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AN APPROACH TO DETERMINE THE RATIONAL SCHEME OF DELIVERY FOR
THE INTERNATIONAL CONSOLIDATED SHIPMENTS

The article deals with an approach for determining a rational scheme for the delivery of the international con-
solidated shipments taking into account possible alternatives involving the transport companies and terminal sys-
tems. The cost to consider the impact parameters have been proposed as a criterion for finding a rational scheme

for the delivery of consolidated shipments.
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Problem statement

In the development of the domestic economy one
of the key ways is the improvement of the country's
transport system and the implementation of its powerful
transit potential to ensure the European ties. This will be
a significant contribution to the development of Ukraine
due to the growth in transportation turnover and the
multiplicative effect in other sectors of the economy [1].

The road transport quality affects the organization
of continuous trade, satisfaction of public demand for
goods, distribution rate, inventory size, cost level, pro-
duction self-cost and trade profitability, procurement
and production activities.

In the past few years, the crisis-weakened domes-
tic demand has been influencing the activities of domes-
tic carriers. Today, as the logistic operators note, the
consolidated shipments' demand from industrial enter-
prises is growing. It should be emphasized that in many
developed countries of Europe, in previous years the
crisis had a positive effect on cost savings in the produc-
tion process and encouraged the manufacturers to intro-
duce the "just in time" approach. Today, the supply of
raw materials and components for production, delivery
the finished products to the buyer not only in a shorter
time, but also at a specific hour, and in small batches,
which obviously cannot happen without the consolida-
tion of shipments, are actual for the road transport mar-
ket in many countries [2].

Every year there is a tendency to expand the cargo
market. Along with the increase in production volumes,
the need arises to find and develop the most efficient
ways for transporting goods. The issue of choosing a
rational scheme of delivery of the international consoli-
dated shipments has been not sufficiently studied at the
present stage, and therefore it requires a preliminary
study and analysis. In this regard, improving the effi-
ciency of delivery of the consolidated shipments is an
important research task.
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Analysis of recent research and publications

Transportation is one of the basic branches of the
economy. In 2017, transportation, warehousing, postal
and courier activities accounted for about 6,6 % of GDP
and 6,1% of the total employed population. Agriculture,
coal, mining and metallurgy, chemical and food indus-
try, industrial and house building, retail trade, commu-
nications and postal services, and defense are the most
transportation-dependent industries [3].

Presently, the transport industry of Ukraine as a
whole satisfies only the basic needs of the population
and the economy in volume, but not in quality. The cur-
rent state of the transport industry does not fully meet
the requirements for the effective implementation of the
European integration course of Ukraine and the integra-
tion of the national transport network into the trans-
European one.

The national transport strategy of Ukraine for the
period until 2030 determines the priorities for improv-
ing the quality of transport services, envisages bringing
their level and infrastructure development closer to Eu-
ropean standards, improving safety and reducing the
negative environmental impact responds to the need to
improve management reform and decentralization of
tasks and functions of central executive authorities, the
introduction of anti-corruption policy, corporate gov-
ernance in the public sector [3].

The regions of Ukraine, as well as the whole
world, require the constant supply of various resources
and goods, delivery of equipment, materials, industrial
goods and other resources in small lots, since their con-
sumption is limited, and accumulation and storage are
ineffective. At the present, the service sector and its
transport component, which takes a significant position
in all economic spheres, is moving to the upper level of
the economic hierarchy. An important place in the
transport service of the economy is related to the trans-
portation of small-lot cargoes providing all its compo-
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nent parts with the necessary resources, raw materials.
Transportation in the field of consumption is of a spe-
cial attention, since the cargo circulating there, as a rule,
is formed and transported in small lots. Considering that
transportation serves the vital needs of the population, it
is socially significant and requires a constant attention
[4].

