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Abstract. The article analyses the following issues: I) Basicfactors determining transport system developm~nt;2) 
Transport system services and their assessment; 3) Goods handling transport system as a research object. ~he objective 
of goods handling transport system development and improvement is to estabhsh a general ~oo~s handlmg transport 
system of the country ensuring satisfaction of national needs for high quality transport serv1ce m th1s field; 4) Models of 
transport modes interaction; 5) Determinate models for main transport network development; 6) Model of development 
of private freight road transport. 
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1. Introduction 

Lithuanian transport sector undergoes an essential 
reform and restructuring endeavouring the integration of 
the national economics into the processes of European and 
global labour division at market - based transformation of 
the Lithuanian economy. 

The main objective of the formulated national trans­
port system development programme is the creation of a 
solid multimodal transport system and its integration into 
the West - European market of transport services as well 
as the promotion of transit freight flows from abroad 
through the territory of Lithuania. 

Economic situation in Lithuania requires rapid de­
velopment of transport system because the essential 
changes have taken place in the territorial distribution of 
transport flows (flows shifted from the East to the West) 
as well as in the structure of inner flows during the recent 
ten years. 

· Until now the Lithuanian transport sector was rather 
isolated from the transport system of the countries of 
Western Europe. There is a lack of modern transport in­
frastructure, transport means adequate to the requirements 
of international technical, technological and ecological 
standards, also there is not a sufficient number of special­
ists able of efficient international transport operation. The 
integration of Lithuanian transport into the European trans­
port system has to be inseparable from the formation of 
integrated international transport corridors of the entire 
Baltic Sea region countries relating with the transport in­
frastructure objects of the Western and Northern Europe. 
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On the other hand the reconstruction, restructuring 
and development of the transport sector is a constituent 
part of the process of entire Lithuanian economy and its 
integration into the European Union. 

The geopolitical situation of Lithuania gives a good 
opportunity to play an important role in transit transport 
in the North - South and East - West directions. Situated 
on the coast of the Baltic Sea, located in the middle of the 
continent Lithuania is on the crossroad between the de­
veloped countries of the Western Europe and the coun­
tries of the Eastern Europe. 

For freight flows service of the East- West direction 
Lithuania has the Klaipeda port- one of the few ice-free 
ports on the North - Eastern coast of the Baltic Sea. The 
Klaipeda seaport has one more advantage (if compared 
with the neighbouring ports)- it has a good link with the 
national highways and railways adequate to international 
standards. Also Lithuania functions as a transit country 
for the transport to/from the Russian Kaliningrad port. 

Transport, as well as its development programme, are 
very dynamic and changeable objects, therefore scientifi­
cally grounded methodological fundamentals have to be 
created enabling efficient co-ordination of strategic as well 
as technical and technological principles of programme 
implementation. 

Therefore, the aim of our research is the adaptation 
of systematic analysis methods making them relevant for 
the periodical correction and concretising of the transport 
sector development strategy of the Republic of Lithuania. 

Our research aims at the adaptation of systemic analy­
sis and modelling principles of Lithuanian transport sys­
tem development in the conditions of transition to market 
economy bearing in mind the fact that Lithuania is a tran-
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sit country and it is creating a principally new function­
ing transpmi system consisting of the road, railway, in­
land waterways, maritime and air transport. 

It is the first time that systemic analysis methods and 
models based on them are adapted with certain correc­
tions (for the adaptation to the transition to the market 
conditions) for the whole Lithuanian transport sector as 
for a complex system (not for its separate parts). With the 
help of the methods and models Lithuanian transport sys­
tem development implementation strategy was modelled 
and separate components were elaborated. 

After the review of the reference list it is noted that 
there are only those models which are used for transport 
planning and development at the conditions of stable 
market [ 1-4]. 

2. The Main Factors Determining the Transport Sys­
tem Development 

Transport research may be efficient and practically 
useful if based on the factors preconditioning the devel­
opment of transport system, as well as on the awareness 
of its nature and know ledge of its analytical (methodologi­
cal) instruments which are worked out by transport engi­
neering, transport economics, management, mathematics, 
statistics, etc. It is very important to make use of the knowl­
edge (at axiom level) accumulated by different trends of 
science. To such (i.e. those preconditioning the develop­
ment of transport system) we attributed the following 
statements [ 1]: 

1. A great number of interactive elements are func­
tioning in transport system, which causes the occurrence 
of a great stochastic effect and an opportunity to pursue 
goals by different means. 

2. In the course of transport system it is necessary to 
introduce a dynamic element or time bound connections, 
whereas the very fact of transport system undergoing 
changes is related with the delayed reaction, feedback and 
temporary disbalance. 

3. Transport demand is always derived from the de­
mand for stock availability at sites for production pro­
cess, availability of goods at their consuming places or, 
as it is in the case of passenger transport, possibility to 
reach the place of destination. Therefore the economical 
analysis of-demand derivative is an important factor of 
the demand assessment and analysis of intermodal com­
petition. 

4. Transport services (product) can not be collected 
and stored, the processes of their production and applica­
tion are not separated technologically. 

5. A significant share of advantage (efficiency) of 
transport system does not reflect in statistical indices, but 
manifests itself through the characteristics of economic 
sectors served by transport. 

6. The adaptation of a transport system to the changes 
of the social-economical environment most often proceeds 

with certain lateness. Real assessment of the lateness (in­
ertia) is necessary for working out of transport policy rec­
ommendations, improvement of transport technologies, 
programming and definition of transfonnation priorities, 
necessary costs, as well as for the working out of con­
crete investment projects. 

7. Functioning of transport objects is characterised 
by inertness: for some time they may operate on inertia, 
on the account of overloading and production quality, thus 
retaining the image of demand satisfaction. 

8. Transport is a very capital consuming sector of 
national economy. Long terms of designing, creation and 
functioning are characteristic to the objects of transport 
infrastructure. 

9. As a rule capacities of transport infrastructure ob­
jects are increased by stages. Having covered one stage 
(for instance, having constructed a new road) a reserve of 
transportation capacities is made, which is assimilated not 
at once, but gradually, during several years. 

10. Transport realises the main share of external eco­
nomic relations, plays an active role in the process of in­
ternational labour division. 

The enumerated peculiarities determining transport 
policy are characteristic to the entire transport system. It 
is evident that every transport mode has its own pecu­
liarities. 

3. Transport System Services and Their Assessment 

The development of a transport system and its ser­
vices are determined by the distribution of social and eco­
nomic activities in space, i.e. the distribution and charac­
teristics of inhabitants, industries, consuming and distri­
bution centres. 

For the emphyric research of transport system ser­
vices it is important to define properly the demand and 
supply which would enable to assess these categories 
unambiguously. The following definitions of these cat­
egories are possible. 

The demand of transport is defined by: a) initial and 
final point of movement; b) number of units and weight 
of goods to be transported; c) transportation time; d) spe­
cific characteristics of services (according to the client's 
request). 

