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ENEKTPOHHI IHGOPMALIAHI CUCTEMU B MEAULVHI TA BIONOrII:
3ATANTbHUIA AHANI3

O. M. Knrouko
HauyioHasnbHul asiayitiHull yHisepcumem

Y ny6nikaLji y3arasibHeHO Ta npoaHaizoBaHO [0CBIf 3aCTOCYBaHHA €NeKTPOHHMX iHPOPMaLiiHAX CUCTEM i3 BUKOPUC-
TaHHAM 6a3 AaHnx. KOpoTko NpoaHasli3oBaHo PO3BUTOK ifel iHdhopMauiiHUX cMcTeM Ta AOCNIAKEHO iX 3pasku, pO3po6/IEHi
AN MeanuMHN Ta 6ioNorii, WO ONMcaHo Y YNCNEHHMX HAyKOBO-TEXHIYHUX NyoGnikauisx (6nnsbko 370). BukoHaHa knacudi-
KaLjis Taknx cucTem, Lo TpaauuinHo 6ynmn po3pobneHi Ana MeanumHn Ta 6ionorii. Jani po3rnsHyTo pisHi Npuknagn Takmnx
iHchopMaLiliHMX CUCTEM, @ TakOoX CUCTEM, LLO MatoTb XapakTEPUCTUKN AK MEeAWNYHMX, Tak i 6ionoriyHux, wob nonerwmTtn
PO3pO6/EHHST MaibyTHIX AOCKOHaMILIMX BEPCIi.

MpoAeMOHCTPOBAHO, L0 MOXHa BUAIINTA Kiflbka OCHOBHMX TUMIB iHDOPMaLiiHX cUCTeM i3 6asamu gaHux Ans Megu-
UUHW, 6ionorii. BUKOHYUM iX Knacudikawito, Hamm BNopsAKoBaHO Taki CUCTEMM BiAMOBIAHO A0 KiMbKOCTI ny6nikauin, npu-
CBAYEHUX KOXXHOMY TuMy.

3a pesynbraramv AOCNIMKEHHS 3p06MEHO psaf BUCHOBKIB: 1. MeanyHi iHhopMauiliHi CUCTEMU XapakTepu3yroTbCs Halbinb-
LLIOK0 YMCESbHICTIO, PI3HOMAHITHICTIO Ta HabXKEHICTIO A0 NPakTVKL. 2. ENeKTpoHHI iHdhopMav,iiiHi cuctemn B Heipodpisionori,
6ionorii XxapakTepunsyoTbCs HINbLLIOK HAGIMKEHICTIO 40 HAYKOBMX JOC/iMpkeHb. 3. OCHOBHa yBara po3po6HHMKIB 30cepepKeHa
3apas Ha pPo3pP0O/EHHI: MeanyHNX iHhopMaLiiHMX CUCTEM 3arasibHOrO NPU3HAYEHHS!, /TEKTPOHHUX BGiG1I0TEYHMX CUCTEM, eNleK-
TPOHHUX CUCTEM A/19 POBOTY 3 LOKYMEHTaMU, EKCNEPTHMUX CUCTEM | TENIEKOMYHIKALAHMX CUCTEM, L0 3'ABUICS B LIMX CIMCKaX
OCTaHHiIM Yyacom, 3 nouatky naHgemii SARS-CoV-2 (2019-nCaoV). IHwi TNy 6ynn NpeacTaB/ieHi MeHLLUE, HX 3a3HaueHi.

KniouoBi cno.a: iHthopmaTtyvka, iHhopmaLiiHa cuctema, 6asm gaHux.

ELECTRONIC INFORMATION SYSTEMS IN MEDICINE AND BIOLOGY:
GENERAL ANALYSIS

O. M. Klyuchko
National Aviation University

Background. In present publication we generalized and analyzed the experience of electronic information systems
with databases use in medicine and biology, as well as classified observed versions of modern medical and biological
information systems for the use of this knowledge for the construction of new information systems.

Materials and methods. Methods of comparative theoretical analysis were applied for the results searched in databases
of Springer, Academic Press as well as Google Scholar, PubMed, Medine. The studies were done to observe, generalize
and analyze the examples of highly developed technical information systems with databases elaborated for medicine and
biology.

Results. We analyzed briefly the development of ISs idea, examined ISs for medicine, biology from numerous scientific
and technical publications (approximately 370). Then we classified such systems, which traditionally refer to both biological
and medical sciences. Further we observed different examples of such information systems, as well as systems that have
characteristics both medical and biological in order to facilitate the invention of future more advanced their versions.

We have demonstrated that several basic types of ISs with databases for medicine, biology can be subdivided. Classifying,
we have ordered them according to the number of publications devoted to each type.

