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The article deals with the educational computer mathematics system, based in Kherson State
University and resulted in more than 8 software tools to orders of the Ministry of Education,
Science, Youth and Sports of Ukraine. The exact and natural sciences are notable among all
disciplines both in secondary schools and universities. They form the fundamental scientific
knowledge, based on precise mathematical models and methods. The educational process for these
courses should include not only lectures and seminars, but active forms of studying as well:
practical classes, laboratory work, practical training, etc. The enumerated peculiarities determine
specific intellectual and architectural properties of information technologies, developed to be used
in the educational process of these disciplines. Whereas, in terms of technologies used in the
implementation of the functionality of software, they are actually the educational computer algebra
system. Thus the algebraic programming system APS developed in the Institute of Cybernetics of
the National Academy of Sciences of Ukraine led by Academician O.A. Letychevskyi in the 80 years
of the twentieth century is especially important for their development.
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1. INTRODUCTION

Informatization of social activities, including informatization of educational and research
activities is one of the key technological challenges for the development of the information society
in Ukraine. Methodological, scientific, technological, psychological and pedagogical problems
associated with the use of information and communication technologies (ICT) in education,
particularly in the educational process, have been in the focus of Ukrainian scientists since 60-ies of
the XX century.

The recognized center of scientific research in Ukraine on problems of information science,
in particular, on the use of ICT in the education and science is V.M. Glushkov Institute of
Cybernetics of NAS of Ukraine. Mathematical and software tools of wide application large systems
created by the institute, were used in the hundreds of organizations [1,2]. Among them one can
recognize the complexes of programs for computer-aided teaching and scientific research. The
problems of ICT in the education are the main focus of researches of the International Research and
Training Center of Information Technologies and Systems of NAS and MES of Ukraine, which is
part of the Cyber Center of NAS of Ukraine.

In many universities of the country scientific groups were created and work actively in
issues related to the use of ICT in the education. Note, first of all, universities MIT, Carnegie
Mellon, Berkeley, Stanford, Taras Shevchenko National University of Kyiv, V.N. Karazin Kharkiv
National University, KNTU "Kyiv Polytechnic Institute”, KNU "Kyiv-Mohyla Academyy,
Dragomanov NPU, Kherson National Technical University, "Kharkiv Polytechnic Institute”,
"Kharkov Institute of Radioelectronics”, Kherson State University. We could continue this list.
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2 THE OUTLINE OF THE PROBLEM

Among specific results of these programs, other state efforts in this direction we can outline
the regular mass supplies of modern computer classes and other information technologies to
educational institutions, the organization and budget funding of developments of educational
software for both secondary and professional institutions in Ukraine, and other measures [3].

In this regard, general scientific, methodological and technological problems, related to the
organization of processes of creation, maintenance and effective usage of educational software
during its life cycle, acquire the special importance. The relevance of these problems is caused by
the following main objective reasons:

— Currently there are no industry standards for educational software, and existing
recommendations concerning quality indicators of both the products and processes of
creation of these tools are primary in nature, because they haven’t still passed the practical
tests.

— Several dozens of educational software, that have been designed to orders of MESYS, have
passed certification and methodical testing and have been implemented in the educational
process, are developed by different teams of developers, so there is a difference in concepts,
architectural approaches, technologies, software components and reusing  “alien”
technologies on the legitimate basis. net riraromna

— Almost all groups of educational software developers were essentially formed during
working on projects, they require advance training and experience exchange, effective
monitoring of their software by users.

The analysis of educational software in mathematics showed that there is a contradiction
between the potentially broad intellectual properties of modern professional computer mathematics
systems (PCMS) using symbolic conversion and computer algebra methods, and the practical
impossibility of effective enforcement PCMS in the educational process. This contradiction can be
solved by the development of educational computer mathematics systems (MECMS), in which
intelligent capabilities of PCMS will be focused on solving specific problems of the educational
process support. We can expect that this will lead to the creation of educational software systems of
a new type. Namely, MECMS should have well-defined intellectual capabilities, focused on
supporting the practical activities of users — students and teachers.

Thus, the research problem can be formulated as a study of the theoretical and
methodological foundations, functional requirements, mathematical models and methods,
technologies and tools of the creation of MECMS, that will meet conceptual methodological
requirements.

Under MECMS we understand educational software systems in exact, natural and other
educational disciplines that use mathematical models and methods of subject areas, based on the
technologies of symbolic conversion and computer algebra methods.

