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ABSTRACT

Information models are developed and methods for eliminating the consequences of global structural crises in the educational space
are proposed. The content of the article is a continuation of the previous work of the same authors on information technologies for
the search for anti-crisis solutions in the management of complex dynamic systems. The aim of this work is to increase the efficiency
(speed, minimize costs) of anti-crisis solutions to eliminate the consequences of structural crises in complex educational systems.
Depending on the type of complex object, its initial structure, depth and severity of damage, temporary, financial and other resources
available to the manager of the process of restoring a complex object, there are three main principles of construction (optimization)
of this process: first principle — one-time design and further replacement (transformation) of the “damaged” part of the structure of
the object, pre-selection of the replacement option for a fee (target function) at the design stage; mathematical method developed for
this approach — methods of convergence and divergence; second principle — step-by-step design and discrete replacement
(transformation) of the “‘damaged” part of the site structure of the object with discrete calculation of the reward (target function) and
adjustment of the recovery plan after each site; the mathematical method developed for this approach is the method of percolation of
functionality; third principle — step-by-step design and discrete replacement (transformation) of the “damaged” part of the site
structure of the object with continuous calculation of the reward (target function) on fuzzy initial data and constant adjustment of the
recovery plan; the mathematical method developed for this approach is the Markov decision-making process. On the example of a
higher educational institution, a structural anti-crisis model of the educational process is proposed. Using an example of a separate
discipline, an anti-crisis model of the restored element of the educational process was created and a method for the quick restoration
of such an element with minimal losses for the process as a whole was developed. A lecture is chosen as a typical element of the
educational structure at a university. Using the example of a systemic external crisis that arose during a pandemic, an information
technology was developed to overcome such a crisis with the optimization of an anti-crisis solution using model convergence. The
final parameters are proposed that fulfill the role of target functions when choosing optimal solutions to crises. Practical tests of
information technology for the search for anti-crisis solutions in managing complex dynamic systems in higher education were
carried out, in particular, in the preparation and implementation of anti-crisis measures during the teaching of the planned discipline
“Higher Mathematics”. The technology was used in anti-crisis restructuring of the educational process during quarantine of the
coronavirus. As a result, the following results were obtained: the participants in the educational process interacted through
communication tools built into the Learning Management System (LMS), email, instant messengers (Viber, Telegram), conferences
(MS Teams, ZOOM, Google Meet, Skype, etc. mode according to the curriculum delivered lectures and practical exercises in full.
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1. INTRODUCTION subsystem level and properties that can not be
reduced to subsystem level properties [1].Reaction
of such systems to outer requests can be complex
and sometimes unpredictable, such as crises that can
happen during their functioning [2]. Concerning
choices of solutions for compensation of such crises
with possible methods [3] — problems that can occur,
© Oborskyi H. O., Saveleva O. S., Stanovska I. 1., like availability of time, resources, ideas, executor’s

Saukh I. A., 2020 e.t.c. require models and methods, which call for
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There is a large group of objects, that can be
related to complex systems, which consist of many
interacting constituents (subsystems), wherefore
they acquire new properties that are apsent on

ISSN 2663-0176 (Print) Information technologies in socio-economic, 185
ISSN 2663-7731 (Online) organisational and technical systems



Herald of Advanced Information Technology 2020; Vol.3 No.3: 185-198

accounting of interactions of such objects with
aggressive environment.

Examples of such systems are technical [4-5],
organizational [6] and social [7] objects. This article
describes informational models and methods of
elimination of structure crises outcomes in
educational field: universities, colleges, schools
e.t.c. [8].

2. ANALYSIS OF RECENT
PUBLICATIONS REGARDING THIS STUDY

We will distinguish for analysis separate
conceptual groups of general direction of
“accumulation and elimination of structure crises
outcomes in educational field”.

They consist of:

1) composition of anti-crisis models of complex
educational systems:

— space-time environment of complex educational
systems [9-12];

— structural analysis of educational process [13-15];
— models of specialists training in university [16—
20];

2) crises in functioning of complex educational

systems:

— outer attacks on educational systems [21-23];

— latent [24-25], multiplicative crises [26];

— critical crises [27-28] and surprise crises [29];

— activities of educational systems after eradicating
crises outcomes [30];

3) models and methods of complex educational

system recovery on simple subsystem level:

— self-recovery in dynamic systems [31-33];

— optimal recovery and criteria for it [34];

— recovery of complex systems in uncertain
conditions [35-36].

To use benefits of informational technologies in
search and implementation of anti-crisis solutions
during sudden damage done to complex systems to
the fullest, we should create corresponding models
for damaged objects and crisis problems inside them
[16-18].

Classic descriptions of educational process
models that exist in literature [19-20] excel in their
fundamentality, which usually have a long history,
are created beforehand (at least before the start of
educational process) and contain many components
(for example practice, intermediate and final
controls, mobile education on exchange with foreign
universities and so on). All these components of
educational process eventually have positive
influence on quality of specialist training.

