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Abstract. Modern cities are increasingly adopting information technologies and becoming
“smart”. It is important to note that with the development of technology, the potential for cyber
attacks also increases. This paper examines the significant problem of wireless network cybersecurity
in smart cities of Kazakhstan. The study proposes a comprehensive penetration testing approach
to identify and mitigate vulnerabilities in wireless networks. This approach includes a strategy that
promotes security in the smart city ecosystem and supports Kazakhstan’s overall efforts to protect
urban infrastructure. Particular attention is paid to the vulnerabilities of wireless networks, which
are a key element of the infrastructure of smart cities. This paper proposes a comprehensive ap-
proach to penetration testing aimed at identifying vulnerabilities in the wireless networks of smart
cities. This approach includes various stages, starting with collecting information about the target
system and ending with a detailed report on the identified vulnerabilities. The research results can
contribute to enhancing cybersecurity in smart cities in Kazakhstan and the development of effective
strategies for protection against cyberattacks.
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1. Introduction

In today’s digital world, smart cities are a key factor in urban development, which are the inte-
gration of information and communication technologies that contribute to the improvement of the
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efficiency of services, infrastructure and the quality of life of citizens in general. According to the
report of the analytical agency Research and Markets, the global smart city market is projected to
grow with an annual growth rate (CAGR) of 24.817%, reaching US$345.8 billion by 2028 [1]. The
market growth rate is influenced by progressive technologies in the field of the Internet, artificial
intelligence and big data. It is important to understand that with growth, the risk of cyber at-
tacks will also increase, which will target the main infrastructure of developing cities. Major trends
include integration of smart grids, power grids, intelligent systems, and energy efficiency [2]. The
Reference Standard of Smart Cities of the Republic of Kazakhstan was approved in 2019 in order
to standardize approaches to their creation. The priority spheres of life of a smart city are security,
transportation, housing and utilities, education, healthcare, and city management. Figure 1 shows
the ecosystem of a smart city.
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FiGURE 1 — Smart city Applications.

According to the benchmark standard of “smart” cities of the Republic of Kazakhstan, Smart city
is defined as an innovative city that uses information and communication technologies and other
modern tools to improve the quality of life of its residents, optimize activities and improve services.
This model of urban development is also aimed at strengthening the competitiveness of cities, while
ensuring the satisfaction of the needs of both present and future generations in various aspects:
economic, social, environmental and cultural [3]. The most important element of the smart city
strategy is the integration of digital initiatives - projects that are not only implemented within the
general concept of Smart city, but also aimed at improving the level of comfort and safety of citizens’
life. These initiatives can cover a variety of areas, including smart lighting, traffic management,
environmental monitoring systems, and other technologies that contribute to a more comfortable
and safer urban environment. Successful examples of such projects include the introduction of
smart grids to manage resources such as water and electricity, which allows for more efficient use of
resources and reduces the negative impact on the environment. Figure 2 shows the internal ranking
of the Republic of Kazakhstan on smart cities based on data for 2020 [3].

The presented rating reflects the current state and dynamics of urban development in the context
of Smart city concept implementation, and also reveals the strengths and weaknesses of each region.
Analysis of the collected data will allow not only to evaluate the achieved results, but also to
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Ficure 2 — Internal rating of the Republic of Kazakhstan for “smart” cities for 2020 [3].

formulate recommendations for further improvement of the urban infrastructure and enhancement
of the quality of life of citizens.

According to the E-Government Survey 2024 report, Kazakhstan ranks 24th out of 193 in the UN
Global E-Government Development Index (EGDI), and first among landlocked developing countries
[4]. Figure 3 shows the e-government development index of Kazakhstan in comparison with other
Asian countries. This index serves as an important indicator of the level of digitization of public ser-
vices and the effectiveness of the use of information and communication technologies in governance.
The index consists of several main components, including the availability and quality of electronic
services, the level of citizen participation in the e-government process, and the degree to which gov-
ernment agencies are prepared and equipped with the necessary resources to provide digital services
[4].

As can be seen from the figure, Kazakhstan demonstrates positive dynamics in the development
of e-government, which is confirmed by its high scores on various indicators. This is the result
of a targeted government policy aimed at introducing modern technologies in the sphere of public
administration and improving the quality of services for citizens. Thus, the analysis of the index of
e-government development not only reflects the current state of digitalization in Kazakhstan, but
also provides useful data for developing strategies for further development in this area, which will
ultimately lead to an improvement in the quality of life of citizens and strengthen confidence in
public institutions.

