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Abstract
The aim of this study is to develop a model and architecture of a decision support system for assessing the material
resource provision of educational organizations. The paper proposes the architecture of an information and
analytical system that integrates the processes of data collection, storage, analytical processing, and visualization
of information on the material resources of educational organizations. The system architecture includes subsystems
for data acquisition from multiple sources, a centralized data warchouse, an analytical processing core, tools for
visualizing indicators, and a module for generating management reports.
The methodological basis of the study is the application of mathematical modeling methods to formalize the
processes of assessing the provision of educational organizations with equipment. A system of quantitative
indicators is proposed, including the calculation of normative equipment demand, the provision coefficient, the
resource deficit indicator, the integrated provision index, and the equipment retirement risk indicator. The
developed model makes it possible to conduct a comprehensive assessment of the condition of the material and
technical base of educational organizations.
Unlike traditional inventory accounting systems used in educational organizations, the proposed architecture
integrates a mathematical model for calculating the equipment provision coefficient, the integrated provision
index, and the equipment retirement risk indicator within a multi-level analytical decision support framework. This
approach enables analytical monitoring of infrastructure provision rather than simple inventory accounting of
equipment.

Keywords: decision support system; educational infrastructure monitoring; equipment provision coefficient;
integrated provision index; equipment lifecycle risk; data-driven educational management.
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Anjarna

By 3eprreyaiH MakcaTeI-0imiM Oepy YHBIMIAPBIHBIH MAaTCPHAIIBIK PECYPCTAPMEH KAMTAMACKI3 €TUTYIH Oaranay
YLIH emimMAep Il KoJiay sKyHEeCiHIH MOJCI MEH apXUTEKTYPAchIH xacay . ’Kymbicta 6itiM 6epy yHbIMAAPbIHbIH
MaTEPHANABIK PECYPCTAphl TYPAIbl MOMIMETTEPAl KUHAY, CAKTAy, AHATHTHKAJBIK OHICY >KOHC BU3YaIH3ALMA
MpoIeCTepiH OIPIKTIPETIH AaKIAPATTHIK-AHATIHUTHKAJBIK SKYHCHIH ApPXHUTEKTYPAachl YCHIHBUWFAH. JKyleHiH
APXHUTCKTYPAChIHA OipHEMIC KO3ACPACH ACPCKTCPHl KHHAYFA APHAIFAH iMIKi JKYHEICP, OPTAIbIKTAHIBIPHLIFAH
JIepeKTep KOIMMACHL, AHAMUTHKAJIBIK OHICY AAPOCH, HMHIUKATOPIAPABI BU3YAIH3AIMIAY Kypaanapbl >KOHE
0acKapy eCCNTEPiH MIBIFAPYFa apHAJFAH MOIY b Kipei.
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3epTTCY AiH 9MICHAMAIBIK HETi31 O1TiM Oepy YHBIMIAPBIH )KA0IBIKTAPMCH KAMTAMACHI3 CTY Al Oarajiay MpoueCTepiH
peciMaCY YIIH MAaTCMATHKAJIBIK MOJACTBACY 9TICTCPIH KOAmaHY O0Jbim Ta0bIIaasl. JKaOapIKTapFra HOPMATHBTIK
CYPaHBICTHI, KAMTAMACHI3 €TY KOI(PHUIUCHTIH, pecypcTap TANIbLIBIFBIHBIH HHAUNKATOPBIH, KAMTAMAChI3 €Ty IiH
HMHTETPANMSUIAHFAH WHICKCIH JKOHE KAOJBIKTHIH 3¢HHETKE INBIFY KAyMiHIH WHINKATOPBIH CCEMTEY i KAMTHTHIH
CaHIBIK KOPCETKIITEDP >KYHECI YCHIHBLIAABI. O3IpJCHICH MOJEIs OimiM Oepy YHBIMIAPBIHBIH MATCPHAIIBIK-
TEXHHUKAIBIK 0A3aCHIHBIH Kal-KYHiH KeIeH i Oaranay Ibl XKYPri3yre MyMKiHAIK Oepei.

bimim Oepy yHBIMIApBIHAA KOJAAHBIIATBHIH TayapibIK-MAaTCPHAIIBIK KOPIAPABI ECETKE aNyABIH JdCTYPI
JKYHENepiHeH aifbIpMAIIbUIBEBI, YCHIHBIIFAH APXHUTECKTYPa KOIl ACHICHIII aHATMWMTHKAJIbBIK IMEImMACpAl Koamay
mIeHOEpiHAe KA0ABIKTHI KAMTAMAChI3 €TY KOA((UIMEHTIH, HHTETPALMIAHFAH KAMTAMAChI3 €Ty MHICKCIH MKOHE
JKaOIBIKTHIH 3¢ HHETKE IMBIFY KAYITiHIH HHINKATOPBIH €CENTEYAIH MATEMAaTHKAJIBIK MOACTIH OipikTipesi. byn Tacin
JKAOMBIKTBI TYTCHIACYAIH KapamaisiM cceDiH eMmec, MH(PPAKYphIIBIMABI KAMTAMACHI3 €Tyl AHATHTHUKAIBIK
OakpuIayra MYMKIHIIK Oepei.

