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1. Introduction

Innovations in the management of higher education
institutions (HEIs) on the basis of information technologies
are a key mechanism that allows raising the level, quality
of education and, as a consequence, the competitiveness
of the educational institution. Designing information man-
agement systems and improving them (reengineering) is
always connected with the analysis of information flows
circulating in the system and the external environment.
To design a management system and relevant informa-
tion technologies, it is necessary to analyze the infor-
mation flows that circulate during the operation of the
system.

In the process of life, HEIs improve, adjust the strategic
goals of their activities and, naturally, make the neces-
sary changes in the structure of the management system,
including the HEI organizational structure, introducing,
for example, new units.

Therefore, one of the main conditions for the effective
functioning of the management system is a constant analysis
of information flows. The flow displays interaction with
both the external environment and internal divisions. The
analysis of flows makes it possible to establish rational
links between sources and receivers of information and
ways of its circulation. These aspects are prerequisites for
reengineering new information technology, the purpose of
which is improvement, in order to increase the efficiency of
the activity of the higher education institution, including
the quality of education. Thus, the task of analyzing in-
formation flows in the HEI is relevant.

2. The ohject of research and
its technological audit

The object of research is the system of management of
a higher educational institution. Higher educational in-
stitution is a complex organizational, technical and socio-
economic system, bound by specific relationships with many
objects and the external environment (Fig. 1).

Organizational structure

Information-control

subsystem \

Staff
(human resources)

Technical
means

Resources

Educational-methodical
Scientific
Material

External
environment

Fig. 1. HEI information structure

Here are the features that characterize HEI as a com-
plex anthropogenic dynamic system:

— HEI structure is non-stationary. Changes occur both

as a result of internal development, and regular and

accidental influences of the environment;

— most of the state parameters are non-stationary;

— the presence of a large number of nonlinear depen-

dencies;

— a set of feedbacks;

— lack of a final planning horizon.

One of the most problematic places in the HEI manage-
ment system is the lack of consideration of the influence of
external and internal factors that influence the HEI activity.

The main conditions for building a model of manage-
ment of a higher education institution on the basis of
information technologies are as follows:

.
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— analysis of the external environment for the main
functions of the HEI;

— reengineering of HEI information model based on
the analysis of information flows;

— improvement of the HEI unified information envi-
ronment.

3. The aim and ohjectives of research

The aim of research is introduction of information
technology and building of a model of HEI management
system. The model should reflect the impact of HEI ex-
ternal impacts through the analysis of information flows
to improve the management quality.

To achieve this aim, it is necessary to solve the fol-
lowing tasks:

1. To identify the list of main external and internal
factors affecting the HEI activity.

2. To determine the role and place of the model of
information flows in the general model of the functioning
of a higher education institution.

4. Research of existing solutions
of the prohlem

The issues of building management systems in higher
education and reforming the education system in recent
years are reflected in a number of works [1-5].

The society does not always have an understanding of
the relationship between the education system and the coun-
try’s economy, region, understanding that higher education
is the primary and the basis of the state’s welfare [2, 5].

The problems of supporting the development of the
education system are social and are among the priori-
ties for the development of society and the state. The
education system is directly related to national interests
and national security, based on definitions [1]. Education
prepares the future of the country by training personnel
for all the environments of the state [5]. At the same
time, the prospects for the development of the education
system can’t be considered only through the prism of the
economy, it is necessary to move from economic centrism
to socio-centrism and cultural centrism [6].

Education is a primary, prerequisite, pre-economic re-
source capable of awakening the economy, bringing dynamism
into it, providing a leap in the development of production.
Education creates the foundation for the welfare of society
and is the guarantor of the independence of the nation [5].

Currently, the education system of Ukraine, like many
other industries, refers to losing their positions in Europe
and the world. It is necessary to re-engineer the manage-
ment processes of the higher education system, to bring
the number of graduates to the needs of the economy in
line with the development prospects.

To the construction of models of HEI management
there are various approaches, for example, Weber’s classic
approach, which studied the model of the HEI activity
from the standpoint of a bureaucratic organization. Veblen
viewed the HEI as a capitalist organization, and Parsons
analyzed the HEI from the position of the social system.

The author [7] argues that a competitive model of
HEI management should be based on the principles of
strategic management, quality management, budgeting and
information integration of processes.

HEI structure should be viable, flexible and dynamic,
allowing to solve the problems of the development of the
country’s economy, therefore the development of a scien-
tifically grounded system of management of a higher edu-
cational institution in modern conditions is urgent [7, 8].

