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1. Introduction

An important stage in the informatization of society is 
the gradual transition from classical paper documentation to 
electronic documents. The use of automated documentation 
management systems is of great importance in the modern 
information world.

Recently, users of traditional libraries have faced a 
number of problems when accessing library facilities, some 
of which include insufficient access time, distance barrier, 
bulkiness, large volumes and heavy weight of some printed 
books and other materials, which makes them inconvenient 
for mobility. In addition, library administrators and librar-
ians face difficulties in managing the library premises in 
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The paper deals with general issues of 
organizing access to electronic documents in 
the framework of scientific and educational 
activities.

Large volumes of already existing 
information, its continuous growth, 
the heterogeneous nature of storage 
and distribution, the lack of a unified 
way of working with it create many 
difficulties when using it. Awareness of 
these difficulties, qualitative changes 
in the field of information technology 
and telecommunications have led to the 
need to solve the problem of finding new 
approaches to the creation of repositories 
of information resources, their structure, 
and the development of tools necessary 
for users. Currently, such approaches are 
called “digital” or “electronic” libraries. 

According to the preliminary concept, 
an intelligent scientific and educational 
Internet resource will be an information 
system accessible via the Internet, providing 
systematization and integration of scientific 
knowledge, data, and information resources 
into a single information space, meaningful 
and effective access to them, as well as 
support for their use in solving various 
scientific and educational tasks.

Another problem of the organization of 
effective information support for scientific 
and educational activities is that, due to 
its diversity and multidimensional nature, 
scientific and educational information 
resources are dispersed on remote pages 
of many sites and in distributed electronic 
libraries and archives. To solve this 
problem, it is necessary to solve the problem 
of bringing such resources related to one 
area of knowledge into a single information 
space, and also, no less important, to support 
their logical integrity. Without solving these 
two related tasks, it is impossible to solve 
the main task – to provide all participants 
of scientific and educational activities with 
meaningful access to integrated information 
resources and means of their analysis.

The support of information systems 
in the field of scientific and educational 
activities is relevant, since the need for 
information always exists. In order to 
satisfy this need, it is necessary to organize 
access to various resources
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ing into account administrative and business management 
aspects. Finally, current research shows that traditional ed-
ucation management processes with promising information 
systems capabilities can be transferred to electronic services.

The paper [2] describes the developing technology in the 
field of databases that makes it possible to directly manage 
semi-structured documents in accordance with the require-
ments of business processes. In a business environment, there 
may be a number of possible document formats. Documents 
can be classified according to the organization of the basic 
data sets and according to the need and capabilities of the 
data included in the documents, depending on whether they 
should be fully or partially structured. The most advanced 
database technology provides tools for processing and ex-
tracting data using semi-structured and unstructured data. 

The work [3] is devoted to the creation of a conceptual 
model of an information system to support scientific and 
educational activities. The paper discusses the information 
needs of the modern user and information objects that de-
scribe the main entities of the scientific information space, 
such as publication, document, person, dictionary entry, 
function, and user, as well as the connections between them.

The paper [4] describes access to system information re-
sources of scientific papers. Therefore, in any field of science, 
it begins with research, the search for scientific information, 
but with the increase in the number of scientific papers, books, 
monographs, patents, the search for information becomes 
more and more difficult. Creation of a unified information 
system allows scientists to quickly get acquainted with the 
results of other scientific research and prevent their dupli-
cation. The paper discusses the technological techniques of 
distributed information systems that provide scientific and 
educational activities. The main tasks of creating a model of a 
distributed information system supporting scientific and edu-
cational activities, the functionality 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 defined, a list of 
the main types of information resources is given. The work 
analyzes the functional requirements for such systems.  

The paper [5] describes the potential of the scientific librar-
ies of the city in the information support of the objects of the 
scientific and educational complex and shows how the trans-
formation of the scientific and educational space affects certain 
areas of activity of scientific libraries. The existing ideas about 
the component structure of interdependent subjects of the edu-
cational sphere are updated. The potential of scientific libraries 
is determined, their documentary resources are characterized, 
taking into account social factors affecting the structure of the 
scientific and educational environment of Novosibirsk. It is 
argued that the accelerated integration of large universities and 
research institutes encourages scientific libraries of different 
status to develop new models of corporate interaction. With the 
disproportionate provision of scientific libraries of the city with 
information resources, it is advisable to form an adequate mod-
el of interaction between all participants in the scientific and 
educational process and create, based on the use of navigation 
tools, a system for informing about the resource capabilities 
of the entire conglomeration of scientific libraries of the city. 
The convergence of the resource base of the scientific libraries 
of the city may have a compensatory value for the information 
support of scientific and educational activities.

In [6], a comprehensive approach to building a model of 
competencies of a specialist in library and information activ-

organizing the cataloging of books and replacing used ma-
terials on their various shelves and materials, since there are 
often cases of loss or incorrect placement.

Document access technology based on the specific work 
of a research organization should meet the following basic 
requirements: interoperability based on open systems stan-
dards, integration into a unified information environment, 
distribution of documents across storage locations and de-
centralization of document collection administration, use of 
off-the-shelf software solutions, provision of deferred access 
by a document delivery system.

The model of documents in the data warehouse is based 
on the separate distributed storage of the document text and 
its descriptive metadata, based on international standards 
and recommendations. This type of storage allows distribut-
ed retrieval and storage of electronic documents at the point 
of production.

Although all document access technologies share com-
mon origins, in the process of their development, due to their 
different fields of use, they have been divided into three in-
dependent directions, determined by the nature and location 
of document storage.

To meet the information needs of modern society, which 
is characterized by the use of a large number of approaches to 
integration with existing service systems and the definition 
of functional tasks, it is necessary to analyze approaches to 
the creation of departments that serve users with full-text 
electronic documents.

Another problem of the organization of effective informa-
tion support for scientific and educational activities is that, due 
to its diversity and multidimensional nature, scientific and ed-
ucational information resources are dispersed on remote pages 
of many sites and in distributed digital libraries and archives. 

