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NEXT-GENERATION
INTRUSION
DETECTION

FOR IOT EVCS:
INTEGRATING CNN,
LSTM, AND GRU
MODELS

bstract: In the evolving landscape of Internet of
Things (IoT) and Industrial IoT (IIoT) security, novel
and efficient intrusion detection systems (IDSs) are
paramount. In this article, we present a groundbreaking
approach to intrusion detection for IoT-based electric vehicle
charging stations (EVCS), integrating the robust capabilities
of convolutional neural network (CNN), long short-term
memory (LSTM), and gated recurrent unit (GRU) models.
The proposed framework leverages a comprehensive real-
world cybersecurity dataset, specifically tailored for IoT and
IIoT applications, to address the intricate challenges faced
by IoT-based EVCS. The ensemble algorithm, accessible via
GitHub, represents a significant stride in fortifying IoT-based
EVCS against a diverse array of cybersecurity threats.
Keywords: cybersecurity, electric vehicle charging station
(EVCS), ensemble learning; Internet of Things (IoT), intrusion
detection system (IDS).
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Introduction

As we navigate the rapidly evolving terrain of the Internet of Things (IoT) and Industrial IoT
(IIoT), the role of robust intrusion detection systems (IDS) in safeguarding electric vehicle charging
stations (EVCSs) becomes increasingly critical [1]. The dynamic and multifaceted nature of IoT
environments demands innovative solutions that transcend traditional cybersecurity approaches.
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Figure 1. IoT Network Architecture for EVCS.

The integration of IoT technologies into essential services, such as EVCS, poses significant
cybersecurity risks (Figure 1). Traditional IDS, struggling to keep pace with the evolving
sophistication of cyber threats and unique constraints of IoT environments, establish the need for our
research. Our study is anchored on enhancing intrusion detection in IoT-based EVCS, leveraging
advanced neural network architectures to address the intricate challenges inherent in these systems.

Existing IDS solutions face numerous challenges, such as scalability, adaptability, resource
constraints, diverse attack vectors, and the necessity for real-time detection [2]. These challenges are
exacerbated by high false alarm rates, rendering many systems unreliable. In this study, we propose a
novel IDS framework tailored for ToT environments in EVCS to address these critical issues.

Our objectives are centered on developing an ensemble IDS model using convolutional neural
network (CNN) [3], long short-term memory (LSTM), and gated recurrent unit (GRU) models,
evaluating its performance with the “Edge-IloTset” dataset [4], optimizing it for resource efficiency,
and benchmarking it against existing solutions. We evaluate the ensemble model’s efficacy in
enhancing detection accuracy, its performance using comprehensive datasets, its feasibility in
resource-constrained environments, and its adaptability to evolving cyber threats.
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Proposed NIDS Framework for IoT-Based EVCS

The proposed NIDS framework is an integration of advanced neural network architectures
adept at learning and identifying complex patterns indicative of cyber threats. The proposed model
harnesses the strengths of CNN, LSTM, and GRU algorithms to analyze network traffic data for
intrusion detection. A detailed representation of this ensemble architecture is shown in Figure 2.
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Figure 2. Ensemble Model Design and Architecture.

At the heart of our NIDS framework lies a DL model that operates in two critical dimensions:
spatial feature extraction and temporal sequence processing. First, the CNN layers effectively capture
spatial dependencies within individual data packets. This process uses convolutional filters that slide
across the input data to identify crucial features such as specific packet sizes or unusual protocol
behavior that could signify an intrusion attempt.

Following the spatial analysis, the temporal characteristics of the data are deciphered by the
LSTM and GRU layers. LSTMs are adept at recognizing long-term dependencies, preserving
knowledge of events that occurred many steps back in the sequence, which is essential when attacks
comprise a series of discreet but related actions. GRUs complement this by focusing on more recent
information, allowing the model to adapt rapidly to the most current data inputs and enhancing its
ability to detect anomalies in real-time traffic flow.

The proposed model begins with an input layer designed to receive a vectorized form of network
traffic data. The input shape is tailored to the dimensions of the feature set extracted from the network
packets. The data undergo a series of transformations through two Conv1D layers, each followed by
a MaxPooling1D layer to reduce dimensionality and emphasize the most salient features.

The sequential aspect of the data is then processed through a hybrid LSTM-GRU arrangement-
a single LSTM layer with return sequences set to true feeds into a GRU layer, creating a deep,
sequential model capable of handling complex time-dependent patterns. This combination captures
a comprehensive temporal profile of traffic data, encompassing both short-term fluctuations and
long-term trends indicative of intrusive behavior.
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To finalize the classification, the model is flattened and passed through a dense layer with ReLU
activation, introducing nonlinearity and aiding in learning complex patterns. A dropout layer is
included to mitigate overfitting, followed by a softmax activation layer that classifies the traffic data
into predefined categories ranging from normal to various types of attack vectors.

The model is compiled with the Adam optimizer, which is known for its efficiency in handling
large datasets and its adaptive learning rate capabilities. The loss function employed is sparse
categorical cross-entropy, which is particularly suited for classification problems in which the classes
are mutually exclusive.

This innovative NIDS framework is designed to be a cornerstone in defense against cyber
threats in IoT-based EVCS. Using a DL approach that integrates CNN layers for feature extraction
with LSTM and GRU layers for temporal data analysis, the proposed model not only identifies existing
threat patterns but also adapts to emerging anomalies. It stands as a testament to the potential of Al
in fortifying the cybersecurity measures of critical infrastructure within the smart city ecosystem.

Experimental Results and Discussion

The essence of empirical validation lies in the rigor of experimental analysis, wherein theoretical
models confront the test of practical performance. This section presents a detailed exposition of the
experimental results derived from the evaluation of the ensemble model, tailored for intrusion
detection within the intricate framework of IoT-based EVCS. Using a methodological approach, the
model was subjected to various tests, ranging from binary to multifaceted multiclass classifications.
Each test was meticulously designed to probe the model’s predictive prowess across a spectrum of
scenarios that mirror the heterogeneity of potential security breaches in IoT environments.

Binary classification trials were aimed at discerning the presence or absence of intrusion
attempts, thus laying the groundwork for the model’s capability to distinguish between normal
operations and anomalies. Progressing to more granular levels, six-class and fifteen-class
classification tests were orchestrated to evaluate the model’s ability to identify specific types of
intrusions, each with its unique signature and implications (Table 1).

Table 1. Model Performance Metrics.

Performance Metric 2 Class 6 Class 15 Class
Test Loss 0 0.0532 0.0632
Test Accuracy (%) 100 97.44 96.9
Epoch 6 50 50
Training time (s) 1885.46 14803.63 14719.47
Testing time (s) 42.53 42.2 40.65

We performed a comprehensive examination of the CNN-LSTM-GRU ensemble model within
the diverse and challenging domain of IoT security for EVCS. A comparative analysis, as detailed
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in Table 2, situates the ensemble model within the context of recent advancements, delineating its
standing against contemporary architectures in the field.

Table 2. Comparison of Model Accuracies.

Accuracy (%)
Model Year
2 Class 6 Class 15 Class
DNN [5] 2022 99.99 96.01 94.67
Inception Time [6] 2022 - - 94.94
CNN-LSTM [7] 2022 100 98.69 -
VGG-16 [8] 2023 100 ] 94.86
DeepAK-IoT [9] 2023 - - 94.96
LNKDSEA [10] 2023 99.99 84.97 80.12
RNN [11] 2023 100 92.53 90.22
MAGRU [12] 2023 99.99 - -
CNN-LSTM-GRU 2023 100 97.44 96.9
Conclusions

Our investigation into the domain of cybersecurity for IoT infrastructures, particularly focusing
on EVCS, culminates with a suite of notable contributions that set a new benchmark for IDS. The
introduction of an innovative ensemble architecture that leverages the combined strengths of CNN,
LSTM, and GRU, represents a leap forward in the detection of intricate intrusion patterns. The model,
rigorously trained and validated against real-world datasets, demonstrates a superior ability to
navigate the complexities of cyber threats with impressive accuracy. This study not only demonstrates
the feasibility of employing advanced neural network architectures for intrusion detection but also
paves the way for future research in securing IoT ecosystems against sophisticated attacks.
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MODERN METHODS
OF MATHEMATICAL
MODELING IN
BIOMEDICAL
RESEARCH

bstract: The subject of the study. The main
approaches to the mathematical modeling of the
interaction of optical radiation with biological
tissues are investigated. Method. The Monte Carlo method
is an approximation of the solution of the radiation transfer
equation. This solution is achieved by sampling a set of
possible trajectories of light quanta (photon packets) as they
pass through the fabric. The resulting stochastic model allows
us to simulate the propagation of light in a cloudy (scattering)
medium. The paper considers the main types of interaction
of photons with tissue: scattering, absorption and reflection/
refraction at the boundary of the medium. The main results.
Effective methods for modeling the problem of Raman
spectroscopy in turbid media are shown, taking into account
the detector parameters and sample size.The reconstructed
Raman spectrum of the skin is compared with clinically
measured skin spectra in vivo. The general correspondence of
the simulated process and experimental data is shown.
Keywords: optical radiation, absorption, scattering,
modeling, biological tissues, Monte Carlo method.


https://journal.umft.uz/
mailto:saidabeknazarova1992@gmail.com
mailto:nasibaxalikova94@gmail.com
mailto:nasibaxalikova94@gmail.com
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/

Management and Future Technologies | journal.umft.uz October 2024 Volume 1, Issue 3

Introduction

The relevance of a detailed study of the radiation distribution in multilayer biological media is
due to the development of effective methods of optical diagnostics. One of these approaches is
mathematical modeling of these processes. As part of the solution to the problem of radiation
distribution, there is a need to develop remote optical diagnostic methods for multilayer biological
tissues. However, not all known methods fully take into account the optical and geometric
characteristics of the analyzed objects, primarily local inhomogeneities. The most effective way to
solve such problems is to use the probabilistic Monte Carlo method (MC), which is based on the
representation of radiation propagation in the form of a stream of model wave packets. The MK
method is one of the computational methods that is based on a random sample of physical quantities.
Due to its versatility, this method is widely used in various fields of science, including optics of
biological tissues [1]. Its popularity in the last two decades in modeling the problems of photon
transport in biological tissues is due to the possibility of obtaining a flexible and rigorous solution to
the problem of light propagation in turbid media with a complex structure.

The MK method is used to solve the radiation transfer equation (UPI) with any required
accuracy, provided that the required computational load is available. For this reason, this method is
considered as the gold standard among methods for modeling light propagation in biological tissues,
the results of which are often used to test other, less rigorous methods, such as the diffusion
approximation of UPIL The work [8] can serve as an illustration of the legitimacy of choosing the MK
method as the main tool for modeling the propagation of optical radiation in biological tissues. A
seven-layer skin model was used to simulate the reflection spectra of human skin. Despite the fact
that the MK method is the gold standard among methods for modeling light propagation in cloudy
media, its main disadvantage is the requirement of intensive calculations to achieve results with the
desired accuracy due to the stochastic nature of MK modeling, which requires a lot of time compared
to other analytical or empirical methods. Over the past decades, significant efforts have been made to
accelerate the process of micromodeling light propagation in biological tissues.

To achieve optimal performance of the models in [9, 10], parallel computing technology known
as NVidia CUDA was used, which accelerates the modeling process up to 1000 times[2]. The
technology of accelerating calculations by the MK method using NVidia CUDA GPUs is very relevant
today. Many works are devoted to improving the existing MC algorithm and speeding up its operation
in two-dimensional or three-dimensional cases. A breakthrough in the field of non-surgical
diagnostic methods has long been provided by X-ray and computed tomography, now we can expect
development from optical imaging due to the use of non-ionizing radiation and its non-invasiveness
[3]. Diffuse reflection spectroscopy, near infrared spectroscopy, diffuse optical tomography, Raman
imaging, fluorescence imaging, optical microscopy, optical coherence tomography and photoacoustic
imaging are among the widely used optical methods in biomedicine and their potential has not been
fully studied. The modeling of light propagation in the medium is based on the absorption and
scattering characteristics that dominate the propagation of light in biological tissues.

A common approach to modeling the propagation of light in an environment is the use of UPIL.
Several numerical solutions for UPI based on suitable approximations have been proposed, but
effective solutions for heterogeneous media (tissue) are still a problem. The Monte Carlo method for
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modeling the propagation of radiation in biological tissues, as a rule, when modeling MC, a large
number of photons propagate through the medium under study (tissue). Photons undergo reflection,
refraction, absorption or scattering [4,5]. The optical properties of the medium, such as the refractive
index (n); absorption coefficients (ua) and scattering coefficients (us), as well as the scattering
anisotropy (g), determine the path traveled by photons in the medium. The absorption coefficient
(ua) is defined as the probability of photon absorption in a medium per unit (infinitesimal) path
length [3]. The geometry of the medium in which the propagation of light is modeled can be defined
as an infinite or semi-infinite continuous medium, depending on the needs of modeling. For
scattering, the polar (0) and azimuthal (@) angles of the scattered photon depend on the optical
properties of the tissue and the sampling of random values. The angle 0 is calculated using the Henyi-
Greenstein phase function, of the form: p cos 8 = and ¢ = 2n&, (1) where £ is a uniformly distributed
random number § = [0, 1]. In addition to using the approaches of numerical solution of the UPI and
the MK method, many studies are aimed at developing models for multiple scattering processes. Such
studies include the random walk theorem [6], empirical predictions, and addition-doubling methods.
These methods often use simplified analytical expressions to predict the behavior of experimental
details, such as the total transmission distribution, the average cosine of scattering, and the distance
traveled.

The use of simple phase functions in these simplified models to describe, for example, the
anisotropy of g scattering or isotropic scattering also has disadvantages. Although simplifications give
reasonable results for some averaged observations, they cannot distinguish between similar phase
functions, for example, phase functions with the same g, but completely different probability density
functions. Another problem is the limitation of working with anisotropic scattering, absorbing media
and/or inhomogeneous distributions of optical density/phase functions. Note that the choice of the
phase function is not limited to the classical Henyi-Greenstein function. For example, in [7] a
solution in the form of a Markov chain is given for modeling multiple scattering of photons through
turbid media through the processes of anisotropic scattering — Mie scattering (Fig. 1).
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Figure 1. Multiple scattering scheme in accordance with the Markov chain model In the
diagram, the plate is discretized into several layers with the same thickness Az.

Let's assume that the optical properties inside each layer are the same. m and n are arbitrary
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indices of the layers, and zm and zn are the distances between the layer and the incident plane for
layers m and n. Let two successive scattering acts occur in the mth and nth layers;ii and 6j are the
angles of photon propagation (zenith angles); ¢ is the azimuth angle, and ¢ = 0° for the m layer due
to symmetry; a is the angle between the two propagation vectors.

Methods

Application of the Monte Carlo method in optical coherence tomography: Optical coherence
tomography (OCT) is a non—invasive method that allows you to quickly obtain high—resolution
images - up to one micron. For the needs of modern medicine, high-speed imaging techniques are
also needed, allowing you to work in real time whenever possible. This task is being solved by the
latest developments in the field of tunable laser technologies and miniaturization concepts [9]. The
mathematical model of the interaction of laser radiation and biological tissue has been developed
taking into account the technical characteristics of the installation and additional installation
parameters, such as realistic geometric parameters of the medium and installation, as well as
requirements for the detection of inhomogeneities. So far, most numerical approaches to solving the
problem of optical radiation propagation in highly scattering, including biological media, are based
on the MK method. The OCT model has been developed taking into account the geometric
implementation of a probe with low-coherence interferometric detection. It turned out that OCT as
a whole registers only minimally scattered photons — individual photons or, within the framework
of the model, packets of photons that were scattered a minimum number of times before hitting the
detector.

Simulation of Raman scattering processes using the Monte Carlo method: Another approach for
visualization and analysis of the characteristics of biological tissues is Raman spectroscopy [10].
Numerical simulation of Raman scattering consists of two stages: calculation of the photon flux at
each point of the medium and subsequent generation of the corresponding number of Raman
photons at each point. Two approaches are used to effectively simulate Raman scattering of light in
cloudy media. Both approaches use the MK method to simulate the Raman scattering process. In the
first approach, the direct method, it is assumed that the absorption coefficients pa(ARaman) and
raman scattering us(ARaman) are constant throughout the sample. When a photon propagates in a
medium, with some probability PRaman, a new, Raman-scattered photon may be re-emitted. The
second approach, the so-called two-step approach, creates a sufficient number of Raman scattered
photons without increasing the probability of Raman scattering or the number of photons. The first
step is identical to the MK code in [10]. The migration of raman photons and Tyndall photons,
photons scattered by particles with dimensions of the order of the wavelength of light, in opaque
samples under isotropic and direct scattering, was studied using MK modeling.

A suitable Raman probability value (PRaman = 0.01) was used to simulate a sufficient number
of photons for statistical reasons. Note that currently most models are based on a two-step approach
to Raman modeling. In Fig. 2 presents the results of modeling Raman scattering processes in a
solution of p-carotene + ink using NVidia CUDA technology. The mathematical model of Raman
scattering is based on the principles of fluorescence modeling, while the propagation of excitation



https://journal.umft.uz/

Volume 1, Issue 3 | October 2024 Management and Future Technologies | journalumft.uz

photons is modeled by the classical MC algorithm. The simulation results showed that the optical
properties of the B-carotene solution studied using Raman scattering made significant changes in the
profile of the detected signal. At the same time, the consistency of the simulation results and
experimental data for the intensity of peaks in the raman spectrum of p-carotene is observed. One of
the main applications of Raman spectroscopy is to determine the chemical composition of a sample,
which can then be used to extract static or dynamic biological information from the sample. In
addition, in relation to the studied samples, the model effectively simulates Raman scattering for
single-layer and multilayer samples of arbitrary geometry, including both focused and collimated
laser beams for excitation, as well as various values of the numerical aperture NA and the radius of
the exciting beam [11]. For convenience, we introduce into the model the concept of a Raman cross
section or, alternatively, the probability of a Raman scattering event, which is similar to the elastic
scattering cross section.

Experimental Results

The advantage of using this parameter is that for each step of the simulation, it represents the
probability of re-emission of the photon in question in the form of a Raman photon. When calculating
the photon distribution, a two-step approach is more advantageous. Given the fact that the raman
scattering process is very weak, this approach significantly accelerates the simulation of Raman
scattering, which is mandatory for modeling multicomponent media with complex geometries [12].
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Figure 2. Probability distribution of absorption (A) of re-emitted Raman photons in a four—
layer medium of -carotene + ink (a). R(r, z) is the density of the Raman photon flux for two-
and four-layer media distributed over depth (b)

The paper considers an attempt to simulate Raman scattering of normal human skin in the near
infrared wavelength range.

An eight-layer skin model with transport parameters is constructed. The distribution of exciting
light with a wavelength of 785 nm inside the model medium was calculated using the MK code [13].
To simulate Raman scattering, similar modeling procedures were used, as in fluorescence modeling.
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Raman spectra of sections of normal skin tissue were measured ex vivo to quantify the internal
microspectral properties of various skin layers. The reconstructed Raman scattering spectrum of the
skin was compared with clinically measured skin spectra in vivo to confirm the correctness of the
choice of an approach to modeling (Fig. 3) the distribution and efficiency of the output of Raman
photons.
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Figure 3. Proper Raman spectra measured for different layers of an unpainted excised sample of
normal skin (a).Near infrared autofluorescence image of a skin section showing the
measurement sites (b) [14]

The chosen modeling process showed that most of the measured in vivo Raman skin signals
originate from the dermis (70%) and epidermis (28%). The stratum corneum, although very thin, still
makes a significant contribution (1.3%) due to its close location to the surface, which facilitates the
release of Raman photons. The contribution of the subcutaneous layers is also not insignificant (1.1%)
due to its much higher raman scattering efficiency compared to other tissue layers (4-5 times higher
than that of the epidermis/dermis), although it is located deep inside the skin. As a result, a high
correspondence between the simulated and measured data was obtained.

Conclusion

Modeling the propagation of light in biological tissues based on the Monte Carlo method has
become an important tool for understanding the intricacies of the interaction of light and matter in
complex environments relevant, for example, to the fields of medicine and life sciences. In addition
to efficient modeling algorithms, accurate modeling is the key to the latest advances in this field. The
new ideas obtained from the simulation serve as a valuable contribution to the development of new
tools based on non-invasive optical principles, or facilitate the interpretation of measurement data
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obtained from biological samples. The modeling methods presented in this paper are mainly focused
on biomedical optical imaging and spectroscopy. Additional benefits will come from the ever-
increasing available computing power and artificial intelligence concepts such as machine learning
and deep learning concepts, which are likely to also contribute to the development of modeling as
well as data analysis.
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ANALYSIS OF
SMART GLASSES
SYSTEM FOR BLIND
AND VISUALLY
IMPAIRED PEOPLE

bstract: In recent decades, advancing navigation and
routing technologies has presented a formidable
challengeforresearchersaimingto devisesophisticated
and intelligent guidance systems for individuals with visual
impairments, both indoors and outdoors. Individuals
suffering from visual impairments and blindness encounter
difficulties in moving independently and overcoming various
problems in their routine lives. As a solution, artificial
intelligence and computer vision approaches facilitate blind
and visually impaired (BVI) people in fulfilling their primary
activities without much dependency on other people. Smart
glasses are a potential assistive technology for BVI people
to aid in individual travel and provide social comfort and
safety. However, practically, the BVI are unable move alone,
particularly in dark scenes and at night. In this analysis,
we examine a technologically advanced eyewear system
designed for individuals with visual impairments (BVIPs),
which integrates computer vision methodologies and deep
learning algorithms, alongside auditory cues and tactile
representations, to enhance autonomous navigation within
nocturnal settings.
Keywords: smart glasses; artificial intelligence; blind and
visually impaired; deep learning; low-light images; assistive
technologies; object detection; refreshable tactile display.
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Introduction

In the contemporary landscape of information and communication technology, the quality of
life and mobility independence for individuals with blindness and visual impairments (BVI) stands
as a paramount societal concern warranting attention. Governments and specialized entities have
enacted legislation and standards to support those with visual disabilities, establishing essential
infrastructure for their benefit. As per the World Health Organization, global statistics indicate that
as of 2020, approximately 2.2 billion individuals suffer from vision impairment or blindness, with at
least 1 billion enduring preventable or unaddressed vision impairments. Various factors contribute
to vision impairment, including cataracts, uncorrected refractive errors, glaucoma, corneal opacities,
diabetic retinopathy, and trachoma, among others [1]. The primary challenges confronting BVI
individuals in their daily lives pertain to spatial navigation and environmental awareness, prompting
the development of navigation and object recognition solutions. However, prevalent navigation aids
such as canes, guide dogs, and smartphone applications exhibit limitations; canes are ineffective over
extended distances and in crowded environments, lacking in providing information concerning
potential hazards like vehicular traffic when crossing roads, while guide dog training entails
considerable expense and care demands. Although smartphone applications tailored for BVI users,
such as voice assistants and navigation maps, are advancing, widespread adoption and optimal
utilization remain limited.

The intersection of embedded systems and artificial intelligence has significantly impacted the
domain of wearable assistive technologies for the visually impaired, leading to the introduction of
various devices into the market. These assistive systems aim to aid BVI individuals in navigation and
daily activities, including currency identification [2], road crossing assistance [3], accessible video
media consumption [4], image sonification for navigation [5], facial recognition [6], privacy-sensitive
visual information recognition, clothing selection, and both indoor and outdoor navigation. For
instance, Daescu et al. [7] proposed a facial recognition system utilizing smart glasses and a server-
based deep learning model, employing a client-server architecture to mitigate power consumption
and computational overhead. Similarly, Joshi et al. introduced an assistive device integrating a deep
learning model for object recognition, complemented by a distance-measuring sensor to identify
obstacles during travel between locations.

Smart glasses, among the wearable assistive technologies, are highly regarded for their comfort
and utility for individuals with visual impairments (BVI), offering enhanced vision capabilities akin
to a computer interface. Since Google's introduction of "Google Glass" for BVI individuals in 2013,
numerous companies such as Epson, Sony, Microsoft, Envision, eSight, NuEyes, Oxsight, and OrCam
have entered the market, each offering smart glasses with varying degrees of functionality. Typically
equipped with an integrated operating system and supporting wireless connectivity via Wi-Fi or
Bluetooth, these glasses facilitate real-time exploration and access to information over the Internet,
alongside their inherent camera functionalities. Interaction between users and their smart glasses is
facilitated through touch-sensitive interfaces or voice recognition mechanisms. Additionally, real-
time image or video capture of the surrounding environment is enabled through front-mounted
cameras, leveraging computer vision techniques. Comparative performance and parameters of the
proposed system and other commercially available smart glass solutions for BVI users are presented
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Table 1. The performance comparison of the commercially available smart glasses.
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Object Text ) Walking
Target . Indepe | Tactile ) Battery
Smart Glasses Recogniti | Recog ) Night- :
Users . ndent | Graphics . Capacity
on nition Time
eSight [8] Low vision | No Yes Yes No No 2h
NuEyes Pro [9] | Lowvision | No Yes Yes No No 35h
OrCam My Eye | BVI Yes Yes Yes No No NA
[10]
Oxsight [11] VI Yes Yes Yes No No 2h
Oton glass [12] | Low vision | No Yes Yes No No NA
AngleEye [13] Low vision | Yes Yes Yes No No 2h
EyeSynth [14] BVI No No Yes No No 8h
Envision [15] BVI Yes Yes Yes No No 5.5h

Recently, scholars have conducted comprehensive reviews on wearable assistive technologies
for individuals with visual impairments (BVI). Hu et al. scrutinized various assistive devices including
glasses, canes, gloves, and hats, examining their behavioral, structural, functional, principled,
contextual, and operational aspects. Their analysis encompassed multiple assistive devices along with
14 research works on assistive glasses and 6 commercially available models. Their findings suggest
that many assistive devices are constrained in their spatial performance due to inadequate sensor
coverage and feedback mechanisms. In 2020, Manjari et al. conducted a survey on assistive
technologies for BVI, compiling devices developed up to 2019 and discussing their respective
advantages and limitations. Gupta et al., in the same year, investigated existing assistive devices
tailored for daily tasks, emphasizing simplicity and wearability to enhance user experience for BVI
individuals. Their observations highlight that many devices address only specific aspects of the user's
needs, thereby posing challenges in delivering a holistic user experience, and further note the financial
burden associated with these devices relative to their functional features. El-Taher et al. undertook an
extensive analysis of research pertinent to outdoor navigation aids for BVI, encompassing both
commercial and non-commercial navigation applications spanning from 2015 to 2020. Among their
findings, they observed that camera-based systems are susceptible to environmental factors such as
illumination and weather conditions, albeit offering enhanced features regarding obstacle detection
such as shape and color recognition, which aligns with aspects of our proposed smart glass system.
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Smart Glass System for BVI People

In this segment, we examine research conducted in the realm of smart glass systems and object
recognition. Wearable assistive systems have emerged as a highly convenient and effective means for
individuals with visual impairments (BVI) to enhance independent mobility and undertake daily
activities autonomously. Smart glass systems have found application across various domains
including healthcare, aiding individuals with visual disabilities, computer science, social sciences,
education, service industries, agriculture, and sports. Throughout this literature review, we emphasize
the advantageous aspects of smart glass systems for BVI individuals.

One of the foremost challenges for individuals with visual impairments (BVI) is the recognition
of familiar faces and identity information of acquaintances. Daescu et al. developed a face recognition
system integrated into smart glasses, where facial images captured by the device's camera are
processed on a server using deep convolutional neural network (CNN) models such as FaceNet and
Inception-ResNet. However, this system necessitates retraining to identify new faces, leading to
increased operational time. Mandal et al. focused on enhancing face recognition capabilities under
diverse lighting conditions and facial poses, employing a wearable face recognition system based on
Google Glasses and subclass discriminant analysis. Despite successfully recognizing faces of 88
subjects, the model requires retraining for new faces not initially included in the dataset.

Moreover, the prohibitive cost of existing commercial assistive technologies imposes significant
financial strain on BVI individuals, particularly in developing nations. To address this issue, Chen et
al. introduced a cost-effective smart wearable system for object recognition, leveraging a client-server
architecture. The image processing tasks are predominantly executed on the server side, utilizing low-
cost components such as Raspberry Pi and micro cameras, connected to cloud servers via Wi-Fi or
4G networks. Additionally, Ugulino and Fuks documented collaborative workshops involving BVI
users, designers, mobility instructors, and computer engineering students, resulting in the
prototyping of wearable devices integrated with verbal and haptic feedback to aid in landmark
recognition, a crucial aspect for spatial orientation and cognitive mapping. Kumar et al. proposed a
smart glass system for object and obstacle recognition, employing Raspberry Pi, ultrasonic sensors,
and image capture capabilities. This system utilizes Tensorflow models to identify surrounding
objects and alert users about potential collisions with obstacles through audio feedback facilitated by
ultrasonic sensors.

Navigating through expansive, open spaces presents challenges for individuals with visual
impairments due to the absence of tactile cues and braille guides. Fiannaca et al. introduced a
navigation aid utilizing Google Glass to assist visually impaired users in traversing large open areas.
The system facilitates secure navigation towards prominent landmarks such as doors, stairs,
intersections, floor transitions, and water coolers by providing auditory feedback to guide users.
However, the study revealed that blind individuals typically hold their cane in their right hand for
navigation, posing difficulties in operating the smart glass touchpad with the same hand. To address
this, it was suggested that positioning the touchpad on the left side would enhance interaction
efficiency when using both the cane and smart glass concurrently.

Addressing the challenge of establishing eye contact among blind individuals in social settings,
Qiu et al. implemented a social glass system and tactile wristband to facilitate eye contact and provide
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tactile feedback during interactions with sighted individuals. Lee et al. proposed a solution to assist
visually impaired individuals in acquiring visual information about pedestrians in their vicinity,
incorporating a client-server architecture. The server component analyzes visual data and identifies
pedestrians based on captured photographs, offering features such as face recognition, gender, age
estimation, distance calculation, and head pose recognition, with the client providing audio feedback
via text-to-speech.

Moreover, the utilization of ultrasonic sensors alone in smart glass systems has garnered
attention from researchers. Hiroto and Katsumi introduced a walking support system comprising a
wearable assistive device with ultrasonic obstacle sensors and bone conduction earphones. Adegoke
et al. proposed a wearable eyeglass equipped with an ultrasonic sensor to aid visually impaired
individuals in safe navigation, detecting both fixed and movable objects within a range of 3-5 meters
and providing prompt voice feedback to alert users. However, these systems lack a camera for
environmental analysis.

Figure 1 depicts the comprehensive design of the smart glasses system. The local component
consists of the smart glasses and a smartphone, facilitating data transmission via Bluetooth
connectivity. Concurrently, the artificial intelligence server receives images from the local unit,
conducts processing, and delivers outcomes in audio format. It is important to highlight that the
smart glasses hardware incorporates a built-in speaker for direct audio output, while an earphone
port enables audio connectivity for conveying returned audio results from the smartphone to users.

Local part Artificial intelligence server part

@ Contrast enhancement

@Object recognition

@Salient object detection

@TTS & Tactile graphics

@ Communication between blind and devices @ Send captured picturc to devices @ Send results to devices

@ Send request to capture pictures @ Send picture to a cloud server

Figure 1. The overall design of the smart glasses system.
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Conclusions

This study examines a smart glass system incorporating object detection, salient object
extraction, and text recognition models utilizing computer vision and deep learning techniques
tailored for individuals with visual impairments (BVI). Operating on an artificial intelligence server,
this fully automated system is designed to detect and identify objects within low-light and dark
environments to aid BVI individuals during nighttime navigation. Leveraging deep learning models
and the inclusion of salient object extraction for tactile graphics and text recognition for text-to-
speech functionality, the traditional smart glass system has been expanded. However, the
implementation of deep learning models in smart glass systems demands increased energy and
memory resources in embedded systems. With the advent of the 5G era, concerns regarding image
data transmission to servers or real-time result retrieval for users have been mitigated. Experimental
findings indicate the robust performance of object detection, salient object extraction, and text
recognition models, particularly when augmented with low-light enhancement techniques in dark
scene environments. Future endeavors aim to curate datasets specifically tailored for low-light and
dark-image scenarios, encompassing bounding box annotations and ground truth data, to further
refine object detection and text recognition capabilities and facilitate nighttime evaluations.
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MOBIL
QURILMALARDAGI
MALUMOTLARNI
CLOUDDA
XAVFSIZ SAQLASH
ALGORITMI

nnotatsiya: Ushbu ilmiy tadqiqot ishida axborotni
kriptografik  himoyalash  tizimlari  nazariyasi,
ehtimollar nazariyasi, sonlar nazariyasi, matematik
mantiq va kombinatorika metodlaridan foydalanilgan.
Bulardan tashqari solishtirish, testlash va giyosiy
tahlil wusullaridan foydalanildi. Mobil qurilamalardagi
ma’lumotlarni xavfsizligini ta'minlash, Cloud Storageda
ma’lumotlarni himoyalash va Cloud Storage texnologiyasida
mavjud zaifliklarni bartaraf etishga qaratilgan xavfsizlik
choralarini ishlab chigish ishining nazariy ahamiyati sanaladi.
Malumotlarni himoyalashning mujassamlashgan usulidan
foydalangan holda mobil qurilamalarda saglanadigan va
ishlanadigan axborotlarni Cloud Storage texnologiyasi asosida
himoyalash samaradorligini oshirishga qaratilgan algoritmlar
ishlab chiqildi.
Kalit so‘zlar: Cloud computing, Cloud Storage, AES
va SALSA20, SHA1 va MDS5, shifrlash, Cloudda xavfsiz,
Deshifrlash algoritmi.
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ALGORITHM FOR
SAFE STORAGE OF
DATA ON MOBILE
DEVICES IN THE
CLOUD

bstract: The theory of cryptographic information
protection systems, probability theory, number theory,
mathematical logic and combinatorics methods were
used in this research work. In addition, comparison, testing
and comparative analysis methods were used. The theoretical
importance of the development of security measures aimed
at ensuring the security of data in mobile devices, protecting
data in Cloud Storage and eliminating existing vulnerabilities
in Cloud Storage technology is considered. Algorithms aimed
at increasing the efficiency of protection of information stored
and processed on mobile devices based on Cloud Storage
technology using the integrated method of data protection
were developed.
Keywords: Cloud computing, Cloud Storage, AES and
SALSA20, SHA1 and MD5, Encryption, Secure in the Cloud,
Decryption algorithm.
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Kirish
Hozirgi kunda hayotimizni mobil qurilmalar, internet umuman olganda axborot
texnologiyalarisiz tasavvur etish giyin. Ular hayotimizning ajralmas gismiga aylanib ulgurdi.
Ularning rivojlanishi natijasida ma’lumotlarimizni saqglash va ulardan foydalanish imkoniyatlari

oshib bormoqda. Biz doimiy ravishda mobil qurilmalarimizda o“zimiz uchun kerakli bo‘lgan
axborotlarimi saqlaymiz, vaqti kelganida ularni kimgadir yuboramiz va kimdandir qabul qilib olamiz.

Bundan tashqari bulutli hisoblash texnologiyalari (Cloud computing) rivojlanishi natijasida biz
oz ma’lumotlarimizni bulutli serverlarda ya’ni Cloud Storagelarda [1] saglash imkoniyatidan keng
foydalanmoqdamiz.

Cloud computing elektron hisoblash xizmatlarini kompyuter tarmogqlari orqali yetkazib
berishni nazarda tutadi va o‘zida ma’lumotlarni saglash tizimlari, turli ilovalar uchun platformalar,
katta hisoblashlarni internet tarmogida mavjud kompyuterlardan foydalanib yechish kabi
imkoniyatlarni yaratadi.

Bulutli texnologiyalar qulayliklar yaratish bilan bir qatorda muammolarni ham o‘rtaga
qo‘ymoqda. Ushbu texnologiya mavjud imkoniyatlar bilan birgalikda Cloud Storageda saglanayotgan
ma’lumotlar xavfsizligini ta’'minlash masalasini keltirib chiqarmoqda.

Materillar va usullar

Yugqorida aytib o‘tilganidek, mobil qurilmalardagi ma’lumotlarni Cloudda xavfsiz saqlash
dasturini ishlab chigish uchun AES va SALSA20 shifrlash algoritmlari hamda SHA1 va MD5 heshlash
funsiyalaridan foydalanilgan bo‘lib, ulardan mujassamlashgan holda foydalanish orqali mobil
qurilmalarda saglanadigan va ishlanadigan axborotlarni Cloud Storage texnologiyasi asosida
himoyalash samaradorligini oshirish mumkin. Mazkur mujassamlashgan usul orqali quyidagi

muammolar hal etilgan:

- Foydalanuvchilarni autentifikatsiyalash;

- fayl nomi va mazmunini oshkor etmaslik;

—  faylning kimga tegishli ekanligini yashirish;

- bir martalik kalitlardan foydalanish;

—  ma’lumotlarni serverda shifrlangan ko‘rinishda saglash.

Foydalanuvchilarni  autentifikatsiyalashda foydalanuvchining nomi mobil qurilmada
ro‘yhatdan o‘tgan pochta manzili orqali unga ulanish paroli esa, shifrlash kalitidan foydalangan holda
faylda saglanadi. Ushbu parol joylashgan faylni ma’lumot tashuvchi qurilmada saglash yoki bulutli
serverlarda saqlash mumkin. Ushbu jarayonni amalga oshirish natijasida, klaviatura va qo‘pol kuch
hujumlaridan oldi olinadi[56].

Faylning kimga tegishli ekanligini yashirish. Ya’ni, faylning o‘zi shifrlangan holda Cloudga
yuboriladi. Foydalanuvchi emaillaridan esa xesh qiymati hisoblanib unga shifrlangan kalit qo‘shiladi

va u ham Cloudda saqlash uchun yuboriladi.

Hosil bo‘lgan hesh giymat tasodifiy belgilardan iborat bo‘lib, u kimga tegishli ekanligini o‘zida
berkitib turadi.
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Bir martalalik kalitlardan foydalanish. Bir martalik kalitlar har bir to‘plam nomi orqali
yaratiladi. Ushbu kalit AES shifrlash algoritmi yordamida shifrlanadi va hosil bo‘lgan kalitni
foydalanuvchi uchun tushunarli bo‘lgan joyda saqlab qo‘yiladi. Faylga har safar murojaat bo‘lganida
ushbu fayl yangisiga o“zgaradi. Ya’ni bir kalit fagat bir marta qo‘llaniladi.

Ma’lumotlarni serverda shifrlangan ko‘rinishda saqlashda SALSA algoritmidan foydalaniladi.
Unda kalit sifatida yuqorida AES yordamida shifrlab faylda saglangan tasodifiy, bir martalik kalit
qo‘llaniladi.

Umul.nly Boshlash
algoritm i :

/ Pa‘;ol ;

i

Y

Parolni
0’zgartirish Shifrlash Deshifilash

Y

Tugatish

1-rasm. Dastur algoritmi.

Dasturga kirgandan so‘ng, dastlab foydalanuvchidan maxfiy parolni kiritish so‘raladi. Agar
parol xato kiritilsa, dasturdan foydalanishga ruxsat berilmaydi.

Agar parol to‘g'ri kiritilsa, dastur keying bosqichga o‘tadi. Unda quyidagilarni amalga oshirish
mumkin:

- Maxfiy parolni o‘zgartirish;

- Ma’lumotlarni shifrlab Cloudga yuborish va deshifrlash uchun kerakli bo‘lgan giymatlarni
saglab qo‘yish;

- Ma’lumotlarni Clouddan yuklab olish va ularni deshifrlab, foydalanuvchiga taqdim etish.

Shifrlash algoritmini ko‘radigan bo‘lsak, unda quyidagi ketma-ketliklar bajariladi:
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Shifrlash n, e f
k = hash(f)
5 = hash(e||k)
cf = Salsa(f. k) :
a= AES(s|k, ka)
cf || x md =MD5(a)

hl =sha(el|md)
h2 = sha(e2||md)
hn = sha(en||md)

x1 =hil[ka]
x2 =h2[ka]
x3 = hn[ka]

2-rasm. Ma’lumotlarni shifrlab, Cloudga yuborish
Bunda, quyidagilarni izohlab o‘tish zarur:
n - to‘plam nomi;
e — foydalanish ruxsati berilgan electron pochtalar, ular bir nechta bo‘lishi mumkin;
f — xavfsizligi ta’'minlanishi kerak bo‘lgan fayllar, ular shifrlanib, Cloud serverda saglanadi;
Salsa — ma’lumotlarni shifrlash uchun ishlatiladigan algoritm, to‘liq nomi Salsa20;

AES - shifrlashda ishlatilgan kalitni maxfiyligini ta’minlash uchun foydalaniladigan shifrlash
algoritmi;

MD5, sha - xesh funksiyalar.

Dastlab kirish qiymati sifatida, to‘plam nomi, foydalanish ruxsati berilishi kerak bo‘lgan
emaillar va konfidensialligi ta’minlanishi kerak bo‘lgan fayllar tanlanadi.

So‘ngra, belgilangan fayllar maxsus algoritm orqali shifrlanadi va belgilangan serverga
yuboriladi. Shifrlashda ishlatilgan kalit esa, to‘plam nomi bilan birgalikda AES shifrlash algoritmi
orqali shifrlanadi.

Keyin undan xesh giymat olinib, ruxsat berilgan har bir emailga qo‘shilgan holda yana bir bor
xesh qiymatlar hosil qilinadi. Ushbu hech qiymatlarning har biriga, shifrlangan kalit biriktirilib, ular
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ham belgilangan serverda saglash uchun yuboriladi.

Keyingi algoritm Clouddan ma’lumotlarni yuklab olish va deshifrlab foydalanuvchiga taqdim
etish bo‘lib, 28-rasmda keltirilgan.

Aytish mumkinki bu bundan oldingi algoritmni aksi bo‘lib, unda ham yuqorida keltirilgan
shifrlaash algoritmlari va xeshlash funksiyalaridan foydalanilgan.

Shuni ta’kidlab o‘tish lozimki, deshifrlash jarayonida hech qanday qiymat klaviatura orqali
kiritlmaydi, ya’ni, algoritmda ko‘rsatilgan akey va e giymatlar mobil qurilmadan olinadi. Aniqroq
qilib aytganda, akey shifrlash jarayonida mobil qurilmaga maxsus saqlab qo‘yilgan kalit bo‘lib, u mobil
qurilma xotirasidan ko‘rsatib qo‘yiladi. E esa mobil qurilmada autentifikatsiyadan o‘tgan electron
pochta bo‘lib, emailni kiritish paytida, mobil qurilmadagi electron pochtalar ro‘yxati tqadim etiladi
va ulardan birini tanlash so‘raladi[55].

@ md =MD35(a) e

L

Deshifrlash h = sha(e || md)

J

| |
| |
| |
| |
| |
| |
| |
I I
| |
| |
| |
| |
| |
| |
| |
| |
: Yo'q | Ruxsat :
I x(h)=h yo'q |
| |
| |
| |
| |
| |
| |
| |
| |
| |
| |
| |
| |
| |
| |
| |
| |
| |
| |

5 || k =AES(a, ka)

f'= Salsa(cf k)

3-rasm. Deshifrlash algoritmi

Deshifrlash jarayoni qachonki foydalanuvchi ozini haqiqiyligini tasdiglagandagina amalga
oshiriladi. Buning uchun, foydalanuvchi ozining haqiqiyligini, unga foydalanish ruxsati
berilganligini va unda maxsus kalit fayl mavjud ekanligini tasdiglashi talab etiladi. Agar foydalanuvchi
ularni to‘g’ri taqdim eta olmasa, deshifrlash jarayoni amalga oshirilmaydi.
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Xulosa

Tadqiqot ishida mobil qurilmalardagi ma’lumotlarni Cloudda xavfsiz saglash dasturini ishlab
chigishga qaratilgan bo‘lib, quyidagi natijalar olindi:

- Ma’'lumotlarni Cloudda xavfsiz saqlash dasturida foydalanilgan shifrlash algoritmlari va
xeshlash funksiyalari tadqiq etildi;

- Mazkur shifrlash algoritmlarining asosini tashkil etuvchi funksiyalar tadqiq etildi;
- Dastur algoritmi yaratildi;

- Yaratilgan algoritm asosida mobil qurilmalardagi ma’lumotlarni Cloudda xavfsiz saglash
dasturiy ta’minoti ishlab chiqildi;

- Dasturdan foydalanish imkoniyatlari batafsil keltirildi.
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AXBOROT-
BOSHQARUYV
TIZIMLARI
DASTURIY
TAMINOTINING
ISHONCHLILIGINI
BAHOLASH MODELI

nnotatsiya: Mazkur tadqiqot ishida axborot-
boshqaruv tizimlarning zamonaviy dasturiy taminoti
sifatini aniqlovchi muhim omil bolib, uning ishlash
ishonchliligi hisoblanadi. Bumuammo bilan dunyoda dasturiy
majmualar va mahsulotlar ishlab chiqaruvchilar hamda
tadqiqotchilar shug‘ullanishadi. Aks holda mijozlarga xizmat
ko'rsatish va butun bir ishlab chiqarishlarni to'xtashiga, maxfiy
ma’lumotlarning chiqib ketishi va loyihalovchilarning xatolari
sababli juda katta moliyaviy va obro'-e’tiborga xavflar dasturiy
toxtab qolishga olib kelishi mumkin. Axborot-boshqaruv
tizimlari dasturiy taminoti ishonchliligini baholash amaliyoti
va nazariyasining hozirgi holatini tahlil qilish hamda ularning
kelgusi rivojlanishi va takomillashtirish tendensiyalarini
baholash modellari keltirilgan.
Kalit sozlar: Model, xatoliklar, baholash, axborot,
ta'minot.
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THE RELIABILITY
ASSESSMENT
MODEL OF
INFORMATION:-
MANAGEMENT
SYSTEMS
SOFTWARE

bstract: In this research work, an important factor
determining the quality of modern software of
information management systems is its operational
reliability. Developers of software packages and products, as
well as researchers, deal with this problem. Failure to do so can
lead to customer service and entire production shutdowns,
software downtime, enormous financial and reputational risks
due to confidential data leaks and designer mistakes. Analysis
of the current state of the practice and theory of the reliability
of information management systems software, as well as
models for assessing the trends of their future development
and improvement are presented.
Keywords: Model, errors, assessment, information, supply.
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Kirish

Jahonda intellektual tizimlar va texnologiyalar XXI asrning asosiy muhim texnologiyalaridan
bolib, insoniyat faoliyatining ijtimoiy va barcha ishlab chiqarishda muhim ahamiyatga ega bo‘lgan
sohalarda qollaniladi. Ularning sifatli yangi imkoniyatlari, ma’lumotlarning noanigligi va xatoligi
sharoitida, xavflarningmavjudligi va murakkab tizimlar hayot siklining barcha pog‘onalarida
vaqtning yetishmasligi, sun’iy intellekt vositalari va usullarini qo‘llash bilan masalalarning yangi
darajalarini yechish hisobiga uni hisoblash texnikasida tatbiq qilishning an’anaviy sohalarida samarali
qo‘llashni anchagina oshirishga imkoniyat beradi.

