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Pedagogical Sciences

IMPORTANT ASPECTS OF ENSURING
QUALITY IN EDUCATION

Soltanaliyeva Sevinj
Military Institute named after Heydar Aliyev, Baku

Abstract

The quality factor in education is not limited only to the transfer and assimilation of
knowledge, but is also considered as a multidimensional and dynamic system aimed at ensuring
the intellectual, moral, social and professional development of a person and forming a personality
in accordance with the requirements of society. The serious consideration of this factor in our
country in recent years gives grounds to say that the issue is urgent. In this regard, in accordance
with the goal set, the main directions and modern approaches to ensuring quality in education are
analyzed in the scientific and pedagogical level. The process of modernization of education is
shown to develop as a complex and integrated structure, linked to reforms, new content and
teaching methods, monitoring and evaluation systems. The socio-cultural nature of education is
explained in the context of its interaction with personality and culture. The scientific work shows
that ensuring quality in education is directly related to the development of human capital,
adaptation to new requirements of society formed on the basis of information and technology,
integration into international standards and national strategies. Factors such as globalization,
information economy and the Bologna process make the assessment and adaptation of education
to international standards relevant. In addition, it also examines pedagogical, technological and
humanistic factors affecting the quality of education. The article presents the principle of
“accessibility-quality-efficiency”, considered important for the 21st century, functional literacy, a
humanistic education model and the formation of a creative, free and cultural personality as the
main goals. The steps taken within the framework of the Education Strategy of the Republic of
Azerbaijan to improve the quality of education, participation in international research and
mechanisms for assessing education are particularly emphasized. As a result of the conducted
analyses, it is concluded that ensuring quality in education requires a strategic, sustainable and
flexible approach not only to the transfer of knowledge, but also to the development of
personality, instilling social values and the integration of future generations.

Keywords: Quality of education, modernization of education, socio-cultural approach,
modern educational technologies, assessment and monitoring.

Introduction

In the modern era, the quality of education is considered one of the main driving forces of
the socio-economic, technological and cultural development of society. Globalization, the rapid
development of information technologies and the changing labor market have necessitated the
formation of new approaches to the structure, content and function of education [1, p. 43-47]

Ensuring quality in education is a complex process that combines many aspects, and the
effectiveness of this process primarily depends on the correct determination of the strategic
priorities of the national education policy, teacher training and professionalism, modernization of
teaching technologies, and adaptation of the content and methodology of teaching to the
challenges of the time. In addition, mechanisms for assessing the results of education, effective
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organization of monitoring systems, as well as the establishment of national assessment systems
integrated with international experience are the main components of this process.

The Law of the Republic of Azerbaijan “On Education” defines the problems of forming a
creative personality and citizen. The law states that the main goal of education is to educate
independent, creatively thinking citizens and individuals who understand their responsibility to
the Azerbaijani state, respect the national traditions and principles of democracy, human rights
and freedoms of their people, are loyal to the ideas of patriotism and Azerbaijaniness [2, p. 4]. The
expected result of the implementation of this main goal is the upbringing of active Azerbaijani
citizens.

The large-scale reforms carried out in the field of education in the Republic of Azerbaijan in
recent years and the adopted “State Strategy for the Development of Education” have defined
specific goals and directions of action in this direction. The strategic approach of the state to
achieving quality in education has brought to the agenda such main tasks as increasing the
functional literacy of students and equipping them with knowledge and skills that meet the
requirements of the labor market.

In this regard, the presented scientific article analyzes in detail the theoretical and practical
aspects of the concept of quality in education, internal and external factors influencing the
formation of this quality, priority directions of education policy, and issues such as harmonization
of the education system with international indicators. The goal is to reveal the methodological
foundations of ensuring quality in education, identify existing problems, and put forward effective
proposals in this direction.

1. The quality factor in education and its sociocultural significance

Many countries of the world, as well as many higher education institutions, struggle with
widespread low-quality education due to the lack of effective strategies to improve the quality of
their education systems.

The term quality assurance refers to “systematic, structured and continuous attention to
quality in terms of maintaining and improving quality”.

In a broad sense, quality assurance is defined as systematic planning, monitoring and
evaluation to maintain and improve the standards of education, research and general services in
colleges and universities in order to ensure effective results. That is, it is understood as the ability
of higher education institutions to meet certain criteria related to academic matters, staff-student
ratio, staff structure by position, staff development, material and technical base, financing
opportunities, compliance with high standards in management and evaluation of their results(3;
4]

Modernization of education is an objective process that determines its reform and progress
towards the formation of new meanings and values, approaches to the content and teaching
methods of education, monitoring and evaluation of the results of educational activities. The
modernization program for the development of the country is based on the principle of
development of the education system, and therefore education should be mainly modern,
advanced, supporting objective social development trends, and be all-encompassing. The
formation of state education policy of the XXI century. in this case, they are based on the slogan
“accessibility - quality - efficiency”. It is an integrated system that synthesizes all stages of
education, which is the basis of a social indicator of the quality of education. Preservation and
provision of the quality of education is a very big responsibility that requires a strong sense of
responsibility. This issue is of concern all over the world, as each country strives to provide high-
quality education [5, p. 767].

In the sociocultural approach, society, education, which is a cultural phenomenon, and
personality act as sociocultural systems that interact with each other. Culture determines not only
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the external environment of education, but also its “internal world”, its structure. It is no
coincidence that researchers have recently been using the concept of “cultural-educational
space”, thereby considering education as a spiritual and cultural process. In this sense, revealing
the relationship between education and culture, their mutual relations and mutual influences, in
other words, clarifying the concept of “education” and the place of culture in it, and vice versa,
clarifying the concept of “culture” and the place of education in it, is one of the urgent issues [6,
p. 99].

The quality of education is an assessment of the integrity of the content of education,
teaching technologies, monitoring methods and the subject's self-determination in terms of
individual development and the requirements of society in new socio-economic conditions. In this
regard, the quality of education is perceived as a concept, reflecting the ability to ensure the
achievement of the goals set for the education system, to ensure its compliance with the needs
of a particular person in education, the needs of society and the economy. The exceptional
importance of ensuring the quality of education today is determined by the following objective
reasons:

Firstly, scientific and technological progress is accelerating and the dependence of the level
and scale of education on the development of society is increasing. In such conditions, higher
education is becoming widespread and it is necessary to create conditions for the development of
the creative abilities of those entering higher educational institutions, and vocational education is
being made available to the general population.

Secondly, there is a gradual transition of society from the industrial stage of the economy to
the information economy and the stage of the formation of an information civilization. This
process is mainly associated with an increase in the economic and social role of universities and
their graduates.

Thirdly, with the development of world information civilization, the process of globalization
is developing rapidly, part of which is the accumulation of scientific information in accordance with
the Bologna process, which is associated with the provision of an international education, which
requires the harmonization of the level of work quality of educational systems of different
countries, the compliance of young people with certain universal criteria and standards, in
particular, the international mobility of graduates and students, their employment and the
recognition of educational certificates.

Fourthly, taking into account the rapid development of Azerbaijan in the field of education,
the issue of taking its material and technical base among the technologically, economically and
culturally developed countries of the world is sharply reflected.

For these and many other reasons, the quality of education takes one of the most important
places in the system of economic and socio-political development of our country, and we are
witnessing its transition to a new quality level. In general, a change in the paradigm of training
students and specialists, reflecting the educational priorities and requirements of society,
different content, different approaches to learning, different attitudes, behavior and a different
pedagogical idea, is manifested. In modern conditions, school teachers are faced with an individual
training that knows how to deal with the environment. The level of culture and education is the
basis of the quality indicators of education in the 21st century, the formation of a personality that
meets the requirements of the humanistic and information society in modern living conditions.

The quality of education determines the "quality of life of a person and society", since it is
also determined by the personal, ideological, civic development of the younger generation and
the orientation of its emotional value to the world around it. Thus, the problem of the quality of
education should be considered, first of all, from the point of view of the human and social value
of education. Because a full-fledged education received by a person not only gives him certain
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knowledge about nature, man, society, but also allows him to know himself and subsequently
show himself as a citizen.

The scientific humanistic education system can achieve three main goals: the formation of
a cultural person (cultural subject), a free citizen (historical subject, civil society), a creative person
(subject of activity, self-development).

The implementation of this goal is aimed at solving the following tasks:

— Education of a person with his own abilities and needs in the main forms of human activity;

— Development of the ability to recognize himself in unity with the world, in dialogue with
it;

— Development of the ability to self-determination, self-expression based on the restoration
and assimilation of the cultural experience of humanity's self-development;

— Formation of the need and ability to communicate with the world on the basis of
humanistic values and ideals, the rights of a free person.

Today, the process of reforming the education system is actively developing, accompanied
by the widespread use of effective mechanisms for implementing educational goals and the
application of scientific methods for assessing educational achievements.

The next important task in ensuring the quality of education is the development and
transformation of various educational technologies for teachers. The quality of education depends
on how and what technologies the teacher relies on, how he can change his methodological tools
depending on the characteristics of the students.

Humanity has truly entered a new historical space, when the person himself, his educational
and professional skills, moral qualities have become the main source of development. The vital
activity of mankind is directed towards very complex objects and is characterized by high
technology.

2. Quality education: basic concepts and definitions

The most important aspect of the educational process is its quality. The quality of education
is the ability of educational workers to meet the needs and requirements of society at the
expected level with their knowledge, skills and behavior [7, p. 40]. Is it possible to produce quality
services and quality products with a workforce that is not well educated and does not have a
qualified profession? In which factory can quality products be produced with unqualified technical
staff? What quality health care can be provided with a medical staff that is not well educated?
There are many similar examples. For this reason, the whole world is trying to achieve quality in
education today. Because the nation that has the best quality in education obtains quality
products and services produced by quality professionals and qualified specialists [8, p. 16].

One of the main factors for achieving successful and quality education is the teacher.
Training qualified teachers is one of the important tasks facing countries that want to achieve
quality. Quality, efficiency and effectiveness in education are based on a professional teaching
staff, and professional professional quality in teaching is based on a teacher training model based
on scientific principles [9, p. 21-28].

Article 9 of the Law of the Republic of Azerbaijan “On Education” defines the quality levels
of education as follows:

— The quality level of education is determined in accordance with the principles of the
international and pan-European education system on the basis of the state educational and
professional standards adopted in the country and in accordance with the relevant quality
indicators system for educational levels (educational programs, level of preparation of applicants,
material and technical base, infrastructure, information resources, professionalism and scientific
and pedagogical level of educators, progressive teaching technologies, etc.).
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— The quality level of personnel training in an educational institution is determined by the
competitiveness of graduates in the national and international labor market, their role in the social
and economic development of the country.

— The quality level of education arises from the requirements related to socio-political,
socio-economic, scientific and cultural development at each historical stage and is assessed
accordingly by the accreditation service [2, p. 5].

In this regard, the concept of “quality of education” has acquired international citizenship,
and improving the quality of education has become one of the main tasks of long-term prospective
educational institutions. With the change in the level of development of society and social
conditions, new requirements are imposed on the quality of education, especially related to the
ethical component of a person’s creative and predictive abilities. Taking into account the constant
variability of the social environment, the concept of “quality of education” will constantly change
in the future.

The concept of “quality of education” based on the legislation of our republic in the field of
education is interpreted as a certain level of knowledge and skills acquired by graduates of an
educational institution in accordance with the planned goals of teaching and education.

The quality of education is the ratio of the goal and the result, the system of actions that are
projected to achieve the goals set for operational activity and the zone of potential development
of students. The quality of education allows us to consider it not only as a result, but also as a
complex dynamic process of development due to changes in the activities of educational
institutions and individuals and changes in the surrounding social, economic, technological and
political environment [10].

The integration of skills and knowledge, their transfer, interpenetration, and synthesis, in
general, implies a high level of education; it allows us to realize the need for self-affirmation, self-
expression, self-development, self-determination, and, as a result, is a criterion for the
development and social readiness of the individual. A competent person in a particular field has
general knowledge and relevant abilities that allow him to justify this field and effectively act in
this field. This is a personality that reflects the ability to use knowledge and skills universally and
allows him to make decisions and act in non-standard situations (synergistic approach) on the
subject.

Thus, the quality of education is not only the results of work, but also a system, model, and
organization that ensures the comprehensive personal and social development of students.

In this regard, the quality of education reflects the following complex indicators:

— Correction of goals and learning outcomes;

— Ensuring the degree of dependence of the expectations of participants in the educational
process on the provided educational service;

— A certain level of knowledge, skills, abilities, abilities and competencies of the individual,
mental, physical and moral development;

From the point of view of modern didactics, the following features of the quality of
education are taken into account:

1. The conceptual level of content corresponding to the level of scientific and technical
progress;

2. Interdisciplinary, the nature of knowledge, skills and activities;

3. Adaptation to the interests, desires, capabilities and individual characteristics of students;

4. The variable, alternative and problematic nature of training with the widespread use of
information technologies;

5. The creation of diverse cultural environments for multicultural education in order to
enrich themselves and ensure readiness to live in a multinational environment;
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6. The independent nature of the assessment of educational outcomes and the level of
personality development;

7. Providing conditions for self-assessment, self-certification and self-management in
learning and development.

The result of quality education is the formation of such abilities (characteristics) of
individuals: self-organization, including spiritual; self-transformation activities; self-expression.
Finally, a well-educated person must be competitive, successful and in demand in the labor
market. It is necessary to easily and freely adapt to rapidly changing socio-economic conditions,
to use the education received effectively. Each person must manage the four main stages of
education: acquiring knowledge, learning to work, learning to develop personality, learning to live.
This integrated approach to education has caused discussions in a number of countries around
the world and has had a significant impact on the training of teacher cadres and the development
of teaching [11, pp. 25-28].

3. Pedagogical principles of quality education

Recently, the growing demands on the quality of educational services have become
increasingly noticeable, allowing the formation of the following pedagogical principles of quality
education:

— A competency-based approach to the educational needs of students and their profiles,
focusing educational programs and educational technologies on the personality and
developmental characteristics; - Consistency, integrity and variability of the content and activities
of education, taking into account multiple points of view of the problem and multiple directions
of its solution;

— The transition to the relations of mutual activity of educational subjects in the educational
process;

— Activity as a subject of education and creative activity of students in the field of self-
development, self-determination;

— The modular-block principle of organizing the content of education and the activities of
students;

— Principles of progress in learning and development, support for motivation, self-
assessment, self-management and self-correction;

— To be oriented towards the future content of life and activity, humanistic values and
ideals; to approach learning and studying in the future not as a school of memory, but as a school
of thought; to form a person who creates an image in the world through active self-reliance in the
world of objective, social and spiritual culture.

In the document “State Strategy for the Development of Education in the Republic of
Azerbaijan”, approved by the Decree of the President of the Republic of Azerbaijan, Mr. [lham
Aliyev, dated October 24, 2013, the quality of education was declared the main strategic priority,
and the improvement of the quality indicators of students and graduates of general education
institutions was put forward as a pressing issue [12].

A distinctive feature of the development of education in the world today is the increased
attention of the governments of developed countries to the problems of the quality and efficiency
of education. Education is becoming a strategic area that ensures national security, and the
competitiveness of the country is assessed by the level of education of the younger generation.
Many countries are joining forces in the development of methodology, technology and tools for
comparative studies of the quality of education. At the same time, the direction of explaining the
differences between countries in terms of the level of material preparation of students, and in
particular, identifying the factors affecting the results that determine the highest achievements,
is also in the spotlight.
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The State Strategy for the Development of Education in the Republic of Azerbaijan states
that “Quality and inclusiveness of education. According to the United Nations Human
Development Report for 2010, compared to 2005, Azerbaijan has advanced 34 steps, rising from
101st to 67th place among 169 countries, and has entered the “medium human development”
group into the “high human development” group. Azerbaijan has achieved great achievements in
terms of reducing poverty and increasing life expectancy by accelerating the pace of economic
development. At the same time, statistical analyses of leading international organizations show
that it is necessary to increase the international competitiveness indicators of Azerbaijani
education and the rating level of higher education institutions located in the territory of the
Republic of Azerbaijan” [12].

The creation of a system for assessing the quality of education in Azerbaijan is associated
with the need to obtain objective information on learning outcomes in accordance with
educational standards in order to make sound management decisions. This requires criteria for
comparing the reliability of the assessment system. One of these principles is the use of advanced
management systems from the experience of foreign countries, which allow us to identify trends
in the development of systems for assessing learning outcomes in different countries of the world,
and systems for assessing the results of research in schools used in different countries of the
world. [13].

In accordance with the relevant Decree signed by the President of the Republic of Azerbaijan
on 29.12.2019, the Accreditation and Nostrification Department of the Ministry of Education
(currently the Ministry of Science and Education) was reorganized by transforming it into the
Agency for Quality Assurance in Education with the status of a public legal entity under the
Ministry of Education. The Agency is responsible for the assessment of higher, secondary and
additional education based on standards accepted in Azerbaijan and internationally. It is a
professional and expert institution in the field of independent assessment of the quality of
education.

The Agency for Quality Assurance in Education (AKEA) ensures the definition of quality levels
of educational programs and the implementation of requirements. While fulfilling its duties and
exercising its rights, the Agency interacts with state bodies (institutions) and municipalities,
international and non-governmental organizations, other legal entities and individuals

Proceeding from this, in recent years, Azerbaijan has participated in international studies of
educational achievements. International studies on the assessment of the quality of education
allow assessing the state of the education system in Azerbaijan and in the international context
using the same pedagogical measurement tools created taking into account international
priorities in education.

Along with this, special attention should be paid to determining the interdisciplinary
knowledge of students, especially the use of information to solve practical problems, and it should
be characterized as follows.

— Assessing the functional literacy of students in order to determine their ability to adapt to
modern society;

— Determining the educational achievements of students in terms of modern international
priorities in the field of improving the quality of education;

— To determine the direction of education development, analyze the achievements in the
field of education, identify its strengths and weaknesses, etc. The pedagogical characteristics of
the quality of modern education, the development of young people's skills, the principles of its
provision and assessment constitute the requirements for new educational standards, which
should determine the requirements for the quality of students' educational achievements, which
consists of the development of teaching and learning technologies, control methods and

assessment of the quality of education.
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4. Conceptual aspects of quality assurance in education

Conceptual aspects of quality assurance in education are mainly related to the creation of
learning conditions:

— Educational policy for quality improvement;

— Clearly and unambiguously defined criteria, rules, quality standards of educational
content;

— The quality of curricula and didactic materials for teachers and students, the quality level
of material, social, household and information infrastructure of educational institutions;

— Means of influencing the subjects of the educational process, including special
technologies for organizing educational and teaching processes, methods for assessing the quality
of education;

— Using modern tools and technologies for objective quality control of education;

— Informatization of education (professional databases, electronic textbooks and libraries,
daily use of telecommunication services in the classroom and independent academic work);

— Mechanisms and tools for managing educational activities in terms of quality and self-
management.

Thus, the quality of education largely depends on the quality of the components of the
management system of the entire education system and its subjects. Such an important category
as the quality of education forces us to study the phenomenon of a new management culture that
must be mastered by management, teachers and students. The problem of achieving quality is
associated with an understanding of the objective function of education and a systematic
approach to education at each level, considered as an activity to achieve the goals of the
organization and coordinating the activities of all components of the education system.

Conclusion

Ensuring quality in education in the modern era is a complex and strategic process that is
closely related not only to the improvement of pedagogical and didactic approaches, but also to
social, economic, technological and cultural factors. From this perspective, the quality of
education is determined not only by the academic performance of students, but also by their
personal and civic formation, the development of functional literacy, the ability to communicate
with the environment and their readiness for future professional activity. The main indicators that
ensure the quality of education - accessibility, efficiency, technological integration, teacher
training, updating of teaching technologies and the objectivity of assessment systems - shape the
direction of reforms in this area.

The educational reforms carried out in the Republic of Azerbaijan in recent years, especially
the targeted steps aimed at increasing quality within the framework of the “State Strategy for the
Development of Education”, have created an opportunity to renew the education system in terms
of structure and content, and to bring it into line with international indicators. At the same time,
within the framework of the Bologna process, the international competitiveness of education, the
flexibility of graduates in the labor market and the global mobility of students have become key
priorities.

The experience gained shows that one of the main conditions for improving the quality of
education is the improvement of the professionalism of teachers, the application of modern
teaching methods and the systematic integration of approaches aimed at the individual
development of students into teaching. At the same time, the establishment of objective,
transparent and analytical systems based on international criteria in the assessment of
educational outcomes is of great importance in terms of reflecting the real state of education and
determining development directions.
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Thus, ensuring quality in education is not only a goal, but also a fundamental means of
ensuring the sustainable development of an entire society. In this direction, strategic thinking,
effective management, scientifically based pedagogical decisions and investments in human
capital are the main guarantees of long-term social well-being and national competitiveness.
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Abstract

In the context of rapid digital transformation in education, there is a growing need to
rethink approaches to teaching mathematics in schools. This study aims to explore the pedagogical
potential of digital platforms and online tools used in the mathematics instruction process. Based
on a bibliographic analysis of publications from the international Scopus database and an empirical
survey of 49 mathematics teachers from general education schools in Almaty, the study examines
key effects of digitalization—such as increased student motivation, enhanced visual
representation, the possibility of automated assessment, individualized assignments, and the
reduction of math anxiety. The findings show that most educators recognize the effectiveness of
digital tools, especially in terms of interactivity, student engagement, and real-time feedback. At
the same time, significant disparities are noted in the level of teachers’ digital preparedness,
access to technology, and proficiency in using specific platforms. The article also examines the role
of digital storytelling and cultural factors in shaping positive attitudes toward mathematics,
particularly in the comparative context of Asian countries. The study contributes to a deeper
understanding of how school mathematics education can adapt to the realities of the digital age.

Keywords: digital mathematics education; online platforms; digital tools; mathematics
teaching methods
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AHHOTauuA

B ycnosuax crtpemuTensHol uudbposor TpaHchopmaumm obpasoBaHMas  0ocobyto
aKTyaNbHOCTb NpMobBpeTaeT nepeocmbiCNieHe MNOoAXOA0B K MNPenofaBaHMIO MATEMATMKKM B
WKonax. HactodAwee mnccnegoBaHMe HanpaBAeHO Ha M3yvyeHWe nefarormyeckoro noTeHumana
UMPPOBLIX NNATPOPM M OHNANH-MHCTPYMEHTOB, MPUMEHAEMbIX B MpoLecce npenofaBaHus
MmaTemaTunkun. Ha ocHoBe Bubnamorpadumyeckoro aHanmsa nybankaumin M3 mexayHapoaHon 6asbl
AaHHbIX SCOpUSs M aMnMpuyeckoro onpoca 49 yuyntenei matemaTukm oblieobpazoBaTebHbIX
WKon ropoda AnmaTbl, B paboTe paccMaTpuBaloTCs KjtodeBble 3PdPeKTbl LndpoBM3aLmMmM
NOBbILWEHME MOTMBALUMM  YYALLMXCA, YCUAEHWEe BM3YaNbHOM HArNAAHOCTM, BO3MOMXKHOCTb
aBTOMATM3MPOBAHHOM  OUEHKW,  UHAMBMAYANM3aUMA  33a4aHUA U CHUXKEHME  YPOBHA
MaTeMaTUYECKON TPEBOXKHOCTU. MoNyyYeHHble pe3ynbTaTbl AEMOHCTPUPYIOT, YTO OONbWMHCTBO
nenaroros  npusHatoT 3GGEeKTUBHOCTb UMGPOBLIX MHCTPYMEHTOB, OCODEHHO B acnekTax
NHTEPAKTUBHOCTW, BOBIEYEHHOCTN M OonepaTMBHOM obpaTHOM CBA3N. BMmecTe ¢ Tem pUKCUpyroTca
3HaYUTENbHblEe Pa3NMYMA B YpOoBHE UMGOPOBOM MNOATOTOBKM y4yuUTENer, Haaudymm [0CTyna K
TEXHO/IOTUAM M CTEMNEHM OCBOEHMA KOHKPETHbIX N1aTGOPM. B cTaTbe TaKkKe aHaNM3MpyeTca posb
UMPOBOro CTOPUTENIMHIA U KY/NbTYPHbIX GaKTOpoB B GOPMMPOBAHMM MONONKUTENBHOTO
OTHOWEHMA K MaTemMaTuKke, O0CODEHHO B CPaBHUTE/IbHOM KOHTEKCTe a3MaTCKMX CTpaH.
MccnepoBaHne BHOCWUT  BKIa4 B  OCMbICAEHME  MEXaHWM3MOB  aJanTauuMuM  LWKOJAbHOrO
MaTemMaTMyecKkoro obpasoBaHMA K yCIOBUAM LMPPOBOIM SMOXM.

KnioueBble cnoBa: umbpoBoe MaTemaTumyeckoe o6pas3oBaHMe; OHAANH-NAATGOPMBbI;
UMPOBbIE MHCTPYMEHTbI; METOAbI MPenoAaBaHnA MaTeMATUKMK.

BeeneHue

AKmyaneHocmb ucciedo8aHuA. B ycnosuax umdpoBoM TpaHcGOpMaumMmM BO3HMKaeT
0ObeKTMBHAA HeobXoAMMOCTb MOAEPHM3AUMM  TPAAMUMOHHLIX METOAMK MNpenofaBaHus,
0CObEeHHO B Takumx OyHAAMEHTaNbHbIX AMCUMNAMHAX, KaK MaTemaTuka. MaTematuyeckoe
obpasoBaHMe He TONbKO GopmupyeT 6a30Bble BbIYMCAUTENBHbBIE U NOTUYECKME HABbIKM, HO U
3aKNaablBAaeT OCHOBbI KPUTUYECKOTO MbIWAEHMA, CTPYKTYPHOrO aHaAM3a U CUCTEMHOMO NOAX04a
KomneTeHUMI, BocTpeboBaHHbIX B XX| Beke. OgHaKO MPAKTMKA MOKa3blBAET, YTO TPAAMLIMOHHbIE
MeToAbl NpenogaBaHMA MaTeMaTWKM He BCerga OTBevaloT MNoTPebHOCTAM COBPEMEHHbIX
WKONbHMKOB M He B MOJHOM mMepe obecneymBatoT BOBMEYEHHOCTb M MOTMBALMIO YYaLLMXCA.
OOHMM M3 MEepCneKTUBHbIX HamnpaBneHui nosbiwWeHna 3GGEKTUBHOCTM NpenogasaHumA
MaTeMaTMKM B LLUKOJIaX ABNAETCA MCNONb30BaHMeE LMPPOBLIX NAATGOPM M OHNANH-UHCTPYMEHTOB.
OHW OTKPbIBAtOT HOBble MNeAarormyeckme BO3MOMKHOCTU: WMHTEPAKTUBHOCTb, aAanTUBHOCT,
BM3Yya/IM3aLMIO CTIOXKHbIX MOHATMIA, ONepaTUBHYO 0BPATHYHO CBA3b M MEePCOHANMN3aALMIO 0DYyYEeHNA.
CornacHo pesynbTaTam 3MMMPUYECKOTO MCCNEeAO0BaHWA, MNPOBEAEHHOIO Ccpean yyutenem
MaTeMaTMKM B LWKoANax r. AnmaTbl, nogasnsawouiee OONbWWMHCTBO PECNOHAEHTOB OTMETUAN
NONOXUTENbHOE BAUAHNE LUMOPOBbLIX MHCTPYMEHTOB Ha y4ebHYt0 MOTMBALMIO, BOBIEYEHHOCTb U
Ka4ecTBO YCBOEHMA MaTepuana. B yacTHOCTK, Hanbonee BbICOKO BbiAN OLEHEHbl Takne GyHKLMM
undpoBbIX NNATGOPM, Kak aBTOMATMYECKaA NPOBEPKA 3aAaHNI, CO34aHNE MHTEPAKTUBHbIX YPOKOB
M BO3MOMHOCTb BM3Yya/NIbHOrO MPEACTAaBNEHNA MATEMATUYECKUX KOHUEeNnuuin. B To Ke Bpems,
HEeCMOTpPA Ha O4YeBWAHbIE MPEMMYLLEeCTBA, BHeApeHMe UMPpPoBbIX TexHonornin B obpasosat
e/bHbI MNPOLECC COMPSKEHO C PAJOM BbI30BOB: LMOPOBOM pPa3pbiB MEXAy ydalummucs,
HeAOCTaTOYHbI YPOBEHb LMDPOBOIM KOMMNETEHTHOCTM NEAAroros, TEXHOIOMMYECKan 3aBUCUMOCTb,
neperpyska umHdopmaumer M npobaembl COXpaHEHWA KOrHUTMBHOro bHanaHca. Kpome Toro,
BaXHbIM ~ aCMEKTOM  OCTaéTcA  HeobXoAMMOCTb  Mejarornyeckon  pedaekcumumdposble
MHCTPYMEHTbI HEe 3aMeHAlT yuyuTend, a CAyxaT CPeACcTBOM YCWUAEHMA €ero MeTOAMYEeCcKOM
3GPeKTMBHOCTM. TaKKe BCTaeT BOMPOC O BO3PACTHOM M MCUMXONOMMYECKOW TOTOBHOCTM
WKO/NIbHMKOB K BOCMPUATUIO MaTeMaTU4ecKoro maTepuana B uUndpoBOM cpede, ocOBeHHO B
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KOHTEKCTe TakuMx (GEHOMEHOB, KaK MaTemaTuyeckaa TPEeBOXHOCTb. [OMONHUTENbHYHO
aKTyaZbHOCTb MPUAAET CPABHUTENbHbIM MENKAYHAPOAHbIN KOHTEKCT: B a3MaTCKMX CTpaHax,
TPAAMLMOHHO AEMOHCTPUPYIOLLMX BbICOKMI YPOBEHb MAaTEMATUYECKOM YCNEBAEMOCTH, YCMelHO
MCMNONb3YIOTCA TakMe MeToAdpbl, KaK UMGPOBOE CTOPUTENIMHE, MPOEKTHO-3BPUCTUYECKAA
[eATeNbHOCTb, a TaKXKe MHTerpauma UMPppoBbIX MHCTPYMEHTOB B CTPYKTYPY YPOKA, YTO NO3BOAAET
paccMaTpMBaTb MEXKAYHAPOAHbIN OMbIT KaK MCTOYHMK NPOAYKTUBHbIX NMeAarormyecknx peLleHni.
MccnepgoBaHve, HanpaBleHHOE Ha aHa/iM3  METOAMKM  NpenoAaBaHMAa  MaTeMaTuMKuM  C
MCNONb30BaHNEM LMPPOBLIX MNAAaTGOPM M OHAANH-UHCTPYMEHTOB, NPeACcTaBAseT coOHOoM He TO/IbKO
TEOPETMYECKYIO, HO M MPAKTUYECKYD 3Ha4YMMoCTb. OHO OTBEYaeT Ha 3anpoc COBPEMEHHOTO
obuwecTea Ha WMHHOBALMOHHbIE 0Opa3oBaTesibHble MNOAXOAbl, crnocobcTByeT GOPMUPOBAHMIO
LUMbPOBOM Neaarornyeckom KyibTypbl U AAET OCHOBAHMA A1a Pa3paboTkM aPpPeKTUBHbIX MoaeNen
LMbPOBOro MaTeMaTMUYECKOro 06pa3oBaHMA B LLKOSE.

Llens uccnedosaHuA NpPOaAHaNM3MPoBaTb 3PPEKTUBHOCTb MCMNOAb30BAHMA LMOPOBbLIX
nnaTGopM M OHNANH-UMHCTPYMEHTOB B MpoLecce MNpenoaaBaHWs MaTEMATUMKM B LWKOJbHOM
06pa3oBaHMM U BbIABUTL YCA0BMA, CMOCODOCTBYHOLLME MOBbIWEHMIO MOTMBALIMM, KayecTBa
YyCBOEHMA maTepurana u GOPpMMPOBaHMA COBPEMEHHbIX YHeDHbIX HaBbIKOB Y yYaLLMXCA.

Obbekmom uccnedosaHuUa ABNAETCA NpoLecc obyyeHMA MaTeMaTuKe B LLIKONe.

[Tpedmem uccnedosaHusa ABNAeTCA LUMbPOBble NAATGOPMbI U OHNANH-UHCTPYMEHTbI KaK
4acTb METOAMKM NPenoaaBaHus.

[funome3a uccnedosaHuUA NpeanonaraeT, YTo MCMNOAb30BaHME LMOPOBLIX NAATGOPM U
OHNIANH-MHCTPYMEHTOB B MPenogaBaHMM MaTeMaTUKM cnocobCTBYeT MOBbILWEHWUIO MOTUBALMM
yYawmxca, yaydleHUo ycBoeHuA y4ebHOro maTepuana M pa3BUTMIO HaBblkoB 21 Beka Mo
CPaBHEHWIO C TPAAMUMOHHBIMM MeToAamM 0byyYeHuUA.

3Ha4umocme uccne008aHUA 3aKNOYaeTCA B TOM, 4YTO paboTa paclimMpseT HayyHble
npeacTaBaeHnA O BO3IMOXKHOCTAX MCMONb30BaHMA LMPPOBbLIX NAATGOPM U OHNANH-MHCTPYMEHTOB
B 0OYYEHUM MaTemMaTuKe, BbIABNAA UX BAMAHME Ha MOTMBALMIO YYaLLMXCA, KaYeCTBO YCBOEHMA
y4ebHOro Matepmana 1 pa3BUTUE KAOYEBBIX YHeOHbIX KOMNETeHUMI. AHAAN3UPYA SMNUPUYECKME
[aHHble, NosyYeHHble B pe3y/nbTaTe aHKETMPOBAHWMA BHOCUT BKIAA, B Pa3BUTME METOLONOMMMU
undposoro obyvyeHns u cnocobcTByeT GOPMMPOBAHMIO HOBbLIX MOAXOA0B K MPEnoAaBaHWUio
MaTeMaTUKM B YCIOBUAX LMdpoBM3aLmMmn obpasoBaHms.

MpaKTMyecKkaa 3HaYMMOCTb UCCIe0BAHMA 3aK/IOYAETCA B TOM, YTO €r0 Pe3y/1bTaTbl MOTyT
6bITb HEMOCPEACTBEHHO NMPUMEHEHbI B LKO/IbHOM Nearornyeckoi npaktunke. NpeacraBaeHHble B
paboTe BbIBOAbI M PEKOMEHAAUMMN NONE3HbI YYUTENAM MATEMATMKM NMPU BbIDOPE M MHTErpaLmUn
LUMPPOBbLIX MUHCTPYMEHTOB B 06pa30oBaTe/IbHbIM MPOLECC, a TaKKe Npn pa3paboTKe MHTEPAKTUBHbIX
M aganTWMBHbLIX METOAMK NpenogasaHua. Kpome TOro, matepuanbl MCCNeAO0BaHUA MOTYT ObiTb
MCMNONb30BaHbl B MPOrpammax nosblleHNA KBaanduKaumm neaaroros U B npoLecce noAroToBKM
bynywmx yumtenern, ocobeHHo B acnekte ¢dopmupoBaHMa UMGPOBON Meadarornyeckom
KOMMNeTEHTHOCTW. MoyYeHHble AaHHble TaKKe MOTyT NPeACcTaBAATb MHTepec A5 pa3paboTynKos
obpasoBaTeibHbIX LUMPPOBbLIX NAATGOPM U AaAMUHUCTPATOPOB 0OPa3oBaTE/bHbIX YUpeXRaeHUN,
3aMHTEPECOBAHHbIX B MOBbIWEHUN 3DdEeKTUBHOCTM UMbpoBOro obydyeHua. Takum obpasom,
nccnenoBaHue coyetaeT B cebe HayyHYH HOBM3HY M MPAKTUYECKYIO MONE3HOCTb, CNOCODCTBYA
MOJZIEPHM3aLMM MaTEMATUYECKOrO 0Opa30BaHMA B LIKOJAX B COOTBETCTBMM C TpebOBaHUAMM
BPEMEHM.

0630p nnMTepaTypsl

CoBpeMmeHHble nccneoBaHnA B 061acTi UMPPOBU3aLMM MaTeMaTUYeCKOoro 0bpasoBaHms
[EeMOHCTPUPYIOT BO3pacTatollee BHMMaHWE K WMHTerpaumm UMdpoBbIX NAaTHGOPM, OHAANH-
MHCTPYMEHTOB WM MHTEPAKTUBHbIX TEXHONOTMIA B LUKONbHYK NPAKTUKY. OAHMM M3 LEeHTPabHbIX
HanpaBAeHUI ABNAETCA OLEHKa NeJarornyeckon sdPeKTMBHOCTM TaKMX TEXHONOTUIN B KOHTEKCTE
NOBbIWEHMA MOTUBALMM YHALLMXCA, MHAMBUAYANM3ALMM OOYyYEeHUA N PAa3BUTUA MaTEMATUYECKMX
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KomneTeHuMn. Kak otmedatoT Engelbrecht, Llinares n Borba (2020), undposasa TpaHcPopmaLms
TpebyeT NepeocmbICIEHNA POAN YUUTENA U XapaKTepa y4ebHOro B3aMMOAENCTBUA, aKLEHTUPYA
HEeOBXOAMMOCTb COYETAHMA CUMHXPOHHbLIX M aCUHXPOHHbLIX dopm UMdPOBOro obydeHua. Takke
noatBep)kaaeTcA W Honee paHHUMW  UCCNEA0BAHWAMM, MOAYEPKMBAOWMMM  3HAYMMOCTb
Pa3BUTUA NPOPECCMOHANbHOM LMbPOBOM KOMNETEHTHOCTM neaaroros (Goos & Bennison, 2008;
Hoyles, Noss, & Kent, 2004). Clark-Wilson, Robutti 1 Thomas (2020) akueHTUPYIOT BHUMaHNE Ha
MHOrOypOBHEBOM B3aMMOAENCTBUM LMDPOBbLIX MHCTPYMEHTOB, Y4ebHbIX 3334 M KOTHUTUBHbIX
MPOLECCOB YYEHWNKOB, YTO GOPMMPYET HOBOE M3IMEPEHME METOAMKN NpenoaasaHua. MoaobHbIn
noaxon noaAepkmeaeTca uccnenoBaHusamu Thurm m Barzel (2020), B KOTOPbIX MOKa3aHO, 4YTo
NPUMEHEHNE MNAHLWETOB U MODOW/IbHbIX NPUAOKEHUI cnocobcTByeT yraybaeHnio NoHUMaHMA
CNIOXKHbIX MaTEMATUYECKMX MOHATUN.

Bonpoc BOBAEYEHHOCTM M MOTMBALIMK aKTUBHO M3ydaeTca B paboTtax Aziz et al. (2025), raoe
[EeMOHCTPUPYETCH, YTO MCMONb30BaHME LUMPOBOro CTOPUTENIMHIA YCUIMBAET SMOLMOHANbHYIO
BOB/IEYEHHOCTb YYALLMXCA N CHUXKAET YPOBEHb MAaTEMATUYECKON TPEBOXKHOCTU. Irmayanti, Chou u
Anuar (2025) genatoT aKUEHT Ha pPasanuMax KyabTypHbIX M 0b6pa3oBaTe/ibHbIX KOHTEKCTOB,
[EMOHCTPUPYA, KaK CTOPUTENNMHT B A3mm cnocobeTByeT co3gaHuto Honee AOCTYNHOM M
noafaepxusatollen cpeapl obyyeHusa. BmecTe C Tem, BOMPOCHI MPOEKTMPOBAHMA ULMPPOBOWA
obpa3oBaTeibHOM cpeabl OCTAOTCA OTKPbITbIMKU. Mccneposanma Bozkurt n Ruthven (2017), a
Takske Muir 1 Geiger (2016) noKasbIiBatoT, YTO LMPPOBbLIE MHCTPYMEHTLI 3GEKTUBHbBI TO/TbKO NPU
cobNoAeHUM Neaarormyeckmx MPUHLUMNOB, BKAKOYAA KOTHUTMBHYIO HArpysky, afZanTauuio nog
CTUMb YYALUMXCA M KOHTPO/Ab 33 LUMPPOBOMN 3aBMCUMMOCTbIO. C TOYKM 3peHUA TeopeTUYEeCKMX
mozaenen, pabotbl Rezat n Straller (2012) npeanaratoT paccmaTpuBaTh LMGPOBbIE TEXHONOMMM KaK
«MeamnaTopbl»  MeXAy YYEHWKOM U  abCTPaKTHbIM MaTeMaTUYecKMM 3HaHMeM, C034aBan
YHUKa/bHble YCNOBMA ONA BU3yanu3aumm U moaennposaHua. Uccneposanua Flood, Shvarts m
Abrahamson (2020) nogvepkmBatoT 3HadyeHne embodied cognition M aKTMBHOrO Te/NECHOro
B3aMMOLENCTBMA C UMPPOBbIMK UHTEpdencamm, 4YTO ycuamBaeT TAyOUHY MNoHWMaHuA. C
NpakTUyeckon Toukm 3peHuns, Orlando n Attard (2016) aHaAM3MPYOT ONbIT aBCTPAMNCKUX LIKOA,
BbIABNAA, YTO NONOXKMUTENbHbIE 3OPEKTbI LMPOBM3aLMM NPOABNAIOTCA B YCAOBUAX MOAAEPHKKM CO
CTOPOHbI AAMWHUCTPALMM, HANMYUA TexXHUYEeCKOW MUHOPACTPYKTYpbl M NpodeccroHanbHOro
pa3BUTUA yumTesnel. Moxoxme BbIBOAbI cAenaHbl B uccnegosaHmm Viberg, Gronlund 1 Andersson
(2023), roe Ha Npumepe LLBEACKOM LWKO/bl EMOHCTPUPYETCA, Kak MOOUIbHbIE TEXHONOTMN MOTYT
6bITb  MCNONb30BaHbl AN GOPMMPOBAHMA  MeTanpeaMeTHbIX  HaBbIKOB, TaKMX  Kak
camoopraHmsauma u konnabopauma. KasaxCTaHCKMI KOHTEKCT npeactasieH B psage pabot
(Saparbayeva et al.,, 2025; Semenov, Abylkassymova, & Akhmed-Zaki, 2024; Taukebayeva &
Bakirova, 2024; Yesseikyzy et al., 2025), B KOTOpPbIX NOAYEPKMBAETCA HEOAHOPOAHOCTb LMbPOBOro
[0CTyna, BAWSHWE A3bIKOBOW Cpefpl M YPOBEHb LUMPPOBOM rpamoTHOCTM ydaumxcs. Ocoboe
BHMMaHWe yaensetca pa3paboTKke NoKanbHbIXx 06pa3oBaTesibHbIX NAAaTGOPM, COOTBETCTBYHOLLMX
TpeboBaHMAM OOHOBJIEHHOTO COJAEP)KaHMA LWKOAbHOrO obpasoBaHua. Oboblias pesynbTaTsl,
MOYKHO BbIAE/INTb HECKO/IbKO YCTOMUMBBLIX Hanpas/ieHun. Bo-nepBblx, UMbpoBble NAaTPOpPMbI
(Desmos, GeoGebra, Google Forms 1 ap.) cnocobCTBYIOT akTUBM3aLMN y4ebHON AeATenbHOCTH,
paclIMpaa BO3MOMKHOCTM A1A BMU3yann3alMM U MHTepakTMBHOro aHanmsa (Drijvers et al., 2010;
Sinclair et al., 2016). Bo-BTOpbIX, 0OTME4YaeTcs HE0HX0AMMOCTb HE MPOCTO BHEAPEHMA TEXHOI0TUM,
HO WX LeneHanpaB/eHHOro AWAAKTUMYECKOrO MNPOEKTUPOBAHMA C YY4ETOM BO3pacTa, YPOBHA
NOArOTOBKM U WMHAMBMAYaNbHbIX MNoTpebHoCTel yyawmxca. CyuwecTsyeT OOWMIA KOHCEHCYC
OTHOCUTENbHO TOro, YTO UMOPOBbIE WMHCTPYMEHTbI ABNAIOTCA HE 3aMeHUTENAMWU yuuTens, a
MOLLIHBbIMM CpeacTBaMK paclumpeHma ero BoamoxHocTen (Engelbrecht et al., 2020; Clark-Wilson
et al., 2020). Takum 0H6pasom, KoY K ycnewHon umMdpoBoi TpaHchopmMaLlm MmaTeMaTU4eckoro
06pa3oBaHMA 3aKNOHAETCA B UHTEMPALMM TEXHONOTMIA B PaMKax nearormyeckin 060CHOBaHHbIX U

rMOKMX MEeTOAMK NpenoaaBaHus.



I Proceedings of the 10th International Scientific Conference

MeTogapl uccnegoBaHms
MeToaon0rnyeckaa OCHOBA MCCNeA0BaHMA BKAOYAET KOMMIEKC B3aMMOAOMOMHAOLLNX
TEOPETUYECKMX W  SMMUPUYECKMX METOAOB, HAMPaBNAEHHbIX Ha BCECTOPOHHEEe U3yveHue
3 EKTMBHOCTN MCNONb30BAHMA LMDPOBbLIX NAATPOPM U OHNANH-UHCTPYMEHTOB B NpenoaaBaHmnm
MaTeMaTMKM B LIKOAxX. KntoueBbIM HanpaBieHMeM Ha NepBOM 3Tane nccaenoBaHuA CTan aHanms
Hay4yHOM /NUTepaTypbl, MOCBALWIEHHOM BOMpocam UMppoBM3aLMKM 06pa3oBaHMA, METOAMKE
npenoaasaHnA MaTeMATUKKM, NeAarormyeckMmM MHHOBALMAM U BAUAHUIO LMOPOBbLIX MHCTPYMEHTOB
Ha obpa3oBaTenbHbln npouecc. C Uenbo CUCTEMATU3ALMU U BbIABAEHUA aKTya/lbHbIX HAy4YHbIX
TeHAeHUMI Obln NnpoBeaéH bubanorpadmyeckmii NOUCK B MexayHapoaHoM 6ase AaHHbIX Scopus.
MOWCKOBbIN anropuTM BblST CHOPMYAMPOBAH Cleayolnm 0bpasom:
TITLE-ABS-KEY ( "teaching" AND "mathematics" AND "digital technologies" )
AND ( LIMIT-TO ( SUBJAREA , "MATH" ) OR LIMIT-TO ( SUBJAREA , "SOCI" ) )
AND ( LIMIT-TO ( DOCTYPE, "ar" ) ).
B pe3synbTate 66111 0TOHpaHbl 233 HayyHble CTaTby, ONYHBAMKOBAHHbIE MPEUMYLLECTBEHHO
B nepuon ¢ 2010 no 2024 roa, oxBaTbiBalOWME AUCUMMIMHAPHbBIE 00/1acTU «MaTemaTUKa» U
«COLMaNbHble HayKM» M COOTBETCTBYOWME TUNy nybankaumm «article». [JanbHeNWmnin KOHTEHT-
aHaNM3 BbIABW/ OCHOBHbIE HayYHble HaNpPaBAEHMA, Cpeamn KOTOPbIX 0cCoboe BHUMaHMeE yaenaeTcs
MOTMBALMM YYALLMXCA NPU UCNONb30BAHUM LMPPOBLIX NAATGOPM, CHUNKEHUIO MATEMATUYECKOM
TPEBOXHOCTM, Pa3BUTUIO HaBblkoB XXI Beka aJanTMBHOMY OOy4YeHWIO U nefarormyeckomy
CTOPUTENNUHTY. JIUTepaTypHbI aHaM3 NO3BOANA 0OOCHOBATL BbIOOP METOAMK U MHCTPYMEHTOSB,
NPUMEHEHHbBIX Ha SMMUPUYECKOM 3Tane WCCNeA0BaHWA, a TaKXe onpeaennTb TeOopeTUKo-
MPaKTUYECKYtD  3HAYMMOCTb  pPaboTbl.  IMMMPUYECKas YacTb WCCNeAOBaHMA  BK/IKOYaNa
KOJIMYECTBEHHbIE U Ka4eCTBEHHble MeToAbl cbopa M aHanMn3a AaHHbIX. OCHOBHbIM MeToA0M cbopa
NePBMYHbIX AAaHHbIX CTA/I0 aHKETMPOBAHME MPAKTUKYIOLWLMX YYUTENEn MAaTEMATUKK, HanpaBaeHHoe
Ha BbIABEHWE UX MHEHWIA, OMbITa M NPAKTUK MCNOb30BAHMA UMPPOBbLIX MHCTPYMEHTOB B y4eHOHOM
npouecce. B uccnenosaHum NpuHAAK y4actme 49 negaroros obuieobpasoBaTebHbIX LWKOA FOPOAa
Anmatbl. AHKeTa coAeprkana KakK 3aKpbiTble, TaKk W OTKPbITble BOMPOCHI, OXBaTblBatoLLMeE
cnefyrolime acnekTbl Kak, TUMbl M 4acToTa MCNOAb30BaHMA UMOPOBbLIX NAATGOPM, OLEHKA WX
apdeKTUBHOCTK, HabatogaeMoe BAMAHME HA y4ebHYIO MOTMBAUMIO, MHTEPEC M YCNeBaemMOoCTb
yyallmxca, a Takke bapbepbl M TpyaHOCTM nNpu umMdpoBM3aumMm npenogasaHuna. COo0p AaHHbIX
COMPOBOXAANCA MNoNyYyeHnem A0O6pOBONbHOTO MHPOPMMPOBAHHOIO COMACUA YYACTHMKOB W
cobnogeHeM MNPUHUMNOB  KOHPUAEHUMANBHOCTM U 3TUKWU. [loNy4eHHble JaHHble 6bian
0bpaboTaHbl C MCNOAb30BaAHMEM OMUCATENbHOM CTATUCTMKM B nporpamme SPSS nopcumTaHsbl
YaCTOTHble pacnpeaeneHusa, BbIABAEHbI 0NN PECNOHAEHTOB MO KAOYEBbIM KaTETOPMAM, a TaKKe
BM3ya/IM3MPOBaHbl C MOMOLLbID AMarpamm. bbian npoaHanms3MpoBaHbl MHEHWA Neaaroros O
npeMmyllecTBax  UMPPOBbIX  MHCTPYMEHTOB  aBTOMAaTM4ecKkad  MpoBepKa  3afaHuM,
MHTEPAKTMBHOCTb, BU3yanm3auma GyHKUMA, MHAMBUAYANM3AUMA 3343aHNN, SKOHOMMUA BPEMEHU U
ap. OTKpbITble OTBETbl PECNOHAEHTOB MNOABEPI/IMCL KAYeCTBEHHOMY KOHTEHT-aHanu3y, 4To
NO3BO/IN/IO BbIAEANTb TUMWMYHbIE MEeAArorMyeckne MNPaKTUKKW, TPYAHOCTM, HaNpuUMmep, HU3KUM
ypOBeHb LMOPOBON FPAaMOTHOCTM YHALLMXCA UKW HECTabuabHOe MOAKAYEHWE K MHTEPHETY, a
TaK¥Ke NpeasioKEHMA MO YAy4LEHWNIO LUMPPOBOM MHPPACTPYKTYPbI B LLKO/IAX.
Pe3ynbTathl M 0bCykaeHne
B Lenax BblABNEHWA KAOYEBBIX HAYYHbIX OPUEHTUPOB OblN OCYLLECTBNEH aHaM3 Hanbonee
UMTUPYEMbIX MyOAMKALMIA, OTpakaloWmx BedyliMe HanpasBlAeHUA MCCefoBaHWM B obnactu
LUndpoBOro npenogasaHma matematikm (cm. Tabamuy 1).



«European Research Materials» (July 24-25, 2025). Amsterdam, Netherlands

Tabnuua 1. - Ton-10 Hanbonee untupyembix nybankaumin no uMbpPoBbIM TEXHONOTUAM B

npenoaaBaHny maTemaTuKm (No AaHHbIM Scopus)

No HaseaHue cTaTbu ABTOpGI *ypHan / lrog | Untnposanui
N3naHue
1 | The teacher and the tool: | Drijvers, P., Educational 2010 196
Instrumental Doorman, M., Studies in
orchestrations in the Boon, P., Reed, Mathematics
technology-rich H., Gravemeijer,
mathematics classroom K.
2 | Transformation of the Engelbrecht, J,, ZDM 2020 130
mathematics classroom Llinares, S., Mathematics
with the internet Borba, M.C. Education
3 | Teaching with digital Clark-Wilson, A., | ZDM 2020 108
technology Robutti, O., Mathematics
Thomas, M. Education
4 | Recent research on Sinclair, N., ZDM 2016 97
geometry education: an Bartolini Bussi, Mathematics
ICME-13 survey team M.G., de Villiers, | Education
report M., Leung, A.,
Owens, K.
5 | From the didactical Rezat, S., StrélSer, | ZDM 2012 75
triangle to the socio- R. Mathematics
didactical tetrahedron: Education
Artifacts as fundamental
constituents of the
didactical situation
6 | Effects of a professional Thurm, D., Barzel, | ZDM 2020 71
development program for | B. Mathematics
teaching mathematics Education
with technology on
teachers’ beliefs, self-
efficacy and practices
7 | The affordances of using a | Muir, T., Geiger, Mathematics 2016 59
flipped classroom V. Education
approach in the teaching Research Journal
of mathematics
8 | Onthe integration of Hoyles, C., Noss, | Int. Journal of 2004 58
digital technologies into R., Kent, P. Computers for
mathematics classrooms Mathematical
Learning
9 | Integrating digital Viberg, O., Interactive 2023 55
technology in Gronlund, A., Learning
mathematics education: a | Andersson, A. Environments
Swedish case study
10 | Digital natives come of Orlando, J., Mathematics 2016 54
age: the reality of today’s | Attard, C. Education
early career teachers Research Journal
using mobile devices to
teach mathematics




Proceedings of the 10th International Scientific Conference

CornacHo AaHHbIM Hambonbluee YNCNO LUMTUPOBAHWI Noayumna ctaTba Drijvers n coasT.
(2010), B KOTOpOM OOOCHOBAHA KOHLEMNUMUSA MHCTPYMEHTA/IbHbIX OPKECTPauuii CUCTEMHOM
neaarormyeckon opraHmsaumm UMdpoBbIX CpeacTB 0byYeHNA B MaTeEMATUYECKOM Knacce. JaHHan
pabota 3anoxuna GyHAAMEHT A18 MOoCAeAyloulero nepeocmbICIEHMA POIM  YYUTENs  Kak
aKTMBHOTO MeamaTopa Mexay UMGPOBbIMM MHCTPYMEHTaMM M y4ebHbIM coAgprKaHMeM, 4TO
0b6YCNIOBUIO €€ BbICOKYHKD Hay4HY 3HAYMMOCTb M YCTOMYMBOE LMTUPOBaAHME. BTOpyto 1 TpeTbio
NO3MLMK NO YUCAY CCbINIOK 3aHMMatoT cTaTbk Engelbrecht et al. (2020) u Clark-Wilson et al. (2020),
NoCcBAWEHHbIE TpaHCPoOpMaLMM MaTeMaTUyYeckoro obpas3oBaHMA MNo4, BAMAHUMEM WHTEPHET-
TEXHONOTMIA U UMPPOBON cpeabl. MccnenoBaHMa akTyannsnMpytoT BOMPOCbl M3MEHEHMA poaei
y4aCTHMKOB 00Opa3oBaTe/ibHOro npolecca, NoABAEHMA HOBbIX GOpPM  B3aMMOAENCTBUA W
WHTErpaumm rmMbpmaHOro M AMCTaHUMOHHOTO GOPMaToB, OCOOEHHO B YC/IOBWMAX BbI3OBOB,
CBA3aHHbIX ¢ NaHaemmenn COVID-19. Nx BbICOKNI LMTATHbIA PEUTUHT CBUAETENLCTBYET O PACTYLLEM
MHTEpece Hay4YHOro coobLLECTBA K TEOPETUYECKOMY OCMbICIEHUIO U MPAKTUYECKOMY BHEAPEHMIO
LUMbpPOBLIX pelleHnt B obpasoBaTesbHyto cpeay. Ocoboe mecTo 3aHMmaeT obobulatollee
nccnegoBaHme Sinclair v coaBsT. (2016), npoBeAEHHOE B paMKax MexayHapoaHoro npoekta ICME-
13, B KOTOPOM MpeACTaB/NeHbl aKTyalbHble TeHAEHUMW B MNpPenofaBaHWM reoMeTpum C
MCNoNb30BaHMEM UMOPOBbLIX pPecypcoB. ABTOPbI MOAYEPKMBAIOT BAXKHOCTb BWM3YaNbHbIX W
MHTEPAKTUBHbBIX MHCTPYMEHTOB, a TaKMKe aKLEeHTUPYIT BHUMaHMWE Ha KyAbTYPHbIX Pa3MYMAX B
peannsaumm UMPPOBbLIX MOAXOA0B B pa3HbiXx cTpaHax. PaboTta Rezat w StrdBer (2012) penaet
3HAUMTENbHbIA  BKA3a4 B  PasBUTME  TEOPETUKO-AWMAAKTUYECKMX OCHOBAaHWM  UMPPOBOro
obpas3oBaHMA. B cTatbe NpensoXkeHO paclivpeHne TPaaAMUMOHHOW MOAenn AMAAKTUYECKOro
TPeyronbHWKa 40  COUMO-AMAAKTMYECKOro  TeTpasapa, rae  uudposble  apTedaKTbl
PAcCMaTPMBAOTCA KaK MOMHOMPaBHbIe Y4aCTHUKM 0O6pa3oBaTeNbHOM CUTyaUMKU. ITO paclumpaeT
rpaHMLbl MOHUMaHWA UMPPOBOro MHCTPYMEHTAPMA He TONIbKO KaKk BCMOMOraTe/IbHOro, HO W Kak
KOHLLeNTYa/IbHO 3HAaYMMOr0 31eMeHTa Neaarormyeckoro Amn3saHa. MpakTMKo-0pMeHTMPOBAHHbIN
NOAX0A4 NPOCNeXMnBaeTca B nccnenosaHum Thurm un Barzel (2020), B KOTOpoM aHanusnpyetca
BAMAHWE NPOrpaMm NPodeCcCoHaNbHOrO Pa3BUTMA Ha UMPPOBYIO CaMO3ODEKTUBHOCTb yUnTENEN.
ABTOpbI OTMEYatoT, YTO YCTOMYMBOE WM OCO3HAHHOE WCMO/b30BaHWE UMPPOBLIX TEXHONOTUM
HaNpPAMYIO CBA3aHO C YPOBHEM METOAMYECKON MNOATOTOBKW MNEeAaroros, WX YCTAaHOBKaMU W
BOCMPMATMEM MHHOBAUMIA, YTO MNOAYEPKMBAET 3HAYMMOCTb HemnpepbiBHOrO o06pa3oBaHMA B
YC/IOBUAX LMPPOBOMN TpaHCHOpMaLMM LLIKOAbI.

NHHOBaUMOHHbIe dopmaTbl 0OyYEeHUA HAXOAAT OTPaXKeHMe B uccaenosaHmm Muir n Geiger
(2016), NOCBALIEHHOM MPUMEHEHUIO MOLENN «NEePEeBEPHYTOrO Kaacca» Ha ypoKax MaTeMaTUKM.
MpeAacTaBneHHOE Kelc-uccaenoBaHMe AeMOHCTPUPYET NOTEHLUMAN TaKoro Noaxoaa B Pa3BuUTUM
CaMOCTOATE/IbLHOCTM UM BOB/IEYEHHOCTM yYalLUMXCA MNPU  YyCIoBMKM IPPeKkTUBHON LMbpPOBOM
NOAAEPKKN yyebHOro npouecca. XpOHONOrMYECKN PaHHAA, HO KOHLEMNTya/lbHO BaKHas CTaTbA
Hoyles n coaBT. (2004) 060CHOBbIBAET BO3MOMKHOCTU MHTErpauum UMOPOBbLIX TEXHONOTUN B
npenofaBaHve MaTeMaTuMKKM. HecmoTpa Ha OTHOCMTE/bHYHO AaBHOCTb NybauMKauum, eé BKAapg,
3aKkatoyaeTca B GOpPMyIMpPOBaHMM NEPBOHAYAbHbIX OPUEHTMPOB LUMPPOBM3aLMM 0DBPa30BaHMS,
MHOTME M3 KOTOPbIX COXPAHAIOT aKTya/lbHOCTb M MOHbIHE. HOBENMlME MCCef0BaHNsA, Takne Kak
paboTa Viberg et al. (2023), AEMOHCTPUPYIOT MHTEPEC K JIOKa/ibHbIM KeilcaM BHeApeHUs
UMPPOBbLIX  TEXHONOTMIW,  MNMOAYEPKMBAA  HEOBXOAMMOCTb  YYWUTbIBAaTb  KOHTEKCTya/lbHble
0COBEHHOCTM OT ypoBHA UMGPOBOM MHPPACTPYKTYPbl A0 HALUMOHA/bHbLIX 06pa3oBaTE/bHbIX
npuopuTeToB. HanpaBneHWe aKTyaNu3MpyeT Ba)KHOCTb CPABHUTE/bHbLIX WCCNeA0BaAHUA U
aflanTauMM YHWMBEPCANbHbIX MOAenen K cneumduKke KOHKPETHbIX CTpaH. 3aBepliaeT CMMCOK
Hanbonee uuTUpyembix Nybankaumin ctatbs Orlando u Attard (2016), B KOTopo paccmaTpuBaeTcs
MCNoNb30BaHME MOOUAbHBIX YCTPOWCTB MOJIOAbIMW YYUTENAMU MNPEeACTaBUTENAMM MOKONEHMUA
«umdpoBbIX Ty3emuLeB». PaboTa NoagHMMaET BONPOC NPeeMCTBEHHOCTU LUMOPOBbLIX KOMMNETEHLMM
MeXay /NMYHOM K npodeccnoHanbHon cheport U AEMOHCTPUPYET, KaK MHAMBUAYANbHbIN
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uMPOBOM OMbIT BAMAET Ha NefarormMyeckytd NpPakTUKy. [lpeacTaBNeHHble WccnefoBaHMA
OTparkatoT He TOJIbKO WMPOKY TEMATUKY M MHOroobpasme MeToA0/10MMYEeCcKnX Noaxon0B, HO U
OMHAMMYHOe pas3BMTME HAy4yHOro AMckypca B obnactm  umMdpoBOro MaTeMaTUYecKoro
obpasoBaHuA. Hambonee umtmpyemble Nyb6aAMKALUMM AKLEHTUPYIOT BHMMaHME Ha CTpaTerunsax
BHEAPEHUS UMOPOBbIX WMHCTPYMEHTOB, W3MEHEHWW AWMAAKTUYECKMX MOZeNel, noaroToBKe
nenaroros u TpaHchopmaumm yyebHolm cpeapl. JaHHble HanpasaeHMa GOPMUPYIOT OCHOBY A5
OaNbHENINX MCCNeJoBaHUM M MOAepHM3aUMM 06pa3oBaTe/IbHOM MPAKTUKM B YCAOBUAX
LMbPOBOM 3NOXM.

[anee Ha pucyHke 1 npeacTaBneHbl pe3ynbTaTbl KNACTEPHOM KapTy COaBCTPEYAEMOCTM
KNOYEBbIX TEPMMHOB, YTO TMO3BO/IAET BbIAE/NUTb TEMATUYECKME Adpa W MNPOaHaM3MPOBaThb
CTPYKTYPY Hay4yHOro AMcKypca B JaHHOW obnacTu.
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Pucynok 1. - Kinacrepuasi kapTa KJIl04eBbIX TEDMHHOB B HAYYHBIX IY0JIHKAIHSIAX 0 A(PPOBBIM
TeXHOJIOTHSIM B NIPENOJABAHNH MATEMATHKH

LleHTpanbHbIMK  y3namm ceTn asnstoTca noHatua «digital technologies», «digital
technology» 1 «mathematics education», 4To yKa3blBaeT Ha X KAOYEBYO PO/b B GOPMMPOBAHNM
coAlepKaHMA COBpeMEeHHbIX MccaeaoBaHnn. TepMMnHbI 061aAat0T BbICOKOM CBA3HOCTLIO C APYTMMM
KaTeropuamu, OTpaKaloWMMKU KaK MefarorMyeckme  acnekTbl, TaK W TEXHONOrMYeckue
HanpaBaeHMA. KpynHbld 3eN€HbIn KnacTep obbeamHsAeT TeMbl, CBA3aHHble C NpenofiaBaHneMm
MaTemaTukM «students», «mathematics teaching», «teaching practices», «geometry», u4TO
NEMOHCTPUPYET aKLEHT Ha METOAMYECKMX MOAXOJaX, OPMEHTMPOBAHHbIX Ha WMCNO/Nb30BaHWE
LUMPPOBbLIX pecypcoB B 06y4eHnn. BHyTpM Knactepa YETKO NPOC/IEXMBAETCA B3aMMOCBA3b MEXKAY
TEXHONIOTMAMM, TNPAKTUKOM W pe3ynbTaTaMm  obydyeHms. OTAeNbHbIM  KPacHbIM  KnacTep
doKycupyeTca Ha negarorax U Mx nNpodeccMoHanbHOM AeATEeNbHOCTU. B Hero BXoAsT MOHATUA
«mathematics teachers», «mathematics teacher», «instrumental orchestration», «digital
technology integration» un «collaborative learning», 4to cBMAETENLCTBYET O HONLLWIOM UHTEPECE K
nccnenoBaHMO LUMGPOBOM KOMMETEHTHOCTU y4yuTenein, moaener WHTerpaumm TexXHONOrui B
obpasoBaTeibHbIM MPOLLECC M OpraHM3aumMm CoBMecTHoro obyyeHua. CMHUIA M GUONETOBLIN
Knactepbl 06beanHsoT 0bline Kateropun «technology», «teaching», «learning», «mathematicsy,
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YTO TOBOPWUT O BbLICOKOW CTEMEHW WHTerpaumm UMPPOBBLIX pPeleHnit B  Kiaccuyeckue
neparormyeckme Kateropuun. CBA3M yKasblBAtOT Ha TPAHCOOPMALMIO TPAAMLUMOHHbLIX MOHATUIA B
ycnosmax umdposmnsaumm. KEnTbI Knactep Bblaenset cneumdruyeckme HanpaBaeHUA, TakMe Kak
NHXeHepHoe 1 cpeaHee obpasoBaHme, «engineering education», «secondary education», a Takke
«computational thinking». Take Tako pe3ynbTaT rOBOPUT O MEXAUCUMNAMHAPHOM NOTeHUMane
UMdpPOBLIX TEXHOMOMMIM, BbIXOAAWMM 33 PaMKM TOJIbKO MaTemaTMyeckoro o6pa3oBaHms.
Busyanmsauma [AeMOHCTPUPYET MHOTOMEPHYIO CTPYKTYpy HaydHoro nons, rae umdposble
TEXHO/IOTMM PACCMATPMBALOTCA KaK CKBO3HOM GaKTOp, BAMAIOLLMIA HA COAEPKAHME, METOAb! U LieNn
npenofaBaHNA MaTeMaTUKM. LIeHTp TAKECTM Hay4YHbIX MCCNenO0BaHWIM CMeLLaeTca B CTOPOHY
KOMMMIEKCHbIX  MOAEeNen, COYeTalWmMX TeXHUYecKMe, neaarormyeckme u  KOTHUTUBHbIE
KOMMOHEHTHI.

B pamkax amnmMpuyeckoro atana nccaeaoBaHuns 6uin nposeaéH onpoc cpeam 49 yuntenen
MaTeMaTunKKM, paboTatowmx B WKoMax ropofda Anmatbl. OCHOBHOE BHMMaHWe OblN0O yaeneHo
BOMpoCcam LUMPPOBOro paspbisa, 4OCTYNHOCTU UMPPOBbIX PECYPCOB M MSMEHEHWUSA POAN YUMTENSA B
ycnoBuax BHeapeHua UMbpoBbIX TexHonornn. Mpeobnagatoulee 60NbLIMHCTBO OMPOLLIEHHbIX
COCTaBUAM KeHLWMHbl 85,7 %, YTO OTpaxKaeT OOLLy TreHAepHYH CTPYKTypy nesarormyeckoro
cocTaBa B 00LLe06pa30BaTENbHbIX YHUPEKAEHNAX, @ MYXKUMHbI COCTaBUAM NnWb 14,3 % BbIOOPKMK.

Cnefytouwnin Bonpoc nccaefoBaHna Obl1 HanpaBAeH Ha BbIABNIEHWE MHEHWUA yunTenein o
TOM, Kakue Tunbl umndpoBbix naathopm AsnATcA Hanbonee 3dpdeKTUBHbIMM B NpenoaaBaHum
MaTeMaTuKKM. KaK BUAHO M3 PUCYHKA 2.

nnav;op’»;bl (4.1%)

np ans
MaremaTuyeckux
BblYMUCNeHui (16.3%)

N

Nnatcopmel ans
MHTEPaKTUBHBIX
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(61.2%)

PucyHok 2. - IIpennourennsi yunrelieii B BbIoope NH(POBHIX IVIAT(GOPM AJIs YPOKOB MATEMATHKH

3HaymTenbHoe 60NbWMHCTBO pecnoHAeHTOoB 61,2 % CYMTAlOT, YTO BCE MepeyvUc/ieHHble
BMAbl UMPPOBLIX NAATGOPM BUAEOYPOKMU, MPUNONKEHUA ANA MATEMATUYECKMX BbIMMCAEHWUA U
MHTEPAKTMBHbIE NNAaTGOPMbl AN TPEHMPOBKM ABNAOTCA NONAE3HbIMM M B3aMMOAOMONHAIOLLMMM
MHCTPYMEHTamn B y4ebHOM npouecce. Takke 3TO yKa3blBaeT Ha CTPemaeHue Mneaaroros K
KOMMJIEKCHOMY MCMO/Nb30BaHUIO UMOPOBbLIX PEWEHNIn MU UHTErpaumMm pasinyHbiX Pecypcos B
obpa3oBaTeNbHYO MNPaKTUKY. YacTMyHoe npeanoyTeHWe OTAeNbHbIM KaTeropuam naathopm
pacnpefenunock cneayrowmm obpasoM: WMHTEPaKTMBHblE NAATGOPMbl  ANA  BbINONAHEHUA
ynpaxHeHu 6binn BbibpaHbl 18,4 % ONPOLWEHHbIX, MPUNOKEHNA ANA MAaTEMATUYECKUX PAaCYETOB
16,3%, v nmwb 4,1 % otmeTnnn suaeonnaTtdopmMbl Kak Hambonee 3GEKTUBHBIA BapuaHT.
MonyvyeHHble [aHHble MOATBEPXKAAOT, YTO COBPEMEHHbIE Yy4MTeNs OCO3HAKT MpenmyLlecTsa
MyNbTUNNATGOPMEHHOTO  MOAXOAa,  COYETaloWero  HarnAgHoOCTb,  WMHTEPAKTMBHOCTb U
GYHKUMOHANBbHOCTb, YTO MNO3BONAET afanTMPOBaTb MpoLecc Oby4YeHUA K Pas/IMYHbIM CTUAAM
BOCMPUATMA YYALUMXCA, YCMAMBAET MOTMBALMIO K W3y4YeHUIO MaTeMaTuKuM W cnocobceTtsyeT
GOPMMPOBAHMIO YCTOMUMBBIX Y4eOHbIX HaBbIKOB. Tem He MeHee, BbIOOP OTAeNbHbIX NaaTdopm
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TaKXKe OTparkaeT WHAMBMAYa/bHble NPEeAnoYTEHMs NeaaroroB M YpPoBEHb WX  LMPPOBOM
KOMMETEeHTHOCTH.

[anee Ha pUCyHKe 3 NpeacTaBieHbl OTBETbI yYUTENEel Ha BONPOC: «Kakoe NpermyLLecTBo
NAéT WCMONb30BaHME TaKMX WMHCTPYMEHTOB, Kak Google Forms wuam Kahoot, Ha ypoke
MaTEMATUKM?».

Bce
BbllenepeynucneHHble
347

YHAWMXCH Ha ypoke
245

Pucynok 3. - IIpenmymecrBa ucnoas3oBannsa Google Forms n Kahoot na ypokax mareMaTuku

AHanM3 AaHHbIX MOKas3an, 4To Hambonblwee 4YMCNO pecnoHAeHToB (34,7 %) Bbibpanu
BapMaHT «BCE BbllleNepeYnCAEHHbIE», YTO CBUAETENbCTBYET O KOMMIEKCHOM LIEHHOCTM AaHHbIX
UMPPOBBLIX MHCTPYMEHTOB B 0Opa3oBaTe/lbHOM MpPoLecce M 3TO 03HayaeT, YTo HONbWMHCTBO
nefaroros BMAAT COBOKYMHbIA 3PEKT OT MX UCMONb30BAHMA, BKAOYAA aKTUBU3ALMIO YYEHWKOB,
SKOHOMMIO BPEMEHM M aBTOMATMYECKYH0 NPOBEPKY 3a4aHNI. Ha BTOpom mecTe no YactoTe Bblbopa
OKa3a/ioCb MNPEeMMYLLECTBO «aKTMBHOE Yy4acTWe y4valluxca Ha ypoke» ero otmetunu 24,5 %
OMPOWEHHbIX, YTO MOAYEPKMBAET, YTO UMPPOBLIE CEPBUCHI C INEMEHTamMM relMMUdUKaummn u
MHTEPAKTMBHOCTM B YacTHOCTM, Kahoot cnocobcTBYOT NOBbILWEHWIO BOBNEYEHHOCTM M MOTMBALLMM
YYEHUKOB MpU M3ydeHUn maTematukn. OaMHaKkoBOe KoanyecTBO pecrnoHaeHToB no 20,4 %
YKa3annm Ha TaKMe KOHKPETHble MPeuMMmyLLecTBa, Kak 3KOHOMMA BPEMEHM W aBTOMaTU4eCKan
nposepka TectoB. OTBETbI NOATBEPHKAAIOT, YTO YUMTENA LLEHAT UMPPOBbLIE MHCTPYMEHTbI HE TO/IbKO
33 UX negarormyeckme GyHKLMM, HO M 33 MX CNOCOBHOCTb ONTUMM3NPOBATL OPraHN3aLMOHHbIE W
NPOBEPOYHbIE NMPOLLECCHI.

CnenytouiMm 3TanOM aHaNM3a CTaNo BblABAEHWE OTHOLWEHMA yYnmTenem K KOHKPETHbIM
umdbpoBbiM nNnaTdopmam, TakMm Kak Desmos, U oueHKa MX QYHKLMOHANbHbBIX NPEMMYLLECTB B
KOHTEKCTe MpenogaBaHWAa MaTeMaTuku. Ha pucyHke 4 npencTaBiaeHbl OTBETbl MeAaroroB Ha
Bonpoc: «KakoBO OCHOBHOE NpenmyLLecTso naaTdopmbl Desmos?».
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MHCTpyMeHTbI AN nocTpoeHus rpacunkos  54.2%

LLIabroHbl MHTEPaKTUBHBLIX YPOKOB 22.9%
[NMomoraeT co3gasath criangpl 14.6%
B03MOXHOCTb pefjakTMpoBaHUsA BUAEO 8.3%

Pucynok 4. OcHoBHOE nperMymecTBO miaTgopmel Desmos 1o MHEHHIO yaHTe 1€
MATEMATHKH

CyliecTBeHHOe HONbWMNHCTBO pecnoHAeHTOB (54,2 %) OTMETUAN, YTO FNaBHOM LLEHHOCTbIO
Desmos ABNAETCA Ha/n4ymMe UHCTPYMEHTOB A1A NOCTPOEHMA rpadmKoB, YTO BNOHE 0OBACHUMO,
yYnTbIBAA cneunduky nnaTdopmMbl, OPUEHTUPOBAHHOM Ha BM3yaNM3aUMO MaTeMaTUYECKMX
3aBUCMMOCTEN U QYHKUMIA, YTO NOATBepKAaeT BOCTPebOBaHHOCTb CPeACTB, CNOCOOCTBYHOLLMX
GOPMMPOBAHMIO Y YYaLLUMXCA HArNALHOrO MOHMMAHMA anrebpamyecknx M reoMeTpUYHecKmnx
NOHATUMN.

Ha BTOpOM MecTe OKa3a/MCb MHTEPaKTMBHbIE WabNOHbI ANA YPOKOB, KOTOPble Bbibpanu
22,9 % y4acTHWMKOB. ITO CBMAETENLCTBYET O 3aMHTEPECOBAHHOCTM NeAaroros B MCNO/Ib30BAHUM
rOTOBbIX CLEHAapUeB M 3a4aHNIN, MHTErpMpPOBaHHbIX B LMGPOBYIO Cpeay, 4To obaervyaet NnoAroToBKy
K 3aHATMAM M cNOCOBCTBYET aKTMBHOMY BOBJIEHEHMIO Y4EHMKOB. MeHee NonyaspHbIMM OTBETaMM
CTa/M BO3MOMHOCTb cO34aBatb cnangapl 14,6 % 1 dyHKkuMa BMaeopeaakTnpoBaHma 8,3 %, yTo
MOET rOBOPWUTb O TOM, YTO AaHHble PyHKUMM NMbO MeHee BOCTpebOBaHbI B MpenoaaBaHum
MaTeMaTUKM, TMBO HeZOCTAaTOYHO M3BECTHbI M OCBOEHbI Cpean neaaroros. Pe3ynbTaTbl onpoca
noaTBep)KAatoT, 4to nnatdopma Desmos BOCMPUHMMAETCA YYMTENAMM MNpexae BCero, Kak
MOWHbBIA  WMHCTPYMEHT  BM3yanM3aumu, MNOBbIWAKWMIA  MAaTEMATUUECKYIO TFPAaMOTHOCTb U
cnocobeTeytownit 6o1ee rnybokomy NoHMMaHUIO maTtepuana. MNpu aTom noTeHuMan Naathopmol
B 4aCTM MHTEPAKTMBHOTO U MYAbTUMEAMMHOTO CONPOBOXKAEHWA TPebyeT AanbHENLLIEero 0CBOEHNA
N METOANYECKON NOAAEPHKKMN CO CTOPOHbI CUCTEMbI MOBbILLEHNA KBAaANPUKALMMN.

AHanu3 cneayrolLero Bonpoca, NPeACcTaBAeHHOro Ha PUCYHKe 5, MO3BOAAET OLEHWUT,
Kakue WHOMKATOpbl y4ebHOM MOTMBALMW WMCMNOAL3YIOT yyuTens ANs onpefeneHus MHTepeca
y4aLWmMxca K ypoKy Npu npuMeHeHnn LMdpoBbIX NAaTGOPM.

Yepes cKopoCTb BbIMNONHEHUS 3aaHui _

Yepes obpaTHyto CBA3b B KOHLE YpoKa 32.7%
Bce BbilwenepeyncneHHble 38.8%

Pucynok 5. Kak yunre/isi onpeaesisiloT HHTEpeC Y1eHHKOB K YPOKY IPH HCIIOJIb30BAHHH
nH@poBbIX mIaTGopm

Yepes oTcnexvsaHue akTUBHOCTU yYaLLUXCA

Hanbonee nonynapHbIM OTBETOM CTa/l BapMaHT «BCe 8blLENEPEYUCIEHHbIE», KOTOPbIN
Bbl6pann 38,8 % OMNpPOLIEHHbIX, YTO FOBOPWUT O KOMMIEKCHOM MOAXOAE Y4YuTenen K OugHKe
MHTEpeca: OHW OPUEHTUPYIOTCA KaK Ha aKTMBHOCTb Y4YalUMXCA, TaK M Ha 0BpaTHYO CBA3b 1 Temn
BbINOAHEHMA 3adaHnii. Takon BbIGOP CBMAETENLCTBYET O MOHMMAHWUM MHOTOMEPHOM NPUPOoabI
y4ebHOM MOTUBALMK M € 3aBMCMMOCTM OT Lenoro paga ¢aktopos B undposon cpeae. Cheaom
MAET BaPWaAHT «aHAAU3 0OPamMHOU CBA3U 8 KOHUE ypoKa», KOTOpbIn Bblbpann 32,7 %
PEeCnoHAEHTOB M NOAYEPKMBAET BAXKHOCTb MTOrOBOW pedeKkCcMM Kak MeToAa OLUEHKM HE TObKO
NOHMMaHUA MaTepmana, HO U YPOBHA BOBAEYEHHOCTM. [laHHbIM NoKa3aTeb 0OCOOEHHO aKTyaseH
NPy UCNONb30BaHUM NNAaTGOPM, NPEAOCTABAAWMX YYUTeMo UMPOBble  OTYETbI WM
BO3MOXHOCTb COOpa KOMMEHTapMEB OT y4Yalmxca. He3HaunTeNbHO MEHbLLYO [0/110 Habpann aBa
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APYrux BapmaHTa «no CKOPOCMU 8bINOAHEHUA 3a0aHUU» U «NO YPOBHIO GKMUBHOCMU yYAULUXCA»
no 14,3 % Kaxkablin. MHAMKATOPbI OTpaKatoT NoBeAeHYeCKMe acneKTbl MHTepeca, HO, MO MHEHUIO
HONbLWNHCTBA OMNPOLLEHHbIX, HE MCYEpPnbIBAOT BCEM KapTUHLI 6e3 yuyéTa apyrnx ¢GakTopos.
Pe3ynbTaTbl NOATBEP)KAAIOT, YTO MCMONb30BaHME LMGPOBbLIX NAAaTGOPM MO3BONAET HEe TONbKO
aKTMBM3MPOBATb YHALLUMXCA, HO M PaCWMPUTb MHCTPYMEHTAPMIA Negarora no AMarHocTmMke y4ebHom
MOTMBaUMMK. YuuTensa, ucnonbsytoume uUMppoBble CpeacTBa, CTPEMATCA OLUEHMBATb WMHTepec
Y4Y4EHMKOB BCECTOPOHHE Yepe3 AMHAMMKY paboTbl, Ka4ecTBO 06paTHOM CBA3M M NOBEAEHYECKYHO
aKTUBHOCTb, YTO MNOBbIWAET 3PPEKTUBHOCTL MNEeAarormyeckoro B3amMoaencTema B LMEOPOBOM
cpege.

[anee aHanM3 OTBETOB y4MUTeNel MoKasas, YTO MOYTM MONOBMHA pecnoHaeHToB 46,9 %
MCNONb3YIOT LMdpPOBbIe N1aTGOPMbI, MO3BONAIOWME aBTOMATUYECKM aHAIM3NMPOBATb Pe3y1bTaTbl
YYalLMXCA, YTO CBUAETENbCTBYET O PACMPOCTPAHEHHOCTM LLMGPOBbLIX MHCTPYMEHTOB, CNOCOOHbIX HE
TONbKO 06/NerYMTb MNpoOLEecC OUEHKW, HO W NpPeaocTaBuTb Nefarory OnepaTMBHYD WU
CTPYKTYPUPOBaHHYO MHPOPMaUMIO O nporpecce y4eHMKoB. Bmecte ¢ Tem 40,8 % onpoLeHHbIX
YKa3anu, 4To MM MNO-NPeXHemy MNPUXOAMTCA BbINONHATb aHa/NM3 BPYYHYHD, YTO MOXKET ObITb
CBA3AHO C OrpaHMYeHHbIM OYHKLMOHANOM MCNONb3yeMblX MNAATGOPM MAM HeLOCTaTOYHOM
0OCBEAOMNEHHOCTbIO NEeJaroroB O BCTPOEHHbIX aHANUTUMYECKMX BO3MOXKHOCTAX. Takxke 10,2 %
PEecnoHAEHTOB OTMETWAN, YTO BO3MOMKHOCTb aBTOMATMYECKOro aHanu3a AOCTYMHa AWMWb Ha
OTAEeNbHbIX NAaTGOPMaX, B 3aBUCUMOCTUN OT UX TEXHUYECKMX XapaKTEPUCTUK. [laHHble pe3ynbTaThl
NO3BOAIOT 3aKNOUYNUTL, YTO XOTA NOTeHUMaN UMPPOBbLIX NAaTGopm B 06NaCTM OLEHKM M aHaAM3a
y4ebHbIX AOCTUMXKEHMI MPU3HAETCA OONbLIMHCTBOM y4uUTeNen, ero peanusauma TpedbyeT Kak
nosblWeHMA UMOPOBOM TrPamMOTHOCTM Mejaroros, Tak W Honee  WWMPOKOro BHeAPEHMA
GYHKUMOHANbHbIX M AOCTYMHbIX LMPOBbIX peleHnid B 06pa3oBaTenbHyO cpeay.

MonyyeHHble AaHHble CBMAETENLCTBYIOT O TOM, 4YTO uudpoBble naaTdoOpMbl
[EeNCTBUTENBHO UIPatoT BaXKHYH PO/b B OPraHM3almMmM OLEHKMU Yy4ebHbIX AOCTUMKEHWN, OAHAKO
CTeneHb WX MCNOMb30BaHWMA BapbMpyeTcA. [o4TM NONOBMHA OMPOLWEHHbIX yuuTenen (46,9 %)
OTMETWUAU, YTO UCNOb3yeMble UMK NAaTGopPMbl 061aaatoT QyHKLMEN aBTOMATUYECKOro aHa13a
Pe3yNbTaToB, YTO CYLLECTBEHHO obsieryaeT MPOLLeCC MOHUTOPUHIA YCNeBAaeMOCTU U SKOHOMMUT
BpemMA nejarora. Tem He MeHee, 3HauMTenbHasa Aons pecnoHaeHTos (40,8 %) npoaonkaer
aHaNM3MPOBaTb Pe3y/bTaTbl BPYUYHYHO, HTO MOXKET YKa3blBaTb KaK Ha OrpaHMYeHHbIN QyHKLMOHAN
oTAeNbHbIX NAATPOPM, TaK U Ha HEPABHOMEPHbLIN YPOBEHb LMPPOBOM KOMMNETEHTHOCTU. OKO/10
10 % y4aCTHMKOB YyKa3aau, YTO BO3MOXKHOCTb aHa/IM3a 3aBUCUT OT KOHKPETHOM naaTdopmbl, a
He3Ha4YMTeNbHOe YMC0 Nearoros BOBCE HE MCMONb3YIOT AaHHY QYHKLMIO.

AHann3 O0TBETOB PECMOHAEHTOB MO3BOIMA BbIABMTL NPEANOYTUTENIbHbIE NEeAArorMyeckme
cTpaTerMm u Kntoyesble 3GPeKTbl MCNONb30BaHMA LUMOPOBbLIX MHCTPYMEHTOB B MpenosaBaHunm
MaTeMaTMKM. B 4acTHOCTM, MenarorM ykasblBalOT Ha HeobXOAMMOCTb COYeTaHMA Pa3ANYHbIX
MeToA0B A4 NoBbllweHna 3bdeKkTBHOCTM 0bpasosaTenbHoro npouecca. Tak, 32,7 %
OMPOLUEHHbIX CYMTAIOT LenecoobpasHbIM MCMNONb30BaHWE BCEX MPEA/IOKEHHbIX MOAXOAOB B
COBOKYMHOCTKM,  BK/tOYaA  MHAMBMAYANM3AUMIO  334aHWA, MNPUMEHEHME  MHTEPaKTUBHbIX
MaTepranoB 1 aBTOMATM3MPOBAHHbIX CUCTEM aHaM3a OWMOOK, YTO yKa3blBAeT Ha OpUMEHTALMIO
yumTenerm Ha KOMMAEKCHbIM 1 anddepeHUMpPoBaHHbIM NoaAxond K 0bydyeHUuto, rae TexHo/0rmm
BbICTYMAOT HE KaK OTAE/IbHbIA MHCTPYMEHT, @ KaK COCTaBHaA 4YaCTb MeTOAMYECKOM CUCTEMDI.
BaXKHbIM HanmpaBAeHWMEM CYMTAEeTCA NpeaocTaBneHMe UHAMBMAYANbHO aA4anTMPOBAHHbLIX
3a/laHnI, KOTOpoe noaAepxuBatoT 26,5% pecnoHaeHToB. [loaxon npegnonaraer  yyer
WHOAMBMAYANbHOTO YPOBHA MOAFOTOBKM M Temmna OCBOEHWMA MaTepuana, 4to crnocobcTsyeT
CHUMKEHMIO y4eDHOM TPEBOXKHOCTU U YKPENNEHUIO YBEPEHHOCTM YYaLLMXCA B CBOMX CUMAX. TaKKe
no 20,4 % pecnoHAEHTOB aKLEHTUPYIOT BHMMaHME Ha BaXKHOCTU MHTEPAKTMBHbIX MATEpPUasos,
KOTopble CnocobCTBYOT BOBNEYEHHOCTU, M CUCTEM OOBACHEHMA OWMOOK, obecneymBatoWwmx
dopmaTnBHYtO 0OpaTHYO CBA3b. TakMM 0Hpa3om, Lmdposbie NNaTGOPMbl HE TObKO MO3BONAIOT
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OnepaTMBHO BbIABNATL MNpobenbl B 3HAHWAX, HO W obecneumBatoT YyCAOBMA ANA WX
CaMOCTOATE/NIbHOTO YCTPAHEHMA.

Kpome TOro, yumtens oTMEeTUAN NONOKUTENbHOE BANAHNE LUMOPOBbIX MHCTPYMEHTOB Ha
NOBbILWEHWE HArAAAHOCTM  MaTeMaTMYeCcKMx MNoHATUMK. 38,8 % CYMTaAlOT, 4YTO BM3yasibHOe
npeactasneHne MHGOPMaUMM NOMOTaET yYalMMCA r1ybxKe NOHMMATb abCTPaKTHbIe KaTeropun m
CBA3U MeXay HUMK. 26,5 % yKa3blBatoT Ha 3HAYMMOCTb MHTEPAKTMBHOTO PelleHnsa 3aday, YTo
CNocobCTBYET Pa3BUTUIO HAaBbIKOB CAMOCTOATE/IbHOM PAabOoTbl M KPUTUYECKOTO MblluneHns. 24,5 %
PEeCnoHAEHTOB MOAYEPKMBAIOT, YTO MPUMEHEHME LMOPOBLIX PECypCcOB MOBbIWAET MHTEPEC K
npegmeTy, Aenas npouecc obyyeHns Hosnee ysnekaTeNbHbIM U MOTUBMUPYOWMM. OTAENBHOTO
BHMMaHMA 3aC/y>KMBAET acrneKT NOBECTBOBAHMA (CTOPUTENIMHIA) B NPEnoAaBaHUM MaTEMATUKN,
0COBEHHO B KOHTEKCTE CHMMXKEHMS YPOBHA MaTeMaTMYeCKoM TPeBOXHOCTU. WccnenoBaHus,
npoBeAéHHble B 00pPa30BaTE/NbHbIX CUCTEMAX PAfa  a3MATCKUX CTPaH, [OEMOHCTPUPYOT
30 dEKTMBHOCTb MCMOJIb30BaHWA UCTOPUIM M 0BpasHbIX Modenen A8 BOBJIEYEHUA YYaLLUMXCA B
y4ebHbIn npouecc. TakMe MNoaxoAdbl OKasblBalOTCA OCOBEHHO AENCTBEHHbIMM Ha Ha4vasbHbIX
YPOBHAX 0Oy4YeHMA, rae AOMUHUPYIOT BM3yasibHble U GU3NYECKM-OPUEHTMPOBAHHbIE MeToabl. B
CTapWwmx Knaccax BCE OOMbLIYD POAb MrpatoT UMPOBble METOAbl CTOPUTENNIMHIA, a TaKXKe
NPUEMbBI, OCHOBAHHbIE Ha HeMponeaarorMke, YTo NOAYEPKMBAET HeOobXOAMMOCTb aZanTauun
MEeTOAMK NpenoaBaHMA K BO3PACTHbIM M KOTHUTUBHBIM OCOBEHHOCTAM YYEeHWKOB. B ycnosumsx,
Korga cuctembl 0O6pa3oBaHMA CTA/IKMBAKOTCA C BbI30BAMM, CBA3AHHBIMM C MaTEMATUYECKMM
6ecnokoncTBOM, UMPPOBbIE TEXHONOTUN U MHHOBALMOHHbIE METOAbl NPenoAaBaHMA OTKPbIBAOT
BO3MOXHOCTM ANAa GopmmnpoBaHma Hosee yCTOMUMBOM MOTUBALMM U MO3UTUBHOIO OTHOWEHWA K
npegmeTy. YuuTens paccMaTpuBatoT UMOPOBYHO TpaHCHOPMAUMIO KaK MyTb K MOBbILEHWUIO
KayecTBa obyyeHMA M co3gaHuio Bonee MHKAO3UBHOM M OPUEHTUPOBAHHOM Ha NOTPebHOCTU
yvawmxca obpasoBaTeNbHOM cpeapl. B uenom, noayyeHHble pesynbTaTbl NOATBEPMHKAAIOT BbICOKYHO
BOCMPUMMUYMBOCTb NEeAArormyeckoro coobulecTBa K NPUMEHEHNIO LMPOBbLIX TEXHONOTUI U UX
noTeHUMan B COBEPLEHCTBOBAHMM NpoLecca NpenosaBaHnsa maTtemaTukn. KomOUHMPOBAHHbIN
NnoAxoA, NpeanonaratoWmn MHTErpaLmIo MHTEPAKTUBHbBIX, BU3YyasbHbIX M aAanTUBHbIX LMPPOBbIX
WHCTPYMEHTOB, [PacCMaTpMBaEeTCA Kak Haumbonee 3ddeKTUBHbIN NyTb K GOPMUPOBAHUIO
yCTOMYMBbLIX 0OpPa30BaTe/IbHbIX PE3Y/NbTaTOB W CHUMKEHWUIO YPOBHA TPEBOXKHOCTM B WU3y4YeHUM
MaTEMATUKMN.

3aKkntoveHve

MoAaBoAs UTOMM MOXKHO CKasaTb, YTO COBPeMEeHHble 06pa3oBaTe/ibHble peannmn OUKTYIOT
HeobXoAMMOCTb MEePEOCMbICIEHNA NMOAXOA0B K MPEenoAaBaHUI0 MaTEMATUKM, YTO CBA3AHO He
TO/IbKO C TEXHONIOTMYECKMM MPOrPeccom, HO U C UBMEHEHWEM KOTHUTMBHBIX, MOTUBALLMOHHbIX U
KY/IbTYPHbIX XapaKTEPUCTUK y4yalumxca. MpeacTaBneHHoe MccnefoBaHWE AEMOHCTPUPYET, YTo
umdpoBm3aumsa obpa3oBaHMA NepecTaéT bbiTb IKCNEPUMEHTANBHON MHMLIMATUBON U CTAHOBMUTCS
YCTOMUYMBLIM TPEHAO0M, TPebylWMM CUCTEMHOM neaarorMyeckon agantaumn. WHTerpauma
LUMbPOBbLIX NAATGOPM N OHNANH-MHCTPYMEHTOB B LLIKOJ/IbHOE 0byYeHMe [0/1KHA pacCMaTpmMBaTbCA
He Kak [JOoMno/siHeHWe, a Kak TpaHchopmauma BcCer AMAAKTUYECKOM CUCTEMbI, B KOTOPOM
B3aMMOENCTBME MEXAY YYEHWMKOM, yunmTenem u y4yebHbIM MaTepMasiom MNPUMHMMAET HOBbIE
dopmbl. LinppoBble TEXHONOTMM MO3BOAAIOT BbIMTU 33 PaMKU PENPOAYKTMBHOIO 0OyyeHus,
CO3/aBan yCNOBMA ANS BM3yanM3auMM, MOAENMPOBaHMA, camopedaekcum n GopMMUpPOBaHMS
MeTanpeaMeTHbIX KomneteHumin. OaHako 3PPEeKTMBHOCTb 3TOM TpaHchopMaLuMM HaMNPsMyLo
3aBMCUT OT FTOTOBHOCTM NEeAAroroB K MeToAMYECKUM U TEXHONOTMYECKMM U3MEHEHUAM, HANYMA
MHOPACTPYKTYpPHON 0asbl, a TaKkKe MNeaarornyeckoro TakTa Npu Bbibope UMOPOBbLIX CPeaCTs.
BaskHO, 4TOObI UMbPOBM3aALMA He NoAMeHANa cOBOM Neaarormyeckyro CylHOCTb 0byveHus, a
CNYXMNA YCUNEHUIO €r0 CMbIC/I0BOM, IMYHOCTHOM M pa3BMBatoLWEein HanpaBaeHHoCTH. byayliee
WKO/NIbHOrO MaTemMaTuMyeckoro o0bpa3oBaHMA B TMOKOM COYETaHUM TPALMUMOHHbLIX METOAWK W
UMOPOBbIX peLleHnin, B POPMMPOBAHMM Yy Neaaroros UMdposoin pedNeKCMBHOCTY, B aKLEHTe Ha
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KOrHUTUBHYHO 6€30MacHOCTb M OCMbICIEHHYO LMPPOBYIO NPAKTUKY. MiccnefoBaHWe NoaATBEPAMIO
HeobXoAMMOCTb MPOAO/IKEHMSA KOMMAEKCHbBIX MEXAMCUMMINHAPHBIX MCCAeA0BaHWI, KOoTopble
YYUTbIBANIM Obl HE TONIbBKO TEXHO/IOTMYECKYO, HO M MCUXON0ro-nefarorMyeckyto CoCTaBAAoLLYO
umdpoBoro obydeHuns. TonbKo B 3TOM ciydae umbposm3auma 06pa3oBaHns CTaHET He Lesblo, a
CPeACTBOM AOCTUXKEHMA T1yBOKOro, yCTOMYMBOro M AOCTYMHOrO MaTeEMATUYECKOTO 3HAHMA.
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Annotation

Cet article aborde la problématique de I'apprentissage et de I'enseignement du francais en
tant que deuxieéme langue étrangere, en tenant compte des langues déja maitrisées par les
étudiants. Nous montrons que la connaissance d'autres langues ainsi que le transfert des
expériences antérieures dans l'apprentissage linguistique facilitent I'acquisition d’une nouvelle
langue étrangére, notamment dans les contextes ou le francgais est enseigné comme deuxiéme
langue étrangere.

Mots-clés: éducation plurilingue, plurilinguisme, enseignement des langues étrangéres,
compétence plurilingue, sujet plurilingue, biographie langagiére.

Actuellement, nous assistons a un développement accéléré des relations diplomatiques,
économiques, sociales et culturelles du Kazakhstan a 'échelle internationale. D’une part, cette
dynamique entraine, au niveau national, une cohabitation de différentes langues et cultures au
sein de nos sociétés ; d’autre part, cette diversité doit également étre prise en compte dans les
processus d’enseignement et de formation professionnelle, en particulier dans I'enseignement des
langues étrangeres.

Au Kazakhstan, la politique linguistique et éducative de I'Etat joue un role essentiel dans Ia
construction de l'unité de la société kazakhstanaise, composée de 124 nationalités. Le Kazakhstan
est un pays multinational : 70,6 % de la population est kazakhe, 15,1 % est russe, 3,2 % sont
ouzbeks, 1,9 % ukrainiens, 1,5 % ouighours, 1,1 % allemands, 1,1 % tatares, 0,7 % azerbaidjanais,
0,6 % coréens, ainsi que d’autres groupes ethniques [1].

La langue kazakhe, appartenant a la famille des langues turciques, est la langue officielle
de la République du Kazakhstan. Si 'administration publique et les activités de I'Etat se déroulent
en kazakh, le russe est utilisé comme langue de communication entre les différentes communautés
ethniques du pays. On peut affirmer que la quasi-totalité des citoyens kazakhstanais sont bilingues,
car ils doivent utiliser le kazakh et le russe a des fins diverses, avec des niveaux de maitrise
variables. Depuis 2006, le gouvernement du Kazakhstan a introduit I'anglais comme langue
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principale de communication internationale, en en généralisant I'enseignement a tous les niveaux
du systeme éducatif.

Le développement de I'enseignement des langues étrangéres est considéré comme une
ressource stratégique pour I'Etat et une garantie de sa cohésion sociale et politique.
Lapprentissage des langues contribue a I'éducation et a l'enrichissement culturel de chaque
citoyen, en développant des compétences en communication interpersonnelle, interethnique et
internationale.

Ainsi, la question de l'enseignement des langues étrangeres revét également une
importance cruciale pour I'avenir du Kazakhstan et de ses citoyens. Autrement dit, I'enseignement
des langues étrangeres reste a ce jour une priorité, et le développement de compétences
plurilingues est mis en ceuvre a tous les niveaux du systeme éducatif. Toutefois, pour atteindre ces
objectifs tant a I'échelle nationale qu’individuelle, il est nécessaire d’améliorer la qualité de
I'enseignement des langues étrangéres dans un contexte de formation plurilingue.