Conclusion. Following conclusions were done: 1. Medical information systems are characterized by the greatest quantity,
diversity and proximity to the practice. 2. Electronic information systems in neurophysiology and biology are characterized
by the greater proximity to scientific research. 3. The main focus of the developers is focused now on the development of:
medical information systems of general purposes, electronic library systems, electronic systems for work with documents,
expert systems, and telecommunicate systems appeared in these lists recently, since the beginning of SARS-CoV-2 (2019-
nCoV) pandemic. Other types were represented less than above mentioned ones.
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ANEKTPOHHbIE NHO®POPMALUWMNOHHbLIE CUCTEMbI
B MEANUMHE N BNONOrmnn: oswinin AHAIN3

E. M. Kntouko
HayuoHanbHbIl aBuayuoHHbIl yHUBepcumem

B ny6nukauuy 0606LeH 1 NpoaHaIM3MpoBaH ONbIT MPUMEHEHUS 3M1EKTPOHHbIX MHAIOPMALMOHHBIX CUCTEM C UCMO/b30-
BaHVeM 6a3 faHHbIX. KpaTko npoaHann3MpoBaHo passuTue naen MHHopMaLoHHbIX CUCTEM U UCCIef0BaHbl NX 06pasLbl,
paspaboTaHHble ANns MeAuLUMHbI 1 61MON0TUK, ONMCAHHbIE B MHOTOYMC/IEHHBIX HAYUYHO-TEXHUYECKMX Mybnukaumnsax (0Okono
370). BbinonHeHa knaccudvkauma Takux CUCTEM, KOTOPble TPAAULMOHHO Obiv pa3paboTaHbl A1 MeAULMHBI 1 61oNnoruu.
[lanee paccmMoTpeHbl pa3/iMyHble NpYMepbl TakMX MHPOPMAaLMOHHBLIX CUCTEM, @ TaKXKe CUCTEM, NMEIOLLMX XapaKTepPUCTHKN
KakK MegUUMHCKMX, Tak 1 BMOA0rMyecknx, YTobbl 061erYnTb pa3paboTky OyayLmx 601ee COBEPLUEHHbIX UX BEPCUIA.

MpofeMOHCTPUPOBAHO, YTO MOXHO BbIAE/INTb HECKO/IbKO OCHOBHbIX TUMOB MHPOPMALIMOHHBIX CUCTEM C 6a3aMu AaHHbIX
ONA MeguuvHbl, 6ronorun. BeinonHAS nx knaccudukaumio, ynopsaounsani B COOTBETCTBUM C KOIMYECTBOM MyOnnkauumii,
MOCBSLLEHHbIX K&XA0MY TUMy.

Mo pe3ynsTatam nccnenoBaHus caenaHo psj BbiBogos: 1. MeamuuHckne MHPopMaLMOHHbIE CUCTEMbI XapaKTepU3yoT-
€A HanbonbLUeli YACIEHHOCTLIO, Pa3HO06pa3MeEM 1 MPUGAMKEHHOCTbLIO K NPaKTUKE. 2. DNEKTPOHHbIE UH(OPMAaLMOHHbIE
CUCTEMbI B HENPOM3NONIOorMm, 61onorMn xapakTepuayrTcs 60MbLIeil NPUGIKEHHOCTLIO K Hay4YHbIM UCCNEA0BaHNSM.
3. OCHOBHOE BHUMaHMe pa3paboTUMKOB COCPEAO0TOYEHO celiyac Ha pas3paboTke: MeaNUMHCKUX UHOPMAaLMOHHbIX CUC-
Tem o6Lero HasHavyeHusl, 31EKTPOHHBIX OGUOBMINOTEYHbLIX CUCTEM, 3/1IEKTPOHHLIX CUCTEM A1 paboTbl C AOKYMEHTaMU,
3KCMNEPTHBIX CUCTEM U TEIEKOMMYHMKALMOHHbIX CUCTEM, MOSBMBLUMXCA B 3TWX CMMUCKax B MOcCNefHee Bpems, C Havana
naHgemmn SARS-CoV-2 (2019-nCoV). [pyrue Tunbl 66111 NpeAcTas/ieHbl MeHbLUE, YeM yKa3aHHbIe.

KntoueBble cnoBa: nHopmaTtrka, MHopMaLoHHas cuctema, 6asbl AaHHbIX.
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Introduction. The progress in medicine and biology
in contemporary world is unprecedented. This happens
not only due to the crucial necessity of public health
protection in contemporary epidemiological situation
of coronavirus SARS-CoV-2 (2019-nCoV) infection
spreading. This happen also due to continuous
achievements in areas of molecular and genome
studying and modeling, achievements in disease
characteristics studies in the clinical aspect of health
care, discoveries in the field of pharmacology, and,
on other hand, due to the intensive development
of information technologies (IT) and computer
technologies (CT), mainly on the basis of the databases
(DBs), which gave the opportunity to work with great
volumes of obtained digitized results [1, 2].