The research should cover MECMS for users of all educational qualification levels,
including undergraduates and graduate students

3 RESULTS

The analysis of information and model software of EIS and MECMS determines the use of
appropriate mathematical models, informational technologies and developing tools of EIS in
general and MECMS in particular.

Modern ISEP, including DLS, have to meet the following system requirements:

— support for work on any platform, over any network,

— standardized Internet-compatible interface,

— data storage in the standardized layout of educational information saving.

Therefore, it is important to follow the common standard for e-learning content and
management, particularly for saving layout of electronic teaching resources. The existing state
standards, 1SO 9001 define general requirements to the development of information technologies.
International standards are developed by the generally accepted Institute for Standardization and are
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recognized by developers de facto. At the moment such standard is one, developed by IMS Global
Learning Consortium [4]. IMS Standard provides open specifications for software and e-learning
resources development, as well as the support of activities within the distributed learning. The main
directions of IMS specifications development are metadata, content packaging of electronic learning
resources, tests and evaluation of the educational process as well as the content and educational
process management.

To maintain electronic teaching resources databases one should consider, while developing,
the possible conversion of data files in the specific format for easy transfer of these information
resources to other ISEP. Therefore, all metadata fields should be defined by the IMS specifications.
To enable communication between EIS (DLS), which are built on different technologies and
platforms, they use IMS-LDP (Learning Design Packaging) and IMS-CP (Content Packaging)
specifications. These specifications are described in the XML format. Standards for metadata define
the set of attributes, required for creating, saving, evaluating of educational objects. The
specifications describe such attributes of educational objects as type, author's name, owner's name,
date of creation, the format of the object and so on.

IMS Enterprise Information Model describes data structures that specify the operation and
interaction of distributed educational systems, namely: educational process management,
administration of students, administration of the library, human resources management.

The information management model supports the following 4 processes required for the
interaction of education systems with administration systems:

1. Personal data storage.

2. Learning groups management.

3. Registration management.

4. Processing and storage of final results (rating of student group, test results, implementation
of the course work program, etc.).

Information management model is created to define a standard set of structures that are used
for the exchange of electronic educational resources.

In MECMS testing with using simple types of tests is not the main form of knowledge
control. However, the overall process of mathematical knowledge evaluations meets the IMS
definition and therefore subjects to standardize “Kherson Virtual University" DLS is implemented
with all types of IMS QTI specifications. Because IMS is an open standard, the work is underway to
expand it to the "mathematical” tests.

Specifications of SCORM standard. Many IMS specifications were used in the development
of reference models, standards and national profiles. Thus, the Content Packaging, Metadata and
Simple Sequencing specifications became the part of the reference model in the content object of
SCORM standard, the Metadata specification established the basis of the IEEE LOM standard, and
became the part of Canada and Singapore national profiles as well. The Learner Information
specification became the part of the UKLea profile in the UK.

IMS specifications is the most supported and developing initiative of standardization in the
field of e-Learning. Among the IMS members — Oracle, Microsoft, Cisco, Blackboard, WebCT
corporations; Great Britain, Canada, Australia, U.S. governments; MIT, Carnegie, Mellon,
Berkeley, Stanford universities and many others.

SCORM (Sharable Content Object Reference Model) is an initiative of the ADL (Advanced
Distributed Learning) association, the project of the US Ministry of Defense, which aims to create
conditions for the development of reusable content objects for e-learning [4,5].

The current version of SCORM 2004 includes three IMS specifications: Content Packaging,
Metadata and Simple Sequencing. In addition, it includes the access model of the content object in
the process of reproduction, inherited from the AICC (Aviation Industry Committee on Computer-
based training) standard.

Thus, SCORM is the most popular on the e-learning market unifying standard for
specifications of various organizations. Also SCORM is one of the IMS specifications profiles.
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Now SCORM is widely supported by developers of e-learning technologies in the U.S.A. and
Europe.

The presence of clear eligibility criteria makes SCORM ideal for commercial organizations

and the presence of open to general use software testing tools rules out the manipulation of facts
while choosing a system or content.

The current version of SCORM is the "mandatory minimum® of specifications support in the

new versions of e-Learning software. Like the IMS specification, SCORM is an open free standard.

Development and implementation of MECMS is carried out:

on the basis of the functional requirements;

in compliance with national standards of quality [6,8,9];

taking into account the peculiarities of the development of educational software systems;

according to the technologies of development and support during the lifecycle of medium
and large software systems [7-9];
First of all, it concerns the informed selection of the development process model. We’ll

consider this reasoning on the example of MECMS for secondary schools.

The selection of the development process model is caused by the following factors:
Requirements of compliance with the national standards of quality.

