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Summary. Experimental studies of transport and
technological schemes of delivery (TTSD) for packaged
cargo in the intercity by road transport using simulation
have been resulted. Considering that each transport and
technological schemes of delivery is the part of the lo-
gistic system of packaged cargo delivery in the intercity
the analysis of the influence on the TTSD efficiency of
technological and logistical parameters (TLP) has been
carried out by using the regression analysis. The key re-
quest parameters and parameters, involved in the re-
quest implementation, of the freight owners, freight
forwarders, carriers, terminals and external stochastic
factors have been taken into account for the formaliza-
tion of the initial data for the experimental studies of the
model of delivery process for PC in the intercity. Prin-
cipal variants of interaction between delivery process
participants and the most significant TLP of TTSD for
packaged cargo in the intercity by road transport have
been taken into account in the obtained dependences.
The conducted experimental studies using specialized
software tools and regression analysis to process the ex-
perimental studies results have identifies TLPs that need
to be optimized to substantiate the optimal TTSD vari-
ant for packaged cargo in the intercity by road transport
for different logistic and supply chains.

Key words: delivery process, packaged cargo, in-
tercity transportation, technological and logistical pa-
rameter, road transport.

INTRODUCTION

The chosen delivery scheme has a direct affect on
the efficiency of packaged cargo (PC) intercity delivery
by road transport [1-19]. If the TTSD is selected from
the complete set of TTSD alternatives, such the scheme
is considered to be optimal. It allows getting the maxi-
mum cumulative effect of all delivery process partici-
pants (minimum total costs of all involved in the deliv-
ery process participants) for each certain request.

Since TTSD are characterized by TLPs, the deter-
mination of the optimal transport and technological PC
delivery scheme in the intercity by optimizing the TLPs
of TTSD is an important problem that can be solved by

determining the dependence of the efficiency criterion
of TTSD operation on the main TLPs.

THE ANALYSIS OF RECENT RESEARCHES AND
PUBLICATIONS

Theoretical studies towards the formation of TTSD
for PC in the intercity with the detailed analysis of tech-
nological operations on a micron - level have been car-
ried out by the authors in papers [20-22]. In [20,21] the
structure of PC delivery logistic system (LS) with the
specification of the transport interaction surroundings
parameters has been proposed. It includes the four basic
schemes of LSC describing the main types of the inter-
action between all participants of PC delivery in the in-
tercity by road transport in accordance with their inter-
ests and capabilities. Wherein, the certain set of TTSD
alternatives satisfies each LSC scheme [22]. To find the
shortest path from the initial operation to a final opera-
tion studiers have proved the feasibility of using Dijks-
tra's algorithm. In this connection the using of variants
of caused by processing operations events as the graph
peaks and the technological operations cost as the length
of the graph edges has been proposed. Thus, the devel-
oped models allow evaluating the efficiency of each de-
livery scheme alternative for certain request and select-
ing the optimum, which will minimize the total cost of
all delivery process participants.

Considering that each TTSD is the part of the LS of
PC delivery in the intercity the analysis of the influence
on the TTSD efficiency of not just technological, but
technological and logistical parameters as well defined
in [23] has a great importance.

OBJECTIVES

The paper aims to determine the optimal TTSD for
PC in the intercity by road transport by optimizing the
technological and logistical TTSD parameters. The ob-
ject of study is the process of forming of transportation
technology for PC intercity delivery, and the research
subject is the formation of TTSD for PC in the intercity
by road transport based on logistics principles.
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The following tasks have been set in order to
achieve the research subject: formalization of initial da-
ta for the experimental studies, development of a full
factorial experiment plan, implementing of software
model of delivery process, carrying out of regression
analysis of experimental results.

FORMALIZATION OF THE INITIAL DATA FOR
EXPERIMENTAL STUDIES

The formalization of the initial data for the experi-
mental studies includes the definition of ten input pa-
rameters of the model of delivery process for PC in the
intercity [22] (TLPs of TTSD), the parameters of the
freight owners (FO), freight forwarders (FF), carriers,
terminals, that are involved in the request implementa-
tion, and external stochastic factors. Let us examine
them in more detail.

