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PO3POBEKA MOJENI NMPOLECY AOCTABKM

BAHTAMIB Y MIMMHAPOJHOMY

CIIONYYEHHI

3anpononosana mamemamuuna moodenb npoyecy 00CMAsKU BAHMANCIE Y MINCHAPOOHOMY CROLYUEHHI,
0CHOB010 AKOL € MOOeNb MAPKIBCOKUX Tanytozie. Posensnymi modeni 6a3uchux cucmem nocmaskil, w0
BUKOPUCTROBYIOMbCS HA ABMOMOOLILHOMY mpancnopmi. Ha 6a3i cmeopenux mamemamuunux mooenei
nposedenutl imimauiinui excnepumenm. Ha nidcmaei pezpeciiinozo ananisy pesyivmamis iMimauiinozo
eKCNepUMenMy GU3HAYEHT 3ALEHCHOCTNT UMPAm Ha 0OCMABKY BAHMANCIE 6I0 napamempis nonumy na

nepece3enHs.

Kmaovogi cnosa: vivcnapooni asmomoobiivii nepese3eniis, MamemMamuuna Mooeiv, MapKiecvKi iam-

urozu, pezpecinull anais.

1. Introduction

The pace of economic development of the world
economy contributes to the intensification of interna-
tional relations and increases the trade volume. That
determines the growth of international cargo transporta-
tion. Due to an increase in requirements to the inter-
national carriers and competition level in the market of
international road transport there is a need to develop
and implement more efficient methods of transportation
processes management.

In the conditions of growing level of competition and
transportation volumes, the task of the assessment of demand
parameters impact on carriers expenses becomes particular
important when choosing the optimal technological schemes.
At the same time the random nature of the transporta-
tion process and the limitations imposed by existing laws
and acts regulating international road transport should be
taken into account in the mathematical model.

2. Analysis of published data
and prohlem statement

In European Commission publication [1] it is pointed
that existing methods of rationalization of cargo de-
livery process have some disadvantages due to which
their use in the conditions of transport enterprises at
the contemporary market is inefficient. The majority of
existing methods and models for rationalization of the
delivery schemes [2—4] do not consider the probabilistic
characteristics of transport process parameters, and that
reduces the efficiency of managerial and organizational
decisions. As the most advanced models, which consider
stochastic nature of transportation process, should be
noted the multi-agent approach to delivery problem
with uncertain demand information [5] and the real-time
model of control of freight forwarder transportation
networks [6]. The perspective directions of researches
in this field are to improve models which consider the
transport process as a process with a finite number
of cargo and rolling stock states (models of Markov
processes), and to adapt them to the conditions of the

enterprises in the modern market of transport services
taking into account the basic terms of international cargo
delivery (according to INCOTERMS — International
Commercial Terms).

The researches of flow parameters of requests for cargo
transportation, i. e. of parameters of transportation demand,
have been carried out by the author in [7] and used for
solving a bunch of practical problems: e. g., definition of
the optimal strategies of transportation market participa-
tors [8], estimation of the efficiency of freight forwarder
participation in the process of transportation [9], and others.
Each request is proposed to be characterized by such in-
dicators as the volume of cargo, the interval of request
receiving, delivery distance and total zero mileage. But
for the conditions of international deliveries, zero mileage
could be ignored, because its value is much smaller than
the distance of delivery. In addition, the interval of re-
quest receiving as a demand parameter, that determines
the frequency of requests receipt and their number during
the modeling period can also not be taken into account
because of the peculiarities of documents processing and
technological process in international transport. The last
statement is determined by the fact, that the request ser-
vicing in international transport often takes several days,
and the transport process model should be considered for
performing of a single request, not of their set.

3. Research ohject, purpose and tasks

As the research object, the process of international
cargo delivery is considered in this paper.

The research aims to develop for the process of in-
ternational cargo delivery such a model, which considers
stochastic nature of transport demand and the technologi-
cal process of transportation.

