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AI and ICT in Uzbekistan-China Trade Cooperation:
Driving Innovation and E�ciency

Azimova Mokhina Bonu Abbos kizi

University of World Economy and Diplomacy
azimovamokhinabonu@gmail.com

https://doi.org/10.5281/zenodo.15510123

Abstract of the article: Arti�cial Intelligence (AI) and Information and
Communication Technologies (ICT) play a crucial role in Uzbekistan-China trade
cooperation by providing innovation and boosting e�ciency. This partnership includes
the implementation of 5G technologies, expansion of the digital economy, and application
of AI solutions in di�erent sectors. The collaboration of young experts from Uzbekistan
and China's advanced expertise has achieved signi�cant technological progress.

Keywords: Information and Communication Technologies (ICT), Arti�cial
Intelligence (AI), 5G, Uzbekistan, China, trade, cooperation, partnership, digital economy,
GDP.

Introduction:

In today's fast-changing world of technology, it is becoming vital to implement
digitalization and arti�cial intelligence into every sector of our lives. Therefore, Uzbekistan
and China are also strengthening their trade partnership by using more tools of ICT
as well as AI. Uzbekistan is still in the early stages of investing in spreading the wide
use of digitalization across the country. However, China has been actively supporting
Uzbekistan with being the country's largest foreign investor, and 27,9% of the entire
foreign investments come from it [1]. Moreover, China has become a key partner by using
its expertise in advanced technologies to strengthen bilateral cooperation. According to
statistics, in 2023, bilateral trade between the two countries reached 14 billion US dollars
and is expected to rise to 20 billion US dollars [2]. This cooperation has positioned
Uzbekistan as a place for new digital ideas in the area and developed �elds such as
logistics, agriculture, and urban development.

Furthermore, their partnership in the Belt and Road Initiative (BRI) has further
fostered the sustainable growth of digitalization [3]. Using AI and ICT together in
trade cooperation could help Uzbekistan attract more investment, grow its economy and
infrastructure, as well as modernize its workforce. However, there are still some barriers,
such as regulatory obstacles and low data security, preventing countries from achieving
success in this �eld. This article explores how AI and ICT can foster Uzbekistan-China
trade cooperation by creating innovation, and also gives suggestions on resolving the
challenges of the digital landscape.

Analysis of literature:

Among all �ve Central Asian countries, Uzbekistan is considered to be the �rst one to
form diplomatic relations with China. Since the establishment of diplomatic partnership,
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various �elds in the cooperation between Uzbekistan and China have been advancing
continuously. Starting from 2016, China-Uzbekistan relations were o�cially changed to a
strategic partnership [2].

ICT is becoming an integral part of our lives, since it brings automation and
simpli�cation of the processes with the use of digitalization. For instance, the book
â�»ICT and Productivity: A Roadmap for Empirical Researchâ��ê by Kretschmer,
Cardona, and Strobel provides information for understanding ICT's impact on
productivity, emphasizing methodological approaches such as growth accounting and
econometric estimates. It highlights that ICT's productivity mostly depends on the
following factors: organizational structures and human capital. Furthermore, it states that
the extent to which technology is used varies, with �nance and manufacturing bene�ting
greatly [8].

Arti�cial intelligence is becoming vital in the workplace to achieve e�ciency. Therefore,
Uzbekistan's government is also trying to implement AI in the workplace by creating
necessary policies. For instance, the Resolution of the President of the Republic of
Uzbekistan on the approval of the Strategy for the Development of Arti�cial Intelligence
Technologies until 2030 is the perfect example of this [9].

Methodology:

Statistical, analytical, and comparative methods were used in the research process.

Discussion and Results

Current State of Uzbekistan-China Cooperation in AI and ICT

Looking back, the Republic of Uzbekistan and the People's Republic of China signed
a diplomatic agreement for the �rst time in 1992 after the collapse of the Soviet Union.
Starting from that period, their cooperation ties have been getting stronger, and several
milestones have been reached with their partnership. For instance, since 2001, Uzbekistan
has been a founding member of the Shanghai Cooperation Organization (SCO), a regional
economic and security partnership. Today, it also involves other countries, including
Kazakhstan, China, Tajikistan, Russia, Kyrgyzstan, India, Iran, and Pakistan.

It is very well-known that bilateral cooperation is a comprehensive strategy involving
all types of relations. Governments should actively communicate in a political way since
it plays an important role in developing partnerships. Therefore, Uzbekistan and China
have also had a number of political visits to each country. If we look at the statistics, it
can be concluded that in the last 30-year period, meetings of leaders of both countries
have reached 23. From 2016 to 2023, alone 12 of these meetings took place. However,
starting from 2000 until 2017,136 political visits from di�erent levels were generally held
[4].

Returning to political milestones, both countries signed the â�»China-Uzbek Treaty
of Friendship and Cooperationâ��ê in 2005. That bilateral agreement focuses on
strengthening cooperation in several sectors, including the economy, trade, �ghting
terrorism, and drug transportation.

In 2013, the Belt and Road Initiative (BRI) was launched, and since then, Uzbekistan
has become a geopolitical partner in the region. Despite the fact that Uzbekistan and
China do not share a border, Uzbekistan's location helps China to get closer to the
country with rich natural gas, Turkmenistan. The Central Asia-China Pipeline runs
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through Uzbekistan, linking Turkmenistan's gas �elds to China's Xinjiang area.

Figure-1. Source: Data of the State Statistics Committee of the Republic of Uzbekistan
URL: https://www.stat.uz/img/tawqi_savdo_2024.pdf

If we look at the chart provided above, it can be observed that from the beginning of
the period, the higher proportion was on the import side. In 2019, the trend experienced
a dramatic growth to nearly $2,000 billion, from $3,558 billion to $5,108 billion. However,
next two years, there was a slight fall in the numbers, and at the end of the period, the
indicator saw an increase in imports accounting for $6,404 billion. In contrast, from the
data, it can be concluded that Uzbekistan imports more goods than it exports.

Therefore, for over 10 years, China has held the position of Uzbekistan's leading
trade partner. According to statistics, bilateral trade volume has grown from less than
$52.5 million in 1992 to $7.44 billion in 2021. This means the indicator saw a nearly
140 times increase during the whole period [5]. Although the tough period during the
COVID-19 pandemic, China successfully continued exporting goods to the country and
has maintained its position as the largest export market in the region.

Role of AI and ICT in Bilateral Cooperation

ICT Infrastructure Development

ICT sector in Uzbekistan is developing at a high rate, mainly with government support.
According to the data provided by Stat.uz, gross value added by ICT services has
shown consistent growth over the six-year period. Between 2019 and 2024, the gross
value added increased by more than triple, indicating the introduction of development
programs focused on the ICT sector to enhance economic development. The most notable
increase occurred between 2023 and 2024 when the value rose sharply from approximately
25,000 billion sums to over 35,000 billion sums. This suggests accelerated investments or
advancements in ICT infrastructure and services during this period.
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Figure-2. Source: Compiled by the author based on the UZSTAT 2024 and 2023 reports.
URL: https://stat.uz/en/press-releases/50256-for-2024-year

Analysis of local news sites revealed that telecommunications infrastructure is mainly
navigated by Chinese companies, including Huawei and ZTE. The fundamental tools of
ICT are speci�cally designed on the basis of the technologies of the above-mentioned
organizations. However, experts hold the opinion that these companies bring advantages
only to the ICT infrastructure. On the other side, the software industry, which mostly
uses local resources, does not generally get any bene�t from them.

Figure-3. Source: Ministry of Investments, Industry and Trade of the Republic of
Uzbekistan

Although both countries established their partnership a long time ago, Chinese
companies started rapidly entering the market in the 2000s. Huawei, which is one of
China's leading companies, has been successfully operating in Uzbekistan for 26 years,
since 1999. The o�cial o�ce in Uzbekistan employs more than 300 people (70% of them
being locals) and has managed to establish partnerships with local telecom operators by
providing tools for the operator segment. Later on, it opened EBG departments, supplying
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solutions for corporate clients, and CBG, which is designed for consumers. Additionally,
Huawei launched several important projects, which were created for the purpose of
improving ICT infrastructure for mobile and �xed communication networks. For instance,
the creation of the following projects: Uzcloud Data Processing and Storage Center, GSM
network of the national mobile operator Uzmobile, RuralStar solution for rural areas
together with UMS, Data Processing and Storage Center for Beeline Uzbekistan, 5G
Internet, and so on [6].

Even though Chinese companies have a large share in the market, that does not mean
that there are no other competitors to them. Uzbekistan is committed to maintaining a
balance between technology companies and is trying to follow this rule. Thus, in places
that are strategically important to the state, Chinese companies are not permitted, and
their services are replaced with European technologies.

Why is ICT important in international trade cooperation?

ICT is becoming an integral part of our lives, since it brings automation and
simpli�cation of the processes with the use of digitalization. It is also impacting
international trade by promoting innovation, increasing productivity, providing e�ciency,
and reducing trade costs. To make my point of view clearer, the impact of the WTO's
Information Technology Agreement (ITA) on international trade is further explained
below:

Supports Economic Growth

A study by the Information Technology and Innovation Foundation (ITIF) shows that
if ICT tools are expanded under the ITA, it could boost the economy and further revenues.
For instance, developing countries that expanded the products covered by the ITA saw a
signi�cant increase in tax revenue since their economies started to grow. This increase was
actually more than the tari� money they lost, which means both rich and poor countries
could gain from trading. ITIF considers that Brazil's GDP could grow by almost $20
billion over 10 years if it joined the ITA. The country will be able to compensate 123% of
its cancelled tari�s because of increased tax revenues from enhanced economic growth.[7]
Using research from Cardona et al. [8], ITIF concludes that if a country's ICT capital
stock goes up by 1%, its real GDP will likely go up by 0.06%. So, if you multiply a
country's yearly increase in ICT capital stock by that 0.06 percent, you can get a rough
idea of how much GDP growth they could get by including more ICT products in the
ITA.

Reduces Trade Costs

Nowadays, technologies are continuously developing, and thus, global trade agreements,
including modern ICT tools, are being established to adapt to their development. The
World Trade Organization's (WTO) Information Technology Agreement (ITA) is a
perfect example of an agreement involving an ICT-based policy framework, promoting
trade liberalization. The ITA's â�»zero-in/zero-outâ��ê tari� plan removes taxes on
tech products such as semiconductors, telecommunications equipment, and high-tech
manufacturing tools, helping create a huge global trade environment worth $2 trillion.
A model by ITIF concludes that if the price of ICT goods goes down by 1%, due to the
removal of tari�s, a 1.3% rise can be expected in the consumption of those products,
demonstrating how access to ICT stimulates economic productivity.

Expansion of Cross-Border Services
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Digitally delivered services, mainly in �elds such as �nance, education, and software
development, now represent the fastest-growing segment of international trade. Data
from the WTO shows that since 2005, these services have grown at an annual rate
of 8.1%, outpacing traditional goods trade. Cloud computing and telecommunication
advancements help companies from developing countries to provide services in the IT
sector remotely without any physical presence requirements. For instance, Indian IT �rms
using high-speed internet and digital platforms o�er software solutions to clients from
North America as well as Europe, providing $227 billion in export revenue in 2023.

AI applications

Arti�cial intelligence is becoming vital in the workplace in order to achieve e�ciency.
Therefore, companies are now using them to accomplish their daily tasks as they help to
maintain competitiveness and speed up their work�ow. Consequently, AI stimulates the
economy of the country, strengthens its geopolitical positions, and improves the living
standards of the nation.

Uzbekistan's government is also trying to implement AI in the workplace by creating
necessary policies. For instance, the Resolution of the President of the Republic of
Uzbekistan on the approval of the Strategy for the Development of Arti�cial Intelligence
Technologies until 2030 is the perfect example of this. Its primary aim is to create suitable
conditions for the accelerated introduction of arti�cial intelligence technologies and their
widespread use in the country, ensuring the availability and high quality of digital data,
and training quali�ed personnel [9].

If we look at how China's leading companies, including JD.com and Taobao, achieved
success, the roles of arti�cial intelligence (AI) and big data were vital. The main reason for
that is this system analyzes seller behavior, reads customer feedback, and �nds suspicious
activities in the transaction process. In the case of Uzbekistan, adopting such technologies
can intensify the e�ciency of IPR enforcement and improve the consumer shopping
experience. Integrating AI and data analytics means that platforms can build trust and
navigate their operations while implementing global best practices.

Moreover, in order to implement 5G and 5.5G networks in Uzbekistan is possible by
using AI as well as big data technologies. They are particularly useful for applying concepts
of smart cities and smart homes, and by doing so, they strengthen the ICT infrastructure
in the region.

Why does AI play an important role in international cooperation?

Arti�cial Intelligence (AI) has emerged as an essential foundation of modern
international cooperation, changing diplomatic agreements and economic integration. AI
tools are altering how nations collaborate in a world that's both connected and falling
apart. They are clearly addressing shared challenges, simplifying regulatory policies,
and providing international innovation. Here are the key reasons why AI should be
implemented in international trade cooperation:

Enhancing Global Productivity and Trade

It is projected that by 2030, AI will make a $13 trillion contribution to the global
GDP, highlighting its position as a driver of international business partnerships [10].
Governments understand that achieving dominance in AI development is impossible for
any nation, due to the reliance on interconnected data networks, skilled workers, and
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processing power. For example, how advanced language models such as GPT-4 depend
on international datasets and cloud systems that extend across numerous countries.
This mutual reliance encourages countries to form partnerships for resource exchange;
the U.S.-EU Trade and Technology Council (TTC), launched in 2021, has dedicated
$4 billion to collaborative AI research focused on medical diagnoses and renewable
energy advancements. Likewise, the Global Partnership on Arti�cial Intelligence (GPAI),
with 29 participating nations, manages AI-powered farming projects that have improved
harvests by 18% in sub-Saharan Africa using shared satellite images and machine learning
techniques.

Solving ecological problems

Rich countries are putting a lot of money into AI research and development. In 2020,
globally, $60 billion was spent on AI investments, and it's expected to double by 2025.
Meanwhile, poorer nations might not get the advantages that come with AI growth. In
order to overcome this problem, a number of projects are being launched, including the
UN's AI for Sustainable Development Goals program. It applies AI to di�erent �elds,
such as irrigation in dry areas. For instance, Kenya's work with India's AI4Bharat group
which has cut water waste by 40% in some dry regions using smart data analysis. These
partnerships help balance the waste in each sector of life, delivering the bene�ts of AI to
everyone.

Conclusion:

Using AI and ICT in Uzbekistan-China trade cooperation can bring technological
innovation, which in turn enhances e�ciency and fosters leadership of Uzbekistan. Because
of partnerships with big tech companies like Huawei, Uzbekistan has not only expanded
its digital infrastructure but also educated its workforce. 5.5G network trials during ICT
Week 2024 and the Seeds for the Future program, which has trained over 300 specialists,
could be perfect examples of the mentioned progress. Furthermore, Uzbekistan follows
international rules, including the WTO's agreements. This has made them a reliable
partner and helped them attract $3 billion in foreign investments for their IT sector in
2024. As Uzbekistan is working hard to reach its Vision 2030 goals, China's advanced
technological skills continue to reach breakthroughs in the automation of trade, smart
logistics, and AI-driven healthcare solutions. This collaboration not only helps Uzbekistan
to become a Central Asian IT hub but also shows other countries that a strategic
partnership could lead to achieving sustainable digital transformation.
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Abstract

This article examines the transformative role of big data and arti�cial intelligence (AI)
in the raw materials and energy sectors, focusing on three key areas: enhancing enterprise
e�ciency, driving digital transformation in markets, and reducing environmental impact.
Through case studies from industry leaders like Aramco, GE Vernova, and ADNOC, the
article highlights practical applications of AI and big data. Additionally, it presents a
project on optimizing quarry transport systems using AnyLogic as a speci�c example
of AI's application in the raw materials sector. The article underscores the potential of
these technologies to address operational challenges, promote sustainability, and support
economic growth while emphasizing the need for continued innovation and collaboration.
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The raw materials and energy sectors are critical to global economic development
but face signi�cant challenges, including rising energy demands, market volatility, and
environmental concerns. The advent of digital technologies, particularly big data and
arti�cial intelligence (AI), has introduced innovative solutions to these challenges. AI and
big data enable enhanced operational e�ciency, market responsiveness, and environmental
sustainability [1]. This article explores three key areas where these technologies are making
a substantial impact: increasing enterprise e�ciency, digital transformation of markets,
and reducing environmental impact. Additionally, it highlights a practical example from
the raw materials sector: a project on optimizing quarry transport systems using AnyLogic
software, which demonstrates the application of AI in improving operational e�ciency.

AI and big data analytics have revolutionized operational e�ciency in the raw materials
and energy sectors by enabling predictive maintenance, resource optimization, and data-
driven decision-making. In the oil and gas industry, companies like Aramco leverage big
data to monitor and forecast �aring, reducing ine�ciencies and environmental pollution by
analyzing data from 18,000 sources [2]. Flaring, the release and combustion of hydrocarbon
gases due to pipeline pressure, is minimized as engineers quickly identify and address
issues. Similarly, AI-powered predictive maintenance systems identify potential equipment
failures before they occur, minimizing downtime and maintenance costs. For example,
generative AI integrates unstructured inspection records with sensor data to improve
asset integrity [3].

In the renewable energy sector, AI optimizes energy production and grid management.
AI algorithms forecast weather patterns to predict solar and wind energy generation,
enabling better integration of variable renewable energy (VRE) sources into power systems
[4].

A practical example in the raw materials sector is a project on optimizing
quarry transport systems using AnyLogic software. Quarry transport systems, vital for
mining, often face challenges like downtime, ine�cient resource distribution, and poor
coordination. The project employs discrete-event simulation modeling in AnyLogic to
analyze and optimize transport processes, reducing cycle times, fuel costs, and equipment
usage while improving overall system e�ciency. This approach aligns with national
economic and ecological goals, as emphasized in policy statements from Uzbekistan.

Increasing Enterprise E�ciency through AI and Big Data
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AI and big data are reshaping raw materials and energy markets by enabling e�cient
trading, resource allocation, and market responsiveness. Algorithmic trading powered
by AI facilitates high-speed, data-driven decisions. For instance, AI optimizes energy
portfolios by analyzing real-time data on pricing, supply, and demand, navigating price
volatility e�ectively . This enhances market e�ciency and resource allocation.

AI also streamlines the integration of renewable energy into markets by predicting
energy generation and demand [5]. GE Vernova uses AI/ML models to forecast renewable
energy production and optimize participation in day-ahead markets, leveraging digital
twin technologies to maximize economic value and ensure grid stability [6]. These
advancements support decentralized energy systems and smart grids, where AI aids in
load forecasting and resource allocation.

AI and big data signi�cantly contribute to reducing environmental impact in the
energy sector by optimizing energy use and lowering emissions. AI-driven initiatives can
reduce energy consumption in buildings and industrial processes. For example, ADNOC
achieved a reduction of approximately one million tonnes of carbon emissions, equivalent
to removing 200,000 gasoline-powered cars from the road. ExxonMobil uses AI to optimize
re�nery operations, minimizing gas emissions and atmospheric pollution [7].

In renewable energy, AI enhances system e�ciency and supports sustainable
technologies. AI optimizes wind and solar farm placement by analyzing geographical and
meteorological data, maximizing energy output while minimizing land use. AI-powered
smart grids reduce energy waste by dynamically adjusting supply to demand, lowering
emissions [7]. Despite these bene�ts, AI's high energy consumption for computation raises
concerns, potentially o�setting gains if not managed [8].

Reducing Environmental Impact through Digital Technologies

Big data and AI are transforming the raw materials and energy sectors by enhancing
e�ciency, reshaping markets, and promoting sustainability. Case studies from Aramco,
GE Vernova, and ADNOC illustrate practical bene�ts, while the quarry transport
optimization project using AnyLogic demonstrates AI's application in raw materials.
These technologies drive innovation but face challenges like data privacy and AI's energy
consumption. Continued collaboration among industry, governments, and technology
providers is essential for a sustainable energy future.
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Aabstract

This paper conducts a comparative time series analysis of public education expenditure
in China and Uzbekistan over the period 2000�2024. Using the Neural Network
Autoregression (NNAR) model, we forecast future trends and assess the dynamics of
spending on education. The study reveals divergent trajectories and investment strategies
between the two countries, in�uenced by economic development levels, policy priorities,
and demographic trends. Our �ndings highlight the potential of machine learning
approaches in economic forecasting and policy evaluation.
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Education is a critical sector for sustainable economic growth and social development.
Governments allocate varying proportions of their GDP to education depending on
national priorities. China, a rapidly developing economy, and Uzbekistan, a transition
economy, o�er contrasting cases for educational investment. This paper aims to model
and forecast education expenditure (% of GDP) using Arti�cial Neural Networks (NNAR
models), enabling a data-driven comparative analysis.

Public expenditure on education has long been recognized as a crucial determinant
of human capital development and economic growth. According to Barro [1], increased
investment in education contributes to long-run productivity gains and improved income
distribution. UNESCO [2] emphasizes that sustained public funding is essential to achieve
inclusive and equitable quality education, particularly in developing countries.

Empirical comparisons of education expenditure trends across countries often rely on
econometric methods. Traditional approaches such as panel regression and time series
decomposition have been used to evaluate �scal priorities and their macroeconomic
impacts [3]. However, these linear models may not adequately capture nonlinear dynamics
or regime shifts, especially in transition economies.

Recent advances in machine learning and data-driven forecasting have introduced
neural network models as powerful alternatives for modeling complex time series. Neural
Network Autoregression (NNAR), a special case of feedforward networks for univariate
time series, has demonstrated strong forecasting performance in various economic domains
[4],[5]. NNAR models are particularly e�ective when the data exhibits nonlinear trends,
cyclical �uctuations, or structural breaks�characteristics often present in public �nance
series.

This study builds upon the emerging literature by applying NNAR models to a
comparative analysis of education expenditure in China and Uzbekistan from 2000 to
2024. By combining advanced forecasting techniques with a cross-country perspective,
it contributes to the understanding of �scal policy dynamics in divergent developmental
contexts.

Data and Methodology

Data Description:We used time series data of government expenditure on education
as a percentage of GDP from the World Bank database (2000�2024). The data was
preprocessed to ensure continuity and stationarity. We use annual data (2000�2024) from:

• World Bank EdStats(Government expenditure on education, % of GDP)
• UNESCO Institute for Statistics

Figure 1 shows plot of the Annual data (2000�2024) .
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Methodology:Neural Network Autoregression (NNAR) is a nonlinear time series
forecasting model that uses feedforward neural networks to model the relationship
between past observations of a univariate time series and its future values. It is an
extension of traditional autoregressive models that allows for capturing nonlinear
patterns and complex dynamics that linear models may miss.

The NNAR model is a special case of the Multi-Layer Perceptron (MLP) applied to
time series forecasting, where lagged values of the time series serve as input neurons, and
the output is the forecasted value.

The general form of an NNAR model is:

yt = f(yt−1, yt−2, . . . , yt−p) + ϵt

where:

• yt is the value of the time series at time t,
• p is the number of lagged observations used as input,
• f(·) is a nonlinear function approximated by a neural network,
• ϵt is the random error term, assumed to be white noise.

An NNAR model is often denoted as NNAR(p, k), where:

• p is the number of lagged inputs (analogous to AR(p)),
• k is the number of neurons in the hidden layer.
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The NNAR model uses a single hidden layer feedforward neural network:

ŷt = α0 +
k∑

j=1

αj · g

(
βj0 +

p∑
i=1

βjiyt−i

)

where:

• g(·) is the activation function (typically the logistic sigmoid or ReLU),
• βji are weights connecting input i to hidden neuron j,
• αj are weights connecting hidden neuron j to the output,
• ŷt is the predicted value of the series at time t.

Interpretation:

• NNAR models automatically detect nonlinear trends and interaction e�ects
between lagged observations.

• The number of input lags p is often chosen based on ACF/PACF analysis or by
minimizing a forecast error criterion.

• The number of hidden neurons k is typically selected automatically (e.g., k = ⌊(p+
1)/2⌋) in R's nnetar() function, but can also be tuned manually.

• The model is trained byminimizing prediction error (e.g., using backpropagation
with stochastic gradient descent).

Forecasting with NNAR:Once the network is trained, forecasts are produced
recursively:

• For one-step-ahead forecast: use the most recent p observations.
• For multi-step forecasts: predicted values are fed back as inputs.

The forecast() function in R with an nnetar() model can produce:

• Point forecasts
• Prediction intervals via bootstrapping of residuals
Advantages:

• Captures nonlinear relationships in time series.
• Works well for series with complex, nonlinear, or chaotic behavior.
• Can outperform traditional linear models (e.g., ARIMA) when the data is not well-
described by linear relationships.

Limitations:

• Black-box nature�harder to interpret than linear models.
• Requires more computational resources and data preprocessing.
• May over�t if not carefully tuned (e.g., too many hidden neurons).

Results and Discussion

To enhance your NNAR-based comparative analysis with Prediction Intervals (PI)
and visualizations. It includes:

1. Point forecasts + Prediction Intervals

2. Visual plots for both countries
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3. Explanation of PI

A Prediction Interval (PI) quanti�es the uncertainty around a point forecast by
providing a range within which future observations are expected to fall with a given
probability level (e.g., 95%). (Figure 2)

Mathematically, if ŷt+h is the forecast for t+ h, then the (1− α)% prediction interval
is:

ŷt+h ± zα/2 · σh

Where:

• zα/2 is the critical value from the standard normal distribution,
• σh is the forecast standard error for horizon h.

In NNAR models, prediction intervals are estimated using bootstrapping:

• Residuals from the �tted model are resampled.
• Forecast paths are generated multiple times.
• The interval bounds are derived from the empirical quantiles of the simulated paths.

These intervals are especially important in policy-making as they convey the
con�dence bounds of future education expenditures, aiding in risk-aware
planning.

Comparative Analysis
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Figure ?? shows the forecasts suggest China will maintain a moderate increase in
education spending, converging to above 5.5% of GDP by 2030. In contrast, Uzbekistan
exhibits stabilization around 5.25%, with slower growth. The results re�ect policy and
�scal constraints in the respective countries.

Model Diagnostics and Accuracy Evaluation

Figure 3 shows both models show acceptable residual patterns with minimal
autocorrelation, validating the model adequacy for short-term forecasting.

Table 1. Accuracy Metrics for NNAR Models

Test set Test set1
Country China Uzbekistan
ME 8.547151e-05 3.240379e-05
RMSE 0.08774232 0.05022510
MAE 0.07421428 0.03489354
MPE -0.03570436 -0.01131483
MAPE 1.6270669 0.6981453
ACF1 0.0291773 -0.2369596
Theil.s.U 0.8053589 0.3969111

The table 1 reports the in-sample accuracy metrics of the NNAR models:

• ME (Mean Error): Measures bias. Values near 0 indicate unbiased forecasts.
• RMSE (Root Mean Square Error): Penalizes large errors more than MAE.
• MAE (Mean Absolute Error): Indicates average magnitude of errors.
• MAPE (Mean Absolute Percentage Error): Interpretable in percentage terms,
but sensitive to small actual values.

• MASE (Mean Absolute Scaled Error): Scale-independent; values < 1 suggest
the model performs better than naive forecasts.

• ACF1: Autocorrelation of Residuals at Lag 1. The ACF1 value represents the
�rst-order autocorrelation of residuals. Ideally, for a well-�tted model, residuals
should be uncorrelated, especially at lag 1.
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• ACF1 = 0: Indicates little or no autocorrelation in residuals - desirable, model
captures serial structure.

• ACF1 > 0.3 or < -0.3: Suggests that some autocorrelation remains, indicating
under�tting.

• A Theil's U < 1 for both China and Uzbekistan indicates that the NNAR
models outperform naive forecasts, successfully capturing meaningful patterns and
nonlinearities in the data.

These metrics con�rm that both NNAR models achieve reasonable predictive accuracy,
with the model for China showing slightly lower error magnitudes, possibly due to
smoother long-term expenditure growth compared to Uzbekistan's more volatile spending
patterns.

Conclusion

This study demonstrates the e�ectiveness of NNARmodels in analyzing and forecasting
national education expenditure. The neural network approach accommodates nonlinearity
and captures subtle dynamics missed by traditional models. Policymakers can leverage
these forecasts to evaluate investment strategies and align educational �nancing with
long-term developmental goals.
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Abstract

This article explores the evolving relationship between General English and English
for Speci�c Purposes (ESP) in the context of AI-enhanced language education. The
integration of Arti�cial Intelligence (AI) is revolutionizing language instruction by
enabling personalized learning, real-time feedback, and �eld-relevant content delivery.
Aligning English instruction with learners' professional goals fosters both language
pro�ciency and career-ready communication skills.

Keywords: General English, English for Speci�c Purposes, Arti�cial Intelligence,
communicative competence, curriculum design, professional development.

In the contemporary global landscape, English language pro�ciency has evolved
beyond its conventional function as a means of communication. It now serves as a
critical instrument for academic advancement, professional mobility, and participation
in international discourse. For students in technical and applied �elds, acquiring English
is not solely a linguistic endeavor but a strategic asset that facilitates access to global
knowledge, collaborative networks, and cutting-edge innovations.

The advent of AI technologies,speech recognition, real-time translation and adaptive
learning systems is reshaping how languages are taught and learned. These tools facilitate
more responsive and personalized instruction. [6].

The distinction between General English and ESP lies primarily in their focus, scope,
and application. General English is designed to provide learners with foundational
linguistic skills necessary for basic communication in everyday situations. It includes
instruction in grammar, vocabulary, listening, speaking, reading, and writing, forming
the core competencies that support general language �uency. This broad approach is
essential for non-specialized contexts, where the primary aim is to ensure that learners
can engage in routine interactions across various domains [1].

In contrast, ESP addresses speci�c linguistic demands of �elds such as business,
engineering, law, or healthcare. It emphasizes context-speci�c vocabulary, discourse, and
communication practices, supporting immediate application in professional settings [4].
AI tools like NLP enhance ESP learning through instant feedback and customized content
[7].

AI technologies are driving a shift from generic instruction to tailored learning
experiences. Platforms can assess individual pro�ciency, suggest targeted activities, and
provide ongoing feedback. This individualization supports both general �uency and
specialized competency [1].

AI-powered learning platforms-such as virtual reality (VR) simulations and augmented
reality (AR) environments�o�er innovative tools that allow students to practice
specialized English in realistic, immersive contexts. These AI-enhanced platforms simulate
professional scenarios, providing students with hands-on opportunities to engage with the
language as it is used in their �elds of study [6]. Such immersive technologies allow for
experiential learning, where students can develop not only their linguistic skills but also
their professional capabilities in environments that mimic real-world situations.

Communicative competence in ESP extends beyond vocabulary acquisition to
mastering context-speci�c discourse and adapting to cultural norms. E�ective
communication in global professional environments requires an understanding of both
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linguistic and pragmatic nuances [5].

Teaching ESP presents several unique challenges due to the specialized nature of the
subject matter and the diverse needs of learners. One of the primary challenges is ensuring
that students are equipped with a broad enough range of vocabulary and grammatical
structures to communicate e�ectively within their speci�c professional contexts. In many
cases, learners may become overly reliant on a limited set of terms and expressions,
potentially hindering their ability to navigate complex or unfamiliar situations. To address
this issue, ESP instruction must focus on expanding students' lexical range, encouraging
the use of varied vocabulary, and promoting linguistic �exibility.

One e�ective strategy to overcome this challenge is to design tasks that require students
to engage in active learning. For example, task-based activities, such as role-playing
professional scenarios, problem-solving exercises, or case studies, can push students
beyond their comfort zones and encourage them to use language creatively and adaptively.
These activities provide opportunities for learners to practice real-world language skills,
enhancing their ability to communicate con�dently in dynamic professional environments.

Another signi�cant challenge in ESP teaching is the need for personalized instruction.
Given that ESP courses often cater to students from diverse disciplines, it is essential to
tailor content to meet the speci�c needs of learners in �elds such as engineering, business,
medicine, or law. AI-driven tools can play a crucial role in this respect by analyzing
students' language pro�ciency and o�ering personalized learning paths that adapt to
their progress. These tools can also identify knowledge gaps, suggest targeted exercises,
and provide real-time feedback, allowing instructors to focus on addressing individual
learning needs and fostering a more personalized educational experience [1].

Moreover, ESP teaching should foster independent learning, equipping students with
the skills to continue their language development beyond the classroom. This includes
teaching learners how to engage in self-study, encouraging critical thinking, and developing
problem-solving abilities. AI-powered learning platforms can support this process by
o�ering students access to a range of resources, such as interactive exercises, instructional
videos, and personalized assessments, allowing them to take ownership of their learning
and continue improving their language skills outside of the classroom setting.

AI-supported applications help learners to improve pronunciation, grammar, and
�uency through real-time corrective feedback. These tools simulate authentic interactions
and guide users in re�ning their communication skills [7].

E�ective ESP instruction requires a dual focus: grounding in General English and
specialization in professional language use [3]. A major instructional challenge is balancing
general language development with the demands of technical �elds.

Task-based learning including role-plays, simulations, and problem-solving tasks
encourages students to use language creatively and adaptively. These activities mirror
real-world tasks and promote professional �uency.

AI tools also aid instructors by identifying gaps, suggesting content, and enabling
personalized instruction across disciplines [1]. AI immersive technologies and global
communication trends will continue to shape ESP. Future instruction will be increasingly
interdisciplinary, intercultural, and technology-driven.

The integration of VR/AR simulations, machine learning, and adaptive content
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will create personalized, dynamic learning environments tailored to students' evolving
professional needs. Simultaneously, emphasis on intercultural competence will prepare
learners to thrive in collaborative international contexts [6].

In addition to technological advancements, the future of ESP will be shaped by an
increasing focus on intercultural communication and global collaboration. As international
partnerships become more common in �elds such as research and business, the ability
to communicate e�ectively across cultures will be essential. ESP programs will need to
incorporate cultural awareness training, ensuring that students are not only pro�cient
in the technical language of their �elds but also capable of navigating the cultural
nuances that in�uence communication in global contexts. This holistic approach will
enable students to work more e�ectively in multinational teams and engage with global
stakeholders in a manner that is both linguistically and culturally appropriate.

In conclusion, ESP is evolving into a technology-integrated, learner-focused discipline.
Combining General English foundations with career-speci�c instruction prepares students
for professional success in a globalized world. AI-enhanced tools not only personalize
learning but also enable lifelong development in language and professional communication.

Key Takeaways:

� ESP must align with professional goals and domain-speci�c communication needs.

� Instruction should balance linguistic and career-relevant skills.

� Task-based learning bridges theory and real-world application.

� AI enables individualized, immersive, and adaptive instruction.

� ESP fosters lifelong learning and global professional readiness.

By integrating General English with ESP, educators can provide students with a
well-rounded language education that prepares them to face the challenges of both
their professional and personal lives. Through the use of AI-powered learning tools,
students can receive individualized instruction that is adaptive, immersive, and aligned
with their speci�c career aspirations. This approach equips future professionals with the
communicative competence and cultural awareness necessary to succeed in an increasingly
interconnected and globalized world.
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INTRODUCTION

This thesis explores the integration of satellite imagery and machine learning to predict
socio-economic status (SES) across geographic regions. Traditional SES data collection
methods, like surveys and censuses, are costly and infrequent. This study demonstrates
how Convolutional Neural Networks (CNNs) provide a scalable, coste�cient alternative
for estimating SES based on landscape features visible in satellite images.

LITERATURE REVIEW

Traditional models for SES estimation include regression analysis, cluster analysis, and
discriminant analysis, which require structured socio-economic data (Mateo-Garcia, G.,
& Santos, G. 2018). However, these models lack adaptability and are constrained by data
quality and linearity assumptions. Recent research leverages CNNs for SES prediction due
to their ability to learn non-linear spatial patterns in images, o�ering higher accuracy and
broader applicability.

METHODOLOGY

The approach involves acquiring satellite imagery and corresponding SES data, followed
by preprocessing steps to standardize and normalize inputs. A pre-trained CNN model is
�ne-tuned using transfer learning. The model is trained to map visual features to socio-
economic indicators, and performance is validated on unseen data.

SYSTEM DESIGN

The system architecture comprises modules for image collection, preprocessing, CNN
model training, and prediction. It leverages cloud resources for scalable computation. The
CNN model includes convolutional, pooling, and fully connected layers optimized using
backpropagation.

Fig1. SES System Architecture
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IMPLEMENTATION AND RESULTS

The trained CNN model achieved high accuracy in predicting SES from satellite
images. Testing on new regions demonstrated the model's robustness and adaptability.
Results con�rm the viability of this approach for real-time SES estimation in data-scarce
environments.

FUTURE WORK

Future research can improve model performance by incorporating additional data
sources, such as census records, mobile usage, and infrastructure datasets. Ensemble
models and data fusion techniques can enhance prediction accuracy and generalizability.

Conclusion:

This thesis validates the use of machine learning, speci�cally CNNs, for socioeconomic
status prediction from satellite imagery. The proposed system o�ers a fast, scalable, and
cost-e�ective method for SES assessment, particularly useful in regions where traditional
data is sparse or unreliable.

References:

1.Jean, N., et al. (2016). Combining satellite imagery and machine learning to predict
poverty. Science, 353(6301), 790-794.
2.Rovira, J. P., et al. (2017). Poverty prediction using satellite imagery and machine
learning. IEEE IGARSS, 5062-5065.
3.Mateo-Garcia, G., & Santos, G. (2018). Predicting poverty with satellite imagery and
deep learning. IEEE TSP, 1-4.
4.Lobry, S., et al. (2020). Predicting poverty using remote sensing and ML: A review.
Remote Sensing, 12(18), 3054.

Credit Score Classi�cation Using CNN-Based 2D Image
Transformation and Machine Learning Integration

Hokimjonova Zarnigora

University of World Economy and Diplomacy
z.hokimjonova@gmail.com

https://doi.org/10.5281/zenodo.15510422

In modern �nance, credit scoring serves as a critical mechanism to evaluate the borrowing
potential of individuals. Traditional models, such as logistic regression, often struggle to
handle complex, heterogeneous datasets at scale. Deep learning approaches, particularly
CNNs, have shown considerable promise in addressing these limitations [1]. This study
introduces a novel hybrid strategy that integrates Convolutional Neural Networks
(CNNs) with classical machine learning algorithms. It utilizes ASCII-based 2D grayscale
transformation of tabular �nancial data, facilitating the application of CNNs for deep
feature learning.
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A hybrid approach is used, combining CNN feature extraction with classical machine
learning classi�ers to produce accurate, scalable, and resource-e�cient outcomes.

Historically, credit scoring has relied on statistical techniques like logistic regression
and Linear Discriminant Analysis (LDA) [2]. While e�ective for linear relationships, these
models often underperform on complex datasets.

With the rise of deep learning, CNNs have gained attention for their ability to process
image-based data. Recent advancements show potential in repurposing CNNs for tabular
�nancial data, particularly by transforming such data into images for classi�cation [3].
Similarly, by employing real world credit card data Zhang et al [4] accomplished credit
card fraud detection models based on the CNN and machine learning algorithms, including
Support Vector Machine (SVM) and random forest by achieving high accuracy results in
both models.

This study utilizes the 'Credit Score Classi�cation Clean Data' from Kaggle, comprising
31,695 records labeled as Good, Poor, or Standard (5). According to Pseudo-code of the
grayscale technique, illustrated in Fig. 1 below each record is converted into a 14x14
grayscale image through ASCII encoding, facilitating CNN processing.

Figure 1. Pseudo-code of the grayscale technique

The process of conversion by Pseudo-code grayscale method was illustrated below in
the Figure 2. In this study label "1"presents "good"class, label "2"represents "poor"class,
and label "3"indicates "standard"class.
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Figure 2. Transformation process of the data set as 2D Grey Scale image format

Six CNN models are trained, with DenseNet201 and ResNet18 yielding the most
accurate results. Features extracted from a custom fully connected (NewFC) layer are
merged and re�ned using the RelieF algorithm. These re�ned features are subsequently
classi�ed using KNN, LDA, Naive Bayes, and SVM to evaluate e�ectiveness. To employ
CNN model, 70% of the data set was put in data set as a training set while 30 percent as
a test set. The architecture of CNN model is illustrated in Figure 2.

Figure 3. Architecture of the 2D CNN model

After 1000 features were withdrawn from each CNN model they were classi�ed. Then,
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each CNN model provides 1000 features in the previous layer, so called, fully connected
layer, that means we obtain number of images in the dataset, a feature set with a matrix
of [1000 x 31695], in other words [1000 x number of images].

Figure 4. Architecture of the 2D CNN model

As illustrated in Figure 3 we used hybrid model which amalgamates deep learning
along with machine learning techniques to classify 2D credit score image dataset. While
testing the data, in the Evaluation of Performance to observe multiple metrics such as
sensitivity, speci�city, precision, f-score, and accuracy level following �ve equations were
computed.

Sensitivity (SE) =
True Positive

True Positive+ False Negative
(1)

Specificity(SP ) =
True Negative

True Negative+ False Positive
(2)

Precision(Pre) =
True Positive

True Positive+ False Positive
(3)

F − score (F − scr) =
2 x True Positive

2 x True Positive+ False Positive+ False Negative
(4)

Accuracy(Acc) =
True Positive+ True Negative

True Positive+ True Negative+ False Positive+ False Negative

Among the models tested, DenseNet201 outperformed with a classi�cation accuracy
of 99.47%, closely followed by ResNet18 at 99.00%. Post-processing using the RelieF
algorithm and traditional machine learning models further improved classi�cation results,
with most classi�ers exceeding 99.9% accuracy. Fivefold cross-validation con�rmed that
the hybrid approach generalizes well across data splits and maintains high performance
consistency.
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The proposed CNN-ML integrated approach provides a highly e�ective solution
for credit classi�cation, leveraging image transformation to enable CNN processing of
structured data. By combining deep feature learning with e�cient traditional classi�cation
techniques, the model demonstrates superior scalability and precision. This work presents
a viable framework for deployment in real-time credit assessment systems and encourages
further research into hybrid architectures for �nancial analytics.
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Abstract

This article explores the integration of ChatGPT into English language education
at MGIMO University in Tashkent, with a speci�c focus on building professional and
academic vocabulary among Generation Z students. Building upon current theoretical
frameworks and recent empirical �ndings, the study examines how AI-enhanced
instruction not only aligns with digital-native learners' cognitive preferences but also
actively contributes to vocabulary acquisition in both General English and English for
Speci�c Purposes (ESP) courses. Going beyond simple implementation, the paper provides
a structured analysis of pedagogical practices, while also addressing observed challenges
and their implications for sustainable AI integration in higher education.

Keywords: ChatGPT, arti�cial intelligence, ESP, General English, vocabulary
development, Generation Z, MGIMO, digital pedagogy

1. Introduction
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The growing presence of arti�cial intelligence (AI) in education is creating new
opportunities to revisit traditional language teaching methods. Large language models
(LLMs) such as ChatGPT stand out for their ability to support communication, o�er
individualized feedback, and keep students engaged. These features are especially relevant
to Generation Z � those born from the mid-1990s onward � who are often considered
"digital natives"due to their lifelong exposure to technology [1,9].

At MGIMO University's Tashkent branch, this potential is being actively explored
through the implementation of ChatGPT across various English language courses. While
the primary goal has been to enhance vocabulary acquisition in both General English and
ESP contexts, this article takes a critical approach by examining the outcomes of this
integration within the broader academic discourse on AI in education.

To systematically investigate these developments, the study addresses three key
research questions: First, how ChatGPT can support professional and academic
vocabulary development; second, how AI integration corresponds to Generation Z's
learning preferences; and third, what pedagogical practices optimize the use of large
language models. By answering these questions, the research aims to contribute
meaningful insights to the growing �eld of AI-supported language learning.

2. Theoretical Framework

According to McCarthy [7], vocabulary learning does not follow a �xed sequence.
It evolves gradually through repeated and contextually diverse language input. This
understanding takes on new dimensions when applied to Generation Z learners, whose
hyper-connected and visually oriented cognitive styles make them particularly receptive to
digital tools o�ering immediate, individualized input. Building on this idea, Godwin-Jones
[4] shows that large language models can simulate near-authentic language environments,
particularly when their multimodal functions are actively applied to re�ect real-world
communication.

The alignment between AI's capabilities and contemporary learning theory becomes
even clearer when we examine its potential to personalize learning paths, provide
timely sca�olding, and generate context-speci�c examples [3,4,6]. Furthermore, when
thoughtfully incorporated into re�ective pedagogical design, tools like ChatGPT show
remarkable potential to promote metacognitive awareness [2] and vocabulary retention
[3]. However, it would be remiss not to acknowledge the valid concerns raised by scholars
regarding overreliance on generative models, particularly the risks of factual inaccuracies,
uncritical copying, and diminished learner agency [1,5].

3. Pedagogical Context and Methodology

This research employs a qualitative case study approach enriched by elements of
practitioner research. To capture a comprehensive picture of ChatGPT's educational
impact, the author - drawing on �rsthand experience as a university instructor - collected
data through multiple channels: re�ective observation, detailed analysis of student output,
and targeted classroom-based interventions conducted over two academic semesters. This
multifaceted methodology ensures that the resulting �ndings authentically represent both
the potential and the limitations of ChatGPT in actual educational settings.

The case study focuses on empirical classroom experiences at MGIMO Tashkent during
the 2024-2025 academic year. Recognizing the need for systematic implementation across
diverse learning contexts, ChatGPT was strategically embedded into curricular tasks for
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�ve distinct student groups representing various academic levels and specializations.

For 1st Year Legal Studies students (General English), the focus was on developing
core communicative skills. Using ChatGPT, they co-constructed dialogues on practical
topics like �ling complaints, university routines, and formal greetings. This approach not
only built functional vocabulary but also helped students contextualize language use in
everyday situations.

In the General English course for 1st Year Business Informatics students, ChatGPT
was applied in a more imaginative context. In completing the "Pieces of Art"project,
students used the tool to analyze and compare cultural materials. This not only helped
them broaden their vocabulary but also improved their descriptive and comparative skills,
while cultivating greater interest in cultural contexts and artistic expression.

With 2nd Year Law students (ESP), the emphasis shifted to professional needs.
ChatGPT became a tool for crafting arguments in their "Barristers vs. Solicitors"debate,
with particular attention to precise legal terminology and persuasive discourse structures
� essential skills for their future careers. Simultaneously, 2nd Year Business Informatics
students (ESP) engaged with more technical applications. They explored specialized
vocabulary (e.g., GUI vs. CLI interfaces) through ChatGPT, simulating user support
dialogues to master IT-speci�c communication � a direct enhancement of their professional
linguistic competence.

The most advanced implementation occurred with 3rd Year Law students. Working
with Double Taxation Agreement texts, they leveraged ChatGPT for term veri�cation
and paraphrasing exercises. This application developed not just translation skills but also
legal analysis capabilities, bridging language learning and professional practice.

A consistent element across all tasks was the use of a structured feedback model
involving three stages: peer review, teacher guidance, and self-assessment. This process
established a clear learning cycle of input, practice, and re�ection [3], which supported
vocabulary reinforcement and gradually improved students' communication and thinking
abilities.

4. Results and Observations

The implementation of ChatGPT across all student groups yielded two signi�cant
positive outcomes: markedly increased lexical diversity in student outputs and
substantially higher levels of learner engagement [8], which, as previously observed in
similar studies [8], are often associated with AI-supported learning environments. These
�ndings directly align with Hockly's review [8], which identi�ed AI-assisted instruction as
particularly e�ective for stimulating learner motivation and curiosity.

This motivational boost appears rooted in ChatGPT's capacity to provide instant
output, which served as a valuable springboard for creative language exploration and,
importantly, self-correction among students. However, alongside these promising results,
several limitations became apparent. Most notably, students occasionally over-relied on
the model's authority without proper veri�cation, a tendency especially problematic in
ESP contexts where legal and technical precision are paramount. Furthermore, instances
of super�cial paraphrasing and formulaic responses underscored a pressing need for more
structured training in critical AI utilization. This aligns with the concerns expressed by
Kristiawan et al. [6], who point to gaps in AI literacy and underline the importance of
providing ethical guidance in educational contexts where AI tools are used.
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To transform these challenges into learning opportunities, the instructor implemented
a targeted series of interventions:

� First, by cultivating critical evaluation skills through guided questioning of AI
outputs;

� Second, through comparative tasks that required students to analyze di�erences
between AI-generated and peer-generated responses;

� Additionally, mini-lessons in prompt engineering [3] were introduced to develop more
sophisticated querying techniques;

� Throughout this process, consistent teacher presence was maintained to model and
sca�old proper editing and re�nement practices.

5. Discussion

The observed outcomes strongly support the growing consensus that when strategically
implemented, AI tools like ChatGPT can profoundly enhance vocabulary acquisition
and language production. This e�ectiveness stems from the tool's ability to provide
precisely what Dodigovic et al. [2] identify as crucial for vocabulary learning: repeated,
contextually rich language input delivered through personalized interactions. What makes
this particularly impactful is that students simultaneously develop greater autonomy in
directing their learning journeys, a �nding that directly corroborates Bibauw et al.'s [3]
research on the bene�ts of dialogic engagement with intelligent systems.

However, we must emphasize a crucial distinction: ChatGPT's true pedagogical
value emerges not through simple automation of tasks, but rather through its capacity
for cognitive augmentation [5]. This distinction matters because it underscores the
irreplaceable role of human mediation�whether through guided re�ection, comparative
analysis, or critical questioning. This balanced perspective aligns perfectly with Flores
Limo et al.'s [5] conceptual framework, which positions sustainable AI integration
as requiring a harmonious blend of technological capabilities and human pedagogical
judgment.

6. Conclusion

Building on these insights, this case study provides compelling evidence for ChatGPT's
potential to transform vocabulary instruction for Generation Z learners, especially in
discipline-speci�c and professional contexts. Three key attributes�the tool's remarkable
adaptability, real-time responsiveness, and expansive lexical range�establish it as an
invaluable asset in modern language education. Yet crucially, these bene�ts only reach
their full potential when deployed within learning ecosystems that prioritize: (1) critical
thinking development, (2) ethical awareness cultivation, and (3) expert teacher sca�olding.
Looking to the future, two research directions appear particularly promising: longitudinal
studies tracking vocabulary retention patterns and cross-institutional comparisons of
implementation models. While these studies are needed, the MGIMO experience already
o�ers an important proof-of-concept: when thoughtfully designed, AI integration moves
beyond mere novelty to become a genuine catalyst for substantive language development.
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Abstract

Arti�cial intelligence (AI) is rapidly transforming the educational landscape, and
translation studies are no exception. This article explores how AI tools can enrich the
teaching of translation by helping educators create more dynamic and relevant tasks,
particularly in legal and economic contexts. Based on classroom experience at MGIMO
University, where students are trained as future lawyers and economists, this paper
highlights how tools like ChatGPT and DeepL can support deeper student engagement
and more e�ective learning outcomes. The use of AI fosters learner autonomy, provides
instant feedback, and allows for the creation of authentic tasks that simulate real-world
translation challenges. However, the bene�ts of these tools must be weighed against ethical
concerns such as academic integrity, data privacy, and overreliance on automated outputs.

1. Introduction

In translation education, the ability to navigate both linguistic complexity and
contextual nuance is essentialâ��especially for students pursuing careers in law or
economics. At MGIMO University, we work with students who will one day draft or
interpret legal contracts, �nancial reports, and policy briefs in multiple languages. This
demands a high level of precision, awareness of register, and critical thinking. Arti�cial
intelligence (AI) is o�ering us new ways to support these goals. Whether through
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intelligent writing assistants, neural machine translation tools, or real-time feedback
systems, AI allows educators to rethink how translation can be taught. It enables us to
personalize instruction, engage students more actively, and simulate realistic translation
tasks.

This paper re�ects on the use of AI in translation education through the lens of
task design. It includes practical examples drawn from the authorâ��s own classroom,
identi�es clear pedagogical bene�ts, and acknowledges the ethical and methodological
challenges of integrating AI into education.

2. AI in Translation Education

AI has entered the translation classroom in many formsâ��from online dictionaries
and grammar correctors to sophisticated models like ChatGPT and DeepL. At MGIMO,
both students and teachers are exploring how these tools can improve translation practice.

DeepL, widely used for its �uency and contextual accuracy, often serves as a reference
for students grappling with complex legal or economic texts. In my experience, students
often compare DeepL's output to their own drafts, sparking productive discussions about
word choice, clause structure, and tone.

ChatGPT adds another dimension. In a classroom activity, I asked students to translate
an article and then compare their work to ChatGPTâ��s version. This led to insightful
debates about formality, idiomatic usage, and how machines handle ambiguity. Such
exercises not only build translation skills but also digital and critical literacy.

For example, using ChatGPT, I created parallel translations of a legal disclaimer in
formal and plain language. Students were asked to identify legal terminology, analyze shifts
in tone, and then propose a hybrid version suitable for an international law �rmâ��s
website. The result was not only a vocabulary lesson but an exercise in understanding
audience and intention.

Another exercise involved introducing errors into an AI-generated translation of a
shareholder agreement. Students had to locate and justify corrections based on context
and legal norms. This task mimicked the kind of proofreading and revision they will do
professionally.

3.Bene�ts of AI in Legal Translation Education

1. Enhanced E�ciency: AI tools can process large volumes of text rapidly, allowing
students to focus on understanding legal concepts rather than manual translation [2].

2. Immediate Feedback: Intelligent Tutoring Systems (ITS) provide real-time
corrections and suggestions, facilitating a more interactive learning experience [3].

3. Exposure to Diverse Legal Systems: AI can introduce students to various legal
terminologies and systems, broadening their understanding and adaptability [1].

4.Challenges and Ethical Considerations

1. Accuracy and Reliability: AI-generated translations may lack the nuanced
understanding required in legal contexts, leading to potential misinterpretations [2].

2. Overreliance on Technology: Dependence on AI tools might impede the development
of critical thinking and analytical skills essential for legal professionals [3].

3. Data Privacy Concerns: Utilizing AI platforms raises questions about the
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con�dentiality of sensitive legal documents and compliance with data protection
regulations [1].

5.Conclusion

Integrating AI into legal translation education o�ers signi�cant advantages in terms of
e�ciency and resource accessibility. However, it is imperative to balance technological
assistance with traditional pedagogical methods to ensure comprehensive learning.
Educators should emphasize the importance of critical analysis and ethical considerations
when employing AI tools. Future research should focus on developing standardized
guidelines for the e�ective incorporation of AI in legal translation curricula.
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Introduction

In the era of globalization, the digital economy has become a transformative driver
reshaping both local and global economic landscapes. The digital economy not only
enhances operational e�ciencies but also fundamentally alters the structural dynamics of
industries. This study focuses on how the digital economy facilitates industrial upgrading
in China, using it as a case study to extract valuable lessons for Uzbekistan. The �ndings
aim to inform policymakers and stakeholders in Uzbekistan about leveraging digital
transformation to foster industrial development and economic growth.

Literature Review

The term "digital economy"refers to economic activities that leverage digital
technologies to drive productivity and innovation. It encompasses two primary dimensions:
digital industrialization, which pertains to the growth and expansion of digital sectors,
and industrial digitalization, which involves the integration of digital technologies into
traditional industries.

Research has established a strong link between digitalization and enhanced industrial
performance. Digital technologies not only increase productivity but also promote
innovation essential for industrial upgrading. Investments in digital infrastructure and
technologies provide a foundation for economic growth and global competitiveness.

Additional studies illustrate how transitions to a digital economy optimize resource
allocation and enhance �rms' abilities to rapidly adapt to changing market conditions,
presenting new opportunities for e�ciency, strategic positioning, and industrial
transformation.

Research Methodology

De�nition of Digital Economy. In this study, we de�ne the digital economy as: "An
emerging economic framework supported by advanced information technology, utilizing
networks and platforms as carriers, with data as a core production factor, directed
towards intelligence, founded on digital industrialization, and centered on industrial
digitalization."

This de�nition highlights the broad impact of emerging technologies, networks, and
data while emphasizing the dual drivers of digital industrialization and industrial
digitalization.

Data Collection and Indicator System. Utilizing panel data from 2015 to
2024, this analysis employs various economic indicators to evaluate the impact of the
digital economy on industrial upgrading. A comprehensive evaluative indicator system
was established based on systemic, scienti�c, hierarchical, feasible, comprehensive, and
applicable criteria, summarized in Table 1.
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Table 1: Indicator System of Digital Economy (prepared by the author)

Econometric Model. To analyze the relationship between digital economy indicators
and industrial upgrading, we apply a �xed e�ects regression model using Stata. The model
is represented as follows:

log

(
Tertiary GDP
Secondary GDP

)
it

= α + βDit + γControlsit + µi + λt + εit (1)

Control variables include: lg represents GDP (economic level) in logarithmic form;
d is the composite digital economy assessment index; lf denotes the level of �nancial
development (logarithmic); lp re�ects the standard of living (logarithmic); lo signi�es
aging population level (logarithmic); lc indicates urbanization level (logarithmic); lw is
wage level (logarithmic); lh is the value added by high-tech industries (logarithmic); lb
represents social and employment security level (logarithmic).

Empirical Results

Model Results. The �xed e�ects regression results are summarized in Table 2.

Table 2: Empirical Results (prepared by the author)
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Analysis of Results The regression output reveals that:

• The digital economy index (d) signi�cantly positively impacts industrial upgrading
(coe�cient = 0.1179, p = 0.015), indicating that enhanced activities in the digital
economy contribute meaningfully to improved industrial performance.

• The ratio of tertiary to secondary industry log
(

Tertiary GDP

Secondary GDP

)
it
serves as an e�ective

indicator of industrial upgrading. Important control variables, including urbanization
level (lc) and average wages (lw), also display signi�cant relationships with industrial
upgrading, underscoring their importance in facilitating industrial transformations.

These results suggest that strategic investments in the digital economy can lead to
substantial enhancements in the e�ciency and e�ectiveness of industrial upgrading e�orts.

Discussion and Conclusion

This analysis highlights the vital role of the digital economy in fostering industrial
upgrading in China. The evaluative framework established and the �ndings from the �xed
e�ects model illustrate that a strong digital economy can signi�cantly enhance industrial
performance. The identi�ed positive relationships between digital economy activities and
industrial upgrading provide valuable insights for policymakers in Uzbekistan, enabling
them to seize opportunities to enhance their industrial capabilities through digitalization.

Recommendations

For Uzbekistan, leveraging insights from China's experience, the following
recommendations are proposed:

(1) Invest in Digital Infrastructure: Prioritize the development of robust digital
infrastructure to support and enhance digital economic activities.

(2) Promote E-commerce and Digital Transformation: Encourage businesses to
adopt e-commerce strategies and engage more fully with digital technologies to improve
productivity and market reach.

(3) Foster Collaborative E�orts: Facilitate collaboration between public
institutions and private sector enterprises to co-develop innovative digital solutions and
practices.

(4) Enhance Education and Skills Training: Implement targeted educational
initiatives to prepare the workforce with necessary skills and knowledge critical for success
in a digital economy.

In conclusion, the digital economy presents an array of opportunities for enhancing
industrial upgrading. It is crucial to understand and harness its dynamics to chart a
successful path for socio-economic development in emerging markets.
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In recent decades, translation has evolved from a manual, intuitive activity into a
dynamic �eld shaped by technological advancements. Among these, arti�cial intelligence
(AI) has emerged as a powerful force, o�ering rapid and cost-e�ective solutions to meet the
growing demand for translation services [1]. Tools such as DeepL and Google Translate
demonstrate the capabilities of machine translation and neural networks process and
deliver texts with increasing sophistication. While AI undoubtedly enhances e�ciency,
its widespread adoption raises critical concerns, particularly regarding its impact on
the development of human translational skills. Overreliance on AI tools may hinder
studentsâ�� engagement with core linguistic competencies and reduce their ability to
think critically during translation tasks [2]. As universities strive to produce high-level
language professionals, the balance between leveraging AI tools and nurturing essential
translation abilities becomes increasingly important. This article explores the dual impact
of AI on translational skill formation, weighing its bene�ts against its limitations.

Arti�cial intelligence (AI) continues to transform the landscape of professional
translation by enhancing speed, accessibility, and cost-e�ciency. While AI is unlikely to
replace human translators entirely, it plays an increasing role in automating repetitive
tasks and generating �rst drafts, allowing professionals to focus on re�ning content
with cultural and contextual nuances. This integration reduces turnaround times and
makes translation services more a�ordable and accessible, especially for small businesses
entering international markets [3]. However, an overreliance on automation may limit
opportunities for novice translators to develop critical linguistic and interpretive skills.
As AI tools advance, maintaining a balance between automation and human oversight
becomes essential to ensuring both quality output and the development of professional
competence.

Combining AI-generated drafts with human post-editing has proven particularly
e�ective across various sectors such as healthcare, gaming, and multinational business. AI
facilitates the initial phase by generating translations at scale, which are then reviewed
for contextual and cultural appropriateness by human professionals. Computer-assisted
translation (CAT) tools and predictive translation systems help increase output without
compromising quality, especially in time-sensitive �elds. Nevertheless, scholars argue that
successful translation must remain faithful to the source message to resonate with target
audiences [4]. Therefore, AI should be viewed as a supportive tool rather than a substitute,
promoting a hybrid model where human expertise ensures accuracy, creativity, and ethical
integrity in translation practice.

Researchers suggests that hybrid translation methods, combining AI e�ciency with
human linguistic insight, signi�cantly enhance translation quality and learner competence
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[5]. In line with student responses noting improved draft production via AI, rule-based
and statistical models blending corpus data and linguistic principles are described as one
of the most e�ective ones. These approaches re�ect the studentsâ�� tendency to rely on
AI for �rst drafts, followed by human-led re�nement. Hybrid systems outperform singular
AI models in both �uency and contextual adequacy. It is emphasized that this synergy as
crucial for accuracy and creative nuance, suggesting that AI-human collaboration is not
just bene�cial but essential for translator training and industry application.

The �ndings indicate that a signi�cant majority of students experience challenges
when using AI translation tools due to their limited capacity to handle cultural and
legal context. This re�ects a critical shortcoming in current AI applications, which often
fail to accurately interpret idiomatic, nuanced and juridical expressions. While a small
percentage of learners report ease in managing such issues, most participants con�rm the
need for cultural sensitivity and legal quali�cation in translation work - a domain where
human expertise remains indispensable. This supports prior research emphasizing the gap
between machine-generated translation and the interpretive, contextual insight provided
by trained human translators [6].

According to the data, it is believed that AI lacks accuracy when translating
complex texts, and some learners acknowledge the need for substantial post-editing.
These responses underscore that AI-generated outputs often require human revision to
ensure precision and �uency. Although some learners remain neutral to �nd AI reliable
enough without editing. This highlights a prevalent concern about the readiness of AI
to independently handle sophisticated language tasks. The data con�rms that while AI
is e�ective for generating draft translations, it cannot yet replace human involvement in
ensuring semantic and syntactic accuracy [7].

Most of students recognize AI as a useful tool in their academic translation practice,
skepticism remains. A notable portion of them express uncertainty and disagree, re�ecting
doubts about AIâ��s contribution to skill enhancement. Furthermore, it is stated that
human translators are superior when it comes to interpreting culturally embedded and
legal language. These �ndings a�rm that AI can be a supportive aid, particularly in
early drafting stages, but that it may hinder deeper translational learning if over-relied
upon. This aligns with evidence [8], that argue that the nuanced decision-making and
legal awareness required in translation are still best developed through human-centered
practice.

Despite advancements, AI translation systems still face limitations in addressing low-
resource languages, a�ecting skill development in less dominant linguistic contexts. Survey
data re�ects concerns about AI's inconsistent performance across languages - particularly
among students working with non-English source texts. It was de�ned that data scarcity
is a major barrier, proposing multilingual neural machine translation (NMT) to overcome
limited corpora. Similarly, it is demonstrated that cross-lingual methods using high-
resource language data signi�cantly improve parsing and tagging in underrepresented
languages. However, these remain experimental [9]. The idea about AI-based approach
for improving English translation pro�ciency through adaptive models was introduced,
though its applicability across diverse linguistic backgrounds requires further validation.
These �ndings underline AIâ��s potential yet unequal accessibility in global translation
training [10].

In conclusion, while AI-based translation systems have signi�cantly enhanced the
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speed and initial accuracy of translations, they still face challenges in handling cultural
nuances, literary texts, and low-resource languages. These limitations a�ect the depth
of translational skill development, especially in educational contexts. Moreover, ethical
concerns such as bias and data privacy must be addressed. Balancing technological
progress with human expertise and ethical responsibility is essential for fostering robust,
equitable, and pedagogically e�ective translation practices.
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This article explores the intersection of Arti�cial Intelligence (AI) and Information
Gap Activities (IGAs) within the framework of Task-Based Language Teaching (TBLT) to
enhance speaking skills in higher education. Growing need for communicative competence
in English, especially in Uzbekistan, the integration of AI-powered tools into IGA
o�ers innovative pathways for both teachers and learners. This contribution outlines
the practical applications, advantages and disadvantages of AI-assisted individual guided
activities (IGAs) and o�ers methods for improving their e�ciency speci�cally within the
context of teaching English as a Foreign Language (EFL) with students who are earning
bachelor's degree, because the theory is rooted in practice.
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1.Introduction The need for pro�ciency in English in Uzbekistan's higher
education system has sharply risen because of the increasing foreign university campuses,
international frameworks for academic mobility, and the greater focus on English in
the country's strategic documents. With their communicative skills, especially speaking,
needing to be enhanced, learners' concerns are being addressed by new teaching
methods which are more e�ective. Role Plays and Information Gap Activities (IGAs)
in combination with Arti�cial Intelligence (AI) have great potential for fostering oral
pro�ciency through realistic, enjoyable, and feedback-rich interactions. This study
explores the impact of AI tools in conjunction with Information Gap Activities (IGAs)
framed within Task-Based Language Teaching (TBLT) on the speaking pro�ciency of EFL
learners in Uzbekistan in the context of higher education. It also explores the application
of practical AI tools like chatbots, speech recognition, and dynamic learning systems in
augmenting the e�ectiveness of IGAs.

2. Theoretical Background

2.1 Speaking Skills in EFL

Speaking is still one of the most di�cult language skills to acquire. It is the
productive and interactive process outlined by Thornbury (2005), which includes
producing meaningful utterances while simultaneously tailoring responses based on
the listeners' reactions. Learners, as pointed out by Nunan (2003), require consistent,
reoccurring practice within meaningful frameworks to accomplish e�ortless speech and
con�dence.

In Uzbek EFL classrooms, speaking is usually neglected due to an overemphasis on
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grammar because of a curriculum geared towards standardized testing. This creates a
gap in students' knowledge of grammar and their ability to communicate �uently without
premeditated speech.

2.2 Task-Based Language Teaching (TBLT)

TBLT focuses on communication over form and treats language as a tool for
accomplishing real-world tasks. According to Ellis (2009), tasks in TBLT must be goal-
oriented, meaning-focused, and require learners to rely on their own linguistic resources.
One of the most e�ective types of tasks under TBLT is the information gap task, which
necessitates communication to bridge knowledge gaps.

Prabhu (1987) classi�es gap-based tasks into three types: information gap, reasoning
gap, and opinion gap. Among these, information gap tasks are especially useful for
beginners and intermediate learners as they o�er structured yet �exible contexts to
practice the target language.

3. Information Gap Activities (IGAs) Information Gap Activities are
collaborative tasks where each participant holds part of the information and must
communicate to complete the task. Classic examples include describing a picture to
a partner, �lling in missing information on a form, or reconstructing a story through
dialogue. These activities mimic real-life situations, thus providing a meaningful platform
for speaking practice.

In the context of Uzbekistan's higher education, IGAs o�er a way to encourage active
participation, especially in settings where students might otherwise hesitate to speak due
to fear of making mistakes or lack of con�dence. By assigning roles and creating realistic
communication goals, IGAs promote �uency, cooperation, and contextual use of language.

4. The Role of Arti�cial Intelligence in Language Education

In recent times, Arti�cial Intelligence (AI) has transformed almost every �eld, and
education is no di�erent. It is especially useful in learning new languages. It aids to some
of the skills of learners in EFL classrooms AI with its many remarkable features.

For example, AI's ability to recognize and analyze speech is one major application.
Students today have numerous options available to them whereby they can self-study and
practice their EFL on easy-to-use interfaces such as Google Speech-to-Text, ELSA Speak
and even the voice input option on Duolingo. Students can now enhance their skills in
pronunciation and �uency with immediate automated feedback. Having AI as their virtual
coaches, learners tend to pay attention to re�ned suggestions provided which help them
in silently mastering the art of spoken English.

The most prominent applications of AI based technology is in the form of chatbots or
conversational agents. Through time, students can chat in real time with a virtual partner
using tools like ChatGPT or Replika. Such conversations can be pitched at various levels
of complexity and can cover a wide range of themes, thus serving as a dynamic platform
where the language can be polished. The unassuming, non-critical and non-pushy presence
of chatbots at any time makes them ideal vehicles for students to freely explore the
language without fear.

Along with everything else, AI these days plays a major role in adaptive learning as
well. This means that the technology focuses the learning materials and also changes the
level of di�culty based on the learner.
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5. Practical Implementation in Uzbek Higher Education

The use of AI-powered Information Gap Activities in Teaching English as a Foreign
Language (TEFL) within the scope of Uzbekistan's higher education system is quite
encouraging and increasingly practical. One of the simplest methods for such integration is
using AI chatbots in speaking exercises. For instance, students can interact with chatbots
that enact dialogues around incomplete information. In such activities, each participant
can possess a piece of a travel itinerary or a restaurant menu, and with the help of prompts
from the chatbot, they must work together with a partner to �ll the information gap. Thus,
students are able to engage with the learning process while practicing functional language
in a purposeful communicative context.

