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Introduction 
In recent years, high technologies in the field of information transmission and processing have been 

rapidly developing, in particular, the creation of modern telecommunications systems has led to  
the emergence of new opportunities for organizing all levels of scientific and educational activities, 
which has led to a qualitative increase in the needs of information systems supporting scientific and edu-
cational activities [1]. 

Distributed information systems that support scientific and educational activities can work with 
various information systems. The main goal of creating a distributed information system supporting sci-
entific and educational activities is to accelerate the pace and improve the quality of information ex-
change in the scientific environment. One of the most pressing issues is the division of the unified com-
patibility of the information system and the work on the systematization of information resources into 
professional areas. These can be scientific articles, scientific documents, electronic collections, onto-
logical descriptions, data sets, logical descriptions, and so on. Semantic connections between informa-
tion resources increase their value and provide additional opportunities for searching and identifying 
information [2]. 
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To increase the effectiveness of research, it is necessary to have access to systematic informa-
tion resources of scientific work. Therefore, in any field of science, it begins with research, 
the search for scientific information, but with the growing number of scientific articles, books, 
monographs, patents, the search for information becomes more and more difficult. Creating a unified 
information system that allows scientists to quickly get acquainted with the results of other scientific 
research and prevent their duplication. The main tasks of creating a model of a distributed informa-
tion system that supports scientific and educational activities, the functional capabilities of 
the model, the concept of metadata, and the requirements for the metadata profile are described. 
The task, subject area, subjects, objects, the main functionality of the information system are de-
fined, a list of the main types of information resources is provided. The paper analyzes the functional 
requirements for such systems. Purpose. In the process of creating distributed information systems 
that support scientific and educational activities, it is necessary to study the requirements imposed on 
the information system. Methods. The article discusses in detail technological methods for construc-
ting models of information systems for supporting scientific and educational activities. Results. Using
the requirements, models, metadata of a distributed information system supporting scientific and 
educational activities, the architecture of the information system was developed and a scheme for 
exchanging information in the information system through information protocols was presented.
Conclusion. The article discusses technological methods of a distributed information system that 
supports scientific and educational activities. The main tasks for building a model of a distributed in-
formation system supporting scientific and educational activities, ensuring the functional functioning 
of the model, the concept of metadata for this system, and the requirements for the metadata profile 
are described. Based on the proposed requirements, the architecture of a distributed information sys-
tem supporting scientific and educational activities has been developed and the structure has been 
clearly described. 
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The paper considers technological methods for constructing models of information systems de-
signed to support scientific and educational activities. The model under consideration is that the deve-
loped model of an information system for working with scientific materials should solve the problems of 
long-term storage of information, organizing data search by attributes, accumulating and replacing 
metadata. 

 
Model of a distributed information system that supports scientific and educational activities 
The rapid development of global information and computing systems leads to a change in the fun-

damental paradigms of data processing, which is characterized as the transition to the use and develop-
ment of distributed information resources [3]. Therefore, the most important goal associated with  
the technology of working with information is to study approaches to the compatibility of distributed 
data sources. 

Compatibility of information resources refers to the presentation of them depending on the purpose 
of their use, the storage of various information in their composition, and the provision of user-friendly 
interfaces. At the same time, resource aggregation should not be carried out physically. The main thing 
is that it provides the user with the information available in a single way. In particular, regardless of  
the specifics of access to information systems in electronic libraries, it is necessary to ensure the opera-
tion of heterogeneous databases or data, ensuring the effectiveness of the user in searching for Informa-
tion [4]. 

An urgent problem is the creation of a model of a distributed information system that supports sci-
entific and educational activities: 

– Unification of efforts to exchange the results of scientific work; 
– Work with data and documents integrated into an open semantic space; 
– Description, presentation, and conversion of resources in accordance with the user's needs. 
The model should provide the following functions: 
– It is necessary to describe the article resources, including registration procedures, annotation pro-

cedures and steps for determining the format; 
– Analytical analysis of resources; 
– Access to published resources; 
– Monitoring the automated system of resources and updating their metasipatas; 
– Notify the user of the appearance and update of new resources. 
 
