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In the modern world, rescue operations in seismic zones are a complex and responsible task that 

requires efficient planning and coordination. In this context, the application of cyber-physical systems 

creates new opportunities to improve the efficiency and speed of emergency response. The study 

investigates how cyber-physical systems can be integrated into rescue operations, as well as their 

advantages and limitations. The purpose of this research is to identify the potential of cyber-physical 

systems to improve the process of rescue operations in seismic zones. The article explores the 

possibilities and perspectives of using cyber-physical systems for conducting rescue operations in 

areas affected by earthquakes. Examples of successful use of cyber-physical systems in real situations 

are given, and the advantages and disadvantages of various technologies are analyzed. The efficiency 

of post-earthquake search and rescue operations in seismically active zones is mainly determined by 

the speed of detecting survivors and assessing the situation. Existing technologies—cyber-physical 

systems, thermal cameras, radar systems, and acoustic sensors—often face limitations due to the 

uncertainty of destruction structures and the failure of communication infrastructure. This article 

introduces a new model with the implementation of smart wristbands, which is a new cyber-physical 

system approach. The model ensures both the mapping of vital signs and the mapping of destruction 

topology through acoustic analysis based on real-time data exchange in a self-organizing mesh 

network of smart wristbands. The proposed model enhances decision support for rescue teams, 

creating a more resilient and highly prioritized search-and-rescue ecosystem for emergencies.  
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1. Introduction 

Earthquakes remain one of the most destructive 

natural disasters, claiming thousands of lives every 

year and causing serious damage to infrastructure. 

Effective solutions are required to minimize the 

impact of natural disasters in earthquake-prone 

regions such as Japan, California, Turkey, and Central 

Asia. Traditional search and rescue methods face 

problems such as access to disaster areas and time 

constraints, as well as high risks for rescuers. In this 

context, new opportunities arise for the automation 

and optimization of cyber-physical systems (CPS) 

that combine computational resources, sensors, and 

physical devices (R. Alguliyev et al., 2018). The 

purpose of this article is to analyze the potential of 

CPS in increasing the efficiency of rescue operations 

during earthquakes and to identify the main 

directions for their implementation. The integration 

of cyber-physical systems can bridge these gaps by 

providing real-time situational awareness, 

automating dangerous tasks, and improving 

coordination between rescue teams. The rapid 

development of CPS has created new and significant 

opportunities for increasing the operational 

capability, accuracy, and efficiency of rescue 

operations during earthquakes. Cyber-physical 

systems offer a promising alternative by combining 

sensors, communication networks, and autonomous 

robots to improve rescue operations. It includes an 

integrated system using autonomous robots, drones, 

and the Internet of Things to increase the efficiency 
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and effectiveness of search and rescue operations. 

This approach, which combines real-time data 

collection, intelligent decision-making algorithms, 

and reliable communication networks, aims to 

respond to disasters, minimize human casualties, and 

optimize resource allocation during critical periods 

(Justyna Zandera et al., 2015). The article first analyzes 

modern cyber-physical systems and related 

technologies used in search and rescue operations in 

earthquake conditions. Then, the capabilities and 

limitations of sensor networks, unmanned aerial 

vehicles, robotic systems, and Internet of Things-

based solutions applied in seismic zones are 

investigated. In the next stage, the architecture, 

functional features, and working principle of the 

proposed cyber-physical model based on smart 

wristbands are presented. Following this, the 

application perspectives of the model in emergency 

conditions, its impact on the decision-making 

process, and its role in increasing the efficiency of 

search and rescue operations are evaluated. 

2. Related work 

Let us look at several scientific studies on the 

possibilities of applying cyber-physical systems in 

search and rescue operations during earthquakes. 

Liming Li et al. ( 2024) – their work explores the 

use of an improved fuzzy analytical hierarchy 

process (IFAHP) and radar charts to evaluate the 

performance of search and rescue robots in 

earthquake scenarios. The research proposes 22 

evaluation criteria and emphasizes both qualitative 

and quantitative analysis to ensure effective rescue 

operations in dynamic environments. 

Ross D. Arnold et al. (2018) – their work 

discusses the use of unmanned aerial vehicles 

(UAVs) and their cooperative behavior to improve 

search and rescue operations. The article shows 

how swarm intelligence, using robots that 

communicate and collaborate, can improve the 

search for survivors and reduce risks for human 

rescuers to cover large areas more efficiently. 