Transport supply is defined by: a) initial and final 
point of movement and selection of route; b) offered ca­
pacities for goods transportation and their handling; 
c )transportation time; d) characteristics of service sup­
plied. 

These definitions of categories oftransport services' 
demand and supply enable to apply the unified indices of 
their assessment. 

For general characteristics of transport activities 
natural and monetary indices are used general to all trans­
port modes and specific indices of each mode [5, 6]. 
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The most important general natural indices are: trans­
portation volume Q,. (measured by tons for freight trans­
port) and the turnover of freight P,. (measured by ton­
kilometres), here r- transport mode. 

For each freight type k transportation volume by 
transport mode r will be 

Q: = L,Q;y, (1) 
i, j 

here transportation volume of freight k type by the 
transport mode r from the point i to the point j 
(k = 1, 2, ... , z; i = 1, 2, ... , m; j = I, 2, ... , n). 

The circulation of k type freight for the transport 
mode r equals: 

pk = ""' p.~r 
r L.. 1J , 

i, j 
(2) 

here F1Y- k type freight circulation in its transportation 
from point i to point j by the transport mode r. 

The freight circulation F1Y and transportation vol­
kr ume Qij interrelate as follows: 

(3) 

here l;~r - k type freight transportation distance from the 
point i to the point j by the transport mode r. 

Then the general transportation volume Q,. (according to 
the freight type) is the general freight circulation P,. by 

the transport mode r obtained as follows: 

Q,. = 'L,Q: = 'LQjr 
k i, j, k 

(4) 

P,. = L,P/ = 'L~Y = I,Q;~rzjr 
k i,j,k i,j,k 

(5) 

For each transport mode ran important characteris­
tics is a medium k type freight transportation distance: 

""'Q~,.z~r 
k L 1J 1J 

zkr _ P,. _ -'i._,_J_--:-_ 
via.- -k - ""' kr 

Q,. £..-Qij 
i, j 

(6) 

and medium distance of transportation of all the freight 
types is: 

""'Q~,.z~r 
L 1) 1] 

l r _ P,. _ i, .o.J_, k_--:--_ 

vid. - Q,. - L Q;~r 
i, j,k 

(7) 

Analysing transport system operation it is necessary 
to define the medium distance of transportation of each 
type freight not by a separate transport mode, but by that 
of the entire transport system: 

pk 
lvid. = -----;:---- , 

Qpirm. 
(8) 

here pk = L P/ - general k type freight circulation in 

the transpo~t system; Q;inn. - initial k type freight 

transhipment in the transport system. 

The initial transhipment may be equal or less accord-

k ""'Qk 
ing to the transportation volume Q = L ,. , as in the 

r 

latter one there may be repetitive transportation of the 
same freight (for instance, by passing from one transport 
mode to another). 

Wishing to characterize the work of the whole trans­
port system we have to apply the general indicative of 
freight circulation (that of all transport modes and of all 

k k freight types) P = L P = L P,. and general transporta-
k k,r 

tion volume Q = 'LQ,. 
r 

It is also possible to speak about the medium dis­
tance of all freight transportations. However such 
"mediumised" distance (especially of all the transport 
modes) has not much practical value except the model­
ling cases. 

Applying the formula (1)-(8) it should be born in 
mind that amounts used in them by which calculations 
are exercised are related to several transport modes. 

The volume of transportation consists of freight re­
ception from freight consignors and from other transport 
modes according to the general transportation documen­
tation or, on the consignee's authorisation, as well as bas­
ing on separate documents. 

In its tum the reception from the freight consignee 
may be initial (of imported goods as well) and repetitive 
from the storage points. Accordingly the formulae (7) and 
(8) may determine two principally different medium trans­
portation distance meanings: simple (technological) and 
economic. The simple medium distance is calculated by 
the formulae (6) and (7) for one transport mode and ac­
cording to the distances from the freight consignor to the 
recipient. Medium economic transportation distance is 
defined according to the formula (8) taking into account 
the distance from the producer to the consumer and not 
according to the total consignment, but only according to 
the initial one. 

Conditional natural indices of a transport system are 
defined by the amounts R s , to which various concrete 
indices Rk are adjusted using correction coefficients 
y5 (s = 1, 2, ... , S) 

s=S 

Rs = LYsRk. 
s=I 

(9) 
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Adjusted tonnekilometers are attributed to the con­

ditional natural indices. Usually it is [7]: 1 tonkilometer 

= 1 adjusted tonkilometer; 1 passenger kilometre (in the 

railway, maritime and inland water transport)= 1 adjusted 

tonkilometre; 1 passenger kilometre (in the road trans­

port) = 0,25 of adjusted tonkilometer, etc. For the indi­

cated concrete indices: in the railway transport R
1
g is 

measured by tonki1ometres, R~ -by passenger kilometres, 

yf =A~ = 1 ; in the road tra;sport Rf is measured by 

tonkilometres yf = 1 , R~- by passenger kilometres 
k y2 = 0,25. 

It should be noted that the problem of stability or 

differentiation of adjustment coefficients y s in regard of 

various transport analysis and planning issues is not 

solved. Therefore, it would hardly be right if we select 

one and the same Ys meaning determining the volume of 

transport system's adjusted operation which will be used 

in the calculation of the medium cost price, work con­

sumption, etc. Actually, for efficiency calculation, the 

proportion of 1 passenger kilometre and 1 tonkilomtre of 

freight transportation, for instance, in the maritime and 

inland waterways transport has to exceed tenfold than, 

for instance, calculating the cost, whereas in regard of 

live labour demand one passenger kilometre for these 

transport modes is once or twice more labour consuming. 

Therefore, it is not accidental that for the definition 

of labour efficiency we engaged the adjustment coeffi­

cients y s , namely: 

in railway transport - yf = 1, y~ = 2; 

in maritime transport - y!1 = 1, y21 = 50; 

in inland waterways transport- yj' = 1, Yz = 10; 

in road transport - y~ = 1, y~ = 0,4. 

The analysed system of natural and conditionally 

natural indices may be applied for the definition of 

transport system functioning characteristics in different 

aspects. 
It should be noted that practically and scientifically 

long and intense discussions are continuing as for which 

activity index should be considered the main one -that of 

transportation volume or freight circulation, i.e. tons or 

tonkilomtres. It is considered that from the practical point 

of view this problem is actually solved. In statistics the 

main natural indices are considered the following: trans­

ported freight volumes in tons and transported numbers 

of passengers. Freight circulation by tonkilometres ac­

cording to the transport modes characterizes the opera­

tion of transport and is applied in calculation of material 

resources and in solution of other problems. 

However, the discussions on this topic have not yet 

been finalised. At present the idea of measuring the vol­

umes of transport production (services) by the following 

amount is raised: 

(10) 

here P - freight circulation, tkm; v - delivery speed; a -

constant parameter. 
The research work [7] proposes a = 2 , also it is 

mentioned that other authors propose a = 1 . The logics 

of the reasoning is as follows: it is necessary to assess the 

difference of delivery speeds, as it is not the same how 

much time the transportation takes. To my opinion here 

different issues are again mixed: definition of transport 

production volume, assessment of efficiency and quality 

of transportation process. 
Requirements for freight transport services are pre­

sented in Fig. 