C’est pourguoi on observe aujourd’hui un intérét croissant de la part des chercheurs pour
de nouvelles approches fondées sur la linguistique appliquée, la didactique des langues, le
plurilinguisme, ainsi que sur la linguoculturologie et les relations interculturelles.

La « Conception du développement de I'enseignement des langues étrangeres de la
Républigue du Kazakhstan » considére I'enseignement des langues étrangéres comme un élément
essentiel du systeme éducatif national, qui doit étre analysé en lien avec un environnement
plurilingue. Cette conception souligne également I'importance croissante de I'enseignement des
langues étrangéres en raison de la coopération et des échanges que le Kazakhstan entretient avec
d’autres pays dans divers domaines. Ainsi, 'apprentissage des langues étrangeres est reconnu
comme un facteur social et professionnel fondamental pour l'individu dans un contexte de
plurilinguisme [2].

A ce jour, au Kazakhstan, dans les écoles ou I'enseignement est dispensé en langue kazakhe,
les éleves commencent a apprendre le kazakh dés la premiére année, le russe a partir de la
deuxieme année, et I'anglais a partir de la troisieme. Il convient également de mentionner les
établissements scolaires ou un deuxieme langue étrangere, notamment le francais, est enseignée.
Selon les données statistiques de I'’Association kazakhstanaise des enseignants de francgais (AKEF),
le francais, en tant que premiére ou seconde langue étrangére, est actuellement enseigné dans 36
écoles, 18 établissements d’enseignement supérieur et 2 colléges du pays.

De plus, lors de sa visite officielle a Astana, le président francais Emmanuel Macron a
proposé de réintroduire I'enseignement du francais dans toutes les écoles kazakhstanaises. Selon
lui, cette initiative contribuerait au renforcement des liens culturels entre les deux pays. Ainsi, dans
le contexte actuel de plurilinguisme, I'étude du réle de I'enseignement d’une deuxieme langue
étrangere, en particulier du francais, s'avere particulierement pertinente au Kazakhstan.

Dans un sens large, le terme « plurilinguisme » dérive du concept de « bilinguisme ». Dans
un sens plus restreint, le plurilinguisme peut étre défini selon trois dimensions : territoriale,
individuelle et institutionnelle. Le plurilinguisme territorial fait référence a la coexistence de deux
ou plusieurs langues sur un méme territoire caractérisé par une unité politico-géographique. Le
plurilinguisme individuel désigne une personne, un groupe ou une famille utilisant deux ou
plusieurs langues. Enfin, le plurilinguisme institutionnel se manifeste lorsque I'administration d’une
ville, d’'une organisation internationale ou d’un Etat méne ses activités officielles dans deux langues
ou plus [3].

A. Tchaklikova et A. Aljanova, dans leur article intitulé « L'état actuel de I'enseignement
plurilingue dans les établissements d’enseignement supérieur du Kazakhstan », considerent le
plurilinguisme comme un fondement de la formation d’une personnalité pluriculturelle et comme
I'utilisation, par un individu ou un groupe, de plusieurs langues dans une société donnée, chaque
langue étant utilisée dans une situation communicative spécifique [4].
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Rappelons que le plurilinguisme désigne la coexistence de plusieurs langues au sein d’un
méme pays. En raison de linterrelation entre la diversité linguistique et I'enseignement des
langues étrangeres au Kazakhstan, la question du réle de la langue francaise dans cette société
plurilingue et dans I'éducation plurilingue revét aujourd’hui une actualité particuliére.

Selon L. Orban, la diffusion du plurilinguisme exige des efforts importants dans le domaine
de I'’éducation. Il est donc essentiel que les établissements d’enseignement adoptent une approche
holistique de I'enseignement des langues, établissant un lien cohérent entre la langue maternelle
et les autres langues [5].

Les enseignants de langues jouent un réle crucial dans la transmission des langues
existantes, qu’il s'agisse du kazakh en tant que langue maternelle, du russe en tant que seconde
langue, ou encore du francais et d’autres langues étrangéres. En classe, les apprenants
construisent leur biographie linguistique et développent leur compétence plurilingue, entendue
comme « une capacité a communiquer linguistiqguement et culturellement en tant que sujet social
maftrisant, a des degrés divers, plusieurs langues et possédant une expérience de contact avec
plusieurs cultures » [6].

Ainsi, le développement des compétences plurilingues et pluriculturelles chez les
apprenants ne peut étre réalisé que si I'enseignant lui-méme a été formé aux approches fondées
sur les compétences, telles que celles proposées par le Cadre Européen Commun de Référence
pour les Langues (CECRL).

Par ailleurs, I'éducation plurilingue favorise les interactions entre apprenants issus de
cultures différentes, contribuant ainsi a I'intégration des allophones dans la communauté et les
familiarisant avec d’autres langues. Cela nécessite une attention particuliere aux approches
didactiques actualisées selon les perspectives plurilingues, aux stratégies d’apprentissage des
langues, ainsi qu’aux projets de formation des enseignants et au développement de nouveaux
outils didactiques et professionnels [7].

G. Holzer définit le sujet bi-/plurilingue comme « une personne qui connait et utilise
plusieurs langues, sans nécessairement posséder une maitrise complete de chacune d’elles » [8].
Selon lui, 'utilisation de plusieurs langues par un individu ne suppose pas une compétence
équivalente dans toutes les langues de son répertoire linguistique.

Jean-Claude Beacco affirme que le répertoire linguistique plurilingue de chaque personne
est constitué de langues acquises selon des modalités diverses (langue acquise dés la naissance,
langue apprise dans le cadre scolaire ou en autodidacte, etc.) et pour lesquelles I'individu a acquis
différentes compétences (production orale, compréhension orale, lecture, etc.), a des niveaux
variés de maitrise. Ces langues peuvent avoir des fonctions plus ou moins spécialisées, comme la
communication familiale, les interactions de voisinage, ou encore les usages professionnels. Elles
constituent ainsi un outil d’expression de |'appartenance a un groupe culturel et linguistique,
porteur d’identité [9].

Cette définition montre que la compétence plurilingue est la capacité a acquérir et utiliser
de maniére successive diverses compétences dans plusieurs langues, en fonction des besoins et
des contextes, en mettant 'accent sur les activités langagieres que peut réaliser I'apprenant
plurilingue.

Les apprenants peuvent avoir une maitrise partielle de certaines langues de leur répertoire.
Comme le note J. Billiez, « les ressources d'un répertoire, bien que plurilingues, sont
nécessairement partielles et hétérogénes, tout en constituant pour lindividu une totalité
fonctionnelle » [10].

Cela impligue que pour interagir efficacement avec son interlocuteur, une personne
plurilingue choisira un ou plusieurs idiomes et adaptera sa stratégie de communication. Elle ne
parlera pas nécessairement deux langues voisines, mais mobilisera deux systémes linguistiques
complémentaires, sans viser la perfection dans chacun d’eux.
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Apres avoir étudié la littérature théorique nécessaire, nous estimons que l'enquéte par
guestionnaire s’avere la méthode la plus pertinente dans le cadre de notre recherche.

Premiérement, le questionnaire nous permet de recueillir les opinions des étudiants
concernant I'apprentissage d'une nouvelle langue étrangere. Deuxiemement, les résultats obtenus
grace a cette enquéte fourniront aux enseignants des indications précieuses pour adapter leurs
méthodes et stratégies d’enseignement du francais en tant que deuxiéme langue étrangére.

Le questionnaire vise a identifier la biographie langagiére des apprenants, leur répertoire
linguistique ainsi que leurs représentations liées a I'apprentissage d’une nouvelle langue étrangere.
Notre intérét porte principalement sur le lien que les apprenants établissent entre leurs
expériences linguistiques antérieures et les nouvelles connaissances acquises lors de
I'apprentissage d’une nouvelle langue.

LUenquéte a été menée en format numérique via la plateforme Google Forms. L'échantillon
se compose de 14 étudiants de la Faculté d’Education Plurilingue de I’'Université Atyraou du nom
de Khalel Dosmukhamedov.

Le questionnaire comportait 13 questions : 12 questions ouvertes et une seule a choix
multiple.

Nous présentons ci-dessous 'analyse des résultats obtenus.

Parmi les 14 étudiants interrogés, 64,3 % sont des femmes et 35,7 % des hommes, agés de
20 a 27 ans.

La langue maternelle de 13 étudiants est le kazakh, tandis qu’un étudiant a le russe comme
langue premiére.

Les résultats de I'enquéte révelent que I'ensemble des 14 participants maitrisent le kazakh,
le russe et I'anglais ; 4 d’entre eux parlent également le frangais et 2 maitrisent le turc.

Dans la vie quotidienne, 7 étudiants utilisent le kazakh et le russe a parts égales, 3 utilisent
principalement le russe, 2 le kazakh, 1 étudiant utilise le kazakh, le russe et le turc de maniere
équivalente, et 1 étudiant utilise le kazakh, le russe et I'anglais.

Les 14 étudiants apprennent I'anglais comme premiere langue étrangere ; 13 apprennent
le francgais et 1 le turc comme deuxiéme langue étrangere. En outre, 3 étudiants de ce groupe
étudient également le coréen, le turc et I'ukrainien comme troisieme langue étrangere.

A la question : «La connaissance d'autres langues vous aide-t-elle dans 'apprentissage de
nouvelles langues (par exemple, dans |'apprentissage d'une deuxiéme langue étrangere) ?», tous
les étudiants ont répondu positivement, en apportant les commentaires suivants : «Qui, cela aide,
surtout lorsque I'on rencontre des mots familiers, ce qui permet d’en deviner le sens a 'avancey;
«Cela permet d’accéder a des informations en langues étrangeres, et parfois, la structure et la
grammaire de deux langues différentes sont similaires»; «Pour moi, l'anglais et le francais se
completent. Il existe un grand nombre de mots semblables, ce qui facilite I'enrichissement du
vocabulaire. Par ailleurs, dans ma langue maternelle, le kazakh, certaines lettres sont proches au
niveau de la prononciation, comme par exemple “aH” et “en”», etc.

En réponse a la question suivante : «Quelle influence I'apprentissage et la connaissance des
langues ont-ils dans votre vie ?», les étudiants estiment que la connaissance des langues élargit
leur horizon et leur donne accés a de nombreuses sources d'information, développe leurs
compétences en communication et en pensée critique, permet une meilleure compréhension de
la musique, la possibilité de suivre des créateurs de contenu a travers le monde et de communiquer
librement avec n’importe qui. Cela représente, selon eux, un avantage indéniable dans tous les
domaines et a une importance particuliere en lien avec leur future profession dans laquelle ils
souhaitent évoluer.

Les résultats de la question suivante ont montré que 4 étudiants regardent des films ou
séries, écoutent de la musique, lisent de la littérature, etc., uniguement en anglais; 4 étudiants
utilisent le russe et I'anglais; 2 étudiants utilisent le kazakh, le russe, 'anglais et le francais; 2
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étudiants utilisent le kazakh, le russe et I'anglais; 1 étudiant utilise le kazakh et le russe; 1 étudiant
utilise uniguement le russe.

Enfin, ala question : «Avez-vous l'intention d’apprendre d’autres langues ? Si oui, lesquelles
?», les étudiants ont donné les réponses suivantes : «Mon réve est de vivre en Allemagne, j'aime
beaucoup l'accent de la langue allemande, il est intéressant et cool, c’est pourquoi je veux
I'apprendre»; «J’aimerais apprendre le chinois, mais ce n’est pas prévu dans un avenir proche»; «Je
compte apprendre I'allemand et I'italien dans un futur proche»; «Je ne suis pas s(r, je voudrais au
moins améliorer mon kazakh»; «Oui, le polonais, les langues turques, I'espagnol, I'allemand»; «Je
prévois d’apprendre l'italien et I'espagnol»; «Oui, je veux apprendre le turc et I'arabe»; «Espagnol,
turc, japonais»; «Je compte apprendre le chinois»; «Oui, le turc», etc.

A partir de I'analyse susmentionnée des réponses des étudiants, nous pouvons constater
gue la maitrise de plusieurs langues par les apprenants facilite I'acquisition d’'une nouvelle langue
étrangere, en particulier du francais, et constitue également un facteur de motivation pour
I'apprentissage d’autres langues étrangeres. De plus, la majorité des étudiants sont capables
d’utiliser des langues étrangeres dans leur vie quotidienne, en complément de leurs langues
maternelles, ce qui contribue a la formation d’'une compétence plurilingue.

Nous estimons que la présence d’autres langues en cours de francais langue étrangere (FLE)
s‘avere tres bénéfique, dans la mesure ou elle permet I'application de la méthode associative
d’apprentissage des langues étrangeres (méthode d’Atkinson), reposant sur I'utilisation de mots
phonétiqguement proches dans une langue déja connue, facilitant ainsi la mémorisation du
vocabulaire et son enrichissement.

Selon le Cadre européen commun de référence pour les langues (CECRL), la compétence
plurilingue est définie comme la capacité d’un sujet social a interagir linguistiguement et
culturellement a partir de la maftrise, a des degrés divers, de plusieurs langues et de I'expérience
de plusieurs cultures, tout en étant capable de mobiliser et de gérer ce capital linguistique et
culturel. Il ne s’agit donc pas de juxtaposer ou de comparer différentes compétences, mais plutot
d’un ensemble complexe, voire composite, de savoir-faire, dont I'individu peut tirer profit [11].

Il convient de souligner que I'enseignant de FLE devrait prendre en compte le répertoire
linguistique plurilingue des apprenants lors de I'élaboration de son enseignement. A cette fin, il est
essentiel que I'enseignant reconnaisse que |'éléve peut s’appuyer sur une langue autre que celle
de I'enseignement pour faciliter 'apprentissage d’une langue étrangére. Les apprenants mobilisent
ainsi les ressources de leur répertoire linguistique pour s‘approprier plus aisément une nouvelle
langue.

Par conséquent, la diversité linguistique existante peut étre considérée comme un véritable
levier pour I'enseignement et I'apprentissage des langues étrangeres. Les activités transversales et
réflexives proposées ont permis aux étudiants de développer une réflexion sur les contacts
interlinguistiques ainsi que sur le fonctionnement des langues. Il est recommandé que I'enseignant
mette en place des démarches didactiques visant a établir des passerelles entre la langue
maternelle, la langue seconde et la langue étrangére. Lobjectif est de promouvoir une approche
coordonnée de I'enseignement des langues, valorisant le patrimoine linguistique des apprenants.

Nous postulons que la prise de conscience de cette diversité linguistique pourrait
constituer une base solide pour une réflexion partagée entre les enseignants de francais langue
étrangére dans les classes plurilingues, en tenant compte des langues connues par les étudiants
dans le contexte universitaire kazakh.
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Abstract

Research presents a comprehensive study on the synthesis, physicochemical
characterization, and toxicological evaluation of boron nitride (BN) nanoparticles synthesized via
a novel low-temperature microwave-assisted route, along with a systematic investigation into
their acute toxicity in warm-blooded mammals and avian embryos using advanced behavioral and
physiological monitoring systems. The study addresses critical gaps in current nanomaterial
research, particularly concerning the eco-friendly and cost-effective production of high-purity
hexagonal boron nitride (h-BN) nanoparticles and their biocompatibility when considered for
biomedical applications such as boron-neutron and boron-proton capture therapy, targeted
hyperthermia, and drug delivery systems. Traditional methods for synthesizing h-BN commonly
rely on high-temperature carbothermic reduction techniques involving the reduction and
nitridation of boric oxide and related salts at temperatures exceeding 1500 °C. These approaches
pose significant challenges, including high energy demands, environmental pollution due to
carbon emissions, the use of toxic and expensive reagents such as boron tribromide (BBr3), and
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limitations in nanoparticle size control and phase purity. The method developed in this study
circumvents these limitations through a simple two-step process involving the reaction of boron
trifluoride (BF3) and ammonia (NHs) at a significantly lower temperature of 150 °C, followed by
thermal decomposition and purification. The resultant product comprises nano-sized particles of
hexagonal boron nitride with structural features indicative of turbostratic disorder due to the low
synthesis temperature, but still maintaining desirable physicochemical properties. Structural
analysis via X-ray diffraction (XRD) confirmed the formation of h-BN, with characteristic peaks
corresponding to hexagonal symmetry and no observable impurity phases. The broadening and
slight shift in the (002) peak of the XRD pattern toward lower angles point to an increased
interlayer spacing and lattice expansion, which is characteristic of nanocrystalline materials and
turbostratic boron nitride (t-BN). The Scherrer equation estimated the average crystallite size
along the c-axis to be approximately 3 nm, suggesting the formation of ultrathin h-BN nanosheets.
Raman spectroscopy provided further confirmation of the nanocrystalline structure and purity of
the synthesized h-BN. The Raman spectra exhibited a strong E,g mode at approximately 1373 cm™,
upshifted from the bulk h-BN peak position, which is consistent with literature reports on
nanocrystalline h-BN synthesized at higher temperatures. This upshift, along with the broadening
of the Raman band, reflects size confinement effects and structural disorder inherent to low-
temperature synthesis methods. Scanning electron microscopy (SEM) revealed the morphology of
the synthesized h-BN nanoparticles as predominantly flat platelets with a thickness less than 10
nm and lateral dimensions significantly larger, further affirming the formation of nanosheets.
These nanosheets were dispersed on a gold-coated silicon substrate for enhanced imaging
resolution. In addition to material characterization, the study placed significant emphasis on
evaluating the biosafety of these nanomaterials. Toxicological assessments were carried out using
two distinct yet complementary models: (1) non-lethal in vivo testing in warm-blooded mammals
(Wistar rats) through behavioral and physiological monitoring and (2) embryo toxicity assays in
avian models (Golden Wyandotte chick embryos) using ovoscopy and plethysmography. The in
vivo rat experiments were conducted in strict compliance with the 4R principles (replace, reduce,
refine, and responsibility), ensuring humane treatment of laboratory animals. Five different
groups of rats received intramuscular injections of various boron-containing nanoparticles,
including h-BN synthesized using BF; and NHs, h-BN synthesized from boric acid, boron nitride
nanotubes (BO-N-02-NT), BN-encapsulated copper nanoparticles, and a comparative group
exposed to carbon nanotubes (C-E-015-NT), with additional control groups receiving iron oxide
nanoparticles and saline. Toxicity was quantified using a complex toxicity index (CTI), a novel
analytical metric integrating multiple physiological and behavioral parameters including maze
navigation error rates, maze completion time, changes in blood pressure, body temperature, and
reactive oxygen species (ROS) activity. This multidimensional approach provides a robust and
sensitive measure of acute toxicity without resorting to lethal endpoints. The experimental results
demonstrated that all BN-based nanoparticles exhibited significantly lower acute toxicity
compared to carbon nanotubes, with differences in CTI becoming negligible between BN samples
after 9 to 11 days and disappearing entirely by day 12. These findings highlight the relatively
benign nature of BN nanoparticles, making them attractive candidates for biomedical applications.
The highest toxicity was observed in rats exposed to carbon nanotubes, which demonstrated
elevated CTI scores throughout the 15-day observation period. Conversely, BN-based particles,
particularly those synthesized via the new low-temperature microwave-assisted method, showed
comparatively mild and transient physiological disturbances. Additional tests involving whole-
body hyperthermia at controlled temperatures of 40 °C and 43.5 °C further underscored the
favorable toxicity profile of h-BN nanoparticles under stress-inducing conditions, reinforcing their
safety margin for potential clinical applications such as hyperthermic cancer therapy. Notably, the
use of advanced, non-invasive tools such as visual surveillance systems, pulse oximetry, non-
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contact thermometers, ROS analyzers, and blood pressure monitoring devices enhanced the
reliability and reproducibility of data, allowing for real-time physiological tracking without undue
stress to the animals. Parallel toxicity testing was performed using the chick embryo model, which
is a widely accepted, ethical, and cost-effective alternative to mammalian testing. The
combination of visible and green-light ovoscopy, along with plethysmographic monitoring of
respiratory and heart rate signals, enabled comprehensive and continuous evaluation of
embryonic development. Toxicity was calculated based on the survival rate of embryos in treated
versus control groups using a standardized toxicity index. The experimental design allowed the
researchers to visually and quantitatively assess developmental abnormalities, survival outcomes,
and physiological disruptions induced by the tested nanomaterials. The consistency in toxicity
outcomes between the rodent and chick embryo models validated the robustness and
translatability of the employed methodology. Additionally, the study explored the potential
application of the synthesized nanoparticles in proton and neutron capture therapies by
evaluating the boron isotopic composition and considering the reactivity of the nanoparticles in
fusion reactions. The unique combination of high neutron and proton capture cross-sections,
bioavailability, and purity of the synthesized '°B and "B particles suggests that these nanomaterials
could be utilized as cost-effective and safer alternatives in boron neutron capture therapy (BNCT)
and proton boron fusion therapy, thus contributing to the development of new generations of
radiopharmaceuticals. The researchers also proposed a new agarose-based phantom model to
test the effectiveness of various nanoparticle-loaded layers under simulated thermal and proton
beam conditions, showing encouraging preliminary results for targeted delivery and localized
therapy. This study provides a compelling argument for the viability of a novel, environmentally
sustainable, and cost-efficient method for synthesizing high-quality h-BN nanoparticles. The data
indicate that these materials possess favorable structural properties, can be produced at scale
using relatively simple and safe laboratory procedures, and exhibit a low toxicity profile in both
mammalian and avian models. The synthesis route offers an attractive alternative to existing high-
temperature, energy-intensive methods and supports the development of advanced
nanomaterials for cancer therapy, diagnostic imaging, and future multi-modal clinical applications.
The dual evaluation models used in this work not only reinforce the credibility of the findings but
also establish a gold standard for future nanotoxicological research. The promising preclinical
results justify further investigations into the in vitro and in vivo interactions of boron nitride-based
nanoparticles with biological systems under varied pathological and physiological conditions,
including their functionalization, biodistribution, immune response, clearance pathways, and long-
term safety.

Keywords: Boron toxicity, nitride nanoparticles, monitoring, behavioral and physiological
parameters.

Introduction

Nanotechnology has profoundly reshaped the landscape of modern science, pushing the
boundaries of what is possible in materials science, biomedicine, energy, electronics, and
environmental applications. One of the most promising classes of materials that has drawn
considerable attention in recent decades is nanostructured boron nitride (BN), a compound that
has emerged as a multifunctional platform owing to its unique physicochemical properties. With
its structural similarity to graphite, excellent thermal stability, electrical insulation, high chemical
resistance, wide bandgap, low dielectric constant, and exceptional neutron and proton capture
cross-section (especially when isotopically enriched with boron-10 and boron-11), hexagonal
boron nitride (h-BN) holds tremendous potential in a wide spectrum of technological and
biomedical applications. However, the widespread adoption and utilization of boron nitride-based
nanomaterials have been severely constrained by the limitations associated with their
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conventional synthesis methods, toxicity concerns, and lack of comprehensive toxicological
profiling. The present study arises from the necessity to address these limitations through a new,
environmentally benign, and cost-effective synthesis protocol coupled with an in-depth
toxicological evaluation using both mammalian and avian in vivo models [1-3].

The rapid evolution of nanotechnology, particularly in the domain of biomedical sciences,
has made it imperative to design and develop nanoparticles that are not only functionally versatile
but also safe for human and environmental health. In this regard, boron nitride stands out as a
compelling candidate, primarily due to its exceptional physicochemical characteristics.
Structurally, hexagonal boron nitride (h-BN) is a layered material analogous to graphite, with
boron and nitrogen atoms arranged in a two-dimensional honeycomb lattice. Its structure imparts
high mechanical strength, superior thermal conductivity, and resistance to oxidation at
temperatures up to 1000°C in air, making it suitable for applications ranging from cosmetics and
lubricants to thermal insulators, semiconductors, and drug delivery vehicles. Moreover, the
capacity of BN nanoparticles to act as neutron or proton absorbers through boron capture
reactions has rendered them highly attractive for applications in boron neutron capture therapy
(BNCT) and proton boron fusion therapy (PBFT), both of which are emerging as viable alternatives
to conventional radiation therapy in oncology [4-6].

Despite these attractive features, the widespread commercial and clinical deployment of
h-BN nanoparticles has been hindered by the challenges associated with their synthesis.
Conventional methods, such as carbothermic reduction and chemical vapor deposition (CVD),
require exceedingly high temperatures often above 1500 °C, the use of expensive and hazardous
precursor materials like boron halides, and the employment of complex vacuum or high-pressure
systems. These constraints not only raise significant environmental and economic concerns but
also limit the scalability and reproducibility of h-BN production. In addition, traditional synthesis
protocols are frequently accompanied by the formation of structural defects and impurity phases,
thereby compromising the functional integrity and biocompatibility of the final nanomaterial. The
need for a low-temperature, scalable, and green synthesis route has thus emerged as a critical
bottleneck in the advancement of h-BN technologies. The present study addresses this gap by
introducing a novel microwave-assisted synthesis method that operates at a remarkably low
temperature of 150 °C, utilizing simple and inexpensive precursors such as boron trifluoride (BFs)
and ammonia (NHs). This method not only significantly reduces the energy footprint of the process
but also yields h-BN nanoparticles with a high degree of purity and minimal structural defects, thus
paving the way for their safe and efficient application in biomedical sciences [7-9].

Equally critical to the synthesis and structural characterization of nanoparticles is the
assessment of their biocompatibility and toxicological behavior. With increasing integration of
nanomaterials in medical and pharmaceutical applications, understanding their interaction with
biological systems has become a matter of urgent importance. Historically, the evaluation of
nanoparticle toxicity has relied on classical in vitro assays and lethal dose (LDsg) determinations in
animal models. However, these approaches offer limited insights into the sub-lethal and chronic
effects of nanomaterials, particularly their impacts on behavioral, physiological, and systemic
functions. In recent years, there has been a growing emphasis on developing non-lethal, ethically
sound, and multidimensional toxicological models that align with the 4Rs principle of humane
animal research — Replacement, Reduction, Refinement, and Responsibility. These new paradigms
advocate for the continuous monitoring of vital physiological parameters, cognitive functions,
oxidative stress markers, and behavioral changes in animal models, thereby allowing a more
comprehensive and humane assessment of nanoparticle safety profiles [10-12].

The toxicological framework employed in this study represents a paradigm shift in
nanoparticle toxicity evaluation. Utilizing Wistar rats as the mammalian model, the study
incorporates a complex toxicity index (CTI) that integrates behavioral analysis through maze
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navigation, physiological monitoring including blood pressure, body temperature, and reactive
oxygen species (ROS) levels, and comparative evaluation against both saline and iron oxide
nanoparticle controls. This approach not only eliminates the need for terminal procedures but also
provides a longitudinal perspective on the toxicity and recovery patterns of exposed organisms.
Furthermore, the inclusion of chick embryo testing using ovoscopy and plethysmography provides
an additional layer of validation, enabling cross-species extrapolation of the toxicity data and
reinforcing the ethical dimension of the study. The Golden Wyandotte embryo model, known for
its reliability, sensitivity, and ethical acceptability, allows for real-time monitoring of
developmental anomalies, mortality rates, and physiological responses under controlled exposure
to the test nanomaterials. By combining these two in vivo models, the study achieves a robust,
ethically grounded, and scientifically rigorous evaluation of the acute and sub-acute toxicity
profiles of the synthesized h-BN nanoparticles and their functional analogs [13-15].

Another vital dimension of this research is its exploration of the potential application of
boron nitride nanoparticles in targeted hyperthermia and radiotherapy. Hyperthermia has long
been recognized as a powerful adjunctive modality in cancer therapy, wherein localized heating
of tumor tissues enhances the efficacy of chemotherapy and radiotherapy by promoting drug
uptake, increasing perfusion, and inducing apoptotic pathways. The development of nanoparticles
that can be selectively heated under external stimuli (such as microwave, magnetic field, or laser
irradiation) has opened new avenues for precision oncology. In this context, the h-BN
nanoparticles synthesized in the present study offer unique advantages. Not only can they be
selectively functionalized for tumor targeting, but their thermal conductivity and structural
stability also make them suitable candidates for hyperthermia-based treatment protocols. The
study includes a novel experimental model using an agarose-based phantom for simulating proton
beam and thermal exposures, thereby providing a foundational framework for evaluating the
combinatorial effects of nanoparticle-mediated hyperthermia and proton therapy. Such models
are invaluable in optimizing treatment parameters, ensuring safety, and enhancing the clinical
translational potential of nanoparticle-based interventions [16-18].

Moreover, the structural characteristics of the synthesized h-BN nanoparticles, including
their nanosheet morphology, turbostratic stacking, and crystallite dimensions, offer valuable
insights into the correlation between synthesis parameters and material properties. X-ray
diffraction (XRD) and Raman spectroscopy confirm the formation of nanocrystalline h-BN with a
strong E,g mode and characteristic shifts associated with size confinement and low-temperature
synthesis. The observed peak broadening and shifts in the (002) Bragg reflection provide direct
evidence of the nanoscale thickness and lattice strain within the material, which are instrumental
in defining its physicochemical behavior, surface reactivity, and interaction with biological
matrices. The use of scanning electron microscopy (SEM) further elucidates the nanoparticle
morphology, revealing ultrathin nanosheets with high surface-to-volume ratios, which are
favorable for applications in drug loading, bioimaging, and surface-mediated catalysis [19-21].

In addition to addressing fundamental aspects of synthesis, toxicity, and application, the
study contributes to the ongoing discourse on responsible innovation and translational
nanomedicine. The methodology adopted here not only adheres to ethical standards but also
demonstrates a scalable, reproducible, and environmentally sustainable approach to
nanomaterial development. The utilization of inexpensive, readily available precursor chemicals
such as BFs and NHs, the operation at reduced temperatures, and the absence of toxic by-products
underscore the ecological and economic viability of the process. Furthermore, the study proposes
valorization routes for the synthesis by-products such as ammonium tetrafluoroborate (NH4BF4),
which can be recycled or transformed into industrially valuable compounds like potassium
tetrafluoroborate and ammonium chloride, thereby closing the material loop and minimizing
environmental waste [22-24].
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The integration of synthesis, characterization, toxicological evaluation, and application
modeling within a single study framework represents a holistic approach to nanomaterial
development. This transdisciplinary methodology not only enhances scientific understanding but
also bridges the gap between laboratory research and real-world implementation. It sets a
precedent for future studies aiming to develop next-generation nanomaterials that are not only
functionally advanced but also biologically safe, environmentally benign, and clinically
translatable. The focus on non-lethal toxicology models, combined with real-time behavioral and
physiological monitoring, offers a replicable blueprint for the responsible development of
nanotechnologies aligned with ethical, social, and regulatory imperatives [25-26].

The present study emerges at the intersection of materials science, toxicology, and
biomedical engineering, providing a comprehensive solution to some of the most pressing
challenges in the field of nanomedicine. By pioneering a low-temperature, microwave-assisted
synthesis of high-purity h-BN nanoparticles and subjecting them to rigorous, multi-modal
toxicological testing, the research offers compelling evidence for their biocompatibility, functional
versatility, and application readiness. The findings not only validate the proposed synthesis
protocol but also establish a new standard for nanoparticle toxicity assessment that is both
ethically responsible and scientifically robust. This study contributes valuable knowledge to the
growing body of literature on boron-based nanomaterials and paves the way for their future use
in cancer therapy, drug delivery, bioimaging, and other advanced biomedical applications [27-29].

The emerging global demand for multifunctional, bioinert, and non-toxic nanomaterials
has prompted an intense search for nanostructures that combine structural integrity with
biological safety. Within this context, boron nitride nanoparticles, particularly in their hexagonal
form, have garnered notable interest due to their promising profile in fields as diverse as oncology,
regenerative medicine, biosensing, neural interface engineering, and nuclear science. A key
reason for their growing popularity lies in the unique juxtaposition of properties they offer:
mechanical rigidity rivaling that of graphene, high thermal conductivity, minimal cytotoxicity, and
resistance to oxidative degradation, alongside the absence of electrical conductivity. This latter
trait, in particular, positions h-BN as an exceptional candidate in biomedical applications that
require insulation or reduced cellular interference, such as scaffolding for neural tissue
regeneration or non-conductive coatings for implantable devices [31-33].

However, much of the enthusiasm around boron nitride’s application potential is
tempered by the complexity of its synthesis and purification. Numerous studies over the past two
decades have pointed out that most commercially available or laboratory-synthesized h-BN
nanoparticles carry structural impurities, residual reactants, or exhibit inconsistent sizes, all of
which hinder their reproducibility and safety. In biomedical fields, even nanogram-level
impurities—particularly metallic residues or residual acid chlorides—can dramatically alter the
biocompatibility profile, induce immune activation, or skew pharmacokinetic properties.
Consequently, researchers have turned increasingly toward “green nanotechnology” paradigms
that emphasize synthesis routes capable of reducing environmental burden and enhancing
biological compatibility through solvent-free reactions, benign precursors, and low-temperature
processes [34-36].

In alignment with these principles, the development of a low-temperature synthesis
strategy employing gaseous ammonia and boron trifluoride in an inert environment—as explored
in this study—offers a paradigm shift. By eschewing the use of carcinogenic halides like BBrs; and
minimizing thermal energy input, the process significantly enhances both environmental safety
and economic scalability. Additionally, the potential to reuse the by-products (e.g., ammonium
tetrafluoroborate) further demonstrates alignment with circular economy models, reducing
chemical waste and supporting broader goals of sustainable nanomanufacturing [37-39].
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The implications of this synthesis approach extend well beyond the laboratory. As
governments and regulatory bodies such as the European Chemicals Agency (ECHA) and the
United States Environmental Protection Agency (EPA) begin to scrutinize nanomaterials under
increasingly stringent safety standards, the emphasis on scalable, low-impact production will
become indispensable. In Europe, for instance, the REACH (Registration, Evaluation, Authorisation
and Restriction of Chemicals) legislation has already begun incorporating nanomaterials under its
purview, requiring not only robust physicochemical characterization but also in vivo safety profiles
before a material can be approved for widespread use. This study, by delivering both a novel
synthesis protocol and dual-model safety testing, directly addresses these regulatory expectations
and positions boron nitride nanoparticles for future translational applications [40-42].

On the scientific frontier, the development of a reproducible microwave-assisted synthetic
route introduces a new kinetic and thermodynamic environment that differs substantially from
classical thermal synthesis. Microwave energy, characterized by volumetric heating and non-
contact energy transfer, can induce reaction pathways and intermediate species that are
otherwise inaccessible through conventional resistive heating. This effect is particularly
pronounced in polar reactants like ammonia and BFs complexes, where dipolar alignment in the
microwave field can significantly alter reaction energetics. The implications for materials science
are profound. For example, the formation of nano-sheets with high surface energy but minimal
layer stacking—characteristic of turbostratic boron nitride—could enable the development of
highly active surfaces for catalysis, adsorption, or drug loading [43-45].

The reduction of turbostratic disorder through post-synthesis annealing under microwave
conditions is another pioneering insight of the present study. While traditional thermal annealing
often leads to sintering, aggregation, or morphological collapse of nanomaterials, microwave-
induced annealing provides rapid, localized heating that minimizes inter-particle interactions while
allowing lattice reorganization. This insight bridges an important gap in current literature, where
the preservation of nanoscale morphology during crystallinity enhancement remains an unsolved
challenge. By demonstrating that low to moderate microwave energy (e.g., 1000 W) is sufficient
to induce structural refinement in the synthesized h-BN particles, the authors lay the groundwork
for future exploration of hybrid heating protocols that optimize particle purity, crystallinity, and
functionality [46-48].

The integration of advanced behavioral toxicology into the nanoparticle safety assessment
is another cornerstone of this research. Traditionally, the toxicity of nanomaterials has been
inferred from in vitro cytotoxicity assays or acute lethality studies in rodent models. However,
these tests fail to capture subtler effects such as neurotoxicity, cognitive impairment,
thermoregulatory disruption, or cardiovascular stress—all of which are highly relevant in the
context of systemic exposure. The present study goes beyond these limitations by adopting a
multi-parametric toxicity model that includes not only maze navigation as a proxy for cognitive
function but also real-time monitoring of blood pressure, oxygen saturation, and body
temperature. These endpoints collectively reflect the systemic burden imposed by the
nanoparticles and allow for the quantification of transient versus lasting physiological
perturbations. This methodology is particularly suited for testing the sublethal, chronic, or
synergistic toxicities of advanced nanoparticles, which often evade detection in standard LDso-
based protocols [49-51].

The chick embryo model, used in tandem with the rodent testing, provides another
important layer of safety verification. In recent years, the chick embryo has emerged as a preferred
model for rapid, ethically viable toxicity testing due to its transparency, availability, and genetic
similarity to mammals in developmental pathways. The combination of ovoscopy with
plethysmography enables non-invasive assessment of cardiac and respiratory development,
embryo motility, and morphological integrity across developmental stages. In this study, the use
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of high-resolution red and green light imaging for advanced ovoscopy, particularly after the 8th
day of incubation, offers a modernized protocol that aligns with ISO standards for embryo-based
safety assays. The agreement between chick embryo and rat data in terms of toxicity thresholds
not only confirms the reliability of the findings but also sets a precedent for cross-species
translational research in nanoparticle toxicology [52-55].

Another forward-looking aspect of the research is its contribution to the development of
hybrid therapies that integrate nanomaterials with hyperthermia, proton therapy, or neutron
capture. The thermal stability and boron isotope enrichment of the synthesized nanoparticles
make them particularly attractive for BNCT and PBFT applications. BNCT relies on the
accumulation of boron-10 in cancer cells followed by irradiation with low-energy neutrons, which
react with boron to produce high-LET (linear energy transfer) alpha particles that destroy
malignant tissue with minimal impact on surrounding healthy cells. The use of microwave-
synthesized h-BN nanoparticles, with their high boron content and customizable surface
chemistry, could enable targeted delivery and enhanced retention in tumor tissues, thereby
increasing the therapeutic index. The agarose-based phantom testing of nanoparticle layers under
simulated proton beam exposure provides a practical and replicable model for optimizing these
future therapeutic strategies [56-58].

Moreover, the physicochemical versatility of h-BN nanoparticles synthesized via this route
allows for diverse functionalizations and surface modifications. The planar structure and surface
hydroxylation potential make them ideal for conjugation with polymers, antibodies, or therapeutic
agents. Future studies could explore the use of these particles as carriers for chemotherapeutic
agents, radiosensitizers, or immune modulators, further expanding their utility in personalized
oncology. The high aspect ratio and low cytotoxicity also make them suitable for applications in
tissue engineering scaffolds, biosensors, and environmental filtration systems [59-61].

From a global health perspective, the accessibility and affordability of this synthesis
approach have significant implications. In many low- and middle-income countries (LMICs), the
lack of high-end synthesis facilities or expensive reagents has restricted participation in advanced
nanomedical research. The described method—requiring only basic laboratory infrastructure,
affordable precursors, and non-toxic by-products—offers a democratized pathway for
nanoparticle production, thereby enabling wider global engagement in nanoscience innovation
and application. Furthermore, the alignment with international guidelines on green chemistry,
animal welfare, and waste reduction ensures compatibility with global research ethics
frameworks, facilitating international collaboration and publication [62-65].

In synthesizing these dimensions, the present study represents not only a technical
innovation but also a conceptual advancement in the science of nanoparticle development. By
integrating synthesis, purification, structural characterization, in vivo modeling, physiological
monitoring, embryonic validation, and clinical simulation within a single cohesive framework, the
research exemplifies a systems-level approach to nanomedicine. This model could be replicated
and adapted to other classes of nanomaterials, such as doped oxides, carbon allotropes, or
metallic nanostructures, thereby creating a unified platform for the next generation of
multifunctional, ethically tested nanomedicines [66-68].

In summation, this expanded introduction reaffirms that the presented research is not
merely a study of synthetic chemistry or toxicology in isolation but a multidisciplinary enterprise
that anticipates the future of materials in medicine. It responds to the growing demands for
ethical, scalable, and clinically relevant nanomaterials by offering a novel route of synthesis, a
replicable model of safety testing, and a vision for hybrid therapeutic modalities. As the global
scientific community moves toward precision medicine, sustainable innovation, and ethical
research practices, the methodologies and insights offered here are likely to serve as a
cornerstone in the evolving field of applied nanobiotechnology [69-71].
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Goal

The primary goal of this study is to develop and validate a novel, low-temperature, and
cost-effective method for synthesizing nanocrystalline hexagonal boron nitride (h-BN)
nanoparticles using microwave-assisted techniques. The research seeks to overcome existing
limitations in the synthesis of boron nitride materials, particularly the dependence on high-
temperature protocols, hazardous precursors, and energy-intensive equipment. By employing a
simplified synthetic route based on the reaction of boron trifluoride and ammonia, the study aims
to achieve high-yield production of structurally pure h-BN nanoparticles with desirable
morphological and crystallographic features suitable for biomedical applications.

Another central objective is to thoroughly characterize the physicochemical properties of
the synthesized nanoparticles using modern analytical techniques, including X-ray diffraction
(XRD), Raman spectroscopy, and scanning electron microscopy (SEM), in order to confirm their
phase purity, nanoscale dimensions, and crystallinity. These structural insights are essential to
establish a strong foundation for assessing the material’s functional applicability in biomedical
contexts.

The study also aims to comprehensively evaluate the acute toxicity and biocompatibility of
the synthesized boron nitride nanoparticles through the use of innovative, non-lethal testing
models in both warm-blooded mammals (Wistar rats) and avian embryos (Golden Wyandotte
chickens). This includes behavioral assessments, physiological monitoring, and embryonic viability
studies, with a particular emphasis on aligning with ethical standards of humane animal research
and the 4R principles. By employing a complex toxicity index (CTI) and integrating physiological
and behavioral data, the research endeavors to establish a sensitive and holistic framework for
toxicity evaluation.

Furthermore, the study intends to explore the potential application of these boron nitride
nanoparticles in advanced therapeutic modalities, particularly proton and neutron capture
therapies, and temperature-controlled hyperthermia. The design of experimental models such as
agarose tissue phantoms is aimed at stimulating clinical conditions for assessing nanoparticle
performance in controlled environments. The overarching vision is to lay the groundwork for the
integration of synthesized boron nitride nanomaterial’s into future oncological treatments, drug
delivery systems, and diagnostic platforms, all while ensuring biocompatibility, safety, and
reproducibility.

By addressing both synthetic innovation and safety evaluation, the ultimate goal of the
research is to contribute significantly to the advancement of green nanotechnology and to expand
the frontier of boron nitride nanoparticle applications in medicine, paving the way for their
responsible and widespread utilization in clinical and research settings.

Methodology

This study was conducted using a multi-phase experimental design integrating
nanoparticle synthesis, physicochemical characterization, and in vivo acute toxicity evaluation
using both mammalian and avian models. The methodological approach was developed to ensure
reproducibility, scalability, safety, and compliance with modern ethical standards in nanomaterial
research and toxicology.

The synthesis of hexagonal boron nitride (h-BN) nanoparticles was carried out through a
novel low-temperature microwave-assisted method. In the initial phase, equal volumes of gaseous
ammonia and boron trifluoride were simultaneously introduced into a water-cooled, two-liter
volume reaction chamber at a controlled gas flow rate of 0.7 liters per minute. The reaction was
sustained for three hours, resulting in the accumulation of a white solid-phase reaction product,
identified preliminarily as an ammonia—boron trifluoride complex. This intermediate product was
subjected to controlled thermal decomposition by heating in a muffle furnace at 150 °C for two
hours. The resulting material, consisting of a mixture of h-BN and the water-soluble salt
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ammonium tetrafluoroborate (NH4BF4), was subsequently washed with deionized water, and the
insoluble h-BN nanoparticles were isolated by centrifugation and vacuum drying at 200 °C. The
final yield of h-BN was approximately 46.1 grams, corresponding to 91% of the theoretical yield,
affirming the efficiency of the synthesis pathway.

Structural and morphological characterization of the synthesized nanoparticles was
performed using a suite of analytical techniques. X-ray diffraction (XRD) analysis was conducted to
confirm the crystallinity and phase composition of the h-BN nanoparticles. The diffraction patterns
were indexed against standard hexagonal boron nitride (JCPDS Card No. 34-0421). Raman
spectroscopy was employed to assess the vibrational modes characteristic of h-BN, particularly
the E,g mode, which serves as a sensitive indicator of particle size and crystallinity. The
morphology and surface structure of the particles were visualized using scanning electron
microscopy (SEM) by dispersing the nanoparticles onto gold-coated silicon substrates. The average
particle thickness was estimated using the Scherrer equation, based on the full-width at half
maximum (FWHM) of the (002) XRD peak.

For acute toxicity assessment, a series of non-lethal in vivo experiments were conducted
in compliance with the principles of humane animal research. Wistar white rats (Rattus
norvegicus), aged 8-10 weeks, and were randomly divided into test and control groups, each
consisting of ten animals. Five experimental groups received intramuscular injections of
dispersions containing different forms of boron-based nanoparticles: h-BN synthesized using
boron trifluoride and ammonia, h-BN synthesized from boric acid, boron nitride nanotubes (BO-
N-02-NT), and Boron nitride encapsulated copper nanoparticles, and carbon nanotubes (C-E-015-
NT). Two additional groups received injections of commercially available iron oxide nanoparticles
and sterile saline solution, serving as comparative and negative controls respectively. Injections
were administered once daily over a three-day period. Toxicological assessments were carried out
using a complex toxicity index (CTI), calculated from combined behavioral and physiological
parameters measured at regular intervals over a fifteen-day post-exposure period.

Behavioral evaluation involved tracking the number of errors and time required for each
rat to complete a standardized branched maze. Physiological monitoring included non-contact
infrared thermometry for body temperature, non-invasive blood pressure measurements using
tail-cuff systems, and pulse oximetry for blood oxygen saturation. Additionally, oxidative stress
was assessed using a free radical analytical system to quantify the presence of reactive oxygen
species (ROS). These variables were integrated into a unified CTI calculation model that allowed
for quantifiable comparisons across all groups. The CTIl formula accounted for maze error rates,
maze completion time, changes in blood pressure and temperature, and oxidative stress
differentials between test and control subjects.

A secondary toxicity model involving avian embryos was employed to further assess the
biocompatibility of the nanoparticles. Fertilized eggs from Golden Wyandotte hens were
incubated under controlled environmental conditions and exposed to test materials during early
developmental stages. Embryonic development was monitored through visible and green-light
ovoscopy up to day fourteen, after which plethysmography was used to evaluate cardiac and
respiratory functions. Survival rates were recorded at the point of hatching, and the toxicity index
(T1) was calculated by comparing the number of viable hatchlings in the test and control groups.
This methodology allowed for ethical, non-terminal monitoring of developmental toxicity and
provided cross-validation of the mammalian in vivo results.

To simulate potential biomedical applications such as hyperthermia and proton therapy,
an experimental setup was devised using agarose-based tissue phantoms. Layers of h-BN
nanoparticles were embedded within agarose gels and exposed to controlled sources of heat and
proton beam irradiation. The structural integrity and heat transfer properties of the embedded
nanoparticles were monitored to assess their suitability for clinical scenarios involving targeted
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heating or energy deposition. This experimental model facilitated preliminary screening of
nanoparticle behavior under conditions mimicking therapeutic environments.

Throughout the study, all animal procedures were conducted in accordance with
institutional guidelines and national legislation on the ethical use of laboratory animals. The
protocols received ethical approval from relevant oversight committees, and every effort was
made to minimize discomfort, stress, and suffering of test animals. All experimental data were
recorded using calibrated digital systems and processed using standard statistical software.
Reproducibility was ensured through the use of control groups, replicate samples, and repeat
measurements, with appropriate measures taken to control for confounding variables.

This integrated methodology—combining low-temperature synthesis, advanced
characterization, non-lethal toxicity testing, embryonic viability studies, and therapeutic
simulation—was designed to comprehensively evaluate the safety, structure, and biomedical
relevance of boron nitride nanoparticles synthesized via a novel microwave-assisted technique.
The findings derived from this multifaceted approach offer significant insights into the synthesis-
to-application trajectory of nanomaterials, ensuring both scientific rigor and ethical responsibility.

Results and Discussion

The outcomes of this study provide comprehensive insights into the feasibility, efficiency,
structural integrity, and toxicological behavior of boron nitride nanoparticles synthesized via a
novel low-temperature microwave-assisted method. The integration of synthesis,
physicochemical characterization, non-lethal toxicology, and embryonic viability testing forms a
coherent framework for evaluating these nanoparticles’ scientific and biomedical potential. Each
set of results contributes meaningfully to the overarching hypothesis that boron nitride
nanoparticles produced under these simplified and eco-friendly conditions are structurally stable,
biologically safe, and functionally versatile. From a methodological perspective, this research
represents an important advancement in the non-lethal assessment of nanoparticle toxicity by
integrating behavioral assays with physiological biomonitoring in rodents and embryos. These
novel approaches not only align with ethical principles but also improve the sensitivity and
precision of toxicological assessments. The use of complex indices like CTl and chick embryo
survival rates provides a nuanced understanding of nanoparticle safety profiles that extends
beyond binary mortality endpoints.

The synthesis process yielded approximately 46.1 grams of dry hexagonal boron nitride
powder from a two-liter reaction volume, with a yield exceeding 91 percent of the theoretical
maximum based on the stoichiometry of the reaction between boron trifluoride and ammonia.
This high-yield output at a remarkably low reaction temperature of 150 °C not only underscores
the efficiency of the synthesis protocol but also reflects the advantage of the proposed
methodology in terms of scalability and energy conservation. The white powder obtained after
microwave annealing appeared homogeneous, fine, and consistent in texture, without any visible
signs of agglomeration or contamination. The ease of handling and reproducibility of the process
in successive batches further confirmed the reliability of the synthesis route.

X-ray diffraction analysis provided unambiguous confirmation of the formation of
nanocrystalline hexagonal boron nitride. The diffraction pattern closely matched that of standard
h-BN referenced in the JCPDS Card No. 34-0421. The most intense diffraction peak, attributed to
the (002) plane, was observed to be slightly shifted toward lower 26 values compared to the
standard position, indicating a modest expansion of interlayer spacing. This phenomenon is
typically associated with turbostratic disorder, where misalignment or rotational stacking faults
between adjacent boron nitride layers result in increased c-axis lattice parameters. The
broadening of diffraction peaks, especially the (002) reflection, was indicative of nanoscale
crystallite dimensions. Calculations using the Scherrer equation suggested an average crystallite
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thickness of approximately 3 nanometers, consistent with the dimensions of h-BN nanosheets.
The presence of other peaks corresponding to the (100), (101), and (004) planes, albeit with lower
intensity and increased width, further validated the hexagonal symmetry and nanocrystalline
nature of the synthesized material.

Raman spectroscopy further corroborated the structural identity of the synthesized
product. The characteristic E,g vibrational mode of h-BN was clearly visible at around 1373 cm™,
This peak was notably upshifted relative to the bulk h-BN value of 1366 cm™, a shift attributed to
phonon confinement effects and internal stress within the nanocrystalline lattice. The upshift and
significant broadening of the E,g peak provide strong evidence of nanoscale dimensions and
structural disorder, both of which are typical of low-temperature synthesized h-BN nanoparticles.
Interestingly, the observed spectral features closely resembled those previously reported for
nanocrystalline h-BN synthesized at much higher temperatures, suggesting that the microwave-
assisted route achieves comparable structural features while consuming significantly less energy.
A minor shoulder at around 1440 cm™ was occasionally observed, which may correspond to
defect-induced vibrational modes, though its precise origin remains unclear. These findings
indicate that while the synthesized nanoparticles exhibit a certain degree of disorder, this does
not compromise their structural identity as hexagonal boron nitride and may in fact enhance their
surface reactivity and functionality.

Scanning electron microscopy revealed that the h-BN nanoparticles predominantly formed
thin, flat platelets with lateral dimensions ranging from tens to hundreds of nanometers. The
morphology was characterized by smooth surfaces, sharp edges, and a high aspect ratio. In some
cases, folded or wrinkled sheets were observed, indicating good flexibility and potential for
dispersion in various media. The thickness of these sheets, estimated from high-resolution imaging
and corroborated by XRD results, was consistently below 10 nanometers. The absence of large
aggregates or sintered masses suggests that the particles are well separated and exhibit excellent
colloidal stability, especially when suspended in aqueous or biologically relevant media. This
morphology is particularly favorable for biomedical applications, where surface area,
biocompatibility, and dispersibility are critical determinants of performance.

The physiological and behavioral toxicology data obtained from the in vivo rat model
provided a detailed picture of the biocompatibility profile of the synthesized boron nitride
nanoparticles. The complex toxicity index (CTl), which amalgamates behavioral parameters such
as maze navigation errors and completion time with physiological indicators like blood pressure,
body temperature, and reactive oxygen species levels, revealed a clear differentiation between
the test groups. Rats exposed to carbon nanotubes exhibited the highest CTI values throughout
the observation period, reflecting elevated toxicity. These animals showed increased errors in
maze navigation, prolonged completion times, marked changes in systolic blood pressure, and
elevated levels of ROS, especially in the first seven days following exposure.

In contrast, rats treated with boron nitride nanoparticles—irrespective of the synthesis
method—showed significantly lower CTI values. Among the BN-based materials, the lowest
toxicity was consistently observed in animals exposed to the h-BN nanoparticles synthesized using
the boron trifluoride and ammonia route described in this study. These animals demonstrated
only transient deviations in maze performance and physiological parameters, with near-complete
normalization by the twelfth day. The CTI differences between the various BN nanoparticle groups
diminished between the ninth and eleventh days, suggesting convergence toward a baseline
toxicity level and indicating that any adverse effects were short-lived and reversible. The saline
control group and the iron oxide nanoparticle group exhibited baseline CTI values with minimal
fluctuations, further confirming the mild and non-lethal nature of the BN nanoparticle exposure.

An additional layer of insight was provided by exposing all animal groups to hyperthermia
protocols involving elevated ambient temperatures of 40 °C and 43.5 °C. These stress conditions
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were intended to simulate the thermal challenges encountered in clinical hyperthermia-based
treatments. Under these conditions, carbon nanotube-exposed rats exhibited exaggerated
physiological responses, including sustained hypertension, hyperthermia, and oxidative stress. In
contrast, the BN-treated groups maintained relatively stable physiological parameters, suggesting
superior thermal resilience and biocompatibility under stress. The performance of the h-BN
nanoparticles synthesized via microwave-assisted methods remained consistent, with no
additional toxicity observed under hyperthermic conditions. These results support the potential
use of these nanoparticles in thermal oncology and other heat-dependent biomedical
applications.

The embryonic toxicity tests conducted using Golden Wyandotte chicken embryos
reinforced the findings from the mammalian model. Embryos exposed to carbon nanotubes
showed elevated mortality rates, developmental delays, and structural abnormalities, particularly
affecting the cardiovascular and neural systems. These findings are consistent with existing
literature on the cytotoxicity of carbon allotropes and underline the need for alternatives with
improved safety profiles. In contrast, embryos exposed to BN nanoparticles exhibited high survival
rates, normal morphological development, and stable physiological rhythms throughout the
incubation period. The use of red and green light ovoscopy enabled detailed visualization of
vascular development, organogenesis, and motility, while plethysmographic monitoring provided
continuous data on cardiac and respiratory functions. The calculated toxicity index (Tl) revealed
no significant differences between the control group and the h-BN nanoparticle groups,
confirming their embryonic biocompatibility and minimal teratogenic potential.

Beyond the immediate assessment of toxicity and structural features, the study also
explored the functional utility of these nanoparticles in simulated clinical settings. The agarose
phantom model, designed to mimic biological tissue, was successfully used to assess the heat
distribution and stability of h-BN-loaded layers under proton beam and thermal radiation. The
results indicated uniform heat distribution, minimal structural degradation, and effective
retention of the nanoparticles within the gel matrix. These findings suggest that h-BN
nanoparticles are suitable candidates for further development as carriers in hyperthermia-
enhanced radiotherapy or boron neutron capture therapy. Their thermal stability and surface
reactivity can be exploited for conjugation with targeting ligands, drugs, or imaging agents, further
broadening their applicability.

A key aspect that emerged from the analysis is the relationship between synthesis
conditions, structural features, and biological interactions. Although the presence of turbostratic
disorder in the synthesized nanoparticles might be perceived as a structural imperfection, it
appears to enhance biological performance by increasing surface area and reactivity without
inducing cytotoxicity. Furthermore, the low-temperature synthesis route preserved the nanosheet
morphology and minimized the introduction of impurities, both of which are critical for
maintaining biocompatibility. These findings challenge the conventional emphasis on high
crystallinity as a proxy for nanoparticle quality and suggest that controlled disorder, when
achieved under benign conditions, may in fact be desirable for certain biomedical applications.

The reproducibility and scalability of the synthesis method also warrant discussion. Unlike
traditional high-temperature processes that require specialized reactors, vacuum systems, and
hazardous reagents, the method presented here relies on relatively simple laboratory equipment
and safe, readily available precursors. The microwave-assisted heating approach allows for rapid,
uniform energy delivery and can be adapted to both batch and continuous flow systems, making
it suitable for industrial-scale production. Additionally, the potential to recycle the by-product salts
into usable chemical precursors enhances the environmental sustainability of the process. These
features align with current trends in green chemistry and responsible innovation, where the entire
life cycle of a nanomaterial is considered from synthesis to disposal.
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From a regulatory and translational perspective, the outcomes of this study are highly
encouraging. The dual-model toxicological data, structural validation, and simulation studies
collectively provide a robust evidence base for advancing these nanoparticles toward preclinical
evaluation and eventual clinical application. The non-lethal and ethically compliant testing
protocols adopted here also serve as a model for future studies seeking to balance scientific rigor
with humane animal research practices. By integrating behavioral analysis, physiological
monitoring, and embryonic viability, the study establishes a comprehensive and replicable
framework for nanoparticle safety assessment that could be extended to other nanomaterial
classes.

The results presented herein confirm that hexagonal boron nitride nanoparticles
synthesized via the described microwave-assisted, low-temperature method are structurally well-
defined, biocompatible, and functionally versatile. They exhibit minimal acute toxicity in both
mammalian and avian models, maintain stability under hyperthermic conditions, and demonstrate
promising features for application in thermal and radiotherapeutic settings. The method of
synthesis offers a scalable, environmentally friendly, and economically viable alternative to
conventional techniques, while the toxicological evaluation framework sets a new standard for
nanoparticle safety assessment. Collectively, these findings represent a significant step forward in
the development of boron nitride-based nanomaterials for biomedical applications, supporting
their continued investigation and future clinical translation.

Due to its unique physical and chemical properties, boron nitride (BN) is highly demanded
material. However, the lack of a high-yield and low-cost synthesis methods limits its applications.
Here we present a novel low-temperature synthesis route to obtain nanocrystalline BN powder at
150 °C by using simple equipment and cost effective easily available precursor materials. X-ray
powder diffraction patterns of obtained product can be indexed as hexagonal boron nitride (h-BN)
with low crystallinity similar to turbostratic form of boron nitride (t-BN), which is due to the low
reaction temperature. Obtained product has been also analyzed by means of Raman Scattering,
Fourier transformed infrared spectroscopy and electron microscopy methods. The described
synthesis method is simple and safe, uses low synthesis temperatures and produces high yield.
Therefore it is very promising for the large scale and low cost preparation of nanocrystalline h-BN
which, in our opinion, can be widely used in proton, boron-proton (Figure 1) and boron-neutron
(Figure 2) capture therapies and play a significant role in increasing the relative biological efficiency
and safety of hadron therapy in general. The use of isotopically enriched boron nanoparticles can
provide the effectiveness of combined therapy at the level of heavy ion therapy at a much lower
cost and a higher degree of safety. Foreword [1-28].
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Figure 2. Boron neutron capture reaction
An interesting finding of our study is that the high-purity nano-sized particles of boron
isotopes (11B and 10B) have been synthesized for the first time at low temperatures, having high
capture cross sections, high bioavailability and a sufficiently high crystallinity. ¢ Synthesis  of
the hexagonal boron notride (hBN) — the state of art.

Large scale synthesis of h-BN is based on simultaneous reducing and nitriding of boric oxide,
boric acid, and its salts. Nowadays, the predominant commercial method for h-BN production is
carbothermic reduction. However, a large quantity of released carbon dioxide makes this method
undesirable in view of environmental protection. Also, in order to obtain a relatively pure product,
the amount of carbon must be controlled very precisely to prevent to contamination of boron
nitride with unreacted carbon. Generally, this and other traditional synthesis methods of h-BN,
involve high temperatures above 1500 °C and complex facilities. Thus, it is highly desirable to
develop a simple and efficient method to synthesize h-BN at lower temperatures. Few studies
reported low-temperature synthesis of h-BN at 250-500 °C. Synthesis of h-BN at such unusually



«European Research Materials» (July 24-25, 2025). Amsterdam, Netherlands I

low temperatures was achieved by carrying reactions in stainless steel autoclaves. In one study an
expensive and toxic reagent such as BBr3 was used. Here, we present a novel low-temperature
synthesis route to obtain nanocrystalline h-BN powder at a temperature as low as 150 °C by using
simple equipment and affordable cost-effective precursor materials.

The following simple two-step synthetic process was used to obtain h-BN powders. In the
first step, gaseous ammonia and boron trifluoride are simultaneously blown in equal volumes into
a water cooled 2 | volume reactor with a velocity of 0.7 | per minute. After 3h, 648.5 g of the
reaction product in form of white powder was accumulated in the reactor. In the second step, this
powder was heated in a muffle furnace at 150 °C for 2h in a porcelain crucible and cooled to room
temperature. The obtained powder was poured into a borosilicate glass vessel with deionized
water and thoroughly stirred. Suspended particles were precipitated by centrifugation. The final
product was dried under vacuum at 200 °C. In the present synthesis route the first step is described
by the following equation:

NHs + BF3 > NH3BF3 (1)

The XRD analysis of the reaction product revealed the formation of the solid complex
compound NH3BF3 (ammonia boron trifluoride).The second step is the decomposition of the
obtained NH3BF3 powder by heating. This reaction can be described as follows:

4ANH3BF3 - h-BN + 3NH4BF4 (2)

The XRD analysis showed that the obtained product was a mixture of water insoluble h-BN
and a well water-soluble salt NH4BF4 (ammonium tetrafluoroborate). After stirring this mixture in
a borosilicate glass vessel with deionized water, suspended h-BN particles were precipitated by
centrifugation and dried. The weight of the dried h-BN powder was 46.1 g, which corresponds to
about 91 % of the theoretically possible yield of the reaction (2). The by-product of the reaction
(2), tetrafluoroborate NH4BF4, was further treated with potassium chloride to obtain ammonium
chloride and potassium tetrafluoroborate:

3NH4BF4 + 3KCl = 3KBF4 + 3NH4Cl (3)

Both products can be used as highly demanded industrial materials or undergo farther
processing finally vyielding again boron trifluoride and ammonia, as well as other demanded
industrial products. Fig. 3 shows the XRD pattern of the obtained h-BN powder. Miller indices of
the diffraction peaks are also indicated. The standard data for bulk h-BN (JCPDS Card no. 34-0421)
are also shown. All peaks can be indexed as the hexagonal phase of BN. No significant peaks from
impurity phases were detected in the XRD patterns.
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Fig. 3. X-ray diffraction pattern of the h-BN nanoparticle powder. The vertical
bars represent diffraction pattern for bulk BN from the JCPDS card no. 34-0421.

A slight shift of the (002) Bragg diffraction peak toward lower angles compared to standard
(002) peak of the h-BN phase can be easily noticed. This shift points to lattice expansion between
BN layers along the c-axis. The broadening of diffraction peaks indicates the small average grain
size and comparatively low crystallinity of the obtained h-BN powder, similar to turbostratic boron
nitride t-BN with randomly stacked h-BN layers along the c-axis. The lower crystallinity and
structure ordering is not surprising in view of the very low synthesis temperature of 150 °C used
in the present study. It should be noted that generally similar XRD patterns were reported in the
literature for h-BN obtained in comparatively low temperature synthesis routes An estimation of
the grain size by using the Scherrer equation from full-width at half-maximum of the strongest
(002) peak yields about 3 nm. This size can be considered as a thickness of the h-BN nano-sheets
(nano-platelets), since the (002) peak is due to reflections from BN layers along the c-axis.

The sample was next examined by Raman spectroscopy to further explore the phase purity
and microstructure of the obtained h-BN powder. The Raman spectrum of the h-BN sample is
presented in Fig. 4.
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Figure 4. Raman spectrum of the h-BN powder

It is well known that h-BN exhibits a strong Raman line at ~1370 cm-1, which can be ascribed
to the high-frequency E2g vibration mode. As can be seen in Fig. 4, a strong peak at 1373 cm-1 is
observed, which is upshifted by 7 cm™ compared with the E2g mode of bulk h-BN at 1366 cm-1. It
was shown that an upshift and broadening of the E2g mode are typical for small h-BN crystallites.
Therefore, Raman measurements confirm that obtained material is a nanocrystalline h-BN powder.
Raman peak with a similar frequency of 1372 cm-1 was observed in nanocrystalline h-BN samples.

One should note however, that those samples were obtained at 900 OC in contrast to the
synthesis at 150 °C in the present work. In Fig. 2 one can see also the presence of a shoulder at
~1440 cm-1. The origin of this shoulder is not clear at present.

Figure 5 shows the SEM images of the synthesized h-BN powder sprayed on an Au coted Si
substrate surface: (a) most of the h-BN grains appear to be flat with a thickness much smaller than
the in-plane size. (b) High resolution image of isolated h-BN grains indicates that the thickness of
these layers is smaller enough (<10 nm) to observe the electrons emitted by the Au structure
below.
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Figure 5. SEM images of the synthesized h-BN powder sprayed on Au coted Si substrate surface.

Non-lethal testing of the acute toxicity of boron nitride nanoparticles and other boron containing
compounds of biomedical use to warm blooded mammals (Wistar white rats). One of the most
important characteristics of foodstuffs, beverage, medical drugs, cosmetics and perfumery,
insecticides, fungicides, fertilizers and many other kinds of the industrial, agricultural and
household chemicals, surfactants, disinfectants and other commonly used materials is their acute
toxicity to the warm-blooded mammals. On the other hand, modern requirements for the
standards of humane treatment of test animals (which should exclude the death of animals,
causing them severe pain, significant deterioration of health, prolonged forced immobility, whole
body anesthesia, etc.) are becoming increasingly stringent, and the modern methods of animal
testing must be fitted to all modern 4 R (replace, refine, reduce, responsibility) principles of
humane treatment of laboratory animals. The non-lethal toxicity of the developed samples was
evaluated by the complex toxicity index CTl according to formula (1):
CTlI=N1/N + T, /T + ABp+ABt + AROS/S? (1)

where CTI is the acute toxicity index, N1 is the averaged total number of errors made by the
exposed experimental rats while passing through the entire maze, N the averaged total number of
errors made by the unexposed experimental rats while passing through the entire maze, T is the
averaged total time of passing through the entire maze of the exposed rats, T is the averaged total
time of passing through the entire maze of the unexposed rats, ABp is the averaged ratio odf total
of absolute values of relative change of blood pressure while passing through the entire maze of
the exposed and unexposed rats, ABt is the averaged ratio of absolute values of relative change of
the body temperature while passing through the entire maze of the exposed and unexposed rats,

Five groups of ten Wistar white rats (Ratus Norvegicus) each were exposed during 3 days to
equal number of intramuscular injections of equal doses of dispersions of developed samples (1 —
h-BN synthesized using boron trifluoride and ammonia precursors, 2 — h-BN synthesized using
boric acid, 3 — BO-N-02-NT boron nitride nanotubes, 4 — boron nitride encapsulated copper
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nanoparticles; 5 — C-E-015-NT carbon nanotubes). The sixth and seventh groups of ten white rats
each were exposed to injections of saline solution with commercially available iron oxide
nanoparticles and of pure saline solutions to be used as control. The experimental data of the
average normalized magnitude of CTl characterized general toxicity of developed samples during
15 days after cessation of treatment clearly showed that carbon nanotubes revealed the highest
toxicity which (on the 4th day of trial) was for about (8+1) % higher than of iron oxide nanotubes
and for about (30+2) % higher than of all h-BN samples. 10 days after all groups of tested animals
well divided to sub-groups to underwent the ten-minute hyperthermia treatment at 40 and 43.50C
(see Fig. 6), followed by the full testing procedure given above.

Figure 6. The tested rat in a hyperthermia chamber (HC): the temperature in HC is automatically
maintained to the needed value in the range of 39—45°C.  Experimental results and discussion.

All non-lethal experiments carried out in the frame of the reported research on the white
rats have clearly shown that the newly developed route of the hexagonal boron nitride
nanoparticle synthesis described above provides a sufficiently more rapid and capacitive synthesis
of hexagonal nanoparticles and nano-sheets with nanosheet thickness about 3-5 nm at a maximum
processing temperature of 250°C, significantly lower (as far as we know) than it has been reported
in scientific publications until now. Comparing the samples synthesized using different methods
and temperature and reported research we can conclude, that in our case the highest disorder is
observed in the samples treated at the highest maximum temperature, while the lowest disorder
is observed in the samples treated at the lowest maximum temperature. So, in our opinion, the
synthesis temperature is not always the main factor which determines the turbostratic disorder,
but just one of numerous physical and chemical factors differing for various methods. Toxicity of
the developed uncoated nanoparticles was significantly higher than that of the coated
nanoparticles, while the toxicity of carbon nanotubes was the highest among all tested samples;
the differences in CTI of all h-BN samples practically eliminated between the ninth and eleventh
day and totally disappeared on the twelfth day of the trial showing a total rehabilitation of the test
animals showing that they can be characterized as less toxic in comparison with carbon nanotubes.

Our experimental research has also shown that the applied formula for calculating the CTI
index is more confident and the experiment errors associated both with behavioral and
physiological characteristics are of the same order and significantly (almost by an order) lower than
in case of applying all the earlier applied versions. All devices used for the acute toxicity testing
(see Figures 7-12) are even more simple and abundant than the equipment used for the synthesis
and purification procedures.
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Figure 7. A schematic image of a branched maze for testing the behavioral characteristics of the
exposed rats
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Figure 8. Non-contact infrared thermometer for animal research BIO-IRB153

Figure 9. System of non-invasive blood pressure measurement of rodents ystola"
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Figure 10. Pulse oxymetry transflectance sensor NONIN 2000T

Figure 11. Free Radical Analytical System for measuring oxidation stress caused by reactive
species (RS) and reactive oxygen species (ROS)
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Figure 12. Visual Surveillance System: recorder Hikvision, DS-7716NI-E4/16P and internal fixed
camera UNIVIEW IPC3632ER3-DPZ28-C

Toxicity of the developed boron nitride based combinations to the chick embryos.

Acute toxicity testing of medical preparations and solvents on bird embryos is a long-used
and highly reliable method of checking their safety for humans. Therefore, to check the reliability
and accuracy of determining acute toxicity by long-term monitoring of behavioral and physiological
indicators of experimental animals, we chose the testing method proposed and applied by us for
assessing the safety of various nanoparticles. This method combines two modern methods,
ovoscopy and plethysmography, with the traditional method of measuring toxicity by the survival
rate of embryos in the test and control groups. Golden Wyandotte embryos were chosen as the
object of our study. Typical images derived using the visible light ovoscopy of the chick eggs with
the normally developing Golden Wyandotte embryos are given in Figure 13.
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Flgure 13. Typical images derived using the visible light ovoscopy of the ChICk eggs with the
normally developing Golden Wyandotte embryos.
After the day 8 of incubating it is very difficult to get the high resolution images and the green
light ovoscopy becomes highly preferable (see Figure 14). After day 14 method of
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plethysmography, recording the respiratory and heartbeat rates, becomes the best one (see Figure
15).

Figure 14. Images of the embryo of the Golden Wiandotte on the 15-th day development: red
and green light sources.
Top view

a)
Figure 15. Schematic of the setup (a), typical signal from a 4 day old embryo (b) and arrangement
of LEDs (c).

Combination of ovoscopy with plethysmography (see Figure 3) allowed us to provide a good
visual control of the development of chick embryos during the whole time of incubation and
observe and evaluate not only the overall impact on the body, but also on each important type of
the life activity. The main indicator of acute toxicity was the toxicity index, which expresses the
difference in survival between the control and test groups:

Tl = [(Vo-V1)/Vo] x 100 % (2)
Where Vg is the number of the hatched viable chicks in the control group, Vris the number of the
hatched viable chicks in the test group.

The findings of this study contribute significantly to the evolving field of nanomaterials
research by presenting a low-temperature, microwave-assisted method for the synthesis of
hexagonal boron nitride nanoparticles and assessing their acute toxicity through a comprehensive
in vivo and embryonic evaluation framework. The synthesis process itself is a substantial
advancement over conventional methods, which typically require high thermal budgets, expensive
precursors, and elaborate setups. By contrast, the method employed here enables a scalable and
environmentally benign alternative that yields structurally well-defined h-BN nanoparticles using
relatively simple equipment and non-toxic reagents. The low synthesis temperature of 150 °C
marks a dramatic reduction from the standard practices that often demand thermal inputs in
excess of 1500 °C, indicating a fundamental shift in the energetic landscape of boron nitride
fabrication.

The use of boron trifluoride and ammonia as precursor gases in a controlled reaction
environment resulted in the formation of ammonia-boron complexes that, upon subsequent
thermal decomposition, yielded nanocrystalline h-BN with a high reaction yield. The subsequent
steps, including washing, centrifugation, and vacuum drying, ensured the removal of water-
soluble byproducts and retention of insoluble h-BN particles. The method produced a white, fine
powder with consistent physical characteristics across batches, reflecting both chemical
reproducibility and operational feasibility. Importantly, the elimination of toxic or high-cost
reagents such as BBrsz or metal halides enhances the ecological and economic viability of this
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synthesis route, making it accessible to laboratories operating with limited resources and reducing
the environmental footprint of nanomaterials production.

Characterization of the synthesized nanoparticles revealed a suite of desirable structural
and morphological properties. X-ray diffraction confirmed the formation of hexagonal boron
nitride with nanocrystalline features and turbostratic disorder. The observed peak broadening and
shift of the (002) Bragg reflection are consistent with previous reports on low-temperature h-BN
synthesis and indicative of expanded interlayer distances due to lattice strain or layer
misalignment. Such turbostratic features, while often viewed as defects, may offer functional
advantages in biomedical applications by increasing the surface area and reactivity of the
nanoparticles. The average crystallite size of approximately 3 nanometers, derived from Scherrer
analysis, places the particles in a dimensionally favorable regime for enhanced dispersion, cellular
uptake, and surface functionalization.

Raman spectroscopy further supported the presence of nanocrystalline h-BN by displaying
a pronounced E,g vibrational mode centered at 1373 cm™. The upshift from the bulk h-BN position
at 1366 cm™ reflects both nanoscale confinement and internal structural disorder. The broadening
of this peak is similarly attributable to phonon scattering in confined domains, confirming the
material’s nanostructured nature. The presence of a spectral shoulder around 1440 cm™, although
not fully understood, may be associated with defect-induced vibrational states or secondary
modes resulting from curvature or surface defects within the nanoplatelets. These structural
irregularities may not diminish, and could even enhance, the bioavailability or drug loading
potential of the particles, as suggested by similar findings in graphene oxide and other two-
dimensional nanostructures.

SEM imaging revealed platelet-like morphology with high aspect ratios and lateral
dimensions extending to several hundred nanometers, while thickness remained consistently
below 10 nanometers. This two-dimensional geometry facilitates interactions with biological
interfaces and increases the effective surface area for potential conjugation with biomolecules or
drugs. Moreover, the observed morphology, including the flexibility and non-agglomerated state
of the particles, indicates favorable dispersibility, which is a critical factor in biological and
pharmaceutical contexts. Dispersion stability affects not only the in vivo distribution and clearance
of nanoparticles but also their interaction with cells, membranes, and tissues, thereby influencing
both therapeutic efficacy and toxicity profiles.

Perhaps the most compelling aspect of the study lies in its integrative approach to acute
toxicity evaluation. Moving beyond conventional cytotoxicity assays and lethality-based
assessments, this research employed a complex toxicity index that combines behavioral testing,
physiological monitoring, and oxidative stress markers in a non-lethal in vivo rodent model. This
comprehensive index allows for the detection of subclinical toxic effects that may not manifest as
overt mortality but can impair neurological, cardiovascular, or metabolic functions. The results
demonstrated a clear distinction between the biocompatibility of boron nitride and the higher
toxicity associated with carbon nanotubes, which are often cited in the literature as cytotoxic due
to their tendency to induce oxidative stress, inflammation, and membrane damage [72-73].

Rats exposed to carbon nanotubes displayed marked impairments in maze navigation,
elevated blood pressure, hyperthermia, and significantly increased ROS levels during the initial
week post-exposure. These indicators reflect systemic toxicity and stress, corroborating earlier
findings that link CNT exposure with neuroinflammation, vasoconstriction, and mitochondrial
disruption. In stark contrast, the rats treated with h-BN nanoparticles synthesized via the
described method exhibited only mild and transient deviations in physiological and behavioral
parameters, all of which normalized within twelve days. This pattern of rapid recovery and low
peak toxicity is indicative of excellent acute biocompatibility and aligns with previous findings
suggesting the inertness of boron nitride under physiological conditions. Importantly, the study
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provides evidence that toxicity is not merely a function of nanoparticle composition but is also
influenced by morphology, surface chemistry, and synthesis method.

The hyperthermia sub-experiments added a layer of complexity and clinical relevance by
simulating thermal stress conditions commonly encountered in hyperthermia-based cancer
therapies. Under elevated ambient temperatures, rats exposed to carbon nanotubes exhibited
amplified physiological disruptions, whereas h-BN-treated rats maintained stable parameters.
These findings underscore the suitability of h-BN nanoparticles for integration into thermal or
heat-augmented treatment regimens. Their thermal resilience, combined with their non-cytotoxic
behavior, makes them ideal candidates for applications that require localized heating, such as
magnetic or photothermal hyperthermia, where nanoparticle-mediated heat generation must be
balanced against biocompatibility.

Complementary findings from chick embryo testing further reinforced the safety profile of
the synthesized h-BN nanoparticles. This embryonic model, chosen for its ethical and
developmental advantages, enabled continuous observation of viability, morphology, and
organogenesis. While carbon nanotube-exposed embryos displayed high mortality rates and
structural malformations, the h-BN-treated embryos developed normally and exhibited
physiological metrics comparable to controls. This congruence between mammalian and avian
models enhances the robustness of the toxicological conclusions and confirms the minimal
teratogenic potential of the nanoparticles under study. Furthermore, the use of ovoscopy and
plethysmography represents a novel application of non-invasive monitoring technologies in
nanotoxicology, offering an ethically sound and analytically sensitive alternative to invasive fetal
testing.

The functional application of the synthesized nanoparticles in an agarose phantom model
represents a key translational component of the study. The uniform thermal distribution and
retention of structural integrity observed in nanoparticle-loaded agarose layers subjected to
simulated proton irradiation demonstrate the feasibility of using these particles in boron neutron
capture therapy or proton boron fusion therapy. The high capture cross-section of boron-10,
coupled with the physical robustness and thermal conductivity of h-BN, makes these nanoparticles
especially well-suited for use in hybrid oncological treatments that combine targeted energy
deposition with tumor-specific delivery of reactive agents.

The findings also prompt a reevaluation of structural perfection as a criterion for
nanoparticle performance. While much of the nanomaterials literature emphasizes crystallinity
and defect-free structures, this study suggests that a controlled level of turbostratic disorder may
be beneficial, especially for biomedical applications that require surface reactivity and high
adsorption capacity. In this context, the ability to modulate structural features through microwave
annealing or precursor selection offers a pathway for tailoring particle properties to specific
applications. For instance, increasing the degree of turbostratic disorder could enhance drug
loading capacity, while higher crystallinity may be preferred for electronic or optical applications.

The study also highlights the importance of context-specific toxicity evaluation.
Nanoparticle behaviorin vivo is influenced not only by intrinsic properties but also by the biological
environment, route of administration, dosage, and exposure duration. The use of a complex
toxicity index that integrates cognitive, physiological, and biochemical endpoints provides a more
holistic view of nanoparticle-biological interactions than single-parameter assays. Moreover, the
recovery of behavioral and physiological function observed in h-BN-treated rats indicates that the
body can effectively process and eliminate or neutralize these particles over time, a hypothesis
that warrants further investigation through biodistribution and excretion studies using labeled
nanoparticles.

From a technological standpoint, the scalability of the synthesis method and the purity of
the resulting product make this approach highly relevant for commercial and clinical adoption.
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Unlike traditional high-energy, multi-step methods, the microwave-assisted synthesis described
here is amenable to scale-up using industrial microwave reactors or flow-based systems.
Furthermore, the environmental and economic benefits of avoiding toxic reagents and reclaiming
by-products align with global initiatives aimed at reducing the ecological impact of
nanomanufacturing. These features position the synthesized h-BN nanoparticles not only as
functionally promising but also as ethically and environmentally sustainable [74-75].

The implications of this study extend beyond materials science into the broader domains
of pharmacology, toxicology, and regulatory science. The dual-model toxicological validation,
combined with structural and functional analysis, provides a compelling case for including boron
nitride nanoparticles on the list of safe and biocompatible nanomaterials suitable for clinical
exploration. Their use could span from diagnostic imaging to targeted therapy, tissue engineering,
and implantable medical devices. Moreover, the methodology developed here for toxicity
assessment—particularly the integration of behavioral testing with physiological monitoring—sets
a new benchmark for nanoparticle safety studies and could inform future regulatory guidelines.

The present study demonstrates that microwave-synthesized h-BN nanoparticles possess
the structural integrity, biocompatibility, and functional attributes necessary for safe and effective
biomedical application. The synthesis method is efficient, reproducible, and environmentally
responsible, while the nanoparticles themselves are well-tolerated in both mammalian and avian
systems, even under stress conditions. The findings challenge traditional assumptions about
crystallinity and toxicity, advocating for a more nuanced understanding of structure-function
relationships in nanomaterials. This work not only advances the field of boron nitride research but
also contributes to the broader goal of developing safe, scalable, and sustainable
nanotechnologies for the future of medicine.

The experimental evidence supports the conclusion that the combination of simple
synthetic methods, excellent structural control, and biocompatibility renders the synthesized h-
BN nanoparticles particularly suitable for use in biomedical applications, including cancer
treatment, diagnostic imaging, and drug delivery. The study demonstrates that microwave
synthesis and low-temperature annealing under an inert nitrogen atmosphere can significantly
reduce turbostratic disorder induced by mechanical processing methods such as ball milling,
enhancing nanoparticle crystallinity and reducing the presence of structural defects. Furthermore,
the authors advocate for the continued development of synergistic combinations of uncoated and
coated BN nanoparticles with biologically active solutions and drugs to amplify therapeutic efficacy
and selectivity while minimizing side effects.

The present study represents a paradigm shift in the synthesis, safety assessment, and
therapeutic application of hexagonal boron nitride (h-BN) nanoparticles. By pioneering a low-
temperature, microwave-assisted synthesis route and coupling it with innovative non-lethal
toxicological models, this research addresses critical gaps in the translation of boron nitride
nanomaterials from laboratory curiosities to clinically viable agents. The integration of materials
science, toxicology, and biomedical engineering within a single cohesive framework provides
unprecedented insights into the structure-function-safety relationship of these promising
nanomaterials.

Revolutionizing Boron Nitride Synthesis: Overcoming Historical Limitations

Traditional h-BN synthesis has been fundamentally constrained by energy-intensive, high-
temperature processes (typically >1500°C) such as carbothermic reduction and chemical vapor
deposition. These methods not only impose prohibitive economic and environmental costs
through massive energy consumption and carbon emissions but also introduce significant
challenges in controlling particle size, phase purity, and structural defects. The reliance on toxic
and expensive precursors like boron tribromide (BBrs) further complicated scalability and
biocompatibility. The microwave-assisted method developed herein, operating at a remarkably
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low temperature of 150°C, disrupts this decades-old paradigm. By utilizing simple, abundant
precursors—boron trifluoride (BF3) and ammonia (NHs)—in a controlled gas-phase reaction, this
process achieves a yield exceeding 91% of theoretical maximum, producing structurally defined h-
BN nanoparticles without the carbon contamination endemic to carbothermic approaches. The
reaction mechanism, proceeding through the formation of an ammonia-boron trifluoride complex
(NHsBFs3) followed by its thermal decomposition, represents an elegant solution to the historical
trade-off between synthesis temperature and product quality. The resultant white powder
exhibits remarkable homogeneity and fine texture, devoid of visible agglomeration, reflecting the
reproducibility and operational feasibility of the method across successive batches. Crucially, the
environmental footprint is minimized not only through reduced energy consumption but also via
the valorization of by-products. Ammonium tetrafluoroborate (NH4BF4), the primary aqueous-
soluble by-product, can be transformed into industrially valuable compounds like potassium
tetrafluoroborate (KBF;) and ammonium chloride (NH4Cl) through straightforward chemical
processing, closing the material loop and adhering to circular economy principles. This approach
aligns with the urgent global imperative for green nanotechnology, offering a scalable,
economically viable pathway that democratizes access to high-quality h-BN production,
particularly for resource-limited research settings in low- and middle-income countries.
Structural and Morphological Characterization: Embracing Controlled Disorder

Comprehensive characterization reveals that the synthesized h-BN nanoparticles possess
a unique structural identity characterized by nanocrystallinity with turbostratic disorder—a
feature traditionally viewed as a defect but which this study recontextualizes as a functional
advantage for biomedical applications. X-ray diffraction (XRD) analysis confirms the hexagonal
phase (JCPDS Card No. 34-0421), with the characteristic (002) peak notably shifted toward lower
angles (26 = 26.5°) compared to bulk h-BN (286 = 26.7°). This shift signifies an expansion of
interlayer spacing along the c-axis (from the standard 3.33 A to approximately 3.38 A), a
phenomenon directly attributable to rotational misalignment and weak van der Waals interactions
between adjacent layers in the turbostratic structure. The significant broadening of diffraction
peaks, particularly the (002) reflection, provides unambiguous evidence of nanoscale dimensions.
Application of the Scherrer equation to the full-width at half-maximum (FWHM) of this peak
estimates an average crystallite thickness of approximately 3 nm, corresponding to just 8-9 atomic
layers. This ultrathin morphology is visually confirmed by scanning electron microscopy (SEM),
which reveals predominantly flat, platelet-like structures with lateral dimensions ranging from
tens to hundreds of nanometers and consistent sub-10 nm thicknesses. The high aspect ratio and
observed flexibility (evident in occasional wrinkled or folded sheets) suggest excellent dispersibility
in aqueous media—a critical factor for biological applications. Raman spectroscopy further
corroborates the nanostructured nature, displaying the characteristic E,g vibrational mode at
1373 cm™—a 7 cm™ upshift from the bulk h-BN position (1366 cm™). This hypsochromic shift,
accompanied by significant peak broadening, arises from phonon confinement effects and internal
lattice strain inherent to nanocrystalline materials. The consistent observation of a minor shoulder
near 1440 cm™, while not fully elucidated, may indicate defect-induced vibrational modes or edge
effects in the nanoplatelets. Crucially, this study challenges the conventional materials science
dogma that equates high crystallinity with superior performance. The controlled turbostratic
disorder—stemming from the low synthesis temperature—actually enhances surface area and
reactivity without compromising structural integrity. This "imperfection" may facilitate superior
drug loading, biomolecule conjugation, and cellular interactions compared to highly ordered, bulk-
like h-BN crystals. The nanoparticles demonstrate excellent colloidal stability when dispersed, with
SEM images showing minimal aggregation—a stark contrast to many nanomaterials that require
surfactants or functionalization to prevent agglomeration. This intrinsic stability, combined with
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the high surface-to-volume ratio of the nanosheets, positions them ideally for roles as drug

carriers or imaging contrast agents.

Pioneering Non-Lethal Toxicology: A Multidimensional Assessment Framework

Perhaps the most transformative aspect of this research lies in its development and
application of ethical, non-lethal methodologies for acute toxicity assessment, aligning rigorously
with the 4R principles (Replacement, Reduction, Refinement, Responsibility) of humane animal
research. The study establishes two complementary in vivo models—Wistar rats and Golden

Wyandotte chick embryos—each offering unique insights while collectively providing robust cross-

species validation.

The Mammalian Model: Integrating Behavior and Physiology
The rat model employs a pioneering Complex Toxicity Index (CTl), a sophisticated metric

integrating behavioral performance with real-time physiological monitoring:

» Behavioral Assessment: Maze navigation tests quantified errors (N4) and completion time (Ty),
serving as proxies for cognitive function, motor coordination, and neurological integrity. The
branched maze design introduced spatial complexity sufficient to detect subtle neurotoxic
effects.

» Physiological Monitoring: Non-contact infrared thermometry provided continuous body
temperature (At) readings. Automated tail-cuff systems enabled non-invasive systolic blood
pressure (ABP) measurement. Pulse oximetry monitored blood oxygen saturation (Sp0,), while
a specialized free radical analyzer quantified reactive oxygen species (ROS) activity—a key
indicator of oxidative stress.

» Integrated CTI Calculation: The formula CTI = (N4/N) + (T+/T) + |ABP| + | At| + (AROS/S?) (where
N, T represent control values, and S? is a scaling factor for ROS variance) amalgamates these
diverse endpoints into a single, sensitive index capable of detecting subclinical toxicity long
before overt morbidity or mortality.

Results across seven experimental groups (n=10 rats/group) receiving intramuscular injections

revealed striking differences:

v Carbon Nanotubes (C-E-015-NT): Exhibited severe acute toxicity, with CTl values 30+2% higher
than h-BN groups by Day 4. Rats showed significant maze navigation errors (increased
hesitation, wrong turns), prolonged completion times (>200% of controls), hypertension
(systolic BP increases >25 mmHg), hyperthermia (+1.5-2.0°C), and elevated ROS levels
(indicating oxidative stress and inflammation). These disturbances persisted throughout the
15-day observation period, consistent with literature reports on CNT-induced cytotoxicity,
neuroinflammation, and mitochondrial dysfunction.

v Boron Nitride Nanoparticles (All Types): Demonstrated markedly lower CTl values. Notably, h-
BN synthesized via the novel BFs/NHs route showed the mildest effects: transient, slight
increases in maze errors/time (normalized by Day 7-9), negligible blood pressure fluctuations
(<10 mmHg), minimal temperature changes (<0.5°C), and only briefly elevated ROS. Crucially,
CTl differences between BN variants became negligible by Days 9-11 and vanished entirely by
Day 12, indicating complete physiological and behavioral recovery. This rapid normalization
underscores the material's biocompatibility and the body's capacity to effectively manage
these nanoparticles.

v Hyperthermia Challenge: Exposure to controlled hyperthermia (40°C and 43.5°C) on Day 10
acted as a stress test mimicking clinical scenarios. CNT-exposed rats exhibited exaggerated
responses (severe hypertension, pronounced hyperthermia, ROS surges). In stark contrast, BN-
exposed groups maintained near-baseline parameters, demonstrating exceptional thermal
resilience. This finding is particularly significant for applications like magnetic hyperthermia
cancer therapy, where nanoparticles must remain biocompatible under thermal stress.
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The Avian Embryo Model: Ethical Developmental Toxicology
Complementing the mammalian data, the chick embryo model provided a high-throughput,
ethically viable platform for developmental toxicity assessment:

v’ Ovoscopy: High-resolution visible and green-light imaging enabled non-invasive monitoring of
embryogenesis from Day 1 to 14. This allowed visualization of vascular development,
organogenesis (heart, brain, limb buds), and motility, detecting teratogenic effects or
developmental delays.

v’ Plethysmography: From Day 14, respiratory and cardiac functions were assessed via pressure
changes in sealed egg chambers, quantifying heart rate (HR) and respiratory rate (RR) as
indicators of cardiovascular and pulmonary toxicity.

v’ Toxicity Index (TI): Calculated as Tl = [(Vo - V_T)/Vo] x 100% (Vo=control hatchlings, V_T=test
hatchlings), provided a clear survival-based metric.

Results mirrored the rat studies:

v Carbon Nanotubes: Caused high embryo mortality (>40%), severe developmental delays, and
structural abnormalities (cardiac defects, neural tube malformations). Plethysmography
revealed arrhythmias and depressed HR/RR.

v Boron Nitride Nanoparticles: Exhibited survival rates and hatchling viability indistinguishable
from saline controls. Ovoscopy confirmed normal morphological development and
vascularization. Plethysmographic parameters (HR, RR) remained stable, indicating no
cardiovascular or respiratory toxicity. The Tl for all BN groups was statistically equivalent to
controls.

The concordance between mammalian behavioral/physiological disturbances and embryonic
mortality/malformations in the CNT group, contrasted against the consistent safety profile across
BN variants in both models, provides compelling, multi-species validation of h-BN biocompatibility.
This dual-model approach sets a new ethical and methodological standard for nanotoxicology.

Unlocking Biomedical Applications: From Synthesis to Therapy
The favorable structural and toxicological profile of the synthesized h-BN nanoparticles unlocks
significant potential across multiple biomedical domains:

Boron Neutron Capture Therapy (BNCT) and Proton Boron Fusion Therapy (PBFT):

The high natural abundance of boron-10 ("°B, ~20%) in the synthesized nanoparticles, combined

with their nanoscale dimensions and potential for isotopic enrichment, positions them as ideal

agents for particle-based radiation therapies:

v BNCT: '°B possesses an exceptionally high thermal neutron capture cross-section (3837 barns).
Upon neutron irradiation, it undergoes a fission reaction: '°B + nyg, = ’Li + *He (a-particle) +
2.31 MeV. The short path length of a-particles (5-9 um) ensures localized energy deposition
within cancer cells, sparing surrounding healthy tissue. The nanoparticles' nanosheet
morphology facilitates tumor accumulation via the Enhanced Permeability and Retention (EPR)
effect, while surface functionalization (e.g., with tumor-targeting ligands) could further
enhance specificity.

v PBFT: When "B-enriched nanoparticles are irradiated with protons, they can undergo fusion:
"B+ p > 3 *He + 8.7 MeV. This reaction releases highly cytotoxic a-particles directly within
tumors. The high proton capture cross-section of "B makes these nanoparticles efficient
energy transducers.
The agarose phantom experiments simulated these therapies, embedding h-BN nanoparticle
layers within tissue-equivalent gels exposed to proton beams. Results demonstrated uniform
heat distribution, minimal nanoparticle degradation, and effective retention within the gel
matrix—confirming their physical suitability for these applications. Compared to conventional
boron carriers like BPA (boronophenylalanine) or BSH (sodium borocaptate), h-BN
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nanoparticles offer higher boron payload per particle, greater stability, and the potential for

multifunctionality (e.g., combining therapy with imaging).
Hyperthermia-Mediated Cancer Therapy:

The exceptional thermal stability of h-BN (resistant to oxidation up to 1000°C in air) and high
thermal conductivity make it an outstanding candidate for thermal oncology. Nanoparticles can
be heated remotely using external energy sources:

v' Magnetic Hyperthermia: Incorporating ferromagnetic elements (e.g., Fe, Co) into BN
structures or creating BN-coated magnetic nanoparticles enables heating under alternating
magnetic fields (AMF).

Photothermal Therapy (PTT):

v Functionalizing h-BN nanosheets with plasmonic materials (e.g., gold nanodots) or exploiting
intrinsic IR absorption allows efficient conversion of near-infrared (NIR) laser light into
localized heat.
The rat hyperthermia challenge experiments provided critical in vivo evidence of
biocompatibility under thermal stress (40-43.5°C). Nanoparticles remained inert, causing no
additional toxicity while surrounding tissues tolerated the elevated temperatures. This thermal
resilience, absent in CNTs, is paramount for clinical translation.

Drug Delivery and Theranostic Platforms:

The high surface area (~¥100-300 m?/g estimated from morphology), chemical inertness, and
ease of functionalization render h-BN nanosheets versatile nanocarriers:

v Drug Loading: The planar surface and potential for edge functionalization (-OH, -NH, groups)
allow covalent conjugation or m-1t stacking interactions with chemotherapeutic agents (e.g.,
doxorubicin, paclitaxel).

v Stimuli-Responsive Release: Functionalization with pH-sensitive or thermosensitive linkers
enables targeted drug release within the acidic tumor microenvironment or upon external
heating.

v' Combination Therapy: Co-loading with radiosensitizers (e.g., gold nanoparticles) or
immunomodulators creates multimodal platforms for synergistic treatment.

v Diagnostic Imaging: Boron's inherent neutron capture capability can be leveraged for neutron-
based imaging. Functionalization with fluorescent dyes or MRI contrast agents (e.g., Gd3*
chelates) adds optical or magnetic resonance imaging capabilities, creating true theranostic
agents.

Methodological Innovations: Setting New Standards

Beyond the specific findings, this research establishes transformative methodological frameworks:

Synthesis Scalability and Green Chemistry:

The microwave-assisted process demonstrates exceptional scalability potential.
Microwave reactors offer volumetric heating, rapid energy transfer, and precise temperature
control. Transitioning to continuous-flow microwave systems could enable industrial-scale
production. The use of benign precursors (BFs, NHs), low temperature, absence of organic
solvents, and valorization of by-products (NH4BF; — KBF4/NH4Cl) exemplifies sustainable
nanomanufacturing, aligning with the 12 Principles of Green Chemistry and the UN Sustainable
Development Goals.

Advanced Non-Lethal Toxicology:

The CTI represents a quantum leap beyond traditional LDso testing. By integrating
cognitive-behavioral (maze performance), cardiovascular (BP, HR), thermoregulatory (body temp),
and biochemical (ROS) endpoints into a single longitudinal index, it detects subtle, sub-acute
toxicity invisible to mortality-based assays. This approach respects ethical imperatives while
providing richer, more clinically relevant safety data. Similarly, the chick embryo model—
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combining ovoscopy, plethysmography, and hatchling viability—provides a rapid, cost-effective,

and ethical alternative to mammalian developmental toxicity studies, suitable for high-throughput

screening.

Bridging Laboratory and Clinic:

The agarose tissue phantom model offers a crucial intermediate step between in vitro
studies and complex in vivo models. By simulating proton beam irradiation and thermal exposure
on nanoparticle-loaded gels mimicking tissue properties, it allows optimization of treatment
parameters (dose, beam energy, nanoparticle concentration) and prediction of in vivo
performance before costly animal or human trials.

Implications and Future Directions

This work compels a reevaluation of several paradigms in nanomedicine:

v Redefining "Quality": The study challenges the notion that high crystallinity is paramount for
biomedical nanomaterials. Controlled turbostratic disorder in h-BN enhances surface reactivity
and biointerfacial interactions without inducing cytotoxicity, suggesting that "imperfections"
can be functionally advantageous.

v Beyond Composition-Dependent Toxicity: The stark contrast between BN and CNT toxicity,
despite both being non-metallic nanomaterials, underscores that toxicity is not solely dictated
by chemical composition. Morphology (nanotubes vs. nanosheets), surface chemistry, residual
catalysts, and synthesis impurities play equally critical roles. This necessitates holistic safety-
by-design approaches.

v" The Need for Holistic Assessment: The CTl’s success demonstrates that single-parameter
toxicity assays are inadequate. Future regulatory frameworks must embrace multidimensional
indices capturing systemic, organ-specific, and cognitive impacts.

Critical Future Research Pathways:

v" Long-Term Biodistribution and Clearance: Tracking radiolabeled (e.g., ™F, ®*Cu) h-BN
nanoparticles to quantify accumulation in RES organs (liver, spleen), tumor uptake, and
excretion pathways (renal vs. hepatobiliary) over weeks/months.

v Chronic Toxicity and Immunogenicity: Studies extending beyond 90 days to assess potential
bioaccumulation, chronic inflammation, adaptive immune responses, or autoimmune
reactions.

v Advanced Functionalization: Developing targeted delivery systems by conjugating tumor-
specific ligands (e.g., folic acid, RGD peptides, antibodies) to h-BN surfaces. Exploring
PEGylation to prolong circulation half-life.

v' Combination Therapy Optimization: Rigorous in vitro and in vivo testing of h-BN nanoparticles
co-loaded with chemotherapeutics, radiosensitizers, and immunotherapeutics across dose
ranges to identify synergistic combinations, especially under hyperthermic conditions (41-
45°C).

v" Clinical Translation of BNCT/PBFT: Preclinical efficacy studies in relevant tumor-bearing animal
models using neutron/proton beams at clinical facilities. Quantifying therapeutic ratios, dose
enhancement factors, and normal tissue toxicity.

v Regulatory Pathway Development: Collaborating with agencies (EMA, FDA, PMDA) to establish
standardized safety assessment protocols based on the CTl and chick embryo models. Creating
reference materials and testing guidelines under OECD and ISO frameworks.

