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В 2016 году для развития и улучшения качества жизни казахстанцев 
был создан частный Благотворительный фонд «Халык». За годы своей 
деятельности на реализацию благотворительных проектов в областях 
образования и науки, социальной защиты, культуры, здравоохранения и 
спорта, Фонд выделил более 45 миллиардов тенге.

  Особое внимание Благотворительный фонд «Халык» уделяет 
образовательным программам, считая это направление одним из ключевых 
в своей деятельности. Оказывая поддержку отечественному образованию, 
Фонд вносит свой посильный вклад в развитие качественного образования 
в Казахстане. Тем самым способствуя росту числа людей, способных 
менять жизнь в стране к лучшему – профессионалов в различных 
сферах, потенциальных лидеров и «великих умов». Одной из значимых 
инициатив фонда «Халык» в образовательной сфере стал проект Ozgeris 
powered by Halyk Fund – первый в стране бизнес-инкубатор для учащихся 
9-11 классов, который помогает развивать необходимые в современном 
мире предпринимательские навыки. Так, на содействие малому бизнесу 
школьников было выделено более 200 грантов. Для поддержки талантливых 
и мотивированных детей Фонд неоднократно выделял гранты на обучение 
в Международной школе «Мирас» и в Astana IT University, а также помог 
казахстанским школьникам принять участие в престижном конкурсе «USTEM 
Robotics» в США. Авторские работы в рамках проекта «Тәлімгер», которому 
Фонд оказал поддержку, легли в основу учебной программы, учебников и 
учебно-методических книг по предмету «Основы предпринимательства и 
бизнеса», преподаваемого в 10-11 классах казахстанских школ и колледжей. 

 Помимо помощи школьникам, учащимся колледжей и студентам Фонд 
считает важным внести свой вклад в повышение квалификации педагогов, 
совершенствование их знаний и навыков, поскольку именно они являются 
проводниками знаний будущих поколений казахстанцев. При поддержке 
Фонда «Халык» в южной столице был организован ежегодный городской 
конкурс педагогов «Almaty Digital Ustaz. 

  Важной инициативой стал реализуемый проект по обучению основам 
финансовой грамотности преподавателей из восьми областей Казахстана, 
что должно оказать существенное влияние на воспитание финансовой 
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грамотности и предпринимательского мышления у нового поколения 
граждан страны. 

  Необходимую помощь Фонд «Халык» оказывает и тем, кто особенно 
остро в ней нуждается. В рамках социальной защиты населения активно 
проводится работа по поддержке детей, оставшихся без родителей, детей и 
взрослых из социально уязвимых слоев населения, людей с ограниченными 
возможностями, а также обеспечению нуждающихся социальным жильем, 
строительству социально важных объектов, таких как детские сады, детские 
площадки и физкультурно-оздоровительные комплексы. 

 В копилку добрых дел Фонда «Халык» можно добавить оказание помощи 
детскому спорту, куда относится поддержка в развитии детского футбола и 
карате в нашей стране. Жизненно важную помощь Благотворительный фонд 
«Халык» оказал нашим соотечественникам во время   недавней пандемии 
COVID-19. Тогда, в разгар тяжелой борьбы с коронавирусной инфекцией 
Фонд выделил свыше 11 миллиардов тенге на приобретение необходимого 
медицинского оборудования и дорогостоящих медицинских препаратов, 
автомобилей скорой медицинской помощи и средств защиты, адресную 
материальную помощь социально уязвимым слоям населения и денежные 
выплаты медицинским работникам.

В 2023 году наряду с другими проектами, нацеленными на повышение 
благосостояния казахстанских граждан Фонд решил уделить особое 
внимание науке, поскольку она является частью общественной культуры, а 
уровень ее развития определяет уровень развития государства. 

Поддержка Фондом выпуска журналов Национальной Академии наук 
Республики Казахстан, которые входят в международные фонды Scopus и 
Wos и в которых публикуются статьи отечественных ученых, докторантов 
и магистрантов, а также научных сотрудников высших учебных заведений 
и научно-исследовательских институтов нашей страны является не менее 
значимым вкладом Фонда в развитие казахстанского общества.

