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NAS RK is pleased to announce that News of NAS RK. Series of physico-mathematical 

scientific journal has been accepted for indexing in the Emerging Sources Citation Index, a new 
edition of Web of Science. Content in this index is under consideration by Clarivate Analytics to 
be accepted in the Science Citation Index Expanded, the Social Sciences Citation Index, and 
the Arts & Humanities Citation Index. The quality and depth of content Web of Science offers to 
researchers, authors, publishers, and institutions sets it apart from other research databases. 
The inclusion of News of NAS RK. Series of physico-mathematical in the Emerging Sources 
Citation Index demonstrates our dedication to providing the most relevant and influential content 
of physics and mathematics to our community. 

 
 
Қазақстан Республикасы Ұлттық ғылым академиясы "ҚР ҰҒА Хабарлары. Физика-

математика сериясы" ғылыми журналының Web of Science-тің жаңаланған нұсқасы Emerging 
Sources Citation Index-те индекстелуге қабылданғанын хабарлайды. Бұл индекстелу барысында 
Clarivate Analytics компаниясы журналды одан əрі the Science Citation Index Expanded, the Social 
Sciences Citation Index жəне the Arts & Humanities Citation Index-ке қабылдау мəселесін 
қарастыруда. Webof Science зерттеушілер, авторлар, баспашылар мен мекемелерге контент 
тереңдігі мен сапасын ұсынады. ҚР ҰҒА Хабарлары. Физика-математика сериясы  Emerging 
Sources Citation Index-ке енуі біздің қоғамдастық үшін ең өзекті жəне беделді физика-
математика бойынша контентке адалдығымызды білдіреді.   

 
 
НАН РК сообщает, что научный журнал «Известия НАН РК. Серия физико-математи-

ческая» был принят для индексирования в Emerging Sources Citation Index, обновленной версии 
Web of Science. Содержание в этом индексировании находится в стадии рассмотрения 
компанией Clarivate Analytics для дальнейшего принятия журнала в the Science Citation Index 
Expanded, the Social Sciences Citation Index и the Arts & Humanities Citation Index. Web of Science 
предлагает качество и глубину контента для исследователей, авторов, издателей и 
учреждений. Включение Известия НАН РК. Серия физико-математическая в Emerging Sources 
Citation Index демонстрирует нашу приверженность к наиболее актуальному и влиятельному 
контенту по физике и математике для нашего сообщества. 
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VISUAL MODELING OF THE MANIFESTATION  
OF THE ESSENCE OF MATHEMATICAL CONCEPTS  

AND METHODOLOGICAL PROCEDURES 
 
Abstract. One of the ways to enhance the effectiveness of mathematical education of schoolchildren is to 

actualize solutions to complex tasks by adapting modern science. This possibility arises in the identification of 
"problem areas" of mathematics education and the construction of generalized constructs that are associated with the 
"problem area". In this article, on the basis of the dialogue of cultures and means of mathematical and computer 
modeling structured stages of adaptation and technological constructs of actualization synergy in training at the 
study of the notion of limit of a function. Didactic mechanism of the development of the essence of this construct is 
the implementation of the model cluster founding, are equipped with the motivation, applied learning situations and 
tasks at different levels. Longitudinal study of problem areas allows us to effectively develop the intellectual 
operations of thinking, intercultural communication, creative independence and self-organization of the schoolboy. 

Keywords: mathematical education, dialogue of cultures, synergy, clusters of a founding, functional literacy 
activities, computer simulations, solve complex problems, limit of a function. 

 
Introduction. Young people of the modern world have become more intolerant of manifestations of 

