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INFORMATION-COMPUTER TECHNOLOGY, GAME LEARNING, ELECTRONIC BOOK, COMPUTER PROGRAM, LEARNING COMPUTER GAMES

The scientific novelty of the project lies in solving several previously unsolved problems. First of all, a strict sequence of creation and implementation of computerized educational games in chemistry and biology into the learning process has been built and justified.

As a final result, the following results, important for the theory and practice of gaming technologies, were obtained. So, with specific examples, the possibilities of creating educational games in chemistry and biology were shown for individual sections of the curriculum of these disciplines and for a separate course, which is the course "Qualitative chemical analysis". For all the proposed educational games, the corresponding computer programs were developed for use. After successful testing of the created computerized educational games on their basis, according to the results of the project, a corresponding bank of these games with Internet access and a common computer network of AbaiKazNPU was created. As a scientific-theoretical, methodological and practical justification, we used mainly the own developments of the project participants. For this purpose, teaching aids have been prepared, including in English. In addition, an electronic textbook on inorganic chemistry was written for schoolchildren, colleges and university students. The field of application of the obtained results will be educational organizations of the Ministry of Education and Science of the Republic of Kazakhstan engaged in teaching students of chemistry and biology, i.e. scientific and educational methodological use of the results obtained in the educational process of schools, universities and other educational institutions.

The degree of implementation. 13 articles have been published at international conferences of the neighboring countries of Ukraine and Russia, 3 articles in the journal with the citation base Tomson Reuter Web of Science (WoS), 3 articles in the KKSON journal, 3 articles published in a journal with a Kazakhstani impact factor, 2 articles in foreign journals ... Published: a textbook on game teaching methods "Game training in chemical analysis"; textbook in English "Game-based learning in chemical qualitative analysis"; and the manual "Workshop on computer games in biology."

10 copyright certificates of the Republic of Kazakhstan on educational games and computer programs for them were received.

INTRODUCTION
In modern teaching, the search for various forms and methods of game-based learning is becoming more and more relevant. They are mainly used in teaching the Humanities, as well as in some cases in technical and natural Sciences. The history of the emergence and application of economic, managerial, etc.games begins in the middle of the last century and is now well studied and in demand. Many foreign and domestic authors have made a great contribution to the theory and practice of such games, for example [1, 2, 3].

At the same time, there are much fewer such educational games in natural, technical, and other Sciences, as this is due to the very nature of these games. In the social Sciences, educational games usually imitate the production (or social) activity of the process in question and the human activity in it. And in educational games, for example in natural Sciences, there is no need or possibility to imitate human activity. They only need to teach students the laws of a particular science in a playful way. But it is quite a difficult task to link the training material with the corresponding training game. Since creating and using such games requires taking into account a large number of conditions [4, 5].

To date, a sufficient number of quite user-friendly training games have already been published for the first levels of training. For higher levels of education, i.e. universities, such training games are not enough. Therefore, the creation of educational games for the natural Sciences, in particular chemistry and biology, is an independent scientific, pedagogical and methodological interest.

At the same time, the simultaneous introduction of computer technology in the educational process of educational institutions opens up wide opportunities for improving the effectiveness of training, including gaming. Therefore, these technologies, being a new, rather complex object of use, can serve as a convenient tool, method and means of training, complementing traditional forms and methods of training. Thus, high rates of technology development and the use of computers for teaching students are becoming a mandatory component of the modern educational system.

One of the fundamental principles of the educational system is the principle of problem - solving. This principle shows that the acquired knowledge is recognized as the closest to the student, since a lot of effort was spent on its acquisition. A. A. Diesterweg noted: "Development and education cannot be transferred to anyone else. Anyone who wants to get closer to them must achieve this by their own actions, on their own, with their own intensity." We can say that this principle is strictly observed when using active learning methods and, in particular, in gaming activities. Information and computer technologies, including computer educational games, are one of the types that are used in teaching natural Sciences. [6,7,8].

Now the learning process faces the challenge of mastering educational information technologies (using computer technologies to describe a comprehensive, inclusive learning process) and introducing more intensive methods and forms into the educational process. It is necessary to speed up the adaptation of teachers and students to rapidly developing scientific areas and pedagogical knowledge. The use of information technologies in training has two aspects: on the one hand, they are the subject of study, and on the other - a learning tool. The teacher is no longer the main source of information, he becomes an intermediary that contributes to its preservation [9].

Computer games are a unique phenomenon of human activity that helps students develop their personality and acquire the necessary life experience. The game is necessary to prepare the younger generation for work. This can be an effective tool for training and education.

As a result of the theoretical study of the material, we were able to give a theoretical definition of the game, determine the most common criteria for classifying gaming activities and understand the functions and meaning of the game in the educational process. The inclusion of educational games or game moments during classes enriches the learning process, makes it more interesting, understandable and entertaining. When passing the acquired knowledge through themselves, simulating future professional activities, these acquired competencies, knowledge, skills, skills, students are stored in deeper layers of memory. Therefore, the use of game technologies in the training process can significantly increase the effectiveness of educational activities.

Within the framework of this project, experimental use and analysis of created educational games in chemistry and biology in the educational process of universities and schools was carried out. The main experimental research was conducted in AbaiKazNPU at the Department of chemistry, Almaty Technological University, as well as in the school-gymnasium No. 13 in Almaty and the Almaty College of construction and folk crafts, and in the Kazakh-Russian medical College at the departments of General education and pharmaceutical disciplines

The translation of the corresponding chemistry courses to game training has been prepared. At the Department of chemistry of KazNPU. Abay was transferred to the game training course "Qualitative analysis" [10, 11] for 2nd year students 5B011200-Chemistry and 5B060600-Chemistry, the special course " Active teaching methods "for undergraduates 6M011200-Chemistry and" Innovative forms of chemistry training " for doctoral students 7D011200-Chemistry. Computer programs were created for educational games in chemistry "Analytical Lotto" and "Chemical reaction", for teaching the chemical properties of cations and anions for two chemical classifications of ions (acid-base and hydrogen sulfide classification)," guess the element"," Organic molecule"," periodic table"," Classification of living organisms " (biology game). Other computer training games have been tested for their compliance with the proposed rules of games and their theoretical justification.

It was conducted analysis of scientific-methodical literature (Kazakhstan and abroad) according to the game teaching chemistry, reveals the types and classification of learning games was investigated psychological and pedagogical features of the combination of computer technology and game-based learning, designed educational computer games in chemistry. [12, 13, 14, 15]. 

Pedagogical experiment of master's and doctoral theses tested the effectiveness of the developed computer educational games in chemistry and biology. The results of the study are described and published in the press in the form of scientific articles. The analysis suggests that the use of computer games for educational purposes has a number of advantages over traditional teaching methods and has a good prospect for development and application in the education system [16, 17]. 

 Classes using the developed games have a positive impact on the level of students ' understanding of the theoretical issues of the chemistry course and contribute to the activation of educational activities;

It is revealed that studying a chemistry course based on modern technologies can significantly increase the level of knowledge, scientific culture, and confidence in students ' abilities.

The results of the research analysis can be considered as an indicator of the effectiveness of the applied method of game computer training. The use of computer educational games provides numerous advantages for both students and teachers. The research shows that the use of modern technologies inspires students, gives an impetus to joint study and increases academic performance.

The effectiveness of the proposed approach to the organization of the educational process is proved. The results of the research and the proposed methodology can be used by teachers to organize classes in chemistry, both as a General education discipline and as specialized disciplines.

Thus, we can draw a General conclusion: the use of game-based learning with the help of modern technologies in the educational process when teaching a chemistry course will motivate students  interest in the subject, as well as increase their cognitive activity and the level of mastering chemistry.

