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TRANSFORMATION OF THE ORGANIZATION OF MULTIMODAL
TRANSPORTATION UNDER MARTIAL LAW

Dmytro Bugayko, Volodymyr Reznik, Anton Borysiuk, Danylo Bugayko. "Transformation of the
organization of multimodal transportation under martial law". Multimodal transportations plays a huge
role in global economy. A lot of manufactures require different components, located in different remote sectors.
In order not to discontinue production processes, multimodal transportation is used. Especially, the war
influenced on the whole multimodal transportation system in Ukraine. Ports, harbors and sea ports stopped it’s
further operation. The main role was fallen on road transportation. A plenty of airports were totally destroyed,
the most of main harbor became in occupation, it’s further operation is impossible until the full victory of
Ukraine. The road transportation became as the save link for supply chains and further economy operating. The
one of the main problems in this situation is choosing of the optimal way and best-suited carrier for sequel
carriage. The truck corporations continue cooperating with the airline agents, but the basic hubs of them were
moved to the neighbor countries, it can appear new questions for optimization the delivery. Such factor as price,
quality of the services, distance and time always plays a huge role in supply chains. The main aim of the transport
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company and its staff during multimodal transportation is to provide the delivery of goods, that were ordered
by the manufacture just in time providing it’s safe and integrity. For optimization of all this factors according to
the consignee’s preferences the expert evaluation methods are used in given research. There are lot of additional
services attracted in such cases, such as: loading, unloading, repacking, changing the kind of packing (boxes,
pallets, container repacking and other), in which sub-contractors take part. The union of all this processes
mentioned above gives the opportunity to create the whole system of supplying the good from iits seller to buyer.
Every process is unique depending on the current situation and terms of delivery.

Keywords: transport system, cargo transportation, multimodal transportation, optimization
processes, routs planning, delivery scheme modelling.

Amumpo byaaiiko, Bonodumup Pe3Huk, AHmoH bopuciok, JaHuno byzaiiko. «TpaHcpopmayin
opzaHizayii mynemumooOasibHUX nepeee3eHb 8 YyMO8AX BOEHHO20 cmaHy». MynbmumooanbHi
nepegeseHHs 8idizparome gesiuyesHy posib y c8imosil ekoHomiyi. 1A 6aeambox 8upobHUUM8 NompibHi pi3Hi
KOMNOHeHMU, po3mauwiosaHi 8 pi3HuUx giddaneHux cekmopax. Lljo6 He 3pusamu eupobHUYi npouyecu,
8UKOPUCMOBYIOMbCA My/lbmumMoOasibHi nepegeseHHA. Ocobnugo 8iliHA 8nNUHYNA HA 8Clo  cucmemy
MyZIbMmUMOOanbHUX nepeseseHsb 8 YKpaii. [lopmu, 2aeaHi ma Mopceki nopmu npunuHuUIU (oz2o noodnslly
pobomy. OcHosHa posb npunadasaa Ha asmomobinseHuli mpaHcnopm. bazamo aeponopmis 6ys1u No8HicMIO
3HUWeHI, 6inblicme 20/108HUX 2agaHeli ONUHUIUCL 8 OKynauii, ix nodanswia poboma HemMoXusa 00 NOBHOI
nepemoau YkpaiHu. ABmomobinbHUli MpaHcnopm cmas psAMmieHOK JIGHKOK 0715 JIAHUK2i8 NOCMABOK i
nooasbwoz2o0 @PyHKUIOHYBAHHA eKOHOMIKU. OOHI€E 3 20/108HUX Npobnem y yili cumyauii € 8ubip
onNMUManbHo20 cnocoby ma Halbinbw nidxo0AUj020 nepesizHUKA O0/11 NOO0AIbUWO20 Nnepese3eHHs.
AsmomobinbHi Kopnopauii npodosXxylome cnisnpayro8amu 3 asia dzeHmamu, ase ix OCHO8HI xabu nepeHec/u
8 CYCIOHI KpaiHU, MOXymb 8UHUKHYMU HO8i NUMAaHHA wodo onmumizayii docmasku. Taki pakmopu, Ak yiHa,
AKICMb Nocslye, 8I0CMAHb i Yac 3a8Xou 8idiparome 8esiuyesHy posib y JaHY2ax nocmasok. OCHosHa mema
MpAaHcNopmMHoOT KOMNAHIi ma ii nepcoHany npu MybmumoO0dsibHUX hepese3eHHsX —3abeaneyumu 00CmasKy
8aHMAXi8, 3aMOBJIEHUX BUPOBHUKOM, MOYHO 8 CMPOK, 3dbe3neyusluu ix 36epexeHHa ma yinicHicme. Jns
onmumizayii 8cix yux gpakmopie 8i0nogidoHO 00 nepesaz 8aHMAX000epPXy8aya 8 OAHOMY OOC/iOKeHHI
8UKOPUCMOBYIOMbCA Memoou eKCcnepmHOI OYiHKU. Y makux sunaokax 3any4aemsca 6azamo 000amkosux
Nnoc/ye, MAkux fK: HABAHMAXXEHHS, PO38AHMAXEHHA, Nepenaky8aHHA, 3MiHa 8UOy YNAKOBKU (AWUKU,
ni00OHU, nepenakygaHHA mapu ma iHwe), 8 Akux bepyme ydacme cybniopaoHuku. O6'€eOHaHHA 8CiX yux
suWe32a0aHux npouyecie 0ae MOXIUBICMb cmMsopuMuU Uisly cucmemy NnocmaqyaHHAa moeapy 8i0 (iozo
npodasuysA 0o nokynys. KoxeH npoyec € yHiKanbHUM 3d1exHO 8i0 NOmMoYHoI cumyayii ma ymos 00cmasku.