The complex approach proposed in [9-11] involves
the implementation of the educational process, but does
not consider the system from the position of management.

The paper [12] identifies the main problems of inte-
gration in the development of a HEI unified information
environment. The ways of solving all integration problems
are fulfilled with the help of the web service.

Another approach [13] considers only the quality of
education and offers an evaluation of the potential and
HEI overall evaluation. The model [14] considers the edu-
cation system from a physical point of view, but does not
take into account the influence of economic factors and
the labor market.

Using the approaches of scientists [15, 16] allows to
analyze the influence of the experience of lecturing on the
quality of education, but do not determine the influence
of external factors on the education quality.

Ukraine declared its adherence to world trends and expe-
rience. However, this is not fully achieved, because economic,
political and other factors are special for each country and
not just to adapt the experience of other countries.

5. Methods of research

To analyze the object of research and develop infor-
mation models, elements of the constructive theory and
problem-oriented tools of formalization and modeling of
the information movement processes are used. The analysis
of information interaction between the HEI units is based
on the complex use of graph theory — for the implementa-
tion of decisions on the collection of primary information.
The theory of sets and queuing systems (QSs) is used to
construct traffic flow models and to evaluate the effective-
ness of using information processing tools and modeling
the operation of software components.

6. Research results

Any educational institution interacts with the external
environment, in connection with which it is necessary to
adapt to changes, for sustainable functioning, because of
this, HEI is regarded as an <open system». An open system
depends on energy, information, entrants, decisions of MES,
which come from the external environment. Any HEI has a
connection with the external environment and depends on it.

From the point of view of the system approach, HEI
is a system for converting input information and resources
into final products, in accordance with their goals. The
main factors that have a direct and indirect impact on
HEI are shown in Fig. 2.

Let’s consider some direct factors of influence:

— the market of entrants is determined by the economy,

culture and population of the country. As can be seen

from the graph in Fig. 3, the population in Ukraine
catastrophically falls, and therefore the number of po-
tential entrants is proportionally reduced,;

— there is an economic downturn in the country, which

leads to a reduction in jobs, which entails an overabun-

dance of HEI graduates and an inconsistency between
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budget orders and jobs. The economic situation in Ukraine
today is about 50 % of the 1991 economy, which means
that the need for HEI graduates is decreasing;
— labor resources that train specialists in the HEI
are directly related to HEI internal structure.

HEI external and internal communication

which vertices are information packets, and the edges —
the transfer of data from one packet to another.

The solution of this task does not cause difficulties
with a small number of information packets, however,
with the increase in their number, there is duplication,

data loss, redundancy. In this connection, the task
is to develop an algorithm for converting an in-
formation flow into a graph, taking into account
information indicators.

Direct impact environment

Indirect impact environment

The implementation of this algorithm consists
of a number of steps.

The market of applicants

State of the national economy

Step 1. All the set of information packets
A={a;} will be conditionally divided into three

groups (subsets) (Fig. 3):

Human resources

—|Scientific and technical progress

— packets arriving at the system, A, ={a;}, i=

=1,2,.../1, where fi is the maximum number

The laws of the MES

Sociocultural factors

of incoming packets;
— packets circulating within the system A, ={a;,},

Labor market

The laws of the state

i=1,2,..., f5, where f5 is the maximum number
of internal packets;

— outgoing information packets, As={a;3}, i=

Competitors Political factors

=1,2,..,f5 where f3 is the maximum number

of outgoing packets.

population

Relations with the local

Fig. 2. Factors influencing the HEI activity

Thus, the influence of external factors on HEI activity
has a direct impact and these factors should be taken
into account when building the HEI information model.
Organizational structure is an HEI internal component,
which directly affects the HEI effectiveness.

The main features of the organizational structure are the
division into separate components: faculties, departments,
etc. At the same time, the activities and functioning of
individual structures must necessarily be coordinated. At
HEI, coordination functions are performed by the head —
rector, implementing the coordination management [5].

As can be seen from the structure, it displays the
degree of subordination, but does not carry any informa-
tion about information flows and coordinating functions.
Taking as a basis the HEI organizational structure and
conducting its analysis with information flows, we have
the opportunity to re-engineer the management system,
which makes it possible to increase the HEI efficiency.

Let’s consider the movement of information flows within
the HEI organizational structure. The condition for the effec-
tive functioning of the management system is the monitoring
and analysis of information flows, the establishment of ra-
tional links between sources and receivers of information.