Kiar ce3nep: mennmaepai xonmay »xyieci; OiumiM 0epy MH(PAKYPHUIBIMBIHBIH MOHHTOPHHTI; >Ka0IbIKTAPMEH
KAMTaMAaChI3 eTy KO3(D(OHUIUCHTI; KAMTAMACHI3 €Ty IiH HHTCTPALMIAHFAH HHACKCI; Ka0 IBIKTHIH OMIPJIiK IHKITIHIH
TOYCKEII; ACPESKTEPIe HETI3ACITCH OLTiM Oepyai Oackapy.
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PRIV «Iasrooapckuii 06aacmuoi yenmp uHBOPMAyuOHHbIX MEXHON02UTLY YIPAGIeHUs.
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*Aemop ons koppecnondenyuu: elnar87@mail.ru

AHHOTAITHS
LembF0 HACTOSIIETO HCCTICA0BAHAA ABILACTCA PA3pab0TKA MOICIH H APXUTCKTYPBI CHCTECMBI TTOJICP/KKH TPHHATHS
PCIICHHUH A1 OLCHKH MATCPHATBHOM 00CCIICUCHHOCTH 00Pa30BaTCIIbHBIX OpraHm3ammii. B padote mpemmoskeHa
ApPXHUTCKTYPa HH()OPMAIIHOHHO-AHATUTHYCCKOH CHCTEMBI, OOCCIICUMBAIOINAS HHTCTPALMIO MPOIECCCOB COOPA,
XpaHCHI, AHATUTHYCCKOW 00pabOTKU M BH3YyaJM3allMK JAHHBIX O MAaTCPHAIBHBIX PECYpPcax 00pa30BaTEIbHbBIX
opranmaunﬁ. ApXI/ITeKTypa CHCTCMBI BKIIFOIACT MOACUCTEMBI IMOJIYUCHHAA JAHHBIX W3 PA3THYIHBIX HCTOTHUKOB,
[EHTPATIN30BAHHOC XPAHIIIUINE JAHHBIX, AHATUTHIECKOE AP0 00pabOoTKY HHPOPMALMH, CPEICTBA BU3Y ANH3AIMA
MOKA3aTeICH W MOAY 1b (DOPMHUPOBAHKA YIIPABJICHUCCKOH OTUCTHOCTH.
MeTtoau4eckoit OCHOBOH HCCIICAOBAHHA ABICTCH MPHMCHEHHES MCTOI0B MATEMATHYCCKOTO MOICTHPOBAHKSA A
(opMamM3amMM TMPOICCCOB OLCHKH OOCCIMCUCHHOCTH OOPA30BATCIGHBIX OPraHU3AlMHd  00O0PYI0BaHHCM.
[IpeanoskeHa CHCTEMA KOJNMYCCTBCHHBIX MOKA3ATENICH, BKIFOYAFOMAS PACUYCT HOPMATHBHONH MOTPEOHOCTH B
000pyHoBaHHH, KOIPPHUIHCHTA OOCCIICUCHHOCTH, MOKA3aTed AC(PHUIMTAa PECYpPCOB, HHTCTPAIBHOTO HHICKCA
00CCIICUCHHOCTH W MOKA3aTCII PHCKA BRIOBITHA 000pyIoBaHmsA. Pa3paboTaHHAs MOACITH MO3BOJHICT MPOBOIUTH
KOMIUICKCHY IO OLCHKY COCTOSIHHS MATCPHAIBHO-TCXHIIECKON 0a3bI 00PA30BATCIBHBIX O PraHU3ALAH.
B ormume or TPAOUIMHOHHBIX CHCTCM Y4CTa 34amacoB, HCIOJb3yCMBIX B 06p330BaTeJ'II>HI>IX OPraHu3anuiax,
MpeaIaracMas apXUTeKTypa 00BCIHHACT MATCMATHICCKYO MOACTH A1 pacieTa Ko3(ppuunueHTa 00CCICUCHHOCTH
000PYI0BAHHEM, HHTETPABHOTO IOKA3aTEId OOCCICUCHHOCTH M TOKA3aTe/Isl PHCKA BBIXOJA OOOPYIOBAHHSA H3
CTPOS. B paMKax MHOTOYPOBHEBOM CHUCTEMBI AHAIUTHYECCKOW MOAACPKKM MPHHATHA pellicHu. TakoH moaxon
MO3BOJICT OCYMICCTBIATh AHATTHTHYCCKHI MOHHTOPHHT 0OCCTICUCHHOCTH HH(PPACTPYKTYPOH, a HE MPOCTOH yUeT
3amacoB 000y IOBAHHS.

Kro1ueBbie ci1oBa: CHCTEMBI OIS KKH IMIPHHATHS PEIICHUH, MOHHTOPHHT 00pa30BaTeIbHOH HH(PACTPYKTYPHI,
ko3 dumeHT 0becneueHHOCTH O0OPYAOBAHHEM;, HMHTECTPANbHBIH HMHICKC OOCCHECUCHHOCTH PECYPCAMH, PHCK
JKU3HCHHOTO UKIJIA 000PYAOBaHMS, YIIPABJICHHE 00PA30BAHUEM HA OCHOBE JAHHBIX.
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Introduction

In the context of the digitalization of the education system and the increasing
requirements for the quality of the educational environment, effective management of the
material and technical resources of educational organizations becomes increasingly important.
The availability of modern equipment, educational laboratories, information and
communication technologies, and other infrastructure elements is a key factor in ensuring the
quality of the educational process and the implementation of educational programs. At the same
time, the level of material resource provision of educational organizations must comply with
established standards and regulatory requirements. In this study, material resource provision
refers to the level of availability of equipment and technical infrastructure required to support
the educational process in accordance with regulatory standards.