Jahonda axborot-boshqaruvchi tizimlarning jahonda rivojlanishi ishlab chigarish boshqaruv
tizimlarining hayot siklini axborotli qo‘llab-quvvatlashda, murakkab texnik va texnologik boshqaruv
ob’ektlarning ishlash sifatini talab darajasida ta’minlovchi ishonchli dasturiy ta’minotni ishlab
chiqishga asoslanuvchi joriy etishning natijaviyligi yangi usullarning paydo bo‘lishiga olib keldi.

Dasturiy ta’minotning ishonchliligini baholashga qiziqish kompyuter dasturlarining paydo
bolishi bilan bir vaqtda vujudga keldi va ishlashi asosan dasturiy ta’minotning (DT) ishlashi uchun
mojallangan texnik qurilmaning (hisoblash mashinasi yoki personal kompyuterning)
ishonchliliginian’anaviy ehtimollikli baholashni olishga tabiiy intilishi bilan kelib chiqdi. Binobarin,
dasturiy ta’minot mashina qismlaridan biri sifatida aniqlanadi, dasturiy tashkil etuvchining
ishonchliligini baholashga yondashish dastlab texnik qurilmalarning ishonchliligini baholashdan
kam farqlandi va texnik tizimlar ishonchliligi klassik nazariyasining ma’lum statistik usullarini yangi
muhitga o‘tkazishdan iborat bo‘ldi va uning alohida tarmog‘i - DTning ishonliligi nazariyasini tashkil
etdi [1-2].

Materillar va usullar

Dasturiy ta’'minot rasmiy hujjatlar va foydalanuvchiga qo‘yilgan spesifikatsiyalarga muvofiq
ozini tutadigan vaziyatarda xatoliklar ham dasturda, ham spesifikatsiyalarda bo‘lishi yoki
ko‘rsatmalarda faqat hisoblash tizimi bilan kutiladigan va rejalashtiriladigan ishlar tavsiflangan
bo‘lishi mumkin.

“Xatolik”, “nugson” va “uzilish” atamalari ko‘pincha ma’noga ajratmasdan ishlatiladi. Dasturiy
ta’minotda “xatolik” bu kodning bajarilishi vaqtda uzilishlarga olib keladigan DTdagi nuqsonlarni
keltirib chiqaradigan dasturchining amali hisoblanadi [3]. “Uzilish” kod bajarilganida kerakli
holatdan tizimning chiqishni rad etishini bildiradi. Nuqgson tizimning chiqishigacha bo‘ladi va
xatolikka ega bo‘lgan kod bajarilganda uzilishni keltirib chigaradi. Nugsonning testlanishi darajasi
tasodifiy tanlangan chiqishda uzilishni aniqlanishi ehtimolligi sifatida aniqlanadi. Tizimdan tizimga
o‘zgaradiga quydagi uzilish darajalari mavjud: halokatli, yuqori, o‘rta, past, sezilarsiz.

Oddiy (yoki “osilib qolish”) uzilish bu ham tizimning apparatlar qismidagi, ham dasturiy tashkil
etuvchisidagi uzilishlarga yoki foydalanuvchining noto‘g’ri amallariga bog‘liq bo‘lgan uzailishning
alohida turi hisoblanadi.

Dasturiy ta’minotning ishonchliligi parametrlarini baholash predmetlar sohasidan ko‘plab
ishlar orasidan dasturiy ta’minotning ishonchliligini xarakterlaydigan u yoki bu miqdoriy
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ko‘rsatkichlarni o‘lchash yoki baholash usullariga bir necha o‘nlab yondashishlarni aniglash mumkin
[4].
Ulardan asosiylarini ajratib ko‘rsatamiz [5].

Ishonchlilik - R (reliability) belgilashga ega va uzilishni vujudga kelmasiligi ehtimolligi sifatida
o'lchanadi. Ishonchlilik deyarli barcha modellarda asosiy ko‘rsatkich sifatida ishlatiladi.

Uzilishni paydo bo'lishi o‘rtacha vaqti - MTTF (Mean Time To Failure) gisqartmaga ega va
ikkita ketma-ket uzilishlar orasidagi vaqtni o‘lchaydi.

Uzilishlarning intensivligi — MTTFga teskari bo‘lgan kattalik, vaqt birligi ichidagi uzilishlar
sonini aniqlaydi.

O'rtacha turib qolish vaqti (TR) - uzilishdan keyin tizimni (yoki uning tarkibiy qismini)
aniqlash, tuzatish va qayta tiklashga sarflanadigan vaqtni aniqlaydigan kattalik hisoblanadi.

Tizimning tayyorlik koeffitsienti (S) —uzilishni paydo bo‘lishi o‘rtacha vaqti va tizimning turib
qolishi o‘rtacha vaqti orasidagi farqni uzilishni paydo bo'lishi o‘rtacha vaqtiga nisbati sifatida
aniqglanadi.

DT kodida qolgan xatoliklar soni — dasturiy ta’minotni ishlab chigishda ishlatiladi va dastlabki
kodning har bir mingta satriga koddagi xatoliklar sonini ko‘rsatadi.

Koddagi xatoliklar zichligi - odatda dastlabki kodning har bir mingta satriga xatoliklar soni
sifatida aniqlanadi [6].

Dasturiy ta’minot ishonchliligining yetarli darajasini ta’minlash bajariladigan loyihaning 60 %
resurslarini tashkil etishi mumbkin, shu tufayli testlashni eng sinchiklab rejalashtirish, loyihani
berilgan muddatlarda o‘tkazish kerak. Hatto uzoq muddatli testlash davridan keyin qo‘shimcha
sinovlar yangi xatoliklarni aniqlashi mumkin. Dasturiy ta’'minot loyihaning natijasi sifatida kerakli
ishonchlilik darajasiga ega, lekin xatoliklarga ega bo‘ladi.

An’anaviy tarzda rejalashtirish va qarorlarni qabul gilish uchun SGRM (Software Growth
Reliability Model) - dasturiy ta’minotning ishonchliligini ortishi modellari ishlatiladi, ularda
ishonchlilik testlash vaqtiga proporsional ortishi ko‘zda tutiladi, protsessordan foydalanish
davomiyligi olchanadi. Bunda ishonchlilikni ortishi ¢ vaqt davomida g(t) kutiladigan xatoliklar
soniga bog‘liq ravishda A(f) uzilishlar intensivligi atamalarida ifodalanadi:

ﬂ(t)=%ﬂ(f), (1.1)

t vaqt davomidagi xatoliklar soni N(f) gabul qilinadi va xatoliklar aniqlanishi bilan tuzatilishi
ko‘zda tutiladi. Asosga topilgan va tuzatilgan xatoliklar soni mavjud xatoliklar soniga proporsional
bo'lishini kozda tutadigan eksponensial model olinadi. Ko‘rsatish mumkinki, £ quydagicha
aniglanadi:

B :Lr (1.2)
SO~

bu yerda S - kod tarkibidagi ko‘rsatmalar soni; Q - kodning har bir ko‘rsatmalaridagi ob’ektli
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ko‘rsatmalar soni; r — kompyuter ko‘rsatmani bajarilishi darajsi; k — xatoliklarga uchrash koeffitsienti
deyiladi va 1x107 dan 10x107 gacha o‘zgaradi; ¢ vaqt protsessor vaqtining bajarilishi sekundlarida

o‘lchanadi:
N(t) = N(0)exp(—pit) (1.3)
bu yerda N(0) - xatoliklarning boshlang‘ich soni; ¢ vaqt davomidagi umumiy xatoliklar soni:
()= N(0) =N(t)= N(0) (1-exp(-pit)), (1.4)
Umumiy holda:
u(t)= Bo(1—exp(=pit)), (1.5)

bu yerda o - aniqlanishi mumkin bo‘lgan umumiy xatoliklar soni. Sozlash vaqtida yangi
xatoliklar qilinmasligi ko‘zda tutiladi.

Uzilishlar intensivligi uchun ifoda quyidagi ko‘rinishga ega:
At)= BoPiexp(—fit)), (1.6)

Eksponensial model qo‘llanishda oson, /& va £ parametrlar testlash jarayoni boshlanguncha
aniqglanadi.

SGRM yondashish quyidagi holarda magsadga muvofiq:

—  testlash boshlanguncha,bunda dastlabki testlash rejasiga ega bo'lish zarur. Eksponensial
yoki logarifmik model qo‘llanganida talab gilinadigan uzilishlar intensivligi qiymati, MTTF yoki
xatoliklar zichligiga erishish vaqtini baholash mumkin. ¢ vaqt kishi-soatlarda o‘lchanadi va loyihalarni
bajarilishi tajribasi asosida aniglanadigan mos koeffitsientga ko‘paytirilishi kerak;

—  testlash vaqtida, bunda SGRM asosida kerakli ishonchlilik darajasiga erishish uchunzarur
bo‘ladigan testlash vaqti baholanadi.

SGRMning qo‘llanishi algoritmining asosiy qadamlari quyidagilar:

1. Ma’lumotlarni to‘plash. Uzilishlar intensivligi g‘aqidagi ma’lumotlar ko‘pincha silliqlanishi
kerak bo‘ladigan ko‘plab xatoliklar va “shovqinlarni” 0‘z ichiga oladi. Testni intervallrga bo‘lishni 0z
ichiga oladigan ma’umotlarni guruhlashtirishdan foydalaniladi. Bunda har bir intervaldagi uzilishlar
intensivliklarining o‘rtacha giymati hisoblanadi.

2. Modelni tanlash va parametrlarni aniglash. Modelning tanlashning eng yaxshi usuli bu
bunday loyihalarni bajarishda to‘plangan tajribaga tayanish hisoblanadi. Bunda ko‘pincha
parametrlarni ekstrapolyatsiyalash uchun eksponensial va logarifmik modellar ishlatiladi. Birinchi
testlar ma’lumotlari ko‘p sonli xatoliklarga ega bo‘ladi. Tetslashning oldingi bosqichlarida
parametrlar real qiymatlaridan kuchli og‘ishi va ular stabillanmaguncha ishlatilishi mumkin emas.

3. Qo'shimcha testlarning soni hagida tahlilni bajarish. To'g’ri keladigan model asosida
uzilishlarning intensivligi ma’lum darajasiga erishish uchun zarur bo‘ladigan qo‘shimcha testlar
soninibaholash mumkin. Bunda testlash uchun zarur bo‘ladigan minimal vaqt hisoblanadi.

Testlash jarayonida SGRM modeli asosidagi xatoliklarni qidirish yagona uslubi ishlatiladi. Har
bir yangi strategiya dastlab ma’lum xatoliklar sinfini gidirish va baholashdan samarador bo‘ladi, bu
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silliglash hisoblash protseduralaridan foydalanishni zarur qiladi. Dasturiy ta’minot testlash vaqtida
ham modernizatsiyalanishni davom etishi muammoli vaziyatni yuzaga keltiradi. Agar bu o‘zgarishlar
sezilarli bo‘lsa, tanlashdan oldingi olingan ma’lumotlarni chiqgarib tashlashga to‘g’ri keladi.

SGRM samaradorligi muhimparametrlaridan biri bo'lib S, tarmoglanish gamrab olish
koeffitsientiga chizigli bogliq bo‘lgan S, xatoliklarni qamra olish koeffitsienti xizmat giladi.
Tarmoqlanish qamrab olish koeffitsienti dasturning barcha bo‘lishi mumkin tarmoglanish yo‘llari
ganchalik samarali “qamrab olinganligini” ko‘rsatadi:

Si=—a+bS§, 5>0. (1.7)

Ifoda (1.8) da a va b parametrlarning giymatlari dasturi ta’minotning o‘lchmlariga va xatoliklar
boshlang’ich zichligiga bogliq. Qamrab olish koeffitsientlaridan foydalanishning avzalligi shundan
iboratki, ular dastur qanchalik puxta tadqiq qilinishiga to‘g’ridan-to‘g’ri bog‘liq bo‘ladi. dasturiy
ta’minotning yuqori ishonchliligiga erishish uchun dasturning ichki ozini tutishiga ta’sir qiladigan
shartli operatorlar hisoblanadigan predikatlarni qamrab olish koeffitsienti kabi gat’iy o‘lcham
ma’qbulroq hisoblnadi.

Xulosa

Axborot-boshqaruvchi tizimlar dasturiy ta’minotining sifat va ishonchliligini baholash ilmiy-
texnik muammolarining zamonaviy holat tahlili, tendensiyalari va kelajakdagi rivojlanishi hamda
takomillashtirilishi ko‘rinishida adabiyot manbalarining tahliliy obzor gilingan. Ishlab chiqarishni
avtomatlashtirish global bozorining rivojlanish tendensiyalari va harakatlantiruvchi kuchlari,
ssenariylar va ishlab chiqarish Internet hamda kelajak aqlli fabrikalarining imkoniyatlari aniglangan,
shu jumladan neft va gazni qayta ishlash, kimyoviy va ishlab chiqarishning murakkab sohalari
axborot-boshqaruvchi  tizimlarining rivojlanish  trendlari aks ettirilgan.  Zamonaviy
infokommunikatsiya texnologiyalar asosida ishlab chiqarishni avtomatlashtirish tizimlari
evolyusiyasining qgisqacha tavsifi berilgan.
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nnotatsiya. Telekommunikatsiya elektr ta'minoti
Atizimi uchun uning elektr taminoti tizimlarini

magbul loyihalash muammosini hal gilish uchun
texnik yechimlarni morfologik tahlil gilish va tahlil qilishga
asoslangan loyihalash tamoyillari va usullarini ishlab chigish
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Kirish
Ragamli texnologiyalarni telekommunikatsiya tizimlarida keng qollanilishi elektr ta’minoti

tizimida elektr energiyasini o‘zgartirish sifatini oshirish, ishonchliligi, qurilmalarning elektromagnit
moslashuvchanligi va uzluksiz elektr ta’'minotini yaxshilashni talab giladi.

Har qanday jamiyatning iqtisodiy rivojlanishida energetik resurslardan samarali foydalanish
uning mustahkam rivojlanishining asosiy omillaridan biri hisoblanadi. Elektr energiyasini ishlab
chiqarish, o‘zgartirish, uzatish, tagsimlash va iste'mol qilish ob’ektlarida elektr stansiyalari,
podstansiyalari, tarmoqlari, qurilmalari va elektr ta’minoti tizimlarini loyihalash, montaj qilish,
sozlash, ta’mirlash, ishlatish, ularda sinovlar o‘tkazish, texnik xizmat ko‘rsatish, rostlash,
dispetcherlash, avtomatlashtirilgan va avtomatik boshqarish, iste’'mol gilishga oid muhandislik
masalalarini yechish, algoritmlash va matematik ta’minotni yaratish, texnologik yechimlarni ishlab
chiqish bu tarmoqda sanoatni yuksak darajada rivojlantirishning asosiy vazifalari sanaladi.

Hozirgi vaqtda ichki va tashqi sanoati elektr qurilmalarining juda ko‘plab turlarini ishlab
chiqaradi, bu esa 0z navbatida elektr qurilmalarining texnik tavsiflari xilma-xilligi va ko‘pligi bilan
ajralib turadi. Shuning uchun elektr ta’minoti qurilmalari (ETQ) va tizimlarini loyihalashdagi asosiy
muammo bu tizim tarkibini kerakli talablarni ta’minlay oladigandigan yechimlarni ogilona tanlash
hisoblanadi. Elektr ta’minoti tizimlarini an’anaviy loyihalashning asosini ma’lum bir sohada ishlab
chiquvchilar tajribasi va texnik yechimlarni analoglari tashkil etadi. ETQ tizimini loyihalashda ushbu
yondashuvning asosiy kamchiliklari texnik qarorlar gabul qilishda sub’ektiv hisoblanadi. Bundan
tashqari, loyihalash jarayonining o‘zi rasmiylashtirilmagan va shuning uchun uni avtomatlashtirish
mumkin emas.

Hozirgi kunda ETQni loyihalashning mavjud usullarining alohida bosqichlari ETQ
strukturasini tanlash, elektr ta’minoti sxemalari, yerga ulash tizimlari, havoni shamollashtirish
(kondensionerlash) va shamollatish tizimlari mavjud. Loyihalash jarayonida strukturali, parametrik
yoki strukturali-parametrik sintez usullari qo‘llaniladi.

Odatda loyihalash jarayonida ekspluatatsiya qilish tajribasidan olingan empirik va intuitiv
tadgiqodlarga asoslangan strukturali, parametrik yoki strukturali-parametrik sintez qilish usullari
qo‘llaniladi va yechimini topishda chiziqli dasturlash usulidan foydalaniladi.

Hozirda dunyoning ko‘plab rivojlangan mamlakatlarida, jumladan AQSh, Rossiya, Xitoy,
Germaniya, Buyuk Britaniya, Fransiya, Yaponiya, Daniya, Gollandiyada telekommunikatsiya
tizimlarida elektr energiyasidan keng qamrovli foydalanilib kelinmoqda. Bu borada quyosh, shamol,
dizel generatorlari va akkumulyator batareyalari kabi energiya manbalarining ishlab chigilayotgan
konstruksiyalarining doimiy ravishda murakkablashishini hisobga olib, noananaviy yechimlar,
materiallar va texnologiyalarni qo‘llash, qo‘yilgan vazifalarni hal qilishda zamonaviy hisoblash
vositalarini qo‘llash, konstruktorlik hisob-qitoblarni takomillashtirish, bunday hisob-kitoblarning
aniq algoritmini ishlab chiqish va yaratish dolzarb hisoblanmoqda.

Bunday tizimlarni o‘rganishda kuchli matematik apparatlar va dasturiy vositalardan yetarlicha
foydalanish kerak. Ushbu muammoni elektr ta’minoti tizimlarini loyihalashtirishni
avtomatlashtirish, shuningdek zamonaviy matematik usullar va dasturiy ta’minotlarni qo‘lash orqali
hal qilish mumkin.
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Muammoning o‘rganilganlik darajasi

Hozirgi vaqtda zamonaviy telekommunikatsiya elektr ta’minoti tizimlari va ularning tashkil
etuvchi qurilmalarining loyihaviy yechimlarini tahlil va sintez qilish, ularda sodir bo‘ladigan fizik
jarayonlarni aniglash, ularning tuzilish va qo‘llanilish tamoyillarini rivojlantirish, elektr energiya sifat
ko‘rsatkichlarini aniqlash, hisoblash, ishlov berish, qayd qilish va boshqaruvida qo‘llanilayotgan
datchiklari asosida energiya ta’'minoti muammolarining samarali, sifatli va ishonchli yechimini
topish, elektr ta’minot tizimidagi jarayonlarni matematik modellari va dasturiy ta’minoti bo‘yicha
dunyoning etakchi ilmiy tadqiqod markazlari va muassasalari tomonidan, shu jumladan AQSh (SMA,
Solar Technology AG, General Electric, Satcon, Solectria), Rossiya (Elektroapparat, Elektromiit),
Buyuk Britaniya (Chloride, HAWK, Cummins), Xitoy (Sassin, Tide Power System, SunAccess, LS
Industrial Systems), Germaniya (ABB, Schneider Electric, Siemens, Yaponiya (Sony, Iconics), GFS,
AEG Power Solutions, Inpotron Schaltnetzteile GmbH), Fransiya (Legrand, Chloride Industrial,
KOHLER-SDMO), Italiya (GMGen Power Systems, GMUPS, Riello), Daniya (MOX), Gollandiya
(Honeywell), Finlandiyada (Elego) ilmiy tadqiqotlar olib borilmoqda.

Tahlillar shuni ko‘rsatadiki, birlamchi energiya manbalari bilan loyihalanayotgan
telekommunikatsiya elektr ta’minoti tizimining kirish xarakteristikalari va ta’minot manbai
qurilmalari bilan chiqish xarakteristikalari orasidagi funksional muvofiqlilik talablarini bajarish
uchun distruktiv ta’sir va dinamik rejimlardagi fizik jarayonlarni aks ettiruvchi bir qator modellar,
shuningdek ularni parametrlash usullarini ishlab chiqish kerak.

Murakkab texnik tizimlarni yaratishda tahlilning bir necha bosqichlarini, ya’ni strukturaviy,
funksional va parametrik bosqichlarini bosib o‘tiladi. Ilmiy tadqiqotlar sohasida hech qanday mezon
asosida murakkab tizim yoki qurilmaning optimal tuzilishini darhol tanlashga imkon beruvchi
usullar mavjud emas. Shuning uchun murakkab texnik tizimlarni yaratish jarayoni takroriydir
(iterativ) [10-11]. Birinchidan, modellashtirilayotgan qurilma qaysi sinfga tegishli ekanligi aniglanadi,
so‘ngra bu sinf chegaralarini gisqartirib, shu sinfga tegishli bo‘lgan bir necha yechimlarni sinab ko‘rib
va eng magbuli tanlanadi. Hozirgi vaqtda texnik obyektlarni loyihalashning dastlabki bosqichlarida
qarorlarni qo‘llab-quvvatlash uchun kompyuter komponentlaridan keng foydalanilmoqda. Analitik
modellar va raqamli optimallashtirish usullaridan tortib, evristik usullar va ekspert baholash
tizimlarigacha qaror gabul qilish tizimlarini ishlab chiqish uchun asos bo‘la oladigan juda ko‘p
konseptual yondashuvlar mavjud [6].

Masalaning qo‘yilishi

Har qanday qurilma yoki tizim strukturaga ega bo‘lgani va ushbu strukturani tashkil etuvchi
elementlari parametrlarga ega bo‘lgani uchun strukturaviy-parametrik tahlil usullarini ilmiy-texnik
bilimlarning deyarli barcha sohalarida qo‘llash mumkin. Shuning uchun ushbu dessertatsiya ishida
morfologik to‘plam tarkibiga kiruvchi elektr ta’minoti tizimininig (ETT) strukturalari va alohida
qurilmalari, konduktiv xalaqitlarni hisobga olgan holda (1-rasm) ETTning modellarini oz ichiga
oluvchi morfologik tahlil nazariyasini ishlab chiqishni rivojlantirish taklif gilingan. Morfologik usulni
amalga oshirish uchun morfologik to‘plamni korib chiqilayotgan obyektlarni matematik
modellashtirish usullari bilan, shuningdek, ularning ishlash jarayonida olingan muhandislik hisob-
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kitoblari va bilimlar bilan to‘ldirish kerak. Shuni ta’kidlash kerakki, morfologik usullar asosan
murakkab texnik tizimlarni modellashtirish uchun asos bo‘lib, barcha darajadagi ierarxiyaning
modellarida mavjud. Shu sababli telekommunikatsiya tizimlari uchun optimal ETTni loyihalashtirish
tamoyillari morfologik usullar, matematik modellashtirish usullari va muxandislik ishlanmalarining
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1 - rasm. Elektr ta’minoti tizimlarining telekommunikatsiya obyekti elektr ta’minoti

qurilmalari bilan o‘zaro aloga sxemasi

Keng polosali energetik spektri bilan impulsli konduktiv xalaqitlarni batafsil ko‘rib chigamiz.
1-rasmda elektr ta’minoti tizimlarining telekommunikatsiya obyekti elektr ta’minoti qurilmalari bilan
ozaro ta’sirining tipik diagrammasi keltirilgan.

Sxema qo‘yidagi qurilmalarni oz ichiga oladi: umumiy elektr ta’minoti tizimi (UETT),
tagsimlash qurilmasi (TQ), doimiy (UETM (DC)) va o‘zgarmas (UETM (AC)) uzluksiz elektr
ta’minoti manbalari, monitoring va boshqarish tizimi, shamollatish va havo tozalash tizimi,
konvertor, invertor, telekommunikatsiya qurilmalari (ATS, radio-elektron qurilmalari, favqulodda
signalizatsiya tizimi, server).

Elektr ta’minoti tizimini modellashtirish jarayonini tizimlashtirish murakkab nochiziqli tizimni
bir qator kichik tizimlarga ajratish va besh sathli iyerarxik struktura - M1 makro modelini yaratishdan
iborat (2-rasm).
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Elektr energiya Elekir enereiva Elektr energiyani
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DG, AB) garie uzatish va tagsimlash
Elektr energiya P Xavfsizlik va
iste’molchilari atrof-muhit

2-rasm. Telekommunikatsiya obyekti elektr ta’minoti tizimining M1 makro modeli

Morfologik usulning mohiyati shundaki, hal gilinayotgan muammo uchun ahamiyatli bo‘lgan
bir nechta morfologik xususiyatlarni (tipik, o‘ziga xoslik, farqlash) aniglash va ushbu xususiyatlarni
(parametrlarni) barcha mumkin bo‘lgan kombinatsiyalarni tuzish kerak. Takomillashtirilayotgan
texnik tizimlarda unga xos bo‘lgan bir qancha srtukturaviy yoki funksional morfologik xususiyatlar
mavjud bolib, masalan, har bir xususiyat tizimning qandaydir tarkibiy biriligini, uning qandaydir
vazifasini, tizimning qandaydir ishlash rejimini, ya’ni muammoning yechimi va asosiy maqsadga
erishish bilan bog'liq bo‘lgan tizimning parametrlari yoki xususiyatlarini tavsiflashi mumbkin.
Morfologik usulning afzalligi uning rasmiylashtirishda, algoritmlashda va kompyuterda amalga
oshirish imkoniyatlarini kengligidir. Morfologik sintez natijasida ko‘rib chiqilayotgan tizimning
variantlarining haqiqatda xam mavjudligi va gipotetik, patentlanadigan tuzilmalarining barcha
strukturaviy yechimlarini oz ichiga olgan morfologik to‘plam aniqlanadi. Morfologik to‘plam
xajmini kattaligi sababli butun bir tizimni yaratish mumkin emas.

Tizimni yaratish uchun ushbu to‘plamga kiritilgan qurilmalar tavsiflanadi, tasniflash
xususiyatlari aniglanadi va ularning mumkin bo‘lgan giymatlari oraligi aniqlanadi. Ushbu
tasniflashning o‘ziga xos xususiyati tasniflash xususiyatlarining barcha qiymatlarini belgilash orqali
qurilmaning tuzilishini aniqlay olamiz. Morfologik sintez kombinator-mantiqiy sintez usullari sinfiga
mansub bo‘lib, uning kamchiliklaridan biri mumkin bo‘lgan variantlarni to‘liq sanab chiqishni
hisobga olgan holda kompyuterda amalga oshirish murakkab jarayon hisoblanadi. Bundan tashqari
mavjud universal algoritmlar gisqa vaqtda kerakli natijani aniglash va sintez qilishgaga kafolat
bermaydi. Shuning uchun bunday muammolarni hal gilishda everestik usullardan (prototipni
takomillashtirish, daraxtsimon va labirint konstruksiyalarini mukammallashtirish) keng
foydalaniladi. So‘nggi paytlarda evolyusion jarayonlarni simulyatsiya qiluvchi genetik algoritmlar
morfologik sintezda tobora ko‘proq qofllanilmoqda. Agar strukturadan tashqari shu strukturani
tashkil etuvchi elementlarning parametrlarini topish kerak bo‘lsa, strukturaviy-parametrik sintezdan
foydalaniladi.

Har qanday qurilma yoki tizim strukturaga ega bo‘lgani va ushbu strukturani tashkil etuvchi
elementlari parametrlarga ega bo‘lgani uchun strukturaviy-parametrik sintez usullarini ilmiy-texnik
bilimlarning deyarli barcha sohalarida qollash mumkin. Shuning uchun ushbu dessertatsiya ishida
morfologik to‘plam tarkibiga kiruvchi ETTning strukturalari va alohida qurilmalari, konduktiv
xalaqitlarni hisobga olgan holda ETTning modellarini oz ichiga oluvchi morfologik sintez
nazariyasini ishlab chiqishni rivojlantirish taklif qilingan. Morfologik usulni amalga oshirish uchun
morfologik to‘plamni korib chiqilayotgan ob’ektlarni matematik modellashtirish usullari bilan,
shuningdek, ularning ishlash jarayonida olingan muhandislik hisob-kitoblari va bilimlar bilan
to‘ldirish kerak. Shuni ta’kidlash kerakki, morfologik usullar asosan murakkab texnik tizimlarni
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modellashtirish uchun asos bo‘lib, barcha darajadagi ierarxiyaning modellarida mavjud. Shu sababli
telekommunikatsiya tizimlari uchun optimal ETTni loyihalashtirish tamoyillari morfologik usullar,
matematik modellashtirish usullari va muxandislik ishlanmalarining yig‘indisidir.

Konduktiv xalaqitlar ta’sirini hisobga olgan holda elektr ta’minoti tizimining makromodeli bir
necha sinf qurilmalarining modeli bo‘lib, bu qurilmalarni ma’lum mezonlar bo‘yicha (konduktiv
xalagitlarning past darajasi, ishonchliligi, energiyani o‘zgartirish sifati, yuqori energetik
ko‘rsatgichlar, minimal tan narxi va hokazo) optimallashtirish bilan sintez qilish usullari va
algoritmlari bilan to‘ldiriladi.

4. Integratsiya darajasi
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3 - rasm. Telekommunikatsiya elektr ta’minoti tizimining strukturaviy-parametrik sintezini

avtomatlashtirish to‘rt darajali integrativ modeli

Morfologik to‘plam ETTning barcha strukturasini (masalan, markazlashtirilgan yoki
markazlashtirilmagan) oz ichiga oladi. Alohida elementlarning morfologik to‘plami ko‘rib
chigilayotgan tizim ob’ektlari parametrlari bilan farq qiluvchi turli xil sxemotexnik yechimlar mavjud.
Misol uchun, to‘grilash qurilmalarini transformatorsiz kirishli sxemasini quvvat koeffitsienti
korrektori (QKK) zvenosi orqali xam va uni qollamagan holda xam amalga oshirish mumkin.
Morfologik to‘plam elementlari tizim strukturasi va parametrlari (transformatorlar, tshg‘rilash
qurilmalari va boshqalar) bilan farq qiladi. Bunday to‘plamlar tartibsiz yoki qisman tartiblangan
bo‘lishi mumkin.

Telekommunikatsion tizimlarining ETning morfologik to‘plami tartiblanmagan barcha obe’kt
strukturalarining butun majmuasini tushunamiz. ETTlari majmuini morfologik daraxt yordamida
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ifodalash uchun to‘plam elementlarini ba’zi xususiyatlariga ko‘ra - funksional, struktura yoki boshqa
jihatlariga ko‘ra tartibga solish kerak. Tasniflash xususiyatlari bir xil bo‘lishiga garamasdan
telekommunikatsion tizimlarining elektr ta’minoti tizimlari va qurilmalari xususiyatlarining
morfologik to‘plamini xar xil usullar bilan tartiblash mumkin.

Tasniflash xususiyatlarini aniqlab, ularni bir tizimga keltirgan holda, identifikatsiya darajasida
morfologik to‘plamning modelini ifodaldaydigan to‘plamni olamiz.

O’rganilayotgan elektr ta’minoti tizimining bu modeli (3-rasm). Uni morfologik daraxt yoki
morfologik jadval sifatida ifodalanishi mumkin. Morfologik to’plamning u yoki bu shaklda
ifodalanishini matematik modellar (tenglamalar sistemalari ko’rinishida) shakliga keltiriladi.

Shunday qilib, loyihalanayotgan elektr ta’minoti tizimini morfologik tahlil gilish algoritmi (1-
rasm) va uning natijalarini makromodeli M1 ko‘rinishida ifodalash quyidagi ketma-ketlikdan iborat:

- elektr ta’minoti tizimi ob’ektlarining sinflari aniglanadi;

- tasniflash xususiyatlari belgilanadi;

- bu xususiyatlarning giymatlari aniglanadi;

- sinflarning tasnifiy xususiyatlari va o‘zaro aloqalari tizimi tuziladi.

Shu sinf ob’ektlarini tahlil qilishda algoritm quyidagi amallar ketma-ketligini 0z ichiga oladi:
- tasniflash xususiyatlari belgilanadi;

- bu xususiyatlarning giymatlari aniglanadi;

- ularning qiymatlari mosligini hisobga olgan holda tasniflash xususiyatlari tizimi tuziladi.

Elektr ta’minoti tizimining makromodelini 0z ichiga olgan asosiy sinfni funksional aspektlarini
hisobga olgan holda kichik sinflarga ajratish mumkin. Sanoat obyektining uskunalarini normal
ishlashini ta’minlash uchun elektr ta’minoti tizimi quyidagi funksiyalarni bajarishi kerak:

- elektromagnit moslashuvchanlik (EMM) talablari, shu jumladan, ma’lum bir iste’'molchiga
manbadan sifatli elektr energiyasini uzatish; xodimlarning elektr xavfsizligini ta’minlash va jihozlarni
tashqi ta’sirlardan himoya qilish;

- uskunalarning normal ishlashi va xizmat xodimlarining hayoti uchun havo mubhitining
belgilangan holatini ta’minlash.

Bu funksiyalarni bajarish nuqtai nazaridan elektr ta’minoti tizimini 1-rasmda ko‘rsatilgan
beshta blok (iyerarxik sathlar) dan iborat makromodel sifatida ifodalash mumkin. Model quyidagi
bloklarni (kichik tizimlarni) 0z ichiga oladi:

- elektr energiya manbalari bloki;
- bir turdagi energiyani boshqa turdagi energiyaga o‘zgartirish bloki;

- boshqa quyi tizimlar, shuningdek elektr energiyasini uzatish va tagsimlash tarmogqlari,
kommutatsiya qurilmalari bloki;

- himoya, shamollatish va havoni kondensionerlash tizimlari bloki;
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- sanoat obyektining uskunalarini EMMgiga, elektr energiyasi sifatiga, turli parametrlar va
talablarga ega bo‘lgan iste'molchilar bloki.

M1 makromodelini yanada dekompozitsiyalashda va quyi tizimlarni tahlil gilishda ularni
klassifikatsiyalashning funksional xususiyatini hisobga olamiz. Bu klassifikatsiya 4-rasmda
ko‘rsatilgan. 4-rasmda keltirilgan quyi tizimlar tarkibiga kiruvchi bloklarning dekompozitsiyasini
keyingi tahlilida klassifikatsiyaning strukturaviy va parametrik xususiyatlari hisobga olinadi. Har
ganday mezonlarga muvofiq optimallashtirish bilan tahlil muammosini hal qilish uchun ETTning
alohida elementlari parametrlarining mosligini hisobga olishda klassifikatsiyalash xususiyatlari va
blok parametrlari orasida ustuvorliklarni belgilaymiz (5, 6, 7, 8-rasm).

Elektr ta’minoti tizimining asosiy funksional vazifasi - manbadan iste’'molchiga elektr
energiyasini o‘zgartirish, boshqarish, tagsimlash va doimiy va o‘zgaruvchan kuchlanishlar bilan
uzluksiz ta’minlashdan iboratdir [11].

ETT chiqishida elektr energiya sifati telekommunikatsiya qurilmalari va boshqa sanoat
obyektlarining elektr ta’minoti sxemalarining kirishlarida elektr energiyasi sifati uchun belgilangan
me’yorlarga mos kelishi kerak. Bundan tashqari, elektr qurilmalari uchun zarur elektr energiyani
o‘zgartirish samarali bo‘lishi kerak.

Elektr energiya
Energiya o'zgartirgichlari Elektr energiyasini
manbalari l kommutatsiyalash,
To‘g‘rilash uzatish va tagsimlash
- ilmalari
Elektr energiya quitthaan .
ishlab chigarish l Kommutatsiya
tizimlari Avtonom kuchlanish tizimlari
l invertorlari l
Energiyani . , Uzatish va
zaxiralash Kuchlamsh' taqsimlash tizimlari
tizimlari konvertorlari
a) b) V)
Xavfsizlik va atrof-
muhit Elektr energiya
l iste’molchilari
Himoya tizimlari - ¢
Doimiy tok
v iste’molchilari

Shamollatish va

O‘zgaruvchan

havoni
kondensionerlash tok
iste’molchilari
g) d)

4-rasm. Besh sathli M1 makromodelli telekommunikatsiya obyekti elektr ta’minoti tizimining
iyerarxik tuzilishi.
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7-rasm. Iyerarxiyaning ITI-sathi.
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8-rasm. Iyerarxiyaning IV va V -sathi.

Elektr energiya iste’molchilari quyi tizimi bir qator funksional xususiyatlarga ko‘ra qo‘yidagicha
tasniflaymiz:

- kirish tokining xarakteriga ko‘ra: doimiy va o‘zgaruvchan tok iste’molchilari;

- kirishdagi kuchlanish og‘ishi bo‘yicha: kuchlanishni boshqarish va kuchlanishni
boshqarmaslik;

- qurilmalarning elektr ta'minotini uzluksizligi bo‘yicha: uzluksiz va kafolatlangan.
Parametrik xususiyatlariga ko‘ra:
- kuvvati bo‘yicha: iste’'mol quvvati 2 kVt gacha va quvvati 2 kVt dan ortiq bo‘lgan qurilmalar;

- elektr ta’minoti kuchlanish sathi bo‘yicha: doimiy tok zanjiridagi kuchlanishlar 24 V, 48 V, 60
V, o‘zgaruvchan tok zanjirida esa 110 V, 220 V, 380 V.

Xulosa

1. Modellashtirish usullarining tahlili shuni ko‘rsatdiki, elektr ta’'minoti tizimining iyerarxik
daraxtlarida morfologik tahlil usuli eng magbul usul hisoblanadi.

2. Elektr energiya sifatining eng yaxshi ko‘rsatkichlarini bo‘yicha elektr ta’minoti tizimining
avtomatlashtirilgan loyihalash tizimlarini yaratish, shuningdek, turli iyerarxik sathdagi elementlar
o‘rtasidagi aloqalarni o‘rnatish uchun eng maqbul modellash to‘plami hisoblanadi.

3. Elektr ta’minoti tizimlarini tahlil qilishning tizimli yondashuvi uning tarkibiga kiruvchi qo‘yi
tizimlarning klassifikatsion xususiyatlari ierarxiyasi tartibli majmuini shakllantirish, kelajakda M1
makromodelining bir qismi bo‘lgan morfologik daraxt va subgraflarni yaratish, makromodel
daraxtining tugunlari orasidagi ramziy-raqamli munosabatlarni matritsalar ko‘rinishida
shaklllantirish imkonini beradi.
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TIMSOLLARNI
TANIB OLISHDA
BELGILAR FAZOSINI
QISQARTIRISH
USULLARINING
QIYOSIY TAHLILI

nnotatsiya. Mashinaviy oqitishda belgilar fazosi juda
katta bolib ketganda belgilar fazosi olchamlarini
gisqartirish muhim ahamiyat kasb etadi. Ushbu
maqolada belgilar fazosini qisqartirishning ikkita eng
mashhur usullari BKT (Bosh komponent tahlili) va CHDT
(chiziqli diskriminant tahlili) qiyosiy tahlili keltirilgan.
Umuman olganda, CHDT-ga asoslangan algoritmlar BKT-
ga asoslangan algoritmlardan ustundir. Ushbu maqolada biz
bu har doim ham shunday emasligini korsatamiz. Bizning
xulosamiz shundan iboratki, agar oquv ma’lumotlar to‘plami
kichik bolsa, BKT CHDT dan ustun bolishi mumkin,
shuningdek, BKT turli xil oquv malumotlar to‘plamlariga
nisbatan sezgir emas.
Kalit so‘zlar: Bosh komponent, chiziqli diskriminant,
kovariatsiya matritsasi,dispersiya, xos qiymat.
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COMPARATIVE
ANALYSIS OF SIGN
SPACE REDUCTION
METHODS IN SIGN
RECOGNITION

bstract: In machine learning, reducing the size of
the character space becomes important when the
character space becomes too large. This article presents
a comparative analysis of the two most popular methods
of character space reduction, BKT (Principal Component
Analysis) and CHDT (Linear Discriminant Analysis). In
general, CHDT-based algorithms outperform BKT-based
algorithms. In this article, we will show that this is not always
the case. Our conclusion is that BKT can outperform CHDT
if the training dataset is small, and also BKT is insensitive to
different training datasets.
Keywords: Principal component, linear discriminant,
covariance matrix, variance, eigenvalue.
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Kirish
Mashinaviy o‘qitishda belgilar fazosi juda kata bo‘lib ketganda belgilar fazosi o‘lchamlarini
qgisqartirish bir nechta afzalliklarni beradi, masalan:

e U ma’lumotlarni siqadi va shu bilan ma’lumotlarni saqlash joyiga bolgan talablarni
kamaytiradi.

e Bu hisoblash uchun zarur bo‘lgan vaqtni gisqartiradi, chunki kamroq o‘lchamlar kamroq
hisoblashni talab qiladi.

e Bu ortigcha belgilarni yo'q giladi.

e Bu modelning ishlashini yaxshilaydi.

Mashinaviy o‘qitishda o‘lchamlarni gisqartirishning bir necha usullarini misol keltirishimiz
mumbkin. Hozirgi kunda eng keng tarqalgan o‘lchamlarni qisqartirish usullariga quyidagilarni misol
keltirishimiz mumkin[1]:

L. Bosh komponentalar tahlili(PCA - Principal Component Analysis)
2. Chizigli discriminant tahlil(LDA-Linear Discriminant Analysis)

O'Ichamlarni
gisqartirish
usullari

Bosh Chiziqgli
komponentalar diskriminant
tahlili(BKT) tahlil(CHDT)

1-rasm. Bosh komponentalar tahlili(BKT - Principal Component Analysis) usuli.
Bosh komponentalar tahlili(BKT)ning asosiy xususiyatlari quyidagilar:

U o‘zgaruvchilarni asosiy komponentalar deb ataladigan yangi o‘zgaruvchilar to‘plamiga
aylantiradi.

Ushbu asosiy komponentalar asl o‘zgaruvchilarning chiziqli kombinatsiyasi hisoblanib va
o‘zaro ortogonaldir.

Birinchi bosh komponenta asl ma’lumotlarning mumkin bo‘lgan o‘zgarishining ko‘p qismini
tashkil giladi.

Ikkinchi asosiy komponenta ma’lumotlardagi tafovutni olish uchun xizmat qiladi.
Ikki o‘lchovli ma’lumotlar to‘plami uchun faqat ikkita asosiy komponenta bo‘lishi mumbkin.

Bosh komponentalar - bu chizigli kombinatsiyalar yoki boshlang‘ich o‘zgaruvchilarning
aralashmasi sifatida tuzilgan yangi o‘zgaruvchilar. Ushbu kombinatsiyalar shunday amalga
oshiriladiki, yangi o‘zgaruvchilar (ya’'ni, asosiy komponentalar) o‘zaro chiziqli boglanmagan va
boshlang‘ich o‘zgaruvchilar ichidagi ma’lumotlarning aksariyati birinchi komponentalarga siqiladi.
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Shunday qilib, goya 10 olchovli ma‘lumotlar sizga 10 ta asosiy komponentni beradi, ammo BKT
birinchi komponentaga maksimal mumkin bolgan ma’lumotni, so‘ngra qolgan maksimal
ma’lumotni ikkinchisiga va shunga o‘xshash keyingilariga joylashtirishtiradi[2].

Percentage of explained variances

1 2 3 4 5 6 7 8 9 10
Principal Components

2-rasm. Asosiy komponentalar.

Ma’lumotni asosiy komponentalarda shu tarzda tashkil gilish ko‘p ma’lumotni yo‘qotmasdan
olchamlarni kamaytirishga imkon beradi, bu esa kam ma’lumotga ega bo‘lgan komponentalarni
tashlab, qolgan komponentalarni yangi o‘zgaruvchilar sifatida ko‘rib chiqish imkonini beradi.

Bu yerda tushunish kerak bo‘lgan muhim narsa shundaki, asosiy komponentalar kamroq
izohlanadi va hech gqanday haqiqiy ma‘noga ega emas, chunki ular boshlang‘ich o‘zgaruvchilarning
chizigli kombinatsiyasi sifatida tuzilgan.

Geometrik jihatdan aytganda, asosiy komponentalar maksimal dispersiya miqdorini
tushuntiruvchi ma’lumotlarning yo‘nalishlarini, ya’ni ma’lumotlarning ko’p ma’lumotlarini gamrab

oladigan chiziglarni ifodalaydi[3].

Bu yerda dispersiya va axborot o‘rtasidagi bogliglik shundan iboratki, chiziq bo‘ylab
ma’lumotlar nuqtalarining tarqalishi va chiziq bo‘ylab dispersiya qanchalik katta bo‘lsa, u shunchalik
ko‘p ma’lumotga ega bo‘ladi.