The main advantages in concern of the consolidat-
ed goods are cost-effectiveness and convenience of
transportation in this way. Substantial savings are
achieved through the efficient use of cargo space. In this
case, even air travel, which is generally very expensive,
can be quite affordable. A transport company has the
opportunity to save money on the delivery of consoli-
dated goods, since, sending just one car to a certain
point, it processes the several orders for cargo transpor-
tation at once. This reduces transportation costs, and
hence the cost of shipping services, increases the num-
ber of customers and their loyalty to the company [5].

An important role in international transportation is
played by warehouses, terminals, distribution centers,
consolidation sites etc. The technological process in
warehouses, which is based on a rational construction,
accurate and consistent warehouse operations, continu-
ous improvement of the labor organization and techno-
logical solutions, must meet the optimal parameters for
the process speed, ensure the safety of goods, cost effi-
ciency and a high level of the logistics service [6].

An analysis of publications that have studied the
process of delivery of the international consolidated
goods allows determining the main results and devel-
opment directions:

- development of rational transport and technolog-
ical systems for cargo delivery from current modeling
methods [7-9];

- formation of effective technologies for the deliv-
ery of small and consolidated shipments in various types
of traffic [10-13];

- introduction of terminal systems and distribution
centers in the organization of delivery of small-lot car-
goes [14-19];

- improvement of the logistics supply chain of
goods taking into account the scale of orders and type of
shipments [2, 20-23].

Thus, the theoretical studies of many scientists
have shown that a well-developed market of logistics
services with the appropriate logistics operators and the
appropriate logistics infrastructure will allow to effec-
tively implementing the technology of consolidated
shipments for reducing the costs of all participants in
the delivery process.

Aim of the study

The purpose of this study is to choose a rational
scheme for the delivery of international consolidated
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shipments with the minimal cost. To achieve this goal it
is necessary to solve the following tasks:

- to develop the alternative schemes for the deliv-
ery of consolidated shipments;

- to determine the estimated function and the im-
pact parameters;

- to make the analytical models for determining a
rational scheme of delivery of the consolidated ship-
ments.

Study material presentation

Current international conditions of logistics of
freight traffic, to which Ukraine aspires, require ever-
increasing attention and improvement. The efficiency
and quality of freight transportation significantly depend
on the optimization of the coordination processes of
various modes of transportation, the rational distribution
of traffic volumes between them, the timely formation
of the necessary management decisions. First, special
attention should be paid to the two most important indi-
cators — the cost of transportation and terms of order
processing when delivering the consolidated cargoes
[24].

In general, the delivery of goods from a shipper to
a consignee provides for the implementation of groups
of operations to select the of modes of transport, prepa-
ration of cargo for transportation, delivery to the termi-
nal of the main transport, loading and unloading, and
warehousing operations, transportation and transfer of
cargo from one mode of main transport to another,
transportation of goods from the terminal of the main
transport to the addressee. When performing each group
of operations, technical means, methods and techniques
of operational organization can vary. Thus, a complex
of mutually agreed technical, technological, economic,
organizational, commercial and legal solutions to pro-
vide the most efficient transportation of goods is the
transport and technological delivery system [25].

The formation of a set of alternative delivery
schemes depends on the of the request flow parameters.
For each order, transport company, terminals and cus-
toms facilities available in the service region are to be
considered.

We offer two alternative schemes for the delivery
of the international consolidated cargoes. The first
scheme, “Scheme 17, includes the following group of
participants: a transportation company that delivers car-
go in small lots from the shipper to the terminal; ship-
pers (n is the number), a terminal that makes the consol-
idated shipments in the shipper's area; an international
transport company that carries the international consoli-
dated shipments; customs facilities (in the country of
departure and destination, respectively); consignees

(Fig. 1).
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Fig. 1. Scheme of interaction of the participants to de-
liver the shipments with the departure region terminal —
“Scheme 1”
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‘ Transport company ‘

The presented delivery scheme provides for the
cargo consolidation at the terminal, and then, by road
trains, — to the consignees. With this delivery scheme,
the number of loading and unloading operations, and the
time to wait for the terminal cargo accumulation in-
creases. Under these conditions, the total delivery time
increases. Consolidation of goods affects the reduction
of transportation cost and the number of vehicles of
small and medium capacity. When developing this de-
livery scheme, in addition to the transportation distance
and volume, it is necessary to take into account the or-
der's flow intervals for the transportation of the consoli-
dated cargoes.