However, there are some cases, when certain
components are discarded (for example during
distance learning) which nevertheless do not hinder

with completeness and usefulness of such education
and specialists that finished it having all required
skills and knowledge. This approach allows you to
count on possible conscious losses during crises.

Elements of educational process are discrete
[13-15] and are spread in unified space-time
environment [9-12], which helps with any
transformations in original learning process plan
(including replacements and discards).

Note that all attributes of planned learning
process can be considered as static, nothing happens
spontaneously and discrete models that were once
created can be used multiple times.

They can also be used as criteria of successful
ending of temporary discrete of learning: learning
plan was completed, all elements of control were
delivered and marked — semester is finished for the
student. Positive total amount of marks (of all
learning elements in each and every one of subjects
that are planned for the semester) lead to decision of
transferring to the next stage.

Completely different conditions can happen
during modeling of outer crisis impacts on learning
process. Latter can become part of the first, usually
fragmentarily.

Structural crises can be described as reactions
of complex objects to outer attacks of environment
[21-23]. In terms of their origin, they can be
divided into latent (hidden) [24-25] and
multiplicative (which affect different elements of the
system as a whole) [26]. In terms of outcomes of
crisis attack, they can be distinguished as critical
crises [27-28] and surprise crises [29]. They have
one general feature: they can quickly (compared
with whole duration of learning half a year or a year
are nearly immediate) destroy structural elements of
educational process: separate structural units of
learning process and/or their connections with each
other.

To make and effective decision on level of anti-
crisis measure outcomes it is better to have
information regarding the state of educational
system after eliminating crisis outcomes [30].

These decisions are the most important result of
activities of management personnel on institute,
university or Ministry of Education level. Their
adoption consists of three phases. Decision about
formats of education process continuing are
embraced during first phase, during second phase
possible complex of actions for each separate
element of process are chosen, and finally, if there
is more than one such complex the most optimal of
them should be chosen. The best management
activity is considered to be the one, which leads to
self-recovery of damaged process [31-33], second
type of activities require optimization of object and
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crisis that struck it under determined parameters
[34], and lastly, during the third case optimization
task of activity choosing has to be done in uncertain
conditions [35-36].

3. THE PURPOSE, OBJECTIVES AND
SCIENTIFIC NOVELTY OF THE STUDY

The aim of the work is increasing efficiency
(speed, minimization of costs) of anti-crisis solutions
for elimination of the outcomes of catastrophic
structural crises in complex educational systems.

To achieve this goal, the following tasks were
solved:

— on the example of university structural anti-
crisis model of educational process was proposed:;

— anti-crisis models of structural elements OD
educational process — semester and subject, were
created:;

— method of quick recovery of the elements
with minimal time consumptions for learning
process as a whole was developed;

— models and methods of measuring the
parameters of damage and recovery of educational
field, which are based on optimization of choice of
recovery solutions that are based on these
parameters, were proposed;

— on the example of systemic outer crisis, which
happened because of the pandemic, information
technology for overcoming such crisis with
optimization of anti-crisis solution with the help of
model convergence was developed;

— practical tests of the results of the study and
evaluation of their technical, economic and social
efficiency were completed.

The scientific novelty of the study is embodied
in models and methods of anti-crisis solutions
searching in conditions of developing crises in life
cycle of complex systems:

— model of educational process, which consists
of elements and connections between them, that
work only for achieving their main objective —
achieving required level of knowledge and skills,
planned for a certain time period, which allows to
use it during planning and realization of urgent anti-
crisis solutions, got further development;

— was proposed a method of searching,
planning and implementation of anti-crisis solutions,
which is based on optimization of time required to
achieve those solutions during harsh and negative
outer structural impacts on educational process,
which allows finishing educational plans in
sufficient volume for listeners to get qualification
without significant social or economic losses.

4. MODELS AND METHODS OF
OVERCOMING THE OUTCOMES OF
STRUCTURAL CRISES IN
EDUCATIONAL FIELD

Educational field usually is multidimensional
and can be stratified in different directions,
depending on crisis phenomenon localization.

For example, crisis border of regions of this
field can walk along the river, if educational
resourses on the opposite coast are not available for
students and teachers. These crisis phenomenons
include problems with transport, electricity,
guarantine restrictions and much more, and they do
not make up the concept of “approved curriculum”
and “approved educational plan”.

Active educational plans are represented as
hierarchical structures, which can be presented as
such (Fig. 1).

Complete learning
process
[ |
Course
Sem|ester
[ |
Discipline

Fig. 1. Hierarchical structure of studying process

We will choose two «primary» elements of
hierarchical structure for composition of anti-crisis
models: “Semester” and “Subject”, as they are the
most vulnerable to crisis damage and it is easier to
compensate the damage on their sublevel. For this,
we will create structural logic models of these
elements.