Knroyoei cnoea: TpaHCMoOpTHa CUCTEMA, BaHTaXXHe NMepeBe3eHHs, MyNbTUMOalibHe NepeBe3eHHs,
npouecy onTumisauii, nnaHyBaHHA MapLUPYTiB, MOAENIOBAHHA CXeMU JOCTaBKM

Amumpuii byaatiko, Bnaoumup Pe3nuk, Aumon bopuciok, fJaHuun byzaliiko. "TpaHcpopmayusa
opz2aHu3ayuu MysibmumooasibHbiX Nepeso30K 8 yC/108UAX 80€HHO20 nonoxeHua". MynemumodasnbHole
nepeso3KuU U2parm 02pOMHYIO poJib 8 MUpPO8OU SKoHOMuUKe. MHO2uM npou3sooumenam mpebyromcs pasHslie
KOMNOHeHMbl, pPAcnoJIOXeHHble 8 pd3HbIX OMOdseHHbIX cekmopax. Ymobel He ocmaHaenusame
Npou3soo0CcMeeHHble NPOUECCHI, UCNOIb3YIOMCA My/TbMUMOOdsibHble nepego3ku. OcobeHHO 8oUHA NosauAna
Ha 8Cto cucmemy My lbmumoOdsibHbIX Nepeso30kK 8 YkpauHe. [lopmel, 2a8aHu U MOPCKUE NOPMbl NPEKPAmMuJsIu
cgoto OanvHeliwyto pabomy. OcHo8HAA posib s1e2na Ha asmomobusibHele nepeso3ku. MHozue asponopmel
6blIU  NOAHOCMbBIO pa3pylieHsl, 60/bWAA H4aCMb OCHOBHbIX 2ds8aHell 0Kd3asidcb nod OKKynauued,
0anbHelwasn ux 3KCnayamayus Heeao3mMoXXHa 00 NOJIHOU nobedbl YKpauHbl. ABmMomMobusibHbIl mpaHcnopm
cman cnacumersibHbIM 38eHOM O/l Uenodek nocmagok u 0asbHelwie2o (yHKYUOHUPOBAHUSA 3KOHOMUKU.
OO0HoU u3 0CHOBHbIX Npobsem 8 3mMol cumyayuu f8/9emcs 8bI60p ONMUMA/IbHO20 nymu U Haubosnee
nooxoodAaujezo nepesos3yuka 0514 nocnedyouweli nepesosku. KomnaHuu-nepego3yuku npooosmKarom
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compyOHU4eCcmso C asua azeHMmamu, HO OCHOBHble UX Xabbl nepeHeceHbl 8 COCeOHUEe CMpPAaHbl, Mo2ym
B03HUKHYMb HOBble 80NPOCHI NO onmumu3ayuu 0ocmasku. Takol ¢akmop, Kak yeHd, Ka4ecmao yciye,
paccmosaHue U 8peMsa 8ce20d Uzpdem O2POMHYIO poJib 8 Uenodkax nocmagok. OcHosHol 3adadeli
MpaHcnopmHoU KOMNAHUU U ee COmpyOHUKO8 NPU MyIbMUMOOAJIbHbIX NepeBo3Kax Ae/1aemcs obecnedeHue
00Ccmasku 3AdKasaHHO20 npou3godumesieM MO8APA MOYHO 8 CPOK NpU YC/108UU €20 COXPAHHOCMU U
yesocmHocmu. [jna onmumu3zayuu 8cex 3mux pakmopos 8 coomeemcmeauu ¢ npednoYmeHuUAMU
2py3onosydamesia 8 0AHHOM UCC/Ie008aHUU UCNOb3YIOMCA Memoobl 3KCnepmHoU oyeHKU. B makux ciyyasx
npugniiekaemcsa MHOXecmao OONOJIHUME/bHbIX YC/ye, MAKUX KAaK: No2py3Ka, pas3apy3kd, hepeynakoskd,
u3MeHeHuUe 8U0A yNnakosKu (AUWUKU, NOOOOHbI, nepeynakoska KoHmeliHepa u 0p.), 8 KOMOPbIX NPUHUMArm
ydyacmue cybnoopaoquku. Ob6veOuHeHUe 8Cex BbllenepeyucieHHbIX npoyeccos 0dem B03MOXHOCMb
co30ame yenyto cucmemy 00Cmasku mosapa om npooasya Kk nokynameso. Kaxoeili npoyecc yHuUKasneH 8
3asucumocmu om mekyuwjeti cumyayuu u ycoguti nocmasku.