С уважением, Благотворительный Фонд «Халык»!
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Abstract. Currently, an urgent issue is education in the field of nanotechnology at
all levels of education, for students, in particular future physics teachers. The rapid 
development of the nanotechnology industry increases its connection with many 
technical and scientific disciplines, as well as with existing industrial technologies. 
Mastering the basic knowledge of nanotechnology will lead students to new results 
in the field of natural and technical sciences. The main goal of training future physics 
teachers in the field of nanotechnology is the emergence of a need for qualified 
specialists in the field of nanotechnology, which has become very popular and in 
demand in recent years. Therefore, in this area there is a need for deep mastering of 
the achievements of science development. In accordance with this, the main purpose 
of this study is to determine the content of the training of future physics teachers in 
the field of nanotechnology and to determine the stages of effective implementation 
of the learning process in accordance with the content. The theoretical research 
methods, analysis and comparative work used in the study determined the sequence 
of teaching knowledge in the field of nanotechnology, consisting of 3 stages, and 
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formulated the fundamental principles in the development of the content of teaching 
the discipline "nanotechnology and nanomaterials" in higher education institutions. 
The results of this study allow us to provide scientific and methodological training 
for future physics teachers in the field of nanotechnology.

Keywords: nanotechnology, nanomaterials, principles of construction, 
educational content, stages of training
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Аннотация. Қазіргі уақытта білім берудің барлық деңгейінде, білім 
алушыларға, атап айтқанда, болашақ физика мұғалімдеріне нанотехнология 
саласында білім беру өзекті мәсле болып табылады. Нанотехнология саласының 
қарқынды дамуы, оның көптеген техникалық және ғылыми пәндермен, сондай-
ақ, қолданыстағы өнеркәсіптік технологиялармен байланысын арттыра түседі. 
Нанотехнологияның негізгі білімдерін меңгеру оқушылар мен студенттердің 
жаратылыстану және техникалық ғылымдар саласы бойынша жаңа нәтижелерге 
жетелейді. Болашақ физика мұғалімдерін нанотехнология саласына даярлаудың 
басты мақсаты ― соңғы жылдары өте танымал, әрі қажетті салаға айналған 
нанотехнология саласындағы білікті мамандарға  деген қажеттіліктің туындауы 
белгілі. Сондықтан аталған салада ғылыминың даму жетістіктерін терең игеру 
қажеттігі туындайды. Осыған сәйкес бұл зерттеудің негізгі мақсаты – болашақ 
физика мұғалімдерін нанотехнология саласына оқытудың мазмұнын айқындау 
және оқыту үдерісін мазмұнға сәйкес тиімді іске асырудың кезеңдерін анықтау 
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болып табылады. Зерттеу барысында қолданылған теориялық зерттеу әдістері, 
анализ және салыстыру жұмыстары 3 кезеңнен тұратын нанотехнология 
саласындағы білімдерді оқытудың тізбегін айқындап, «Нанотехнология және 
наноматериалдар» пәнін жоғары оқу орындарында оқытудың мазмұнын 
жасауда негізге алынған қағидалар тұжырымдалды. Бұл зерттеудің нәтижелері 
болашақ физика мұғалімдерін нанотехнология саласына даярлауды ғылыми-
әдістемелік тұрғыдан қамтамасыз етуге мүмкіндік береді. 

Түйін сөздер: нанотехнология, наноматериалдар, принциптер, білім 
мазмұны, оқыту кезеңдері

© Б. Анас1*, М. Скаков1,  Ш. Раманкулов2, С. Есер3, 2024
1Восточно-Казахстанский университет имени Сарсена Аманжолова, 

Усть-Каменогорск, Казахстан;
2Международный казахско-турецкий университет имени Х.А.Ясави, 

Туркестан, Казахстан;
3Университет Сакарья, Туркия, Сакарья.

E-mail: anas_bakdaulet@mail.ru

ПРИНЦИПЫ ПОСТРОЕНИЯ УЧЕБНОГО СОДЕРЖАНИЯ 
ДИСЦИПЛИНЫ «НАНОТЕХНОЛОГИИ И НАНОМАТЕРИАЛЫ» 

