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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. First of all, the article focuses on the need to develop methodological 
foundations for the formation of research competences of future physics teachers 
and suggests developing them on the example of diffraction of X-rays. The reason 
is that although there are research bases in the universities, where there is a special 
X-ray diffractometer, there is still no connection with the students. That is, in 
connection with this, the importance of the offer of a special course increases. The 
proposed course is devoted to the diffraction of X-rays and includes special lectures 
introducing students to the X-ray diffractometer and complex laboratory work on the 
study of samples. In addition, a special analysis of the training of physics teachers 
in educational programs of universities was conducted. The results are openly 
written in the article. Thus, the questionnaire is presented and examples are given of 
how students and graduate students can answer special questions. One of the main 
problems of general education and higher education organizations is the formation 
of scientific and research competences of future teachers who are highly educated 
in accordance with the requirements of the times, have a developed critical thinking 
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system, have the ability to prove their point of view, are free-thinking, creatively 
sought after, and are patriots of their country. Formation of scientific and research 
competences of future physics teachers is the presence of specialists who can solve 
various challenges and problems in the learning and educational process based on 
high professional abilities. It is a comprehensive and deep scientific consideration of 
the scientific research work on its topic. He is a person who has the ability to carry 
out each selected scientific research and project work according to plan. To solve 
the following problems and one of the objectives of the plan is: to offer a special 
course in order to create a connection between students and scientific research bases 
in universities.

Keywords: physics teacher, laboratory work, research competence, method, 
approach, diffraction, x-ray diffraction, x-ray diffractometer, higher education 
institution, future specialist
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Аннотация. Мақала ең алдымен болашақ физика пәні мұғалімдерінің 
ғылыми-зерттеушілік құзыреттіліктерін қалыптастырудың әдістемелік 
негіздерін әзірлеу не үшін қажеттілігіне тоқтала отыра, оны рентген сәулесінің 
дифракциясы мысалында әзірлеуді ұсынады. Себебі, жүргізілген зерттеу 
жұмыстары жоғары оқу орындарындағы ғылыми зерттеу базалары бар болса да, 
онда арнайы рентгендік дифрактометр болса да әлі күнге дейін студенттермен 
байланыстың жоқтығы дәлелденді. Яғни, осыған орай арнайы курс ұсыну 
маңыздылығы артады. Ұсынылатын курс рентген сәулесінің дифракциясына 
бағытталып, рентгендік дифрактометрмен студенттерді таныстыруға және 
үлгілерді зерттеуге арналған кешенді зертханалық жұмыстармен қамтыла 
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отыра арнайы дәрістерді де қосады.  Сонымен қоса, университеттердің 
білім бер бағдарламаларындағы физика мұғалімдерін даярлау бағыты 
бойынша арнайы талдау жұмысы жүргізілді. Нәтижелер мақалада ашық 
жазылған. Осылайша сауалнама ұсынылып, арнайы сұрақтарға студенттер 
мен магистраннтар солай жауап беруі мүмкін деген мысалдар да келтірілген. 
Заман талабына сай білімі жоғары, сын тұрғысынан ойлау жүйесі дамыған, 
өз көзқарасын дәлелдей алу қабылеті бар, еркін ойлайтын, шығармашылық 
тұрғыда ізденетін, өз елінің патриоты болатын болашақ педагогтардың ғылыми 
– зерттеушілік құзыреттіліктерін қалыптастыру – жалпы білім беру, жоғары 
білім беру ұйымдарының басты мәселелерінің бірі болмақ. Болашақ физика 
мұғалімдерінің ғылыми – зерттеушілік құзыреттіліктерін қалыптастыру – 
ол алдағы болашақта туындайтын әр түрлі қыйындықтарды және оқу мен 
білім беру үдерісіндегі мәселелерді жоғары кәсіби қабілеттерге сүйене отыра 
шешетін мамандардың болуы. Ол өз тақырыбы бойынша ғылыми – зерттеу 
жұмысын жүйелі түрде қарастыра отыра, жан жақты және терең ғылыми 
тұрғыда қарастыру. Әр таңдап алынған ғылыми зерттеушілік және жобалық 
жұмыстарын жоспар бойынша орындау қабілеті бар тұлға болып табылады. 
Төмендегі мәселелерді шешу үшін және жоспарға бағыттала құрылған 
мақсаттардың бірі ол: студенттер мен университеттердегі ғылыми зерттеу 
базалары арасындағы байланысты тудыру мақсатында арнайы курс ұсыну.

