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UNIFIED DIGITAL INFRASTRUCTURE OF THE MODERN SCIENTIFIC
LIBRARY ON THE BASIS OF WEB TECHNOLOGIES

Purpose. Digitization, expansion of the scientific library infomedia and its integration into the global digital
space require the creation of a full-fledged, multifunctional Web-oriented ecosystem. The work is aimed at
researching rational ways and implementation of separate tools within the framework of an interactive library
information system on the basis of Web-technologies, which includes a single API gateway (library site) and
combines separate library management systems (LMS). Methodology. The research was conducted on the basis of
the Scientific and Technical Library of the Dnipro National University of Railway Transport named after
Academician V. Lazaryan (DNURT). We analysed the structure and condition of the existing out-of-dated library
information system, based on the technologies of breaking up separate subsystems into separate services. We
considered the possibilities and peculiarities of the transition to a single interactive system with the help of a central
Web-application, which combines scattered services. This system is integrated into the system of «IRBIS-64» LMS
(although any LMS can be used). Attention is focused on the reliability and protection of user data from
unauthorized access. Findings. The ways, means and peculiarities of the transition to a full-fledged, multifunctional
Web-oriented ecosystem of the DNURT library are explored. The system has its own API-based interface, which
allows it to be easily scalable, thanks to the use of the current framework on the basis of Laravel — OctoberCMS.
The system has an administrator and user panel. A subsystem — the DB «Publication Profile of University Science»
— has been developed to provide the necessary functionality for plugins and applications: 1) for synchronization with
Scopus, Web of Science, Google Scholar — in Pyhton language; 2) for automated reporting — in C# language for
Windows. Originality. The researchers analysed the possibilities and suggested optimal and effective solutions for
creating an interactive information system of the library based on Web-technologies, which includes a single API
gateway (library site) and combines separate library automation systems. It is proved that the application of the
increased level of abstraction using specialized PHP-frameworks and ORM instead of pure SQL allows the
developer to focus on the development of a rather complex and at the same time a simple system from the point of
view of development, which is sufficiently effective in the absence of time and material resources in the scientific
libraries of Ukraine. The performed researches allow to assert about the partial implementation of the «Library 2.0»
paradigm requirements in the library of DNURT. Practical value. The offered interactive information system of the
scientific library allows to practically abandon the cumbersome and morally outdated IRBIS 64 system in the issues
of service for readers (there is an opportunity even to execute orders of printed literature in a personal account, like
in user accounts of modern courier services). The developed software that synchronizes with IRBIS in the C#
language allows to upload data from the IRBIS LMS to any modern open-source LMS in the future. Realization of
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possibilities of the subsystem «Publication Profile of University Science» will allow receiving a statistically reliable
picture of the publication activity and influence of scientists, departments, university as a whole.

Keywords: library interactive information system; university library; Scientific and Technical Library of
DNURT; OctoberCMS; Laravel; PostgreSql; LMS; API Gateway; Web-application; electronic catalogue; scientist

profile

Introduction

Today, in scientific libraries, the development of
digital infrastructure and networking, the high level
of information services for learning and research is a
prerequisite for fulfilling their mission — promoting
the creation, preservation and dissemination of
knowledge. This is the result of the choice and
implementation of the strategy of digitization of
educational and research activities of universities.

In a situation where the world of science and
education becomes more global, and the
development of the Internet allows searching for
any information in a few clicks anywhere in the
world, there are being developed the university
digital transformation programs. Such
a transformation is, in general, a cultural and
organizational change in HEI, based on the
implementation of IT solutions. Herewith, digital
services of scientific libraries are among the main
services, which considerably facilitate the life of
students, scientific-pedagogical workers and
scientists in the modern university. [5].

According to the Law of Ukraine «On Libraries
and Library Services» [7] Ukrainian citizens have
the right to library services, which may include the
form of remote telecommunication services as well.

Today, it is no longer possible to preserve
knowledge in ordinary printed books and
understand library service only as circulation of
literature. Digital services of scientific libraries are
multi-vector and multifunctional [5]. And this
involves the availability of sophisticated search
and storage systems for libraries that can filter and
find the right information in a matter of seconds.

Creating such systems requires the search and
research of methods for distributing the computing
server resources between clients. For such systems,
the primary problem is to work at peak loads.
When creating such systems, an important factor is
the response time from the server, which often
depends on the level of software optimization.

The data storage and retrieval system can mean
absolutely any client-server system. When

designing and developing a data storage and
retrieval system, it is important to rely on the
existing experience of creating such systems.

In the course of digital transformation, the
library is being integrated with the research division,
the publishing department, IT-structures of the HEI
[4]. This allows, for example, solving an extremely
important task — the creation and support of a digital
publishing profile of the university and individual
scientists. Obtaining from such system of the
information about scientific publishing activities of
each scientist, department, and institution
significantly simplifies the formation of various
levels of reporting and the presentation of the
research activity of the institution in the WWW.

At the same time since the beginning of the
XXI century, the use of library management
systems (LMS) has become widespread in
Ukraine. These systems replace the mostly
traditional library processes with the automate
ones, starting from acquisition and ending with
a variety of user services (LIBER, IRBIS, UFD /
Library, Aleph, MARC-SQL, etc.). The main
element of any LMS is the electronic catalogue
(EC). However, none of the LMS versions that
serve Ukrainian libraries does not meet the current
standards and level of information systems
development, as well as in view of emergence of
fundamentally new library services.