Distributed information systems to support scientific and 
educational activities operate with various kinds of informa-
tion. These can be publications, electronic documents, electron-
ic collections, ontological descriptions, data arrays, logical de-
scriptions, etc. These resources, demanded by different groups 
of researchers, may not be available due to problems with their 
search and identification. Semantic links between information 
resources increase their value and provide additional opportu-
nities for information retrieval and identification.

The support of distributed information systems in the 
field of scientific and educational activities is relevant, since 
the need for information always exists. To satisfy this need, it 
is necessary to organize access to various resources.

2. Literature review and problem statement

The paper [1] describes the role and features of the use 
of automated information systems in the activities of uni-
versities, and also gives a general description of existing in-
formation systems in the field of education. The concept and 
approaches to the introduction of electronic educational in-
formation services for students, teachers and administrative 
staff, as well as an information system for university man-
agement in the Republic of Uzbekistan are described. The 
information management system of the university includes 
all tasks related to the administrative, scientific, scientific, 
financial and economic activities of educational institutions. 
The paper examines the specifics of managerial and educa-
tional processes in Uzbekistan. As a consequence, business 
process and workflow reengineering has been developed tak-
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documents that allow both unification of access to hetero-
geneous information resources and integration with other 
information systems. 

To achieve the aim, the following objectives were set:
– to develop a model of information processes of docu-

ment access technology;
– to define a data storage model and descriptive metada-

ta schema of library documents.

4. Materials and methods 

Large volumes of already existing information, its con-
tinuous growth, the heterogeneous nature of storage and dis-
tribution, the lack of a unified way of working with it create 
many difficulties when using it. Awareness of the mentioned 
difficulties, qualitative changes in the field of information 
technology and telecommunications have led to the need to 
solve the problem of finding new approaches to creating re-
positories of information resources, their structure, and the 
development of tools necessary for users.

To meet the information needs of modern society, which 
is characterized by the use of a large number of approaches to 
integration with existing service systems and the definition 
of functional tasks, it is necessary to analyze approaches to 
the creation of departments that serve users with full-text 
electronic documents.

Depending on the nature of access to documents and 
the source of their occurrence, the following groups of doc-
uments and their corresponding information environments 
are distinguished:

– Documents stored in libraries. They can be in electron-
ic or another form, depending on the material medium (hard 
copy, microfilm, etc.).

– Documents issued by publishing centers (publishing 
houses, subscription agencies, etc.). There are both electron-
ic and printed. 

– Documents hosted on computer networks. They exist 
only in electronic form.

The user often needs access to documents related to var-
ious groups, which has led to the development of information 
resources and systems for working with them, combining the 
achievements of each of the development directions. 

The presentation of information and knowledge not 
only in traditional printed but also in electronic form is a 
distinctive feature of the present stage of development of 
society. This allows you to create, store, use the information 
and organize access to it in a fundamentally different way. 
Modern information technologies make it possible to trans-
fer accumulated information into electronic form, as well as 
to create new information resources directly in electronic 
form. As a result, there is a construction of a space in which 
a huge amount of heterogeneous information functions. The 
totality of electronic documents and information systems 
that ensure the functioning of these documents is an elec-
tronic document space, there is a rapid increase in collections 
containing electronic documents. This led to the need to 
rethink the role and functions of libraries in an electronic en-
vironment. The high rates of information accumulation have 
made it necessary to search for tools that allow for quick and 
effective access to knowledge dispersed across various infor-
mation repositories. One of these methods is the technology 
of electronic libraries. An electronic library is an ordered 
collection of electronic documents intended for long-term 

ities is proposed, based on a combination of approved regu-
latory documents and employers’ requests: for each group of 
competencies, a basic minimum (approved by federal bodies 
responsible for state supervision, and ensuring compliance 
with the requirements for the composition of labor functions, 
knowledge and skills in approved documents) and a vari-
able part should be determined, ensuring compliance of the 
formed competencies with the peculiarities of the activities 
of libraries of various types (public, academic, special).

This requires the development of a regulatory framework 
in the field of library and information activities (updating 
existing and developing new documents). The proposed 
competence model is correlated with regulatory documents. 
A competence model is proposed, within which educational 
institutions, libraries and information institutions can joint-
ly develop an effective process of training specialists.

The paper [7] examines the modern infrastructure of li-
braries and information. The development trends are shown, 
the place of scientific libraries is determined. The main 
directions of library and information activities aimed at im-
proving the quality of information support for the scientific, 
educational, scientific and industrial sectors are highlighted. 
The main national sources of information are described. The 
most important areas that require rethinking and inclusion 
in the special work of academic libraries are: the study of 
document flow in order to optimize the processes of forming 
collections with the participation of bibliometric and webo-
metric services; rational localization of information resourc-
es in research centers and access to them online; work with 
free and open resources. For scientific libraries, the use of 
bibliometrics is important, as it allows you to competently 
build a strategy of acquisition and thematic information on 
models of current and selective dissemination of information 
based on citation analysis by statistical processing of the 
frequency distribution of references by publications and 
authors.

In [8], based on the analysis of typical scenarios of informa-
tion servers, the tasks that should be solved when organizing 
an access control system for distributed information resources 
are formulated. The possibilities of the Z39.50 technologies as 
the most suitable for building such a system are considered. 
Within the framework of this technology, three access control 
models are discussed, which differ in the degree of integration 
of information server functions with the Z39.50 technologies.

The creation and support of distributed information 
systems and electronic libraries that integrate heteroge-
neous information resources and operate in various software 
and hardware environments require special approaches to 
managing these systems. If the resources or data themselves 
can be managed locally, even for distributed information 
systems, then the task of managing access to distributed 
resources cannot be solved within the framework of local 
administration. The justification of the last thesis can be 
seen when considering typical scenarios of the information 
server, which we will describe below.

