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3 Diellza Berisha

Introduction

The COVID-19 pandemic demonstrated that contemporary healthcare systems are exposed to
complex, rapidly evolving, and highly uncertain crisis conditions. The sudden increase in
infections, hospital admissions, intensive care demand, workforce pressure, and medical-
supply shortages revealed that pandemic management cannot be treated only as a clinical or
epidemiological issue. It is also an optimization and decision-support problem, because
decision-makers must allocate scarce resources, coordinate hospitals, estimate future demand,
and maintain service continuity while information is incomplete and conditions change over

time.

This dissertation is focused on optimization strategies and algorithms for solving health-
system problems during a pandemic. The research is positioned at the intersection of
epidemiological modelling, operations research, healthcare resource allocation, machine-
learning-based forecasting, and simulation-based evaluation. Its central idea is that pandemic
response can be improved when forecasting, optimization, and operational simulation are not

developed as separate tools, but integrated into one coherent decision-support framework.

The dissertation gives particular attention to resource-constrained healthcare systems, with
Kosovo used as the empirical case study. Such systems often face limited hospital capacity,
fragmented data reporting, constrained analytical infrastructure, and unequal regional access
to healthcare services. These characteristics make the development of scalable, transparent,

and practically applicable optimization methods especially important.

The central research problem of the dissertation can be expressed as follows: how can
epidemiological forecasting, healthcare resource optimization, and hospital-operation
simulation be integrated into a scalable and uncertainty-aware decision-support framework
for improving pandemic healthcare management in resource-constrained systems? This
problem involves several interrelated sub-problems, including estimating future healthcare
demand, converting infections into hospital and ICU indicators, allocating demand under
capacity constraints, and evaluating operational performance through waiting time,

utilization, unmet demand, and robustness.

The main aim of this dissertation is to develop and evaluate an integrated hybrid decision-
support framework that combines epidemiological forecasting, optimization-based resource

allocation, and discrete event simulation for improving healthcare-system performance during
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Optimization Strategies and Algorithms for Solving Health System Problems During a Pandemic 4

pandemic conditions. The framework links SEIR-based epidemiological modelling, k-
nearest-neighbour-supported parameter adaptation, mixed-integer linear programming, and

discrete event simulation into a coherent workflow.

The scientific novelty lies in the structured integration of prediction, prescription, operational
validation, and adaptive feedback. Forecasting outputs are transformed into demand
indicators, demand indicators are used in optimization models, and optimization results are
evaluated through simulation-based operational scenarios. This approach supports more
evidence-based, adaptive, and operationally feasible pandemic decision-making in resource-

constrained healthcare environments.

Chapter 1 — Literature Review on Optimization Strategies
and Algorithms for Addressing Health System Challenges
in Pandemics

1.1 Introduction

This chapter presents a systematic and critical review of optimization strategies,
mathematical models, and decision-support frameworks developed to address healthcare
system challenges during pandemics. The review focuses on the integration of
epidemiological forecasting, healthcare capacity planning, supply chain coordination,
economic considerations, governance mechanisms, and behavioral dynamics. Particular
attention is given to the applicability, scalability, and operational feasibility of these

approaches in resource-constrained healthcare systems.

The COVID-19 pandemic constituted an unprecedented global systemic shock. Since its
emergence in late 2019, it has generated simultaneous pressures across healthcare, economic,
and social systems. The World Health Organization (WHO) estimated approximately 14.9
million excess deaths during 2020-2021, while intensive care unit (ICU) overload was
reported in a majority of affected countries [1], [2]. Even highly developed healthcare
systems experienced severe shortages of ICU beds, ventilators, trained medical personnel,
vaccines, and essential medical supplies [3], [4]. These shortages were further exacerbated by
disruptions in global medical supply chains, infection-related workforce depletion, and

rapidly fluctuating patient demand.
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5 Diellza Berisha

1.2. Systemic Multi-Dimensional Impact of Pandemics

The COVID-19 pandemic demonstrated that modern health crises are not isolated
epidemiological events but complex systemic shocks affecting healthcare, economic, and
social subsystems simultaneously. Between 2020 and 2021, the World Health Organization
(WHO) estimated approximately 14.9 million excess deaths worldwide, while intensive care
unit (ICU) overload was reported in a majority of affected countries [1], [2]. Beyond direct
mortality, the pandemic triggered cascading disruptions across labor markets, education

systems, and public finances, reinforcing pre-existing structural inequalities.

Unlike earlier outbreaks such as SARS (2003) or HIN1 (2009), COVID-19 unfolded within
highly interconnected global networks characterized by intense mobility, tightly coupled
supply chains, and synchronized policy responses. This structural interconnectedness
amplified systemic stress and created feedback loops between health system strain, economic
contraction, and social disruption [27], [28], [29]. The pandemic thus revealed the limitations
of siloed policy and modelling approaches and underscored the necessity for integrated
decision-support frameworks capable of addressing multi-layer interactions under

uncertainty.

1.2.1. Health System Strain and ICU Overload

The most visible manifestation of systemic stress during COVID-19 was the rapid saturation
of hospital and ICU capacity. Severe shortages of beds, ventilators, oxygen supplies, and
trained personnel were observed across both high-income countries and low- and middle-
income countries (LMICs) [3], [4]. In several regions, ICU occupancy exceeded baseline
capacity during peak waves, necessitating emergency infrastructure expansion, inter-regional

patient transfers, and temporary field hospitals.

1.2.2. Economic Disruptions and Health-Economy Trade-offs

The public health measures required to contain viral transmission including lockdowns,
mobility restrictions, and sectoral shutdowns generated profound macroeconomic effects.
Global GDP contracted by approximately 3.4% in 2020, and more than 220 million full-time
equivalent jobs were lost, disproportionately affecting informal workers, women, and young

populations [5], [6].
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1.2.3. Social Inequalities, Behavioral Heterogeneity, and Access
Constraints

The pandemic did not affect populations evenly. COVID-19 exposed and intensified pre-
existing social inequalities, because the risk of infection, hospitalization, and mortality was
shaped by living conditions, occupational exposure, income level, housing density, and
access to healthcare services [40], [41]. Educational disruption also became an important
social consequence: prolonged school closures affected around 1.6 billion learners worldwide
and deepened learning losses among low-income, rural, and digitally excluded groups [7],
[42], [43].

These inequalities are directly relevant to pandemic optimization, because healthcare
demand, behavioral response, and access to services cannot be assumed to be homogeneous
across regions or population groups. Differences in trust, health literacy, testing availability,
treatment access, and vaccination uptake influenced both epidemiological outcomes and the
fairness of health-system response [44]-[46], [59], [60]. Therefore, decision-support models
must consider behavioral heterogeneity and access constraints, especially in resource-
constrained settings where limited capacity and regional disparities can quickly translate into

unequal healthcare outcomes [61]-[64].

1.2.4. Integrated System Perspective

Table 1.1. Dimensions of pandemic impact in 2020-2021

Dimension Key Indicators Sources

Health Impact Approximately 14.9 million deaths (direct and indirect); ICU [1]
overload reported in more than 70% of countries

Economic Global GDP contraction of —3.4% in 2020; more than 220 million [3], [4]

Impact full-time equivalent job losses

Social Impact Around 1.6 billion students affected by school closures; heightened [65]
inequality in LMICs

The evidence across health, economic, and social domains demonstrates that the COVID-19
pandemic constituted a multi-layered systemic crisis characterized by reinforcing feedback
loops. Health system overload triggered restrictive public health measures; these measures
generated economic contraction and social disruption; and rising inequality and behavioral

responses, in turn, influenced infection dynamics and healthcare demand.
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Figure 1.1. Integrated crisis loop linking health, economic and social pandemic effects.

1.2.5 Critical Gap Analysis and Implications

The evidence reviewed in Sections 1.2.1-1.2.4 shows that COVID-19 generated tightly
coupled health, economic, and social disruptions, forming reinforcing feedback loops that
cannot be addressed with siloed analytical tools. Although the literature offers sophisticated
models for forecasting, capacity planning, logistics, and policy analysis (see [45], [53], [55],
[41], [42]), practical deployment is often constrained by data delays, limited computing
resources, and weak cross-domain integration limitations that are amplified in resource-

constrained healthcare systems.

1.3. Categories of Optimization and Coordination Strategies

The COVID-19 pandemic demonstrated that effective pandemic management requires
coordinated interventions across multiple domains, integrating policy-level governance
mechanisms with advanced, algorithm-driven technical solutions. Empirical evidence from
the COVID-19 crisis indicates that fragmented approaches limited the ability of decision-
makers to anticipate cross-domain feedback effects, resulting in delayed responses, inefficient
resource allocation, and inconsistent policy outcomes. Traditional, siloed approaches where
epidemiology, logistics, and socio-economic policies were addressed separately proved
insufficient in mitigating cascading crises. Instead, research and practice emphasized the
importance of holistic, data-driven strategies that combine multiple decision-making layers
[65], [67], [14], [68]. Governance and public administration studies similarly emphasize that
institutional coordination and information flows are decisive for crisis performance [31],
[38], [39], [69].
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1.3.1 Epidemiological and Predictive Modeling Paradigms

Accurate epidemiological forecasting constitutes the analytical foundation of pandemic
decision-making. Forecasts of infection trajectories, hospitalization demand, and peak
intensity directly influence healthcare capacity planning, resource allocation, and policy
timing. Over the past decades, forecasting approaches have evolved from classical
compartmental models to hybrid economic-epidemiological structures and, more recently, to

machine learning-enhanced predictive systems.

1.3.2 Healthcare Operations and Capacity Optimization

While epidemiological models estimate infection trajectories and demand surges, healthcare
operations optimization translates projected demand into actionable resource allocation
decisions. During pandemics, operational decision-making involves the allocation of
intensive care unit (ICU) beds, ventilators, medical personnel, testing infrastructure, and
inter-hospital transfers under severe uncertainty and time constraints [75], [76]. This
operational perspective is supported by healthcare operations research and hospital capacity

planning literature [75], [76].

1.3.3 Supply Chain and Logistics Optimization

Pandemic response depends not only on hospital capacity but also on the resilience and
coordination of healthcare supply chains. Shortages of personal protective equipment (PPE),
ventilators, oxygen, pharmaceuticals, and vaccines during COVID-19 exposed structural
fragilities in globally interconnected production and distribution networks. Unlike
conventional supply chains optimized for efficiency and cost minimization, healthcare supply
chains during pandemics must prioritize reliability, flexibility, and rapid surge response.
Digital transformation and healthcare logistics reports further highlight visibility, traceability,

and coordination as central supply-chain requirements during crisis conditions [79], [80].

1.3.4 Multi-Objective and Economic-Health Optimization

Pandemic response inherently involves competing objectives. Policies designed to minimize
infection rates and mortality may impose substantial economic costs, while rapid economic
reopening can trigger renewed transmission waves and healthcare system overload.
Consequently, pandemic management cannot be adequately represented as a single-objective
optimization problem; rather, it requires formal multi-objective decision frameworks capable

of balancing health protection, economic resilience, and social equity under uncertainty.
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1.3.5 Equity-Aware and Fairness-Based Optimization

Pandemics disproportionately affect vulnerable populations, exposing structural inequalities
in healthcare access, socio-economic conditions, and institutional capacity. Traditional
efficiency-oriented optimization models focused on minimizing total mortality or resource
shortage may inadvertently exacerbate disparities if equity considerations are not explicitly

incorporated.

1.3.6 Simulation-Based and Adaptive Decision Frameworks

Pandemic response unfolds under rapidly evolving uncertainty. Static optimization models,
even when multi-objective, may become suboptimal as infection dynamics, behavioral
responses, and resource availability shift over time. This has motivated the development of

simulation-based and adaptive decision-support frameworks.

1.4 Critical Review and ldentified Gaps

This section synthesizes the evidence reviewed in Sections 1.1-1.3 and identifies the
methodological, operational, and contextual gaps that limit the real-world effectiveness of
current pandemic optimization and decision-support approaches. Across the literature,
advances in forecasting, hospital operations, logistics, and policy analytics are substantial;
however, their practical deployment remains constrained by fragmentation, data limitations,
computational bottlenecks, insufficient equity integration, and weak real-time adaptivity
constraints that are particularly acute in resource-constrained healthcare systems such as

Kosovo.

1.4.1 Fragmented Modelling and Decision-Support Approaches

A dominant limitation is the persistence of siloed modelling. Most studies optimize isolated
subsystems, such as ICU capacity and transfers [9], forecasting and intervention evaluation
[50], [51], logistics resilience [32], or vaccination prioritization [66], without an operationally
coupled system architecture that supports coordinated decisions across domains. As a result,
even strong domain-specific models frequently fail to support coherent policy choices when

healthcare capacity, supply constraints, and behavioral compliance interact dynamically.
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1.4.2 Data Reliability, Timeliness, and Information-Flow
Constraints

A second gap concerns data feasibility under crisis conditions. Many optimization and
simulation frameworks implicitly assume timely, standardized, high-quality data streams for
admissions, ICU occupancy, staffing, inventory, testing, and surveillance [90]. In practice,
data are frequently delayed, incomplete, and inconsistently reported, particularly in LMIC
contexts, which undermines calibration, validation, and real-time updating [91]. Earlier
operations research studies similarly emphasize that data quality and reporting structures

strongly determine the usability of public-health decision-support systems [92], [93].

1.4.3 Scalability and Computational Complexity

Even when data are available, real-time feasibility is constrained by computational load.
Multistage stochastic programming and large MILP formulations can become intractable as
scenario trees grow, while Al/metaheuristic forecasting and simulation-optimization loops
may require long runtimes that are incompatible with time-critical crisis operations [73], [36].
Robust formulations can reduce the need for large scenario trees by replacing extensive
stochastic enumeration with tractable uncertainty sets, offering a practical compromise

between resilience and computational feasibility in time-critical settings [20], [21].

1.4.4 Equity and Contextual Adaptation Limitations

While fairness-aware allocation models represent an important methodological advance [13],
equity is still often treated as an auxiliary feature rather than a core design dimension.
Formally, the efficiency-equity tension is a multicriteria optimization problem, where policy
acceptability depends on transparent trade-offs rather than purely utilitarian objectives [22].
In practice, ad hoc scalarization weights may embed normative assumptions that remain
implicit; multicriteria optimization provides a clearer structure for eliciting and documenting
such trade-offs [22]. Broader health-equity literature also shows that distributive impacts
must be treated as central design constraints rather than afterthoughts [94], [64], [95], [58],
[23], [24].

1.4.5 Insufficient Real-Time and Adaptive Decision Support

Despite progress in DES and ABM, relatively few studies achieve a fully integrated, real-
time adaptive pipeline that links forecasting, operational optimization, and simulation-based

evaluation in a rolling-horizon manner [8], [9]. Rolling-horizon decision architectures are

Abstracts of Dissertations 2026 (11) 3-57
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closely aligned with the theory of Model Predictive Control (MPC), where policies are
repeatedly re-optimized under updated state estimates and operational constraints [25]. For
large-scale systems with uncertainty and dimensionality, approximate dynamic programming
offers computationally viable alternatives for near-real-time decision making [26].
Forecasting models are commonly evaluated on statistical accuracy rather than on their
contribution to downstream decision quality under uncertainty [53]. Meanwhile, operational
optimization often assumes deterministic demand or weakly represents uncertainty

propagation.

1.4.6 Synthesis of Identified Research Gaps

Table 1.2. Synthesis of the research gaps identified in the literature review

Problem identified Implication for the dissertation
Fragmentation Forecasting, logistics, hospital The framework must connect
operations and equity are often prediction, allocation and simulation.
modelled separately.
Data feasibility Real-time data may be delayed, The model must operate with
incomplete or inconsistent. imperfect information and
uncertainty.
Scalability Advanced models may be too Reduced-order and computationally
complex for crisis deployment. feasible models are needed.
Equity and Fairness and LMIC constraints are Equity and local feasibility must
context often secondary. become model elements.
Adaptivity Static models cannot update A rolling-horizon feedback logic is
decisions as conditions change. required.

The critical review identifies five interrelated gaps that jointly limit real-world pandemic

decision support:

1.5 Conclusions, Research Goal and Research Tasks

1.5.1 Conclusions

The literature reviewed in this chapter demonstrates substantial progress in pandemic
response modelling, including advances in epidemiological forecasting, healthcare operations
optimization, supply chain coordination, equity-aware allocation, and simulation-based
evaluation. Nevertheless, the COVID-19 experience revealed that domain-specific
methodological sophistication does not automatically translate into operational decision value

under crisis conditions.
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A recurring finding is the mismatch between model assumptions and real-world constraints.
Many advanced frameworks require timely, standardized data streams and significant
computational resources, while real decision environments particularly in resource-
constrained health systems are characterized by delayed reporting, fragmented information
flows, limited analytical capacity, and institutional constraints. These realities reduce the

feasibility of complex models exactly when rapid adaptation is most needed.

The chapter further shows that pandemic management is inherently multi-objective and
cross-domain: decisions about capacity expansion, logistics prioritization, and interventions
must be evaluated jointly with equity considerations and behavioral responses. As a result,
effective decision support requires integrated architectures that link forecasting, optimization,
and simulation in a rolling-horizon manner, while explicitly handling uncertainty and

maintaining computational feasibility.

These conclusions establish the motivation for the dissertation’s research goal and tasks,
which focus on developing an integrated, scalable, and adaptive hybrid decision-support
framework tailored to resource-constrained healthcare systems, with particular emphasis on

Kosovo.

1.5.2 Research Goal

Building upon the critical synthesis presented in Sections 1.1-1.5.1, the overarching goal of

this dissertation is formulated as follows:

The goal of this dissertation is to develop an integrated, scalable, and uncertainty-aware
hybrid decision-support framework that unifies epidemiological forecasting, healthcare
resource optimization, logistics coordination, and equity considerations within a
computationally efficient architecture suitable for real-time deployment in resource-

constrained healthcare systems.

The proposed framework aims to bridge the gap between methodological sophistication and
operational feasibility by:
« explicitly incorporating uncertainty in epidemiological and operational inputs;
e embedding equity and contextual constraints as structural model components rather
than auxiliary criteria;
e ensuring computational scalability compatible with limited analytical infrastructure;
« enabling rolling-horizon, adaptive decision-making under imperfect and delayed data

conditions.
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The framework is specifically designed and validated in the context of Kosovo and
comparable low- and middle-income healthcare systems, while maintaining generalizability

to broader crisis-management environments.

1.5.3 Research Tasks

To achieve the stated research goal, the dissertation addresses the following interrelated
research tasks:
Task 1 — Conceptual and System-Level Modelling
Develop a unified system architecture that formally links:
o extended SEIR-type epidemiological models,
« healthcare capacity and ICU resource allocation,
e supply chain and logistics constraints,
« behavioral and equity-aware decision variables.
This task establishes the structural integration necessary to overcome the fragmentation
identified in Chapter 1.
Task 2 — Development of an Uncertainty-Aware Optimization Core
Design and implement a hybrid optimization module that:
e integrates multistage stochastic programming (MSSP) and nonlinear equity-aware
formulations (NLP);
« incorporates robust or scenario-based uncertainty handling;
« balances efficiency and fairness objectives within a multi-criteria structure.
This task directly addresses the identified gaps related to uncertainty propagation and equity
integration.
Task 3 — Integration with Discrete Event Simulation (DES)
Embed the optimization core within a Discrete Event Simulation (DES) environment to:
« model patient flows, hospital operations, and logistical processes;
e evaluate policy decisions under dynamic and uncertain conditions;
e enable scenario-based stress testing of healthcare system resilience.
This task ensures operational realism and supports adaptive, rolling-horizon decision-making.
Task 4 — Computational Scalability and Model Simplification
Develop computationally efficient solution strategies, including:
o reduced-order epidemiological representations,
« lightweight metaheuristics where exact optimization is infeasible,

« scalable scenario reduction techniques.

Abstracts of Dissertations 2026 (11) 3-57
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The objective is to ensure feasibility in data-scarce and infrastructure-limited environments
such as Kosovo.
Task 5 — Contextual Validation and Policy Evaluation
Calibrate and validate the integrated framework using data representative of Kosovo and
comparable healthcare systems, and:

o evaluate trade-offs between healthcare capacity, logistics feasibility, and equity

outcomes;

« assess robustness under delayed and incomplete data scenarios;

« derive actionable policy recommendations for real-time crisis management.
The completion of these research tasks provides a structured pathway from theoretical gap
identification to the development of a deployable, integrated hybrid decision-support system.
The following chapter therefore presents the methodological foundations and mathematical

formulations underpinning the proposed framework.

Chapter 2. Proposed Models and Methodology: Proposed
Integrated Hybrid Decision-Support Framework

2.1 Introduction to the Proposed Research Framework

Integrated Hybrid Decision-Support Framework Architecture

Data and Monitoring Module

Epidemiological, hospital, staff and logistics data
v
A Epidemiological Forecasting Module
LLll SEIR-based projection of ward and ICU demand
v

Healthcare Resource Modeling Module

— Effective capacity, bottlenecks and transfer feasibility closed-loop
¥ recalibration

{Z} Optimization and Decision Module

Robust multi-objective allocation and surge planning

-+
( Simulation and Evaluation Module
= DES stress testing, waiting times and overload risk
L 2
/") Adaptive Feedback and Learning Module
R« Parameter updating, revised constraints and rolling horizon

The architecture converts data into forecasts, forecasts into decisions, decisions into simulated performance,
and performance into updated decisions.

Figure 2.1. Overall architecture of the Integrated Hybrid Decision-Support Framework.
This chapter presents the methodological foundation of the dissertation and introduces an

Integrated Hybrid Decision-Support Framework (IHDSF) for pandemic healthcare system
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optimization. The framework connects epidemiological forecasting, healthcare resource
modelling, robust multi-objective optimization, simulation-based validation, and adaptive
feedback control in a unified decision-support structure. Its purpose is to transform uncertain
epidemiological information into operational decisions related to hospital capacity, ICU
utilization, patient transfers, staff deployment, surge-capacity activation, and emergency
resource allocation [96], [92], [20], [97], [98].

Unlike static planning approaches, the proposed methodology treats pandemic healthcare
management as a dynamic decision process. Infection rates, hospitalization probabilities, ICU
admission rates, recovery rates, staff availability, transfer feasibility, and reporting delays can
change over short time intervals. Consequently, decisions that appear feasible under one
information state may become infeasible or inefficient when new observations are
incorporated. The IHDSF is therefore designed as a closed-loop framework in which
forecasts, constraints, allocation policies, simulation outputs, and feedback are updated
repeatedly [99], [3], [18].

2.2 Formal Problem Definition and Research Scope

A formal problem definition is necessary because pandemic healthcare response contains
many interacting decisions, but not all of them are decision variables of the proposed model.
The dissertation distinguishes between endogenous decisions, which the model can
recommend, and exogenous conditions, which are treated as data, parameters, or scenarios.
This distinction prevents the framework from becoming either too narrow to support regional
coordination or too broad to remain computationally and institutionally realistic [101], [102],
[65].

The central decision problem can be expressed in operational terms as follows: given
uncertain trajectories of infection, hospitalization, and ICU demand, and given limited
healthcare capacity distributed across a network of facilities, determine a sequence of
allocation, transfer, staffing, and surge-capacity decisions that reduces avoidable shortage and
overload while respecting clinical, logistical, and institutional constraints. This definition
keeps the focus on healthcare system coordination rather than on population-level policy
optimization [3], [103], [18].

Abstracts of Dissertations 2026 (11) 3-57
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2.2.1 System Definition and Decision Scope

The decision scope is tactical rather than purely strategic or bedside clinical. Tactical
coordination includes decisions that can be revised over days or weeks, such as redistributing
patients, activating emergency capacity, redeploying staff, or prioritizing scarce transfer
resources. Strategic decisions, such as building new hospitals or redesigning national health
policy, occur on longer time scales and are outside the optimization scope. Bedside clinical
decisions, such as diagnosis, triage judgment, and treatment plans for individual patients,

remain under the authority of clinical professionals [65], [104].

2.2.2 Sets, States, Decisions and Uncertainty

The state vector combines epidemiological and operational information because neither
dimension is sufficient by itself. Epidemiological information explains future demand
pressure, while operational information explains whether the healthcare network can absorb
that demand. For example, a forecasted increase in infections is operationally relevant only
when it is translated into projected ward occupancy, ICU demand, staff requirements, and

transfer needs.

2.2.3 Demand, Capacity and Shortage Representation

The shortage variable is central to the methodology because it converts overload into an
explicit mathematical object. In severe pandemic conditions, forcing all demand to be served
may make the optimization model infeasible, while ignoring excess demand would hide the
clinical consequences of overload. By introducing the non-negative shortage variable, the
model remains solvable under extreme demand while still penalizing unmet need strongly in
the objective function [92], [105].

2.2.4 Robust Multi-Objective Problem Formulation

The objective function is multi-objective because pandemic healthcare response involves
competing priorities. Minimizing unmet demand is clinically urgent, but a policy that
minimizes shortage by transferring many patients may exceed EMS capacity or create
unnecessary logistical risk. A policy that minimizes transfers may be easier to implement but
may leave localized hospitals overloaded. The multi-objective structure makes these trade-
offs explicit and allows decision-makers to select priority weights or acceptable thresholds
[22].
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2.2.5 Decision Levels and Stakeholder Context

The primary decision level addressed by the IHDSF is regional coordination. Hospital-level
data provide local capacity and occupancy information, while regional authorities coordinate
transfers, surge resources, and load balancing across the network. National-level policies
define the broader scenario environment by affecting transmission dynamics, emergency
resource availability, crisis standards, and institutional rules. These national policies are
treated as exogenous scenario parameters rather than direct decision variables in the
optimization model [65], [104].

2.3 Modelling Assumptions and Constraints

The proposed IHDSF is based on explicit modelling assumptions that define the scope and
interpretation of the epidemiological, resource, optimization, simulation, and adaptive-control
components. A pandemic healthcare system contains biological, behavioural, logistical,
institutional, and political mechanisms that cannot all be represented at the same level of
detail within a tractable decision-support model. The assumptions in this section specify the
conditions under which the proposed models are valid and operationally meaningful [92],
[103], [3].

The assumptions are grouped into three categories: epidemiological assumptions, data
availability and quality assumptions, and computational and institutional constraints. The
purpose of this section is not to develop the full SEIR model, the full resource model, or the
full optimization model. Those components are developed in Sections 2.5, 2.6, and 2.7.

Section 2.3 instead clarifies the modelling conditions that support the later formulations.

2.3.1 Epidemiological Assumptions

The piecewise-stability assumption is particularly important. Pandemic parameters can
change because of new variants, behavioural adaptation, testing changes, vaccination effects,
treatment improvements, or policy interventions. However, within a short planning interval it
is reasonable to approximate parameters as stable enough to generate operational forecasts.
Rolling-horizon recalibration then allows the model to update these parameters when new
data become available [101], [11].
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2.3.2 Data Availability and Quality Assumptions

Data quality constraints are not merely technical inconveniences; they directly affect decision
quality. Under-reporting of infections can delay recognition of future hospital pressure, while
delayed ICU occupancy data can cause the optimization layer to underestimate immediate
overload. Similarly, inconsistent definitions of available beds can create artificial capacity if

beds are reported without the staff or equipment required to use them [103], [3].

2.3.3 Computational and Institutional Constraints

Computational constraints require a balance between realism and tractability. Including every
individual patient, staff member, ambulance, and clinical pathway inside the optimization
model would make the problem difficult to solve repeatedly in a rolling-horizon setting. The
proposed structure therefore uses aggregate decision variables in the optimization model and
stochastic patient-flow detail in the DES layer. This division of labour preserves operational

relevance while keeping the prescriptive model manageable [92], [105], [107].

2.4 Architecture of the Integrated Hybrid Decision-Support
Framework

The Integrated Hybrid Decision-Support Framework is designed as a closed-loop architecture
that connects epidemiological forecasting, healthcare resource modelling, robust
optimization, simulation-based evaluation, and adaptive feedback. Its purpose is to transform
observed epidemiological and operational data into allocation, transfer, and surge-capacity

decisions that remain feasible under uncertainty [103], [65], [92].

The framework consists of six interconnected modules: a Data and Monitoring Module, an
Epidemiological Forecasting Module, a Healthcare Resource Modelling Module, an
Optimization and Decision Module, a Simulation and Evaluation Module, and an Adaptive
Feedback Module. These modules are not independent blocks; the output of each module
becomes an input to subsequent modules, and feedback from simulation and observed data

updates earlier assumptions, constraints, and parameters.

2.4.1 Overall System Architecture

The architecture separates the analytical tasks while preserving their interaction. Forecasting
produces demand estimates, but those estimates are not used directly as decisions. Resource

modelling converts demand into capacity pressure. Optimization transforms pressure and
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constraints into candidate actions. Simulation tests those actions under stochastic variability.
Feedback updates the system for the next decision cycle. This modular structure makes the

framework transparent and easier to validate [96], [20].

2.4.2 Information Flow and Feedback Mechanisms

Feedback is not limited to correcting forecast errors. It also identifies structural weaknesses in
proposed decisions. For example, simulation may reveal that an optimized policy creates
excessive ICU queues, that a transfer plan overloads EMS capacity at peak times, or that a
facility with nominal spare capacity cannot absorb patients because staff availability has
declined. These feedback signals can be converted into additional constraints, penalty

adjustments, or warning indicators [100], [96].

2.5 Epidemiological Modelling Component

The epidemiological component is the predictive engine of the IHDSF. Its purpose is to
translate disease transmission dynamics into operational demand signals for ward and ICU
care. In the context of pandemic healthcare management, forecasting infections alone is not
sufficient. Healthcare authorities require forecasts of hospital admissions, ICU demand,
patient severity, recovery, and mortality-related pressure in order to plan resource allocation
and capacity coordination [11], [108], [109].

The epidemiological model used in this dissertation must satisfy three requirements. It must
be epidemiologically interpretable, computationally tractable for repeated recalibration, and
directly connectable to healthcare resource requirements. For this reason, the dissertation
adopts a SEIR-based compartmental structure extended with hospitalization, ICU, recovery,

and mortality compartments.

2.5.1 Selection of a SEIR-Based Modelling Approach

The SEIR structure is also compatible with the time scale of healthcare planning. Hospital
and ICU demand usually respond to infection dynamics with a delay, and this delay can be
represented through exposed, infectious, hospitalized, and ICU compartments. The model
therefore supports short- and medium-term forecasts that are useful for decisions such as

surge activation, staff redeployment, and inter-facility transfer planning [108], [109].
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2.5.2 Extended SEIR-H-1CU-D Structure
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Figure 2.2. Extended SEIR-H-ICU-D forecasting structure linking infection dynamics with ward and
ICU demand.

Table 2.1. Core epidemiological states and operational meaning

Notation Definition Operational interpretation
S(t) Susceptible population Individuals at risk of infection
E(t) Exposed population Infected but not yet infectious individuals
I(t) Infectious population Individuals capable of transmission
H(t) Hospitalized patients Ward-level healthcare demand
ICU(t) Intensive-care patients Critical-care demand and ICU resource
pressure
D(t) Deceased population Absorbing mortality state

The additional H and ICU compartments are essential because they represent the direct
operational burden placed on hospitals. A standard SEIR model may forecast infections
accurately but still fail to inform resource decisions if it does not estimate how many patients
require ward care or intensive care. The H compartment therefore represents patients
requiring general hospital care, while the ICU compartment represents patients requiring
critical care resources such as specialized staff, monitoring, ventilators, and higher care

intensity.

2.5.3 Handling Uncertainty in Epidemiological Parameters

The uncertainty set can be calibrated in several ways. If sufficient data are available,
confidence intervals from parameter estimation can define lower and upper bounds. If data

are limited, expert-defined scenarios may specify pessimistic, baseline, and optimistic

Abstracts of Dissertations 2026 (11) 3-57



21 Diellza Berisha

parameter ranges. Historical variability across waves or regions can also inform admissible
bounds. The important methodological requirement is that uncertainty bounds be documented

and interpreted as part of the model assumptions.

2.6 Healthcare System and Resource Modeling

While the epidemiological component estimates the spatiotemporal demand generated by
pandemic transmission, operational feasibility depends on the supply-side structure of the
healthcare system. Pandemic healthcare capacity cannot be represented accurately as a static
number of beds. A bed is operationally usable only when supported by appropriate staff,
equipment, oxygen supply, clinical protocols, and transfer feasibility. Capacity must therefore
be modelled as a dynamic and multidimensional construct [92], [105].

The healthcare system and resource modelling layer translates epidemiological demand into
operational pressure. It defines the regional hospital network, quantifies effective ward and
ICU capacity, models patient flows across care pathways, incorporates human-resource
limitations, and defines utilization and load-balancing measures. These elements provide the

feasibility structure for the optimization model in Section 2.7.

2.6.1 Hospital Network and Effective Capacity

The network representation is necessary because healthcare capacity is geographically and
institutionally distributed. During a pandemic, overload is rarely uniform across all facilities.
Some hospitals may face extreme ICU pressure while others retain reserve capacity.
Modelling the system as G = (1,A) allows the framework to evaluate whether patient transfers
or resource redistribution can reduce localized overload without creating new bottlenecks

elsewhere.

2.6.2 Patient Flow and Transfer Constraints

Patient-flow conservation is the mechanism that prevents the model from creating or
removing patients artificially. The census at the next time period must equal the current
census plus admissions and inbound transfers, minus outbound transfers, discharges, deaths,
and internal outflows, with internal inflows added where appropriate. This accounting
structure is essential when the model is used over multiple periods because small

inconsistencies can accumulate into unrealistic capacity states [110], [100].
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Patient Flow and Healthcare Resource Pathway

e Recovery
Discharge
b ICU care
=

ICU + ventilator death

deteriorate

&: Ward care
= W beds + staff

@ Admission
[ | ED / triage

S R ") Mortality
Y == Dstate Effective capacity
,'. inter-hospital transfer depends o8
if (i,j) € A and EMS capacity permits E
. beds
v ,'"‘ staff
EHI Hospital j -~ | Capacity check ventilators
receiving facility C_eff and staff

"_'/’ transfer feasibility

Figure 2.3. Patient-flow and healthcare-resource pathway used for ward, ICU, transfer, recovery and
shortage representation.

2.6.3 Workforce and Surge Capacity

The staff depletion parameter can represent multiple operational pressures, including
infection among healthcare workers, quarantine requirements, fatigue, burnout, or
redeployment to other departments. Because these pressures can vary across facilities, the
parameter is indexed by facility and time. This allows the model to represent localized

workforce crises rather than assuming uniform staff availability across the network.

2.6.4 Utilization and Load Balancing

Utilization is not included only as a descriptive indicator; it affects the quality and safety of
the healthcare system. High utilization can reduce flexibility, increase waiting times, limit the
ability to respond to sudden admissions, and intensify staff pressure. Monitoring utilization

by facility and care level allows the framework to detect where overload risk is concentrated.

2.6.5 Summary and Link to Optimization

The healthcare resource modelling layer establishes the operational feasibility structure of the
IHDSF. It links epidemiological demand projections with effective capacity, patient-flow
conservation, transfer feasibility, staffing limitations, and load-balancing requirements. These
elements provide the constraints and objective-function components used in the robust multi-

objective optimization model developed in Section 2.7 [92], [105].
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2.7 Optimization Strategies and Algorithmic Design

The epidemiological model forecasts demand, and the resource model defines operational
feasibility. The central prescriptive task is to determine which allocation decisions should be
implemented when the healthcare system faces uncertain demand, scarce resources, and
conflicting clinical and logistical objectives. The optimization component is therefore the
prescriptive engine of the IHDSF. It transforms demand forecasts and capacity constraints

into allocation, transfer, surge-capacity, and staffing decisions [92], [8], [22].

Pandemic healthcare allocation is formulated as a robust multi-objective optimization
problem because no single indicator captures the decision challenge. A strategy that
minimizes transfers may leave some hospitals overloaded. A strategy that balances load
aggressively may increase transport burden. A strategy that minimizes unmet demand may
require emergency surge resources. The optimization model must therefore represent trade-
offs among clinical protection, regional load balancing, logistical feasibility, and operational

resilience.

2.7.1 Decision Variables and Feasible Space

The feasible decision space is not static. It may change as capacity, staff availability, transfer
routes, or institutional rules change. For example, if a facility loses ICU staff because of
absenteeism, the effective capacity and feasible allocation set must be updated. If EMS
capacity declines, feasible transfer volumes must be reduced. The rolling-horizon workflow
in Section 2.9 is designed to update as new operational information becomes available [92],
[107].

2.7.2 Multi-Objective Optimization Formulation

Objective normalization deserves explicit attention because the four components have
different physical meanings and magnitudes. Unmet demand may be measured in patients,
load imbalance in utilization deviations, transfers in distance-weighted patient movements,
and surge use in activated emergency resources. Without normalization, the objective with
the largest numerical scale could dominate the solution even if decision-makers did not
intend that priority. Normalized objectives therefore make the weights interpretable as

preference parameters rather than accidental unit conversions [22].

Abstracts of Dissertations 2026 (11) 3-57



Optimization Strategies and Algorithms for Solving Health System Problems During a Pandemic 24

2.7.3 Robust Counterpart Under Epidemiological Uncertainty

The robust counterpart is particularly useful in early outbreak phases, when parameter
estimates are unstable and hospital demand may increase rapidly. Under such conditions, a
deterministic solution based on a single forecast can produce fragile allocation plans. The
robust formulation instead evaluates candidate decisions against adverse but plausible
conditions, reducing the probability that a policy becomes infeasible shortly after
implementation [20], [102].

2.7.4 Core Constraints of the Optimization Model

The capacity constraint prevents the treated census from exceeding effective capacity. In real
systems, crisis conditions may lead to care beyond normal capacity, but such overload should
not be hidden inside the model. If emergency overflow is allowed, it should be represented
explicitly through surge capacity, shortage, or safety-threshold penalties rather than by

silently violating capacity limits.

2.7.5 Hybrid Optimization Approach

The hybrid approach reflects the practical tension between mathematical rigor and real-time
usefulness. Exact optimization is desirable because it provides strong guarantees for the
specified formulation, but crisis decision-making may require solutions within limited time.
When the problem becomes too large for exact methods, heuristic or simheuristic procedures
can produce high-quality solutions that are operationally useful even without full optimality
proofs [107], [111], [112], [113].

2.8 Integration of Simulation and Optimization

The optimization model developed in Section 2.7 generates candidate resource allocation,
transfer, and surge-capacity policies. However, a mathematically feasible policy may still
perform poorly under stochastic patient-flow conditions. Pandemic healthcare systems are
affected by random patient arrivals, uncertain clinical progression, variable length of stay,
transfer delays, staff absenteeism, and ICU congestion. For this reason, the IHDSF includes a

simulation-based validation layer [92], [8], [77].

Discrete Event Simulation (DES) is used to evaluate candidate policies under stochastic
operational conditions. The DES layer represents patient arrivals, admissions, ward and ICU

transitions, transfers, discharges, deaths, queues, and resource contention. Its purpose is not to
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replace the optimization model, but to test whether optimized policies remain operationally
feasible when variability is introduced. The term digital-twin-like is used cautiously: the
simulation is an operational representation of the healthcare network sufficient for stress
testing, not a complete reproduction of every microscopic clinical detail [77], [100].

2.8.1 Discrete Event Simulation Layer

The DES layer is appropriate because healthcare operations are event-driven. Admission, bed
assignment, deterioration, ICU transfer, recovery, discharge, death, and inter-facility transfer
occur at specific times and change the system state. Modelling these events explicitly allows
the framework to estimate waiting times, queues, and congestion patterns that are difficult to

capture in a deterministic optimization model [77], [97].

2.8.2 Patient Pathways and Performance Indicators

A patient may enter the system through emergency admission, be assigned to ward care,
deteriorate to ICU, recover and be discharged, die, or be transferred to another facility. These
pathways correspond to the epidemiological and resource components defined earlier, but
DES adds stochastic timing and resource contention. At every event, resource feasibility is
checked. If the required resource is unavailable, the patient enters a queue or shortage state,
allowing the model to estimate waiting time and congestion risk.

2.8.3 Coupling DES with the Optimization Module

The simulation-optimization coupling is bidirectional. The optimization model generates a
candidate policy u*, while the DES layer evaluates this policy under stochastic patient-flow
conditions. For each replication, a stochastic scenario is sampled so that the same optimized
policy can be assessed against multiple patient-arrival, transfer-delay, and service-time
realizations [112], [113].

2.8.4 Safety Thresholds, Feedback, and Validation

Safety thresholds translate simulation evidence into decision rules. In the DES layer, an ICU
safety rule can be expressed as a maximum acceptable probability that waiting time,
utilization, or unmet critical-care demand exceeds a predefined threshold [77], [97].

2.9 Decision-Support Workflow and Adaptive Logic

The IHDSF is designed as a rolling-horizon decision-support system. At each update time t,
new epidemiological, hospital, staffing, and logistics data are collected and transformed into

Abstracts of Dissertations 2026 (11) 3-57



Optimization Strategies and Algorithms for Solving Health System Problems During a Pandemic 26

an updated system-state estimate. The model then recalibrates parameters, generates demand
forecasts, solves the optimization problem, validates candidate decisions through simulation,
and provides recommendations for human review. This cyclical structure is necessary

because pandemic information becomes outdated quickly [114], [115].

2.9.1 Real-Time Decision-Support Process

The workflow is designed to be compatible with hospital information systems, bed-
management platforms, public health surveillance data, staffing records, and regional
coordination databases. Compatibility does not imply that the model is automatically
integrated with electronic health records in every empirical context. The actual level of
integration depends on the available data infrastructure and institutional permissions [115],
[116].

2.9.2 Adaptive and Rolling-Horizon Mechanism

Rolling-Horizon Adaptive Decision Mechanism

Shifted planning horizon after new data
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Figure 2.4. Rolling-horizon adaptive decision mechanism.

The distinction between planning horizon and execution horizon is central. The planning
horizon allows the model to anticipate future demand peaks, while the execution horizon
prevents the system from committing to a long plan based on uncertain forecasts. For
example, a model may plan over 14 days but implement only the next 24 or 48 hours of
transfers and staffing decisions.
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2.9.3 Human-in-the-Loop Governance and Dashboard Outputs

Human review is particularly important because optimization objectives cannot fully encode
all ethical and clinical considerations. For instance, a transfer may be mathematically
efficient but inappropriate for a clinically unstable patient. A staffing recommendation may
be feasible in aggregate but unacceptable because of fatigue or legal working-time limits.
Human-in-the-loop governance ensures that model outputs are interpreted within the real
institutional context [115], [117].

2.9.4 Algorithmic Description of the Adaptive Workflow

The algorithm can be implemented with different levels of automation. In a research
prototype, several steps may be performed manually, such as data preparation, parameter
calibration, and review of simulation outputs. In an operational deployment, these steps could
be integrated with dashboards and hospital information systems. The methodological
contribution of Chapter 2 does not depend on full automation; it depends on the structured

sequence of updating, forecasting, optimization, simulation validation, and human review.

2.10 Chapter Summary

This chapter developed the proposed Integrated Hybrid Decision-Support Framework for
pandemic healthcare system optimization. The framework integrates epidemiological
forecasting, healthcare resource modelling, robust multi-objective optimization, discrete-
event simulation, and adaptive rolling-horizon feedback into a unified methodological
structure [96], [20], [8], [77], [117].

The chapter first formulated pandemic healthcare management as a dynamic decision-support
problem under uncertainty. The system was represented through time-dependent
epidemiological and operational states, decision variables, uncertainty sets, demand
projections, effective capacity, shortage variables, patient transfers, and feasibility
constraints. The model scope was defined around regional healthcare coordination, while

broader public health policies were treated as exogenous scenario inputs.

The epidemiological component was developed using an extended SEIR-H-ICU-D structure
that links infection dynamics with ward and ICU demand. This model provides the predictive
layer of the framework by transforming infection trajectories into operational healthcare
demand signals. Uncertainty in epidemiological parameters is represented through bounded
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uncertainty sets, allowing later optimization decisions to be evaluated across plausible

scenarios.

The healthcare resource modelling layer represented the hospital network, ward and ICU
capacity, staff availability, ventilators, transfer feasibility, patient flows, and load-balancing
requirements. Effective capacity was defined as a bottleneck-constrained quantity rather than
a nominal bed count, ensuring that the model reflects operational feasibility. Shortage,
transfer, staffing, and utilization variables provide the direct bridge between demand

forecasting and optimization.

The optimization component formulated pandemic healthcare management as a robust multi-
objective decision problem. The objective balances unmet demand, mortality-related risk,
transfer burden, utilization imbalance, and surge-resource use. The robust counterpart
accounts for uncertainty in epidemiological and operational parameters, while the hybrid
solution approach combines exact optimization with heuristic or simulation-assisted search

when required.

CHAPTER 3: EMPIRICAL DATA COLLECTION,
PARAMETERIZATION AND EXPERIMENTAL
DESIGN

3.1 Kosovo COVID-19 Case Study and Data Sources

Table 3.1. Kosovo municipality-level COVID-19 and hospital-capacity dataset used for experimental
preparation

Municipality Population Beds January cases February Cumulative

cases cases

Prishtina 210,000 800 1,200 1,500 2,700

Prizren 178,000 600 800 900 1,700

Peja 130,000 400 500 600 1,100
Gjakova 94,000 300 400 450 850
Mitrovica 85,000 250 300 350 650

Ferizaj 110,000 350 500 550 1,050
Gjilan 100,000 300 450 500 950

Kosovo is used in this dissertation as the empirical healthcare case study for evaluating

pandemic-related forecasting, optimization, and simulation strategies. The case study is
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relevant because Kosovo represents a resource-constrained healthcare environment in which
pandemic pressure, hospital capacity, and regional service availability may differ
substantially across municipalities. These conditions make the country a suitable setting for
examining how data-driven decision-support models can support healthcare planning during

pandemic emergencies.

The empirical focus of this chapter is the construction of a structured dataset that can support
the later computational modules of the dissertation. The dataset combines epidemiological,
demographic, and healthcare-capacity information at municipality level. The epidemiological
component captures reported COVID-19 cases, while the demographic and capacity
components provide population size and hospital-bed availability. These variables are
required because the dissertation does not analyze infection pressure alone; it evaluates how

infection pressure interacts with limited healthcare resources.

3.2 Municipality Inclusion, Data Completeness and Reliability

This section defines how the municipality-level observations described in Section 3.1 are
selected, verified, and prepared for use in the dissertation experiments. The purpose of the
section is not to repeat the complete dataset table, but to establish a transparent inclusion
logic that makes the later forecasting, optimization, and simulation results reproducible. The
same municipality-level records must be usable across the SEIR-kNN forecasting module, the
MILP allocation model, and the DES hospital-operations simulation. For this reason, data
completeness is treated as a prerequisite for experimental consistency rather than as a

separate computational result.