Bularning barchasini sodda qilib aytadigan bo‘lsak, asosiy komponentalarni ma’lumotlarni
ko‘rish va baholash uchun eng yaxshi burchakni ta’minlaydigan yangi o‘qlar deb tasavvur qiling,
shunda kuzatishlar orasidagi farglar yaxshiroq ko‘rinadi.

Ma’lumotlarda qancha o‘zgaruvchi bo‘lsa, shuncha asosiy komponentalar mavjud bo‘lgani
uchun, asosiy komponentalar shunday tuzilganki, birinchi asosiy komponent ma‘lumotlar
to‘plamidagi mumkin bo‘lgan eng katta farqni hisobga oladi. U dispersiyani maksimal darajada
oshiradigan chiziq (prognoz gqilingan nugqtalardan boshlang’ichgacha bo‘lgan kvadratik
masofalarning o‘rtacha qiymati). Ikkinchi asosiy komponenta ham xuddi shu tarzda, birinchi asosiy
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komponenta bilan korrelyatsiyasiz (ya'ni, perpendikulyar) va keyingi eng yuqori dispersiyani hisobga
olish sharti bilan hisoblanadi. Bu o‘zgaruvchilarning umumiy soniga teng bo‘lgan asosiy
komponentalar hammasi hisoblanmaguncha davom etadi[4,5].

X, X,
A A

3-rasm. BKT algoritmi.

BKT algoritmidagi gadamlar quyidagilardan iborat:

1-gadam: Ma’lumotlarni olish x, € X .

N

Z Xik

2-qadam: O ‘rtacha vektorni (;) hisoblash Zl = ’C:IT Jg=12,...M..

_— — —

3-qadam: Berilgan ma’lumotlardan o‘rtachani ayirish X, = X, — 1 .
N = = = T
Z(xk — 1)(x, — 1)

4-gadam: Kovariatsiya matritsasini hisoblash Cov(x, , 1) =+

N -1
5-qadam: Kovariatsiya matritsasining xos vektorlari va xos qiymatlarini hisoblaymiz

‘Cov(g,;)—lE‘ =0 formuladan A xos somlari topiladi va eng kata xos songa mos vektor
‘Cov(g, ;) - AE‘ W= 0 formuladan topiladi.
6-qadam: Komponentalarni tanlash va belgilar vektorini shakllantirish.

7-qadam: Yangi ma'lumotlar to‘plamini olish.

CHDT usuli

CHDT belgini ajratib olish va o‘lchamlarni qgisqartirishning mashhur usuli bo‘lib, u nutqgni
aniglash, yuzni tanish, multimediya ma’lumotlarini gidirish va boshqalar kabi ko‘plab ilovalarda
keng qo‘llaniladi. Chiziqli diskriminant tahlilning maqsadi ma’lumotlar to’plamini pastki oIchamli
fazoga joylashtirish va sinflarning ajratilishini maksimal darajada oshirish hisoblanadi. CHDT va
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BKT juda oxshaydi, ammo ba’zi muhim farglar mavjud. BKT - bu nazoratsiz algoritm, ya’ni u y sinf
belgilariga muhtoj emas. BKT ning maqgsadi ma’lumotlar to‘plamidagi farqni maksimal darajada
oshiradigan bosh komponentalarni topishdir. CHDT, boshqga tomondan, bir nechta sinflar orasidagi
ajratishni maksimal darajada oshiradigan chiziqli diskriminantlarni topish uchun kirish maTumotlari
X va Y sinf belgilaridan foydalanadigan nazorat ostidagi algoritmdir([5].

CHDT algoritmidagi qadamlar quyidagilardan iborat:

1-gadam: Malumotlarni olish x, € X .

2-qadam: Ma’lumotlar to‘plamidan turli sinflar uchun o‘rtacha vektorlarni hisoblang.
>% >

k:]lv -umumiy o‘rtacha qiymat, g =< -=— } -har bir sinfning o‘rtacha qiymati

i

Ni-har bir sinfga tegishli elementlar soni.

3-qadam: Tarqalish matritsalarini hisoblash (sinf ichidagi va sinflar orasidagi tarqalish

matritsalari).

> Sinf ichidagi tarqalish matritsasi S, = ZSi
i=1

bu yerda S, - ma'lum bir sinf uchun tarqalish matrisasi S; = Z (x— 1) (x— )"

xeD;

> Sinflar orasidagi targalish matritsasi S, = ZM( o — 1) — )"

i=1
buyerda x -umumiy o‘rtacha qiymat, y; - tegishli sinfning o‘rtacha qiymati va N; - bu sinfdagi

tanlanma hajmi.
4-qadam: Tarqalgan matritsalar uchun xos vektorlarni va ularga mos xos qiymatlarni hisoblash.

S,'S, w=aw = S,'S, —AE|=0 tenglamadan 2 -xos sonlar va ularga mos xos vektorlarni topish.

5-qadam: Xos vektorlarni xos qiymatlarni kamaytirish orgali tartiblanadi va eng katta xos
qiymatli k ta xos vektorlarni tanlash. k - biz saglamogqchi bo‘lgan o‘lchamlar soni.

6-gqadam: O'quv tanlanmalarni yangi pastki fazoga joylashtirish uchun ushbu xos vektor
matritsasidan foydalanish. k ta xos vektorlarni tanlagandan so‘ng, biz quyidagi tenglama orqali
ma’lumotlarni yangi kichik fazoga aylantirish uchun hosil bo‘lgan -d*k o‘lchovli xos vektor matritsasi

W dan foydalanishimiz mumkin:

Y=W'X

7-qadam: Yangi ma’lumotlar to‘plamini olish.
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4 ta sinf ma'lumotlari
[§ | &

4-rasm. Klassifikatsiya natijalari.

Grafikda a) ma’lumotlarning o‘qdagi proyeksiyasidan ko‘rinib turibdiki uchta sinf prognoz
gilinganda yaxshi ajratilmagan ya’ni sinflardagi ma’lumotlar aralashib ketgan. b) Ma’lumotlarning
o‘qdagi proyeksiyasidan ko‘rinib turibdiki uchta sint prognoz qilinganda chiziq uchta sinfni
ajratishga muvaffaq bo‘ldi va shu bilan birga bizning muammomizning o‘Ichovliligini ikkita belgidan
(u,v) faqat y skalyar qiymatiga qisqartirdi.

Fisherning chizigli diskriminant tahlili va asosiy komponetalar tahlili algorimlaridan
foydalanib Iris gullari ma’lumotlar to‘plamidagi belgilar fazosini 4 o‘lchovlidan 2 o‘lchovliga
gisqartirishni Python dasturida grafigi chizildi.

PCA: Asosiy komponentalar tahlili algoritmida Iris ma’lumotlar to’plamining 4D dan 2D ga gisqarishi
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5-rasm.BKT algoritmidan foydalanib Iris ma’lumotlar to‘plami o‘lchovining qisqarishi va
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. LDA: Chizigli disk(iminant tahlil algoritlmida Iris ma‘lumotilar to’plamining 4D clian 2D ga qisqarishiI
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tasniflanis

6-rasm. CHDT algoritmidan foydalanib Iris ma’lumotlar to‘plami o‘lchovining qisqarishi va
tasniflanishi.

1-jadval. BKT va CHDT usullarining natijalarini taqgqoshlash.

Training Set Score Validation Set Score Test
Method
Metrics
BKT Class name F1 Precision | Recall F1 Precision | Recall
Setosa 0.901 0.901 0.901 0.975 | 0.974 0.977 0.805
Versicolor 0.950 0.950 0.950 0.925 | 0.928 0.9375 | 0.814
Virginica 0.962 0.962 0.963 0.901 | 0.902 0.905 0.888
CHDT
Setosa 0.975 0.975 0.977 1.0 1.0 1.0 1.0
Versicolor 1.0 1.0 1.0 0.925 | 0.928 0.928 1.0
Virginica 0.975 0.975 0.975 0.975 | 0.976 0.976 1.0
Xulosa

Xulosa qilib aytish mumkinki yuqoridagi Iris gullari ma’lumotlar to‘plami uchun Fisherning
chizigli diskriminant tahlili{LDA-Linear Discriminant Analysis) bosh komponentalar tahlili(PCA-
Principal Component Analysis)ga nisbatan yaxshiroq natijani qayd etdi. Lekin, Bu degani Fisherning
chizigli diskriminant tahlili har doim ham bosh komponentalar tahliliga nisbatan yaxshi degani emas.
Chizigli diskriminant tahlili(tLDA-Linear Discriminant Analysis) turli sinflar orasidagi masofani
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maksimal oshiradi, bosh komponentalar tahlili(PCA-Principal Component Analysis) esa
ma’lumotlarning farqini maksimal darajada oshiradi. Har bir sinfda o‘quv tanlanmalar kamroq bo'lsa,
bosh komponentalar tahlili yaxshiroq ishlaydi. Biroq, chizigli diskriminant tahlili ko‘plab sinflarga
ega kata ma’lumotlar to‘plamlarida yaxshiroq ishlaydi.



https://journal.umft.uz/

4

Volume 1, Issue 3 October 2024 Management and Future Technologies | journalumftuz

Adabiyotlar

1. Borade, S. N., Adgaonkar, R. P. Comparative analysis of PCA and LDA. 2011 International
Conference on Business, Engineering and Industrial Applications (pp. 203-206). 2011, June

2. https://builtin.com/data-science/step-step-explanation-principal-component-analysis

3. Holland S. M. Principal components analysis (PCA) .Department of Geology, University of
Georgia, Athens, GA. - 2008. - T. 30602. - C. 2501.

4. Smith L. I. “A tutorial on principal components analysis.” (2002).

5. Cheng Li, and Bingyu Wang. “Fisher linear discriminant analysis.” CCIS Northeastern
University 6. 2014.


https://journal.umft.uz/
https://builtin.com/data-science/step-step-explanation-principal-component-analysis

Management and Future Technologies | journal.umft.uz

Muallif

Elyanora Jolimbetova

Dasturiy injiniringi kafedrasi,
Muhammad al-Xorazmiy nomidagi
Toshkent axborot texnologiyalari
universiteti, Toshkent, 100200,
O“zbekiston;
elyanorajolimbetova@gmail.com

Copyright: © 2024 by the authors.

Ushbu magqola Creative Commons
Attribution (CC BY) litsenziyasi
shartlari asosida tarqatiladigan ochiq
foydalanish magqolasi hisoblanadi
(https://creativecommons.org/
licenses/by/4.0/).

October 2024 | Volume 1, Issue 3

OPPORTUNISTIK
TARMOQLAR:
ARXITEKTURASI,
MOBILLIK
MODELLARI VA
MARSHRUTLASH
PROTOKOLLARI

nnotatsiya. Opportunistik tarmoglar - uzluksiz
Aulanish, yuqori dinamika va cheklangan infratuzilma
kabi qiyin sharoyitlarda ishlaydigan tarmoglarning
noyob sinfidir. Ushbu tarmoqlar turli ssenariylarda,
jumladan, favqulotda holatlar yuz berganda, chekka hududlar
va avtomobil aloqalarida qo ‘llanilishi tufayli katta e'tibor
qozondi. Ushbu tezisda opportunistik tarmoglarning
dolzarbligi, arxitekturasi, mobillik modellari va marshrutlash
protokollari o'rganiladi.
Kalit so‘zlar: DTN, MANET, Oppnet, marshrutizatsiya,
mobillik modeli.
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OPPORTUNISTIC
NETWORKS:
ARCHITECTURE,
MOBILITY MODELS
AND ROUTING
PROTOCOLS

bstract: Opportunistic networks are a unique class of
networks that operate under challenging conditions
such as continuous connectivity, high dynamics,
and limited infrastructure. These networks have gained a lot
of attention due to their use in various scenarios, including
emergencies, remote areas and vehicular communications.
This thesis examines the relevance, architecture, mobility
models and routing protocols of opportunistic networks.
Keywords: DTN, MANET, Oppnet, routing, mobility
model.
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Kirish

XXI asrning boshidan to hozirgi kungacha simsiz aloga texnologiyalarining o‘sishi
ma’lumotlarni yo‘naltirish tezligini soniyasiga kilobaytdan soniyasiga gigabaytgacha sezilarli
darajada oshishiga olib keldi. Tadqiqotchilar, shuningdek, paketlarning yo‘qolishini minimal
darajaga kamaytirish orqali xavfsiz nuqtadan nuqtaga yetkazib berishni yaxshilashga e‘tibor
qaratdilar. Natijada, ma‘lumotlarni yo‘naltirishda aloqa osonroq, arzonroq va ilgari giyin bo‘lgan
hududlarda ham foydalanish imkoniyati paydo bo‘ldi. Biroq, o‘rmonlar, urush maydonlari va suv
osti hududlari kabi ba‘zi joylar va sozlamalar zamonaviy aloqa texnologiyalari uchun qiyinchiliklar
tug‘diradi, chunki ular vaqti-vaqti bilan tez va xavfsiz aloqa talablarini qondirish uchun kurashadilar.
Opportunistik tarmoglar (OppNets — Opportunistic Networks) ushbu muammolarni hal gilish va
ushbu sohada aloga samaradorligini oshirish uchun texnologik yechim sifatida paydo bo‘ldi [1].

OppNets sifatida ham tanilgan opportunistik tarmoqlar, farqlariga garamay, kechikishga
chidamli tarmoglar (DTN-Delay Tolerance Network) ichida alohida kichik to‘plamdir. OppNets
tugunlar o‘rtasida xabarlarni yo‘naltirish uchun "saglash-tashish-yo‘naltirish" (store-carry-forward)
usulidan foydalanadi, bu esa oxirgi tugunlar orasidagi yo‘l (end-to-end path)ga bo‘lgan ehtiyojni
bartaraf etadi. Biroq, bu kechikishlarga olib kelishi mumkin, chunki tugunlar qo‘shni tugunlarga
darhol kirish imkoniga ega bo‘lmasligi mumkin. Bundan tashqari, qo‘shni tugunlar haqida
cheklangan ma‘lumotlar tufayli noaniqlik paydo bo‘lishi mumkin. OppNets, aynigsa, mavjud
infratuzilma mavjud bo‘lmagan holatlarda foydali bo‘lib, ularni odamlar kirish imkoni bo‘lmagan
hududlarda qulay variantga aylantiradi. Ushbu noyob xususiyatlar katta tadqiqot qizigishini keltirib
chigardi. Samarali dizayn OppNets muvaffaqiyatli ishlashi uchun kalit bo‘lib, mobillik modellari va
marshrutlash protokollari muhim parametrlar bo‘lib xizmat qiladi. Mobillik modellari tugunlar
ganday harakatlanishini aniqlaydi, marshrutlash protokollari esa tugunlarning o‘z manzillariga etib
borishi uchun eng maqgbul va samarali yo‘llarni o‘rnatadi. Ushbu parametrlarni sinchkovlik bilan
tanlash samarali marshrutlash protokolini yaratishda hal qiluvchi ahamiyatga ega [2].

Arxitekturasi

Opportunistik tarmoq - klassik tarmoqlardan farqli o‘laroq, manba tugun va maqsad tugun
o‘rtasida ma‘lumotlarni yo‘naltirish uchun oraliq tugunlardan foydalanadigan tarmoq. Bu erda
tugunlar simsiz ulanadi. Butun jarayon davomida oraliq tugunlar yaqin atrofdagi boshqa faol tugunga
duch kelmaguncha ma‘lumotlarni o‘z omborida saglaydi. Ushbu ketma-ket jarayon ma‘lumotlar
asosiy tugundan boshlab yakuniy tugunga muvaffaqgiyatli yetib borgunga qadar davom etadi.
Opportunistik tarmoglarda tarmoq topologiyasi dinamik va oldindan belgilanmagan. Manba va
magqsad tugunlari o‘rtasida qat‘iy belgilangan yo‘nalish kafolati yo‘q. Tugunlarni faollashtirish yoki
o‘chirish vaqt o‘tishi bilan tarmoq topologiyasini o‘zgartirishi mumkin. Agar manba tugun o‘zining
aloqa diapazoni doirasidagi magsad tuguniga bevosita ulanish imkoniga ega bo‘lmasa, u xabarni oz
diapazonidagi eng yaqin tugunga uzatadi. Bu takrorlanuvchi jarayon xabar belgilangan manzilga
yetguniga qadar davom etadi [3]. 1-rasmda Opportunistik tarmoqlarning oddiy misoli tasvirlangan.
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1-rasm. Opportunistik tarmoqlarning oddiy misoli [2].

Opportunistik tarmoglarda qo‘llaniladigan mexanizmlardan biri saqlash-tashish-yo‘naltirish
mexanizmidir. Ushbu mexanizmda tugun paketni qabul qilganda, u ma‘lumotni darhol keyingi
tugunga uzatmaydi. Buning o‘rniga, tugun ma‘lum vaqt davomida paketni vaqtincha saqlaydi. Tugun
harakatlanayotganda, u o‘zi bilan birga paketni olib yuradi. Agar tugun harakat paytida boshqa
tugunlarga duch kelsa, u paketni shu tugunlarga yo‘naltiradi. Ushbu mexanizm, ayniqsa, paketlarni
to‘g‘ridan-to‘g‘ri yo‘naltirish uchun uchdan-uchgacha yo‘l mavjud bo‘lmagan holatlarda foydalidir.
Saqlash-tashish-yo‘naltirish mexanizmidan foydalangan holda, opportunistik tarmoglar paketlarni
yetkazib berish uchun uzluksiz yo‘lning yo‘qligi bilan bog‘liq giyinchiliklarni yengib o‘tishlari

mumkin. Ushbu mexanizm 2-rasmda ko‘rsatilgan.

2-rasm. Opportunistik tarmoq arxitekturasi

Mobillik modellari va marshrutlash protokollari

Mobillik modellari opportunistik tarmoglarda (OppNets) hal giluvchi rol o‘ynaydi, chunki ular
tugun harakati yo‘llarini yaratish algoritmlari va qoidalarini belgilaydilar[6]. So‘nggi tadqiqotlar
OppNets-dagi mobillik modellarining an‘anaviy modellarga nisbatan o‘ziga xosligini ta‘kidladi.
Mobillik modellarini ikki toifaga ajratish mumkin: trassirovka va sintetik modellar.

Trassirovka modellari tugun harakati yondashuvlarini aniqlash uchun statsionar
infratuzilmalardan to‘plangan haqiqiy ma‘lumotlardan foydalanadi. Ushbu modellar tarmoqdagi
tugunlarning harakatchanligini taglid qilish uchun qayd etilgan izlarga tayanadi.

Boshga tomondan, sintetik modellar oldindan mavjud bo‘lgan yo‘llardan foydalanmasdan
tugun harakati yo‘llarini yaratadi. Ushbu modellar tugun harakati xususiyatlariga ko‘ra yana ikkita
toifaga bo‘linadi.

1. Obyektlarning harakatchanlik modellari: obyektlarning harakatchanlik modellarida har bir
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tugun boshqalardan mustaqil ravishda ishlaydi. Bitta mobil tugunning harakati tarmoqdagi boshqga
tugunlarning harakatiga bevosita ta‘sir qilmaydi. Har bir tugun oz yo‘lidan boradi va avtonom tarzda
harakat qiladi.

2. Guruh harakatchanlik modellari: Guruh harakatchanligi modellarida tugunlar guruhlar yoki
klasterlarni tashkil giladi va ularning harakati bir-biriga bog‘liqdir. Xuddi shu guruhdagi tugunlar
muayyan vazifalar yoki maqgsadlarga erishish uchun harakatlarini muvofiglashtiradi va hamkorlik
giladi. Guruhning jamoaviy xatti-harakati tarmoqning umumiy dinamikasiga ta‘sir qiladi[5].
Opportunistik tarmoglar mobillik modellari taksonomiyasi 3-rasmda keltirilgan.

3-rasm: Mobillik modellarining taksonomiyasi

Marshrutlash protokollari

OppNets-ning o‘ziga xos stsenariylari va talablariga javob beradigan ko‘plab marshrutlash
protokollari ishlab chiqilgan. Biroq, hozirgacha ushbu tarmoqlarning murakkabligi va xilma-xilligini
ko‘rsatadigan standart marshrutlash protokoli paydo bo‘lmagan.

OppNets-da tugunlar o‘rtasidagi alogalar xabarlar o‘z manzillariga o‘tishlari uchun yagona
vositadir. Natijada, marshrutlash protokollarining ishlashini aniqlashda tugunlar orasidagi aloqa
vaqtini tagsimlash hal qiluvchi rol o‘ynaydi. Alogalarning vaqti va chastotasi to‘g‘ridan-to‘g‘ri
xabarlarni yetkazib berish samaradorligiga ta‘sir qiladi va yo‘naltirish strategiyasini tanlashga ta‘sir
qgiladi.

OppNets-dagi marshrutlash protokollari ushbu tarmoglarning dinamik va noaniqligini hisobga
olgan holda, xabarlarni samarali yetkazib berishga erishishda asosiy rol o‘ynaydi. Standartlashtirilgan
marshrutlash protokolining yo‘qligi protokolni loyihalashda asosiy omil sifatida tugunlar o‘rtasidagi
aloqa vaqtini tagsimlashni hisobga oladigan moslashtirilgan yondashuvlar zarurligini ta‘kidlaydi [2].
Opportunistik tarmoglarda qo‘llaniluvchi barcha marshrutlash protokollarining taksonomiyasi 4-
rasmda keltirilgan.
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4-rasm: Marshrtulash protokollar taksonomiyasi

Xulosa

Xulosa qilib aytganda, opportunistik tarmogqlar ularni muvaffagiyatli amalga oshirish uchun hal
qilinishi kerak bo‘lgan bir qator muammolarni keltirib chigaradi. Bu muammolar tugunlarning
harakatchanligi, uzluksiz ulanish, cheklangan resurslar, xavfsizlik va kengayish qobiliyatini o‘z ichiga
oladi. Birog, bu qiyinchiliklarga qaramay, opportunistik tarmogqlar turli sohalarda, jumladan,
favqulotda holatlarni boshqarish, chekka hududlarda aloga o‘rnatish, atrof-muhit monitoringi va
transport tarmogqlarida katta ahamiyatga ega.

Opportunistik tarmoglarning kelajakdagi yo‘nalishlari samarali marshrutlash protokollarini,
resurslarni boshqarish usullarini va kontekstdan xabardor ilovalarni ishlab chigishda yotadi.
Mashinali o‘qitish va ma‘lumotlarni tahlil qilish sohasidagi yutuqlar ushbu tarmogqlarning ishlashi va
moslashuvchanligini sezilarli darajada oshirishi mumkin. Bundan tashqari, opportunistik
tarmoglarni mavjud infratuzilma va texnologiyalar bilan birlashtirish, masalan, buyumlar interneti
(IoT - Internet of Things) va bulutli hisoblash, ularning imkoniyatlarini yanada oshirishi mumkin.
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BBenenmne

Poct Hacesmenns, sarpsisHeHMe OKpYKalollell Cpefibl, TE€PENOTHEHHOCTh OBITOBBIX CUCTEM
BOJIOCHA0KeHNs, M3MeHeHMe KIMMaTa, MPOM3BOJICTBO IPOAYKTOB NUTAHUSA ¥ IIPOMBIIUICHHBIE
HOTPeOHOCTU OKa3bIBAIOT MOCTOSIHHOE JIaB/IeHNe Ha oOecliedeHie Hace/IeHUsl BBICOKOKaueCTBEHHO
HUTHeBOIT BOf0it [1,2]. BBUIO TpM OCHOBHBIX IPUUYMHBI OTPOMHOTO pacliMpeHns UHPPACTPYKTYpPbI
BOJIHBIX PECYPCOB Ha TeppuTopuM Y30ekucTaHa B MpOUUIOM BeKe: [3,7] pocT Hacemenus;
IPOMBIIIVIEHHOe pasBuTie; U [8] pacummpenue opolaeMoro 3emsefenusa. Bce Tpu ¢akropa
3HAUUTE/IBHO BO3POCIM B ToCiaefuue rofbl . CerofiHs HaM HETPYAHO YBUIETH JOKA3aTeTbCTBO
BO3MOXXHOCTH HEIIPEPBIBHOTO ObeclieueHus HaceeHMs] IMUTbeBOIl BOOI MPU AMCTAHIMOHHOM
KOHTpOJIe TIPOllecca MCIONb30BaHMs INTHEBOM BOJBI, B3ATON WU3-IOJ 3eMIM Ha OIpeJie/IeHHBIX
y4acTKaX, NyTeM aHalM3a aHOMATbHBIX M3MEHEHNIT YpOBHs TOji3eMHBIX Bojl. OJHaKO ecThb
HECKOJIbKO (DAKTOPOB, HETaTMBHO BIMAKIUX Ha 3TOT MPOIECC: CPefy HUX HEeJJOCTATOUHOE
KO/IMYECTBO CKBAXKMH, JIAIONUX NHPOPMAIVIO O MOI3eMHbIX BOJIaX 110 Bceli crpane. Hecrmocob6HocTb
CITEIIMA/TUCTOB B JIAHHOI 006/IaCTH TOYHO NPeJICKa3aTh U3MeHeH e YPOBH TPYHTOBBIX BOJI B paiioHax,
T7le HeT KOJIOJIIEB, 3HAUUTENbHO CHIDKAET BO3MOXKHOCTDh PAa3yMHOTO VICIIOTIb30BAaHNS BOJIBI B 3TUX
paitoHax.[10]

ITocTpoenne xyonmdeckoro B-cnmaitna
JI/1s mpefiBapUTe/IbHOI AIIIPOKCUMAIINN Ha BCeM MHTepBaie [a, b] B -crtaiiibl TO/DKHBI OBITh
3a/jaHbl Ha 60j1ee NIMPOKYIO 00/1acTh HasHAYEHUS 211 OMOTHUTENBHBIX Y3/I0B i=-m, m+1, n+m npu
9TOM BC€ y3/1bl MOTYT OBITH TIOAK/IKOYECHDI HEPABHOMCEPHO.

Ky6w{ec1<1/[e B -crmanubl 3aJarTCcA BpraH(eHI/IHMI/[:
[
0, X 22,
(2-x) ¥ 1 %x <2,

B:(x)=

1/6(1 + 3(1 &X) +3(1-%x)*-3(1-%x)%,0<x<1,
Bi(-x), x < 0.

Ha puc. 1 npefcraBien oguH 6asucHbL CIUTAlH, @ Ha pUC.2 ceMelicTBa KyOuuecKuX 6asMcHbIX
B - cry1afiHOB CIBUHYTBHIX Ha IIOCTOAHHBIN 1rar i =1.

JI7ist citaitHoB 3-7i cTeTieHU JIOKaIbHbIe 3-ToueuHas GopMysia UMeeT CIeYIONINIT BUJT:

bi=(1/6)(-f i1+ 8f i—fi1); (1.2)
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Puc.2 CemeiicTBa KyOnm4ecknx 6asucHBIX CIIAliHOB.

JTro6oit crmaita S ,, (X ) cTemenn m gedekrta 1, MHTEPIOMNPYIOMINI 3a/JAHHYIO XapaKTePUCTUKY
f ( x ) MOKeT BCTpedaThCs IPeAICTaBIeHHbIMU B - crmafinaMu B Bujie cymu | 2,3,9,10]:

f(.X') = Sm(.X') = ?;_1 bi Bi(X) a<x<b (13)

rie b ;- dakrop, npeacrapasiomumii ero omicanue B ¢popmyne (2). Cormacuo dopmyse (1.3)
3HaUeHUEe UHTEPIOMNPYeMOoil (YHKIUM B MOCTIDKEHMM TOCTaB/IEHHOTO WMHTEepBaja 3HAUYEHMNS
OTIpefie/ieHUsI MU M + 1 COKpalllaeMbIX — ITAPHbIX (PYHKI[MIT OCHOBAHHBIX Ha yculeHuM PYHKINIT Ha
ko3 durmentsl. Hanpumep, kybudeckue B -critaitnbl TpeOYIOT YeThIpeX OCHOBHBIX C/TaTaeMBbIX.

3uauenue GpyHKIUU BHIUNCIAETCA IO popmyrie:
f(x) = S3(x) = b_1B_1(x) + boBo(x) + by B1(x) + b, B, (x); mpu x € [0,1] (1.4)

Ocranbuble 6asycHble CIUIAMHBI Ha 3TOM IMOANMHTEPBA/IC MMEIOT 3HAUCHNE U, CJIETOBATC/IPHO, B

COBOKYITHOCTU HE UMEIOT 3HAYCHNA.

b -xoapdpunuermol TIpUMEHEHNA PA3TNIHBIX METO/[OB: MHTEPIIO/IAIMOHHBIE M «TOYEUHbIE»
dbopMyIbl, ImOITXKMBaOI[Ue CIUIAiHbI, METOJ] HAMEHbIINX KBafpaToB. OJHAKO I CHCTEMHO
byHKIMOHNpYIOMUX B MaciTabe BpeMeHU CIeflyeT WCIO/Nb30BaTh «TOYEUHbIe» (HOPMYIIBL.
Oco6eHHOCTD pe3y/IbTaTOB M3MepeHUIT B He3aBICHMOCTH 3HAUEHNUIT allIPOKCHMUPYIOLIETO CIJIaliHa

Ha TOYHOCTD OIIPEACIICHIIA PE3Y/IbTAaTOB MSMepeHI/Iﬁ.
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Metoanyeckas TOTPelIHOCTb MHTeprmomAuuu QyHkumit f(x) xybudeckumu 6asmcHBIMU
crmalinamu Pentenue o HepaBeHCTBe:

5 4 v
géﬁh max‘f (x)‘ (1,5)

st dyuknuy, f ( x )= In (1+ x ) yTBepX/ieHue:

5

g<——" - =0,12-107 (1.6)
384-1,0-32

II}I}I CpaBHCHUA [AONMYCTUMOTO 3HAYCHNUA IOTPCUIHOCTU MHTEPIIO/ALNNN  KIACCUYECCKUX

KY6I/I‘-I€CKI/IX MOMMHOMOB Hbl0TOHA:

! =0,4-10"

1
e<—h*max| " (x))= ———
24 ‘f ( )‘ 24-.32*.1,0 (1.7)

Kak Bujio 13 (1.7), HOTpeIHOCTD IPEBBIIIAeT MaKCUMATbHYIO, TTONy4eHHYIO B (1.6), 6oree yeM

B TpM pasa.

HPOHCCC BOCCTAHOBJIEHUSI T€OOTUYECKUX CUTHATOB ¢ MCOOAb30oBaHUeM B-cnmaitH

¢yHKIUYM TpeTbero nopAaKa u ux uudposas obpaborka.

Jis  peuleHus sajjay, CTOAIMX Tepef] CHEUATMCTaMM B OpPraHU30BaHHOI cdepe,
aNIpOKCUMUPYEM TeOJOTMYeCKMII CUTHa/I, MOJYYEHHBbII B 9KCIIEPUMEHTE, IPeIOKEeHHbIM
MaTeMaTUYeCKUM aIIApaToOM, CO3[aiuM IIPOLieCC BOCCTAHOB/ICHNA HENOCTAIOUIMX MAHHBIX B
peTUOoHaX, IPOBe/IeM CPABHUTENBHBII aHAIN3. aHA/IN3 B BU/e TpadUKOB U Tab/IuII.

JIna BBIMONHEHMUs aHa/IM3a MBI peausyeM 3aJiady BOCCTAHOBJIEHUS, UCIOb3ys 3HAUEHUS
3HAYMMBbIX MH/IMKATOPOB CIO>KHOIL CHICTEMBI TTO/I3¢MHBIX BOJ] Yepe3 MPeIoKeHHYI0 HaMy GYHKIIUIO
B-cmmaiina 3-it crenenn. CHavana TIpOBeieM MPOIECC BOCCTAHOBIEHUS TE€OIOIrMYeCKUX (YpOBeHb
MOJI3¢MHBIX BOJ]) CUTHAJIOB, TIOJTyY€HHBIX B Pe3y/IbTaTe CJIAIYIOIETO 9KCIEPUMEHTA.
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Puc 3. T'paduk annpoKcMMannu reoToTHYeCKMX CUTHATOB KyOnm4eckuM B-crmaitHom

Kak BUAHO Ha KapTHMHKE, Hallla Q)YHKIH/IH o4YeHb O/1M3Ka K MCXOAHOMY 3HAYCHUIO CUTHAJIA. 3to

AOKa3bIBa€CT, YTO HOCTATOYHO PCLINTDL IIOCTABJACHHYIO II€PEA HaMM 3afady. Hixe mbl IIpUBOANM

CpaBHI/ITeHbeIIZ aHa/IN3 NpOLECCa BOCCTAaHOB/ICHN A FeO(i)I/ISI/I‘{€CKOFO CUTHaj/ia B BUAC Ta6}II/IHbI.

Tabmuma 1. Ta6nuuublit B Tpolecca ANNPOKCHMMAIMK TeOMOTMYECKUX CUTHA/IOB
KyOouueckum B-crmaitHoMm.
R R
Ne | Signal | S(x) =|f(x) Ne Signal | S(x) =|f(x)
=S| =S|
1 8.3 8,288889 | 0,011111 14 8.28 8,280278 | 0,000278
2 8.3 8,299722 | 0,000278 15 8.29 8,280278 | 0,009722
3 8.29 8,299167 | 0,009167 16 8.3 8,290278 | 0,009722
4 8.3 8,291389 | 0,008611 17 8.29 8,298611 | 0,008611
5 8.31 8,299444 | 0,010556 18 8.29 8,290833 | 0,000833
6 8.32 8,310556 | 0,009444 19 8.3 8,290278 | 0,009722
7 8.31 8,318889 | 0,008889 20 8.31 8,300278 | 0,009722
8 8.3 8,310278 | 0,010278 21 8.3 8,308333 | 0,008333
9 8.3 8,300278 | 0,000278 22 8.31 8,301944 | 0,008056
10 | 8.31 8,300833 | 0,009167 23 8.31 8,309167 | 0,000833
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11 8.3 8,308611 0,008611 24 8.3 8,309167 | 0,009167

12 8.29 8,300556 0,010556 25 8.31 8,301667 | 0,008333

13 8.28 8,289722 0,009722 26 8.31 8,308611 | 0,001389
JakmouyeHnmne

Taxknum o6pa30M, CmmaiiHbl KaK Kjacc KyCOIHbIX (1)YHKIH/II7[ BCICACTBUE YHUBEPCA/IBHOCTU

AITOPUTMOB 00pabOTKM OTCUETOB, XOpouux uddepeHInaTbHbIX M IKCTPEMAIbHBIX CBOJICTB,

BbICOKOI CXOAMMOCTHN OII€HOK HpM6HI/I)K€HI/I]7[, ITpOCTOTDBI BBIYUC/IEHUN CbOpM " IapaMeTpoOB,

¢1aboro BAUAHUA OIMKNOOK OKPYITICHUS HAXOIAT BCE Oonee HINPOKOE MPpUMCEHCHUE IIPpU CO3AaHNN

alliflapaTHbIX ¥ ITPOTpaMMHBIX CPE€ACTB aHa/IN3d U BOCCTAaHOB/ICHUA ONHOMEPHDBIX I MHOTOMEPHDBIX

CUTHQJIOB, pacliMpAA paMKHU TPpagULIMOHHBIX ITOAXOIOB. OcHoBHBIE PpE3ynbTaThbl, MOTYUYCHHDBIC B

paMKax HaCTO}HHef/'I [[I/ICCQPT&IH/IOHHOIZ pa6OTbI, 3aK/IIYATCA B CIEAYIOLIEM:

Mbl Takke HpeyIoXwi B-crmafin QyHKIMIO 3-r0 YpOBHSA B KadecTBe MaTeMaTHYeCKOl

MOAEC/IN i1 MOHUTOpKHIA ITOABbEMA WIN ITAACHNA YPOBHA TPYHTOBbBIX BOJ B pai{OHe NCCIE0BAHNA

1 014 BOCCTAaHOBJICHUA I/[H(i)OpMaIH/II/I 00 U3MeHeHnu YPOBH:A BOJbI B paﬁOHax, TA¢ HET CKBAXKUH, N

PE3YIbTAThI IIPENCTAB/ICHDL rpa(i)w{ecm/{ U MMTpOaHA/IN3NPOBAHbI HAMU B Ta6111/1uax.
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nnotatsiya. Ushbu maqolada Mudofaa vazriligi
A41564 harbiy gismda modernizatsiya qilinayotgan

va Mudofaa vazirligi tizmidagi harbiy qism va
muassasalarga aloqani tashkillashtirish uchun yetkazib
berilayotgan Universal aloga majmualarida shamol va
quyosh energiyasidan foydalanish imkoniyatlarini organish
orqali davlat elektr energiyasini uzatish va tagsimlash qiyin
bolgan hududlarda gibrid quyosh-shamol elektr stansiyasini
loyihasini ishlab chiqish hamda aloqa texnikalarining
harakat vaqtida shamol dvigatellarini o'rnatish orqali elektr
energiyasini hosil qilish, aloqa vositalarini uzluksiz ishlashini
va bu orqali boshqaruvning doimiyligini ta'minlash masalalari
ko'rib chiqilgan.

Kalit so‘zlar. Energiya resurslar, SHES (shamol elekrt
stansiyasi), gibrid quyosh-shamol elektr stansiyasi, qayta
tiklanuvchi energiya, “Mir-solar” kompaniyasi, elektr ta'minot,
Xitoyning Bojin kompaniyasi.
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bstract: In this article, by studying the possibilities
of using wind and solar energy in Universal
communication complexes, which are being
modernized in 41564 military units of the Ministry of
Defense and are being delivered to the military units and
institutions of the Ministry of Defense for the organization
of communication, hybrid solar-wind in regions where
it is difficult to transmit and distribute state electricity
development of the project of the power plant and generation
of electricity by installing wind engines during the operation
of communication equipment, the continuous operation of
communication means and thus ensuring the continuity of
management were considered.
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Kirish

Insoniyat qadimgi davrlardan boshlab ozining moddiy ehtiyojlarini qondirish maqgsadida bir
gancha tabiat bergan ne’'matlardan foydalanib kelmoqda. Bunday ehtiyojlar sarasidan esa elektr
energiyasi ham muhim o‘rin egallaydi. Vaqtlar o‘tishi bilan zamon rivojlanib inson qo‘l mehnatini
yengillashtirish, uzoq masofalardan turib axborot almashinuvini ta’'minlash, aqilli uylarni barbo qilish
jarayoni sezilarli darajada jadallashib ketdi. Bu rivojlanishlar natijasida barcha qurilmalar, vositalar
elektr energiyasiga bo‘lgan talabni haddan ortiq oshishiga olib keldi. Bu o'z navbatida energiya
resurslari taqchilligi va ekologiya muommolarini keltirib chiqgarmoqda. Bunday sharoitda insonlarda
energiyadan oqilona foydalanish haqidagi tushunchalarni hosil gilish dolzarb ahamiyatga ega.

Bugungi kunda elektr energiyasi olishning turli usullaridan foydalaniladi. Quyidagi (1-
diagramma)da bugungi kundagi dunyoda elektr energiyasi olishning an’anaviy, noan’anaviy va
kelajakda ishlatilishi ko‘zda tutilgan usullari keltirilgan. Diagrammada keltirilgan usullarning har biri
oziga xos afzalliklar va kamchiliklarga ega bo‘lib u yoki bu usulning ishlatilishi tabiiy resurslarning

joylashuvi, energiyaga bo‘lgan ehtiyoj va boshqa sabablarga ko‘ra aniqlanadi. [1]

Energiya ishlab chiqarish usullari

An’anaviy usullar Noan’anaviy usullar Kelajakdagi yangi
usullar

Issiqlik elekrt stansiyalari orqali
Kimyoviy manbalar orqali
Godro-elektro stansiyalar orqali
Quyosh batareyalari orqali
Shamol generatorlari orqali
Geotermal va vulgon energiyasi orqali |

Dengiz qalqishi va to’ lginlar
eneroivaci aoraali
Bioenergetik qurilmalar orqali
Kimyoviy energiyasini elektr
energivaga aylantirish usuli
Muskul enegriyasini modellashtirish
Termoyadro generatori orqali
Magnitogidrodinamik generator orqali

1-rasm. Elektr energiyasini olishning usullari.

Bugungi kunda tabiiy yoqilg‘i ishlatish migdori dunyo bo‘yicha yiliga 12 milliard tonna neft
ekvivalentiga to‘gri keladi. Bu esa har bir kishiga taxminan 2 tonna tabiiy yoqilg‘i to’g’ri keladi,
deganidir. Ma’lumotlarga qaraganda, so‘nggi 40 yil davomida butun insoniyat tarixi mobaynida qazib
olingan organik yogqilgidan ham ko‘p yoqilgi iste'mol uchun o%lashtirilgan. Bu esa ularning
zaxirasini juda tez kamayib ketishiga sabab bolmoqda.

2017-2021 yillarda O‘zbekiston Respublikasini rivojlantirishning beshta ustuvor yo‘nalishlari
boyicha harakatlar strategiyasi IV yo‘nalishi Ijtimoiy sohani rivojlantirishning ustuvor
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yo'nalishlarida ko‘rsatilgandek yangi elektr ishlab chiqarish quvvatlarini qurish va mavjudlarini
modernizatsiya gilish asosida aholini elektr energiyasi bilan ta’'minlashni yaxshilash, past kuchlanishli
elektr tarmoqlari va transformator punktlarini yangilash, shuningdek, aholini boshqa yoqilg‘i-
energiya resurslari bilan ta’minlashni yaxshilash va qayta tiklanadigan energiya manbalaridan
foydalanishni kengaytirish bo‘yicha chora-tadbirlarni amalga oshirish to‘g'risida va O‘zbekiston
Respublikasi Prezidentining 2017-yil 13- noyabrdagi PQ-3384-son “Elektr energiyasi va tabiiy gaz
nazorati va hisobining avtomatlashtirilgan tizimini jadal joriy etish chora-tadbirlari to‘g‘risida” va
2017-yil 8- noyabrdagi PQ-3379-son “Energiya resurslaridan oqilona foydalanishni ta’minlash
chora-tadbirlari to‘g'risida” qarorlarida Respublikamizda noananaviy energiya manbalaridan
foydalanish va arzon energiya ishlab chiqarish texnologiyalarini qo‘llash kabi vazifalar belgilab
berilgan.

Yugqoridagi fikrlardan kelib chiqqan holda 41564 harbiy qismda modernizatsiya gilinayotgan
universal aloqa majmuasidagi aloqa va telekommunikatsiya vositalarini shamol energiyasidan
foydalangan holda ekspluatatsiya qilish aloqa qo‘shinlarini harakat vaqtida ham aloqani uzluksizligini
ta’minlashga xizmat giladi. Ushbu maqolada biz O“zbekiston Respublikasi Mudofaa vazirligi aloga
qo‘shinlari uchun modernizatsiya gilinayotgan universal aloga majmualari uchun mablag® nuqtai
nazardan qulay, sifat jihatidan ishonchli bo‘lgan shamol energiyasi haqida so‘z yuritamiz.[4]

Dastavval, shamol elektr stansiyasini tanlash misolidan oldin shuni nazarda tutish lozimki,
shamol elektrostansiyasi 0‘zi nima, ganday tartibda shamol energiyasi elektr energiyasiga aylanadi va
harakat vaqtida shamol generatori orqali qancha miqdorda bunday energiya olish mumkin?

HaraEx peTpa

MOTOPOM Bax resepatopa
e (BTOpPEIHEH)

2-rasm. Shamol tegirmonidan elektr energiyasini olishning usullari.

Shamol elektr stansiyalari (keyingi o‘rinlarda SHES) — shamol oqimining kinetik energiyasini
elektr energiyaga aylantiruvchi qurilma hisoblanadi. U xalq orasida shamol parraklari yoki shamol
tegirmoni deb ham yuritiladi. Ular foydalanish mumkin bo‘lgan, qayta tiklanuvchi elektr manbai
sanaladi.

Shamol elektr stansiyalar tarkibi shamol dvigateli, elektr toki generatori, generator va
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dvigatelning ishini boshqaruvchi avtomatik qurilma hamda ular o‘rnatiladigan inshootlardan tashkil
topadi.

Shamol tegirmonlari qanday ishlaydi? Shamol parraklari shamol energiyasini elektr
energiyasiga aylantiradi. Hosil bo‘lgan kuchlanish elektr energiyasini ishlab chiqaruvchi generator
rotoriga uzatiladi. Bundan tashqari, ishlab chiqarilgan elektr energiyasi ham tarmoqqa ulanadi.[2]

Quyidagi formula biz yashaydigan hududda esib yurgan shamol energiya quvvatini ifodalaydi:
P=vepeS=5¢1250125=1953125
v - shamol tezligi, (m/s), p - havo zichligi, (kg/m®), S - shamol esadigan maydon yuzi, (m?)

Misol uchun 3 kvadrat metr maydonda o‘rtcha zichlikdagi esadigan shamolning tezligi 5 m/s
bo‘lganda quyidagini olishimiz mumkin. Idial holatda qarshiliklarni hisobga olmagan holatda deyarli
2 kVt tashkil qilmoqda.

Real holatda esa havo oqiminring potensial energiyasidan 30-40% foydalanish mumkin. Bu
chegaralanish shamol generatorining fizik va texnologik faktorlari bilan bog'liq, aniqroq hisob
kitoblar quyidagi formula orqali aniglanadi.[3],[6]

P:E.T[OR2OO)50V3Op.r]redor]gen
3-rasm. Shamol elektr stansiyasining elektr ishlab chiqariah quvvati

u yerda: § - shamol energiyasidan foydalanish koeffisienti (maksimal giymati 0,4+0,5), R -
rotorning radiusi (m), V - havo oqiminig tezligi (m/s), p — havo qatlamaning zichligi (kg/m?), N -
Reduktorning FIK, 1. - Genretorning FIK.