In order to achieve the purpose of the research, the
following objectives are set:

1. To develop graph-models for basic conditions of
international cargo delivery with the use of road transport.

2. To conduct numerical simulations with the deve-
loped models for the stochastic characteristics of demand
on transport services.
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3. To analyse simulations results in order to determine
dependencies of transportation process efficiency from the
demand parameters.

4. Simulation model for evaluation on
freight forwarders risk to entry the
transportation market

As the investigated parameter, which characterizes the
efficiency of the transport process, the operating costs are
proposed to be used:

Cnp =ty 'zcz"}%
i=1

(1)

where C,, — the operating costs, $; t; — duration of de-
livery, hrs; n — number of elementary operations; C; — self
costs for the i-th operation, $/hrs; p; — the probability
of i-th operation implementation.

The analysis of the basic supply conditions INCO-
TERMS [10] allows identifying of three main terms —
«Delivered At Frontier» (DAF), «Free Carrier» (FCA) and
«Ex Works» (EXW), which are used for the international
delivery of goods. Delivery duration for the main basic
conditions is calculated respectively as follows:

tj)AF =l +tlins + tpack + Limove + Larive + Leust » (2)
EFCA =t 4 Lins +C pack + Emove + Larive +Lu + 1

d 1T bins T L pack T Lmove T Ldrive ™ Lu T Leust » (3)
thW =i+ tpack +Cmove + Ly +Leust + Lsearch s (4)

where #; — duration of loading operations, hrs; ¢, — du-
ration of unloading operations, hrs; ¢;,,; — duration of
insurance operations, hrs; ¢,,; — duration of packaging
checking operations, hrs; ¢, — duration of the cargo
moving operations, hrs; ¢4 — duration of driving to
the loading point operations, hrs; f,s — downtime in
the customs point, hrs; tewe, — downtime due to reverse
loading search, hrs.

The process of international cargo delivery could be
represented as a sequence of separate operations, where
the transition from i-th to j-th state is characterized by
the density of transition probability A; At Fig. 1 the
marked graph of states for the delivery process according
to the basic terms of «Delivered At Frontiers is shown.

To determine the probabilities of operations performance
for the graph, the proper equations system of Kolmogorov
should be performed:

(dp
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dp,
L g Py =Mz DL
di 24" P2 12 P1

dps

g = et Py =Mz pi—Rssps, (5)

1 —loading procedures;

2 — downtime caused by the insurance
formalities;

3 — downtime caused by package checking:

4 — movement of goods;

5 — transfer of the cargo unit inside the

customs

Fig. 1. The graph of the explored system states (the «Delivered At
Frontier» term)

To solve equations (5), Aj =I7»ydt should be defined.
If the density of transition probability is the ratio of the
duration #; of the respective i-th operation to the total
time of delivery, then:

b tat
==t (©)

Integrating (6) with respect to ¢, we obtain:

A,'j :Zi—([d—t,')'hltd_ (7)

Thus, taking into account (7), A; for the respective
probability densities of the graph at Fig. 1 can be defined
in the following way:

[ Aty =tins = (s —tins ) In-t4,
Az =t pack — (td - t,mk)-ln-td,
Ay =t (ta=t1)-In-t4,
Ast =t ayive —(La —Larive ) 10ty
Aot = tugre —(ta —bmone ) 10 L4,
Ass =tore —(ta = bmone ) 10 L4,
Asy =tous —(ta —teus ) In-ty,

| Ass = move = (ta —tmove ) In-24.
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Then the system of equations (5) can be written as
follows:

P =(A12 +A13+A14)'P1—A51'P5,
p2=Ass p2— A2y,
P3=As34p3—Aiz-p1—Asz - ps,
Pa=As5 ps— A pr—Ass - pa— Asq - p3,
p5 =(As1+ As3) p5 — Ass - pa.