Knioyesoble coea: TpaHCNOPTHaA CMCTEMA, FPy30Bas NepeBo3ka, MyNbTMMOZANIbHaA NepeBo3Ka,

npoueccbl oNTMMmM3saynn, NnaHNMpPOBaHNE MapLPyTOB, MOAENTMPOBAaHNE CXeMbl AOCTaBKW.

Introduction. Multimodal transportation
plays huge role, especially nowadays,
multimodal transportations are essential as
air flow in our global economy. A lot of
manufactures require different components,
located in different remote sectors. In order
not to discontinue production processes,
multimodal transportation is used.
Multimodal transportation is the
transportation of any goods by two or more
modes of transport, organized by one
Logistics Company. The carrier has permission
to attract for delivery vehicles that belong to
other companies. Multimodal transportation -
transportation of goods under one contract,
but performed by at least two modes of
transport; the carrier is responsible for the
entire transport, even if this transport is
carried out by different modes of transport
(for example: railway, sea and road, etc.). The
main aim of the transport company and its
staff during multimodal transportation is to
provide the delivery of goods, that were
ordered by the manufacture just in time
providing it's safe and integrity [1]. The article
is a logical continuation of a number of
publications devoted to the development of
multimodal transportation development of
Ukrainian scientists Y. Kharazishvili [2, 3, 5], D.
Bugayko [2 - 6], A.Antonova [5], M. Hryhorak
[4], Y. lerkovska [6], O. Ovdiienko [4], V.
Marchuk [5], V Lyashenko [3], Polish scientists
Z.Zamiar [5] and scientists of other countries.

The purpose of the article is to provide
research is to provide the theoretical
foundations and problems of managing
multimodal transportation and to develop
project recommendations for transformation
of the organization of multimodal
transportation under martial law. Is also
choosing the best carrier for delivery (on the
example of Freight Forwarding Organization
“Freight Transport Partner”

Presentation of the main results.
Classification of strategic restrictions affecting
efficiency for transport infrastructure
represented Table 1.

Forming new delivery routes, the
question of finding new car carriers that will
carry out transportation from European
airports to Ukraine will arise. They may be
carriers with which the company has already
cooperated, but they also need to be
evaluated for whether they will fit the criteria
of the new routes.

Various approaches can be used to solve
the problem of choosing a carrier, but one of
the simplest, but effective methods is expert
evaluation. The methods of expert
evaluations are a way of forecasting and
evaluating the future results of actions based
on the forecasts of experts.
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Table 1. Offers strategic restrictions affecting efficiency for transport infrastructure.

A group of
restrictions

A types of restrictions

Brief description

1

2

3

1. External

1.1. Innovative resources

Restrictions at the state level, restraining the level of
development of the technological base, equipment, the use of
resource-saving technologies, which determine the presence of
a scientific and technical development department for the
development of transport infrastructure

1.2. Financial resources

The availability of financial resources in the state for investing in
transport infrastructure, including the possibility of attracting
foreign investment

1.3. Workforce

The availability of engineering, production, and logistics
personnel of the necessary qualifications and appropriate level
in the studied region, the possibility of involving personnel in the
development of transport infrastructure

1.4. Environmental resources

The possible negative impact of the use of transport
infrastructure on the ecological situation, i.e. to what extent
transport, development and expansion of the productivity of its
infrastructure correspond to the ecological capabilities of the
region in terms of air pollution, ecological load on the biosphere,
etc.

1.5. Political resources

They are determined by the economic policy of the state, the
political situation at the time of the management decision, etc.

2. Internal

2.1. Financial resources

The availability of financial resources at enterprises for the
formation and development of transport infrastructure, for the
implementation of measures for the modernization of the
transport fleet, etc.

2.2. Material resources

Availability of enterprise assets that are a necessary component
of the transport system

2.3. Workforce

The availability of personnel of the appropriate level of
qualification who are able to develop management decisions
and participate directly in the formation and further use of
transport infrastructure

2.4. Innovative resources

Restrictions restraining the level of development of the
technological base of the transport infrastructure, which
determine the level of scientific and technical developments
regarding the development of a new spectrum of transport and
logistics services that consumers need more

2.5. Information resources

Availability of information communication between all
participants of the transportation chain; the possibility of
functioning of information systems of different levels on a real-
time scale with appropriate accuracy, speed and productivity

Source: Developed by Dmytro Bugayko

When applying the method of expert
evaluations, a survey of a special group of
experts (5-7 people) is conducted in order to
determine certain variables necessary for the
evaluation of the researched question. The
composition of experts should include people

with different types of thinking - figurative
and verbal-logical, which contributes to the
successful solution of the problem [3]. Quality
ratings and their corresponding standard
ratings on the scale of desirability represented
in Table 2.
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Table 2. Quality ratings and their corresponding standard ratings on the scale of desirability

Ne . Mark on the desirability scale
Interval Quality assessment

3in range average value
1 2 3 4 5
1 3-4 Excellent More than 0,950 0,975
2 2-3 Very good 0,875-0,950 0,913
3 1-2 Good 0,690-0,875 0,782
4 0-1 Satisfactorily 0,367-0,690 0,530
5 (-1)-0 Bad 0,066-0,367 0,285
6 (-2)-(-1) Very bad 0,0007-0,066 0,033
7 (-3)-(-2) Unacceptable Less than 0,0007 -

Source: Reznik Volodymyr

We will apply the methodology based on
the calculation of the integral evaluation to
the assessment and selection of optimal
carriers.