Түйін сөздер: физика пәні мұғалімі, зертханалық жұмыс, ғылыми – 
зерттеушілік құзыреттілік, әдіс, тәсіл,  дифракция, рентген сәулесінің 
дифракциясы, рентгендік дифрактометр, жоғары оқу орны, болашақ маман
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Аннотация. В статье акцентируется внимание на необходимости разработки 
методических основ формирования исследовательских компетенций будущих 
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учителей физики и предлагается развивать ее на примере дифракции 
рентгеновских лучей. Причина в том, что хотя в вузах имеются научно-
исследовательские базы, где есть специальный рентгеновский дифрактометр, 
связь со студентами отсутствует. В связи с этим возрастает важность 
предложения специального курса.  Предлагаемый курс посвящен дифракции 
рентгеновских лучей и включает специальные лекции, знакомящие студентов с 
рентгеновским дифрактометром, и сложную лабораторную работу по изучению 
образцов. Авторами был проведен специальный анализ подготовки учителей 
физики по образовательным программам вузов, результаты которого описаны 
в статье. Представлена ​​анкета и приведены примеры того, как студенты и 
магистранты отвечают на специальные вопросы. Одной из основных проблем 
общеобразовательных и высших учебных заведений является формирование 
научно-исследовательских компетенций будущих педагогов, имеющих 
образование соответствующее требованиям времени, обладающих развитой 
системой критического мышления, способных доказывать свою точку зрения. 
взглядов, свободомыслящих, творчески востребованных, патриотов своей 
страны. Формирование научно-исследовательских компетенций будущих 
учителей физики заключается в наличии специалистов, способных решать 
различные задачи и проблемы учебно-воспитательного процесса на основе 
высоких профессиональных способностей. Это человек, обладающий 
способностью выполнять каждое научное исследование и проектную работу 
по плану. Для решения следующих задач одной из целей плана является: 
предложить специальный курс для создания связи между студентами и научно-
исследовательскими базами в университетах.

Ключевые слова: учитель физики, лабораторная работа, научно-
исследовательская компетентность, метод, подход, дифракция, рентгеновская 
дифракция, рентгеновский дифрактометр, высшее учебное заведение, будущий 
специалист

Introduction 
Analyzing dissertation works, scientific articles, and contributions, it has been 

established that the pathways for developing scientific-research competencies of 
future physics teachers are examined in works and others. These contradictions, 
involving the definition of work, theoretical and methodological foundations, 
organizational-pedagogical conditions, methodological directions, mechanisms 
for developing the scientific-research competence of future physics teachers in 
pedagogical universities, have determined the research problem. However, in the 
following work, "we understood that for a student to succeed in the modern field 
of physics, special attention should be paid to physical experiments. That is, we 
have come to understand that enhancing practical preparation of students to achieve 
discoveries through conducting physical experiments is a pressing issue of modern 
times," indicating that the formation of scientific-research competencies of future 
physics teachers remains the most relevant and ongoing task.
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And in the following research work, "the conducted studies convincingly 
demonstrate the necessity of purposeful development of research skills as an 
important and essential component of the professional preparation of future physics 
teachers. Research skills not only enhance the quality of education in higher 
education institutions but also serve as an effective tool for successful scientific and 
pedagogical activities. The presence of such skills, activity, and research work also 
influences the development of the individual and the overall culture of the future 
teacher." However, in this work, only atomic physics and nuclear physics prevail. 
The phenomenon of diffraction is not considered.

In works, and others, issues regarding the formation of scientific-research 
competence of physics teachers are addressed, yet several contradictions 
arise, namely, the main problem being the absence of specific methodological 
foundations. Additionally, "changes in the sphere of education in recent years 
require a comprehensive understanding of accumulated experience in physics within 
professional education, pedagogical science, and its effective application in practice. 
Thus, the fact that the scientific-research culture, as a dialectical process of moving 
from ignorance to knowledge, is based on continuous professional pedagogical 
knowledge, imperfection, and the system of skills formation for future specialists, 
leads to the conclusion that the fundamental principles of research work," indicate 
dissatisfaction with the demand for the development of methodological foundations.

The analytical work also encompassed foreign countries, particularly in works 
and others. It is noted that the interconnection between education and science will 
be refined by future physics teachers. The work closest to the topic proposed by us 
is the work of T.A. Shirina. We discovered that the methods and techniques used in 
this work do not entirely cover physics courses.

Also, an analysis was conducted on works that examined the phenomenon of 
diffraction. As a result of the analysis and analytical study of scientific articles, 
including dissertations, works, and others, were selected. Although these works have 
a scientific orientation, we observe that the number of specific laboratory works is 
very limited. Analyzing the outcomes of these works, we have reached the following 
conclusions: while considering the general principle of operation of the X-ray 
diffractometer, it can be stated that it was not fully elucidated and, most importantly, 
was not applied to students and master’s degree students, that is, to future physics 
teachers.

