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DEVELOPMENT OF THE APPLICATION OF INFORMATION SUPPORT 

OF MEDICAL DIAGNOSTIC AND TREATMENT CENTERS  
 

Abstract.  The subject of the article's research is the model and technology of information support for the medical 
diagnostic and treatment center (MDTC). The goal is to reduce costs and the time to organize the work a medical 
diagnostic and treatment center by applying and developed models and an information system. The following problems 
were solved in the paper: to conduct an analytical review of existing integrated medical information systems; to develop a 
model for the functioning of the MDTC; to develop software for the subsystem of information support for the MDTC 
functioning, including the local drug formulary. Methods of the theory of algorithms, automaton models and technologies 
for software applications development were used to solve these problems. The following results were obtained. Existing 
medical systems that allow automating the business processes of medical institutions are analyzed, their advantages and 
disadvantages are designated. The functional subsystems of the MDTC that automate the functions of the departments of a 
medical institution are designated. Automation models and expressions of the algebra of relationships have been obtained 
for the main departments of the MDTC, that allow to present in a formalized form the process of a medical institution 
functioning. The model of the functioning of the MDTC is formed on the basis of the theory of automate and an expression 
of the algebra of relations is obtained that describes in a formalized form the work of the medical center. The structure of 
the software system for information support of the MDTC is proposed. The navigation system of the web-resource of 
MDTC was developed. A use-case diagram was developed showing the functionality of the main categories of users. 
Conclusions: the information support of the MDTC will reduce the time for patient care due to the organized sequence of 
actions of department staff and reduce the risk of errors in diagnosis due to mathematical and statistical processing of the 
results of the diagnostics. A drug formulary was developed, which allows the patient to receive recommendations on the 
use of drugs based on the entered search parameters. 
Keywords:  medical diagnostic and treatment center; automation models; algebra of algorithms; information support 
system; use case diagram; web resource; drug formulary. 
 

Introduction 
Today, the intensive use of information technology 

(IT) in medicine is becoming more widespread. It is 
used to solve both the general problems characteristic of 
health care in general and the tasks of a specific health 
care facility (HCF), taking into account all the peculiari-
ties of its functioning [1]. The main goal of health in-
formatization is to create new IT at all levels and new 
medical computer technologies that improve the quality 
of health care and assist in the implementation of the 
basic function of public health, that is, increase the du-
ration of active life. The introduction of medical infor-
mation systems improves diagnosis in selected medical 
treatment centers and affects the overall health care sys-
tem in the country [2 – 7].  

Analysis of recent studies and publications. To-
day, the delivery of quality medical services is impossi-
ble without information technologies that automate 
many HCF functions. It should be noted that there are 
different types of medical information systems (MIS) 
depending on the levels of management (Table 1). Table 
2 shows the comparative characteristics of medical in-
formation systems of Ukraine, which belong to the level 

of hospitals, highlights their advantages and disadvan-
tages [8 – 10]. These medical information systems 
(MISs) create a single HCF information space that en-
ables the collection of data on the performance of all 
departments; manage the staff and financial resources of 
the institution [11 - 13]. However, the implementation 
of IIA has the following features: 

- significant cost; 
- compliance of the HCF organizational structure 

with the MIS structure; 
- inability to integrate with other software applica-

tions implemented in HCF; 
- the need to configure MIS according to the HCF 

specialization. 
Most hospitals use the automated workplaces 

(AWRs) of doctors, but the task of integrating AWRs 
into a single system of a medical facility arises.  There-
fore, the main functions of the following departments 
should be automated in HCF: 

- the attending physician; 
- reception office; 
- medical consultants; 
- diagnostic department; 
- information and reference. 

 
Table 1 – Classification of MIS 

Level of management Basic level Level of hospitals Territorial level 
Types of MIS  reference; 

 consultative and diagnostic; 
 hardware and software com-

plexes; 
 the doctor's AWP. 

 MIS of consulting centers; 
 screening systems; 
 MIS of HCF; 
 MIS for research institutes. 

 MIS of strategic importance; 
 MIS of specialized medical 

services; 
 computer telecommunication 

systems. 
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Table 2 – Comparative analysis of medical information systems of Ukraine 

Name  
of the system Possibilities Disadvantages 

"Dr.Eleks"  electronic medical card of the patient; 
  doctor's office; 
  editor of document templates; 
  tracking statistics; 
  presence of the module of the registry; 
  availability of modules for personnel and reporting; 
  possibility of integration with laboratory networks and diagnostic equipment. 

 the work requires staff 
training; 

  system configuration 
is required to automate 
the operation of spe-
cific divisions. 