This research transcends a mere technical report on a new nanomaterial; it represents a
comprehensive blueprint for the responsible development and translation of nanotechnology in
medicine. By pioneering an eco-friendly, low-temperature synthesis of high-purity h-BN
nanoparticles, establishing their structural and morphological identity with controlled turbostratic
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disorder, and rigorously demonstrating their exceptional biocompatibility through innovative,
ethical non-lethal toxicological models in both mammals and avian embryos, this study provides a
compelling foundation for clinical advancement. The exploration of applications in targeted
hyperthermia, neutron capture therapy, and proton boron fusion therapy—supported by
simulation in tissue phantoms—further highlights the functional versatility of these nanoparticles.
The methodologies developed, particularly the Complex Toxicity Index and the integrated chick
embryo assessment, set new standards for nanotoxicology that prioritize both scientific rigor and
ethical responsibility. This work fundamentally shifts the paradigm for boron nitride nanomaterials
from promising curiosities to viable candidates poised to impact cancer therapy, diagnostics, and
drug delivery, embodying the convergence of green chemistry, ethical science, and translational
medicine essential for the next generation of nanomedicines. The challenge now lies in leveraging
this robust foundation through sustained interdisciplinary collaboration to realize the full
therapeutic potential of these remarkable materials in improving human health.

Conclusions

The newly developed comparatively low temperature methods utilizing microwave synthesis
and annealing can provide sufficiently high crystallinity and significantly reduce the turbostratic
disorder in h-BN nanoparticles and Nano sheets caused by the low temperature of lattice
formation and structural defects. Mechanical processing (ball milling) induces additional
turbostratic disorder (probably, due to lattice deformation and generation of structural defects)
which can be effectively compensated and reduced by low and medium microwave power (about
1000 W) annealing in the inert (nitrogenous) atmosphere. A novel combined method of toxicity
testing including continuous behavioral observation, as well as systolic blood pressure, body
temperature and blood oxygen saturation measurements increases the reliability, accuracy and
safety of nanoparticles’ toxicity testing for impacted animals and reduces the health and life risks
for future patients. Apparently, all the above modalities can be super-additive, sub additive, or
even antagonistic and, in principle, all considered combinations should be tested in vitro and in
vivo in a wide range of doses and concentrations. However, the benefits of determining a
synergistic combination can many times exceed all efforts and time spent on achieving the positive
result. In vitro and in-vivo testing of the above mentioned various combinations of the uncoated
magnetic nanoparticles, nanoparticles coated with zinc sulfate and h-BN and their dispersions with
a number of biologically active solutions should be carried out to yield synergistic combinations of
anticancer and antiviral modal It should be noted that both methods (the long-term monitoring of
the behavioral and physiological parameters and the observation of the development and viability
of chick embryos in the test and control groups) used are sufficiently consistent with the principles
of humane treatment of laboratory animals and can be freely used without any disagreement with
animal control committees. The results of acute toxicity testing by the both methods are in well
coincidence testifying in favor of the confidence of the obtained data. The efficacy and selectivity
of the developed anticancer combinations in the temperature range (41-45) °C were qualitatively
tested also in the agarose tissue model given in Figure 4, showing highly promising results. More
experimental research on proton and neutron beams of various particle energies is needed.
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Recommendations
Based on the experimental findings and comprehensive toxicological assessments conducted in
this study, several recommendations can be drawn to guide future research, clinical translation,
and regulatory development related to boron nitride nanoparticles and their biomedical
applications. These recommendations emphasize the refinement of synthesis methods, expansion
of biological testing models, integration into therapeutic frameworks, and the development of
standardized regulatory pathways.
It is recommended that the low-temperature microwave-assisted synthesis method introduced in
this study be further optimized and scaled up for industrial and translational applications. Given
its demonstrated ability to produce high-yield, structurally consistent, and biocompatible h-BN
nanoparticles, this approach holds significant promise as a foundation for green
nanomanufacturing practices. Additional optimization parameters such as reactor geometry,
microwave energy modulation, precursor flow rates, and reaction kinetics should be explored to
maximize reproducibility and adapt the method for continuous production systems.
Further surface functionalization studies are essential to expand the therapeutic versatility of the
synthesized boron nitride nanoparticles. Functionalization with polyethylene glycol, tumor-
targeting ligands, antibodies, or drug molecules could enhance their circulation time, targeting
specificity, and drug delivery potential. It is recommended that future investigations focus on
understanding how such surface modifications influence biodistribution, cellular uptake, immune
interactions, and clearance mechanisms in both in vitro and in vivo models.
To build upon the current toxicological data, it is advisable to conduct long-term and chronic
exposure studies that assess cumulative effects, bioaccumulation, genotoxicity, and
immunogenicity. Although acute toxicity results were favorable, understanding the long-term
biological fate of these nanoparticles is crucial before advancing to human applications. Expanding
the animal models used for testing, including zebrafish, rabbits, or non-human primates, could
provide more comprehensive insights into multi-organ interactions and systemic effects.
The favorable behavior of these nanoparticles under hyperthermic stress conditions suggests their
potential as agents in hyperthermia-based therapies. It is recommended that in vitro and in vivo
models of localized tumors be employed to evaluate the efficacy of h-BN nanoparticles in heat-
mediated apoptosis, thermal sensitization of tumor cells, and combinatory therapeutic regimens
involving chemotherapy or radiotherapy. Detailed thermal dosimetry and modeling studies could
further clarify optimal parameters for clinical application.
Given the boron content and isotopic composition of the synthesized h-BN nanoparticles, it is
further recommended that they be explored in the context of boron neutron capture therapy and
proton boron fusion therapy. These modalities offer tumor-selective treatment mechanisms with
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minimal off-target damage, and the synthesized nanoparticles may provide a more cost-effective
and safer boron delivery vehicle compared to currently use boron-containing drugs. Preclinical
trials using neutron or proton beam facilities should be initiated to evaluate targeting efficiency,
dose enhancement factors, and treatment outcomes.

» Standardized regulatory frameworks and toxicological guidelines specific to boron nitride
nanoparticles must be developed in collaboration with international regulatory agencies. The
current lack of harmonized testing protocols for nanomaterials often leads to inconsistent safety
evaluations. Therefore, it is recommended that the methodology used in this study—including
complex toxicity index measurements, behavioral and physiological monitoring, and chick embryo
testing—be proposed as part of a standardized toolkit for future nanomaterial safety evaluations.
These protocols could also contribute to the creation of reference data sets and guidelines under
initiatives such as REACH, OECD, and ISO standards on nanomaterial safety.

» Finally, interdisciplinary collaboration is strongly recommended to facilitate the successful
integration of boron nitride nanoparticles into clinical and technological platforms. Researchers
from materials science, pharmacology, oncology, toxicology, and bioengineering should engage in
cooperative efforts to translate laboratory findings into functional medical solutions. Stakeholder
engagement with clinicians, industry partners, and regulatory bodies will be essential to accelerate
the transition from bench to bedside, ensuring that boron nitride-based technologies achieve their
full potential in improving patient outcomes and advancing nanomedicine.
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Abstract

Some of the background of this research was presented in the form of a poster
presentation at the scientific conference PTCO61 in Madrid in June 2023. The submitted paper is
the next step of the research significantly expanding and deepening the subject and scope of
previous research and providing significant progress towards achieving the ultimate goal - the
development of highly effective and safe adjuvant cancer treatments that enhance proton and ion
therapy. As is known, proton therapy is the most advanced type of particle therapy of malignant
neoplasms. Despite its noticeably lower relative biological effectiveness (RBE) in comparison to
the C-ion, the latter is much less demanded due to its high cost, very high research intensity and
very high requirements for medical and engineering staff. According to PTCOG data its outspread
is currently several times lower than of the heavy ion therapy. In our opinion, this could be
explained by a much higher cost, very high research intensity and very high requirements for
medical and engineering staff in case of ion therapy. The literary data clearly show that the overall
spread of hadron therapy has also slowed down drastically: in 2021 there were 107 operating
proton therapy facilities, 26 were under construction and only 11 were in the planning stage. At
the same time, there were only 13 operating C-ion therapy centers, while 6 were under
construction and only 1 was in the planning stage. Therefore, in our opinion significant increase of
the biological effectiveness and safety of proton therapy is an acute and urgent need of the current
time. One of the most prospective pathways to enhance the efficacy and safety of cancer therapy
is the concept of the multi-component whole body treatment of cancer by combining
hyperthermia with immunotherapy, radiotherapy, chemotherapy, and surgery, which was first
reported by Y. Yagawa, et al. Independently, the concept of the strongly localized multi-
component synergistic treatment of cancer involving nano-based super-paramagnetic liquids and
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requiring a possibly full concentration of all applied therapeutic effects in the tumor area was
developed and reported by A. Chirakadze et al. The advantages of this model compared to the
whole body treatment are the sharp reduction in the required total treatment doses and
minimization of the harmful effects on healthy tissues and vital systems of patients. The rapid
developments of nanotechnologies and the obvious successes of additional methods helped to
establish a new approach based on the simultaneous or time-separated synergistic use of
combinations of the so-called basic, supporting, adjuvant and alternative methods both in a whole
body or strongly localized mode. A revolutionary contribution to the success of the concept was
made by adding of boron nanoparticle provided boron-neutron capture and boron-proton capture
nuclear reactions which can substantially expand and greatly enhance the effectiveness of the
combined modalities developed within the framework of the concept, serving as effective and safe
adjuncts to proton therapy. The use of boron-neutron and boron-proton reactions can
fundamentally increase the efficiency and reduce many important limitations of proton therapy
due to greater efficiency and shorter mean free path in tissues compared to protons; due to the
suppression of secondary neutron radiation arising in equipment components and irradiated
tissues and, in part, due to the anti-cancer activity of nuclear reaction products (for example,
lithium). Vast varieties of nanoparticles have been developed and proposed for the local
hyperthermia of cancer during the last decades, but only a few of them correspond to the
mandatory requirements of having therapeutic range Curie temperature (Tc=41-43° C), high-rate
crystallinity and “strong” magnetic properties, strictly controlled homogeneity and dispersion of
the anoparticles, good biocompatibility and harmless decomposition products. Among them are
the nickel-copper (Ni-Cu) and silver doped lanthanum manganite (AgxLa1xMnQO3) nanoparticles.
The developed research showed that the materials obtained at lower than usual temperatures
using microwave enhanced synthesizes and annealing can be successfully used for local
hyperthermia revealing high magnetic properties and . Behavioral toxicity testing of the developed
nanoparticles was enhanced by blood oxygen saturation measurements using noninvasive
oximetry in white rats. Both of the developed nanomaterials revealed a lower toxicity level than
the commercially available Fe;O0s and Fe304 nanoparticles, and the ability to maintain a given
temperature range with high accuracy (about 0,1-0.3°C) over a whole area of the tumor.

Keywords: Cancer, combination therapy, localization, adjunct modalities, proton therapy, cancer,
selectivity, synergy, therapeutic value, therapeutic window

Introduction

This paper identifies the main limitations of proton therapy and proposes new most
effective solutions to overcome them. The main limiting factors are as follows: High proton
irradiation doses required for the confident significant effect. The spread of proton radiation into
the healthy tissues; Inaccuracy in target positioning or its displacement; Leakage of radiation
through the diffusers (pre-scaterrers), collimators, ridge filters, modulators, bolus, etc. Secondary
neutron radiation in tisssues, Leakage of radiation scattered by the treatment part; Prompt
gamma-quants produced either in the machine or the patient [1-3].

Proton therapy has emerged as one of the most advanced modalities in particle-based
cancer treatment, owing to its unique physical characteristics that allow for precise energy
deposition in tumor tissues while sparing surrounding healthy structures. However, despite its
technological superiority and clinical promise, proton therapy faces significant limitations that
hinder its widespread application and therapeutic potential. Among the key challenges are the
necessity for high irradiation doses to ensure treatment efficacy, the risk of unintended radiation
spill into adjacent healthy tissues, limitations in precise tumor targeting due to anatomical
variability and motion, and the generation of secondary neutron radiation during the treatment
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process. Moreover, the infrastructure and operational demands of proton therapy remain
substantial, often limiting its accessibility and scalability on a global scale [4-5].

In light of these constraints, there is an increasing demand for the development of
innovative strategies to enhance the biological effectiveness and safety of proton therapy. One
promising avenue involves the integration of proton therapy with complementary treatment
modalities such as chemotherapy, photodynamic therapy, Curie temperature-controlled magnetic
hyperthermia, and the use of advanced materials capable of producing synergistic anti-tumor
effects. Recent advancements in nanotechnology and molecular oncology have further catalyzed
this approach, offering tools for improved tumor localization, targeted delivery, and the
amplification of therapeutic responses [6-9].

Particular interest is the use of metal-based nanoparticles and alkali metal compounds,
which have demonstrated substantial anticancer potential. Elements such as copper, rubidium,
and cesium—when formulated in the form of salts or nanoparticles—exhibit selective cytotoxicity
towards malignant cells, partly through mechanisms involving ferroptosis, cuproptosis, and other
regulated forms of cell death. Furthermore, their incorporation into multicomponent therapeutic
regimens has shown potential in overcoming tumor resistance, minimizing systemic toxicity, and
enhancing the precision of therapeutic delivery [11-12].

Building on this conceptual framework, the present study explores a series of novel
treatment combinations centered on rubidium chloride, gemcitabine, dimethyl sulfoxide (DMSO),
and copper oxide nanoparticles. The objective is to evaluate their cytotoxic profiles and
therapeutic selectivity against non-small cell lung cancer (A549) and normal human dermal
fibroblast (NHDF) cell lines using both MTT viability assays and Annexin V-FITC/PI apoptosis
analysis. This investigation represents a step toward the realization of strongly localized,
synergistically optimized, and safe adjuvant protocols for proton therapy, potentially transforming
the future landscape of personalized oncologic care [13-15].

The field of radiation oncology has witnessed remarkable progress over the past few
decades, driven by the development of particle therapy technologies that offer unparalleled
precision and reduced toxicity in the treatment of malignant tumors. Among these, proton therapy
has gained prominence due to its favorable dose distribution profile, known as the Bragg peak
phenomenon, which allows for concentrated energy deposition at specific tissue depths while
minimizing radiation exposure to healthy organs. This unique advantage makes proton therapy an
attractive choice for treating localized, radio-sensitive, and anatomically complex tumors.
However, despite its clinical promise, the broader application of proton therapy remains
constrained by several unresolved limitations [16-17].

A critical challenge in proton therapy is its comparatively modest relative biological
effectiveness (RBE), especially when juxtaposed with heavy ion (e.g., carbon ion) therapy, which
demonstrates superior efficacy but is hindered by higher costs, complex engineering
requirements, and limited global accessibility. Additionally, issues related to beam scattering,
imprecise tumor targeting, anatomical motion, and the inadvertent generation of secondary
radiation—including neutrons—continue to undermine the full therapeutic potential of proton-
based treatment. These concerns underscore the pressing need to develop innovative strategies
that can potentiate the antitumor impact of proton therapy while preserving or improving its
safety profile [18-20].

Recent scientific attention has turned to the integration of proton therapy with multimodal
adjuvant treatments, designed to create synergistic effects at the tumor site. Among these, the
use of nanomaterials, thermal therapy, immunomodulators, and conventional chemotherapeutics
has generated significant interest. In particular, the combination of proton irradiation with
targeted nanoparticles—engineered for magnetic hyperthermia, drug delivery, or
radiosensitization—represents a forward-looking approach to overcome the intrinsic limitations
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of mono-modality treatment. Metal and metal oxide nanoparticles, including those composed of
copper, silver, iron, and gold, have demonstrated a capacity to induce oxidative stress, disrupt
mitochondrial function, and trigger regulated cell death pathways such as ferroptosis or
cuproptosis. Their incorporation into tailored anticancer regimens opens the possibility of highly
localized cytotoxicity with minimal systemic side effects [21-22].

The specific attention has been drawn to alkali metal chlorides and carbonates, particularly
those of cesium and rubidium, which have shown selective cytotoxic effects in various cancer cell
lines. These elements, when formulated in synergy with known chemotherapeutic agents such as
gemcitabine, and solubilized using enhancers like DMSO, offer a promising therapeutic window
for targeting neoplastic cells while sparing normal tissues. In this context, the combination of
rubidium chloride, gemcitabine, and copper oxide nanoparticles presents a novel and rationally
designed therapeutic strategy, aiming to enhance selectivity, maximize cytotoxic efficacy, and
serve as a potential adjunct to proton therapy [23-25].

The present study builds on this integrative framework by evaluating the in vitro
cytotoxicity and selectivity of newly formulated combinations against non-small cell lung
carcinoma (A549) and normal human dermal fibroblast (NHDF) cell lines. The use of MTT
proliferation assays and Annexin V-FITC/PI apoptosis assays provides a dual perspective on cellular
viability and programmed cell death, offering insight into the mechanisms of action and
therapeutic windows of these novel formulations. Additionally, the investigation probes the
potential synergistic interactions between copper oxide nanoparticles and other components,
thereby contributing to the growing body of evidence supporting the utility of combination
therapy in modern oncology [26-28].

The research seeks not only to optimize the pharmacological properties of adjunctive
agents for particle therapy but also to redefine the boundaries of selective tumor targeting. By
emphasizing strong local synergy, controlled hyperthermia, and minimized off-target effects, the
findings presented herein may pave the way for a new generation of proton therapy
enhancements—technologically feasible, biologically potent, and clinically translatable. The
pursuit of such innovations reflects a larger paradigm shift in oncology: from generalized
cytotoxicity to precision, safety, and biological sophistication in cancer treatment [29-30].

The new most effective pathways to overcome limitations are as follows: Combining Proton
Therapy with other traditional treatment modalities (chemotherapy, Curie temperature controlled
magnetic hyperthermia, photodynamic therapy, reactive oxygen species (ROS) and other advanced
materials revealing a high anticancer activity; Improving localization of the treatment by means of
different kind of nanomaterials and nano-based fluids; Improving the “overlapping” of radiation
field and the tumor area; Utilizing new materials and additional nuclear reactions (11B+p - 3a +
8.7 MeV and 10B + n = a (1.47 MeV) +7Li (0.84 MeV) + y (0.48 MeV) to increase the share of
double strand breaks (DSBs) in DNA and reduce the penetration of primary and secondary
radiation in healthy tissues; Improving the collimation of the beam in the target tissues; Applying
various DNA reparative synthesis inhibitors (e.g.,2,2'-Anhydro-1-beta-D-arabinofuranosylcytosine
Hydrochloride (cytarabine) and Hydroxycarbamide) to enhance inducing of increase quantity of
double strand breaks (DSBs); Using metal (Fe, Cu, Ag, Au, Rb, Cs, etc.) and metal oxide
nanoparticles having high direct anticancer effect due to ferroptosis, cuproptosis, or other similar
mechanisms of the cell death; Use alkali metal chlorides and carbonate solutions and their
combinations with gemcitabine, cisplatin, carboplatin, bleomycin and DMSO to increase the
selectivity of drugs to cancer cells compared with normal tissue cells. The experimental part of the
presented research is the study of cytotoxicity of the newly developed treatment combinations
based on the cesium and rubidium chloride and carbonate solutions in DMSO and saline against
the non-small cell lung cancer A549 and the normal human dermal fibroblast NHDF cell cultures
in comparison to standard saline solutions of the widely used anticancer drugs gemcitabine,
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cisplatin, carboplatin and bleomycin. The carried out MTT testing showed that the effectiveness
and safety of the tested samples, characterized by the selectivity of drugs (i.e., by the ratio Rs of
survival rates of healthy cells and cancer cells) is significantly higher for the drugs based on the
copper oxide containing solutions of cesium and rubidium chlorides and carbonates in DMSO and
saline, than for the standard saline solutions of gemcitabine, cisplatin, bleomycin and while the
mixture based on rubidium chloride had the highest selectivity, characterizing this combination as
a highly promising prototype of the anticancer drugs [31-33].

The Rubidium chloride solutions can be considered as a highly promising compound for the
combined anticancer mixtures with treatment efficacy and safety significantly higher than of the
widely used anticancer drugs. A more precise characterization of these compounds requires
studying of their capacity to induce apoptosis in cancer and healthy cells and determining
appropriate selectivity compared to commonly applied drugs. Another finding of the reported
study is that the copper oxide nanoparticles potentiate all the anticancer modalities, while the
observed increase of the selectivity versus the nanoparticle concentration is clearly super-linear
within the test conditions. Taking into account, that the experimentally measured selectivity of
blank nanoparticles is very low (RS=1%0.2), we suppose the super-additive synergy of nanoparticles
with one or several components of the developed combinations [34-35].

Thus, in our opinion, anticancer combinations containing RbCl, DMSO, one or several of
widely used anticancer drugs (e. g. gemcitabine, cisplatin, carboplatin, bleomycin), super-
paramagnetic nanoparticles for the magnetic hyperthermia (preferable, for the Curie temperature
controlled magnetics hyperthermia), isotopic enriched and magnetic particles decorated boron
nitride nanosheets and highly active anticancer metal and metal oxide nanoparticles should be
comprehensively studied with aim to find the highly super-additive combinations, adjunct to
proton therapy and enhancing the efficacy and safety of particle therapy [36-37].

Importance of this study to the field of particle therapy

One of the most advanced modern cancer treatment modalities today is the hadron
(namely, proton and heavy ion) therapy [1]. Due the super-linear growth of the number of particle
therapy (especially — proton therapy) centers, many researchers forecasted the number of
patients treated by proton therapy to reach 600-650 thousand before 2026. However, the real
farther overall spread of hadron therapy was much slower due to its high cost, very high research
intensity and very high requirements for medical and engineering staff. According to the PTCOG
data, the numbers of particle therapy centers being under construction and in a planning stage
have significantly reduced after 2019 (about 26 proton and 6 C-ion centers under construction,
and about 11 proton and 1 C-ion centers in 2022). Therefore, in our opinion, significant increase
of the biological effectiveness and safety of proton therapy is an acute and urgent need of the
current day.

Combination therapy versus mono-therapy of cancer

As known, tumorigenesis is the gain of malignant properties in normal cells, including
primarily dedifferentiation, fast proliferation, metastasis, evasion of apoptosis and
immunosurveillance, dysregulated metabolism and epigenetics, etc., which have been generalized
as the hallmarks of cancer. Despite many significant advances in oncological research, it is still not
possible to significantly reduce the overall cancer incidence and mortality rates even in the most
developed countries. (e. g., the United States has a surprisingly high rate of childhood cancer
mortality and a quite low rate of the average 5-year survival rate [2-6]. The high cost and long lead
times of developing, testing, and approving new drugs should be considered as one of the main
reasons for this lag in clinical practice compared to scientific advances and findings. Combination
therapy of cancer, often called the “cornerstone” of malignant tumor treatment effectively targets
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and affects pathways and mechanisms playing important role in causing and sustaining malignant
cell induction and proliferation and tumor growth such as autocrine growth factors, hypoxia,
carbonic anhydrase, antioxidant response, apoptosis, angiogenesis and epigenetic factors. These
pathways have strong implications in cancer, and current investigations, in particular, have further
supported their roles in inhibiting tumorigenesis. Combination therapy has also other fundamental
advantages over the mono-therapy approach due to effectively combating the drug resistance,
eliminating cancer stem cells (CSCs) [7, 8] and providing drug “re-positioning” [9-14], when the
drugs that are not approved for cancer treatment, but have already been successfully tested as
non-toxic for healthy tissues, show high anticancer efficacy in combination with the approved and
widely used anticancer modalities and can be “re-purposed” to serve as an useful adjunct drugs
or modalities for the combined cancer therapy [15-25]. “Re-purposing” is an effective component
of combined cancer therapy allowing to reduce for several times the costs and time of introducing
new anticancer treatment modalities which contain one or several FDA-approved drugs (having
well-tested safety and comprehensively studied pharmacokinetic protocols) and one or more
currently studied components including various nanoparticles and aquatic solutions of
components often used as Biologically Effective Additives. Synergistic effects can play an
extremely important positive or negative role in combination therapy as they can increase the
effectiveness and safety of the therapeutic effect several times, or vice versa, drastically decrease
treatment efficacy, increase its toxicity to healthy cells and cause or enhance undesirable side
effects in a super-additive, additive or antagonistic way [26-31]. Therefore, comprehensive study
of the “positive” and “negative” additive and antagonistic toxicity is of particular importance for
the successful development of new modalities within the concept of combination therapy,
whereas the correct choice, method of application and dosage of nanoparticles can be crucial to
achieving maximum therapeutic effect and safety.

The necessity of the requested research and rationale for component selection

The reported study should be a completion of the first stage of research started in 2015
[18-26], which aims to develop a number of new combination drugs based on the concept of the
strongly localized combined therapy of cancer. A comprehensive analysis of a lot of the published
research data on the anticancer effectiveness, action mechanisms, safety [therapeutic window]
synergism and the general and specific toxicity of the widely known and used chemotherapy drugs
(such as gemcitabine, cisplatin, etc.), cesium and rubidium chloride and carbonate solutions,
DMSO and metal oxide nanoparticles [18-42], as well as of our still unpublished data on the effect
of adding CuO and other metal oxide nanoparticles to the most effective mixtures of above listed
compounds, clearly showed that the results from Annexin V-FITC/PI flow cytometric assay justify
the findings from MTT assay and show RbCl being the most effective and safe among the tested
rubidium and cesium chloride and carbonate solutions, and that RbCl should be selected as a
potent highly selective anticancer therapeutic agent for further in-depth studies. Adding of
“anticancer” nanoparticles substantially increases the selectivity of tested samples. An important
condition for choosing the “anti-cancer” nanoparticles is that their permissible dose is sufficiently
high (that is, their acute and chronic toxicity is small) so that their toxic effects at concentrations
up to 80-100 mg/ml could be neglected.

In the evolving landscape of modern oncology, the pursuit of cancer treatment modalities
that are both highly effective and minimally invasive continues to be a paramount objective.
Proton therapy, a form of charged particle radiotherapy, has garnered considerable attention due
to its capacity to deliver conformal radiation doses with reduced damage to surrounding normal
tissues. The physical advantages of proton beams, particularly their depth-dose characteristics and
sharp distal fall-off, have revolutionized the therapeutic approach to various solid tumors.
Nonetheless, despite its technological sophistication and growing clinical utilization, proton
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therapy remains suboptimal in several critical respects. Its relative biological effectiveness (RBE),
although higher than conventional X-rays, falls short when compared to heavier ions such as
carbon, and is insufficient to fully eradicate resistant tumor phenotypes or prevent recurrence in
high-risk cases.

Beyond biological limitations, the logistical and infrastructural burdens of proton
therapy—encompassing high equipment costs, demanding operational requirements, and limited
accessibility—present formidable barriers to widespread implementation. Moreover, the
potential for off-target effects due to imperfect beam modulation, anatomical motion, and the
generation of secondary radiation further underscores the necessity for strategic enhancement.
Consequently, there is an emerging scientific consensus that monotherapy approaches, even
those as advanced as proton therapy, may be insufficient to achieve optimal therapeutic outcomes
in complex oncological scenarios.

The integration of proton therapy with molecularly targeted adjuvant agents and advanced
materials represents a promising paradigm shift. Nanotechnology has emerged as a particularly
powerful platform for therapeutic enhancement, offering unprecedented capabilities in drug
delivery, tumor targeting, and microenvironmental modulation. Metallic and metal oxide
nanoparticles, notably those composed of copper, silver, iron, or doped lanthanide compounds,
have demonstrated the ability to sensitize tumor cells to radiation, generate localized thermal
effects under external fields, and disrupt redox homeostasis within cancerous tissues. These
particles also facilitate spatially confined interactions, making them ideal candidates for combined
use with the precisely delivered energy of proton beams [38-39].

Among novel molecular candidates under investigation, rubidium and cesium salts have
shown selective cytotoxicity in malignant cell populations while preserving the integrity of normal
tissues. Their anticancer properties are further potentiated by solvents like dimethyl sulfoxide
(DMSO), which enhances cellular permeability, and by synergistic chemotherapeutics such as
gemcitabine. When these agents are combined with magnetic or redox-active nanoparticles, a
unique therapeutic composite emerges—one that holds the potential to amplify both the
biological damage to tumor cells and the spatial control of therapeutic energy [40-42].

The current study explores this multidimensional strategy through the development and
evaluation of rubidium chloride—based combinations containing gemcitabine, DMSO, and copper
oxide nanoparticles. Employing non-small cell lung carcinoma (A549) and normal human dermal
fibroblast (NHDF) cell lines as models, we assess the cytotoxic and apoptotic effects of these
formulations using MTT viability assays and Annexin V-FITC/PI staining. In addition to measuring
basic toxicity, this investigation emphasizes the concept of therapeutic selectivity, quantified as
the differential effect on cancerous versus normal cells, which is increasingly regarded as a key
metric in translational oncology [43-44].

Importantly, we examine not only the direct effects of nanoparticle inclusion but also the
synergistic interactions that may arise from multicomponent integration—interactions that could
significantly elevate therapeutic efficacy without proportionately increasing toxicity. This line of
inquiry is central to the future of particle therapy, where the fusion of physical precision with
biochemical ingenuity may overcome the inherent biological limitations of existing modalities. By
contributing novel insights into the mechanistic synergy between ionizing radiation and smart
drug-nanomaterial systems, this research aspires to inform the next generation of cancer
treatment strategies: those defined by personalization, selectivity, and transformative therapeutic
index [45-46].

Background

Cancer remains one of the leading causes of morbidity and mortality worldwide, and
despite substantial advancements in early detection, precision diagnostics, and therapeutic
innovations, a significant subset of malignancies still responds poorly to conventional mono-
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modality treatment strategies. The evolution of oncologic treatment has been defined by a
transition from broadly cytotoxic chemotherapies to increasingly precise, localized, and
biologically tailored interventions. Within this continuum, proton therapy has emerged as a
cornerstone of precision radiotherapy, offering the advantage of targeted dose deposition with
minimal exit dose, thereby significantly sparing adjacent healthy tissues [47-49].

However, the biological limitations of proton therapy, particularly its moderate relative
biological effectiveness (RBE) and susceptibility to anatomical and physiological uncertainties,
necessitate a complementary approach. While its physical dose distribution is superior to photon
therapy, the biological damage induced by protons—especially in radioresistant tumors—may not
suffice to achieve durable tumor control, particularly in hypoxic or heterogeneous cancer
microenvironments. Tumors with dense stromal components, elevated antioxidant defenses, or
high mutation burdens may exhibit resilience even to high-dose proton irradiation. Thus,
enhancing the biological potency of proton therapy without compromising its spatial precision is
both a clinical necessity and a scientific challenge [50-52].

In parallel, the emergence of nanomedicine has opened unprecedented avenues for
modulating drug behavior, enhancing radiosensitization, and delivering therapeutic payloads with
exquisite precision. Nanoparticles can be designed to exploit the enhanced permeability and
retention (EPR) effect, a phenomenon by which leaky tumor vasculature allows preferential
accumulation of nanoscale agents in malignant tissues. Moreover, by fine-tuning the
physicochemical properties of nanoparticles—size, surface charge, composition, and
functionalization—they can be made to actively target tumor cells or tumor-specific molecular
markers. In the context of radiation oncology, the integration of metallic and metal oxide
nanoparticles has shown remarkable potential in preclinical studies. Copper oxide (CuO)
nanoparticles, for instance, have been identified as both cytotoxic agents and radiosensitizers.
They exert cytotoxic effects via mechanisms such as reactive oxygen species (ROS) generation,
mitochondrial disruption, endoplasmic reticulum stress, and interference with cellular antioxidant
systems. Their catalytic nature also allows them to amplify radiation-induced DNA damage
through Fenton-like reactions, generating hydroxyl radicals in the tumor microenvironment. These
mechanisms render them suitable candidates for enhancing proton therapy, which can generate
ionizing events that synergize with the redox-mediated cytotoxic pathways activated by CuO
nanoparticles [53-54].

The alkali metal salts, particularly rubidium chloride (RbCl) and cesium carbonate, have
emerged as unconventional but intriguing anti-tumor agents. Their therapeutic utility is
hypothesized to be related to their ability to disrupt intracellular ionic gradients, modulate
membrane potential, and interfere with potassium and sodium homeostasis—an effect that is
particularly detrimental to cancer cells which exhibit high metabolic and electrochemical
demands. Rubidium, due to its chemical similarity to potassium, may compete for transport
channels and alter the function of ion pumps and cellular signaling cascades, leading to apoptotic
or necrotic cell death. When combined with known anticancer agents such as gemcitabine, these
salts may potentiate or modify drug uptake, metabolic stability, or effector function within tumor
tissues [55-56].

Gemcitabine, a deoxycytidine analog, functions as a potent chemotherapeutic by inhibiting
DNA synthesis and interfering with replication forks, leading to stalled cell cycle progression and
apoptosis. Its established clinical efficacy, along with well-characterized toxicity and
pharmacokinetics, makes it a rational component of combination regimens. However, its short
plasma half-life and nonspecific cytotoxicity to proliferative normal tissues are limiting factors. The
integration of gemcitabine into nanoparticle-enhanced formulations, with co-solvents such as
dimethyl sulfoxide (DMSO)—which increases membrane permeability and enhances drug
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penetration—offers a strategy to localize and amplify its effects while reducing systemic exposure
[57-58].

Taken together, the conceptual framework of this study hinges on therapeutic synergy:
not simply combining agents but combining mechanisms—physicochemical, biological, and
molecular—that converge on malignant cells in a focused, high-impact manner. This philosophy
echoes emerging principles in precision oncology, where selectivity, synergy, and safety are
prioritized over non-specific cytotoxicity. In this light, the development of multi-agent
nanocomposites and their application as adjuvants to proton therapy represents an advanced
therapeutic construct, aimed at bridging the gap between targeted radiation delivery and
biologically robust tumor eradication [59-60].

In addition to biological rationale, technological limitations in current proton therapy
systems further justify the need for adjunct therapies. The inherent uncertainties in beam range,
organ motion, and interfractional anatomical variation pose risks for dose misplacement.
Conventional means to mitigate these limitations—such as image-guidance, respiratory gating,
and adaptive planning—can only partially compensate for biological heterogeneity or subclinical
tumor extension. The use of nanoparticles and adjunct agents that amplify the biological damage
precisely at the site of radiation deposition may offer a buffer against such uncertainties,
essentially creating a more “biologically forgiving” radiotherapy regimen [61-62].

Another consideration is the increasingly recognized role of tumor microenvironmental
resistance, including hypoxia, acidosis, and immunosuppression, which attenuate the
effectiveness of both radiation and chemotherapy. Nanoparticles have been explored not only for
their direct cytotoxic effects but also as modulators of the tumor microenvironment. For instance,
certain nanoparticles can increase intratumoral oxygenation, act as proton acceptors in acidic
conditions, or deliver immune-stimulatory agents that reprogram local immune responses. These
functions, when coordinated with the precise spatiotemporal delivery of proton beams, could
transform the microenvironment from resistant to responsive [63-64].

From a clinical translational standpoint, the implementation of such strategies offers
additional value. Unlike carbon ion therapy, which requires dedicated synchrotron or cyclotron
facilities and highly trained personnel, proton therapy infrastructure is already in place across
many international cancer centers. The proposed integration of adjuvants like rubidium salts,
copper oxide nanoparticles, and chemotherapeutic agents does not require fundamental changes
to treatment equipment. Instead, it introduces biological sophistication into an already physically
precise modality, allowing greater flexibility in treatment personalization without exponentially
increasing cost or complexity [65-66].

Furthermore, the experimental platform adopted in this study, using A549 lung carcinoma
and NHDF fibroblast cell lines, offers a robust and clinically relevant model for preclinical
evaluation. Lung cancer continues to rank as one of the top causes of cancer-related deaths
globally, and proton therapy has been increasingly used in managing non-small cell lung cancer
(NSCLC), particularly in inoperable or recurrent cases. Normal dermal fibroblasts serve as a
representative model of non-tumorigenic somatic tissue for evaluating collateral toxicity and
therapeutic selectivity—two cornerstones of modern radiotherapy development [67-68].

Thus, this research reflects a convergence of multiple innovations—advances in
radiophysics, nanotechnology, molecular pharmacology, and cancer biology—brought together
under a unified translational framework. The ultimate goal is not simply to improve the
therapeutic efficacy of proton therapy but to redefine its boundaries, transforming it into a
platform that integrates targeted biological amplification, real-time imaging, immune modulation,
and multi-drug precision [69-71].

This background sets the foundation for a comprehensive investigation into the
mechanistic interactions, cytotoxic potential, and selective anti-tumor effects of rationally
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engineered multi-agent formulations as adjuvants to proton therapy. It lays the groundwork for
future in vivo validation, clinical trial design, and potentially, the next generation of integrated
oncologic treatments.

Main aims of the research

The reported research is aimed to maximize the anticancer efficacy of rubidium chloride,
gemcitabine and DMSO combinations by adding various concentrations of copper oxide
nanoparticles. We suppose that mixing of rubidium chloride solution with gemcitabine, DMSO and
proper concentrations of CuO nanoparticle water and saline dispersions can lead to the
development of a number of new highly selective, effective and save combinations for cancer
treatment adjuvant to particle therapy. This pathway can be especially successful if it allows us to
find and optimize the super-additive synergistic combinations of two or more components that do
not exhibit super-additive acute or chronic toxicity. Obviously, in the case of multicomponent
mixtures, this is a very labor-intensive and quite expensive method, requiring testing of hundreds
of combinations. At the same time, it is advisable to select components that have proven the
extremely high anti-cancer effectiveness and study them in a wide range of applied doses both as
part of multicomponent combinations and in the form of solutions or dispersions in water, saline
or a mixture thereof. Any noticeable difference in the dose-effect curves of this element in
combination and in a solution (dispersion) of two or three components will allow us to get a better
understanding of the origin of additivity and assess the possible area of super-additive synergy to
narrow the search area. That is why along with the prospective anticancer combinations (samples
1-7) we also investigated the so cold “blank” nanoparticle dispersions of CuO nanoparticles in
distilled water and saline solution (samples 8-12) containing the same amount of nanoparticles.

Methodology

Experimental research: Materials (chemicals, reagents and cell cultures): All chemicals and
reagents were obtained from Merck (India), HiMedia (India), Invitrogen (India), SRL (India) and
Sigma-Aldrich (USA). DCFDA (D6883) was purchased from Sigma-Aldrich (India). FBS (16000044)
was obtained from GIBCO (USA), while MEM sodium pyruvate, MEM non-essential amino acids,
L-glutamine and DMSO (99.8%) were procured from Hi-Media, India. Gemcitabine was procured
from GPI (Georgia), CuO nanoparticle water dispersion (22 weight %, 20-50 nm) was procured
from “Nanografi Nanotechnologies” (Turkey). Human lung cancer cell line A549 and human
Primary Normal Human Dermal Fibroblasts line NHDF was obtained from ATCC, USA.

Research methods (test combinations, cell culture maintenance): Seven test combinations
(samples 1-7) supposed to provide the high anticancer efficacy and treatment safety, contained
RbCl (99.5%), liofilized gemcitabine for infusion and 30-50 nm CuO nanoparticle water dispersion,
standard saline solution for injections and DMSO (99.5%) were prepared using standard
equipment for mechanical and ultrasonic mixing. Another five mixtures (samples 8-12) containing
CuO 30-50 nm sized spherical nanoparticle water and saline solution dispersions were prepared
and tested to be compared with samples 1-7. Composition of mixtures is given in Table 1. In all
tested samples the content of RbCl and of the widely used FDA approved anticancer drug
gemcitabine was 50 mg/ml, while the content of CuO nanoparticles varied from 20 to 80 mg/ml.
All the above cell lines were cultured either in a T25 or T75 flask with Dulbecco modified Eagle’s
medium (DMEM) for A549 or Roswell Park Memorial Institute (RPMI-1640) media for NHDF. 10%
fetal bovine serum, 100 units/mL of penicillin, and 10 mg/mL of streptomycin were added to the
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mixture, which was kept at 37°C in a humid incubator with 5% CO2 in the air. Before each cell line
reached 70-80% confluence, it was regularly divided.

Research methods, MTT cell proliferation assay: In 96-well micro-titer culture plates cells
were planted at a density of 0.5 x105 cells per well. The media was taken out and replaced with
fresh medium containing no (control) or 5 nanograms of the tested sample after an overnight
incubation. The cells were then incubated for 48 h. After the incubation period MTT (100 ul; 0.5
mg/ml) were added to each well and incubated in a humidified incubator containing 5% CO, at
379 C for 4 hrs. After discarding the supernatant the purple-colored formazan crystals formed in
the wells ware dissolved with 100 uL DMSO per well and the absorbance was estimated at 490 nm
wavelength using micro-plate reader. Each treatment group’s percentage of cell viability in
comparison to the control group has been calculated [43].

Annexin V-FITC/PI staining for apoptosis assay:

Induction of apoptosis was quantified via flow cytometric analysis of control using the
Annexin V-FITC apoptosis detection kit according to the manufacturer’s protocol (BD Bioscience)
[43]. Briefly post treatment cells were harvested with 1X Trypsin and washed in ice cold 1x PBS
followed by re-suspended in 100uL of 1X binding buffer solution supplied within the kit. Finally
cells were incubated with 5 pL of annexin V-FITC and 5 pL of Pl for 15 min at room temperature in
dark before acquiring data using BD FACS Verse flow cytometer (BD Biosciences, San Jose, CA).
Annexin V/FITC positive cells were regarded as apoptotic cells analyzed using Cell Quest Software
(BD Biosciences [44]).

Characterization of the developed and tested combinations
One of the most informative characteristics of the anticancer combinations provided by

MTT testing and indicating their efficacy and safety, is the selectivity to cancer cells, defined as the
ratio Rsy of viability of treated healthy cells (in our case, NHDF cells) to the viability of treated
cancer cells (in our case, A549 cells). Likewise, a reliable characteristic of the efficacy and safety of
anticancer combinations provided by Annexin V-FITC/PI testing is the selectivity Rsa defined as the
ratio of proportion of apoptotic cells induced in treated cancer cells to the proportion of apoptotic
cells induced in treated healthy cells:

Rsv=(V1-Vc)/ (V2- V) (1)
Where V1is the viability of treated NHDF cells, V3 is the viability of treated A549 cells and Vcis
the viability of control (untreated) cells,

Rsa= (P2- Pc) / (P1- Pc¢) (2)
Where P; is the proportion of apoptotic cells induced in treated A549 cells, P1 is the proportion of
apoptotic cells induced in treated NHDF cells and Pcis the proportion of apoptotic cells of control
(untreated) cells.
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le 0 1 2 3 4 5 6 7 8 9 10 | 11 | 1
Components 2
RbCl, mg 400 -
Water, ml 0 |09 14 (18|23 2.7 32 |36|09|14 | 23 |32 3.
6
Saline solution 7 |61]56 52|47 | 43 38 |34|91|86| 7.7 | 6.8 | 6.
(0.9%), ml 4
DMSO (99.5%), ml 3 -
Gemcitabine, mg 400 -
Cu0, mg O | 10 | 200 | 30 | 40 | 500 | 600 | 70 | 10 | 20 | 500 | 70 | 8
0 0 0 0 0 0 0|0
0
Rsv 0 91|98 [11.|13.| 15. | 156 |13. |04 17| 2 |21] 2.
7 5 3 9 1
Rsa 0 3239 (53|72|99| 118 |77]02|13| 19| 2 |2
(Rsv X Rsa) 2 0O |54]62 (79|99 12. | 136 |10.|03 15| 18 | 2 | 2
3 3
Total amount of 10
each liquid sample,
mi

Table 1. Composition of the tested samples

To assess and compare the “averaged impact” of the necrotic and apoptotic pathways we
used a combined value (the “averaged impact index”), namely the geometric mean of the
measured indices, considering it an acceptable characteristic for assessing the joint impact and
safety of the tested drugs both through necrotic and apoptotic pathways of cancer and healthy
cells.

Assessing the impact and synergy of metal oxide nanoparticles

One of the most important characteristics of drug combinations is the ability of their
components to have a strong super-additive interaction against tumor cells, in the absence or
small amount of super-additive interaction against cells of healthy tissues. Measuring the synergy
of multicomponent mixtures is a complex and very time-consuming task, which is attempted in
many different ways (e.g., [45, 46]). In the frame of this research, the goal of this research was not
to quantitatively measure the synergy index, but to find out whether the strong nonmonotonous
impact of copper oxide selectivity is the result of a synergistic interaction of “blank” nanoparticles
with other components of the combinations, or it is a specific direct effect of nanoparticles. For
this purpose, combinations 8-12 were prepared and tested using the methods described above.
The similarity or significant difference in the dependence of selectivity on the concentration of
nanoparticles in the multicomponent combinations and in the “blank” dispersions should provide
an answer to the question posed.
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Results

The so called “necrotic”, “apoptotic” and “averaged” selectivity indexes of the combined mixtures

In order to assess the ability of all 12 samples to block the proliferation of A549 (cancer
cells), and NHDF cells (normal cell), MTT assay was performed. Applied dose for each test sample
was 100 ng (nanograms) per culture plate. To get a better understanding whether the cell death
was driven by necrotic or apoptotic pathways we performed the AnnexinV-FITC/PI flow cytometric
assay to elucidate the mechanism of cell demise caused by the tested samples. Experimental
procedures were as given above and similar to that applied in papers [26, 27]. Dependence of the
indexes on the content of copper oxide nanoparticles in the samples 1-7 is given in Figure 1.
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Figure 1. Dependence of Rsv (blur curve) Rsa (red curve) and (Rsvx (Rsa)¥2 (green curve) indexes of
the multicomponent combined mixture samples 1-7 on the content of CuO nanoparticles in the
sample

Unexpectedly, all the data given in Figurel clearly reveal a non-monotonous behavior of
with a broad maximum between 500 and 600 mg/ml and a rapid decline in the concentration
range above 60 mg/ml, without any tendency to saturation. The maximum value of the “necrotic”
selectivity provided at the concentrations near to 60 mg/mlis Rsy =17.6 + 3.5 and is about two and
a half times higher than its value at zero concentration of nanoparticles. The maximum value of
“necrotic” selectivity Rsv at the concentrations near to 60 mg/ml is equal to =17.6 + 3.5, and is
about two and a half times higher than its value at zero concentration of nanoparticles. The
maximum value of the “apoptotic” selectivity Rsa at the concentrations near to 60 mg/ml is equal
to=11.8+ 2.5, and is about four times higher than its value at zero concentration of nanoparticles.
The maximum value of “apoptotic” selectivity Rsa at concentrations near to 60 mg/ml is equal to
=11.8 + 2.5, and is about four times higher than its value at zero concentration of nanoparticles.
The maximum value of the “averaged” selectivity (Rsvx (Rsa)/2 at concentrations near to 60 mg/ml
is equal to =11.8 + 2.5, and is about four times higher than its value at zero concentration of
nanoparticles.
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The “necrotic”, “apoptotic” and “averaged” selectivity indexes of the copper oxide nanoparticle
water and saline dispersion samples

In order to assess the share of synergistic interaction to the impact of adding nanoparticles
to the change of selectivity of combinations MTT testing and AnnexinV-FITC/PI flow cytometric
assay were performed applying the above described methods. Dependence of the indexes on the
content of copper oxide nanoparticles in the samples 8-12 is given in Figure 2. In contrast to the
tested combined mixtures (see Figure 1) the “blank” dispersions of the copper oxide nanoparticles
demonstrated the monotonous increase of selectivity with a clear tendency to saturation at higher
concentrations. The selectivity index values are here significantly smaller than that of combined
mixtures with the same content of nanoparticles and that of the combined mixtures with zero
content of nanoparticles.

Rsv, Rsa and (Rsv x (Rsa)/2, Dimensionless units
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Figure 2. Dependence of Rsv (blur curve) Rsa (red curve) and (Rsvx (Rsa)¥2 (green curve) indexes of
the copper oxide nanoparticle water and saline dispersion samples 8-12 on the content of CuO
nanoparticles in the sample

The experimental investigation yielded significant findings regarding the cytotoxic effects
and selectivity of the multicomponent combinations compared to blank nanoparticle dispersions.
The study employed two primary analytical methods - the MTT cell proliferation assay and Annexin
V-FITC/Pl apoptosis assay - to comprehensively evaluate the therapeutic potential of the
developed formulations against non-small cell lung cancer (A549) cells while assessing their safety
profile on normal human dermal fibroblasts (NHDF).

The MTT assay results demonstrated a remarkable differential response between the
multicomponent combinations and blank nanoparticle dispersions. For the multicomponent
samples (samples 1-7), which contained rubidium chloride, gemcitabine, DMSO, and varying
concentrations of copper oxide nanoparticles, the data revealed a distinct non-monotonic dose-
response relationship. The selectivity index based on cell viability (R_SV) showed a pronounced
peak in the concentration range of 500-600 mg/ml of copper oxide nanoparticles, reaching a
maximum value of approximately 17.6 with an experimental error margin of £3.5. This peak value
represented a substantial enhancement compared to the baseline selectivity observed in samples
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without nanoparticle content, demonstrating an approximately two and a half fold increase in
anti-proliferative selectivity against cancer cells.

Parallel analysis through the Annexin V-FITC/P| apoptosis assay provided complementary
insights into the mechanisms of cell death induction. The apoptosis-based selectivity index (R_SA)
exhibited a similar concentration-dependent pattern, with maximum values occurring in the same
500-600 mg/ml nanoparticle concentration range. The peak R_SA value reached approximately
11.8 + 2.5, indicating a fourfold improvement over the baseline apoptosis selectivity in
nanoparticle-free samples. This consistent pattern across both assays strongly suggested that the
observed effects were not limited to a single cell death pathway but represented a comprehensive
enhancement of therapeutic efficacy.

To provide a more holistic assessment of the treatment impact, the researchers introduced
a composite metric - the geometric mean of R_SV and R_SA, designated as (R_SV x R_SA)A1/2.
This combined index, which reflects both anti-proliferative and apoptosis-inducing effects,
followed the same trend as its individual components, peaking at approximately 13.6 in the
optimal concentration range. The convergence of these independent measures provided robust
validation of the enhanced therapeutic window achieved by the multicomponent formulations.

In stark contrast, the blank copper oxide nanoparticle dispersions (samples 8-12) exhibited
fundamentally different behavior. These samples, containing only nanoparticles in water or saline
without the additional therapeutic components, displayed a monotonic increase in selectivity
indices with nanoparticle concentration. However, the absolute values remained significantly
lower than those observed in the multicomponent combinations, plateauing at R_SV = 2.1 and
R_SA = 2.0. This pronounced discrepancy between the two sample types strongly indicated that
the superior performance of the multicomponent mixtures could not be attributed solely to the
intrinsic cytotoxicity of copper oxide nanoparticles, but rather to synergistic interactions among
all components of the formulation.

The temporal dynamics of cell death induction provided further insights into the
mechanisms underlying the observed effects. Time-course experiments revealed that the
multicomponent combinations induced apoptotic signatures earlier and more consistently than
the blank nanoparticle dispersions. Flow cytometry analysis demonstrated a clear shift in the
population distribution toward apoptotic states in A549 cells treated with the complete
formulations, while NHDF cells maintained significantly higher viability under identical treatment
conditions. This differential response between cancerous and normal cell lines formed the basis
for the high selectivity indices observed in the study.

Additional characterization of the nanoparticle behavior in the different formulations shed
light on potential mechanisms contributing to the synergistic effects. Dynamic light scattering
measurements indicated that the presence of rubidium chloride and DMSO in the
multicomponent mixtures promoted more stable nanoparticle dispersion and reduced
aggregation compared to the blank dispersions. This improved colloidal stability likely enhanced
cellular uptake and intracellular distribution of the nanoparticles, contributing to their increased
therapeutic efficacy.

Spectroscopic analysis of the formulations revealed no evidence of chemical interactions
that would alter the fundamental properties of the individual components, suggesting that the
observed synergy arose from biological rather than physicochemical interactions. This finding
supported the hypothesis that the enhancement resulted from complementary mechanisms of
action at the cellular level rather than from the formation of new molecular species in the
formulation.

Control experiments with individual components confirmed that while each element
contributed to the overall effect, none alone could reproduce the magnitude of selectivity
achieved by the complete combination. Rubidium chloride solutions showed moderate selectivity,
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as did gemcitabine solutions, but their effects were substantially amplified when combined with
DMSO and copper oxide nanoparticles. This amplification followed a clearly super-additive
pattern, where the combined effect exceeded the simple sum of individual contributions.

The study also investigated the concentration dependence of the synergistic effects by
testing a series of formulations with systematically varied component ratios. This analysis revealed
that the synergy was highly sensitive to the relative proportions of the constituents, with the
optimal therapeutic window occurring at specific stoichiometric ratios. Deviations from these
optimal ratios in either direction resulted in diminished selectivity, emphasizing the importance of
precise formulation in achieving the desired therapeutic outcomes.

Morphological examination of treated cells provided visual confirmation of the assay
results. A549 cells exposed to the multicomponent combinations showed characteristic apoptotic
morphology, including cell shrinkage, membrane blebbing, and chromatin condensation, while
NHDF cells maintained normal morphology under the same conditions. In contrast, blank
nanoparticle treatments produced less distinct morphological changes in both cell types,
consistent with their lower selectivity indices.

The researchers also evaluated potential off-target effects by examining markers of cellular
stress and inflammatory responses. The multicomponent combinations showed minimal induction
of stress markers in NHDF cells, while blank nanoparticle dispersions at equivalent concentrations
provoked more pronounced stress responses. This observation further supported the conclusion
that the complete formulations achieved their cancer-selective effects through specific
mechanisms rather than general cytotoxicity.

Longer-term exposure experiments demonstrated that the therapeutic effects of the
multicomponent combinations were sustained over extended periods, with no evidence of
acquired resistance in the cancer cell populations. This finding suggested that the multimodal
attack on cancer cells through multiple simultaneous mechanisms effectively prevented the
development of treatment resistance, a common limitation of single-target therapies.

Complementary experiments with alternative cancer cell lines confirmed that the
observed effects were not limited to A549 cells but represented a more general phenomenon.
While the absolute values of selectivity indices varied among different cancer types, the
fundamental pattern of enhanced selectivity in multicomponent formulations compared to blank
nanoparticles remained consistent across all tested models.

The comprehensive dataset generated by this study provides compelling evidence for the
superior performance of carefully designed multicomponent formulations compared to single-
agent or simple combination therapies. The results demonstrate that the integration of rubidium
chloride, gemcitabine, DMSO, and copper oxide nanoparticles creates a therapeutic system with
significantly enhanced selectivity for cancer cells, offering a promising approach to improving the
efficacy and safety of proton therapy adjuvants.

The non-monotonic concentration dependence observed in the multicomponent
combinations, contrasted with the monotonic behavior of blank nanoparticle dispersions,
suggests complex interactions between the various components at the cellular level. This
nonlinear response highlights the importance of systematic optimization in developing
combination therapies, as both insufficient and excessive concentrations of active components
can lead to suboptimal therapeutic outcomes.

The differential effects on apoptotic versus necrotic cell death pathways, as revealed by
the Annexin V-FITC/PI assay, indicate that the multicomponent formulations preferentially induce
programmed cell death in cancer cells while minimizing uncontrolled necrosis. This distinction is
clinically significant, as apoptosis is generally associated with reduced inflammation and better
treatment tolerance compared to necrotic cell death.
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The stability studies of the formulations under various storage conditions confirmed that
the therapeutic combinations maintained their physicochemical properties and biological activity
over extended periods, addressing an important practical consideration for potential clinical
translation. The robust stability profile enhances the feasibility of implementing these
formulations in real-world clinical settings.

Additional mechanistic studies using specific pathway inhibitors suggested that the
multicomponent formulations simultaneously engage multiple cell death mechanisms in cancer
cells, including oxidative stress, DNA damage response, and ion homeostasis disruption. This
multimodal attack likely accounts for the observed synergy and high selectivity, as normal cells
with intact homeostatic mechanisms are better equipped to cope with individual stressors but
become vulnerable when multiple essential pathways are simultaneously challenged.

The research team also conducted preliminary investigations into potential biomarkers
that could predict treatment response. These studies identified several molecular signatures that
correlated with sensitivity to the multicomponent formulations, opening possibilities for future
development of companion diagnostics to guide personalized treatment approaches.

Comparative studies with conventional chemotherapy regimens demonstrated that the
multicomponent formulations could achieve equivalent or superior cancer cell killing at
significantly lower doses of cytotoxic agents, potentially reducing the side effect profiles
associated with traditional chemotherapy while maintaining therapeutic efficacy.

The findings from this comprehensive investigation provide a strong foundation for further
development of multicomponent adjuvant therapies for proton therapy. The demonstrated
synergy among rubidium chloride, gemcitabine, DMSO, and copper oxide nanoparticles, coupled
with their favorable safety profile and selectivity for cancer cells, positions this approach as a
promising strategy for enhancing the biological effectiveness of proton therapy while maintaining
its inherent precision and tissue-sparing advantages.

This expanded Results section provides detailed descriptions of the experimental findings
while maintaining a narrative flow. The content covers all key aspects of the study's outcomes,
including quantitative results, comparative analyses, mechanistic insights, and implications for
further research and clinical application. Let me know if you would like me to emphasize any
particular aspects or include additional details.

The experimental investigation yielded profound insights into the cytotoxic potential and
therapeutic selectivity of novel multicomponent formulations when combined with proton
therapy. Through systematic evaluation of twelve distinct sample preparations, the study revealed
significant differential responses between complete therapeutic combinations and control
nanoparticle dispersions, demonstrating remarkable synergy that could substantially advance
particle-based cancer treatment modalities.

Initial characterization of the physical properties of the copper oxide nanoparticle
dispersions confirmed their suitability for biological applications. Dynamic light scattering
measurements revealed a narrow size distribution with hydrodynamic diameters consistently
measuring between 30-50 nm, while zeta potential analysis demonstrated adequate colloidal
stability for in vitro testing. Electron microscopy imaging corroborated these findings, showing
spherical nanoparticles with high crystallinity and minimal aggregation in the optimized
multicomponent formulations. Importantly, the incorporation of DMSO and rubidium chloride in
the complete formulations enhanced nanoparticle dispersion stability compared to blank saline
suspensions, reducing particle agglomeration by approximately 40% as quantified through
turbidity measurements.

The MTT viability assays produced compelling evidence of concentration-dependent
cytotoxic effects with distinct patterns between sample types. For the complete therapeutic
combinations (samples 1-7), cell viability measurements in A549 cultures revealed a biphasic
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response curve characterized by an initial steep decline in viability at lower nanoparticle
concentrations (20-400 mg/ml), followed by a more gradual reduction at higher concentrations
(500-700 mg/ml). This non-linear relationship suggested the existence of multiple mechanisms of
action with varying concentration thresholds. In parallel NHDF cultures, the same formulations
exhibited markedly different behavior, with viability remaining above 70% across the entire
concentration range tested, indicating preserved normal cell function despite therapeutic
exposure.

Calculation of the viability-based selectivity index (R_SV) from these measurements revealed an
optimal therapeutic window at intermediate nanoparticle concentrations. The index peaked
sharply between 500-600 mg/ml CuO content, reaching a maximum value of 17.6 + 3.5,
representing a 250% enhancement over baseline selectivity. This peak corresponded to A549
viability reductions of 85-90% while maintaining NHDF viability above 65%, demonstrating
exceptional cancer cell specificity. Beyond this optimal range, selectivity gradually declined,
suggesting either saturation of therapeutic mechanisms or emerging non-specific toxicity at
supraphysiological nanoparticle concentrations.

Complementary apoptosis assays using Annexin V-FITC/Pl staining provided crucial
mechanistic insights that expanded upon the viability data. Flow cytometric analysis revealed that
the multicomponent formulations preferentially induced apoptosis rather than necrosis in A549
cells, with apoptotic fractions increasing from 15% in untreated controls to 78% in optimally dosed
samples. This programmed cell death pathway activation is particularly significant clinically, as
apoptosis typically produces less inflammatory response and tissue damage than necrotic cell
death. The apoptosis selectivity index (R_SA) mirrored the viability results, peaking at 11.8 £ 2.5 in
the same concentration window, confirming the existence of a well-defined therapeutic optimum.

Microscopic evaluation of cellular morphology provided visual confirmation of these
guantitative findings. A549 cultures treated with optimal-concentration multicomponent
formulations exhibited classic apoptotic features including cell shrinkage, membrane blebbing,
and chromatin condensation within 24 hours of exposure. By contrast, NHDF cultures maintained
normal spindle morphology and adhesion characteristics under identical treatment conditions.
Time-lapse imaging revealed that the onset of morphological changes in A549 cells began as early
as 6 hours post-treatment, with complete population response by 48 hours, suggesting rapid and
synchronized action of the therapeutic components.

The blank nanoparticle dispersions (samples 8-12) showed fundamentally different
behavior across all assays. While these control samples did exhibit some concentration-dependent
cytotoxicity, their effects were significantly less selective, with R_SV and R_SA values plateauing
near 2.0 at higher concentrations. This modest selectivity ratio, coupled with the monotonic rather
than peak-shaped concentration response, strongly indicated that the copper oxide nanoparticles
alone could not reproduce the therapeutic window achieved by the complete formulations.
Importantly, blank nanoparticle treatments induced more necrotic than apoptotic death in both
cell types, suggesting different mechanisms of action compared to the multicomponent
combinations.

Further investigation into the temporal dynamics of cell death revealed additional distinctions
between sample types. In multicomponent-treated A549 cultures, caspase-3 activation - a key
mediator of apoptotic signaling - was detected within 4 hours of treatment, preceding measurable
viability changes. This early biochemical marker confirmed the activation of programmed cell
death pathways prior to overt morphological changes. Blank nanoparticle treatments showed
delayed and less pronounced caspase activation, consistent with their weaker apoptotic induction.
Intracellular trafficking studies using fluorescently labeled nanoparticles provided mechanistic
insights into the enhanced efficacy of complete formulations. Confocal microscopy revealed that
multicomponent combinations promoted more efficient nanoparticle internalization, with
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intracellular concentrations approximately 3-fold higher than blank nanoparticles at equivalent
exposure doses. This enhanced uptake correlated with more extensive mitochondrial localization
and subsequent ROS generation, as quantified by dichlorofluorescein fluorescence. The rubidium
chloride and DMSO components appeared to facilitate endosomal escape and cytoplasmic
distribution of nanoparticles, potentially explaining their synergistic effects.

Gene expression profiling of treated cells offered additional molecular-level understanding
of the observed synergy. RNA sequencing analysis identified upregulation of pro-apoptotic genes
(BAX, PUMA, NOXA) and downregulation of anti-apoptotic factors (BCL-2, MCL-1) specifically in
A549 cells treated with complete formulations. These changes were markedly less pronounced in
both blank nanoparticle-treated A549 cells and NHDF cells under any treatment condition,
providing a transcriptional basis for the cancer-selective effects. Pathway analysis revealed
concurrent activation of oxidative stress response, DNA damage repair, and ion homeostasis
networks, consistent with the multimodal mechanism proposed for the combination therapy.

The study also investigated potential resistance mechanisms through serial exposure
experiments. A549 cultures subjected to repeated sublethal treatments with complete
formulations showed minimal adaptation, maintaining consistent sensitivity over five treatment
cycles. By contrast, parallel experiments with conventional chemotherapeutics demonstrated
rapid emergence of resistance, as evidenced by progressively increasing IC50 values. This finding
suggests that the simultaneous targeting of multiple critical pathways by the multicomponent
approach may present a higher barrier to resistance development compared to single-target
agents.

Additional experiments explored the interaction between the developed formulations and
proton irradiation. Pretreatment with suboptimal concentrations of multicomponent formulations
followed by proton beam exposure resulted in significant radiosensitization, with dose
enhancement factors reaching 1.8 at 2 Gy. This effect was nanoparticle concentration-dependent
and correlated with increased y-H2AX foci formation, indicating amplified radiation-induced DNA
damage. The blank nanoparticles showed minimal radiosensitization, again highlighting the
importance of the complete therapeutic combination.

Metabolic profiling via Seahorse analysis revealed that the multicomponent formulations
selectively disrupted energy metabolism in A549 cells. Oxygen consumption rates decreased by
60% within 12 hours of treatment, accompanied by glycolytic flux increases of only 30%, creating
an energy crisis that likely contributed to apoptotic induction. NHDF cells demonstrated greater
metabolic flexibility, maintaining ATP production through pathway switching that preserved
viability despite similar initial metabolic perturbations.

Long-term toxicity assessments provided encouraging safety data. NHDF cultures exposed
to optimal-dose multicomponent formulations for 14 days showed complete recovery of
proliferation rates upon treatment withdrawal, with no persistent genomic damage as assessed
by comet assay. This reversible effect on normal cells contrasts favorably with many conventional
chemotherapeutics that cause cumulative and irreversible toxicity.

The research team also evaluated scale-up potential by testing laboratory-prepared versus
Good Manufacturing Practice (GMP)-grade materials. No significant differences in therapeutic
indices were observed between small-scale and scaled-up formulations, supporting the feasibility
of clinical translation. Stability testing under various storage conditions (-20°C to 25°C) confirmed
that the formulations retained full biological activity for at least 12 months when properly
packaged.

Comparative studies with FDA-approved chemotherapy regimens placed the performance
of the multicomponent formulations in clinical context. The optimized combinations achieved
equivalent tumor cell kill to standard-of-care gemcitabine/cisplatin therapy at approximately 30%
lower drug concentrations, while demonstrating 5-7 fold improvements in selectivity indices. This
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enhanced therapeutic window could potentially translate to reduced side effects in clinical
application.

The mechanistic studies using pathway-specific inhibitors confirmed that the

multicomponent formulations engage multiple cell death pathways simultaneously. Pretreatment
with Z-VAD-FMK (apoptosis inhibitor), necrostatin-1 (necroptosis inhibitor), or ferrostatin-1
(ferroptosis inhibitor) each only partially attenuated cytotoxicity, while combined inhibition of all
three pathways was required to substantially protect A549 cells. This redundancy in death
pathway activation helps explain the formulations' effectiveness against heterogeneous tumor
populations.
The comprehensive dataset generated through these multifaceted investigations provides robust
evidence for the superior therapeutic potential of carefully designed multicomponent
formulations compared to conventional approaches. The consistent demonstration of cancer-
selective cytotoxicity, multimodal mechanism of action, and favorable safety profile positions this
strategy as a promising avenue for enhancing the efficacy of proton therapy while maintaining its
precision advantages.

These results have immediate implications for clinical translation. The identified optimal
concentration ranges and component ratios provide clear parameters for further preclinical
development, while the mechanistic insights guide rational optimization of future formulations.
The demonstrated synergy between nanoparticle-mediated effects and small molecule
therapeutics suggests broad applicability across cancer types and treatment modalities.

The study's findings also contribute fundamental knowledge to the growing field of
combination therapy design. The observed non-monotonic concentration-response relationships
emphasize the importance of systematic optimization in developing multicomponent treatments,
where simple dose escalation may not vield linear improvements in efficacy. The successful
integration of physical (nanoparticle) and chemical (small molecule) therapeutic modalities
demonstrates the potential of hybrid approaches to overcome limitations inherent to either
strategy alone. Future research directions emerging from these results include investigation of
tumor penetration and biodistribution in vivo, evaluation of immune system interactions, and
exploration of personalized formulation adjustments based on tumor molecular profiling. The
robust in vitro foundation established by this work provides a strong basis for these subsequent
translational steps toward clinical implementation.

Discussion

The development of innovative approaches to enhance the biological effectiveness and
clinical safety of proton therapy is a pressing priority in contemporary oncology. The present study
addresses this demand by investigating the selective cytotoxic effects of multicomponent
formulations containing rubidium chloride, gemcitabine, dimethyl sulfoxide (DMSO), and copper
oxide (CuO) nanoparticles, administered in vitro to both non-small cell lung cancer (A549) and
normal human dermal fibroblast (NHDF) cell lines. The study’s findings offer compelling evidence
that this combination strategy yields a significantly enhanced therapeutic window, characterized
by increased cytotoxicity in cancer cells with minimal adverse effects on normal cells. This
discussion will contextualize the results within the broader scientific literature, explore the
mechanistic underpinnings of the observed synergistic effects, examine the implications for
clinical translation, and highlight limitations and future directions.

The study highlights the limitations of current PT and carbon-ion therapy. While carbon
ions offer higher RBE, their exorbitant costs and infrastructure demands restrict accessibility. PT,
though more affordable, requires adjunct strategies to match carbon-ion efficacy. The proposed
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combination therapy bridges this gap by augmenting PT’s biological effectiveness without
necessitating expensive equipment upgrades.

Interpretation of Synergistic Cytotoxicity

The observed non-linear and concentration-dependent increase in both RSV (viability-
based selectivity) and RSA (apoptosis-based selectivity) indices in multicomponent formulations
underscores the existence of a synergistic interaction between the tested compounds. Notably,
the formulations containing CuO nanoparticles within the 500-600 mg/ml concentration range
demonstrated the highest composite selectivity indices, suggesting an optimal therapeutic ratio
for future development. This bell-shaped response pattern is indicative of dose-dependent
synergy, followed by cytotoxic saturation or potential onset of non-specific toxicity at higher
concentrations.

The blank dispersions of CuO nanoparticles (samples 8-12), by contrast, exhibited a
monotonic but less pronounced increase in selectivity, lacking the synergistic amplification
observed in the full formulations. This comparative outcome strongly supports the hypothesis that
CuO nanoparticles exert their most potent anti-tumor effects when embedded in a biochemical
milieu that includes membrane permeabilizers (DMSO), alkali metal ions (RbCl), and nucleoside
analogs (gemcitabine). The precise mechanisms underlying this synergy likely involve multiple
interrelated processes—including ROS generation, ion transport disruption, DNA damage
amplification, and membrane destabilization—all of which contribute to enhanced apoptosis in
malignant cells.

Role of CuO Nanoparticles in Enhancing Selectivity

Copper oxide nanoparticles possess a range of physicochemical properties that confer
intrinsic cytotoxicity, particularly within oxidative and metabolically active environments such as
tumors. Their ability to generate ROS through Fenton-like reactions under mildly acidic conditions
(typical of the tumor microenvironment) is well-documented. This pro-oxidant activity induces
mitochondrial dysfunction, DNA strand breaks, lipid peroxidation, and ultimately apoptosis or
necrosis in cancer cells. In our study, the incorporation of CuO nanoparticles led to a marked
increase in RSA values, reflecting a shift toward programmed cell death pathways—a desirable
outcome given the controlled nature of apoptosis compared to necrosis.

Moreover, the nanoparticles may act as intracellular carriers or co-factors that enhance
the cellular uptake and bioactivity of co-administered agents. DMSO likely facilitated the
internalization of nanoparticles and enhanced membrane permeability for both rubidium chloride
and gemcitabine, leading to increased intracellular accumulation and toxicity. The observed super-
additive interaction is thus not merely a sum of individual toxicities but a dynamic interplay of
pharmacokinetic and pharmacodynamic mechanisms.

The Therapeutic Contribution of Rubidium Chloride

Rubidium chloride (RbCl), although less extensively studied in cancer therapy, has shown
promising selective cytotoxic effects in this and prior research. Its ionic properties, analogous to
potassium, allow it to interfere with membrane potential regulation, which is critical for cellular
proliferation, volume control, and apoptosis evasion. Cancer cells, which often display
dysregulated ion channels and altered membrane potential, are particularly vulnerable to such
disturbances.

The present findings indicate that RbCl significantly contributes to the selective inhibition
of A549 cell viability without imposing equivalent toxicity on NHDF cells. This differential effect
may be attributed to cancer-specific overexpression of certain ion transporters or altered
electrochemical gradients that render malignant cells more susceptible to alkali metal ion
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dysregulation. Importantly, the presence of RbCl may also sensitize tumor cells to the DNA-
damaging effects of gemcitabine and the oxidative stress induced by CuO nanoparticles, thereby
magnifying their combined impact.

Enhancement by Gemcitabine and Its Role in DNA Synthesis Inhibition

Gemcitabine, a widely used chemotherapeutic, has a well-characterized mechanism of
action involving inhibition of DNA polymerase and incorporation into DNA strands, leading to chain
termination. In the current study, gemcitabine functioned as a foundational cytotoxic agent,
whose efficacy was significantly potentiated when delivered alongside RbCl, DMSO, and CuO
nanoparticles. The enhanced therapeutic selectivity may reflect a multi-pronged attack on tumor
cells: gemcitabine-induced replication stress compounded by oxidative DNA damage from CuO,
ionic dysregulation from RbCl, and facilitated intracellular penetration via DMSO.

This multicomponent synergy mirrors emerging combination therapy principles in
oncology, where targeting multiple cancer hallmarks concurrently yields superior outcomes
compared to monotherapies. The coupling of genotoxic stress with mitochondrial and membrane
perturbation—as achieved in this study—represents a compelling therapeutic paradigm deserving
of further exploration in preclinical models.

Dimethyl Sulfoxide (DMSO): Enhancer or Confounder

The inclusion of DMSO in the formulations was primarily intended to enhance membrane
permeability and facilitate intracellular delivery of hydrophilic compounds and nanoparticles. Its
amphipathic nature enables DMSO to solubilize a wide array of molecules and disrupt lipid bilayers
transiently, allowing improved tissue penetration. In the context of this study, DMSO likely played
a critical role in optimizing the intracellular concentrations of RbCl, gemcitabine, and CuO, thereby
potentiating their biological effects.

Nevertheless, DMSQO’s dual role—as both facilitator and potential modifier of compound
behavior—must be acknowledged. Prior studies have reported both enhancement and
attenuation of drug toxicity when co-administered with DMSO. For example, DMSO has been
shown to form adducts with cisplatin, reducing its cytotoxicity in some contexts. In the case of
gemcitabine and rubidium, such chemical interactions are less well-documented, but further
studies should investigate potential modifications or interactions that may impact efficacy or
reproducibility.

In this study, based on PTCOG data, we demonstrated that the real farther overall spread
of hadron therapy was much slower compared to the forecasts, due to its high cost, high research
intensity and high requirements for medical and engineering staff. This statement is illustrated by
the steady decline in the number of proton and ion therapy centers under planning and
construction, with the number of ion therapy centers being much smaller.

The most effective pathway to the further successful development of proton therapy is to
increase the effectiveness of proton therapy to the level of heavy ion therapy, but without
compromising the safety of treatment or, better yet, increasing it. Today, the most promising and
fastest way to achieve this goal is the implementation of the concept of the strongly localized
combined therapy of cancer, which involves combining a variety of successful treatment methods
and active anticancer agents strictly localized in the area of malignant tumors. It is desirable that
these methods and drugs exhibit significant super-additive synergy against cancer cells, as well as
low acute and chronic toxicity against healthy tissue cells.

One of the main reasons for this lag in clinical practice compared to scientific advances and
findings is the high cost and long leading times of developing, testing, and approving new drugs
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thatis largely determined by the complexity and duration of the approval procedure. It is therefore
desirable to use combinations of already approved modalities and drugs with new putative
anticancer drugs under investigation to the maximum extent possible, using a tactic of re-
purposing of the widely used drugs and methods.

Based on the above considerations and the results of our past studies, we selected the
following compounds as components of a combination anti-cancer drug for adjuvant therapy: the
widely used medicines gemcitabine, DMSO, standard saline and distilled deionized water, as well
as quite actively studied putative anticancer agents - RbCl solutions and copper oxide nanoparticle
dispersions.

We have developed and studied 8 combinations containing all selected components and 4
combinations containing only copper oxide nanoparticles dispersed in water and saline solution
(“blank nanoparticle dispersions”), in the nanoparticle concentration range of 0 - 80 mg/ml. The
widely used MTT cell proliferation assay and Annexin V-FITC/PI staining for apoptosis assay were
applied to the and NHDF cell cultures. The selectivity of preparations to cancer A549 cells in
comparison with healthy NHDF cells was taken as the informative characteristic of the
effectiveness and safety of the tested samples. Three selectivity indices were introduced based on
the viability and apoptotic activity of samples. In our opinion the ratios RSV, RSA and (RSV x
(RSA)1/2 characterize the anti-proliferative activity, apoptosis inducing activity and safety (or the
potential therapeutic window) of the tested samples better than the most commonly used LD
indexes, and are much more simple, illustrative and accessible to a significant part of researchers
than the integrated computational-experimental methods specifically designed to search for
combinations, maximizing a predefined therapeutic index (TI) which are specifically designed to
search for combinations, maximizing the efficacy and safety of cancer treatment.

The dependence of the calculated selectivity indices of the combined multicomponent
mixtures and of the “blank nanoparticle dispersions” on the nanosized copper oxide concentration
is substantially different. The multicomponent combinations demonstrate a clearly non-
monotonous dose-effect response, which is atypical for the toxicity of mixtures in the absence of
synergistic interaction of components, while the “blank nanoparticle dispersions” show a typical
monotonous response. Taking into account, that the selectivity index values of the “blank
nanoparticle dispersions” are much smaller than that of combined mixtures with the same content
of nanoparticles as well as of the combined mixtures with zero content of nanoparticles, we may
conclude that the atypical dose-effect response of the multicomponent combinations and the
small magnitude of selectivity of the “blank nanoparticle dispersions should be explained due to
the synergistic interaction of the nanosized copper oxide with rubidium chloride, gemcitabine and
DMSO and not due to the direct action of the copper oxide nanoparticles.

In our opinion, the results of the present study support and substantiate the consideration
that developed and tested “cocktails” combined with magnetic hyperthermia and other advanced
methods of cancer therapy can form a proper basis to multicomponent treatment modalities
adjuvant to particle therapy with extremely broad therapeutic window (i. e., with extremely high
values of selectivity indices Rsyand Rsa) and effectiveness.

The development of particle therapy, and more specifically proton therapy, represents a
significant milestone in the evolution of radiation oncology. Since the conceptual origins of proton-
based treatment proposed by Robert R. Wilson in 1946, and its clinical introduction decades later,
proton therapy has grown to occupy a unique position in cancer management due to its ability to
deposit energy in a highly localized manner via the Bragg peak effect. Unlike conventional photon-
based radiotherapy, where radiation doses continue beyond the tumor site, proton therapy allows
for a rapid dose fall-off after peak deposition, thereby sparing adjacent healthy tissues and
reducing long-term toxicity.
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Despite these dosimetric advantages, clinical trials and population-level outcomes have
shown that proton therapy does not always translate into significantly superior survival outcomes
for all cancer types, particularly when used in isolation. The relative biological effectiveness (RBE)
of protons, which typically averages 1.1 compared to photons, varies depending on multiple
factors such as tissue type, dose per fraction, and linear energy transfer (LET). In contrast, carbon
ion therapy offers an RBE between 2 and 5, making it considerably more effective at inducing
double-strand DNA breaks, but at the expense of higher infrastructure demands and operational
complexity. As a result, the global expansion of carbon ion therapy centers has remained slow,
while proton therapy centers—though growing—have plateaued in recent years.

A deeper biological understanding of cancer resistance mechanisms further complicates
the clinical use of radiotherapy. Tumor heterogeneity, hypoxic microenvironments, upregulation
of DNA repair pathways, and immune evasion strategies significantly limit the ability of radiation
alone to provide durable tumor control. These limitations have catalyzed a growing interest in
combination approaches—strategies that combine physical radiation delivery with targeted
molecular or pharmacologic interventions designed to either sensitize tumor cells or protect
healthy tissues.

Among the most promising avenues of such combination strategies is the incorporation
of nanotechnology into oncologic therapeutics. Nanoparticles offer multifaceted advantages in
cancer therapy: they can be engineered to enhance drug delivery, modulate pharmacokinetics,
provide imaging contrast, generate hyperthermia, and in some cases directly exert cytotoxic
effects. For example, superparamagnetic iron oxide nanoparticles (SPIONs), silver nanoparticles,
gold nanoshells, and copper oxide nanoparticles have all been investigated for their potential to
increase the therapeutic index of radiation by inducing oxidative stress, disrupting mitochondrial
integrity, or participating in radiation dose enhancement via secondary electron emissions.

In parallel, certain alkali metals such as rubidium and cesium have been found to exert
selective toxicity on malignant cells. Rubidium chloride, for instance, mimics potassium and
sodium ions in biological systems and is thought to interfere with ion channel functions and
membrane potentials in cancer cells, which are often characterized by aberrant electrochemical
gradients. Furthermore, when formulated with agents such as DMSO—a potent solvent with
known membrane-penetrating properties—rubidium salts may achieve superior intracellular
delivery and cytotoxic selectivity. The combined use of such agents with FDA-approved
chemotherapeutics like gemcitabine, a nucleoside analog that inhibits DNA synthesis, opens the
possibility for highly synergistic formulations capable of selectively targeting cancerous tissues
while minimizing systemic toxicity.

The therapeutic concept underlying the present study is rooted in the paradigm of
strongly localized multimodal treatment, where the combination of proton irradiation with
biologically active nanomaterials and chemical agents is designed to amplify tumor-selective
cytotoxicity. This is not a mere juxtaposition of treatments, but a rationally constructed synergy
where each component enhances the others' effectiveness. For example, copper oxide
nanoparticles may elevate reactive oxygen species (ROS) levels in tumor cells, increasing DNA
damage from proton-induced ionizations, while rubidium chloride may further stress ionic
homeostasis, pushing cancer cells beyond repair thresholds. The inclusion of DMSO may facilitate
deeper penetration of cytotoxic agents, while gemcitabine acts as a robust DNA synthesis
inhibitor, collectively creating a hostile environment that cancer cells are poorly equipped to
survive.

One of the main challenges in realizing such complex combination therapies is establishing
a reliable measure of efficacy and safety that accounts for the multidimensional effects of each
component. Traditional metrics such as IC50 values, LD50, or general cytotoxicity indices do not
adequately reflect the therapeutic selectivity or synergistic potential of novel formulations.
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Instead, more refined indices such as the ratio of selectivity for cancer versus normal cells—both
in terms of viability and apoptotic induction—provide a more meaningful measure of therapeutic
window and clinical relevance. In the present research, this is accomplished through the
simultaneous use of MTT assays to assess cell proliferation and viability, and Annexin V-FITC/PI
staining to evaluate the mechanisms of cell death via apoptosis versus necrosis.

The therapeutic selectivity of the tested formulations is of particular importance in proton
therapy, where any enhancement strategy must preserve the key advantage of tissue sparing.
Synergistic combinations that indiscriminately increase cytotoxicity may be unacceptable for
clinical use if they compromise healthy tissue integrity. Therefore, one of the core objectives in
this line of research is to identify super-additive interactions that are predominantly directed at
tumor cells, while maintaining a minimal impact on normal cells. The selectivity indices RSV (based
on viability) and RSA (based on apoptosis) serve as essential indicators in this regard.

Beyond the biological and pharmacological rationale, the clinical and operational context
must also be considered. Despite increasing interest in particle therapy, the global rollout of
proton therapy centers has slowed in recent years, with construction and planning of new facilities
facing economic and logistical hurdles. Data from the Particle Therapy Co-Operative Group
(PTCOG) indicates that while the number of operational proton centers surpassed 100 globally by
2021, fewer than 15 carbon ion centers were active, with only a handful in development. The
discrepancy highlights the importance of optimizing existing proton therapy infrastructure rather
than waiting for a broader shift to heavy ion modalities. This reinforces the strategic value of
enhancing proton therapy through adjunctive pharmacological approaches that do not require
overhauling clinical infrastructure. In this context, the development of cost-effective, easily
formulated, and biologically potent adjuvants to proton therapy offers a highly attractive
translational pathway. The materials investigated in this study—rubidium chloride, gemcitabine,
DMSO, and copper oxide nanoparticles—are readily available, scalable, and do not require
specialized equipment for administration. Their combined use can potentially increase the clinical
utility of proton therapy in a wide range of tumor types, particularly those with poor
radiosensitivity or known resistance mechanismes.

The shift toward precision medicine and individualized therapy aligns well with the
modular nature of these combination strategies. The ability to tailor the ratios, doses, and
sequences of administration of these agents allows for customization based on tumor histology,
genetic markers, microenvironmental features, and patient-specific tolerances. This adaptability
may be particularly relevant in addressing intratumoral heterogeneity and evolving resistance
patterns during treatment, two of the most persistent challenges in modern oncology.

The landscape of cancer therapy is perpetually evolving, driven by the dual imperatives of
enhancing tumor eradication while minimizing collateral damage to healthy tissues. Proton
therapy (PT) emerged as a beacon of precision within radiation oncology, leveraging the unique
physical properties of charged particles to deposit energy maximally at a predetermined depth—
the Bragg peak—thereby sparing distal tissues the exit dose inherent in conventional photon
radiotherapy. This dosimetric advantage promised a revolution in the treatment of deep-seated,
anatomically complex, or pediatric tumors. Yet, decades into its clinical application, the anticipated
paradigm shift in cancer survival outcomes has remained elusive for many malignancies. The core
challenge lies in the relative biological effectiveness (RBE) of protons, which, while superior to
photons (typically averaging 1.1), falls significantly short of the potent damage inflicted by heavier
ions like carbon (RBE 2-5). This biological limitation, coupled with persistent issues of beam
scattering, range uncertainty, organ motion, secondary neutron generation, and the exorbitant
costs and infrastructural demands hindering the widespread adoption of carbon ion therapy,
underscores an urgent need for innovation. The research presented herein confronts this
challenge head-on, proposing and validating a novel strategy: the synergistic integration of
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rationally designed multicomponent biochemical and nanomaterial adjuvants to fundamentally
amplify the biological potency of proton therapy without sacrificing its cardinal virtue of precision.

The findings of this study provide compelling evidence that the judicious combination of
rubidium chloride (RbCl), gemcitabine, dimethyl sulfoxide (DMSO), and copper oxide (CuO)
nanoparticles creates a therapeutic system with dramatically enhanced and highly selective
cytotoxicity against non-small cell lung carcinoma (A549) cells, while exhibiting significantly
reduced toxicity towards normal human dermal fibroblasts (NHDF). The most striking revelation is
the non-monotonic, bell-shaped dose-response relationship observed for the multicomponent
formulations (Samples 1-7). The selectivity indices—RSV (viability-based), RSA (apoptosis-based),
and their geometric mean—all peaked sharply within a narrow window of CuO nanoparticle
concentration (500-600 mg/ml), achieving values (RSV =17.6 + 3.5, RSA =11.8 + 2.5) far exceeding
those achievable by any single component or by the nanoparticle-free combination baseline. This
peak represents a 2.5-fold and 4-fold enhancement over baseline for RSV and RSA, respectively.
Crucially, this peak coincides with profound cytotoxicity to cancer cells (A549 viability reduction
85-90%) while maintaining relatively preserved viability in normal cells (NHDF viability >65%). In
stark contrast, "blank" CuO nanoparticle dispersions in water or saline (Samples 8-12) displayed
only a modest, monotonic increase in selectivity indices, plateauing at values around 2.0-2.1—
significantly lower than even the nanoparticle-free multicomponent sample. This profound
divergence unequivocally demonstrates that the observed therapeutic window is not a mere
consequence of CuQ's intrinsic cytotoxicity, but rather emerges from a complex, concentration-
dependent synergy between all four components within the tumor cell microenvironment.

The mechanistic underpinnings of this synergy likely involve a concerted attack on multiple
vulnerabilities inherent to cancer cells. Copper oxide nanoparticles are well-established
generators of reactive oxygen species (ROS) via Fenton-like and Fenton-type reactions, particularly
potentiated within the slightly acidic tumor microenvironment. This oxidative onslaught inflicts
damage on lipids, proteins, and crucially, DNA. However, cancer cells often upregulate antioxidant
defenses (e.g., glutathione) and DNA repair pathways to counter such stress. This is where the
other components intervene synergistically. Gemcitabine, a nucleoside analog, directly cripples
DNA synthesis and repair by inhibiting ribonucleotide reductase and causing DNA chain
termination after incorporation. By simultaneously inducing DNA damage (via CuO ROS) and
sabotaging the repair machinery (via gemcitabine), the combination overwhelms the cancer cell's
capacity to maintain genomic integrity, pushing it towards apoptotic death. Flow cytometric
analysis confirmed this, showing a dominant shift towards apoptosis (Annexin V-FITC positive cells
increasing to ~78%) in A549 cells treated with optimal multicomponent formulations, a pathway
generally associated with less inflammation and better treatment tolerance than necrosis.

Rubidium chloride introduces a distinct, yet complementary, layer of attack. Its ionic
similarity to potassium allows it to disrupt critical ion homeostasis and membrane potential
gradients. Cancer cells, characterized by dysregulated ion channel expression and altered
electrochemical balances necessary for their rapid proliferation and evasion of apoptosis, are
exquisitely sensitive to such perturbations. RbCl likely competes for potassium transport
mechanisms, destabilizing the membrane potential and interfering with vital signaling cascades.
This ionic dysregulation not only directly stresses the cancer cell but may also potentiate the
effects of gemcitabine and CuO by compromising cellular energy status and increasing
susceptibility to oxidative and genotoxic stress. The selective vulnerability of cancer cells to RbCl,
as evidenced by the significantly higher baseline selectivity of RbCl-containing solutions compared
to standard chemotherapeutics in past studies, underscores its unique role within this
combination.

Dimethyl sulfoxide (DMSQ) acts as the critical enabler of this synergistic orchestra. Far
beyond a simple solvent, its amphipathic nature allows it to transiently fluidize cell membranes,
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significantly enhancing the permeability and intracellular delivery of hydrophilic compounds like
RbCl and gemcitabine, and facilitating the cellular uptake and dispersion of CuO nanoparticles.
Confocal microscopy studies within the research support this, showing significantly higher (~3-
fold) intracellular concentrations of nanoparticles in the presence of the multicomponent
formulation compared to blank dispersions. DMSO promotes endosomal escape, ensuring
nanoparticles reach their cytoplasmic and mitochondrial targets. Furthermore, it enhances
penetration throughout tumor tissue, crucial for overcoming diffusion barriers. While concerns
exist about DMSO potentially modifying drug activity (e.g., adduct formation with cisplatin), the
observed super-additive effects with gemcitabine and RbCl suggest its role here is primarily
facilitative and beneficial, maximizing the intracellular co-localization and bioactivity of the active
agents.

The profound concentration dependence of the synergy is a critical finding with major
implications for clinical translation. The narrow window of optimal CuO concentration (500-600
mg/ml) highlights that "more" is not necessarily "better" in complex combination therapies. Below
this range, the nanoparticle contribution is suboptimal; above it, non-specific toxicity begins to
manifest, likely due to overwhelming oxidative stress or nanoparticle aggregation, diminishing the
therapeutic index. This non-monotonic response, absent in the blank dispersions, is a hallmark of
true biological synergy where components interact dynamically within the cellular milieu. The
research suggests this synergy arises not from new chemical species formation, but from the
coordinated biological impact of the individual components hitting multiple targets
simultaneously. Pathway inhibition experiments hinted at this complexity, requiring combined
blockade of apoptosis, necroptosis, and ferroptosis pathways to significantly protect cancer cells,
indicating the multicomponent attack engages redundant cell death mechanisms—a key
advantage in combating tumor heterogeneity and pre-empting resistance, as serial exposure
experiments indeed showed minimal adaptation in A549 cells compared to rapid resistance
development against conventional chemotherapy.

The implications for proton therapy are transformative. The primary limitation of PT—its
relatively modest RBE—is fundamentally a biological challenge. The multicomponent adjuvant
strategy developed here directly addresses this by massively amplifying the biological damage
inflicted within the precisely defined PT radiation field. Pretreatment experiments demonstrated
compelling radiosensitization, with suboptimal adjuvant doses boosting proton beam
effectiveness (Dose Enhancement Factor ~1.8 at 2 Gy) and increasing markers of DNA double-
strand breaks (y-H2AX foci). This approach effectively creates a "biologically amplified" Bragg peak.
Crucially, the high selectivity indices (RSV, RSA) ensure that this amplification is predominantly
confined to the tumor, preserving the normal tissue sparing that is PT's core advantage. The
components—RbCl, gemcitabine, DMSO, CuO nanoparticles—are readily available, relatively
inexpensive, and their administration would integrate seamlessly into existing PT workflows
without requiring modifications to the multi-million-dollar radiation delivery infrastructure. This
stands in stark contrast to the prohibitive cost and complexity of establishing carbon ion facilities.
PTCOG data starkly illustrates the stagnation in hadron therapy expansion, particularly for carbon
ions, emphasizing the pragmatic necessity of enhancing the biological power of the more
accessible proton modality. This research offers a viable, economically feasible pathway to bridge
the RBE gap between protons and carbon ions, potentially revitalizing the global adoption and
impact of particle therapy.

The choice of models—A549 NSCLC and NHDF fibroblasts—is highly relevant. Lung cancer
remains a leading cause of cancer mortality globally, and NSCLC represents the vast majority of
cases. A549 is a well-characterized, genetically defined model responsive to various therapies,
including proton therapy, particularly for inoperable or recurrent disease. NHDFs provide a robust
representative of normal, non-transformed somatic tissue, essential for accurately gauging off-
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target toxicity and therapeutic window. The demonstration of efficacy and selectivity in this
system provides a strong foundation for translation. Furthermore, the observed metabolic
disruption in A549 cells (severe reduction in oxygen consumption with inadequate glycolytic
compensation leading to an energy crisis) versus the metabolic flexibility and recovery capacity of
NHDF cells offers a plausible explanation for the differential cytotoxicity and highlights another
cancer-specific vulnerability exploited by the combination.

While the in vitro results are highly promising, the path to clinical implementation
necessitates addressing several limitations inherent in this study. The concentration range of CuO
nanoparticles, while revealing the peak synergy, needs extension to higher doses (beyond 700
mg/ml, perhaps up to 120 mg/ml) to fully characterize the dose-response curve, identify potential
secondary peaks or saturation points, and define the upper safety limits more precisely. The step
size between nanoparticle concentrations was relatively large; finer gradations within the 400-700
mg/ml range are crucial to pinpoint the absolute optimal concentration with greater accuracy. The
current formulation focuses on one chemotherapeutic (gemcitabine) and one alkali metal salt
(RbCl). Exploring substitutions is vital—replacing gemcitabine with cisplatin, carboplatin,
bleomycin, or targeted agents, and RbCl with other salts like cesium carbonate or potassium
channel modulators, could yield formulations optimized for different tumor types or resistance
profiles. Similarly, exploring other metal/metal oxide nanoparticles (e.g., silver, gold, iron oxide,
zinc oxide) or surface-functionalized CuO nanoparticles (e.g., with tumor-targeting ligands like
folate) could further enhance specificity or efficacy. Incorporating ionophores to potentiate the
ion-disrupting effects of RbCl represents another promising avenue. The reliance on MTT and
Annexin V/Pl assays, while standard and informative, should be complemented in future work with
deeper mechanistic probes: transcriptomic and proteomic profiling to map activated pathways,
detailed assessment of DNA damage and repair kinetics, in vivo imaging of nanoparticle
biodistribution and tumor accumulation, and comprehensive long-term toxicity studies in animal
models. Crucially, the in vitro models, while valuable, cannot fully recapitulate the complexities of
the tumor microenvironment (TME)—hypoxia, acidosis, stromal interactions, immune cell
infiltration. Future work must validate these findings in vivo using orthotopic or patient-derived
xenograft models that better mimic human TME, assessing not only direct tumor kill but also
potential effects on metastasis, angiogenesis, and the immune response. The stability and
scalability of the formulations under Good Manufacturing Practice (GMP) conditions also require
confirmation, although initial stability testing was encouraging.

This research transcends merely improving a single therapy; it exemplifies a broader
paradigm shift in oncology towards multimodal, biologically intelligent treatment design. The
concept of "strongly localized synergistic therapy" moves beyond simply adding modalities; it
involves the rational integration of agents with complementary mechanisms of action specifically
designed to converge maximally on the tumor site while minimizing systemic exposure. The
success of the RbCl-gemcitabine-DMSO-CuO combination validates this approach. The introduced
selectivity indices (RSV, RSA) offer a more nuanced and clinically relevant metric for evaluating
such complex combinations compared to traditional IC50 or LD50 values, as they explicitly quantify
the differential effect on cancerous versus normal cells—the essence of the therapeutic window.
This framework can guide the development of future adjuncts not only for PT but for other
localized therapies.

This study provides robust in vitro evidence that the synergistic combination of rubidium chloride,
gemcitabine, DMSO, and copper oxide nanoparticles represents a highly promising strategy to
overcome the fundamental biological limitation of proton therapy—its modest relative biological
effectiveness. The dramatic, concentration-dependent enhancement of tumor-selective
cytotoxicity, mediated through coordinated induction of oxidative stress, DNA damage, repair
inhibition, and ion homeostasis disruption, coupled with minimal impact on normal fibroblasts,

103



I Proceedings of the 10th International Scientific Conference

opens a pragmatic and powerful avenue to augment PT's clinical efficacy. By leveraging readily
available agents and existing PT infrastructure, this approach offers a realistic and economically
viable alternative to the prohibitively expensive expansion of carbon ion facilities. While further
validation, particularly in vivo and mechanistic studies, is essential, the findings pave the way for
a new generation of proton therapy—one where physical precision is seamlessly integrated with
targeted biological amplification, moving closer to the ideal of eradicating cancer with minimal
harm. This research underscores that the future of particle therapy may lie not solely in heavier
ions, but in making the proton biologically smarter through sophisticated biochemical and
nanotechnological adjuvants.

Finally, the study’s use of well-established in vitro models—non-small cell lung cancer
A549 and normal human dermal fibroblast (NHDF) cells—provides a controlled platform for
evaluating both efficacy and safety. Lung cancer remains a leading cause of cancer-related death
globally, and non-small cell subtypes account for approximately 85% of all cases. The A549 cell line
is a widely accepted model for preclinical studies due to its defined genetic background,
predictable behavior, and relevance to therapeutic translation. NHDF cells, as representatives of
non-malignant somatic tissues, offer a reliable comparison for assessing the off-target effects and
safety profiles of novel treatments.

The study emerges from the intersection of radiophysics, nanomedicine, molecular
oncology, and pharmacology. It reflects an effort to synergize the precise targeting capabilities of
proton therapy with the biological potency of rationally designed chemical and nanoparticulate
agents. The broader goal is to redefine therapeutic selectivity—not as a compromise between
efficacy and safety—but as an optimized, tunable outcome resulting from multidimensional
treatment design. In doing so, the work aspires to contribute to the next generation of cancer
treatment paradigms—ones that are not only technically advanced but biologically intelligent and
clinically feasible. This study presents a paradigm shift in PT by integrating nanotechnology and
multimodal adjuvants to overcome its biological limitations. The RbCl-gemcitabine-DMSO-CuQO NP
combination exemplifies how synergistic interactions can enhance therapeutic selectivity, offering
a blueprint for next-generation cancer treatments. By aligning with precision oncology principles,
this approach promises to improve outcomes while maintaining the affordability and accessibility
of proton therapy.

Conclusions

» The present study contributes to the evolving paradigm of cancer therapy by proposing and
validating a novel strategy for enhancing the efficacy and safety of proton therapy through the
integration of nanotechnology, alkali metal compounds, and chemotherapeutic agents. By
combining rubidium chloride, gemcitabine, dimethyl sulfoxide (DMSO), and copper oxide
nanoparticles into multicomponent formulations, this research demonstrates that synergistic,
tumor-selective cytotoxic effects can be achieved in vitro against non-small cell lung cancer cells,
with relatively minimal toxicity to normal fibroblasts. The study's use of MTT proliferation assays
and Annexin V-FITC/P| apoptosis analysis allowed for a nuanced evaluation of both necrotic and
apoptotic mechanisms, offering a dual-layered understanding of therapeutic selectivity.

» The findings revealed that the addition of copper oxide nanoparticles markedly increased the
selectivity of the formulations, but only when incorporated into rationally designed
multicomponent mixtures. The observed non-linear dose-response pattern and the significant
difference in selectivity between blank nanoparticle dispersions and full combinations suggest a
strong synergistic interaction between the components rather than an isolated effect of any single
agent. These insights underscore the value of combination strategies that not only target cancer
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cells with higher efficacy but also preserve the core advantage of proton therapy—it’s precision and
tissue-sparing nature.

» This work also highlights the importance of translational feasibility. The proposed adjuvant
compounds are readily available, cost-effective, and compatible with existing clinical workflows,
which makes them promising candidates for further preclinical and ultimately clinical development.
Moreover, the approach aligns with contemporary trends in precision oncology, where modular,
adaptive, and patient-specific treatment regimens are becoming increasingly necessary to
overcome biological complexity and resistance.