Select metadata profile 
Due to the large amount of scientific data in the internet, the problem of document search is at  

the forefront, and metadata can be used to systematize it. 
Metadata is an effective tool for describing information objects. Meteors have a special character in 

relation to the field of resource use. Metadata can describe objects in the information space and in rela-
tion to the real world. Metadata of information resources can be stored separately (Fig. 1) [5]. 

 

 
Fig. 1. Metadata structure 

 
Metadata can provide a description of additional information about the document. For example, you 

can see the author, title, short abstract, and so on. 
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Metadata – data about data – data describing entities presented in information systems are the cha-
racteristics of the entities described for the purposes of their identification, search, evaluation and mana-
gement. 

Metadata is structured information that describes, explains, and indicates the location of an informa-
tion resource. 

Different approaches to metadata classification are possible. Metadata classifications have the right 
to exist according to their functions, according to the levels of semantic abstraction, according to their 
properties, according to the levels of information architecture to which the described resources belong, 
as well as according to a number of other criteria [6]. 

The main types of metadata: 
Descriptive metadata-metadata describes the content of a resource (for example, it is a set of values 

of metadata elements of the Dublin Core), its bibliographic data (if it is a publication), annotation, re-
source identifiers (for example, URI or DOI, etc.); 

Structural metadata – metadata characterizes the overall structure of the resource and its compo-
nents, the volume and other similar properties of the described resource; 

Administrative metadata – serves for the management and administration of electronic collections 
and other information resources. 

A special type of data is an identifier, whose task is to unambiguously represent a digital object for 
the outside world and various applications. 

The main catalog of information resources of the information system metadata server is built in accor-
dance with the Dublin Core metadata scheme. The developed scheme takes into account the main require-
ments of this standard, and the metadata scheme is also expanded according to GOST 7.19 (MEKOF). 

The term “metadata schema” is widely used in the literature and, in fact, is synonymous with  
the term “set of metadata elements”. A metadata schema is a set of metadata elements, each of which 
has a certain name and semantics, takes values with established semantics, sometimes values from  
a managed dictionary. According to the recommendations of Dublin Core, an information object should 
have a basic set of attributes. The set of attributes of an object is expanded depending on its type. 

Metadata performs many functions in the systems that use it. Their specific functions and composi-
tion significantly depend on the information technologies on which the system is based, on its function-
ality, the properties of the information resources supported in it, the ways of their organization in  
the system, the specifics of their processing tasks, and on many other factors [7]. 

Metadata is necessary for solving the following tasks: 
– providing information about an object to obtain its content, structure, methods of use, etc.; 
– collecting and systematizing information about objects of description; 
– selection from a set of objects of a certain subset by formal characteristics and comparison of ob-

jects by formal characteristics; 
– internal technological tasks related to the preparation of objects, the placement of objects in  

the information fund, etc.; 
– external technological tasks related primarily to the exchange of data with external information 

systems. 
The implementation of subsystems of information systems should be based on open specifications 

related to international standards. Distributed information should be data synchronization in the system 
environment, for example, it should be distributed in the form of replication (Fig. 2). In addition, stan-
dard protocols such as OAI-RMN, OAI-ORE, SRW/SRU, Z39.50, and LDAP should provide cross-
network interaction. 

Metadata is needed to solve the following problems: 
– Providing information about the content, structure, application methods, etc. of the document; 
– Systematization and classification of needs; 
– Stage of organization of subsystems; 
– Support the exchange of external information systems. 
Metadata is divided into several classes: descriptive, structural, and administrative. 
Descriptive metadata-describes the content of information resources, for example, a set of values of 

metadata elements of the Dublin core Dublin Core, if it contains articles bibliographic Data, Annota-
tions, resource IDs, etc. 
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Fig. 2. Protocol of mutual network communication of subsystems of distributed information systems 

 
Structured metadata-describes the overall structure of a resource and its structure, resource size, and 

other similar properties. 
Administrative metadata-describes the date of creation of the resource, who created or changed it, 

who is the rightholder of resus, user access Authority, data on storage and copies of resources, and re-
source management data. 

For complex search and classification functions for information by attributes, full-text search, it is 
necessary to provide the ability to view resources by category and dictionary classifiers. Due to insuffi-
cient interaction issues at the stage of developing their characteristics: agreements and recommendations 
for standardization of submitted documents, tools for harmonization of various information resources 
are poorly used. Interaction of Information Systems is understood as the degree of its ability to interact 
with other information systems, including people. But if the main burden of achieving mutual under-
standing in human communication (as in Information Systems) lies with the latter, which can handle 
poorly organized information, then it is necessary to ensure effective interaction between the correct, 
special technological methods of Information Systems, and general agreements are required. All this 
data creates the need to maintain compliance of schematic interfaces and protocols with international 
standards and recommendations. 