The notion «information system» (IS) means any
system, that is capable to receive, to process, to
memorize, and to transmit the information according
to classic definition [2]. In our studies, like other
authors, we distinguished two types of information
systems (ISs) [2]. So, «information system» may
mean: 1 — living systems in nature, we suggest to
call them «nIS» (natural information systems), and
2 — technical information systems, respectively
«tIS» (technical information systems), namely this
publication is dedicated to the observation of the
latter ones. During the last decade the «hybrid» ISs
have been developed also; they unite characteristics of
nIS and tIS [1]. Present review about the elaboration
of modern electronic information systems (ISs) on
the basis of databases (DBs) for biotechnology (and
biology in general), we have done after the analysis
of more than 370 contemporary sources (since 2000
year), as well as number of earlier works; in general,
relevant publications have been reviewed over the
past 35-30 years [7-18]. Some authors’ works with
the description of tISs for medicine and biology are in
[2-6], some of such works were protected by patents
[17, 18]. On the base of searched data and analysis
of ISs diversity our original classification of ISs
was developed; and such classification schemes are
presented in this article. Three classification schemes
were presented: medical ISs, ISs for biology and,
for comparison, ISs for neurophysiology. We have
demonstrated that there are several basic types of ISs
with DBs for medicine and biology. At the end of
present article some of ISs for medicine and biology
we have characterized briefly.

It should be noted that scientific and technical
publications about novel tISs (technical information
systems) often contain a number of deficiencies. Most
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of them announced only the development of any tIS
and give it superficial characteristic which should
announce a novelty. But they omitted numerous
technical characteristics of the systems, the principles
of their functioning, and etc.; all these complicate the
analytical research. Despite of this, we have analyzed
the experience of modern ISs constructing, which can
be applied for successful works in biotechnology.
Today all such tISs are network-based with DBs [2-9].

Purpose of the work: to study and to analyze
a number of contemporary examples of technical
information systems with databases elaborated for
medicine and biology, as well as to classify observed
versions of modern medical and biological information
systems with further detailed description of some
versions for the use of these knowledge for the
construction of new systems.

Materials and methods of investigations. Methods
of comparative theoretical analysis were applied for
the results searched in databases of Springer, Academic
Press as well as Google Scholar, PubMed, Medine.
The studies were done to observe, generalize and
analyze the examples of highly developed technical
information systems with databases elaborated for
medicine and biology.

Results and their discussion. Place of information
computer technologies for medicine and biology among
other computer disciplines. Information computer
technologies (ICT) have been developing so rapidly in
recent years, that new methods, developments, ideas
in computer sciences appear almost daily. At the same
time, the volume of up-to-date information in various
computer industries and, consequently, the number of
courses taught to students of computer sciences are
increasing rapidly. Usually, the latest developments
attract the most attention, so the average of students
sometimes have the feeling that some computer
sciences which aroused the imagination of their peers
15 years ago are already outdated. Teachers’ arguments
that «the latest developments are based on those that
have become classic, so the classics should be studied
first,» often have no success. Therefore, in order to
reconcile the experience and investigative mind, let’s
try to show own understanding of the correlation
between different branches in computer disciplines
on fig. 1.

At the center of this scheme is «Mathematical
Modeling», an extremely important compartment
of methods and knowledge in computer science that
can be rightfully considered as classic one. Indeed, it
could be said that mathematical modeling was at the
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forefront of computer technology until the early 1990s.
The original data, models, methods, etc. produced by
this compartment find their application in the practice,
which is presented on the figure as compartment
«Technical means». A variety of mechanisms or
devices, such as robots, expert systems, automated
devices, and other computer-controlled systems, could
be such practical applications. Initially, at a historical
stage we called «Stage 1», the created models might
not need much input data, and sometimes they could
even be placed on a simple A4-sized tag. But the
amount of data that needed processing was increasing
rapidly, and at the «Stage 2», the input data were
organized into the simple databases (DBs) as it was
shown on the figure. For example, such DBs might
be done using the first versions of DBase or FoxPro.

Due to technological progress, increasing the
power and speed of computers, mankind transition
to personal computers (PCs) and the creation
of networks, the prerequisites appeared that the
databases became increasingly important («Stage
3»). Systems for databases’ management have been
so refined and developed that many preparatory

operations with the data became possible to
perform even before the data were received in the
compartment «Mathematical modeling». And the
next step was the level of such development of input
data management that appeared as a result of this
«Information Technologies» with included databases
made it possible to separate into specific compartment
(shown on the figure for the «Stage 3»). ISs with
databases in biology and medicine are the subsets
of the «Information Technologies» and the «DB» of
the Stage 3 (not shown on the figure).

Thus, it can be stated that at the modern level of computer
technology development, different types of methods
coexist successfully: both the older in time of creation and
the newest methods, technologies and developments. Their
importance and role in the modern world is determined not
by the time of creation, but by how much they are needed
in practical activity of human. For example, you can refer
to the practice of large USA banks, which have both the
latest powerful PC models and older and cheaper, if they
can successfully perform the necessary simple operations.
Broad enough spectrums of ICT co-exist successfully if
they meet the needs of such companies.

Technical means

Information
Technologies

Mathematic
modeling

(robots, expert
systems, etc.)