The aim of this study is to develop a model and architecture of a decision support system
for assessing the material resource provision of educational organizations.

With the development of information technologies and digital platforms, the creation of
information and analytical systems capable of automating the processes of monitoring material
resources, analyzing provision indicators, and generating management reports becomes
increasingly relevant. Decision Support Systems (DSS) play an important role in solving this
problem, as they enable data integration, the application of analytical methods, and the
presentation of analysis results in a form convenient for users.

The use of mathematical modeling methods within DSS makes it possible to formalize
the processes of assessing the provision of educational organizations with material resources,
determine quantitative indicators of compliance with regulatory requirements, and identify
infrastructure deficits. The application of such models ensures the objectivity of analysis and
increases the effectiveness of managerial decision-making in the development of educational
infrastructure.

In the management practice of educational organizations, various information systems for
resource accounting are widely used, including accounting and management systems (for
example, solutions based on 1C), enterprise resource planning systems (ERP systems), and
specialized information systems for educational management. The main function of such
systems is the registration and accounting of material resources, reporting generation, and
support of administrative processes. However, these systems are generally not designed to
perform a comprehensive analytical assessment of the material resource provision of
educational organizations.

Unlike traditional accounting systems, the approach proposed in this study is based on an
analytical model for evaluating resource provision, including the calculation of normative
equipment demand, the provision coefficient, the resource deficit indicator, the integrated
provision index, and the equipment retirement risk indicator. The integration of these indicators
into the architecture of a decision support system makes it possible to move from simple
resource accounting to analytical monitoring of the condition of the material and technical base
of educational organizations.

In addition, the proposed system architecture implements a multi-level analysis principle
that provides data processing at the level of educational organizations, municipal
administration, and regional administration. This makes it possible to aggregate analytical
indicators and support managerial decision-making at different levels of the educational system.
Thus, the proposed system complements existing accounting information systems with
analytical tools for decision support in the management of educational infrastructure.
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The scientific novelty of the study lies in the development of an analytical model for
assessing the material resource provision of educational organizations integrated into the
architecture of a decision support system for monitoring educational infrastructure. Unlike
existing information systems focused primarily on inventory accounting of material resources,
the proposed approach is based on a system of formalized analytical indicators, including the
calculation of normative equipment demand, the provision coefficient, the resource deficit
indicator, the integrated provision index, and the equipment retirement risk indicator. The
proposed model enables a quantitative assessment of the condition of the material and technical
base of educational organizations, allows the risks of decreasing provision due to equipment
wear to be taken into account, and provides analytical support for managerial decision-making
in planning the modernization of educational infrastructure at the institutional, municipal, and
regional levels.

The theoretical significance of the study lies in the development of approaches to the
application of decision support systems in the management of educational infrastructure. The
study proposes a formalized system of analytical indicators for assessing the material resource
provision of educational organizations, including the equipment provision coefficient, the
integrated provision index, and the equipment retirement risk indicator. The proposed approach
expands the application of analytical modeling and decision support systems for monitoring
material and technical resources in the education system.

The practical significance of the study lies in the possibility of using the proposed
architecture of the information and analytical system to automate the monitoring of the material
and technical base of educational organizations and to support managerial decision-making.
The implementation of the proposed system makes it possible to conduct comprehensive
monitoring of the equipment provision of educational organizations, identify resource deficits,
forecast the need for infrastructure renewal, and support evidence-based decisions on the
modernization of the material and technical base at the level of educational organizations,
municipal authorities, and regional administration.

The results of the study can be used in the development of regional information and
analytical systems for monitoring educational infrastructure.

Literature Review

In recent years, increasing attention in the scientific literature has been devoted to the
digital transformation of educational management systems. Studies show that the
implementation of information and analytical systems contributes to greater transparency of
management processes, improved monitoring, and more informed decision-making in the field
of education.

International organizations also emphasize the importance of using data in the strategic
management of education systems. Analytical reports by the OECD [1] and the World Bank [2]
highlight the need to move from traditional reporting-based management models to analytical
approaches based on systematic monitoring of indicators and the use of visualization tools for
key metrics. Particular importance is attached to the development of digital platforms that
ensure data comparability and their integration across different levels of educational system
governance.

Research in the field of Learning Analytics also confirms the importance of analytical
tools for supporting managerial decision-making in education [3]. It is noted that the use of data
visualization methods significantly simplifies the interpretation of complex indicators and
reduces the cognitive load on users of information systems.
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A number of studies devoted to Decision Support Systems (DSS) emphasize the need to
integrate mathematical data analysis models with tools for visualizing analytical results [4].
Modern DSS are focused not only on calculating analytical indicators but also on presenting
information in a form convenient for managerial analysis and decision-making.