Masalan: § =045, R=2m,v=5m/s, p = 1,25 kg/m® 1}yea = 0,9, Ngen = 0,85

Hisoblaymiz:

P=emmeR*e05¢vV eponegoeNeen=0450em0e2?¢0,5¢5%¢1,25¢0,900,85=35kV

Ko‘rinib turibdiki unchalik katta qiymat chigmaydi, lekin nima uchun shamol energiyasidan
foydalanish magbul. Chunki shamol energiyasi ekologik sof toza maxsulot. Atrof muhitga ekologik
jifatdan zara keltirmaydi. Texnogen xavfga ega emas. Neft maxsulotlariga nisbatan arzon energiya
bilan ta’'minlaydi. Chol zonalari, borishi qiyin bo‘lgan joylar va togli hududlar elektr bilan
ta’minlanadi.

Yurtimizning aksariyat viloyatlarini geografik joylashuvidan kelib chigqan holda hududimizda
shamol oqimi mavsumiy tusga ega ekanligini inobatga olganda shamol energiyasidan foydalanish
imkoniyatini tashkil qiladi. Shamol energiyasidan foydalanishda shamolning energetik
xarakteristikalarini o‘rganildi. Bular quydagilarni tashkil etadi:

- shamolnnig yillik, oylik va kunlik o‘rtacha tezligi;
- shamol tezligini turi va qaytarilish parametrlari;
- shamolning o‘rtacha vertikal rejimdagi tezligi;

- shamolning muayan quvvati va energiyasi;
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- dala o°‘quv maydonlarini hududnnig shamol energiya resursi.

Shamol elektr stansiyalarinig afzalliklari bilan bir qatorda ayrim kamchilik tomonlari ham
mavjud: bular, SHES larning ishlashi bevosita shamolga bog'liqligi, ishlashi davomida yetarlisha
shovqin yuzaga kelishi hamda energita ishlab chigarish hajmi hajmga bo’gliqligi.

Biz korib chiqayotgan shamol tegirmoni Universal aloga apparatxonasining to‘plamida
o‘rnatilgan aloqa apparatutalarini ta’minlab berish uchun yetarli sanalib, harakat vaqtida quyosh
panellari bilan gibrit usulda foydalanish maqsadga muvofiqdir. Buning uchun Xitoyning Bojin
kompaniyasida ishlab chiqarilgan vertikal o‘qqa ulangan 2 kW energiya hosil giluvchi shamol
generatori (3-rasm).

3-rasm. “Bojin” kompaniyasining vertikal o‘qi tarmoqqa ulangan 2 kw shamol shamol turbinasi

Universal aloga malmuasiga o‘rnatish va harakat vaqtida qollash mumkin bo‘lgan shamol
generatorlaridan bizga aynan vertikal turbinalar mos keladi va ular bir qancha turlariga bo‘linadi (4-
rasm).[4]

1-jadval. Vertikal shamol turbinalarining xusiyatlari.

Xususiyati =
FS turdagi :i;;(;(l)o Q-5000 turdagi

Nominal quvvat (Vt) 400w 3000 w 5000w
Maksimal quvvat (Vt) 450W 3100 w 5200w
Boshlangan shamol tezligi (m/s) 1,0 m/s 1,5 m/s 1,5 m/s
Nominal shamol tezligi (m/s) 10m/s 11 m/s 11 m/s
Nominal kuchlanish (AC) 12v/24v 48v/96 v 48v/96 v
Pichoqlar balandligi (m) 1,1 m 2m 3.38m

Xavfsiz shamol tezligi (m/s) <40m/s <40m/s <45 m/s
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Pichoglar miqdori 2 3 3

Generator Uch fazali doimiy magnit osma dvigatel

Tog' balandligi (m) 7~12m (9m) 2~12m (9m)
Haddan tashqari tezlikni himoya qilish Elektromagnit tormoz

Ish muhitining namligi 90% 90% -25~+45°C,
Ishlab chiqaruvchi Xitoy Xitoy Xitoy

Narxi (so‘m): 9025535 8857000 3561721

5-rasm. Universal aloga majmuasiga shamol turbinasini o‘rnatish chizmasi.

Xulosa o‘rnida shuni takidlash lozimki, mobil shamol turbinalarini o‘rnatish orqali eng avvalo
universal aloga majmuasining harakat vaqtida ham aloqa vositalarini elektr ebergiyasi bilan
ta’'minlashga erishiladi, shu bilan bir qatorda dala o‘quv mashg‘ulotlarida ochiq maydonlarda
joylashganda shamol geberatorlari yordamida elektr energiyasi hosil qilinib aloqani uzluksizligini
ta’minlashga erishiladi. Elektroagregatlar uchun ortiqcha yoqilgT sarfi kamayishiga hamda atrof

Xulosa

muhitga zararli gazlarni tarqatilishini kamaytirishga erishiladi.

Aloqganing asosiy vazifalarida biri - bu uning uzluksizligini ta’'minlash bo‘lsa, bugungi kunda
universal aloga majmuasiga o‘rnatilib kelinayotgan UPS uzluksiz tok manbai qurilmasi, benzoelektr
agregatlarga qo‘shimcha tarzda shamol generatorlarini o‘rnatish foydadan holi bo‘lmasligini guvohi

bo‘lib kelmoqdamiz.

journalumft.uz
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RAQAMLI
TEXNOLOGIYALAR
VA AXBOROT
XAVFSIZLIGINI
TAMINLASHDA
SUN’TY YO'LDOSH
ALOQA TIZIMINI
QO‘LLASH USULLARI
VA ALGORITMLARI

nnotatsiya: Maqolada O%bekiston Respublikasi
AMudofaa vazirligi qo‘shinlarida Aloqa texnikalariga

suniy yoldosh aloqa tizimini qollash usullari
va algoritmlari keltirib oftilgan. Ishning maqgsadi aloqa
texnikalarida sun’iy yoldosh aloqasi qanday ishlashi va
spektrlarikoribchiqildi. Hamdaularningtelekommunikatsiya,
radio, internet yetkazib berishdagi ahamiyati ustida ham
to'xtalgan. Maqolada tizimning asosiy elementlari va ularning
tamoyillari haqida so'z boradi. YAT (yolldoshli aloqa tizimlari)
chastotalari, uzatish va qabul qilish turlari korib chiqildi.
Transponder uzatadigan chastota haqgida gapirganda, ulanish
chastotasi haqida gapirish muhim. Sun’iy yoldosh aloqga
tizimining bir nechta rasmlari keltirilgan. Bunday tizimlarni
ishlatishning afzalliklari va kamchiliklari tavsiflanadi.
Shuningdek SYA (sun’iy yoldosh aloqasi) dan foydalanish
sohalari koTsatilgan. SYA ning qiyosiy jadvallari taqdim
etilgan va tahlil qilingan. Xulosa ornida, sun’iy yoldosh
aloqa tizimining radioresurslarini tezkor tagsimlash bo‘yicha
qarorlarni qollab quvvatlash tizimini ishlab chiqish bo‘yicha
takliflar tayyorlangan.

Kalit sozlar: sun’iy yoldosh, repitor, SYA signalni
uzatish, orbita, sun’iy yoldosh aloqa tizimi, past chastotaga
ulanish chastotasi, statsionar sun'iy yoldosh, gamrov sayyora,
teleradiostansiya, vacuum, radioeshittirish, radiotolginlar.
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METHODS AND
ALGORITHMS OF
USING SATELLITE
COMMUNICATION
SYSTEM IN
ENSURING DIGITAL
TECHNOLOGIES
AND INFORMATION
SECURITY

bstract: The article describes the methods and

algorithms of using the satellite communication

system for communication equipment in the troops
of the Ministry of Defense of the Republic of Uzbekistan.
The purpose of the work was to consider how satellite
communication works and its spectrum in communication
techniques. And their importance in telecommunication,
radio, and Internet delivery was also discussed. The article talks
about the main elements of the system and their principles.
YAT (satellite communication systems) frequencies, types of
transmission and reception were considered. When talking
about the frequency at which the transponder transmits, it
is important to talk about the connection frequency. Here
are some pictures of the satellite communication system.
Advantages and disadvantages of using such systems are
described. Areas of use of SYA (satellite communication) are
also indicated. Comparative charts of SYA are presented and
analyzed. In the conclusion, proposals for the development
of a decision support system for the rapid allocation of radio
resources of the satellite communication system have been
prepared.

Keywords: satellite, repeater, SYA signal transmission,
orbit, satellite communication system, low frequency
connection frequency, stationary satellite, coverage planet, TV
and radio station, vacuum, radio broadcasting , radio waves.
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Kirish

Barcha mamlakatlarda telekommunikatsiya va radiokommunikatsiya tizimlarining texnik va
texnologik sohalarda rivojlanish jarayoni sezilarli darajada jadallashib ketgan. Shu sababli
telekommunikatsiya va radiokommunikatsiya tizimlarida yangi bosqichlarga chiqish zarurligi
borasida bir gancha ishlar olib borilmoqda. Bugungi turmushimizda, kasbiy faoliyatimizda duch
kelayotgan har qanday turdagi katta va keng hajmli ma’lumotlarni izlash va ularni uzatish,
yangiliklarni ommaga xavola qilishda, uzoq masofali xavfsiz radioaloqani tashkillashtirishda, aloqa
tizimlarining, internet va axborot-kommunikatsiya texnologiyalarining roli tobora kengayib
bormogqda.

Shu jumladan O‘zbekiston Respublikasi Prezidenti - Qurolli Kuchlar Oliy Bosh qo‘mondoni
Sh.M.Mirziyoyevining 2017-2021 yillarda Obekiston Respublikasini rivojlantirishning beshta
ustuvor yo‘nalishi bo‘yicha Harakatlar strategiyasini “Ilm, ma’rifat va ragamli iqtisodiyotni
rivojlantirish yili"da amalga oshirishga oid davlat dasturida belgilangan vazifalarga muvofiq hamda
igtisodiyot tarmogqlari va davlat boshqaruvi tizimiga zamonaviy axborot texnologiyalarini keng joriy
etish va telekommunikatsiya tarmoglarini kengaytirish orqali respublika iqtisodiyotini
raqobatbardoshliligini yanada oshirish to‘g'risidagi va boshqa qator rahbariy hujjatlarga asosan
Qurolli Kuchlarimizdagi qurol aslaha va texnikalar hamda aloqa va axborotlashtirish vositalarini
jadallik bilan modernizatsiya qilish ishlari amalga oshirib kelinmoqda.

Telekommunikatsiya va radiokommunikatsiya tizimlarining rivojlanishida sun’iy yo‘ldosh
aloqa tizimlarini qollash muhim rol o‘ynamoqda. Albatta, siz oyning sun’iy yoldosh ekanligini
eshitgansiz. Buning sababi shundaki, tabiiy va sun’iy yo‘ldoshlar mavjud. Ularning har biri o‘ziga xos
xususiyat va funksiyaga ega va ularni alohida o‘rganish kerak.

Shuning uchun, ushbu maqolada biz sun’iy yo‘ldosh nima, uning xususiyatlari va ularning har
birining ahamiyati, sun’iy yoldosh aloqa tizimlari va ularning kelib chigsh tarixi, o‘tkazilgan
tajribalar, afzalliklari, matematik modellari haqida aytib o‘tilgan.

Sun’iy yo‘ldoshning tabiiy qismi yoki sun’iy qismini nazarda tutayotganimizga qarab, ikkita
ta’rif bo'ladi. Agar biz tabiiy qism haqida gapiradigan bo‘lsak, biz asosiy sayyora atrofida aylanadigan
shaffof bo'lmagan osmon jismi hagida gapiramiz. Ikkinchidan, Sun’iy yo‘ldosh - bu ilmiy, harbiy yoki
aloqa magsadida Yer atrofida orbitaga joylashtirilgan qurilma.

Sun’iy yo‘ldoshlar tabiiy va sun’iy yo‘ldoshlar turlariga bo‘linadi.

Tabiiy yolldosh - bu boshqa orbitada aylanadigan odam yaratmagan samoviy jism. Sun’iy
yo‘ldoshning o‘lchami, odatda, uni o‘rab turgan samoviy jismdan kichikdir. Bu harakat kattaroq
jismning kichik jismga tortishish kuchi bilan bog'liq. Shuning uchun ular uzluksiz ishlashni
boshlaydilar. Xuddi shu narsa Yerning Quyoshga nisbatan orbitasi uchun ham amal giladi.

Tabiiy yo‘ldoshlar hagida gapirganda, u ko‘pincha sun’iy yo‘ldoshlarning umumiy nomi deb
ham ataladi. Biz oyimizni oy deb ataganimiz uchun, boshqa sayyoralarning boshqa yo‘ldoshlari xuddi
shu nom bilan tasvirlangan. Har safar biz oy so‘zini ishlatganimizda, u Quyosh sistemasidagi boshqa
osmon jismi atrofida aylanadigan samoviy jismni nazarda tutadi, garchi u aylana oladi. Kichkina
sayyoralar, masalan, ichki sayyoralar, tashqi sayyoralar va hatto asteroidlar kabi boshqa kichik


https://journal.umft.uz/

Management and Future Technologies | journal.umftuz October 2024 Volume 1, Issue 3

samoviy jismlar kiradi.

Quyosh tizimida 8 ta sayyora joylashgan, 5 ta kichkina sayyora, kometalar, asteroidlar va
kamida 146 ga yaqin tabiiy sayyora yo‘ldoshlaridan iborat. Eng mashhuri - bizning oyimiz. Agar biz
ichki sayyoralar bilan tashqi sayyoralar orasidagi oy sonini solishtirishni boshlasak, katta farqni
ko‘ramiz. Ichki sayyoralarda yo‘ldoshlar kam yoki umuman yo‘q. Boshqa tomondan, ekzoplanetalar
deb nomlangan qolgan sayyoralar katta o‘lchamlari tufayli bir nechta yo‘ldoshlarga ega.

Gazdan yasalgan tabiiy yo‘ldoshlar yo‘q. Barcha tabiiy yo‘ldoshlar qattiq toshdan qilingan. Eng
oddiy narsa shundaki, ular oz atmosferasiga ega emaslar. Kichik o‘lchamlari tufayli bu osmon jismlari
mos atmosferaga ega emas. Atmosferaga ega bo'lish Quyosh tizimi dinamikasida bir nechta
o‘zgarishlarni keltirib chiqaradi.

Hamma tabiiy yo‘ldoshlarning o‘lchamlari bir xil emas. Biz aniqladikki, ularning ba’zilari oydan
katta, boshqalari esa kichikroq. Eng katta oyning diametri 5 262 kilometr. Ajablanarlisi shundaki,
Quyosh sistemasidagi eng katta sayyoralar ham eng katta yo‘ldoshlarga ega bo‘lishi kerak. Agar biz
treklarni tahlil qilsak, ularning muntazam yoki tartibsiz ekanligini bilib olamiz.

Morfologiyaga kelsak, xuddi shunday bo‘ladi. Ba’zi narsalar sferik, boshqalari esa notekis
shaklga ega. Bu ularning mashg‘ulot jarayoni bilan bogliq. Bu ham uning tezligi bilan bog'liq.
Trayektoriyalar va vaqt davrlari kabi, sekinroq shakllanadigan narsalarga qaraganda, tez
shakllanadigan ob’ektlar tartibsizroq shaklga ega bo‘ladi. Masalan, Oyning Yer atrofida aylanishi
uchun taxminan 27 kun kerak bo‘ladi.

Sun’iy yoldoshlar - ular inson texnologiyasining mahsulidir va ular o‘rganayotgan samoviy
jismlar haqida ma’lumot olish uchun ishlatiladi. Ko‘pchilik sun’iy yo‘ldoshlar Yer atrofida aylanadi.
Ular insoniyat ilm -fani va texnikasining rivojlanishi uchun katta ahamiyatga ega.

Oy kabi tabiiy yo‘ldoshlardan fargli o‘laroq, sun’iy yo‘ldoshlar odamlar tomonidan yaratilgan.
Ular o‘zlaridan kattaroq ob’ektlar atrofida harakat qilishadi, chunki ular tortishish kuchi bilan
tortiladi. Ular odatda ingilobiy texnologiyaga ega bo‘lgan juda murakkab mashinalardir. Ular
sayyoramiz haqida ko‘p ma’lumot olish uchun kosmosga yuborilgan. Buni aytishimiz mumkin
boshqa mashinalarning qoldiglari, kosmonavt bilan ishlaydigan kosmik kemalar, orbital stansiyalar
va sayyoralararo zondlar ular sun’iy yo‘ldoshlar hisoblanmaydi.

Bu ob’ektlarning asosiy xususiyatlaridan biri shundaki, ular raketalar yordamida uchirilgan.
Raketa - bu sun’iy yo‘ldoshni yuqoriga ko‘taradigan raketa, kosmik kemasi yoki samolyot kabi har
ganday transport turidan boshqa narsa emas. Ular belgilangan marshrut bo‘yicha marshrutni kuzatib
borish uchun dasturlashtirilgan. Ularda bulutni kuzatish kabi muhim vazifa bor. Sayyoramiz atrofida
aylanadigan sun’iy yo‘ldoshlarning aksariyati doimo oz atrofida aylanishda davom etmoqda.
Ikkinchidan, bizda boshqa sayyoralarga yoki osmon jismlariga yuborilgan yo‘ldoshlar bor, ular
ma’lumot va kuzatuv uchun kuzatilishi kerak.

Sun’iy yo ‘ldosh aloqa tizimlari tarixi

Sun’iy yo‘ldosh aloqasi tushunchasi 1945- yilda angliyalik olim Artur Klarkning “Yerdan
tashqari retranslyatorlar” nomli ilmiy ishi chop etilishidan boshlanadi.

Olimning ilmiy qarashlariga dunyo hamjamiyati 10 yil davomida uncha katta e’tibor
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garatmaydi. Bu holat 1960- yilda transatlantik aloqa sifatini oshirish magsadida “Exo-1” nomli
birinchi kosmik retranslyatori amerikaliklar tomonidan fazoga uchrilgunga qadar davom etadi.

Bugungi kunda shaxsiy alogaga mo‘ljallangan zamonaviy sun’iy yo‘ldosh aloqaning yangi
texnologiyalari o‘tgan asrning o‘rtalaridagi prototiplardan sezilarli darajada farq giladi.

Aloga sun’iy yo‘ldoshi - transponder orqali radio telekommunikatsiya signallarini uzatuvchi va

kuchaytiruvchi sun’iy yo'ldosh yerning turli joylarida manba uzatuvchi va qabul
giluvchi o‘rtasida aloga kanalini yaratadi. Aloqa sun’iy
yo‘ldoshlari televizor, telefon, radio, internet va harbiy dasturlar uchun ishlatiladi Ko‘pgina

aloga  sun‘iy  yolldoshlari 22,300  milya (35900 km)  geostatsionar  orbitada
joylashgan. Ekvatordan yuqorida, shuning uchun sun’iy yo‘ldosh osmonning bir nuqtasida
harakatsiz korinadi. Shuning uchun yerosti stansiyalarining sun’iy yo‘ldosh antennalari doimiy
ravishda shu nuqtaga yo‘naltirilishi mumkin va sun‘iy yo‘ldoshni kuzatish uchun harakat gilish shart
emas. Boshqalar esa past Yer orbitasida sun'ly yo‘ldosh turkumlarini hosil giladi, bu yerda yerdagi

antennalar sun’ty yo‘ldoshlar o‘rnini kuzatishi va tez-tez sun’iy yo‘ldoshlar o‘rtasida almashinishi
kerak!?!

Telekommunikatsiya alogalari uchun ishlatiladigan yuqori chastotali radio to‘lqinlar ko‘rish
chizig'i bo'ylab tarqaladi va shuning uchun Yerning egri chizig'i bilan to‘sqinlik qiladi. Aloqa sun’iy
yo'ldoshlarining magqsadi signalni Yerning egri chizigi bo‘ylab uzatishdir, bu esa keng tarqalgan
geografik nuqtalar o‘rtasida aloqa o‘rnatish imkonini beradi [3]. Aloga sun’iy yo‘ldoshlari keng
doiradagi radio va mikroto‘lginli chastotalardan foydalanadi. Signal aralashuvining oldini olish
uchun xalgaro tashkilotlarda ma’lum tashkilotlarga chastota diapazonlari yoki “bandlari” dan
foydalanishga ruxsat berilgan qoidalar mavjud. Tarmogqlarning bunday tagsimlanishi signal
aralashuvi xavfini kamaytiradi.

1945 yil oktyabr oyida Artur C. Klark Britaniyaning Wireless World jurnalida “Yerdan tashqari
releylar” nomli maqolani nashr etdi[4]. Maqolada radio signallarini uzatish uchun sun’iy
yo‘ldoshlarni geostatsionar orbitalarda joylashtirish asoslari tasvirlangan. Shu sababli, Artur C. Klark
ko'pincha aloqa sun’iy yo‘ldoshi kontseptsiyasining ixtirochisi sifatida tilga olinadi va “Klark Belt”
atamasi orbitaning tavsifi sifatida ishlatiladi[5].

Birinchi sun’iy Yer sun’iy yo‘ldoshi 1957 yil 4 oktyabrda Sovet Ittifoqi tomonidan orbitaga
chiqarilgan Sputnik-1 edi. U Mixail Tixonravov va Sergey Korolev tomonidan Konstantin
Tsiolkovskiy tomonidan ishlab chiqilgan [6]. Sputnik-1 20.005 va 40.002 ikkita chastotada ishlaydigan
bortli radio uzatgich bilan jihozlangan. MGHz yoki to‘lgin uzunligi 7 va 15 metr. Sun’iy yoldosh
Yerning bir nuqtasidan boshqasiga ma’lumot yuborish uchun orbitaga joylashtirilmagan,
radiouzatgich ionosferada radiotolginlarning tarqalishi xususiyatlarini o‘rganish uchun
mo‘ljallangan edi. Sputnik-1 ning ishga tushirilishi koinot va raketalarni tadqiq qilishda muhim
qadam bo'lib, kosmik asrning boshlanishini anglatadi[7].

Erta faol va passiv sun’iy yo‘ldosh tajribalari

Aloqga sun’iy yo‘ldoshlarining ikkita asosiy sinfi mavjud, ular passiv va faol. Passiv sun’iy
yo‘ldoshlar fagat manbadan keladigan signalni qabul qiluvchining yo‘nalishi bo‘yicha aks ettiradi.
Passiv sun’iy yo‘ldoshlar bilan, aks ettirilgan signal sun’iy yo‘ldoshda kuchaytirilmaydi va qabul
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qgiluvchiga uzatiladigan energiyaning juda oz gismigina etib boradi. Sun’iy yoldosh Yerdan juda
uzoqda joylashganligi sababli, radio signali bo‘sh joy yo‘qolishi tufayli zaiflashadi, shuning uchun
Yerda gabul qilingan signal juda va juda zaif. Boshqa tomondan, faol sun’iy yo‘ldoshlar qabul qilingan
signalni yerdagi qabul giluvchiga qayta uzatishdan oldin uni kuchaytiradi[8]. Passiv sun’iy yo‘ldoshlar
birinchi aloqa sun’iy yo‘ldoshlari edi, ammo hozir juda kam qo‘llaniladi.

1951 yilda Amerika Qo‘shma Shtatlari Dengiz tadgiqot laboratoriyasida elektr razvedkasi
to‘plash sohasida boshlangan ish Communication Moon Relay nomli loyihaga olib keldi. Harbiy
rejalashtirishchilar uzoq vaqtdan beri xavfsiz va ishonchli aloqa liniyalariga taktik zarurat sifatida
katta qiziqish bildirishgan va bu loyihaning yakuniy maqsadi Oyning passiv o‘rni bo‘lgan Yerning
tabiiy sun’iy yo‘ldoshi bilan insoniyat tarixidagi eng uzun aloqa sxemasini yaratish edi.

1956 yil 23 yanvarda Vashington, Kolumbiya okrugi va Gavayi orollari o‘rtasida birinchi
transokeanik aloqaga erishilgandan so‘ng, ushbu tizim ommaviy ravishda ochildi va 1960-yil yanvar
oyida rasmiy ishlab chiqarishga topshirildi [9]

Aloqalarni faol o'tkazish uchun yaratilgan birinchi sun’iy yo‘ldosh SCORE loyihasi bo‘lib,
Ilg‘or tadqiqot loyihalari agentligi (ARPA) tomonidan 1958 yil 18 dekabrda ishga tushirilgan bo‘lib,
u saqlangan ovozli xabarni uzatish, shuningdek, qabul qilish, saglash uchun magnitafondan
foydalangan va xabarlarni gayta uzatgan. U AQSh prezidenti Duayt Eyzenxauerdan dunyoga
Rojdestvo tabrigini yuborish uchun ishlatilgan. 1958 yil 30 dekabrda sakkiz soatlik haqiqiy ishlamay
golgandan so‘ng qayta zaryadlanmaydigan batareyalar ishlamay qolishidan oldin sun’iy yo‘ldosh bir
nechta real vaqtda uzatishni amalga oshirdi[10][11].

SCORE ning to‘gridan - to‘gri vorisi ARPA tomonidan boshgariladigan Courier deb
nomlangan boshqa loyiha edi. Courier 1B 1960 yil 4 oktyabrda “kechiktirilgan takrorlanuvchi” sun’iy
yo‘ldoshlar yordamida global harbiy aloqa tarmog‘ini o‘rnatish mumkinmi yoki yo‘qligini o‘rganish
uchun ishga tushirildi, ular ma’lumotlarni qayta translyatsiya qilish uchun buyruq berilgunga qadar
saglaydi. 17 kundan so’ng, buyruq tizimidagi nosozlik tufayli sun’iy yo‘ldoshdan aloqa uzildi[12][13].

NASA sun’iy yoldosh ilovalari dasturi 1960 yil 12 avgustda Echo-1 da passiv releyli aloqa
uchun ishlatiladigan birinchi sun’iy yoldoshni uchirdi. Echo-1 mikro to‘lqinli signallarning passiv
reflektori sifatida ishlaydigan alyuminlangan shar sun’iy yo‘ldoshi edi. Aloga signallari sun’iy
yo‘ldoshdan Yerning bir nuqtasidan boshqasiga uzatildi. Ushbu tajriba telefon, radio va televideniya
signallarini butun dunyo bo‘ylab eshittirishning magsadga muvofigligini aniqlashga harakat qildi
[14][15].

Sun’iy yo‘ldosh aloga tizimining ustunliklari:

Zamonaviy sun’iy yo‘ldosh aloqa tizimlari boshqa axborot almashinuvi yo‘nalishlariga
qaraganda bir qancha samarali hisoblanadi:

-barqarorlik. Keng qamrov tufayli, hatto bitta sun’iy yo‘ldosh ham yer osti oraliq
stansiyalarini jalb gilmasdan katta masofalarga signalni uzatish uchun yetarli;

-kam xarajat. Aloga kanalidan foydalanish narxi abonentlar soniga bog‘liq emas. Bugungi
kunda qo‘shimcha xarajatlarsiz mijozlar bazasini kengaytirish (uskunalarni modernizatsiya qilish,
yangi sun’iy yo‘ldoshlarni ishga tushirish, yer usti retranslyatorlarini qurish) tufayli sun’iy yo‘ldosh
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aloqa xizmatlari narxini pasaytirish tendensiyasi mavjud;

-kanal kengligi. Keng qamrov polosadan foydalanish orqali qisqa vaqt ichida katta
ma’lumotlar oqimini uzatish imkonini beradi;

-ishonchlilik. Noto‘g‘ri axborot paketini uzatish ehtimoli (buzilish va boshqalar.) deyarli nolga
teng, chunki zamonaviy texnologiyalar ularni aniqlaydigan va signaldagi buzilishlarni to‘g‘irlaydi.

Sun’iy yer yolldoshlari yordamida aloqa tizimini amalga oshirish printsipi 1- rasmda
ko‘rsatilgan. Bu yerda a va b orqali yer stansiyalari (YS) belgilanadi, ular o'rtasida aloqa o‘rnatiladi va
to‘g’ri chiziglar va a va b nuqtalarda Yer yuzasiga tegib, bu nuqtalarning ufq chiziglari. Shuning uchun
MN orbitasida harakatlanayotgan AYS (antenna yer stansiyasi) sun’iy yo‘ldoshi 1 orbital u segmenti
bo‘ylab harakatlanayotganda bir vaqtning ozida a va b stansiyalardan kuzatilishi mumkin. Shunday
qilib, antenna tizimi tomonidan AYS (antenna yer stansiyasi) yo‘nalishi bo‘yicha a nuqtada
chiqariladigan elektromagnit tebranishlar sun’iy yo'ldoshning bortdagi radio uskunasi tomonidan
gabul qilinishi mumkin va kuchaytirilgandan va chastotani o‘zgartirgandan so‘ng, ular qabul
gilinadigan Yerga yo‘naltiriladi. a va b nuqtasi antennalari har doim sun’iy yo‘ldosh tomon
yo‘naltirilgan bo‘lishi kerak. Shunday qilib, sun’iy yo‘ldosh harakatlanayotganda, antennalar aylanib,
sun’iy yo‘ldoshning kosmosdagi harakatini doimiy ravishda “kuzatish” ni amalga oshirishi kerak.

1- rasm. Sun’iy yer yo‘ldoshlari yordamida aloqa tizimini amalga oshirish usullari

Signalning faol qayta uzatilishi bilan a va b nugtalarda joylashgan YS o‘rtasidagi dupleks
aloganing strukturaviy sxemasini ko‘rib chiqamiz 2- rasm. Bu erda C, xabari 3C, stansiyasining M
modulyatoriga beriladi, buning natijasida f, tashuvchi chastotasi bilan tebranishlarni modulyatsiya
qgilish amalga oshiriladi. Transmitter IT dan keladigan bu tebranishlar A,, antennasiga beriladi va
sun’iy yo‘ldosh tomon radiatsiya gilinadi va u yerda takrorlagichning bort antennasi A tomonidan
qabul gilinadi. Keyin f, chastotali tebranishlar o‘zaro faoliyat filtrga (P®) beriladi, ITp: qabul qilgich
tomonidan kuchaytiriladi, f. chastotasiga aylantiriladi va IT, uzatgichga beriladi. Transmitterning
chigishidan f, chastotali tebranishlar P® orqali bort antennasi A ga uzatiladi va Yerga qarab
nurlanadi. Bu tebranishlar Ay, antennasi tomonidan 3C, stansiyasi tomonidan gabul gilinadi, qabul
qiluvchiga (TIP) va detektorga (Jlet) beriladi, uning chigishida C, xabari ajratiladi. 3Cy dan 3C,
stansiyasiga C, xabarining uzatilishi xuddi shunday tarzda f: chastotada sodir bo‘ladi va bort
transponderi f; tashuvchi chastotali tebranishlarni f, chastotali tebranishlarga aylantiradi.
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2- rasm. Signalning faol gayta uzatilishi bilan a va b nuqtalarda joylashgan YS o‘rtasidagi
dupleks aloqaning strukturaviy sxemasini

Sun’iy yoldoshlardan foydalanganda signallarni faqat bitta sun’iy yo‘ldosh orqali emas, balki
bir nechta sun’iy yo‘ldoshlar orqali ham qayta uzatish mumkin. Bunday holda, past orbitalar bo‘lsa,
yer stantsiyalarida signallarni uzluksiz uzatish uchun ikkita antennaga ega bo‘lish kerak.

3- rasmda bitta past orbita bo‘ylab soat yo‘nalishi bo‘yicha harakatlanuvchi sun’iy yo‘ldoshlar
ko‘rsatilgan, ularning bir qismi mn yoy shaklida ko‘rsatilgan. A stantsiyasidan A, antennasi orqali
signal AYS 4 (antenna yer stansiyasi) ga kiradi va AYS 3 (antenna yer stansiyasi), AYS 2 (antenna yer
stansiyasi), AYS 1 (antenna yer stansiyasi) orqali b stansiyasining A, gabul giluvchi antennasiga qayta
uzatiladi.  Shunday qilib, bu holda signalni qayta uzatish uchun A, antennalari va AYS 4 (antenna
yer stansiyasi) - AYS 1 (antenna yer stansiyasi) ni oz ichiga olgan orbita segmenti ishlatiladi. AYS 4
(antenna yer stansiyasi) ufq chizig‘ining chap tomonidagi zonani tark etganda, signalni uzatish va
qabul qilish A, antennalari va AYS 5 (antenna yer stansiyasi) - AYS 2 (antenna yer stansiyasi) ni 0z
ichiga olgan segment orqali amalga oshiriladi. Keyin signallarni uzatish va qabul qilish A1 antennalari
va AYS 6 (antenna yer stansiyasi) - AYS 3 (antenna yer stansiyasi) va hokazo sun’iy yo‘ldoshlardan
iborat segment tomonidan amalga oshiriladi.

Past balandlikdagi orbitalarda harakatlanuvchi sun’iy yoldoshlardan foydalanish yer
stansiyalarining jihozlarini soddalashtiradi, chunki bu holda yer antennalarining kuchayishini,
transmitterlarning kuchini kamaytirish va shovqin haroratiga qaraganda bir oz yuqori ekvivalent
shovqin haroratiga ega bo‘lgan gabul qiluvchilar bilan ishlash mumkin. Biroq bu holda, sun’iy
yo‘ldoshlar soni ortib boradi va ularning orbitadagi harakatini nazorat gilish talab etiladi.

Sun‘iy yo‘ldosh aloqa tizimining matematik modelini ko‘rib chiqadigan bo‘lsak: Antenna yer
stansiyasining harakat tezligining komponentini r bilan belgilaymiz va 1- antenna yer stansiyasining
va 2- antenna yer stansiyasining orasidagi masofa gisqargan taqdirda r manfiy giymatini hisobga
olamiz.
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3- rasm. Bir nechta sun’iy yo‘ldoshli aloqa tizimi

Ma’lumki, signal manbai #r tezlikda harakat qilganda, qabul gilingan tebranishlarning
chastotasi f nurlangan tebranishlar chastotasi f, nisbati bilan bog'liq.

f=1f, /1ty /c) ) (1)

Bu erda ¢ - yorug'lik tezligi. C=3*10% m/s

Odatga r / c<< 1 shart bajarilganda qabul qgilingan tebranishlarning chastotasi f nurlangan
tebranishlar chastotasi foga quyidagicha bogliq bo‘ladi. (2)

f=1f,(1Fv,/c) ) 2)
(2) ga muvofiq, ta’sir tebranishlar chastotasining ozgarishi tashuvchi chastotasining o‘zgarishiga olib
keladi, Shunday qilib, agar modulyatsiya f chastotali tebranish orqali amalga oshirilgan bo‘lsa,
Doppler effektini hisobga olgan holda detektor chiqishida qabul gilingan tebranish chastotaga ega
bo‘ladi. Shuning uchun, f, = 1 kHz va f, = 104 kHz chastotalar tebranishlar bilan modulyatsiya gilishda
detektorning chigishida biz mos ravishda f va f, chastotalarini olamiz. Bundan kelib chiqadiki,
birinchidan, xabar spektridagi yuqori chastotalar katta miqdorda o‘zgaradi, ikkinchidan, qabul
gilingan tebranish spektrining kengligi modulyatsiya qiluvchi tebranishlar spektrining kengligidan
farq qiladi.

Shuni ta'kidlash kerakki, sun'iy yo'ldoshlar orqali aloqa tizimlari uchun eng yaxshi chastota
diapazonlari 2 ... 8 gigagertsli chastotalardir.

Qabul qiluvchining kirishidagi signal kuchini quyidagi formula bilan aniqlash mumkin:
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Bu yerda A, - antennalar orasidagi bo‘limdagi umumiy signal zaiflashuvi;

V (t) - t vaqt davomida oshib bo‘lmaydigan zaiflashuv koeffitsienti;

Aq va Ay, - mos ravishda uzatuvchi chiqishi va antenna, qabul giluvchi chiqishi va antenna
o‘rtasida joylashgan filtrlardagi signalning zaiflashishini (susayishi) tavsiflaydi;

K qgavat - antennalarning qutblanish xususiyatlarining noaniqligi va Faraday effekti natijasida
yuzaga kelgan qutblanish tekisligining o‘zgarishi tufayli qutblanish yo‘qotishlarining qiymati.

Xulosa

Xulosa qilib aytganda so‘nggi paytlarda zamonaviy jamiyatda olimlar, muxandislar,
konstruktorlarning ijtimoiy mas’uliyatining ortishi munosabati bilan texnologiyaning axlogiy
muammolari tobora ko‘proq e’tiborga tushmoqda, chunki harbiy sohadagi texnologiyaning asosiy
magsadi harbiy xizmatchilarga tobora ko‘proq qulayliklar yaratish, mavjud muammolarni ijobiy hal
qilishdir.

Ushbu maqolada taklif etilayotgan Aloqa texnikasiga o‘rnatilgan sun’iy yo‘ldosh aloqa tizimi
orqali katta hajmli ma’lumotlarni uzoq masofalarda uzatish va qabul qilish, videokonfrens
aloqasining uzluksiz va sifatli ishlashiga erishish ko‘zda tutilmoqda. Bundan tashqari, sun’iy yo‘ldosh
aloqa tizimi yordamida Aloqa texnikasining hududlarning istalgan nuqtasida ularning joylashishini
alohida aniglash mumkin. Shu bilan birga, foydalanuvchilarni kichik tranzistor kabi kichik o‘lchamli
va arzon individual navigatsiya qurilmalari bilan ta’minlash hisobga olinmoqda. Sun’iy yo‘ldosh aloqa
tizimi nafagat aloga qo‘yilgan talabni ta‘minlashga ko‘maklashadi balki tezkor, uzluksiz, xavfsiz, sifatli
aloqa tizimi bilan ta’'minlanishiga zamin yaratadi.
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O‘ZBEKISTON
HUDUDIDA
QO‘LLANILADIGAN
YO‘L BELGILARI
MALUMOTLAR
TO‘PLAMINI
SHAKLLANTIRISH

nnotatsiya. Ozbekiston yollarida qollaniladigan
yol belgilari togrisida batafsil malumot berishga
qaratilgan. Ushbu magqola yol harakati xavfsizligini
taminlash va yol-transport hodisalarining oldini olish
magqsadida yol belgilari tizimini tahlil giladi. Maqolada
O“zbekistonda amaldagi belgilarning toifalari, ularning
mazmuni, ahamiyati va qollanish tartibi korib chiqiladi.
Shuningdek, maqolada yol belgilari boyicha malumotlar
bazasi shakllantirish metodologiyasi va uni yol harakati
ishtirokchilari uchun qulay tarzda taqdim etish usullari ham
tahlil qilinadi. Bu to’plam yo' harakati xavfsizligini oshirishga
va yolovchilar hamda haydovchilarning bilimlarini
mustahkamlashga qaratilgan amaliy vosita sifatida xizmat
qiladi.
Kalit sozlar: yol belgilari, yol harakati xavfsizligi,
ma’lumotlar toplami.
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CREATION OF A
DATA SET OF ROAD
SIGNS USED IN THE
TERRITORY OF
UZBEKISTAN

bstract: It is aimed at providing detailed information

about road signs used on the roads of Uzbekistan.

This article analyzes the system of road signs in order
to ensure road safety and prevent road traffic accidents. The
article examines the categories of signs in Uzbekistan, their
meaning, significance, and the procedure for their use. The
article also analyzes the methodology of creating a database
of road signs and ways of presenting it in a convenient way
for road users. This kit serves as a practical tool aimed at
improving road safety and strengthening the knowledge of
passengers and drivers.

Key words: road signs, traffic safety, data set.
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Kirish

Yol belgilari haydovchilarga yol infratuzilmasi hagida muhim ma’lumotlarni berish
magqsadida yaratilgan bolib, ularni ishlab chigishda haydovchilar yaxshi ko‘rishi uchun ma’lum shakl
va ranglardan foydalanilgan. Turli davlatlarda yo‘l belgilarini standartlashtirish magsadida 1968 yilda
yo‘l belgilari bo‘yicha Vena konvensiyasi deb nomlanuvchi xalgaro shartnoma imzolangan. Bugungi
kunga qadar ushbu shartnomani 52 ta davlat imzolagan. Vena konvensiyasi yo‘l belgilarini A-H
harflari bilan belgilangan sakkiz toifaga ajratdi: ogohlantiruvchi belgilar (A), imtiyozli belgilar (B),
taqiqlovchi belgilar (C), buyuruvchi belgilar (D), axborot-ishora belgilari (E), servis belgilari (F),
axborot belgilari (G) va qo‘shimcha belgilar (H). Vena shartnomasida aniq belgilangan qonunlarga
garamay, shartnomani imzolagan davlatlar o‘rtasida yo‘l belgilari ko‘rinishidagi o‘zgarishlar
mavjud[1]. Ushbu o‘zgarishlardan maqsad haydovchilar tomonidan ko‘rish va tushunish uchun
qulaylashtirish bo‘lib, ammo ularni yo‘l belgilarini tanib olish tizimiga katta giyinchilik tug‘dirishi
mumkin. Turli davlatlardagi toshlar qulash xavfi yo'l belgilarining turli ko‘rinishlari 1-rasmda
keltirilgan.

Davlat | AQSH | Australiva | Shvetsiva |  Isroil Polsha | O*zbekiston
Yo'l - g
belgisi

1-rasm. Turli davlatlardagi tosh qulash xavfi yo'l belgilari
O“zbekistonda 2001 yilda xalqaro me’yorlar asosida va mahalliy sharoitni hisobga olgan holda,
“Yo'l harakati qoidalari” ishlab chigildi. Bu qoidalarga yo‘l belgilarining asosiy 7 ta guruhi kiritildi.
O‘zbekistondagi yol belgilari 7 ta turga bo‘linib, jami 269 ta yo'l belgilaridan iborat. O‘zbekiston
hududida qo‘llaniladigan yol belgilarining umumiy tasnifi va xususiyatlari 1-jadvalda keltirilgan.

1-jadval. O“zbekiston hududida qo‘llaniladigan yo‘l belgilari turlari

Ne Yol belgilarining turlari Shablon |Xususiyatlari Soni
1.  |Ogohlantiruvchi belgilar Hoshiyasi qizil, foni oq 46

2. |Imtiyoz belgilari Hoshiyasi oq, belgi sariq 9

3. |Tagqiqlovchi belgilar Hoshiyasi qizil, belgi qora 35

4. |Buyuruvchi belgilar Foni ko'k, belgi oq 24
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5.  |Axborot-ishora belgilari Foni ko’k, tasvir qora va oq 73

6.  |Servis belgilar Foni ko‘k va oq, belgi qora 15

i

7. |Qo‘shimcha axborot belgilari Foni oq, belgi qora 55

O‘zbekiston hududida go‘llaniladigan yo‘l belgilarining har bir turi uchun misollar 2-rasmda
ko‘rsatilgan.

A B C D E F G

@ O N2

2-rasm. Yol belgilariga misollar: (A) ogohlantiruvchi belgi, (B) imtiyozli belgi, (C) taqiqlovchi
belgi, (D) buyuruvchi belgi, (E) axborot-ishora belgisi, (F) servis belgisi va (G) qo’shimcha
axborot belgisi

Ma’lumotlar to‘plami (dataset). O“zbekiston hududidagi yol belgilarining ma’lumotlar
bazalarini yigish maqsadida Toshkent va Samarqand shaharlaridagi ko‘p avtomobil qatnovli
ko‘chalarida video tasvirlar olindi. Tasvirlar yilning turli fasllarida (bahor, kuz, qish, yoz) hamda
kunning turli vaqtlarida (ertalab, tushdan keyin, kechqurun) va turli ob-havo sharoitlarida (yomg'irli,
qorli, quyoshli, tumanli) olindi (3-rasm).

3-rasm. Turli fasllar, kunning turli vaqtlari va turli ob-havo sharoitlarida olingan tasvirlarga

misollar

Yol belgilari ma'lumotlar to‘plamini shakllantirish jarayonida 70 km/soat tezlikda
harakatlangan avtomobilga o‘rnatilgan videoregistrator qurilmasining HD formatdagi video tasvirlar
foydalanildi. Kadr o‘lchamlari - 1280x720. Kiruvchi yo‘l sahnasi dinamik tasviridan foydalanib yo'l
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belgilari ma’lumotlar to‘plamini ishlab chiqish bosqichlari va ma’lumotlar to‘plamini boshqarish
hamda sun’iy ko‘paytirish usullari quyidagi 4-rasmda keltirilgan.

e ~
| Kiruvchi yo‘l sahnasining dinamik tasviri |

1-bosiqch. Dinamik tasvirlardan kadrlarni ajratib olish

Yo‘l belgilari mavjud kadrlarni
saralash

v

Tasvir fayllarini qayta nomlash

4

Kadrlarni ajratib olish

Tasvirlarni qismlarga ajratish (o‘quv, |
test) )

v

2-bosqich. Yol belgilarining izohli ma’lumotlar to‘plamini shakllantirish

Yo°l belgilari sinflarining nomlarini
faylga yozish

Ma’lumotlar to‘plamining bog‘lanish |

struktura faylini ishlab chiqish

Ma’lumotlar to‘plami tasvirlarining
izohli fayllarini yaratish

v

Tasvirlarni va izohli fayllarni
gismlarga ajratish (o‘quv, validatsiya)

v

3-bosqgich. Ma’lumotlar to‘plamini sun’iy ko‘paytirish

Ma’lumotlar to‘plamidagi tasvirlarni
sun’iy ko‘paytirish
v
Ma’lumotlar to‘plamidagi izohli
fayllarni sun’iy ko‘paytirish

Ma’lumotlar to‘plamini sun’iy
ko‘paytirish usullarini aniglash

A 4

A

Ma’lumotlar to‘plamini tahlil qilish

v

(ChiunChi yo‘l belgilari ma’lumotlar to‘plami\::w

4-rasm. Yo'l belgilari ma’lumotlar to‘plamini shakllantirish bosqichlari

1-bosqich. Dinamik tasvirlardan kadrlarni ajratib olish. Tasvirlardan sekundiga 30 ta kadrni
olish mumkin, bunda ushbu kadrlarning har 10 ta oralig‘idan 1 tasini (1 soniyali dinamik tasvirning
3 ta kadrini) olib .jpg kengaytmali formatda kadr tasviri saglandi[2]. Shunday qilib, O“zbekiston
hududida qo‘llaniladigan yo‘l belgilari ma’lumotlar to‘plami (UTSD - Uzbek Traffic Sign Dataset)
shakllantirildi. UTSD da 4998 ta tasvir mavjud bo‘lib, ularning 3957 tasini o‘quv va 1041 tasini test
gismlarga ajratildi. Tadqiqot ishida ma’lumotlar to‘plami uchun tanlab olingan 56 ta yo‘l belgilari
sinfi 2-jadvalda ko‘rsatilgan.