Requirements of compliance with the international IMS, SCORN standards.

The peculiarity of the user’s requirements, which lies in the relative independence of the
major subsystems, modules and system components.

The presence of the first versions of software modules and software components of general
use that should be incorporated into the subsystems of "Student’s Workplace" and "
Teacher’s Workplace" levels.

The presence of the first versions of such CASE-tools as editors of certain types of
electronic didactic materials.

Terms of the agreement for scientific and technological developments lying in the fact that
the work is carried out in two year's stages.

Note that the enumerated factors are typical for the development process of distributed

software systems. Therefore, the decision to select the development process model can be
recommended as the default one.

Considering stated above, we chose the hybrid development process model, which is based

on the following principles:
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1. Each of the major subsystems (MWP, TWP, SWP) is developed independently from the

previous specification of interfaces based on standard network protocols of data exchange
and XML (eXtensible Markup Language) technologies of electronic documents
representation [10]. To represent the mathematical formulas we used XML language
extension — MathML language.

MWP subsystem is developed by the evolutionary model. The first version of MWP is
developed by a separate team according to the cascade model, then attested and implemented
on the server. Further development of the subsystem is carried out according to the
evolutionary model.

. TWP subsystem is developed by a separate team according to the evolutionary model on the

basis of previously designed components, then attested and implemented on the server.
Further development of the subsystem is carried out according to the evolutionary model.
SWP subsystem is developed by a separate team according to the hybrid model on the basis
of previously designed components (for the TerM system), then attested and implemented on
the KSU server. Further development of the subsystem is carried out according to the hybrid
model and consists in bringing of already developed educational software products to the
system standards and development of new software products according to the system
standards.
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Selection of system platforms and implementation technologies. The educational software
market is dominated by such system platforms: MS Windows, MacOC, Unix. Thus, there is an
objective basis for using of cross-platform programming languages such as Java. However, in
practice, such a decision can be taken only under the conditions of software projects "from scratch™.
Our projects use essentially software modules, components and technologies developed previously
for projects ordered for OS MS Windows

At the planning stage of the MECMS development process we used "MS Visual Project —
2002" tool, and "MS Visio" during the design process. The practice has shown the appropriateness
of its use, while simultaneously performing a project on the Microsoft platform. For the
simultaneous development of multiple software products on the cross-platform, it is more
acceptable to use SVN (Subversion) open system.

Actually the design was carried out by the technologies of object-oriented development [11]
and programming at MS Windows [12].

Analysis of the literature and our own experience have shown that the critical issue from this
point of view is the algebraic programming technologies supporting adequately the analytical
transformations and methods of computer algebra. Actual requirements to MECMS involve the
use of algebraic programming systems implemented under OS MS Windows. However, the
prospects require such technologies for other platforms as well. Thus, the central point in building a
cross-platform EIS of our architecture is the problem of implementation of algebraic programming
cross-platform technologies.

The implementation of the described architecture software and functionality has its own
peculiarities:

1. Implementation of MWP subsystem requires the database and Internet technologies. Thus,
the DBMS has to support remote administration via web interface. In addition, data tables of
users and messages, and other data tables should support data export in XML and SQL.
Therefore, we have chosen MySQL DBMS with the PHPMyAdmin web interface [13].

2. Implementation of SWP subsystem requires networking technologies on the level of the
operating system. Thus, it is just enough to use MS Windows API, including Socket
technology, as well as XML and MathML technologies for data transmission and processing
[14].

3. Implementation of SWP (object-oriented PMC) requires a wide range of tools of different
object-oriented modules and PMC components, which, in turn, have to use processing
technologies for all forms of media — text, graphics, multimedia. The practice has shown that
the most effective data storage technology for our purposes is XML technology.

4. Separately, we highlight the mathematical information processing technologies that allow to
create EIS quickly and efficiently, focused on the math, information and natural sciences. In
our opinion, the algebraic programming technology is the most adapted for these tasks.

5. The separate tasks of the PMC technologies are the implementation of editors for
mathematical formulas and geometric objects, editors for specialized physical objects and
chemical formulas editors.

"Mathematical Editor" (ME) and "Graphs" (GR) general purpose components are the
components of ActiveX. The ME component provides the user (client) with two interfaces for
interaction. One of them (_DMathEditor) provides with opportunities for the direct invocation of
methods and properties control. Another one (_DMathEditorEvents) is used to process events,
which are caused by the user. The component is the MathEnv7_9.ocx file. To implement it, we use
the wrapper, generated by the Visual Studio standard tools.