The empirical unit of analysis is the municipality-level record. Each record represents one
Kosovo municipality for which the required demographic, epidemiological, and healthcare-
capacity variables are available in a consistent tabular form. The final experimental dataset
contains the seven complete municipality records listed in Table 3.1: Prishtina, Prizren, Peja,
Gjakova, Mitrovica, Ferizaj, and Gjilan. These observations form the common input base for
the derived indicators, normalization procedures, parameterization steps, and scenario

definitions developed in the remaining sections of this chapter.

3.2.1 Municipality Inclusion Logic

The municipality inclusion procedure follows a conservative design. The objective is to avoid

unsupported numerical claims and to ensure that every row used in later computation has the
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same structure. A municipality was eligible for inclusion when it satisfied four conditions: the
municipality identifier was unique, the population value was available, the hospital-bed value
was available, and both January and February 2021 case values were available. These
conditions are minimal but sufficient for the data-preparation tasks required in this

dissertation.

3.2.2 Data Completeness Requirements

Data completeness is evaluated at the level of the mandatory variables needed for the
experimental workflow. The required variables correspond to the minimum information
needed to connect the three analytical layers of the dissertation: epidemiological forecasting,
capacity-aware optimization, and operational simulation. The population variable supports
normalization and demographic comparison. Reported case counts provide the empirical
signal for infection pressure. Hospital-bed capacity provides the baseline healthcare-resource
constraint. Together, these variables make it possible to transform the Kosovo case study into

a structured experimental dataset.

3.2.3 Data Reliability and Internal Consistency Controls

The reliability controls applied in this section are internal consistency controls. They do not
claim that epidemiological reporting is free from the limitations common during public-
health emergencies. Instead, they ensure that the dataset used for modelling is coherent,

reproducible, and suitable for the computational procedures developed in this dissertation.

3.2.4 Treatment of Incomplete Records

Incomplete records are not used in the main quantitative matrix. This decision is made before
model execution and is applied consistently across all subsequent computations. The purpose
is to avoid mixing complete numerical observations with partially documented
municipalities. Such mixing would be problematic because the forecasting, optimization, and
simulation modules require structured inputs with the same variable definitions for each

observation.

3.2.5 Implications for the Experimental Design

The inclusion and completeness rules defined in this section directly support the experimental
design of the dissertation. They ensure that the same empirical observations can be passed

from data preparation to parameterization and then to the computational models. This
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consistency is especially important because the dissertation evaluates an integrated

forecasting-optimization-simulation workflow rather than a single isolated model.

3.3 Derived Epidemiological and Healthcare-Capacity Indicators

The municipality-level dataset defined in Sections 3.1 and 3.2 provides the raw empirical
basis for the experimental design. However, raw population counts, reported case numbers,
and hospital-bed values are not directly comparable across municipalities because the
municipalities differ in demographic size and healthcare-capacity structure. For this reason, a
set of derived epidemiological and healthcare-capacity indicators was constructed before the

forecasting, optimization, and simulation modules were parameterized.

The purpose of this section is to transform the verified Kosovo municipality-level dataset into
comparable analytical variables. The indicators are not intended to create a separate
categorical clinical grouping model. Instead, they provide reproducible empirical signals that
connect infection burden, hospital-capacity availability, and short-term case growth. These
signals are later used to support SEIR-KNN feature construction, MILP demand-capacity

preparation, and DES scenario design.

3.3.1 Indicator Construction and Analytical Role

Four indicators were retained for the main chapter: cumulative cases per 100,000 inhabitants,
hospital beds per 100,000 inhabitants, capacity-pressure proxy, and January-February growth
rate. These indicators were selected because they are directly derived from the complete
dataset and because they support the dissertation workflow without introducing unsupported

categorical thresholds.

3.3.2 Municipality-Level Indicator Profile

Table 3.2. Derived epidemiological and healthcare-capacity indicators

Municipality Cases/100k Beds/100k Pressure proxy  Growth rate

Prishtina 1285.71 380.95 3.38 25.00%
Prizren 955.06 337.08 2.83 12.50%
Peja 846.15 307.69 2.75 20.00%
Gjakova 904.26 319.15 2.83 12.50%
Mitrovica 764.71 294.12 2.60 16.67%
Ferizaj 954.55 318.18 3.00 10.00%
Gjilan 950.00 300.00 3.17 11.11%

Abstracts of Dissertations 2026 (11) 3-57



Optimization Strategies and Algorithms for Solving Health System Problems During a Pandemic 32

Capacity-pressure proxy by municipality
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Figure 3.1. Capacity-pressure proxy by municipality.

The indicator profile shows that healthcare pressure is not explained by absolute case
numbers alone. Prishtina and Gjilan exhibited the highest pressure indicators, suggesting
stronger healthcare stress relative to available capacity. Ferizaj also shows relevant pressure
when cumulative cases are interpreted against the available hospital-bed base. This supports

the use of capacity-aware indicators instead of relying only on raw reported cases.

3.3.3 Role of the Indicators in the Experimental Design

The derived indicators provide the bridge between empirical data preparation and
computational experimentation. In the SEIR-KNN component, the standardized
epidemiological and healthcare-capacity variables support municipality-level feature
construction and parameter adaptation. In the MILP component, the indicators help prepare
demand and capacity inputs for allocation analysis. In the DES component, they support the
design of operational scenarios in which patient-flow pressure is evaluated under limited
healthcare resources.

3.4 Data Preprocessing, Normalization and MATLAB Input
Preparation

The preceding sections defined the Kosovo COVID-19 healthcare case study, the
municipality-inclusion logic, and the derived epidemiological and healthcare-capacity
indicators. The next step is to convert these empirical data into a structured computational
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input layer. This section therefore describes how the dataset was cleaned, normalized,
summarized, and prepared as MATLAB input for the SEIR-KNN, MILP, and DES

components of the dissertation.

This section is intentionally positioned in Chapter 3 because preprocessing and input-matrix
preparation are part of the empirical data-design layer rather than the results chapter. The
numerical outputs produced from these prepared inputs are reported later in Chapter 4. The
role of Section 3.4 is to ensure that the computational experiments are based on the same

verified dataset and that each module receives consistent inputs.

3.4.1 Data Cleaning and Feature Construction

Data cleaning was performed after the municipality-inclusion step described in Section 3.2.
Because only complete municipality records are retained in the experimental dataset, no
imputation is applied in the main analysis. This choice avoids introducing synthetic values
into a small municipality-level dataset and ensures that forecasting, allocation, and simulation

inputs remain traceable to observed data.

3.4.2 Normalization and Descriptive Statistics

Normalized experimental input matrix
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Figure 3.2. Normalized experimental input matrix used for SEIR-kNN parameter adaptation.

Normalization was required because the variables in the dataset are measured on different
numerical scales. Population values are substantially larger than monthly case counts and

hospital-bed counts, while derived variables such as capacity pressure and growth rate are
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relative measures. If all variables were used without standardization in a distance-based
method, larger-scale variables would dominate similarity calculations and reduce the effect of

healthcare-capacity and epidemiological-pressure indicators.

3.4.3 MATLAB Input Matrix Preparation

After cleaning, feature construction, and normalization, the dataset was organized into
MATLAB input structures required by the dissertation experiments. The SEIR-KNN module
requires a normalized municipality-feature matrix. The MILP module requires demand and
capacity inputs, together with allocation-related structures. The DES module requires
operational parameters and scenario assumptions derived from the same preprocessed data

layer.

3.5 Parameterization of SEIR-KNN, MILP, and DES Experiments

After the Kosovo municipality-level dataset has been verified, transformed into derived
epidemiological and healthcare-capacity indicators, and standardized into MATLAB-ready
input structures, the next step is to define the experimental parameterization of the three
computational modules used in the dissertation: SEIR-kNN forecasting, MILP-based hospital
allocation, and DES-based hospital operations simulation. The purpose of this section is to
specify the empirical inputs, parameter ranges, scenario assumptions, and cross-module

linkages required for reproducible experimentation.

This section is written as part of Chapter 3, which functions as the data, parameterization, and
experimental-design chapter. It is not a results section. Therefore, it does not report
forecasting errors, allocation matrices, transfer-cost comparisons, waiting-time reductions,
throughput improvements, p-values, confidence intervals, or integrated KPI findings. Those
numerical outputs belong to Chapter 4, where the computational results are analyzed.

3.5.1 SEIR-KkNN Experimental Parameterization

The SEIR-KNN module provides the predictive layer of the dissertation. Its role is to
transform the prepared Kosovo municipality-level dataset into short-term infection and
demand signals that can later be used by the allocation and simulation modules. The
forecasting experiment uses the SEIR formulation introduced in Chapter 2 with municipality-

specific parameter adaptation; therefore, the SEIR equations are not repeated in this section.

Abstracts of Dissertations 2026 (11) 3-57



35 Diellza Berisha

Table 3.3. SEIR-KNN experimental parameterization profile

Parameter group Setting Experimental role
Municipality set Seven complete municipalities Consistent records for
forecasting
Historical input January-February 2021 Feature construction and
period adaptation
Prediction horizon 60 days / March-April 2021 Short-term demand estimation
Beta 1.5-2.2 unscaled; about 0.180-0.230 Transmission intensity
effective daily rate
Sigma 0.18-0.22 Exposed-to-infectious
transition
Gamma 0.09-0.14 Recovery/removal dynamics
KNN parameter k=3,5,79 Sensitivity and adaptation
balance
Demand conversion  15% baseline; 30% stress; ICU 12% of Hospital and ICU demand
stress demand signals

3.5.2 MILP Experimental Parameterization

Table 3.4. MILP experimental parameterization profile

Parameter group Experimental role
Hospital nodes H1-Prishtina/QKUK; H2-Prizren; H3- Reduced allocation
Peja; H4-Gjilan/Ferizaj; H5- network
Mitrovica/Gjakova
Capacity-sufficient [80, 20, 10, 50, 60] Test coordination when
demand total capacity is sufficient
Capacity-sufficient [50, 40, 30, 40, 60] Receiving capacity profile
capacity
Peak-demand stress Demand = 1500; capacity = 1100 Feasibility and shortage
diagnosis
Policy variants No coordination; greedy; MILP local- Comparison of allocation
priority; MILP global-cost logic
Unmet demand Activated under capacity shortage Prevents false full
variable coverage claims

The MILP module provides the prescriptive allocation layer of the dissertation. Its purpose is
to transform forecast-derived hospital demand into structured patient-allocation and hospital-
coordination scenarios. The full mathematical formulation of the MILP model is not repeated
in this section. Instead, this subsection defines the experimental inputs required to run the
allocation scenarios: hospital-node interpretation, demand vectors, capacity vectors, transfer-

cost inputs, policy variants, shortage variables, and sensitivity settings.
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3.5.3 DES Experimental Parameterization

Table 3.5. DES experimental parameterization profile

Parameter group Setting Operational role
Arrival process Average 180 patients/day Patient inflow intensity
Patient classes Mild, moderate, severe Triage and pathway routing

Base ICU capacity 15 ICU beds Critical-care capacity constraint

Ward LOS 3-5 days Ward service duration
ICU LOS 7-10 days Critical-care occupancy
Staffing 8 doctors and 12 nurses per shift Service bottleneck assumption
Scenarios Baseline; ICU overflow; optimized Operational stress testing

configuration
KPlIs ICU utilization, waiting time, Performance evaluation

throughput, unmet ICU demand

The DES module provides the operational simulation layer of the dissertation. While SEIR-
KNN produces demand signals and MILP prescribes allocation decisions, DES evaluates
whether those decisions remain operationally feasible when patients arrive stochastically,
ICU resources become congested, queues form, and staff capacity constrains throughput. In
Chapter 3, the DES component is parameterized as an experimental design; the actual

scenario outcomes are reported in Chapter 4.

3.6 Experimental Design, Scenarios, and Reproducibility Setup

Sections 3.1-3.5 established the empirical and computational preparation layer of the
dissertation. The Kosovo municipality-level dataset was defined, complete records were
selected, epidemiological and healthcare-capacity indicators were derived, preprocessing and
normalization were completed, and the SEIR-KNN, MILP, and DES modules were
parameterized. The purpose of the present section is to connect these elements into one

coherent experimental design.

This section does not report computational results. Instead, it defines how the prepared
dataset, parameter settings, and scenario assumptions are passed through the integrated
forecasting-optimization-simulation workflow. The numerical outputs generated from this
workflow, including forecasting accuracy, allocation matrices, transfer-cost comparisons,
waiting-time reductions, throughput changes, unmet-demand indicators, and integrated KPI

results, are presented in Chapter 4.
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3.6.1 Integrated Experimental Workflow
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Kosovo SEIR-kNN Hospital/ICU MILP DES Integrated
dataset forecasting demand allocation validation evaluation

Figure 3.3. Integrated experimental workflow for the SEIR-kNN-MILP-DES dissertation framework.

The integrated experimental workflow connects the empirical dataset to the three
computational modules used in the dissertation. The workflow begins with the verified
Kosovo municipality-level dataset and ends with the integrated evaluation of forecasting,
allocation, and simulation outputs in Chapter 4. This structure avoids treating SEIR-KNN,
MILP, and DES as isolated models and instead organizes them as connected decision-support

components.

3.6.2 Scenario Design and Reproducibility Setup

The scenario design defines how the prepared data and parameter settings are used to
evaluate the proposed decision-support framework. Pandemic healthcare management cannot
be evaluated only under one baseline condition. Demand may increase, effective capacity
may fall, ICU pressure may exceed available resources, and staffing changes may alter
operational performance. Therefore, the experimental design includes baseline, stress,

optimized, and sensitivity-oriented scenarios.

3.7 Chapter Summary

This chapter presented the empirical data collection, parameterization, and experimental-
design foundation for the dissertation. Its purpose was to prepare the Kosovo COVID-19
healthcare case study for the computational analysis reported in Chapter 4. The chapter did
not report final forecasting, allocation, simulation, or integrated KPI results; instead, it
defined the data, indicators, preprocessing logic, parameter settings, scenarios, and

reproducibility structure required to generate those results.

Section 3.1 introduced Kosovo as the empirical healthcare case study and defined the
municipality-level dataset used for experimental preparation. The dataset combined
demographic, epidemiological, and healthcare-capacity variables, including population,
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hospital beds, January 2021 cases, February 2021 cases, and cumulative January-February
cases. These variables provide the empirical basis for the later SEIR-KNN, MILP, and DES

modules.

Section 3.2 defined the municipality inclusion logic, data-completeness requirements, and
reliability controls. Only municipalities with complete records were included in the main
experimental dataset. This ensured that the same municipality-level observations could be
used consistently across indicator construction, preprocessing, parameterization, and scenario

design.

Section 3.3 transformed the raw municipality-level dataset into derived epidemiological and
healthcare-capacity indicators. The indicators were cases per 100,000 inhabitants, beds per
100,000 inhabitants, capacity-pressure proxy, and January-February growth rate. These
indicators were used as continuous empirical preparation variables rather than as arbitrary

categorical groups.

CHAPTER 4: Experimental Findings of Optimization
Strategies for Pandemic Healthcare Management: The
Kosovo COVID-19 Case Study

This chapter presents the empirical validation of the proposed Integrated Hybrid Decision-
Support Framework (IHDSF) using a Kosovo COVID-19 healthcare case study. The
experimental analysis evaluates the forecasting, optimization, and simulation components of

the proposed framework through MATLAB-based implementation and scenario analysis.

The chapter investigates how epidemiological demand forecasting, hospital-capacity
allocation, and simulation-assisted evaluation can support healthcare decision-making during
pandemic conditions. The presented experiments assess forecasting performance, resource
utilization, hospital coordination strategies, and operational robustness under alternative

healthcare scenarios.

4.1 Kosovo Case-Study Data and Experimental Setup

The experimental setup is intentionally reported in compact form because the data-design
chapter already documents the municipality-selection rule, derived indicators, preprocessing
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logic and parameterization assumptions. The role of Section 4.1 is therefore to position the
computational results within the same evidence chain without repeating the data-preparation
chapter. This separation ensures a clear distinction between experimental preparation and
computational analysis. Chapter 3 documents how the empirical inputs were constructed,
verified, transformed, and parameterized, whereas Chapter 4 reports the results generated
when the integrated SEIR-KNN-MILP-DES framework was executed. The key feature of the
Kosovo case study is the interaction between regional demand pressure and limited
healthcare resources. Raw infection counts alone are not sufficient for decision support,
because hospitals with lower absolute case numbers may still face pressure if their available
bed and ICU capacity is proportionally smaller. For this reason, the later results are

interpreted as capacity-aware outputs rather than as simple epidemiological descriptions.

The computational analysis uses the same empirical base across all modules. This is
important for doctoral-level coherence: the forecast layer, the allocation layer and the
simulation layer should not appear as three unrelated experiments. Instead, the output of one
module becomes the structured input of the next module. Forecasting produces demand
signals, optimization converts them into allocation decisions, and simulation evaluates

whether those decisions remain operationally feasible under stochastic patient flow.

Because complete patient-level operational records are not uniformly available for every
hospital process, the chapter distinguishes between supported numerical results and scenario-
based experimental outputs. This distinction strengthens the scientific reliability of the
chapter by avoiding unsupported claims while still allowing the framework to demonstrate

practical decision-support value under resource-constrained conditions.

4.2 SEIR-KNN Forecasting and Demand Estimation Results

The forecasting results are interpreted as a decision-support input rather than as the final
objective of the dissertation. In pandemic healthcare management, the value of a forecast
depends on whether it can support downstream capacity planning, bed allocation, ICU
preparedness and operational simulation. For that reason, the SEIR-KNN results are followed

immediately by hospital and ICU demand conversion.

The SEIR-KNN model combines mechanistic epidemic structure with adaptive parameter
updating. The SEIR structure keeps the forecasting process interpretable through susceptible,
exposed, infectious and recovered/removed states, while the kNN component adapts
parameters to municipality-level similarity patterns. This hybrid structure is appropriate for a
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small municipality-level dataset because it avoids treating all municipalities as identical while

retaining epidemiological meaning.

The analysis in this section retains only the forecasting outputs and supported validation
evidence required for Chapter 4. Repeated SEIR equations, detailed parameter-range
explanations, and optional metrics requiring additional municipality-level validation vectors
are not repeated in the main text. These elements are retained in the methodology chapter or
supporting reproducibility materials, while the present section focuses on the forecasting
results, validation evidence, k-sensitivity behavior, and demand-conversion outputs needed

for the subsequent allocation and simulation analysis.

4.2.1 Municipality-Level Forecast Trajectories and Parameter
Outputs

Table 4.1. Municipality-level SEIR-KNN parameter values and forecast peak outputs

Municipality Sigma Gamma Peak Peak day

Prishtina 0.230 0.220 0.090 21,311 Day 60
Prizren 0.188 0.192 0.125 1,461 Day 60
Peja 0.213 0.188 0.130 1,453 Day 60
Gjakova 0.188 0.192 0.125 733 Day 60
Mitrovica 0.202 0.180 0.140 455 Day 60
Ferizaj 0.180 0.201 0.114 1,102 Day 60
Gjilan 0.184 0.209 0.103 1,689 Day 60

The trajectories in Figure 4.2 support the argument that the Kosovo system should not be
modeled only through a single national curve. Municipality-level differences matter because
hospital demand emerges locally before it is coordinated nationally. Prishtina dominates the
forecast signal, but the regional municipalities remain important because local bottlenecks

can occur even when national or system-wide capacity appears sufficient.

Prishtina produces the largest peak signal, while Prizren, Peja and Gjilan also generate
relevant forecast pressure. The parameter values therefore provide the connection between

the empirical municipality profiles and the downstream demand-estimation outputs.
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SEIR compartment dynamics generated for Kosovo municipalities
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Figure 4.1. SEIR compartment dynamics generated for Kosovo municipalities over the 60-day
forecast horizon.

4.2.2 Forecast-to-Demand Conversion

The hospital-demand conversion is a central bridge in the dissertation because it transforms
predicted infections into quantities that can be used by operations research models. A
predicted case count does not directly define a hospital allocation problem; it must be
converted into expected hospital-bed demand, stress demand, ICU demand and capacity-gap

indicators. This conversion makes the forecasting layer operationally relevant.

Table 4.2. SEIR-KNN forecast signal and preliminary bed-demand output by municipality

Municipality Observed Jan- Predicted Mar- Hospital Priority
Feb cases Apr cases demand signal
15%

Prishtina 2,700 3,210 481.5 High
Prizren 1,700 1,840 276.0 Moderate
Peja 1,100 1,230 184.5 Moderate
Gjakova 850 920 138.0 Moderate

Mitrovica 650 710 106.5 Low
Ferizaj 1,050 1,130 169.5 Moderate

Gjilan 950 1,040 156.0 High
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The priority labels in Table 4.3 should be read as planning priorities, not as clinical
classifications. Their purpose is to indicate where forecast-derived pressure is stronger and
where downstream allocation or surge-capacity analysis should pay attention. This
interpretation avoids presenting the table as a medical triage system and keeps it within the

dissertation’s decision-support scope.

4.2.3 Forecast Accuracy and k-Sensitivity

Table 4.3. Forecast validation summary and k-sensitivity result

Configuration MAE RMSE Interpretation
Static SEIR N/A N/A Baseline protocol only; no numerical claim
without rerun using the same validation file
SEIR-kNN, k =3 604.20 681.60 More local adaptation, higher variance
SEIR-kNN, k=5 568.75 631.71 Best reported balance in this setup
SEIR-kNN, k=7 591.40 657.80 Smoother adaptation, slightly higher error
SEIR-kNN, k=9 623.10 701.20 Oversmoothing of municipality-specific
dynamics

The validation summary is deliberately conservative. The chapter reports only MAE and
RMSE because these are the supported aggregate validation metrics. Relative measures such
as MAPE or normalized RMSE can be useful, but they should be included in the main
chapter only when the full municipality-level observed validation vector is attached and

verified. This preserves traceability and avoids unsupported validation claims.

The sensitivity check for k is important because kNN-based parameter adaptation can be
either too local or too smooth. A small value of k may react strongly to local variation, while
a large value may average away municipality-specific signals. The reported minimum at k =
5 supports the selected configuration and shows that the model was not parameterized

arbitrarily.

4.2.4 Hospital and ICU Demand Signals

The positive stress capacity gap in Prishtina and Gjilan indicates that the largest absolute
demand and regional capacity pressure must be interpreted together. Prishtina has the largest
demand signal, while Gjilan demonstrates how a smaller municipality can still become
relevant under capacity-aware stress interpretation. These findings justify passing the demand
outputs into MILP allocation and DES validation rather than treating them as final results.
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Table 4.4. Forecast-derived hospital and ICU demand signals

Municipality Predicted 15% hospital ~ 30% stress  Stress ICU  Capacity

cases gap

Prishtina 3,210 481.5 963.0 115.6 163.0
Prizren 1,840 276.0 552.0 66.2 0.0
Peja 1,230 184.5 369.0 44.3 0.0
Gjakova 920 138.0 276.0 33.1 0.0
Mitrovica 710 106.5 213.0 25.6 0.0
Ferizaj 1,130 169.5 339.0 40.7 0.0
Gjilan 1,040 156.0 312.0 37.4 12.0

Forecast-derived hospital and ICU demand signals
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Figure 4.2. Forecast-derived hospital and ICU demand signals by municipality.
The final forecasting output is the conversion of predicted infections into hospital and ICU
demand indicators. Under the baseline 15% assumption, demand remains below nominal bed
capacity in the complete dataset. Under the conservative 30% stress assumption, Prishtina
becomes the first municipality with a positive capacity gap, while Gjilan also shows pressure
under the stress configuration.

4.3 MILP-Based Hospital Allocation Results

The MILP results address a different decision question from the forecasting results.
Forecasting estimates future pressure, but it does not decide how patients should be
distributed across hospitals. The MILP layer converts demand and capacity information into
allocation decisions, transfer patterns and unmet-demand diagnostics. This is why the chapter
evaluates no coordination, greedy allocation, local-priority MILP and global-cost MILP
under the same scenario.
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The section also distinguishes between two types of shortages. The first is avoidable local
overload, where some hospitals are overloaded while others have unused capacity. The
second is unavoidable system-wide shortage, where total demand exceeds total capacity. This
distinction is essential because coordination can solve the first problem but cannot solve the

second without surge capacity.

The results are therefore interpreted with caution. The purpose is not to claim that MILP
automatically dominates every heuristic in every small instance. Rather, the purpose is to
show when coordination is necessary, when a heuristic may match a local-priority optimized
solution, and when optimization must report unmet demand honestly because the system is

globally capacity-deficient.

4.3.1 Baseline and Coordinated Allocation Scenarios

Table 4.5. Baseline and MILP comparison for the capacity-sufficient scenario

Method Unmet Transferred Transfer Overloaded
patients patients cost hospitals
No coordination 40 0 0 2
Greedy nearest-available 0 40 81 0
MILP local-priority 0 40 81 0
MILP global-cost 0 50 77 0

The greedy nearest-available heuristic and the MILP local-priority solution produce the same
aggregate transfer cost in this small capacity-sufficient instance: both transfer 40 patients at
cost 81 and eliminate unmet demand. This equality is reported explicitly to avoid overstating

the local-priority MILP result.

The global-cost MILP reduces transfer cost from 81 to 77, but it requires more patient
movement. Therefore, the operational interpretation is not simply that the global-cost variant
is always preferable. In a pandemic setting, transferring additional patients from non-
overloaded zones may be administratively disruptive. The local-priority MILP is therefore
interpreted as the more operationally conservative variant, while the global-cost variant

demonstrates the theoretical cost-minimization potential.
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4.3.2 Allocation Matrix and Transfer Pattern
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Figure 4.3. MILP local-priority patient allocation matrix generated from the five-hospital scenario.
The allocation matrix is retained in the main analysis because it presents the numerical
structure of the coordinated allocation in a transparent and auditable form. To avoid visual
and analytical repetition, the main text retains the allocation matrix rather than both the
allocation matrix and the transfer-network figure. The matrix is more appropriate for this
section because it provides direct numerical evidence, supports Table 4.7 and Figure 4.5, and
allows the reader to verify how overflow patients are redistributed across the hospital
network while capacity constraints are respected.

The local-priority policy is operationally meaningful in a pandemic context. It avoids
unnecessary movement of patients who can be treated locally, while still redirecting overflow
patients from overloaded zones to hospitals with remaining capacity. This reduces avoidable

local overload without creating excessive transfer disruption.

4.3.3 Peak-Demand Stress Scenario

The peak-demand scenario is deliberately retained as a major result because it clarifies the
boundary of optimization. When demand is 1500 and capacity is 1100, the shortage is not an
allocation failure; it is a system-capacity deficit. The MILP model is valuable because it
makes this deficit explicit and quantifies the minimum unmet demand or required surge

capacity.
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Table 4.6. Feasibility diagnosis for the peak-demand stress scenario

Hospital Peak demand Capacity Local unmet Utilization without

demand surge

zH1 450 300 150 100%

H2 225 200 25 100%

H3 150 150 0 100%

H4 300 200 100 100%

H5 375 250 125 100%
Total 1500 1100 400 -

Peak-demand stress scenario: demand exceeds system capacity
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Figure 4.4. Peak-demand stress scenario showing demand above available system capacity.
This result is important for policy interpretation. A hospital-coordination model can improve
distribution, but it cannot create physical capacity when the total system is short by 400
patients. Therefore, the correct decision-support conclusion is that allocation must be
combined with emergency beds, temporary treatment units, staff mobilization and external

support.

4.3.4 Sensitivity Analysis

The sensitivity results extend the MILP evaluation beyond a single scenario. Pandemic
conditions are uncertain, and both demand and effective capacity can change quickly.
Demand may increase due to infection waves, while effective capacity may decrease because
of staff illness, equipment shortages or transfer limitations. The sensitivity table captures this

joint vulnerability.

Abstracts of Dissertations 2026 (11) 3-57



47 Diellza Berisha

The recovery scenario is also useful because it shows that additional capacity can reduce
unmet demand even under severe surge. However, the remaining unmet demand
demonstrates that small capacity additions may not be sufficient in a major wave. This
strengthens the practical recommendation that surge planning should be proportional to stress

severity rather than treated as a fixed administrative adjustment.

4.4 DES-Based Hospital Operations Simulation Results

The DES layer evaluates the operational consequences of hospital pressure. This is necessary
because allocation feasibility is not the same as operational feasibility. A hospital may have
nominal bed capacity, but queues can still form when arrivals are stochastic, service times are

variable, ICU stays are long and staff availability constrains throughput.

The simulation results are therefore interpreted through operational KPIs: ICU utilization,
average waiting time, patients treated per day and unmet ICU demand. These indicators are
more meaningful for hospital operations than allocation cost alone because they show how
the hospital system behaves when patient flow interacts with limited critical-care resources.

The chapter retains the DES architecture figure, main scenario table and operational-
improvement table because these are the core elements needed for operational validation.
Base simulation parameters, event logs, confidence-interval templates and p-value

placeholders are kept out of the main text unless supported by final execution records.

4.4.1 Scenario Comparison

The ICU overflow scenario is the critical stress test. Once ICU utilization exceeds 100%, the
system no longer operates within available capacity. The increase in waiting time and the
reduction in throughput show that ICU congestion affects the entire patient-flow process, not
only the ICU resource itself.

The optimized scenario demonstrates the effect of a targeted intervention. A 10% ICU
capacity increase combined with staff reallocation does not merely lower utilization; it also
reduces waiting time, increases throughput and decreases unmet ICU demand. The combined
effect supports the conclusion that capacity additions must be accompanied by operational

staff planning.

Abstracts of Dissertations 2026 (11) 3-57



Optimization Strategies and Algorithms for Solving Health System Problems During a Pandemic 48

Table 4.7. DES scenario results for Kosovo hospital operations

Scenario ICU Average waiting Patients/day Unmet ICU

utilization time demand

A - Baseline 79% 5.2 hours 162 6%
B - ICU overflow 114% 11.6 hours 145 28%
C - Optimized 88% 3.6 hours 176 4%

DES-based MATLAB/SimEvents architecture for hospital operations simulation
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Patient arrival Triage Ward queue ICU request ICU service
Poisson process Mild / Moderate / Severe and ward service and ICU queue limited beds/staff

il

DES outputs
Wait, throughput, utilization

Discharge or death

Figure 4.5. DES-based hospital operations model architecture.

4.4.2 Operational Improvement under Optimized Configuration

Table 4.8. Operational improvement under optimized DES configuration

Indicator Reference Optimized value Improvement
Average waiting time 5.2 h baseline 36h 30.77% reduction
Daily throughput 145 patients/day 176 patients/day 21.38% increase
overflow
Unmet ICU demand 28% overflow 4% 85.71% reduction
ICU utilization 114% overflow 88% Overload resolved

The improvement percentages in Table 4.12 are central quantitative findings of the DES
section. Waiting-time reduction is measured relative to baseline because it reflects the
patient-facing improvement under optimized operation. Throughput improvement and unmet
ICU reduction are measured relative to the ICU overflow scenario because they reflect

recovery from the critical stress condition.

The strongest relative improvement is the reduction in unmet ICU demand from 28% to 4%.
This does not mean that the system is free from pressure; optimized ICU utilization remains
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88%, which still requires monitoring. However, it shows that a targeted operational
intervention can move the system from an overflow condition to a much more manageable

operating state.

4.5 Integrated Evaluation of the SEIR-KNN-MILP-DES
Framework

The integrated evaluation is the part of the chapter that connects the individual results to the
dissertation contribution. The contribution is not the isolated use of SEIR-kNN, MILP or
DES. The contribution is the structured combination of prediction, allocation and operational
validation in a single decision-support framework for a resource-constrained healthcare

setting.

This integration also improves interpretability. A policymaker can see how forecast error
affects demand interpretation, how demand affects allocation feasibility, how allocation
interacts with operational bottlenecks, and how scenario stress affects equity and robustness.

The framework therefore provides a richer decision-support view than any isolated model.

The integrated section avoids repeating the same general statement too many times. The
chapter states once that the components are complementary and then supports that claim
through the KPI summary, ablation comparison, sensitivity heatmap and fairness/load-

balance table.

4.5.1 Integrated KPI Summary

The most important integrated message is that the framework can distinguish between
different failure modes. Forecasting error is a predictive uncertainty issue, unmet demand
under peak stress is a capacity shortage issue, and ICU overflow is an operational bottleneck
issue. Treating all of these as one generic “pandemic pressure” problem would hide the

specific intervention required.

The integrated KPI summary shows that each module contributes a distinct decision-support
function. SEIR-KNN provides the forecasting evidence, MILP evaluates allocation feasibility
and unmet demand, and DES evaluates operational feasibility under stochastic hospital

conditions. The combined framework is therefore stronger than any isolated component.
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Table 4.9. Integrated numerical KPI summary from the computational experiments

KPI SEIR- MILP DES Integrated interpretation

kNN
568.75

MAE Forecasting error used to assess
prediction reliability
RMSE 631.71 - - Larger deviations monitored in
downstream allocation
Capacity-sufficient Demand covered when total

unmet demand capacity is sufficient

1
o
1

Peak-stress unmet - 400 - Surge planning required
demand
Baseline ICU - - 79% Moderate congestion
utilization
ICU overflow - - 114% ICU demand exceeds capacity
utilization
Optimized ICU - - 88% Overload reduced after
utilization intervention

Optimized waiting 3.6h Operational delay reduced

time

4.5.2 Ablation Comparison

The ablation-style comparison does not claim a statistical ablation experiment in the
machine-learning sense. It is used as a structural comparison of decision-support capability. It
identifies what each configuration can and cannot do: forecast, allocate and validate
operations. This makes the integrated contribution clear without adding unsupported

numerical claims.

The complete SEIR-KNN-MILP-DES configuration is the only configuration that includes all
three functions. This does not imply that the full framework is always required for every
operational question; rather, it shows that the full framework is necessary when the objective
is end-to-end pandemic healthcare decision support.

The ablation comparison confirms the central argument of the chapter. Forecasting alone
does not allocate patients, optimization alone does not validate hospital-flow behavior, and

simulation alone does not prescribe optimal allocation. The integrated framework combines
the necessary functions in one evidence chain.
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Table 4.10. Ablation-style comparison of isolated and integrated models

Forecast Allocati Operational

o Main limitation
ing on validation

Configuration

Provides infection curves but no

EIR onl Y N N . .
SEIR only € © © patient allocation
SEIR-KNN only Yes  Partial No Adaptive forecasting but no
operational validation
Requi | i
MILP only No Yes No equires external demand estimates
and does not model queues
DES only No No Yes Evaluzfltes floyv but does I:]Ot
prescribe optimal allocation
SEIR-kNN + Yes Yes NO Allocation is not validated under
MILP stochastic patient flow
SEIR-KNN + Complete predictive-prescriptive-
MILP + DES ves ves Yes evaluative framework

4.5.3 Scenario and Sensitivity Analysis

Sensitivity heatmap: estimated unmet demand
1000
0%

800

600
10%

Capacity reduction
Unmet demand

400

20% 200

0.75% 1.00x 1.15x 1.30x
Demand multiplier

Figure 4.6. Sensitivity heatmap of estimated unmet demand under demand and capacity stress.
The sensitivity heatmap is retained because it communicates robustness more effectively than
a long scenario table in the main chapter. It shows the joint effect of demand multipliers and
capacity reductions on unmet demand. This visual result is especially important for Kosovo
because effective capacity can be reduced by staffing constraints, ICU equipment limits or
transfer restrictions during exactly the periods when demand increases.

The main policy implication is that baseline adequacy is not enough. A system can appear
manageable under reference conditions but become rapidly overloaded when demand
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increases or capacity decreases. Therefore, the framework supports preparedness planning by

identifying where stress combinations lead to unacceptable unmet demand.

4.5.4 Equity and Practical Implications

The fairness table is retained instead of an additional figure because the numerical values are
important. No coordination produces a high imbalance index, while MILP coordination
eliminates imbalance in the capacity-sufficient scenario. DES validation reintroduces a small
operational imbalance because stochastic patient-flow and ICU pressure affect hospitals

differently even after allocation is improved.

The adaptive policy has the best load-balance profile because repeated re-optimization can
respond to changes in demand and capacity. This is practically important for Kosovo because
hospital pressure can shift between municipalities over time. A static allocation decision may
become outdated if infection pressure, staffing or transfer availability changes.

4.5.5 Limitations of the Integrated Evaluation

The results should be interpreted within the limits of the available data. The Kosovo dataset is
based on municipality-level and hospital-capacity information rather than complete patient-
level operational records. Some ICU, staffing and scenario assumptions are therefore
interpreted as aggregate scenario-based evidence. The reduced MILP hospital network is an
experimental testbed and should be expanded when complete hospital-level transfer, staffing
and ICU data become available. Runtime values, p-values and confidence intervals should be
reported in the main text only when supported by complete MATLAB execution logs and

replication vectors.

4.6 Chapter Conclusions

The chapter shows that the proposed framework addresses three linked healthcare-
management questions. First, how can infection pressure be forecasted in a municipality-
aware way? Second, how should patients be allocated when demand and capacity are
uneven? Third, will the resulting hospital operations remain feasible when arrivals, ICU
occupancy and service times are dynamic? The answer requires the full forecasting-

optimization-simulation chain.

The results also show the limitations of the framework. It is a decision-support tool, not a

guarantee that all shortages can be eliminated. When total demand exceeds total capacity, the
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model must report shortage and required surge capacity honestly. When ICU utilization
exceeds 100%, DES shows that waiting time and throughput deteriorate. These findings

strengthen the dissertation because they avoid unrealistic claims.

The most important practical lesson is that pandemic preparedness should be based on
coordinated, evidence-driven hospital-network planning. Regional indicators should be used
instead of national averages alone; forecast uncertainty should be propagated into allocation
decisions; ICU expansion should be paired with staff reallocation; and operational simulation

should be used before implementing major allocation policies.

This chapter presented the computational validation of the integrated MATLAB-based
pandemic healthcare decision-support framework using the Kosovo COVID-19 case study.
The experimental evidence followed a connected sequence: empirical data preparation in
Chapter 3, SEIR-KNN forecasting, hospital and ICU demand estimation, MILP-based
allocation, DES-based operational validation, and integrated robustness and equity

evaluation.

Conclusions - a summary of the results obtained

Conclusions of the thesis

This thesis examined optimization strategies and algorithms for solving health-system
problems during pandemic conditions and proposed an integrated decision-support
framework that connects epidemiological forecasting, hospital-resource allocation,
operational simulation, robustness analysis, and adaptive feedback. The dissertation
demonstrates that pandemic healthcare management cannot be reduced to a single forecasting
model or a single allocation model. It requires a structured sequence in which future demand
is estimated, capacity constraints are represented explicitly, candidate allocation policies are
optimized, and operational feasibility is tested under stochastic patient-flow conditions.

The first main conclusion is that forecasting must be operationally connected with healthcare
capacity. Infection projections are useful for public-health monitoring, but hospital managers
require demand signals expressed in terms of ward demand, ICU demand, waiting-time risk,
utilization, shortage, and surge-capacity requirements. The proposed SEIR-KNN component
addresses this requirement by combining interpretable SEIR dynamics with municipality-
level similarity-based parameter adaptation. In the Kosovo case study, this component

Abstracts of Dissertations 2026 (11) 3-57



Optimization Strategies and Algorithms for Solving Health System Problems During a Pandemic 54

provided municipality-specific forecast trajectories and produced demand signals that could
be transferred to the MILP and DES modules.

The second main conclusion is that hospital allocation must be treated as a coordinated
network problem. In the capacity-sufficient scenario, uncoordinated allocation created
avoidable local overload even though system capacity was available elsewhere. The MILP-
based allocation model eliminated avoidable unmet demand by redistributing overflow
patients according to capacity and transfer feasibility. The global-cost variant reduced
transfer cost, while the local-priority variant preserved a conservative operational logic by
transferring only overflow patients. This confirms the importance of coordinated hospital-

network management during pandemic pressure.

The third main conclusion is that optimization alone is not sufficient without simulation-
based operational validation. A mathematically feasible allocation may still generate queues,
waiting-time escalation, ICU overflow, and throughput loss when arrivals are stochastic and
length of stay varies. The DES layer showed that ICU overflow can raise utilization above
100%, increase waiting time, reduce daily throughput, and increase unmet ICU demand.
Under an optimized configuration with ICU expansion and staff reallocation, waiting time
was reduced, throughput increased, and unmet ICU demand decreased substantially. Thus,

simulation is necessary for evaluating whether optimized policies are operationally safe.

The fourth main conclusion is that robustness and equity must be evaluated jointly. Demand
increases, capacity losses, data delays, staffing shortages, and transfer restrictions can occur
simultaneously during a pandemic. The sensitivity and integrated KPI analysis show that
even moderate demand growth can create unmet demand when effective capacity is reduced.
The fairness and load-balance results indicate that adaptive re-optimization improves regional
balance by updating decisions as demand and capacity conditions change. This confirms that
pandemic preparedness should include not only efficiency objectives, but also resilience,

fairness, and contextual feasibility.

Overall, the dissertation confirms the value of an integrated forecasting-optimization-
simulation approach for resource-constrained healthcare systems. The proposed framework
does not guarantee that all shortages can be eliminated, especially when total demand exceeds
total capacity. Instead, its value lies in identifying forecasted pressure, quantifying avoidable

and unavoidable shortages, supporting coordinated allocation, revealing operational
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bottlenecks, and providing decision-makers with transparent evidence for surge planning and

adaptive response.

Thesis contributions

The main thesis contributions are summarized as follows:

1) Integrated hybrid decision-support framework: The thesis proposes an Integrated
Hybrid Decision-Support Framework for pandemic healthcare management that connects
epidemiological forecasting, healthcare-resource modelling, MILP-based allocation, DES-
based operational validation, and adaptive feedback logic. This contribution is original in the
way it links prediction, prescription, validation, and adaptation in one coherent workflow,
directly addressing the fragmentation of existing pandemic-response models.

2) Context-aware SEIR-kKNN demand-estimation approach: The dissertation develops and
applies a SEIR-KNN logic for municipality-level pandemic demand estimation. The
contribution combines the interpretability of SEIR-based epidemiological modelling with
similarity-based parameter adaptation, allowing infection signals to be transformed into
hospital and ICU demand indicators under limited, heterogeneous, and regionally uneven

data conditions.

3) MILP-based hospital allocation model: The thesis formulates hospital allocation as a
Mixed-Integer Linear Programming problem that considers demand, capacity, utilization,
shortage, and transfer feasibility. The model demonstrates how coordinated allocation can
reduce avoidable local overload, how transfer decisions can be constrained by operational
feasibility, and how optimization can identify infeasibility when total demand exceeds total

effective capacity.

4) DES-based operational validation layer: The dissertation integrates Discrete Event
Simulation as an operational validation layer for testing the patient-flow consequences of
allocation decisions. This contribution makes it possible to evaluate waiting time, ICU
utilization, throughput, unmet demand, and bottleneck formation under stochastic hospital-

operation conditions before interpreting an optimized allocation as operationally safe.

5) Kosovo COVID-19 empirical case-study contribution: The thesis constructs and
parameterizes a Kosovo COVID-19 case study suitable for computational experimentation in
a resource-constrained healthcare context. It prepares municipality-level epidemiological,
demographic, and healthcare-capacity indicators, applies inclusion and reliability logic,
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performs preprocessing and normalization, and generates MATLAB-ready inputs for the
SEIR-KNN, MILP, and DES modules.

6) Integrated KPI-based evaluation methodology: The dissertation proposes an integrated
evaluation logic using forecast accuracy, hospital demand, ICU demand, capacity utilization,
waiting time, throughput, unmet demand, robustness, and fairness indicators. This
contribution supports transparent comparison of baseline, coordinated, peak-pressure, and
optimized scenarios, while showing how each module contributes to decision quality.

7) Evidence on coordinated healthcare-network management: The computational results
show that pandemic healthcare systems should be treated as coordinated hospital networks
rather than isolated facilities. The thesis demonstrates that uncoordinated allocation may
create avoidable overload, while coordinated MILP-based allocation and DES-tested
operational improvements can substantially improve system performance when capacity is

sufficient or surge capacity is available.

8) Robustness, sensitivity, and equity-oriented decision-support contribution: The
dissertation incorporates robustness, sensitivity, and equity considerations into the evaluation
of pandemic healthcare decisions. It shows that demand increases, capacity reductions,
regional imbalance, and access constraints must be assessed jointly, and that adaptive re-

optimization can improve load balancing under changing pandemic conditions.

9) Reproducibility and implementation contribution: The thesis provides a structured
computational pathway supported by MATLAB-oriented preprocessing, forecasting,
optimization, simulation, and integrated-evaluation resources. The appendix materials
preserve formulas, input structures, scenario templates, and implementation logic needed for

verification, extension, and future replication of the proposed framework.

10) Practical contribution for resource-constrained healthcare systems: The proposed
framework is designed for contexts where healthcare capacity, data availability, and
analytical infrastructure may be limited. By emphasizing transparency, modularity,
interpretability, and computational feasibility, the dissertation offers a practical decision-
support approach for Kosovo and comparable resource-constrained healthcare systems during

pandemic emergencies.
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59 Jluensa Bepwuria

CTpykTypa Ha qucepTanmusaTa

JlucepranusTa ce ChCTOM OT BbBEJCHUE, 4 TIIaBH, 3aKJIIOYCHHS - 0000IEHNE HA TTOIyYCHUTE
pe3yaTatd, MPUHOCH KbM JIHCEpTalusATa, COUCHK ¢ 4 HayyHH MyOJHMKalMd, CBBP3aHH C
aUcepTanusaTa, JIeKJIapanus 3a OpPUTHHAIHOCT, OuOnuorpadusi W JOMBIHUTEITHU
MIPWIOKEHUS.

BbBenenuneTo mpepcraBs MOTHBAaIMATAa 3a JOKTOpCKara JucepTanus, MmpodieMa ¢
YIOPaBJICHUETO Ha 3/IpAaBEOIIa3BAaHETO IO BpEME Ha MaHAEMUs, LEeNTa W 3aJa4nTe, HayyHaTa
HOBOCT U POJISiTa HA ONTUMM3ALMOHHUTE CTPATETHMH U aJTOPUTMHU B IIOAKPEIA Ha B3EMAHETO
Ha PELICHMs B 3paBHUTE CUCTEMHU B KPU3UCHU YCIIOBHSL.