Let’s introduce the following definitions. An informa-
tion flow is a partial movement of data from one packet
of information to another. A package of information is
a set of information data, united by any parameters or
characteristics and representing a single block of informa-
tion. The information indicator is a part of the information
package that directly participates in the information flow.
An information model is a scheme for the movement and
interaction of information in the system, displaying a com-
plete understanding of the relationships and paths of data
without indicating the physical properties of the object.

The most popular representation of the information flow
is its mapping in the form of an oriented graph [1, 3],

)
XN

Fig. 3. The distribution of the set 4 into
subsets Ay, Ay, Az

Thus, let’s describe the entire set of information pa-
ckets as:

A=AUAUA;. 1)

The result of the separation of information flows into
subsets is shown in Table 1.

Tabhle 1
The distribution of the set A into subsets Ay, Ap, Az
Set A1 Set Ag Set Ag
ap dp a3
ag, P ag;

Step 2. Let’s number the lines for each set Ay, Ag, A3
in the following way. Let’s use the set B={b,,} as the
numerator, where m — the row number, n — the attribute
of belonging to one of the sets A. Since there are 3 sets,
then n=13. Given the fact that the number of threads
in each subset is different, the number of rows filled will
be different.

5
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Table 2
Numbering of subsets Ay, Ay, A3
No. Set Ay No Set Ay No Set Az
by, ay by dpp by ;3
by an by e by a3

Step 3. Each packet of information consists of a set
of indicators a; ={p,,} and it is formed due to the par-
tial transfer of data p,, from other information packets
@i, ={Puy, - Let’s write this as follows: a; (a;,,.., a;; );
in parentheses, a lot of information packets that participate
in creating a package a; are displayed. Thus, Table 2 is
transformed in Table 3.

Tahle 3
Packages of information and their components
Nao. Set Ay Nao. Set Ao No. Set Az
by aj [azm e 8y ) by | ap [ﬂm s 8y ) | by a3 [ﬂjm s r 8y, )
bm|1 ap [ahh rer aiur] bmzz dp2 [ahh seee s 8y, ) bmzz g3 [aim seee s By ]

Step 4. Since all the information packets are numbered,
let’s replace the expression a;(a;;,...a;; ) by an equivalent
one a;(b,;,...b,; ), as a result get Table 4.

Table 4
Information packets with numbering
No. Set Ay No. Set Ay No. Set As
by, a; [blm rer b‘k]r ) by, a; [blm ] b‘k]r ) by ay [b:m re blk/r )

b 8By, by ) | b 8y, By, by ) | B a,, (B, by,

mp3 m33

Step 5. To reduce the duplication of information packets
belonging to different subsets, let’s construct the Table 5
in several vertices of the graph on the basis of data from
Table 4.

Tahle 5
Mapping the vertices of a graph with information packets
No. of vertice | Set Aq Set Ay Set Az
1 b, bio, it a,,=a,, bys, it a,,=a,;
by, it &, #a,, bz, it a,,=a,
z by, it a,#a,;

Step 6. Filling in Table 5, let’s proceed to the direct
construction of the graph. Let’s take the vertices of the
graph in an arbitrary order on the basis of Table 5, the
number of vertices from 1 to z (Fig. 4).

Then, using Table 5, let’s determine the value of by,
from the number of the vertex z, and from Table 4 on
the found value by is determined ay(b,},....b,, ). Based

i

on the list a;(b,),....b;,;) in Table 5 we look (z,..,2,)
for the vertices corresponding to (b,;,...,b,; ), and con-
nect the vertices (zi,..,z) with the vertex z by arcs
directed to the vertex z (Fig. 5). Thus, these arcs serve

OO .

Fig. 4. Vertices of the information flow graph

O o -
® G

Fig. 5. Graph of information flows

As a result, let’s obtain a graph model of the system
in the form of an oriented graph, in which all interac-
tions between the information packets are indicated in
an arbitrary order. Let’s call this graph an unordered
graph. Thus, an unordered graph carries in itself visual
information of the interaction of only two vertices, and
does not give complete information on the influence of
some information flows on others.

It is necessary to convert an unordered graph into an
ordered graph, which will allow to split the entire set of
information flows into levels.

To do this, the entire set of information data A={a;}
is presented in the form of a set of documents D={d;},
where iel, jeJ, and information packets — in the
form of documents. The whole set of information data
of the control object can be represented in the form of
four sets:

D, ={d;;} — set of input documents;

D,={d;,} — set of output documents;

D;={d;;} — set of intermediate documents;

D, ={ds}; D, =D,nD,\ D, — set of transit documents.