"EMCIMED"  maintenance of electronic medical history of a network of institutions; 
  planning and optimization of the hospital process; 
  information support and support of hospital diagnostic processes; 
  informational support of work of the staff of the medical institution; 
  solving problems of an administrative, economic and financial nature. 

 the complexity of add-
ing solutions to spe-
cific problems; 

  no separate module 
for the registry. 

"Unimed"-7  workplace of family doctor; 
  registration of patients; 
  system of processing, storage and prompt access to patient cards; 
  possibility of adjustment for a specific medical institution; 
  automated workplace for ultrasound diagnostics; 
  integration of specialists' workplaces into a single hospital medical system. 

 absence of AWP for 
medical specialists; 

 – staff training is re-
quired for work. 

"K-MIS"  - maintaining an electronic medical history; 
 - accounting for laboratory research; 
 - formation of a schedule of doctors ' appointments; 
 – report generation; 
 - monitoring of the institution's activities. 

 - the work requires 
staff training; 

  - the complexity of 
making changes. 

 
Based on the analysis, it is possible to determine 

the structure of an automated system of information 
support of a medical institution, which consists of the 
following subsystems, regardless of the type of its spe-
cialization: 

 - subsystem of the institution's registry; 
 - online consultation subsystem; 
 - laboratory research subsystem; 
 - patient electronic journal; 
 - statistics subsystem. 

Materials and methods 
The following departments are part of a typical 

medical treatment and diagnostic center (MDTC) of any 
specialization: 

 - registration; 
 - laboratory; 
 - center for statistical analysis; 
 - online consulting service; 
 - departments of specialist doctors. 
The article proposes to describe the processes of 

functioning of MDTC departments with the help of 
automatic models that can be formally presented in this 
way [14-23]: 

 

 0( , , , )A X f a F , (1) 
 

where Х – a set of output symbols of the automaton; f – 
transfer function; а0 – a set of initial states of the 
automaton, since {а0, а1,…, аn} is the set of states of the 
automaton; F – a set of final states. 

Let us present the process of work of these de-
partments using the algebra of relations, which allows 
us to formally describe the MDTC processes on the ba-
sis of a set of states [24-30]. The process of the registry 
is shown in the form of an automatic machine model 
(Fig. 1). 

 
Fig. 1. Automatic model  

of the process of functioning of the registry 
 
Fig. 1 shows states of the automation model that 

are: 
s1 - referral of the patient to MDTC; 
s2 - entry to a specialist doctor; 
s3 - appearance of a new electronic card of the pa-

tient; 
s4 - formation of medical records. 
The functions of automatic model transitions are: 
y1 - search for patient information in the journal; 
y2 - formation of the schedule of admission of a 

specialist doctor; 
y3 - Filling in the MDTC New Patient Information; 
y4 - correction of patient information; 
y5 - the possibility of repetition. 
Let's write the equation in the algebra of relations: 

1 1 2 2 2 1 2 2   f y f y f ( y y ) f ; 
 2 3 4f y f ; (2) 

3 4 4f y f ;    4 5 1f y f . 
 

The function of the model is defined as a regular 
expression of the algebra of relations: 

 

 1 1 2 3 4 5  *f ( y y )y y y ) . (3) 

We present in the form of an automatic model the 
process of work of the MDTC laboratory (Fig. 2). 
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Fig. 2. Automatic model of laboratory work 

 
Fig. 2 shows that states of the automation model are: 
s1 - receipt of records of laboratory tests; 
s2 - preparation for admission; 
s3 - formation of medical records. 
The functions of automatic model transitions are: 
y1 - accounting for reagents; 
y2 - formation of a log of statistics; 
y3 - possibility of repetition. 
Let us write the equation in the algebra of relations: 
 

 1 1 2f y f ;   2 2 3f y f ;   3 3 1f y f . (4) 
 

The operation of the registry model describes the 
regular expression of the algebra of relations: 

 

 *
1 1 2 3( )f y y y . (5) 

 

Let us present the process of work of the center of 
statistical analysis in the form of an automatic model 
(Fig. 3). 