I'maBa 1 npeacTaBs HO,Z[pO6€H W aHAJIMTHYCH IIPCIrJIC Ha CTPATCTUHUTC 3a OINTHUMU3ALUA,
MAaTeMaTUYCCKUTC MOACIIM W PpPaMKUTC 3a IoAINoOMaraHe Ha B3E€MAaHCTO Ha PCUICHUA,
H3II0JI3BAHU 3a CIIpaBAHC C HpO6HeMI/I B 3/[paBHAaTa CUCTEMaA 110 BpEMC Ha ITaHJACMUMU. B nes ce
AHAJIM3UpPAT COUACMUOJIOTUMYHOTO IMPOrHO3HUpPAHEC, IIJIAHUPAHCTO Ha OOJIHUYHMS KammalmuTeT,
JIOTUCTHUKATA, KOMIIPOMUCUTC MCKAY 3APAaBCOIIa3BAHCTO M HKOHOMHKATA, OIITHUMH3ALUATA,
c1)06pa3€Ha C PaBHOIIOCTABCHOCTTA, IMOAKpPCIIaTa 3a B3CMAHC Ha PCIICHMA, 6a31/1paHa Ha
CUMYyJIalluH, U IIPOITYCKUTEC, KOUTO MOTHUBUPAT JUCCPpTALUATA.

I'maBa 2 nipenocraBs MOAPOOHO ONMMCAHUE HA MPEIJIOKEHATa HHTETPUPAHA XUOPUIHA PaMKa
3a TIOJIIOMaraHe Ha B3e€MaHETO Ha peuieHus. Ts Gopmanu3upa mpobiieMa ¢ B3eMaHETO Ha
peureHus, AcpUHUpPA JOMyCKAHUATA 3a MOJCIHpPaHe, TPEACTaBsI AapXUTCKTypara Ha
cucrtemara, paspaborBa komrnoHneHTta 3a mporHosupane SEIR-KNN , mozena Ha 3apaBHUTE
pecypcu, Mojiena 3a pasnpeaeicHue, 6asupan Ha MILP, cios 3a DES-sanmuaupane (Discrete
Event Simulation (DES) - cumynanus Ha AUCKPETHH CHOMTHA) M AJalTUBHUS pabOTEH
MPOLIEC C MOABUKEH XOPH3O0HT.

I'maBa 3 ouepraBa chOMpaHETO HA EMIUPUYHH IaHHU, TApAMETPU3ALIMITA, IPEIBAPUTETHATA
00paboTKa, HOpMAJTU3UPAHETO M EKCIIEPUMEHTATTHUS TU3aiH, n3no3Banu 3a kazyca COVID-
19 B KocoBo. B Hest ce yTouHsBa Kak eNMUIEMHOJIOTHYHUTE, AeMOrpadcKUTe U MoKa3aTeauTe
3a 37paBeH KalalUTeT Ha OOIIMHCKO HHUBO c€ TpaHC(HOpMUPAT B M3YUCITUTEITHH BXOIHU
nanuu 3a moaynute SEIR-KNN, MILP u DES.

I'maBa 4 npezncraBs eKCIIEPUMEHTATHOTO BHEIPSBaHE W BaJMIMpaHE Ha NpeIoKeHaTa
pamka. B Hest ca mpejicTaBeHu pesynratute ot mporHodupaneto Ha SEIR-KNN u ornienkara Ha
ThpPCEHETO B OOJIHMLMTE, KOHCTaTallMUTe 3a pasmnpeneneHue, Oaszupanu Ha MILP,
pe3yaTaTtuTe OT CUMYyJalusATa Ha OosHUYHATa JneiHocT, O6asupana Ha DES, u unterpupana
OILlCHKA 4Ype3 IOKa3aTeNy 3a TOYHOCT Ha MPOTHO3WTE, H3IIOJI3BAHE HAa HWHTEH3UBHOTO
OTJeNiCHHe, BpeME Ha uYakaHe, MPOMYyCKaTeJHa CIOCOOHOCT, HE3aJ0BOJIEHO ThPCEHE,
YCTOWYMBOCT M CIIPABEJINBOCT.

PazgensT ,,33.KJ'IIO‘-ICHI/IH“ MNpeaAcCTaBs 3aKIHOYCHUATA, HAIIPABCHU OT MPCAJIOKCHUTEC MOICIIN,
MCTOON U €KCIICPUMCHTH, 3aCJTHO C OIrpaHNYCHUATA HA U3CJIICABAHETO, 6T)JIGH_[I/ITG HaCOKH Ha
H3CJICABAHC, IMMPUHOCA KbM JUCECpTAllUATA U CIIMCbKAa C HAYYHU HY6J'II/IKaI_II/II/I, CBBbpP3aHU C
AucepTranusiaTa.

KurouoBu nymu

praBHCHI/IC Ha 3,upaBeonasBaHeT0 110 BpeMe Ha IIaHACMMUA, OIITUMH3alIUA Ha
3[IpaBeola3BaHeTo; enuaeMuooruuno nporaosupane; SEIR-KNN ; cmeceHo-1ienodncieHo
JMHEWHO MpOorpaMUpaHe; CUMYJIAIH Ha TUCKPETHU ChOUTHUS; pa3npeaeieHne Ha OOIHUYHUS
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KalaluTeT; YIpaBJIeHWe Ha ThPCCHETO B MHTCH3MBHOTO OT/ACIICHHUE; HAJICXKIHA TOJIKperna 3a
B3eMaHe Ha pemienus; kazyc COVID-19 B Kocogo.

BLBenenue

[MTangemusita COVID-19 mnoxkasa, ye CbBPEMEHHMTE 3[paBHU CHCTEMHU Ca M3JI0KEHH Ha
CIIO)KHHM, OBp30 pa3BUBALM C€ W CHIHO HECUTI'YpPHU KpU3UCHHM YycioBHA. BHe3amHoTo
yBEeNIMYEHUE Ha HMH(EKIUUTE, XOCHUTATU3AIMHUTE, THPCEHETO HAa WHTEH3MBHU TPUXKH,
HaTHCKa BbpPXY pabOTHaTa CuiIa M HEAOCTUra Ha MEAMLMHCKUA KOHCYMAaTHBH pa3KpHxa, 4e
YIPaBICHUETO HA NaHAEMUATa HE MOXKE Ja Ce€ TpeTHpa caMO KaTo KIMHHUYEH WIU
enujemMuonoruyed npodiaeMm. To e u npoGiieM, cBbp3aH ¢ ONTUMM3ALUATA U TOJKpEnaTa Ha
peleHusITa, Thil KaTo B3EMAIIUTE pelieHHs TpAOBa Ja paslpenessiT OCKBIAHU pECcypcH, Ja
KOOpAMHUpAT OOJHMULMUTE, [Ja OLEHABAaT OBACUIOTO ThpPCEHE M Ja MOATbpXKAT
HENPEKbCHATOCT HA YCIYTUTE, JOKATO HH(OPMAIUATA € HeIbJIHA U YCIOBUATA CE IPOMEHSAT
C BpeMeTo.

Ta3zu npuceprauus € (pokycupaHa BBPXY ONTUMH3ALMOHHU CTPATETMH M AITOPUTMH 32
peliaBaHe Ha NpoOJeMH B 37paBHUTE CUCTEMHU IO BpeMe Ha nanjaemus. M3cieaBaHero e
MO3ULMOHUPAHO HA MpPEeCceyHaTa TOYKa Ha €NUJAEMHOJIOTMYHOTO MOJIEINPAHE, ONIEPAaTUBHUTE
U3CJEBAaHMs, pa3NpelesieHUeT0 Ha PpecypcuTe B 3/paBeONa3BaHETO, MPOTHO3MPAHETO,
0a3upaHoO Ha MalIMHHO OOYyYeHHE, U OIEHKAaTa, Oa3upaHa Ha cumynanus. OCHOBHATA M Hes
€, 4e peakuusATa Ha MaHAEMUATa MoXKe Ja ObJe MoA0OpeHa, Koraro MPOrHO3UPAHETO,
ONTHMHU3ALMATA U ONIEpaTUBHATA CUMYJIAllUs HE ce pa3padoTBaT KaTo OTJAEIHU UHCTPYMEHTH,
a ce MHTErpupar B €{Ha ChIJIacyBaHa paMKa 3a IOJNOMaraHe Ha B3eMaHeTO Ha peIleHHs.
Hucepranusta oOpblia CIENMATHO BHUMAaHHWE Ha 3/paBHUTE CHCTEMU C OTpaHUYEHU
pecypcu, kato KocoBo € M3Mos3BaHO KaTO €MIMpPHYEH Kasyc. TakuBa CHCTEMH 4ECTO Ce
cON'CKBAT C OrpaHUYEH OOJHHMYEH KalaluuTeT, (pparMeHTHpaHO OTYUTAHE Ha JIaHHH,
OrpaHUYEHa aHAJTUTUYHA UHOPACTPYKTypa U HEPAaBHOMEPEH PErMOHaJIEH J0CTHI A0 3paBHU
yenyrd. Te3n XapakTEepUCTHKU TPaBAT pa3pabOTBAHETO HA MallaOUpyeMH, MPO3pavyHu M
MPAKTUYECKH MPUIIOKUMH METOAM 32 ONTUMU3ALMSI OCOOEHO BaXKHO.

LlenTpamHusAT U3cie0BaTeICKU IpobieM Ha JucepTalusaTa MOXe Jia ce U3pas3u M0 CIEIHUS
HAQYMH: KaK EMNUJEMHOJIOTMYHOTO TIPOTHO3UMPAHE, ONTUMHU3ALMATA HAa PECYpCUTE B
3/IpaBeoIa3BaHETO U CUMYJalUsATa Ha OOJIHWYHATA AEWHOCT MOTraT J1a ObJaT UHTETPUPAHU B
MamabupyeMa M OTYMTAIla HECUTYpHOCTTa paMKa 3a IMOJIOMaraHe Ha pelIeHHsATa 3a
1o100psiIBaHE Ha YNpPaBICHUETO Ha 3[paBEOINa3BaHETO IO BpeMe Ha MaH/AEMHUSl B CUCTEMH C
orpanudeHu pecypcu? Tos3u mpoOieM BKIIOYBA HSAKOJIKO B3aUMOCBBpP3aHU MOAIMpoOIeMa,
BKJIIOUMTEIHO OIIeHKa Ha OBJENIOTO ThPCEHE Ha 3ApaBHM YCIYTH, IpeoOpazyBaHE Ha
MHOpEKIUUTEe B TOKa3aTeNud 3a OOJHUIM W WHTEH3UBHU OTJEJIEHUS, paslpeleNsHe Ha
THPCEHETO MPU OTPAHUYECHHS HA KaraluTeTa M OLEHKa Ha ONEpaTUBHUTE Pe3yJTaTH upe3
BpEME Ha YaKaHe, U3I0JI3BaHE, HE3aJJ0BOJIEHO ThPCEHE U YCTOMYMBOCT.

OcHoBHaTa 11eJ1 Ha Ta3M JHUcepTalus € Aa ce pa3paboTH U OLIEHW MHTErpHpaHa XuOpuIHa
paMKa 3a MOJIOMaraHe Ha B3€MaHETO Ha PELIeHMs, KOSITO KOMOMHMpA €MUAEMHUOJIOTHYHO
MIPOTHO3MpaHe, pasnpeaeseHrue Ha pecypcure, 0a3supaHo Ha ONTHUMM3AIMS, U CUMYJIAUs Ha
JMCKPETHH CHOMTHUS 3a MOAO0OpsSBaHE Ha MPOM3BOJUTEIHOCTTa Ha 3JIpaBHaTa CHCTEMa IO
BpeMe Ha MaHJIEeMUYHH YcioBua. PaMkara cBbp3Ba €NUAEMHOJOTHYHO MOJIEIHPAHE,
6asupano Ha SEIR, mapamerpuuHa ajnantanus, NOAabpxaHa oT k-Hal-Onu3ku cbcenu ,
JMHEWHO MPOrpaMUpaHe CbC CMECEHM LIeJM YMUCIAa M CUMYJAlus Ha JUCKPETHH ChOMTHS B
€/IMH ChIIaCyBaH pabOTEH MpoIiec.

Hayynara HOBOCT ce CBCTOM B CTPYKTypHpaHaTa WHTErpaluss Ha IPOTHO3MpAHe,
NPEINICBaHe, ONEPAaTUBHO BaJWAMpPaHE M aJanTHBHAa oOpaTHa Bpb3Ka. IIporHosHute
pe3yaTatu ce TpaHcGOopMHpaT B MHIUKATOPHU 3a THPCEHE, MHAMKATOPUTE 3a ThPCEHE Ce
U3IMO0/I3BaT B ONTUMU3ALMOHHHN MOJIENH, a PE3YJITATUTE OT ONTUMHU3ALMATA CE OLEHSABAT YPE3
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OTepaTHBHU CIieHapuHu, Oa3upaHu Ha cuMyiamnus. To3u MOaX0J MOIKpens Mmo-0a3upaHo Ha
JI0Ka3aTeJICTBA, aJalTUBHO U ONEPATUBHO OCHIIECTBUMO B3€MaHE Ha PEUICHUS 3a MaHIeMUs
B CpeZla Ha 3/IpaBeola3BaHe C OTPAHUYCHU PECYPCH.

I'maBa 1 — [Ilpersienr Ha JuTEepaTrypaTa OTHOCHO
cTparerMure 3a ONTHMHUH3ALUMA W aJrOPUTMHUTE 34
cpaBsiHe ¢ MPeAM3BUKATEJICTBATA Mped 3APaBHUTE
CHUCTEMH 110 BpeMe Ha MaHAeMUHU

1.1 BLBeaenue

Ta3u rnaBa npeacTaBsi cUCTEMAaTUYeH U KPUTHUYEH Mperjie]] Ha CTpaTeruuTe 3a ONTUMHU3ALNS,
MaTEeMaTUYECKUTE MOJEIM W paMKUTE 3a I[OJIOMaraHe Ha B3EMAaHETO Ha pELIEHUS,
pa3paboTeHH 3a CIpaBsiHE C MPEJU3BUKATEIICTBATA Mpej 3JpaBHUTE CHUCTEMH IO BpeMe Ha
naggemuu. llpernenst ce Qokycupa BBpPXYy HMHTErpalusarta Ha €HUAEMUOJIOIMYHOTO
IIPOrHO3UpaHe, IUIAHUPAHETO Ha KalaluTeTa Ha 3/paBeola3BaHETO, KOOpAUHALMATA Ha
BEpUrara 3a JOCTaBKM, MKOHOMUYECKUTE ChOOpaKEHMs,, MEXaHU3MUTE 3a YIpPaBIECHUE U
noBeJeHUecKkaTa JuHamMuka. Oco0eHO BHHMMaHME € OOBpPHATO Ha MPHIOKUMOCTTA,
MamabupyeMocTTa M ONepaTUBHATA OCHIIECTBUMOCT Ha TE3U MOJIXOH B 3[JpaBHU CUCTEMH C
OrPaHUYEHU PECYPCH.

[MTannemusita COVID-19 npencraBnsBaiie Oe3npereieHTeH riaobdaneH cuctemMeH mok. Ot
nosieara cu B Kkpas Ha 2019 r. TS reHepupa €IHOBPEMEHEH HATUCK BBHPXY 3/JpPaBHUTE,
WKOHOMUYECKHUTE M colManHute cuctemu. CBeroBHara 3apaBHa opranuzanus (C30) ouenu
npubnusutento 14,9 MuIMOHA AONBIHUTENHU CMBPTHH ciydas npe3 2020-2021 r., kato B
MOBEYETO 3aCEeTHATH CTPaHM ce ChoOIllaBa 3a MPETOBapBAaHE HAa OT/AEJEHUSATAa 3a UHTEH3UBHO
neuenue (OWJI) [1], [2]. Hopu BUCOKOpa3BUTUTE 3[IpaBHU CUCTEMH H3IUTBaXa CEPUO3EH
Hegoctur Ha jerna B OUJI, BeHTunmaTopu, oOyuyeH MEIULMHCKHA TMEPCOHAJN, BAKCHUHHU U
OCHOBHU METUIIMHCKU KoHcymatuBH [3], [4]. To3u HemocTUT Oelie JOMBIHUTETHO U30CTPEH
OT IPEKbCBAHMS B TJI00ATHUTE BEPUTH 3a JOCTaBKU Ha MEIUIIMHCKHU MPOIYKTH, U3UEpIIBaHE
Ha paboTHaTa cuia, CBbP3aHO C MHPEKINH, U ObP30 MPOMEHSIIOTO C€ ThPCEHE OT CTpaHa Ha
MalUEeHTHTE.

1.2. CucTeMHO MHOTOU3MEPHO Bb3/I€CTBHE HA MAHAEMHUHUTE

[MTangemusita COVID-19 mnoka3a, 4e CbBpEMEHHUTE 3[ApaBHU KpPU3UM HE Ca H30JIMPaHU
eMUIEMUOJIOTUYHU CHOUTHS, a CIOXHH CHUCTEMHHU CHTPECEHHMs], 3acsraiid €JHOBPEMEHHO
3/lpaBeoIa3BaHETO, MKOHOMUYECKUTE U coluanHuTe noacucremMu. Mexay 2020 n 2021 r.
CeeroBHata 3mpaBHa opranm3anus (C30) e omenwria npubnusutenHo 14,9 mwmimoHa
JON'BJIHUTETTH CMBPTHU CITy4yasi B CBETOBEH Malal, TOKaTo MpeToBapBaHe Ha OTAEICHUATA
3a mHTeH3uBHO JiedeHue (OWJI) e peructpupano B moBeueTo 3acerHatu ctpanu [1], [2].
OcBeH npsikaTa CMBPTHOCT, IaHAEMHUATA NIPEAU3BUKA KaCKaJHU CMYILEHUS Ha Ia3apuTe Ha
Tpyaa, oOpa3oBaTEHUTE CUCTEMHM U MyOIMYHUTE (PUHAHCH, 3aCHJIBANKU CHIIECTBYBAILIUTE
CTPYKTYpHU HEpaBEHCTBA.

3a pasnuka oT mo-panHu orHuma kato SARS (2003) wnm HIN1 (2009), COVID-19 ce
pasrbpHa B paMKHTE HA CHIJIHO B3aHMMOCBBP3aHH TJIO00ATHH MPEXKH, XapaKTEPU3UPAIIU CE C
WHTCH3MBHa MOOWJIHOCT, TSICHO CBBP3aHM BEPUTH 3a JOCTaBKH M CHHXPOHU3UPAHU
IIOJIMTUYECKU OTrOBOpHU. Ta3u CTPYKTypHa B3aMMOCBBP3aHOCT YCUJIM CHCTEMHHS CTpEC U
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cb3/aze oOpaTHa Bpb3Ka MEXKIy HANpPEKEHHUETO B 3ApaBHATa CHUCTEMa, MKOHOMHYECKOTO
CBHBaHe W comuaiaHute cmyuieHus [27], [28], [29]. [lo To3u HauMH TaHAEMUSATA Pa3Kpu
OTpaHUYCHUSATA HA HW3O0JUPAHUTE TMOJUTUYECKA U MOJCIHMPAIIU TOAXOAM M IMOJ4YepTa
He00XO0IMMOCTTa OT UHTEIPUPAHU PAMKU 3a MOAKpPEIa Ha PelIeHus], CIIOCOOHU Ja ce CIIPaBsT
C MHOTOCJIOWHHTE B3aUMO/ICUCTBUS B YCIIOBUSI HA HECUTYPHOCT.

1.2.1. HaToBapBaHe Ha 3ApaBHaTa CHUCTeMa M INPETOBapBaHe HA
HHTEH3UBHOTO OT/AEJ/ICHUE

Haii-Buaumara nposia Ha cucteMeH ctpec o Bpeme Ha COVID-19 Gemie 65p30T0 HacHIaHe
Ha KanaluTeTra Ha OOJHHUIIMTE M WHTEH3UBHUTE oTAeneHHs. Cepuo3eH HEAOCTUT Ha Jerja,
BEHTHJIATOPH, KUCIOPOIHHU 3arack M 00y4eH NepcoHal ce HabroaaBalie KakTo B CTpaHUTE ¢
BHUCOKH JIOXOJIM, TaKa M B CTpaHuTe ¢ HUCKU u cpenuu noxoau (CHUMI) [3], [4]. B Hakonko
peruoHa 3aeTocTTa Ha MHTEH3WBHUTE OTACICHHUS HAJBHUINABAIIEC 0a30BHs KalamHuTeT IO
BpEMe Ha MUKOBUTE BBIHH, KOETO Halaraiie pa3mupsiBaHe Ha HHPPACTPYKTypaTa 3a CIeUIHI
Clly4au, MEXIyperioHaIH! TpaHchepH Ha MAIlMeHTH U BPEMEHHU MOJIEBU OOTHUIIN.

1.2.2. HWKOHOMHMYECKHM CMYIICHUSI M KOMIIPOMHCH MEXKAY
3APaBeoNa3BaHETO U HKOHOMHUKATA

Mepkute B 001LIECTBEHOTO 3/ipaBeolia3BaHe, HEOOXOAUMHU 3a OBJa/IBaHE HA MPEJaBaHETO Ha
BUpYCa, BKJIIOYUTEIHO OJOKaau, OrpaHUYEHUs Ha MOOWJIHOCTTA U 3aTBapsHE Ha CEKTODH,
reHepupaxa JbJI00KH MakpoukoHomuyecku edextu. CperoBuusaT bBBII ce cBu ¢
npubmusurtento 3,4% mpe3 2020 r. u 6sgxa 3aryoenu Hax 220 MuiaroHa pabOTHM MecTa Ha
II'bJIEH pabOTEH JIeH, KOETO HEMPOIIOPLHUOHAIIHO 3acerHa HepopMaHUTe paOOTHUIIH, JKEHUTE
1 MJIaJIOTO HaceneHue [5], [6].

1.2.3. Couna/lHU HEpPaBEHCTBA, MOBEJICHYECKA XETEPOreHHOCT M
OrpaHMYEeHUA HA J0CTHIIA

[Tanmemusita He 3acerHa HaceneHuetro paBHoMepHo. COVID-19 paskpu u 3acunum
CBHILIECTBYBAIIIUTE COIMATTHA HEPABEHCTBA, Thil KaTO PUCKBT OT MH(MEKIIHSI, XOCTUTAIN3AIIHS
YU CMBPTHOCT C€ OMPEENIIe OT YCIOBUITA HA KUBOT, TPO(PECHOHATHUTE PUCKOBE, HUBOTO
Ha JI0XOJQUTE, I'bCTOTATAa HA JKWIWILATA W J0CThHa A0 3apaBHU ycayru [40], [41].
CwmymienustTa B 00pa30BaHHUETO CBHINO C€ MPEeBbpHAaXa BHB BaKHA COILMANHA IOCIIEIUIIA:
MPOIBIDKUTEITHOTO 3aTBapsiHE HA YUYHIIMIIATA 3aCE€THa OKOJo 1,6 MUIMapaa yJaiiy 1o neaus
CBAT U 33bJI0O0OYN 3aryOWTe HA 3HAHUS CPEJa TPYNUTE C HUCKHU JOXOJIU, CEJICKUTE PAOHH U
JTUTUTATHO U3KII0YeHuTe rpynu [7], [42], [43].

Te3n HepaBeHCTBAa ca TPSIKO CBBP3aHU C ONTHMHU3ANMATA Ha MaHIACMHSITA, ThH Karo
THPCEHETO Ha 3PAaBHU TPUKH, TIOBEIEHUYECKHIT OTTOBOP U IOCTHIIBT A0 YCIYTH HE MOTaT Aa
ce TIpreMaT 3a XOMOT€HHH B PA3JIMYHUTE PETHOHH WJIM TPYIH OT HaceleHueTo. Pasnmuuunsra B
JIOBEPHUETO, 3/IpaBHATA TPAMOTHOCT, HAIMYMETO HAa TECTOBE, IOCTHIIA JO JCUECHUE U MpueMa
Ha BaKCHHAIMM TIOBIHMAXa KaKTO Ha CHHJICMUOJIOTHYHUTE pe3ylITaTH, Taka W Ha
CIpaBeJIMBOCTTA Ha peakiusaTa Ha 3/ipaBHarta cucrema [44]-[46], [59], [60]. CaenoBaremnHo,
MOJICJIUTE 32 MOJKPeTia Ha PEIIeHUsTa TpsOBa Ja OTYUTAT TOBEJACHUECKATa XETEPOTeHHOCT 1
OTpaHMUYEHUSITA HA JOCThIIAa, OCOOCHO B YCJIOBHS C OTPAaHUYEHU PECYPCH, KbHJIETO
OTPaHUYEHUAT KalalWTeT W PErHoHAJHUTE pa3auuus MoraT Obp30 Ja ce MpeBbpHAT B
HEPaBHOCTOMHHU Pe3yNITaTH B 3/ipaBeona3Banero [61]-[64].
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1.2.4. [lepcriekTHBAa HA HHTETPUPAHATA CUCTEMA

Tabnuya 1.1. Pasmepu nHa sv30eticmeuemo Ha nandemusima npes3 2020-2021 2.

Pa3mep KirouoBn nokasaresn HN3rounnnu
Bb3aeiicTBue [Mpubnusurenno 14,9 Muimona cMbpTHU ciaydas (mpeku  [1]
BBPXY U KOCBEHHM); MPETOBapBaHE HA UHTECH3UBHUTE OTAEICHUS
31paBeTo € 10KJIaABaHo B noBeue ot 70% oT cTpaHuTe
Hxonomuuecko CauBane Ha rinodannust BBIT ¢ —3,4% mnpe3 2020 r.; [3], [4]
Bb3/eiicTBHE 3ary0a Ha Hajg 220 muinoHa paOOTHM MecCTa Ha IbJIEH

paboTeH neH
ConmaiHo Okono 1,6 Muiamapia YydYeHHIM ca 3acerHatd oT  [65]
Bb3/elicTBHE 3aTBapsIHETO HAa YYWIMIIA; 3aCHIICHO HEPaBEHCTBO B

CTpPaHUTE C HUCKHU U CPEAHU JOXOIU

+14.9 million
deaths

« Global GDP -34%

« 220 million job
losses

Integrated

Crisis Loop

COVID-19
(2020-2021)

+16 billlion students aut of school
« Heightened inequality

~_

Queypa 1.1. Hnmezpupan KpusuceHn yuxwi, c8bp3sauy 30pasHume, UKOHOMUYECKUme u COYudIHume
nocieouyu om naHoemMusima.

JlokazaTencTBata B 3[ApaBHAaTa, WKOHOMHYECKAaTa M colMalHaTa oOJacT MoOKa3BaT, Ye
nangemusata COVID-19 npencrapisBa MHOTOIJIACTOBA CHCTEMHA KpHU3a, XapaKTepU3Hupala
ce ChC 3acuiBaIIu ce oOpaTHH Bpb3KU. [IpeToBapBaHeTO Ha 3[paBHATA CHCTEMa MpPEAN3BUKA
OTPAaHUYHUTEIIHU MEPKU B OOIIECTBEHOTO 3PABEOINAa3BaHE; TE3UM MEPKHU JI0BE0XA 0 CBUBAHE
Ha MKOHOMHUKAaTa M COLMAJIHU CMYILEHUS; a HApaCcTBAIIOTO HEPABEHCTBO U MOBEJIEHYECKUTE
pC€aKkuu OT CBOA CTPAaHaA MOBJIMAXAa HA JTMHAMHKATa Ha I/IH(i)eKHI/II/ITe " TbPCCHETO Ha 3IpaBHU
TPYKU.

1.2.5 AHa/In3 Ha KPUTUYHHUTE MPOIYCKH M MOCJIeTUIH

JlokazarencrBara, pasrienanu B pazaenu 1.2.1-1.2.4, mokaszsar, ue COVID-19 e renepupan
TACHO CBBP3aHU 37PaBHU, MKOHOMUYECKU U COIIMATTHU CMYIICHHUS, 00pa3yBaliKy 3aCHIIBAIII
ce oOpaTHHW BpPB3KH, KOUTO HE MoraT Ja ObJaT PEIICeHH C HW30JUpaHU aHATUTHYHH
WHCTpYMEHTH. Bbhpeku ye nurTeparypaTa mpejuiara CI0XHHM MOJENH 3a MPOTHO3UPAHE,
IJIaHUpaHe Ha KamamuTeTa, JIOTUCTHKA W aHalnu3 Ha mnoiutukure (Brkrte [45], [53], [55],
[41], [42]), mpaKTUYECKOTO BHEIApsIBAHE YECTO € OTPAaHWYCHO OT 3a0aBSHMS Ha JTaHHHTE,
OTpAaHWYCHU M3YMCIUTEIIHM PECypcH | cllabu OrpaHWYeHUs Ha MEXKIyJIOMEHHATa
WHTETpAIys, KOUTO CE YCWJIBAT B 3[[PaBHUTE CUCTEMHU C OTPAaHUYCHH PECYpPCH.
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1.3. KaTteropuu cTpareruu 3a ONTUMM3AUS M KOOPANHAIMS

[Tanpmemusta COVID-19 mnoxkasa, 4ye epeKTHBHOTO yNpaBJICHHE Ha MaHJIEMHUATAa H3WMCKBA
KOOp/JMHUPAHU HWHTEPBCHLIIMM B MHOXECTBO OO0JAaCTH, HMHTErPUPAKH MEXaHU3MHU 32
ylpaBjeHHEe Ha MOJUTHYECKO HHUBO C YCHBBPIICHCTBAHH, AJTOPUTMHYHO YIIPaBJIsBAaHU
TEXHUUYECKU peweHus. EMnupuunute nokasarencrsa oT kpuzara ¢ COVID-19 nokassar, ue
(dbparMeHTUpaHUTE TMOJXOAM OrpaHHyYaBaT CIIOCOOHOCTTa Ha B3EMAlllUTE peHIeHUs Ja
NpeaBIKIAT e(peKTH OT oOpaTHa Bpb3Ka MEXIy OOIAaCTHUTE, KOETO BOIU 110 3a0aBeHU
peakuuu, Hee)eKTUBHO paslpeiiesieHue Ha PECypCUTe UM HEMOCIEJAOBATEIHU MOJTUTUYECKU
pesyaratu. TpaAMLIMOHHUTE, W3OJUPAHH TOJAXOAU, IMPU KOUTO EHHIAEMHOJIOTHATA,
JIOTUCTUKATA U COI[UAITHO-UKOHOMUYECKUTE MOJUTUKH CE PA3TICKIAT MOOTAETHO, Ce OKa3axa
HE/JIOCTaThUHU 32 CMEKYaBaHe Ha KacKaJHUTE Kpu3u. Bmecro ToBa, H3cieiBaHUsATA U
MpaKTUKaTa MoJ4YepTaxa 3HAYECHHUETO Ha XOJMCTUYHHMTE, OCHOBAaHU Ha JAHHU CTpaTeruu,
KOUTO KOMOWMHHMpAT MHOXECTBO CJIO€BE 3a B3emaHe Ha pemeHus [65], [67], [14], [68].
[IpoyuBanusita B 006JacTTa Ha YNpPaBIECHUETO W MyONMYHATA aJIMUHUCTPALUS MO MOJ00EH
HAYMH MMOJYEepTaBaT, Ye MHCTUTYIIMOHAIHATA KOOPAWHAIMA 1 MHPOPMALIMOHHUTE TIOTOLU Ca
permaBaniu 3a crpassiaeto ¢ kpusu [31], [38], [39], [69].

l'[apa)mrMn Ha CIIUICMUOJOITHIHO U IIPECACKa3Balo MOIa€CJIUPaHEe

To4HOTO enMIEeMUOIOTHYHO MTPOTHO3UPAHE MPECTABIIsIBA aHATUTUYHATA OCHOBA 32 B3E€MaHE
Ha peUIeHUs MO0 BpeMe Ha maHjaeMmus. [IporHosure 3a TpaeKTOpHUTE Ha WH(EKIUUTE,
TBPCCHCTO Ha XOCHUTAJIM3allMKM W IIMKOBATa HWHTCH3UBHOCT IIPAKO BJIHUAAT BbBPXY
IUTAHUPAHETO Ha KalaluTeTa Ha 37paBeola3BaHETO, paslpelesieHHeTO Ha PEecypcuTe U
BpPEMETO 3a MpHaraHe Ha MOMUTHKUTE. [Ipe3 mociemaHuTe AeceTwIeTHs IMOAXOAWUTE 3a
MIPOTHO3UpPAHE Ca C€ pa3BUIM OT KJIACHYECKH KOMIIAPTMEHTHM MOJAETH A0 XHOpUIHU
HUKOHOMUKO-CIUACMUOJIOTUIHN CTPYKTYpU H, IIO-CKOpPO, A0 CHUCTEMH 3a MNPOTrHO3HPAHEC,
M0100pEHH C MAIIMHHO 00y4YEeHHeE.

1.3.2 3apaBHM onepanuy ¥ ONTUMHU3ANUA HA KANAMTETA

JlokaTto enuaeMHOIOTHYHUTE MOJICIIH OIEHSABAT TPACKTOPHHUTE HA WH(EKIIMUTE U IMUKOBETE
Ha ThPCEHETO, ONTUMHU3ALNATA Ha 3[IPAaBHUTE OMEPaIlMU MPEBPBHIIA IPOTHOZUPAHOTO ThPCEHE
B PEUICHUS 3a Pa3Npe/IelICHUe Ha PeCypCcuTe, KOUTO MoraT Ja 0baar npeanpuetd. [To Bpeme
Ha MaHJEMHH, ONIEPAaTUBHOTO B3€MaHE Ha PEIleHHUs BKIIOYBA Pa3MpeelieHHeTO Ha Jieria B
naten3uBHu otaenenus (OMO), BeHTUIATOPU, METUIIMHCKHU TIEPCOHAI, HH(PpacTpyKTypa 3a
TECTBaHE W MEXAYOOTHUYHHM TpaHC(epu MPH CepHO3HA HECUTYPHOCT M OTPAHUYCHHS BHB
Bpemero [75], [76]. Ta3um omeparuBHa NEPCIEKTHBA C€ TMOJKPENsS OT HW3CJICIBAHHUS Ha
3/IpaBHUTE OTEpaIly U JINTepaTypa 3a IIaHupaHe Ha OOTHUYHHS Karmanutet [75], [76].

1.3.3 OnTuMu3anusi HA BEPUraTa 3a J0CTABKH U JIOTUCTHKATA

Peaknuara Ha maHaeMusATa 3aBUCH HE CaMO OT KamamuTera Ha OOJHUIMTE, HO U OT
YCTOWUYMBOCTTa M KOOpDAWHALMATA HA BEPUTHTE 3a JIOCTAaBKM B 3ApaBEONa3BAHETO.
Hemocturst ©Ha smunaum mnpemnasam  cpenctsa  (JIIIC), BenTumatopu, KHCIOPOS,
(dapmanieBTHUHU TPOAYKTH M BakcuHM 1o Bpeme Ha COVID-19 paskpu CTpyKTypHU
ciabocTy B II00ATHO B3aMMOCBBP3aHUTE MPOM3BOACTBEHH U JUCTPUOYTOPCKH MPEXH. 3a
pa3nuKa OT KOHBEHIMOHATHUTE BEPUTH 3a JIOCTABKH, ONTUMHU3UPAHHU 32 €(PEKTUBHOCT U
MUHUMU3HUpAHE Ha Pa3XoJUTEe, BEPUTHTE 3a JIOCTaBKH B 3/IpaBEOIa3BaHETO IO BpeMe Ha
naHjeMun TpsiOBa Ja JalaT MPUOPUTET HA HAJACKIHOCTTA, 'BBKABOCTTA U OBbp3aTa peaxiiusl.
JloknaguTte 3a JAWrUTanHaTa TpaHcdopManus U JIOTHCTUKAaTa Ha 3][paBeola3BaHETO
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JNOMBTHATEITHO TIOAYEPTaBaT BUAMMOCTTA, TMPOCICAUMOCTTa ¥ KOOPAMHAIMUATA KaTo
LIEHTPATHU U3MCKBAHUS 32 BepUraTa 3a JOCTaBKHU 110 BpeMe Ha Kpu3ucHH ycioBus [79], [80].

1.3.4 MHorouneseBa 1 MKOHOMUY€CKO-3IPABHA ONITUMHU3ALM S

[TanIeMUYHHUAT OTTOBOP MO CBOSITA CHIIHOCT BKJIFOUBA KOHKYpHpalu ce 1enu. [lonurukure,
MpelHa3HauYeHu Jla CBelaT /10 MUHMMYM HHBaTa Ha 3apa3siBaHe U CMBPTHOCT, MOrar Ja
HAJIOXaT 3HAYUTEIIHW HMKOHOMHUYECKH Pa3XOoJH, JO0KAaTo OBpP30TO BBH30OHOBSIBAaHE Ha
MKOHOMMKAaTa MOXXE Ja IMpeAu3BUKa HOBM BBJIHM Ha MpelaBaHe M IPeTOBapBaHE Ha
3npaBHaTa cuctema. (CrenoBaTeNHO, YIPABICHUETO Ha MaHAEMHUSATa HE MOXe na Obae
a/IeKBaTHO MPEAICTABEHO KaTO €IHOIIeNIEBO ONTHMHU3ALMOHHO PEIIeHUE; T0-CKOPO TO U3HCKBA
(dbopmMamTHU MHOTOIIENICBH PAaMKH 3a pEIIeHHs, CIMOoCcOOHM Ja OanaHCHpaTr 3amuraTa Ha
3/IpaBeTO, HMKOHOMHYECKAaTa YCTOWYMBOCT M COLMATIHOTO PABEHCTBO B YCJIOBHSATA Ha
HECUTYPHOCT.

1.3.5 OnTumu3anus, cpb00pa3eHa ¢ NPUHIUIIKMTE HA PABEHCTBO U
CIPaBeAJIMBOCT

[Tangemunte 3acsraT HEIPONOPLUOHAIHO YS3BUMHUTE IPYIU OT HACEIEHHUETO, pa3KpUBaKu
CTPYKTYPHU HEpPAaBEHCTBA B JOCThIIA [0 3JpaBEoNa3BaHE, COIMATHO-UKOHOMHYECKUTE
YCIIOBUSL M HWHCTUTYLMOHAIHUS KananureT. TpajiuliMOHHUTE MOJENM 3a ONTUMHU3ALHUA,
OpUEHTHPAHU KbM €(EeKTUBHOCT, (POKYCHpPAaHU BbPXY MUHUMHU3HpAHE HA 0011aTa CMBPTHOCT
WIM HEJOCTUra Ha pecypcd, MoraT HEBOJHO Jla HW30CTPAT HEpaBEHCTBATa, akKo
ChOOpaKeHMTA 32 PABEHCTBO HE Ca U3PUUHO BKJIFOUEHHU.

1.3.6 Pamku 3a B3eMaHe HA pelIeHUsA, 0a3UPAHU HA CUMYJIAlus, U
aJanTUBHM PAMKH 32 B3eMaHe HA pelleHun st

[TannemMuuHUTE MEpPKU C€ Pa3BUBAT B YCJIOBUATA Ha OBP30 MPOMEHSIIA C€ HECUTypHOCT.
CraTuyHUTE ONTHUMU3ALMOHHU MOJENH, JOPU KOraTo ca MHOTOIIEJIEBH, MOraT jJa CTaHaT
HEONTUMAaJHK, TbH KaTo JMHAMMKaTa Ha HMH(EKIMHUTE, MOBEJCHUECKUTE pEaKUUuu U
HaJIMYHOCTTa Ha PECYpCH C€ MPOMEHST C TeueHUue Ha Bpemero. ToBa € MOTUBHpAIO
pa3paboTBaHETO Ha CUMYJAIIMOHHU M aJalTUBHU PaMKHU 3a MOJANOMAaraHe Ha B3eMaHeTO Ha
peLIeHus.

1.4 KputnueH nperJjieJl 1 yCTAHOBEHHU MPOILYCKH

To3u pasnen cuHTE3Mpa J0Ka3aTeICTBaTa, pasrienanu B pasaenu 1.1-1.3, u uaeaTudunmpa
METOJIOJIOTUYHHUTE, OIEPATUBHUTE U KOHTEKCTYAIHUTE MPOILYCKH, KOUTO OrpaHHyYaBaT
ereKTI/IBHOCTTa B p€ajIHUA CBAT HAa HACTOAIIUTE IMMOAXOAH 3a OINITUMHU3ALUA HAa TAHACMUUTE U
MOJKpena Ha pemieHusTa. B nureparypara ce HaOmogaBa 3HAYMUTEICH HAMpeIbK B
IIPOTrHO3UPAHETO, OOTHUYHHTE orncpanru, JOruCTUKaTta MW aHajlnu3a Ha IIOJUTHKUTE,
MPAKTUYECKOTO UM MPHUIIOKEHHE 00aye ocTaBa OrpaHUYeHO OT (hparMeHTaIsl, OTPAHUYCHUS
B JAHHUTC, U3YHUCIUTCIHA 3aTPYAHCHHA, HEAOCTAThbYHA MHTCIPpAllMd Ha CIIPAaBCAJIMBOCTTA U
cl1abu OTpaHUYEHUs 32 AJANTUBHOCT B PeaTHO BpeMe, KOUTO ca OCOOCHO OCTPHU B 3/IpaBHUTE
CUCTEMU C OTpaHUYEeHH pecypcH, kaTo Hanpumep Kocoso.

1.4.1 Iloaxoau 3a (pparMeHTHPAHO MOACJHUPAHE M NMOJAKpeNna Ha
pelieHus

JIoMUHHpAIIIO OrpaHUYEHHE € YCTOMYMBOCTTa Ha H30JHMPAHOTO Mojenupane. IloBedero
MIPOYYBAHUS ONTUMHU3UPAT U30JUPAHU TOACUCTEMHU, KaTO HAIpUMeEp KanaluTeT U TpaHchepH
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B WHTEH3UBHU OTAeNeHus [9], mporHo3upaHe U oOlleHKa Ha uHTepBeHImure [50], [51],
JIOTUCTUYHA YCTOWYUBOCT [32] Wi mpuopuTH3MpaHe Ha BaKCHHAITUUTE [66], 6e3 onepaTUBHO
CBBbP3aHa CUCTEMHA APXUTEKTYpPa, KOSITO MOJAbpPKAa KOOPJIUHUPAHU PEIICHUS B PA3IUYHHUTE
obnactu. B pesynrar Ha TOBa, 1OpU CHIIHU, crieHU(UYHM 32 AaJieHa 001acT MOJIETH YeCTO He
ycmsiBaT Jia MOAIBPKAT CHIJIACYBAHU IMOJUTUYECKH HM300pH, KOTaTO KalamuTeThT Ha
3/IpaBEOIa3BaHETO, OTPaHUYEHHUSATA B JOCTAaBKUTE U IOBEJCHYECKOTO CHOTBETCTBUE
B3aMMOJICIICTBAT TUHAMUYHO.

1.4.2 Haje:kTHOCT HA JAHHUTE, HABPEMEHHOCT M OTPAHNUYEHUS HA
HH(OPMALMOHHUA MOTOK

BTOpa IMpasHruHa CC OTHACAd A0 OCHIICCTBUMOCTTA HA JAHHHUTC B KPU3UCHHU YCJIOBUA. Mmuoro
paMKM 32 ONTHMH3AlMsA W CHMYJAIMS HMMIUIMIMTHO MPEIIojaraT HaBPEMEHHH,
CTaHAApTU3UPAHHU, BUCOKOKAQYCCTBCHU IIOTOLM OT JAHHH 3a IMPUCM, 3aC€TOCT HAa MHTCH3UBHU
OTJCJICHHsI, TIEPCOHANI, WHBEHTAapu3alus, TecTBaHe M HaOmoxenue [90]. Ha mpakrtuka
JTAHHWUTE YeCTO ca 3a0aBeHH, HEITBJIHU U HETIOCIICIOBATEITHU, 0COOCHO B KOHTEKCTA HA CTPAaHU
C HHCKA W CPEIHU [IOXOIH, KOETO TIOJKOINAaBa KaIMOpUPAHETO, BAIUIAUPAHETO W
aKTyanusupaHeTo B peanHo Bpeme [91]. [lo-panHu mpoyduBaHUS HA ONEpPaAIUUTE TOJIOOHO
MOTYEePTABAT, Y€ KAUYECTBOTO HA JIAHHUTE M CTPYKTYPUTE 3a OTYMTAHE CHIIHO OIPEICIISAT
W3MOI3BaEMOCTTa HAa CHCTEMHTE 3a [IOJAIOMAaraHe Ha B3EMaHETO Ha pEIICHUS B
o0mIecTBeHOTO 3/1paBeomnas3Bane [92], [93].

1.4.3 Mama0upyeMoCT ¥ M3UMCIUTETHA CJIOKHOCT

Jlopu KoraTto NaHHUTE Ca HaJIMYHU, OCBIIECTBUMOCTTa B PEAJHO BPEME € OrpaHUYEHa OT
W3UYUCIIUTEIHOTO HAaTOBapBaHe. MHOIOETalmHOTO CTOXAaCTHUYHO IMPOTpPaMUPAHE U TOJIEMUTE
MILP ¢opmynupoBKu Morar ja cTaHat TpyJIHHU 3a 00paboTka ¢ HapaCTBaHETO Ha AbpBeTaTa
Ha CIEHapuMTe, J0KaTo Al/METaeBpUCTHUYHOTO NMPOTHO3MpaHE M IMKIUTE 3a CUMYJalus-
ONTHMHU3ALIMS MOXKE J1a U3UCKBAT IBJITM BPEMEHA HAa U3IbJIHEHUE, KOUTO Ca HEChbBMECTUMH C
KPUTUYHH BBB BpeMeTo Kpu3ucHU omnepauuu [73], [36]. Hanexxgaure GopMyInpoBKH MOrar
Jla HaMaJIAT HE0OXOAMMOCTTA OT IOJIEMH JbpPBETA Ha CLIEHAPUUTE, KaTO 3aMEHST OOIIUPHOTO
CTOXAaCTUYHO M30posiBaHE C 00pabOTBaEMM MHOXKECTBA OT HEOIPENENIEHOCT, Mpeaiaraiiku
MPaKTUYECKH KOMIIPOMUC MEXJYy YCTOWYMBOCTTa M HW3YUCIUTEIHATA OCBHIIECTBUMOCT B
KpPUTUYHU BBB BpemeTo ycioBus [20], [21].