After studying the above-mentioned works, we decided 
to create models of documents that support scientific and 
educational activities.

3. The aim and objectives of the study

The aim of the work is to develop technological solutions 
specific to a research organization for providing access to 
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storage and public use, formed under certain criteria [9]. Search 
through the entire text of an electronic document expands the 
possibilities of finding relevant sources in huge amounts of 
information. Currently, an electronic document is recognized 
as an object of library activity. In this regard, specialized col-
lections are being created in the structure of library collections, 
allocated according to the form of presentation. They are called 
electronic collections, electronic libraries, and electronic funds.

5. Results of research on the development of a model 
and technology of access to documents in scientific and 

educational activities

5. 1. Development of a model of information processes 
of document access technology

We consider access technology as a tool capable of im-
proving the quality of information by ensuring its safety, cre-
ating accessibility conditions, primarily search and delivery, 
in a user-friendly form and a convenient place for him. Con-
sequently, the functions of the developers of the technology 
of access to documents of a specific subject area include, in 
addition to the actual access, ensuring the selection of mate-
rial and the creation of thematic structuring of the collection 
of information resources.

The listed definitions of access indicate the differences 
between access to documents in an electronic library and 
Internet search engines. The user of the access system deals 
with carefully selected high-quality information resources, 
the relevance of the search is provided by the keyword sys-
tem, the contents of the repository are presented in the form 
of a well-organized database structure, which is annotated 
and constantly monitored by specialists. As a result, the 
user receives a relatively small compact array of information, 
which has three levels of detail:

a) a tree or a list of information resources;
b) metadata about documents;
c) the referenced document.
Thus, the technology of access to documents can be 

defined as a complex system that includes three mandatory 
components:

1. System users.
2. Document access block.
3. Document storage.
Such a representation of the system determines the need 

to take into account all three components when formulating 
requirements for access technology.

It should be noted that a research organization has many 
features that are essential when developing technology for 
accessing documents intended for its employees [8]:

1. An extensive range of information sources is neces-
sary for research activities. A poorly organized array of such 
sources leads to significant time spent searching for them.

Users need a single interface that integrates all the re-
sources available to the organization in a single window.

2. Limited thematic coverage of documents determined 
by the field of research of the organization. This feature im-
plies the need to allocate such resources from the entire set 
of information offered by suppliers.

3. Highly qualified users. This feature assumes that users 
are aware of the latest methods of accessing documents and 
desire to use them in their activities.

4. The need for mutual exchange of scientific information 
causes interest in open archive technologies. In addition, 

users need the means to publish their copyrighted works on 
the Internet to inform third-party users about the progress 
and results of research.

5. Administrative relations of a research organization as a 
structural subdivision of a regional scientific center, a branch 
of the Academy of Sciences, and the entire academy as a whole. 
The presence of such links implies mandatory interoperability 
and good integration of software and technological solutions 
into the general environment of the Academy of Sciences.

6. The minimum staff of developers implementing access 
technologies and their insufficient funding due to the sec-
ondary nature of information support services for scientific 
research in the organization. This feature determines the 
need for widespread use of ready-made software solutions 
and the ease of their maintenance.

7. The presence in the organization of a large number of 
electronic documents of its products that are not subject to 
licensing, as well as documents obtained within the frame-
work of various scientific and charitable programs, as well as 
personal connections. Collections of such documents from 
employees of the organization form a fund of so-called per-
sonal collections of documents requiring inventory.

Access to them is desirable because of their scientific 
value and can be organized based on the goodwill of their 
owners. This procedure requires careful differentiation of 
access to documents not only at the level of collections of 
documents but also each document individually.

After a preliminary analysis of the development of access 
technologies, highlighting the necessary components and 
taking into account the specifics of the research organiza-
tion, the following basic requirements for access technology 
can be identified:

1. Openness and extensibility. Access to documents from 
the Internet is based on open system standards, which ensures 
the portability of technological blocks to other hardware plat-
forms, as well as the connection of information sources from 
other manufacturers. It is provided by the use of Web technol-
ogies, RUSMARC communication format, and Z39.50.

2. Network protocols. Ease of management. It is achieved 
by using functional modules in the technology, determined 
by the commonality of information processes and the infor-
mation technologies used. Splitting into modules allows you 
to use ready-made software solutions from different develop-
ers. Modularity allows for autonomous maintenance of each 
unit, as well as upgrading and replacing the software used in 
them as the relevant information technologies develop.

3. Centralized user interface. The document is searched and 
accessed from a “single window”. For the user, the system looks 
centralized, since its distribution is hidden by the interface.

4. Distribution of documents and collections by stor-
age locations and decentralization of their administration. 
Documents, collections, and groups of collections are stored 
where they are formed.

5. Database-level integrability. The technology provides 
access to resources from various manufacturers and also 
allows logical grouping of collections of documents, includ-
ing those created using various DBMS, to form thematic 
resources and resources arranged by region.

6. Differentiation of access rights. To ensure the terms of 
license agreements and copyrights, the level of access to the 
organization’s databases and individual documents is deter-
mined by the individual rights of a user or a group of users.

7. Unified descriptive metadata and provision of multi-
functional search on them. To provide access to documents 
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using various search interfaces, documents of various types 
are presented in the system in a unified way of describing 
two types that allow mutual conversion:

– in the metadata generation block, the document is de-
scribed by the ABC in the MARC family format;

– a document entering the document repository through 
the expert repository receives an RDF description in the 
Dublin Core (DC) or MODS schema.

8. Unified document storage formats. The document 
storage format should allow its semantic and syntactic anal-
ysis for subsequent search in the full text.

9. Variability of formats for displaying document search 
results on the screen – from MARC formats to the format 
of a catalog card. Access to an online electronic document is 
encapsulated in the output format as a URL link.

10. The possibility of “deferred access”, i.e. registration of 
the application, conversion of the document into electronic 
form with preservation, and subsequent delivery to the user 
through the access system or by email.

