
МІЖРЕГІОНАЛЬНА АКАДЕМІЯ УПРАВЛІННЯ ПЕРСОНАЛОМ

INTERREGIONAL ACADEMY OF PERSONNEL MANAGEMENT

ІНФОРМАЦІЙНІ ТЕХНОЛОГІЇ  
ТА СУСПІЛЬСТВО

INFORMATION TECHNOLOGY  
AND SOCIETY

Випуск 3 (5), 2022
Issue 3 (5), 2022

Видавничий дім
«Гельветика»
2022

ISSN 2786-5460 (Print)
ISSN 2786-5479 (Online)



Рекомендовано до друку Вченою радою
Міжрегіональної Академії управління персоналом

(протокол № 6 від 26 жовтня 2022 року)

Інформаційні технології та суспільство / [головний редактор О. Попов]. – Київ : Міжрегіональна Академія управління 
персоналом, 2022. – Випуск 3 (5). – 56 с.

Журнал «Інформаційні технології та суспільство» є науковим рецензованим виданням, в якому здійснюється публіка-
ція матеріалів науковців різних рівнів у вигляді наукових статей з метою їх поширення як серед вітчизняних дослідників, 
так і за кордоном.

Редакційна колегія не обов’язково поділяє позицію, висловлену авторами у статтях, та не несе відповідальності за 
достовірність наведених даних і посилань.

Головний редактор: Попов О. О. – член-кор. НАН України, д-р техн. наук, професор, с.н.с., заступник директора  
з науково-організаційної роботи, Інститут геохімії навколишнього середовища Національної академії наук України.

Редакційна колегія:
Василенко М. Д. – д-р фіз.-мат. наук, проф., професор кафедри кібербезпеки, Національний університет «Одеська 

юридична академія»; Горбов  І.  В. – канд. техн. наук, с.н.с., старший науковий співробітник, Інститут проблем 
реєстрації інформації НАН України; Дуднік  А.  С. – д-р техн. наук, доц., доцент кафедри мережевих та інтернет 
технологій, Київський національний університет імені Тараса Шевченка; Євсеєв  С.  П. – д-р техн. наук, професор 
кафедри кібербезпеки та інформаційних технологій, Харківський національний економічний університет імені Семена 
Кузнеця; Зибін  С.  В. – д-р техн. наук, доц., завідувач кафедри інженерії програмного забезпечення, Національний 
авіаційний університет; Кавун С. В. – д-р екон. наук, канд. техн. наук, проф., завідувач кафедри комп’ютерних 
інформаційних систем та технологій, Міжрегіональна Академія управління персоналом; Комарова  Л.  О. – д-р техн. 
наук, с.н.с., директор Навчально-наукового інституту інформаційної безпеки та стратегічних комунікацій, Національна 
академія Служби безпеки України; Мілов  О.  В.  – д-р техн. наук, професор кафедри кібербезпеки та інформаційних 
технологій, Харківський національний економічний університет імені Семена Кузнеця; Охріменко  Т.  О. – канд. 
техн. наук, старший науковий співробітник науково-дослідної лабораторії протидії кіберзагрозам в авіаційній галузі, 
Національний авіаційний університет; Рудніченко  М.  Д. – канд. техн. наук, доц., доцент кафедри інформаційних 
технологій, Державний університет «Одеська політехніка»; Скуратовський  Р.  В. – канд. фіз.-мат. наук, доц., доцент 
кафедри обчислювальної математики та комп’ютерного моделювання, Міжрегіональна Академія управління персоналом;  
Супрун  О.  М. – канд. фіз.-мат. наук, доц., доцент кафедри програмних систем і технологій, Київський національний 
університет імені Тараса Шевченка; Табунщик Г. В. – канд. техн. наук, проф., професор кафедри програмних засобів, 
Національний університет «Запорізька політехніка»; Фомін О. О. – д-р техн. наук, доц., професор кафедри комп’ютеризованих 
систем управління, професор кафедри прикладної математики та інформаційних технологій, Державний університет 
«Одеська політехніка»; Хохлачова Ю. Є. – канд. техн. наук, доц., доцент кафедри безпеки інформаційних технологій, 
Національний авіаційний університет; Чолишкіна  О.  Г. – канд. техн. наук, доц., директор Інституту комп’ютерно- 
інформаційних технологій та дизайну, Міжрегіональна Академія управління персоналом; Чорний  О.  П. – доктор 
технічних наук, професор,  директор Навчально-наукового інституту електричної інженерії та інформаційних технологій, 
Кременчуцький національний університет імені Михайла Остроградського; Юдін  О.  К. – д-р техн. наук, проф., 
директор центру кібербезпеки Навчально-наукового інституту інформаційної безпеки та стратегічних комунікацій,  
Національна академія Служби безпеки України; Гопеєнко  Віктор – dr. sc. ing., проф., проректор з наукової роботи,  
директор навчальної програми магістратури «Комп’ютерні системи», Університет прикладних наук ISMA (Латвійська  
Республіка); Leszczyna Rafal – dr hab. inż., професор кафедри комп’ютерних наук у менеджменті, Гданський технологічний 
університет (Республіка Польща).