4. Freight Transport System 

The aim of the development and perfection of the 

freight transport system is the creation of a general freight 

transport system meeting the demands of qualitative trans­

port service. 

Minimal Meeting the 
Saving the freight 

transportation requirements for freight 
quality 

time transport services in the 

~ 
Lithuanian economy 

/ 1 
Requirements of 
transport services 

(general characteristics 

L 
of the services) 

~ J 
Minimum time of Minimum time of 

freight storage in loading- reloading Optimum tariffs 

terminals 
of transportation 

Requirements for transport services 

One of the main trends in solving this problem is the 

planning and technological management of separate tTans­

port modes in their common interaction. 
The analysis of freight transport system maintains 

that: 
1. Transport system is a complex developing ob­

ject which is subject only to the methods of systemic analy­

SIS. 

2. Management of a system is the process of for­

mation of efficient functioning (basing on efficiency cri­

terion) of the system. The main objective of the manage­

ment of transport system and freight flows is the forma­

tion of its characteristics guaranteeing the necessary qual­

ity of transport flows servicing at the least costs. 

Since there is no universal criterion of functioning 

of transport system and freight flows, certain difficulties 

occur in the selection of the system parameters observed 

during the time of its functioning. As a rule the observed 

parameters should be the work of transport system ele­

ments deciding upon the functioning of transport system 

and the quality of handling freight flows. 
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For the selection of a transport system management 
methods - more specifically - the rational management 
methods of national freight transport development use 
mathematical methods of the operation research. 

Let us presume that for the national freight system 
research we have: 

U = {U i, i = 1, N}- the set of methods for solving 

the problems of national freight system development; 

S = {Si, i = 1, N}- the set of expenditures corre­

sponding to the set U; 

8 = {8i, i = 1, N}- the set of expedience indices with 

the application of the methods of the set U for the re­
search and development of freight transport system; 

R = {R j, j = 1, M}- maximum amounts of resources 

available to the state for the freight transport system de­
velopment. 

The objective of the rational management of national 
transport system development would be formulated as 
follows: from the set U = {Ui, i = 1, N}to find a subset 
!1u E U , characterized by minimisation of functional to 
the subset 

!1a E 8 and Lis E S : 

(11) 

considering the limitation: 

R?.fz(!1u,Lis). (12) 

Thus, selecting the management issues of the national 
freight transport development and their solution methods 
it is necessary to make a purpose function (II), to define 
the set of development management objectives and their 
solution set U 0 , constantly analysing the national freight 
transport system functioning and freight flows. 

From the point of view of the theory of systems the 
national freight transport system is a complex system with 
all its indices peculiar to such a system and this deter­
mines the application of research methods in the research 
of national freight system. 

The structure of a national freight transport system 
consists of the set of system elements and connections 
between them. This system has the following main char­
acteristics: 

- Freight flows (bids for transportation, their aerial 
distribution in regard of time); 

- Transport network and the fleet of units of differ­
ent transport modes; 

- Plans of the traffic of units of separate transport 
modes (their distlibution in the transport network, traffic 
timetables). 

In the process of research of the problems of trans­
port system functioning, in the preparation of the devel­
opment programme, in the decision-making the follow­
ing scheme of a systematic analysis was applied: 

I. The clarification of the problem, its formulation 
and structuring. 

2. The research of specifics of the object, investiga­
tion of its inner and outer connections in aspects of time, 
space, structure, etc. 

3. The formulation of problem solving issues, the 
determination of criteria and their hierarchic connections, 
the ability to group and assess them qualitatively, 

4. The definition of alternative ways of reaching the 
aims and determination of the main limitations. 

5. The collection of initial information, the assess­
ment of reliance and particularity, the ability to expand 
information and enhance preciseness. 

6. The elaboration of models of different types, the 
quantitative analysis of the main structural elements, en­
visaging of costs and results related with alternatives. 

7. The calculations according to the models, the syn­
thesis of quantitative and qualitative analysis, the correc­
tions exercised by experts and decision-making, if needed 
- correction of models, of initial information, reiteration 
of calculations and synthesis of results. 

In the first stage according to the structuring feature 
usually there are problems of four kinds: standard, well 
structured, poorly structured and non-structured. Accord­
ingly the inventory problem solving varies. 

It should be noticed that all the mentioned stages are 
not necessary apriori, but their necessity is determined 
during the course of system analysis. 

Using the principles of system analysis for the re­
search of a transport system it is necessary to observe the 
following: 

1. The assessment of transport system complexity 
peculiarities. Transport system in general and its sub-sys­
tems consist of a great number of interrelated elements 
and the number of types of these elements is also suffi­
ciently large. The interaction of separate transport modes 
- irrespectively of their own interests and aims - actually 
determines the occurrence of systemic effects. (Systemic 
effect will be defined as that which is not to be singled 
out from the features of separate transport modes, but 
defmed only in their interface.) 

ln the analysis of a complex transport system it is 
very important to assess the systemic effects because the 
orientation towards the local advantage of separate trans­
port modes leads to the decision-making disadvantageous 
to the whole system in general. Therefore, a certain mecha­
nism for co-ordination of interests of all transport users is 
necessary. Adjustment of the parameters of this mecha­
nism should guarantee the solutions expediency for all 
actors of a transport system. Given such effects it leads to 
the situation that the effect of the whole system is not in 
congruity with the sum of its separate effects. In this case 
the so-called effect of complex systems integrity mani­
fests itself. The concentration and specialisation of trans­
port process may serve as an example of such effect. 

2. The assessment of hierarchic structure of a na­
tional transport system. Aspects of systemic compat­
ibility and structural versatility ofhierarchic structure fea­
tures should be born in mind. The requirements ofhierar-
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chic compatibility do not mean an equivalent congruity 
of transport system indices at various hierarchic levels 
(those of time, space, etc.). On the contrary, it is consid­
ered that at various hierarchic levels the degree of aggre­
gation of the main characteristics of the system would be 
different, i.e. it concerns those indices which are used for 
the planning and development of a transport system, pro­
jecting and assessment of efficiency of transport system 
activities. Separate characteristics (indices) may be con­
gruous at different hierarchic levels. For instance, used at 
all levels indices, such as those of freight circulation, 
freight volumes, etc. 

3. The assessment of peculiarities, formalisation 
possibilities and manageability of transport system ele­
ments at all hierarchic levels. It is very important to as­
sess the fact that the man is involved in a transport sys­
tem. The man acts as a service supplier and consumer on 
one hand and as a management subject on the other hand, 
therefore not all the processes of a transport system may 
be formalised. 

4. The analysis of the consequences of solutions. 
Consequences of solutions should be analysed not only 
within the limits of the technological mechanism of in­
teracting transport modes, but also in transport users', 
ecological, political and other fields as well. It is impor­
tant to control whether the solutions made in a transport 
system do not cause other economic functioning indices 
to trespass the limits of permissible state. 

