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Electrical and Computer Engineering

meter, capable of automatically controlling the moisture content of bulk material and the
operation of a moisture meter in the absence of bulk material supply and by stopping the ball
feeder bulk material moisture meter during operation.

The design configuration on the measuring section of the main tube made of a thin-
walled heat-conducting material in combination with heating elements in the form of a meander
makes it possible to obtain in the moisture measurement zone a steady heat flux along the tube
axis, which enters into heat exchange with the controlled material, while due to the air gap
between the main thin-walled tube and the additional With a non-conductive tube, heat losses
from the heating element to the environment are significantly reduced, which increases the
measurement accuracy, and the presence of the main measuring thin-walled tube significantly
increases the speed of the moisture meter and decreases the dynamic error.
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Abstract. Considered the questions of solving the problem of optimization of cargo traffic
management in the railway transport throughout the logistics chain, organizing the formation
and implementation of cargo loading plans that do not allow exceeding the maximum and
reduce the minimum levels of availability of a particular cargo on the destination road. And
also the article justifies the solution of the problem of finding the maximum flow in the railway
network, it is noted that in any transport network the maximum flow is equal to the minimum
capacity. If the flow is maximal, then there is a section whose transmission capacity is equal to
the cardinality of the flow and this theorem is proved by applying the Ford-Falkerson
algorithm. The solution to the problem of finding the maximum flow in a railway network is
based on Ford-Falkerson: in any transport network, the maximum flow is equal to the
minimum capacity. If the flow is maximal, then there is a section whose transmission capacity
is equal to the power of the stream. This theorem is proved by applying the Ford-Falkerson
algorithm. According to this algorithm, starting with some initial incomplete flow, it is possible
to obtain the total flow by the iterative algorithm if we add the minimum of the numbers, to the
different values of the flows of the path, which are computed from this ways. After such an
operation, the path contains at least one unsaturated arc. If you do the same way with other
paths, then, in the end, we get the full stream.
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Introduction. At present, due to a sharp increase in the number of vehicles in road
networks, the requirements for the rational organization of traffic flows have significantly
increased. The road network itself can be represented as a graph consisting of nodes and arcs.
Each edge of the graph corresponding to a section of the road is characterized by the length,
throughput and cost of a vehicle unit along it. The carrying capacity of the graph branch is
affected by the speed of movement of the unit of transport, which in turn depends on many
factors, among which the most important are the loading of road sections, the condition of the
road surface, and the environmental conditions. The load on different sections of the road
varies and depends on the availability of internal traffic flows in this area, which can be
considered as interference with the movement of the transport unit from the starting point of the
network to the final destination. The parameters of the external environment vary with the time
of the year, the time of day and are subject to the influence of weather influences.

Main part. In the transport network, when managing the flows, optimal distribution of
the transport stream along the network branches is found, estimate the maximum flow in the
network and find the shortest path between the given input and output, identify bottlenecks in
the network for the purpose of their timely elimination. Simultaneously with these tasks, the
total costs of vehicles are estimated as they move from the starting point to the final one.

In practice, the presence of random factors affecting the state of the transport network
does not allow to solve the listed problems using a well-known apparatus based on analytical
models, called graph models. Especially great difficulties for researchers are the definition of
bottlenecks in the network in the presence of traffic flows related to different directions and
probabilistic internal flows in some parts of the network, which can lead to an increase in the
number of accidents and the occurrence of "downtime."

Often researchers apply simulation simulations of traffic flows in a road network, taking
into account random factors.

The structure of traffic flows in the railway network can be represented in the form of
graph Gh, where h is the variant of the organization of traffic flows in the railway network.
Transportation in the network is realized in accordance with the following parameters,
determined by the matrices:

