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Abstract. With the growth of freight transportation by rail the main attention should be focused on the function of
railway terminal activities and optimization, where the arriving trains are disbanded and new trains are arranged ac-
cording to the train formation plan A loading process is analyzed. Functional structure of terminals is defined by a
technological process. The dynamic tasks of management of trains flows are formulated.

The efficiency of railway terminal activities should depend on the optimization of the process of growth of freight

transportation.
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1. Introduction

The process carried out with the cargoes in the rail-
road terminal consists of these operations: unloading of
cargoes from the trucks, warehousing, storing, earthing
and loading to the trucks. All these operations are done
in the cargo front and cargo treatment is processed in the
industrial sections. So this means that a lot of work is
distributed to the loaders and operators of work zones.
In every section, depending on the amount of work and
the nature one or more teams might treat the amount of
cargo. Brigade work can be specialized according to the
clients, cargo fronts, the type of equipment etc. But there
can be some universal teams. The process of the railroad
cargo treatment demands to coordinate these two types
of work organization. This type is called “mixed” and it
is widespread.

Loaded or empty loads are operated by the closest
vacant or the next one vacant team in the cargo front.

Special teams in the railroad terminal which cannot
change each other, are operating in some cargo fronts.
The combined way to carry out the work is mostly used.
And the best way to organize the cargo unity storing and
warehousing problems is to use special teams.

Cargo front researches in the railroad terminals
showed that a loading process consists of a big amount
of the different operation elements which responds to
the external influence on the parameters and defines the
incoming orders.

Every incoming order which needs to be treated
consists of two parts: 1) cargoes with the characteristics

to be transported. 2) types of transportation unity. These
two parts have some links that describe the amount of
work and the quantity of means of loads [1-4].

2. Loading process functional structure in terminals
is defined by a technological process

This system is distributed into the organizational
and functional parts. The description of the organizational
parts structure shows how this system is made. And the
structure of different kinds of each element depends on
the type of description [5, 6].

There are four types of cargo front system elements:
T — reserves; F — cargo front; M — equipment; s — area
under warehouse.

Each type might be distributed into a big amount of
different kinds of elements. So this means that a loading
process structure is mixed in the terminal.

The purpose of the systematic description is to find
out the characteristics and links of every element. It is
necessary to distribute the systematic characteristics and
links, which influence the most loading process in the
terminal:

T is a number of loaders, operators, cargo fronts,
which are operated by one team and the time of every
operating front evacuation and the schedule of the team-
work.

F is cargo front mechanization, the type of every
treated amount of the cargo, the number of means of trans-
port operating at the same time and the time to treat one
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means of transport, a number of loaders for every means
of transport, the output of each loader.

M; is a number of measures, a number of cargo
fronts operated by one measure, a number of teams to
serve one measure time to operate every cargo front.

M is a number of loaders working by periods and
operating one cargo front, a number of the operating
fronts, a number of teams to operate one loader, time
spent to treat every cargo front by the loader.

M 5 is time spent to operate the main line transport
loads during 24 hours by stationary machinery.

o is a number of cargo front to store.

Links between T, F, M show a loading system func-
tional structure. Functional description reflects the pro-
cesses, parameters and variability of the system. The or-
ganization of the loading process has connections with
the other operation groups: to deliver means of transport
to the cargo front; teams migration between cargo fronts;
reconstructing and laying out of the machinery in the
cargo front; operating the loading processes; loaders traf-
fic in the cargo front; the schedule of the stationary load-
ing machinery during 24 hours; teamwork schedule
monthly.

A loading process functional structure in terminals
is defined by the regular (lasting) technological links
between the elements. It is called a technical process.

This process consists of a lot of operations connected
to each other: the treatment of the means of transport
from the cargo front to admit the transport, which has
already done some operations.

Inherent links between the cargo fronts, teams,
mobile equipment settles the redistribution of the re-
sources, which ensures operating for every front. The
outward links between the incoming system, single ele-
ments and out coming ones are defined by the loading
process system interaction with the outward surround-
ings and changes of the system structure influenced by
this interaction.

The influence of the outward surroundings is de-
fined by the schedule, structure (loaded, empty trucks
and wagons, their types and capacity) of the orders, cargo
structure (cargo and package type, total amount of the
cargo), technical demand of the orders.

In the main cases the purpose of the system research
might be expressed by the time, spent by means of loads
in the cargo front as the function:

ty = f(tg,tp, 0 tg), ()

tq,1y,...,tg— time spent by every means of transport in
the period of the system 1, 2, ..., s.