Cybersecurity in smart cities has become a major issue. Wireless networks, which serve as the
backbone of city services, are particularly vulnerable to a variety of cyber threats, including man-in-
the-middle (MITM) attacks, data leaks, and distributed denial-of-service (DDoS) attacks. With the
increasing use of Internet of Things (IoT) devices and interconnected systems in smart cities, the
complexity and number of potential security vulnerabilities are increasing, making the development
of robust methods to protect these infrastructures extremely urgent.

While the introduction of new technologies can improve service delivery and government efficiency,
it can also expose local communities to cyber attacks from a variety of malicious actors.A major
challenge for smart cities is cybersecurity. Cyberattacks on cities can cause significant damage,
including disabling or compromising vital services such as electricity or water. For example, the
municipal water authority of Aliquippa, Pennsylvania, USA was susceptible to a cyberattack in
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FicUure 3 — Kazakhstan and Asia e-Government Development Index [4]

2023. As a result, the water pressure control system was compromised [5]. The transportation
system of Olsztyn, Poland was paralyzed by a cyberattack in 2023. The attack affected almost a
hundred intersections in the city center, disrupting the operation of traffic lights and other important
elements of the transportation system [6]. Also in China, a facial recognition database leak affecting
the surveillance system in Chinese smart cities was discovered in 2019 [7]. And this is only a small
part of the cases with cyberattacks on smart cities. The software development company Stormshield
provides an overview of cyberattacks on smart cities [8]. Given the potential risks associated with
the development of smart cities, ensuring the safety of the population and infrastructure becomes a
top priority for their sustainable development.

Despite the growing awareness of cybersecurity issues in smart cities, few studies focus on spe-
cific penetration testing methodologies that take into account the unique vulnerabilities of wireless
networks in this context. This paper aims to fill that gap by proposing a comprehensive penetra-
tion testing methodology specifically designed for wireless networks in Kazakhstan’s smart cities.
The methodology offers a systematic approach to identifying and mitigating security risks, thereby
enhancing the resilience of urban infrastructure to cyber threats.

The main objective of the paper is to investigate wireless network penetration testing techniques in
the context of digital city ecosystems. In order to achieve the objective, it is necessary to accomplish
the tasks:

- To review the scientific literature and practical research in this area;

- To propose a methodology for comprehensive wireless network penetration testing.

The paper has been organized as follows: The second section will present an overview of previous
works. The third section will present the vulnerability analysis of wireless networks, the compre-
hensive testing methodology will be presented in the fourth section. Future research directions are
presented in the fifth section. Finally, the paper concludes in Section six, where the results of the
conducted research are summarized.

2. Related work

The field of cybersecurity in smart cities is attracting more and more researchers every year, with
various strategies being actively studied to reduce the risks associated with cyber threats. Key areas
of research include the integration of modern machine learning algorithms and intrusion detection
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systems to protect urban infrastructure. Mehdi et al. has presented the results of the analysis
of smart city security issues aimed at tracking intrusion attempts and cyber attacks, where the
research was conducted on the CICIDS2017 dataset. The obtained results highlight the ongoing
need to monitor malicious activity and implement effective controls to prevent security incidents.
However, in their study, they do not consider the role of penetration testing in identifying vulnera-
bilities of wireless networks [9]. Similarly, Amaizu et al. also studied machine learning methods for
detecting cyberattacks in smart cities, demonstrating high performance of their models on various
infrastructures. The work provides valuable insights into approaches to urban security, but does not
focus on wireless network vulnerabilities, which is a critical aspect for smart city ecosystems [10].

During the literature review and analysis, studies that consider penetration testing methodologies
were examined. For example, F. Almeida discussed the importance of penetration testing in identi-
fying vulnerabilities in smart city infrastructure in his paper. Almeida presented the results of the
analysis of 62 European research projects and as a result, presents multiple dimensions of cybersecu-
rity risks, proposed mitigation strategies, contributing to a complete understanding of the smart city
security landscape [11]. Andino et al. presented an intrusion detection system (IDS) using recurrent
neural networks (RNN)-based AI and optimization methods, which contributed to the discussion
of smart security solutions. In their paper, they presented the process of analyzing data obtained
from smart meters and sensors, thereby highlighting the high potential of deep learning models to
improve intrusion detection [12]. Similarly, Alaa et al. focused on ensemble IDS, emphasizing the
performance and efficiency of cloud-based solutions. Their study used machine learning models to
help improve IoT security in smart cities, but it is important to note that they do not consider
penetration testing methodologies [13].