5. Transport system may be investigated in two 
aspects: 1) as a relatively separate dynamic complex sys­
tem developing according to the features peculiar to such 
systems and 2) as an inseparable part of Lithuanian 
economy, its servicing infrastructure sub-system, creat­
ing by its functioning and development the conditions to 
expand other sectors of economy. 

6. The employment of modern computer facilities. 
Modem computers allow sufficient arrangement of the 
dialogue "expert- modelling", to make multivariate cal­
culations changing initial information, thus enabling to 
find a solution corresponding an expert's prediction or 
allowing him to make a reasonable correction. Meantime 
expert's participation in the dialogue (as that of a subjec­
tive factor) does not absolutely undermine the meaning 
of applied economical-mathematical models. Further­
more, a qualified expert may identify efficient directions 
how to alter parameters and structures of a complex sys­
tem, check the expediency of these alterations, find weak 
points and formulate reasonable proposals for rational 
their elimination. Thus the synthesis of "subjective" and 
"objective" expert's knowledge may be achieved and in­
tuition, his engineering state of art and formal methods of 
analysis. All this was actually performed with the help of 
expatriate experts for the elaboration of the "Lithuanian 
national transport system development programme". 

Methods of systemic analysis enable to identify more 
reasonably the strategy of transport system development 
and technical policy in this field of economy, to select 

more efficient trends of transport technologies, most im­
portant parameters of transport development and charac­
teristics: growth rates of transportation capacities, invest­
ments, the level of reserve in transport system, etc. 

5. Models of Transport Modes Interlace 

Analysing the foreign literature of the last 10 years 
one may notice that the principal theoretical research of a 
transport system concerns the interface of different trans­
port modes, for instance, the railway and road transport, 
the railway and maritime transport, etc.; it means - the 
combined freight transport. 

The attention of specialists forecasting and elabo­
rating different projects in this field is mainly focused on 
the systemic aspect of efficient use of different transport 
modes and most economical transport systems. Along the 
opportunities of employing new types of transport equip­
ment were investigated as well as various modem means 
in the interface of transport systems analysed including 
buildings and structures necessary for handling and ware­
housing related to transportation process and reloading 
of freight from one type of transport to the other one. 

The Lithuanian transport system development strat­
egy foresees the investigation of the interface between all 
transport modes, namely: road, railway, maritime, inland 
waterways, pipeline and partially air transport (freight 
transportation by air transport is of the least proportions 
if compared with other transport modes). For this reason 
the whole number of models was adapted and principally 
changed (criteria of socialist commanding economy were 
not adequate). With the help of the above models calcula­
tions and investigations were carried out for the elabora­
tion of the Lithuanian national transport development 
programme enabling the specification of its provisions at 
the present time as well as in the future. 

For transport system modelling, for the assessment 
of costs for its efficient operability maintenance, a dy­
namic model was elaborated serving for the development 
of general transport system capacities. In the model there 
are the following denotements: 

G(t )-general costs for the period t; 

V (t )- transportation capacity of a transport system 

for the period t; 
m- comparative costs of the transportation capac­

ity unit, the costs being necessary for uninterrupted func­
tioning of transport system; 

f - comparable costs of a transportation capacity 

unit, necessary for renewal (replacement of present ones) 
of transport means; 

r- transportation capacity unit comparative costs 
necessary for the increase of transportation capacities; 

k - coefficient of proportionality; 

K1 , K 2 - constants of integration. 

Transport system functioning general costs related 
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to transportation capacity are: 

G(t)=kV(t), 

here kV(t)= cV(t)+ rV'(t) 

c=m+f. 

Having solved the differential equation in the 
V (t) attitude we will obtain: 

k-c 
V(t)= K1l--t+K2 . 

r 

The latter model may be generalised by three cases 
of the assessment of costs necessary for the maintenance 
of transport system working ability. 

I case. First generalisation- presenting general costs 
in the form of the linear equation: 

K1(t)=a;+b/, i=l, ... ,(l)N, 

here a- initial costs; c;- coefficient of cost increase for a 
time unit. Coefficients K; (t) may be interpreted as linear 
functions for the maintenance of system work ability. 

The function of general costs is put down as follows: 

N 

G(t)= L,K;(t), i=l, ... ,(l)N. 
i=l 

When G(t) =a =canst, we shall obtain: 

V'(t)=_c:_- c:'v(t). 
r r 

From this 

a 
Cj =--K. 

c 

In this expression the first member assesses the in­
fluence of external factors on the operation of a transport 
system (capital input into the development of the system 
main funds, etc.). 

The second member characterises the influence of 
factors (aging of main transport means, structure of the 
main transport means fleet, etc.). 

If i = 3 , we shall obtain: 

c 
--t 

V(t)=i,. [c+A(t)]• 
c 

here A(t)= Kl(t)+Kz(t)+K3(t)_e-;'dt. 

II case. The secoJ"d generalisation - the coefficients 
of comparative costs which are divided into separate com­
ponents for the sake of assessments of separate factors. 

In this case the model of general costs is put down 
as follows: 

N M 
G(t)=_Lc;V(t)+~>;V'(t), i=l(i)N, j=l(l)N. 

i i 

Computer technologies enable to analyse the real 
levels of specification during the processing of different 
forecasted data. 

III case. The third generalisation - the assessment of 
the reversible impact of transportation capacities on the 
general costs. 

Transportation capacities expansion enhances the 
realisation of transport services, as well as preconditions 
the growth of costs for system functioning, its work abil­
ity maintenance and modernisation. 

Therefore the function of general costs will be this: 

s 
G(t)= _Lg;V(t), i = I(l)S. 

i=l 

Coefficients g; may be analysed as coefficients of 
proportionality between the costs of transportation capac­
ity and separate elements of the system. In tum, these 
coefficients may act as transportation capacity functions: 

g; = u; +z;V(t), i = l(l)S, 

here u;- initial costs for maintenance of system work 
ability; z; - coefficient of cost increase for a time unit. 

For the assessment of efficiency of separate trans­
port modes and for their mutual comparison it is neces­
sary to have a system of indices characterizing the opera­
tion of a transport system, the coefficients of value of 
these indices and the rules of their aggregation into a uni­
form quantity. 

From the whole set of indices the principal ones are 
selected characterising the efficiency of transport system 
operation: 

- cost of transportation; 
- time consumption for transportation (in monetary ex-

pression); 
- time consumption for waiting (in monetary expres­

sion); 
- cost of transportation unit. 