The second scheme, “Scheme 27, provides for the
change of participants: shippers, an international
transport company to collect the small lot shipments and
to carry an international transportation; customs facility
(in the country of departure and destination, respective-
ly); a terminal in the region of destination in which the
consignment is disbanded; a transport company that
provides vehicles to transport the small shipments from
the terminal; consignees (Fig. 2).

Shippers

»| Custom house

‘ Transport company

\ Terminal of

International transport departure region
company

7

‘ Consignees ‘

Fig.2. The interaction scheme for participants to
deliver the consolidated shipments using the destination
region terminal — “Scheme 2”

It is advisable to use the scheme of delivery with-
out a consolidation terminal when transporting of cargo
up to 10 tons over a long distance. For transportation the
vehicles of appropriate capacity should be used. The use
of the vehicles contributes to improving the transporta-
tion productivity, reducing the fuel consumption by 1
tkm (1 t) and the transportation cost. In addition, it is
possible to decrease the number of vehicles of small or
medium capacity (up to 5 tons), and hence, the need for
drivers.

The technological process of delivery of consoli-
dated cargoes according to the presented schemes (Fig.
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1, 2) can be grouped into the corresponding compo-
nents:

1) providing the car to the place of loading (ship-
per, terminal of departure or destination);

2) loading the goods from the shipper;

3) carriage from shippers to the terminal of desti-
nation, as well as between shippers;

4) terminal operations (unloading, storage, cargo
unit formation, disbandment, loading);

5) transportation in Ukraine (from shippers (from a
warehouse) to customs in the territory of Ukraine);

6) customs procedures at the border (at the cus-
toms of departure and destination);

7) international transportation (from the customs
border to the consignees, from the destination terminal
to the consignee)$

8) carriage between consignees and unloading of
the relevant shipment.

To determine the rational delivery scheme for the
international consolidated shipments it is necessary to
consider the order size, transportation distances, order
flow intensity, the procedure for some technological
operations on loading, transportation, placing on the
terminal, customs clearance and unloading.

The cost of delivery of the international consoli-
dated goods when using the consolidation warehouse
("Scheme 1") will have the following form:

le =Bty *+Bics +Behdt + Boc +

@)

+BetsT + Behee

where B,7 is the vehicular traffic cost from the

transport company to the shipper, cargo transportation
from the shipper to the terminal through the territory of
Ukraine, UAH;

Bycs is the loading cost from the shipper, UAH;

Bengt is the cargo handling cost at the departure
terminal, UAH;

B, is the customs operations cost, UAH,;

Byst is the cargo transportation cost through a
foreign state territory, UAH;

Bene 1 the cargo unloading cost from the con-

signee, UAH.

The vehicular traffic cost from the transport com-
pany to the shipper, cargo transportation from the ship-
per to the terminal and through the territory of Ukraine:

term

sub rsub term
Bty = Stkm - Luetu + (Sitkm - LviTu + @)

+S1tkm - Lvttu ) - A

where S3U0 s the cost of submitting a vehicle to

the shipper, UAH/km.
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LSYR, is the distance from the transport company

to the shipper, km;

term
S1tkm

from shipper to the terminal region of departure, UAH /
f/ton-km;

LI, s the distance of transportation on the terri-

tory of Ukraine (from the shipper to the terminal), km;
Sitkm 1S the cost of shipping through the territory

of Ukraine (from the terminal to customs), UAH / /ton-
km;

is the cost of shipping through Ukraine

Lty is the distance of transportation on the terri-

tory of Ukraine (from terminal to the customs), km;
q — the cargo order volume, t.