)

Since ZPFL this equation can be included in (9)
i=1
instead of any other; the equation with the biggest number
of summands should be replaced, namely — the fourth
equation of the system:

(A + Az + Ay —1)- p1 — Asy - ps =0,

dps Mis- Pi— s Pr—hos - Pa— Dt P A pr+ (A —1)-p2 =0,
—— =5 Pr =M pr—Aos- pr—Ass- ps,
dt Az pr+(Ags—1)- p3 = As3 - ps =0, (10)
d - 2 —1)-pe =
%Z()\’m_’_}\’%), s — A5 i —Ags - ps+(Asy+ Asz —1)- ps =0,
: PPt pstpitps=1.
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Solving the system (10) using one of known me-
thods (e. g., the method of Cramer or the method of
Gauss), we find the value of probabilities p;.

The graphs of states, shown at Fig. 2 and Fig. 3, cor-
respond to the terms of delivery «Free Carrier> and «Ex
Works» respectively. The mathematical models of delivery
costs determining for these terms are analogous.

s, 1 —loading;

2 — downtime caused by the insurance
formalities;

3 — downtime caused by package checking;

4 — movement of goods;

5 — transfer of the cargo unit inside the

customs;

6 — unloading

7‘-13

wk” (4)
gh‘“
Aas

Fig. 2. The graph of the explored system states (the «Free Carrier» term)

1 —loading;

2 — downtime caused by package checking;

3 —movement of goods;

4 — transfer of the cargo unit inside the
customs point;

5 —unloading;

6 — downtime due to reverse loading search

Fig. 3. The graph of the explored system states (the «Ex Works» term)

The proposed mathematical models allow us to take
into account the random nature of the process of interna-
tional cargo delivery, if the appropriate statistical data on
time parameters ¢; and speed of the vehicle are available.

5. Numerical resulis of the simulations
hased on the proposed models

To obtain the numerical results using the developed
model the experimental studies were conducted on the
basis of KAMAZ-Transservice Ltd. (Rivne, Ukraine) for
the Renault Premium HD-440 vehicle model. As a re-
sult the dependencies of operating costs from the delivery
distance are obtained for shipment volumes of 10 tons,
15 tons and 20 tons (Fig. 4-6).

The verification of the reproducibility of experimental
results confirms the hypothesis about the homogeneity of
series’ variances of the response function (estimated val-
ues of Cochran criterion are less than the corresponding
tabulated criterion values). This led to the conclusion
that the performed experiment is reproducible.
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Fig. 4. Dependence of the costs from the delivery distance (the «Delivered
At Frontier» term)
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Fig. 5. Dependence of the costs from the delivery distance (the «Free
Carrier» term)
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Fig. 6. Dependence of the costs from the delivery distance (the «Ex
Waorks» term)

6. Resulis of regression analysis for the
conducted simulation experiment

As a result of regression analysis conducted using the
built-in tools of MS Excel, the following relevant dependences
from L and Q demand parameters are obtained for the terms
«Delivered At Frontiers, «Free Carrier> and <«Ex Works»:

CPAT =82+0,13-L+1,59-Q, (11)
CEeA = -383+0,37-L+27,4-Q, (12)
CEV =295+0,40-L, (13)

where Q — the shipment volume, ¢; L — the distance
of delivery, km.

The values of the determination coefficients for the
obtained regression models are in the range from 0,93 to
0,98. These results confirm that the accuracy of depen-
dencies is high enough.

Using appropriate Fischer criteria, it’s determined, that
the models (11)—(13) are characterized by the information
ability and adequacy.

7. Conclusions

The proposed model based on Markov chains under
certain conditions is an effective tool for studying the
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transport process. In particular — the models of opera-
ting costs dependence from the demand parameters for
the basic term were obtained using this model.

Proposed approach allows defining the impact of stochas-
tic demand parameters on operating costs of the transport
firm and, as a result, — choosing the appropriate rational
schemes of transport servicing.