Let us consider the functions of the CASE-tools in software modules. CASE-tools include
Textbook Editor, Taskbook Editor, Exercise Editor, Handbook Editor. The purpose of CASE-tools
is to provide the user, who does not possess the professional programmer’s competencies (teacher,
methodologist), with an opportunity to edit and format the content of the appropriate software
modules. The main functions of these software modules are described below.
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Textbook Editor. The electronic textbook is created by XML-technologies according to the
SCORM standards. XML-documents define its structure, and the structure of the main menu, TOC,
Contents, Exercise fields.

The functions of the common interface (main menu).

The functions of the File Menu:

— Create Textbook creates a new textbook with an empty content.

— Open Textbook opens an existing textbook (the special format file) to edit it and make
changes.

— Save Textbook, Save Textbook as... saves the textbook in a file system.

— Save Paragraph saves the textbook paragraph.

— Print Paragraph prints the highlighted paragraph due to selected printing options.

— Exit saves textbook and closes the Editor.

The functions of the Edit Menu:

Support the editing process, namely: text moving (Cut-Paste) and text copying (Copy-Paste).

The functions of the View Menu.

With these functions, you can show or hide:

— the main toolbar (Main Toolbar command);
— the content window of an electronic textbook (Content Window command).

The functions of the Textbook Menu

Content Editor initiates editing the content of the textbook.

The contextual menu functions in the content window support the creation of new paragraph
sections, reordering of sections (paragraphs) in the content window and the textbook language
change function.

Save and Close saves the changes, made by the user and closes the edit window. Undo and
Close is used to undo last changes.

Title Editor allows you to edit the title of the electronic textbook.

The functions of Textbook Language menu manage to change the current language for
editing the contents of the electronic textbook (Current Language command) or to add/delete
languages of the electronic textbook (Textbook Languages command).

To edit the contents of the textbook section (paragraph) one can use any free distributed
editor that supports the Reach Text Format (. Rtf) in a separate edit window. The use of different
paragraph styles makes the text structured and automates the process of creating the appropriate
XML-documents.

The "Insert Formula" function creates a formula window and activates the mathematical
editor. To close the formula window one should click a mouse anywhere in the text field outside the
formula window.

Exercise Editor is designed to create and edit the contents of exercises offered in each
textbook section. Exercise Editor is created in a separate window of the Textbook Editor. The
following items can be edited:

— Text field of the exercise.
— Instructions field of the exercise.

Exercise Edit functions include:

— Create Exercise.

— Save Exercise.

— Edit Exercise Contents.
— Delete Exercise.

— Copy Exercise.

— Paste Exercise.
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Taskbook Editor is designed to create electronic Taskbook contents and modifications of
already created tasks. Taskbook Editor is created in the general Editor Interface of the electronic
textbook.

To edit the task one creates the special Task Editor window. Task Editor supports:

— Task Number.
— Task Contents.
— Task Type.

— First Task Formula / Hidden Task Model.

Editing the task terms is carried out by means of the Task Contents Window, including the
Insert Formula function.

Besides the task terms field, depending on its type, the first task formula or hidden task
model is stored and edited in the appropriate field.

Task Type is defined by whether the user should independently determine the formula,
which begins its solution (task model), or the formula automatically becomes the first formula in
solving the task, when the user performs the Start Solving function in Solution Environment. (Of
course, Task model is an attribute of so-called text tasks.)

Handbook Editor is designed to create and edit electronic handbook contents. Handbook
Editor is created in the general Editor Interface of the electronic textbook.

In many subject domains the solution of an applied task requires the transformation of
mathematical objects. The typical situation is as follows: the mathematical model of the object is
specified as a constructive mathematical object and the subject domain (training module) is
described as a list of allowable transformations of mathematical objects.

The applied task solution consists of logical valid transformations of an object, bringing it to
the necessary (simple) form — the answer. For example, the mathematical model of the object is a
system of linear equations, structurally defined by the augmented system matrix. Valid
transformations are elementary transformations of the matrix lines. In the task one has to find the
exact solution of the system.

The full list of mathematical models and methods of mathematical subject domains
transformations is defined by the functionality of corresponding PMC, which, in turn, supported by
the PMC architecture.

The typical example is a PMC TerM model. The basis of this model is a three-tier logical
architecture "client-server": Introduction — Educational Task — Algebraic Computation. Such tasks
are naturally solved by the algebraic programming methods. The most adequate systems of
algebraic programming are those, using copying technologies.

For years, APS have been used for prototyping various algebraic algorithms in scientific
researches. For tasks that arise, while developing MECMS, APS was used at the first time in the
development of AIST — the prototype of modern MECMS  The experience of APS using for this
purposes showed its effectiveness as a production system of MECMS kernel programming.