established stamps in education, lack of flexibility in teaching influences, have become pragmatic in 
assessing the emerging circumstances of life, giving priority to building personal preferences and 
prospects for their future life. At the same time, intellectual operations of thinking (understanding, 
concretization, abstraction, generalization, modeling, analogy, associations, etc.), which underlie the 
formation of universal learning activities of trainees, have ceased to develop effectively in school 
education for various objective and subjective reasons. And in this process, the role of mathematical 
education is lost as one of the most effective tools for personal development and development of social 
experience of previous generations, including amidst grandiose applications of mathematics. Suffice it to 
mention the achievements of fractal geometry (B.Mandelbrot, M.Feigenbaum, M.Barnslow, E.Feder, 
V.S.Sekovanov, etc.), the theory of chaos and catastrophes (G.Khaken, E.Lorents, A.N. Kolmogorov , 
V.I. Arnold, G.G. Malinetskii, R. Tom, O. Ressler, etc.), the theory of fuzzy sets and fuzzy-logic (T. Zade, 
A. Koffman, R. Ronald, etc.), theory coding and encryption (K.Shannon, D.Huffman, L.S. Khill, etc.), the 
theory of generalized functions (L.Shvarts, L.V. Sobolev, I.M. Gelfand, A.Martino, V.P. Palamodov, 
etc.), etc. But it is under modern conditions of intensive application of mathematical methods in science, 
in the humanities, in technology and related sciences, and even in conjunction with information 
technology, these studies would certainly have to be reflected in the changing programs of school and 
university mathematical education. First of all, there is a growing need for the actualization of generalized 
constructions and relations in the content of school and professional mathematical education, connected 



ISSN 1991-346X                                                                                      Серия физико-математическая. № 1. 2018 
 

 
7 

primarily with the solution and research of complex problems by means of mathematical and computer 
modeling. As S.L. Rubinshtein [2] "... the generalization of the relations of objective content is, and then 
is realized as a generalization of the operations performed on the generalized substantive content; 
generalization and consolidation in the individual of these generalized operations lead to the formation of 
the corresponding abilities in the individual. " In such a paradigm, the teacher plays the most important 
role in improving the quality of teaching mathematics in high school. For example, ideally the future 
teacher should master the generalized content and methods of activity in the university so that when he 
comes to school, learn the school subject together with the students at the level of a well-founded entity, 
thus denying the so-called known "double oblivion" Klein. 

Our concept assumes that the teaching of mathematics should take place in an informationally 
saturated educational environment in the context of a dialogue between the mathematical, informational 
humanitarian and natural science cultures and the integration of the didactic efforts of the teacher and 
pupil in the direction of revealing the essences of the basic educational elements (established symbolic 
forms, concepts, theorems, procedures, algorithms, ideas). And similar processes are directly related to 
synergetic effects and mechanisms of perception of complex information by the student's personality, the 
development of his mathematical abilities and creative independence, the construction of special 
procedures for mastering mathematical sign forms, objects and phenomena. As a result of such cognitive 
activity, the growth of educational and professional motivation, the development and self-development of 
thinking, and the expansion of experience and culture in the context of applied and professional 
orientation will be noticeable. Therefore, the alignment of stages and hierarchies in the process of level 
identification of the essences of mathematical forms, concepts and procedures by means of visual 
modeling is the most important mechanism to overcome the formalism in mastering the content of 
mathematics and represents a serious and far from solved problem in the didactics of mathematics. 

Methodology, theory and technology. The realization of the announced concept is connected with the 
mastering of complex knowledge by the means of mathematical and computer modeling in a saturated 
information and educational environment. An effective tool for mastering complex knowledge can be the 
research and adaptation to the school or university mathematics of modern achievements in science that 
are vividly and significantly represented in applications to real life, the development of other sciences, 
high technologies and industries. The development of the philosophical concept of complexity (I.Kant, 
G.V.Gegel, I.Prigozhin, G.Khaken, V.V.Orlov, I.S.Utrobin, H.Alven, T.Vasilieva and others) is mediated 
extensive experimental material, practice and interdependence of integrative processes in science, 
technology, economics, social transformations and educational paradigms. Polyvalence, multiplicity, 
multipolarity, unpredictability, emergence and disequilibrium of the modern world cannot be unrelated to 
the categories of development of the essence of objects, phenomena and processes through the 
manifestation of the regularities of transitions to higher levels of complexity as components of a concrete 
general theory of development (V.V. Orlov, St. Bir, N. Winer, G. Neumann, and others). The researchers 
conclude that complexity is an integrating characteristic of the ability to self-organization when certain 
critical levels are reached. So French P.A. and Funke D. [8] define the RHC as a multi-step behavioral 
and cognitive activity aimed at overcoming a large number of previously unknown obstacles between 
fuzzy, dynamically changing goals and conditions. Psychological features of mastering complex 
knowledge were studied in detail by A.N. Poddyakov [1]. We further explore the directions of 
pedagogical support for mastering complex knowledge by students on the basis of adapting modern 
achievements in science to school and university mathematics with the manifestation of synergistic 
effects. 