Robertas Damaševičius et al. (2023) – their work 

investigates the integration of IoT devices into 

emergency management. This study focuses on 

how real-time sensor data can improve 

coordination among first responders and 

contribute to the development of disaster 

management strategies overall. 

Bakhtiar Feizizadeh et al. (2023) – this study 

presents an experience of implementing a serious 

game using a GIS-based game simulator for crisis 

management during earthquakes. In this work, the 

development of a game-based GIS approach and its 

effectiveness for saving from an earthquake in the 

city of Tabriz were investigated. GIS methods and 

techniques were used in this game, and the 

proposed approach was applied to crisis 

management. The result of this application is an 

intellectual game, and this game has the ability to 

solve critical issues. The results are of decisive 

importance for explaining the effectiveness of 

rescue teams. 

Toshihiko Horiuchi et al. (2021) – this work 

conveys that various technologies are being 

developed and proposed for the improvement of 

the possibilities of reducing the consequences of 

earthquake disasters in urban settlements. 

However, due to the lack of incentives for owners 

of buildings or infrastructure, these technologies 

are not actually used, because the owners cannot 

calculate their economic efficiency and thus value 

these technologies as additional costs. The study 

proposes to build an "Urban Cyber Center" based 

on CPS. This urban CPS helps owners easily 

understand the economic efficiency of 

implementing these technologies and assess the 

seismic stability of buildings as well as social 

infrastructure objects. 

Erol Gelenbe et al. (2013) – this article reviews 

current research in the field of sensor-based 

evacuation and rescue systems and discusses 

related studies. Issues related to communication 

protocols for sensor networks, as well as a number 

of other important issues such as integrated 

asynchronous control of large-scale emergency 

response systems, knowledge discovery for rescue 

platforms, and prototyping are considered. 

Moez Krichen et al. (2024) – their work 

investigated the use of emerging technologies to 

mitigate the effects of various natural disasters. An 

overview was provided on how various 

technologies such as remote sensing, radar and 

satellite imagery, the Internet of Things (IoT), 

smartphones, and social media can be used to 

manage natural disasters. It is emphasized that by 

using these technologies, natural disasters can be 

predicted, responded to, and recovered from more 

effectively, potentially saving human lives and 

minimizing damage to infrastructure. 

Özgür Dogan et al. (2021) – their work proposes 

a disaster management system using machine 

learning used to support decision-making 

mechanisms. The purpose of the study is how to 

train and educate emergency center staff by 

simulating potential catastrophic situations in a 

virtual replica. By simulating a disaster event, it 
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will allow emergency center personnel to make 

decisions and demonstrate the potential 

consequences of those decisions. A rescue 

operation after an earthquake was simulated. The 

test results are promising, and expansion of the 

scope of modeling is planned. 

Anar Samidov (2024) – the article is dedicated to 

the research and development of cyber-physical 

geosystems (CPGS) using modern information 

technologies and geospatial data with the aim of 

optimizing and improving the processes of 

providing emergency medical care. The study 

presents the methodology for creating CPGS, 

including integration with medical information 

systems, collection and analysis of geodata, 

optimization of emergency routes, and 

implementation of telemedicine. The results of the 

study emphasize the successful implementation of 

CPGS in various regions, which results in a 

reduction of response time in emergencies and 

improvement of the quality of medical service. The 

discussion includes an analysis of the system's 

advantages and limitations, as well as its prospects 

for expansion and improvement. This article 

demonstrates the importance of cyber-physical 

geosystems in the context of modern emergency 

medical care and provides information about the 

necessity of cooperation with government and 

medical institutions for the successful 

implementation and further development of this 

technology. 

Jasbir Kaur et al. (2017) – their work notes that 

cyber-physical systems provide technological 

breakthroughs in various fields such as emergency 

management, transportation networks, intelligent 

manufacturing, healthcare, etc. The purpose of the 

article is the development of a cyber-physical 

system to respond to emergencies during natural 

disasters using radio frequency identification 

technology. This technology can be used to monitor 

the area during a natural disaster and helps in 

quick decision-making. The research attempted to 

develop an intelligent cyber-physical system for 

monitoring the area during a natural disaster, 

extracting and displaying detailed information 

about the area from a database in real-time. 