The essence of the method is to divide
the criteria into groups:

1. Relay - criteria according to which the
evaluation can acquire only two values, either
"yes" or "no". An example of such criteria can
be the presence of a certificate of conformity,
specialized TK, permits for the transportation
of dangerous goods, etc.

2. Quantitative - assessments according to
these criteria are presented in digital form.
Examples of such criteria can be the reliability
of the carrier (probability of delivery "just in
time"), the tariff the total time of
transportation (possibility of deviation from
the planned duration of transportation, %),
financial stability.

3. Qualitative - evaluations according to
this group of criteria are of a qualitative nature
and can mean "excellent", "very good", etc. As
an example, you can choose the following
criteria: frequency of service, preservation,
qualification of personnel, readiness for
negotiations.

We will apply the described methodology
to the evaluation of motor transport
enterprises with which the FTP Company
cooperates and to develop recommendations
for choosing the most optimal carriers for
further work.

The FTP Company cooperates with
various carriers; in addition, the development
of new delivery schemes requires the

consideration of new potential carriers that
can perform transportation according to the
relevant criteria. Potential carriers that we will
evaluate are the following companies:
transport company LEGION, LLC ALL TRANS,
PE Elite Trans, PE Solovij-Trans, LLC Don-
Forrest KFT, SK Techno, DSV Logistics and
Trans Logistics. We will evaluate each of the
listed carriers according to the specified
criteria in order to single out the companies
that most satisfy the criteria for finding the
optimal carrier.

The quality control department, transport
and forwarding department compiled a list of
criteria according to which specialists of the
transport department evaluated each carrier.
The evaluation results are summarized in the
Table

The rank of each criterion reflects how
important this criterion is in the calculations.
The lowest value of the criterion belongs to
the most important criterion, the highest rank
to the least important criterion. As we can see,
the mostimportant criterion when evaluating
carriers is the transportation tariff. Other
criteria that are used for assessment are
follows: Order processing term, Condition of
the car park, Probability of lateness, Personnel
qualifications, Freight safety, The quality of
the service, Loyalty to deferred payments,
Flexibility in decision-making.

Among the given criteria, there is one
relay criterion - the company's performance of
transportation to Ukraine. According to this
criterion, all carriers received a "yes" rating,
therefore, they all participate in further
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transport companies, we will single out two enterprises according to selected criteria
that will most closely meet the specified represented in Table 3.

Table 3. Assessments of transport enterprises according to selected criteria (the real carriers
FTP cooperates with)

Carriers b = |
| 0 - —
n — m - (w) -
m o e o w 7] o
L m > o o| X < @ =
Ne Criterion = o ) xS = |y — Py
@ Lo < mn3 [1:3 o o S
= — = -0 | S S | < =]
o X | =} S ) [ =
S = 3 3 o =5 =
@ & 2 @ “ | @
1 Transportation tariff, 6,8 10,2 7.7 8,4 6,9 8,4 9,5 11,2 1
USD/km
2 | Order processing term, 9 7 8 6 7 5 4 7
hours
3 | Condition of the car satisf. very good | satisf. | excellent| good | very |excellent| 5
park good good
4 Probability of lateness, 12 4 10 8 12 7 10 3 6
%
5 | Transportation to yes yes yes yes yes yes yes yes -
Ukraine
6 | Personnel qualifications | good |excellent| very good | good | satisf. | satisf. |excellent| 3
good
7 | Freight safety, % 90 85 75 80 75 88 80 94 4
8 | The quality of the excellent| very satisf. | good | good very | good |excellent| 2
service good good
9 | Loyalty to deferred excellent| good |excellent| very | satisf. | very | good |excellent| 9
payments good good
10 | Flexibility in decision- | excellent | satisf. good very |excellent| satisf. | very good 8
making good good
Source: Developed by authors
The evaluation of transport companies is Wo— 2:9-3+1) 0.156
the calculation of the weight indicator of each 6 90 ST
criterion. We will make the necessary 2-(9-4+1)
calculations W, = =0,133,
2-:9-2+1)
2:(9-1+1) Wy =———=0178,
W, ="—-—2=0,200, 90
2:(9-9+1)
2-9-7+1) Wy =——"——"—--=0,022,
VVZ = T = 0,067 5 O
2-:9-8+1)
2:(9-5+1) Wy =——7—"—=0,044.
W, =——==0,111, 90
W, = 2-0-6+0) ~ 0,089, Calculation of assessments according to

90 quantitative criteria represented in Table 4.
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Table 4 — Calculation of assessments according to quantitative criteria