Свідоцтво про державну реєстрацію друкованого засобу масової інформації
«Інформаційні технології та суспільство» Серія КВ № 24815-14755Р від 27.04.2021 р.

Відповідно до Наказу МОН України № 1290 від 30 листопада 2021 року (додаток 3) журнал включено  
до Переліку наукових фахових видань України (категорія Б) зі спеціальностей 121 – Інженерія програмного забезпечення, 

122 – Комп’ютерні науки, 123 – Комп’ютерна інженерія, 124 – Системний аналіз,  
125 – Кібербезпека, 126 – Інформаційні системи та технології.

Усі електронні версії статей журналу оприлюднюються на офіційній сторінці видання
http://journals.maup.com.ua/index.php/it 

Статті у виданні перевірені на наявність плагіату за допомогою програмного забезпечення
StrikePlagiarism.com від польської компанії Plagiat.pl.

© Міжрегіональна Академія управління персоналом, 2022
© Автори статей, 2022

http://journals.maup.com.ua/index.php/it


Recommended for publication
by Interregional Academy of Personnel Management

(Minutes No. 6 dated 26 October 2022)

Information Technology and Society / [chief editor Oleksandr Popov]. – Kyiv  : Interregional Academy of Personnel 
Management, 2022. – Issue 3 (5). – 56 p.

Journal «Information Technology and Society» is a peer-reviewed scientific edition, which publishes materials of scientists of 
various levels in the form of scientific articles for the purpose of their dissemination both among domestic researchers and abroad.

Editorial board do not necessarily reflect the position expressed by the authors of articles, and are not responsible for the 
accuracy of the data and references.

Chief editor: Oleksandr Popov – Corresponding Member of NAS of Ukraine, Doctor of Engineering, Professor, Senior 
Research Scientist, Deputy Director for Scientific-Organizational Affairs, Institute of Environmental Geochemistry of the National 
Academy of Sciences of Ukraine. 

Editorial Board:
Mykola Vasylenko – Doctor of Physics and Mathematics, Professor, Professor at the Department of Cybersecurity, 