These scientific studies emphasize the 

important role of cyber-physical systems in 

increasing search and rescue capabilities during 

earthquakes. They propose various technological 

advancements that facilitate more effective 

response to disasters and management, including 

technological solutions such as autonomous 

robotics and the Internet of Things. 

Relevance of the issue. Earthquakes remain one 

of the most destructive natural disasters, claiming 

thousands of lives every year and causing serious 

damage to infrastructure. Effective solutions are 

required to minimize the impact of natural 

disasters in earthquake-prone regions such as 

Japan, California, Turkey, and Central Asia. The 

efficiency of post-earthquake search and rescue 

operations in seismically active zones is mainly 

determined by the speed of detecting survivors and 

assessing the situation. 

Problem statement. After earthquakes in 

seismically active zones, traditional search and 

rescue methods and existing technological tools 

(standard GPS, thermal cameras, and radar 

systems) lose their functionality at the moment of 

crisis due to the complexity of the destruction 

topology, signal interference, and the complete 

failure of the base communication infrastructure in 

the area. This communication breakdown does not 

allow for identifying the location and vital signs of 

disaster victims in real-time, blocks effective 

resource distribution, and creates a serious threat 

to rescuers. To solve the noted critical problem, it 

has become a necessity to develop wearable smart 

cyber-physical systems (CPS) that do not depend 

on central networks and can organize themselves 

in a decentralized form (mesh) under the rubble, 

and intelligent assessment models that 

automatically calculate the rescue priorities of 

individuals. 

3. Materials and models 

Eliminating the consequences of earthquakes in 

seismically hazardous areas and ensuring the 

operational capability of search and rescue 

operations require the application of complex 

analytical, mathematical, and structural models. To 

overcome the limitations faced by traditional 

methods at the moment of crisis, especially in 

environments where communication 

infrastructure has collapsed and uncertainty is 

high, it has become a necessity to use the 

capabilities of modern cyber-physical systems 

(CPS). In this section, the main methodological 

approaches and conceptual CPS models applied for 

the collection of data from the disaster zone in real-

time, creation of a virtual copy of damaged 

structures, coordination of autonomous agents, 

and determination of rescue priorities are 

presented. 
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3.1. Search and rescue models based on 

cyber-physical systems 

 Models based on the Internet of Things 

(IoT) architecture 

This model envisions the creation of a 

distributed network of IoT-connected devices 

(sensors, drones, robots) for real-time data 

collection, transmission, and analysis. 

 Digital Twin Model 

A digital twin is a virtual model of a physical 

system (building, area, rescue operation) that is 

updated in real-time based on data received from 

sensors. 

 Models based on Multi-Agent Systems 

(MAS) 

The multi-agent system envisions the use of 

numerous autonomous agents (drones, robots, 

wearable devices) that interact with each other to 

achieve a common goal - saving people. 

 Machine Learning Models (ML-based 

Model) 

This model uses machine learning algorithms to 

analyze data from sensors, drones, and other 

devices to make decisions or predictions. 

 Hybrid models 

It is a combination of the approaches mentioned 

above to create a more robust and efficient system. 

For example, it combines IoT for data collection, 

digital twins for analysis, multi-agent systems for 

coordination, and machine learning systems for 

signal processing. 

A number of advanced CPS models are applied 

to increase the efficiency of search and rescue 

operations during earthquakes in seismically 

hazardous areas. The IoT architecture ensures real-

time data collection and transmission through 

sensors, drones, and other smart devices, which 

allows rescue teams to monitor the situation as soon 

as an incident occurs and make operational 

decisions (Youba Raj Poudyal et al.), (Mohamed S. 

Abdalzaher et al., 2023). Digital Twin models, on the 

other hand, use this data to create a virtual copy of 

damaged areas and structures, optimizing resource 

allocation and operational planning through 

simulation of different scenarios (M. Korkmaz, 

2024), (Doğan, Ö. et al., 2021), (Ghaffarian, S., 2025). 

Multi-agent systems (MAS) ensure the 

coordination of autonomous agents in rescue 

operations, making resource allocation and 

adaptive execution of tasks possible (Farinelli et al., 

2003), (Talal et al., 2025), while machine learning 

models (ML) analyze collected data to predict 

critical areas and speed up risk assessment (Meier 

et al., 2019), (Weiqiang et al., 2022), (Chamola et al., 

2020). Hybrid approaches, which combine the 

advantages of these models, significantly increase 

the speed and efficiency of operations by 

integrating data collection, analysis, coordination, 

and decision-making processes into a unified 

platform (Lagap et al., 2024). 