4.1. Elementary structural anti-crisis model
of sub-system “Semester”

Usually, educational process during the
semester consists of two main types of interaction
between teachers and students: teaching and
knowledge control. Latter does not refer to quick
anti-crisis activities and does not require quick
recovery in case of sudden structural damage done
to its algorithm [37-38].

That is why this study emphasis on first
subprocess — teaching. As known, studying process
in university is certainly discrete — it consists of
separate elements, which from the point of final
objective — completion of studying — have binary
nature: subject is studied, syllabus is completed and
practical tasks defended e.t.c. Because of this, the
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most informative mathematic models of this process
are tables, diagrams and Boolean algebra formulas
[39], or models, which are built upon discrete
percolation gratings [40].

Creation of logical schema is usually called as
logical schema synthesis [41]. For each disjunction
(logical sum), there is an element “OR” and the
amount of inputs is determined by amount of
variables in disjunctions. For each conjunctions
(logical multiplication), there is an element “AND”
and the amount of inputs is determined by amount of
variables in conjunctions. For each negation
(inversion) there is an element “NOT”’.

With the help of the first, we will show how the
models of planned studying process are built, while
the second are irreplaceable for optimal ani-crisis
decisions searching.

At first, let us review truth table of studying
discrete “Semester”, which is observed by dean’s
office of corresponding faculty: transition of
students to the next stage only after forming logical
true in the output of truth Table (Table 1).

The meaning of the table can be also expressed
in the form of logical schema (Fig. 2).

Schema portrays:

— Dy — first complete (lectures + laboratory
works + practical lessons) subject within the
semester;

— Dn — n-th complete subject within the
semester;

— P31 — first incomplete(for example only with
practical lessons) subject within the semester( for
example PE);

— Pm — m-th incomplete subject.

According to logical schema, student transfers
to the next semester or finishes his studying in
university only after full and successful studying of
all complete and incomplete subjects of the
semester.

D 1
& | SvZvO
D, 1
D 1
&
P 1
P, 1
Pm 1

Fig. 2. Logical schema of the element “Semester”

Knowledge and skills that were acquired by the
student are confirmed and decision of his further
studying is settled (transfer to the next semester S,
end of studying Z, dropping out O):

(D, A.AD)A(PA..AP)=SVvZVvO. (1)

4.2. Elementary structural anti-crisis model
of sub-system “Subject”

Creation of logical schema for the element
“Subject” starts with definition of the logical
function that should be implement (Table 2).

Meaning of the table can be described like this.
Subject is fully mastered by the student, if he
successfully passes visit control: he have listened
full course of lectures and done all laboratory and
practical tasks, which are foressen by the syllabus,
and also passed corresponding tests and exams.
Corresponding to Table 2 logical schema can be
seen on Fig. 3.

Table 1. Truth table of logical schema of studying element “Semester” of educational process

Type of class Subject Dy Subject D; Subject D, The end of studying
in the semester S;
Variant
Start of studying 0 0 0 0 0
1 0 0 1 0
2 0 1 0 0
3 0 1 1 0
4 1 0 0 0
5 1 0 1 0
6
End of studying 1 1 1 1
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Table 2. Truth table of logical schema of element “Subject” of educational process

~Type of class ) )
Laboratory work, Practical lesson, Credit,
‘ Lecture,
N LR PR z
Variant LK
1 0 0 0 0
2 0 0 1 0
3 0 1 0 0
4 0 1 1 0
5 1 0 0 0
6 1 0 1 0
7 1 1 0 0
8 1 1 1 1
limit the movement of people and hinder
Ik 1 connections between university and students.
With these conditions, there is a problem of
Ib 1 & & compensating halts, which happen because of crises;
moreover, this compensation can be done with
different means: repairs without changes in original
pr 1 structure, replacement of “damaged” structure for one

Fig. 3. Logical schema of study element “Subject”

Present on schema:

— Ik — cycle of lectures within one subject;

— Ib — cycle of laboratory works within one
subject;

— pr — cycle of practice lessons within one
subject.

During the final test knowledge and skills,
acquired by student are confirmed and subject is
credited for him z:

(k AlbApr)az=d. 2

4.3 Models of damage and recovery in
education environment structure and measuring
their parameters

Structural models that are shown on Fig. 1,
Fig. 2 and Fig. 3 have one similarity — they are
stable and have not changed for decades. Education
expenses are usually used for its parametric upgrade:
construction of new buildings, purchase of new
laboratory equipment and materials, modern
computers and software for them, training of
professors and teachers and much more.

Everyday life, sport and wellness of students is
improved. Serious changes to the structure of
studying process are very rare. They usually can
only be provoled by catastrophic crises: natural
disasters, wars, pandemics and other, which can

that is functionally equal (shunting), transition to
completely new approaches o educational process e.t.c.

Such compensation most of the times expects
choosing methods and means to provide it, which
requires ability to change amount of expenses for
one or another method, and not only financial, but
also time, energy, materials and so on.

While choosing arises the problem of
optimization, staging and solving of which depends
on chosn models of educational process.