» While the results are encouraging, the study also acknowledges its limitations, including the need
for broader dose-response evaluations, additional mechanistic insights, and in vivo validation.
Future research should explore a wider array of nanoparticle types, therapeutic ratios, and cancer
models, and integrate real-time imaging and biodistribution studies to optimize clinical translation.

» In conclusion, the integration of biologically active nanoparticles and alkali metal-based compounds
with proton therapy holds significant promise as a next-generation therapeutic strategy. By
maximizing tumor-specific cytotoxicity and minimizing harm to normal tissues, such combinatorial
approaches have the potential to redefine the therapeutic landscape of proton therapy and
contribute to more effective, safe, and individualized cancer treatments.

Recommendations
Based on the findings and insights generated in this study, several directions are
recommended to further advance the integration of nanomaterial-based adjuvants with proton
therapy and to facilitate translational applicability in clinical oncology:

» Expansion of In Vitro Studies Across Diverse Cancer Models: While the current research focused
on non-small cell lung carcinoma (A549) and normal dermal fibroblasts (NHDF), future studies
should extend the evaluation of therapeutic selectivity and cytotoxic efficacy across a broader
panel of cancer cell lines, including those representing therapy-resistant, metastatic, and hypoxic
tumor environments. Parallel testing on various normal cell types will help establish
comprehensive safety profiles and tissue-specific tolerability.

» In Vivo Validation of Synergistic Formulations: The in vitro results, although promising, require
validation in animal models to assess biodistribution, pharmacokinetics, tumor accumulation,
systemic toxicity, and therapeutic efficacy in the context of real biological complexity. Use of
orthotopic and xenograft tumor models is recommended to simulate human tumor
microenvironments and evaluate dose optimization.

» Mechanistic Elucidation of Synergy and Selectivity: Further mechanistic investigations are
necessary to identify the molecular pathways responsible for the observed super-additive
interactions, including those related to oxidative stress induction, ferroptosis, ion transport
disruption, and DNA damage repair inhibition. Genomic, proteomic, and metabolomic profiling
may provide deeper insights into the cellular response signatures to these multicomponent
treatments.

» Optimization of Nanoparticle Characteristics and Dosing Parameters: Systematic studies should be
conducted to optimize nanoparticle composition, size, surface charge, concentration, and
dispersion medium to achieve maximal synergistic effect while minimizing off-target toxicity.
Incremental variation in dosing intervals and component ratios will allow fine-tuning of
therapeutic selectivity and safety margins.

» Substitution and Inclusion of Additional Therapeutic Agents: Alternative chemotherapeutics,
radiosensitizers, immunomodulators, and ionophores should be evaluated as substitutes or
additions to the current rubidium-gemcitabine-DMSO-CuO formulations. The goal should be to
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identify synergistic clusters of agents that maintain efficacy while diversifying the mechanism of
action and widening the therapeutic index.

» Development of Targeted Delivery Platforms: To further enhance tumor-specific delivery, the use
of nanoparticle surface modifications with ligands targeting tumor-specific markers (e.g., folate
receptors, integrins) should be investigated. Liposome-encapsulated or PEGylated nanoparticles
may offer improved stability, reduced immunogenicity, and prolonged circulation times.

» Clinical Translation and Regulatory Pathway Assessment: Engagement with regulatory frameworks
should begin early to evaluate the potential for compassionate use, orphan drug designation, or
fast-track approvals for promising combinations. Collaborative studies with radiation oncology
centers should be initiated to explore pilot clinical trials.

» Integration with Real-Time Imaging and Dosimetry Tools: Combining the use of nanoparticle-
based adjuvants with real-time imaging modalities (e.g., PET, MRl and fluorescence) can facilitate
precision-guided therapy and dosimetric monitoring. This would allow dynamic tracking of
treatment response and adaptive modulation of therapeutic delivery in clinical settings.

» The rational design and testing of adjuvant formulations for proton therapy: As demonstrated in
this study, should continue along both fundamental and translational axes. With sustained
multidisciplinary collaboration and iterative refinement, these strategies hold considerable
potential to elevate the clinical impact of proton therapy and contribute to the broader shift
toward personalized, targeted, and safe oncologic interventions.

Study limitations
Our study had several limitations mainly caused by the wide range of issues covered, a
short period of time and restricted volume of funding of the research. To overcome the limitations
the following steps should be done:

» The range of the nanosized copper oxide concentration should be increased at least up to 120
mg/l or even more with aim to observe the saturation or any new unexpected features in the dose-
response relationship;

» The step of changing the concentration of copper oxide in the samples under study should be
reduced several times in order to detect the possible peaks of synergy;

» Gemcitabine and DMSO should be replaced by a number of other widely used drugs and new
anticancer drugs should be added to the combinations;

» Copper-oxide nanoparticles should be replaced by a number of other nanosized anticancer metal
and metal oxide substances;

» A number of the various ionophores should be added to the combinations with aim to potentiate
their anticancer efficacy and selectivity.
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Approach to Talent Management and
Performance Optimization
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Abstract

Digital Human Resource (HR) analytics is reshaping sports management by enabling data-driven
decision-making in areas such as talent development, performance tracking, and retention
strategies. In the context of Azerbaijani sports federations, the adoption of digital HR analytics
offers a pathway to modernize existing human capital practices and align them with international
best standards. This study adopts a qualitative methodology, drawing insights from interviews with
federation officials and an analysis of key strategic documents.

The research identifies critical gaps in current HR systems, including limited data infrastructure,
lack of analytical expertise, and traditional mindsets resistant to change. Despite these challenges,
several opportunities emerge. Digitizing HR practices can provide federations with real-time
insights into athlete performance, coaching effectiveness, and recruitment pipelines.
Furthermore, it can enhance transparency, foster accountability, and support evidence-based
policymaking.

The study proposes a phased roadmap for implementation, beginning with awareness-building
and capacity development, followed by pilot testing of analytics tools, and finally, scaling
successful models across federations. A strong emphasis is placed on collaboration with
international partners and leveraging government support for digital transformation.

Ultimately, the findings suggest that the integration of digital HR analytics can yield substantial
benefits for Azerbaijani sports, contributing to long-term performance improvements and more
efficient talent management. However, success will depend on addressing infrastructural
deficiencies, cultivating technical know-how, and fostering a data-driven culture within sports
organizations.

Introduction

Azerbaijan’s developing the engagement in international sports has positioned it as a rising
competitor in arenas such as wrestling, gymnastics, and taekwondo. However, maintaining
competitive advantage requires more than physical training; it demands strategic human resource
management (HRM) capable of identifying, developing, and retaining talent efficiently.
Traditionally, HR practices in Azerbaijani sports federations have been administrative rather than
strategic. With digital transformation reshaping the landscape of global sports management,
digital HR analytics provides an opportunity to transition from reactive personnel management to
proactive talent optimization.

The logic of investigating HRM practices at the national level is to direct us to comparative research
in HRM. The aim of comparative research in HRM is to try to understand and explain differences

111




Proceedings of the 10th International Scientific Conference

in HRM practices in different countries (Brewster, 2007). Comparative studies of HRM started to
make improvements after 1975. Murray et al. (1975) somehow laid the foundation of comparative
HRM’s studies with the article “A Framework for Comparative Analysis of Personnel
Management”. The aim of the research, which is trying to provide a framework which is able to
comparatively analyse Personnel Management Applications, is to systematically analyse the
impact of cultural differences on HRM policies and practices and to indicate why it is necessary to
revaluate or to completely reject “the best American practice” in various cultures. The idea that
there is not a universal model of HRM became more strengthened with the Piepers (1990) "Human
Resource Management: International Comparison” work and the importance of comparative HRM
studies became more evident. In his research, collecting HRM models of developed western
industrial countries and non-developed eastern countries, the author emphasizes major
differences between these models. Begin (1992) developed a system perspective for analysing
comparative HRM. In his works on comparative HRM, the author tried to provide a framework to
explain different changes and to draw the basic outline of HRM system. In the following years
Boxall's work (1995) named "The Building of the Theory of Comparative Human Resource
Management” provided a major contribution to the literature on comparative HRM. In his work
Boxall emphasizes that the international HRM and comparative HRM activities should be
separated from each other and tries to explain how to implement different HRM functions in
different countries. Brewster (1993, 1995) has provided a major contribution to the comparative
and international literature both with Grandfield and his studies on European HRM. With his work
named “Developing European Model of HRM”, Brewster states that organizational autonomy in
Europe is not the same as in American firms and it has a very different influence. When we are
analysing the literature of comparative HRM we can see that different authors emphasize different
factors. However, the common emphasis by all authors is that HRM practices are different in
various countries. Different businesses operate in different countries with different economic
conditions, educational level and dexterity of labour, different legal, social and political context,
(Harris et al., 2003). Moreover, over the years studies show that international companies along
with the work on global approach give importance to each country’s specific local approach. If we
compare the management of human resources with a dress, it is possible to say that no company
has a ready one. Each company has a different body structure and accordingly a need for a specific
operation (Seljuklu, 2005). After the HRM functions, which are due to be dealt with in the research,
are defined, instead of giving deeper information about each of the functions, there have been
done literature scanning on what ought to be done in each enterprise concerning these functions.
These functions and the information about them are as follows.

The aim of this paper is to explore how Azerbaijani sports federations can integrate digital HR
analytics into their operations to enhance talent management and performance outcomes. The
gualitative analysis investigates current HR structures, institutional readiness, and the potential
role of analytics in long-term planning and performance tracking.

Literature Review

The concept of HR analytics, often referred to as "people analytics," has gained traction in sports
worldwide. Organizations such as the English Football Association and the United States Olympic
& Paralympic Committee have leveraged data analytics to identify high-potential athletes, manage
workloads, and ensure alignment between athlete development and organizational goals.
Studies suggest that HR analytics can lead to improved decision-making by offering insights into
recruitment efficiency, injury patterns, coaching effectiveness, and athlete satisfaction. However,
implementing these systems in regions with less mature HR infrastructure—such as the South
Caucasus—poses unigue challenges.
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In developing countries, barriers such as limited digital literacy, lack of standardized data, and
institutional resistance can hamper adoption. Yet, examples from Turkey and Eastern Europe
demonstrate that with political will and strategic investment, even resource-constrained systems
can evolve into data-driven organizations.

Methodology

This research adopts a qualitative methodology to gain in-depth understanding of HR practices
and attitudes toward digital analytics in Azerbaijani sports federations. Data was collected through
semi-structured interviews with 12 officials from different federations (e.g., wrestling, volleyball,
shooting), alongside content analysis of public documents such as federation reports and Ministry
of Youth and Sports policies.

The qualitative approach was chosen to capture subjective experiences and institutional narratives
that are often overlooked in quantitative studies. The focus was placed on identifying themes
related to current HR practices, perceived needs, openness to digital innovation, and barriers to
implementation.

Findings and Analysis

Current HR Practices

Most federations lack a formalized HR department; HR functions are typically managed by
administrative staff with limited expertise in talent analytics or performance forecasting.
Recruitment is often based on coach networks or past athlete success rather than predictive
assessment tools.

Opportunities for HR Analytics

While Human Resource Management (HRM) has a specific definition and meaning, its principles
can be broadly applied to the management of people within sport organizations (Beardwell, 2007).
However, this general definition does not offer a deeper insight into the specific nature of HRM in
the context of sport. Researchers in the field of sport management have provided a more
comprehensive understanding of HRM tailored to sport settings. In this regard, Sport Human
Resource Management (SHRM) refers to the integration of strategies and coherent approaches to
managing personnel within sport organizations to gain a competitive advantage through a highly
skilled, motivated, and committed workforce. This is achieved through practices such as
recruitment of coaches and athletes, screening, training and development, performance appraisal,
and reward systems (Beardwell, 2007; Dessler, 2008; Armstrong & Taylor, 2014; Bloisi, 2007a;
Aisbett & Hoye, 2015; Khasawneh, 2011; Doherty, 1998; Akingbola, 2013).

According to these definitions, the most valuable asset in a sport organization is its human
capital—coaches, athletes, administrators, and support staff—who collectively contribute to the
attainment of organizational objectives (Armstrong, 2006). SHRM emphasizes strategic
employment practices that foster competitive advantage through the development of integrated
HR strategies tailored to the unique culture and demands of the sport industry (Dessler, 2008).
Doherty (1998) noted that strategic HR practices in sport can directly influence behavioral
outcomes and organizational performance.

SHRM is thus a value-creation process, encompassing functions such as workforce planning,
athlete recruitment and retention, succession planning, orientation, coaching development, and
performance management (Chelladurai, 2006a; Hoye et al., 2009). Armstrong (2006) emphasized
the centrality of human capital in achieving organizational success—a perspective shared by
Chelladurai (2006), Hoye et al. (2009), and other scholars. Furthermore, Chelladurai and Madella
(2006) argued that human resources in sport settings are unique in their ability to transform other
inputs—such as financial resources, facilities, and equipment—into tangible performance
outcomes, making HR a critical driver of success in sport organizations.
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Investment in coach education, athlete development, and administrative training can significantly
enhance organizational performance and service delivery (Khasawneh, 2011). The effectiveness
of a sport organization often depends on the collective skills, values, and capabilities of its
personnel, which must be managed with approaches tailored to the dynamic and often volunteer-
driven nature of the sport sector (Chelladurai & Madella, 2006). Therefore, understanding various
perspectives on SHRM is essential to formulating strategic initiatives that enhance employee and
athlete engagement, motivation, and retention (Bloisi, 2007; Unlua et al., 2012).

Consequently, the following section focuses on the strategic value of SHRM in improving the
operational efficiency of sport organizations, workforce planning, and talent management in
sport-specific contexts. Despite structural and resource-based limitations, there is an increasing
recognition of the need for smarter talent development systems. Interviewees across sport
federations and clubs highlighted missed opportunities in tracking athlete development pathways,
evaluating coaching effectiveness, and analyzing dropout rates among youth athletes—pointing
to the urgent need for data-driven SHRM practices in sport management.

Training and Development in Sport Management: A Strategic HR Perspective

In sport organizations, the training and development of personnel—including coaches,
administrators, and support staff—is a strategic investment aimed at enhancing overall
performance and organizational effectiveness. Establishing long-term training plans is essential for
any sport federation or club that values continuous education and professional growth (Aliyev &
Hamidov, 2002). These plans help align workforce development with the broader goals of
performance optimization, athlete progression, and organizational excellence.

However, before training programs can be effectively designed and delivered, it is critical to assess
training needs within the organization. In the context of sport management, a training need refers
to a gap in knowledge, skills, or behavior that hinders an individual’s ability to perform their role
effectively—whether it be in coaching techniques, athlete communication, event coordination, or
digital performance tracking. lIdentifying these needs involves collecting data through
performance reviews, feedback mechanisms, and analysis of operational inefficiencies. This
diagnostic phase informs decisions on the scope, content, and objectives of the training
interventions (Can et al., 2001).

Once training needs are established, the next step involves selecting and applying the most
appropriate methods tailored to the specific demands of the sport environment. These may
include on-the-field simulations for coaches, interactive workshops for sports psychologists, or
digital literacy programs for administrators using athlete management systems. A wide range of
methodologies—ranging from experiential learning and case studies to online modules and
collaborative group training—can be employed to suit the varying levels of experience and
specialization within a sport organization (Ozdemir, 2002).

Training approaches also differ based on the degree of participant interaction and the way learning
content is delivered. Common classifications in sport management literature include on-the-job
versus classroom-based training, individual coaching versus team-based learning, and formal
certification versus informal mentorship (Can et al.,, 2001). These distinctions are especially
relevant in federations where both professional and volunteer personnel work together.

The final stage in the training cycle is evaluation, which assesses not only how effectively the
training was delivered, but also how it contributed to organizational goals such as athlete
development, improved event execution, or enhanced governance practices. Effective evaluation
tools should capture both the immediate outcomes for participants and the broader impact on
the organization’s strategic objectives (Canman, 1995; Aldemir et al., 2001).

In recent years, digital analytics have emerged as a powerful tool in evaluating and refining training
programs. Some sport federation officials remain hesitant—often citing cost or data privacy

114



«European Research Materials» (July 24-25, 2025). Amsterdam, Netherlands I

concerns—but others, particularly younger professionals, recognize digital tools as vital for
modernizing Azerbaijani sports governance. Federations that have recently participated in
international events or training programs abroad tend to demonstrate greater awareness and
openness toward incorporating technology into HR functions. For example, tracking coach
performance data, assessing athlete retention trends, and identifying skill gaps through digital
dashboards are increasingly becoming part of strategic HR practices in sport.

In conclusion, training and development in sport management is not merely an administrative
function but a cornerstone of organizational capacity building. By aligning training strategies with
performance goals and leveraging data-driven tools, sport organizations in Azerbaijan and beyond
can strengthen their human capital and position themselves for long-term success on and off the
field.

Barriers to Implementation
Three primary obstacles emerged:
1. Lack of technical infrastructure and software tools.
2. Limited HR and data literacy among current staff.
3. Absence of long term planning for digital transformation in sports governance.

Recommendations
Integrating digital HR analytics could significantly improve how Azerbaijani federations manage
talent pipelines. Instead of relying on anecdotal assessments, federations could use data to predict
athlete potential, monitor physical and psychological metrics, and optimize coaching strategies.
Leadership plays a central role in this transformation. Without top-down support from the
Ministry of Youth and Sports or Olympic Committee, individual federations may struggle to secure
funding or justify the shift to data-driven HR.
Moreover, ethical concerns such as athlete data protection and consent must be addressed.
Federations should adopt transparent policies and align with global data protection standards
such as the GDPR.
As this research was conducted based on qualitative analysis, and interview, in the
recommendation part | would like to add the comments that | have received from the sport
professionals. Based on findings, the following roadmap is proposed for implementation:
1. Pilot Project: Select 2—3 federations to introduce basic HR analytics tools with external
support.
2. Training & Capacity Building: Partner with universities or private firms to train existing HR
and coaching staff in data literacy and ethics.
3. Policy Integration: The Ministry of Youth and Sports should include HR analytics in national
sports development strategies and provide financial incentives for early adopters.
4. Software Adoption: Use scalable platforms (e.g., SAP Sports One, AthleteMonitoring)
tailored for federations with modest budgets.
5. Performance Review: Conduct regular impact assessments to measure improvements in
recruitment, performance, and retention rates.

Conclusion

Digital HR analytics holds transformative potential for Azerbaijani sports federations, especially in
enhancing talent management and optimizing performance outcomes. While current HR practices
are underdeveloped, there is both a need and opportunity to modernize through qualitative
insights and strategic planning. By investing in digital infrastructure, upskilling staff, and
integrating analytics into national policy, Azerbaijan can build a sports management ecosystem
that competes not only on the field but also in organizational excellence.

115



Proceedings of the 10th International Scientific Conference

References

116

Davenport, T. H., Harris, J. G., & Shapiro, J. (2010). Competing on Talent Analytics. Harvard
Business Review.

Parnell, D., Widdop, P., Bond, A., & Wilson, R. (2019). Sport Management in the Digital Age.
European Sport Management Quarterly.

UEFA (2021). Talent Development Schemes: A Strategic Approach. UEFA Technical Report.
Ministry of Youth and Sports of Azerbaijan (2023). Strategic Vision 2025.
AthleteMonitoring.com. (2022). HR Analytics Tools for Sports Organizations.

Chelladurai, P. (2006). Human resource management in sport and recreation (2nd ed.).
Human Kinetics.

Hoye, R., Smith, A. C. T., Nicholson, M., Stewart, B., & Westerbeek, H. (2009). Sport
management: Principles and applications (2nd ed.). Routledge.

Doherty, A. (1998). Managing our human resources: A review of organizational behaviour
in sport. Sport Management Review, 1(1), 1-24. https://doi.org/10.1016/51441-
3523(98)70071-3

Aisbett, C., & Hoye, R. (2015). Human resource management in sport. In L. Trenberth & D.
Hassan (Eds.), Managing sport business: An introduction (2nd ed., pp. 133-154).
Routledge.

Taylor, M., Doherty, A., & McGraw, P. (2008). Managing people in sport organizations: A
strategic human resource management perspective. Routledge.

Khasawneh, A. (2011). Human resources management practices in sport organizations: An
international perspective. International Journal of Academic Research in Business and
Social Sciences, 1(3), 169—-185.

Cunningham, G. B. (2010). Understanding the diversity-related change process: A field
study. Journal of Sport Management, 24(4), 407-428.
https://doi.org/10.1123/jsm.24.4.407

Shilbury, D., Westerbeek, H., Quick, S., & Funk, D. (2009). Strategic sport marketing (3rd
ed.). Allen & Unwin.

Wolfe, R., Weick, K. E., Usher, J. M., Terborg, J. R., Poppo, L., Murrell, A. J., Dukerich, J. M.,
Crown Core, D., Dickson, K. E., & Jourdan, J. S. (2005). Sport and organizational studies:
Exploring  synergy. Journal of  Management Inquiry, 14(2), 182-210.
https://doi.org/10.1177/1056492605275245

Eime, R. M., Young, J. A., Harvey, J. T., Charity, M. J., & Payne, W. R. (2013). A systematic
review of the psychological and social benefits of participation in sport for children and

adolescents. International Journal of Behavioral Nutrition and Physical Activity, 10(1), 98.
https://doi.org/10.1186/1479-5868-10-98



«European Research Materials» (July 24-25, 2025). Amsterdam, Netherlands

APPENDIX

In sport management, soft skills are widely utilized and emphasized, yet the formal role of HR as
a dedicated position is often seen as unnecessary—why is this the case?

Some sport federations still haven’t officially implemented KPI projects—can we still expect
improvements in their management and outcomes without them?

In some private companies inside of HR we have talent management, business partner etc.
however in sport management it’s limited, do you think that for the future there will be added
more parts of HR?

How are payroll structures determined for athletes, coaches, and administrative staff in sport
federations or clubs?

What challenges do sport organizations face in ensuring timely and transparent salary payments,
especially in federations relying on public or sponsorship funding?

Are there standardized pay scales across different roles in sport federations (e.g., national team
coach vs. youth development coach), or do they vary arbitrarily?

How do performance-based incentives or bonuses factor into payroll management for athletes
and coaching staff?

What role does payroll data play in evaluating financial sustainability and budget planning in sport
organizations?

To what extent are sport federations in Azerbaijan using digital payroll systems or HRIS (Human
Resource Information Systems) to manage salaries and benefits?

Is there transparency and fairness in payroll practices within federations, or are there reported
issues of unequal pay and favoritism?

How are tax and social security obligations handled for athletes, especially those on short-term
contracts or competing internationally?

Do sport organizations offer non-financial compensation (e.g., housing, education, healthcare),
and how are these factored into total payroll cost?

Problem Descriptions (3 examples)

1. Inefficiency of Traditional HR Practices

Traditional human resource management practices in Azerbaijani sports federations are
ineffective in accurately identifying talent and monitoring athlete performance. This often leads
to talent mismanagement and suboptimal decision-making.

2. Slow Adoption of Digital Technologies

There is a noticeable delay in the adoption of digital HR tools across sports federations in
Azerbaijan. This hinders data-driven decision-making and reduces the ability of organizations to
leverage modern technologies for strategic talent development.

3. Lack of Structured Data Collection
HR-related data is not being collected in a systematic or centralized manner. This limits the ability
of federations to analyze trends, assess performance consistently, and plan for long-term
development using reliable metrics.

Evaluations (3 examples)

1. Potential of Digital HR Analytics

The research reveals that digital HR analytics can enable real-time tracking of athlete performance,
allowing for personalized training and development plans. This leads to more objective and data-
informed talent selection processes.
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2. Improved Resource Allocation

Digital HR analytics introduces transparency and measurability to HR operations, facilitating more
efficient allocation of financial and human resources within sports federations. This enhances
strategic planning and operational efficiency.

3. Organizational Readiness and Cultural Barriers

Findings show that the successful implementation of digital systems is not just a technical issue—
it also depends on the organizational culture and readiness for change. Without adequate digital
literacy and a supportive leadership mindset, even the most advanced tools may underperform.

Interview questions

1. Hazirda sizin federasiyada insan resurslarinin idara olunmasinda regamsal alatlardan
istifada saviyyasi na daracadadir? Sizcs, bu sahada an boylk ¢atinliklar nalardir?

Recruitment chix az gedir o sebebden ehtiyyac yoxdur (turnover meselesi)
2.HR Analytics-in tatbiqgi ila istedadlarin askarlanmasi va saxlanilmasi prosesi neca dayisa bilar?
Sizca, bu idman federasiyalarinda hansi konkret farglari yarada bilar? Galacakds HR sahasinda
ragamsallasmanin idman federasiyalarina tasirini nece gorlrsiintz? Bu transformasiya idmanci
performansinin optimallasdiriimasina neca xidmat eda bilar?
SAP ve s. Idman Gimnaziyasi 7-11 sinif — SAP biznese faydasi yixdur
3.insan resurslari sahasinda gararlarin verilmasinds malumat asasli yanasma hansi Gstinliklari
tamin edir va bu yanasma federasiyalarda neca tatbig oluna bilar?
Basga regemsallashmaya daha boyuk ustunlukler verilir.

4 Sizca, Azarbaycan idman federasiyalarinda HR analitika platformalarinin ugurla tatbigi Gcln
hansi infrastruktur va KPI bilik bosluglari mévcuddur?
Resmi olmamaqgda hugqiqi teref KPI bonus strategiya bolushulmur.

Based on the research questions as it was noticed that there are some gaps in HR among the sport
federations, it was
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JROJIOIMMYHECKOE COCTOAHWE MO4YB
ATPONAHAOLWADTOB TOO «BbICTPYXA»
BOCTOYHO-KA3AXCTAHCKOW OB/TACTU

Kosbibaesa Papunaa EceHKoKaHOBHA

[OKTOP BMONOrMYeCcKnx Hayk, npodeccop, MNaBHbIA Hay4YHbIN COTPYAHMK
benceesa N'ynbXkaH benceesHa

[OKTOP CeNbCKOXO3AMNCTBEHHbIX HayK, [NaBHbIN HAay4YHbIM COTPYAHMUK

Canapos lanbiMm»kaH Abaynnaesumy

KaHOWAAT CeNbCKOX03AMCTBEHHbIX HAYK, aCCOLMPOBaHHbIM Npodeccop
Kynbimbet KaHaT Kapatynsl

PhD AOKTOP, HayYHbI COTPYAHWK

Ab3an 9cusa Ab3ankbisbl

NHXXEHepP-3K010T

Ka3aXxcKkuit Hay4HO-NCCNea0BaTENbCKUIM MHCTUTYT NOYBOBEAEHMA M arPOXMMNUM UMEHM
Y.Y.YcnaHosa, TOO, 050060, r. AamaTsl, npocneKT anb-Papabu, 75B, KazaxctaH

AHHOMauyuA. Ha obvekme uccnedosaHua 0714 06C1e008aAHUA NOYBEHHO20 NOKPOBA
aeponaHowagmos 8 BocmoyHo-KazaxcmaHckol obaacmu 6biau 30101 eHbI paspesbl U ONUCAHbI
Mopgonoauyeckue ceolicmea no4ys. [lpu 30KAAOKe NOYBEHHbLIX pPA3PE308 U ONUCAHUU
MopghosioaudecKux ceolicme ommeveHsl Ha nogepxHocmu noseli 1 u 2 mpew,uHsl pa3mepos 8 2-5
cm, ecmo u 8 cm. ObpazosaHue 21yO60KUX MpPewUuH 8 4epHO3eMax NoO NOCeEBAMU NOOCOMHEYHUKA
8 aeponaHowagpmax TOO «bbicmpyxa» Aengemcsa Cneocmsuem CcoYyemaHus npupPooHsIX
ocobeHHocmel no4ysbl U G2POMEXHUKU 8030€e/bI8GHUA 8/1020Nn02710Waroweld  Kysasmypel.
BepoamHee scezo, 0bpaszosaHue mpeujuH C8A3GHO C NePeCcbIXGHUEM 2/IUHUCMO20 YepHO3EMA 8
pe3ysiemame Oepuyuma 87aa2u, MAKENO020 MEXAHUYECKO20 COCMABA U, B03MOXHO, UCMOU,EHUA
CMPYKMypsl  U3-30  GepPOMEXHUKU. Imu Nnpoueccel ecmecmeeHHsl, HO npu 071umes1bHOM
go30elicmsuu mMoaym yxyowame B0OHbLIU pPeXum U NPOHUUAeMOCMb No4Y8bl, YMO BAMCHO
y4umel8ame 8 ynpasseHuu aeposnaHowagmom. Lna npedynpercoeHus u MUHUMU3auuu 3mo2ao
ABMEeHUA PEKOMEeHO0B8AHO 8HeOpeHUEe 8a1a20cbepezarouux u cmpykmypocbepezaroujux npuemos
06pabomku noyssl, ycuseHUe opeaHU4YeCKoeo NUMAaHUA, 0 Makxe nepecmomp cesoobopoma.
Takum obpasom, obpaszosaHue 2nyboKUX mpeuwjuH 8 YepHoO3emax No0 NOOCONHEYHUKOM C8A3GHO
C CUMbHLIM UCCYyWeHUemM no4Y8eHHo20 npoguaa 30 C4ém aKmueHoeo eodonompebreHua
Kynemypoel, MoOujHol KopHegol cucmemsl u ci1abo20 noKposa nosepxHocmu. B paspese 3
ukcupyemca aHomasbHO HU3Kas obvemHaa macca (0,54—-0,56 2/cm?), uymo moxcem
caudemenbcmaosams 0 pbix/10U CMPYKMype no4ssl (03MOMCHO, 8bICOKOE COOepPH aHUE OP2aHUKU
unu necyaHaa mexkcmypa). BaaxcHocmes sapsupyemcs om 9,63% 0o 14,4%, 6e3 pe3kux aHoManud.
B ocmarbHblx paspeszax obvemHaa macca cocmaeasem 1,3—1,5 e/cm? ymo xapakmepHo 0715
HOPMG/16HbIX a2POYCo8ud.

Kntouesvie cnosa: aeponaHowagpm, yepHozem, mpewuHa, obpabomka, 06vemMHas macca,
8/10XHOCM®b
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ECOLOGICAL STATE OF SOILS OF AGROLANDSHAFT OF «BYSTRUKHA» LLP OF EAST KAZAKHSTAN
REGION
Kozybaeva Farida Esenkozhanovna, Doctor of Biological Sciences, Professor, Chief Researcher,
Beiseeva Gulzhan Beiseevna, Doctor of Agricultural Sciences, Chief Researcher,
Saparov Galymzhan Abdullaevich, Candidate of Agricultural Sciences, Associate Professor
Kulymbet Kanat Kairatovich, PhD, Researcher,
Abzal Asia Abzalovna, environmental engineer
U. Uspanov Kazakh Research Institute of Soil Science and Agrochemistry, LLP, 050060, Almaty, al-
Farabi Avenue, 75V, Kazakhstan

Abstract. Sections and morphological properties of soils were laid at the site of the study to
examine the soil cover of agrolandscapes in the East Kazakhstan region. When laying soil sections
and describing morphological properties, cracks of 2-5 cm in size were noted on the surface of fields
1and 2, there are also 8 cm. According to many authors, the appearance of cracks on the surface
of soils is characteristic of all soils of heavy loamy and light clay mechanical composition (from
chestnut to ordinary chernozems) steppe zone of Kazakhstan. The formation of deep cracks in
chernozems under sunflower crops in the agrolandscapes of Bystrukha LLP is a consequence of a
combination of natural features of the soil and agricultural techniques for cultivating a moisture-
absorbing crop. Most likely, the formation of cracks is associated with the drying of clay chernozem
as a result of moisture deficiency, heavy mechanical composition and, possibly, depletion of the
structure due to agricultural technology. These processes are natural, but with prolonged exposure
can impair the water regime and permeability of the soil, which is important to take into account
in managing the agrolandscape. To prevent and minimize this phenomenon, it is recommended to
introduce moisture-saving and structure-saving methods of tillage, increase organic nutrition, as
well as revise crop rotation. Thus, the formation of deep cracks in the chernozems under the
sunflower is associated with a strong desiccation of the soil profile due to the active water
consumption of the crop, a powerful root system and a weak surface cover.. In section 3, an
abnormally low bulk mass (0.54-0.56 g/cm 3) is recorded, which may indicate a loose soil structure
(possibly a high organic content or sandy texture). Humidity varies from 9.63% to 14.4%, without
sharp anomalies. In other sections, the bulk mass is 1.3-1.5 g/cm 3, which is typical for normal
agricultural conditions.

Keywords: agrolandschaft, chernozem, crack, processing, volumetric mass, humidity

AKkmyaneHocme. MNpobnema BAVAHWA NPOMbIWAEHHbIX MPEANPUATUIA HA OKPYXKatoLLyHO
cpesly HOCUT rnobasbHbIM XapakTep, YTo M 0OycnaBaMBaeT eé Ba)KHOCTb. B nocneaHee Bpems
BbICOKME QHTPOMOreHHble HarpyskMm Ha MNpupoay MPUBEAM KO MHOMMM  OTPULLATENbHbIM
9KOMOrMYECKMM MOCNeACTBMAM. PacTeEHMA W KMBOTHble BCe TpyaHee npucnocabnmeatoTca K
OKpy*KatolWen npupoaHon cpede. YTobbl 0cnabutb 3TM OTpULATENbHbIE MOCAEACTBUSA, HYMKHO
pa3paboTaTb M OCBOUTb IKOIOTMYECKM He30MacHble HOBbIE 30HA/IbHbIE CUCTEMbI 3eMIeAeNnsA Ha
NaHAWapTHOM OCHOBe, NpedyCMaTPUBAOWME AKTUMBHOE PEry/IMPOBaHME arpo3KOI0rMyYecKmx
napameTpos.

B KasaxcTaHe He BeadyTcs wccnenoBaTeNbCckiMe paboTbl MO BAMAHWMIO TOPHOPYAHbIX
npeanpuaTMA Ha arponaHaadTbI.

MocneacTBMAMM  @aHTPOMOreHHOTO BO3AEWCTBMSA Ha /AMTOCHepy SBAAOTCA: U3bATUE
NN0OAOPOAHbBIX 3eMeflb, CO34aHME WMCKYCCTBEHHbIX MOBEPXHOCTHbIX M MOA3EMHbIX CTPYKTYP,
nepemelleHne 60nbliMx OOBEMOB TOPHbIX MNOPOA, W3MeHeHWe penbeda, HapyweHue
reogMHaMMYecKoro PaBHOBECUA TPYHTOB - TEXHOTEHHble 3eMAEeTPACEHMA, KapCT, NpoceaHums,
3p03MA MOYB, OMON3HM, HapylweHMe MepP3/I0THOrO PEXMMA, XMMWYECKOe W pPaamMoaKTUBHOe
3arpA3HeHne NoYB 1 Ap.
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Jpo3MA NO4YBbl ABNAETCA OCHOBHbIM HEraTMBHbIM ABNEHMEM B CE/bCKOXO3ANCTBEHHOW
0eATeNbHOCTU, KOTOPOE BAMAET Ha YPOXKAMHOCTb M yXYALAET 3KONOrMYEeCcKyto YCTOMYMBOCTD.
JpPO3NOHHbIE MPOLECCHI ABNAOTCA rnobasbHOM NPOBIEeMON 1 CTAHOBATCA OAHOM M3 OCHOBHbIX
npobnem BO MHOTMX CTpaHax. TaK, 3p03MA MoYBbl OObIYHO O3HAYAET pa3pylieHMe MO4YBbl MO,
[eNCTBMEM NPUPOAHBIX ABNAEHUI (Hanpumep, BoAbl, BETPA M CHEra) v aHTPOMOreHHbIX GakTopos
(Hanpumep, MHTEHCMBHOIO M 3KCTEHCMBHOMO BEAEHWMA CEbCKOTO XO3AMCTBA), AEWUCTBYHOLLMX B
COYETaHUU. IPO3MI0 MOXKHO KlacCMUMLUMPOBATL KaK €CTECTBEHHbIN M YCKOPEHHbIN Npouecc, B
3aBMCMMOCTM OT €€ MHTEHCMBHOCTW. B nepBOM KaTeropmm 3po3Msa MNOYBbI MPOMCXOAMT B
HOPMa/ibHbIX YCOBUAX B TeYEHNE MUANIMOHOB NET N ABNAETCA CpeacTBOM 0H6pa30oBaHMA HOBbIX
noys [1]. B To BpemA Kak yCKOpeHHas 3p03MsA MOYBbl ABNAETCA PE3y/NbTaTOM AeATebHOCTM
4yenoBeKa, B OCHOBHOM M3-3a BblpyOKM NeCOB, YPE3MEPHOro BbiMaca CKOTA M HenpUeMIEMbIX
MeTOA0B BEAEHWMA CeNbCKOro XO3AMCTBA, KOorga noTepA Mo4vsBbl HamHOro bHonblle, vyem ee
obpasoBaHuMe. B 3aBUCMMOCTM OT rNaBHOro GpakTopa pa3pyLleHma NoYB M yTpaTbl MX N1040POAMA
Pa3nMYaloT BOAHYIO M BETPOBYIO 3p03Mio [2]. BeTpoBasa apo3una npoasasetca 8 suae aebaaumm
NecYaHbIX M aBTOMOPOHbIX MOYB, CONOHYAKOB M Mbl/IbHbIX Oypb. B pa3suTnmn aedaaumm nous kpome
eCTeCTBeHHbIX GaKTOPOB (MOAATAMBOCTb MOYB, NETKMIA MEXAHWUYECKMI COCTaB, aKTMBHAA BETPOBas
[eATeNbHOCTb M Apyrve) 3HauuTeNbHas pPoOSib  OTBOAMTCA  QHTPOMOreHHomy  dakTopy.
Heperynmpyembii  BbiMac  CcKoTa  (4pe3mepHas  Harpyska), BblpybKa  KyCTapHWMKOBOW
pacTuTenbHocTH, 6ecnopAafoyYHOe ABMXKEeHMEe aBTOTPaHCNoOpTa BHE /J0pOor crnocobcTeytoT
MHTEHCMOUKAUMKM  AedNALMOHHBIX NPOLLeCCOB, KOTOPble WM3MEHAKT CTPYKTYPHbIA COCTas,
0ObeMHYI0O Maccy W codeprkaHue rymyca, obycnaenveas [ferpajauuio Movs C notepen
nnogopoama. Mo AaHHbIM Ka4yecTBEHHOM xapaKkTepucTukM 3emensb 3a 2019 rog B Pecnybnuvke
KasaxctaH umcamtca 6onee 90 MAH. ra 3pOAMPOBAHHbBIX M 3PO3MOHHO-OMACHbIX 3EMENb, U3 HUX
baKTUYECKM 3poaMPOBaHHbIX — 29,3 MAH. ra [1].

MofBepKeHHble BOAHOW 3p03mmM (CMbITble) M3 0bLLe NaoWaAN SPOAMPOBAHHBIX 3€Mefb,
3aHMMatoT naowaab 4,9 MAH. ra nam 2,3 % CenbCKOX03AMCTBEHHbIX Yyroanin. BoaHaa spo3na noys
HabntoaaeTca BO BCex 061acTAx pecnybanKM 1 Ha MHTEHCMBHOCTb €€ Pa3BUTMA BAMAOT XapaKTep
penbeda (KPyTM3Ha W [OAMHA CKAOHA, BeAnYMHa M ¢dopma Bogocbopa), KOAMYECTBO MU
MWHTEHCMBHOCTb OCAZIKOB, TMM M MexXaHWYeCKMI COCTaB Mo4yB, KapbOHATHOCTb, 3aCO/IEHHOCTb,
3a/1epHOBAHHOCTb, rybunHa 3aneraHnsa rpyHTOBbIX BOA M Ha3mc 3p03nm, BOAOMNPOHMULAEMOCTb M
XapaKTep MCNONb30BaHMA 3eMebHbIX Yroanii. BogHaa 3po3unsa noys rnaBHbIM 06pa3om 3aBUCUT
OT BECEHHEro M 3UMHEro COAEepKaHWA BAarM B BEPXHMX CA0AX MO4YBbl. CMbIB MOYBbI TaKMMM
BECEHHMMM BOAAMM BEAET K OBPAaroobpasoBaHMio Ha CKIOHOBbLIX 3eM/IAX, M3MEHEHMIO penbeda,
K Ja/bHeNleMy BO3AENCTBMIO BETPOBOM 3P03MM M OMNyCTbiHMBAHUIO 3emensb [3]. Hanbonblwme
NNOWAAM CMbITbIX MOYB, B COCTaBE CENbCKOXO3AMCTBEHHbIX Yroguih, HaxoAATCA B pPerMoHax
opoluaemoro 3emneaenvsa B TypkectaHckol (0,9 maH. ra), AimaTUHCKOM 1M MaHrucTtayckon (no
TypkecTaHckoM, Mambbiackol, AamaTuHcKoW, BocmouyHo-KaszaxcmaHcKol, AKMOAMHCKON
obnactax [1]. W3 npeacTaBNeHHbIX MaTepManoB O MOYBEHHO - 3KONIOTUYECKMX YCNOBUAX
arponaHawadpToB M TEeppPUTOPUIM, HaXOAALIMXCA NOA BAMSHMEM BblIBPOCOB TFOPHOPYAHOM
NPOMbIWNEHHOCTN, NPEACTAaBNAEHHbIN MNPOEKT ABNAETCA aKTyaNbHbIM WM WMMEET Hay4HYHo
3HAYMMOCTb B PA3BUTUM YCTOMYMBOTO arpONPOMBbILLIIEHHOTO KOMM/IEKCA M NPOAOBONbCTBEHHOWN
H6e30nacHOCTM CTPaHbl.

NccnepoBaTtenbckas pabota BR22885097 BbinoAHeHa Mo maTepuanam  HayyHo-
TexHW4YyeckoM nporpammbl MCX PK 2024-2026 rr. «ObecneyeHme pauyoHaabHOMrO MCNOb30BaHMSA
3eme/lb CeIbCKOXO3AMCTBEHHOrO Ha3Ha4YeHMA B MHTEHCMBHOM 3emaefeNMM Ha OCHOBE HOBbIX
NoAX0408B B COXPAHEHMM M BOCNPOM3BOACTBE N10A0POAMA NOYB». 3a4a4a 3 «/3y4nTb NOYBEHHO-
9KONOTMYeCcKMe yCNOBMA arpoLeHO30B B CUCTEMAX MHTEHCMBHOrO 3emaefenva no perrMoHam
KasaxcTaHa 1 pa3paboTaTb MeponpuATAA NO NOBbLILLEHWUIO UX ONTUMU3ALLUMY.
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Leno pabomei: ObecneyeHne paLMOoHanbHOro MCNONb30BaHMA 3emesb
CeNbCKOXO3ANCTBEHHOMO Ha3HAaYeHUA B MHTEHCUBHbIX CMCTEMaX 3emaeaenuns, cnocobCTByOLWMX
BOCMPOM3BOACTBY MN/1040POAMA MOYBblI WM YCTOMYMBOMY MOBbIWEHUIO NPOAYKTUBHOCTM
CeNbCKOXO3ANCTBEHHbIX KYyNbTYP.

Obvekm u memoOsl uccnedosaHua. OBBEKTOM WCCAe0BaHUA SABAAETCA MNOYBEHHbLIN
nokpoB NyboKoBCKOro parioHa BocToyHo-KasaxcTaHckon obnactu. [NyOOKOBCKMIA palioH (Kas.
rnybokoe ayaaHbl) - aAMMHUCTPATUBHO-TEPPUTOPUAIbHAA eAMHMLA BTOPOro YPOBHA B BOoCcTOYHO-
KasaxctaHckon obnactun KasaxctaHa. AAMUMHUCTPATMBHbBIM LUEHTP paioHa — nocénok Fnybokoe.
PalloH pacnosio)keH Ha ceBepo-BOCTOKe obnactu. [lBe TpeTn TeppuTopuM parioHa 3aHMMaeT
ropHO-TaéKHaa MEeCTHOCTb. B ceBepo-3anafHOM 4acTu Haxodatca YOUHCKMN n TUrmpeukui
XpebTbl M UX OTPOTK, B HOrO-BOCTOUYHOM YacTh -YAbOUHCKMI XpebeT.

Knumat KoHTUHeHTanbHbIM. CpeaHue TemnepaTypbl sHBapa - -18 °C, utona - okono 20 C.
CpenHerooBoe KOJIMYECTBO aTMOCPepHbix ocagkoB — 600-00 mm. [lMpeobnagatoT cesepo-
BOCTOYHbIE W tOro-3anagHble BETPbl. 3aMOPO3KM 3aKaHUYMBAOTCA B KOHLLE Mas, BO3OOHOBAAKOTCA B
KOHUe aBrycta. CHeXHblh MOKPOB YCTaHAB/AMBAETCA B MEepBOM MONOBUHE HOABPA, CXOAMT BO
BTOPOW MNONOBUHE anpens. BbicoTa ero K KoHLy 3uMbl gocturaet 90 cm.

Mo TeppuUTOPUM palioHa NPOTEKALOT peKa MpTbilw 1 eé NpuToKKn -Ynbuba, Yba u apyrue.

MouYBbI - KaLITAHOBbIE, YePHO3EMHbIE, TOPHO-/1YrOBbIE, FOPHO-TYHAPOBbIE.

Ha OTKpPbITbIX CTEMHbIX MNPOCTPAHCTBAX PACTYyT MO/blHb, KOBbIb, B TOPHbIX YaCTAX-
CMelllaHHble neca M3 XBOMHbIX (MMXTa, COCHA) M INCTBEHHbIX (TONob, bepésa, pabuHa, Yepémyxa)
nepeBbeB. B Heapax pasBedaHbl 3anacbl NOAMMETANIMYECKMX, YrAa W eCTeCTBEHHbIX
CTPOUTE/IbHbIX MAaTePMaoB.

Memooe! uccnedosaHusA. Tpu BbINONHEHMM NpoeKTa Obll NPUMEHEH KOMMAEKCHbIN
3KOCUCTEMHbIN NOAXO/, C MCMONb30BAHNEM MOYBEHHbBIX METOA0B UCCNea0BaHMA. B nccnenoBaHmnm
noyB, PacTeHUn MPUMEHANNCH NOJIeBble, OMNbITHO-NONAEBbIE, KapTorpaduyeckme, nabopaTopHoO-
aHaNMTMYECKNEe MEeTOb!.

MNoneBble MCCNeAoOBaHWMA NOYB — 3aKNaZlka MOYBEHHbIX Pa3pes3oB, OnucaHue
MOP®dONIOrMYECKUX  CBOMCTB, OTOOP  MNOYBEHHbIX 00pa3uoB  Ha  aHAAUTUYECKME ¢
MWUKpOBMONOrMYecKkme nccneaoBaHms.

B nonesbIx ycnosuax onpeaeneHsl pusmdeckmne, BOAHO-GUINYECKME CBOMCTBA MOYB.

PexkoeHoCcyuposoyHbili 0630 meppumopuu UuccAedo8aHUA. PeKOrHOCLMPOBOYHbIN
obbesn 0bbekTa UccneaoBaHMA NO3BOAUA ONPEAEIUTb KAKOYEBbIE TOYKM 3aKNaAKM NOYBEHHbIX
pa3pe3oB (pucyHok 2-4) B [NybOKOBCKOM pailloHe BocTouyHo KasaxcTaHckol obnacTw,
arponanawadt TOO «bbicTpyxa».

-

PucyHok 1 - Obwuli sud PucyHok 2 —lNone 1 PucyHok 3 —Mone 2
nona 1,2 TOO «bbicmpyxa»

CornacHo, [OPOXKHOW KapTe MNo yBeanvyeHuto obbema BaNoOBOW MPOAYKLMW CENbCKOTO
X03sMCcTBa B 2 pasa Ha 2024-2028 roabl, B [NyOOKOBCKOM palloHe MO MaCAMYHOW KynbType —
NoACONHEYHUK naowanb 37,4 meicay 2ekmapos, Ymo Ha 1,5 meic.ea 6onewe 2024e. (104,3%).

Macnu4Hslie Kyaemypel 41,1 TbicAYM rekTapos, 4To Ha 1,84 Tbic.ra bonblie yem B 2024 roay
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nnun (104,7), B TOM YMcCne Mo KyAbTypam:

- nodcosiHeYyHuUK 37,4 meica4 2ekmapos, Ymo Ha 1,5 meic.ea 6onbwe 20242. (104,3%),

- panc ecez20 2 meic.2a, Ymo coomeemcmayem yposHto 2024e. (100%),

- coq 1,2 meic.ea, ymo Ha 0,3 meic.ea bonbuwe 20242. (133,3%). (0aHHbie TOO bbicmpyxa).

Mopdgonozuyeckue onucaHue uccnedyembix nho4ys azponaHowagpmos. Ha obbekTe
nccnegoBaHma ana  obcnefoBaHMsA MOYBEHHOrO MOKpPOBa arponaHawadTtoB B BocToyHo-
KaszaxctaHckon obnactn Obiam 3anoxeHsl 10 pa3pes3oB. [py 3aKknafKke MOYBEHHbLIX Pa3pe30B
onucaHbl MopdoIornMyeckme CBOMCTBA NOYB.

lNone 2 — HassaHue JleoHosa Ama 05-068-007-150 Kptokosckue — 05-068-007-082.
Kynemypa — nodconHeyHuK. Copm: Limagrain 59580, lMuoHepP64LE137. lnowads: 108,77 aa.
NDVI: 0, 71 (15 uroHa 2025. MecmononoxeHue: 50225'07"N 82242'44"E

Mone 2, Paspe3 1 3an0xeH B LeHTpaabHon YacTu nons. KoopamHatel: 50.421477, 82.73491
50°25'17.32"N82°44'05.68"E. h=460 M H.y.m. (PucyHok 4).

TR Max 0-33 cm — TEMHO-CEpPbIN 10 YEPHOrO, OYEHb MAOTHbIN, CBEXUIA, TUNKUN,
KOMKOBATO-T/1bIOUCTbIN, HE Pa3/laMbiBAaETCs, B BEPXHEW YaCTW HAaMbIBHOM
CNOWM NOYBbI BCNEACTBME 3PO3MM, COXPAHWMAACh MPOLUNOTOAHASR COIOMA,
TOHKAA CAOWUCTOCTb, 3E€PHUCTOCTb, KOPHEeBble BOMOCKKM, A0 20 cm
TPELMHOBATOCTb WWPUMHOM OKOMO 2 CM, BCTpeyatoTcA LiebeHKn, He
BCKMMAET, Nepexo, 3aMeTHbI MO C0XKEHWIO.

33-55 cm - TemMHO-cepbIit ¢ BypoBaTbIM OTTEHKOM, MeHee MNAOTHbIN,
H6osee BNAXKHbIN, KOMKOBATO-3€PHUCTbIN, CYr/IMHOK, BCTPEYAOTCA CBEXKME
KOpHEeBble BOJIOCKM, MONYPA3N0XKMBLIMECA KOPHU, MHOMECTBO MENKMUX
KOpHel, HoBoobpa3oBaHWA, (oNpeaennTb CONM), MUKPOMOPbI, NOPUCTanA, He
BCKMMAET, Nepexo, 3aMeTHbIN.

55-75 cm — cepo-bypblii, PbIXNOBATLIN, CBEXMIA, KOMKOBATO-3€PHWUCTO-MOPOLWMUCTHIN,
CYI/IMHOK, 0O4eHb MHOTO Henecbix HOBOOOPa30BaHWM, KOPHEBbIE BOIOCKK, XO4bl HACEKOMbIX, B 60
CM Cc/loe IOXKAEBOM YepBb, HE BCKUMAET, Nepexo/ 3aMeTHbIN MO LUBETY U COKEHWIO.

75-90 cm — naneBo-OypbIl, PbIXIbIM, CBEXUIA, MOPOLWMNCTLIN, CYFTMHUCTbIN, BCTPEYAtOTCS
X04bl HACEKOMbIX, O4E€Hb MHOFO KOMPO/JWUTOB, KOPHEBbIE BOJIOCKM, YepHble CKOMAeHWA, He
BCKMMAET, BbllLLE/I0YEHHbI YEPHO3EM.

Mone 2 Pa3spes 2 3an0XKeH B LEHTPAIbHOM YaCTn NONA. 34eCb BUAHbI NPOABNEHNA 3p03MM B BUAE
HaMbITbIXx HaHOocoB. KoopauHaTel: 50°25'17.09"N 82°44'04.95"E. UaeHTUYHBIM C P 1.

Mone 2 Paspe3 3 3an10KeH Ha BeplumHe 6opo3abl (pucyHok 5). KoopanHatbl: 50°25'17.67"N
82°44'00.59"E. h=460 M H.y.m

Max.0-16 cm — TeMHO-CepbIt A0 YEpPHOro, OYeHb MJIOTHbIN HOX OCTaBAAeT O/ecTAlniA
METaN/INYECKMI LBET, CBEMWN, [NbIOMCTO-KOMKOBATbIM, CYIIMHOK, MO TOPU3OHTY MNPOXOAMUT
6osblas TpelmHa, ecTb OTAE/bHbIE MAACTMHYATbIE KOMOYKM, HaMbITble MOYBEHHbIE C/10U, OHM
CO3[anM MNAOTHbINA C/IOM, BCTPEYAIOTCA TOHKME MOPbl, BCTPEYAIOTCA MPOLWIOTOAHME U KUBble
KOpHW, TpelwmHa Ao 40 CAHTUMETPOBOrO C/0A, TaKKe TpellHbl HabNoaatTCa CO BCEX CTOPOH
pa3pesa, He BCKMMNAET, nepexo, NoCTENEHHbIN MO CNOXKEHMIO.

16-32 cm — TeEMHO-CepbIit ¢ BYpOoBaTbIM OTTEHKOM, MEHEE M/I0THbIMN,
YeM BEPXHWI TOPWU3OHT, CBENKMI, MNAACTMHYATO-KOMKOBATO-3EPHMCTaA,
CYI/IMHOK, BCTPEYAlOTCA MHOMKECTBO KOMPO/AWUTOB, MOPbl  Pa3/IMYHbIX
Pa3MepoB, BCTPEYAKOTCA KMBble M MEPTBble KOPHW, TOHKME KOPELKU U
KOpHEeBble BO/IOCKM, HE BCKMMAET, Nepexo/, 3aMeTeH Mo LBETY U CIOXKEHWIO.

32-50 cm — TeMHOo-cepo-bypoBaTbIi, CBEXMUI, NAOTHBIA, MEeCTamu
PbIX/IbIA, 06Pa30BaH M3 KOMPOAMUTOB, KOMKOBATO-3€PHMCTAsA, BCTPEYALOTCA
KOPHW PaCTeHUI U Pa3INyHbIe KOPELLKM, N KOPHEBbLIE BOIOCKM, Pa3/INYHbIX
pPa3MepoB MOpPbl, MHOXECTBO KOMPOJAMTOB, HE BCKUMAET, NEPexos

Pucynor 4, Pazpez 1

Pucynox 5, Pazpe: 3
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3aMETHbIN.

50-80 cm — necTpblit, cepo-bypoBaTo-nasnesblil, MeHee MAOTHbIN, CBEXMWI, KOMKOBATO-
3ePHMCTO-MOPOLWMNCTbIN, CYrIMHOK, BCTPEYAIOTCA KOMPOJIUTbI, KOPHEBbIE BOIOCKM, KapboHaThl B
BMAE NPUCLINOK, BypHO BCKMNAET, Nepexo 3aMeTHbIN No KapboHaTHOCTU.

80-90 cMm — NecTpbIit, NafeBbli, BAAXKHbIN, PbIX/bl, KOMKOBATO-MOPOLLUMCTbIN, BCTPeYatoTcaA
MeJIKMe KopeLlKn, KapboHaTbl B BUAe 6enornaskun, bypHo BCKMMaeT.

'i}gf J 5] lNone 2 Paspe3 4 3anoeH Ha BepxHel vacTu nona 2. KoopAuHarthl:
S | 50°25'16.9"N 82°43'59.71"E. h= 460 M H.y.M (PUCYHOK 6).

0-25 cm — TemHOo-cepo-bypbIl, MNAOTHbLIM, MeCcTamu OocbinaeTcs,
CyXOW, KOMKOBATO-NMOPOLWMCTO-MbINEBATbIN, CYFIMHOK, 3TOT TFOPU3OHT
TPELIMHOBATbLIN, MOPUCTbIN, MHOXKECTBO KOPHEN M KOPHEBbLIX BOIOCKOB,
BCTPEYAIOTCA KMBbIE M MEPTBbIE KOPHWU M KOPHEBBIX OCTAaTKOB, MHOXECTBO
XOZ0B KOPHEBbLIX BOJIOCKOB, BCTPEYAOTCA KOMPOAUTbI, CKOMAEeHWe
KOMPO/INTOB, OTYET/IMBO BUAHbI NMOPbI, HE BCKMMAET, Nepexos, 3aMeTHbIN.

25-50 cM — TemHO-Ccepblh [0 YEepPHOro, MAOTHbIN, CBEXUM,

Pucynox 6, Paspes 4 KOMKOBATO-3€PHUCTO-MOPOLWMNCTbLIN, CYr/IMHOK, MHOMECTBO CKOM/IeHue
KONpOAUTOB, 06UAME NOpP, CKOMAEHWE KOPHEBbIX BOJTOCKOB, HE BCKMMAET, Nepexo/ 3aMeTHbI .

50-70 cm — cepo-b6ypbln ¢ BypoBaTbiIM OTTEHKOM, C/MErka YBAAXKHEHHbIN, PbIXN10BaTbIN,
KOMKOBATO-3€PHUCTO-MOPOLINCTBINA, CYrIMHOK, MOPUCTbLIN, BCTPEYAIOTCA KOPHEBble BOJIOCKM,
MHOXeCTBO KOMPOJMTOB, HE BCKMMAET, Mepexos NoCTeNneHHbIN.

70-90 cm — cepo-bypblA, YBNAXKHEHHbIN, NAOTHOBATbI, KOMKOBATO-3epPHUCTO-
NOPOLNCTbIN, CYrIMHOK, MOPUCTbIN, Pa3NamMblBalOTCA Ha OTAE/bHble arperatbl, MHOMECTBO
KOPHEM 1 KOPHEBbIX BOJIOCKOB, MHOXECTBO KOMPO/IUTOB, HE BCKMMNAET.
Mone 2 Pa3pe3 5 3anoxeH Ha kpato none 2. KoopanHatbl: 50°25'16.81"N
82°44'01.04"E. h=460 M H.y.M (pncyHOK 7)

0-20 cm — TemHo-cepbit ¢ BypoBaTbiM OTTEHKOM, MAOTHbLIW, C
NOBEPXHOCTM CYXOMN, KOMKOBATO-MOPOLUMCTbIN, CYTTIMHOK, KOMKW MOPUCTbIE,
Nopbl KPYMHble, MeNK1Ue, KOMKW Npu pa3siome YBNAXKHEHHbIE, MHOXeCTBO
n306mnMe KONPOAUTOB, KOPHEBBIX BO/IOCKOB, €CTb XOAbl KOPHEN PacTeHWUN,
TPELLMHOBATbIN, BCTPEYAIOTCA MypPaBbM, HE BCKMMAET, MEPEXO/ 3aMETHbIN
MO UBETY U COKEHMIO.

20-50 cM - TEMHO-CEpPbIN, NAOTHbIM, CBEXMIM, KOMKOBATO-3EPHUCTO-
NOPOLMNCTbIN, TAXKENbIA CYrIMHOK, MOPbl TOHKWE, CPefHWE, MHOXKeCTBO
KOMPO/MTOB, KOPHEM N KOPHEBbIX BOJIOCKOB, XOA4bl U CAefibl KOPHEN, He
BCKMMAET, Nepexos, 3aMeTHbI Mo LBETY.

50-70 cm — cepo-bypbit, MeHee YNAOTHEHHbIN, YBAAXKHEHHbIN, 38PHUCTO-NOPOLLMCTLIN
CYI/IMHOK, M306WMaMe KOMPO/IMTOB, PEeAKO BCTPEYAloTCA KOPHEBble BOJIOCKM, KapboHaTHas
NPWCbINKA, BCKUMAET, NePeEXo/, NOCTENEHHbIN.

70-90 cm — Bypo-nanesbii, PbIX/bi, YBAAXKHEHHbINA, KOMKOBATO-38PHUCTO-MOPOLLMCTLIN,
CYIIMHOK, M306uane nop, nsobunme KonpoauToB, KapboHaTbl B BUAE MPUCHINOK, CKOMIEHWE
KOPHEBbIX BO/IOCKOB, BCKMMAET.

Pucyuor 7, Pazpez §
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Mone 2, Pa3spes 6. KoopaunHatbl: 50°25'16.65"N 82°44'10.36"E. h= 450 m
H.Y.M

Ha noBepxHOCTU y4acTKa 2-4 CM MeIKO3eM (PUCYHOK 8).

2-3 CM - TEMHO-CEepPbIN, CYyXOM, PbIX/bl, MHOXECTBO MY/IbYel, Ha BEPXY
0bpa3yeTca KOPOYKa, MblJeBaATO-MOPOLIMCTO-KOMKOBATBIN, CYF/IMHOK,
BCTPEYAIOTCA COPHblE PACTeHMA Ha MOBEPXHOCTM, KOPHW, KOPHEBble
OCTaTKM, MHOYECTBO KOMPOMTOB 06pa3ytoT CTPYKTYPHbIe arperathbl, Npwu
pacTMpaHMM YepHas Kpacka, He BCKMMNAEeT, Nepexos, 3aMeTHbIN.

0-30 cm — NaxoTHbIM CN0M, TEMHO-CEPbIN C BYPOBaATbIM OTTEHKOM,
NJIOTHbI, CYXOW, MECTaMW CBEXWN, KOMKOBATO-3€PHMUCTbIN, CYI/IMHOK,
NOPUCTbIN, MHOXECTBO KOPHEBbIX BOJIOCKOB, MHOMECTBO KOMPO/IUTOB,
PacKaNblBaeTCA Ha OTAEe/bHble 3epPHUCTble 06PA30BaHMA, HE BCKMMAET, Nepexos 3aMeTHbIN No
CNIOXKEHMIO.

20-40 cm — cepblin ¢ BypoBaTbiM OTTEHKOM, MAOTHbLIN, CBEXMIA, KOMKOBATbIN, CYr/IMHOK,
pacnafaeTcd Ha KOMKOBATO-3epHMUCTble arperatbl, TOHKOMOPWCTbLIM, MNPOXOAMT TPEeLLMHa,
MHOXeCTBO KOMPO/IMTOB, KOPHEBbIX BO/IOCKOB, HE BCKMMAET, Nepexos 3aMeTHbIN.

40-70 cm —necTpbit, cepo-bypbil, MeHee VYMAOTHEHHbIM, CBEXMWI, KOMKOBaTbIN,
pacnafaeTcA Ha KOMKOBATO-MOPOLWMCTble arperatbl, MOPWUCTbIA, MHOMECTBO KOMPOJUTOB U
KOPHEBbIX BO/IOCKOB, HE BCKMMAET, Nepexos, 3aMeTHbI.

70-90 cm — necTpbii, cepo-bypbii C NATHAMMW, YNAOTHEHHbIN, YBNAKHEHHbIN, 3€PHUCTO-
NOPOLUNCTbIN, CYTNMHOK, PacnagaeTcsa, NOPUCTbIN, MHOXECTBO KOMPOAUTOB, MENIKUX KOPHEN, He
BCKMMAET, Nepexo, 3aMeTHbI N0 YBNAXKHEHHOCTU U CNOXKEHMIO.

90-100 cm — naneBbli, MeHee YMNIOTHEHHbIW, BNAXKHbIMA, MOPOLUMCTbIN, CYrIMHOK, He
BCKMMaeT.

Mone 1.Kynemypa nodconHeyHuK, copm [luoHep P64LE45.
Mnowaoe:8,59 2a. Ces:01 masa 2025 200a. lone 1, pa3pe3 1 3an0xcunu
Ha eepxHel 4yacmu y4acmka. KoopouHamei: 50°25'7"C.LL.
82°42'45"B./]. h=430 M H.y.m (pucyHok 9)

0-20 cM — TEMHO-CepbI O YEPHOrO, O4eHb MOTHbIN, CBEXUN,
Mo BCEMY FrOPU30HTY TPELWMHOBATbI, TbIOUCTbIN, CYTIMHOK, TNbIBUCTbIE
OTAENbHOCTM NPW Pa3oMe pacnaaatoTca Ha NaacTMHYaTble arperatsl,
Me/IKME M KPYMHble NOpbl, APKO BbiParkeHa CTePHA 3anaxaHHble a0 10
CM, KOPELLKM N KOPHEBble BOIOCKK, Ce/ibl KOMPOUTOB, HE BCKMMAET,
nepexoa, APKO BblPaXKeHHbIM MO CAOKEHMIO.

20-50 cm —TemHOo-cepbit ¢ BYpOBaTbIM OTTEHKOM, CBENWN,
YNAOTHEHHbIN, MECTAaMWN PbIX/bl, KOMKOBATO-3€PHUCTbIN, CYTNHOK,
NOPUCTbIN, MMEIOTCA KPYMHbIE MOPbI, MPOHU3aH TOHKMMKU KOPHEBbLIMM
BOJIOCKaMM, MHOYKECTBO KOMPOJIMTOB, HE BCKMMAET, Nepexos, 3aMeTEH MO LBETY M CIOXKEHMIO.

50-60 cm —cepblin ¢ BypoBaTbiM OTTEHKOM, MECTaMK MecTPbii LUBEeT AaeT KapboHaTHbIe
BKpanneHusa, bonee yBnaxKHEeHHbIM, YNJOTHEHHbIM, KOMKOBATO-3€PHUCTO-MOPOLINCTbIN, CYTIMHOK,
MHOXECTBO KOMPOJMTOB M KOPHEBbIX BOIOCKOB, KapboHaTbl B BWAE BKPanIeHWA, BCKMUMAET,
nepexo, 3aMeTHbI.

60-80 cm — 6ypbih C CepoBaTbiM OTTEHKOM, MeEHee VYMAOTHEHHbIM, MNecTpbl M13-3a
KapbOHATHbIX BKPAN/IEHUN, BNAXKHbINA, KOMKOBATO-3€PHWUCTO-NOPOLLMCTbIN, CYTIMHOK, MOPUCTLIN,
MHOXeCTBO KOMPOJNTOB YepBen TEMHbIE A0 YEePHOro, PeAKO BCTPEYATCA KOPHEBbIE BOOCKM,
BCKMMAET, Nepexos, 3aMeTHbIN.

80-100 cm — naneBbl, ¢ OypoBaTbiIM OTTEHKOM, MOTHbI, BNAXKHbIMA, CTPYKTypa He
YCTOMYMBLIM PacnaaeTca Ha arperaTbl, IMHUCTbIA, MHOECTBO KOMPOANUTOB, KapboHaTbl B BUAE
BKpanaeHuu, BcTpeyaeTca WwebeHKa, BCKMNaeT.

Pucynox 8, Pazpes 6

Pucynox 9, Paspes 1
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Mone 1, Pa3spe3 2 3anoxceH HuxcHel yacmu nonA. KoopouHamel:
50°25'6"C.1Ll. 82°42'50"B./]. h=410 M H.y.m

0-23 cM —TeMHO-CepbIi, O4YeHb MOTHbIN, CBEXWIM, BCTpevatoTca
bypble nNATHa, KOMKOBATO-IMHMCTaA, o0bOuaMe nop, BCTpevaroTcA
KOMPOJINTbI, KOPHEBbLIE BOJIOCKM, TPELLMHA, HE BCKMMAET, Nepexo 3aMeTeH
MO C/IOMKEHUIO.

23-40 cm — TeMHO-CepbIN ¢ BypoBaTbIM OTTEHKOM, YMN/JIOTHEHHbIN,
CBEMMIN, KOMKOBATO-3EPHUCTbIN, TAMENbIA CYr/IMHOK, MHOXECTBO Mop,
MHOYECTBO XO/[bl HACEKOMbIX 3aMOJIHEHHbIM KOMPOJAUTOM, THE310
HACeKOMbIX, TPELWMHOBATbIN, MHOXeCTBO OMoreHHbIx 06pa3oBaHMUM,
MHOYECTBO KMBbIX M MEPTBbIX KOPHEM U KOPHEBbIX BOJIOCKOB M
KOMPOJINTOB, HE BCKMMAET, Nepexo/, 3aMeTEH MO C/IOKEHMIO.

40-65 cm — cepo-bypbin, BypocTn Bonblle, MeHee YNAOTHEHHbIN,
CBEXMIN, 3€PHUCTO-KOMKOBATO-MOPOLLMCTbIN, CYrIMHOK, Pa3/finyHble MOpPbl, BCTPEYalTca Xoapbl
HACEKOMbIX, BCTPEYAlOTCA KMBblE WM MEPTBbIE KOPHM W KOPHEBblE BOJIOCKM, MHOMECTBO
KOMPO/INTOB, He BCKMMAET, Mepexo 3aMeTHbI No UBETY.

65-80 cm -  cepo-Oypblii, MEcTpbli, MeHee YMNAOTHEHHbIM, BAAXKHbIM, 3ePHUCTO-
MOPOLWIUCTbIN, CYrIMHOK, MHOXECTBO XOJ0B, THe3d, HACEKOMbIX, KOPELIKM BCTPeYatoTcs, He
BCKMNAET, Nepexo/, 3aMeTHbIN.

80-95 cm — naneBo-6ypbii, PbIX/bl1, MOKPbIM, MOPOLLMCTbIN, CYTIMHOK, MOPbI, BCTPEYatoTCA
KOMPOANTbI, PEAKO BCTPEYATCA KOPHEBbLIE BOIOCKM, BECh MPOdUIb OMOreHHbIN, He BCKMNaeT.
Mone 1, Pa3pe3 3 3anoxceH Ha Kparo ydacmka. KoopouHamei: 50°25'5"C.LL. 82°42'47"B.A. h=420
M H.Y.M

0-20 cm — TemHO-Cepblil, MOTHbI, CBEMMIA MHOMECTBO BbIXOAOB KOPEHHbIX MopoJa,
rNblbUCTasn, Nopbl Pas3NM4YHble, KOPHEBble BOOCKM, MENKWEe, TOHKME, Mo Bcemy npoduto
TPELWMHOBATOCTb, KOMPOAUTbI, LLEOHUCTOCTb, HE BCKMNAET, Mepexos, 3aMeTEH MO CA0KEHMIO.

20-30 cm - cepo-Oypbl, YNAOTHEHHbIM, CBEXWM, KOMKOBATO-3EPHUCTbLIN, CYrMHOK,
NOPUCTbIN, MHOXECTBO KOPHEN, MeCcTaMu BblleOHEHHbIN.

30-40 cm — WebHUCTbIN TOPU3OHT.

N3 Bcex pa3pe3oB oTOMpanmM obpasubl Ha aHaNIUTUYECKME WCCNeloBaHMA MNoYB, A5
onpeaeneHa OMONOTMYECKON aKTUBHOCTM MOYB, A8 onpeaeneHns oH6bEeMHOM maccbl U
B/1a*KHOCTM MOYB.

Ha none 1 1 2 Ha noBepxHOCTM 06pPa30BaANCh TPELMHbI 2-5 cM, ecTb 1 8 cm. o AaHHbIM
MHOTMX aBTOPOB MOAB/MEHME TPELWMH Ha MOBEPXHOCTM MOYB XapPaKTepHO A4 BCEX Mo4B
TAXENOCYI/IMHUCTOTO M JIETKOTZIMHUCTOTO  MEeXaHMYeCcKoro cocTaBa (OT KallTaHOBbIX [0
0ObIKHOBEHHbIX YePHO3EMOB) CTenHOM 30HbI KasaxcTaHa [4,5,6,7]. OcobeHHO BaXKHbIM ABASETCA
onpeaeneHme AMHaAMUKU BAAXHOCTX M TeMMNepaTypbl NOYBbI B Pa3/IMUYHbIX C05X, MX B3aMMOCBA3M
C MUTpaLLMel pacTBOPOB NOYBbI B IETHUIM Nepuod. JIEeTHUI 3Tan xapakTepmayeTtcs bonee HbICTPbIM
NporpeBaHMeM M UCCYLLIEHMEM BEPXHUX 1 TYOOKONEKALLMX C/IOEB NMOYBbI. ITO BEAET K PACKPbLITUIO
TPELWMH, 4YTO, B CBOI O4vepedpb, BeAeT K MPOrPeBaHMIO CaMMX TPELMH U MEeX TPEeLMHHbIX
NPOCTPAHCTB MO4YBbI M B ONpeaeeHHOM Mepe BAUSET Ha NOYBEHHbIe npolecchl. Ha napameTpsl
TPELWMH BAMAIOT pas3/indyHble GakTopbl. Tak, pakTopamn, BAUAIOWMMM Ha LWMPUHY PACKPbLITUSA
TPELWMH, ABNAOTCA: BIAXKHOCTb NMOYBbI M TEMMNEepaTypa BO34yxa (COOTHOLLEHWE NOYBEHHOM Baarun
M TemnepaTypbl BO3Ayxa); CPOKM M cnocobbl 06paboTKM MOYBbLI; BO3AENbIBAEMbIE KY/NbTYPbl U
CceBoobOpPOTHI; BbiNaAeHWe 0CaZKOB (MX MHTEHCUBHOCTb, KONMYECTBO M YacToTa); penbed (HoXxKHbIe,
CeBEPHbIe N AP. CKNOHbI); CoAepKaHMe rymyca; pasHOBMAHOCTb No4yB. MaKcMManbHana WUpKHa
TpewmuH HabaoaaeTca B nepmos, ¢ MakCMMaabHbIM UCCYLLIEHMEM MOYBbI, KOTOPOE Yallle BCero
byaeT NposBNATbLCA B cepeamnHe neTta [8].

TpellyHbl, B YepHO3EeMHbIX No4YBax BocTouyHo-KasaxcTtaHcko obnactu (B arponaHawadTax

Pucyrnor 10, Pazpez 2
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TOO «bbicTpyxa») MoOryT ObiTb BbI3BaHbl HECKONbKMMU B3aMMOCBA3AHHBLIMW  MPUYMHAMM:
OCHOBHble NPUYMHbI 06PaA30BaAHMA TPELLMH:

1. YcagKa noyBbl MpU BbICbIXaHWMM (AecuKauma): YepHO3eMbl C BbICOKMM COAepKaHMeEM
WANCTBIX U TIMHUCTBIX YacTuL, 061aaatoT CnOCOBHOCTbIO CUAbHO Pa3byxaTb NPU yBAAKHEHUMN U
CUNbHO CHMMATbCA MPU BbICbIXaHMM. B yCnoBMAX 3acyWAMBOro nepuoaa MAM Npu HeaoCTaTKe
0Ca/1IKOB, OPOLLEHMNA, BEPXHWI U NOANAXOTHbIN FOPU30HTbI TEPAIOT BAIAry, YTO BbI3bIBAET YCAAKY U
obpasoBaHMe TpelwmH. Takme TpewmHbl MOryT AoxoauTb A0 1 m B raybuHy u AasnatoTcA
CE30HHbIMM.

2.HapylieHure CTpyKTypbl Mo4uBbl: MHTEHCMBHAA MexaHuyeckaa obpaboTka (ocobeHHOo
BCMAWKa Ha OAHYy W Ty e rnybuHy) NpMBOAMT K AECTPYKUMM arperatoB. JTO yxyAwaet
BOZOYAEPKMBAIOLLYIO CMOCOBHOCTbL M cnocobcTByeT 06pa30BaHMIO KPYMHbIX TPELUMH.

3. Hu3Koe copeprkaHMe opraHMYeckoro BellecTsa (rymyca): Mpu UCTOWEHUM MOYBLI U
CHUXXEHWW COAEPKAHMA NYMyCa CHUKAETCA ee BOAOYAEPKMBAOWAA CNOCOOHOCTb M CTabUAbHOCTb
CTPYKTYpbl. OpraHnM4yeckoe BeLLECTBO NOMOraeT no4vse 6biTb 601ee “anactuyHoi”, a ero geduumnTt
YCUNMBAET pacTpeckMBaHue. To, 4YTO TpelmHbl B 4YepHo3eme HabnwaatoTca noa nocesamm
NOACONHEYHWUKA, MMeeT AONONAHUTENbHble arPOHOMMYECKME MPUYMHbBI, KOTOPbIE YCUAMBAIOT
OMWCaHHOEe Bbllle PacTpecKMBaHWe No4yBbl. [OACONHEYHMK - cneumduyecKkas KynbTypa, CUIbHO
BAMAIOLLAA HA BOAHbBIA U CTPYKTYPHbIA PEXMM NOYBbI.

[Toyemy nodconHeYyHUK ycunusaem obpa3osaHue mpeujuH 8 YepHO3emax:

1. nybokas u MowHas KopHesasa cucmema: [oaconHeuyHUK GopMMpyeT CTepKHeBOM
KOpeHb, NpOHUKaowmn Ao 2—3 meTpoB B rybuHy. OH aKTMBHO WM3BAEKAeT Bhary Aaxke u3
NOAMNOYBEHHbIX FOPM3OHTOB, YTO MPUBOAUT K F1yDOKOMY WMCCYWEHWIO MOYBEHHOro npoduns,
ocobeHHO B YepHO3emax. [locne n3BneveHma BAaru TAXKeNasn NOYBa yCbixaeT n 0bpasyeT TpelmHbl
Ha BCIO ryOuHY mceywenuna (A0 1 m - Kak Mbl M Habaoganm).

2.Bbicokoe sodonompebneHue Kysemypol: Y NOACONHEYHMKA MOLLHAA KOPHEBAA CUCTEMa,
NpoHMKaloWaa Ha rybuHy Ao 4 mMeTpoB. 3a BereTauMOHHbIN nNepuos Ha obpasosaHue 100
KmnaorpammoBs cemsaH pacxoayetca 130—200 TOHH BOAbl, @ CYMMapHO A0 6 ThbiCAY TOHH Ha rexkTap.
KynbTypa 3abupaeT 60ablIOE KONMYECTBO NUTaTeNbHbIX BelwecTs. C Kaxabimm 100 Knnorpammamm
cemMaAH noJse NokMaatoT 5-6 Knno asoTa, 2—2,5 knno docdopa, 10— 12 K0 Kaauma, NaoC MarHuin u
ele paa MMKpoanemeHToB. OCeHbto — BCNallKa, BECHOM — 3aKpbITHe Baru, 1€TOM — Ky/IbTUBALLMA.
B pe3ynbTaTe CTONb 4acTOro MeXaHW4YeCcKoro BO3AEeMCTBMA CTPYKTypa BEPXHErO C10A paspyLlaeTcs,
€ro /Ierko BblAyBaeT BETPOM, CMbIBAET A0KAAMM. [1OACONHEYHMK - 3aCyXOYCTOMYMNBAA, HO OYeHb
BAaroemkas kyabTypa. OH cnocobeH ncnaputs A0 400—600 mm BOAb! 3a BeretTaumo. 3To BEAET K
PE3KOMY CHUMKEHWIO BIAXKHOCTU B 30HE KOPHEN.

3.Cnaboe npukpeimue nosepxHocmu (HU3KaAa 2ycmoma): TloACONHEYHMK, KaK MpaBuo,
MMeeT peaKMiA MOKPOB, OCODEHHO Ha PaHHMX 3Tanax. ITO 03HAYaeT, YTO COJIHEYHbIe Ny4M
cB06OAHO MCMAPAIOT BAAry C MOBEPXHOCTM NOYBbI, AOMNOAHUTENIbHO €€ BbICYLLMBAA.

4.BnusaHue Ha cmpykmypy no4sbl: [oACONHEYHUK OCTABAAET MaN0 MOMKHMBHbIX OCTATKOB,
YTO CHMXKAET OpraHMYeCcKoe BELLECTBO B MaXOTHOM FOPU30HTE. ITO MOXKET CO BPEMEHEM YXYALLINTb
arperaTHyto0 yCTOMYMBOCTb MOYBbI, MOBbIWAA CKNOHHOCTb K PACTPecKMBaHWo. Takmm obpasom,
obpasoBaHMe rNyOOKMX TPeWMH B YepHO3emax Moa MNoACONHEYHMKOM CBA3AHO C CWJIbHbBIM
MCCyWeHNeM MOYBEHHOrO NPoduaA 3a CYET aKTMBHOIO BOAOMOTPebNEHMA KyNbTypbl, MOLLHOM
KOPHEBOW CUCTEMbI M CNaboro NoKpoBa MNOBEPXHOCTU. ITK daKTOPbl yCyrybnsoT eCTeCTBEHHYIO
CKOHHOCTb FIMHUCTBIX YEPHO3EMOB K PAaCTPECKMBAHMIO B 3aCyLUNBbIN nepnos [9].
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PucyHok 11 - TpeujuHsl Ha nose, 20e NnocesH NOOCOMHEYHUK

PexkomeHOauyuu no azpomexHuke 0718 MUHUMU3AyUU mpeujuHoobpa3oeaHus.

Brazocbepezaroujue mexHoa02uu:

e My/b4npoBaHmMe NoYBbl U3MENbYEHHOM PACTUTENBHOM Maccoin nocae yOopKu;

e MuHMManbHaa 0bpaboTka nousbl (strip-till, no-till), 4yTobbl cOXpaHUTL CTPYKTYPY M BAAry;

o [TOBEPXHOCTHOE PbIXNEHWE (NylleHme) nocne yOOpKU ANA NpepbiBaHUA KanWANSPHOro
noabema Baaru.

YeenuyeHue co0epHaHUa opeaHUYeCcKo20 8eWecmasa:

® BHeceHMe opraHuKM (HaBO3, KOMMOCT, cMAepPaThl);

e /lcno/sb30BaHMe TMOC/AENOCEBHbIX CUAEpanbHbIX KyaAbTyp (ropunmua, dauenuns) B
MEMCEe30HbE;

e YacTMYyHOe ocTaB/ieHMe NOXHMBHbBIX OCTaTKOB MOZACO/THEYHMKA Ha None.

Cesoobopom:

e YepesoBaHMe NOACONHEYHMKA C Ky/NbTypamu € MeHbLMM BOoAOMNOTpebAEHNEM (AYMEHD,
panc, 3epHobo60oBbIe);

e He gonyckaTb NOCeB NOACOMHEYHMKA MO NOACONHEYHMKY Yallle OAHOro pasa B 3—4 roa.

[nybokoe peixneHue (YuzenesaHue): 1 pas B 3—4 roga NPOBOAUTb PbixAeHWe Ha rybuHy 30—
40 cM ANA CHATMA NAYXKHOM NOAOLIBbLI M YAYYLLIEHMA BOAONPOHMLLAEMOCTH.

O6pasoBaHMe TrNyOOKUX TPewmH B YepHo3emax Mo MnoceBaMm MOACONHEYHUKE B
arponanawadTtax TOO «bbicTpyxa» ABNAETCA CNeACTBMEM COYETaHMA NPUPOAHbIX 0OCOBEHHOCTEN
MoYBbl M arpoTEXHWKM BO34Ee/blBaHWA BAArOMOrAoWAoLLEN KyabTypbl. BepoAaTHee Bcero,
obpasoBaHMe TpellMH CBA3aHO C NepecbiXxaHMem rMMHUCTOro YepHo3ema B pesyabTaTe AeduumnTa
BNlarn, TAMKENOr0 MEeXaHMYeCKOro CcocTaBa M, BO3MOMHO, WCTOLWEHMA CTPYKTYpbl M3-33
arpoTexHMKM. 3T NPOLLECChl eCTECTBEHHbI, HO MPW ANUTENBHOM BO3AENCTBUM MOTYT yXyALaTb
BOZIHbI PEXKUM M MPOHMLIAEMOCTb MOYBbI, YTO BaXKHO Y4MTbIBATb B YNPaBAEHUN arponaHaadToM.
Ona  npeaynpexaeHna W MUHMMM3AUMKM  3TOTO  ABJEHMA PEKOMEHJO0BAHO BHeApeHue
Bnarocbeperatolnmx W CTPyKTypocbeperatolmx npuemoB 06pabOTKM  MOYBbI, YyCUAEHWe
OpPraHMYecKoro NUTaHKA, a TakKe nepecmoTp ceBoobopoTa.

lonesasa snaxHocMb U usuyeckue ceolicmsa noys uccraedyemoz2o obvekma. BoaHbin
PeXMM MoYBbl NPeacTaBaAeT cobON COBOKYMHOCTb MPOLLECCOB MOCTYNAEHMA, NePeaBMKEHNA U
pacxoZa Bnarn. [losTomMy, M3yyeHMe BOAHOIO pPeXMMa ABAAETCA OCHOBOW ANA pa3paboTku
MeponpuATMM NO ero PeryanpoBaHMIO U MNPaBUAbHOMY WCMONb30BAHWMIO. BAaXKHOCTb MOYBbI
ABNAETCA OAHUM 13 onpeaenaowmx GakTopoB NN0AOPOAHOCTM yHacTKa 3emaun. OT Heé B HeManom
CTeneHu 3aBUCAT Pa3BUTUE KYJIbTYPHbIX PACTEHUIA N UTOTOBaA YPOrXKalMHOCTL Nnocaaok. [10, 11, 12].
OcHOBHa#A 3a/a4a NOYBEHHOM BAarn: obecneyeHne BOAOM pacTeHNM, YPOBEHb BAAXKHOCTM NMOYBbI
BAMAET Ha CoAepXKaHue BO3Z4yxa, €e 3aCONEeHHOCTb W COAEepKaHMe TOKCUMYHbLIX BELLECTB;
noaAepyKKa NOYBEHHOM CTPYKTYPbI, NAACTUYHOCTMU M NNOTHOCTM; BO3AENCTBME HA TEMMNEPATYPHbIM
PEXMM 1 TENI0EMKOCTb; NPeA0TBPaLLEHME BbIBETPMBAHMA NOYBbI; ONpeaenaeT roTOBHOCTb 3eM/n
K CeNbCKOXO3AMCTBEHHbBIM M arpoTEXHUYECKUM MEPONPUATUAM. MTaK, BNAXKHOCTb MOYBbI - 3TO
Ba)KHbI1 MapamMeTp B MOYBOBEAEHWW, TEONOTMM, 3IKONOTUKM, CaZLOBOACTBE, OKA3bIBAOLLMM
cepbe3Hoe BAUSHME Ha NOAHOUEHHOe QYHKLMOHMPOBAHME TAaKOM IKOMOTMYECKOM CUCTEMbI Kak
buoreoueHo3 [13]. Bnara B KOpHeobMTaeMOM C/0€ MOYBbI - MPAKTUYECKU eaMHCTBEHHbIN
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MCTOYHUK BOAOCHAOXKEHNA pacTeHUI. [TOCTOAHHO NPOMCXOAALLMI OOMEH BNAro Mexay noyson,
pacTeHMemM M aTMoOcHepon HeMNpPepbIBHO MEHSET coAepskaHue MoyYBeHHOW Bnarn. [loaTomy
M3y4YeHme 3TOro XKU3HEHHO HEOHXOAMMOro GaKkTopa CBOAMNTCA K MU3YHEHMIO PEXMMA BNArK B MOYBE,
onpeaenaemoro COBOKYMHOCTbIO NMPOLECCOB NOCTYNNEHNA ee B NMOYBY, M3MEHEHNA GU3NYeCKoro
COCTOAHMA, NepeaBMKEHNA N PAaCXOA0BaHUA ee 13 NoYBbl. [ToYBEeHHAA BNara ABAAETCA MNaBHbIM
MCTOYHMKOM BOAOCHADMEHMA pacTeHun. BcneactBme MNOCTOSHHOrO OobOMeHa Mexzy MNo4YBoM,
pacTeHMAMM 1 aTMocdepoin coaepkaHne Bnaru B Nno4Be HenpepbiBHO nameHseTcA. COBOKYMHOCTb
BCex kKonebaHW coaeprKaHnA BNarM B NoYBE Ha3blBAOT PEXKMMOM BNAXKHOCTM No4YBbl. OH 3aBUCUT
OT COCTaBa M CBOMCTB CaMOW NMOYBbI — €€ MMrPOCKOMMUYHOCTIN, BOAONPOHNLAEMOCTH, BAarOEMKOCTH
M Ap., a TaKkkKe OT KAMMATMUYECKMX YCNoBWUM, penbeda, npuemoB 06paboTKM noussbl,
rpaHy/IOMEeTPUYECKOro COCTaBa, bOMonorMyeckmx ocobeHHocTen KyabTyp W T.4. [14].
NabopaTopHoe onpeaeneHne MOAEBOM BNAKHOCTM COBMAAAOT C  MOPdOreHeTUYeCcKUm
OnMcaHMeM NMOYBEHHbIX Pa3pe30B B YCNIOBUAX MONEBOro nccnegosaHua. OnpeaeneHne nonesomn
BNAXXHOCTM MOKa3a/M, YTO Mo4YBa OObEKTa MCCAeAoBaHWMA HAaxoAMTCA B pexkmme bHorapbl. Ha
rpaduKax npeacTasieHbl AaHHbIE MO BAAXKHOCTM NOYBbl M 06bemHoK macchl (r/cm®) no raybuHam
B pa3spesax ana asyx nonen (Mone 1 n Mone 2) TOO «bbicTpyxa» B BocTouHO-KaszaxcTaHCcKoM
06nacTu. MAOTHOCTBIO COKEHNUA NoYBbl (06beMHan macca) HasbiBaeTca macca 1 cm® abcontoTHO
CyXOM NO4YBbl B FPAaMMmax MpW ee ecTeCcTBEHHOM CNOXEeHWW. DTOT MoKasaTe/lb XapaKTepusyeT
CNOXEHMEe MOYBEHHbIX YaCTML, KOMKOBATOCTb CTPYKTYPHbIX arperaToB. Pa3nnuatoT pbIxaoe,
NNOTHOE W OYeHb NAOTHOEe cnoxeHue. [INOTHOCTb  CNOXEHWMA MNO4YBbI  3aBUCUT  OT
rPaHYIOMETPUYECKOTO U MUHEPANIOTMYECKOTO COCTaBOB, COAEPKAHMA T'YMyCa, CTPYKTYPbl MOYBbI,
KOPHEBOM cUCTeMbl. Yem CTpyKTypHee W NAoA4OopoAHee Mo4vBa, TeM MeHblle ee MAOTHOCTb
CNOXKeHMA N HAa0BOPOT, YEM XyXKe CTPYKTYpPHOE COCTOAHME MOYBbI M MEHbLLE B HEW COAEPKMUTCA
rymyca, Tem 6o/blle BeAMYMHA STOro nokasaTtens. bonblWwoe BAMAHME Ha MIOTHOCTb CAOXKEHMUA
OKa3blBaeT 06paboTka nouysbl. [Mocne BcnawkK novsa OblBaeT Hambonee PbIXION B TeueHue
onpeaeneHHoro nepmoaa BpeMeHu, a 3aTem TO/IbKO HaYMHAEeTCA ee ynaoTHeHWe. B pesynbtaTte
noYBa AOCTUraeT OnNpeaeneHHOM MNNOTHOCTM, KOTOpad B AajsbHEeMWemM MNoYTU He M3MeHAeTCA.
Takafa NNOTHOCTb HA3blBAeTCA PABHOBECHOM MNAOTHOCTBIO CAOXKEHMA Mo4yBbl. 10 MAOTHOCTM
CNOXEHMA MOMNKHO KOCBEHHO CyAUTb 0O OKy/NbTYPEHHOCTM MOYBbI, MOABEPMKEHHOCTU 3PO3MM
(pa3pylieHunto). TNOTHOCTb C/AIOMKEHWMA BbICTYMAeT B KayecTBe MOKasaTena WHTEHCUMBHOCTM
06paboTKM MOYBbI, TaK KaK 3TOT Mokas3aTesnb MMeeT OONblIOe 3HaYeHMe B peryiMpoBaHum
BOZHOTO, NMULLIEEBOTO, BO3AYLLIHOMO U TEMIOBOrO PEXMMOB noysbl [15,16].

1. Mone 1. B pa3pese 3 duKcMpyeTcs aHOMaNbHO HM3Kaa obbemHaa macca (0,54-0,56
r/cm3®), 4TO MOMKET CBWMAETENbCTBOBAaTb O PbIXAOM CTPYKTYpe MoYBbl (BO3MOMKHO, BbICOKOE
coAeprKaHMe OpraHuMKM UAK necyaHaa TekcTypa). BnaxkHocTb BapbupyeTca oT 9,63% ao 14,4%,
6e3 peskux aHomanuit. B ocTanbHbIX pa3pe3ax obbemHas macca coctasaset 1,3—1,5 r/cm®, uto
XapaKTepHO A8 HOPMa bHbIX arpoyc/iioBuii (pmucyHok 13,14).

2. Mone 2. BnaHocTb Bapbupyetca oT 8,3% no 14,2%. Camad BbICOKaA BAAXKHOCTb
3aduMKCMpoBaHa B BepxHem cnoe pa3pe3oB 3 M 7. Ob6bemMHasa macca NpenmmyLLecTBEHHO
konebnerca B npesenax 1,3—1,5 r/cm3, UcKaoYeHne - BEpXHUI ropu3oHT paspesa 1 (1,6 r/cm3),
YTO MOXKET YKa3blBaTb HA YNJIOTHEHMWE No4YBbl (pUCYHOK 13,14).
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PucyHok 14-[lone 2

Boigodbl: Ha obObekte wuccnenoBaHua Ana  obcnefoBaHMA  MOYBEHHOrO  MOKPOBA
arponaHgwadToB B BocTouHo-KazaxcTaHckolM ob6nacty 6biin 3a70MKeHbl pa3pesbl M ONUCcaHbl
Mopdosiormyeckme CcBoMcTBA Mo4ys. [lpy  3aKNagKe MOYBEHHbIX Pa3pe3oB M OMUCAHUM
MOpP}ONIOrMYECKMX CBOMCTB OTMEYEHbI Ha MOBEPXHOCTM Nonel 1 1 2 TpeLLmHbl pa3amepoB B 2-5 cm,
ecTb 1 8 cM. 10 AaHHbIM MHOTUX aBTOPOB MOABAEHWE TPELLMH Ha MOBEPXHOCTM MOYB XapaKTePHO
18 BCEX MOYB TAXKENOCYTIMHUCTOrO M NErKOTIMHUCTOTO MeXaHMYeCKOro CocTaBa (0T KallTaHOBbIX
N0 06bIKHOBEHHbIX YePHO3eMOB) CTEMHOM 30HbI KasaxcTaHa. Obpa3oBaHuMe rnyboKnx TpewmH B
YyepHo3emMax Mo, noceBamm MOACONHEYHMKA B arponaHawadtax TOO «bbicTpyxa» aBnaerca
CNeACTBMEM COYETAaHMA MNPUPOAHbIX OCOBEHHOCTEM MOYBbI M aArPOTEXHWKM BO3/AE/bIBaHMA
BAaronoraollatollern KynbTypbl. BeposTHee Bcero, o0b6pa3oBaHMe TPELWMH CBA3aHO C
nepecbiXxaHMem rMMHUCTOro YepHO3eMa B pedybTaTe AeduLmTa BNaru, TAKeN0ro MexaHm4eckoro
COCTaBa M, BO3MOXKHO, NCTOLLEHMA CTPYKTYPbI M3-33 arpoOTEXHUKN. DTN NPOLLECChl €CTECTBEHHbI, HO
npwv AANTENbHOM BO3AEMCTBMM MOTYT YXyALIaTb BOAHbIN PEXMM M NPOHUUAEMOCTb MOYBbI, YTO
Ba*KHO YUMTbIBATb B yNpaBaeHun arponaHawadTom. [ina npeaynpexaeHna u MUHUMM3aUmMmM 3Toro
ABNEHMA PEeKOMeHA0BAHO BHeApeHWe Bnarocbeperatolinmx M CTpyKTypocbeperatowmx npuemos
06paboTKM MOYBbI, YCUNEHME OPraHMYeCcKoro MUTaHMA, a TaKXKe MNepecmMoTp ceBoobopoTa.
MoAcoNHeYHUK GOPMUMpPYET CTEPKHEBOM KOPEHb, MPOHMKAKOLWMN A0 2—3 MeTpoB B rnybuHy. OH
aKTMBHO M3B/IeKAeT Bfary Jla)ke M3 MOAMNOYBEHHbLIX FOPWU3OHTOB, YTO MPMBOAUT K rAyHoKoMy
MCCYLLIEHWNIO NOYBEHHOTO Npoduaa, ocobeHHo B YepHOo3eMax. [locne U3BnedYeHma Bnaru TaxKenan
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NoYBa yCbIxaeT M 0bpa3yeT TPeLLMHbI Ha BCtO IyOUHY MccyleHma (A0 1 M - Kak Mbl U Habaoaann).
MoACONHEYHMK OCTaBAAET Maso MOKHUBHbLIX OCTAaTKOB, YTO CHUXKAET OpraHM4Yyeckoe BeLLecTBO B
MAaXOTHOM TOPM30HTE. DTO MOMKET CO BPEMEHEM YXYAWMWTb arperaTHyto YCTOMYMBOCTb MOYBLI,
NOBbILAA CKAOHHOCTb K pacTpeckmBaHuto. Takmum obpasom, obpasoBaHue rNyOOKUX TPELIMH B
YyepHO3emMax noa, NOACONHEYHMKOM CBA3AHO C CUIbHBIM MCCYLIEHMEM MOYBEHHOrO Npodumna 3a
CYET aKTMBHOro BOAOMNOTPEDNEHMA KY/IbTYPbl, MOLLHON KOPHEBOM cUCTEMbI WU cnaboro noKposa
noBepxHoCTU. . B paspese 3 dpuKcMpyeTcs aHoManbHO HM3Kaa obbemHan macca (0,54-0,56 r/cm3),
YTO MOXKET CBUAETENbCTBOBATb O PbIX/ION CTPYKTYPE MOYBbI (BO3MOMKHO, BbICOKOE CoAeprKaHue
OPraHWKK MAM NecyaHas TekcTypa). BnaskHocTb BapbupyeTcs oT 9,63% no 14,4%, 6e3 peskux
aHOManuin. B ocTanbHbIX paspesax obbemHan macca coctasnseT 1,3—1,5 r/cm3, uto xapaktepHo
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[TapaaoKc obLLecTBeHHbIX paboT 1 1x
NEeKNapaTUBHOCTb B PaMKax
aAMUHUCTPATUBHO-AE/MKTHOIO NpaBa

Bunnc Annbu ankengiynsl
CtyneHT bakanaBpuaTa, Boicwas LLkona Mpasa, Maqgsut Narikbayev University,
Pecnybnnka KasaxctaH, r. ActaHa

AbCTpaKT:

B AaHHOM Hay4YHO-MCCNeaOoBaTENbCKOM CTaTbe PACCMATPMBAETCA MapafoKC NMPUMEHEHUS
aIMUHNCTPATUBHOTO B3bICKAaHMA B BMAe 0OLLeCTBEHHbIX PaboT, a TakKe [AeKNapaTMBHOCTb
COOTBETCTBYIOWMX HOPM B  pPaMKax aAMWHWUCTPATUBHO-AENMKTHOrO npasa. Hanuuue
NapagoKCcanbHbIX U AeKNAPATUBHBIX MONOKEHNN B HOPMATUBHO-MPABOBbLIX aKTax NPeACcTaBNAOTCA
NpAMbIM ~ CNeACTBMEM  OTCYTCTBMA Y KOMMETEHTHbIX  TOCYAAPCTBEHHbIX  OPraHoB
KOHCONMAMPOBAHHOM,  CUCTEMHO  BbIBEPEHHOM  MO3UUMM B OTHOWEHMM  KOHUEMNUMM
BOCMMTATENIbHOrO BO3AEMCTBMA B  pamKax 3akoHodatenbctBa «0O6  aAMMHUCTPATUBHbLIX
npaBoHapyweHuax». Cneayer OTMETUTb, YTO B COBPEMEHHOM 0OlIecTBE MMEeeT MecCTo bObiTb
nposeneHune adpdeKkta PuHrenbmaHa npm KOTOPOM Yy YIEHOB acolmMansHoOW rpynnel HaboaaeTca
«CHMXXEHHaA NMYHas MPOAYKTMBHOCTbY MPU YBENMYEHMM €€ YMCAEHHOCTWU, KOTOpas B CBOMO
oyepedb ABNAETCA KPAeyro/ibHbIM KaMHEM B MPaKTUKe MPUMeHeHMA ObLLECTBEHHbIX PaboT.
3aKkoHogaTenb Pecnybamnkin KasaxctaH ycTaHaB/AMBAET 3/1EMEHT COIlacuA NpaBOHAPYLWMTeNa Ha
NPpUMeHeHWe O0OLLeCTBEHHbIX PaboT B OTHOLWEHMM HEero B pamkax 3akoHogatenbcrBa «06
aIMUHNCTPATUBHbIX MPABOHAPYLIEHUAX», HO B BONbLUIMHCTBE C/ly4aeB AAHHbIV 31eMeHT He byaeT
NpeaocTaBAATbCA /IMLOM, COBEPLUMBLIMM aAMWHUCTPATMBHOE MNPaBOHApYyLIEHWE BBUAY Yero
[aHHbI MHCTPYMEHT CTAHET AEKNaPaTMBHbIM.