Educational
PMC User task »| PMC Program module
Taskbook Task Presenting (terms, solution)

Mathematical model of
the educational task

\ 4

Algebraic task transformation module

Transformation algorithms

Algebraic
computation
y

Algebraic computation module
Algebraic computation interpreters

Fig. 1. The object model of solving educational tasks.
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Transition to MECMS programming on MS Windows set the task of APS implementation as
the cross-platform system, developed for MECMS tasks. This problem was solved by V. S.
Peschanenko [15]. The practice of algebraic calculations programming showed the need to
formalize common approaches, to develop the mathematical model of algebraic computations and
methodology of its application. MECMS is a set of interacting software modules. The interaction
concept of MECMS modules is presented in Fig. 2

Main Window. Personification, Select language, The authors

Open

> Open g -

P Textbook P Exercises

> Taskbook ¢ L0ad Task Check Algebraic
| v compytatio

Algebraic module

> : "Exercises"

» Exercise book Save
1 Task

» Handbook B! Algebraic Module

J Transform | Automatic mode

» Solution d | Verify - Alg(_et?rai_c Module
—1 Environment »| Verification mode

» Solver Solve »{ Algebraic Module
> Solver

. Solve o Al -

» Graphs » Algebraic Module
—> Graphs

\ 4

Algebraic
computations
Server

Fig. 2. MECMS modules and their interaction.

The principle of reusing software components in the architecture of key educational process
participators’ workplaces can be specified as follows (Fig. 3): MECMS software components
classified as:

1. Software modules, designed for reusing:

1.1. without contents and functionality changes;

1.2. with contents changes;

1.3 with functionality changes.

2. Software components for general use.

The program modules of 1.1 type include: Methodist’s WP as a whole, TWP: "Group
journal™ PM, "Generator of educational tasks" PM, "Checking educational tasks" PM, "Methodical
consultant’s Help" PM, SWP: "Personification” PM, "Notebook" PM, "Help" PM.

The program modules of 1.2 type include the following object-oriented PM: TWP SWP:
"Textbook" PM, "Taskbook" PM, "Handbook" PM, "Exercises” PM.
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Electronic textbook (shell)
Philological and Social Sciences
Content Structure
Hypertext Structure
Navigation
Bookmarks
Activate exercises, tests, and other resources
Filling: text, tables, pictures
v

Electronic textbook (shell)
Mathematical disciplines

Filling: mathematical formulas, graphs, geometric figures.

v

Electronic textbook (shell)
Physical disciplines
Filling: physical formulas, schematic drawings

v

Electronic textbook (shell)
Chemical disciplines
Filling: chemical formulas

Fig 3. Form hierarchy of information representation, depending on the electronic textbook
subject.

The program modules of 1.3 type include: TWP, SWP, "Mathematical Editor" PC, "Solution
environment” PM, "Solver" PM (both server and client), "Graphs” PM (both server and
client side).

General software components were developed by the logical “client-server" architecture and
the implemented server Active X component.

The MECMS development was conducted jointly with the Institute of Cybernetics of NAS
of Ukraine. During the period of MECMS development and implementation at KSU they
defended 5 PhD theses. 1 doctoral thesis and 3 doctoral thesis were prepared for defense in
the physical-mathematical and pedagogical sciences. They published more than 70 articles
and methodical guidelines and got 10 author certificates. The total circulation of discs with
software products that were designed at KSU and received by Ukrainian schools is about 8
thousand.

The main MECMS, developed at KSU for the Ministry of Education, Science, Youth and
Sports of Ukraine:

Program methodical complex "Videointerpreter of searching and sorting algorithms"
Certificate UA1.092.85967-02. MESU Seal (letter Ne 1/11-3418 from 16.10.2002 ).
Software environment "Systems of linear equations”. Certificate UA1.092.111723-03.
MESU Seal (letter 1/11-2671 from 02.08.2002).

Program methodical complex "TerM VII» for the practical mathematical educational
support. Version 1 Release 05, version 2 release 03. Certificate UA1.092.84377-04. MESU
Seal (Minutes Ne 8 from 20.04.2004).

Software tool "Electronic visual library. Algebra, the 7-9 forms of secondary educational
institutions of Ukraine”. Certificate UAL1.003.0203239-06. MESU Seal (letter from
27.12.2006 Ne 1/11-7722).

Teaching software tool "Algebra, 7" Form". MESU Seal (MESU letter from 21.12.2007
Ne 1.11-9225).
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— Teaching software tool "Algebra, 8" Form". MESU Seal (MESU letter from 08.01.09
Ne 1/11).