National University «Odesa Law Academy»; Ivan Horbov – PhD in Engineering, Senior Research Associate, Senior Research 
Fellow, Institute for Information Recording of NAS of Ukraine; Andrii Dudnik – Doctor of Engineering, Associate Professor, 
Senior Lecturer at the Department of Networking and Internet Technologies, Taras Shevchenko National University of Kyiv;  
Serhii Yevseiev – Doctor of Engineering, Professor at the Department of Cybersecurity and Information Technologies, Simon Kuznets 
Kharkiv National University of Economics; Serhii Zybin – Doctor of Engineering, Associate Professor, Head of the Department 
of Software Engineering, National Aviation University; Serhii Kavun – Doctor of Economics, PhD in Engineering, Professor, 
Head of the Department of Computer Information Systems and Technologies Interregional Academy of Personnel Management; 
Larysa  Komarova  – Doctor of Engineering, Senior Research Scientist, Laureate of State Prize, Director of Educational-
Scientific Institute of Information Security and Strategic Communications, National Academy of the Security Service of Ukraine;  
Oleksandr Milov – Doctor of Engineering, Professor at the Department of Cybersecurity and Information Technologies, 
Simon Kuznets Kharkiv National University of Economics; Tetiana Okhrimenko – PhD in Engineering, Senior Research 
Scientist at the Scientific Research Laboratory for Countering Aviation Cyberthreats, National Aviation University; Mykola 
Rudnichenko – PhD in Engineering, Associate Professor, Senior Lecturer at the Department of Information Technologies, Odessa 
Polytechnic State University; Ruslan Skuratovskyi – PhD in Physics and Mathematics, Associate Professor, Senior Lecturer 
at the Department of Computational Mathematics and Computer Modeling, Interregional Academy of Personnel Management; 
Olha Suprun – PhD in Physics and Mathematics, Associate Professor, Senior Lecturer at the Department of Software Systems 
and Technologies, Taras Shevchenko National University of Kyiv; Halyna Tabunshchyk – PhD in Engineering, Professor, 
Professor at the Department of Software Tools, “Zaporizhzhia Polytechnic” National university; Oleksandr Fomin – Doctor of 
Engineering, Associate Professor, Professor at the Department of Computerized Control Systems, Professor at the Department 
of Applied Mathematics and Information Technologies, Odessa Polytechnic State University; Yuliia Khokhlachova – PhD in 
Engineering, Associate Professor, Senior Lecturer at the Department of Information Technology Security, National Aviation 
University; Olha Cholyshkina – PhD in Engineering, Associate Professor, Director of the Institute of Computer Information 
Technologies and Design, Interregional Academy of Personnel Management; Oleksii Chornyi – Doctor of Technical Sciences, 
Professor, Director of the Educational and Scientific Institute of Electrical Engineering and Information Technologies, Kremenchuk 
National University named after Mykhailo Ostrogradskyi; Oleksandr Yudin – Doctor of Engineering, Professor, Director of the 
Cybersecurity Center of the Educational-Scientific Institute of Information Security and Strategic Communications, National 
Academy of the Security Service of Ukraine; Hopeienko Viktor – dr. sc. ing., Professor, Vice Rector for Research, Director 
of the study programme “Computer systems”, ISMA University of Applied Sciences (Republic of Latvia); Leszczyna Rafal – 
dr hab. inż., Profesor, Katedra Informatyki w Zarządzaniu, Politechnika Gdańska (Republic of Poland).

Print media registration certifi cate «Information Technology and Society»
series КV No. 24815-14755Р dated 27.04.2021

According to the Decree of MES No. 1290 (Annex 3) dated November 30, 2021, the journal was included in the List of scientific 
professional publications of Ukraine (category B) in specialties 121 – Software engineering, 122 – Computer sciences,  

123 – Computer engineering, 124 – Systems analysis, 125 – Cybersecurity, 126 – Information systems and technologies.

All electronic versions of articles in the collection are available on the official website edition
http://journals.maup.com.ua/index.php/it

The articles were checked for plagiarism using the software
StrikePlagiarism.com developed by the Polish company Plagiat.pl.

© Interregional Academy of Personnel Management, 2022
© Copyright by the contributors, 2022

http://journals.maup.com.ua/index.php/it


5Information Technology and Society. Issue 3 (5). 2022

Information Technology and Society. Issue 3 (5). 2022

Information Technology and Society. Issue 3 (5). 2022

Contents

CONTENTS

Nikolai VASILENKO, Valeriia SLATVINSKA
CYBER SECURITY OF OPERATING SYSTEMS  
(ANALYTICAL AND REVIEW RESEARCH)...........................................................................................................................................6

Viacheslav LISKIN, Sergiy SYROTA, Olha CHOLYSHKINA
AUTOMATED TEST QUESTION GENERATION APPROACH  
USING FORMAL CONCEPT ANALYSIS...................................................................................................................................................14

Andrii NESTERUK, Bogdan KORNIYENKO
MATHEMATICAL MODELLING OF GRANULATION PROCESS  
IN FLUIDISED BED.........................................................................................................................................................................................20