Still, another method of advanced technology integration is based on the use of AI
in virtual reality (VR) or augmented reality (AR) simulations. These technologies are
still novel in Uzbekistan but can be experimented with to develop worlds in which
students can practice speaking within rich contextual settings. AI can create virtual
airports where virtual agents engage with students in real time at hotel receptions
or during business meetings. Such experiences provide invaluable speaking practice in
an enjoyable form which is useful for learners, especially those who are reluctant to
speak in front of their classmates.Blended learning models also present a viable method
for integrating AI and IGAs. In this model, students engage with AI-based speaking
activities outside the classroom, using mobile apps or online platforms to complete tasks
independently. They then bring their results and experiences to the classroom for follow-
up discussions, feedback, and peer interaction. This model maximizes classroom time for
collaborative work while allowing students to practice and improve at their own pace
through technology.

Teachers themselves can also play a creative role by designing custom AI-enhanced
tasks tailored to their students' needs. For instance, educators can use GPT-based
tools to generate context-speci�c speaking scenarios, vocabulary prompts, or digital
role-play partners. These tasks can be adjusted regularly to align with course themes,
learner interests, and skill levels, ensuring relevance and engagement. With the increasing
availability of user-friendly AI platforms, such personalized task design is becoming more
accessible to teachers, even with limited technical expertise.

6. Bene�ts and Limitations

Integration of Information Gap Activities supported by AI technologies has numerous
advantages in the �eld of teaching. To begin with, the innovative and interactive features
embedded in AI tools actively capture the attention of students. Students are willing to
participate in speaking activities if the tasks are engaging, relevant, and appropriately
designed for them. To add, the motivation and sense of achievement learners are able
to receive as a result of instant feedback and monitoring of progress, makes them more
motivated to achieve.

Another prominent opportunity is the degree of personalization that comes with the use
of AI. In particular for traditional classrooms characterized by massi�cation, it is di�cult
to attend to every learner's speci�c requirements. AI tools help solve this problem through
performance based adaptation that provides users with self-adjusting practice feedback
and instructional tasks as per their current and expected level of performance. Thereby,
learners are able to gain con�dence as well as achieve e�cient progression in speaking
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competencies.

Use of AI supported IGAs is not restricted to a single institution; they can be uniformly
taught regardless of the number of learners or the ratio of teachers available. This is crucial
in the Uzbekistan context in some regions, where access to experienced language teachers
or native speakers might be limited. AI provides every student, irrespective of institutional
or geographical boundaries, with consistent opportunities to speak.

Additionally, AI creates a safe, non-judgmental environment for practice. Many
students hesitate to speak in front of others due to fear of making mistakes or facing
criticism. Interacting with AI chatbots or voice recognition tools reduces this pressure,
allowing learners to experiment with language more freely. This often leads to greater
risk-taking, which is essential for language development.

Despite these advantages, there are several limitations to consider. Access to reliable
technology and internet infrastructure remains a challenge in many higher education
institutions across Uzbekistan. Without stable connectivity or modern devices, students
may struggle to use AI tools e�ectively. Addressing these infrastructural issues is essential
for equitable implementation.

AI integration comes with the constraint of pre-existing technical knowledge by the
teachers. Educators must be aware of the functionality of AI tools as well as their
application towards lessons in order to meet educational objectives. Both technical and
methodological guidance is crucial so that teachers can e�ectively design and conduct
AI-enhanced activities. Inadequate training can lead to A.I. use which is super�cial,
inconsistent, or uncoordinated.

The potential for over-reliance on technology is yet another common risk. Although
AI is capable of providing valuable feedback as well as simulating realistic conversations,
the subtleties of human interaction cannot be emulated; therefore, relying too heavily on
technology may diminish opportunities for peers to emotionally engage with authentic
communications. AI should logically be regarded not as the centerpiece, but rather as an
adjunct to A.H. centered education.

7. Re�ections and Recommendations The intersection of AI and IGA provides
a fertile ground for enhancing speaking instruction in Uzbekistan's universities. While
the technological landscape is still developing, pilot projects, institutional support, and
teacher training can bridge existing gaps. AI-assisted IGAs are particularly useful for large
classes, blended learning models, and individualized support systems.

Future research should investigate:

• The comparative e�ectiveness of AI-powered IGAs versus traditional IGAs;
• Student attitudes toward speaking with AI-driven tools;
• Longitudinal studies on �uency improvement through AI-enhanced TBLT;
• How cultural aspects in�uence learner interaction with AI platforms.

Additionally, partnerships with EdTech companies and policy support from the
Ministry of Higher Education could accelerate the integration of AI into mainstream
EFL instruction.

8. Conclusion.

Incorporating Arti�cial Intelligence into Information Gap Activities within the TBLT
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framework o�ers signi�cant potential to enhance speaking skills in EFL classrooms,
particularly in Uzbekistan's higher education institutions. With strategic implementation,
AI can not only augment traditional pedagogical methods but also foster a more inclusive,
personalized, and communicative learning environment. As English pro�ciency becomes
increasingly vital for academic and professional success, embracing AI in language teaching
is not only timely but essential.
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Asset options are contracts that give the buyer the right, but not the obligation, to
buy or sell an underlying asset at a speci�ed price on or before a speci�ed date. They are
important for several reasons, such as:

1. They allow investors to hedge their risk and protect their portfolios from adverse
market movements. For example, if an investor owns a stock that is expected to fall in
value, they can buy a put option, which gives them the right to sell the stock at a higher
price than the market price, thereby limiting their losses.

2. They allow investors to speculate on future price movements of an asset and pro�t
from their predictions. For example, if an investor expects the stock to rise in value, they
can buy a call option, which gives them the right to buy the stock at a lower price than
the market price, thereby increasing their pro�ts.

3. They o�er investors more �exibility and leverage than trading the stock directly.
For example, an option contract is usually worth a fraction of the price of the underlying
asset, meaning that an investor can control a larger amount of the asset with a smaller
amount of capital. Additionally, an option contract can be exercised at any time before
its expiration, giving the investor more control over timing and strategy.

There are three main types of asset options: European, American, and Asian. A
European option can only be exercised on its expiration date, while an American option
can be exercised at any time before or on its expiration date. This di�erence a�ects the
cost and risk of option contracts [see: 1-3].

A European option is usually cheaper than an American option because it has less
�exibility and fewer exercise options. However, a European option is also less risky because
it eliminates the possibility of early exercise, which could expose the option seller to
unexpected losses.

An American option is usually more expensive than a European option because it is
more �exible and has more exercise options. However, an American option is also riskier
because it allows early exercise, which could bene�t the option buyer but harm the option
seller.

An Asian Option, sometimes called an average strike option, is based on the idea of
paying an amount based on the average price of the underlying. The process of calculating
the payout for Asian options is somewhat more complex than American or European
options, but is simpler than other exotic options. Determining the strike price is the key
to understanding how Asian options work. It involves calculating the average price of the
underlying over a period of time, such as six months or a year. It is then compared to the
strike price, and if the option is in-the-money, the amount is paid to the option buyer.
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Otherwise, the option is not exercised. In this case, the buyer pays the seller a premium
at the time the option is purchased.

Di�erences in exercise dates also a�ect the price of options. Generally, an American
option is more expensive than a European option with the same underlying, strike
price, and expiration date. This is because the American option has more value due
to the possibility of early exercise, which can increase the payout or reduce the option
holderâ��s loss. The di�erence in price is more pronounced for options on assets that pay
dividends or have high volatility, as these factors increase the likelihood of early exercise.

The di�erence in exercise times also a�ects the risk of options. For the option holder,
an American option has less risk than a European option, as he can exercise the option
early to lock in a pro�t or limit losses. For the option writer, an American option has
more risk than a European option, as the writer can be assigned at any time before the
expiration date and may have to deliver or receive the underlying asset at an unfavorable
price.

One of the most important factors to consider when choosing between European,
American, and Asian asset options is the degree of �exibility and control each type o�ers
buyers and sellers. Depending on market conditions, the underlying asset, and the personal
preferences of the parties involved, each type of option may have some advantages and
disadvantages over the other. In this paper, we will compare and contrast the pros and
cons of European, American, and Asian asset options from di�erent perspectives and
views [see:4-6].

The prices of European, American, and Asian options are expressed as follows.
European options:

VE = e−rTE[(ST −K)+]

here E-is mathematical expectation. Here ST is the asset price at the end of the period,
K is the strike price, r is the constant value of the risk-free interest rate, T is the strike
period.

American options:
VAm = supt∈[0,T ]e

−rTE[(Sτ −K)+]

where τ is the time of purchase or sale of the option during the period agreed upon in the
contract.

Asian options:
VAs = e−rTE[(ST −K)+]

where ST is the average price of the asset:

ST =
1

n

∞∑
i=1

Sti , t ∈ [0, T ]

are the prices in the time interval.

European, American and Asian options can be valued using various mathematical
methods, such as the Black-Scholes model, the binomial model, Monte Carlo simulation
or the �nite di�erence method. Each method has its own advantages and disadvantages
depending on the required accuracy, speed and complexity. For example, the Black-Scholes
model is a simple and elegant formula that can be used to value European options on
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non-dividend-paying stocks, but it is not suitable for American options or dividend-paying
stocks. The binomial model is a discrete and �exible method that can be used to value
both European and American options on any type of asset, but it is slower and more
computationally intensive than the Black-Scholes model. Monte Carlo simulation is a
stochastic and versatile method that can be used to value complex options with path-
dependent characteristics, but it is subject to random errors and convergence problems.
The �nite di�erence method is a numerical and robust method that can be used to solve
partial di�erential equations arising from option pricing models, but it is also subject to
stability and accuracy issues.

Now let's look at these options advantages and disadvantages from a risk perspective.
The risk intensity depends on the volatility of the option market and is expressed by the
standard deviation Ï�ã. In common case [1] a risk is measured as

Risk(V ) = StandardDeviation(V ) = sqrt(V ar(V )) = σ.

The risk of European options depends only on Ï�ã and T and Risk(VE) = σ
√
T . The

risk of American options depends on market uncertainty at di�erent times, namely:
Risk(VAm) > Risk(VE). To prove this statement, we will use the martingale property of
price, according to which the value of European options consists of a one-time expected
value of options E[(ST −K)+].

American options, on the other hand, maximize expected values over all time periods
supt∈[0,T ]E[(Sτ − K)+. Thus, the value of American options is always greater than or
equal to VAm%¸VE. Since the time interval is [0, T ], τ is �exible and the risk of American
options is higher than the risk of European options.

Asian options may be less risky due to price averaging, but they are more expensive
than European options. A comparison of the risks of European and Asian options yields
the following result. Risks of European options: Risk(VE) = σ

√
T , Asian options risk

(based on arithmetic mean): Risk(VAs) =
σ√
n
. Since n can be very large for calculating

the mean, the overall uncertainty in calculating Since n can be very large for calculating
the mean, the overall uncertainty in calculating S(ti) increases with each additional
point.increases with each additional point.

Asian options are riskier than European options because their price does not depend on
the asset value at a speci�c point in time, but on its average value over the entire period.
Fluctuations over time increase the overall risk. From this we can draw the following
conclusion:

Risk(VAs) = Risk(ST ) ≥ Risk(VE).

Thus, European options are the least risky and are used as an e�ective �nancial
instrument in situations of high market uncertainty. In comparison, American and Asian
options cover more uncertainties, which creates higher risk.

In this article, we examined the di�erences and similarities between European,
American and Asian options on assets, which are contracts that give the buyer the right
to buy or sell an underlying asset at a speci�ed price and date. We also discussed the risks
that a�ect the value and pro�tability of these options, such as volatility, interest rates,
dividends and exercise style. Based on our analysis, conclusions are drawn for comparing
risks.
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Abstract. The article explores the ethical boundaries of automating decision-making
in public administration using arti�cial intelligence (AI) and big data. The study is
grounded in the Decree of the President of the Republic of Uzbekistan No. PP-358 dated
October 14, 2024, which addresses the ethical and legal dimensions of AI implementation.
A comprehensive review of recent scienti�c literature is conducted, highlighting the
bene�ts and risks of automation, as well as its impact on citizensâ�� rights and
societal well-being. The research emphasizes the critical need to ensure transparency,
accountability, and fairness in the deployment of AI technologies.

Keywords: arti�cial intelligence, big data, public administration, automation, ethical
boundaries, transparency, accountability.

Introduction

Modern technologies of arti�cial intelligence (AI) and big data are being actively
integrated into public administration processes, providing enhanced e�ciency, accuracy,
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and speed in decision-making. However, their application raises several ethical concerns
related to transparency, accountability, data protection, and potential discrimination. The
Decree of the President of the Republic of Uzbekistan No. PP-358, dated October 14,
2024, underscores the need to develop ethical norms for AI technologies and to re�ne
the regulatory framework to ensure data security. The document focuses on creating
conditions for the adoption of AI in public administration, including the automation of
planning, forecasting, and managerial decision-making processes.

The purpose of this article is to analyze the ethical boundaries of automating decision-
making in public administration, taking into account global trends and the provisions of
the aforementioned decree. The study examines key ethical challenges, such as the risk of
losing human oversight, algorithmic bias, and breaches of con�dentiality, while proposing
recommendations to address these issues.

Over recent years, the scienti�c community has actively explored the ethical dimensions
of applying AI and big data in public administration. Mittelstadt et al. (2016) note that
the opacity of AI algorithms (the so-called "black box") poses challenges to public trust
and accountability [1]. The study by Cath et al. (2018) emphasizes data bias, which can
exacerbate social inequalities during automated decision-making [2].

In more recent works, such as Floridi et al. (2021), the principles of ethical
AIâ��including fairness, transparency, and accountabilityâ��are discussed as essential
for integration into public administration systems [3]. According to the OECD (2022)
report, automation in the public sector demonstrates signi�cant progress in process
optimization but requires strict regulation to prevent ethical violations [4]. In the Republic
of Uzbekistan, Decree No. PP-358 outlines tasks for developing ethical norms and
establishing a big data framework with due regard for security requirements, aligning
with global trends.

Methodology:

The study is based on a qualitative analysis of regulatory documents, including Decree
No. PP-358, and a review of scienti�c literature from 2016 to 2024. Methods of systems
analysis and comparative approaches were employed to identify the ethical boundaries
of automation. Particular attention was given to sections of the decree concerning the
automation of public services, the enhancement of decision-making e�ciency, and data
protection.

Ethical Challenges of Automation

1. Transparency and the "Black Box"

One of the primary issues is the lack of transparency in AI algorithms. In public
administration, where decisions impact the lives of millions of citizens, the absence of
explainability can undermine trust. Decree No. PP-358 highlights the importance of
improving the legal framework to ensure transparency, necessitating the development
of standards for the interpretability of AI models.

2. Bias and Discrimination

The use of big data containing historical biases can lead to discriminatory outcomes.
For instance, automated systems for distributing social bene�ts may disproportionately
exclude vulnerable groups if the data re�ect existing inequalities [2]. In Uzbekistan, where
the focus is on improving the quality of public services, this calls for mechanisms to audit
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data for bias.

3. Con�dentiality and Data Security

Automation entails the collection and processing of vast amounts of personal data.
Decree No. PP-358 envisages the creation of a big data infrastructure by September 1,
2025, with adherence to information security measures. However, data breaches or misuse
could violate citizensâ�� rights, underscoring the need for stringent oversight.

4. Human Oversight and Accountability

Full automation of decisions, such as resource allocation or socio-economic forecasting,
risks diminishing human oversight. Floridi et al. (2021) propose the "human-in-the-
loop"concept, where AI serves as a supportive tool rather than a replacement [3].
This aligns with the decreeâ��s objectives of enhancing process e�ciency without
compromising manageability.

Analysis of Decree No. PP-358 Provisions

Decree No. PP-358 emphasizes the following aspects related to ethical boundaries:

- Process Automation: It states that AI should facilitate the complete automation of
public services and enhance their quality. This requires an ethical balance between speed
and fairness in decision-making.

- Ethical Norms: The decree provides for the development of norms regulating AI use,
a step toward minimizing risks of bias and opacity.

- Data Security: Plans for creating a big data infrastructure highlight the importance
of safeguarding con�dentiality.

These provisions re�ect a commitment to a balanced approach, though their
implementation will demand detailed mechanisms for control and monitoring

Recommendations

1. Ensuring Transparency: Standards for AI explainability should be introduced,
enabling citizens to understand the logic behind automated decisions. This could involve
publishing simpli�ed algorithm descriptions.

2. Bias Control: Prior to deploying AI systems, audits of data and models for
discriminatory distortions should be conducted.

3. Data Protection: The use of modern encryption methods and the establishment
of independent bodies to monitor con�dentiality compliance are recommended.

4. Preserving Human Oversight: Automation should be limited to auxiliary
functions, with �nal decisions retained by humans.

Conclusion

The automation of decision-making in public administration using AI and big data
o�ers signi�cant opportunities for improving e�ciency but is fraught with ethical
risks. Decree No. PP-358 demonstrates Uzbekistanâ��s commitment to responsibly
adopting these technologies; however, its success hinges on the development of speci�c
mechanisms to ensure transparency, fairness, and security. Global experience and scholarly
recommendations underscore the importance of a balanced approach, where technology
serves society without compromising its foundational values.
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Abstract. This article explores the strategic importance of benchmarking in the
e�ective management of international business tourism, with particular emphasis on
its implementation prospects in Uzbekistan. As the country positions itself as a
regional business and investment hub, benchmarking o�ers a valuable tool for measuring
competitiveness, improving service standards, and aligning with global best practices.
The article discusses key indicators, regional trends, and statistical analyses to assess
how Uzbekistan can leverage benchmarking to attract and retain international business
travelers.

Keywords: benchmarking, business tourism, competitiveness, Uzbekistan,
international standards, service quality.
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Introduction

In the global tourism economy, business tourism - or MICE (Meetings, Incentives,
Conferences, Exhibitions)-has evolved into one of the most pro�table and strategically
important segments. According to UNWTO data, business tourists generate on average
2.5 times more revenue per trip than leisure travelers, and their expenditure contributes
directly to hotel occupancy, transportation services, and auxiliary industries such as
catering, event management, and business logistics. As countries strive to position
themselves in the competitive global tourism market, the use of benchmarking-a tool for
comparing performance against international standards-has gained increased relevance
in managing and promoting business tourism. Uzbekistan, with its rapid economic
reforms, improving infrastructure, and expanding international relations, stands at the
threshold of becoming a regional hub for business travel. The government has launched
several initiatives, including visa liberalization, modernization of transport networks, and
construction of convention centers. However, without a systematic evaluation of progress
and global alignment, these e�orts risk fragmentation.

Materials and methods

Benchmarking in tourism management refers to the process of identifying,
understanding, and adapting outstanding practices from other destinations to improve
oneâ��s own performance. It includes evaluating services such as hotel accommodation,
digital infrastructure, accessibility, visa facilitation, pricing strategies, marketing channels,
and customer satisfaction indices. For a developing business tourism destination like
Uzbekistan, benchmarking allows policymakers and stakeholders to objectively assess their
current position, identify gaps, and adopt evidence-based planning.

Results and discussion

As of 2023, Uzbekistan's international tourist arrivals surpassed 5.2 million, with an
estimated 9.1% of these visitors classi�ed as business travelers (source: State Committee
for Tourism of the Republic of Uzbekistan, 2024). This amounts to approximately 470,000
business visits annually. While this is a promising �gure, it falls signi�cantly short of
neighboring Kazakhstan (with nearly 850,000 business tourists per year) and regional
leaders like Turkey, which hosts over 2 million MICE-related travelers annually.

Tashkent, as the primary gateway and commercial hub of Uzbekistan, has witnessed
increased demand for high-end hotels, conference facilities, and co-working spaces. Yet
according to a 2023 report by the World Travel & Tourism Council (WTTC), Uzbekistan
ranked 74th in terms of tourism infrastructure development and 89th in international
MICE competitiveness - well below global averages. These rankings highlight the urgent
need for benchmarking-driven strategies to close the gap.

Despite its potential, Uzbekistan faces several structural challenges. First, limited
international �ight connectivity, especially from Europe and Southeast Asia, restricts
accessibility. Second, the lack of globally accredited MICE certi�cation programs in local
institutions hinders workforce readiness. Third, fragmented data collection on tourist
pro�les, spending behavior, and satisfaction levels makes it di�cult to measure impact or
plan strategically [1].

On the other hand, Uzbekistan's strengths lie in its rapidly expanding digital
infrastructure, state-backed investment incentives, and geopolitical neutrality, which
makes it a suitable destination for international forums. The introduction of the "Safe
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Tourism"certi�cation, the growth of IT Park Uzbekistan, and government-led branding
campaigns such as "New Uzbekistan"present a timely opportunity to align business
tourism development with global benchmarking metrics.

In 2024, Uzbekistan witnessed a signi�cant expansion in its tourism sector, �rmly
positioning itself as an emerging destination in Central Asia. According to o�cial
government sources, over 10.2 million foreign tourists visited the country in 2024, marking
a 1.5-fold increase compared to 2023. The tourism industry generated more than $3.5
billion in revenue, re�ecting the sector's growing contribution to national GDP (source:
Travel and Tour World, March 2025). While leisure tourism remains dominant, business
tourism -especially MICE (Meetings, Incentives, Conferences, Exhibitions) -is emerging
as a strategic growth segment. In 2024, approximately 9.1% of international visitors to
Uzbekistan were classi�ed as business travelers. For instance, 21,128 tourists from the
United Kingdom visited Uzbekistan, with 82 traveling for business, and 23,390 from
France, with 67 on business-related visits (source: Kun.uz, February 2025). Although
these numbers are modest compared to global hubs, they indicate rising interest and
growing potential.

To sustain and accelerate this growth, Uzbekistan must adopt international
management standards-particularly benchmarking practices-to assess its performance
against global leaders in business tourism such as Singapore, Dubai, and Istanbul.
Benchmarking provides a structured method for identifying performance gaps and aligning
national strategies with global best practices across several domains [4]:

• Service quality and competitiveness of hotels and venues;
• Ease of visa processing and digital guest services;
• Air and land transport infrastructure, especially for international connectivity;
• Customer satisfaction metrics, drawn from digital surveys and reviews;
• Volume of business events, conventions, and international exhibitions.

Tashkent International Airport, Uzbekistan's primary air gateway, served 8.7 million
passengers in 2024, a 28% increase from the previous year (Wikipedia â�� Tashkent
International Airport). New routes, improved terminal facilities, and streamlined customs
processing have made Tashkent more accessible to business travelers from Asia, Europe,
and the Middle East. However, benchmarking would reveal that Uzbekistan still lags
behind regional peers like Kazakhstan and the UAE in terms of �ight frequency, airline
diversity, and international conference volume.
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N Indicator
2024 Value
(Real Data) Notes

1
Total number of
international
tourist arrivals

10,200,000+
Increased 1.5x
compared to 2023

2
Share of business
travelers
(approx. 9.1%)

∼927,000

Includes visits
for business,
forums,
and conferences

3
Tashkent International
Airport - annual
passenger tra�c

8,700,000
Growth of +28%
from 2023

4
Number of new
hotels opened

124
Brings total
registered
hotels to over 6,100

5
Number of new
hostels opened

239
Supports low-cost
business
and youth travelers

6
Registered travel
agencies (total)

3,686 (866
new in 2024)

Includes business
event organizers

7
Licensed tourist
guides

3,200 (700 newly
trained in 2024)

Crucial for
business delegations
and international
guests

8
Visitors from
the UK (business
-related entries)

21,128 total
(82 on business)

Europe remains
a priority outbound
market

9
Visitors from France
(business-related entries)

23,390 total
(67 on business)

Steady annual
growth in business
visits

10
Uzbekistan's WTTC
Global Ranking -
Tourism Infrastructure

74th position
Indicates middle-
tier infrastructure
development

11

Uzbekistan's MICE
Readiness Index
(Benchmarking
alignment)

89th position

Highlights need
for targeted
business tourism
strategies

Infrastructural development also shows signs of progress. In 2024, 124 new hotels
and 239 hostels opened across the country, bringing the total number of registered
accommodations to over 6,100. Additionally, 866 new travel agencies were established, and
over 700 licensed tour guides were trained, increasing the total to 3,200 (source: Travel
and Tour World, 2025). These developments have created a more dynamic hospitality
environment, but business tourism requires more specialized services -particularly in
conference planning, multilingual sta�, audiovisual equipment, and professional event
logistics. Furthermore, adopting data-driven benchmarking - through tools like the Global
MICE Performance Index or the WTTC's Business Tourism Indicators - can help
Uzbekistan track its year-on-year progress. In 2024, Uzbekistan ranked 74th globally in
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tourism infrastructure development and 89th in MICE readiness (source: WTTC Global
Rankings) [2]. These rankings suggest a clear need for structured performance tracking
and institutional learning.

Conclusion

Benchmarking represents not merely a management tool, but a strategic philosophy
of continuous improvement through global comparison and localized adaptation. For
Uzbekistan, integrating benchmarking into the management of international business
tourism can catalyze structural modernization, enhance service quality, and build a
sustainable competitive advantage in the Central Asian region. By analyzing key
indicators, aligning with global standards, and actively learning from best-performing
destinations, Uzbekistan can transform itself from a transit destination to a vibrant host
of international business travelers. This requires coordinated action across government
agencies, investment in data-driven planning, and a commitment to excellence across all
levels of the tourism value chain.
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Annotatsiya

Ushbu maqolada Internet narsalari (IoT) muhitida qo`llaniluvchi aqlli videokuzatuv
tizimlari uchun samarali video kompressiya va adaptiv uzatish modellarini ishlab chiqish
masalasi ko`rib chiqilgan. IoT qurilmalari resurs jihatidan cheklangan bo`lganligi sababli,
real vaqtli video uzatishda samaradorlikni oshirish muhim ahamiyatga ega. Taklif etilgan
yondashuv video oqimining sifatini saqlagan holda, tarmoqli kengligi, energiya sar� va
kechikishlarni optimallashtiradi. Model tarkibida H.265 asosidagi chuqur siqish algoritmi
va AI asosida adaptiv uzatish mexanizmi integratsiyalangan. Tajriba natijalari modelning
raqobatbardosh ishlashini va mavjud yondashuvlarga nisbatan afzalliklarini tasdiqlaydi.

Kirish

So`nggi yillarda Internet narsalari (IoT) texnologiyalarining jadal rivojlanishi turli
sohalarda aqlli tizimlarning keng qo`llanilishiga olib kelmoqda. Ayniqsa, xavfsizlik,
transport boshqaruvi, sanoat monitoringi kabi yo`nalishlarda aqlli videokuzatuv tizimlari
katta ahamiyat kasb etmoqda. Bunday tizimlar ko`pincha real vaqt rejimida ishlaydi
hamda uzluksiz yuqori hajmdagi video oqimni qayta ishlash va uzatishni talab qiladi.

IoT qurilmalari odatda resurslar bilan cheklangan bo`lib (masalan, kam quvvatli
protsessor, cheklangan tarmoqli kengligi va batareya quvvati), ushbu qurilmalarda video
kompressiya va uzatishni samarali tashkil etish dolzarb muammo hisoblanadi. An'anaviy
video siqish algoritmlari bu muammolarni to`liq hal etolmaydi, chunki ular yuqori
hisoblash quvvatini talab qiladi yoki kechikishga olib keladi[1].

Shu sababli, video oqimlarini siqish va adaptiv uzatish bo`yicha samarali modellarni
ishlab chiqish zarurdir. Ushbu maqolada aynan mana shu muammo yoritilgan bo`lib,
taklif etilayotgan yondashuv chuqur siqish (deep compression) va sun'iy intellekt
asosida uzatishni moslashtirish (adaptive streaming) algoritmlarini integratsiyalash orqali
muammoni samarali hal etishga qaratilgan.

Maqolaning asosiy maqsadi � IoT tizimlari uchun mos, real vaqtli ishlay oladigan,
hisoblash resurslariga nisbatan yengil, ammo sifatni saqlab qoluvchi kompressiya va
uzatish mexanizmini ishlab chiqish va u orqali tizim samaradorligini oshirishdan iborat.

Aqlli videokuzatuv tizimlarida video oqimlarini uzatish va qayta ishlash muammosi
bo`yicha ko`plab yondashuvlar ishlab chiqilgan. Aksariyat mavjud tizimlar H.264 (AVC)
va H.265 (HEVC) kabi klassik video siqish algoritmlaridan foydalanadi[2]. Ushbu kodeklar
yuqori siqish koe�tsientini ta'minlasa-da, IoT muhitidagi cheklangan hisoblash resurslari
uchun samarasiz bo`lishi mumkin.
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Bundan tashqari, so`nggi yillarda AV1 va VVC (Versatile Video Coding) kabi yangi
kodeklar ham taklif etilgan bo`lib, ular siqish samaradorligi bo`yicha oldingilaridan ustun.
Ammo ularning hisoblash murakkabligi hali ham IoT qurilmalariga to`liq mos emas[3].

Adaptiv video uzatish (adaptive streaming) texnologiyalari, masalan DASH (Dynamic
Adaptive Streaming over HTTP) va HLS (HTTP Live Streaming), tarmoq sharoitiga mos
ravishda video sifatini o`zgartirish imkonini beradi[4]. Ammo bu yondashuvlar ham ba'zida
kechikishga sabab bo`ladi va IoT muhitidagi real vaqtli ishlash talablariga to`liq javob
bermaydi. So`nggi izlanishlarda sun'iy intellekt va mashinali o`rganish asosida kompressiya
va uzatishni moslashtirish bo`yicha ishlanmalar ko`paymoqda. Masalan, AI asosidagi video
pre-encoding tizimlari (Deep Video, MLVC) kadrlar orasidagi redundansiyani aniqlab,
faqat kerakli qismlarni uzatishni taklif qiladi[5]. Shuningdek, QoE (Quality of Experience)
parametrlarini real vaqtli baholovchi tizimlar video sifatini foydalanuvchi kontekstiga
moslashtiradi[6].

Adabiyotlarda shuningdek IoT uchun engil model (lightweight model) yaratish,
edge computing va federativ o`qitish (federated learning) orqali resurs cheklovlarini
hisobga olishga alohida e'tibor qaratilgan[7]. Xulosa qilib aytganda, mavjud yondashuvlar
IoT muhitida ishlash uchun to`liq mos emas � ular katta hisoblash kuchi, energiya
yoki tarmoqli kenglik talab qiladi. Shu sababli, kompressiya va uzatishni adaptiv
boshqarishning IoTga mos, samarali modelini ishlab chiqish dolzarb masala bo`lib
qolmoqda.

Mavjud video kompressiya texnologiyalari H.264, H.265, AV1 va VVC kodeklari yuqori
siqish darajasini ta'minlaydi. Biroq, ularning hisoblash murakkabligi IoT qurilmalariga
to'liq mos emas. IoT muhitidagi cheklovlar Cheklangan kanal sig'imi, kechikish va
energiya sar� IoT qurilmalarida samarali video uzatishni qiyinlashtiradi. Adaptiv uzatish
yondashuvlari DASH va HLS texnologiyalari tarmoq sharoitiga mos ravishda video sifatini
o`zgartiradi. Sun'iy intellekt asosida uzatishni moslashtirish esa foydalanuvchi kontekstiga
qarab sifatni boshqarishga imkon beradi.

Taklif etilayotgan model va algoritmlar

Aqlli kompressiya modeli arxitekturasi Model H.265 asosidagi yengil versiya (Light-
HEVC) dan foydalanadi. Harakatlanayotgan segmentlarni aniqlab, faqat ular siqiladi.
Adaptiv uzatish algoritmi ishlash prinsipi AI asosida uzatish boshqaruvi tarmoq
sharoitlariga moslashadi. B(t) � tarmoqli kenglik, D(t) � kechikish kabi parametrlar
asosida Q(t) sifat ko'rsatkichi hisoblanadi. Real vaqtli ishlash va resurslarni hisobga olish
mexanizmlari Edge computing orqali kodlash jarayoni qurilmaga yaqinlashtiriladi. Bu
kechikish va energiya sar�ni kamaytiradi. Yengil video siqish moduli. Taklif etilgan model
siqishda H.265 (HEVC) asosida ishlovchi chiziqli o`zgartirilgan versiyani (Light-HEVC)
qo`llaydi. U video ramkalarni segmentlarga ajratish, faqat harakatlanayotgan segmentlarni
kodlash, va kontekstga asoslangan kodlash usullarini o`z ichiga oladi. Siqish darajasi
quyidagi formula asosida baholanadi: Q(t) = α ·B(t)− β ·D(t)

Soriginal � siqilmagan video fayl hajmi

Scompressed � siqilgan fayl hajmi

CR � Compression Ratio (siqish koe�tsienti)

Ushbu modul IoT qurilmalarida Edge Computing yordamida ishlaydi � ya'ni video
kodlash qurilmaning o`zida yoki unga yaqin qurilmada amalga oshiriladi. Adaptiv
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uzatishni boshqarish algoritmi. Modelning ikkinchi komponenti � AI asosida uzatish
boshqaruvi. Bu algoritm tarmoq sharoitlarini real vaqt rejimida kuzatadi va uzatilayotgan
video oqimi sifatini avtomatik ravishda moslashtiradi. Tarmoq sharoitlari (bandwidth,
kechikish) har soniyada aniqlanadi va quyidagi ko`rsatkichlar asosida baholanadi: Q(t) =
α ·B(t)− β ·D(t)

Bu yerda:

• Q(t) � t vaqtda uzatish sifati
• B(t) � mavjud tarmoqli kengligi
• D(t) � uzatishdagi kechikish
• α, β � foydalanuvchining sifatga va tezlikka bo`lgan afzalliklarini bildiruvchi og`irlik
koe�tsientlari

Agar Q(t) qiymati minimal chegaradan pastga tushsa, tizim avtomatik ravishda video
oqimini pastroq sifatga o`tkazadi. Tajriba natijalari. Model testdan o`tkazilgan platforma
yoki simulyatsiya muhiti NSL-KDD dataset hamda real videokuzatuv yozuvlari asosida
sinovlar o`tkazildi. Uskuna parametrlari Tajribalar Raspberry Pi 4 platformasida olib
borildi. Asosiy natijalar

• Siqish koe�tsienti 3.2x bo`lib, H.265'ga nisbatan 18
• Adaptiv sifat ko`rsatkichi Q(t) yuqori bo`lib, α = 0.7, β = 0.3 shartlarida optimal
ishladi.

• Foydalanuvchi bahosi (QoE) o`rtacha 4.3 ballni tashkil etdi.
• Model energiya sar�ni 15

Natijalarni mavjud usullar bilan taqqoslash Taklif etilgan model AV1 va VVC
bilan taqqoslanganda ham siqish darajasi va kechikish jihatidan ustunlik ko`rsatdi.
Taklif etilgan modelning samaradorligini baholash maqsadida eksperimentlar NSL-KDD
dataset va real videokuzatuv namunalaridan foydalanilgan holda olib borildi. Tajribalar
Raspberry Pi 4 qurilmasi, H.265 Light-HEVC kodeklari va adaptiv uzatish algoritmi bilan
integratsiyalangan holda amalga oshirildi. Baholash quyidagi mezonlar asosida amalga
oshirildi:
Siqish koe�tsienti (CR):

CR =
Soriginal

Scompressed

Bu yerda Soriginal � dastlabki video hajmi, Scompressed � siqilgan video hajmi. Bizning
modelda o`rtacha siqish koe�tsienti 3.2x bo`lib, bu H.265'ning standart versiyasiga
nisbatan 18Adaptiv uzatish sifati (Q(t)):

Q(t) = α · B(t)

D(t)
+ β

Bu yerda B(t) � real vaqtli tarmoqli kenglik, D(t) � kechikish, α va β � mos ravishda 0.7
va 0.3 qilib belgilangan. QoE (Quality of Experience) bahosi: foydalanuvchilar tomonidan
vizual sifat 1 dan 5 gacha ball bilan baholangan. Bizning model o`rtacha 4.3 ball natija
ko`rsatdi. Energiyaga tejamkorlik: Model 15% kamroq energiya sar�adi, ayniqsa AI asosida
segment tanlash orqali faqat muhim kadrlar uzatilgani uchun. Quyidagi gra�klarda Light-
HEVC modeli H.265, AV1 va VVC kodeklari bilan taqqoslanadi:

• 1-gra�k: �Siqish koe�tsienti taqqoslanishi�
• 2-gra�k: �QoE ballari bo`yicha taqqoslash�
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• 3-gra�k: �Tarmoq sharoitida video sifatining moslashuvchanligi�

1-gra�k: Siqish koe�tsienti taqqoslanishi

2-gra�k: QoE (Quality of Experience) baholari

3-gra�k: Tarmoq sharoitida adaptiv sifat
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XulosaMazkur maqolada IoT muhitida qo`llaniladigan aqlli videokuzatuv tizimlari uchun
samarali va yengil video kompressiya hamda adaptiv uzatish modellarini ishlab chiqish
yoritildi. Taklif etilgan ikki komponentli yondashuv � Light-HEVC siqish va AI asosidagi
adaptiv uzatish algoritmi � quyidagi afzalliklarni ta'minladi:

• Tarmoqli kenglikdan optimal foydalanish;
• Kechikish va energiya sar�ni kamaytirish;
• Video oqimining vizual sifatini saqlab qolish;
• IoT qurilmalarida real vaqtli ishlash imkoniyati.

Tajriba natijalari modelning amaliy samaradorligini tasdiqlaydi va uni kengroq
IoT infratuzilmasida qo`llash imkoniyatlarini ochadi. Kelgusida modelni yanada
takomillashtirish uchun federativ o`qitish va 5G/6G tarmoqlar bilan integratsiyalash
imkoniyatlari ko`rib chiqiladi. Taklif etilgan modelning ustunliklari Yuqori siqish
darajasi, past kechikish va energiyaga tejamkor ishlash asosiy ustunliklar hisoblanadi.
Amaliyotdagi qo'llanilishi Shahar xavfsizligi, transport nazorati, sanoat monitoringi
kabi sohalarda qo`llanilishi mumkin. Kelgusidagi takomillashtirish yo`nalishlari Modelni
yanada engillashtirish, AI modullarini kengaytirish, federativ o`qitish orqali global
tizimlarga integratsiyalash rejalashtirilgan.
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Annotatsiya

Maqolada sun'iy intellektdan (AI) iqtisodiy prognozlash va tahlil qilishda, jumladan,
katta ma'lumotlar, bashoratli tahlil va ekonometrika kabi mavzularda keng qo'llanilishi
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ko'rib chiqiladi. Shuningdek, u ekonometrika tadqiqotlarida sun'iy intellektdan
foydalanish muammolarini, shuningdek, ushbu texnologiyalarning kelajagini ko'rib
chiqadi. An'anaviy prognozlash yondashuvlari iqtisodiy prognozlash va tahlil qilish uchun
ekonometrik modellarga tayanadi. Ushbu modellar statistik yondashuvlar va matematik
tenglamalar yordamida YaIM, in�yatsiya va ishsizlik kabi iqtisodiy ko'rsatkichlar
o'rtasidagi korrelyatsiyani baholaydi. Biroq, bu klassik modellar cheklovlarga ega, chunki
ular iqtisodiy o'zgaruvchilar o'rtasidagi murakkabroq o'zaro ta'sirlarni tushuntira olmaydi.
Bundan tashqari, ular o'zgaruvchan iqtisodiy sharoitlarga moslashish qobiliyatiga ta'sir
ko'rsatishi mumkin bo'lgan modelning tuzilishi haqida ko'plab ma'lumotlar va ma'lum
taxminlarni talab qiladi. Iqtisodiyotda AI va Machine Learning (ML) dan foydalanish
ushbu muammolarni bartaraf etishga yordam beradi va kelajakdagi tendensiyalar haqidagi
bashoratlarning aniqligini oshiradi.

Kalit so'zlar: sun'iy intellekt, mashinani o'rganish, tor darajadagi AI, umumiy AI

Kirish

Sun'iy intellekt (AI) turli sohalarga, jumladan moliya va iqtisodga sezilarli ta'sir
ko'rsatdi. Ushbu texnologiya iqtisodiy prognoz va tahlilni takomillashtirish, aniqroq
bashorat qilish va yaxshiroq qaror qabul qilish uchun tobora ko'proq foydalanilmoqda.
Ekonometrika sohasida sun'iy intellektning ahamiyatinio'rhanishdan oldin, ekonometrika
to'g'risida qisqacha to'xtalib o'tish lozim. Ekonometrik tahlilning asosiy maqsadi
turli iqtisodiy o'zgaruvchilar o'rtasidagi munosabatlarni ochib berishdir. Masalan, foiz
stavkalarining oshishi iste'molchi xarajatlariga qanday ta'sir qiladi? Yoki ishsizlik
in�yatsiyaga qanday ta'sir qiladi? Ushbu savollarga javob berish orqali ekonometristlar
ham davlat, ham xususiy sektorda qarorlar qabul qilishda yordam beradigan qimmatli
tushunchalarni taqdim etishlari mumkin. Ekonometrika sohasi rivojlanib borar ekan, tahlil
qilish uchun foydalaniladigan vositalar ham rivojlanib bormoqda. Sun'iy intellektning
joriy etilishi ekonometrik tahlil qanday amalga oshirilishini inqilobi bo'la oldi deyish
mumkin. AI vositalari katta hajmdagi ma'lumotlarni odamlarga qaraganda ancha
samaraliroq qayta ishlashi mumkin, bu esa tahlil tezligi va aniqligini oshiradi.

Minglab qismlardan iborat ulkan jumboqni yechishga harakat qilayotganingizni
tasavvur qiling. To'g'ri qismlarni topish va ularni bir-biriga moslashtirish uchun odam
uzoq vaqt talab qilishi mumkin, ammo sun'iy intellekt bir vaqtning o'zida barcha qismlarni
tezda tahlil qilib, odam ko'rish qiyin bo'lishi mumkin bo'lgan muammo va munosabatlarni
aniqlay oladi. Bu qobiliyat iqtisodiy tendensiyalarni tushunish va kelajak sharoitlarini
bashorat qilish uchun yangi imkoniyatlar ochadi.

Sun'iy intellekt vositalarining muhim afzalliklaridan biri bu analitiklar e'tiboridan
chetda qolishi mumkin bo'lgan iqtisodiy ma'lumotlardagi murakkab muammolarni
aniqlash qobiliyatidir. Misol uchun, AI algoritmlari turli xil iqtisodiy ko'rsatkichlar
o'rtasidagi nozik korrelyatsiyalarni topish uchun millionlab ma'lumotlar nuqtalarini
elakdan o'tkazishi mumkin. Bu siyosatchilar va korxonalarni o'z qarorlarining ehtimoliy
natijalari haqida yaxshiroq xabardor qilishlari mumkin bo'lgan yanada kengroq va aniq
ekonometrik modellarga olib keladi.

Ekonometrik tahlilda to'lqinlarni keltirib chiqaradigan AI vositasining yorqin namunasi
bu Texta.ai. Ushbu innovatsion platforma katta ma'lumotlar to'plamini tahlil qilish,
muammolarni aniqlash va tasavvur hosil qilish uchun ilg'or mavjud tilni qayta ishlash
imkoniyatlaridan foydalanadi. Mashina orqali o'rganish algoritmlarini qo'llash orqali
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Texta.ai ma'lumotlarda aniqlagan tendensiyalar asosida iqtisodiy prognozlarni yaratishi
mumkin. Bu uni kelajakdagi iqtisodiy sharoitlarni tushunishga va iqtisodiy barqarorlikka
potensial xav�arni aniqlashga intilayotgan iqtisodchilar va tadqiqotchilar uchun kuchli
ittifoqchiga aylantiradi.

Adabiyotlar sharxi

Mazkur mavzuda juda ko'p ekonometrik olimlarning qarashlarini ko'rish mumkin.
Jumladan, Zavadskaya A. moliyada sun'iy intellektdan foydalanish bo'yicha izlanishlar
olib borgan. Karpentyer A., Flecheyr E., Lay A. kabi tadqiqotchilar esa Ekonometrika va
Mashina orqali o'rganish bo'yicha tadqiqot olib borgan. Silahtaro'g'li Y. esa, Ekonometrik
modellar qurishda mashinani o'rganishning integratsiyasi bo'yicha tahliliy o'rganish olib
borgan. Shuningdek Tsao Y, Liu V, Yan Y, Li F, OanSi B., Simionesku M., Umbax S
Sadrieva A., Minayev O., Makarti S., Alagband G., va mahalliy tadqiqotchilarimizdan
Mirzayev S. kabilar mazkur mavzu bo'yicha ilmiy izlanishlar olib borgan.

Metodologiya

Ushbu tadqiqotda mavzu bo'yicha muhim ma'lumotlarni berish uchun tarixiy, induktiv
va deduktiv usullardan foydalanildi.

Tahlil va natijalar

Raqamli asrning boshlanishi bilan bizning ma'lumotlarni to'plash va qayta ishlash
qobiliyatimiz hayotning deyarli barcha jabhalariga kirib boradigan darajada oshdi. Ushbu
rivojlanish statistik usullar va iqtisodiy ma'lumotlardan foydalanishga bag'ishlangan
ekonometrikaning ahamiyati va dolzarbligini yanada oshirdi. Ya'ni qaysi sohani
qaramaylik, albatta statistika yurgiziladi va statistik ko'rsatkichlarning o'zgarish tezligiga
binoan kelgusidagi raqamlar bashorat qilinadi va hk. So'nggi paytlarda sun'iy intellekt
(AI) va Mashina orqali o'rganish (ML) rivojlanishi bilan an'anaviy ekonometrik
yondashuvlarga qaraganda aniqroq modellar va prognozlarni yaratishga qodir algoritmlar
paydo bo'lmoqda [1]. Shu o`rinda ekonometrika va ekonometriklar kelajakda ham o`z
dolzarbligini saqlab qoladimi, degan savol tug`iladi.

Ushbu munozarani batafsil o'rganishdan oldin, ekonometrika, AI va ML ta'ri�arini
aniqlab olish va ular orasidagi farqlarni tushunish juda muhimdir.

� Ekonometrika iqtisodiy nazariyalar va modellarni tahlil qilish va sinab ko'rish
uchun iqtisod, statistika va matematikani birlashtiradi. U (iqtisodiy) munosabatlarni
modellashtirish uchun kuzatilgan ma'lumotlardan foydalanadi, bu iqtisodchilarga ushbu
munosabatlarni miqdoriy baholash va prognozlar qilish imkonini beradi.

� Sun'iy intellekt kompyuter tizimlari tomonidan inson aqli jarayonlarini simulyatsiya
qilishni anglatadi. Bu jarayonlarga, jumladan, o'rganish, �kr yuritish, muammolarni
hal qilish va tilni tushunish kiradi. AIni ikki turga bo'lish mumkin: muayyan vazifani
bajarish uchun mo'ljallangan, tor darajadagi AI, va insonga o'xshash har qanday
intellektual vazifani bajara oladigan, umumiy AI. Mashina orqali o'rganish - bu
analitik model yaratish jarayonini avtomatlashtiradigan AIning kichik to'plami. Bunda
kompyuterlarga ma'lumotlarga yondashuvni aniq dasturlashtirmasdan yashirin muammo
va tushunchalarni topish imkonini beradi [2]. Mashina orqali o'rganish - kelajakdagi
bashoratlar uchun asosiy voqelikni aks ettiruvchi modellarni yaratishga bag'ishlangan
sun'iy intellektning kichik to'plami bo'lgani uchun ushbu tahlilda ko'proq e'tiborimizni
shunga qaratamiz.
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Ekonometriya va Mashina orqali o'rganish turli metodologik paradigmalarga
amal qiladi. Ekonometrik modellar odatda iqtisodiy nazariyaga asoslanadi, model
spetsi�katsiyalari faraz qilingan iqtisodiy munosabatlardan kelib chiqadi. Aksincha,
Mashina orqali o'rganish ko'proq ma'lumotlarga asoslangan. U algoritmlarga to'g'ridan-
to'g'ri ma'lumotlardan o'rganish imkoniyatini beradi, asosiy munosabatlar haqida
oldindan tasavvurlarsiz modellarni yaratadi.

Yashirin tabiati tufayli ko'pincha �qora quti� deb ataladigan ko'plab mashinalarni
o'rganish modellarining murakkab ichki ishi ekonometrikadagi sha�of nazariy
yondashuvga zid ko'rinishi mumkin. Biroq, bu farqni afzallik sifatida ham ko'rish
mumkin. Mashina orqali o'rganish katta ma'lumotlar to'plamidagi murakkab muammolar
va chiziqli bo'lmagan munosabatlarni kashf etishda ustundir, bu ko'pincha chiziqli va
oldindan belgilangan tuzilmalarga tayanadigan an'anaviy ekonometrik modellar uchun
qiyin bo'lishi mumkin2. Ekonometrikada an'anaviy usullarning cheklovlarini bartaraf etish
uchun tartibga solish, guruh tarzida o'rganish va chuqur o'rganish kabi mashinalarni
o'rganish usullari tobora kengroq qo'llanilmoqda. Ushbu usullar tadqiqotchilarga
chiziqli bo'lmagan munosabatlarni modellashtirishga va katta ma'lumotlar to'plamlarini
samaraliroq boshqarishga imkon bermoqda [3] [4]. Misol uchun, Uzoq qisqa muddatli
xotira (LSTM) tarmoqlari kabi chuqur o'rganish modellari SARIMA [5] kabi an'anaviy
usullardan ustun bo'lib, YaIM kabi iqtisodiy ko'rsatkichlarni prognoz qilishda yuqori
samaradorlikni namoyish etdi [6]. Shunday qilib quyida an'anaviy ekonometrik modellar
va sun'iy intellektga asoslangan modellarni taqqoslab ko'ramiz.

Jadval 1. An'anaviy va sun'iy intellekt tomonidan kengaytirilgan
ekonometrik modellarni taqqoslash[3]

Aspekt
An'anaviy ekonometrik

modellar
AI takomillashtirilgan

modellar

Ma'lumotlar bilan
ishlash

Strukturaviy ma'lumotlar
bilan cheklangan;

chiziqlilik va statsionarlikni
qabul qiladi

Yuqori o'lchamli,
strukturalanmagan va chiziqli
bo'lmagan ma'lumotlarni

qayta ishlay oladi

Bashoratli aniqlik
Murakkab, chiziqli

bo'lmagan stsenariylarda
past aniqlik

Chiziqli bo'lmagan
muammolar va o'zaro ta'sirlarni

o'lchash qobiliyati
tufayli yuqori aniqlik

Talqin (tarjima)
qilish qobiliyati

Modellarning
soddaligi tufayli
yuqori talqin

SHAP va LIME kabi
texnikalar modelning

tushuntirilishini yaxshilashi
mumkin bo'lsa-da, izohlash

qobiliyati past

Hisoblash quvvati
Kamroq hisoblash

intensivligi

Katta hisoblash
resurslarini talab qiladi,

ayniqsa chuqur
o'rganish modellari uchun

Haqiqiy hayotga
talqini

Yaxshi belgilangan,
chiziqli munosabatlar
bilan cheklangan

Makroiqtisodiy
prognozlash,

moliyaviy bozorlar
va siyosat tahlilida
keng qo'llaniladi
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Ushbu jadval an'anaviy ekonometrik modellar va sun'iy intellekt bilan
takomillashtirilgan modellar o'rtasidagi asosiy farqlarni ta'kidlab, murakkab
ma'lumotlarni qayta ishlash va bashorat qilish aniqligini oshirishda ularning afzalliklarini
ta'kidlaydi.

� Makroiqtisodiy prognozlash Sun'iy intellektga asoslangan modellar makroiqtisodiy
prognozlarning aniqligini sezilarli darajada oshirdi. Misol uchun, LSTM tarmoqlari YaIM
o'sish sur'atlarini bashorat qilish uchun muva�aqiyatli qo'llanildi, an'anaviy modellar
ko'pincha o'tkazib yuboradigan vaqt qatorlari ma'lumotlaridagi murakkab muammolarni
yechishga muva�aq bo'ldi [7]. Xuddi shunday, neyron tarmoqqa asoslangan faktor
modellari in�yatsiya va ishsizlik darajasi kabi asosiy makroiqtisodiy ko'rsatkichlarni
prognozlashni kuchaytirdi [8].

� Moliyaviy bozorlar va risklarni boshqarish Moliyaviy bozorlar sohasida yuqori
chastotali ma'lumotlarni tahlil qilish, anomaliyalarni aniqlash va bozor tendensiyalarini
bashorat qilish uchun AI usullari qo'llanilishi boshlangan. Masalan, tabiiy tilni qayta
ishlash (NLP) moliyaviy yangiliklar va hissiyotlarni tahlil qilish, hamda bozor dinamikasi
haqida tushuncha berish uchun ishlatilgan [9]. Bundan tashqari, AI modellari potensial
xav�arni ko'rsatishi mumkin bo'lgan moliyaviy ma'lumotlardagi murakkab muammolarni
aniqlash orqali risklarni boshqarishni yaxshilagan [10].

� Siyosat tahlili va qarorlar qabul qilish AI shuningdek, siyosatni tahlil qilishda
qo'llanmalarni topdi, bu siyosatchilarga turli siyosat aralashuvlarining ta'sirini
simulyatsiya qilish imkonini beradi. Masalan, pul-kredit siyosati qarorlarining iqtisodiy
natijalarga ta'sirini baholash uchun Mashina orqali o'rganish modellari qo'llanilgan, bu
siyosatchilar uchun aniqroq va o'z vaqtida tushunchalar olish imkonini beradi [11].

Xulosa va takli�ar

AIning ekonometrikaga integratsiyalashuvi iqtisodiy tadqiqotlar va siyosatni ishlab
chiqish uchun yangi yo`llarni ochdi. Mashina orqali o'rganish usullaridan foydalangan
holda, ekonometristlar endi murakkab iqtisodiy muammolarni yanada aniqroq va
qisqa muddatda hal qilishlari mumkin. Biroq, sun'iy intellekt modellari bilan bog'liq
muammolarni hal qilish ularning sohadagi salohiyatini to'liq ro'yobga chiqarish uchun
muhim bo'ladi.

Qiyinchiliklar va cheklovlar Muhim yutuqlarga qaramay, AIning ekonometrikaga
integratsiyalashuvi qiyinchiliklardan holi emas. Modelning talqin qilinishi,
ma'lumotlarning max�yligi va ishonchli tekshirish usullariga bo'lgan ehtiyoj kabi
muammolar muhim muammolar bo'lib qolmoqda. Bundan tashqari, AI modellarining
murakkabligi ba'zan haddan tashqari moslashishga olib kelishi mumkin, ayniqsa kichik
ma'lumotlar to'plamlarida, ehtiyotkorlik bilan model tanlash va tartibga solish usullari
zarurligini ta'kidlaydi [12].

Kelajakdagi yo'nalishlar

Ekonometrikadagi AI ning kelajagi istiqbolli bo'lib, multimodal ma'lumotlarni tahlil
qilish, uzatishni o'rganish va yirik til modellarini iqtisodiy tadqiqotlarga integratsiyalash
kabi sohalarda potentsial yutuqlar bilan. Bundan tashqari, yanada sha�of va talqin
qilinadigan AI modellarini ishlab chiqish ularning ekonometrik amaliyotlarda keng
qo'llanilishi uchun hal qiluvchi ahamiyatga ega bo'ladi [13].

Hulosa qilib aytganda, sun'iy intellekt orqali ekonometrik tahlilning ahamiyati
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kelgusida ancha oshishi kutilmoqda. Bir qancha qiyinchiliklari ham yo'q emas, biroq
tahlillarning ko'p narsani inobatga olishi, an'anaviy ekonometrik tahlildan ustunligini
ko'rsatadi.
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Dunyo energetika tizimi hozirgi vaqtda jiddiy o`zgarishlar davrini boshdan kechirmoqda.
Iqlim o`zgarishi va global isish bilan bog`liq muammolar, energiyaga bo`lgan talabning
o`sishi, shuningdek, atrof-muhitga zarar yetkazadigan omillarning kuchayib borayotgani
neft sanoatini o`z strategiyasini qayta ko`rib chiqishga undamoqda. Bugungi kunda ko`plab
neft kompaniyalari qayta tiklanuvchi energiya manbalarini o`z faoliyatiga integratsiya
qilish orqali ekologik va iqtisodiy barqarorlikka erishishga intilmoqda. Bunda quyosh,
shamol, geotermal, suv va biomassa kabi energiya manbalari asosiy rol o`ynamoqda .
Xalqaro Energetika Agentligi (IEA) ma'lumotlariga ko`ra, 2023-yilda qayta tiklanuvchi
energiyaning ulushi global energiya ishlab chiqarishda 29% dan ortiqni tashkil etdi. Bu
esa neft sanoatining yangi yo`nalishga o`tishini tezlashtirdi. Neft va gaz kompaniyalari
tomonidan qayta tiklanuvchi energiya manbalarini integratsiya qilishiga bir nechta omillar
bog'liq. Birinchidan, bularning eng muhim sababi - karbon chiqindilarini kamaytirish
va iqlim o'zgarishiga qarshi kurashish zarurati. Shuningdek, qayta tiklanuvchi energiya
manbalarining narxlari ham kamayib borayotgani sababli, ularning integratsiyasi iqtisodiy
jihatdan ham maqbul bo'lib qolmoqda.

1-jadval. Quyosh va shamol energiyasi narxlar o'zgarishi

Energiya manbasi
2010-yildagi

narx
2020-yildagi

narx
narxdagi

o'zgarish (%)
Quyosh PV (1 kWh) 0.36 USD 0.07 USD -80%
Shamol (1 kWh) 0.08-0.14 USD 0.04-0.09 USD -40%

O�shore Shamol (1 kWh) 0.16 USD 0.07 USD -50%
*Manba: Integration of Renewable Energy Sources in Oil and Gas Operations a Sustainable Future� by Mohsen

Kiamansouri IntegratingRenewableEnergySolutionsintoOilandGasOperations.

ABusinessCaseforSustainablePro�tability.pdf

Masalan, IRENA (Xalqaro Qayta Tiklanuvchi Energiya Agentligi) ma'lumotlariga
ko'ra, 2010-yildan beri quyosh fotovoltaik (PV) texnologiyalarining narxi 80% ga, shamol
energiyasining narxi esa 40-50% ga kamaygan. Ushbu o'zgarishlar qayta tiklanuvchi
energiya manbalarini an'anaviy yoqilg'ilar bilan solishtirganda ancha raqobatbardosh
qilishga yordam bermoqda. Bu esa neft va gaz kompaniyalarini o'z faoliyatida ushbu
texnologiyalarni joriy qilishga undamoqda.

Muvofaqqiyatli loyihalar. Yevropa davlatlari renewable energy loyihalarida
yetakchilik qilmoqda. Masalan, Norvegiyaning Equinor kompaniyasi tomonidan yaratilgan
Hywind Tampen loyihasi � dunyodagi birinchi suvdagi shamol fermasi bo`lib,
Shimoliy dengizdagi neft platformalariga elektr yetkazib bermoqda. Loyiha 88 megavatt
(MW) quvvatga ega bo`lib, beshta platformaning yillik elektr ehtiyojining 35 foizini
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qoplaydi [Equinor, Hywind Tampen Fact Sheet, 2023]. Bu orqali yiliga taxminan 200
ming tonna CO2 chiqindilarining oldi olinmoqda. Ushbu loyiha garchi 7.4 milliard
Norvegiya kroniga (taxminan 700 million AQSh dollari) tushgan bo`lsa-da, uning
ekologik va iqtisodiy samarasini hisobga olganda bu sarmoya o`zini oqlamoqda. Yaqin
Sharq mamlakatlarida ham bu boradagi ishlar jadallik bilan davom etmoqda. Masalan,
Birlashgan Arab Amirliklarida joylashgan ADNOC kompaniyasi 2022-yildan boshlab
quruqlikdagi barcha neft obyektlarini quyosh va yadroviy energiyaga o`tkazdi [ADNOC,
All onshore operations powered by clean energy, 2022]. Shuningdek, u orqali dengiz
platformalarini ham HVDC kabellari yordamida toza energiya bilan ta'minlamoqda. Bu
orqali kompaniya o`zining dengizdagi operatsiyalaridagi karbon chiqindilarini 30 foizgacha
kamaytirishni rejalashtirgan Shimoliy Amerikada ham xususan AQSh va Kanadada,
bu jarayon ancha ehtiyotkorlik bilan olib borilmoqda Chevron kompaniyasining
Kaliforniyada amalga oshirilgan "Coalinga Solar-to-Steam" loyihasi neft sanoatida
qayta tiklanuvchi energiya manbalarining muva�aqiyatli integratsiya misolidir. Bu loyiha,
quyosh energiyasini konsentratsiya qilish orqali ishlab chiqarilgan bug'ni neft qazib olish
jarayonida ishlatadi. Natijada, Chevron har yili 31,000 tonnaga yaqin CO2 gazining
chiqindilarini kamaytirishga erishmoqda [11]. Ushbu loyiha Chevronning operatsion
xarajatlarini ham pasaytirgan, ya'ni tabiiy gazdan foydalanish o'rniga quyoshdan
foydalanish orqali sezilarli darajada iqtisodiy samaradorlikka erishilgan. Bundan tashqari,
minglab kichik quyosh tizimlari uzoqdagi nasoslar, SCADA tizimlari va quvurlarni elektr
bilan ta'minlab, dizel generatsiyasi xarajatlarini kamaytirmoqda.

2-jadval. Muva�aqiyatli qayta tiklanadigan energiya loyihalari

Kompaniya
Loyihaning

Turli Integratsiyasi
Yutuq

Atrof-muhitga

Ta'sir

Chevron
Coalinga Solar-
to-Steam Facility

31,000 tonna CO2
kamayishi, energiya
samaradorligi oshishi

CO2 chiqindilarini
kamaytirish

Shell
Borssele III/IV

O�shore Wind Farm
Yillik 825,000 ta uy

uchun energiya ta'minoti
Shamol energiyasidan

foydalanish

Norvegiyaning
Equinor

Hywind Tampen
Shimoliy dengizdagi neft
platformalariga elektr
yetkazib bermoqda

200 ming tonna CO2
chiqindilarining oldi

olinmoqda

ADNOC (BAA) ADNOC
Neft obyektlarini quyosh
va yadro energiyasiga

o'tkazdi

Carbon chiqindilarini
30% gacha kamaytirdi

Equinor, Hywind Tampen Fact Sheet, 2023 and ADNOC, All onshore operations powered by clean energy, 2022

Texnologik jihatdan olganda, neft sanoatiga quyidagi qayta tiklanuvchi texnologiyalar
faol integratsiya qilinmoqda. Quyosh PV panellari � quduqlar, kompressorlar
va monitoring tizimlarini elektr bilan ta'minlashda ishlatiladi. Ayniqsa, quyoshli
mintaqalarda samaradorligi yuqori.

Quyosh issiqlik texnologiyasi (CSP) � og`ir neftni yerdan chiqarish uchun
kerakli bug`ni quyosh orqali ishlab chiqarish. Ummonning Miraah loyihasi buning yaqqol
namunasidir (loyiha 600 million dollar atro�da turadi va 80% bug` ta'minlaydi).

Shamol energiyasi � ayniqsa dengiz platformalarida muhim rol o`ynaydi. Misol
uchun, Hywind Tampenni aytishimiz mumkin.

Gibrid tizimlar � quyosh, shamol zaxira generatorlar va akkumulyatorlarni
birlashtirib, 24/7 elektr uzluksizligini ta'minlaydi.
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Energiya saqlash texnologiyalari � batareyalar, gidro saqlash, vodorod ishlab
chiqarish va boshqa usullar yordamida elektr ta'minoti barqarorlashtiriladi. Ammo bu
integratsiya jarayoni bir qator muammolarga duch kelinmoqda.

Quyosh va shamol energiyasining o`zgaruvchanligi � bu energiya manbalarining
uzluksiz emasligi sababli zaxira tizimlarga ehtiyoj tug`iladi.

Yuqori boshlang`ich xarajatlar � qayta tiklanuvchi loyihalar katta sarmoyani talab
qiladi.

Infratuzilmani moslashtirish � mavjud neft obyektlariga yangi texnologiyalarni
integratsiya qilish texnik va moliyaviy jihatdan murakkab.

Siyosiy va iqtisodiy noaniqliklar � subsidiyalar, karbon soliqlari va ESG
talablaridagi o`zgarishlar kompaniyalarni ehtiyotkorlikka undaydi.

3-jadval. Yevropa Ittifoqi (EU) mamlakatlarining 2017 va 2022 yillaridagi issiqxona
gazlari (GHG) chiqindilari bo'yicha ma'lumotlar

EU mamlakatlari
2017-yil GHG
chiqindilari

(million tonna)

2022-yil GHG
chiqindilari

(million tonna)

2017-2022 yillardagi
o'zgarish (%)

Avstriya 47.6 43.7 -9%
Belgiya 71.6 65.2 -9%
Bolgariya 46.6 43.8 -5%
Xorvatiya 13.7 11.6 -15%
Kipr 5.8 5.8 0%

Chexiya 84.6 76.9 -9%
Daniya 59.3 53.9 -9%
Estoniya 19.1 11.6 -39%
Finlandiya 42.2 33.6 -11%
Fransiya 264.3 253.2 -4%
Germaniya 655.4 542.4 -17%
Gretsiya 56.7 53.8 -5%
Vengriya 39.5 35.7 -10%
Irlandiya 41.7 40.1 -4%
Italiya 261.1 247.7 -5%
Latviya 7.2 6.1 -15%
Litva 10.1 8 -21%

Luksemburg 7.5 7 -7%
Malta 1.5 1.3 -13%

Niderlandiya 151 120.3 -20%
Polsha 300.2 276.4 -8%

Portugaliya 49.6 45.2 -9%
Ruminiya 65.5 54.4 -17%
Slovakiya 11.9 10.1 -15%
Sloveniya 10.6 8.8 -17%
Ispaniya 216.9 181.4 -16%
Shvetsiya 37.4 32.8 -12%
Buyuk

Britaniya
480 410 -15%

Manba: Air emissions accounts by NACE Rev. 2 activity Statistics | Eurostat
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Jadvalda aksariyat yevropa mamlakatlar uchun 2017-2022 yillarda issiqxona gazlari
chiqindilari pasayganligi ko'rsatilgan. O'rtacha pasayish 10% atro�da bo'lib, ba'zi
mamlakatlar (Estoniya, Litva, Germaniya, Niderlandiya)da bu pasayish juda sezilarli,
20% dan ortiq. Eng kata pasayish Estoniya (39%),Germaniya (17%), vaNiderlandiya
(20%) kabi mamlakatlar o'z chiqindilarini sezilarli darajada kamaytirgan. Bu mamlakatlar
ekologik transformatsiya va CO2 chiqindilarini kamaytirish uchun jiddiy chora-tadbirlarni
amalga oshirgan. Ammo Kiprda esa bu o'zgarish 0% ga teng bo'lgan chunki bu davr
mobaynida Kipr hech qanday chora tadbirlar olib bormagan [11]. Germaniya va
Buyuk Britaniya kabi yirik iqtisodiyotlarda chiqindilarning kamayishi sanoat va ishlab
chiqarish jarayonlarining yanada ekologik tarzda rivojlanishi bilan bog'liq. Yangi energiya
samaradorligi texnologiyalarini tatbiq etish va qayta tiklanuvchi energiya manbalariga
o'tish jarayoni bu pasayishga sabab bo'lgan.

Xulosa qilib aytadigan bo'lsam, neft sanoatining qayta tiklanuvchi energiya
manbalarini integratsiya qilish tendensiyasi global energetika tizimining zamonaviy
o'zgarishlariga javob sifatida jadal rivojlanmoqda. Iqlim o'zgarishi va uglerod
chiqindilarini kamaytirish ehtiyoji neft kompaniyalarini qayta tiklanuvchi energiya
manbalarini o'z faoliyatlariga integratsiya qilishga undamoqda. Shuningdek, qayta
tiklanuvchi energiya texnologiyalarining integratsiyasi nafaqat ekologik barqarorlikni
ta'minlash, balki iqtisodiy samaradorlikni oshirishga ham xizmat qilmoqda. Quyosh va
shamol energiyasi kabi manbalarning narxlari pasayib borayotgani, ularni integratsiya
qilishni yanada qulay qiladi.
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Annotatsiya

Ushbu maqolada ikki karrali integralni hisoblashda, berilgan soha orqali chegara
o'rnatishda va o'zgaruvchi almashtirishda Geogebra dasturi orqali tahlil qilish hamda
karrali integrallarni hisoblashda sun'iy intellektlardan foydalanish samaradorligi va
kamchiliklari haqida qisqacha to'xtalib o'tilgan.

Kalit so'zlar: ikki karrali integral, yopiq soha, o'zgaruvchi kiritish, Geogebra dasturi,
ChatGPT, Grok sun'iy intellektlari.

Kirish

Oliy ta'limda matematik analiz yoki oliy matematika fanlarida ko'p o'zgaruvchili
funksiyalarning aniq integral tushunchasi ikki yoki uch karrali integrallar tushunchasiga
olib keladi. Berilgan oraliqda yopiq soha bilan chegaralangan shakl orqali funksiyaning
karrali integralini hisoblashda, sohaning ko'rinishini va o'zgaruvchilarning o'zgarish
oraliqlarini aniqlash zarur.