The operation efficiency of a transport mode is as­
sessed as follows: 

!EM =(adl)+(~d2 )+(yd3 )+(8d4 ), (13) 

or, if detailed more specifically according to the transport 
modes, the route and freight types: 

I EM;. r,c = (ai,r; c; dl,i, r, c)+ (13i, r, cdz, i, r, J+ 

(Y· do- )+f{j. d4· ) z,r,c _"J,J.,r,c \ 1 z,r,c ,z,r,c , (14) 

here i - index of transport mode; r- index of route; c -
freight type index; a- freight category; d 1- transportation 
cost; ~ - time consumption, h; d2 - recalculation of 
freight unit transportation time consumption (into the cost 
in monetary expression); y waiting time, h; d 3 -

recalculation of freight unit waiting time into the cost (in 
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monetary expression); 8 - probability of freight non­

delivery, its loss or damage; d 4 - cost of freight unit. 

For the assessment of transport system operation 
efficiency in general it is necessary to sum up the mean­
ings of separate transport modes obtained. 

!EM =M!!EMI +M2!EM2 + ... +MJEM; ~min,(l5) 

G 
here M i = L,m;, c; m; c - c (c = 1, ... ,C) type freight 

g=l , 

amount transported by the i-th transport mode; M;-

general amount of freight transported by the i-th transport 
mode. 

Having solved (13)-(15) it is possible to identify an 
efficient combination of transport modes. Whereas the 
assessment of transport modes is exercised as that of the 
whole transport network in general, the applied data is 
very aggregated. In transportation planning such an ag­
gregation level is not always necessary. Usually it suf­
fices to select the most efficient transport modes in one 
corridor existing in transport system. In such a case the 
problem is being solved: 

!EM= M!2 +M2/EM22 + ... +M!IEMI ~min, (16) 

when 

G 

Mi,r = Lmi,r,c, 
g=l 

(17) 

here M i, r - general amount of transportation performed 
by the i-th transport mode in the corridor r; M i, r, c - c 
mode freight transportation performed by the i-th transport 
mode, in the corridor r. 

Whereas all the indices are expressed by the cost, 
the application of models does not cause difficulties. 
Models may be used for the solution of complex prob­
lems, for instance, for the assessment of efficiency influ­
ence of separate transport means functioning. 

6. Determined Models of the Development of Trunk 
Transport Network 

Here we shall present a scalar optimisation problem 
of such formulation. Let us presume that we know the 
following: 

a) the configuration of existing transport network 
and its possible topological changes during the analysed 
period; 

b) different points of freight shipment and delivery, 
freight volumes (or an adequate correspondence matrix), 
also routes and quantities of passenger flows of different 
traffic categories; 

c) the status of all elements of the network at the 
moment of planning, possible stages of their reconstruc­
tion (or new construction), as well as all necessary opera­
tional, technical and economic; characteristics enabling 
to identify every analysed element of the network (re-

garding the amount and structure of transport operation 
performed by it) the identification of operational costs 
and capital input necessary for the development of the 
element to one or other level of capacity; 

d) all additional restrictions the budgetary resources. 
Having assessed the resource restrictions it is neces­

sary to identify the means of development of the existing 
network and the construction of the new indispensable 
transport objects (as well as the corresponding terms of 
performing these means and carrying out new construc­
tions), the presence of which will provide the least gen­
eral costs for the change of network at the certain period 
and in that network all volumes of goods and passengers 
could be transported in the required terms and quality. 

For the modelling of this issue different methods may 
be employed corresponding the different mathematical 
structure of economi~-mathematical models. Further we 
shall analyse the ones that are the most common and ap­
plicable for the substantiation of the Lithuanian national 
transport system development programme. 

6.1. Static Model With Di§crete-Continuous Vari­
ables 

If we dissociate ourselves from the structure of trans­
portation volumes and the changes of direction in time, 
then the model of a problem may be presented as fol­
lows: 

minF(X,T])=minL,L,fuk(X,Xnflluk, (18) 
X,"fl X,"fl u k 

When there are restrictions: 

S X =b· p , 

X ~0; 

Tluk ={~vu,k; 

LTluk~! 'lfu. 
k , 

Xu ( 1-f Tluk ) = 0 'If U ; 

LLrjukTluk ~ Rj 'v'j 
u k , 

(19) 

(20) 

(21) 

(22) 

(23) 

(24) 

here fuk - function of brought out costs in the network 
element u, being k level of its development (taking into 
account the costs for development); X- initial vector of 
network loading by flows of all freight types; X rr­
defined vector of network loading with passenger 
transport; b- vector of shipment-delivery amounts in the 
network peaks; Xu- loading vector of the network 
element loading u; Tluk- identificator showing the 
network element u status k (if Tluk = 1, then it exists, if 
Tluk = 0- it does not exist); T] = {Tluk }-the sought vector 
of the status of technical furnishing of network elements; 
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rjuk - use of the resource j in the network element u, 
seeking to lead it from the initial status into the k status; 
R j- general permissible consumption quantity of the 
resource j; S p- generalised incidents matrix cor­
responding the tlows of transportation of non-uniform 
freights: S P = jis,jlj·, whereas l = 1, 2, ... , p ; 

+I, if the radius of the network goes out from the 

node i and it is possible to perform 

by it the transpmtation of I type freight 

(total number of freight types- p); 

-I, if the radius j goes enters into the node i and it 

is possible to b1ing by it the freight l; 

0- other cases. 

Thus, according to the purpose function (18) gen­
eral brought out costs are minimised when there are re­
strictions: 

a) restrictions of a technological type (18) and (19) 
- condition that all transportations should be performed; 

b) for reconstruction: restrictions (21 )-(22) - every 
element may be only in one status, and if the element is 
not created, then the work performed by it equals to zero 
- restriction (19)-(24 ); 

c) resource restriction (24) - every resource type 
may be used within the limits of defined amounts. 

Solving the problem (18)-(24) the list of means of 
the optimal development of the network is obtained how­
ever, their implementation terms are not identified as well 
as their stages, i.e. a successive change in the time of the 
level of elements of technical status. 

6.2.Dynamic Model With Disc~reet-Continuous 
Variables 

Formulating the dynamic problem we shall consider 
the identified freight shipping and delivery time changes 
of (vector b1 ), the intensity of network loading in pas­
senger flows X~, the influence of scientific and techni­
cal advance, as the well as impact of other brought out 
costs for the function f ~k (x 1 , X :

1
). 

We shall also consider that: 
a) possible technical supply states of each element 

of a network are partially ordered (for instance, in capac­
ity growth) and this order is realised in time, i.e. passing 
to the lower levels is not foreseen; 

b) the cost of"situation rescue" in changing the state 
of elements is small, i.e. the investment necessary for 
passing of element from one state to another one directly 
or through other intermediate hierarchic links of a state 
does not change much; 

c) the amount of operational costs of transportation 
performed by any element of the network is identified for 
each entire year according to the technical supply and 
loading of each separate element of a network. 

