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Background. The complexity of implementation of 
plans for delivery of goods to the northern regions is 
substantiated by considerable transportation distances, 
complex transportation technology, a wide range of goods 
transported and limited time.

To equip the undeveloped territories, building materials, 
fuel, machinery, equipment, food and other goods are 
needed in considerable quantities. In these conditions, 
transport (including all its types) becomes one of the decisive 
factors for successful development of productive forces, 
exploration, extraction and export of minerals. The transport 
network in the territory basically remains seasonal 
(waterways, ice roads). The share of river and sea transport 
in the turnover of goods, for example, the Republic of Sakha 
(Yakutia) reaches 80 %, Irkutsk region –  60 %. The duration 
of navigation on the rivers is 110–160 days. A significant 
volume of traffic is carried out along ice roads, the operating 
time of which varies depending on natural and climatic 
conditions within 120–210 days. At the same time the terms 
of the river and sea navigation do not coincide, there are 
large breaks between the closure of navigation and the 
beginning of the work of ice roads [1].

Objective. The objective of the authors is to consider 
fundamentals of transport system organization in Northern 
regions of Russia.

Methods. The authors use general scientific 
methods, statistical method, mathematical apparatus, 
scientific description, comparative method, analytical 
method.

Results.
1.

The structure of the transport network includes main 
and local networks, transport nodes and end points of 
consumption. The transport hub connects the main 
transport routes of various modes of transport, and 
transport transshipment points are adjacent to the 
transport routes.

The development of logistics technologies for delivery 
of goods significantly expanded the functions performed 
by transport reloading points. In connection with the active 
use of terminal technologies for cargo transportation, it 
became necessary to create transport terminal-logistics 
complexes in which concentration and distribution of 
small-batch shipments take place [2].

Traditionally, transport systems are divided into four 
main components: transport network, mobile vehicles, 
labor resources and management systems. However, 
such a model of the structure does not reflect the features 
of interaction of structural components in multilevel 
transport systems and formation of systemic effects 
accompanying this interaction.

To implement inter-regional transport links Х
s
 

between the correspondent transport regions Аm and Аn, 
inter-district communications Аm and Аn are organized, 
which are carried out by the inter-district transport system 

Ny using the inter-regional transport network Rу, which 
includes the communication routes rу and network nodes. 
Network nodes are the place of connection between 
inter-district and local transport networks. Two types of 
network nodes are distinguished: a road junction by –  a 
junct ion of  inter-distr ict  and local  transport 
communications (crossroads); transport node (terminal) 
By –  the place where there is a change in the mode of 
transport or rolling stock. The By nodes can perform the 
functions of road nodes by.

Inter-district transport communications gmin (gmin ∈ 
Gmin) can be represented as a chain { }min , ,m y n

y mn yg g g g= . 
The communications { }m m m

y y yg g G= ∈  and { }n n n
y y yg g G= ∈  are 

carried out respectively on local networks Rm and Rn, and 
the communications mn

yG  –  on the inter-district network 
Rу. The communications m

yG  and n
yG  are concentrated in 

the so-called terminal points ( 1, . . . ; )y
i i z z sϕ = ≥  of the 

transport areas, in which local, Rm, Rn and inter-regional 
Rу networks connect. Limit points y

iϕ  are located in 
network nodes by and By.

Unlike the node by, passing through which parameters 
of transport communications do not change, in the node 
By parameters are converted: m y y

y mng B g× →  etc. When 
converting transport communications in the nodes By the 
fo l lowing condi t ions  are  genera l ly  fu l f i l led: 

;  .m y y n
y mn mn yg g g g   The functional purpose of the inter-

district network Ry is to integrate transport communications 
Gmn between districts Am and An of the set t. The integration 
function in the inter-district transport network J(Ry) in the 
set-theoretical interpretation can be defined as a mapping 

{ }( ) : ,y m n y y
y y mnJ R G G R G× → .

Structuring of transport links, formation of transport 
areas and organization of inter-district networks lead to 
formation of new functional levels in the transport system 
(transport subsystems), the functional purpose of which 
is to integrate inter-district transport communications. 
The main means of integration are the elements of the 
transport network (communication routes paths and 
network nodes) [3].

2.
As a result of an ill-conceived market position, the 

regions of the Far North do not receive the necessary 
financial support, as a result of which they found 
themselves in a difficult social and economic situation, 
and consequently the question of survival of people in 
harsh climatic conditions arose [4].