The functional estimating of the cargo front by ev-
ery means of transport during the time period is substan-
tiated as the main quantitative indicator, which shows
the conditions of the treatment for the means of loads
transport in this analyzed system. When we know tj,

we can find a lot of different kinds of indicators in a
price level. All the cargo treatment elements and opera-
tions might be provided as a big amount, classified by
the characteristic parameters. Every cargo front might
be described as unique collection of the elements and
the sequence of operations, which defines the technol-
ogy of a loading process [7, 8].

The main things that influence the type of cargo front
and structure are the types of used loading mechanisms.
Following this feature all the cargo fronts are ascribed to
one of four groups:

1) Cargo fronts, where people are doing the opera-
tions with cargoes without using machinery;

2) Cargo fronts with stationary loading equipment;

3) Cargo fronts operated by the mobile loading
equipment (every mechanism has one or more fronts to
operate);

4) Mixed service type in the cargo front (every front
has one or more mechanisms, every loading mechanism
has one or more fronts).

A loading process has a lot of restrictions at the ter-
minal. Unconditional limits are: nominal staff work time
period and the schedule of the mechanisms.

These restrictions can be operated and changed ac-
cording to the demands of the system. They consist of:
the schedule of the front work, front area, the prefer-
ences of the service, the quantity of staff etc.

The other restrictions are formal, for example, the
same number of the provided amounts of the treated and
not treated cargoes.

Now we will analyze the work reserves allotment
and reallotment of the mechanisms optimization prob-
lem in railroads terminals when we use two types of the
road transport: the main and the local lines of transport
carrying the cargoes out of the terminal for a short dis-
tance.

Huge capacity of the main line rail transport
m(m=1,...,M) comes into the termina with different

type of cargoes n(n=1,...,N). Themain linerail trans-
port is unloaded in various cargo fronts j(j =1,...,J),a

lot of different unloading mechanisms p(p=1...,P)

are used for the unloading process. Unloaded cargoes
are stored or reloaded from the huge capacity main line

rail transport to loads 1(l =1,..., L).

It is necessary to coordinate all the main line trans-
port sent for unloading, loading equipment and road trans-
port work that the unloading process out of the main line
transport and taking the cargoes out would take as little
time and resources as possible. To solve this problem we
can use the dynamical problems solving method in the
processes of transport.

The network of transport forms the modelling of
the transport processes. It is the whole of the tops (points,
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junctions, warehouses, loading areas) and the edges (main
lines, local lines).

The edges consist of the important indicators, real
transport link characteristics: distance; trip time; perme-
ability; migration price of mechanisms and people; ex-
penditures of transportation and etc. Two possible direc-
tions of traffic conform with two edges missed each other.
There are production, application points, warehouses,
grounds, loading areas with the loading equipment at the
tops of the network.

To define the capacities of the junctions it is neces-
sary to avoid the problems bound with the treatment of
the cargo and to build the right capacity warchouses.

If the amount of the stream (people, mechanisms,
means of transport) is restricted to pass through the edges
of the network, it means that the edges are of limited
permeability. Due to this G(V, E) is the transport net-
work, V ={i} —tops, E{i, } —edges (i; j =1,...,n).Dy-
namic problems are the problems of estimating the mo-
tion of the stream through the edges of the network
G(V, E). The tops have resources and the followings of
cargoes with the known production and usage dynamics.
The stream of the tops of the network ¥, can be stored for
some period.

We will mark (i, j)that the time tjj is the edge of
passing and it is necessary for the unity of stream to go
from the top i to the top /. without decreasing generality
and wishing to simplify the formulation of a problem we
will say that all tjj are equal to 0, or +1, or —1. Obviously
every dynamic problem regarding this dynamic stream
can be formulated in the way to satisfy this proposition.
Let V(t) be a dynamic lot of the tops with periods of
time t =1,..., T . In the case of dynamic possibility tops
are marked by two indexes (i, j)OV(t), i — the number
of the top, i =1,..., n(t) and ¢ — the period of time.

We will mark E(t) as a dynamic lot of edges when
there are passing and temporary edges between them,
which initial tops are (i , t) DV(t). The passing edges are
marked with tops of two indexes ((i,t), (i,t"))DE(t),
t'=T+1. The tops of the waiting edges:
((,1).(,t))0 E(t) and the time of waiting t; =1and
t' have just the only meaning t +1.

The edges having initial and final tops in the same
interval are called local edges; edges which have initial
top at time period ¢ and final top in interval t+Kk are
called connecting.

We will formulate the dynamic problem of trans-
port: passing time tjj =0, we will define the passing price
titjt Xitjt of stream Xijt for the edges (i,t), (j,t) and the
storing price Cigjy Xy of stream X for the edges
((i,1),(,t"). We will mark the offer a;; and demand
bjt inthetopi at timet. Following atransport problem
dynamic way will be:

.
min > > GigeXige +
=1 (iV (1) (JHV ()

T 0
Citjt Xitjt 0, 2
t=1 (i) (1) (jt)DV (1) g @

_ Xitit + Xt ~ Xt = Dje, (JH OV (L);
Y0) 3

t=1..T.

