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Abstract. Planning and implementation of the process of packaged cargo delivery by road transport 
are based on the transport and technological schemes of delivery. The optimal scheme choice allows 
providing the maximal cumulative effect of all participants of the transport process. The total costs of 
the delivery process participants have been proposed as the criterion for determining the optimal 
transport and technological delivery scheme. The proposed approach to the formalization of the com-
plete set of alternative variants of the packaged cargo delivery process in the intercity as a graph-
model allows using the network optimization techniques. 
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Анотація. Наведено результати аналізу підходів до формування альтернативних варіантів тра-
нспортно-технологічних схем доставки вантажів. Запропоновано критерій визначення оптима-
льної транспортно-технологічної схеми доставки. Надано модель вибору оптимальної транспо-
ртно-технологічної схеми доставки тарно-штучних вантажів у міжміському сполученні. 
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Introduction 
 
A technology of cargo delivery process we con-
sider as a technique of implementation of the 
particular transportation process by breaking it 
with a system of consecutive and interlinked 
stages of operations that are performed more or 
less definitely and are implemented in order to 
achieve high efficiency of transportation pro-
cess. 
 
Planning and implementation of the process of 
the packaged cargo (PC) delivery by road 
transport are based on transport and technologi-
cal schemes of delivery (TTSD) that are quite 
complex due to the specifics of transport process 
in the intercity. Thus, as a rule, an estimation of 
alternative delivery schemes for determination 
of optimal one for a certain request is not being 
implemented. The optimal scheme choice allows 
providing of maximal cumulative effect of all 
participants of the transport process. 
 
Therefore, an important task while the imple-
mentation of an integrated process of the PC 
delivery in the intercity is to develop a model of 
choice of the optimal TTSD of PC by road 
transport. 
 

Analysis of publications 
 
The methods of choice of transport and techno-
logical schemes of PC delivery in the intercity 
have been examined in the researches of 
A. Vorkut, A. Velmozhin, L. Mirotin, 
N. Goryaev, Ie. Nagornyi, V. Naumov and other 
scientists. Papers [1, 2] have been devoted to the 
choice of intercity transportation schemes on the 
basis of technical and economic calculations of 
transport unit costs for compared alternative 
scheme variants. Wherein, in those papers an 
insufficient attention is paid to the accompany-
ing forwarding operations. 
 
In [3] algorithms that describe the sequence of 
operations feasibility were used for the formali-
zation of forwarding process. However, the 
analysis has been carried out mainly with the 
position of freight forwarding companies and 
less attention was given to the detailed consider-
ation of the delivery technology. 
 
Papers [4,5] considerate the planning issues and 
the implementation features of containerized 
cargo delivery process and provides recommen-
dations for development of the optimal scheme 

for each individual request on transport services. 
But the main attention has been paid to the 
choice of delivery process participants and com-
bination of delivery transport modes without a 
detailed analysis of technological operations on 
a micro-level. 
 

Paper subject and tasks 
 
The paper aims to develop tools for improve-
ment of the efficiency of PC delivery in the in-
tercity by choosing the optimal transport and 
technological delivery schemes.  
 
The object of research is the process of forming 
of transportation technology for packaged cargo 
delivery in the intercity, and the research subject 
is the process of choosing the optimal transport 
and technological packaged cargo delivery 
scheme. 
 
The following tasks have been set in order to 
achieve the research subject: choice of the effi-
ciency criterion, formalization of the research 
object, development of a methodology for 
choosing of the optimal TTSD by road transport 
for PC in the intercity. 
 

Developing the model of choice of optimal 
transport and technological schemes 

 
The purpose of the mathematical model devel-
opment is to choose the optimal TTSD for PC in 
the intercity by road transport. Model input pa-
rameters are the parameters of the requests flow 
and the number of the group {NLC} which is de-
fined by dispatchers of the enterprise and carries 
information about the client’s needs regarding 
the transport package, the productive resources 
availability, the geographical location of the 
transport process participants and so on. 
 
Analysis of existing criterions of efficiency has 
shown that the most reasonable criterion for the 
choice of PC delivery scheme was the overall 
costs for all the participants of delivery process 
as the elements efficiency criterion of logistic 
system (LS) of cargo delivery in the intercity. 
Given that one logistic supply chain (LSC) im-
plements one owner application of the cargo 
consignment delivery suppose that total cost of 
all realized LSC is LS efficiency criterion. Effi-
ciency criterion is as follows: 
 

1
( , , ) min

rN

LS LC i
i
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  ,         (1) 
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where Q – the consignment volume for the re-
quest, t; L – delivery distance, km; I – time in-
terval between the moments of current request 
reception and the reception of the next request, 
hrs; Nr – number of serviced requests of shippers 
who participate in delivery process during cer-
tain period of time, requests / time period; ELC i – 
the costs of servicing of the i-th request, 
hrn / time period. 
 

1 1 1 1

FO C FF TN N N N

LC FOj Cj FFj Tj
j j j j

E E E E E
   

       ,  (2) 
 

where EFO, EC, EFF, ET – costs for cargo own-
ers (consignors – CR, and consignees – CE), 
carriers, freight forwarders and cargo terminals 
respectively, UAH / time period; NFO – number 
of cargo owners, one; NC – number of carriers; 
NFF – number of freight forwarding companies 
(FFC); NT – number of terminals involved to 
implement the application, one. 
 