Then the dynamic model is natural generalisation of 
the model (18)-(24) and will be: 

min F(T, X 1
, 11 1 )= 

x', 11' 

(25) 

When there are restrictions: 

(26) 

(27) 

1 { 1 "lluk = - '1/u, k, t · 0 , (28) 

(29) 

(30) 

(31) 

(IkrJ~k-IkrJ~k \t-'!:):2:0 Vk,u,t,'l:, 
k k J (32) 

here t, '!:- index of the cunent year; T - length of the 
accounted period; R 81 ' 82 - restrictions to the resources 
j for the general period of use since the year e, until the 
year 82 inclusively (usually e,- the year of the beginning 
of planning, and 82 - the year of the finish of planning), 
if the restriction (31) is defined for a certain year 
separately, then 81 = 82 = t . While defining in the 
inequality (31) existing meanings r}uk (resource amount 
is necessary to lead the element u in the year t from 
initial state into the state k) then as an initial state the 
state (t -1) in the end of the year is taken. 

The essence of the purpose function (25) and restric­
tions (26)-(31) are analogous (only analysed in dynam­
ics) to the corresponding relations ( 18) and (19)-(24) in 
static model. The condition (32) defines the order of the 
possible change of a technical state of elements of the 
system. 

Solving the problem (25)-(32) it is possible to de­
fine in what year which elements of which state should 
be reconstructed (or built). In this case the time is as­
sumed as the discrete one, i.e. the pace of change of 
amounts t, 1 , 81 , 82 equals to one year. 

6. 3. Dynamic Model With Continuous Variables 

Principally it is possible to eliminate discrete vari­
ables of the dynamic model and to accept the time as un-
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interrupted. The corresponding model is formulated as 
follows (restrictions of resources eliminated): 

Let us presume that in the peaks of the graph de­
scribing the transport network the time functions will be 
defined so that at any moment of time the balance of pro­
duction and consumption of each freight will be ensured. 

Panes of the graph correspond to certain network 
stretches, each ofthem being one of several technical states 
numerated by the indices k = 0, 1, ... In the reconstruction 
of network stretches the meanings k for each pane u of 
graph may change along with the time, as the state of 
network stretch corresponding to the link u, is described 
by the function ku (t) having the meanings of whole num­
bers. 

We shall denote the fracture points of this function 
by Guz, here z = 1, ... , nu and we shall consider it unin­
terrupted from the left. For simplification we shall as­
sume that during the moments used investments of the 
amount Ku(ku(Guz), ku(Guz+O),here Ku(k,k')-the 
defined function of arguments of two whole numbers for 
all possible pairs. 

Freight transportation from the points of production 
to the points of consuming in the course of time forms 
changing flows and the graph panes which instant inten­
sity at the moment t fmther is marked as X (t) ={Xu (t )} , 
here X 

11 
(t)- the vector of transportation of freight of all 

types in both directions in the chain u. For the transpor­
tation in the stretch current costs are required, which de­
pend upon the technical state of the stretch and on the 
intensity of transportation in it. We shall indicate the 
amount of these costs by fu (ku, X). 

The issue of transport network development opti­
misation at a planned period (0, T) in the simplest case 
has the following shape: 

(33) 

on condition 

s p (t )X (t) = b(t )'itt E [0, T]; (34) 

X(t)~ 0, (35) 

here X (t) is the sought transportation intensity vector 
function; b(t) is in the peaks of the graph defined vector 
function of intensity of all freight production-con­
sumption. 

As it is visible from the model all sought variable 
quantities X and 8 change uninterruptedly. However, ac­
tually it is only another form of denoting relations pre­
sented in a discrete form in the model (25)-(32). 

The methods of analysis of models (25)-(32) and 
(33)-(35) are very similar: they base on the procedure of 
two stages when at the beginning the state of the network 

is fixed and the flows are optimised and afterwards flows 
are fixed and the state is optimised. 

6. 4. Modelling of the Trunk Transport Network 
Deve!opment under Conditions of Indeterminacy 

Objectively, indeterminacy is characteristic to com­
plex transport systems. It most often manifests itself 
through the imperfection (and unceriainty) of the initial 
information of technical-economic characteristics of sys­
tems and their operation as well as development condi­
tions. For instance, in variant calculations of transport 
network development used massive norms for definition 
of operational costs and investment have a bias of 15-
20%. The forecasts of transportation amounts and struc­
ture have more significant biases from the reality. 

Inadequacy of economic-mathematical models to the 
real transportation process adds more (modelling) inde­
terminacy, the totality of all types of which exercises an 
essential impact on optimisation results. 

Planning the development of complex systems un­
der the conditions of indetenninacy one of the most es­
sential elements is the compression of an adequate inde­
terminacy zone with the help of series of optimisation 
calculations perfonned for various conditions of system 
functioning and with various criteria. In general this meth­
odology has the following stages: 

1) the analysis of imperfection of the initial infor­
mation, the identification by the most essential conela­
tions of its component separate parameters and their 
groups; 

2) the formation of the most proper combinations of 
meanings of the initial information (aprioric and by ex­
perimenting with a model, for instance, the application of 
the Monte Karla methods); 

3) the election of the type of a determined calcula­
tion model, of collections of restrictions of the most im­
portant optimisation criteria, etc.; 

4) multiple calculations performed with the aim to 
define optimal plans corresponding to the type of each 
model; 

5) the compression (with the help of fonnal and in­
formal methods) of thus obtained set of optimal plans into 
the set of optimal strategies, i.e. the identification of in­
determinacy zone; 

6) the assessment of efficiency of different strate­
gies of indeterminacy zone (making assessment of ad­
equate costs for adaptation by the realisation of certain 
apriori not known meanings of initials information) and 
the selection of the final decision made, as a rule, in the 
expertive manner. 

The character of multileveled models of transport 
system development decides upon certain specifics in the 
performance of optimisation exercised under conditions 
of indetenninacy. It should be stressed that the calcula­
tion in higher hierarchic levels is expedient for the analy­
sis not of all, but only of the functioning regimes of ele­
ments of possibly efficient lower hierarchic level. There-
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fore, it is expedient to define certain equivalent aggre­
gated characteristics of elements. The characteristics later 
on are used in further calculations. For these calculations 
the following features are characteristic: 

- massive nature and certain unitypicality - usually 
sought collection of parameters ensuring the perfommnce 
of necessary transportation in set terms with minimal gen­
eral brought out costs; 

- decentralised nature of calculations and indepen­
dence of interplay results; 

- relatively not big tasks, namely, the usage of com­
mon funded resources according to the task formulation 
usually is not limited (for instance, that of investments, 
labour resources, fuel and electric power consumption). 

Traditional scheme, assessing the indetenninability 
in task solving, looks as follows: 

1) an expert analysis of initial infonnation is per­
formed and its nonnative meaning is defined according 
to the most important positions (for instance, in compari­
son of the traction efficiency of electrically driven ve­
hicle with a diesel traction locomotive; it is related to the 
costs of diesel fuel and electric energy); 

2) basing on the normative initial information 
detenninated optimisation calculation is performed aim­
ing to find out the best variant and the assessment of its 
characteristics; 

3) variation ofthe initial data is performed with the 
aim to assess the found out best variant; 

4) for decision-making experts use the obtained 
results on the comparative effectiveness together with 
additional restrictions. 