— Integrated environment for "Basics of algorithms and programming™ studying in higher
educational institutions.

— Integrated environment for higher educational institutions for students' knowledge control in
economics and mathematics of 6.050100 "Business Economics”, 6.050101 "Economic
Theory" specialties.

— Development of integrated environment for "Analytical Geometry" studying.

4. CONCLUSION

Considering the changes of educational technologies and, accordingly, the general scheme
of ICT application in the educational process, we can offer the following view, formulated in the
form of conceptual methodological requirements for educational information systems:

MRL1. EIS should correspond with the form of the educational process

MR2. EIS should focus on all participants in the educational process.

MR3. EIS should focus on all types of training activities.

MRA4. EIS should be based on the subject knowledge.

The MECMS requirements structure and functionality were considered as the intelligent
information supporting system of the educational process. We offered the training module
mathematical model as the basic structural knowledge unit, focused on supporting the process of
acquiring procedural knowledge. Also this article developed the models of step-by-step solving of
the mathematical task as the sequence of elementary transformations of mathematical objects
(logical derivation), based on the models of training modules and the classification of elementary
transformations of these models. The main problem to be resolved in order to use re-coding
effectively is the problem of developing the structure of electronic didactic materials, the contents
of which depend on the MECMS subject domain: electronic textbooks, taskbooks, handbooks,
which describes the form changes of the submitted information depending on the subject
orientation. Fig. 3. Shows the variant of such e-textbook hierarchy.

Thus, the first result of the project should be the e-textbook editor, which is developed to
produce textbooks in mathematics (excluding a geometric figures editor). Besides general editing
functions, it should use general component "Mathematical editor".

REFERENCES

1. Lvov M. Discovery of invariant Equalities in Programs over Data fields /A. Letichevsky, M. Lvov //
Applicable Algebra in Engineering, Communication and Computing. — 1993. — Ne4. — P. 21-29.

2. Lvov M. Tools for solving problems in the scope of algebraic programming. / J.Kapitonova,
A.Letichevsky, M. Lvov, V. Volkov // Lecture Notes in Computer Sciences. — Ne 958. — 1995. —
P. 31-46.

3. Spivakovsky A. E. University as a corporation which serves educational interests/ Spivakovsky, A.,
Alferova, L., Alferov, E // Communications in Computer and Information Science 347 CCIS , pp. 60.
2013

4. Kravtsov H. Knowledge Control Model of Distance Learning System on IMS Standard / H. Kravtsov,
D. Kravtsov // Innovative Techniques in Instruction Technology, E-learning, E-assessment, and
Education. — Springer, 2008. — P. 195 — 198.

5. SCORM (2003). Sharable Content Object Reference Model (SCORM), Version 1.3, U.S. Advanced
Distributed Learning Initiative. [Enexrponnuii pecypc]: Pexxum moctymy: http://www.adlnet.org/. —
Ha3zga 3 expany.

6. Lvov M. Discovery of invariant Equalities in Programs over Data fields /A. Letichevsky, M. Lvov //
Applicable Algebra in Engineering, Communication and Computing. — 1993. — Ne 4. — P. 21-29.

7. Lvov M. Tools for solving problems in the scope of algebraic programming. / J.Kapitonova,
A.Letichevsky, M. Lvov, V. Volkov // Lecture Notes in Computer Sciences. — Ne 958. — 1995. —
P. 31-46.

34


http://www.adlnet.org/

ISSN 1998-6939. IHdpopmauinHi TexHonorii B ocBiTi. 2014. Ne 21

8. JIeBoB M. OCHOBHBIE NPUHIUIIEI TOCTPOSHHS MEIarorndecKuxX MPOrPaMMHBIX CPEICTB MOICPKKH
npaktuueckux 3aHsaTuid / M.JIbBoB // Ympamsromme cuctembl U Mammubl. — 2006. — Ne 6. —
C. 70-75.

9. Lvov M. Austrian-Ukrainian Project CENREC as Example of Information Support of Activity of
International Scientific Community. /M. Lvov, E. Kartashova // Tadopmauiiini TeXHOOTIi B OCBITI:
36. HaykoBux mpailb / Xepcon: Bua. XJIV.— Ne 3. —2009. C. 57-63.

10. Bradley N. The XML companion. [2-d Edition]. — London, New York: Addson Wesley Harlow,
2000. — 566 p.

11. TTon A. OO6beKTHO-OpHEHTUPOBaHHOE porpammupoBanue Ha C++ / [Tox A. — [2-e u3n.].— C.-I16.; M.
«Hesckuii nnanext»—u3a-80 «BMHOM», 1999.— 462 c.:u.