Outgoing model parameter is a variant of 
transport and technological scheme which is 
characterized by the optimal (minimum) value 
of the efficiency criterion. 
 
Model of choice of the optimal TTSD could be 
represented as a system of “gray box” which 
consists of two interrelated processes: 1 – the 
process of forming set of alternative transport 
and technological packaged cargo delivery 
schemes {Ti}; 2 – the process of determining the 
effectiveness of alternative schemes and the 
choice of the optimal scheme (Fig. 1). 
 

 
 
Fig. 1. Cybernetic model for choice of the optimal 

technological PC delivery scheme 
 
The time of loading and unloading, packaging, 
labeling, temporary storage of 1 t cargo, vehicle 
speed, time to confirmе the structure and choice 
LSC have been taken into account as external 
model factors {zi}. For the choice of the optimal 
delivery scheme it is essential to resolve the 
problem of the set of alternative TTSDs deter-
mining. Basing on the analysis of existing ap-
proaches to the formalization of cargo delivery 
process the core list of elementary operations 
needed to deliver the PC in the intercity has 
been formed [6]. The options encoding for 

events due to the elementary process options has 
been introduced as follows: response (event) – 
code – a summary of the option (event) charac-
teristics. 
 
The following characteristics (event) have been 
considered: consultation with the FFC (a1 – took 
place, a2 – did not take place); evaluation of the 
self implementation (b1 – took place, b2 – did 
not take place); search at the logistics web site 
(c1 – took place, c2 – did not take place); place-
ment on the logistics web site (d1 – took place, 
d2 – did not take place); analysis of alternatives 
(e1 – took place, e2 – did not take place); coordi-
nation of rates with the carrier (f1 – took place, 
f2 – did not take place); coordination of rates 
with the cargo owner (g1 – took place, g2 – did 
not take place); transportation characteristics 
(aa1 – consignment as a single cargo, aa2 – con-
signment as a cargo in the consumer packaging, 
aa3 – consignment as a single cargo loaded on 
(in) a pallet (container), aa4 – consignment as a 
cargo in the consumer packaging loaded on (in) 
a pallet (container)); availability of consumer 
packaging (ab1 – is available, ab2 – is not avail-
able); availability of packing means (ac1 – is 
available, ac2 – is not available); returns of ship-
ping tare (ad1 – took place, ad2 – did not take 
place); availability of loading and unloading 
facilities (ae1 – are available, ae2 – are not avail-
able); the labeling apply (af1 – is automated,  
af2 – is manual); paperwork (ag1 – is automated, 
ag2 – is manual); reading the labels (ai1 – is au-
tomated, ai2 – is manual); the required vehicle 
body type basing on the cargo transport charac-
teristics (ak1 – van, onboard general purpose 
vehicle (tented), ak2 – other); availability of the 
required vehicle (al1 – is available, al2 – is not 
available); the vehicle possible loading and un-
loading scheme (am1 – from the rear side of the 
vehicle, am2 – from the sides, am3 – combined); 
required scheme for the vehicle loading (an1 – 
from the rear side of the vehicle, an2 – from the 
sides, an3 – combined); required scheme for the 
vehicle unloading (ao1 – from the rear side,  
ao2 – from the sides, ao3 – combined); availabil-
ity of a cargo processing area (ap1 – is available, 
ap2 – is not available); packaging method (aq1 – 
mechanized, aq2 – manual); warehouse recy-
cling (at1 – no need, at2 – consolidation of cargo 
units is required, at3 – reconfiguring of the cargo 
unit is required, at4 – disbanding of the cargo 
unit is required). 
 
We represent the model of the full variants set of 
technological schemes of PC delivery in the in-
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tercity by road transport as graphs for the con-
sidered in [6,7] four LSC variants (Fig. 2, 3). 

Thus, the complete set of all paths from the top 
of the “Request is received” to “Request is ser-
viced” can be obtained from the data graphs.  

 

 
Fig. 2. Model for forming of the complete set of alternative PC schemes for the 1F-, 2F- and 1Т- variants of LSC 
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Fig. 3. Model for forming of the complete set of alternative PC schemes for the 2Т- variant of LSC 

(with the marked examples of the optimal scheme choice) 
 
 
Then it becomes possible to choose the optimum 
TTSD using based on Deikstra’s method the 
shortest path. An example of graphical imple-

mentation of the optimal TTSD choice for two 
requests with different characteristics is shown 
at Fig. 3. 
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Conclusion 
 
The conducted analysis of practical experience 
and scientific works in the field of improving 
the efficiency of road transport suggests that the 
most appropriate criterion for evaluation of the 
effectiveness of PC delivery in the intercity is 
the total costs of the delivery process partici-
pants.  
 
The proposed approach to the formalization of 
the complete set of alternative variants of PC 
delivery process in the intercity as a graph-
model allows using of the network optimization 
techniques. 
 
In particular, the proposed models could deter-
mine the optimal variant of servicing technology 
by means of a method of finding the shortest 
path in the network. 
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