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Abstract Objective. To evaluate the effectiveness of an adaptive resource supply and logistics model in a specialized
hospital during an epidemiological crisis. Materials and Methods. A retrospective-prospective organizational and
managerial study of the activities of the Republican Specialized Hospital “Zangiota No. 1” was conducted for the period
2020-2025. Data on bed capacity, equipment availability, oxygen infrastructure, pharmaceutical stock levels, personal
protective equipment (PPE), and internal logistics flows were analyzed. Results. During the COVID-19 pandemic, resource
management was transformed into a centralized and controlled process, including real-time monitoring, forecasting, and
redistribution of material and technical resources. A prioritization system for critically important components—bed capacity,
respiratory support equipment, pharmaceuticals, and PPE - was implemented. The introduction of daily consumption
monitoring and safety stock formation ensured >98% timeliness of pharmaceutical supply and stable PPE availability. The
availability of key equipment reached >95%, oxygen supply continuity was maintained at 100%, and cases of critical
shortages were isolated. Optimization of internal logistics flows reduced delivery time and decreased the workload on
medical staff. Collectively, these measures ensured the hospital’s operational resilience during peak epidemiological periods.
Conclusion. The adaptive logistics model enhanced resilience, manageability, and resource efficiency of the specialized

hospital, confirming the importance of centralized management and predictive planning during epidemiological crises.
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1. Introduction

Epidemiological crises, such as the COVID-19 pandemic,
have demonstrated the critical importance of effective
resource and logistics management in healthcare delivery.
The sharp increase in patient numbers, shortages of equipment
and medications, and disruptions in global supply chains
necessitated a transition from traditional supply models
to strategically oriented, adaptive resource management
systems. Healthcare logistics is understood as the integrated
management of material and information flows aimed at the
timely and efficient meeting of patient needs, particularly
under crisis conditions [1]. The implementation of lean
healthcare principles within logistical processes enables the
optimization of operational procedures, reduction of losses,
and improvement of care delivery efficiency [1].

Modern dynamic resource allocation models are based
on epidemiological forecasting and allow for the advance
estimation of needs in hospital beds, equipment, and personnel
[2,3]. The application of mixed-integer programming methods
facilitates cost minimization while ensuring adequate
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coverage of the growing demand for healthcare services [4].
The reorganization of healthcare networks, including bed
capacity management and workforce redistribution, is also
of critical importance, as it helps prevent hospital overload
and improves the quality of patient care [5]. The use of
fuzzy forecasting models under conditions of uncertainty
further enhances the adaptability of healthcare systems [5].
At the same time, challenges remain related to the need for
rapid data acquisition and the high rate of change in the
epidemiological situation, underscoring the importance of
further improving logistical and resource management
strategies in healthcare.

2. Materials and Methods

This study was conducted as a retrospective—prospective
organizational and managerial analysis of resource provision
and healthcare logistics under conditions of an epidemiological
crisis. The observation period covered 2020-2025 and
included the active phase of the COVID-19 pandemic, peak
workload periods, and the post-COVID transformation of the
hospital. The study was based at the Republican Specialized
Hospital “Zangiota No. 1” (Tashkent, Uzbekistan), which
functioned as a tertiary infectious disease referral center
during the pandemic.
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The object of the study was the hospital’s material and
technical resource management system, including bed
capacity, medical equipment and oxygen infrastructure,
pharmaceuticals, personal protective equipment (PPE),
consumables, and internal logistical processes. The analysis
incorporated data from organizational and statistical reports,
internal hospital registries, information on bed capacity
dynamics, equipment availability, the structure of safety
stock for pharmaceuticals, centralized distribution of PPE,
and indicators of continuity of oxygen supply.

The effectiveness of the logistics model was assessed
using the following indicators: availability of key equipment
(%), frequency of critical resource shortages, stability of
PPE supply, timeliness of pharmaceutical provision (%),
continuity of oxygen support (%), and the hospital’s operational
resilience during peak workload periods. Organizational-
analytical, comparative, and systems-based research methods
were applied.

3. Results

The COVID-19 pandemic demonstrated that the resilience
of a specialized infectious disease hospital is determined not
only by workforce capacity and patient flow organization,
but also by the effectiveness of resource management

systems. Under conditions of a sharp increase in demand for
medical services, disruptions in global supply chains, and
high levels of uncertainty, traditional approaches to resource
planning proved insufficient, necessitating the implementation
of adaptive logistics models.

At the Republican Specialized Hospital “Zangiota No. 1,”
resource provision was considered an integrated managerial
process, encompassing planning, allocation, monitoring, and
real-time adjustment of material and technical resource
utilization.

During the pandemic, the resource base of “Zangiota
No. 1” included several key components: bed capacity and
infrastructure, medical equipment, pharmaceuticals, personal
protective equipment (PPE), and consumables (Table 1). Each
of these components exhibited varying levels of vulnerability
to shortages and required differentiated management strategies.

The analysis of resource structure made it possible to
identify critically important elements that had the greatest
impact on the continuity of healthcare delivery.

One of the most resource-intensive areas was the provision
of medical equipment, primarily devices for respiratory
support, monitoring, and intensive care. During the pandemic,
equipment management evolved into a real-time operational
process requiring continuous reassessment of utilization
priorities.