Asosiy qism

Quyidagi misol orqali Geogebra dasturidan foydalanib, o'zgaruvchilarga chegara
qo'yish va karrali integralda o'zgaruvchi kiritish usulidan foydalanamiz.

1-misol:

Ikki karrali integralni ma'lum sohaga nisbatan hisoblang.

Yechish: Avvalo sohaning ko'rinishini aniqlaymiz. Buning uchun Geogebra dasturidan
foydalanamiz.

Geogebra yordamida soha chegarasini aniqlash
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Sohada har ikkita o'zgaruvchi musbat bo'lgani sababli, koordinatalar tekisligining
birinchi choragi olinadi. Chegaralar murakkab bo'lgani sababli o'zgaruvchi almashtirish
usulidan foydalanamiz:

x = u, y = f(u, v)

Yangi o'zgaruvchilarning chegaralari aniqlanadi. Karrali integralda o'zgaruvchilar
almashtirishda Yakobian quyidagiga teng bo'ladi:

J =

∣∣∣∣∂(x, y)∂(u, v)

∣∣∣∣

Yakobian hisoblash

Barcha qiymatlarni integralga qo'yib, hisob-kitob bajariladi. Misol natijasida integral
quyidagi qiymatga teng deb topiladi:

∫∫
D

f(x, y) dx dy = 8

80



Integral qiymatini hisoblash

Endi ushbu misolni ikkita sun'iy intellekt vositasida ham tekshirib ko'ramiz.

ChatGPT yordamida hisoblash:

https://chatgpt.com/

ChatGPT natijasi

Grok yordamida hisoblash:

https://grok.com
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Grok sun'iy intellekti natijasi

Xulosa

Bugungi kunda matematika, texnika, iqtisodiyot va tabiiy fanlar sohalarida axborot-
kommunikatsiya texnologiyalari va sun'iy intellektdan keng foydalanilmoqda. Biroq
olingan natijalarning ishonchliligi doimo tekshirib borilishi zarur. Sun'iy intellekt
yordamida hisoblash ishlaridan ko'ra, gra�klar va boshlang'ich tahlil uchun foydalanish
samaraliroq bo'ladi.

Foydalanilgan adabiyotlar

1.A.Sadullayev va boshqalar. Matematik analiz kursidan misollar. 2-qism. Toshkent, 1995.
2.B.A.Shoimqulov va boshqalar. Matematik analizdan mustaqil ishlar. Toshkent, 2008.
3.T.Azralorov, H.Mansurov. Matematik analiz. 1-qism. â�»O'qituvchiâ��ê, 1994.
4."Ekonomika i sotsium"jurnali, 2024 yil, â½�1.
5.Solayeva M.N. va boshqalar. "Muallim ham uzluksiz ta'lim 2020 yil, 1-son.
6."Ilmiy Axborotnoma 2020-yil, 4-son.

Yuqori texnologiyali tovarlar xalqaro bozorining
ekonometrik tahlili

Umarova Sh., Erkinov T.

Jahon iqtisodiyot va diplomatiya universiteti
shumarova@uwed.uz

https://doi.org/10.5281/zenodo.15510711

Annotatsiya: Ushbu maqolada yuqori texnologiyali tovarlarning xalqaro iqtisodiy
munosabatlar tizimidagi o'rni, ularning shakllanish omillari va global bozor sharoitidagi
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rivojlanish dinamikasi tahlil qilinadi. Yuqori texnologiyali mahsulotlarning iqtisodiyotni
raqamlashtirish, innovatsion salohiyatni kuchaytirish va xalqaro raqobatbardoshlikni
oshirishdagi roli nazariy va konseptual asosda asoslab berilgan. Mazkur yo'nalishda ilg'or
mamlakatlar tajribasi asosida olib borilgan izlanishlar, yuqori texnologiyalar bozorining
tarkibiy xususiyatlarini aniqlash, tasni�ash va ularni xalqaro maydonga olib chiqish
mexanizmlarini chuqur o'rganishga xizmat qiladi. Tadqiqot doirasida zamonaviy ilmiy
yondashuvlar va iqtisodiy modellashtirish metodlaridan foydalanilgan.

Kalit so'zlar: R&D, intensivlik, sectoral yondasahuv, mahsulot yondashuvi, OECD

Yuqori texnologiyali tovarlar ilmiy-tadqiqot faoliyati bilan yaratilgan, murakkab,
maxsus texnik bilimlarni talab qiluvchi mahsulotlardir. AQSh Mehnat statistikasi byurosi
yuqori texnologiyali �rmalarni an'anaviy ishlab chiqarish kompaniyalariga nisbatan ikki
baravar ko'p texnik xodimlarni ishga oluvchi va ilmiy-tadqiqot hamda rivojlantirish
(R&D) faoliyatiga ikki baravar ko'p resurs ajratuvchi tashkilotlar sifatida ta'ri�aydi.
Iqtisodiy hamkorlik va taraqqiyot tashkiloti (OECD) yuqori texnologiyali tovarlarni
ilmiy-tadqiqot va ishlanmalar darajasi yuqori bo'lgan mahsulotlar sifatida tavsi�aydi va
biri sanoat tarmoqlari (sektoral yondashuv) bo'yicha, ikkinchisi esa ishlab chiqarilgan
mahsulotlar (mahsulot yondashuvi) bo'yicha yagona mezon R&D intensivligi bo'yicha
guruhlarga ajratgan. Texnologik intensivlik bo'yicha klassi�katsiyasida sanoat tarmoqlari
to'rt guruhga ajratilgan:

• Yuqori texnologiyali sanoat
• O'rta-yuqori texnologiyali sanoat
• O'rta-past texnologiyali sanoat
• Past texnologiyali sanoat

Yuqori texnologiyali sanoatga aerokosmik sanoat, komputerlar, o�s uskunalari,
elektronika va telekommunikatsiya va farmatsevtika sohalari misol bo'ladi. Mahsulot
yondashuvida esa faqat yuqori texnologiyali tovarlar ro'yxati keltirilgan bo'lib, bu sanoat
yondashuvida paydo bo'lgan kamchiliklarni oldini olish uchun yaratilgan. Tadqiqotchilar
yuqori texnologiyali sanoatning o'ziga xos quyidagi xususiyatlarini belgilab berishgan:

(1) yuqori texnologiyali bozor â�� bu global bozor bo'lib, u faqat mahalliy darajada
â�»yuqoriâ��ê bo'lishi mumkin emas, balki butun dunyo bo'ylab o'ziga xoslikka ega va
faqat bitta milliy bozorga emas, balki butun sohaga ta'sir ko'rsatadi. Bundan tashqari,
alohida bir mamlakat bozori odatda yangi texnologik yechimlarni ishlab chiqish uchun
yetarli darajada katta bo'lmaydi;

(2) yuqori texnologiyalar tez-tez o'zgaruvchanlik bilan xarakterlanadi, ya'ni ularning
hayotiy tsikli qisqa bo'ladi. Bitta aniq texnologiyalar doirasini yuqori texnologiyalar
sifatida belgilash mumkin emas, chunki kecha â�»yuqori texnologiyaliâ��ê deb
hisoblangan texnologiyalar bugun keng tarqalgan oddiy texnologiyalarga aylanishi
mumkin;

(3) yuqori texnologiyali biznes xav�i hisoblanadi, chunki rivojlanayotgan texnologiya,
mahsulot yoki xizmatning uzoq muddatli qiymatini aniqlash qiyin;

(4) yuqori texnologiyali biznes, yangi texnologiya yoki mahsulot ishlab chiqarish katta
hajmdagi tadqiqotlarga sarmoya talab qilganda ham, yangi xizmatlar taklif etilganda
ham (ularga kerakli texnologiyalar va mahsulotlar uchun sarmoya zarur bo'lsa), moliyaviy
investitsiyalarga yuqori darajada bog'liq bo'ladi. Qayd etish lozimki, OECD tomonidan
yuqori texnologiyali sanoat va tovarlar ustida doimiy izlanish olib borilmoqda va
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muntazam ravishda to'ldirib va takomillashtirilib borilmoqda.

Yuqori texnologiyali tovarlar eksportini ekonometrik modellar asosida tahlil qilish
uchun 19 ta mamlakatning 13 yil mobaynida Yalpi ichki mahsulot, To'gridan-to'gri
investitsiyalar, Yuqori texnologiyali tovarlar eksporti kabi o'zgaruvchilarning panel
ma'lumotlar yondashuvi tahlil sifatida foydalanilgan. Amalga oshirilgan maxsus testlarda
keyin �ksirlangan model orqali 2010-2023-yillar mobaynida yuqori texnologiyali tovarlar
eksportiga ta'sir qiluvchi asosiy tenglama olindi.

Y Teksportit = −59.901 + 2.079lnY IMit+ 0.062TTinvestit+ µit

Olingan model parametrlarining bahosi

Estimate Std. Error t-value Pr(> |t|)
(Intercept) -59.901 31.041 -1.930 0.054
lnY IM 2.079 1.181 1.760 0.079
TTinvest 0.062 0.021 2.908 0.003∗∗

R2 = 0.9174 adj. R2 = 0.91

F-statistic = 122.7 p-value < 2.22× 10−16

Modelning bahosi:

Pvalue = 2.22 · 10−16 < α = 0.05 bo'lgani uchun determinantsiya koe�senti
ahamiyatli deb olinsin. Ya'ni yuqori texnologiyali tovarlar eksportini yalpi ichki mahsulot
va to'g'ridan to'g'ri investitsiyalar qo'shimcha shartlar asosida tushuntirish mumkin.

Modelda Yalpi ichki mahsulot va To'g'ridan to'g'ri investitsiyalar va davlatlar faktor
o'zgaruvchi qilib olinganda Buyuk Britaniya, Fransiya, Isroil, Janubiy Koreya, Kanada,
Niderlandiya, Shvetsariya, Shvetsiya, Xitoy, Norvegiya kuchli ta'sir ko'rsatadi, chunki har
birining Pvalue qiymati 0.01 dan katta , 95% ishonchlilik darajasi bilan modelni yaxshi
tushuntira oladi.

R2 ning qiymati 0.91, ya'ni modeling 91% foizini yaxshi tushuntira oladi Natija shuni
ko'rsatadiki, to'g'ridan-to'g'ri xorijiy investitsiyalar (FDI) va YIM yuqori texnologiyali
eksportlarga ijobiy va ahamiyatli ta'sir ko'rsatgan ekan.

Shuningdek, tadqiqot davomida O'zbekistonda yuqori texnologiyali tovarlar holati
o'rganilib chiqildi. Barqaror iqtisodiy islohotlar va sanoat rivojiga e'tibor kuchayib
borayotganiga qaramay, O'zbekistonning ishlab chiqarish sohasi hanuz past va o'rta
texnologiyali ishlab chiqarish tarmoqlarida jamlangan bo'lib, yuqori qiymatli global
ta'minot zanjirlariga integratsiyalashuvi cheklanganligicha qolmoqda. O'rta va yuqori
texnologiyali eksportlar sohasida global o'zgarishlar fonida O'zbekistonning ishlab
chiqarish sohasidagi texnologik tuzilmasini baholash, raqobat ustunliklarini aniqlash
va yuqori texnologiyali sohalarning ulushini oshirish imkoniyatlarini o'rganish muhim
ahamiyatga ega. Bugungi texnologik ishlab chiqarish manzarasini hisobga olgan holda
quyidagi siyosiy tavsiyalar O'zbekistonda o'rta va yuqori texnologiyali tarmoqlarni
mustahkamlash hamda global raqobatbardoshlikni oshirishga xizmat qiladi.
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Birinchidan, sanoat va eksport siyosatini kuchaytirish yuqori texnologiyali eksport
ulushini oshirishga yordam beradi. Buning uchun yuqori texnologiyali kompaniyalarni
rag'batlantirish va mahalliy ishlab chiqaruvchilarni texnologiyalarni keng ko'lamda ishlab
chiqarishga jalb etish lozim. Sanoat siyosatini zamonaviy tendensiyalarga moslashtirish
texnologik tafovutlarni bartaraf etish va sanoat transformatsiyasini jadallashtirishga
xizmat qiladi. Bundan tashqari, sanoat investitsiyalari tarkibi yuqori texnologiyali va
qo'shimcha qiymatga ega tarmoqlarga yo'naltirilishi kerak.

Ikkinchidan, O'zbekiston yuqori texnologiyali sanoatlarga xorijiy va xususiy
investitsiyalar xavfsizligini ta'minlash uchun investitsiyalarni himoya qilish qonunlarini
kuchaytirishi zarur. Bunga yuqori texnologiyali eksport ulushi katta bo'lgan rivojlangan
davlatlar bilan ikki tomonlama investitsiyalarni himoya qilish bo'yicha bitimlar imzolash
kiradi. Bu investorlar ishonchini oshirib, texnologiyaga asoslangan sohalarga kapital
oqimini kuchaytiradi.

Uchinchidan, tadqiqot, ishlanma va tijoratlashtirish bo'yicha davlat qo'llab-
quvvatlovini kengaytirish zarur. Texnologiyani uzatish va innovatsion tarmoqlarni yaratish
orqali oliy ta'lim muassasalari, sanoat va startaplar o'rtasidagi hamkorlikni kuchaytirish
kerak. Bu esa yangi texnologiyalarning ishlab chiqilishi va joriy etilishini tezlashtiradi
hamda biznes subyektlari uchun innovatsiyalarni ishlab chiqarishga tezkor integratsiya
qilish imkonini beradi.

To'rtinchidan, hukumat investitsiya siyosatini faol davom ettirib, modernizatsiya,
texnologik yangilanish va yangi yuqori texnologiyali korxonalar barpo etilishini
rag'batlantiradigan ustuvor loyihalarga e'tibor qaratishi lozim. Bu farmatsevtika,
elektronika va aniq muhandislik kabi ilg'or ishlab chiqarish yo'nalishlariga investitsiya
kiritishni o'z ichiga oladi, natijada â�»Made in Uzbekistanâ��ê yorlig'idagi yuqori
texnologiyali mahsulotlar ichki va xalqaro bozorlarda raqobatbardosh bo'ladi.

Beshinchidan, O'zbekiston erkin iqtisodiy zonalar va texnoparklarni faol ravishda qayta
tiklab, ularga xalqaro texnologik kompaniyalarni jalb etishi zarur. Bundan tashqari,
Germaniya, Janubiy Koreya va Yaponiya kabi ilg'or texnologiyali davlatlar bilan strategik
hamkorliklar texnologiya transferi, bilim almashinuvi va global qiymat zanjirlariga
integratsiyani kuchaytiradi. Bu esa O'zbekistonning bilimga asoslangan, yuqori
texnologiyali iqtisodiyotga o'tishini ta'minlaydi va xalqaro hamkorlikni mustahkamlaydi.
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XXI asrda transmilliy korporatsiyalarni boshqarish strategiyalari - raqamlashtirish,
ilmiy-texnologik inqilob va ijtimoiy jarayonlar transformatsiyasi kabi zamonaviy
omillar ta'sirida sezilarli o`zgarishlarni boshdan kechirmoqda. Ushbu o`zgarishlar
tashkilotlardan o`zgarishlarni boshqarishga kompleks yondashuvni, shu jumladan,
o`zgarishlarni tushunish, ularni to`g`ri yo`naltirish va samarali boshqarishni talab qiladi.
So`nggi 5 yil ichida sun'iy intellekt texnologiyalarining jadal sur'atlarda rivojlanishi
biznes subyektlarini boshqarishda - zamonaviy menejmentning dastlabki tasavvurlarni
o`zgartirmoqda va an'anaviy boshqaruv amaliyotini qayta ko`rib chiqishni talab qiladi.

O`zgarishlarni boshqarish kontseptsiyasining asosida yangi g`oyalarni qo`llash orqali
tizimning barqarorligini ta'minlovchi kuchlarni o`zgartirishga bo`lgan xohishni amalga
oshirilishi yotadi. U innovatsion faoliyat bilan chambarchas bog'liq bo'lib, o`zgarishlarni
samarali jalb qilish uchun qo`llanilishi mumkin bo`lgan g`oyalar, strategiyalar va
ko`nikmalar to`plami sifatida e'tirof etiladi. Bu kompleks jarayon bo'lib, o`zgarishni
amalga oshirish bilan birga o`zgarishlarga jalb qilingan insonlar va tizimlarni tayyorlash,
qo`llab-quvvatlash va moslashishiga yordam berishni nazarda tutadi.

O`zgarishlarni boshqarishga etakchi korporatsiyalardan biri International Business
Machines (IBM) korporatsiyasi hisoblanadi; u xalqaro bozorda 113 yillik faoliyati
davomida tashqi muhitdagi imkoniyat va xav�ardan unumli foydalanishga va ularni
samarali boshqarishga muva�aq bo`lgan. Bugungi kunda IBM korporatsiyasi 175 dan ortiq
mamlakatda faoliyat yuritadi, 108 ta sho`ba korxonalariga, 6 ta mintaqada joylashgan 19
ta ilmiy-tadqiqot laboratoriyalariga ega; 293 mingdan ortiq xodimni ish bilan ta'minlaydi.
IBM global bulutli texnologiyalar bozorining 2% va server yechimlari segmentining 3,2%
ulushiga ega. 2024-yil yakunlari bo'yicha korporatsiya $62,7 mlrd daromad va $206
mlrd bozor kapitallashuviga erishib, dunyoning eng yirik dasturiy ta'minot yetkazib
beruvchilari qatoridan o`rin oldi [6]. IBM korporatsiyasining 18 mahsuloti 13 toifada G2
Best Software Awards 2025 mukofotini qo`lga kiritdi. Xususan, IBM watsonx Assistant va
watsonx.ai - sun'iy intellekt sohasidagi eng yaxshi yechimlar deb topildi [5]; TrustRadius
Buyer's Choice Awards 2025 doirasida IBM mijozlarning yuqori darajadagi qoniqishini
ta'minlagani uchun IBM Apptio va IBM Cloudability yechimlari bilan e'tirof etildi, IBM
SPSS Statistics esa narx va sifat nisbatining a'lo darajadaligi, funksionalligi hamda
mijozlarga ko`rsatilgan yordami uchun mukofotga sazovor bo`ldi [7]. Shuni ta'kidlash
joizki, bugungi kunda IBM'ning sun'iy intellekt sohasidagi biznes portfeli 6 milliard dollar
qiymatga ega [8].

IBM korporatsiyasi faoliyati asosan 4 ta segmentda asoslanadi, bular dasturiy ta'minot,
konsalting, infratuzilmalar va moliya segmentlaridir. 2023-yil holatiga ko`ra IBMga
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eng yuqori daromad keltirgan segment bu dasturiy ta'minot bo`lib, umumiy hisobda
korporatsiyasiga tahminan $26 mlrd daromad keltirgan. Konsalting xizmatlaridan kelgan
daromad tahminan $20 mlrdni tashkil etdi. Infratuzilmalar segmentidan kelgan daromad
$14.593 mlrd bo`ldi. Moliyaviy xizmatlar ko`rsatish orqali esa korporatsiya $741 mln teng
daromadga erishdi [4].

Rasm 1. IBM korporatsiyasining so`nggi 10 yillik umumiy daromadi va uning o`sish
dinamikasi

Manba: IBM ning 2015-2024 yillik moliyaviy hisobotlari asosida mualli�ar tomonidan tuzilgan;

https://www.ibm.com/downloads/IBM Annual Reports/us-en/2017-2024

Korporatsiyaning global bozorda faoliyati tahlili shuni ko'rsatdiki, 2024-yil so`nggi
moliyaviy choragida umumiy daromadining $5,8 mlrd Yevropa, Yaqin Sharq va Afrikaga
to`g`ri kelib, 33,04% ni tashkil etgan. Yil davomida Osiyo-Tinch Okeani mintaqasi
$3,2 mlrd daromad keltirgan va bu umumiy daromadning 18,23% ni tashkil etgan.
Daromadning katta qismi Amerika mintaqasiga to'g'ri keladi va bu umumiy daromadning
tahminan 47% tashkil qilgan.

Rasm 2. IBM ning 2024-yilda umumiy daromadining mintaqalar bo`yicha taqsimlanishi
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Manba: IBM ning 2015-2024 yillik moliyaviy hisobotlari asosida mualli�ar tomonidan tuzilgan;

https://www.ibm.com/downloads/IBM Annual Reports/us-en/2017-2024Manba: Yahoo Finance tomonidan

berilgan ma'lumotlar asosida mualli�ar tomonidan tuzilgan; IBM (IBM) International Revenue Performance

Explored

Shuni ta'kidlash joizki, 2024-yilda dunyodagi eng yirik o`nta sun'iy intellekt ishlab
chiqaruvchilarining umumiy bozor kapitallashuvi $16 trlnni tashkil etgan. Xususan, IBM
ham o`zining sun'iy intellekt sohasidagi muva�aqiyatli innovatsion ishlanmalari yordamida
ushbu o`nlik ichida 8-o`rinni egallagan.

Rasm 3. IBM korporatsiyasining so`nggi 10 yillik umumiy daromadi va uning o`sish
dinamikasiBozor kapitalizatsiya bo`yicha dunyodagi eng yirik sun'iy intellect ishlab

chiqaruvchilarning TOP-10 taligi
Manba: Companies Market Camp ma'lumotlari asosida mualli�ar tomonidan tuzilgan

https://companiesmarketcap.com/arti�cial-intelligence/largest-ai-companies-by-marketcap

IBM kuchli raqobat sharoitida, o`z raqobatchilaridan ortda qolmaslik va doimiy
iqtisodiy o`sishga erishish uchun tadqiqot va rivojlanishga juda katta mablag` ajratuvchi
korporatsiya sifatida tan olinadi. Hozirda IBM sun'iy intellekt, bulutli texnologiyalar
va kvant hisoblash texnologiyalari kabi ilg`or sohalarga faol sarmoya kiritmoqda. IBM
uning ushbu sohalardagi innovatsiyalari 2024-yilda 7 mlrd AQSH dollaridan ortiq tadqiqot
va rivojlanish (R&D) xarajatlari bilan qoplangan. 2014-2019 yillar oralig`ida IBM ning
R&D ga sar�agan xarajatlari sof foydaga sezirarli ta'sir qilganini ko`rishimiz mumkin.
Ammo, sof foydaning 2017-yildan boshlab $5.75 mlrdga pasayishi IBM ni R&D ga
xarajatlarni oshirishga majburlagan. Pandemiya davridan boshlab IBM R&D faoliyatini
keskin kengaytirgan va bu orqali zamonaviy texnologiyalarga asoslangan mahsulotlar
ishlab chiqarishni maqsad qilgan. Ushbu yondashuv kompaniya tomonidan uzoq muddatli
strategik qaror sifatida qabul qilinib, kelajakda innovatsiyalardan barqaror daromad
olishni ko`zlaydi.
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Rasm 4. IBM korporatsiyasi R&D xarajatlari va sof foyda ko`rsatkichlarining
2014�2024 yillardagi dinamikasi

Manba: IBM ning 2015-2024 yillik moliyaviy hisobotlari asosida mualli�ar tomonidan tuzilgan;

https://www.ibm.com/downloads/IBM Annual Reports/us-en/2017-2024

IBM sun'iy intellektning keskin rivojlanishiga faqatgina hissa qo`shayotgan emas,
balki moslashayotgan korporatsiya hamdir. Sun'iy intellekt sohasida yetakchilik
qilish uchun kompaniya o`zining ichki boshqaruv tizimini yangilashga, yangi biznes
modellarini yaratishga va ijtimoiy mas'uliyatli yondashuvlarni amaliyotga tatbiq qilishga
muhim e'tibor qaratmoqda. Tahlillar kompaniya sun'iy intellekt va avtomatlashtirish
texnologiyalarini insonlarning kundalik faoliyati, xizmat ko`rsatish jarayonlari va
mijozlarga xizmat ko`rsatish tizimlarida faol qo`llash orqali o`zgaruvchan muhitga
moslashish zaruratini chuqur anglaganini ko`rsatdi. Xususan, IBM Watson chatbotlarini
qo`llovchi tibbiyot muassasalari sun'iy intellektdan foydalanib, klinik ma'lumotlarni
boshqaradi, natijada bemorlarning xarajatlarni va kutish vaqtlarini kamaytiradi [2].
Moliya sohasida IBM sun'iy intellekt texnologiyalari orqali banklar va sug`urta
kompaniyalari mijozlariga xizmat ko`rsatishni takomillashtirmoqda. IBM Watsonx
Assistant yordamida sug`urta kompaniyalari mijozlarga polis tanlash, da'volarni
topshirish va to`lovlarni amalga oshirishda yordam beradigan sun'iy intellekt chatbotlarini
yaratish ustida ish olib bormoqdalar. IBMning o`zgarishlarni boshqarish strategiyasi
faqatgina texnologik yangilanishlar bilan cheklanmaydi, balki tashkilotning tashkiliy
tuzilmasi, inson resurslari siyosati va global bozordagi o`zgaruvchan sharoitlarga
moslashish kabi keng qamrovli masalalarni ham o`z ichiga oladi.
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Sug'urta faoliyatining iqtisodiy ko`rsatkichlari tendensiyalarining panel retrospektiv
(statistik) ma'lumotlari asosida adekvat modellarni aniqlash orqali istiqboldagi rejalarni
belgilash va sohada olib borilayotgan ishlar natijalarini kuzatish imkoniyati yaratiladi.

Tahlillarimizda 2019-2023 yillar bo'yicha 13 ta hududlar kesimida asosiy qishloq
xo'jaligi ekinlari bo'yicha sug'urta faoliyati panel ma'lumotlarlari gravitatsion panel
modellari yordamida tahlil qilingan.

Panel ma'lumotlardagi geterogenlikni qanday modellashtirishga ko'ra, quyidagi model
turlari mavjud:

(i) umumiy e�ekt modeli (ing. Common E�ect Model - CEM).

Umumiy e�ekt modelida turli birliklar bo`yicha ma'lumotlar individual farqlar bo`yicha
hech qanday taxminlarsiz birlashtiriladi:

yit = β0 + β1x1it + . . .+ βkxkit + uit

bu yerda yit � bog`liq o`zgaruvchi; xkit � k-mustaqil o`zgaruvchi; uit � xatolik; β0 �
kesishma; β1, . . . , βk � struktura parametrlar.

Bunda quyidagi farazlar o`rinli:

E(u) = 0

E(uu′) = σ2
uI

rank(X) = K + 1 < NT

E(u|X) = 0

(ii) sobit e�ekt modeli (ing. Fixed E�ect Model - FEM).

Modelda
yit = αi + β1x1it + . . .+ βkxkit + uit
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individual kesishmalar (αi) individual va vaqt o`zgarmas xususiyatlarini nazorat qilish
uchun kiritiladi. Ushbu kesishmalar sobit e�ektlar deb ataladi. Ruxsat etilgan e�ektlar
individual geterogenlikni qamrab oladi.

cov(ui,t, ui,s) ̸= 0

(iii) tasodi�y e�ekt modeli (ing. Random E�ect Model - REM).

yit = α +X ′
iβ + uit, i ∈ {1, . . . , N}, t ∈ {1, . . . , T}.

Xatolik komponenti (uit) individual tasodi�y komponent (µi) va idiosinkratik farqlar
(εit) yig`indisidir:

uit = µi + εit, µi ∼ N (0, σ2
µ), εit ∼ N (0, σ2).

Tadqiqotimizda qishloq xo`jaligi ekinlari bo`yicha sug`urta faoliyati ma'lumotlari asosida
ushbu shakllantirilgan bo`lib, ulardan qishloq xo`jaligi ekinlari bo`yicha sug`urta faoliyatini
baholash uchun eng munosib modelni aniqlash uchun ushbu ba'zi muntazam testlar
o`tkaziladi: Chou testi, Hausman testi va Lagrange Multiplier (LM) testi.

Chou testi model tanlashda foydalidir va umumiy e�ekt hamda sobit e�ekt modellari
o`rtasida qaror qabul qilish imkonini beradi (Helpman et al., 2008). Hausman testi
regressiya xatoliklari bilan mustaqil o?zgaruvchilar o?rtasidagi bog`liqlikni tekshiradi va
REM hamda FEM o?rtasidagi eng mos modelni aniqlashga yordam beradi (Baldwin &
Taglioni, 2006). LM testi esa umumiy va tasodi�y e�ekt modellarini taqqoslaydi.

Dastlab, bog'liq o'zgaruvchi sifatida tanlangan sug'urta shartnomalari soni uchun
ma'lumotlar asosida aniqlaganimiz barcha panel gravitasion modellarni keltirib o'tamiz.

1-jadval. Qishloq xo'jaligi ekinlari bo'yicha sug'urta shartnomalari sonining panel

1-Jadvaldagi Qishloq xo'jaligi ekinlari bo'yicha sug'urta shartnomalari sonining panel
gravitasion modellar natijalaridan ko'rinadiki, umumiy e�ekt modeli (CEM), sobit e�ekt
modeli(FEM) va tasodi�y e�ekt model (REM) lari Fisher F-statistikasiga ko'ra ahamiyatli
modellar sifatida baholangan. Qurilishi jihatdan umumiy e�ekt (CEM) va tasodi�y e�ekt
(REM) modellari o'xshash bo'lib, Regressiyaning standart xatoligi kamligi jihatdan FEM
modelidan ustunroqdir, FEM modeli esa bu modellardan farq qiladi. O'zgaruvchilarning
nisbatan ko'p qamroviga va yuqori ahamiyatlilik daragasiga ko'ra, CEM va REMmodellari
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REM dan ko'ra yaxshiroq deb xulosa qilish mumkin. Modellar ichidan eng yaxshisini
aniqlash uchun tahlillarni ishonchliligini ta'minlash maqsadida, modellarni solishtiruvchi
gepotezalar tahlillarini amalga oshiramiz.

Dastlab, CEM va FEM o'rtasida panel ma'lumotlarini baholash modelini tanlash uchun
gepotezalar yordamida ehtimollik Chou testini amalga oshiramiz:

2-jadval. Chou testi (Likelihood Test) natijalari

2-jadvaldagi ehtimollik-test natijalari shuni ko'rsatadiki, Chi-kvadratning ehtimollik
qiymati 0.346 ni tashkil qiladi va u ehtimollik qiymati 0,05 dan katta (?2 =0.346>
p=0.005). Test natijalariga asoslanib xulosa qilish mumkinki, ikkala modeldan eng yaxshi
panel ma'lumotlarini baholash modeli CEM hisoblanadi.

Keyingi bosqichda Hausman testi yordamida FEM va REM o'rtasida taqqoslashini
bajaramiz. Hausman testi FEM va REM o'rtasidagi eng yaxshi modelni aniqlash uchun
amalga oshiriladi. (3-jadval).

3-jadval. Chou testi (Likelihood Test) natijalarHausman testi natijalari

Jadvaldagi Hausman testi natijalari shuni ko'rsatadiki, tasodi�y kesishmaning
ehtimollik qiymati > 0,05 ekanligi tasodi�y e�ekt modeli REM ning sobit e�ekt
modeli FEM dan yaxshiroq ekanligini anglatadi. Diagnostik baholashlarga asoslanib, o'z
navbatida, Chou testidan aniqlangan CEM va Hausman testi natijalaridan aniqlangan
REM modellarini solishtirish uchun Lagranj multiplikatori (LM) test sinovlarini amalga
oshiramiz.
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4-jadval. Lagranj multiplikatori (LM) testi natijalari

Lagranj multiplikatori (LM)testi natijalariga ko'ra p=0.0969>0.05 ekanligidan xulosa
qilishimiz mumkinki, qishloq xo'jaligi ekinlari bo'yicha sug'urta shartnomalari sonini eng
yaxshi ifodalaydigan panel gravitasion model sifatida umumiy e�ekt CEM modeli ekanligi
aniqlandi.

Foydalanilgan adabiyotlar

1. Anderson, J. E. (1979). A theoretical foundation for the gravity equation. American
Economic Review, 69(1), 106-116.
2. Baldwin, R., & Taglioni, D. (2006). Gravity for dummies and dummies for gravity
equations. National Bureau of Economic Research Working Paper No. 12516.
3. CEPII (2023). Geographical and institutional datasets. Retrieved from
https://www.cepii.fr.
4. Helpman, E., Melitz, M., & Rubinstein, Y. (2008). Estimating trade �ows: Trading
partners and trading volumes. Quarterly Journal of Economics, 123(2), 441-487.
5. Kim, S. (2022). Immigration �ows and international trade: A gravity model approach.
Journal of International Economics, 137, 103612.
6. LeSage, J. P., & Pace, R. K. (2009). Introduction to spatial econometrics. Boca Raton:
CRC Press.

93



Îñíîâíûå íàïðàâëåíèÿ ïðàâîâîãî ðåãóëèðîâàíèÿ
èñêóññòâåííîãî èíòåëëåêòà â Óçáåêèñòàíå

Àäèëõîäæàåâà Ñ.Ì.

Óíèâåðñèòåò ìèðîâîé ýêîíîìèêè è äèïëîìàòèè Òàøêåíò, Óçáåêèñòàí
a.surayyo.law@mail,ru

https://doi.org/10.5281/zenodo.15510760

Ðàçâèòèå öèôðîâûõ òåõíîëîãèé â íàñòîÿùåå âðåìÿ ïðèâåëî ê ñîçäàíèþ èñêóñ-
ñòâåííîãî èíòåëëåíêòà (ÈÈ). Ñîçäàíèå ÈÈ îáëåã÷àåò ÷åëîâåêó âûïîëíåíèå ìíîæå-
ñòâà çàäà÷ è ïîçâîëÿåò ðåøàòü íàèáîëåå òðóäíûå ïðîáëåìû ýôôåêòèâíî çà êîðîòêèé
ïðîìåæóòîê âðåìåíè. Ðàñøèðåíèå âîçìîæíîñòè èñïîëüçîâàíèÿ èñêóññòâåííîãî èí-
òåëëåêòà äàåò èìïóëüñ äëÿ íîâîãî ñêà÷êà îáùåñòâåííîãî ïðîãðåññà. Íî â òîæå âðåìÿ
ïåðåä îáùåñòâîì îòêðâûàþòñÿ ðÿä ïðîáëåìíûõ âîïðîñîâ, ñðåäè êîòîðûõ ïðèîðèòåò-
íîå ìåñòî çàíèìàåò ïðîáëåìà ïðàâîâîãî ðåãëàìåíòèðîâàíèÿ äåÿòåëüíîñòè ñèñòåìû
ÈÈ.

Â ñîîòâåòñòâèè ñî Ñòðàòåãèåé ðàçâèòèÿ òåõíîëîãèé èñêóññòâåííîãî èíòåëëåêòà äî
2030 ãîäà, ïðèíÿòîãî Ïîñòàíîâëåíèåì Ïðåçèäåíòà Ðåñïóáëèêè Óçáåêèñòàí � ÏÏ-
358 îò 14 îêòÿáðÿ 2024 ãîäà, îñíîâíûìè öåëÿìè è â íàïðàâëåíèè ôîðìèðîâàíèÿ
íîðìàòèâíî-ïðàâîâîé áàçû, íàïðàâëåííîé íà ðàçâèòèå òåõíîëîãèé èñêóññòâåííîãî
èíòåëëåêòà îïðåäåëåíû: ðàçðàáîòêà è ñîâåðøåíñòâîâàíèå íàöèîíàëüíûõ çàêîíîäà-
òåëüíûõ àêòîâ íà îñíîâå ìåæäóíàðîäíîãî îïûòà [1].

Óçáåêèñòàí ïî èòîãàì 2024 ã. ïîäíÿëñÿ íà 17 ïîçèöèé â èíäåêñå ãîòîâíîñòè ê ãëî-
áàëüíîé ÈÈ Oxford Insights, çàíÿâ 70-å ìåñòî èç 188 ñòðàí, ÷òî ñâèäåòåëüñòâóåò î
ðàñòóùåì ïîòåíöèàëå ñòðàíû â îáëàñòè ÈÈ. Ñ ðåçóëüòàòîì 53,45 áàëëà Óçáåêèñòàí
çàíèìàåò 3-å ìåñòî â Þæíîé è Öåíòðàëüíîé Àçèè ïîñëå Èíäèè è Òóðöèè [2]. Ýòî
ïîçèöèîíèðóåò ñòðàíó êàê ðåãèîíàëüíîãî ëèäåðà â Öåíòðàëüíîé Àçèè è äàåò ñòèìóë
äëÿ äàëüíåéøåãî ðàçâèòèÿ. Ïîýòîìó ïåðåä þðèñòàìè Óçáåêèñòàíà ñòîèò ðÿä àêòó-
àëüíûõ çàäà÷, óêàçàííûõ âûøå.

Ïðàâîâîå ðåãóëèðîâàíèå ðàáîòû ñèñòåì ÈÈ çíà÷èòåëüíî îòñòàåò îò èíòåíñèâíî-
ãî ðàçâèòèÿ èñêóññòâåííîãî èíòåëëåêòà, à ýòî ñâÿçàíî ñ ïîòåíöèàëüíûìè ðèñêàìè.
Ïðåäñòàâëÿþò áîëüøîé èíòåðåñ è ÿâëÿþòñÿ âåñüìà ïîëåçíûìè äëÿ íàøåé ñòðàíû
èññëåäîâàíèÿ îïûòà âåäóùèõ ãîñóäàðñòâ â îáëàñòè ïðàâîâîãî ðåãóëèðîâàíèÿ èñêóñ-
ñòâåííîãî èíòåëëåêòà. Ïî ïîêàçàòåëÿì ìèðîâûõ ðåéòèíãîâ êîíêóðåíöèÿ çà ëèäèðóþ-
ùèå ïîçèöèè â ñôåðå ÈÈ ðàçâîðà÷èâàåòñÿ ìåæäó ÑØÀ è Êèòàåì, ýòè ñòðàíû äåëÿò
ïàëüìó ïåðâåíñòâî � ïåðâîå è âòîðîå ìåñòî, ñîîòâåòñòâåííî[3]. Stanford � Èíäåêñ
èñêóññòâåííîãî èíòåëëåêòà îïóáëèêîâàë äàííûå, ÷òî â ïîñëåäíåå âðåìÿ ðåçêî óâå-
ëè÷èëîñü êîëè÷åñòâî íîðìàòèâíî-ïðàâîâûõ àêòîâ, ðåãóëèðóþùèõ äåÿòåëüíîñòü ÈÈ.
Ñàìîå áîëüøîå êîëè÷åñòâî àêòîâ áûëî ïðèíÿòî â Ñîåäèíåííûõ Øòàòîâ Àìåðèêè,
èõ ÷èñëî ïðåâûñèëî óæå 800 [4, 5]. Â 2017 áûë ïðèíÿò äîêóìåíò ¾Èñêóññòâåííûé
èíòåëëåêò: èññëåäîâàíèÿ, ðàçðàáîòêè è ðåãóëèðîâàíèå¿ [6]. Ñòåðæíåâîé çàêîí áûë
ïðèíÿò òàêæå â 2017 ãîäó, ãäå áûëè çàêîíîäàòåëüíî çàêðåïëåíû îïðåäåëåíèÿ è ïî-
íÿòèÿ [7]. Ïðèíöèïû ýòè÷íîñòè áûëè çàêðåïëåíû çàêîíîì â 2020 ãîäó: íàäåæíîñòü,
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óïðàâëÿåìîñòü, ñïðàâåäëèâîñòü, ïîñòîÿííûé ìîíèòîðèíã è îòâåòñòâåííîñòü [8]. Áî-
ëåå àêòèâíóþ ïîçèöèþ â ýòîì âîïðîñå çàíèìàþò ÷àñòíûå êîìïàíèè, êîòîðûå çàíè-
ìàþòñÿ ðàçðàáîòêîé ÈÈ è òàêîé ïîäõîä ïðàâèòåëüñòâî íàõîäèò âåñüìà óäîáíûì è
îïòèìàëüíûì, äàáû íå ñòàâèòü ïðàâîâûå ïðåãðàäû äëÿ óñêîðåííîãî ðàçâèòèÿ ÈÈ
[9,10].

Îäèí èç ìèðîâûõ ëèäåð â ñôåðå èñêóññòâåííîãî èíòåëëåêòà ïðèäåðæèâàåòñÿ èíîé
òàêòèêè â îáëàñòè ïðàâîâîãî ðåãóëèðîâàíèÿ, ÷åì ÑØÀ. Â 2015 ãîäó. Êèòàé ïðèíÿë
ãîñóäàðñòâåííóþ ïðîãðàììó ðàçâèòèÿ ÊÍÐ ¾Made in China 2025¿ [11]. Êðîìå ýòî-
ãî, áûëà ïðèíÿòà Ïðîãðàììà ðàçâèòèÿ èñêóññòâåííîãî èíòåëëåêòà íîâîãî ïîêîëåíèÿ,
ãäå îáàçíà÷åíû òàêèå àìáèöèîçíûå öåëè êàê ê 2025 ãîäó ñòàòü ëèäåðîì â áîëüøèí-
ñòâå ñôåðàõ ÈÈ, à óæå ê 2030 ãîäó çàíÿòü ëèäèðóþùèå ïîçèöèè â ìèðå è ñòàòü
ìåæäóíàðîäíûì èííîâàöèîííûì öåíòðîì â ñôåðå ÈÈ. Äëÿ âûïîëíåíèÿ ýòèõ àìáè-
öèîçíûõ öåëåé äëÿ íà÷àëî âûäåëåíû çíà÷èòåëüíûå èíâåñòèöèè â îòðàñëü ÈÈ [12, 13].
Ïîëèòèêà Êèòàÿ â ñôåðå ìåæäóíàðîäíîãî ñîòðóäíè÷åñòâà îáóñëîâëåíà ñòðåìëåíèåì
ðàñïðîñòðàíèòü êèòàéñêèå ñòàíäàðòû [14, 15]. Â ïðàâîâîå ðåãóëèðîâàíèå â îáëàñòè
ÈÈ â Êèòàå íîñèò ïðåèìóùåñòâåííî ñòðàòåãè÷åñêèé õàðàêòåð è íàöåëåí íà âûõîä â
ëèäèðóþùèå ïîçèöèè â ìèðå â ñôåðå ÈÈ. Êàê è â ÑØÀ, òàê è â Êèòàå íå äåëàåòñÿ
àêöåíò íà ýòè÷åñêèå íîðìû. Â îòëè÷èå îò ÑØÀ â Êèòàå îòñóòñòâóþò ãðàíèöû ÈÈ,
âòîðæåíèå â ëè÷íîå ïðîñòðàíñòâà è ÷àñòíóþ æèçíü ÷åëîâåêà.

Â îòëè÷èå îò ÑØÀ è Êèòàÿ, Åâðîñîþç ãîðàçäî áîëüøå çàáîòèòüñÿ îá ýòè÷åñêîé
ðåãëàìåíòàöèè ñèñòåìû ÈÈ. Çàêîí, ïðåäëîæåííûé Åâðîïåéñêîé êîìèññèåé 21 àïðåëÿ
2021 ãîäà, íàïðàâëåí íà ñîçäàíèå îáùåé íîðìàòèâíî-ïðàâîâîé áàçû äëÿ èñïîëüçîâà-
íèÿ èñêóññòâåííîãî èíòåëëåêòà [16, 17].

Ðàññìîòðåâ îñîáåííîñòè ïðàâîâîãî ðåãóëèðîâàíèÿ Èñêóññòâåííîãî èíòåëëåêòà â
ÑØÀ, Êèòàå, ÅÑ, ìîæíî îòìåòèòü ñëåäóþùåå. Â ÑØÀ ïðåîáëàäàþò èíòåðåñû áèç-
íåñà, èññëåäîâàíèÿ â ñôåðå ÈÈ âåäóòñÿ â ÷àñòíûõ êîìïàíèÿõ, îíè áîëåå àâòîíîìíû
è êîìïàíèÿì äàåòñÿ ñâîáîäà èññëåäîâàíèÿ. Ãîñóäàðñòâî ïîääåðæèâàåò èññëåäîâàíèÿ
ÈÈ â ñôåðå îáîðîíû è áåçîïàñíîñòè. Â Êèòàå ïðîãðàììû ïî ðàçâèòèþ è ïðîäâè-
æåíèþ èñêóññòâåííîãî èíòåëëåêòà èíèöèèðóþòñÿ ãîñóäàðñòâîì, ïðè÷åì ïðèîðèòåò
îòäàåòñÿ òåì íàïðàâëåíèÿì, ãäå îùóùàåòñÿ íåõâàòêà ñïåöèàëèñòîâ, íàïðèìåð, â îá-
ëàñòè çäðàâîîõðàíåíèÿ. Êèòàé ñòðåìèòñÿ ïðîäâèãàòü ñâîè ñòàíäàðòû ÈÈ â ìèðå è
òàêæå êàê ÑØÀ àêòèâíî âíåäðÿåò ÈÈ â âîåííîé ïðîìûøëåííîñòè. À ÷ðåçìåðíîìó
âíåäðåíèþ ýòè÷åñêèõ íîðì êàê â ÑØÀ, òàê è â Êèòàå íå ïðèäàþò áîëüøîå çíà÷åíèå,
ò.ê. ïîñëåäíèå ìîãóò ïðèòîðìîçèòü ðàçâèòèå ÈÈ. Íàïðîòèâ, ÅÑ âî ãëàâó óãëà ñòà-
âèò ýòè÷åñêèå íîðìû, ìíîæåñòâî çàïðåòèòåëüíûõ íîðì, ïðåäîòâðàùàþùèå ðèñêè,
îãðàíè÷åíèå ÈÈ â ñôåðå âìåøàòåëüñòâà â ÷àñòíóþ æèçíü ÷åëîâåêà[18].

Â íàñòîÿùåå âðåìÿ î÷åâèäíûì ñòàíîâèòñÿ, ÷òî íåîáõîäèìî ñîçäàíèå íàöèîíàëü-
íîãî çàêîíîäàòåëüñòâà, ñïîñîáíîãî ãèáêî ðåãóëèðîâàòü îáùåñòâåííûå îòíîøåíèÿ ñè-
ñòåìû èñêóññòâåííîãî èíòåëëåêòà. Îïûò ÅÑ ãîâîðèò î òîì, ÷òî ïðåâàëèðîâàíèå ýòè-
÷åñêèõ íîðì âåäåò ê òîðìîæåíèþ ðàçâèòèÿ îòðàñëè ÈÈ. Ïîýòîìó âåñüìà âàæíûì
ÿâëÿåòñÿ âûáðàòü îïòèìàëüíîå ïðàâîâîå ðåãóëèðîâàíèå ñèñòåìû ÈÈ, ôîðìèðóþùåå
íàöèîíàëüíîå ïðàâîâîå ïîëå, â êîòîðîì äåÿòåëüíîñòü èñêóññòâåííîãî èíòåëëåêòà íå
áóäåò îãðàíè÷åíà, çàïðåòàìè è ïðàâîâûìè áàðüåðàìè, ñ îäíîé ñòîðîíû. Íó à ñ äðó-
ãîé ñòîðîíû, ýòî ïðàâîâîå ïîëå ïîçâîëèò ïðåäîòâðàòèòü íåãàòèâíûå è âðåäîíîñíûå
ïîñëåäñòâèÿ ÈÈ äëÿ îáùåñòâà.

Êàêîâû æå ìîãóò áûòü îñíîâíûå íàïðàâëåíèÿ Êîíöåïöèé Âî-ïåðâûõ, ñëåäóåò
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äàëüíåéøåå ðàçâèòèå ïîíÿòèéíîãî àïïàðàòà, ÷òî âïîëíå îòâå÷àåò òðåáîâàíèÿì ðàç-
âèòèÿ ÈÈ. Âî-âòîðûõ, îáîçíà÷èòü ïðèíöèïû, â òîì ÷èñëå è ýòè÷åñêèå. Ïðè íåäî-
ñòàòêå çàêîíîäàòåëüíûõ íîðì èìåííî ïðèíöèïû ìîãóò çàïîëíèòü íåäîñòàòêè è ïðî-
áåëû â çàêîíîäàòåëüñòâå. Èìåííî ïðèíöèïû îïðåäåëÿþò òîò ïðàâîâîé ôóíäàìåíò,
íà êîòîðîì áóäóò ñòðîèòüñÿ ïðàâîâîå ðåãóëèðîâàíèÿ ÈÈ. Â äîêëàäå áóäóò ïðèâå-
äåíû îñíîâíûå ïðåäëàãàåìû ïðèíöèïû. Â-òðåòüèõ, íåîáõîäèìî â ñîîòâåòñòâèè ñî
Ñòðàòåãèåé-30 îïðåäåëèòü ïðèîðèòåòíûå íàïðàâëåíèÿ ðàçâèòèÿ ñèñòåìû èñêóññòâåí-
íîãî èíòåëëåêòà. Â-÷åòâåðòûõ, îäíèì èç êëþ÷åâûõ âîïðîñîâ ÿâëÿåòñÿ îïðåäåëåíèå
ïðàâîâîãî ñòàòóñà ÈÈ. Ñ÷èòàåì, ÷òî íàèáîëåå ïðàâèëüíûì ÿâëÿåòñÿ ìíåíèå, ÷òî ÈÈ
ÿâëÿåòñÿ îáúåêòîì, íî íå ñóáúåêòîì ïðàâà. Èñõîäÿ èç ýòîãî íåîáõîäèìî çàêðåïèòü â
ïðàâîâîì àêòå, ÷òî ñèñòåìà èñêóññòâåííîãî èíòåëëåêòà íå îáëàäàåò ïðàâîñóáúåêòíî-
ñòüþ. Â-ïÿòûõ, ïðèçíàòü ÈÈ èñòî÷íèêîì ïîâûøåííîé îïàñíîñòè. Ðèñêè è óãðîçû
äåéñòâèòåëüíî ìîãóò ñóùåñòâîâàòü, íî îöåíèâàòü èõ íóæíî êîìïëåêñíî, ó÷èòûâàòü
èõ ðåàëüíîñòü ïî ôàêòàì. Â äàëüíåéøåì íåîáõîäèìî ââåñòè ïîðÿäîê ëèöåíçèðîâà-
íèÿ äåÿòåëüíîñòè ðàçðàáîò÷èêîâ èíòåëëåêòóàëüíûõ èíôîðìàöèîííûõ ñèñòåì, è ñåð-
òèôèêàöèÿ ïîñëåäíèõ. Â-øåñòûõ, ñëåäóåò çàêðåïèòü, ÷òî àâòîðñêèå ïðàâà ðàçðà-
áîò÷èêîâ ÈÈ. Îñòàåòñÿ ïîêà îòêðûòûì âîïðîñ ïî àâòîðñêèì ïðàâàì ïðîèçâåäåíèé,
ñîçäàâàåìîé ñàìîé ñèñòåìîé ÈÈ. Â-ñåäüìûõ, ñëåäóåò ââåñòè ïðàâîâûå îãðàíè÷å-
íèÿ èñïîëüçîâàíèÿ ÈÈ äëÿ ñëåæåíèÿ çà ëþäüìè,âìåøàòåëüñòâå â ëè÷íóþ æèçíü è â
ëè÷íîå ïðîñòðàíñòâî ÷åëîâåêà.

Ìíîãîîáðàçèå òåõíîëîãèé, áåçóñëîâíàÿ íîâèçíà ðàçâèòèÿ èñêóññòâåííîãî èíòåë-
ëåêòà, îòñóòñòâèå îáùåìèðîâîãî ïîäõîäà äåëàåò ïðîöåññ ïðàâîâîãî ðåãóëèðîâàíèÿ
âåñüìà ñëîæíûì. Ñëåäóåò îòìåòèòü, ÷òî ÷åëîâå÷åñòâî ñ òàêîé ïðîáëåìîé çà ìíîãî-
ìèëëèîííóþ ñâîþ ýâîëþöèþ íå âñòðå÷àëîñü. Âïîëíå âîçìîæíî, ÷òî ýòî ïðîáëåìà
åùå ÿâëÿåòñÿ íåäîîöåí¼ííîé è ÷åðåç îòíîñèòåëüíîå êîðîòêîå âðåìÿ ïðè òàêèõ òåì-
ïàõ ðàçâèòèÿ ÈÈ ÷åëîâå÷åñòâî ìîæåò ñòîëêíóòüñÿ ñ áîëåå ñëîæíûìè ïðîáëåìàìè.
Ïîýòîìó ïðàâîâîå ðåãóëèðîâàíèå ñèñòåìû èñêóññòâåííîãî èíòåëëåêòà óæå ñåé÷àñ ÿâ-
ëÿåòñÿ æèçíåííî âàæíûì âîïðîñîì. Íåñîìíåííî, ñàìûì ïðàâèëüíûì áûëî ïðèíÿòèå
óíèâåðñàëüíîé Êîíöåïöèè ÎÎÍ ïî ïðàâîâîìó ðåãóëèðîâàíèþ ÈÈ, â êîòîðîé áûëî áû
äàíî îïðåäåëåíèå èñêóññòâåííîìó èíòåëëåêòó è áûëè ïðèíÿòû óíèâåðñàëüíûå ìåæ-
äóíàðîäíûå íîðìû â ýòîé ñôåðå. Íîðìàòèâíîå çàêðåïëåíèå ñòàíäàðòîâ ÈÈ òàêæå
òðåáóåò ôîêóñà âíèìàíèÿ. Âïîëíå öåëåñîîáðàçíî, åñëè ñòàíäàðòû ÈÈ, äà è äðóãèå
íîðìû áóäóò ðàçðàáàòûâàòüñÿ â îáùåðåãèîíàëüíîì ìàñøòàáå, íàïðèìåð, ñ Êàçàõñòà-
íîì.
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Àííîòàöèÿ: Â ñòàòüå ðàññìàòðèâàåòñÿ âëèÿíèå íà ñûðüåâûå îòðàñëè òåõíîëîãèé
Áîëüøèõ Äàííûõ è Èñêóññòâåííîãî Èíòåëëåêòà. Àêòóàëüíîñòü äàííîãî íàïðàâëå-
íèÿ îáóñëîâëåíà íåîáõîäèìîñòüþ ïîâûøåíèÿ ýôôåêòèâíîñòè è óñòîé÷èâîñòè ñûðüå-
âûõ ñåêòîðîâ â óñëîâèÿõ ðàñòóùèõ ýêîëîãè÷åñêèõ òðåáîâàíèé è ðûíî÷íîé íåñòàáèëü-
íîñòè. Ìàøèííîå îáó÷åíèå è êîìïüþòåðíîå çðåíèå èñïîëüçóþòñÿ äëÿ îïòèìèçàöèè
ïðîöåññîâ ãåîëîãîðàçâåäêè, äîáû÷è è ïåðåðàáîòêè ïîëåçíûõ èñêîïàåìûõ. Â ðàáîòå
îáñóæäàþòñÿ ïðèìåðû óñïåøíîãî ïðèìåíåíèÿ ýòèõ òåõíîëîãèé, à òàêæå âûçîâû è
áàðüåðû, ñâÿçàííûå ñ èõ âíåäðåíèåì. Òàêæå ïîä÷åðêèâàåòñÿ âàæíîñòü èíâåñòèöèîí-
íîãî ïîäõîäà ê öèôðîâèçàöèè è íåîáõîäèìîñòü ðàçâèòèÿ êâàëèôèöèðîâàííûõ êàäðîâ
äëÿ äîñòèæåíèÿ êîíêóðåíòîñïîñîáíîñòè è óñòîé÷èâîãî ðàçâèòèÿ ñûðüåâûõ êîìïàíèé
â ñîâðåìåííûõ óñëîâèÿõ.

Êëþ÷åâûå ñëîâà: Áîëüøèå Äàííûå, Èñêóññòâåííûé Èíòåëëåêò, ñûðüåâûå îò-
ðàñëè, îïòèìèçàöèÿ ïðîöåññîâ, öèôðîâèçàöèÿ.

Ââåäåíèå

Ñûðüåâûå îòðàñëè ïðåäñòàâëÿþò ñîáîé îñíîâîïîëàãàþùèé ýëåìåíò ìèðîâîé ýêî-
íîìèêè, ïðåäîñòàâëÿÿ äðóãèì îòðàñëÿì âàæíûå ðåñóðñû, òàêèå êàê ìåòàëëû, ìèíå-
ðàëû è èñêîïàåìîå òîïëèâî. Õîòÿ ýòè ñåêòîðà òðàäèöèîííî áûëè êîíñåðâàòèâíûìè, â
íàñòîÿùåå âðåìÿ îíè ïåðåæèâàþò çíà÷èòåëüíûå èçìåíåíèÿ áëàãîäàðÿ ñòðåìèòåëüíî-
ìó óâåëè÷åíèþ îáúåìîâ äàííûõ è äîñòèæåíèÿì â îáëàñòè Èñêóññòâåííîãî Èíòåëëåê-
òà (ÈÈ). Òàêèå òåõíîëîãèè, êàê Áîëüøèå Äàííûå è ÈÈ, îòêðûâàþò íîâûå ãîðèçîí-
òû äëÿ óëó÷øåíèÿ ïðîöåññîâ, ïîâûøåíèÿ óðîâíÿ áåçîïàñíîñòè, ñíèæåíèÿ ðàñõîäîâ
è äîñòèæåíèÿ óñòîé÷èâîãî ðàçâèòèÿ. Â óñëîâèÿõ èñòîùåíèÿ ëåãêîäîñòóïíûõ ðåñóð-
ñîâ, âîçðàñòàþùèõ ýêîëîãè÷åñêèõ òðåáîâàíèé è íåñòàáèëüíîñòè íà ðûíêàõ âíåäðåíèå
ýòèõ òåõíîëîãèé ñòàíîâèòñÿ íå ïðîñòî ïðåèìóùåñòâîì, à íåîáõîäèìûì óñëîâèåì äëÿ
âûæèâàíèÿ è óñïåøíîãî ðàçâèòèÿ.

Àëìåéäà Ô. è Îëèâåéðà À. óòâåðæäàþò, ÷òî ¾â ñûðüåâîì ñåêòîðå Áîëüøèå Äàííûå
ïðåäñòàâëÿþò ñîáîé ñëîæíûå ïîòîêè èíôîðìàöèè, êîòîðûå ìîæíî îõàðàêòåðèçîâàòü
íåñêîëüêèìè àñïåêòàìè. Âî-ïåðâûõ, äàííûå ãåíåðèðóþòñÿ â îãðîìíûõ îáúåìàõ � îò
òåðàáàéòîâ ñåéñìè÷åñêîé èíôîðìàöèè äî ïîñòîÿííûõ ïîòîêîâ äàííûõ ñ ìíîãî÷èñëåí-
íûõ äàò÷èêîâ íà ïðîèçâîäñòâåííûõ ïëîùàäêàõ. Îæèäàåòñÿ, ÷òî ê 2025 ãîäó îáúåì
äàííûõ â ìèðå äîñòèãíåò 175 çåòòàáàéò, ïðè÷åì çíà÷èòåëüíàÿ ÷àñòü áóäåò ñâÿçàíà
ñ ïðîìûøëåííûìè ñåêòîðàìè. Âî-âòîðûõ, ñêîðîñòü ïîñòóïëåíèÿ äàííûõ òðåáóåò èõ
îáðàáîòêè ïðàêòè÷åñêè â ðåàëüíîì âðåìåíè, ÷òî êðèòè÷íî äëÿ óïðàâëåíèÿ àâòîíîì-
íûìè ñèñòåìàìè è ïðåäîòâðàùåíèÿ àâàðèé¿.
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Ïðåèìóùåñòâà è ïðîáëåìû èñïîëüçîâàíèÿ Áîëüøèõ äàííûõ è ÈÈ â
ñûðüåâûõ îòðàñëÿõ

Èñêóññòâåííûé Èíòåëëåêò ïîçâîëÿåò ñèñòåìàì âûïîëíÿòü çàäà÷è, êîòîðûå îáû÷-
íî òðåáóþò ÷åëîâå÷åñêîãî âìåøàòåëüñòâà. Â ñûðüåâîì ñåêòîðå êëþ÷åâûìè òåõíîëî-
ãèÿìè ÿâëÿþòñÿ ìàøèííîå îáó÷åíèå, êîòîðîå ïîìîãàåò âûÿâëÿòü çàêîíîìåðíîñòè è
ïðîãíîçèðîâàòü ðåçóëüòàòû íà îñíîâå äàííûõ, à òàêæå ãëóáîêîå îáó÷åíèå, èñïîëüçó-
þùåå ìíîãîñëîéíûå íåéðîííûå ñåòè äëÿ àíàëèçà èçîáðàæåíèé è ñëîæíûõ âðåìåííûõ
ðÿäîâ. Êîìïüþòåðíîå çðåíèå ïîçâîëÿåò àíàëèçèðîâàòü âèçóàëüíûå äàííûå ñ ðàçëè÷-
íûõ èñòî÷íèêîâ äëÿ ìîíèòîðèíãà è îöåíêè.

Big Data è èñêóññòâåííûé èíòåëëåêò ñòàíîâÿòñÿ âàæíûìè èíñòðóìåíòàìè â ñû-
ðüåâûõ îòðàñëÿõ, îñîáåííî íà ðàçëè÷íûõ ýòàïàõ ïðîèçâîäñòâåííîãî ïðîöåññà. Ãåî-
ëîãîðàçâåäêà, èç-çà ñâîåé âûñîêîé ñòîèìîñòè è ðèñêîâ, çíà÷èòåëüíî ïðåîáðàçóåòñÿ
áëàãîäàðÿ íîâûì òåõíîëîãèÿì. Àëãîðèòìû ìàøèííîãî è ãëóáîêîãî îáó÷åíèÿ îáðà-
áàòûâàþò áîëüøèå îáúåìû äàííûõ, âêëþ÷àÿ ñåéñìè÷åñêèå è ìàãíèòîìåòðè÷åñêèå
èññëåäîâàíèÿ, ÷òî ïîìîãàåò âûÿâëÿòü àíîìàëèè, ïîòåíöèàëüíî óêàçûâàþùèå íà íà-
ëè÷èå ìèíåðàëîâ. Ïðèìåíåíèå ÈÈ ìîæåò óâåëè÷èòü óñïåøíîñòü ïîèñêîâûõ ðàáîò íà
10%, à âðåìÿ èíòåðïðåòàöèè äàííûõ ñîêðàòèòü äî 50%.

Ýòàï ïëàíèðîâàíèÿ è ïðîåêòèðîâàíèÿ ãîðíûõ ðàáîò òàêæå ìåíÿåòñÿ ïîä âëèÿíè-
åì ÈÈ. Àëãîðèòìû ñïîñîáíû àíàëèçèðîâàòü ãåîëîãè÷åñêèå äàííûå è ýêîíîìè÷åñêèå
óñëîâèÿ äëÿ îïòèìèçàöèè ðàçðàáîòîê, ÷òî ìîæåò ñíèçèòü êàïèòàëüíûå çàòðàòû íà
6% è ïîâûñèòü ÷èñòóþ ïðèâåäåííóþ ñòîèìîñòü ïðîåêòà íà 10%. Êðîìå òîãî, òåõíî-
ëîãèè ïðîãíîçèðîâàíèÿ ðèñêîâ ïîìîãàþò çàðàíåå âûÿâëÿòü âîçìîæíûå ïðîáëåìû,
ñâÿçàííûå ñ óñòîé÷èâîñòüþ øàõò.

Íà ñòàäèè äîáû÷è è ïåðâè÷íîé ïåðåðàáîòêè èñêóññòâåííûé èíòåëëåêò è áîëüøèå
äàííûå ïîêàçûâàþò îñîáåííî âïå÷àòëÿþùèå ðåçóëüòàòû. Èñïîëüçîâàíèå àâòîíîì-
íîé òåõíèêè, íàïðèìåð, áåñïèëîòíûõ ñàìîñâàëîâ, óæå àêòèâíî âíåäðÿåòñÿ. Ñîãëàñíî
èññëåäîâàíèÿì Â.Í. Áàáè÷ è Å.À. Êèðèëëîâîé, ¾òàêèå ìàøèíû ìîãóò ïîâûñèòü ïðî-
èçâîäèòåëüíîñòü íà 16% è ñíèçèòü ðàñõîäû íà òîïëèâî íà 10%¿. Ïðèìåíåíèå ïðåäèê-
òèâíîãî îáñëóæèâàíèÿ, êîòîðîå ïîçâîëÿåò ïðåäñêàçûâàòü ïîëîìêè îáîðóäîâàíèÿ, ìî-
æåò ñîêðàòèòü íåçàïëàíèðîâàííûå ïðîñòîè íà 37%, ñ ïîòåíöèàëüíîé ýêîíîìèåé äëÿ
êîìïàíèé â ðàçìåðå äî $30 ìëðä ê 2025 ãîäó. Â îáëàñòè îáîãàùåíèÿ ÈÈ óïðàâëÿåò
ïðîöåññàìè â ðåæèìå ðåàëüíîãî âðåìåíè, ÷òî ìîæåò ïîâûñèòü èçâëå÷åíèå ïîëåçíûõ
êîìïîíåíòîâ íà 3% è ñíèçèòü ïîòðåáëåíèå ðåñóðñîâ íà 10%.

×òî êàñàåòñÿ ýêîíîìè÷åñêîãî ýôôåêòà è ðûíî÷íûõ òåíäåíöèé, êàê ïîä÷åðêèâà-
þò À.Ñ. Áîðèñîâ è Ñ.À. Êóëèêîâ, ¾ãëîáàëüíûé ðûíîê èñêóññòâåííîãî èíòåëëåêòà â
íåôòåãàçîâîì ñåêòîðå áûë îöåíåí â 2,5 ìèëëèàðäà äîëëàðîâ â 2022 ãîäó è, ñîãëàñíî
ïðîãíîçàì, âûðàñòåò äî 4,2 ìèëëèàðäà äîëëàðîâ ê 2027 ãîäó, äåìîíñòðèðóÿ ñðåäíå-
ãîäîâîé òåìï ðîñòà 10,8%¿. Àíàëîãè÷íûå òåìïû íàáëþäàþòñÿ è â ãîðíîäîáûâàþùåé
îòðàñëè. Âåäóùèå êîìïàíèè àêòèâíî èíâåñòèðóþò â öèôðîâèçàöèþ. Òàê íàïðèìåð,
êîìïàíèÿ Vale âëîæèëà áîëåå $160 ìèëëèîíîâ â ñâîé Öåíòð Èñêóññòâåííîãî Èíòåë-
ëåêòà, à Shell è BP ñîçäàëè ñïåöèàëüíûå ïîäðàçäåëåíèÿ äëÿ ðàáîòû ñ àíàëèòèêîé
äàííûõ è ÈÈ.

Íåñìîòðÿ íà çíà÷èòåëüíûé ïîòåíöèàë, âíåäðåíèå òåõíîëîãèé áîëüøèõ äàííûõ è
èñêóññòâåííîãî èíòåëëåêòà â ñûðüåâûõ îòðàñëÿõ ñòàëêèâàåòñÿ ñ ìíîæåñòâîì òðóäíî-
ñòåé. Ïåðâîíà÷àëüíûå èíâåñòèöèè â íîâîå îáîðóäîâàíèå, ïðîãðàììíîå îáåñïå÷åíèå
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è èíôðàñòðóêòóðó ìîãóò áûòü âåñüìà çíà÷èòåëüíûìè. Òàêæå ñóùåñòâóåò íåõâàò-
êà êâàëèôèöèðîâàííûõ ñïåöèàëèñòîâ (àíàëèòèêè äàííûõ, èíæåíåðû ïî ìàøèííîìó
îáó÷åíèþ), ÷òî çàòðóäíÿåò ïðîöåññ àäàïòàöèè íîâûõ òåõíîëîãèé.

Ñëîæíîñòè èíòåãðàöèè ñîâðåìåííûõ öèôðîâûõ ðåøåíèé ñ óñòàðåâøèìè ñèñòåìà-
ìè òàêæå ïðåäñòàâëÿþò ñîáîé ñåðüåçíóþ ïðåãðàäó. Ê òîìó æå, äëÿ ýôôåêòèâíîé
ðàáîòû òðåáóåòñÿ îáåñïå÷èòü âûñîêîå êà÷åñòâî è äîñòóïíîñòü äàííûõ. Óâåëè÷åíèå
÷èñëà ïîäêëþ÷åííûõ óñòðîéñòâ è ñèñòåì ñîçäàåò äîïîëíèòåëüíûå ðèñêè â îáëàñòè
êèáåðáåçîïàñíîñòè, ÷òî òðåáóåò îñîáîãî âíèìàíèÿ.