2-jadval. Yol belgilari ma’lumotlar to‘plamidagi sinflar

Ne | Yol belgisi sinflari Ne | Yo'l belgisi sinflari

29. | Qayrilish tagiqlanadi

1. | Shlagbaumli temir yo‘l kesishmasi
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2. | Shlagbaumsiz temir yo‘l kesishmasi 30. | Quvib o'tish tagiglanadi

3. | Bir izli temir yo'l a1 OQ;;;ib o‘tish ta’qiglangan hududning

4. | Ko'pizli temir yo'l 32. | Yugqori tezlik cheklangan

5. | Teng ahamiyatli yo'llar kesishuvi 33. | Yugqori tezlik cheklangan hududning oxiri

6. | Aylanma harakatlanish bilan kesishuv 34. ;l;c;\if:ls;garrlnoslamalaridan foydalanish

7. | Svetofor tartibga soladi 35. | Toxtash tagiglangan

8. | Xavfli burilish 36. | To'xtab turish taqiqlangan

9. | Xavfli burilish 37. | Harakatlanish to‘g’riga

10. | Xavfli burilishlar 38. | Harakatlanish o‘ngga

11. | Xavfli burilishlar 39. | Harakatlanish chapga

12. | Piyodalar o‘tish joyi 40. | Harakatlanish to‘g‘riga yoki o‘ngga

13. | Bolalar 41. | Harakatlanish to‘g‘riga yoki chapga

14. | Asosiy yo'l 42. | To'signi o‘ngdan chetlab o‘tish

15. | Asosiy yo‘lning oxiri 43. | To'signi chapdan chetlab o'tish

16. | Ikkinchi darajali yol bilan kesishuv 44. | Aylanma harakatlanish

17. | Tutashuv o‘ngdan 45. | Qayrilish joyi

18. | Tutashuv chapdan 46. | Avtobus va trolleybus to‘xtash joyi

19. | Yol bering 47. | To'xtab turish joyi

20. | To'xtamasdan harakatlanish taqiqlangan | 48. | Piyodalar o'tish joyi

21. | Kirish ta’giglangan 49. | Piyodalar o‘tish joyi

22. | Harakatlanish ta’qiqlangan 50. | Piyodalarning yer ostidan o‘tish joyi

23. hMa:l:‘itl nish;[izz;gl(:l :gan vositalarining 51. | Piyodalarning yer ostidan o‘tish joyi

24. Yul.< avtomobillarining - harakatlanishi 52. | Piyodalarning yer ustidan o‘tish joyi
tagiglangan

25. | Motosikllar harakatlanishi taqiqlangan 53. | Piyodalarning yer ustidan o‘tish joyi

26. | Piyodalarning harakatlanishi taqiqlangan | 54. | Surat va video

27. | O'ngga burilish ta’qiqlanadi 55. | Radar

28. | Chapga burilish taqiglanadi 56. | Qizil rangda o‘ng tomonga burilish
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2-bosgich. Yo'l belgilarining izohli ma’lumotlar to‘plamini shakllantirish. Tasvirli ma’lumotlar
to‘plamining ikki xil shakli mavjud: izohli ma’lumotlar to‘plami va izohsiz ma’lumotlar to‘plami.
Izohli ma’lumotlar to‘plamida har bir tasvirning izohli fayli mavjud bo‘lib (fayl nomlari bir xil bo‘lishi
shart), unda tasvirdagi yo‘l belgisi sinfining raqami, uning joylashgan koordinatalari berilgan bo‘ladi.
Ushbu izohlar obyektlarni sinflashtirish va tasniflash uchun muhim hisoblanadi[3]. Chuqur
o'qitishga asoslangan algoritmlar odatda izohli ma’lumotlar to‘plamidan foydalanadi. Shu kabi,
YOLO arxitekturasi ham o‘zining izohli ma’lumotlar to‘plami formatiga ega bo‘lib, chuqur o‘qitish
uchun izohli ma’lumotlar to‘plamini talab qiladi. Ushbu tadqiqot ishida labellmg dasturiy vositasidan
foydalanib har bir tasvirning izohli fayllari yaratildi (5-rasm).

-
.-"__‘

Change Save Dir .

>

Hext Image
* -
Friv Image

]

Verify Image

¥ labelimg ? )<

Aom

5-rasm. labellmg dasturiy vositasining interfeysi

Bunda tasvirning izohli fayllari .txt kengaytmali faylda saqlanadi, fayldagi har bir satr tasvirdagi
mavjud yol belgisini ifodalaydi. Agar yol belgisi tasvirda mavjud bo‘lmasa, izohli fayl yaratiladi va
fayl ichi bo‘sh bo‘ladi. Quyidagi 0234.jpg nomli tasvirda yo‘l belgisining izohlarini ko‘rishingiz
mumkKin (6-rasm).
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(0, 0) +x

+y

Y (1,1)

6-rasm. Tasvirdagi yo‘l belgisining izohlari

Yuqoridagi 0234.jpg nomli tasvir uchun 0234.txt nomli izohli fayli yaratiladi va fayl ichiga
quyidagi strukturada 5 ta ustundan iborat ma’lumotlar yoziladi (7-rasm).

E 0234 - Notepad

File Edit  View

0 0.480109 0.631250 0.692969 0.713278

7-rasm. Izohli faylning strukturasi

Izohli fayl ichidagi satrlar soni tasvirdagi yo‘l belgilari soniga teng bo‘lib, 5 ustundan iborat. Har
bir ustunning tavsifi va parametrlari quyidagi 3-jadvalda ko‘rsatilgan.

3-jadval. Izohli faylning ustun parametrlari

Sinf Obyekt markazining | Obyekt markazining | Obyekt eni, | Obyekt
indeksi, n | absissasi, x (I1>x>0) ordinatasi, y (1=>y>0) w bo'yi, h
0 0.480109 0.631250 0.692969 0.713278

0234.txt faylining har satrining xususiyati quyidagicha:
- har bir yol belgisi uchun bitta satr ajratiladi;

- har bir satrda yol belgisining quyidagi ketma-ketlikda izohli parametrlari beriladi: yo‘l
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belgisining sinf indeksi, obyekt markazining absissasi, obyekt markazining ordinatasi, obyekt eni,
obyekt bo'yi.

- yo'l belgisining sinf indeksi noldan boshlanadi (indekslar soni sinf soniga teng bo‘ladi).

- Yol belgisini chegaralovchi ramkaning kordinatalarini tasvir oflchamlari bilan
normallashtiriladi (ya’ni, 0 dan 1 gacha bo‘lgan qiymatlarga tasvir olchami moslashtiriladi).

Chuqur ofgitishga asoslangan boshqa obyektlarni aniglash usullarining ham o‘ziga xos
formatlari mavjud, masalan, SSD (Single Shoots Detect) usulida ma’lumotlar to‘plamining VOC2007
formatini talab qiladi. VOC2007 formatida tasvirlarning izohli fayllari .xml kengaytmali faylda
saqlanadi[4]. Tadgiqot ishida vyaratilgan UTSD ni SSD usulida sinovdan o‘tkazish uchun izohli
ma’lumotlar to‘plamini VOC2007 formati (.xml fayl kengaytmasi) ga o‘tkazishga to‘g’ri keladi.
Bunday muammo maxsus konvertatsiya funksiyalarini yaratish orqali amalaga oshiriladi.
Ma’lumotlar to‘plamlarini (VOC XML, COCO JSON, TensorFlow Object Detection CSV) turli
formatlarda saqlash mumkin.

COCO Explorer 2017 uchun ma’lumotlar to‘plami 8-rasmda ko‘rsatilgan bo‘lib, unda 80 ta sinf
uchun 123287 ta tasvir, 886284 ta holat berilgan.
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8-rasm. COCO Explorer 2017 sinflari

Yol belgilarining eng katta ochiq malumotlar toplamlarini korib chiqildi va tahlil qilindi.
Bularga Germaniya (GTSDRB), Shvetsiya (STSD), Belgiya (BTSD), Rossiya (RTSD) va Amerika
qoshma shtatlari (LISAD) yol belgilari malumotlar toplamini misol keltirish mumkin. Ushbu
ma’lumotlar to‘plamlaridagi umumiy statistikalar 4-jadvalda keltirilgan.

4-jadval. Turli davlatlarning yo'l belgilari ma’lumotlar to‘plamlari statistikasi
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f:)[i Ezfﬂar GTSDRB BTSD LISAD RTSD UTSD
Sinflar soni 43 108 49 140 56

Kadrlar soni 1446 9006 6610 - 4998

Tasvir olchami |1360x800 1628x1236 1024x522 1280x720 1280x720
Davlat Germaniya Belgiya AQSH Rossiya O‘zbekiston

3-bosqich. Ma'lumotlar to‘plamini sun’iy ko‘paytirish. Hozirgi kunda chuqur o‘qitishga
asoslangan algoritmlarni ishlab chiqish jadal suratlarda oshib bormoqda. Katta yutuq va istigbollarga
garamasdan, bunda tez-tez tilga olinadigan muammo, ya’ni ma’lumotlar to‘plamining yetarli miqdori
yo'qligi va sifatining pastligidir. Ushbu muammoni hal gilish usullaridan biri ma’lumotlar to‘plamini
sun’iy ko‘paytirish hisoblanadi. Izohli yo‘l belgilari ma’lumotlar to‘plamini sun’iy ko‘paytirish usullari
odatda ranglarning qiymatlarini o‘zgartirish (shovqin, xiralashish, kontrast) va geometrik o‘zgartirish
(aylantirish, kesish, masshtablash) orqali amalga oshiriladi. Ushbu sun’iy ko‘paytirish usullari
ma’lumotlar to‘plami hajmini sun’iy ravishda oshiradi. S.Cubuk tomonidan avtomatik ravishda
takomillashtirilgan ma’lumotlarni sun’iy ko‘paytirish uchun AutoAugment nomli yangi usul taklif
gilindi. Tadqiqotlarda Mosaic, SnapMix, Erasing, CutMix, Mixup va Translate X/Y kabi
ma’lumotlarni sun’iy ko‘paytirish usullari mavjud[5].

Hozirgi kunda ma’lumotlar to‘plamini sun’iy ko‘paytirish usullarini turli xil formatdagi
ma’lumotlarga qo‘llash mumkin. Misol uchun ovozli, matnli, tasvirli ma’lumotlarga qollaniladi.
Ushbu tadqiqot ishida tasvirli ma’lumotlar to‘plamidan foydalanilayotganligi sababli tasvirli
ma’lumotlarni sun’iy ko‘paytirish usullari ustida tadgiqotlar olib borildi. Tasvirli ma’lumotlar
to‘plamini sun’iy ko‘paytirishning ikki asosiy yondashuvi mavjud bo‘lib, ular quyidagilar:

1. Asosiy tasvirga asoslangan yondashuvlar;
2. Chuqur ofgitishga asoslangan yondashuvlar.

Yugqoridagi asosiy tasvirga asoslangan yondashuv usullari 9-rasmda keltirilgan.

Ma’lumotlar to‘plamini asosiy tasvirga
asoslangan sun’iy kengatirish usullari

Y Y A 4 A A

Geometrik Tasodifly Tasvirlarni Rang maydonini

Yadroli filtrlash ko chirishlar o*chirish aralashtirish o‘zgartirish

9-rasm. Tasvirli ma’lumotlar to‘plamini sun’iy ko‘paytirish yondashuvlari

Ma’lumotlar to‘plamini asosiy tasvirga asoslangan sun’iy ko‘paytirish usullari tavsifi
quyidagilardan iborat:
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1. Geometrik ko‘chirishlar - tasvirlarni tasodifiy tekislik bo‘ylab aylantirish, kesish yoki
masshtablashga doir amallar hisoblanadi.

2. Rang maydonini o‘zgartirish - tasvirning piksellarining rang qiymatlarini o‘zgartirish, har
qanday rangni kuchaytirish.

3. Yadroli filtrlash - tasvir xususiyatlarini aniglashtirish yoki xiralashtirish.

4. Tasodifiy ochirish - tasvirning bir qismini tasodifiy o‘chirish.

5. Tasvirlarni aralashtirish - tasvirlarni bir-biri bilan birlashtirish.

Ma’lumotlar to‘plamini sun’iy ko‘paytirish odatda tasvirdagi obyektlarning xususiyatini ajratib

olish va tanib olish aniqligini oshirish magsadida amalga oshiriladi. Quyidagi 10-rasmda izohli
ma’lumotlar to‘plamini sun’iy ko‘paytirishning 4 usuli tadqiqotlar natijasida taklif etildi.

Masshtablash

O‘lchamini o‘zgartirish

R TR
e

10-rasm. Tasvirli ma’lumotlar to‘plamini sun’iy ko‘paytirish usullari

Izohli yol belgilari ma’lumotlar to‘plamini sun’iy ko‘paytirish usullarining blok sxemasi 11-
rasmda ko‘rsatilgan.
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11-rasm. Yol belgilari ma’lumotlar to‘plamini sun’iy ko‘paytirish algoritmi

Yuqoridagi usullar yordamida yo‘l belgilari ma’lumot to‘plamini sun’iy ko‘paytirish orqali
yaxshi samaralarga erishish mumkin. Bunda qisqa vaqt ichida sifatli ma’lumotlar to‘plamini
shakllantirish va tasvirlardan obyektlarni tanib olish tizimining aniqligini oshirish muhim
ahamiyatga ega.

Izohli ma’lumotlar to‘plamini ishlab chigishda labellmg dasturiy vositasidan foydalanildi.
Ma’lumotlar to‘plami sifatini va hajmini oshirish uchun sun’iy ko‘paytirish usullari ishlab chiqildi.
Odatda yo'l belgilari ma’lumotlar to‘plamining izohli fayllarini ishlab chigish ko‘p vaqt va mehnat
talab giladi. Ushbu tadqiqot ishida izohli yol belgilari ma’lumotlar to‘plami ishlab chiqildi (12-rasm).
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Yol belgilari ma’lumotlar
to‘plami

~ J\
*.yaml 0*quv (80%) Validatsiya (10%) Test (10%)

Tasvir Izoh Tasvir Tasvir
*ipg| 17587 | *Mxt| 17587 ‘ * jpg *ixt * jpg ‘Pms
c-sinf raqami; Izohli faylning strukturasi Yol belgilari ma’lumotlar to‘plami:

e \Xl\}ﬁ\{(z\}’z\
—; 7 O‘quv-17587 ta tasvir, 17587 ta
izohli fayl.

x1, yl — chegaralovchi
ramkaning o‘ng yuqori

burchagining kordinatasi;

Validatsiya-2198 ta tasvir, 2198 ta
x2, y2 — chegaralovchi izohli fayl.
ramkaning chap pastki

burchagining kordinatasi. Test-2198 ta tasvir.

12-rasm. Yol belgilari ma’lumotlar to‘plami (UTSD)

Tasvirli ma’lumotlar to‘plamini sun’iy ko‘paytirishdan oldin izohli fayllar ishlab chigildi va
izohli fayllarni ham mos ravishda sun’iy ko‘paytirish usullari taklif qilindi. Bunda masalaning
murakkabligi o‘quv na’munalarini sun’iy ko‘paytirish bilan bir qatorda mos izohli fayllardagi
chegaralovchi ramkalarning koordinatalarini ham o‘zgartirishni talab qiladi.

Xulosa

Tasvirning intensivligi past bo‘lgan kanali asosida statik tasvirlardan shovqinlarni tozalash
algoritmlari yaxshi natijalarni ko‘rsatmoqda. Biroq, ushbu algoritmning murakkabligi sababli real
vaqt rejimida dinamik tasvirlarga ishlov berish talablariga javob bermaydi. Ushbu tadqiqot ishida
kuzatuv kamerasidan olingan yol sahnasi tasvirlariga grafik protsessorda parallel ishlov berish modeli
va algoritmlari taklif qilindi. O‘tkazilgan tadgiqot natijalari 1080p formatdagi video tasvirlarni qayta
ishlash imkonini ko‘rsatdi. Asinxron xotira uzatish va ko‘chirilgan filtrlashga asoslangan
algoritmlardan foydalangan holda grafik protsessorda bajarish markaziy protsessorga nisbatan 8.94
marta yuqori tezlikka erishdi. Tadqiqot ishida chuqur o‘gitishga asoslangan algoritmlardan
foydalanilganligi sababli izohli yo'l belgilari ma’lumotlar to‘plami ishlab chiqildi. Har bir davlatning
yol belgilarida sezilarli farq mavjudligini inobatga olgan holda O‘zbekiston hududida qo‘llaniladigan
56 ta sinf tegishli 21923 ta yo'l belgilarining maxsus ma’lumotlar to‘plami ishlab chiqildi. Ma’lumotlar
to‘plamining izohi fayllarini yaratish uchun labellmg dasturiy vositasidan foydalanildi va YOLO
formatida saqlandi. Ma’lumotlar to‘plamini sun’iy ko‘paytirish orqali ma’lumotlar to‘plamining
hajmini 5 marta oshirish va ma’lumotlar to‘plami sifatini yaxshilash usullar taklif etildi Ushbu usullar
yordamida yetishmaydigan obyektlarning xususiylarini hosil qilish va tasvirlardan obyektlarni tanib

olish tizimlarini aniqlik darajasini oshirishga erishildi.
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DIGITAL
MARKETING
COMMUNICATION
TOOLS ANALYSIS

bstract: This paper conducts an analysis of digital

marketing communication tools, exploring the

diverse array of platforms and strategies employed
by businesses to engage with their target audiences in the
digital landscape. The study delves into the evolving dynamics
of digital marketing, investigating the role of tools such as
social media, email marketing, search engine optimization
(SEO), and content marketing. The research examines the
effectiveness and impact of these communication tools in
reaching and resonating with consumers in an increasingly
interconnected world. Special attention is given to the
nuances of each tool, considering factors such as audience
segmentation, personalization, and the real-time nature of
digital interactions.

Keywords: Digital marketing, communication tools,
social media, email marketing, search engine optimization
(seo), content marketing, audience segmentation, marketing
strategies, consumer engagement, data privacy, data security,
innovation, artificial intelligence, business strategies
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Introduction

In the ever-evolving landscape of marketing, the significance of digital communication tools
cannot be overstated. As technology continues to reshape the way businesses interact with their
audiences, a thorough analysis of these tools becomes imperative for organizations striving to stay
ahead in the dynamic realm of digital marketing. This paper seeks to delve into the intricacies of
various digital marketing communication tools, exploring their roles, impact, and challenges in the
contemporary business environment. The advent of the digital era has ushered in a multitude of
platforms and strategies that enable businesses to connect with their target audiences in ways that were
once unimaginable. From social media and email marketing to search engine optimization (SEO) and
content marketing, each tool brings its unique strengths and challenges to the marketing landscape.
Understanding the nuances of these tools is essential for marketers aiming to craft effective, targeted,
and resonant messages that cut through the digital noise. This analysis aims to shed light on the
effectiveness of digital marketing communication tools in reaching and engaging diverse consumer
segments. By examining the intricacies of audience segmentation, personalization, and the real-time
nature of digital interactions, the paper will provide insights into how businesses can leverage these
tools to create meaningful connections and foster brand loyalty.

However, the digital marketing landscape is not without its complexities. Privacy concerns, data
security issues, and the ethical considerations surrounding targeted advertising present challenges
that demand careful examination. As businesses navigate this terrain, understanding both the
opportunities and pitfalls associated with digital communication tools is crucial for developing
strategies that resonate with consumers while maintaining ethical standards.

Focusing on interactive components will help digital marketers engage customers in the
marketing process. According to Shmit (2010), 100, the following conditions must be met in order to
launch a full and effective digital marketing start-up:

- Infrastructure needs, such as those for the internet, fixed broadband, networks, mobile
telecommunications, satellite communications, and applications.

- Process criteria, which include a good quality and trademarked product or service, Seller
(firm or person), Purchaser (firm or person who is interested in specific thing).

Environment requirements, such as:
- aconvenient legal system;

- apayment or banking system;

- asecure electronic system;

- ashipping system, taxes;

- and trained human workers.

For marketers, the internet unlocked a whole new world of possibilities. Digital marketing
channels are now considerably more prevalent because they are inexpensive and simple to use,
especially for small enterprises with limited resources and staff. The most significant digital marketing
channels will be described, examined, and illustrated in this section of the thesis.
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Digital marketers use technology that can be of assistance to them in order to contact their
target audience. Consider the most widely used online communication technologies (Figure 1).

email

Search engine
optimization tools

Mobile marketing - Attract-retain-learn-sale

Social video Marketing

Pay-per-click

Figure 1. Online marketing communication tools

Email. Despite the rise of social media, smartphone applications, and other platforms, one of
the most successful marketing strategies is email. Email marketing is the practice of sending
promotional emails to a large number of potential clients (Bala & Verma, 2018, p.11). Through the
use of efficient email software, a company can keep track of a list of emails that are divided based on
criteria as shown by client behaviors.

According to Stokes (2011), email marketing, which use electronic means to send
commercial and promotional messages to both potential and current clients, is one of the most
traditional and significant types of direct marketing. According to research, there are over 4 billion
email users worldwide, and that 500 million more people will use email in three years (Vujasin, 2020).
Figure 1 demonstrates that emails are being sent and received at a rising rate each year, and predictions
indicate that between 2017 and 2023, there will be 30% more emails sent and received. Because
everyone on earth has an email address, email marketing is therefore highly appreciated by
businesses because it allows them to contact a large target audience. Promotional emails and
retention-based emails are the two primary categories of commercial emails.

Email advertisements tend to be blunter and encourage users to act right away. Retention- based
emails, or newsletters, on the other hand, are more concerned with giving users useful information in
order to develop long-term relationships. Transactional emails, catalogs, alerts, invites, and
communicational messages are other types of emails outside those that are promotional and retention-
based. Utilizing email marketing as a component of a company's digital marketing initiatives has
many benefits. Companies can first divide their clientele into various categories and offer messages and
content that are tailored to the tastes of each group.
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Figure 2. Number of sent and received emails per day worldwide 2017-2023 (Source:
Statista.com 2019)

By altering substance for distinctive gatherings of people, companies make certain that their
emails offer to each fragmented client bunch. One of the extraordinary preferences of mail promoting
is the plausibility of totally robotizing it, by making particular triggers. The company chooses when
to send personalized messages to potential clients. That trigger can be based on specific time of the
day or specific activity that potential client had with past substance. For case, a client is browsing
through a company's ecommerce site, and chooses to put a thing within the cart. In any case,
something happens, and they choose to abandon the cart within the middle of the purchasing process,
which may be a common issue within the e commerce. Various companies send a mail a day or two
afterward, to remind clients of the surrendered cart, and now and then offer uncommon reduced
offers for that specific thing to deliver the clients extra thrust to purchase the item. In addition, e-mail
promoting strategies are simple to degree, and this is often critical for companies to get it in case their
e-mail promoting methodology is working or on the off chance that it needs changes.

Search engine optimization, way better known as SEQ, alludes to all the methods connected to
look motors that progress website’s deceivability by making it rank higher in look motor comes about
such as Google, Yahoo and Bing. It is one of the foremost capable shapes of advanced showcasing. As
can be watched from the figure 6, natural look is the prevailing source of trackable web activity with
53% of all tractable looks being sourced from natural look.
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Figure 3. Source of web traffic in 2019 (Source: BrightEdge 2019)

This computerized promoting procedure has the objective of making a difference a commerce
rank higher in comes about of Google look, in the long run tolling higher look motor activity to the
site of the commerce. In an endeavor to have this objective finished, SEO marketers inquire about
expressions and words that shoppers utilize to look data online. A SEO envelop a number of
components from words on the business’s site to the way other webpages interface to the business’s
site. The arrangement of forms is efficiently conducted to move forward “volume and quality of
activity through look motor visits driving to particular locales by utilizing the working component or
calculation the look engine” (Iskandar & Komara, 2018). Concurring to Bhandari & Bansal (2018),
the engineering plan of look motor is exhausted a way that a client looks words in web crawler, in
which web record has the catchphrase title looked by client which is procured exceptionally quick.

Query = keywords

+
Categories keyweords
»f [User Interface | - 3earch
Usar Engine
| Filter ]
Pages matching results

- 3
keywords + categories Hacchulg Pages

CAtegories

keywords

Pages + category list
k- Web crawler ]@ Clazsifier

Figure 4. An architectural design of SEOs (Source: The figure was developed by Barbar & Ismail
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(2019), to demonstrate architectural design of SEO)

Note. Barbar & Ismail (2019), to illustrate building plan of SEO, created the figure in figure 7 over
is a building plan of look motor optimization. In arrange to look pages significant to what the client
is trying to find and give input, SEO works essentially through three capacities to be specific slithering,
ordering and positioning. Slithering makes a difference the SEO filter web substance; ordering makes
a difference in organizing and putting away the substance that have been found amid slithering in
classifiers and database separately whereas positioning best gives substance important to the searchers
query.

Google (and other look motors) is centered on giving quality substance to their clients. They
are able to do that by composing genuine time calculations to bring, what they consider to be, the
most excellent comes about. Look motors have crawlers that go from page to page to accumulate data
almost all the substance that can be found on the web. After all the information is accumulated, look
motors construct a record (library of web pages), which is bolstered through a calculation that
endeavors to coordinate all the information with the asked inquiry. In arrange to appear best comes
about, look motors based their positioning on different variables.

To begin with and most critical calculate is significance, which suggests that it is pivotal that
Look motors see fundamentally for closely related pages to look catchphrases, which suggests that it is
vital for website to offer the data that client is trying to find (Google considers over 200 components
when determining the pertinence of the content). In any case, due to the truth that there are thousands
of pertinent pages for each look term, look motors don't basically rank the foremost important pages
at the beat.

In arrange to put the finest substance on best of the look comes about they depend on other
components of the calculation. For instance, authority. This means that look motors seek for
substance that's precise and reliable. perfect way">The most perfect way to impact a page's specialist
is to extend the number of joins that connect to that webpage, particularly by getting outside joins
from existing tall specialist pages.

Other components that look motor calculations take into thought when deciding the rank of
the site are geological area of the client, clicks, bounce rates, watchwords, meta labels, pictures, HTML
of webpage and interface sorts.

Mobile marketing. This sort of computerized promoting centers on coming to target group of
onlookers of a trade on their tablets or smartphone through social media, content messages, websites,
portable applications and emails. Concurring to a writing by Bala and Verma (2018), portable
showcasing shapes the foremost impact sort of computerized promoting as portable clients are
expanding day by day. It is becoming a progressive tool of interfacing businesses with their clients
through portable contraptions at the correct time, within the right put and with the correct coordinate
message.

Social video Marketing. In today’s cutting edge world, social media is exceedingly intuitively
and permits everybody to share their contemplations, thoughts, and convictions, which thus impacted
the way that companies begun connection with their clients and showcase their items and
administrations. Neil Patel characterized social media showcasing as a handle of making custom fitted
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substance for each person social media stage in arrange to extend client engagement and sharing.

This may incorporate a brief video clip or longer organize which is instructive and engaging,
either prerecorded or indeed live gushed in genuine time. As a shape of computerized showcasing,
“Video showcasing is one of the finest promoting techniques at the minute, the smaller than
expected recordings shared between distinctive advanced and versatile stages are being a victory for
the dispatch of unused items or brand information” (Romo et al., 2017, p.146).
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Figure 5. Number of social network users worldwide 2010-2021 (Source: Statista 2020)

Within the final decade, social media experienced explosive growth as is obvious within the
increment of the number of social organize clients within the final ten years. It can be watched from
Figure 8, that the number of social organize clients nearly tripled within the period 2010- 2020.

Social media showcasing empowers companies to straightforwardly interface with their clients
which increments client dependability, progresses deals, makes a difference in building brand value
and brand awareness. Well thought social media technique includes creating substance that people will
share with their companions, family, and colleagues, and depending on word of mouth procedure. By
doing this companies increment the reach of their messages, and their messages carry understood
support when shared by individuals near to the beneficiary (Kenton, 2018). Social media promoting
increments presentation which leads to the increment in activity and more revenue.

However, since most little businesses have a constrained promoting budget and they are
cautious when contributing in showcasing procedures, the larger part of them utilize social
showcasing media to extend deals and reach target clients, as social media marketing is one of the
foremost adaptable and fetched compelling promoting channels. The most important social media
stages that affect computerized showcasing the foremost are: Facebook, YouTube, Twitter,
WhatsApp, WeChat, Instagram and most as of late TikTok Even in spite of the fact that there are a
lot of preferences of social media showcasing, there are moreover a few issues which will emerge. For
case, in case a client is baffled in a company's item or a benefit, they are able to voice their conclusion
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on any social media stage, and by doing that, hurt brand picture and influence obtaining choices of
other potential or indeed existing clients, particularly the ones that are near to that despondent
customer.

Pay-per-click marketing. As contradicted to natural look strategies, PPC promoting may be a
strategy of utilizing look motor publicizing to create clicks on the site. Agreeing to Sentance (2018),
PPC promoting permits businesses promoting openings within the supported posting area of a SERP,
by paying a charge each time the advertisement is clicked on. In spite of the fact that natural look is
more fetched compelling than PPC, there are certain circumstances when it is more valuable to select
PPC over SEO. For case, in the event that a company is in require of quick comes about, they will select
PPC as their advertisements will be shown immediately for thousands of individuals to see (e.g.
propelling a modern item or a benefit, or on the off chance that SEO campaign falls flat and the offer
terminates before long) (Kim, 2020).

Moreover, PPC advertisements are customizable which permits for numerous little alterations
to progress their execution and they are simple to degree and track return on speculation. Moreover,
PPC permits companies to center on candidates based on their statistic characteristics. They can
appear their advertisements and target clients based on their age, sexual orientation, instruction,
relationship status or indeed leisure activities, which could be a helpful way to lead the correct
individuals to a company's business to their website. Google Advertisements is the foremost well-
known PPC promoting framework within the world. Clients make Google campaigns; each campaign
incorporates a bunch of advertisements that contain distinctive catchphrases that clients are
attempting to rank. Each of those watchwords has its possess cost depending on the recurrence that
that catchphrase is being looked for. The fetched of watchwords may change from 50 cents to 50
dollars. The competition level and the industry that the company is in decide cost.

Utilizing all these apparatuses exceptionally imperative gotten to be the issue of content. As the
substance is all over, particularly on the Web it showed up to be a conceivable apparatus of fascination
and interaction with the client and as a result, it gave birth to the Substance showcasing. These days,
Substance Promoting could be an apparatus for making a benefit through foundation tough client
communication and utilization of motivating and curiously substance to draw in craved targets.
It is worth to say that Content Marketing isn't a coordinate way to form incomes or to offer an item,
but in the event that it is done appropriately it leads to that. It serves as a solid communicator between
the company and the client, which endeavors to never halt and deliver more pertinent substance to
be able to control customer’s activities. Once communication circle is made it is less demanding to
provide the data, advance unused thoughts and recognitions or essentially to motivate, since their
consideration is as of now gotten. (Substance Promoting Founded 2016)

Coordinate client communication could be a source of preferences for the company. When the
client devoured the great or benefit, the encounter is ordinarily recalled, since it made a few feelings
and contemplations. For the company, client encounter can be utilized as a source of feed- back or
improvement proposal. The client isn't upbeat — something went wrong. The speedier company will
get the answer approximately what isn't fulfilling for one client the sooner the issue can be hindered.
(Substance Showcasing Established 2016) To reach more prominent commerce comes about
businesses ought to keep in mind that substance creation, as well as focusing on, cannot be
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coordinated to all bunches of clients because it makes everything exceptionally dubious and does not
lead to anything. That's why there ought to be a fanciful representation of the company's client,
whereas substance emanation. (Fast Grow 2016).

The marketers doing substance showcasing highlighted the way how the correct substance ought
to be. It cannot be as well complicated but ought to be visual and well organized. The substance itself
ought to be recognizable and brand related (DeMers 2013). Other than awesome sum of composed
data, social media pages are strongly utilizing pictures and pictures to imagine. The picture as the
center of the site structure can be seen on Pinterest and Instagram. As of late Instagram picked up an
extraordinary sum of clients and it appears relentless development rates.

Already, blogs were too as it were almost composed data, but today's hones appeared that blogs
are moreover influenced by visualization. Increasingly pictures show up within the posts each day.
(DeMers 2013) The data which contains pictures is continuously more important, acquainted and
curiously. For illustration, a few online retailer shops such as AlliExpress permitted clients to connect
pictures to their comments and surveys that draw in more gathering of people to associated with the
company and other clients. In conclusion, pictures might too carry out a few basic capacities, shape
and join together the content.

In today's picture substance ought to be recognizable, but not as well pushy or aggressive, since
individuals are over-burden by diverse includes which are coming to them each diminutive. That's
why effortlessness and clearness are exceedingly acknowledged by the present day buyer. The
substance ought to be curiously and directing for the client to consider items of the company (DeMers
2013). The client shows up as a center of the substance showcasing of nowadays, so also in online and
any other sort of showcasing. Substance creation does not appear tricky or cost- increasing, due to the
promoting devices advertised by the Web. Substance Showcasing procedures and instruments show
up nearly each day and permit businesses to select the leading and make required substance with their
offer assistance essentially and nearly for free.

Conclusion

Summing up, properly addressed content marketing strategy is a mean that can change a lot
and bring meaningful advantages to the company. Some of them are shortly listed below:

e Stimulates communication and supports established customer relationships.
o Increases traffic to the company’s website and converts visitors in-to customers.

e Give a guarantee to the company that product awareness is high and the created image
is perceived right.

e Shows serious intentions of the company through raising its trust-worthiness and reliability.
e Ensures presence of the company in various social media channels.
Helps buyer think less about purchase and buy more impulsively. (Handley, Chapman 2011, 8.)

In conclusion, the analysis of digital marketing communication tools underscores their pivotal
role in shaping contemporary marketing strategies. The multifaceted nature of digital tools, ranging
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from social media and email marketing to SEO and content strategies, offers businesses
unprecedented opportunities to connect with diverse audiences in the digital landscape.
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Kirish
COVID-19 va boshqa global ingirozlar oqibatida yuzaga kelgan pandemiya va ularning
oqibatlari bilan bog‘liq hozirgi holat hukumatlarga yangi raqamli texnologiyalarni joriy etishga yangi
turtki berdi. Butun dunyoda Blokcheyn texnologiyasi davlat sektorida innovatsiyalar va

mahsuldorlikni oshirishning strategik vositasiga aylandi, chunki blokcheyn jamoatchilik
samaradorligi, ishlashi, innovatsiyasi va o‘sishi uchun vosita hisoblanadi.'

2020-yildan boshlab, Kanadaning yetakchi texnologiya kompaniyasi bilan hamkorlikda,
Qo‘shma loyiha doirasida, blokcheyn texnologiyasini O‘zbekiston fuqarolik holati dalolatnomalarini
yozish tizimiga kiritish imkoniyati ishlab chiqilmoqda. Bu O‘zbekistonda davlat xizmatlarini
ko‘rsatishning blokcheyn texnologiyasiga asoslangan birinchi haqiqiy axborot tizimi bo‘ladi. Butun
mamlakat bo‘ylab ro‘yxatga olish idoralarining barcha xizmatlari onlayn, tez, byurokratiya va
navbatlarsiz ko‘rsatiladi. Ammo, agar Gartner tadqiqot kompaniyasi ma’lumotlariga ko‘ra, 2017-yilda
ro‘yxatga olingan blokcheyn loyihalarining 82 foizi moliyaviy xizmatlar ko‘rsatishda amalga
oshirilgan bo‘lsa, 2018-yilda boshqa tarmoglar va tarmoqlar o‘rtasida qayta tagsimlanish natijasida
ularning ulushi 46 foizgacha kamaygan [67]. Blokcheyn texnologiyalaridan foydalanishning potensial
yetakchilari hagidagi ma’lumotlar 1 - rasmda keltirilgan.

Chakana savdo; )
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Boshqgalar; 8%
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1- rasm. Jahonda blokcheyn texnologiyasidan foydlanayotgan yetakchi tarmoqlar.

Jahon blokcheyn texnologiyalari bozorining baholari haqida gapirganda, shuni ta’kidlash
kerakki, yetakchi analitik va konsalting kompaniyalari va agentliklarining hisobotlarida prognoz
gilingan hajmlar farqiga qaramay, bozor hajmining sezilarli o'sish tendensiyasi mavjud. Shunday
qilib, beshta analitik kompaniyalar ma’lumotlariga ko‘ra (Transparency Market Research, Esticast
Research & Consulting, Grand View Research, MarketsendMarkets, Report Sellers), 2025 yilga kelib
global blokcheyn texnologiyalari bozori hajmi 4,4 dan 20 milliard AQSh dollarigacha yetishi mumkin.
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Transport logistikasini blokcheyn tizimi orqali integratsiyalashuvi korxonadagi asosiy axborot
oqimlarini tizimlashtirish, tovar oqimlarini qayd etish uchun mehnat xarajatlarini kamaytirish va
gimmatli axborot xavfsizligini oshirish imkonini beradi [26]. Hozirgi vaqtda logistika sohasida
blokcheyn uchun yechim yo'qligi ushbu tadqiqotning korxonalar uchun dolzarbligini ko'rsatadi [27].
Blokcheynga asoslangan yechimlar uchun joriy bozor tez sur'atlar bilan o'sib bormoqda. Jahon
bozorining eng yirik auditori PwC kompaniyalar tarmog'i tomonidan olingan ma’lumotlarga ko‘ra,
2030 yilga borib blokcheyn texnologiyalaridan foydalanish jahon iqtisodiyotining 1,7 trillion dollarga
o'sishini ta’minlaydi [14]. Blokcheyn bozori rivojlanish dinamikasi va istigbollari 2-rasmda
keltirilgan.

Bozor hajmi

Bo3op xaxmu

2018 2019 2020 2021 2022 2023

2-pacm. Jahon blokcheyn texnologiyalari bozorining rivojlanish dinamikasi, milliard AQSH
dollarda

Shunday qilib, blokcheyn texnologiyalari bozorining o'sishi prognozini quyidagi funktsiyalar
orqali aniqlash mumkin:

y =1.0104%4751x (1)

y = 0.4818x*0.4853x + 1.5648 (2)
bu yerda y - funktsiyaning qiymati, milliard dollarda; x — funksiya argumenti (yilning tartib
ragami).

2018-2023 yillar (eksponensial va polinom tendentsiyalari) ma’lumotlari asosida olingan
natijalar 2030-yilgacha blokcheyn bozorining dinamikasini prognoz qilish imkonini beradi.
Belgilangan ma'lumotlar quyidagi jadvalda ko'rsatilgan.

1-jadval. 2030-yilgacha jahon blokcheyn texnologiyalari bozorini rivojlantirish istigbollarini
baholash

Blockchain texnologiyasi bozori ko'rsatkichi, yil bo'yicha, milliard AQSh dollarida

2024 2025 2026 2027 2028 2029 2030
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Eksponensial tendentsiya y = 1.0104¢%4751%

202 46.60 73.37 121.83 196.93 318.36 514.64

Polinomial tendentsiyasi y = 0.4818x%2°0.4853x + 1.5648

21.85 28.47 36.23 44.89 54.53 65.12 76.68

2030-yilga qadar blokcheyn texnologiyalari bozori hajmi bo'yicha olingan prognoz, vogealar
rivojlanishi uchun o'rtacha pessimistik stsenariyda hisoblangan ko'rsatkichlar PwC tomonidan
bashorat qilinganidan sezilarli darajada past. Ushbu prognozning kechikishining asosiy sabablari
foydalanuvchilarning raqamli tengsizligi, bir qator mamlakatlar, shu jumladan O’zbekistonning
raqamlashtirish jarayonidan sezilarli darajada orqada qolishi, shuningdek, raqamli muhitga
potentsial foydalanuvchilarning ishonchsizligi mavjudligi bo'lishi mumkin.
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KOMMEpLVsi, MHBECTULINMU, JTOTUCTUKA, OIEepPaToOpbl CBA3M,
VIHHOBAIIVSL.
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DEVELOPMENT
OF THE DIGITAL
ECONOMY IN
UZBEKISTAN

bstract: This article focuses on the development of the
digital economy in Uzbekistan and the elimination
of existing problems. Convenience and use of new
opportunities of the digital economy. The need for our country
to be among the developed countries. The incomparable role
of the digital economy in all areas.
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BBenenmne

Poct nudpoBoit 9KoHOMUKH ABJIsAeTCA OfHOI U3 XapakTepuctuk XXI Bexa. Koneuno, cerogus
CJIOKHO TIPefICTaBUTh cebs Oe3 MQPOBLIX TeXHOTOTUI. VIHTe/UIEKT U HayKa — KPbUIbS PasBUTHUA.
Bepunina coBpeMeHHOJ Hayku BMUJIHA B BBICOKMX TeXHOJIOTHMAX, B LudpoBoM Mmupe. UerBepras
NpOMBIIIIEHHAas PeBOJIIOIMA 3HaMeHyeT co0oif Hayanmo HoBOM (OPMBI pasBUTUA — «IUPPOBOIL
9KOHOMMKM». CerofiHA y HaC eCTb aMOMIMO3HbIe IIe/TN, KOTOPBIX MbI XOTHM JJOCTHYD B O/IiDKaiiieM
Oynymem. [Iia sToro Ham 006s3aTeNbHO HY)KHBI 3pefble Kajpbl U creluaanucTel. 1{ugposbie
TeXHOJIOTUY B/INAIOT Ha 00I[eCTBO ¥ 9KOHOMMKY BO MHOTUX OTHOILIEHNAX, B TOM 4IC/Ie YePe3 HOBbIE
CpeficTBA KOMMYHMKAI[MJi U COTPYAHMYECTBA; HOBbIE TPOAYKTHI C CUJbHON CEPBUCHONM
cOCTaBAIIel; pob nHGopManuu Kak GakTopa SKOHOMIYECKOTO POCTa; aBTOMATU3AIUA 3aa4 C
UCIIOTb30BAHNEM VICKYCCTBeHHOTO MHTerIekTa (VI); u moss/ienne HOBBIX OM3HeC-MoIesIelt, TAKUX
Kak wiaTgopmsl. Bor mouemy umdposusaiusa GpyHfaMeHTaIbHO USMEHUT TO, KaK MbI JKMBEM U
paboTtaeM BMecTe. TO O3HAaYaeT PasBUTHME U MPOIBeTaHME BCell CTpaHbl. Takke 9TO OKa3bIBaeT
Oonploe BusAHKME Ha 9((EeKTUBHOCTD, BpeMs, MPOMYCKHYI CIIOCOOHOCTD, HABBIKMU, ITPABUIBHOE
pacrpesienientie JOXOM0OB NPeATNIPUATHII M OpPTaHM3alMii BO Bcex cdepax, OKpysKamolleil cpefie u
BHeIIHeM Mupe. B HacTosmlee BpeMs Mbl He JO/DKHBI IIpeKpaliaTh paboTy, IToObI OBITH B UMCIIE
PasBUTBIX CTpaH Ysbekucrana. 3apyOekHble CTpaHbl HMMeOT O6onee pasBUTYIO IM(poByIo
9KOHOMMKY, 4eM HauIa. IludpoBusanmsa sKOHOMUKU BaKHa JI1 pasBUTUA 9TOI cTpaHbl. CerofHs
pasBuTHe IUPPOBOI SKOHOMUKI TECHO CBA3AHO C PasBUTHEM BceX cep.

MaTePI/Ia}IbI n ME€TOADbI

IIndpoBasg 9KOHOMMKA CETOHA AB/IAETCA OJHOI U3 TOpAYNX TeM. B mpuHIume, kak pasBuBaTh
3Ty TeMy B Y30eKucTaHe, 3aBUCUT OT Hac, MOJIOfiex!. TepMMH «1[u¢ppoBas 3KOHOMUKA» BIIepBbIe ObIT
omybnukoBa B 1995 rofy Jlonom TankoTToM.

IlndpoBas 9SKOHOMNKA: IEPCHEKTUBBI M ONACHOCTM B OSIIOXY CETEBOTO MHTEUIEKTa
ompefie/iAeTcs KaK OT/e/IbHAsA KOHIeMIM. B laHHOI My0/mMKaluy Cpeii OCHOBHbIX COCTAB/IAIOLINX
UQpPOBOIi  9KOHOMMKM  BBIJIE/IAIOTCA  (PyHAaMEHTa/lIbHble MHHOBAIMU  (IOIYIPOBOAHUKIY,
Hpolleccopbl), 0a3oBble TeXHONMOTHM (KOMIIBIOTEPBI) M COEUHUTENbHbIE UHQPPACTPYKTYpbI
(MHTEpHET U TeJIeKOMMYHMKAIIMOHHDBIE CeTH).