12. Huet G. Equations and rewrite rules: A surway / G Huet, D. Oppen // In V.Book, ed. Formal
Language Theory: Perspectives and Open Problems// New York: Academic Press, 1980. —
P. 349-405.

13. JTapu K. PHP u MySQL: co3nanue unrepHer-marasuna / apu K., Bamanecky D. — [ 2-e u3a.]. —
Wzn.mom Bunbsamc, 2010. — 640 c.: mi.

14. SIxko6con A. YHuUHUUIMPOBaHHEINA Mpolecc pa3paboTKu HmporpaMMHoro obecneueHus / SIkoOcoH A.,
Byu I'., Pam6o Jx. — CII6.: [Tutep, 2002. — 496 c.: un.

15. Ilecuanenko B.C. Po3mupenHs: cTaHmapTHUX MOJIYJIIB CUCTEeMH anreOpaigHoro nmporpamyBaras APS
JUIsl BAKOPUCTaHHA y cicTeMax HapyanbHoro npusHadenHs / B.C. [lecuanenko // HaykoBuii wacomnuc
HITY imeni MLII. [Iparomanosa: 36. Hayk.npaiib.- K.:HITY im. MLII. [Iparomanosa, 2005. — Ne 3 (10).
— C. 206-215. — (Cepis «KoMIT 10TepHO-Opi€HTOBaHI CUCTEMH HABYAHHY).

Carts Hapiiinuia go pexakuii 06.11.2014

JIbBoB M.C., Binuuk M.O.

XepcoHcbKM Aep:KaBHUM YHiBepcuTeT, XepCOH, YKpaiHa

KOHIENIIA CACTEMH KOMIT'IOTEPHOI MATEMATHUKH HABUAJIBHOI'O
IPU3HAYEHHS TA TPUKJIAJU ii PEAJIIBAIII

VY craTTi po3rNISHYTO CHUCTEMY KOMIT IOTEPHOI MaTeMaTHKM HaBYAJIBHOTO TPU3HAYCHHS
CTBOpPEHY Ha 0a31 XepCOHCBKOI'O JEP)KaBHOIO YHIBEPCHUTETY, Pe3yJbTaTOM YAOCKOHAJIEHHS SKOI
CTaJId TIOHAJ 8 TPOrpaMHUX 3aco0iB, pO3poOJICHUX Ha 3aMOBIICHHS MiHICTEpCTBA OCBITH 1 HAYKH,
MoIIoi Ta cropty Ykpainu. OcobmuBe Miclie cepell HaBYaIbHUX JUCIMILIIH SK Y 3arallIbHOOCBITHIX
HaBUAJbHUX 3aKJajiB, TaK 1 BHUINUX HAaBYAJBHUX 3aKjIaJiB 3aliMaloTh TOYHI Ta MPHUPOIHUYI
aucuuIulind. BoHu ¢opmyroTh ¢yHIaMeHTalbHI HAyKOB1 3HaHHS, M0 0a3yloTbCs HAa TOYHMX
MaTeMaTHYHUX MOJENSIX Ta MeToAax. HaBuambHWi mporec 3 IHUX AWCHUIUIIH Ma€ BKJIIOYATH HE
JMIIe JIeKIil Ta CeMiHapChKi 3aHATTA, a 1 aKTUBHI (OPMM HaBUaHHS: MPAKTUYHI 3aHATTS,
nabopaTopHi poOOTH, BUPOOHHMUY TMpaKkTUKy ToImIo. [lepeniueHi OCOOIMBOCTI JIUKTYIOTH 1
cneun(piyHi IHTENEeKTyalbHI Ta apXITeKTypHI BJIACTUBOCTI 1H(OPMAIIfHUX TEXHOJOTH,
MPU3HAYEHUX JUIsI BUKOPUCTAHHS y HaBYAJbHOMY MpOIEeCi 3 IUX AUCUUILIIH. OCKUIBKH, 3 TOUYKU
30py TEXHOJIOTIH, 110 BUKOPUCTOBYIOTHCS y peantizalii (yHKIIOHAJIBHOCTI MPOTrpaMHUX 3aco0iB
BOHU (D)aKTUYHO € CHCTEMOIO KOMII FOTEPHOI aireOpy HaBYAJIbHOTO NMPU3HAYEHHS. A OTXKE BaXKJIMBE
3Ha4YeHHs MpH iX po3poOIi mocigae cuctema anredpaiunoro nporpamyBaHHs AIIC po3pobieHa B
Incturyri kiGepHeruku HamionanbHOI akajgemii Hayk YKpaiHM MiJl KEpIBHULTBOM akKajemika
O.A. JletnueBcrkoro B 80-x pokax XX cropiyus.