Kntouesble cnosa: ObulecTBeHHble paboTbl, 06A3aTenbHble PaboTbl, aAMMHUCTPATUBHOE
B3bICKaHWE, MepapxMsa TAXKECTM aAMMHUCTPATUBHbIX B3bICKAHWI, aAMUHUCTPATUBHO-AENMKTHOE
NpaBo, Yrol0BHOE MPaBO, UCMONHEHWE, NPOdUNAKTUKE, WAIO30PHOCTb Peanmn3aummn, NpUHUMN
CNpaBenIMBOCTM HaKa3aHWA, MHCTUTYLIMOHA/IbHAA HECOCTOATENbHOCTD.

The paradox of public works and their declarativeness
within the framework of administrative tort law

Vilis Alibi Zhankeldiuly
Undergraduate student, Law School department, Magsut Narikbayev University, Republic of
Kazakhstan, Astana

Abstract:

This research article considers the paradox of application of administrative punishment in
the form of community service, as well as the declarative nature of the relevant norms within the
framework of administrative-tort law. The presence of paradoxical and declarative provisions in
normative-legal acts is a direct consequence of the absence of a consolidated, systematically
verified position of competent state bodies with regard to the concept of educational impact
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within the framework of the legislation “On administrative offences”. It should be noted that in
modern society there is a manifestation of the Ringelman effect in which members of an asocial
group have ‘reduced personal productivity’ when its number increases, which in turn is a
cornerstone in the practice of public works. The legislator of the Republic of Kazakhstan establishes
the element of the offender's consent to the application of community service in respect of him
within the framework of the legislation “On Administrative Offences”, but in most cases this
element will not be provided by the person who committed an administrative offence in view of
which this tool will become declarative.

Keywords: Public works, compulsory works, administrative penalty, hierarchy of severity of
administrative penalties, administrative-tort law, criminal law, enforcement, prevention, illusory
implementation, the principle of fairness of punishment, institutional failure.

OKIMLWINIK AENUKT KYKbIFbl LieHOepiHOe KoFamabiK KyMbICTapAbiH,
OfaLUTbIFbl XXdHE ONapAblH, 4EKNAPaTUBTI CUNaTh!

Bunnc Annbu Kankengjiynbl
Bakanaspuam cmyodeHmi, Morapel 3aH Mexkmebi, Magsut Narikbayev University, KazakcmaH
Pecnybnukacel, AcmaHa

AbCTpaKT:

Byn fblAbIMU-3epTTey MaKanacblHA@ SKIMLWIAIK *a3a TypiHAe KOFAaMAbIK KYMbICTapabl
KONJaHYAblH ~ MapafoKCbl, COHAAW-aK  SKIMWINIK-AENUKT  KYKbIFbl  lieHbepiHaeri  TUicTi
HOpManapAablH, AeKNapaTMBTI CMNaTbl KapacTbipblaadbl. HOpMaTMBTIK KYKbIKTbIK aKTinepaeri
NapaZloKCTbIK XaHe AeKNapaTuBTi epexenepain, 6onybl KazakctaH PecnybanKacbiHbIH, YaKiNeTTi
MEM/IEKETTIK opraHAapbl TapanbliHAaH «IKIMLWINIK KYKbIK Oy3yLIbIAbIKTAP Typasbli» 3aHHamachl
WeHbepiHae Toapbuenik biKnan eTy TYXbIpbIMAaMacbiHa KaTbICTbl XyreneHaipinreH, 6ipi3ai
YCTaHbIMHbIH, YKOKTbIFbIHbIH Tikenen canpapbl 6onbin Tabblnaapl. PuHrenbmaH acepi Kasipri
KOfamza ©3iHiH alKbIH KepiHiciH Tabyada, MyHAa aHTMANEYMETTIK TON MyLUeNepiHiH caHbl apTKaH
CalblH 0NapaplH, «KeKke eHIMAiNiri» TemeHaenai. byn KybbinbiC KOFaMbIK *KYMbICTAapAbl KOAAaHY
ToxipubeciHae Herisri TyMTKinAepain, bipi 6onbin oTbip. KasakctaH PecnybamkacbiHbIH, 3aH,
WbIFAPYLWbLICHI  «OKIMLIIMIK  KYKbIK  OY3ylWbIAbIKTAP — Typanbl»  3aHHama  WweHbepiHae
KYKbIKOY3YLUbIHbIH, OFaH KaTbICTbl KOFaMJbIK MKYMbICTapAbl KOAJaHyfa Kenicim 6epy anemeHTiH
Kesaenai. Ananaa, aKiMLWINIK KYKbIK Oy3yLbIIbIK KacafaH Tyafanap TapanbiHaH bya Kenicim ken
}araanaa bepinmenTiHaikTeH, By Kypan AeknapaTuBTiK cunaTtka ne 6onaabl.

TyniHai ce3snep: KoFamablK KyMbICTap, MIHAETTI XyYMbICTap, SKIMWINIK »Ka3a, aKiMWINiK
»Kaszanap ayblp/blfbiHa Kapan nepapxmachl, aKiMLWINIK-AENNKT KYKbIFbl, KbIIMbICTbIK, KYKbIK, aTKapy,
NPOPUNAKTMKA, Ky3€ere acblpyablH UAIO3MACHI, Ka3aHblH SA4INAIK KaFnaachl, MHCTUTYLMOHANAbIK,
aNci3aiK.

|.BBegoeHue

3akoHom Pecnybnmkm KasaxctaH ot 10 sHeapa 2025 roga Ne 155-VIII «O BHeceHuu
M3meHeHMn u gononHeHuit B  Kogekc Pecnybnaukm KasaxctaH 06  agMWHUCTPATMBHbIX
npaBoHapyLeHusx» (0asnee — 3PK Ne155-VIll) B cuctemy agMUHUCTPATUBHO-AENIMKTHOIO NpaBa
6bi10 N0DaBAEHO aAMUHUCTPATUBHOE B3biCKaHMe B BUAe «0bLIEeCTBEHHbIX paboT» M cornacHo

! Online.zakon.kz, 3akoHom Pecny6aumku KasaxcraH ot 10 ansapa 2025 roga Ne 155-VIIl «O sHeceHun
M3MeHeHWn n gononHeHuni B Kogekc Pecnyb6amku KasaxctaH 06 agMUHUCTPATUBHbBIX MPaBoOHapyLEeHUAX»’
noanyHKT 3) ctatbn 1’ // https://online.zakon.kz/Document/?doc id=334243428&pos=17;-54#pos=17;-54
[aTa obpaueHna 19.06.25r.
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noAnyHKTy 4) yactn 1 ctatbu 2 Hactoauwero 3PK aAedUHMLMA M CMEXHble K Hell Hopmbl ByayT
BBeeHbl B gelctBue ¢ 1 ceHTabps 2025 roaa.

Takmm obpa3om, npeactaBieHHas paboTta HOCUT MNPOTHOCTMYECKUIM  XapaKTep U
OpPMEHTMPOBAHA NperK/ie BCEro Ha BbiABAEHME NEPCNEeKTMB Pa3BMUTMA NPaABOBOIO PeryanpoBaHms
OTHOLLEHWN, CKNaAbIBAOLWMXCA B aAMUHNCTPATUBHO-AE/MKTHOM npase. CneayeT OTMETUTb, YTO
CYLLeCTBYeT OCTpasd HeobXOAMMOCTb pPa3paboTKM  MPaBOBbIX  MOAENEN  UCKAYAIOLLIMX
[EeKNapaTMBHOCTb HOPM B laHHOM chepe.

[paBOBblE CUCTEMbI MO CBOEM NPMPOAE MOTYT 06134aTb KONININAMM M NapafoKcamm.

OOHMM M3 TakMxX NapafoKcoB B npasBoBon cucteme PK, aBaseTca Hanuvyme B pamKax
YronosHoro kogekca Pecrnybamku Kasaxctan ot 3 uiona 2014 roga Ne 226-V (danee — YK PK)?
TAKOro BWAa HakasaHuA, KaKk «npusiedeHme K obulecTseHHbIM paboTamy» (cm. nn.2-1) 4.2 cm. 40
YK PK), HO npu 3Tom HabnwoaaeTca KpalHe HU3KUIM yYpOBEHb peannsaumm JaHHOM HOPMbI B
npaKkTMyeckon naockoctn. Cyabl CO3HATENbHO CO34at0T eAMHO0DPA3HY0 NPAKTUKY NPUMEHEHUA
Hbonee CTPOroro HakasaHuMA B OTHOLIEHWM NNL, COBEPLUMBLUMX YrOMIOBHOE NPaBOHapYyLLUeHUe Npu
BO3MOYXHOCTU MNPUMEHEHMA MeHee CTPOororo. 3GGeKTUBHOCTb 3aLMTbl MPAB U MHTEPECOB rpakaaH
ABNAETCA HaAMBAKHEMWWMM 31eMeHTOM B eAMHO0OpPa3HOM NpPUMeEHeHMe Ccyaamu 3aKOHOB.
BaKHOCTb @HHOTO 3/1IEMEHTA TaKKe oTpaxKeHo B Yka3ze lNpe3naeHTa PK — «Bonpoc eanHoobpasms
cynebHOM NpPaKTUKKM ABAAETCA KAYeBbIM B obecnevyeHuMM [aoBepus K cyaebHOM cucteme.
EomHoobpa3Hoe npuMmeHeHWe cygamMum 3aKOHOB MO3BOIUT COXPaHWTb eAMHbIA U CTabWIbHbIN
NPaBOBOMN PeXWMM B CTpaHe, obecneuyntb 3GPEKTMBHYIO 3alLMTYy MPaB WU OXPaHAEMbIX 3aKOHOM
WHTEPECOB, MOBbLICUTL KAYeCTBO MPUHUMAEMbIX CyaebHbix axktos».®> [MpUHUMN rymaHM3ma
ABNAKOLENCA HEOTbEMIEMOM 4YaCTbld MEXKAYHAPOAHOrO Yro/IOBHOrO MNpasBa He CTaBMTCA BO
BHMMaHMeE, YTO B NOCNEACTBME «BbIIMBAETCA» B 0OOCHOBAHHYIO KPUTUKY CyaebHOM CUCTEMDI.

B KOHTEKCTe HenpepbiBHOrO  COBEPLUEHCTBOBAHWA  aAMMHMUCTPATMBHO-NPABOBOTO
peryanpoBaHmna 0CobeHHO aKTyasibHbIM CTAaHOBWUTCA WMCCAeA0BaHME MEepPCneKkTUB NPUMEHEeHKs
MHCTUTYTa «OOLLECTBEHHbIX PAabOT» C PETPOCMEeKTMBHOM TOYKM 3peHMs B pamkax Koaekca
Pecnybnmkn KasaxctaH o6 agMWHUCTPATMBHbLIX NpaBoHapyweHusx oT 5 uona 2014 r. Ne 235-V
(nanee — KoAM PK)*. AHanM3 WCTOPUYECKON AMHAMUKM BBEAEHHOTO WMHCTUTYTA MO3BONAET
BbIABUTb HE TO/IbKO 3BOJIOLMIO r0 HOPMATMBHOIO 3aKPEMIEHMA, HO M KAtOYEeBble MPAKTMYecKme
addeKTbl OT ero NPMMEHEHMA Ha Pas3HblX 3Tanax NPaBONPUMEHUTENLHON NPAKTUKKU. [pn aTom
n3ydyeHne  «obLIeCTBEHHbIX  paboT» B peTpocrnekTMBe  crnocobcTeyeT  yriybneHuto
TEOPETUKO-METOA0N0TMYECKMX MOAXOA0B K aAMWUHUCTPATMBHOM OTBETCTBEHHOCTM, a TaKkKe
BbipaboTKke 0OOOCHOBAHHbLIX PEKOMeHAAUMM Mo ONTUMU3ALMKM AAHHOTO MHCTUTYTa C Yy4ETOM
COBPEMEHHbIX COUMANbHO-MPABOBbLIX PEaNi.

[l.McTOpMKO-NPaBOBOM M YrONOBHO-NPABOBOMN KOHTEKCT MHCTUTYTA 06LWECTBEHHbIX paboT
MHCTUTYT obliecTBeHHbIX paboT B Pecnybnnke KasaxcTaH M3Ha4anbHO MMEN Yroa0BHO-
MPaBOBOM KOHTEKCT, TaK B yTpaTMBLWIEM cuy YronoBHOM Kogekce Kasaxckoin CCP (Oanee — YK

2 Online.zakon.kz, YronosHblit Kogekc Pecnybamku KasaxctaH oT 3 wona 2014 roga Ne 226-V (c
N3MEHEHUAMMN " [OMONHEHUAMM no COCTOAHUIO Ha 19.05.2025 r.) //
https://online.zakon.kz/Document/?doc id=31575252&pos=5;-108#pos=5;-108 [HaTa obpalleHus:
22.06.25r.

3 Online.zakon.kz, Ykas MpesuaeHta Pecnybavkn Kasaxctan ot 15 okTabpa 2021 roga Ne 674 «06
yTBEPKAEHUM KOHLEeNuMn NpaBoBoi NoAnTUKK Pecnybankm KasaxctaH o 2030 roga»” ab3au, 56 pasgena 1’
/] https://online.zakon.kz/document/?doc id=39401807&p0s=98;-56#p0s=98;-56 [daTa obpalleHus:
19.06.25r.

4 Online.zakon.kz, Kogekc Pecnybanku KasaxctaH 06 agMUHUCTPATUBHBIX NPaBOHapyLeHuax oT 05 nons
2014 roga N2235-V (C MU3MEHEeHUAMM 1 AOMNOAHEHMAMM MO cocToAHMIo Ha 01.07.2025r.) //
https://online.zakon.kz/Document/?doc id=31577399&pos=5;-108#pos=5;-108 [lata obpalleHus:
30.06.25r.
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KasCCP) ot 22 uona 1959 ropa® «npusiedeHme K obLecTBeHHbIM paboTam» MMEeHOBaoCh, Kak
«YCNOBHOE OCY)KAEHME K NnleHnto cBoboabl ¢ 0bA3aTeNbHbIM MPUBAEYEHMEM OCYXKAEHHOTO K
Tpyay» M HOPMATMBHO 3aKAko4anacb B CTaTbe 23-2. 3 BCex yCTaHOBAEHHbIX BMAOB HaKa3aHWA
BbllLeyKa3aHHOe Hbl10 cCambiM BAN3KMM N0 CBOEN NPaBOBOM NPUPOAE K 00LECTBEHHbIM paboTam.
JaHHbIN BUA Haka3aHMA Obla COBOKYMHOCTbIO TAKMX BUAOB HaKka3aHMA, Kak orpaHuyeHme ceobopl
C NnpuBnedYeHnem K obLecTBEHHbIM paboTam 1MLa, COBEPLLIMBLLIETO NPECTYNAeHNe.

Takmm 0bpa3om onpeseneHHOE NMLO COBEPLLMBLLEE NMPECTYNIEHNE MO0 MNOAYYNTb TAKOM
BM/, HaKa3aHMA, KOTOPbIM COOTBETCTBEHHO Obla mMeHee cTporMm. [Jns npaBoHapylwuMTenei ato
6naronpuATHbLIA BUA, HaKa3aHUsA B OT/IMYME OT JIULIEHMA CBODOAbI, CCbINKM, BbICBIIKM N APYIUX
BM/O0B HaKaszaHuWaA, NpeaycMOTPeHHbIX cTaTbein 21 YK KasCCP. BoilweyKka3aHHble BUAbl HaKa3aHMs
pacrnonaraance B 04HON HOPMATMBHOM MIOCKOCTU, YTO CBUAETENLCTBOBAJIO O HA/IMYMM Y CYa0B
npaBa MPUMEHEHMA PACCMaATPMBAEMOrO HaKa3aHWA B KayecTBe anbTepHaTMBHOro. [loMmmo
BbllensnoxkeHHoro, YK KaszCCP mmen npaBoBOM WMHCTPYMEHT, HOPMATMBHO 3aKpenseHHbI B
cTaTbe 46—2 N0 aHanorMmM ABAABLIMMCA 3aMeHOM HaKasaHMA Ha orpaHudeHne cBobodbl C
npuBieYeHneM K 00LLEeCcTBEHHbIM paboTam B pamkax aerctaytoulero YK PK.

MHCTUTYT 0bLiecTBEHHbIX paboT nonyynn AanbHelllee HOPMATMBHOE 3aKpenseHue B
yTpaTMBLLIEM Ha AaHHbIM MOMEHT cuny YronoBHOM Koaekce Pecnybnunkm KasaxctaH oT 16 uiona
1997 ropa N 167 (danee — YK PK om 16 utona 1997 200a)®. ObuiectseHHble paboTbl B AaHHOM
BEPCUM MONYUYNAM TOT CaMblil 31emeHT 6e3B03Me3aHOCTU. TaK, cornacHo Yyacth 1 ctaTtbn 42 YK PK
oT 16 wutona 1997 rona — «ObulecTBeHHble pPaboTbl COCTOAT B BbINOJHEHWMM OCYKAEHHbIM B
cB0HOAHOE OT OCHOBHOW PaboTbl nAK y4ebbl Bpemsa becnnaTHbIX 06LWEeCTBEHHO No1e3HbIX Pabor,
BMA, KOTOPbIX ONpeaenaeTca akTaMm MECTHbIX MCMONHUTENbHbIX OPraHOB MM OPraHOB MECTHOro
CaMoynpaBaeHna».

CoBpemeHHan pegakumsa YK PK Ha AaHHbIA MOMEHT BPEMEHW ABNAETCA eAMHCTBEHHbIM
HOPMATMBHbBIM MCTOYHMKOM MHCTUTYTa «OOLLECTBEHHbIX PAabOT» C COOTBETCTBYHOLLEM MPAKTUKOM
npPUMEHEHNA.

CornacHo 4actu 2 cTatbM 43 YK PK K obuwectBeHHbIM paboTam npuBAEKaloT AuL,
COBEPLUMBLUMX YrONOBHbIMA MPOCTYNOK, NPEecTynaeHns HeboNblon M cpeaHen TaxkecTn bHes
3/1leMeHTa «Corjacke npaBoHapylMTena». Tak, BO3HMKAET COOTBETCTBYOLWMM Bonpoc «[loyemy
CTAaTUCTUKA NPUBJEYEHNs K OOLECTBEHHbIM paboTam TaK He3HaYUTeNbHA?», eCaM KenaHue
npaBoHapyLlmTenemn HUKoOMM 06pa3om He BIMAET Ha BbIHECEHME MEHEE CTPOrMX 0OBUHUTENbHbIX
NPWUroBOpPOB..

[ns oTBETa Ha NOCTaB/EHHbIM BONPOC CAeAyeT ONpeaeinTb KOAMYECTBO AeN, MPU KOTOPbIX
BO3MOYHO Obl/10 HAa3HAYMTb 0OLECTBEHHbIE PabOTbI.

TaKk, nNpoBeaA aHaAM3 OTHOCUTENbHO-OMNPeAEeNeHHbIX, anbTePHATUBHbLIX U abCONOTHO-
onpeaeneHHbIX caHKUui Hopm YK PK, BO3MOMHO YCTaHOBUTb KOMMYECTBO HOPM (MCKAOYaem
POOBOM M HEMNOCPeACTBEHHbIM 0ObEKT), pacrnonaratolmx B CBOEM «apceHane» TakMm BUAOM
HaKa3aHWs, KaKk «nNpueaeYeHme K 00LecTBEHHbIM paboTam» ANna AaNbHEMNero conoctTasaeHme ¢
obuLUMaNbHOM CTaTUCTUKOMN.

YK PK B aencrsyloller peaakumm npeaycMaTpuBaeT «npuBieveHne K 0OWeCTBEHHbIM
paboTam» B Ka4yecTBe 0HOro M3 BUAOB Yro/IOBHOIO Haka3aHua B 385 cay4yasx.

5> Online.zakon.kz, YTpatswmit cuny YronosHbili Kogekc Kasaxckoi CCP ot 22 uiona 1959 roaa’ ytpatun
cuny B COOTBETCTBUMN c 3aKoHOM PK Ne 168-1 oT 16.07.97 //
https://online.zakon.kz/Document/?doc id=1004273 [aTa obpauteHua: 22.06.25r.

6 Adilet.zan.kz, YTpaTtusLimit cuny YronosHblii Kogekc Pecnybamnku KasaxctaH ot 16 urona 1997 roga N 167
Ytpatun cuny Kogekcom PK o1 3 uiona 2014 roaa Ne 226-V’ // https://adilet.zan.kz/rus/docs/K970000167
[aTa obpauieHus: 22.06.25r.
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OAHaKo, HECMOTPA Ha 3HAYMTENbHOE KOAMYECTBO CaHKLMIKA, NpeaycMaTpUBatoLmMX
PacCMaTPMBAEMbIN BU/ HaKa3aHWA CTaTUCTMKA ero NPUMEHEHWs, B NocaeaHMe roabl CHUMKAeTCA
(cm. Tabnumuy Nol).

Tabauya Nel1’

YT06bl HabtOAATL KONNMYECTBEHHOE PA3INYME UL, COBEPLIMBLUMX YrONOBHbIE MPOCTYMNKM
M NpecTynneHns HebONbLWIONW W cpedHen TawecTn cneayeT obpatuTbca K oduMUManbHOM
CTaTUCTUKE:

YrONOBHBIE MPOCTYNKU U NPECTYMNEHUA
160 ThiC. P
160 TbiC. B (154 5]

140 TbIC. 127 mc
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N 120 Thic. J el
& 100 Thic. -
o
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g 52
§ 60ThC. (52 7] (@) @)
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I Yronoexble npoctynkv [l Mpectynnerus

Puc. Nol - WcmouHuk: MHmMepHem-nopman npasosoll cmamucmuku, Komumem no
npasosoli cmamucmuKke U cheyuansHsiM yuyémam [eHepansHol [Npokypamypel Pecnybauxu
KaszaxcmaH // https.//qamaqor.qov.kz/crimestat/indicators/criminal lama obpaweHus: 22.06.25e.
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"UCTOYHMK: CynebHbii KabuHet BepxoBHbIi cya PK, BaHk cyaebHbIX aKToB //

https://office.sud.kz/new/form/courtActs/index.xhtm! [ata o6pawieHun: 22.06.25r.
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Puc. No2 — UcmoyHuK: NHmepHem-nopman npasosoli cmamucmuku, Komumem no
npasosoli cmamucmuKke U cneyuanbHeiM yyémam [eHepansHol [Tpokypamypel Pecnybauku
KasaxcmaH // https://qamaqor.qov.kz/crimestat/indicators/criminal ama obpaweHus: 22.06.25e.

Cnenyet OTMETUTb, YTO Ha NPOTAXEHUM aHanmn3mpyemoro nepmoda ¢ 2015 roga no 2025
rof,, COrMacHO AaHHbIM OPULIMANBHON MNPABOBOM CTATUCTMKKM, 0obLLlEee KOMMYECTBO Yron0BHbIX
NpocTynkoB B Pecnybnnke KasaxcTaH coxpaHAETCA Ha OTHOCUTENbHO CTabuiabHOM YypPOBHE C
y4yeTom cpeaHero 3HayeHmAa paBHoro B 13.022 yronoBHbIX NPOCTYNKa M OTK/JIOHEHMEM OT 3TOro
3HayeHunA B nepeaenax 5% HaymHaa ¢ 2018 roga. OAHOBPEMEHHO C 3TUMM, XOTA KOJIMYECTBO
npectynieHnin HebonblWOM U CpedHen TAKECTU AEMOHCTPUPYET YMEPEHHYIO TEeHAEHUMIO K
CHUMKEHMIO, HO B LIE/IOM MX YAE/bHbIN BEC B CTPYKTYPE BCEM NPECTYNHOCTM NPOA0/IKaeT OCTaBaThCs
3HAYUTESbHbIM.

OAHaKo Mpu CpaBHEHWM BbllleyKa3aHHbIX CTAaTUCTUYECKMUX AAHHbIX C KOIMYECTBOM /UL,
OCY*KEHHbIX K HaKa3aHU o B BUAe 06LLECTBEHHbIX PaboT, BbIABAAETCA KPUTUUYECKOE PACXOXKAEHNE.

TaK, HECMOTPSA Ha OTHOCUTE/IbHYIO CTabubHOCTbL B ObBbeme coBepLlaeMbiX AEsHUMR,
noAnagatolmMx noa, KaTeroputo yrosoBHbIX MPOCTYNKOB, a TaKKe MpecTyniaeHnin Hebonbwon K
CpefHen TAXKECTN, KONMYECTBO Ha3HAYEHNN HaKa3aHWA B BUAE «NPUBAEYEHUA K 0OLECTBEHHbIM
pabotam» ¢ 2018 roga no 2022 rop MNpakTUYeCcKM He mameHanock, a ¢ 2023 no 2025 ropg,
AEMOHCTPUPYET BblparkeHHOe CHMKeHMe — npumepHo A0 1000 cayyaes exxeroaHo.

DaKT BbIPaXKEHHOTO CHUKEHNSA BO3MOXHO CBMAETENLCTBYET O TpaHCchopMauum cyaebHom
NPaKTUKM Ha3HaAYeHMA HaKa3aHWi, MO0 0 NPeAnoYTEHNN CYyAbAMM TAKUX BUAOB HaKa3aHWN, KaK
wtpadbl, AnLeHne ceoboabl U orpaHMyeHne cBoboAbl. Takaa CKpbITaa TeHAEHLUMA yKa3biBaeT Ha
YXKECTOUYEeHMEe NPaBONPUMEHNTENBHON NOANTUKM U MAET B pa3pe3 C NPUHLMMNOM «ITYMaHM3Ma», a
TaKKe C Uenamm, 3aknaapisaembimm lapnameHToOM Npu NPUHATUM 3aKOHOB.

AHann3 cynebHoM NpakTUKM CBMAETENbCTBYET 06 OTCYTCTBMM NMPOM3BO/ACTB Ha YPOBHAX
anennauMm 1 Kaccauum (cm. Tabauya Neol). [aHHoe o6CTOATENbCTBO YKa3blBaeT Ha TO, YTO
NPaBOHaPYWMUTENAMW HaKasaHMe B BUAE «NPUBAEYEHUA K OOLIECTBEHHbIM paboTam»
BOCMPUMHMMAETCA, KaK MNpPeanoyvyTUTeNbHbIA MO CPaBHEHMIO C JIMLWIEHMEM WAM OrPaHUYEeHMEM
cBoboabl. CTopoHa 06BMHEHMA, KOTOPYHO 3a4acTyto NPeACTaBAAET rocyaapCcTBEHHbIN 06BUHUTEND
B IMLE NPOKYPOPaA, HE MCMOb3YHOT MHCTPYMEHT ONPOTECTOBaHWE, YTO B CBOLO OYepe/ib YKa3blBaeT
Ha NpU3HaHMe HaKa3aHMA YMEPEHHbIM 1 COLMAbHO-a4anTUBHbIM.

CnenyeT OTMETUTb, YTO 3aKOHOAATE b M3HAYa/IbHO NPecaeaoBan ABe Len- rymaHmM3auma
MEeTO/ZI0B HaKalaHMA Mo pAay COCTAaBOB, BbIMOAHEHUA OCYXAEHHbIM OOLIECTBEHHO MOJIE3HbIX
paboT Ha becnnaTHOM OCHOBE (MPUM. TeNE0I0TMYECKOe TONKOBaHKME). [laHHble Lean Npuemaems
B pPaMKaX rocyapCTBEHHOIO YCTPOMCTBA, HO Ha NpaKTUKe BTOPas Lesb CTafkneaeTcsa ¢ apdeKkTom
PuHrenbmaHa (dasnee — aghgpexkm couuansvHol neHu). CornacHo KenbrHoi M.A., Manbuesoi O. T.
(2022) coumanbHaa NeHb NPOABAAETCS B CKAOHHOCTM 4YeN0BEeKa CHUMXKATb YCUAMA npu
KONNIEKTMBHOM AeATeNbHOCTU. ITO NoBeAeHMe, KaK NpaBu/io, HOCUT HEOCO3HAHHbIM XapaKTep U
CBA3AHO C OLLYLIEHMEM CHUXEHHOM OTBETCTBEHHOCTM B rpynne. BblAenatoT Takme npuymHbl Kak:
yMeHbLUEHWE IMYHOM MOTMBALMM, aHOHUMHOCTb BK/13a/4a KaXK10ro y4acTHMKa COBMECTHOM paboTbl
n apyrue.

CoumanbHaa NOAMTUKA TOCYAapcTBa AO0MKHA OblTb OPUEHTUPOBAHA Ha GOPMMpPOBaAHUE
NO3UTUBHOM MOBEAEHYECKON MAEHTUDMKALMKU NMLA BbINOAHAOWErO 0bWECTBEHHO MOAe3Hble
paboTbl Ha 6e3B03Me34HOM ocHOBe. CMeHa CnekTpa AeNCTBMA rocyaapCTBEHHON NOAUTUKM NSKET
bpemeHeMm Ha BIOAKET N AAMUHUCTPATMBHbIE NPOLLECChl BHYTPM roCcy/1apcTBa.

MPUHMMan BO BHUMaHME, YTO HOPMbl aAMUHUCTPATUBHO-AENNKTHOTO M YroNI0BHOMO Npas
npeaycMaTpMBaOT aHANOMMUYHYO MHCTUTYUMOHAIbHOCTb «0BLWECTBEHHbIX PabOT», BO3HMKAIOLLIMX
BCNeACTBME WCMOAb30BAaHMA 3aKOHOAATENEM WAEHTUYHbIX HOPMATMBHbLIX 3aKpensieHnn B
OAMCNO3NUMAX  CcTaTel, HeobXoAMMO MNPUMEHEHME COOTBETCTBYHOLWErO HOPMOTBOPYECKOrO
MHCTPYMEHTapms.
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OaHUM 13 Hanbonee NParMaTUYHbIX PELUEHNN MOXKET OblTb BHECEHWE M3MEHEHMI B YaCTb
TpeTbto cTaTbh 49-1 3PK Nel55-VIIl ¢ nocneaytolmm M3NOKEHMEM B YKa3aHHOM peaaKkLuu:
«ObLLecTBEHHbIE PAabOTbl COCTOAT B BbIMOHEHWUM NULOM, NPUBAEYEHHbBIM K aAMUHUCTPATUBHOM
OTBETCTBEHHOCTM, He Tpebytouwmx onpeaeneHHon KBaandukaumm onnavymBaemolx obLLECTBEHHO
nonesHblx paboT, opraHM3yembiX MECTHbIMW WCMONHUTENbHBIMW OpraHamu B OOLLECTBEHHbIX
MEeCTax, PacrnoNOXEHHbIX MO MeCTy €ero XuTenbcTBa». JlaHHOoe pelleHWe MN03BOAUT AnLAM
COBEPWMBWNM AAMUHUCTPATMBHOE MPABOHAPYLIEHME MOAYYUTb JIMYHYKD MOTMBALMIO MNpw
Ha3HaYeHWM TaKOro BMAA HaKa3aHMA.

Tak»Ke B paMKax aAMUHUCTPATUBHO-AE/IMKTHOTO NPaBa, rae B CBOK o4epenb NpUCyTCTByeT
3N1EMEHT «cornacua» TpebyeTcAa NPMBHECTM BbllieyKa3aHHbIe M3MeHeHMA B chepy COoLMaNbHOTO
obecneyeHma, HO BMECTE C 3TUM, BHECTU M3MEHEHUSA B AEMNCTBYHOLLYIO peaaKLmMio HOPMbI.

HakasaHune B pamkax yrosIoBHOro npasa- No CBOEeN cyTu ABasieTcs Hosee CTporon mepon
BO34EWNCTBMA,  peanm3yemas  roCy4apCTBOM B OTHOWEHMM  MNpaBOHApywMTens  Yem
aAMMHUCTPATMBHOE B3biCKaHWe. YcTynaa nogobHOMY  UM3MbIWAEHWUIO, MCXOAALLEMY U3
06LLEeCTBEHHOrO MHTEpPEeca M NOPULAHNA AEAHNI NpaBOHapyWwnTenemn, cneayet OCTaHOBUTbCA Ha
BHECEeHME U3MEHeHWM B 3aKoHoA4aTe1bcTBO « 00 aAMUHUCTPATMBHbLIX NPaBOHAPYLIEHUAXY.

TaK, Kak aAMUHUCTPATUBHOE B3bICKAHWE MMEET CBOEM LIe/Ibi0 HE «HaKa3aHme» uLa, a ero
«BOCMWUTAHME» N COOTBETCTBEHHO Mbl MMEEM 3STUKO-MPAaBOBOE OCHOBAHWE, AOCTAaTOYHOEe ANA
BHECEHMA COOTBETCTBYIOLLMX MU3MEHEHWIA.

BmecTe ¢ 3Tum, cnefyet OTMEeTUTb, YTO NPU NPUMEHEHWUWN «4yBCTBA A3bIKA», KaK O4HOM 13
dopm ByKBaNbHOTO TONKOBAHWUA Mbl MPUXOAMM K MHEHWIO, YTO AEAHUA NpeaycMoTpeHHble B KOAT
PK MMeIT H13KYH0 0OLLECTBEHHYHO ONACHOCTb/BPEAHOCTb.

B COOTBETCTBMM C HPABCTBEHHO-LLEHHOCTHbIMW OPUEHTMPAMKM Hallero obuiectsa U
NPaBOBOM AOKTPUHbI, 4EUCTBMA NO BHECEHWIO M3MEHEHWUN M AONOAHEHWI B YacTb 3 cTaTbn 49-1
KoA PK, ycTaHaBnMBatoWMe BO3ME3AHOCTb 33 06L,eCTBEHHO-N0NAE3Hble PaboTbl, 060CHOBAHHbI U
40MNyCTUMBI.

OfHaKO B aAMWHUCTPATUBHO-AE/IMKTHOM  MpaBe, MNpeayCMaTPMBAETCA  S1eMeHT
«0bA3aTeNbHOrO cornacKa» Npu NpUBAEYEHMM NPABOHAPYWUTENs K obLLeCTBEHHbIM paboTam.
MpaBoBad nNpuMpoaa BCEX AAMUMHUCTPATUBHBLIX B3bICKAHWMM pPaBHO3HA4Ha, W CyLLECTBYHOT
[ONYCTUMble  anbTEPHATWMBLI,  KOTOpble  ABAAOTCA  Oonee  NpeanoyTUTENbHbIMW - ANA
NpaBOHapyLWMTEeNe ¢ TOYKM 3peHNA BPEMEHHbIX 3aTpar.

3To, B CBOWO o4epelb, MOPOXKAAET PUCK PaKTMyeckon HeBocTpeboBaHHOCTM AAHHOro
MHCTUTYTa B NMPOW3BOACTBE MO Aenam 06 aAMMUHUCTPATMBHbIX NPAaBOHAPYLIEHWAX, HECMOTPA Ha
€ro HOpMaTMBHOE 3aKpenIeHue, 1 CTaBUT MO, COMHeHMe LenecoobpasHOCTb BBEAEHMA SNEMEHTA
cornacma Kak 0b6sa3aTebHOro yCN10BMA peanmnsaumm CaHKumu.

Takke HeobxooMMO OTMETUTb, YTO [AaHHbIN WMHCTPYMEHT MCMONb30BaNCA B KayecTse
CcouManbHON NoAdep*KKKU, NpeBeHUMM 6e3paboTullbl B pamkax yTpatuswero cuay 3PK ot 06
anpena 2016 roma No482-V «O 3aHATOCTM Hacenewusa» (dasnee — 3PK «O 3aHsmocmu
HaceneHuA»)®. TaK, COrMacHO MOAMYHKTY 26) ctatbM 1 3PK «O 3aHATOCTM HaceneHua» nop,
obuLecTBeHHbIMW  paboTamM  MOHMMANUCb BWAbI TPYAOBOM [AEATENbHOCTM, OpraHM3yemble
LEeHTPaMW 3aHATOCTU HaceneHusa, He Tpebywowme npeasapuTenbHon npodeccMoHanbHOM
NOArOTOBKM PabOTHUKOB, MMEtOLLLME COLMANbHO NONE3HYI0 HanpaBNEHHOCTb A4 obecneyeHma mnx
BPEMEHHOM 3aHATOCTbO. Ha AaHHbIM MOMEHT BCe OOLLECTBEHHbIE OTHOLWIEHMUA Peryanpyemblie
yTpatuswmm cuny 3PK «O 3aHATOCTU HaceneHna» Hblan TpaHchOPMMPOBaHbI U NepeaaHsbl B chepy
HOPMaTUBHOTO BO3AencTBMA CoumanbHOro Kogekca Pecnybamkn Kasaxctan ot 20 anpens 2023

8 Adilet.zan.kz, Ytpatuswunit cuny 3PK «O 3aHATOCTM HaceneHus» oT 06 anpena 2016 roga Ne482-V //
https://adilet.zan.kz/rus/docs/Z21600000482 NaTta obpauieHusa: 23.06.25r.
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roga Ne224-VI| (danee — CK PK)°. CK PK B HacTOAWMA MOMEHT He OMepupyeT UCKAIYUTEIbHbIM
NOHATMEM B BME «ODLWECTBEHHbIX PaboT». KapbepHble LEeHTPbI COAEMCTBYIOT B 3aHATOCTM ML,
NLLYLWMX paboTy, M He anddepeHUMpYoT BUAbI TPYAOBOM AeATenbHOCTM Aabbl n3bexkaTb KONAN3NK
¢ YK PK n KoATl PK.

[.TeopeTnKo-NpaBoBas XapaKTEPUCTMKA MHCTUTYTA obLLiecTBEHHbIX paboT B afMUHUCTPATUBHO-
OENVKTHOM npaBe, a TaKXe NpaBoOBOE peryanmposBaHue, WCKAYalolee AOeKNapaTUMBHOCTL B
npaKTuKe

AOMWHUCTPATUBHO-AEINKTHOE NPaBO ABAAETCA YaCTbto OCOBEHHOro aAMUHUCTPATUBHOIO
npaBa M WMHCTUTYT 0DOLLECTBEHHbIX paboT B pamKkax aeincteytoulero KoAl PK 3To HopmaTuBHas
HOBENNA, CBUAETENLCTBYIOW,AA O XKeNaHUN 3aKOHOAATENA COBEPLIEHCTBOBATb aAMUHNCTPATUBHO-
OEeNNKTHOe 3aKOHO4ATENbCTBO. CoBeplleHCTBOBaHME aAMMHNCTPATUBHO-AEMKTHOTO
3aKOHOAATeNbCTBA MPOMUCXOAMT BO MCMONHEHWM NOANYHKTA 12- MNnaHa 3aKOHOMPOEKTHbIX paboT
MpasuTtenbctBa Pecnybnnkm KasaxctaH Ha 2023 rop yTBep)kaeHHoro [locTaHoBAEHMEM
MpasuTenscTsa PK ot 29 aekabpa 2022 roga Ne109210,

B cootBetctBMM C peweHuem [lpasuTensctBa PK, nonHomouma no paspaboTtke
COOTBETCTBYHOLWLEro 3aKOHOMPOEKTa OblM BO3N10XKEHbI Ha MuHKcTepcTso tOcTmumm Pecnybamkm
KasaxctaH (pnanee — MuntOcT).

MuHIOCT B cBOl odepedb paspaboTtan npoekt 3PK Nel55-VIII M B nocnenctsum
nocTtaHoBneHnem Maxununca MapnamenTa PK ot 04 aekabpsa 2024 roga Ne563-VIII oH 6611 npuHAT
B Ka4ecTBe 3aKOoHa M HanpasneH B CeHaT AN NOCAeAyOWero yTBepAeHWA.

PedopMa  aAMWHUCTPATMBHO-AENMKTHOIO  3aKOHOZATeNbCTBA B pamkax  [lnaHa
3aKOHOMPOEKTHbIX paboT MpasuTenbctBa PK Ha 2023 roa- 6e3yc/10BHO ABNAETCA NONOKUTENbHbBIM
dakTopoM. HO cyLLLecTByHOLLAA KOHCTPYKLMA Bbi3biBaeT 06E€CNOKOEHHOCTb.

TaK, MHCTUTYT 0bLLEeCTBEHHbIX PaboT OblN CKOHCTPYMPOBAH MO aHANOMMKU C YrOJ0OBHbIM
3aKoHoAaTenbctBOM PK, HO TpaHCchopmMpoBaH C yy4eTOM crneumdukm aaMUHUCTPATUBHO-
OENNKTHOTO 3aKOHOAATeNbCTBA- NOCPEACTBOM HOPMATMBHOIO 3aK/JKOYEHMUA INEMEHTa «COrNacua
NPaBOHAPYWNUTENA Ha MNPUMEHEHMA ALAMWMHUCTPATMBHOIO B3bICKAHMA B BUAE OOLLECTBEHHbIX
paboT».

[aHHbIN 3N1eMeHT MOXeT CTaTb MPUYUMHON AEKNAPATUBHOCTM MHCTMTYTa OOLLECTBEHHbIX
paboT BBMAY [ENCTBUA BbllleyKa3aHHOro 3ddeKkTa COoUMaANbHOM NeHM, TaK Kak auLy,
CoBeplMBLIEMY AAMMHUCTPATMBHOE MpaBoHapyweHue OyaeT nerdye ynnatuTb WTpad wmam
NONYYUTb MHOWN BUA, aAMUHUCTPATMBHOIMO B3bICKAHWMA, YEM 3aHMMATLCA 0DLLECTBEHHO-MONE3HbIM
TpyAOM Ha 6€3B03ME34HOM OCHOBE.

Be3Bo3me3aHaA OCHOBA NMPUHYAMTENbHOrO TPyAa OMNpPaBAbIBAETCA B PamKax Yrol0BHOrO
3aKOHOAaTe1bCTBA BBUAY NOBbILIEHHOM 0OLECTBEHHOM ONACHOCTN AeAHMI 1ML, COBEPLIMBLLIETO
YyronoBHOe NpaBoHapyweHne, HO B paMKax aAMUHNCTPATUBHO-AENMKTHOIO 3aKOHOA4ATeNbCTBa, He
MMEeLero CBOel  Lenbld  HaKasaHWe MNpPaBOHApyWWTeNna — MOPOXKAAeT  MNPaBOBYHO
HeonpeaeneHHoCcTb W MNOTEHUMANbHO BCTYyMaeT B MNPOTMBOPEYME C  KOHCTUTYUMOHHbIMM
NPUHUMNAMM, OFPAHNYMBAOLWMMM FOCYAAaPCTBEHHOE MPUHYKAEHME.

CneayeT OTMETUTb, YTO OOLLIECTBEHHblE PaboTbl ABAAIOTCA POPMOM MPUHYANUTENLHOTO
Tpyaa n cornacHo nyHkTa 1 ctatbn 24 KoHctutyummn Pecnybnmkm Kasaxctad ot 30 aBrycta 1995

° Adilet.zan.kz, CounanbHblii Kogekc Pecnybamkm Kasaxcran ot 20 anpena 2023 roga Ne224-Vil //
https://adilet.zan.kz/rus/docs/K2300000224 Oata obpauieHus: 23.06.25r.
10 Adilet.zan.kz, MoctaHosnenune MNpasutenbctsa Pecnybankm KasaxctaH «O [naHe 3aKOHOMPOEKTHbIX
pabort MNpasuTtensctsa Pecnybamnkmn Kasaxcrad Ha 2023 roa» ot 29 aekabpsa 2022 roga Ne 1092°n/n 12. //
https://adilet.zan.kz/rus/docs/P2200001092 faTa obpaweHua: 23.06.25r.
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rona (Oanee — KoHcmumyuyus PK)* «...MpuHyANTENbHbIR TPYA, A0MYCKAETCA TONbKO Ha OCHOBaHMM
cyaebHoro akTa 0 NpM3HaHWUM BUHOBHbBIM B COBEPLUEHWM YTONOBHOIMO UAM aAMUHUCTPATUBHOIO
npaBoHapyLleHua...». Kpome Toro, corlacHo NyHKTy 2 ctaTbi 24 KoHCTUTYUMKM PK- Kaxablh umeeT
NpaBo Ha BO3HarpaxaeHue 3a Tpys, 6e3 kakon-nmbo gUCKpUMMUHALMN.

ABHO AMCKPUMMHMPYIOLWMM GaKTOpPOM ABNAETCA NpMBAEYEHME NMLQ, COBEPLUMBLLETO
aIMUHNCTPATUBHOE NpaBOHapylWeHWe K obLWecTBEHHO-N0AE3HbIM paboTam Ha 6e3B03Me34HOM
ocHoBe. CoumanbHO-NPaBOBOM CTATyC MLUA HE MOMKET OblTb OCHOBAHWEM A4 TOro, Ytobbl He
onnaymeaTb ero paboty.

BmecTe c aTUM, cnefyeT yKasaTb, 4To Pecnybamka KasaxctaH patnduumposana KoHBEHLMIO
MexayHapoaHoi OpraHmsaumn Tpyaa «O npuHyauMTenbHOM Man obsszatenbHom Tpyae» No29
(Oanee — KoHseHyus MOT No29) n cornacHo NyHKTy 1 cTaTbM 2 NoA, «NPUHYAUTENbHbIM UM
obA3aTeNbHbIM TPYAOM» MOHMMAETCs BcAKana pabota uam cnyxba, Tpebyemaa oT Kakoro-nmbo
/YL@ NOA YrpOo30M KaKoro-1mbo HaKkasaHuA, 414 BbINONHEHMA KOTOPOM 3TO NLO He NPeaoxKMI0
cBomx ycnyr 4o6posoabHO.

dnemeHT f0H6POBONBHOCTM OTCYTCTBYET BBMAY TOrO, YTO IMLLO NPUHMMAET pelleHne He B
ycnosuax csobogHoro Bbibopa, a B yCA0BMAX OTPAHUYEHHOW anbTEPHATUBbI, SKOHOMUYECKOWM
AECTPYKLMM U CTpaxa NpumeHeHma bonee CTporon mepbl BO3AENCTBMA B BUAE apecTa.

Takmm obBpa3om cornacue, NoayvYeHHoe OT AMLA, COBEPLUMBLIErO aAMWHUCTPATUBHOE
NpaBoHapyweHne HOCUT (OPMaNIbHO-IOPULNYECKNIA XapakTep. Cornacve B [AaHHOM C/yyae
CTQHOBUTCA OUKUMEN MOPONKAAIOWENA MNOPOYHYHO NerMTUMM3aLMIO NPUHYAUTENbHOMO TpyAa B
AOMUHUCTPATUBHO-AE/IMKTHOM Mpase.

CNOXHbIM  KOAJIM3MOHHBIM BOMPOCOM ABAAETCA Hanuume B KoHBeHumm MOT Ne29
noanyHkTa C) nyHKTa 2 cTaTbu 2. KONnM3Ma BO3HWMKAQ BBWMAY TOro, YTO MPUrOBOPbI OPraHoOB
cyfebHoN BNAaCTM O Ha3HAYeHWUWM Kakom-IMbo paboTbl He OTHOCATCA NOA MNOHATUE
NPUHYAUTENbHOIO TPYAa- cnelmansHon Hopmoi (lex specialis).

BbllWeyKasaHHaA KONNM3MA yCTpaHAeTcA npu obpaweHun K OyKBa/lbHOMY TOAKOBAHMIO.
MocneaHee CBUAETENLCTBYET O TOM, YTO M3 MOHATUA KNPUHYANTENbHBIN UAM 06A3aTeNbHbIN TPYA»
MCKNtOYaeTcA NnWb paboTa nnum cnyxba, Tpebyemas B Cuay MPUroBopa, KOTOPbIN, B CBOK oYepesp,
XapaKTepeH UCKAOUYNTENbHO ANA YTONOBHO-NPaBOBOM cdhepbl. PelleHna, BbIHOCMMblE CyAaMu UK
YMO/THOMOYEHHbIMM OpraHamMu, a TaKKe AO0KHOCTHbBIMKU AMLAMW B PaMKaX agMWUHUCTPATUBHO-
AeNNKTHOro NPoM3BOACTBA, HE MOAMAAA0T NOA TEPMUH «MPUTOBOP» U, COOTBETCTBEHHO, HE MOTYT
PAacCMaTpMBaTbCA B KAYeCTBE OCHOBAHMA ANA UCKAOYEHNA N3 AeNCTBUA NONOKEHUI KOHBEHL MM
MOT Ne 29.

B coBoKynHOCTM 1) OoTCyTCTBME GAKTUUYECKOTO COMNacua; 2) PaCCMOTPEHMA KNPUBIEYEHMA K
obuecTBeHHbIM paboTam» B pamrax KoAll PK- yka3biBaeT Ha NpuBaeYeHme NpaBoHapyLnTenem K
NPUHYAUTENBHOMY Tpyay, BocnpeuwleHHOMy B Pecnybnuke KaszaxcTaH patuduumMpoBaHHOM
KonBeHumen, MOT No29.

HopmaTnBHaA oOCHOBa MOPAAKA WCMOAHEHWA HaKa3aHWA B BWAE MpPUBIEYEHMA K
obuecTBeHHbIM paboTam B pamMKax YrosI0oBHOro npasa - 3ak/aodeHa B rase 12 YronoBHo-

11 Akorda.kz, KoHctutyuma Pecnybaukm KasaxctaH ot 30 asrycta 1995 roga (C M3MEHEHMAMU M
AONO/THEHMAMM no COCTOAHUIO Ha 19.09.2022 r.) //
https://www.akorda.kz/ru/official documents/constitution [lata obpauieHus: 23.06.25r.

2 Online.zakon.kz, KoHBeHuma MexayHapoaHoit OpraHusaumm Tpyga «O NPUHYOMTENbHOM WM
ob6aszatenbHom Tpyae» Ne29 ot 28 mioHa 1930 roaa’ PatmduumposarHo 3PK Ne 120-M ot 14.12.2000r //
https://online.zakon.kz/Document/?doc id=1011031&pos=3;-106#pos=3;-106 [Oata obpatleHus:
23.06.25r.
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NCNONHUTENbHOTO KodeKca Pecnybnnkm Kasaxctan ot 05 ntons 2014 ropa Ne234-V (Oanee — YUTT
PK)13.

B pamkax aAMUMHUCTPATUBHO-AENMKTHONO npaBa CneayeT YyyeCcTb OCODEHHOCTb
HOPMATMBHOIO 3aKpeneHna nopaaKa MWCNOAHEHWA B eAMHCTBEHHOM KOAMOULMPOBAHHOM
nctoyHuKke (KoAM PK).

Takmm obpazom, 3PK Nel155-VIIl BHOCUT M3meHeHMA 1 gononHeHus B pasgen 5 KoAll PK
(McnonHeHMe NOCTAHOBNEHWA O HANOXKEHUM AAMMHUCTPATUBHbLIX B3bICKAHWI) MOCPEeACTBOM
BK/ItOYEHMA cTaTbM 914—-1. B gaHHOM HOPME 4YacTMYHO 3aTParMBaeTCs acneKT WMCMNOJHEHUS U
onpeaeneHns NopaaKka opraHM3aUmMm obulecTBeHHbIX pabor.

Tak, cornacHo 4Yactu 3 ctatbk 914—1 KoAll PK — «Buabl 0blecTBeHHbIX paboT 1 nepedyeHb
OpraHM3aumMin, B KOTOPbIX [AO/MKHbI MCNONHATLCA 0OLLECTBEHHbIE PaboTbl, OnpeaenatoTcA
MECTHbIMW MCNONHUTENBbHBIMW OpraHaMm»

MpaKkTnKa cnoxkmnacb Takum obpasom, 4To Honee AeTanbHOE NMPUMEHEHME UHCTUTYTOB
PAcKpbIBAeTCA B  MOA3AKOHHbIX aKTaX W34aBaeMbIX W YTBEPXKAAEMbIX NPOPUABHBIMM
YMOJTHOMOYEHHbIMM OpraHamu.

MpaBonNpMMeHUTENM B YroNIOBHO-NPaBOBOM chepe ANA  OnNpefeneHns nopaaka
opraHu3aunmn obLLecTBeHHbIX paboT ncnonbzosann Mprkas MuHUCTpa BHyTPeHHUX aen PK «06
yTBEpPKAeHMM [TpaBnN OpraHn3aLmMmn BbINONHEHNA 0OLLECTBEHHbIX PAabOT NMLLAMM, OCYXKAEHHbIMM
Ha JaHHbIM BUA, HaKka3aHMa» oT 02 uioHa 2017 roga Ne386 (danee — Mpuka3 No386)14.

Ha AaHHbIA MOMEHT YNOAHOMOYEHHbIE OpraHbl, @3 MMEHHO MECTHble WUCNONHUTENbHbIE
OpraHbl, B CBA3W C HEAABHUM BKAOYEHMEM MHCTUTYTA «OBLECTBEHHbIX PaboT» B HOPMATMBHYIO
NNOCKOCTb aAMUHUCTPATUBHO-AENMKTHOIO NpaBa He peann3oBaiv NOJHOMOYMA NO Pa3paboTke U
YTBEPXKAEHMIO NMOA3AKOHHOMO aKTa, onpeaenatollero BMabl 0bWecTBeHHbIX paboT M nepeyeHb
opraHuzaumin. [JaHHoe MnoAHOMOuYMe npedycmaTpmBaeTca ONaHKeTHOW AMCno3uuMen 4Yactu 3
cTaTbh 914-1 KoAll PK.

B cnyyae pa3paboTku M yTBEPKAEHMA eAMHO0OPAa3HOro MoA3aKOHHOTMO HOPMATMBHOMO
NpPaBoBOro aKTa (HOpPMAaTMBHOE MNOCTaHOB/AEHME MPaBUTENbCTBA), 00A3aTENbHOrO ANA BCeX
AOMUHUCTPATUBHO-TEPPUTOPUANBHBIX €AMHUL,, CYLLECTBYET PUCK MTHOPUPOBAHUA PErmoHabHbIX
COLMANbHO-9KOHOMMYECKMX,  OPraHM3aUMOHHO-ObITOBbLIX,  YMPABNEHYECKMX W MPUPOAHbIX
0CODEHHOCTEN, YTO, B CBOKO OYepe/lb, MOXET MPUBECTU K HEpaLMOHANbHOMY WMCMO/Ib30BaHMIO
4e10BEYECKMX PECYPCOB M CHUXKEHMIO SPPEKTUBHOCTM peanm3aumm MHCTUTYTA «ODLLECTBEHHbIX
pPaboT» B OTAE/NbHO B3ATbIX PETMOHAX.

BBmay 4ero, MecTHbIM WCMOAHUTENbHbIM OpraHam chefyeT B OMNepaTUBHOM nNopsaaKe
pa3paboTaTb HOPMATMBHOE MOCTAHOBAEHME aKMMaTa AMDBO HOPMATMBHO-MPABOBOE pelleHue
akmma c yyetom nonoxeHuni 3PK ot 23 aHBapsa 2001 roga Ne148-11 «O mecTHOM rocy4apCTBEHHOM
ynpasneHun u camoynpasneHum B Pecnybnmke KasaxcTaH», paspellarollee BOMPOC O BMAAX
0bUEecTBEHHbIX PAabOT, a TakKe nepevyeHb OpraHM3aLUmii B KOTOPbIX OyAeT UCNONHATHCA AaHHbIN
BMA, aAMUHUCTPATUBHOIO B3bICKaHMA.

B HacTOAllee BpemA aAMMHUCTPATUBHOE B3bICKAaHME B BMAe 0OLLECTBEHHbIX pPaboT
npeanonaraeTca TOAbKO MO CAeayowemy paay COCTaBOB:

1) TpoTMBONpaBHbIE AENCTBUA B Chepe ceMenHO-ObITOBbIX OTHOLIEHNI (CM. ab3. 2 u. 1, ab3.

2 4.2 cT. 73 KoAN PK);

13 Online.zakon.kz, YronosHo-ucnonHuTenbHbI Koaekc Pecnybamku KasaxctaH ot 05 uiona 2014 roaa
Ne234-V, // https://online.zakon.kz/Document/?doc id=31577723&p0s=955;-45#p0s=955;-45 [ara
obpauweHua: 01.07.25r.

14 Adilet.zan.kz, Mpukas MuHUcTpa BHYTpeHHMX Aen Pecnybankm Kasaxctan «O6 yTreepaeHumn Mpasun
OopraHusaLmMm BbINOIHEHMA 06LLLECTBEHHbIX PaboT NLAMK, OCYKAEHHBIMM K IaHHOMY BUAY HaKa3aHMA» OT
2 nioHAa 2017 roaa Ne 386’ 3apeructpupoBaH B MuHuUcTepcTee toctnumm Pecnybankm KasaxctaH 5 mions
2017 roga Ne 15311’ // https://adilet.zan.kz/rus/docs/V1700015311 [aTta obpaweHua: 01.07.25r.
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2) Menkoe xynmraHcTBo (cm. ab3. 2 4.1, ab3. 2 4.2 cT. 434 KoAll PK);

3) 3arpsisHeHuMe mecT 06LLIero noab3oBaHMa (cm. ab3. 2 4.1, ab3. 2 4. 2 cT. 434-2 KoATll PK);
4) 3aBefoMO NI0XKHbIN BbI30B CneumabHbix Ciyxb (cm. ab3. 2 4.2 cT. 438 KoATll PK);

5) PacnuTue ankoronbHbIX HaMUTKOB MAK NOSBAEHWE B ODLLECTBEHHbIX MECTax B COCTOSHUM

onbAHeHMA (cm. ab3. 2 4. 3 cT. 440 KoATll PK);

6) HenoBuMHOBEHME 3aKOHHOMY TpeboBaHMIO /MLA, Y4YacTBylUEro B obecneyeHue
0bLIecTBEHHOro nopaaKa (cm. abs. 2 u. 2 cT. 443 KoATll PK);

7) MpucTaBaHMe B 06LLIECTBEHHbIX MecTax (cm. ab3. 2 u. 2 cT. 449 KoArl PK);

8) HapyweHne npasBun AOBMMKEHMS MNewexodamn M UHbIMW - YYaCTHUKAMKW  [AOPOMKHOIO
ABUKeHUs (cm. ab3. 2 4. 4 cT. 615 KoAl PK);

9) MpoaBneHune HeyBaxkeHMa K cyay (cm. ab3. 2 4. 1, ab3. 2 u. 2 cT. 653 KoArl PK);

10) HencnonHeHne npuroBopa cyda, PelweHus cyaa, WAM UMHoro cyaebHoro akta w
MCNONHUTENBHOIO AOKYMEHTa (CM. ab3. 2 4. 1 cT. 669 KoArll PK).

Mo 3aaBneHMaAM MUHKUCTPa tocTnum  PK — Asamata EcKapaeBa «NpUMeHeHue
obLLEeCTBEHHbIX PabOT B pamkax Aen 06 afAMUHUCTPATUBHbLIX NPABOHAPYLWEHWAX BO3MOMXKHO MO
Lenomy pasdy COCTaBOB C Y4ETOM COMOCTaBUMOCTM aAMUHUCTPATUBHOIO B3bICKAHWUA C XapaKTepom
W CTeneHbto 06LLEeCTBEHHOM ONACHOCTU aAMUHUCTPATMBHOIO NPAaBOHaPYLWeHMA, ero NocAeACTBUN,
JIMYHOCTHbBIX 0COBEHHOCTEN BUHOBHOMO». 1

OnpepeneHne cTeneHn oOWeECTBEHHOM BPeAHOCTM AEAHWN MNpaBOHapylwMTena w
[anbHeKlee COMNOCTaBAEHME C TAKECTbIO HAKNa4blBAEMOro aAMMHUCTPATUBHOIO B3blCKaHWME
HeobxoAMMO A1 COBPEMEHHOW CUCTEMbI aAMUHUCTPATUBHO-AENMKTHOrO Npasa. Onpeaenexuve
BMAA  AOMWHUCTPATMBHOIO  B3bICKAHWA,  HaKNa4blBaeMoOro Ha MU0 cOBepluMBliee
aAMUHUCTPATUBHOE MpaBOHapyLlleHWe [OOCTaTOYHOE AJ1A ero «BOCMUTaHWMA», UMMEET 3TUKO-
NpaBoOBOe OCHOBaHMe.

TaK, cornacHo baHwmkoson, C. J1. (2011) cyuwecTtByeT HeoOXOAMMOCTb BBEAEHMUS
0b6a3aTeNbHbIX 06LLECTBEHHbIX PaBOT ANA NULL HE UCNONHAILLMX POAUTENbCKME 0DA3AHHOCTM UK
MCNONHAIOWMX UX HEHAA/IeXKALWMM 0D6Pa3OM B LLENAX UX PECOLLMANM3aLIMM, TaK KaK HPAaBCTBEHHbIN
NOPTPET TaKMX 3aKOHHbIX NPeACcTaBUTeNeN (ONeKYHOB) 3a4acTyto ABNAETCA acolManbHbIM. BmecTe
C 3TMM NOAHMMAETCS BOMPOC O TAKOM 3/1EMEHTE, Kak «0e3B03Me34HOCTbY» M, YTO OH CTAHOBUTCS
KPaeyroibHbIM  KaMHeM B  pecoumanmsaumMm  KaTeropmu rpaxaaH, MpUBIEKAEeMbIX K
OTBETCTBEHHOCTM MO BblIlleyKa3aHHbIM COCTaBaM.

B oTOoM cBA3M, MO Hawemy MHeHWo, chepy NpPUMeHeHns obLlecTBeHHbIX paboT B
aAMMHUCTPATUBHO-AENMKTHOM 3aKoHoAaTenbcTBe Pecnybankm KasaxctaH BOSMOXKHO pacwmMpuTb
3a CYET BKJIOYEHNA B Hee cTaTbk 127 KoAll PK.

Mcnonb3oBaHMe WHCTUTYTA «ODOLWLECTBEHHbIX PaboT» B pamMKax aAMUHUCTPATUBHO-
OEeNMKTHOrO NpaBa He ABASETCA NPaBoOBON MHHOBALMeEN B chepe npasBa U MUMEET CBOE OTparkeHume
B MEXAYHAapOAHOM NPOCTPaHCTBeE.

Tak, cornacHo ctatbe 3.13. Kogekca Poccuiickon ®epepaumnm 06 aaMUHUCTPATUBHBIX
npasoHapyleHusax ot 30.12.2001 roga Ne195-®3 (danee — KoAl P®)® MHCTUTYT 06LLECTBEHHbIX
paboT No cBOeM Npupode COOTBETCTBYET aHa/fIOrMYHOMY MHCTUTYTY, BBeaéHHoMy B PK, 3a
NCKNOYEHNEM TEPMUHONOTMYECKOTO Pa3/inina B €r0 HAaMMEHOBAHMUN.

15 Inform.kz, AsamaT Cbizabikb6aes (2024), MexayHapoaHoe MHGopMaLMOHHOe areHTCTBO «KasnHpopm»’
MpuBnekatb K 06LecTBEHHbIM pabotam «LWTPapHUKOBY cMmoryT akumarbl’ //
https://www.inform.kz/ru/privliekat-k-obshestvennim-rabotam-shtrafnikov-smogut-akimati-102aa6 ~ [ata
obpauweHua: 01.07.25r.

%Consultant.ru, Kopgekc Poccuiickoit ®Pepepaumm 06 agMUHUCTPATUBHbLIX MNPABOHAPYLUEHMAX OT
30.12.2001r. N2195-®3 // https://www.consultant.ru/document/cons doc LAW 34661/ [laTa obpalieHua:
02.07.25r.
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OpHol n3 Hambonee cbanaHCMPOBAHHBLIX M MPArMaTUYHbBIX MPABOBbLIX KOHCTPYKUMIA B
KOHTeKcTe pedOpPMMPOBAHUA AOMUHUCTPATMBHO-AEMKTHOIO MNpaBa ABAAETCA KOHCTPYKUMA,
peannsoBaHHaa B Kogekce YKpanHbl 00 aAMUHUCTPATMBHbIX NpaBoHapylueHmnax oT 07 aexkabps
1984 ropa Ne8073-X (danee — KYoAr)Y .

KYOAI coaepXuT eauHbIi WMHCTUTYT, Pasaensatolmnit  s1emeHTbl BO3ME3ZAHOCTU U
6e3B803Me34HOCTM MOCPEACTBOM HOPMATUBHOMO 3akatodeHMs B ctatbax 30-1, 31-1 KVYoAll.
[aHHasa KOHCTPYKUMA NO3BONAET CyAy B Cy4Yae HaAMYMA anbTePHATMBHOM CaHKLMM MPUMEHUTD
Hbonee AeMCTBEHHYIO MOAENb.

BbllweyKka3aHHble MPaBOBble MOAENN HEe UCMOMNb3YIOT 31EMEHT «Ccornacma», Ho B Koaekce
Pecnybnmkn benapycb 06 aAMUHNUCTPATUBHbIX NpaBoHapyLleHmax oT 06 sHeapa 2021 roga Ne91-3
(Oanee — KoAll PBE)'® ucnonb3yetcs NpakTUYECKM MAEHTUYHAsA KOHCTpyKuma c KoAMN PK. Tak,
cornacHo 4actm 3 ctatbM 6.5 KoAll Pb «ObuiectBeHHble paboTbl MOryT HasaraTbCsa CyAOM Mpu
HaAN4MK cornacua GUan4ecKoro ML, COBEPLLMBLLETO aAMUHUCTPATMBHOE NPaBOHApyLWeHMe, Ha
X MPUMEHEHMEY.

CnepyeT OTMETUTb, YTO Npu GOPMUPOBAHUU KOHCTPYKUMM MHCTUTYTA OBLLECTBEHHbIX
paboT 3akoHoaaTenb PK  opueHTMpoBanca nNpeMmylLecTBEHHO Ha MPaBOBYKD  MOAENb
peann3oBaHHY B 3aKOHOAAaTeNbCTBE PB, HECMOTPA Ha HaMUMe anbTepHATUBHOW M Bonee rmbKow
MOZENN, 3aKpenneHHon B KYOATT.

IV.3aKkntoueHue

C y4eToM NpaBoOBbIX aCMEKTOB MHCTUTYTa 0bLWecTBeHHbIX paboT B Pecnybanke KasaxcTaH,
a TaKXXe NocpeACTBOM NPOBEAEHWA Napanienm ¢ 3apy0erKHbIMN UCTOYHMKAMM aAMUHUCTPATUBHO-
[leNIMKTHOTO NpaBa, Npeasiaraem psaz, KOHLUENTYaNbHbIX MOAENEeN/KOHCTPYKLUMIA, HAaNpPaBAEHHbIX Ha
npeoaoneHmA NapaoKca, BOSHMKAOLWENO B NPAaBONPUMEHUTENBHON NPAKTUKE N HUBEAMPOBAHWA
[EeKNapaTMBHOCTM HOPM, 3aKPENAALWMX aAMNUHNUCTPATUBHOE B3bICKaHME B BUAE KNPUBIEYEHMNA K
obuwecTBeHHbIM paboTamy.

B nepsyto ouepeab cneyeT BHECTU CYLLECTBEHHbIE KOPPEKTMBbLI B COLMANbHYIO MONUTUKY
rocyaapcrea, cbopMMpPOBaB NO3UTUBHYHO NOBEAEHYECKYIO MAEHTUDUKALMIO NLLA, BbINOMHAOLWETO
obLLEeCTBEHHO Mone3Hble paboTbl Ha He3B03Me34HON OCHOBE, YTO MpeaAcTaBnAeTcA 0cobeHHO
aKTya/lbHbIM B C/lyYyae COXpaHeHMs anemeHTa «bHe3Bo3mes3gHOCTM» MO MHMUMaTMBE
npaBo3awmTHOro 6a10Ka MMbo Npu GopmmMpoBaHMM COOTBETCTBYIOLLETO NMPABOBOrO MHCTUTYTa MO
aHanormm ¢ Hopmamm KYoArl.

Bo BTOpYtO ouepeab cneayeT BbI6paTb OAHY M3 CAeAyoWwmMX NPaBOBbIX KOHCTPYKLMIA:

1) EAMHbLIA MHCTUTYT «ODLLIECTBEHHbIX PaboT» C 31EMEHTOM BO3ME34HOCTM M COrnacus

npaBoHapyLwnTena ¢ npumeHeHnem AB;

2) EAMHBIA MHCTUTYT «ODOLLECTBEHHbIX pPaboT» C 3nemeHTamu 6e3B03Me3qHOCTM W
BO3ME3AHOCTM  C  BO3MOXHOCTbIO  MpMBAEYEHMA K aAMWHUCTPATUBHOM
OTBETCTBEHHOCTM C Y4ETOM Pa3nYHbIX 06CTOATENbCTB B€3 yyeTa «cornacmay.

B-TpeTbux, cneayeT npoBecT OGyHKUMOHaNAbHOe pedopmMMpoBaHME MyHUUMNAAMTETA
(OpraHOB MeCTHOro camoynpaB/ieHWsi) B PamMKax BHeAPEeHWA MOMHOMOYM MO pa3paboTke
NOA3aKOHHbIX aKTOB, PEeryivMpylowmx COOTBETCTBYytOWME Bonpockl. CneayeT MNpoBeCTM
Pa3bACHUTENbHYIO PaAboTy MO [AaHHOM 4YacTm  Ana npeacTaBUTeNen OpraHoB  MECTHOrO
CaMOynpaBieHMA B cenax, paroHax M ropogax 4Tobbl MCKAKOYUTL pacxoXAeHWe B NpaBOBOM
BMAEHWUM MHCTUTYTA «0bLLECTBEHHbIX PaboT».

7 Continent-online.com, Kogekc YkpanHbl 06 agAMUHMUCTPATUBHbIX NpaBoHapyLeHusax ot 07 gekabpsa 1984
roma Ne8073-X // https://continent-online.com/Document/?doc id=30418317#p0s=991;-58 paaTa
obpauweHua: 02.07.25r.

18 Pravo.by, Kogekc Pecnybamkm Benapycb 06 agMUHUCTPATUBHBIX NpaBoOHapyLeHuax ot 06 ansapa 2021
roga Ne91-3 // https://pravo.by/document/?guid=12551&p0=HK2100091 AaTta obpaweHuna: 02.07.25r.
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HoBenna Hamu ouUeHeHa NOMIOKUTENbHO, OAHAKO MO BbllleyKa3aHHbIM NPUYUHAM eé
peannsauma MOXKeT HOCUTb B 3HAYMUTEIbHOM CTENEHN AeKNapaTUBHbIN xapaKkTep. Halwu BbIBOAbI U
pPeKOMeHAAUMM He NPETEHAYIOT Ha CTAaTyC KUCTUHbI B MOCAEAHEN MHCTAHLUMMY, @ NNLLb OTPaXKatoT
aBTOPCKOE BMAEHME B KOHTEKCTE PAaCCMATPMBAEMOTrO MapadoKea.

Hapeemcsa, 4TO npeasioXeHHble NOAXOAbl MPUBAEKYT BHUMaHME  OPUANYECKOTO
coobuecTBa U WMPOKON 0BLWECTBEHHOCTM K HEOOXOAMMOCTU COBEPLIEHCTBOBAHMA MPAaBOBOrO
PeryMpoBaHNA MHCTUTYTa obUWEecTBEHHbIX PaboT B aAMMHWUCTPATUMBHO-AEIMKTHOM Npase
Pecnybnmkmn KasaxctaH. [MOCKOMIbKY BHEAPEHME MHCTUTYTa HamedeHo Ha 1 ceHTabpa 2025r,
YNO/IHOMOYEHHbIM ~ OpraHam  cieAyeT  He3amed/IMTeNbHO  MOAroTOBUTb M MPUHATH
COOTBETCTBYIOLLME N3MEHEHNA 1 gonosiHeHWs B KOAT PK Bo nsbexkaHune AeknapatMBHOCTM HOBOTO
MexaHn3mMa M 418 NOoBbIWEHNA ero 3PPEeKTUBHOCTU.

Reference:
1. KoHctutyuma Pecnybnmkm Kasaxctan oT 30 asrycta 1995 roga (C M3MeHeHUaMU U
AOMNONHEHUAMM no COCTOAHMIO Ha 19.09.2022 r.) //

https://www.akorda.kz/ru/official documents/constitution JaTta obpauweHua: 23.06.25r.

2. KoHBeHums MexayHapoaHoit OpraHmsaumm  Tpyaa «O  NpUHYAUMTENBHOM  WUAK
obasaTensHom Tpyae» Ne29 ot 28 uoHa 1930 roga’ PatuemumposaHo 3PK Ne 120-M ot
14.12.2000r // https://online.zakon.kz/Document/?doc id=1011031&pos=3:-
106#pos=3;-106 [aTa obpatleHma: 23.06.25r.

3. Kopgekc Pecnybaunkn KasaxcTaH 06 agMMHUCTPATUBHbIX MpaBOHapyLweHuax oT 5 nona 2014
roga Ne 235-V (C M3MEHEeHUAMM U AOMNOAHEHUAMM MO cocToAHuo Ha 01.07.2025 r.) //
https://online.zakon.kz/Document/?doc id=31577399&p0os=5;-108#p0os=5;-108 [aTa
obpaueHus: 30.06.25r.

4. YronosHbI KogeKe Pecnybamkn KasaxctaH ot 3 nona 2014 roga No 226-V (¢ usmeHeHuamun
" AOMNOAHEHMAMM no COCTOAHUIO Ha 19.05.2025 r.) //
https://online.zakon.kz/Document/?doc id=31575252&p0s=5;-108#pos=5;-108 [aTa
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Abstract. This paper proposes an integrated framework for managing ESG risks and
qguantifying the carbon footprint of key technological processes in mining operations. By
combining Enterprise Risk Management (ERM) principles with carbon accounting standards
(ISO 14064-1), the model enables systematic identification, assessment, and mitigation of
environmental, social, and governance risks. A Systems Engineering approach—leveraging Quality
Function Deployment (QFD)—aligns stakeholder values with capital decision criteria and embeds
carbon-reduction objectives at the design stage. The framework was validated via case studies of
open-pit operations in Latin America, demonstrating up to 21 % reduction in CO, intensity and
24 % lower ESG risk exposure within 36 months. Key modules include an ESG Risk Identification
engine, a Carbon Accounting suite, a QFD-based Decision Support System, Stakeholder
Engagement mechanisms, and Continuous Improvement loops. The proposed model contributes
a replicable architecture for decarbonization and resilience in resource-intensive industries.

Keywords: ESG risk management; carbon footprint; systems engineering; mining
operations; Quality Function Deployment.

The mining sector faces unprecedented pressure to reconcile growth in mineral production
with sustainability imperatives. Intensified scrutiny of greenhouse gas emissions, water stress, and
social licence to operate demands integrated approaches that marry risk management with
carbon accounting. Traditional siloed practices—where ESG considerations are appended
post-planning—fail to mitigate “locked-in” design risks and impede decarbonization targets. An
integrated model that embeds ESG and carbon objectives into the lifecycle of mine planning is
essential to achieving both financial and environmental resilience.

As depicted in figure 1, the end-to-end mining value chain encompasses surface extraction
and underground development, material handling with excavators and bucket-wheel stackers,
haulage via dump trucks, comminution and beneficiation in processing plants, and final product
fabrication. This schematic highlights the critical interdependence of geotechnical parameters,
material flow optimization, and energy-intensive unit operations. Embedding an integrated
ESG-carbon management framework across these stages enables simultaneous monitoring of
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scope 1-3 emissions, life-cycle energy consumption, and governance risk exposure. By overlaying
carbon accounting at each node of the mine-to-market continuum, organizations can proactively
quantify their environmental footprint, align with decarbonization targets, and fortify resilience
against regulatory and market-driven sustainability imperatives.

Figure 1. Isometric infographic of mining operations workflow from surface extraction through
processing to finished products.

Recent scholarship underscores the need for holistic frameworks in mining’s ESG domain.
Nehring and Knights (2024) introduced a Systems Engineering QFD methodology for early-stage
mine design, demonstrating its efficacy in aligning stakeholder priorities with technical outcomes.
Reuters analysis highlights looming water-stress risks in major mining jurisdictions and predicts a
500 % surge in demand for transition metals by 2050, exacerbating ESG vulnerabilities without
robust management. EY’s ERM guidance advocates for a common risk language to integrate ESG
factors into mainstream processes, enhancing strategic resilience. Farmonaut (2025) ranks carbon
emissions, waste reduction, and governance transparency among the top investment drivers in
mining, signalling market incentives for decarbonization. Despite multiple standards (IRMA, TSM,
ICMM), few models concurrently address quantitative carbon metrics and qualitative social
mandates, indicating a research gap.

The model was developed through a multi-phased research design:

1. systematic literature review of ISO 14064, ERM frameworks, and ESG standards;

2. synthesis of QFD patterns for mapping stakeholder value drivers into mine design

requirements;

3. case-study implementation at two Latin American open-pit operations, where baseline

ESG risk scores and carbon intensities were established;
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4. deployment of model modules and monitoring over 36 months;

5. quantitative analysis using before-and-after KPIs (carbon intensity, risk exposure index)

with statistical validation via Mann—Whitney U test (p < 0.05)

Table 1. Integrated model components

Component Description KPI Impact Reference
ESG Risk | Automated ERM engine classifies 85% of | =24 % in | Nehring
Identification ESG events by severity and likelihood via | composite & Knights 2024
Module rule-based and ML algorithms ESG risk

exposure

index
Carbon Lifecycle carbon quantification per | -21% CO, | Reuters ESG
Accounting ISO 14064-1, integrating scope 1-3 | intensity Watch 2024
Suite emissions (kg CO, /t ore)
QFD-based Maps 31 stakeholder value drivers into | +30 % clarity | Nehring
Decision engineering requirements using QFD | in strategic | & Knights 2024
Support matrices capital
System decisions
Stakeholder Real-time dashboard for social licence | -18 % Reuters Water
Engagement metrics; reduces conflict incidents via | stakeholder Issues 2024
Module proactive outreach grievances

per annum
Continuous PDCA-aligned cycle automates monthly | -40%  cycle | EY ERM
Improvement | ESG reporting and corrective action | time for | Guide 2019
& Reporting workflows compliance

reporting

The ESG Risk Identification Module leverages a hybrid ERM-ML approach, outperforming

traditional checklists by reducing risk exposure by nearly a quarter. Carbon Accounting Suite
ensures robust measurement of direct and indirect emissions, achieving over 20 % reduction in
CO, intensity within the first project year. QFD-based support enhances decision transparency,
accelerating capital approvals. Stakeholder Engagement Module’s real-time analytics minimize
community disputes, key to maintaining operational continuity. Continuous Improvement loops

institutionalize feedback, halving reporting times and embedding ESG compliance into daily

operations. Collectively, these modules synergize to deliver both environmental and governance

objectives alongside operational efficiency.

To validate the integrated model, two Latin American open-pit operations were monitored

over 36 months. Key performance indicators (KPIs) demonstrated statistically significant
improvements (Mann—Whitney U test, p < 0.05):

Table 2. Case study KPI improvements (baseline vs. 36 months)

KPI Baseline After 36 months A (%)
Composite ESG Risk Exposure Index 62.4 47.4 -24.0
Carbon Intensity (kg CO, / t ore) 95.2 75.2 -21.0
Strategic Decision Cycle Time (days) 120 72 -40.0
Stakeholder Grievances (per 1 000 people) 8.3 6.8 -18.1
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Integration of the ESG Risk Identification Module accounted for the largest single-factor
impact (—24 % in risk index), while the Carbon Accounting Suite drove the 21 % reduction in
scope 1-3 emissions. The QFD-based DSS compressed the strategic decision cycle by 40 %,
corroborating its efficacy in translating stakeholder salience into engineering deliverables.
Sensitivity analysis revealed that a 10 % variation in ERM-ML algorithm thresholds shift the
composite risk index by +2 pp, indicating robust parameter stability.

Baseline ESG & Carbon Audit

'

Module Deployment

e

ESG Risk Identification Carbon Accounting Suite QFD-based DSS
. . . Emission Reduction Capital Approval
Risk Mitigation Actions
Plans Workflow
Continuous

Improvement Loop

Figure 2. Architectural blueprint of the integrated ESG—carbon management model, depicting
module interactions and continuous feedback loops.

This study presents a replicable, systems-engineering approach that coalesces ERM,
ISO 14064 carbon accounting, and QFD methodologies into a unified ESG-carbon management
framework. Empirical validation across two major open-pit sites demonstrated:

e 24 % reduction in composite ESG risk exposure
21 % decrease in carbon intensity (kg CO, / t ore)

e 40 % acceleration of strategic decision cycles

o 18 % fewer stakeholder grievances

Sensitivity and robustness analyses affirm the model’s resilience to parameter uncertainty.
By embedding sustainability imperatives at the design stage and institutionalizing continuous
improvement, mining enterprises can achieve operational resilience, regulatory compliance, and
enhanced social licence to operate. Future research should extend this architecture to
underground operations and evaluate long-term decarbonization trajectories under dynamic
carbon pricing regimes.
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Abstract

The dental business is one of the priority sectors in the global market, driven on one hand by the
specificity of the field and on the other by the relevance of healthcare. The prevalence of oral
diseases is considered one of the global challenges in the world health system. Currently, dentistry
faces a critical problem of access to dental services, which is particularly acute in economically
developing countries, especially among their low-income populations. It should be noted that the
issue of access to dental services is also observed, with varying intensity, in economically
developed countries. An effective method to solve this problem is considered to be the
development and implementation of efficient marketing strategies, which we analyze in this
paper.

Keywords: marketing, strategies, dentistry, business, international.

Introduction

Interest in the oral cavity and maintaining its health has attracted public attention since ancient
times. Despite extensive research, it remains one of the pressing problems and challenges in
medicine today. Despite long and comprehensive studies of etiological factors, pathogenesis, and
the ongoing renewal of prevention and treatment methods, oral diseases remain a significant
issue. The prevalence of this group of diseases continues to hold a leading position and remains a
global burden on the world health system in the 21st century. Most of these diseases begin in
childhood and represent a risk for the development of oral and systemic diseases, affecting not
only pediatric but also adult populations. Oral diseases pose varying degrees of risk to life and
unconditionally diminish quality of life.

Research into the etiopathogenesis of oral diseases, discovery and implementation of new
effective diagnostic, treatment, and prevention methods are essential prerequisites for solving
this problem, though not the only ones. Currently, dentistry faces the pressing issue of access to
dental services, which is especially relevant for economically developing countries and their low-
income populations. The problem of dental service coverage is also noticeable, to some degree,
in economically developed countries. The utilization rate of dental clinics is considered a key
indicator of dental service coverage, and this remains a significant challenge worldwide across
developed, middle-income, and low-income countries alike. Increasing patient flow to dental
clinics is a primary challenge for clinic managers, especially amid market expansion and increasing
competition. The development and implementation of effective marketing strategies are regarded
as a tested solution to this problem. This consideration has been fundamental in formulating the
aim of our study.

Aim of the Study

The aim of the study is to fundamentally explore dental business marketing by reviewing and
analyzing international experiences.

The subject of the research is the practice of successful dental businesses worldwide.

The object of the research is the comprehensive study of dental business marketing.
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Research Method

The study employs secondary research methods, which involve analyzing existing information
and drawing conclusions.

Discussion and Results

Marketing research in dental business has a long history. However, according to the latest
literature, current research focus is on economically developing countries, including post-Soviet
states, Eastern Europe, the Middle East, and others.

The shift to commercial models in these countries has greatly influenced the development of the
dental business. The commercial dental market has grown significantly over the past two
decades. One of the driving factors for this growth was the challenge of healthcare system
funding in several countries. Researchers widely discuss the mismatch in recent years between
the reality and offerings in dental markets: formally, consumers can access nearly any high-
standard dental service at an affordable price, yet actual availability remains problematic. The
quality of dental services is no longer debated, but access remains a key issue. This is a concern
not only among researchers and service providers but also the public.

The current demand for accessible dental services is driving increased service provision in
various segments. This situation highlights challenges related to dental clinic brand positioning
and underscores the importance of competent, strategic, and scientifically grounded promotion
of services.

The issue becomes particularly acute in countries where paid dental services are offered not only
by private entities but also by public medical institutions. Additional self-financing by clinics
offers opportunities to secure further financial resources for their business. In this regard,
marketing policies for paid medical services play a crucial role in the operations of public health
institutions (Bahabri RH, Zaidan AB. 2020, Modha B. 2023).

As is well known, the main source of income for dental clinics or offices is the sale of paid medical
services. To succeed in the dental market, a company must provide high-quality and competitive
services. Achieving high performance in these parameters requires thorough market research,
identification of priority dental service types, and their effective offering to paying populations.
Healthcare marketing, especially dental service marketing, differs from other business sectors. The
American Medical Association defines healthcare and dental marketing as a comprehensive
process of planning economically viable production management of medical services, including
pricing policy and service promotion. Russian researchers view healthcare marketing as a system
of principles, methods, and measures based on comprehensive consumer demand research and
targeted medical service offerings by providers (Lee S-Y, Kwak M-G, Kim M-J, et al. 2021).
Researchers argue that business planning and management processes should be preceded by
analysis of an economic entity’s internal and external environment. Therefore, healthcare
marketing is regarded as a management system based on comprehensive market analysis of
external and internal factors, enabling the identification of commercially most profitable areas for
delivering and selling medical services.

Analysis of various studies and literature shows that in some countries, although marketing in
healthcare is not new and has a long history, it has not yet taken a leading position in the formation
and development of dental market relations. In countries with mandatory health insurance, health
services, including dental care, are typically provided under this system. Industry adaptation to
modern social development includes continuous formation of market management mechanisms.
Currently, there is a growing need to develop new technologies aimed at improving management
methods and mechanisms for medical enterprises in accordance with contemporary market
realities.

An indicator such as the "quality" of dental services is influenced by multiple factors and is
collective in nature. Key among them are the qualifications of medical personnel and the quality
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of material-technical resources. Alongside these, several auxiliary factors also impact consumer
perceptions, including the diversity, effectiveness, and quality of dental services. In this regard,
marketing management of commercial dental enterprises aligns with current market
development conditions (Alkadhi OH, Aleissa NK, Almoharib MK, et al. 2020; Hassan S, Bhateja S,
Arora G, et al. 2020).

Researchers consider one of the main functions of marketing in dentistry to be the study of
consumer demand for specific dental services. This function gains strategic importance at the
national level since its implementation by commercial organizations under economically stable
conditions should lead to an increase in the range of medical services provided and, consequently,
improve the quality of dental services in the country. Studying the competitive market should also
drive improvements in the quality of paid dental services, as companies determine their strengths
and weaknesses by analyzing competitors, shaping their capabilities and risks at startup and
subsequent stages. Service effectiveness is another crucial factor in the concept of dental service
guality because it defines the final result of service delivery, which is essentially what interests the
consumer most.

From a modern market perspective, factors like patient care quality are among the most important
aspects of dental services. A clinic’s systematic and consistent work on service quality allows it to
gain additional competitive advantages. Joint analysis of primary and secondary marketing factors
described by researchers influences service quality and enables business managers to promptly
identify service deficiencies and take effective measures to improve the situation.

Conclusion

In summary, analysis reveals that researchers pay considerable attention to marketing dental
services. They propose various marketing strategies whose implementation will enhance the
effectiveness of marketing activities in commercial dental organizations, leading to increased
competitive advantages and overall improvement in the quality of both internal and external
dental business operations.

Based on secondary research, it is concluded that:

e There is a particular need to study and implement effective marketing strategies in the
dental business in post-Soviet, Eastern European, Middle Eastern, and other economically
developing countries;

e The contemporary market conditions of the dental industry have created specific
characteristics, including high social responsibility of business entities, conditional division
of services into urgent and deferred demands, heterogeneity of supply, and the presence
of alternative, free options to meet.
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Abstract

This article analyzes the digital transformation of the Malagasy public administration, focusing on
its effects on human resources management. Based on a documentary analysis of institutional
sources and academic literature, it shows that the deployment of digital platforms such as SAFI
and AUGURE reflects more than just a technological shift—it marks a structural reconfiguration of
public management. The study highlights how this transition redefines administrative procedures,
demands new skill sets, and challenges the traditional organization of the civil service. While digital
tools enhance transparency and efficiency, their success largely depends on the capacity of the
State to invest in the upskilling of public agents, ensure inclusive governance, and establish a robust
legal framework. The article argues that digitalization is not a substitute for public servants but a
lever to modernize their roles. However, without proactive adaptation strategies and institutional
support, it risks generating new forms of inequality and resistance. This exploratory work lays the
groundwork for future empirical research on the socioprofessional impacts of digital reforms in
African public sectors.

l. Introduction

A I'heure ol les administrations publiques dans le monde amorcent une transition vers une
gouvernance fondée sur le numérique, Madagascar s’inscrit progressivement dans cette
dynamique. Cette évolution ne reléve pas uniqguement d’un processus technique ou technologique
- elle sancre plus fondamentalement dans les dynamiques de transformation structurelle de I'Etat
et de son efficacité. Dans le cadre des théories de la croissance endogene, initiées notamment par
Paul Romer (1990), le progreés technique — souvent endogénéisé a travers I'accumulation des
savoirs et de I'innovation organisationnelle — joue un réle central dans la croissance économique
durable. Or, ce progres repose largement sur un facteur-clé : le capital humain, que Gary Becker
(1964) a conceptualisé comme un actif stratégique, fruit d’investissements en éducation, en
formation et en compétences.

Dans cette perspective, la digitalisation de l'administration publique ne peut étre pensée
indépendamment des ressources humaines de I'Etat, qui en sont a la fois les bénéficiaires, les
opérateurs, et parfois les victimes. A Madagascar, cette dynamique se traduit par la mise en ceuvre
progressive de plusieurs plateformes numériques, parmi lesquelles e-Hetra, e-TVA ou encore le
Systeme automatisé de gestion des finances publiques (SAFI), illustrant une volonté affirmée de
renforcer la transparence, I'efficacité administrative et la mobilisation des ressources fiscales. Cette
tendance se manifeste également dans la gestion des agents publics, avec la consolidation de la
plateforme AUGURE (Annuaire Unique de Gestion des Ressources humaines de I'Etat), qui
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constitue pour 'instant un outil central de pilotage stratégique des effectifs et de rationalisation
de la masse salariale. Si dautres plateformes numériques opérationnelles ou en cours de
développement existent, notre étude se focalise pour l'instant principalement sur ces systémes
clés.

Toutefois, cette transition s‘'opére dans un contexte budgétairement contraint. En 2024, la masse
salariale représente plus de 3 800 milliards d’Ariary, principal poste de dépense publique selon la
Loi de Finances Rectificative. Dans un souci de maitrise, I'Etat a gelé les recrutements directs (hors
corps de sécurité) en attendant les résultats d’une évaluation des effectifs optimaux. En 2025, la
Loi de Finances Initiale annonce une reprise sélective, ciblée sur des secteurs stratégiques comme
la santé, I'éducation ou la sécurité.

C’est dans ce contexte de mutations que se pose une question centrale : |a digitalisation constitue-
t-elle un levier de valorisation du capital humain public, ou bien risque-t-elle d’en accentuer les
fragilités ? Certaines fonctions administratives sont appelées a évoluer, voire a disparaitre ; d'autres
exigent des compétences nouvelles peu disponibles au sein de la fonction publique malagasy.
L'enjeu dépasse donc I'introduction d’outils technologiques : il interroge les capacités de I'Etat a
former, réorienter, et redéfinir les réles de ses agents dans un nouvel environnement numérique.
Le présent article se propose d’analyser les impacts de cette transition numérique sur les agents
de I'Etat & Madagascar, tant sous I'angle des ressources humaines (statuts, compétences, emploi)
gue sous celui des structures organisationnelles. L'analyse mobilise principalement des données
secondaires issues des Lois de Finances, des documents de réforme, ainsi que les informations
issues de la plateforme AUGURE, dans une perspective critique et prospective. L'objectif est de
replacer la question de I'administration numérique au cceur du débat sur la transformation de
I'Etat et |a valorisation de son capital humain.

Il. Méthodologie

I.1. Sources documentaires

Cette étude adopte une approche qualitative et exploratoire, centrée sur 'analyse des implications
humaines et organisationnelles de la digitalisation de I'administration publique a Madagascar. Il ne
s‘agit pas ici de mesurer quantitativement des effets déterminés, mais de comprendre les
dynamiques structurelles a l'oeuvre, a partir de données accessibles publiqguement et de
documents institutionnels.

LUanalyse repose sur une triangulation de sources secondaires officielles et académiques,
notamment :

v’ Les Lois de Finances successives (2022 a 2025), qui fournissent des données détaillées sur
. les dépenses de personnel,les allocations en faveur des technologies numériques,les
dispositifs de rationalisation de la masse salariale.

v’ La plateforme AUGURE, principale base de données en matiére de gestion des ressources
humaines de I'Etat, utilisée pour la cartographie des effectifs par ministére, I'analyse des
statuts (contractuels, fonctionnaires, ECD/ELD), le suivi des mouvements de carriére et de
la gestion prévisionnelle.

v' Une revue sélective de la littérature scientifique et institutionnelle portant sur la
digitalisation des administrations dans les pays en développement, les mutations des
fonctions publiques contemporaines, les enjeux de gestion des compétences et
d’adaptation organisationnelle.

I.2. Démarche analytique
La démarche adoptée combine deux niveaux d’analyse interdépendants, permettant une lecture
transversale des mutations en cours :
Analyse des transformations en matiére de ressources humaines :
v" Evolution de |a taille et de la structure des effectifs (par catégories, statuts, ages) ;
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v" Modification des profils de recrutement et politiques de formation continue ;
v Tensions potentielles entre groupes d’agents (contractuels vs statutaires, jeunes vs séniors,
ECD/ELD vs titulaires).
Analyse des transformations organisationnelles :
v/ Répartition et ciblage des investissements numériques entre ministéres et niveaux
d’administration ;
v Reconfiguration des circuits décisionnels et des chaines d’exécution ;
v Influence des contraintes budgétaires sur les priorités administratives et les marges de
manceuvre institutionnelles.
Une attention particuliere est portée a I'analyse des écarts entre les objectifs affichés dans les
textes (budgets, stratégies) et les réalités institutionnelles observables, afin d’identifier les
tensions, inerties ou effets pervers de la transition numérique. Ce regard critique vise a mettre en
évidence les enjeux souvent implicites, notamment en matiére d’adaptation du capital humain, de
gouvernance et de cohérence des réformes.
1. Résultats
[1.1. Avancement de la digitalisation
Depuis 2022, Madagascar connait une intensification progressive de la digitalisation de son
administration publique. Initialement centré sur la dématérialisation fiscale, le processus a franchi
un cap avec lintroduction de SAFI. Ce dernier vise a automatiser I'ensemble des opérations
budgétaires et a renforcer le contrdle sur la chaine des dépenses publiques.
Lannée 2024 a marqué une nouvelle étape dans cette dynamique, avec l'opérationnalisation de
plusieurs outils numériques complémentaires. La plateforme d’e-facturation, dédiée dans un
premier temps aux grandes entreprises, s'est déployée parallelement a un systeme de controle
automatisé de la TVA, consolidant ainsi la transparence des déclarations fiscales. En outre, Les
dispositifs de déclaration et paiement renforcent I'intégration numérique du systeme fiscal.
Ces évolutions s’inscrivent dans une stratégie plus large, portée par le Plan Général de I'Etat 2023—
2028, qui ambitionne une digitalisation compléte et fonctionnelle des services fiscaux d’ici
I"horizon 2028. Cette orientation traduit la montée en puissance d’une gouvernance publique qui
mise sur 'efficience, la tracabilité et la réduction de I'arbitraire administratif.
Parallelement a la réforme fiscale, le gouvernement a amorcé une profonde transformation
numérique de la gestion des ressources humaines a travers la plateforme AUGURE 2.0. Ce systeme,
pensé comme une solution centralisatrice, vise a atteindre une maturité digitale compléte d’ici
2027, en assurant une couverture progressive de l'ensemble des corps de l'administration
publiqgue. Cette couverture inclut notamment les agents des collectivités territoriales
décentralisées, ceux relevant de statuts spécifiques tels que les magistrats, les militaires ou les
enseignants contractuels, ainsi que les personnels des budgets autonomes.
La base de données consolidée ambitionne de référencer environ 190 000 agents publics, selon
les chiffres actualisés de 2023. Pour accompagner cette transition, AUGURE intégre des modules
fonctionnels avancés, allant de la gestion des missions, des formations et des évaluations au suivi
des carrieres et des mobilités internes. Lun des éléments clés du dispositif est I'introduction de la
Gestion Prévisionnelle des Emplois, des Effectifs et des Compétences (GPEEC), qui permet
d’anticiper les besoins en qualifications et de piloter la planification stratégique des ressources
humaines.
Sur le plan organisationnel, le programme s’appuie sur la création de Centres Interrégionaux de
Ressources (CIR), déployés dans les grandes zones administratives. Ces centres, équipés de
serveurs autonomes et de matériel informatique, sont animés par des agents techniques chargés
d’assurer un accompagnement de proximité aupres des utilisateurs régionaux.
Dans une perspective d’appropriation large et inclusive, une campagne nationale de vulgarisation
a été lancée. Elle couvre l'ensemble des 23 régions du pays, et mobilise divers supports
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pédagogiques tels que des supports variés de sensibilisation (tutoriels, radio, affiches, formations).
Des sessions pratiques de démonstration de l'application AUGURE Compte Agent permettent
également aux fonctionnaires de s’approprier I'outil dans leur environnement de travail.

Enfin, cette réforme numérique s’ouvre a l'international grace a des échanges techniques avec des
pays francophones plus avancés en matiere de gouvernance numérique —a I'image du Canada, de
Maurice ou du Sénégal. Des ateliers interinstitutionnels sont également organisés pour favoriser
le partage de bonnes pratiques et la construction d’une culture commune de la digitalisation dans
la fonction publique.

Ainsi, la stratégie numérique portée par I'Etat malgache repose désormais sur une vision
cohérente, pluriannuelle et résolument axée sur la performance humaine. Elle articule les
impératifs d’innovation technologique avec ceux de gouvernance des effectifs et de transformation
organisationnelle, placant I'agent public au coeur de la réforme.

[1.2. Impacts sur les ressources humaines

La transition vers une administration numérique a Madagascar ne transforme pas seulement les
outils de gestion et les processus : elle affecte en profondeur la structuration, la dynamique et les
compétences des ressources humaines de I'Etat. A travers les décisions budgétaires, les évolutions
organisationnelles et les objectifs de performance fixés, les agents publics deviennent a la fois
acteurs et objets du changement.

[11.2.1. Rationalisation des effectifs

En 2024, la Loi de Finances Rectificative a acté un gel des recrutements directs dans
I'administration publique, a I'exception des corps de sécurité et des services de souveraineté, dans
un objectif de maitrise de la masse salariale. Cette mesure a permis une réduction estimée a 272
milliards d’Ariary sur la dépense publique, traduisant une volonté de ciblage des recrutements.

En 2025, une reprise maitrisée des recrutements est prévue, avec 6 650 nouveaux agents a
intégrer dans la fonction publique, dont 2 150 par voie de concours, principalement dans les
secteurs jugés prioritaires : santé, éducation, sécurité. Cette orientation montre une logique de
requalification des ressources humaines, alignée sur les missions essentielles de I'Etat.

Cette évolution vers un pilotage plus serré des effectifs est appuyée par I'intégration dans AUGURE
de la GPEEC, outil permettant d’anticiper les besoins en effectifs et en compétences a moyen
terme, et de réaliser des projections quantitatives sur les départs a la retraite, les redéploiements
possibles, et les mangues a combler.

[11.2.2. Transformation des compétences

La montée en puissance de la digitalisation au sein de lI'administration malgache impose une
redéfinition progressive des profils de compétences requis pour exercer les fonctions publiques.
La ou les taches étaient autrefois largement centrées sur des opérations manuelles ou des
échanges physiques de documents, les nouveaux outils introduits appellent désormais une
maitrise effective des environnements numériques.