 

 
Fig. 3. Automatic model of functioning  

of the center of statistical analysis 
 
In Fig. 3, the states of the automaton model are: 
s1 – receipt of ultrasound results; 
s2 – receipt of expert opinions; 
s3 – production of statistical reports. 
Functions of automatic model transitions are: 
у1 – obtaining an analytical conclusion based on 

ultrasound results using data collection and 
analysis methods;  

у2 – obtaining probabilistic estimation of presence 
of a certain disease by means of mathematical 
apparatus; 

у3 – the possibility of repetition. 
We write the equation in the algebra of relations: 
 

 1 1 2f y f ;   2 2 3f y f ;   3 3 1f y f . (6) 
 

The operation of the statistical analysis center 
model of operation describes the regular expression of 
the algebra of relations: 

 

 *
1 1 2 3( )f y y y . (7) 

 

Here is the process of MDTC operation in the form 
of an automatic model (Fig. 4). 

 
 

Fig. 4. MDTC automatic model 
 
Fig. 4 shows states and functions of transitions: 
s1 – patient information; 
s2 – change of schedule of admission of a specialist 

doctor; 
s3 – change of schedule of reception of laboratory; 
s4 – changing the timetable for online consulta-

tions; 
s5 – change of information in the patient's elec-
tronic journal; 
s6 – accounting for reagents; 
s7 – record of the result of the doctor's appoint-

ment; 
s8 – preparation of reporting documents; 
Y1 – referral of the patient to MDTC; 
Y2 – storing patient information in the MDTC da-

tabase; 
y1– processing the record with a specialist; 
y2 – processing the recording to the laboratory; 
y3 – processing an appointment for an online con-

sultation; 
y4 – reception by a specialist doctor (keeping the 

patient's electronic journal); 
y5 – conducting laboratory tests; 
y6 – production of statistical reports; 
y7, y8, y9 – formation of journals, statistical docu-

mentation. 
The result is an expression of the algebra of rela-

tions that describes the formalized work of MDTC: 

 1 1 4 7 2 5 8 3 6 9 2( )  f Y y y y y y y y y y Y . (8) 

It should be mentioned that each disjunction de-
scribes the work of a particular department of the insti-
tution. The formalized representation of the MDTC 
workflow in the form of an automated model allows to 
take into account the changing processes (states) and 
functions of departments of a medical institution (transi-
tion functions). Regular expressions of the algebra of 
relations determine the sequence of processes performed 
by the staff of the institution. Automation of these proc-
esses will reduce the time needed to serve patients and 
reduce the risk of errors in the examination.  

Results of the studies 
For automation of these functions (Fig. 4) the 

MDTC information support system is proposed, its 
structure consists of the following modules (Fig. 5): 

 - software (SW) for statistical and mathematical 
data processing; 

S1 

S2 S5 

S3 

S4 

S6 

S7 

S8 

Y1 Y2 
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 - registry software; 
 - MDTC Website; 
 - laboratory research software; 
 - a database that communicates with the database 

administration server; 
 - information and reference system. 
 

MDDC Software 
Complex

Software for 
statistical and 
mathematical 

data processing

MDDC website

MDDC Registry 
Software

Database

Laboratory study 
software

Information and 
reference system

Database 
administration 

server

 
 

Fig. 5. Structure of the MDTC information  
support software system 

 
Thus, MIS combines the types of systems of the 

basic level and the level of the medical institution  
(Table 1). Apache was selected as the server-trust for 
administering the database, the main advantages of 
which are: 

- support for different operating systems; 
- cross-platform; 
- reliability and flexibility of configuration; 
- possibility of connection of external modules for 

data provision; 
- possibility of modification of error messages; 
- the ability to process configuration files (server, 

virtual host, directory level); 
 - availability of module loading system. 
MYSQL database management system (DBMS) 

has been selected for storing and processing informa-
tion, the main advantages of which are: 

- free support; 
- multithreading, ie the ability to simultaneously 

support multiple requests; 
- optimize connections with multiple data connec-

tions 
- support for up to 16 keys in the table, each of 

which can have up to 15 fields; 
- case insensitivity; 
- easy to manage tables. 
The Computer Health Information System has a 

search engine and the ability to process information 
from multiple medical fields. The electronic directory 
has the following record structure: 

- name of the disease; 
- a concise description; 
- additional classifications; 
- etiology and risk factors; 
- diagnostics (screening, complaints and anamne-

sis, laboratory tests, consultations of specialists, etc.); 
- differential diagnosis; 

 - treatment and rehabilitation; 
 - prognosis and possible complications; 
 - prevention (recommendations, medical examina-

tion, etc.). 
However, the focus is on developing a site for 

MDTC information support. Fig. 6 shows the naviga-
tional structure of the MDTC Web Resource, which 
consists of the main menu, the search system, the link 
and the registration box.  