Digitization, the expansion of the library
information environment and its integration into the
global digital space require the creation of a full-
fledged multifunctional Web-oriented ecosystem.

Purpose

Taking into account the aforementioned, the
authors intend to explore the rational ways and
realize the implementation of individual tools
within the framework of an interactive information
system of the scientific library based on Web-
technologies, which includes a single API gateway
and combines separate library automation systems.
Particular attention will be paid to the analysis of
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the solutions of the project «Publication Profile of
University Science» — an interactive information
and analytical system for obtaining a statistically
reliable picture of the publication activity and
influence of scientists, departments, the university
as a whole.

A new Web-oriented scientific library system
with a central Web-based application (library site)
should provide opportunities for:

— Search for publications by title, author's
name and surname, academic year, year of
publication, keywords, etc.;

— Search for authors and display of their author
IDs/profiles: Scopus Author ID, ResearcherID,
ORCID, Google Scholar Citations;

— Implementation of automated electronic
reporting by scientific publications of individual
scientists, departments, the university as a whole;

— Integration into IRBIS LMS in order to
synchronize the user databases and literature;

— Creation and processing of applications for
the circulation of printed materials;

— Downloading literature in electronic form;

— Collection of statistics relating to library
reader usage of the service for the library
management [16].

Methodology

Analysis of the research and publications.
The tendencies of recent years show that the multi-
year  corporate  design  paradigm, where
a separate application-service (often without
communication and integration with other
corporate services) was created for solving
individual business tasks, recedes into the past
[12]. Today we are talking about distributed Web-
oriented systems, which allow combining
previously separate services into a single system
using a central Web-application with a single
unified APIl-interface. This solution allows us to
get a flexible distributed, easily scalable system,
constantly replenished with a new functional and
able to withstand a high load [1], that is, it contains
all the features of the Library 2.0, which works in
a state of «constant beta» [3] (constantly evolving).

Of course, one of the most widely used LMSs,
such as Koha, Absotheque Unicode, Ruslan, OPAC-
Global, MAPK-SQL, IRBIS and others, can be used
to create a full-fledged Web-oriented ecosystem of

a modern library. Such systems are, in the vast
majority, closed commercial products and/or require
substantial development by programmers for the
tasks previously stated by the authors. Of course, in
the conditions when a university library has been
using a certain morally obsolete and closed LMS
(for example, IRBIS) for decades and there is no
money for an army of highly skilled developers,
there is a problem of alternative solutions, which in
the long run will allow to «get off the needle» of the
closed LMS [2].

In the context of this study, our attention is
focused on the automation technologies, which
allows to receive and analyze the state of publishing
activities of higher education institutions and
academic institutions, including its scientific metrics
[16].

The research methodology. The study was
conducted on the basis of the Scientific and
Technical Library of the Dnipro National
University of Railway Transport named after
Academician V. Lazaryan (DNURT).

Fig. 1 shows the old structural diagram of the
automation services of the Scientific and Technical
Library of DNURT till 2017. The system was split
into 3 databases with three different interfaces:

— Website;

— electronic catalogue IRBIS LMS 64 (Web
IRBIS);

— scientist publication profile [1].

Within the framework of the article, taking into
account the information in Fig. 1, the issue of
integrating other existing services of the DNURT
library, such as the eaDNURT repository on
DSpace, the Open Journal System (OJS)
publishing systems, Open Monograph Press
(OMP), the Open Conference System (OCS), is not
raised. So far, these systems remain separate
services.

As can be seen from Fig. 1 separate library
services are implemented on a variety of data base
management system (DBMS). For example,
MYSQL — on the site, IRBIS LMS 64 — does not
have a separate relational database, while the
scientist profile system was implemented by
a separate stand-alone windows-application using
the Firebird DBMS.
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Fig. 1. Initial structural diagram of the library
services of DNURT

To create a unified library system, it is
necessary to completely abandon the old structure.
The new structural diagram of the Web-oriented
library system of DNURT with the central Web-
application (library Website) is shown in Fig. 2 [6].
The Website, electronic catalogue and scientist
publication profile were merged into a single
system to which the IRBIS LMS was connected
through the C#-program synchronizer, Android
application and Telegram bot. All other
subsystems shown in Fig. 2 perform an exchange
between themselves through a centralized node
(site) using a single specially developed API-
interface.

PostgreSQL IRBIS

Website
Electronic
catalogue |[<—>

Scientist profile
I C#

Y

Browser

Internet

Telegram

Fig. 2. Current structural diagram of distributed
Web-oriented library system of DNURT

In the future, the structure of the electronic
library system of DNURT may be released from
dependence on IRBIS LMS with the aim of
switching to a modern open-source LMS or even
developing the own LMS with full migration of
data entered into IRBIS LMS due to the developed
C#-application for uploading user data and
literature.

The platform for a scientific and technical
library can be developed in any programming
language using any frameworks and libraries that
meet the specified project requirements and
implementation deadlines.

Because the system is being developed for use
in the Web space, the primary goal is to secure and
protect user data from unauthorized access. To
achieve this, it was decided to use the Web
framework written in PHP version 7.0 (at the time
the system was created and run), and the version of
PHP 7.2 (at the moment).

Thanks to the use of the Web-based framework,
it is possible to avoid many common mistakes in
the system protection and to shorten the system
development time.