While working on this study there were used
logical models, fractal models and graph models.
They can help with evaluations of crises
compensation variants and with choosing the “best”
one out of them.

4.3.1. Logical models [41]

Let us tale a look at these models more
thoroughly.

Examples of using logical models for showing
damages and recovery in educational field structure
is shown on Fig. 4

It is obvious that without finishing all
laboratory works syllabus will not be considered
fully finished and this subject cannot be credited
(Fig. 4). With logical modeling, quantitative value
of syllabus “damage” complexity can be done in
discrete units, connected to amount of «retired»
elements and amount of new elements that are
required for compensation.
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Ik 1

& &
b — 1 D
pr 1

Fig. 4. Logical schema of study element “Subject”
after failing to finish required by the syllabus
laboratory works

4.3.2. Fractal models

Direct discretion of studying process logic
models (Fig. 1, Fig. 2, Fig. 3 and Fig. 4) can show
us fractal features.

The simplest fractal — geometric figure, which
has self-similarity property, meaning that it consists
of several parts, each of which is similar to the
whole figure [42—43].

Important attribute of fractal is fractal
dimension. Since models (Fig. 1, Fig. 2, Fig. 3 and
Fig. 4) look like broken lines on k-dimensional
space, their geometric dimension is always integer
and equal to k.

No change to the structure of studying process
without adding elements with new parameters can
change its geometric dimension, which means that
latter cannot be used as the measure of this change.

Unlike geometric, Hausdorff dimension is

fractional and its value is very sen sitive to changes
in fractal structure (Fig. 5).

To analize stability of network operation it is
usually required to explore its vulnerability, or to
find “tight” places, consecutive usage of which can
lead to network malfunction.

To solve these problems different approaches
can be used, one of which is creating attack graph
for original network [44].

4.3.3. Graph models

Attack graph for the network with set
technology — oriented graph, which describes all
possibles sequences of actions, which can result in
disturbance of normal network functioning. These
sequences of actions are called attack routes. In case
of recognition of situation as dangerous, measures
for suppression of attack routes should be
undertaken (changing channel capacity, installing
protective  shields e.t.c.).Described task of
informational network research to find its “tight”
places — network operation during Dos-attacks
(service denial) was modeled.

There is an algorithm, which is used to find
routes that lead to dangerous conditions [40].
Critical amount of arcs, deleting of which leads to
inability to achieve dangerous situations, are chosen
from multitude of found routes elements. Thus,
amount of activities, required for increasing the level
of network security is formed.

Structure of the part of studying process logical Geometrical dimension Hausdorff dimension
schema
Ik 1
Ib 1 & & 2 121
pr 1
Ik 1
b — 1 & & 2 1,16
pr 1
Ik 1
N e P 2 1,24
pr 1

Fig. 5. Sensitivity of Hausdorff dimension to the changes done to educational process model
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4.4, Methods of structural crises

compensation in educational processes

Replacement of element, connection or several
elements and connections is a part of transformation
of original “skeleton” of initial complex object —
educational process. As was mentioned before, we
are interested in such replacement after serious
damage done to the object, connected to irresistible
structural crisis which threatens functionality of
educational process as a whole, for example inability
for students and teachers to be present in educational
institution.

Technology of choice is a part of informational
technology, because it uses models, based on
processes, searching, collecting, storing, processing,
providing and delivering of information methods
and means to carry out these processes and methods.

Depending on educational process type, its
original structure, depth and severity of damage,
time, financial and other resources, which are at the
disposal of education recovery process manager,
there are three main principles of creating
(optimizing) of this process:

— one-step design and subsequent replacement
of “damaged” part of educational process structure,
preliminary choice of replacement variant using the
method of brute force on objective function during
design phase; mathematic methods, which are used

for this approach — convergence and divergence
methods [45-47];

— step by step design and discrete replacement
of “damaged” part of educational process structure
with discrete accurate calculation of objective
function and correction of recovery plan after each
site; mathematic method, which is used for this
approach — percolation (flow) method [40];

— step by step design and discrete replacement o
“damaged” part of educational process structure with
continuous calculation of objective function with
inaccurate inputs and constant correction to the
recovery plan; mathematic method, which is used for
this approach — Markov decision process [49-50].

One-step principles of educational processes
recovery

Such principles can be named parallel, because
variants of replacement of ‘“damaged” part of
complex educational process structure are developed
beforehand, after that they are “presented” one by
one to the convergence (fusion) method object and
values of objective functions for each variant are
calculated, for example probability of achieving the
result, time, cost e.t.c. (Fig. 6).

Onwards, values of objective functions are
ranked and delivered to recovery managers to make
the final decision and to implement it.

COMPLEX OBJECT

REPLACEME
' NT OPTIONS

S

NS ¥ | ‘ \,.
[ &

/ /‘
"DAMAGED" AREA u

Fig. 6. Example of anti-crisis solutions
optimization using consecutive fusion
(convergence)

Step by step determined principles of
educational process recovery

These principles are counted as consistent.