 

 
Fig. 6. Navigation structure of the MDTC Web resource 

 
It should be noted that the site also displays 

information about the software settings and the type of 
user currently online. The chosen scheme of 
implementation allows to add new materials, create 
sections, issue permissions to closed site resources, 
change the appearance with the most automated 
administrative section (Fig. 7). 

The interface includes all the software tools that 
provide quality management and support for the site. 
Fig. 8 shows a module manager that allows to select 
sections of the site.  

With the module manager, it is possible to choose 
the order of the post, its access and the position on the 
site. The web application is implemented using HTML 
(HyperText Markup Language) technologies [31], CSS 
(Cascading Style Sheets) [32] and Java Script [33].  

One of the main sections of the MDTC Web 
resource is the work of an on-line diagnostic consulting 
service, the functionality of which is presented by two 
software modules - a forum and a component for 
hosting an Internet conference. The forum is a virtual 
space that offers a set of discussion sections. The work 
of the forum is to create topics in sections and further 
discussion within these topics, which are a thematic 
guest book. The forum hierarchy is structured as 
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follows: section → topics → posts. Working with the 
videoconference reception log is an electronic calendar 

that identifies MDTC workdays with unrestricted on-
line consultation time.  

 

 
Fig. 7. Interface of automatic administration system 

 

 
Fig. 8. The module manager 

 
Fig. 9 shows a precedent diagram showing the ba-

sic functionality of a web application for four categories 
of users: user, registered user, moderator and adminis-
trator. Admin features differ from the moderator's abil-
ity to access the site management system. The modera-
tor can view and edit the information provided on the 
site using the appropriate module. This simplifies the 
process of editing information (adding, deleting, and 
adjusting) without the need for site-making skills. The 
registered user can get a remote consultation of MDTC 
specialist through the relevant software modules. 

Consider in more detail the electronic form of hos-
pitals, which belongs to the information and reference 
system. With its help, the user is able to search for 
medicines by certain parameters (Fig. 10). The user in-
terface looks like the following tables: 

- departments; 
 - groups; 
- subgroups; 
- special group; 
- the main table – that is medicines. 

Registration

User
View 

information

Registered
 user

Authorization

Remote 
consultation

Moderator

Editing 
information

Administrator
Access to the 

site 
management 

system
 

Fig. 9. Case diagram 
 

The File menu has a search function. To search for 
a drug, the user must enter the name of the medicinal 
product in the appropriate field and go to the search 
results. Editing of the results is also available. 
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Fig. 10. The main form window 
 

Conclusions 
The article analyzes the existing medical systems, 

on the basis of which the functions of the MDTC infor-
mation support system are highlighted. Formed auto-
matic models and expressions of algebra of relations 
allow us to describe in a formalized form the processes 
of functioning of branches of MDTC. The structure of 
information support system of medical hospital-
diagnostic institution is proposed and web-resource is 
developed. In addition, a medicines form has been de-

veloped to provide advice on the use of certain types of 
drugs. 

The scientific novelty of the article is a formalized 
representation of MDTC processes in the form of alge-
bra of relations, which allows determining the sequence 
of functions performed by employees of medical institu-
tions of different specialization.  

The practical value is the ability to use the devel-
oped web-resource for MDTC information support, 
which allows automating the basic functions of the insti-
tution, regardless of its specialization.  
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Розробка підсистеми інформаційної підтримки медичних лікувально-профілактичних центрів  
М. В. Міланов, Ю. О. Лещенко, А. В. Єлізєва, Р. В. Артюх 