S| 2| 2 e (8 & 8
= E g o = = = 2 % k7] =
L = E | g| | F| = |- 5| | | S
Ne Criteria = o 2 L — 3 skl o S S o
= £ | 2| @D | < S | o e > @ o
w < w o » o 77 » ®
g2 & 2 S | =
1 2 3 4 5 6 7 8 9 10 1 12 13
1 | Transportation :
tariff, USD/km 0,200 | min | 68 | 1,00 | 067 | 088 | 0,81 | 0,99 | 0,81 | 0,72 | 0,61
2 | Orderprocessing | o067 | min | 4 | 044 | 057 | 057 | 050 | 067 | 0,57 | 080 | 1,00
time, hours
3 | Probabiity = o | 09 | min | 3 | 025|075 | 030 | 038 | 025 | 043 | 030 | 100
lateness, %
4 | Freight safety, % | 0,133 | max | 94 | 0,96 | 0,90 | 0,80 | 085 | 0,80 | 0,9 | 0,85 | 1,00
4
Source: Developed by Reznik Volodymyr
This is the transportation tariff, order Therefore, the calculation of the

processing time and probability of delay. The
last criterion, cargo conservation, should
acquire maximum importance. Then, among
all the evaluations for each criterion, a
reference value was chosen depending on
where the extremum is directed. For example,
for the transportation tariff, the extremum is
minimal. Among the eight estimates for 8
carriers, the first carrier PE Elite Trans has the
lowest tariff value and it is equal to 6,8
USD/km. We take this value as a reference
value. If the extremum is the maximum, as for
example in the cargo economy criterion, then
among all the estimates we look for the
maximum value - it is equal to 94% and
belongs to the company LEGION.

When the reference value is determined,
then a quantitative assessment is calculated
for each criterion for each carrier according to
formulas 1.1 and 1.2. For example, let's
calculate the quantitative assessment
according to the first criterion for the second
carrier LLC ALL TRANS:

All other quantitative assessments are
calculated in a similar way. When the
quantitative estimates are calculated, it is
necessary to take into account the weight
factor by multiplying the found quantitative
estimates by it. Let's bring to these
calculations to the Table 5.

quantitative assessment, taking into account
the weighting factor, was carried out
according to formula. For example, let's
calculate this indicator for the "order
processing time" criterion for the first carrier:
(5]

D,, =0,067-0,44 = 0,030.

All other indicators are calculated in the
same way. The last line displays the sum of
quantitative assessments. The eighth carrier
LEGION has the greatest importance, in which
the sum of quantitative assessments is 0,41.

After the quantitative scores are
calculated, the qualitative scores are
calculated. For this purpose, qualitative
assessments are converted to a digital format
using Table 5. Each value of the quality rating
corresponds to the standard average rating
on the scale of desirability.
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Table 5. Calculation of assessment according to quantitative criteria, taking into account the

weight of criterion

» n 8
- ;g :j 17:) :éf I EE Eg %% i% =
= [ = o ¥ (=) - = —— = o
Ne Criterion S 2 ZE S s S 3 E § §‘ o
=l m |2 8" |38 5 | 3| & -
o (=] =
1 2 3 6 7 8 9 10 11 12 | 13
1| Transportation tariff, | o0y | 0200 | 0133 | 0477 | 0462 | 0197 | 0162 | 0,143 | 0121
USD/km
Order processing | o067 | 0030 | 0,038 | 0,038 | 0033 | 0,044 | 0,038 | 0,053 | 0,067
2 | time, hours
3| Probability o 0,089 | 0022 | 0067 | 0027 | 0,033 | 0022 | 0,038 | 0,027 | 0089
lateness, %
4 | Freightsafety, % | 0,133 | 0,128 | 0,421 | 0,106 | 0,113 | 0,106 | 0,125 | 0,113 | 0,133
5 | The sum of
quantitative
assessments, taking 0,380 | 0,359 | 0,348 | 0341 | 0,369 | 0,363 | 0,336 | 0,410
into account the
weight

Source: Developed by Bugayko Dmytro and Reznik Volodymyr

The construction of new cargo delivery
schemes requires the use of scientific
approaches to determine the most optimal
option. Currently, we will implement the
construction of possible schemes for the
delivery of the specified cargo from Hong

Monbwa
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o .
Karogiue Kpaxig
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(]
BpuHo / B 7/ Sk coane e
Brno 4O 7 4
o & :
Kownue F
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Kong to the city of Stryi in the Lviv region. The
cargo to be delivered is video cards packed in
boxes. The number of boxes is 92 units. Cargo
volume - 5.58 m3, cargo weight — 1104 kg.
The cost of the cargo is 532,000 USD.

Figure 1. Route from Warsaw to Stryi
Source: Google maps screenshot



The electronic scientifically and practical journal

“INTELLECTUALIZATION OF LOGISTICS AND SUPPLY CHAIN MANAGEMENT”,

ISSN 2708-3195

From Hong Kong, there is an option of air
transport either to Warsaw airport or to
Frankfurt airport. The airline that will carry out
the transportation is Emirates (IATA code EK).
Variability in the formation of delivery
schemes will also arise due to the fact that it is
possible to receive and transfer cargo to
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another mode of transport at the destination
airports through different agents, with the
involvement of different motor carriers.

As we can see, the route from Warsaw to
Stryi passes through the Rava Ruska border
crossing point.
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Figure 2. Route from Frankfurt to Stryi
Source: Google Maps screenshot

In this route from Frankfurt, the most
optimal point for crossing the border will be
Krakovets.

A network graph showing possible
delivery schemes is presented in Fig. 3.