Recovery starts immediately after damage and
moves towards working state of the object along one
of the percolation grid edges, providing the first step
of optimization process for objective functions
(Fig. 7). Picture show the starting point A (current
state of damaged object) and final point B
(recoverable state, i.e. the state in which the object
should be without any damage).

A A
>0 —
1 I ||
X Ll B
L | A
T
I .; )
d »
o l'_‘/ L
\

Fig. 7. Example of decision-making optimization
using percolation models of the “flow” of the
objective functions (green arrow — “optimal”

direction, dotted — suboptimal)

Each grid node — achievable intermediate states.
Wherein each intersection of objective function grid
node is calculated from the beginning and further
direction of movement is determined by the
calculations. Objective functions are seemingly
flowing on edges and nodes of percolations grid.
During realization of such adaptive principle
movement of recovery process is determined and
discrete and final result is closer to optimal than in
aforementioned method of simple search.
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Step by step stochastic principles of complex
objects recovery. During this situation movement of
structural damage recovery process along the
percolation grid is realized, however the choice of
direction is based on random values of calculated
objective functions.

It is also a consistent decision-making for fully
observable environment with Markov (stochastic)
models of transition and additional rewards (Fig. 7).

Method works as a mathematic basis for
decision-making in situations, where inputs and
results are partly random and partly in control of
decision maker.

Quadruple tuple (S, A, P (.,.), R (.,.)) is given
for determining Markov decision process, where:

» S —finite set of educational systems states,

+ A — finite set of impacts done to educational
system( mostly in a form of set A, available in a
state s);

«P(s,8")=Pr(s,, =ss, — probability
of impact on educational system a, in a state s,
leading during time t to the state s';

* Ra (s, ") — reward after transferring to the state
s' from the state s with transfer probability P, (s, s').

4.5 Method of reliability assessment of the
information, transferred by communication
channes using conditional entropy

Aforementioned principles and methods can be
useful in practice only when information, received
from the models based on these methods is reliable.
After all, anti-crisis decision-making is done in
critical conditions, especially for the time. That is
why reliability of primary information and decision
efficience are interesting for us.

During the study, we used methods of
information reliability evaluation, similarly to the
method of reliability measurement of information,
trasnfered by communication channes using
conditional entropy.

For a first-order Markov source (one in which
the probability of selecting a character is dependent
only on the immediately preceding character),
the entropy rate is:

Zpr

where | is a state (certain preceding characters) and
pi(j) is the probability of j given | as the previous
character.

Using special and overall conditional entropy,
we can fully describe information losses during data
transfer in channel with obstacles. For this we will
use so called channel matrix. Conditional probability

Jog, p;(i), @)

p(bjla;) of receiving symbol b; with symbol a; being
sent is used to described losses from source side.
Channel matrix will look like this

b1 b2 bj bm
a, | plofa,) | pb,Ja,) [~ | plojfa) | | plo,Ja;)
a, | plbfa,) | plbyfa,) | | plojfa,) || p(b,[a,)
q p(bl‘ai) p(bz‘ai) p(bjai) p(bm‘ai)
a, | plbfa,) | plbfa,)| | pbJa,)| - | plo,a,)

Obviously diagonal rates describe correct
reception, and the sum of all elements in a column
shows probability of receiving symbol on receiver
side — p (by).

Losses, which fall on transferred signal a;, are
describes using special conditional entropy:

H(Bla,)= -3 plb, )@

j=1
In this case, to calculate losses during all signal
transfers overall conditional entropy is used:

H(B|A)= _Z‘ p(a

H(BJA) means source side entropy; similarly
H(AB) is receiver side entropy: instead of p(bjjai) we
use p(ailb;) everywhere( summing line elements we
can receive p(a), and diagonal elements mean
probability of receiving the same symbol that was
sent, or correct transfer probability).

Mutual entropy or union entropy is used for
calculation of entropy of interconnected systems
(entropy of joint appearance of statistically
dependent messages) and is denoted as H(AB),
where A means transmitter and B — receiver [44].

Interconnection of transferred and received
signals is described by joint event rate p (aib;), and
for full description of channel characteristics only
one matrix is required:

a,)log , plb,fa

H(Bla,)- (5)

b, b, b, b,,
a, | p(ab,) | plab, plab,) p(ab,,

a, | p(a,b,) | plab, pla,b;) p(a,b,)
a, | plab,) | p(ab,) plab,;) p(ab,)
am p(ambl) p(ambz) p(ambj) p(ambm)

For more general case, when we describe
connection of systems, matrix does not have to be
square shaped. Obviously, sum of all elements of the
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column j gives us p (b;), sum of the line i gives p(ai),
and sum of all elements of matrix is equal 1.