Loading costs from the shipper:

S -
Bics :I_q ®)
1t

where §; is the loader's operation one hour cost
for cargo loading from the shipper, UAH/hour;
tfth is one ton of cargo loading time from the

shipper, t/hour.
The departure terminal handling costs:

Sk 1o g

term
bt

(4)

Bepat =

where S is handling cost per ton of cargo at the

departure region terminal, UAH/;
t##™™ is one ton of cargo handling time at the ter-

minal, t/hour,
lg is the order flow intensity, t/hour.

Custom operation cost:

F
Boe =(Scu 'tlctU +ScF 'tfm )-d, 5)

where S, S is the cost of customs procedures

at the Ukrainian and the foreign customs, respectively,
UAH/hour;

t5” 55 is the time of customs procedures per one

ton of cargo at the Ukrainian and the foreign customs,
respectively, hour/t.

The cargo transportation cost through the territory
of a foreign state:

Bust =Stk Lvir +d., (6)

where Sl'f(m is the 1 ton-km cost of carrying the
cargo through the territory of a foreign state, UAH/tkm;
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Lyte is the transportation distance through a for-

eign state territory, km.
The unloading costs from consignees:

Soi -4
-5, ™
1t

Bchtc

where Sﬁp is the cost per one hour of the loading
machine operation to unload the cargo from the shipper,
UAH/hour;

tlct:P is the unloading time per one ton of cargo

from the consignee, t/hour.
The cost of delivering the international consolidat-
ed cargoes under the “Scheme 2” will be as follows:

BZZ = Bytu +Blcsi + By + ®)

+Biermp + Betst + Butrep + Buich »

where B is the vehicular traffic cost from a

transport company to the shipper, transportation through
the territory of Ukraine, UAH;
Byeg; is the shipper's loading cost, UAH;

Biermp 18 the destination terminal handling cost,
UAH,;

Bust is the cargo transportation cost through the
territory of a foreign state, UAH;

Biecp is the cargo transportation cost through the
territory of a foreign state to consignee's destination
terminal, UAH;

Bycp s the cost of cargo unloading from the

consignee, UAH.

All other cost items are to be determined as the
costs under the “Scheme 1”.

The vehicular traffic cost from a transport compa-
ny to the shipper, transportation through the territory of
Ukraine:

n
1 s
Bytu = Sin - Lty + Stk - Leru -ai (9)
=)

where kalm is the submitting cost of an interna-
tional company's vehicle to the first shipper, UAH/km;
LSty is the submitting distance of an internation-

al company's vehicle to the first shipper, UAH/km.
The shipper's loading cost:

n
S(-q -n
Bieg :Zw, (10)

sh
i1 bt



where n, is number of loadings (corresponds to

the number of shippers).
The destination terminal cargo handling cost:

termD ,termD
S clg g

Biermp = t{ermD ' (11)
t

where SEE™P s the 1 ton of cargo handling time

at the destination terminal, UAH/t;

IE™P s the order flow intensity to remove the

cargoes from the destination terminal, t/hour.;

tMP js the destination terminal per one tone

handling time, t/hour.

The cost to carry the cargo from the destination
terminal to the consignee trough the territory of a for-
eign state:

cP  CP
Byrcp = Stkm - LiF - ¢- (12)

where Slckﬁ is the 1 ton-km cost of transporting

the cargo through the territory of a foreign state from
the destination terminal to the consignee, UAH/ton-km;

LSUP: is the transportation distance of bringing the

cargo through the territory of a foreign state from the
destination terminal to the consignee (the average value
is to be taken), km.

From the analytical models obtained, it is neces-
sary to carry out the statistical analysis of the model
parameters using statistical data from transport and for-
warding companies of the city of Kharkov, create the
simulation models for determining the time for the rele-
vant operations, conduct the experimental studies on a
specific plan and generate the regression models.