D@
Seis
iy DD

Figure 3 - Network graph of possible delivery schemes
Source: [6]
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Works on the delivery of goods by
direction Hong Kong to Stryi

The time and cost parameters for each
delivery scheme will be defined as the sum of
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the corresponding values. An additional
parameter that takes into account the cost of
the cargo, namely the present value it is clear
researching the Table 6.

Table 6 - Works on the delivery of goods by direction Hong Kong to Stryi

A2 Description of work Cost, USD| Time, days
work
1 2 3 4
1 2 | Registration of cargo and documents and loading onto the plane 110 1,0
2 3 | Delivery by air transport to Warsaw 8534 1,0
2 4 | Delivery by air transport to Frankfurt 7507 1,0
3 5 | Acceptance of cargo in Warsaw by agent 1 250 1,5
3 6 | Acceptance of cargo in Warsaw by agent 2 270 1,0
4 7 | Acceptance of cargo in Frankfurt by agent 3 200 1,5
4 8 | Acceptance of cargo in Frankfurt by agent 4 245 1,0
5 9 | Transfer of the cargo by agent 1 in Warsaw to the carrier LEGION 510 25
5 | 10 | Transfer of cargo by agent 1 in Warsaw to the carrier LLC ALL TRANS 510 2,0
Source: Developed by authors
C = (Cfreight +Cr) X (1+A)" (D n= %65 o)

where C’ — assessment of the cost of the
cargo and its delivery, taking into account the
time factor (integral assessment);

Crreight— the purchase price of the cargo;

Cr — transportation costs;

(1+2)"_ multiplier of interest accrual by
interest rate A by n periods.

To calculate the total cost indicator, you
need to know the average bank rate
parameter. Analysis of the financial market
determined that this parameter is equal to
17%.

So, we have calculated the parameters of
all possible delivery schemes and the results
of the calculations have been summarized in
a Table 7.

Table 7 - Results of parameters calculation for various delivery schemes

d:ll?vzfry Delivery scheme accordingly Transportation Delivery time T, | Present value C’,
to network graph costs Cr, USD days usD
scheme
1 2 3 4 5

(1) 1-2-3-5-9-13-17 11054 8 544925,96
(2) 1-2-3-5-10-14-17 11124 75 544879,00
3) 1-2-3-6-9-13-17 11059 75 544813,79
(4) 1-2-3-6-10-14-17 11129 7 544766,84
(5) 1-2-4-7-11-15-17 11037 75 544791,72
(6) 1-2-4-7-12-16-17 11077 75 544831,85
(7 1-2-4-8-11-15-17 11092 6,5 544612,59
(8) 1-2-4-8-12-16-17 11132 7 544769,85

Source: Developed by Reznik Volodymyr

So, the analysis of the calculation results
shows that when transporting video cards

from Hong Kong to Stryi, the optimal delivery
scheme will be:
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- according to the "cost" parameter - 5
scheme;

- according to the parameter "time" and
"present value" - 7 scheme on the Table 7.

Thus, in the case when all criteria have the
same value, it is necessary to use decision-
making criteria under conditions of
uncertainty. To obtain the comparison results,
it is necessary to bring the parameters of
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Table 1.6 into a relative form by dividing the
elements of each column by the minimum
value. The results of this transformation are
summarized in the Table 1.6. The general
appearance of the matrix is shown in Fig.3.
Next, the values of the sought criteria for the
specified parameters are determined (see
Table 8).

Table 8 - Relative parameter values by route Hong Kong - Stryi

Ne of Relative parameter values
delivery Delivery scheme accordingly to network graph T C c’
T
scheme
1 2 3 4 5
(1) 1-2-3-5-9-13-17 1,0015 1,2308 1,0006
(2) 1-2-3-5-10-14-17 1,0079 1,1538 1,0005
(3) 1-2-3-6-9-13-17 1,0020 1,1538 1,0004
4) 1-2-3-6-10-14-17 1,0083 1,0769 1,0003
(9) 1-2-4-7-11-15-17 1,0000 1,1538 1,0003
(6) 1-2-4-7-12-16-17 1,0036 1,1538 1,0004
(7 1-2-4-8-11-15-17 1,0050 1,0000 1,0000
(8) 1-2-4-8-12-16-17 1,0086 1,0769 1,0003

Source: Developed by Bugayko Dmytro and Reznik Volodymyr

Accordingly to our case the rows
(possible actions R;) of this matrix are possible
delivery schemes. The columns (states of
nature Si) are delivery criteria. The elements
of the matrix are the result of choosing the
j-th action and implementing the i-th state Viji.
[5]

First decision-making criterion that we
will apply is Laplace’s criterion. The average
arithmetic value of losses (M) is calculated
according to formula bellow for all variants of

delivery routes. All states of nature are
assumed to be equally probable [6]

1 n
Mj(R):;leVji (3)

Source where n — the number of states of
nature (in our case 3).