Çàêëþ÷åíèå

Êîìïàíèè, êîòîðûå èíâåñòèðóþò â öèôðîâèçàöèþ, ðàçâèâàþò íåîáõîäèìûå íàâû-
êè è àäàïòèðóþò ñâîè áèçíåñ-ïðîöåññû, íå òîëüêî óêðåïëÿþò ñâîþ êîíêóðåíòîñïî-
ñîáíîñòü, íî è âíîñÿò âàæíûé âêëàä â ñîçäàíèå áîëåå óñòîé÷èâîé è ýôôåêòèâíîé
ñûðüåâîé èíäóñòðèè áóäóùåãî. Ïðåîäîëåíèå ñóùåñòâóþùèõ áàðüåðîâ òðåáóåò êîì-
ïëåêñíîãî ïîäõîäà, âêëþ÷àÿ ðàçâèòèå êàäðîâîãî ïîòåíöèàëà, ñîçäàíèå îòðàñëåâûõ
ñòàíäàðòîâ äàííûõ è îáåñïå÷åíèå êèáåðáåçîïàñíîñòè. Òåì íå ìåíåå, äîëãîñðî÷íûå
âûãîäû îò öèôðîâîé òðàíñôîðìàöèè ñûðüåâûõ îòðàñëåé ÿâëÿþòñÿ íåîñïîðèìûìè è
êðèòè÷åñêè âàæíûìè äëÿ èõ äàëüíåéøåãî ðàçâèòèÿ â XXI âåêå.
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Àííîòàöèÿ: Â ñòàòüå ðàññìîòðåíû àêòóàëüíûå ïîäõîäû ê óïðàâëåíèþ ïîñòàâêàìè
êàðáîíàòà áàðèÿ (BaCO3) â ñòðàíàõ ÑÍÃ. Ó÷èòûâàÿ øèðîêóþ ñôåðó ïðèìåíåíèÿ
âåùåñòâà, îáåñïå÷åííîñòü ñûðüåâîé áàçîé è ðîñò ïðîìûøëåííîãî ñïðîñà, àêòóà-
ëèçèðóåòñÿ çàäà÷à ïîâûøåíèÿ ýôôåêòèâíîñòè ëîãèñòè÷åñêèõ öåïî÷åê. Îñíîâíîå
âíèìàíèå óäåëåíî âíåäðåíèþ öèôðîâûõ è àâòîìàòèçèðîâàííûõ ðåøåíèé â óïðàâ-
ëåíèå ïðîèçâîäñòâåííî-ñáûòîâûìè ïðîöåññàìè, à òàêæå îðãàíèçàöèè óñòîé÷èâûõ
êàíàëîâ ñíàáæåíèÿ âíóòðè ðåãèîíà.
Êëþ÷åâûå ñëîâà: êàðáîíàò áàðèÿ, ïîñòàâêè, ëîãèñòèêà, ñòðàíû ÑÍÃ, àâòîìàòèçà-
öèÿ, öèôðîâèçàöèÿ.

ÂÂÅÄÅÍÈÅ

Êàðáîíàò áàðèÿ (BaCO3) � âàæíåéøåå íåîðãàíè÷åñêîå ñîåäèíåíèå, àêòèâíî
ïðèìåíÿåìîå â ñòåêîëüíîé, êåðàìè÷åñêîé, ìåòàëëóðãè÷åñêîé, ýëåêòðîííîé è õèìè-
÷åñêîé îòðàñëÿõ. Â ñòðàíàõ ÑÍÃ ñïðîñ íà íåãî ñòàáèëüíî âûñîê, îñîáåííî ñî ñòîðîíû
ïðåäïðèÿòèé, ñïåöèàëèçèðóþùèõñÿ íà ïðîèçâîäñòâå ñòåêëîêåðàìèêè, ôåððèòîâ è
òåïëîèçîëÿöèîííûõ ìàòåðèàëîâ [1].
Íåñìîòðÿ íà íàëè÷èå êðóïíûõ ìåñòîðîæäåíèé áàðèòà è ðàçâèòîé ïåðåðàáàòûâàþ-
ùåé ïðîìûøëåííîñòè, â ðåãèîíå ñîõðàíÿþòñÿ ïðîáëåìû, ñâÿçàííûå ñ óïðàâëåíèåì
ïîñòàâêàìè: óñòàðåâøàÿ ëîãèñòè÷åñêàÿ èíôðàñòðóêòóðà, ñëàáàÿ öèôðîâèçàöèÿ
óïðàâëåíèÿ öåïî÷êàìè ïîñòàâîê, çàâèñèìîñòü îò ñåçîííûõ è ãåîïîëèòè÷åñêèõ
ôàêòîðîâ [2, 3]. Ýòè ïðîáëåìû òðåáóþò ñèñòåìíîãî ïîäõîäà ê ìîäåðíèçàöèè
ïðîèçâîäñòâåííî-ëîãèñòè÷åñêèõ ïðîöåññîâ.

Ñûðüåâàÿ áàçà è ïðîèçâîäñòâåííûå öåíòðû Îñíîâíûìè ïðîèçâîäèòåëÿìè
êàðáîíàòà áàðèÿ â ÑÍÃ ÿâëÿþòñÿ ïðåäïðèÿòèÿ â Ðîññèè, Êàçàõñòàíå, Óçáåêèñòàíå
è Àðìåíèè.
Ðîññèÿ ðàñïîëàãàåò êðóïíåéøèìè áàðèòîâûìè ìåñòîðîæäåíèÿìè (Õàêàñèÿ, Çà-
áàéêàëüå) è ìîùíûìè ïåðåðàáàòûâàþùèìè ìîùíîñòÿìè [3]. Êàçàõñòàí ðàçâèâàåò
ñîáñòâåííîå ïðîèçâîäñòâî íà áàçå ìåñòîðîæäåíèé â Æàìáûëñêîé îáëàñòè, Óçáåêè-
ñòàí è Àðìåíèÿ àêòèâíî íàðàùèâàþò îáú¼ìû ïåðåðàáîòêè áàðèòà ñ îðèåíòàöèåé íà
ýêñïîðò â ñòðàíû Öåíòðàëüíîé Àçèè è Çàêàâêàçüÿ [2].
Òàêèì îáðàçîì, ðåãèîí ðàñïîëàãàåò óñòîé÷èâîé ïðîèçâîäñòâåííîé áàçîé. Îäíàêî áåç
ýôôåêòèâíîãî ëîãèñòè÷åñêîãî îáåñïå÷åíèÿ è ìîäåðíèçàöèè óïðàâëåíèÿ ïîñòàâêàìè,
ïîòåíöèàë ýòèõ ïðîèçâîäñòâ íå ìîæåò áûòü ðåàëèçîâàí â ïîëíîé ìåðå. Ðåøåíèÿ ñëå-
äóåò èñêàòü â îáëàñòè öèôðîâèçàöèè è àâòîìàòèçàöèè ïðîöåññîâ. Àâòîìàòèçàöèÿ
è öèôðîâèçàöèÿ ëîãèñòè÷åñêèõ ïðîöåññîâ Ñîâðåìåííûå óñëîâèÿ òðåáóþò ïå-
ðåõîäà ê óïðàâëåíèþ ïîñòàâêàìè íà îñíîâå öèôðîâûõ ïëàòôîðì, èíòåãðèðîâàííûõ
ERP-ñèñòåì è èíòåëëåêòóàëüíûõ èíñòðóìåíòîâ àíàëèçà [4], [6].
Îñíîâíûå íàïðàâëåíèÿ àâòîìàòèçàöèè:

• ERP-ñèñòåìû (íàïðèìåð, SAP, 1C:ERP) ïîçâîëÿþò âåñòè ó÷¼ò çàïàñîâ, àâòîìà-
òèçèðîâàòü ôîðìèðîâàíèå çàêàçîâ, óïðàâëÿòü ãðàôèêàìè îòãðóçêè [6].

• Ñèñòåìû ìîíèòîðèíãà òðàíñïîðòà (TMS) îáåñïå÷èâàþò êîíòðîëü çà ïåðåäâè-
æåíèåì ïðîäóêöèè, ñîáëþäåíèåì ñðîêîâ ïîñòàâêè, ìàðøðóòèçàöèåé [4].
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• WMS-ñèñòåìû ïðèìåíÿþòñÿ äëÿ ïîâûøåíèÿ ýôôåêòèâíîñòè óïðàâëåíèÿ ñêëà-
äàìè è ñíèæåíèÿ óðîâíÿ ïîòåðü ïðè õðàíåíèè.

• Àíàëèòèêà ñïðîñà íà áàçå ÈÈ ïîçâîëÿåò ïðîãíîçèðîâàòü îáú¼ìû ïîòðåáëåíèÿ
è àäàïòèðîâàòü ïðîèçâîäñòâåííûå ïëàíû ïîä ïîòðåáíîñòè ðûíêà [4].

Íåñìîòðÿ íà íàëè÷èå îáùåãî ýêîíîìè÷åñêîãî ïðîñòðàíñòâà (ÅÀÝÑ), â ëîãèñòèêå
êàðáîíàòà áàðèÿ ñîõðàíÿþòñÿ âûçîâû:

• âûñîêàÿ äîëÿ ðó÷íîãî óïðàâëåíèÿ;

• ñëàáàÿ ïðîçðà÷íîñòü öåïî÷åê ïîñòàâîê;

• îòñóòñòâèå åäèíîãî öèôðîâîãî ïðîñòðàíñòâà ìåæäó ñòðàíàìè;

• íåäîñòàòîê ñïåöèàëèçèðîâàííîãî òðàíñïîðòà (â ÷àñòíîñòè � ãåðìåòè÷íûõ öè-
ñòåðí è êîíòåéíåðîâ) [3].

Âîçìîæíûìè ïóòÿìè ðåøåíèÿ óêàçàííûõ ïðîáëåì ìîãóò ÿâëÿòüñÿ:

• Ñîçäàíèå îáùåé öèôðîâîé ïëàòôîðìû äëÿ ïðîèçâîäèòåëåé è ïîòðåáèòåëåé â
ÑÍÃ [4].

• Ðàçâèòèå èíòåðìîäàëüíîé ëîãèñòèêè (àâòî; æ.ä., êîíòåéíåðíûå ïåðåâîçêè) ñ
ó÷¼òîì ãåîãðàôèè ïîñòàâîê [1].

• Ôîðìèðîâàíèå ðåãèîíàëüíûõ ðàñïðåäåëèòåëüíûõ öåíòðîâ â êëþ÷åâûõ òðàíñ-
ïîðòíûõ óçëàõ � Àëìà-Àòå, Íîâîñèáèðñêå, Òàøêåíòå, Åðåâàíå.

• Âíåäðåíèå EDI-îáìåíà (ýëåêòðîííûé äîêóìåíòîîáîðîò) ìåæäó ñòðàíàìè, âõî-
äÿùèìè â ñîãëàøåíèÿ î ñâîáîäíîé òîðãîâëå [5].
Ýêîíîìè÷åñêèé ýôôåêò è óñòîé÷èâîñòü ïîñòàâîê ïðè öèôðîâèçàöèÿ
ëîãèñòè÷åñêèõ ïðîöåññîâ

• Öèôðîâèçàöèÿ è ìîäåðíèçàöèÿ ëîãèñòè÷åñêèõ ïðîöåññîâ ïðè ïîñòàâêàõ êàðáî-
íàòà áàðèÿ ïîçâîëÿþò:

• Ñîêðàòèòü ëîãèñòè÷åñêèå èçäåðæêè äî 20
• Ïîâûñèòü òî÷íîñòü è ïðåäñêàçóåìîñòü ïîñòàâîê;

• Óâåëè÷èòü ýêñïîðòíûé ïîòåíöèàë ñòðàí ÑÍÃ áëàãîäàðÿ óëó÷øåííîé êîîðäèíà-
öèè ìåæäó ïðîèçâîäèòåëÿìè è ïîòðåáèòåëÿìè [1];

• Ñíèçèòü óãëåðîäíûé ñëåä ëîãèñòè÷åñêèõ îïåðàöèé çà ñ÷¼ò îïòèìèçàöèè ìàðø-
ðóòîâ è ñíèæåíèÿ ïîðîæíåãî ïðîáåãà [4].

Ïåðñïåêòèâû ðàçâèòèÿ ïîñòàâîê êàðáîíàòà áàðèÿ Äëÿ äàëüíåéøåãî ïîâû-
øåíèÿ ýôôåêòèâíîñòè óïðàâëåíèÿ ïîñòàâêàìè êàðáîíàòà áàðèÿ â ñòðàíàõ ÑÍÃ íåîá-
õîäèìî àêòèâíîå âîâëå÷åíèå ìåæäóíàðîäíûõ è ðåãèîíàëüíûõ èíñòèòóòîâ. Ïîòåíöè-
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àëüíûå íàïðàâëåíèÿ âêëþ÷àþò:

• Èíòåãðàöèÿ ñ èíèöèàòèâàìè ¾Öèôðîâîãî øåëêîâîãî ïóòè¿: ñîòðóäíè÷åñòâî ñ
Êèòàåì â ðàìêàõ ïðîãðàììû ¾Îäèí ïîÿñ � îäèí ïóòü¿ ìîæåò ñïîñîáñòâîâàòü
ìîäåðíèçàöèè òðàíñïîðòíîé è öèôðîâîé èíôðàñòðóêòóðû, îñîáåííî íà ïåðåñå-
÷åíèè ìàðøðóòîâ â Öåíòðàëüíîé Àçèè.

• Ïðèâëå÷åíèå èíâåñòèöèé îò ìåæäóíàðîäíûõ îðãàíèçàöèé: ôèíàíñèðîâàíèå
ïðîåêòîâ ïî àâòîìàòèçàöèè ëîãèñòèêè è öèôðîâèçàöèè îò ÅÀÁÐ, ÅÁÐÐ èëè
Àçèàòñêîãî áàíêà ðàçâèòèÿ ìîæåò ñòàòü êàòàëèçàòîðîì óñêîðåííûõ ïðåîáðàçî-
âàíèé [4].

• Ðàçðàáîòêà åäèíûõ òåõíè÷åñêèõ ñòàíäàðòîâ è ðåãëàìåíòîâ: ñîãëàñîâàíèå
ñòàíäàðòîâ óïàêîâêè, õðàíåíèÿ è òðàíñïîðòèðîâêè êàðáîíàòà áàðèÿ ìåæäó
ñòðàíàìè ÑÍÃ ñíèçèò èçäåðæêè íà ñòûêàõ ëîãèñòè÷åñêèõ öåïî÷åê [1].

• Ðàçâèòèå ¾çåë¼íîé¿ ëîãèñòèêè: âíåäðåíèå òåõíîëîãèé ñíèæåíèÿ âûáðîñîâ CO?,
âêëþ÷àÿ ïåðåõîä íà ýëåêòðèôèöèðîâàííûå âèäû òðàíñïîðòà è èñïîëüçîâàíèå
ýêîëîãè÷åñêè ÷èñòûõ óïàêîâî÷íûõ ìàòåðèàëîâ, ñïîñîáñòâóåò äîñòèæåíèþ êëè-
ìàòè÷åñêèõ öåëåé [4].

Ýòè ìåðû, â ñî÷åòàíèè ñ ñèñòåìíîé öèôðîâèçàöèåé è êîîðäèíàöèåé äåéñòâèé
ó÷àñòíèêîâ öåïåé ïîñòàâîê, ñîçäàäóò óñòîé÷èâóþ îñíîâó äëÿ ðîñòà õèìè÷åñêîé
ïðîìûøëåííîñòè ðåãèîíà è óñèëÿò å¼ ïîçèöèè íà ãëîáàëüíîì ðûíêå.

ÇÀÊËÞ×ÅÍÈÅ

Äëÿ ñòðàí ÑÍÃ, ãäå ïðîèçâîäñòâî è ïîòðåáëåíèå êàðáîíàòà áàðèÿ ðàñïðåäåëåíû
íåðàâíîìåðíî, êëþ÷åâûì ôàêòîðîì óñòîé÷èâîñòè ðûíêà ñòàíîâèòñÿ âûñòðîåí-
íàÿ ñèñòåìà óïðàâëåíèÿ ïîñòàâêàìè. Âíåäðåíèå öèôðîâûõ ðåøåíèé, óíèôèêàöèÿ
ëîãèñòè÷åñêèõ ïðîöåññîâ è êîîðäèíàöèÿ äåéñòâèé ìåæäó ñòðàíàìè ïîçâîëÿþò
çíà÷èòåëüíî ïîâûñèòü ýôôåêòèâíîñòü è ñíèçèòü çàòðàòû äàííîé äåÿòåëüíîñòè.
Ðàçâèòèå èíòåãðèðîâàííîé ëîãèñòèêè è àâòîìàòèçàöèè ïðîöåññîâ ïîñòàâîê ñòàíåò
âàæíûì ôàêòîðîì ïîâûøåíèÿ êîíêóðåíòîñïîñîáíîñòè ðåãèîíàëüíîé õèìè÷åñêîé
ïðîìûøëåííîñòè.
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Ââåäåíèå

Ýêîíîìè÷åñêèé, ôèíàíñîâûé, êðèçèñû è ðÿä ïîëèòè÷åñêèõ ñîáûòèé ïîñëåäíèõ
ïÿòè ëåò îêàçàëè çíà÷èòåëüíîå âëèÿíèå íà äåÿòåëüíîñòü ðîññèéñêèõ êîìïàíèé. Íå
èñêëþ÷åíèåì ÿâëÿþòñÿ è áàíêè, êîòîðûå äîëæíû ïåðåñòðàèâàòü ñâîþ äåÿòåëüíîñòü
â ñîîòâåòñòâèè ñ íîâûìè óñëîâèÿìè.

Íåäîñòàòî÷íàÿ ãèáêîñòü, óñòàðåâøèå ñòðàòåãèè, íå îòâå÷àþùèå ñîâðåìåííûì
óñëîâèÿì, èëè íåñâîåâðåìåííûå êîððåêòèðîâêè ñòðàòåãèé ìîãóò ïðèâåñòè ê ðàçâè-
òèþ êðèçèñíîé ñèòóàöèè â áàíêå. Â ýòîé ñâÿçè îñîáóþ àêòóàëüíîñòü èìååò ïîèñê
ïóòåé è íîâûõ âîçìîæíîñòåé è íàïðàâëåíèé äåÿòåëüíîñòè, ïîâûøàþùèõ óñòîé÷è-
âóþ è ýôôåêòèâíóþ ðàáîòó áàíêà.

Îäíèì èç òàêèõ íàïðàâëåíèé ÿâëÿåòñÿ ðàáîòà ñ êëèåíòñêîé áàçîé [2]. Êëèåíòû
áàíêà õàðàêòåðèçóþòñÿ ðàçëè÷íûìè ïîêàçàòåëÿìè, ñðåäè êîòîðûõ � ãîäîâàÿ âûðó÷-
êà, ïðîâåäåíèå âíåøíåýêîíîìè÷åñêîé äåÿòåëüíîñòè, íàëè÷èå âûñîêîðèñêîâûõ îïåðà-
öèé, èñïîëüçîâàíèå ïðîäóêòîâ áàíêà è äð. Íåñìîòðÿ íà çíà÷èòåëüíûå ðàçëè÷èÿ â
òàêèõ õàðàêòåðèñòèêàõ, ìîæíî âûÿâèòü îáùèå ÷åðòû è ïîòðåáíîñòè êëèåíòîâ, ÷òî
ïîçâîëÿåò ñ ó÷åòîì ïðåäïî÷òåíèé ãðóïï ïðåäëàãàòü ñòðàòåãèè, ïîçâîëÿþùèå îïòè-
ìèçèðîâàòü âçàèìîäåéñòâèÿ áàíêà ñ êëèåíòàìè.

Â ðåøåíèè òàêîé çàäà÷è áîëüøîé âêëàä ìîæåò âíåñòè èñïîëüçîâàíèå ñîâðåìåííî-
ãî èíòåëëåêòóàëüíîãî àíàëèçà äàííûõ, ïîçâîëÿþùåãî ïðîâåñòè ñåãìåíòàöèþ êëèåíò-
ñêîé áàçû è ðàçðàáîòàòü àäðåñíûå ïåðñîíàëèçèðîâàííûå ïðåäëîæåíèÿ äëÿ ïîõîæèõ
ïî öåëåâûì ïîêàçàòåëÿì ãðóïï êëèåíòîâ.

Ïðåèìóùåñòâà òàêîãî ðîäà ïîäõîäîâ îòìå÷àåòñÿ è â ðÿäå ñîâðåìåííûõ íàó÷íûõ
èññëåäîâàíèé, ïîñâÿù¼ííûõ ïîèñêó ïóòåé ïîâûøåíèÿ ýôôåêòèâíîñòè ðàáîòû áàíêà.
Òàê, íàïðèìåð, â ðàáîòå Ñîëäàòêèíîé Ì.Â. ïîä÷åðêèâàåòñÿ àêòóàëüíîñòü ïîäõîäîâ
ñåãìåíòàöèè ïîòðåáèòåëåé ñ öåëüþ èçó÷åíèÿ èõ ïîòðåáíîñòåé è ïðåäïî÷òåíèé äëÿ
óñïåøíîãî ðàçâèòèÿ áèçíåñà â óñëîâèÿõ ðàñòóùåé êîíêóðåíöèè [3]. Àâòîð èññëåäó-
åò âîçìîæíûå ïîäõîäû ê ðåøåíèþ òàêîãî ðîäà çàäà÷, âûäåëÿåò â êà÷åñòâå áàçîâî-
ãî íàïðàâëåíèÿ ìåòîäû ñåãìåíòàöèè îáúåêòîâ, ïîçâîëÿþùèå âûäåëÿòü ñõîäíûå ïî
èíòåðåñóþùèì áàíê ïîêàçàòåëÿì îáúåêòû, èíòåðïðåòèðîâàòü ïîëó÷åííûå ãðóïïû è
óïðàâëÿòü èõ ðàçâèòèåì, ïðîâîäÿ ìîäåðíèçàöèþ ïîñòðîåííîé ìîäåëè ñåãìåíòàöèè.
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Îñíîâíûìè âûâîäàìè ñòàòüè ÿâëÿþòñÿ ðåêîìåíäàöèè ïî âûáîðó ïîäõîäÿùèõ ìå-
òîäîâ êëàñòåðèçàöèè â çàâèñèìîñòè îò ñïåöèôèêàöèè äàííûõ è öåëåé ñåãìåíòàöèè,
à òàêæå ïîä÷åðêèâàåòñÿ íåîáõîäèìîñòü äàëüíåéøèõ èññëåäîâàíèé ïî ñîâåðøåíñòâî-
âàíèþ ïîäõîäîâ è ðàçðàáîòêå íîâûõ ìåòîäîâ äëÿ óëó÷øåíèÿ ïðîöåññà ñåãìåíòàöèè
è ïîâûøåíèÿ ýôôåêòèâíîñòè ìàðêåòèíãîâûõ ñòðàòåãèé.

Àíàëîãè÷íûå âîïðîñû ðàññìîòðåíû â ðàáîòå [5], ÷òî ïîçâîëÿåò àâòîðàì ñäåëàòü
âûâîä î ïðåèìóùåñòâàõ ñåãìåíòàöèè ïîòðåáèòåëåé äëÿ ýôôåêòèâíîñòè ðàáîòû êîì-
ïàíèé. Èñïîëüçîâàíèå ñîâðåìåííûõ ïîäõîäîâ ê àíàëèçó äàííûõ, â ÷àñòíîñòè, ìåòîäîâ
êëàñòåðèçàöèè è êëàññèôèêàöèè îáúåêòîâ ïîçâîëÿþò êîìïàíèÿì ñäåëàòü ìàðêåòèí-
ãîâûå êîìïàíèè áîëåå óñïåøíûìè è àäðåñíûìè çà ñ÷åò èíäèâèäóàëèçàöèè ïðîäàæ
è ïðåäëîæåíèé è, â êîí÷åíîì ñ÷åòå, äîáèòüñÿ âûñîêèõ ðåçóëüòàòîâ äåÿòåëüíîñòè è
èñïîëüçîâàíèÿ ðåñóðñîâ.

Ìåòîäèêà èññëåäîâàíèÿ

Â ðàáîòå ïðåäëàãàåòñÿ àâòîðñêàÿ ìåòîäèêà ðàçäåëåíèÿ êëèåíòîâ áàíêà íà îäíîðîä-
íûå ãðóïïû ñ èñïîëüçîâàíèåì ñîâðåìåííûõ ìåòîäîâ êëàñòåðèçàöèè îáúåêòîâ, ñðåäè
êîòîðûõ èåðàðõè÷åñêèå è èòåðàöèîííûå àëãîðèòìû, à òàêæå ïëîòíîñòíûé àëãîðèòì
ïðîñòðàíñòâåííîé êëàñòåðèçàöèè ñ ïðèñóòñòâèåì øóìà (DBSCAN) [1,4]. Ìåòîäèêà
âêëþ÷àåò â ñåáÿ ðÿä ïîñëåäîâàòåëüíûõ øàãîâ, ñðåäè êîòîðûõ:
1. Ñáîð âèòðèíû äàííûõ;
2. Ðàáîòà ñ ïðîïóñêàìè è àíîìàëüíûìè íàáëþäåíèÿìè, èññëåäîâàíèå çàêîíà ðàñïðå-
äåëåíèÿ îòîáðàííûõ ïîêàçàòåëåé;
3. Èçó÷åíèå ñâÿçè ìåæäó ïåðåìåííûìè.
4. Êëàñòåðèçàöèÿ îáúåêòîâ ñ èñïîëüçîâàíèåì ðàçëè÷íûõ àëãîðèòìîâ èíòåëëåêòóàëü-
íîãî àíàëèçà äàííûõ;
5. Ïðîâåðêà òî÷íîñòè è àäåêâàòíîñòè ïîëó÷åííûõ ðåçóëüòàòîâ.
6. Èíòåðïðåòàöèÿ êëàñòåðîâ è ðåçóëüòàòîâ ðàáîòû àëãîðèòìîâ.
7. Ðàçðàáîòêà ðåêîìåíäàöèé è òàðãåòèðîâàííûõ ñòðàòåãèé ïî óëó÷øåíèþ âçàèìîäåé-
ñòâèÿ áàíêà ñ êëèåíòàìè.

Àïðîáàöèÿ ïðåäëîæåííîé ìåòîäèêè îñóùåñòâëÿëàñü íà îñíîâå äàííûõ î 10 òûñ.
êëèåíòàõ áàíêà, îáñëåäîâàííûõ ïî 16 ïîêàçàòåëÿì (íàïðèìåð, ñàíêöèè, ñðåäíèé äîëã,
ðåéòèíã, äîõîä, âàëîâàÿ ïðèáûëü, âíåøíåýêîíîìè÷åñêàÿ äåÿòåëüíîñòü).

Ïîëó÷åííûå ðåçóëüòàòû

Â ðåçóëüòàòå ðàáîòû àëãîðèòìîâ è ýêñïåðòíîãî àíàëèçà ïîëó÷åííûõ ðåçóëüòàòîâ
áûëî ïðåäëîæåíî âûäåëèòü ÷åòûðå îäíîðîäíûå ãðóïïû êëèåíòîâ áàíêà, ñõîæèõ ïî
ñâîèì õàðàêòåðèñòèêàì è âêëþ÷àþùèõ äîñòàòî÷íî ìíîãî íàáëþäåíèé. Ñäåëàííûå
âûâîäû ïîäòâåðæäåíû ñ ïîìîùüþ òðåõ íåçàâèñèìûõ ìåòîäîâ êëàñòåðèçàöèè îáúåê-
òîâ, îñíîâàííûõ íà ðàçíûõ ïîäõîäàõ ê ðàçáèåíèþ îáúåêòîâ íà êëàññû. Ðåçóëüòàòû
ðàáîòû èåðàðõè÷åñêîãî àãëîìåðàòèâíîãî àëãîðèòìà êëàñòåðèçàöèè ïðåäñòàâëåíû íà
ðèñ.1.

105



Ðèñ.1.Äåíäðîãðàììà ðàçäåëåíèÿ êëèåíòîâ áàíêà íà êëàñòåðû
Èñòî÷íèê: ïîñòðîåíî àâòîðàìè

Äëÿ âûäåëåííûõ êëàñòåðîâ áûëî ïðåäëîæåíî ÷åòûðå ñòðàòåãèè, êîòîðûå ìîãóò
áûòü èñïîëüçîâàíû áàíêîì ïðè ðàáîòå ñ ðàçëè÷íûìè ãðóïïàìè êëèåíòîâ (òàáë.1).

Òàáëèöà 1

Ïðåäëàãàåìûå ñòðàòåãèè äëÿ êëàñòåðîâ êëèåíòîâ

Íàçâàíèå êëàñòå-

ðà

×èñëî íàáëþäå-

íèé â êëàñòåðå
Õàðàêòåðèñòèêà êëàñòåðà

Ïðåäëàãàåìàÿ

ñòðàòåãèÿ

Êðóïíûå è ñòàáèëü-
íûå êëèåíòû

1266

Âûñîêàÿ äîõîäíîñòü, êðóïíûå
êëèåíòû, èñïîëüçóþò ìíîãî
ïðîäóêòîâ, áåç ðèñêà, ñ õîðîøèì
ðåéòèíãîì

Óäåðæàíèå êëèåí-
òîâ

Êðóïíûå, íî ðèñêî-
âûå êëèåíòû

847

Âûñîêàÿ äîõîäíîñòü, êðóïíûå
êëèåíòû, èìåþò ìíîãî ïðîäóê-
òîâ, èñïîëüçóþò ðåçåðâû, èìåþò
ñàíêöèè

Îïòèìèçàöèÿ ïîðò-
ôåëÿ

Íîâûå è ïåðñïåê-
òèâíûå êëèåíòû

957

Äîõîäíîñòü íèæå ñðåäíåãî, ñðåä-
íèå è ìåëêèå êëèåíòû áåç ðèñ-
êà, èñïîëüçóþò ìàëî ïðîäóêòîâ,
íå èìåþò äîõîäîâ â áàíêå

Àêòèâíîå ðàçâèòèå

Ìåëêèå êëèåíòû ñ
ðèñêîâàííûìè îïå-
ðàöèÿìè

2463
Äîõîäíîñòü íèæå ñðåäíåãî, ñðåä-
íèå è ìåëêèå êëèåíòû, èñïîëüçó-
þò ðåçåðâû

Ñîêðàùåíèå ãðóïïû

Èñòî÷íèê: ðàçðàáîòàíî àâòîðàìè

Îïèðàÿñü íà ïîëó÷åííûå ðåçóëüòàòû è ðàçðàáàòûâàÿ àäðåñíûå ñòðàòåãèè ðàáîòû
ñ âûäåëåííûìè ãðóïïàìè êëèåíòîâ, áàíê ñìîæåò îïòèìèçèðîâàòü ñâîè çàòðàòû è
ïîâûñèòü ýôôåêòèâíîñòü ñâîåé ðàáîòû â öåëîì.

Â êà÷åñòâå äàëüíåéøèõ íàïðàâëåíèé ðàáîòû ìîæíî ïðåäëîæèòü ðàñøèðèòü
ñïåêòð èñïîëüçîâàííîãî èíñòðóìåíòàðèÿ, à òàêæå ïðîâåñòè îöåíêó ïîòåíöèàëüíîé
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ýêîíîìè÷åñêîé âûãîäû îò âíåäðåíèÿ ïðåäëîæåííûõ ñòðàòåãèé, âêëþ÷àÿ îöåíêó âëè-
ÿíèÿ íà óâåëè÷åíèå äîõîäîâ, ñíèæåíèå çàòðàò, óëó÷øåíèå êà÷åñòâà îáñëóæèâàíèÿ è
óäåðæàíèå êëèåíòîâ, à òàêæå àíàëèç âðåìåííîé ïåðñïåêòèâû è ðèñêîâ.

Çàêëþ÷åíèå

Òàêèì îáðàçîì, èñïîëüçîâàíèå ñîâðåìåííûõ ïîäõîäîâ ê àíàëèçó äàííûõ ïîçâîëÿåò
íå òîëüêî ïîëó÷èòü èíôîðìàöèþ î êëèåíòñêîé áàçå è åå îñîáåííîñòÿõ, íî è ðàçðà-
áîòàòü ýôôåêòèâíûå ñòðàòåãèè â ñîîòâåòñòâèè ñ ïîëèòèêîé áàíêà. Ðàçðàáîòàííàÿ
ìåòîäèêà àíàëèçà è ïðåäëîæåííûå ñòðàòåãèè ïî ðàáîòå ñ êëèåíòñêîé áàçîé ÿâëÿ-
þòñÿ äîñòàòî÷íî óíèâåðñàëüíûìè è ìîãóò áûòü èñïîëüçîâàíû êàê áàíêàìè, òàê è
ôèíàíñîâûìè îðãàíèçàöèÿìè â êà÷åñòâå îäíîãî èç âîçìîæíûõ ïóòåé, ïîçâîëÿþùèõ
îïòèìèçèðîâàòü ñâîþ äåÿòåëüíîñòü è âûéòè íà óñòîé÷èâîå ðàçâèòèå.
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Ââåäåíèå

Â ñîâðåìåííîì ìèðå äëÿ ëþáîé îðãàíèçàöèè îñîáóþ âàæíîñòü ïðèîáðåòàþò âî-
ïðîñû ñíèæåíèÿ èçäåðæåê ïðîèçâîäñòâà è ïîâûøåíèÿ ýôôåêòèâíîñòè äåÿòåëüíî-
ñòè. Íå èñêëþ÷åíèåì ÿâëÿþòñÿ è ñåëüñêîõîçÿéñòâåííûå îðãàíèçàöèè, íà ðåçóëüòàò
äåÿòåëüíîñòè êîòîðûõ îêàçûâàåò âëèÿíèå áîëüøîå ÷èñëî ôàêòîðîâ. Òî÷íûé ó÷åò
ýòèõ ôàêòîðîâ è ðàñøèðåíèå êðóãà äîñòóïíûõ ïîêàçàòåëåé, êîòîðûå ìîãóò áûòü èñ-
ïîëüçîâàíû ïðè ïðîãíîçèðîâàíèè ðåçóëüòàòîâ äåÿòåëüíîñòè ñåëüñêîõîçÿéñòâåííûõ
êîìïàíèé, ñóùåñòâåííî âëèÿþò íà òî÷íîñòü ïîñòðîåííûõ ìîäåëåé è ìîãóò èñïîëüçî-
âàòüñÿ äëÿ îïòèìèçàöèè çàòðàò êîìïàíèé. Ñîâðåìåííûå ñðåäñòâà ñáîðà èíôîðìàöèè
(big data) íàõîäÿò øèðîêîå ïðèìåíåíèå â ðàçëè÷íûõ îáëàñòÿõ, íî åùå íåäîñòàòî÷íî
èñïîëüçóþòñÿ â ñåëüñêîõîçÿéñòâåííûõ ïðîèçâîäñòâàõ.

Ñîâðåìåííûå òåíäåíöèè â âûðàùèâàíèè çåðíîâûõ êóëüòóð

Èññëåäîâàíèå ïîñåâíûõ ïëîùàäåé ñåëüñêîõîçÿéñòâåííûõ êóëüòóð ïî Ðîññèéñêîé
Ôåäåðàöèè (ïî êàòåãîðèÿì õîçÿéñòâ) ïîêàçàëî èõ ñíèæåíèå êàê â öåëîì ïî ÐÔ, òàê
è ïî çåðíîâûì è çåðíîáîáîâûì êóëüòóðàì. Åñëè â 1995 ã ïëîùàäü çåðíîâûõ è çåð-
íîáîáîâûõ êóëüòóð ïî ÐÔ â öåëîì ñîñòàâëÿëà 102540,49 òûñÿ÷ ãåêòàðîâ, òî ê 2021 ã
ñîñòàâèëà 80437. Òî åñòü ïàäåíèå ïðàêòè÷åñêè â 1,3 ðàçà. Òàêèå èçìåíåíèÿ ñêàçàëèñü
íà îáú¼ìàõ è ñòðóêòóðå âûðàùèâàåìûõ êóëüòóð. Ñåëüñêîõîçÿéñòâåííûå îðãàíèçà-
öèè ïåðåîðèåíòèðîâàëèñü íà âûðàùèâàíèå ïøåíèöû (ðîñò ñ 1995 ïî 2011 ãã. íà 17
ï.ï. è êóêóðóçó � ðîñò íà 5 ï.ï.), ïðè ýòîì ñîêðàòèëàñü äîëÿ ÿ÷ìåíÿ (ïàäåíèå íà 10
ï.ï.), îâñà (ïàäåíèå íà 9 ï.ï.) è ðæè (ïàäåíèå íà 5 ï.ï.) Àíàëîãè÷íàÿ êàðòèíà ïðî-
ñìàòðèâàåòñÿ è ïðè èçó÷åíèè àáñîëþòíûõ ïîêàçàòåëåé: ðîñò çàñåâàåìûõ ïëîùàäåé
ïøåíèöåé è êóêóðóçîé (íà 4893 è 2322 òûñÿ÷ ãåêòàðîâ, ñîîòâåòñòâåííî) ïðè ïàäåíèè
çàñåâàåìûõ ïëîùàäåé ÿ÷ìåíåì îâñîì è ðîæüþ (2211, 6533 è 5637, ñîîòâåòñòâåííî).

Ðèñ. 1 Äèíàìèêà ïîñåâíûõ ïëîùàäåé ñåëüñêîõîçÿéñòâåííûõ êóëüòóð ïî Ðîññèéñêîé
Ôåäåðàöèè (ïî êàòåãîðèÿì õîçÿéñòâ), òûñÿ÷ ãåêòàðîâ
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Ðèñ. 2 Äèíàìèêà ñòðóêòóðû çåðíîâûõ è çåðíîáîáîâûõ êóëüòóð, òûñ. ãåêòàðîâ

Äàííûå òåíäåíöèè ìîãóò áûòü îáúÿñíåíû óðáàíèçàöèåé, ïðèâîäÿùåé, ñ îäíîé ñòî-
ðîíû, ê ðîñòó ãîðîäîâ, ñ äðóãîé ñòîðîíû, ñîêðàùåíèþ ïëîùàäè îáðàáàòûâàåìûõ
çåìåëü.

Îáçîð ëèòåðàòóðû è ïðåäëàãàåìàÿ ìåòîäèêà èññëåäîâàíèÿ

Ïðîèñõîäÿùèå èçìåíåíèÿ òðåáóþò òùàòåëüíîãî àíàëèçà, îïèðàþùåãîñÿ íà íîâûå
ñîâðåìåííûå âîçìîæíîñòè áîëüøèõ äàííûõ è èñêóññòâåííîãî èíòåëëåêòà, ïîìîãàþ-
ùèõ çà ñ÷åò óâåëè÷åíèÿ ÷èñëà ïîêàçàòåëåé è óëó÷øåíèÿ ñîáèðàåìîé èíôîðìàöèè
ïîâûñèòü òî÷íîñòü ïðîãíîçíûõ ìîäåëåé óðîæàéíîñòè çåðíîâûõ êóëüòóð.

Â ïîñëåäíèå ãîäû â Ðîññèè ïîëüçóþòñÿ ïîïóëÿðíîñòüþ ìåòîäû, îñíîâàííûå íà
íåéðîñåòåâîì ìîäåëèðîâàíèè è òåõíîëîãèÿõ êîìïüþòåðíîãî çðåíèÿ, êîòîðûå îïèñà-
íû â ðÿäå èññëåäîâàòåëüñêèõ ðàáîò è õîðîøî çàðåêîìåíäîâàëè ñåáÿ äëÿ ðåøåíèÿ
çàäà÷ òàêîãî ðîäà [1, 3, 5-9]. Â ðàáîòå [4] àâòîðû îïèñûâàþò ïðåèìóùåñòâà, êîòîðûå
äîñòèãàþòñÿ çà ñ÷åò èñïîëüçîâàíèÿ îáðàáîòêè èçîáðàæåíèé, ïîëó÷åííûõ ñ âèäåîêà-
ìåð. Ïðè ýòîì ñàìè âèäåîêàìåðû ìîãóò áûòü óñòàíîâëåíû â ðàçëè÷íûõ ìåñòàõ â
çàâèñèìîñòè îò öåëè èññëåäîâàíèÿ. Âûáîð íåéðîñåòåé â êà÷åñòâå îñíîâíîãî èíñòðó-
ìåíòà àíàëèçà íå ñëó÷àåí è âî ìíîãîì ñâÿçàí ñ èõ ïðåèìóùåñòâàìè ïî ñðàâíåíèþ
ñ äðóãèìè àëüòåðíàòèâíûìè ïîäõîäàìè. Â ðàáîòå ïðåäëàãàåòñÿ íàðàâíå ñ òðàäèöè-
îííûìè ïîêàçàòåëÿìè, èñïîëüçîâàòü íîâûå âîçìîæíîñòè áîëüøèõ äàííûõ, äîáàâèâ
íîâûå ïåðåìåííûå, õàðàêòåðèçóþùèå îñîáåííîñòè èññëåäóåìûõ ïîëåé çà ñ÷åò èíôîð-
ìàöèè, ïîëó÷åííîé ñ êîñìè÷åñêèõ ôîòîñíèìêîâ.

Ðåçóëüòàòû èññëåäîâàíèÿ

Äëÿ ïðîâåäåíèÿ èññëåäîâàíèÿ ìû èñïîëüçîâàëè äàííûå, ñîáðàííûå â ñåëüñêîõî-
çÿéñòâåííûõ ðåãèîíàõ Ðîññèè, êîòîðûå õàðàêòåðèçóþòñÿ áëàãîïðèÿòíûìè óñëîâèÿ-
ìè äëÿ âûðàùèâàíèÿ çåðíîâûõ êóëüòóð è áîáîâûõ êóëüòóð. Â ðàáîòå òåñòèðîâàëèñü
ðàçëè÷íûå ìîäåëè, âêëþ÷àÿ òðàäèöèîííûå ýêîíîìåòðè÷åñêèå ìîäåëè è ðàçëè÷íûå
âèäû íåéðîñåòåé. Ëó÷øèå ðåçóëüòàòû áûëè ïîëó÷åíû ïðè èñïîëüçîâàíèè òðåòüåé
ìîäåëè íà ñìåøàííûõ äàííûõ. Îíè ïðåâîñõîäèëè ïî òî÷íîñòè ýêîíîìåòðè÷åñêèå
ìîäåëè (âêëþ÷àÿ ýêîíîìåòðè÷åñêóþ ìîäåëü ïî óñå÷åííûì äàííûì) è ïåðâûå äâå
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íåéðîñåòåâûå ìîäåëè.

Çàêëþ÷åíèå

Ñîâðåìåííûå âîçìîæíîñòè èñïîëüçîâàíèÿ áîëüøèõ äàííûõ è èñêóññòâåííîãî èí-
òåëëåêòà âíîñÿò ñâîè êîððåêòèâû â èñïîëüçóåìûå â àíàëèòèêå ìîäåëè, ïîâûøàþò èõ
òî÷íîñòü è äîñòîâåðíîñòü ïîëó÷àåìûõ ðåçóëüòàòîâ. Ýêñïåðòíûå è èíòåëëåêòóàëüíûå
ñèñòåìû, îñíîâàííûå íà íåéðîñåòÿõ è àëãîðèòìàõ êîìïüþòåðíîãî çðåíèÿ âñå ïðî÷íåå
âõîäÿò â ïîâñåäíåâíóþ äåÿòåëüíîñòü ñåëüñêîõîçÿéñòâåííûõ îðãàíèçàöèé. Íàñòðîéêà
ïàðàìåòðîâ ìîäåëåé çà ñ÷åò âêëþ÷åíèÿ íîâûõ ïåðåìåííûõ ïîçâîëÿåò äîáèâàòüñÿ ëó÷-
øåé ïðîãíîñòè÷åñêîé ñèëû. Â êà÷åñòâå íîâûõ ïåðåìåííûõ, íàðàâíå ñ òðàäèöèîííî èñ-
ïîëüçóåìûìè, ìîãóò áûòü çàäåéñòâîâàíû òàêèå ïåðåìåííûå êàê, òèï âîçäåëûâàåìîé
ïî÷âû, ìèíåðàëèçàöèÿ ïî÷âû, ñîñòîÿíèå îòäåëüíûõ ÷àñòåé ïîëÿ è åãî îñîáåííîñòè.
Òàêèå ïåðåìåííûå ìîãóò íîñèòü êàê ÷èñëîâîé, òàê è íå÷èñëîâîé õàðàêòåð è çíà-
÷èòåëüíî âëèÿòü íà òî÷íîñòü ïðîãíîçèðîâàíèÿ. Îòìåòèì, ÷òî äàæå íåçíà÷èòåëüíîå
óâåëè÷åíèå òî÷íîñòè ïðîãíîçíûõ îöåíîê ïîçâîëÿåò ïîëó÷èòü ñóùåñòâåííûé ýêîíîìè-
÷åñêèé ýôôåêò. Ýòî âïîëíå îáúÿñíèìî, òàê êàê áîëåå òî÷íûå ïðîãíîçíûå ïîêàçàòåëè
ïîçâîëÿþò ñáàëàíñèðîâàòü óïðàâëåí÷åñêèå ðåøåíèÿ, îïèðàþùèåñÿ íà ðàñ÷åò ñòîè-
ìîñòè õðàíåíèÿ çåðíîâûõ êóëüòóð, ïîäãîòîâêó çåðíîõðàíèëèù, âûñòðàèâàíèå ëîãè-
ñòè÷åñêèõ öåïî÷åê, çàêëþ÷åíèå äîãîâîðîâ ñ ïîäðÿäíûìè îðãàíèçàöèÿìè, óìåíüøèòü
øòðàôû çà ñîðâàííûå ïîñòàâêè [1].
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Ïåðñïåêòèâû âíåäðåíèÿ èñêóññòâåííîãî èíòåëëåêòà
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Áàêîåâ Ìàòåêóá Òåøàåâè÷

Àêàäåìè÷åñêèé äèðåêòîð, ïðîôåññîð. Òàøêåíòñêèé ôèëèàë Ìîñêîâñêîãî
ãîñóäàðñòâåííîãî èíñòèòóòà ìåæäóíàðîäíûõ îòíîøåíèé (Óíèâåðñèòåò) ÌÈÄ
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Â ñòàòüå ðàññìàòðèâàþòñÿ ñîâðåìåííûå òåíäåíöèè è ïåðñïåêòèâû âíåäðåíèÿ òåõ-
íîëîãèé èñêóññòâåííîãî èíòåëëåêòà (ÈÈ) â îáðàçîâàòåëüíûé ïðîöåññ è àäìèíèñòðà-
òèâíóþ äåÿòåëüíîñòü Òàøêåíòñêîãî ôèëèàëà Ìîñêîâñêîãî ãîñóäàðñòâåííîãî èíñòè-
òóòà ìåæäóíàðîäíûõ îòíîøåíèé (ÌÃÈÌÎ). Àíàëèçèðóþòñÿ âîçìîæíûå íàïðàâëå-
íèÿ èñïîëüçîâàíèÿ ÈÈ, ïðåèìóùåñòâà è âûçîâû, à òàêæå ñòðàòåãè÷åñêèå ðåêîìåíäà-
öèè ïî èíòåãðàöèè èííîâàöèîííûõ òåõíîëîãèé äëÿ ïîâûøåíèÿ ýôôåêòèâíîñòè îáó-
÷åíèÿ è óïðàâëåíèÿ.

Ââåäåíèå

Ñîâðåìåííûé ìèð õàðàêòåðèçóåòñÿ áûñòðûì ðàçâèòèåì òåõíîëîãèé èñêóññòâåí-
íîãî èíòåëëåêòà, êîòîðûå íàõîäÿò øèðîêîå ïðèìåíåíèå â ðàçëè÷íûõ ñôåðàõ � îò
ïðîìûøëåííîñòè äî îáðàçîâàíèÿ. Â óñëîâèÿõ ãëîáàëèçàöèè è öèôðîâèçàöèè îáðàçî-
âàòåëüíûõ ó÷ðåæäåíèé îñîáîå çíà÷åíèå ïðèîáðåòàåò âíåäðåíèå ÈÈ äëÿ ïîâûøåíèÿ
êà÷åñòâà îáðàçîâàíèÿ, îïòèìèçàöèè àäìèíèñòðàòèâíûõ ïðîöåññîâ è ðàñøèðåíèÿ âîç-
ìîæíîñòåé äëÿ ñòóäåíòîâ è ïðåïîäàâàòåëåé [1-3]. Òàøêåíòñêèé ôèëèàë ÌÃÈÌÎ, êàê
öåíòð ïîäãîòîâêè ñïåöèàëèñòîâ â îáëàñòè ìåæäóíàðîäíûõ îòíîøåíèé, ñòðåìèòñÿ èñ-
ïîëüçîâàòü èííîâàöèîííûå òåõíîëîãèè äëÿ óêðåïëåíèÿ ñâîèõ ïîçèöèé è ïîâûøåíèÿ
êîíêóðåíòîñïîñîáíîñòè [3].

Ñîâðåìåííîå ñîñòîÿíèå è íåîáõîäèìîñòü âíåäðåíèÿ ÈÈ â Òàøêåíòñêîì
ôèëèàëå ÌÃÈÌÎ

Â óñëîâèÿõ ñòðåìèòåëüíîãî ðàçâèòèÿ öèôðîâûõ òåõíîëîãèé è ãëîáàëüíûõ âûçî-
âîâ ñîâðåìåííîãî îáðàçîâàíèÿ, Òàøêåíòñêèé ôèëèàë ÌÃÈÌÎ àêòèâíî èñïîëüçóåò
èíôîðìàöèîííî-îáðàçîâàòåëüíóþ ñèñòåìó (ÝÎÈÑ) Moodle äëÿ îðãàíèçàöèè ó÷åáíî-
ãî ïðîöåññà. Íà ñåãîäíÿøíèé äåíü ñèñòåìà îáåñïå÷èâàåò ðàçìåùåíèå ó÷åáíûõ ìàòå-
ðèàëîâ, ìîíèòîðèíã ïîñåùàåìîñòè, îòñëåæèâàíèå óñïåâàåìîñòè ñòóäåíòîâ, à òàêæå
ôóíêöèîíèðóåò â ðàìêàõ ðàçëè÷íûõ îáðàçîâàòåëüíûõ ïðîãðàìì � ëèöåéñêîãî óðîâ-
íÿ, áàêàëàâðèàòà è ìàãèñòðàòóðû.

Òåêóùèå âîçìîæíîñòè ñèñòåìû Moodle

• Ó÷åáíûå ìàòåðèàëû: ïðåïîäàâàòåëè çàãðóæàþò ëåêöèè, ïðåçåíòàöèè, òåñòû
è çàäàíèÿ.
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• Ïîñåùàåìîñòü: àâòîìàòè÷åñêèé ñáîð äàííûõ î ïîñåùåíèè çàíÿòèé ñòóäåíòàìè.
• Óñïåâàåìîñòü:ñèñòåìà ôèêñèðóåò îöåíêè, ïðîãðåññ è ðåçóëüòàòû ýêçàìåíîâ.
• Ëè÷íûé êàáèíåò ó÷èòåëåé è ñòóäåíòîâ: îáåñïå÷èâàåò äîñòóï ê ó÷åáíûì
ìàòåðèàëàì, îöåíêàì, ðàñïèñàíèþ è êîììóíèêàöèè.

• Ó÷åáíàÿ àíàëèòèêà: ñáîð è àíàëèç äàííûõ ïî àêòèâíîñòè ñòóäåíòîâ, èõ ïðî-
ãðåññàì è ïðîáëåìíûì çîíàì.

Íåñìîòðÿ íà óæå äîñòèãíóòûé óðîâåíü àâòîìàòèçàöèè è öèôðîâèçàöèè, ñóùå-
ñòâóåò íåîáõîäèìîñòü äàëüíåéøåãî ðàçâèòèÿ ñèñòåìû ñ âíåäðåíèåì òåõíîëîãèé èñ-
êóññòâåííîãî èíòåëëåêòà (ÈÈ), ÷òî ïîçâîëèò ïîâûñèòü ýôôåêòèâíîñòü îáðàçîâàòåëü-
íîãî ïðîöåññà è óïðàâëåí÷åñêèõ ðåøåíèé.

Îáîñíîâàíèå íåîáõîäèìîñòè âíåäðåíèÿ ÈÈ

1. Àíàëèòèêà áîëüøèõ äàííûõ (Big Data):Ñîâðåìåííûå ñèñòåìû ñîáèðàþò
îãðîìíûé îáúåì èíôîðìàöèè î ñòóäåíòàõ: ïîñåùàåìîñòü, îöåíêè, àêòèâíîñòü
â ñèñòåìå. Èñïîëüçîâàíèå ÈÈ ïîçâîëèò ãëóáæå àíàëèçèðîâàòü ýòè äàííûå äëÿ
âûÿâëåíèÿ çàêîíîìåðíîñòåé, ïðåäñêàçàíèÿ óñïåâàåìîñòè è ðàííåãî âûÿâëåíèÿ
ñòóäåíòîâ ñ ðèñêîì ñíèæåíèÿ ìîòèâàöèè èëè îò÷èñëåíèÿ.

2. Ïåðñîíàëèçàöèÿ îáó÷åíèÿ: ÈÈ-òåõíîëîãèè ìîãóò ñîçäàâàòü èíäèâèäóàëüíûå
ó÷åáíûå òðàåêòîðèè íà îñíîâå àíàëèçà êîìïåòåíöèé êàæäîãî ñòóäåíòà, åãî ñèëü-
íûõ è ñëàáûõ ñòîðîí. Ýòî ïîâûñèò ìîòèâàöèþ è êà÷åñòâî óñâîåíèÿ ìàòåðèàëà.

3. Àâòîìàòèçàöèÿ îöåíêè è îáðàòíîé ñâÿçè: Âíåäðåíèå ñèñòåì àâòîìàòè÷å-
ñêîé ïðîâåðêè òåñòîâ, ýññå è ïðàêòè÷åñêèõ çàäàíèé ñ èñïîëüçîâàíèåì ÈÈ óñêî-
ðèò ïðîöåññ îöåíêè è îáåñïå÷èò áîëåå îáúåêòèâíóþ îáðàòíóþ ñâÿçü.

4. Èíòåëëåêòóàëüíûå ïîìîùíèêè (÷àò-áîòû): Âèðòóàëüíûå àññèñòåíòû ñìî-
ãóò îòâå÷àòü íà âîïðîñû ñòóäåíòîâ ïî ó÷åáíûì ìàòåðèàëàì, ðàñïèñàíèþ èëè
àäìèíèñòðàòèâíûì âîïðîñàì 24/7.

5. Ïîääåðæêà ïðåïîäàâàòåëåé: Àíàëèòè÷åñêèå èíñòðóìåíòû ïîìîãóò ïðåïîäà-
âàòåëÿì ëó÷øå ïîíÿòü äèíàìèêó îáó÷åíèÿ â ãðóïïå, îïðåäåëèòü ïðîáëåìíûå
òåìû è ñêîððåêòèðîâàòü ó÷åáíûé ïëàí.

6. Ðàçâèòèå êîìïåòåíöèé: Âíåäðåíèå ÈÈ ñïîñîáñòâóåò ðàçâèòèþ ó ñòóäåíòîâ
íàâûêîâ ðàáîòû ñ ñîâðåìåííûìè òåõíîëîãèÿìè, ÷òî âàæíî äëÿ ïîäãîòîâêè ñïå-
öèàëèñòîâ ìåæäóíàðîäíîãî óðîâíÿ.

Ñîâðåìåííîå ñîñòîÿíèå ñèñòåìû Moodle â Òàøêåíòñêîì ôèëèàëå ÌÃÈÌÎ äåìîí-
ñòðèðóåò âûñîêèé óðîâåíü àâòîìàòèçàöèè ó÷åáíîãî ïðîöåññà. Îäíàêî äëÿ äîñòèæå-
íèÿ íîâûõ âûñîò ýôôåêòèâíîñòè íåîáõîäèìî èíòåãðèðîâàòü ÈÈ-òåõíîëîãèè � îò
àíàëèòèêè áîëüøèõ äàííûõ äî ïåðñîíàëèçèðîâàííîãî îáó÷åíèÿ è àâòîìàòèçèðîâàí-
íîé îöåíêè. Ýòî ïîçâîëèò íå òîëüêî ïîâûñèòü êà÷åñòâî îáðàçîâàíèÿ, íî è ïîäãîòî-
âèòü ñòóäåíòîâ ê âûçîâàì ñîâðåìåííîãî ìèðà ñ åãî òðåáîâàíèÿìè ê êîìïåòåíöèÿì
â îáëàñòè öèôðîâûõ òåõíîëîãèé. Íà ñåãîäíÿøíèé äåíü â Òàøêåíòñêîì ôèëèàëå ðå-
àëèçóþòñÿ ïðîãðàììû îáó÷åíèÿ ñ èñïîëüçîâàíèåì ñîâðåìåííûõ èíôîðìàöèîííûõ
òåõíîëîãèé. Îäíàêî ïîòåíöèàë èñêóññòâåííîãî èíòåëëåêòà åùå íå ïîëíîñòüþ ðåàëè-
çîâàí. Âíåäðåíèå ÈÈ ïîçâîëèò àâòîìàòèçèðîâàòü ðóòèííûå çàäà÷è, ïåðñîíàëèçèðî-
âàòü îáó÷åíèå, àíàëèçèðîâàòü áîëüøèå îáúåìû äàííûõ äëÿ ïðèíÿòèÿ ñòðàòåãè÷åñêèõ
ðåøåíèé.
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Ïåðñïåêòèâíûå íàïðàâëåíèÿ èñïîëüçîâàíèÿ ÈÈ

1. Èíòåëëåêòóàëüíûå ñèñòåìû îáó÷åíèÿ (ÈÈ-îáðàçîâàíèå)

• Ïåðñîíàëèçèðîâàííûå ó÷åáíûå ïëàíû íà îñíîâå àíàëèçà ïðîãðåññà ñòóäåí-
òîâ.

• Âèðòóàëüíûå àññèñòåíòû äëÿ ïîääåðæêè ñòóäåíòîâ è ïðåïîäàâàòåëåé.
• Àâòîìàòè÷åñêàÿ ïðîâåðêà çíàíèé è îáðàòíàÿ ñâÿçü.

2. Àíàëèòèêà äàííûõ è ïðîãíîçèðîâàíèå

• Àíàëèç àêàäåìè÷åñêîé óñïåâàåìîñòè äëÿ âûÿâëåíèÿ ðèñêîâ îò÷èñëåíèé èëè
ñíèæåíèÿ ìîòèâàöèè.

• Ïðîãíîçèðîâàíèå ïîòðåáíîñòåé ðûíêà òðóäà ñ öåëüþ àäàïòàöèè ïðîãðàìì
îáó÷åíèÿ.

3. Àâòîìàòèçàöèÿ àäìèíèñòðàòèâíûõ ïðîöåññîâ

• Îáðàáîòêà çàÿâëåíèé, äîêóìåíòàöèè, àâòîìàòè÷åñêàÿ ðåãèñòðàöèÿ íà êóð-
ñû.

• Óïðàâëåíèå ðåñóðñàìè è ïëàíèðîâàíèå ìåðîïðèÿòèé ñ ïîìîùüþ ñèñòåì íà
áàçå ÈÈ.

4. Áåçîïàñíîñòü è óïðàâëåíèå èíôîðìàöèîííîé ñðåäîé

• Îáåñïå÷åíèå êèáåðáåçîïàñíîñòè ñ ïîìîùüþ ñèñòåì îáíàðóæåíèÿ óãðîç íà
áàçå ÈÈ.

• Ìîíèòîðèíã èíôîðìàöèîííîé èíôðàñòðóêòóðû.

Ïðåèìóùåñòâà âíåäðåíèÿ ÈÈ Âûçîâû è ðèñêè
• Ïîâûøåíèå ýôôåêòèâíîñòè
îáðàçîâàòåëüíîãî ïðîöåññà.

• Èíäèâèäóàëüíûé ïîäõîä ê
êàæäîìó ñòóäåíòó.

• Ñíèæåíèå çàòðàò âðåìåíè íà
ðóòèííûå îïåðàöèè.

• Óëó÷øåíèå êà÷åñòâà àíàëè-
òèêè è ïðèíÿòèÿ ðåøåíèé.

• Íåîáõîäèìîñòü èíâåñòèöèé â
èíôðàñòðóêòóðó è îáó÷åíèå
ïåðñîíàëà.

• Ýòè÷åñêèå âîïðîñû èñïîëü-
çîâàíèÿ äàííûõ ñòóäåíòîâ.

• Âîçìîæíûå òåõíè÷åñêèå
ñëîæíîñòè ïðè èíòåãðàöèè
íîâûõ ñèñòåì.

• Íåîáõîäèìîñòü ñîáëþäåíèÿ
ìåæäóíàðîäíûõ ñòàíäàðòîâ
áåçîïàñíîñòè.

Ñòðàòåãè÷åñêèå ðåêîìåíäàöèè

1. Ñîçäàòü ðàáî÷óþ ãðóïïó ïî âíåäðåíèþ ÈÈ-òåõíîëîãèé ñ ó÷àñòèåì ýêñïåðòîâ â
îáëàñòè îáðàçîâàíèÿ, èíôîðìàöèîííûõ òåõíîëîãèé è ýòèêè.

2. Ïðîâåñòè àóäèò òåêóùèõ ðåñóðñîâ è îïðåäåëèòü ïðèîðèòåòíûå íàïðàâëåíèÿ
âíåäðåíèÿ ÈÈ.

3. Îáó÷àòü ïðåïîäàâàòåëüñêèé ñîñòàâ íîâûì òåõíîëîãèÿì ÷åðåç ñåìèíàðû è òðå-
íèíãè.
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4. Ðàçðàáîòàòü ïèëîòíûå ïðîåêòû ñ ïîñëåäóþùèì ìàñøòàáèðîâàíèåì óñïåøíûõ
ðåøåíèé.

5. Îáåñïå÷èòü ñîáëþäåíèå ýòè÷åñêèõ ñòàíäàðòîâ ïðè îáðàáîòêå äàííûõ ñòóäåíòîâ.

Çàêëþ÷åíèå

Âíåäðåíèå èñêóññòâåííîãî èíòåëëåêòà â Òàøêåíòñêîì ôèëèàëå ÌÃÈÌÎ îòêðûâàåò
øèðîêèå ïåðñïåêòèâû äëÿ ïîâûøåíèÿ êà÷åñòâà îáðàçîâàíèÿ, îïòèìèçàöèè óïðàâëåí-
÷åñêèõ ïðîöåññîâ è óêðåïëåíèÿ ïîçèöèé èíñòèòóòà íà ìåæäóíàðîäíîé àðåíå îáðàçî-
âàòåëüíûõ ó÷ðåæäåíèé áóäóùåãî. Äëÿ óñïåøíîé ðåàëèçàöèè ýòèõ öåëåé íåîáõîäèìî
ñòðàòåãè÷åñêîå ïëàíèðîâàíèå, èíâåñòèöèè â òåõíîëîãèè è ïîäãîòîâêó êàäðîâ, à òàê-
æå ñîáëþäåíèå ýòè÷åñêèõ ñòàíäàðòîâ.

Ëèòåðàòóðà:

1. Ñîêîëîâ Í. Â., Âèíîãðàäñêèé Â. Ã. Èñêóññòâåííûé èíòåëëåêò â îáðàçîâàíèè: àíà-
ëèç, ïåðñïåêòèâû è ðèñêè â ÐÔ .Ïðîáëåìû ñîâðåìåííîãî ïåäàãîãè÷åñêîãî îáðàçîâà-
íèÿ. � 2022. � �. 76-2. � Ñ. 166-169.
2. Òàêòàðîâà À. Â. Ñîâðåìåííûå òåíäåíöèè ðàçâèòèÿ èñêóññòâåííîãî èíòåëëåêòà â
îáðàçîâàíèè è ìîäåëèðóþùèå åãî èíòåëëåêòóàëüíûå ñèñòåìû. Êîíöåïò. � 2024. � �.
6. � Ñ. 316-330.
3. Ïîñòàíîâëåíèå Ïðåçèäåíòà Ðåñïóáëèêè Óçáåêèñòàí � ÏÏ-358 îò 14 îêòÿáðÿ 2024
ãîäà. Îá óòâåðæäåíèè Ñòðàòåãèè ðàçâèòèÿ òåõíîëîãèé èñêóññòâåííîãî èíòåëëåêòà
äî 2030 ãîäà

Èñïîëüçîâàíèå áîëüøèõ ÿçûêîâûõ ìîäåëåé äëÿ
ðåøåíèÿ çàäà÷ ñòðóêòóðèðîâàíèÿ äàííûõ

Âèíîãðàäîâ Âàñèëèé Âàëåðüåâè÷

ïðåïîäàâàòåëü êàôåäðû ïðèêëàäíîãî àíàëèçà ìåæäóíàðîäíûõ ïðîáëåì, ÌÃÈÌÎ
ÌÈÄ Ðîññèè

https://doi.org/10.5281/zenodo.15510815

Âàæíîé ïðîáëåìîé ñîâðåìåííîé íàóêè è ïðèêëàäíîé àíàëèòèêè ÿâëÿåòñÿ íåäî-
ñòàòîê äàííûõ. Ïðîáëåìà àêòóàëüíà íå òîëüêî äëÿ èññëåäîâàòåëüñêîé äåÿòåëüíîñòè
- èíôîðìàöèîííûå ñèñòåìû òðåáóþò âûñîêî ñòðóêòóðèðîâàííîé èíôîðìàöèè äëÿ
ðåøåíèÿ âîïðîñîâ óïðàâëåíèÿ è ìåíåäæìåíòà [1].

Â ãóìàíèòàðíûõ íàóêàõ ñáîð äàííûõ ñòàëêèâàåòñÿ ñ ðÿäîì ñëîæíîñòåé, êîòîðûå
ìîãóò ïîâëèÿòü íà êà÷åñòâî è äîñòîâåðíîñòü èññëåäîâàíèé. Â êëàññè÷åñêîé ñîöèîëî-
ãèè îäíîé èç êëþ÷åâûõ ïðîáëåì ÿâëÿåòñÿ ñóáúåêòèâíîñòü êàê ñî ñòîðîíû ðåñïîíäåí-
òîâ, òàê è ñî ñòîðîíû èññëåäîâàòåëåé. Ëþäè ìîãóò ñîçíàòåëüíî èëè áåññîçíàòåëüíî
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èñêàæàòü èíôîðìàöèþ, ñòðåìÿñü ñîîòâåòñòâîâàòü ñîöèàëüíûì íîðìàì èëè îæèäàíè-
ÿì. Åùå îäíà òðóäíîñòü ñâÿçàíà ñ äîñòóïîì ê ðåïðåçåíòàòèâíûì âûáîðêàì. Â íåêî-
òîðûõ ñëó÷àÿõ èññëåäîâàòåëè âûíóæäåíû ðàáîòàòü ñ óçêèìè èëè ñïåöèôè÷åñêèìè
ãðóïïàìè, ÷òî îãðàíè÷èâàåò âîçìîæíîñòü îáîáùåíèÿ ðåçóëüòàòîâ [2].

Òåõíè÷åñêèå è ìåòîäè÷åñêèå ñëîæíîñòè òîæå èãðàþò âàæíóþ ðîëü. Íàïðèìåð,
ïðè àíàëèçå áîëüøèõ äàííûõ èç ñîöèàëüíûõ ñåòåé âîçíèêàåò âîïðîñ î ðåëåâàíò-
íîñòè è ÷èñòîòå èíôîðìàöèè. Àëãîðèòìû ìîãóò îòáèðàòü êîíòåíò ñ îïðåäåëåííûì
óêëîíîì, ÷òî èñêàæàåò ðåàëüíóþ êàðòèíó. Êðîìå òîãî, äèíàìè÷íîñòü ñîöèàëüíûõ
ïðîöåññîâ çàòðóäíÿåò ôèêñàöèþ äàííûõ: òî, ÷òî áûëî àêòóàëüíî â ìîìåíò ñáîðà,
ìîæåò óòðàòèòü çíà÷èìîñòü óæå ÷åðåç êîðîòêîå âðåìÿ [3].

Ñîöèàëüíûå èññëåäîâàíèÿ ñòîëêíóëèñü ñ ïðîáëåìîé íåïîëíîòû è íåòî÷íîñòè
äàííûõ â 80-å ãîäû. Íåäîñòàòîê ñòðóêòóðèðîâàííîé èíôîðìàöèè â ñîâîêóïíî-
ñòè ñ íåäîñòàòî÷íûì ïîíÿòèéíûì àïïàðàòîì îñëîæíÿë àíàëèç è ìîäåëèðîâàíèå
ìåæäóíàðîäíî-ïîëèòè÷åñêèõ ñèòóàöèé è ñîçäàíèå îíòîëîãèé îáúåêòîâ ìåæäóíàðîä-
íûõ îòíîøåíèé. Õðóñòàëåâ Ì.À. îòìå÷àë, ÷òî íåñòðîãîñòü ïîëèòîëîãèè âûçâàíà
îòñóòñòâèåì öåëîñòíîé ñèñòåìû îïåðàöèîíàëüíûõ ïîíÿòèé [4]. Òàêæå îòñóòñòâóþò
ñòðîãèå îïðåäåëåíèÿ ðÿäà âàæíûõ ïîíÿòèé è èõ äåêîìïîçèöèÿ, ÷òî îñëîæíÿåò çàäà-
÷è, ñâÿçàííûå ñ ìîäåëèðîâàíèåì è ìàøèííûì îáó÷åíèåì.

Ñåãîäíÿ ïðîáëåìà ñ èñòî÷íèêàìè äàííûõ ñòàíîâèòñÿ âñå ìåíåå àêòóàëüíîé. Õîòü
è ïîèñêîâûå àëãîðèòìû ñïîñîáíû ñèëüíî èñêàçèòü ðåçóëüòàòû èññëåäîâàíèÿ, èãíî-
ðèðîâàòü íåñòðóêòóðèðîâàííóþ èíôîðìàöèþ ñåòè Èíòåðíåò ñòàíîâèòñÿ âñå òðóä-
íåå. Ñîöèàëüíûå ñåòè, íîâîñòíûå èñòî÷íèêè è òåìàòè÷åñêèå ñàéòû ñòàëè âàæíûìè
èíñòðóìåíòàìè îáùåíèÿ, îáìåíà ìíåíèÿìè, ôîðìèðîâàíèÿ ïîâåñòêè, ïîýòîìó Âåá-
ñêðåéïèíã ÿâëÿåòñÿ âàæíîé òåõíèêîé ïîëó÷åíèÿ äàííûõ. Èìåííî â íà÷àëå äâóõòû-
ñÿ÷íûõ îáðåë âòîðóþ ïîïóëÿðíîñòü êîíòåíò-àíàëèç, ïîçâîëÿþùèé ìîíèòîðèòü ïî-
âåñòêó, ìíåíèÿ, ïðåäñòàâëåíèÿ ãðóïï îá îáúåêòå è ïðî÷èå âåùè, ëåæàùèå â íåäðàõ
òåêñòà [5].