HonyquHble pPe€3ynbTaThl

B pasBuTHIX cTpaHax BHefpeHMe IMQPOBOIl IKOHOMMKM YyXKe Hadanoch. B ycmoBumsax
DI06IN3allMM  MMPOBONl 3KOHOMMKM U PasBUTUSA TEXHOMOIMII SKOHOMUYECKOe pasBUTHE
Y3bexncraHa He MOXeT ObITb JOCTUIHYTO 6e3 pasBuTus nu¢ppoBoii skoHOMUKM. [To faHHBIM
BcemmpHoro 6aHKa, 66 IpoIeHTOB 0011[ero GOTaTCTBa HAMlIell CTPaHbI - 365 TPWUIMOHOB JIO/UIAPOB
CIIIA - COOTBETCTBYET 4Ye/IOBEYeCKOMY KAIlMTaay, TO €CThb ITIaBHBIM O0OpasoM YpOBHIO 3HAHMIi
genoBeka. B CIIIA stor mokasaTenb paBeH 77 % HalMOHA/JIBHOTO OoraTcTBa — 95 TPUWIUIMOHOB
No/IapoB. VIMEHHO 109TOMY B CBOeM OOpallleHI) B 9TOM TOJy IJIaBa HAIero TOCYAApCTBa CKasasl:
«CaMoe 607bIIIOe GOTATCTBO — 9TO YM M 3HAHUA, Be/INYalilllee HACTECTBO — XOpolllee 0O6pa3oBaHIe,
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a Benuuaiiimasg OeHOCTp — 9TO HEBEXECTBO!» OH YIOMAHY/IT 06 9TOM MHeHMM oOTAenbHo. Ha
CeTO/[HAIIHMIA IEHb TIOJICYUTAHO, YTO LIU(PPOBasd SKOHOMUKA B MUPE CTOUT 2 TPWUIMOHA JIO/UIAPOB
CIIIA B 20 pasBuThIX cTpaHax. B BemuxoOpuranuu, MupoBoM nupiepe Mo pasBUTUIO IMPPOBOI
9KOHOMUKM, OHa yKe focturiaa 12% wuaruonanpioro BBIL. ITudposas skonoMuka mpepmonaraer
IU(PPOBU3AIMIO TEXHOTOTMYECKUX U OM3HeC-IPOIeCcCOB, MPOU3BOACTBA, JIOTUCTUKN U TOPTOB/IN
TOTOBOI1 NpOAyKIMeli. B Haureit ctpane B 2020 rofy MpMHATO peliieHue O TMOMHOMN MudpoBusaum
TaKkuX cep, Kak TPAHCIIOPT, TeOJIOTNs, 00pa3oBaHme, apXuBbl. [IoATBep KIeHeM HallleTo MHEHUS
apysoTcea «AT-mapkn» ¢ coBpeMenHolt nHPpacTpykTypoit. HefoctaTounbie 111ppoBble HABBIKU Y
BCEX C/I0B HaCeIeHNS CTa/IM ellle OfIHUM IPeNATCTBYEM Ha ITyTU PasBUTHA IUQPPOBOIT 9KOHOMUKIL.

IIndpoBoit 060pOT TaKKe CUNTANICA HUSKUM. B CBA3M € 3TUM CTOUT BCIIOMHUTD MHeHue buiia
TeitTca, ocHOBaTena xopnopanuu Microsoft, Xopollo M3BeCTHOTO B MUpe TeXHOTOTHIA:

«CKopo Ha IIaHeTe OYIeT TOJIBKO JiBa TUIA KOMITaHUIT». [TepBbIil — 9TO KOMIIAaHUU. KOTOPbIE
BellyT 6usHec B VHTepHeTe U BTOpOe — 3TO KOMIIAHUM, BbIleAiINe U3 Ou3Heca». YUUTBIBAS 9TOT
aCTeKT, TpeAPUHIMATENAM 11e/Iecoo0pasHO OpPraHM30BBIBATH CBOK JIEATENTPHOCTh Ha OCHOBE
BCEMUPHO M3BECTHBIX IPUHIUIIOB «bM3Hec A moTpebuTeneii, OusHec Jyia OusHeca». u
notpeburern i notpebuteneir. Jna ¢opmuposaHua 11M@pPOBOro MPOMBIIIIEHHOTO PBIHKA
Y3bexncraHa HeoOXOAUMO OIpeAeNuTb TPU BAKHBIX ycIoBusA: HopMmMaTuBHOe perymmpoBaHue
1uQppoBoii cpeabl (KOHIENIM:A, NPOrpaMMa M 3aKOH), pasButue uHdpacrpykrypnl (I1O]I,
MOOWIbHAsA CBA3b, MHTEPHET, YCTPOIICTBA aBTOMATu3aluy OM3Heca ¥ IPOU3BOJCTBEHHBIX
HpOIeccoB) M 0OyYeHIe CIIeIIA/IICTOB CTAHYT OCHOBOII CO3/IaHNSA 37I0OPOBOTO PHIHKA.

OBCYJ)XIEHME.

IludpoBas 9KOHOMMKA — 3TO BUPTYajbHAs Cpefia, MOIOJHSAINIAS peaNbHYI0 peanlbHOCTb.
Obecrnieyenyie  TeCHOTO  COTPYAHUYECTBA  TOCY/IJAPCTBEHHBIX  OPraHOB M CYOBEKTOB
MpeTNPUHIMATE/IBCTBA B 00/IACTU BHEIPEHUA MHHOBAIIMOHHBIX UJIEN, TEXHOIOTHIT U PaspabOTOK
JUTSL Ta/IbHENIIIero pasBUTHs 1QpoBoil 3koHOMUKK. [ToATOTOBKA KBamuUIMPOBAHHBIX Ka[pOB C
MPaKTUYeCKUMU HaBbikamMu paboTel B cdepe HPOUSBOACTBA U NCIOTMb30OBAHMS OIOKUelH-
TEXHOJIOTUIL. YUUThIBas 3apyOeKHbII OIBIT, HeOOXOMMO TIOCTABUTb I[e/Ib M PeTN30BaTh P/ 3a/1ad,
TaKUX KakK CO3/laHyMe MHpaBOBOI 0as3bl JI/I1 BHeJPeHMs] TeXHOJOTUI OJIOKYeiH. DKOHOMUKA
UGPOBU3AIUN CYIIECTBYeT KaK OT/ie/IbHasA 00/1aCTh SKOHOMMKY 1O ABYM IIpUYMHaM. Bo-mepBbIx,
HeoOXOMMBI HOBbIE 9KOHOMUYECKIe MOJIe/H, IIOCKO/IbKY MHOTHE TPafIUI[IOHHbIe TpeJiCTaB/IeHNUs
06 mHdopmanyuy 6onpllle He BepHbl B IMppoBoM Mupe. Bo- BTOpBIX, HOBble TUIIBI JIJAHHBIX,
reHepupyeMble B pe3ylbTaTe OLMMPOBKM, TPeOYIOT HOBBIX METOJIOB aHamusa. MeXyHapOHbII
OTIBIT TTOKA3bIBAET, YTO CETOMHA 1IM(POBBIE TEXHOMOTHN OYPHO PasBUBAKTCS MPEUMYIECTBEHHO B
HAayYHOM COOOIIeCTBE M YaCTHOM CeKTope. [109TOMY rocy/1apCTBO TO/DKHO CO3/IaTh OIarONpUATHYIO
9KOCHUCTEMY, TTOJI/Iep>KMBasi MHHOBAIMOHHBIE IPOEKTHI B 3TuX cpepax. Hecmorps na namuune Click,
Payme, M-6anxka, Upay, Oson M APYIUX IUIATEXXHBIX CUCTEM, JIONMYCKAIOIIX OHJIAiH-IVIATeXN,
YPOBeHb OHIAVH-IVIATeXel 10 MOOM/IbHBIM IITaTeXKaM, MHTEPHETY ¥ KOMMYHA/IbHbIM ITaTe>KaM He
BbICOK. B 2017 romy 34 mpolleHTa BIaJie/IbIIEB CYETOB OCYLECTBIIANIN uM(bPOBbIe wraTexu. Jas
cpaBHeHUs, B BemMkoOpuTaHuM 3TOT IOKasaTesb cocTaBisieT 96%. PasBuBas oty cdepy, Ham
HEOOXOIMMO PasBUBATh YTEKTPOHHYID KOMMEPIIMIO U 9/IEKTPOHHbIe mepeBosibl. Ecin 1ndpossie
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IJIaTeXXU B Y30eKucTane coCTaBaaioT 34%, HaM HeoOXOqUMO YBEJIMYUTD 3TOT IOoKasaTesb 710 100%. B
HermoM Kubepbe30lacHOCTh  AB/IAETCA BaKHBIM ycaoBueM 1mMposoit skoHommku. Ilocre
1M (ppOBU3AINY IKOHOMMKM HeOOXOIMMO MOTHOCTBIO UCKTIOUUTD Mephl OesomacHocTu. KoHlemun
nudpoBusanuu 1 knbepbesomacHoCTH Bcerfa MAYT pyka o6 pyky. Iloromy duto Hapagy ¢
1uQppoBusanmeil BCeX CUCTEM U IPOIECCOB BaXKHO 00eCHEYUTh UX TEXHUUECKU Oe3yImpeyHylo U
Gesomnbounyio paboTy u 6e30macHocTb. UeM 60sibllle BHUMAHN YAEMACTCA PasBUTUIO 1UPPOBOIL
9KOHOMMKM B Hallleli CTpaHe, TeM aKTyajJbHee CTAaHOBUTCA obecreueHue KubepOe30macHOCTH.
Y3bekucran ykpemwisieT CBOM HO3UI[MK B T100abHOM MHJIeKce KubepbesomacHoctu. B 2017 ropy
Hallla CTpaHa 3aHg/Ma 93 MeCTO B 9TOM peuTuHre, a B 2018 ropy mopHsmach Ha 52 MeCToO.
KubepbesomacHocte — 9T0 ¢opMa MHOPMAIMOHHOI 6€30IaCHOCTY, KOTOpas OTIMYACTCS OT
HOHATUA BBICOKOIN JYXOBHOCTM, CTyXallleTo /I COPTUPOBKM MHPpopmanun. Peub uger o 6oree
TeXHUYECKUX TIPOIeccax, Ui OOBIYHOrO MO/IB30BATe/lIsA 9TO O3HAYAET YCTAHOBKY HAIXHBIX I
HAJIEXXHbIX MMAPOJIeN B IMOYTE, COLMAIbHBIX CETAX, IIATEKHbIX CUCTEMAX, A TAKXKE 3ALUUTY CBOETO
HEepPCOHATBHOTO KOMIIbIOTepa ¥ cMapT¢oHa OT BMPYcOoB. B Oomee muMpoKoM cMbICTe
KuOepOe3omacHOCTb — 3TO KOMIUIEKC Mep, HAIpaB/IeHHBIX Ha 3alllUTy ceTeil, MOOMWIBHBIX
IPUIOXKEHWI U YCTPOICTB. ITO O3HAYAET COXpaHeHUe KOH(PUACHIMATBHOCTY TAaHHBIX, 3alIUTY UX
L[eJIOCTHOCTU M TIOJTHOLIEHHOI pabOThI TOTO WM MHOTO caiiTa, IPWIOXKEeHUs Win mporpaMmsl. I1o
manHbiM aHaimsa «Ilentpa kmbepbesomacnoctu» CYK, B 2019 ropy Ha caifTax HallMOHA/JIBHOTO
cerMeHTa ceTH VIHTepHeT 6bU10 0OHAPY)XEHO 268 MHINIEHTOB K1bepOe30macHOCTH. ITO O3HAYAET,
YTO KO/MMYECTBO IIPECTYIUIEHMIT B LM(PPOBOM MUpPe CHUSWIOCH Ha 44% IO CpPaBHEHUIO C
HOpeAbIYINM TooM. V3 Hux 222 6b1IM CBA3aHBI C HECAHKI[MOHMPOBAHHOI 3aTPY3KOI KOHTEHTA, 45
— ¢ medeiicoM (Xakepckas araka, IpU KOTOPOI OfjHa CTpaHMIA BeO-caliTa 3aMeHAETCA JIPyTroi,
HaIpyMep CTpaHMIel ¢ peKaaMoit), M OTMH — CO CKPBITHIM MAifHMHTOM (CKpbITag aKTMBHOCTb Ha
KpUITOBATIOTHOI ITaTdopme). B YsbexucTane ¢ KaXK/IbIM [HEM BCe CUCTEMBI OIVI(POBBIBAIOTCA.
Oco6eHHO B yCTTOBUAX KAPAHTHHA, BBETEHHOTO M3-3a KOPOHABHUPYCA, YBEIMIMIICS CIIPOC Ha OHJIAlTH-
TOBAapbl U YCIYTU, PACHIMPUWICS CIeKTp 1M(poBbix (PyHKIMIT 10 BceM HampapaeHusAM. Ceropus
MO>XHO COBEpIIATh IUIATeXM, He BBIXOAS U3 [OMa, Oe3 mpobieM IOAy4YaTh AUCTAHIMOHHOE
o6pasoBaHiue, I0/Ib30BATbCS KPYMHeRNMU 616/IMOTeKaMu MIpa 1 Jiaxe paboTaTh. 1o cpaBHeHMIO
C TPaAMIMOHHBIM THUIIOM IMQPOBBIE YCAYTM UMEIOT Psfi MPEUMYINECTB, TAKUX KaK OTCYTCTBHUE
OyMa>kHOiT paboThl, POPMATBHOCTENi M SKOHOMUS BpeMeHM. Hampumep, ecmu Bbl IOTydaeTe
FOCYAAPCTBEHHbIE YOTYTU B U(poBoM (opMaTe, Bbl IOTyINTe CKUAKY B pasMepe 10 MPOIEHTOB OT
¢duxcuposanHoii wiaThl. [lndpoBusanus oTKpeBaeT OTpOMHbIE U OecrpeliefleHTHbIe BOSMOXXHOCTH.
B To ke BpeMsa OCTAaIOTCS Cepbe3Hble HEONPENe/ICHHOCTH B PasBUTHM TaKUX IPeoOpasyroIfux
TeXHOMoruii. IIpaBuTe/IbCcTBA JO/DKHBI CTPEMUTHCA JIy4lile TOHATH IOTEHIMAIbHbIE IOCTIENCTBUA /1
obliecTBa U KpUTHYECKMe TPOG/IEeMBI, KOTOPbIe 9TU HOBBIE TEXHOIOTUH CO3/AIOT JIA VX yIPAB/ICHNU.

BbIBO/1bI

HOJIBO[[H MUTOT, MOJHO CKa3aTb, YTO [JjiA pa3BUTNA Ka)K}IOﬁ CTpaHbl HeO6XO}II/IMbI HOBbBIC
MU3MCECHCHNA, UNEN M HOBbIC IPOLECHYPbI, KOTOPpbIC Bp€MA OT BpEMCHM MCHANTCA. HepCHeKTI/IBa
pa3BUTHA Halien CTpaHbl TAaKXKE 3aBUCUT OT pa3BUTUA u]/[(l)pOBOﬁ JKOHOMUMKU " YpOBHA OXBaTa
LU/I(i)pOBI)IMI/I TexHosiorusaMnu. Kak ckasan JINACP HAIIECTO TOCYyAApCTBa, «IIOCTPOCHUE 3KOHOMMKN
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TpebyeT MHOrO fleHer M TpyAa. Ho MBI He JJO/DKHBI 9TOTO 60ATbCA U HOPMUPOBATH IUPPOBYIO
9KOHOMMKY. MBI JO/DKHBI HaYaTh 3Ty pabOTy ¢ OTBETCTBEHHOCTDIO U PEMIMMOCTBIO € CETOIHAIIHETO
AHA. Ka7plii 4eloBeK HeceT OTBETCTBEHHOCTb». I pasBUTUA CTpaHbl. Kak/iblil 13 Hac JO/DKEH
Cepbe3HO OTHECTUCH K 9TOMY BOIIPOCy». HekoTopbie 3/1eMeHTbI IU(POBOIt 9KOHOMUKIY yyKe YCIEHIHO
paboTaoT B >KM3HU Hallleil CTPaHBl. B WacTHOCTM, Ha 3/IEKTPOHHBIC IIATGOPMBI HEPEBOAATCA
MAaCCOBBIIl TIepeBOJ] JOKYMEHTOB U cOO0IIeHMIT Ha 1IN(POBBIE CPEICTBA, ABTOPU3AIIUS STIeKTPOHHBIX
HOJIINCeIt, CBA3D € TocyfapcTBOM. [To cyTH, 971eKTpOHHbIE ITATPOPMBI JIOTKHBI ObITH OPTaHN30BaHbI
B 00pasoBaHyy, 1 [UQPpoBU3anNs B 3TOI cPepe He TO/DKHA MpeKpalllaThCs, a IepeXxof K 1uQppoBoit
9KOHOMMKE JIOJDKEH OCYIIeCTB/IATBCA U B APYTHUX cepax.
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KOMMUNAL
SOHADA
BOSHQARUY,
HISOBINI
YURITUVCHI
TIZIMNI
MODELLASHTIRISH
VA ISHLAB CHIQISH

nnotatsiya. Ushbumagqoladaxususan,bugungikundagi

Iqtisodiyotdagi islohotlar, igtisodiyotni yanada

rivojlantirishda, undagi kamchilik va muammolarni
organish va ularni bartaraf etish, xususan kommunal sohada
boshqaruv, hisobini yurituvchi tizimni modellashtirish, va
ishlab chiqish taraqqgiyotning hozirgi bosqichida kommunal
soha deb, odatda suv, gaz, elektr energiyasi, issiqlik ta'minoti
va chiqindilarni boshqarishni nazarda tutadi. Ushbu sohada
boshqaruv tizimlari kamchiliklari va ularni takomillashtirish
faoliyatining samaradorligi oshirish, kommunal sohada
boshqaruvning har bir bog'inida yolga qoyilmoqda,
boshqaruv hisobini tizimisiz tasavvur qilish murakkab,
kommunal sohada boshqaruv hisobi tizimini ishlab chigish
hamda ushbu jarayonda xarajatlarni rejalashtirish, eng
samarali va optimal usulidan foydalanish, rejalarning amalda
bajarilishiga ta’sir etuvchi omillarni aniglash va ularni bartaraf
etish chora-tadbirlarini ishlab chiqish kabi bo'lgan eng muhim
masalalar yuzasidan soz yuritiladi.

Kalit so‘zlar: kommunal sohada, kommunal sohada
boshqaruv, boshqaruv hisobi, ishlab chiqarish, xarajatlar hisobi,
innovatsion yondashuvlar, moliyaviy hisobot, mahsulotlarni
sotish, investitsiya, daromad, axborot texnologiyalari.
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MANAGEMENT IN
THE COMMUNAL
SECTOR, MODELING
AND DEVELOPING
ACCOUNTING
SYSTEMS

bstract: This article specifically addresses the reforms

in today’s economy, the study and elimination of

deficiencies and issues in the development of the
economy, with a focus on the management and modeling of
accounting systems in the communal sector, as well as their
development. The communal sector (usually referring to
water, gas, electricity, heating supply, and waste management)
is examined. It discusses the shortcomings of management
systems in this sector and ways to improve their effectiveness.
The article emphasizes that effective management accounting
systems are essential and that developing such systems is
complex. Key issues include planning expenses, using the most
efficient and optimal methods, identifying and addressing
factors affecting the implementation of plans, and developing
measures to eliminate these factors.

Keywords: communal sector, management in the
communal sector, management accounting, production,
cost accounting, innovative approaches, financial reporting,
product sales, investment, revenue, information technology,
accounting.
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Kirish
Iqtisodiy taraqqiyotning hozirgi bosqichida xo’jalik yurituvchi subyektlar faoliyatining
samaradorligi boshqaruvning har bir bo’g’inida yo’lga qo’yilmoqda, boshqaruv hisobini tizimisiz
tasavvur qilish murakkab, kommunal sohada boshqaruv hisobi, samarali boshqaruv qarorlarini qabul
qgilishda xarajatlarni rejalashtirish, shakllantirish va nazorat qilish jarayonlari bilan uzviy bog’liq.

Kommunal sohada xo’jalik yurituvchi subyektlarning ichki boshqaruv tizimida axborotlarga
bo’lgan ehtiyojini aynan boshqgaruv hisobi tizimi ta’minlaydi.

Rivojlangan mamlakatlarda firma va kompaniyalar buxgalteriya hisobi sohasidagi ish vaqti va
resurslarining 90 foizini boshqaruv hisobini yo’lga qo’yish va yuritishga, qolgan 10 foizini esa
moliyaviy hisobga sarflashadi.

Kuchli raqobat muhitida kommunal xo’jalik yurituvchi subyektlar faoliyat yuritayotgan
tarmoqning o’ziga xos xususiyati yoki faoliyat turidan qat’i nazar, boshqaruv tizimini yo’lga qo’yish
orqali kozlangan natijaga erishishi va samarali faoliyat yuritishi mumkin.

Kommunal sohaga qisqacha ta’rif berib o’tamiz.

Kommunal soha bu odatda suv, gaz, elektr energiyasi, issiqlik ta’'minoti va chiqindilarni
boshqarishni nazarda tutadi. Ushbu sohada boshqaruv tizimlari kamchiliklari va ularni
takomillashtirish haqida so’z yuritiladi. Iqtisodiyot taraqqiyot sari ildamlayotgan bir paytda xo’jalik
yurituvchi subyektlar faoliyatining samaradorligini boshqaruvning har bir bo’g’inida yo’lga qo’yilgan
boshqaruv hisobi tizimisiz tasavvur qilish murakkab.

Hozirgi kunda Mamlakatimizda kommunal soha va xo’jalik yurituvchi subyektlar faoliyatini
tashkil etish bugungi kunda soddalashtirilgan tartibda amalga oshirilmoqda. Tadbirkorlik faoliyatini
yo’lga qo’yishda ko’plab qulayliklar va imtiyozlar yaratilmoqda, Jumladan aylanma mablagni
shaklantirish uchun bank kreditlari, soliq to’lovidagi imtiyozlar va hokazo. Xo’jalik yurituvchi
subyektlar faoliyati tashkil etilganidan so’ng faoliyatni davom ettirish masalasi dolzarb ahamiyat kasb
etmoqda. Ya'ni boshqaruv jarayoni, xarajatlar va ishlab chiqarish faoliyatini to’g’ri tashkil etish va
yuritish mablag’'ni to’g’ri yo’naltirish va 0’z vaqtida soliglarni to’lash hamda ishchi xodimlarga
yetarlicha shart-sharoitlar yaratish birmuncha murakkab hisoblanadi.

Tadqiqot va izlanishlar shuni ko’rsatadiki, ko’plab korxonalar xarajatlar hisobini noto’g’ri
yuritishi oqibatida salbiy natijalarga erishishi yakunida faoliyati tugatilishiga olib kelishi holatlari ham
kuzatilmoqda. Boshqaruv hisobini tashkil qilish va yuritishda o’zining ijobiy yechimini kutayotgan
bir qator muhim masalalar mavjudki, ana shu muhim, ya’ni o’zining ijobiy yechimini kutayotgan
dolzarb masalalar qatoriga kommunal sohada xo’jalik yurituvchi subyektlarning boshqaruvi hisobini
ishlab chiqariladigan mahsulot (ish, xizmat) birligi tannarxini aniqlashdagi muhim omil bo’lgan
amaldagi tizimida muammolarni ham kiritish kerak, deb hisoblaymiz. Sababi, bugungi kunda ishlab
chigarilayotgan mahsulotlar (ish xizmat)ning sifatli va arzon bo’lishi uning xaridorgirligini
ta’minlashga xizmat qilmoqda. Shuni ta’kidlab o’tish joizki (ish xizmat)ning sifatli va arzon bo’lishi
ba’zi holatlarda xaridorlarning faqat arzon narx qiziqtirib sifatga e’tibor qaratishmagan holatlarga
afsuski guvoh bo’lmoqdamiz.
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Mavzuga oid adabiyotlar sharhi

Boshqaruv borasidagi va rahbar bo’lgan shaxslarga tavsiya gilinadigan shu kabi maslahatlarni
zamonaviy adabiyotlarda ham uchratish mumkin. Xususan, shunday sifatli maslahatlarni to’plab,
ularni ma’lum tamoyillar asosida guruhlashga harakat qilishgan. Ular tomonidan ishlab chiqilgan ana
shunday guruhli maslahatlar rahbarlarga aniq yo’nalishlar bo’yicha qo’l keladi.

Qadimgi Gretsiyada Platon ishlab chiqarish jarayonlarini ixtisoslashtirish zarurligi to’g’risida
gapirgan edi. Sugrot turli faoliyat sohalari boshqaruvchilarining faoliyatlarini tahlil gila turib, ular
mehnatining asosini tashkil giluvchi umumiy tamoyillar to’grisida gapirgan edi: Asosiy vazifa —
kerakli odamni kerakli joyga qo’yish va 0’zining ko’rsatmalarini bajarilishiga erishish.

Qadimgi Rimda Katta Katon (eramizgacha 234-149 y.) yer egasiga quyidagicha maslahat
bergan: Qarash kerak, ishning borishi qanday, nimalar qilindi va yana nimalar qilinishi kerak.
Shundan keyin u boshqaruvchidan bajarilgan ishlar to’g’risida hisobot va nima uchun ishning bir
qismi bajarilmaganligi to’g’risida tushuntirish talab qilishi lozim. Shuningdek, boshqaruvchiga yillik
ish rejasini berish taklif etilgan [3].

Yevropada XVIII asrning o’rtalarida sanoat inqgilobidan keyin boshqaruvga oid qarashlar
intensiv rivojlandi. Undan keyin ishlab chigarishning gurkurab rivojlanishi yig'uv kombaynining va
mashinaning o’zaro almashinuvchi gqismlarini joriy gilinishiga, sifat nazorati usullaridan

foydalanishga (E.Uitni), ishlab chiqarish ishchilarining ixtisoslashuviga (Ch.Bebbidj) olib keldi[4].

Hozirga kelib, boshqaruv bo’yicha juda ko’p yo’nalish hamda tadqiqot natijalari mavjud,
binobarin, jamiyat taraqqiyotining turli bosqichlarida boshqaruv faoliyatini yoki uning tarkibiy
gismlarini tizimlashtirishga (bir tizimga solishga) urinishlar ko’p bo’lgan[5]. Kommunal sohada
boshqgaruv hisobini yangilash va amaldagi tizimni o’zgartirish uchun texnologiyalar va odamlar bilan
birgalikda uyg’unlikda qanday foydalanishini tubdan qayta ko’rib yaxshilash va takomillashtirishni
ko’rib chigishdilar.

Tadqiqot metodologiyasi

Taraqqiyotning hozirgi bosqichida, boshqaruvga oid qarashlarning tez rivojlanayotganligini
kuzatish mumkin. Bu taraqqgiyot bosqichidagi boshqaruv qanday bo’lishi, xo’jalik yurituvchi
subyektlar faoliyatini samarali tashkil gilish uchun uning qaysi yo’nalishlari, tamoyillari va usullari
asos qilib olinishi lozim degan muhim masalani yechish maqsadida uning iqtisodiy rivojlanish
tarixiga yaqin bo’lgan davrdagi nazariyasi mobhiyatini, tashkil gilishning yo’nalishi va usullarini
yagindan o’rganish lozim.

Bu borada butun dunyoda tan olingan amerikalik injener Teylorning (1856-1915y.) hissasi
katta bo’lgan. U boshqaruv nazariyasining rivojlanishiga katta hissa qo’shgan. Bunga, asosan, XX asr
boshlarida AQSHda yuzaga kelgan ijtimoiy-siyosiy vaziyat turtki bo’lgan. AQSH uchun ushbu davrda
sanoatning gurkurab rivojlanishi xususiyatli bo’lib, temir yo’l tarmoqlari mamlakatni samarali
boshqaruvga ehtiyoj sezgan yirik ishchi kuchi bozoriga aylantirdi. Birinchi navbatda tadbirkorlar
boshqarish usullariga katta e’tibor bergan xo’jalik yurituvchi subyektlar gullab-yashnadi. Yangi
tizimda joriy gilinadigan yana bir muhim jihat, hisob-kitoblarning shaffofligini ta’minlash bilan
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bog’liq. Buning uchun boshqaruv kompaniyalarining elektron reyting resteri yuritiladi.

Yangi elektron raqamli dastur asosida xarajatlar bo’yicha ma’lumot berish maqgsadida SMS-
xabarnoma tizimi yo’lga qo’yiladi. Smartfon yoki planshetdagi maxsus dastur orqali aholi 0’zining
xarajatlar smetasi bilan tanishish imkoniyati yaratiladi.

Har bir fugaro boshqaruv kompaniyasiga to’layotgan puli qayerga ketayotganini tiyin-
tiyinigacha ko’rib turadi, — dedi vazir Sherzod Hidoyatov 28 aprel kuni jurnalistlarga bergan
intervyusida.

Hidoyatovning aytishicha, respublika miqyosida bu tizimga o’tish uchun viloyatlardan bittadan
hudud tanlab olingan. 2021 yil yakuniga qadar Toshkent shahri va viloyatlar shu tizimga o’tkaziladi.

Prezidentimiz kommunal tizimi og’ir holatdagi ko’p qavatli uylarda holatni yaxshilash
magqsadida mablag’ ajratilishini aytdi. Bu borada ish boshladik: butun respublikaga xabarnoma
chiqardik. Olingan ma’lumotlarni o’rganib chiqib, ketadigan mablag’ni aniqglab, taqdim qilamiz.[1]

Butun dunyoda kommunal soha — oxiriga yetmagan, o’rganish talab qiladigan soha. Bevosita
davlat rahbarining bu tizimga e’tibor qaratishi bizga katta kuch berdi», - dedi vazir.

Ma’lum qilinishicha, Uy-joy kommunal xizmat ko’rsatish vazirligi respublikadagi ko’p qavatli
uylarga xizmat ko’rsatuvchi shirkatlar faoliyatini turkiyalik konsultantlarni jalb qilgan holda o’rganib
chigqan. O’rganishlar natijasiga ko’ra, 4 430 ta shirkatdan 1 351 tasining moliyaviy holati yaxshi,
1 903 tasiniki o’rta va 1 176 tasiniki og’ir holatda ekani aniglangan[2]. Afsuski bu haqiqat, ushbu og’ir
holatga boshgaruv hisobining noto’g’ri olib borilganligi sabab bo’lgan bo’lishi ham mumkin.

Boshqaruv hisobida mas’uliyat markazlari bo’yicha hisobni o’rganish va tahlil etish bo’yicha
mavjud adabiyotlar, ilmiy tadqiqotlar natijalari, amaliy tajribalar tahlili shuni ko’rsatmoqdaki, hozirgi
vaqtgacha bu boradagi masalalarning ko’pchiligi bahsli xarakterga ega va bu bahsli holatlar bartaraf
etilmagan. O’z navbatida, bu boradagi mavjud muammolarni bartaraf etish uchun yanada chuqur
tadqiqot ishlarini olib borish lozim. Buning uchun esa quyidagi tadqiqot usullaridan foydalanish
yuqori samara beradi. Ular: kuzatish, umumlashtirish, guruhlash, qiyosiy tahlil, anketa
so’rovnomasini o’tkazish, natijalarni ekspert baholash, iqtisodiy tahlil va igtisodiy-statistik usullar
kabi usul [5].
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KOMMUNAL SOHADA BOSHOARUV TIZIMLARI

Xizmatlar ko'rsatish Resurslarni boshgarish

Kadrlar boshgaruvi Kadrlarboshgaruvi

1-rasm. Kommunal sohadagi boshqaruv tizimlari

Darhagqiqat, har qaysi sohaga qarasak ragamli texnologiya kirib borib insonlar mushkulini

osonlashtirmoqda endi biz shu texnologiyadan Kommunal sohada ham unumli foydalanib to‘g‘ri

joriy eta olsak magsadga muvofiq bo‘lar edi. Kommunal soha deb atalganda, odatda suv, gaz, elektr

energiyasi, issiglik ta’minoti va chigindilarni boshqarishni nazarda tutadi. Ushbu sohada boshqaruv

tizimlari quyidagilarni 0’z ichiga olishi mumkin

1-jadval. Kommunal sohadagi asosiy bo’limlar.

Xizmatlar ko’rsatish

Muhim xizmatlarning to’g’ri va uzluksiz ta’minlanishini nazorat qilish.

Resurslarni boshqarish

Energiya va suv kabi resurslarni samarali ishlatish va tejash.

Kadrlar boshqaruvi

Ishchilar va xizmat ko’rsatuvchi xodimlarni boshqarish

Mijozlar bilan aloqalar

Abonentlar bilan aloqa, shikoyatlar va talablarni qayta ishlash.

Xulosa va takliflar

Bizning maqsadimiz har xil turdagi yashirin ishlarni oldini olish soligdan qochish, arzon ammo
sifatsiz bo’lgan mahsulotlardan foydalanmaslik, Kommunal soha boshqaruvida aholiga sifati yuqori
va arzon mahsulotlar va hizmatlar sifatini oshirib hizmat ko’rsatish, bizga qimmatli bo‘lgan vaqtni
tejash qisqa vaqt ichida ko‘plab ma’lumotlarni topish, va shakllantirish balki ortiqgcha xarajatlarni

kamaytirish.
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SAVDO TASHKILOT-
LARIDA MAHSULOT
HISOBINI YURITISH
JARAYONLARI
AXBOROT MODEL-
LARINING O‘RNI VA
AHAMIYATI

nnotatsiya: Ushbu maqolada savdo tashkilotlarida

mahsulot hisobini yuritish jarayonlari va bu

jarayonlarda  axborot = modellarining  o'rni
hamda ahamiyatini tahlil qiladi. Savdo tashkilotlarining
muvaffagiyatli faoliyat yuritishi mahsulot hisobini aniq
va samarali boshqarishga bogliq. Maqolada axborot
modellarining mahsulot hisobi tizimidagi roli va ularning
mahsulot miqdori, narxi va harakatlarini kuzatishda qanchalik
muhim ekani koTib chiqiladi. Axborot texnologiyalari
rivojlanishi ~ savdo  tashkilotlarida  mahsulot  hisobi
jarayonlarini avtomatlashtirishga va optimallashtirishga katta
imkoniyat yaratdi. Ushbu jarayonlar mahsulotlarning kirimi
va chiqimini kuzatish, inventarizatsiya qilish, mahsulot
zaxiralarini boshqarish hamda moliyaviy hisobotlarni
tuzishda axborot modellaridan samarali foydalanish orqali
amalga oshiriladi. Bu jarayonlar korxonalarga vaqt va
resurslarni tejash, moliyaviy ogimlarni togTi rejalashtirish
va mijozlarga xizmat ko'rsatish sifatini oshirish imkonini
beradi. Maqolada shuningdek, axborot modellarining savdo
jarayonlarini avtomatlashtirishda roli, ular orqali turli
mahsulotlar va zaxiralar haqidagi malumotlarni real vaqtda
olish, taxminiy talabni aniqglash va strategik qarorlar qabul
qilish jarayonlarini takomillashtirish masalalari yoritilgan.
Magolaning xulosasi sifatida, axborot modellarining mahsulot
hisobi va savdo tashkilotlarining umumiy samaradorligiga
ijobiy tasir ko'rsatishi ta'’kidlangan.

Kalit sozlar: Savdo tashkilotlari, mahsulot hisoboti,
axborot modellari, avtomatlashtirish, inventarizatsiya, zaxira
boshqgaruvi, moliyaviy hisobot, mahsulot harakati, talab
prognozi, raqamli texnologiyalar, samaradorlik.
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THE ROLE AND
SIGNIFICANCE OF
INFORMATION
MODELS OF PROD-
UCT ACCOUNTING
PROCESSES IN
COMMERCIAL
ORGANIZATIONS

bstract: This article analyzes the processes of product
accounting in trade organizations and the role and
importance of information models in these processes.
The successful operation of trade organizations depends
on the accurate and effective management of the product
account. The article examines the role of information models
in the product accounting system and how important they are
in tracking product quantities, prices, and movements. The
development of information technologies has created a great
opportunity to automate and optimize product accounting
processes in trade organizations. These processes are carried
out through the effective use of information models in
monitoring the input and output of products, inventory,
product stock management and financial reporting. These
processes allow enterprises to save time and resources, plan
financial flows correctly and improve the quality of customer
service. The article also covers the role of information models
in the automation of sales processes, obtaining real-time
information about various products and stocks, determining
the estimated demand, and improving strategic decision-
making processes. As a conclusion of the article, it is noted
that information models have a positive effect on the overall
efficiency of product accounting and sales organizations.
Keywords: Sales organizations, product reporting,
information models, automation, inventory, stock
management, financial reporting, product movement, demand
forecasting, digital technologies, efficiency.
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Kirish

Bugungi kunda jahonda va mamlakatimizda savdo tashkilotlari tobora rivojlanib takomillashib
bormogqda. Vaqt o‘tgan sari mahsulot, xizmat va ish hajmlari ortib, ko‘payib bormoqda. Savdo bilan
shug‘ullanuvchi tashkilot va korxonalarning hozirgi kunda ishlash tartibi murakkablashib va
giyinlashib bormoqda. Buning sababi bir tomondan mahsulot va xizmatlarning turlari va hajmi
ortganidan bo‘lsa, ikkinchi tomonda ularning hisobini yuritish jarayonlar murakkablashib bormogq.
Mahsulot hisobini yuritish jarayonlari inson omiliga bog‘liq holatda bo‘ladigan mahsulot hisobini
yuritish masalalari qiyinlashadi. Buning sababi inson omili bor joyda xato qilish, adashish va aldov
holatlari ko‘p bo‘lishi mumbkin. Shuning uchun hozirgi kunda ko‘plab tashkilotlar mahsulot hisobini
yuritishda avtomatlashtirilgan va sun’iy intellekt texnologiyalari asosida ishlaydigan modellar va
tizimlarda foydalanadi.

Savdo tashkilotlarida mahsulot hisobini yuritish jarayonlarini tashkil etishda xo%jalik
operatsiyalarini gayd etib borish asosiy ahamiyatga ega. Xo‘jalik jarayonlarini va ularning natijalarini
nazorat qilish kuzatish, o‘lchash va ro‘yxatga olish orqali amalga oshiriladi. Kuzatish orqali korxona
va tashkilotlarning xo‘jalik faoliyatini tashkil etuvchi ko‘p sonli va turli xil faktlar olinadi. Bu faktlarni
esa ma’lum o‘lchov birliklarida ifodalash hamda tegishli ravishda guruhlarga ajratib qayd qilib borish
zarur. Shu tariqa xo%alik faoliyatiga baho berish uchun zarur ma’lumotlarga ega bo‘linadi.

Savdo tashkilotlari mahsulot hisobini yuritish haqidagi tezkor ma’lumotlarni olish, uning
faoliyatini baholab borish va undagi kamchiliklarni aniglashda axborot modellarining amaliy
ahamiyati kattadir. To‘g’ri tashkil etilgan modellashtirish faqatgina savdo tashkilotlaridagi
kamchiliklarni aniglabgina qolmay, balki uning oldini olishga ham yordam beradi. Savdo
tashkilotlarida mahsulot hisobini yuritish jarayonlarining axborot modellari va tizimini ishlab chiqish
juda katta ahamiyatga ham egadir.

ADABIYOTLAR SHARHI

Zamonaviy xo‘jalik sharoitida savdo korxonalarida tovarlarni sotish jarayonini samarali
boshqarish ko‘p jihatdan menejerlarni ushbu jarayonning daromadlari, xarajatlari va moliyaviy
natijalari to‘g'risida tezkor buxgalteriya hisobi va tahliliy ma'lumotlar bilan ta'minlashga bog'liq.
Bunday ma'lumotni xo‘jalik ichidagi (boshqaruv) buxgalteriya ma'lumotlari asosida olish mumkin.

Xorijiy va mabhalliy olimlarning ko‘plab ilmiy ishlari boshqaruv hisobini tashkil etish
muammolari va metodologiyasini o‘rganishga bag‘ishlangan. Ushbu masalaga V. Bachinskiy, F.
Yefimova, S. golov, B. Griniv, K. Druri, G. Jeleznyak, T. Karpova, P. kutsik, A. Polyanskaya, N.
Levushkina, L. Makarova, G. Myuller, J. Foster, O. Chernin, C. Xorngren va boshqalar.

Quyidagi mualliflarning asarlari mahsulot hisobini yuritish jarayonlarining axborot modellari
va tizimini ishlab chiqgishga bag‘ishlangan: V. Paliy, R. Entoni, J. Rays, L. Bernstayn, R. Dusmuratov,
B. Menglikulov, A. Karimov, E. Islomov, A. Avloqulov, A. Sotivoldiye, B. Xasanov, A. Xashimov, Z.
Pardayeva, K. Urazov, M. Po‘latov.

O‘zbekistonda so‘nggi yillarda savdo tashkilotlarida mahsulot hisobini yuritish
jarayonlarining axborot modellari va tizimini ishlab chiqish uchun yaratilgan sharoitlar bakalavr va
magistrlik sifatiga yanada ko‘proq talablar qo‘ymoqda. Biroq, tarkibiy o‘zgarishlar jarayonida
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mutaxassislarning aksariyati ularga tayyor emasligi, bilim, malaka va ko‘nikmalari zamonaviy
talablarga javob bermasligi munozarali bo‘lib qolmoqda. Shuningdek, tadqiqot ishini olib borishda
O‘zbekiston Respublikasi Oliy majlisi tomonidan qabul qilingan Qonunlardan, O‘zbekiston
Respublikasi Prezidentining Farmonlaridan, Qarorlaridan, O‘zbekiston Respublikasi Vazirlar
Mahkamasining Qarorlaridan, turli matbuot organlarida e’lon qilingan materiallardan keng
foydalanildi.

Savdo tashkilotlarida biznes-jarayonlar modellarini yaratishning asosiy vazifasi
kompaniyaning biznes yo'nalishini to'g'ri avtomatlashtirish va axborot bilan ta'minlashdir. Umuman
olganda, biznes jarayonlarini modellashtirish to'g'ridan-to'g'ri simulyatsiya qilingan biznes jarayonini
optimallashtirish uchun ishlatiladi. Bugungi kunda tizimni tahlil qilishning turli xil modellari va
usullarini birlashtirish tendentsiyasi mavjud. Biznes jarayoni — bu iste'molchi uchun eng noyob va
gimmatli mahsulotni yaratishga qaratilgan o'zaro bog'liq harakatlar majmui. Biznes-jarayon modeli
- bu keyinchalik ular bilan ishlash uchun yaratilgan vizual tasvir hisoblanadi [2].

So'nggi yillarda faol raqamlashtirish jarayonlari amalga oshirilayotgan paytda mahalliy va
xorijiy ekspertlar ushbu pozitsiyani hisobga olgan holda biznes jarayonlarini aniq baholay
boshladilar. Shunday qilib, Bormotko A.S., Fedorova A.A. “biznes operatsiyalari” atamasini
magqsadga erishish uchun asosiy va yordamchi harakatlar majmuasi sifatida izohlaydilar [3]. Bu erda
raqamli vositalardan foydalanish zaruriy shartdir. Bundan tashqari Gileva T.A. “biznes operatsiyalari”
tushunchasi kompaniyalarning faol rivojlanishi va samaradorligini oshirishga yordam beradigan
raqamli transformatsiya omili bilan bevosita bog'liqligini ta’kidlaydi [3].

Savdo tashkilotlarida mahsulot hisobini yuritish jarayonlarini optimallashtirishda axborot
modellarining o‘rni juda muhim. Axborot texnologiyalari va avtomatlashtirish tizimlari
mahsulotlarni hisoblashda aniqlik, samaradorlik va tezkorlikni ta'minlaydi. ERP tizimlari, REA
modeli, bulut texnologiyalari va boshqa zamonaviy tizimlar orqali tashkilotlar mahsulot hisobini
yuritishda aniq va oson boshqarish imkoniyatiga ega bo‘ladi. Ushbu modellar va tizimlar nafaqat ishni
avtomatlashtiradi, balki resurslardan samarali foydalanish va biznes jarayonlarini yaxshilashda ham
katta rol o‘ynaydi.

Tadqiqot metodologiyasi

Tadgiqot jarayonida savdo tashkilotlarida mahsulot hisobini yuritish jarayonlari axborot
modellarining o‘rni va ahamiyati bo‘yicha ilmiy tadqiqotlar o‘rganildi. Maqolani shakllantirish
jarayonida kuzatish va tanlab olish, ilmiy-nazariy, empirik kuzatuv usullardan foydalanilgan.
Tadqiqot natijalarining ishonchligi tadqgiqotda qo’llanilgan xorijiy va milliy statistik rasmiy
manbalardan foydalanilgani bilan izohlanadi.

Tahlil va natijalar

Savdo tashkilotlarida mahsulot hisobini yuritish jarayonlarini tashkil etishda xofjalik
operatsiyalarini hujjatlashtirish asosiy ahamiyatga ega. Xo‘jalik jarayonlarini va ularning natijalarini
nazorat qilish kuzatish, o‘lchash va ro‘yxatga olish orqali amalga oshiriladi. Kuzatish orqali korxona
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va tashkilotlarning xo‘jalik faoliyatini tashkil etuvchi ko‘p sonli va turli xil faktlar olinadi. Bu faktlarni
esa ma’lum o‘lchov birliklarida ifodalash hamda tegishli ravishda guruhlarga ajratib qayd qilib borish
zarur. Shu tariqa xo’jalik faoliyatiga baho berish uchun zarur ma’lumotlarga ega bo‘linadi (1-rasm).