In research on infrastructure and resource management, risk-oriented approaches are
actively developing [5], which make it possible to consider equipment degradation processes
and forecast the need for infrastructure renewal. However, most existing studies focus on
technical or industrial systems, whereas the application of such approaches to educational
infrastructure requires adaptation to the specific characteristics of the social sector.

Researchers note that effective educational infrastructure management systems should
ensure the coordination of analytical data at both the local level of educational organizations
and the strategic level of regional governance. Recent studies [6—9] also demonstrate the
application of multicriteria decision-making methods and hybrid analytical models in decision
support systems for resource management.

Modern studies in the field of decision support systems demonstrate the extensive use of
artificial intelligence methods, multicriteria optimization, and hybrid DSS models. For
example, an integrated decision support architecture for inventory management is proposed in
[10], combining fuzzy logic, genetic algorithms, and neural networks. Such approaches make
it possible to consider environmental uncertainty as well as the dynamic nature of resource
flows and inventory management processes.

Another research direction is related to the application of DSS for optimizing spare parts
supply chains. In [11], the authors present a decision support system that considers various
manufacturing technologies and logistics parameters in supply chain planning. In turn, the
authors of [12] propose a decision support model for selecting spare parts suitable for additive
manufacturing, demonstrating the expansion of DSS applications toward strategic resource
management.

Recent studies in the field of decision support systems also demonstrate the rapid
development of analytical data processing methods, the integration of artificial intelligence
technologies, and the increasing importance of transparency in decision-making algorithms. In
particular, study [13] addresses the problem of explainability of artificial intelligence models
in decision support systems. The authors propose an expert-augmented supervised feature
selection approach that improves the interpretability of analytical models and ensures greater
transparency of analytical results in managerial decision-making.

Study [14] focuses on the analysis of decision-making mechanisms in digital platforms.
The authors examine the influence of managerial response strategies to user feedback and
demonstrate that adaptive information processing mechanisms can significantly improve the
quality of managerial decisions. These findings confirm the importance of integrating analytical
data processing tools into modern decision support systems.

Study [15] presents a review of decision support systems applied in intelligent supply
chains based on Internet of Things technologies. The authors note that modern DSS actively
use big data analytics, predictive analytics, and multicriteria decision-making methods to
optimize resource allocation and manage complex infrastructure systems.

In study [16], a conceptual architecture of explainable and interactive decision support
systems (DSS4EX) is proposed. This architecture is aimed at increasing the transparency of
analytical models and improving interaction between the system and the user. The authors
emphasize that modern DSS should provide not only the calculation of analytical indicators but
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also the possibility of interpreting analytical results to support strategic managerial decision-
making.

Thus, modern research demonstrates that the development of decision support systems is
closely associated with the integration of artificial intelligence methods, analytical models, and
interactive visualization tools. Particular attention is paid to issues of algorithm transparency,
interpretability of analytical models, and integration of data from multiple sources. These trends
create a methodological foundation for the development of analytical decision support systems
in various areas of management, including the management of infrastructure resources of
educational organizations.

Issues related to the management of educational organizations through the analysis of
material resources are considered in study [17]. The authors propose a methodological approach
to managing general education institutions based on the assessment of material provision as an
important factor influencing the effectiveness of the educational process.

Issues of regulatory and methodological support for the material and technical provision
of educational programs are discussed in study [18]. The author analyzes the formation of a
regulatory and methodological system for providing material and technical resources necessary
for implementing educational programs in accordance with federal educational standards. The
study emphasizes that the availability of appropriate infrastructure, equipment, and educational
resources is a key condition for ensuring the quality of the educational process.

In particular, study [19] proposes a methodology for assessing the effectiveness of
regional infrastructure facilities supporting scientific, technological, and innovation activities.
The authors emphasize the importance of using integrated indicators that allow evaluating the
contribution of infrastructure elements to regional development and identifying synergy effects
arising from their interaction.

Another research direction is related to the development of regional monitoring systems
and the use of hierarchical indicator aggregation mechanisms.

Issues related to performance evaluation and analytical monitoring in the public sector
are examined in study [20]. The authors present a systematic review of approaches to
performance measurement in local government and emphasize the importance of data-driven
governance and the use of analytical indicators to improve public administration efficiency.
The study highlights that modern public management systems increasingly rely on integrated
information platforms and analytical tools that enable monitoring of key performance
indicators, evaluation of resource allocation efficiency, and support for strategic decision-
making.

Examples of existing analytical information systems in the education sector include the
GIS «Kontingent» and GIS «Education» systems used in the Russian Federation. GIS
«Kontingent» is a digital platform designed for centralized accounting of students in the
education system and for integrating data on educational organizations, students, and
educational programs. The system provides the collection, storage, and processing of
information on student populations at different levels of educational management, including
educational organizations, municipal authorities, and regional governance bodies. The use of
GIS «Kontingent» enables the creation of a unified information space in the education system,
improves transparency in educational management, and provides analytical support for
managerial decision-making [21]. However, the functionality of the system is mainly focused
on student accounting and administrative reporting, whereas the analytical assessment of
material resource provision of educational organizations requires specialized information-
analytical tools.
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GIS «Education» represents a comprehensive digital platform designed to support
information processes in educational system management [22]. The system integrates data on
educational organizations, students, teachers, educational programs, and learning outcomes.
The use of GIS “Education” enables the automation of data collection and processing, the
generation of statistical and managerial reports, and the support of interaction between
educational organizations and educational authorities. At the same time, the functional
capabilities of the system are primarily oriented toward administrative accounting and
information support of educational management, whereas the analytical assessment of material
resource provision of educational organizations requires specialized information-analytical
systems and mathematical modeling methods.