Âåá-ñêðåéïèíã, íåñìîòðÿ íà ñâîè, êàçàëîñü áû, íåîãðàíè÷åííûå âîçìîæíîñòè, îá-
ëàäàåò ðÿäîì ñåðüåçíûõ íåäîñòàòêîâ. Ðÿä ðåñóðñîâ âîâñå íå ïîçâîëÿåò äàííóþ îïå-
ðàöèþ, áëîêèðóÿ ïîëüçîâàòåëÿ. Èçâëå÷åíèå äàííûõ ñ ñàéòîâ òðåáóåò èõ ðàçìåòêè,
ðó÷íîãî âûáîðà íóæíûõ html-ýëåìåíòîâ. Äèíàìè÷åñêèå ñàéòû, èñïîëüçóþùèå â ñâî-
åé îñíîâå java-script, òàê è âîâñå òðåáóþò îòäåëüíûõ ìåòîäèê ïàðñèíãà, êàê ïðàâèëî
èñïîëüçîâàíèå ñïåöèàëüíûõ ïðîãðàìì è áðàóçåðîâ íàïîäîáèå Selenium [6].

×àñòü ýòèõ ïðîáëåì ìîæíî ðåøèòü áëàãîäàðÿ áîëüøèì ÿçûêîâûì ìîäåëÿì èëè
æå ñïåöèàëèçèðîâàííûì ìîäåëÿì äëÿ ïàðñèíãà. Íåéðîñåòè ïîçâîëÿþò àâòîìàòèçèðî-
âàòü ñáîð è îáðàáîòêó äàííûõ äàæå èç ñëîæíî ñòðóêòóðèðîâàííûõ èëè äèíàìè÷åñêè
èçìåíÿþùèõñÿ èñòî÷íèêîâ. Òðàäèöèîííûå ìåòîäû, òàêèå êàê ðåãóëÿðíûå âûðàæå-
íèÿ èëè XPath, ÷àñòî îêàçûâàþòñÿ íåäîñòàòî÷íî ãèáêèìè äëÿ ðàáîòû ñ íåîäíîðîä-
íûìè âåá-ñòðàíèöàìè, íî íåéðîñåòè ìîãóò ðåøàòü ýòè çàäà÷è çà ñ÷¼ò ñïîñîáíîñòè
àíàëèçèðîâàòü êîíòåêñò è âûÿâëÿòü çàêîíîìåðíîñòè.

Äðóãîå âàæíîå íàïðàâëåíèå � àâòîìàòèçàöèÿ âçàèìîäåéñòâèÿ ñ äèíàìè÷åñêèìè
âåá-ñòðàíèöàìè. Ìîäåëè ìîãóò èìèòèðîâàòü ïîâåäåíèå ïîëüçîâàòåëÿ, íàæèâàÿ íà
îïðåäåëåííûå ýëåìåíòû, çàïîëíÿÿ ôîðìû è äàæå îáõîäÿ êàï÷è. Äëÿ ýòîãî ïðèìåíÿ-
þòñÿ ìåòîäû îáó÷åíèÿ ñ ïîäêðåïëåíèåì, ãäå ìîäåëü ó÷èòñÿ îïòèìàëüíûì ñïîñîáîì
âçàèìîäåéñòâîâàòü ñ èíòåðôåéñîì. Ýòî îñîáåííî ïîëåçíî äëÿ ïàðñèíãà äàííûõ èç
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ñëîæíûõ SPA-ïðèëîæåíèé, ãäå êîíòåíò ïîäãðóæàåòñÿ àñèíõðîííî [7]. Òàêæå íåéðîñå-
òè ïîìîãàþò â êëàññèôèêàöèè è ñòðóêòóðèðîâàíèè èçâëå÷¼ííûõ äàííûõ, íàïðèìåð,
îí ìîæåò àâòîìàòè÷åñêè îïðåäåëÿòü òîíàëüíîñòü òåêñòà, âûäåëÿòü êëþ÷åâûå òåìû
èëè äàæå ãðóïïèðîâàòü ïîõîæèå âûñêàçûâàíèÿ. Â ðàìêàõ âíóòðåííåãî ãðàíòà ÌÃÈ-
ÌÎ ¾Îò êîëîíèàëüíîãî íàñëåäèÿ ê ãëîáàëüíîé èäåíòè÷íîñòè: ñàìîîïðåäåëåíèå ñòðàí
Ãëîáàëüíîãî Þãà¿ âàæíîé ÷àñòüþ èññëåäîâàíèÿ ÿâëÿåòñÿ ñáîð áàçû äàííûõ äëÿ âû-
ðàáîòêè òåîðåòè÷åñêîé ìîäåëè ôîðìèðîâàíèÿ èäåíòè÷íîñòè ñòðàí Ãëîáàëüíîãî Þãà,
öåíòðàëüíûì êîìïîíåíòîì êîòîðîé ÿâëÿåòñÿ êîëëåêòèâíîå äåéñòâèå. Áàçà äàííûõ
äîëæíà ñîñòîÿòü èç äâóõ áëîêîâ: ïåðâûé îïèñûâàåò êóëüòóðíîå èçìåðåíèå èäåíòè÷-
íîñòè, ê ÷åìó ìîæíî îòíåñòè âûñòàâêè, ôåñòèâàëè, ìóçåéíûå ýêñïîçèöèè, âòîðîé �
ïîëèòè÷åñêîå, òî åñòü âûñòóïëåíèÿ ïîëèòèêîâ, ñîâìåñòíûå ãîëîñîâàíèÿ, ðåøåíèÿ è
ìåìîðàíäóìû â ðàìêàõ äâóñòîðîííèõ îòíîøåíèé èëè ìåæäóíàðîäíûõ îðãàíèçàöèé.
Äàííàÿ ìàñøòàáíàÿ çàäà÷à òðåáóåò èçâëå÷åíèå áîëüøîãî îáúåìà äàííûõ, ïîýòîìó
äëÿ ðåàëèçàöèè ïðåäëàãàåòñÿ êîìáèíèðîâàííûé àëãîðèòì âåá-ñêðåïèíãà, âêëþ÷àþ-
ùèé â ñåáÿ ðàáîòó ÿçûêîâûõ ìîäåëåé. Â ñòàòüå áóäåò îïèñàí òîëüêî ïðîöåññ ôîð-
ìèðîâàíèÿ êóëüòóðíîé áàçû äàííûõ ââèäó ñïåöèôè÷íîãî èñïîëüçîâàíèÿ ïîèñêîâûõ
ñèñòåì.

Íà ïåðâîì ýòàïå ðåàëèçàöèè ãðàíòà óæå áûëà ïîäãîòîâëåíà áàçà äàííûõ, ñîäåð-
æàùàÿ â ñåáå èíôîðìàöèþ î ñòðàíàõ Ãëîáàëüíîãî Þãà è ñîñòîÿùàÿ èç íåñêîëüêèõ
òàáëèö:

1. Òàáëèöà ñòðàíà � êîä ñòðàíû â ôîðìàòå ISO_Alpha3 � äîìåííîå èìÿ
2. Òàáëèöà ÿçûê � êîä ñòðàíû â ôîðìàòå ISO_Alpha3
3. Òàáëèöà êîä ñòðàíû â ôîðìàòå ISO � êîä ïåðâîãî îôèöèàëüíîãî ÿçûêà â ôîðìàòå
ISO_Alpha3 � êîä âòîðîãî îôèöèàëüíîãî ÿçûêà â ôîðìàòå ISO_Alpha3 � êîä
òðåòüåãî îôèöèàëüíîãî ÿçûêà â ôîðìàòå â ôîðìàòå ISO_Alpha3.

Òàáëèöà 1. Ïðèìåð òàáëèöû ñ îôèöèàëüíûìè ÿçûêàìè ñòðàí â ôîðìàòå
ISO_Alpha3. Êîäû ñòðàí çàìåíåíû íà èìåíà.
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Êîíå÷íàÿ àðõèòåêòóðà ðåëÿöèîííîé áàçû çàâèñèò îò ðåàëèçàöèè ïðîåêòà. Âîçìîæíî
âêëþ÷åíèå áîëüøåãî êîëè÷åñòâà îôèöèàëüíûõ ÿçûêîâ è äîáàâëåíèå íåîôèöèàëü-
íûõ, íî øèðîêî èñïîëüçóåìûõ. Òàáëèöû íóæíû äëÿ âçàèìîäåéñòâèÿ ñ ïîèñêîâûìè
ñèñòåìàìè: èç áàçû äàííûõ áåðåòñÿ èíôîðìàöèÿ î äîìåííîì èìåíè äëÿ ôèëüòðàöèè
ñàéòîâ, à òàêæå ÿçûêè äëÿ ôîðìèðîâàíèÿ àäðåñíûõ çàïðîñîâ. Ôèëüòðàöèÿ îñóùåñòâ-
ëÿåòñÿ ñ ïîìîùüþ ïîèñêîâûõ îïåðàòîðîâ, âàæíåéøèì èç êîòîðûõ ÿâëÿåòñÿ ¾site¿,
òàê êàê îí ïîçâîëÿåò îòáèðàòü òîëüêî âåá-ñòðàíèöû â äîìåííîì èìåíè êîíêðåòíîé
ñòðàíû. Íàïðèìåð, çàïðîñ Global South site:.ug âåðíåò âñå óãàíäèéñêèå ñàéòû, â êî-
òîðûõ åñòü óïîìèíàíèå Ãëîáàëüíîãî Þãà. Â äàííîì áëîêå åñòü äîïóùåíèå, êîòîðîå
èññëåäîâàíèå äîëæíî ðåøèòüñÿ â äàëüíåéøåì â õîäå ðàçâèòèÿ ïðîåêòà: â ñòðàíàõ
ìîãóò áûòü ïîïóëÿðíû ñàéòû ñ äðóãèìè äîìåííûìè èìåíàìè, íàïðèìåð, .com. Çà-
ïðîñ ê ïîèñêîâîé ñèñòåìå ôîðìèðóåòñÿ ýêñïåðòàìè â çàâèñèìîñòè îò òîãî, êàêèå
äàííûå íåîáõîäèìî ïîëó÷èòü. Â ñîñòàâëåíèè èñïîëüçóþòñÿ òàêèå ïîèñêîâûå îïåðà-
òîðû êàê AND, OR è êàâû÷êè äëÿ áîëåå òî÷íîãî ðåçóëüòàòà. Çàïðîñû ôîðìèðóþòñÿ
â îòäåëüíîé òàáëèöå, ðåàëèçîâàííîé ïî ïðèíöèïó ñëîâàðíîé ïàðû: îáúåêò/ñîáûòèå
� çàïðîñ. Â çàâèñèìîñòè îò ñòðàíû çàïðîñ ïåðåâîäèòñÿ íà å¼ îôèöèàëüíûå ÿçûêè
ñ ïîìîùüþ ÿçûêîâîé ìîäåëè. Íà òåêóùåì ýòàïå èññëåäîâàíèÿ òåñòèðîâàëèñü ìîäå-
ëè gemma3:4b, qwen3:4b, mistral:7b, íî ïîêà ÷òî ïðåäïî÷òåíèÿ íå áûëè îïðåäåëåíû.
Ðåçóëüòàòû âûäà÷è ïîèñêîâîé ñèñòåìû îáðàáàòûâàþòñÿ ñ ïîìîùüþ Selenium, ïîñëå
÷åãî âåá-ñòðàíèöà ñíîâà îòïðàâëÿåòñÿ â ÿçûêîâóþ ìîäåëü äëÿ ðàçìåòêè ðåñóðñà è
èçâëå÷åíèÿ òåêñòîâûõ äàííûõ äëÿ êîíòåíò-àíàëèçà. Ìîäåëè ðàáîòàþò ñ ïîìîùüþ
ïðîãðàììû Ollama, âûñòóïàþùåé êàê ¾äâèæîê¿ äëÿ àíàëèçà òåêñòà è âåá-ðàçìåòêè,
à Python-ñêðèïòû ñâÿçûâàþò ëîãèêó â åäèíûé êîíâåéåð. Òàêîé ïîäõîä ïîçâîëÿåò
ñîçäàòü ïîëóàâòîíîìíóþ ñèñòåìó ïàðñèíãà, ãäå áîëüøàÿ ÷àñòü ýòàïîâ óïðàâëÿåòñÿ
AI-àãåíòàìè, àäàïòèðóþùèìèñÿ ïîä ðàçíûå ÿçûêè è ôîðìàòû äàííûõ. Ïîëó÷åííàÿ
áàçà äàííûõ ïîçâîëèò îïèñàòü èäåíòè÷íîñòü Ãëîáàëüíîãî Þãà, à îáùàÿ àðõèòåêòóðà
ïðîãðàììû èñïîëüçîâàíà â àíàëîãè÷íûõ èññëåäîâàíèÿõ.
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Àííîòàöèÿ.

Â äàííîé ñòàòüå ðàññìàòðèâàåòñÿ ïðèáëèæ¼ííîå ðåøåíèå öåíîîáðàçîâàíèå ïðî-
èçâîäíûõ ôèíàíñîâûõ èíñòðóìåíòîâ â íåïðåðûâíîì âðåìåíè ñ ïîìîùüþ óðàâ-
íåíèÿ Áëýêà-Øîóëçà. Çäåñü ðàññìàòðèâàþòñÿ ñïîñîáû ïîëó÷åíèÿ ïðèáëèæåííî-
àíàëèòè÷åñêîãî ðåøåíèÿ íà îñíîâå ìåòîäà ïåðåìåùàåìîãî óçëà. Ñ ïîìîùüþ ìåòîäà
ïåðåìåùàåìûõ óçëîâ ïîëó÷åíî ïðèáëèæ¼ííî-àíàëèòè÷åñêîå ðåøåíèå ñ èñïîëüçîâà-
íèåì îäíîãî è òð¼õ ïåðåìåùàåìûõ óçëîâ, ïðîâåäåíî ñðàâíåíèå ñ òî÷íûì ðåøåíèåì.
Ïðîèçâåäåíû ñîïîñòàâëåíèå òî÷íîãî è ïðèáëèæåííûõ ðåøåíèé íà êîíêðåòíûõ ïðè-
ìåðàõ.

Êëþ÷åâûå ñëîâà: îïöèîíû, óðàâíåíèÿ â ÷àñòíûõ ïðîèçâîäíûõ, óðàâíåíèå ñðî÷-
íîé ñòðóêòóðû, óðàâíåíèå Áëýêà-Øîóëçà, ïåðåìåùàåìîãî óçëà.

Ââåäåíèå

Èíòåðåñ ê öåíîîáðàçîâàíèþ ïðîèçâîäíûõ îïöèîíîâ, âûçâàí òåì, ÷òî äàííûå ôè-
íàíñîâûå èíñòðóìåíòû ïîçâîëÿþò ìèíèìèçèðîâàòü ïîòåðè îò êîëåáàíèé öåí áàçîâûõ
àêòèâîâ. Äàííàÿ ðàáîòà ïîñâÿùåíà öåíîîáðàçîâàíèþ åâðîïåéñêèõ îïöèîíîâ â íåïðå-
ðûâíîì âðåìåíè.

Îäíîé èç êëàññè÷åñêèõ ìîäåëåé ÿâëÿåòñÿ ìîäåëü Áëýêà-Øîóëçà [1]. Â äàííîé ðà-
áîòû ðàññìàòðèâàåòñÿ ïðèìåíåíèå ìåòîäà ïåðåìåùàåìûõ óçëîâ ê ðåøåíèþ óðàâíå-
íèÿ Áëýêà-Øîóëçà.

Ìåòîä ïåðåìåùàåìûõ óçëîâ ñî÷åòàåò â ñåáå àïïðîêñèìàöèþ ïðîèçâîäíûõ, ôè-
ãóðèðóþùèå â óðàâíåíèè, ðàçíîñòíûìè îòíîøåíèÿìè è ïîëó÷åíèå ïðèáëèæåííî-
àíàëèòè÷åñêîãî âûðàæåíèÿ ðåøåíèÿ çàäà÷è. Ïðè ýòîì ìû ìîæåì ïîëó÷èòü
ïðèáëèæåííî-àíàëèòè÷åñêîå ðåøåíèå çàäà÷è, êîòîðîå ÿâëÿåòñÿ ãèáðèäîì èçâåñòíûõ
ìåòîäîâ. Îòìåòèì, ÷òî ïîëó÷åíèå ïðèáëèæåííî-àíàëèòè÷åñêîãî ðåøåíèÿ äèôôåðåí-
öèàëüíûõ óðàâíåíèå áàçèðóåòñÿ íà ÷èñëåííûõ ìåòîäàõ. Ïðèðîäà ÷èñëåííûõ ìåòîäîâ
ïîçâîëÿåò è ïîëó÷åíèå ïðèáëèæåííî-àíàëèòè÷åñêîãî âûðàæåíèÿ ðåøåíèÿ äèôôå-
ðåíöèàëüíûõ óðàâíåíèé. Äëÿ ýòîãî ââîäèòñÿ òàê íàçûâàåìûé ¾ïåðåìåùàåìîé óçåë¿
[2-3].

Öåëüþ èññëåäîâàíèÿ ÿâëÿåòñÿ ðàçðàáîòêà âû÷èñëèòåëüíîé òåõíîëîãèè íà îñíîâå
ìåòîäà ïåðåìåùàåìûõ óçëîâ äëÿ óðàâíåíèÿ Áëåêà-Øîóëçà.

Ïîñòàíîâêà çàäà÷è Óðàâíåíèå äëÿ ñòîèìîñòè îïöèîíà V(S,t) áóäåò óäîâëåòâî-
ðÿòü ëèíåéíîìó äèôôåðåíöèàëüíîìó óðàâíåíèþ Áëýêà-Øîóëçà

∂V

∂t
+

1

2
σ2S2∂

2V

∂S2
+ r

∂V

∂S
− rV = 0
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ãäå t � âðåìÿ äî ïîãàøåíèÿ îïöèîíà, S � öåíà áàçîâîãî àêòèâà, s � âîëàòèëüíîñòü
(ñðåäíåêâàäðàòè÷íîå îòêëîíåíèå öåí áàçîâîãî àêòèâà çà ãîä), r � ïðîöåíòíàÿ ñòàâêà.
Äàííàÿ ìîäåëü áûëà ïåðâîé ìàòåìàòè÷åñêîé ìîäåëüþ äëÿ îïèñàíèÿ öåíîîáðàçîâàíèÿ
îïöèîíîâ â íåïðåðûâíîì âðåìåíè.

Óðàâíåíèÿ (1) ðàññìàòðèâàåòñÿ â îáëàñòè: S ∈ [0, L], t ∈ [0, T ] ñ íà÷àëüíî-
ãðàíè÷íûìè óñëîâèÿìè

V (S, T ) = maxS −K, 0, V (0, t) = 0, V (L, t) = L−Ke−r(T−t)

Çäåñü T � âðåìÿ äî ýêñïèðàöèè îïöèîíà (â ãîäàõ), K � öåíà èñïîëíåíèÿ îïöèîíà.
Äëÿ ðåøåíèÿ çàäà÷è çäåñü ïðåäëàãàåòñÿ ïðèáëèæåííî-àíàëèòè÷åñêèé ìåòîä, êîòî-
ðûé ïîçâîëÿåò ïîëó÷åíèå ïðèáëèæåííî-àíàëèòè÷åñêîãî ðåøåíèÿ çàäà÷ â äèôôåðåí-
öèàëüíûõ óðàâíåíèÿõ.

Ïîëó÷åíèå ïðèáëèæåííî-àíàëèòè÷åñêîãî ðåøåíèÿ Äëÿ ïîëó÷åíèÿ
ïðèáëèæåííî-àíàëèòè÷åñêîå ðåøåíèÿ çàäà÷è èñïîëüçóåì ìåòîä ïåðåìåùàåìûõ óç-
ëîâ. Ñïîñîá ïîëó÷åíèÿ ïðèáëèæåííî-àíàëèòè÷åñêîãî ðåøåíèÿ î÷åíü ïðîñò, îäíàêî,
ïðåäñòàâëÿåò áîëåå ãðóáîå ïðåäñòàâëåíèÿ ðåøåíèÿ çàäà÷è.

1. Ïðèáëèæåííîå ðåøåíèå ñ îäíèì ïåðåìåùàåìûì óçëîì. Ðàññìîòðèì çàäà÷ó (1)
� (2) è âûáåðåì ïðîèçâîëüíóþ òî÷êó (S, t) âíóòðè îáëàñòè, ãäå èùóòñÿ ðåøåíèÿ.
Àïïðîêñèìèðóåì óðàâíåíèå (1) ñ ïåðåìåùàåìûì óçëîì. Òîãäà âçàìåí óðàâíåíèÿ (1),
ïîëó÷èì ïðèáëèæåííîå óðàâíåíèå:

C − V T

t− T
+

1

2
σ2S2 2

L− 0
(
Vp − C

L− S
− C − V l

S − 0
) + rS

Vp − V l

L− 0
− rC = 0(3)

Çäåñü C = C(S, t) - ïðèáëèæåííîå ðåøåíèå V = V (S, t) Èñïîëüçóÿ ãðàíè÷íûå è
íà÷àëüíîå óñëîâèÿ èìååì,

V T = V (S, T ), V l = V (0, t) = 0, Vp = V (L, t)(4)

Ðåøàÿ àëãåáðàè÷åñêîå óðàâíåíèÿ (3) ñ ó÷åòîì ãðàíè÷íûõ è íà÷àëüíîãî óñëîâèé,
ïîëó÷èì ïðèáëèæ¼ííî àíàëèòè÷åñêîå ðåøåíèå. 2. Ïðèáëèæåííîå ðåøåíèå ñ òðåìÿ
ïåðåìåùàåìûìè óçëàìè. Äëÿ óëó÷øåíèÿ òî÷íîñòè ðåøåíèÿ íåîáõîäèìî óâåëè÷èòü
êîëè÷åñòâî ïåðåìåùàåìûõ óçëîâ. Äîïîëíèòåëüíûå ïåðåìåùàåìûå óçëû âûáåðåì òàê:

S1 =
S

2
, S2 =

L+ S

2
Êîëè÷åñòâî ïåðåìåùàåìûõ óçëîâ ðàâíî òðåì. Äëÿ êàæäîãî ïåðå-

ìåùàåìîãî óçëà íàïèøåì óðàâíåíèÿ ïîäîáíà (3), ðåøàÿ ñèñòåìó óðàâíåíèå ïîëó÷èì
óëó÷øåííîå ðåøåíèå.
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Ïðèìåðû. Áóäåì ñðàâíèâàòü òî÷íîå ðåøåíèå çàäà÷è (1)-(2):

V (S, t) = S ·N1 −K · e−r(T−t)·N2

ãäå

N1 =

∫ d1

−∞
nzdz,N2 =

∫ d2

−∞
nzdz, nz =

1

√
2πe

−
z2

2

d1 =
ln(

S

K
) + 0, 5σ2(T − t)(

2r

σ2
+ 1)

σ
√
T − t

, d1 =
ln(

S

K
) + 0, 5σ2(T − t)(

2r

σ2
− 1)

σ
√
T − t

ñ ïðèáëèæ¼ííîì ïðè ïàðàìåòðà: r = 0.2, L = 1, K = 0.6, σ = 0.2. Íà ðèñ.1 ïðè-
âåäåíû ãðàôèêè òî÷íîãî è ïðèáëèæ¼ííûõ ðåøåíèé, ïîëó÷åííûõ ñ ïîìîùüþ ìåòîäà
ïåðåìåùàåìûõ óçëîâ. Èç ãðàôèêà òðóäíî ðàçëè÷èòü ðàçíèöó ïðèáëèæ¼ííîãî ðåøå-
íèÿ. Ïðåäñòàâëåííîé íà ðèñ.2 ðàçíîñòü ïðèáëèæ¼ííîãî è òî÷íîãî ðåøåíèÿ, òî÷íî
ïîêàçûâàåò ïðåâîñõîäñòâà ðåøåíèÿ ïîëó÷åííîå ñ òðåìÿ ïåðåìåùàåìûìè óçëàìè.

Çàêëþ÷åíèå. Ïðåäëîæåííûé ïîäõîä ïîëó÷åíèÿ ïðèáëèæåííî-àíàëèòè÷åñêîãî
ðåøåíèÿ äëÿ äèôôåðåíöèàëüíîãî óðàâíåíèÿ Áëåêà-Øîóëçà ÿâëÿåòñÿ õîðîøèì ïîä-
õîäîì. Ïîëó÷åíèå ýòèì ñïîñîáîì ðåøåíèå äèôôåðåíöèàëüíîãî óðàâíåíèÿ Áëåêà-
Øîóëçà ìîæíî ñ óñïåõîì ïðèìåíèòü äëÿ ðàñ÷åòîâ, ñ äðóãèìè âõîäíûìè ïàðàìåò-
ðàìè. Óâåëè÷åíèå êîëè÷åñòâà ïåðåìåùàåìûõ óçëîâ ñïîñîáñòâóåò ê óëó÷øåíèþ àíà-
ëèòè÷åñêîãî ðåøåíèÿ.

Ëèòåðàòóðà

1. Black F., Scholes Ì. 1973. The pricing of options and corporate liabilities. Journal of
Political Economy, 81(3):637-654
2. Dalabaev U. Di�erence-Analytical Method Of The One-Dimensional Convection-
Di�usion equation // IJISET � International Journal of Innovative Science. Engineering
& Technology. Vol. 3. Issue 1. � Èíäèÿ, 2016. January. ISSN 2348 � 7968. - Ñ. 234-239
3. Dalabaev Umurdin, Hasanova Dilfuza. Construction of an Approximate-Analytical

120



Solution for Boundary Value Problems of a Parabolic Equation. Mathematics and
Computer Science. Vol. 8, No. 2, 2023, pp. 39-45. doi: 10.11648/j.mcs.20230802.11

Öèôðîâîå íåðàâåíñòâî è ìåæäóíàðîäíàÿ öèôðîâàÿ
ýêîíîìèêà: ïîäõîäû ê îöåíêå è ìîäåëèðîâàíèþ

Äæóðàåâà Ðàíî Àáäóëëàåâíà

Äîöåíò Òàøêåíòñêîãî ôèëèàëà ÌÃÈÌÎ ÌÈÄ Ðîññèè
djuraevarano12@gmail.com

https://doi.org/10.5281/zenodo.15510827

Àííîòàöèÿ. Öèôðîâèçàöèÿ ñòàëà êëþ÷åâûì äðàéâåðîì ãëîáàëüíîãî ñîöèàëüíî-
ýêîíîìè÷åñêîãî ðàçâèòèÿ, òðàíñôîðìèðóÿ ðûíêè òðóäà, ìåæäóíàðîäíóþ òîðãîâëþ è
ôîðìèðóÿ íîâûå ìîäåëè âçàèìîäåéñòâèÿ ìåæäó ñòðàíàìè. Îäíàêî â óñëîâèÿõ ñòðå-
ìèòåëüíîãî ðàñïðîñòðàíåíèÿ öèôðîâûõ òåõíîëîãèé âñ¼ áîëåå àêòóàëüíîé ñòàíîâèòñÿ
ïðîáëåìà öèôðîâîãî íåðàâåíñòâà, êîòîðàÿ ïðåïÿòñòâóåò èíêëþçèâíîìó ó÷àñòèþ âñåõ
ñòðàí è ñîöèàëüíûõ ãðóïï â ãëîáàëüíîé öèôðîâîé ýêîíîìèêå. Öåëü äàííîé ñòàòüè
� ïðîàíàëèçèðîâàòü âëèÿíèå öèôðîâîãî íåðàâåíñòâà íà òðàíñôîðìàöèþ ìåæäóíà-
ðîäíûõ ñîöèàëüíî-ýêîíîìè÷åñêèõ ïðîöåññîâ è ðàññìîòðåòü âîçìîæíîñòè ïðèìåíåíèÿ
òåõíîëîãèé èñêóññòâåííîãî èíòåëëåêòà (ÈÈ) è áîëüøèõ äàííûõ äëÿ ìîíèòîðèíãà è
îöåíêè öèôðîâîãî ðàçðûâà.

Êëþ÷åâûå ñëîâà: öèôðîâîå íåðàâåíñòâî, öèôðîâàÿ ýêîíîìèêà, ìåæäóíàðîäíûå
ñîöèàëüíî-ýêîíîìè÷åñêèå ïðîöåññû, èñêóññòâåííûé èíòåëëåêò, áîëüøèå äàííûå, ìî-
äåëè îöåíêè, äîñòóï ê ÈÊÒ, öèôðîâàÿ èíêëþçèÿ.

Öèôðîâîå íåðàâåíñòâî ñëåäóåò ðàññìàòðèâàòü êàê ìíîãîñëîéíîå ÿâëåíèå, îõâàòû-
âàþùåå ðàçëè÷èÿ â äîñòóïå ê öèôðîâûì ðåñóðñàì, íàâûêàõ è âîçìîæíîñòÿõ èçâëå-
÷åíèÿ âûãîäû èç öèôðîâèçàöèè. Âûäåëÿþò òðè óðîâíÿ öèôðîâîãî ðàçðûâà: ïåðâûé
� ðàçëè÷èÿ â ôèçè÷åñêîì äîñòóïå ê èíòåðíåòó è óñòðîéñòâàì; âòîðîé � ðàçëè÷èÿ â
íàâûêàõ è ñòåïåíè èñïîëüçîâàíèÿ öèôðîâûõ òåõíîëîãèé; òðåòèé � ðàçðûâ â âûãîäàõ
îò öèôðîâîé òðàíñôîðìàöèè [1-5].

Ïî îöåíêàì Ìåæäóíàðîäíîãî ñîþçà ýëåêòðîñâÿçè, â 2023 ã. îêîëî 2,6 ìëðä ÷åëî-
âåê â ìèðå ïî-ïðåæíåìó íå èìåëè äîñòóïà ê èíòåðíåòó, à ìèëëèîíû ïîëüçîâàòåëåé
ñòàëêèâàþòñÿ ñ íèçêîé ñêîðîñòüþ è âûñîêîé ñòîèìîñòüþ ïîäêëþ÷åíèÿ [6]. Ðàçëè÷èÿ
â äîñòóïå ê èíòåðíåòó ìåæäó ñòðàíàìè è ðåãèîíàìè çíà÷èòåëüíû. Áîëåå 1 ìëðä
÷åëîâåê â Þæíîé Àçèè è îêîëî 840 ìëí â Àôðèêå ïî-ïðåæíåìó íå ïîëüçóþòñÿ
èíòåðíåòîì. Äàæå â Êèòàå, ëèäèðóþùåì ïî ÷èñëó èíòåðíåò-ïîëüçîâàòåëåé, áîëåå
400 ìëí ãðàæäàí îñòàþòñÿ âíå öèôðîâîãî ïðîñòðàíñòâà. Ïî äàííûì îò÷åòà GSMA
Intelligence çà 2023 ã. êàæäûé ÷åòâ¼ðòûé â ñòðàíàõ ñ íèçêèì è ñðåäíèì äîõîäîì íå
çíàåò î ñóùåñòâîâàíèè ìîáèëüíîãî èíòåðíåòà [7].

Íà ïðèìåðå ñòðàí ÅÑ, Ðîññèè è Óçáåêèñòàíà ÷¼òêî ïðîñëåæèâàåòñÿ öèôðîâîé ðàç-
ðûâ ìåæäó ðàçâèòûìè è ðàçâèâàþùèìèñÿ ãîñóäàðñòâàìè. Â 2023 ã. â ñòðàíàõ ÅÑ 97%
äîìîõîçÿéñòâ èìåëè äîñòóï ê ôèêñèðîâàííîìó øèðîêîïîëîñíîìó èíòåðíåòó, à 64%
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� ê îïòîâîëîêîííîé ñåòè [8]. Áîëåå ïîëîâèíû íàñåëåíèÿ îáëàäàëè õîòÿ áû áàçîâûìè
öèôðîâûìè íàâûêàìè, è îêîëî 10 ìëí ÷åëîâåê ðàáîòàëè â ñôåðå ÈÊÒ. Öèôðîâûå
òåõíîëîãèè àêòèâíî âíåäðÿþòñÿ â áèçíåñ: 32% êîìïàíèé èñïîëüçóþò àíàëèòèêó áîëü-
øèõ äàííûõ, 44% � îáëà÷íûå ðåøåíèÿ, à 11% � èñêóññòâåííûé èíòåëëåêò.

Â 2023 ã. 79% èíòåðíåò-ïîëüçîâàòåëåé â ñòðàíàõ ÅÑ èñïîëüçîâàëè îíëàéí-êàíàëû
äëÿ ïîëó÷åíèÿ ãîñóäàðñòâåííûõ óñëóã. Öèôðîâûå ãîñóñëóãè äëÿ áèçíåñà îõâàòûâàþò
85% îïåðàöèé, à äîñòóï ê ýëåêòðîííûì ìåäèöèíñêèì êàðòàì èìåþò 79% ãðàæäàí [8].

Íà ýòîì ôîíå Ðîññèÿ è Óçáåêèñòàí äåìîíñòðèðóþò áîëåå íèçêèé óðîâåíü öèô-
ðîâîé çðåëîñòè. Â Ðîññèè, ïî äàííûì 2022 ã., 86% äîìîõîçÿéñòâ ïîäêëþ÷åíû ê øè-
ðîêîïîëîñíîìó èíòåðíåòó, íî öèôðîâóþ ãðàìîòíîñòü èìåþò ëèøü 27% íàñåëåíèÿ,
à 12% ñåëüñêèõ òåððèòîðèé îñòàþòñÿ âíå çîíû ïîêðûòèÿ. Òîëüêî íåáîëüøàÿ äîëÿ
ðîññèéñêèõ êîìïàíèé ïðèìåíÿåò ïåðåäîâûå öèôðîâûå òåõíîëîãèè: èñêóññòâåííûé
èíòåëëåêò èñïîëüçóþò 8%, àíàëèòèêó áîëüøèõ äàííûõ � 11%, à îáëà÷íûå ñåðâèñû
� 30% [9]. Â Óçáåêèñòàíå ìîáèëüíûì èíòåðíåòîì îõâà÷åíû 98% íàñåë¼ííûõ ïóíê-
òîâ, à îêîëî 65% äîìîõîçÿéñòâ ïîäêëþ÷åíû ê âûñîêîñêîðîñòíîé ñåòè [10], îäíàêî
íàáëþäàåòñÿ ñèëüíàÿ òåððèòîðèàëüíàÿ è ñîöèàëüíàÿ äèôôåðåíöèàöèÿ â ñêîðîñòè
è äîñòóïíîñòè äîñòóïà. Îñîáåííî îãðàíè÷åíû â öèôðîâîé âîâëå÷¼ííîñòè ñåëüñêèå
æèòåëè è ïîæèëûå.

Â Ðîññèè â 2022 ã. ñâûøå 85% íàñåëåíèÿ ïîëüçîâàëèñü îíëàéí-ñåðâèñàìè, îäíàêî
ëèøü ïîëîâèíà âçàèìîäåéñòâóåò ñ ãîñóäàðñòâîì ïîëíîñòüþ â öèôðîâîì ôîðìàòå [9].
Â Óçáåêèñòàíå, íåñìîòðÿ íà áûñòðûé ðîñò ñåêòîðà ýëåêòðîííûõ ãîñóñëóã, èõ îõâàò
îñòà¼òñÿ îãðàíè÷åííûì � îêîëî 10 ìëí ïîëüçîâàòåëåé, ÷òî ñîñòàâëÿåò ìåíåå òðåòè
íàñåëåíèÿ ñòðàíû.

Ôàêòîðû öèôðîâîãî íåðàâåíñòâà âêëþ÷àþò íå òîëüêî èíôðàñòðóêòóðíûå è ýêîíî-
ìè÷åñêèå áàðüåðû, íî òàêæå óðîâåíü öèôðîâîé ãðàìîòíîñòè, âîçðàñò, ïîë, èíâàëèä-
íîñòü, ÿçûêîâûå è êóëüòóðíûå ðàçëè÷èÿ. Â ñîâîêóïíîñòè îíè ôîðìèðóþò óñòîé÷è-
âûå áàðüåðû äëÿ âêëþ÷åíèÿ çíà÷èòåëüíûõ ñëî¼â íàñåëåíèÿ â öèôðîâóþ ýêîíîìèêó.

Öèôðîâîå íåðàâåíñòâî íàïðÿìóþ âëèÿåò íà âîçìîæíîñòè çàíÿòîñòè è àäàïòàöèè
ê íîâûì ìîäåëÿì òðóäà. Îòñóòñòâèå öèôðîâûõ íàâûêîâ îãðàíè÷èâàåò äîñòóï ê ôðè-
ëàíñó, óäàë¼ííîé ðàáîòå è îíëàéí-îáó÷åíèþ. Îñîáåííî óÿçâèìûìè â ýòîì îòíîøåíèè
îêàçûâàþòñÿ ñîöèàëüíî íåçàùèù¼ííûå ãðóïïû, ÷òî óñóãóáëÿåò ñîöèàëüíîå íåðàâåí-
ñòâî è ñíèæàåò ìîáèëüíîñòü ðàáî÷åé ñèëû [11].

Ðàçâèòèå öèôðîâûõ ïëàòôîðì (ýëåêòðîííàÿ òîðãîâëÿ, ôèíòåõ, îáðàçîâàòåëüíûå
ñåðâèñû) òàêæå óñèëèâàåò ðàçðûâ ìåæäó ñòðàíàìè, îáëàäàþùèìè âûñîêèì óðîâíåì
öèôðîâèçàöèè, è òåìè, êòî îãðàíè÷åí â äîñòóïå. Íàïðèìåð, Óçáåêèñòàí äåìîíñòðè-
ðóåò ðîñò â îáëàñòè ýëåêòðîííîé òîðãîâëè è ìîáèëüíûõ ïðèëîæåíèé, îäíàêî âî-
âëå÷¼ííîñòü â ãëîáàëüíûå öèôðîâûå öåïî÷êè îñòà¼òñÿ îãðàíè÷åííîé. Ýòî ñíèæàåò
ïîòåíöèàë ýêñïîðòà è ó÷àñòèÿ â ìåæäóíàðîäíûõ ðûíêàõ.

Äîìèíàöèÿ ãëîáàëüíûõ öèôðîâûõ ïëàòôîðì (Amazon, Alibaba, Meta) óñóãóáëÿåò
ñèòóàöèþ, îãðàíè÷èâàÿ âîçìîæíîñòè âûõîäà íà ðûíîê äëÿ ìàëûõ èãðîêîâ, îñîáåííî
èç ðàçâèâàþùèõñÿ ñòðàí.

Öèôðîâàÿ èçîëÿöèÿ ïðåïÿòñòâóåò äîñòóïó ê îáðàçîâàíèþ, çäðàâîîõðàíåíèþ,
êóëüòóðíîìó êîíòåíòó è ïîëèòè÷åñêîìó ó÷àñòèþ. Ðàçðûâ â èñïîëüçîâàíèè òåõíî-
ëîãèé âî âðåìÿ ïàíäåìèè COVID-19 îñîáåííî ÿðêî âûÿâèë áàðüåðû â ìåäèöèíñêîé,
îáðàçîâàòåëüíîé è ôèíàíñîâîé ñôåðàõ. Îòñóòñòâèå êîíòåíòà íà ðîäíûõ ÿçûêàõ è
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áàðüåðû öèôðîâîé ãðàìîòíîñòè óñèëèâàþò ìàðãèíàëèçàöèþ ãðóïï íàñåëåíèÿ. Â ðå-
çóëüòàòå íàðóøàåòñÿ ïðèíöèï ñïðàâåäëèâîãî è óñòîé÷èâîãî ðàçâèòèÿ, ïðîâîçãëàø¼í-
íûé â Öåëÿõ óñòîé÷èâîãî ðàçâèòèÿ ÎÎÍ (ÖÓÐ).

Ïðèìåíåíèå ÈÈ è àíàëèòèêè áîëüøèõ äàííûõ îòêðûâàåò íîâûå ïîäõîäû ê èçìåðå-
íèþ è ïðåîäîëåíèþ öèôðîâîãî íåðàâåíñòâà. Òàêèå öèôðîâûå èíñòðóìåíòû ïîçâîëÿ-
þò âûÿâëÿòü çîíû öèôðîâîé óÿçâèìîñòè íà îñíîâå ñïóòíèêîâûõ äàííûõ, ïîâåäåíèÿ
ïîëüçîâàòåëåé â öèôðîâîé ñðåäå, ìîáèëüíîé àêòèâíîñòè è ñîöñåòåé. Â êà÷åñòâå ïðè-
ìåðîâ ìîæíî ïðèâåñòè:
� êàðòîãðàôèðîâàíèå öèôðîâîãî äîñòóïà ñ ïîìîùüþ àíàëèçà èíòåðíåò-òðàôèêà, íà-
ïðèìåð, Microsoft Airband Initiative, êîòîðàÿ èñïîëüçóåò äàííûå î ñêîðîñòè è íàëè÷èè
ïîäêëþ÷åíèÿ äëÿ âûÿâëåíèÿ ¾öèôðîâûõ ïóñòûíü¿ â îòäàë¼ííûõ ðàéîíàõ [12];
� îöåíêà öèôðîâûõ íàâûêîâ ïî õàðàêòåðó îíëàéí-àêòèâíîñòè, êàê ýòî äåëàåò Digital
Skills Indicator îò Åâðîïåéñêîé êîìèññèè, îòñëåæèâàÿ äåéñòâèÿ ïîëüçîâàòåëåé â èí-
òåðíåòå äëÿ îïðåäåëåíèÿ óðîâíÿ èõ öèôðîâîé ãðàìîòíîñòè [13];
� ïðîãíîçèðîâàíèå öèôðîâîãî îòñòàâàíèÿ íà îñíîâå äåìîãðàôè÷åñêèõ è ïðîñòðàí-
ñòâåííûõ ìîäåëåé, íàïðèìåð, ñ èñïîëüçîâàíèåì äàííûõ GSMA Mobile Connectivity
Index, ó÷èòûâàþùåãî äîõîäû, ïëîòíîñòü íàñåëåíèÿ, óðáàíèçàöèþ è äðóãèå ôàêòîðû
äëÿ ïðîãíîçèðîâàíèÿ çîí ðèñêà öèôðîâîãî îòñòàâàíèÿ [14].

Ñèñòåìàòè÷åñêèé ñáîð è èíòåðïðåòàöèÿ òàêèõ äàííûõ ìîæåò ñòàòü îñíîâîé äëÿ
àäàïòèâíîé öèôðîâîé ïîëèòèêè, ó÷èòûâàþùåé ðåãèîíàëüíûå è ñîöèàëüíûå îñîáåí-
íîñòè.

Òàêèì îáðàçîì, öèôðîâîå íåðàâåíñòâî � ýòî íå òîëüêî òåõíîëîãè÷åñêàÿ, íî ïðåæ-
äå âñåãî ñîöèàëüíî-ýêîíîìè÷åñêàÿ ïðîáëåìà, çàòðàãèâàþùàÿ îñíîâû óñòîé÷èâîãî è
èíêëþçèâíîãî ðàçâèòèÿ. Îíî ïðåïÿòñòâóåò ôîðìèðîâàíèþ ñïðàâåäëèâîé öèôðîâîé
ýêîíîìèêè, óñèëèâàåò ñîöèàëüíîå è ðåãèîíàëüíîå íåðàâåíñòâî, îãðàíè÷èâàåò ó÷àñòèå
ðàçâèâàþùèõñÿ ñòðàí è óÿçâèìûõ ãðóïï â ãëîáàëüíûõ öèôðîâûõ ïðîöåññàõ.

Äëÿ ïðåîäîëåíèÿ ýòîãî âûçîâà íåîáõîäèìà èíòåãðàöèÿ öèôðîâûõ èíäèêàòîðîâ â
ñóùåñòâóþùèå ìîäåëè ãëîáàëüíîãî ðàçâèòèÿ, ÷òî ïîçâîëèò òî÷íåå ó÷èòûâàòü ìàñ-
øòàá è õàðàêòåð öèôðîâîãî ðàçðûâà. Âàæíåéøèì íàïðàâëåíèåì âûñòóïàåò ìåæäó-
íàðîäíîå ñîòðóäíè÷åñòâî â îáëàñòè öèôðîâîé èíêëþçèè, îáìåí îïûòîì è ïîääåðæêà
ðàçâèâàþùèõñÿ ýêîíîìèê, îñîáåííî â ÷àñòè äîñòóïà ê ÈÊÒ, ðàçâèòèþ öèôðîâûõ
íàâûêîâ è îáåñïå÷åíèþ ó÷àñòèÿ â ãëîáàëüíûõ ïëàòôîðìàõ. Èñïîëüçîâàíèå òåõíî-
ëîãèé ÈÈ è àíàëèòèêè áîëüøèõ äàííûõ äîëæíî ñòàòü íåîòúåìëåìîé ÷àñòüþ ýòîé
ïîëèòèêè, ïîçâîëÿÿ íå òîëüêî îòñëåæèâàòü ïðîÿâëåíèÿ öèôðîâîãî íåðàâåíñòâà, íî
è âûðàáàòûâàòü àäðåñíûå, àäàïòèðîâàííûå ê óñëîâèÿì êîíêðåòíîé ñòðàíû ðåøå-
íèÿ. Ïîääåðæêà ðàçâèâàþùèõñÿ ãîñóäàðñòâ â ýòîì ïðîöåññå ÿâëÿåòñÿ íåîáõîäèìûì
óñëîâèåì äëÿ ñíèæåíèÿ ãëîáàëüíîãî öèôðîâîãî ðàçðûâà è ôîðìèðîâàíèÿ áîëåå ñïðà-
âåäëèâîãî öèôðîâîãî áóäóùåãî.
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Âëèÿíèå òåõíîëîãèé ìîáèëüíîé ñâÿçè íà
ýêîíîìè÷åñêèé ðîñò

Äóáèíèíà Ì.Ã.

ÖÝÌÈ ÐÀÍ
https://doi.org/10.5281/zenodo.15526162

Òåõíîëîãèè ìîáèëüíîé ñâÿçè èãðàþò âàæíóþ ðîëü â ñîâðåìåííîé ýêîíîìèêå. Øèðî-
êîå èõ ðàñïðîñòðàíåíèå â îáðàáàòûâàþùåé ïðîìûøëåííîñòè (îñîáåííî òåõíîëîãèè
5G) èìååò áîëüøîå çíà÷åíèå äëÿ ïîâûøåíèÿ åå ýôôåêòèâíîñòè è ïðîèçâîäèòåëüíî-
ñòè. Âûñîêàÿ ñêîðîñòü ñîåäèíåíèÿ, ìàëàÿ çàäåðæêà ñèãíàëà ïîçâîëÿþò àâòîìàòè-
çèðîâàòü ïðîèçâîäñòâî, êîíòðîëèðîâàòü ðàáîòó îáîðóäîâàíèÿ, îáåñïå÷èâàòü áåçîïàñ-
íîñòü, ñîêðàùàòü âðåìÿ äëÿ ïåðåíàñòðîéêè ëèíèé íà âûïóñê íîâîé ïðîäóêöèè. Èñ-
ïîëüçîâàíèå ñåòåé 5G, òåõíîëîãèé èñêóññòâåííîãî èíòåëëåêòà (ÈÈ) è îáëà÷íûõ ñåð-
âèñîâ íà çàâîäàõ ïîçâîëÿåò ïðîâîäèòü ïðåäèêòèâíîå îáñëóæèâàíèå îáîðóäîâàíèÿ,
óñêîðÿåò ðîáîòèçàöèþ çà ñ÷åò èñïîëüçîâàíèÿ ïðåèìóùåñòâ öèôðîâûõ òåõíîëîãèé,
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êîòîðûå îáåñïå÷èâàþò âçàèìîäåéñòâèå íåçàâèñèìî ðàáîòàþùèõ ðîáîòîâ â ðåæèìå
ðåàëüíîãî âðåìåíè äëÿ âûïîëíåíèÿ ñëîæíûõ çàäà÷.

Â îáëàñòè ìàðêåòèíãà òåõíîëîãèè ìîáèëüíîé ñâÿçè è ÈÈ ïîçâîëÿþò ó÷èòûâàòü
èíäèâèäóàëüíûå ïîêóïàòåëüñêèå ïðèâû÷êè, àíàëèçèðîâàòü ïîòðåáíîñòè è ïðåäïî-
÷òåíèÿ öåëåâîé àóäèòîðèè è ïðåäîñòàâëÿòü óñëóãè íà îñíîâå ýòîãî àíàëèçà. Â ñòðà-
íàõ ñ ðàçâèòîé ìîáèëüíîé èíôðàñòðóêòóðîé èñïîëüçîâàíèå ìîáèëüíûõ ïðèëîæåíèé
è ìîáèëüíîé ðåêëàìû ñòàëî îñíîâíûì êàíàëîì âçàèìîäåéñòâèÿ ñ ïîòðåáèòåëÿìè [1].

Òåõíîëîãèè ìîáèëüíîé ñâÿçè îáëåã÷àþò äîñòóï ê íîâûì ðûíêàì è îòêðûâàþò
íîâûå âîçìîæíîñòè äëÿ ñîòðóäíè÷åñòâà, óñêîðÿÿ èííîâàöèîííûé ïðîöåññ. Ðàñøèðå-
íèå èñïîëüçîâàíèÿ ýëåêòðîííîé êîììåðöèè è öèôðîâûõ ïëàòåæåé, ðàñïðîñòðàíåíèå
òåõíîëîãèé èñêóññòâåííîãî èíòåëëåêòà, áîëüøèõ äàííûõ è îáëà÷íûõ ñåðâèñîâ ñïî-
ñîáñòâóþò ïîääåðæàíèþ êîíêóðåíòîñïîñîáíîñòè â öèôðîâîé ýêîíîìèêå.[2]

Ðàñïðîñòðàíåíèå òåõíîëîãèé ìîáèëüíîé ñâÿçè îêàçûâàåò ïîëîæèòåëüíîå âëèÿíèå
íà ýêîíîìè÷åñêîå ðàçâèòèå ñòðàí. Â ðàáîòå [3] íà îñíîâå ïàíåëüíûõ äàííûõ 168 ñòðàí
çà ïåðèîä 2000-2017 ãã. ïîêàçàíî, ÷òî 10%-íîå óâåëè÷åíèå ïðîíèêíîâåíèÿ òåõíîëîãèé
ìîáèëüíîé ñâÿçè ïðèâîäèò ê ðîñòó ÂÂÏ íà äóøó íàñåëåíèÿ â ñðåäíåì íà 0,59-0,76%.

Òåõíîëîãèè ìîáèëüíîé ñâÿçè îáåñïå÷èâàþò ïîâûøåíèå ïðîèçâîäèòåëüíîñòè è ýô-
ôåêòèâíîñòè çà ñ÷åò âîçìîæíîñòè ðàáîòàòü èç ëþáîãî ìåñòà â ëþáîå âðåìÿ ñóòîê., èñ-
ïîëüçîâàòü ïðîãðàììíîå îáåñïå÷åíèå, èíòåðíåò-ñåðâèñû, âûñîêîñêîðîñòíîé ìîáèëü-
íûé äîñòóï ê äàííûì â ðåàëüíîì âðåìåíè.

Â äàííîé ðàáîòå áûë ïðîâåäåí àíàëèç âëèÿíèÿ òåõíîëîãèé ìîáèëüíîé ñâÿçè íà
ïîâûøåíèå êîíêóðåíòîñïîñîáíîñòè ïðîìûøëåííîé ïðîäóêöèè. Â êà÷åñòâå îáîáùàþ-
ùåãî ïîêàçàòåëÿ ðàçâèòèÿ ýòèõ òåõíîëîãèé áûë èñïîëüçîâàí èíäåêñ ìîáèëüíîé ñâÿ-
çè (MCI), ðàññ÷èòûâàåìûé êîìïàíèåé GSMA ïî îòíîøåíèþ ê îñíîâíûì ôàêòîðàì
âíåäðåíèÿ ìîáèëüíîãî èíòåðíåòà (èíôðàñòðóêòóðà, äîñòóïíîñòü, ãîòîâíîñòü ïîòðå-
áèòåëåé, êîíòåíò è óñëóãè) [4]. Èíäåêñ îöåíèâàåò íàëè÷èå âûñîêîïðîèçâîäèòåëüíî-
ãî ïîêðûòèÿ ñåòè ìîáèëüíîãî èíòåðíåòà, ñîîòâåòñòâèå öåí íà ìîáèëüíûå óñëóãè è
óñòðîéñòâà óðîâíþ äîõîäîâ íàñåëåíèÿ, íàëè÷èå ó íàñåëåíèÿ íåîáõîäèìûõ íàâûêîâ,
áåçîïàñíîñòü îíëàéí-êîíòåíòà è äîñòóïíîñòü ìîáèëüíûõ óñëóã. Â 2023 ã. ñàìûé âû-
ñîêèé ïîêàçàòåëü MCI èìåëè Ñèíãàïóð (93,72), Øâåéöàðèÿ (93,16) è Äàíèÿ (93,03),
à ñàìûé íèçêèé ×àä (23,74), Öåíòðàëüíîàôðèêàíñêàÿ ðåñïóáëèêà (22,41) è Þæíûé
Ñóäàí (10,41).

Èññëåäîâàëîñü âëèÿíèå MCI íà èíäåêñ êîíêóðåíòîñïîñîáíîñòè ïðîìûøëåííîñòè
(CIP), ðàçðàáàòûâàåìîãî UNIDO è îòðàæàþùåãî ñïîñîáíîñòü ñòðàí óâåëè÷èâàòü
ñâîå ïðèñóòñòâèå íà ìåæäóíàðîäíûõ è âíóòðåííèõ ðûíêàõ, îäíîâðåìåííî ðàçâèâàÿ
ïðîìûøëåííûå ñåêòîðà è âèäû äåÿòåëüíîñòè ñ áîëåå âûñîêîé äîáàâëåííîé ñòîè-
ìîñòüþ è áîëåå âûñîêèì òåõíîëîãè÷åñêèì óðîâíåì [5]. Ðàñ÷åòû áûëè ïðîâåäåíû â
ïðîãðàììå EViews ïî ïàíåëüíûì äàííûì 47 ñòðàí, âêëþ÷àÿ Ðîññèþ, çà 2014-2022
ãã. Âûáîðêà âêëþ÷àëà â ñåáÿ ñòðàíû OECD, ÁÐÈÊÑ+ è ñòðàíû ñ áûñòðî ðàñòó-
ùåé ýêîíîìèêîé (íàïðèìåð, Âüåòíàì). Òåñò íà ïðè÷èííîñòü óêàçàë íà îäíîñòîðîí-
íåå âëèÿíèå èíäåêñà MCI íà CIP. Äëÿ ó÷åòà âëèÿíèÿ îñòàëüíûõ ôàêòîðîâ â ìîäåëü
ââåäåíà ïåðåìåííàÿ âðåìåíè t. Òåñòèðîâàíèå ðåãðåññèè ñ ôèêñèðîâàííûì ýôôåêòîì
ïî ñòðàíàì è ðåãðåññèè ïî ïîëíîìó íàáîðó äàííûõ âûÿâèëî ïðåäïî÷òåíèå ðåãðåññèè
ñ ôèêñèðîâàííûì ýôôåêòîì. Èññëåäîâàíèå îñòàòêîâ ïîêàçàëî íîðìàëüíîñòü èõ ðàñ-
ïðåäåëåíèÿ. Ïðèìåíåíèå âçâåøåííîãî ÌÍÊ ïîçâîëèëà ïðåîäîëåòü àâòîêîððåëÿöèþ
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â îñòàòêàõ. Â ðåçóëüòàòå ïîëó÷åíà ìîäåëü

CIP = 0.2 + 0.0006 ∗MCI − 0.0045 ∗ t, R2 = 0.991,

ãäå t � ãîä-1999. Îöåíêè âñåõ ïàðàìåòðîâ çíà÷èìû íà óðîâíå 1%. Òàêèì îáðàçîì,
ïîäòâåðæäåíî íàëè÷èå çíà÷èìîé ïîëîæèòåëüíîé êîððåëÿöèè ìåæäó èíäåêñîì ìî-
áèëüíîé ñâÿçè è èíäåêñîì êîíêóðåíòîñïîñîáíîñòè ïðîìûøëåííîé ïðîäóêöèè.

Â òî æå âðåìÿ èññëåäîâàíèå ïðè÷èííîñòè ïî Ãðåéíäæåðó ïîêàçàòåëÿ MCI è ëîãà-
ðèôìà ÂÂÏ íà äóøó íàñåëåíèÿ (äàííûå WorldBank [6]) ïîêàçàëî èõ âçàèìíîå âëèÿ-
íèå íà ëàãå âûøå 1-ãî.

MCI(t) = −54.9+7.51∗LnGDP (t−1)+0.51∗MCI(t−1)+0.2∗MCI(t−2), R2 = 0.979;

LnGDP (t) = 2.78 + 0.0024 ∗MCI(t− 1) + 0.72 ∗ LnGDP (t− 1), R2 = 0.998.

Îáå çàâèñèìîñòè ïîñòðîåíû ïî ïàíåëüíûì äàííûì ñ ôèêñèðîâàííûì ýôôåêòîì äëÿ
47 ñòðàí çà ïåðèîä 2015-2023 ãã. Îöåíêè âñåõ ïàðàìåòðîâ çíà÷èìû íà óðîâíå 1%,
îøèáêè íîðìàëüíî ðàñïðåäåëåíû, êîýôôèöèåíò Äàðáèíà-Óîòñîíà áëèçîê ê 2, ÷òî
ñâèäåòåëüñòâóåò îá îòñóòñòâèè àâòîêîððåëÿöèè ïåðâîãî ïîðÿäêà.

Àíàëîãè÷íûé ðåçóëüòàò ïîëó÷åí è ïðè èññëåäîâàíèè ïðè÷èííîñòè ìåæäó MCI è
èíäåêñîì ñîöèàëüíîãî ïðîãðåññà (SPI), êîòîðûé ÿâëÿåòñÿ îáîáùàþùèì ïîêàçàòåëåì
57 ôàêòîðîâ, îöåíèâàþùèõ ðàçâèòèå ñòðàí ïî òðåì èçìåðåíèÿì: îñíîâíûå ïîòðåáíî-
ñòè ÷åëîâåêà, îñíîâû áëàãîïîëó÷èÿ è âîçìîæíîñòè, âûõîäÿùèå çà ðàìêè ýêîíîìè÷å-
ñêèõ ïîêàçàòåëåé [7].

Òàêèì îáðàçîì, ðàçâèòèå òåõíîëîãèé ìîáèëüíîé ñâÿçè ïîâûøàåò êîíêóðåíòîñïî-
ñîáíîñòü ïðîìûøëåííîé ïðîäóêöèè, ñïîñîáñòâóåò ðîñòó óðîâíÿ äîõîäîâ íàñåëåíèÿ è
èíäåêñà ñîöèàëüíîãî ïðîãðåññà ñòðàíû, íî, â ñâîþ î÷åðåäü, çàâèñèò îò óðîâíÿ ýêî-
íîìè÷åñêîãî ðàçâèòèÿ â ïðåäøåñòâóþùèå ïåðèîäû.

Îäíàêî íåîáõîäèìî ó÷èòûâàòü ðèñêè èñïîëüçîâàíèÿ òåõíîëîãèé ìîáèëüíîé ñâÿçè.
Øèðîêîå ðàñïðîñòðàíåíèå ìîáèëüíîãî èíòåðíåòà ïîâûøàåò âîçìîæíîñòü íåñàíêöè-
îíèðîâàííîãî äîñòóïà ê äàííûì, ïîýòîìó îáåñïå÷åíèå êèáåðáåçîïàñíîñòè ÿâëÿåòñÿ
âàæíåéøåé çàäà÷åé ëþáîé ñòðàíû. Êðîìå òîãî, íåîáõîäèìî ó÷èòûâàòü è ïðîáëåìû
îòðèöàòåëüíîãî âîçäåéñòâèÿ ýòèõ òåõíîëîãèé íà ÷åëîâåêà è îêðóæàþùóþ ñðåäó.
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Àííîòàöèÿ

Â ñòàòüå ðàññìàòðèâàåòñÿ è îáîáùàåòñÿ îïûò ðàçëè÷íûõ ôàêóëüòåòîâ Îäèíöîâ-
ñêîãî ôèëèàëà ÌÃÈÌÎ ïî âíåäðåíèþ òåõíîëîãèé âèðòóàëüíîé ðåàëüíîñòè â ïðîöåññ
ïðåïîäàâàíèÿ èíîñòðàííîãî ÿçûêà. Ðàññìîòðåíû ñëó÷àè ïðèìåíåíèÿ VR äëÿ ïðåïî-
äàâàíèÿ îáùåãî ÿçûêà è ÿçûêà ñïåöèàëüíîñòè, à òàêæå ðàçëè÷íûå ñïîñîáû ñîçäàíèÿ
ñöåíàðèåâ äëÿ VR-ñèìóëÿöèè, â òîì ÷èñëå ñ èñïîëüçîâàíèåì èñêóññòâåííîãî èíòåë-
ëåêòà.

Êëþ÷åâûå ñëîâà: èíîñòðàííûé ÿçûê, âèðòóàëüíàÿ ðåàëüíîñòü, èñêóññòâåííûé
èíòåëëåêò, ìåòîäèêà ïðåïîäàâàíèÿ èíîñòðàííîãî ÿçûêà, ìîòèâàöèÿ

Ïðîåêò ïî âíåäðåíèþ â ïðàêòèêó èçó÷åíèÿ èíîñòðàííîãî ÿçûêà òåõíîëîãèé âèð-
òóàëüíîé ðåàëüíîñòè ðåàëèçóåòñÿ â ÌÃÈÌÎ ñ 2022 ãîäà Ëèíãâèñòè÷åñêîé ëàáîðà-
òîðèåé Ôàêóëüòåòà ëèíãâèñòèêè è ìåæêóëüòóðíîé êîììóíèêàöèè â ðàìêàõ ïðîåêòà
¾Öèôðîâàÿ êàôåäðà¿ (ÿâëÿåòñÿ ÷àñòüþ ïðîãðàììû ¾Ïðèîðèòåò 2030¿) ñîâìåñòíî ñ
ïàðòíåðàìè ÎÎÎ ¾ÂèÀð Ñóïåðñîíèê¿. Â ïðîåêòå ó÷àñòâóþò ïÿòü ôàêóëüòåòîâ ÌÃÈ-
ÌÎ. Íà íàñòîÿùèé ìîìåíò íàïèñàíî 43 ñöåíàðèÿ íà òðåõ ÿçûêàõ, è áîëåå 500 ñòó-
äåíòîâ èñïîëüçîâàëè VR-òåõíîëîãèè â èçó÷åíèè àíãëèéñêîãî ÿçûêà, óñïåøíî ïðîéäÿ
ñöåíàðèè áîëåå 1750 ðàç (÷èñëî íåïðåðûâíî ðàñòåò).

Ñòóäåíòû îòðàáàòûâàþò íà VR-òðåíàæåðå íàâûêè äèàëîãè÷åñêîé ðå÷è ñ âèðòó-
àëüíûì ñîáåñåäíèêîì â âèðòóàëüíîé ñðåäå ïî çàðàíåå ïîäãîòîâëåííûì ñöåíàðèÿì,
ïðåäóñìàòðèâàþùèì èñïîëüçîâàíèå öåëåâîé ëåêñèêè è ñïåöèàëüíîé ïðîôåññèîíàëü-
íîé òåðìèíîëîãèè.

Íà Ôàêóëüòåòå ëèíãâèñòèêè è ìåæêóëüòóðíîé êîììóíèêàöèè äàííàÿ òåõíîëîãèÿ
èñïîëüçóåòñÿ íà çàíÿòèÿõ ïî ëèíãâîñòðàíîâåäåíèþ. Íà ìåæäóíàðîäíî-ïðàâîâîì ôà-
êóëüòåòå VR ïðèìåíÿåòñÿ íà çàíÿòèÿõ ïî èíîñòðàííîìó ÿçûêó (îáùèé ÿçûê íà ïåð-
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âîì è âòîðîì êóðñàõ). Çàíÿòèÿ íà VR-òðåíàæåðå ïðîâîäÿòñÿ â ðàìêàõ îñíîâíîãî
ðàñïèñàíèÿ íà àóäèòîðíûõ çàíÿòèÿõ, ôàêóëüòàòèâíî è ïî æåëàíèþ îáó÷àþùèõñÿ.

Ýêñïåðèìåíò, ïðîâåäåííûé íà Ôàêóëüòåòå ëèíãâèñòèêè è ìåæêóëüòóðíîé êîììó-
íèêàöèè, à òàêæå íà ìåæäóíàðîäíî-ïðàâîâîì ôàêóëüòåòå ÌÃÈÌÎ-Îäèíöîâî, ïîêà-
çàë ðåçóëüòàòèâíîñòü èñïîëüçîâàíèÿ òåõíîëîãèè äëÿ ïîâûøåíèÿ êà÷åñòâà îáó÷åíèÿ
èíîñòðàííîìó ÿçûêó. Ìîæíî óâåðåííî ãîâîðèòü î ðîñòå ïîâåäåí÷åñêîé âîâëå÷åííî-
ñòè ñòóäåíòîâ è èõ àêòèâíîñòè íà àóäèòîðíûõ çàíÿòèÿõ, à òàêæå î áîëåå ðàâíîìåðíîì
ðàñïðåäåëåíèè ðåéòèíãîâûõ îöåíîê ñ ðîñòîì ìåäèàííîãî çíà÷åíèÿ. Ïðè ôàêóëüòà-
òèâíîì èñïîëüçîâàíèè äîëÿ íåóäîâëåòâîðèòåëüíûõ îöåíîê ïî ðåçóëüòàòàì çà÷åòîâ â
çèìíåé ñåññèè 2023/24 ó÷. ãîäà ñíèçèëàñü ïî÷òè âäâîå ïî ñðàâíåíèþ ñ ïåðèîäîì äî
íà÷àëà ðàáîòû ñ VR. Ïðè èñïîëüçîâàíèè ïðàêòèêè â ðàìêàõ àóäèòîðíûõ çàíÿòèé ñ
îáÿçàòåëüíûì îöåíèâàíèåì íàáëþäàåòñÿ ðîñò àêàäåìè÷åñêîãî ðåéòèíãà ñòóäåíòîâ.

Â ïåðñïåêòèâå ïëàíèðóåòñÿ ðàñøèðåíèå îõâàòà ñòóäåíòîâ, òàê, â 2024 ãîäó VR-
òåõíîëîãèÿ óæå íà÷àëà ïðèìåíÿòüñÿ äëÿ îáó÷åíèÿ äðóãèì èíîñòðàííûì ÿçûêàì, ïî-
ìèìî àíãëèéñêîãî. Ïëàíèðóåòñÿ ñîçäàíèå äîïîëíèòåëüíûõ ó÷åáíûõ ñöåíàðèåâ, áîëåå
øèðîêîå âíåäðåíèå èñêóññòâåííîãî èíòåëëåêòà êàê äëÿ óïðîùåíèÿ è óñêîðåíèÿ íà-
ïèñàíèÿ ñöåíàðèåâ, òàê è äëÿ ðàçâèòèÿ ó ñòóäåíòîâ íàâûêîâ ñïîíòàííîé ðå÷è. Òàêæå
ïëàíèðóåòñÿ êîììåðöèàëèçàöèÿ ïðàêòèêè.

Íà êàôåäðå àíãëèéñêîãî ÿçûêà ÌÃÈÌÎ-Îäèíöîâî ñöåíàðèè äëÿ çàíÿòèé íà VR-
òðåíàæåðå ðàçðàáàòûâàþòñÿ äëÿ ñëåäóþùèõ íàïðàâëåíèé è ïðîôèëåé ïîäãîòîâêè:
ýêîíîìèêà, ìåíåäæìåíò, áèçíåñ-èíôîðìàòèêà, òóðèçì. Òàêæå ïðîâîäÿòñÿ çàíÿòèÿ ñ
èñïîëüçîâàíèåì VR äëÿ ñòóäåíòîâ Òàøêåíòñêîãî ôèëèàëà ÌÃÈÌÎ â ðàìêàõ îáÿçà-
òåëüíûõ ìîñêîâñêèõ ìîäóëåé.

VR-òåõíîëîãèè èñïîëüçóþòñÿ äëÿ îáó÷åíèÿ àíãëèéñêîìó ÿçûêó â ðàìêàõ àóäè-
òîðíûõ çàíÿòèé ïî ESP, ò.å., ÿçûêó ñïåöèàëüíîñòè, ïðåèìóùåñòâåííî íà òðåòüåì è
÷åòâåðòîì êóðñàõ. Íà âñåõ íàïðàâëåíèÿõ ïîäãîòîâêè VR-ñöåíàðèè ðàçðàáîòàíû äëÿ
îòðàáîòêè ïðîôåññèîíàëüíîé òåðìèíîëîãèè ñ ðå÷åâûõ êëèøå, ïðèñóùèõ ïðîôåññèî-
íàëüíî îáóñëîâëåííûì ñèòóàöèÿì îáùåíèÿ. Â ãðóïïàõ ýêîíîìè÷åñêèõ íàïðàâëåíèé
ïîäãîòîâêè òàêæå áûë ïðîâåäåí ýêñïåðèìåíò, êîòîðûé ïîêàçàë ðîñò àêàäåìè÷åñêîé
óñïåâàåìîñòè â ñðåäíåì íà 11% â VR-ãðóïïàõ ïî ñðàâíåíèþ ñ êîíòðîëüíûìè ãðóï-
ïàìè, òàê ÷òî áûëî ðåøåíî íåñêîëüêî ðàñøèðèòü ïðèìåíåíèå VR.