KuirouoBi cjoBa: cucremMa KOMIT'IOTEPHOI MaTeMAaTUKH HAaBYAJIbHOIO IPU3HAYECHHS,
aBTOMaTH3alis po3poOKM, MaTeMaTU4HI METOAM, NporpaMHe 3a0e3NedyeHHs HaBYaIbHOTO
MPU3HAYCHHS.

JIbBoB M.C., Bunnuk M.A.

XepCcoHCKHI rocy1apCTBEHHbIH YHUBEPCUTET, XE€PCOH, YKpPauHa

KOHIENIHNS CUCTEMBI KOMIBIOTEPHO MATEMATHKH YYEBHOI'O
HA3BHAYEHUSA U ITIPUMEPDBI EE PEAJIM3AIINHN

B cratee paccMoTpeHa cucTeMa KOMIBIOTEPHOM MaTeMaTHKU Y4eOHOro Ha3HaueHUus
co3laHHas Ha  0aze  XepCOHCKOrO  TrOCYIapCTBEHHOIO  YHHMBEpPCHTETa,  pE3yJIbTaToOM
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YCOBEpIICHCTBOBaHMS KOTOPOH CTaju 0ojiee 8 MpOrpaMMHBIX CPEACTB, pa3pabOTaHHBIX IO 3aKa3y
MuHnuctepcTBa 00pa3oBaHMsI W HAYKH, MOJIOACKH W crmopTa YKpauHbl. Ocoboe MeCcTo cpeau
y4eOHBIX JAUCHUIUIMH KaK B 001e00pa3oBaTeNbHBIX YUEOHBIX 3aBEICHUH, TaK U BBICIINX Y4EOHBIX
3aBe/IeHUI 3aHUMalOT TOYHbIE M €CTeCTBEHHbIC TUCHUIUTHHBL. OHU GOpMUPYIOT (PyHAaMEHTaIbHBIE
Hay4YHbIC 3HAHHWS, OCHOBAaHHBIC HAa TOYHBIX MATEMaTHYECKUX MOJEISIX M MeTojax. Y4eOHbIN
MIPOLIECC MO ATUM TUCIUILUIMHAM JO0KHO BKIIIOYATh HE TOJIBKO JICKIIUH U CEMUHAPCKUE 3aHATHS, a U
aKTUBHBIE (DOPMBI O0YUYCHHSI: TPAKTUYECKHUE 3aHATHSA, TaOOpaTOpHbIe pabOTHI, TPOU3BOICTBEHHYIO
MpaKTUKy u ToMy mojoOHoe. IlepeuncieHHble OCOOEHHOCTH MAMKTYIOT U creuuduyeckue
UHTEJJIEKTyaJIbHbIE U ApPXUTEKTYpHBIC  CBOWCTBAa  WH(MOPMAIMOHHBIX  TEXHOJOTHH,
MpeIHa3HaYeHHBIX JJIS UCIOJIb30BaHUS B y4eOHOM IpOIEcce M0 3TUM JucHuIinHaM. [lockonbky, ¢
TOYKM 3PEHHUS TEXHOJOTUH, HCHOJB3YEMBIX B peanu3aliy (YHKIMOHAIHLHOCTH MPOrPaMMHBIX
CpeacTB OHU (PAaKTUYECKH SIBIISIFOTCSI CUCTEMOM KOMIBIOTEPHOM alreOpbl y4eOHOro HazHAayeHUs. A
3HAYUT BaXHOE 3HAUYEHHE TMPH MX pa3paboTKe 3aHMMAeT CHCTEMa alre0panvecKkoro
nporpammupoBanuss AIIC pazpaboranas B MHctuTyTre KmOepHeTnkn HammoHanbHOW akaaeMuu
HayK YKpauHbI I0J] pyKOBOJACTBOM akajieMuka A.A. JlernueBckoro B 80-x rogax XX cronerus.

KiloueBble cJjioBa: cucteMa KOMIIBIOTEPHOM MaTeMaTHKW y4yeOHOro Ha3zHA4YeHMS,
aBTOMAaTU3alMs pa3paboOTKH, MaTeMAaTHMYECKHUE METOJbl, IMPOrpaMMHOE obOecreyeHue y4eOHOro
HA3HAYCHUSI.
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