Fig. 1. Contemporary ISs with DBs in general pattern of computer knowledge and technologies (explanation

see in text)

Importance of IT development for medicine and
biology. The importance of IT developments for all
biological branches has often been highlighted during
contemporary international forums with the participation

of physicians, biologists, managers and IT professionals.
One of the first important forums — VLDB 2000
Conference — had happened on June, 2000. VLDB
2000 was dedicated to the prediction of the ways of
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IT development for the biology and medicine; for the
control of situation with biodiversity and ecosystems
[2, 10]. It was noted that the study of biodiversity and
ecosystems refers to those sciences that can (and must
be) fully formalized and informative, despite the fact
that the objects of their study are extremely complex.
The new branch «Informatics in Biodiversity and
Ecosystems» (BDEI — BREI) was officially started at
this meeting [10]. It was emphasized that the diversity
of living organisms in nature is an impressive feature
of our reality. As a result of biodiversity existence,
the people of the Earth were provided with clean air
and water, food, homes, medicine, and etc. Finally,
the biodiversity based on the existence of ecosystems
gives billion dollars to national economies of different
countries, either directly, through the agriculture,
forestry, fishing, or as a result of protecting crops,
pest control practices, soil restoration, carbon dioxide
removal, nitrogen fixation, environment perfection.
Obviously, this was one of the most important areas
of vital importance; and it is important in terms of
science, education, economics and government control.
Therefore, the development of electronic ISs, which
would enable to realize the scientific study of the nature
at the modern level, educational work and rational
economic development of nature with the support of
governments, was one of the most important tasks of
that time [10]. It was emphasized that for 2000-th year
humanity has not had yet sufficiently good IT/CT tools
for the solution of such problems. Therefore, it was
necessary to invent a new generation of such means,
including means of satellite environmental control and
computer processing of obtained biological information.
At the same time it was necessary to solve the problem
of matching and ordering into the linked DBs the
entire volume of biological data of various natures,
both obtained by digital and classical means during the
centuries. This task was extremely complicated, since
in electronic databases in ISs should be ordered the
latest digitized data at the level of molecular biology,
genetics, biochemistry with its processes and reactions,
as well as the data from field observations of species,
observations of changes in the environment, data of
classical taxonomy (and they should correlate with
each other!) At the same time, these data should be in
such form, that they can be processed, analyzed and
compared jointly [10]. One such IT/CT tool for this
period was called the «Super Blue Gene», it was the
supercomputer which IBM started to develop on 2000
for the analysis of thousands of protein molecules
composition of various species living on the Earth [2].
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Classification of technical information systems with
databases in medicine. Let’s observe the examples of
various modern ISs with DBs in medicine (and further
in biology), information about which was published
since 2000. In our list there are contemporary
electronic databases with access to the Internet with
information in medicine, designed during the last 25
years. Studying all found descriptions of tIS elaborated
for medicine (patents, articles, books, etc.) we had
revealed some regularities. Despite the diversity of
such systems (and, accordingly, despite the diversity
of publications), it was possible to distinguish certain
well-defined types of ISs among them. It should be
noted that such classification in the finished form in
the scientific and technical literature until 2008 did
not exist; it is original and the author made it on the
basis of materials of about 370 publications. We have
demonstrated that there are several basic types of ISs
with DBs elaborated for medicine. This allowed us
to develop original classification of ISs basing on the
analysis of hundreds of contemporary publications
and it is suggested your attention. Present chapter is
devoted to analysis of the diversity of medical ISs and
their classification. In following chapters the same
results are presented for ISs in biology, and further, for
comparison, for ISs in neurophysiology. We offer the
results of our suggested classification of modern ISs
for the facilitation of future ISs’ versions construction.

It is necessary to mention that according to our
studying, the intensive development of ISs in medicine
started earlier (approximately 24-27 years ago) than
in biology (17-18 years ago) [2]. Moreover, medical
ISs demonstrate more variable forms, versions and
types (fig. 2) in comparison with biological ones. It
seems that large variety of tISs’ versions in modern
medicine is due to a good funding of the works
related to medicine and health protection in the world.
Thus, among the ISs with DBs for medicine one can
distinguish (fig. 2): medical ISs of general purposes,
expert systems, electronic systems for working with
images, electronic systems for working with medical
documents, systems for scientific purposes, library
medical systems, electronic educational systems in
medicine, electronic medical databases.

To the first positions in this list we placed the
systems, information about which was published
in the most numerous contemporary scientific and
technical sources. For example, the group «Medical
ISs of general purposes» included large and complex
medical ISs developed for hospitals, medical research
centers, etc. They united large numbers of sectors,
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DBs, electronic libraries and other services, sometimes
complex networks with information defense and
etc. The developers paid great attention to them,
respectively, because of health care and health
protection purposes. Such ISs were of the greatest

demand of users, often embodied in practice in modern
hospitals, laboratories and etc. So, these ISs felt into
our section «Medical ISs of general purpose». This
can be explained by the practical needs of clinical
medicine, which requires the most of such versions.