×òî êàñàåòñÿ äàëüíåéøèõ ïåðñïåêòèâ èñïîëüçîâàíèÿ VR-òðåíàæåðà äëÿ îáó÷åíèÿ
àíãëèéñêîìó ÿçûêó, ïëàíèðóåòñÿ áîëåå øèðîêîå ïðèâëå÷åíèå ñòóäåíòîâ ê ó÷àñòèþ â
ïðîåêòå, à òàêæå ðàçðàáîòêà ñöåíàðèåâ äëÿ äðóãèõ íàïðàâëåíèé ïîäãîòîâêè.

Ñöåíàðèè äëÿ VR-ñèìóëÿöèé

Â çàâèñèìîñòè îò óðîâíÿ ïîäãîòîâêè ñòóäåíòîâ è ïîñòàâëåííûõ çàäà÷ äëÿ ðàáîòû
â âèðòóàëüíîé ñðåäå èñïîëüçóþòñÿ ðàçíûå òèïû ñöåíàðèåâ. Ïåðâûé � ýòî ò.í. ëèíåé-
íûé ñöåíàðèé ñ âûáîðîì îäíîãî ïðàâèëüíîãî îòâåòà èç ïðåäëîæåííûõ. Ïðè âûáîðå
íåâåðíîãî îòâåòà, âñòðîåííûé ìåíòîð äàåò îáðàòíóþ ñâÿçü, íàïðèìåð ¾ñî ñëîâîì
¾äàòà¿ íóæíî èñïîëüçîâàòü äðóãîé ïðåäëîã¿ èëè ¾ïðèäåðæèâàéòåñü îôèöèàëüíîãî
ñòèëÿ îáùåíèÿ¿. Ïðè âòîðîì ïðîõîæäåíèè ñòóäåíò âèäèò òðè âàðèàíòà îòâåòà è ìî-
æåò èõ ïðî÷èòàòü (ïðî ñåáÿ), íî ïðè íàæàòèè íà êíîïêó ðàñïîçíàâàíèÿ ðå÷è îòâåòû
èñ÷åçàþò è îñòàþòñÿ òîëüêî ïîäñêàçêà î ñîäåðæàíèè îòâåòà. È, íàêîíåö, ïðè òðå-
òüåì ïðîõîæäåíèè, îæèäàåòñÿ, ÷òî ñòóäåíò óæå çàïîìíèë öåëåâóþ ëåêñèêó, òàê ÷òî
âàðèàíòû îòâåòîâ îòñóòñòâóþò, åñòü òîëüêî ïîäñêàçêà.
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Ïðè íàïèñàíèè òàêèõ ñöåíàðèåâ ñóùåñòâóþò îïðåäåëåííûå òåõíè÷åñêèå îãðàíè÷å-
íèÿ, ïðåæäå âñåãî, ïî îáúåìó òåêñòà � â ïîëå çðåíèÿ ïîëüçîâàòåëÿ äîëæíû ïîìåùàòü-
ñÿ òðè îòâåòà, ïîäñêàçêà è ñîáåñåäíèê-áîò. Êðîìå òîãî, åñòü è ñîäåðæàòåëüíûå àñ-
ïåêòû � âàðèàíòû îòâåòîâ äîëæíû îòëè÷àòüñÿ äðóã îò äðóãà äîâîëüíî çíà÷èòåëüíî,
÷òîáû èçáåæàòü íåïðàâèëüíîãî ðàñïîçíàâàíèÿ. Ïîäñêàçêà íå äîëæíà áûòü äîñëîâ-
íîé, íî äîëæíà áûòü äîñòàòî÷íî ïîäðîáíîé, ÷òîáû ñòóäåíò ìîã ïîñòðîèòü âåðíûé
îòâåò.

Íà áîëåå ïðîäâèíóòûõ ýòàïàõ îáó÷åíèÿ íà÷èíàþò ïðèìåíÿòüñÿ äðóãèå ìåòîäû
ðàáîòû ñ VR, îòëè÷íûå îò æåñòêî ôèêñèðîâàííûõ ñöåíàðèåâ, ãäå çàäà÷åé ñòóäåíòîâ
ÿâëÿåòñÿ ïðàâèëüíîå èñïîëüçîâàíèå ñòàíäàðòíûõ êëèøå è ñòàíäàðòèçèðîâàííûõ ðå-
ïëèê, îáóñëîâëåííûõ êîíêðåòíîé ñèòóàöèåé îáùåíèÿ. Àëüòåðíàòèâíûé ìåòîä ïðåä-
ïîëàãàåò ñâîáîäíîå îáùåíèå íà çàäàííóþ òåìó ñ âèðòóàëüíûì ñîáåñåäíèêîì íà áàçå
èñêóññòâåííîãî èíòåëëåêòà äëÿ òðåíèðîâêè êîììóíèêàòèâíûõ íàâûêîâ. Â äàííîì
ñëó÷àå äëÿ ïðîõîæäåíèÿ ñöåíàðèÿ òðåáóåòñÿ óæå íå âûáðàòü ïðàâèëüíûé îòâåò èëè
ïîñòðîèòü åãî íà îñíîâå ïîäñêàçêè ñ èñïîëüçîâàíèåì öåëåâîé ëåêñèêè èëè ãðàììà-
òèêè. Â ñöåíàðèÿõ ñ èñïîëüçîâàíèåì ÈÈ ñòóäåíòó ïðèõîäèòñÿ ðåøàòü êîììóíèêà-
òèâíóþ çàäà÷ó, ¾óáåæäàòü¿ ñîáåñåäíèêà, ïðèìåíÿÿ ïîëó÷åííûå íà óðîêàõ çíàíèÿ, à
òàêæå àíàëèçèðîâàòü åãî âûñêàçûâàíèÿ.

Äëÿ ýòîãî òðåáóåòñÿ öåëûé êîìïëåêñ ðàçâèòûõ êîììóíèêàòèâíûõ íàâûêîâ, ïî-
ìèìî ïðåäìåòíûõ çíàíèé è çíàíèÿ òåðìèíîëîãèè. Ïîíèìàíèå âûñêàçûâàíèé áîòà
òðåáóåò äîñòàòî÷íî ðàçâèòûõ íàâûêîâ àóäèðîâàíèÿ, è àäåêâàòíîãî ðåàãèðîâàíèÿ íà
âûñêàçûâàíèÿ ñîáåñåäíèêà, áåãëîñòè ðå÷è, óìåñòíîãî èñïîëüçîâàíèÿ ãðàììàòèêè è
ëåêñèêè. Êðîìå òîãî, ïîäîáíàÿ ñèìóëÿöèÿ ìàêñèìàëüíî ïîõîæà íà ñâîáîäíîå îáùå-
íèå ñ íîñèòåëåì ÿçûêà, ÷òî èíîãäà âûçûâàåò ó ñòóäåíòîâ îïðåäåëåííóþ òðåâîæíîñòü
è ñòðåññ. Åñòü äâà òèïà ñèìóëÿöèé íà îñíîâå èñêóññòâåííîãî èíòåëëåêòà, ïðåäïîëà-
ãàþùèõ ¾ñâîáîäíîå¿ îáùåíèå íà çàäàííóþ òåìó.

Âî-ïåðâûõ, ýòî äåáàòû. Âíà÷àëå VR íàñòàâíèê ðàññêàçûâàåò ñòóäåíòó ïðî çàäà÷ó
ñèìóëÿöèè, äàëåå âèðòóàëüíûé ñîáåñåäíèê çàäàåò âîïðîñ, î ÷åì õîòåë áû ïîãîâîðèòü
ñòóäåíò è çàíèìàåò ïðîòèâîïîëîæíóþ ïîçèöèþ. Ìîæíî ðàññìîòðåòü ýòó ñèìóëÿöèþ
íà ïðèìåðå äèñêóññèè î ñâîáîäíîé òîðãîâëå, êîòîðàÿ ïðîâîäèòñÿ ñî ñòóäåíòàìè â
ñåäüìîì ñåìåñòðå ïîñëå ïðîõîæäåíèÿ ñîîòâåòñòâóþùåãî ìàòåðèàëà. Ñòóäåíò ëèáî
ÿâëÿåòñÿ ñòîðîííèêîì ñâîáîäíîé òîðãîâëè, ëèáî ïðåäïî÷èòàåò ïðîòåêöèîíèçì � è áîò
îòâå÷àåò íà êàæäûé åãî äîâîä ñâîèì êîíòðäîâîäîì. Ïîñëå äèñêóññèè âèðòóàëüíûé
íàñòàâíèê äàåò îáðàòíóþ ñâÿçü ïî êà÷åñòâó è ëîãèêå àðãóìåíòàöèè ñòóäåíòà.

Íåñìîòðÿ íà î÷åâèäíûé ïëþñ, âîçìîæíîñòü âåäåíèÿ ñâîáîäíîé äèñêóññèè, ïðèáëè-
æåííîé ê ñèòóàöèè ðåàëüíîãî îáùåíèÿ, äàííûé ôîðìàò èìååò è ñâîè îãðàíè÷åíèÿ.
Îñíîâíîå � íåâîçìîæíîñòü íàïðàâëÿòü è êîíòðîëèðîâàòü õîä áåñåäû, ÷òî áûâàåò
íå ñëèøêîì óäîáíî â ó÷åáíîé ñèòóàöèè, êîãäà ñâîáîäíàÿ äèñêóññèÿ âñå æå äîëæíà
ðàçâèâàòüñÿ ïî îïðåäåëåííîìó ïëàíó è îõâàòûâàòü îïðåäåëåííûå ïîäòåìû â ñîîò-
âåòñòâèè ñ èçó÷åííûì ìàòåðèàëîì.

Âòîðîé òèï èñïîëüçóåìûõ íàìè ñèìóëÿöèé, ðàçãîâîðíàÿ ïðàêòèêà, òðåáóåò áîëü-
øå ïîäãîòîâèòåëüíîé ðàáîòû ñî ñòîðîíû ïðåïîäàâàòåëÿ, ò.ê. çäåñü ïðåäïîëàãàþòñÿ
íå äåáàòû, à êîíñòðóêòèâíûé äèàëîã, ïîñâÿùåííûé ðåøåíèþ íåêîé çàäà÷è. Ê ïðè-
ìåðó, ðå÷ü ìîæåò èäòè î ôîðìèðîâàíèè ñáàëàíñèðîâàííîãî ïî ðèñêàì è ïðèáûëü-
íîñòè èíâåñòèöèîííîãî ïîðòôåëÿ � ýòî íàøà çàäà÷à. Äàííàÿ ñèìóëÿöèÿ âêëþ÷àåò
â ñåáÿ ñåìü ýòàïîâ � ïðèâåòñòâèå, îáñóæäåíèå ôèíàíñîâûõ èíñòðóìåíòîâ â îáùåì,
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õàðàêòåðèñòèêè àêöèé è îáëèãàöèé, ïðåèìóùåñòâà è íåäîñòàòêè òîé èëè èíîé ñòðàòå-
ãèè, âûðàáîòêà ðåêîìåíäàöèé è îáðàòíàÿ ñâÿçü âèðòóàëüíîãî íàñòàâíèêà, êîòîðûé,
â äàííîì ñëó÷àå, êîììåíòèðóåò íå òîëüêî ëîãèêó è ñâÿçíîñòü âûñêàçûâàíèé, íî è
ïðàâèëüíîå èñïîëüçîâàíèå öåëåâîé ëåêñèêè íà êàæäîì ýòàïå. Íà âñåõ ýòàïàõ ïðå-
ïîäàâàòåëü ïðîïèñûâàåò ñîäåðæàíèå ýòàïà, ïðèìåðíóþ ðåïëèêó áîòà è ïðèìåðíûé
ãèïîòåòè÷åñêèé îòâåò ñòóäåíòà, à òàêæå öåëåâóþ ëåêñèêó. Äàëåå òåêñò ïðåîáðàçó-
åòñÿ ðàçðàáîò÷èêàìè â èíòåðàêòèâíóþ VR-ñèìóëÿöèþ � ïðåïîäàâàòåëü ìîæåò âû-
áðàòü âèðòóàëüíûé ñåòòèíã è ñîáåñåäíèêà, à òàêæå åãî ¾íàñòðîåíèå¿ - ïîçèòèâíîå,
íåéòðàëüíîå èëè íåãàòèâíîå. Âíóòðè ñèìóëÿöèè ñòóäåíò âèäèò òîëüêî ñâîåãî ñîáå-
ñåäíèêà, à òàêæå íåáîëüøîå îêîøêî ñ ïîäñêàçêîé � öåëåâîé òåðìèíîëîãèåé.

Ïðåèìóùåñòâîì äàííîãî âèäà ñöåíàðèåâ ìîæíî ñ÷èòàòü èõ áîëüøóþ óïðàâëÿå-
ìîñòü ïî ñðàâíåíèþ ñî ñâîáîäíûìè äåáàòàìè (áîò ñëåäóåò çàäàííîìó ïëàíó áåñåäû,
÷òî ãàðàíòèðóåò ïðîõîæäåíèå âñåõ çàïëàíèðîâàííûõ ýòàïîâ ðàçãîâîðà è äàåò îïî-
ðó ñòóäåíòàì) è âîçìîæíîñòü âûâåñòè áåñåäó íà ðåøåíèå îïðåäåëåííîé êîììóíèêà-
òèâíîé çàäà÷è, íå îãðàíè÷èâàÿñü ñîïîñòàâëåíèåì àðãóìåíòîâ ¾çà¿ è ¾ïðîòèâ¿. Âñå
ýòî ñî÷åòàåòñÿ ñ âîçìîæíîñòüþ äëÿ ñòóäåíòîâ ñàìîñòîÿòåëüíî ôîðìóëèðîâàòü ñâîè
îòâåòû è âûáèðàòü òàêòèêó âåäåíèÿ ðàçãîâîðà, ÷òî äàåò èì áîëüøóþ ñâîáîäó ïî
ñðàâíåíèþ ñ âûïîëíåíèåì ëèíåéíîãî ñöåíàðèÿ.
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130

https://doi.org/10.5281/zenodo.15510847


ïîçíàíèÿ: ¾Ìû ìîæåì ïåðåñòàòü èñêàòü ìîäåëè. Ìû ìîæåì àíàëèçèðîâàòü äàííûå
áåç ãèïîòåç î òîì, ÷òî îíè ìîãóò íàì ñêàçàòü. Ìû ìîæåì áðîñèòü ÷èñëà â ñàìûå áîëü-
øèå âû÷èñëèòåëüíûå êëàñòåðû, êîòîðûå êîãäà-ëèáî âèäåë ìèð, è ïîçâîëèòü ñòàòè-
ñòè÷åñêèì àëãîðèòìàì íàõîäèòü çàêîíîìåðíîñòè òàì, ãäå èõ íå ìîæåò íàéòè íàóêà¿
[1].

Âíåäðåíèå àëãîðèòìîâ ìàøèííîãî îáó÷åíèÿ åù¼ áîëåå óñèëèëî ïîçèöèè ñòîðîí-
íèêîâ ñòàòèñòè÷åñêîãî èíäóêòèâèçìà, ðàñøèðèâ âîçìîæíîñòè íàõîæäåíèÿ íåÿâíûõ
çàâèñèìîñòåé ìåæäó ÿâëåíèÿìè è ïðîãíîçèðîâàíèÿ ïåðñïåêòèâ ðàçâèòèÿ ñèòóàöèè
íà èõ îñíîâå. Èíòåðåñ ê àíàëèçó äàííûõ íà îñíîâå ìàøèííîãî îáó÷åíèÿ ñòàë ðàñòè,
â òîì ÷èñëå ñðåäè ïðåäñòàâèòåëåé ïîëèòè÷åñêèõ íàóê, íàïðèìåð, â êðóãàõ èññëåäî-
âàòåëåé êîíôëèêòîâ [2].

Èñïîëüçîâàíèÿ èíñòðóìåíòîâ àíàëèçà äàííûõ è àëãîðèòìîâ ìàøèííîãî îáó÷åíèÿ
ïðè îöåíêå ìåæäóíàðîäíîé îáñòàíîâêè âîñòðåáîâàíî ââèäó òîãî, ÷òî ðåøåíèå ýòîé
çàäà÷è òðåáóåò èíòåãðàöèè áîëüøèõ îáú¼ìîâ ñëàáî ñòðóêòóðèðîâàííîé è ðàçíîîá-
ðàçíîé èíôîðìàöèè. Îíà îõâàòûâàåò ñâåäåíèÿ î ðàçëè÷íûõ îáúåêòèâíûõ ïîêàçàòå-
ëÿõ âçàèìîäåéñòâóþùèõ ñóáúåêòîâ, âêëþ÷àÿ ãåîãðàôè÷åñêîå âçàèìîðàñïîëîæåíèå,
äåìîãðàôè÷åñêèé è ýêîíîìè÷åñêèé ïîòåíöèàë, âîåííóþ ìîùü, âíóòðèïîëèòè÷åñêóþ
ñèòóàöèþ, à òàêæå ñóáúåêòèâíûõ îñîáåííîñòÿõ âçàèìíîãî âîñïðèÿòèÿ, îïðåäåëÿåìî-
ãî â òîì ÷èñëå èñòîðè÷åñêèì îïûòîì îòíîøåíèé, à òàêæå èíäèâèäóàëüíûå èäèîñèí-
êðàçèè ëèäåðîâ [3].

Êàê ñëåäñòâèå, òðàäèöèîííûå ñòàòèñòè÷åñêèå ìîäåëè, äàæå èñïîëüçóþùèå øèðî-
êîå ÷èñëî çàäàííûõ ïåðåìåííûõ, äåìîíñòðèðóþò êðàéíå îãðàíè÷åííûå ðåçóëüòàòû.
Èññëåäîâàíèå Ñ. Êðàíìåðà è Á. Äåìàðå ïðîäåìîíñòðèðîâàëî, ÷òî ñàìûå ëó÷øèå
ñòàòèñòè÷åñêèå ìîäåëè ïîçâîëÿþò ïðîãíîçèðîâàòü íå áîëåå 7% ñëó÷àåâ ìåæãîñóäàð-
ñòâåííûõ êîíôëèêòîâ [4]. Ýêñïåðòíûå ñóæäåíèÿ ïî ïðîáëåìàì ìåæäóíàðîäíîé ïî-
ëèòèêè, êàê ïîêàçûâàþò ïðîâåä¼ííûå èññëåäîâàíèÿ, òàêæå õàðàêòåðèçóþòñÿ íèçêîé
òî÷íîñòüþ [5]. Íåóäîâëåòâîð¼ííîñòü òàêîãî ðîäà ðåçóëüòàòàìè ïîðîæäàåò çàïðîñ íà
àëüòåðíàòèâíûå èíñòðóìåíòû ïîëó÷åíèÿ ïðîãíîçîâ ñ îïîðîé íà âíîâü ïîÿâëÿþùèåñÿ
ïðîãðàììíûå ñðåäñòâà.

Âìåñòå ñ òåì ïðåäìåòíàÿ îáëàñòü ¾ìåæäóíàðîäíûå îòíîøåíèÿ¿ õàðàêòåðèçóåòñÿ
ðÿäîì îñîáåííîñòåé, êîòîðûå îñëîæíÿþò ïðèëîæåíèå èíñòðóìåíòîâ àíàëèçà äàííûõ
äëÿ ðåøåíèÿ ïðîôåññèîíàëüíûõ çàäà÷ êàê â íàó÷íî-èññëåäîâàòåëüñêîé ðàáîòå, òàê
è ñ ïðèêëàäíûìè öåëÿìè.

Â ïåðâóþ î÷åðåäü, òðóäíîñòè îáóñëîâëåíû ñïåöèôèêîé çàäà÷ è ñîîòâåòñòâåííî
äàííûõ, ñ êîòîðûìè ïðèõîäèòñÿ ðàáîòàòü. Õîòÿ îáùåïðèçíàííîå îïðåäåëåíèå âûðà-
æåíèÿ ¾áîëüøèå äàííûå¿ âûðàáîòàòü íå óäàëîñü, óòâåðäèëñÿ êîíñåíñóñ îòíîñèòåëüíî
òîãî, ÷òî îíî îïèñûâàåò òàêîå ìíîæåñòâî ñâåäåíèé, êîòîðîå íåâîçìîæíî îáðàáîòàòü
âðó÷íóþ èëè ñ èñïîëüçîâàíèåì áàçîâîãî ïðîãðàììíîãî îáåñïå÷åíèÿ. Ïðîùå ãîâîðÿ,
ïîä ¾áîëüøèìè¿ ïîíèìàþòñÿ òàêèå ìàññèâû äàííûõ, êîòîðûå íå ïîëó÷èòñÿ çàãðó-
çèòü â Excel.

Ïðè ýòîì îíè îòëè÷àþòñÿ íå òîëüêî îáú¼ìîì, íî è âûñîêèì ðàçíîîáðàçèåì è
ñêîðîñòüþ îáíîâëåíèÿ. Òåì íå ìåíåå, ýòè êðèòåðèé îòíîñÿòñÿ ê âõîäÿùèì äàííûì,
íî çà÷àñòóþ íåïðèìåíèìû ê òåì êëþ÷åâûì ñîáûòèÿì, â îòíîøåíèè êîòîðûõ ïðî-
èçâîäèòñÿ îöåíèâàíèå ðåçóëüòàòèâíîñòè è îïòèìèçàöèÿ â õîäå àíàëèçà. Íàïðèìåð,
â áèçíåñ-àíàëèòèêå ñîáèðàåòñÿ ìíîæåñòâî ñâåäåíèé î ïîêóïàòåëÿõ, âêëþ÷àÿ ïîòåí-
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öèàëüíûõ, íî ðåçóëüòèðóþùåé ìåòðèêîé âûñòóïàåò ïðèîáðåòåíèå ñîîòâåòñòâóþùåãî
òîâàðà èëè óñëóãè. Àíàëîãè÷íûì îáðàçîì â ïðåäâûáîðíûõ êàìïàíèÿõ âîñòðåáîâàíû
ðàçëè÷íûå äàííûå îá èçáèðàòåëÿõ, íî èìååòñÿ ÷¼òêèé êðèòåðèé ýôôåêòèâíîñòè �
ãîëîñîâàíèå ýëåêòîðàòà.

Â ìåæäóíàðîäíûõ îòíîøåíèÿõ îòñóòñòâóåò òàêîãî ðîäà åäèíàÿ ìåòðèêà. Âìåñòî
íå¼ èíòåðåñ ïðåäñòàâëÿåò ìíîæåñòâî òèïîâ ñîáûòèé. Â òîì ÷èñëå àíàëèòèêè ñòàëêè-
âàþòñÿ ñ çàäà÷àìè âûÿâëåíèÿ è ïðîãíîçèðîâàíèÿ ñëó÷àåâ èíèöèèðîâàíèÿ, îáîñòðå-
íèÿ è äåýñêàëàöèè êîíôëèêòîâ, à òàêæå çàêëþ÷åíèÿ ðàçëè÷íîãî ðîäà ñîãëàøåíèé.
Òàêîå ìíîãîîáðàçèå îñëîæíÿåò âûðàáîòêó óíèâåðñàëüíûõ ìîäåëåé îöåíêè ìåæäóíà-
ðîäíîé îáñòàíîâêè. Ìåæäó òåì, èíñòðóìåíòû, ôîêóñèðóþùèåñÿ íà êàêîì-òî îäíîì
òèïå ðåçóëüòàòîâ (íàïðèìåð, äîñòèæåíèè ñîãëàøåíèé èëè èíèöèèðîâàíèè êîíôëèê-
òîâ) áóäóò óïóñêàòü ñóùåñòâóþùèå ìåæäó íèìè âçàèìîâëèÿíèÿ è âçàèìîñâÿçè. Â
äàííîì ñëó÷àå ïîêàçàòåëåí âûâîä Ãëåíà Ñíàéäåðà î âçàèìîóâÿçêè äèëåìì â îòíî-
øåíèÿõ ìåæäó ñîþçíèêàìè ñ äèëåììîé áåçîïàñíîñòè â îòíîøåíèÿõ ñ ïðîòèâíèêàìè
[6].

Ïðè ýòîì â îöåíêå êîíôëèêòíîñòè çà÷àñòóþ ñëîæíî âûäåëèòü ÷¼òêèå êðèòåðèè
äåìàðêàöèè îòäåëüíûõ ñòàäèé (ïðîáëåìà ¾êðàñíûõ ëèíèé¿), ââèäó òîãî ÷òî èçìåíå-
íèÿ íîñÿò ãðàäóàëüíûé, à íå äèñêðåòíûé õàðàêòåð [7]. Â ñâîþ î÷åðåäü çàêëþ÷àåìûå
ñîãëàøåíèÿ çà÷àñòóþ íîñÿò íåôîðìàëüíûé è äàæå íåâåðáàëèçèðóåìûé õàðàêòåð. Òà-
êîãî ðîäà îñîáåííîñòè ñîçäàþò òðóäíîñòè è äëÿ òðàäèöèîííûõ ìåòîäîâ îñìûñëåíèÿ
ìåæäóíàðîäíîé ïîëèòèêå, íî â ñëó÷àå àíàëèçà äàííûõ ðàçìûòîñòü êàòåãîðèé îñëîæ-
íÿåò ðåøåíèé çàäà÷ êëàññèôèêàöèè.

Ñïåöèôèêà ïðåäìåòíîé îáëàñòè çàêëþ÷àåòñÿ â òîì, ÷òî èññëåäîâàòåëÿì ïðèõî-
äèòñÿ èìåòü äåëî íå ïðîñòî ñ ðàçíîîáðàçíûìè è ïëîõî ñòðóêòóðèðîâàííûìè, íî ñ
âûñîêîêîíòåêñòíûìè äàííûìè (òî åñòü òàêèìè, çíà÷åíèå êîòîðûõ ìîæåò ðåèíòåð-
ïðåòèðîâàòüñÿ â çàâèñèìîñòè îò áîëüøîãî ÷èñëà âíåøíèõ óñëîâèé). Ìåæäó òåì, ó÷¼ò
øèðîêîãî êîíòåêñòà îñòà¼òñÿ ñëàáîé ñòîðîíîé ñóùåñòâóþùèõ àëãîðèòìîâ ìàøèííîãî
îáó÷åíèÿ, õîòÿ ðàáîòà â ýòîì íàïðàâëåíèè âåä¼òñÿ [8].

Ïðåäøåñòâóþùàÿ êðèòèêà îïèðàåòñÿ íà ëîãè÷åñêèå çàêëþ÷åíèÿ, âûòåêàþùèå
èç òåîðåòè÷åñêèõ ïðåäïîëîæåíèÿ. Äëÿ îïðåäåëåíèÿ ñòåïåíè ïðîÿâëåíèÿ îïèñàííûõ
òðóäíîñòåé ïðè ïðèìåíåíèè èíñòðóìåíòîâ àíàëèçà äàííûõ è ìàøèííîãî îáó÷åíèÿ â
îöåíêå ìåæäóíàðîäíîé îáñòàíîâêè, à òåì áîëåå íàõîæäåíèÿ ñïîñîáîâ èõ ïðåîäîëåíèÿ
òðåáóåòñÿ ïðîâåäåíèÿ ýìïèðè÷åñêèå èññëåäîâàíèÿ. Ñ 2025 ãîäà îíè áûëè âêëþ÷åíû
â ïðîåêò èçó÷åíèÿ ýêñïåðòíîãî ïðîãíîçèðîâàíèÿ, ðåàëèçóåìûé íàó÷íûì êîëëåêòè-
âîì íà áàçå Êàôåäðû ïðèêëàäíîãî àíàëèçà ìåæäóíàðîäíûõ ïðîáëåì è Èíñòèòóòà
ìåæäóíàðîäíûõ èññëåäîâàíèé ÌÃÈÌÎ [9].

Â íàñòîÿùåå âðåìÿ ïîëó÷åíû ïåðâûå ýêñïåðèìåíòàëüíûå äàííûå, èñïîëüçóåìûå
äëÿ äàëüíåéøåé êàëèáðîâêè íàó÷íîé ðàáîòû. Íàïðèìåð, â ðàìêàõ ìàéñêîé âîë-
íû ýêñïåðòíîãî àíêåòèðîâàíèÿ áûë çàäàí âîïðîñ ¾Êàêîâà âåðîÿòíîñòü ñîãëàøåíèÿ
ìåæäó ÊÍÐ è ÑØÀ î ñíèæåíèè òàìîæåííûõ ïîøëèí äî 1 îêòÿáðÿ 2025 ãîäà?¿.
Íà íåãî áûëî ïîëó÷åíî 15 îòâåòîâ îò ðåñïîíäåíòîâ èç ÷èñëà ðîññèéñêèõ ýêñïåðòîâ-
ìåæäóíàðîäíèêîâ. 8 ìàÿ ïàðàëëåëüíî òîò æå âîïðîñ áûë ïîñòàâëåí ðÿäó âåäóùèõ
áîëüøèõ ÿçûêîâûõ ìîäåëåé, âêëþ÷àÿ ChatGPT 4o, DeepSeek, Qwen3, Mistral AI. 12
ìàÿ îí áûë ñíÿò ñ ðàññìîòðåíèÿ â ñâÿçè ñ ïîÿâëåíèåì ñîîáùåíèÿ î çàêëþ÷åíèÿ ÊÍÐ
è ÑØÀ ñäåëêè ïî ñíèæåíèþ òîðãîâûõ ïîøëèí [10].
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Íåñìîòðÿ íà èñïîëüçîâàíèå îäèíàêîâîãî ïðîìòà, îöåíêè ìîäåëåé ñóùåñòâåííî ðàç-
ëè÷àëèñü. Ïðè ýòîì òîëüêî DeepSeek ñäåëàë ïðîãíîç, ÷òî çàêëþ÷åíèå ñîãëàøåíèÿ
áîëåå âåðîÿòíî, ÷åì åãî îòñóòñòâèå (55%). Íàèáîëüøèé ñêåïñèñ ïðîäåìîíñòðèðîâàë
Qwen3 (20% âåðîÿòíîñòü), îöåíêè Ìistal (30%) è ChatGPT (40%) ðàñïîëîæèëèñü
ïîñåðåäèíå. Ýòè ðåçóëüòàòû íå ñèëüíî îòëè÷àëèñü îò îöåíîê ýêñïåðòîâ, êîòîðûå
ðàíæèðîâàëèñü â ïðîìåæóòêå îò 0 äî 70%. Ïðè ýòîì òðîå ðåñïîíäåíòîâ îöåíèëè
âåðîÿòíîñòü ñäåëêè ïîëîæèòåëüíî (äâîå èç íèõ âûøå, ÷åì DeepSeek), åù¼ òðîå äàëè
îòâåò 50 íà 50.

Òàêèì îáðàçîì, â äàííîì êîíêðåòíîì ñëó÷àå íå ïðîñëåæèâàåòñÿ ïðåèìóùåñòâà â
îöåíêàõ áîëüøèõ ÿçûêîâûõ ìîäåëåé ïî ñðàâíåíèþ ñ ýêñïåðòàìè. Â ðàìêàõ ïðîåêòà
êàê îñíîâíàÿ ìåòðèêà èñïîëüçóåòñÿ Èíäåêñ Áðèåðà, ïðåäñòàâëÿþùèé ñîáîé êâàäðàò
îòêëîíåíèÿ ïðîãíîçèðóåìîé âåðîÿòíîñòè ñîáûòèÿ îò ðåàëüíîé âåðîÿòíîñòè (ïîñëåä-
íÿÿ ìîæåò ïðèíèìàòü çíà÷åíèÿ 0 è 1). Ïî äàííîìó âîïðîñó ñðåäíèé ïîêàçàòåëü ÈÁ
ó ÷åòûð¼õ ìîäåëåé ñîñòàâëÿåò ïîðÿäêà 0,4. Èñõîäÿ èç 161 ðàíåå çàäàííûõ âîïðîñîâ
â ðàìêàõ èññëåäîâàíèÿ, ñðåäíèé ÈÁ ó ýêñïåðòîâ íàõîäèòñÿ â ðàéîíå 0,21, ÷òî ñóùå-
ñòâåííî âûøå ïîêàçàííîãî ðåçóëüòàòà (÷åì áîëüøå òî÷íîñòè, òåì áëèæå ê 0). Ïðè
ýòîì õàðàêòåð ýêñïåðèìåíòà áëàãîïðèÿòñòâîâàë ïðèìåíåíèþ ìàøèííîãî îáó÷åíèÿ,
òàê êàê ïðåäïîëàãàë îöåíêó èçîëèðîâàííîãî, ÷¼òêî êëàññèôèöèðóåìîãî ñîáûòèÿ.

Î÷åâèäíî, ÷òî äàííûõ ïî îäíîìó âîïðîñó íåäîñòàòî÷íî äëÿ ñêîëüêî-íèáóäü ãå-
íåðàëèçóåìûõ âûâîäîâ. Âìåñòå ñ òåì ïðèâåä¼ííûé ïðèìåð ïîäòâåðæäàåò âîçìîæíî-
ñòè ýêñïåðèìåíòàëüíîãî ñðàâíåíèÿ ðåçóëüòàòîâ òðàäèöèîííîãî ýêñïåðòíîãî àíàëèçà
è àëãîðèòìîâ ìàøèííîãî îáó÷åíèÿ. Â ðàìêàõ ðåàëèçóåìîãî ïðîåêòà ïðåäïîëàãàåòñÿ
äàëüíåéøåå ðàñøèðåíèå èññëåäîâàíèÿ ñ èñïîëüçîâàíèåì íå òîëüêî îáùåïðèìåíèìûõ
áîëüøèõ ÿçûêîâûõ ìîäåëåé, íî è ñïåöèàëüíî äîîáó÷àåìûõ íåéðîñåòåé.
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Ëîãè÷åñêèå ìåòîäû èñêóñòâåííîãî èíòåëëåêòà è
àëãîðèòìèçàöèè â êèáåðáåçîïàñíîñòè
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Àííîòàöèÿ. Â äàííîé ðàáîòå ïðåäëàãàåòñÿ èñïîëüçîâàòü Òàáëèöû Ôóíêöèîíèðî-
âàíèÿ (ÒÔ) â êà÷åñòâå èíòåãðèðîâàííîé ìîäåëè îáåñïå÷åíèÿ èíôîðìàöèîííîé áåç-
îïàñíîñòè ïóòåì âûÿâëåíèÿ è íåéòðàëèçàöèè óãðîç. Ðàçðàáîòàíà ìåòîäîëîãèÿ, ñî÷å-
òàþùàÿ ÒÔ ñ àëãîðèòìè÷åñêèìè ñèñòåìàìè è ìíîãîçíà÷íîé ïðîäóêöèîííîé ëîãèêîé
äëÿ îáíàðóæåíèÿ, êëàññèôèêàöèè è óñòðàíåíèÿ óãðîç â äèíàìè÷íûõ öèôðîâûõ ñðå-
äàõ. Ïîäõîä âêëþ÷àåò â ñåáÿ ìåõàíèçìû îáíîâëåíèÿ òèïîâ óãðîç è ìåð çàùèòû â
ÒÔ, ãðóïïèðîâêó óãðîç ïî õàðàêòåðèñòèêàì, à òàêæå ïîýòàïíóþ ñèñòåìó ìîíèòî-
ðèíãà äàííûõ â ðåàëüíîì âðåìåíè, èäåíòèôèêàöèè è ðåàãèðîâàíèÿ. Íàðÿäó ñ ýòèì
ïðåäëîæåíà ìîäåëü, îñíîâàííàÿ íà ïðîäóêöèîííîé ëîãèêå, ïîçâîëÿþùàÿ îöåíèâàòü
óãðîçû â óñëîâèÿõ íåîïðåäåëåííîñòè, ñ ïðèìåíåíèåì âçâåøåííûõ ëîãè÷åñêèõ îïåðà-
öèé â ìíîãîçíà÷íûõ ëîãè÷åñêèõ âûðàæåíèÿõ. Ïðåäëîæåíû ôîðìàëüíûå àëãåáðàè-
÷åñêèå êîíñòðóêöèè, îáåñïå÷èâàþùèå ñîãëàñîâàííîñòü, àäàïòèâíîñòü è ýêñïåðòíóþ
íàñòðîéêó ìîäåëåé óãðîç. Ðàçðàáîòàííàÿ ñèñòåìà óñèëèâàåò âîçìîæíîñòè ðåàãèðî-
âàíèÿ íà óãðîçû è ïîääåðæèâàåò èõ äèíàìè÷åñêîå îáíîâëåíèå, ñîçäàâàÿ îñíîâó äëÿ
ïîñòðîåíèÿ èíòåëëåêòóàëüíûõ ýêñïåðòíûõ ñèñòåì â îáëàñòè êèáåðáåçîïàñíîñòè.

Ââåäåíèå

Äàííûå ñõåìû èëëþñòðèðóþò ïðîöåññû àíàëèçà ñåòåâîãî òðàôèêà è ôàéëîâ ñ öå-
ëüþ âûÿâëåíèÿ óãðîç. Â ïåðâîì ñëó÷àå âõîäÿùèå äàííûå (ñåòåâîé òðàôèê, ïî÷òà,
âåá-çàïðîñû) ñîáèðàþòñÿ, ñîõðàíÿþòñÿ è ïðîõîäÿò ïðåäîáðàáîòêó. Ïîñëå èçâëå÷å-
íèÿ èíôîðìàòèâíûõ ïðèçíàêîâ ïðîâîäèòñÿ êëàñòåðíûé àíàëèç, ðåçóëüòàòû êîòîðîãî
ôîðìèðóþò áàçó ïðåöåäåíòîâ (URL, ôèøèíã, DDoS è äð.). Êàæäûé âõîäÿùèé ïàêåò
êëàññèôèöèðóåòñÿ: ïðè îáíàðóæåíèè óãðîçû áàçà îáíîâëÿåòñÿ, â ïðîòèâíîì ñëó÷àå
òðàôèê ñ÷èòàåòñÿ íîðìàëüíûì. Òàêèì îáðàçîì, ñèñòåìà ñàìîîáó÷àåòñÿ è àäàïòèðó-
åòñÿ ê íîâûì óãðîçàì [1] (Ðèñóíîê 1).
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Ðèñóíîê 1. Ôóíêöèîíèðîâàíèå èäåíòèôèêàöèè è êëàññèôèêàöèè óãðîçû

Âî âòîðîì ñëó÷àå àíàëèçèðóþòñÿ êàê ñåòåâûå ïàêåòû, òàê è èñïîëíÿåìûå ôàéëû
(PE, EXE è äð.). Èç íèõ èçâëåêàþòñÿ ïðèçíàêè, ïîñëå ÷åãî ïðèìåíÿþòñÿ ðàçëè÷íûå
ìåòîäû àíàëèçà: ñèãíàòóðíûé, ýâðèñòè÷åñêèé (âêëþ÷àÿ àíàëèç ñêðèïòîâ è òåõíî-
ëîãèè ìàøèííîãî îáó÷åíèÿ), à òàêæå ýêñïåðòíûé. Êàæäàÿ èç ýòèõ ïðîöåäóð ïðè-
íèìàåò ðåøåíèå ïî èíöèäåíòó, íà îñíîâå ÷åãî ôîðìèðóåòñÿ èòîãîâûé âåðäèêò. Ïðè
îáíàðóæåíèè óãðîçû èëè íîâîãî å¼ òèïà ñâåäåíèÿ äîáàâëÿþòñÿ â áàçó ïðåöåäåíòîâ;
áåçîïàñíûé òðàôèê ïðîïóñêàåòñÿ ëèáî óäàëÿåòñÿ (Ðèñóíîê 2).

Ðèñóíîê 2. Òåõíîëîãèÿ îáíàðóæåíèÿ è èäåíòèôèêàöèè óãðîç
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Â äîïîëíåíèå ê ñóùåñòâóþùèì ñèñòåìàì ïðåäëàãàåòñÿ ïðèìåíåíèå ìåòîäîâ Òàá-
ëèö ôóíêöèîíèðîâàíèÿ (ÒÔ) êàê êîìïëåêñíîé ìîäåëè îáåñïå÷åíèÿ èíôîðìàöèîííîé
áåçîïàñíîñòè [1]. Íåîáõîäèìî ðàçðàáîòàòü àëãîðèòìè÷åñêèå ìåòîäû è ïðîãðàììíîå
îáåñïå÷åíèå äëÿ âûÿâëåíèÿ è óñòðàíåíèÿ óãðîç íà îñíîâå ÒÔ. Ýòî âêëþ÷àåò àíàëèç
ñóùåñòâóþùèõ ñèñòåì, ïîñòðîåíèå ìîäåëè è àëãîðèòìîâ, ãðóïïèðîâêó óãðîç ïî
õàðàêòåðèñòèêàì äëÿ îïòèìàëüíîãî èñïîëüçîâàíèÿ ðåñóðñîâ, à òàêæå ìåõàíèçìû
äîáàâëåíèÿ íîâûõ òèïîâ óãðîç è ìåòîäîâ çàùèòû. Òàêæå òðåáóåòñÿ ñîçäàòü ñèñòåìó
è ïðîãðàììíîå îáåñïå÷åíèå äëÿ àâòîìàòè÷åñêîãî îáíàðóæåíèÿ è óñòðàíåíèÿ óãðîç
íà áàçå ÒÔ [2].

1. Êîíòðîëèðîâàòü âõîäÿùèå äàííûå ÷åðåç óêàçàííóþ ñåòü;
2. Èäåíòèôèêàöèÿ äàííûõ è ñðàâíåíèå ñ ñóùåñòâóþùèìè ãðóïïàìè óãðîç.
3. Çàùèòà è ïðîòèâîäåéñòâèå óãðîçå.
Êîíòðîëü âõîäÿùèõ äàííûõ ïî óêàçàííîé ñåòè
Íà äàííîì ýòàïå ñèñòåìà ïîëíîñòüþ êîíòðîëèðóåò âñå âõîäÿùèå è èñõîäÿùèå

IP-àäðåñà è ïîðòû ñåðâåðîâ, ãäå óñòàíîâëåíî ïðèëîæåíèå. Ýòî âêëþ÷àåò ïî÷òîâóþ
ïåðåïèñêó, îáìåí äàííûìè ÷åðåç Èíòåðíåò, FTP è http/https-ïðîòîêîëû. Ïîìèìî
áëîêèðîâêè âíåøíèõ óãðîç, ñèñòåìà òàêæå çàùèùàåò êîíôèäåíöèàëüíóþ èíôîð-
ìàöèþ ïóò¼ì àíàëèçà è ñðàâíåíèÿ äàííûõ ñ áàçàìè, ïðåäîòâðàùåíèÿ óòå÷êè,
îïîâåùåíèÿ àäìèíèñòðàòîðîâ è óïðàâëåíèÿ òðàôèêîì. Âèðóñíûå äàííûå î÷èùàþò-
ñÿ ïóò¼ì ñîïîñòàâëåíèÿ ñ àíòèâèðóñíûìè áàçàìè [3].

Ìîäåëü Ïðîäóêöèîííîé ëîãèêè

Ìîäåëü îöåíêè óãðîç â ñôåðå âûñîêèõ òåõíîëîãèé îñíîâàíà íà ëîãèêî-
âîçìîæíîñòíîì ïîäõîäå è ïðåäïîëàãàåò âû÷èñëåíèå ðèñêîâ ñ íåîïðåäåë¼ííûìè çíà-
÷åíèÿìè â èíòåðâàëå [0,1] ñ èñïîëüçîâàíèåì çàêîíîâ ïðîäóêöèîííîé ëîãèêè. Ýêñ-
ïåðòíûå çíàíèÿ ïðåäñòàâëÿþòñÿ â âèäå ìíîãîóðîâíåâûõ ¾äåðåâüåâ¿, ãäå ¾ëèñòüÿ¿
îòðàæàþò âåðîÿòíîñòè âîçíèêíîâåíèÿ óãðîç, à ñâÿçè íà âåðõíèõ óðîâíÿõ ìîäåëèðó-
þòñÿ ÷åðåç êîíúþíêòèâíûå è äèçúþíêòèâíûå îòíîøåíèÿ ñ âåñàìè èç [0, 1]. Èçìåíå-
íèå ñðåäû èíôîðìàöèîííîé áåçîïàñíîñòè òðåáóåò ïåðåñìîòðà ýêñïåðòíûõ îöåíîê è
ëîãè÷åñêèõ ñâÿçåé. Äëÿ ðàñ÷¼òà óãðîç ïðèìåíÿþòñÿ ôîðìàëüíûå âûðàæåíèÿ ìíîãî-
çíà÷íîé ëîãèêè è ôóíêöèè ïðîäóêöèîííîé ëîãèêè.

Îäíàêî ïðè âû÷èñëåíèè çíà÷åíèé ôóíêöèé ÏË íå ó÷èòûâàþòñÿ âåñà îïåðàöèé,
èñïîëüçóåìûõ â ôóíêöèÿõ. Ñëåäîâàòåëüíî íåîáõîäèìà ðàçðàáîòêà ýëåìåíòîâ ÏË ñ
ïåðåìåííûìè âåñàìè îïåðàöèé.

Ôóíêöèè â ÏË çàäàþòñÿ ñ èñïîëüçîâàíèåì îïåðàöèé: äèçúþíêöèè f1 = b ∨ c =
max(b, c) è êîíúþíêöèè f2 = b ∧ c = min(b, c) äëÿ ðàñ÷¼òîâ çíà÷åíèé ôóíêöèé ÏË
ìîãóò èñïîëüçîâàòüñÿ ñëåäóþùèå àëãåáðàè÷åñêèå âûðàæåíèÿ:

f1 = b ∨ c = b+ c− bc,

f2 = b ∧ c = bc

Èçâåñòíû ôîðìàëüíûå âûðàæåíèÿ äëÿ âû÷èñëåíèÿ ôóíêöèé è îò òð¼õ è áîëüøåãî
÷èñëà àðãóìåíòîâ. Äëÿ ó÷¼òà â ïðîöåññå âû÷èñëåíèÿ çíà÷åíèÿ ôóíêöèè ÌË âåñà
îïåðàöèè, ôîðìàëüíûå âûðàæåíèÿ ÏË çàïèøåì â âèäå:

f1 = b ∨a c f2 = b ∧a c
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çäåñü ÷åðåç a ïðåäñòàâëåíû çíà÷åíèÿ âåñà îïåðàöèé äèçúþíêöèè è êîíúþíêöèè ÏË.
Ðàññìîòðèì ïîñòðîåíèå ôîðìàëüíûõ âûðàæåíèé ïðîäóêöèîííîé ëîãèêè (ÏË) ñ ïå-
ðåìåííûìè âåñàìè ëîãè÷åñêèõ îïåðàöèé, ïðè ýòîì ââîäÿòñÿ îãðàíè÷åíèÿ, êîòîðûì
òàêèå âûðàæåíèÿ äîëæíû óäîâëåòâîðÿòü. Âåñ ëîãè÷åñêîé îïåðàöèè íå ìîæåò ðàñ-
ñìàòðèâàòüñÿ êàê äîïîëíèòåëüíàÿ ïåðåìåííàÿ ýòîé æå îïåðàöèè[4]. Ïåðåìåííàÿ, çà-
äàþùàÿ âåñ, ìîæåò ïðèíèìàòü ëþáûå çíà÷åíèÿ íåçàâèñèìî îò îñòàëüíûõ ïåðåìåí-
íûõ. Ïðè ïðåîáðàçîâàíèÿõ ôîðìàëüíîãî âûðàæåíèÿ ó÷¼ò âåñà íå äîëæåí ïðèâîäèòü
ê èñêëþ÷åíèþ èçíà÷àëüíî çàäàííûõ ïåðåìåííûõ. Êðîìå òîãî, âêëþ÷åíèå âåñà â âû-
ðàæåíèå íå äîëæíî âûâîäèòü åãî çà ïðåäåëû êëàññà âûðàæåíèé ÏË [5,6]. Ïóñòü âû-
ðàæåíèÿ (2) ñ ó÷¼òîì ââîäèìîé ïåðåìåííîé îïåðàöèè a ïðåäñòàâëåíû â âèäå (çäåñü
ìû ðàññìàòðèâàåì ðàçëè÷íûå âàðèàíòû ââåäåíèÿ ïåðåìåííîé âåñà îïåðàöèè a):

f1 = b ∧a c = (a ∧ b) ∧ (a ∧ c) = a ∧ (b ∧ c)

f2 = b ∨a c = (a ∨ b) ∨ (a ∨ c) = a ∨ (b ∨ c)

f3 = b ∧a c = (a ∨ b) ∧ (a ∨ c) = a ∨ (b ∧ c)

f4 = b ∨a c = (a ∧ b) ∨ (a ∧ c) = a ∧ (b ∨ c)

Ðàññìîòðåííûå âàðèàíòû (3) ââåäåíèÿ âåñà îïåðàöèé ∨ è ∧ ÏË ïðîàíàëèçèðóåì
ñ òî÷êè çðåíèÿ ââåä¼ííûõ âûøå îãðàíè÷åíèé 2) è 3).

Ïóñòü a > b, c, òîãäà:

f1,1 = b ∧a c = (a ∧ b) ∧ (a ∧ c) = a ∧ (b ∧ c) = b ∧ c

f1,2 = b ∨a c = (a ∨ b) ∨ (a ∨ c) = a ∨ (b ∨ c) = a

f1,3 = b ∧a c = (a ∨ b) ∧ (a ∨ c) = a ∨ (b ∧ c) = a

f1,4 = b ∨a c = (a ∧ b) ∨ (a ∧ c) = a ∧ (b ∨ c) = b ∨ c

Ïóñòü a < b, c, òîãäà:

f2,1 = b ∧a c = (a ∧ b) ∧ (a ∧ c) = a ∧ (b ∧ c) = a

f2,2 = b ∨a c = (a ∨ b) ∨ (a ∨ c) = a ∨ (b ∨ c) = b ∨ c

f2,3 = b ∧a c = (a ∨ b) ∧ (a ∨ c) = a ∨ (b ∧ c) = b ∧ c

f2,4 = b ∨a c = (a ∧ b) ∨ (a ∧ c) = a ∧ (b ∨ c) = a

Ó÷èòûâàÿ òî, ÷òî ôóíêöèè äîëæíû ñîäåðæàòü âñå ïåðåìåííûå èç (4) è (5), îñòàâ-
ëÿåì òîëüêî âûðàæåíèÿ:

f1,1 = b ∧a c = (a ∧ b) ∧ (a ∧ c) = a ∧ (b ∧ c) = b ∧ c

f1,4 = b ∨a c = (a ∧ b) ∨ (a ∧ c) = a ∧ (b ∨ c) = b ∨ c

f2,2 = b ∨a c = (a ∨ b) ∨ (a ∨ c) = a ∨ (b ∨ c) = b ∨ c

f2,3 = b ∧a c = (a ∨ b) ∧ (a ∨ c) = a ∨ (b ∧ c) = b ∧ c

Âûðàæåíèÿ f1,1 è f2,2 ïðè èñêëþ÷åíèè ñêîáîê ïðîòèâîðå÷àò îãðàíè÷åíèþ 2) è èõ
ìîæíî íå ðàññìàòðèâàòü. Îñòàþòñÿ äâà âûðàæåíèÿ f1,4 è f2,3 êîòîðûå ïîçâîëÿþò
ó÷èòûâàòü âåñà îïåðàöèé ÏË. Çàïèøåì èõ â îêîí÷àòåëüíîì âèäå:

f1,4 = b ∨a c = a ∧ (b ∨ c)
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f2,3 = b ∧a c = a ∨ (b ∧ c)

Ïîëó÷åííûå âûðàæåíèÿ îñòàþòñÿ â êëàññå ôîðìàëüíûõ âûðàæåíèé ÏË, ÷òî ïîä-
òâåðæäàåòñÿ âûïîëíåíèåì çàêîíà Äå Ìîðãàíà (8).

a ∧ (b ∨ c) = a ∨ (b ∧ c)

a ∨ (b ∧ c) = a ∧ (b ∨ c)

Â àëãåáðàè÷åñêîì âèäå âû÷èñëåíèå çíà÷åíèé ôóíêöèé ÏË ñ ââåä¼ííûìè âåñàìè
îïåðàöèé îñóùåñòâëÿåòñÿ ñîãëàñíî âûðàæåíÿì:

f1,4 = b ∨a c == a ∧ (b ∨ c) = a(b ∨ c) = a(b+ c− bc)

f2,3 = b ∧a c == a ∨ (b ∧ c) = a ∨ bc = a+ bc− abc

Ðàññìîòðèì ïðèìåð � ñòðóêòóðó âçàèìîñâÿçåé óãðîç[7] â íåêîòîðîé âû÷èñëèòåëü-
íîé ñèñòåìå (ÂÑ), îöåíèâàåìîé ýêñïåðòàìè.
Çàêëþ÷åíèå. Èñïîëüçîâàíèå Òàáëèö Ôóíêöèîíèðîâàíèÿ ñîâìåñòíî ñ ïðîäóêöè-

îííîé ëîãèêîé îáåñïå÷èâàåò ñòðóêòóðèðîâàííûé è àäàïòèâíûé ïîäõîä ê âûÿâëåíèþ
è íåéòðàëèçàöèè óãðîç èíôîðìàöèîííîé áåçîïàñíîñòè. Ðàçðàáîòàííàÿ ñèñòåìà îáåñ-
ïå÷èâàåò ìîíèòîðèíã òðàôèêà, êëàññèôèêàöèþ óãðîç è àäàïòàöèþ ê íîâûì àòàêàì.
Èíòåãðàöèÿ ýêñïåðòíûõ çíàíèé â ëîãè÷åñêóþ ñòðóêòóðó óñèëèâàåò ïðèíÿòèå ðåøå-
íèé â óñëîâèÿõ íåîïðåäåë¼ííîñòè è ïîääåðæèâàåò ìîäåëèðîâàíèå âçàèìîäåéñòâèÿ
óãðîç, ñîçäàâàÿ îñíîâó äëÿ èíòåëëåêòóàëüíîé çàùèòû èíôîðìàöèè â ìåíÿþùåéñÿ
öèôðîâîé ñðåäå.
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Ñòðåìèòåëüíîå ðàçâèòèå òåõíîëîãèé èñêóññòâåííîãî èíòåëëåêòà (äàëåå � ÈÈ) â
ïîñëåäíèå ãîäû ïðèâåëî ê çíà÷èòåëüíûì èçìåíåíèÿì â ðàçëè÷íûõ àñïåêòàõ æèçíè,
âêëþ÷àÿ ñîçäàíèå è èñïîëüçîâàíèå îáúåêòîâ èíòåëëåêòóàëüíûõ ïðàâ. Ñ óâåëè÷åíèåì
ïðèìåíåíèÿ ÈÈ â ðàçëè÷íûõ îáëàñòÿõ, òàêèõ êàê íàïèñàíèå òåêñòîâ, ñîçäàíèå ìó-
çûêè, ãåíåðàöèÿ èçîáðàæåíèé è âèäåî (ïðèìåíåíèå òàê íàçûâàåìîãî ãåíåðàòèâíîãî
ÈÈ), ðàñòåò è áåñïîêîéñòâî ëþäåé, îñîáåííî ïðåäñòàâèòåëåé òâîð÷åñêèõ ïðîôåññèé.
Ýòè òåõíîëîãèè ñòàíîâÿòñÿ âñå áîëåå ñëîæíûìè è ñïîñîáíû ñîçäàâàòü ïðîèçâåäåíèÿ,
íåîòëè÷èìûå îò ñîçäàííûõ ÷åëîâåêîì. Ïðîñëåæèâàåòñÿ íåîáõîäèìîñòü ðàçðàáîòêè
íîâîãî ñïåöèàëüíîãî ðåãóëèðîâàíèÿ äåÿòåëüíîñòè ñèñòåì èñêóññòâåííîãî èíòåëëåê-
òà, à èìåííî â ÷àñòè ðåãóëèðîâàíèÿ ñáîðà äàííûõ äëÿ îáó÷åíèÿ ÈÈ.

Èñòî÷íèêè ðåãóëèðîâàíèÿ â äàííîé òåìå ìîæíî óñëîâíî ðàçäåëèòü íà äâå ãðóïïû:
íîðìû, ðåãóëèðóþùèå äåÿòåëüíîñòü èñêóññòâåííîãî èíòåëëåêòà (ÈÈ) â öåëîì, è ïî-
ëîæåíèÿ îá àâòîðñêîì ïðàâå, ïîñêîëüêó ÈÈ îáðàáàòûâàåò äàííûå, âêëþ÷àÿ îáúåêòû
èíòåëëåêòóàëüíûõ ïðàâ. Ïîäõîäû Ðîññèè è ÑØÀ ê ðåãóëèðîâàíèþ ÈÈ ñóùåñòâåííî
ðàçëè÷àþòñÿ. Â Ðîññèè äåéñòâóþò ñòðàòåãè÷åñêèå äîêóìåíòû, â òîì ÷èñëå Íàöèî-
íàëüíàÿ ñòðàòåãèÿ ðàçâèòèÿ ÈÈ äî 2030 ãîäà [3], à òàêæå Ôåäåðàëüíûé çàêîí ¾Î
ïåðñîíàëüíûõ äàííûõ¿ [2]. Â ÑØÀ ðåãóëèðîâàíèå áîëåå ôðàãìåíòèðîâàíî: èñïîëü-
çóþòñÿ ðåêîìåíäàöèè Íàöèîíàëüíîãî èíñòèòóòà ñòàíäàðòîâ è òåõíîëîãèé (NIST) [5],
Çàêîí î íàöèîíàëüíîé èíèöèàòèâå â îáëàñòè ÈÈ (National AI Initiative Act) [4], à
òàêæå ñàìîðåãóëèðîâàíèå è êîðïîðàòèâíûå ñòàíäàðòû. Ðîññèéñêàÿ ìîäåëü áîëåå öåí-
òðàëèçîâàíà, àìåðèêàíñêàÿ � ãèáêàÿ è èííîâàöèîííî îðèåíòèðîâàííàÿ.

Îáå ñòðàíû ÿâëÿþòñÿ ó÷àñòíèêàìè Áåðíñêîé è Âñåìèðíîé êîíâåíöèé îá àâòîð-
ñêîì ïðàâå, óñòàíîâèâøèõ ìåæäóíàðîäíûå ñòàíäàðòû. Â Ðîññèè îñíîâíûì èñòî÷íè-
êîì àâòîðñêîãî ïðàâà ÿâëÿåòñÿ ÷àñòü IV ÃÊ ÐÔ, îñîáåííî ãëàâû 69�71, ðåãóëèðóþùèå
èñêëþ÷èòåëüíûå ïðàâà è îñîáåííîñòè èõ ïðèìåíåíèÿ. Ïîäçàêîííûå àêòû � íàïðè-
ìåð, Ïîñòàíîâëåíèå Ïðàâèòåëüñòâà ÐÔ � 992 è ïðèêàçû Ìèíêóëüòóðû � êàñàþòñÿ
êîëëåêòèâíîãî óïðàâëåíèÿ ïðàâàìè. Òàêæå äåéñòâóåò óãîëîâíàÿ è àäìèíèñòðàòèâ-
íàÿ îòâåòñòâåííîñòü çà íàðóøåíèÿ (ñò. 146 ÓÊ ÐÔ, ñò. 7.12 ÊîÀÏ ÐÔ). Äëÿ çàùèòû
ïðàâ â èíòåðíåòå ïðèíÿò çàêîí � 187-ÔÇ. Â ÑØÀ ðåãóëèðîâàíèå îñíîâàíî íà Çàêîíå
îá àâòîðñêîì ïðàâå (Title 17) è DMCA (1998), êîòîðûé ââ¼ë ìåõàíèçìû öèôðîâîé
çàùèòû, âêëþ÷àÿ ïîëîæåíèÿ î ¾áåçîïàñíîé ãàâàíè¿ äëÿ ïðîâàéäåðîâ (ðàçäåë 512)
è çàïðåò îáõîäà çàùèòíûõ ìåð (ðàçäåë 1201). Îáå ñòðàíû ïðåäóñìàòðèâàþò ãðàæ-
äàíñêóþ, àäìèíèñòðàòèâíóþ è óãîëîâíóþ îòâåòñòâåííîñòü çà íàðóøåíèÿ, ñòðåìÿñü
ê áàëàíñó ìåæäó çàùèòîé àâòîðîâ è ñâîáîäîé èñïîëüçîâàíèÿ.

Â îñíîâå ðàáîòû ãåíåðàòèâíîãî ÈÈ ëåæèò àëãîðèòì, ñîáèðàþùèé è îáðàáàòûâà-
þùèé äàííûå èç ðàçëè÷íûõ èñòî÷íèêîâ. Ïîñêîëüêó ìíîãèå îõðàíÿåìûå àâòîðñêèì
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ïðàâîì îáúåêòû ðàçìåùåíû â îòêðûòîì äîñòóïå, íåéðîñåòü ïîëó÷àåò ê íèì äî-
ñòóï è èñïîëüçóåò èõ ïðè ñîçäàíèè êîíòåíòà. Ýòî ïîðîæäàåò âîïðîñ: ÿâëÿåòñÿ
ëè òàêîå èñïîëüçîâàíèå ïðàâîìåðíûì? Îáú¼ì èíôîðìàöèè â èíòåðíåòå îãðîìåí,
à ìåõàíèçìîâ êîíòðîëÿ çà íàðóøåíèÿìè ïðàêòè÷åñêè íå ñóùåñòâóåò. Ó àâòîðîâ
çà÷àñòóþ íåò ðåñóðñîâ äëÿ ìîíèòîðèíãà èñïîëüçîâàíèÿ èõ ïðîèçâåäåíèé. Òåì íå
ìåíåå, â ñëó÷àå âûÿâëåíèÿ íàðóøåíèÿ, âèíîâíîå ëèöî îáÿçàíî íåñòè îòâåòñòâåííîñòü.

Ñîâðåìåííûå ÈÈ-ñèñòåìû ïîçâîëÿþò ïî çàïðîñó ïîëüçîâàòåëÿ â ñ÷èòàííûå ñåêóí-
äû ñîçäàâàòü èçîáðàæåíèå, òåêñò èëè àóäèî â ñòèëå êîíêðåòíîãî àâòîðà. Ýòî ïðèâåëî
ê ðîñòó ÷èñëà èñêîâ ê ðàçðàáîò÷èêàì íåéðîñåòåé çà íåïðàâîìåðíîå èñïîëüçîâàíèå
îáúåêòîâ èíòåëëåêòóàëüíûõ ïðàâ. Îäíèì èç ïðèìåðîâ ÿâëÿåòñÿ äåëî Getty Images
ïðîòèâ Stability AI [7], äàííîå äåëî ÿâëÿåòñÿ âàæíûì ïðèìåðîì êîíôëèêòà ìåæ-
äó ïðàâîîáëàäàòåëÿìè è ðàçðàáîò÷èêàìè èñêóññòâåííîãî èíòåëëåêòà. Getty Images,
îäíà èç êðóïíåéøèõ è íàèáîëåå èçâåñòíûõ â ìèðå ôîòîáàíêîâ, ïîäàë èñê â ñóä íà
Stability AI, êîìïàíèè, çàíèìàþùåéñÿ ðàçðàáîòêîé è êîììåðöèàëèçàöèåé èñêóññòâåí-
íîãî èíòåëëåêòà, êîòîðûé ìîæåò ãåíåðèðîâàòü èçîáðàæåíèÿ. Èñòåö óòâåðæäàåò, ÷òî
îòâåò÷èê èñïîëüçîâàë ìèëëèîíû èçîáðàæåíèé èç êîëëåêöèè èñòöà áåç ïîëó÷åíèÿ
ëèöåíçèè äëÿ îáó÷åíèÿ ñâîåé íåéðîñåòè. Ýòî, ïî ìíåíèþ èñòöà, ÿâëÿåòñÿ ïðÿìûì
íàðóøåíèåì àâòîðñêèõ ïðàâ. Íà äàííûé ìîìåíò äåëî âñå åùå íàõîäèòñÿ íà ñòàäèè
ñóäåáíîãî ðàçáèðàòåëüñòâà, è îêîí÷àòåëüíîå ðåøåíèå ïîêà íå ïðèíÿòî. Îáå ñòîðîíû
àêòèâíî ïðåäñòàâëÿþò ñâîè àðãóìåíòû, è èñõîä ýòîãî äåëà âíèìàòåëüíî íàáëþäàåò-
ñÿ êàê â èíäóñòðèè ÈÈ, òàê è â ñîîáùåñòâå ïðàâîîáëàäàòåëåé. Ïîìèìî ýòîãî ñëó÷àÿ
ãðóïïà õóäîæíèêîâ â çàùèòó ñâîèõ èíòåðåñîâ îáðàòèëàñü â ñóä íà Google LLC è åãî
ìàòåðèíñêîé êîìïàíèè Alphabet Inc. [8], ïî ñõîæåìó îñíîâàíèþ ÷òî è ¾Getty Images¿.
Ïî äàííîìó äåëó òàêæå ïîêà íå áûëî âûíåñåíî ðåøåíèå. Òàêèå ñëó÷àè ïîäíèìàþò
âàæíûå âîïðîñû î ïðàâàõ àâòîðîâ â ýïîõó èñêóññòâåííîãî èíòåëëåêòà.

Îäíèì èç ðåøåíèé ìîæåò ñëóæèòü ïîäõîä, ïðåäëîæåííûé â Äèðåêòèâå îá àâòîð-
ñêîì ïðàâå è ñìåæíûõ ïðàâàõ íà åäèíîì öèôðîâîì ðûíêå [1], ïðåäóñìàòðèâàþùåé
îãðàíè÷åíèå èñêëþ÷èòåëüíûõ ïðàâ íà èñïîëüçîâàíèå ïðîèçâåäåíèé â öåëÿõ îáó÷å-
íèÿ ÈÈ. Â ñîîòâåòñòâèè ñî ñòàòüeé 3, àêêðåäèòîâàííûå èññëåäîâàòåëüñêèå è êóëü-
òóðíûå îðãàíèçàöèè ìîãóò èñïîëüçîâàòü äàííûå ïðè ñîáëþäåíèè ïðèíöèïîâ îòêðû-
òîãî äîñòóïà èëè ïî ñîãëàøåíèþ ñ ïðàâîîáëàäàòåëÿìè. Ñòàòüÿ 4 ïîçâîëÿåò ÷àñòíûì
îðãàíèçàöèÿì èñïîëüçîâàòü òàêèå äàííûå, åñëè ýòî íå íàðóøàåò èíòåðåñû ïðàâîîá-
ëàäàòåëåé, íî ïðè ýòîì äîïóñêàåòñÿ îãðàíè÷åíèå òàêîãî èñïîëüçîâàíèÿ íà îñíîâàíèè
çàÿâëåíèÿ àâòîðà.

Îïèðàÿñü íà âûøåñêàçàííîå, ìû ìîæåì ãîâîðèòü î òîì, ÷òî òàêîé ïîäõîä â ðåãó-
ëèðîâàíèè äàííîé ïðîáëåìû äàåò áîëüøóþ ñâîáîäó èññëåäîâàòåëüñêèì îðãàíèçàöè-
ÿì ïî ñðàâíåíèþ ñ ÷àñòíûìè îðãàíèçàöèÿìè. Âàæíî îòìåòèòü, ÷òî ïðàâîîáëàäàòåëü
âïðàâå â ëþáîé ìîìåíò ïîòðåáîâàòü èñêëþ÷åíèÿ ñâîåãî êîíòåíòà èç îáó÷àåìîé ìàñ-
ñû. Îäíàêî åñëè ïîëüçîâàòåëüñêèå ñîãëàøåíèÿ èíòåðíåò-ïëàòôîðì áóäóò ìåíÿòüñÿ
â ñòîðîíó çàïðåòà îáðàáîòêè äàííûõ áåç ðàçðåøåíèÿ, äîñòóï ÷àñòíûõ ñòðóêòóð ê
òàêèì äàííûì ìîæåò áûòü ñóùåñòâåííî îãðàíè÷åí, ÷òî íåãàòèâíî ñêàæåòñÿ íà ðàç-
âèòèè ÈÈ è öèôðîâîãî òâîð÷åñòâà. Êàê îòìå÷àåò Í.À. Íàçàðîâà, ¾èíòåëëåêòóàëüíàÿ
ñîáñòâåííîñòü èçíà÷àëüíî ñîçäàâàëàñü êàê ìîíîïîëèÿ âî áëàãî íàó÷íî-òåõíè÷åñêîãî
ïðîãðåññà, îäíàêî ýòà ìîíîïîëèÿ âñåãäà èìåëà ðàçóìíûå ïðåäåëû¿ [6]. Ñëåäóåò îò-
ìåòèòü, ÷òî ñàìî ïî ñåáå ðàçâèòèå òåõíîëîãèé ìàøèííîãî òâîð÷åñòâà è ïðîãðåññà
èñêóññòâåííîãî èíòåëëåêòà íå îáÿçàòåëüíî âëå÷åò çà ñîáîé êîììåð÷åñêèé èíòåðåñ
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ðàçðàáîò÷èêà. Âîçìîæíî, ó ïðîãðàììèñòîâ ñóùåñòâóåò ïðåèìóùåñòâåííî íàó÷íûé
èíòåðåñ ê ñáîðó è îáðàáîòêå äàííûõ. Òàêèì îáðàçîì, ïðåäîñòàâëåíèå òàêîé âîçìîæ-
íîñòè èñêëþ÷èòåëüíî ïðàâîîáëàäàòåëþ ïðåäñòàâëÿåòñÿ íå âïîëíå ïîñëåäîâàòåëüíûì
è ëîãè÷íûì.