During the period of work on the project, two interim research reports were prepared for 2018 and 2019: 

- interim report for 2018, with the registration number№0218РК01326
- interim report for 2019, with the registration number №0219РК00880

Scientific novelty of the project. The scientific novelty of the project is the further development of the theory and practice of using game learning in such fundamental science as chemistry, based on the use of information and computer technologies. But the use of information and computer technologies in the creation and application of educational games in chemistry is carried out for the first time in the country and possibly in the world, because it is associated with the solution of a large number of technical and methodological problems. At the moment, no such sources have been found in the relevant national and world scientific educational literature.

Therefore, the scientific novelty of this project makes it possible to expand theoretical and scientific-practical knowledge in the field of game-based chemistry training through its computerization. Application of the project results will improve the quality of training of specialists and their adaptation to modern realities. As a result of this research, appropriate computer game programs related to the game method of teaching chemistry have been developed, which will improve the quality of chemistry education and increase students ' independence in mastering chemical skills. These developments can be used by students, undergraduates, doctoral students and teachers of the University and other educational institutions. The results of the project may be implemented on a commercial basis to all interested pedagogical universities in Kazakhstan and other CIS countries.

Project purposes. The purpose of this project was to synthesize the theory of game learning of chemistry developed at the Department of AbaiKazNPU with information and computer technologies to create a system of training computer games in chemistry and biology. The creation of such a system will significantly increase the efficiency of the chemistry and biology training process, improve the quality of game training, activate cognitive activity and independence of students. The basis for this is currently the existing science-based theory of game learning of chemistry, developed at the Department of chemistry of AbaiKazNPU. At the same time, educational computer and information technologies are widely used in the generally accepted practice of education to improve the quality of education.

Project objective. The main objective of the project is a scientific and practical justification of the possibility of combining educational games in chemistry and biology and information and computer technologies into a single system. For this purpose, it was planned to:

- develop a scientific, theoretical and methodological base for game training, create and select the best existing computer programs for various educational training games necessary for the project implementation; 

- selection and development of the most required educational games in chemistry and biology for translation into computer language and software;

- adaptation of the resulting computer programs to the chemical and biological properties of the subjects of study and creation on this basis of a new class of educational games in chemistry and biology;

- creating a Bank of computer programs for educational training games in chemistry and biology, which will expand the possibilities of using educational computer games, especially in combination with other software complexes, such as relatively accessible (text and image editors, tools for working with tables and preparing computer presentations), and complex, sometimes highly specialized (programming and database management systems, symbolic mathematics and statistical processing packages);

- study and identify opportunities for using new educational computer games in other modern innovative teaching methods in the teaching of chemistry and biology. Identification of the effectiveness of using educational computer games in the process of teaching chemistry and biology by evaluating them with tests, boundary control and passing exams, etc.;

- study and analysis of the quality of the results obtained and the usability of computer technologies in chemistry and biology. Testing of these programs in the educational process. Analysis of the implementation of computer games by teachers and students in the relevant chemistry and biology courses;

- research of psychological and pedagogical features of combination of computer technologies and game training;

- creation of appropriate educational and methodological support in the form of an electronic textbook, manuals, computer programs, guidelines, articles, etc.

MAIN PART OF THE RESEARCH REPORT

1           Computer technologies in game training
The project of the Ministry of education and science of the Republic of Kazakhstan on grant funding on the topic # AR05133811 "Use of information and computer technologies in teaching chemistry through game training" was received by the project team in 2018. The team of performers included the project Manager, PhD, Professor Akhmetov N. K., PhD, associate Professor Nurakhmetova A. R., PhD senior teacher Sagimbayeva A. E., senior teacher Manapov N. T., PhD doctoral student Elikbayeva M. O., master's student Galymova N. G.

1.1 Computerization of educational games in chemistry

The implementation of the project MES "the Use of information computer technology in teaching chemistry through game-based learning", as its name implies, was a quite different problem involving the solution of educational-methodical and information and computer questions. Or in other words, the synthesis of these components into a single whole on the basis of such a fundamental scientific discipline as chemistry. Therefore, the following important tasks were assigned to the project performers in a certain sequence: 

1) It was necessary to determine in which chemistry disciplines it is best to start creating appropriate educational games, since their future use in educational practice depends on this. That is, these chemical disciplines should be widely used in teaching a wide variety of specialties;

2) It was necessary to select the most necessary sections of the curriculum for the corresponding discipline of chemistry, in order to create training educational games for them;

3) After completing the above points, it was necessary to create and prepare for use in the educational process directly educational games in chemistry;

4) Conduct testing (or trial testing) of the developed educational games in educational settings with the participation of various groups of students;

5) Create appropriate computer programs of developed educational games for teaching chemistry students;

6) Conduct approbation (or trial testing) of computer-based educational games in chemistry in educational settings with the participation of various groups of students;

7) The results obtained (i.e., developed computer-based educational games) are combined into a single whole, creating a kind of Bank of corresponding computer games in chemistry on this basis within the General computer network of Abay Kaz NPU and having the ability to access the Internet.

After allocating the above tasks for work, the project performers made their subsequent implementation. So, as the main discipline for the work was taken qualitative chemical analysis of analytical chemistry. This choice can easily be explained by the fact that the discipline of analytical chemistry is taught in a wide variety of fields of medicine, agriculture, industry, etc., etc. The choice of chemical qualitative analysis as the object of work is due to the fact that it widely presents the most diverse types of chemical reactions and interactions that are necessary for all those who study chemistry in their professional activities. Therefore, the performers ' choice of the content of educational games for chemical qualitative analysis turned out to be quite obvious and, most importantly, chemical. 

Since in chemical qualitative analysis, the main knowledge is considered to be the basic analysis schemes, chemical properties and chemical reactions between reagents, performers were taken to perform the work, the following reference points in the knowledge of students:

· the need for students to know the main schemes of chemical qualitative analysis;

· students ' knowledge of most of the chemical properties of the corresponding cations and anions involved in the reactions;

· students ' ability to conditionally separate hypothetical mixtures of cations and anions based on their chemical properties.

On this basis, the performers developed and proposed for use in educational practice - educational games that received the conditional names "guess the element", "Chemical reaction", "Analytical Lotto". According to their capabilities, these educational games are designed to teach students the following knowledge:

"guess the element" - designed to teach students the physical and chemical properties of substances, individual cations and anions; 

"Analytical Lotto" - provides an opportunity to teach students the hydrogen sulfide and acid-base classifications of cations that are most widely used in analysis; 

"Chemical reaction" - teaches students in which direction chemical reactions are going, and which of them will occur, even with the simultaneous presence of various cations and anions in the same solution.

These developed educational chemical games were registered in the form of copyright certificates of the Republic of Kazakhstan ("Chemical reaction" No. 2893 of April 18, 2019; "Analytical Lotto" No. 2892 of April 18, 2019; "guess the element" No. 3500 of May 22, 2019), were reported at a number of international conferences [18-27, 29, 30, 31] and published as articles in scientific journals [19-24, 26, 27, 29].

In the single, unified teaching, this educational game was published in 2019, in the form of textbooks [42,43] the executors of the project within its scientific and theoretical substantiation and proof as fundamental the possibility of creating educational games for a separate rate, which is the rate of chemical qualitative analysis. The fact that it is simultaneously published in English, which is especially relevant in the context of the further spread of this language in the education system of the Republic of Kazakhstan, adds additional value to this textbook. In the same time frame, testing or trial testing of the developed educational games was carried out in various groups of students of the chemical Department of KazNPU; Almaty Technological University; as well as in the school-gymnasium No. 13 in Almaty, in the Almaty College of construction and folk crafts, and in the Kazakh-Russian medical College in the departments of General education and pharmaceutical disciplines.

Successful testing of the proposed educational games in chemistry made it possible to take them as a basis for creating appropriate computer programs for them and switch to computer application of the corresponding chemical games in training.