It is possible to assume that D= D;u D, U Ds, then we
can talk about the decomposition of the component parts,
and the first level of the graph information model (GIM1)
is the set of vertices of all documents D={d;} and the
set of arcs U={u;} connecting these vertices:

G=(DU), (2)

where D ={d;} - the set of vertices of the graph G; U ={u;} -
the set of arcs of the graph G, i=1n; j=1m.

Thus, the initial information model of information flows
can be represented as an oriented non-planar graph, as
shown in Fig. 6.

Let’s introduce the following definitions. The verti-
ces d; and d; are called weakly connected in the graph G
if there exists a path from d; to d; under the condition
i#j [1]. That is, part of the data or all the data from
the d; document go into the d; document.

The vertices d; and d; are said to be strongly con-
nected if there is a contour in the graph G(D, U) passing
through the vertices d; and d;, including loops. That is,
some of the data from the d; document is transferred to
the d; document, and the rest of the data is transferred
to other documents.
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Fig. 6. The graph of information flows

To analyze GIMI, it is necessary to form an adjacency
matrix M that reflects the topological properties of the
graph G(D, U). For a set of all documents, the matrix M will be
of square dimension n*n, where 7 is the total number of docu-
ments in the object. The total number of threads circulating
in the system can range from a few hundred to a million.

The matrix is formed according to the following con-
dition:

1 if there is a path from i-th to j-th vertice,
Y\0, if there isn t a path from i-th to j-th vertice.

The total number of transit paths in a graph from the
vertex d; to the vertex dj is defined by the expression:

Mr=M*M*..*M=M"'*M, 3)
where M,+,= (e;;) — the first-order adjacency matrix, each
element of which maps a path of length equal to one at
i=1n, j=1,m; M"=(e;)" — an n-order adjacency matrix,
each element of which maps the path from the i-th vertex
to the j-th length equal to n.

A formal analysis of the properties of the sequence (3)
makes it possible to extract loops, cycles, contours, feed-
backs, input and output elements of the structure, maximal
or minimal routes, connectivity intervals, duplicating and
redundant links in the graph G(D, U) [1].

If all the elements of the matrix M located on the
main diagonal are 0, then there are no loops in the graph.

The maximum route in the graph is determined by
the following relation:

(4)

n
Si =max2 e}

ien j=1

If all the elements of the column
of the matrix are zero  ef =0, this
=1
means that the given vertex of the
graph is an input for the structure
under consideration, and if all ele-
ments of the string are zero Zeg =0,
i=1
the vertex of the graph is an output.

If there are elements in the matrix
below the main diagonal and they are
not equal to zero, this means that the
system has feedbacks in the form of
loops and cycles.

To identify the strongly connected
vertices of a graph, that is, cycles and
contours, it is necessary to construct
a transitive closure matrix of the graph
in the following form:

M=M"JmJ. | JMJI =
=iy, )

where n — the order of the adjacency
matrix; | — the identity matrix.

The strongly connected subgraphs
V(D, U) of the graph G(D, U) are de-
fined as the intersection of the vertices
of accessible and counter-reachable
from the given vertex:

V(d)=R@) o), (6)

where R(d,-):(d,-)O[Gf(d,-)] — the subset of vertices of
j=1

the graph G(D, U)] accessible from the vertices d; in j in-

tervals; Q(d,-):(di)U[G*f(d,-)] — the subset of the ver-

Jj=1
tices of the graph G(D, U), from which the vertex d; is
attained for j intervals.

The obtained strongly connected subgraphs are num-
bered in ascending order, and the vertices belonging to
them, in the further analysis, do not participate.

As a result, the original graph is divided into K of
strongly connected structures that do not have cycles
and contours distributed over levels:

V(D)= UV(dl- )- )

Each strongly connected subgraph can be identified
as a subsystem of the information structure of the con-
sidered control object.

To synthesize the optimal structure of information flows,
it is necessary to specify an optimization criterion (ob-
jective function), which can be chosen as a numerical
function on the graph Ge (D, U).