The standard application profile is developed on the basis of specific groups or functional tasks  
of users. This means that it optimizes the creation of metadata processing systems. Metadata profile  
the label can define the selected standard classes, subsets, additional features, and parameters required to 
perform a single function [8]. 

In the field of metadata for articles, it is necessary to have a list of specialized elements of special 
resources, to set dictionaries to describe the values of elements that complement or expand the set of 
values allowed in accordance with the standard. In addition, additional characteristics of the elements 
can be presented. 

The basis for the development of a scientific system are standards and international recommenda-
tions that form the profile of the scientific and educational system, which are aimed at solving certain 
requirements, the classes of standards necessary for performing specific functions are selected, represent 
a set of one or more basic regulatory and technical documents indicating their subsets and options.  
The metadata profile is the most important in the information system turnover [9]. 



Серикбаева С.К., Тусупов Дж.А.,    Требования к распределенным информационным системам 
Самбетбаева М.А., Серикбаева Ж.К.   для поддержки научно-образовательной деятельности 

Вестник ЮУрГУ. Серия «Компьютерные технологии, управление, радиоэлектроника».  
2021. Т. 21, № 3. С. 149–160  

153

The metadata profile must meet the following requirements: 
– Providing a description of the main types of necessary information supporting scientific and edu-

cational activities; 
– Ensure that access is open in accordance with the metadata description; 
– Provide the ability to specify extended characteristics; 
– Integration of information and ensuring information compatibility; 
– Ensuring sorting, systematization and classification of information; 
– Providing opportunities for placement and search of information in a distributed environment, in-

teraction with other systems; 
– Description of information and emphasis on the use of modern technologies [10]. 
 
Requirements for distributed information systems that support scientific  
and educational activities 
High requirements are placed on many Information Systems: ease of Use and ease of learning for 

the user; on the technical side – compatibility with various information systems and ensuring interaction 
with standard protocols. 

In the process of working with scientific documents, several requirements are formulated. It is 
possible to identify several sets of functional requirements that support scientific and educational ac-
tivities [11]. 

1. Accumulation of Information Resources. Collecting information it is necessary to use different 
types of data input: 

– enter user data; 
– data collection through special internet programs; 
– exchange of data from other information resources. 
2. Relevance of documents. For a distributed information system that supports scientific and educa-

tional activities, automatic accumulation of information on the internet can be both important and irrele-
vant. Therefore, the problem can be solved in the following ways: 

– creation of basic systematized formats for providing metadata about resources and structured 
definitions for classifying topics. It is necessary to describe the metadata of distributed information sys-
tems supporting scientific and educational activities and provide users with interactive web pages to create 
metadata in a certain format when placing resources; 

– distribution of information resources by users and experts depending on the version of access to 
the Web page system, as well as increasing the degree of reliability of information; 

– specify the search and classification space for information retrieval tools, as well as criteria for 
evaluating the quality of information entered; 

– use the resource classification scheme according to the needs of users and classify information re-
sources according to the scheme [12]. 

3. Relevance, completeness, and authenticity of documents. The issues of relevance and complete-
ness of Information documents are similar to the approaches to solving resource issues. And ways to 
determine the correct origin of information: 

– only verified (authenticated) users can enter interactive information for input; 
– setting restrictions on the scope of application of an agent performing automated information col-

lection systems; 
– conducting sorting in the process of exchanging information with resources of other imported in-

formation systems; 
– it is necessary to conduct methods of verification and classification of all entered information. 
4. Use of intelligent services in processing user requests. By user query processing services-must 

provide attribute search, Full-Text Search, Resource search by category, and semantic search (optional). 
5. Knowledge output. Partial automation of knowledge extraction can be used. The main approach 

to the proposed text is based on the type of semantic network, and the principle of its construction is 
based on the use of the frequency of conjugation of concepts in the text. Network user thematic terms 
are presented in the form of a tree, which means that it allows the user to navigate and greatly simplifies 
the processes of text search and research. In addition, this approach can be used to solve such problems 
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as classification and clustering of abstracts, text topics, semantic search, and so on. It is necessary to 
consider the following requirements for a distributed information system that supports scientific and 
educational activities that work with various types of information. 