Ainsi, les agents sont de plus en plus sollicités pour utiliser des plateformes en ligne, produire des
rapports automatisés, assurer le traitement de données numériques, ou encore intervenir en
support technique de premier niveau dans certaines structures déconcentrées. Ces compétences,
autrefois considérées comme accessoires, tendent a devenir centrales dans le fonctionnement
quotidien des administrations.

Cependant, les constats internes du Ministére de I'Economie et des Finances (MEF) et de celui de
la Fonction Publique révelent que de nombreux agents en poste ne disposent pas encore des
compétences nécessaires pour répondre a ces nouvelles exigences. Le déficit est particulierement
marqué dans les régions éloignées, ol les opportunités de formation restent rares, et ou les
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infrastructures de soutien technique sont insuffisantes. Ce décalage crée un risque de fracture
numérique interne, exposant certains agents a des situations de marginalisation professionnelle,
voire a des reconversions non souhaitées en I'absence d’un accompagnement approprié.

Face a cette situation, le programme AUGURE a intégré une stratégie nationale de formation,
déployée a travers les Services régionales, les CIR, ainsi que des campagnes ponctuelles de
renforcement de capacités. Ces dispositifs visent a doter progressivement les agents des savoirs
numériques fondamentaux tout en identifiant des profils a spécialiser dans I'administration des
systemes et la gestion des données.

Néanmoins, le nombre d’agents effectivement formés reste encore limité a ce jour. Selon les
données de 2023-2024, le rythme de formation reste en deca des besoins réels, bien que les
autorités ambitionnent une accélération significative a partir de 2025. La réussite de cette
transition ne pourra se faire sans un engagement clair en faveur de la qualification continue,
accompagné d’un cadre institutionnel souple et inclusif, apte a reconnaitre et valoriser ces
nouvelles expertises au sein de la fonction publique.

[11.2.3. Tensions statutaires

La transition numérique de l'administration malgache s’inscrit dans un environnement
professionnel marqué par une hétérogénéité statutaire structurelle. Aujourd’hui, les effectifs de la
fonction publigque regroupent des fonctionnaires titulaires, des employés contractuels (ECD, ELD,
EFA), des agents locaux, ainsi que des enseignants FRAM, souvent recrutés de maniere
communautaire. Chacune de ces catégories repose sur des logiques spécifiques de recrutement,
de gestion et de rémunération.

Avec l'introduction des outils numériques ces statuts sont désormais confrontés a une nouvelle
grille de lecture administrative, centrée sur la tracabilité, la transparence et la standardisation.
Toutefois, cette modernisation technigue met en lumiere de fortes inégalités d’intégration.
Certains agents disposent d’un compte individuel leur donnant acces a des informations sur leur
carriere, leur position administrative ou leurs droits, tandis que d’autres — notamment parmi les
non-fonctionnarisés ou les agents communautaires — ne figurent méme pas dans les bases actives
du systeme.

Cette fracture numérique statutaire alimente un sentiment croissant de marginalisation chez les
agents non enregistrés, qui peuvent percevoir la réforme comme une forme de déclassement ou
de relégation. Lacces différencié aux outils, les disparités de traitement, et |'absence de
perspectives claires d’intégration dans le systeme numérique peuvent ainsi renforcer les tensions
sociales internes, particulierement dans les ministéres a forte concentration d’ECD/ELD ou dans
les zones rurales.

Face a cette réalité, il devient urgent d’envisager une stratégie d’harmonisation statutaire
progressive, articulée a une politique d’inclusion numérique. Cela implique de garantir un acces
équitable a AUGURE et aux autres systemes d’information, quel que soit le statut de I'agent, et de
mener un travail de reconnaissance juridique et administrative des formes d’emploi atypiques.
Sans ces mesures, le projet de modernisation pourrait renforcer les inégalités existantes et
engendrer un rejet silencieux mais profond de la réforme.

IV. Discussion

IV.1. Reconfiguration organisationnelle

La digitalisation de I'administration publique malgache induit une transformation structurelle des
organisations étatiques. Loin de se cantonner a un simple changement d’outillage, elle affecte la
répartition des responsabilités, la circulation de I'information et la nature méme des mécanismes
d’exécution.

Uintroduction de plateformes numériques modifie les circuits décisionnels en imposant une
logique d’automatisation, de centralisation des flux et de tracabilité. A titre d’exemple, la chaine
de la dépense publique se rationalise par des validations électroniques, limitant les marges
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d’interprétation locales. Ce recentrage technologique répond a une logique de réduction des co(ts
de transaction, au sens de Coase (1937), et renforce la gouvernance ex ante.

La gestion des ressources humaines devient elle aussi plus intégrée. Des plateformes comme
AUGURE rendent possible une gestion centralisée des carrieres, des affectations et de la masse
salariale. Cette centralisation, en réorganisant l'acces a l'information et en standardisant les
processus, modifie en profondeur les équilibres institutionnels.

Cette réorganisation reconfigure les rapports internes au sein de I'administration. Les directions
techniques et les unités de pilotage numérique gagnent en influence au détriment de certaines
structures déconcentrées. Ce phénomeéne s’inscrit dans une évolution vers un modeéle de
gouvernance plus horizontal, en cohérence avec les principes de la nouvelle gestion publique
(Hood, 1991), qui valorise la performance, la transparence et la responsabilité.

Linterconnexion croissante entre les services appelle a une coordination renforcée, mais aussi a
une redéfinition des réles, des procédures et des hiérarchies. Ce processus, bien qu’inspiré par des
finalités d’efficience, souléve des enjeux d’adaptation organisationnelle non négligeables.

IV.2. Défis de la déconcentration

La stratégie nationale de transformation numérique s’inscrit dans un contexte de déconcentration
administrative encore inachevée, ou de nombreuses directions régionales éprouvent des
difficultés a exercer pleinement leurs fonctions. Cette vulnérabilité tient principalement a
I'insuffisance des infrastructures de base — électricité, connectivité, équipements — qui
conditionnent toute tentative de modernisation de I'appareil administratif en dehors du centre.
Certes, le déploiement des CIR répond a une logique d’équité territoriale et de soutien a la
diffusion des technologies numériques. Ces structures sont concues comme des relais a la fois
techniques, logistiques et humains dans les grandes zones administratives. Toutefois, leur efficacité
opérationnelle demeure hétérogene : dans plusieurs régions, I'acces irrégulier a I'électricité et a
Internet rend difficile la synchronisation des données avec les plateformes centrales
compromettant ainsi la continuité de service et la réactivité locale.

D’un point de vue économique, cette situation peut étre analysée sous l'angle de la théorie des
rendements d’échelle croissants appliqués aux infrastructures publiques : les zones urbaines,
bénéficiant de meilleurs réseaux, voient leur performance administrative saméliorer plus
rapidement, tandis que les zones rurales — ou le co(t marginal d’installation est plus élevé —restent
marginalisées. Cela alimente une forme de fracture numérique institutionnelle, créant un dualisme
administratif entre régions connectées et zones enclavées, en contradiction avec 'objectif de
convergence territoriale porté par la réforme.

Par ailleurs, cette inégale capacité technique entre les échelons déconcentrés remet en cause le
principe de subsidiarité, selon lequel les décisions doivent étre prises au plus prés des citoyens.
LU'impossibilité d’accéder aux outils numériques centralisés ou de transmettre en temps réel les
données RH ou financieres réduit 'autonomie de gestion locale, et renforce paradoxalement la
dépendance vis-a-vis des services centraux. Ce paradoxe souligne les limites d’une
déconcentration asymétrique, ou les compétences sont transférées sans les moyens
correspondants — une problématique déja identifiée dans les pays en développement (Grindle,
2007).

Enfin, au niveau humain, cette disparité technologique génére un sentiment d’injustice
fonctionnelle parmi les agents, selon leur lieu d’affectation. Alors que certains bénéficient d’'un
acces permanent aux plateformes de gestion, dautres sont relégués a des pratiques
administratives obsolétes, parfois manuelles. Le risque est alors celui d’une désaffiliation
progressive vis-a-vis des réformes en cours, ou pire, d’'un désengagement institutionnel, freinant
la diffusion de la culture numérique dans I'ensemble du territoire.
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IV.3. Emergence d’une gouvernance numérique régionale

Malgré les limites structurelles mises en évidence précédemment, une dynamique
complémentaire se dessine a travers I'émergence d’une gouvernance numérique régionale fondée
sur le renforcement progressif des relais territoriaux. Si les déséquilibres d’accés aux
infrastructures numériques persistent, ils coexistent avec des initiatives organisationnelles qui
visent a structurer une autonomie fonctionnelle accrue au niveau local.

Dans une logique de décentralisation fonctionnelle, I'Etat malagasy amorce une reconfiguration
progressive de son architecture institutionnelle autour d’acteurs techniques territorialisés. Les CIR
initialement congus comme des structures d’appui logistique, endossent désormais un role plus
stratégique dans la conduite des réformes numériques. Leur mandat dépasse lassistance
technique ponctuelle : ils interviennent dans le déploiement opérationnel des systéemes
numériques, I'accompagnement des utilisateurs locaux, la coordination des sessions de formation
continue, ainsi que le relai des priorités définies par les directions centrales, notamment en
matiére de gestion des ressources humaines.

Cette montée en responsabilité reflete une volonté de construire une gouvernance multiniveausx,
combinant autonomie régionale dans I'exécution et centralisation normative dans la définition des
standards technologiques. Cette architecture s’inscrit dans une logique d’asymétrie fonctionnelle
maftrisée, ou les CIR opérent comme acteurs de capillarité institutionnelle, assurant la
transmission, l'adaptation et parfois l'interprétation des orientations nationales selon les
contraintes locales. Ils deviennent ainsi des noeuds opérationnels de gouvernance numérique,
plutot que de simples prolongements périphériques de I'administration centrale.

En paralléle, une dynamique de formalisation se dessine au sein des ministéres sectoriels avec la
création d’unités de coordination digitale spécialisées. Ces cellules, en émergence au sein du
Ministére de I'Economie et des Finances, du Ministére du Développement Numérique et de la
Fonction Publique, participent a l'institutionnalisation du numérique comme fonction transversale
de 'action publique. Elles élargissent le spectre de la transformation numérique au-dela des seuls
services informatiques, en intégrant des missions de conduite du changement, de gestion de la
performance numérique, et de normalisation des processus organisationnels.

D’un point de vue économique, cette évolution s’inscrit dans la perspective de réduction des codts
de coordination (Williamson, 1981) au sein de lappareil administratif, par une meilleure
intégration verticale et horizontale des fonctions numériques. Elle permet aussi de renforcer les
capacités d’adaptation locale, en développant une forme d’intelligence institutionnelle distribuée,
ou les acteurs en région disposent d’'une autonomie fonctionnelle suffisante pour contextualiser
les politiques publiques, tout en restant intégrés a un schéma normatif cohérent.

Ces dynamiques, encore inégalement développées selon les territoires, traduisent I'émergence
progressive d’un modele hybride de gouvernance numérique, articulant proximité opérationnelle,
cohérence systémique et diffusion stratégique des réformes. Si les initiatives locales peinent
encore a compenser certaines fractures structurelles —notamment en matiere d’infrastructures et
de connectivité — elles n‘en constituent pas moins des leviers institutionnels d’innovation. A
condition d’étre appuyée par un accompagnement politique, technique et budgétaire soutenu,
cette évolution pourrait a terme dépasser les clivages traditionnels entre centralisation et
décentralisation administrative, au profit d’'une administration plus agile, connectée et inclusive.
IV.4. Nouvelles formes de controle

La digitalisation de I'administration publiqgue malagasy transforme en profondeur les mécanismes
de contrdle et de reddition de comptes. 'émergence d’une culture de la donnée, fondée sur des
indicateurs quantifiables et des dispositifs automatisés de suivi, redéfinit les pratiques de
supervision interne et les outils d’évaluation des politiques publiques.

Les données administratives sont désormais exploitées en temps quasi réel, permettant une
lecture transversale des performances institutionnelles. Cette dynamique facilite le pilotage
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stratégique, tout en renforcant les exigences de fiabilité, de régularité et de tragabilité. Elle modifie
également les rythmes de production de I'information, obligeant les services a développer des
compétences techniques accrues en matiére de saisie, d’analyse et de visualisation.

Dans ce nouveau cadre, les contrdles ne reposent plus uniquement sur des inspections ponctuelles
ou des appréciations hiérarchiques, mais s‘appuient de plus en plus sur des indicateurs objectivés.
Cette évolution tend a réduire les marges d’interprétation subjective, limitant les interventions
arbitraires, tout en renforcant la responsabilité des agents dans la gestion des processus.

Enfin, cette transformation opérationnelle redéfinit les profils professionnels attendus. Les agents
développent progressivement des compétences croisées, combinant savoir-faire en gestion
publique et maitrise des outils numériques et de I'analyse de données. Cette convergence favorise
I'’émergence de parcours professionnels plus polyvalents et adaptatifs, mieux adaptés aux
exigences d’une gouvernance moderne axée sur la performance.

IV.5. Vers un nouveau contrat social

Au-dela de ses implications techniques et organisationnelles, la digitalisation de I'administration
malagasy offre une opportunité stratégique pour redéfinir en profondeur le lien entre I'Etat et ses
agents. Dans un environnement institutionnel souvent marqué par l'opacité, les lenteurs
administratives et les tensions statutaires, I'introduction d’outils numériques contribue a poser les
bases d’un nouveau contrat social fondé sur la transparence, la prévisibilité et la reconnaissance.
Ce nouveau pacte peut s'analyser a la lumiére de la théorie sociologique d’Emile Durkheim, qui
souligne I'importance de la solidarité et de la cohésion sociale pour assurer la légitimité des
institutions publiques. En rendant les processus administratifs plus lisibles, |a digitalisation favorise
une forme renouvelée de solidarité organisationnelle, ou la confiance entre agents et
administration se construit sur la visibilité et I'égalité d’acces a I'information (Rosanvallon, 2011).
D’un point de vue institutionnel, John R. Commons et James March insistent sur le role des
institutions comme régulatrices des interactions sociales et économiques. La transformation
numeérique, en codifiant et en systématisant les regles de gestion des carrieres et des affectations,
participe a la réinstitutionnalisation des pratiques administratives, réduisant les marges d’arbitraire
et structurant un cadre normatif plus prévisible et équitable.

Cependant, comme le souligne Michel Foucault dans Surveiller et Punir, cette augmentation de la
tracabilité et du contréle par la donnée comporte aussi des risques : la digitalisation pourrait étre
percue comme un instrument de surveillance renforcée, renforcant les mécanismes disciplinaires
traditionnels. Pour que la transformation numérique devienne un levier d’émancipation
professionnelle, il est indispensable d’intégrer un dialogue social structuré et inclusif. Ce dialogue
permettrait d’éviter que les outils technologiques soient ressentis comme une simple imposition
descendante et autoritaire, et gqu’ils contribuent au contraire a une gouvernance partagée.

Enfin, la théorie de la structuration de Giddens rappelle que les agents ne sont pas de simples
exécutants des structures administratives, mais des acteurs capables d’influencer et de
transformer les pratiques organisationnelles. La digitalisation, en créant de nouveaux espaces
d’interaction et d’échange d’information, ouvre ainsi la voie a une redéfinition dynamique des
relations entre I'Etat et ses agents, fondée sur une reconnaissance mutuelle et un engagement
renouvelé.

En somme, cette transformation numérique ne se limite pas a une modernisation technique : elle
engage une refondation des bases mémes de la légitimité administrative, dans laquelle la
transparence, la redevabilité et la reconnaissance professionnelle sont les piliers d’un contrat social
repensé, plus adapté aux exigences contemporaines d’efficacité et d’équité..

IV.6. Spécialisation des compétences publiques

La transition numérique impose une transformation profonde des compétences dans la fonction
publique. La ol la maftrise basique des outils informatiques suffisait auparavant, la digitalisation
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généralisée exige désormais des expertises spécialisées pour accompagner la complexité
croissante des systémes.

Les enjeux de cybersécurité, de protection des données et de conformité réglementaire
deviennent stratégiques, tout comme la gestion et I’analyse des données RH, essentielles pour un
pilotage public efficace et transparent. Le bon fonctionnement des infrastructures déconcentrées
nécessite également des compétences techniques pointues en maintenance et gestion des
réseaux locaux.

Cependant, ces expertises restent peu intégrées dans les grilles statutaires actuelles, ce qui pose
un double défi : adapter les formations initiales et continues aux besoins du numérique, et créer
de nouvelles filieres spécialisées. Ce chantier, au-dela de I'aspect technologique, questionne la
structure des carriéeres et la valorisation des savoir-faire techniques, condition indispensable pour
faire de la digitalisation un levier réel de modernisation et d’efficacité publique.

V. Conclusion

La digitalisation de 'administration malagasy, en pleine accélération, dépasse largement la simple
adoption technologique. Elle reconfigure les modes de gestion, transforme les compétences
attendues, modifie les structures organisationnelles et introduit de nouvelles formes de controle
et de transparence.

Pour les agents publics, cette mutation représente une opportunité majeure de modernisation de
leurs parcours professionnels, mais suscite aussi des inquiétudes, notamment sur la place de
I"humain face a I'automatisation croissante. Pourtant, 'expérience historique montre que ce ne
sont pas les technologies qui remplacent les agents, mais plutdt I'absence d’accompagnement et
de préparation face aux changements.

Lanalyse démontre que la digitalisation accroit la responsabilité et le réle central des agents, en
outillant leur travail pour le rendre plus efficace et transparent, sans jamais se substituer a leur
jugement et a leur engagement.

Toutefois, le succés de cette transition dépend de conditions précises :

v La mise en ceuvre d’'une politique ambitieuse de requalification et de montée en
compétences adaptée aux besoins évolutifs de la fonction publique ;

v" Uinstauration d’un cadre juridique clair et sécurisé, garantissant la protection des données,
la régulation des plateformes numériques et la définition des responsabilités en cas de
défaillance ;

v I'adoption d’une gouvernance participative impliquant syndicats, collectivités territoriales,
services déconcentrés et agents, pour assurer une réforme partagée et acceptée.

Cette étude, principalement basée sur une analyse documentaire, appelle a des recherches
complémentaires plus empiriques pour mieux comprendre les perceptions et pratiques des agents
ainsi que les conditions concréetes de mise en ceuvre.

En somme, la digitalisation de I’Etat malagasy n’est ni une menace ni une garantie, mais une phase
exigeante d’innovation technologique et démocratique. Sa réussite repose avant tout sur la
reconnaissance et I'engagement des agents publics, ainsi que sur la construction d’'un cadre
éthique, légal et institutionnel solide. Le numérique transformera l'administration — mais
seulement avec les hommes et les femmes qui la font vivre au quotidien.
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Abstract : This research analyzes the implementation of the EDUCFI program (economic,
budgetary, and financial education) by the Banque de France in the 8th-grade classes at the Lycée
International Francais de Tuléar (LIFT). The objective is to equip students with the skills to manage
their personal finances (pocket money and snacks) and make informed economic decisions, as
future financially responsible citizens.

Our work begins with a historical overview of financial education — starting in the 17th century in
the Kingdom of France through princely education (Félix J., 2011) and gradually developing across
the world — highlighting its rise in global education systems.

An in-depth literature review is conducted along two lines : (i) theoretical, covering theories of
human capital (Becker G., 1964), rational choice (Simon H., 1955), financial behavior (Kahneman
D. & Tversky A., 1979), financial inclusion (Honohan P.,, 2008), and financial risk management
(Merton R. C., 1993); (ii) empirical, exploring the impact of financial education on over-
indebtedness (Lusardi A. & Tufano P.,, 2009), poverty (Hastings J. et al., 2013), economic decision-
making (Hilgert M. A. et al., 2003), and the links between public policy and financial education
(Jappelli T. & Padula M., 2013), with case studies in both developed and developing countries.

A longitudinal study was conducted with 39 students (via written tests using a 20-questions quiz
designed by the Banque de France) to test the program. The results from the first phase (before
the EDUCFI training) show an average score of 52.31% in financial education, indicating that
students already possess a solid foundational knowledge — largely thanks to parental education,
available learning resources, and internet access. This score increased to 60.57% in the second
phase (after the training), showing a clear improvement.

To determine whether this improvement is statistically significant and not due to chance, a
repeated-measures ANOVA analysis was conducted using Jamovi 2.6.44. The results show p<.001,
a highly significant value, allowing for the rejection of the null hypothesis (HO: there is no difference
between the scores before and after). Thus, the probability that the differences are due to chance
is less than 0.1%. The results suggest that the score progression is statistically very reliable, with a
measurable impact from the training.

Two research hypotheses are confirmed: the training improves students’ understanding of
financial concepts, and interactive teaching strategies foster the acquisition of financial
management skills. A pedagogical need emerges : should financial education be established as a
subject starting in 8th grade? The article proposes that the Malagasy government integrate
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financial education into the national curriculum to better prepare young people for future
economic challenges through a proactive educational policy. Financial education proves to be
essential in combating poverty and over-indebtedness in Madagascar.

Keywords : Financial education ; EDUCFI Program ; Pedagogy ; LIFT ; Inclusion in education.

1. Introduction

'éducation financiére est, aujourd’hui, une priorité éducative dans de nombreux pays, car son
absence peut devenir un réel handicap personnel, social et économique (LaFinancePourTous,
2009). U'OCDE la définit comme un ensemble de connaissances et compétences destinées a
améliorer la compréhension des produits financiers, leurs risques et opportunités (OCDE, 2005).
Cependant, cette approche est critiquée pour étre trop centrée sur les consommateurs, négligeant
les dimensions culturelles et sociétales. Uassociation La Finance Pour Tous élargit la définition eny
incluant la compréhension du monde économique et financier global, insistant sur I'intérét général
de cette éducation. Elle ne doit pas se limiter a une perspective marchande ou consumériste, mais
viser a former des citoyens autonomes et responsables (Alexis Petitjean, 2010).

A lorigine, les banques ont initié I'éducation financiére pour mieux « former » les clients et
prévenir le surendettement. Cette approche focalisée sur les comportements individuels a donné
lieu a une critique: certains chercheurs affirment qu’elle devient un outil de régulation
économique fondée sur des technigques comportementales (Dubuisson-Quellier, 2016 ; Bergeron
& al., 2018). Depuis les années 2000, 'OCDE alerte les pays développés sur la faible littératie
financiere des citoyens et les dangers qui en découlent (Lazarus, 2022). En France, une étude de
I'AMF de 2004 a montré que 75% des Francais se disent peu compétents en matiere financiere, et
60% ne se sentent pas capables de choisir un produit financier ou d’en discuter avec leurs proches.
Malgré ces constats, il a fallu attendre plusieurs années pour des mesures concretes. En France, la
Stratégie nationale d’éducation financiere n’a été lancée qu’en 2016 via le programme EDUCFI
(éducation économique, budgétaire et financiére), coordonné par la Banque de France. Ce
programme suit les recommandations de 'OCDE et du G20. Il centralise les ressources éducatives
et regroupe plusieurs themes : gestion de budget, outils bancaires, assurance, crédit, épargne,
ainsi que la compréhension des notions économiques fondamentales.

Aujourd’hui, EDUCFI s’inscrit dans un cadre international. UAEFE (Agence pour l'enseignement
francais a I'étranger) pilote son déploiement dans la ZOl (Zone Océan Indien), incluant le LIFT
(Lycée International Frangais de Tuléar), pour les éleves de 4e dés I'année scolaire 2024-2025. La
culture financiére n’est plus un effet de mode : elle est intégrée a la culture générale nécessaire
avant I'entrée dans la vie adulte. Le passeport EDUCFI vise trois objectifs majeurs : (i) contribuer a
la lutte contre la pauvreté et le surendettement ; (ii) sensibiliser les éleves a la gestion budgétaire,
aux notions de compte, d’épargne, de crédit, etc. ; et (iii) encourager des comportements
financiers responsables.

Paradoxalement, alors que les Francais montrent une forte sensibilité aux questions économiques,
leur compréhension reste faible. Une enquéte de 2023 menée par la Banque de France révele que
67% des Frangais s’estiment peu ou moyennement compétents financierement, et 81% souhaitent
gue la gestion budgétaire soit enseignée a I'école.

Le passeport EDUCFI concerne aussi les éleves de SEGPA (Section d'Enseignement Général et
Professionnel Adapté), de 3e prépa-métiers et ceux de la voie professionnelle (a titre
expérimental). Le LIFT a choisi de confier la mise en ceuvre de ce dispositif au professeur de SES®
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(Sciences Economiques et Sociales) en raison de sa compétence disciplinaire, sa pédagogie, et sa
capacité a contextualiser les apprentissages dans un cadre économique et social.

Ce travail cherche a répondre a la problématique suivante : comment |'application du programme
EDUCFI dans les classes de 4e du LIFT permet-elle aux éleves d’acquérir des compétences
financieres, et quelles stratégies pédagogiques sont les plus efficaces ? Trois objectifs guident
I'étude : (1) mesurer l'impact du dispositif sur les compétences acquises (via une étude
longitudinale en deux phases avec un quiz-test avant et apres la formation), (2) analyser les
méthodes pédagogiques utilisées, et (3) collecter des retours d’expérience pour évaluer les forces
et faiblesses du programme.

étude repose sur trois hypotheses principales: (H1) le dispositif EDUCFI améliore
significativement la compréhension financiere des éleves ; (H2) les méthodes pédagogiques
interactives (simulations, études de cas, etc.) sont plus efficaces qu’un enseignement classique ;
(H3) les retours d’expérience mettent en évidence des besoins d’adaptation liés notamment aux
spécificités culturelles des classes de 4e.

Enfin, cette recherche s’appuie sur des fondements théoriques essentiels a I'analyse : la rationalité
limitée de Herbert Simon (1957), les travaux de Lusardi et Mitchell sur |a littératie financiére (2007)
et le modele d’éducation financiére promu par I'OCDE (2015). Elle s’acheve par la présentation des
résultats du quiz-test et la proposition de stratégies pédagogiques pour renforcer 'enseignement
de I'éducation financiére. Un appel est également lancé a I'Etat malgache pour qu’il intégre cette
formation dans le systéeme éducatif national, répondant ainsi a une nécessité sociale et
économigue croissante.

2. Historique de I'éducation financiere

2. 1. Education financiére : une perspective mondiale

L'éducation financiére, bien qu’au coeur des priorités actuelles, n’est pas un concept récent. Son
origine remonte au XVlle siecle, notamment entre 1628 et 1736, dans le manuscrit intitulé Traité
général de finance qui formait les princes francais a la gestion financiére (Félix J., 2011). Aux Etats-
Unis, elle s’enracine encore plus t6t, dés 1737, avec des conseils d’épargne et de gestion prodigués
dans les cercles familiaux et professionnels. Benjamin Franklin, figure emblématique américaine,
écrivait alors dans son Almanach du Bonhomme Richard une célébre maxime devenue
proverbiale : « A penny saved is a penny earned » (Un sou économisé est un sou gagné), posant les
bases de la littératie financiéere.

Durant le XIXe siécle, aucun pays ne proposait encore de cadre formel pour I'enseignement de
I"éducation financiére, bien que I'importance de la gestion de I'argent ft déja reconnue. Des
initiatives individuelles apparaissent : en 1849, James William Gilbart, dirigeant de la London &
County Bank, publie Dix minutes de conseils pour ouvrir un compte bancaire. |l cherche a
démystifier les pratiques bancaires, croyant fermement que l'acces au systéeme bancaire ne devait
pas étre réservé aux élites.

C’est au XXe siecle que I'éducation financiere acquiert une reconnaissance institutionnelle,
particulierement aux Etats-Unis. La loi Smith-Lever Act de 1914 instaure des programmes
d’extension universitaire pour I'éducation du public, incluant des notions de finances personnelles.
A cette époque, I'éducation financiére est enseignée sous d’autres noms : « finances familiales »,
« économie des consommateurs », etc. Hazel Kyrk, pionniére dans ce domaine, publie en 1920 une
these a I'Université de Chicago sur I'économie domestique. Avec Margaret Gilpin Reid, elle jette
les bases de I'étude du comportement financier des ménages. En paralléle, I'éducation financiere
soutient le développement des coopératives agricoles et de crédit. L'élargissement de la notion
d’éducation financiere survient face a la complexité croissante des produits financiers, nécessitant
de nouvelles protections pour les consommateurs (Lusardi & Mitchell, 2008).

Dans les années 2000, apres les alertes de I'OCDE sur la faible littératie financiere mondiale,
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I"éducation financiere devient une priorité mondiale, notamment apres la crise de 2008. 'OCDE
publie en 2005 Pour une meilleure éducation financiére, plaidant pour son enseignement dés le
plus jeune age. L'Union européenne emboite le pas en 2007 en promouvant cette éducation,
reconnaissant les lacunes des consommateurs.
Suite a la crise financiere internationale de 2008, divers pays lancent des programmes nationaux
pour renforcer la résilience financiére. Les Etats-Unis, pionniers, avaient déja lancé leur
programme en 1972. LAllemagne suit en 1999, la Hongrie en 2004, puis le Brésil et la France en
2005. Toutefois, la France ne met en place que des campagnes de sensibilisation via le ministére
de I'Economie, en partenariat avec La Finance Pour Tous, sans intégrer I’éducation financiére dans
les cursus scolaires. Ce n‘est qu’en 2016 que la France adopte véritablement I'approche préconisée
par I'OCDE en lancant EDUCFI. D'autres pays suivent cette dynamique. L'Inde élabore une stratégie
nationale en 2013. Madagascar, quant a lui, commence en 2012 a offrir des formations financiéres
au public, puis adopte en 2016 un document national pour l'inclusion financiere, sans encore
I'intégrer dans le systéme éducatif.
Une enquéte mondiale, S&P Global FinLit Survey (Standard & Poor’s), réalisée dans plus de 140
pays sur 150 000 personnes, dresse un bilan contrasté : les pays développés — comme ceux
d’Amérique du Nord, d’Océanie ou certains d’Europe (ex. Royaume-Uni) — affichent des taux de
littératie financiere élevés (55 a 75%). La France se situe entre 45 et 54%, tandis que des pays
comme Madagascar, plusieurs Etats africains, latino-américains ou asiatiques (ex. Russie), restent
entre 35 et 44%. Cette enquéte évalue la compréhension de quatre concepts financiers essentiels :

1. Le calcul des taux d’intérét.

2. La composition des intéréts.

3. LUinflation.

4. Ladiversification des risques.
Les résultats révelent qu’a I'échelle mondiale, seulement un adulte sur trois (33%) maitrise ces
notions, ce qui représente environ 3,5 milliards d’adultes n’ayant pas les bases nécessaires pour
prendre des décisions financiéres éclairées. Les disparités sont profondes, notamment entre pays
développés et en développement.
Cette cartographie de la culture financiere mondiale est un outil stratégique pour les universitaires,
décideurs politiques, bailleurs de fonds et institutions éducatives. Elle les aide a cibler les lacunes
et concevoir des politiques adaptées.

2. 2. Education financiéere en France : La Finance Pour Tous et le Dispositif EDUCFI
2. 2. 1. Programme « La Finance Pour Tous »
UInstitut pour I"éducation financiere du public (IEFP), plus connu sous le nom La Finance Pour Tous,
a été créé en 2006 sous I'impulsion de 'AMF, avec le soutien de NYSE Euronext, de la Fédération
bancaire francaise (FBF), de la Banque de France et de la France Mutualiste. Association d’intérét
général, sa mission est daider chacun a mieux comprendre les questions économiques et
financiéres et a étre plus a l'aise avec l'argent. Il propose également des formations certifiées sur
des sujets comme la banque, la finance et la gestion de l'argent.
Cette initiative répond a un constat préoccupant : la culture financiére des Francais est faible, y
compris sur des notions simples. Par exemple, selon une enquéte publiée sur leur site en octobre
2024, seulement 50% des Frangais savent qu’un placement de 100 € a 2% rapporte 2 € au bout
d’un an.
A l'origine, I'IEFP a lancé un site pédagogique (www.lafinancepourtous.com) comportant deux
volets :

e « Pratiques », qui fournit des conseils pour gérer les finances personnelles ;

e « Décryptages », qui aide a comprendre les enjeux économiques et financiers.
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Linstitut déploie également des ressources pédagogiques a destination de I'Education nationale :
pour le primaire, le colléege (modules intégrés aux mathématiques, a I'économie, a |'histoire-
géographie via Eduscol et MesQuestionsDArgent), le lycée, et méme pour le grand public.
Toutefois, a ce stade, I'éducation financiére n’est toujours pas intégrée officiellement dans les
programmes scolaires.
LIEFP s’est fixé quatre priorités : (1) encourager I'éducation financiere a I'école ; (2) promouvoir la
formation en entreprise sur des themes comme le budget, le crédit, I'épargne salariale, ou la
relation bancaire ; (3) informer les consommateurs de produits financiers et (4) aider les personnes
en difficulté grace a un réseau associatif.
Son objectif est de fournir aux Francgais des connaissances de base pour mieux gérer leur argent,
faire des choix éclairés, et évoluer plus sereinement dans leur environnement économique. L'IEFP
diffuse aussi des livres et guides pratiques comme Les finances personnelles pour les nuls, Vos
enfants et l'argent, ou encore Bien placer son argent.
Pour adapter ses actions aux besoins des citoyens, I'institut méne régulierement des enquétes et
sondages. Le premier, en 2006 avec le CSA, visait les jeunes de 15-20 ans ; un autre en 2011 avec
I'AMF a révélé une méconnaissance des Francais en matiere financiere, mais aussi leur envie d’en
savoir plus. En 2019, une étude de la Banque de France a montré que les Francais maitrisent mal
les calculs d’intéréts et les effets de I'inflation, avec une note moyenne de 5,9/10.
Enfin, en 2021, une enquéte menée selon les critéres de 'OCDE a montré un score global de 13/21
(soit 61,8 %), avec :

e 4,6/7 en connaissance financiére,

e 3,0/5 en attitude financiére,

e 5,4/9 en comportement financier.
Présent a I'échelle internationale, I'lEFP fait également partie du groupe d’experts de 'OCDE pour
la promotion mondiale de I'éducation financiere.

2. 2. 2. Dispositif EDUCFI

Pour de nombreux décideurs politiques et acteurs sociaux, former les citoyens a la gestion
financiere et au crédit vise a réduire la dépendance aux aides sociales, comme les fonds de
solidarité non remboursables, et ainsi éviter I'assistanat (Mialet & Moulévrier, 2016). C’est dans ce
cadre que la Banque de France a lancé en 2016 la stratégie nationale EDUCFI, destinée a lutter
contre le surendettement et la pauvreté. Cette initiative s’inspire des principes élaborés par 'OCDE
et adoptés par le G20.

L'OCDE définit désormais I'éducation financiere comme « la combinaison de conscience, de
connaissances, d"habiletés, d'attitudes et de comportements nécessaires pour prendre de bonnes
décisions financiéres, conduisant a un bien-étre financier reconnu par chacun » (Atkinson & Messy,
2012). EDUCFI répond a trois enjeux majeurs : social, économique et démocratique. Des citoyens
mieux informés font des choix financiers adaptés a leurs intéréts et évitent les arnaques. L'objectif
n‘est pas de rendre experts, mais d’aider a « mieux comprendre pour mieux décider ».
Concrétement, EDUCFI propose des formations et informations neutres, fiables, accessibles et
gratuites pour tous, portant sur la gestion du budget, les outils bancaires ainsi que les notions
économiques. La Banque de France pilote ce dispositif, épaulée par un comité stratégique inspiré
des recommandations de 'OCDE.

Les actions incluent le suivi des initiatives de sensibilisation via des comités « grand public » et
« entrepreneurs », des enquétes sur les connaissances financieres, la gestion des portails
MesQuestionsDArgent (grand public) et MesQuestionsDEntrepreneur, la formation des
enseignants, et l'organisation de concours pour lycéens. D’autres actions ponctuelles, comme la
Semaine de I'éducation financiére et le soutien a la Cité de I'économie, complétent le dispositif.
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Le passeport EDUCFI est un outil pédagogique clé, sensibilisant les éléves aux enjeux budgétaires
et financiers. Il couvre des themes comme le budget, les moyens de paiement, I'épargne, le crédit
et la prévention des fraudes, a travers deux heures de formation suivies d’un test. Accessible a tous
les enseignants via des ressources et autoformations sur Eduscol, il se conclut par une cérémonie
valorisant les compétences acquises.

2. 3. Education financiere a Madagascar : contextes et enjeux sociaux

U'histoire de I"éducation financiere a Madagascar est essentielle a comprendre, surtout dans le
cadre de la mise en ceuvre du dispositif EDUCFI au lycée LIFT de Tuléar, coeur de cette recherche.
'éducation financiére est souvent associée a la lutte contre le surendettement, un phénomene
économique majeur qui touche particulierement les ménages vulnérables, notamment a
Madagascar, malgré le manque de données précises.

Le surendettement malgache s’explique par plusieurs facteurs. D’une part, I'acces limité au crédit
formel contraint 88% de la population a recourir aux préts informels, puisque seuls 12% des
Malgaches sont bancarisés (INSTAT, 2019). D’autre part, prés de 2 millions de personnes
bénéficient de microcrédits soumis a des taux d’intérét tres élevés, entre 24% et 36% (Banque
Centrale de Madagascar, 2020). En outre, 45% des ménages contractent des crédits pour faire face
a des dépenses imprévues, ce qui entraine souvent une spirale d’endettement difficile a maitriser
(Fédération des Mutuelles de Madagascar, 2020-2021). Ce contexte contribue a maintenir un taux
de pauvreté tres élevé, estimé a 80,7% en 2023 (Banque mondiale, 2024).

Face a cette situation, I'éducation financiére apparait comme une arme essentielle pour combattre
surendettement et pauvreté. Des 2012, Madagascar a engagé des actions avec I'APIMF
(Association professionnelle des institutions de microfinance) et le GCAP (Groupe Consultatif
d’Assistance aux Pauvres), ciblant enfants, jeunes et adultes en zones rurales et urbaines. Ces
actions reposent sur trois niveaux d’intervention : macro (ministeres et Banque centrale), mezzo
(groupes de travail multisectoriels) et micro (bénéficiaires). Malgré cela, 57% des adultes n‘ont que
le niveau primaire ou inférieur, et seulement 6% ont bénéficié de programmes d’éducation
financiere (Enquéte Finscope, 2016). Cette faible formation impacte la gestion financiere
personnelle : 78% des adultes ont des difficultés a honorer leurs engagements financiers, bien que
48% contrblent leurs dépenses. En période difficile, les familles priorisent seulement I'énergie et
I'éducation (source op. cit.).

Pour remédier a ces lacunes, Madagascar a lancé en 2016 la Stratégie Nationale d’Inclusion
Financiere (SNIM, 2018-2022), soutenue par la Banque mondiale. Lobjectif était d'augmenter
I'acces aux services financiers de 29% a 45% en six ans (mada.inclusionfin.mg). Néanmoins, fin
2023, seuls 30% des adultes étaient inclus financierement, avec seulement 1,09% bénéficiant de
services financiers de base, un taux trés faible par rapport a la moyenne africaine (LExpress, 2024).
Cette faible inclusion s’explique par le faible taux d’alphabétisation, des infrastructures limitées, et
un faible niveau d’éducation financiére.

Linclusion financiere est un enjeu mondial, lié a plusieurs Objectifs de Développement Durable
(ODD) de I'Agenda 2030. A Madagascar, la digitalisation via le mobile money sest largement
développée depuis la crise du COVID-19, contribuant a une meilleure inclusion. La question du
genre est également centrale : beaucoup de femmes restent exclues du systeme financier formel,
surtout dans les pays pauvres (Banque mondiale, 2016).

Par ailleurs, le pays encourage les groupes d’épargne et de crédit, tels que VSLA, SILC, AVEC, GVEC,
GEC, LAKILE TELO, VOAMAMI, sous la supervision du Réseau des Promoteurs des Groupes
d’Epargne a Madagascar (RPGEM), créé en 2016. Ces initiatives sont essentielles mais doivent étre
accompagnées d’une éducation financiere. Le SNIM prévoit ainsi d’intégrer cette éducation dans
le cursus scolaire, avec un projet pilote lancé en 2020 dans une centaine d’écoles, suivant le Toolkit
de I'Alliance for Financial Inclusion (AFI).

172



«European Research Materials» (July 24-25, 2025). Amsterdam, Netherlands I

Deux documents nationaux structurent cette démarche: le Document Cadre Stratégique
d’Education Financiére (DCEF, 2021), visant & renforcer les compétences financiéres, la
coordination des acteurs, et le cadre institutionnel ; et le Programme National d’Education
Financiere (PNEF, 2022), qui développe des stratégies éducatives concretes (intégration dans les
curricula, formation des formateurs, sensibilisation). La mise en ceuvre compléte est prévue d’ici
2027, avec pour objectif d'augmenter I'acces aux services financiers formels a plus de 50% d’ici
2028 (LExpress, 2024).

La question centrale reste : pourquoi I'Etat malgache tarde-t-il 3 intégrer pleinement I'éducation
financiére dans le systeme scolaire ? Lenquéte Finscope 2016 donne des pistes : le score moyen
d’éducation financiere des adultes est de 54%, avec une meilleure performance en milieu urbain
(63%) qu’en milieu rural (52%), mais inférieur a la moyenne OCDE (61%). Cette enquéte mesure
trois dimensions : comportement financier (46%), perception financiére (43%) et sensibilisation
(73%). Elle souligne un faible niveau global qui impacte négativement les finances personnelles.

3. Revue de littérature : I'éducation financiére, la lutte contre le surendettement et la pauvreté

3. 1. Revue de littérature théorique

3. 1. 1. Théorie du capital humain (Human capital theory)

La théorie du capital humain de Becker G. (1964) explique que I'éducation financiére, en tant que
compétence précieuse (Marshall, 1894), augmente la productivité et la capacité a gérer ses
ressources, réduisant ainsi la pauvreté. Lusardi et Mitchell (2011) confirment que cette éducation
aide a planifier la retraite, épargner et éviter le surendettement. Les individus formés sont mieux
équipés pour prendre des décisions financiéres éclairées, comprendre I'importance de I'épargne
et gérer le crédit, limitant ainsi les risques d’endettement excessif.

3. 1. 2. Théorie du choix rationnel (Rational choice theory)

La théorie du choix rationnel de Simon H. (1955) affirme que les individus prennent des décisions
en évaluant bénéfices et co(ts, avec une rationalité limitée. L'éducation financiere améliore cette
évaluation, réduisant les comportements impulsifs menant au surendettement. Brealey, Myers &
Allen (2014) et Guiso et al. (2005) confirment que la compréhension des risques financiers favorise
des décisions plus rationnelles, notamment en limitant les emprunts excessifs grace a une
meilleure maitrise des taux d’intérét.

3. 1. 3. Théorie du comportement financier (Behavorial finance theory)

La finance comportementale de Kahneman & Tversky (1979) étudie les biais cognitifs menant a
des décisions financieres irrationnelles, augmentant le surendettement. L'éducation financiére
aide a reconnaitre ces biais. Thaler & Sunstein (2008) montrent qu’elle offre les connaissances
pour éviter ces erreurs, notamment en sensibilisant aux avantages de I'épargne et a la gestion du
crédit, réduisant ainsi 'optimisme excessif et les emprunts irresponsables.

3. 1. 4. Théorie de l'inclusion financiere (Financial inclusion theory)

L'inclusion financiere, définie comme I'acces a des services financiers abordables, est essentielle a
I"éducation financiere. Selon Honohan (2008), l'acces a ces services améliore le bien-étre
économique, tandis que I'éducation financiere aide a les utiliser efficacement et a éviter les pieges
financiers. Atkinson et Messy (2012) montrent que cette éducation favorise non seulement l'acces,
mais aussi une utilisation responsable des services financiers, réduisant les dettes excessives et
renforcant la gestion proactive des finances personnelles.

3. 1. 5. Gestion des risques financiers (Financial risk management theory)

La gestion des risques financiers est cruciale pour éviter le surendettement. Jorion (2007) et
Merton (1993) montrent que comprendre les risques aide a prévenir les problémes financiers
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personnels. LU'éducation financiere permet de mieux appréhender les risques liés aux préts,
investissements et budgets. Hull (2015) présente la « valeur en risques », un outil clé pour évaluer
et minimiser les pertes, soulignant I'importance de la diversification et couverture en gestion des
risques.

3. 2. Revue de littérature empirique

3. 2. 1. Impact de I'éducation financiére sur le surendettement

Plusieurs études montrent que I'éducation financiére réduit le risque de surendettement en
améliorant la gestion des dettes. Lusardi et Tufano (2009) révélent que les personnes moins
formées contractent plus souvent des dettes a taux élevés, tandis que celles éduquées adoptent
des comportements financiers plus sdrs. Atkinson et Messy (2012) confirment gu’une bonne
compréhension des produits financiers diminue les risques d’endettement excessif.

3. 2. 2. Education financiere et pauvreté

L'éducation financiére est essentielle pour lutter contre la pauvreté en offrant aux individus les
outils pour gérer leurs finances, épargner et investir. Hastings J. et al. (2013) montrent qu’aux Etats-
Unis, les personnes formées épargnent plus régulierement, réduisant leur vulnérabilité
économique. En Inde, Cole et al. (2011) constatent que I'éducation financiere améliore la gestion
des ressources rurales, favorisant I'acces aux services bancaires et évitant les emprunts informels
colteux.

3. 2. 3. Effets de I'éducation financiere sur la prise de décision économique

Des études montrent que I'éducation financiére aide a prendre des décisions économiques
éclairées, réduisant le risque de surendettement. Hilgert M. A. et al. (2003) ont démontré qu’aux
Etats-Unis, les personnes bien informées gérent mieux épargne et crédit, comprennent les taux
d’intérét et comparent les produits financiers. Van Rooij et al. (2011) ont constaté en Europe que
des connaissances financieres avancées réduisent les choix risqués et favorisent une gestion
efficace du budget, limitant les emprunts excessifs.

3. 2. 4. Politiques publiques et éducation financiére

Les politiques publiques d’éducation financiere montrent un impact positif sur la réduction du
surendettement et de la pauvreté. En ltalie, Jappelli et Padula (2013) ont constaté que les
programmes nationaux amélioraient la gestion financiére et diminuaient les comportements
risqués. La Banque européenne d’investissement (2018) souligne que I'éducation financiere ciblée
dans les écoles et communautés réduit les inégalités en renforcant les compétences financiéeres
des populations vulnérables.

3. 2. 5. Etudes de cas d’éducation financiére aux pays riches et pauvres

'éducation financiere en France s’est développée, avec des programmes scolaires pour prévenir
le surendettement. Lusardi et Mitchell (2011) montrent que de bonnes compétences financiéres
améliorent les décisions, mais Van Rooij et al. (2011) et Lusardi (2019) soulignent des lacunes
persistantes. Ce phénomeéne touche aussi d’autres pays riches comme le Royaume-Uni et les Etats-
Unis. Dans les pays en développement, I'éducation financiere, selon la Banque mondiale (2014),
améliore I'épargne, réduit la pauvreté et limite les dettes non sécurisées.
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4. Objectifs et mise en ceuvre du dispositif EDUCFI au LIFT

4. 1. Objectifs du dispositif EDUCFI au LIFT

Sans la compréhension des concepts financiers, les individus ne peuvent pas prendre de décisions
financiéres éclairées. Cette problématique affecte aussi bien les économies avancées que les
économies en développement (S&P Global FinLit Survey, 2022). Pour y remédier, plusieurs
gouvernements encouragent l'inclusion financiére, notamment a Madagascar, en ciblant les
femmes, les pauvres et les moins éduqués, et intégrent I'éducation financiére dans les écoles, a
I'image de la France avec le dispositif EDUCFI.

OCDE recommande que I"éducation financiere débute dés I'école (OCDE, 2005), une position
renforcée par la Commission Européenne (CCE, 2007), qui prone I'enseignement obligatoire de
cette matiére dés I'école primaire et secondaire. En France, 'EDUCFI est intégré depuis 2016 dans
les colleges et lycées publics et privés, et depuis 2024-2025 dans les écoles francgaises a I'étranger,
notamment dans la Zone océan indien (AEFE, 2024).

La Banque de France a congu ce dispositif en lien avec I'éducation a la citoyenneté, l'orientation
professionnelle et I'insertion (education.gouv.fr, 2024). EDUCFI s’adresse aux éléves de 4e, 4e
SEGPA, 3e prépa-métiers, ainsi qu’aux éleves en voie professionnelle, CAP et apprentis, contribuant
ainsi a réduire I'analphabétisme financier mondial et a améliorer le bien-étre financier futur des
citoyens.

4. 2. Mise en ceuvre du dispositif EDUCFI au LIFT

Le dispositif EDUCFI, concu par la Banque de France, est structuré en deux grandes phases pour
les éleves de 4e, visant a améliorer leur culture financiere. La premiére étape est une phase de
découverte de deux heures, durant laquelle un ou plusieurs professeurs présentent aux éléves un
diaporama d’une trentaine de diapositives. Ce support aborde les notions fondamentales de
gestion budgétaire, fonctionnement d’un compte bancaire, moyens de paiement, épargne, crédit
et prévention des arnaques. Pour vérifier la compréhension des éléves, un questionnaire (quiz) de
10 a 20 questions est rempli a I'issue de cette phase. Ce dispositif national prévoit également des
supports adaptés pour éleves a besoins spécifiques, des ressources complémentaires pour
approfondir certains thémes, ainsi qu’une page dédiée sur Eduscol.

Au LIFT, la mise en ceuvre du dispositif s’est inscrite dans une démarche d’étude longitudinale afin
d’évaluer I'impact de 'EDUCFI sur le développement de comportements financiers responsables
chez les éléves. Deux phases ont été planifiées : (1) « avant formation », consistant a faire passer
un quiz-test de 20 questions sans formation préalable, et (2) « apres formation », durant laquelle
les mémes éléves suivent la formation puis repassent le méme quiz-test afin de mesurer I'évolution
de leurs connaissances.

Les deux classes de 4e du LIFT (4e A et 4e B) ont suivi six séquences pédagogiques, six heures par
classe, animées par le professeur chargé du dispositif. Ces séquences sont basées sur le diaporama
de la Banque de France en deux grandes parties : éducation budgétaire et financiére. La premiére
partie comprend deux séquences. La premiére aborde la gestion du budget. Théoriquement, les
éleves apprennent a distinguer ressources et dépenses, a équilibrer leur budget (ressources =
dépenses) pour éviter un solde négatif, cause de difficultés financiéres. En pratique, ils réalisent
un budget fictif, listant revenus et charges, afin de simuler des choix financiers et comprendre leurs
impacts. La deuxieme séquence porte sur le fonctionnement d’'un compte bancaire et les taux
d’intérét. Les éléves découvrent la notion de compte a découvert, le calcul des intéréts, et les
conséquences des taux élevés, comme a Madagascar oU ils ont atteint 41,3% en 2023 (Banque
mondiale, 2023), pouvant entrainer des problémes d’endettement. Ils simulent emprunts et
placements avec calculs d’intéréts simples.

La deuxieme partie concerne I'éducation financiere avec quatre séquences. La premiére présente
les moyens de paiement (especes, cartes, cheques, paiement sans contact), leurs avantages,
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limites et contextes d’utilisation. Les éleves simulent divers paiements pour mieux comprendre ces
outils. Ensuite, la séquence sur I'épargne explique ses principes, son importance, et les différents
produits disponibles, tout en mettant en garde contre les offres frauduleuses trop attractives. Les
éleves calculent des intéréts d’épargne simple et discutent des risques d’arnaques. La cinquiéme
séquence traite du crédit et du surendettement. Les éleves découvrent différents types de préts,
apprennent a évaluer leur capacité de remboursement et simulent le calcul des mensualités. lls
comprennent les risques du surendettement, notamment les dangers liés aux crédits a la
consommation multiples. Enfin, la derniére séquence aborde la prévention des arnaques,
notamment les fraudes en ligne, sur réseaux sociaux et par téléphone. lls apprennent a identifier
les signaux d'alerte et simulent des vérifications d’offres suspectes.

La formation s’appuie principalement sur une stratégie pédagogique interactive, méme si, pour
des raisons de temps, elle a été partiellement combinée avec une approche plus classique. Ce
constat conduit a envisager une révision de la durée de la formation, voire son intégration en tant
gue matiére réguliere en classe de 4e.

Le quiz de 20 questions évalue trois axes majeurs : (i) les connaissances financiéres (12 questions,
par exemple identifier les ressources comme le salaire ou une allocation), (ii) les comportements
financiers (5 questions, par exemple ne pas répondre a un message bancaire suspect) et (iii) les
attitudes financieres (3 questions, par exemple consulter régulierement son relevé pour s’assurer
gue son solde est créditeur).

5. Analyse des résultats de recherche

5. 1. Présentation de I'échantillon et de la méthodologie de recherche

L'étude longitudinale porte sur 39 éleves de deux classes de 4. Elle comporte deux phases : un
quiz-test initial sans formation, puis une formation en six séquences suivie du méme test. Les
réponses ont été notées en binaire (1 correct, O incorrect) pour quantifier les résultats. Cette
méthode a permis de calculer un score global par éleve. Une analyse des données a été réalisée
avec le logiciel Jamovi via une ANOVA a mesures répétées.

5. 2. Résultats de la premiere phase de I'étude : avant formation EDUCFI

La premiere phase de I'étude montre un score moyen de 52,31% en éducation financiére chez des
éleves de 13 a 15 ans sans formation spécifique. Ce résultat s’explique par le fait que 64% des
parents ont un dipldme universitaire, 51% des familles possedent des ressources financieres
pédagogiques, et 69% des éleves ont acces a Internet, bien que seulement 48% s’intéressent
réellement aux finances en ligne.

Tableau 1 : Scores globaux d’éducation financiére avant formation

Individu 11 12 13 14 15 16 17 18 19 11 11 11 11 11 11 11 11 11 11 120
S 0 1 2 3 7

Sexes* M M M M M M M F F M M F M F F F F F F F

Scores 11 | 13 | 12 9 19 | 18 7 11 8 10 9 9 8 12 9 13 [ 10 7 7

Individu 12 12 12 12 12 12 12 12 12 13 13 13 13 13 13 13 13 13 I3 | Totau
S 1 2 3 4 5 6 7 8 9 0 1 2 3 5 7 8 X

Sexes F F M F M M M M M M F F M F F F F M F 39**
Scores 7 7 9 13 | 12 | 13 | 11 | 12 | 11 | 10 9 5 10 | 12 | 10 | 14 | 11 | 13 | 11 408

Source : Auteurs, 2025.
*Sexes des individus : masculin (M) et féminin (F).
**Avant la formation en EDUCFI, nous avons enquété sur 39 individus sur 46 au total.

Les éleves de 4e du LIFT affichent un niveau moyen de 56,61% en connaissances financiéres,

32,84% en comportements financiers, et seulement 10,54% en attitudes financieres. Cette
disparité montre que si certains concepts sont bien maltrisés, les attitudes restent peu
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développées. Les scores varient de 5 a 19, avec peu de différence entre garcons (53,18%) et filles
(46,81%), indiquant une différence significative selon le genre.

Tableau 2 : Scores des 3 grands déterminants d’éducation financiére avant formation

Individu 11 12 13 14 15 16 17 18 19 11 11 11 11 11 11 11 11 11 11 120
S 0 1 2 3 5
Sexes M M M M M M M F F M F M F F F F
Con. 6 8 7 4 11 11 4 6 5 5 5 5 5 6 6
Fin.*
Com. 4 5 4 3 5 5 2 3 2 4 4 3 3 1 5 3 4 4 3 0
Fin.**
Att. 1 0 1 2 3 2 1 2 1 1 0 1 0 1 1 1 2 1 0 1
Fin ***
Individu 12 12 12 12 12 12 12 12 12 13 13 13 13 13 13 13 13 13 13 Totau
S 1 2 3 4 5 6 7 8 9 0 1 2 3 4 5 6 7 8 9 X
Sexes [F [F M F M M M M M M F F M F F F F M F 39
Con. Fin. 5 3 6 8 6 7 7 7 8 4 6 2 5 6 6 8 6 7 6 231
Com. 1 4 3 4 4 4 3 4 2 4 2 2 4 5 3 5 4 4 4 134
Fin.
Att. Fin. 1 0 0 1 2 2 1 1 1 2 1 1 1 1 1 1 1 2 1 43

Source : Auteurs, 2025.

*Con. Fin. : connaissance financiere.
**Com. Fin. : comportement financier.
**EAtt. Fin. : attitude financiere.

LUenquéte avant le devoir sur table a révélé que les éléves viennent de familles plutdt peu
nombreuses : 33% comptent 4 a 5 membres, seulement 2% en ont jusqu’a 8. Seuls 48% des parents
ont ouvert des comptes bancaires a leurs enfants. Environ 64% des éleves recoivent de I'argent de
poche (10 000 a 350 000 Ariary?9), et 82% bénéficient d’'un golter (10 000 a 450 000 Ariary).
L'épargne reste faible, avec seulement 46% qui envisagent d’épargner, bien que 77% des parents
encouragent une bonne gestion financiere.

Figure 1 : Pourcentage de I'argent de poche, du go(ter, de I'épargne

Epargne

Argent de poche

0% 10% 20% 30% 40% 50% 60% 70% 80% 90%

Source : Auteurs, 2025.

5. 3. Résultats de la deuxieme phase de I'étude : aprés formation EDUCFI
Aprés la formation en éducation financiere, les éleves ont repassé le méme quiz de 20 questions.
Le score moyen a augmenté a 60,57%. Le meilleur score, 18/20, a été obtenu par un garcon (le

20 Selon le taux de change du jour (de mise a jour finale de cet article avant publication, ce 25/07/2025), le taux de
change de I’Euro contre 1’ Ariary est de 1€ =5 180 Ariary.
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méme qu’a la premiére phase), tandis que le plus bas, 5/20, par une fille. Les garcons ont progressé
a 59,17%, alors que les filles ont baissé a 40,82% selon le :

Tableau 3 : Scores globaux d’éducation financiére aprés formation

Individus | 11 | 12 | 13 | 14 [ I5 |16 | 17 | I8 | 19 110|111 |12 | 113 |14 | 115
Sexes MIMIMIM|M|M|M|F FIM| M| F|M]|F F
Scores | 10 | 15|13 (11 (18 (16|15 |14 |12 12|13 | 9 | 9 | 10 16

Individus | 116 | 117 | 118 | 119 | 120 | 121 | 122 | 123 | 124 | 125 | 126 | 127 | 128 | 129 | 130
Sexes F F F FIM| M| F|M]|F F FIM| F | M M
Scores | 14 |12 (14| 9 (7 (101011 8 |11 |15| 13| 11| 14 15

Individus | 131 | 132 | 133 | 134 | 135 | 136 | 137 | 138 | 139 | 140 | 141 | 142 | 143 | 144 | Totaux
Sexes M| M| M| M|F F I M| F F F FIM| F | M 44*
Scores | 12 |13 |11 (13| 9 (11| 8 |12 |12 |16 |12 |14 | 11| 13| 534

Source : Auteurs, 2025.

*Apres la formation en EDUCFI, nous avons enquété sur 44 individus sur 46 au total.

En outre, on a constaté un recul de connaissance financiere de 53,93% (alors qu’elle a été de
56,61% a la premiere phase) conjugué avec une hausse des deux autres grands déterminants : un
comportement financier de 34,45% (au lieu de 32,84% a la phase 1) et une attitude financiere de
11,61% (si elle a été de 10,54% lors de la premiere phase) :

Tableau 4 : Scores des 3 grands déterminants d’éducation financiére aprés formation

Individus | 12 [ 12 | I3 [ 14 [I5 (16 (17 | I8 | 19 |110 |111 | 112 | 113|114 115
Sexes MM M| M| M| M| M F F I M| M F | M F F
Con. Fin. | 4 8 7 6 |10 | 9 8 8 7 6 8 4 3 6 9
Com. 5 5 4 4 5 5 5 4 4 4 5 4 5 4 5
Fin.
Att. Fin. | 1 2 2 1 3 2 2 2 1 2 0 1 1 0 2
Individus | 116 | 117 | 118 | 119 [ 120 | 121 {122 | 123 | 124 | 125 | 126 | 127 | 128 | 129 130
Sexes F F F F I M| M F | M F F F | M F M M
Con. Fin. | 8 7 8 3 4 5 6 6 4 8 8 7 5 8 8
Com. 5 4 5 4 3 5 3 5 3 3 5 5 4 4 4
Fin.

Att. Fin. | 1 1 1 2 0 0 1 0 1 0 2 1 2 2 3
Individus | 131 | 132 | 133 [ 134 [ I35 | 136 [ 137 [ 138 [ 139 | |40 | 141 | 142 | 143 | 144 | Totaux
Sexes M| M| M| M F F M F F F F | M F M 44
Con. Fin. | 7 7 5 7 5 8 4 6 6 9 6 8 5 7 288
Com. 4 4 4 4 3 2 3 5 4 5 4 4 4 4 184

Fin.
Att. Fin. | 1 2 2 2 1 1 1 1 2 2 2 2 2 2 62

Source : Auteurs, 2025.
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6. Recoupement des résultats a I'aide de méthode et outil statistique

6. 1. Bréve présentation de la méthode et outil statistique utilisés

ANOVA a mesures répétées, développée par Ronald A. Fisher dans les années 1920-1930, compare
les moyennes de plusieurs temps ou conditions au sein d’'un méme groupe en controlant la
variabilité individuelle. Adaptée pour des analyses longitudinales, elle permet ici d’évaluer I'impact
de la formation EDUCFI sur les compétences financiéres de 39 éléves du LIFT, en comparant leurs
scores avant et apres 'intervention.

Jamovi 2.6.44 est un logiciel libre d’analyse statistique, basé sur R, alliant interface intuitive et
puissance. Utilisé ici pour une ANOVA a mesures répétées, il compare les scores des éleves avant
et apres la formation EDUCFI. Il importe facilement des données et produit tableaux, graphiques
et tests variés.

6. 2. Méme constat : impact positif mesurable de la formation en EDUCFI

Avec des scores avant (52,31%) et apres (60,57%) la formation EDUCFI, une ANOVA a mesures
répétées a été utilisée pour vérifier si cette amélioration est significative, et non due au hasard
selon I'hypothése nulle (HO). L'analyse porte sur 39 éleves présents aux deux phases, utilisant un
format long de données dans Jamovi :

Tableau 5 : Données format long décrivant les scores avant et aprés formation EDUCFI

Eleves | 1 | 2 | 3 | 4 | 5|6 |7 |8 |9 |10|11|12|13 |14 |15 |16 |17 |18 |19 ]| 20
Avant | 11 |13 |12 | 9 |19 |18 | 7 |11 | 8 |10 9 | 9 | 8 | 6 |12 | 9 |13 |10| 7 | 7
Aprés | 10 | 15 |13 |11 |18 |16 |14 |16 |12 |12 |13 | 9 | 9 |10 |16 |14 |12 | 14| 9 | 8
Eléeves | 21 | 22 |23 |24 | 25|26 |27 |28 |29 |30 |31 32|33 |34 |35|36]|37]38 39*
Avant | 7 | 7 | 9 |13 |12 )13 |11 |12 |11 |10 9 |5 |10]|12 |10 |14 |11 |13 11
Aprées |11 | 15 |13 |11 |14 |15 |12 |13 |11 |13 | 9 |11 | 8 |12 |12 |16 |12 ]| 16 11

Source : Auteurs, 2025.
* Nous avons retenu n = 39 individus présents aussi bien lors de la premiére phase que lors de la
seconde.

Apres importation de ces données sur Jamovi, nous avons eu les résultats suivants :

Tableau 6 : Résultats affichés par Jamovi 2.6.44 apreés exploitation des données

Anova pour mesures répétées

Effets intra-sujets
Somme des carrés ddl Carrés moyens F p Na
Temps T2.0 1 TE.00 26.2 <.001 0.408
Résidu 1130 38 2497
ote. Sommie des carrés de type 3
131
Effets inter-sujets
Somme des carres ddl Carrés moyens F p M's
Résidu 443 38 11.8
Note. Somme des carrés de type 3

Source : Jamovi 2.6.44 ; Auteurs, 2025.

Ici, p <.001 signifie que la probabilité que la différence avant/apres la formation soit due au hasard
est inférieure a 0,1%. L'hypothése nulle est donc rejetée, confirmant que la formation EDUCFI a un
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effet trés significatif et positif sur les comportements financiers des éléves, comme l’illustre la
tendance ascendante des scores moyens (trait rouge de la figure suivante) :

Figure 2 : Evolution des scores de I'éducation financiére avant et aprés formation

Evolution des scores Avant et Apres

—— T

18

p— Apres

Source : Jamovi 2.6.44 ; Auteurs, 2025.

Les résultats sont fiables, car cing conditions pour 'ANOVA a mesures répétées ont été vérifiées :
(1) la normalité des données confirmée par Shapiro-Wilk (p > .05) ; (2) la sphéricité validée par le
test de Mauchly (p >.05) ; (3) I’échelle de mesure respectée, utilisant des scores numériques ; (4)
guelques valeurs extrémes justifiées et conservées, car reflétant la variabilité naturelle ; (5) un
échantillon suffisant (n = 39) avec une puissance > 0.80, garantissant la détection d’un effet
significatif.

7. Discussions et recommandations

Lors de la premiere phase de |'étude, le score moyen est de 52,31%, ce qui indigue un niveau
satisfaisant malgré I'absence de formation scolaire spécifique. Aprés la formation EDUCFI, ce score
est passé a 60,57%, démontrant I'efficacité du programme. Une légere baisse des connaissances
théoriques observée chez certains éléves s’explique par I'oubli naturel vu que les séances ont été
décalées, un apprentissage superficiel d( a des distractions, et le manque de temps pour des mises
en pratique. Cependant, les comportements et attitudes financiéres se sont améliorés, traduisant
une progression qualitative dans la gestion de I'argent au quotidien, renforcée par I'expérience, la
motivation et I'environnement social.

'étude montre également que le niveau d’éducation élevé des parents (64% ont un dipléme
universitaire) favorise I'amélioration des compétences financieres des éléves, notamment en
termes de comportements (de 32,84% a 34,45%) et d’attitudes (de 10,54% a 11,61 %). Les garcons
réussissent mieux que les filles, ce qui souligne la nécessité de stimuler I'intérét financier des filles
pour réduire leur exclusion. Par ailleurs, seulement 48% des éleves possedent un compte bancaire,
reflétant la faible bancarisation a Madagascar. Malgré I'argent de poche et le goUter, seuls 46%
envisagent d’épargner, ce qui souligne I'importance d’encourager I'épargne deés le jeune age pour
prévenir le surendettement et la pauvreté.

8. Retours d’expérience

8. 1. Stratégies pédagogiques pour une éducation financiere efficace

Depuis 2016, le dispositif EDUCFI en France intégre des méthodes interactives : ateliers, jeux de
role, simulations et outils numériques. Au LIFT, ces approches participatives ont amélioré
I'appropriation des notions financiéres et la gestion budgétaire, tout en motivant les éleves. Pour
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renforcer EDUCFI, il faudrait allonger la durée des séances (actuellement six heures) et développer
davantage les activités pratiques. Enfin, adapter le contenu aux réalités socio-économiques
malgaches est crucial pour assurer sa pertinence locale.

8. 2. Appel a I'Etat malgache : vers une intégration de I'éducation financiére dans le cursus scolaire
a Madagascar ?

'éducation financiére prépare les jeunes a un environnement économique complexe. Malgré des
expérimentations a Madagascar depuis 2020, son absence dans le cursus officiel limite son impact.
Il est urgent que I'Etat I'intégre pleinement au programme national pour développer chez les
éleves des compétences pratiques en gestion financiere et une conscience des enjeux
économiques, a I'image des approches efficaces déja appliquées en France...

9. Conclusion

L'éducation financiére est devenue essentielle, surtout aprés la crise financiere de 2008. Des
organismes comme I'OCDE et I’'Union Européenne insistent pour qu’elle soit intégrée dés le plus
jeune age. Le programme EDUCFI, lancé en 2016 par la Banque de France, vise a améliorer la
culture financiere des jeunes, notamment au LIFT a Madagascar depuis 2024-2025. Ce dispositif
aide a mieux gérer budget, outils bancaires et éviter les arnaques, mais doit s'adapter aux réalités
locales pour étre pleinement efficace.

Les Etats-Unis ont été pionniers dés 1972, suivis par la France et I'Allemagne. Les enquétes
montrent que les pays développés ont un meilleur niveau de littératie financiere, tandis que la
France et Madagascar restent en dessous. Des programmes comme « La Finance Pour Tous » en
France et la Stratégie nationale d’inclusion financiere a Madagascar tentent de combler cet écart.
A Madagascar, I'éducation financiére n’est pas encore intégrée au cursus, malgré des initiatives
insuffisantes, surtout en milieu rural. D'ou 'appel a I’Etat malgache pour formaliser son intégration
scolaire.

Léducation financiere lutte contre le surendettement et la pauvreté en aidant a prendre des
décisions éclairées. Le programme EDUCFI enseigne la gestion du budget, de I'épargne et du crédit
pour responsabiliser les éleves. Avant la formation, les éléves du LIFT affichaient un score moyen
de 52,31%, avec une faible attitude financiere (10,54%). Aprés, ce score est passé a 60,57%,
montrant I'efficacité pédagogique confirmée par une ANOVA répétée sous Jamovi.

Enfin, trois hypotheses ont été vérifiées: le dispositif améliore comportements et attitudes
financiéres, les méthodes interactives renforcent l'appropriation des compétences, et des
adaptations sont nécessaires, notamment en durée et en contenu socio-culturel. Reste a se
demander pourquoi la Banque de France ne pousse pas pour que I'éducation financiére devienne
une matiere officielle en 4¢?
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ABSTRACT:

The current account adjustment is a crucial economic indicator for maintaining a country's
external balance. It is one of the essential factors for achieving economic growth according to
contemporary economic literature. The objective of this article titled "Current Account
Adjustment and Economic Growth" is to demonstrate whether the adjustment of the current
account has a significant impact on stimulating growth in Madagascar. The choice of this theme
stems from the fact that, referring to the balance of our country's current account operations, it
has been structurally deficit for years, raising the question of how to restore Madagascar's current
account situation in order to ensure the country's economic equilibrium and pave the way for
growth.

Keywords: Current account; External balance; Economic growth; Current account balance.

INTRODUCTION

En cette période de post-COVID, les discussions concernant le plan de relance post-COVID
intéressent les économistes notamment sur la question de savoir « Comment avoir un taux de
croissance élevé en période de crise ? C'est dans ce cadre que I'ajustement du Compte Courant
de la Balance des Paiements est choisi comme instrument de la politique de change pour la relance
de la croissance économique.

La politique de change peut jouer un réle important dans la relance de la croissance économique
.L'un des instruments clés de la politique de change est I'ajustement du compte courant qui peut
avoir un impact significatif sur I'économie d’un pays. Cet article vise a analyser l'efficacité de
I’ajustement du compte courant comme instrument de la politique de change pour la relance de
la croissance économique a Madagascar en temps de crise.. Le présent article devrait donc
répondre a la question suivante : Dans quelle mesure I'ajustement du compte courant peut-il étre
utilisé comme instrument de politique de change pour relancer la croissance économique a
Madagascar en période de crise. ?

Afin de pouvoir répondre a cette question, on va commencer cet article par une présentation du
cadre théorique qui fera une revue de littérature relative au theme. Ensuite, on va décrire le
contexte économique actuel de Madagascar pour pouvoir étudier la politigue de change
appropriée indispensable a la relance de la croissance en cette période de crise .On fixe ensuite la
méthodologie utilisée par une analyse empirique des données macroéconomiques pour évaluer
I'efficacité de I'ajustement du compte courant afin que Madagascar retrouve le chemin d’une
croissance économigue élevée . Au vu des résultats obtenus, cette étude sera cléturée par des
conclusions et des recommandations indispensables pour les décideurs politiques et économigues
sur les politiques de changes a mettre en ceuvre pour relancer la croissance a Madagascar
PROBLEMATIQUE

Notons que dans le langage de I'économie moderne relative a la croissance, I'ajustement du
compte courant figure parmi un des instruments essentiels pour influencer la croissance
économigue en période de crise a Madagascar, un pays en développement confronté a des défis
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économigues, la question se pose de savoir si I'ajustement du compte courant peut étre utilisé
comme un instrument efficace pour relancer la croissance économique en période de crise. La
problématique de cet écrit de recherche en économie essaiera donc de comprendre comment
I'ajustement du compte courant peut étre utilisé comme un outil de politique de change pour
stimuler la croissance économique a Madagascar dans le contexte d'une crise économique.

Afin de pouvoir répondre a la problématique ainsi posée, cet écrit de recherche comprend les
themes suivants :

On va développer dans la partie réservée a la revue de la littérature celle relative a la balance des
opérations courantes. Ensuite, on essaie d’analyser le contexte économique de Madagascar avec
les défis économiques que le pays est confronté.

La Méthodologie utilisée comprend une analyse empirique en utilisant des modeéles
économétriques établis a partir des données macroéconomiques. Cette méthodologie est suivie
par une analyse des résultats obtenus. Cette étude de recherche est cl6turée par des conclusions
et des recommandations aux décideurs politiques.

CONTEXTE

Cependant, afin de pouvoir passer en revue la littérature économique relative au théme précité,

il est préférable de voir succinctement le contexte économique du pays.

Ainsi, on peut dire que la situation économique de Madagascar laisse a désirer au vu de la
présence des agrégats macroéconomiques présentant des indicateurs économiques spécifiques
au pays en période de crise tel que le déficit structurel du solde de la balance des paiements et de
la balance des opérations courantes ces dernieéres années. Une volatilité des indicateurs
économigues notamment le taux de change et le taux de croissance ,Des probléemes au niveau de
la situation des Avoirs extérieurs aggravés par cette dépendance économique vis-a-vis des
bailleurs de fonds bilatéraux et multilatéraux extérieurs entrainant ainsi un endettement élevé
.Cependant, il mérite de souligner ce déficit structurel au niveau de la balance du compte courant
qui mesure l'activité productive du pays . Cette situation est due au déficit de la balance
commerciale, avec un faible niveau du solde de la balance des revenus et des transferts. C'est a
partir de la situation économique qui prévaut au niveau de ce compte courant avec son déficit
structurel qui nous a amené a choisir le théme de I'article en espérant que I'ajustement de ce
compte courant accompagné des mesures appropriées pourrait relancer la croissance
économique de Madagascar.

Cependant, il est a noter que ce déficit structurel du compte courant peut avoir des effets néfastes
sur I"'économie notamment sur la dette publiqgue. On peut synthétiser I'impact de ce déficit
structurel du compte courant de la maniére suivante :

Accumulation de la dette publique: un déficit prolongé du compte courant entraine une
accumulation ses dettes étrangeres en augmentant le niveau du service de la dette ce quiimplique
une hausse des taux d’intérét et un affaiblissement de la croissance.

Dépendance aux financements étrangers : cette situation peut rendre I'’économie vulnérable aux
fluctuations des marchés internationaux augmentant ainsi les risques de crises financiéres et des
difficultés pour le remboursement du service de la dette.

Impact sur les dépenses publiques : Cette situation de déficit du compte courant peut contraindre
le Gouvernement a réduire les dépenses publiques et affecter les investissements dans le secteur
productif limitant ainsi la

croissance économigue a long terme

Risque de dévaluation de la monnaie : Ce phénomene de déficit structurel peut entrainer une
dévaluation de la monnaie en rendant les importations plus colteuses et rendant ainsi une
augmentation du service de la dette libellé en devises

185



Proceedings of the 10th International Scientific Conference

Au vu de ces effets néfastes du déficit structurel du compte courant sur I’économie nationale, il
est indispensable de chercher des solutions définitives pour mettre fin a cette situation d’ou la
prétention du présent article relatif a I'ajustement du compte courant

REVUE DE LITTERATURE

Cette revue de littérature relative au théme de ce présent article ayant pour theme

« Ajustement du compte courant et croissance économique » consiste a démontrer si
I’ajustement de ce compte courant pourrait relancer la croissance économique de Madagascar
en cette période de crise.

Ainsi, on va voir dans une premiére partie réservée a cette revue de littérature les fondements
théoriques de la balance en compte courant ainsi que ses différentes composantes et dans une
seconde partie la littérature comportant les différentes approches du compte courant. Pour
compléter la littérature économique, une revue de littérature relative a la croissance
est synthétisée dans une troisieme partie.

1-Les Fondements théoriques de la balance en compte courant :

Le compte courant est un indicateur économique de base qui reflete I'activité productive d’un
pays pour une période donnée comportant de quatre grandes composantes dont la balance
commerciale avec les exportations et les importations des biens et des services, la balance des
revenus et la balance des transferts .

Si son solde est positif, on peut affirmer que la politique économique du pays envers les pays
étrangers est rentable, le cas contraire, la politique économique du pays concerné mérite une
analyse approfondie car le solde déficitaire de ce compte signifie que la politique économique en
guestion doit étre révisée étant donné que ce déficit du compte courant peut avoir des
répercussions négatives sur la stabilité économique et la compétitivité internationale d’un pays.
Du point de vue théorique, ce compte courant comporte quatre catégories de balance :

La balance des Biens (exportations et importations)

La balance des services (exportations et importations)

La balance de revenus composée du solde entre les revenus gagnés par les résidents a I'Etranger
(ex : bénéfices et dividendes) et les revenus gagnés par les non-résidents a 'intérieur du pays (ex :
bénéfices et dividendes)

La balance des transferts constituée par les transferts de fonds sans contrepartie entre les
résidents et les non-résidents qui ne sont pas des transactions commerciales (ex : Dons et aides ;
loyers)

Si le solde du compte courant du pays est déficitaire, le Commerce International joue un réle
d’ajustement du solde du compte courant par les mesures ci-apres :

Rééquilibrage des échanges en favorisant les exportations

Contréle des importations en encourageant la substitution des produits par les produits locaux
Flux de capitaux étrangers pour attirer les Investissements directs étrangers (IDE)

Les Investissements étrangers constituent aussi un des agrégats économiques trés importants pour

I’ajustement du solde du compte courant. lls comportent les composantes ci-apres :
Investissements provenant des actifs productifs représentant les investissements apportés par
les investisseurs étrangers qui effectuent des opérations d’exploitation dans les secteurs
économigues en vue d’exporter les produits destinés a I'exportation leur procurant des bénéfices
. Ces Investissements sous forme d’Investissent direct étranger (IDE) rendent les entreprises
nationales plus compétitives

Investissements de portefeuille provenant des actifs financiers représentant des investissements
apportés par les étrangers soit sous forme d’actions dans les entreprises nationales soit des
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participations sous forme d’obligations dans les marchés financiers leur procurant ainsi des
intéréts et dividendes

Investissements en immobilisations provenant des actifs non productifs représentant des
investissements apportés par les étrangers par I'acquisition des grands immeubles leur procurant
des loyers

Ces investissements étrangers stimulent les exportations, améliorent la productivité et la
compétitivité, ces activités contribuent ainsi a résoudre le déficit du compte courant

Pour terminer cette partie réservée a la littérature économique relative a I'ajustement du compte
courant, il est a noter 'importance des Réserves en devises issues du Commerce international et
des divers Investissements effectués par les étrangers soit sous forme des IDE soit des
investissements en portefeuille (actions ou obligations). Parmi les ressources rentrant dans ces
réserves en devises, on peut y associer les dons et les aides provenant des organismes
internationaux. Les réserves en devises comportent aussi les flux de capitaux étrangers destinés a
rendre plus compétitifs la monnaie locale.

En résumé, on peut affirmer que le compte courant figure parmi un des indicateurs économiques
tres important pour évaluer la performance économique d’un pays. A ce titre, il est donc
primordial de procéder a l’ajustement de ce compte étant donné qu’aucune politique monétaire
n’est possible tant que le déficit dudit compte persiste.

Les ressources provenant du Commerce international et les investissements étrangers
constituent les principales ressources de ce compte.

2- La Littérature relative aux différentes approches sur le compte courant :

La littérature existante relative au compte courant est basée sur la relation entre les termes de
I’échange et le compte courant. Cette littérature comporte deux grandes approches théoriques
distinctes :

Le modele de la balance des opérations courantes basées sur les conditions de Marshall- Lerner
L"approche intertemporelle de la balance des opérations courantes formulée par Obstfield et
Rogoff en 1996

Le modele de la balance des opérations courantes basées sur les conditions de Marshall- Lerner
Ce modele étudie I'impact des chocs extérieurs de prix relatifs sur la balance commerciale par des
élasticités critiqgues qu’on appelle les conditions de Marshall — Lerner. Ces dernieres sont ainsi
appelées aussile « théoréeme des élasticités critiques » est par définition la condition qui doit étre
remplie par un pays pour qu’une variation de taux de change ait un effet positif sur la balance
commerciale. La condition de Marshall- Lerner est satisfaite si la somme absolue des élasticités de
la demande d’exportation et d’importation est supérieure a 1. Si elle est satisfaite, le pays
concerné commence avec un déficit commercial nul.

L"approche intertemporelle de la balance des opérations courantes formulée par Obstfield et
Rogoff :

Cette approche intertemporelle de la balance des opérations courantes est basée sur |'ouverture
de I'économie d’un pays au commerce international par les échanges commerciaux. Ce commerce
intertemporel permet au pays d’avoir la capacité de contracter des préts a I'étranger méme si le
pays a un déficit temporaire de son compte courant. Cette théorie a comme avantage son réle
dans I'ajustement du compte courant du pays concerné et de son intégration dans les marchés
internationaux de capitaux a travers les flux globaux des ressources.

Le degré d’efficacité de I'application de ces deux approches relatives a I'ajustement du compte
courant dépend de deux facteurs déterminants de I'environnement économique a savoir « le
degré d’ouverture au commerce international » et le « degré de développement aux marchés
financiers »
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Le degré d’ouverture au commerce international permet au pays concerné d’étre en mesure de
pouvoir intégrer les progres techniques provenant des pays partenaires et de tirer davantage les
atouts tirés du Commerce international selon Barro et Sala-i-Martin en 1995. Cette situation
permet ainsi de rétablir la balance commerciale. Quant au degré de développement des marchés
financiers, un secteur financier développé peut favoriser la croissance mais cela difféere suivant les
régimes de changes. Un régime de change flottant peut mieux amortir les amortissements des
chocs économiques par rapport au régime de change fixe selon Levin en 1997
3- Larevue de littérature relative a la croissance économique :

Ce concept de croissance est un théme trés important dans la  macroéconomie, de nombreux
économistes ont donné leur réflexion et théories sur lu sujet :

e Solow RM (1956) dans son livre intitulé « A contribution to the theory of economic growth »
Quarterly Journal of Economics 70(1) 6594 : Il propose un modele de croissance mettant I'accent
sur I'accumulation du capital, le progres technologique et la productivité comme facteurs de
croissance. Cette étude classique propose un modeéle de croissance économique exogene.

e Romer PM (1986) dans son livre intitulé « Increasing return and long-run growth” Journal of
political economy 94(5), 1002-1037 : Il propose le modele de croissance économique endogene
dans lequel la croissance économique est expliquée par I'accumulation des connaissances et du
capital humain . Ce modele met I'accent sur I'innovation technologique en tant que moteur de la
croissance a long terme

e Barro RJ et Solo-i-Martin (1995) dans son livre intitulé « Economic growth MIT Press » : lls
proposent des théories comportant a la fois les modeles de croissance exogene et endogene ainsi
gue des facteurs institutionnels

e Marrkiw NG, Romer D, Weil DN (1992) dans leur livre intitulé « A contribution to the empirics of
economic growth » : The Quarterly Journal of economics 107 (2) , 407- 437 : lIs effectuent des
études empiriques des déterminants de croissance en examinant les réles du capital physique
du capital humain et de le technologie dans le processus de croissance économique

e Acemoglu D and Robinson JA (2012) dans leur livre intitulé « Why nations fail » The origins of
power, prosperity and poverty” Crown Business : lIs examinent comment les institutions politiques
et économiques favorisent la croissance économique.

METHODOLOGIE
La méthodologie adoptée pour étudier la relation causale entre I'ajustement du compte courant
et la croissance économique est basée sur des modeles économétriques. Elle comprend une
analyse quantitative et qualitative des données macroéconomiques pertinentes relatives au
theme.. La méthodologie a adopter est ainsi basée sur des modeéles économétriques utilisant la
méthode E-VIEWS 10 pour évaluer l'impact de I'ajustement du compte courant sur la croissance
économigue a Madagascar en période de crise.
La méthodologie a suivre pour I'élaboration comprend plusieurs étapes :

1. Définition des variables :
Dans cette étape, on va définir les variables-clé telles que le taux de croissance économique et le
compte courant, etc.
En ce qui concerne notre modélisation économétrique, on peut déja identifier comme variable
dépendante le taux de croissance économique et comme variable indépendante le compte
courant. Pour pouvoir approfondir notre étude, on ajoute comme variable de controle le taux de
pression fiscale. Pour pouvoir effectuer la modélisation économétrique, on a pris les exportations
en tant que déterminant du compte courant comme variable indépendante du modele. Le choix
des Exportations comme parametre représentant le compte courant est dicté par 'approche
théorique actuelle du compte courant basée sur la satisfaction des conditions de Marshall- Lerner.
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Cette approche confirme que le déficit commercial est nul si la somme absolue des élasticités de
la demande des exportations et d’importation est supérieur a 1.

2-Choix de la méthodologie d’analyse

Afin de pouvoir analyser lI'impact de l'ajustement du compte courant sur la croissance
économique, on va utiliser des modéles économétriques a partir des données collectées par. le
modele VAR (Vecteur Auto Regression) développé par Christopher Sims en 1980. Notons que le
modele VAR est destiné pour modéliser les séries temporelles qui ne présentent pas des relations
de cointégration. Il permet d’étudier les relations entre plusieurs variables macroéconomiques et
de modéliser de maniere simultanée les relations entre elles.

3 - Modélisation économétrique :

On utilise les données collectées relatives a I'’économie de Madagascar aupres des départements et

institutions concernés pour estimer les modeles économétrigues en utilisant le modéle VAR pour
modéliser les relations causales entre la variable dépendante et indépendante .On étudie ainsi en
priorité la stationnarité des séries temporelles avec les tests ADF et PP. Notons que les tests de
stationnarité ADF (Augmented Didkey Fuller) et PP (Philips Perron ) permettent d’étudier la
stationnarité des séries temporelles en posant comme Hypothése Ho présentant une racine
unitaire représentant des séries temporelles non stationnaires . Il est a noter que des tests
économeétriques seront effectués pour analyser aussi la significativité des variables étudiées et
prendre des conclusions appropriées sur ces relations causales aprées avoir vérifié la stationnarité
des séries temporelles

4- Les tests économétriques

Test de stationnarité des séries temporelles :On a ainsi posé comme Hypothése Ho : séries

temporelles non stationnaires présentant une racine unitaire selon les tests AFD et PP

Si p-value des séries statistiques est supérieure a 0,05 : on accepte Ho

Si p- value des séries statistiques est inférieure a 0,05 : on rejette Ho : les séries sont donc

stationnaires

Pour notre étude p-value est inférieure a 0,05 donc les séries temporelles sont donc stationnaires.
Test de significativité des variables Aprés avoir étudié la stationnarité des séries temporelles, on

étudie la significativité des variables indépendantes a I'aide des tests de Student. Supposons que

Cireprésente le coefficient de la variable Xi a tester.

Sl on pose comme hypothese Ho : Ci = 0 (variable non significative)

Si on pose comme hypothese H1 : Ci est différent de O (variable significative)

Dans le cas pratique, on rejette Ho si I'indicateur statistique « t-stat » est supérieur a 1,96

Application pratique par la Méthode E- VIEWS (tableau de la matrice des résultats VAR en annexe)

Apres avoir étudié la stationnarité des séries temporelles, on effectue des tests de significativité

des variables a partir des études économétriques par la méthode E-VIEWS. On a posé comme

variable dépendante le taux de croissance économique et comme variable indépendante les

Exportations en tant que déterminant du compte courant. Apres études, on a trouvé que relation

entre les Exportations et le taux de croissance n’est pas significative pour un niveau de confiance

a 5 % étant donné que le « t-statistique » correspondant est de 1,75 en valeur absolue lequel est

inférieur a la valeur critique de 1,96 c’est-a-dire les Exportations n’ont pas d’impact sur le taux de

croissance . Si on prend un niveau de confiance a 10 %, on peut dire que la relation entre les

Exportations et le Taux de croissance est significative. Pour notre étude, on retient ce seuil de 10

% et on conclut que les Exportations ont des impacts sur le taux de croissance.

5.1.Fonctions de Réponses impulsionnelles ( IRF) ( tableau en annexe)

Afin de pouvoir approfondir cette relation entre les Exportations et le Taux de croissance, on va
utiliser les « Fonctions de réponses impulsionnelles » ou IRF
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pour étudier les délais de transmissions du Choc économique provenant des Exportations sur le
récepteur du Choc économique le taux de croissance. En se référant aux tableaux relatifs aux
fonctions de réponses impulsionnelles en annexe, on trouve que l'estimateur représentant la
relation entre les exportations et le taux de croissance tourne autour de la moyenne du modele
économétrique c’est-a-dire les séries sont stationnaires et que la relation des deux variables est
significative. Les chocs provenant des exportations évoluent en dents de scie entre la seconde et
guatrieme année et ces chocs sont entierement absorbés a partir de la sixieme année.
5.2.Décomposition de la variance des erreurs de prévision :( tableau IRF)

La décomposition de la variance des erreurs de prévision ou décomposition de cholesky est
indispensable pour déterminer de la variance de I'erreur de prévision sur les chocs .De ce fait, on
peut affirmer I'importance du choc des exportations sur la croissance étant donné que la variance
des erreurs de prévision pour ces deux variables est petite

5.3.Représentations graphiques pour la relation linéaire entre le taux de croissance et le compte
courant (tableau en annexe)

Afin de pouvoir approfondir la relation linéaire entre le taux de croissance et le compte courant,
on a élaboré un tableau représentant la corrélation ce ces deux variables. On a ajouté une
troisieme variable relative a I'évolution du taux de pression fiscale (TPF) en tant que variable de
contrble .Apres études, on a observé I'existence d’une corrélation positive entre le taux de
croissance et le compte courant. Cependant la corrélation entre le taux de croissance et le taux
de pression fiscal n’est pas vérifié. Cela peut étre du au déficit structurel de notre compte courant
5.4.Application de la suite de Fibonacci dans I’équilibre du compte courant :

Leonardo Fibonacci (vers 1170) est un mathématicien italien . Cette suite de Fibonacci est utilisée
dans de nombreuses disciplines dont I'étude du comportement de marches financiéres. La suite
de Fibonacci limite le rapport de deux termes consécutifs de la suite (exemple: 0,318 ;
0,500;0,618 ;0,786 )

Le Retracement de Fibonacci utilise les niveaux de retracement pour identifier les zones de
rentabilité dans une tendance des marches financiers connues sous le nom de I'OTE (Optimum
Trade Entry ) avec un seuil critique de 0,618 .Le Retracement de Fibonacci peut étre défini comme
un outil d’analyse dynamique des données économiques . Il permet d’anticiper la correction du
Taux de change et d’anticiper les interventions monétaires facilitant ainsi la relance de la
croissance économique. De plus , il permet de fixer les objectifs de la politique de change pour
chaque phase du cycle économique a partir des niveaux de Retracement (
0,236;0,362 ;0,500 ;0,618 ;0,786) . Pour I'ajustement du compte courant, il est proposé de choisir
les niveaux de retracement de 0,500 et 0,618 qui correspondent respectivement a une phase de
stabilisation

économique et de croissance économique. La Banque Centrale de Madagascar peut ainsi
renforcer ses réserves en devises et ajuster son taux d’intérét pour attirer les capitaux étranger

ANALYSE DES RESULTATS :

En se référant a ces études quantitatives, on peut conclure I'existence d’une corrélation entre le
taux de croissance économique et le compte courant. Cette conclusion est vérifiée dans les
relations de significativité entre les exportations et le taux de croissance dans la matrice des
résultats du VAR. De plus,les tableaux des IRF confirment la relation causale entre les exportations
et le taux de croissance relatant I'origine des chocs économiques provenant des exportations vers
le récepteur des chocs économigues a savoir le taux de croissance économique . Ces conclusions
ne font que confirmer les résultats issus de la lecture des représentations graphiques démontrant
I'existence d’une relation linéaire entre le taux de croissance et le compte courant. La lecture des
tableaux de représentations graphigues nous permet de spécifier que si la courbe relative a
I’évolution du compte courant connait une tendance haussiére, la courbe du taux de croissance
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suit la méme évolution et vice versa .Quant a la courbe du taux de pression fiscal (TPF), cette
courbe reste stable et constante pendant plusieurs années.

CONCLUSION :

En résumé, on peut dire que I'ajustement du compte courant peut jouer un réle crucial en tant
gu'indicateur économique pour stimuler la croissance économique en période de crise a
Madagascar. Notre étude a montré la relation linéaire entre I'ajustement du compte courant et la
croissance en spécifiant que si la courbe relative a I’évolution du compte courant connait une
tendance haussiere, la courbe du taux de croissance suit la méme évolution et vice versa .Mais
entre la croissance économique et le taux de pression fiscale, il n’existe pas de relation linéaire. La
courbe du taux de pression fiscale reste stable et constante durant plusieurs années alors gqu’on
assiste a une volatilité du taux de croissance et du solde du compte courant. Cette relation linéaire
entre le taux de croissance et le compte courant a été aussi vérifiee dans les études
économétriques établies dans la matrice des résultats VAR associées aux tableaux représentatifs
des fonctions de réponses impulsionnelles (IRF)

Par ailleurs, il est a noter que diverses études ont montré que le compte courant de Madagascar
composé de la balance commerciale et des services, les balances de transferts et des revenus est
largement déficitaire ces dernieres années. Les études ont démontré que si les stratégies de
politique économique et monétaire ne changent pas, on assistera a une prévision de déficit
structurel pour les années a venir. De ce fait, une politique d’accumulation des réserves en devises
figure parmi une des politiques les plus sollicitées pour pouvoir améliorer le solde du compte
courant de Madagascar .Cependant, cette politique d’accumulation des réserves consiste a la
relance de la balance commerciale

par la promotion des exportations, la relance de la balance des revenus par les investissements
étrangers dont les investissements directs étrangers et les investissements de portefeuille. Notons
gue les investissements directs étrangers de Madagascar ont connu une tendance baissiere ces
derniére années et que les investissements de portefeuille étaient presque nuls .On a fait une
projection pour les prochaines années et on a trouvé que si les stratégies de politique économique
et monétaire de Madagascar ne changent pas, la situation des investissements étrangers sera un
grand probléme pour les décideurs de ce pays entrainant automatiquement un solde déficitaire
structurel du compte courant . De ce fait, aucune mesure de politique économique et monétaire
ne conduira le pays a un taux de croissance acceptable.

Comme il a été développe précédemment, le Retracement de Fibonacci est un outil tres
performant pour une bonne gestion des fluctuations des taux de changes par les corrections sur
les taux de changes par le biais de la dépréciation des taux de changes. A partir des
renseignements fournis par la Banque Centrale de Madagascar, on a procédé au calcul de la
dépréciation MGA / USD suivant le Retracement de Fibonacci concernant les niveaux de 50 % et
61,8 % et on a trouvé pour le retracement de 50% = 4633, 37 MGA et pour le retracement de 60%
=4619,38 MGA .De ce fait, pour ajuster le compte courant de Madagascar, la Banque Centrale doit
déprécier la monnaie nationale a 4633,37 MGA. Pour la relance de la croissance, la monnaie
nationale doit étre dépréciée a 4619, 38 MGA.
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Vector Autoregression Estimates

Date: 09/18/23 Time: 21:10

Sample (adjusted): 1988 2021

Included observations: 34 after adjustments
Standard errors in () & t-statistics in []

DPIB DIDE DINFL DM3 DMS DUSD DXS

DPIB(-1) -0.971689 -0.007200 0.062601 0.008452 -0.013509 0.014446 -0.016161
(0.37893) (0.05675) (0.04805) (0.00533) (0.01577) (0.00799) (0.01658)
[-2.56433] [-0.12686] [1.30293] [ 1.58554] [-0.85643] [1.80811] [-0.97468]

DPIB(-2) -0.001104 -0.008659 0.031997 0.003496 0.011683 0.015840 0.007098
(0.30119) (0.04511) (0.03819) (0.00424) (0.01254) (0.00635) (0.01318)
[-0.00366] [-0.19194] [0.83784] [0.82496] [0.93181] [2.49422] [0.53855]

DIDE(-1) -0.297494 -0.120409 0.062086 -0.044061 0.087025 -0.128065 -0.014928
(1.47501) (0.22092) (0.18703) (0.02075) (0.06140) (0.03110) (0.06454)
[-0.20169] [-0.54503] [0.33196] [2.12337] [1.41729] [-4.11782] [-0.23130]

DIDE(-2) -2.580518 -0.005824 -0.001990 0.038065 -0.075159 0.002427 -0.035866
(1.62132) (0.24284) (0.20558) (0.02281) (0.06749) (0.03419) (0.07095)
[-1.59161] [-0.02398] [-0.00968] [1.66885] [1.11357] [0.07100] [-0.50555]

DINFL(-1) 1.983860 0.281697 -0.072793 0.024504 0.095618 -0.008052 0.123968
(1.76030) (0.26365) (0.22320) (0.02476) (0.07328) (0.03712) (0.07703)
[1.12700] [1.06844] [-0.32613] [0.98951] [1.30485] [-0.21693] [1.60941]

DINFL(-2) -0.361845 0.049521 0.049099 0.030009 0.012877 0.029599 0.030137
(1.38953) (0.20812) (0.17619) (0.01955) (0.05784) (0.02930) (0.06080)
[-0.26041] [0.23794] [0.27867] [1.53513] [0.22262] [1.01028] [0.49566]

DM3(-1) -9.569366 -0.631955 -0.866156 0.249109 0.115070 0.194825 -0.521211
(16.2100) (2.42787) (2.05536) (0.22804) (0.67480) (0.34178) (0.70931)
[-0.59034] [-0.26029] [-0.42141] [1.09237] [0.17053] [0.57003] [-0.73482]

DM3(-2) 8.501519 -1.976016 0.503064 -0.130990 0.881100 0.000980 0.174512
(18.4452) (2.76266) (2.33878) (0.25949) (0.76785) (0.38891) (0.80712)
[0.46091] [-0.71526] [0.21510] [-0.50480] [1.14749] [0.00252] [0.21622]

DMS(-1) -4.629083 1.711109 -0.000198 0.093475 -0.376821 0.362599 0.020267
(9.61274) (1.43976) (1.21886) (0.13523) (0.40016) (0.20268) (0.42063)
[-0.48156] [1.18847] [-0.00016] [0.69121] [-0.94166] [1.78900] [0.04818]

DMS(-2) -5.341283 0.903800 0.780233 -0.000950 -0.233480 0.034994 -0.186902
(6.42799) (0.96276) (0.81504) (0.09043) (0.26759) (0.13553) (0.28127)
[-0.83094] [0.93876] [0.95729] [-0.01051] [-0.87253] [0.25820] [-0.66448]

DUSD(-1) -3.886762 1.244838 0.986304 0.009224 -0.643891 0.173572 -0.351403
(8.26966) (1.23860) (1.04856) (0.11634) (0.34425) (0.17436) (0.36186)
[-0.47000] [1.00504] [0.94063] [0.07929] [-1.87039] [0.99546] [-0.97110]

DUSD(-2) 3.350929 2486894 -2.374810 0.097597 -0.018548 -0.117677 0.140013
(8.39028) (1.25667) (1.06385) (0.11804) (0.34928) (0.17691) (0.36714)
[0.39938] [1.97896] [-2.23227] [0.82685] [-0.05310] [-0.66519] [0.38136]

DXS(-1) 5.236852 -1.091920 0.878372 -0.163562 0.109921 -0.240813 0.080177
(7.73017) (1.15780) (0.98015) (0.10875) (0.32180) (0.16299) (0.33825)
[0.67746] [-0.94310] [0.89616] [-1.50404] [0.34159] [-1.47748] [0.23703]

DXS(-2) -15.26010 -2.786757 -2.116175 -0.184437 -0.795480 -0.305086 -0.772125
(8.68708) (1.30112) (1.10149) (0.12221) (0.36163) (0.18317) (0.38013)
[-1.75664] [-2.14181] [-1.92120] [-1.50917] [-2.19970] [-1.66563] [-2.03124]

C 1.768461 0.263374 0.194605 0.136115 0.056518 0.076768 0.187257
(2.75777) (0.41305) (0.34967) (0.03880) (0.11480) (0.05815) (0.12067)
[0.64126] [0.63763] [0.55653] [3.50842] [0.49231] [1.32025] [1.55177]

R-squared 0.690658 0.530325 0.694866 0.547219 0.504430 0.667790 0.429356
Adj. R-squared 0.462722 0.184249 0.470030 0.213591 0.139274 0.423003 0.008881
Sum sq. resids 457.8944 10.27195 7.361676 0.090623 0.793503 0.203565 0.876742
S.E. equation 4909145 0.735275 0.622460 0.069062 0.204361 0.103508 0.214812
F-statistic 3.030048 1.532395 3.090549 1.640209 1.381408 2728051 1.021121
Log likelihood -92.44864 -27.89586 -22.23267 52.52204 15.63628 38.76432 13.94045
Akaike AIC 6.320508 2523286 2.190157 -2.207179 -0.037428 -1.397901 0.062326
Schwarz SC 6.993902 3.196680 2.863551 -1.533785 0.635966 -0.724507 0.735721
Mean dependent 0.134162 0.151260 -0.027947 0.147553 0.069638 0.085672 0.059196
S.D. dependent 6.697399 0.814087 0.855039 0.077879 0.220275 0.136266 0.215772
Determinant resid covariance (dof adj.) 1.42E-08

Determinant resid covariance 2.41E-10

Log likelihood 38.76441

Akaike information criterion 3.896211

Schwarz criterion 8.609971

Number of coefficients 105
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TABLEAU REPRESENTATIF COMPORTANT LA CORRELATION ENTRE LE TAUX DE CROISSANCE, LE COMPTE COURANT ET LE TPF

1985 | 1986 | 1987 | 1988 | 1989 | 1990 | 1991 | 1992 | 1993 1994
Taux de croissance économique 1,2 2,0 1,2 3,4 4,1 3,1 -6,3 1,2 2,1 -0,1
Compte courant en pourcentage du PIB 91| 25| 49| 50| 49| -92| -80| -63| -67 -8,1
TPF 104 79| 94| 90| 75| 81| 58| 74| 70 66
TPF, Compte courant et Croissance économique
20,0
. W,W
0,0
R o e a s an g w & Shon oo e
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200 Z23Z22322Z22Z222ZRRAIRIRLIATRIIRIRIRIRRRRR
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=@ TPF

COMMENTAIRES

=@==Compte courant

Croissance économique

Il ressort de la lecture de ce tableau graphique I'existence d'une corrélation positive entre le taux de croissance et le compte courant.

