONCUBAHHS MA ONMUMAILHOK NAPMIEID AHMAICY, O/l NEBHOI 8AHMANCONIOUOMHOCHI A8~
MoMOOis, Wo 0a€ 3Mo2y 3HUSUMU CODIBAPMICTNb BAHMANCHUX Nepese3eHb ma 3abe3neuumu Onmuma-
JbHULL 8UOIP PYXOMO20 CKIAOY, NPU 5Kl CYMAPHI 8UMpamu, wo CKiadarwmscs 3 UMpam Ha nepese-
3EHHS BAHMAICY, 6APMOCINI MAMEPIANLHUX 3AC0018 8 00icy ma KanimaiosKiadeHb 8 pyXomMutl CKaao i
CKIAOCbKe 20CHO0apcmeo, 00Ca2eaiomes MiHimymy. B 3anpononoeaniti mMooeni 0CHOSHUMU YUHHUKAMU
8PAX08YBANUCy MINLKU GUMPAMU GUKOHAHHS 3AMOBIEHHS | 8apMIcMb 30€PedCceH s 6AHMANCy. 3amMo8-
JIeHHST OPIOHUMU NAPMIAMU 003805€ ONMUMIZY8AMU GUMPAMU OP2AHI3AYIT 3AMOGIEHHS, A GETUKUMU
napmiamu — sumpamu 30epesxicents.

Knrwouosi cnoea: sanmasic;, asmomo0iib, onmuManbHull, nepege3enHs; NPOoOYKMUGHICb,
cobisapmicms, cucmema.

Formulation of the problem

The main measures taken in road transport in recent years and aimed at improving produc-
tion efficiency, increasing productivity are: increasing the use of vehicles, full use of their capacity
and capacity, reducing empty runs, development of optimal schemes for transportation of goods, im-
provement technologies of organization of transportations, maintenance of rhythmicity of loading and
unloading works for days.

Further development and improvement of road transport requires the training of qualified
engineering and technical workers who have modern advanced means of organization, planning, im-
plementation, analysis of the transportation process.

An important task of the organization of transportation is the choice of efficient vehicles that
meet specific conditions. Technical and operational performance of the car is determined by the organ-
ization of transportation and a set of its operational properties: load capacity, use of mass, speed cha-
racteristics, fuel economy and others [1, 2].

Analysis of recent research and publications

Many scientists deal with the planning of the transport process using a mathematical and sta-
tistical study of the unevenness of cargo transportation, a comprehensive solution to the problem of
selection of rolling stock and inventory management.

Thus, in [3] the authors studied the patterns of changes in the parameters of traffic during the
transportation of goods. Using these laws, it is not possible to establish the relationship between the
distance of transportation of goods, the size of its daily consumption and the optimal load capacity of
rolling stock.
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The work [4] is devoted to the methods of building logistics systems, namely the coordination
of work schedules of loading and unloading points and the work of the rolling stock. The study con-
ducted by the authors does not allow to adjust the load capacity of rolling stock and the total costs,
which consist of the cost of transportation of goods, the cost of material resources and investments in
rolling stock and warehousing.

The work [5] is devoted to production systems in transport. The systems presented in the work
do not allow to fully obtain the dependences of the cost of maintaining the stock on the amount of
stock, as well as to investigate the change in the amount of stock over time and determine the value of
the delivery interval.

Formation of the purpose of research

The purpose of the work is to solve interrelated problems to determine the specialization and
selection of rolling stock capacity, which provides low transportation costs and high productivity of
the car.

Main material presenting

Dependences of the prime cost of transportations on loading capacity of a rolling stock and the
size of the parties of the brought freights allow to specify and comprehensively analyze models of
management of stocks and a choice of vehicles.

The cost of transportation of goods depends on the conditions of their delivery. Consider three
cases [6].