A numerical function on the vertices of a graph is
assumed to be given if each vertex of the graph is as-
sociated with a certain number /e Z:

s
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Y(die D)3 (L e Z)| [I:=1(d;)]. (8)
A numerical function on arcs of an oriented graph
is considered given if each arc is put in correspondence
with the number hje Z:
V(u; €U) 3 (h € Z)| [l = h(u;)]. )
The optimal value of a numerical function on the set of

paths for vertices and arcs of the graph G(D, U) is defined
in accordance with the additive or multiplicative form:

]1(D):3pgzl(di),

o (10)
IZ(D):OptHl(di);
L dieD "y
I;;(U):0p€2h(ui),

u; el ,:1 (11)
LU)= opltHh(ui).
L uiel "ig

Depending on the formulation of the optimiza-

the sum of non-zero elements of the i-th row of the mat-
rix M; of — the sum of the non-zero elements of the
i-th row, after subtracting the non-zero column elements
in the k-rows of which the zeros were obtained in the
previous step.

The values 6%, 6;,.., 6/, are recorded to the right of
the adjacency matrix in columns, and below the columns
are the document numbers for which zero values were
obtained in the k-th column.

Fig. 8 shows the graph Gg(D, U) obtained from the
initial graph G(D, U) with preservation of primary con-
nections between vertices.

tion problem, the minimum or maximum values of {

the objective functions (8) and (11) are determined.
As an example for the graph shown in Fig 6, an
adjacency matrix M=(e;;) is constructed (Fig. 7), which
non-zero elements, after excluding loops, cycles, con-
tours and feedbacks, correspond to the routes of infor-
mation flow between the documents. As can be seen
from Fig. 7, it contains two columns and three rows,
all of whose elements are zero. Therefore, documents d»
and dg are input, and ds, dy and dy, are output.

Fig. 8. The graph of ordered information flows

Using the graph ordering algorithm given above, the
time for generating the initial data for the information
support of the HEI ACS is reduced by software.

Let’s consider the second level (GIM2) — the interac-
tion of indicators P={p;}.

To construct the GIM2 as the initial da-

D1 1213 141516171819 10]0slo 0 oo ta, let’s use the adjacency matrix constructed
TTololol 1 olo ol ol o T 2111 o above (Fig. 10) and the exponents. Since each
STiToli1 1l 1lolololololol a3l 31 o] packetofinformation consists of a set of indica-
31o0lolololilololilololal1lo tors and is formed due to the partial transfer of
4lofofJojoflt1]oJ1[o]o]o]2[2]0 data e; ={p,,} from other information packets p,,,, ,
slojojojt1]jofjojojof1]of1]0O let’s perform a substitution e; for the set {p,,},
6l0/0J0JO0O[1]O]J1]O]O]O]|2[2]0 where i=x, y — the index number of the i-th
710,000} 0]0]0]0JT]O 1* 0" document, in rows and columns. Let’s will re-
81010/01010]01010/01]0 O* place the value «0» with the zero matrix, and
190 g 8 8 g 8 g 8 g g g g the value «1» of the table with the corresponding

0T 7 16 matrix, which is formed according to the following

91 51 4 condition:

8 30112

514131211 1, if from i-th to j-th

Fig. 7. Adjacency matrix

To order the structure of the information flow graph,
the following algorithm is proposed:

V(ien)[3 (e;)#0]

n -
(G? =Ze,,»), i=1n

=

, (12)
((5{‘ =6?—Zelj), i=1k,

=

A(kcn)V(iek)I(e; =0)

where i=1,n — the number of rows of the matrix M;
j=1n — the number of columns of the matrix M; c? —

| there s transfer of indicator,
Pij 0, if from i-th to j-th
there isn't transter of indicator.

At the end of the transformation, let’s obtain the ad-
jacency matrix of the indicators.

A graph model of the movement of indicators allows to
determine the main indicators that will serve as the base
fields of the ICS database. In the future, the graph model
of indicators is optimized by means of a transformation
from a linear structure to a graph of the «tree» type.

Let’s consider the simplest document circulation on
an example of three documents and some indicators of
these documents.
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g — )



IHPOPMALIHHO-KEPYHOYI CHCTEMM:
— 1 I

THPOPMAUIHHI TEXHONMOrII

I55N 2226-3780

Documents:

— order to enroll students;

— certificate of the student about the place

of study;

— journal of registration of certificates.

At the request of the student, the student’s
certificate from the place of work is formed on
the basis of the order on enrollment. When
issuing a certificate to the hands, it is regis-
tered in the journal.

In the initial version, the graph model of
such document circulation is represented by
a simple graph of three documents and two
edges (Fig. 9) and a simple adjacency mat-
rix (Fig. 10).