Cie = [Cislls Lie = [|15[1: x° = |[x53[]; @& = lais I (1)

where ¢;; is the capacity of the branches of graph G; connecting node i to node j; [;; -
distances between the nodes i and j; xioj - is the initial flow along branch ij; q;; - the cost of a
unit of the vehicle's traffic path along branch ij. We define the set of inputs to the network Z =
z;,i = 1,b and the set of outputs from the network Y = {y;}, i = 1,7, in one direction. In the
network, in addition to the transit flows, there are internal traffic flows on separate road
segments to one side and the other, which reduce the carrying capacity of the branches of the
graph Gy. The values of the internal transport streams for the jj-th sections are determined by
the distribution functions H;;(v). The throughputs of branches ij of graph Gy, taking into
account internal flows, change and are random variables determined using distribution
functions FLJ(E) = Cij — HU(V)

In the railway network, formation and disbanding of the compounds takes place at each
site [1]. The duration of these processes, as a rule, is of a probabilistic nature and is described
by distribution functions. The distribution functions for each i-th node of the network are given
by the matrix H;, where each element of the matrix is the distribution function of the formation-
disbanding time in the i-th node for the composition that came from the node k and the next
node j. The matrix has the form:
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0 hilZ(Tij) hilW(Tij)
Hi — hiZl(Tij) 0 hiZW(Tij)

hin (Tij) hiWZ (Tij) 0 /

where w- is the total number of incoming and outgoing arcs for node i. Time for
formation and disbandment of local formulations is assumed to be zero.

The maximum flow between nodes is distributed along the branches of the network,
where k-is the iteration number of the Ford-Falkerson algorithm in determining the maximum
value of the flow. The indicator of the costs of movement of vehicles along the branch ij of the
graph G, can be specified by one of the following functions:

* * li j
fij = 61 % [j;+6, (Tij + x_l],) 83 * (qij * Lij), (2)
where 0 < §, < 1, weighting factors of importance, respectively, distance (§;), time
(62), value (83)) of traffic along the branches of the network. The value of 7;; is the average

time taken by the transit convoys to form-disband in the i-th node. It is determined by the
formula:

w
_ Xk—1%kiTij

S 3
ij e 3)

where 7;; is the value of the formation-dissociation time obtained from the distribution
function hyy; (ri j). Since the movement of vehicles along the G; network should be aimed at
minimizing these costs, the overall cost characteristic is taken as the "benefit" indicator of the
maximum flow, which is calculated from the maximum flux distribution matrix over all
branches ij of the graph Gy,.

Oy = i3, [ @

It follows that formula (4) determines the amount of costs when moving a vehicle in the
network G, under conditions of maximum flow. On the one hand, the flow must be maximized,
and on the other hand, the "benefit" indicator should be minimal.

The presence of internal transport streams in Gpcauses probabilistic character of the
capacity on many branches of graph G;. The non-deterministic formation and disbandment
time of the formulations affects randomly the transit time of transit convoys from the point of
departure to the destination along the path containing this node. These features do not allow the
Ford-Falkerson algorithm to be used to search for the maximum flow in the network.
Therefore, the use of an imitation model based on a combination of the Monte Carlo procedure
and the Ford-Falkerson theorem is relevant [2]. Thus, problems are set for determining, using
the simulation model, the maximum flow in a given direction between the set of nodes of
inputs to the network and the set of output nodes, as well as the search for bottlenecks in the
network Gpwhen moving transport in a given direction, the elimination of which will allow the
optimal organization of flows in network. When searching for the integral maximum flow in a
network, the following conditions must be met: for each combination of input and output there
is a maximum flow, the integral cost function has a minimum value.

The solution to the problem of finding the maximum flow in a railway network is based
on Ford-Falkerson: in any transport network, the maximum flow is equal to the minimum
capacity. If the flow is maximal, then there is a section whose transmission capacity is equal to
the power of the stream. This theorem is proved by applying the Ford-Falkerson algorithm.
According to this algorithm, starting with some initial incomplete flow, it is possible to obtain
the total flow by the iterative algorithm if we add the minimum of the numbers [c(g) — [(g)],
to the different values of the flows [(g) of the path S;, which are computed from this ways.
After such an operation, the path S;contains at least one unsaturated arc. If you do the same
way with other paths S;, then, in the end, we get the full stream. Therefore, the algorithm for
determining the maximum flow consists of the following steps:

an initial flow X© is constructed;
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it is checked whether the node X, has fallen into the set of nodes S that are attainable
over the unsaturated edges from X°. If the node X,, does not hit, then it is considered that the
constructed stream is maximal, and the calculation algorithm stops;

if the node X, is in the set S, then the path §; consisting of unsaturated edges and the
leading loads from X, to X,, are selected;

the flow through each edge of this path increases by the amount min(c;; — ¢;;);

a new flow X is constructed and proceeds to step 2.