It is purposeful to shift from a traditional scheme of 
indetenninacy to the direct finding of averages of the ex­
pected losses; this may be reached after introduction of 
probability assessment and after the admitting of general 
brought out costs as criteria of optimality or minimum of 
mathematical probability of economic risk. 

It seems more purposeful to shift to mathematical 
probability, because here massive calculations are dealt 
with (though with individual realisation) according to rela­
tively insignificant tasks solved independently. Whereas 
indetenninacy occurs not because of energetic actions of 
a opponent, but only because of an unknown initial state. 
Thus, it is possible to state that in the whole system of 
these calculations there are conditions close to those when 
the law of complex numbers is in effect and the criterion 
of medium risk here is much better than the minimaxic 
criterion. 

Probability assessment may be performed by the 
manner of experts' reasoning or formally, for instance, 
on the basis of the principle of maximum entropy. 

After the introduction of probability assessment op­
timal functioning regimes of the lower level transport 
objects and sequence may be identified, fanning adequate 
characteristics for solving of higher hierarchic level tasks 
(mathematical probability fuk of functions of brought 
out costs, etc.). 

Then, having assessed the factor of indetenninability, 
the static model (18)-(24) may be denoted as follows: 

opt F(X (OJ), TJ(OJ)) = 
X, Tl 

opt I, L (luk (X (OJ), X n )TJuk (OJ)), 
u k 

when restricted: 

S P X (OJ)= b(OJ); 

X(OJ);?:O; 

L'lludOJ)~ 1 'ltu, OJ; 
k 

(36) 

(37) 

(38) 

(39) 

(40) 

(41) 

here opt - the symbol of optimisation procedure; OJ -
concrete possible realisation from Q given set of con­
ditions of indeterminacy; Pr - probability; £ - limit of 
significance; X (OJ), TJ(OJ)- sought vectors of network 
loading and the state of its elements. 

The single stage task (36)-( 41) allows different 
modifications of formulation, interpretations and pro­
cedures of search for optimal development strategy 
(correspondingly according to the determinate and pro­
bability plans). 

Generalised formulations are good for multistage 
case when the notion of the plan may be wholly trans­
formed into the plan-instruction in the managed random 
process. 

It should be noticed that using probability models 
the calculations according to them may give essentially 
different results than the calculations according to the 
determined models following the mathematical pro­
babilities of random parameters. There are many reasons 
for this, the most important of them are non-linearity of 
dependencies and correlation between the parameters. 
This is particularly important to assess in rationing the 
transportation process start-finish duration, traffic and 
other operations. 

7. The Model of the Development of Private Freight 
Road Transport 

In market economy private road transport has to de­
velop constantly and to satisfY the public demands. De­
velopment trends have to be foreseen forecasting freight 
flows. In the course of the integration of private freight 
road transport into the general transport system the im­
portant issue of forecasting of transport amounts is the 
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forecasting of these amounts to other transport modes as 
well (railway, water and air transport), whereas the freight 
road transport, except its direct operation, also serves the 
railway, water and air transport. 

For the models of private freight road transpm1 de­
velopment non-stationary processes are characteristic. Tile 
processes of private freight transport development under 
competition may be analysed as the process of prolifera­
tion and fall which in literature is well analysed and de­
scribed [8]. 

One of the most realistic and general tasks arising in 
the course of analysis of private freight transport 
development consists of the elaboration of the charac­
teristics of use of resources of this transport. From the 
point of view of the process of proliferation and fall such 
a task corresponds to the calculation of the probability 
that the time needed for the process to reach a required 
state n (if the process starts from the state i) exceeds the 
defined timeT According to the Chabischev's inequality: 

here M (C 11 - mathematical probability of the time through 
which there is reached the state n, starting from the state 
i, and D(r.n == M (C~- (M (C

11 
i - the dispersion of this 

time. 
For M (t 11 and D(C 11 calculation we shall deduce the 

equation satisfying the function m(x) = Mx 'r 11 and 
d (x) = M x 'r~ . Through the time dt in the trajectory of 
the process being in the point x, there may emerge one of 
three situations (if we do not count the situations the prob­
ability of which is O(dt). 

Situation A1• Process remains not changed with the 
probability 1- (/c x + !J. x )dt + O(dt). 

Situation Ar Process passes into a neighbouring sta­
te with the probability 'A xdt + O(dt) . 

Situation A 3• Process passes into the former neigh­
bouring state with the probability M xdt + O(dt). 

According to the formula of total mathematical prob­
ability we shall find: 

m; = P; (A1 )M; ('r 11 I A;)+ P;(A2 )M; ('r 11 I A2 )+ 

~(A3)M;('r11 I A3)+0(dt)= 

== (I-('A; -M; )dt+O(dt)M;('r11 +dt)+ 

'A;dtMi+i('r 11 +dt)+!J.;dtM;-i('r11 +dt). 

If we do not assess the succession by the amount 
O(dt) and will perform abbreviation, we shall obtain the 
equation system: 

A·m· 1+M·m·1-('A·+II·)m· =-1 I I+ 1 l l r-""l l ' (42) 

here 

I= 1, 2, ... , n -I, mn = 0. 

Analogically the equation system is obtained 

f... +M·d -('A·+IJ.·)d =-2m 
lidi+l l i-l l l l l' (43) 

here i == 1, 2, ... , n -I, dn = 0 . When i = 0 condition 
!J.o = 0, the above lines acquire the shape: 

'A 0(m1-nz0)=-l,'A0(d1-d0)-2m0 . 

Whereas the equations (42) and (43) are uniform, 
firstly we shall solve the equation by the following gen­
eral shape: 

A· +fl. -('A·+II)ro-=-J: lWi+l Wi-l l r-'t l l , (44) 

here 
i = 0, I, ... , n -1, W

11 
= 0 , not specifying the shape of 

the member f; . Having introduced the note: 

(45) 

From (44), when i = 0, we shall obtain 'AoU o = fo, 
and when i>O M;Ui-1-'A;U; =-/;, from which 
U; = (J..L;U;-1 + f; )I 'A;. Thus 

Uo = fo lAo, 

U1 = 1-11 I'A1'Ao + fJ'AJ, 

U2 = JoM1M 2I'Ao'A1'A2 + f1M 2/A1'A2 + h //-..2, 

(46) 

here P0 = 1, Pz = !J.J, ... , M; !Ai, ... , /-.. 1 . 

Having put the equations together ( 45), starting with 
the meaning U; (w;) until the meaning U

11 _ 1 (w11 _ 1) and 
having assessed that W11 = 0, we shall obtain: 

n-1 n-1 j f. 
(.\)· -(!) = ~ u. = ~ p."' _k_ , n L J L JL 1 , 

J=i J=l k=OrckPk 

n-1 j fk 
W; = L,Pj L --

J=i k=O f...kpk 
(47) 

With the help of the formula ( 4 7) it is possible to 
find the meanings m;, and d;. Having inscribed f; =I, 
we find: 

n-1 j I 
m; = I. Pi I ---, 

j=i k=O ')...kpk 
(48) 

and having inscribed f; = 2m; , we find: 

(49) 

With the help of the formulae ( 48) and (49) it is pos­
sible to calculate D;'r11 = d; - ml and later on, having used 
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the Chabyschev's inequality it is possible to calculate the 
probability of preservation of private freight transport 
work ability (without reloading) for the set time. 