There are many system security threats on the
Internet. System security is possible with the
integrated achievement of many parameters using
various technologies. The main threats to which
our system is opposed:

- Password cracking protection;

- Traffic interception protection;

- Protection against SQL Injection, XSS and
CSRF.

For password cracking protection, it is
obligatory to set limits on the number of
authorization attempts, and then to block the user's
activity for 15 minutes. All user passwords are
encrypted using the AES-256-CBC encryption
algorithm and stored as a hash. Due to this it is
impossible to know the real user password.

You must be ready for any danger. That is why
a special Telegram-bot was developed, which
sends a message to the system administrator in
case of unforeseen mistakes during work of any
system element. This solution allows you to track
any activity that resulted in an error. An example
of such a message is shown in Fig. 3
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You have new exception on
https://library.diit.edu.ualuk/catalog/book/338

Exception class: October\Raim\Exception\applicationException
Date and Time: 2018-12-05 17:40:07
Code: 0

File: svarfwwni/siterhtml/plugins/library/catalog/components/
CatalogSingle.php

Line: 158

Error: Invalid token!

IP; 46.98.84.164

User Agent: Mozilla/5.0 (Windows NT 10.0; Wing4: x64)
ApplewebKit/537.36 (KHTML, like Gecko) Chrome/69.0.3497.100
Safari/537.36 OPR/96.0.3051.116

library.diit.edu.ua
YNalWTYBaHHA Ta eKCNAYaTauia 3anisHAYHOT KoNil
[3NeKTPOHHBIA pecypc] MeTO. BKAZIBKM A0 BMKOHAHHA KYpCo...

Fig. 3. Example of a Telegram-bot message about
suspicious activity on the site

A traffic interception attack can be classified as
a «Man in the Middle» attack (MITM) [10, 17]. In
MITM, the hacker redirects traffic between the
user and the communication gateway. The most
common type of hacking is the distribution of free
Wi-Fi. To protect against this type of attack, it was
decided to use an SSL cryptographic protocol that
uses asymmetric cryptography to authenticate
exchange keys, symmetric encryption to keep
confidentiality, message authentication codes for
message integrity. For automatic redirecting the
readers from http to https, special software was
developed.

Now Web-applications are very popular because
of their user-friendly environment and the rapid
reception of any information in the Internet, but
Web-applications are subject to a lot of threats.
CSREF attack is one of the serious threats to Web-
applications [17], which is based on vulnerabilities
present in the normal Web-query and HTTP
response. The vulnerability is difficult to detect, but
nevertheless, it is present in most existing Web-
applications.

Some users are able to use SQL injection to
interfere with database security by executing an
SQL query. They pass a SQL subquery in the
password field instead of the password to get
a confirmation [11].

In general, to protect the system from SQL
injection, XSS and CSREF, a fairly rigid validation
system for input data from users has been set up

that does not permit the addition of arbitrary data
to the database. In addition to this, the system
blocks all queries that go not through a single entry
point. All paths in the system are set by the
developer, and therefore the system does not have
hypothetical «backdoorsy.

Since PHP programing language has been
chosen as the working environment, it is necessary
to choose a framework that works with this
language. Before choosing a framework, the
possibility of creating a project on pure PHP was
taken into account. This approach involves writing
the entire logic of the application from scratch,
except for cases where the required functionality
has already been implemented in some Composer
package. Basically, writing a new service in PHP is
reduced to the ability to install turnkey packages,
with their further integration among each other (the
same as offered by different frameworks). The
development «from scratch» has not been taken
into account due to the short terms of development
and limited human resources. When choosing
a framework, priority was given to the universality,
speed and size of the community.

The authors considered three common PHP-
frameworks — Phalcon, Laravel, OctoberCMS [6,
18, 20].

Phalcon is one of the fastest PHP frameworks
written in C programming language. Extensions on
Zephir/C are loaded together with PHP once, when
you start the Web-server daemon. The classes and
functions provided by the extension are ready for
use in any application. The code is compiled and
not interpreted because it is already compiled for
a particular platform and processor. Phalcon,
thanks to its low-level architecture and
optimization, provides the least load on the MVC-
applications. But in general, the framework has:
a very scanty documentation, even in English; it
requires hosting suitable for a special PHP
extension; a small community of developers.

Laravel is a free open source Web-framework
intended for development using the MVC
architectural model. Laravel is released under the
MIT license. The source code of the project is
placed on the GitHub. The advantages include:
open source code, written in PHP; good
documentation, great community; regular updates;
a large number of implemented functions;
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availability of ORM and Collection. The
disadvantages include: a completely clear
framework, without a basic functional; creation of
a large number of migrations with constant
database modification; no option to quickly clear
the list of migrations.

OctoberCMS is a  Canadian-Australian
development. System developers: Alexey Bobkov —
UX designer from Canada and Samuel Georges —
PHP programmer from Australia. Beginning of
development — 2013. The system is based on the
Laravel Web-framework, over which the shell has
been written for the rapid creation of Web-
applications. OctoberCMS allows to quickly create
a dynamic Web-application. This system works at
a very high level of abstraction, which allows for
a minimum amount of errors and concentrating the
developer’s attention on the set task, and not on the
task of the application micro-architecture. If
necessary, you can use all the features of the lower
levels of software that underlie the system. These
include Symfony Framework and Laravel
Framework [20].

By default, the OctoberCMS admin panel is
capable of performing the following functions:

Control of administrator accounts, the sharing
of access rights for administrators and for groups
of administrators separately;

- Management and setting up connection to
postal services;

- Personalization of the control panel;

- Template settings;

- Viewing site query logs.