The input parameters of the model are [3]:

IP={Q,L,1,Class,P}, 1)
where: Q — the consignment volume for the request, t;
L — delivery distance, km; | — time interval between the
moments of current request reception and the reception
of the next request, hrs; Class - class of cargo; P — the
vector containing the information for including in the
request of additional conditions in request:
P={PJT;Pcons;Preturn;PLUFO;PC FO;PCPA}’ (2)

where: I:)JT: Pcons: Preturn: PLU FO» PC FO» PCPA — Boolean
variables characterizing the inclusion in the request of
the following conditions: "just in time"; need of cargos
consolidation; return shipping of empty transport con-
tainers to the FO; loading and unloading (LU) by FO
without the contractors’ involvement; performance of
transportation using FO transport; availability of a cargo
processing area respectively.

Additional FO characteristics describes the follow-
ing data: availability of empty shipping tare and its
technical characteristics; availability of the required ve-
hicles and its technical and economical characteristics;
information on the availability and characteristics of LU
facilities; information on the availability and character-
istics of equipment for packaging, labeling and docu-
mentation; data on the cost of the cargo temporary stor-
age in FO; data on the costs associated with staff sala-
ries, bank transfers, communication services, deprecia-
tion in the case of the independent implementation of
the request.

FF characteristic includes data on the availability
and characteristics of the required vehicle; data on the
number of involved in request implementation workers
in all required work types; data on the cost of involved
workers works; data on the costs associated with the re-
quest implementation; level of profitability.

Characteristics of the terminal (-s) are the follow-
ing: availability of empty shipping tare and its technical
characteristics; information on the availability and char-
acteristics of LU facilities; data on the cost of involved
workers works and other activities related to the han-
dling of cargo at the terminal; information on the avail-
ability and characteristics of equipment for packaging,
labeling and documentation; the cost of temporary cargo
storage; tariff for processing 1 ton of cargo.

The carry contractor (-s) characteristic includes data
on the availability and performance of required vehi-
cles; data on the components of required vehicles cost;
tariff for the transportation (by 1 tkm for cargo transpor-
tation and 1 km for empty shipping tare transportation).

The LU contractor (-s) characteristic includes data
on the availability and characteristics of LU facilities;
data on the number and the work cost of involved for
LU workers on all types of required work; tariff for 1 t
cargo loading and unloading.

Parameters of TTSD participants work that charac-
terized the simple operations implementation of partici-
pants have been defined as an external stochastic pro-
cess parameters (eg., time to request place on a special
logistics site, 1 t cargo loading time, etc.); vehicle
speed.

DEVELOPING OF FULL FACTORIAL
EXPERIMENT PLAN

To consider all the possible level combinations of
TLPs of TTSD the full factorial experiment plan has
been developed in a matrix consisting of a series of sur-
veys in 2048 (detail planning matrix of full factorial ex-
periment is shown in Table 1) in determining the opti-
mal variant of the scheme delivery plan was developed
for, and the levels of variation ten input factors (Ta-
ble 2).

Table 1. A fragment of matrix of full factorial ex-
periment planning

An ex- Level of input factor varying
e x| x| x| x|x|x|x|x|x|x
series 1234 |5|6[7[8]9]0

1 +1|+1 | +1 [+l (+1 [+1 |+1 | +1|+1 | +1
2 +1|+1 | +1 [ +1 | +1 [+ |+1|+1|+1 | -1
3 +1|+1 |+ |+ |+ (+1 |+ |+ -1 +1

2046 |-1]-1|-1|-1)|]-1]|-1|-1]-1|+1]-1
2047 |-1]-1|-1|-1]-1|-1]|-1]-1(f-1]+1
2048 |-1]-1|-1|-1)|]-1|-1|-1]-1|-1]-1

Table 2. Levels of input factors varying

Input factor mean- Level of factor varying

ing -1 +1
X1-Q,t 0,001 30

X2 -L, km 50 1500

X3 - 1, hrs. 0,2 12,2
X4 - Class 1 4
X5 —PJT 1 2
X6 _PCOHS 1 2
X7 -P 1 2

return

X3 _PLU FO 1 2
X9 ch o 1 2
X10-P_ 1 2
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SOFTWARE IMPLEMENTATION OF A DELIVERY
PROCESS MODEL FOR PC IN THE INTERCITY BY
ROAD TRANSPORT

The availability of alternative TTSD for PC and va-
riety of their performance proves the necessity of apply-
ing for experimental studies to determine the optimal
TTSD specialized software that contains the library of
base classes that allow us to describe the subjects of the
freight delivery market and the processes of their inter-
action within the supply chains of different levels [24].