(/ Information systems with DB in medicine>

Medical information systems of general purpose

Expert systems

» Electronic systems for working with images

Electronic systems for working with medical documents

» Systems for scientific purposes

Library medical systems

» Electronic educational systems in medicine

Electronic medical databases

» Information systems for telecommunications

Fig. 2. Variety and classification of information systems with databases for medicine

When viewed the list of ISs classification from the top
to the end, the number of publications corresponding
to one specified type of the system decreases, and in
the section «Electronic medical databases» felt to the
lowest number of publications. This does not mean that
electronic medical DBs were not important in medical
practice. Such pattern could also be explained by the
fact that the procedure for creating of such databases
is standard, described in university textbooks, and
perhaps the developers of such DBs did not see them
as novelty, required for scientific publications.

«Information systems for telecommunications»
occupied the lower position in our scheme (fig. 2).
We have inserted this type of ISs recently, through
few months after the beginning of pandemic caused
by coronavirus SARS-CoV-2 (2019-nCoV). Because
of necessity of adaptation in this situation, millions of
people in whole world have to isolate themselves with

continuation of their work (or to occupy themselves
using ICT). This situation stimulated intensive
progress in telecommunicate ISs, their number had
increasing dramatically — respectively, they appeared
in our list. Sure, telecommunicate technologies were
12-15 years ago too, but such ISs were not so numerous
and diverse as today. Present days during the pandemic
really became the «high point» for telecommunicate
technologies.

Classification of information systems with databases
in biology. For the construction of tIS for biology
we suggested to study the experience of medical tIS
elaboration because of the following reasons. 1 —
Medicine is one of the nearest spheres for biology
that demonstrates the great variety and quality of IS
because of good finding (people take care about their
health ever). 2 — For biologists (as well as other
professionals) there were not important from what IS
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to get the data for their work, if only this data were.
Indeed, for the research work the real scientific data
are necessary, independently on the source of their
origin (in medical tIS there are lots of necessary data).
3 — Therefore, for the construction of similar tISs
for biology, one needs to know the prototypes from
medical tISs to develop the better ones, similar and
even more suitable systems. 4 — In our originally
constructed tIS, mentioned article, a biochemical
electronic laboratory is added. According to this
example, one can add to tIS all necessary segments: for
biology, and other ones. 5 — Biological applications
in medicine are very important. 6 — Finally, it is very
useful for engineers in biology to know the different
types of medical tISs as prototypes for the success of
their work. To give to professionals the possibilities to
invent new IS versions more effectively, we decided to
observe some tIS prototypes in medicine and biology.

Describing the classification of electronic ISs in
biological sciences we analyzed them in the same
manner as medical ones (see above). Placing these
ISs types in hierarchy (fig. 3), we followed the same
principle as above: the more publications contain
modern scientific and technical sources about this
type of systems; respectively, the higher its name was
in our list. Similar types of systems in biology and
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medicine we marked with the same hatch (for example,
«Electronic systems for working with images» are
marked by a square hatch for all branches; fig. 2,
3). Regarding to the classification of ISs in biology,
most of them were scientific ISs with DBs according
to their purposes and the developers paid the main
attention to them. Such situation looked like similar
to «Medical ISs of general purpose» from fig. 2. At
the same time, such scientific systems in biology also
performed educational functions, so, they are (and
may be called) «Educational ISs». Further, according
to the attention of developers, and consequently,
according to the number of developed systems were
electronic libraries in biology and biological databases.
There were relatively not numerous publications
about the systems designed for the work with images.
Abovementioned could not be applied to systems for
the work with images in anatomy, cytology — such
systems were numerous, quite thoroughly developed,
because they support some medical operations (for
example, surgeons) and computer diagnostics are
based on them also. But in our classification, they were
at the third position from the top in the classification
of ISs for medicine, because they are necessary for the
needs of this sphere; so, they were first developed and
applied with equal intensity in medicine and in biology.

g8 - Biological information systems with DD

Scientific ISs with DB (also performing educational function)

A

Electronic library systems in biology

» Electronic databases in biology

A 4

Electronic systems for working with images

problems in biotechnology)

Expert systems in biology (including for solution of scientific

Telecommunication information systems (scientific conferences, etc.)

Fig. 3. Biological information systems with databases

Computer expert biological systems were the most
close to the biological practice, for example, for the
estimation of pests’ presence on fields, for bee diseases
identification, and etc. Thus, the classification of ISs

for biology could be presented as: scientific ISs with
DBs (also performing educational function), electronic
library systems in biology, electronic databases in
biology, electronic systems for the work with images,
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expert systems in bio-logy (including ones for solution
of scientific problems in biology) (fig. 3).

In comparison with our previous publications
[2], we added to our scheme «Telecommunication
information systems» for biology at the last position
too. During today pandemic caused by SARS-CoV-2
(2019-nCoV), these ISs for biology are in progress
too. Their difference from the same for medicine is in
more «academic» direction of their functions and use
(scientific conferences, etc); medical ISs are linked
more with the practice.