Overall probability p (aib;) of events a; and bjis
calculated as multiplication of original and
conditional probability:

p (aibj) = p(ai) p(bjai) = p(bj) p(ailb). (6)

Using Bayes formula we can calculate
conditional probabilities.
Thus, we have all required data to get

transmitter and receiver entropy:

H(A)= —Z(Z p(a,b, )iog > p(aibj)J, (7)

H(B)= —z(z plab, )log 3" p(aibj)) (8)
j i i
Mutual entropy is calculated as consecutive sum
of lines or columns of all rates of matrix, multiplied
by logarithm:

H(AB)= —Z Z p(aibj)log p(aibj)- 9)

Fault tolerance grade can be reduced to grade of
information, stored in complex systems with loaded
redundancy (CSLR) and such entropy equation can be
used [44]:

e

K, = Y [P(i)log , P(i)— (- P(i))log , (- P(i))]-(10)
Such indicator can also help to estimate technical
condition of CSLR with one size free number, which
lets to use it in informational model during express
assessment. It can also be an indicator for comparing
different variants of CSLR or as adjustable parameter
in management.

4.6 Practical results of the study and their
effecience estimation

As a result of activity of crisis outcome
compensation, we got next results:

— based on information, received by questioning
students about their possession of communication
means and technical ability to interact with the
teacher, three options of tasks structuring for
independent work of students were developed and
terms of execution are set;

— based on information, received by questioning
students about their possession of communication
means and technical ability to interact with the
teacher, considering topics of lectures, 3 options for
tests for each module were developed; each option
provides knowledge and skills, foreseen by syllabus
and helps to evaluate level of studying achievements
of students;

— reading the lectures and carrying out practical
lessons are brought to remote mode in full capacity
according to subject syllabus.

5. CONCLUSIONS

Structural anti-crisis model of educational
process is proposed in Institute of engineering and
transport of Odessa National Polytechnic University.

As an example of one separate subject —
“Further mathematics”, method of quick recovery of
such element with minimal losses for the process as
a whole is developed.

As an example of systemic outer crisis, which
occurred because of the pandemic, technology of
overcoming such crisis with anti-crisis decision
optimization using convergence models s
developed.

Practical tests of study results and evaluation of
its technical, economic and social effecience is done
in Institute of engineering and transport of Odessa
National Polytechnic University.
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Po3pobieno inpopmariitHi MoJemni Ta 3apOIIOHOBAHO METOAM YCYHEHHs HACTiNKIB INTOOATBHUX CTPYKTYPHHX KPH3 B OCBITHBOMY
MPOCTOPi. 3MICT CTATTi € MPOJOBKEHHIM IONEPEAHBOT POOOTH IIMX )K€ aBTOPIB, MPUCBSIYCHIH iHPOPMAIIHHIM TEXHOIOTISIM HOIIYKY
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3ajeXHO BiJ BUAY CKIQIHOTO 00'€KTa, HOr0 IMOYATKOBOI CTPYKTYpH, TINIMOMHHM 1 CEpHO3HOCTI IMOLIKO/KEHHS, THMYacOBHX,
(iHaHCOBUX Ta IHIIUX PECypCiB, HASBHUX Y PO3MOPSHKEHHI MEHEMIKepa MpOLeCy BITHOBICHHS CKIATHOTO 00'€KTa MOXIIHMBI TPH
OCHOBHHUX NPHHIUIY TOOYIOBH (ONTHMIi3allil) FOTO MPOIECy: MEePIINi MPHHIUII — OJHOPAa30Ba MPOEKTYBAaHHS 1 MOJajbIIa 3aMiHa
(TpaHChOpMAITis) IIOIIKOHKEHOTO» TISHKH CTPYKTypu 00'ekTa, momepenHiil BuOip BapiaHTa 3aMiHHM 1O BHHATOpO.i (UiTBOBOL
¢GyHKIIIT) Ha eTarli MPOEKTYBaHHS; MATEMaTHIHUH METO, pO3POOJICHUH AJIsI TAKOTO MiIXOIy, — METOIM KOHBEPTEHIII] 1 AUBEPTeHIIil;
JPYrHi NPUHIMI — TOKPOKOBE IPOEKTYBAHHS 1 JUCKPETHA 3aMiHa (TpaHc(opMallis) «IOMIKOPKEHOT» YaCTHHHU JIJISIHKU CTPYKTYPH
00'ekTa 3 TUCKPETHUM PO3PaXyHKOM BHHAropoau (LinboBoi GyHKIIT) i KOPUTYBaHHSM IUIAHY BiJHOBJICHHS IICJISI KOXKHOT AIISHKHY,
MaTeMaTHYHUI METOJ, PO3POOICHHIA IS TAKOTO MiAXOAY, — METO MEePKOJISIii (YHKIIOHATLHOCTI; TPETii MPHUHIKIT — TOKPOKOBE
HPOEKTYBaHHs 1 JUCKpeTHa 3aMiHa (TpaHc(opMallis) «IOIIKOPKEHOT» YaCTHHH MUISHKH CTPYKTYpHu 00'ekTa 3 Oe3nepepBHHM
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3anporoHOBAHO MiJCYMKOBI MapaMeTpH, sSKi BHKOHYIOTb DPOJb I[JIbOBHX (YHKUIH HpH BHOOPI ONTHMAJIbHHUX PillleHb KpH3.
IMpoBeneno mpaxTuuHi BUNpoOyBaHHS IH(QOpPMALiifHOI TEeXHOJIOTI] HOIIYKYy aHTHKPH30BHX DIlIeHb B YHPaBIiHHI JUHAMIYHIMHI
CKJIQJIHIMH CHCTEMaMH y BUIIIH OCBITi, 30KpeMa, IIpH MiATOTOBII i 3A1CHEHHI aHTHKPU30BHX 3aXOIB IIiJ] Yac BUKJIAIaHHS IJIAHOBOT
mucnuiuliny «Buma MmaremaTtnkay. TexHomoriss BHKOpHCTaHa NPH aHTHKPHU30BOi mepeOynoBi HAaBYANBRHOTO Mpolecy Mg dac
KapaHTHHY KOpOHaBUpyca. B pe3ynbraTi oTprMaHi HaCTyIHI pe3yIbTaTH: B3a€MOisl yH4aCHHUKIB OCBITHROTO IIpoLieCy 3iHCHIOBaIAC
4yepe3 3acobu KoMyHikallii, BOymoBaHi B cucTeMy ympaBiinHsa HaBuaHHsM (LMS), enektponHy mouity, mecenmkepu (Viber,
Telegram), kougepeniii (MS Teams, ZOOM, Google Meet, Skype i iH. B gucraHiiiiHOMy pexuMi 3rifHO Y40O0BOro IUIaHy
3IiIHCHEHO YUTAHH JIEKUil 1 BUKOHAHHS MPAaKTUYHHUX 3aHATH B IOBHOMY 00CSI3i.
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AHHOTAIMA