6. Support for the architecture of decentralized information systems. This requirement is a necessary 
condition for the completeness, authenticity and relevance of the information. The experience of using  
a distributed information system that supports scientific and educational activities has shown the com-
plexity of creating centralized scientific systems that contain scientific information in one area of sci-
ence or in any other. 

7. Structure of the information space. In order to use complex functions of information search and 
classification, in addition to storing full-text information, it is necessary to search for information by 
attributes, search for full-text information, view resources by categories and classification dictionaries. 
This situation is characterized by the degree of specialization of the system in the selection of the clas-
sifier. 

8. Adaptive presentation of information. According to the requests of users of the distributed infor-
mation system supporting scientific and educational activities, it is necessary to increase the speed and 
accuracy of information search and selection without losing the quality of information search, take into 
account competence, time constraints when working in the system. It should allow users of a distributed 
information system that supports scientific and educational activities to obtain different levels of ab-
straction when presenting information from a brief description to a specific description of information 
objects for a quick search. 

9. Historicity of information. A special feature of scientific information is its rapid obsolescence 
and loss of relevance. For many types of information resources, it is important to keep all changes in  
the information in the database and the ability to restore it is necessary. For example, when changing  
a person's last name, place of work, information about authors may change over time. Therefore, it is 
necessary to use up-to-date information for subjects related to time intervals, taking into account  
the time factor. 

10. Archive. As noted above, the relevance of most scientific information becomes obsolete. But it 
is necessary to provide access to information resources for a long time. For example, they may require 
long-term legal documents, patents, or multimedia information at any time. At the same time, scientific 
reports of scientists in the field of science, speeches of scientists can acquire great historical value, gai-
ning significance over time. Therefore, it is necessary to support the possibility of long-term restoration 
of information resources. 

11. Application of Information Classification in the search for information. In order to use complex 
functions for searching and classifying information, in addition to preserving full-text characteristics, it 
is necessary to perform attribute search, full-text search, category and word-classifier search. The degree 
of selection of classifiers is determined by a specialized system. For the implementation of these func-
tions, there must be dictionary-classifiers that ensure the identification and classification of resources 
that support scientific and educational activities. 

12. Distribution support. With the rapid growth of the development of distributed information sys-
tems supporting scientific and educational activities in the world, the following requirements are im-
posed: 

– support for metadata standards for exporting and importing accepted data; 
– support for information exchange protocols between other information systems; 
– support for both user interfaces for communicating with internal resources and features at the sys-

tem level [13]. 
In accordance with the above requirements, we will consider the technology of creating a prototype 

of a distributed information system that supports scientific and educational activities. The main tasks  
of information systems are to collect, store, process information resources, register, update and ensure 
the processing of user requests. 

1. Accumulation and registration of Information Resources. Services for collecting and registering 
information resources can be carried out simultaneously. When performing the functions of collecting 
and registering information resources, it is necessary to solve the following tasks: 

– The task of sorting data. The information system receives information from any data source, so 
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many of them may be redundant. As a result of sorting information, the necessary data is selected from 
the information set included in the system; 

– The task of verifying data. Provides verification of the reliability and logical integrity of data. It is 
carried out on the basis of expert analysis and verification of compliance with the information entered in 
the database. It is carried out at the stage of preliminary information processing with the help of tools for 
monitoring the logical integrity of data; 

– Data compression task. It is carried out in order to minimize the storage of information resources 
in memory, as well as reduce the cost of transmitting data through communication channels; 

– The task of converting data from one format to another. Transfer of data from one information 
system to another is carried out when it is necessary and when data is transferred between different types 
of information in the system. 

The implementation of these functions is based on the use of the z39.50 and LDAP protocols in 
solving the problems of cleaning, verifying, compressing data, and converting data from one format 
to another. Common databases on different systems can be found using the same local client or in-
terface. This does not solve the problem of what the interface should look like or how it should be-
have, it depends on the user to choose the interface. The connection of library systems with the inter-
net and the development of the Z39.50 protocol open the way for access to an ever-growing array of 
bibliographic databases and full-text databases through a local automated system. The ability to di-
rectly connect users to resources offered by various computing platforms has increased the attrac-
tiveness of the Z39.50 protocol for libraries that connect institutional systems. As a result of using 
this protocol, it is possible to create distributed information systems that include databases of various 
organizations [14]. 