In the case where the batch size g exceeds the load capacity of cars available g > ¢, - 7, , the

cost of transportation does not depend on the size of the consignment, ie the cost of delivery of 1t of
cargo in this case is constant

1
SI(")(Q):‘ZI’ q9>4q Yers (1)
where y ., — coefficient of static capacity of the car.

This factor is equal to the ratio of the mass of cargo transported in one flight to the minimum
load capacity of the car

YVer = 76 . (2)

If the size of the consignment, and accordingly the frequency of delivery is consistent with the
load capacity of the car selected from a number g > g, - ¥.;, the cost of delivery of 1t of cargo de-

pending on the load capacity of the car can be determined by the formula of the cost of transportation
routes [7].

li-1)-i=0 i qz-7p=4ap, 3)
where l_(l-_l)_l- — the average distance of the car between adjacent points of delivery;
¥ p — load utilization factor.
There is a relationship between these ratios

Yer :}/p(1+kc)’ “)

where kc — a factor that takes into account the amount of the associated fee.

In this case, the dependence of the cost of delivery of 1t of cargo on the size of the consign-
ment of cargo is served by the function

b b
s¥(g)=a, +72+Czq’ 4=qq Ver- (5)

The cost of delivery of 1t of cargo is carried out on the routes of delivery (g =¢q, - ¥.;), de-
pending on the average size of the consignment, calculated by the formula

3 b
s(q)=as +;3, 4<qq Ver- (6)
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The cost of preserving products consists of: the cost of self-preservation; costs due to natural
reduction; losses due to reduced consumer quality of products and costs associated with the freezing of
funds invested in stored products (stocks) [7].

The coefficients given in expressions (1, 5, 6) are estimated by formulas
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where C,.,, — costs per 1 km
Crr =Can, +—C”0C’" , (13)
Vr
Coov =y + by~ 8a *Ver s (14)

C,,, — changes in costs per 1 kilometer of the car, UAH / km;
C,oem — fixed costs for 1 hour of car operation, UAH / hour;

Cnocm :anoc+bnoc'ga “Vers (15)
T, — time of stay of the car in an outfit, hours;
[,,— zero mileage for the whole day of the car, km;

8 — coefficient,

5T

-\ b
T

", — working time on the route, hours;

t7 — time spent on loading and unloading 1t of cargo, hours;
Vr — technical speed of the car, km / h;
t; — additional time for each arrival at intermediate points, hours;
I_(i—l)—i — distance of run of the car between adjacent points of delivery of freight, km.
In case g<g, -7, also additionally take into account the change in the cost of delivery de-

pending on the size of the consignment, but for the conditions of the route of delivery. Formula (10)
determines the optimal average batch size for several consumers included in one route, and the batch
size for each consumer should be chosen in proportion to demand [8].

Since the choice of car capacity for delivery of goods on routes is an extreme task, and the
value of the optimal capacity of the car depends on the average size of the consignment, it is of interest
to solve the problem of choosing the size of the consignment and car capacity:
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The dependence of the total costs per 1t of transported cargo on the average batch size ¢q is
given by the equation

Splg)=a+Zveq. (17)
q
To determine how it depends on the load capacity of the car ¢,y ,, total costs, it is necessary

to replace the function in equation (17) S, (¢) an appropriate formula that reflects the dependence on
this value of the cost of delivery.

Differentiating equation (16) of the dependence of the cost per 1t of cargo transported, respec-
tively ¢ ponm and 4, ponm» and equating to zero, we arrive at the expressions [9]
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Sizes C,,, and C,, ., in equation (18) depend on the load capacity of the car.

Expression (15) determines the optimal load capacity of the car on the routes of transportation.

This system (18—19) is most easily solved by the iterative method.

Setting the full load capacity of the car according to formula (18) find the corresponding op-
timal size of the average batch of cargo, and then according to formula (18) — the corresponding op-
timal load capacity. The calculations are repeated until two consecutive calculations lead to the choice
of the same load capacity: this load capacity and the corresponding average batch size are optimal.