Analyzing the experimental results, it could be noted
that for the «<Ex Works» term the value of shipments has
no effect on operating costs. It also should be noted, that
for the shipment value of 15 tons the extremum exists in
the range of distance delivery from 800 to 1000 km, where
the operating costs have their minimum possible value.
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PA3PAEOTKA MOJENH NPOLECCA JOCTABKH I'PY30B B
MEM({IYHAPOAHOM COOEL{EHHH

IIpensnoskena maremaTuyeckasi MOJEJb ITIPOIECCA JOCTABKU
TPY30B B MEXKIYHAPOAHOM COOOIIEHNH, OCHOBOH KOTOPOil SIBJISI-
eTCsT MOJIeTb MAPKOBCKUX Iiereil. PaccMOTpeHbl Mojiesin 6a3uCHBIX
CHICTEM TOCTABKH, HCIIOJb3yeMble HAa aBTOMOOMIBHOM TPAHCIIOP-
te. Ha Gase pa3paGoTaHHBIX MaTEMAaTHYECKIX MOJEJEN TTPOBeNeH
MMHUTAIlMOHHBIH 2KcrepuMeHT. Ha ocHOBaHMM perpeccmoHHOTO
AQHAJIN3A PE3YJIBTATOB HMHUTAIIMOHHOTO 9KCIEPHMEHTA OIpe/IeJIeHbI
3aBUCUMOCTH 3aTPaT Ha JOCTABKY IPY30B OT IapaMeTpoOB CIIPOCa
Ha NEPEeBO3KY.

Kmouessie cmoBa: Mesk/yHAPOJHBIE aBTOMOOUIIBHBIE TTEPEBO3-
KM, MareMaTHyeckasi MOJie/ib, MapPKOBCKUE IeNH, PerpecCHOHHBbII
AHAIN3.
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HCCNEAOBAHME H PA3SPABOTHKA
M3MEPHTENA HU3KOYALTOTHDBIX
BUEPALMHK OANA CUCTEMBI KOHTPONA

HOPMHPOBAHHBIX NAPAMETPOB
NMPOU3BOACTBEHHBIX PAKTOPOB

Paspaboman usmepumens HUSKOUACTROMHBIX BUOPAUUL OLsL CUCTNIEMBL KOHIMPOLSL HOPMUPOBAHHBIX NA-

pamempos npousso0CcmeeHHblx PaKmopos Ha 0CHo8e OUMOPPHO20 Nbe30diemenma 0 4acmom ne 6oJee
1 Iy. IIposedeno xomnvromepnoe modeauposaiie ycmpoucmsea ¢ yevio UCCie008anUs NPOUCXOOAUUX
nPOUECcos, ONMUMUIAUUU NAPAMEMPOB U OUECHKU YACTMOMHBIX C80ticma. /lanHoe ucciedosarue noseo Lo
onpeoesumn epemMennvle Napamempvl alz0PUMMa YnpasieHus, Peaiusyemozo MUKPOKOHMPOIIEPOM,
UACMOMY USMEHEHUS YNPABLAIOULE20 B030UCTNEUSL U MAKCUMATLHHYIO YACTMOMY USMEPACMBIX BUODAUUL.

Kmouesrnie cnoBa: nusKouacmomivie sUOPayuU, GUMOPPHBIL Nbe303TeMeHm, POMONPUeMHUK, U3-
mepenue, KOHMPOJib, HEAUHEUHOCTb, KOMNEHCAUUsL, MOOETUPOBAHUE.

BO3/IeHICTBYIOINX Ha YeJl0BeKa B IPOM3BOJICTBEHHBIX yCJIO-
Busx. [latosornueckoe Bo3aeiicTBE HU3KOYACTOTHBIX BUG-
paiuii IposIBJISIETCsT B OOIIMX BET€TATUBHBIX PACCTPOICTBAX
¢ nepudepuyecKuMU HapyUIEHUSIMH, MPEUMYIIEeCTBEHHO

1. Beepexne

I/IBBGCTIIO, 4To BI/I6paIlI/IH, u, OCO6€IIIIO, HU3KO04YaCTOTHAaA
BI/I6pa]_[I/IH ABJIAETCA OHUM U3 BbICOKOAKTHUBHBIX (I)aKTOpOB,
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