As a result of the work done, the project performers further developed computer programs for the above-mentioned educational chemical games. This confirmed the fundamental possibility of creating educational games for an entire discipline, as well as the possibility of their computerization in these conditions. Computer-based versions of educational chemical games mostly coincide with their non-computer counterparts in terms of their learning goals and main characteristics of tasks, but they are superior in visibility, mobility, motivation, and some other qualities. Unfortunately, due to the conditions of the coronavirus, a proper psychological and pedagogical analysis of games computerized by performers has not yet collected all the data and requires separate clarifications. The developed computer programs of games received author's certificates of the Republic of Kazakhstan [44], and were also reported and published in works [37].

The successful solution of the issue of computerization of educational games for an entire chemical discipline was secured by the project performers by creating and computerizing individual educational games for some other basic chemistry disciplines. Examples include relevant games in such important disciplines as organic and inorganic chemistry. For organic chemistry, this game is called "Organic molecule", and for inorganic chemistry "periodic table" and "Electronic formula". The scientific novelty of these games is confirmed by relevant publications and author's certificates of the Republic of Kazakhstan [45-51]. At the same time, it should be added that the scientific content of the educational material for the game "Mendeleev's table" is currently presented by one of the performers in a new alternative form from the generally accepted one [41] and is the subject of preliminary public discussion. For example, in the master's thesis performed at the Humboldt University in Berlin on the topic "an alternative approach to structuring the periodic table of elements-an interview-a study to assess the relevance of teaching chemistry in schools".

It should be added that the new equation for calculating the total number of electrons on the electron shells of element atoms in the periods of the table and the proposed new quantum States of electrons presented in the results of the work are confirmed by the author's certificate of the Republic of Kazakhstan [54]. 

The very same educational and methodological content of the presented educational games is that their main goal is to teach students the most important basics of inorganic and organic chemistry. So in the game:  

"Periodic table" - students are taught the features of the structure of the table, the correct understanding of the order of its filling and the ability to use it; 

"Electronic formula" - students understand the features of the electronic structure of the electronic shells of atoms of chemical elements, the sequence of their filling; 

"Organic molecule" - students are given the opportunity to understand the order of construction of organic molecules, taking into account the valence interactions between the corresponding atoms of carbon, oxygen, nitrogen, etc. The game also teaches you to understand the nomenclature of organic compounds.

Thus, when implementing this part of the project, the performers fulfilled the main task of the project. It is proved that it is possible to create and computerize educational games for various disciplines of chemistry (possibly for the first time in the world scientific and methodological practice). For a wider approbation (or testing) of the developed computer educational games in chemistry at various stages of their use, senior students and undergraduates of the Department of chemistry were constantly involved in conducting scientific and methodological experiments. Thus, as a result of their respective work, the following bachelor's and master's theses were successfully defended within the framework of the project:

in 2020:

Salikhanova G. Z. thesis " Computer educational games in chemistry»;

In 2019

 the master's thesis of K. E. Ashirbakieva "Scientific and methodological foundations of using computer programs in the application of chemical games»;

In 2020

Maisabekova master's thesis "the Role of information and communication technologies in the study of chemistry at school".

In addition, to improve the scientific and theoretical and educational justification of the project, the following PhD students of the Department of chemistry were involved in its implementation:

Medetbaeva Salima Adambekovna doctoral student of specialty 6D011200-Chemistry, topic: "The use of information and computer technologies in game teaching of chemistry»;

Elikbaeva Moldir Oralbekovna doctoral student specialty 6D011300-Biology, subject: "Theory and practice of game methodology in teaching biology lessons»;

Kaumbayev Sunnatulla Abduganiuly doctoral student of specialty 6D011200-Chemistry, topic: "Methodological features of using information and computer technologies in game chemistry training".

The corresponding results obtained by project performers, undergraduates and PhD students have a uniquely positive effect. They note that the use of educational games in chemistry increases the educational motivation of students, engages them and increases their interest in educational material, teamwork in a group. At the same time, and because of this, the average academic performance of students increases, their knowledge becomes more solid, permanent and long-term basis.

These results also indicate that the computerization of the developed educational games in chemistry takes the learning process to a new qualitative level in such conditions. 

1.2 Computerization of educational games in biology

The successful proof of the fundamental possibility of creating and implementing computer-based educational games in chemistry in the learning process of students set the project performers another additional task, which dramatically expands the project horizons. There was an interest to solve a similar question in relation to some other, the same natural scientific discipline, from another fundamental science. For this purpose, such a widespread and widely popular science as biology was chosen as the object of research.

The choice of biology to confirm the scientific views and results of the project performers was made for several reasons. First, biology is one of the main academic subjects in schools, colleges, medical and agricultural universities, corresponding faculties in universities and pedagogical universities. Secondly, the project itself is carried out at the Institute of natural Science and geography of AbaiKazNPU, where teachers and teachers are trained in biology. Third, the Institute has the appropriate scientific and pedagogical personnel that contribute to the proper implementation of the intended task. Fourth, the amount of work planned was partially limited in comparison with the corresponding amount performed for chemistry training games. Therefore, in the case under consideration, since the work was initiated, only two main issues were supposed to be resolved. This is proof, respectively: the fundamental possibility of creating the same as in chemistry educational games and computerization of these games for educational purposes. To address this goal, one of the executors of the project Elikbaeva M. O. was the planned subject for the degree of doctor PhD. The preliminary results of the dissertation work successfully proved both the fundamental possibility of creating such games in biology, as well as the possibility of their computerization.

To prove the possibility of creating educational games in biology, the most common biological topic for all students was chosen at the beginning - classification of living organisms. It is the main one and it begins the scientific study (training) of biology as a science. Currently, the classification of living organisms proposed in the 80-ies of the XX century by Margelis and Schwartz [54, 55, 56] is generally accepted, So it was taken as the basis for creating an educational game in biology, which received the conditional name "Classification of living organisms" [30]. Playing it, students have the opportunity in a relaxed game environment, to gain knowledge not only on the classification of living organisms, but also on the characteristic properties inherent in each of the existing kingdoms of organisms. An important advantage of this game is also its multilevel nature, which significantly expands its methodological capabilities. Along the way, when creating this game, another important educational and methodological issue was solved, related to the methodology of teaching students this necessary educational topic. Such a solved issue was the creation of a "classification Diagram of living organisms" [28]. With the help of this diagram, the content of the process of teaching students to classify living organisms has become clearer and more dynamic. An additional reinforcing emphasis has also appeared to explain the evolution of the process of development of living organisms on Earth. The educational game "Classification of living organisms" and the graphic image "Diagram of classification of living organisms" were submitted for obtaining copyright certificates of the Republic of Kazakhstan and received them [48, 51]. Then a successful computerization of this game was carried out, which confirmed the preliminary assumptions about the fundamental possibility of computerization of educational games already in biology.

To consolidate the conclusions about the possibility of creating computer-based educational games in the fundamental natural Sciences, the project proposed and computerized another educational game in biology, which received the conditional name " guess! Who is it? (or) What is it?» According to its game rules, this educational game has a great similarity with the similar game "guess the element", recommended in the project for teaching chemical knowledge. However, the proposed biological game has some separate advantages in terms of its coverage of educational material and the specifics of its use in various industries. This was also confirmed by a practical experiment on the use of this computerized game in the process of teaching various disciplines of biology. 

But in any case, both of these computer-based learning games have shown that they have great potential in terms of improving the effectiveness of the learning process in both chemistry and biology. This is due to a number of positive qualities of these games. Thus, the simplicity of their game rules makes it quite easy to develop appropriate computer programs for playing them, and then various working versions of these games designed to teach these academic disciplines. At the same time, an important advantage of these computer programs is their versatility and the ability to create multi-level and multi-variant games based on their educational complexity. This allows them to be used in teaching students from secondary schools to students, undergraduates and PhD students of higher educational institutions. While this layering and multiplicity of these developed and displayed educational games is an additional and independent scientific and methodological interest, because their successful use requires a large preparatory work on the theme of the content of games and develop an appropriate set of options for subsequent implementation. Such important features of the games under consideration create good opportunities for developing future master's theses and PhD theses based on them.