И ЭТАПЫ ОБУЧЕНИЯ

Анас Бакдаулет ― докторант, Высшая школа IT и естественных наук, Восточно-Казахстанский 
университет имени С. Аманжолова, Усть-Каменогорск, Казахстан
E-mail: anas_bakdaulet@mail.ru, https://orcid.org/0009-0001-0283-8697; 
Скаков Мажын ― д.ф.-м.н., профессор, Высшая школа IT и естественных наук, Восточно-
Казахстанский университет имени С. Аманжолова, Усть-Каменогорск, Казахстан
E-mail: skakovmk@mail.ru. https://orcid.org/0000-0003-3716-8846; 
Раманкулов Шерзод ― PhD, доцент кафедры «Физики», Международный казахско-турецкий 
университет имени Х.А.Ясави, Туркестан, Казахстан
E-mail: sherzod.ramankulov@ayu.edu.kz, https://orcid.org/0000-0002-4786-942X; 
Есер Селда ― PhD, доцент, Университет Сакарья, Туркия, Сакарья
E-mail: skabakci@sakarya.edu.tr, https://orcid.org/0000-0003-3410-5997.

Аннотация. В настоящее время актуальным вопросом является изучение 
нанотехнологий на всех уровнях образования, для обучающихся, в частности 
будущих учителей физики. Стремительное развитие отрасли нанотехнологий 
увеличивает ее связь со многими техническими и научными дисциплинами, 
а также с существующими промышленными технологиями. Овладение 
базовыми знаниями нанотехнологий приведет учащихся и студентов к новым 
результатам в области естественных и технических наук. Главной целью 
подготовки будущих учителей физики в области нанотехнологий является 
потребность в квалифицированных специалистах в области нанотехнологий, 
которая в последние годы существенно возрасла. Как результат, в данной 
сфере возникла необходимость глубокого освоения достижений науки. 
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В соответствии с этим основной целью данного исследования является 
определение содержания обучения будущих учителей физики области 
нанотехнологий и построение этапов эффективной реализации процесса 
обучения в соответствии с содержанием. Использованные в исследовании 
теоретические методы, анализ и сравнение определили последовательность 
обучения в области нанотехнологий, состоящую из трех этапов, и помогли 
сформулировать основополагающие принципы при разработке содержания 
обучения дисциплине «нанотехнологии и наноматериалы» в высших учебных 
заведениях. Результаты данного исследования позволяют научно-методически 
обеспечить подготовку будущих учителей физики в области нанотехнологий.

Ключевые слова: нанотехнологии, наноматериалы, принципы, содержание 
образования, этапы обучения

Introduction
Along with the requirements for the modernization of teaching arising from current 

trends in the development of education, when considering physical phenomena, 
processes and patterns in academic disciplines in pedagogical universities, the need 
to ensure substantive and methodological continuity in their study traditionally 
remains relevant (Iskakova & Kairbayeva, 2021). 

The analysis of the teaching process of pedagogical universities, the formal 
presentation of educational material and the algorithmization of educational and 
research activities of students advance the acquisition of ready-made knowledge 
and an increase in the number of skills than the understanding of the physical 
essence of the subject. However, current trends in physics education are aimed at 
the formation of intellectual and communicative abilities of students, that is, future 
physics teachers, for the best Organization of their professional and social activities 
in constantly changing multifactorial conditions (Pahrudin et al., 2019).

Nanotechnology is one of the most important problems of modern physics. It has 
been gradually entering our lives as it is the fastest growing industry in recent times. 
In the future, many types of production will be closely related to nanotechnology. 
Therefore, nanotechnology has become a very popular and necessary industry in 
recent years. It is a natural phenomenon that there is a need for qualified specialists 
in the field of nanotechnology. Therefore, it is relevant to determine the content of 
effective training in this area (Bauer, 2021).

Based on world experience, "nanotechnology and nanomaterials" were also 
included in the educational content of secondary schools in accordance with the 
updated content of education in the Republic of Kazakhstan. In this section, students 
study the main achievements of nanotechnology, current problems and stages of 
development, general problems on nanomaterials. However, the educational 
programs of universities that train future physics teachers currently do not provide 
for a special discipline that teaches the elements of nanotechnology, the basics of 
nanotechnology. This situation leads to the fact that future physics teachers will have 
difficulties in teaching students the field of nanotechnology in their professional 
activities in the future.
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Nanotechnology is of great importance and is used in all industrial sectors, in 
particular in electronics, energy, medicine, construction. That is, nanotechnology is 
used in all areas of industry. From this it can be seen that the teaching of nanotechnology 
to schoolchildren is of great importance. Students apply the knowledge gained from 
the school in the field of nanotechnology in the future in the development of their 
chosen specialty. 