[ Dastlabki kuzatish J

]
| I | |

"/I lisobning maqsa ;;\. / N l’/]qtijadiy hodisa Iah / Igtisodiy N

va vazifalaridan Hisobda aks faktini kuzatish, hodisalarni, ularga
kelib chiggan holda ettiriladigan o*lchash va keyinchalik ishlov
igtisodiy hodisalar obyektlar va rasmiylashtirishni berish uchun
faktlarini baholash hodisalarni bir xil vaqt oralig‘ida kuzatish va uzatish
va tanlash mezonlari talgin gilish muvofiglashtirish ustidan nazorat

\_ _/J .\M . \M o‘rnatish

1-rasm. Xo‘jalik faoliyatiga baho berish usullari

Yuqoridagi rasmda berilganidek xo‘jalik faoliyatiga baho berish usullari orqali xo%alik
faoliyatidagi harakatlarni aniq baholash va unga mos savdo tashkilotlarida axborot modellarini tuzish
mumkin. Dastlabki kuzatish orqali biz hisobning maqsad va vazifalaridan kelib chiggan holda
igtisodiy hodisalar faktlarini baholaymiz va mezonlarni tanlaymiz, hisobda aks ettiriladigan obyektlar
va hodisalarni bir xil talgin qilishga urinamiz, undan so‘ng iqtisodiy hodisalar faktini kuzatib, ularni
olchaymiz va rasmiylashtiramiz, eng so‘nggida esa iqtisodiy hodisalarni, ularga keyinchalik ishlov
berish uchun kuzatamiz va uzatish ustidan nazorat o‘rnatamiz.

Iqtisodiy munosabatlarning murakkablashishi va bozor munosabatlarining mexanizmi, yangi
bozor vositalarining paydo bo‘lishi, iqtisodiy faoliyatni boshqarish usullari va vositalari buxgalteriya
hisobida moliyaviy, soliq va boshqaruvning bo‘linishiga olib keldi. Har bir buxgalteriya quyi tizimi
doirasida daromadlarni shakllantirish va tagsimlash jarayonini tartibga solish uchun zarur bo‘lgan
ma'lumotlar shakllantiriladi. Bu daromadlar va xarajatlarni tan olish, daromadlarni soliqqa tortish,
dividendlarni to‘lash, foydani qayta investitsiya gilish va kapitallashtirish xususiyatlarini ochib beradi.
Boshqaruv, moliyaviy va soliq hisobining o‘zaro bogliqligiga qaramay, bizning nuqtai nazarimizga
ko‘ra, ularning orasidagi farq, birinchi navbatda, daromadlar va xarajatlar tafsilotlari darajasida.

Tashkilot foydasini boshqgarish uchun zarur ma’lumotlarni olishda axborot manbalarini
tizimlashtirish uchun biz yagona buxgalteriya maydonida axborot modelini ishlab chigdik (1-jadval).

1-jadval. Savdo tashkilotlarida mahsulot hisobini yurutishda tashkilot foydasini boshqarishning
axborot modeli

Axborotni qo‘llab-quvvatlashning buxgalteriya tizimi

Moliyaviy buxgalteriya

B isobi Lo
hisobi oshqaruv hisobi Soliq hisobi

buxgalteriya hisobi uchun | daromadlar va xarajatlarni | soliq hisobi magqsadlari uchun

hisobga olish bo‘yicha tezkor
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buxgalteriya siyosati;

daromadlar va xarajatlarni

ma'lumotlar;

daromadlarni hisobga olish

buxgalteriya siyosati;

daromadlar va xarajatlarni
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hisobga  olish  bo‘yicha | bo‘yicha yig'ma va guruhlash | hisobga olish bo‘yicha dastlabki

dastlabki hujjatlar; vedomostlari; hujjatlar;

sintetik buxgalteriya | xarajatlarni hisobga olish | foydani  shakllantirish  va

registrlari  va  boshqalar | bo‘yicha konsolidatsiya va | tagsimlash ~ bo‘yicha  soliq

(buyurtma jurnallari, schyot- | guruhlash varaqalari; registrlari (soliq kartalari, soliq

fakturalarni  tahlil  qilish, operatsion ichki hisobot; varaqalari);

balans varaqalari); . .
. N daromadlar va xarajatlarni

boshqaruv hisoboti;

analitik buxgalteriya hisobga olish bo‘yicha analitik

registrlari (bayonotlar, | Segmental hisobot. soliq hisobi registrlari

kitoblar, kartalar); (sertifikatlar, registrlar, hisob-

bosh kitob; kitoblar);

buxgalteriya (moliyaviy) soliq . hisol?otlari, solig

hisoboti; deklaratsiyalari;

konsolidatsiyalangan yig'ma soliq hisoboti

(konsolidatsiyalangan)
hisobot

Buxgalteriya hisobining milliy standartlari mazmunini tahlil gilish bizga buxgalteriya quyi
tizimlarining har bir turi turli xil maqsad va vazifalarga ega ekanligini, ob'ektlarni hisobga olishning
ma'lum usullaridan foydalanilishini va heterojen yakuniy axborot natijalari shakllanishini aniqlashga
imkon berdi. Biroq, bu faoliyat natijalarini moliyaviy va soliq hisobida shakllantirilgan malumotlar
faqat tashqi foydalanuvchilar uchun, boshqaruv hisobi ma'lumotlari esa ichki foydalanuvchilar uchun
zarur degani emas.

Savdo tashkilotlarida mahsulot
avtomatlashtirilgan axborot tizimini yaratishda tovarlarni hisobga olishning umumiy tamoyillari

hisobini yuritishning harakatini hisobga olishning

ham, mavzu sohasi tomonidan belgilanadigan o‘ziga xosliklar ham hisobga olinadi. Savdo
tashkilotlarida tovarlarni hisobga olishning umumiy prinsiplari quyidagi jarayonlarni oz ichiga oladi:
tovarlarni qabul qilishni hisobga olish, tovarlarni sotishni hisobga olish, tovarlarni hisobdan
chiqarishni hisobga olish (sotishni hisobga olgan holda birlashtirilishi mumkin), kafolat xizmatlarini
hisobga olish.

Ushbu jarayonlarni amalga oshirish uchun quyidagi ob’ektlarni oz ichiga olgan axborot
tizimining ma’lumotlar bazasi qo‘llaniladi:

e yetkazib beruvchi;
e tovarlar;

e kiruvchi schyot-faktura;
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e kiruvchi schyot-faktura pozitsiyalari;
e mabhsulot iste’'moli;

e iste’'mol pozitsiyalari;

e kafolat xizmati.

Agar tovarlarning harakatini hisobga olish o‘rtacha narxda amalga oshirilsa, unda bunday
ob’ektlar to‘plami etarli hisoblanadi. Agar FIFO yoki LIFO texnologiyalari bo‘yicha buxgalteriya
hisobi nazarda tutilgan bo‘lsa, unda reestr mohiyati qo‘shiladi. Bu aslida tovarlarni gabul gilish va
iste’'mol qilishning umumiy jadvali hisoblanadi [5].

Savdo tashkilotlarida uskunalarida tovarlarni standart sotish ham, to‘plamlarni shakllantirish
ham amalga oshirilishi mumkin, masalan, tizim bloklarini yigish va sotish. To‘plamni yig‘ish
jarayonini hisobga olish uchun yana bir mohiyat kerak, bu - yig‘ish tarkibidir.

Zamonaviy dunyoda ro'y berayotgan iqtisodiy sub'ektlarning raqamli transformatsiyasi ushbu
o'zgarishni biznes jarayonlari sifatida belgilaydi. Ushbu jarayonlar kompaniyaning tashqi omillari
ta'siri ostida amalga oshiriladi va bu ko'pincha faol mijozlar tajribasi ta'siri ostida sodir bo'ladi.
Zamonaviy sharoitda zamonaviy kompaniyaning biznes sheriklari va potentsial mijozlari korxona
faoliyati, uning tovarlari, xizmatlari to'grisida ma'lumotlarning ochiqligi va mavjudligi nuqtai
nazaridan juda yuqori darajadagi talablarga ega. Bozor iqtisodiyoti sharoitida sheriklar va mijozlar
uchun ma'lumotlarni qayta ishlash va umumlashtirishga qodir bo'lgan texnologiyalardan
foydalangan holda biznes malumotlarining bunday darajasini ta'minlash mumkin. Mijozlarning
ijobiy tajribasidan foydalanish kompaniyalarga raqobat sharoitida ishonch hosil qilish, tovarlar va
xizmatlarni sotish bozorlarida o'z ta'sir chegaralarini sezilarli darajada kengaytirish imkonini beradi.
Bu esa faoliyat samaradorligini oshiradi [6].

Iqtisodiyotning ragamlashtirish orqali savdo tashkilotlarida mahsulot hisobini yuritish
jarayonlarini tashkil etishda yanada jadashlashdi. Raqamlashtirish jarayonida kop daromad va
foydaga erish uchun biznes-jarayonlari samaradorligini oshirish kerak va buning turli xil usullardan
foydalanish mumkin (2-jadval):

2-jadval. Raqamlashtirish sharoitida kompaniyaning biznes-jarayonlari samaradorligini oshirish

usullari
Ragamlashtirish sharoitida
Usul nomi Umumiy xususiyatlar kompaniyaning biznes jarayonlari
samaradorligini oshirishga ta’siri
Funksional  xarajatlarni ?(orr%paniyani'n'g 'tashqi va Biznes—je.lray(.)nr'ling n‘alﬁxini' baholash,
o ichki mubhitini  keng | kompaniyani rivojlantirishning ustuvor
tahlil gilish , O o . . .
miqyosda baholash yo'nalishlarini aniqlash imkonini beradi
Ushbu usulning ta'siri Bi ) larni individual
CVP usuli shundaki, daromadning 1ZT1es—] e%rayon' amme mavicua
.. .. | vositalariga ta'sirini aniqlash, ularning
har qanday o'zgarishi
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joriy foydaning yanada
kuchli o'zgarishiga olib
keladi va aksincha

samaradorligini baholash

Ma'lumotlar  bazasini yaratish va
‘ Muammoni  hal qilish kengaytirish, .tl?zatish h'afakatlar%n?
8D usuli ) amalga oshirish ko'nikmalarini
usuli . . . o
takomillashtirish; tizim o'zgarishlarini
aniqlash qobiliyatini oshirish
Sifatli baholash asosida | Ragamlashtirish sharoitida
Biznes  jarayonlarining | asosiy yoki yordamchi | kompaniyaning biznes-jarayonlari
ahamiyatini aniqlash | biznes jarayonining | samaradorligini oshirish uchun zarur
usuli ahamiyati baholanadigan | omillar va sharoitlarni izlash, zarur ta'sir
usul omillarini baholash
Tashkiliy birliklar
o'rtasidagi o'zaro ta'sir
qanday tashkil | Ragamlashtirish ~ sharoitida ularning
etilganligini ko'rsatadigan | samaradorligini  oshirishga  yordam
Tuzilish usul biznes jarayonining | beradigan biznes-jarayonlarning
asosiy ishtirokchilari | samarali tuzilishini (ishlari, harakatlari,
to'g'risidagi tadbirlari) yaratish
ma'lumotlarni ochib
beradi
Mutaxassislar guruhi
yordamida Mutaxassislarning malakasi
ragamlashtirish ragamlashtirish sharoitida
sharoitida kompaniyaning  biznes jarayonlari
Aqliy hujum usuli kompaniy'fming biznes- sa@aradorligini (?shiris‘h' uchun se‘ln?arali
jarayonlari vositalar va tadbirlarni ishlab chiqishga
samaradorligini oshirish | imkon beradi. Jarayonlarni
uchun zarur choralarni | ragamlashtirish  sohasida  samarali
taklif qilishga imkon | innovatsion yechimlarni ishlab chigish
beradigan sifatli usul
Rasmiylashtirilgan Muvaffaqiyatli . . . .
. A ) o Biznes jarayonining asosiy
universal-printsipial kompaniya tajribasidan ko'rsatkichlarini oshirish
(FUP) usullar faol foydalanish
Ragamlashtirish sharoitida
Muvaffaqiyatli kompaniyaning  biznes  jarayonlari
Benchmarking usullari kompaniyalar faoliyatini | samaradorligini oshirish choralarini
o'rganish va tahlil qilish | amalga oshirishda raqobatchilar

tajribasidan foydalanish
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Yuqoridagi jadvalda so'nggi vyillarda faol qo'llanilgan raqamlashtirish sharoitida
kompaniyaning biznes-jarayonlari samaradorligini oshirishga yordam beradigan bir necha usullarni
gayd etildi. Ular orasida funksional xarajatlarni tahlil qilish, CVP usuli, 8D usuli, biznes-
jarayonlarning ahamiyatini aniqlash usuli, tuzilishi, aqliy hujum usuli, rasmiylashtirilgan universal-
printsipial (FUP) usullari va benchmarking usullari oz ahamiyatiga ega. Har bir usul o'ziga xos
xususiyatlarga ega va ular raqamlashtirish sharoitida kompaniyaning biznes-jarayonlari
samaradorligini oshirishga bevosita ta'sir qiladi.

Xulosa

Xulosa qilib aytadigan bo‘lsak, bugungi kunda savdo tashkilotlarida mahsulot hisobini yuritish
jarayonlarida axborot modellari va axborot texnologiyalari muhim rol o‘ynaydi. Ular uning turli
girralarini qamrab oladi, qo‘lda usullarga nisbatan sezilarli afzalliklarga ega. Buxgalteriya hisobini
avtomatlashtirish — bu shaxsiy hisoblash qurilmasida buxgalteriya operatsiyalarini amalga oshirish
natijasida har qanday korxonada buxgalteriya hisobi samaradorligi va sifati yaxshilanadigan jarayon.
Zamonaviy axborot texnologiyalari buxgalterga mobil va talabga javob beradigan mutaxassis
bo‘lishga imkon beradi.

Aniq dalillarga asoslaandigan bo‘lsak, inventarizatsiya va tovar hisobi avtomatlashtirilgan
tizimlarni joriy etgan kompaniyalar mahsulot qidirish va hisobot yuritishda samaradorlikni 25%
gacha oshgan.

Savdo tashkilotlarida mahsulot hisobini yuritish jarayonlarida axborot modellaridan
foydalangan kompaniyalar va ularning asosiy iqtisodiy ko‘rsatkichlarini ko'rishimiz mumkin:

2023-yilda Amazonning yillik daromadi taxminan $513,98 milliardni tashkil etdi. 2023-yilda
Amazonning operatsion daromadi $22,84 milliardni tashkil etdi. Amazonda mahsulot zaxiralari
doimiy ravishda kuzatiladi va bu inventarizatsiya samaradorligini oshiradi. Amazonning zaxira
aylanmasi (inventory turnover) 2023-yilda 11,58 marta bo‘ldi, ya'ni kompaniya yil davomida
zaxiralarini 11 martadan ko‘proq aylanma qilgan.

Walmartning 2023-yilda yillik daromadi $611 milliarddan oshdi, bu uni dunyodagi eng yirik
chakana savdo kompaniyasi qilib qo‘ydi. 2023-yilda Walmartning operatsion foydasi $25,6 milliardni
tashkil etdi. Walmartda zaxiralar aylanmasi ko‘rsatkichi 2023-yilda 8,8 martani tashkil etdi. Bu
kompaniya mahsulotlarni tez aylanma qilayotganini va samarali boshqarayotganini ko‘rsatadi.

2023-yilda Zara brendi egasi Inditexning umumiy daromadi $33,9 milliardni tashkil etdi. 2023-
yilda Inditexning operatsion foydasi $6,1 milliardni tashkil etdi. Zara o‘zining tez moda modeli tufayli
yiliga zaxiralarni 11-12 marta aylantiradi, ya'ni mahsulot zaxiralari qisqa muddat ichida sotilib, yangi
mahsulotlar joylanadi. Bu yuqori tezlikda aylanma ko‘rsatkichi kompaniyaning mahsulot hisobini
samarali boshqarishida axborot texnologiyalarining muhimligini ko‘rsatadi.

2023-yilda Tesla kompaniyasining yillik daromadi $100,35 milliardni tashkil etdi. Tesla 2023-
yilda $13,7 milliard operatsion foyda ko‘rsatkichiga erishdi. Tesla oz mahsulotlari, jumladan,
avtomobillar va butlovchi gismlar zaxiralarini ERP va IoT texnologiyalari yordamida boshqaradi.
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Tesla kompaniyasining zaxira aylanmasi 2023-yilda 6,47 marta bo‘ldi, bu esa ta’minot zanjirini
optimallashtirish va mahsulot hisobini samarali boshqarish orqali erishilgan.

Savdo tashkilotlarida mahsulot hisobini yuritish jarayonlarida axborot modellaridan
foydalanadigan kompaniyalar mahsulot hisobining aniqligi, operatsion samaradorlik, zaxiralarni
boshgqarish va logistika jarayonlarini optimallashtirishda katta muvaffaqiyatlarga erishgan. Amazon,
Walmart, Zara, Tesla va Alibaba kabi kompaniyalar axborot texnologiyalari orqali mahsulot hisobini
real vaqt rejimida kuzatib borish, buyurtmalarni tezkor va aniq bajarish va mijozlar talablariga javob
berish imkoniga ega bollishdi. Bu esa ularning moliyaviy ko‘rsatkichlarini oshirishga va
raqobatbardoshlikni saglab qolishga yordam beradi.

Savdo tashkilotlarida raqamli texnologiyalardan foydalanishning shubhasiz afzalliklariga
garamay, shuni unutmaslik kerakki, bu buxgalteriya xodimlarining malakasiga qo‘yiladigan talablarni
oshiradi, korxonani boshqarish tarkibini o‘zgartirish, yangi xodimlarni tanlash va allaqachon
ishlayotgan xodimlarni o‘qitish zarurati tugiladi. Axborot texnologiyalarini joriy etish boshqaruv
qarorlarini qabul gilish nazorati va sifatini oshiradi.
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O‘ZBEKISTONDA
KICHIK VA O‘RTA
BIZNES SOHA
VAKILLARINI
SOLIQQA TORTISH
TIZIMI

nnotatsiya: Ushbu ilmiy maqola O‘zbekistonda kichik
va orta biznes (KOB) subyektlarini soliqqa tortish

tizimini tahlil qilishga qaratilgan bo'lib, ushbu sohada
amalga oshirilgan islohotlar va ularning iqtisodiy o'sishga
tasiri chuqur organiladi. Kichik va orta biznes O“zbekiston
igtisodiyotida muhim orin egallaydi va 2017-2023 yillar
davomida davlat tomonidan ushbu sohani qollab-quvvatlash
uchun bir qator imtiyozlar va soddalashtirilgan soliq rejimlari
joriy etildi. Birog, soliqqa tortish tizimining amaldagi holati
biznes subyektlari uchun qator giyinchiliklarni ham keltirib
chiqarishi mumkin.

Magqolada kichik va orta biznesni soliqqa tortish tizimining
ijjobiy va salbiy jihatlari, uning biznesni rivojlantirishga
korsatgan tasiri va davlat tomonidan ko'rsatilgan
imtiyozlarning samaradorligi tahlil gilinadi. Tadqiqot doirasida
O‘zbekistonning soligqa oid qonunlari va Soliq kodeksidagi
ozgarishlar, soliqlar stavkalari va kichik biznesning iqtisodiy
ko'rsatkichlari statistik ma’lumotlar asosida organildi.

Tahlillar shuni ko'rsatdiki, soliqqa tortish tizimidagi
islohotlar kichik va orta biznesni qollab-quvvatlash va
ularni rivojlantirishda sezilarli rol o‘'ynagan. Xususan, 2020
yildan boshlab yagona soliq rejimining joriy etilishi va kichik
korxonalar uchun 4-5% soliq stavkasining belgilanishi,
tadbirkorlarning soligqa bo'lgan munosabatini ozgartirdi va
soliq yukini kamaytirdi. Natijada, 2021 yilda kichik biznesning
umumiy iqtisodiy faolligi sezilarli darajada oshgan. Birogq,
ayrim tadbirkorlar soliq tizimidagi murakkab hisob-kitoblar
va ba’zi ma'muriy tosiqlarga duch kelayotgani ham aniqlangan.

Kalit so‘zlar: kichik va orta biznes, soliqqa tortish tizimi,
soliq islohotlari, soliq imtiyozlari, iqtisodiy o'sish, Ozbekiston,
soliq yukini kamaytirish, yagona soliq rejimi, soliglar, (KOB).
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SYSTEM OF
TAXATION OF
REPRESENTATIVES
OF SMALL AND
MEDIUM BUSINESS
FIELDS IN
UZBEKISTAN

bstract: This scientific article is aimed at analyzing

the system of taxation of small and medium-sized

businesses (SMEs) in Uzbekistan, the reforms
implemented in this area and their impact on economic growth
are studied in depth. Small and medium-sized businesses
play an important role in the economy of Uzbekistan, and in
2017-2023, the state introduced a number of incentives and
simplified tax regimes to support this sector. However, the
current state of the taxation system can cause a number of
difficulties for business entities.

The article analyzes the positive and negative aspects of
the small and medium-sized business taxation system, its
impact on business development, and the effectiveness of state
incentives. As part of the research, changes in the tax laws and
Tax Code of Uzbekistan, tax rates and economic indicators of
small businesses were studied based on statistical data.

The analysis showed that the reforms in the taxation system
played a significant role in supporting and developing small
and medium-sized businesses. In particular, the introduction
of a single tax regime starting from 2020 and the establishment
of a 4-5% tax rate for small enterprises changed the attitude of
entrepreneurs to taxes and reduced the tax burden. As a result,
the overall economic activity of small businesses increased
significantly in 2021. However, it was also determined that
some entrepreneurs face complex calculations and some
administrative obstacles in the tax system.

Keywords: small and medium business, taxation system,
tax reforms, tax incentives, economic growth, Uzbekistan, tax
burden reduction, unified tax regime, taxes (SME).
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Kirish
O‘zbekistonda kichik va o‘rta biznes (KOB) mamlakat iqtisodiyotining asosiy ustunlaridan biri
hisoblanadi. Ushbu sektor aholini ish bilan ta'minlashda va mabhalliy ishlab chiqarishni
rivojlantirishda muhim rol ofynaydi. Xususan, KOB subyektlari O“bekiston yalpi ichki
mahsulotining (YaIM) 50% dan ortig‘ini tashkil etib, 75% dan ziyod ishchi kuchini band qilishga
yordam beradi. Shu sababli, davlat tomonidan kichik va o‘rta biznesni qo‘llab-quvvatlash, xususan,
soliqqa tortish tizimini soddalashtirish va moslashuvchan qilish masalasi o‘ta dolzarbdir.

So‘nggi vyillarda O‘zbekistonda kichik va o‘rta biznesni soliqqa tortish tizimi sezilarli
islohotlarga duch keldi. Xususan, 2019 yilda yangi Soliq kodeksining qabul gilinishi va 2020 yilda
yagona soliq rejimining joriy etilishi kichik biznes uchun moliyaviy yukni kamaytirishga qaratilgan
edi. Ushbu islohotlar kichik va o‘rta biznes vakillari uchun soddalashtirilgan soliqqa tortish tizimini
taklif qilgan bo‘lsa-da, amaliyotda turli qiyinchiliklar yuzaga kelishi mumkin. Shu nuqtayi nazardan,
soliq tizimining biznes rivojlanishiga qanchalik ta’sir etishi va soliq yukining qanchalik kamaygani
haqida savollar paydo bo‘ladi.

Mazkur tadqgiqotning asosiy magqsadi O‘zbekistonda kichik va orta biznes sohasini soligqa
tortish tizimini chuqur tahlil qilish, soliqqa tortishning igtisodiy rivojlanishga ta’sirini baholash va
mavjud muammolarni aniqlashdir. Shu bilan birga, davlat tomonidan taqdim etilgan imtiyozlarning
samaradorligi ham tadgiqot doirasida o‘rganiladi. Bu tahlillar kichik va orta biznes sohasining
bargaror rivojlanishini ta'minlash maqsadida soliqqa tortish tizimida zarur o‘zgarishlar kiritishga
yordam beradi.

KOB qisqartmasi “Kichik va orta biznes” degan ma'noni anglatadi. Bu termin kichik va o‘rta
olchovdagi korxonalar va tadbirkorlik subyektlarini ifodalaydi. O‘zbekistonda KOB iqtisodiyotni
diversifikatsiya qilish, ish o‘rinlari yaratish va innovatsion rivojlanishni qo‘llab-quvvatlashda muhim
ahamiyatga ega.

Adabiyotlar tahlili

Kichik va o‘rta biznes (KOB) rivoji va soliqqa tortish tizimi O“bekistonning iqtisodiy
barqarorligi uchun muhim masalalardan biri hisoblanadi. Shu munosabat bilan, bu mavzuni
o‘rganishga oid ilmiy va amaliy manbalar, qonuniy hujjatlar va iqtisodiy tahlillar ko‘plab
tadgiqotchilar tomonidan yoritilgan. Ushbu bo‘limda kichik va o‘rta biznesning soliqqa tortilishi
bo‘yicha muhim manbalar va tadqiqotlarni ko‘rib chiqamiz.

> 1. Soliq islohotlari va iqtisodiy o‘sish (Davlat manbalari)

O‘zbekistonda soliqqa tortish tizimi bo‘yicha islohotlarning asosiy manbasi yangi Soliq kodeksi
hisoblanadi. 2019 yilda qabul qilingan Soliq kodeksi kichik va o‘rta biznes subyektlariga nisbatan
soliglarni soddalashtirish va imtiyozli soliq rejimlarini joriy etishni 0z ichiga oldi. Davlat manbalari,
xususan, O‘zbekiston Respublikasi Soliq qo‘mitasi va O‘zbekiston Respublikasi Prezidenti farmonlari
bu islohotlarning amaliy jihatlarini yoritadi. Ushbu hujjatlar soliqqa tortish tizimining
soddalashtirilishi va imtiyozlar ko‘lami haqida aniq ma’lumotlar beradi.

» 2. Xalqaro tajriba va o‘zbek modeli (Ilmiy tadqiqotlar)
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Xalqaro darajadagi tadqiqotlar kichik va o‘rta biznes sohasini rivojlantirish uchun soliqqa
tortish tizimining roli hagida muhim xulosalar beradi. Masalan, Taxation and Small Business Growth:
Evidence from Emerging Markets nomli tadqiqotda kichik biznesning rivojlanishi uchun soliqqa
tortish tizimining soddalashtirilishi zarurligi aytiladi. O‘zbekistonda qabul qilingan yagona soliq
rejimi ana shu xalqaro tendensiyalarga mos ravishda ishlab chiqilgan. Bu rejim kichik biznesga soliq
yukini kamaytirish orqali ularning faoliyatini kengaytirishga ko‘maklashmoqda.

> 3. Kichik biznes va soliqqa tortishning iqtisodiy ta’siri (Mahalliy tadqiqotchilar tahlili)

O“zbekistondagi iqtisodchilar va tadgiqotchilar ham kichik va o‘rta biznes sohasini soliqqa
tortish masalasiga alohida e’tibor qaratgan. Mirzayev va Karimov (2021) tomonidan olib borilgan
tadqiqotlar soliqqa tortish tizimining kichik biznes uchun qanday ijobiy va salbiy ta’sir ko‘rsatishini
organdi. Ushbu tadqiqotlar soliqga tortishning gqisqarishi orqali kichik korxonalar sonining
ko‘payishi va ularning ishlab chiqarish salohiyatining oshishi haqgida dalillar keltiradi. Biroq, ularning
tahlillari soligqa oid ma’muriy yuklar va tartib-taomillarning ba’zi tadbirkorlar uchun giyinchilik
tug‘dirayotganini ham qayd etadi.

> 4. Soliq imtiyozlari va ularning samadorligi

Yana bir muhim adabiyot yo‘nalishi soliq imtiyozlarining samaradorligi haqida. Rahimova
(2020) tadqiqotida soliq imtiyozlari kichik va o‘rta biznesni rivojlantirishga qganchalik ta’sir
ko‘rsatishini o‘rganadi. Tadgiqotlar natijasida ma’lum bo‘ldiki, imtiyozli soliqqa tortish rejimi kichik
biznes subyektlariga qisqa muddatli moliyaviy yordam bersa-da, uzoq muddatli samaradorlikni
ta’'minlash uchun soliq tizimining shaffofligi va qulayligi muhim omil hisoblanadi. Shu boisdan,
soliqqa oid byurokratik jarayonlar va hisob-kitob tizimining soddalashtirilishi masalasi dolzarbligini
yo‘qotmagan.

» 5. Xorijiy davlatlar tajribasi va O‘zbekiston modeli o‘rtasidagi farqlar

Kichik va o‘rta biznesni soligqa tortish borasida gator xorijiy davlatlar tajribasi ham e’tiborga
loyiqdir. Xususan, Turkiya, Janubiy Koreya va Polsha kabi davlatlarda soligqa tortish tizimi kichik
biznesni rag'batlantirishga qaratilgan soddalashtirilgan rejimlar asosida ishlaydi. Bu davlatlarda
kichik korxonalar uchun soliq stavkalari past darajada belgilangan bo‘lib, imtiyozlar uzoq muddatli
barqarorlikka erishishda muhim omil sifatida ko‘riladi. O‘zbekiston modeli ham aynan ushbu
tendensiyalarga moslashgan bo‘lib, 2020 yildan boshlab kichik biznes uchun soliq stavkalari 5% ga
tushirilgani va imtiyozlar ko‘lami kengaytirilgani tahlil qilinadi.

Adabiyotlar tahlili shuni ko‘rsatadiki, O‘zbekistonning kichik va o‘rta biznes sohasini soliqqa
tortish tizimi milliy iqtisodiyotni rivojlantirishda katta ahamiyatga ega bo‘lib, xalqaro tajribalar bilan
mos ravishda islohotlar amalga oshirilmoqda. Soliq imtiyozlari va soddalashtirilgan soliq tizimi kichik
va o‘rta biznes uchun keng imkoniyatlar yaratadi, biroq soliqqa oid ma’'muriy yuklarni kamaytirish,
shaffoflikni oshirish va uzoq muddatli barqarorlikni ta’minlash uchun qo‘shimcha choralar ko‘rish
talab gilinadi.

Tadqiqot usullari

Mazkur tadgiqotda O‘zbekistonda kichik va o‘rta biznes (KOB) sohasini soligqa tortish tizimini
o‘rganish uchun bir nechta ilmiy-uslubiy yondashuvlardan foydalanilgan. Tadgiqot natijalari


https://journal.umft.uz/

Management and Future Technologies | journal.umftuz October 2024 Volume 1, Issue 3

ishonchli va aniq bo‘lishi uchun quyidagi usullar qo‘llanildi:
> 1. Huqugqiy hujjatlar tahlili

Soliqqa tortish tizimining rivojlanishi va islohotlari haqida aniq tasavvur hosil qilish uchun
O‘zbekiston Respublikasi Soliq kodeksi va boshqa normativ-huquqiy hujjatlar o‘rganildi. Tadqiqotda
quyidagi hujjatlar tahlil gilindi:

- O‘zbekiston Respublikasi Soliq kodeksi (2019 yilgi yangi tahriri),

- O‘zbekiston Respublikasi Prezidentining kichik va o‘rta biznesni rivojlantirishga oid
farmonlari va qgarorlari,

- Soliq imtiyozlariga doir qonunlar va hujjatlar.

Bu hujjatlar soliqqa tortish tizimining huquqiy bazasini tushunishga, shuningdek, kichik va
o‘rta biznes subyektlariga qaratilgan soliq siyosatini aniglashga imkon berdi.

> 2. Statistik ma’lumotlar tahlili

Kichik va o‘rta biznes subyektlariga nisbatan soliqqa tortishning amaliy ta’sirini o‘rganish
uchun 2017-2023 yillar davomida O‘zbekistonning rasmiy statistik ma’lumotlari tahlil gilindi. Ushbu
davr ichida kichik biznesga solinadigan soliglar stavkalari, soliq yukining o‘zgarishi va kichik
biznesning umumiy iqtisodiyotdagi ulushi tahlil qilindi. Asosiy statistika manbalari quyidagilarni o'z
ichiga oladi:

- O‘zbekiston Respublikasi Davlat statistika qo‘mitasi ma’lumotlari,
- O‘zbekiston Soliq qo‘mitasi tomonidan e’lon gilingan rasmiy hisobotlar,

- Jahon banki va Xalgaro valyuta jamg‘armasining O‘zbekiston iqtisodiyoti va soliqqa tortish
tizimiga oid hisobotlari.

Bu usul kichik va orta biznes subyektlari soliglarining o‘sish yoki kamayish tendensiyalarini
kuzatishga imkon berdi.

> 3. So‘rovnoma va intervyu usuli

Kichik va orta biznes vakillarining soliqga tortish tizimiga bo‘lgan munosabati va ushbu
tizimning biznes faoliyatlariga ta’sirini o‘rganish uchun so‘rovnoma va intervyu usuli qo‘llanildi.
So‘rovnoma kichik biznes vakillari, tadbirkorlar va soliq maslahatchilari orasida o‘tkazildi. Unda
tadbirkorlarning soliq siyosatiga munosabati, soliglarni to‘lash bilan bogliqg muammolar va ularning
biznes faoliyatiga soliq yukining ta’siri hagida ma’lumotlar olindi. Intervyu natijalari soliqqa oid
muammolarni aniqroq tushunishga va real biznes tajribasini o‘rganishga yordam berdi.

> 4. Soliq yukini tahlil qilish

Kichik va o‘rta biznes subyektlari uchun soliq yukining amaldagi holatini aniqlash va soliq
yukining biznes rivojlanishiga ta’sirini baholash magqsadida soliq yukining tahlili o‘tkazildi. Ushbu
tahlil uchun kichik va o‘rta biznes vakillari tomonidan to‘lanadigan soliqlarning o‘rtacha miqdori,
ularning sof daromadlariga ta’siri va soliq yukining yillar davomida qanday o‘zgarishi o‘rganildi. Soliq
yukini tahlil qilish uchun quyidagi ma’lumotlardan foydalanildi:
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- KOB subyektlarining moliyaviy hisobotlari,
- Soliq organlaridan olingan soliq miqdorlari bo‘yicha ma’lumotlar.

Bu usul soligqa tortish tizimi biznes subyektlari faoliyatiga qanday ta’sir ko‘rsatishini chuqurroq
tahlil qilishga yordam berdi.

» 5. Xalqaro tajriba bilan solishtirish

O‘zbekistonning kichik va o‘rta biznesni soligqa tortish tizimini xalqaro tajriba bilan solishtirish
magqsadida bir qator xorijiy davlatlarning soliqqa tortish tizimi o‘rganildi. Xususan, Turkiya, Janubiy
Koreya va Polsha kabi davlatlarning soliqga tortish amaliyotlari tahlil gilindi. Ushbu solishtirish
orgali O‘zbekiston modeli qaysi jihatlarda xorijiy modellardan farq qilishi yoki ularga o‘xshashi
aniqlanib, soliqqa tortish tizimini takomillashtirishga oid tavsiyalar ishlab chiqildi.

Ushbu tadqiqotda huquqiy hujjatlar tahlili, statistik ma’lumotlarni tahlil gilish, so‘rovnoma va
intervyu usuli, soliq yukini tahlil gilish hamda xalqaro tajribani solishtirish usullari qollanildi. Bu
yondashuvlar soliqqa tortish tizimining kichik va o‘rta biznesga ko‘rsatgan ta’sirini har tomonlama
o‘rganishga va aniq xulosalar chiqarishga imkon berdi.

Tahlil va natijalar

Mazkur tadqiqot O‘zbekistonda kichik va o‘rta biznes (KOB) subyektlarini soliqqa tortish
tizimining amaliy ta’siri va natijalarini baholashga qaratilgan bo‘lib, 2017-2023 yillar davomidagi
islohotlar, soliglar stavkalari va soliq imtiyozlari hamda ushbu tizimning biznes rivojiga ko‘rsatgan
ta’siri o‘rganildi.

> Soliqqa tortish tizimining rivojlanishi va islohotlar ta’siri

O‘zbekistonda 2019 yilda qabul qilingan yangi Soliq kodeksi soliqqa tortish tizimining
rivojlanishida muhim qadam bo‘ldi. Kodeksda kichik va o‘rta biznes subyektlari uchun imtiyozli soliq
rejimlari joriy etilib, 2020 yildan boshlab yagona soliq rejimi qo‘llanila boshlandi. Kichik biznes
subyektlari uchun belgilangan soliq stavkasi 4-5% bo‘lib, bu bizneslar uchun moliyaviy yukni sezilarli
darajada kamaytirdi.

Tahlil natijalari shuni ko‘rsatdiki, 2020-2021 yillarda kichik biznes uchun soliqqa tortish
tizimining soddalashtirilishi natijasida mamlakatdagi kichik korxonalar soni 12% ga oshgan. Soliq
imtiyozlari esa 2021 yilda kichik biznesning YaIMdagi ulushini 53% ga yetkazishga yordam berdi.
Ushbu natijalar soliqqa tortish islohotlarining iqtisodiyotning ushbu segmentiga ijobiy ta’sir
ko‘rsatganini ko‘rsatadi.

» 2. Soliq yukining biznesga ta’siri

Kichik va o‘rta biznes sohasida soliq yukini kamaytirish bo‘yicha amalga oshirilgan islohotlar
tadbirkorlar uchun moliyaviy barqarorlikni ta’minlashga yordam berdi. 2019 yilgacha kichik biznes
vakillarining soliq yukidan shikoyatlari ko‘paygan bo‘lsa, yangi soliqqa tortish tizimi qabul
gilinganidan so‘ng tadbirkorlar soliq to‘lovlari kamayganini ta’kidlashdi.

Tahlil natijalariga ko‘ra, kichik biznes vakillari uchun soliglar tolovlari o‘rtacha 30% ga
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gisqardi. Bu esa tadbirkorlarning moliyaviy resurslarini biznesni kengaytirish va ishlab chiqarishni
yaxshilashga yo‘naltirish imkoniyatlarini oshirdi. Xususan, soliq yukining kamayishi natijasida kichik
va o'rta korxonalar soni 2022 yilda 15% ga oshgan.

> 3. Soliqqa tortish tizimining murakkabligi va ma’muriy to‘siqlar

Tahlil natijalari shuni ko‘rsatadiki, kichik biznes vakillari soligga tortish tizimining
soddalashtirilishi bo‘yicha ijobiy fikr bildirgan bo‘lsalar-da, ba’zi tadbirkorlar hali ham ma’'muriy
jarayonlarning murakkabligi va soliglarni hisoblashda qiyinchiliklarga duch kelayotganini qayd
etgan. Aynigsa, soliglarning murakkab hisob-kitoblari va elektron deklaratsiya topshirish jarayonida
yuzaga keladigan texnik giyinchiliklar tadbirkorlar orasida norozilik keltirib chiqaradi.

So‘rovnomalar natijasida ma’lum bo‘ldiki, kichik biznes vakillarining 40% i soligqa tortish bilan
bog'liq texnik va ma’muriy muammolarga duch kelgan. Ushbu muammolarni bartaraf etish uchun
soliq tizimini yanada soddalashtirish va ma’muriy jarayonlarni optimallashtirish zarurligi tahlillar
asosida xulosa qilindi.

» 4. Xalqaro tajriba va solishtirish

Tahlillar davomida Ozbekistonning kichik va orta biznesni soliqqa tortish tizimi xorijiy
davlatlar tajribasi bilan solishtirildi. Turkiya, Polsha va Janubiy Koreya kabi davlatlarda kichik biznes
uchun soligqa tortish stavkalari va soligga oid imtiyozlar o‘xshash bo‘lib, ular iqtisodiyotni
rag‘batlantirishda muhim omil bo‘lgan.

O‘zbekistondagi soliqqa tortish tizimi xalgaro andozalarga mos kelishi bilan bir gqatorda, ayrim
jihatlar bo‘yicha xorijiy tajribadan farq qiladi. Masalan, Janubiy Koreyada kichik biznes uchun soliq
imtiyozlari texnologik rivojlanishni rag‘batlantirishga qaratilgan bo‘lsa, O‘zbekistonda bu asosan
soligqa oid byurokratik yuklarni kamaytirishga yo‘naltirilgan. Xorijiy tajriba bilan solishtirish shuni
ko‘rsatadiki, O‘zbekistonda soliqga tortish tizimini yanada optimallashtirish uchun qo‘shimcha
imkoniyatlar mavjud.

Tahlil va natijalar shuni ko‘rsatadiki, O‘zbekistonda kichik va o‘rta biznesni soliqqa tortish
tizimidagi islohotlar kichik biznesning rivojlanishiga sezilarli ijobiy ta’sir ko‘rsatgan. Xususan, soliq
stavkalarining kamayishi va soliq imtiyozlari kichik biznesni ragbatlantirgan va ularning
iqtisodiyotdagi ulushini oshirishga xizmat qilgan. Birog, soliqga oid ma’muriy jarayonlarning
murakkabligi va texnik to‘siglar kabi masalalar hali ham dolzarb bo‘lib qolmoqda. Shu sababli, soliqga
tortish tizimining yanada soddalashtirilishi va texnologik qulayliklar yaratish kelajakdagi islohotlar
uchun muhim vazifa sifatida ko‘rilishi zarur.

Xulosa
Mazkur tadgiqot O‘zbekistonda kichik va o‘rta biznes subyektlarini soligqa tortish tizimini
o‘rganishga qaratildi. Olingan natijalar quyidagi xulosalarga olib keladi:

1. Soliqqa tortish tizimining ijobiy ta’siri: 2019 yildan boshlab amalga oshirilgan soliq
islohotlari, xususan yangi Soliq kodeksi gqabul gilinishi va soddalashtirilgan yagona soliq rejimining
joriy etilishi kichik va o‘rta biznes subyektlariga sezilarli darajada moliyaviy yordam berdi. Soliq
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yukining kamayishi va soliq imtiyozlarining kengaytirilishi natijasida kichik korxonalar soni ko‘paydi
va ularning iqtisodiyotdagi ulushi oshdi.

2. Soliq yukining kamayishi: Soliq stavkalarining pasaytirilishi va soliq to‘lovlari hajmining
qgisqarishi kichik biznes vakillari uchun moliyaviy barqarorlikni oshirishga yordam berdi. Kichik va
o‘rta biznes vakillari soliqlarni oz vagtida to‘lash va biznes faoliyatlarini rivojlantirish imkoniyatlariga
ega bo‘ldi, bu esa biznesning igtisodiy salohiyatini kuchaytirdi.

3. Ma’muriy to‘siglar va texnik muammolar: Soliq islohotlariga qaramay, tadbirkorlar orasida
soligqgqa oid ma’muriy jarayonlarning murakkabligi va texnik muammolar mavjudligi haqida
shikoyatlar saglanib qolmoqda. Aynigsa, elektron deklaratsiya topshirish va soliglarni hisoblashda
yuzaga keladigan qiyinchiliklar tadbirkorlar uchun ma'lum to‘siglar tug‘dirmoqda.

4. Xalqaro tajriba bilan mos kelish: O‘zbekistonda soliqqa tortish tizimi xalgaro tajriba bilan
mos keladi, xususan, kichik biznesni ragbatlantirish uchun soliq stavkalarini pastlashtirish va
imtiyozli rejimlarni joriy qilish bo‘yicha. Biroq, ayrim xorijiy davlatlar tajribasida texnologik va
innovatsion bizneslar uchun soliq imtiyozlari keng qo‘llanilishi, O‘zbekistonda esa soliqqa oid
ma’muriy jarayonlarni soddalashtirish muhim omil sifatida ko‘rilmoqda.

Takliflar

1. Ma’muriy jarayonlarni yanada soddalashtirish: Soliq to‘lovlarini amalga oshirish
jarayonidagi texnik va ma’'muriy qiyinchiliklarni bartaraf etish uchun soliq tizimini yanada
soddalashtirish kerak. Elektron deklaratsiya topshirish va soliglarni hisoblash jarayonlarini yanada
optimallashtirish orqali tadbirkorlar uchun qulay sharoit yaratish zarur.

2. Soliq imtiyozlarini kengaytirish: Kichik va o‘rta biznes uchun soliq imtiyozlarini yanada
kengaytirish, aynigsa texnologik va innovatsion bizneslar uchun qo‘shimcha imtiyozlar joriy etish
igtisodiyotning innovatsion sektori rivojlanishini qo‘llab-quvvatlaydi.

3. Davlat tomonidan ko‘proq qo‘llab-quvvatlash dasturlari: Soliq yukini kamaytirish bo‘yicha
davomli choralar ko'rish va davlat tomonidan kichik biznesni moliyaviy qo‘llab-quvvatlash
dasturlarini kengaytirish zarur. Bu, aynigsa, yangi korxonalar ochilishi va ularning barqaror
rivojlanishi uchun muhimdir.

4. Xalqaro tajribadan foydalanish: Xorijiy davlatlar tajribasidan foydalanib, soligqa tortish
tizimining samaradorligini oshirish va kichik biznes subyektlari uchun soliq to‘lovlari bilan bog‘liq
texnik yechimlarni tatbiq etish lozim.

5. Uzoq muddatli soliq strategiyasini ishlab chiqish: Kichik va o‘rta biznesni rivojlantirish
uchun soliq siyosatini barqgaror rivojlantirishga garatilgan uzoq muddatli strategiya ishlab chiqish
muhim. Bu nafaqat biznes subyektlarini rag‘batlantirish, balki iqtisodiyotning umumiy barqarorligini
ta’minlashda ham muhim omil bo‘lib xizmat giladi.