Despite the extensive research on decision support systems and infrastructure monitoring,
most studies focus on industrial systems, supply chains, or technical infrastructure. The
development of analytical models specifically aimed at assessing the material resource
provision of educational organizations remains limited. In particular, there is a lack of
integrated analytical approaches combining infrastructure monitoring indicators, provision
coefficients and risk indicators for supporting management decisions in the development of
educational infrastructure.

Materials and Methods

One of the key methods used in the development of the decision support system (DSS)
for assessing the material resource provision of educational organizations is mathematical
modeling. The application of this method makes it possible to formalize the processes of
analyzing material resource provision, represent them in the form of quantitative relationships,
and ensure the objectivity of managerial decisions.

Thus, the use of mathematical modeling is an essential component in the development of
a decision support system. It enables the formalization of analytical procedures for assessing
resource provision, improves the objectivity and accuracy of analytical calculations, and
provides a foundation for automating monitoring and supporting managerial decision-making
within the regional educational system.

To analytically assess the condition of the material and technical base of educational
organizations, the decision support system uses a set of quantitative indicators that make it
possible to determine the level of equipment provision, identify resource deficits, and assess
the risks of decreasing provision in the future.

The normative demand for equipment of category ¢ is denoted as Nc and represents the
required number of equipment units necessary to ensure the proper functioning of the
educational process in accordance with established standards (1):

N,=n.*S§, (D)
where:
N.— normative demand for equipment of category
n. — equipment provision standard per student or per study group;
S — number of students in the educational organization.

If the standard is defined per study group or classroom, the corresponding number of
groups or classrooms may be used instead of the number of students. The normative demand
for equipment of category c is denoted by N, and represents the required number of equipment
units necessary to ensure the proper functioning of the educational process in accordance with
established standards. This indicator is calculated based on the provision standard n.,which



M. Kosbi0aes aTeinaarsl CKY Xa6apumbichbn /
Bectauk CKY umenu M. Ko3bi6aesa. Ne 1 (69). 2026 281

defines the required amount of equipment per student or per study group, and the number of
students Senrolled in the educational organization. The calculation of N, allows the system to
determine the normative level of resource provision and serves as the basis for comparing the
required amount of equipment with its actual availability. As a result, the obtained value is used
in subsequent calculations of the provision coefficient, the deficit indicator, and the integrated
provision index within the decision support system.

The actual availability of equipment in category c is denoted as A. and represents the
number of equipment units that are in working condition within an educational organization.
For each equipment category, the number of units in working condition is calculated as follows

(2):

AC = Z{'c=1ai > (2)
where:
A.— actual number of equipment units of category c;
a; — equipment unit in working condition;
k — total number of equipment units in this category.

This indicator is determined based on data from the registry of material resources and
corresponds to the total number of operational equipment units of a given category. The value
of A, is used to assess the current level of resource provision and serves as a basis for the
subsequent calculation of the provision coefficient and the equipment deficit indicator.

The provision coefficient determines the degree of compliance between the actual
equipment quantity and the normative demand (3):

Ac

K. =
C ch

(3)
where:
K.— provision coefficient for equipment category c;

This coefficient reflects the degree to which the actual equipment availability meets the
normative requirements and serves as a key indicator for identifying infrastructure
deficits. The interpretation of the provision coefficient is as follows:

K .<1- insufficient provision,

K.=1 — normative provision;

K.>1 — excessive provision.

The provision coefficient K. characterizes the degree of compliance between the actual
amount of equipment and the normative demand. This indicator is calculated as the ratio of
the actual number of equipment units A, to the normative demand N.. The value of the
coefficient makes it possible to determine the level of equipment provision in a particular
category and is used to identify insufficient, normative, or excessive provision of resources.

If the actual amount of equipment is lower than the normative demand, the resource
deficit is calculated as (4):

D, = max(0, N, — A,), 4)
where:
D-— deficit of equipment in category c.
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The equipment deficit indicator D, reflects the shortage of material resources relative to
the normative demand. It is calculated as the difference between the normative demand N, and
the actual availability of equipment A, when the normative demand exceeds the actual amount
of resources. This indicator is used to identify the need for equipment procurement and to
support planning of modernization of the material and technical base of educational
organizations.

For a comprehensive assessment of the material and technical base of educational
organizations, an integrated provision index is used. This index aggregates provision indicators
across several equipment categories (5):

=% wexK; | (5)
where:
[ — integrated provision index;
w, — weight coefficient representing the importance of equipment category
m — number of equipment categories.