Ïåðåéä¼ì ê âîïðîñó ðàñïðåäåëåíèÿ îòâåòñòâåííîñòè çà íàðóøåíèå àâòîðñêèõ ïðàâ
ïðè ãåíåðàöèè êîíòåíòà. Êëþ÷åâûì ÿâëÿåòñÿ îïðåäåëåíèå, êòî îñóùåñòâëÿåò íà-
ñòðîéêó è ââîä äàííûõ â ñèñòåìó. Â ñëó÷àå ñàìîîáó÷àåìîãî ÈÈ ðàçóìíî âîçëîæèòü
îòâåòñòâåííîñòü íà ðàçðàáîò÷èêîâ è âëàäåëüöåâ, ïîñêîëüêó èìåííî îíè êîíòðîëèðó-
þò ïðîöåññ îáó÷åíèÿ è âûáîð èñõîäíûõ äàííûõ. Ïðè èñïîëüçîâàíèè íåñàíêöèîíèðî-
âàííûõ èñòî÷íèêîâ îòâåòñòâåííîñòü íåñóò ëèöà, îïðåäåëèâøèå îáó÷àþùóþ âûáîðêó.
Åñëè æå ðå÷ü èä¼ò î íàñòðàèâàåìîì ïîëüçîâàòåëåì ÈÈ, îòâåòñòâåííîñòü ìîæåò áûòü
âîçëîæåíà íà ïîëüçîâàòåëÿ, êîòîðûé ââîäèò äàííûå, çàùèù¼ííûå àâòîðñêèì ïðàâîì,
áåç ïîëó÷åíèÿ ñîîòâåòñòâóþùåãî ðàçðåøåíèÿ.

Íà ñåãîäíÿøíèé äåíü íè ðîññèéñêîå, íè àìåðèêàíñêîå çàêîíîäàòåëüñòâî íå ñîäåð-
æàò äîñòàòî÷íîé êîíêðåòèçàöèè ñóáúåêòîâ îòâåòñòâåííîñòè â òàêèõ ñèòóàöèÿõ. Òåì
íå ìåíåå, ôàêò íåñàíêöèîíèðîâàííîãî èñïîëüçîâàíèÿ îõðàíÿåìîãî êîíòåíòà îäíî-
çíà÷íî êâàëèôèöèðóåòñÿ êàê íàðóøåíèå àâòîðñêèõ ïðàâ. Â Ðîññèéñêîé Ôåäåðàöèè
äàííûå îòíîøåíèÿ ðåãóëèðóþòñÿ Ãðàæäàíñêèì êîäåêñîì (ãëàâà 70), ïðåäóñìàòðè-
âàþùèì êàê ñïîñîáû çàùèòû èñêëþ÷èòåëüíûõ ïðàâ, òàê è ìåðû îòâåòñòâåííîñòè:
îò ãðàæäàíñêî-ïðàâîâîé äî àäìèíèñòðàòèâíîé è óãîëîâíîé. Â Ñîåäèí¼ííûõ Øòàòàõ
àíàëîãè÷íóþ ôóíêöèþ âûïîëíÿåò Copyright Act of 1976 (Title 17), ñîäåðæàùèé ïî-
ëîæåíèÿ î êîìïåíñàöèè óùåðáà, ñóäåáíûõ çàïðåòàõ è ñàíêöèÿõ âïëîòü äî ëèøåíèÿ
ñâîáîäû.

Äëÿ ïîâûøåíèÿ ïðàâîâîé îïðåäåë¼ííîñòè â ñôåðå èñïîëüçîâàíèÿ ÈÈ íåîáõîäè-
ìî çàêîíîäàòåëüíî çàêðåïèòü îáÿçàííîñòü ðàçðàáîò÷èêîâ èñïîëüçîâàòü ïðàâîìåðíûå
äàííûå è âíåäðÿòü ñèñòåìû ôèëüòðàöèè êîíòåíòà, à òàêæå îáåñïå÷èòü ïðîçðà÷íîñòü
èñòî÷íèêîâ è ïðîèñõîæäåíèÿ äàííûõ. Ïîëüçîâàòåëè íåéðîñåòåé òàêæå äîëæíû íåñòè
ïðÿìóþ îòâåòñòâåííîñòü çà ââîä îõðàíÿåìîãî êîíòåíòà áåç ðàçðåøåíèÿ, ïðè ýòîì
òðåáóåòñÿ èíôîðìèðîâàòü èõ î âîçìîæíûõ ïðàâîâûõ ïîñëåäñòâèÿõ è ïðåäóñìîòðåòü
ìåõàíèçìû êîíòðîëÿ. Äîïîëíèòåëüíî, äëÿ îáåèõ þðèñäèêöèé ïðåäñòàâëÿåòñÿ öåëåñî-
îáðàçíûì âíåäðåíèå êîíöåïöèè ñîâìåñòíîé îòâåòñòâåííîñòè � â òåõ ñëó÷àÿõ, êîãäà
íàðóøåíèå ïðîèçîøëî âñëåäñòâèå íåäîáðîñîâåñòíûõ äåéñòâèé ïîëüçîâàòåëÿ ïðè îò-
ñóòñòâèè äîñòàòî÷íûõ ïðåäîñòîðîæíîñòåé ñî ñòîðîíû ðàçðàáîò÷èêà. Òàêîé ïîäõîä
îáåñïå÷èò áàëàíñ èíòåðåñîâ è ïîçâîëèò âûñòðîèòü óñòîé÷èâóþ ïðàâîâóþ ìîäåëü ðå-
ãóëèðîâàíèÿ ãåíåðàòèâíîãî ÈÈ.
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Èíâåñòèöèîííàÿ ñòðàòåãèÿ ÏÀÎ ¾Ëóêîéë¿ â
Óçáåêèñòàíå
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https://doi.org/10.5281/zenodo.15510867

Àííîòàöèÿ. Ñòàòüÿ ïîñâÿùåíà àíàëèçó èíâåñòèöèîííîé ñòðàòåãèè ÏÀÎ ¾Ëó-
êîéë¿ â Ðåñïóáëèêå Óçáåêèñòàí. Ðàññìàòðèâàþòñÿ öåëè è çàäà÷è êîìïàíèè, ðåàëè-
çóåìûå ïðîåêòû, èíñòèòóöèîíàëüíûå óñëîâèÿ, à òàêæå ñîöèàëüíûå è ýêîëîãè÷åñêèå
ïîñëåäñòâèÿ. Îòäåëüíîå âíèìàíèå óäåëÿåòñÿ âûçîâàì è ïåðñïåêòèâàì ðàçâèòèÿ íà
ôîíå òðàíñôîðìàöèè ýíåðãåòè÷åñêîãî ñåêòîðà. Äåëàåòñÿ âûâîä î äîëãîñðî÷íîì è
óñòîé÷èâîì õàðàêòåðå ïàðòí¼ðñòâà ìåæäó ¾Ëóêîéëîì¿ è ãîñóäàðñòâîì.

Êëþ÷åâûå ñëîâà: èíâåñòèöèè, ýíåðãåòèêà, Ëóêîéë, Óçáåêèñòàí, ÑÐÏ, ãàçîâàÿ
îòðàñëü.

Ââåäåíèå

Ýíåðãåòèêà Óçáåêèñòàíà èãðàåò ñòðàòåãè÷åñêóþ ðîëü â ýêîíîìèêå ñòðàíû. Â óñëî-
âèÿõ ðîñòà ãëîáàëüíîãî ñïðîñà íà ýíåðãîðåñóðñû ïðàâèòåëüñòâî àêòèâíî ïðèâëåêàåò
èíîñòðàííûå èíâåñòèöèè. Îäíèì èç âåäóùèõ ïàðòí¼ðîâ â íåôòåãàçîâîé ñôåðå ÿâëÿ-
åòñÿ ÏÀÎ ¾Ëóêîéë¿, íà÷àâøåå ñâîþ äåÿòåëüíîñòü â ñòðàíå â 2004 ãîäó.

Êîìïàíèÿ èíâåñòèðóåò â ðàçðàáîòêó ìåñòîðîæäåíèé, ñòðîèòåëüñòâî ïåðåðàáàòû-
âàþùåé èíôðàñòðóêòóðû è ýêñïîðòíóþ ëîãèñòèêó, âûñòóïàÿ íå òîëüêî êàê èíâåñòîð,
íî è êàê ñîöèàëüíî îòâåòñòâåííûé ïàðòí¼ð. Íàñòîÿùåå èññëåäîâàíèå àíàëèçèðóåò
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ñòðàòåãèþ êîìïàíèè â Óçáåêèñòàíå ñ ó÷¼òîì å¼ âêëàäà â ýêîíîìèêó, èíñòèòóöèî-
íàëüíîãî âçàèìîäåéñòâèÿ è ïåðñïåêòèâ.

Öåëè è ïðèîðèòåòû ñòðàòåãèè ÏÀÎ ¾Ëóêîéë¿

Óçáåêèñòàí çàíèìàåò âàæíîå ìåñòî â ìåæäóíàðîäíîé ñòðàòåãèè ¾Ëóêîéëà¿ áëà-
ãîäàðÿ âûñîêèì çàïàñàì ãàçà è âûãîäíîìó ãåîãðàôè÷åñêîìó ïîëîæåíèþ. ×åðåç äî-
÷åðíþþ ñòðóêòóðó LUKOIL Uzbekistan Operating Company êîìïàíèÿ ðåàëèçóåò ìàñ-
øòàáíûå ïðîåêòû íà îñíîâå ñîãëàøåíèé î ðàçäåëå ïðîäóêöèè (ÑÐÏ) [1].

Îïåðàöèîííàÿ äåÿòåëüíîñòü ñîñðåäîòî÷åíà â LUKOIL Uzbekistan Operating
Company. Ïðèìåíÿåòñÿ ïðîåêòíî-ìàòðè÷íàÿ ñòðóêòóðà, îáåñïå÷èâàþùàÿ ýôôåêòèâ-
íîñòü, ïðîçðà÷íîñòü è ñîîòâåòñòâèå ïðàâîâûì íîðìàì. Èñïîëüçóþòñÿ ìåæäóíàðîä-
íûå ñòàíäàðòû â îáëàñòè ýêîëîãèè, áóõãàëòåðñêîãî ó÷¼òà è îò÷¼òíîñòè. Âàæíûì
ýëåìåíòîì ÿâëÿåòñÿ ñîáëþäåíèå ïðèíöèïîâ êîìïëàåíñà è àíòèêîððóïöèîííîé ïîëè-
òèêè.

Öåëü ñòðàòåãèè êîìïàíèè � äèâåðñèôèêàöèÿ ðåñóðñíîé áàçû çà ïðåäåëàìè Ðîñ-
ñèè è óêðåïëåíèå ïîçèöèè íà àçèàòñêèõ ðûíêàõ. Â ïðèîðèòåòå � óñòîé÷èâîå ðàçâèòèå,
ñîîòâåòñòâèå ìåæäóíàðîäíûì ñòàíäàðòàì, ðàçâèòèå ÷åëîâå÷åñêîãî êàïèòàëà è ïàðò-
í¼ðñòâî ñ ãîñóäàðñòâåííûìè ñòðóêòóðàìè.

Ëóêîéë ðàññìàòðèâàåò ñåáÿ êàê ñòðàòåãè÷åñêîãî ïàðòí¼ðà ïðàâèòåëüñòâà Óçáåêè-
ñòàíà. Â ðàìêàõ ñîãëàøåíèé ñ ¾Óçáåêíåôòåãàçîì¿, Ìèíèñòåðñòâîì ýíåðãåòèêè è äðó-
ãèìè âåäîìñòâàìè êîìïàíèÿ îáÿçóåòñÿ èíâåñòèðîâàòü â ñîöèàëüíóþ ñôåðó, ñîçäàâàòü
ðàáî÷èå ìåñòà è îáåñïå÷èâàòü ðàçâèòèå ðåãèîíàëüíîé èíôðàñòðóêòóðû. Êîìïàíèÿ
ñòðåìèòñÿ áûòü íå ïðîñòî èíâåñòîðîì, à ¾êîðïîðàòèâíûì ãðàæäàíèíîì¿. Â Óçáåêè-
ñòàíå ðåàëèçóþòñÿ ýêîëîãè÷åñêèå ïðîåêòû, ïðîãðàììû ïðîôåññèîíàëüíîãî îáðàçîâà-
íèÿ, à òàêæå ñîöèàëüíûå èíèöèàòèâû � ñòðîèòåëüñòâî øêîë, ìåäèöèíñêèõ ïóíêòîâ,
âîäîïðîâîäîâ [2].

Îñíîâíûå èíâåñòèöèîííûå ïðîåêòû ÏÀÎ ¾Ëóêîéë¿

Ïðîåêò ¾Êàíäûì � Õàóçàê � Øàäû � Êóíãðàä¿. Êðóïíåéøèé êëàñòåð êîì-
ïàíèè, îõâàòûâàþùèé ãàçîêîíäåíñàòíûå ìåñòîðîæäåíèÿ â Áóõàðñêîé îáëàñòè. Ïî-
ñòðîåí ñîâðåìåííûé ãàçîïåðåðàáàòûâàþùèé çàâîä â Êàíäûìå, ìîùíîñòüþ áîëåå 8
ìëðä êóá. ì. â ãîä. Ïðîåêò ðåàëèçóåòñÿ ñ 2004 ãîäà, èíâåñòèöèè ïðåâûøàþò $4 ìëðä.

Ïðîåêò ¾Þãî-Çàïàäíûé Ãèññàð¿. Âêëþ÷àåò 8 ìåñòîðîæäåíèé â Êàøêàäà-
ðüèíñêîé îáëàñòè. Îòëè÷àåòñÿ ñëîæíîé ãåîëîãèåé, ïðèìåíÿåòñÿ ãîðèçîíòàëüíîå áó-
ðåíèå è òåõíîëîãèè ðåàëüíîãî âðåìåíè. Çàïóñê îñíîâíîãî ïðîèçâîäñòâà � 2017 ãîä.

Îáà ïðîåêòà îñóùåñòâëÿþòñÿ ïî ÑÐÏ, ÷òî îáåñïå÷èâàåò áàëàíñ èíòåðåñîâ ìåæäó
èíâåñòîðîì è ãîñóäàðñòâîì [3].

Ñîöèàëüíûå è ýêîëîãè÷åñêèå ýôôåêòû äåÿòåëüíîñòè ÏÀÎ ¾Ëóêîéë¿

Ïðèñóòñòâèå ¾Ëóêîéëà¿ â ðåãèîíàõ îêàçûâàåò ïîçèòèâíîå âëèÿíèå íà ñîöèàëüíóþ
èíôðàñòðóêòóðó. Ïîñòðîåíû øêîëû, ìåäèöèíñêèå ïóíêòû, âîäîïðîâîäû è äîðîãè.
Ñîçäàíî áîëåå 2000 ðàáî÷èõ ìåñò, àêòèâíî ðàçâèâàåòñÿ ñèñòåìà ïîäãîòîâêè êàäðîâ,
âêëþ÷àÿ ñòàæèðîâêè è îáîðóäîâàíèå êîëëåäæåé [4].

Ýêîëîãè÷åñêàÿ ïîëèòèêà íàïðàâëåíà íà ìèíèìèçàöèþ âîçäåéñòâèÿ: ðåàëèçóþò-
ñÿ ïðîåêòû óòèëèçàöèè îòõîäîâ, âûáðîñû êîíòðîëèðóþòñÿ, ïðîâîäèòñÿ ðåãóëÿðíàÿ
ýêîëîãè÷åñêàÿ îöåíêà. Êîìïàíèÿ ïóáëèêóåò îò÷¼òû îá óñòîé÷èâîì ðàçâèòèè, ñîîò-
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âåòñòâóþùèå ñòàíäàðòàì GRI.

Âûçîâû è ïåðñïåêòèâû ðàçâèòèÿ ÏÀÎ ¾Ëóêîéë¿ â Óçáåêèñòàíå

Íåñìîòðÿ íà óñïåõè, ñòðàòåãèÿ ñòàëêèâàåòñÿ ñ ðÿäîì âûçîâîâ [5].:

• Ãåîïîëèòè÷åñêèå ðèñêè è ñàíêöèè ïðîòèâ ðîññèéñêèõ êîìïàíèé;
• Âîëàòèëüíîñòü öåí íà ãàç è íåñòàáèëüíîñòü ðûíêîâ;
• Ïåðåõîä ê ¾çåë¼íîé¿ ýíåðãåòèêå;
• Íåîáõîäèìîñòü ñîâåðøåíñòâîâàíèÿ èíâåñòèöèîííîãî çàêîíîäàòåëüñòâà Óçáåêè-
ñòàíà.

Òåì íå ìåíåå, ëèáåðàëèçàöèÿ ñåêòîðà è îòêðûòèå íîâûõ ó÷àñòêîâ ñîçäàþò ïîòåí-
öèàë äëÿ ðàñøèðåíèÿ. Óçáåêèñòàí ïëàíèðóåò ïðèâëåêàòü èíâåñòîðîâ â íåôòåãàçîâûå
òåíäåðû è ñòèìóëèðîâàòü ðàçâèòèå ýêñïîðòíîé èíôðàñòðóêòóðû.

Çàêëþ÷åíèå

Èíâåñòèöèîííàÿ ñòðàòåãèÿ ÏÀÎ ¾Ëóêîéë¿ â Óçáåêèñòàíå äåìîíñòðèðóåò ïðèìåð
ýôôåêòèâíîãî ïàðòí¼ðñòâà ìåæäó áèçíåñîì è ãîñóäàðñòâîì. Çà äâà äåñÿòèëåòèÿ êîì-
ïàíèÿ âíåñëà çíà÷èòåëüíûé âêëàä â ðàçâèòèå ãàçîâîé îòðàñëè, èíôðàñòðóêòóðû è
êàäðîâîãî ïîòåíöèàëà ñòðàíû [6].

Äàëüíåéøåå ïðèñóòñòâèå êîìïàíèè çàâèñèò îò ãèáêîñòè ñòðàòåãèè â óñëîâèÿõ ãëî-
áàëüíûõ èçìåíåíèé. Îäíàêî å¼ òåõíîëîãè÷åñêàÿ áàçà, óïðàâëåí÷åñêàÿ ìîäåëü è ðå-
ïóòàöèÿ ïîçâîëÿþò ðàññ÷èòûâàòü íà óñòîé÷èâîå ðàçâèòèå è íîâûå ñîâìåñòíûå èíè-
öèàòèâû â ðàìêàõ ýíåðãåòè÷åñêîé òðàíñôîðìàöèè Óçáåêèñòàíà.
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Àííîòàöèÿ

Ðàçâèòèå òåõíîëîãèé èñêóññòâåííîãî èíòåëëåêòà (ÈÈ) îêàçûâàåò âñ¼ áîëåå çàìåò-
íîå âëèÿíèå íà çäðàâîîõðàíåíèå. Àâòîìàòèçèðîâàííûå ñèñòåìû ïðèìåíÿþòñÿ â äè-
àãíîñòèêå, ïðîãíîçèðîâàíèè è äàæå â ïðèíÿòèè êëèíè÷åñêèõ ðåøåíèé. Îäíàêî øè-
ðîêîå âíåäðåíèå ÈÈ ñîïðîâîæäàåòñÿ öåëûì ðÿäîì ýòè÷åñêèõ âîïðîñîâ, òðåáóþùèõ
âíèìàòåëüíîãî àíàëèçà. Â äàííîé ñòàòüå ðàññìàòðèâàþòñÿ îñíîâíûå ýòè÷åñêèå äè-
ëåììû, âîçíèêàþùèå ïðè èñïîëüçîâàíèè ÈÈ â ìåäèöèíñêîé ïðàêòèêå, à òàêæå îá-
ñóæäàþòñÿ ïðèìåðû èç îáëàñòè îôòàëüìîëîãèè, îäíîé èç íàèáîëåå òåõíîëîãè÷åñêè
ïðîãðåññèâíûõ äèñöèïëèí ñîâðåìåííîé ìåäèöèíû.

Ââåäåíèå

Ïðèìåíåíèå ÈÈ â ìåäèöèíå � îäíà èç íàèáîëåå îáñóæäàåìûõ òåì â ñîâðåìåí-
íîé íàó÷íîé è ïðîôåññèîíàëüíîé ñðåäå. Òåõíîëîãèè ìàøèííîãî îáó÷åíèÿ, îñîáåííî
ãëóáèííîãî îáó÷åíèÿ, ïîçâîëÿþò äîñòèãàòü âûñîêîé òî÷íîñòè ïðè èíòåðïðåòàöèè âè-
çóàëüíûõ äàííûõ, àíàëèçå àíàìíåçà, ïðîãíîçèðîâàíèè òå÷åíèÿ çàáîëåâàíèé. Òåì íå
ìåíåå, ñòîëü ñòðåìèòåëüíîå ðàçâèòèå òåõíîëîãèé òðåáóåò ïåðåñìîòðà ýòè÷åñêèõ è
ïðàâîâûõ ðàìîê. Ýòî êàñàåòñÿ êàê ñîõðàííîñòè ìåäèöèíñêèõ äàííûõ, òàê è îòâåò-
ñòâåííîñòè çà îøèáêè, äîïóùåííûå ÈÈ-ñèñòåìàìè.

Ýòè÷åñêèå âûçîâû

1. Êîíôèäåíöèàëüíîñòü è çàùèòà äàííûõ. ÈÈ òðåáóåò îãðîìíûõ îáú¼ìîâ äàííûõ
äëÿ îáó÷åíèÿ, îñîáåííî èçîáðàæåíèé, ýëåêòðîííûõ ìåäèöèíñêèõ êàðò è ãåíåòè÷åñêîé
èíôîðìàöèè. Äàæå ïðè îáåçëè÷èâàíèè âîçìîæíî ïîâòîðíîå óñòàíîâëåíèå ëè÷íîñòè
ïàöèåíòà, îñîáåííî åñëè äàííûå ïåðåñåêàþòñÿ ñ äðóãèìè áàçàìè [3]. Ïîýòîìó êðàéíå
âàæíî âíåäðÿòü òåõíîëîãèè øèôðîâàíèÿ, àíîíèìèçàöèè è êîíòðîëèðóåìîãî äîñòóïà.

2. Ïðîçðà÷íîñòü ðåøåíèé ÈÈ Ìíîãèå àëãîðèòìû, îñîáåííî ãëóáîêèå íåéðîñåòè,
îñòàþòñÿ ¾íåïðîçðà÷íûìè¿ äàæå äëÿ ñâîèõ ñîçäàòåëåé. Âðà÷àì òðóäíî ïîíÿòü, íà
îñíîâàíèè êàêèõ ïðèçíàêîâ ñèñòåìà ñäåëàëà òîò èëè èíîé âûâîä [1]. Ýòî ìîæåò âû-
çûâàòü íåäîâåðèå êàê ó ìåäèöèíñêèõ ñïåöèàëèñòîâ, òàê è ó ïàöèåíòîâ, îñîáåííî â
ñëó÷àÿõ, êîãäà ÈÈ ïðåäëàãàåò íåîæèäàííûå èëè ñïîðíûå ðåêîìåíäàöèè.

3. Îòâåòñòâåííîñòü Þðèäè÷åñêàÿ è ìîðàëüíàÿ îòâåòñòâåííîñòü çà îøèáêè, äîïó-
ùåííûå ÈÈ, îñòà¼òñÿ íåðåø¼ííîé ïðîáëåìîé. Åñëè âðà÷ ïîëàãàåòñÿ íà ðåêîìåíäàöèè
ñèñòåìû è ïðèíèìàåò íåâåðíîå ðåøåíèå, êòî âèíîâàò � âðà÷, ðàçðàáîò÷èê èëè ïðî-
èçâîäèòåëü? [7].

4. Îãðàíè÷åííîñòü äàííûõ Àëãîðèòìû, îáó÷åííûå íà íåðåïðåçåíòàòèâíûõ âûáîð-
êàõ, ìîãóò äåìîíñòðèðîâàòü ïîíèæåííóþ òî÷íîñòü ïðè àíàëèçå ïàöèåíòîâ èç äðóãèõ
ýòíè÷åñêèõ, âîçðàñòíûõ èëè ãåíäåðíûõ ãðóïï [4]. Ýòî âûçûâàåò íåêîòîðûå îïàñåíèÿ
â îòíîøåíèè ñïðàâåäëèâîñòè ìåäèöèíñêîãî îáñëóæèâàíèÿ.

ÈÈ â îôòàëüìîëîãèè: âîçìîæíîñòè è îãðàíè÷åíèÿ

Îôòàëüìîëîãèÿ � îäíà èç íåìíîãèõ ìåäèöèíñêèõ ñïåöèàëüíîñòåé, ãäå ÈÈ óæå
àêòèâíî èñïîëüçóåòñÿ â êëèíè÷åñêîé ïðàêòèêå. Òàê, ñèñòåìà IDx-DR, îäîáðåííàÿ
óïðàâëåíèåì ïî ñàíèòàðíîìó íàäçîðó çà êà÷åñòâîì ïèùåâûõ ïðîäóêòîâ è ìåäèêà-
ìåíòîâ (FDA), ìîæåò äèàãíîñòèðîâàòü äèàáåòè÷åñêóþ ðåòèíîïàòèþ áåç ó÷àñòèÿ îô-
òàëüìîëîãà [2]. ÈÈ òàêæå øèðîêî ïðèìåíÿåòñÿ ïðè àíàëèçå îïòè÷åñêîé êîãåðåíòíîé
òîìîãðàôèè (ÎÊÒ), àíãèîãðàôèè è èçîáðàæåíèé ãëàçíîãî äíà, äîñòèãàÿ âûñîêîé
÷óâñòâèòåëüíîñòè è ñïåöèôè÷íîñòè [6]. Îäíàêî îñòàþòñÿ ïðîáëåìû. Â êëèíè÷åñêîé
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ïðàêòèêå íåðåäêî âîçíèêàåò ñèòóàöèÿ, ïðè êîòîðîé ïàöèåíò äàæå íå ïîäîçðåâàåò, ÷òî
åãî ìåäèöèíñêèå äàííûå àíàëèçèðóþòñÿ íå ñïåöèàëèñòîì, à àâòîìàòèçèðîâàííîé ñè-
ñòåìîé. Ýòî ïîðîæäàåò âîïðîñû äîâåðèÿ è èíôîðìèðîâàííîñòè, îñîáåííî â êîíòåêñòå
ïîëó÷åíèÿ ñîãëàñèÿ íà èñïîëüçîâàíèå ïîäîáíûõ òåõíîëîãèé. Ìíîãèå àëãîðèòìû ðàç-
ðàáîòàíû íà îãðàíè÷åííûõ âûáîðêàõ, ÷òî ñíèæàåò òî÷íîñòü â íîâûõ ïîïóëÿöèÿõ [4].
Êðîìå òîãî, ÈÈ-ñèñòåìû õóæå ñïðàâëÿþòñÿ ñ ðåäêèìè ïàòîëîãèÿìè èëè àòèïè÷íû-
ìè ñëó÷àÿìè, ÷òî ìîæåò ïðèâåñòè ê ëîæíîîòðèöàòåëüíûì ðåçóëüòàòàì. Âîçíèêàåò è
ïðàâîâîé âîïðîñ: äîëæåí ëè ïàöèåíò äàâàòü èíôîðìèðîâàííîå ñîãëàñèå íà èñïîëü-
çîâàíèå ÈÈ â ïðîöåññå äèàãíîñòèêè? [5], [7].

Ïóòè ðåøåíèÿ

Äëÿ ýòè÷íîãî ïðèìåíåíèÿ ÈÈ â çäðàâîîõðàíåíèè ïðåäëàãàåòñÿ: 1. Ïðèíÿòèå ìåæ-
äóíàðîäíûõ ýòè÷åñêèõ ñòàíäàðòîâ, âêëþ÷àÿ ðåêîìåíäàöèè ÂÎÇ [5]; 2. Îáÿçàòåëüíàÿ
íåçàâèñèìàÿ âàëèäàöèÿ ÈÈ-ñèñòåì íà ðåïðåçåíòàòèâíûõ âûáîðêàõ [4], [6]; 3. Îáðàçî-
âàòåëüíûå ïðîãðàììû äëÿ âðà÷åé ïî ðàáîòå ñ ÈÈ-èíñòðóìåíòàìè [7]; 4. Óâåëè÷åíèå
ïðîçðà÷íîñòè àëãîðèòìîâ (ðàçðàáîòêà òàê íàçûâàåìûõ îáúÿñíèìûõ ìîäåëåé) [1]; 5.
Ñîçäàíèå ìåõàíèçìîâ þðèäè÷åñêîé îòâåòñòâåííîñòè, â òîì ÷èñëå êîëëåêòèâíîé (âðà÷
+ ðàçðàáîò÷èê + ó÷ðåæäåíèå).

Çàêëþ÷åíèå

ÈÈ � ìîùíûé èíñòðóìåíò â ðóêàõ ìåäèöèíû áóäóùåãî, íî åãî âíåäðåíèå äîëæíî
áûòü îáäóìàííûì, ïîýòàïíûì è ïîäêðåïë¼ííûì ýòè÷åñêèìè ðàìêàìè. Îñîáåííî ýòî
âàæíî â òàêèõ âèçóàëüíî îðèåíòèðîâàííûõ äèñöèïëèíàõ, êàê îôòàëüìîëîãèÿ, ãäå
ÈÈ ìîæåò íå òîëüêî ïîìî÷ü, íî è íàâðåäèòü, åñëè èñïîëüçîâàòü åãî áåç äîëæíîãî
êîíòðîëÿ. Âîïðîñû ýòèêè çäåñü íå âòîðè÷íû � îíè îïðåäåëÿþò ãðàíèöû äîïóñòèìîãî
è çàùèùàþò èíòåðåñû êàê âðà÷à, òàê è ïàöèåíòà.
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Óëó÷øåíèå àëãîðèòìîâ ðîÿ ÷àñòèö ñ ïðèìåíåíèåì
êâàíòîâûõ ìåòîäîâ

Ìóõàìåäèåâà Ä.Ò.

Íàöèîíàëüíûé èññëåäîâàòåëüñêèé óíèâåðñèòåò ¾Òàøêåíòñêèé èíñòèòóò
èíæåíåðîâ èððèãàöèè è ìåõàíèçàöèè ñåëüñêîãî õîçÿéñòâà¿

https://doi.org/10.5281/zenodo.15510877

Â ñòàòüå ðàññìàòðèâàþòñÿ òðè êëþ÷åâûõ àëãîðèòìà â îáëàñòè îïòèìèçàöèè, îñ-
íîâàííûõ íà ïðèíöèïàõ êâàíòîâîé ìåõàíèêè: Êâàíòîâûé Àëãîðèòì Ðîÿ ×àñòèö
(QPSO), Êâàíòîâûé Àëãîðèòì Ðîÿ ×àñòèö íà Îñíîâå Ìèãðàöèè Ðàçíîîáðàçèÿ
(QDPSO) è Êâàíòîâûé Àëãîðèòì Ðîÿ ×àñòèö ñ Áëîêèðîâêîé Âðåìåíè è Ìèãðàöèåé
Ðàçíîîáðàçèÿ (BWM-QPSO). Ýòè àëãîðèòìû ÿâëÿþòñÿ ðàñøèðåíèåì êëàññè÷åñêîãî
àëãîðèòìà ðîÿ ÷àñòèö (PSO) è ïðèìåíÿþò êâàíòîâûå ìåòîäû äëÿ óëó÷øåíèÿ ýô-
ôåêòèâíîñòè ïîèñêà ðåøåíèé. QPSO ïðåäñòàâëÿåò ñîáîé çíà÷èòåëüíîå óëó÷øåíèå ïî
ñðàâíåíèþ ñ òðàäèöèîííûì PSO, âíåäðÿÿ êâàíòîâûå ïðèíöèïû äëÿ ìîäåëèðîâàíèÿ
ñëó÷àéíûõ ïåðåìåùåíèé ÷àñòèö. Â ýòîì àëãîðèòìå èñïîëüçóåòñÿ êâàíòîâîå ïðåîá-
ðàçîâàíèå äëÿ îáíîâëåíèÿ ïîçèöèé ÷àñòèö, ÷òî ïîçâîëÿåò óëó÷øèòü èññëåäîâàíèå
ïðîñòðàíñòâà ðåøåíèé è ïðåäîòâðàòèòü ïðåæäåâðåìåííóþ ñõîäèìîñòü. QDPSO ðàñ-
øèðÿåò QPSO, äîáàâëÿÿ ñòðàòåãèþ ìèãðàöèè ðàçíîîáðàçèÿ. Ýòîò ïîäõîä ïîçâîëÿåò
ïîääåðæèâàòü âûñîêèé óðîâåíü ðàçíîîáðàçèÿ â ïîïóëÿöèè ÷àñòèö, ÷òî ñïîñîáñòâóåò
áîëåå ýôôåêòèâíîìó ïîèñêó è èçáåãàíèþ ëîêàëüíûõ ìèíèìóìîâ. Ìåõàíèçì ìèãðà-
öèè â QDPSO îñíîâàí íà âûáîðå ÷àñòèö íà îñíîâå èõ ïðèñïîñîáëåííîñòè è ðàññòî-
ÿíèé Õýììèíãà, ÷òî óëó÷øàåò ãëîáàëüíûé ïîèñê. BWM-QPSO ïðåäñòàâëÿåò ñîáîé
åùå áîëåå óñîâåðøåíñòâîâàííóþ âåðñèþ QPSO è QDPSO, èíòåãðèðóÿ êîíöåïöèþ
áëîêèðîâêè âðåìåíè è ìåõàíèçìà ìèãðàöèè äëÿ äîñòèæåíèÿ äîïîëíèòåëüíîé ãèáêî-
ñòè â óïðàâëåíèè ïåðåìåùåíèÿìè ÷àñòèö. Ýòîò àëãîðèòì èñïîëüçóåò óëó÷øåííóþ
âåðñèþ êâàíòîâîãî ïîòåíöèàëà è ìèãðàöèè, ÷òîáû ýôôåêòèâíî íàõîäèòü ðåøåíèÿ â
ñëîæíûõ è âûñîêîðàçìåðíûõ ïðîñòðàíñòâàõ ïîèñêà. Ñòàòüÿ äåòàëèçèðóåò ìàòåìà-
òè÷åñêèå îñíîâû è àëãîðèòìè÷åñêèå óëó÷øåíèÿ êàæäîãî èç ðàññìîòðåííûõ ìåòîäîâ,
à òàêæå ïðåäîñòàâëÿåò ñðàâíèòåëüíûé àíàëèç èõ ïðîèçâîäèòåëüíîñòè íà ðàçëè÷íûõ
òåñòîâûõ ôóíêöèÿõ. Ðåçóëüòàòû ïîêàçûâàþò, ÷òî èíòåãðàöèÿ êâàíòîâûõ ïðèíöèïîâ
è ñòðàòåãèé ìèãðàöèè çíà÷èòåëüíî óëó÷øàåò ýôôåêòèâíîñòü ïîèñêà è ñòàáèëüíîñòü
àëãîðèòìîâ îïòèìèçàöèè [1,2].

Îòëè÷èÿ ìåæäó îáû÷íûì àëãîðèòìîì ðîÿ ÷àñòèö (PSO) è êâàíòîâûì àëãîðèòìîì
ðîÿ ÷àñòèö QPSO, QDPSO è BWM-QPSO ìîæíî âûðàçèòü ÷åðåç îñíîâíûå ìàòåìà-
òè÷åñêèå ôîðìóëû, èñïîëüçóåìûå â àëãîðèòìàõ.

Àëãîðèòì PSO.

Èíèöèàëèçàöèÿ ïîçèöèè xi(0) è ñêîðîñòè vi(0) äëÿ êàæäîé ÷àñòèöû i.

Îïðåäåëåíèå ïàðàìåòðîâ: êîëè÷åñòâî ÷àñòèö N , êîýôôèöèåíòû îáó÷åíèÿ c1 è c2,
èíåðöèîííûé âåñ w, ñëó÷àéíûå ÷èñëà r1 è r2 èç äèàïàçîíà [0, 1].

Îáíîâëåíèå ñêîðîñòè è ïîçèöèè:
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Îáíîâëåíèå ñêîðîñòè ÷àñòèöû i ïî ôîðìóëå:

vi(t+ 1) = wvi(t) + c1r1(pbest,i(t)− xi(t)) + c2r2(gbest(t)− xi(t)).

Îáíîâëåíèå ïîçèöèè ÷àñòèöû i ïî ôîðìóëå:

xi(t+ 1) = xi(t) + vi(t+ 1).

Îáíîâëåíèå ëîêàëüíûõ ëó÷øèõ ïîçèöèé pbest,i, åñëè òåêóùàÿ ïîçèöèÿ
ëó÷øå:

pbest,i(t+ 1) =


xi(t), åñëè f(xi(t)) < f(pbest,i(t)),

pbest,i(t), èíà÷å.

Îáíîâëåíèå ãëîáàëüíûõ ëó÷øèõ ïîçèöèé gbest, åñëè òåêóùàÿ ïîçèöèÿ
ëó÷øå:

gbest(t+ 1) = argmin
i

f(pbest,i(t+ 1)).

Êâàíòîâûé PSO (QPSO)

Èíèöèàëèçàöèÿ ïîçèöèè xi(0) äëÿ êàæäîé ÷àñòèöû i.

Îïðåäåëåíèå ïàðàìåòðîâ: êîëè÷åñòâî ÷àñòèö N , êîýôôèöèåíòû îáó÷åíèÿ c1 è c2,
èíåðöèîííûé âåñ w, ñëó÷àéíûå ÷èñëà r1 è r2 èç äèàïàçîíà [0, 1].

Îáíîâëåíèå öåíòðèðîâàííîé ïîçèöèè ÷àñòèöû pi âû÷èñëÿåòñÿ êàê:

pi(t) =
c1r1pbest,i(t) + c2r2gbest

c1r1 + c2r2
.

Îáíîâëåíèå ïîçèöèè ÷àñòèöû i ñ èñïîëüçîâàíèåì êâàíòîâîãî ïîâåäåíèÿ:

xi(t+ 1) = pi(t) + β sign(u− 0.5) log

(
1

1− |u|

)
,

ãäå u � ñëó÷àéíîå ÷èñëî èç äèàïàçîíà [0, 1], β � êâàíòîâûé ïàðàìåòð.

Îáíîâëåíèå ëîêàëüíûõ ëó÷øèõ ïîçèöèé pbest,i, åñëè òåêóùàÿ ïîçèöèÿ
ëó÷øå:

pbest,i(t+ 1) =


xi(t), åñëè f(xi(t)) < f(pbest,i(t)),

pbest,i(t), èíà÷å.

Îáíîâëåíèå ãëîáàëüíûõ ëó÷øèõ ïîçèöèé gbest, åñëè òåêóùàÿ ïîçèöèÿ
ëó÷øå:

gbest(t+ 1) = argmin
i

f(pbest,i(t+ 1)).

Â îáû÷íîì PSO èñïîëüçóåòñÿ ñêîðîñòü vi(t) äëÿ îáíîâëåíèÿ ïîçèöèè:

vi(t+ 1) = wvi(t) + c1r1(pbest,i(t)− xi(t)) + c2r2(gbest(t)− xi(t)),

xi(t+ 1) = xi(t) + vi(t+ 1).
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Â QPSO ñêîðîñòü íå èñïîëüçóåòñÿ. Âìåñòî ýòîãî âû÷èñëÿåòñÿ öåíòðèðîâàííàÿ
ïîçèöèÿ pi:

pi(t) =
c1r1pbest,i(t) + c2r2gbest

c1r1 + c2r2
.

È îáíîâëåíèå ïîçèöèè âûïîëíÿåòñÿ ñ èñïîëüçîâàíèåì êâàíòîâîãî ïîâåäåíèÿ:

xi(t+ 1) = pi(t) + βRx(uπ) sign(u− 0.5) log

(
1

1− |u|

)
,

ãäå:

Rx(uπ) � êâàíòîâûé ãåéò âðàùåíèÿ íà óãîë uπ,

Rx(uπ) =

 cos
(
uπ
2

)
− sin

(
uπ
2

)
− sin

(
uπ
2

)
cos
(
uπ
2

)


u � ñëó÷àéíîå ÷èñëî èç äèàïàçîíà [0, 1], β � ïàðàìåòð, çàäàþùèé âåëè÷èíó âðà-
ùåíèÿ.

Âìåñòî òîãî ÷òîáû ïðîñòî äîáàâëÿòü ñëó÷àéíîå ïåðåìåùåíèå, ìû ìîæåì ïðèìå-
íèòü êâàíòîâûé ãåéò ê òåêóùåìó ñîñòîÿíèþ ÷àñòèöû äëÿ îáíîâëåíèÿ èõ ïîçèöèè:

xi(t+ 1) = Rx(β)xi(t),

ãäå Rx(β) � êâàíòîâûé ãåéò âðàùåíèÿ íà óãîë β, êîòîðûé èçìåíÿåò ïîçèöèþ
÷àñòèöû â çàâèñèìîñòè îò çíà÷åíèÿ β.

Rz(uπ) =

e−iuπ
2 0

0 ei
uπ
2


Ñâÿçü ìåæäó êâàíòîâûì ïàðàìåòðîì β è êâàíòîâûìè ãåéòàìè ïîçâîëÿåò ìîäå-

ëèðîâàòü ñëó÷àéíûå ïåðåìåùåíèÿ ÷àñòèö ñ èñïîëüçîâàíèåì êâàíòîâûõ ïðèíöèïîâ.
Ïàðàìåòð β ìîæíî èíòåðïðåòèðîâàòü êàê óãîë âðàùåíèÿ â êâàíòîâîì ãåéòå, ÷òî
ïîçâîëÿåò èñïîëüçîâàòü êâàíòîâûå ïðåîáðàçîâàíèÿ äëÿ óïðàâëåíèÿ ïåðåìåùåíèåì
÷àñòèö â àëãîðèòìå îïòèìèçàöèè. Ýòà ñâÿçü äîáàâëÿåò íîâûé óðîâåíü ãèáêîñòè è
ïîòåíöèàëà äëÿ óëó÷øåíèÿ ýôôåêòèâíîñòè ïîèñêà â êâàíòîâûõ âåðñèÿõ àëãîðèòìîâ
ðîÿ ÷àñòèö.

Äëÿ îöåíêè ýôôåêòèâíîñòè àëãîðèòìîâ QPSO, QDPSO è BWM-QPSO èñïîëüçî-
âàëèñü ñòàíäàðòíûå òåñòîâûå ôóíêöèè îïòèìèçàöèè, âêëþ÷àÿ ôóíêöèè Ðàñòðèãèíà,
Øâåôåëÿ, Çåðàâàëà, Ãîëüäøìèäòà è äðóãèå.

Ýòè ôóíêöèè îõâàòûâàþò ðàçëè÷íûå òèïû ñëîæíîñòåé è ìîãóò ïîìî÷ü â îöåíêå
ðàçëè÷íûõ àñïåêòîâ ïðîèçâîäèòåëüíîñòè àëãîðèòìîâ îïòèìèçàöèè.
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Â äàííîì èññëåäîâàíèè áûëà ïðîâåäåíà âñåñòîðîííÿÿ îöåíêà êâàíòîâûõ àëãîðèò-
ìîâ ðîÿ ÷àñòèö, âêëþ÷àÿ Êâàíòîâûé Àëãîðèòì Ðîÿ ×àñòèö (QPSO), Êâàíòîâûé
Àëãîðèòì Ðîÿ ×àñòèö íà Îñíîâå Ìèãðàöèè Ðàçíîîáðàçèÿ (QDPSO) è Êâàíòîâûé
Àëãîðèòì Ðîÿ ×àñòèö ñ Áëîêèðîâêîé Âðåìåíè è Ìèãðàöèåé Ðàçíîîáðàçèÿ (BWM-
QPSO). Íà îñíîâå ìàòåìàòè÷åñêîãî ìîäåëèðîâàíèÿ è ýìïèðè÷åñêèõ òåñòîâ áûëè âû-
ÿâëåíû êëþ÷åâûå îñîáåííîñòè è ïðåèìóùåñòâà êàæäîãî èç ðàññìàòðèâàåìûõ àëãî-
ðèòìîâ. Èññëåäîâàíèå ïîêàçàëî, ÷òî ïðèìåíåíèå êâàíòîâûõ ïðèíöèïîâ â àëãîðèòìàõ
ðîÿ ÷àñòèö ñïîñîáñòâóåò áîëåå ýôôåêòèâíîìó èññëåäîâàíèþ ïðîñòðàíñòâà ðåøåíèé
è ïðåäîòâðàùàåò ïðîáëåìû ïðåæäåâðåìåííîé ñõîäèìîñòè.
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Àííîòàöèÿ. Â ðàáîòå ðàññìàòðèâàþòñÿ ðåçóëüòàòû èññëåäîâàíèé, ïîñâÿù¼ííûõ
ñîçäàíèþ èíòåëëåêòóàëèçèðîâàííûõ ñèñòåì óïðàâëåíèÿ è ìîíèòîðèíãà ìàãèñòðàëü-
íûõ ãàçîïðîâîäîâ. Îñíîâíîå âíèìàíèå óäåëÿåòñÿ èíòåãðàöèè èñêóññòâåííîãî èíòåë-
ëåêòà äëÿ ïîâûøåíèÿ íàä¼æíîñòè òðàíñïîðòèðîâêè ïðèðîäíîãî ãàçà è ñîêðàùåíèÿ
ýêñïëóàòàöèîííûõ èçäåðæåê.

Êëþ÷åâûå ñëîâà: ìàãèñòðàëüíûé ãàçîïðîâîä, àâòîìàòèçàöèÿ, êîíòðîëü, ÈÈ,
ÀÑÊÓÃ, òðàíñïîðòèðîâêà ãàçà.

Ââåäåíèå

Ìèðîâàÿ òåíäåíöèÿ óâåëè÷åíèÿ ñïðîñà íà ïðèðîäíûé ãàç ñïîñîáñòâóåò ðàñøèðå-
íèþ èíôðàñòðóêòóðû ìàãèñòðàëüíûõ ãàçîïðîâîäîâ. Îñíîâíîé çàäà÷åé òàêèõ îáú-
åêòîâ îñòà¼òñÿ áåñïåðåáîéíàÿ è áåçîïàñíàÿ äîñòàâêà ýíåðãîðåñóðñà. Ýôôåêòèâíîñòü
òðàíñïîðòèðîâêè âî ìíîãîì îïðåäåëÿåòñÿ ñòàáèëüíîñòüþ êà÷åñòâà ãàçà è îòñóòñòâè-
åì ïîòåðü â ïðîöåññå ýêñïëóàòàöèè.

Îäíàêî äëèòåëüíîå èñïîëüçîâàíèå ãàçîïðîâîäîâ è èõ çíà÷èòåëüíàÿ ïðîòÿæ¼í-
íîñòü ïîðîæäàþò öåëûé êîìïëåêñ ïðîáëåì, ñðåäè êîòîðûõ � óòå÷êè, êðàæè, èçíîñ
îáîðóäîâàíèÿ, íåäîñòàòî÷íûé óðîâåíü àâòîìàòèçàöèè è ÷åëîâå÷åñêèé ôàêòîð. Ýòè
ðèñêè ìîãóò ñóùåñòâåííî ñíèçèòü ýôôåêòèâíîñòü ïîñòàâîê. Ïîýòîìó â ïîñëåäíèå
ãîäû îñîáîå âíèìàíèå óäåëÿåòñÿ âíåäðåíèþ öèôðîâûõ ðåøåíèé è àâòîìàòèçèðîâàí-
íûõ ñèñòåì [1, 2], ñïîñîáíûõ çíà÷èòåëüíî ïîâûñèòü ñòåïåíü êîíòðîëÿ è óïðàâëåíèÿ
òåõíîëîãè÷åñêèìè ïðîöåññàìè.

Îäíîé èç âàæíåéøèõ çàäà÷ â Óçáåêèñòàíå îñòà¼òñÿ ìèíèìèçàöèÿ òàê íàçûâàåìîãî
ãàçîâîãî ðàçáàëàíñà, âûçâàííîãî êàê òåõíè÷åñêèìè, òàê è îðãàíèçàöèîííûìè ïðè÷è-
íàìè. Îïòèìàëüíûì íàïðàâëåíèåì â ðåøåíèè äàííîé ïðîáëåìû ñòàíîâèòñÿ ïðèìå-
íåíèå èíòåëëåêòóàëüíûõ ïîäõîäîâ ê àâòîìàòèçàöèè ïðîöåññîâ êîíòðîëÿ è ó÷¼òà [3,
4], âêëþ÷àÿ èñïîëüçîâàíèå ÈÈ äëÿ ïîâûøåíèÿ òî÷íîñòè è ïðîçðà÷íîñòè îïåðàöèé.

Ðàçâèòèå è ïðåèìóùåñòâà ñèñòåìû ÀÑÊÓÃ ñ ïðèìåíåíèåì èñêóññòâåí-
íîãî èíòåëëåêòà.

Ââåäåíèå èñêóññòâåííîãî èíòåëëåêòà â ñèñòåìó ÀÑÊÓÃ ñîçäà¼ò óñëîâèÿ äëÿ ïå-
ðåõîäà ê ïîëíîñòüþ àâòîìàòèçèðîâàííîìó óïðàâëåíèþ ãàçîâûìè ïîòîêàìè. Ñðåäè
îñíîâíûõ ïðåèìóùåñòâ òàêîé ìîäåðíèçàöèè � âîçìîæíîñòü îïåðàòèâíîãî ïîëó÷å-
íèÿ è àíàëèçà äàííûõ â ðåàëüíîì âðåìåíè [3] áåç ó÷àñòèÿ îïåðàòîðà.

• Âíåäðåíèå èíòåëëåêòóàëüíûõ àëãîðèòìîâ ïîçâîëèëî: óñòðàíèòü îøèáêè, âû-
çâàííûå ÷åëîâå÷åñêèì ôàêòîðîì ïðè ðàñ÷¼òàõ îáú¼ìà ãàçà;

• àâòîìàòèçèðîâàòü ïîëíûé öèêë ó÷¼òà ïîñòàâëåííîãî ðåñóðñà;
• ñîêðàòèòü ïîòåðè â ñèñòåìå ïîòðåáëåíèÿ;
• îñóùåñòâëÿòü ïîñòîÿííûé êîíòðîëü çà îáú¼ìàìè ïîòðåáëåíèÿ ñòðàòåãè÷åñêè
âàæíûõ îáúåêòîâ è ôèêñèðîâàòü íåñàíêöèîíèðîâàííîå âìåøàòåëüñòâî â ñ÷¼ò-
÷èêè;

• îáåñïå÷èòü äîëãîâðåìåííîå õðàíåíèå äàííûõ ñ âîçìîæíîñòüþ ïîñëåäóþùåãî
àíàëèçà;

• îïåðàòèâíî âûÿâëÿòü òåõíè÷åñêèå íåèñïðàâíîñòè â èçìåðèòåëüíûõ óñòàíîâêàõ
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[2, 4].

Íåñìîòðÿ íà øèðîêîå âíåäðåíèå àâòîìàòèçàöèè, ÷åëîâåê îñòà¼òñÿ âàæíûì ýëå-
ìåíòîì â ñèñòåìå: ôóíêöèè îïåðàòîðñêîãî êîíòðîëÿ ðåàëèçóþòñÿ äèñïåò÷åðñêèìè
ñëóæáàìè, íàáëþäàþùèìè çà âñåé ñåòüþ ïîäêëþ÷¼ííûõ ñåíñîðîâ. Äèñïåò÷åðû â ðå-
æèìå ðåàëüíîãî âðåìåíè ïîëó÷àþò ïîëíûå äàííûå î âõîäíûõ ïàðàìåòðàõ íà ó÷àñò-
êàõ ãàçîïðîâîäà � âêëþ÷àÿ äàâëåíèå, òåìïåðàòóðó, îáú¼ì, à òàêæå ñîïîñòàâëåíèå òå-
êóùèõ ïîêàçàòåëåé ñ äàííûìè ïðåäûäóùèõ ïåðèîäîâ. Èíôîðìàöèÿ âèçóàëèçèðóåòñÿ
â ôîðìå ãðàôèêîâ, à ïîòðåáèòåëè ïîëó÷àþò äîñòóï ê ñîáñòâåííûì ñòàòèñòè÷åñêèì
äàííûì ÷åðåç ëè÷íûå êàáèíåòû [5, 6].

Çàêëþ÷åíèå

Ïðåäâàðèòåëüíûå ðåçóëüòàòû âíåäðåíèÿ ÈÈ â ñèñòåìó êîíòðîëÿ òðàíñïîðòèðîâêè
ïðèðîäíîãî ãàçà â Óçáåêèñòàíå ñâèäåòåëüñòâóþò î çíà÷èòåëüíîì ðîñòå ýôôåêòèâíî-
ñòè. Òîëüêî çà ïåðâûå ïÿòü ìåñÿöåâ 2024 ãîäà óäàëîñü ïðåäîòâðàòèòü ïîòåðè áîëåå 50
ìèëëèîíîâ êóáîìåòðîâ ãàçà, ÷òî ïîçâîëèëî ñýêîíîìèòü ïîðÿäêà 20 ìèëëèàðäîâ ñó-
ìîâ. [6] Äàëüíåéøåå ðàçâèòèå òåõíîëîãèè ïðåäïîëàãàåò ðàñøèðåíèå ôóíêöèîíàëüíî-
ñòè ñèñòåìû è áîëåå ãëóáîêóþ èíòåãðàöèþ èíòåëëåêòóàëüíûõ ðåøåíèé â óïðàâëåíèå
âñåé ãàçîòðàíñïîðòíîé ñåòüþ ñòðàíû.
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Àííîòàöèÿ. Â äàííîé ñòàòüå ðàññìàòðèâàþòñÿ ãëîáàëüíûå òåíäåíöèè ïåðåõîäà
ê âîçîáíîâëÿåìûì èñòî÷íèêàì ýíåðãèè, ñîêðàùåíèå óãëåðîäíûõ âûáðîñîâ, ðîñò èí-
âåñòèöèé â ¾÷èñòóþ¿ ýíåðãåòèêó, óâåëè÷åíèå äîáû÷è êðèòè÷åñêè âàæíûõ ìåòàëëîâ
è ðàñøèðåíèå ìîùíîñòåé ÂÈÝ. Îòìå÷àåòñÿ ëèäåðñòâî Êèòàÿ è ïîòåíöèàë ÂÈÝ äëÿ
ïîëíîãî óäîâëåòâîðåíèÿ áóäóùèõ ïîòðåáíîñòåé â ýëåêòðîýíåðãèè.

Êëþ÷åâûå ñëîâà: ýëåêòðîýíåðãåòè÷åñêèé ñåêòîð, âîçîáíîâëÿåìûå èñòî÷íèêè
ýíåðãèè, ÂÈÝ-ãåíåðàöèÿ, çåë¼íàÿ ýíåðãèÿ, ñîëíå÷íàÿ ýíåðãèÿ, âåòðîâàÿ ýíåðãèÿ, ãèä-
ðîýíåðãèÿ, ýíåðãåòè÷åñêèé ïåðåõîä.

Ââåäåíèå

Â ïîñëåäíèå äåñÿòèëåòèÿ ìèðîâîé ýëåêòðîýíåðãåòè÷åñêèé ðûíîê ïåðåæèâàåò ìàñ-
øòàáíûå ïðåîáðàçîâàíèÿ, ñâÿçàííûå ñ ãëîáàëüíûì ïåðåõîäîì ê óñòîé÷èâûì è ýêî-
ëîãè÷åñêè ÷èñòûì èñòî÷íèêàì ýíåðãèè. Óñèëèâàþùååñÿ âíèìàíèå ê ïðîáëåìàì èç-
ìåíåíèÿ êëèìàòà, óæåñòî÷åíèå ýêîëîãè÷åñêèõ ñòàíäàðòîâ, à òàêæå ñòðåìèòåëüíîå
ðàçâèòèå òåõíîëîãèé â îáëàñòè âîçîáíîâëÿåìûõ èñòî÷íèêîâ ýíåðãèè (ÂÈÝ) ôîðìè-
ðóþò íîâûå òåíäåíöèè, êîòîðûå ìåíÿþò ñòðóêòóðó è ïðèíöèïû ôóíêöèîíèðîâàíèÿ
ýíåðãåòè÷åñêèõ ñèñòåì. Äàííûå òåíäåíöèè ïåðåêëèêàþòñÿ ñ öåëÿìè çàêðåïë¼ííûìè
â Ïàðèæñêîì ñîãëàøåíèè, ïî êîòîðîìó îæèäàåòñÿ äîñòèæåíèå óãëåðîäíîé íåéòðàëü-
íîñòè âî âòîðîé ïîëîâèíå XXI âåêà. Òàêæå êëþ÷åâûìè ãëîáàëüíûìè äîëãîñðî÷íûìè
òðåíäàìè ÿâëÿþòñÿ øèðîêîå âíåäðåíèå öèôðîâûõ òåõíîëîãèé â ïðîöåññ ãåíåðàöèè
ýëåêòðîýíåðãèè è å¼ äåöåíòðàëèçàöèÿ.

Ñîãëàñíî îò÷¼òó Ýíåðãåòè÷åñêîãî èíñòèòóòà (The Energy Institute) êîëè÷åñòâî
ýìèññèè óãëåêèñëîãî ãàçà ïðè ãåíåðàöèè ýíåðãèè ñîñòàâèëà 35129,8 ìëí òîíí, ïðè
ýòîì âêëàä àçèàòñêî-òèõîîêåàíñêîãî ðåãèîíà â äàííûé ïîêàçàòåëü ñîñòàâëÿåò ïîðÿä-
êà 54% (òàá. 1) [1].

Òàáëèöà 1. Îáú¼ìû âûáðîñîâ óãëåêèñëîãî ãàçà ïðè ãåíåðàöèè ýíåðãèè
ïî ðåãèîíàì ñ 2014 ïî 2023 ãîäû, (ìëí. òîíí)

Ðåãèîí 2014 2017 2020 2023
Ñåâåðíàÿ Àìåðèêà 6299,8 6044,9 5382,4 5649,1
Þæíàÿ è Öåíòðàëüíàÿ Àìåðèêà 1375,9 1315,3 1114,8 1308,1
Åâðîïà 4203,5 4310,8 3625,0 3546,8
ÑÍÃ 2063,2 2021,1 1987,2 2178,8
Ñðåäíèé Âîñòîê 1936,8 2086,4 2041,7 2258,3
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Ðåãèîí 2014 2017 2020 2023
Àôðèêà 1197,9 1273,5 1231,4 1335,1
Àçèàòñêî-òèõîîêåíñêèé ðåãèîí 15728,1 16294,7 16959,4 18853,5
Âñåãî: 32805,2 33346,5 32341,8 35129,8

Èñòî÷íèê: Statistical Review of World Energy, The Energy Institute 2024
[Ýëåêòðîííûé ðåñóðñ]. � Ðåæèì äîñòóïà: https://www.energyinst.org/
statistical-review

Äèíàìèêà è ïîñëåäñòâèÿ ðàçâèòèÿ ÂÈÝ â ìèðå

Ïðåâàëèðóþùàÿ â äàííûé ìîìåíò ìèðîâàÿ ýíåðãåòè÷åñêàÿ ïîëèòèêà îêàçûâàåò
ñèëüíîå âëèÿíèå íà ïðèâëåêàòåëüíîñòü ñåãìåíòà âîçîáíîâëÿåìîé ýíåðãåòèêè äëÿ èí-
âåñòîðîâ â ìèðîâîé òîïëèâíî-ýíåðãåòè÷åñêèé êîìïëåêñ (ÒÝÊ). Åñëè äî 2015 ãîäà
âêëþ÷èòåëüíî îáúåì èíâåñòèöèé â ñåãìåíòû ÒÝÊ, ñâÿçàííûå ñ äîáû÷åé óãëåâîäî-
ðîäîâ, ïðåâûøàëè îáúåì èíâåñòèöèè â ñåãìåíò ¾÷èñòîé ýíåðãåòèêè¿, òî â ïåðèîä
2016-2018 ãã. äàííûå ïîêàçàòåëè áûëè ïðàêòè÷åñêè ðàâíû, à íà÷èíàÿ ñ 2019 ãîäà ìû
âèäèì óâåëè÷åíèå èíâåñòèöèé â ãåíåðàöèþ ýíåðãèè ïðè ïîìîùè ÂÈÝ, êîòîðîå ñ êàæ-
äûì ãîäîì ïîêàçûâàåò çíà÷èòåëüíîå ïðåâàëèðîâàíèå ïî îòíîøåíèþ ê èíâåñòèöèÿì
â ñôåðó äîáû÷è óãëåâîäîðîäîâ [2].

Äàííàÿ äèíàìèêà èíâåñòèöèé â ÂÈÝ è ìèðîâàÿ ýíåðãåòè÷åñêàÿ ïîëèòèêà, íà-
ïðàâëåííàÿ íà ñíèæåíèå èñïîëüçîâàíèÿ óãëåâîäîðîäîâ, îáåñïå÷èâàþò äàëüíåéøåå
ñíèæåíèå ñåáåñòîèìîñòè ÂÈÝ-ãåíåðàöèè, à òàêæå óâåëè÷èâàåò ñïðîñà íà ìåòàëëû.
Ïî äàííûì Ìåæäóíàðîäíîãî ýíåðãåòè÷åñêîãî àãåíòñòâà (ÌÝÀ), âîçîáíîâëÿåìûå èñ-
òî÷íèêè ýíåðãèè è òàêèå ñåãìåíòû, êàê ëèíèè ýëåêòðîïåðåäà÷è, íàêîïèòåëè ýëåê-
òðîýíåðãèè, ýëåêòðîòðàíñïîðò, îáåñïå÷àò äî 40% îáùåãî ìèðîâîãî îáúåìà ñïðîñà íà
ìåäü è ðåäêîçåìåëüíûå ìåòàëëû, äî 60% � íà íèêåëü è êîáàëüò è ïî÷òè 90% � íà
ëèòèé [3]. Ñòàòèñòè÷åñêèå äàííûå ïîêàçûâàþò ïðÿìóþ êîððåëÿöèþ ìåæäó îáú¼ìîì
èíâåñòèöèé â ñåãìåíò �÷èñòîé ýíåðãèè� ìèðîâîãî ÒÝÊ è îáú¼ìàìè äîáû÷è âûøåóêà-
çàííûõ ìåòàëëîâ. Íàèáîëüøèé ðîñò áûë ïîêàçàí â îáú¼ìàõ ìèðîâîé äîáû÷è ëèòèÿ,
êîòîðûé ÿâëÿåòñÿ îäíèì èç êëþ÷åâûõ ìåòàëëîâ ïðîöåññà äåêàðáîíèçàöèè. Äàííûé
ïîêàçàòåëü óâåëè÷èëñÿ áîëåå ÷åì â 5 ðàç ñ 36 äî 190 òûñÿ÷ òîíí ñ 2014 ïî 2023 ãîäû.
Äîáû÷à êîáàëüòà çà òîò æå ïåðèîä âûðîñëà â 2 ðàçà, íèêåëÿ è ìåäè íà 42% è 19%
ñîîòâåòñòâåííî.

Ðåçóëüòàòû èññëåäîâàíèé, íàïðàâëåííûõ íà îöåíêó ïîòåíöèàëà ðàçâèòèÿ âîçîá-
íîâëÿåìîé ýíåðãåòèêè, ïîêàçàëè, ÷òî äàííûé èñòî÷íèê ýíåðãèè âî ìíîãî ðàç ïðå-
âûøàåò ðîñò ïîòðåáíîñòåé âñåõ ñôåð ìèðîâîé ýêîíîìèêè â îáîçðèìîì áóäóùåì. Ïî
îöåíêå ó÷¼íûõ, òåõíè÷åñêèé ïîòåíöèàë ÂÈÝ-ãåíåðàöèè (îáùèé ïîòåíöèàë ãåíåðàöèè
ýíåðãèè, êîòîðûé ìîæåò áûòü äîñòèãíóò ïðè íûíåøíåì óðîâíå ðàçâèòèÿ òåõíîëîãèé)
ñîñòàâëÿåò 780 000 ìëðä. ò.í.ý. Äàííóþ öèôðó ìîæíî ñîïîñòàâèòü ñ ìèðîâûì ïîòðåá-
ëåíèå ýíåðãèè çà 2021 ãîä, êîòîðûé ðàâíÿëñÿ 14,21 ìëðä. ò.í.ý. è ïðîãíîçèðóåìûì
ïîòðåáëåíèåì ýíåðãèè íà 2040 ãîä, êîòîðàÿ ïðè òåêóùåé ñêîðîñòè ðàçâèòèÿ áóäåò
ðàâíÿòüñÿ 18 ìëðä. ò.í.ý. Áîëüøàÿ ÷àñòü ïîòåíöèàëà ÂÈÝ-ãåíåðàöèè ïðèõîäèòüñÿ
íà ñîëíå÷íóþ ýíåðãèþ, êîòîðàÿ ñîñòàâëÿåò áîëåå 62% îò îáùåãî ïðåäïîëàãàåìîãî
îáúåìà ýíåðãèè [5].

Ïî äàííûì Ìåæäóíàðîäíîãî àãåíòñòâà ïî âîçîáíîâëÿåìûì èñòî÷íèêàì ýíåðãèè
(IRENA) äîëÿ ìèðîâûõ ìîùíîñòåé íà îñíîâå ÂÈÝ ñ 2014 ã. ïî 2023 ã. óâåëè÷èëàñü
â 2,27 ðàçà äî 3865 ÃÂò [6]. Â ðàçðåçå ðåãèîíîâ íàèáîëüøèé ðîñò ïîêàçàë àçèàòñêèé
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ðåãèîí óâåëè÷èâ âûøåóêàçàííûé ïîêàçàòåëü áîëåå ÷åì â òðè ðàçà è äîñòèãíóâ 1959
ÃÂò. (òàá. 2).

Òàáëèöà 2. Îáú¼ì ìèðîâûõ ìîùíîñòåé íà îñíîâå ÂÈÝ ïî ðåãèîíàì çà
2014-2023 ãã., (ÃÂò.)

Ðåãèîí 2014 2017 2019 2021 2023
Àçèÿ 633,1 920,6 1125,1 1456 1959
Åâðîïà 440 513 574,8 651,4 785,8
Ñåâåðíàÿ Àìåðèêà 287,5 349,6 393 462,2 527
Þæíàÿ Àìåðèêà 170,1 202,7 223,6 247,2 289,7
Åâðàçèÿ 84,7 96,6 104,3 115,8 122,1
Îêåàíèÿ 24,2 29,2 40,3 52,2 64,4
Àôðèêà 32,5 42,9 50,3 55,6 62,1
Ñðåäíèé Âîñòîê 16 17,1 21,4 25,9 35,8
Öåíòðàëüíàÿ Àìåðèêà è
Êàðèáñêèé áàññåéí

10,2 14 15,9 17,1 18,6

Ïðè ýòîì äîëÿ Êèòàÿ â äàííîì ïîêàçàòåëå ñîñòàâëÿåò ïîðÿäêà 74,2 % îò îáùåé
ìîùíîñòè ðåãèîíà, èëè 37,6 % îò ìèðîâîé ìîùíîñòè. Äàííûå öèôðû îáóñëîâëåíû
èíâåñòèöèÿìè Êèòàÿ â ðàçâèòèå ÂÈÝ-ýíåðãåòèêè, êîòîðûå ñîñòàâèëè â 2023 ãîäó
áîëåå 500 ìëðä. äîëëàðîâ ÑØÀ è ëèäåðñòâîì â ïðîèçâîäñòâå ñîëíå÷íûõ ïàíåëåé
è âåòðÿíûõ òóðáèí. Òàêæå ãîñóäàðñòâåííàÿ ïðîãðàììà ¾Çåë¼íûé Êèòàé¿, ïîääåðæ-
êà ÂÈÝ (ñóáñèäèè â ýòó îòðàñëü), òåððèòîðèàëüíûå îñîáåííîñòè ñòðàíû (âîçìîæ-
íîñòü ýôôåêòèâíîãî èñïîëüçîâàíèÿ ÑÝÑ è ÂÝÑ) è æ¼ñòêèå ýêîëîãè÷åñêèå íîðìû
äëÿ óãîëüíîé ãåíåðàöèè âíåñëè ñâîé âêëàä â àêòèâíîå ðàçâèòèå ÂÈÝ-ãåíåðàöèè â
äàííîé ñòðàíå.

Ïî èñòî÷íèêàì ãåíåðàöèè çà ðàññìàòðèâàåìûé ïåðèîä íàèáîëüøèé ðîñò â óâåëè-
÷åíèè ìîùíîñòåé ÂÈÝ ïîêàçàëà ñîëíå÷íàÿ ýíåðãåòèêà (ðîñò â 7,9 ðàç) è ãåíåðàöèè
ýíåðãèè íà îñíîâå âåòðà (ðîñò â 2,9 ðàç).