The purpose of education of schoolchildren in the field of nanotechnology is 
to develop students ' knowledge of nanotechnology, to increase their interest in 
the science of nanotechnology, as well as to give an orientation to professional 
study of this field from an early age. Most importantly, classes on the elements of 
nanotechnology should affect the development of cognitive activity, thinking skills 
of students, and increase the level of knowledge. To do this, future physics teachers 
in teaching the basics of science at school should include tasks aimed at developing 
students ' creative abilities, elements of research work in the educational process. 
The main result of cognitive activity and creative abilities of students is the ability to 
independently perform the acquired educational material and other practical tasks, 
apply the acquired knowledge to new conditions. 

The search for solutions to the above problems is the leading idea of our research. 
The development of Nanotechnology at school, in fact, should be based on a deep 
understanding of the structure and content of the subject at a basic level, including 
the importance of nanotechnology in everyday life (Vazquez-Munoz&Takeuchi, 
2017). From the works of many researchers, it is believed that the introduction of 
nanotechnology in school can increase the interest of students from the early stages. 
Based on these studies, we determined the purpose and scientific forecast of the 
study as follows:

The purpose of our study is to determine the content and stages of preparing future 
physics teachers for teaching nanotechnology in high school. Scientific forecast of 
the study: if the discipline "nanotechnology and nanomaterials" is included in the 
list of profile disciplines of future physics teachers, an effective teaching content 
is created and integrated into the educational process, which contributes to the 
deep assimilation of knowledge in the field of nanotechnology, then future physics 
teachers will have the opportunity to effectively implement nanotechnology training 
in high school. 

Material and methods
The study was dominated by the use of theoretical methods. The analysis of 

scientific papers related to the research problem was carried out. The purpose and 
forecast of the study were determined, the tasks necessary to solve were set.

Currently, development in the field of nanomaterials and nanotechnology covers 
a number of areas of Physics, Chemistry, Biology, electronics, medicine and other 
sciences. The development of similar nanotechnology, which, according to many 
assumptions, was the main indicator of the last century, such as the discovery of 
nuclear energy, the emergence of lasers and transistors, determines the image of the 
Twenty-First Century.
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Nanotechnologies are a set of manipulation techniques that take place at the 
atomic or molecular level in order to obtain certain properties from substances. The 
task of nanotechnology is: to obtain nanomaterials of a given structure and with the 
necessary properties; to use nanomaterials to solve a specific task, taking into account 
their structure and properties; to continue studying the structure and properties of 
nanomaterials both in the process of obtaining and when using them. Even these 
research methods in the field of nanotechnology contributed to the selection of works 
that will serve as the basis for our research.

The scientific and methodological works that served as the basis for our research 
are as follows: educational material on nanotechnology for teaching chemistry in 
the lower grades of high school (Kolehmainen et al., 2013), teaching materials 
on nanotechnology as a basis for social integration, empowerment and in-depth 
learning (Pataquiva-Mateus & Dorantes, 2017), in the context of a high school-
Technical University, the project method is a practice-oriented approach to teaching 
nanotechnology in a single educational space (Sobolev et al., 2013).

In addition, an analysis of the physics textbook for the 11th grade in the general 
education direction of natural and mathematics was carried out. The analysis was 
attended by teachers of higher educational institutions, scientists conducting research 
work in the field of nanotechnology, teachers conducting an introductory discipline 
in the field of nanotechnology in the direction of training scientific physics.

In order to determine the level of continuity on the topics of the nanotechnology 
industry in school education and higher education, comparative research methods 
were carried out.

Research results and discussion
For classes in the natural and mathematical direction (Grade 11), 2 hours are 

allocated for the Department of nanotechnology and nanomaterials in physics. This 
section teaches the following topics: 

-	 nanotechnology and its achievements; 
-	 Physical Properties of nanomaterials; 
-	 prospects for the development and problems of nanomaterials. 
For the Department of nanotechnology and nanomaterials in physics of classes 

of social and humanitarian direction (11th grade), 1 hour is allocated. The main 
achievements of nanotechnology, its problems and prospects for development 
are studied here. Training objectives in the Department of nanotechnology and 
nanomaterials: 