The integrated provision index provides a normalized quantitative measure that allows
comparison of the level of material resource provision between different educational
organizations and supports prioritization of infrastructure development decisions. The
integrated provision index [ is used for the comprehensive assessment of the level of material
and technical provision of an educational organization. This indicator is calculated by
aggregating the provision coefficients across several equipment categories using weight
coefficients w,, which reflect the relative importance of each category for the educational
process. This approach allows consideration of the different roles of equipment within
educational infrastructure and provides a more objective assessment of the overall level of
resource provision.

The w. weighting coefficients used in the integrated provision index reflect the relative
importance of different categories of equipment for the educational process. In the experimental
calculations presented in this study, equal weights were assumed for all equipment categories
in order to demonstrate the functionality of the analytical model. In practical applications,
weighting coefficients may be determined using expert-based multicriteria decision-making
methods, such as expert evaluation techniques or the Analytic Hierarchy Process (AHP), which
allows accounting for the relative significance of infrastructure elements.

To forecast potential changes in the level of provision, an equipment retirement risk
indicator is used. This indicator is based on the analysis of equipment service life (6):

E¢
RC = A_c’ (6)
where:

R, — retirement risk for equipment category c;
E. —number of equipment units approaching the end of their normative service life;
A.— actual number of equipment units in category c.

The equipment retirement risk indicator R, characterizes the probability of a decrease in
the level of resource provision due to equipment approaching the end of its normative service
life. This indicator is calculated as the ratio of the number of equipment units E. whose service
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life is close to the normative limit to the total number of equipment units in this category A..
The use of this indicator makes it possible to identify potential risks of decreasing provision in
a timely manner and to plan the renewal of the material and technical base of educational
organizations.

The calculated provision indicators are automatically generated by the analytical core of
the system and are used for:

— monitoring the condition of the material and technical base of educational
organizations;

— identifying equipment deficits;

— forming procurement and infrastructure modernization plans;

— building analytical dashboards and managerial reports.

Thus, the proposed methodology provides an objective quantitative assessment of the
material resource provision of educational organizations and allows the integration of analytical
results into a decision support system for managerial decision-making.

It should be noted that in the present study mathematical modeling is primarily used to
formalize a system of analytical indicators characterizing the level of material resource
provision in educational organizations. The proposed approach is based on the development of
a system of indicators and metrics, including normative demand for equipment, the provision
coefficient, the resource deficit indicator, the integrated provision index, and the equipment
retirement risk indicator.

The use of this system of indicators makes it possible to perform a quantitative assessment
of the condition of the material and technical base of educational organizations, identify
resource shortages, and provide an analytical basis for managerial decision-making. Thus, the
proposed model has an indicator-based analytical character and is intended for monitoring and
assessing the level of infrastructure provision rather than solving optimization or dynamic
forecasting problems.

The proposed system of indicators provides a reproducible analytical framework for
assessing the level of material resource provision of educational organizations. All indicators
are calculated based on formally defined parameters, including normative standards of
equipment provision, the number of students, and the actual availability of resources. This
ensures transparency of the analytical procedures and allows the model to be applied in different
educational systems with similar regulatory standards.

The results of the study

Figure 1 illustrates the architecture of the decision support system designed to monitoring,
analyze and evaluate the level of material resource provision in an educational organization.

The left side of the diagram represents the data sources that form the information basis of
the decision support system. Operational sources include the register of equipment, information
about events and statuses of technical facilities, repair requests, procurement and supply data,
as well as information about the student body and the plans of the educational organization.
Additionally, it is possible to download data from file sources and manually enter information
through spreadsheets and troubleshooting forms.

The next step is data acquisition, which is implemented through various integration
mechanisms. The system supports data import from Excel and CSV files with validation
mechanisms, API integration with external information systems (for example, accounting
systems or resource management systems), as well as web and mobile data entry. If necessary,
event streaming can be used to ensure prompt information updates.
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Figure 1 Architecture of the decision support system for assessing material resource
provision in educational organizations

The central element of the architecture is the data storage subsystem, which includes an
operational database (OLTP) designed to store current transactional data, and an analytical data
warehouse (Data Warehouse) containing data marts and views for analytical processing and
business intelligence.

After the data is received and saved, the analytical processing of the information is
performed. At this stage, the analytical core of the system implements the proposed indicator-
based model of material resource provision, including the calculation of normative demand,
provision coefficients, deficit indicators, integrated provision indices and equipment retirement
risks. An assessment of the risks associated with the life of the equipment and the likelihood of
its disposal is also carried out.

The results of analytical processing are presented to users through a data visualization
subsystem implemented using business intelligence tools such as Power Bl and Metabase.
Visualization includes interactive dashboards and graphical reports that allow analyzing
indicators of educational infrastructure availability.

The final stage of the system's operation is publication and reporting, which includes the
formation of analytical dashboards, exporting reports to PDF and Excel formats, automatic
generation of management reports (for example, purchase plans or equipment write-offs), as
well as sending notifications to users via email and other communication channels.

A separate functional unit of the system is the administration and security subsystem,
which provides management of user roles and access rights, directory management, audit of
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user actions, and database backup. The presence of this block ensures data security and correct
functioning of the system in multiuser operation conditions.