Taking into account the formulated access requirements 
in the three-component scheme of document access technol-
ogy as a system, it is possible to identify modules and deter-
mine technological information flows. The information that 
the technology works with is divided into permanent storage 
information, such as documents and their metadata grouped 
into arrays, and temporary storage or dynamically generat-
ed information – user requests, orders, and messages about 
alternative ways to receive it, about the unavailability of the 
document or consider the general logical scheme of the tech-
nology of access to documents (Fig. 1). Input information is 
presented in the following types: information about the set of 
databases required by the user for search, user requests, full 
texts of documents to be stored.

Output information – full texts of electronic documents 
or information about their absence, as well as alternative 
methods of obtaining, if the document is printed. There is 
also an additional information flow to replenish the docu-
ment repository through an intermediate expert repository, 
bypassing the document access block. The documents con-
tained in the repository are represented in the document 
access block by descriptive metadata contained in the 
metadata repository. The user forms a set of databases and 
a search request through a single resource access window, 
the request is sent to a search engine that searches the 
metadata repository, returning its results to the access 
point. If the document is detected, the user requests it to 
the repository using the delivery module and receives the 
electronic document to the access point. The metadata 
storage is replenished by describing the document in the 
metadata generation module.

Then the document description is assigned to some meta-
data array (or duplicated into several arrays) and enters the 
metadata repository.

The technology also provides linguistic search support 
by forming search dictionaries based on document metadata 
elements.

In the logical scheme of the technology, functional 
modules that implement certain information processes are 
distinguished, and modules of information resources of the 
technology – data storage.

A functional module is a technological unit of a tar-
get purpose with its information flows. The allocation of 
functional modules is due to the following signs of their 
internal unity:

1. The uniformity of the information technologies used 
within the module and the means of their implementation.

 

 
  

Fig. 1. Logical scheme of document access technology
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2. The need to attract spe-
cialists for the modernization 
and maintenance of each unit.

Permanent storage informa-
tion resources are divided into 
two types:

1. Documents.
2. Descriptive metadata of 

documents.
Each type of resource is al-

located its storage following the 
three-level model of technology 
as a complex system [8].

Let’s take a closer look at the 
functional modules of the tech-
nology, define information flows 
and functionality requirements.

A single access point. The re-
source access point implements 
the “single window” technolo-
gy and is intended to serve as 
a user interface for accessing 
documents. From the definition 
of requirements, it follows that 
the access point will be used 
to work with Internet resources 
published under the management of Z39.50. The segment of 
the Internet managed by Z39.50 is much more organized due 
to the traditional use of protocols by the library community 
and therefore preferred when searching in arrays of descrip-
tive metadata of documents. Access to information under 
the control of Z39.50 is carried out in two ways: using the 
z-client and using the Z39.50-HTTP gateway. The use of the 
client undoubtedly has many advantages, first of all, allow-
ing you to organize access to metadata without any inter-
mediary data transfers between the environments of the two 
protocols. In addition, the existing gateway implementations 
do not provide full-featured use of Z39.50. However, the use 
of the z-client requires the installation of client applications 
on each of the user’s computers. Given the rapidly growing 
number of computers used by employees of a research orga-
nization, it is very costly. In addition, the transition from 
metadata to the URL link of documents stored in the Web 
environment in the original creation formats requires sep-
arate efforts. The gateway allows you to organize access to 
data in a Web environment familiar to users using standard 
browsers that operating systems are equipped with. The use 
of a gateway with a subsequent refinement of its functional-
ity in this situation is more preferable [8]. 

The development and implementation of a document 
access point are carried out based on Web technologies, 
representing a Web interface designed to provide access to 
documents. The access point is designed in the form of a Web 
page containing a thematically organized list of available 
resources. Such an organization is intended for the user to 
select the resources for which he needs to conduct a search, 
to obtain information about these resources, as well as the 
wording of the search query and transfer it to the search en-
gine. The results of the search query are also transmitted to 
the access point to display them on the display screen. With 
the help of an access point, the user is informed about the da-
tabases available to him, and he can independently allocate 
a list of resources to search for the document he needs. The 
logical scheme of information flows is shown in Fig. 2.

The access point operates with three information flows:
1) user search queries with the vector “user – single 

window – set of search interfaces – search engine – results 
display window – user”;

2) information about arrays of meta descriptions with 
the vector “user – single window – search engine – single 
window – user”;

3) requests for document delivery with the vector “user – 
results display window – delivery – results display win-
dow – user”.

It is clear from the diagram that the input information 
for the access point is a user request, the contents of which 
the access point transmits to the search engine through a set 
of search interfaces. Also, the incoming flow of information 
for the access point is the result of the request, forwarded to 
the user using display formats or a message that the search 
result is empty. In case of a positive search result, the user also 
receives information in the output form about the presence 
or absence of an electronic version of the document, which 
he requests through the delivery module. The request to the 
delivery module is the output information stream of the access 
point. An electronic document is also returned to the access 
point here to display it on the display screen.

Search engine. The basic requirement for a search engine is 
the possibility of distributed search through metadata arrays 
posted on the Internet. Descriptive metadata of documents are 
created on different platforms using different DBMS. To inte-
grate such data into a single environment, the Z39.50 network 
protocols (ISO 23950 standard) are used. The Z39.50 stan-
dard is one of the protocols of the OSI family, which describes 
the application level of interaction of distributed information 
retrieval systems. The protocol defines the mechanism of in-
formation exchange in the process of processing search queries 
and the protocol of data exchange in the systems performing 
the search. The main area of application of the protocol at pres-
ent is library systems and scientific and technical information 
systems. However, the scope of the protocol is much wider than 
the listed applications – it can be used in general-purpose in-

 
  