1. The basic notion of the presented concept is the concept of foundation as a philosophical category, 
pedagogical technology and psychological mechanism of personality development [3]. What is the 
phenomenon of foundation? Funding is the term used in phenomenology (and in other sciences) to 
describe the relationship of ontological justification. E. Husserl defines the funding relation as follows: A 
is founded by B, if for existence of A it is essential that B, only in unity with which A can exist. The 
foundation ratio can be one-way (A is weighted in B) or two-sided (A and B are weighted into each 
other). According to the phenomenological teaching, all complex high-level acts and objectifications are 
grounded in the original simple acts and subjects. In pedagogy for the first time the concept of foundation 
was introduced by V.D. Shadrikov and E.I. Smirnov in 2002 [4] as the process of creating conditions for 
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the gradual deepening and expansion of school knowledge in the direction of professionalization and the 
formation of an integral system of scientific and methodological knowledge as the process of forming an 
integral system of professional and pedagogical activity. In connection with the revealed tendencies, the 
authors proposed to deepen the theoretical and practical components of the mathematical education of the 
future teacher of the natural-science profile by changing the content and structure of the natural-science 
and methodological training in the direction of strengthening the school component of natural-science 
education, with the subsequent establishment of the knowledge and experience of the individual at 
different levels. The fundamental difference between the structure-forming principle of foundation is the 
definition of the basis for a spiral scheme of modeling the basic knowledge, skills, and skills of subject 
(including mathematical) preparation of students of higher pedagogical universities. School knowledge 
will become a structure-forming factor, allowing to select theoretical knowledge from the higher-level 
subject area, through which the knowledge of the school is born. 

The problem, however, is connected with the fact that the generalized essence is complex, 
multilayered, multifunctional and difficult to master by many students. It is clear that such situations in 
the mastery of mathematics require the introduction of special procedures, stages and methods of 
cognitive activity of schoolchildren for the maximum possibility of updating the order parameters in this 
"chaos" of mathematical concepts. It is the dissection of the essence of the means of visual modeling of 
such "problem zones" in mathematical education that is possible by designing a dialogue of mathematical, 
information, natural and humanitarian knowledge with the manifestation of synergistic effects. 

2. It is this mechanism that serves as a visual modeling [6] as an innovative construct aimed at 
identifying the essence of mathematical concepts, procedures and situations based on modeling in 
teaching mathematics, it is necessary to lead to understanding. The main element is the centering of the 
student, the optimal inclusion of his perceptual, cognitive, reflexive, emotional-volitional, motivational 
and creative structures in the development of mathematical knowledge. The main thing is the adequacy of 
the a priori model and the results of students ' mental activity, conscious and leading to understanding. 
Visual simulation is an interactive triad: the person model – understanding. Necessary attributes of a 
visual simulation: the mutual transitions of sign systems: verbal, symbolic, figurative and graphic and 
specific activity; stability of perceptions of mathematical knowledge; the adequacy of the a priori and 
effective models; the selection and updating of basic educational elements; the sensitivity of the 
modalities of perception; activity cognitive processes. It is necessary to know the peculiarities of mental 
development of each student, types and hierarchy of models, means of optimization of logical structures, 
laws of perception and operation of sign systems, means of diagnosis of personality and intellectual 
operations, controlling and evaluating procedures, self-improvement and retraining of teachers. Therefore, 
the actual problem is the organization of the process of learning mathematics, when the views arising in 
the thinking of students reflect the basic, essential, key aspects of subjects, phenomena and processes, 
including through adequate modeling of mathematical knowledge. It is the identification and formation in 
the cognitive process of these nodal, supporting qualities of the object or the process of perception 
(perceptual model), adequately reflecting the essence of the object or process, and is the essence of the 
process of visual modeling. At the same time, the models fixing the procedure of mathematical actions in 
the process of research activity acquire special significance. 