The advantages include: the system is based on

Laravel (with all the advantages and
disadvantages); constant core system security
updates;  high-quality = documentation, large

community; ready admin panel with lots of forms
and widgets for quick creation of a functional; the
project has its own structure and architecture,
different from Laravel; there is an opportunity to
independently create and delete migration; the
possibility of expanding the functionality by means
of events; there is no basic functionality for the
user of the site part; flexibility: the database query
caching algorithm can be written from scratch; the
way to compress photos — may be inherited and

redefined by the model, which allows to downscale
the photo during loading.

The disadvantages include: Laravel version
updating once every 2 years; many little drawbacks
when creating large, supported projects (for
example, the sequence of performed migrations
when expanding the functionality with an
additional plugin, indicating the dependencies of
the plugins); difficulty to create own form-widgets
due to a fairly high degree of abstraction.

Thus, the analysis showed that the best option
for the implementation of the interactive
information system of the scientific and technical
library of DNURT is OctoberCMS, which was
taken as a basis.

Many Web-applications use databases for
permanent data storage, and the use of Object
Relational Mapping (ORM) [14, 15] is a common
way of developing such Web applications that are
supported by the database. Unfortunately, the
development of efficient applications for ORM is
difficult, since the structure of ORM hides the
basic generations and execution of database
queries. This problem becomes more and more
serious as applications require processing of more
and more stable data [13, 19].

The work of ORM consists in sequential calling
of methods of the model, for which the database
query is built. In this case, only the input
parameters of the methods are inserted, without
writing the SQL-code itself. Fig. 4 shows a class
hierarchy for constructing SQL queries.

[N
<@> Eloquent

)
|

Model <§>

PR THE AN
) n.N AN
bB <@ -] saL
f— —

l

Database

Fig. 4. Inheritance structure of model classes for
OctoberCMS (Laravel)

The researchers conducted experiments, during
which 4 major operations (create, select, update,
delete) were checked over 1000 entries. The tests
were conducted for ORM and SQL queries. Figure
5 shows the graphical representation of the results.
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Fig. 5. Graphical comparison of query processing time in different databases

Despite all the advantages of ORM, there is one
important thing: it only forms the SQL query and
in no way saves the developer from possible errors.
The OctoberCMS system allows deploying to
a variety of environments: in the process of
development, one can use MySQL, and during
implementation — PostgreSQL (which was applied
in the library of DNURT). For example, let us
consider the following ORM queries:

$data = AuthorModel: where(‘name’, ‘ILIKE’,
“%{$name} %) ->get();

When this ORM-query is executed on an
embedded system, an unknown operator 'ILIKE'
error occurs because the operator belongs
exclusively to MySQL.

PostgreSQL was taken as a database for the
system. Despite the lower speed of work in
comparison with MySQL, it is used by many high-
capacity systems in the world [14, 15], and
therefore (in the system development perspective)
will become a more reliable solution. Unlike
MySQL, PostgreSQL operates with data through
transactions, which provides additional reliability.
One of the reasons for this is that the Web-server
already has PostgreSQL, which was used by the
DSpace system.

Before you start developing a Web-system, you
need to design a database. This step allows to
avoid many problems in the future.

Findings
The Scientific and Technical Library of
DNURT uses IRBIS-64 LMS. For many years it

has gathered a large database of readers. Therefore,
all of them had to be transferred to the new system.

Given this, there was created a database structure,
shown in Fig. 6.

The structure of the database part responsible
for users is as follows:

— zombie — table of user data that has been
transferred from IRBIS LMS. This includes just
the user registration data, which gives the library
readers an opportunity to register on the site and to
access the electronic catalogue (for the purpose of
ordering literature and access to full texts) and the
scientist account (publication profile, including the
research metrics);

— user — table with the readers who have
registered on the site. To register, a user must
specify his or her name, surname and number of
the reader's ticket, then these data are checked
against the data from the Zombie table, and if such
a user is found, then the information is entered in
the User, and the reader is deleted from Zombie.
Here there is the basic information about/for
readers, including setting up notifications about the
arrival of literature at the circulation point.

— throttle — table that records unsuccessful
authorization attempts and blocks possible
attempts to crack passwords. Blocking takes place
at the client's IP address when exceeding the
maximum number of authorization attempts in the
system. Time stamps are stored for the most recent
unsuccessful authorization attempts, upon the
expiry of which the records are deleted and the
reader has new authorization attempts. Entries are
deleted on schedule by a standard CRON-
scheduler (the server runs under the Ubuntu Server
0OS).
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The part of the database responsible for the
electronic catalogue consists of the following
database tables:

— User — information about registered readers;

— Book — full information about all the books
in the electronic catalogue;

— Author — information about the authors;

— Keywords;

— Category — category for electronic resources;

— Order — list of book orders in the library;

— Branch — binding of a book or order to
a specific circulation point in a library;

— Book_has_author — a connecting
between editions and authors;

— Book_has_branch — a connecting table
between editions and circulation points;

— Book_has_keyword — a connecting table
between editions and keywords.