When delivering goods in revolving containers (containers), in addition to the above, the costs
associated with the removal of containers from circulation are also taken into account.

The cost of maintaining stock x per unit time

S36(x):x'c36 +Cmap'qT 'kn.ea (20)
where Cy45,C,,,, — the cost of storing 1t of products and containers per unit time;
qr — mass of container in one batch of delivery, t;
k,,= fe % — coefficient that takes into account the frequency of container removal;
q
te m»tq— time intervals, respectively, between the next removals of containers and regular deliveries

of products.
Because

1
q=QT+Qn=[1+_J'QT’ (21)
kr

where g, — mass of products in one batch of delivery, t;

kp = T tare ratio, then
qn
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Cmap Eno K1 (22)
1+ kT

The simplest inventory management model is a model in which the cost of fulfilling the order
does not depend on the size of the shipment.
But a more common case is when the cost of ordering a consignment of cargo size ¢.

S3aM(‘]) =dg; T b6.3 g, (23)

S36(x)= X C36 +

where a, ,ta b, , — constant values.

Using the obtained dependences, the cost model can be presented as follows:
the cost of organizing the order of the consignment

ag 3+bs 39, q>0;
S3aM(Q)= { 06 ¢ ¢=0 (24)

Therefore, the cost of delivery of 1t of cargo when delivered to the consumer is determined by
the expression

a, q9>49,7crs

b
Sm (q) =14yt ;2 +C6q, 9= 94V crs (25)

a3 +%’ q< 9a7cr-

and the cost of maintaining x the stock per unit time
Cypx+pg, x20
slo)-
79, x<0

Consider the simplest model of inventory management of homogeneous products with a
known constant demand with intensity 7 [10]. The unknown value in this case is the size of the deli-

(26)

very ¢, associated with the size of the consignment of imported products
q, = q(l + kr) . (27)
With determined demand and supply there is no need for stock insurance — the order is re-
peated after the stock is reduced.
The current value of the stock at time ¢ characterizes the function

x(t) =q,—rt. (28)

From the condition x(tn ) =0 determine the delivery interval

¢, =dn (29)
r

For each delivery interval, the dynamic problem is solved independently, that is, a sequence of
independent static problems (models) is considered.

In the first model, only the cost of order fulfillment and the cost of storage are important. Fre-
quent orders in small batches increase the cost of organizing the order, and rare, carried out in large
batches — the cost of storage.

Based on the specific conditions, it is possible to establish the relationship between the distance
of cargo transportation, the size of its daily consumption, the cost of cargo and the optimal carrying ca-
pacity of rolling stock, in which the total costs of transportation costs warehouse and warehousing,
reach a minimum. Mathematical and static methods made it possible to construct a table for tabl. 1.
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Table 1. The relationship between the distance of transportation of goods, the size of this
consumption and the optimal batch of cargo, for a certain load capacity of the car

Transportation The optimal batch size, which corresponds to the load capacity of the car, t
distance, /,, km 1 2,5 5 10 20 60
5 1100 525 100 45 11 1,2
10 2900 800 230 60 16 1,8
25 8300 1700 450 115 90 3,3
50 17500 3100 800 210 52 5,8
100 35000 6000 1500 350 100 11
200 70000 11000 3000 750 190 2,1
Conclusions

Based on the specific conditions, it is possible to establish the relationship between the dis-
tance of cargo transportation, the size of its daily consumption, the cost of cargo and the optimal carry-
ing capacity of rolling stock, in which the total cost of transportation, cost of goods in circulation and
capital investment warehouse and warehousing, reach a minimum.
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KOMIIJIEKCHE PIHIEHHS 3AJIAUYI BUBOPY PYXOMOI'O CKIIALY
TA YIOPABJIIHHS 3ATTIACAMHAX
HMImatko A.3., ABep’sanoB B.C., Kopo6ouka O.M., Cacos O.O.