1.4.4 OrpannyeHnsi HAa PABEHCTBOTO M KOHTEKCTYyaJHATA
aJanTanus

Bwrnpeku ye mozpenute 3a pasnpezeseHne, CboOpa3eHH C CIPaBeUIMBOCTTA, MPEICTABIIABAT
BOKEH METOOJOTHYEH Hampeabk [13], paBEeHCTBOTO BCe OIE 4YECTO CE€ TpeTupa Karo
crioMaraTejlHa XapaKTepUCTHKA, a HE KAaTO OCHOBHO M3MEpeHue Ha au3aiiHa. dopmaiHo,
HaMpeKEHUETO MeXAYy €()EeKTUBHOCTTAa U PABEHCTBOTO € MpoOJeM Ha MHOTOKpUTEpHaIHATA
ONTHMHU3ALNS, KBJIETO PUEMIIMBOCTTA HA MOJIUTHKATA 3aBUCU OT MPO3PaYHU KOMIIPOMHUCH, a
HE OT YMCTO yTuiauTapHu nenu [22]. Ha npaktuka, ad hoc ckamapusalmoHHUTE Teryia Morat
Jla BrpaXJaT HOPMAaTHBHM JIOMyCKaHUS, KOUTO OCTAaBaT MMIUIMLUTHHU; MHOTOKpUTEpHATHATA
ONTHMHU3AIMS OCUTYpsIBA IMO-5ICHA CTPYKTypa 3a U3BJIMYAHE M JOKYMEHTHpaHE Ha TaKuBa
koMmipomucu [22]. Ilo-mmpokara auTepaTypa 3a paBEHCTBOTO B 3[PAaBEOIA3BAHETO CBHILO
[I0Ka3Ba, Y€ pPA3NpeAeIUTEIHUTE Bb3JCHCTBUSA TpAOBa Aa C€ TPETUPAT KaTO LEHTPaIHU
OTpaHMYCHUS HA IW3aliHa, a HE KaTO AOMBJIHUTEIHU Muciu [94], [64], [95], [58], [23], [24].
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1.4.5 HepocTraTbuHa NMOJKpeNa 3a B3eMaHe HA pellieHNsl B PeajHO
BpeMe U aJaTUBHA MOJAKpena

Bobnpexku Hanpenvka B DES u ABM, cpaBHUTETHO MaJIKO MPOYYBAHUS MOCTUTAT HAITBIHO
WHTETPUPAH, aJaNTUBEH IMPOIEC B pEaIHO BpeMe, KOWTO CBBHP3BAa IMPOTHO3UPAHETO,
orepaTHBHATA ONTUMHU3ALMS U OIIEHKaTa, 0a3upaHa Ha CUMYJIALUA, [0 TUTh3Talll C€ XOPU30HT
[8], [9]. ApxutexkTypuTe 3a pelIeHHs C ITH3ralll C€ XOPU30HT Ca TSICHO CBBbP3aHU C TEOPHUsTA
3a Mogenno-npeackazpamio ynpasieHue (MPC), kbAeTO NOJUTHUKUTE CE€ ONTUMHU3HPAT
MHOTOKPAaTHO TMpPH aKTyaJIU3UpPaHU OLIEHKH HA CHCTOSHHETO U ONEPATHUBHU OTPAaHUUYCHUS
[25]. 3a ManmaOHM CUCTEMHU C HEONPEAEIECHOCT U Pa3MEPHOCT, MPUOIUZUTEITHOTO TUHAMHYHO
MporpaMupaHe IMpeajara W3YUCIUTETHO KHU3HECTIOCOOHM alTepHATHBU 32 B3eMaHE Ha
pEelIeHUs B MMOYTH peanHo Bpeme [26]. Moaenure 3a mporHo3upaHe OOMKHOBEHO CE OLICHSBAT
M0 CTaTUCTUYECKA TOYHOCT, a HE MO TEXHUS IPUHOC KbM KaueCTBOTO HA PEIICHUATA HAIOTy
1o Bepurara npu HeompezaeneHocT [53]. MexayBpeMeHHO, OINepaTUBHATA ONTHMH3AIUSI
YEeCTO MpeJIIoiara IeTePMUHUCTUYHO ThPCEHE WM CJIa00 MPEACTaBs Pa3pOCTPAaHEHUETO Ha
HEOIpEeENEHOCTTA.

1.4.6 CunTe3 HA MAEHTH(UIIUPAHUTE MPOIMYCKH B U3CJIEIBAHUSATA

Tabruya 1.2. Cunmes na nponyckume 8 U3cie08aHUAMA, YCMaHo8eHy 8 npe2neoa Ha Jumepamypama

IMponacrt HNnentudguuupan npodiem Mocaennuu 3a (ucepranuaTa
®parmeHTanus IIporuosupaneTo, JTOTUCTUKATA, Pamkara TpsiOBa 1a cBbp3Ba
OOJHUYHUTE OIEpalvy U IIPOTHO3UPAHETO,
COOCTBEHUSAT KalMTal YeCTO Ce pas3npeeneHueTo u
MOJIEJIUPAT OTIEIHO. CUMYJaLUsTa.
OcsbuiectBuMocT  JlaHHUTE B peasTHO BpeMe MOXke MonensT TpsiOBa 1a paboTH ¢
Ha JaHHUTE Jia ca 3a0aBeHU, HEMTbJIHU WU HEeChBbpIIeHA HH(pOpMALIUS U
HETIOCJIeZIOBATEITHH. HECHUTYPHOCT.
Mamabupyemoct  YCBhBBPLICHCTBAHUTE MOJIETH HeoOxonumu ca Mmozaenu ¢
MOJKE J1a ca TBBbPE CI0XKHHU 32 HaMaJieH MOPSAIbK U
BHCIPABAHE B KPU3WCHU HN3YUCIUTCIIHO OCBhIIIECCTBUMHU
CUTYaIHH. MO/IEJIH.
PaBeHcTBO 1 CrpaBeuIBOCTTA U PaBeHCTBOTO M MecTHaTa
KOHTEKCT OTpaHUYCHUSITA HA CTPAHUTE C OCBIIIECTBUMOCT TpsiOBa ja ce
HUCKH U CPEIHH JJOXOH YECTO ca MPEBBPHAT B MOJECIIH.
BTOPOCTEICHHHU.
AnanTuBHOCT Cratuunute Mojenu He morat ja  HeoOxonuma e jioruka 3a oopaTHa
aKTyalu3upaT peleHusTa Ipu Bpb3Ka C MOJBUKEH XOPU3O0HT.

MIPOMSIHA Ha YCJIOBHUSATA.

Kputnunusr npernen uaeHTUUIUpa NET B3aUMOCBBP3aHU MPOMYCKHU, KOUTO CHBMECTHO
orpaHu4aBaT IOJIKpeIara 3a B3€MAaHe Ha PEUICHUs 110 BpEMeE Ha IMAH/IEMHsI B PEaJTHUS CBAT:

1.5 3aKJ'lIO‘IeHI/Iﬂ, neJ Ha U3CJIeABaHEeTO H 3a1a4Yd Ha U3CJIeABaHETO

1.5.1 3akarouyenus

JlutepaTypara, pasrienaHa B Ta3u IJlaBa, JEMOHCTpUpa 3HA4YUTENIeH HalpeIbK B
MOJICJIMPAHETO Ha OTTOBOPA HA MAHJAEMUSATA, BKIIIOYUTEIIHO HAMIPEAbK B €MTUAEMUOIOTMYHOTO
MPOTHO3MpaHe, ONTUMU3UPAHETO HA 3APAaBHUTE OMEpalliy, KOOpJUHAIMATA Ha BEPUTUTE 3a
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JOCTaBKH, pa3NpeaeseHeTo, ChoOpPa3eHo C PaBHOIOCTABEHOCTTA, U OLIEHKaTa, Oa3upaHa Ha
cumynanun. Bwopekn toBa onuthT ¢ COVID-19 paskpu, ye cnemudpuyHara 3a AaaeHa
00JIaCT METOI0JIOTUYHA CIIOKHOCT HE C€ MPEBPbIa ABTOMATUYHO B ONEPATUBHA CTOMHOCT Ha
pelieHusiTa Ipu KPU3UCHU YCIIOBHSL.

HOBTapﬂHIa CC KOHCTaTrauusAa € HECBbOTBCTCTBUCTO MCKAY AOMYCKaHUATA Ha MOJCIa H
OTPaHMYCHUSATA HAa PEATHUS CBAT. MHOTO YCHBBPIICHCTBAHH PAMKH M3MCKBAT HABPEMEHHH,
CTaHAAPTU3UPAHKU TIIOTOLM OT JAaHHW U 3HAYUTCIHHU HU3YUCIUTCIIHU PECYpPCH, IOOKATO
pEaTHUTE Cpeay 3a B3eMaHEe Ha PELICHUs, 0COOEHO B 3IpaBHUTE CHCTEMH C OTPAaHHYCHU
pecypcu, ce XapaKTepu3upaT CbC 3a0aBeHO OTUYMTaHE, (parMeHTHpaHH WH(POPMALMOHHU
MOTOLM, OTPAaHWYECH AHAIUTHYCH KamauuTeT M HWHCTUTYIHOHAIHU OTpaHuuYeHHs. Te3um
pEaTHOCTH HaMallsIBaT OCBIIECTBUMOCTTAa Ha CIOXHM MOJIETM TOYHO KOraro Obp3aTa
ajanTanus € Hali-HeoOXoJMa.

['maBaTa NOMBIHUTENHO MOKAa3Ba, Y€ YNPABICHUETO HA MaHJAEMHUATA € MO CBOSITA CHIIHOCT
MHOTOLIEJIEBO U MEXAYAOMEHHO: pelleHHsITa 3a pasllidpsBaHe Ha KamalureTa,
MPUOPUTH3UpPAHE HA JIOTUCTHKATa W WHTEPBEHIMU TPSOBa Ja CE OICHSBAT CHBMECTHO C
CbOOpa)keHUsI 3a CHPABEAJIMBOCT M TIOBEJECHYECKM peakuuu. B pesynrar Ha TOBa,
epeKTHBHATA MTOJKPENa 32 B3eMaHe Ha PEHICHUsI U3MCKBA MHTETPUPAHU apXUTEKTYpH, KOUTO
CBBP3BAT IPOrHO3UPAHETO, ONTUMHU3ALMATA U CUMYJalMATa MO HAYMH, KOHTO oOxBalua
HENPEKbCHATOCT, KATO CHIIEBPEMEHHO HU3pUYHO 00pabOTBAT HECUT'YPHOCTTA U MOAIBPIKAT
M3YHUCIUTEIHATA OCBILECTBUMOCT.

Te3n 3awkimoyeHMs YCTaHOBSBAaT MOTHMBALMATA 3a M3CIEJOBATENICKAaTa L€l M 3aJadd Ha
JucepTanusaTa, KOuTo ce (pokycupar BbpXy pa3paboTBaHETO Ha MHTETrpHpaHa, Maladupyema
U aJanTUBHA XMOpHJHA pPaMKa 3a MOJIOMAaraHe Ha B3€MAaHETO Ha PELIeHHUs, ChboOpaszeHa ¢
OrpaHUYEHU PECYPCHU 3[paBHU CUCTEMH, C OCOOEH akLeHT BbpXy Kocoso.

1.5.2 Ilesa Ha u3cjieIBAHETO

Hanrpaxknaiiku BbpXy KpUTHYHHUS CUHTE3, NPEACTaBeH B pasznenu 1.1-1.5.1, ocHoBHara men
Ha HacTosAllaTa Aucepranus € (opMyiaupaHa, KakTo cie/Ba:

[lenra Ha Ta3u Aucepranus € Ja ce pa3pabOTH MHTErpHpaHa, Mmamadupyema U OTYMTaIla
HECUTYPHOCTTa XHMOpHJHAa pamMKa 3a MOJANOMAaraHe Ha B3EMaHETO Ha PEIICHUS, KOSTO
o0eMHABA EMUJEMUOJIOTUYHOTO IMPOTHO3UpAHE, ONTHUMHU3ALMATA HA PECypcUTe B
3/IpaBeOIa3BaHETO, KOOPJAMHAIMATA HA JIOTHCTUKATa W ChOOpaKEHHSTa 32 PAaBEHCTBO B
paMKHUTE Ha M3YMCIUTEIHO €(PEeKTHBHA apXUTEKTypa, MOIXO/SINA 32 BHEAPSIBAHE B peaHO
BpeMe B 3/IpaBHHU CUCTEMH C OTPAHUYCHH PECYPCH.

[Ipemioskenata paMka MMa 3a L€l Ja Mpeojosiee pa3luKaTa MEXIy MEeTOJO0JOrHYHaTa
CJIO’KHOCT M OIlepaTHBHATA OCHIIECTBUMOCT Upe3:
e W3pUYHO BKIIOYBAHE HAa HECHTYPHOCTTa B EMUJAEMHOJOTHYHUTE U OINEPATHBHHUTE
JaHHW;
e BrpaxJaHe Ha OTPAHWYCHHUATA 33 PAaBEHCTBO W KOHTEKCTYAIIHH OTPAHHYCHHS KaTO
CTPYKTYpHU KOMIIOHEHTH Ha MOJIEJIa, a HE KaTo CIIoMaraTeJIHu KpUTEpHH;
e OCHTYpsiIBAaHE Ha W3YHCIHTEIHA MAIadHpPyeMOCT, CHBMECTHMa C OTrpaHHUYeHa
aHAJTMTUYHA UHPPACTPYKTYPA;
e TIO3BOJIIBAMKM aJIallTHBHO B3E€MaHE HAa PEUICHUS C IOABMKEH XOPH3OHT MPHU YCIOBHUS
Ha HECHBBPIICHU 1 3a0aBEHU JaHHHU.
Pamkara e cmenmanHo pa3paboTeHa W BanuaupaHa B KOHTEKCTa Ha KocoBo m cpaBHMMH
3/IpaBHU CUCTEMH C HUCKHU M CPEJIHU JI0XOJIH, KaTO ChIIEBPEMEHHO 3ala3Ba Bb3MO)KHOCTTA 32
0000111aBaHe KbM MO-IIIMPOKH CPEIH 32 YIIPaBICHUE HAa KPHU3H.
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1.5.3 U3ciieqoBaTeICKH 3a1a4U

3a mocturaHe Ha MOCTaBEHATa H3CIIEJOBATECKa LeJl, AMCEpTalMsITa pas3riekiaa CIeIHUTE
B3alMOCBBP3aHU U3CIIEI0BATEICKU 3aJaUHU:
3anaua 1 — KoHuenTyajaHo ¥ CHCTEMHO MOJIeJIUPaHe
Pazpabotere yHudumupana cuicteMHa apXuTeKTypa, KosTo (hopMaTHO CBbp3Ba:
e pa3MIMpPEHH enujieMuoorudyiu Mojaeiau ot tun SEIR,
e KamaluTeT Ha 3/IpaBeola3BaHETO U PA3MPEICIICHUE HA PECYpPCUTE Ha MHTEH3UBHOTO
OTJICJICHUE,

e OrpaHUYECHUS BHB Bepurara 3a JOCTABKU U JIOTUCTUKATA,

e TOBEJIEHYECKH U CHOOPA3EHH C PABEHCTBOTO MPOMEHJIMBHU TP B3€MaHE Ha PELICHUsI.
Ta3u 3amada ycTaHOBSIBA CTPYKTypHAaTa HHTErpamus, HeoOXoauma 3a MpeoJoisiBaHEe Ha
¢bparmenTanusTa, nocoyena B ['nasa 1.
3agaua 2 — Pa3paboTBaHe Ha ONTHMHU3ALMOHHO IPO, CbOOPAa3€HO ¢ Heolpe/ieJeHOCTTa
[Ipoektupaiite u BHeapeTe XUOPHUICH MOYJI 32 ONTHUMH3AIHS, KOUTO:

e MHTErpUpa MHOIOETAIHO CTOXAacTUYHO Imporpamupane (MSSP) u HenuHelHu

dbopMynupoBkH, cho0pa3eHu ¢ paBHonocraBeHoctTa (NLP);

e BKJIIOYBA CTAOMJIHO WK Oa3UPaHO Ha CLIEHAPHUU YIPABICHUE Ha HECUTYPHOCTTA;

e Oamancupa uenutre 3a e(QEKTUBHOCT M  CHOPaBEIJIMBOCT B paMKUTE Ha

MHOTOKpPUTEpPUAIHA CTPYKTYpA.
Ta3zu 3amadya OUPEKTHO ce 3aHUMaBa C MJICHTU(GUIUPAHUTE NPOMYCKH, CBBP3aHU C
PasnpoCTPaHEHUETO Ha HECUTYPHOCTTA U MHTETpaIUATa Ha KaluTaia.
3agaya 3 — UnaTerpupane cbc cuMyJianus Ha JUCKpeTHH cb0uTust (DES)
Brpazgete snpoto 3a onTuMuzaius B cpena 3a cuMmynamus Ha auckpetHu ceoutus (DES), 3a
na:

e MOJEJIMpaHe Ha NOTOIM OT MallMeHTH, OOJTHUYHU ONEPALUU U JIOTUCTUYHH MTPOLIECH;

e  OIICHSBAT MOJMTHYECKUTE PELICHUS TPU AUHAMUYHU U HECUTYPHH YCIIOBUS;

e J1a ce /1aJe Bb3MOXKHOCT 3a CTPEC TECTOBE, Oa3upaHH Ha CLIEHAPHH, 3a YCTOWYUBOCT Ha

3/IpaBHATA CUCTEMA.
Ta3su 3amaga ocurypsiBa ONEpaTUBEH peaiu3bM U MOAKpPENs aJalTUBHOTO B3€MaHe Ha
pelIeHus ¢ MOIBM>KEH XOPU30HT.
3agaua 4 — U3unciauTeHa MamadupyeMocT M ONPOCTAABaHe HA Mo/iea
Pa3paboTBaHe Ha H3YHCITUTENHO €PEKTUBHU CTPATETUN 32 PEIICHUS, BKIIOUUTEITHO:

e  EMUJEMHUOJIOTHYHH MPEJACTABIHUS OT PEAYIIUPaH MOPSIbK,

e JIEKHM METAaE€BPUCTUKH, KbIETO TOUHATA ONTUMHU3ALIMS € HEOCHIIECTBUMA,

e TEXHHUKH 3a MaliadupyeMo HaMaJsiBaHE Ha CLIEHAPUH.
llenTta e ma ce rapaHTUpa OCBIIECTBUMOCT B CPEIM C OCKBJHM JIaHHM U OrpaHUYEHA
uHppacTpykTypa, karo Hanpumep Kocoso.
3anaua 5 — KonrekcryanHa Bajiuaanus U OLEHKA HA MOJUTHKHUTE
Kanubpupane u BanuaupaHe Ha UHTErpUpaHaTa paMKa, U3MOJI3BAallku  JaHHH,
npeacTaBuTenHU 32 KOcoBO ¥ cCpaBHUMU 3/IpaBHU CUCTEMHU, U:

e Jla ce OIEHAT KOMIPOMHUCHUTE MEXIy KamaluTera Ha 3JpaBeola3BaHETo,

JIOTUCTUYHATA OCHILIECTBUMOCT U PE3YNITATUTE, CBbP3aHU C PABHOIIOCTABEHOCTTA;

e OlEHSIBaHE Ha HAJIeXKIHOCTTA MIPH CLIEHAPUH ChC 3aKbCHENIN U HEIbJIHU JIaHHU;

e U3rOTBSHE HA MPAKTUYECKH MPEMOPHKH 32 YIPABICHUE HA KPU3U B PEATHO BpEME.
W3nbaHeHHeTo Ha Te3W U3CIEeNOBATENICKH 33Jayd  OCUTYpsiBa CTPYKTypUpaH WbBT OT
uAeHTHQUIIPAHE HA TEOPSTUYHU IPOMYCKH 10 pa3pabOTBaHETO Ha BHEAPsEMa, HHTETPHpPaHa
xuOpuaHa cucTeMa 3a MoJrnomMaraie Ha B3eMaHeTo Ha pemeHus. CieaoBareinHo, cieaBaaTa
TJIaBa MPEACTaBsl METOJOJIOTUYHUTE OCHOBU U MaTeMaTU4YeCKUTE (OPMYITUPOBKH, KOUTO ca B
OCHOBaTa Ha MPeJI0KEHATA PAMKA.
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I'maBa 2. [IlpeanoxkeHu MoaeJm W  MeETOJO0JIOIMS:
IIpensioxkena  uWHTEerpMpaHa XxuOpMAHA paMKa 3a
MOANOMATaHE HA B3¢MAHETO HA pPelIeHUs

2.1 BbBeeHne B NpeajioKeHATA U3CIe0BATEICKA paMKa

Ta3u rnaBa npeacTaBs METO0JIOTHYHATA OCHOBA Ha JMCepTalusATa U BbBexkaa HTerpupana
XuOpUIHa pamMKa 3a mojarnoMaraHe Ha B3emaHeTo Ha pemeHus (IHDSF) 3a ontumuzanms Ha
3[paBHAaTa CHUCTEMa [0 BpemMe Ha maHjaemus. Pamkara cBbp3Ba €MHAEMHOJIOTUYHO
MIPOTHO3HMpaHe, MOJIeIMpaHe Ha 3paBHUTE PECYPCH, CTaOMIIHA MHOTOIE/IeBa ONTHMU3AIUS,
BaJMIMpaHe, 0a3UpaHoO HA CUMYJIAllWs, W aIallTABEH KOHTPOJ ¢ oOpaTHa BPh3Ka B CIUHHA
CTPYKTypa 3a MOJIOMaraHe Ha B3eMaHeTo Ha pemienus. llenta n e ma tpanchopmupa
HECUTypHATa eMUACMHOJIOTMYHA WH(GOpPMAIUs B ONEpPaTUBHU PEIIEHUSA, CBBP3aHU C
OOJHUYHUS KamalUTeT, M3MOJ3BAHETO HAa HMHTEH3UBHOTO OTJEJCHHE, MPEMECTBAHETO Ha
MalUEeHTH, pa3NoJiaraHeTo Ha MEepPCOHaIa, aKTUBUPAHE HA KalalKuTeTa P MOBUIIICHA HYX1a
U pas3lpesielieHre Ha pecypcuTe 3a cremnu ciaydau [96], [92], [20], [97], [98].

Integrated Hybrid Decision-Support Framework Architecture

T Data and Monitoring Module
Epidemiological, hospital, staff and logistics data

v
VA Epidemiological Forecasting Module
LUJ. SEIR-based projection of ward and ICU demand

v

Healthcare Resource Modeling Module

— Effective capacity, bottlenecks and transfer feasibility closed-loop
¥ recalibration

{2} Optimization and Decision Module

Robust multi-objective allocation and surge planning

= = 4
Simulation and Evaluation Module
- DES stress testing, waiting times and overload risk
v
/"‘) Adaptive Feedback and Learning Module

R« Parameter updating, revised constraints and rolling horizon

The architecture converts data into forecasts, forecasts into decisions, decisions into simulated performance,
and performance into updated decisions.

Queypa 2.1. Lanocmua apxumexmypa na Mnmezpupanama xubpuoHa pamka 3a noonomazane Ha
63€MAHEMO HA PEUIeHUs.

3a pa3nukKa OT MOAXOJUTE 3a CTaTUYHO IUIAHUpPAHE, NPEIoKEHATa METOJOJIOTHUS TPETHpa
YIPaBJICHUETO HA 3/IpAaBEOIa3BAaHETO MO BpEME Ha NMAHJAEMHUs KaTo JUHAMUYEH MpOLEeC Ha
B3eMaHe Ha pemeHusd. I[IpoueHTBT Ha 3apa3sBaHe, BEPOATHOCTTA 3a XOCIMTAIM3ALMS,
MIPOLICHTHT Ha IPUEMAHE B HHTEH3UBHO OTACJIECHHE, MNPOLEHTHT HAa Bb3CTAHOBSABAHE,
HQIMYHOCTTa HA TMEPCOHAl, OCBILIECTBUMOCTTa Ha TpaHcdepure u 3a0aBsHUATA Ha
OTYATAHETO MOraT Ja C€ NPOMEHAT 3a KpaTKH HUHTepBaIM OT BpeMme. ClenoBaresHo,
pelLIeHHsI, KOUTO M3TJIeKAAT OCHUIECTBUMU MPH €IHO MH(OPMAIIMOHHO ChCTOSHUE, MOTaT Ja
CTaHAaT HEOCHIIECTBUMU MM HEE(PEKTHBHU, KOTaTO C€ BKJIIOYAT HOBHU HAOJIIOJCHMS.
CanenoBarenno IHDSF e npoekTupan KaTo paMKa CbC 3aTBOPEH LIUKBJI, B KOSITO IPOTHO3UTE,
OTpaHUYEHUSATA, MIOJIUTUKUTE 3a pasnpeesieHre, pe3yaTaTuTe OT CUMYJIAlMUTe U oOpaTHaTa
Bpb3Ka Ce aKTyajauzupaTr MHOrokpatHo [99], [3], [18].
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2.2 @dopMaJIHO onpeeieHue HA MP00JieMa U 00XBaT HA
H3CJIeIBAHETO

®opmanHoTo nedpuHHpaHe Ha TmpoliemMa € HeoOXoIuMo, Tb KaToO OTrFOBOPHT Ha
3/1paBEOIa3BaHETO MPU MAHAEMHUSI ChAbpPKA MHOTO B3aMMOJCHCTBAILM PEIICHUS, HO HE
BCUYKM OT TAX ca NMPOMEHJIMBU Ha pEUICHHUSATa Ha MpenioxeHus mojen. Jucepramusita
pasrpaHuyaBa €HIOTEHHUTE PEIICHUS, KOUTO MOJCIBT MOXKE J1a MPernopbya, U €K30reHHUTE
yCIIOBUS, KOUTO C€ TpeTHpaT KaTo JaHHU, MapaMeTpH WK cleHapuu. ToBa pasrpaHHUueHUe
MpeAoTBpaTsABa paMKaTa Ja CTaHe WJIA TBbpPAE TsICHA, 3a Ja MOJIbp)Ka perhuoHaIHa
KOOpJIWHAIIMS, WIM TBBPJE IIHPOKA, 3a Ja OCTaHE H3YUCIUTETHO W HHCTUTYLIMOHAIHO
peanuctuuna [101], [102], [65].

LleHTpamHusAT mpoOJieM ¢ B3€MaHETO Ha PEHICHHS MOXKE Ja ObJie M3pa3eH B ONEpPATUBHU
TEPMUHHM, KaKTO CIIC/IBA: MIPH HECUTYPHH TPACKTOPHUH Ha WH(EKIIMHUTE, XOCIIUTATH3AIUUTE U
THPCEHETO B HHTCH3MBHHMTE OTICIICHHS, KAKTO M TPUd OIPAaHUYCH KaraluTeT Ha
3JIpaBEOIIa3BaHETO, PA3IPEICIICH B MPEKa OT 3aBEJCHHUS, CE ONPEIEs MOCISA0OBATEITHOCT OT
peleHust 3a paslpe/elieHUe, PEXBhPIISHE, TIEPCOHANT M YBEIMYaBaHE Ha KaraluTeTa, KOsSTO
HaMaJIsiBa MPEAOTBPATHMHS HEIOCTHT W TIPETOBapBaHE, KAaTO CHIIEBPEMEHHO CE CIa3BaT
KIMHUYHUTE, JIOTHCTUYHUTE M WMHCTHUTYIIMOHAJIHUTE OrPaHMYCHHS. 10Ba OIpEACICHHE
3ama3Ba QoKyca BbPXY KOOpIWHAIUATA HA 3/[paBHATA CUCTEMa, a HE BBPXY ONTHMH3AIUATA
Ha MMOJIMTUKUTE Ha HUBO Hacenenwue [3], [103], [18].

2.2.1 ledpuHnnus HA CUCTEMATAa M 00XBAT HA PELIEHUETO

OO0XxBarsT Ha pemicHusATa € MO-CKOPO TAKTHYECKH, OTKOJIKOTO YHUCTO CTPATCTUUYCCKU WA
KIIMHUYEH, CBBbP3aH C JICUCHHETO Ha TAalMEHTHTE. TaKTUYecKaTa KOOPIHMHAIUS BKIIOUBA
peluiCHud, KOUTO MOTaT Ja 6’bI[aT IpepasriICiKIaHl B PAMKHUTC Ha JHW WJIW CCAMHIHN, KAaTO
HaTpUMep TpepasnpeieiCHue Ha MAIIMCHTUTE, aKTHBUPAHE Ha KAalUTET 3a CICIIHU CIyJau,
npepasmpesiesicHue Ha MepCcoHaia WM MPHOPUTH3UPAHE Ha OCKBJIHHM PECypcH 3a TpaHcdep.
Crparernyeckure pelICHUs, KaTo HAlpUMEp W3TPAXKIAAHETO HA HOBH OOJHHIA WU
MPETIPOCKTUPAHETO HAa HalMOHAJIHATA 3/IpaBHA IOJWUTHKA, CC B3E€MAT B IO-ABJITM BPEMCBU
Mamabu W ca HM3BBbH 00XBara Ha ONTHUMH3aNUATa. KIMHUYHWTE pEIICHUs, CBBP3aHU C
JICUCHHETO HA MAI[MEHTUTE, KaTo HampHUMEp JUarHo3a, MpeleHKa 3a TPUak W IUTaHOBE 3a
JICUCHHE Ha OTJCIHH MAIlMeHTH, OCTAaBaT T0J] PHKOBOJACTBOTO HA KJIMHUYHHUTE CIICIUAIACTH
[65], [104].

2.2.2 MHO)KeCTBa, CbCTOAHMUS, PCIHICHUA U HECOIIPECACTICHOCT

BekTopbT Ha ChCTOSHUETO KOMOMHMpA EMUAEMUOJIOTHYHA U OllepaTuBHA MH(OpMaIus, Thid
KaTo HUTO €IHO OT M3MEPEHMATA He € JIOCTaThyHO camo Mo cebe cu. EmmaemMuonornunata
uHpopmanusg oOsicHsABa ObAElIUsS HATHUCK BBPXY THPCEHETO, OKAaTo olepaTUBHATa
uHpopmanusa o0sCHsBA Jaly 3ApaBHATa MpeXa MOXKE Jla IoeMe ToBa ThpceHe. Hampumep,
IIPOrHO3UPAHOTO YBEIMYECHUE HA MHPEKIUHUTE € ONEPaTHMBHO PEJIEBAHTHO CAMO KOraTro ce
npeoOpa3yBa B MPOTHO3MpaHa 3a€TOCT Ha OTAEJICHUATA, ThPCEHE HAa HHTEH3UBHO OTJEIICHHE,
HYXXIU OT IEPCOHAN U HYX/IU OT TpaHchepH.

2.2.3 IlpeacraBsine HA THPCEHETO, KANMAUTETA U HEJIOCTUTA

[IpomennuBaTa Ha HEAOCTUra € IEHTpaJHA 3a METOJOJIOTHATA, 3allOTO TS MPEBpbHIIA
MIPETOBAPBAHETO B CKCIUIMIIMTEH MaTeMaTW4YecKH OOeKT. B ycioBHs Ha TeXka MaHAeMUs,
MPUHYKIaBaHETO Ha IUIOTO TBhPCeHE Ja ObAe OOCIy)KeHO MOXKe Jla HampaBu
ONTUMU3AIMOHHUS MOJIETT HEMPHUIOKUM, TOKATO UTHOPHUPAHETO HA M3JUIITHOTO ThPCEHE OU
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CKpWJIO KJIIMHUYHUTE TOCIEIUIM OT MpeToBapBaHeTo. Ype3 BbBEXK/IaHEe HA HEOTpHULIaTeTHaTa
MPOMEHJIMBA Ha HEIOCTUra, MOJEIBT OCTaBa pPEIIUM IPH EKCTPEMHO TbpPCEHE, KaTo
CHILIEBPEMEHHO CHJIHO CAHKI[MOHHMpA HE3aJ0BOJICHAaTa HYyXKJa B IeneBara (yHkius [92],
[105].

2.2.4 Hape:xxana MHoromeseBa opMyJMpoBKa HA podJiemMa

IleneBata (yHKIHMS € MHOTOIENIEBa, ThH KaTO OTTOBOPBT Ha 3APaBEONAa3BaHETO MpPU
MaHAeMHs BKJIIOYBA KOHKYpUpAId C€ MPUOPUTETH. MHUHUMU3HPAHETO HA HE3aJI0BOJICHOTO
ThPCEHE € KIMHUYHO CHEIIHO, HO TOJIUTUKA, KOSATO MHUHHUMHU3UpPA HEIOCTUTa Ype3
MPEXBbPJIIHE HAa MHOTO MalMeHTH, MOXXE Ja HAJAXBBPIM Kamalurera Ha CIellHaTa
MEIUIIMHCKA TOMOII WIM Jia Ch3JlaJile HEHYKEeH JoructuueH puck. llomutuka, KosTO
MUHUMHU3HUpA MPEXBBPISHUATA, MOXe Jda ObAe Mo-JecHa 3a MpuiaraHe, HO MOXe Ja
MPETOBApH JOKATU3UpaHUTE OONHUIM. MHOTOIIeTIeBaTa CTPYKTypa MpaBUu TE€3U KOMIIPOMHUCH
SICHU W T03BOJISIBA Ha B3EMAIIUTE pPEUICHHS Ja U30upaT TeXKecTH Ha MPHOPUTETUTE WU
MPUEMIIMBU Tparose [22].

2.2.5 HuBa Ha pelieHUs] U KOHTEKCT HAa 3aMHTEPECOBAHUTE
CTPaHU

OcHOBHOTO HMBO Ha B3eMaHe Ha peuieHus, azapecupaHo ot IHDSF, e permonamnara
KoopauHanus. JlaHHMTe Ha OOJHMYHO HHUBO NPEAOCTaBIAT HHPOpPMALUs 3a MECTHUSA
KalauuTeT U 3aeTOCT, JI0KaTO PETMOHAIHUTE BJIACTH KOOPIUHHUPAT TpaHC(HEpUTE, pECypCUTE
3a IpeToBapBaHe M OaJaHCHUpaHETO Ha HATOBapBaHETO B Mpekarta. l[lonmuTukuTe Ha
HAIlMOHAJTHO HHMBO OIpENeNIT MO-IIMpOKaTa CHEHapuiiHa cpena, Karo BIUSAT BbPXY
JUHAMHMKaTa Ha IPEHOCA, HAJIMYHOCTTAa HAa PECYpCU 3a CIELIHU Clydau, CTaHIAAPTUTE 3a
KpU3M M HMHCTUTYLHOHAJIHUTE NpaBuia. Te3u HaIMOHAIHM MOJIMTUKH CE€ TPETHpaT Karo
€K30I€HHM IMapaMeTpHU Ha CLEHapHs, a HE KaTo IUPEKTHU NPOMEHJIMBH 3a B3€MaHE Ha
pelieHus: B ONTUMU3ALMOHHMS Mojien [65], [104].

2.3 MoaeanpaHe Ha J0IMyCKAHUSA U OTPAHUYCHU S

[Ipemnoxenata IHDSF ce ocHoBaBa Ha W3pUYHU JIONYCKAaHUA 3a MOJEIUPAHE, KOUTO
ompenensaT o0xBara U MHTEpPIpETAIUsATa Ha  CMUJEMUOJIOTUYHUTE, PECYpPCHHTE,
ONTUMU3ALMOHHUTE,  CUMYJAlMOHHUTE W  aJalTUBHO-KOHTPOJIHUTE  KOMIIOHEHTH.
[TanmemMuuyHata 37paBHa CHUCTEMa ChIbpKa OMOJIOTMYHU, TOBEICHUYECKH , JIOTUCTUYHH,
WHCTUTYIIMOHATTHU U TIOJUTHUYECKH MEXaHU3MHU, KOUTO HE MOTrar Ja ObJIaT MpeICcTaBeHH Ha
€JHO M CBhIIO HUBO Ha JIETAIIHOCT B PAMKWTE Ha MOJATIMB MOJEN 3a MOJANOMaraHe Ha
B3eMaHeTo Ha pemeHusd. [IpeanonoxeHusTa B TO3U paszied ONpeaessaT YCI0BUATA, TP KOUTO
MpEeAJIOKEHUTE MOJIENU ca BAIMIAHU U onlepaTUBHO 3Hauumu [92], [103], [3].

[IpeanonoxxeHusitTa ca TPynUpaHU B TPU KATETOPHUH: €MUJIEMUOJIOTUYHHU MPEATONIOKEHUS,
MPEATIONOKEHUST 32 HAJMYHOCT M KAueCTBO Ha JaHHUTE, KAKTO W W3YUCIHUTEIHU H
WHCTUTYIIMOHATTHYU orpanndenus. L{enra Ha To3u pasnen He e na ce pazpadbotu mbpaHusAT SEIR
MOJICJI, TIBIHUAT PECYPCEH MOJIET WIIM ITBJIHUAT MOJEI 32 ONTUMH3AIUA. Te3r KOMIOHCHTH
ca paspaborenu B pazaenu 2.5, 2.6 u 2.7. Pa3nen 2.3 BMecTO TOBa M35CHSIBA YCIOBHUSATA HA
MOJIeTTUpaHe, KOUTO MOJIKPENST MO-KbCHUTE POPMYTUPOBKH.

2.3.1 EnnaeMuoJOru4HM 0Ny CKAHUS

[IpenmnonoxeHneTo 3a YacTUYHAa CTaOWIHOCT € ocobeHo BaxHo. [lapamerpure Ha
NaHAEMHUATa MoOraT Ja ce IPOMEHAT IOopaJud HOBU BapUaHTH, TOBEACHYECKA ajanTaius,
IPOMEHH B TECTBAHETO, €(EeKTH OT BaKCHHALMATA, IOAOOPEHHUS B JICYCHHETO WU
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MOJIMTUYECKU MHTEPBEHUMU. BbIpeku ToBa, B paMKUTE Ha KPaThK MHTEPBAI Ha TUIAHUPAHE €
pa3yMHO MapaMeTpuTe Ja c€ alpOKCUMUPAT KaTo JOCTaThYHO CTAOMIIHU, 32 J]a CE TeHepHUpaT
OTEepaTUBHU MPOTHO3U. PexanubprpaHeTo ¢ murb3rami ce XOpu30HT MO3BOJIsIBA HA MOJeNa 1a
aKTyaJM3upa Te3U MapaMeTpH, KOraTo cTaHaT HAJIMYHU HOBU fgaHHu [101], [11].

2.3.2 IlpeanoJio:xkeHusi 32 HAJIMYHOCT M KA4eCTBO HA ITaHHHUTE

OFpaHI/I‘-IeHI/ISITa B KaUCCTBOTO HAa JAHHUTC HEC Ca IMPOCTO TCXHUYCCKU Hey,Z[O6CTBa; TC HIPSAKO
BJIVSISIT BBPXY KA4eCTBOTO Ha pelieHusATa. HenoctaThYHOTO OTUMTaHE Ha WH(EKIIUUTE MOXKE
na 3a0aBu pa3lo3HABAHETO Ha OBJEII HATUCK BHPXY OOJHUIIATA, JOKATO 3a0aBEHUTE JTaHHU
32 3aeTOCTTa HAa WHTCH3MBHUTE OTICICHHS MOraT Ja JOBeJaT 0 IOJALCHSIBAaHEe Ha
HEMOCPEJACTBEHOTO TPETOBapBaHEe OT oONTHUMH3AMOHHUs cioi. [lo momobeH HauuH,
HETOCJIC/IOBATEIHUTE JIeDUHHUIIMKM HAa HAJIMYHWTE JIerJIa MOraT Ja Cb3JaJaT HW3KYCTBEH
KarnaiuTeT, ako JierjaTa ce oTyuTaT 0e3 mepcoHaia Wiau O0OpyABaHETO, HEOOXOAMMH 3a
m3non3anero uMm [103], [3].

2.3.3 U34yucanTe THU U MHCTUTYMOHAJHHN OrPaHUYCHUSA

W3uncnuTenHUTEe OTPaHWYEHUsT HW3UCKBAT OajaHC MEXIy pealu3bM M IMPOCIETUMOCT.
BkirouBaHeTo Ha BCEKM OT/AEJICH MAlMEHT, WICH Ha IIepCoHaa, JIMHEHKa U KIMHUYHA IThTEeKa
B ONTHMHU3ALMOHHUS MOJeNl OM 3aTpyJHHJIO MHOTOKPATHOTO pelIaBaHe Ha mpolieMa B
yCIOBUSA Ha ,,[IOJBUXKEH XOpU30HT. CienoBaTelHO NpEeJIOKEHaTa CTPYKTypa H3I0JI3Ba
arperupaHyl MPOMEHJIMBU 32 PEUICHUS B ONTUMH3AIMOHHHUS MOJIENT U CTOXACTUYHU JICTAIN
3a motoka oT namueHTH B cios DES. Toa paszeneHue Ha Tpyda 3ama3Ba onepaTHBHATa
aKTyaJTHOCT, KaTO CBIIEBPEMEHHO NpaBU NpeAnucaTteaHus Monaen ympasisem [92], [105],
[107].

2.4 ApxuTeKTypa Ha HHTerpUPaHaTa XUOPUAHA PaMKa 3a
NMOJANOMATaHe HA B3€MAHETO HA PellIeHUsA

NuTerpupanara xubpuaHa paMka 3a IoJoMaraHe Ha B3€MaHEeTO Ha PEHICHHs € IPOSKTHpaHa
KaTO apXUTEKTypa ChC 3aTBOPEH ITUKBI, KOSITO CBHP3Ba €MUIEMUOJIOTHYHO MPOTHO3UPAHE,
MOJIeTIMpaHe Ha 3[ApaBHUTE pECcypcH, CTaOWIHA ONTUMHU3alMs, OIleHKa, Oa3upaHa Ha
CUMYyJIallisi, U aJlanTiBHA oOpaTHa Bpb3ka. llenTa u e na tpanchopmupa HaOIIOaBaHUTE
eMUJIEMUOJIOTUYHU U OMNEPaTHBHHU JaHHU B pEIICHUS 3a pasmpeneneHue, TpaHcep H
yBeIMYaBaHE Ha KallalMuTeTa, KOUTO OCTaBaT OCBIIECTBUMHU Tpu HecurypHocT [103], [65],

[92].

Pamkara ce chbCTOM OT IIECT B3aMMOCBBP3aHM MOJYJa: MOAYJ 3a JAHHU M MOHUTOPUHT,
MOJYJ 3a €NUAEMHUOJIOTUYHO MPOrHO3MpAHE, MOAYN 3a MOJENIMpaHe Ha 3JIpaBHU PECypcCH,
MOJIYJI 32 ONTUMH3ALUS U B3€MaHe Ha PEelIeHUs], MOy 3a CUMYJAIisl U OLEHKa U MOJYJ 3a
aJlanTBHA OOpaTHA Bpb3Ka. Te3u MOAYIH HE ca He3aBUCUMHU OJIOKOBE; M3XOIBT Ha BCEKHU
MOJYJI CTaBa BXOJ 3a CleJIBallUTe MOJYyJIu, a oOpaTHaTta Bpb3Ka OT CUMyJAlUsATa U
Ha0II0JaBaHUTE JAHHU aKTyaJIn3upa Mo-paHHU JOMYCKaHUs, OTPAaHUYCHHS U TTapaMETPH.

2.4.1 Ilsa10cTHA CHCTEMHA aPXUTEKTypa

ApxuTeKkTypata pasfens aHAIUTUYHUTE 3a7aud, KaTo ChIIEBPEMEHHO 3ama3Ba TAXHOTO
B3aumoJeiicTBue. [IporHo3upanero reHepyupa OLEHKH Ha ThPCEHETO, HO TE€3HM OLIEHKU HE Ce
M3II0JI3BAT AUPEKTHO KaTo pemeHus. MoaenupaHeTo Ha pecypcute npeoOpa3yBa ThPCEHETO
B HaTHCK BBbpXY Kamamnurera. OntumMuzanusTa TpaHcopMupa HaTUCKAa U OTPaHUYCHHATA B
KaHauaaTh 3a gedctBus. CumynanusTa TecTBa Te3W JACWCTBUS IIPU  CTOXACTUYHA
npomMenauBocT. OOpaTHarta Bpb3Ka akTyalM3Hpa CUCTEMaTa 3a CIeJBAIlus IMKBI Ha
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B3eMaHe Ha pemieHus. Ta3u MO/yJIHA CTPYKTypa MpaBH paMKaTa Mpo3padHa M MO-JecHa 3a
Banuaupane [96], [20].

2.4.2 UndopManoHeH MOTOK U MEXaHM3MHU 32 00PaTHA BPb3KAa

OOparHaTta Bpb3Ka HE C€ OrpaHHYaBa CaMoO JIO KOPUTHpaHE Ha TPEIIKH B MporHo3ute. Ts
CBIIO TaKa WACHTU(UIMPA CTPYKTYpHH CIabOCTH B NIpeaiokeHHTe pemreHus. Hampuwmep,
CHMYJIAIIUATa MOXeE Ja pa3Kpue, 4e ONTHMHU3UpaHa MOJUTHKA Ch3/1aBa IPEKOMEPHU OMAIIKU
B MHTEH3UBHOTO OTJEJICHUE, Y€ TUIAH 3a MPEXBBPIITHE MPETOBapBa KalaluTeTa Ha CIelIHaTa
MEIUIMHCKA TIOMOII B TMKOBU YaCOBE MJIM Y€ 3aBEJCHHE C HOMMHAJIECH CBOOO/IEH KalaluTeT
HE MOJKE J1a I0eMe MAaIMeHTH, 3al[0TO HAUIMYHOCTTA Ha TIEPCOHAN € HaMaJlsuIa. Te3u curHaim
3a oOpaTHa Bpb3Ka Morar na ObAaT mpeoOpa3yBaHW B JOMBIHUTEIHU OrPAaHHYCHHS,
KOPEKLUHU Ha CAHKLIMKTE WIK Ipeaynpeautensu uaaukaropu [100], [96].

2.5 KOMIIOHEHT 32 enuAeMHOJOTHYHO MOIeJIUPaHe

EnuneMuonornyHusaT KOMIOHEHT € npeackasBamuar apuraren Ha IHDSF. Herosara nen e
Ja IPeBbPHE TMHAMHUKATA HA MMpeJaBaHe Ha O0JIECTUTE B ONIEPATUBHU CUTHAIIM 34 ThPCEHE HA
TPWKHA B OTACJICHMSTA W WHTCH3UBHUTE OTHEICHHUS. B KOHTEKCTa Ha YHpaBJICHHETO Ha
3/IpaBeoIla3BaHETO 0 BPEME Ha MaHJEMHs, CaMOTO IPOTHO3MpaHEe Ha HHQPEKIMUTE HE €
JIOCTaThYHO. 3PABHUTE BJIACTU CE€ HYKIAST OT MPOTHO3M 3a MprueMa B OOJTHUIU, THPCECHETO
B MHTEH3UBHUTE OTIEJICHHUSA, TE)KECTTA HA ChbCTOSHHUETO HA MAIMEHTUTE, Bb3CTAHOBIBAHETO U
HaTHCKa, CBBbpP3aH CbC CMBPTHOCTTA, 3a Jla IUIAHUPAT Pa3NpEICICHHETO Ha PECypcuTe M
KoopauHanusaTa Ha kananurera [11], [108], [109].