Conclusions

It has been established that the development of a
current market economy places new demands on how to
improve the efficiency of the organization and man-
agement of material and financial flows. New forms and
methods of organizing the logistics flows including con-
solidated shipments are needed. One of the ways to re-
duce the cost of goods and services is to reduce the de-
livery cost. Since the international road transportation of
consumer goods is done by various shipments from a
large number of shippers, the first task is to determine
an efficient delivery scheme for the consolidated ship-
ments taking into account the shipment formation time,
transportation distances, and the number of process par-
ticipants. Analysis of the current state of knowledge in
the international road delivery of the consolidated ship-
ments has demonstrated that the main direction to im-
prove the technological process is coordination to form
the consolidated shipments ensuring their timeliness and
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reliability. From the literary sources, it has been re-
vealed that the creation of consolidated deliveries by
large logistic operators should be preceded by the de-
mand from the industrial manufacturers which, with the
aim of costs-saving, are implementing the “just in time”
model in production.

Two alternative international schemes for the de-
livery of consolidated shipments have been presented.
The first scheme —“Scheme 1” includes the following
group of participants: a transportation company that
carries cargo from the shipper to the terminal; shippers;
a terminal that consolidates the shipments in the ship-
per's region; an international transport company; custom
facilities; consignees. In the second scheme — “Scheme
2” — the organization of the consolidated shipment is
taken directly using an international transport company
(participation of the departure terminal is excluded), and
the terminal of the destination region participates to
distribute the consolidated goods to the consignee.

The process of determining a rational scheme for
the delivery of international consolidated shipments is
presented in the form of analytical models to take into
account the influence of the relevant parameters on the
elements of the delivery process and, in general, on the
assessment parameter which is the delivery cost. A cri-
terion for finding a rational scheme is proposed in rela-
tion to the cost to perform all the technological opera-
tions under the schemes.

From the technique presented, it is planned to con-
duct a statistical analysis of the input parameters in the
future, draw up a simulation experiment plan taking into
account changes in the values of external environment
parameters and conduct the regression analysis.
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IIJIXIJT 10 BABHAUEHHS PAIIIOHAJIBHOI CXEMHY JOCTABKH 3BIPHUX
BIAITIPABJIEHb Y MI'’KHAPOJHOMY CIIOJIYYEHHI
O.B. IlaBnenko, /.M. KonutkoB
XapkiBChKUIT HAIIIOHANBEHUI aBTOMOOITFHO-TOPOKHiH YHIBepcUTeT, YKpaiHa

Y pobomi 6yno npoananizoeano cyuachuii cman po3po6oK ma iCHyHOUUX meHOeHyiti wjooo 8ubopy payionas-
HOI cxemu docmasKu 30ipHux GIONPAGIEHb, 8 MENCAX OKPEMUX KPAiH ma mpaHcnopmy 8 yiiomy, wo 00360u10 cho-
PMY8AmMu 0CHOBHY Memy 00CI0NCeHHs 0aHOi cmammi.

Ananiz pobomu mparHcnopmuux niONPUEMCMe ma MePMIHaLie, 00360U6 SUOLTUMU ICHYIOUU HANPSMKU 600C-
KOHAJIeHHST OpeaHizayii 00Cmagku 30IpHUX 6AHMANCIB. GUSHAYEHHS PAYLOHANLHOL KIIbKOCME MEXHIYHUX 3ac00ie me-
PMIHANIE A ONMUMI3AYIsL cepsicy No HAOAHHIO MPAHCHOPMHUX NOCTYe, ale 6e3 6paxy8anHs eqhekmuenoi no6yoosu
cxemu 63a€Mo0ii Midic yuacHukamu npoyecy. Bemanoeneno, wo npu nianyeanti 6upoOHUYOI NOMYICHOCHIE cucmemu
00CmMasKu HeobXiOHO NO200XCY8aMuU N02ICMUYHI Yini OYHKYIOHYBAHHS B8CbO20 KOMNIEKCY 83AEMOOIL 3 MAPKEMUH208UMU
nompebamu CRoNCUBaUIs.