As a rule, the network is specified by the bandwidth matrix ), = ||cl- ]-”of all edges of the

network U. Setting k& = 0, then calculate the matrix of flux values on the arcs X* = ||<p{‘] || at the
kth step. A matrix of differences Y —X* = ||cl- = (p{‘]” is constructed. In this matrix, the zero

elements for the flux X* correspond to the saturated edges, the non-zero elements for the
unsaturated. Therefore, the calculation of the matrix ||Y —X¥|lis sufficient both for
constructing the set of nodes over which the material from x, reaches along unsaturated edges
up to xx,, and for constructing a sequence of unsaturated edges.

The compilation of these lists is carried out according to the following technology:

make up a list of nodes, each leading an unsaturated edge from vertex i;

for each i-th node make up their own list of nodes, in each of which from the i-th node
leads an unsaturated edge (with the exception of those nodes that have already entered the
previously compiled lists), and so on.

this process of writing lists ends in two cases. Either the x,, node appears, which means
the algorithm continues to work, or the node x;, is not included in the list of nodes written out,
which means the end of the calculations [3].

Let us assume that it is required to play the discrete random variable X by the Monte
Carlo method, that is, to obtain a sequence of its possible values xi, knowing the distribution
law of X:

Table Nel
The distribution of the random variable X
X X1 X2 ... Xn
p p1 p2 Pn

We split the interval 0 <R <1 on the axis Or by points with coordinates p1, pl + p2, pl +
p2 + p3, ..., pl +p2 + ... + pn1 On n partial intervals Al, A2, ..., A n, whose lengths pl, p2, ...,
P, respectively. Thus, |Aj =pil), wherei=1,2, .., n.

Theorem: if to each random number rj (0<rj<l), which falls into the interval Aj to
associate a possible value of xi, then the played value will have a given distribution law:

Since, when a random number r; hits a partial interval A;, the played value takes a
possible value of x;, and such intervals are only n, then the value played has the same possible
values as X, namely x1, X2,.., Xa. The probability of a random variable R falling into the interval
Ai is equal to its length, and by |Ai|= pi, we find that the probability of falling into the interval
A; 1s equal to pi. Consequently, the probability that the value played will take the possible value
of xi is also equal to pi. Thus, the value played has a predetermined distribution law as shown
in table 1.
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Figure 1 - The graph of the railway network

In the formalized graph of the railway network model, the nodes are the cities through
which the road network passes. Arcs are sections of the road that connect the respective cities.
Each arc has its own bandwidth. In the network, in addition to transit flows, there are internal
traffic flows, which significantly reduce the carrying capacity of the road network section. In
each node processes of formation and disbandment of the compounds occur.

Suppose that there is one dispatch node and one destination node. It is required to
determine the maximum flow in the network, taking into account the network structure and
available parameters, with the minimum costs of all resources. Thus, the task is to determine
with the help of the simulation model the maximum flow between the initial and final node of
the graph, the search for bottlenecks in the network, the elimination of which will allow to
achieve the optimal organization of flows in the railway network.

The averaged characteristics of the maximum flow and its "benefits" are obtained by
carrying out N runs.

The probabilistic problem of finding the maximum flow in the network at the first
iteration of the application of the Monte Carlo procedure turns into a classical one. In this case,
the components of the capacity matrix are determined by computing ciji=cij-viji, where vij is
determined from the distribution function Hjj (v) by finding a single lot of the third type.

When considering the effect of internal flows on network traffic situations, the following
situations are possible:

there are no internal flows on the road section;

internal flows affect the throughput of the site in such a way that it decreases, but remains
greater than or equal to the value of the flow in this section, i.e. cilj > x?j, where cilj is the
network bandwidth changed by internal streams (the Ford-Falkerson algorithm works and the
maximum flow and its distribution along the branches of the network are located);

It follows that for each i-th node of the network, taking into account the given
distribution-formation-distribution functions, the average time spent in the i-th node of the
transport unit is calculated. As the initial flow, the values of the matrix X° are chosen [4].