> Xitjt + Xitit ~ X' = a4, () OV (),
(jHov ()

t=1..,T. 4)
Xitit 20, Xigie 20, ((0,t), (j,1)) DE(),

((,1), (LO)DECQ). )

Formulating the dynamic problem we can see that
analyzing in this case cargo providing has no decisive
meaning except that it is the motion of the loading mecha-
nisms equal to zero and estimates only storing time du-
ration. This is the duration of loading equipment work.
If the conditions of the storing are not estimated in the
dynamic problem then:

> X =&, (HOV(E), t=1...,T
(jHov ()

In this case the condition is:

T T
> &= 3bj.
t=1 =1

The modification of the transportation problem op-
timization is about the optimal usage of the resources
and mechanisms.

Statistical data showed that arriving into the termi-
nal accidental nature, it has the intensity A of the cars
every hour. The time spent to operate the truck in the
cargo front is shown like the standard distribution with
these indicators: mathematical expectancy fomin, and
the average square deviation ggmin .

It is necessary to define the idle time of the loads
and the moments of the loading start.

We can find the arrival time intervals of every load
to every storehouse which exceeds the rates of the truck
operation time. Also we can find rush hour intervals and
the loading teams from one to the other cargo front. Load-
ing equipment is directed to the cargo fronts where trucks
are loaded from the empty fronts.

To find the expedience of this relocation to abolish
the idle time of trucks we will use this inequality:
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Cp _Co+Cy
tp +ig

to—ty >

Cp; Cp — arrived and treated trucks idle time price.
Cq4 — expenditures influenced by the relocation of the
trucks and the idle time of loading equipment and staff.
ty; to— time spent to operate the arrived and treated
trucks, t —practical time spent to operate the trucks from
the cargo front until new truck arrives, tq— time spent to
relocate the equipment and trucks.

If the inequality is right, it is necessary to suspend
the treatment of the loading trucks and to relocate. If it is
wrong — to finish the process and to relocate equipment
after that.

The least practical time period of the treatment with
the minimum priority when it is not expedient to sus-
pend it is defined:

(min _ _(Co+Cy) Mty +1g)
f 0 c :

p

We have two indicators of the prices: Cjj; — the
teams benefit got in comparison with the absence; Sijkt
—the price of the allotment; j — object the team was moved
from; & — new object.

S jke —1s distributed to the expenditures of the relo-
cation S|'pkt , and the lost effect for the idle time of wagon
S?kt (if this wagon was in the front, the team was moved).

_aP ,an
Siikt = Sjie * Sijke -

We will use some marks: tg — time spent by the
team to move to the other front; t, —the idle time period
start of the not operated means of transport in the cargo
front, tg — time to get a team if there was no work off
brigade and there was no reason to suspend the process
and to relocate the team; tg — truck treatment start time.

Ciic = CEa 4 Bk 1S +CBa +COBY

CAEa — the economy of the expenditures in the
system: “road transport — cargo front — railway”;

c2ka — investments (capital) economy to buy the
loads; ¢S — the capital economy got for the shortening
the storing terms; CBa — the capital saved for the in-
creased turnover of cargo; C2Ewm — saved exploitation
expenditures for the loading equipment.

CAEa =365¢,, AT,

e,, — the price of oneload usage hour; AT, the reduc-
tion of load idle time during 24 hours because of the
optimal usage of the resources to load it.

The reduction of the load idle time in cargo fronts is
the lengthening of the time spent for the capital invest-
ments to gain loads.

A% A, Saved up time during 24 hours by every load;

t, — average work time duration in 24 hours; C, —
load price, Lt.

Cs=es(ts -ts'),
e, — expenditures to save one tone of cargo in 24 hours,

Lt; tg, tg —storing timein existing conditions and sug-
gested conditions by new technologies.

cE =Gt.CD,

g —average amount of carried out cargo, tones; tg—in-
equality-storing time between two terms; C; — price of
one tone of cargo; A — index of the capital investments
efficiency, equal to 1/t); t5 - dividend time.

CA5 =36Bey tpeZ

€y — price of every loading equipment work hour, Lt;
tpe — work period in 24 hours; Z — the amount of work
of mechanisms.

Analyzing the work of different terminals and the
interaction between various types of transport we can
see:

1. The principal measures to reduce the idle time
periods for the means of transport during the loading
operations must help to avoid the unequal cargo arrival
to cargo fronts.