Fig. 2. Logic diagram of the access point module
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formation search engines. When developing the protocol, it was 
assumed that it would describe the procedure for exchanging 
information between users of an information system and its 
core through a data transmission network. At the same time, 
the systems themselves can manage data using different models 
and different languages for manipulating this data, whether 
it is a regular file system or an object-oriented DBMS [9]. 
The Z39.50 protocol does not define the transport layer 
of interaction in the network and 
can be implemented on top of any 
transport protocols, for example, 
TCP/IP, used for communication 
on the Internet. The protocol de-
scribes network interaction in the 
“client-server” architecture, using 
the concepts of “origin-target” to 
determine the relevant subjects of 
interaction. The transfer protocol 
focuses on a persistent connection 
between origin and target, called a 
session. When a session is opened, 
special session variables are dy-
namically created in target, which 
is destroyed when it is closed. Ses-
sion variables store information re-
lated to the current session: query 
history, settings, user information, 
etc. They store named datasets that 
are available for use in repeated requests [9]. This feature of the 
protocol allows you to meet many other requirements for DIS:

– saving and reusing queries;
– the possibility of a clarifying search;
– sorting search results;
– presentation of results in various formats with the 

ability to save records.
In Z39.50, search queries are always formulated not to 

a real database, but an abstract one. This abstract database, 
called a “set of attributes”, has no structure and is character-
ized only by search attributes.

With this approach to the search procedure, all databas-
es become the same for the user if they support the same set 
of search attributes. For a subject area with similar search 
attributes that stand out from a standardized description of 
objects, for example, the MARC format, such a search model 
seems to be a very good choice. The data extraction model in 
Z39.50 includes the mapping of result set records to abstract 
database records through a schema defining the abstract 
structure of the record. Sets of search attributes and data 
schemas are standardized for different protocol applications.

To work with bibliographic meta-information, a special 
set of bib-1 search attributes and an ISO-2709 data schema 
corresponding to the MARC family of standards have been de-
fined. But the use of Z39.50 is not limited only to bibliographic 
data but defines schemes for describing information on the 
Web (Dublin Core, DC) or describing digital collections. This 
once again confirms the prospects of using the protocol in doc-
ument access technology as objects of the Web environment. 
The use of Z39.50 in the search engine module determines the 
compliance of the technology with the requirements of open-
ness, extensibility, interoperability, and distribution.

The logic diagram of the module (Fig. 3) contains two 
functional blocks and an IR-Explain database of descrip-
tions of metadata arrays. Three information flows have been 
identified:

1) user search queries with the vector “access point – search 
block – access control – metadata storage – search block – ac-
cess point”, or in case of access denial “access point – search 
block – access control – search block – access point”;

2) information about metadata arrays with the vector 
“access point – IR-Explain database – access point”;

3) linguistic support of search with the vector “metadata 
generation – search block”.

The IR-Explain database, a special tool Z39.50 contain-
ing a meta description of data arrays, is an integral part of 
the protocols, uses Z39.50 tools to extract data, and there-
fore is also referred to as the search module of the system 
based on the commonality of the software used. The mod-
ule’s access control unit checks access rights to restricted 
metadata arrays by the value of the user’s IP address.

Metadata generation. The metadata generation module is 
designed to process the full texts of documents before placing 
them in the repository. During the processing of the docu-
ment by the metadata generation unit, a secondary informa-
tion resource is created, called a bibliographic description of 
the document. The presentation of the bibliographic descrip-
tion, as well as the results of indexing and abstracting the doc-
ument in the standard machine-readable form of the MARC 
family, creates a bibliographic record or a search image of the 
document that can be used by the search engine. Bibliograph-
ic records are compiled into named arrays of records, indexed, 
converted into documentary databases, and placed in the 
metadata repository. Any automated library and information 
system used in the organization’s library is suitable for this, 
under one condition – a Z39.50 data provider must be written 
for it, displaying the EduDIS data in an abstract data schema.

However, access to a set of documents in the repository can-
not be limited to a single type of access point. To provide access 
to documents to the widest range of the scientific community, a 
Web search engine or E-print open archive technology can also 
be used as an access point to the document repository. For ex-
ample, to present a document in an open archive, it is necessary 
to describe it in the DC standard using the RDF specification, 
which can be stored either in the document body or separately 
if the document is not in hypertext format.

As a consequence, the metadata generation module per-
forms two more functions:

1. Providing the search system with dictionaries formed 
from the semantics of the document using a set of various 

 
  

Fig. 3. Logic diagram of the search engine module
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predefined indexing methods applied to the fields of descrip-
tive metadata of the document. This is also a function of the 
ABIS used.

2. The metadata generation module should have a set of 
converters for translating metadata from standard to standard.

Converters can be embedded in the EduDIS, or they can be 
a separate software product 
that avoids additional work 
on duplicating metadata into 
different standards.

The module contains 
three functional blocks and 
serves the following informa-
tion flows (Fig. 4):

1. Formation of descriptive 
metadata in MARC format 
with the vector “document 
storage – metadata genera-
tion – metadata storage”.

2. Metadata generation 
in the Dublin Core format 
with the vector “document 
storage – metadata genera-
tion – converter – metada-
ta storage”. A counterflow 
is also possible for convert-
ing metadata in DC format 
contained in an electronic 
document into MARC for-
mat with their subsequent 
correction, with the vector “docu-
ment storage – converter – metada-
ta generation – metadata storage”.

3. Linguistic support of search 
with the vector “metadata generation 
– formation of search dictionaries – 
search engine”.

Delivery. The operation of the 
delivery module depends on the 
type of required document and ac-
cess rights to it:

1. If the electronic version of the 
document is publicly available, then 
the delivery module simply provides it 
to the user’s computer via a URL link.

2. If access to the electronic ver-
sion is restricted, the user can place 
an order for delivery and, if possible, 
receive it by email.

3. If the document exists in print-
ed form and its conversion to electron-
ic form is possible, a delivery order is 
registered, and the resulting docu-
ment is sent to the user by email. In 
case of a great need for this kind of 
service, it can be automated using one 
of the automated electronic document 
delivery systems, for example, [10].