When using the Ford-Falkerson algorithm, at the k-th iteration (k is the iteration number
in the Ford-Falkerson algorithm) using the modified bandwidth matrix, the very distribution of
the flow over the network and its flow value are determined. According to formulas (2), (3),
and (4), taking into account the distribution of flows, the generalized indicator of the "benefit"
of this stream is determined. The values of the flow, the matrix of the values of the flow
distribution by branches and the "benefit" indicator are stored in the model database (MDB).
The iteration number of the Monte Carlo procedure (1 =1+ 1) is modified and all calculations
are repeated first.

After completing N iterations of these calculations, the following samples are generated
in the PM model: selection of the flow distribution matrices along the network branches, that is,

200



Electrical and Computer Engineering

for each element of the flux distribution matrix there is a sample; selection of maximum flow
values; sample of integral indicators of the "benefits" of the flow.
For these samples of volume N, the mean values are formed, namely:

Xy = [[Fopey [l P Py

These values must be calculated and presented to the user upon completion of the
program.Then, upon completion of the program, the following values should also be obtained:
a matrix characterizing bottlenecks in the network, and a recommended bandwidth matrix for a
given road network.

The algorithm of the model is based on the combination of the Monte Carlo procedure
and the Ford-Falkerson theorem and the application of a single lot of the third type.

The algorithm of the model of the railway network is shown in Figure 1. The following
input values must be set for the operation of the software:

Cr = ||Ci j|| - network bandwidth matrix;

Ly = ”li j || - distance matrix between the node;

Qr = ||ql- j || - cost matrix between the node;

Hy, = ||hl- j || - time distribution function for the formation and disbanding of compounds;

hy = ||h;]| - time vector for formation and disintegration of formulations;

p" - number of program runs.

Let's consider the work of the model on the first run (i = 1). The software takes into
account that in the network, in addition to transit flows, there are internal transport flows. These
internal threads affect the network bandwidth. Thus, on each run the capacity matrix c [i, j] is
changed by playing a single lot of the third type.

Based on the application of the Ford-Falkerson algorithm, the maximum flux maxflow,
the distribution of the flow in the network f [i, j], is calculated, and the generalized indicator of
the "benefit" of this flux ®zy is determined by formulas (2), (3) and (4). All these values are
stored in the PC database.

And so if i<=pr, then the program continues the initial calculations. Otherwise (if i> pr),
the following average values are calculated: maxflow maximum flow, f[1, j] flow distribution,
and generalized "benefit" @,y on each run. The following are the bottlenecks in the network: [i,
il -¢ [1, j] and in those places where the matrix takes negative values by the amount of this
difference, the capacity of the matrix c [i, j] increases to provide rational organization of the
railway network flows.

Conclusion. A simulation model of the transport network has been developed, taking into
account one input and one output in the network.

Thus, the following particular problems were solved:

the urgency of using the simulation model to study transport network flows;

compilation of lists of input and output parameters of the simulation model of the railway
transport network;

development and implementation of the simulation model algorithm;

solution of test problems with the help of simulation.

Thus, a simulation model of the transport network was developed and software was
implemented that implements the model of  the railway  network.
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DETERMINATION OF STUDENT COMPETENCE LEVEL BASED ON “KSQ”

Alimova F.M.

Tashkent University of Information Technologies, 100200, st.Amir Temur 108, Tashkent,

Uzbekistan.

Abstract: This article is devoted to the study of methodological approaches used in the

system of higher professional education to assess the quality level of vocational training of
graduates in the framework of the competence-based approach. With the introduction of the
competence-based approach in the system of higher professional education as a means and
tool for assessing the progress of graduates, the point-rating system of assessment has been
widely used, as an acceptable system of assessment tools in the competence format of
education. The authors propose a method for determining the indicator of the degree of
professional competence of university graduates, including principles, a system of indicators,
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