2. Itis possible to increase the efficiency of reserves
usage by a better organized transportation process. It
means: getting right information on time, using comput-
ers and coordinating work inside the terminals and be-
tween them. To increase and to reach it we need to estab-
lish the coordinating centers [9, 10].

3. Dynamic tasks of management trains flows

Discrete managed object will be described in the
network of dynamic flow in proportion to the respective
parameters:

X({t+1)=X()+B*U{)+BU([+1),

t=0,T-2; (6)
X(T)=X(T-1)+B*U(T -1); (M
X(0)=x0; (8)
I, &)<u®)=f(t &): ©)
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X(t)<glt &), t=1T: (10)
os Xt . _
o<u@d 70T (11)

Here we will present four most typical objectives
of dynamic management of transport flows [11, 12].

1. The objective of maximum dynamic flow in the
network. It is necessary to maximise the quantities of the
flow delivered to the destination point per 7' time mo-
ments. Formally the essence of the objective is that know-
ing the initial state (8) we chose such permissible man-
agement (9), (11) for the object (6, 7, 10, 11), which gives
maximum meaning to the functional JO(X, U, t). In
this issue the criterion is:

Xn(T) - max. (12)

Initial conditions in this issue will be presumed in
the following shape x0 = (00, o, .., 0). Sometimes ad-
ditional conditions are assumed that the whole flow go-
ing out from the peak 1, will reach the destination peak
n at T time periods. To fulfil this condition we shall
presume g(T)I{OO, o, .. 0, 00} .

2. The objective of minimal cost. Let R(t)be the
cost vector of carrying a flow unit along the network
panes at the time moment ¢. It is necessary to minimise
the notion:

3 (RO U() - mi )

limitations being (6, 11).
Initial conditions have the shape:

X%=(x 0, .., 0),

here x — the extent of flow to be carried along the network
G. In order that the whole flow could reach the peaks n,
it is necessary that:

g(m)={0, 0, .., 0, %.
Without this precondition it may be stated that:

9(1)=(0 az, as, .., an),

when O<a; <x, S a;=X.

3. Minimisation of the flow extent filling in the dy-
namic set of panes. Let us select in the network G the
minimum extent dynamic flow from 1 to » at T inter-
vals of time filling in the panes from Q(t) and meeting
the conditions (6)—(11). The criterion of the objective is
as follows:

X, (T) - max, (14)

whereas I(t; &)= f (t; &) forall panes from the set Q(t).
Initial conditions are:

X%=(e, 0, ..., 0) and

g(T):(°°, o ..0, oo),

According to the contents this issue is interpreted
as an objective of the identification of a minimal number
of transport means with the aim of ensuring the transport
traffic according to the schedule, organising the carriage
by all transport modes except pipeline transportation.

4. Maximisation of transportation profit. Let us pre-
sume the given flow extent x, which is at a time moment
in 0 resource. For each pane we will introduce two ex-
tents:

fat,€) f2(t.8) f2(8)=fat. &)+ f2(.8)-

Let us presume that the flow along the pane con-
sists of two parts UZ(t) and UZ2(t). To the flow U(t)
we shall relate the cost amount (R(t), U 1(03’ to U2(t)
- the profit amount (qc(t), U 2(t)) when traffic is going
along the network panes.

It is necessary to make a dynamic flow of a given
extent in the network G, maximising general transporta-
tion profit during 7" time moments.

Criterion of the objective is:

E:[(C(t)y U2@)RE). utE)] - max

ult)+u?@t)=u). (15)

Initial conditions are the same as of the second ob-
jective.

osUt)< fHLE) g7
0<U2()< F20E) (16)

The fourth objective is peculiar for the planning of
freight transportation by the maritime transport. The profit
is related to the freight transportation and the costs - to
the transportation of ballast.

The stochastic management model obtained as a
result of the theoretical research of railroad freight trans-
port flows enables the determination of a great group of
optimal rail freight flows management issues.

4. Conclusions

1. The principal measures to reduce the idle time
periods for the means of transport during the loading
operations must help to avoid the unequal cargo arrival
to cargo fronts.

2. Itis possible to increase the efficiency of reserves
usage by a better organized transportation process. It
means: getting right information on time, using comput-
ers and coordinating work inside the terminals and be-
tween them. To increase and to reach it we need to estab-
lish the coordinating centers.
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3. The stochastic management model obtained as a
result of the theoretical research of railroad freight trans-
port flows enables the determination of a great group of
optimal rail freight flows management issues, such as
the issues on maximum dynamic flows in the network
which could allow to calculate maximum wagon rate in
a line; the objective of minimum cost, defining the ex-
tent of transported flow filling in the dynamic set of the
pane, the objective the essence of which is the determi-
nation of the minimum quantity of wagon allowing effi-
cient scheduling of transport traffic.
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