As a result, the specific capabilities of each 

individual model presented are synthesized in a 

hybrid approach, making post-earthquake rescue 

operations more resilient, adaptive, and effective, 

maximizing risk management and the rescue of 

victims. This approach creates an integrative and 

technologically reliable framework for emergency 

management in the future. 

The analysis of existing CPS models shows that 

one of the main problems in post-earthquake search 

and rescue operations is the operational detection of 

people remaining under the rubble and ensuring data 

exchange in conditions of communication 

infrastructure failure. To solve these problems, a new 

cyber-physical system architecture based on smart 

wristbands and self-organizing mesh network 

technology is proposed in the article. 

The main element of the proposed model is 

smart wristbands that people have used in advance 

or are intended for emergency situations. These 

devices are equipped with sensors that record heart 

rate, body temperature, physical activity, and other 

vital signs. After an earthquake occurs, the 

wristbands automatically switch to mesh network 

mode and ensure data transmission by connecting 

with each other without depending on the central 

communication infrastructure. 

3.2. Problem solution 

Possibilities of using decentralized and stable 

communication channels by smart wristbands that 

do not depend on mobile internet in conditions of 

destroyed infrastructure during an earthquake. 

The decentralized and stable communication 

channels that do not depend on mobile internet are: 

 Mesh networks (Bluetooth Mesh, ZigBee, 

Thread): Smart wristbands and other devices 

organize a network that transmits a signal from 

node to node until it reaches the surviving receiver 

(drone, search station, or rescue headquarters). 

 LoRa/LoRaWAN: Low-power long-range 

radio communication that can transmit data for 

kilometers even without a mobile network. 

 Satellite channels: A miniature satellite 

module (Iridium, Globalstar) can be placed in 

wristbands to transmit SOS signals and vital signs. 
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 Emergency radio frequencies: Wristbands 

can act as a beacon, transmitting a radio signal 

picked up by special receivers carried by rescuers. 

 Integration with repeater drones: Unmanned 

aerial vehicles can "collect" signals from bracelets 

and transmit them to the command center. 

The possibilities of using decentralized and 

stable communication channels by new generation 

wearable devices in conditions of earthquake and 

destroyed infrastructure are presented in fig. 1. 

 

Fig. 1. Connection to wearable devices without 

internet 

3.2.1. The wristband is equipped with the 

following sensors: 

 IMU (accelerometer + gyroscope) - 

detection of collapse, fall, loss of 

consciousness 

 PPG + SpO₂ + pulse - monitoring of vital 

data 

 Temperature + humidity - indirect 

indicators of the depth of encasement 

(encapsulation) 

 Microphone (for low frequencies) - 

knocking, tapping, vital signs 

3.2.2. Mapping of destroyed areas based on a mesh 

network. Wristbands connect with each other to 

create a "live heat map" of survivors. 

 The map is created without the need for 

centralizing data 

 Provides prioritized live points to rescue 

teams 

 Works even if communication 

infrastructure collapses 

 Wristbands act automatically as a "router" 

 

3.2.3. A rescue priority index is calculated for each 

user in real-time. XPI modeling (0-100): 

 

 Stability of vital signs (%) 

 Inactivity and collapse analysis (%) 

 Environmental danger level - temperature, 

CO₂, humidity (%) 

 Sound and mechanical vibration signals - 

signs of human life (%) 

 Distance of the wristband from the 

network center (%) 
 

 

Fig. 2. Post-earthquake search and rescue 

operations with the application of new generation 

smart wristbands with a cyber-physical system 

approach 

The functionality of smart wristbands, 

exceeding traditional medical monitoring and SOS 

signal capabilities becomes the main element of an 

agile, distributed, and self-organizing rescue 

ecosystem in the critical post-earthquake stage. In 

this approach, wristbands are no longer just a 

passive device transmitting an individual's health 

indicators, but rather act as an active node within a 

multi-layer CPS structure. They process sensor 

data in an environment under rubble, perform 3D 

location mapping with acoustic signals, form 

priority indices by analyzing vital parameters, and 

create an entire life-marking and rescue 

coordination network based on device-to-device 

connection. 
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Fig. 3. Human, drone, rescue teams during an emergency situation. 