EnuneMuonoruyHusST Moen, M3MOJI3BaH B Ta3u JucepTalusi, TpsiOBa Ja OTroBapsi Ha TpU
n3nuckBanus. Toil TpsOBa na ObJe eNUIEMHOJIOTUYHO HHTEPIPETUPYEM, H3YUCIUTEITHO
o0pa0oTBaeM 3a MHOTOKpaTHO KajJuOpupaHe M JOUPEKTHO CBBP3aH C HM3HUCKBaHMSATA 3a
3npaBHU pecypcu. [lopagu Tasum mnpuumHa guceprauusta Bb3npueMa SEIR-6a3upana
KOMIIapTMEHTHA CTPYKTYpa, pa3lIdpeHa ¢ KOMIIAPTMEHTH 3a XOCIUTAIU3alusa, HHTEH3UBHO
OT/IeTICHHE, BH3CTAHOBSIBAHE U CMBPTHOCT.

2.5.1 U300p Ha moaxoxa 3a Mmoaeimpane, 6asupan Ha SEIR

Crpykrypatra Ha SEIR e cbhBMecTMMa M ¢ BpemeBaTa cKajla Ha IUIAHUPAHETO Ha
3/IpaBeona3BaHeTo. ThpceHeTo B OOJNHUIMTE M HMHTEH3UBHUTE OT/AEICHHUS OOMKHOBEHO
pearnpa Ha TUHAMHKaTa Ha HH()EKIUUTE ChC 3aKbCHEHHE U TOBA 3aKbCHEHUE MOXeE Ja ObJe
NIPEJCTaBEHO 4Ype3 OTHAEJNCHHUsS, W3JIOKEHH Ha PUCK, MH(EKIMO3HH, XOCIUTAIU3UPAHU U
WHTCH3UBHHU OTIeNeHus. CIIeJ0BaTeIHO MOACTHT MOIbPKa KPATKOCPOUHH U CPETHOCPOTHU
MIPOTHO3H, KOMTO Ca IOJIE3HU 3a PELICHUs] KaTO aKTUBHMpaHE Ha MHKa, Mpepaslpe/ieieHue Ha
NepcoHaja U IIaHUupaHe Ha TpaHcdep mexay 3aBeneHusTa [108], [109].

2.5.2 Pazmmpena crpykrypa SEIR-H-1CU-D

Jonwenaurennure oraenenus H n ICU ca oT cbliecTBEHO 3HaY€HHE, 3al10TO MIPEICTaBIsIBAT
npsikaTa omnepaThBHAa TexecT Bbpxy OomHunure. CranmaptHust SEIR monen moxe aa
MPOrHO3UpPAa TOYHO HHGEKIUHTE, HO BCE IMaK HE MOXKE Ja HMH(OpMHUpA pelIeHusTa 3a
pecypcuTe, ako HE OLIEHM KOJIKO IMAMEHTH C€ HYXIAAT OT TPUXKM B OTHAEICHUE WU
UHTEH3UBHO jeueHue. CnenosarenHo H orneneHunero mpencrasisiBa MAUMEHTH, HYXIACLU
ce OT o0IM OOJTHUYHM I'PUXKH, TOKATO OTICICHHETO 33 MHTEH3UBHO JICYEHUE MPEJICTABIABA
MMALUECHTH, HYKJACIIU C€ OT PECYPCU 32 KPUTHUYHU IPUXKM, KATO CHELUAIU3UPAH IIEPCOHAI,
MOHUTOPHHTI, BEHTUJIATOPU U II0-BUCOKA UHTEH3UBHOCT HA IPUIKUTE.

Asmopegpepamu Ha oucepmavuu 2026 (11) 59-110



75 Jluensa Bepwuria

Extended SEIR-H-ICU-D Forecasting Structure

BSI/N oF pl YiculCU
S E I — H ICU R
Susceptible Exposed Infectious Hospitalized Critical care Recovered
Yil+yyH
: HycylCU
" v Deaths

Operational demand outputs:
ward demand H(t), ICU demand ICU(t)

Queypa 2.2. Paswuperna SEIR-H-1CU-D cmpyxkmypa 3a npocrnozupane, cévbp3sauja OUHAMUKAMA HA
UHperyuume ¢ MopCeHemo 6 OMOENeHUAMA U UHMEHIUBHUME OMOENEHUS.

Tabauya 2.1. OcHo8HU enudeMUOIO2ULHU CHCTNOSHUA U ONEPAMUBHO 3HAUEHUE

Horanus Omnpenenenne OnepaTuBHa MHTepHpeTaLKUs
S(t) YyBcTBuUTEIHA Tomyamust  JIuia, M3/105KeHH Ha PUCK OT MH(EKIHSI
E(t) W3noxeHo HacelneHne 3apa3eHu, HO BCE OIIE HE 3apa3HHu JIIa
I(t) 3apa3Ha momynamus JIuna, ciocoOHM J1a mpegaBat
H(t) Xocnuranu3upaHu TobpceHe Ha 3paBHU YCIYTH HA HUBO
MalUEHTH palioH
NuTeH3uBHO [TanrieHTH B MHTEH3UBHO TBpceHe Ha NHTEH3UBHO JICUEHUE U
oTeneHue(T) OT/ICJICHUE HATUCK BBPXY PECYPCUTE B
WHTEH3UBHOTO OT/ICJICHHE

D(t) [Tounnano HaceneHue ChcTosIHUE Ha MOTITBINAIA CMBPTHOCT

2.5.3 ChopaBsiHe ¢ HECUTYPHOCTTa HAa eNUAEMHOJOTHYHUTE
napamMmeTrpu

HabopbT oT HeompeneneHocTH MoXke Ja ObJe KaauOpupaH MO HIKOJIKO HauumHa. AKO ca
HaJIMYHU JOCTATBYHO JaHHHU, AOBCPUTCIIHUTEC HHTCPBAJIM OT OLCHKATa Ha MMapaMCTPUTEC
MoraT Jla OINpeNeNaT JOJMHW W TOPHU TpaHHLU. AKO JaHHUTE ca OrpaHMYCHH, €KCIEPTHO
)IC(bI/IHI/IpaHI/ITe coeHapun Moratr Jga Imnocodar IMNMECHMMHUCTHYHU, 0a3’0BM M ONTUMHUCTHYHHU
JMana3oHu Ha mnapameTpute. Mcropuyeckara NMPOMEHIMBOCT B Ppa3jIMYHUTE BBIHH WIH
PErvoHH CBINO MOXE Ja WHGOpPMHUpPA 33 JAOMYCTUMHUTE TpaHUIM. Ba)KHOTO METOIO0IOTHYHO
M3HCKBAHE € TPAHUIIUTE Ha HEONPeAeeHOCTTa Ja ObAaT JOKYMEHTUPAHU U UHTEPIPETUPAHU
KaTo 4acT OT JIOMYCKaHUATa Ha MO/IeTIa.

2.6 MoaeaupaHe Ha 3JpaBHUTE CHCTEMHU U pecypcHuTe

JlokaTo enuaeMHOJOTUYHUAT KOMIIOHEHT OLIEHSBAa IPOCTPAHCTBEHO-BPEMEBOTO TBHPCEHE,
TEHEPUPAHO OT MAHJEMUYHOTO IIPElaBaHE, ONEpPAaTUBHATa OCBIIECTBUMOCT 3aBUCH OT
CTpPYKTypaTa Ha IIpeajlaraHeTo B 3/lpaBHaTa cuctema. KamanuurersT Ha 3paBHUTE IPUKH 11O
BpeMe Ha MaHJeMHs He MOXKe J1a ObJie TpeAcTaBeH TOUYHO KaTo cTaTudeH Opoi neria. EnHo
JIErJIO € ONEPaTHUBHO H3MO0JI3BAEMO CAMO KOraTO € MOJKPENEHO OT MOAXOJSI IEPCOHAI,
o0opy/BaHe, CHa0AsBaHE C KHUCIOPOJ, KIMHUYHU MPOTOKOIM M OCBHIIECTBUMOCT Ha
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tpaHncgep. CrenoBaTelHO KamauuTeThT TpsOBa Ja ce MojeiIHpa KaTo JAWHAMHYHA U
MHOTrou3MepHa KoHCTpykuus [92], [105].

CrnosiT 3a MOJIeNIMpaHe Ha 3/IpaBHATA CUCTEMa M PECYpPCHUTE MPEBPbHIIA CMUAEMUOIOTHYHOTO
ThPCEHE B OINEPATUBEH HATUCK. TOW ompenesns pernoHajaHaTa OOTHUYHA Mpexka, OImpeaess
KOJIMYECTBEHO €(QEKTUBHUS KalaluTeT Ha OTACJCHHSITA W WHTEH3UBHHUTE OTICIICHUS,
MOJICJIUpA MOTOIUTE OT IMAIMEHTH IO MbTUIATa HA TPHUKHUTE, BKIFOYBA OIpaHUYCHUATA Ha
YOBEIIKUTE PECYPCU U OMpEJIeNsi MEPKUTE 3a U3IMO0I3BaHE U OallaHCHUpaHe HAa HAaTOBAPBAHETO.
Te3u eneMeHTH OCUTYpPSBAT CTPYKTypaTa Ha OCHIIECTBUMOCT 3a ONTHMHU3AIMOHHUS MOJIENT B
pazgen 2.7.

2.6.1 boiinnyHa Mpexka ¥ e)eKTUBEH KAaauuTeT

MpexoBOTO TpelcTaBsiHE € HeoOXOIuMO, ThH KaTo KamaluTeThT Ha 3/IPaBEOIa3BAHETO €
reorpadCK ¥ WHCTUTYLIHOHAIHO pasmnpeseneH. [lo Bpeme Ha MaHACMHS MPETOBAPBAHETO
pPSAIAKO € paBHOMEPHO BBB BCHUKM 3aBeleHUs. Hskou OOTHHIIM MOXe Ja ce cONbCKar ¢
M3KJIIOYUTEICH HATUCK B WHTEH3UBHUTE OTJEJICHHS, JOKAaTO APYTHU 3ara3BaT pPe3epBEH
karmauuteT. MonenupaneTo Ha cuctemara kato G = ( [,A ) mo3BossiBa Ha paMKara Ja OLEHHU
A TMPEXBBPISIHETO Ha TMAlMEHTH WM TpEepa3npelesieHneT0 Ha PecypchTe MoraT aa
HaMaJIsIT JJOKAIM3UPAHOTO IIPETOBapBaHe, 0€3 /1a Ch3/1aBaT HOBU 3aTPYAHCHUS APyTaJie.

2.6.2 OrpanuyeHusi HA MOTOKA OT MALMEHTH WU NMPEXBbLPJIAHETO
UM

Patient Flow and Healthcare Resource Pathway

Recovery
’ Discharge

admit deteriorate
Admlssmn Ward care ICU care
ED / triage i-—l W beds + staff ICU + ventilator death
() Mortality

e D state

recover

Effective capacity
depends on

,' inter-hospital transfer

if (i,j) € A and EMS capacity permits L‘ﬂ
. beds
v 288 staff
IHI Hospital j Capacity check B ventitators
receiving facility C_eff and staff
: transfer feasibility

Queypa 2.3. [Temam na 08udicenue Ha nayuenmume U 30pasHume pecypcu, Usnoi3eaH 3a npeocmaesane
Ha omoelenue, UHMEH3UBHO OMOeNeHlUe, NPEeXEbPIISIHE, 6b3CIAH0BA8AHE U HEDOCUS.

3ama3BaHeTO Ha IIOTOKAa OT IMalMCHTH € MCXAaHU3MBbT, KOUTO npeaoTBparsaBa U3KyCTBCHOTO
Ch37aBaHe WM MpeMaxBaHe Ha MAIMeHTH OT Mojena. [IpedposBaHeTo B CleaBaIIHs TEPHO/T
TpsiOBa Ja € paBHO Ha TEKYIIOTO MpeOposiBaHE TUIIOC MPHUEMa M BXOASAIIUTE TpaHChepH,
MUHYC M3XOMSIINUTE TpaHCchepH, H3MUCBAHUATA, CMBPTHUTE CIy4al U BBTPEIIHUTE OTIUBH,
KaTo CE JIO63B$IT BBTPCIIHUTE BXOAANIUM ITOTOIH, KBACTO € YMCECTHO. Tasu CYETOBOJHA
CTPYKTYpa € OT CBIIECTBEHO 3HAY€HHUE, KOraTo MOJEIBT C€ U3IMOJ3Ba B MPOIBIDKEHHE HA
HSKOJIKO TIEPHO/Ia, Thi KaTO MaJIKKM HECHhOTBETCTBUS MOTAT Ja C€ HaTpymnaT M Ja JOoBeAaT 10
HEpEATMCTUYHM ChCTOSIHUS Ha kananutera [110], [100].

Asmopegpepamu Ha oucepmavuu 2026 (11) 59-110



77 Jluensa Bepwura

2.6.3 PaGoTrHa cwia W KanamuTeT NpPH MNpeBHIIABAHEe Ha
KanamureTra

[TapamMeTspbT 32 U3UEpIIBaHE HA NIEPCOHAIA MOKE J1a MPEICTABIISABA MHOKECTBO OIEPAaTUBHU
HATOBapBaHUs, BKJIIOUUTENHO HHQPEKIUH cpel 3ApaBHUTE paOOTHUIM, W3MCKBAHUSA 32
KapaHTHHA, yMOpa, MperapsHe WIM IPEHACOYBaHE KbM JAPYrHM OTAENU. TBH KaTto Te3u
HATOBapBaHUs MOraT Ja BapupaT B pPa3JIMYHUTE JICUeOHHM 3aBEJCHMS, IapaMeThbpbhT cCe
UHJEKCUpa Mo JieueOHO 3aBeleHHe U BpeMe. ToBa Mo3BoJIsIBA Ha Mojeia Jla MpeicTaBs
JIOKJIM3UPAaHU KPU3U C paboTHATa CUjla, BMECTO J1a IIpUEMa €JHAKBa HAJIMYHOCT Ha IIEPCOHAI
B LisJIaTa MpEXa.

2.6.4 U3nos3BaHe v 0ajIaHCHMPaHe HA HATOBAPBAHETO

M3nonsBaHeTo HE € BKIIOYEHO C€aMO KaTO OIMCATENEH II0Ka3aTell; TO BIIMAE BBPXY
KayecTBOTO M 0€30IIaCHOCTTa Ha 3JlpaBHaTa CHUCTeMa. BHCOKOTO H3MOJI3BaHE MOXeE Ja
HaMald I'bBKaBOCTTA, Jla YBEJIMYM BPEMETO 3a YakKaHe, Ja OrpaHM4Yd CIOCOOHOCTTa 3a
pearupaHe IpM BHE3allHU XOCHMTAIM3ALUMU M Ja 3aCWIM HATHCKa BBPXY IIE€PCOHAIA.
MOHUTOPHUHIBT HA U3IOI3BAHETO 110 3aBEICHUE U HUBO Ha I'PHKA IIO3BOJISIBA HA paMKaTa Ja
OTKpHE KBJE € KOHIIEHTPUPAH PUCKBT OT IIPETOBAPBAHE.

2.6.5 O000meHne M BPb3KAa KbM ONITUMH3AUASTA

Crnosar 3a MojenupaHe Ha PECYPCHTE B 3/1pPaBEONAa3BAHETO YCTAaHOBSBA CTPYKTypara Ha
onepaTtuBHaTa ocbiiecTBUMOcT Ha [HDSF. Toli cBbp3Ba MporHo3ure 3a enueMuoJI0rnyHOTO
ThpCeHE ¢ e(PEeKTUBHUS KallalUTeT, 3a1a3BaHeTO HA MOTOKA OT MAllMeHTH, OChIIECTBUMOCTTA
Ha TpaHcdepa, OrpaHMYEHHUsTAa B IIepCOHala W HW3MCKBaHUATa 3a OalaHcHpaHe Ha
HaTOBapBaHETO. Te€3M €JIEMEHTH OCUTypsBaT OIPaHUYEHUATA U KOMIIOHEHTUTE Ha IIeJIeBaTa
(GyHKIMS, U3MO0JI3BaHU B YCTOWYMBUS MHOTOLIEJIEBU ONTHUMU3AILMOHEH MOJEN, pa3paboTeH B
paznen 2.7 [92], [105].

2.7 CTpaTernu 3a ONTUMHU3ANUA U AJITOPUTMHUYEH TU3AHH

EnnaeMuonoruuyHusT MOAEN IPOTHO3MpPAa TBPCEHETO, a PECYPCHUAT MOJEN OIpeneis
OIlepaTUBHATA OCBIIECTBUMOCT. LleHTpanaHaTa mpeanucarenta 3a1a4a € 1a ce ONpeesiu Kou
peleHus 3a pasnpeeneHue TpsAoBa J1a ce Mpuarar, KoraTo 3JipaBHaTa cUCTeEMa € U3IpaBeHa
IpeJl HECUTYPHO THPCEHE, OCKBJIHU PECYPCH M MPOTHUBOPEUYMBH KIMHUYHU U JIOTHCTUYHU
nenu. CnenoBaTeNHO, KOMIIOHEHTBHT 3a ONTHUMM3ALMSA € NPEINUCATENHUAT JABUraTesl Ha
[HDSF. Toii TpanchopMupa IpOrHo3uTe 3a THPCEHETO U OIpaHUYEHHITA HA KamaluTeTa B
peleHus 3a pasmnpeneneHue, Tpancdep, yBearMuaBaHe Ha Kamanurera u nepconan [92], [8],
[22].

Pasnpenenenuero Ha 3ApaBHHUTE pecypcH MO BpeMe Ha MaHaeMus € (HOopMyJIHpaHO KaTo
cTaOuiaHa MHOTOLENIeBa ONTHMM3AI[MOHHA 3ajadya, Thid KAaTO HUTO €IUH HHJUKATOp He
oOxBala TNPEAU3BUKATEICTBOTO TIpH B3eMaHeTo Ha pemieHus. Crparerus, KosTO
MUHUMU3HUpa TpaHchepuTe, MOXKe [a mperoBapu Hikou OonHunu. CTparerus, KosTO
OajaHcupa HATOBapBAaHETO arpeCHBHO, MOXE Ja YBEIMYH TPAHCIHOPTHOTO HATOBAapBaHE.
Crparerusi, KOSTO MUHUMH3HMPA HE33J0BOJICHOTO TBPCEHE, MOXKE Ja W3UCKBA CIICIIHH
pesepBHU pecypcu. CreoBaTeNIHO MOJECIBT 3a ONTUMHU3AIMS TpsiOBa Ja INPEACTaBIIsABA
KOMITPOMHUCH MEXAY KJIMHMYHATA 3alliTa, PErHOHATHOTO OallaHCHpaHe Ha HAaTOBapBaHETO,
JIOTUCTUYHATA OCBIIECTBUMOCT U ONIEpaTUBHATA YCTOMYUBOCT.
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2.7.1 IlIpoMeHIMBY HA PELIEHUATA U OCHIIECTBMMO MPOCTPAHCTBO

Bb3M0OKHOTO MPOCTPAHCTBO 3a B3€MaHE HA PEIlIeHUs He € CTaTUYHO. To MOXKe /1a ce MPOMEHs
C IMpOMSIHATA Ha KalalHUTeTa, HAJTUYHOCTTA Ha MEPCOHAN, MAPIIPYTUTE 32 MPEXBBPISHE WIH
WHCTUTYIMOHATHUTE TpaBuia. Hampumep, ako paneHo 3aBefieHHE 3ary0M IEpcoHall B
WHTEH3UBHOTO OT/AEICHHUE IMOPaad OTCHCTBUSA, €(DEKTHBHUAT KamalUTeT U BB3MOXKHOTO
pasmpeneneHue TpsAOBa Jga ObaaT akTyalu3upaHud. Ako KamanuTeTbT Ha CremiHa
MEIMIIMHCKA ITOMOII[ HaMmajee, BH3MOXHOTO KOJMYECTBO MPEXBBPIISIHE TpsiOBa aa Obae
HamaneHo. PaGoTHHAT mpollec ¢ MJIaBeH XOPU30HT B pazaen 2.9 e mpoekTupaH Ja ce
aKTyaJM3upa C mosiBaTa Ha HoBa orepatuBHa uadopmanus [92], [107].

2.7.2 ®@opmyJaMpaHe HA MHOTOLeJIeBA ONITUMMU3 AU

Hopmanusupanero Ha menuTe 3aciyXkaBa CHEIHATHO BHHUMAaHHE, TbhM KaTO YETHPUTE
KOMITOHCHTA MIMAT Pa3InIH (U3MYECKU 3HAYCHUS W BeIMYMHU. He3amoBOJICHOTO ThpceHe
MOXE Jla C€ M3MEPH IMpH NAIMEHTH, MUCOATaHChT Ha HATOBApPBAHETO - NPH OTKIOHCHUS B
M3MOJI3BAaHETO, TpaHC(epuTe - MPU JIBIKCHHS Ha MALUCHTH, MPETETJICHH M0 Pa3CTOsIHUE, U
MMKOBOTO M3IOJI3BaHEe MPU aKTUBUPAHU CIEIIHU pecypcu. be3 HopManu3upaune, 1ienra ¢ Haii-
TOJISIM YHCJICH Mamad Ou MorIia Jia JOMUHUPA PEIICHUETO, JOPU aKO B3EMAIIIUTE PEIICHUS HE
ca TpeABUAMWIM To3u mpuopurter. CieI0BaTeIHO HOPMAJIM3UPAHUTE 1M IMPaBAT TerjaTa
MHTEPIPETUPYEMU KaTO MPEANOYUTAHHA MApaMETPH, a HE KaTo CIy4ailHU IpeoOpa3yBaHus HA
equHuAnm [22].

2.7.3 HagexaeH aHAJIOT NIPH eNUIEeMHOJIOTHYHA HECUTYPHOCT

HanexxauusT ananor e ocoOeHo MoJie3eH B paHHUTE a3y Ha enuJeMusiTa, KOraro OLeHKUTE
Ha TapaMeTpUTe ca HEeCTAOWIIHM M THPCEHETO Ha OONMHHYHU YCIYT'H MOXKE Ja C€ yBEIUYH
0bp30. [Ipu TakuBa yciaoBusi, AETEPMUHUCTUYHO PEIIeHHE, 0a3MpaHO HA €AMHUYHA MPOTHO34,
MOXKE Ja JOBele A0 KpeXKH IIJIaHOBe 3a pasmpeneneHue. HanmexknHata dopmymupoBka
BMECTO TOBA OLICHSIBA PEIICHUSITA-KAaHAUAATH CIIPSMO HEOJAroNMpUsTHHU, HO MPABIONOI00HN
YCIIOBHSI, HAMAJISIBalKM BEPOSITHOCTTA Ja/IeHA TOJMTUKA Ja CTaHE HEMPUIIOKUMA CKOPO CIex
npunarasero u [20], [102].

2.7.4 OCHOBHM OrPpAHUYEHUS HA ONITUMHU3ALMOHHUS MO/IeJI

OrpaHuveHreTo Ha KamaluTeTa MpeAoTBpaTsIBa MPEBUIIABAHETO HA €EKTUBHUS KaraluTeT
Ha TpeTHpaHus npedpouten. B peanHu cucteMu KpU3UCHHUTE YCIOBUSI MOTaT Jia JOBEAAT 0
TPYKU M3BBH HOPMAJIHUS KalalUTeT, HO TaKkoBa MpETOBapBaHE HE TPpsOBa Ja ce CKpHE B
Mojienia. AKO € paspenieHO TpembliBaHe TPH CHEIIHK Ciy4aud, TO TpsOBa na Objae
MPEACTAaBEHO HU3PUYHO Ype3 CaHKIMM 3a NUKOB KalalWuTeT, HEJOCTUI WIM Ipar Ha
0€30MMacHOCT, a He Ype3 THXO HapylllaBaHe Ha OTPaHUYCHUATA Ha KalaluTeTa.

2.7.5 XuOpuaeH moaxox 3a ONTUMHU3ALUA

XuOpUIHUAT TOAXOJ OTpa3sBa MPAKTUYECKOTO HAMPEKEHHE MEXAy MaTeMaTHdecKara
CTPOTOCT W TIOJIE3HOCTTA B peaqHo BpeMe. TouyHaTa ONTUMH3AIUS € >KeJaTeNIHa, 3alloTo
OCUTYpsIBa CHJIHU TapaHIIMHU 3a OmpejeseHata (popMyIupoBKa, HO B3€MaHETO Ha PEIICHUS
MIPU KPU3HW MOJKE J1a M3UCKBA PEIICHUS B PAMKUTE Ha OorpaHnueHo Bpeme. KoraTo mpo6iemMbT
CTaHC TBBHPAC I'OJIsIM 3a TOYHU MCTOAU, CBPUCTUYHHU WM CUMCBPUCTHYHU MMPOUCAYPHU MOTaT
Jla OBEIAT 10 BUCOKOKAYECTBEHU PEIICHHS, KOUTO Ca OMEPATUBHO IMOJIE3HU TOpH 0€3 IbJIHH
JokazaTesicTBa 3a ontumannoct [107], [111], [112], [113].
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2.8 UnTerpupane Ha CUMYJIALUA U ONNTUMH3AUAS

MonensT 3a onTuMH3alus, pa3paboTeH B pa3zein 2.7, reHepyupa KaHAUIATH 3a MOJIUTHUKH 3a
pasnperieNiecHne Ha pecypcd, TpaHchep M CBPBXIPOM3BOACTBO. Bbmpeku ToBa, eaHa
MaTEeMaTHYeCKH OCBHIIECTBMMA IOJUTHKAa MOXKE BCE OIIE Ja ce MpelcTaBs cinabo IMpu
CTOXAaCTUYHHU YCJIOBUS Ha MOTOKA OT MAaIlMEHTH. 3iPAaBHUTE CUCTEMHU MO BpEME Ha MaHIeMUs
ca 3acerHatd OT CJIy4alHM MPUCTUTaHUS Ha MAllMeHTH, HECUTypHa KIMHUYHA MPOTpecHus,
MPOMEHJIMBA MPOJIBIDKUTEITHOCT HAa TPecTos, 3a0aBsHUS Ha TpaHCdepa, OTCHCTBHS Ha
MepcoHajla U MpPEeTOBapBaHE HAa MHTEH3UWBHUTE oTaeieHus. Ilopaau Tasm npuumna [HDSF
BKJTFOYBA BaJUIAIIMOHEH CJI0H, 6a3upan Ha cumynamus [92], [8], [77].

Cumynanusara Ha quckpetnu csoutus (DES) ce n3nonssa 3a oneHka Ha KaHAUJAT-TIOTUTHKI
P CTOXAaCTUYHU omnepatuBHU ycioBus. DES criost mpencraBnsBa HpUCTUTaHHATA Ha
MAlUEHTH, MPUEMaHUATa, MPEMECTBAHUATA MEXAY OTICIICHUS U HHTCH3UBHHU OTAEICHUS,
MPEXBBPISHUITA, HM3MUCBAHUATA, CMBPTHUTE CIIy4yaW, OIAIIKUTE M KOHKYPEHIUATA 3a
pecypcu. llenta My He e 1ga 3amMecTH ONTHMHU3ALIMOHHUS MOJEN, a Ja TecTBa JAaju
ONTUMU3UPAHUTE TIOJIUTUKH OCTABAT OMNEPATHUBHO OCBIIECTBUMHU, KOTAaTO CE€ BBBEC
npoMeHIuBocT. TepMuHbT ,,o00eH Ha uudpoB ONHM3HAK™ Ce H3MOJ3BAa MIPEANa3IUBO:
CUMYyJIallUsITa € OINEpPAaTUBHO TNPEJCTaBsIHE Ha 3JIpaBHATa MpEXka, JOCTaThYHO 3a CTpec-
TECTOBE, a HE MBJIHO BH3MPOU3BEKIAHE HA BCEKM MUKPOCKONUYEH KIMHUYEH neraiin [77],

[100].

2.8.1 Cioii 32 cumyJialius HA IMCKPETHHU ChbOUTHSA

DES cnost e moaxopsi, 3amioTO 3ApaBHUTE OMNEpalUUd Cca YHPaBISBaHH OT CHOUTHS.
[Ipuemane, pasnpejeneHue Ha Jieriia, BIOMIABaHE, MPEMECTBAHE B MHTCH3WBHO OT/CIICHUE,
BB3CTAHOBSIBAHE, M3MHCBaHE, CMBPT M MPEMECTBAaHE MEXKJIY 3aBEACHHUS CE€ CIyyBaT B
OTIpe/Ie]IiecHd MOMEHTH M TPOMEHST CHCTOSHHETO Ha cUcTemara. MoJenupaHeTo Ha Te3H
ChOUTHSI M3PUYHO TO3BOJIIBA HA paMKaTa /Ja OIIEHM BpeMeHaTa 3a 4YakaHe, OMAaIIKUTe U
MOACIIMUTEC Ha 3aJpbCTBAHUSA, KOWUTO € TPYAHO Ja C€ YIOBAT B ACTCPMHUHUCTUYCH
onTUMH3aIMOHEeH Moxen [77], [97].

2.8.2 IIbTHIIa HA MAIHEHTHTE U MOKA3aTEJIN 32 e(PEKTUBHOCT

[TarueHT MOXXe /Ja MOCTBIM B CHUCTEMara 4ype3 CIEUIHO NpHueMaHe, Ja Ob/e Ha3HauYeH B
OTJIeJICHHE 3a TPHXKH, J1a CE BJIOLIM B MHTEH3MBHO OT/IEJIECHHUE, /1a Ce B3CTAaHOBU M Jia Oble
U3MMCaH, Ja MOYMHE WIM Ja ObJe MNpeMecTeH B JApPYyro 3aBelleHue. Te3u NbTUIIA
CHOTBETCTBAT HA EMHJIEMHOJIOIMYHUTE U PECYPCHUTE KOMIIOHEHTH, Ae(PUHUPAHU 1TO-PaHO, HO
DES no0aBs croxacTUYHO BpeMe U KOHKYpeHIHs 3a pecypcu. llpu Bcsiko cbOutue ce
MIPOBEPsABAa OCHIECTBUMOCTTa Ha pecypcuTe. AKO HEOOXOJUMHUAT pecypc He € HaJIHMyeH,
MAUEHTHT BJIM3a B CHCTOSHHME HA OINAIIKa WM HEAOCTHUI, KOETO MO3BOJIABA HA MoJena Aa
OLICHM BPEMETO 3a YaKaHE M PUCKA OT IPETOBAPBAHE.

2.8.3 Cebp3Bane Ha DES ¢ moayJia 3a ontumu3zanus

Bp1)31<aTa MCXKAY CUMYyJalusgd W ONTHMU3AlHA € ABYIIOCOYHA. OHTI/IMI/I33HI/IOHHI/I$IT MOICII
reHepupa KanaujaT-monutuka u*, moxkatro DES cnost oneHsiBa Ta3u MOJNUTHKA TPHU
CTOXAaCTHUYHHU YCIIOBHSI Ha TIOTOKA OT MAIIMEHTH. 3a BCSAKA PEIUTMKAIMS CE B3eMa MU3BajKa OT
CTOXAaCTHUYCH CHeHapHﬁ, TaKa 4€ €¢AHa U Chlla ONTUMHU3HUPAHA IMOJIMTUKA Oa MOXKC Oa 6’[),[[6
OLICHEHA CIIPSIMO MHOXECTBO pealM3aliyd Ha TPUCTHTaHE HA TMAaleHTH, 3a0aBsHE Ha
Tpancdepa u Bpeme 3a oociyxsane [112], [113].
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2.8.4 IIparose 3a 0e30mMacHOCT, 00paTHA BPb3KA U BaJIMAMPaHe

[IparoBere 3a 6e30MacHOCT MPEBPBIIAT CUMYJIAMOHHUTE JaHHMU B MpABWIIA 32 B3€MaHE Ha
pemenusa. B cnos DES, npaBunoto 3a 6e30macHOCT Ha UHTEH3UBHOTO OTAENIEHHUE MOXKE Ja
ObJie M3pa3eHO KaTO MAaKCUMAIHO IPUEMIIMBA BEPOSITHOCT BPEMETO 32 YaKaHe, U3M0JI3BaHETO
WIM HE3aJ0BOJCHOTO ThPCEHE HAa HMHTEH3WBHU TPWKU Ja HAABHUILAT IPEABAPUTEIHO
onpexenex npar [77], [97].

2.9 PaGoTeH npouec 3a MOANOMATaHe HA B3¢MAHETO HA PelIeHUs U
aJanTUBHA JIOTUKA

IHDSF e npoektupana KaTo cCHUCTeMa 3a MOAINIOMaraHe Ha B3E€MAaHETO Ha PEIICHUS C
MOJIBYDKEH XOpW30HT. [Ipm BesKO akTyanusupaHe t ce ChOMpaT HOBU CMUIECMHOJOTHYHH,
OOJHUYHHU, EPCOHAIHU U JIOTUCTUYHU JIaHHU, KOUTO c€ TpaHCPOpPMHUpAT B aKTyaIU3UpaHa
OIICHKa Ha CBhCTOSIHUETO Ha cuctemara. Ciiel ToBa MOJACIBT MpEeKaIuOpupa mapameTpure,
reHeprpa IMPOTHO3M 3a TBPCEHETO, pellaBa MpodiieMa ¢ ONTUMH3ALUATA, BaIUIUAPA
pelieHusITa Ha KaHAUJAATUTE 4Ype3 CHUMYJAlus U MPENOCTaBs MPENOPBKU 3a Mperjien OT
yoBeK. Ta3u IMUKIMYHA CTPYKTypa € HeoOXoauMma, 3amoTo MHbopManusaTa 3a MaHaeMHusITa
O0bp30 octapsiBa [114], [115].

2.9.1 IIpouec Ha moaAMOMAraHe HA B3E€MAHETO HA peELICHUSA B

pcaiHO BpeMe

PaGoTHusAT mporec e mpoekTupaH na ObJe CHBMECTMM C OOJHHYHHM HHOOPMAIMOHHH
cucTeMH, IIaTopMu 3a yIpaBieHHE Ha Jieryia, JaHHH 3a 00IIeCTBEHO 3/IpaBHO HAOI0IEHHE,
JocHeTa 3a MEpPCOHal M PEeruoHadHu 0a3u JaHHU 3a KoopauHanus. CbBMECTHMOCTTAa HE
03HAay4aBa, Y€ MOJEIBT € aBTOMAaTU4YHO MHTEIPUPAH C €JIEKTPOHHUTE 3/IpaBHU JOCHETA BbHB
BCEKM €MIUPHUYEH KOHTEKCT. J[eHCTBUTEIIHOTO HMBO Ha MHTErpalys 3aBUCH OT HaJlM4yHaTa
nH(ppacTpyKTypa 3a JaHHU U MHCTUTYLIMOHAIHUTE pa3pettenus [115], [116].

2.9.2 AjanTMBeH MeXaHHM3bM C ITb3rall ce XOPU30HT

Rolling-Horizon Adaptive Decision Mechanism

Shifted planning horizon after new data

4 Planning horizon H_p

Data up:

Forecast
hospital state demand over H_p

Only near-term actions a

Optimise alidate
candidate policy simulation + alerts

lemented; the full horiz

ecalculated after each update.

Queypa 2.4. Adanmueen mexanuzvm 3a 63eMaHe Ha PeuleHUs ¢ NOOBUNCEH XOPUSOHM.

Pazrpannuenrero Mexay XOpU30HT Ha TUTAHUPAHE U XOPU30HT HA U3MBJIHEHUE € OT OCHOBHO
3HaueHue. XOpU30HTHT Ha IJIaHUpaHe MMO3BOJISIBA HA MOJIeNa /1a MpeABMK/Ia ObAeHN TUKOBE
Ha THPCEHETO, JIOKATO XOPU3OHTHT HA M3IIBIHEHHE MPEUYM Ha CUCTEMAaTa Ja C€ aHTaXHupa C
JBJIBT TUJIaH, OCHOBAH HAa HECUTYPHHU NPOTrHO3U. Hanpumep, equH Moaen MoXe /1a IUIaHupa 3a
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14 nmuu, HO nma peanusupa camo cienBammre 24 win 48 daca TpaHcepu U pelieHus 3a
MepCOHA.

2.9.3 YnpagJjieHue ,,40BeK B HMKbJIA*“ U pe3yJTaTu OT Ta0JI0TO 3a
ynpaBJjieHHe

YoBemKkusAT mperiea € ocoOCHO BaKEH, ThH KaTO ILEIUTE 3a ONTUMHU3AIUsA HE MOrar jJa
KOJMPAT HAIBJIHO BCUYKH €TUYHH W KIMHUYHH ChOOpakeHUs. Hampumep, MpexBbPISIHETO
MOXE J1a € MaTeMaTH4eCKH e(PEeKTHBHO, HO HEMOIXOJIANIO0 3a KIMHUYHO HECTaOMIICH
nauueHt. [Ipenoppkara 3a nepcoHan MOXe J1a € OChIIECTBUMA KaTo 1sJ10, HO HEMpHEeMIIUBa
Mopajd yMOpa WJIM 3aKOHOBH OTpaHUYCHHS Ha paOOTHOTO BpeMme. YIpaBJIECHUETO ,,9Y0BEK B
LIUKBJIA® TapaHTHpa, Y€ pe3ylATaTUTe OT MOJelia C€ UWHTEpPHpeTupar B peaTHus
WHCTUTYIIMOHAJIEH KOHTeKCT [115], [117].

2.9.4 AIrOpuTMHYHO ONIMCAHME HA A/JANITUBHUS Pa00TEH NMpoIec

AnroputMbT MOXke Ja ObJe peaJu3upaH C pa3jMyHd HUBAa Ha apromarusanus. B
M3CJIEI0BATEIICKU MPOTOTHUIT HAKOJIKO CTBIIKM MOTaT /1a C€ U3BBPILBAT PhYHO, KATO HAIPUMEDP
MOArOTOBKA HA JIaHHU, KanuOpupaHe Ha NapaMeTpu M INperyie] Ha pe3yiaTaTuTe OT
cumynanusTa. [lpu onepaTuBHO BHEApsSBaHE TE€3U CTHIKKM MOrar Ja ObJaT WHTETPUPAHU C
TabJa 3a yrnpaBieHHe U OOTHUYHHA WH(OPMAIIMOHHHA CUCTEMHU. METOIOIOTHYHUST IIPUHOC Ha
['maBa 2 He 3aBuUCHM OT IIbJHATa aBTOMATH3alUs; TOM 3aBUCH OT CTPYKTypUpaHaTa
MIOCJICZIOBATEIHOCT Ha aKTyalM3upaHe, NPOrHO3MpaHe, ONTHUMM3AlMs, BaTUAMpPAHE Ha
CUMYJIalUsTa U YOBELIKU MIPErie.

2.10 Pe3rome Ha 11aBara

B Tta3u rnmaBa e pazpaboTeHa IpeasioxKeHaTa HHTeTpupaHa XHOpH/IHA paMKa 3a MoJIIoMaraHe
Ha B3eMaHETO Ha PELIeHUs 3a ONTHMHU3ALMA Ha 37paBHATa CHUCTEMa MO BpeMe Ha MaHJeMHUs.
PamkaTa mHTErpHUpa enuaIeMHONIOTHYHO MPOTHO3UPAHE, MOJISIMPAHe HA 3APABHUTE PECYPCH,
cTabWiIHa MHOTOIleJieBa ONTHUMHU3ALMS, CUMYJalMs Ha JUCKPETHH CHOMTHS M aJalTHBHA
oOpaTHa Bpb3Ka C MOJBUKEH XOPU30HT B €IMHHA METOA0JOIHMYHA CTpyKTypa [96], [20], [8],
[77], [117].

I'maBata mbpBO (opMynHpa YHpaBISHHETO Ha 3/paBEOIa3BaHETO IO BpeMe Ha MaHAEMUs
KaTo JUHaAMH4YeH npoOjeM 3a MOoJNOMaraHe Ha B3€MaHETO Ha pEIIeHHs B YCJIOBUSA Ha
HecurypHocT. CucremaTta Oele npeicTaBeHa uype3 3aBUCUMH OT BPEMETO €MUIeMUOJIOTHYHI
U OINEpaTHMBHU CBCTOSHHSA, NPOMEHJIMBH HAa pEIHICHUATa, MHOXECTBAa OT HECHUTYpPHOCT,
IIPOTHO3U 3a ThpPCEHE, €(PEeKTHBEH KamalWTeT, MPOMEHJIMBH Ha HEJOCTUT, TpaHC(epu Ha
NAIMEeHTH U OTPaHUYEHUs 3a ocbliecTBUMOCT. OOXBaThT Ha MoJela Oelle OnpeesIeH OKOJI0
peruoHajiHaTa KOOpIMHAIMS Ha 3paBeola3BaHETO, JOKATO MO-IIMPOKHUTE IOJIUTUKH B
obyacTTa Ha OOIIECTBEHOTO 3/paBeona3BaHe Osxa TPETUPAHU KAaTO €K30T€HHHU CIIEHApHIHU
BXO/THH JIaHHU.

EnmnemMuonornyHusT KOMIIOHEHT € pa3zpadoreH ¢ momomra Ha pasmmpena SEIR-H-ICU-D
CTPYKTYpa, KOSTO CBbp3Ba JAMHAMHUKaTa Ha WH(EKIHHUTE C THPCEHETO B OTACNCHHITA U
WHTCH3WBHUATE OTACICHUSA. TO3M MOJEN OCHTYpsiBa NMPOTHO3HHUS CIIOM Ha paMKara, KaTto
TpaHchopMHpa TPACKTOPHUHUTE HAa HH(EKIMHUTE B CHTHAIM 3a OINEpPaTHMBHO THPCEHE Ha
3IpaBHU TpWXH. HecurypHocTTa B €NMIEMHUOJIOTHYHUTE IApaMETPH € IpEeACTaBeHa 4Ypes3
OTpaHUYEHU MHOXECTBa OT HECUTYPHOCTH, KOETO IO3BOJISIBA IO-KBCHH pEIICHUS 32
ONITUMH3AIMA J]a ObJIAT OLICHEHH MPH MIPABIOINOA00HU CIICHAPHH.

Asmopegpepamu na oucepmavuu 2026 (11) 59-110



OnTUMMU3aIMOHHY CTPATETWH U aJITOPUTMH 34 pelllaBaHe Ha IIpo0JIieMu Ha 37[paBHATa cucreMa ... 82

CrosaT 3a MoaenupaHe Ha 3JIpaBHUTE PECYpCH IMpeJCTaBisABaIle OOJHMYHATA MpEXKa,
Kananyurera Ha OTACJICHHATA W WHTCH3MBHUTE OTJCJICHUS, HAIMYHOCTTA HAa TIEPCOHAI,
BEHTUJIATOPHUTE, OCHIECTBUMOCTTA HAa TpaHC(hEp, MOTOIUTE OT MAIMEHTH ¥ M3UCKBAHUSITA 32
OaslancupaHe Ha HaToBapBaHeTO. EdekTuBHHMAT KamarmuTeT Oeme neGUHUpPAH KaTo
KOJIMYECTBO C OTPAHNYEH KalalHuTeT, a He KaTO HOMHHAJIECH OpOii JIeriia, KOeTo rapaHTupa, e
MOJISITBT OTpa3siBa ONepaTHBHATA OCHINECTBUMOCT. [IpoMeHIMBUTE 32 HepOCTHT, TpaHchep,
MEPCOHAN M M3TMOJ3BAHE OCUTYPSBAT TUPEKTHUS MOCT MEXKIY MMPOTHO3UPAHETO HA THPCEHETO
Y ONITUMU3AIIUATA.

KomnoneHTsT 32 ontuMu3anus GopMyiaupa yrnpaBIeHHETO Ha 3/IpaBeONa3BaHETO IO BpeMe
Ha NIaHJIeMMs KaTo CTaOWJIEH MHOIOLEeJIeBeH IpobieM 3a B3eMaHe Ha pemeHus. Llenra
OajaHcupa HE3aJ0BOJICHOTO TBPCEHE, PHCKA, CBBP3aH ChC CMBPTHOCTTA, TEXKECTTa Ha
TpaHcgepa, qucOanaHca IpU U3MOJI3BaHE M M3MOJI3BAHETO HA PECYPCH B pe3yaTaT Ha IHK.
CTaOUIHHUAT KOMITOHEHT OTYMTAa HECHTYPHOCTTA B CMUAEMHOJOTHYHUTE W ONEPATHBHHUTE
napaMeTpH, J0KaTO XUOPHIHUAT MOAXOJ 3a pelleHue KOMOMHHMpa TOYHA ONTHUMM3ALUs C
€BPUCTHYHO WJIM CUMYJIALIMOHHO MOJIIOMAaraHo ThpCceHe, KOraTo € He00X01UMO.

[JIABA 3: CbBUPAHE HA EMIMPUYHU JIAHHM,
MAPAMETPM3AIIMSA U EKCHOEPUMEHTAJIEH
JIN3AH

3.1 Ka3yc 3a COVID-19 B KocoB0 4 U3TOYHUIIM HA JAHHHU

Tabnuya 3.1. Habop om oannu 3a COVID-19 u 6ornuuen kanayumem wa Hueo oowuna é Kocoeo,
UBNON36AH 3A NOO20MOBKAMA HA eKCNEPUMEHMA

O0muna Hacenenne  Jlerna Suyapckn  cayyaum mpes KymynaruBHu
cayqyamn (peBpyapu caydau

[Tpumuna 210 000 800 1200 1500 2700
[Ipuzpen 178 000 600 800 900 1700
[es 130 000 400 500 600 1100
I'sskoBa 94 000 300 400 450 850
Murtposuna 85 000 250 300 350 650
Oepu3zait 110 000 350 500 550 1050
'aunan 100 000 300 450 500 950

KocoBo e u3non3BaHo B Ta3W qucepranus KaTo eMIMPUYEH Ka3yc B 3[paBeOINa3BaHETO 3a
OLICHKa Ha CTpaTeTMH 3a MPOTHO3MpPAHE, ONTUMHU3AIMS U CHUMYJALMs, CBBP3aHU C
nanaemusara. KazycsT € ymecteH, ThiM kato KocoBo mpencraBisiBa 3apaBHa cpena C
OTPaHUYEHU PECypCH, B KOSITO TMAHAEMUYHHUAT HATUCK, OOJHUYHUAT KaMaluTeT W
peruoHaJiHaTa HAJIMYHOCT Ha YCIyTd MOraT Ja Ce pa3iuyaBaT 3HAUWUTEIHO B Pa3jIMYHUTE
obmuan. Te3u yciaoBus paBsIT cTpaHaTa MOAXOINA CPeIa 3a U3CIEABaHEe KaK MOJIEIIUTE 3a
MoJANOMaraHe Ha B3€MaHETO Ha pEeIllIeHUs, OCHOBAaHM Ha JaHHH, MOTaT Ja IMOAINOMOTHAT
IJIAaHUPAHETO Ha 3PaBEONa3BaHETO M0 BpeMe Ha MaHIEMUYHHU U3BBHPEIHU CUTYaIUH.