2. Storage of Information Resources. The system provides management and data storage of distri-
buted information systems, the structure in which various types of data are stored, their integrity and 
access to them. 

3. Processing of Information Resources. Processing information resources stored in the database al-
lows you to present the processed information to the user. When performing information processing 
functions in the system, it performs data collection, search for dictionaries and indexes. 

4. Relevance of Information Resources. Allows you to describe models and support the subject 
area of information resources in Information Systems. It is necessary to increase the relevance of 
Dynamic models of information systems by subject area. The relevance of Information Resources is 
achieved by including, deleting, and changing links to links between documents. When the structure 
of the subject area of information systems changes, the database scheme changes when updating 
information. 

5. Providing information resources to users. The main purpose of Creating Information Systems is 
to provide the necessary information resources at the user's request and to meet their information needs. 
To provide resources, you can use pull and push technologies: 

– Pull-technology is implemented on the basis of user initiative, providing mechanisms for sear-
ching and navigating information resources through user interfaces. 

– Push technology is used to distribute various types of information between users in accordance 
with certain rules and based on a specific user framework. Users registered in the system are notified of 
the receipt of new documents in scientific and educational activities [15]. 

To meet these requirements, it is necessary to create an Information Service or environment for  
the provision and exchange of metadata – structured information about information resources and prin-
ciples of access to them. Currently, many information centers engaged in the collection and distribution 
of metadata are actively interested in organizing interaction in order to exchange resources in them.  
As a rule, the basis for such a combination of funds is the development of a standard for the presentation 
of metadata, as well as the integration of arrays of normative reference information [16]. 

Within the framework of the tasks set, an Information System Architecture has been developed 
(Fig. 3), a multi-level DL architecture consisting of a data warehouse, a repository, a metadata server,  
an application server, a reference dictionary, as well as a software implementation of the developed ar-
chitecture will be used to systematize the resources of the Digital Library. 
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Fig. 3. Architecture of a distributed information system for supporting scientific and educational activities 
 
It was developed taking into account the need for scalability and scalability of the architecture due 

to the need to store and process large amounts of data, as well as the use of resources of cost-effective 
algorithms for machine (including deep) learning. Let's look at the main components of this system, 
which are shown in Fig. 2. 

The data warehouse is designed to store additional metadata about collections and their structure. 
They ensure the safety of electronic versions of articles, books, etc.and allow them to be accessed by 
external systems and users [16]. 

The use of electronic library materials depends on the availability of metadata to ensure effective 
and accurate viewing of content. Metadata must be generated when content is added to the digital li-
brary. Metadata and data should be logically linked to each other and, over time, there should be a reli-
able basic technology for managing logical communication between platforms and excessive geographi-
cal separation, everything will be implemented in a network distributed system. 

For effective operation of the application server, it is necessary to use a set of classifier dictionaries 
containing both classification signs and a set of basic terms (with order relations), in which the systema-
tization and classification of the material is carried out. 

A dictionary reference is a set of terms that make up a dictionary for describing the content of  
a document. It is supported by standardization bodies to develop a standard method for categorizing ma-
terials included in the archive. 

A clear categorization of material using a reference dictionary increases the likelihood that docu-
ments related to the search expression will be found when organizing a search in one or more electronic 
libraries as a result of the search. 

1) PostgreSQL-serves as a permanent storage for structured data. The main types of data stored in 
this database are: a) news and metadata; b) processed data at the level of various basic units of analysis 
(lexema / word / phrase / sentence / text), including vectorization, lemmatization, cleaning results, etc.; C) 
thematic modeling results; results of classification of news by various criteria (tonality, political science, 
social significance, etc.) 