Fig. 9. Graph model of document circulation

Doc | D1 | D2 | D3
DI |0 |1 |O
D2 ([0 |0 |1
D3 [0 |0 |O

Fig. 10. Adjacency matrix of document circulation

Let’s consider the indicators of each
document that participate in the move-
ment.

Document DI D2 D3
P1.1|P1.2|P1.3|P2.1|P22|P23|P24|P2.5|P3.1 |P3.2|P3.3
P1.1 |0 0 0 1 0 0 0 0 0 0 0
D1 |P1.2 |0 0 0 0 1 0 0 0 0 0 0
P13 |0 0 0 0 0 1 0 0 0 0 0
P2.1 |0 0 0 0 0 0 0 0 1 0 0
P22 10 0 0 0 0 0 0 0 0 0 0
D2 |P23 [0 0 0 0 0 0 0 0 0 0 0
P24 10 0 0 0 0 0 0 0 0 0 0
P25 10 0 0 0 0 0 0 0 0 1 0
P3.1 |0 0 0 0 0 0 0 0 0 0 0
D3 |P3.2 |0 0 0 0 0 0 0 0 0 0 0
P33 |0 0 0 0 0 0 0 0 0 0 0

Fig. 11. Adjacency matrix of document circulation on indicators

b

Fig. 12. Graph model of the movement of indicators

A scheme for the movement of information flows in
a higher educational institution, the influence of external
and internal factors on the main HEI activity of (Fig. 13)
is developed.

Indicators D1: HEI

P1.1 — Name; Y

P1.2 — Order No.; Labor market  {{ Bachelor,

P1.I_3 — group. Educational process |~ | Master

Indicators D2: _ ;

) pplicants f

P2.1 — Name; /

_ . HEI Human

Eg; B ;2?1?; No; MES ) ,|  resources Graduate school |«

P2.4 — Namel;

P2.5 — Reference number.

. Other

Indicators D3: external  —* ] Sciontific

P3.1 — Name; Scientific 1 Staff

P3.2 — Reference number; Human /‘ activity

P3.3 — issue date. resources

Next, let’s transform the adjacency I
matrix of the document, taking into ac- I
count the indicators. As a result, let’s
obtain the adjacency matrix of the in-
dicators (Fig. 11).

The obtained graph of the motion Fig. 13. Scheme of the movement of HEI information flows
of the indicators is shown in Fig. 12.

Further analysis of the adjacency matrix of indica- In the information scheme (Fig. 13) two external cir-
tors and the graph model of the movement of indicators cuits and several intra-HEI ones are distinguished:
allows to determine the basic indicators. These are the — the external contour of influence on the labor market;
indicators: P1.1; P2.1; P2.5, which are primary, as well — the external contour of influence on scientific per-
as to propose the creation of database fields. sonnel (labor resources);

In the future let’s consider the HEI interaction with — the internal contour of interaction between educa-
the external environment. tional activities and scientific;

The system of education in HEIs is focused on ob- — the internal contour of interaction between educa-
taining basic knowledge, skills, such system monitors the tional activities and labor resources.
external market, that is, analyzes the labor market — the Having determined the main factors (external and in-

labor market analysis system (LMAS).

ternal) that directly influence the HEI activity, as well

;10
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as feedback loops, let’s present the HEI formal model
in the form of:

(13)

where D — HEI activity; L, — labor market; L(m, b) —
labor resources m masters; b — bachelors; ¢ — candidates;
d — doctors; M — Ministry of Education (legislation and
nomenclature); S,(c, d) — scientific personnel; A — ap-
plicants; @ — population; E — economic factors; I — in-
formation service.

This information scheme allows to identify the main
factors affecting the HEI activities, including the quality
of education, as well as build a HEI formal model. These
factors can include the resulting contours of interaction
between the HEI and the external environment.

D= {Lm (L,.(m,b),Sp(c,d)); M(z,n);A(a); E; I},

7. SWOT analysis of research results

Strengths. The carried out researches of introduction
of the developed model of information interaction allows
to obtain the following effect:

— get rid of redundancy in HEI management system;

— reduce the load on the HEI computer network.

The proposed algorithm for formation of the flow of
information flows in the HEI management system makes
it possible to shorten the time for formation of the flow
of information flows in the management system, that is, to
reduce material costs for the analysis of the HEI mana-
gement system.

Weaknesses. The use of the proposed algorithm entails
additional material costs for the modernization of already
implemented control systems related to the reorganization
of existing databases.