1.3 Creating a common Bank of educational games in chemistry and biology

As a result of the scientific and educational work carried out within the project, the following educational games were created for the first time for use in teaching chemistry and biology, which received the conditional names "Guess the element"; "Analytical Lotto"; "Chemical reaction";" Organic molecule"; " Guess? Who is it? What is it?"; "Classification of living organisms". For all of them, computer game programs were developed, also for the first time, allowing students to learn the relevant sections of chemistry and biology as part of computer training. 

In addition to the development and computerization of the games mentioned above, the corresponding game computer program is also being developed by the project's performers. The educational game in chemistry has the conditional name "Equalization of redox reactions". In this game, marked by the author's certificate of the Republic of Kazakhstan [49], from a completely new position, students are offered training in such an important and difficult section of chemistry as the ability to equalize oxidation-reduction reactions.

The availability of a sufficient number of computer-based training games within the project allowed the project performers to move on to the next task facing them. This important task was to create a corresponding conditional Bank of such games based on computer-based training games. For high-quality implementation of this goal, the necessary modernization of the computer purchased specifically for this purpose was carried out, after which the computer was connected to the General computer network of AbaiKazNPU.

As a result of this connection, users of educational games (University students and others) have the opportunity to directly participate in this new form of modern learning. The process of implementing this learning opportunity proceeds in the following order.

A server was created for games a signal server was Deployed address ws://*: 8081

External address: Signalserver.chemicalgames.kaznpu.kz

The following web applications were deployed on IIS:

	Name of the game
	Game address
	Port

	Analytical lotto
	http://loto.chemicalgames.kaznpu.kz/
	http://*:5021

	Chemical reaction
	http://reaction.chemicalgames.kaznpu.kz/
	http://*:5022

	Classification of living organisms
	http://biological.chemicalgames.kaznpu.kz/
	http://*:5031

	Organic molecule
	http://orgmolecula.chemicalgames.kaznpu.kz/
	http://*:5032

	Guess the element
	http://element.chemicalgames.kaznpu.kz/
	http://*:5033

	Guess? What is it? Who is it?
	http://element.chemicalgames.kaznpu.kz/
	http://*:5033


An important advantage and feature of the created Bank of educational games in chemistry and biology is its comfort in use. The content of the Bank provides for its easy filling with other newly created educational games and fairly accessible interchangeability of existing task options for other games and their further preservation.

The results obtained on the creation and computerization of educational games in chemistry and biology are currently partially implemented in the relevant sections of the educational process for the following courses and disciplines: 

- "Using modern ICT in chemistry" for doctoral students 8D01510-Chemistry;

- "Active methods of teaching chemistry" for undergraduates 7M01510-Chemistry;

- "Qualitative analysis" for bachelors 6B01510-Chemistry;

- Computer chemistry for bachelors 6B01510-Chemistry;

- Computer chemistry for bachelors 6B05301-Chemistry; 

- "Computer chemistry" for bachelors 6B01512-Chemistry-biology.

The implementation of the results obtained in the educational process was accompanied simultaneously by the psychological and pedagogical justification of this work. To this end, various sections of the published textbooks [42, 43] and scientific articles [18-41] of performers considered the most important issues related to scientific and theoretical and educational aspects of computer-based game learning for students. 

For better adaptation of students enrolled in these courses, the project performers have written the following tutorials:

- "Workshop on computer games in biology”;

- "Workshop on computer games in chemistry" (in print). 

Developed computer-based educational games were used in other educational institutions of Almaty for their wide distribution. For example, in the Almaty Technological University, in the Almaty College of construction and folk crafts, and in the Kazakh-Russian medical College in the departments of General education and pharmaceutical disciplines.

In addition to the conditional Bank with computerized educational games in chemistry and biology created and implemented for use in the educational process, the project performers prepared an electronic textbook on inorganic chemistry for the final complete content of training on it. This is due to the fact that most of the project concerns this important discipline of chemistry, as well as the need to create a unified sequence in this computerized system of teaching chemistry students. The electronic textbook was based on the textbook on inorganic chemistry by N. K. Akhmetov [57]. 

The prepared electronic textbook has the following output information and data: 


The complete multimedia chemistry course is designed to educate students in inorganic chemistry. The course has a full set of opportunities for obtaining extensive knowledge of inorganic chemistry in a visual, meaningful interactive form. It will also be an indispensable assistant for preparing for exams in educational institutions and for creating possible scientific and other creative projects. There is an additional opportunity to use it for self-study at home and during classes in computer classes. The interactive course includes: an illustrated textbook with lots of reference material; material for advanced study of chemistry; 58 interactive tutorials and animations; more than 300 chemical formulas; interactive periodic table; three-dimensional visualize of graphic formulas; more than 250 questions; search engine by keyword; guide to Internet resources; methodological materials; sound accompaniment.

Thus, analyzing the work on MES project on "the Use of information computer technology in teaching chemistry through game-based learning", it can be stated that the work on it proceeded wholly on the developed and adopted plan according to the schedule of work with appropriate standards adopted in the implementation of relevant projects. The project was consistently solved all the problems facing the beginning of the project.

The electronic textbook was created and prepared by the project participants.

As part of the project, a third-party organization, the Kazakh national research technical University named after K. I. Satpayev, was involved in the development and creation of appropriate computer programs. 

At the same time all these tasks were solved in a close relationship between them reaching the final version to achieve a common unity in the final result.
CONCLUSION

As a result of the work done by the team of performers, the project of the Ministry of Education and Science of the Republic of Kazakhstan on the topic No. AR05133811 «Use of information and computer technology in teaching chemistry using game learning» was fully completed in accordance with the planned schedule (Appendix B). According to this plan, an important educational and pedagogical task of practical implementation of computerized educational games in chemistry and biology into the learning process has received its comprehensive solution. At the same time, the process of implementation itself was scientifically-theoretically, educationally-methodically grounded and systematized with the necessary sequence for this, from which a clear path of its implementation followed. In other words, using the example of chemistry and biology, the project shows a general algorithm of action, including the choice of an educational topic, the creation of educational games for it, their computerization and further practical implementation in the classroom.So, the most typical example of this is the course of chemical qualitative analysis, which is discussed in detail in the project. In the corresponding sections of the training manuals prepared by the performers, the choice of educational material is justified; the created educational games and the methodology for their consistent and constant use in teaching this section of chemistry are described. Educational games «Guess the Element», «Analytical Lotto», «Chemical Reaction» were chosen as basic for use. Then these games were computerized, which increased their learning efficiency.
The successful solution of the problems of creating a system of computerized educational games for one chemical discipline was supported by the preparation of educational games for other important branches of chemistry, such as: inorganic and organic chemistry. There, educational games «Organic molecule», «Periodic table», «Electronic formula» and «Equalization of redox reactions» were created (and some were computerized).

Simultaneously, with the preparation and implementation of computer educational games in chemistry, work was carried out to create the corresponding educational computer games in biology. To implement this task, an important topic for biology was chosen to systematize living organisms. As a result, for teaching biology students, two computerized educational games were created, which received the code name «Guess? What is it? Who is it?» and «Classification of Living Organisms».


These games proved the fundamental possibility of creating computerized educational games for teaching biology. In parallel with the creation of the game «Classification of living organisms», within the framework of the project, the «Diagram of the classification of living organisms» was proposed for the first time, explaining the generally accepted classification of living organisms. Margelis and Schwartz from new scientific and methodological positions.