Pedepar

OCHOBHMMH 3aX0aMU, IPUHHATUMH Ha aBTOMOOUTBHOMY TPAaHCIIOPTi B OCTaHHI POKH 1 CHps-
MOBaHWUMH HA MiIBUIIECHHS e(eKTHBHOCTI BUPOOHHUITBA, MiABHIICHHS MPOLYKTUBHOCTI Ipami, Oyu:
opraHizaliiiHi 3axoau Ui 30UTbIIEHHS] BAKOPUCTAHHS TPAHCIIOPTHHUX 3ac00iB, OUIBII MOBHE BUKOPHC-
TaHHs 1X BaHTAXXOMIIHOMHOCTI Ta MICTKOCTi, CKOPOUEHHS MOPOXHIX MpoOiriB, po3podka ONTHMAIb-
HUX CXEM IepEeBE3CHHS BaHTaXiB, BIOCKOHAJICHHS TEXHOJIOri opraHizalii nepeBe3eHb, MiATPUMAaHHS
PUTMIYHOCTI BaHTaXHO-PO3BaHTAKYBaJIBHUX POOIT 3a 100y. [lomanbimii pO3BUTOK Ta BIOCKOHATICHHS
aBTOMOOUIBFHOTO TPaHCIOPTY BUMarae mirOTOBKH KBaJi(piKOBaHMX iHXKEHEPHO-TEXHIYHUX MpaliBHU-
KiB, SIKI MarOTh Cy4acHi IlepeioBi 3aco0u opraHizallii, MIaHyBaHHs, BIPOBAPKEHHS, aHaJli3y TPaHCIIO-
pTHOTrO Tporuecy. BaxinBuMm 3aBIaHHsAM opraHizalii nepeBe3eHb € BUOIp epeKTUBHUX TPaHCIOPTHUX
3ac00iB, sIKi HalKpalle BiAMOBiIal0Th KOHKPETHUM YMOBaM. TexXHIUHI Ta eKCIUTyaTalliifHi XapaKTepuc-
THKWA aBTOMOO1JIS BU3HAYAIOTHCS OPraHi3alielo MepeBe3eHHs Ta CYKYMHICTIO HOro eKcrTyaTamiiHuX
BJIACTUBOCTEH: BAaHTaXKOIMIAHOMHICTh, BUKOPUCTAHHS Bark, LIBHIKICHI XapaKTEPUCTUKH, EKOHOMis
ManayBa TOLIO.

Meroro poOOTH € BUPILICHHS B3a€MOIOB’3aHUX 3a/a4 MO0 BU3HAYEHHS CIelianizalii Ta
BHOOpY MPOIYCKHOI 3AaTHOCTI PyXOMOTo CKjany, IIo 3a0e3leuye HHU3bKI TPAaHCIOPTHI BUTPATH Ta
BHCOKY NPOAYKTHBHICTH aBTOMOOIIS.

Buxonsun 3 KOHKPETHHX yMOB, MO)KHA BCTAHOBHTH B3a€MO3B'A30K MDK BiACTaHHIO IEpeBe-
3€HHs BaHTaXYy, BEIMYMHOIO HOT0 IIOJCHHOrO CIIOKWBAHHSI, BAPTICTIO BAHTAXKy Ta ONTHMAJIEHOIO Ba-
HTaXOMIAHOMHICTIO PyXOMOTO CKJIAZy, P SKili CyMapHi BUTPATH, IO CKIAJAIOTHCS 3 BUTPAT Ha I1e-
peBe3eHHS BaHTaXy, BAPTOCTI MaTepialbHUX 3ac0o0iB B 00Iry Ta KamiTaJoBKJIaleHb B PyXOMHUH CKial
i CKJIaZicbKe TOCMIOJApCTBO, OCATAIOTH MIHIMyMY.
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