Анотація .  Предметом дослідження статті є моделі і технології інформаційної підтримки медичного лікувально-
діагностичного центру (МЛДЦ). Метою є зниження витрат і скорочення часу на організацію роботи медичного лікува-
льно-діагностичного центру, шляхом застосування розроблених моделей та інформаційної системи. В роботі вирішу-
ються наступні задачі: проведення аналітичного огляду існуючих інтегрованих медичних інформаційних систем; розро-
бка моделі функціонування МЛДЦ; розробка програмного забезпечення для підсистеми інформаційної підтримки функ-
ціонування МЛДЦ, включаючи локальний формуляр лікарських препаратів. Для вирішення зазначених завдань були 
використані методи теорії алгоритмів, автоматних моделей, технології розробки програмних додатків. Отримані насту-
пні результати. Проаналізовано існуючі медичні системи, які дозволяють автоматизувати бізнес-процеси лікувальних 
установ, виділені їх переваги та недоліки. Виділено функціональні підсистеми МЛДЦ, що автоматизують функції відді-
лень медичного закладу. Для основних відділень МЛДЦ отримані автоматні моделі і вирази алгебри алгоритмів, що 
дозволяють представити в формалізованому вигляді процес функціонування медичного закладу. Сформована модель 
функціонування МЛДЦ на основі теорії автоматів і отримано вираз алгебри відносин, яке описує в формалізованої ви-
гляді роботу медичного центру. Запропоновано структуру програмної системи інформаційної підтримки МЛДЦ. Розро-
блено навігаційна система web-ресурсу МЛДЦ. Розроблено діаграму прецедентів, що показує функціональні можливості 
основних категорій користувачів. Висновки: інформаційна підтримка МЛДЦ дозволить скоротити час на обслуговуван-
ня пацієнтів за рахунок організованої послідовності дій співробітників відділів установи і скоротити ризик виникнення 
помилки при діагностиці за рахунок математико-статистичної обробки результатів проведення обстежень. Також розро-
блений формуляр лікарських препаратів, що дозволяє отримати пацієнтові рекомендації по використанню ліків на осно-
ві введених параметрів пошуку. 

Ключові  слова:  медичний лікувально-діагностичний центр; автоматні моделі; алгебра алгоритмів; система ін-
формаційної підтримки; діаграма прецедентів; веб-ресурс; формуляр лікарських препаратів. 
 

Разработка подсистемы информационной поддержки медицинских лечебно-профилактических центров 
М. В. Миланов, Ю. А. Лещенко, А. В. Елизeва, Р. В. Артюх 

Аннотация. Предметом исследования в статье являются модели и технологии информационной поддержки 
медицинского лечебно-диагностического центра (МЛДЦ). Целью является снижение затрат и сокращение времени на 
организацию медицинского лечебно-диагностического центра, путем применения разработанных моделей и 
информационной системы. В работе решаются следующие задачи: проведение аналитического обзора существующих 
интегрированных медицинских информационных систем; разработка модели функционирования МЛДЦ; разработка 
программного обеспечения для подсистемы информационной поддержки функционирования МЛДЦ, включая 
локальный формуляр лекарственных препаратов. Для решения указанных задач были использованы методы теории 
алгоритмов, автоматных моделей, технологии разработки программных приложений. Получены следующие 
результаты. Проанализированы существующие медицинские системы, которые позволяют автоматизировать бизнес-
процессы лечебных учреждений, выделены их преимущества и недостатки. Выделены функциональные подсистемы 
МЛДЦ, автоматизирующие функции отделений медицинского учреждения. Для основных отделений МЛДЦ получены 
автоматные модели и выражения алгебры алгоритмов, позволяющие представить в формализованном виде процесс 
функционирования медицинского учреждения. Сформирована модель функционирования МЛДЦ на основе теории 
автоматов и получено выражение алгебры отношений, описывающее в формализованной виде работу медицинского 
центра. Предложена структура программной системы информационной поддержки МЛДЦ. Разработана навигационная 
система web-ресурса МЛДЦ. Разработана диаграмма прецедентов, показывающая функциональные возможности 
основных категорий пользователей. Выводы: информационная поддержка МЛДЦ позволит сократить время на 
обслуживание пациентов з а счет организованной последовательности действий сотрудников отделов учреждения и 
сократить риск возникновения ошибки при диагностике за счет математико-статистической обработки результатов 
проведения обследований. Также разработан формуляр лекарственных препаратов, позволяющий получить пациенту 
рекомендации по использованию лекарств на основе введенных параметров поиска.  

Ключевые слова:  медицинский лечебно-диагностический центр; автоматные модели; алгебра алгоритмов; 
система информационной поддержки; диаграмма прецедентов; веб-ресурс; формуляр лекарственных препаратов. 