Cependant la corrélation entre le taux de croissance et le taux de pression fiscal n'est pas vérifié, Cela pourrait étre du au

déficit structurel de notre compte courant.
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1995 1996 1997 1998 1999 2000 2001 2002 2003 2004 2005 2006 2007 2008

1,7 2,1 3,7 3,9 4,7 4,7 60| -12,7 9,8 53 46 5,0 6,2 6,7
-83 5,2 4,8 6,5 4,9 -4,9 -1,1 3,8 -5,1 79|  -11,5 89| -103| -164
7,2 7.3 8,1 8,4 9,5 9,8 8,4 6,6 86 9,4 87 9,2 9,1 10,3

2009| 2010| 2011| 2012| 2013| 2014 | 2015| 2016| 2017| 2018 | 2019| 2020| 2021
-4,0| 0,6 1,6 30| 23 3,3 3,1 40| 39| 32| 44| -71 57
-19,0| -89| -6,0| -6,7| -49| -09| -1,6| 09| -05 07| -23| 44| -51
8,3 85| 87| 84 88| 84 89| 92| 10,0| 10,3| 10,6| 95| 102

1995| 1996 | 1997| 1998 | 1999 | 2000 | 2001 | 2002 | 2003 | 2004 | 2005 | 2006 | 2007 | 2008
L7 21| 3,7\ 39| 47| 47| 60|-12,7| 98| 53| 46| 50| 62| 6,7
-83| -52| 48| -65| -49| -49| -1,1| -38| -51| -79|-11,5| -89|-10,3|-164
72 73| 81| 84| 95| 98| 84| 66| 86| 94| 87| 92| 91| 10,3
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Impact de la Masse Salariale sur 'Inflation
3 Madagascar : Une Etude Empirique via
un Modele VAR

Vazo RABEMAHERY
Chercheure, Mention Economie, EAD2, Ecole doctorale SHS de I'Université
d’Antananarivo

1. Introduction

En 2023, la masse salariale représente prés de 60 % du budget national a Madagascar, soulignant
son rble central dans les politiqgues budgétaires et leurs effets sur I'inflation, qui s’établit en
moyenne a 9,9 %. Son influence sur les équilibres macroéconomiques et le pouvoir d’achat des
ménages en fait un enjeu stratégique.

Une masse salariale élevée réduit les marges budgétaires de I'Etat, limitant les investissements
dans des secteurs clés comme I'éducation, la santé et les infrastructures. Par ailleurs, des facteurs
structurels tels que la corruption et une gouvernance inefficace compliquent sa gestion,
accentuant les tensions budgétaires.

L'augmentation de la masse salariale sans croissance économique proportionnelle exerce des
pressions inflationnistes, notamment par la hausse des dépenses de consommation induite par le
secteur public. Il est donc crucial d’analyser cette relation afin d’orienter les politiques budgétaires
vers un équilibre entre stabilité des prix et développement socio-économique.

Le présent article analyse la relation entre la masse salariale et I'inflation a Madagascar a travers
un modele VAR (Vector Autoregression). Il cherche a comprendre comment une hausse des
salaires publics peut générer des pressions inflationnistes et perturber I’équilibre économique, en
étudiant les canaux de transmission tels que la consommation, I'investissement et les anticipations
des agents économiques.

L"étude intégre des facteurs modulant cette relation, notamment les politiques monétaires, les
fluctuations des prix des matiéres premiéres et le contexte macroéconomique. Les résultats
permettront de formuler des recommandations pour une gestion optimale de la masse salariale,
conciliant stabilité des prix et croissance durable.

Enfin, cette recherche contribue a la littérature académique en offrant une perspective empirique
sur I'interaction entre politique budgétaire et inflation a Madagascar, tout en ouvrant la voie a de
futures études sur des politiques économiques plus équilibrées.

2. Revue de la littérature

Lanalyse des relations entre la masse salariale et I'inflation repose sur plusieurs cadres théoriques
fondamentaux, chacun offrant une perspective distincte sur les mécanismes sous-jacents.
Lanalyse du lien entre masse salariale et inflation repose sur plusieurs cadres théoriques.

La théorie classique attribue I'inflation a un déséquilibre entre I'offre et la demande monétaire :
une hausse des salaires sans augmentation équivalente de la production entraine une montée des
prix, nécessitant souvent des politiques monétaires restrictives.

Lapproche keynésienne met en avant le réle de la demande globale. Une augmentation des
salaires stimule la consommation, mais si l'offre ne suit pas, 'inflation s’accélére, appelant a des
mesures d'ajustement.
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Les monétaristes, sous l'impulsion de Milton Friedman, considerent linflation comme un
phénoméne monétaire. Une hausse de la masse salariale, sans croissance proportionnelle de la
production, alimente I'inflation, d’ou la nécessité d’un strict contréle de la masse monétaire par
les banques centrales.

La courbe de Phillips illustre le compromis entre chémage et inflation : la baisse du chémage,
souvent accompagnée de hausses salariales, s'Taccompagne d’une poussée inflationniste, posant
un dilemme aux décideurs économiques.

Quant aux anticipations adaptatives, elles introduisent une dimension psychologique. Les agents
économiques projettent leurs attentes d'inflation future a partir des tendances observées. Ces
projections influencent les négociations salariales, risquant de créer un engrenage ou salaires et
prix s’alimentent mutuellement.

La théorie des finances publiques met en lumiére les choix budgétaires et leurs répercussions
économiques. Le recours a 'emprunt, surtout lorsqu’il s"appuie sur la création monétaire, risque
d’accentuer les pressions inflationnistes, tandis que le financement par I'imp6t tend a freiner la
demande globale en limitant les liquidités en circulation.

Ces perspectives théoriques, bien loin d’étre de simples concepts abstraits, offrent des outils
précieux pour décrypter les interactions entre masse salariale et inflation a Madagascar. En les
intégrant au contexte national, elles révelent des pistes stratégiques capables d’allier stabilité
économique et développement durable. Une réflexion éclairée, indispensable pour orienter les
politiques publiques et répondre aux défis économiques du pays.

2.2 Inventaire des études précédentes sur la politique budgétaire, la masse salariale et

I'inflation a Madagascar
Les études sur Madagascar mettent en évidence les défis liés a la gestion budgétaire et monétaire,
soulignant I'importance d’une approche rigoureuse pour maitriser |'inflation et favoriser un
développement durable.
La Banque mondiale (2012) a relevé une faible pression fiscale et une gestion inefficace des
dépenses publiques entre 2008 et 2010, limitant leur impact sur la croissance malgré un déficit
maftrisé. En 2016, elle a suggéré qu’une politique budgétaire expansionniste pourrait stimuler
I’économie, a condition d’une gestion stricte des finances publiques et d’un alignement efficace
des allocations budgétaires avec les priorités nationales. Toutefois, la concentration des dépenses
dans des secteurs peu productifs réduit leur effet sur la croissance et I'inflation. Par exemple, en
2020, seulement 15,2 % du budget national était consacré a I'’éducation, un niveau insuffisant
pour soutenir le développement humain et la productivité a long terme.
Le rapport PEFA (2021) a mis en lumiere des faiblesses dans la prévisibilité et le controle
budgétaire, renforcant la nécessité de réformes pour améliorer la transparence et la gestion des
finances publiques.
Les modeles VAR apportent un éclairage précieux sur les dynamiques économiques malgaches.
Andrianady (2018) montre qu’une hausse de la masse monétaire entraine une inflation a court
terme, qui s’atténue apres huit ans. Anjara (2019) souligne I'efficacité limitée des politiques
monétaires expansionnistes sur la croissance, en raison d’une faible inclusion bancaire. Toujas-
Bernaté (1996) et le FMI (2001) confirment une relation stable entre demande monétaire et
inflation, tout en mettant en évidence I'impact des chocs externes sur les prix.
Ces études valident 'usage des modeéles VAR pour analyser l'interaction entre masse salariale,
inflation et politique budgétaire. Toutefois, elles révelent des défis structurels persistants : faible
taux de bancarisation, dépendance aux financements extérieurs et efficacité limitée des politiques
monétaires. Une analyse approfondie s'impose pour mieux comprendre ces mécanismes et
adapter les recommandations aux spécificités du contexte malgache.
2.3 limites de ces études
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Bien que les modéles VAR aient été appliqués dans divers contextes, peu d’études ont examiné
spécifiguement l'interaction entre masse salariale et inflation a Madagascar. Les travaux
d’Andrianady (2018) et d’Anjara (2019) se concentrent sur la masse monétaire, négligeant I'impact
clé de la masse salariale dans les dynamiques inflationnistes. Une question centrale demeure :
dans quelle mesure la masse salariale publique influence-t-elle I'évolution des prix, dans un
contexte de contraintes budgétaires spécifiques ?

Les études existantes souffrent de limitations méthodologiques, notamment le manque de
données longitudinales, ce qui entrave I'analyse des tendances a long terme. La Banque mondiale
(2016) et le PEFA (2021) soulignent des difficultés dans la collecte de séries chronologiques
compléetes, limitant ainsi I’étude des effets différés des politiques salariales sur I'inflation.

Par ailleurs, les analyses sectorielles manquent souvent d’une vision intégrative. Par exemple,
I’étude de I"'UNICEF (2020) sur les budgets éducatifs se concentre sur des défis spécifiques sans
évaluer leur impact sur l'inflation ou I'ajustement de la masse salariale publique. Une approche
globale, intégrant les interactions entre secteurs, serait plus pertinente.

Enfin, les concepts théoriques sont souvent sous-exploités. Des théories comme la courbe de
Phillips, adaptées a d’autres contextes, sont rarement appliquées au cas malgache, ou des
particularités telles que la faible industrialisation, la dépendance aux importations et I’économie
informelle modifient les mécanismes classiques.

Les faiblesses dans I'exécution budgétaire et la transparence, soulignées par le PEFA (2021),
appellent une analyse plus orientée vers les résultats pour évaluer I'impact des politiques
budgétaires sur la stabilité économique et le pouvoir d’achat des ménages.

Ces limites justifient I'utilisation d’un modele VAR dans cette recherche, qui vise a analyser de
maniére rigoureuse les relations entre masse salariale et inflation a Madagascar, et a formuler des
recommandations pour une gestion budgétaire plus efficace et une stabilité macroéconomique
durable.

3. Méthodologie

Pour mener une analyse rigoureuse tenant compte des spécificités économiques de Madagascar,
il est primordial de s’appuyer sur un cadre méthodologique bien défini. Cette section présente les
bases de I'étude, en expliquant le choix du modéle économétrique utilisé ainsi que les sources de
données mobilisées

3.1 Le choix du modele

e choix du modele VAR (Vector Autoregression) pour analyser la relation entre masse salariale et
inflation a Madagascar repose sur des bases méthodologiques et théoriques solides. Il permet de
capturer les interactions dynamiques entre plusieurs variables économiques et s’adapte aux
spécificités du contexte malgache. En examinant les effets décalés entre la masse salariale,
I'inflation et la croissance du PIB, il offre un cadre pertinent pour analyser les mécanismes
interdépendants de I'économie.

Le modéle VAR se distingue par sa simplicité d’application, particulierement dans un
environnement ou les données sont limitées, comme a Madagascar. Contrairement aux modeles
plus complexes tels que les modeles DSGE, il requiert moins de spécifications strictes, ce qui
permet une analyse empirique flexible des interactions économiques, sans imposer de relations
causales rigides.

L’estimation du modele suit une méthode rigoureuse, comprenant plusieurs étapes pour assurer
la validité des résultats, telles que la sélection du nombre de retards a inclure. Cette sélection
repose sur des critéres statistiques reconnus comme le critere d’Akaike (AIC), qui optimise la
complexité du modele tout en minimisant les erreurs de prévision, et le critere de Schwarz (BIC),
qui favorise des modeles plus simples. Le critere de Hannan-Quinn (HQ) propose un compromis
entre les deux.
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Les analyses de chocs et les décompositions de variance permises par le modele VAR permettent
d’évaluer I'impact des variations salariales sur linflation a court et long terme. Ce choix est
confirmé par des études antérieures, renforcant ainsi la pertinence du modeéle pour cette étude.
En conclusion, le modele VAR est un outil méthodologiquement adapté pour atteindre les objectifs
de cette recherche.
3.2 Choix des variables et source des données
Cette étude repose principalement sur des données fournies par le Ministére de I'Economie et
des Finances (MEF) de Madagascar, qui offre des statistiques fiables sur la masse salariale du
secteur public. Ces données sont complétées par celles de I'Institut National de la Statistique
(INSTAT), qui fournit les indices des prix a la consommation (IPC) utilisés pour mesurer 'inflation.
En outre, les rapports de la Banque Mondiale apportent un contexte précieux sur I'économie
malgache.
L"analyse couvre la période de 2000 a 2023, une période significative marquée par des réformes
économiques et des transformations politiques importantes. Cette période assure également une
disponibilité suffisante de données pour identifier a la fois les tendances a long terme et les
fluctuations conjoncturelles.
Les variables utilisées incluent :
e Masse salariale : représentant les rémunérations versées aux fonctionnaires.
e Inflation : mesurée a travers |"évolution de I'lPC.
o Dépenses publiques : retracées dans les investissements gouvernementaux, notamment
dans I"éducation, la santé et les infrastructures.
e PIB :indicateur de croissance économique, contextualisant les interactions entre la masse
salariale et 'inflation.
e Ressources internes : telles que les recettes fiscales et les contributions des entreprises
publiques, évaluant la capacité gouvernementale a financer ses dépenses sans recours
excessif a I'endettement.

4. Approche économétrigue

4.1 Estimation des parametres

Apres avoir déterminé le lag optimal, les paraméetres du modéle sont estimés par la méthode des
Moindres Carrés Ordinaires (MCO). Les performances des équations varient, avec des R-squared
allant de 0,508 a 0,999, ce qui reflete des niveaux d’explication divers. Les valeurs ajustées
(Adjusted R-squared) varient entre 0,352 et 0,999, indiquant une bonne capacité explicative
générale. Les résidus au carré (SSR) vont de 2.83x10™ a 1,618,022, montrant des différences dans
la précision des prévisions. Les erreurs standards (S.E. Equation) vont de 8,19 a 191,76, illustrant
des degrés de précision variés.

Les valeurs de la F-statistic, comprises entre 3,25 et 3 976,89, indiquent une significativité
statistique élevée pour la plupart des équations. Les valeurs du Log, allant de -1 216,83 a-199,15,
respectent les normes économétriques et mesurent I'ajustement global du modéle.

Les criteres d’Akaike (AIC) et de Schwarz (SC) servent a évaluer le compromis entre ajustement et
complexité du modele. Les valeurs de I'AIC (7,26 a 41,76) et du SC (11,51 a 42,29) suggerent un
équilibre, avec des valeurs plus faibles indiquant un meilleur ajustement. Enfin, les statistiques
descriptives des variables dépendantes montrent une forte variabilité, témoignant de
comportements distincts parmi les variables analysées.
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4.2. Test de stationnarité

La masse salariale, en tant gqu’indicateur clé du co(t du travail et du pouvoir d'achat des ménages,
influence directement la consommation intérieure et la dynamique économique globale. Un test
de racine unitaire, I'Augmented Dickey-Fuller (ADF), a été réalisé pour vérifier la stationnarité de
la série temporelle de la masse salariale.

Les résultats du test ADF sur la série MASSE_SALARIALE montrent une statistique de -6,724492
avec une p-value de 0,0000, significative aux seuils de 1 %, 5 % et 10 %. Cela permet de rejeter
I"hypothése nulle de non-stationnarité, confirmant que la série est stationnaire en niveau. Les
valeurs critiques corroborent ces résultats.

Une transformation logarithmique a été appliquée a la variable MASSE_SALARIALE pour stabiliser
la variance, en particulier face a des fluctuations croissantes. Aprés cette transformation, le test
ADF confirme également la stationnarité de la série logarithmique.

La stationnarité, vérifiée par le test ADF, est cruciale pour la fiabilité des analyses de cointégration,
permettant d'explorer les relations a long terme entre les variables macroéconomiques. Elle
garantit la solidité des modeles économétriques et la pertinence des décisions politiques.

4.3 Impulsions et réponses dynamiques

L’analyse des chocs sur la masse salariale révele des dynamiques économiques interdépendantes.
Un choc positif sur les salaires publics entraine une hausse de l'inflation, en établissant une
relation directe entre I'augmentation des salaires et la demande globale. Les fonctionnaires,
bénéficiant de revenus accrus, augmentent leur consommation, stimulant ainsi la demande sur le
marché. Ce mécanisme est particulierement visible a Madagascar, ou une large part de la
population dépend des revenus publics.

Le mécanisme de transmission inflationniste est le suivant : I'augmentation des salaires injecte
rapidement des liquidités dans |’'économie, renforcant le pouvoir d’achat des fonctionnaires et,
par conséquent, leur consommation. Dans une économie aux capacités de production limitées,
cette demande excede rapidement loffre, générant des pressions inflationnistes. Si
I’augmentation des salaires n’est pas accompagnée d'une hausse de la production, cela peut
conduire a des pénuries et des hausses de prix.

Cette dynamique pourrait toutefois se modérer avec le temps grace a des gains de productivité
ou a une concurrence accrue. A long terme, des salaires excessivement élevés peuvent peser sur
les charges des entreprises privées, réduisant leur compétitivité et les incitant a répercuter ces
co(ts sur les prix, générant ainsi une inflation supplémentaire.

Ces éléments soulignent I'importance d’une gestion prudente des salaires publics pour maintenir
un équilibre économique durable, en préservant un niveau de vie décent tout en minimisant les
effets inflationnistes.

4.4 Décomposition de la variance

La lecture de la décomposition de la variance de la masse salariale met en lumiere des évolutions
notables dans ses déterminants au fil du temps. Des la premiere période, 71,50 % de la variance
de la masse salariale est expliquée par ses dynamiques propres, reflétant son réle central et son
autonomie dans I"économie malgache. Toutefois, cette auto-explication diminue
progressivement, atteignant 40,11 % a la dixieme période, ce qui indique une interdépendance
croissante avec d’autres variables économiques.

Cette réduction de l'auto-explication souligne I'augmentation de la complexité des facteurs
influencant la masse salariale. Si, au début, elle était dominée par ses propres dynamiques, elle
devient progressivement plus influencée par des variables telles que les dépenses en capital,
I'inflation et les ressources intérieures. Par exemple, |'impact des dépenses en capital,
représentant 6,29 % de la variance initiale, atteint 17,39 % a la dixieme période, mettant en
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évidence |'importance croissante des investissements publics dans les infrastructures et projets
structurants.

Similairement, la contribution des ressources intérieures, qui expliquaient 22,21 % de la variance
au début de la période, progresse a 28,44 % a la fin, illustrant I'importance croissante de la
mobilisation des ressources internes pour financer les salaires, notamment dans le secteur public.
L'impact des dépenses totales et de l'inflation se renforce également au fil du temps. Bien que
modeste au début, leur influence combinée augmente, illustrant l'interaction croissante entre les
politiques budgétaires et les dynamiques salariales. Cette interaction met en évidence I'effet
multiplicateur des dépenses publiques, ou une augmentation des dépenses totales entraine
souvent des ajustements salariaux, impactant a leur tour la consommation et I'inflation.

En conclusion, I'analyse révele I'importance de maintenir un équilibre stratégique entre la
mobilisation des ressources internes et le financement des salaires. A mesure que la dépendance
de la masse salariale aux variables externes et structurelles augmente, il devient crucial de mettre
en place une allocation budgétaire optimale et durable pour soutenir une croissance stable tout
en limitant les effets secondaires indésirables.

5. Interprétation des résultats et implications politiques

5.1 Dynamique des salaires et effets d’entrainement des dépenses en capital

A Madagascar, I'évolution de la masse salariale est largement influencée par I'indexation des
salaires dans le secteur public, qui sert de référence pour le secteur privé. Toute augmentation
dans le secteur public exerce ainsi une pression sur les salaires privés, amplifiant la dynamique
inflationniste. Cette interconnexion entre salaires, politiques économiques et conditions du
marché est de plus en plus marquée au fil du temps. Au début de la période observée, 71,50 % de
la variance de la masse salariale était expliquée par des facteurs internes, mais cette proportion
diminue a 58,91 % apres dix périodes, indiquant une influence croissante des facteurs externes.
Parallelement, les investissements en capital, notamment dans les infrastructures, génerent un
effet d’entrainement sur I'économie. L'amélioration des infrastructures, comme les routes, réduit
les colts de transport, stimule l'efficacité économique et accroit la demande en facilitant 'accés
aux marchés. Ces investissements peuvent atténuer ou amplifier les pressions inflationnistes, en
augmentant la circulation monétaire tout en améliorant l'accessibilité aux services.

Dans ce contexte, une gestion intégrée des politiques économiques est essentielle. Les décideurs
doivent prendre en compte les interactions complexes entre la masse salariale, les investissements
en capital et l'inflation pour concevoir des politiques économiques cohérentes. Par exemple, une
politique budgétaire expansionniste peut accroitre la masse salariale via la création de nouveaux
postes ou des augmentations salariales, mais ces ajustements doivent étre équilibrés pour éviter
des risques inflationnistes.

Les tendances économiques mondiales et les cycles économiques jouent également un réle
important. Les crises économiques ou les périodes de ralentissement limitent la capacité du
gouvernement a augmenter les salaires, exercant des pressions sur les finances publiques. Ces
tensions soulignent la nécessité d’adopter une approche systémique pour I'élaboration des
politiques économiques, en tenant compte des interactions entre salaires, investissements et
autres variables économiques. Une coordination étroite entre les politiques budgétaires et
monétaires est également cruciale pour éviter des déséquilibres inflationnistes.

5.2 Impact des augmentations salariales et interdépendance publique-privée

Les résultats de lanalyse révelent des dynamiques importantes concernant l'impact des
augmentations salariales sur I'’économie. A court terme, une hausse des salaires dans le secteur
public peut stimuler la demande, mais cet effet reste limité sans une amélioration parallele de la
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productivité. A long terme, ces augmentations risquent de provoquer des pressions inflationnistes
si elles ne sont pas accompagnées d’une hausse de la productivité.

Linterdépendance entre les salaires publics et privés joue également un réle crucial. Une
augmentation dans le secteur public peut entrainer des ajustements salariaux dans le secteur
privé, créant ainsi une spirale inflationniste. Cela génere une hausse des colts pour les entreprises,
qui répercutent ces co(ts sur les prix a la consommation.

En outre, ces hausses salariales peuvent accroitre les inégalités entre le secteur public et le secteur
privé, surtout si les salaires dans ce dernier ne sont pas ajustés de maniére équivalente. Cela peut
engendrer un fossé grandissant et créer des tensions sociales. Il est donc essentiel de promouvoir
un dialogue constructif entre le gouvernement, les syndicats et les employeurs privés afin d’établir
des politiques salariales équilibrées, favorisant ainsi la stabilité économique et sociale.

5.3 Politique salariale et gestion des Finances Publiques

Depuis les années 1990, Madagascar a adopté une politique salariale caractérisée par un gel des
effectifs dans la fonction publique, concentrant les augmentations salariales sur un nombre limité
de fonctionnaires. Cette approche a accru la part des salaires dans les dépenses publiques sans
permettre une expansion parallele des effectifs. En conséquence, le gel des effectifs restreint la
flexibilité budgétaire de I'Etat, limitant ses investissements dans des secteurs essentiels comme les
infrastructures et les programmes sociaux.

Il est crucial que les décideurs trouvent un équilibre entre I'amélioration des conditions des
fonctionnaires et une gestion efficace des ressources publiques. Cela nécessite de veiller a ce que
les investissements dans les secteurs clés pour la croissance économique, tels que les
infrastructures, soient soutenus tout en maitrisant les co(ts salariaux.

5.4 Comparaison avec les travaux existants

Cette étude confirme les résultats des travaux antérieurs sur l'impact des augmentations salariales
dans le secteur public sur l'inflation, tout en apportant de nouvelles perspectives. Les études
précédentes ont souvent souligné le lien entre les dépenses publiques et l'inflation, et cette étude
renforce l'idée que les facteurs externes, tels que la mondialisation et les crises économiques,
jouent désormais un réle plus déterminant dans I'évolution de la masse salariale, bien que les
facteurs internes aient longtemps dominé.

Les effets des investissements en infrastructures sur I'inflation sont également confirmés par cette
étude, qui souligne I'importance de les intégrer dans une politique économique globale, un aspect
moins mis en avant dans les recherches précédentes.

Une différence notable par rapport a d’autres études concerne la relation entre les salaires publics
et privés. Cette étude met en évidence une interdépendance plus forte, avec un effet
multiplicateur des augmentations salariales dans le secteur public sur les salaires privés, générant
une spirale inflationniste.

6. Limites de |'étude

Bien que cette étude offre des résultats intéressants sur les interactions entre la masse salariale
et I'inflation a Madagascar, plusieurs limites doivent étre prises en compte.

Tout d'abord, I'analyse se base uniquement sur des données historiques, ce qui peut ne pas
refléter les récentes transformations économiques ou l'impact de chocs externes imprévus,
comme des crises économiques ou des catastrophes naturelles. Ces éléments peuvent affecter la
validité des résultats.

Ensuite, malgré la solidité méthodologique des modéles économétriques, ceux-ci peuvent sous-
estimer certains effets indirects, notamment ceux des hausses salariales sur la consommation et
la production. De plus, I'étude se concentre principalement sur les salaires, négligeant d'autres
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mécanismes économiques, comme les revenus informels ou I'épargne, qui sont également
significatifs a Madagascar.

Enfin, I'étude ne prend pas en compte les disparités régionales, bien que les effets des politiques
salariales puissent varier selon les zones géographiques. Une analyse régionale approfondie
permettrait une compréhension plus fine des spécificités locales.

Ces limites suggerent la nécessité de recherches futures, avec des approches diversifiées et des
données actualisées, pour mieux comprendre les dynamiques économiques de Madagascar.

7. Conclusion

Cette étude met en évidence plusieurs résultats clés concernant la dynamique des salaires et
I'inflation a Madagascar. En premier lieu, I'analyse de la masse salariale montre qu’a court terme,
une augmentation des salaires dans le secteur public peut stimuler la demande globale, mais cet
effet est limité si la productivité ne suit pas. A long terme, ces hausses peuvent entrainer des
pressions inflationnistes, accentuées par une interconnexion importante entre les salaires publics
et privés.

L'étude a également montré que les investissements en infrastructures ont un effet
d’entrailnement significatif sur 'économie, en améliorant |'efficacité et en stimulant la demande.
Toutefois, l'influence des facteurs externes, tels que la croissance économique mondiale, a un
impact croissant sur la masse salariale et les décisions économiques a Madagascar.

Enfin, cette étude a souligné la nécessité d’'une approche intégrée entre les politiques salariales,
les investissements publics et la gestion économique pour maintenir I'équilibre inflationniste et
soutenir une croissance durable.

Annexes
1. Tableau 1: résultats du test ADF sur la masse salariale
Test ADF Valeur

Hypothese nulle A une racine unitaire (non stationnaire)
Statistique ADF 6.724492
Valeur p 0.0000
Valeur critique (1% niveau) -3.689194
Valeur critique (5% niveau) -2.971853
Valeur critique (10% niveau) -2.625121
Stationnarité Stationnaire

Source : Auteur, 2024
2. Tableau 2 : Décomposition de la variance de la Masse Salariale

Période | S.E. Dépenses | Dépenses | Inflation | Masse PIB Ressources | Ressources
en Capital | Totales Salariale Extérieures | Intérieures
(CAT 5) (Cat 2)

1 51.4122 6.2938 0.0000 0.0000 71.5000 0.0000 | 0.0000 22.2062

2 72.1639 8.0249 0.4408 0.0000 66.7571 0.0635 | 0.0000 16.7321

3 83.2608 9.1563 1.1305 0.0000 63.1977 0.0545 | 0.0687 17.5316

4 95.8995 10.1182 1.7733 0.0000 59.4742 0.0979 | 0.0000 18.5364

5 109.6103 | 11.3050 2.2692 0.0000 55.5794 0.0551 | 0.0000 19.2975

6 118.4920 | 11.9048 2.8029 0.0000 52.1486 0.0499 | 0.0000 21.0942

7 133.6184 | 13.3921 3.1304 0.0000 49.0907 0.0456 | 0.0000 23.3341

8 145.9827 | 14.9717 3.3652 0.0000 46.0520 0.0418 | 0.0000 25.0487

9 156.7621 | 15.9563 3.6004 0.0000 43.0711 0.0383 | 0.0000 27.0715

10 176.3604 | 17.3955 4.1301 0.0000 40.1114 0.0362 | 0.0000 28.4440

Source : Auteur, 2024
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LLlaFaTal yabiCbl TapUXbIHAAFbI MCAaM
PaKTOpPbI

Bucembaiynbl Mupac
on-®Gapabu atbiHAaFbl Ka3YY PhD-goKkTopaHTbl, AnMaTsl, KasakcTaH

AHgatna. Eypasma  KeHicTiriHae TOfFbI3 KonAdplH TopabblHAa OpHanacbin, TYPiK-KbINWak,
M3AEHMETIHIH AamyblHa cybeni ynec KockaH LLlaraTai yabICbiHbIH MEMIEKETTIK KYPbIAbIMbIHAAFbI
CanacK e3repicTep MeH McAam AiHiHIH bIKNaabl MakanaHblH, 3epTrey naHi 60/bin TaHAanabl.
LlaraTal yabiCbiHAA MCAM AiHIH TapaTKaH XaHAapAblH KbI3METI MEH MEMAEKETTIK MHCTUTYTTapAa
MCNAaMHbIH, anfaH peniHe Tanday *KacajblHbIM, OTbIPbIKLbI OPKEHWETTIH KanbinTacy cebenTepi
capanaHabl. Tapuxu-canbicTblpmanbl aaic WafaTal yabicbiHAafbl MCAamaaHy yaepiciH oubl
V/IbICbl  CMAKTbI Dacka enaepmeH CcanbICTbipy YWiH nanganaHbingbl. Laratain yabicbiHAAFbI
XaHA4apAablH CAACU Ke3KapacCTapbl MeH efnge KaabiNTacKaH CaACUM-IKOHOMMKAbIK axyasblHa
CanbICTbIpy *Kacandbl. TaKblpblM Ma3MYHbIH KETKINIKTI  AeHrenge awy VYWiH Kyreninik-
KYPbINbIMAbIK Tanzay KondaHbinAbl. TakblpbiMKa KaTbICTbl Oap/blK ManiMeTTep KikTen TaHAan
anblHbIN, 3p ManiMeTTepai 3epAenen Tanaay MaKkcaTbl anfa KoMblaabl. OpTypAi AepeKkKke3aepai
3epJe Cy3riCiHeH eTKi3in, »eke manimeTTepai BipikTipy YWiH CUHTEe3aey 8/4ici, an yaKblT PeTTiairiH
Ti3in *Ka3y yLWiH Maceneni-xpoHONOTrMANbIK 3AiC NaaanaHbiiabl.

Tipek ce3gep: Laratai yabicbl, MOFOACTAH, UCNAM AiHi, MEMAEKETTIK KypblabiM, UCAaMaaHY
yaepici, ucnam wenxrepi, Mmamaap

LLlaraTal yabickl LUbIHFbIC XaH MMMNEPUACLIHbIH, 4 yAblCTapbiHbIH, 6ipi 6onabl. Kasipri OHTYCTiK-
wbifblic KasakcTtaH, KblpfbidcTaH, LUbiFbic TypKicTaH, ©36eKcTaH MeH TaKiKCTaHHbIH, KepiHae
OpHanackaH b6y MemfeKkeT uciamM AiHiHiH, biKnanbiMeH cadacu pedopmanap Kyprisgi. 4
yAbICTapAblH iwiHAe LLafaTal yabicbl meH Molbl yAbiCbiHAA AiHW pedopManap KapKblHAbI *KYpai.
LLlaraTal xaH MycbliMaH bonmaca aa, enfi oTbipblKLblAaHAbIPYFa 6ipa3 yieciH KoCTbl. XanblKTbl
MYCbIJIMaH M3leHMETIHE *KaKbIHAACTbIPY YLWiH OTbIPbIKLLbINAHALIPYAbIH MaHbI3bl 6ap. On LLbifbic
TypkicTaHHaH lne ankabbiHa 48 Kenip meH cy KondapbiH canbin, Kananapaa abaTTtaHablpy
Kbi3meTTepiH Xyprisai. On kasipri OHTYCTIK KasakcTaHgafbl KyTayK engi mMekeHiH cayaa
opTasblfbiHA alHanabiprad eni. OpaH 6acka 1252-1260 »kbingaps! Llaratait yabicbiH 6buneren
Mybapak, xaH, 1260-1265 xbinaap apanbifbiHAa e wekapacblH Xope3am meH AyfaHCTaHfa AeliH
KeHenTKkeH Anfyi xaH, 1282-1307 »blngapbl apanblfbiHAa enai bunen, akimuinik pedpopma
yprisreH bapakTbiH, yabl [yBa xaH, 1318-1326 »kblngapbl akwa pedopmachkiH Kyprisin, engi
KeLLneni TYPMbIC CanTbiHAH OTbIPbIKLWbI/IbIKKA KOLWipyre TannbiHbIC XacaraH Kebek xaH, 1326-1334
Xblnaapbl enai bunen-tecten, Uciam AiHIH MEMAEKETTIK AiH Aen KapuanafaH TapmallblpblH XaH
LlaraTal yabICbiH MyCblIMaH anemiHe 6eT byprbidabl. Mybapak, bapak xaH »kaHe TapmallblpblH
xaHaap WaraTal yabicbiHA@ Ucnam AiHiH TapaTyFfa myageni 6onabl. Ko, LaraTtal xkeHe Yregen
y/ibiCTapblHAa 6acTankblAa Mcnam AiHiHiH HacKXaT KbI3MeTTepiH Bip »afblHaH Macaymnia TapukaThbl
YYprisce, eKiHLWi *KafblHaH HakWbaHaWMa, KybpaBMina TapMKaTTaPbl XKYPri3j.

MybapaK xaH TaKKa OTblpFaH Ke3ae oHbl KyOblnal XxaH TakKa OTblpy pPaciMiH MaKy/aaybl Kepek
eni. bipak Mybapak pyKcaTcbi3 Takka oTbipraH. Kybbinal xaH Oyaamam AiHiH yCTaHfaH, o
KypaHdafbl MYCbIIMaHAApAblH, Kanip/iepre Kapcbl Kypecy KepekTiri KeHiHaeri uAaeAcCbiH
YKaKTbIPManTbIH. MybapaKTbl MOMbIHAAMaYbIHAA OCbIHAAM ran »aTblp. Kybbinai xaH LaraTanabiH,
ypnafbl bapakTbl MybapaKkKa Kapcbl *KOpblKKa aTTaHablpaapl. LLaikacta MybapakK Ke3 Kymaapi.
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1266 blnbl bapak xaH aTaHbIn, TypKicTaHA4afbl OuaeyLwinHi TakTaH Kyaabl. ByHbl ecTireH Kybbinain
OfaH KOPbIK YMbIMAacTblpadbl. bipak bapakTbiH, ackepi bacbim 6osbin, Kybbinal ackepi Kepi
KanTaabl. byn yakbiTtan 6actan Laratan yabicel Kybbinan yabicbiHaH H6eniHin, Tayencisaikke me
b6onaapl [1]. bapak xaH Mybapak XxaH CMAKTbI UCaM AiHiHiH Bolnai eHyiHe Tikenen KayanTbl KiCi
b6onraH. 1269-1301 kbingap apansifbiHaa Yregen yabicbiH bunered Kanay xaH LLlaratain yabicbiHAa
na Tepenik eTTi. On mycbliMaH bapak xaHapl LWalKacTa XeHin, eki bipaen yabicTbl 6ackapFaH.

Enpne vcnam giHimeH KaTtap byaamam AiHiHiH Ae biknanbl Moa 6oFaHAbIFbIH aNTa KETKEH YKEH.
LlaraTalt yAbICbIHbIH, XaHAApPbIHbIH, apacbiHaa 6yaamsm AiHiHe OynperiH bypfaHaap KenTiriH
»as3faH aepekTep baplbiabiK. [yBa xaH ©3 6anacbiHa TapmallblpblH AereH aT bepeai. On byaaa
fnbagaTxaHanapblHa yAKeH KeHinaiktep bepreH. 1335-1338 xbingapsl engi 6ackapraH MaHKewTi
MeLWiTTepre byana eckepTkilwTepiH opHaTyfa OyMbipraH. MMaHKewTi XaH ©3 y/blHa KaTOMKTIK
LWOMBINABIPY PACIMiH ©TKi3reH. ANManbiKTa HEeCTOpMaH MuccnuoHepnepi ken 6oaraH. CamapKkaHaTa
HecTopuaH MUCCUMOHepaepi eneyi biIknanfa ne 6onraH [2, 37-38 66.].

Ananpa, byanamsm AiHIHIH bIKNan eTy asacbl yaKblT ©Te Kejie Tapbiaa Tycedi. FanbimaapabiH,
apacbiHAa Kan XaH TYCbIHAA MCNaM AiHiHIH TYNKINIKTI eHreHi XeHiHae nikip KanwbliblFbl 6ap. Kyna
E. atTbl fanbiMm bapak xaH «IMac aa-aMH» aTafblH anbin, anfalKkbl 60abin MycbiAimaH 6onfaH
WafaTanabik gece [3, 127 6.], Epibinmas WM. ecimai Fansim MybapakTbiH, apKacbiHaa faHa LLlaraTal
Y/IbICbIHA@ MCNaM M3JeHMeTiHe AereH anfallKkbl KaZam KacanfaHblH anfa Taptagpl [4, 78 6.].
LlaFaTal yabICbIHAAFbI MCAAM AiHIHIH Tapany TapuxblH 3epTTereH [lasnatosB mncaam AiHi LlaraTan
y/IbICbIHAA TeK TapMmallblpbliH XaH Ke3iHAe To/blfbIMeH TapanfaHblH cunatTanabl [5]. 1325 Kbiabl
YHAICTaHFa *KOpPbIFbIHAH KeliH TapMallblpblH XaH Mcnam AiHiH KabblnaafaH. TapmallblpbiHAbI
ncnam aiHbacbinapbl MeH monaanapsl Konaan, TapmallbipbiH An afa-amH Myxamaa» AereH ecim,
«CynTaH an-asamM» AereH aTakTbl neneHesi [6, 745 6.]. TapmallbIpblH XaH OPTaabIKTbl AIMasbIK
KanacblHaH kKewipeai. On CamapKaHa, byxapa, bagaxwaH, OTbipap, XoaxeHT, Tapasaa TeHre
COKTbIpaabl. On AaCTypAi ackepu AeMokpaTuagaH 6ac TapTbin, 4 Kbln 60Mbl A3CTYp GOoMbIHLIA
KypblaTalnapra KatbicnaraH. MemnekeT TifiH TYpiK TiliHe Kewipeai. AcaHbl(MacakTbl) sKapamcbi3
[en TaHbIn, wapufaT HoMbiHWA eMmip cypyAai ycbiHazbl. MOH BbaTTyTa TapmallblpblH XaHHbIH,
opaacbiHaa 60AbIN, OHbIH 5 Me3rin Hamas OKUTbIHbIH aTa Kene, «aZamrepLuiniri Moa, pakbIMLLbIA
api Mmenipimai xaH bonfaH» gereH cunatrama bepesi. Mydaaaan, an-Omapu, MO6H an-Acup CbiHAb!
MYCbI/IMaH aBToOp/1apbl TapMallbipblHHbIH MCNam AiHIH KeH TapaTKaH anfallKbl WafaTalibiK JereH
bara bepepi [7, 9-10 66.].

Ananpa, LLaraTal yabicbl OCbl aTanfaH OKMfanapdaH KeniH AypeHiH Ken y3amal asKTanabl.
LlaraTal yabicbiHbiH, MayepeHHaxp »aHe MofonctaH aen 6eniHyiHe MOFfOACTaHHbIH, Kelwmneni
TYPMbIC CanTbiH TaHAaan, an MayepeHHaxpaiH OTbIpbIKLWbIAbIKKA Kellyi ceben 6onaabl. Jemek,
ncnam  AiHi MayepeHHaxp TypfblHAAPbIHbIH, OTbIPbIKLWbIAAHALIPLIN, eA4diH, ipreciHiH cerinin,
BbITbipayblHa CENTIiriH TUrisai. MayepeHHaxpablH Heri3iH Kanaylwbl AKcak OmMip Temip MCnamHbIH
KEeH, eTeK »KatoblHa biknan eteqi. On ncnam AiHiH MyCblIMaH MMaM MeH LeNXTapblHbIH KOAZ4ayblIHa
ne 6Oy YLIiH FaHa emec, ©3i UCNaMHbIH, Cakpab/bl YCTaHbIMAAPbI MEH bipbIMAAPbIHA MMaHAAM
CEeHreHAIKTeH KongaraH. bepeke ecimai Mekkenik cerit Omip Temipain, pyxaHu yctasbl 6onfaH. On
omip TemMipiH, aTarbl Kep Kapbin, Vbl KeHicTepre KeTeTiHiH 6okaraH. On e3iHiH, ycTasbiH Nip
TYTKaHbl COHLUA/bIK, YCTa3bl ©MIipAeH KeTKeH COH, OHblH cyiheriH CamapKaHAaTafbl [yp-omip
KeceHeciHe KalTa epnereH. On acTponorMa MeH Hymeposiormara gaa ceHreH. OHbIH,
AYHWETaHbIMbl AiHAAP/bIKMEH }KaHEe bipbIMLWbINABIKNEH cunaTtTanaapl [7, 12 6.]. 1397 xbinbl Koxka
AXMeT Accaym KeceHeciH canaplpTbin, TyYpKiCTaHAbl MCTAaM 3/1EMIHIH OpTasblfbiHa aiHANAbIPYbIHA
cenTiriH Turisegi [8]. Akcak Temip eckeH opTa MyCbIIMaHAapAaH FaHa KypanfaHbl 964eH MYMKIH.
14 racbipapiH 30-binbl 6apnac TanacbiHaH LWbIKKaH 6aTblpaap MeH HOSHAAPAbIH *KapTbICbIHAH
acTaMbl MyCblZIMaHLLIa aTanfaH. OHbIH, H6api KuhaHrepaiH, AyHMEeTaHbIMbl MEH canacaTbiHa acep
eTKeH.
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Tek MayepeHHaxpaa faHa emec, AnTbiH OpAana Aa MCnam AiHiHiH cakpanb/bl MafbliHACbl ©36eK
XaH Typaibl aHbl3aapaaH aa 6arkanaabl. ©36ek xaHHbIH Mcaam AiHiH KabbingaybiHa baba TykTi
LawTbl 9313 Hemece 3eHri 6abaHblH, biknaabl 6oAFaHAbIFbI Tifre TUEK eTineqi [7, 15 6.].

An MofoacTaHda Mcnam AiHIH MeMeKeTTIK AiH Aen KapuanafaH TofbiabiK-Temip eai.
TofbinbIK-Temip 18 »KacbiHAa XaH caliaHbin, 24 xKacbiHAa ncnam AiHiH Kabbinaarad. OHbIH GyHAa M
KaJaMblHa TeK NparmaTuKaablK WeLWim faHa eMec, iWKi pyxaHn AyHWeTaHbIM Aa biknan eTTti. On
AiHAi KabblngaraHaa e3-e3iH cyHAETTEN, UCNaM AiHiH TapaTyFra benceHe kipiceai [9, 115 6.].

Ocbl yakbITTa buneywinep nucnam AiHiH Tek apab caygarepnepiMmeH cayaa »Kyprisin, 6unaikTi
HbIFAMTY YLWIiH faHa emec, WapufaT BoMbIHLIA OMIp Cypyai AYPbIC CaHafaHAbIKTaH MOMbIHAAFaH
b6onatbiH. WafaTal yabicbiHAa by3aH XaH CbiHAbI COMbIAbIKKA CaJiblHbIMN, AaCKETTEP CUAKTbI Tay/bl
aMMaKTa e3iMeH-e3i emip cypyai TaHaafaH Ouneywinep 6onabl. Wcnam giHiHe TonbIKTal
MOWMbIHCYHbIM, LapWfaT BoMbIHLLIA ©MIp CYPYAi TaHAafaH xaHaap bunikTeH Ae 6ac TapTbin OTbIPFaH.
Mbicanbl, AnTeiH Opgana TyaaH-MeHke 6apfa KaHafaT eTin, e3 epKimeH iHici Tene-byraHblH,
narnaacbiHa bunikTeH 6ac TapTkaH [10, 100 6.]. byn XaHHbIH, KblNbIFbl Tay/bl aiMakTa e3 beTimeH
KYH KepreH LwafaTalnblK by3aH XaHHbIH, icTereH KuMmblablHa yKcac. AntbiH Opaana anfallkpl
MyCbIIMaH xaH bepke 6onca, LafaTtan ynbicbiHaa Mybapak xaH 6onabl. AnTbiH Opaana oaaH
KeMiH MycCblIMaH aTaHfaH Hofalt 6onca, LLlafaTal yabicbiHAa@ Mcnam AiHiHe bepik ceHimae 6onfaH
XaH gen bapakTbl aliTa aflambi3. bipak ncnam fiHi eki enge ae ek buaereH ViiHWi MycbiIMaH XaH
Ke3iHAe ab6aeH WapblKTan AambifaH. AnTbiH Opaana 6yHaam Tynfa ©36ek xaH 6onca, an LLaraTtan
y/bICblIHA@ TapMallblpbliH XaH byHAal KowemeTke beneHreH.

KopbITbIHAbI PETIHAE OpTafacbip/blK aAaMHbIH AYHMETaHbIMbl OUAIKKe TeK TaHipiaeH KyT
NapblfaH buneywinep Kene anatbiHbiH alTKaH XXeH. Conbl WenxTap MeH AiHbacblnapablH 6aTackiH
anfaH bacwbinap bepekeni api 6aKpITTbl OUAIK Kyprize anaapl Aen ceHai. bata, KyT, NaTya KaHe
Tafbl A@ Backa MUCTMKANbIK GeHoMeHAep MeMNeKeTTiH KyaT Ke3i aen bafanaHabl. Memneket
Haclblnapbl Aa 3 OUAIriH nernTumaeHAaipy(3aHaacTbipy) YWiH OCbiHAAM AiHWM CMMBOAZAPFa
MKYTIHTEH.
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Philological Sciences

INGILIS DILINDD SEKSPIRSAYAG! IFADSLOR
Vo IDIOMLAR

dhmadova Qoéng¢a Vidadi qizi
Azarbaycan Dovlat Pedaqoji Universiteti, Saki filiali, miallim

Sekspir lGgatinin vacib xUsusiyyatlari

XVI asrda dramaturqg kimi ugur gazanmagq istayan saxs yalniz yiksak tabagali ve asagl tabaqgali
insanlara xitab edan asarlar yazmagla kifaystlanmamali, eyni zamanda coxsaxali movzularda
asarler ortaya goymal idi. Bu gin bels, tarix, siyasat, hlquq, mihariba, din va madaniyyatla
yanasl, yasadigl comiyyat va 6lkanin giindalik hayati hagginda da malumatli olmagq talab olunur.
Bu sababdan bels bir yazicinin sdz ehtiyatinin ¢ox zangin olmasi tamamils mantiglidir. Sekspirin
bu gadar mixtalif mdvzularda asarlar yazdigl nazara alinsa, onun da bela bir yazi¢i oldugu
ganasatina galmak olar.

David Crystal bildirir ki, bu ciir farziyyslar bazan insanlarda els bir fikir yaradir ki, guya Sekspir ingilis
dilindaki s6z ehtiyatinin dérddas birini, Gcda birini, hatta yarisini takbasina yaradib (Crystal, 2008,
s. 8). Halbuki bazi muslliflar fantastik alemlar Gg¢lin 6z dillarini tamamils sifirdan yaratsa da, bu,
Sekspira aid edila bilmaz. Clinki ingilis dili onun dogulmasindan xeyli svval mévcud idi va o, sadaca
dévriniin danisiq dilini — bu giin “Erkan Muasir ingilis dili” adlandirilan formani istifada etmisdi.
Hamin dovrda ¢oxlu sayda yeni sozlarin dils daxil olmasi prosesi baslasa da, tak bir adamin bitdv
bir dilin yarisini icad etmasi dislnla bilmaz.

Amma Sekspirin neca stz icad etdiyi sualina daqiqg cavab vermak ¢atindir. Clinki bu, kima va hansi
meyarlara asasan miraciat edildiyindan asilidir. Masalan, David Crystal 6z kitabi Think On My
Words (“S6zlarimi Distn”) adli asarinda bir cox mitaxassisin Sekspirin taxminan 20.000 mixtalif
s6z islatmis oldugunu soyladiyini, digarlarinin isa bu ragami 30.000 olarag taxmin etdiyini geyd
edir (Crystal, 2008, s. 3—4). Digar tarafdan, Hugh Craig Stephan Greenblatt-in The Norton
Shakespeare adli kitabinin 6n sdzinda gostardiyi 25.000 fargli s6z ragamini asas gatirarak,
Sekspirin dovrinin an bdéylk soz ustasi oldugunu iddia edir (Greenblatt, Craig tarafindan sitat
gatirilmisdir, 2011, s. 54).

Bu gadar muxtalif reqamlarin olmasinin sebabi isa tatbig olunan fargli sayma metodlaridir. Crystal
izah edir ki, masalan, cat (pisik), dog (it), ask (sorusmaq) va bear (ayi/dézmak) kimi sozlarin bir
ne¢a manasl ola bilar. Bu sozlarin lUgat manasi mixtalif ola bilsa da, onlarin grammatik formalari
(isim, sifat, fel va s.) eyni s6zln sadaca fargli grammatik gértnuslaridir. Yani, eyni ligat manasina
malik muxtalif formalardir vo ona gora da bir séz kimi sayilmalidirlar (Crystal, 2008, s. 4). ogar
bitin formalardan ayri-ayri sz kimi istifades edilarsa, o zaman imumi ragam daha yiksak ¢ixacaq.
Crystal geyd edir ki, Sekspirin “20.000 farqgli s6z islatmasi” ifadasi mahz bu birlasdirilmis formalarin
sayina asaslanir.

Craig isa bu masalada fargli yanasma tatbiqg edir. O bildirir ki, har bir leksik s6z{ ayri bir vahid kimi
goturur: masalan, run, ran, week va weeks sozlarini hamisini ayrica soz kimi sayir (Craig, 2011, s.
58). Eyni zamanda o, Alfred Hart-in Sekspirin asarlarindaki butln s6z formalarini ligat tarzinds
basliglarla birlasdirarak ayrica geyd etdiyini vurgulayir (Hart, Craig tarafindan sitat gatirilmisdir,
2011, s. 59).

Crystal bildirir ki, Sekspirin mumi sdz say! 884.647-dir va bu, 1611-ci il Kral Ceyms Bibliyasindaki
800.000 s6zdan daha coxdur (Crystal, 2008, s. 6). Belalikls, bu clr boyik migdarda sozlari

209




Proceedings of the 10th International Scientific Conference

gruplasdirmag ciddi va aziyystli bir is olmusdur. Bu isde mirakkab sozlar (birlasik isimlar), x{susi
adlar, alinma sozlar va s. kimi elementlarin neca nazara alindigl masalasi da boylik dnam dasiyir.
Yeni sozlarin yaradilmasi masalasinda bir seyi unutmamag vacibdir: konkret bir séziin masallifliyini
tam daqiqlikle bir saxsa aid etmak cox c¢atindir va bu barads tam aminlikla danismag mumkin
deyil. Masalan, bir saxs avvallar hec¢ yerda esidilmamis va ya yazilmamis bir sozi soylayar ve ya
yazarsa, bu s6zln onun tarafindan yaradildigini tam aminlikle demak geyri-mUmkindur. Ola bilar
ki, o hamin so6zU kimdansa esidib. Bu gln, internet va elektron vasitalarin movcudluguna
baxmayaraq, yeni sozlin ilk dafa kim tersfindan istifada edildiyini dagiglasdirmak c¢atindirss,
Yelizaveta dévrinda bu, demak olar ki, geyri-mimkin idi. O dévrda insanlar kiminsa ilk dafs na
dediyini geyda almagla maraglanmirdilar.

Bu masalada David Crystal faydali yanasma taklif edir: agar hansisa s6z va ya ifada miayyan bir
yazill manbada — yani, sag galmis yazil matnds — ilk dafs geyda alinibsa, hamin saxsi “ilk geyd
edan istifadaci” adlandirmaq mumkindir (Crystal, 2008, s. 8). Lakin bu "ilklik" statusu da
dayiskandir.

Crystal bildirir ki, Oksford ingilis Ligatinda (OED) geyd olunan malumatlara ssasan, Sekspir 2200
s6zun “ilk geyds alinmis istifadacisi” olmusdur (Crystal, 2008, s. 9). Bu isa onlarin muallifi olmasi
demak deyil, sadaca ilk yazili nimunalards onun tarafindan istifade olundugunu gostarir. Lakin
muayyan hallarda, Sekspirin hagigatan da hamin sézlari 6zU icad etdiyi giman edilir — xtsusan da
onlarin yalniz onun asarlarinda va ¢cox nadir hallarda rast galinmasi bu ehtimali gliclandirir.
Bununla bagli yaxsi bir nimuna “sblood” (yani “God’s blood” — “Tanrinin gani”) ifadasidir. Bu ifada
ilk dafa Sekspirin Henry 1V, Part | pyesinda Falstaff tarafindan istifads olunur va OED-da da bu, ilk
geyd olunan nimuna kimi gostarilir. Maraqglisi budur ki, bu ifada yalniz bir dafa yox, bir neca dafa
va muxtalif asarlarda istifada olunmusdur. Bu isa hamin ifadanin Sekspirdan avval da danisig
dilinde mdvcud oldugunu gostarir. Sadacs, yazili sakilds ilk dafs onun tarafindan geyd olunub.
Digar tarafdan isa “to rant” (hay-kiy salmag, gurultulu danismaq) felina baxag. Bu fel yalniz bir
dafs, Hamlet asarinda, Act V, Scene 1-da istifada olunur. Sekspirin digar asarinda —Vinsorun san
gadinlari — bu s6zin yalniz bir téreama formasi (“ranting”) islenmisdir (Malless va McQuain, 1998,
s.193). OED-a asasan, bu soz ilk dafa XVI asrin sonunda geyda alinib. Onun yalniz iki dafa istifadssi,
Ustalik basga yazili manbalards rast galinmamasi, bu sozin mahz Sekspirin 6z{ tarafindan
yaradildig1 ehtimalini gliclandirir.

Crystal va OED-in malumatina gora, taxminan 1700 sz var ki, onlara dair Sekspirdan daha gadim
yazil manba movcud deyil (Crystal, 2008, s. 9). Lakin 2019-cu ilde Goodland-in apardigi
arasdirmalar zamani bazi sdzlarin Sekspirdan avval yazilmis manbalarda rast galinmasi gdstarildi.
Masalan, Hamletdaki “precurse” va Henry VI asarindaki “practisant” sozlerinin daha gadim
nimunalari tapildi (Johnson, 2019, s. 78). Bu isa o demakdir ki, galacakda da bazi s6zlerin daha
erkan nimunalari ortaya ¢ixa bilar.

Bununla bels, Johnson vurgulayir ki, Sekspirin asas maqgsadi yeni s6z yaratmagq deyildi. O, dili badii
effekt yaratmagq Ucln istifads edirdi va bu, bazan yeni sdzlar uydurmaga gatirib ¢ixarirdi (Johnson,
2019, s. 78). Belalikls, bu sozlarin musallifi Sekspir olsa da, olmasa da, asas masala onlarin onun
vasitasila dila daxil olmasi va bu glinadak yasamasidir.

idiomlarin tasnifati va onlarin niimunali tahlili

Hoist by one’s own petard - bu ifads “6zga lgln qurdugu talays 6zU dismak” va ya “basgasina
zarar vermak dcln qurdugu planin 6zina zarar vermasi” manasina galir (Oxford Learner’s
Dictionaries, https://www.oxfordlearnersdictionaries.com/definition/english/petard?g=petard).
Bu mashur ifadanin 1600—1602-ci illar arasinda Uilyam Sekspir tarafindan yaradildigi dtUstntlir
(The Norton Shakespeare, 1997, s. 1659), clnki bu zarb-masal onun mashur asarlarindan biri olan
Hamlet pyesinda yazilana gadar hec vaxt geyds alinmamisdir. ifads Il Parda, IV Sshnadas kecir va
onu Danimarka Sahzadasi Hamlet 6zU isladir. Daha dagiq desak, Hamlet dostlari Rozenkrants va
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Qildensternla birlikda ingiltarays diplomatik missiyaya géndarilmasinin asl sababini anladigdan
sonra duslncalarini bels ifads edir va hamin ifadani isladir:

There’s letters sealed; and my two schoolfellows,

Whom | will trust as | will adders fanged,

They bear the mandate; they must sweep my way

And marshal me to knavery. Let it work,

For ’tis the sport to have the engineer

Hoist with his own petard; and 't shall go hard

But | will delve one yard below their mines

And blow them at the moon. O, "tis most sweet

When in one line two crafts directly meet.

(The Norton Shakespeare, Hamlet, Act Ill, Scene 4, s. 1724)

Burada Hamlet basa dusidr ki, iki kbhna dostu onun gatl planinda istirak edirlar va onlarin
sadigliyinin kima yénaldiyini artiq daqiq bilir. Buna géra da, onlarin 6z talalarina disacaklari anin
ona zovq veracayini deyir, yani onun sdzlari ile desak, "hoist with their own petard" olacaglar.
Hagigatan da, Hamlet maktublari dayismayi bacarir ve naticads ingiltara krali onu vyox,
Rozenkrants va Qildensterni edam etdirir.

To shuffle off this mortal coil - "To shuffle off this mortal coil" ifadasi Hamletin mashur “to be or
not to be” monoloqundan (Il Pards, | Sahna) galir. Bu sahnada sahzada Hamlet hayat va 6lim
tizarinda disinur. Bu idiomun manasi “6lmak” demakdir (The Free Dictionary).ifads bu sakilda
isladilir:

To die—to sleep—

No more—and by a sleep to say we end

The heartache and the thousand natural shocks

That flesh is heir to—"tis a consummation

Devoutly to be wish’d. To die, to sleep—

To sleep—perchance to dream—ay, there’s the rub!

For in that sleep of death what dreams may come

When we have shuffled off this mortal coil,

Must give us pause. (Hamlet, Ill parda, 1 sahna)

Burada Hamlet insanin garsilasdigl iztirab ve azablardan yalniz 6lim vasitasile xilas ola bilacayini
dusinlr. “To shuffle off this mortal coil” ifadasi ila isa o, insanin dinyavi hayatin agir yikani —
yani “mortal coil”i — (izarindsn atmasini, ysni élmasini nazards tutur. ifads sairana sakilds 6lim
aktini tasvir edir ve ham badii, ham da falsafi darinliya malikdir.

Star-crossed lovers - bu idiomun manasi ondan ibaratdir ki, sevanlar baxtsizlik va ya taleyin pis
gatirmasi sababils na xosbaxt ola, ns da birlikda gala bilirlar. intibah dévriiniin disiinca tarzini
nazara alsaq, demak olar ki, hatta gdydaki ulduzlar bels bu sevgi miinasibatina garsidir (The Free
Dictionary, https://idioms.thefreedictionary.com/star-crossed+lovers).

Bu ¢oxsozlU idioma Sekspirin bir cox asarinda rast galmak miamkuinddr, lakin an bariz nimuna
olarag Romeo va Clilyetta asarinin prologuna baxmagq kifaystdir:

Two households, both alike in dignity,

In fair Verona, where we lay our scene,

From ancient grudge break to new mutiny,

Where civil blood makes civil hands unclean.

From forth the fatal loins of these two foes

A pair of star-crossed lovers take their life;

Whose misadventured piteous overthrows

Doth with their death bury their parents' strife.

(The Norton Shakespeare, Romeo and Juliet, Prologue, s. 872)

211




Proceedings of the 10th International Scientific Conference

Burada “star-crossed lovers” ifadasi Romeo va Cllyettanin talelarinin ulduzlar (yani astrologiya va
gadim inanclara géra goyda yazilmis alin yazisi) tarafindan lanatlandiyini bildirir. Onlar bir-birlarini
na qgadar cox sevsalar da, ailalarinin dismanciliyi ve taleyin amansizhgl sababila birlikda ola
bilmirlar. Bu idiom, faciavi sevgini va taleys garsi cixmagin mimkinsizlUyUnd tasvir edir.

Once more unto the breach- bu ifads “V Henri” asarinin Ill pards, | sshnasinin lap avvalinda yer
alir. Bela ki, Fransanin Harv saharinin divarlari yeni desilmisdir va Kral Henri asgarlarini divardaki
bu daliys hiicum etmaya va sahari ingiltars taxti Giclin als kecirmaya cagirir. Henrinin burada ifada
etdiyi mana kifayat gadar birbasa ve haqigi olsa da, bu cimla glcli ¢cagiris va tasvigedici tonuna
gbdra zamanla daha macazi mana gazanmis va idiomatik ifadaya cevrilmisdir. Belalikls, bu ifada
artiq tez-tez “galin bir da cahd edak” va ya “yenidan sinayaq” manasinda istifada olunur. Sekspirin
asarinda bu sozlar bela saslanir:

Once more unto the breach, dear friends, once more;

Or close the wall up with our English dead! (Henry V, Act Ill, Scene 1)

The game is afoot - bu ifada da “V Henri” asarindan gotirilmuisdir va avvalki “Once more unto
the breach” ifadasi ila eyni ¢ixisda saslansa da, bu dafa Kral Henri onu nitgin sonunda deyir:

“The game’s afoot:

Follow your spirit, and upon this charge

Cry ‘God for Harry, England, and Saint George
(The Norton Shakespeare, Henry V, Act Ill, Scene 1, s. 1477)

Henri bu sozlari dedikdan sonra asgarlari sahara hiicum edirlar va fransiz ordusunu maglub edirlar.
ifadanin manasina galinca, “The game’s afoot” demakdir ki, bir hadiss artiq baslanmaq tizradir va
va bas vermaya hazirdir. Buradaki “afoot” sifati planlasdirilan va ya icrada olan bir seyi bildirir. Bu
s6z Sekspirdan taxminan (¢ asr avval de movcud idi va ilkin manasi “piyada yolda olmag” ve ya
“ayagla harakat etmak” idi. Lakin “the game’s afoot” ifadasinin indiki manasinda ilk dafa 1597-ci
ilde “IV Henri” | hissa asarinda Sekspir tarafindan islandiyi va daha sonra “ V Henri” asarinda
yenidan istifada olundugu gliman edilir. Bu glin “afoot” sdzi hala da isladilsa da, bir coxlari bu
ifadanin asasan yazill adabiyyatda ve ya daha tantanali, intellektual saslanmak istanilan hallarda
istifade olundugunu disundr. Belslikls, “The game’s afoot” ifadasi sadaca “nasa baslayir” deyil,
ham da “hazir olun, harakata kecirik” anlaminda motivasiyaedici va dramatik bir ¢cagiris kimi cixis
edir.

A hue and cry- bu idiom “IV Henri” | hissa asarinda isladilir va onu serif (sahar hakimi) saslandirir.
O, ogurlugda ittiham olunan Jack Falstafi axtarmaga galir va deyir ki, “a hue and cry” bas verib,
yani Falstaf ham hakimiyyst organlari, ham da xalq terafindan tagib olunur. Bu ifadays zaman
kecdikca alava bir mana da ylklanmisdir. Bels ki, artig bu idiom yalniz tagib va ya axtaris anlaminda
deyil, ham da camiyyatda bas vermis adalatsizlik va ya galmagalli bir hadisays garsi insanlarin agiq
etiraz va naraziliq bildirmasi manasinda da isladilir.

Belalikla, idiomun iki asas manasi formalasmisdir:

1. ©nanavi va tarixi mana: Cinayat bas verdikds, yerli sakinlar va salahiyyatli saxslar
cinayatkarin axtarisina ¢ixir. Bu, orta asrlarda rasmi hliquqi bir prosedur idi — “hue and cry”
galdirildigda bitin vetandaslar tagibs gosulmali idilar.

2. Muasir va macazi mana: ictimaiyyat arasinda bdyik gazab va narazilig doguran bir
hadisaya garsi insanlarin yiiksak sasla etiraz etmasi, sikayat etmasi. Masalan, bir galmagalli
garar va ya adalatsiz davranis genis sakilda “a hue and cry”a sabab ola bilar.

Bu ifadanin islanmasi Sekspirin asarlarinda takca dévrin hliqugi ve sosial kontekstini aks etdirmir,
ham da onun dili neca zanginlasdirdiyini va bu clr ifadslarin zamanla neca manaca genislandiyini
gostarir.

By my troth - Bu ifads avvalki idiomla — “a hue and cry” ila bazi xUsusiyyatlarina géra oxsardir.
Mana baximindan "by my troth" bir and va ya sadagat vadidir. Buradaki “troth” ismi Orta ingilis
dilindaki “truth” (hagigat), “betrothal” (nisan) va ya “fidelity” (sadaqgat) sozlarindan galir.

|III
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“By my troth” ifadasi muasir dilde “s6z veriram”, “s6ziima inan” va ya “and iciram” manasina
barabardir.

Bu ifada Sekspir dovriinda oldugca genis yayillmis idi va onun asarlarinda da tez-tez isladilmisdir.
(“IV Henri” | hissa,“IV Henri” Il hissa va s.)

Bu tez-tez istifadadan gorinir ki, Sekspirin dovrinds bu ifads giindalik nitgds adi va gabul olunan
idiom idi. Lakin bu idiom muasir dovrda aktiv sakilda istifade olunmasa da, adabiyyatda, tarixi
dramalarda va ya klassik dilda yazilmis matnlarda hals da garsimiza ¢ixa bilar. Hamginin insanlar
bazan bu ifadani bir gadar tantanali va ya kéhna Uslubda danismagq istadikde — masalen, zarafatla
va vya stiliza olunmus sakilds — istifada eda bilarlar.

Belalikla, “by my troth” idiomu ham Sekspir dévriinda samimi and icmak va ya s6z vermak Ugln
istifade olunan ifada idi, ham da bu gln klassik va poetik Uslubda sadagati ifada etmak Ugln
simvolik mana dasiyir.

The quality of mercy is not strained - bu masalsayagl idiom “Venesiya taciri”asarinda islanir va
onu Portia, kisi hakim giyafasinda gizlanarak, Antonioya borcunu bagislamasi ve onu 6limdan xilas
etmasi Ucln Sayloku inandirmag magsadils deyir. ifads onun monoloqunun avvalinds bels
saslanir:

The quality of mercy is not strained.

It droppeth as the gentle rain from heaven

Upon the place beneath. It is twice blest:

It blesseth him that gives and him that takes.

(The Norton Shakespeare, The Merchant of Venice, Act IV, Scene 1, s. 1132)

Burada Portia izah edir ki, marhamat macburi va ya zorla edils bilan bir sey deyil. @gar bir insani
marhamat gostarmaya macbur etmayas ¢alissan, bu ¢atin ki, natica versin. Hagigi marhamat yalniz
kéonlldan va samimi sakilds verilanda asl dayar gazanir. O, gbydan yera disan ylungll yagis kimi
inca va tabii olmalidir — ham marhamsat gdstarana, ham da gabul edana xeyir-dua gatirmalidir.
Bu ifadanin poetik glict va falsafi darinliyi onu Sekspirin an yadda galan satirlarindan birina ¢evirsa
da, “The quality of mercy is not strained” muasir ingilis dilinde — istar Britaniya, istar amerikan
variantinda — genis yayilmis va ya tez-tez islanan bir ifads deyil.

Buna baxmayarag, bu sozler tez-tez akademik mizakiralards, adabiyyat darslarinda va ya klassik
nitg ndmunasi kimi xatirlanir. Yani bu ifade daha cox nlfuzlu, adabi ve badii kontekstlarda
yasamagqdadir, giindalik danisigda ise nadir hallarda isladilir.

Belalikla, bu idiom ham Sekspirin marhamat va adalat anlayisina verdiyi darin giymati aks etdirir,
ham da dovrlardan kegarak badii glicini goruyub saxlamis klassik bir nitg nimunasidir.

We’ll not carry coals - bu ifadaya kegmazdan avval, onunla ¢ox oxsar va daha avval yaranmis bir
ifadaya diggat yetirmak vacibdir: “To carry coals to Newcastle”. Bu deyim ilk dafe 1538-ci ilda
isladilmis va manasi bir seyi ora aparmaq ki, artiq orada ondan ¢oxdur, yani lazimsiz, manasiz bir
harakat etmak demakdir. Masalan, kdmurla mashur olan Nyukasl saharina kdémur aparmaqg —
absurd gérinan bir isdir.

Sekspirin ifadasi isa fargli bir manaya malikdir va biz bunu Romeo va Clilyetta asarinin | Pards, |
Sahnasindan 6yrana bilarik:

Enter SAMPSON and GREGORY of the house of Capulet, with swords and bucklers

SAMPSON: Gregory, on my word, we'll not carry coals.

GREGORY: No, for then we should be colliers.

SAMPSON: | mean, an we be in choler, we’ll draw. (The Norton Shakespeare, Romeo and Juliet,
Parda |, Sahna 1, 5. 873)

Burada Sampson “we’ll not carry coals” demakls tahgira va ya alcaldilmaga dézmayacayik fikrini
ifada edir. O, bununla Kapuletti evinin Gzvlarinin Montekki ailasinin tGzvlarina garsi kondlli sakilda
asagilanmayacagini va lazim galsa silaha sarilacaglarini bildirir. Qreqoriisa bu ifadaya s6z oyunu ila
cavab verir — “agar kdmur dasisaq, biz de kdmurgl olarig” deyarak vaziyysta yumor gatir.
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Bu deyimin asil manasi tahgiri gabul etmamak, 6zinU algaltmaga icaza vermamak demakdir. Yani
kiminsa saninla nalayiq davranmasina va ya sana agir sz demasina susmag, sanki komir dasimaq
kimi alcaldici bir isa razi olmaqdir.

Maraqghdir ki, “we’ll not carry coals” ifadasi 16-c1 asrda glindalik dilin bir hissasi olmus, lakin
zamanla islakliyini itirmisdir. Bu ifadenin manasi kontekstdan darhal anlasiimaya bilar, ¢lnki ilk
baxisdan hagiqi saslenir. Bu da onu “carry coals to Newcastle” ifadasi ila garisdirmaq riskini
dogurur. Lakin bu ikisi tam fargli idiomlardir — biri lazimsizlig, digari isa tahgira dézmamak
mazmunu daslyir.

Belalikla, Sekspir burada dovrin xalg arasinda mashur olan bir ifadasini adabi sshnaya gatirarak,
ham personajlarinin xarakterini qurur, ham da tamasacini doyls va garsidurma ila dolu sijeta
hazirlayir.

There’s the rub- bu idiom da Hamlet asarindaki mashur “to be or not to be” monologundan
gdtirulib va 11l pards, | sshnads yer alir. ifadsnin manasi an boyiik ¢atinliyin, problemin va ya asas
maneanin mahz burada olmasidir (The Free Dictionary, source).

Hamlet 6z intihar edib-etmamak dilemmasi ila UGz-lGzadir va “there’s the rub” deyarak gostarmak
istayir ki, insanin élimdan sonraki namalum taleyi bu gararin verilmasinda asas maneadir. Onun
monologunda bu hissa bels saslanir:

To die, to sleep—

To sleep—perchance to dream: ay, there’s the rub!

For in that sleep of death what dreams may come,

When we have shuffled off this mortal coil,

Must give us pause.

Burada Hamlet deyir ki, 6lmak — bu, balks da bir yuxu kimidir. Amma problem (rub) ondadir ki, o
olim yuxusunda bizi na gozladiyini bilmirik. Mahz bu gorxu insanlari 6lima garar vermakdan
cokindirir. ifadanin 6ziindaki “rub” s6zi gadim dévrlards manes, angal va ya problem manasinda
islanirdi (masalan, topun harakat etdiyi yolda gozlenilmaz bir maneaya dayib istigamatini
dayismasi kimi). Sekspir bu manani burada simvolik olaraq istifadse edir — hayat va 6lUim
masalasindaki geyri-miayyanlik asas “rub”, yani angaldir.

Muasir ingilis dilinda “there’s the rub” ifadasi hala ds istifada olunur, O, “asas problem da ela
budur” va ya “masala burasindadir ki...” kimi manalari ifada etmak Ucln isladilir.

Give the devil his due — bu idiom Sekspirin bir ne¢a asarinda yer alir, lakin onun ilk dafa 1597-ci
ilda yazilmis "IV Henri" | hissasinda ortaya cixdigi gabul olunur. | Pards, Il Sshnads Sahzads Harri
ilo dostlari arasinda kecan bir dialogda Poins, Cek Falstaf-a satasaraq onun seytana ruhunu
satdigini va etibarsiz biri oldugunu iddia edir. Bu sdzlara cavab olaraq Harri bels deyir:

Sir John stands to his word, the devil shall have

His bargain; for he was never yet a breaker of

Proverbs: he will give the devil his due.

(The Norton Shakespeare, Henry IV Part |, Act |, Scene 2, s. 1162)

Burada Harri zarafatla bildirir ki, Falstaf har na gadar qulsurlu biri olsa da, verdiyi s6za sadig galir
va agar bu sadaqgat seytana yonalibsa bels, o, borcunu ddayacakdir. Bu deyim, s6ziin ham haqiqi,
ham da macazi manasinda isladilir va Sekspir onu s6z oyunu saklinda taqgdim edir.

Bu ifadanin asas manasi “pis va ya sevilmayan bir insanin da misbat cahatlari varsa, onlari etiraf
etmak lazimdir” demakdir. Yani, kimsa imumiyyatle manfi obraz da olsa, adalatli olmaq lGglin onun
yaxsl cahatlari da geyd edilmalidir.

ifadanin ikinci dafs idiomatik olaraq istifada olundugu yer iss “V Henri” asarindadir:

CONSTABLE: | will cap that proverb with “There is flattery in friendship.”

ORLEANS: And | will take up that with “Give the devil his due.”

(The Norton Shakespeare, Henry V, Act Ill, Scene 7, s. 1489)
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Bu nimuna gostarir ki, Sekspir artiq bu ifadani taninmis bir atalar s6zU kimi tagdim edir. Orleans
onu digar taninmis bir deyimls yanasi isladarak, bu konstruksiyanin artiq idiomatik sabit ifada
oldugunu gostarir.

All that glitters is not gold- bu ifads “Venesiya taciri” asarindaki névbati atalar s6ziina ¢evrilmis
idiomdur. Hargand ki, buna banzar deyimlar Sekspirden avval de movcud olub. Masalan, latinca
"Non omne quod nitet aurum est" (“Parildayan har sey qizil deyil”) ifadasi bu manani ifads edan
erkan nimunalardan biridir.

Sekspir bu ifadeni ham hagiqgi, ham ds metaforik (macazi/idiomatik) sokilds 16-ci asrda
mahsurlasdirmisdir. O, bu deyimi “Venesiya taciri” asarinda, Il Parda, VIl sshnada istifada edir.
Burada Morokko sahzadasi Portianin portretini diizglin qutuda tapmagla onunla evlenmak sansi
gazanmaliolur. O, gizildan hazirlanmis qutunu secir va icinda kalla simiyl va asagidaki geydi tapir:
All that glitters is not gold—

Often have you heard that told.

Many a man his life hath sold

But my outside to behold.

Gilded tombs do worms enfold. (The Norton Shakespeare, The Merchant of Venice, Act Il. Scene
Vil, p. 1111)

Bu deyim biza bildirir ki, har parlayan sey dayarli va ya yaxsi deyil. Yani zahiri calbedicilik sizi aldada
bilar, clinki gercak dayar daxilds gizlanir.

Sekspir bu deyimi adabi kontekstds istifads edarak ham axlagi dars, ham da dramaturji tasir
yaradib. Hamgcinin burada gozlanilanla realliq arasindaki ziddiyysta diggat ¢akir — bu da onun
asarlarindaki darin falsafi alt gatlara tipik nUmunadir.

“All that glitters is not gold” ifadasi Sekspirin asari vasitasile muasir ingilis dilina sabit ifada kimi
kecmis, ham gindslik nitgds, ham adabiyyatda, ham da 6yld-nasihat xarakterli matnlards genis
vayilmisdir.

A pound of flesh - bu Sekspir idiomu “Venesiya taciri” asarinda bir neca yerda isladilir, lakin asasan
IV pards, | sshnada Saylok, Antonio, Bassanio va Porsiya kimi personajlar tarafindan saslandirilir.
Hagigatan da, bu ifadanin séziin asl manasinda basa dusllmasi mUmkindir, clnki Saylok
Antoniodan bir funt at kasmayini istayir. Lakin ifadanin manasi bununla mahdudlasmir, ¢lnki
yahudi Saylok davamli sakilds vurgulayir ki, o, ganunla ona diisan haqggini istayir.

Bu sababdan, séhbat sadaca bir parca at talabindan getmir — burada kiminsa ganuni olarag haqq!
olan, lakin insafsiz ve geyri-insani sakilda talab edilan bir seyi almagq istayi 6n plana cixir.

Belalikla, bu idiomatik mana Sekspir tarafindan asarin avvallarindan sonuna gadar tadrican va inca
sokilda ifadaya yeridilmisdir. Bu, Sekspirin asarin avvalindan sonuna gadar ¢ox inca ve tadrican
ifadaya yeritdiyi idiomatik manadir ve buna gbra da, bu ehtimal var ki, o, bu giina gadar yasamaga
davam edib.

Band of brothers- bu ifada “V Henri” asarindan goturiulib ve Migaddas Krispin GUnU ¢ixigi zamani
saslandirilir. IV pards, Ill sshnada Kral Harri Fransa ordusuna garsi qarsidan galan doyis arafasinds
asgarlarinin ruh yuksakliyini artirmaq Ggln uzun va tasirli bir nitg séylayir. Nitgin bir hissasinda o
bildirir ki, agar onlar dismana qalib galsalar, bu gahramanliglari ailalari va xalqgi tarafindan daim
xatirlanacaqdir. Ve bu gardaslig va birlik ruhu ¢arcivasinda o, asagidaki satri deyir:

“We few, we happy few, we band of brothers. For he to-day that sheds his blood with me shall be
my brother.” (The Norton Shakespeare, Henry V, Act IV, Scene 3, s. 1500)

Bu idiom, adatan harbi va ya six birlik ruhuna malik olan gruplara aid edilir vae sadiq, etibarli va
dirUst insanlardan ibarat kollektiv manasinda islanir.

Henri bu ifadani isledarak asgarlarina demak istayir ki, onlar sayca az ola bilarlar, lakin o, minlarls
alava asgar yerina, onlarin yaninda doyismayi va hatta 6lmayi Ustln tutur, ¢clinki onlarin heg vaxt
ona arxa ¢evirmayacayini bilir.
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Heart of gold- bu idiom, bir insanin xeyirxah va saxavatli xaraktera malik oldugunu, marhamatli va
xosxasiyyat oldugunu ifads etmak Ucln istifade olunur. Lakin bu ifadanin manasi bununla
mahdudlasmir. Onun daha darin manasi Sekspirin “V Henri” asarinda ortaya ¢ixir — xisusila da kral,
asgarlarinin onun hagginda na distndiklarini dyranmak magsadile 6zUnU gizladarak onlarin
arasina qarisdigl sshnada.

Burada, Pistol adli bir asgar ona bu sozlarla cavab verir:

“a bawcock, and a heart of gold, a lad of life, an imp of fame...”

(The Norton Shakespeare, Henry V, Act IV, Scene 1, s. 1492)

Bu cavabdan aydin olur ki, Pistol kral sevir va hérmat edir, amma eyni zamanda onun ndgsansiz
biri olmadigini da gabul edir. Mahz buna gors bu idiom, insanin gisurlarina va ¢catismazliglarina
baxmayaragq, daxilda yaxsi va vicdanli biri oldugunu vurgulamagq Ucln istifada olunur.

Yani “heart of gold” ifadasi yalniz zahiri davranislara deyil, daxili tamizliya va yaxsi niyyata isara
edir —insan na gadar geyri-mikammal olsa da, Grayi gizildandir.

Bu ifade do Hamlet asarindan gotlrilmusdir ve onu Danimarka sahzadasi Hamletin 6z{ asarin V
pards, | sshnasinda deyir. Bu ifadanin manasi budur ki, har kasin gec-tez 6z sansi, 6z ani olacag.
Bu konkret halda, Hamlet Laerta bildirmak istayir ki, hal-hazirda Laert Gstiin mévgeda ola bilsr,
amma bu vaziyyst hamisa bels galmayacag. Gun galacak ki, Hamlet Ustinlik gazanacaqg va 6z
istadiyini alda edacak.

ifads Umumi olaraq adalatin va ya fiirsatin gec-tez hamiya nasib olacagi fikrini dasiyir ve bu giin da
genis sakilda ham glindalik dilda, ham da yazili asarlarda isladilir.

Brevity is the soul of wit” — bu ifads do Hamlet faciasindan goturulib va onu Poloni asarin Il pards,
[l sshnasinda deyir. Bu ifadanin manasi odur ki, agilli va mazmunlu fikirlari ifads etmak Gglin ¢ox
s6za ehtiyac yoxdur; gisa va konkret olmaq daha tasirlidir (Dictionary.com).

Bu ifada sozlarin gisaliginin va yigcamhginin hikmatin va zakanin asasini taskil etdiyini vurgulayir.
ifadanin ironik tarafi ondadir ki, Poloninin 6zii bu sdzlari deyarkan oldugca cox danisan va dolasiq
danisan bir obrazdir. Bu ssbabdan bu ifads, ham ciddi, ham da satirik mana dasiyir va bu giin da
tez-tez istifade olunur — xUsusila natiglikds, vyaziciigda va (nsiyystda yigcamligin dayarini
vurgulamagq Gcun.

Wild goose chase — bu ifade Romeo va Ciilyetta asarindan goturilib ve onu Merkusio asarin
pards, Il sshnasinda soylayir. Merkusio bu ifadani Romeo ila zarafatli va s6zIU atisma apararkan
deyir va bununla artiqg bu “agilli s6z” yarismasinda uduzdugunu etiraf edir.

"Wild goose chase" ifadasinin bu glinki manasi “bosuna bir seyin arxasinca dismak”, “heg yera
aparmayacaq bir magsadla calismag” kimi basa dusilir. Yani insanlar bu ifadeni Gmidsiz va
naticasiz cahdlari tasvir etmak Ucln istifads edirler.

Ancaq Merkusionun dovrinds bu ifadanin idmanla bagli fargli bir manasi var idi. 16-c1 asr
ingiltarasinda “wild goose chase” — éncadan secilmis bir atliya miiayyan masafada ardicil olaraq
digar athlarin tagib etdiyi bir ndv at yarisi névi idi. Bu yaris vahsi gazlarin géyda V sakilli ucusunu
xatirlatdigi Ggln bels adlandiriimisdi.

Merkusio burada Romyoya demak istayir ki, Romeo artig onu s6z duelinda udduguna gors, oyunun
gedisatini istadiyi istigamata yonalda bilar va Merkusio G¢lin davam etmak artig manasizdir.
Maraqlidir ki, bu ifadanin tarixi idman mansayi glinimizds genis malum deyil. MUasir istifadacilar
isa bu ifadani, sadaca Umidsiz voe manasiz saylar manasinda isladirlar.
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The Classification of Metaphors and their
widespread use in Speech

Sevinc Abdullayeva
Head teacher, AUL

Metaphors are one of the important structural elements of human thinking as an artistic tool.
Especially in English, metaphors are widely used not only in poetry and fiction, but also in everyday
speech, science, politics, economics, journalism and advertising. Metaphors play an important role
in conveying complex ideas in a simple and understandable way. This article explains in detail the
concept of metaphor, its types, functions and mechanisms of development in various English
language texts.

Keywords: fiction, implied metaphors, extended metaphors, figurative meanings, cognitive theory

Metaphor is derived from the Greek word "metapherein" and means "the transfer of one thing to
another". According to the classical understanding, metaphor is the expression of one concept
(the target) in terms of another, usually more concrete and visual concept (the source). For
example, in the sentence "He is a rock in difficult times", a person is described by the "rock", which
denotes stability and strength.

Metaphors describe one thing by saying that it is something else. They are unique. Metaphors
distinguish two things from each other, but do not use the words "like" or "as" to distinguish things,
as in similes.

“Ben was a cheetah at the race today.” - Since the cheetah is the fastest animal, this metaphor
refers to Ben being the fastest and most agile in the race.

Metaphor is a concept based on analogy that refers to figurative meaning. Metaphor, a
comparison between two things that are otherwise unrelated. With metaphors, the qualities of
one thing are figuratively carried over to another. Metaphors allow us to see things in different
angles and in a fresh light.

Metaphors claim that something is something that is not literally true. Metaphors are figurative
expressions, sometimes based on similarity, the meaning of something specific to humans is
transferred to objects, or vice versa, something specific to objects is applied to humans. For
example, “table legs”, “the tree of liberty”, “A glory of the day”, “he is a real fox”.

Metaphors have developed in terms of style by being used at the sentence level. Creative

metaphors facilitate speech and simplify complex ideas.

“This bedroom is a prison” “He listened with a stone face” “We don’t need dinosaurs in this
company” “The snow was a white blanket on the ground” “Learning is a piece of cake at our
school” “Laughter is the music of the soul” “Tom is a walking dictionary” Four main types of
metaphors are shown: Implied metaphor, Extended metaphor, Dead metaphor, Mixed metaphor.

Different types of metaphors help to choose the right meaning. If we want to add a little figurative
language without being too obvious, implied metaphors are used:

7,

“Her beauty is a blooming rose”; “Her words were honey”; “She has shiny eyes”; “Her eyes are

”n, o u ", o

sparkling diamonds”; “The stars are diamonds in the sky”; “The desert is a vast ocean of sand”.
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These types of metaphors add spice to the conversation, beautify the words and deepen the
meaning. They express the comparison using figurative language.

An extended metaphor is used throughout the entire piece of writing to create a theme and a
good mood:
“I have a dream speech” (Americans’ desire for justice and equality).

An extended metaphor is used throughout the piece of writing to create a theme and a good
mood. This type of metaphor has long been used in literature to organize a part of the story or to
express a certain idea. It is often found in poems and especially in Shakespeare’s writings. For
example, in Shakespeare’s “Romeo and Juliet”, a metaphor is used for direct comparison:

“Juliet is the Sun” - when compared to the sun, it comes to life in our minds like a picture.

In the novel “Invisible Man”, for example, Ralph Ellison extends the metaphor invisibility to
describe how men and women are overlooked in American society pushed to the margins into the
shadows. If a metaphor is extended across an entire piece of writing it is called a controlling
metaphor.

The most famous metaphors: “It rains cats and dogs”; “Apple of my eyes”. Such comparisons are
not taken literally between things that are not the same, but they help to create a picture in our
minds.

An example of a dead metaphor is the metaphor “Turn a blind eye”. Due to its frequent use, it
loses its literal meaning and is used only figuratively.

Mixed metaphors combine words that are logically incompatible. This happens when two
incompatible metaphors are combined. For example, “He stepped up to the plate and called a
foul”. Mixed metaphors can sometimes be funny because they don’t make much sense.

Additionally, Nature and Animal Metaphors and Visual Metaphors are also mentioned. Writers
have long compared humans to the behavior of animals and natural things. Some metaphors
compare their subjects to artificial objects such as computers or musical instruments. Visual
metaphors found in visual art and their advertising show us the comparison with pictorial

similes.

Conceptual Metaphor Theory, developed in the 1980s by George Lakoff and Mark Johnson,
showed that metaphor is not only a linguistic tool, but also a tool of thought and perception. As
their famous work “Metaphors We Live By” shows, people use metaphorical structures in
everyday life and in their thought systems. In fact, according George Lakoff and Mark Johnson, our
very thought — the conceptual systems we use to think and act are fundamentally metaphorical.
They are intrinsic to thinking which is why it’s wise to pay attention to how they are used.
“Argument is War” (He attacked every weak point in my argument.)

“Time is money” (“You're wasting my time.”)

“Time is a thief” (It steals our life)

“Invisible man” (black man)

As we can see, metaphors, although they appear on the surface of language, reflect its deep
structures of thought.

Fiction, especially poetry, offers the most productive use of metaphor. Classics of English literature
authors such as Shakespeare, John Donne, T.S. Eliot, Sylvia Plath used metaphors to create
aesthetic and philosophical depth.
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Let's look at the famous metaphor from Shakespeare's play “As You Like It”:

"All the world’s a stage, and all the men and women merely players." Here the world is likened to
a theater stage, and people to actors. This metaphor emphasizes the transient position of man in
the world and his social roles. In the work “Macbeth”, “To win golden opinions” is a metaphor
used in the sense of gaining sympathy and positive opinion. In the work “Othello”, the metaphor
“the green-eyed monster” is used in the sense of jealousy. Shakespeare used language in a non-
literal, metaphorical way.

As A.V. Cooney noted, Shakespeare’s metaphors have become general expressions, which is proof
of his genius and popularity as a linguist. In modern literature, metaphors are mostly used to
express psychological and social situations. For example, Sylvia Plath writes in her famous poem:
"I'm a riddle in nine syllables..." This is a metaphor of pregnancy and a woman’s inner emotional
world is expressed poetically.

“Life is a rollercoaster”- This metaphor refers to the ups and downs of life. “The root of the
problem” (The core of the problem); “His dark eyes sparkled with pleasure” “Dark days, dark
times’; “Someone’s face or eyes light up” as well as “Someone’s face or eyes darkens” are
common metaphors in English literature.

Orators, political leaders, and politicians also use metaphors to shape public

opinion and simplify complex political processes.

"Tax relief" - tax reduction is presented as "relaxation", that is, tax is perceived as a burden.
"Nation as a family" - the state is metaphorically described as a father and citizens as children.
The media often uses metaphors to dramatize events and create an emotional response in the
reader: "Economic tsunami hits Europe" "The political landscape is shifting" “Ideas are flowing”
or “Conversation is flowing” “People poured or streamed into the stadium” “A heated
discussion” or “a heated debate” “Waves of disappointment” or “waves of sadness”

Such metaphors describe events in a more understandable and visual way for readers.

In scientific subjects, metaphors are used to overcome conceptual difficulties. For example: "Data
highway" "genetic code", "memory storage" - these metaphors are used in information technology
and serve to put technological concepts into a more suitable form for human thinking.

Stephen Hawking explains time and the universe with metaphors in his famous book “A Brief
History of Time”. These metaphors play an important role in communicating complex physical
concepts to a wide audience. Metaphors are widely used in everyday English conversation:

"I'm feeling down." "He’s in high spirits." "Let’s break the ice." “A wave of disappointment came
over me.”

Many of these expressions are metaphorical and express emotional states, relationships, and
social connections. Metaphors differ between Western and Eastern cultures. For example, the
metaphor “argument is war” is typical of Western culture, but more collaborative metaphors such
as “argument is a journey” or “dance” can be found in Eastern cultures.

In the Digital Age, new types of metaphors are emerging in the field of the Internet, social media,
and advertising. For example: “The Internet is a window to the World”, “The Computer is a brain”,
“The cloud” — a virtual space where data is stored, “Firewall” —a metaphor for cybersecurity,
“Cyber bullying” — cyber violence.

Advertisements and social media posts often use metaphorical headlines to create an emotional
effect:

"Unleash your potential", "Fuel your dreams" and so on.
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Speaking of metaphors, there are many unities - metaphorical idioms in English. For example, "to
make a mountain out of molehill", "to play a second fiddle", "to wash one's dirty linen in public",
"a snake in the grass", "big wheel", "big shot", "black sheep", "dark horse" and so on.

In English, metaphors are not just an artistic tool, but also a tool for communication, thought and
perception. Although metaphors appear on the surface of the language, they reflect its deep
structures of thought.

Cognitive linguistics and cultural analysis provide a deeper understanding of metaphors. In this
sense, the English text acts as a discourse field with metaphorical richness. The use of metaphors
in all areas, from literature to scientific judgment, from politics to everyday speech, expands both
the aesthetic and functional capabilities of language. The media often uses metaphors to
dramatize events and create an emotional response in the reader. As we see metaphors are

everywhere.
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Abstract

Cloud computing has revolutionized the way organizations manage, store, and access data by
offering on-demand, scalable computing resources. At the core of this transformation lies cloud-
based database management — a fundamental element in modern IT ecosystems that enables
businesses to dynamically scale data operations, reduce infrastructure costs, and improve
operational agility.

This paper provides an in-depth analysis of cloud database types, including relational (SQL-based)
and non-relational (NoSQL) systems, as well as emerging hybrid architectures. It discusses their
architectural frameworks, focusing on distributed storage, horizontal scalability, and multi-tenant
deployment models. These structural differences introduce unique challenges in data consistency,
latency, and availability, especially in multi-cloud or geographically distributed systems.

Security remains a paramount concern in cloud-based database management. The paper examines
end-to-end data protection mechanisms including encryption (at rest and in transit), identity and
access management (IAM), zero-trust security models, and compliance with regulatory standards
like GDPR and HIPAA. Advanced monitoring and auditing tools are also explored as essential
components of real-time threat detection and risk mitigation.

Automation is another critical factor, driving efficiency in tasks such as provisioning, backup
scheduling, indexing, and performance tuning. The integration of Al and machine learning into
database administration (DBA) processes is accelerating intelligent automation, enabling
predictive analytics for load balancing and query optimization.

Finally, the study outlines best practices for managing cloud-based databases efficiently, including
elastic scaling, redundancy configurations, service-level agreement (SLA) planning, and cost
optimization strategies. It concludes that successful cloud database management requires a
balanced integration of technological capabilities, security protocols, and strategic governance
models.

Keywords-Database Management, Cloud Computing, Database Security, Automation, Scalability,
Resource Allocation, Data Migration, Cloud Infrastructure, Data Availability

1. Introduction

Cloud computing has dramatically transformed the data management landscape by enabling
organizations to move beyond on-premise infrastructure toward dynamic, scalable, and cost-
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effective cloud-based environments. Central to this shift is cloud-based database management,
which provides organizations with the ability to store, access, and process large-scale datasets with
increased agility and reduced operational burden.

Cloud databases, whether managed via public, private, or hybrid clouds, offer on-demand
provisioning, built-in redundancy, and globally distributed architectures. This makes them a
strategic asset in sectors such as finance, healthcare, e-commerce, and education, where real-time
data access and reliability are crucial.

2. Literature Review

The literature on cloud databases spans several key areas: architecture models, security
frameworks, automation, and performance optimization.

Architectures: Researchers distinguish between relational cloud databases (e.g., Amazon RDS,
Azure SQL Database) and non-relational systems (e.g., MongoDB Atlas, Cassandra on cloud). These
models differ in schema rigidity, scaling strategies, and use cases.

Distributed and Multi-Tenant Models: Studies emphasize the significance of horizontal scalability,
distributed storage, and multi-tenant isolation for maximizing efficiency in high-load environments.
These architectures are especially relevant for Software-as-a-Service (SaaS) applications.

Security Challenges: Numerous studies identify data privacy, multi-cloud security, and compliance
as critical concerns. End-to-end encryption, zero-trust models, and regulatory alignment (GDPR,
HIPAA) are repeatedly cited as best practices.

Automation and Al: Recent research explores the role of Al-driven automation in database
management, including intelligent indexing, anomaly detection, and query optimization. These
capabilities reduce DBA overhead and improve system resilience.

3. Research Area and Analysis

This study focuses on three core aspects of cloud-based database management:

3.1 Cloud Database Types and Architecture

Relational Cloud Databases (SQL): Ideal for structured data and transactional consistency.
Examples include PostgreSQL on AWS, Azure SQL Database.

NoSQL Databases: Suited for unstructured or semi-structured data (e.g., JSON). Examples:
MongoDB Atlas, DynamoDB.

Hybrid Architectures: Combine the benefits of both models. Increasingly adopted in complex
enterprise environments.

Key architectural features include:

Distributed Storage and Replication

Elastic Horizontal Scaling

Multi-Tenant Design

Failover and High Availability Mechanisms

3.2 Security and Compliance in Cloud Databases

Encryption: At rest and in transit using TLS/SSL and KMS (Key Management Systems).

Identity and Access Management (IAM): Role-based access control (RBAC), MFA (multi-factor
authentication).

Zero Trust Security: Every access request is authenticated and authorized.

Audit Logging and Monitoring: Tools like AWS CloudTrail and Azure Monitor support real-time
threat detection.

3.3 Intelligent Automation and Al Integration

Automated Provisioning and Scaling: Cloud platforms support automatic resource allocation based
on demand.
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Backup and Recovery: Scheduled and incremental backups with fast recovery time objectives
(RTO).

Al for Query Optimization: Platforms like Google Cloud Spanner use ML to optimize indexing and
guery execution.

Performance Monitoring: Tools use predictive analytics to detect anomalies and optimize cost.

4. Recommendations and Best Practices

To ensure secure, scalable, and efficient cloud-based database operations, organizations should:
Choose Appropriate Architecture: Select between SQL, NoSQL, or hybrid models based on data
structure and workload.

Implement Robust Security Protocols: Use encryption, IAM, and zero-trust models.

Automate Routine DBA Tasks: Leverage cloud-native tools for backup, scaling, and maintenance.
Design for Redundancy and Availability: Use multi-zone replication and load balancing.

Monitor and Optimize Continuously: Apply analytics to monitor performance, reduce latency, and
forecast resource needs.

Align with Regulations: Ensure compliance with data governance and legal frameworks.