Yevhen OHINSKYI, Dmytro ANTONIUK, Tetyana VAKALIUK,  
Dmytro MOSKALYK, Viacheslav VASYLENKO
ANALYSIS OF ALGORITHMIC AND MATHEMATICAL APPARATUS FOR SYSTEM OF DEVELOPMENT  
AND ANALYSIS OF PERSONAL FINANCE MANAGEMENT TOOLS............................................................................................29

Dmytro OLHOVSKIY, Olena ОLKHOVSKA, Oksana CHERNENKO, Tatyana PARFONOVA,  
Yuriy OLEKSIYCHUK, Oksana ORIKHIVSKA, Artem ZADOROZNYI
SOLVING GAME-TYPE COMBINATORIAL OPTIMIZATION PROBLEMS ON PERMUTATIONS WITH 
CONSTRAINTS ON THE STRATEGIES OF ONE PLAYER................................................................................................................41

Roman SHAPTALA, Gennadiy KYSELOV
DOCUMENT CLASSIFICATION VIA AUGMENTATION OF DOCUMENT EMBEDDINGS WITH GRAPH 
EMBEDDINGS OF SYNONYMS DICTIONARY......................................................................................................................................49



14 Інформаційні технології та суспільство. Випуск 3 (5). 2022

Інформаційні технології та суспільство. Випуск 3 (5). 2022

УДК 004.4
DOI https://doi.org/10.32689/maup.it.2022.3.2

Вячеслав ЛІСКІН
кандидат технічних наук, старший викладач кафедри прикладної математики, факультет прикладної 
математики, Національний технічний університет України «Київський політехнічний інститут 
імені Ігоря Сікорського», пр. Перемоги, 37, Київ, Україна, індекс 03056 (liskinslava@gmail.com)

ORCID: 0000-0002-9418-0633

Сергій СИРОТА
кандидат технічних наук, доцент, доцент кафедри прикладної математики, факультет прикладної 
математики, Національний технічний університет України «Київський політехнічний інститут 
імені Ігоря Сікорського», пр. Перемоги, 37, Київ, Україна, індекс 03056 (sergiy.syrot@gmail.com)

ORCID: 0000-0003-0795-167X

Ольга ЧОЛИШКІНА
кандидат технічних наук, доцент, директор Інституту комп’ютерно-інформаційних технологій, 
Міжрегіональна Академія управління персоналом, вул. Фрометівська, 2, Київ, Україна, індекс 03039 
(greenhelga5@gmail.com)

Viacheslav LISKIN
PhD., Department of Applied Mathematic National Technical University of Ukraine "Igor Sikorsky Kyiv Polytechnic 
Institute", 37 Peremohy Ave, Kyiv, Ukraine, postal code 03056 (liskinslava@gmail.com)

Sergiy SYROTA
PhD., Associated professor, Department of Applied Mathematic National Technical University of Ukraine "Igor 
Sikorsky Kyiv Polytechnic Institute", 37 Peremohy Ave, Kyiv, Ukraine, postal code 03056 (sergiy.syrot@gmail.com)

Olha CHOLYSHKINA
Candidate of Technical Sciences, Associate Professor, Director of Institute of computer information technologies, 
Interregional Academy of Personnel Management, Frometivska str., 2, Kyiv, Ukraine, postal code 03039 
(greenhelga5@gmail.com)

Бібліографічний опис статті: Ліскін, В., Сирота, С., Чолишкіна, О. (2022). Технологія для автомати-
зації генерації тестових запитань за допомогою аналізу формальних понять. Інформаційні технології 
та суспільство, 3 (5), 14–19. DOI: 

Bibliographic description of the article: Liskin, V., Syrota, S., Cholyshkina, O. (2022). Tekhnolohiia 
dlia avtomatyzatsii heneratsii testovykh zapytan za dopomohoiu analizu formalnykh poniat [Automated 
test question generation approach using formal concept analysis]. Informatsiini tekhnolohii ta suspilstvo – 
Information technology and society, 3 (5), 14–19. DOI: 

AUTOMATED TEST QUESTION GENERATION APPROACH USING FORMAL CONCEPT ANALYSIS

The article is devoted to the E-learning systems content development. In continuation of the previous works of the authors, 
the technology for the automatic creation of closed-type test questions with multiple correct answers proposed. The proposed 
technology is based on the set theory model of test question. Grounded Formal Concept Analysis approach for solving this task. 
This technology helps to create big sets of tests, with the help of which chunk-knowledge will be tested. It was shown, that this 
approach can help to solve the problem of the e-learning testing students' knowledge and will help to avoid cheating.