To improve the security of smart city wireless networks, Siriginedi et al. proposed a generative
adversarial network (GAN) approach, while Muhammad et al. presented the results of a comparative
analysis on Al-based intrusion detection systems, focusing on the diversity of datasets and deep
learning algorithms applicable to smart cities. The obtained results substantiate the need for robust
cybersecurity measures adapted to the unique challenges of the urban environment [15]. Also, the
digital city ecosystem can be negatively affected by various attacks on smart home IoT devices. For
example, Rohit et al. investigated automated penetration testing frameworks specifically for smart
home [oT devices. In their study, they note the interrelatedness of home and city security measures,
emphasizing the need for comprehensive assessment frameworks [16]. Kyungon et al. identified the
need for vulnerability assessment, including penetration testing, to effectively secure IoT devices
which were obtained from the analysis of 154 sources on cybersecurity and cyber forensics for smart
cities [17]. Finally, Naila et al. in their study highlight the importance of preventing system infection
rather than searching for already known malware [18].

Cybersecurity challenges in smart cities are driven by multiple factors, including the widespread
adoption of IoT devices with varying levels of security and the interconnectedness of systems. Re-
search shows that smart device touch interfaces can be a potential point of vulnerability in cyber-
physical security systems. This is due to the possibility of using the sensor channel to infect devices
with malware, which can further compromise data privacy [20].

To summarize, the research publications highlight a versatile approach to improving cybersecurity
in smart cities, combining penetration testing, machine learning, and innovative detection systems
to address the changing threat scenario. This study provides a foundation for further research aimed
at developing more sustainable and safe urban infrastructures.

3. Common attacks in Smart City ecosystems

In the process of studying various published works in the research area, the most common types
of attacks in the digital ecosystem of the city were identified. The attack scenarios range from cyber
threats to physical interventions that impact the security and operation of urban systems. One
critical example of such cyber attacks is the MITM attack, in which an attacker disrupts, interrupts,
or spoofs communications between two systems [21]. The MITM attack process involves an attacker
intercepting and potentially modifying communications between two systems during transmission
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without the knowledge of the parties involved. In a digital city ecosystem, an attacker could target
smart city utility management systems, such as a smart valve in a wastewater management system,
resulting in serious disruptions such as a biohazard leak. Figure 4a shows a typical MITM attack
flow, demonstrating how an attacker captures and manipulates traffic between two communicating
devices. It is also important to note the possibility of theft of sensitive and personal data generated
by unprotected smart city infrastructure. With the proliferation of IoT devices in smart cities, large
amounts of personal data are generated and stored. Insecure smart city infrastructure makes it easy
for cybercriminals to steal personal data, which can then be exploited for identity theft or fraudulent
transactions [22]. The flow of a data theft scenario is depicted in Figure 4b, showing how attackers’
access and misuse sensitive information.

-~ Data/identity theft
____...-lni | P
.
Traffic Management Server ‘H‘
User
(a) (B)

FiGURE 4 — Diagram of a MITM attack and Data/identity theft

Figure 5a shows a device hijacking scenario where an attacker seizes and actually takes control of
a device [23]. These attacks can be difficult to detect because in many cases the attacker does not
change the basic functionality of the device. In the context of a smart city, a cybercriminal could
use captured smart meters to launch extortion attacks on energy management systems (EMS) or
surreptitiously siphon energy from a municipality. Device hijacking involves cybercriminals gaining
unauthorized control over smart devices. In the context of smart cities, this can include taking over
devices such as smart meters to launch extortion attacks on energy management systems (EMS)
or siphoning electricity from the grid. Figure ba demonstrates how an attacker can take control of
a device, often without changing its basic functionality, making it harder to detect the intrusion.
Figure 5b depicts a typical DDoS attack scenario, emphasizing how multiple compromised devices can
disrupt essential urban services. A DDoS attack floods a target system with an overwhelming amount
of traffic, rendering the service unavailable to legitimate users. In smart cities, this could involve
compromising a network of IoT devices, such as parking meters or traffic management systems, to
form a botnet. This botnet would then launch simultaneous service requests, crippling the targeted
infrastructure [24|. This is usually accomplished by flooding the target with redundant requests to
prevent legitimate requests from being fulfilled. In the case of a distributed denial of service (DDoS
attack), the incoming traffic overwhelming the target comes from multiple sources, making it difficult
to stop the cyber attack by simply blocking a single source. In smart cities, multiple devices such as
parking meters can be compromised and forced to join a botnet programmed to suppress the system
by simultaneously requesting service.