Types of information systems used by professionals
both in medicine and biology. As an example of such
systems we can observe a neurophysiology; moreover,
many professionals in both medicine and biology
are interested in the data obtained in this sphere.
Neurophysiologic data are used by professionals both
medical and biological sciences. So, some peculiarities
of ISs’ classification in neurophysiology were similar
to both biology and medicine (let’s compare figures
2, 3, 4) [2]. Sure, it did not have «Medical ISs of
general purpose» group because there is no need in
their development — such tasks are important for
medical practice only. However, the neurophysiology
deals with the solution of purely scientific problems,

so developed electronic systems here have to facilitate
their solution. There are also the need to develop own
large databases and electronic library systems to store
numerous experimental neurophysiological results and
data from literary sources. So, in the classification list
for neurophysiology, some items would coincide with
the list for medical ISs, and some — with biological
ISs. As aresult, the general classification for the field of
neurophysiology acquired the following form (fig. 4):
expert systems in neurophysiology (including ones
for the solution of scientific problems), electronic
systems for the work with images, electronic library
systems in neurophysiology, and electronic databases
in neurophysiology [2].

We could forecast that classification list of ISs
types for neurophysiology will demonstrate similar
regularities as ones for neurophysiology, because
this sphere is also at «intersection» between biology
and medicine; but final correct conclusions we
will be able to make after the upcoming additional
studies. Telecommunication ISs present at the lowest
stage of this scheme too because of explained above
reasons. Sure, they are used mainly for academic
purposes as well (scientific communication,
conferences etc.)

C/aormation systems with databases in neurophysiolD

| Expert systems in neurophysiology (including ones for the solution
Expert of scientific problems)

| Electronic systems for work with images

A 4

Electronic library systems in neurophysiology

Electronic databases in neurophysiology

A 4

Telecommunication information systems (scientific conferences, etc.)

Fig. 4. Information systems with databases in neurophysiology

Comparison of two classifications of contemporary
electronic 1Ss — in medicine and biology. At the
current level of development of computer technologies
in the medical and biological practice both older ISs
according to time of their development, as well as more
recent ideas, methods, technologies and developments
coexist successfully [2]. Their role and the attention

given to their application are determined by practical
activity. The reasons of the fast development of ISs with
databases in these spheres are the burst-like increase in
the amount of input data, which requires the appropriate
development of database management systems and ISs.

Medical ISs obtain better funding then biological
ones usually, the period of their intensive development
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was during the last 25-27 years. Consequently, medical
ISs demonstrate the greater number of varieties
in comparison with biological ones [2]. The first
biological ISs were developed on 1980-1990-th, but
the period of their intensive development was the last
15-16 years. Among the biological ISs, the first ones
are those related to industry, medicine (for physiology,
brain biology etc.) and business (database with
information on biological medicinal products, sales
sites and etc.) With regard to such biological ISs, which
contain purely academic information, the classification
of living organisms, taxonomy data and etc., their
examples are not numerous today in comparison with
medical ones [2], and their constructing is waiting for
their developers still.

Comparing two classifications of modern electronic
ISs — in medicine and biology, we can make some
conclusions (figs. 2, 3, 4), basing on publications
[2-16].

— The medical ISs were characterized by the
greatest variety and necessity for the practice.

— Electronic ISs in biology were characterized by
the greater proximity to scientific research.

— Examining the numerous works on the
development of various ISs in medicine and biology,
we saw that developers are focused on the development
of: 1) medical ISs of general purpose; 2) electronic
library systems; 3) electronic systems for working
with documents; 4) expert systems.

— In parallel with these types of systems, the
following types of ISs were presented in the
publications of world scientific and technical literature:
1) electronic systems for working with images;
2) systems for scientific purposes; 3) electronic
teaching systems, and etc.

— «Information systems for telecommunications»
occupied the lower position in our scheme. They
appeared in our lists and schemes of ISs recently,
through few months after the beginning of coronavirus
SARS-CoV-2 (2019-nCoV) pandemic. This situation
stimulated intensive progress in telecommunicate ISs,
their number had increasing dramatically and they
appeared in present lists.

Information systems with databases used both by
professionals in medicine and biological sciences.
Let’s observe the examples of ISs with databases
used both by professionals in medicine and biology,
such as: 1 — areas where the data were used to study
the genome, molecular biology and pathophysiology,
2 —related branches of biology: biodiversity, ecology,
adaptive biology. Our attention to the designed
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electronic ISs in these spheres was due to the fact
that the author has her own researches in them during
long years.

Technical information systems (tISs) in
pathophysiology, genome studies, molecular biology
and biotechnology. Some time ago, the achievements
in these areas of biology were limited by enough low
level of individual genes and biological molecules
studies, but accelerated development of computer and
ISs made it possible to solve such important tasks as,
for example, computer scans of thousands samples per
day), high-resolution detection systems (thousands of
data points for example) and the creation of appropriate
electronic ISs. In the United States, the National Center
for Biotechnology Information (NCBI) has a collection
of databases with genetic sequencing data, decoded
protein structures, and other biologic information that
are updated constantly, and expanding exponentially.