Thus, the presented architecture demonstrates the full technological cycle of the decision
support system for assessing the availability of material resources of an educational
organization and ensures the integration of data collection, analytical processing, visualization
and formation of management decisions.

Figure 2 shows the architecture of a multi-level decision support system designed for
monitoring, analyzing, and managing the material resources of educational organizations. The
architecture of the system is based on a hierarchical principle and includes three levels: the level
of an educational organization (school), the municipal level (district) and the regional
management level.

The primary collection and processing of data on material resources is carried out at the
educational organization level. This level includes subsystems for accounting for equipment,
assessing the technical condition and wear of resources, as well as reporting on the provision
of educational infrastructure. The system records data on the availability of equipment, its status
and service life, which allows the formation of basic provision indicators.

The district level performs the functions of aggregating and analytically processing data
received from educational organizations. At this level, modules of the regulatory framework,
analytics and calculation of integrated security indices, as well as spatial analysis (GIS
monitoring) tools are implemented. The district analytical platform ensures comparability of
indicators between organizations and allows identifying schools with an increased risk of
infrastructure shortages.

The regional level performs strategic functions of educational infrastructure management.
It implements modules for the formation of regional standards of security, analysis of the
current state of material resources, forecasting the need for equipment and scenario modeling
of the development of educational infrastructure. The results obtained are used to prepare
management decisions, plan budget programs, and develop strategic reports.
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Figure 2. Architecture of the information and analytical system for assessing material
resource provision in educational organizations at the regional level

The lower part of the architecture contains the basic infrastructure components of the
system, including a centralized data warehouse and mechanisms for secure access to
information resources. The centralized database ensures the integration of information from all
levels of the system, and access control mechanisms allow the system to be used by various
categories of users, including analysts, representatives of educational authorities and regional
leaders.

Thus, the proposed architecture provides integration of the processes of monitoring,
analytical processing and strategic management of the material resources of the educational
system, allowing for a comprehensive assessment of security and support for managerial
decision-making at all levels of the educational infrastructure.

The proposed architecture provides a unified analytical framework for monitoring
educational infrastructure resources and enables data-driven management of material resource
provision at school, municipal and regional levels.

Approbation

To demonstrate the applicability of the proposed decision support model, an experimental
calculation was performed using a simulated dataset representing an educational organization
with 500 students. Inthe experiment, five categories of equipment were considered: computers,
interactive boards, laboratory equipment, multimedia devices, and network infrastructure.

Based on the proposed mathematical model, the normative demand for equipment was
calculated using formula (1), taking into account the established provision standards per student
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or per educational group. The actual availability of equipment was determined using a simulated
register of material resources reflecting the current state of the organization’s infrastructure.

Using formulas (3) and (4), the provision coefficient and equipment deficit indicator were
calculated for each equipment category. The obtained values made it possible to identify
categories with insufficient provision and to assess the scale of infrastructure shortages. For
example, the calculations showed that although the total number of equipment units may appear
sufficient from an inventory perspective, the provision coefficient revealed shortages in specific
categories such as laboratory equipment and interactive boards.

To obtain a comprehensive assessment of the infrastructure condition, the integrated
provision index was calculated using formula (5). The use of weighted aggregation made it
possible to account for the relative importance of different equipment categories for the
educational process. The results showed that the integrated index provides a more balanced
assessment of infrastructure provision compared to a simple count of equipment units.

In addition, the equipment retirement risk indicator was calculated using formula (6),
taking into account the proportion of equipment approaching the end of its normative service
life. This indicator made it possible to identify equipment categories requiring priority
modernization.

The calculations of equipment provision based on normative demand and actual
availability are presented in figure 3. The Figure 3 shows the normative demand for equipment,
the actual availability of equipment in the educational organization, the calculated provision
coefficient, and the resource deficit indicator.

1 Assessment of EQuipment Provision Based on Normative Demand and Actual Availability

2

3 Equipment category Normative demand Actual availability Provision coefficient Deficit
4 Computers 50 48 0,96 2

5 Interactive boards 20 15 0,75 5

6 Laboratory equipment 30 18 0,6 12

7 Multimedia devices 25 27 1,08 0

8 Network equipment 10 9 0,9 1

9

Figure 3. Assessment of equipment provision based on normative demand and actual
availability

Figure 4 shows the results of analytical calculations used to assess the level of equipment
provided by an educational organization based on the proposed mathematical model.

A B C D E F 6 H ' J
1 Equipment category Normative Actual ava Provision Deficit (Dc Weight coefficient (w Integrated provision index (1)
2 Computers 50 48 0,96 2 0,2 0,858
3 Interactive boards 20 15 0,75 5 0,2
4 Laboratory equipment 30 18 0,6 12 0,2
5 Multimedia devices 25 27 1,08 0 0,2
6 Network equipment 10 9 0,9 1 0,2
5

Figure 4. Model calculation of equipment provision indicators
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For each equipment category, the table includes the normative demand for equipment
(Nc), the actual availability of equipment in operational condition (Ac), the calculated provision
coefficient (Kc), the deficit indicator (Dc), and the weight coefficient (wc) used in the calculation
of the integrated provision index.