The Bachelor's Department at the East Kazakhstan University named after Sarsen 
Amanzholov, 6V015, for training natural science teachers, including the B010 
program for preparing physics teachers in the educational program 6B01502 Physics, 
revealed that the phenomenon of diffraction, including X-ray diffractometry, is not 
included at all. Furthermore, while examining the curriculum of disciplines in the 
master's part of this educational institution for natural sciences 7M015, including 
the training of physics teachers M011 within the educational program 7M01502 in 
physics, it was found that, as mentioned earlier, there is a lack of connection between 
the research bases of the educational institution and students, as well as an absence 
of topics that utilize or consider X-ray diffractometers.
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The Bachelor's Department of South Kazakhstan University named after M. 
Auezov, in the program for training teachers in natural sciences, including B010 for 
preparing physics teachers in the educational program 6B01520 - Physics, has been 
found not to include the phenomenon of diffraction, including X-ray diffractometry. 
However, within the Master's Department 7M015 of this educational institution, 
particularly in the training of physics teachers (M011), it has been evidenced that 
there are no topics utilizing or discussing X-ray diffractometry in the educational 
program for physics 7M01520.

Summing up the analysis of the aforementioned works, we came to the following 
conclusions and identified the following contradictions:

1. Insufficient consideration of the specialized methodology for developing 
scientific research competencies among future physics teachers based on the 
phenomenon of X-ray diffraction and the non-utilization of X-ray diffractometers 
by students in the scientific research facilities of universities, coupled with a lack of 
interconnections. 

2. Despite the existence of a specialized X-ray diffractometer in scientific research 
facilities for studying X-ray diffraction, it remains unused in the educational process. 
Thus, the primary goal of the scientific article is to clearly and systematically elucidate 
the aforementioned contradictions by analyzing the educational program courses 
in universities, highlighting the importance of applying the phenomenon of X-ray 
diffraction to the development of scientific research competencies among future 
physics teachers. It also aims to contribute to the formation of scientific research 
competencies in utilizing X-ray diffraction on scientific research bases, providing 
evidence for the necessity of such a course."

Therefore, the primary objective of the scientific article specifies the 
aforementioned contradictions by systematically and clearly analyzing the 
educational program courses in higher educational institutions. It highlights the 
significance of applying the phenomenon of X-ray diffraction to the development 
of scientific research competencies among future physics teachers and underscores 
the necessity of a specialized course to foster scientific research competencies in 
utilizing X-ray diffraction on scientific research bases as evidence.

The materials and methods of the study
Diffraction is a phenomenon of bending of waves around the corners of an obstacle. 

Information about diffraction is primarily addressed in the secondary school physics 
curriculum. It constitutes the fundamental definition of secondary school physics 
and is allocated a total of 2-3 hours, including programs for 11th-grade classes. 
The teacher's task is to select the amount of information to be conveyed and the 
methods of delivering it to the student. The effectiveness of this lies directly in the 
teacher's mastery, primarily determining how comprehensively and effectively the 
subject is communicated to the students in physics class. In the thematic plan for the 
11th-grade curriculum, one can consider, for example, the chapter on wave optics, 
depicted in Figure 1.
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X-ray diffraction is the scattering of X-rays by crystals. It results in the formation 
of secondary beams of the same wavelength, which are deviated due to the interaction 
of primary X-rays with electrons. The diffracted rays constitute a part of the overall 
X-ray radiation scattered by the substance."

X-ray diffraction analysis is the scattering of X-rays by crystals resulting from the 
interaction of X-rays with the electrons of the substance, where initially warm beams 
give rise to secondary deviated beams of the same wavelength.

The Bragg-Wulff condition is a criterion determining the position of the interference 
maxima of X-rays scattered by a crystal without changing the wavelength. According 
to the theory of Bragg-Wulff, the maxima occur when X-rays are reflected from a 
system of parallel crystallographic planes, and rays reflected by different planes of 
this system have a path difference equal to an integer number of wavelengths. It is 
expressed in the following formula (1).
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During the study of diffraction grating properties, it was established that to increase their resolution 

and dispersion, the distance d between the openings should be several times greater than the wavelength of the 
radiation λ, meaning (thus, so that). 
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A goniometer is a device that ensures optimal geometry for obtaining and recording a diffraction 

image. It is necessary for moving the sample holder, rotating the collimation system of the detector, the detector 
itself, and for precise angle and distance measurements. This is illustrated in Figure 4. 
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During the study of diffraction grating properties, it was established that to 
increase their resolution and dispersion, the distance d between the openings should 
be several times greater than the wavelength of the radiation λ, meaning (thus, so 
that).
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X-ray diffraction is the scattering of X-rays by crystals. It results in the formation of secondary beams 
of the same wavelength, which are deviated due to the interaction of primary X-rays with electrons. The 
diffracted rays constitute a part of the overall X-ray radiation scattered by the substance." 