-	 explanation of the physical properties of nanomaterials and ways to obtain them; 
-	 discussion of the application of nanotechnology.
The rapid development and growing public importance of nanoscience and 

nanotechnology has caused educational problems around the world. Recognizing 
the important role of nanoscience and nanotechnology in science and society over 
the past two decades, the U.S. National Science Foundation has funded a series of 
workshops to develop key ideas for Nanoscience teaching. In these projects, "nine 
key ideas" were identified as important enough to understand the problems of 
nanoscience and nanotechnology:
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- size and scalability;
- the structure of matter;
- forces and interactions;
- quantum effects;
- size-dependent properties;
- self-assembly;
- making instruments and instruments;
- models and modeling;
- science, technology and society. 
A number of studies related to these "big ideas" provide insight into the 

learners' understanding of the problems of nanoscience and nanotechnology. For 
example, in the context of undergraduate courses in nanoscience and engineering, 
a series of studies aimed at studying students ' perceptions of the size and scope of 
nanomaterials have identified four main categories: fragmented, linear, proportional, 
and logarithmic. In addition, using a wide range of teaching methods, modules on 
dimensions and scales and the ratio of the nanomaterial surface to the volume were 
introduced for schoolchildren (Ha&Lajium, 2022).

The importance of the development of the nanotechnology industry in Kazakhstan 
is increasing. The emergence of nanotechnology represents a philosophically new 
qualitative level of obtaining objects and installations that are not visible to the 
naked eye. Currently, the nanotechnological revolution is taking place around the 
world, which has led Kazakhstani scientists to take successful steps to study the field 
of nanomaterials for several years. As a result of fundamental and applied research, 
new results began to be achieved in higher and secondary education organizations of 
Kazakhstan, Not only preparing specialties, giving lectures, organizing courses, but 
also using modern equipment (Nauryzbayeva et al., 2022).

These studies show that the use of different teaching methods improves students 
' understanding and increases their interest in nanotechnology. 

Based on the research processes described above, in studying of nanotechnology, 
we considered it necessary to develop the following learning sequence (Figure 1):

Stage 1: Introduction the purpose of the first stage was to increase the interest of 
students in nanoscience and nanotechnology by introducing various applications of 
Nanoscience (self - cleaning materials, nanosolar elements, etc.).

Stage 2: the goal of Phase Two was for learners to understand the Nano scale and 
whether the nanostructures we can use are proportional to the operating range.

Stage 3: How to see the nanoscale? The purpose of the third stage is to explain 
to students how to see the nanoscale and how alternative methods are used in its 
implementation. 
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Fig.1. Learning sequence in studying of nanotechnology 

The implementation of the above sequence stages of training requires the 
formation of fundamental knowledge in the field of nanotechnology.

The structure of the discipline "nanotechnology and nanomaterials" and the 
content of the discipline with any method of material selection in the development 
of the content should include the following blocks:

- basic nanotechnological terms and concepts that allow easy understanding, 
elements of conscious assimilation of the rule of Nanoscience;

- scientific facts without which the elements of Nanoscience cannot be understood;
- basic laws, rules, principles and objective relationships between them that reveal 

the essence of the phenomena under consideration in the field of nanotechnology;
- theories covering the system of scientific knowledge in the field of nanotechnology 

and methods for explaining and predicting phenomena in the studied scientific field;
- knowledge of the object and subject of nanotechnology science, methods of 

cognition and the history of its development. 
For the above blocks, the selection of topics corresponding to the content of 

training and the creation of inter - block links should be carried out in compliance 
with the basic principles of building the content of Training (Table 1). 

Table 1. Basic principles of building the content of training «Nanotechnology and Nanomaterials»
Basic principles of creating training content "Nanotechnology and Nanomaterials"

Principles Description

Scientific principle Ensuring a scientifically reliable presentation of the content of 
educational material on the elements of nanotechnology implies the need 
to take into account the latest scientific achievements in mastering new 
material.

Principle of continuity The need to take into account the continuity of educational topics with 
other disciplines in the physical, engineering and technical fields in 
higher educational institutions.

Principle of consistency Ensuring the consistency of mastering a particular problem in the 
discipline elements of nanotechnology. Educational material on the topic 
should be given systematically and structurally;
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Principle of visualization The use of the studied objects in the educational material, their models, 
gives rise to the possibilities of sensory perception and control of the 
student himself.

The principle of 
accessibility

Ensuring their own activity as an auxiliary tool in the perception of 
educational information in an accurate understanding of the final goals 
and objectives in educational activities.