Further to the analysed task (general characteristics 
of the developing private freight transport), the charac­
teristics of resource use per one time unit, for instance, 
per year (increase of loading) should be known. 

For the analysis of the above characteristics [3] the 
so called proliferation and fall process "with migration" 
characterised by the shifting probabilities is introduced. 

Ai =iA+~, Mi =iM, 

Here the constanta ~ is introduced with the aim of 
avoiding the interruption of the process in case it reaches 
the zero status at some time. In a certain case, when ~ = 0, 
this process converges into the Candel 's process (i.e. into 
the process when the intensities of the both shiftings are 
proportional to the number order of the status) [8]. 

Let us denote b(t) = M
1 

- the medium prolifera-m 
tion number per time (0, t), d (t) = M dn - the medium 
number of the fall per time (0, t) . Then the medium 
amount of increase will be m(t) = i + b(t )- d(t), here 
d (t)- the status of the process at the time moment 0. 

Having expressed by t year it is possible to identify 

annual increase: 

q(t) = (m(t + 1)-m(t ))/ m(t). 

Having used [8] it is possible to find the annual in­
crease: 

when A#- IJ.; 

whenA=IJ., 

where the admitted noting is ~ = A. -1-1 . It is evident that 
for the selection of the coefficient it is possible to define 
the increase ratio. In the course of time the medium 
increase may be defined: 

{

0, when A< IJ., ~ #- 0, 

q = 0, when A = IJ., 

el'1 -1 in other cases. 

Having got the statistical data and the algorithm of 
the task solution, it is possible to model the demand for 
suitable transport means. 

8. Conclusions 

l. The Lithuanian national transport development 
programme outlines only the qualitative characteristics 
of the development, therefore for the implementation of 
the programme, i.e. for the identification of the quantita­
tive characteristics systemic investigations based on the 
statistical data are necessary. They could make separate 
research themes. 

2. Wishing to adjust to the demands of freight con­
signors, i.e. seeking to facilitate their choice of a carrier 
by optimising tariffs according to transport modes or com­
bined transportation, it is necessary: 

- to mTange reliable interaction of separate transport 
modes for the improvement of a technological process of 
transportation - by the implementation of modem termi­
nals, handling points, etc.; 

- to improve throughput capacity of separate trans­
port modes and better use of transportation capacities 

3. For the assessment of the full-scale amount of 
transport system operation the general circulation indica-

tor P = I, pk = I, P/ and general transportation volume 
k k r 

Q = L Qr should be used, since it may be larger than the 
r 

initial volume of freight consignment. 
4. For the assessment of transport development effi­

ciency by costs and results the following principle has to 
be observed: the costs spent for transport development 
have to be no less than the efficiency which would be 
received using the funds in some other branch of national 
economy. 

5. Statistical accountancy system of the Lithuanian 
transport activities should be reorganised essentially. One 
of the main features of this system should be the ability to 
assess the losses of the entire economy caused by the low 
standards of transport development and its nonqualitative 
functioning. For this reason calculation models ought to 
be created and selective research ought to be performed. 

6. Having perfonned the research according to the 
suggested methods of systemic analysis and having solved 
certain tasks of transport activities modelling, quite reli­
able priorities were defined, i.e. transport infrastructure 
objects of Lithuanian economy which should be devel­
oped.: Lithuanian railways, Klaipeda State Sea Port Au­
thority, State Flight Management Authority, Vilnius Air 
Port, Kaunas Air Port, VIA BALTICA highway. 

7. Having performed the analysis of the Lithuanian 
transport development strategy from the example of in­
ternational transportation performed by the road trans­
port, it may be stated that the selected strategy of pri­
vatisation of this transport is proper and the results corre­
spond to the situation existing in the Western Europe and 
Scandinavian countries. 

8. An essentially new private freight road transport 
development model has been created which in future, af­
ter having been mastered and correspondingly developed, 
will enable forecasting of the demand for transport roll­
ing stock of various modes. 

9. The interaction of different transport modes, their 
interests, aims and criteria of assessment of the mecha­
nism of functioning, decide upon the occurrence of sys­
temic effects, i.e. parameters which cannot be separated 
and assessed according to the separate characteristics of 
transport modes and may be defined only in their interac­
tion. 
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The assessment of systemic effects is very impor­
tant for the analysis of complex transport because of the 
fact that the orientation towards the local effect of differ­
ent transport modes leads to the solutions which are not 
always useful to the entire system. Therefore, a relevant 
mechanism for co-ordination of interests is necessary. The 
co-ordination of this mechanism has to guarant the expe­
diency of solutions to users of the entire transport sys­
tem. In such situation there may be certain cases when 
the efficiency of the entire system does not coincide with 
the sum of efficiencies of its separate elements. 

10. The results obtained using the dynamic model 
for identification of general transport system transporta­
tion capacity development, as well as the forecasts of 
freight flows until the year 2020 in the West - East and 
South - North directions, convincingly demonstrate (the 
volumes of international freight transportation will in­
crease by 11 0%) the necessity to develop the multimodal 
transportation volumes of the Lithuanian transport sys­
tem in the following priorities: 1) road transport- railway 
transport - maritime transport; 2) road transport - railway 
transport. Data - that of the basic year as well as that of 
the forecasted year, demonstrate that the West- East flows 
will be prevailing transit flows with Russia (per day, by 
the Klaipeda ferry about 150 road transport means will 
be transported related to Russia), Germany and the coun­
tries of Benelux. In the South- North directions the fi.·eight 
flows related to Finland, Sweden, Poland and Germany 
will prevail. 

11. Decision-making in the transport system devel­
opment should be guaranteed by the co-ordination of its 
interacting branches. However, the reiterative procedure 
of co-ordination of local and global optimums should be 
performed with the help of preparatory optimisation (as­
sessment of resources) basing on the development 
schemes and operation regimes of all the elements of the 
system. In other words, optimal synthesis of transport 
system should foresee the development and optimal func­
tioning of its separate elements. 

12. The capacity of elements of a transport system 
as a rule has to bypass that quantity of it which is directly 
planned for this period basing on the transportation ca­
pacity forecasted for this time. The proportion of increase 
(reserve) is approximately defined by the following three 
main factors: discreet scale of capacities of transport ob­
jects, fluctuation of transportation demands within the 
time, available at that time incomplete information about 
them. Optimal quantity of the reserve has to be identified 
basing on all the losses caused by the minimum sum of 
failure to perform transportation or their not timely per­
formance, i.e. when the demand for transportation exceeds 
the effective transport abilities and additional costs of 
making relevant reserve and functioning. 
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