4. Discussion 

In this study, the smart wristbands and 

decentralized cyber-physical system (CPS) 

architecture proposed for seismic areas introduce 

fundamental innovations in the direction of 

eliminating information uncertainty in disaster 

zones and managing the communication crisis. 

Based on the architecture demonstrated in fig. 1, 

the proposed ecosystem is built at three main levels 

– individual node (Smart Wristbands), tactical 

operational structure (Search and Rescue Unit), 

and strategic decision-making (Control Center). 

This functional hierarchy has a number of 

conceptual and practical advantages compared to 

existing models in the literature. 

4.1. Comparative analysis of communication 

channels that do not depend on mobile 

internet 

The weakest point of traditional disaster 

management systems (for example, the IoES model 

proposed by Robertas Damaševičius et al., 2023) is 

their direct dependence on the operation of base 

mobile communication infrastructures (4G/5G). 

The collapse of mobile networks during seismic 

cataclysms makes these systems unusable. The 

decentralized communication topology applied in 

our model solves this problem with the synergy of 

alternative channels: 

 Decentralized Mesh Networks (Bluetooth 

Mesh, ZigBee and Thread): Wristbands play the 

role of a dynamic router by automatically 

connecting with each other under the rubble 

without needing a central station. Data is leaked to 

the nearest active receiver in the environment by 

being transmitted from node to node (hop-by-hop). 

 LoRa/LoRaWAN and Emergency Radio 

Frequencies: This technology, which can penetrate for 

kilometers with low energy consumption, minimizes 

the signal attenuation factor under the rubble. The 

devices perform the autonomous radio-beacon 

function for special locators of rescuers. 

 Repeater Drones and Miniature Satellite 

Modules (Iridium, Globalstar): While UAVs are 

used only for visual reconnaissance in the research 

of Ross D. Arnold et al. (2018), in the model 

proposed in fig. 1, drones act in the role of a "data 

mule". They fly over the rubble, receive packets 

from the mesh network of wristbands in the air, 

and direct them to the Control Center at a long 

distance or to satellite channels. 

The functional and structural differences of the 

CPS architecture put forward in this study with 

various investigated disaster management 

methodologies are summarized in Table 1. 

 

Table 1. Comparative characteristics of the proposed CPS model with existing search and rescue systems 

Comparison 

criteria 

Traditional search and 

rescue systems 

IoT-based 

systems 

RFID/Sensor 

systems 

Proposed ecosystem 

(Mesh-CPS) 

Dependence on 

base 

communication 

infrastructure 

High (mobile network 

and satellite 

communication are 

mandatory) 

High (4g/5g 

central network 

dependence 

exists) 

Medium (need for a 

central rfid reader) 

Minimum (self-

organizing 

autonomous mesh and 

lora network) 

Data collection and 

transmission 

Centralized  

(Client-Server) 

Centralized 

(Cloud-based) 
Locally centralized 

Decentralized (Node-

to-node) 
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Analysis of live 

(vital) data 

Very weak (only visual 

and external sound 

signals) 

Partial (only 

general medical 

indicators are 

transmitted) 

Weak (only location 

and identification are 

monitored) 

High (IMU, PPG, SPO2, 

microphone data 

synthesis) 

Calculation of 

rescue priority (XPI) 

Non-existent (based on 

subjective human 

decisions) 

Non-existent (data 

are only 

transmitted to the 

server) 

Non-existent 

Dynamic (automatic 0-

100 index is output for 

all indicators) 

Functional 

participation of 

drones 

Only for aerial 

reconnaissance and 

visual inspection 

Direct 

participation is 

not shown in the 

document 

Not applied 

"data mule" (As an 

aerial repeater and 

signal collector) 

Adaptation to 

disaster 

environment (under 

rubble) 

Very low (radar and 

gps do not work in 

front of obstacles) 

Low (significant 

attenuation of 

mobile signals 

occurs) 

Medium (works at 

short range) 

High (penetrates 

through acoustic 

sensors and radio 

frequencies) 

4.2. Multisensor integration (Data Fusion) 

and live heat mapping 

Another important difference of the research is 

in the heterogeneity of collected data and their 

processing methodology. Existing wearable 

systems in most cases analyze only some biometric 

indicators. In the proposed architecture, 

multisensor data fusion is applied: 

 Dynamic Situation Analysis. Through IMU 

sensors (accelerometer and gyroscope), the 

individual's instantaneous collapse, fall, and 

inactivity dynamics are detected. 