The presence of a sufficient number of created and then computerized educational games made it possible to combine them into a single, so-called bank of corresponding games. For this, a corresponding server was created in KazNPU named after Abai. 
The corresponding signaling server is deployed at:

ws: // *: 8081 External address: Signalserver.chemicalgames.kaznpu.kz
The following web-applications have been deployed on IIS:
	Gamename
	Gameaddress


	Port



	Analytical lotto
	http://loto.chemicalgames.kaznpu.kz/
	http://*:5021

	Chemical reaction
	http://reaction.chemicalgames.kaznpu.kz/
	http://*:5022

	Classification of living organisms
	http://biological.chemicalgames.kaznpu.kz/
	http://*:5031

	Органическая молекула
	http://orgmolecula.chemicalgames.kaznpu.kz/
	http://*:5032

	Guess the element
	http://element.chemicalgames.kaznpu.kz/
	http://*:5033

	Guess? Who is it? or what is it?
	http://element.chemicalgames.kaznpu.kz/
	http://*:5033


As a result of such a connection, potential users of educational games, and most importantly, the students of AbaiKazNPU received the direct opportunity to get acquainted and participate in the educational process using gaming technologies. The use of computer technology within the framework of the project was continued by the preparation of an electronic textbook on inorganic chemistry.The prepared electronic textbook has the following characteristics.


The complete multimedia chemistry course is designed to educate students in inorganic chemistry. The course has a full set of opportunities for obtaining extensive knowledge of inorganic chemistry in a visual, meaningful interactive form. It will also be an indispensable assistant for preparing for exams in educational institutions and for creating possible scientific and other creative projects. There is an additional opportunity to use it for self-study at home and during classes in computer classes. The interactive course includes: an illustrated textbook with lots of reference material; material for advanced study of chemistry; 58 interactive tutorials and animations; more than 300 chemical formulas; interactive periodic table; three-dimensional visualize of graphic formulas; more than 250 questions; search engine by keyword; guide to Internet resources; methodological materials; sound accompaniment.

An important advantage of the results obtained was the possibility of their application at the present time, without any delays. Therefore, within the framework of the project, they were introduced into the educational process in the following courses: «Active methods of teaching chemistry» for undergraduates 7M01510-Chemistry; «Use of modern ICT in chemistry» for doctoral students 8D01510-Chemistry; Qualitative Analysis Course for Bachelors 6В01510-Chemistry; «Computer chemistry» for bachelors 6В01510-Chemistry; «Computer chemistry» for bachelors 6В05301-Chemistry; «Computer chemistry» for bachelors 6В01512-Chemistry-biology.

Within the framework of the project, the training of relevant scientific and pedagogical personnel was carried out and is being carried out to further expand the scope of using computer game training for students. For this purpose, work is underway to prepare and defend three doctoral theses PhD:

1. Medetbaeva Salima Adambekovna doctoral student specialty 6D011200 - Chemistry, topic: «The use of information and computer technologies in the game teaching of chemistry».
2. ElikbaevaMoldirOralbekovna doctoral student of specialty 6D011300-Biology, topic: «Theory and practice of game methodology in teaching biology lessons».

3. KaumbaevSunnatullaAbdukaniuly doctoral student specialty 6D011200 - Chemistry, topic: «Methodological features of the use of information and computer technology in the game teaching of chemistry».


Two master's theses and a graduate work in a bachelor's degree have been defended: Ashirbakieva K.E. «Scientific and methodological foundations of the use of computer programs in the use of chemical games», Maisabekova A. «The role of information and communication technologies in the study of chemistry at school», thesis Salikhanov G.Z. «Computer educational games in chemistry».


Based on the results of the work, three articles have been published in journals with the Tomson Reuter Web of Science (WoS) citation base. Respectively in the USA, England and RK. Three articles were published in KKSON journals, 3 articles were published in a journal with a Kazakhstani impact factor, 12 articles at international conferences in neighboring countries. For use in the educational process of educational institutions, 3 textbooks have been published, including one in English.


1. «Game training in chemical analysis»;


2. «Game-based learning in chemical qualitative analysis»;


3. «Workshop on computer games in biology»;

The scientific and practical results of the work done are confirmed by the issuance of ten copyright certificates of the Republic of Kazakhstan.


1. «Chemical reaction». No. 2893 dated April 18, 2019.


2. «Analytical Lotto». No. 2892 dated April 18, 2019.


3. «Guess the Element». No. 3500 dated May 22, 2019.


4. «Classification of living organisms». No. 8347 dated February 21, 2020.


5. «New method for equalizing oxidation-reduction reactions». No. 4644 dated July 24, 2019.


6. «Computer program». No. 4240 dated June 26, 2019.


7. «Diagram of the classification of organisms». No. 8346 dated February 21, 2020.


8. «Electronic formula». No. 12497 dated October 12, 2020.


9. Copyright certificate «Educational game «Periodic table». No. 12680 dated October 19, 2020.


10. Copyright certificate «New equation and quantum state explaining the contradictions of the periodic table» No. 12127 dated September 22, 2020.
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to the Agreement № dated 2018

for grant funding

Under contract № 200 dated March 14, 2018

1.NAME OF THE CONTRACTOR:

REPUBLICAN STATE ENTERPRISE ON THE RIGHT

OF ECONOMIC MANAGEMENT "KAZAKH NATIONAL

PEDAGOGICAL UNIVERSITY NAMED AFTER ABAY "MINISTRY

EDUCATION AND SCIENCES OF THE REPUBLIC OF KAZAKH

1.1 By priority: "Mangilik el" (formation of the XXI century, fundamental

and applied research in the humanities).

1.2 By sub-priority: Basic and applied research problems of education of the XXI century.

1.3 On the topic of the project: № ARO5133811 “Use of information and

computer technologies in teaching chemistry using game learning "

1.4 Total project amount 22 103 651 (twenty two million one hundred three thousand

six hundred fifty-one) tenge, including with a breakdown by years, to fulfill

works according to clause 3:

- for 2018 - in the amount of 7,265,506 (seven million two hundred sixty-five thousand five hundred six) tenge;

- for 2019 - in the amount of 7,344,075 (seven million three hundred forty-four one thousand seventy five) tenge;

- for 2020 - in the amount of 7 494 070 (seven million four hundred ninety four thousand and seventy) tenge.

2. Characteristics of scientific and technical products for qualification featured and economic performance

2.1 Direction of work: Basic and applied research

problems of education of the XXI century.

2.2 Scope: Learning Process for Application of Game Learning chemistry in educational institutions.

2.3 End result:

- for 2018: Selection and preparation of educational games in chemistry for translation into computer language. 1 article will be published in the KKSON journal.

-for 2019: Development of educational computer programs for games on

chemistry. Creation of educational computer games for various levels of education. 1 article will be published in the KKSON journal

- for 2020: Creation of a bank of educational programs for computer games: Registration of computer programs in the form of copyright certificates, patents and

Educational and methodical works. Creation of an appropriate educational and methodological

Support in the form of a textbook, teaching aids, computer programs, guidelines, articles, etc. Publication of 2 articles in SCOPUS magazine.

2.4 Patentability no

2.5 Scientific and technical level (novelty). Preparing computer programs for playing chemistry training in Kazakhstan. As a result of this research will develop computer games programs. connected with the game method of teaching chemistry, which will improve the quality of teaching chemistry and increase the independence of students in mastering chemical skills. Project results can be implemented on a commercial basis to all interested pedagogical universities in Kazakhstan and other foreign CIS countries.

2.6 The use of scientific and technical products is carried out: the technology can be used by teachers in the process of teaching chemistry. masters, doctoral students, target consumers of the results obtained: universities. colleges and schools of the Republic of Kazakhstan.

2.7 Type of use of the result of scientific and (or) scientific and technical activities:

1. Theoretical research methods (analysis, synthesis, induction, deduction.

comparison, abstraction, generalization, concretization and modeling)

2. Study of normative documents for teachers and methodologists

3. Studying the experience of teaching subjects in general education

school, empirical (observation, study of pedagogical experience)

CALENDAR WORK PLAN

	Shiff

R

tasks,

stage


	Name of work on

The Agreement and the main stages of its implementation


	periodofexecution


	ExpectedResult



	
	
	Start


	ending


	

	1
	Collection and analysis of literature on the issues of chemistry play learning and chemistry play learning. Collection and analysis of literature on the issues of playing chemistry teaching in Kazakhstan and abroad. Improvement and creation of new educational games Graduation writingworks for bachelors and masters


	February 2018 
	June 2018


	There will be a collection and analysis of literature on the issues of playing chemistry teaching and on the issues of playing chemistry teaching in Kazakhstan and abroad. The tasks of the project and the distribution of functions of the executors will be determined. Information on issues will be systematizedgame learning in

Kazakhstan. New educational games will be improved and created. Will be prepared

graduation works for bachelors and masters and the defense of diplomas and

dissertations.