Emnupuunust ¢okyc Ha Ta3u IjlaBa € U3rpaXKIaHETO Ha CTPYKTypHpaH HAaOOp OT JaHHU,
KOWTO MOXe€ J1a MOAIIOMOTHE TIO-KbCHUTE U3YUCIUTEIIHA MOAYJIH Ha qucepranusata. HabopsT
OT JaHHM KOMOHMHMpA ENHUJIEMHUOJIOTHYHA, AeMorpadcka u MHpopMaIus 3a Kanalurera Ha

Asmopegpepamu Ha oucepmavuu 2026 (11) 59-110



83 Jluenza Bepwuria

3IpaBEOIa3BAaHETO HA OOMIMHCKO HUBO. ENHIEMUOIOTHYHUSAT KOMIIOHEHT OOXBalla
nokinaaBanute ciaydan Ha COVID-19, nokaro aemMorpadCKuaAT ¢ KamarUTETHUSAT
KOMITOHEHTHU TMPEAOCTaBT JIaHHU 3a pa3Mepa Ha HACEJICHUETO W HATMYHOCTTA Ha OOJHUYHU
nerna. Te3nm NMPOMEHIMBH ca HEOOXOAMMH, 3allOTO JAWCEpTallUiITa HE aHaJu3upa CaMo
WH(EKIMO3HUS HATUCK, TS OICHSIBA Kak WH(MEKIIMO3HHUIT HATHUCK B3aUMOJICHCTBA C
OTpaHUYCHUTE PECYPCH 3a 3[[paBeorna3BaHe.

3.2 BkirouBaHe HA OOIIMHUTE, IbJHOTA U HAJAEKIHOCT HA JAHHUTE

To3u pasmen ompenens kak HaOMIONEHHUSATa HA HUBO oOmIuHA, omucanu B Pazmen 3.1, ce
n30MpaT, MpoBepsABAaT M IOATOTBAT 3a M3IOJI3BaHE B E€KCIEPUMEHTUTE Ha JUCEpPTALUATA.
Lenta Ha pa3zena He € J1a ce MOBTOPH IIbJIHATa TabiauIla ¢ Habop OT JaHHU, a J]a c€ yCTaHOBU
[Ipo3payHa JIOTMKa Ha BKJIIOUBaHE, KOSTO MIPABU BB3MPOU3BOJUMHU MO-KBCHUTE PE3YITATH OT
MIPOTHO3UPAHETO, ONTUMH3ANNATA U CUMYJANuATa. EMHU U ChIIM 3amucy HA HUBO OOIIMHA
TpsiOBa J1a MOTaT Ja ce U3Moj3Bar B Moaysa 3a nporrosupane SEIR-KNN, MILP - mozena 3a
pasmpeneneHe U cumyianusaTa Ha OonHuuHuTe omepauuu DES. Ilopamu tasu npuunHa
II'BJIHOTATAa HAa JAaHHUTE Ce TPETHpa KaTo MPENOCTaBKa 3a EKCIIEpUMEHTAIHA ChIJIACYBaHOCT,
a He KaTo OTJeJICH U3UUCIUTENIEH pe3yITar.

EmnupuunaTa eaMHuIA 3a aHAJIW3 € 3alMChT Ha HUBO OOIIMHA. Beeku 3amuc mpenacrasisiBa
enHa obummHa B KocoBo, 3a KOATO HEOOXomuMHTE IeMOrpad)CKd, €MUAEMHUOJIOTHYHU M
3paBHH TPOMEHJIMBHM Ca HaJIM4YHM B IocjienoBarenHa TabnuyHa ¢opma. KpaitHusar
eKCTIIEpUMEHTAJICH Ha0op OT JaHHM ChABPIKA CEIEMTE IIBJIHU 3aIKca 32 OOIUIMHU, N30POCHU B
Tabmuua 3.1: Ipumuna, [Tpuspen , Iles, I'skoBa , Murposuna, @epuzait u I'nunan . Te3u
HabOmoieHus: popMupar odiaTa BXoJAHa 0a3a 3a MOJIYyYEHUTE WHIAUKATOPH, MPOLETypUTE 3a
HOpMaJIM3UpaHe, CTHIIKUTE 3a MapaMeTpu3alus U JepUHULUUTE Ha CLEHapuH, pa3paboTeHn
B OCTAHAJIUTE Pa3JeJId Ha Ta3u IJaBa.

3.2.1 Jloruka 3a npuoOuiaBaHe HA OOIIMHUTE

[Iponienypara 3a BKJIIOYBaHE Ha OOIIMHU Clle[jBa KOHCepBaTHMBEH AM3aiiH. Llenta e nma ce
n30erHar HermoAKPEreH! YUCIEeHU TBBPACHUS U Ja Ce€ rapaHTupa, Y€ BCEKU pell, U3I0JI3BaH B
M0-KbCHH M3YUCIIEHHS, UMa €JHA U Chla CTpyKTypa. OOIuHa € OTroBapsijia Ha yCJIOBHATA 32
BKJIIOUBAHE, KOTAaTO € OTroBapsila Ha YETHUPU YCIOBHS: MIEHTU(UKATOPHT HA OOIIMHATA €
YHUKaJIeH, CTOMHOCTTa Ha HAaCEJICHHWETO € HaJM4yHa, CTOMHOCTTAa Ha OOJHUYHUTE Jierja e
HaJIMYHa ¥ ca HAJIMYHU CTOMHOCTH 3a CIy4auTe KaKTo 3a sHyapH, Taka u 3a ¢pespyapu 2021 r.
Te3n ycnmoBus ca MUHMMAJIHHM, HO JOCTAaThYHHU 3a 3aJaduTe 0 MOArOTOBKA HA JAHHUTE,
M3UCKBAHU B Ta3U JUCEPTALIMSL.

3.2.2 I3ucKkBaHud 32 NHJHOTA HA JaHHUTE

[IpnHOTaTa Ha AAHHHUTE C€ OIEHSBA HAa HUBO 3aJBJDKUTEIHH MPOMEHIIMBHU, HEOOXOAUMH 3a
eKCIIEPUMEHTATHUS paboTeH mporec. HeoOXoawMmuTe TPOMEHIMBH CHOTBETCTBAT HaA
MUHUMaNTHaTa HWH(pOpMalus, HeoOXoIMMa 3a CBBbpP3BAHE HA TPUTE AHAIUTUYHHU CIOSI HA
JTUCEepTAIUATA: SIUIEMUOJIOTHIHO MPOTHO3WPaHe, ONITHMHU3AIHS, ChOOpa3eHa C KalaluTeTa,
U omnepatuBHa cumynanus. [IpoMennuBara 3a momynanusta moArnoMara HopMaIu3UpaHeTo U
nemorpadckoro cpaBHeHHE. J[OKIaIBaHUAT OpOM Ciydau MPEJIOCTaBs SMITHPUIHHS CHUTHAI
3a wuH(pEKNHo3eH HaTUCK. KamamurersT Ha OOJHUYHUTE JIETJIa OCHUTypsiBa 0a30BOTO
OTrpaHHYCHHUE HA PECYPCHUTE 3a 37paBeona3BaHe. 3ae¢JHO TE€3H MPOMEHIUBH IPABSIT Bb3MOKHO
TpaHchopMuUpaHeTo Ha kKazyca KoCOBO B CTPYKTypHpaH eKCIIepUMEHTAICH Ha0Op OT TaHHHU.
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3.2.3 KoHTpos1 Ha HaAEeXKTHOCTTA HA [AAHHUTE W BbTPENIHATA
ChIJIACYBAHOCT

KoHTponure 3a HameXIHOCT, NpPWIATaHW B TO3HM pasfell, ca BBTPEIIHU KOHTPOJIH 3a
chriacyBaHocT. Te He TBBPIAT, Y€ EMHUICMUOJOTMYHOTO JIOKIAJBaHE € OCBOOOJICHO OT
OTpaHUYCHUSATA, YECTO CPEIIAaHM IO BpPEME Ha HW3BBHPEIHH CHTYallUd B OOIIECTBEHOTO
3apaBe. BMmecto ToBa, Te rapaHTHpar, 4e HaOOPBT OT JaHHH, WU3IOJ3BaH 33 MOJCIUpPAHE, €
CBIUIACYBaH, BB3MPOU3BOJAUM M TOAXOJSAII 32 M3YMCIUTECITHUTE MPOLEAYPH, Pa3padOTeHH B
Ta3u JAUCEPTAIHSL.

3.2.4 TperupaHe HA HeIIbJIHU 3ANUCH

Henbiinute 3anucu He ce M3MOJI3BAaT B OCHOBHATA KOJIMYECTBEHA MaTpulla. ToBa pemieHue ce
B3eMa TIpeId HU3IBIHCHUETO Ha MOJENa W Ce MpWiara IocjeJOBaTeIHO BbB BCHYKH
nocneaBamy u3uucneHus. llenta e nma ce wm30erHe CMECBAaHETO Ha ITBJIHU YHUCICHU
HAOJMIOACHUST C YaCTUYHO JIOKyMEHTHpaHu oOmaM. TakoBa cmecBaHe Ou  Owmio
npoOeMaTnyHo, ThH Karo MOIYJIWTE 3a MNPOTHO3HMPAHE, ONTHUMH3ALMUS W CHMYJIalus
HU3UCKBAT CTPYKTYpHpPAaHHW BXOAHU JAaHHU C CIHW W ChIIU I[e(l)I/IHI/IIII/II/I Ha IIPOMCHJIMBH 3a
BCSKO HaOJII0JICHUE.

3.2.5 Ilocnennuu 3a eKCNEPUMEHTAJHUASA TU3ANH

HpaBI/IJIaTa 34 BK/IKOYBAHC WM IIBJIHOTA, I[e(i)I/IHI/IpaHI/I B TO3W pas3aci, IPAKO IMOAKPCIAT
CKCIICPUMCHTAJITHUSA In3aiiH Ha JucepranuAara. Te rapaHTupar, 4€ €¢AHU U ChbIIHU CMIIMPUIHU
Ha6J'II-0,Z[€HI/I$I Mmorar na 6L,Z[8.T npeaageHu OT IMOoATrOTOBKATa Ha  OAHHUTE 10
nmapamMeTpusanusaTa M CJICHA TOBA KbM H3UHUCIUTCIIHUTEC MOJCIIH. Ta3u CbIIaCyBaHOCT €
0Cco0€eHO BaXH4, 3allOTO JuUcCEpTallMdgTa OHLCHABA HWHTCTPUPAH pa60TeH mnmponec 3a
MMPOTHO3UPAHC-ONITUMU3AIUA-CUMYJIalln, a4 HC CIUH U30JIMPaH MOJCII.

33 HpOIfBBOI[HI/I CIMUACMHUOJIOTHYHH A 3APAaBHO-KAIIAIUTCTHH
noxkasarteJin

HaGopsT OoT AaHHM Ha HUBO OOIIMHA, AeduHUpaH B pa3nenu 3.1 u 3.2, npenocrass cypoBara
eMIMpPHUYHA OCHOBA 3a €KCIIEpUMEHTANHUs 1u3aiiH. CypoBHUTE IaHHU 3@ HACEJIEHUETO, OpOsT
Ha JIOKJAJBaHUTE CIIyd4al U CTOHHOCTHTE Ha OOJHMYHUTE Jierja obaye He ca MPSKO
CpPaBHUMH MEXAY OOLIMHUTE, Thil KATO OOIIMHUTE C€ pa3InyaBaT Mo JeMorpadcKu pa3Mep U
CTPYKTypa Ha KamaluTeTa Ha 3apaBeomna3BaHeTo. [lopaau Tasm mpuuuHa, npeaud aa Obaat
napamMeTpu3dpaHd MOJAYJIHUTE 3a IMPOTHO3MpaHe, ONTHUMH3alus M CcUMylanus, Oeme
KOHCTpYUpaH HaOOp OT NMPOMU3BOJHM EMHIEMHOJIOTMYHHM W TOKa3aTeNu 3a KamaluTeT Ha
3/lpaBeoIa3BaHETo.

[lenta Ha TO3M pazaen e na TpaHchopMupa IpPOBEpeHHs] HAOOP OT JaHHU HA HUBO OOIIMHA B
KocoBo B cpaBHMMM aHaMMTHYHM TPOMEHJWBH. MHAMKatopute HE ca mMpeaHa3HA4YCHH Ja
Ch3JaaT OTHEJIEH MOJEN 3a KaTeropuyHo KIMHMYHO TpynupaHe. Bmecto ToBa, Te
MPEAOCTaBIT BB3MPOU3BOAUMU EMIIUPUYHU CHUTHAJIM, KOUTO CBBP3BAT TEXECTTa Ha
nH(pEKINUTe, HATMYHOCTTA Ha OOJHHYEH KamaluTeT U KPAaTKOCPOYHUS PBCT Ha CIIydauTe.
Tesn curHamm TO-KBCHO C€ W3IOJ3BAT 3a TMOJMOMAaraHe Ha W3TPaXJIaHETO Ha
xapaktepuctukutre Ha SEIR-KNN , moaroroBkata mHa MILP ThpceHe-kamanuTeT ¥ au3aiiHa
Ha DES cuenapuu.

Asmopegpepamu Ha oucepmavuu 2026 (11) 59-110



85 Jluenza Bepwuia

3.3.1 KoHCTpyKIHMSI HA MHAUKATOPA M AHAJUTHYHA POJIA

3a ocHOBHAaTa rijaBa 0sXa 3ama3eHu YeTUPH MoKazaTess: KymyiatuBHH ciydau Ha 100 000
xutenu, 6omanyam nerna Ha 100 000 sxurenw, mpuOIN3UTENCH TOKA3aTeN 32 HATOBAPBAHE OT
KalaluTeTa U TeMII Ha pacTex OT sHyapu A0 ¢eBpyapu. Te3u mokaszarenu 0sxa u3OpaHu,
3al10TO Ca AUPEKTHO MOJIYYEHHU OT IBJIHUS HA0Op OT JaHHH M 3aI0TO MOAIoMaratT paboTHUS
MpoIleC Ha TUCepTaIuATa, 0e3 1a BbBEXKIAT HEMOAIbPKAHU KaTerOPUAIHHU TTParoBe.

3.3.2 IIpodu1 HAa HHAMKATOPUTE HA OOLIMHCKO HUBO

Tabauya 3.2. Ilpousso0Hu enudemMuono2udHu u 30pasHy noKazamenu 3a Kanayumem

O0muna Cayuyan/100  Jlerna/100 000  IIpokcu Ha TemnbT Ha
XUJISITU HAJISITAHETO pacrex
[Mpumnmna 1285.71 380,95 3.38 25,00%
[Tpuzpen 955.06 337.08 2.83 12,50%
[Tes 846.15 307.69 2.75 20,00%
I'sikoBa 904.26 319.15 2.83 12,50%
MurpoBuua 764.71 294.12 2.60 16,67%
Depu3ait 954.55 318.18 3.00 10,00%
T'aunan 950,00 300,00 3.17 11,11%

Capacity-pressure proxy by municipality
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Queypa 3.1. [loxkazamen 3a HAMUCK 8bPXY Kanayumema no 0OuuHu.

[MpopunbsT Ha WHAMKATOPHUTE TMOKAa3Ba, Y€ HATHUCKBT BBPXY 3ApPaBEOIa3BaHETO HE Ce
o0sicHsiBa camMo ¢ aOcomtoTHUS Opoi ciydau. [lpummHa w ['HumaH moka3axa Hal-BHCOKH
MOKa3aTes M 3a HaTUCK , KOETO MPeAIoiara mo-CUjIeH CTpeC BbPXY 3/IpaBeona3BaHETO CIPSIMO
HATMYHAS KananuteT. depusail ChII0 MOKa3Ba CHOTBETEH HATHCK, KOTATO KyMYJIATHBHUTE
Cllydad c€ HWHTepIpeTHpaT COpsMO HaluyHata 0a3a OOTHWYHHM Jeria. ToBa MOJKpers
M3IIOJI3BAHETO Ha TMOKa3aTelH, ChbOOpa3eHH C KalaluTeTa, BMECTO Jia C€ pa3yuTa caMo Ha
CYpOBH JIOKJIa/IBaHU CITyJaH.

3.3.3 Pojisi Ha HHAMKATOPUTE B €eKCIIEPUMEHTAJIHUS TU3AHH

[ToxydeHnTe MHINKATOPU OCUTYPSIBAT MOCT MEXAY ITOATOTOBKATa Ha EMIIMPUYHNTE TAaHHU U
n3yuciuTenHuTe ekcriepuMeHTH. B kommoneHta SEIR-KNN | crampnaptusupanute
eMUICMHUOJIOTUYHN M 3APaBHO-KAMAIMUTETHH HPOMEHJIMBH IIOANIOMAaraT HM3TPaKJIaHETO Ha
XapaKTEepUCTHKH Ha OOIIMHCKO HUBO W AJaNTHPAHETO Ha IapameTpuTre. B KoMmoHeHTa
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MILP, unaukaropure nomMaraT 3a IIOATOTOBKAaTa Ha BXOJHWTE JAHHU 3a TBPCEHETO H
KanauuTeTa 3a aHaiu3 Ha pasnpeneneHuero. B komnonenta DES Tte mnommomarar
MIPOCKTUPAHETO HA ONEPATUBHU CLIEHAPUU, MPU KOUTO CE OLICHSIBA HATHCKBHT HA MOTOKA OT
MalUEHTH NPU OTPAHUYCHH 3[PABHU PECYPCH.

3.4 IlpenBapuTesHa 00padoTKa HA JAaHHU, HOPMAJIM3UPaAHE
MOAroTOBKAa HA BXoaAHUTe 1anHu B MATLAB

B npenxomgnute paznenu ca AeuHUpPaHU Ka3ychT 3a 3[paBeornasBane, cBbp3an ¢ COVID-19
B KocoBo, norukara 3a BK/IIOYBaHE Ha OOUIMHUTE M TOJyYEHUTE IIOKa3aTeNd 3a
eMUJIEMHOJIOTUYHHA U 3/IpaBHUs KaranuteT. CienBaiara CThIKa € 1a ce mpeoOpa3yBaT Te3u
EMIIUPUYHU JIaHHU B CTPYKTYpUpaH U3YUCIUTENICH BXO/eH cioi. Crae10BaTeHO TO3H pa3ien
OIKCBA KaKk HAa0OPBT OT JaHHU € OMJI IOYMCTEH, HOpMaJIM3HpaH, 0000IIEH 1 MOATOTBEH KaTo
Bx0J1 B MATLAB 3a xomnonentute SEIR-KNN , MILP u DES na aucepranusra.

To3u paznmen € yMUIIUIEHO TTO3UIIMOHUpPaH B ['1aBa 3, 3amoTo npeaBapuTeHara 00padoTka u
MOATOTOBKATa HAa BXOJHATA MaTPHUIlA Ca YaCT OT CJIOS 3a EMITMPUYCH JW3aiiH Ha JaHHUTE, a
HE OT IJIaBata 3a pe3yiraTtute. UWCIOBHUTE pe3yNTaTH, IMOJYYEHH OT TE3H TMOJITOTBEHU
BXOJHH JJaHHH, Cca TPEJICTaBeHH MO-KbCHO B ['1aBa 4. Ponara Ha Pa3nen 3.4 e ma rapanTtupa,
9Ye U3YUCIIUTEITHUTE CKCIICPUMEHTH CE€ OCHOBABAT Ha €MH U CHII IIPOBEPECH HAOOp OT IaHHU
Y 4€ BCEKH MOJYJI ITOJIy4aBa IMOCJICIOBATCITHU BXOAHH JIAHHHU.

3.4.1 IlouncTBaHe HA TAaHHU U U3TPAXKIAHE HA (PYHKIIUU

[TouncTBaHeTo Ha JaHHUTE O€lle MU3BBPIICHO CJIENl CTHIIKATa 3a BKJIIOYBAHE HAa OOIIUHUTE,
ormucana B pazaen 3.2. Thil kKaro B eKCIepUMEHTANIHUsS HAabOp OT JaHHU Ce 3ama3BaT caMmo
ITBJIHU 3aIUCH 32 OOUIMHUTE, B OCHOBHHUS aHAIM3 HE C€ Mpuiiara uMmyrtamus. 1o3u u30op
n304rBa BbBEK/IAHETO HA CHHTETUYHH CTOMHOCTH B MaTbk HAOOp OT JaHHU HA HUBO OOIIMHA
Y rapaHTHpa, Y€ BXOJHUTE JaHHU 3a MPOTHO3UpAHE, pa3mpeesieHne U CUMYJallus OCTaBaT
MPOCIICIUMHU 10 HAOI0/IABAHUTE JTAHHU.

3.4.2 Hopmanmn3anus U ONMUCATEJTHA CTATUCTHKA

Normalized experimental input matrix
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Queypa 3.2. Hopmanuzupana excnepumeRmania 6X00Ha Mampuyd, usnon3éand 3a a0anmayus Ha
napamempume na SEIR-KNN .

Hopmammzanusara Oeme HeoOXoawma, ThH KaToO NMPOMEHJIMBUTE B HaOOpa OT JaHHU Ce
I/IBMepBaT B paBJII/I‘-IHI/I YHUCJICHHU CKaJIH. CTOﬁHOCTHTC Ha HOHYJIaI_[I/ISITa Cca 3HAUUTCIHO IIO-
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TOJIeMH OT MeCeUHHUs Opo¥ ciiydau U Opos Ha OOJHUYHUTE JieTiia, IOKATO MPOU3BOJIHUTE
MIPOMEHJIMBH, KaTO HAPHMEpP HATUCK BHPXY KalaluTeTa U TEMIT Ha PacTeikK, ca OTHOCHUTEITHU
MepKH. AKO BCUYKH ITPOMEHJIMBH C€ M3MOJ3BAT 0€3 CTaHAApPTU3ALMs 110 METO/, Oa3upaH Ha
pa3cTosiHue, MPOMEHJIMBUTE C MO-TOJSM Mainad Ouxa JAOMHHUpPAIM B H3YHCICHUSTA 32
CXOJICTBO M OMxa HaMaIWwIM eekTa Ha MOKa3aTeUTe 3a KalaluTeT Ha 3/[paBeoa3BaHeTo U
CIIMACMHUOJIOTNYCH HATUCK.

3.4.3 IloaroroBka Ha Bxoana marpuna B MATLAB

Crnen nmo4yncTBaHe, KOHCTPYHPAHE HA XapaKTEPUCTUKUA U HOPMAJIM3UpaHe, HA0OPHT OT JaHHU
Oerre opraHu3upaH BbB BXOAHHU CTpyKTypu HAa MATLAB, u3nucKBaHU OT €KCIICPUMEHTHTE B
mucepranusata. Monyast SEIR-KNN u3uckBa HopManu3upaHa MaTpuiia OT XapaKTEPUCTHKU
Ha obmuHaTa. MoaynsT MILP u3uckBa BXOJHHM JaHHU 32 ThPCEHE M KalalUTeT, 3a€HO ChC
CTPYKTYpPH, CBBp3aHu ¢ pasnpeaenennero. Moaynst DES u3nckBa onepatuBHU napameTpu u
JOITYCKaHUS 3a CIICHAPUH, TIOJTYICHH OT CHIIHS MPEABAPUTEITHO 00pabOTEeH CIION TaHHHU.

3.5 ITapamerpusanus Ha SEIR-KNN , MILP u DES ekcniepumeHTH

Cren xato HaOOPHT OT AaHHU Ha HUBO oOmuHa B KocoBo Ob1e mpoBepeH, Tpanc(hopMUpaH B
IIPOU3BOJHYU ENUACMHUOJIOIMYHN U 3[PaBHU IOKA3aTeIu 33 KalalUTeT UM CTAaHJAPTU3UPAH B
rotoBu 3a MATLAB BxomHu CTpyKTypH, CcleiBamiata CThIOKa € Ja ce JeguHupa
€KCIIEpUMEHTAJIHaTa MapaMeTpu3alys Ha TPUTE HU3YMCIUTEIHM MOJyJa, HW3IOJI3BAaHU B
mucepranusta: nporaosupane Ha SEIR-KNN , pasnpenenenue Ha OonHuIM, OasupaHo Ha
MILP, u cumynamnus Ha O0JHUYHU onepauuu, 6azupana Ha DES. IlenTta Ha To3u pasnen e na
Ce OIpeNesIT EeMIIMPUYHUTE BXOJIHU JaHHHU, AUANAa30HUTE Ha MapaMeTpUTe, TOMYCKAHUATA 3a
CIHEHapUM M  MEXKIYMOJYJIHMTE  BpPB3KH, HEOOXOAMMH  3a  BB3MPOM3BOJUMO
€KCIIEPUMEHTHPAHE.

To3u pasnen e HamucaH Karo yacT oT ImaBa 3, KoATO (PYHKIIMOHMpPA KAaTO TJIaBa 3a JaHHHU,
napaMeTpu3alus U ekcrepuMenTasneH ausaiid. Toil He e pazaen ¢ pezynratu. CienoBaTesHo,
TOM HE JOKJIa[Ba IPELIKM IIPU MPOTHO3UPAHE, MATPULM 3a paslpeleicHUe, CPABHEHUs Ha
pasxoaure 3a TpaHc(ep, HamMalsiBaHE Ha BpPEMETO 3a 4YakaHe, M[OAO0OpeHHs B
MPOIyCKaTeHaTa CIOCOOHOCT, P-CTOMHOCTH, TOBEPUTEIHM HHTEPBAIU WM WHTETPUPAHU
pe3ynratd oT Kio4yoBM mnokaszatenu 3a edektuBHocT (KPI). Te3m uwuciaenu pesynratu
MpHUHaIeKaT KbM ['1aBa 4, KbAETO Ce aHANU3UPAT U3UYUCIUTEITHUTE PE3YITATH.

3.5.1 SEIR-KNN excnepumeHTa/THA MapaMeTPH3aIUS

Tabnuya 3.3. SEIR-KNN excnepumenmanen npogpun na napamempusayus

I'pyna Oo6cranoBKa ExcnepumenTajiHa poJist
napamMeTpu
O6muHa CeneM IbIHU OOIMHA ITocnemoBaTeIHA 3aIIMCH 3a
MIPOTHO3UpPaHE
Hcropuueckun SAnyapu-despyapu 2021 r. Nsrpaxnane u agantupase
MepuoJI Ha Ha XapaKTEePUCTUKH
BBBEXK/IaHE
XOpHU30HT Ha 60 mau / mapt-anpun 2021 . Kparkocpouna oneHka Ha
MIPOTHO3UpaHe THPCEHETO
Bera 1,5-2,2 6e3 mamab; okoio 0,180- WHTeH3uTeT HA IIpe/1aBaHe
0,230 eexTBHA THEBHA HOpMa
Curma 0,18-0,22 [Ipexoa OT U3IOKEHOCT KbM
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3apa3siBaHe
I'ama 0,09-0,14 Jlunamuka Ha
BBH3CTaHOBSIBAHE/TIPEMaXBaHE
kNN mapamersp k=3,57,9 basaHc Ha 4yBCTBUTEITHOCT
W aJIanTanus
[Ipeo6pa3zyBane Ha 15% ot uzxoanoro HUBO; 30% CurHanu 3a TbpCEeHE B
THPCEHETO CTpec; UHTCH3UBHO oTAcneHue 12%  OONHUIUTE U UHTEH3UBHUTE
OT U3MCKBAHOTO HUBO HA CTPEC OT/ICJICHUS

SEIR-KNN ocurypsiBa mOporHo3HHMs CIIO Ha aumcepranusTa. Herosata pons e J1a
TpaHcopMuUpa MOATOTBCHHUSI HAOOP OT JaHHW Ha HUBO o0muHA B KOCOBO B KPaTKOCPOYHU
CUTHAJIU 332 UHQEKIHS U THPCEHE, KOUTO MO-KhCHO MOTAT J1a O'bJaT U3IOJI3BAHU OT MOJIYJIUTE
3a pasmnpezeneHne u cuMmyianus. [[pOrHO3HUAT eKCIePUMEHT H3I0NI3Ba (OPMYIHPOBKATa Ha
SEIR, npencraBena B I'maBa 2, ¢ ajanTainus Ha mapameTpuTe, crienuUYHU 332 OOIIMHATA;
cienoBarenHo ypaBHeHuaTa Ha SEIR He ce moBTapsT B TO3M pa3fel.

3.5.2 ExcnepumenTasina napamerpusanus Ha MILP

Tabnuya 3.4. llpogun na excnepumenmanua napamempuzayus Ha MILP

I'pyna Oo0cranoBKa Excnepumenrajina
napamMeTpu poJst
bonxanynmM BB31M H1-TTpumuaa/QKUK; H2-ITpu3peH; Hamanena mpexa 3a
H3-Peja; H4-Gjilan/ Ferizaj ; H5- pasmnpeeineHue
MuTtpoBuna/ J[>xakoBa
Topcene ¢ [80, 20, 10, 50, 60] TecroBa KOOpAUHAIIHS,
JOCTaThU€H KOTaTo OOMIHST
KarnamureT KamnamurTeT €
JIOCTaThueH
JloctaThueH [50, 40, 30, 40, 60] [Mpodun Ha KamanuTeTa
KarnaruTeT 3a MoJIy4aBaHe
Crpec mpu nukoBo  Twpcene = 1500; kanarurer = 1100 Jnarnocruka Ha
ThpPCEHE OCBIIIECTBUMOCTTA U
HEJIOCTHTA
BapuanTtu Ha Hsma xoopaunanus; amuer; MILP ¢ CpaBHeHue Ha JIoTHKaTa
MOJIUIH MecTeH npuoputeT; MILP ¢ rimobannu Ha pa3npeaciieHue
pasxoau
Hesanosonena AKTUBHPAHO NPH HEJOCTUT HA [IpenotBparsiBa
MIPOMEHJINBA Ha KamnaruTeT (anmmBu UCKOBE 32
THPCEHETO II'BJIHO MOKPUTHE

Mopaynst MILP ocurypsiBa nmpeanucaresHusl CIOM 3a pasnpeleleHue Ha JUcCepTalusTa.
HeroBara nen e na Tpancgopmupa nporHo3UpaHoOTO ThPCeHE B OOTHHUIUTE B CTPYKTYPUPAHU
CLICHapHUHU 3a paslpe/lelIeHue Ha MallMeHTUTE U KOOpAMHALUsA Mexay OomHunure. IIbaHara
MaTtemaTnuecka ¢opmynupoBka Ha MILP-moznena He ce moBTaps B To3u paszzaen. Bmecto
TOBa, TO3U TMOApA3JeNl ONpenensl EKCIEePUMEHTAJIHUTE BXOJHHU JAaHHU, HEOOXOIUMH 3a
U3IIBJIHEHHE Ha CLEHApUUTE 3a pa3Npe/ieieHue: HMHTEpIpeTanus Ha OOJHUYHHS Bb3E,
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BEKTOPH Ha ThPCEHETO, BEKTOPH Ha KalaluTeTa, BXOJHHU JaHHU 33 TpaHC(epHUTE pazxo.u,
BapHaHTHU HA MOJUTUKUTE, TPOMEHJIMBHU HA HEJJOCTUTA U HACTPOMKH 33 UYBCTBUTEIHOCT.

3.5.3 ExcnepumenTaana napamerpusanust Ha DES

Tabauya 3.5. Ilpogpun na excnepumenmanna napamempuszayus na DES

I'pyna O0cranoBKa OneparusBHa poas
napaMeTpu

IIpouec Ha Cpenno 180 manmenTw/nexH HNuTen3uTeT Ha npuToKa Ha
MPUCTUTAHE MaIuCHTU
Knacose na Jlexo, ymepeHo, TeKKO Tpuak u MapIpyTU3HpaHe Ha
MMAICHTUTE ITETCKUTE

bazoB kamanuTeT 15 neria B MHTEH3UBHO OrpaHuueH KananuTeT 3a
Ha MHTCH3UBHOTO OTJCIICHUE WHTEH3UBHO JICYCHHE
oraencuue (ICU)

Yopa JIOC 3-5 nHu [IpoabiKuTENHOCT Ha
(Ward LOS) ciykOara B paiioHa
HHTEH3UBHO 7-10 qun 3aeTOCT Ha MHTCH3UBHHUTE

otaenenue (ICU OTHECIIEHUS
LOS)
[Tepconan 8 nekapu U 12 MeAUIIMHCKHU [IpeanonoxkeHue 3a MPEUYKUTE B
CECTPH Ha CMsTHa yciyrara
Cuenapuu ba3zoBo HuBo; [IpenbiBane Ha OnepaTuBHU CTPEC TECTOBE

WHTEH3UBHOTO OT/CIICHHE;
ONTUMHU3UpPaHa KOH(UTYpaIUs

KirouoBu W3nos3BaHe Ha HHTEH3UBHOTO OreHKa Ha M3ITBIHEHHETO
TIOKa3aTeIu 3a OT/ICJICHHE, BpEME Ha YakKaHe,
e(EeKTUBHOCT IpOIyCKaTeIHa CIIOCOOHOCT,
(KPI) HE3a10BOJICHO ThPCEHE B

UHTCH3UBHOTO OTACICHUC

Monyner DES ocurypsiBa omepaTMBHHUs CHUMYJAILMOHEH CIIOM Ha aucepranusaTa. Jlokaro
SEIR-KNN renepupa curnanu 3a Tepcene, a MILP npeamnucBa perreHus 3a pasnpe/esieHue,
DES oueHnsiBa 1anu Te€3M pelIeHUs OCTaBaT ONEPATUBHO OCBIIECTBUMHU, KOTaTO MALIUEHTUTE
IIPUCTUTAT CTOXAaCTHUYHO, PECYPCUTE HA HWHTEH3MBHOTO OTHEIECHHE C€ MpeToBapBar,
oOpa3yBaT ce OMNAalIKd W KalaluTeThT Ha I[EepCcoHaja OrpaHHWYaBa IpoOITycKaTelHaTa
crnocobnoct. B I'maBa 3 xomnonenTsT DES e mapamerpusupan Kato ekcliepUMeHTaJeH
JU3alH; TeVCTBUTEIIHUTE PE3YITATH OT CLIEHApUs ca JOKJIABaHU B I 1aBa 4.

3.6 ExciepuMeHTAJIEH TU3aiH, CHEHAPUH U HACTPOIiKA Ha
Bb3MPOU3BOIUMOCTTA

Paznenun 3.1-3.5 ycraHoBABaT EMNHUPUYHUS W HW3YUCIUTEIEH IMOJATOTBUTEIECH CIIOM Ha
nucepranusaTta. JlepuHupan e HaOOPHT OT AaHHU Ha HUBO oOmuHa B KocoBo, uzbpanu ca
I'BJIHA  3aIMCH, WM3BEACHM Ca EMUJEMHUOJIOTUYHM W 3paBHM I[IOKA3aTeNIM 3a KallalWTerT,
3aBbpIICHA € MpeaBapuTeiHarta oOpaboTka u HopMmaiu3upane, a moayiute SEIR-KNN
MILP u DES ca napamerpusupanu. llenra Ha HacTosimus pasziesl € Ja CBBPKE TE3U
€JIEMEHTH B €/IMH ChIJIaCyBaH €KCIIEPUMEHTAJICH TN3aiiH.
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To3u pasnmen He HpencTaBs M3UUCIUTEIHU pe3yiTaTH. Bmecto ToBa, TOI ompenens Kak
HOJTrOTBEHHUAT HAOOP OT JJaHHU, HACTPOWKUTE HA MapaMeTPUTE U AOIMYCKaHMATA 32 CLECHAPUU
ce TpedaBaT Ipe3 HWHTErpupaHus pabOTeH TMpouec 3a MPOTHO3HPAHE-ONMTUMHU3AIMS-
cuMynanusi. YucaoBUTE pe3yiTaTH, T€HEpUPaHH OT TO3UM PAaOOTEH IMPOIEC, BKIFOYUTEITHO
TOYHOCT Ha IPOTHO3MpAaHE, MATPUIM 3a pPA3NpeelICHUE, CPaBHCHUS Ha pa3sXxoAuTe 3a
TpaHcdep, HaMaIsIBaHEe Ha BPEMETO 32 YaKaHe, IPOMEHH B IPOU3BOAUTEIIHOCTTA, [TOKA3aTEIIN
3a HE3aJOBOJICHO TBPCEHE M UHTEIPUPAHU pE3ylITaTH OT KIIOYOBU IIOKa3aTelnd 3a
epextuBHOCT (KPI), ca npeacraBenu B ['naBa 4.

3.6.1 UnTerpupaHn ekcnnepuMeHTaJIeH padoTeH nmpouec

FARPARE

Kosovo SEIR-kNN Hospital/ICU MILP DES Integrated
dataset forecasting demand allocation validation evaluation

Queypa 3.3. Hnmezpupan exchepumenmaieH pabomer npoyec 3a pamkama 3a oucepmayus SEIR-
KNN-MILP-DES.

WHTerpupanusT ekcriepuMeHTalleH paboTeH Mpolec CBbP3Ba EMIIMPUYHUS HAOOp OT IaHHH C
TPHUTE M3YUCIUTEIHH MOJYJa, U3MOJI3BAaHU B IucepTanuara. PabOTHHAT mporec 3amovsa C
BepuuIrpanus Habop OT TaHHM Ha HUBO oOmHa B KOCOBO M 3aBBpIIBa C HHTErpUpaHaTa
OLICHKAa Ha PE3yJNTaTUTE OT NMPOTHO3MPAHETO, PasMpeAeeHNueTo U cumynanusara B [nasa 4.
Ta3zu crpykrypa u3dsrBa tperupanetro Ha SEIR-KNN , MILP u DES karo usonupanu
MOJIEIM ¥ BMECTO TOBa T'M OpraHW3Mpa KaTo CBbP3aHM KOMIIOHEHTH 3a IOJIIOMAaraHe Ha
B3EMaHETO Ha PEIICHHUS.

3.6.2 IlpoexkTMpaHe Ha CHEHAPMH M  HACTPOIKa HAa
Bb3NMPOU3BOAUMOCTTA

JIn3aiiHbT Ha CIIEHAPUUTE ONPEEsl KaK MOATOTBEHUTE JaHHU U HACTPOMKH Ha MapamMeTpUTe
ce M3II0JI3BAT 3a OLIEHKa Ha IMpeaJio’KeHaTa paMKa 3a MOJKperna Ha B3€MaHEeTO Ha PELeHUs.
VYrpaBlieHHETO Ha 3/IpaBeolla3BaHETO MO BpeMe Ha MaHJEeMHUs HE MOXe Ja Ob/ie OICHEHO
caMmo TpHu eIHO 0a30BO YCJIOBHE. THPCEHETO MOXKE J1a C€ YBEIUYHU, CPEKTUBHUAT KalaluTeT
MOX€E Ja HaMmallee, HaTUCKBT B MHTEH3MBHOTO OTACJICHHE MOXXE Ja HAJBUIIN HATUYHUTE
pecypcu, a TPOMEHUTE B TMEpPCOHANIa MOTAaT Ja MPOMEHST OINMEpPaTUBHUTE ITOKA3aTEelu.
CrnenoBaTenHO, EKCIIEPUMEHTANHUAT TU3ailH BKJIIOYBA 0a30B, CTPEC, ONTHMH3UPAH H
OPUEHTHUPAH KbM YYBCTBUTEIHOCT CLICHAPUIA.

3.7 Pe3roMme Ha rij1aBaTa

Tazu rmaBa mpencTaBM EMIOUPUYHOTO ChHOMpaHE HA JaHHH, MapaMeTpu3alusITa Hu
eKCIIEpUMEHTAITHO-TM3aiHepCKaTa OCHOBA 3a aucepramusaTa. llenta u Oeme ga moaroTeu
Ka3yca Ha 3apaBeomna3BaHeTo B KocoBo, cBbp3an ¢ COVID-19, 3a uzuncnurenHus aHaius,
onucan B ['maBa 4. ['maBara He AOKJIAaIBa OKOHYATEIHU PE3YJITAaTH OT IPOTHO3MPAHE,
pasmpeneneHue, CUMYJIAlUs WM UHTETPUPAHN KITFOYOBH Mokaszarenu 3a eextuBHocT (KPI);
BMECTO TOBa, TsA JAchUHHpA JTaHHUTE, WHIUKATOPHUTE, JIOTHKATa 3a MpeaBapUTEIIHA
o0paboTKa, HACTpOWKHTE Ha MapaMeTpuTe, CICHAPUUTE U  CTPYKTypaTa 3a
BB3MPOU3BOUMOCT, HEOOXOIMMU 3a TCHEPUPAHE Ha TE€3H PE3YNITATH.
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Paznen 3.1 BpBeae KocoBo kaTo eMOMpUYHO MPOYYBAHE HA 3/PABHHS CIy4yail M OINpenenu
Habopa OT JJaHHU Ha HUBO OOLIMHA, U3MOJ3BaH 3a EKCIIEpUMEHTalHa NMoAroToska. HabopsbT
OT JaHHU KOMOMHHpa AeMorpadckd, emUASMHOJOTHYHM M TPOMEHJIWBU 3a 3JPaBHUSA
KalaluTeT, BKIIOYUTETHO HacelleHne, OOJIHUYHH Jierya, ciiydau npes ssuyapu 2021 r., ciayyau
npe3 ¢espyapu 2021 r. W KyMyJaTHBHH CiIydau 3a Iepuoaa siHyapu-despyapu. Tesu
IIPOMCHJIMBH OCHTYPSIBAT EMIIMPHYHATA OCHOBA 3a MO-KbcHUTE Moayan SEIR-KNN, MILP u
DES.

Paznen 3.2 onpenens norukara 3a BKJIIOYBAaHE HAa OOLIMHMTE, U3MCKBAHMATA 3a IBJIHOTA Ha
JAaHHUTE M KOHTPOJIUTE 3a HAIEXKIHOCT. B OCHOBHHS eKCIepUMEHTalieH Ha0op OT JaHHU
0s1xa BKJIIOYEHU CaMO OOLIMHM C IBJIHM 3amucu. ToBa rapaHTupa, Y€ €IHU M ChIIU
HaOIIO/ICHNS. Ha HUBO OOIIMHA MOTaT Ja C€ M3IOJI3BAT IOCIEI0BATEIHO IPH U3TPAXKIAHETO
Ha MHIUKATOPH, PEIBAPUTEIHATA 00pabOTKa, MapaMeTpu3alusaTa U An3aliHa Ha CIICHAPHH.

Pazmen 3.3 Tpancopmupa CypoBHTE JaHHM Ha HHBO OOIIMHA B IPOU3BOJIHU
eMUICMHUOJIOTUYHN U 37IpaBHM TIOKa3aTeldH 3a KamanureTa. [lokasarenurte Osixa ciydan Ha
100 000 >xutenu, nerna Ha 100 000 xuTenu, THAUKATOP 3a HATUCK BbPXY KanalUTeTa U TEMII
Ha pacTex sHyapu-¢peBpyapu. Te3um mokasarenu Osxa HM3IIOJI3BaHM KaTO NPOMEHJIMBH 32
HeTpeKbCHAaTa eMIMPUYHA OJrOTOBKA, @ HE KaTO MPOU3BOJIHU KaTETOPHIHU TPYIIH.

I''TABA 4: ExcnepuMeHTAaJHH Pe3yJTATH OT CTPATErHH 32
ONTMMHU3AIMSA 32 YINPaABJEHHE HAa 3/PABEONA3BAHETO IO
BpeMe Ha nanaemus: Kazycest COVID-19 B Kocoso

Ta3u rnaBa npeacTaBs eMnupUyHaTa BaluJalus Ha npeioxeHara Muterpupana xubpuaHa
pamka 3a monamomaraHe Ha B3emaHero Ha pemenus (IHDSF), usnomsBaiiku kazyc B
3npaBeonazBaneto, cBbp3an ¢ COVID-19 B KocoBo. ExciepuMeHTaIHUST aHAIN3 OLICHSBA
KOMIIOHEHTHTE 3a MPOrHO3UPAHE, ONTUMU3ALU U CUMYJalus Ha IIPEeIoKeHaTa paMKa 4pe3
uMIuieMeHTanus, 6azupasa Ha MATLAB, u cuenapuen aHanaus.

I'maBata H3CJICABA KAaK MPOTHO3UPAHCTO Ha CIIUACMUOJIOTNIHOTO ThPCCHE, pA3NIPCACICHUETO
Ha OOJIHUWYHUS KarmanguTeT U CUMYJIAlMOHHO ITOAIIOMOTHAaTaTa OICHKAa MOraT aa rnmoAarnoMoraar
B3CMAHCTO Ha PCIICHHUA B 3APaBCOINA3BAHCTO II0 BPEME Ha IMMAaHACMHUYHU YCIOBUA.
Hpe)ICTaBeHI/ITe CKCIICPUMCHTHU OLCHABAT e(i)eKTI/IBHOCTTa Ha IIPOTrHO3UPAHETO,
H3I0JI3BAHCTO HA PECYPCUTEC, CTPATCTUUTEC 3a KOOPAHWHALMA Ha 6OJ'IHI/II_[I/ITC H OIiepaTUBHATA
YCTOI>'I‘{I/IBOCT IpH AJITCpPpHATUBHU CHCHAPUH B 3/IPaABCOIIA3BAHCTO.

4.1 Jlanam ot kazyca B KocoBo U eKClIepMMEHTAIHA YCTAHOBKA

ExcriepiMeHTanHaTa HacTpoWKa € yMHIIUIGHO TpEICTaBeHa B KOMITAKTEH BHJ, Thi KaTo
IJIaBaTa 3a MPOCKTHUPAHE Ha JaHHW BeYe JOKYMEHTHpa MPaBHIIOTO 3a M300p Ha OOIIWHA,
MIPOU3BOJIHUTE WHIUKATOPH, JIOTUKATa 3a MpeaBapuTeaHa oOpaboTka M JOMyCKaHUATa 3a
napametpu3anus. CremoBarenHo possita Ha Pazaen 4.1 € 1a mo3uimoHupa U34UCIUTEITHUTE
pe3yNTaTH B paMKHUTE Ha €HA M ChIlla BEpUTa OT JOKA3aTeNCTBa, O3 Ja ce MOoBTaps IiaBaTa
3a TOATOTOBKAa Ha JaHHUTE. ToBa pasleisHe OCUTYpsBa SICHO pa3TpaHUUYCHUE MEXIY
eKCHGPI/IMCHTaJIHaTa IIOATOTOBKA W H3YUCIUTCIHHUA aHAJIN3. I'naBa 3 I[OKyMeHTI/Ipa KakK
EMITUPUIHUTE BXOJHU JAHHM ca OWIM KOHCTPYHPAaHH, MPOBEPEHH, TpaHCHOPMHUPAHH H
napaMmeTpu3rpani, 1okato ['aBa 4 npencrass pe3yaTaTUTe, TEHEPUPAHU NPU U3ITBIHEHUETO
Ha uHTerpupanata pamka SEIR-KNN-MILP-DES. KitoyoBata XxapakTeprcTHKa Ha Ka3yca Ha
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KocoBo e B3anMoJeHCTBHETO MEXKIY PErHOHAIHUS HATHUCK OT ThPCEHE M OTPaHUYCHUTE
3npaBHU pecypcu. CaMo cypoBHTe JaHHU 32 MHGEKIUUTE HE ca IOCTaThYHM 3a MOIOMaraHe
Ha B3€MAaHETO HA PELICHMS, Thi KaTo OONHHUIIUTE C MO-HUCHK abCOMOTEH Opoil ciydyan Bce
Oll[e MOraT Jia ce COIbCKAT C HATHUCK, aKO KamalUTeThT Ha HAJUYHUTE JIerJa U UHTEH3UBHU
OTJIEJICHUS € TIPOIOPIIMOHATIHO MO-MalnbK. [lopanu Ta3u npuymHa Mo-KbCHUTE PE3YyIATaTH Ce
UHTEPIpETHpPAT KaTo M3XOAH, ChOOpa3eHW C KamaluuTeTa, a He Karo MPOCTH
€MUIEeMUOJIOTMYHHU ONHUCAHUSI.