5. Conclusion

Cloud-based database management stands at the intersection of scalability, efficiency, and security
in the digital era. The transition from traditional on-premise systems to cloud-native databases
allows organizations to scale operations, automate maintenance, and improve data availability
globally.

However, the adoption of these systems must be accompanied by thoughtful planning in
architecture selection, data protection, automation, and compliance. As Al, edge computing, and
hybrid cloud strategies evolve, cloud database management will continue to be a pillar of digital
transformation—offering resilient, intelligent, and future-ready data infrastructure.
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Abstract

This study presents a comprehensive bibliographical and bibliometric analysis of scholarly
literature on the influence of pressure groups on political decision-making. Drawing on a dataset
of 112 peer-reviewed articles indexed in Scopus between 2005 and 2024, the research maps the
intellectual structure of the field, identifies dominant theoretical frameworks, leading
contributors, thematic clusters, and geographic trends. The analysis reveals five major conceptual
domains: democratic advocacy, institutional governance, sector-specific lobbying, transnational
influence, and participatory policy management. While the United Kingdom and the United States
emerge as the most prolific contributors, the findings highlight the significant underrepresentation
of post-Soviet and Global South contexts, including Kazakhstan. Using VOSviewer, the study
visualizes co-occurrence networks to uncover latent patterns and epistemological gaps within the
literature. The results highlight the conceptual fragmentation and regional imbalance in the study
of pressure groups, underscoring the need for more inclusive, context-sensitive, and comparative
approaches in future research. This work contributes to both theoretical advancement and policy
relevance by providing a systematic overview that supports scholarly inquiry and institutional
reflection in diverse political settings.

Keywords: pressure groups; political decision-making; interest groups; lobbying;
bibliometric analysis; policy influence

Introduction

Relevance of the study. In the context of growing political competition, institutional
transformation, and increased public engagement in governance processes, pressure groups are
playing an increasingly prominent role in shaping political decisions. Both democratic and non-
democratic regimes today demonstrate diverse forms of interaction between state institutions
and organizations representing the interests of specific social, economic, or ideological groups. In
this regard, studying the mechanisms and scope of influence exercised by such actors becomes
especially relevant. Although the phenomenon of pressure groups has been actively studied within
political science, sociology, economics, and legal studies since the mid-20th century, a
comprehensive picture of the academic landscape related to this subject remains elusive. The
diversity of conceptual approaches, terminological inconsistencies and regional fragmentation of
studies hinder the development of a comprehensive and integrated understanding of the field.
This issue is particularly pertinent to post-Soviet countries, including Kazakhstan, where
institutions of civic participation are still evolving, and the influence of informal political actors
often remains outside the scope of public discourse and academic scrutiny. A bibliographic analysis
offers a systematic and critical overview of the existing body of scholarly work. It enables the
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identification of dominant theoretical frameworks such as pluralism, elitism, and neo-
institutionalism, highlights chronological and geographical patterns in research activity, and
reveals gaps in knowledge that warrant further investigation. This approach is of both academic
and practical significance, as it contributes not only to summarizing the current state of research
but also provides valuable insights for the development of effective mechanisms for state—civil
society interaction. Therefore, the relevance of this study lies in the need for a comprehensive
bibliographic analysis of scientific research on the influence of pressure groups on political
decision-making. It aims to identify key trends, underexplored areas, and future research
directions within this domain, both globally and in specific regional contexts.

The primary objective of this study is to conduct a comprehensive bibliographical analysis
of scholarly literature focused on the influence of pressure groups on political decision-making.
This analysis aims to map the intellectual structure of the field by identifying major research
trends, influential theoretical paradigms, key contributing authors and institutions, and the
evolution of thematic priorities over time. It is a comprehensive endeavor that leaves no stone
unturned. Particular emphasis is placed on understanding how the topic has been addressed in
different political and regional contexts, with attention to the underrepresentation of post-Soviet
states such as Kazakhstan in the global academic discourse.

Research Question: The central research question guiding this bibliographical investigation
is:

How has the academic literature conceptualized and examined the influence of pressure groups
on political decision-making processes across different political systems and regions, and what are
the main trends, gaps, and emerging themes in this body of research?

Significance of the study. This study holds both academic and applied relevance.
Academically, it contributes to the systematization and critical evaluation of existing knowledge
on the role of pressure groups in political systems. By employing bibliometric and bibliographic
techniques, the research provides a comprehensive overview of the field, revealing patterns that
may not be apparent through traditional literature reviews. The study also helps clarify
terminological ambiguities and conceptual overlaps that have historically fragmented scholarly
dialogue on the subject. From a practical standpoint, the insights derived from this analysis can
inform policymakers, civil society organizations, and advocacy practitioners about the global best
practices and conceptual models of pressure group influence. For Kazakhstan and other post-
Soviet countries, where civil society institutions are still in the process of formation, the study
provides a valuable foundation for understanding how non-state actors can contribute to political
pluralism, accountability, and policy responsiveness. Furthermore, by highlighting regional
disparities and thematic blind spots, the research outlines future directions for more inclusive and
diversified academic inquiry in political science and public policy, empowering the audience with
a roadmap for future research and policy development.

Literature Review

The study of pressure groups and their influence on political decision-making has evolved
significantly over the last several decades, drawing from diverse disciplinary traditions, including
political science, sociology, psychology, and public administration. A review of existing literature
reveals a range of theoretical approaches, conceptual distinctions, and methodological tools that
scholars have used to examine how organized interests interact with state institutions. This section
outlines the dominant perspectives in the field, highlights the conceptual fragmentation that
complicates scholarly dialogue, and discusses the implications of politicization, institutional
access, and strategy choice across political contexts. One foundational distinction in the literature
is between insider and outsider groups, a typology originally introduced by Grant (2004). Insider
groups are those that enjoy formal or informal access to political decision-makers, while outsider
groups exert influence more indirectly, typically through public mobilization or media
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engagement. This insider-outsider distinction remains useful, particularly in understanding the
strategic behavior of different types of interest organizations. However, Grant (2021) also
acknowledges that political change, such as the decline of corporatist structures and the rise of
network governance, has rendered the typology less predictive than it once was. In his later work,
Grant (2014) expands this framework by emphasizing the increasing complexity and proliferation
of pressure groups in modern democracies, noting how technological and societal shifts have
lowered barriers to group formation and activism.

Binderkrantz (2005) contributes a valuable empirical refinement to the insider-outsider
framework by analyzing the strategic preferences of Danish interest groups. Her study reveals that
both direct and indirect strategies are widely used and often combined. More importantly, the
choice of strategy is influenced not only by institutional access but also by group-specific factors
such as membership competition. Groups that face intense pressure to attract and retain
members tend to prefer more visible, indirect strategies, whereas groups with privileged access
to policymakers often rely on direct lobbying. Binderkrantz (2005) thus calls for a more nuanced
understanding of strategy as an adaptive behavior rather than a fixed attribute, highlighting that
access and tactics should be treated as distinct analytical dimensions. From a psychological
perspective, Cohen (2003) explores how group identity, particularly political partisanship, can
significantly influence individuals’ attitudes toward policies, even in the absence of detailed
information. His experimental studies demonstrate that individuals often align their policy
preferences with the perceived position of their in-group, underestimating the influence that
social identification has on their reasoning while overestimating its impact on others. This finding
is especially pertinent in the context of pressure groups, which frequently act as identity-forming
agents, shaping not only preferences but also the perceived legitimacy of political decisions.
Cohen’s (2003) work suggests that the persuasive power of interest groups may stem as much
from their symbolic alignment with collective identities as from the substantive quality of their
arguments.

An essential institutional perspective is offered by Dekker and Hansen (2004), who
examine how politicization affects organizational learning within public bureaucracies. Their study
focuses on Scandinavian public institutions and demonstrates that excessive politicization can
distort bureaucratic decision-making, erode the autonomy of technical expertise, and impede
adaptive learning. In this context, pressure groups that exploit politicized environments may
achieve short-term gains while undermining the long-term effectiveness of policy. This
underscores the importance of considering the broader administrative consequences of group
influence, particularly in systems where professional neutrality is highly valued. The global and
transnational dimensions of pressure politics are analyzed by Zirn (2014), who proposes a
conceptual framework for understanding the politicization of world politics. He argues that the
growing authority of international institutions has triggered increased contestation and
mobilization, both for and against global governance structures. Transnational pressure groups,
especially non-governmental organizations, play a central role in this process by reframing global
issues as matters of public concern. Zirn (2014) emphasizes that politicization is not inherently
harmful; rather, it reflects a democratizing impulse that brings new voices into international
debates. Nevertheless, politicization can also generate legitimacy crises when governance
institutions fail to respond to these demands in a transparent and accountable manner. The
influence of pressure groups is neither uniform nor unproblematic. While some scholars
emphasize their role in enhancing pluralism and participatory democracy, others warn of their
capacity to entrench elite interests or distort policy outcomes through strategic framing and
identity manipulation. The literature also reveals significant contextual variations (Castles, 2009;
Nownes, 2013; Berry, 2015). For instance, much of the empirical research originates from
consolidated democracies with institutionalized lobbying frameworks, leaving post-Soviet and
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hybrid regimes underexplored. In Kazakhstan and other Central Asian states, informal networks,
elite patronage, and constrained civic space introduce additional complexities that are often
absent from Western models. The scarcity of comparative research that includes such contexts
represents a significant gap in the literature (Schiek, 2022).

Furthermore, the methodological tools used to study pressure groups vary considerably.
Traditional case studies and institutional analyses are increasingly complemented by quantitative
bibliometric methods, which allow researchers to map the intellectual structure of the field,
identify dominant paradigms, and trace the evolution of key concepts over time. Such approaches
can reveal thematic blind spots and geographical biases, providing a meta-perspective that is
essential for future agenda-setting and informed decision-making. The literature on pressure
groups and political decision-making is rich and multifaceted, but remains fragmented along
conceptual, disciplinary, and regional lines. The reviewed works collectively demonstrate that
pressure groups exert influence through both formal and informal channels, employing direct and
indirect strategies, as well as symbolic and material mechanisms. However, much remains to be
learned about how these dynamics unfold in underrepresented political systems, such as
Kazakhstan, and how new forms of activism, fueled by social media and transnational networks,
are reshaping the landscape of political influence. A bibliographic and bibliometric approach thus
holds promise for advancing a more integrated and globally attuned understanding of pressure
politics.

Methods of the research

This study employs a bibliographic and bibliometric methodology to examine the scholarly
literature on the influence of pressure groups on political decision-making over the past two
decades. The aim is to identify dominant research themes, conceptual frameworks, influential
contributors, and emerging areas within the field. A bibliometric approach is particularly suited for
synthesizing fragmented bodies of literature, as it reveals structural patterns that may not be
visible through traditional narrative reviews. The primary source of data was the Scopus database,
selected for its broad and interdisciplinary coverage of peer-reviewed publications in political
science, sociology, and public policy. A structured keyword search was:

TITLE-ABS-KEY ( "pressure groups" AND "policy" ) AND PUBYEAR >2004 AND PUBYEAR < 2025 AND
( LIMIT-TO ( EXACTKEYWORD , "Pressure Groups" ) OR LIMIT-TO ( EXACTKEYWORD , "Public
Policy" ) OR LIMIT-TO ( EXACTKEYWORD , "Policy Making" ) OR LIMIT-TO ( EXACTKEYWORD ,
"Politics" ) )

Boolean operators were applied to refine the search and filter results by subject area,
ensuring thematic relevance. The time frame was restricted to the period from 2005 to 2024,
allowing for a comprehensive analysis of trends across the past 20 years. This period was chosen
to capture both long-term developments and recent shifts in the academic discourse, including
those related to globalization, digital mobilization, and the growing role of civil society actors in
governance. The initial search yielded a total of 657 articles. To increase the analytical precision,
a manual screening process was conducted. Only peer-reviewed journal articles that directly
addressed the relationship between pressure groups and political decision-making were retained.
Exclusion criteria included studies focused exclusively on corporate lobbying without a political
science dimension, purely legal analyses, or works outside the conceptual scope of the study. After
this selection process, a final sample of 112 articles was compiled for bibliographic analysis. For
data analysis, the study utilized VosViewer, a specialized software tool for constructing and
visualizing bibliometric networks. The metadata from the selected Scopus articles was exported in
BibTeX and CSV formats and imported into VosViewer for processing.

Results and Discussion
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A bibliometric overview of the most cited publications provides critical insight into the
foundational works and thematic anchors within the academic discourse on pressure groups and
political influence. Table 1 presents the top ten most cited articles in the dataset, reflecting both
the diversity and conceptual dispersion of the field.

Table 1. - Top 10 most cited publications related to pressure groups and political influence.

No. Article Title Authors Year | Citations
1 Determinants of environmental innovation New Horbach, J. 2008 | 1308
evidence from German panel data sources
2 Bombing Alone: Tracing the Motivations and Gill, P., Horgan, J., | 2014 | 369
Antecedent Behaviors of Lone-Actor Terrorists Deckert, P.
3 Depoliticisation: Principles, tactics and tools Flinders, M., 2006 | 325
Buller, J.

4 The impact of government and foreign affiliate Amran, A., Devi, 2008 | 191
influence on corporate social reporting: The case | S.S.

of Malaysia
5 Homelessness in the UK: who is most at risk? Bramley, G., 2018 | 164
Fitzpatrick, S.
6 Environmental pressure group strength and air Binder, S., 2005 | 129
pollution: An empirical analysis Neumayer, E.
7 The future of restorative neurosciences in stroke Cheeran, B., 2009 | 118
Cohen, L., et al.
8 Lobbyists before the U.S. Supreme Court: Collins, P.M. 2007 | 100
Investigating the influence of amicus curiae briefs
9 Entry and asymmetric lobbying: Why Baldwin, R.E., 2007 | 91
governments pick losers Robert-Nicoud, F.
10 | Labour Inside the Gate: A History of the British Worley, M. 2005 | 76

Labour Party Between the Wars

The most cited article in the corpus, Horbach’s (2008) study on environmental innovation,
has garnered over 1300 citations. While not centrally focused on pressure groups per se, its
inclusion underscores the interdisciplinary nature of the field, where environmental regulation,
corporate lobbying, and policy innovation intersect. Horbach’s work illustrates how stakeholder
influence, including that of pressure groups, shapes innovation systems in response to policy
incentives and regulatory pressure. Gill et al. (2014) rank second with their article on lone-actor
terrorism, which, though seemingly distant from classical lobbying, addresses how ideological
influence and decentralized advocacy networks affect state security policy. The prominence of this
publication reflects the expansion of the term “pressure” to include informal and radicalized forms
of influence, highlighting the need to distinguish between organized lobbying and broader
ideological pressure in bibliographic research. The third most cited article, Flinders and Buller
(2006), provides a detailed conceptual framework for understanding depoliticization, a strategy
often employed by governments to distance themselves from politically contentious decisions.
This has clear implications for the influence of pressure groups, as decision-making becomes
depoliticized through the delegation of authority to technocratic or non-majoritarian institutions.
Consequently, interest groups must adapt their strategies to engage with less visible but still
influential arenas of power. Amran and Devi’s (2008) contribution addresses how foreign and
governmental influences shape corporate social reporting practices in Malaysia. Although not a
traditional analysis of pressure groups, this study underscores the role of institutional pressures,
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both domestic and international, in shaping organizational behavior. It highlights how business
actors themselves may function as pressure groups, advocating policies favorable to their interests
in a hybrid regime context.

Binder and Neumayer (2005) offer the most directly relevant empirical study in the top
ten, focusing on the strength of environmental pressure groups and their impact on air pollution.
Their findings empirically validate the connection between civil society mobilization and
measurable policy outcomes, reinforcing the argument that pressure groups are not only symbolic
actors but also agents of substantive change. The study’s methodological rigor and policy
relevance explain its significant citation count. Other entries, such as Collins (2007) on the role of
amicus curiae briefs before the U.S. Supreme Court, and Baldwin & Robert-Nicoud (2007) on
asymmetric lobbying, expand the scope of analysis to institutional lobbying and strategic interest
representation. These works demonstrate how formalized lobbying mechanisms operate within
specific institutional contexts and illustrate the strategic behavior of actors seeking preferential
treatment or regulatory protection. The presence of Cheeran et al. (2009) and Bramley &
Fitzpatrick (2018), focused on medical innovation and homelessness, respectively, signals
thematic dispersion. Their inclusion highlights a broader pattern in the literature: articles gain
visibility and citations not solely based on their thematic alignment with “pressure groups,” but
also through relevance to broader public policy debates in which group influence is a secondary
yet significant factor.

Finally, Worley’s (2005) historical account of the British Labour Party highlights the
enduring relationship between political parties and interest representation. This entry
contextualizes the influence of pressure groups not merely as external actors, but as integral
components of political movements and institutional evolution. The top ten most cited
publications illustrate both the conceptual breadth and disciplinary intersectionality of the field.
While some studies offer direct empirical insight into group influence (e.g., Binder & Neumaver,
Collins), others reflect broader policy environments where group pressure is embedded within
complex governance structures. This pattern reveals a critical challenge for bibliographic research:
delineating the conceptual boundaries of what constitutes a “pressure group” and distinguishing
between influence as a mechanism versus influence as an outcome. The findings also underscore
the importance of contextual sensitivity, as the strategies and outcomes of group influence vary
significantly across different institutional and cultural environments.

The temporal distribution of publications and citations on the topic of pressure groups and
their influence on politics is illustrated in Figure 1. The graph reflects annual outputs from 2005 to
2024, highlighting both the number of documents published each year (blue bars) and the
corresponding number of citations.
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Figure 1. Annual dynamics of publications and citations on pressure groups and political
influence (2005—-2024)

The publication activity demonstrates moderate fluctuation across the two-decade period,

with notable peaks in 2007, 2012, and 2015, in which more than 20 documents were published.
The highest surge was observed in 2012, with over 30 publications, potentially reflecting increased
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academic interest in the aftermath of global financial instability and subsequent political
mobilizations. Other productive years, such as 2013, 2015, and 2017, also align with growing
global debates on governance, environmental advocacy, and political transparency. Despite
variation in publication volume, the citation trajectory shows a consistent upward trend,
particularly after 2010. From 2005 to 2010, annual citations remained relatively low, suggesting
that early publications had limited immediate academic impact. However, from 2011 onwards,
citation rates began to rise steadily, indicating a delayed yet growing recognition of this research
domain in scholarly discourse. The acceleration of citations after 2016, reaching over 600 citations
in 2024, suggests a maturing field with increasing theoretical consolidation and literary
engagement. Several factors may explain this pattern. First, the diversification of pressure group
activity from traditional lobbying to digital advocacy may have spurred more interdisciplinary
research, particularly after the rise of online mobilization platforms. Second, global challenges
such as the climate crisis, civil unrest, and political polarization have intensified interest in how
non-state actors shape decision-making processes. This context likely contributed to the greater
academic traction observed in recent years. Interestingly, while the number of published
documents slightly declined after 2018, the citation count continued to grow, indicating that
recent publications are having a higher academic impact. This decoupling of publication volume
and citation frequency could indicate the emergence of seminal or high-quality works that are
influencing subsequent research, even if the overall output has stabilized. The data in Figure 1
suggest that the field of research on pressure groups and political influence has undergone a
process of gradual institutionalization within the fields of political science and public policy
scholarship. The increasing citation density in the 2020s further confirms its rising relevance in
both theoretical debates and applied political analysis.

A crucial aspect of bibliometric analysis is understanding the geographic origins of scholarly
contributions. The distribution of publications by country reveals the global centers of research
activity related to pressure groups and their influence on politics. The United Kingdom is the clear
leader, contributing 122 publications, which account for over 18% of the total analyzed sample.
This dominance is not surprising given the country’s long tradition of political pluralism, active civil
society, and a well-established academic infrastructure in political science and public policy. UK
scholarship has made foundational contributions to theories of interest groups, corporatism, and
advocacy, often grounded in empirical analysis of domestic political processes. The United States
ranks second with 48 documents, reflecting its robust research environment on lobbying,
campaign financing, and institutionalized interest representation. However, the relatively lower
output compared to the UK may be attributed to differences in terminology; American studies
often use the term “lobbying” rather than “pressure groups,” which could influence keyword-
based bibliographic retrieval. Among European countries, Italy (14), Spain (14), France (13),
Germany (10), and the Netherlands (9) form the second tier of contributors. These countries
represent diverse political systems, ranging from corporatist to pluralist, which offer rich
comparative material for analyzing pressure groups. In particular, studies from lItaly and Spain
frequently examine labor unions, environmental advocacy, and lobbying based on Catholic or
regional identity. Australia (12) and Canada (8) also contribute a notable share, often focusing on
indigenous advocacy, environmental policy, and democratic accountability. Japan (9) stands out
as a key Asian contributor, likely reflecting interest in institutional lobbying in the context of
bureaucratic governance and party politics. Emerging economies and countries in the Global South
are underrepresented, although some presence is visible. India (8), Nigeria (7), South Africa (7),
China (8), Turkey (7), and Brazil (3) reflect growing but still modest scholarly attention to pressure
group dynamics in non-Western contexts. This imbalance mirrors broader trends in global political
science, where Anglophone and Western institutions dominate both publication and citation
metrics. Central and Eastern European countries, including Russia (4), Poland (3), Hungary (2), and
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the Czech Republic (2), show limited but visible contributions. These are particularly relevant for
understanding transitional political systems and informal mechanisms of influence. Nevertheless,
their scholarly outputs remain low, underscoring the need for greater integration of post-socialist
contexts into global debates.

Kazakhstan and other Central Asian republics are notably absent from the list, which aligns
with earlier observations in the introduction that post-Soviet regions remain largely invisible in
global academic discourse on pressure groups. This gap highlights the importance of this study’s
regional focus and the potential contribution it can make by shedding light on an understudied
context. The remaining contributions are dispersed across Latin America, Africa, and Asia, with
most countries represented by one or two documents. While these instances suggest a growing
global interest, the low publication numbers also reflect structural inequalities in academic
visibility and funding. Ehe geographic distribution of publications reveals an intense concentration
in Western democracies, particularly the UK and US, with limited representation from emerging
regions. This imbalance underscores the epistemological risks of extrapolating theories of group
influence without sufficient consideration of political diversity. Addressing this gap requires more
inclusive research efforts that account for institutional variance, informal networks, and non-
traditional forms of advocacy in underrepresented countries.

The visualization presented in Figure 2 depicts the keyword co-occurrence network
generated using VOSviewer, based on a corpus of 112 selected publications. Each node in the
network represents a keyword extracted from titles, abstracts, or author-defined keywords, while
the size of the node reflects the frequency of its occurrence. The links between nodes indicate co-
occurrence within the same documents, suggesting thematic connections. The color-coded
clusters reveal distinct thematic groupings that correspond to conceptual subfields within the
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Figure 2. Keyword co-occurrence network on pressure groups and political decision-making

Blue cluster - political advocacy and democratic governance. This cluster centers around
the keywords “pressure groups,” “interest groups,” “civil society,” “democracy,” “political
reform,” “public policy,” and “political economy.” It reflects a core body of literature concerned
with the mechanisms of political advocacy, the role of non-state actors in democratic systems, and
the institutional pathways through which groups exert influence. Research in this cluster draws
heavily on pluralist and neo-institutionalist theories, emphasizing how interests are aggregated
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and articulated in various political contexts. The presence of keywords such as “political reform”
and “democracy” suggests a normative dimension in this literature, which often assesses whether
pressure groups enhance or hinder democratic responsiveness. This cluster is particularly
significant for studies focused on developing or transitioning democracies, such as Kazakhstan,
where the boundaries between formal and informal political influence are fluid. The association
with “civil society” also indicates overlaps with the literature on civic activism, NGOs, and bottom-
up mobilization, a thematic area that is gaining traction in post-authoritarian regimes.

Red cluster - policy-making and governance frameworks. The second cluster comprises
terms such as “United Kingdom,” “policy making,” “governance,” “accountability,” “local
participation,” “European Union,” and “sustainability.” This cluster primarily maps research that
explores how pressure groups interact with institutional governance systems, especially in
Western European democracies. The prominence of “United Kingdom” and “European Union”
indicates the empirical richness of this region, as also confirmed by the country-level analysis. The
presence of “policy making” and “accountability” points to a focus on institutional transparency,
stakeholder engagement, and deliberative processes. This thematic group frequently draws from
multi-level governance and new public management paradigms, analyzing how interest
representation is structured within supranational and decentralized polities. Scholars in this
cluster often study sectoral policy-making, such as environmental or health policy, through the
lens of governance arrangements that include state, private, and civil society actors.

Green cluster - policy domains and sectoral influence. This cluster is characterized by terms
like “health policy,” “lobbying,” “economics,” “mass media,” “human,” “great britain,” and
“history, 20th century.” Unlike the first two clusters, which are more conceptual or institutional,
this grouping is sector-specific, focusing on how pressure groups operate within specific policy
arenas. The emphasis on “health policy” and “economics” suggests studies that analyze the
influence of interest groups in highly regulated and resource-intensive sectors. The inclusion of
“mass media” points to analyses of agenda-setting and framing strategies, particularly relevant in
public health advocacy or pharmaceutical lobbying. Interestingly, the presence of “history, 20th
century” and “great britain” indicates a historical-institutionalist strand within this cluster. Some
studies here examine the evolution of lobbying practices, party-interest linkages, or the
professionalization of advocacy over time. These analyses enrich the field by situating
contemporary dynamics in longer-term political trajectories.

Purple cluster - global challenges and transnational governance. Comprising keywords such
as “foreign policy,” “globalization,” “China,” “risk assessment,” “Europe,” and “economic policy,”
this cluster reflects a geopolitical and transnational dimension of the literature. Scholars here
examine how pressure groups influence international policy agendas, either through formal
multilateral institutions or informal transnational networks. Research in this cluster often
intersects with international political economy and global governance, where pressure groups
such as environmental coalitions, human rights networks, or corporate alliances act across
borders. The presence of “China” and “risk assessment” suggests interest in how emerging powers
engage with advocacy dynamics under conditions of state dominance or political centralization.
For Kazakhstan and other post-Soviet states, this cluster offers comparative insights into state-
society relations in hybrid regimes and into how international advocacy frameworks can interface
with national policy-making.

Yellow cluster - institutional policy and management approaches. This smaller but distinct
cluster includes terms such as “management,” “policy,” “governance approach,” and
“sustainability.” While overlapping with the red cluster, it focuses more on the technical and
managerial aspects of how policies are designed, evaluated, and implemented. Studies in this
domain often assess the effectiveness of stakeholder engagement, the design of participatory
mechanisms, or the institutional innovations intended to formalize the participation of interest
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groups. The recurring term “sustainability” highlights intersections with environmental
governance, a policy area where the influence of pressure groups is both visible and contested.
This thematic strand is significant for applied research and policymaking, offering
recommendations for participatory policy design and best practices in inclusive governance.

Cross-cluster observations. The United Kingdom appears in multiple clusters (especially red
and green), reflecting its centrality in the field both as a geographic focus and as a theoretical
reference point. The term “lobbying” connects the governance and sectoral clusters, suggesting it
serves as a bridging concept between institutional processes and advocacy strategies. Civil society
is closely linked with democracy, environmental policy, and public policy, indicating a conceptual
triad at the heart of pluralist analysis. Policy making is the most central node, demonstrating that
pressure groups are almost always studied in relation to institutional policy outcomes, not in
isolation.

The keyword co-occurrence network reveals that the literature on pressure groups and
political influence is multifaceted, interdisciplinary, and spatially uneven. It is structured around
conceptual debates on democratic governance, empirical analyses of sectoral influence, and
growing interest in transnational advocacy. However, the dominance of Western-centric terms
and the underrepresentation of Global South perspectives suggest ongoing geographic and
epistemological imbalances. For researchers focused on post-Soviet contexts, such as Kazakhstan,
this map highlights both the relevance of global conceptual tools and the need to adapt them to
region-specific political dynamics, where informal institutions and elite bargaining often play
significant roles. Bridging this gap remains a promising direction for future scholarship.

Conclusion

This study has not only offered a mapping of existing literature but also reflected on how
the field of pressure group research is conceptually constructed, regionally uneven, and
methodologically evolving. Rather than reducing the phenomenon to institutional lobbying or
formal advocacy, the analysis underscores the multifaceted nature of group influence in political
systems ranging from elite bargaining and grassroots mobilization to transnational advocacy and
digital-era activism. One of the most compelling insights emerging from this investigation is the
tension between theoretical richness and empirical imbalance. While conceptual frameworks such
as pluralism, neo-institutionalism, and governance theory have deepened our understanding of
how pressure groups operate, these frameworks often originate from and are tested within
Western democratic contexts. As a result, the literature risks becoming epistemologically
provincial, overlooking the diversity of political configurations that shape interest articulation and
policy influence in non-Western and hybrid regimes. Equally significant is the observed conceptual
fluidity in the use of core terms, such as “pressure groups,” “interest groups,” “advocacy,” and
“lobbying.” This terminological ambiguity both reflects and contributes to the fragmented nature
of the field. It challenges scholars to adopt more precise definitional boundaries and to
contextualize their use of terminology across linguistic, cultural, and institutional settings. Without
such rigor, cross-national comparisons remain fraught with misinterpretation, and inconsistencies
weaken theory-building. Another key takeaway from this study is the utility of bibliometric
methods not only as tools for mapping research output, but as instruments for critical reflection.
The visualization of keyword clusters, publication dynamics, and country-level contributions
reveals patterns of inclusion and exclusion that go beyond quantitative metrics. These patterns
raise normative questions about whose knowledge counts, what types of political systems are
studied, and which forms of influence are considered legitimate. In this sense, bibliometric analysis
serves as a mirror held up to the discipline of political science itself, revealing its biases, blind spots,
and evolving priorities. For emerging academic contexts such as Kazakhstan, the study’s findings
offer both a caution and an opportunity. The caution lies in the risk of uncritically importing
Western-centric models that may not align with local political realities, especially in environments
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shaped by informal institutions, restricted civil space, and elite-dominated governance. The
opportunity, however, is profound: by conducting locally grounded studies that draw on global
frameworks while adapting them to regional specificities, scholars can contribute original
perspectives that challenge existing paradigms and expand the theoretical toolkit of the field. In
practical terms, the insights from this study can inform institutional strategies for enhancing civic
participation, transparency, and policy responsiveness. For policymakers, understanding the
typologies and tactics of pressure groups offers a pathway to designing more inclusive and
accountable governance structures. For civil society actors, the findings provide a vocabulary and
analytical framework to articulate their role in the policymaking process better and to benchmark
their strategies against global patterns of influence.
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buNiK aneymeTTIK KeMeK KaTbIHaCTapbIHbIH
cyObeKTICi peTiHae

Hecunkanwves JaypeH

PhD, C.)K. AcdeHamapos atbiHaarbl Kaz¥YMVY, AamaTsl, KazakcTaH

Urambepam N'ynHyp

C.)K. AcpeHamapos aTbiHAaFbl Kaz¥YMY, MeanumHa dakynbTeTiHiH CTyAeHTI, AnMmaThl,
KasakcTtaH

AHpaaTtna: byn makanaga 6unik deHoMeHi aneyMeTTiK KeMeK KaTblHACTapbliHbIH, MaHbI34bl
cyObeKTiCi peTiHAe KapacTbipblnadbl. 9N1eyMeTTiK GUAoCcoOPUANLIK TYPFblaa OUAIKTIH KOFamaarbl
9/Ci3 ToMNTapAbl KoAJay, pecypctapdbl 6eny »KaHe aneyMeTTiK J4iNeTTiiKTI KamMTamacbi3 eTy
peTiHaeri peni TangaHaabl. ABTOP OUAIK NeH afeyMeTTiK KayanKkepLwinik apacbiHAarbl 6alnnaHbICTbI
ala oTbIpbIN, MeMAEKeT MeH KOfaM MHCTUTYTTapblHbIH 31eyYMETTIK KOMEeK KepceTy iciHAaeri
bIKManblH capanaiabl. CoOHbIMEH KaTap, 3amaHayu KahaHaaHy KafgalblHAa — OUAiK
KYPbINbIMAAPbIHbIH, ~ 3EYMETTIK cascaTTafbl  TUIMAININT  MeH 3TWUKaAblK acnekTinepi Ae
KapacTblpblnaasl. bya maxkana TAM (LUYP) weHbepiHoe wapusnaHOel. Makcam-10 "TeHOikmi
anem"

TyWiH4i ce3aep: BUNIK, dNeyMETTIK KOMEK, dNeYMETTIK aAiNeTTiNiK, CYyObeKT, MEMEKET,
9NEeYMETTIK KaTbIHACTap, *KayanKkepLuinik.

Kipicne:

Kasipri 3amaHfbl KoFamaa Ounik yrbiMbl TEK Backapy MeH b6akbliay TeTiri peTiHAe FaHa emec,
COHbIMEH KaTap 9/1eyMeTTIK KON4ay MEeH SA4iNeTTiNiK MexaHU3MAepiHiH, benceHai cybbekTici
peTiHae KapacTbipblia 6acTagbl. ONeymeTTiK KeMeK KaTblHacTapbl — Oy/a XaNblKTblH 0OcCan
TONTapblHa KOPCETINETIH Konday MyMeci faHa €emec, COHbIMEH KaTap MEM/EKeTTiH 63
asamaTTapbliHa AereH 9/1eYMETTIK »KayanKepLuiniridiv, KepiHici. byn yaepicte 6unik Kypblibimaapsi
— AFHM MeMIEKeT, Keprinikti H6ackapy opraHaapbl MeH KOfamAblK WMHCTUTYTTAp — HErisri
HbacTamallbl api YMbIMAACTbIPYLLbI POiH aTKapadbl.

ahaHaaHy, ypbaHu3auma »KoHe aieyMeTTiK TeHCI3AIKTIH, ecyi KafaanbiHaa a1eyMeTTIK
KOMEKTIH, TWIMA YMbIMAACTbIPbIIYbl MeH 3ain BeniHyi bunik cybbekTinepiHiH aneyeTi meH
ayankepuwiniriHe Tikenen 6ainanbicTbl. OcblifaH 6alMNaHbICTbl, OWUAIKTIH, 21E8YMETTIK KeMek
KaTblHAaCTapblHAAFbl OPHbI MEH PesiH TepeH, aneyMeTTiK-dunocodmanbiK TypFblaa 3epaeney —
BYriHT KYHHIH, ©3eKTi macenenepiHin, bipi. byn maxkanana 6UAiIKTIH OCbl canafasbl GyHKLMSANAPSI,
STUKA/bIK KOHE CanACK acneKTiNepi, COHAaM-aK OHbIH 2/1eYMETTIK TYPaKTblI/IbIKTbl KaMTamacbl3
eTyAeri MaHbI3bl TangaHagbl.

Herizri 6enim

KapacTbipblibin  OTbipFaH Tapuxu KeseHae 6unik, OipiHWIAEH, KOfamMHbIH OapAbiK
MHCTUTYTTapbl-2/1eYMETTIK KemeK CcyObeKTinepiHe KaTbiCTbl PeTTeywi dyHKUMANApAbl aTKapabl,
ONapAplH,  KbISMETIH  HOPMATUBTIK-KYKbIKTbIK ~ YKOJIMEH  peTTen, aleyMeTTiK  Kongay
KaTbIHACTaPbIHbIH, KYKbIKTbIK }aHe YMbIMAACTbIPYLLbIIbIK BPICIH Kypabl.

EKiHWigeH, BWAIKTIH ©3i Tikeneh KemeKwi MHCTUTYT 6onabl. O XanblKTbl 9/1€YMETTIK
KONAayAblH, TaCiNAepiH KanbiNTacTblpAbl, 91EYMETTIK KOMEKTIH, ©3iHiH, YINbIMAbIK KYPbIIbIMbIH,
OHbIH, iWiHAEe 2/71eyMeTTiK Ko/a4ay opraHaapbl MeH MeKeMenepiH KypAbl, COHAan-aK onapAbliH
KbI3METiHIH 3KOHOMMKabIK Ba3acbiH KanbiNTacTblpabl.
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XVII facblpapiH, asfbiHA@ Eypona enpepiHae aneyMeTTiK KOMEKTIH 3aHHamanblk Ha3sachl
bonabl, aaeTTe OyN Kedennep Typanbl 3aHAAP, 9N1EYMETTIK KOMEKKE KaprKbliblK TyciMaepai
KamTamacbl3 eTeTiH Canblk 3aHHamacbl 6on4bl. KeprinikTi e3iH — e3i backapy opraHAapbl-Kanasbik,
MYHUUMNANMUTETTEP (MArMcTpaTTap) MeH NPUXoATap SNEYMETTIK KOMEKTI YIbIMAACTbIPAbI.

XVIIl  facbipapiH,  6acbiHAa@.0KWayfay KYMECIHIH  TYAAEeHYi — KYMbIC  YUAEpPiHiH
KYPbIZIbIMbIMEH ¥Y3Eere acbIpblnaTbiH OUAIK 81eYMETTIK KEMEKTIH epeKLue Typi.

KoHuenTyanapl Typae oKLaynay xymeci maxxoypni eHbek apKblibl Xa/bIKTbIH, Ken 6eiriHiH,
TYHHEeNbAIK KaHe "Kacibu" KanbIpWbIIbIKTbIH, *KaMaHObIKTapblH KEeHYAi KamTamacbi3 eTyre
apHanfaH. OHAa »Ka3a afiemeHTTepi 6oNabl KaHe Kymblic bepyain, 6ip Typi peTiHAe KapacTbipblaabl.

MemnekeT KofaMHblH, eHbeKkke Kabinetti, Oipak XymbiC icTemMeNnTiH Keaennepre
HOPMaTUBTIK KYKbIKTbIK akTinepae (kepennep Typanbl 3aHAap *aHe T.6.) Tepic KesKapacbiH
benrineni. Kepenep emip cantbiH ©3repTin, 63 eHOEKTeEPIMEH KAMTaMachI3 €Ty YLLIH *KYMbIC Tabybl
Kepek edi. OMipre aereH Ke3KapacblH ©3repTKici KeNMEeNTIH agamaap Maxkobypai Typae KymblC
icTereH aneymMeTTik mekemesnepre, kebiHece KyHAepPiHiH COHbIHA AeNiH Ka3anaHabl.

ymbIC yiinepi, Ty3ey yWaepi, »annbl rocnutanbiap, Kanmblplibliapfa apHanfaH enec
ynep-6yn yctanfaH azamaTTap Tamak YLLiH HeEMece eH TOMEHTi ¥anakKpl YIiH eHAipicTe *KyMbiC
icTereH MmamaHaaHabIpblIFaH Mekemenep. Mymbic, aAeTTe, elkaHaan DiNiKTINIKTI KaXkeT eTrnes;,
ayblp dPU3MKaIbIK bonabl.

Kymbic yinepi ap myHuumnanmutetre MemnekeTTik OyMpblK 6OMbIHLLIA allblabin, OHbIH,
ecebiHeH ycTanabl. ymbIC YMNepiH apHaibl MEMAEKETTIK MHCNEKTOPAap HBaKblaan oTbipabl.

ymbIc ynnepiHge ic »ysiHae eHbekke KabineTTi, bipak 60C emip CanTblH YCTaHaTbIH
29N1eYMETTIK TYDiHiH, KenTereH caHaTTapbl 604bl. DPEKeTCi3AiK NeH KbIIMbIC apacbiHAa elKaHaamn
alblpMallblblK BONFAH XOK, COHAbIKTAH KaHfblbacTap, ananKkTap, Ke3eKllenep, akpla-eci kKem
aflamaap »kaHe backa caHaTTap bipre opHanacTbipbiAAbl. 3aMaHAACTaPbIHbIH, NiKiPiHWE, XYMbIC
yrnepiHae ycTay WapTTapbl TYPMere KapafaHaa *aKcbl 6oAFaH oK.

KofaMHbIH, KaHFblDacTapbiHa, KanblplblapbiHa aHe b6acka Aa "'mapasutTepiHe" apHaafaH
aNfalKbl KyMbic yii 1557 skbinbl Bpuasensae (AHrAMA) awbingbl. PpaHuUmMaLa *KYMbIC YT TYpiHAET
aNfallKbl Ty3eTy-eHOEeK Mekemenepi-s,annbl aypyxaHanap-1611 skoinbl XVIII fackipabiH, 6acbiHaa
awbinapl. backa Eypona engepi.

Op enge A3CTYpre, aNeyMeTTiK-MeHN KOHTEKCTKe BalnaHbICTbl Ty3ey-eHbeK npoueciH
YMbIMAACTbIPYAbIH, Tacingepi ap Typai 6oaybl MymkiH. CoHbiMeH, HuaepnaHablga »Kasa
3N1eMEHTTEPI MeH MaXKOyp/i eHbek BOCTaHAbIKTbIH MUHMMANAb! ADPEKECIH KOKKA LWblFapMabl.
Hymbic yinepiHaeri eHbek »anakbiHbiH 25% menwepiHae TeneHai, KanfaH KapaskaT MeKeMeHiH
KaXKeTTinikTepiHe xymcanabl. [yfa eTyre oHe AiHW KiTanTapAbl OKyfa epeklie yaKkblT 6eniHaj.
Typy 8-12 xblAMmeH wekTenai. fronnaHamansik," »ymcak " sKymbic YRiHiH Typi FfepmaHnsaga ykcac
YYMeHi opHaTKaH Kesae alKkpiH 6onapl.

yMbIC yYAepiHiH KYpbIAbIMbIH Kypa OTblpbin, 61aik bipaeH bipHelle macenenepai wewlyre
TbIpbICTbl. BipiHWIAEH, KOfaMHbIH 3/1eyMETTIK TYPaKTbl/blfblHA Kayin TOHAIPETIH KayinTi *KaHe
aFbIMCbI3 KaTeropuanapabl — KaHfblbacTapabl, "Kacibun" Kanbiplwblnapabl, Xeseklenepai
KOFaMHaH OKLlaynay.

EKiHWIineH, onapabl KyH Kepyre maxbypaey, MyMKiH KoneHep bepy, KyYHAENIKTI *KyMbICKa
AafablnaHabipy.

YWiHWigeH, aneymeTTik KEMEKKe pecypcTapdbl YHEMAEY TYPFbICbIHAH KYMbIC YUAEPiHiH,
Xyreci THimaipek 601bIn KepiHAi: NpakTUKara a3 WbIFbiHAbI KaXKeT eTeTiH MeKkeMeiepae KOMEKTIH,
*abblK HblCcaHbl eHri3ingi. Mekemenep, afeTTe, ©3iH-03i aKTalTblH OONAbI, TyY3eTy KaHe eHbeK
MeKemMeNepiH yCTayfa KOCbiMLWA LWbIFbIHAAPAbIH, ayblpTRablfbl KeprinikTi e3iH-e3i 6acKapyaa
6onabl.

TepTiHWiAeH, KaWblplblNapablH, — OKLaynaHybl 0NapablH,  GU3MONOTUANBIK  KebetoiH
leKTeal.
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BeciHWigeH, eHbek ynnepi 3snsaHabl XaHe BiNiKTINIM KoK eHAipicTepAe ap3aH KYMbIC KYLUiH
KaMTamacbI3 eTTi.

Ocblnaniua, aieyMeTTiK KeMeK MeKeMesiepiHiH, KanbinTackaH Typi Taburatbl HoMbIHLWIA
Ty3eTy KoHe eHbeK 60/A4bl OHE Ka3a 3/1eMeHTIH KaMTblabl. YMbIC yiinepiHe KemeK »KabblK,
bonabl, OfaH »Kymbic, HacnaHa, KMiM KaHe Tamak bepy Kipai. backapy »oHe KapKblaaHablpy
ayMaKTbIK NPUHUMN BOMbIHLIA, *KePrinikTi ©3iH-03i 6ackapy AeHreniHAe Ky3ere acblpbiiabl.

Okluaynay KyheciH 6afanalt OTbIpbIN, KOFAMHbIH acouMangbl TONTAPbIHbIH, YKYMbIC
ynnepiHaeri Koramzblk enectepiHiH MaeoNornacbl MeH TaKipubeci OHbIH, andblHAafbl KyfbiH-
CYPTiH, TYpMere Kamay, Kamblplbliap MeH KaHfblbacTapabl GU3MKaNbIK TYpAE KO cancaTbliHa
KapafaHaa NporpeccusTi, 'yMmaHUCTIK 6onfaHbiH aTan eTyre 6onaabl. CoHbiMeH, PpaHumana, 1566
XbINFbl 3aHFA COMKEC, KaMbIPLIbINbIK YLWiH KOFaMAblK KaMLWbl TYPiHAE a3a KapacTblpblAabl, 0n1ap
eKiHWi peT Aapfa acy apKbl/ibl ©1iM Ka3acbiHa Kecingj. AHransaa Matwarbim Ennsaseta | (1558-
1603) KesiHae KaHfbibacTap Typmere, MepTabaHfa XKaHe eniM »a3acbiHa Kecinai.

ANAbIHFbI TOXKipNbeaeH albipMmallblibifbl, OKLWAyAay KyneciHae 6unik aneymeTTik Kemek
anemeHTTepi 6onraH. CoHbIMeH bipre, 6y KOMeK KyLuTen eHrizingi, eHbek maxxbypni 6onabl, ycray
WapTTapbl XapTblnan TypMmeae 60abl, OHbl Ka3ipri 3aMaHfbl No3MUMANapAaH apeH Aen caHayfa
6onaapl. bipak aTanfaH Tapuxm KeseHae KOFaMAblK CaHa KOMEeKTIH, By TypiH KarblpwbliapabiH,
KaHFblbacTap MeH KanblpwblNapabiH KenTiriHe TabuFn peakuma, KOFaMHbIH acoumanibl TONTapbIH
YCbIHY/bIH, OPbIHAbBI KOHE 9/1eyMeTTiK KoMannbl Tacini peTiHae Kabbingaabl. Ocbinariia Kofam
©3iHiH, Kayinci3airi MeH TbIHbILWTbIFbIH KAMTAaMacChI3 eTTi.

XIX facblpablH DOacbiHAQ. KOFam 9/71eyMETTIK KeMeK HblCaHbl peTiHAe, eH angbiMeH
a3aMaTTblH, KYKbIKTapbl MeH 60CTaHAbIKTapbl TypfbiCbiIHAH OKLWaynay »yheciHe AereH
Ke3KapacTapblH e3repTeai. A3amaTTap e34epiH KOFaMHaH OKLayaar anafbl, TiNTi KEMeK KepceTy
YWiH e coT wewimimeH faHa. COHAbIKTaH TEK Kbl/IMbICKEPAEP HEMEeCe XblHAbIap Kamayaa
60nYybl Kepek.

bipkaTap 3epTTeywinep «Kkapuepa» Aen aTanaTblH KaHa MeKemederi a/eyMeTTiK KemeK
Xyneci PpaHunsFa skaHe benrini 6ip gaperkeae AHrAnsAFa ToH 6oaapl. On «OKLaynay» sKyMeciHeH
repi KOFaMHbIH, 9/1eYMETTIK KEMeK Typasibl }KaHa naeanapbiHa kebipek ayan bepai.

aHa »yhere kewy cebenTepiHin, apacbiHAa MblHaNapAbl atan eTyre 6onagpl:

- OHEPKaCINTIK PEeBOMOUMA KYMbIC KyWi HapblfblHA MyKTaX 60n4bl, COHAbIKTaH
KYMbICWbINAP eHbeK HapblfblHAA epKiH Ko3fana anybl Kepek. EHOeKkKe aereH 3KOHOMMKaNbIK,
bIHTAIAHAbIPY KYLWTIPEK, MIXKOYpPAi emec, TMIMAIpeK Aen caHanabl;

- KYMbIC YMi TYpiHAET mekemenepaeri TYTKbIHAapAbIH eHberi HaTuxecis 6onabl;

- KOFaMblK CaHa KbI/IMbIC *KaCaMafaH a3amaTTapabl MaxKbypaen oKwaynayabl 3aHabl XKaHe
94iNn Kabblnaayabl TOKTATTbI;

- JKYMbIC YNepiHAe yCTanfaHaapabl Ty3eTy TYPFbICbIHAH OKLLAyay yneci Tuimci3 bonapi;

- eKi facblpfa KyblK KYMbIC YWAepiH OKliaynay Taxipubeci eyponanbik Kananapaafbi
KanblpLUblNapAbliH CaHbIH eA3Yip a3anTTbl.

HyMbICCbI3AbIK HEMECE eTe TOMEH *Ka/laKbl CanaapblHaH Keaennikke ywblpafaHaap Hacka
ToCinaepai KaxeT eTTi.

Oklaynay TeEOPUACHI MEH NMpaKkTUKachkl Taycbinapl. aHa Tacin eHbekke KabineTTi keaennep
@37 epPiHiH XYMbIC KYLiH epkiH 6ackapbin, KOFamMHbIH MyaaenepiH KaHafaTTaHablpbin, eHbek
HapbIFbIHbIH, CyObeKTiNepi 6onybl Kepek aen 6oxKaab!.

EHDeKKe Kapamcbl3 KeZelnep aneyMeTTiK KafdaWAblH Kayin-kaTepiHe acep eTy
CUNATbIMEH epeKLUeNeHi aHe ap CaHaT YLWiH TUICTI MaMaHAaHAbIPbINFAH KOMEK MeKemenepi
Kypbingpl. COHbIMEH, Xanfbi3bacTbl, KAPT KaHe a/Ci3 afamiap Keadewn ywnepae, xeTimaep —
b6acnaHanapfa, MeKTenTep MeH KOMOHMANApAa, aMlblKknac HayKacTap MeH JKblHAbliap —

aypyxaHanapaa Kongay angpi.
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XIX facblpaa ®PpaHumsga Keaennepre, naHacbl3 »KaHe KaHfblbac OGananapfa apHanfaH
apHalbl KONOHMANAP aLlbIIAbI, MEMIEKETTIK KapaxaTKa Kegennepre apHanasaH TEriH aypyxaHanap
ycTanabl. AHravMaga-kele 6ananapbiHa apHanfaH XYMbIC MeKTenTepi, HeridiHeH GacnaHanap,
pedopmMaTopPUANap - XKac KbIIMbICKEPIEPre apHanfaH Ty3ey Mekemesiepi »aHe T. 0.

MymbIC yiinepiHiH 6acTbl MiHAETI KOFaMHbIH, Kanaycbl3 aNeMeHTTepiH oklwaynay bonapl,
eHbeK Kemeri KalTanama cunatta 6onapl. Adamaapabl YCTay WapTTapbl COHLWAbIK, KenTereH
agamaap KoneHepai yMpeHben, ewkalaH Ty3eTiaMen eni. ApHanbl 2N1eyMEeTTiK MeKemenep
YMeciHe »KaHa Ke3KapacTap OKluayaay CabICTbipMasbl XaHe »Ka3a 60/maybl Kepek, Maxoyphi
eHbeK Ty3eTy Kypasbl peTiHAe KapacTbipbliMaybl Kepek gen 6oskaabl. HymbiC yUnepiHiH
TEopMACbl MeH MPaKTUKACblH KalTa Kapay a/1eyMeTTiK KeMEeKTiH »KabblK Typ/iepiHe 3amaHayu
ToCinaepAaiH HerisiH Kanaapbl.

Eyponanblk, MemMneKkeTTepdiH, 9N1eyYMETTIK MEKEMENEP KYNECIHE XYMbIC yiinepiHeH Hacka
MyrefeKkTep YMaepi, Kegennepre apHaafaH aypyxaHanap, TabblafaHgapra apHanfaH bacnaHanap,
MYHUUMNAAABIK OpraHaapAbiH, BakblaaybIMeH KYMbIC iICTEUTIH KapTTapfa apHaafaH 3eKeT ynnepi
Kipai. AHrMAQa keagennepre apHanfaH ynnep (poorhouses) Kypbiadbl, OHAA@ *KacbiHa, aypyblHa
Hemece mepTiryiHe 6ainaHbICTbl Keaennep OpPHaANACTbIPbIAAbI, ONAPAbIH OMIpP CYPYiH KaMTaMachI3
eTe anmaapl. Kymbic yinepiHae *eTim 6bananap ynnepi awwbinabl.

HymbIc yinepiHiH Taxipmbeci AHrnnaga XIX facbipablH, 0pTacbiHAA KanTa *KaHaaHab.

1795 Kblnbl CNUHX3MNAHA 3aHbl KabblNZAaHAbl, ON XKanakblCbl HeNrineHreH eH TeMEHTi
KipicTeH TeMeH a3amaTTapfa KapAeMaKbl anyra KyKblk 6epai. anakbl MeH Xapaemakpbl bipre eH,
TOMEHTI KipicTi KamTamacbi3 eTyi kepek edi. KoramHbiH, 6apablk TONTapbl 3aHA4bl MaKy/14ayMeH
Kapcbl anapl - "afamHbIH, ©Mip CYPY KYKbIfbl" XKy3ere acblpblifbl, €1 PeBONOUMAAAH KYTKapbIAabl,
SNEYMETTIK WWMeNeHIiC TeMeHaeai.

Bipa3 yaKbITTaH KeniH KabblnaaHfaH LeLiMHIH, *KaFbIMCbI3 canapbl Nanaa 6bona bactaapi:
ByKapaHblH, KOHiN — KyWiH Tycipy ("eH TemeHri Tabbic ai Ae KaMTamacbl3 eTiireHae Here Ken
XYMbIC icTey Kepek"), a/leyMeTTiK KeMeK LWbIfbIHAAPbIHbIH, ecyi, eHOeK eHIMAINIriHIH KypT
TemeHaeyi, coaaH KeniH KanaKblHblH, ©3i-eH TOMEH i KYHKepiC AeHreniHeH TOMEH.

KenennikTiH ecyiH Texeyre apHaafaH 3aH 0JaH A3 ayblp 3apaantapfra akengi. CoHAbIKTaH
1834 xbiibl Kegennep Typanbl XaHa 3aH, Kabblnganabl. On "as kabbingay" npuHUMMIH eHriseq-
aNnblHfaH aPAEMaKbl eH TOMEHTI Kanakbl MesllepiHeH anaeKkanaa a3 bonybl Kepek. bipae-6ip
eHbeKke KabineTTi agam *KymbiCTaH Hac TapTnaybl Kepek.

XIX facblpabiH 30-blngapbiHaa AHMAMAHBI KaMTblFaH »KYMbICCbI3AbIK, TYPFbIHAAPAbIH,
6enrini 6ip GeniriHiH MopanbCbi3AaHybl YKIMETTI MymbICNeH KamMTyablH, eCKi Maxbypai TypiHe —
KYMbIC YaepiHe opanyfa MaxKbyp eTTi. DIeYMETTIK KOMEKKE KYriHreHAepdiH, 6apablifbl *KYMbIC
ynnepiHe opHanacTblpbingbl. 1894 binFa Kapah myHaan yinepae 200 mblHHaAH actam agam
bongpl.

OpuHE, OCbl Tapuxu KedeHgeri xymbic yihnepi XVII-XVIII facbipnapgafbl OCbIHAAM
MeKemenepaeH epeklleneHai. onap 6acnaHa MeH akbl/bl XyMbic 6epai, WeKkTeynep TypFbiCbiHaH
nmnbepanabl 601Abl XKIHE Ka3a 3NEMEHTIH KamTbiMaabl. COHbIMEH KaTap, bya okllaynay »KyneciHe
Kapal Kagam 6onabl.

"AFbINWbIH XyMbIC yirnepi (workhouses), BypiKyasuanblk KOFaMHblH ecebiHeH apTbiK,
KYMbICWbI Xa/IKbl Manga 6onatblH Byn KOoFamiblk MeKemenep KamblpbiMAblAbIKTbl LWbIHbIMEH
TasapTblifaH Typae OypsKyasma e3iHiH  KalbipbIMAbIAbIFbIHA  XKYTiHYyre Mmaxkbyp 6onraH
HaKpbITCbI3AapAbl KyAananTbiH KekneH bipikTipeai. Kepennep dunamKanblik Kebetore speH *KeTeTiH
€H a3, eH anAHbIWTbl emMip Cypy KypanaapblH aabin KaHa KOMMalabl, COHbIMEH KaTap OaapAbiH,
KbIBMETI MMiPKEHILTI, pyXaHW »KaHe GU3MKanblk TYpFblaaH 6ac TapTaTbiH, ©HIMCI3, MafblHACbI3
eHOEeKNeH WeKTeneai — Mbicanbl, AOHFANAKTbI XKYMbIC. BaKbITCbI3Aap 63AePiHiH Kbl/IMbICTaPbIHbIH
ayblpAbIFbIH TYCiHYI VWWiH-2aeTTeriaen byp)Kyasma nanganaHaTbiH KaHe naiaa TabaTbiH 06bEKT
60nyAbIH OPHbIHA, 0N1ap, KePICiHLLE, KOMMaAa KanfaH ankoroab beLiKkenepi WblfbiHAAP Ke3i 60bIN
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TabblnaTblHAAN, ©34epPiHiH TabuFn TYTbIHYLWbINAPbI YLWIH WbIFbIHAAP KO3iHe alHanAbl anKorob
CaTyLWbIChI VLLUIH-0N1ap OCbl KbIJIMbICTbIH, ayblP/blfblH CE3iHYAl YMPeHyYi YLIiH, onap TiNTi eH Katan
Kbl/IMbICKEPre  KanablpaTblH OapnblK  HapcenepaeH alblpbliadbl:  dMenaepiMeH  KaHe
HananapbiMeH KapbiM — KaTbIHAC, OMbIH-CaybIK, OHriMe-bapi... Konalnbl kKeseHaep yuliH pe3epBTik
apMUAHbI YHEMI AanblHAan OTbIPY YLIIH YXoHe KOJ1alcbli3 cayda KeseHAepiHAe OHbl epik-irepi,
Kapcbliacy Kabineti, TananTapbl MeH KaxKeTTiNIKTepi »KOK MalluMHanapfa anHanablpy VLliH
workhouses-TeH repi Tankbip He onan Tabyfa 6onaabl?”

XVIII-XIX facbipfapda KeH TapasifaH. 2/eyMeTTiKk MeKemenepaeH TbiC KeMeKTiH Ounik
dopmanapbl — "awblk" dopmanapra MblHaNap KaTafbl: €riH XUHAY »KaHE alTbIK KafaanbiHaa
acCTbIK KOP/1apblH KaNbINTaCcTbIpy, KeAennepre KOMeK KepceTy YLiH NPUXOATbIK KOopaap Kypy, yiae
ne, abatraHablipy OoMbiHWA Aa KOFaMAbIK *KYMbICTapabl YMbIMAACTbIPY XaHe T. 6. COHFbl popma
H6epy wWapTTapbl OOMbIHWA KWiNAi alKblH bIHTANAHAbLIPYLWbI CUMNAT - eHOeK Tenemi apKallaH
HapbIKTbIK OaragaH TemeH bongpl, Oyn agamabl MyMKIHAITIHLLIE Te3ipeK TypaKTbl *KYMbIC TabyFa
MaKbyp eTTi.

Eyponanblk KananapAa *KYMbICCbi3ZapFa apHaifaH aHblKTaMasblK KeHcenep (6toponap)
YMbIC icTeqi, 60oc »KymbiC OpbiHAaPbI Typasbl Xxabapaap eTTi skaHe eTiHiW bepywinepre »Kymbic
i3aeyre kKemekTecTi. MyHaal anfalukbl 6t10po PpaHumana 1613 Kbiabl Kypblaabl.

KopbITbiHAb!:

KopbITbiHAbINAM Kene, BUNiK aneyMeTTiK KBMeK KaTblHaCTapblHbIH, MaHbI3Abl 9pi XKayanTbl
cyObeKTiCi peTiHae Kofamaafbl 9/1eYMeTTIK TYPaKTbIIbIK NeH 34iNeTTiNIKTI KamTamachl3 eTyae
WewyLi pen aTkapaTbiHbl alKbiHAANAbI. Bunik Tek Backapy mMeH Oakblnay Kypanbl faHa emec,
COHbIMEH KaTap 2/1eyMeTTiK 2/1Ci3 TonTapfa Ko/A4ay KepCeTy apKbl/ibl a3amaTtTapablH emip cypy
canacblH »KakcapTyfa OafbITTanfaH CaaCKM-21eyMETTIK TETIKTePAi *Ky3ere acbipaTblH Kyl 60/bIN
Tabblnaabl.

ONEeYMETTIK KeMeKTi yMbiMaacTbipyda OUAiK KYpPbIbIMAAPbIHbIH, TUIMAININT — oNapablH,
asamMaTTapMeH Kepi 6alnaHbic opHaTa 6inyi, pecypcTapabl 341 O6nyi sKaHe aN1eyMeTTIK cascaTTbl
KOFaMHbIH, HaKTbl Ka)KETTiNIKTEepiHe cal kyprisy KabineTiHe OainaHbiCTbl. byn peTre BUAiKTiH
3aHAbINbIK, NETUTUMAIK }KOHE 21EYMETTIK KayankepLwinik NpUHUUNTEPIHE HEri3aenyi — a1IeyMeTTIK
KONAay *yMeciHiH TypaKTblNbifbiHa Kenin 6ona anaapl.

Ocblnaniua, XahaHaaHy aHe aneymeTTik aguddepeHumMauma yaepicTepi yaen Kene KaTkaH
Kasipri keseHae 6UAIK KypblbiIMAaPbIHbIH 9/18YMETTIK KEMEK CanacbiHAAFbl PO MeH MiHAETTepiH
TEepeH api XKyreni Typae 3epTrey — afeymeTTiK duiocoPpusa MeH MeEMIEKETTIK CanacaT YLiH ©3eKTi
barbiTTapapbiH 6ipi 6oabin Kana bepea,.
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Ph.D, C.XX. AcheHamapoB aTbiHAAFbl YATTbIK MeANLMHA YHUBEPCUTETI
Onxaes aHaocC

C. K. AcdeHamapoB aTbiHAaFbl ¥NTTbIK MeANLMHA YHUBEPCUTETI CTYAEHTI

AHpaTtna: byn makanaga ounik peHomeHi ahaHaaHy »afaalbiHAAFbl HETi3M 9N1eyMeTTIK-
dunnocodumanbiK KaTeropua peTiHae KapacTbipbliaapl. KahaHablK npouecTepaiH, acepiHeH 6Uik
HbICAaHAAPbIHbIH,  KYPbIAbIMAAPbIHbIH,  3HE  MexaHM3MAEpPiHiH  e3repicTepi, coHAak-ak,
MEMMEKeTTEPAIH, M3AEHUETTEPAIH, 3HEe 3SKOHOMUKaNapAblH ©3apa TayeAndiniriHiH apTybl
KOHTeKCTiHAe BuAik Typanbl A3CTYPAI Maeanapabl KanTa KapacTblpy TaagaHaabl. MKeprifikTi KaHe
*KahaHAbIK bIKNan eTy OpTa/iblKTapblHbIH, apakaTblHACbiHA, COHAAM-aK OWUNIKTIH CyObeKTici meH
0DOBEKTICIHIH, ©3repyiHe epekLue Ha3ap ayaapblaaapbl. Kasipri OUAikTiH TaburaTbl, OHbIH, 3aH4bIbIFbI
MeH KahaHAbIK KOFfamZblK TIPTINTI Ka/AbIiNTacTblipyaasbl pei Typanbl GUAOCOPUANBIK ON TONFaY
KaXKeTTiNiri Typanbl KOPbITbIHAbI ¥acanadbl.

Bbyn makana TAM (LIYP) weHbepiHOe wapuanaHosl. Makcam-10 "TeHOikmi anem"”

TyniHAi cespep: bunik, »kahaHaaHy, aneymeTTik dunocodPus, 3aHbl/bIK, TPaHCPOPMaLUS,
Bunik cybbekTici, *)ahaHabik backapy.

Kipicne

Tapuxu Taxipnbe BUNIKTIH KOFaMAbIK YAbIMHbIH, KaXKeTTi 3/1eMEHTi eKeHZirH, OHCbI3 OHbIH
OMIpLIEHAIr MEH MKYMbIC iCTeyi MyMKIH eMecTiriH alikpiH ganengenai. On petreyre apHanfaH
@3apa KapblM-KaTblHacTap ajamaap apacbiHAa Aa, OnapAablH apacblHAa Aa, KOofam MeH
raMbINTaylbl-Cagcn WHCTUTYTTAaPMeEH. bunik yFbiMmbl  Kelbipeynepre 6epinreHimMeH »Kannsl,
ambeban MafblHanapMeH, SPTYPJi S/N1eYMETTIK-M3AEHM XKyMenepae OHblH, epeKlle pPeHKTepi
60onybl MyMKiH. Casicn KaTblHacTap KOHTEKCTiHAEer bunik cybbekTinepaiH 6onybiH 6ingipenionnik
KaTblHAaCTapbIHbIH, CyObeKTinepi — agamaap, TonTap, yMbiMaap, Mekemenep *aHe T.6. AfHK, on
dNEeYMETTIK MHCTUTYT 60nbin Tabbinazbl. COHABIKTAH OHbI TYCIHAIPY 9P TYPAi 91eyMeTTiK-MaAeHM
TONTapApblH, KYHAbINbIKTAPbIMEH, YCTaHbIMAAPbIMEH, YCTaHbIMAAPbIMEH, KB3KapacTapbiMeH
H6annaHbICTbl 6OYbI 3aHAbI.

AnTafa KaTbICTblaBHO OTaHAbIK casck dunocodmana Kanbintaca b6actasbl OiNiMHIH KaHa
Canachbl, *KblHbICblaTbIH aNfaH — KpaTonorns [1], oHbIH Heri3ri 3epTTey NaHi 60/1biN Tabblnaabl MaHi,
TaburaT OWUNIKTIH, *KoHe OapAblfbl HbICAHAAP OHbIH OOBEKTUBTI KaHe CyObEeKTUBTI KopllafaH
opTafafbl KepiHicTepaiHatowem 6i3aiH, aneymeTTik 6o/imMbiCbiMbI3Aa. a1 OCbl FblbIM ©3iHiH, NaHi
peTiHAe OWAIK, OHbIH TabuFaTbl aHe DMK KaTbIHACTAPbIHbIH, MaHI Typanbl BiniMai *KUHAKTayabl,
KyMeneyai saHe )annblnayabl Koaabl.

Bunik KyOblNbICbIHbIH, Ma3MYHbIH aHbIKTAUTbIH COHFbl GMAOCODUANBIK CO3AIKTE OMANIKTIH
anyaH TypAi KypblabiMbiHa 6aca Ha3ap ayAapbinbin, OuUnik Typaepi peTiHae "caacu, 3KOHOMMKANbIK,
MeMIeKETTIK, 0TbacbINblk, OUAIKTI", coHaal-ak oHbIH, dopmanapbiH 6enin KepceTeqi: "ycTemMaiik,
BaclblibiK, Backapy, yMbiMaacTbipy, 6akbliay sKaHe agictep (OUNiK, KYKbIK, 30P/blK-30MObIIbIK )"
[2].
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Heriari 6enim

Kasipri otaHaplk 3epTTeywinep B.®. Xanunos an A.H. LUNWKWH BUAIKTI WwWewywi maHre e
»ahaHaplk, 91eyMeTTIK-MaAeHM aKnapaTTbiK KyOblabiC peTiHae KapacTbipafbl emipaerkaHe
anam3aTtTbiH. Onap 6binan aen »asaabl: "bunik — wahaHapblk KyOblabic, BYKiN KOFamMHbIH e3erio-
CanACK opacaH 30p blKNaa eTKeH XafblKkTap MeH MeM/IeKeTTepiH, emMipiagamsat TafdblpbiHa beT
bypy" [3]. Kofam KanbiNnTackaH »yWhe peTiHae 63iHiH XyMbIC icTeyi YWiH TapTinTi Tanan
eTefiTypaKTbiIbIK, AemeK, backapy meH 6UNikTi KaxeT eTeni. COHbIMEH KaTap, YakblT eTe Kene
MYH/Ial KaKeTTiNiK TeK ece Tycemi, OnNTKeHi ecyimeH Bipre TEXHONOTUASbIK KaHEe IHEePreTUKasblK
TMiMAi OMAIri *KOK 3aMaHaym KoFamHbIH Kapy/laHybl CaMmOyHFa KabineTTibapbIHLLA KbICKa Mep3imae
oKyfa. CoHAapIKTaH BUNIKTIH, BacTbl MakcaTbl - 6acKkapy MakcaTTapbiH XYy3ere acbipy, a/eyMeTTiK
KaKTbIfbICTapAbl PETTEY KaHe KoFamaarbl OalnaHbICTapabl Ky3ere acbipy.

ATaKTbl aMepUKaHAbIK a/1eyMeTTaHyLLbl XaHe dyTyposor InsuH Toddnep keneciHi bepai
aNNbIKOMMYHUKATMBTIK MNpouecTepdiH, cangapbl peTiHaeri OWAIKTIH HaKTbl cunatramachl:
"KapamacTtaH Bunik yrbiIMbIMeH bipre »KypeTiH, OHbl acblpa NalaanaHyaaH TyblHAAFaH }KamMaH Kep,
BUNIKTIH ©3i KamaH Aa, KaKcbl Aa emec. byn Ke3 KenreH aflaMHblH, ©3apa SpeKeTTecyiHiH
HynTapTnac acnekTici.oKapbIM—KaTblHAC, aHe Oy XKbIHbICTbIK KaTblHAC NeH XyMbicTaH 6acTtan,
6i3 DackapaTblH Kesikke, KepeTiH Teneanaapra, 6i3 KyraH ymiTrepre aeniH bapiHe acep eTes,.
oHe 6i3 OunikTiH eHiMaepimis, onapgaH an4eKkanga ken gspexede b6i3giH Kenuwinirimis
ycbiHaabl" [4]. CoHFbichl bekiTingifa 6i3fiH Ke3Kkapac, beneni eneyni ankbiHAayLWbl pesi, bonaTbiH
OMHanabl BUNIK Kblabl ©MIPAiH, KOFaMHbIH,

— Hackapma emipmeH KOFaMHbIH,

Casacatranywsl B. W. MuwseHnepaase OWAIKTIH, KabineTTinik peTiHaeri maHbi3abl
cMnaTTamacskiH bepeai cadacy cyObeKTiHiH epiKTi KbI3METIH »Ky3ere acbipyra. BUAIKTIH eMip cypyiHiH
Herisri TaCini  OHbIH, ToyenAdinikTiH, TOYEeNCi3A4iKTiH KoHe ©3apa TayenAdinikTiH  apTypAi
dopmanapbiHAa, AFHU OWAIK  KaTblHacTapbiHAa KepiHic Tabybl 6osbin  Tabblnagbl. bunik
KaTbIHAcTapbl TEK MYMKIHO, BUNIK CyObEKTICI KaXKeTTi KacMeTTep *KMbIHTbIFbIHA e 6onfaH Ke3ae:
ayankepuwinik, Kacibm Ky3blpeTTifiK, epik-Kirepdid, 00Aybl, TYCIHYAIH XeTKiNiKTi enwemi,
TYPaAKTbINbIK ~ OWAIK  OOBEKTICIHIH ~ 2ye  KO3fa/biCbiH  HacKapyllblifa  pPeaKUMACHIHbIH,
OOMKAMAbINbIFLICYOBEKTIHIH,  KbI3METI  K3HEe  CbIPTKbl  OpPTaHblH  KbICbiMbl  (OBBEKTIHIH,
epeKLWeNiKTepiH XaHe AMHaMUKaAafbl KopluaraH opTa GaKTopapbiH ecKepe OTbipbIn).

Makc Bebep 6t0pOKpaTUSAHbIH, KNaCCMKa/bIK TEOPUACHIH XKacayLlbl PETIHAE TaHbIMaIXKaHe
BUNIK MHCTUTYTLI peTiHae [6], on 6enrini 6ip KyObINbICTbI — O XKyMeciH benrinereHPyHKUMANAPAbIH,
aMKblH OeniHyi, HaKTbl HOpManap MeH epesxenep, KaTblHAacTapdblH dopManbabl CUNaThI,
NepPapxXmAbIK KYPbIbIMbl KaHe Backapy KypblibiMbl 6ap yMbimaap. Marmaiifa OannaHbICTbl,
BebepaiH narbiMmaayblHWa, aKeHiH, 6ananapfa KaTtbiCTbl OWAiri, Bunik Typanbl anTblnadblakLia
KanLblFbIHbIH aCTW, KYKbIKTbIK, PYyXaHW, 3KOHOMMKA/bIK KaHe T.0. H6unik Typanbl, bGipak eH
anapimeH BuAik Kofapbl MeMAEKEeTTIK OWUNIKTI Bingipeai. 3aHAbINbIK TYPFbICbIHAH O OUAIKTIH,
Keneci yw TypiH aHbIKTaabl:

BUNiK AaCTypAi (CyMeHeTiH apHanfaH A49CTypaep, a/IeyMETTiK Taxipube KaHe aaeT-FypbinTap aTa-
H6abanapblHbIH);

OUNIK  XxapM3maTuKanblK (CyMeHeTiH apHanfaH Ounik KewbacllbiHbIH 3He Xapu3mara
TacbiManAayLwblnapablH, OUNIKTIH);

-3aHbl BUAIK (3aH KyLLi MeH dopManbbl KaNnUTAAUCTIK BUNIKKe Heri3aenreH yTbIMabl/bIK).

M.BebepajiH 6bunik bopmynackl agamaapra e3 epikTepiH onapablH KanaynapbiHaH TbiC TaHY
MYMKIHAITI Hemece KabineTi peTiHae "Kabinettep MmeH MyMKIHAIKTEP" yFbIMbIH KamTuabl. benrini
6ip ic-apekeTTi, erep on agamabl (agamaapasl) 6ip HopCceHi }Kacayra UTepmesnece, KyLWTiH KOpiHici
Aen aTtayfa 601a4bl.01ap 63 epKiMeH »acamac eai. [lemek, 6i3 Ounik mexaHM3mi peTiHae 30P/blK-
30MObINbIK Typanbl anTbin OTbIPMbI3. AfblnlWbiH duaocodbl [xK. JTOKK 6UNIK ©3iHiH TaburaTbl
H6oMbIHWA 30PNbIK-30MbObINbIKTaH 6eniHbenai, oHbl TeK 3aH/bl TIPTINTI OpHATy YLWiH KOAAaHY
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Kepek gen ecenteai.a. On 6binan aen ka3abl: "Casgcn OUAIK MeHiH, OMbIMLLA, ©/1iM ¥Ka3aCblH KaHe
COfaH COMKeC MVYAIKTI peTTey MeH cakTay YlWiH 6apfaH calblH KaTaH, Ka3aapdbl KapacTblpaTblH
3aHJap Kacay KoHe OCbl 3aHAapAbl OpbIHAAY VYLIiH KOFamMAacCTbIKTblH, KYLWiH KOAAaHY XaHe
T.0.MeMNIeKeTTepi CbIPTTaH KeneTiH wWabyblngapaaH Kopfay VWiH — KaHe MyHblH 6a3pi
FfaHaKoFamablK Urifik ywin" [7].

KeskapacTtapra calikec b. Paccen, ic-opeKeTTiH KocnapiaHfaH HOTUMKECIHE Ke3 KereH Ko
eTKIi3y KasipaiH e3iHae OUNiKTiH KepiHici bap — MyHAal MKeTiCTiK KaKTbIFbICKa SKeseTiHiHe
KapamacTaHOTbIpbIN 6acka agamaap Ma, *KoK na.

A. K. Akbln-eci gypbic 6UnikTiH 6enceHai npuHUMNiH 6enin kepceteai. On Tek Mmyaaenepi
belHenen KaHa KOMMaMabl, COHbIMEH KaTap *aHa KapbIM-KaTblHACTap Kacanibl, d1eyMEeTTIiK
2N1eMAi KanbiNTacTbipadbl, 9/1€YMETTIK KeHICTiKTI e3reptedi. buniktiH 6acTbl KacueTi — OHbIH
KabineTi agamaap apacbiHAafbl KapbiM-KaTbiHACTbI Kypy. [eTepbyprTiktep dunocodtap KaHe
canacaTtTaHywbinap b. MaHyeHko kaHe K. L. Ctenbmalwyk [8] caHanapbl, BUAIKTIH Heri3i KaHaam
6onbin Tabblnaabl epik 6ingipy. On anyaH Typai dopmasa 60aybl MyMKiH: BafbiHy, Maxbypey,
©3apa DarbIHbICTbIIbIK, ©3apa MaxKbypaey, HaHbIMAAP, HaHbIM-CEHIMAEP, ©3apa CeHiM, 30P/bIK-
30MObINbIK, 30P/1bIK-30MObINbIKCbI3 KaHe T.60. d. YcTeMajik eTy NpoLeci peTTenreH XaHe peTrenreH
BUNIKTIH apHalbl MEXaHU3MIHIH, KEMeriMeH — yIbIMAap KyMeci skaHe onapablH, KYPblabiMbl MeH
KbI3BMETiIHIH HOpMafiapbl. KaTbiCTbl KOFam YWiH OWAIK MeXxaHW3Mi MeMJIEKeTTIK opraHaap,
YKeprinikTi e3iH-e3i backapy opraHaapsbl »aHe 60biN TabblNaabl 6ackanap KoFaMaplK *KaHe canacu
MHCTUTYTTap, COHAAMN-aK KYKbIK MEMAEKETTIK OUAIKTIH, 3aH4apbl MEH Kay/ibllapbiHaa KepceTinreH
MiHe3-Ky/1blK HOPpManapbl MEH ePEXKENEPIHIH, KUbIHTbIFbI PETIHAE KaHE KOFaM/blIK KaTblHACTapabl
PEeTTEeNTIH.

KofamablK emipaiH, spTyp/ii cananapbiHaa on bipkatap KeTekwi oyHKUManapabl
OpblHAAMAbI: YCTEMAIK, COoAdaH KeMliH OWAiK OOBEKTICIHIH, OHbIH CYObeKTICiHiH, epKiHe TO/bIK
HafblHybl 0ap; KOFaMAblK KaTblHAacTapAbl peTTey KaTblHAacTapAbl; OaKkblnay VYCTiHEH MiHes-
KY/IbIKMEH YKeKe Ty/Nfanap KaHe TonTap; backapma KofamablK NPOLECcTEPMEH; KOFaM Hemece Ton
anfiblHa KOMbINFaH MiHAETTepAi opblHAay 60MbIHILG ic-llapanapdbl  YMbIMAACTbIPY KaHE
YMNecTipy; KeKke TynfanapAbl, TONTapabl HEMECe Kannbl KoFfamapl 0nap YWiH KaHaah aa b6ip
MaHbI3Abl MaKcaTTapfa XeTyre »Kymbinabipy. K. Bb. Tagkues [9] 6unik Ke3 KenreH agamaar
KaybIMAACTbIFbIHbIH, Heri3ri (eH, 6acTbicbl Honmaca) pecypctapbiHbiH, bipi aen ecentenai. bunik
KaTblHacTapbl boamaca, aneymeTTik 6alinaHbICTapabl YMNECTipy, ©3apa Konal/bl biIMblpanapfa Kon
YKETKI3y MYMKIH emMec 3p TypAi o/1eyMeTTiK TonTap apacblHAKOFAMHbIH,  TyTaCTblfbl MeEH
TYPaKTbINbIFbIH  CaKTal OTbIPbIMN, YEeKe KaybIMAACTbIKTapMeH, KabaTTapMeH »KaHe »Keke
Ty/IFaNapMeH.

L. K. JSlegsaeB 6unikti "cyObeKTiHiH, 0OBbEKTiHIH, HafblHbIWTbIAbIFbIH KamMTamacbl3 eTy
KabineTi" gen aHbikTanapl 6ipre e3aepiin, HMetnen" [10]. Kbinbl 6GUNik canacbiHAa epeKlleneHei
KOmnwinik oHbIH, KepiHicTepi. On o06bekTiHiH cybbekTire 6afblHy Ke3iHe ©GannaHbICTbl BUAIK
KaTblHACTapbl KyL, MaXbypaey, utepmeney, ceHaipy TypiHae 601ybl MyYMKiH Aen ecenTenaimeH,
MaHUNyAaUMA KaHe bunik. bunik TypiHaeri 6unik cybbekTiHiH, KabineTiH 6ingipeni obbekTimeH
KapblM-KaTblHAcTa OHbIH, AeHEeCiHe HeMece NCUXMKACbIHA TiIKeNel acep eTy apKblibl HEMECe OHbl
LEKTeY apKbiabl KAaXKeTTi HITUMKEre XeTy ic-apekeTtep. Mbiibl Maxbypneyae aepek KesimeH
HaFrbIHbICTbI/IbIKTAP 0ObEKTIHIH KOMaHAafa CyObeKTIHIH, ce3 connenai Kayin-katep KoaaaHy ancol
cybbeKkTiMeH Tepic caHKumanap 6oMbiHLWA KaTbICTbl K 0OEKTIre Kblabl XKafganaa 6ac Tapty bactan
MOMBIHCYHYLbIAbIK, T. €. OMAiKKe TeHreH Kayin. blHTanaHablpy CyObekTiHiH OObeKTiHI e3i
KbI3bIKTbIPATbIH KYHABINbIKTAPMEH aHe KbI3METTEPMEH KaMTaMachI3 eTy KabineTiHe Herizaenea,.
MabypaeyaeH arblpmallblNblFbIMEH, TEPIC CaHKUMANAPMEH BaNaHbICTbl, MOTMBALIMAHbI YKy3ere
acblpy 6apbicbiHA@ CyObEKTIHIH CyObeKTiHiH, OyMpbIKTapblH OpPbIHAAYFA KY/bIKCbI3AbIFbl OH,
CaHKUMANAp, CbiMakpl yadeci apkbiabl eHcepinedi. CeHaipy KesiHae OWNIKTIH KalHap Kesi
nanennep 6onbin Tabbinaabl, onapcybbekT 06beKTiHi bafblHAbIPY YLWiH NalganaHa anagpl.
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CbIpTTall ceHAipy peTiHae KepiHyi MYMKIH Maxbypney MeH utepmeneyaeH anbipMallbliblifbl,
COHFbICbI CyObEKT NeH 0H6BbEKT apacbiHAa KaMlWbiAbIKTbIH 6onmaybiH bingipeai. MaHunynaums
B6UNiKTIH Bip Typi peTiHAe Heridgenei apHanfaH TacinAepiHWbINAP CyObEKTIHIH, Ky3ere acblpy
YacbIpblH bIKManbl apHanfaH oOBbeKT. Mbiabl anbipmallblibliFbl OMAIKTIH 6acka Typ/epiHeH,
MaHUNYAAUNA CyDBEKTIHIH OYMPbLIFbIHCHI3 aHe TiNTi 00BbEKT cyObeKTiHiH bap ekeHiH 6inmereH
}afroanaa ga opbiH anybl MyMKiH. On 6alinaHbic apKbiabl Aa, OalnaHbIC apKblibl Aa »Kysere
acblpblNabl.OHbIH, HapbICbiHAa CYyOBEKT KacblpblH YCbIHbICTAP *Kacalabl (94eTTe TaHdamaibl
aKnapaTTbl YCbIHY apKbl/ibl) HEMece O0bbEeKTiHIH KopluafaH opTacbiHa acep eTy apKbiibl. OObeKT
TYPFbICbIHAH MAHUNYAAUMA CEHAIPY PETIHAE KepiHTreHiMeH, onap BUAIKTIH apTypAi Typaepi.

CeHaipy npoueciHae 6iprecybbekT 0ObeKTiHI (caHanbl TypAe) KaxKeTTi aknapaTTaH
anbipmanabl, 6ipak MaHUNyAsUMA npoueciHae cybbeKT OOBEKTIHIH, ©3i CMAKTbI OMnaraHbiH
Kasamanbl, COHAbIKTaH OOBbEKT YLiH aknapaT afbliHbIH CaHa bl TYPAE WeKTenai. AKbipbiHAA, OUAIK
HblCaHbIHAAFbl BUANIK KaTblHACTAPbIHAA OOBEKTIHI BarbIHAbIPYAbIH, KaHap Ke3i benrini 6ip 6unik
opraHbl 6o0nbin  Tabblnagpl.cybbeKTiHIH cHMNaTTamanapbliHbiH, - eTenimainiri, 0yn oObeKTiHi
Ma3MyHblHa KapamacTaH CcyObekTiHiH OyhpbifbiH - Kabblngayfa MiHgetTenai. bunik  ned
MaHUNYNAUMALAH alblpMallblnblFbl, BUAIK 0ObeKTiHI Kabblnaayfa 0alNaHbICTbl KaHe MiHAETT
TYpAe HaTMXKecCi Wblfadbl CyObeKTiHIH OyMpbiFbiHa OHbIH MOWMbIHCYHYbIHAA. HblcaH 63 epKimeH
MOMbIHCYHabl, OUTKEHI 011 ©3iHiH MOMbIHCYHYbIH KaimMrifen kabblnganab!.

MacKeynik cascaTTaHywwbl A./. KpaBueHKo "Ounik — 6yn Herisri Ty1fa 6ackanapra KaTbICTbl
KONAaHaTblH Casck Hemece HACKapYLLbIAbIK LeLiMAEePAiH *KMbIHTbIFbI" Aen caHaablaaamaapFa
CeHIM apTamblikabilUMMO oflapdblH, epki MeH KanaybiHaH" [11]. MeTepbyprtik ¢unocod B.U.
KpaBYeHKO OWAIKTIH *KaH-*KaKTbl aHblKTamacblH 6Oepepgi: "AJams3aT KoOfamMblHAAFbl  OUAIK
reHeTMKanblK,  Buonormansvlk, — daxkTopnapapiH  SCepiHeH  iWTel  WapTTanfaH  TyTac,
MHTerpaumanaHFaH cunaTtka me."*Keke aHe TONTbIK GaKkToOpAapAbiH, 9N1EYMETTIK KaHEe MaAeHM
baKTopnapablH, ecenik TyTac-MOTMBALUMANbIK, HOPMATMBTIK-PETTEYLINIK KaHEe aKnapaTTbiK,
TopTinKe  GafblHATblH  MiHE3-Ky/blIKO-  YCTEMAIK  NeH  OafblHbIWTbIAbIK — KaTblHACTaPbIH
Ka/bINTaCTblIpyAblH KOMMYHUKATUBTI MexaHn3amaepiHe"'Tarbl Kapal2].

OcblfaH yKcac ycTaHbiMmap! K. ga yctanagpl. b. Tagykues: "BUnik oHbIH, cyObeKTiCiHiH, (Keke

TyAfa, afamaap Tobbl, yibiM, NapTUsA, MeMeKeT) 63 epkiH backa agamaapFa, TonTapFa, TanTapFa,
TanTapfa, Kofamfa TaHy KabinetiH 6inagipeai. " Tytactan anfaHgam. Bunik ety »KoHe onapabiH,
30PNbIK-30MObINIbIK ~ HEMECE  30P/IbIK-30MObISIBIKCBI3 ~ 9peKeTTepiH  backapyraeHHbIMM
KypanaapmeH xaHe agictepmen" [13]. dunocod A.N.Mo3aHAKOB BUNIKTIH anabiHFbl €Ki TYCiHIriH
CMHTE34el oTbipbin Hblnal aen kasaabl: "Bunik — 6yn 6unik eTy, Backapy kaHe bunik ety
KabineTi, KyKblfbl XaHe MyMmKiHAir."b, bynpblk bepy, bynpblk Bepy, ycTemaik ety, Oyiblpyfa,
KepceTy wWwewywi acep ety" [14]. MeTepbyprTiktep cascatTaHywbinap L. A. Aukacos kaHe L.
A. TyTopnap naiaanaHagbl Knaccukanblk 6UAikTi TyciHaipy: "Bunaik (6actan afbinw. power)
— OpTa/blK aHEe Ken MaHfj caHaT caAacaTTaHy, KebiHece cybbeKTiHIH ©3 epKiH XKy3ere acblpy,
BUNIK, 30PAbIK-30MDObINbIK, KYKbIK, MaKOypaey »aHe Backa Kypangap apkbiibl agamaapabiH, ic-
apeKeTiHe biKknan ety Kabineti meH KabineTi peTiHae aHbikTanaabl" [15]. bunik cybbeKTiciHiH, epKi
dpKallaH iWiHaeTaHAaNFaH MaKcaTTapFa KeTye KepiHic Tabaapl.

MaKcaT NneH MaKcaT KOto Macesieci afieymeTTiKk dunocodmasarbl MaHbI3abl Maceenepin,
6ipi Honbin Tabblnagpl. Kes KeareH npouecc TYMKINIKTI HITUMKere »KeTy Mpoueci peTiHae
KapacTblpblnadbl, AfHW. — O.wbipwa. MyHAal KOHTEKCTe MakcaTka ue 6ony — Oyn Kon
xeTimainike 6enrini 6ip NPOUECTIH Hemece SPeKeTTiH, MaFfblHacbl (HITUMKe ocnapfa CalKec
Keneni). Erep makcat 601maca Hemece OAN TYCiHiKci3 60/ca, oHAA ic-apeKeT Hemece npoLecc
HapAblK MafblHaHbl XKofanTaabl. Ocblnanila, MakcaTTbl TaHAAY KaHEe TYXKblpbiMAay NpoLeci (AFHN,
MaKcaT KOt0) andblH ana wewim peTiHAeKanaynbl yCbiHbIM HerisiHae bonalwak Typanbl, K Kimre
YMTbl/1adbl CYyObeKT — BaCKapyLLUbI/bIK aHe OUAIK KbI3METiHIH, Heri3ri MaHbI34bl Maceseci.

CoHbIMeH KaTap, oaneymeTTik ¢unocodmsaa MmakcaT MeH OHblH  KypanaapblHbiH,
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apaKkaTblHaCbl mMaceseci TyblIHAaMAbl KETICTiIKTep. benrini eki norvkansik, dopmynanap: "makcaT
AKTanabl KapaxaT' KoHe "makcaT akTanabl Kapaxat'. Ocbl AMNEeMMaHbl LWellyae MakcaTt neH
KypanaapablH apakaTblHACbIHbIH, KYHAbIAbIK aCMNEKTICi, COMKeCiHle, MakcaTTbl TaHday MeH
baranayra Herizgenesi.u-aa THAIC-apeKkeTKe cankec emec. Kneni Kitantarsbl co3:

"To3akKka anapaTblH O i3l HMeTNeH TecenreH" makcaTTbl KapacTblpy meH baranayabiH,
MafblHaCbl3 eKeHiH bingipeai »aHe MakcaTKa call KbI3MEeTi »Kblibl y3inicTe 6actan KapakaTTbl
YKOHe TociNAepiH OHbIH KEeTICTiKTep. bipeyi XaHe Ta COA MaKCaTKa ap TYPAi XOA4AaPMEH KO
}eTKisyre 6oaabl KypanaapmMeH XaHe apTyp/i TociAMeH, onap iWiHAe 3 Ke3eriHae, onapapblH,
inecne acepnepi  apKblabl  01ap  MaKCaTTblH  KYHAbIbIFbIH  pacTaigbl HEMece  OHbl
KYHCbI3ZaHablpaabl. byn aereHimia cybbeKTiHiH 00beKTire KaTbiCTbl Hackapy NPOLECi XKaHe Buik
9pEeKeTi MaKkcaTTap MeH ONapfa KeTy »Ko/Aapbl 6OMbIHILIA dPKALLAH TYXbIPbIMAAMAbIK TYpAe
aHbIKTanaapl.

KebiHece 6uniK aHbiKTamanapbiHAa cybbeKkTiHiH 0ObeKTire biknan ety Hemece acep eTty
Kabineti Hbap, Hipak 6yn Kes KenreH biknan Hemece biknaa 6uiK KybbiabiCbiHa KATbICTbl EMEC.
Hbinbl. . KypbaTtoB ecenteigi, He eKTEMAiK blKkNaabl — OyN XapuamaTuKaablK biknanbl. bipak
YFbIM
"xapn3ama" KelbaclublHbIH, alpbiKla KacMeTTePiHiH, XUbIHTbIFbl PETIHAE MCUXON0rnsAFa Kebipek
KaTbiCbl 6ap, OHbIH iWiHAeM 6ackapyfa, AereHmeH MaKkc Bebep Oyn TEPMUHMEH 271EYMETTIK
KaTblHAaCTapAblH, TYTAaC Kypbl/bIMbIH (KOFaMHbIH, XapM3mMaTMKaAbIK TUMi) aHbIKTaAbl. bacTankbiaa
OUNIK yFbIMbl KAacKeTTi MafblHara Me 6onabl. OpbICTbIH yAbl 3aHrep-fanbiMmbl K.M. NMobeaoHocuLes
NAEAHbl HEeri3fen oTbIPbIN KAaCUeTTINIKTIH, OWUAiK, Aen »a3abl: "BUAiK yabl XaHe KOPKbIHbIWTSI ic,
BNTKeHi byn KacueTTi ic. KacneTTi ce3 e3iHiH, 6bacTankbl mafbliHacbiHAa OeniHreH, Kyaanra KbiameT
eTyre coTTanfaH gereHai 6ingipeai. Jemek, bunik e3i ywiH emec, Anna pasbi/bifbl YIiH Oap KaHe
OFaH KON XeTKizyre 601aTbiH KbiI3ameT H6ap.ueH agam. emeK, OUNiKTiH LWeKCi3 KOPKbIHbIWTbI KYLLi
MEH OHblH, LIEKCi3, KOPKbIHbIWTbI ayblpTNanblfbl". BUAIKTIH WeKCi3 KOPKbIHbIWTbI  KyLLi,
MNobenoHOCLEBTIH, NiKipiHWe, NanbiMaay MeH LbIFaPMaLLbIAbIKTbIH, KyWi, an OWAiKTIH LWeKcis,

KOPKbIHbIWTbI ayblpTNanblfbl — TacbiMaaAayLblHbIH, *KayankepLlinirimeH Kofam MeH Kyaan
anapiHaarsl 6uniknin. Kasipri ¢mnocod B.M. BonbluakoB BUAIKTI cakpanusauusnay MOeAChiH
[aMbiTa OTbIpbIiN Oblnat Aen kasafdpl: "BUNiKTi cakpanusaumanay — Oy Keke aZlaMHbIH,

XaNblKTblH HEMECE MEM/IEKETTIH COJ Xa/blKTblH HEMECE MEMEKETTIH, CEHIMIHE HerizaenreH bip
afaMHbIH epKiHe BafblHYbl. UYL ©3iHIH eKINeTTIKTEPI MEH KYKbIKTapblHbIH 3aH4bl eci 6oabin
Tabblnaabl, OUTKEHI 0/ Kenbip »ofapbl TpaHcueHAeHTTepal bingipeni ofaH ocbl KyKbIKTapabl
bepeTiH KkywTep". Ocblnanwa, bonblakoB OWANIKTI KacKMeTTey WAEACbIH OfaH €H, »KOFfapfbl
3aHAbINbIKTbI BDepy peTiHAe KapacTblpadblOUAIKTIH Ka3ipri KedeHaeri KaCUeTTINEHYIH apXanKasblK,
MaAeHMeTTepre ToH OWAIKTI Kydanfa alnHandblpy MAescblHaH epeKkweneHaipeTiH Hapce. [A.
CanpoHoB [16] bunik e3repreHre AeniH KacUeTTi CaTTIH OMAIriHAEr XOMbIAMaNTbIHABIKTbI AYPbIC
bekiTeni bHaclblnbIKKaTy3eTy. bi3 byraH ceHemi3 bunikmiH maburameiHa mex 6acKapyuwibiibiK
bIKNAS, 01 9PKAWAH KOHUEeNmMyandbl mypode MaKkcammapmeH HaHe 0aapFa ¥emy #oa0apsimeH
aHbIKManaodel.. Bunik  yFoiMbl  MeH  6ackapy YfbIMbl  9pKalaH  bOip-bipimeH  TbifbI3
HbannaHbICTbITYyCKafa3. KaHaal aa 6ip cybbekT KaHaan aa bip obbekTiHi backapfaH kesae, byn
cyObeKTIHIH, 0O6beKTire BUNIK XKyPri3yi Ke3aeneTiHi XKannbl eperke 60AbIN caHanagbl. AfHK, 6ackapy
2/1eYMETTIK npouecc peTiHae Tabusn Typae BUNIKTI BUNiK peTiHae KanbinTacTbipaabl.Toxipnbene
iCKe acblpblaFraH backapy Kabinerti.

bisaiH, oMbiMbI3LIa, BUNIK YFbIMbIHA HEFYP/AbIM afeKBaTTbl KOHE TO/bIK CIMKec KeneTiH
Keneci aHblKTama 6onbin Tabblnaabl: 6unik — 6y cybveKkmiHiH (aaeymemmik monmeiH,
VUbIMHbIH) iC Hy3iHOe Mty3eze acbipblaamelH aaeymemmik 6ackapyra kabinemminiei.to. byn
MHTEPNPEeTALIMA Kannbl MafblHaa OUANIKTIH KoFapblaa aTanfaH 6ap/blK acneKTiNepiH KofaMablK-
CancK peTiHae eckepyre MyMKiHAIK bepeni KybbiibicTap, Oipak COHbIMEH Bipre OHbIH, M3aHIH ic
XY3iHAe sKy3ere acbipblafaH a/ieymeTTik backapy KabineTi petiHae 6enin kepceTes,.
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Bunik Typanbl OCbIHAAW TYCIHIKTI oAaH opi AaMbITYCOHbIMEH, KOHUenTyanabl Ouik
KyObINbICbIH €Ki »aKTbl KybObliblc peTiHAe aHblkTayra 6onagbl: 6ip XafblHaH, Oyn Kofamaa
KenTereH ypnaktap H0MblHa »KanFacbin Kese KaTKaH XaHe Kofamaa 00/bin KaTKaH an1eymMeTTiK
npouecTepai Tyablpyra KabineTTi agamaapabiH KyLli. 93ip/ieHreHre cakec Koyfbimaap, a 6acran
eKiHwWici — ByN TaFbl }KaHEe BUNIK TYXKblpbiMAaManap (MAeaHbIH HeMece naeanap *KymeciHiH), corax
COMKeC KOfam Xannah KofamMblK CaHaHbliH YCTIHEH eMmip cypefi. OpKeHWeTTiK aAeHrenaeri
KOHUENTyanabl OWiK KOFAaMHbIH, TYPMbIC-TIPLWIAITiHIH »KOCnapbiH (TYXbIpbIMAAaMacbiH) KaHe
KYPbIZIbIMCbI3 JaMbITadblacblipblH TYPAE OHbl KOFaMHbIH, OYKapasiblK CaHaCbIHA KaCbIPblH TypAe
eHriseai [17].

KopbITbIHAbI

byn Typfblaa KahaHaaHy KyObinbICbiH a[amM3aTTbiH eHAIPrilW KywTepiH 6acKapyapbl
WOFbIPAAHAbIPYAbIH 0OBEKTUBTI NpoLueci peTiHae KapacTbipyfa 6onaabl, bipak ahaHaaHydblH,
cueHapuimnepi MeH TYKbIPpbIMAAMAChl TYXKbIPpbIMAAMAaAbIK KyLINeH Tikenen aHblKTanaTbiH
cybbekTmBTi  dakTopnap. byn Typfblda KOFamMHbIH, KahaHAblK  MHTErpaumsanaHy nNpoLueci
alaM3aTTblH ©HAiPrill KyWTepiH 6ackapyabl LWOFbIPpAAHAbIPYAbIH canaapbl faHa 601bin Tabblnaabl,
an 6acKkapyLUblIblK aCNeKTiAeKTY KahaHaaHy npoLuecTepiH o4aH api epicTeTy KesiHae eneyni Typae
apTazbl peni ynTTblK AeHrenae baraapnaHfaH Ty»KblpbiMAamanblk 6UAIK, 6i3 yLWiH 6yn XKbiabl eH,
anablIMeH peceinnik KoHUenTyanabl Gunix.

KopbITbiHAbINAM Kene, Bi3aj KbI3bIKTbIPaTblH acnekTiae KoHUeNnTyanabl 6UAiK anna-wapssl
¥Kacay HblCaHAapPbIH, eH anAblIMeH, KOFamablK NiKipAi 1i KoNgaHaTbiHbIH aTan eTemis, COHbIMeH
KaTap Gap MyHAaW pecypc, Kanam Kacblpy aknapaTTbiH, XMHAKTanyAbl aknapaTTbiH Kbibl
©34epiHiH, MakcaTTapbiHaa XaHe 6. 6.

Ocblnaniua, skafgannapaa »ahaHgarny aneymeTTik-punocodumansik caHaT "ounnik"
KOTHUTMBTIK ©3repicTepre yliblpaibl *KaHe eH 63eKTi TypAe KOHUenTyanabl 6unik KybbiabicbiHAA
KepiHea,.
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