	2
	Preparation of material and technical base (computers, software).

Development of an action plan and an algorithm for their implementation for the implementation of computer technologies in chemistry game training. Selection of the most required educational games in chemistry for translation into computer language and computer software


	July 2018 


	to November 1, 2018
	The material and technical base (computers, software) will be prepared. Technical equipment will be purchased. An action plan and an algorithm for their implementation will be developed for the implementation of computer technologies in chemistry training games. The most required will be selected and selectededucational games in chemistry for translation into computer language and computer software

.

	3
	Experimental use of the created educational games in chemistry in the educational process of universities and schools.

Full translation of the relevant chemistry courses into game learning. Creation of computer programs for educational games in chemistry.


	January

2019


	June 2019


	Experimental use and analysis of the created educational games in chemistry in the educational process of universities and schools will be carried out. A complete translation of the relevant chemistry courses into game learning will be provided and analyzed. Computer programs for educational games in chemistry will be created.



	4
	Quality studyreceived material

ease of use of computer technologies in chemistry.

Research of psychological and pedagogicalcombination features

computer technology and game learning Plan development

Master's thesis and PhD recruitment

doctoral studies


	July

2019


	years up to 1

November

of 2019


	Will be exploredanalyzed the qualitydata received materials and ease of usecomputer technology in chemistry.

Will be investigated and

analyzed the psychological and pedagogical features of the combination of computer technology and game learning. Willplans developed

master's theses and recruitment for PhD doctoral studies. 2 articles will be published



	5
	The final selection and recommendations for the use of the best results obtained in the computerization of game learning (selection andpublication of copyrightworking computer programs for educational games in chemistry) in order to enter the registration of copyright certificates and patents.


	January

2020


	June 2020


	There will be a final selection and recommendations for the use of the best results obtained on the computerization of game learning (selection and

publication of copyright

working computer programs for educational games in chemistry) in order to enter the registration of copyright certificates and patents. The most significant results will be identified.



	6
	Publication of research results in the leading relevant journals of the country and the near and far abroad. Preparation for publication in the final version of the textbook on the use of educational computer games in the process of teaching chemistry. Finalreportoftheresearchgroupontheworkdone


	July 2020 


	to November 1, 2020
	The results of the study will be published in the leading relevant journals of the country and the near and far abroad (2SCOUPS) and publication of a textbook on the use of educational computer games in the process of teaching chemistry. There will be a presentation of the tutorial. The final report of the research group on the work done will be submitted




	From the customer:

The Chairman of state "Committee of science of Ministry education and science" national pedagogical Universitynamed after Abay"

______________Abdrassilov B.S. 


	From The Artist:

Rector of RSE on PVC "Kazakh

_______________Balykbayev T.O.

Reviewed by: project

Supervisor

______________Akhmetov N.K.
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Ha OKa3aHHe YCIYT M0 HAYHO-TIPAKTHICCKOM pabore

«YeTanoBKa W HACTPOHKA CePBEPA HIPOBLIX NPHAGKENHI 110 xityitiDy

E e LB OX e

PecnyGnmukanckoe rocyapeTBentoe MpeipUATHE HA TIPABE XO3AHCTREHHOIO BECHMsS
«Kasaxckuii HAUMOHAILHBIH NEArornucckuil YHHBEPCHTET HMenn AGasmy, HMeHYeMElli B
Aanbuedmem «3akasunky, B nune pexropa BanbikGaesa T.B., jeitctayiomero na ocHopannn
Verasa, ¢ omHoif cTopombl, M Hexommepueckoe akimoHepHoe ofmectso «Kasaxckwit
HaIHOHAILHBIH HMCC/IeIoBATeNLCKHIT TexHHuecknil yuupepcuter nmenn KU, Carnaesay,
MMeHYeMBlit B nabHeiimem «[ToCTaBIIMK», OT JIHIIa KOTOPOro BHICTYTIAET IPOPEKTOP [0 HAYKe
Cri3zsikoB A X., feifctBylommii Ha ocHoBaHMHM fnoBepenHocts Nel8 or 15.05.2020 roga, ¢
JZIpyToii CTOPOHBI, 3aKJIIOUHIIH HACTOANIMH JIOrOBOp B COOTBETCTBHM CO CTaTheli 24 1 26 3akona

PK «O mayke» ot 18 ¢espans 2011 roma, Ned07-IV (c M3MEHEHMAMH 1O COCTOSHMIO HA
13.11.2015r.) 0 HEKeEC/IETYIOMEM:

1. TIpeamer orosopa

1.1 B COOTBeTCTBHM C yC/OBHAMM Hactosuero Jlorosopa [locTaBiK 1o 3ajaniio
3aKazumKa OOA3YeTCs BBHIIOJHHTH KOMIUICKC YCIYT, CBA3AHHBIX C MEPEHOCOM HIPOBBIX.
TIpHIIOKEHHH noyxum Ha JOKATBHBIA CepBEp PACTIONOXKCHHBIi B 3MlaHuM 3akasiuka ¢
TocTetyIomel HACTPOHKOH H MOAKIIOUCHHEM K kommpioTepHoit cern KasHITY uvernn AS-:,‘
U1 BBITONHERHS 3aKasquKoM yeropuit [Tpoekta o Teme: Ne AP05133811 «Mznomom
AH(OPMAIHOHHO-KOMITHIOTEPHEIX ‘TexHOJOTHii TIpH OOYYeHHH XUMHH C mmmnm
oGydennsy, a 3aKasuuk obsi3yercs MpPHHATH Y‘m " owmm‘b/&l HEX Ha YCIOBHAX
mactosmero JloroBopa MpH HA/UIEXKANIEM ACHOTHEHHH TlocTaBIIHKOM CBOHX 00432

rOBOPY. e
o g TlepeuncrcHibie HIDKE AOKYMEHTSI # YCTOBMA,
JamHEH JIOroBOP M CYATAIOTCA €r0 beMIle

HACTOAIIHH
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3.1 [ocTaBumuk o6s3yercs:

1) oGecreunTs MOMHOe W HaIeKAMEe HCHOTHERNE BIFTHX fa ceb:

s % 06atenbers o
2) Ges NPEBAPHTEILHOIO HCHMEHHOTO COIACHS 3akazunka me we;

100 BBIIICIIEPEUHC/ICHHBIE OKYMEHTEL M HH(OpPMANHIO,

TIONE3OBATE Kakie-

OMe Kak

e i B UCIIX peanisaim
3) mo mepBomy TpeGoBaHMIo 3aKa3zuMKa [PEOCTABIATE uadopmanmio o

HCTIOTHEHNA 0053aTeNLCTB 110 JloroBopy; "

A)V BO3MENIATh 3aKA3UHKY CBOCBPEMCHHO H B HONHOM OGBEME MpHTHHEHHLH cvy
peabublii  YUICPO, Bh3BAHHbIE HEHAIIEKAUMM BhMONHeHHEM [locTaBimmkom  yononit
Jlorosopa, WM MHBIMH HENPABOMEPHBIMH JICHCTBHAMM, TONBKO B Cilyuae, ecid muma
IMocTaButKa A0KA3aHa H IPE/ICTABICHbI I0ATBEPAAIONINE JOKYMEHTEL.

5) 0 OKOHYAHHH PAbOT NPEAOCTABUTH 3aKA3HMKY HACTPOCHHBIH CEPBEp /LI POBE/CHUS
ceTeBBIX TP, He no3ymee 30 centsadps 2020 roxa.