Key words: E-learning, Content, Chunk, Test, Formal Concept Analysis.

ТЕХНОЛОГІ ДЛЯ АВТОМАТИЗАЦІЇ ГЕНЕРАЦІЇ ТЕСТОВИХ ЗАПИТАНЬ  
ЗА ДОПОМОГОЮ АНАЛІЗУ ФОРМАЛЬНИХ ПОНЯТЬ

Стаття присвячена розробці контенту систем електронного навчання. У продовження попередніх робіт 
авторів запропоновано технологію автоматичного створення тестових запитань закритого типу з кількома 
правильними відповідями. Запропонована технологія базується на теоретико-множинній моделі тестового пи-
тання. Обґрунтований підхід аналізу формальної концепції для вирішення цього завдання. Ця технологія дозволяє 
створювати великі набори тестів, за допомогою яких будуть перевірятися chunk-знання. Показано, що такий 
підхід може допомогти вирішити проблему перевірки знань студентів електронного навчання та допоможе 
уникнути списування.

Ключові слова: Електронне навчання, вміст, чанк, тест, формальний аналіз понять.
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Formulation of the problem. In the context of the COVID-19 pandemic, distance learning systems have been 
widely developed and used in educational activities. At the present stage of their use, which is accompanied by 
the constant growth of educational materials and distance courses directly, requirements are put forward for 
their quality and the ability to adequately assess the results of students. 

Testing is an important part of the educational process. A characteristic feature of distance education is the 
use of information technology in the control of students' knowledge.

A distance course with automated teaching capabilities makes it possible to implement an individual 
approach to learning, to promote the development of independence, self-discipline, and creative abilities of 
students, and will provide access to the necessary sources of educational information.

Analysis of the possibilities of traditional testing with a fixed number of tasks and the time to complete 
them, used in distance learning as the main method of control, led to the conclusion that it is necessary to 
turn to adaptive testing. By adaptive testing, we mean tests that are formed by the E-learning environment, 
considering the student's passing of previous tests.

One of technics of adaptive testing was proposed in [1]. Such technics is based on the assumption that the 
system has a large number of questions related to a given topic but creating such bank of questions is quite 
laborious. According to the authors of this work, this process can and should be automated.

Denotation of question types and review of existing approaches.
Conventional types of test questions. Let us denote types of test questions:
“Matching questions” provide a list of subjects which corresponds to other subject answers. The respondent 

must "match" the correct answers with each question.
For example

“Multiple Choice” – in response to a question, the respondent chooses from multiple answers. There are two 
types of multiple-choice questions – single answer where there is only one correct answer. For example:

January is
• a summer month
• a winter month
• an autumn month

Multiple answer where the student must pick all answers that apply. 
The summer month are

• January
• March
• September
• July

In “True/False” response to a question, the student selects either True or False. 
January is a winter month 

• yes
• no 

From simple examples above we understand that all questions where almost about the same. And there is 
possible generate all possible questions of all types automatically. For this purpose, we should formalize the 
problem, develop an ontology, and propose an efficient algorithm to do this.

Review of existing models and approaches for automatic test creation.
Most test generators give the opportunity to create question without controlling its content. The question 

is manually entered, answer options are also entered manually, and scores are assigned for each answer. 
This approach requires the attention of the course developer as well as the time required [2].

The mostly represented approach, as already mentioned, is based on the development of tools for creating 
and conducting testing without reference to the meaning of tests and the subject area in which training is 
performed.