2) ApacheSolr is a popular, rapidly developing open source search platform built on ApacheLucene. 
Solr is highly reliable, scalable, and fault tolerant, providing distributed indexing, replication, and load 
balancing, automatic disaster recovery, centralized configuration, and more. Solr supports the search and 
navigation functions of many of the largest Internet sites in the world. Since Solr has distributed search 
and replication capabilities, Solr is highly scalable. Here are some of the main features that solr pro-
vides: 

a) advanced full-text search capabilities; 
b) optimized for high volume traffic; 
c) open interfaces based on standards-XML, JSON and HTTP; 
d) comprehensive administration interfaces; 
e) easy monitoring; 



Серикбаева С.К., Тусупов Дж.А.,    Требования к распределенным информационным системам 
Самбетбаева М.А., Серикбаева Ж.К.   для поддержки научно-образовательной деятельности 

Вестник ЮУрГУ. Серия «Компьютерные технологии, управление, радиоэлектроника».  
2021. Т. 21, № 3. С. 149–160  

157

f) high scalability and fault tolerance; 
g) flexible and adaptable with simple configuration; 
h) next to the real-time index; 
i) extensible Plugin architecture; 
Distributed Search in Solr has the following limitations. Each indexed document must have  

a unique key. 
If Solr detects duplicate document IDs, Solr selects the first document and deletes subsequent 

documents. 
Solr offers simple keyword search support for complex queries across multiple fields and multi-

faceted search results. Search has more information about search and queries. 
If Solr's capabilities aren't impressive enough, its ability to handle applications with very large vol-

umes should help. 
The figure will contain the following subsystems: 
– Subsystem – a repository of digital objects that provides user and administrative WEB interfaces 

for accessing digital objects and collections, as well as compatibility interfaces with other subsystems 
based on open international standards. 

– Subsystem for managing current research information, which includes articles by employees, in-
formation about their participation in conferences and the implementation of research projects. 

– The subsystem will include user and administrative interfaces, as well as compatibility interfaces 
with other subsystems based on open international standards. 

– Subsystem for integrating distributed information resources based on Apache Solr technology. 
– Subsystem for accessing distributed information resources the basis of the technology is Nginx, 

Djang, Apache Tomcat. 
 
Conclusion 
The main functional requirements for working with documents of a distributed information system 

supporting scientific and educational activities are formulated. To date, all the necessary components for 
creating a qualitatively new scientific information system have been developed and clearly systematized. 
A large part of science-centered distributed systems allow us to create a single environment for the ex-
change of scientific information. 
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Для повышения эффективности научных исследований необходимо иметь доступ к сис-

тематизированным информационным ресурсам научной работы. Поэтому в любой области 
науки она начинается с исследований, поиска научной информации, но с ростом числа науч-
ных статей, книг, монографий, патентов поиск информации становится все более и более 
сложным. Создание единой информационной системы позволяет ученым быстро знакомиться 
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с результатами других научных исследований и предотвращать их дублирование. Описаны 
основные задачи создания модели распределенной информационной системы, поддерживаю-
щей научную и образовательную деятельность, функциональные возможности модели, кон-
цепция метаданных и требования к профилю метаданных. Определены задача, предметная 
область, субъекты, объекты, основные функциональные возможности информационной сис-
темы, приведен перечень основных видов информационных ресурсов. В статье анализируют-
ся функциональные требования к таким системам. Цель. В процессе создания распределен-
ных информационных систем, поддерживающих научную и образовательную деятельность, не-
обходимо изучить требования, предъявляемые к информационной системе. Методы. В статье 
подробно рассматриваются технологические методы построения моделей информационных сис-
тем поддержки научной и образовательной деятельности. Результаты. С использованием тре-
бований, моделей, метаданных распределенной информационной системы поддержки науч-
ной и образовательной деятельности разработана архитектура информационной системы и 
представлена схема обмена информацией в информационной системе посредством информа-
ционных протоколов. Заключение. В статье рассматриваются технологические методы соз-
дания распределенной информационной системы, поддерживающей научную и образователь-
ную деятельность. Описаны основные задачи построения модели распределенной информа-
ционной системы, поддерживающей научную и образовательную деятельность, обеспечи-
вающую работоспособность функциональной модели, концепции метаданных для этой сис-
темы и требования к профилю метаданных. На основе предложенных требований была разра-
ботана архитектура распределенной информационной системы поддержки научной и образо-
вательной деятельности и четко описана структура. 

Ключевые слова: распределенная информационная система, электронная библиотека, 
научная и образовательная деятельность, метаданные, функциональные требования, Z39.50, 
LDAP, PostgreSQL, Solr. 
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