3.2 [ocTaBuyK Brpase:

1) TpeGoBath oT 3aka3unka omnary 3a Yciyru no Jlorosopy;

3.3 3akazumk 00s3yeTCs:

1) obecrieunTs AocTyn crienuameros [locraimmka Juis npeocTasienns Yenyr;

2) NpesIOCTABATE JIOBEPEHHOE JIHMIO OT 3aKa3uMKa, KOTOPOMY TlocTaBmmk mepenact
TIOJTHOE YNPaBJIEHHE CEPBEPOM.

3) npu BHIABICHHM HECOOTBETCTBHI WIH HC/IOCTATKOB VeIyr  HesaMeutHTENbHO
TIHCEMEHHO YBe/IOMHTD [TocTaBIiKa;

4) npu nipuemke YCIyr OMHCaTh AKT NPHEMa-Tepe/aty Venyr (nanee AKT) B TedeHHe
5 (nsiti) paGoumx JHeH, TGO OTKA3aTh ¢ yKasaHHEM APryMEHTHDOBAHHEIX 0GOCHOBaHHI ero
HENPHHATHA. e, "

5) IPOH3BECTH OILIATY B OPA/IKE  CPOKH, YCTAHOB/ICHHEIC HACTOSTIAM JIOTOBOPOM.

3.4 3aka3umk BIpaBe: o 3 VN

1) IPOBEPATE KAUECTBO MPE/IOCTABIEHHEIX Venyr; .

2) B clryuae J0CPOHOrO MPEIOCTABICHHA YT,

Venyra u OIUIATHTH 33 HUX B COOTBETCTBHH C ¥




[image: image5.jpg]52 3a wucKmouenuem

ciydaen
KOHTPOJIBHOM  CHere

CeKBecTpa  u/mim
HATMYHOCTH

HellocTaTounoCTH

CooTBETCTBYIOMIX  Gro IeHer wa
miasuBaet [ocrasumky uTE B TOKETOB, e, )

puasisaet Tlocrasiuney mputtasomuecs ey cposerna b cpox, T
aka3Hl aunBa C el 5 YKasa ple.

3ax act [loctanumky Heycroiiky (1emio) 10 3z p O 0P TO

0,1% (HOTb UETBIX OAMH) OT MpHUMTAIOMICHCH CYMMBI 32 KK nem oo B PA3Nepe

ob1as Cy! & I 1

iMa HeyCToiiku (e e HE Ipocpon

S HEYCTOMKH (i) e 1o pepwnars 10 % or odu e
51 cnyuae o oo YMMEL

ot .n,“u TIPOCPOYKH  CPOKOB MpEeOCTABICHUs  Yenyr 'iummnxl“mmm
(wasickupac) ¢ Hoctanuuka weyctoliky (rmpad, newio) B pasvepe 0.1 % or oBer o
JOTOBOPA 38 K&XIBIH JIeHh NPOCPOUKH B oiywae MOMHOrO Hemenom oOmel cymmr

06513aTeNBCTB MO0 y/IePIKHBaeT (B3BICKHBAET) HEYCTOMHKY (wrrpad, ne,,m':cl:mi :‘”CTL:B"‘:"KM
CYMMBI HEHCTIONHEHHBIX 005I3aTEIbCTR 3a Kak/Iblii JIeHh POCPOUKH B cm‘l(as(p;ﬁ:;—. ).“ o
HCMONHEHHS (YACTHYHOTO HeucnonHenus) obssarenbeTs. [Ipn sTom obmas cymwa nlcmﬂu
(unrpadpa, iein) He 107KHa npesbiath 10 % ot o6miek cysms Jlorosopa. f iy

N 5.4 Vunara Heycroliku (mrrpada, nemu) e ocBoOOKIaeT CTOPOHBI OT BBINONHEHUS
0053aTeNbCTB, MPEAYCMOTPEHHBIX HACTOAIIMM nOFOBOpDM.

5.5 Eciu mo60e H3MEHEHHE BEJET K YMEHBUICHHIO CTOHMOCTH HIH CPOKOB.
HeobxoMbIX TToCTaBIMKY Uls mpejoctapienns Yeuyr mo Jlorosopy, To mexa Holunupz;
COOTBETCTBYIONIMM 00pasoM KOppeKTHpyeTcs, a B JIoroBop BHOCATCA COOTBETCTBYIONIHE
nompaski. Bce 3anpockl TlocTaBmmka Ha MPOBENCHHE KOPPEKTHPOBKH JIOMKHEL ObITH

NpebSBICHb! B TCUCHHE 30 (TpuanaTH) KajleHAApHBIX jHeit co and nosyuenns [ocrasumkom
pacropskenHs 06 H3MEHeHHsX oT 3aKazika.

% o1

6. Cpok JiiiCTBHSI H YC/IOBHS PACTOP/KEHIISI 10T0BOPA

6.1 JloroBop BCTYNAeT B CHIIY CO JHS TOJUTHCAHMSA 1 nefictyer 10 30 centsGps 2020
O/, @ B YaCTH B3AMMOPACHETOB JI0 NIOJIHOI CBEPKH Gyxranrepamu CTOPOH.

6.2 3akasuuKk MOXeT B J000¢ BpeMsi B OJHOCTOPOHHEM nopsIke OTKasaTbeA OT
HenonHeHMs  ycliosmil Jlorosopa, HanpasuB TlocTaBuMKy COOTBETCTBYIOLIEE MHCEMEHHOS
yBEZIOMJICHHE, €CIH TTocTaBIHK CTAHOBUTCS GAaHKPOTOM HIH HeaTexecrnocoOHsM. B oToM
Cityuae OTKa3 OT HCIOJIHEHHS yC/loBHii Jlorosopa OCYIIECTBIISETCA HOMEJUIEHHO, H 3aKA3THK HE
HeceT HUKAKOH (pMHAHCOBOH OOA3AHHOCTH MO OTHOMICHHIO K [MocTaBIIyKy IPH YC/IOBHH, ECIH
0TKa3 OT HCTIOJHEHHs ycioBHii [loroBopa He HaHOCHT yuiepba WK HE 3aTparuBacT KaKux-1m6o
npaB Ha COBEpIICHHE JeicTBHN WM NPHMCHEHHE camKiil, KOTOpbie ObUI HIH BynyT
BIIOCICICTBUH IPEAbABICHBI 3aKA3UHKY.

6.3 Bes ymep0a KakuM-1u00 APYTMM CAHKLHAM 32 napymesye yciosuit Jlorosopa
3aka3unK MOKeT PacToprHyTh Hactosummil Jlorosop [OJHOCTBIO MM HYACTHYHO, HaNpaBHB
IloCTABIIMKY HCHMEHHOE YBEJOMIICHHE O HEBRINOIHCHHH 00A3ATENBCTB:

1) ecnu IlocTaBlK HE MOXKET MPEJIOCTABHTE Vemyrn B CpoKH, TIpe/TyCMOTPEHHBIC
JIOroBOpOM, MM B TeUCHHE NMEPHOAA MPOICHHS macrosmero J{oroopa, TIpeI0CTABIICHHOTO
3aKa3quKoM;

2) eciu TTOCTABIINK HE MOXKET BHIIOJHHTE CBOM oGssaTeibeTBa 10 JIoroBopy-

6.4 JloroBop MOXeT GbITh PACTOPrHYT M0 COrJAICHHIO CTOPOH.

7.1 Jhioboe yBeomieHHe, KOTOpoe OfHA CTOPOHA HAnpaB/iCcT npymin
COOTBETCTBHH C JIOrOBOPOM, BEICEUIAETCSA OIUIaueHHBIM 3aKa3HEM TIHCHMOM HITH I
‘Tenekcy, pakcy, Tenedaxcy.