Pazpaboranbl HHPOPMAIIOHHBIE MOJIEIH U MPEATI0KEHBI METOIBl YCTPAHEHHUS MOCIECTBIH INIOOANEHUX CTPYKTYPHBIX KPU3UCOB B
obpasoBaTesnibHOM TpocTpaHcTBe. CoaepkaHHe CTaTbH SIBISCTCS IPOJODKCHHEM IPEABbIAYyIIeH paboThl 3THX K€ aBTOPOB,
MOCBSIIEHHOW MH(OPMAIMOHHBIM TEXHOJOTHSAM IOMCKA aHTUKPU3MCHBIX DPEIICHHIl B YIPABICHUM CIOXHBIMH JHHAMHYECKUMU
cucremamu. llenpro Hactosimeil paboTel sBisieTcs NOBBIIICHHE 3()()EKTHBHOCTH (OBICTPOACHCTBHA, MHUHHMH3AIUU 3aTpar)
AQHTHKPU3HMCHBIX PEIICHUH IS YCTPaHEeHHs IOCIEICTBUA CTPYKTYPHBIX KPU3HCOB B CIIOXHBIX 00pa3oBaTeNbHBIX cHCTeMaX. B
3aBHCHMOCTH OT BHJA CIIOXXHOTO O0OBEKTa, €ro NMepBOHAYAIBLHON CTPYKTYPHI, IIyOMHBI M CEPbE3HOCTH TOBPEKICHHUS, BPEMEHHBIX,
(MHAHCOBBIX W JAPYTUX PECypCOB, MMEIOIIMXCS B PAcHOPsHKEHHH MEHeIpKepa Ipollecca BOCCTAHOBJIEGHHS CIIOXKHOTO OOBeKTa
BO3MOJKHBI TPU OCHOBHBIX NPHHIMINA ITOCTPOSHHS (ONTHMHU3ALMM) STOr0 IpOIecca: IEPBbI NPHHIMI — EIUHOBPEMEHHOE
MIPOEKTHPOBAaHNE W JalibHeilnas 3ameHa (TpaHcdopMarys) «IOBPEKASHHOT0» YYacTKH CTPYKTYpbl OOBEKTa, MpeiBapUTEIIbHBIN
BHIOOp BapHaHTa 3aMEHbI 110 BO3HArpaxaeHuio (UenaeBoil QyHKUMM) Ha JTane NPOCKTHPOBAHMS; MaTeMAaTHYECKHUil METo[,
pa3paboTaHHBIi YIS TAKOTO MOAXO0/a — METOAbl KOHBEPIeHIIMH U AUBEPIeHIMH; BTOPOH MPHUHIIUI — MOIIAroBOe MPOSKTUPOBAHKE U
JUCKpeTHass 3aMeHa (TpaHcopManus) «IOBPEKICHHOW» YaCTH y4acTKa CTPYKTYpHl OOBeKTa C IHCKPETHBIM pacyeToM
BO3HarpaxaeHus (1esieBoil QyHKINK) U KOPPEKTHPOBKOM IJIaHA BOCCTAHOBJICHHS ITOCIE KXKI0T0 Y4acTKa; MaTeMaTHYeCKUil MEeTO,
pa3paboTaHHbIN AJIsl TAKOTO ITOJIX0Ja — METOJ MEPKOSIHUN (YHKINOHATIBHOCTH; TPETUH MPUHIUIT — ITOIAr0OBOe NPOSKTUPOBAHUE U
JICKpeTHasl 3aMeHa (TpaHcopManus) «IOBPEXKICHHOH» 4YacTH y4acTKa CTPYKTYphl OOBEKTa C HENPephIBHBIM pacyeToM
BO3HArpaxkJaeHus (LeNeBoi (HYHKIIMU) 0 HEUYSTKUM HCXOAHBIM JTaHHBIM M MOCTOSIHHBIM KOPPEKTUPOBKOMW IIJIaHa BOCCTAHOBIICHUS;
MaTeMaTHYeCKHH METOJI, pa3pabOTaHHBIN I TAaKOTO I0JX0/1a, — MapKOBCKHUI Mpoliecc MpUHATHA pelneHuii. Ha npumMepe Brbiciiero