When analyzing the existing route of cargo delivery 
to the Northern region, it was revealed that seasonality is 
a characteristic feature of the situation.

The material and technical basis of transport for the 
supply of goods includes transportation and handling 
facilities, equipment for departure and destination points 
of goods and transshipment bases [5].

Significantly, the fact remains that the development 
of related modes of transport in the northern regions faces 
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many problems both in the construction of transport main 
lines and in their operation. At the same time, in recent 
years there has been a slowdown in the rate of growth in 
the carrying capacity of river transport. For all the variety 
of reasons that caused this situation, one can distinguish 
the unpreparedness of river ports to increase the volumes 
of traffic [6].

The solution of these problems is mainly connected 
with the following tasks:

1. Improving the organization of transportation 
process in large water-transport nodes.

2. Improving the coordination of operation of all 
modes of transport in river (sea) transshipment ports.

3. Introduction of advanced technologies for 
transportation of goods in a mixed traffic.

On the basis of the analysis, it was revealed that 
navigation along the Northern Sea Route is favorable in 
the sphere of Lena cabotage and is explained by the 
influence of the heat flow of the Lena and Yana rivers, 
which volume exceeds 50 % of the heat flow of all rivers 
from Khatanga to Chukotka, and also Yansk and 
Novosibirsk ice massifs, which are relatively easy to 
overcome by sea vessels, while in the west direction there 
are the impassable Taymyrsky, and on the east –  the Ionian 
massifs [7].

The network of roads of the Northeast consists of 
constantly operating (30 %) and seasonal (70 %) roads. 
As a result of this transportation is carried out irregularly. 
The fuel required for the heating season comes only during 
the period of possible traffic along rivers and roads.

Automobile roads in the North-East are built, as a rule, 
in stages: first, a seasonal, and subsequently –  a road of 
constant operation of the corresponding category 
(Taksimo–Bodaibo) is created. The density of traffic along 
the roads of the region varies and depends on the capacity 
of industrial and agricultural enterprises, as well as on the 
population number.

Based on the overall analytical picture, the creation 
of a developed transport infrastructure through the 
construction and reconstruction of highways that provide 
interregional transport corridors, intra-district and inter-
district communications, seems to be the real option that 
promises the desired favorable conditions for the progress 
of the mining and forestry sectors of the northern 
territories of the region. The efforts to establish navigation 
in the Yenisei water basin and the operation of the 
Northern Sea Route are equally necessary.

In its most general form, if we approach from 
abstractions to organizing actions, a set of program 
activities aimed at developing the transport complex 
should include:

• creation of an effective regional delivery 
management system;

• provision of sustainable operation of local air lines, 
which is consistent with the growing needs;

• creation and development of multimodal transport 
nodes;

• provision of necessary conditions for navigation, in 
particular –  safety standards for waterway maintenance;

• provision of conditions for the operation of the 
Northern Sea Route;

• creation of a competitive environment for rail 
transport;

• construction and reconstruction of highways serving 
interregional transport corridors;

• construction and reconstruction of roads providing 
inter-district and intra-district communications;

• construction of bridge crossings across the northern 
rivers.

Conclusion. Thus, the development of a year-round 
network of highways, the expansion of railway 
communication opportunities, and the attraction of other 
modes of transport to more active activities are today one 
of the most important factors for increasing the efficiency 
of the system of supplying goods and providing life support 
to the population of the northern regions.

REFERENCES
1 . Belyaev, V . M . Terminal systems of cargo transportation by road 

transport [Terminal’nye sistemy perevozok gruzov avtomobil’nym 
transportom] . Moscow, Transport publ ., 1987, 288 p .

2 . Degtyarenko, V . N ., Zimin, V . V ., Kostenko, A . I . Organization 
of cargo transportation [Organizacija perevozok gruzov] . Moscow, PRIOR 
publ ., 1997, 448 p .

3 . Konoplyanko, V . I ., Filippova, N . A . Influence of dynamics of 
seasonal fluctuations on cargo delivery [Vlijanie dinamiki sezonnyh 
kolebanij na dostavku gruzov] . All-Russian scientific conference of young 
scientists, Novosibirsk, 2004, 239 p .