Table 1. Key resource groups and their organizational significance in a pandemic

Resource Group Purpose Risk of Deficiency | Priority
Bedrooms and Intensive Care Units | Hospitalization and Intensive Care Very High Critical
Medical Staff Treatment Support Very High Critical
Equipment and Oxygen Respiratory Support High Critical
Medicines and PPE Staff Treatment and Protection Moderate-High High
Diagnostics and Logistics Clinical and Management Decision Support Moderate Medium

Table 2. Organizational indicators of drug inventory management

Drug Group Average d':i”y Safety stock Management Decision
consumption
Intensive Care Medications High >14 days Centrahzed_ D|_str|but|on,
Daily Monitoring

Anti-Inflammatory and Purchase Planning Based

>
Anticoagulant Medications Average Z10 days on Actual Consumption
Antibacterial Medications Average >10 days Application Limitation and Control
Infusion Solutions and High >7 days Rationing and Reservations
Consumables
Renal Replacement N

>
Therapy Medications Average >14 days Dialysis Department

Table 3. Performance indicators of resource provision for the Zangiota-1

Indicator Value Management Interpretation
Availability of key equipment >95% Timely coverage of demand during peak loads
Frequency of critical resource shortages Isolated cases Efficiency of centralized resource management
Auvailability of personal protective equipment Stable Reduction in the risk of staff infection
Continuity of oxygen supply 100% Avoid disruptions in respiratory support
Timeliness of drug supply >98% Minimization of treatment delays
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To enhance manageability, a centralized system for
equipment accounting and distribution across departments
was implemented, which minimized local shortages and
ensured the prioritization of resources in the most heavily
burdened units.

Pharmaceutical supply during the pandemic was characterized
by high variability in demand and strong dependence on
external factors. At the Republican Specialized Hospital
“Zangiota No. 1,” an inventory management approach was
implemented based on daily monitoring of actual consumption
and short-term demand forecasting (Table 2).

The implementation of this approach reduced the risk of
critical pharmaceutical shortages and ensured the stability
of the treatment process.

PPE and consumables became among the most scarce
resources during the early phase of the pandemic. At the
Republican Specialized Hospital “Zangiota No. 1,” PPE
management was considered an essential component of
infection control and workforce resilience.

The introduction of centralized distribution and standardized
consumption of PPE made it possible to optimize usage and
reduce the likelihood of supply disruptions for staff.

In addition to external supply chains, the organization
of internal logistics within the hospital was of critical
importance. At “Zangiota No. 1,” the system of resource
delivery to departments was optimized in accordance with
functional zoning and epidemiological requirements.

The optimization of internal flows contributed to reduced
delivery times and decreased workload on medical personnel.

To assess the effectiveness of resource provision, indicators
such as departmental supply levels, frequency of critical
shortages, and hospital resilience during peak workload
periods were used (Table 3).

Data analysis demonstrated that the implementation of
an adaptive logistics model improved hospital resilience
and ensured continuity of healthcare delivery even under
conditions of high epidemiological burden.

Thus, the resource provision and logistics system
implemented at the Republican Specialized Hospital
“Zangiota No. 1” was transformed into a controllable,
analytically grounded process oriented toward adaptation to
rapidly changing pandemic conditions. Centralized resource
management, the introduction of real-time monitoring
mechanisms, and the optimization of internal logistical
flows ensured the stable functioning of the hospital and
established a foundation for further improvement in the
organization of healthcare delivery in the post-COVID period.

4. Discussion

The results of the study confirm that under conditions of
an epidemiological crisis, the resilience of a specialized
hospital is determined not only by the volume of resources,
but primarily by the quality of their allocation and the level
of logistical manageability. International evidence indicates
that dynamic resource allocation systems, incorporating

regional demand, epidemiological forecasts, and disease
structure, enable the rapid adjustment of supply volumes and
redistribution of capacities across institutions [6]. This
approach is particularly important during exponential growth
in patient numbers, when static supply models become
ineffective. Resource allocation should therefore be based on
evidence and analytical tools that minimize the vulnerabilities
of traditional planning methods [7].

The integration of personnel, equipment, and material
resources within hierarchical emergency healthcare delivery
systems (EHDTYS) is also of critical importance, as it ensures
coordinated action and rational utilization of ambulance
and hospital resources [8]. The establishment of centralized
stockpiles of essential medical supplies increases availability
and reduces the risk of local shortages during peak demand
periods [8]. Similar principles underpin models of collaborative
drug supply rebalancing aimed at equitable distribution and
minimization of total losses under conditions of limited
supply [6,9]. The application of linear and mixed-integer
optimization methods enables evidence-based decisions on
the redistribution of resources across regions and institutions
[10].

An important direction is the development of internal and
external dispatching systems integrating local and interregional
supply chains, which reduces logistical delays and improves
the level of demand satisfaction in affected areas [11,12].
Integrated healthcare resource allocation models, involving
coordination between institutions at different levels, contribute
to more equitable access to care and help prevent overloading
of individual hospitals [13].

However, despite the effectiveness of optimization models,
the pandemic has revealed persistent systemic vulnerabilities,
including disruptions in global supply chains, shortages of
personal protective equipment, and workforce limitations,
particularly in resource-constrained regions [14]. The rapid
evolution of crisis situations often outpaces existing management
mechanisms, necessitating the implementation of real-time
systems and digital tools for monitoring and forecasting.
Thus, effective resource provision in epidemic conditions
requires not only the use of mathematical models, but also
continuous adaptation, interdisciplinary collaboration, and
strategic planning aimed at enhancing healthcare system
resilience.

5. Conclusions

The implementation of an adaptive model of resource
provision and logistics at the Republican Specialized Hospital
“Zangiota No. 1” enabled the transformation of material and
technical resource management into a centralized, analytically
driven process oriented toward rapid response under conditions
of epidemiological instability. The centralization of equipment
and PPE distribution, daily monitoring of pharmaceutical
inventories, establishment of safety stock reserves, and
optimization of internal logistical flows ensured a high level
of availability of key resources (>95%), uninterrupted oxygen
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supply (100%), and minimization of critical shortages.
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