Ushbu takliflar kichik va o‘rta biznesni rivojlantirishda soligga tortish tizimining
samaradorligini oshirish va iqtisodiyotni barqaror rivojlantirishda muhim qadam bo‘lib xizmat qilishi
mumKin.
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OBJECTIVES,
TYPES AND
METHODOLOGY
OF CRM SYSTEM
SELECTION

bstract: Customer Relationship Management (CRM)
systems play a pivotal role in fostering customer
engagement, improving sales, and enhancing overall
business performance. The objectives of CRM system selection
focus on aligning the system’s functionality with business
goals, optimizing customer interactions, and ensuring
scalability and integration with existing infrastructure. The
types of CRM systems, including operational, analytical, and
collaborative CRMs, are examined to provide a comprehensive
understanding of their specific use cases and benefits.
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Introduction

Trading and Retailing has the opportunity to be client arranged since retailers lock in in
individual contact with clients. Be that as it may, sellers and retailers have been moderate in taking
advantage of their closeness to the client as they have set the most elevated needs on buying choices,
operational concerns and marketing tools, not client administration. In common, most sellers and
retailers are exceptionally item arranged as they endeavor to oversee combination of stock in a
productive way. This introduction is changing since of the accessibility of databases on the buys of
person clients. Such databases permit sellers and retailers to conduct coordinates approach to
promoting that methodically ties marketing hones to client buying behavior. In a world of coordinates
retailing, retailers will be less concerned with the benefit of things in stock and more concerned with
the benefit of the clients within the store.

As delineated in Fig. 1, coordinates approach to trading and retailing includes analyzing client
databases to assess the display and potential esteem of person clients, deciding how clients react to
retail promoting factors, and apportioning promoting assets to person clients in like manner

An Integrated Approach to Retailing

Database on Customer
Purchases

/\

Evaluate Profit Potential Assess Product/Service Needs
of Individual Customers and Responsiveness to Merchandising

\/

Allocate Marketing Resources
Based on Customer Potential
and Responsiveness

|

Observe Purchase Behavior

Figure 1. An integrated approach to retailing (Source: Blattberg and Glazer, 1994)

Client administration is made conceivable by databases on person buys, and can possibly be
actualized by marketers at all levels, not fair retailing (Blattberg and Glazer, 1994). In any case, sellers
and retailers, like other large-scale benefit providers, stand to pick up the foremost from database
driven client administration hones since retailers control colossal amounts of tall quality buy
information, and the dominance of retail benefits stem from a little parcel of the client base.

The rise of marketing has forced today's marketing executives to base their strategic decisions
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more on the needs of the market, necessitating a formalized method of gathering precise and timely
information about their target market, their products, the competitive landscape, and their overall
environment. The practice of using the Internet to market and sell products or services is known as
internet marketing. Internet marketing makes use of the potential of digital trade to market and sell
goods. Electronic commerce refers to any market conducted online. Online trading, buying, and
selling of products and services are made possible by electronic commerce. Internet marketing
includes the subcategory of electronic commerce. Due to the rise in internet usage, online marketing
has begun to gain significant traction.

It is stated that text-only websites that provided product information were the Ajoyib to offer
Internet marketing services in the start of 1990. With the expansion of the internet, there is now more
to it than only the sale of goods; there is now information about goods, advertising space, software,
auctions, stock trading, and matchmaking. A few businesses, including Google, Yahoo, Amazon,
Alibaba, and Youtube, have transformed how the internet may be utilized for marketing. The
definition of internet marketing is as follows: "Achieving marketing objectives through the
application of digital technologies." By satisfying their needs, using technology to help marketing
initiatives improves customer knowledge. Digital marketing is the term for this. Businesses in
developed countries have realized the value of digital marketing.

Businesses that want to succeed will need to combine traditional procedures with online ones
in order to better serve their customers' requirements. The introduction of new technologies has given
marketers new business opportunities to manage their websites and accomplish their corporate goals.
For businesses to succeed, online advertising is a potent marketing tool for establishing brands and
boosting visitors

In the business world of today, the adage "The customer is always right" might apply. Without
clients, a business will not remain in business. Knowing what customers desire is crucial for this
reason. CRM systems are a tool that will assist businesses in understanding their customers. In their
definition of CRM systems, Kenneth C. Laudon and Jane P. Laudon said that these systems "capture
and integrate customer data from across the organization, consolidate the data, analyses the data, and
then distribute the results to various systems and customer touch points throughout the enterprise."
2012 [Laudon and Laudon]. In order to clearly grow their markets, businesses have recently
purchased Customer Relationship Management (CRM) technologies. In order to accomplish
business excellence and the main goal of obtaining devoted customers, the CRM technology brings
with it the creation of marketing possibilities, the rise in customer value, and the improvement of
customer happiness [Fardoie and Monfared, 2008].

What kind of information is required to establish a solid, trustworthy, and enduring
relationship with the clients is the key question? The businesses needed to know who their clients
were, what their interests were, and how to get in touch with them.

The makers of CRM software offer remedies for three primary areas:

o The use of automated technologies to assist salespeople and sales management in achieving
their professional goals is known as sales force automation. Brettle (2009)

o Marketing automation is the use of computerised technology to assist marketers and
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marketing management in achieving their professional goals. Brettle (2009)

» Customer service: "Provide knowledge and resources to enable contact centres, help desks,
and customer support workers operate more effectively. They are equipped to manage and assign
customer service requests. 2012 [Laudon and Laudon]

There are various types of CRM systems available today. To choose one of them to work at a
specific object, we start by looking at the general quality attributes of the IS (Fig. 2).

150 5126
Guality Model
I
| I [ [ | |

Functionality Reliability Usability Efficiency Maintainability Portability

Sultabiity Makirtly Understabiity Anatyzability Adaptabiity

ACTUraCY Paull injerancs Leamabiity Time behaviour Changeability Instalabiity
Interoperablity Recaverabilty Operabdiity Resource ulization Stabmy Coexstence

Securfty R it Afractiveness E. Compiiance Testabilty Repi@ceablity
F. Compilance - . U. Compliance M. Complance P. Compliance

Figure 2. ISO 9126 Standard model (Source: ISO 2001)

» Functionality is the capacity of a software product to fulfil explicit and implicit needs when
employed under predetermined circumstances.

o Reliability is defined as "the capacity of the software product to sustain a defined level of
performance when employed in a defined environment.

» Usability is the ability of a software product to be comprehended, learnt, used, and appealing
to the user when used in a particular way.

« Efficiency is the ability of a software product to deliver appropriate performance in relation to
the quantity of resources used, under specified circumstances.

o Maintainability: "The software product’s ability to be modified."

o Transferability: “The ability of the software product to operate in different environments."
(1SO, 2001)

It will be defined the CRM system for a certain organization after determining the
characteristics of the IS. The graphic below shows the selection of systems in order (Fig.3).

The three main technological components of the CRMs are:

» Collaborative technologies: These are the points of contact with customers. In other words,
the various channels that customers use to communicate, such as email, phone calls, and faxes, are
the collaborative technologies, website pages, and so on.

o Operational innovations: are all the forms and capacities related to the three major regions:
deals (account administration, region administration and others), showcasing (campaign
administration, mail showcasing and others) and client bolster (case administration, contact center
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and other).

« Explanatory innovations: compares to the preparing of the data of the deals, promoting and
client back and its change in data for reports and analytics. This could be utilized, for case, a
conclusion of client relationship administration. [Fardoie and Monfared, 2008].

Systems and their Business Consumer
characteristics MNeeds needs
Comparative analysis ofkey

mdicators of systems

!

Choice of CEM
Architecture

Figure 3. System selection procedure

Among these three advances for us, the most noteworthy intrigued in terms of usefulness is
Operational innovation. Subsequently, let us consider in more detail the engineering of this CRM
framework innovation. Presently we offer an outline on what a CRM framework is, by displaying the
concept proposed by Buttle [2009], that states:” CRM is the center commerce procedure that
coordinating inner forms and functions, and outside systems, to make and provide esteem to focused
on clients at a benefit. It is grounded on tall quality customer related information and empowered by
data technology.” Within the taking after segment, we show a few CRM engineering models. In this
area, we display a few models of CRM designs, which deliver us an understanding into what most of
CRM models have. We consider the taking after CRM models: The Sugar CRM (Siebel) show [Fardoie
and Monfared, 2008], Microsoft Elements demonstrate and Sage show (Fig.20,21,22).
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Figure 4. Sugar CRM architecture model from www.marketing.com
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Figure 6. Microsoft Flow CRM engineering

In these models, we distinguish common components between them, that provide us a thought
on what composes a CRM:

o Interface/Channel: show in Sugar CRM, Microsoft CRM and Sage CRM.

o Introduction layer: show in Microsoft CRM, Sage CRM.

» Web administrations: display in Sage CRM and Microsoft CRM

« Trade rationale: display in Microsoft CRM, and Sage CRM.

o Detailing and Investigation: show in Sugar CRM and Microsoft CRM.

+ Information layer: show in Microsoft CRM and Sage CRM.

o Integration administrations: show in Microsoft CRM and Sage CRM.

» Workflow computerization: show in Microsoft CRM, Sage CRM and Sugar CRM.

Conclusion

In conclusion, a well-structured approach to CRM system selection empowers organizations to
optimize customer experiences, improve decision-making through data-driven insights, and foster
stronger customer relationships. Careful evaluation and alignment with organizational needs will
maximize the CRM’s value, contributing to long-term success.

By understanding the different types of CRM systems—operational, analytical, and
collaborative—organizations can choose the one that best fits their customer engagement model and
business processes. The selection methodology, which involves assessing functional requirements,
evaluating vendor offerings, and considering integration capabilities, ensures that the chosen CRM
system not only meets the technical specifications but also aligns with business goals.
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bstract: The article considers an effective numerical
method for solving two-dimensional elastic-plastic
boundary value problems for isotropic bodies.
Discrete equations are composed by a finite-difference
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solving finite-difference equations with respect to the central
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ITocTranoBKa 3agauamn

OO6pIuHO, MOfie/IbHBIE ypaBHEHMUs, OMICHIBAIOIINE Mpoliecca TUHEHOTO AedOpMUPOBAHIS
TBEPAbIX TeJI, COCTOUT U3 [1]:

YpaBHCHNA paBHOBECUA

23:0%}.+Xi=0, x eV, i=123. (1)
j=1
3akoHa ['yka
o, =A00,+2u¢,, (2)
cootHomeHusa Komn
Sty o

Ui TPAaHNYHBIX yCIOBUI

=u, ) on

u| n| =8, i=123. (4)

% P

J=1

rie O, — TeH30p HampsKeHWil, £, —TeHsop medopmanuii, U, ~ KOMIIOHEHTHI ITepeMeleHMit,

1

X = obbémube cwrbl, A-, M — ympyrue mocrosiHHble Jlame, 0= &,1t¢&, &, maposas wactp
TeH3opa medopmaliuii, 5] — cuMBos1 KpoHekepa, 71, — BHelTHASA HOPMajlb K TOBEPXHOCTH X-2 -
,8,—=,8,—,8, = xommouentsr BEKTOPa BHEIIIHEeN HATPY3KI.

B xpaesoii samaue (1-4), MOXHO paccMaTpuBaTh BMECTO COOTHOIIEHUA (2) CTIEMYIOLIYEO
HEJIMHEeHYI0 CBSI3b MEXJy TEeH30pOM HamlpsDKeHMii U fAedopMalyii, Tak Has3bIBAEMYIO

neOpMaIIOHHYIO TeOPUIO IIaCTUYHOCTY Vbromuna [1]

Uij = 051‘]‘ + O-u eij’ (5)
rac
2
o=K0, K=+2p, (6)
Gu = O-u (gu)’ (7)

rie 0,7, €, — MHTEHCHBHOCTU TEH30pa HANIPsDKEHUI U JiepopManuu, COOTBETCTBEHHO, €

u u ij

JieBMATOP TeH3opa fepopmariuii

0
e_.=6‘..—§, 0: 811+822+€33’ (8)


https://journal.umft.uz/

Management and Future Technologies | journal.umft.uz October 2024 Volume 1, Issue 3

1 ou Ou
g =—| —+—|. (9)
2 axj ox,

IIpn cooTHomeHnAX (9), fepopMalOHHYIO TEOPUIO IVITACTUYHOCTHU (4-7), MHOT/A HAa3bIBAIOT

Teopueil MaJIbIX YIpyromwiacTuieckux pegopmaiyii Vnpronmna [1]. Vi3BecTHO, YTO cOOTHOLIeHME
(7) MoxeT OBITD IPEACTABIEHO B CieyionieM Bufe [1,3]

o :{2/181 HpI/'I g, <:9:, * (10)
2ue, +2u(e,—¢,) npu &, ¢,
e £, —npenien ynpyrocti [1].
Cootrnomenne (10) mpu ¢, = 8: MOXXeT OBITh 3aIMCaHo B CylefyoleM Buje [3]
o =2ue +2u-u)e +e) mpu € 2¢. (11)

IlopcraBnas cootHoueHusa (11) B (5), MOXXHO HAIITU OIpefeAIlee COOTHOIICHNE
nedOpMaIIOHHON TeOPUN B CTydae KyCOYHO-TMHEITHO AuarpaMmbl 1epOpMUPOBAHUS T.€.

A0S0, +2ue, npu g, <&,

(12)

TV 405, + 28, - 2(u—-u)1-2)e, mpu £ >,
&

Takum o6pasom, B KpaeBoit 3amaue (1-4), BMmecto (6) paccmarpuBas (12) momydumm
HEJTMHENHYI0 MOJIe/IbHOE YpaBHEHHe, OMUCHIBaOllee HEMMHENHBIN mpoliecc AedopMupoBanus
TBepPAbIX Tel [4]:

3

Z;ay.,ﬁ)(,.:o, x eV, i=1,23. (13)
=

A05, +2ue, mpu &, <e,,

o, = , &g . (14)
" |A606,+ 2ue, —2(u—p)1-—"+)e, mpu & =g,

&

u

1(ou Ou,
& =—| —+—1|, (15)
T 2{ox, ox,

3
u|Z =u’, Zaﬁn‘/ 5 =8, xeXx. (16)
I :

MopenbHble ypaBHEHNS, OCHOBaHHbIe AedopMalnoHHoit Teopun Vibommza (13-16) MoryT
OBITH 3aMMCaHbl OTHOCUTE/IBLHO MepeMeleHNIT B IBYMEPHOM C/Tydae uMeeT BUJ T.¢. [1]

o'u o’u o*v
A+2u) -+ u——+A+ ) —-f, =0,

ox = 0y ox0y

o*v o*v o'u (17)
A+2u)——+pu—+(A+ -1,=0,
(A+2p) SN (A+p) ooy f
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T7e

. & Oe, .
/; :2(/1—#)(1—8—”)6—; npu &, 2 €. (18)

u J

TPaHUYHDBIC YCIIOBUA OTHOCUTE/IBHO nepeMemeHMﬁ:

u(xy), =un u(oy)| =i u(ny), =ul u(xy) =i, (19)
, 19
v(xp)|, =ve v(ey) =V v(ny) =V v(ny) | =V

J; — mnpencraBnser coboii memuueiinyo 4actb AuddepeHnaibHbIX ypaBHEHUIL, u, v, W —

1 .
HepeMemeHI/m, & =.|—e.e. —UMHTCHCUBHOCTDb TeH30pa I[e(i)OPMa[H/H/L
u 2 -y

CpaBHeHI/Ie YNCIE€HHDbIX pE€3YyIbTATOB

Otor maparpad MOCBsAIIeH YMCICHHOMY PpelIeHMI0 KPaeBbIX 3aad CPOpMYIMPOBAHHBIX
OTHOCUTENIBHO TIepeMelienuit u fedopManuii M CpaBHEHUIO Pe3yIbTaTOB MEXAY co0oil, a TakxKe ¢
U3BeCTHbIM pemieHMeM TumomeHko-I'yabepa [2]. IlycTh mpAMOyronbHass IUTACTHMHA pPasMepoM
(2a,2b) HaxoaMTCA TOJ AeMICTBUEM OJHOOCHOI HAarpysKu mapabommueckoil (GOpMbl IPUIOKEHHBIX
Ha ITPOTUBOIOTIOXKHBIX CTOPOHAX MePHeHAUKY/IAPHBIX K ocit OX [2]. OcTanpHble TpaHbl CBOOOHDI
OT HaTPY30K T.e.

2

npu x=+a: 0,=8(1-=), og,=0, (20)
a

npn y=+b: o, =0, o, =0. (21)

21

Jlna paccmarpuBaeMoil samauM, B pabote Tumoienko-I'ynibepa [2], Ha ocHOBe ycmoBUSA
MUHMMU3AIMK SHepruy jedopMaluu ¢ UCIOIb30BaHUeM (YHKIMM HaNpsDKeHuit Opu, ObUn

Haf;[]leHbI CIEAYIONINE BBIpAKCHUA AJI51 KOMIIOHCHTOB TCH30Pa HanmeeHm?[

G = 5(1_12)—0.17025(1—3%)(1—)(—;)3
a a a

3w

a2

o, =—0.68055 2 (1-y1-2),
a a a

o, =-0.17028(1- )1 -2y, (22)
a

Vicxopnbie laHHble NMeeT CrIefyioliie Oe3pasMepHble 3HAUECHMS:
A=08, £=051=2a,1 =2b,a=b=1, N =N,=10, '=03, & =032, S=1.
B tabmuie 1 mpuBefieHBl M CPaBHEHBl 3HAYEHMS HANPKEHUNl o,,, B CPEIUHbI IVIACTUHBI

HO/Ty4eHHble OTHOCUTE/IBHO TlepeMellleHmit, nedopMaruii u pesynbratel TumolteHko-I'ymbepa [2]

npu ¢, < g,

Ta6nuua 1. CpaBHeHNe TeH30pa HANPsHKeHUi O, npu y=0
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3adauu x=-1 x=0.8 x=-0.6 x=-04 x=-0.2 x=0

Pesynomamut Tumowenxo-1yovepa 1.0000 0.9779 0.9303 0.8788 0.8431 0.8298
Pesynomamut omnocumenvto nepemewseruit. 09925 0.8791 0.8538 0.8214 0.7963 0.8214
Pesynvmamut omuocumenvio oepopmayuti  1.0000 0.9818 0.9818 0.9818 0.9818 0.9818

CpaBHeHI/IH Hal'[p}l)KeHI/Iﬁ O'11 IIOKa3bIBAlOT, YTO YUCICHHBIC PE€3Y/IbTAThl, ITOTYICHHBIC IIO

UTEPAMMOHHOMY OTHOCUTE/IbHO nepeMemeHMﬁ[ METOAY IIPOTOHKM OTHOCHUTC/IIBHO ne(bopMauMﬂ
O4Y€Hb 671]/[31(]/[, yeM obeclieunBaeTcsa CIIpaBE/INBOCTD CCl)OpMYHI/IPOBaHHbIX Kpa€BbiIX 3a/jal, a TAKXKE
AOCTOBCPHOCTD IMOJIYYCHHDBIX YN CICHHDBIX PE3Y/IBTATOB.

Puc.1. Pacnipefieneniie Hanps>KeHuii O, 10 pe3ylbTaTaM KpaeBbIX 3a/ja4d O CXKaTUM

HPAMOYTO/IBHOI TTACTUHBI TTO]] AEJICTBUEM HATPY3KH MapabomndecKkoii GopMbl OTHOCUTETBHO
nedopmaruii(l) n nepemernenusx (111 ), a Takxke cOIJIaCHO pe3yIbTaTaM
Tumomnenko-I'yapepa (II).

Terepb pacCMOTPUM JJAHHYIO 3314y € YIETOM He/IMHENHBIX YacTeli ipu £ > £ .

Ta6nuua 2. CpaBHeHNe TeH30pa HANPsHKeHuit o, npu y=0

3adauu x=-1 x=0.8 x=-0.6 x=-04 x=-0.2 x=0

Pesynvmamut omnocumenvto nepemewseruit  0.9919 0.8339 0.7827 0.7417 0.7145 0.7051
Pesynvmamui omuocumenvuo degpopmayuti  1.0000 0.9457 0.9275 0.9229 0.9220 0.9221
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JakmouyeHnmne

CdopmympoBaHa KpaeBas 3ajjadya YIPYro-IJIACTUYHOCTY B JIA HMPsAMOYTONbHYUKE B C/Tydae
wiockoit medopmainuu. [IMCKpeTHble YpaBHEHMs COCTAB/IEHbl KOHEYHO-PAasHOCTHBIM METOIOM U
pelleHa uTepanuonHoM MetoziaM. C momolipio ypasHenue Jlame un ycnosuit Cen Benana jjanHad
sajjaya cOpMyIUpOBaHAa OTHOCUTENbHO JfepopMaliuii M pellleHa O MeTOAY IepeMEeHHBIX
HalpaB/IeHUIl COITIACHO METOJIy NPOTOHKM IO COOTBETCTBYIONIMM HampapaeHusaM. PaspaboTaHbl
YMCIIeHHbIe AITOPUTMBI Y COOTBETCTBYIOIee IIPOorpaMMHOe obecriedeniie Jyis pellleHns AByMepHBIX

YOPYyTro-IyiacTUYECKUX Kpa€BbiX 3a/iad.
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THE ROLE OF
APPLICATION OF
DISTRIBUTION
LAWS IN SERVING
DIFFERENT
TRAFFIC IN 5G
NETWORKS

bstract: This paper presents some distribution

laws applied in serving heterogeneous traffic in 5G

networks, and also considers the types of traffic in

5G networks. A review of distribution laws is provided and
suggestions for future research are given.
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BBenenmne

[TosBnenue  TexuHonmormm  5G  mpuBeo K 3HAUUTENBHOMY  IIpOrpeccy B
TeJIEKOMMYHMKAIMOHHBIX CHCTeMax, obeljass 0Gojee BBICOKYIO CKOPOCTb Iepefauyy JaHHBIX,
MEHBIIYI0 3aJIeP>KKy, IOBBIIIEHHYI0 HAJI©KHOCTb U MIMPOKUE BO3MOXHOCTY MOJAKIIOYEHS
yCcTpoiicTB. O>KMIAeTCs, UTO C pacIpoCTpaHeHUeM pasHOOOPa3HbIX IPWIOXKEHMI, TAKMX KaK yMHbIe
ropojia, aBTOHOMHBIE TPAaHCIOpPTHbIe cpecTBa, VMuTepHer Bemeit (IoT — Internet of Things) u
JIOTIONIHEHHAs] PeajlbHOCTh, ceTu 5G OyAyT MOAAep)XMBATh IIMPOKWUIA CIIEKTP PasHOPOHBIX
(reTeporennpix) TMnoB Tpaduxa. K HuMM OTHOCATCS yaydllleHHas MOOWIbHAs HMIMPOKOMOIOCHAS
cBs3b (eMBB - enhanced Mobile Broadband), cBepxnagesxnas cBs3b ¢ Masoit safepsxkoit (URLLC
- Ultra-Reliable Low-Latency Communications) n maccoBas Maninunas cBsa3b (mMTC - massive
Machine Type Communications). B pesynbraTe adpdpexTnBHOE 06CTyKMBaHME TAKUX PA3HOPOHBIX
TUTIOB TpaduKa B ceTsax 5G mpeyicTaBiseT coOOil CTIOXHYIO U TPY/IHYIO 3ajady [1, 2, 3].

MaTePI/Ia}IbI n ME€TOADbI

MoTuBanms /1 3T0it pabOThI IPOMCTEKAET U3 OCTPOI HEOOXOAMMOCTH PaspaboTKu Mojienelt
U QITOPUTMOB, CHOCOOHBIX 3¢ (EeKTUBHO YIIPABIATh M OOCTYKIUBATh TPeOOBAaHNA K Pa3HOPOJAHOMY
Tpaguky B cerax 5G. PasHooOpasHas npuposia THUIIOB TpapukKa, KaX/bli U3 KOTOPBIX UMeeT
yHUKalIbHBle TpeboBaHMA K KadecTBy obcmykuBanua (QoS - Quality of Service), Tpebyer
paspaboTKMl MHTE/UIEKTYa/JIbHBIX M  Q[JAITUBHBIX MEXAHU3MOB pacIpefle/ieHUs  pecypcos,
IJIAHUPOBAHMA ¥  yIpaBleHua TpapukoM BHyTpu cetu. Kpome TOro, omrummsalys
HpPOUBBOJUTEIBHOCTU ceTH A  obecmedenus 95¢Q¢eKTUBHOTO MUCIONb30BAHUSA PECYPCOB U
IpefloCTaBIeHNA Ha/IeKHbIX YCIYT C HUSKOI 3afIep>KKO /I PasIMUYHbIX TUIOB Tpaduka mmeer
pellaolliee 3Ha4YeHMe A7 YCHEIHOTO pa3BepThIBAHMA U 9KCIUTyaTaliun ceTeit 5G [4, 5, 6].

ITonnMaHme U pellleHne STUX MPo6/IEM He TONMbKO CIIOCOOCTBYET Pa3BUTHIO TEXHONOTHM 5G, HO
U 3aK/IaJIbIBAET OCHOBY JUIsl OYAYIIMX ITOKOMEHUi cucteM GecripoBosiHOl cBsA3KU. COCpeOTOUUB
BHUMaHJe Ha paspaboTKe Mojie/ieil ¥ ITOPUTMOB, AQNITUPOBAHHBIX K [AMHAMUYHOMY WU
pasHoobpasHoOMy XapakTepy Tpaduka 5G, 3TO UCCIe[ioBaHMe HAIPaB/IeHO Ha TO, YTOObI BHECTU
CYIIeCTBeHHBIIl BK/Iaf B omTuMusaluio u s¢pdexTuBHy0 pabOTy COTOBBIX ceTeil CeAYIONIETro
noxkonaeuns [7].

Texnonmorusa 5G BKIHOYAeT pas/inMuHble TUIBI Tpaduka, KOTOpbIe IO3BOJIAIOT JOCTUTATD
BBICOKOII IPOITYCKHOI CIOCOOHOCTU, HU3KOM 3aepXKKU ¥ TIOBBIIIEHHON HA/IeXHOCTH CBA3M.
OcHOBHbIe BUbI TpauKa, UCIIOIb3yeMble B ceTAX 5G, BKIKYAIOT 8, 9]:

1. Tpapux eMBB: OToT TunN Tpaduka npefHasHAUEH I 00eCIeuYeHns BBICOKOI CKOPOCTH
nepesiauyl JAHHbIX U OO/IBIION MPOITYCKHON CIOCOOHOCTH /IS IPUIOXKEHMIA, TAKUX KaK MTOTOKOBOE
BUJICO BBICOKOTO paspellleHNs, OH/IANH-UTPbl C BBICOKMMU TpeOOBAaHMAMU K IPOIYCKHOII
CrIoco6HOCTY U 3arpysku (aiios 60/bIIOTO 0OBEMA.

2. Tpapuk URLLC: Srot Tun Tpaduka mpusBaH 06ecreunTb HU3KYIO 33/IeP>KKy U BBICOKYIO
Ha/IeXKHOCTh CBASYU JiIl KPUTUYECKM Ba)KHBIX NPWIOKEHMI, TaKUX KaK yHajeHHOE yIpaBJeHue
MEUIIMHCKMMM  YCTPOJCTBaMM, aBTOHOMHbIE TPAHCIIOPTHBIE CUCTEMbl ¥ IPOMBIIIEHHOE
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obopynoBanue, r7ie axke HeOObIIast 3afIePXKKa MOXKeT OBITh HEOMYCTHMA.

3. Tpagpuk mMTC: Sror Tnn Tpaduka mpeHazHadeH I 0OecIeueHNs CBSA3U ¢ GO/BIINM
KOJIMYECTBOM YCTPOJICTB, paboTaomux B cetu Murepuer Bemeit (IoT), Takux kak cMapT-laT4uKy,
yMHbIe CUETUYUKU U JPYTHE YCTPONCTBA, KOTOpbIe TPeOYIOT HI3KOTO IHEPronoTpeld/IeHns, HIU3KO

CTOMMOCTU M HU3KOJ C/IOKHOCTH ¢BA3M (puc. 1).

eMBB

Bricokas mponycKHAS
CIOCOOHOCTE

- npedenbHAA NPONVCKHAA
CNOCOOHOCINB;

- NOEBIUIEHHAA CREKINPATBHAAL
shpexmerocms,

- WIHPOKOE HOKDBIMIE.

mMTC
Boabmoe KOJTHIECTBO
YCTPOHCTE

URLLC

BeIcOKAA HAJEKHOCTE

- HU3KdAA BGanJfCKG,'

- BBICOKAA HAOCHCHOCTNb,
- EbICOKAA aOCF?.’j-‘??HOCH.’b,'
- IMOYHOCHIb on[peaeiemm

- ONMUMUZAYUA
SHEPeONOMpPedIeHUA;

- BbICOKAA TWIOMHOCIB
cOeOUHeHNA;
- HU3KAA CTTOHCHOCHID.

MecionoioHCeHHA.

Puc. 1. PazHopopnslil Tpaduk B ceTax 5G.

MaremaTndeckoe MOMENMPOBaHNE IUCKPETHBIX CUCTEM CO CTOXACTUYECKMM XapaKTepOM
($YHKIMOHNPOBaHMSA TIpeANo/NaraeT MCIOIb30BaHUE MOJeNIel MaccOBOTO  OOCTy>KMBaHUSA,

OIIMChIBACMbIX B TCpPMHUHAX AllllapaTa TCOPUN BCPOHTHOCTeﬁ.

MaremaTu4eckoe OmMCaHMEe CAyYalHbIX BeIMYMH  IIPEATIONaraeT  3aJaHue  3aKOHa
pacrpefieienis, yCTaHaBIMBAIOIETO COOTBETCTBUE MEX/Y 3HAYEHUAMM CIY4ailHON BETMYMHbI U
BE€POATHOCTHIO UX MOABJIEHNA. PacCMOTpUM IMCKPETHYIO CTy4aliHyI0 BeM4nHy X, IpMHUMAIOUIYIO
3HAaYeHUA Xq,X3,..., X,. Bemmunna X MoXeT IpUMHATH KaXK/Io€ M3 3TUX 3HAYEHUII C HEKOTOPON
BepoaTHOCTBIO. O603Haunm vepes P;(i = 1, N) BepoATHOCTH TOTO, UTO CydaiiHas BemmdnHa X
npuMer 3Hadenue X;: P; = P(X = x;). Ecnu B pesynbraTe onbiTa BelmdyHa X IPMHMMAET TO/IBKO
OJIHO U3 9THUX 3HAUEHMI], TO UMeeM MOIHYIO TPYIIITY HECOBMECTHBIX COOBITHIT M CYMMa BEPOSTHOCTEI!
BCEX BO3MOXXHBIX 3HAYEHMIT C/TyIaiiHON BETMYMHbBI paBHA eIMHUIIE:
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n
ZPi =1
i1

JTa CyMMdpHasA BEPOATHOCTb KAaKUM-TO 06pa30M pacnupeneiena  MEXny OTAe/IbHbIMU
3HAYCHUAMMN. CHY‘{aﬁIHaH BC/INMYIMIHA 6YI[€T IIOJIHOCTBIO OIIMCaHa C BepOHTHOCTHOﬁ TOYKHU 3pc€HNA,

€C/IM Mbl 3aJaiVIM 3TO pacIipeie/;IEHNE, T.€. YCTAHOBUM TaK Ha3bIBaeMbIIl 30KOH pacnpebeﬂeuuﬂ.

3aKoHOM paciipeaeicHn g CquaﬁHOﬁ BC/IMYMHBI  Ha3bIBACTCA BCAKOC COOTHOIICHUCE,
yCTaHaBIMBawIilee CBA3b MEXKAY BO3MOXHDBIMI  3HAUYCHUAMU CHY‘{aﬁIHOﬁI BC/INYNHbI U
COOTBECTCTBYIOLIMMY UM BEPOATHOCTAMMU. HPO CquaﬁHYIO BCINYMHY TOBOPAT, 9TO OHA NOAYNHECHA

AaHHOMY 3aKOHY pacCIIpeaeICHUA.

MO[[Q}II/IPOBaHI/Ie TEXHUYCCKUX CUCTEM C JUCKPETHBIM XdpaKTCpOM (l)YHKHI/IOHI/IpOBaHI/IH
TIpEeAIIOIAracT IIpUMEHECHME pAa3HbIX 3aKOHOB pacnpe,ueneHI/HZ, KaK JMCKPETHDIX, TaK 1 HEIIPEPbIBHbIX
CHY‘IaﬁHbIX Be/IMYMH. B KadecTBe 3aKOHOB pacnpeneneﬂmﬁ ANCKPETHDBIX cnyqaﬁHbe BC/INYUH
Hanbonee HINPOKO UCIIOIb3YIOTCA:

» pactipefienenne Ilyaccona;
 TEOMETPUIECKOE pacIIpefieNieHue.

ITockOMbKy B MaTeMaTUYIECKIX MOJIE/ISIX MaCCOBOTO OOCTY)KMBAHNUS HETIPEPhIBHO CTyJaiiHOI
BE/IMUMHON OOBIYHO SB/IETCS BpeMs, HanbOObLINIT UHTEPeC PECTAB/ISIOT 3aKOHbI pacpe/ie/IeHuii
HENPEPBIBHBIX CIYYalHbIX BEJIMYNMH, OIPEENeHHbIX B 00/IaCTH TIOIOKUTENbHBIX 3HAYEeHUIL:
PaBHOMEPHBIIL; 9KCITOHEHI[MATbHbIIA; Opranra; Oprmanra HOPMMPOBAaHHBbIIT;
TUTIePIKCIIOHEHITNA/IbHBIN; TUTIepIPIaHTOBCKuI [10, 11].

B Co3gannm MaTeMaTUYeCKO MOAEC/IN Bb160p 3aKOHOB pacnpeneneﬂmﬁ CUUTACTCA OJHUM U3

OCHOBHBIX 3aJad4.

PesynbraThl

B KauecTBe pe3y/bTaTa MOXKHO MIPUBECTH CIIEMIyIOLIINeE CBeJIeHNsI aHa/M3a Ha OCHOBe pabot [12-
20]:

1. B eMBB (enhanced Mobile Broadband) a1 pacnipefiesieHus JaHHBIX YacTO MCIIOIB3YIOTCS
pas/uuHble CTaTUCTUYECKUE paclpefieieHus B 3aBUCUMOCTUM OT XapaKTepUCTUK Tpaduka u
OPWIOKeHNIT. BOT HECKONBKO pacmpefienieHnit, KOTOpble MOTYT OBITh UCTIONIb3OBAHBI:

- pacupeaenenne Ilyaccona: 910 0fjHO U3 CaMbIX PaCIHpPOCTPaHEHHBIX paclpeneneHnin s
MOJIeTMPOBaHNA C/Ty4aliHOTO MPOLeCcca, TAKOTO KaK MOCTYIUIEHNE TAKeTOB JJaHHbIX B ceTu. B eMBB,
I7le MHOXKECTBO ITO/Ib30BaTe/Iell CKaYMBAIOT JIAHHbIE WM IPOCMATPUBAIOT BUJICO, pacIipefie/ieHue
ITyaccoHa MOXKeT UCITO/Ib30BATHCS JIs MOJIeIMPOBAHUS TOTOKOB Tpaduka;

- pacnpenenenne laycca (HopManbHOe paclpepeneHme): JTO pacHpefie/ieHNe IIUPOKO
UCTIONb3YeTCA i MOJICTMPOBAHNSA Pas3/IMUHbIX MapaMeTPOB B CETAX CBA3M, TAKUX KaK CKOPOCTb
nepeiauy TaHHbIX, 3a/iep>XKu 1 T.71. B eMBB oHo Mo>xeT 6bITh UCTTONIB30BAHO /TSI MOJI/TUPOBAHS
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CKOpOCTU IE€peain AaHHbIX PA3/INYHbIMU ITOIB30BATE/IAMN MU YCTpOIZCTBaMI/I;

- IKCIOHCHIMNATDHOC PpACHpEaCIcHnEc: 3To0 paciipeneienne Yacro MCIIONIb3yeTcA [JIA
MOACINPOBaHNA BP€MCHHDBIX VMHTEPBATIOB MEXAYy COOBITUAMMU. B KOHTEKCTE eMBB,
IKCIIOHCHIMAIBHOC PACIIPEACTICHUEC MOJKET ObIThH IIpUMEHCHO /1A MOACINPOBaHNA BPEMEHN MEXKY
3alpocaMu JAaHHBIX OT MOJ/Ib30BaTE/NEN WJIN BpEeMEHU MEXAY IIaK€TaMy NaHHbIX B II€pe€aadc
IIOTOKOBOTO BIUJICO;

- IOTHOPMA/IbHOE paclipefiefieHne: ITo paclpe/ie/ienne, KOTOpoe MOXKeT UCTIONb30BaThCA A
MOJIeIMPOBaHNA NAPaMeTPOB C TOMOXUTEAbHBIM JMaNa30HOM 3HA4YeHUIi, TaKUMX KaK CKOpPOCTb
nepefiauy IAHHBIX WU pasmep ¢aiiioB. B eMBB 0HO MOXXeT OBITH TOIE3HO JI/IST MOJIETUPOBAHMS
pasMepa 3arpy>kaeMbIX WIN TIepejaBaeMbIX (aiiios.

2. URLLC (Ultra-Reliable Low-Latency Communications) 0ObIYHO IIpe/iTiosiaraeT BHICOKYIO
HaJIeXKHOCTh ¥ HUBKYIO 3aJIepXKKy Iepefiady JIAaHHBIX, YTO TpebyeT creluduueckoro mojxoia K
pacrpefienienMo AaHHbIX. Hike NIpuBeeHBl HECKOIBKO paclpefie/ieHNuii, KOTOpble MOTYT OBbITb
npumenenbl B URLLC:

- OMHOMMANbHOe pachpefereHne: OTO pacHpefie/ieHie MOXKeT MUCIONb30BaThCA LA
MOJIe/TPOBaHUs COOBITUIT C IByMs BO3SMOXKHBIMU MCXOflaMM (yCIex/Heyjada), YTO MOXKeT ObIThb
MONE3HO TIPYM MOJIEIUPOBAHUM YCIENHbIX U HEYCIeNIHbIX TIiepefilad JIAHHBIX C BbICOKOI

HaJe>KHOCTBIO;

- pacnipenenenne bepHynan: 9To yacTHBI ¢/Tydalt OMHOMMATBHOTO pacIipesie/ieHns, KOTOPBII
HOJIXO/IUT JI/IS1 MOJIe/IMPOBaHNUs OMHAPHBIX COOBITHIT (HapuMep, yCHelHas/HeychelHas nepeava
MakeTa TaHHbIX);

- 3KCTOHEHI[UA/IbHOE paclmpefeneHne: IJTO paclpefie/ieHe MOXeT OBITb TOJIe3HO JIA
MOJIe/TUPOBAHUSA BpeMeHM MEXY COOBITUSMU C HU3KON BEPOSTHOCTBIO, TAKMX KaK TOSIBIEHNE
KPUTUYECKUX COOOIIeHMIT M/ 3aIPOCOB Ha Mepefiady AaHHbIX B cetu URLLC;

- HopMmanbHoe pacnpepeneHume: B URLLC, rae BakHa HM3KasA 3ajiepXKKa, HOPMAJIbHOE
pacIipefieZieHyie MOXKET MCIIOMb30BaTbCA [/IS1 MOJIS/IMPOBAHNS BpeMEHM TIepelayull IAHHbBIX, KOTOpOe
JIO/DKHO OBbITH OJIM3KO K OIpe/le/IeHHOMY 3HaUeHUIO ¢ HeOOMbIIMMY OTKIIOHEHUSMI;

- pacnpepenenue Ilyaccona: MoxkeT ObITh IpPMMEHEHO I MOJENMUPOBAHMS COOBITHIL,
MPOMUCXOAAIMX C HU3KOW MHTEHCUBHOCTbIO, HAaIPUMEP, ITOAB/ICHNE KPUTUYECKNUX YBEAOMIEHMI VIN
3aIpOCOB OT yJa/IEHHBIX YCTPOJICTB.

3. B mMTC (massive Machine Type Communications) o6bI4HO TIpefirionaraeTcs 6osbIIoe
KO/TMYECTBO YCTPOILCTB, pabortatoniux B cetu VurtepHera Benieit (IoT), uro Tpebyer ocobbix
MOJIXO/IOB K paclipefie/leH!I0 JaHHBIX. Hubke ImpuBefleHbl HECKOIbKO pPacHpefle/ieHNii, KOTOpble
MOTYT ObITh TpuMeHeHbl B mMMTC:

- pacnpegenenne IlyaccoHa: OITo pacnpefieieHne MOXET HCIONb30BaTbCA A
MOJIe/IMPOBAHUA CIYYAHBIX IHPOIIECCOB, TAaKUX KaK IOSBICHME COOOIeHMIT VI COOBITMII OT
MHOXecTBa ycTpoiicTs [oT;

- TEOMETPMUYCCKOE paclpeacicHne: 3to pacnpepeneHne MOKET MCIO/TIb30BATbCA  IJTA
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MOAC/TNPOBaHNA BpEMEHN MEXKAY MOCTICHOBATC/IbHBIMU COOBITUAMU OT OJHOTO YCTpOﬂCTBa IOT, TaK
KaK OHO OIMUCBIBACT KOJIMYCCTBO IMOIIBITOK, H€O6XO,I[MMI)IX AJIA TMIOABJICHUA IIEPBOTO YCIICXA;

- pacupepnenenue Jlammaca (BBOIHOe 9SKCIIOHEHIMATbHOE pacmpefenenne): ITo
pacrpefienieyie MOXKeT ObITh TIPUMEHEHO JUISI MOIEIMPOBAHMSI TAHHBIX € TSXKEIBIMUM XBOCTaMI, UTO
MOXeT ObITb TUIIMYHO JUI JAHHBIX, T€HEPUPYEMbIX MHOXeCTBOM ycTpoiicTB IoT ¢ pasnmmunbiMu
XapaKTepUCTUKAMU epeflaul;

- pacnpenenenne bBepuynmu: BosMmokHO —ucnonb3oBaHyMe — OMHOMMATBHOTO MU
pacupenienienusi bepHy/utn s MofemupoBaHusa OMHAPHBIX COOBITHI, TaKUX KaK HATUUIME WK
OTCYTCTBME JJAHHBIX OT KOHKPETHOTO ycTpolicTBa IoT B onmpefeneHHblil MOMEHT BpeMEH;

- IKCIHIOHCHIMAUIBbHOEC Ppacip€aAcicHNe: 3To0 paciipenesienne MOXXET MCIONIb30BATbCA I
MOAC/TNPOBaHNA MHTCPBA/ZIOB BPEMCHNU MCKIY COOBITUAMU OT MHOXKECTBA YCTpOﬁCTB IoT.

O6cyxpenne

OO6cyx/ias mOMydeHHble CBEJICHNS, MOXKeM OTMEeTUTh, 4YTO (haKTU4eckuii BBIOOP 3aKOHA
pacrpesienenus sl paspaboTKU MOJieieli U aiTOPUTMOB OOCTY>KMBaHMS pasHOPOIHOTO TpaduKa B
ceTax 5G 3aBUCUT:

- OT KOHKPE€THBIX XdpaKT€pUCTUK Tpaq)m(a n HPI/IHO)KeHI/HL/'[, a TaKXKeE Tpe60BaHIAI71 K
MO ECTINPOBAaHNMIO KOHKPETHBIX CLIEHAPUEB VCIIO/TIb30BAHUA IJTA CMBB;

- OT XapaKTepUCTUK KOHKPETHOTO MPWIOXKEHNS, TAKMX KaK YacTOTa COOBITUI, TpeOOBaHUS K
HaIe>XXHOCTU U 3aJiepKKe nepefayun Jannbix g URLLG;

- OT XapaKTepUCTUK TpapyKa B KOHKPETHOM CIIeHApUM, TAKMX KaK TUI COOOUIEHNIT, YacTOTa
nepefladu JaHHbIX U ocobenHoctn ycrporicrsa IoT pns mMTC.

Vicxopiss 3 Bbillle MOTyI€HHBIX CBEIEHNUIT, Mbl MOXeM KIacCUUIMPOBATh COOTBETCTBYIOI[ME
3aKOHBI pacIpe/ie/ieHNs] IO UX IUPOKOMY IIPUMEHEHNUIO B OOCTY>KMBAHUN PAasHBIX BUIOB Tpaduka
COTJIacHO TaoI. 1.

Ta6muua 1. Knaccndukanusa 3aKOHOB pacnpeieleHnA 10 UX MPUMeHeHo.

Bupmi yonyr (Tpaduxk) B cerax 5G
3aKoHbBI pacupepeneHnsa
eMBB URLLC mMTC

Pacnpenenenne Ilyaccona + + +
Pacnpenenenne I'aycca (HopmanbHOe

+ +
pacrpefienieHue)
OKCIOHEeHIMANbHOE PacIpefieNienne + + +
JlornopmanbHOe pacrpefiefieHne +
bunoMuanbHoe pacripefienienne +
Pacnpenenenne bepnymm + +
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FCOMeTpM‘{eCKOC pacopenenenne +

Pacnpenenenne Jlamnaca (gBotiHoe
9KCIIOHEHIIMATBbHOE PACIIpe/ie/iecHIe)

BroiBogbl

AHanmusupys IOJydYeHHble Pe3yIbTaTbl U YUUTHIBasg pasanuusa TpeOOBaHMIT Ha pasHbIE
XapakTepucTuky tpaduka B ceTax 5G, B 3aK/IOYEHUN MOXKHO CKasaTh, YTO BBIOOP KOHKPETHBIX
3aKOHOB pacIpefie/ieHus sl paspaboTKu Mofiesiell M aITOPUTMOB OOCTY>KUBAHMS PasHOPOIHOTO
TpaduKa B ceTax 5G cuMTaeTCs aKTyaabHOI 3ajadeil ¥ B OYAyIMX MCCIeLOBaHUAX MBI IVTAHUPYEM
yAeIUTh 0c060€e BHUMAHMeE /IS PellleHNsI 3TON 3a/jaui.
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