 Monitoring of Vital Indicators. PPG and 

SpO2 sensor groups determine the medical status 

of the victim by measuring pulse waves and the 

amount of oxygen in the blood. 

 Indirect Environmental Indicators. 

Microclimate is analyzed through temperature and 

humidity sensors, and the individual's depth of 

encapsulation (remaining under rubble) is assessed 

through indirect mathematical methods. 

 Acoustic Microphone Module. Physical 

mechanical blows (tapping, knocking signals) 

made by the victim from under the rubble through 

low-frequency sound sensors are filtered from 

background noise and detected through digital 

signal processing (DSP). 

This data is processed at the level of individual 

nodes without needing a central server and forms 

a live heat-spatial map of the destroyed areas in 

real-time. This aspect, unlike the RFID model 

proposed by Jasbir Kaur and Seema Purohit (2017) 

which only reads static relief data from a database, 

creates a completely dynamic and adaptive layer. 

 

4.3. Scientific significance of Rescue Priority 

Index (XPI) modeling 

The most fundamental mathematical-

conceptual innovation presented in the article is the 

Rescue Priority Index (XPI), which is formed 

individually for each user and varies between 0 and 

100. While the rescue criteria in the IFAHP model 

proposed by Liming Li and Zeang Zhao (2024) are 

directed to general and macro-objects, XPI focuses 

directly on the functionality of human life. 

XPI is formed as an analytical dependence of 

weighted parameters such as vital indicators, 

inactivity, environmental danger, acoustic signals, 

and network distance from the internal structural 

perspective. Thanks to this index (XPI), data 

entering the rescue headquarters are not 

transmitted sporadically but in a prioritized 

manner. For example, the XPI indicator of an 

individual whose vital indicators are at a critical 

level among two victims at the same rubble 

coordinate automatically rises and becomes a 

target point for rescue teams. This intelligent 

filtration ensures the optimization of rescue 

resources (human power, equipment) and 

significantly reduces information overload in 

emergency management. 

4.4. Limitations of the model and future 

research directions 

Along with the advantages of the proposed 

model, some physical limitations it may encounter 

in a real environment should also be discussed. 

First, deep concrete and metal structures (rebar 

grids) can cause sharp attenuation of radio signals 

(Faraday cage effect), which can reduce the packet 
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transmission efficiency of the mesh network. 

Second, continuous sensor readings and acoustic 

processing processes increase the energy 

consumption (battery drain) of smart wristbands. 

In this regard, in future studies, the construction 

of "sleep-wake scheduling" algorithms within the 

CPS to increase the energy efficiency of the system 

and the application of adaptive power adjustment 

mechanisms to minimize signal losses are planned. 

5. Conclusion 

The conducted research shows that in areas 

where seismic risks are high, the integration of 

smart wristbands, sensor networks, and intelligent 

analytics modules within the CPS framework in 

managing post-earthquake search-and-rescue 

processes has high efficiency. Accordingly, the 

following important scientific and practical results 

have been obtained: 

1. The transformation of smart wristbands 

from the traditional medical monitoring 

plane to a multi-level emergency interface 

has been substantiated. These devices are 

characterized as an active microsystem that 

collects real-time position, vital indicators, 

and sound-vibration detection parameters. 

2. It has been demonstrated that even in case of 

damage to the communication 

infrastructure, information loss is prevented 

by building self-organizing networks of 

"mesh" type. This approach ensures the 

efficient protection of the "golden hour" – the 

critical period when the chances of survival 

of victims in terms of medical intervention 

are highest – and the undirected direction of 

resources without loss. 

3. Thanks to the synergy of relief mapping and 

target location with analytical indicators of 

acoustic signals, it has been proven that the 

accuracy of the search radius increases, the 

coordination of human resources is 

optimized, and the safety of rescue teams 

entering the danger zone is increased. 

Ultimately, the proposed architecture is not 

only a technological innovation but also a new 

conceptual model of adaptive and resilient 

emergency management. The results of the 

research form a real scientific-practical basis for 

next-generation national security systems aimed at 

protecting human life. 
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