NcBi published the 146th issue of GenBank, this
is a publication on the gene sequences database,
which contains an information on 42, 734, 478 gene
sequences (February 15, 2005). Before there the results
of the full decoding of human genome were published
(February, 2001). These events had demonstrated two
the most prominent achievements in these areas over
the previous 10 years. An outstanding feature was
that a large set of biological data has been constantly
and completely digitized and recorded into the
memory of computer domains of electronic ISs for
the first time in the world scientific practice, which
became an influential factor of the progress in this
field. Today, in addition to human genome, there was
continuous work on decoding the genomes of many
other living organisms, such as mammals, agricultural,
viral and bacterial organisms, which gives humanity
fundamental knowledge about the information basis
of living systems. Another fundamental discovery
of modern biotechnology had become the «high-
capacity» scan of genome, in which the integrativity
(polymorphism of a separate nucleotide) and the
activity (gene expression profiling) for each gene in the
same genome can be recorded from the same sample.

This was done by using a technology of DNA milieu
platform that can detect tens of thousands of genes,
using a small functional system like a post stamp, with
data immediately recorded into computer’s memory.
Information coming from the laboratories working
with DNA milieu platforms contained thousands of
gene-specific measurements per day. So, the general
result of the work with the use of such revolutionary
technologies also depended on the level of used
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integrated ISs for the analysis and recording of the
data, as well as from the computer system for this
gene-specific detection (hybridization).

In the United States, the Food and Drug
Administration (FDA) has published guidelines
for the development of biotechnological methods,
including such as DNA milieu technology platforms,
for their use in genetic prognostication and diagnosis
of humans; there were indicated that such methods
actually initiated a revolution in medicine, which
became «more personalized» with their use.

Progress in biochemistry and genome studies faced
new challenges, stimulated the development of other
branches of science, interdisciplinary research. For
example, in [2, 7] it was demonstrated that as a result
of the necessity of processing of a huge amounts of
experimental data obtained using modern automated
experiments in biochemistry, molecular biology, there
was a need to create a new set of computer methods
and optimization techniques. The peculiarity of such
situation was that many of the important problems
arising from the researches in computer biochemistry
and gene analysis could be formulated in terms
of certain combinatorial optimization problems in
specially constructed graphs. The authors of the
article developed such approaches and offered them
to solve new biological problems. The methods
used in bioinformatics have been called «the use
of mathematical, statistical and computer tools for
analyzing of biological data». These were sorting
of sequences, phylogenetic trees, predictions of
structures, and various modeling methods. Later the
recognition was added to this set. Speaking about
the main fields of application of computer methods
in modern gene and molecular biology, ones told
about the study of DNA chains sequences formation,
collection of these chains, mapping of genomes,
comparison of sequences and analysis of phylogenetic
relationships.

The natural extension of IT/CT application in the
study of genome and molecular biology phenomena
became the field of study and correction of metabolic
disorders with IT use [2, 8, 11, 12]. The study of
metabolic disorders was focused on the research
of metabolic mechanisms, the search for effective
treatment methods, and improvement of clinical
diagnosis during the XX century. The successes that
have been achieved in deciphering of gene sequences
and associated metabolic data, the success in the
development of ISs based on the databases of genome
and molecular biology research results, elaboration of

database on protein and other biomolecules important
in terms of metabolism, allowed ones to transfer some
of the developed computer methods to the field of
study of metabolism and its disorders. In this article
the analytical strategies for bioinformatics were used to
process current data both at genome level and at level
of metabolism, and then the results were combined to
explain certain metabolic disorders. For the analysis of
biomedical data in disorders the PathAligner Internet
Information System was used, and the results were
shown on example of urea cycle disorders.

The «Petri net» model was designed to assess the
regulation both at the gene level and at the metabolic
level. To explain the regulation of the urea cycle,
the transcription factors and signaling pathways
were also analyzed. It is known that gene/metabolic
defects often cause metabolic blockade and lead to the
metabolic disorders. In accordance with the current
state of development of methods and concepts of
bioinformatics for the analysis of metabolic disorders,
it was necessary to understand first the ways of
reactions that are effected by encoded gene information
(directly or indirectly) and to find out how the
modification of the reaction phases and the depletion of
metabolites reserves affect the overall response of the
system of reactions. For the solution of these problems
the methods of biomedical information search and
system modeling were used. The PathAligner Web-
based system was used to allow users to navigate
easily in genetic and metabolic related information.
The «Petri net» methodology was used to create
a model of biomedical system. For example, in the
system of urea cycle modeling, a huge volumes
of the data from different databases were used; as
a result of which the authors described the metabolic
paths and mechanisms, regulatory schemes, and etc.
Subsequently, the authors wanted to extend these
methods to the study of rheumatoid arthritis and other
diseases. The design and analysis of signal network
allowed the authors to verify the integrity of the data
set. The «base network» constructed by the authors
was useful for the next simulation, forecasting and
comparison of various cellular systems. The obtained
graphical results and the results of dynamic modeling
made it possible to understand intuitively the logic
of cellular metabolism. Thus, the applied methods of
bioinformatics could be considered as non-invasive
methods for studying of the functions of genetic and
metabolic systems.