KoMmoThpHUAT aHaIM3 U3M0JI3Ba €JHA U Chlla eMIUPUYHA 6a3a BbB BCUUKH MOJyJU. ToBa e
BA)KHO 3a CBIVIACYBAHOCTTA HA JOKTOPCKO HMBO: IPOTHO3HMAT CIIOW, Pa3NpEICIUTEIHUAT
CIION W CUMYJALMOHHUAT CJIOW He TpsAOBa Ja U3MNIEKIAT KAaTO TPU HECBBP3aHU
eKcliepruMeHTa. BMecTo TOBa, pe3ysTarbT OT €AUMHUSA MOXYJ CTaBa CTPYKTYPUPAaH BXOJ Ha
ciensamyst Monyi. IIporHo3upaHero reHepupa CUTHalIM 3a THPCEHE, ONTHMHU3ALMATA TH
npeoOpa3yBa B pelICHHs 3a paslpeiesieHue, a CUMYJIAlUATa OICHSBA Jajli Te3U PEIICHHS
OCTaBaT ONEPaTUBHO OCHIIECTBUMHU IPU CTOXACTUYEH IMOTOK OT MAallUEHTH.

T KaTO MBJIHUTE ONEPATUBHU 3aIIMCH HA HUBO NAIMEHT HE Ca €HAKBO JIOCTBIIHU 32 BCEKU
OOJIHWYEH IIpolec, IJlaBaTa pa3rpaHuyaBa IMOAKPENEHUTE YHCICHU pe3yiTaTd oT
CKCIICpUMEHTAIHUTE pE3yiTaTd, Oa3upaHu Ha cleHapuu. ToBa pasrpaHUYEHHE 3acHUIIBA
Hay4yHaTa HaJEXKIHOCT Ha IJlaBaTa, KaTo U30srBa HENOJKPENEeHU TBBPACHUS, KaTo
CBLICBPEMEHHO II03BOJIABA HAa paMKaTra Ja JAEMOHCTpHUpa IIpaKTH4YecKa CTOMHOCT 3a
[IO/IIOMarale Ha B3€MaHETO Ha PELIeHMsI IPU YCIOBHSI Ha OTPaHUYEHU PECYPCH.

4.2 SEIR-KNN mporxHo3upaHe u pe3yJTaTH OT OlleHKATA Ha
ThPCEHETO

Pesynrature OT NMPOTHO3MPAHETO CE€ HMHTEPIPETHPAT KAaTO NPUHOC 3a TOJIOMaraHe Ha
B3€MaHETO Ha pELIeHHs, a HEe KaTo KpailiHa Liesl Ha JuceprauusaTta. B ympaBneHuero Ha
3[paBeona3BaHeTo [0 BpeMEe Ha MaHJeMHUs, CTOMHOCTTa Ha MPOTHO3aTa 3aBUCH OT TOBA AN
Td MOXE€ Ja NOJNOMOTHE IUIAHUPAaHETO Ha KalamuTeTra HaAoly IO Bepurara,
pasnpeneNeHNeTo Ha Jierjara, TOTOBHOCTTa Ha MHTEH3WBHUTE OTIICJIICHUS W OlepaTHBHATA
cumynanwsi. [Topaau ta3u npuunna pesynrarute ot SEIR-KNN ca mocnenBanu He3abaBHO OT
npeoOpa3yBaHe Ha TBPCEHETO B OOJTHULIUTE U UHTEH3UBHUTE OT/IEJIECHUS.

SEIR-KNN kxomMOuHHpa MEXaHUCTUYHA €HICMHYHA CTPYKTYpa C aJalTHBHO aKTyalH3HpaHe
Ha mnapamerpute. SEIR cTpykTypaTa n03BOJSIBA HHTEPIPETHUPAHETO HA IIpoleca Ha
MIPOTHO3UpPAHE Ype3 CBHCTOSHUS Ha YYBCTBHTEIHOCT, EKCHOHUpPaHE, HMH(EKIMO3HOCT U
BB3CTAaHOBSBAaHE/OTCTPAHEHOCT, J0KaTO KNN KOMITOHEHTHT aJanTHpa IMapaMeTpUTe KbM
MOJIEJIUTE Ha CXOJCTBO Ha HUBO 0oOIIMHA. Ta3u XubpuaHa CTPYKTypa € MOIXOAIIA 32 MaIbK
HaboOp OT JaHHW Ha HUBO OOIIMHA, 3aII0TO M305rBa TPETUPAHETO HA BCUYKU OOLIMHU KaTo
WICHTUYHH, KaTO CHIIEBPEMEHHO 3aI1a3Ba eMiIEMHOJIOTHYHOTO 3HAYCHHE.

AHanmM3bT B TO3M pasjesl 3ama3Ba CaMO MPOTHO3HUTE pE3YJITaTH U TMOAKPEIECHUTE
BaJMIAlIMOHHY J0Ka3aTencTBa, HeoOxonumu 3a ['naBa 4. [Tosrapsimu ce SEIR ypaBHeHwus,
MOAPOOHN OOSICHEHWs 3a JMAMMa30HUTE Ha MapaMEeTPUTE M ONIIMOHAIHU TIOKA3aTelu,
W3HUCKBAIIM JOMBIHUTEIHA BAJIMJAIIMOHHUA BEKTOPH HAa HUBO OOIMHA, HE CE TMOBTApAT B
OCHOBHHUS TEKCT. Te3M eJeMEeHTH ca 3alla3eHH B TIJjaBara 3a METOJOJIOTHSATa HIA B
MOAKPEIIAIITE MAaTepUATH 32 BB3MPOU3BOANMOCT, JOKATO HACTOSIIUAT pa3zel ce PoKycupa
BBpPXY MPOTHO3HUTE PE3YJITAaTH, BAIHIAIMOHHUTE JTOKA3aTEJICTBA, K-U4yBCTBHTEIHOCTTA W
pe3ynraTuTe OT Mpeodpa3yBaHETO HA THPCEHETO, HEOOXOTUMU 3a TMOCJEIBAIUS aHATN3 Ha
pa3snpenEIeHUETO U CUMYJIAlHTA.
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4.2.1 IIporHo3HM TpaeKTOPMH HA OOINMHCKO HMBO M M3XOJHU
napaMerpu

Tabnuya 4.1. Cmounocmu na napamempume SEIR-kKNN na Huso obwuna u npocHo3upanu nuKou

pe3ynimamu

Oo0mmHa Bbera Curma I'ama Bpbx ITukos
JAeH
[Mpumuna 0.230 0.220 0,090 21311 Jen 60
[puspen 0.188 0,192 0,125 1461 Jen 60
[es 0.213 0.188 0.130 1453 Jen 60
I'axoBa 0.188 0,192 0,125 733 JHen 60
MurtpoBuna 0.202 0.180 0,140 455 Jen 60
Depusaii 0.180 0.201 0.114 1102 [Hen 60
I'aunan 0,184 0.209 0,103 1689 Jen 60
SEIR compartment dynamics generated for Kosovo municipalities
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Queypa 4.1. Junamuxa na SEIR, eenepupana 3a oowuru ¢ Kocoso npez 60-0nesHusi npocHo3en
Xopuzoum.

TpaexTopunte Ha Ourypa 4.2 MOAKPENAT aprymMeHTa, 4ye cuctemara Ha KocoBo He TpsiOBa m1a
ce MoJenupa caMO 4Ype3 e/Ha HallMOHalHa KpuBa. Pa3nukute Ha HUBO OOIIMHA ca OT
3HAa4YCeHHE, 3al[0TO ThPCEHETO Ha OONHWUYHU YCIYTHM BB3HHKBA JIOKAJTHO, Mpenu na Obiae
KOOpJIWHUPAHO HA HAIMOHATHO HUBO. [IpuminHa NOMUHHpPa B TPOTHO3HUS CHUTHAJN, HO
pPETHOHATHHUTE OOIIMHM OCTaBaT Ba)YKHHU, 3aII0OTO MOTAT Jla BE3HUKHAT MECTHH 3aTPyIHEHUS,
JOpH KOTaTO HAIIMOHATHUSAT WM CUCTEMHUSAT KalaluTeT U3TIIeK A TOCTaThUCH.

[IpumnHa resepupa Hal-rojaeMusi NUKOB cUrHai, Aokaro Ilpuspen , Iles u ['Huiian cbiio
reHepupaT ChOTBETEH MNPOTrHO3€H HATUCK. CleqoBaTeHO CTOMHOCTUTE HA MapaMeTpUTe
OCHUTYpSIBAT BpPB3KaTa MEXKAY EMIHUPUYHHUTE MPOPWIM HA OOUIMHUTE U PE3YNTATUTE OT
OLIEHKaTa Ha ThPCEHETO HAJI0JIy 110 BEpUrara.
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4.2.2 IlpeoOpa3yBaHe OT POrH03a KbM ThPCEHe

[IpeoOpa3yBaHeTo Ha THPCEHETO HA OOJHUIM € LEHTPAJICH MOCT B JIUCEPTAIMATA, 3al[0TO
TpaHcopMUpa TPOTHOZUPAHUTE WHQPEKIUU B KOJIWYECTBA, KOUTO MOTar na Obaar
W3IIOJI3BAaHM OT MOJICNIM 3a ONEpPaTUBHU wu3cienBaHus. [IporHo3upaHusT Opod ciy4an He
orpenieNia JAUPEKTHO MpoldiieMa ¢ paslpelesieHueTo Ha OonHuIMTe; TOi TpsiOBa na Obae
npeoOpa3yBaH B IOKa3aTelM 32 OYAKBaHO ThpCceHEe Ha OOJNHWUYHU JIeTJia, ThPCEHE Ha CTpec,
ThPCCHE Ha MHTCH3MBHO OT/CJICHUE M HEJOCTHI Ha KamaiurteT. ToBa mpeoOpa3yBaHe MpaBu
MIPOTHO3HUS CJION ONEPAaTUBHO PEJICBAHTEH.

[Tpuopurernute etukern B Tabmuma 4.3 TpsOBa na ce TBHIKYBAaT KaTo NPUOPHUTETH 32
IUTAHUPAHE, a HE KaTO KIMHUYHU Kiacudukanuu. TsAxHATa el € Aa 10co4aT Kbe HaTUCKBT,
MOJy4eH OT MpPOTHO3UTE, € MO-CHJICH M KbJe TpsiOBa Ja ce OO0bpHE BHUMAHUE MpU
pasIpenencHeTo Hanolly 10 Bepurara WIM aHajld3a Ha KanaluTeTa 3a yBEIWYaBaHE Ha
Kamanurera. Ta3u MHTEprperanus n30sArBa MPEACTaBIHETO HA TAaOJIHMIIAaTa KaTo CHUCTEMa 3a
MEIULMHCKY TPUAX U 51 OCTaBsl B paMKUTE Ha 00XBaTa Ha JUcepTalMATa 3a [OAOMaraHe Ha
B3€MAaHETO HA PEIICHUS.

Tabnuya 4.2. Ipoenosen cuenan na SEIR-KNN u npedsapumenna npooykyus 3a mvpcene na nezna no

obwunu
OO0muna Hab6monapann  Ilporno3mpanu Curnan 3a Ipuopurer
cJIy4au oT cJIy4au 3a MapT- ThpCceHe B
SIHyapH 10 anpui 0o/ 1HHLATA
(¢eBpyapu 15%
[Tpumnna 2700 3210 481.5 Bucoxk
IIpuspen 1700 1840 276.0 YMmepen
[les 1100 1230 184.5 Ymepen
I'sikoBa 850 920 138.0 YmMmepen
Murtpoguiia 650 710 106,5 Hucsk
Depusaii 1050 1130 169.5 YMmepen
M'annan 950 1040 156.0 Bucox

4.2.3 To4yHOCT HA MPOrHO3aTa U K-4yBCTBUTEJIHOCT

Tabruya 4.3. Obobwenue Ha aTUOUPAHEMO HA NPOSHO3AMA U pe3yaimam om k-uyecmeumenrHocmma

Koundurypauus MAE RMSE TobiakyBaHe
Craruuen SEIR Hsama Hama Camo 6a30B MPOTOKOJT; HAMA YUCIICHO
JaHHU JAHHH TBBPJCHHE 0€3 MOBTOPHO U3ITBIIHEHUE C
M3I0JI3BaHe Ha CHINUS BaJIMIALHOHEH
(aiin
SEIR-KNN , k=3 604.20 681.60 IToBeue noKaHa aganTanus, Mo-BUCOKa
JTUCTICPCHS
SEIR-kNN , k=5 568,75 631.71 Haii-noOpe otuereHusT OayiaHC B Ta3u
HAaCTpOWKa
SEIR-KNN , k=7 591,40 657,80 Ilo-muraBHa ajmanTais, MaJIKo IO-BHCOKa
rpemka
SEIR-KNN , k=9 623.10 701.20 [IpekoMepHO H3MTaKIaHEe HA

cnenuduIHATE 32 OOIIMHATA TUHAMHUKU
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O0600m1eHneTo Ha BaTUAMPAHETO € YMUIIJICHO KOHCEpBAaTHBHO. ['JaBara mpencTaBst camo
MAE u RMSE, Tbi1 kaTo TOBa ca NOAIBbPKAHUTE arperupaHy MOKa3aTeNH 3a BAJIHMJIHPAHE.
Otnocurenau mepku kato MAPE unu nopmanusupana RMSE morar na 0b1aT 1mojie3Hu, HO
Te TpsaOBa Aa ObJAT BKIIOYEHU B OCHOBHATA IJIaBa CaMO KOraTo € NMPUKAYeH U MPOBEpEH
OBJIHUAT HaONIOJaBaH BEKTOp 3a BajluAMpaHe Ha HHUBO oOmmHa. ToBa 3amas3Ba
MPOCIICANMOCTTA 1 N305TBa HEMOAKPETICH! TBHPACHHS 33 BAIUIUPAHE.

[IpoBepkara Ha YyBCTBHTEIHOCTTA 32 K € BakHA, 3aIIOTO aJanTalysaTa Ha MapaMeTpuTe,
O0asupana Ha kNN, moke ma Obae WM TBBpPJEC JIOKadHA, WIM TBBpPIAE IUIaBHA. Maika
CTOMHOCT Ha k MOke Ja pearupa CUIHO Ha JIOKAJTHUTE BapHAIlWH, JOKATO TOJIIMa CTOMHOCT
MOJKE /1a OCPEIHU CHEeIU(PUUHUTE 32 00IMHATa cUrHaIU. JokiiagBaHusT MUHUMYM Ipu k =
5 moxkpens u30paHaTta KOH(HTypamuss W IOKa3Ba, Y€ MOJEITBT HE € MapaMeTpU3upaH
MIPOU3BOITHO.

4.2.4 CurHaim 3a TbpCceHe B OOJHUINTE W HWHTEH3UBHHUTE
OT/1IeJIeHUs

Ta6ﬂuua 4.4. Cuenanu 3a mvpCeHe 6 60J1Huuume U UHMeH3UsHume omdeﬂeHuﬂ, nojiy4eru om

npocHo3u
O0muna IIporuno3upanu 15% 30% ctpec Otnesnenune Pa3znuka B
cayyan 0o THMIIA 3a Kanamurera
UHTEH3UBHO
JieyeHHe Ha
cTpec
[Tpumuna 3210 481.5 963.0 115.6 163.0
[Tpuspen 1840 276.0 552.0 66.2 0.0
[es 1230 184.5 369.0 443 0.0
I'sikoBa 920 138.0 276.0 33.1 0.0
Mutposuna 710 106,5 213.0 25.6 0.0
depuzait 1130 169.5 339.0 40.7 0.0
aunan 1040 156.0 312.0 37.4 12.0

Forecast-derived hospital and ICU demand signals

e Available beds
e Baseline hospital demand signal (15%)
W Stress hospital demand signal (30%)
. Stress ICU signal
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Queypa 4.2. Cuenanu 3a mopcene Ha OOTHUYHU U UHMEH3USHU OMOENeHUs., NOJYHeHU OM NPOSHO3U, NO
obwuHU.
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ITonoxurennara pasziuka B Kamanurera 3a crpec B [Ipumuna u ['Hunan nokassa, ye Hail-
rOJSIMOTO a0COJIIOTHO THPCEHE M PErvMOHalleH HATUCK BBPXY KamanuTera TpsOBa aa ce
HHTEpIpeTupar 3aefqHo. [IpuimmHa vma HaW-TOIsM CHUTHANI 3a ThPCEHE, N0KAaro ['Hunax
[IOKa3Ba Kak €/lHa I0-Majka oOOIIMHAa BCE OIEe MOXE Ja CTaHe peJIeBaHTHA IIpU
MHTEepOpeTanys Ha CTpec, cboOpa3eHa ¢ KamanuTeTa. Te3W KOHCTaTallud OIpaBAaBaT
BKJIIOYBAHETO Ha pesyarature oT TbpceHeto B MILP-paznpenenennero u DES-
BAJIMAUPAHETO, BMECTO Jja C€ TPETUPAT KaTo KpailHU pe3yJITaTH.

KpaiiHusT pesynrar oT mporHosaTta € mpeoOpasyBaHETO Ha MPOTHO3MPAHHUTE MHGPEKIHU B
IMOKa3aTcJiu 3a TbPCCHC B 6OJIHI/II_[I/I U MHTCH3UBHU OTACJICHHUA. HpI/I 0a30BOTO AOIYCKAaHE OT
15%, TbpceHeTo ocTaBa Mo HOMUHAIHUS KaallUTeT Ha JIerylaTa B II'bJIHUS HA0Op OT JaHHMU.
[Ipu xoHcepBaTHUBHOTO nomnyckaHe 3a crpec oT 30%, [Ipummna craBa mbpBaTa OOIIMHA C
NOJIOKUTENTHA pas3iMKa B KaramureTa, JoKaro [HWIaH ChIIO TOKa3Ba HATHCK NpU
KOH(UTypanusara Ha CTpec.

4.3 Pe3yaraTu OT pasnpeaejeHueTo HA 0OJHUIIUTE Bb3 OCHOBA HA
MILP

Pezynratute or MILP pasrexnar pasnuyeH BBOPOC 3a B3EMAaHE HaA pPELIEHUE OT
pe3yaTaTuTe oT mporuo3upaneto. [I[poruo3upanero omneHsBa ObACIIN HATUCK, HO HE pelllaBa
KaK TMalnueHTuTe TpsaOBa na Obmar pasmpeneneHd Mexnay Oomnunure. Crnost MILP
npeoOpa3yBa HH(MOpMAIHITAa 32 THPCEHETO M KaraluTeTa B PEIICHUS 3a pasnperesicHHe,
MOJIeTIM Ha TpaHc(ep U TMarHOCTUKA Ha HEe3a/0BOJIEHO ThpceHe. ETo 3aio rimaBaTa oneHsBa
JaricaTa Ha KOOpAWHAIUs, amyHoTO pasnpenenenue, MILP ¢ nokanen npuoputer u MILP ¢
TJIO0ATHY Pa3XOH MPH €IMH U CHII CLICHAPUA.

PaznensT o Taka pasrpaHnyaBa ABa BUAA HEIOCTUT. [IbpBUAT € MpenoTBpATUMO JTOKAJTHO
MpeToBapBaHe, NpHU KOETO HIKOM OOTHHUIM ca TMPEeTOBapeHH, JAO0KAaTO JpYyrH HuMaT
HEU3MOJI3BaH KamaiuTeT. Bropust € Hem30exeH CHCTEMEH HEJIOCTHUT, MPU KOUTO 0O0IIOTO
ThPCEHE HaJIBUINIaBa OOIIMS KamanuTeT. ToBa pa3rpaHHYEHHE € OT CHIUIECTBEHO 3HAUYCHHUE,
3aI10TO KOOPJAMHAIMATA MOXKE JIa PEIU MbPBUS MPOOJIeM, HO HE MOXKE J1a Peld BTopus 0e3
YBEJIMYABAHE HA KaIlallUTETA.

CrnenoBarenHo pe3yiTaTUTE C€ MHTEPIpPETHpaT ¢ MOBHIIEHO BHMMaHue. llenta He e na ce
TBbpaY, ¢ MILP aBTOMaTH4YHO NOMHUHUpPA BCSAKA €BPUCTHKA BbB BCEKU MaIIbK cirydaid. Ilo-
CKOpO IIeJITa € Ja ce MOKaXe Kora € HeoOXoJuMa KOOpIUHALIMsSA, KOra €BpUCTHKAaTa MOXe J1a
CbOTBETCTBA HA ONTHUMHU3HMPAHO C JIOKAJIECH IIPUOPUTET PELICHUWE U KOora ONTHUMHU3aLUATa
TpsiOBa YECTHO Ja JOKJIaJBa 3a HE3aJ0BOJEHO TBHPCEHE, 3alIOTO CUCTEMaTa € TII00alHo
NepUIUTHA 110 KanaluTer.

4.3.1 ba30BH 1 KOOPAUHHUPAHU CICHAPHUH 32 pa3npeaejieHue

Tabnuya 4.5. Cpasnenue na bazosama aunus u MILP 3a cyenapusi ¢ 0ocmamuvuen Kanayumem

HeynoBierBopenu IlpexBbpiaenn Ilena na IIperoBapenn

NanueHTH NanueHTH TpaHcdep 0o0JTHUIIH

Hsma xoopauHarnmst 40 0 0 2

AJdeH Hal-OIU3BK 0 40 81 0
HaJu4eH

MILP ¢ mecteH 0 40 81 0

MPHUOPHUTET

MILP ¢ rimo6anuu 0 50 77 0

pasxoju
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ANYHHST €BPUCTUYCH METOJ 3a Hal-ONMU3KHsI HATMYCH BapUaHT U PEIICHUETO C JIOKAJICH
npuoputeT Ha MILP BoasT 10 €HUM U ChLIM arperupaHy pa3xo/u 3a TpaHcdep B TO3U MaTbK
U JIOCTaThUCH KamaluTeT CiIy4yail: U JBata Metoja npexBbpisar 40 mamueHTH Ha 1ieHa 81 u
eJIMMUHUPAT HE3aJI0BOJICHOTO ThpceHe. ToBa paBeHCTBO € JOKIJIaJBAaHO M3PUYHO, 32 Ja Ce
n30erne nmpeyBennyaBane Ha pesynrara oT MILP ¢ nokanen mpuopurer.

MILP ¢ rnoGanHu paszxoam HamaisiBa pasxoaute 3a TpaHchep ot 81 Ha 77, HO M3HCKBa
roBeye JABMKEHUE Ha nanueHTH. Ciae10BaTesHo, ornepaTiBHAaTa HHTEPIPETALUs HE € IPOCTO,
4ye BapHaHTHT C IN0OATHM pa3xo[u BUHATH € 3a ImpelanoudnTaHe. B ycioBus Ha manaemus,
MPEXBBPJSHETO Ha JIONBJIHUTEIHA MAlMEHTH OT 30HU 03 MpeToBapBaHE MOXe aa Objae
aIMUHUCTpaTUBHO pa3pymuTenHo. CrenoarenHo MILP ¢ jokameH npuOpUTET ce
HMHTEPIPETHPA KATO MO-ONEPATUBHO KOHCEPBATUBEH BapHAHT, I0KATO BAPUAHTHT C III00ATHU
pa3xoau IEMOHCTPUPA TEOPETUUHHUS OTEHIIUAJ 32 MUHUMHU3UPaHE Ha Pa3XOIUTe.

4.3.2 MaTpuna Ha pasnpeaejgeHne U Mojies1 Ha TpaHcdep

MILP local-priority patient allocation matrix

60
Zone 1 20 10 0 0
50
o Zone 2 4 0 20 0 0 0
c 40
o
N
c
o
S Zone 3 0 0 10 0 0 - 30
—
c
g
o] L
& Zone 4 0 0 10 0 20
r 10
Zone 5 A 0 0 0 0
T T T T —-0
H1 H2 H3 Ha4 H5

Receiving hospital

QDuzypa 4.3. Mampuuya 3a paznpedenenue Ha nayuenmu c aoxkaieH npuopumem no MILP,
2CHEPUPAHA Om CUEHAPUA C nem OOJIHUYU.

Matpuiiata Ha pa3npeesicHHe € 3ala3eHa B OCHOBHHUS aHAU3, 3aIllOTO TS TPEACTaBs
YHUClieHaTa CTPYKTypa Ha KOOPIWHUPAHOTO pas3MpellelieHHe IO MpOo3payeH H OAUTHPAH
Ha4yMH. 3a J1a ce W30erHe BU3YaJIHO W aHAJTUTHYHO IMOBTOPEHUE, OCHOBHUSAT TEKCT 3aIta3Ba
MaTpHullaTa Ha pa3mnpesiesieHue, a He eTHOBPEMEHHO MaTpHUIlaTa Ha pasnpeaeneHue u nudpara
3a TpaHcepHaTa Mpeka. MaTpuiaTa € mo-moIX0/IA1IIa 32 TO3U pa3Jell, 3all0To MPEIOCTaBs
JTUPEKTHU YHUCIICHH JoKa3aTelcTBa, mojakpens Tabmuma 4.7 u durypa 4.5 u mo3BosisBa Ha
qUTaTeas Ja MPOBEPH KaK TPEIBIHCHHUTE IMAIMeHTH Ce MpepasmnpeseNiaT B OOJTHHUYHATA
MpeKa, KaTo ChIIEBPEMEHHO C€ CIIa3BaT OrPaHMUCHUATA HA KallaluTeTa.

[TonuTukata 3a MECTEH NMPUOPUTET € ONEPATHBHO 3HAUMMa B KOHTEKCTa Ha maHaemus. Ts
n305rBa HEHY)KHOTO NPEeMECTBaHe Ha MAlMeHTH, KOUTO Morar Aa ObAaT JIEKyBaHM JIOKAIHO,
KaTo ChILIEBPEMEHHO IpPEHAco4YBa MPENbIHEHUTE MAallMeHTH OT MIPETOBAapEHU 30HU KbM
OOJIHUIM C OCTaHaN KamanmuTeT. ToBa HamassiBa MPEIOTBPATUMOTO JOKAJIHO MPETOBAapBaHE,
0e3 1a ch3aBa MPEKOMEPHU CMYIIEHUS TP MPEXBBPISTHETO.
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4.3.3 CueHapuii Ha MTUKOBO HATOBAPBaHe

Ta6ﬂuua 4.6. ,ZZuaZHocmuKa Ha ocvyecmeumocmma 3a CyeHapust Ha nNUKO6O Hamoesapeane

Boanuna IInkoBo Kananmurer He3agoBoJieHno H3noa3Bane 0e3
ThpceHe MECTHO npeHanpexeHue
ThpCeHe
zH1 450 300 150 100%
H2 225 200 25 100%
H3 150 150 0 100%
H4 300 200 100 100%
H5 375 250 125 100%
O6m10 1500 1100 400 -

Peak-demand stress scenario: demand exceeds system capacity

urmTet 150

B Peak regional demand
e Available capacity

400 A unmet 125

unmet 100

w

o

[=]
1

unmet 25

200 A

Patients / beds

100 A

H1 H2 H3 H4 H5

Queypa 4.4. Cyenapuil Ha NUKOBO HAMOBAPBAHE, NOKA38ALU] MbPCEHe HAO HATUYHUSL Kanayumem Ha
cucmemama.

CueHapusT ¢ TUKOBO ThPCEHE € YMHUIIUIEHO 3ala3eH KaTo OCHOBEH PE3yNTar, 3all0TO TOW
M3siCHsBa rpaHuIiaTa Ha ontumuzanus. Korato tepcenero e 1500, a xamanutersT € 1100,
HEJOCTUT'BT HE € HeyCIeX MPH pasNpeeICHUEeTO; TOBa € Ae(PUIINT Ha CUCTEMHUS KalaluTeT.
Mopenst MILP e 1ieHeH, 3amoTo npaBu TO3U NEPHUITUT SCEH M KOJIHMYECTBEHO OIpEaeiis
MUHHMAJTHOTO HE3aJJ0BOJICHO ThPCEHE UM HEOOXOIMMHUS TTUKOB KalaIuTeT.

To3u pe3ynTaT € BakeH 3a THIKYBAaHETO Ha MOJUTUKHUTE. MOJENBT 32 KOOPAUHALIUS MEXTY
OOJHUIIUTE MOXKE Ja TMOoA0o0pH pa3mpeneleHneTo, HO HE MOXKe Ja ch3aane (pusznuecku
KamnaluTeT, KoraTto ooOmara cucrema € ¢ Hemoctur oT 400 mamuentu. ClieoBaTelHO,
MIPABIITHOTO 3aKJIFOYCHHUE 3a MOJIKpeIa Ha PElICHHUATa €, Y€ pPa3npe/eICHeTo TpsOoBa J1a ce
KOMOMHHpa CBC CIEIIHU JIeTjia, BpPEMEHHH JiedeOHU OTAETCHHS, MOOWIM3HpaHe Ha
MepcoHaNa U BHHIIIHA MOJIKpena.

4.3.4 AHa/1M3 HA YYBCTBUTEJHOCTTA

PesynraTtute OT 4yBCTBUTEIHOCTTA pa3iupaBaT orneHkata Ha MILP oTBbA ennH-€IMHCTBEH
creHapuii. [laHgeMUYHNUTE YCIOBHS Ca HECUTYPHHU U KaKTO ThPCEHETO, Taka M e(DEKTHBHUST
KamaruTeT MOTaT Ja ce MPOMEHAT 0bp30. ThpceHeTo MoXke Ja ce YBEIUYH MOPaaId BHJIHA Ha
uH(peKnus, A0KaTo e(MEeKTHBHUAT KamaluTeT MOXKE Ja Hamalee mopaad 3a0ojsBaHe Ha
MepcoHalia, HEJAOCTUT Ha O0OpyABaHE WM OTpaHWYeHHs mpu TpaHchep. Tabnuiarta 3a
YyBCTBUTEITHOCT 0OXBAIlla Ta3H ChBMECTHA YSI3BUMOCT.
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CueHapuT 3a Bb3CTAaHOBSABAHE € II0JIE3EH U 3aI0TO [10Ka3Ba, Y€ TOMBIHUTEIHUAT KallallUTET
MOXK€ Ja HaMaJd HE3aJ0BOJEHOTO TbpPCEHE JOPH IPU CEpPHO3eH CKOK. (OcraBamoro
HE3a/I0BOJIEHO ThpPCEHE 00aue M0Ka3Ba, ue MAJIKUTE J00ABEHH KalalUTEeTH MOXeE Ja HE ca
JOCTaTbYHU IIPU rojsiMa BbJIHA. ToOBa 3acuiBa NpakTUYECKaTa NPENOpPbKa, Y€ IUNIAHUPAHETO
Ha CKOKa Tpsi0Ba 1a ObJie MPONOPLUOHAIHO HAa TEXKECTTa Ha CTpeca, a He Jla Ce TPeTHpa Karo
¢bukcupana aIMUHUCTPATUBHA KOPEKIIHSL.

4.4 PesyaraTu oT cumyJianus Ha 0OJTHUYHU ONepalun, 0a3upaHa
Ha DES

DES cnosT oueHsBa oOmnepaTHBHHUTE IOCIEAWIM OT HaTucka B OonHuuarta. ToBa e
HEO0XO/AMMO, 3all0TO OCBIIECTBUMOCTTa HA pPA3NpEAEiICHUeTO HEe € CBhUIOTO KaTo
orepaTuBHATa OCHIIECTBUMOCT. EnHa OonmHUIIA MOXKE J1a MMa HOMHUHAJEH KaraluTeT OT
JIerna, HO BCe MaK MOrar Jia ce oOopa3yBaTr ONAIlKM, KOraTo MPUCTUTAHUATA ca CTOXAaCTUYHH,
BpPEMETO 3a OOCITy)KBaHE € NMPOMEHJIMBO, MPECTOAT B MHTEH3UBHOTO OTACICHHE € IBIBI U
HAJIMYUETO Ha NIEPCOHAN OTPaHUYaBa MPOITyCKaTeIHATa CIOCOOHOCT.

CJ'IGI[OBaTeJ'IHO PE3YIATATUTE OT CUMYJIaUATA CE€ MHTCPIIPETHUPAT YPC3 ONICPATUBHU KIIFOUOBU
IIOKa3aTeCJin 3a e(beKTI/IBHOCT (KPI) H3II0JI3BAHC Ha UHTCH3UBHOTO OTACJIICHUE, CPEAHO BPpEME
Ha 4YaKaHC, 6p0171 JICKYBAHM MAalMCHTU Ha ACH W HE3aA0BOJICHO THPCCHC HAa MHTCH3UBHO
OTACIICHUC. Te3un mokaszarenu ca Mo-3HAYMMHU 32 OOJHHYHHUTE ornepanru, OTKOJIKOTO CaMO
PasxoauTe 3a pasnpcACICHUC, 3alIOTO MMOKAa3BaT KaK CC AbPKU OoJIHMYHATa CUCTEMA, KOIraTro
IIOTOKBT OT IMMAIMCHTH BSaHMOHCﬁCTBa C Or'paHMYCHU PCCYPCH 3a MHTCH3MBHO JICUCHUC.

['maBara 3ama3Ba ¢urypara Ha apxutekrypara Ha DES, TaGnumata ¢ OCHOBHUTE ClIEHApUHU U
Tabnuiara 3a OmepaTUBHU TMOJOOpEHUs, Thl KaTo TOBa Ca OCHOBHUTE €JEMEHTH,
HCO6X0)II/IMI/I 3a OICpaTvBHA BaJIMJalHA. bazosute mapaMeTpu Ha CUMYyJialiud, THCBHUIIUTEC
Ha CHOUTHATA, IIA0JOHUTE 32 JOBEPUTEIIHH HHTEPBAIHM U 3aMECTUTEIIUTE 332 P-CTOMHOCTH ca
M3KJTIIOYEHU OT OCHOBHHMSI TE€KCT, OCBEH aKO HE Ca MOJKPETNEeHH OT OKOHYATEIHHM 3alHCH 3a
U3ITBJIHCHUC.

4.4.1 CpaBHeHHe HA CLICHAPHUH

Tabauya 4.7. Pezynmamu om cyenapus DES 3a 6ornuunama detinocm 6 Kocogo

Cuenapuii HN3noa3Bane Cpeano Bpeme Ilanmentu/nen He3zagoBosieHo
HA HA YaKaHe ThpCceHe B
HHTEH3UBHOTO HHTEH3MBHOTO
oTaeJIeHne oT/IeJIeHnE
A - ba3oBa nmuHUS 79% 5,2 yaca 162 6%
B - IIpenbiBane Ha 114% 11,6 yaca 145 28%
HHTESH3UBHOTO
OTJCIICHUE
C - Ontumu3upan 88% 3,6 gaca 176 4%
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DES-based MATLAB/SimEvents architecture for hospital operations simulation

“IIN o &8
) 898, B | e
Patient arrival | Triage Ward queue ICU request ICU service
Poisson process | Mild / Moderate / Severe and ward service and ICU queue limited beds/staff ‘
| |
\ J \ / \
l v
(@R
VA
4

DES outputs
Wait, throughput, utilization

Discharge or death

Queypa 4.5. Apxumexmypa Ha mooeia Ha borHuyHUme onepayuu, bazupar Ha DES.

CueHapusT ¢ npenbjiBaHe Ha UHTEH3UBHOTO OTAEJICHHUE € KPUTUUHUAT cTpec TecT. Crel kaTo
M3II0JI3BAHETO HAa MHTEH3MBHOTO oTxaenenue Haasumm 100%, cucremaTa Beue HE paboOTH B
paMKHUTE Ha HAJMYHUSA KamaluTeT. YBEIMYaBaHETO HA BPEMETO 3a YaKaHE M HaMaJIIBAHETO
Ha IpOIyCKaTelHaTa CHOCOOHOCT TIOKa3BaT, Y€ IIPETOBAPBAHETO HA WHTEH3UBHOTO
OT/ICJICHUE BIIMSC BHPXY LIEJUS MPOIEC Ha MMOTOKA OT MAaIMeHTH, a HE caMO BBPXY CaMUs
pecypc Ha HHTEH3UBHOTO OT/ICJICHHE.

OnTUMHU3UPAHHUAT CIICHAPUH JIEMOHCTPUpA eQeKTa OT I[EJICHACOYCHAa WHTEPBEHITHS.
VYBenuueHne Ha KamaluTeTa Ha HHTEH3UBHHUTE otaeneHus ¢ 10%, KoMOMHHpaHO C
npepasnpeiefiecHue Ha IepcoHaja, He caMO HaMaisBa H3IOJI3BAHETO UM; TO CHINO Taka
HaMaJsiBa BPEMETO 3a YakaHe, yBeJIMYaBa IPOIyCKAaTeTHAaTa CIOCOOHOCT W HaMasiBa
HE3aJI0OBOJICHOTO ThPCEHE Ha MEePCOHANl B MHTEH3WBHUTE OoTAeNneHus. KoMOnHupaHusT edext
MOAKPENsl 3aKJIIOUEHUETO, Y€ JA00aBsHETO Ha KamaluTeT TpsAOBa Ja Oblie CHIPOBOACHO C
OTIepaTHBHO IJIAaHWPAHE HA ITepCOHaA.

4.4.2 IlopoOpenne Ha palGorara npvd  ONTHMHU3MPAHA
KOH(pUrypauus

Tabruya 4.8. [looobpenue 6 pabomama npu onmumuzupana DES xonghueypayus

Nuauxkarop Pedepenuus Ontumusupana IMono6penne
CTOHHOCT
CpenHo Bpeme Ha 5,2 yaca U3X0JHO 3,6 yaca 30,77% namanenue
JaKaHe HUBO
JIHeBeH KanmauurTer 145 mauuentu/nen 176 maumentu/nen  21,38% yBenuueHue
MpenbIBaHe
HesanoBoneno 28% mpenvBaHe 4% 85,71% namaneHue
ThPCEHE B
WHTEH3UBHOTO
OTZIETIEHUE
N3non3Bane Ha 114% mpenbyiBaHe 88% [IperoBapBanero e
WHTEH3UBHOTO pelieHo
OTJICTICHHE

[IponienTuTe Ha mogoOpeHue B Tabnuma 4.12 ca 1eHTpaIHA KOJIUYECTBEHU KOHCTATAIlMK Ha
paznena 3a DES. HamansiBaHeTO Ha BpEMETO 3a 4YaKaHe Ce U3MEpPBa CIPSMO U3XOJHOTO HUBO,
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THH KaTO OTpa3sBa MOJOOPEHUETO, HACOUCHO KbM MaIlMeHTa, IPH ONTHUMU3UPAHA OMEPALIHS.
[TonoOpenueTo Ha mporycKaTeslHaTa CIIOCOOHOCT W HaMallsiBAHETO Ha HEYAOBIETBOPEHUTE
HY)XIM B MHTEH3MBHOTO OTJCJIICHHE C€ HM3MEpBAT CHPSIMO CIEHapHs 3a MpernbjiBaHE Ha
WHTEH3UBHOTO OTJIEJI€HHE, Thil KaTo OTpa3fBaT BH3CTAHOBSABAHE OT KPUTUYHOTO CTPECOBO
CbCTOSIHUE.

Hali-cHiTHOTO OTHOCHTENTHO IMOJ00peHHe ¢ HaMaJIsIBaHETO Ha HE3aJ0BOJICHOTO ThpCEHE Ha
HHTEeH3UBHH otraeneHus or 28% ua 4%. ToBa He o3HauaBa, 4e CHCTEMaTa € CBOOOIHA OT
HaIpeXeHue; ONTUMU3HPAHOTO M3I0JI3BaHE Ha MHTCH3UBHUTE OT/ACICHHS ocTaBa 88%, KOeTo
BCE OIlle M3MCKBa MOHUTOPHUHT. ToBa oOaye mokas3Ba, ye meJicHaCOYeHa ONEepaTHBHA Hameca
MOXK€ Jla NMPEMECTH CHCTEMaTa OT ChCTOSHHE Ha IpPEMbJIBAaHE B MHOIO IO-YIPABIIEMO
OIepaTHUBHO ChCTOSHHUE.

4.5 Uurerpupana ouenka Ha pamkata SEIR-KNN-MILP-DES

WuTerpupanara OLEHKa € 4YacTTa OT IJlaBaTa, KOSTO CBbpP3Ba OTICIHHUTE DPE3YNTaTH C
npuHOCca Ha JucepranusaTa. [I[puHOCHT He e m3onupanoto u3noimssane Ha SEIR-KNN, MILP
wi DES. IlpuHochT e cTpykTypupaHa KOMOMHALMs OT MPOTHO3UpPAHE, paslpelesieHue U
ONlEpaTHUBHO BaJUAMPAHE B €IMHHA paMKa 3a IOJIOMaraHe Ha B3€MaHETO Ha pElICHUs 3a
3JIpaBHA Cpe/ia C OrPaHUUYEHH PECYPCH.

Ta3u uHTErpanus cbllo noJo0psiBa UHTEpHIpeTUpyeMocTTa. [IoNUTUKBT MOXKE J1a BUJIU KaK
rpelikaTa B IPOrHO3aTa BIUSE BbPXY UHTEPIIPETAUATAa HA ThPCEHETO, KAK ThPCEHETO BIIMSIEC
BBpPXY OCBUIECTBUMOCTTA Ha DPA3NpEACIICHUETO, KaK pAa3IpeNesICHUETO B3auMOJCHCTBA C
OIIEpaTUBHUTE IPEYKH M KaK CTPECHT OT CLEHApHs BIIMAE BBPXY CIPABEINBOCTTA H
crabunHoctTa. CrenoBaTeIHO paMKaTta MpelocTaBsl Mo-0oraT Moryie] BbpXy MOAKpenara 3a
B3€MaHE Ha PELICHHUs], OTKOJIKOTO BCEKHM U30JIMPaH MOJIEI.

B unTerpupanus pasnen ce u304rsa NOBTApPSIHETO HA €THO M CHIIO OO0 TBBPJIEHHE TBHP/E
MHOro I'bTHU. B TnaBaTa BeHBXK ce 3asBsiBa, Y€ KOMIIOHEHTUTE ca JOMBJIBAILU CE€, U IOCIIe
TOBa TBBPJCHHUE CE MOJKperns upe3 0000IIeHne Ha KIIUYOBUTE MOKa3aTean 3a e(heKTUBHOCT
(KPI), cpaBHenue Ha aOnamusiTa, TOIUIMHHA KapTa Ha YyBCTBUTEIHOCTTAa M Tabiuua 3a
CIpaBeIMBOCT/0ajlaHC Ha HATOBAapPBAHETO.

4.5.1 O0o0meHHEe HA MHTErPUPAHHMTE KJIKYOBHM IMOKA3aTeJd 3a
epextuBHOCT (KPI)

Tabnuya 4.9. Unmeepupano uucieno obodbwenue na kuovosume noxkazamenu 3a egpexkmusrnocm (KPI)
OMm USYUCTUMENHUME eKCHePUMEHMU

Kntouoe nokazamen 3a AEC HuTerpupana

ehexmuenocm (KPI) HMHTEepHperanus

MAE 568,75 - - I'pemika npu nporuo3upaxe,
M3I0JI3BaHa 3a OI[CHKA Ha
HAJICKTHOCTTA Ha TIPOTHO3HTE
RMSE 631.71 - - [To-romemu OTKIIOHEHHS,
HaOJII01aBaHu TIPU
pasnpeeNeHHeTo HAI0Iy 10

BepHUrara
He3anoBoJieHo - 0 - TBpceHeTo € NOKPUTO, KOraTo
ThpCeHe ¢ OOLTUAT KaNaIuTeT €
AOCTATh4eH JOCTaThueH
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KanauuTeT
He3anosoJieno - 400 - HeobxonuMmo e miaHupane Ha
ThpCeHe NMPHU NUKOB IpeHaNpPeKEHUETO
cTpec
Ba3oBo u3no/j3BaHe - - 79% YMepeHo 3aapbhCTBaHe
HA UHTEH3UBHOTO
oT/ieJIeHHe
HN3noua3BaHe Ha - - 114% TBHpceHero Ha UHTEH3UBHO
npenbJBaHe HA OT/eNICHHE Ha/IBUIIaBa
HHTEH3UBHOTO Karamurera
oT/ieJIeHHe
OnTuMu3upaHo - - 88% [IperoBapBaHeTO € HAMaJIEHO
U3M0JI3BaHe HA clie]] ”HTEPBEHIUS
HHTEH3UBHOTO
oT/ieJIeHHe
OnruMu3upaHo - - 3,6 yaca Hamaneno oneparuBHo
BpeMe 3a YakaHe 3a0aBsiHE

Haii-Ba)KHOTO HMHTETpUPAHO ITIOCIAHHME €, Y€ paMKaTra MOXKE Ja IMpPaBH pasliuKa MEXIy
pa3IMYHUTE PEKUMU Ha OTKa3. ['pemikata B MPOTHO3HPAHETO € MPOOJEM C MPOrHO3HATa
HECUTYPHOCT, HE3aJ0BOJICHOTO ThPCEHE MPHU NMUKOBO HATOBapBaHE € Mpo0JeM C HEAOCTUT Ha
KamnaiuTeT, a TMPEenbJIBAHETO Ha WHTEH3UBHUTE OTIEICHUS € NpoOJieM ¢ OMNEpaTUBHO
nperoBapBaHe. TpeTUpaHeTO HAa BCUYKMA Te3M MPOOJIIeMH KaTo eIuH oOm[ mpobiem ¢
,,TTAHJIEMUYHHUS HATUCK" OM CKPHIIO He0OXoauMaTa criennruuHa HHTEPBEHIIHUS.

WuTerpupanoTo 0000IIeHNe Ha KIIIOUoBHUTE MoKazarenu 3a eexkruBHocT (KPI) mokassa, ue
BCEKH MOJYJ JONPUHACS C OTAeTHA (DYHKIMS 3a TOJIOMaraHe Ha B3€MAaHETO HA PEIICHHS.
SEIR-KNN mpemocraBst manHu 3a mporHosupadHe, MILP oreHsiBa OCBIECTBUMOCTTA Ha
pasnpeneseHueTo M HEe3aJ0BOJIEHOTO ThpceHe, a DES omensBa oneparuBHaTa
OCBIIIECTBUMOCT TPH CTOXACTUYHH OONHMYHU ycnoBus. CrenoBaTelHO KOMOMHHMpaHaTa
pamKa € Mo-CHJIHA OT BCEKH M30JUpPaH KOMIIOHEHT.