Thus, the vulnerabilities discussed emphasize the need to develop comprehensive security measures
to protect smart city infrastructure from a variety of cyber threats. The attacks described above
highlight the importance of developing robust security measures for smart city infrastructures. As
these cities grow increasingly interconnected, the vulnerabilities exposed by such cyberattacks pose
significant risks to public safety, urban services, and citizen privacy.
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Ficurge 5 — Diagram of Device hijacking attack and DDoS

4. Methodology of Vulnerability detection

To effectively reduce the likelihood of a cyberattack, it is essential to localize and address weak-
nesses within the networks and systems that constitute smart cities. However, the complex archi-
tecture of smart cities, with their numerous interconnected devices, presents unique challenges. Our
proposed penetration testing methodology provides a systematic approach to identifying vulnera-
bilities in wireless networks within smart city environments. The use of penetration testing is one
method that can be used in the vulnerability localization process [25]. Simulating a cyber attack to
find vulnerabilities in system defenses is an integral part of the penetration testing process. This
approach can help discover weaknesses in smart city infrastructure, which can then be used to inform
the development of security solutions to address these vulnerabilities [26].

The use of vulnerability scanners that can automatically find flaws in system software and hard-
ware is another strategy that can be implemented [27]. Using these technologies, smart cities will be
able to quickly detect weaknesses and fix them, preventing hackers from taking advantage of these
weaknesses. In addition, smart cities should conduct regular security assessments to localize any
potential vulnerabilities within their information technology infrastructure [28|. Such audits should
be conducted by independent security experts to ensure that they are comprehensive and objective.

In modern information technology and cybersecurity management, various framework models
and methodologies are widely used. One of the best known is ITIL (Information Technology In-
frastructure Library), which offers practices for managing IT services, improving service quality and
user satisfaction [29]. In parallel to ITIL, COBIT (Control Objectives for Information and Related
Technologies) provides a structured approach to IT resource management, ensuring control and
compliance with organizational goals [30].

In the context of cybersecurity, an important resource is NIST (National Institute of Standards
and Technology), which develops standards and guidelines to help improve the security of infor-
mation systems [31]. In particular, CPG13 (Commonly Accepted Security Practices for Software
Development) emphasizes best security practices in software development, allowing the integration
of security measures at all stages of the product lifecycle [32]. In addition, the MITRE organization
plays a key role in cyber threat analysis by offering tools such as the ATTACK database, which
helps security professionals better understand and respond to potential attacks [33]. The STIX
(Structured Threat Information Expression) format is used to share cyber threat information, which
facilitates communication between organizations and improves collective security [34]. Thus, the
use of these models and techniques in information technology and cybersecurity management allows
organizations to respond to threats more effectively and protect their resources.

Based on the results of the study of existing testing methods, a methodology based on a standard
for performing penetration testing was developed. Figure 6 shows a diagram of the methodology
of comprehensive testing for identifying vulnerabilities in the wireless network in the smart city
ecosystem, which consists of six stages that are performed one after another: Pre-Engagement In-
teractions, Reconnaissance, Vulnerability Identification, Exploitation, Post Exploitation, Reporting.
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The methodology consists of six distinct stages, as shown in Figure 7, each designed to comprehen-
sively test and uncover potential vulnerabilities in the system. These stages are executed sequentially
to ensure a thorough analysis of the target network.
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Ficure 6 — UML Diagram of the Methodology of Complex testing for Vulnerability Detection

The stages of the proposed methodology represent subprocesses aimed at identifying vulnerabilities
in the system. First of all, stage defines the scope, purpose, and boundaries of the testing process and
identifies key elements such as network configurations, system endpoints, and sensitive assets. Next,
the interactions between the tester and the client (e.g. city authorities or network administrator)
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are established. The current stage promotes a deep understanding of the infrastructure and systems
that are planned to be tested and is essential to ensure the focus and effectiveness of the penetration
test.The next step in the methodology involves collecting information about the target system. This
information includes identifying network components, devices, and potential entry points for an
attacker. Tools such as Nmap and Wireshark are employed to scan the network for open ports,
active devices, and services running on the network. The goal is to create a detailed map of the
system’s architecture and discover any unprotected or misconfigured components that could be
exploited. Function pseudo-code for determining open ports shown in Figure 7.