The structure of the DB, which is responsible
for the university scientist publication profile with
the structure of the readers database, consists of the
following database tables:

— Author — full author information, including
the H-index from Google Scholar, Scopus, Web of
Science;

— Edition — full information about the edition;

— Author_position;

table

— Country;
— Science_db —list of scientific databases;
— Edition_has_science_db — information on

publication of the edition in international scientific
databases;

— Publication — scientific publications;

— Language — publishing languages;

— Edition_type;

— Science_name — academic ranks of scientists;

— Science_level — academic degrees of
scientists;

— Subdivision — list of university subdivisions;

— Faculty — list of university faculties.

Interactive library information system is
a system created for the Scientific and Technical
Library of DNURT. This system is integrated into
the system of IRBIS LMS. It has its own API-
interface, which allows it to be easily scaled,
thanks to the use of the modern Laravel-based

framework — OctoberCMS. The system has an
administrator and user panel.

Admin panel options (partially shown in
Figure 7):

— Existing integration of e-catalogue and
readers with IRBIS LMS;

— Displaying a complete list of readers;

— Order table: Graphical representation of real-
time order statistics. Ability to change the status of
orders, the literature circulation point;

— Publications:  publications about new
achievements, holidays and news. Notifications to
readers about public events. Publication category
breakdowns. Creating static pages from admin
panel;

— Scientist publication profile: full information
about the scientific work of the university in recent
years. The profile includes: titles of editions,
publications, types of publications, authors and
their positions, countries, languages, faculties and
subdivisions, academic degrees, academic ranks,
information on the availability of publications in
international databases, etc. Reports for the
Ministry of Education and Science and the
departments of DNURT are formed in a separate
windows-application, = which  executes the
formation of reports in MS Excel format;

— Online dictionary of scientific terms and
transport words: directions of translation:
Ukrainian-English and Russian-English, as well as
English-Ukrainian and English-Russian;

— Surveys: the possibility of conducting
surveys among the library readers;

— Statistics collection: total number of readers
per month and total monthly growth. Display of
statistics of orders and downloads of scientific
literature by months, total by months and growth
by months. Ability to export data as *.csv file for
further submission of information to the rector's
office;

— Multilingualism: ability to specify an
unlimited number of languages for the translation
of the site content;

— The electronic catalogue of literature is
absent in the admin panel because it is
automatically synchronized with the IRBIS LMS.
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Fig. 7. Admin panel:

a — management of the university publication profile; » — management of online ordering of paper literature

Options of the client part (partially shown in
Figure 8):

— Display of the latest publications and the full
list;

— Search in electronic catalogue of the library
by name, author, year, keyword and category;

— Search of scientific terms and words in the
online dictionary, by 4 directions: Ukrainian-
English,  English-Ukrainian,  Russian-English,
English-Russian;

— University profile, with filtration by
bibliographic description, First name, Last name,
ID of scientometric databases, year of publication.

Subsystem «Publication Profile of University
Science» (in the general interactive library system) is
created based on PHP-framework with open source
OctoberCMS. To ensure the required functionality,
the authors created necessary plugins — (API-
interface plugin, publication profile plugin, e-
library plugin). Separately for synchronization with
Scopus, Web of Science, Google Scholar the
program in Pyhton language was created. To
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ensure reporting, the program in C# language for any, the authors tested the one on MySQL and
Windows was written (with possible porting on POSTGRESQL, stability in others is not
Linux). Database for storing data can be virtually = guaranteed.
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Fig. 8. Client part of the system:
a — electronic catalogue; b — university publication profile
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Originality and practical value

The authors researched the rational ways and
provided the implementation of individual tools
within the interactive information system of the
scientific library on the basis of Web-technologies,
which contains a single API gateway combining
separate library automation systems. The research
has shown that the use of advanced levels of
abstraction with the use of specialized PHP-
frameworks and ORM instead of pure SQL allows
the developer to focus on the development of
a rather complex and yet simple system from the
point of view of development, which is sufficiently
effective in Ukrainian scientific libraries in terms
of the lack of time and material resources. But the
increase in abstraction may result in errors, for
example, when using different types of DBMS at
the developer and the working server. The offered
interactive information system allows to practically
abandon the cumbersome and morally outdated
IRBIS 64 system in the issues of service for
readers (there is an opportunity even to execute
orders of printed literature in a personal account,
like in user accounts of modern courier services).
The developed software that synchronizes with
IRBIS in the C# language allows to unload data
from the IRBIS LMS to any modern open-source
LMS in the future.

We conducted the analysis of solutions of the
project «Publication Profile of University Science»
— an informational-analytical subsystem of the
interactive information system of the scientific
library. Realization of possibilities of this
subsystem will allow receiving a statistically
reliable picture of the publication activity and
influence of scientists, departments, university as
a whole. It also benefits from the created software
for generating automated reports on scientists’
publication activities.

The research results can also be used to solve
the system cyber security problems.

Conclusions

The digitalization of the educational and
research activities of universities contributes to the
great transformations in their scientific libraries.

University communities should have not only the
ability to receive literature in print or electronic
form, but also to use convenient and reliable
library digital services to create, accumulate,
preserve, manage, analyze and reuse scientific and
educational resources (including open ones).

In the context of promoting high quality higher
education, the university scientific library should
create its own information space, integrated into
the external space of education and science,
provide access to it and make effective use of its
opportunities [9].