Classes’ library is developed for use in an environ-
ment Microsoft Visual Stu-dio.NET. Tools library ad-
mittance is implemented in C #. Library classes allow us
to describe the received request characteristics by the
random variables, and characteristics of the subjects
participating LSC [25, 26].

As a result of the developed program the best
TTSD variant is formed from the full set of alternatives
TTSD. It is represented as a sequence of elementary
technological operations [22] required for the delivery
of cargo from the consignors to the consignee, in which
the total costs of participants involved in the delivery of
the request with its specified characteristics are mini-
mal.

An example of a software implementation of a de-
livery process model for PC in the intercity by road
transport is shown in Fig. 1, where “The shortest path
from 0 to 1” means the optimal delivery scheme ob-
tained by simulation for given values of request parame-
ters for the first LSC variant.

As a result of simulation experiment on the basis of
the developed plan the obtaining a data set consisting of
2,048 combinations of values of all possible variants of
TLP varying levels and corresponding the total subjects
delivery cost has become possible.

REGRESSION ANALYSIS OF EXPERIMENTAL
STUDIES RESULTS

Implemented in MS Excel regression analysis tools
have been used for processing of experimental studies
results.
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Fig. 1. An example of the optimal TTSD obtained
by simulation for given values of request parameters

Determination of the functional dependence of total
costs of PC delivery subjects on TLP of TTSD has been
carried out for each of transport and technological struc-
tures of LSH [20] in the following order: formation of
alternative hypotheses about the form of the regression
model; determination of the coefficients of regression
models to put forward alternative hypotheses; evalua-

tion of the adequacy of the obtained regression mod-
els and selection of the most adequate one.

According to obtained analytical dependence for es-
timating of total costs of delivery participants the next
variety of alternative hypotheses about the form of the
functional dependence of the PC delivery total costs Cy
on request parameters has been considered: the hypoth-
esis of a linear dependence (3), a power (4) and an ex-
ponential (5) dependences. Function analysis package of
MS Excel has been used as the main tool for determin-
ing the regression models coefficients in experimental
studies results processing.

1
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The results of the regression analysis to the first
LSC variant are shown in Table. 3. Among the tested
hypotheses exponential dependence is the most ade-
quate one. Closed to one coefficient of the determina-
tion indicates almost functionality of the obtained de-
pendence.

Table 3. The results of the regression analysis to
the first LSC variant

The regres- Hypothesis of a regression equation

sion equa- . An expo-

tion coclaffi— A Il?ear A dezgree nentigl
cient (B™) (B%) (B%)
X1 -893,065 | 520,9697 | 3128,397
X2 619,9595 0,3464 1,1871
X3 4,5612 0,4718 1,0011
X4 0,288 0,0032 1,0012
X5 3,9542 0,0014 0,9999
X6 -4863,96 -0,0873 0,5461
X7 -576,899 -0,2026 0,8684
X8 -601,048 | -1,04027 0,4866
X9 557,5883 0,0863 1,0619
X10 1593,355 | -1,2753 0,413

The deter-

mination -27,1277 -0,1617 0,8937
coefficient

Similarly, the testing of hypotheses about the re-
gression models form has been carried out for other
LSC variants. The results showed that the highest values
are characterized by exponential models. However, a set
of the most significant factors for each LSC variant is
different. The analysis results are shown in Table. 4.
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Table 4. The regression equation coefficient for
exponential models

The regression A supply chain variant

eq”"’]‘}i'c‘?gn‘;oef' LSCl | LSC2 | LsC3 |Lsc4
X1 312839 | 1242,73 | 204,940 | 227,484
X2 11871 | 1,1716 | 1,2078 | 1,2187
X3 1,0011 | 1,00074 | 1,00041 |1,00047
X4 1,0012 | 1,03554 | 1,04575 | 1,0392
X5 0,9999 | 1,00025 | 1,04016 | 1,0587
X6 05461 | 05423 | 0863 | 0,6093
X7 0,8684 | 0,9181 | 0,861 |0,9053
X5 0,4866 | 0,4407 | 09925 | 0,9965
X9 1,0619 | 1,0889 | 1,1174 | 1,0882
X710 0,413 | 0,8391 | 0,7778 | 0,8356

fhe determing: | o,g937 | 0,305 | 0,177 | 0,9352

Thus, obtained for the variants of logistic supply
chain schemes regression models allow to take into ac-
count the effect of TLP on certain performance criteria.