(ip, port_range):

open_ports = []
port range{port_range[&], port range[l] + 1):
socket.socket(socket.AF_INET, socket.SOCK STREAM) sock:
result = sock.conmect_ex((ip, port))
result =-
open_ports.append(port)
open_ports

Ficure 7 — Part of pseudo-code for determining open ports

If the goal of the previous two stages was to collect information, afterwards the next stage focuses
on identifying potential vulnerabilities in the target system. Identifying potential vulnerabilities
includes assessing the security status of network services in the form of checking for unpatched
software, testing weak encryption protocols, and identifying insecure remote access mechanisms.
Thus, ARP analysis is used to detect potential vulnerabilities of man-in-the-middle (MITM) attacks,
the pseudocode for which is given below. If the system contains web applications, at this stage they
are also checked for common vulnerabilities such as SQL injection and cross-site scripting (Figure

9).

(interface):
(packet):
packet[ARP].op ==
print(
packet[ARP].0op ==
nt(

sniff{iface=interface, prn=arp_display, filter » Store=i)

Ficurge 8 — Part of pseudo-code for detect potential vulnerabilities

Then, once potential vulnerabilities have been identified, the next step is to attempt to exploit
these vulnerabilities to gain unauthorized access or control. The attempts mimic real-world cyber-
attacks where attackers exploit weaknesses in network security. The outcome of these attempts, in
the form of success or failure, provides critical information about the severity of the vulnerabilities
and the potential risks to the smart city infrastructure. If successful in the previous stage, further
compromise of the system occurs and further information gathering continues. If successful in ex-
ploitation, the tester moves on to the post-exploitation stage, where the focus is on gaining deeper
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access to the system and gathering additional information that can further compromise the network.
This may include accessing sensitive data, installing backdoors, or manipulating network settings
to maintain long-term access. The actions taken after exploitation are essential to understanding
the potential damage that an attacker can cause after breaching the system. After all stages, a
penetration testing report is generated, which is the final stage of the proposed methodology. The
report provides an extensive list of vulnerabilities identified, the methods used to exploit them, and
the potential impact on the smart city wireless network.

The proposed methodology will help various organizations involved in the digitalization of the city
ecosystem to identify and eliminate vulnerabilities, improving the security of their systems before
they can be exploited by attackers. Figure 10 provides a visualization of the Smart City model,
presented in the form of interrelated methods, approaches, and various frameworks that contribute

to improving security in general. All the elements presented in the figure are related to ensuring the
safety and effective functioning of smart cities.
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FiGURE 9 — Smart City Model

This diagram is a useful tool for understanding the interrelationships between different aspects

of information security in the context of smart cities. It can be used to develop security strategies,
evaluate existing systems and improve risk management processes.

5. Discussion

Research publications in the direction of security in smart cities were reviewed. Figure 6 shows
a three-field diagram with Source in the center, country and keywords on the left and right sides
respectively. The diagram shows the links of countries with sources and keywords. The height of the
rectangles is proportional to the frequency of occurrence of a particular country, source or keyword
in the network. The width of the lines between the nodes is proportional to the number of links.
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Overall, the visualization shows how certain countries and authors are driving the research agenda
in smart cities and related technologies. It also underscores the global nature of this research, with
significant contributions from both developed and developing countries. The focus on key areas such
as security, blockchain, IoT, and machine learning suggests that these technologies will continue to
be central to the development of future smart city systems.

The study and analysis of scientific advances towards security identified open questions that could
be the basis for future research efforts, such as:

- Research could focus on creating systems that automatically adapt to new threats and attacks
in real time using machine learning and artificial intelligence;

- There is a need to explore how new technologies such as 5G, blockchain, and quantum computing
could change approaches to security in smart cities;

- Explore methods to make smart cities more resilient to cyber threats, including creating incident
response and attack recovery plans;

- Exploring effective methods to increase user awareness and educate employees on cybersecurity
in the context of smart cities;

- Integrate knowledge from different fields, such as social sciences and psychology, to better un-
derstand user behavior and responses to cyber threats.