There are also known approaches that try to model the subject area and automatically build and verify test 
questions based on the obtained models. Also, group questions into tests based on the student's answers.

In previous publications, the authors considered technologies for automating the creation of test questions 
[3]. The approaches considered were based on the so-called concept of educational chunk.

Chunk is a unit of information which is understanding as one part of the memory, as like an array of letters, 
words or numbers, which are consider as one knowledge. 

Fundamental works describing the subject area of the issues themselves have been known since the 50s  
of the 20-th century [4].
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The logic of questions and answers, also known as erotetic logic, can be approached in different ways. 
The  most general approach treats it as a branch of epistemic logic [5; 6] specially devoted to the problems of 
the logic of questions and answers. 

The general idea of this direction is the construction of sets of queries and responses and finding 
dependencies on these sets. As well as the study of the fact that set-theory operations with over a set of queries 
will lead to a match in on sets of responses.

Therefore, it becomes necessary to normalize such issues, that is, to isolate the sets of entities, relations 
between entities and to clarify the restrictions that are imposed on such sets.

However, according to the authors, there is a need to narrow the mathematical base for the development of 
applied software which can generate questions.

Formal model of test question. Returning to the example above, we see that in fact the same question can 
be formulated in different phrases.

What time of year is January? What time of year if it is January? What season is in January?
Therefore, it becomes necessary to normalize such issues, that is, to isolate the sets of entities, relations 

between entities and to clarify the restrictions that are imposed on such sets.
There are published approaches to formalizing this task by creating an ontology of the question itself [7].
The scheme of one line of a matching question can be represented by a chain: notation – essence1 – 

link(relation) – essence2,
Q: < N, EV, I, EA >,                                                                                    (1)

where, N = {ni} set of notations, EV=V={ei} – set of essences of subject area wich located on the right side of 
question EA=A={ei} (must be noted that right side can be switched with a left one), L {lk}– links between essences.

Relation Ik can be considered as a mapping from set EV
 to set EA. Such mapping can be one-to-one, one-to-

many, or many-to-many type.
In case one-to-one relation we get so called strict maching wich means that one essence from right side 

coresponds to one and only one on the left side denote ↔. In case one-to-many relation we get so called strong 
maching of inclusion type wich means that one essence from right side coresponds to more than one on the left 
side denote . Respectively relation many-to-many we get soft matching denote .

We can see that in the case of strict compliance, the question will be formed quite simply. Like it was 
proposed [3] we get some essences from V, coresponding essences from A. And using sets N, L, build oll possible 
strict matching question. Getting one of essence from V and one coresponding essence from A than few not 
corresponding from A (distructors) we obtain a set of “multiple choice one anwer” quastions. 

In simple cases, it is easy enough to construct sets with relations of this type. But in practice, on existing 
subject areas that contain more than two dozen entities, it is quite difficult not to miss the characteristics of 
these relations.

Using Formal Concept Analisys for generating.
Let us consider the set of essences V and the set of essences A with an arbitrary relation I ⊆ V × A, such that  

pIa, where p ∈ V, a ∈ A, if and only if a is the essence p is in relation I Then triplet K = (V, A, I) is called the formal 
context. The the relation can be perfommed by binary matrix with rows from V and columns from A. Let define 
the connection [8]: 

P’∶= {y ∈ A | xIy for all x ∈ P}, for P ⊆ V
G’ ∶= {x ∈ V | xIy for all y∈G}, for G ⊆ A.                                                                (2)

Then the pairs (P, G) satisfying P ⊆ V, G ⊆ A, P’ = G, G’ = P are called the formal concepts of the formal context 
K = (V, A, I). Every object p ∈ P have all relation L to G. So, the formal concept is the set of objects from domain 
such that every one of them have all attributes from certain subset of attributes of that objects.

The set of formal concepts (P, G), where P ⊆ V, G ⊆ A, is partially ordered by the relation: (P1, G1) ≤ (P2, G2),  
if P1 ⊆ P2 and G2 ⊆ G1, and form a complete lattice L(K), called the concept lattice of the context K [9]. The pair  
(P1, G1) is called the subconcept of the concept (P2, G2), and the pair (P2, G2) is called the superconcept of the 
concept (P1, G1).