The authors of [8] believed that on the basis of their
developed methods of bioinformatics, the method
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for integrating of the data and procedures for the
modeling of «Petri net» will be following: 1 — to
integrate biological and biomedical data; 2— to create
functional structure models; 3 — to predict genetic
predisposition to pathologies, disease detection,
improved diagnosis, development of new drugs,
toxicology; 4 — to use alternative, compensatory
metabolic paths instead of damaged, and etc. As
aresult, the scientists would be able to use such system
analysis, for example, to prevent metabolic disorders
and comprehensive testing of drugs before their
traditional laboratory testing. The authors considered
that their main achievement is to integrate various
levels of metabolic data using the existing methods
of bioinformatics and computer-based methods on the
basis of the databases. They believed that the use of IT/
CT can simulate a general scenario of how biomedical
systems work, which clinical manifestations can have
changes in genes and, consequently, the false changes
in the paths of chemical reactions (which follow gene
changes); so, what measures are necessary for the
prevention of various human pathologies [13, 14].
Thus, in [13], as a result of processing of experimental
data from elaborated databases in the corresponding
tIS, the authors had found «clusters enriched for genes
involved in both cell cycle regulation and cell division,
which is biologically reasonable in a cancer orientated
dataset». Than they have evaluated their method on
both synthetic and gene expression analysis problems.

Some examples of information systems with
databases, which combine characteristics of both
medical and biological ones. In many recent
publications it has been demonstrated that development
of ISs with databases in medicine and biology is
gradually reducing the distance between biological
sciences and medicine [2, 15, 16]. This happened due
to number of reasons, but mainly because of the fact
that many stored data can be used both in clinical
practice and in biological research [2]. Thus, the
library system BioMedNet, which contains abstracts
of well-known biological and medical journals, is
used by physicians, biotechnologists, and biologists as
well. The same one can say about the library system
Academic Press and Springer, which contain a large
number of full-text journals, necessary for biologists
and doctors both. To the database with information
about proteins and decoded gene sequences apply
many professionals — doctors, biologists, specialists
from many other linked specialties. In article [15] it
was noted that this situation led to the introduction in
the United States, primarily at Columbia University, of
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new courses in the educational process, which combine
biological and medical informatics. After the analysis
of the state of the problem, the course «Theory and
Methods of Biomedical Informatics» was developed
there and approved for studying. A similar course was
also studied in the Stanford University. The article [16]
outlined the latest for these years’ methodologies for the
development of ISs with databases. These methodologies
were based on ontological principles, the developments
of ISs with «mixed» information were used widely;
and they combined both the databases with gene
information and clinical databases. New ontological
methods for development of such ISs were needed to
facilitate the information search, access to it, and obtain
it from the remote Internet resources. One of the areas
of application of new ISs developments is biomedicine.
This sphere, on expert opinions, would lead soon to
new scientific achievements and would accelerate the
works on the program «Human Genome Project». The
development of such newest ISs in biomedicine were
being conducted by European Commission programs,
for example, the INFOGENMED project [2].

Conclusions. In present publication we generalized
and analyzed the experience of electronic information
systems with databases use. At the beginning we
analyzed briefly the development of idea of ISs,
examined ISs from numerous scientific and technical
publications, suitable for the solutions of different
tasks in biomedicine. Then we classified such systems,
which traditionally refer to both biological and medical
sciences. Further we observed different examples of
such information systems, as well as systems that have
characteristics both medical and biological in order
to facilitate the invention of future more advanced
electronic information systems for medicine and
biology.

We have demonstrated that there are several basic
types of ISs with databases (DBs) for medicine can
be subdivided. We have ordered them according to
the number of publications devoted to each type; the
more publications are dedicated to a particular type of
information system (IS), the more left it is. Therefore,
in order of decreasing of number of publications,
the types of ISs for medicine can be arranged in the
following order: medical ISs of general purpose >
expert systems > electronic systems with images
processing > electronic medical systems for documents
processing > systems for scientific purposes > library
medical systems > electronic medical training systems
> electronic medical databases (DBs).
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By the same principles, the classification of ISs
with DBs was done for the biological sciences and
neurophysiology, as a branch that provides the results
to both medicine and biology. In biology, types of ISs
can be arranged in the sequence: scientific ISs with
DBs (also with teaching functions) > electronic library
systems > electronic biological databases > electronic
systems with images processing > expert systems
in biology (including ones for scientific problems
solution).

Respectively for neurophysiology the part of the
items will be identical to the list for ISs designed
for medical purposes, other one — with the list for
biological ISs. As a result, the general classification
sequence for neurophysiology is following: expert
systems in neurophysiology (including ones for
scientific problems solution) > electronic systems
for images processing > electronic library systems in
neurophysiology > electronic databases.

Comparing the three above-mentioned versions
of contemporary ISs classification — in medicine,
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