Let’s calculate the criterion for all delivery
schemes:

1 delivery scheme: M1=1/3 x (1,0015+ 1,2308 + 1,0006) = 1,0776;
2 delivery scheme: M>=1/3 x (1,0079+ 1,1538 + 1,0005) = 1,0541;
3 delivery scheme: M3=1/3 x (1,0020+ 1,1538 + 1,0004) = 1,0521;
4 delivery scheme: Ms=1/3 x (1,0083+ 1,0769 + 1,0003) = 1,0285;
5 delivery scheme: Ms=1/3 x (1,0000+ 1,1538 + 1,0003) = 1,0514;
6 delivery scheme: Ms=1/3 x (1,0036+ 1,1538 + 1,0004) = 1,0526;
7 delivery scheme: M7= 1/3 x (1,0050+ 1,0000 + 1,0000) = 1,0017;
8 delivery scheme: Ms=1/3 x (1,0086+ 1,3769 + 1,0003) = 1,0286.

Then, among the calculated values, the
smallest one is chosen. It will determine the

optimal delivery scheme. According to the
calculations, the smallest value is 1,0017,
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which corresponds to the 7th delivery
scheme.

The next criterion that we will apply for
decision making is Wald's criterion. It is based
on the principle of greatest caution. In the
case when the result Vi represents losses, the
minimum criterion is used when choosing the
optimal strategy. It is necessary to find the
largest element in each row at the first stage
max{VU.}, and then the action R;j (row j) is
selected, which will correspond to the
smallest element of these largest elements:

W =min max{Vﬂ} (4)

J

So, we need to determine the largest
elementin each row:

1 delivery scheme: 1,2308;
2 delivery scheme: 1,1538;
3 delivery scheme: 1,1538;
4 delivery scheme: 1,0769;
5 delivery scheme: 1,1538;
6 delivery scheme: 1,1538;
7 delivery scheme: 1,0050;
8 delivery scheme: 1,0769.

Table 9. The risk matrix of Savage’s criterion
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Among the maximum values found, in
the last step we determine the smallest one.
This is 1,0050 and belongs to 71" scheme.

The third criterion that we will use is
Savage’s criterion. It is based on the use of a
risk matrix, the elements of which are
determined by the formula:

=V, —min{y, | (5)

[/
y j

That is, rij - the difference between the
best value in column i and the values of Vjj at
the same i. According to the criterion, it is
recommended to choose the strategy in
which the value of the risk will take on the
smallest value in the most unfavorable
situation:

W = minmaxly, | (6)

J 1

The results of the calculation of the risk
matrix for eight routes are summarized in the
Table 9.

Ne of delivery | Delivery scheme accordingly to Risk parameter
scheme network graph T Cr Cc’ max
(1) 1-2-3-5-9-13-17 0,0015 0,2308 0,0006 0,2308
(2) 1-2-3-5-10-14-17 0,0079 0,1538 0,0005 0,1538
(3) 1-2-3-6-9-13-17 0,0020 0,1538 0,0004 0,1538
4) 1-2-3-6-10-14-17 0,0083 0,0769 0,0003 0,0769
(5) 1-2-4-7-11-15-17 0,0000 0,1538 0,0003 0,1538
(6) 1-2-4-7-12-16-17 0,0036 0,1538 0,0004 0,1538
(7 1-2-4-8-11-15-17 0,0050 0,0000 0,0000 0,0050
(8) 1-2-4-8-12-16-17 0,0086 0,0769 0,0003 0,0769

Source: developed by Reznik Volodymyr

In the column with the maximum risk
value for each scheme, we will look for the
smallest element. This is 0,0050 and it belongs
to 7™ scheme.

The last criterion that we will consider is
Hurwitz criterion. It is based on the following
two assumptions: nature can be in the most

unfavorable state with probability (1 — o) and
in the most favorable state with probability a,
where o is the confidence coefficient. If the
elements of the matrix represent losses, then
choose an action that fulfills the following
conditions: [7]
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W= m_in[a minV¥; + (I - a)max VﬂJ (7)
J i i

Source [12]

This criterion establishes a balance
between cases of extreme optimism and
pessimism by weighting these two ways of
behavior with the corresponding weights (1 —
a) and a, where 0 < a < 1. The value of a is
determined depending on the tendency of
the decision-maker to be optimistic or

pessimistic. If there is no pronounced
tendency, a=0.5 is most often used. [7]

To determine the desired delivery option
according to this criterion, you need to find
the sum of the products of the smallest and
largest value by the coefficient 0=0.5. [7]

Let’s perform calculations:

1 delivery scheme: 0,5x1,0006+0,5x1,2308=1,1157;
2 delivery scheme: 0,5%1,0005+0,5%1,1538=1,0772;
3 delivery scheme: 0,5x1,0004+0,5%1,1538=1,0771;
4 delivery scheme: 0,5%1,0003+0,5x1,0769=1,0386;
5 delivery scheme: 0,5x1,0003+0,5%1,1538=1,0769;
6 delivery scheme: 0,5x1,0004+0,5x1,1538=1,0771;
7 delivery scheme: 0,5x1,0000+0,5%1,0050=1,0025;
8 delivery scheme: 0,5x1,0003+0,5%1,0769=1,0386. [12]

Among the calculated values, we again
choose the smallest element. This is 1,0025
and also belongs to 7™ scheme.

Let's summarize all the calculations made
according to the four criteria into a Table 10.