For the sets ℘ 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

(V) и ℘ 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

(A) (℘ 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 denotes that℘ 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

(X) – is set of all subsets X) mappings G |→ G’ и P |→ P’, are 
Galois connections having next properties [14]:

1) If G1 ⊆ G2 than G1’ ⊇ G2’ for any G1, G2 ⊆ V, i.e. if the set G1 is included in a set of G2, than a set G2’ is included 
in a set G1’; 

2) If Р1 ⊆ Р2 than Р1’ ⊇ Р2’ for any P1, P2 ⊆ A, т.е., i.e. if the P1 is included in a set P2, than set Р2’ is included to 
set P1’;

3) G ⊆ G’’ and G’ = G’’’ for G ⊆ V;
4) P ⊆ P’’ and  Р’ = Р’’’ for P ⊆ A.
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It follows from properties 1–4 [10], that double applying of operator ’’ has properties of closure operator, 
and connections G |→ G’ и P |→ P’ define the dual isomorphism between complete lattices of closed subsets V 
and A. According to properties (1)-(4), concept (G, P) also be denoted (P’, G’) = (G’’, G’) = (P’, P’’). 

I context K = (V, A, I) set of concepts is preordered by relation [5, 14]:
(G1, P1) ≤ (G2, P2),if G1 ⊆ G2  и P1 ⊇ P2.                                                            (3)

The concept lattice can be represented by the line diagram (Hasse diagram) in which every node of the 
concept lattice is corresponded to the concept from context. 

Fo examle simple let us consider a siple context with month simple context with months and their relation 
to seasons. Using free software ConceptExplorer (special thanks to our colegue Serhiy A. Yevtushenko) [11] we 
built next Hasse diagrams (fig. 1-2)

 			   (a)					     (b)
Fig. 1. Binary matrix (a) and lattice (b) of Context “Months-seasons”

First step is to fill binary matrix of relation I which means that month relates to season (Fig.1-a). Then we 
can generate a lattice (Fig.1-b). Conventional top means universal set, bottom empty set, every node means 
the subset of substances which participate in correct multiple-choice-multiple-answer question while the rest 
concepts are distractors.

Let us make the context more complex adding, for example, the weather conditions typical for each month 
(Fig. 2). 

Fig. 2. Binary matrix of complicated context

The lattice is shown in Fig. 3.

Fig. 3. Lattice of complicated context
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How do we read this lattice? Going up from bootom to top by the path of edges we ad every time a substance 
marked in a bar. When a concept has an addge with other concept it means that consepts participate in one 
answer. Let us consider the ideal connected with node marred (sep-oct) we found that September and October 
are autmn months wich can be sunny and rainy (Fig. 4). 

Fig. 4. Ideal generated by concept sep-oct 

At same time nolabelled node Fig. 4-b gives us November and March which are connected whith rain and 
snow.

Fig. 5. Ideal generated by nonlabelled concept

Let J(a) – ideal, generated by the concept a, a ∈ L, where L – initial lattice; D(a) – dual ideal, generated by 
the concept a. It contains all upper elements having path to a. For selection of destructors it is necessary to take 
sequentially concepts x ∈ D(a)/{a} under criteria of minimal distance from a, and generate new ideals J’ (x). 
The destructors will be objects from all concepts y, where y ∈ J’ (x)/J(a). For attributes testing we generate new 
dual ideals D’ (x) and choose destructors from the set D(x)/D’(x).

Conclusion. As a result of the review of mathematical models and software for creating test questions, it 
was concluded that it is necessary to continue research to develop technologies for automatic generation of test 
questions. The existing ontological model of the test question was improved by introducing restrictions on the 
set of entities that are part of the test question. The types of relations between the entities of the test question 
were explored. Correspondence between such relations was established for subtypes of generated questions. 
Proposed clasification for maching in question to strict, strong, soft depending of relation type between question 
and proposed answer. Automatic generation technology of “multiple choice with multiple answer” questions 
based on Formal Concept Analysis was suggested.
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