The principle of 
developmental learning

Accounting for the problem of forming your own ideas in New 
Directions on the elements of nanotechnology.

Therefore, given that nanomaterials are the scientific foundation of 
nanotechnology, we can see that a revolution in the scale of nanomaterials awaits us 
in the future. It is clear that the products, materials and tools that are based on them, 
the nanorobot genus, change our lives. However, no one can say for sure whether this 
will happen, because today nanomaterials are considered the main subject of many 
processing and research in laboratories around the world. They are trying to increase 
the productivity of products with a fairly small component. Obviously, all this 
should be at a low price as much as possible. The number of companies producing 
nanoproducts is growing day by day. That is why we should consider the evolution 
of nanomaterials as a trend that is gradually contributing to many industries in the 
modern world.

In determining the structure and content of the discipline "nanotechnology and 
nanomaterials", it is important to take into account the principles of increasing the 
interest of students, facilitating the assimilation of the content. At the same time, it is 
important to consider the field of nanotechnology – as the basis of a new industrial 
revolution, which will lead to abundance in accordance with the new capabilities 
of the product itself. The term" nanotechnology " refers to the technology in the 
production of materials and products based on its logical structure and nanoscale 
objects. Our research differs from many other scientific papers and research works 
on teaching nanotechnology in that we try to give an idea and show conceptual 
approaches to nanotechnology and the Nanoscience as a whole, without discussing 
it in the educational process in individual nanoeffects. 

Consequently, we propose to teach the discipline in two modules: "nanotechnology 
and nanomaterials" and "fundamentals of physical concepts of nanostructures". 

According to the first module: 
"Nanotechnology and its industries. Nanotechnology in the surrounding world. 

Information technology. Nanotechnical structures. Space elevator.Nanopowders 
and nanosupply. Nanotechnology in everyday life and medicine, military affairs. 
Nanoparticles and nanostructures. Classification of nanostructures.Nanoparticles 
and nanoclasses. The role of surface atoms.Carbon nanostructures. Fullerenes. 
Graphenes, carbon nanotubes.Self-assembly and self-organization in nanotechnology. 
The role of these processes in nanotechnology. Quantum physics and nanostructures. 
Electromagnetic waves" are recommended for training topics. 

In the second module " the de Broglie hypothesis. Wave function. Schrendinger 
equation.Indeterminacy is the relationship and its physical meaning. Quantum 
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representation of the atom. Crystals and energy zones.Potential pit and barrier. Tunell 
effect. Quantum funnel, threads, dots. Properties of nanostructures. The number of 
"near-neighbor" in nanoparticles. Mechanical elastic property of nanotubes. Melting 
point of nanoparticles.Nanoelectronics and its development trends. One electronic 
tunneling."the topics are taught. 

Conclusion
The structure and definition of the content of the discipline" nanotechnology and 

nanomaterials " is related to the reflection of the features of the nanotechnology 
field. Realizing the importance of the nanotechnology field, Mexican educational 
and research organizations realized that, one way or another, it was necessary to 
start training specialists to work in the nanotechnology field at school. That is, 
nanotechnology was first taught in Mexican schools.

First of all, in determining the structure and content of the discipline" nanotechnology 
and nanomaterials", it is necessary to overcome a certain psychological barrier that 
prevents students from preparing widely for the adoption of nanotechnology. All 
new and complex things have difficulty finding a way to be used effectively by 
the teacher and the student, however, according to the idea of progress, there are 
all kinds of "innovations" and the chances of their application are also high. At the 
same time, a steady decline in the number of hours of study in physics, astronomy, 
science, at first glance, is not associated with nanotechnology, but gives generalized 
ideas about the structure of the macrocosm. But we must proceed from the fact that 
the future is inevitable, and it is thanks to nanotechnology that the activities that need 
to prepare schoolchildren for the adoption of nanotechnology, to be able to further 
study in this area, to become a full-fledged creative worker will be listed.

In the course of determining the structure and content of the discipline" 
nanotechnology and nanomaterials", the above-mentioned features of nanotechnology, 
as well as several domestic and foreign teaching aids, the results of research work 
were taken as a basis.

«This research has been/was/is funded by the Science Committee of the Ministry 
of Science and Higher Education of the Republic of Kazakhstan (Grant No. 
AP19579398)».
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