The logic diagram of the mod-
ule (Fig. 5) contains the functional 
blocks of the module and defines the 
following information flows:

1. Delivery of an electronic document with the vector “ac-
cess point – access control – document storage – access point”.

2. Delivery of an electronic document with access restric-
tions with the vector “access point – access control – access 
point – order formation – user”.

3. Delivery of a printed document suitable for digitization 
with the vector “access point – order formation – production of 
an electronic document – user”.

Within this module, the ability to deliver an electronic 
document is determined by the access rights to it that are set 
during the production of the document at the file level or the 

 
  Fig. 4. Logical diagram of the metadata generation module

Fig. 5. Logic diagram of the delivery module
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server directory level employing a Web server. Web tools are 
used to deliver the detected document. This determines the 
need to store documents in a format suitable for their display 
by the browser window.

Thus, the data model of information processes of docu-
ment access technology can be represented as an intercon-
nected complex of functional modules (Fig. 6). The division 
into modules is determined by the functionality and the 
software used in each of them.

The use of a distributed repository of documents and 
metadata, as well as an object model of the document, makes 
it possible to form the description of a wide set of documents. 
The versatility of the data model used allows you to vary the 
software modules, creating the desired combinations.

If the document exists only in printed form and cannot be 
converted, then there is simply no means of calling the delivery 
module at the access point. But in the results window, there 
is information about the presence or absence of a document at 
the place of its storage. To provide this function, a complete 
electronic catalog of printed documents of the repository is 
required, and the function of electronic book issuance with the 
registration of the fact of issuance in metadata is implemented.

5. 2. Data storage model and descriptive metadata 
schemes of library documents

For a more convenient presentation of information to the 
user, the visualization of knowledge and data stored in the 
EduDiS content is configured. When configuring visualiza-
tion in the ontology editor, a template for visualizing objects 
of this class and a template for visualizing links to them are 
set for each class.

The visualization template for class objects (information 
objects) includes all the attributes of this class and the relation-
ships associated with it. There are “direct” (directed from this 
class to other classes) and “reverse” (directed from other classes 
to this) relationships. When visualizing classes and information 
objects, relationships are grouped by these two types.

By default, class attributes and related rela-
tionships, including relationship attributes, are 
displayed in the order in which they are specified 
in the ontology. At the user’s request, this order 
can be changed. 

The required order of attributes is set using 
a specially allocated property (annotation prop-
erty) called to order. The value of this property 
is a number that specifies the position number in 
the attribute sequence. These properties are set 
for simple values (datatype property).

A template for visualizing a reference to an 
object of a class can include both the attributes 
of this class and the attributes of the classes 
associated with it and the relationships defined 
between it and other classes. There are two types 
of links – full and short. Full references are used 
when displaying a list of instances of a given 
class, short references are used when referring to 
an instance from another instance. For full links, 
the link property is highlighted, for short links – 
a short link. The value of these properties is also 
a number that specifies the order of the compo-
nents in the link. These properties can be set both 
for simple values (datatype property) and for 
object properties (object property), i.e. relations. 

The values of the attributes included in the 
link are used to build a text representation of 
the link to an object of this class when it is dis-
played (visualized) on the screen.

The EduDIS creation technology provides 
the ability to customize the display of informa-
tion objects included in the EduDIS content (in-
stances of ontology classes) when they are dis-
played on the monitor screen (Fig. 7). For these 
purposes, it offers a mechanism for presentation 
patterns [11] that allows you to customize the 
visualization of objects of selected classes when 
they are shown to users and edited. To implement 
such patterns, special order, link, and short link 
properties were introduced into the ontology, 

which serves to set the order of displaying attributes during 
visualization and forming short (shortlink) and full (link) 
references to objects. (A reference to an object is its name, 
made up of the values of its properties and the properties of 
the objects associated with it). These properties are declared 
in the ontology as Annotation Properties, which allows you 
to store information about content visualization rules di-
rectly in the ontology.

 
  

Fig. 6. Model of information processes of access technology
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To fill in EduDIS content, information is collected 
from sources such as websites of organizations, associa-
tions, projects and conferences, knowledge portals, social 
scientific networks, etc. Information about Projects, Or-
ganizations, Personalities, Conferences is extracted from 
these sources, i. e., about all the basic classes of the on-
tology of scientific activity, except for information about 
Publications. Information about Publications is extracted 
from the repository (Dspace), which was created by the 
authors.

For each of these classes, a different method of informa-
tion extraction was created, including a set of templates gen-
erated based on the ontology. To increase the completeness 
of information extraction, the variability of these templates 
is increased by using alternative terms from the thesau-
rus (synonyms and hyponyms), as well as words and phrases 
proposed by the expert.

Documents on the Internet can be presented in vari-
ous formats (HTML, DOC, PDF, TXT, and others). The 
main format for presenting information on the Internet is 
HTML. To extract publication metadata from repositories 
in batch mode, data is exported in XML format (Fig. 8). 
The proposed methods of extracting information about 
Projects, Organizations, Personalities, Conferences are 
focused on working with HTML pages, and information 
about Publications is focused on working with XML 
documents.

To facilitate the analysis of HTML pages and XML 
documents, the resource is represented as a DOM tree 
under the DOM (Document Object Model) standard, 
which regulates the way the contents of the document (in 
particular, HTML pages and XML documents) are repre-
sented by a set of objects [11]. Based on the corresponding 
template, the DOM tree of each page is analyzed and the 
information described by this template is extracted.

It is important to note that information about entities 
of interest to EduDIS users can be set in various ways. For 
example, information about the project can be provided by 
the project site, a section of the organization or person’s 
website, or a publication describing the project. For each 
of these ways of representation, a separate template is 
built based on the ontology class of the Project.