Opportunities. Additional opportunities to achieve the
aim of research are in the following likely external fac-
tors. Higher educational institutions are widespread in
the former Soviet republics. All their management sys-
tems today can be considered obsolete both physically
and morally. At the same time, the results obtained as
a result of the implementation can become a basis for the
further development of research into management systems.
In particular, the influence of the organizational structure
on the quality of education and analysis of the existing
document workflow in HEI can be studied.

Threats. The threats in implementing the research re-
sults are related to two main factors. The first of them
is the lack of sufficient HEI financing for the purchase
of modern computers and software. Since the economy in
the former Soviet Union is in a state of decay, additional
investments from research organizations are being used
to solve this problem.

The second factor is the market of modern software
for control systems offered by world leading companies.
Such software packages include software products of the
company «1C». Advantages of this solution include the
complex solution of individual tasks, but all control sub-
systems are connected at the level of data transfer, thereby
increasing the redundancy of information.

1. The main external and internal factors that directly
influence the HEI activity are defined:

— population;

— activities of the Ministry of Education and Science;

— labor market;

— labor resources.

2. A formal HEI model is proposed, which allows elimi-
nating the redundancy of information circulating in the
system. Using the algorithm of analysis and optimization
of information flows:

— the tasks on optimization of HEI information struc-

ture in the system are solved,;

— the interaction between the units is determined,;

— rational relationship between the sources and re-

ceivers of information and the ways of its circulation

are established.

References

1. Andrushchenko, V. P. Osnovni tendentsii rozvytku vyshchoi
osvity na rubezhi stolit [Text] / V. P. Andrushchenko // Vysh-
cha osvita Ukrainy. — 2001. — No. 1. — P. 5-9.

2. Zhuk, Yu. Treba vmity dyvytys u vichi, abo v Bolonskyi
protses slid vkhodyty z ukrainskym pozytyvnym dosvidom,
vrakhovuiuchy realii [Text] / Yu. Zhuk // Osvita. — 2005. —
No. 12. = P. 17-25.

3. Sokolova, N. A. Imitatsionnaia model’ protsessa distantsion-
nogo obucheniia [Text] / N. A. Sokolova, O. O. Boskin //
Modelirovanie obiektov i sistem AAEKS. — 2004. — Vol. 1,
No. 13. — P. 50-62.

4. Yakusevych, Yu. H. Analiz problem reformuvannia osvity ta
pobudova formalizovanykh modelei VNZ [Text| / Yu. H. Yaku-
sevych // Problemy informatsionnyh tehnologii. — 2015. —
No. 17. — P. 100-109.

5. Hodakov, V. E. Vysshee obrazovanie: vzgliad so storony i iznutri
[Text] / V. E. Hodakov. — Kherson: KhNTU, 2006. — 338 p.

6. Vulfson, B. L. The World Educational Space in the Mirror of
Comparative Pedagogy [Text] / B. L. Vulfson // Otechestven-
naia i zarubezhnaia pedagogika. — 2012. — Vol. 1, No. 4. —
P 27-42.

7. Uvarova, T. G. Transformatsiia upravleniia VUZom na printsipah
menedzhmenta znanii [Text] / T. G. Uvarova // Problemy
sovremennoi ekonomiki. — 2007. — Vol. 4, No. 24. — P. 349-352.

8. Gavrilova, T. A. Razrabotka korporativnyh sistem upravleniia
znaniiami [Electronic resource] / T. A. Gavrilova, L. Yu. Gri-
gorev // BIG-Peterburg. — Available at: \www/URL: http://
www.big.spb.ru/publications/bigspb/km/create_kms.shtml

9. Zhukovskya, 1. E. Innovative aspects of enhancement of man-
agement processes in the higher educational institution on the
basis of application of modern information and communication
technologies [Text] / I. E. Zhukovskya // Open Education. —
2016. — No. 4. — P. 17-22. doi:10.21686/1818-4243-2016-4-17-22

10. Kosmacheva, I. M. Subsystem of control of access in university
information systems [Text] / I. M. Kosmacheva, E. P. Yakov-
leva // Vestnik of Astrakhan State Technical University. Series:
Management, Computer science and Informatics. — 2016. —
No. 2. — P. 25-34.

11. Kovalevsky, V. Formation of modern information educational
environment: experience of orenburg state university |[Text]| /
V. Kovalevsky, V. Bykovsky, T. Volkova, E. Dyrdina // Infor-
matizatsiia obrazovaniia i nauki. — 2015. — Vol. 2, No. 26. —
P. 15-23.