X-ray diffraction analysis is the scattering of X-rays by crystals resulting from the interaction of X-
rays with the electrons of the substance, where initially warm beams give rise to secondary deviated beams of 
the same wavelength. 

The Bragg-Wulff condition is a criterion determining the position of the interference maxima of X-
rays scattered by a crystal without changing the wavelength. According to the theory of Bragg-Wulff, the 
maxima occur when X-rays are reflected from a system of parallel crystallographic planes, and rays reflected 
by different planes of this system have a path difference equal to an integer number of wavelengths. It is 
expressed in the following formula (1). 

 
2d sin θ = nλ,                     (1) 

 
Where d is the distance between two planar intervals, Θ is the deviation angle, λ is the wavelength of 

the X-ray radiation, and n is the order of reflection. These quantities are illustrated in Figure 2. 
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Figure 4. a) Example of an X-ray diffractometer and b) a goniometer

The study of the structure of crystalline and polycrystalline substances using 
the phenomenon of diffraction of electromagnetic waves in the X-ray range is the 
subject of X-ray diffraction analysis. We present results obtained from the analysis of 
scientific articles. As an example, Figure 5 illustrate the diffraction pattern of X-ray 
radiation from nanodispersed aluminum powder. This is confirmed by the obtained 
data: the X-ray diffraction patterns exhibit peaks of high intensity characteristic of 
face-centered cubic lattice.
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The novelty of the project lies in the implementation of a laboratory complex conducted using an X-

ray diffractometer at the National Laboratory of Collective Use based at Sarsen Amanzholov East Kazakhstan 
University, as an additional course complemented by lectures on this topic. 

This is associated with addressing the aforementioned issue of 'underutilization of scientific research 
facilities by students in higher educational institutions and the lack of interconnections.' In essence, Sarsen 
Amanzholov University has all the necessary capabilities since the equipment is quite sufficient. An analysis 
was conducted based on information from the official website of the National Laboratory of Collective Use. 

Results and Discussions  
To substantiate and clarify the aforementioned circumstances, a survey was conducted at two 

universities. A sample questionnaire was prepared following the research methodology outlined in the study. 
Students from the 3rd to 4th years of the bachelor's program and 1st to 2nd years of the master's program were 
involved. A total of 83 individuals participated in the survey. The survey results are presented in Figure 6 (a). 
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Looking at the survey results, respondents paid the most attention to Question 
2, as it was noted that the response was very comprehensive and thorough. The 
main question here was, 'Is there a need to develop methodological foundations for 
shaping the scientific research competencies of future physics teachers using the 
phenomenon of diffraction?' and 'Why is it needed if so?' Therefore, the relevance 
of the research topic was once again confirmed by the survey. The survey mainly 
consists of 4 questions, with additional sub-questions for clarification. Respondents, 
primarily, will move on to the clarifying questions after answering the main question, 
making the survey very effective. Figure 6 (b) shows the main responses to the two 
priority questions.

The overwhelming majority of respondents (students from 3rd to 4th years and 1st 
to 2nd-year master's degree students) considered three answers as correct, prioritizing 
it at 61 percent. This implies the need to develop methodological foundations and 
highlight the relevance of choosing the phenomenon of diffraction. Therefore, it can 
be said that the survey was highly effective and fully achieved its objective.

Furthermore, the analysis of the educational programs for the Bachelor's and 
Master's degree in Physics yielded positive results and clarified the aforementioned 
contradictions. The analysis of educational programs used information from the 
official websites of educational institutions.

Conclusion 
In conclusion, the analysis of educational programs and the review of scientific 

works yielded positive results. It has been demonstrated that the specialized 
methodology for developing scientific research competencies among future physics 
teachers based on X-ray diffraction is insufficiently developed. Furthermore, there 
is a lack of interconnected means related to X-ray diffraction studies in universities, 
a dearth of comprehensive laboratory work on X-ray diffraction using X-ray 
diffractometers, and a demonstrated demand for such practices.
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Simultaneously, although there exists a specialized X-ray diffractometer in 
scientific research bases for studying X-ray diffraction, the absence of a specialized 
course and its underutilization in the educational process were observed, highlighting 
a demand for such a course. Consequently, the research work has fully achieved its 
objective.
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