Teopemuuni po3pobku bazamvox 6ueHUX NOKA3AU, WO 00Ope PO3GUHEHUNI PUHOK JOICIUYHUX NOCLY2 3 GION0GIO-
HUMU OSICMUYHUMU ONepamopami ma 8i0N0BIOHOI IOCICMUYHOKW IHOPACMPYKMYpPOoIo, 003601UNb eeKMUHO 8NPO8a-
0Jrcysamu mexHon02io 30IPHUX 8IONPasieHb OJisl SMEHUEHHsL 6UMPAM 6CIX YUACHUKIB npoyecy 00CmAeKu. 3anponorosa-
HO 08I AIbMepHAMUBHI cCXeMu 00CMABKU 30IpHUX 8IONPAGIEHb ) MINCHAPOOHOMY CHOJIYYEHHL.

Tlepwa cxema, "Cxema 1", sxnoyae nacmynmny epyny y4acHuKie: mpancnopmue nionpuemcmao, sxe 30iiUcHIOE nio-
BE3EHHA BAHMAICY BI0 BAHMANCOGIONPABHUKA 00 MEPMIHANLY, BAHMAICOBIONPAGHUKY, MEPMIHAN, AKUU 30TUCHIOE
00’ €oHanus 30ipHux GiONpaeieHs @ pecioni GIONPAGHUKIE; MPAHCNOPMHE NIONPUEMCIBO MINCHAPOOHO20 NPUSHAYEHHSL,
MUMHI nepexoou, 8aHMAaAMCO00EPHCYB8AUi.

Y opyeiii cxemi "'Cxema 2" epaxosyecmucs opeanizayis 30ipHo2o 8ionpasients 6e3nocepeonsbo 3a O0NOMO2010 MpPa-
CHOPMHO20 NIONPUEMCIEBA MINCHAPOOHO20 NPUSHAYEHHS (YYacmb mepmiHana 8iONpasients BUKIIOUAEMbCs), a 0 po3-
NOOLNeHHsl 30IPHO20 BAHMAICY 00 BAHMANACOOOEPIHCYBAUA NPULIIMAE YHACHIL MEPMIHAT PE2iOHY NPUSHAYEHHSL.

Tpoyec docmaeku 36ipHux 8iONnpasnensb Y MIdXCHAPOOHOMY CHOTYYEHHI 3a BIONOBIOHUMU CXeMAMU NPeOCMABNEHO Y
8UIAOI AHATIMUYHUX MOOeNell, SIKI BpAX08YIOMb BNIUE BXIOHUX NAPAMEMPI8 M 3068HIWHIX (DAKMOPIE HA eneMeHmU npo-
yecy 0OCMAasKu ma 6 YoMy HA napamemp OYiHKu - eumpamu. 3anponoHO8aHUll Kpumepii 8USHAYeHHs PAYIOHATbHOL
cxemu 00CMABKU 8PAXOBYE BUMPAMU HA BUKOHAHHS 6CIX MEXHONIOSIYHUX ONEpayiil, 3 YPaxy8aHHam 00csey 8UKOHAHO!
pobomu (06cs2 3aMOBNEHHSL BAHMANICY, BIOCMAHI NEPEBE3CHHS MEPUMOPIEI0 BIONOGIOHUX 0epIICAB, THIMEHCUBHICMb HAO-
X0O0JHCEeHHsL 3AMOBIEHb) MA YACY BUKOHAHHSL BIONOGIOHUX POOIM.

Knrwouogi cnosa: payionanvha cxema, docmaexa, 30ipHi 8i0npasients, 8UmMpamu, MidCHapoOHe CNOLYYeHHs.
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