y4eOHOTO 3aBeJCHMS NPE/IOKEHa CTPYKTYpHAs aHTHKPHU3HCHAs MOJenb 00pa3oBareibHOro mpouecca. Ha mpumepe OTAENbHOM
y4eOHOI JUCIUIUIMHBI CO3/IaHa aHTUKPHU3UCHASI MOJIENb BOCCTAHABIMBAEMOT0 dJIeMEeHTa 00pa3oBaTeIbHOTO Mpolecca U pa3paboTaH
MEeTO/ OBICTPOr0 BOCCTAHOBJICHMS TAKOTO 3JIEMEHTa ¢ MUHUMAJIBHBIMU MOTEPSAMHU UL IIpoIiecca B IIEJIOM. B kKauecTBe THITHYHOTO
aNIeMeHTa 00pa3oBaTeNbHONW CTPYKTYpHI B By3e BbIOpaHa jekuus. Ha mpumepe CHCTEMHOTO BHEIIHEro Kpu3Kca, BOZHUKILIETO MPH
HaHeMuH, pa3padoTaHa MHPOPMAI[OHHAS TEXHOJIOTHS MPEOIOJICHHS TAaKOr0 KpU3Kca C ONTUMHU3ALUeH aHTHKPU3UCHOTO pellieHa ¢
HOMOIIbI0O KOHBEpreHIuH Mopeneil. [IpeyioxkeHbl UTOroBble MapaMeTphl, BBIMOJIHSIOMINE POJIb LENeBBIX (YHKLHUH HpH BHIOOpE
OINITHMAJIBHBIX peLl_leHl/Il\;I KpHU3UCOB. npOBe}leHbI MPaKTUYCCKUE HCIIbITAHUA MH(bOpMaLIHOHHOﬁ TEXHOJIOTUH NNOUCKA aHTUKPHU3UCHBIX
peHJeHPIﬁ B YHOpaBJICHUHU AWMHAMUYECKUMH CJIOXXHBIMU CHUCTEMaMH B BBICHIEM 06paSOBaHI/II/I, B YaCTHOCTHU, NPU MNOATIOTOBKE H
OCYILIECTBIICHUH AaHTUKPH3HUCHBIX MEP BO BpeMs IPEIOJaBaHUs IUIAHOBOW IHCUMILIMHBI «Bbiciias maremaTtuka». TeXHOJIOTHs
HCIOJIb30BaHa IIPH aHTUKPH3UCHOM MepecTpoiike y4eOHOro mporecca BO BpeMsl KapaHTHHA KOPOHAaBUpYca. B pe3ynbrare momy4eHsl
CIICJYIOIINE PEe3yJIbTaThl: B3aUMOJCIHCTBHE yYaCTHHKOB OOpa30BAaTENIBHOTO Ipoliecca OCYLIECTBISIACH Yepe3 CPEeACTBa
KOMMYHHKAIIUHY, BCTPOCHHBIE B CHCTeMy ympasieHus: ooydenueM (LMS), snekrponnyto moury, meccenmxeps! (Viber, Telegram),
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koHpepenimn (MS Teams, ZOOM, Google Meet, Skype u nap. B AncTaHIMOHHOM pEXHME COIJACHO YueOHOTo IUIaHa
OCYIIECTBIICHO YTEHHE JICKI[MH 1 BBITOJHEHHS IIPAKTHYECKUX 3aHATUI B IIOJTHOM 00BEMe.

KnroueBbie cioBa: wnH(OpMAnMOHHBIE TEXHOJOTHUH; OO0pa30BaTENbHOE IIPOCTPAHCTBO; YCTpaHEHHE IIOCIEACTBHI;
CTPYKTYPHBIH KPU3KC; 3JIEMEHT BBICIIETO 00pPa30BaHUs
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