   Since the essence reveals its reality in the totality of the external characteristics of the object, in its 
manifestations, revealing the essence through the philosophical categories of the internal, General, 
content, cause, necessity and law, first of all, we determine the component composition of the content and 
procedural characteristics of the manifestation of the essence. Content modus: symbolic, verbal, 
figurative-geometric and tactile-kinesthetic manifestations; procedural modus: historical-genetic, 
concrete-activity, experimental and applied educational situations and manifestations. Comprehension of 
the subject matter by students in a certain categorical field of knowledge and methods of activity, 
sufficient for the success and effectiveness of operating with it, does not necessarily coincide in the 
content and severity of the essential links. Moreover, it is possible to attach additional links that, together 
with the necessary links, create the integrity and hierarchy of the entity in this categorical field. This 
variability and mobility of the subject matter requires updating the step – by-step progress to its cognition 
and determines the third dimension of the essence-personal-adaptive in its characteristics, and determines 
the three-component integrity of the subject matter as an object of cognition in the course of cognitive 
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activity. Thus, we present the following structural and functional model of the essence of mathematical 
learning elements (Fig.One): 

 
Figure1 - Structural-functional model of the essence of mathematical learning elements 

 
3. Dialogue of cultures is a methodical mechanism: within the framework of this work it is used as a 

dialogue of cultures in its personal aspect (DCL), as communication of personalities of participants - DCL 
(Ук - ученик; Ул - учитель), carried out by them on the basis of a work of culture (PC), arisen in a 
certain facet of culture and / or represented in any of the possible incarnations, including the educational 
text created, including in the process of the DC. First of all, the DСL presupposes the spiritual 
communication of specific carriers of individual (personal) culture with the use of all the basic 
components of each individual. In real execution, the DCL is implemented as a kind of a triad in the field 
of meanings given by an ordered triple  "culture of one participant"; "PC culture"; "culture of another 
participant" . In the educational process, the teacher (UL) and the students (UC) in their various 
combinations (one - one, one - group, group - group, etc.) appear as participants in the DCL. The role of 
the teacher is to organize and manage the DCL until its completion and / or transition to a new DCL based 
on, preferably, those PCs that were created within the framework of the committed DCL. DСL in the 
methodical sense is an art (and a kind of technology) of such an organization of learning, in which 
dialogue participants need an outbreak of understanding, that is, "suddenly" a new (personally new) 
understanding of the PC under consideration. In other words, the technology of DCL is based on 
"dialectic as a dialogical art" (M. Mamardashvili), as the creation of own PCs; only then can we assume 
that there is a "thawing" of dialectics as a dialogical art. In our understanding, the place of DCL (in any of 
its variants) is the second stage of knowledge of a mathematical object. 

It is believed that the DCL was held if, as a result, a new work of culture (PC2) appeared for the 
participants, created in the process of communication as a result of a joint or individual transformation of 
the original PC1. Since along with the change in PC1 there are some changes in the participants of the 
DCL, the latter, if completed, makes sense to present the following scheme:  Ul - PC1 - Uk   Ul - PC2 
- Uk". The pedagogical mechanism for the inclusion of students in the DCL is the learning situation of 
"tension and success", organized, for example, on the basis of a personally perceived fragment of 
educational material, which is a particular example of an educational PC. 
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pools of attraction, fluctuation of initial parameters; finding min N (ε) and the implementation of the 
business game scenario in the research activities of small groups. The cluster of Foundation of the essence 
of the concept of function limit with the continuity of the content, forms, means, methods and 
technologies in the context of integration of computer and mathematical modeling of the processes of 
synergy, actualization and unity of mathematical knowledge from different fields, motivic and applied 
support of the processes of manifestation of the essence. 

5. Technological stages of the development of complex knowledge-based implementation of concepts 
of Tundrovaya experience of self, visual modeling of objects, processes and phenomena of the dialogue of 
cultures and personalities of the generalized model of cognition suggest a synergetic attributes by means 
of mathematical and computer modeling. Reliance on the identification of " problem areas "in 
mathematical education and adaptation of generalized designs of modern achievements in science to 
school and University mathematics as a means of manifestation of the essence of the" problem zone " is a 
key idea to improve the quality of mathematical education and the development of intellectual operations 
of students. 