The solution to these problems can be
facilitated by the creation of an interactive
information system of university libraries on the
basis of Web-technologies, which includes
a single API-gateway combining separate library
automation systems. This approach made it
possible to create an easy-scalable and cross-
platform system. Individual subsystems, which are
united through a centralized gateway (library site)
and through the APIl-interface, perform the
following functions:

— Search for publications by title, author's
name and surname, academic year, year of
publication, keywords, etc.;

— Search for authors and display of their author
IDs/profiles: Scopus Author ID, ResearcherID,
ORCID, Google Scholar Citations;

— Implementation of automated -electronic
reporting by scientific publications of individual
scientists, departments, the university as a whole;

— Integration into IRBIS LMS in order to
synchronize the user databases and literature;

— Creation and processing of applications for
the circulation of printed materials;

— Downloading literature in electronic form;

— Collection of statistics relating to library
reader usage of the service for the library
management.

The unified digital infrastructure of the modern
scientific library on the basis of Web-technologies,
which already has an implementation in the
scientific and technical library of DNURT, allows
to assert about the partial fulfillment of the
requirements for the paradigm «Library 2.0» [8].
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€JIMUHA IU®POBA IHOPACTPYKTYPA CYYACHOI HAYKOBOI
BIBJIIOTEKW HA OCHOBI WEB-TEXHOJIOI'TI

Mera. Lludposizamis, po3mupeHHs iHQOPMAIIITHOTO cepelIoBHIa HayKOBOi OIOTIOTEKHM Ta HOTO IHTErparis
B rro0anbHUH 1I(POBHIA MPOCTip TOTPEOYIOTH CTBOPEHHS MOBHOLIHHOI OaraTodyHKIioHaIBEHOI Web-opieHToBaHOT
exocucreMd. Po0Oora crpsiMoBaHa Ha JOCIIJDKEHHS DalliOHAIBHMX LUISIXIB Ta peanizalilo OKpeMHX 3aco0iB
y pamKax iHTepakThBHOI iH(opmaIliiiHoi cucremu 0i0miOTeKH HAa OCHOBI Web-TexHOMOTH, 1110 MICTHTh y COOi
enuauii API-numo3 (caidT 0i0iiOTeKM) Ta MOENHYE OKpeMi aBTOMaTH30BaHi 0i0OmioTeuHi iHpopMmauiliHi cuctemMu
(ABIC). Meroaunka. JlocmipkeHHST NPOBOOMIOCH Ha 0a3l HAyKOBO-TeXHIYHOI 0i0Omiorexku JIHIMPOBCHKOTO
HAalliOHAIILHOTO YHIBEPCUTETY 3aJIi3HUYHOTO TPAHCIOPTY iMeHi akaiemika B. Jlazapsua (JJHY3T). [IpoananizoBaHo
CTPYKTYpPY Ta CTaH ICHYKHOYOi MOpajbHO 3acrtapiioi iHpopmauiitHoi cucremu 0i0yioTeKH, 3aCHOBaHOI Ha
TEXHOJIOTISAX TOMUICHHS IMiJCHCTEM Ha OKpeMi CepBiCH. PO3IIITHYTO MOXKIMBOCTI Ta OCOONHMBOCTI MEPEXOny IO
€IMHOT 1HTEPaKTHBHOI CHCTEMH 3a JOIOMOTOI0 IEHTpaibHOro Web-nomaTky, IO TOEJHYE PO3pi3HEHI cepBicH.
Bona iarerposana B cuctemy ABIC IPBIC 64 (ane moxxe Oytu BukopucraHa Oyab-sika ABIC). YBary 3ocepemxeHo
Ha HaJIHOCTI Ta 3aX¥CTi JaHUX KOPHCTYBAYiB BiJl HECAHKI[IOHOBAHOTO NocTymy. Pe3yiabTaTu. JocmimkeH] MIsxy,
3aco0M Ta OCOONMBOCTI Iepexoqy IO MOBHOWIHHOI OaraToyHKIIOHaNBEHOI Web-OopieHTOBaHOI €KOCHCTEMHU
6i6moTexn JJHY3T. Cucrema nepenbauae BracHuin API-inTepdeiic, oo mo3Bossie ii 1erko MacmtaOyBaTu 3aBIsSKA
3aCTOCYBAaHHIO Cy4acHOTO (peiiMBopky Ha 0a3i Laravel — OctoberCMS. Cucrema mMae maHenab aaMiHicTpaTopa Ta
kopuctyBada. Po3pobneno mincucremy b/l «IlyGnikamiifHuii mpodins yHIBEPCUTETCHKOT HAYKNY, IS 3a0€3eUeHHS
HeoOXigHOTO (DYHKIIOHATY SKOI CTBOPEHI IUIariHM Ta mporpamu: 1) s cuHxpoHizarii 31 Scopus, Web of Science,
Google Scholar — Ha MoBi Pyhton; 2) nis popmyBaHHsS aBTOMaTH30BaHOi 3BiTHOCTI — HAa MOBi C# 1yt OC Windows.
HaykoBa HoBH3Ha. J[oCHiZHWKaMHU NpOaHATI30BaHI MOXKJIMBOCTI W 3allpOIOHOBaHI ONTHUMAaJbHI Ta e(pEeKTHBHI
pillIeHHs 31 CTBOPEHHS iHTepaKTUBHOI iH(opMariiiHoi cucremu 610s1ioTeKkH Ha OCHOBI Web-TeXHOIIOTIH, 1110 MICTHTh
B cob0i emunnii APl-mimo3 (caiT 06i0nioTekn) Ta MOeAHye OKpeMi Oi0TiOTeYHI aBTOMATH30BaHI CHCTEMHU.
JloBeneHo, 1[I0 3acTOCYBaHHS  IIJABMINEHOTO pIBHSA  a0cTpakiii 3 BHKOPUCTAHHAM  CIICLiali30BaHUX
PHP-¢peiimBopkiB Ta Texnosorii ORM 3amicte umctoro SQL nosBossie 30cepenuTHcs Ha po3poOli I0BOII
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ckimaaHol 3a (QYHKUISIMM M BOAHOYAC NPOCTOI 3 TOYKU 30pY PO3POOKH CHUCTEMHM, L0 3a OpakoM dYacy Ta
MaTepialbHUX PECypCiB y HayKoBHX 0i0mioTekax YKpaiHM € JOCHTh e(pEKTUBHMM. BUKOHaHI OCHIIKCHHS
JTO3BOJISIFOTH CTBEPKYBATHU PO YacTKOBY peanizaiito B 6i0mioteni JJHY3T Bumor no napaaurmu «biomioreka 2.0».
[pakTuyHa 3HAaYMMicThb. 3alPONIOHOBaHA IHTEpaKTHBHA iH(OpMaIliiiHa cucTeMa HayKOBOi OiOJIOTEKM TO3BOJIIE
MPaKTUYHO BiJMOBUTHCH BiA 3acTOCyBaHHS TpoMi3nmkoi # MopambHO 3actapimoi cucrtemu IPBIC 64 s
00CITyTOBYBaHHS YHTA4iB (HasBHA MOXJIMBICTh BHKOHAHHS 3aMOBJICHHS APYKOBAHOI JITEPaTypH 3 OCOOHMCTOTO
kabiHery). Po3pobnene mporpamHe 3abe3redeHHs, ke BHKOHye cuHXpoHizamito 3 IPBIC moBoro C#, mo3Bosse
B MaiibyrHpOMy mpoBectd BuBaHTakeHHS maHuX 3 ABIC IPBIC nmo Oymp-skoi cydacHoi ABIC i3 BigkpuTuMm
BHUXiTHUM KomoM. Peamizamis moximBocTed migcucreMu «I[lyOmikamifHui Tpodine YHIBEpCHTETCHKOI HAYKH»
JIO3BOJIUTH OTPUMYBATU CTATHCTHYHO JOCTOBIPHY KapTHHY ITyOJiKaliifHOT akKTHBHOCTI Ta BIJTMBOBOCTI HAayKOBIIIB,
Kadenp, yHIBEpCUTETY B LIJIOMY.