12. Shakhgeldyan, C. Integration of University Information Re-
sources into the Unified Information Environment [Text] /
C. Shakhgeldyan, V. Kryukov // Proceedings of the 10-th
International Conference of European University Information
Systems (ENUS 2004). — Slovenia, 2004. — P. 321-327.

TECHNOLOGY AUDIT AND PRODUCTION RESERVES — Ne 4/2(36), 2017

11—)



IHPOPMAUTHHO-KEPYI0YI CHCTEMM: IS5N 2226-3780
( IHPOPMALIHHI TEXHOMOITI

13. Riesen, Yu. S. Mathematical Modeling of the Educational MupoBaHMs 1 ONTUMN3AIMK CXEMBbI IBUKEHIS NH(DOPMAIMOHHBIX
Process in Assessing the Quality of a Higher Education In- TOTOKOB B cmcteMe ympasjenusa BY3a. Paspaboran amropur
stitution’s Operation [Text] / Yu. S. Riesen, A. A. Zakharo- ~ OUTHUMM3AIUN ABHKCHIS MHPOPMAIIMOHHBIX OTOKOB Ha yPOBHE
va, M. G. Minin // Informatsionnoe obshchestvo. — 2014, —  TMoKasarezneii. IIpensoxena popmanbias mogens BY3a, nosso-
No. 3. — P 25-33. JISIONIAsl YYUTBIBATH BHYTpPeHHUE W BHeIIHe (HakTopsl, KOTOpbie

14. Hubalovsky, S. System Approach, Modeling, Simulation as ~HETOCPE/ICTBEHIO BIHSIOT Ha KAuECTBO CHCTEMBI yIPABICHIS.
Educational Technologies in Algorithm Development and Pro- ~ DbIABJICHBI JIOCTOMHCTBA M HE/IOCTATKI MOJEJH 1 NPE/IOKECHUs
gramming [Text] / S. Hubalovsky // Procedia — Social and MO YCOBEPUICHCTBOBAHUIO MH(pOPMANIOHHOI Mozemn BY3a.

Behavioral Sciences. — 2015. — Vol. 191. — P. 2226-2230. Kmouesxte cnosa: CicTeMa yIpaBIenus, HH(OPMALHOHHbII 10-

doi:10.1016/j.sbspro.2015.04.267 TOK, BHEIIHSS CPe/ia, CucTeMa NHHOOPMAITHOHHOTO 06CJIy)KI/IBaHI/IH.
15. Akhmedova, Kh. G. Use of information technologies to increase

the quality of the univeristy education [Text] / Kh. G. Akhme- Hodakov Viktor, Doctor of Technical Science, Professor, Head of

dova, I. Yu. Kvyatkovskaya // Vestnik of Astrakhan State

. . . . . the Department I tional Technologies, Kherson National
Technical University. Series: Management, Computer science ¢ Department of Informational Technologies erson Nationa

and Informatics. — 2015. — No. 1. — P. 124-130. Technical University, Ukraine, e-mail: hodakov.victor@gmail.com,
16. John, S. P. The integration of information technology in higher ORCID: http://orcid.org/0000-0002-8188-9125

education: A study of faculty’s attitude towards IT adoption —  ~ooooooooooiiit

in the teaching process [Text] / S. P. John // Contaduria Kozel Viktor, Senior Lecturer, Department of Informational Tech-

y Administracion. — 2015. — Vol. 60. — P. 230-252. doi:10.1016/

nologies, Kherson National Technical University, Ukraine, e-mail:
k_vic@ukr.net, ORCID: http://orcid.org/0000-0002-2627-2499
AHANH3 HHOOPMALMOHHOA TEXHOMOIMM CUCTEMBI oo

j.cya.2015.08.004

YNPAB/IEHHA BLICIIKM YYEBHBIM 3ABEJEHHEM Sokolov Andrey, PhD, Associate Professor, Department of Infor-
BLITOJIHEH aHAMU3 BAMSHUS BHEIIHUX (haKTOPOB HA JEATEIIb- mational Technologies, Kherson National Technical University, Uk-
HOCTDH BBICHIEr0 yueOHOro 3aBegaeHus. IIpeaioxken aaroputm Gop- raine, ORCID: http.//orcid.org/0000-0001-8442-6137

__ 12 TEXHOMOTTYHHIA AYAMT TA PE3EPBM BHPOEHMLTBA — N 4/2(36), 2017