Table 10 - Choosing a delivery scheme based on decision-making criteria. [7]

Ne of delivery Laplace’s Wald’s criterion, Savage’s Hurwitz criterion,
scheme criterion, M;R)) max(V;) criterion, max(r;) [0‘ minV’, +(1—o)maxV;, J
(1) 1,0776 1,2308 0,2308 1,1157
(2) 1,0541 1,1538 0,1538 1,0772
(3) 1,0521 1,1538 0,1538 1,0771
(4) 1,0285 1,0769 0,0769 1,0386
(5) 1,0514 1,1538 0,1538 1,0769
(6) 1,0526 1,1538 0,1538 1,0771
(7) 1,0017 1,0050 0,0050 1,0025
(8) 1,0286 1,0769 0,0769 1,0386
Minimum value 1,0017 1,0050 0,0050 1,0025

Source: Developed by Bugayko Dmytro

Therefore, taking into account the results
of calculations based on various decision-
making criteria, it will be advisable to choose
the 7t delivery scheme. This scheme involves
air transportation to Frankfurt, cooperation
with agent 4 there and the use of the LEGION
company for road transportation to the
destination point (Stryi).

Conclusions. In  today's unstable
conditions of the functioning of enterprises, it
is important in formation a logical chain of

building an effective organizational and
economic mechanism for the innovative
development of the transport industry in the
system of multimodal transportation, which is
able to ensure the efficiency of management
and the competitiveness of the industry.

The innovative activities of transport
industry enterprises are aimed at:

- ensuring high quality of transport
services;
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- timeliness of order fulfillment and
transportation;

- ensuring safety of cargo transportation;

- implementation of modern information
systems;

- use of energy-saving technologies;

- increasing  the  environmental
friendliness of transport services.

The main reasons that hold back the
innovative development of the transport
industry in the system of multimodal
transportation are:

- the imperfection of the legal basis for
carrying out cargo multimodal
transportation;

- inconsistency of the rules for the
transportation of dangerous goods with the
EU norms;

- lack of conditions for the creation and
operation of domestic operators of
multimodal transportation;

- imperfection of the tariff policy in
transport;

- high risks of multimodal operators when
organizing such long-distance transportation
involving two or more modes of transport;

- technological backwardness of
transport and infrastructure, low level of
introduction of modern technologies and
implementation of innovative policy in the
transport industry;

- disproportions between the levels of
development of railway infrastructure
capacities and the capacities of ports for cargo
processing;

- the presence of "bottlenecks" in the
infrastructure of transit transportation by
railway transport;

- lagging behind in the implementation
of new information technologies;

- lack of a compensation mechanism for
investments in strategic transport facilities;

- lack of a transparent system of
accounting for transport costs and an
effective control mechanism for the provision
and use of funds intended for the repair,
reconstruction and construction of transport
infrastructure;
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- lack of highly professional and
experienced specialists in  multimodal
transportation, etc.

The creation of new multimodal corridors
will allow to overcome the infrastructural
imbalance in the territories of large
integration associations. In particular, the
development of multimodal corridors in the
East-West and North-South directions is
planned on the territory of the European
Union, as well as the creation of four diagonal
corridors. Multimodal transportation is
especially relevant in the context of realizing
the potential of European integration,
simplifying trade and logistics procedures,
and developing international partnerships.
Thus, in the presence of negative
macroeconomic trends, today foreign trade
operations were carried out with partners
from 220 countries of the world, and the
largest volumes of exports among services
were transport services, which accounted for
54.8% of the total volume of exports.

The state of the pre-war transport market
was studied. Until February 2022, the market
had a heterogeneous structure of
development, because the global regressive
processes associated with the global
epidemic of the corona virus had a significant
impact on it. At the same time, it should be
noted that the total volume of transportation
increased in 2020 compared to 2019. This was
mainly due to road transport. Other types of
transport either remained at the same level
(water transport, aviation) or decreased (rail).
With the beginning of the large-scale
invasion, the transport infrastructure of
Ukraine was significantly affected, many
railway and road routes were destroyed, the
sky was completely closed for air transport
and seaports were almost completely
blocked. The increase in passenger and
freight flows in the western direction
highlighted the problems of the border
infrastructure.

Like many commercial enterprises,
logistics companies with the beginning of the
war were forced to rebuild their activities,
developing new schemes of work in the
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conditions of martial law. Thus, the FTP
Company,  having experienced  the
destruction of many transportation schemes,
had to look for ways to build new routes.
Those transportations that were in a mixed
connection with the participation of air
transport are now planned to be delivered to
the airports of Poland or Germany, and from
there to Ukraine by road transport.

At the enterprise level, it is necessary to
solve the tasks of restructuring one's own
business processes or modernizing existing
ones to adapt to external circumstances. Thus,
due to the cancellation of air transportation
and the blockade of sea ports, the FTP
company is forced to rebuild its multimodal
routes. Delivery by air transport will be carried
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out to the airports of European countries.
Thus, the work simulates various delivery
schemes for the route Hong Kong - Stryi,
considering the involvement of various
delivery airports and the involvement of
various agents and carriers.

A scientific approach was applied to form
the optimal base of the company's partners,
namely companies that carry out road
transportation, namely the method of export
evaluations for ranking carriers according to
certain criteria.

To determine the optimal delivery
scheme among the developed options,
decision-making methods under conditions
of uncertainty, namely the Laplace, Wald,
Savage and Hurwitz criteria, were applied..
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