Kniouosi cnosa: iutepakTHBHa iH(pOpManiiiHa cucrtema OibmioTekn; O0iOIioTEKa YHIBEPCHUTETYy; HayKOBO-
texniyna 6idmioreka JJHY3T; OctoberCMS; Laravel; PostgreSql; ABIC; API-turo3; Web-101aToK; eneKTpOHHUN
KaTaJor; HayKOBUH MPOdijb yueHOro
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EJVUHAS IU®POBASA UHOPACTPYKTYPA COBPEMEHHOM
HAYYHOH BUBJIMOTEKH HA OCHOBE WEB-TEXHOJIOT UiA

Henn. IludposBusamus, pacmmpeHne HHGOPMAIMOHHOW CpEAbl HAYYHOH OMONMOTEKM M ¢ HWHTErpaIfus
B riobampHOEe 1H(POBOE MPOCTPAHCTBO  TPEOYIOT CO3MAHUS  IOJHOLEGHHOHM  MHOTO(DYHKIIHOHAJIBHON
Web-opuenTupoBanHON 3Kk0cuCTeMBl. PaboTa HampaBieHa Ha MCCIIEAOBAaHHE PALMOHANBHBIX IyTeH M peaIH3ainio
OTHCNBHBIX CPEACTB B paMKax HMHTEPAKTUBHOW HHGOPMAIMOHHOM CHCTEMbl OHONHMOTEKM Ha OCHOBE
Web-TexHosoruid, KoTopasi couepxuT B cebe eaunbiii API-mumo3 (caiit OMOIMOTEKH) M coueTaeT OTAEJbHBbIE
aBTOMAaTH3UpPOBaHHBIE OMONHOTeYHBle wWHpopMannonHele cucteMbl (ABMC). Meroanka. Hccienosanue
poBOAMIIOCE Ha 0a3e HAay4YHO-TEXHMUYECKOH OuOMmoTexkn JIHMIPOBCKOTO HAIMOHAIBHOTO YHHBEPCHUTETa
KEIE3HOJOPOKHOTO TpaHcmopTa mMeHH akanemuka B. Jlazapsaa (JJHYXKT). IlpoanamusmpoBaHa CTpYKTypa
U COCTOSIHHE CYIIECTBYIOIIEH MOpajbHO ycTapeBlled HH(pOpMannoOHHOH cucTeMbl OMOIMOTEKH, OCHOBAaHHOW Ha
TEXHOJIOTHSIX JIJICHHS TIO/ICCTEM Ha OTAEIbHBIE CePBUCHL. PaccMOTpeHBI BOZMOXHOCTH U OCOOEHHOCTH Iepexo/ia K
€IMHOM WHTEPAaKTHBHOW CHCTEME C IMOMOMIBIO IIEHTPAIHLHOTO Web-IpHIIOKEHUs, COYETAaloNIero pa3po3HEHHbIC
cepBucel. OHa umHTerpupoBana B cucreMy ABUC WPBUC 64 (Ho MoxxeT ObITh mcmosp3oBaHa nobas ABUC).
BHumanMe cocpeioToueHO Ha HaJeKHOCTH H 3alllUTe JaHHBIX MOJIh30BaTENIeH OT HECAaHKIIMOHUPOBAHHOTO JIOCTYTIA.
PesyabTaTsl. VccrenoBaHsl myTH, CpeicTBa U OCOOEHHOCTH Mepexojia K MOJHOLEHHOH MHOTO(YHKIIMOHAIBHON
Web-opuentupoBannoir  sxocucreme Oubnmorexn JHYXKT. Cucrema mnpemycmarpuBaeT COOCTBEHHBIH
API-unTepdeiic, MO3BOAIOMINN €¢ JISTKO MacIITabUpoBaTh Ojaromaps MPUMEHCHHIO COBPEMEHHOTO (peiiMBOpKa
Ha Oaze Laravel — OctoberCMS. Cucrema mMmeeT maHenb aIMHHHCTpaTOpa W IONb30oBaTens. Paspaborana
noacucrema b/l «[lyOnnkanuoHHBIH Npoduilb YHHBEPCUTETCKOM HayKu», Uil OOecred4eHHs HeoO0XO0IMMOro