Document model in storage.
A document used in access technology is understood 

to mean a primary document in printed or electronic form. 
A document in electronic form exists as a file in a certain 
format, which requires special software tools to view it 
on a computer. Let’s consider the document di-<pi, mi>, 
where pi is the content part (or file) of the document, mi 
is the metadata of the document. Equivalent sets P={p1, 
p2..., pn) and defining the array of documents D=M=(m1, 
m2, …, mn){d1, d2...dn} form two related data stores: a doc-
ument (or full text) repository and a metadata repository.

A document repository is a distributed repository of 
the full texts of documents, not necessarily electronic. 
The full text of the document can be a printed document 
located in the premises of the library of the organization. 
Electronic documents can be stored both together with 
their metadata and separately from them, including on a 
remote server.

The impossibility of integrating heterogeneous docu-
ments defined in this way in an electronic environment 
determines the use of secondary documents – bibliograph-
ic records (or descriptive metadata) to search for the 
document and initially inform users about its semantic 
content. Thus, document metadata, from the point of view 
of the Web environment, are documents and the document 
object model is fully applicable to them.

These definitions refer to the general case of model-
ing documents and the relationships between them when 

 

 
  

Fig. 7. User interface
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working with information resources that belong to differ-
ent classes of documents. Let’s define the same concepts in 
relation to a single class.

Definition 1. The metadata of the document mi will be 
called the pair ,� ,i i im S V=  where Si is the metadata struc-
ture in accordance with the selected schema; Vi – content 
of the scheme.

It follows from the definition that metadata is divid-
ed into descriptive and structural. Structural metadata 
(structure) defines the structure and properties of doc-
uments according to which they are processed (types, 
relationships, presentation formats, access control restric-
tions, etc.). Descriptive metadata (content) describes the 
semantic content of the document (its title, summary, 
etc.). Depending on the data schema you choose, descrip-
tive metadata can contain information about the structure 
and properties of the document (as in MARC format).

Descriptive metadata can be part of an electronic doc-
ument or stored separately from it.

The element of the data schema will be called its struc-
tural element.

Metadata generated in different data schemas will have 
a different set of structural elements. Any structural element 
of the data schema that defines the edition typically consists 
of an identifier and the name of the element. For example, 
a MARC schema uses a digital identifier and the name of 
a field and subfield. And in the Dublin Core scheme, there 
are 15 basic elements, defined only by their names. To deter-
mine the identity of two documents from their bibliographic 
record, a comparison of the contents of the set of structural 
elements selected from the diagram, different for different 
types of documents, is used. Various comparison methods 
are often used for this purpose, for example, comparison by 
signature or the method of fuzzy string matching.

Define a minimum set of data schema elements that 
uniquely identify a document as a document comparison 

index. Let’s consider the metadata that matches the con-
tent of the comparison index to be identical.

Definition 2. Two documents d1 and d2 will be 
called document instances if they have identical meta-
data m1=m2.

Definition 3. Collection is a set of documents (or their 
metadata) with a dedicated fixed structure, the content of 
which has the same thematic focus.

It is clear from the document definition that for the set 
of documents D in the document store, the concept of a 
collection is blurred, since the definition of the document 
does not explicitly include a description of its structure. 
The concept of a collection is defined on a set of meta-
data. Due to the connectedness and equivalence of the 
sets D and M, each element of the collection mi, the set 
M, corresponds to the element di, the set D. In the MARC 
format, for example, the relationship of the description to 
the document is determined by the field of reference to 
the document.

Thus, the entire set of metadata in the metadata 
repository is divided into collections. In other words, 
the collection Kj is a subset of the set : .jM K M∈  In 
general, the entire set M is a collection of publications 
available to employees of a scientific and technical organi- 
zation.

All the set of collections is distributed by places of 
their formation in the network.

Collections can be logically combined by some fea-
ture, for example, by the type or nature of documents, the 
organization of formation or the geographical location of 
the collection. In general, any of the Kj collections can 
be a distributed information resource. The set family Kj 
is a partition of the set M, where J is the set of indexes 
and j j jM U K∈=  do not overlap in pairs. It follows from the 
statement that there is no metadata in the store that does 
not belong to any collection.

 

 
  

Fig. 8. Exporting metadata from the repository
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Within a single collection, each document exists in a 
single copy. However, there can be descriptions of instanc-
es of the same document in the metadata store that belong 
to different collections.

Copies of a document can exist due to the multiplicity 
of both printed documents in the collections of libraries 
and the multiplicity of copies of electronic documents in 
different storage locations. Metadata of document instances 
is uniquely defined only by different places of their storage; 
the content of all other structural elements can coincide. If 
a group of collections of publications has a similar thematic 
focus, or the organizations that form collections of publica-
tions of employees have close scientific ties, then in these col-
lections there may be a sufficiently large number of matching 
metadata that define the copies of the document. When the 
number of such matches is comparable in order of magnitude 
to the size of the collection, this indicates the desirability 
of merging such collections, accompanied by merging the 
metadata of the document instances. In this procedure, you 
treat the metadata of document instances as the intersection 
of many different collections in which they are contained. 
When you merge sets, the defining collections merge in pairs 
until all the combined sets are exhausted. In this case, the 
symmetric differences of two sets of source collections are 
copied into the resulting set, and the set of matching copies 
of documents is treated as the intersection of the sets [12].

This compares the contents of all structural elements 
of document instances, copies the contents of all struc-
tural elements to the resulting element if a match, and 
another instance of the structural element is created in 
case of a mismatch.

The resulting collection forms a consolidated infor-
mation resource. When you create aggregated metadata 
collections, multiple documents and their metadata in the 
repositories are no longer equivalent because the metadata 
store generates items that are associated with document 
store items in a one-to-many relationship. Metadata appears 
that describes multiple instances of the same document.

Documents in the document store can be combined 
into subsets to form new documents. This capability 
allows you to maintain a multi-level description of docu-
ments that are linked in hierarchical structures. Between 
documents, related hierarchical relationships are defined, 
subordinate relations that work in the direct (from the 
head document to the subordinate) and reverse (from the 
subordinate document to the head) directions.