CONCLUSIONS

1. The conducted experimental studies using spe-
cialized software tools and regression analysis to pro-
cess the experimental studies results identifies TLPs that
need to be optimized to substantiate the optimal TTSD
variant for PC in the intercity by road transport for dif-
ferent LSCs.

2. For the first LSC variant a request consignment
volume, delivery distance, "just in time" condition; the
need for consolidation of cargo, return shipping of emp-
ty transport containers to the FO; performance of trans-
portation using FO transport; availability of a cargo pro-
cessing area must be optimized.

3. For the second LSC variant in addition to the in-
cluded in the first LSC model parameters a time interval
between the moments of current request reception and
the reception of the next request and a condition of LU
by FO capacity without the contractors’ involvement al-
S0 must be optimized.

4. For the third and fourth LSC variants among the
included in the second LSC model parameters a condi-
tion of returning shipping of empty transport to the FO
must not be optimized.

5. Perspective directions for further studies are de-
termination of the optimal area of TTSD use and esti-
mation economic efficiency of the optimal TTSD vari-
ants for the PC in the intercity by road transport.
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PE3VJIbTATbI SKCIIEPUMEHTAJIbHBIX
HUCCJIEJOBAHMII IO BLIBOPY
TPAHCIOPTHO-TEXHOJIOTHYECKUX CXEM
JIOCTABKHU TAPHO-IITYYHBIX 'PY30B
ABTOMOBHWJILHBIM TPAHCIIOPTOM B
MEXKIYTOPOJHOM COOBLIEHUH

AnHoTanud. IIpuBeneHs! pe3ynbTaTsl dKCIEpUMe-
HTAJIbHBIX UCCIIEI0BaHUI TPaHCIOPTHO-
TEXHOJIOTHYECKUX CXEM JOCTaBKU TAPHO-IITYYHBIX TPY-
30B (TLHI") aBTOMOOHMIBHBIM TPAHCIIOPTOM B MEXKIYTO-
POJHOM COOOIIEHUH C HCIIOIb30BAHHEM MMHTAllHOHHO-
ro Moaenuposanus. GopManusalnus UCXOJHBIX JaHHBIX
JUIL DKCIEPUMEHTAIBHBIX HCCIEJOBAaHUN MOAEIH IpO-
1iecca JI0CTaBKU TapHO-IITYYHBIX IPY30B B MEKIYTOpo-
JTHOM COOOIIEHUH aBTOMOOWIBHBIM TPaHCIOPTOM Y4H-
THIBaE€T OCHOBHBIC MTapaMETPhl 3aKa30B U JOMOIHHUTEINb-
HbIE MapameTpbl paboThl TPYy30BIaJelblia, IKCIEAUTO-
pa, MepeBO3YNKOB U TEPMUHAJIOB, KOTOPbIE MPUBJIEKAIO-
TCS K BBINOJIHCHHIO 3aKa3a, U BHEIIHUE CTOXAaCTHUECKUE
¢axTopsl. [lomydeHHBIE perpecCHOHHBIC MOJEIHN 3aBHU-
CUMOCTH PAacXoOJ0B Ha JOCTaBKy OT TEXHOJOro-
noructuueckux mapamerpoB (TJIII) TpancmopTHO-
TEXHOJIOTHUECKUX CXEM IOCTABKH YUHUTBIBAIOT OCHOB-
HBbIE BapHaHThl B3aUMOJECICTBUSI y4aCTHUKOB Ipoliecca
JIOCTaBKH U BKITIOYArOT Hanbosee 3Haunmele TJIIT cxem
noctaBkd TIII aBTOMOOMIBHBIM TPAHCIOPTOM B MEX-
JIYTOPOIHOM COOOIICHHN.

KniodeBble cj10Ba: TEXHOJIOTHYECKUI TPOLEC JOC-
TaBK{, TapHO-IITYYHBIE I'PY3bl, MEXIyrOPOIHEIE Tepe-
BO3KH, TEXHOJIOTO-JIOTUCTHYECKHI MapameTp, aBTOMO-
OMIIBHBIN TPAHCIIOPT.