(yHKIMOHANa KOTOPOM CO3/aHbl IUIarMHBI M IporpamMMmsl: 1) s cuHXpoHm3anuu co Scopus, Web of Science,
Google Scholar — Ha s1361ke Pyhton; 2) nnst popMupoBaHus aBTOMaTH3UPOBAHHON OTYETHOCTH — Ha si3bike C # s
Windows. Hayunasi HoBu3Ha. VccienoBarensiMu NpoaHaIM3UPOBAHbI BO3MOXKHOCTH U MPEUIOKEHBI ONITHMAIIbHBIE
n 3¢ ¢eKTUBHBIE PENIeHHs] MO CO3AaHHI0 WHTEPAKTHBHOW MH(MOPMAIMOHHOW CHCTEMBI OMOJIMOTEKM HAa OCHOBE
Web-texnonoruii, kotopas comepxutr B cebe eamusrii API-mumo3 (caiit OmOnmoTekw) M codeTaeT OTACIbHBIC
O6uOIMOTEeYHbIE aBTOMATH3MPOBAHHBIE CUCTEMBI. J[0Ka3aHO, YTO MPHUMEHEHHE MOBBIMICHHOTO YPOBHS abCTpaKmuu
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C HCIHOJNb30BaHWEM crenuanu3upoBaHHblXx PHP-dpeiimBopkoB u TexHomormm ORM Bmecto uymctoro SQL
MO3BOJISIET COCPEIOTOYHNTHCS HA Pa3pabOTKe JOBOJIBHO CI0XKHON MO (YHKIMSAM U OJHOBPEMEHHO MPOCTOH C TOYKU
3peHus pa3pabOTKH CUCTEMBI, YTO 32 HEMMEHHEM BPEMEHH U MaTepUaJbHBIX PECYpCOB B Hay4YHBIX OMOIMOTEKax
VKpauHbl SBISETCA JIOCTATOYHO J(PQPEKTUBHBIM. DBBINMOTHEHHBIE WCCIEIOBAaHMSA IO3BOJIIOT  yYTBEPXKIATh
o wdactmuHOW peamm3anuu B OumbOmmoreke JHYXT tpeboBanmii k mapagmrme «bubmmoreka 2.0».
IIpakTHyeckass 3HaYUMOCTb. [IpeanoxeHHass WHTEPAKTUBHAS MH(POPMAIMOHHAS CHCTEMa HAyYHOW OMOIMOTEKH
MTO3BOJISIET MPAKTHYCCKH OTKA3aThCs OT MPUMEHEHHUS TPOMO3AKOH M MopansHO ycrapeBmier cuctembl UPBUC 64
Uil OOCTy)XMBaHUSI YUTaTeNeH (TMPUCYTCTBYET BO3MOXKHOCTH BBINOJHEHUS 3aKa3za IE€YaTHOW JHTEpaTypsl U3
mmgHOTO KabmHera). PazpaboranHoe mporpammHoe oOecrieuenue, cuaxponmupyomeecs ¢ IPBUC Ha s3pike CH#,
MO3BOJIsIET B Oy TylieM npoBecTH BhIrpy3Ky AaHHbIX 13 ABVIC UPBUC B mobyto coBpemennyto ABVIC ¢ oTKpBITBIM
UCXOJHBIM KOJIOM. Peammzanmst Bo3MoskHOcTe# moncucteMsl «l[lyOnuKannoOHHBIA NPOGHIL YHHBEPCHUTETCKOM
HayKU» IO03BOJIMT IIOJy4aTh CTAaTUCTUYECKH JOCTOBEPHYIO KAapTUHY ITyONMKAIlMOHHOW aKTUBHOCTH WM BIIMSHHS
YUYEHBIX, Kaeap, YHUBEPCUTETA B IIEJIOM.

Kniouegvie cnosa: wWHTEpaKkTHBHAs HMHQOPMAIMOHHAs cUCTeMa OHMOJIMOTEKH; OMOIMOTEKa YHHBEPCHUTETA;
HaydHO-TexHm4Yeckas OmbOmmoreka JIHYXXT; OctoberCMS; Laravel; PostgreSql; ABUC; API-mumos;
Web-npuioskeHune; 3IeKTPOHHBIA KaTaloT; HAYYHBIH POQHIb YICHOTO
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