4.5.2 CpaBHeHue Ha adjanusTa

CpaBHEHHETO B CTHII a0yalvs He MPEeTEeHANPa 32 CTATHCTUYECKU aONIalMOHEH eKCIIEPUMEHT B
CMHUCBHJI Ha MalMHHO oOydeHue. To ce u3MON3Ba KAaTO CTPYKTYpHO CpaBHEHHWE Ha
BB3MOKHOCTHUTE 32 MOJIMOMAraHe Ha B3eMaHETO Ha peieHus. To uaeHTuUIIpa KakBo MOKE
M KaKkBO HE MOXKE J1a TpaBU BCsSKa KOHQUTypalus: MPOTHO3UpAHE, pPA3MpeAeiisTHEe H
BaJWJAMpaHEe Ha omnepanuu. ToBa MpaBU WHTETPUPAHUS TPUHOC sICEH, 0e3 Na ce J00aBsT
HETMOJKPENEHN YUCICHU TBbPJACHUS.

[Tenrara xoHpurypanus Ha SEIR-KNN-MILP-DES e enuncTBeHaTa KOHPHUTYypamus, KOATO
BKJIIOYBA M TpuTe QyHKIMU. TOBa HEe 03HAYaBa, Y€ IThJIHATA PaMKa BHHATH € HeoOXoauma 3a
BCEKU OIEPAaTUBEH BBIIPOC; MO-CKOPO MOKa3Ba, Y€ MbJIHATA paMKa € HeoOXoJIuma, KOraTo
1eJITa € ISUIOCTHA TOJKPETia 3a pelieH s B 3/[paBeoa3BaHeTo 110 BpeMe Ha MaHIEMHUSL.
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Tabnuya 4.10 . CpasHnenue na U30AUPAHU U UHMESPUPAHU MOOETU 8 CIUT Abaayus

IIporno Pasnpex  OmnepatuBHO

Kondurypammns OCHOBHO OrpaHn4eHue
3MpaHe  eJjieHHe BaJI/INpaHe
[Ipenocrass kpuBM Ha HHDEKITUHTE,
Camo SEIR Ha He He HO HE U paslpeieleHue Ha
MAIUEHTHTE
Yactrnun AJanTUBHO TPOTHO3UPAHE, HO O3
SEIR- camo kNN Ja He A p pame,
0 orepaTuBHA BalHJalus
W3nckBa BHHITHY OLIEHKH Ha
Camo MILP He Jla He o
THPCEHETO W HE MOJIEIHPA OMAIIKH
OrneHsiBa MOTOKA, HO HE MPEIICBa
Camo DES He He Ja ! ’ el
ONITUMAITHO pasIpeciieHre
Pasnpenenennero He € BaIUIUPAHO
SEIR-KNN + e P
MILP Ha Ha He IIPY CTOXaCTUYEH ITOTOK OT
MalUeHTH
SEIR-kNN + Jla Jla Jla [IsaHA pencka3BaIio-
MILP + DES MIPENUCBAIIO-OLICHUTEIHA PaMKa

CpaBHeHueTo Ha abnanusTa MOTBBPXKAABa LIEHTPATHUS apryMeHT Ha riaBaTa. CamoTo
MPOTHO3MpAHE HE pas3npeaeis NalUMeHTUTE, CaMOTO ONTHMHU3MpPAHE HE BaIHUIUpa
MOBEJCHUETO HAa OOJHUYHHUS MOTOK, a CAaMOTO CHUMYJUpPAaHE HE MPEINUCBAa ONTUMAIHO
pasmpenencaue. MaTerpripanaTa paMka KOMOMHUpPA HEOOXOAMMUTE (QYHKIIUU B €HA BEpHUTa
OT JI0Ka3aTeJICTBA.

4.5.3 AHaIM3 HA CHIEHAPUHTE U YYBCTBUTEJIHOCTTA

Sensitivity heatmap: estimated unmet demand
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Queypa 4.6. Tonrunna kapma Ha 4YECMEUMENHOCIMA HA 0YAKEAHOMO He3A0080IeHO MbpCeHe Npu
Hanpesicenue 8 Mbpcenemo u Kanayumema.

TomvHHATa KapTa Ha YyBCTBUTEIHOCTTA € 3ala3eHa, 3all0To T4 MpeaBa yCTOWYMBOCTTA O-
e(deKTUBHO OT JIbJraTa TabJiMlia ChC CIIEHAPUU B OCHOBHATA TjaBa. s moka3Ba ChbBMECTHHS
eheKkT Ha MYNTUIUIMKATOPUTE HA THPCEHETO W HAMAJIBaHETO HA KalaluTeTa BBPXY
HE3a/I0BOJICHOTO ThpCceHe. 1031 BU3yaJIeH pe3yaTaT € ocoOeHo BakeH 3a KocoBo, Thil kaTo
eEeKTUBHHUAT KamaluTeT MOXKe Aa ObJe HaMaleH TOopaJu OTrPAaHUYCHHUS B IEpPCOHANA,
OrpaHUYEHUs] B 00OPYJBAHETO HA MHTEH3UBHUTE OTIEJICHUS WM OTpaHUuYEHUs 3a TpaHcdep
TOYHO Mpe3 MEePUOJUTE, KOraTo ThPCEHETO Ce YBEINYaBa.
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OCHOBHOTO TOJIMTHYECKO CIICICTBHE €, Y€ aJeKBATHOCTTa Ha M3XOAHOTO HHBO HE €
nocraTbyHa. EqHa cucrema Moske J1a M3IJekaa yrnpasiseMa npu peepeHTHH YCIIOBHSA, HO
OBp30 1a ce MNpeToBapH, KOraTo TBHPCEHETO €€ YBENMYM WM KamalUTeThT Hamalee.
CrenoBaTeHO paMKaTa IOJAKPErs IJIaHUPAaHETO Ha TOTOBHOCTTA, KaToO UACHTU(UINPA KbJE
KOMOMHAIIMHUTE OT CTPEC BOJAT JI0 HEIPUEMIIMBO HE330BOJICHO THPCEHE.

4.5.4 PaBeHCTBO U NPAKTUYECKHU MOCJIeIUIH

Tabnuuata 3a chopaBeUIMBOCT € 3ama3Ba BMECTO JIONBJIHUTENHA (Urypa, Thil KaTo
YHUCJIOBUTE CTOMHOCTH ca BaXHM. JIuIicara Ha KOOpAMHALMS BOIM 1O BHCOK HMHJACKC Ha
aucbasiaHe, J0KaTo KoopauHauusaTa Ha MILP enumunupa nucOananca B cueHapus ¢
nocraTbueH KananuteT. Bamunupanero Ha DES OTHOBO BbBeXkJa MallbK ONEpAaTUBEH
nucOallaHe, ThM KAaTo CTOXAaCTMYHMAT MOTOK OT MAalMEHTH M HATUCKBT B HMHTEH3HBHOTO
OTJIEJICHUE BIUSAAT IO pa3jiMuYeH HA4YMH BbpXY OOJIHHULMTE, JOPH clie[ MOoJo0psiBaHE Ha
pasIpeneacHueTo.

AnanTuBHaTa NMOJUTHKA MMa Hal-100bp mpoduil Ha OajaHCcHpaHE HAa HATOBAapBAHETO, ThHU
KaTO MHOTOKpaTHaTa PEONTUMH3AIUSA MOXKE Jla pearupa Ha IMPOMEHUTE B THPCEHETO M
kananuTeTa. ToBa € mpakTuuecku BaxHO 3a KocoBo, Thil kaTo OOJHHMYHOTO HATOBApBAaHE
MOXE Ja ce MPOMEHS MEXIy OOIIMHUTE ¢ TeUYeHHWE Ha BpeMeTo. PemieHuero 3a cTaTUYHO
pasnpeneneHue MOXKeE Ja OCTaHe HEaKTyalHO, aKO C€ MPOMEHSAT HATUCKBT OT WH(EKIIUH,
MEPCOHATBT WM HAIMYHOCTTA 32 TpaHCPeED.

4.5.5 OrpanuvyeHus HA MHTETPUPAHATA OLEHKA

Pesynrarure TpaOBa Aa ce MHTEpHpeTHpaT B paMKUTE Ha HanuyHuTe NaHHU. HabGopsT oT
nanHu 3a KocoBo ce ocHOBaBa Ha MH(pOPMaLUs Ha HUBO OOIIMHA U OOJHUYEH KalaluTeT, a
HE Ha ITbJIHM ONEpPAaTUBHU 3alUCH Ha HUBO nauueHT. [lopaau ToBa HSAKOM NOMYCKAaHUS 3a
WHTEH3UBHUTE OT/EJIEHUS, MEpPCOHajJa M CLEHApUUTE Ce MHTEPHPEeTUpar KaTo 000OIIeHH
JOKa3zaTencTBa, OasupaHu Ha creHapuu. Hamanenara OonmnuuyHa wmpexa mo MILP e
eKCIIepUMEHTaIHa TecTOBa cpeja U TpsOBa Ja ObAe pasliMpeHa, KOraTo CTaHaT HAJUYHU
II'BJIHA JIaHHU 32 TpaHcep Ha OOJHMYHO HUBO, MEPCOHANAa M WHTEH3UBHUTE OTACICHUS.
CroiiHocTUTE 32 BpeMe Ha U3IIbIHEHUE, P-CTOMHOCTUTE U TIOBEPUTEIHUTE HHTEPBAIN TPsOBa
Jla ce JTOKJIa/iBaT B OCHOBHMS TEKCT caMo Koraro ca nogkpenenu ot mbaiu MATLAB norose
3a U3II'BJIHEHUE U BEKTOPH 34 PEIUIMKALUS.

4.6 3aKkJII0YCeHHSA HA IJIAaBATA

['maBara moka3Ba, 4e MpeUIoKeHaTa paMKa pas3riekaa TPH CBBP3aHH BBIIPOCA, CBHP3aHH C
yIpaBIeHUETO Ha 37paBeona3BaHeTo. [IpBo, Kak MOXe /1a ce MPOTHO3UPa MH(EKIIUOZHUAT
HaTUCK IO Ha4WH, choOpazeH ¢ oOmumHara? BTopo, kak TpsOBa 1a ce pasmpeneisT
MAIMEHTUTE, KOTaTO ThPCEHETO M KalalUTeThT ca HepaBHOMEpHHU? Tpero, Ie ocTaHaT U
OCBIICCTBMMH IIOJTYUCHUTE OOJIHUYHA orncpanru, KOrato HNpUCTHUTraHUATA, 3aCTOCTTAa Ha
WHTEH3WBHUTE OTACNIEHUS U BPEMETO 3a oOchmykBaHe ca AuHamMu4HU? OTroBOpPHT M3HMCKBA
II'bJIHATA BEPHUTa OT MPOTHO3HPAHE-ONTUMU3ALIUS-CUMYTIaITHsI.

Pesynrature mokasBar M OrpaHHYEHUSATa HA paMKarta. Ts € HHCTPYMEHT 3a MOJNOMaraHe Ha
B36MaHETO Ha pEIICHWs, a He TapaHlWs, Y€ BCHYKM HEIOCTHIM MOrar jaa Obaar
enumuHupand. Koraro o0IIoTo ThpceHe HaJBHUILIABA OOIIMS KalalUTEeT, MOJIEIBT TpsAOBa
YEeCTHO J1a I0KJIaJiBa HEOCTUTra U HEOOXOJUMHMs pe3epBeH KananuTeT. Korato n3nosisBaHeTo
Ha MHTEH3UBHOTO otnaeneHue Hansumu 100%, DES moka3Ba, ue BpemeTo 3a yakaHe U
IIPOIYCKaTeIHATa CIOCOOHOCT ce BiowaBaT. Te3M OTKPUTHUSA MOACHIBAT AMCEPTALUATA,
3aI10TO U30SATBAT HEPEATUCTUYHH TBBPICHUS.
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Haii-Ba)XHHAT MPaKTHUECKH YPOK €, Ue TOTOBHOCTTA 32 MaHAEeMus TpAOBa J]a ce OCHOBaBa Ha
KOOPAMHUPAHO, OCHOBAHO Ha J0KAa3aTeJICTBA IJIaHMpaHe Ha OoJHMYHATAa Mpexa. TpsabBa na
Ce HM3IOJI3BAT PETHMOHAIHU I10KA3aTelId, BMECTO CaMO HALMOHAIHU CPEJHU CTOMHOCTH;
HECUT'YpHOCTTa Ha MpPOTHO3MTE TpsiOBa J1a ce OTpa3su B pELICHUATa 3a paslpeicieHUE;
pa3LINPSABAHETO HA HHTEH3UBHUTE OT/AENEHUs TPsiOBa Ja ce ChueTae C Ipepaslpesie/ieHle Ha
IepCoHaa; M OllepaTMBHATa CUMyJalus TpsAOBa Ja ce U3I0J3Ba Mpeau NPHIAraHeTo Ha
OCHOBHH IOJIMTUKHU 32 Pa3NpeieieHue.

Ta3u rnaBa npencTaBs U3YUCIUTENIHATA BAIMJALMS HA MHTErPUpaHaTa paMKa 3a MOJIKperna Ha
pelieHrsATa B 3[paBeola3BaHeTo Mpu mnaHiemwus, O0a3supana Ha MATLAB, u3nonspaiiku
kazyca ¢ COVID-19 B KocoBo. EkcnepuMmeHTaIHUTE J0Ka3aTelCTBa ClieIBaT CBbp3aHa
MOCJIeIOBATETHOCT: MMOATOTOBKA Ha eMIUpPUYHM JaHHU B ['nmaBa 3, mporHo3upane Ha SEIR-
KNN , omeHka Ha TbpceHETO B OOJHHMIM W HMHTCH3MBHHU OTJCJICHHs, pa3lpeieicHue,
6asupano Ha MILP, oneparuBHa Banmumanusi, 6azupana Ha DES, u nnTerpupana omenka Ha
YCTOMYHMBOCTTA U PAaBEHCTBOTO.

3akiroyeHus - 00001IeHUE HA MOJYYCHUTE Pe3yJaTaTh

3akjl04YeHUus HA TUCEPTANUATA

Ta3u nuceprauus pasriekia CTpaTeTHU 3a ONTHUMH3AIUS M AITOPUTMHU 3a peElllaBaHe Ha
npoOyieMu B 3JpaBHUTE CUCTEMHU TI0 BpeME Ha TaHJEMUs U Mpejyiara HHTerpupaHa paMmka 3a
MOATNIOMaraHe B3€MAaHETO Ha PEIICHHUs, KOSTO CBbP3Ba €MUIAEMHUOIOIMYHOTO MPOTHO3UPAHE,
pasmnpeneieHueTo Ha OOJHMYHUTE pEecypcH, OllepaTHBHATa CHUMYJallMs, aHajlW3a Ha
yCTOMYMBOCTTAa U aJalTUBHATa oOpaTHaA Bpb3Ka. JlucepramusaTra moka3Ba, 4e yIpaBICHUETO
Ha 3][paBeolla3BaHETO IO BpeME€ Ha MaHAEMHsS HE MOXKE Jla Ce€ CBEJE 10 €IUH-EIUHCTBEH
MOJeNl 3a MPOTHO3MpPAaHE WM €IWH-€IMHCTBEH MOJeN 3a pasmnpeaeneHue. To H3UCKBa
CTPYKTypHUpPaHa MOCJIEI0BATEHOCT, B KOSITO CE OLIEHsIBAa OBACHIOTO ThPCEHE, OTPAHUYEHUATA
Ha KananuTeTa ca NMpeACTaBeH! U3PUYHO, MOJUTUKUTE 3a pa3npeiesieHne Ha KaHIUAaTUTeE ca
ONTUMU3UPAHU U OINEpaTHBHATA OCHIIECTBUMOCT CE€ TE€CTBA MPU CTOXACTUYHU YCIOBUS Ha
MOTOKA OT MAaIMEeHTH.

[IBpBOTO OCHOBHO 3aK/IIOUEHHE €, Ue IIPOTHO3UPAHETO TPsIOBa Aa ObJIe ONIEPAaTUBHO CBBP3aHO
C KamamureTa Ha 37paBeomna3BaHeTo. IIporHosure 3a uHQEKIMUTE ca TMOJE3HH 3a
MOHHUTOPUHI Ha OOILECTBEHOTO 3/paBe, HO YIpaBUTEIWTE Ha OOJHUIU C€ HYXIAsAT OT
CUTHAJM 32 THPCEHE, M3pPa3eHU KaTO THPCEHE B OTIEJICHMSTA, TbPCEHE B HHTEH3UBHUTE
OTJIJICHUs, PUCK OT BpeMe Ha 4akaHe, M3IO0JI3BaHe, HEJOCTUT U M3MCKBAaHUS 3a KalaluTeT
npu npeBumIaBane Ha kamanureta. [Ipeanoxenust komnoHeHT SEIR-KNN otrosaps Ha ToBa
M3MCKBaHe, KaTo KoMOuHMpa uHTepnperupyeMa SEIR nunamuka c aganTanus Ha napameTpH,
6a3upaHa Ha CXOJICTBO Ha HMBO oOuIMHa. B ka3yca Ha KocOBO TO3M KOMIIOHEHT MpeloCcTaBu
crenu(pUYHU 3a OOLIMHATA MPOTHO3HU TPAEKTOPUM U T€HEpPUpPA CUTHAIMU 32 ThPCEHE, KOUTO
Morar ja 0b1at npexsbpiaeHu kbM moayiaute MILP u DES.

BropusiT OCHOBEH M3BOI €, 4e pasNpeleieHHeTo Ha OONHHUYHUTE pecypcH TpsiOBa Ja ce
TpeTupa Karo mpobieM Ha KOOpAMHHpaHATa Mpexka. B ciieHapusi ¢ JocTaThueH KamaluTer,
HEKOOPIMHHUPAHOTO paslpeesieHue Ch3JaBa MPEAOTBPAaTUMO JIOKAJIHO MPETOBapBaHE,
BBIIPCKU Y€ CHUCTCMHUAT KallalUTCT € HAJIWYCH JApyrazic. MO,Z[GJ'ITJT Ha pa3npcaciiCHuc,
O0azupan Ha MILP, enumuHUpa TPEAOTBPATUMOTO HE33J0BOJICHO THPCEHE Upe3
npepasnpCACJIAHC Ha MPCIIBJIHCHUTC MAllUCHTU CHOPCA KallallUTECTa U OCBIICCTBUMOCTTA HaA
Tpanchepa. BapuanThT C rio0amHu pa3xoayd HaMaldd pa3XxoauTe 3a TpaHcdep, T0KaTo
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BApUAHTBT C JIOKAJICH IIPUOPUTCT 3alla3d KOHCCPBATHBHA OICPAaTUBHA JIOTHKA, KaToO
IPpEXBBPJIA caMo IIPEIIBJIHCHU ITalMCHTH. Tona IMOTBBpPIKIaBa 3HA4YCHUECTO Ha
KOOPAUHHUPAHOTO YIIPABJIICHUE Ha OOHHMYHATA MpEKa 110 BpEME Ha MaHACMHUYCH HATHUCK.

TperusT OocHOBEH HM3BOA €, Y€ ONTHUMH3alUATAa caMma Mo cebe CU He € JocTaThbuyHa 0e3
olepaTHBHA BaJWaanus, OasupaHa Ha CcUMyJanus. MaTeMaTu4ecKd OChIIECTBUMO
pasmpeneseHe MOXE BCe OIlle Jla FeHepupa OIallK{, ecKajalis Ha BPEeMETO 3a 4YaKaHe,
MpembIBaHe Ha MHTEH3UBHUTE OTNCJICHHS U 3aryba Ha MpOMyCKaTeIHa CIoCOOHOCT, KOraTo
MPUCTUTAHUATA CA CTOXACTUYHHM W TMPOABDKUTENHOCTTa Ha mpectos Bapupa. DES crost
M0Ka3a, Y€ MPenbJIBAHETO HA MHTEH3UBHUTE OTJIECJICHUS MOKE Jla TTOBUIIN H3I0I3BAHETO HA
karmauurera Haa 100%, na yBenuuu BpeMeTo 3a YakaHe, 1a HaMajll JHEBHHs IMpOIycKaTeleH
KamaluTeT U Ja YBEJIMYM HE3a/J0BOJICHOTO THpPCEHE HAa HHTEH3UWBHU oTxaeneHus. [lpu
ONTUMU3HMpaHAa KOH(purypamuss ¢ pasmupsiBaHE Ha HMHTCH3UBHUTE OTIEICHUS U
Ipepasnpee/ieHue Ha IepcoHala, BPEMETO 3a YaKaHEe € HaMaJIeHO, IpoIlycKaTejaHaTa
CIIOCOOHOCT € YBEIM4YeHa, a HE3aJ0BOJCHOTO THPCEHE HAa WHTEH3WBHU OTACTICHHS €
HaMaysulo 3HauuTenHo. ClenoBaTenHo, CUMyJalusaTa € HeoOXoauma 3a OLEHKa Jajiu
ONTUMU3MPAHUTE TTOJTUTUKH Ca OTICPATHBHO OC30ITaCHH.

YeTBbPTUAT OCHOBEH U3BOJI €, Y€ YCTOMYMBOCTTA U CIPABEUIMBOCTTA TPsIOBA A CE OLICHIBAT
CbBMECTHO. YBEJIMYEHUE Ha ThPCEHETO, 3aryda Ha KanalurTeT, 3a0aBsHe Ha IaHHU, HEJJOCTHUT
Ha TEepPCOHAJl ¥ OTpaHUYEHHs Ha TpaHCQepa MOrar Ja Bb3HUKHAT €THOBPEMEHHO 10 BpeMe Ha
naHzaemMus. AHaJIM3bT Ha YYBCTBUTEIHOCTTa M MHTEIPUPAHUTE KIIOYOBM IIOKA3aTeNld 3a
epextuBHOCT (KPI) mokasBar, 4e mopu yMepeH pacTeX Ha THPCEHETO MOXE Ja Ch3Zale
HE33JI0BOJIEHO TBPCEHE, KOraro e(QeKTUBHHMAT KamaluTeT € HaMmaieH. Pesynrtaturte 3a
CIpaBeUIMBOCT U OajaHC HAa HATOBApBAHETO IOKa3BaT, Y€ aJalTUBHATa pPEONTUMM3ALMS
no100psiBa perMoHANHUS OalaHC upe3 aKTyaJu3upaHe Ha pelIeHusATa, KOraTo yclIOoBUsATa Ha
ThPCEHE U KamaluTeT ce NpoMeHAT. ToBa MOTBBbpKIaBa, Y€ IOTOBHOCTTA 3a IMaHJEMUS
TpsiOBa Jla BKJIIOYBA HE CaMoO LEIM 32 €()EeKTUBHOCT, HO M YCTOWYMBOCT, CHPABEAJIUBOCT U
KOHTEKCTyaJIHa OCBILECTBUMOCT.

Karo usmo, aucepramusita TOTBBpXKAaBa CTOMHOCTTA HA UWHTETPUPAHUS TMOAXOA 3a
MIPOTHO3UpaHEe, ONTUMM3ALUA U CUMYJNALUA 3a 3[paBHUA CUCTEMU C OIPAHUYECHU PECYPCH.
[IpennoxxeHaTa paMka He TapaHTHpa, Y€ BCUYKU HEIOCTH3U MOraT Ja ObJaT eTMMUHHUpPaHH,
0CcO0EHO KoraTo OOIIOTO THhPCEHE HaJBWIIABa OOIIUs KamanuteT. Bmecto ToBa, HeiHaTa
CTOMHOCT c€ CHhCTOM B WACHTU(DUIMPAHETO HAa MPOTHO3UPAHUS HATUCK, KOJIUYECTBEHOTO
OIpECACIIIHC HA NIPEAJOTBPATUMHUTE U HeN30EXKHUTE HEAOCTHUI'H, TIOAKPEIIATAa 3a KOOPAUHUPAHO
pasmpeneneHre, pa3KpUBAHETO Ha OINEPATUBHHU NMPEYKM M TPEIOCTABSIHETO Ha MPO3pavyHU
JI0Ka3aTeIcTBa Ha JIMIIATa, B3EMAIMl pEIIeHUs, 3a IJIAHWPaHe Ha CBPBXIPOU3BOJICTBO U
aaallTUBCH OTTrOBOP.

Orpa}mqe}mﬂ Ha U3CJIe¢ABAHETO

[IBpBOTO OrpaHMueHHEe ce OTHACS 10 IpaHylIMpaHOCTTa Ha JaHHUTe. KasycsT Ha Kocoso ce
OCHOBaBa Ha eMHJIEMHOJOrMYHa MHpopMalus U WHpoOpMaIMs 3a 3/ApaBHHUS KaralnuTeT Ha
HUBO OOINMHA, T0KAaTO IBJIHUTE ONEPaTHBHU 3alKMCH HA HUBO MAIMEHT HE ca OWJIM eJHAKBO
JOCTBITHU 32 BCUUKU OOJHMYHM mporiecH. CiieJoBaTeHO, HAKOIKO ONEPaTHBHU MapaMeTbpa
B DES u cTpec cuenapuurte ce MHTEPHpPETUpAT KaTo 0O0OIIEHN TOMyCKaHus, Oa3upaHu Ha
CLICHapHH, a He KaTO U34epIaTeIHU U3MEPBaHU HA HUBO MAIUEHT.

BropoTo orpanudeHue ce OTHAcs 10 HaMalleHOTO MpEICTaBsHE Ha OOTHUYHATA MPEKa,
n3non3BaHo B excrnepumenta MILP. Mpexara ¢ netr Bb3esia MpeaocTaBsl KOHTPOJIMpaHa U
HUHTEpIpEeTHpyeMa TECTOBA Cpela 3a OIEHKA Ha JIOTMKaTa Ha paslpeiesieHHe, HO He
Mpe/ICTaBiIsiBa BCAKO 3/paBHO 3aBeJCHHE, MApHIPYT 3a JUHEWKHU, Ipymna 3a MepcoHal WU
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OTJeNICHHE 3a WHTeH3MBHO JieueHue B KocoBo. bwaemoro BHeapsiBaHe Ou TpsOBayio na
pasuIMpu Mpekara, KoraTo ca HaJWYHM ITBJIHU JaHHM 3a KarnalnuTeTa Ha OOJHUYHO HHBO,
BpeMeTo 3a TpaHcdep, nepcoHana U UHTEH3UBHOTO JICUCHUE.

Tperoto orpanuyeHue ce OTHACS 0 HECUTypHOCTTa Ha mporHosara. Kommonentst SEIR-
KNN mpemocraBst mojie3HH aJalTUBHU CUTHAIN 32 ThPCEHE, HO BCHUKU CMUIACMHUOJOTHYHU
MIPOTHO3HM OCTaBaT UYBCTBUTEIHHU KbM 3a0aBSHUS B OTUUTAHETO, HEAOCTATHUYHO OTKpPHBAHE,
HECTAaOMITHOCT Ha TMapaMeTpuTe, MPOMEHU B IMOBEACHHETO W TOJUTHYECKH WHTCPBEHIIWU.
Pamkara pasraexxga ToOBa  OrpaHMYEHHME UYpe3 CTPECOBU  CIIGHApUHM, AaHAIW3 Ha
YYBCTBUTEITHOCTTA U aKTyaJIM3UpPaHE C TUIABEH XOPHU30HT; BBIIPEKH TOBA PE3yITaTUTE TPsIOBa
Ja ce THJIKYBAT KaTO JIOKa3aTeJCTBa B MOJKpena Ha B3€MAaHETO Ha pELICHHs, a HE KaTo
JNETEPMUHUCTUYHU TPOTHO3H.

YeTBBPTOTO OrpaHUYEHUE € CBBP3aHO C M3YUCIMUTENIHATa MOL] M HMHCTUTYLHHUOHAIHOTO
BHenpsiBaHe. Jlucepranusara AEMOHCTpUPA METOAOJOTHUITA U HW3UYUCITUTEIHHUS pabOTeH
nporec, Oasupan Ha MATLAB, HO BHeApsIBAaHETO B peaHO BpeMe OM H3UCKBAJIO
UHTErpausi ¢ OOJHUYHUTE HH(POPMALMOHHU CHCTEMH, CTAaHIAPTHU3UPAHO OTUMTAHE Ha
JaHHH, TIPaBHA OCHOBA 3a TpaHchepH, KIMHUYHO YIPaBIEHUE U MIPEryie]l OT CTpaHa Ha YOBEK
B LIMKBJA. T€31 MHCTUTYUHOHAJIHA U3UCKBAHUS Ca U3BBH MAaT€MaTUUYECKUS MOJEN, HO €A OT
CBILIECTBEHO 3HAYECHUE 3a IPAKTUYECKOTO BHEAPSIBAHE.

bbaemy n3ciaenBanua

B’I)I[eHII/ITe H3CIICABAHMA MOT'aT Ja pasiIrupAT NPCAJIOKCHATA paMKa 4YpE€3 BKIKOUYBAHC HA I10-
ooraTv KIMHUYHA NOBTEKH Ha HHUBO HanyucHT, HO'HO,Z[p06HI/I KJIaCOB€ Ha TCXCCT B
HWHTCH3UBHOTO OTACJICHUEC, OIPaHUYCHUA 3a MApPIIPYTU3WPAHC Ha JINHECHKU H pelICHUA 3a
pasnpeaCsICHUC Ha IIEPCOHAA. Tosa 6u mo3Bonmio Ha ciaost DES Aa IpeacraBs MPEYKUTE C
IIO-TOJIIMa TOYHOCT M Ou HarpaBuJIO OIICpaTUBHATA BajlWuJallUsA IMO-HYBCTBUTC/IHA KbM
PA3JIMKUTEC MCKAY IIPOLUCCUTC B OTACICHHUATA, HWHTCH3UBHHUTC OTACIICHUA, CIICIIHUTC
OTACICHUA U TpaHC(bepHTe.

Jlpyra O6baemia Hacoka € pa3mupsiBaHeTo Ha ¢popMynupoBkata Ha MILP B nmo-rosnsma u mno-
1oJipoOHa HallMOHAIHA OOJIHUYHA Mpexa. ToBa pa3IIMmpeHne MOXKe J1a BKIIOUBA MHOXKECTBO
HUBAa Ha TpUXKH, CHaOJAABaHE C KHUCJIOPOJ, BEHTWIATOPH, KaTeropuu paboTHa cuia,
HaJIMYHOCT Ha JIMHEHKH, HECUTYPHOCT II0 OTHOLIEHHWE Ha BPEMETO 3a IBTYBAHE U
OTPaHUYEHUS 33 PABEHCTBO Mex 1y oOmuHuTe. [1o100HO pasmupenne 61 yKpenuio paMkara
KaTO HAIUOHAJICH MHCTPYMCHT 34 T'OTOBHOCT 3a IIaHACMUS.

Tpera Hacoka Ha W3cienBaHE € BKIIOYBAHETO Ha JOMBJIHUTEITHH METOAM 3a CIpaBsHE C
HEOIPEICIEHOCTTa, KaTo CTOXacTUYHO IporpamMHMpaHe, pasnpeleNuTeNHO YCTOHYMBa
onTUMH3aIMs, 0allecOBO aKTyalM3WpaHe Ha MapaMeTpu M aHCaMOJIOBO MPOTrHO3UpaHe. Te3n
MOJXOAM MoOraT Ja TMOoA0OpAT Bpb3KaTa MeEXAY IPOrHO3HATa HEOIPEAEICHOCT H
YCTOMYMBOCTTA Ha pa3IpeelIeHNeT0, 0COOCHO KOTaTo B3EMAIIUTE PEIICHUS ce CONBCKBAT C
HEITBJIHH WA 3aKbCHEITN TaHHH.

bwsaemara pabora moxke cbuo ga cpaBaum SEIR-KNN ¢ anrepratuBHM moaxoau 3a
nporHosupane, kato LSTM monenu, rpadoBo-0a3upanu MpoCTpaHCTBEHO-BPEMEBU MOJIEINH,
aFeHTHO-6aSI/IpaHI/I CUMyJlallukl U XI/I6pI/I)IHI/I CIIMACMHUOJIOTNYHU MOJACJIN C MAIINHHO
obyuenue. CpaBHEHHETO HE TpsOBa Ja ceé OCHOBaBa caMO Ha TOYHOCTTA HAa MPOTHO3aTa; TO
TpsiOBa CHINO J1a OIICHW KAaueCTBOTO Ha PEUICHUsATA HAJOIy MO BEpUTaTa, OChIIECTBUMOCTTA,
BPEMETO 32 U3ITBJIIHEHHUE U OTIEpaTHBHATA YCTOWYHBOCT.

W nakpas, pamkara Moxe Ja Oble aJanThpaHa KbM JIPYrd KPH3W B 3/IpaBeOla3BaHETO U
CUCTEMHU C OrpaHuyeHu pecypcu u3BbH KocoBo. ChllaTa METOI0IOTHYHA apXUTEKTYpa MOKE
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Jla TOAIIOMOTHE IUJIAaHMPAHETO 3a TPUIHU BBIHM, OBACIIM BapUaHTH Ha KOPOHABUPYC,
IIPEHACENICHOCT Ha CIIELIHUTE OTIEJICHUs, pearupaHe npu OeiCTBUS U APYI'M ChTPECEHUs B
3IpaBHATa CHUCTEMA, IIPU KOWUTO IPOTHO3MPAHETO, Pa3NpEACICHUETO, CHUMYJIALUATA,
PaBEHCTBOTO M AAANTUBHUAT KOHTPOJ TPsIOBa Jja ObJaT KOOPAMHUPAHHU.

IIpuHocu Ha qUCcepTUMATA

JucepranusaTa NpeNOCTaBs HAy4YHH, METONOJIOTMYHYU, EMIMPUYHHM, H3UYUCIUTEIHU U
MPAKTUYECKH MPHUHOCH B 00JacTTa Ha ONTHMHU3ALMATA HA 3][PABEONA3BAHETO U IMOJKpErnara
3a peleHus IO BpeMe Ha mnaHiemus. T1e3n NpPUHOCH MPOU3THYAT MPSIKO OT
UACHTUDUIIMPAHUTE TPOMYCKM B JUTEpaTypara, NpEAJOKEeHaTa HWHTETpUpaHa paMKa,
IIOArOTOBKATa Ha Kazyca B KocoBo M n3uncnaurenHara OLeHKa, JOKIaIBaHa B JUCEPTALUATA.

OcHOBHUTE IIPUHOCHU Ha AUcCpTanuAaTa ca O606H.I€HI/I, KaKTO CJICIBa.

1) WuTerpupana xuGpuaHa paMKa 3a NoJAnNoMaraHe Ha B3eMaHeTO Ha pemienusi: B
JUcepTanusiTa ce npejjiara MHTerpupaHa XuopuiHa paMka 3a oJiromMaraie Ha B3eMaHeTo Ha
peuieHusl 3a yIpaBJi€HUE Ha 3/IpaBeONa3BaHETO 0 BpEME Ha MaHJEMUs, KOSTO CBbp3Ba
€NUJEMUOJIOTMYHO IIPOTHO3UPAHE, MOJCIMPAHE Ha 3APABHUTE PECYPCH, pasIlpelelICHHUE,
6asupano Ha MILP, oneparuBHo Banugupane, 6azupano Ha DES, u agantuBHa noruka 3a
oOparHa Bpb3Ka. To3W TMPUHOC € OPUTHHAICH 110 HAa4YyWHA, 110 KOWTO CBBP3BA
MIPOTHO3UPAHETO, MPEANKHCBAHETO, BAIUAMPAHETO U aJanTalusATa B €IUH ChIVIACYBaH
paboTeH mpoliec, KaTo AUPEKTHO Ce CHpaBs ¢ (hparMeHTAIUATa Ha ChILIECTBYBAIIUTE MOAEIN
3a pearupaHe npyu NaHIeMHUsl.

2) KOHTEeKCTHO-0CH3HAT MOAXO0A 32 OLEHKA HAa ThpceHeTo, 0a3upan Ha SEIR-KNN :
Huceprauusita paspadorBa u npunara SEIR-KNN norumka 3a omneHka Ha ThpceHeTO Ha
naHiaemMuss Ha HHUBO oOmuHa. [IpuHOChT KOoMOMHUpa uHTepnperupyemoctra Ha SEIR-
0a3MpaHOTO eNUJEMHOJIOTUYHO MOJIJIUpAaHe C aJanTalus Ha MapaMmerpure, OasupaHa Ha
CXOJCTBO, KOETO TM03BOJISIBA CUTHaIUTE 3a HHGpeknus aa ObAaT TpaHCPOPMHUPAHU B
UH/AWKATOpU 3a ThpceHEe B OOJHUIM M MHTEH3UBHU OTJEJIEHUS NpU OrpaHUYEHHU,
XETEPOTreHHHU ¥ PETHOHAIIHO HEPABHOMEPHU YCJIOBUS HA JaHHM.

3) Mopnen 3a pasmpenejieHue Ha OoqHunute, 0asupan Ha MILP: B nucepranusita
pasnpeneneHueTo Ha OONHHIHUTE ce (QopMynHpa KaTo 3aaada Ha CMECEHO-TEIOYHCIICHO
JIMHEWHO MporpaMupaHe, KOATO OTYUTa ThPCEHETO, KanaluTeTa, U3M0JI3BaHeTO, HEAOCTUTA U
OCBIIIECTBUMOCTTa Ha TpaHchepa. MoaenpT JIEMOHCTPUpA Kak KOOPJAHHHPAHOTO
pasnpeeneHne MoXKe 1a HaMalu MPeI0TBPAaTUMOTO JIOKAJIHO MPETOBapBaHe, KaK PEIICHUITa
3a TpaHcep Morar ga ObIaT OrpaHWYEHH OT ONEpAaTHBHATA OCBIIECTBUMOCT M Kak
ONTUMU3AIMATA MOXE Ja HUIACHTH(PHIMPA HEOCHIIECTBUMOCT, KOTaTo OOIIOTO THPCEHE
HaJBUIIaBa 001U €EKTUBEH KalaluTeT.

4) DES-6a3upan cJoii 3a onepaTtuBHa Bajauaanus: /lucepranusaTa UHTErpUpa CUMYJIalus
Ha JIMCKPETHU CHOMTHS KaTO CJIOW 3a OlepaTHBHA BATWAAIMS 32 TECTBaHE HA IMOCIEIUIINTE
OT peLIeHUATA 3a pa3Npe/ieieHne BbpXY MOTOKA OT MaluueHTH. To3u mprHOC MO3BOJISABA /1a Ce
OLICHW BPEMETO 3a YaKaHe, M3IOJ3BAHETO HAa MHTEH3WBHOTO OTAEJIEHHE, NPOITyCKaTeIHATa
CIOCOOHOCT, HE3a/I0BOJICHOTO ThpceHe U 00pa3yBaHETO Ha TECHH MeCTa MPH CTOXaCTUYHU
ycaoBus Ha OOJTHWYHA paboTa, IPEAr Jja ce MHTEPIPETHPA ONTHMU3UPAHOTO PAa3NpeelIeHue
KaTO ONEPaTHBHO OE30MacHO.

5) lIlpunoc Ha emnupuvyHoTOo nMpoyuBane Ha COVID-19 B KocoBo: B nucepranusita ce
KOHCTpyHpa u napamerpusupa kazyc Ha COVID-19 B KocoBo, nmoaxoasiy 3a KOMIIOTbPHU

Asmopegpepamu Ha oucepmavuu 2026 (11) 59-110



109 Muesnza Bepumia

eKCIIEPUMEHTH B KOHTEKCT Ha 3[paBeola3BaHe C OTPaHUYEHU pecypcu. TS MOATOTBS
SMHUIEMUOJIOTMYHH, JIeMOrpad)CKy ¥ TTOKa3aTely 3a 37paBeH KalaluTeT Ha OOIIMHCKO HUBO,
mpujiara JIOTUKa 3a BKIIOYBAHE M HAJICKITHOCT, M3BBPIIBA MpeaBapuTenHa oOpaboTka u
HOpMau3upane u reuepupa rorosu 3a MATLAB Bxoxnu manau 3a moayinute SEIR-KNN,
MILP u DES.

6) UuTerpmpaHa MeromoJiorusi 3a OLEHKAa, 0a3MpaHa Ha KJIOYOBU MOKAa3aTe/Jd 3a
epextuBHoct (KPIS): /[luceprammsara mnpeaigara HHTErpUpaHa JIOTMKa 3a OICHKA,
W3MOM3Balla MOKa3aTeld 3a TOYHOCT Ha IMPOTHO3UTE, ThpCEHE B OOJIHUIIMTE, ThPCEHE B
WHTEH3UBHUTE OTJEJICHUS, U3IOJI3BAaHE Ha KalallUTeTa, BPEME Ha YakaHe, MPOIyCKaTelIHa
CIIOCOOHOCT, HE3aJI0BOJICHO TbpPCEHE, YCTOMYMBOCT M CHpPaBEIMBOCT. TO3M MPUHOC
MOJIKPETIsl TIPO3PAYHOTO CpaBHEHHE Ha 0a30BH, KOOPAMHHUPAHW, MUKOBH M ONTHMHU3HPAHU
CLUEHapUH, KAaTO CBhUIEBPEMEHHO IOKa3Ba KaK BCEKM MOJYJ JOIpPHUHACSA 32 KaueCTBOTO Ha
peuieHusTa.

7) /JokasarejcTBa 32 KOOPAMHHMPAHO YNpPaBJIeHHE HAa 3JAPaBHUTE MPEKH:
N3uncnurennure pe3ynaTaTd IMOKa3Bar, 4€ 3JpPAaBHUTE CUCTEMU IIO BpeME€ Ha IaHAEMUS
TpsiOBa Ja ce TpeTupar KaTo KOOPAMHUPAHU OOJIHUYHM MPEXHU, a HE KaTo M30JIMpaHU
3aBeneHus. B nucepranmsaTa ce IEMOHCTpUpPA, Y€ HEKOOPAMHUPAHOTO PA3IPEIACICHUE MOKE
Ja Cb3JaZe IPEeNOTBPaTUMO IIPETOBAapBaHE, JOKATO KOOPAMHUPAHOTO PA3NPEICIICHNUE,
6asupano Ha MILP, u onepatuBHuTE I0J00peHus, TectBanu upe3 DES, morar 3HaunTe Ho
Ja NO00PAT NPOU3BOJUTEIHOCTTa HAa CUCTEMaTa, KOraTo KalalUuTeThT € JOCTaTh4YeH WU €
HaJIMYEH ITMKOB KallaluTeT.

8) IlpmHoc Ha yCTOHYMBOCTTA, 4YYBCTBHTEJHOCTTA M OPHEHTHPAHOTO KbM
CIpaBeUIMBOCTTA NMOANIOMAaraHe Ha pemeHusita: /[ucepranusaTta BKIOYBa CbOOpaKEHUS 3a
YCTOMYMBOCT, YYBCTBUTEIHOCT M CIPaBEUIMBOCT IIPU OLEHKAaTa Ha pELICHUSATa B
3/IpaBeONa3BaHETO MO BpeMe Ha naHaeMmus. Ts mokasBa, 4e yBEIMYaBAaHETO Ha ThPCEHETO,
HaMaJIsiBaHETO Ha KalalWTeTa, PErMOHAIHUAT JucOallaHC M OTpaHHYEeHHATa Ha JIOCThbIa
TpsiOBa J1a ce OIEHSBAaT ChbBMECTHO M Y€ aJalTHBHATa PEONTUMU3ALUS MOXeE Ja MoJ00pu
OaaHCHUpPaHETO Ha HATOBAPBAHETO MPH MPOMEHSIIIM CE YCJIOBUS Ha MaH/IEMUSL.

9) BL3npou3BoAMMOCT U MPUHOC 32 UMIJIEMEeHTanuATa: B aucepramusaTa ce npemocrass
CTPYKTYpUpaH H3uucIuTeneH mbT, nojkperneH or MATLAB-opueHTupanu pecypcu 3a
npenBapuTesiHa 00paboTKa, MPOTHO3UpPAHE, ONTUMM3ALMS, CHUMYNAlUd M HHTErpHpaHa
olLleHKa. MaTepuaiuTe B MIPUJIOKEHUETO 3a1a3Bat (OpMyIH, BXOJAHU CTPYKTYpH, MIAOJIOHU 32
CIICHApHH | JIOTHKA 32 UMILIEMEHTAIHsI, HEOOXOJMMH 32 IPOBEPKA, pa3lIupsiBaHe U OBIeII0
BB3NPON3BEXKIAHE HAa PEII0KEHATA paMKa.

10) TIIpakTHYeckM TIPHHOC 3a 3JIPAaBHUTE CHCTEMH C OrPAaHWYEHH pPecypcu:
[IpennoxkeHata pamMka € TMpeAHAa3Haue€HAa 3a KOHTEKCTH, KbIETO KalaluTeThT Ha
3JIpaBEOITa3BaHETO, HAIMYMETO HA JAHHW W aHAJUTHUYHATA HWHPPACTPYKTypa MOXE Ja ca
orpannueHu. KaTo akieHTupa BbpXy MPO3pavyHOCTTa, MOIYTHOCTTA, HHTEPIIPETUPYEMOCTTA
W W3YMCIIMTETHATa OCBIIECTBUMOCT, JUCEpTAlHATa Ipeajiara MPaKTHYCH IOAX0a 3a
MoJANOMaraHe Ha B3eMaHeTo Ha pemieHUs 3a KocoBO M CpaBHUMH 3JIpaBHU CHUCTEMH C
OTpaHUYEHU PECypPCH MO BpeMe Ha MaHJAEMUYHU U3BbHPEIHU CUTYAIUH.

Karo mso, Te3nm mpWHOCHM 3acWiiBaT Bpb3KaTa MEXAY OINEPaTHBHUTE W3CIICIBAHMS,
eMUJIEMHOJIOTMYHOTO MOJEIUpPaHe, YIPABICHUETO Ha 3/paBeONa3BaHETO M IPHIIOKHHUTE
CUCTEMHM 3a TOJIOMAaraHe B3eMaHeTO Ha pemieHus. OpUTHHAIHOCTTa Ha JUCEpTalUsiTa ce
cbcToM B crpykrypupanata wuHrerpauus Ha SEIR-KNN mpornosmpanero, MILP -
pasnpeneneHueTo u DES - omepaTuBHaTa Baymmanus 3a yrpaBjeHUE Ha 3paBEoOIa3BaHETO
10 BpeMe Ha MaHJeMUsl B KOHTEKCT Ha Ka3yc C OrpaHUYeHH PECYPCH.
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