The listed future research directions can significantly contribute to strengthening the security and
resilience of smart city ecosystems, which is critical to protect citizens and infrastructure in the face
of persistent cyber threats. As the global demand for smarter, more secure cities grows, the findings
from this visualization highlight both the progress being made and the areas where further research
and collaboration are needed to ensure that smart city technologies can be implemented safely and
efficiently across diverse urban environments.

6. Conclusion

Smart cities represent an attractive target for cybercriminals due to the large number of connected
devices, extensive networks and the storage of significant amounts of data. To ensure the security
of smart cities, comprehensive measures must be taken, including regular software updates, staff
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training, the use of multi-factor authentication, network segmentation and the implementation of
intrusion detection and prevention systems.

This paper analyzes research publications on the direction of security in the smart city ecosystem.
Cybersecurity challenges have been identified and cases of perfect attacks on smart cities have
been reviewed. After a thorough review and analysis, and considering the scope of the study, a
comprehensive testing methodology was developed to identify vulnerabilities in the wireless network.
A visualization of the smart city model was also presented and directions for future research in the
context of security in the smart city ecosystem were given.

The study presents a novel penetration testing methodology tailored for wireless networks in smart
cities, particularly within the context of Kazakhstan. Our findings indicate that smart cities are
increasingly vulnerable to various forms of cyberattacks, particularly in their wireless networks. The
proposed methodology addresses this vulnerability by providing a structured, multi-phase approach
that enhances the identification and mitigation of potential security breaches.

In conclusion, this study contributes significantly to the field of smart city cybersecurity by pro-
viding a tailored penetration testing methodology that addresses the unique challenges of securing
wireless networks in urban environments. The methodology not only enhances the security posture
of smart city infrastructures in Kazakhstan but also offers valuable insights for other regions facing
similar challenges.
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Awngarna. Kazipri zamanrbl Kajgajgap akKIapaTThIK TEXHOJOIHSIAPIAbl KOOIipeK eHrisim,
"akpLIAEI" OOJIBIT Kejtedi. TeXHOJOTHSIBIK, JaMy MeH KubepirabybLIIap/blH oJeyeTi e apThIll
KeJle KATKaHBIH aTall ©TKeH OH. Dy kymbicta KaszaKCTaHHBIH aKbLIJIbl KaJaJapbIHIaFbl
CBIMCBI3 JKeJIIepIiH KNOepKayilci3 airiHiH, MaHBI3Ibl MOCeIeCl KapaCThIPLLIaIbl. 3ePTTEY ChIMCHI3
2KeJTiIepJieri ocaIIbIKTap/ bl aHBIKTay YKOHE OJIapJbl KO0 VIIMH »KOJIJIAPBIH TECTIIEY iH KeIleH/Ii
OJTIiCiH YCBIHATBI. DY TOCLT aKbLIIbI KAJAaHBIH SKOXKYHECiH Ieri Kayilci3miKke BIKITaJl eTeTiH KOHe
Kazakcranubi, Ka/aaablk HHOPAKYPBLILIMIBI KOPray »KOHIHJErl OpTak, KyII-KirepiH KOJIIaiThbIH
CTpaTerusiibl KAMTUIBI. AKBLIIBI Kajla HH(PPAKYPbLILIMBIHLIH HEri3T1 3/1eMeHT] OOJIBbIT TaObLIATHIH
CBIMCBI3 2KEeJILIEP/IiH OCAJIIBITBIHA €PEKIIe Ha3ap ayIapblaa bl. Byl XKyMbICTa aKbIIIbI KAJIAIaPIbIH
CBIMCBI3 KeJIiIePiHIeri OCAIIBIKTAP/IbI AHBIKTAYTa OAFBITTAIFAH €HY YKOJIIAPBIH TECTLIeY/ i H KeIeH T
TOCIIi YCBIHBLIAABI. Byl Tocia MakcaTThl »Kyiie TypaJsibl aKIapaTThl KUHAYIAH OacTall aHbIKTAIFaH
OCAJIZIBIKTAp TYPaJIbl €cellKe JIeMIHTI OpTYpJl Ke3eHJepl KaMTHUJIbI. 3epTTey HOTHKeEpi
Kazakcranubig, akpLIIbl KaJaJ apbiHIa KUOEPKAYINCI3MIKTI apTThIPYFa *KoHe KuOepInadybLIIap aH
KOPFayIbIH TUIMJII CTpaTernsIapbiH 93ipJeyTre bIKIAJbIH TUTI3e].