Results. The situation of chaos in the processes of mastering mathematical knowledge and 
procedures by certain categories of students and students is not the last problem in education. This lack of 
adequate solutions to this problem leads to a formalism of knowledge, a low level of educational and 
professional motivation, an inadequate level of personal development of students, especially in the context 
of self-organization and self-development of the individual. In the present study, this problem is proposed 
to be solved by methods involving students in the dialogue of cultures, building and adapting the 
generalized constructs of complex knowledge that underlie the "problem zones" of mathematical 
education. These constructs are the samples of modern achievements in science: fractal geometry, fuzzy 
sets theory, generalized functions, coding theory, chaos theory and catastrophes, etc., solved by means of 
mathematical and computer modeling and adapted to the available level of mathematical competence of 
schoolchildren and students. In this respect, the parameters of order in mathematics education are also 
technologies of establishing the experience of the individual and visual modeling of objects, procedures 
and phenomena, actualizing the aspect of theoretical generalization, building hierarchies and stages of 
understanding the essence of mathematical concepts and procedures that promote the development of 
intellectual operations and the manifestation of synergetic effects in teaching mathematics. Namely, the 
concept and technology of mastering complex knowledge in the mathematical education of schoolchildren 
and students on the basis of adaptation of modern achievements in science to school and university 
mathematics were developed. The technologies of the identification of the experience of the individual 
and the visual modeling of objects, processes and phenomena are clarified, characteristics and a structural-
functional model of the essence of mathematical educational elements on the basis of hierarchy are 
developed. The graph of the coordination of the stages of manifestation of the essence in the "problem 
zone" and stages of the manifestation of synergy of mathematical education as a didactic mechanism and 
model of cognitive activity in the process of mastering mathematics with a synergetic effect is developed. 
The pedagogical experience of the pilot implementation of the developed technology of mathematical 
education shows its effectiveness in the growth of educational and professional motivation, the 
development of intellectual operations, improving the quality of teaching math students and students. 
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Аннотация. Мектеп оқушыларына математикалық білім берудің тиімділігін арттырудың біржолы күрделі 

есептерді шығру жолдаарын заманауи ғылымның жетістіктеріне лайықты етіп қайта жаңғырту.  Мұндай мəселе 
математикалық білім берудегі «проблеммалық аймақтың» пайда болуы мен «проблемалық аймаққа»  байланысты 
жалпыланған конструктарды құру мүмкіндігі белгілі болуына байланысты туындады.  Бұл мақала функцияның шегі 
ұғымын оқытуды зерттеудес инергияны қайта жаңғыртудағы математикалық жəне компьютерлік моделдеу құралдары  
мен  технологиялық конструкттың бейімделу кезеңдерінің диалог мəдениеті негізінде құрылған. Мұндағы конструкты 
меңгерудің дидактикалық механизмінің мəн-мағнасы, мативациялық-колдарбалық оқу жағдай атары кешенін фундирлеу  
кластер моделі жəне əртүрлі деңгейдегі есептер болып табылады. «Проблемалық аймақты» лонгитюдтік зерттеулер 
оқушылардың тұлғалық ойлауына, мəдениет араралық коммуникацияға, өзбетінше жасампаздық пен өін-өзі 
ұйымдастыруды тиімді жүзеге асыруға мүмкіндік береді. 

Тірек сөздер: математикалық білім беру, диолог мəдениеті, синергия, фундирлеу кластері, іс-əрекеттің 
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НАГЛЯДНОЕ МОДЕЛИРОВАНИЕ ЭТАПОВ ПРОЯВЛЕНИЯ СУЩНОСТИ  

МАТЕМАТИЧЕСКИХ ПОНЯТИЙ И МЕТОДИЧЕСКИХ ПРОЦЕДУР 
 

Аннотация. Одним из путей повышения эффективности математического образования школьников является 
актуализация способов решения сложных задач путем адаптации современных достижений науки. Возможность этого 
возникает при выявлении «проблемных зон» математического образования и построении обобщенных конструктов, 
связанных с «проблемной зоной». В данной статье на основе диалога культур и средствами математического и 
компьютерного моделирования выстроены этапы адаптации и технологические конструкты актуализации синергии в 
обучении при исследовании понятия предела функции. Дидактическим механизмом освоения сущности такого 
конструкта оказывается реализация модели кластера фундирования, оснащенного комплексами мотивационно–
прикладных учебных ситуаций и задач разного уровня. Лонгитюдное исследование «проблемных зон» позволяет 
эффективно развивать интеллектуальные операции мышления, межкультурные коммуникации, творческую самостоя-
тельность и самоорганизацию личности школьника. 

Ключевые слова: математическое образование, диалог культур, синергия, кластеры фундирования, 
функциональная грамотность деятельности, компьютерное моделирование, решение сложных задач, предел функции. 
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