7.2 VBeOMIIcHHE BCTYNaeT B Cily TI0CJIe A0CTABKH WM B
B cunty (eciM ykasaHo B ymwnm)mmmwe’mmm





[image: image6.jpg]8. Dope-wamop

8.1 CTOpOHBI HE Hec; I

P YT OTBETCTBEHHOCTD 3a HEMCTIONHEHHE YCIIOBMIK Jororopa, e
SBHJIOCH PE3YTBTATOM (OPC-MAKOPHBIX 0GCTOATENLCTE. ety

8.2 TlocTaBmMK He Hecer 01

€T OTBETCTREHHOCTH 33 BRILIATY HEYCTOGK WIM pactopkente
Jloroopa B CHIy HCHCTIONHEHMS €TI0 YCIOBMi, €CIIM 3ajiepkka ¢ MCnonHenuem Jos
SB/SETCS PE3YIBTATOM HOPC-MAKOPHBIX 0GCTOSTETBCTB. iosgry

8.3 Jlnst nesteit JloroBopa «ope-Makop» 03HAYAET COOBITHE, HEMOABIACTHOE KOHTPOIIO
CropoH, W HMeIOIlee HeNpejBHIeHHbIi XapakTep. Takue coGhITHA MOryT BKNOuaTh, HO He
HCKITIOUHTENBHO: BOCHHBIC JICHCTBUSA, IPHPOJIHBIE WM CTHXMiHEIC GEICTBHA U pyTHeE.

8.4 Tlpn BO3HMKHOBeHHH (opc-MakopHbiX obctostensets [loctaBmuk  momken
He3aMEIUTHTENBHO HANPABHTL 3aKA3UMKY MHCEMEHHOE YBEJOMIIEHHE O TaKMX 0GCTOATENLCTBAX
M BX NPHYIHHAX. Ecin 0T 3aka3unka He MOCTYIAeT WHbIX MCbMEHHbIX MHCTPYKIHiA, [TocTaBimk
MPOLOJIKACT BHITOIHATH CBOH obszatenbeTa Mo JIoroBopy, HACKOJILKO 9TO HenecooGpasHo, i

BejeT TIOMCK ATBTEPHATHBHBIX CIOCOGOB BHIMOMHEHHA [lorosopa, e 3asucamix ot dope-
M@KOPHBIX 00CTOSTEIIECTB.

9. Pemenue CriopHbIX BONPOCOB

9.1 3akasunk u [10CTABIIMK JIOJUKHBI PHJIAraTh BCE YCHIHS K TOMY, 9TO0BI pa3pemmaTs B
IIpoitecce NPAMBIX TIPETOBOPOB BCE PAsHOIMACHS Hili CHIOPHL, BOSHUKAOLHE MEKITY HAME 10
JloroBopy HIIH B CBA3H C HUM.

9.2 Ecm nocJie TAKMX IeperoBopon 3akasurk i IIOCTABUIK HE MOIYT paspemiiTh crnop
110 JIorosopy, TO Jiio6as H3 CTOPOH MOKET TpeGOBaTh PEIICHHS STOTO BONPOCA B COOTBETCTRHH C

.1 er.7 u raasoi 3 - ITIK PK, uepes CrennamisupoBaibie MeKpaiiOHHEIE IKOHOMHIECKHE
cymsi Pecny6miku Kasaxcran.

10. Ipoune yc10BHS

10.1 Hanorm w apyre oGs3aTelbHbC IUIATEXH B Glo[KeT MOMIEKAT yIIare B
COOTBETCTBHH C HATOrOBBIM 3aKOHOJATEIECTBOM Pecmy6mxn Kasaxcras.

10.2 JTioGEie H3MeHeHHs | JOTIONHEH s K JIoroBopy coBepaioTes B TOH Xe opMe,.
1w 3akmodenue Jloropopa. g Y

10.3 Briecenue W3MeHeHWH B 3akmouenmbii Jlorosop npH
Ka4ecTBa M JIPrHX yCNOBH, ABHBLIAXCS 0OCHOBO BHIOOPA.
1) B uacti ymempueHus 1HGO YBEMUCHHS
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Manuscript Info Abstract

Masieserips fistory This paper deals with a new approach in the formation of periods in the
Received: 15 July 2020 Mendeleev's Periodic Table. Using a newly suggested formula and
Final Accepted: 18 August 2020 newly suggested quantum states for the external electron shells of
Published: September 2020 atoms of chemical clements, the author proposed the reconfiguration of

periods in the Mendeleev's table. The reducing of the number of

e oo s aiess! Deriods in the table is assumed, andihe matarial reproesnted in the peper
Friaiie Counen, ooty Froves it:The Sollowing. order of formation Of elocwon. Iyere. &

veis suggested: the principle quantum number (1), followed by the quantum
State of clectrons (first and second) which constitute the electron
configurations of subperiods, and only afler that - the remaining
quantum orbitals (s, d, . and p). [N.K. Akhmetov.Some ideas on the
Mendeleev's table.32793 520170821 Journalof American Science,
2017 (15x) (ISSN 1545-1003 (prin)i ISSN 2375-7264 (online).
ttp://www jofamericanscience.org). 1.

Cops Right, 174, 2020, Al rights reserved.

Introduction:
For almost 150 years up till now, chemical engineers of all the world have been using the periodic law discovered by
D. I Mendeleev and its graphic representation in the form of the Mendeleev” Table [1]. Afier a significant addition
made a bit more than a hundred years ago stating that the periodicity in the distinction of chemical propertics of
clements does not depend on the mass but on the charge of their atomic nuclei, we have been using the periodic
table so far almost without any essential changes in the substance and contont. This is another emphasis upon its
great significance for the chemical science. All the more so as it is one of the fow laws of science which has no full-
fledged mathematical formulation. The periodic table is a visual aid which demonstrates the link between the
clectron structure of the atoms of chemical elements and the location of these elements in the table. It explains the
specifics of chemical properties depending on the structure of electron shells of atoms. And it also proves the
primary structure of these electron shells [3.4].

Results and Discussions:-
Used by chemiststhe Mendeleev’s Table (figures 1) has its specific contradictions which do not let show its potential
€0 the full. For instance, the 1 s the between the ofinfilling specific
series of orbitals of various chemical elements related to various n (principal quantum numbers, or energy levels).

Corresponding Author:- N.K. Akhmetoy
ss:- Kazakh National Pedagogical University named afler Abay, Almaty, Kazakhstan.
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- new quantum states and a new formula for counting the number of electrons on the external electron shell of the
clements of periods and subperiods has been put forward;
- it has been revealed that at the start of all the periods of the modified table there occurs infilling of S-orbitals, then
p-orbitals in the 2 period, since d and forbitals are not there in this period. However, in the 3 and 4 periods there the
d and forbitals are infilled at first, and only after that - the respective p-orbitals are infilled. At the same time, in all
the cases the sequence of infilling of orbitals occurs in a strict order.

is shown that the order of filling the outer clectron orbitals of the atoms of elements by electrons corresponds to
the order of the sequence of finding elements in the periodic system, calculated according to the Mosley law.
- as a result, the performed calculations and reconfigurations made it possible to strictly structures and synchronize
the sequences of infilling the electron shells of atoms in chemical elements with their locations in the changed
Mendeleev’s table.
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Some ideas on the Mendeleev's table

NK. Akhmetov

Kazakh National Pedagogical University named after Abay, Almaty, Kazakhstan
e-mail: chinibayeva@mail ru

|Abstract: This paper deals with a new approach in the formation of periods in the Mendeleev’s Periodic Table. Using a
newly suggested formula and newly suggested quantum states for the external electron shells of atoms of chemical|
elements, a reconfiguration of periods in the Mendeleev's table has been put forward. It is assumed to reduce the
number of periods in the table, which is proved by the material represented in the paper. The following order of]
formation of electron layers is suggested: the principle quantum number (n). followed by the quantum state of electrons|
(first and second) which constitute the electron configurations of subperiods, and only after that - the remaining
quantum orbitals (s, d. £, and p).

[NK. Akhmetov. Some ideas on the Mendeleev's table. J Am Sci 2018;14(4):31-55]. ISSN 1545-1003 (priat); ISSN|
2375-7264 (online). http:/wwwiw jofamericanscience.org. 8. doi:10.7537/marsjas140418.08.
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