4 . Larin, O . N . Methodology of organization and functioning of 
transport systems of regions [Metodologija organizacii i funkcionirovanija 
transportnyh sistem regionov] . Cheljabinsk, JuUrGU publ ., 2007, 206 p .

5 . Larin, O . N . Methodological aspects of integration of various 
modes of transport in a single system [Metodologicheskie aspekty integracii 
razlichnyh vidov transporta v edinuju sistemu] . Vestnik transporta, 2007, 
Iss . 7, pp . 10–13 .

6 . Larin, O . N . A mathematical model of coordinating the interests 
of participants in delivery of raw materials in the logistics system 
[Matematicheskaja model’ soglasovanija interesov uchastnikov dostavki 
syr’ja v logisticheskoj sisteme] . Servis, tehnicheskaja ekspluatacija 
transportnyh i tehnologicheskih mashin: mezhvuz. sb. nauch. trudov . 
Tyumen, TyumGNGU publ ., 2001, pp . 148–156 .

7 . Pravdin, N . V ., Negrei, V . Ya ., Podkopaev, V . A . Interaction of 
various modes of transport [Vzaimodejstvie razlichnyh vidov transporta] . 
Moscow, Transport publ ., 1989, 208 p .

8 . Filippova, N . A ., Belyaev, V . M . Adaptive mathematical model 
for cargo delivery optimization in the North conditions [Adaptivnaja 
matematicheskaja model’ dlja optimizacii zavoza gruzov v uslovijah Severa] . 
Gruzovoe i passazhirskoe avtohozjajstvo, 2013, Iss . 11, pp . 17–20 .

9 . Filippova, N . A ., Belyaev, V . M . A set of measures aimed at 
increasing the efficiency of cargo transportation for the Northern regions 
[Kompleks meroprijatij, napravlennyh na povyshenie effektivnosti perevozki 
gruzov dlja rajonov Severa] . Gruzovoe i passazhirskoe avtohozjajstvo, 2010, 
Iss . 9, pp . 38–41 .

10 . Filippova, N . A ., Belyaev, V . M . Theoretical study of factors 
influencing the delivery process in the conditions of the North 
[Teoreticheskoe issledovanie faktorov, vlijajushhih na process dostavki v 
uslovijah Severa] . Gruzovoe i passazhirskoe avtohozjajstvo, 2010, Iss . 10, 
pp . 82–84 .

11 . Filippova, N . A . Methods of assessing the efficiency of transport 
services in the East Siberian region [Metody ocenki effektivnosti 
transportnogo obsluzhivanija Vostochno-Sibirskogo regiona] . Ecological 
safety of the East Siberian region: Reports of the All-Russian Scientific and 
Practical Conference . Irkutsk, 2003, pp . 221–227 .

12 . Filippova, N . A . Improvement of transport services in the 
Northern region [Sovershenstvovanie transportnogo obsluzhivanija 
Severnogo regiona] . Logistika: Vzgljad v budushhee . Moscow, 2004, 
pp . 167–171 .

13 . Filippova, N . A . Methodology of organization and functioning 
of cargo delivery systems in the northern regions: monograph 
[Metodologija organizacii i funkcionirovanija sistem dostavki gruzov v 
severnye regiony: monografija] . Moscow, Tehpoligrafcentr publ ., 2015, 
208 p .

14 . Shilimov, M . V ., Troitskaya, N . A ., Chubukov, A . B . Multimodal 
transportation systems and intermodal technologies: educational guide 
[Mul’timodal’nye sistemy transportirovki i intermodal’nye tehnologii: ucheb. 
posobie] . Moscow, Academia publ ., 2009, 330 p . 

Information about the authors:
Belyaev, Vladimir M. –  D.Sc. (Eng.), professor at the department of Management of Moscow Automobile and Road 
Construction State Technical University (MADI), Moscow, Russia, belyaev-v@mail.ru.
Filippova, Nadezhda A. –  Ph.D. (Eng.), associate professor at the department of Road transportation of Moscow 
Automobile and Road Construction State Technical University (MADI), Moscow, Russia, madizp@mail.ru.

Article received 06.07.2016, accepted 19.09.2016.

•

 WORLD OF TRANSPORT AND TRANSPORTATION, Vol. 15, Iss. 1, pp. 162–167 (2017)

Belyaev, Vladimir M., Filippova, Nadezhda A. Fundamentals of Transport System Organization in Northern 
Regions