The provision coefficient is determined as the ratio of the actual availability of equipment
to the normative demand, allowing the level of provision to be evaluated in relative terms. The
deficit indicator reflects the shortage of equipment compared to the established normative
requirement. In the presented example, equal weight coefficients are assigned to all equipment
categories in order to demonstrate the calculation of the integrated provision index in a
simplified experimental scenario.

The presented calculations illustrate the application of the proposed analytical model for
evaluating the material resource provision of educational organizations and serve as the basis
for the subsequent visualization of results in the dashboard interface of the decision support
system.

To illustrate the analytical capabilities of the proposed decision support system, a
prototype of an analytical monitoring dashboard was developed based on the calculated
indicators. The dashboard visualizes key equipment provision metrics and supports analytical
monitoring of the educational infrastructure.

The first visualization of the dashboard, Figure 5, shows a comparison of the regulatory
need for equipment and the actual availability of equipment in different infrastructure categories
in an educational organization.

Normative Demand vs Actual Availability

50

Qs roaiehad  ldndoymiat  Mingachies  Nvakegiat
mimahectnat  wAtdagkbity

Figure 5. Comparison of normative demand and actual availability of equipment across
categories.

Visualization allows you to identify categories of equipment with insufficient inventory
and supports analytical monitoring of infrastructure deficiencies.

The second visualization of the dashboard, Figure 6, reflects the calculated availability
ratio for each category of equipment.
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Figure 6. Provision coefficient by equipment category

This indicator provides a normalized assessment of the level of availability and allows
you to compare the availability of equipment between categories with different regulatory
requirements.

In addition, the dashboard, Figure 7, includes an analytical visualization combining the
safety factor and the risk of equipment disposal.

Figure 7. Provision coefficient and equipment retirement risk

This graph allows you to identify categories of equipment that are characterized by both
alow level of availability and a high risk of equipment loss due to the expiration of the standard
service life.
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The integrated provision index calculated based on the proposed model provides an
aggregated assessment of the level of material and technical resource provision of an
educational organization. This indicator allows evaluating the overall condition of the material
and technical base and can be used as an analytical metric to support managerial decision-
making in planning infrastructure modernization and resource allocation.

Thus, the results of the approbation demonstrate that the proposed analytical model and
the decision support system architecture enable the automated calculation of equipment
provision indicators, visualization of analytical results, and identification of infrastructure
resource deficits. The integration of these indicators into the analytical dashboard interface
supports data-driven decision-making in the management of educational infrastructure at the
level of educational organizations, municipal authorities, and regional administration.

The conducted approbation shows that the use of a system of analytical indicators makes
it possible to identify imbalances in the provision of educational infrastructure that may remain
unnoticed when using traditional inventory accounting systems. In particular, the comparative
analysis of provision coefficients demonstrates differences between equipment categories,
making it possible to identify priority areas for modernization of the material and technical base
of educational organizations. The integrated provision index provides an aggregated
quantitative assessment of infrastructure conditions and can be used for comparative analysis
of provision levels across different educational organizations at the municipal or regional level.
Thus, the proposed model creates a foundation for the development of analytical tools for
monitoring educational infrastructure and improving the justification of managerial decisions
in the development of the material and technical base of educational organizations.

Conclusion

The study proposes a model and architecture of a decision support system designed to
assess the material resource provision of educational organizations and to support analytical
monitoring of educational infrastructure. The proposed approach integrates a system of
quantitative indicators, including normative equipment demand, the equipment provision
coefficient, the resource deficit indicator, the integrated provision index, and the equipment
retirement risk indicator. The integration of these indicators within a decision support system
architecture enables a transition from simple inventory accounting of material resources to
analytical monitoring of the condition of the material and technical base of educational
organizations.

The architecture of the proposed system is based on a multi-level analytical model that
supports data aggregation at the level of educational organizations, municipal authorities, and
regional administration. This structure allows the integration of data from multiple educational
institutions and ensures comparability of analytical indicators across different levels of the
educational management system. As a result, the system can be used to support managerial
decision-making in planning infrastructure modernization and resource allocation.

The approbation of the proposed analytical model on a simulated dataset demonstrated
the practical applicability of the developed indicators for assessing the level of equipment
provision and identifying infrastructure deficits. In particular, the use of the integrated provision
index made it possible to obtain a more comprehensive assessment of the condition of the
material and technical base compared with simple inventory-based indicators. The analytical
dashboard developed as part of the study illustrates the possibility of visualizing key indicators
of infrastructure provision and supports the monitoring of equipment lifecycle risks.

The implementation of the proposed architecture can significantly improve the efficiency
of monitoring educational infrastructure. In particular, the integration of automated data
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aggregation mechanisms allows reducing the time required to collect and analyze reports from
educational organizations and municipal authorities. The use of analytical indicators enables a
more objective assessment of infrastructure needs and supports evidence-based planning of
modernization activities.

Future research may focus on extending the analytical capabilities of the proposed system.
In particular, the integration of predictive analytics and machine learning methods may enable
forecasting of infrastructure demand and optimization of resource allocation at the regional
level. In addition, further development of the risk model may include consideration of
additional parameters, such as the criticality of equipment for the educational process, the
relative age of equipment compared with its normative service life, and maintenance history.
These developments may further improve the effectiveness of analytical decision support in the
management of educational infrastructure.
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