Tyitin ce3/ep: eHy ChbIHAFBI, aKBLIIBI KaJia, KHOEPKAYIICi3IiK, 3aTTap HHTEPHETI, OCAJIBLIBIK,
JIepekTep Kayimncizairi, aknaparTolk kKayincizaik, Kaszakcran.

Pa3pa60TKa MEeTOAUKN TeCTUupoBaHUWsA Ha IIPOHUKHOBEHUE B 6eCHpOB0,ELHbIX ceTdx OJisd
IIOBBIIIIEHUSI 6€30MacHOCTH YMHOTI'O ropoaa B Kaszaxcrane

T. K. XKyka6aea', A. JI. Agamosa?*, H.E. Kapa6aes?, B.A. Jecuunkmii *,
H.C. TI'naseipuna’
1,235 Eppasuiicknii Harmonaipuelil yausepcurer uM. JI. H. T'ymunesa, yi1. Carnaesa, 2, Acrana, 010008,
Kazaxcran
4 Canxr-Ilerepbyprexuit Oesepanbublii nccaemosareabckuii nentp PAH, 14-g mamna B.O., 1.39
Camnxkr-IlerepOypr, 199178, Poccus

Annoramusi. CoBpeMeHHBIE TOpoja Bce OOJIbIIE BHEAPAIOT UH(MOPMAIMOHHBIE TEXHOJIOIUU
1N CTaHOBATCA «YMHBIMW». Ba}KHO OTMETUTHL, YTO C pPa3BUTHUEM TEXHOJIOTUI yBe.HI/ILH/IBaeTCﬂ
U TOTEHIWAJ JJjs KubepaTak. B nmamnOI pabore paccMaTpuBaeTCs 3HAUMMAas IIpobIeMa
Kubepbe3onacHocT OeCIpOBOJIHLIX ceTell B yMHBIX ropogax Kazaxcrana. B wucciemoBanuu
npejraraeTcs KOMILJIEKCHBIN IIOAXO/ K TEeCTUPOBaAHMUIO Ha IIPOHUKHOBEHUE JIJId BbIABJICHUA U
YCTPAHEHUsT YSI3BUMOCTEl B GECIIPOBOIHBIX CETSIX. IDTOT IOXOJ BKJOYAET CTPATErHIO, KOTOPAasi
crrocobcTByeT 6e30MMacHOCTH B 9KOCHCTEME YMHOIO TOpOja U IOJJEP>KUBAeT OOINWe YCUJIUs
Kazaxcrana 1o sammure ropojckoit nadpacTpyKTypbl. Ocoboe BHUMAHUE YIAESETCS YSI3BUMOCTSIM
GeCITPOBO/IHBIX CETE, KOTOPbIE SIBISIOTCS KJIIOYEBBIM 3IEMEHTOM MHMPPACTPYKTYPbI YMHBIX TOPOIOB.
B nmamHoit paboTe mpearaercd KOMILIEKCHBIM IIOJIXOJ] K TECTUPOBAHUIO HA IIPOHUKHOBEHUE,
HAITPABJIEHHBINI Ha BBISIBJIEHUE YSI3BUMOCTEl B OECIPOBOJHBIX CETSIX YMHBIX T[OpPOJIOB.  ODTOT
[IOJIXOJ] BKJIIOUAET PAa3/JUUHbIE 3Tallbl, HadWHasi cO cOopa WHGMOpPMAIMH O IIeJIEBON CUCTEME U
BaKAHIMBAs TTOAPOOHBIM OTYETOM O BBISBJIEHHBIX YsI3BUMOCTSIX. Pe3y/bTaThl UCCIEOBAHUST MOI'YT
CIIOCOOCTBOBATDL IOBBLIMIEHUIO KHOEepOEe30IacCHOCTH B YMHBIX ropojax Kasaxcrama u paspaboTke
9 PEKTUBHBIX CTPATErUil 3aIUTHI OT KHOEepaTaK.

KuroueBbie cioBa: TecT Ha IPOHMKHOBEHME, YMHBIA IOpoJ, KHOepOEe30IaCHOCTH, HHTEPHET
Bellleii, ysI3BUMOCTD, 0e3011aCHOCTD JaHHBIX, HHPOPMAaINOHHAs 6e30IMacHoCTh, KazaxcraH.
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