Fig. 9 shows a fragment of a template for extracting 
information about a project from the website of a research 
project. This template allows you to extract such attributes 
of the Project class as “Title” and “Abstract”, as well as 
arguments of the “Project Publication” and “Project Par-
ticipant” relationships, i.e. objects describing publications 
about the project and project participants, respectively [13]. 
Each template designed to extract information is described 
by the Class block and contains blocks of attributes (Attr), 
relations (Relation), and arguments of relations (Object).

To extract information that makes up the context of 
the project and, as a rule, is determined by the relations 
of the Project class, for example, data on publications on 
the project topic, persons and organizations participating 
in the project, handlers and templates are used that are 
specially built to extract information of this type (Fig. 10) 
and are repeatedly used in other templates corresponding 
to such basic concepts of ontology as Publication, Person, 
Organization, etc. [14].

As mentioned above, information extracted from In-
ternet resources is presented in the form of a semantic net-
work of information objects, i.e. an oriented multigraph. 
The integration of the resulting graph into the EduDIS is 
performed by the information entry module.

To date, all the main components of this subsys-
tem have been implemented and methods have been 
developed for extracting information about Projects, 
Personalities, Organizations, and Events, including re-
lated templates and handlers that implement information 
about publications.

 
  Fig. 9. Extracting information from a data warehouse using a template
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6. Discussion of experimental results of building a model 
and technology of access to documents supporting 

scientific and educational activities

As the above overview of projects using the Z39.50 
protocol and Z39.50 servers shows, document access tech-
nologies have an extensive history and many different ways 
of solving problems that arise during their implementation. 
Even though most technologies were developed in the inter-
ests of certain categories of users and are focused on meet-
ing their information needs, the common features inherent 
in all document access technologies allow us to determine 
the basis for building a new access technology. This basis is 
documented search systems and the active use of metadata.

Thus, the organization of differentiation of user access to 
distributed information systems is a complex task, the solu-
tion of which consists of determining the basic requirements 
for the operation of systems in scientific and educational 
activities, taking into account additional requirements due 
to the distributed nature of information resources and the 
direct creation of developed infrastructure for the presen-
tation and exchange of metadata. The proposed technology 
for supporting large information repositories is based on 
the client-server architecture of the IP and meets the above 
requirements.

For a research organization, such a system has a solid 
functional redundancy. The inclusion of access technology in 
the structure of the EduDIS organization used in the library 

limits the scope of such a system to bibliographic data only, 
making it difficult to use Z39.50 to solve problems of access 
to other data. In addition, the functional complexity of the 
system makes it difficult to test in case of technical problems 
and, as a result, it takes more time to eliminate them.

The use of a shared repository of documents and meta-
data and the document object model allows you to form a 
description of any document, whether it is a printed publi-
cation or an electronic document in any data schema, using 
the “native” DBMS used in the EduDIS library or XML 
language notation, creating prerequisites for the formation 
of an XML DBMS. The versatility of the data model used 
allows you to vary the software modules, creating the de-
sired combinations.

The proposed approach to the creation of intelligent 
scientific and educational Internet resources is based on 
the technology of creating and maintaining an information 
environment of distributed learning. The information basis 
of EduDIS consists of an ontology, which, along with the 
traditional description of the subject area, includes a de-
scription of the structure and typology of the corresponding 
data warehouses and network resources. In addition, using 
the ontology framework, which is its declarative component, 
makes it easy to expand and configure the system so that 
both new knowledge and new sections of information re-
sources can be connected to it.

Ontology offers effective means of presenting various 
information on a given topic, supports the systematization 

 

 
  Fig. 10. Extracting information from a website using a template
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and integration of relevant information resources, provides 
them with meaningful access.

According to the ontology, the following are automati-
cally built:

– the scheme of the internal database (DB) of the 
IS (the logical structure of the database and its integrity 
constraints);

– forms for filling in the IS database with data (informa-
tion objects that are instances of ontology concepts);

– the scheme of navigation through the information 
space of the IP (on the relations of ontology);

– forms of search queries (by concepts and relations of 
ontology).

Thanks to the use of ontologies as an information 
model, EduDIS is not only another catalog of resources 
on a given topic, but also a network of knowledge and 
data that allows you to maintain convenient navigation 
and search for content through your connections. The 
division of EduDIS ontology into subject-independent 
and subject-ontological adapts EduDIS to any field of sci-
entific knowledge. The supposed possibility of declarative 
regulation of ontology when using EduDIS allows you to 
track the dynamics of the emergence of new knowledge and 
information resources on the topic and thereby support its 
relevance and usefulness.

The results of the work allow us to recommend the devel-
oped technology of access to documents for implementation 
in libraries and information centers of scientific and educa-
tional activities, as satisfying the requirements of users and 
providing access to diverse scientific publications. The tech-
nology makes it possible to implement information resources 
based on various conceptual approaches, as well as to use its 
software tools for promptly informing colleagues about the 
results of scientific research.

7. Conclusions

1. Thus, the model of information processes of document 
access technology can be represented as an interconnected 
set of functional modules. The division into modules is de-
termined by the functionality and the software used in each 
of them. The use of a distributed repository of documents 
and metadata, as well as the document object model, makes 
it possible to form a description of a wide set of documents. 
The versatility of the data model used allows you to vary the 
software modules, creating the desired combinations.

A single access point implements the “single window” 
technology and is intended to serve as a user interface for 
accessing documents. The development and implementation 
of a document access point are carried out based on Web tech-
nologies. With the help of an access point, the user is notified 
about the databases available to him and can independently 
allocate a list of resources to search for the document he needs.

2. The results of the work allow us to recommend the 
developed technology of access to documents for implemen-
tation in libraries and information centers of scientific and 
educational activities, as satisfying the requirements of users 
and providing access to diverse scientific publications. The 
technology allows implementing information resources based 
on various conceptual approaches, as well as using its software 
tools for promptly informing colleagues about the results of 
scientific research.
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