Çàêëþ÷åíèå

Ïî ïðîãíîçàì Ìåæäóíàðîäíîãî ýíåðãåòè÷åñêîãî àãåíòñòâà ñåêòîð ÂÈÝ ïðîäîë-
æèò äåìîíñòðèðîâàòü âûñîêèå òåìïû ðîñòà è â áëèæàéøèå ãîäû è çíà÷èòåëüíî óâå-
ëè÷èò ñâîþ äîëþ â ìèðîâîé ýíåðãîãåíåðàöèè. Â ïðîãíîçèðóåìîé ìèðîâîé ãåíåðàöèè
ýëåêòðîýíåðãèè 32542 ÒÂò*÷ â 2027 ãîäó äîëÿ ÂÈÝ äîñòèãíåò 40% çà ñ÷åò âûñîêèõ
òåìïîâ ðîñòà ïðè ïðàêòè÷åñêè íåèçìåííîì çíà÷åíèè ãåíåðàöèè ýëåêòðîýíåðãèè èç
óãëåâîäîðîäîâ [7].

Ëèòåðàòóðà

1. Statistical Review of World Energy, The Energy Institute 2024 // [Ýëåêòðîííûé
ðåñóðñ]. � Ðåæèì äîñòóïà: https://www.energyinst.org/statistical-review
2. World Energy Investment 2023 // [Ýëåêòðîííûé ðåñóðñ]. � Ðåæèì äîñòóïà:
https://www.iea.org/reports/world-energy-investment-2023/overview-and-key-�ndings
3. Ãëîáàëüíûå òðåíäû ðàçâèòèÿ ìèðîâîé ýëåêòðîýíåðãåòèêè â óñëîâèÿõ ïåðåõîäà ê
âîçîáíîâëÿåìûì èñòî÷íèêàì ýíåðãèè // [Ýëåêòðîííûé ðåñóðñ]. � Ðåæèì äîñòóïà:
https://cyberleninka.ru/article/n/globalnye-trendy-razvitiya-mirovoy-elektroenergetiki-
v-usloviyah-perehoda-k-vozobnovlyaemym-istochnikam-energii/viewer

155



4. Statista // [Ýëåêòðîííûé ðåñóðñ]. � Ðåæèì äîñòóïà: https://www.statista.com/
5. Ýíåðãèÿ âåòðà: êàê ðàçâèâàåòñÿ âîçîáíîâëÿåìàÿ ýíåðãåòèêà, è êî-
ãäà îíà âûòåñíèò óãîëü // [Ýëåêòðîííûé ðåñóðñ]. � Ðåæèì äîñòóïà:
https://www.stena.ee/blog/energiya-vetra-kak-razvivaetsya-vozobnovlyaemaya-
energetika-i-kogda-ona-vytesnit-ugol
6. Renewable energy statistics 2024 // [Ýëåêòðîííûé ðåñóðñ]. � Ðåæèì äîñòóïà:
https://www.irena.org/Publications/2024/Jul/Renewable-energy-statistics-2024
7. Electricity 2025: Analysis and forecast to 2027, International Energy Agency// [Ýëåê-
òðîííûé ðåñóðñ]. � Ðåæèì äîñòóïà: https://iea.blob.core.windows.net/assets/0f028d5f-
26b1-47ca-ad2a-5ca3103d070a/Electricity2025.pdf

ÈÈ â ïåðñîíàëèçèðîâàííîì îáó÷åíèè: ïðèìåðû èç
ESP è ïåðåâîä÷åñêèõ àñïåêòîâ ïðåïîäàâàíèÿ.

Ïàê Ñ.Â.

ïðåïîäàâàòåëü êàôåäðû èíîñòðàííûõ ÿçûêîâ,
ÌÃÈÌÎ Òàøêåíò ïðè ÌÈÄ Ðîññèè.

Email: s.park@uzb.mgimo.ru

https://doi.org/10.5281/zenodo.15510958

Àííîòàöèÿ. Äàííàÿ ñòàòüÿ ïîñâÿùåíà òðàíñôîðìàöèîííîìó âëèÿíèþ èñêóññòâåí-
íîãî èíòåëëåêòà (ÈÈ) íà ïåðñîíàëèçèðîâàííîå îáó÷åíèå â ðàìêàõ àñïåêòîâ àíãëèé-
ñêîãî ÿçûêà äëÿ ñïåöèàëüíûõ öåëåé (ESP) è ïåðåâîäà. Ïî ìåðå òîãî, êàê âûñøåå
îáðàçîâàíèå âî âñåì ìèðå îñâàèâàåò öèôðîâûå èíñòðóìåíòû, ïåðñîíàëèçàöèÿ íà îñ-
íîâå ÈÈ ïðåäëàãàåò ïåðñïåêòèâíûé ïóòü äëÿ àäàïòàöèè îáó÷åíèÿ ê èíäèâèäóàëüíûì
ïðîôèëÿì ó÷àùèõñÿ. Â ñòàòüå, ïîñâÿùåííîé ìåæäóíàðîäíûì è ðîññèéñêèì èññëåäî-
âàíèÿì è ïðàêòèêå ïðåïîäàâàíèÿ, ðàññìàòðèâàþòñÿ îñíîâíûå îáëàñòè ïðèìåíåíèÿ,
ïåäàãîãè÷åñêèå ïðåèìóùåñòâà è ýòè÷åñêèå àñïåêòû èñïîëüçîâàíèÿ ÈÈ äëÿ ïîâûøå-
íèÿ ýôôåêòèâíîñòè ïðåïîäàâàíèÿ ÿçûêà. Â çàêëþ÷åíèè ïîä÷åðêèâàåòñÿ âàæíîñòü
ñîõðàíåíèÿ ¾÷åëîâå÷åñêîãî¿ ïîäõîäà äëÿ ñîõðàíåíèÿ îáðàçîâàòåëüíûõ öåííîñòåé ïðè
èñïîëüçîâàíèè òåõíîëîãè÷åñêèõ ïðåèìóùåñòâ.

Êëþ÷åâûå ñëîâà:Äèñêóññòâåííûé èíòåëëåêò, ïåðñîíàëèçèðîâàííîå îáó÷åíèå,
ESP, ïåðåâîä, àäàïòèâíîå îáó÷åíèå, îáðàçîâàòåëüíûå òåõíîëîãèè.

Ïåðñîíàëèçàöèÿ ñòàëà îïðåäåëÿþùèì ïðèîðèòåòîì ñîâðåìåííîãî îáðàçîâàíèÿ,
îñîáåííî â ëèíãâèñòè÷åñêèõ è â àóäèòîðèÿõ ñ ðàçíîîáðàçíûìè êîãíèòèâíûìè ñïîñîá-
íîñòÿìè. Òðàäèöèîííûå óíèâåðñàëüíûå ìåòîäû ïðåïîäàâàíèÿ ÷àñòî íå ìîãóò ïðè-
ñïîñîáèòüñÿ ê ðàçíûì óðîâíÿì âëàäåíèÿ ÿçûêîì, ñêîðîñòè îáó÷åíèÿ è ïðîôåññèî-
íàëüíûì öåëÿì [7]. Â îòâåò íà ýòî èñêóññòâåííûé èíòåëëåêò (ÈÈ) ñòàíîâèòñÿ èí-
ñòðóìåíòîì, êîòîðûé ïîçâîëÿåò àíàëèçèðîâàòü äàííûå â ðåæèìå ðåàëüíîãî âðåìåíè
è äèíàìè÷íî êîððåêòèðîâàòü ó÷åáíûé ïðîöåññ. Ñëåäîâàòåëüíî, èçó÷åíèå åãî èíñòðó-
ìåíòîâ äëÿ ïåðñîíàëèçàöèè ñòàíîâèòñÿ âàæíûì êðèòåðèåì äëÿ ïðåïîäàâàòåëåé èíî-
ñòðàííûõ ÿçûêîâ [3]. Â äàííîé ñòàòüå ðàññìàòðèâàåòñÿ, êàê ïåðñîíàëèçàöèÿ íà îñíîâå
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ÈÈ ìåíÿåò ïåäàãîãèêó ESP è ïåðåâîäà, îñîáåííî â óíèâåðñèòåòñêèõ àóäèòîðèÿõ ñî
ñìåøàííûì óðîâíåì ïîäãîòîâêè.

Ïîä ïåðñîíàëèçàöèåé îáó÷åíèÿ ñ ïîìîùüþ ÈÈ ïîíèìàåòñÿ èñïîëüçîâàíèå àëãî-
ðèòìîâ ìàøèííîãî îáó÷åíèÿ è àíàëèòè÷åñêèõ äàííûõ äëÿ àäàïòàöèè ó÷åáíîãî êîí-
òåíòà, òåìïà, îáðàòíîé ñâÿçè è îöåíîê ê ïîòðåáíîñòÿì îòäåëüíûõ ó÷àùèõñÿ. Â îòëè-
÷èå îò ñòàòè÷íûõ êóðñîâ, ñèñòåìû ÈÈ ïîñòîÿííî ñîáèðàþò è èíòåðïðåòèðóþò äàííûå
îá ó÷åáíîì ïîâåäåíèè, òàêèå êàê ðåçóëüòàòû òåñòîâ, âðåìÿ âûïîëíåíèÿ çàäàíèé è ìî-
äåëè âçàèìîäåéñòâèÿ, ÷òîáû ïðåäëîæèòü ñîîòâåòñòâóþùèé êîíòåíò èëè ïîääåðæêó.
Ê êëþ÷åâûì òåõíîëîãèÿì îòíîñÿòñÿ:

• ÈÈ-÷àòáîòû è îíëàéí-èíñòðóìåíòû, òàêèå êàê TWEE
• Ñèñòåìû àíàëèòèêè è àäàïòèâíûå ñèñòåìû óïðàâëåíèÿ îáó÷åíèåì (Moodle)
• Àâòîìàòèçèðîâàííûå ñèñòåìû îöåíêè è îáðàòíîé ñâÿçè (Grammarly, QuilBot).

Â êîíòåêñòå ÿçûêîâîãî îáðàçîâàíèÿ ýòè èíñòðóìåíòû îáåñïå÷èâàþò ìãíîâåí-
íîå èñïðàâëåíèå ãðàììàòèêè, àäàïòèðîâàííûå ìàòåðèàëû äëÿ ÷òåíèÿ, êîíòåêñòíî-
çàâèñèìûå ðåêîìåíäàöèè ïî ëåêñèêå è êîððåêòèðîâêó òåìïà îáó÷åíèÿ íà îñíîâå äàí-
íûõ, ïîëó÷åííûõ îò ó÷åíèêà.

Êàê ïðåïîäàâàòåëü, ñïåöèàëèçèðóþùèéñÿ íà ïðåïîäàâàíèè ESP è ïåðåâîäà, ÿ ìî-
ãó ïîäòâåðäèòü, ÷òî ýòè îáëàñòè ÿâëÿþòñÿ èäåàëüíîé ñðåäîé äëÿ ïåðñîíàëèçàöèè
ñ ïîìîùüþ ÈÈ, ïîñêîëüêó îíè îðèåíòèðîâàíû íà êîíêðåòíîå ñîäåðæàíèå è øèðî-
êèé ñïåêòð ïîòðåáíîñòåé ó÷àùèõñÿ. Ãîâîðåíèå ÷àñòî ÿâëÿåòñÿ ñàìûì ïñèõîëîãè÷åñêè
ñëîæíûì íàâûêîì äëÿ èçó÷àþùèõ ÿçûê. Ñòðàõ ïåðåä îøèáêàìè, îñóæäåíèå ñî ñòî-
ðîíû ñâåðñòíèêîâ è îãðàíè÷åííîå âðåìÿ íà âûñòóïëåíèå â êëàññå ïðèâîäÿò ê êîì-
ìóíèêàòèâíîé èíãèáèöèè [1]. Èíñòðóìåíòû ÈÈ ñíèæàþò ýòè áàðüåðû, ïðåäëàãàÿ:
ðàçãîâîðíóþ ïðàêòèêó áåç îñóæäåíèÿ; âîçìîæíîñòü ïîâòîðåíèÿ ïîïûòîê ãîâîðåíèÿ;
àäàïòàöèè ê èíòðîâåðòíûì èëè òðåâîæíûì ó÷àùèìñÿ.

Ñóùåñòâóåò íåñêîëüêî ïðèëîæåíèé, êîòîðûå àêòèâíî èñïîëüçóþòñÿ ïðåïîäàâàòå-
ëÿìè è ñòóäåíòàìè â Òàøêåíòñêîì ôèëèàëå ÌÃÈÌÎ äëÿ ðåøåíèÿ ïîäîáíûõ ïðî-
áëåì. Êàê ïîäòâåðæäàþò èññëåäîâàíèÿ, óïðàâëÿåìûå èñêóññòâåííûì èíòåëëåêòîì
÷àò-áîòû ìîãóò çíà÷èòåëüíî ïîâûñèòü óâåðåííîñòü ñòóäåíòîâ, ñíèçèòü óðîâåíü òðå-
âîæíîñòè è îáåñïå÷èòü íåìåäëåííóþ êîððåêöèþ âî âðåìÿ óñòíîé ïðàêòèêè [1]; [6].
×àò-áîòû ñ èñêóññòâåííûì èíòåëëåêòîì èìèòèðóþò âçàèìîäåéñòâèå â ðåàëüíîì ìèðå
(íàïðèìåð, ïåðåãîâîðû ïî êîíòðàêòó èëè ñóäåáíûé ïðîöåññ) è îáåñïå÷èâàþò èíäè-
âèäóàëüíóþ êîððåêöèþ è îáúÿñíåíèå, ÷òî îñîáåííî ïîëåçíî â ìîäóëÿõ þðèäè÷åñêîãî
àíãëèéñêîãî.

- Ñèñòåìû íà áàçå ÈÈ, òàêèå êàê Twee, ïîçâîëÿþò ïðåïîäàâàòåëÿì äàâàòü äèô-
ôåðåíöèðîâàííûå çàäàíèÿ ïî ãîâîðåíèþ, à ñòóäåíòàì - âûáèðàòü ìàòåðèàë, ñîîòâåò-
ñòâóþùèé èõ êîìôîðòó è êîãíèòèâíîìó [2]. Ïëàòôîðìà Twee ìîæåò ãåíåðèðîâàòü
òåìàòè÷åñêèå òåêñòû äëÿ çàäàíèé ïî ãîâîðåíèþ è ïèñüìó, îðèåíòèðîâàííûå íà êîí-
êðåòíûé óðîâåíü, è âêëþ÷àåò èíñòðóìåíòû äëÿ ïðåîáðàçîâàíèÿ ìîíîëîãîâ â äèàëîãè
[2].

- Êîãäà ðå÷ü èäåò î ïåðåâîäå, òàêèå èíñòðóìåíòû, êàê Grammarly èëè DeepL,
èíòåãðèðîâàííûå ñ àíàëèòèêîé îáó÷åíèÿ, ïîçâîëÿþò ñòóäåíòàì ïîëó÷àòü îáðàòíóþ
ñâÿçü ïî ñèíòàêñè÷åñêîé ÿñíîñòè, ñâÿçíîñòè è òåðìèíîëîãè÷åñêîìó ñîîòâåòñòâèþ â
ðåæèìå ðåàëüíîãî âðåìåíè, ÷òî î÷åíü âàæíî äëÿ ïîäãîòîâêè ïåðåâîä÷èêîâ.

- Ïðîãðåññ ó÷àùèõñÿ îáû÷íî ìîæíî îòñëåæèâàòü ñ ïîìîùüþ îáðàçîâàòåëüíîé
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LMS-ïëàòôîðìû Moodle. Ïðåïîäàâàòåëè ìîãóò ïîëó÷èòü äîñòóï ê èíôîðìàöèîííûì
ïàíåëÿì, ïîêàçûâàþùèì òðóäíîñòè ó÷àùèõñÿ, âðåìÿ, çàòðà÷èâàåìîå íà âûïîëíåíèå
çàäàíèé, è ìîäåëè âîâëå÷åííîñòè, ÷òî ïîìîãàåò èì ïëàíèðîâàòü öåëåâûå çàäàíèÿ äëÿ
çàíÿòèé.

Ïðåèìóùåñòâà âëèÿíèÿ ïåðñîíàëèçàöèè íà îñíîâå ÈÈ íà îïûò ïðåïîäàâàíèÿ ìî-
ãóò áûòü ñëåäóþùèìè:

- Ïîâûøåíèå âîâëå÷åííîñòè ó÷àùèõñÿ áëàãîäàðÿ àêòóàëüíîìó è ñîîòâåòñòâåííî
ñëîæíîìó êîíòåíòó;

- Ïîâûøåíèå óðîâíÿ çàïîìèíàíèÿ è óâåðåííîñòè â ñåáå áëàãîäàðÿ èíäèâèäóàëü-
íîìó ïîäõîäó è òåìïó îáó÷åíèÿ;

- Ýêîíîìèÿ âðåìåíè ïðåïîäàâàòåëåé ïðè âûñòàâëåíèè îöåíîê è ïëàíèðîâàíèè êîí-
òåíòà;

- Ðàííåå âûÿâëåíèå ñòóäåíòîâ ãðóïïû ðèñêà ñ ïîìîùüþ ïîâåäåí÷åñêîé àíàëèòèêè.

Ýìïèðè÷åñêèå èññëåäîâàíèÿ ïîäòâåðæäàþò ýòè ðåçóëüòàòû. Íàïðèìåð, ó÷àùèåñÿ
â ñðåäå, ïåðñîíàëèçèðîâàííîé ÈÈ, äåìîíñòðèðóþò ñòàòèñòè÷åñêè çíà÷èìûå óëó÷øå-
íèÿ â óñïåâàåìîñòè è ïîñëåäîâàòåëüíîñòè ïî ñðàâíåíèþ ñ ñòàíäàðòíûìè ãðóïïàìè
îáó÷åíèÿ [5].

Îäíàêî ïðè âíåäðåíèè ÈÈ â ïðîöåññ îáó÷åíèÿ íåèçáåæíû íåêîòîðûå ïðîáëåìû.
ÈÈ â îáðàçîâàíèè ïîäíèìàåò âàæíåéøèå ýòè÷åñêèå âîïðîñû:

- Ïðåäâçÿòîñòü àëãîðèòìîâ: Ìîäåëè ÈÈ, îáó÷åííûå íà óçêèõ íàáîðàõ äàííûõ, ìî-
ãóò íåñïðàâåäëèâî ñòàâèòü â íåâûãîäíîå ïîëîæåíèå îïðåäåëåííûå ãðóïïû ó÷àùèõñÿ.
Êîíòåíò, ñîçäàííûé ÈÈ, ÷àñòî ìîæåò ñîäåðæàòü îøèáêè èëè ââîäÿùèå â çàáëóæäå-
íèå äàííûå [2].

- Êîíôèäåíöèàëüíîñòü äàííûõ: Ñáîð ïîâåäåí÷åñêèõ äàííûõ ñîçäàåò ðèñêè, åñ-
ëè íå îáåñïå÷èâàòü ïðîçðà÷íîñòü è áåçîïàñíîñòü, à ðàñïðîñòðàíÿåìàÿ èíôîðìàöèÿ
äîëæíà âñåãäà ïðîâåðÿòüñÿ â íåñêîëüêèõ èñòî÷íèêàõ.

- ×ðåçìåðíàÿ àâòîìàòèçàöèÿ: ×ðåçìåðíàÿ çàâèñèìîñòü îò ÈÈ ìîæåò ïðèâåñòè ê
ñíèæåíèþ óðîâíÿ ÷åëîâå÷åñêîãî ñóæäåíèÿ, êðåàòèâíîñòè è ýìïàòèè â îáó÷åíèè. ÈÈ
íå ìîæåò çàìåíèòü ïîäëèííîå ÷åëîâå÷åñêîå îáùåíèå èëè ðàçúÿñíåíèÿ ó÷èòåëÿ [1].

Äëÿ ðåøåíèÿ ýòèõ ïðîáëåì Ìèíèñòåðñòâî îáðàçîâàíèÿ ÑØÀ [4] ðåêîìåíäóåò èñ-
ïîëüçîâàòü ïîäõîä ¾÷åëîâå÷åñêîãî âìåøàòåëüñòâà¿, îáåñïå÷èâàþùèé ïåäàãîãàì êîí-
òðîëü íàä ðåøåíèÿìè, ïðèíèìàåìûìè íà îñíîâå ÈÈ, è êîíòåêñòíóþ èíòåðïðåòàöèþ
ðåçóëüòàòîâ.

Â çàêëþ÷åíèå ÿ õîòåëà áû ïîä÷åðêíóòü, ÷òî èñêóññòâåííûé èíòåëëåêò ïðåä-
ñòàâëÿåò ñîáîé ìîùíóþ âîçìîæíîñòü äëÿ ïåðñîíàëèçàöèè ÿçûêîâîãî îáðàçîâàíèÿ,
îñîáåííî â ðàìêàõ ESP è îáó÷åíèÿ ïåðåâîäó. Îäíàêî ïðè èíòåãðàöèè ÈÈ íåîáõîäèìî
óäåëÿòü ïåðâîñòåïåííîå âíèìàíèå ïåäàãîãè÷åñêîé öåëåíàïðàâëåííîñòè, ýòè÷åñêèì
ãàðàíòèÿì è ðàñøèðåíèþ âîçìîæíîñòåé ïðåïîäàâàòåëÿ. Ïðè ïðàâèëüíîì áàëàíñå
ÈÈ ìîæåò óñèëèòü, à íå çàìåíèòü ÷åëîâå÷åñêèé ôàêòîð â èçó÷åíèè ÿçûêà, ñäåëàâ
îáðàçîâàíèå áîëåå ñïðàâåäëèâûì, ýôôåêòèâíûì è óâëåêàòåëüíûì.
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Ñðàâíèòåëüíûé àíàëèç òðàäèöèîííûõ
ýêîíîìåòðè÷åñêèõ ìåòîäîâ è èñêóññòâåííûõ

íåéðîííûõ ñåòåé â ïðîãíîçèðîâàíèè ôèíàíñîâûõ
âðåìåííûõ ðÿäîâ íà ïðèìåðå èíäåêñà ÐÒÑ

Ïðèò÷èíà Ë.Ñ., Êàâèí Þ.À.

https://doi.org/10.5281/zenodo.15510969

Àííîòàöèÿ. Â ðàáîòå ïðîâåäåíî ñðàâíèòåëüíîå èññëåäîâàíèå ýôôåêòèâíîñòè ñòà-
òèñòè÷åñêèõ ýêîíîìåòðè÷åñêèõ ìåòîäîâ è èñêóññòâåííûõ íåéðîííûõ ñåòåé (ÈÍÑ)
äëÿ ïðîãíîçèðîâàíèÿ ôèíàíñîâûõ âðåìåííûõ ðÿäîâ íà ïðèìåðå èíäåêñà ÐÒÑ
(2015�2021 ãã.). Òðàäèöèîííûé ïîäõîä âêëþ÷àë ïîñòðîåíèå êóñî÷íî-ëèíåéíîãî
òðåíäà ñ ôèêòèâíûìè ïåðåìåííûìè è ñåçîííûõ ãàðìîíèê ìåòîäîì íàèìåíüøèõ
êâàäðàòîâ (ÌÍÊ), òîãäà êàê ÈÍÑ ðåàëèçîâàíà ÷åðåç ìíîãîñëîéíûé ïåðñåïòðîí â
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MATLAB. Îáà ìåòîäà ïðîäåìîíñòðèðîâàëè âûñîêóþ òî÷íîñòü (R2 = 0.91), îäíàêî
íåéðîííûå ñåòè ïîòðåáîâàëè àäàïòèâíîãî ïåðåîáó÷åíèÿ äëÿ ìèíèìèçàöèè îøèáîê
ïðîãíîçà. Âûÿâëåíî, ÷òî ñòðóêòóðíûå èçìåíåíèÿ äàííûõ (ñêà÷îê èíäåêñà â 2020
ã.) êðèòè÷åñêè âëèÿþò íà êà÷åñòâî ìîäåëåé. Êëþ÷åâîé âûâîä: òðàäèöèîííûå ìå-
òîäû îáåñïå÷èâàþò ïðîçðà÷íîñòü è ñòàáèëüíîñòü, à ÈÍÑ � ãèáêîñòü ïðè óñëîâèè
äèíàìè÷åñêîãî îáíîâëåíèÿ äàííûõ. Ïðåäëîæåíû ðåêîìåíäàöèè ïî âûáîðó ïîäõîäà
â çàâèñèìîñòè îò çàäà÷ àíàëèçà.

Ñîâðåìåííûå ìåòîäû àíàëèçà ôèíàíñîâûõ âðåìåííûõ ðÿäîâ ñòàëêèâàþòñÿ ñ ïðî-
áëåìîé àäàïòàöèè ê ñòðóêòóðíûì èçìåíåíèÿì, òàêèì êàê êðèçèñû èëè ïàíäåìèè.
Êëàññè÷åñêèå ýêîíîìåòðè÷åñêèå ìîäåëè, îñíîâàííûå íà òðåíäàõ è ñåçîííûõ êîìïî-
íåíòàõ, îáåñïå÷èâàþò èíòåðïðåòèðóåìîñòü, íî òðåáóþò ðó÷íîé íàñòðîéêè [1-2]. Â
ïðîòèâîâåñ èì, èñêóññòâåííûå íåéðîííûå ñåòè (ÈÍÑ) ïðåäëàãàþò àâòîìàòèçèðîâàí-
íîå îáó÷åíèå, îäíàêî èõ ýôôåêòèâíîñòü âíå îáó÷àþùåé âûáîðêè îñòàåòñÿ ïðåäìåòîì
äèñêóññèé. Öåëü ðàáîòû � ñðàâíèòü òî÷íîñòü è óñòîé÷èâîñòü äâóõ ïîäõîäîâ íà ïðè-
ìåðå èíäåêñà ÐÒÑ, ïîäâåðæåííîãî ðåçêèì êîëåáàíèÿì â ïåðèîä ïàíäåìèè COVID-19.

Èñïîëüçîâàíèå òðàäèöèîííûõ ýêîíîìåòðè÷åñêèõ ìåòîäîâ

Ïåðåä ïîñòðîåíèåì ñ ïîìîùüþ ðàçëè÷íûõ ïðîãðàììíûõ ïðîäóêòîâ ýêîíîìåòðè-
÷åñêèõ ìîäåëåé çàäàííîãî âðåìåííîãî ðÿäà, îïèñûâàþùåãî èçìåíåíèå èíäåêñà ÐÒÑ
âî âðåìåíè, áûë ïðîâåäåí âèçóàëüíûé àíàëèç äàííîãî ïðîöåññà, â õîäå êîòîðîãî âû-
ÿñíèëîñü, ÷òî â öåëîì èíäåêñ ÐÒÑ ñîäåðæèò âîñõîäÿùèé òðåíä. Ïðè ýòîì ïîñëå
60 ìåñÿöåâ íàáëþäåíèÿ õàðàêòåð èíäåêñà ðåçêî èçìåíÿåòñÿ. Ïðèìåíåíèå êðèòåðèÿ
×îó ïîçâîëÿåò ñäåëàòü îäíîçíà÷íûé âûâîä î íàëè÷èå ñòðóêòóðíîãî ñäâèãà â õàðàê-
òåðå ðàññìàòðèâàåìîãî ÿâëåíèÿ, â ñâÿçè ñ ÷åì äëÿ áîëåå êà÷åñòâåííîé àïïðîêñè-
ìàöèè âðåìåííîãî ðÿäà íåîáõîäèì èñïîëüçîâàòü êóñî÷íî-ëèíåéíûé òðåíä è ââåñòè
â ðàññìîòðåíèå ñîîòâåòñòâóþùèå ôèêòèâíûå ïåðåìåííûå ñäâèãà è íàêëîíà [1, 3-4,
7]. Êðîìå òîãî, ïîëó÷åííûå ïðè ýòîì îñòàòêè âðåìåííîãî ðÿäà íå ÿâëÿþòñÿ ñòàöèî-
íàðíûì ñëó÷àéíûì ïðîöåññîì, ÷òî ÿâëÿåòñÿ îáÿçàòåëüíûì ñ òî÷êè çðåíèÿ âûïîëíå-
íèÿ óñëîâèé Ãàóññà-Ìàðêîâà. Â ðåçóëüòàòå ïðèìåíåíèÿ íàäñòðîéêè MS Excel Àíàëèç
äàííûõ - Àíàëèç Ôóðüå áûëî óñòàíîâëåíî íàëè÷èå â ïîëó÷åííûõ îñòàòêàõ âðåìåí-
íîãî ðÿäà öèêëè÷åñêîé êîìïîíåíòû â âèäå äâóõ äîìèíèðóþùèõ ãàðìîíèê. Ïîñëå
âû÷èòàíèÿ èç èñõîäíîãî ðÿäà òðåíäà, à òàêæå öèêëè÷åñêîé êîìïîíåíòû, ïîëó÷åí-
íûå îñòàòêè ïðèîáðåòàþò êà÷åñòâà ñòàöèîíàðíîãî ñëó÷àéíîãî ïðîöåññà, èìåþùåãî
àâòîêîððåëÿöèîííóþ ôóíêöèþ ñ íèçêèì óðîâíåì áîêîâûõ ëåïåñòêîâ. Ñòðîãî ãîâîðÿ,
ñîñåäíèå îòñ÷åòû îñòàòêîâ îñòàþòñÿ êîððåëèðîâàííûìè, ÷òî âñå-òàêè íàðóøàåò îäíî
èç óñëîâèé Ãàóññà-Ìàðêîâà. Îäíàêî ìîäåëü â âèäå ñóììû êóñî÷íî-ëèíåéíîãî òðåíäà
è öèêëè÷åñêîé êîìïîíåíòû èç äâóõ ãàðìîíèê ðàçíûõ ÷àñòîò è àìïëèòóä ìîæåò áûòü
èñïîëüçîâàíà äëÿ ïðîãíîçèðîâàíèÿ èíäåêñà ÐÒÑ íà áëèæàéøóþ ïåðñïåêòèâó[1. 8].

Äèñïåðñèîííûé àíàëèç, îñíîâàííûé íà ðàñ÷åòå îáùåé äèñïåðñèè, íåîáúÿñíåííîé
è îáúÿñíåííîé ÷àñòè îáùåé äèñïåðñèè, ïîçâîëÿåò ðàññ÷èòàòü êîýôôèöèåíò äåòåðìè-
íàöèè è ñôîðìóëèðîâàòü âûâîä î êà÷åñòâå ïîñòðîåííîé ýêîíîìåòðè÷åñêîé ìîäåëè.
Êîýôôèöèåíò äåòåðìèíàöèè äëÿ äàííîé ìîäåëè, ó÷èòûâàþùåé è òðåíä, è ñåçîííóþ
âîëíó, äîñòèãàåò âåëè÷èíû R2 = 0, 91, ÷òî ÿâëÿåòñÿ âåñüìà çíà÷èòåëüíîé âåëè÷è-
íîé è ñâèäåòåëüñòâóåò î âûñîêîì êà÷åñòâå àïïðîêñèìàöèè ñ åå ïîìîùüþ èñõîäíûõ
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ñòàòèñòè÷åñêèõ äàííûõ.

Èñïîëüçîâàíèå ïðîãðàììíîãî êîìïëåêñà Matlab

Ïðîãðàììíûé êîìïëåêñ Matlab ïîçâîëÿåò ìèíîâàòü ñòîëü òðóäîåìêèé ïðîöåññ ïî-
ñòðîåíèÿ ýêîíîìåòðè÷åñêîé ìîäåëè. Äëÿ ýòîãî íàäî èñïîëüçîâàòü Regression Learner
íà âêëàäêå APPS íà ëåíòå, ëèáî ïðèìåíèòü àïïàðàò èñêóññòâåííûõ íåéðîííûõ ñå-
òåé (ÈÍÑ), êîòîðûé ðåàëèçóåòñÿ ñ ïîìîùüþ òàêèõ èíñòðóìåíòîâ êàê Neural Network
Toolbox èëè Neural Network Fitting [1, 3-4].

Ñ ïîìîùüþ âûáîðêè, âêëþ÷àþùåé ? âñåãî îáúåìà èìåþùèõñÿ èñõîäíûõ äàííûõ,
ïðîâåäåì îáó÷åíèå íåéðîííîé ñåòè, èñïîëüçóÿ àëãîðèòì feedforwardnet. Ïóñòü íåé-
ðîííàÿ ñåòü ñîäåðæèò äâà ñëîÿ ñ 10 íåéðîíàìè â ñêðûòîì ñëîå. Â òîì ñëó÷àå, êîãäà
ïðîãíîçíûå ìîìåíòû âðåìåíè âûõîäÿò çà ïðåäåëû îáó÷àþùåé âûáîðêè, òî÷íîñòü
ïðîãíîçèðîâàíèÿ çíà÷èòåëüíî óõóäøàåòñÿ, ðàçáðîñ òåêóùèõ çíà÷åíèé êîíòðîëüíîé
âûáîðêè îòíîñèòåëüíî ïðîãíîçíûõ çíà÷åíèé ñèëüíî âîçðàñòàåò.

Äëÿ îáåñïå÷åíèÿ ïðèåìëåìîé òî÷íîñòè ïðîãíîçà, öåëåñîîáðàçíî ñ ïîÿâëåíèåì
êàæäîãî î÷åðåäíîãî èçìåðåíèÿ èç êîíòðîëüíîé âûáîðêè, âêëþ÷àòü ýòî èçìåðåíèå
â îáó÷àþùóþ âûáîðêó è ïåðåîáó÷àòü ÈÍÑ íà äàííîì ñêîëüçÿùåì èíòåðâàëå. Ïðè
ýòîì ïðåäñêàçàííûå çíà÷åíèÿ â ñîñòàâå äàííîãî äèíàìè÷åñêîãî äèàïàçîíà, çíà÷è-
òåëüíî ëó÷øå àïïðîêñèìèðóþò èñõîäíûé ìàññèâ äàííûõ. Îøèáêà îöåíèâàíèÿ ïî
ôèêñèðîâàííîé âûáîðêå, êðîìå òîãî, âêëþ÷àåò â ñâîé ñîñòàâ âåñüìà çíà÷èòåëüíóþ
ñèñòåìàòè÷åñêóþ êîìïîíåíòó, â îòëè÷èå îò îøèáêè îöåíèâàíèÿ íà ñêîëüçÿùåì èí-
òåðâàëå. Îòñþäà ñëåäóåò î÷åâèäíîå ïðåâîñõîäñòâî ïðîãíîçèðîâàíèÿ ïî âûáîðêå ïå-
ðåìåííîé äëèíû.

Êðîìå óæå óïîìÿíóòûõ èíñòðóìåíòîâ â ñîñòàâå Matlab èìååòñÿ òàêæå ïðîãðàìì-
íàÿ êîìïîíåíòà ñ âåñüìà óäîáíûì èíòåðôåéñîì Econometric Modeler, êîòîðàÿ ïîç-
âîëÿåò ñîçäàâàòü ìîäåëè àâòîðåãðåññèè è èíòåãðèðîâàííîãî ñêîëüçÿùåãî ñðåäíåãî
ARIMA â òîì ÷èñëå è ñ ó÷åòîì íå òîëüêî òðåíäà, íî è ñåçîííîé êîìïîíåíòû Season
ARIMA. Èõ èñïîëüçîâàíèå ïîçâîëÿåò ðåàëèçîâàòü âûïîëíåíèå òàêîãî óñëîâèÿ Ãàóññà-
Ìàðêîâà êàê îòñóòñòâèå êîððåëèðîâàííîñòè ïîñëåäîâàòåëüíûõ çíà÷åíèé îñòàòêîâ
âðåìåííîãî ðÿäà [1]. Êðîìå òîãî, Econometric Modeler ïîçâîëÿåò ðàññ÷èòàòü çíà÷å-
íèÿ èíôîðìàöèîííûõ êðèòåðèåâ Àêàèêå AIC è Áàéåñà BIC. Äàííûå êðèòåðèè, ñ îä-
íîé ñòîðîíû, ó÷èòûâàþò òî÷íîñòü ïîäãîíêè ýêîíîìåòðè÷åñêîé ìîäåëè ïîä èñõîäíûå
äàííûå, à ñ äðóãîé ñòîðîíû - ñëîæíîñòü ïîñòðîåííîé ìîäåëè.

Âûâîäû. Òðàäèöèîííûé ïîäõîä ê îáðàáîòêå âðåìåííûõ ðÿäîâ ñîñòîèò â ïîñòðî-
åíèè ýêîíîìåòðè÷åñêîé ìîäåëè â âèäå óðàâíåíèÿ, êîòîðîå ÷àùå âñåãî âêëþ÷àåò â
ñåáÿ òðåíä è öèêëè÷åñêîå (ñåçîííîå) êîëåáàíèå. Ïàðàìåòðû è òðåíäà, è ãàðìîíè÷å-
ñêîãî öèêëè÷åñêîãî êîëåáàíèÿ îöåíèâàþòñÿ â ñîîòâåòñòâèè ñ êðèòåðèåì íàèìåíüøèõ
êâàäðàòîâ. Õàðàêòåðíîé îñîáåííîñòüþ äàííîãî ïîäõîäà ÿâëÿåòñÿ ïðîñòîòà ïîëó÷å-
íèÿ ïðîãíîçíîãî çíà÷åíèÿ (ïóòåì ïîäñòàíîâêè â ïîëó÷åííîå óðàâíåíèå).

Àëüòåðíàòèâíûì ïîäõîäîì ê ïîñòðîåíèþ êðèâîé ðåãðåññèè (òðåíäà â ñëó÷àå âðå-
ìåííîãî ðÿäà) ÿâëÿåòñÿ ïðèìåíåíèå èñêóññòâåííûõ íåéðîííûõ ñåòåé (ÈÍÑ). Îäíàêî
â ñëó÷àå ïîëó÷åíèÿ ïðåäñêàçàííîãî (ïðîãíîçíîãî) çíà÷åíèÿ âíå ïðåäåëîâ îáó÷àþ-
ùåé âûáîðêè ñèëüíî âîçðàñòàþò ïîãðåøíîñòè îöåíèâàíèÿ. Äëÿ ñíèæåíèÿ òàêèõ ïî-
ãðåøíîñòåé ïðåäëàãàåòñÿ ïðèìåíèòü îáó÷àþùóþ âûáîðêó íà ñêîëüçÿùåì èíòåðâàëå,
âêëþ÷àÿ â íåãî êàæäîå î÷åðåäíîå íîâîå èçìåðåíèå è èñêëþ÷àÿ èç èíòåðâàëà èñòî-
ðè÷åñêè ñàìîå ñòàðîå. Òàêèì îáðàçîì ïðèìåíÿåòñÿ ñêîëüçÿùàÿ îáó÷àþùàÿ âûáîðêà
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ôèêñèðîâàííîãî îáúåìà, êîòîðàÿ ñäâèãàåòñÿ âïðàâî ñ ïîÿâëåíèåì êàæäîãî î÷åðåä-
íîãî èçìåðåíèÿ.
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ïðîäóêòîâ (MATLAB, SPSS Statistics, Loginom) äëÿ ïîñòðîåíèÿ ñåçîííûõ ýêîíîìåò-
ðè÷åñêèõ ìîäåëåé SARIMA íà ïðèìåðå âðåìåííîãî ðÿäà êîëè÷åñòâà ïàññàæèðîâ
àâèàòðàíñïîðòà â ÐÔ çà ïåðèîä 2018�2023 ãã. Â êà÷åñòâå êðèòåðèåâ îöåíêè ìîäå-
ëåé èñïîëüçîâàíû êîýôôèöèåíò äåòåðìèíàöèè (R2) è èíôîðìàöèîííûé êðèòåðèé
Àêàèêå (AIC). Ðåçóëüòàòû ïîêàçàëè âûñîêóþ ñîãëàñîâàííîñòü ïðîãíîçîâ ìåæäó èí-
ñòðóìåíòàìè (R2 = 0, 937− 0, 971), îäíàêî ïëàòôîðìà Loginom ïðîäåìîíñòðèðîâàëà
íàèëó÷øèå ïîêàçàòåëè òî÷íîñòè è óäîáñòâà èíòåðïðåòàöèè. Ðàçðàáîòàí ìåòîäè÷å-
ñêèé ïîäõîä ê âûáîðó ïðîãðàììíîãî îáåñïå÷åíèÿ äëÿ çàäà÷ ýêîíîìåòðè÷åñêîãî ïðî-
ãíîçèðîâàíèÿ, ó÷èòûâàþùèé áàëàíñ ñëîæíîñòè ìîäåëè è òî÷íîñòè àïïðîêñèìàöèè.

Êëþ÷åâûå ñëîâà: âðåìåííîé ðÿä, ýêîíîìåòðè÷åñêàÿ ìîäåëü, ñåçîííàÿ êîìïî-
íåíòà, èíôîðìàöèîííûé êðèòåðèé, àâòîêîððåëÿöèîííàÿ ôóíêöèÿ, êîððåëîãðàììà,
àâòîðåãðåññèÿ, ñêîëüçÿùåå ñðåäíåå, ñðåäíåêâàäðàòè÷åñêàÿ îøèáêà.

Ïðè ðåøåíèè ýêîíîìåòðè÷åñêèõ çàäà÷ âåñüìà âàæíóþ ðîëü èãðàåò ïðàâèëüíûé
âûáîð ïðèìåíÿåìûõ ïðîãðàììíûõ ñðåäñòâ, êîòîðûå äîâîëüíî ÷àñòî íà îäíîé è òîé
æå âðåìåííîé âûáîðêå äàþò ðàçëè÷íûé ðåçóëüòàò.

Ïðîãíîçèðîâàíèå ñîöèàëüíî-ýêîíîìè÷åñêèõ ïîêàçàòåëåé òðåáóåò ó÷¼òà ñòðóêòóð-
íûõ îñîáåííîñòåé äàííûõ, âêëþ÷àÿ òðåíä, ñåçîííîñòü è àâòîêîððåëÿöèþ îñòàò-
êîâ. Êëàññè÷åñêèå ìåòîäû ðåãðåññèîííîãî àíàëèçà, îñíîâàííûå íà óñëîâèÿõ Ãàóññà-
Ìàðêîâà, ÷àñòî îêàçûâàþòñÿ íåïðèìåíèìûìè èç-çà êîððåëÿöèè ìåæäó ïîñëåäîâà-
òåëüíûìè íàáëþäåíèÿìè âðåìåííûõ ðÿäîâ [1-3]. Ìîäåëü ARIMA (AutoRegressive
Integrated Moving Average) ïîçâîëÿåò ïðåîäîëåòü ýòî îãðàíè÷åíèå çà ñ÷¼ò êîìáèíà-
öèè àâòîðåãðåññèè, ñêîëüçÿùåãî ñðåäíåãî è äèôôåðåíöèðîâàíèÿ ñ ó÷¼òîì ñåçîííîñòè.
Íèæå áóäåò ðàññìîòðåíî ïðèìåíåíèå òðåõ ïðîãðàììíûõ ïðîäóêòîâ äëÿ ïîñòðîåíèÿ
äàííîé ìîäåëè, à èìåííî: Loginom, Matlab è SPSS. Â êà÷åñòâå èñõîäíûõ äàííûõ
èñïîëüçóåòñÿ îäíà è òà æå âûáîðêà êîëè÷åñòâà ïàññàæèðîâ, ïåðåâåçåííûõ àâèàöèîí-
íûì òðàíñïîðòîì â ÐÔ çà ïåðèîä ñ ÿíâàðÿ 2018 ã. ïî äåêàáðü 2023 ã.

Àíàëèòè÷åñêàÿ ïëàòôîðìà Loginom ïðåäîñòàâëÿåò âîçìîæíîñòü øèðîêîãî
âûáîðà èíñòðóìåíòîâ äëÿ ýêîíîìåòðè÷åñêîãî àíàëèçà. Â äàííîé ðàáîòå ïðèìåíÿ-
ëèñü äâà èç íèõ: Àâòîêîððåëÿöèÿ è ARIMAX. Áëîê Àâòîêîððåëÿöèÿ ôîðìèðóåò àâ-
òîêîððåëÿöèîííóþ ôóíêöèþ ÀÊÔ, à òàêæå ÷àñòíóþ àâòîêîððåëÿöèîííóþ ôóíêöèþ
×ÀÊÔ çàäàííîãî ñòàòèñòè÷åñêîãî ïîêàçàòåëÿ Transportation (ïåðåâîçêè), ïðåäíà-
çíà÷åííûå äëÿ ïåðâè÷íîãî ñòàòèñòè÷åñêîãî àíàëèçà [3, 5-6]. Â ñâîþ î÷åðåäü áëîê
ARIMAX ïðåäíàçíà÷åí íåïîñðåäñòâåííî äëÿ ïîñòðîåíèÿ ìîäåëè ñåçîííîé àâòîðå-
ãðåññèè è èíòåãðèðîâàííîãî ñêîëüçÿùåãî ñðåäíåãî SARIMA.

Íà ðèñ. 1 ïðåäñòàâëåíû ðåçóëüòàòû ìîäåëèðîâàíèÿ: ãðàôèê èñõîäíîãî âðåìåííîãî
ðÿäà, ãðàôèê ïðîãíîçà â ñîîòâåòñòâèè ñ ìîäåëüþ SARIMA íà èíòåðâàëå íàáëþäåíèÿ,
è ïðîãíîç íà ïðåäñòîÿùèå 12 ìåñÿöåâ âïåðåä, à òàêæå îøèáêè àïïðîêñèìàöèè èñõîä-
íûõ äàííûõ ïîñòðîåííîé ìîäåëüþ.
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Ðèñ. 1. Èñõîäíûå äàííûå ýêîíîìåòðè÷åñêîãî ïîêàçàòåëÿ, ïðîãíîç è îøèáêà
àïïðîêñèìàöèè

Â ðåçóëüòàòå äëÿ ïîñòðîåííîé ìîäåëè SARIMA êîýôôèöèåíò äåòåðìèíàöèè R2

ñîñòàâèë 0,971.

Â èíòåðåñàõ ïîñòðîåíèÿ ýêîíîìåòðè÷åñêîé ìîäåëè Season ARIMA ïî òåì æå
èñõîäíûì äàííûì ñ ó÷åòîì ñåçîííîé êîìïîíåíòû âûáðàí èíñòðóìåíò Econometric
Modeler ïàêåòà ïðîãðàìì Matlab [1-3]. Êàê è â ñëó÷àå ïðèìåíåíèÿ ïëàòôîðìû
Loginom, ïðè èñïîëüçîâàíèè Econometric Modeler ñòðîèëèñü ãðàôèêè ôóíêöèé ÀÊÔ
è ×ÀÊÔ.

Íà ðèñ. 2 ïðèâåäåíû ðåçóëüòàòû ïðèìåíåíèÿ ìîäåëè SARIMA è ðàññ÷èòàííûå
êîýôôèöèåíòû óðàâíåíèÿ ìîäåëè.

Ðèñ. 2. Ðåçóëüòàòû ïðèìåíåíèÿ è êîýôôèöèåíòû óðàâíåíèÿ ìîäåëè SARIMA
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Êðîìå òîãî, íà ðèñ. 2 ïðåäñòàâëåíû çíà÷åíèÿ èíôîðìàöèîííûõ êðèòåðèåâ Àêàèêå
AIC è Áàéåñà BIC.

Èíôîðìàöèîííûå êðèòåðèè ïðèìåíÿþòñÿ â ýêîíîìåòðèêå ïðè ñðàâíåíèè ðàçëè÷-
íûõ ìåòîäîâ ðåøåíèÿ îäíîé è òîé æå ýêîíîìåòðè÷åñêîé çàäà÷è. Ïðè ýòîì ñ îäíîé
ñòîðîíû ó÷èòûâàåòñÿ ñòåïåíü ïîäãîíêè ìîäåëè ïîä èñõîäíûå äàííûå, à ñ äðóãîé ñòî-
ðîíû ó÷èòûâàåòñÿ ñëîæíîñòü ïîñòðîåííîé ìîäåëè, òî åñòü êîëè÷åñòâî îöåíèâàåìûõ
ïàðàìåòðîâ [3-4].

Òàê, íàïðèìåð, èíôîðìàöèîííûé êðèòåðèé Àêàèêå ìîæíî ðàññ÷èòàòü ïî ôîðìóëå:

AIC =
2k

n
+ ln σ̂2

Çäåñü σ̂2 - îöåíêà äèñïåðñèè ñëó÷àéíîé îøèáêè (ñóììà êâàäðàòîâ îñòàòêîâ, äå-
ëåííàÿ íà îáúåì âûáîðêè);

k � êîëè÷åñòâî îöåíèâàåìûõ ïàðàìåòðîâ â ìîäåëè;

n � îáúåì âûáîðêè.

×åì ìåíüøå êðèòåðèé, òåì ëó÷øå ïðåäëîæåííàÿ ìîäåëü.

Èñïîëüçóÿ èíôîðìàöèîííûå êðèòåðèè óäîáíî ñðàâíèâàòü ïðåäñòàâëåííûå â äàí-
íîé ðàáîòå òðè ìîäåëè ARIMA, ïîñòðîåííûå ñ ïîìîùüþ òðåõ ðàçëè÷íûõ ïðîãðàìì-
íûõ ïðîäóêòîâ. Òàê, íàïðèìåð, â ñëó÷àå ïðèìåíåíèÿ Matlab èìååì AIC=603,8601.

Â ïðîãðàììíîì ïàêåòå ñòàòèñòè÷åñêîãî àíàëèçà SPSS Statistics òàêæå
èìååòñÿ âîçìîæíîñòü ïîñòðîåíèÿ ìîäåëè ARIMA ñ ó÷åòîì ñåçîííîé êîìïîíåíòû [1,
3].

Íà ðèñ. 3 ïðåäñòàâëåíû ïîëó÷åííûå ñòàòèñòèêè ïîñòðîåííîé ìîäåëè ARIMA.

Ðèñ. 3. Îïèñàíèå ïîñòðîåííîé ìîäåëè ARIMA

Ïðè ýòîì êîýôôèöèåíò R2 = 0, 937, ÷òî ñâèäåòåëüñòâóåò î âûñîêîì êà÷åñòâå ïî-
ñòðîåííîé ìîäåëè, õîðîøî îïèñûâàþùåé èñõîäíûå ñòàòèñòè÷åñêèå äàííûå.

Â õîäå èññëåäîâàíèÿ âûÿñíèëîñü, ÷òî ïðîãðàììíûå êîìïëåêñû Matlab, SPSS è
Loginom äàþò ïðèìåðíî îäèíàêîâûé ðåçóëüòàò, îäíàêî ïðåäïî÷òåíèå ñëåäóåò âñå-
òàêè îòäàòü ïîñëåäíåìó èç ïåðå÷èñëåííûõ.

Îäíèì èç âàæíûõ íàó÷íûõ ðåçóëüòàòîâ ïðîâåäåííûõ èññëåäîâàíèé ÿâëÿåòñÿ ðàç-
ðàáîòàííûé ìåòîäè÷åñêèé ïîäõîä ê îöåíêå è âûáîðó ïðîãðàììíîãî ñðåäñòâà äëÿ
ðåøåíèÿ ýêîíîìåòðè÷åñêèõ çàäà÷. Ïðàâèëüíûé âûáîð öèôðîâîãî èíñòðóìåíòà íà
îñíîâå ïðåäëîæåííîãî ïîäõîäà ïîçâîëÿåò ïîëó÷èòü ìàêñèìàëüíî òî÷íûå ðåçóëüòàòû
àíàëèçà ôèíàíñîâûõ è ñîöèàëüíî-ýêîíîìè÷åñêèõ ïðîöåññîâ, ÷òî îêàçûâàåò íåïîñðåä-
ñòâåííîå âëèÿíèå íà êà÷åñòâî ïðèíèìàåìûõ ðåøåíèé.
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https://doi.org/10.5281/zenodo.15510992

Àííîòàöèÿ

Öåëüþ íàñòîÿùåãî èññëåäîâàíèÿ ÿâëÿåòñÿ ïîñòðîåíèå è ýìïèðè÷åñêîå òåñòèðî-
âàíèå ìîäåëè îöåíêè ýôôåêòèâíîñòè è íåýôôåêòèâíîñòè ðèñê-ìåíåäæìåíòà ñèñòåì-
íî çíà÷èìûõ èíâåñòèöèîííûõ áàíêîâ ÑØÀ â óñëîâèÿõ ãëîáàëüíîãî ôèíàíñîâîãî
êðèçèñà 2008 ãîäà. Â ðàáîòå ïðèìåíÿåòñÿ ìåòîä àíàëèçà èåðàðõèé (AHP), ïîçâî-
ëÿþùèé àãðåãèðîâàòü êîëè÷åñòâåííûå è êà÷åñòâåííûå ïîêàçàòåëè â ðàìêàõ ëîãè÷å-
ñêè ñòðóêòóðèðîâàííîé èåðàðõèè. Àíàëèç îõâàòûâàåò ïÿòü áàíêîâ: Goldman Sachs,
JPMorgan, Morgan Stanley, Merrill Lynch è Lehman Brothers. Ðàçðàáîòàííûå ìîäåëè
äåìîíñòðèðóþò óñòîé÷èâîå äîìèíèðîâàíèå Goldman Sachs ïî èíòåãðàëüíûì ìåòðè-
êàì ýôôåêòèâíîñòè è ìèíèìàëüíûå çíà÷åíèÿ ïîêàçàòåëåé íåýôôåêòèâíîñòè. Ðàáîòà
ïîäòâåðæäàåò âûñîêóþ èíôîðìàòèâíîñòü è ïðèìåíèìîñòü ìåòîäà AHP äëÿ îöåíêè
êîìïëåêñíûõ ôèíàíñîâûõ ðèñêîâ.
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Ââåäåíèå

Ìåæäóíàðîäíûé ôèíàíñîâûé êðèçèñ 2008 ãîäà îáíàæèë ñèñòåìíûå óÿçâèìîñòè
ãëîáàëüíîãî áàíêîâñêîãî ñåêòîðà, âûçâàííûå êàê ìàêðîýêîíîìè÷åñêèìè øîêàìè, òàê
è èíñòèòóöèîíàëüíîé íåäîîöåíêîé ðèñêîâ. Îñîáîå âíèìàíèå â ïîñòêðèçèñíîé ëèòåðà-
òóðå óäåëÿåòñÿ èíâåñòèöèîííûì áàíêàì, ìíîãèå èç êîòîðûõ èãðàëè êëþ÷åâóþ ðîëü
â ðàçðàñòàíèè ñèñòåìíîãî ðèñêà è â ïîñëåäóþùåì êîëëàïñå äîâåðèÿ íà ðûíêå. Òåì
ñàìûì âîçíèêàåò íåîáõîäèìîñòü êîëè÷åñòâåííîé îöåíêè óñòîé÷èâîñòè è ýôôåêòèâ-
íîñòè ïðèíÿòûõ â ýòèõ îðãàíèçàöèÿõ ðåøåíèé ïî óïðàâëåíèþ ðèñêàìè. Ñîâðåìåííûå
ìåòîäû ìíîãîôàêòîðíîãî àíàëèçà, â ÷àñòíîñòè ìåòîä àíàëèçà èåðàðõèé (AHP), äàþò
âîçìîæíîñòü èíòåãðèðîâàòü êàê êîëè÷åñòâåííûå ìåòðèêè (ëèêâèäíîñòü, êàïèòàëèçà-
öèÿ, óðîâåíü òîêñè÷íûõ àêòèâîâ), òàê è ýêñïåðòíûå îöåíêè êà÷åñòâà êîðïîðàòèâíîãî
óïðàâëåíèÿ. Èìåííî ïîýòîìó AHP ïðåäñòàâëÿåò ñîáîé àäåêâàòíûé èíñòðóìåíò äëÿ
îöåíêè ðèñê-ìåíåäæìåíòà â óñëîâèÿõ íåïîëíîé èëè ôðàãìåíòàðíîé èíôîðìàöèè,
òèïè÷íîé äëÿ êðèçèñíûõ ïåðèîäîâ.

Ëèòåðàòóðíûé îáçîð

Ìåòîä AHP, ïðåäëîæåííûé Ñààòè (1980), ïîëó÷èë øèðîêîå ðàñïðîñòðàíåíèå â
çàäà÷àõ óïðàâëåíèÿ, ïëàíèðîâàíèÿ è îöåíêè ðèñêîâ (Kou et al., 2021; Zavadskas et
al., 2020). Â áàíêîâñêîì ñåêòîðå AHP èñïîëüçóåòñÿ êàê äëÿ ñòðàòåãè÷åñêîé îöåíêè
ôàêòîðîâ óñòîé÷èâîñòè, òàê è äëÿ òàêòè÷åñêîé êàëèáðîâêè âíóòðåííåé ñèñòåìû êîí-
òðîëÿ ðèñêîâ. Ïðåèìóùåñòâîì ïîäõîäà ÿâëÿåòñÿ åãî óíèâåðñàëüíîñòü � AHP ïðèìå-
íèì êàê ïðè íàëè÷èè òî÷íûõ ÷èñëîâûõ äàííûõ, òàê è ïðè íåîáõîäèìîñòè ó÷èòûâàòü
ñóáúåêòèâíûå ïðèîðèòåòû è ïðåäïî÷òåíèÿ.

Ñðåäè èññëåäîâàíèé, íàèáîëåå ðåëåâàíòíûõ íàøåé çàäà÷å, ñëåäóåò îòìåòèòü ðà-
áîòû Sarker et al. (2019), â êîòîðûõ AHP èñïîëüçóåòñÿ äëÿ ñðàâíåíèÿ ðèñê-ïðîôèëåé
áàíêîâ ðàçâèâàþùèõñÿ ñòðàí, à òàêæå ïóáëèêàöèè, íàïðàâëåííûå íà àíàëèç ïîñëåä-
ñòâèé êðèçèñîâ (Nguyen & Roca, 2016). Îäíàêî ïðèìåíåíèé AHP ê ýìïèðè÷åñêîìó
àíàëèçó èìåííî êðèçèñà 2008 ãîäà ñ ôîêóñîì íà èíâåñòèöèîííûå áàíêè â ëèòåðàòóðå
êðàéíå ìàëî, ÷òî ïîäòâåðæäàåò àêòóàëüíîñòü è íîâèçíó íàñòîÿùåãî èññëåäîâàíèÿ.

Ìåòîäîëîãèÿ è ïîñòðîåíèå ìîäåëåé

Äëÿ àíàëèçà ïîñòðîåíû äâå AHP-ìîäåëè: îäíà íàïðàâëåíà íà îöåíêó ýôôåêòèâ-
íîñòè, âòîðàÿ � íà îöåíêó íåýôôåêòèâíîñòè ðèñê-ìåíåäæìåíòà.

Ñòðóêòóðà èåðàðõèè ýôôåêòèâíîñòè:

Ìîäåëü ñîñòîèò èç ÷åòûðåõ ïîñëåäîâàòåëüíûõ óðîâíåé, êàæäûé èç êîòîðûõ äå-
òàëèçèðóåò ïðåäûäóùèé è îáåñïå÷èâàåò êîìïëåêñíóþ îöåíêó ñèñòåìû óïðàâëåíèÿ
ðèñêàìè.

Ïåðâûé óðîâåíü îïðåäåëÿåò îñíîâíóþ öåëü ìîäåëè, êîòîðàÿ çàêëþ÷àåòñÿ â
îöåíêå ýôôåêòèâíîñòè ñèñòåìû óïðàâëåíèÿ ðèñêàìè. Äàííûé óðîâåíü ñëóæèò êîí-
öåïòóàëüíîé îñíîâîé äëÿ ïîñëåäóþùåé äåêîìïîçèöèè êðèòåðèåâ è ïîêàçàòåëåé.

Âòîðîé óðîâåíü âêëþ÷àåò êëþ÷åâûå êðèòåðèè, íåîáõîäèìûå äëÿ àíàëèçà ýô-
ôåêòèâíîñòè óïðàâëåíèÿ ðèñêàìè. Ê íèì îòíîñÿòñÿ êàïèòàë, ëèêâèäíîñòü, êà÷åñòâî
àêòèâîâ, êîðïîðàòèâíîå óïðàâëåíèå è ðûíî÷íûå ðèñêè. Ýòè êðèòåðèè îõâàòûâàþò
îñíîâíûå àñïåêòû ôèíàíñîâîé óñòîé÷èâîñòè è îïåðàöèîííîé äåÿòåëüíîñòè áàíêîâ.

Òðåòèé óðîâåíü äåòàëèçèðóåò êàæäûé êðèòåðèé ÷åðåç ñèñòåìó ïîäêðèòåðèåâ.

167



Äëÿ êàïèòàëà ðàññìàòðèâàþòñÿ òàêèå ïîêàçàòåëè, êàê êàïèòàë Tier 1, îáùèå ìàòå-
ðèàëüíûå àêòèâû è êîýôôèöèåíò ïëå÷à (ëåâåðèäæ). Ëèêâèäíîñòü îöåíèâàåòñÿ ÷å-
ðåç ïîêðûòèå ëèêâèäíîñòè, êðàòêîñðî÷íîå ôîíäèðîâàíèå è îáúåì çàèìñòâîâàíèé ó
ÔÐÑ. Êà÷åñòâî àêòèâîâ àíàëèçèðóåòñÿ íà îñíîâå äîëè àêòèâîâ 3-ãî óðîâíÿ, ïðîáëåì-
íûõ êðåäèòîâ è ïîêðûòèÿ ðåçåðâîâ íà ïîòåðè ïî ññóäàì. Êîðïîðàòèâíîå óïðàâëåíèå
âêëþ÷àåò ïîêàçàòåëè ñìåíû ðóêîâîäñòâà, ñêîðîñòè ïðèçíàíèÿ óáûòêîâ, à òàêæå íà-
ëè÷èÿ øòðàôîâ è èñêîâ. Ðûíî÷íûå ðèñêè èçìåðÿþòñÿ ñ ïîìîùüþ ñðåäíåäíåâíîãî
VaR è ôàêòè÷åñêèõ òîðãîâûõ ïîòåðü.

×åòâåðòûé óðîâåíü ïðåäñòàâëÿåò àëüòåðíàòèâû � ïÿòü ñèñòåìíî çíà÷èìûõ áàí-
êîâ, êîòîðûå ïîäâåðãàþòñÿ ñðàâíèòåëüíîìó àíàëèçó â ðàìêàõ ïðåäëîæåííîé ìîäåëè.
Â èõ ÷èñëî âõîäÿò Goldman Sachs, JPMorgan, Morgan Stanley, Merrill Lynch è Lehman
Brothers. Âûáîð ýòèõ èíñòèòóòîâ îáóñëîâëåí èõ âëèÿíèåì íà ôèíàíñîâóþ ñèñòåìó è
äîñòóïíîñòüþ äàííûõ äëÿ îöåíêè.

Ðèñóíîê 1. Èåðàðõè÷åñêàÿ ñòðóêòóðà ìîäåëè îöåíêè ýôôåêòèâíîñòè
ðèñê-ìåíåäæìåíòà.

Ñõåìà âèçóàëèçèðóåò êðèòåðèè è ïîäêðèòåðèè ýôôåêòèâíîñòè, âêëþ÷àÿ ïîêàçà-
òåëè êàïèòàëà, ëèêâèäíîñòè, êà÷åñòâà àêòèâîâ, ðûíî÷íûõ ðèñêîâ è êîðïîðàòèâíîãî
óïðàâëåíèÿ.

Ñòðóêòóðà èåðàðõèè íåýôôåêòèâíîñòè:

Ïåðâûé óðîâåíü îïðåäåëÿåò öåëü ìîäåëè � îöåíêó íåýôôåêòèâíîñòè
ñèñòåìû óïðàâëåíèÿ ðèñêàìè. Äàííûé óðîâåíü çàäàåò îáùåå íàïðàâëåíèå èññëå-
äîâàíèÿ, ôîêóñèðóÿñü íà âûÿâëåíèè ñëàáûõ ìåñò â ðèñê-ìåíåäæìåíòå ôèíàíñîâûõ
èíñòèòóòîâ.

Âòîðîé óðîâåíü âêëþ÷àåò îñíîâíûå êðèòåðèè, ïîçâîëÿþùèå îöåíèòü
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ñòåïåíü íåýôôåêòèâíîñòè. Ê íèì îòíîñÿòñÿ ôèíàíñîâûå ïîòåðè, êà÷åñòâî àêòè-
âîâ, çàâèñèìîñòü îò âíåøíåé ïîääåðæêè, ðûíî÷íîå äîâåðèå è êîðïîðàòèâíîå óïðàâ-
ëåíèå. Ýòè êðèòåðèè îòðàæàþò êëþ÷åâûå ôàêòîðû, ñïîñîáíûå ñèãíàëèçèðîâàòü î
íåäîñòàòêàõ â óïðàâëåíèè ðèñêàìè.

Òðåòèé óðîâåíü äåòàëèçèðóåò êàæäûé êðèòåðèé ÷åðåç íàáîð ïîäêðèòå-
ðèåâ. Ôèíàíñîâûå ïîòåðè îöåíèâàþòñÿ ïî òàêèì ïîêàçàòåëÿì, êàê ÷èñòûé óáûòîê
(Net Income), ñïèñàíèÿ è òîðãîâûå óáûòêè. Êà÷åñòâî àêòèâîâ àíàëèçèðóåòñÿ ÷åðåç
äîëþ àêòèâîâ 3-ãî óðîâíÿ, ïðîáëåìíûõ êðåäèòîâ è ñëîæíûõ ñòðóêòóðèðîâàííûõ ïðî-
äóêòîâ (CDO/SPV). Çàâèñèìîñòü îò ïîääåðæêè èçìåðÿåòñÿ îáúåìîì çàèìñòâîâàíèé
ó ÔÐÑ, ïîëó÷åíèåì ïîìîùè ïî ïðîãðàììå TARP è ñâîåâðåìåííîñòüþ åå âîçâðàòà.
Ðûíî÷íîå äîâåðèå îöåíèâàåòñÿ ïî ñíèæåíèþ êàïèòàëèçàöèè (Market Cap) è ïîíèæå-
íèþ êðåäèòíûõ ðåéòèíãîâ. Êîðïîðàòèâíîå óïðàâëåíèå âêëþ÷àåò òàêèå àñïåêòû, êàê
÷àñòàÿ ñìåíà ðóêîâîäñòâà, ÷ðåçìåðíûå êîìïåíñàöèè òîï-ìåíåäæìåíòà è çàïîçäàëîå
ïðèçíàíèå óáûòêîâ.

×åòâåðòûé óðîâåíü ïðåäñòàâëÿåò àëüòåðíàòèâû � ïÿòü ñèñòåìíî çíà÷è-
ìûõ áàíêîâ, êîòîðûå ïîäâåðãàþòñÿ ñðàâíèòåëüíîé îöåíêå. Â âûáîðêó âõîäÿò
Goldman Sachs, JPMorgan, Morgan Stanley, Merrill Lynch è Lehman Brothers. Àíàëèç
äàííûõ èíñòèòóòîâ ïîçâîëÿåò âûÿâèòü ðàçëè÷èÿ â ýôôåêòèâíîñòè óïðàâëåíèÿ ðèñ-
êàìè è îïðåäåëèòü êëþ÷åâûå ôàêòîðû, ñïîñîáñòâóþùèå èõ óÿçâèìîñòè.

Ðèñóíîê 2. Èåðàðõè÷åñêàÿ ñòðóêòóðà ìîäåëè îöåíêè íåýôôåêòèâíîñòè
ðèñê-ìåíåäæìåíòà.

Ñõåìà âèçóàëèçèðóåò êðèòåðèè è ïîäêðèòåðèè íåýôôåêòèâíîñòè, âêëþ÷àÿ ôè-
íàíñîâûå ïîòåðè, çàâèñèìîñòè îò ïîääåðæêè, êà÷åñòâà àêòèâîâ, ðûíî÷íîãî äîâåðèÿ
è êîðïîðàòèâíîãî óïðàâëåíèÿ.

Ìåòîäèêà ðàñ÷åòîâ
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Ìåòîä àíàëèçà èåðàðõèé (AHP) ïðèìåíÿëñÿ â íåñêîëüêî ýòàïîâ:

1. Ôîðìàëèçàöèÿ èåðàðõèè. Ñòðóêòóðà îöåíêè âêëþ÷àëà ÷åòûðå óðîâíÿ: (1) öåëü,
(2) êðèòåðèè, (3) ïîäêðèòåðèè è (4) àëüòåðíàòèâû. Òàêàÿ äåêîìïîçèöèÿ ïîçâîëèëà
ñòðóêòóðèðîâàòü ñëîæíóþ çàäà÷ó îöåíêè ðèñê-ìåíåäæìåíòà è çàäàòü ÷¼òêèå âåñîâûå
îòíîøåíèÿ ìåæäó êîìïîíåíòàìè.

2. Ïîïàðíîå ñðàâíåíèå ýëåìåíòîâ. Îöåíêà îòíîñèòåëüíîé çíà÷èìîñòè êðèòåðèåâ è
ïîäêðèòåðèåâ ïðîâîäèëàñü ïî äåâÿòèáàëëüíîé øêàëå Ñààòè. Íà îñíîâå ýòèõ îöåíîê
ôîðìèðîâàëèñü ìàòðèöû ïàðíûõ ñðàâíåíèé, èç êîòîðûõ âû÷èñëÿëèñü ñîáñòâåííûå
âåêòîðû äëÿ èçâëå÷åíèÿ âåñîâ ýëåìåíòîâ.

3. Îöåíêà ñîãëàñîâàííîñòè. Íàä¼æíîñòü ñóæäåíèé îöåíèâàëàñü ÷åðåç èíäåêñ ñî-
ãëàñîâàííîñòè (CI) è îòíîøåíèå ñîãëàñîâàííîñòè (CR):

CI =
λmax − n

n− 1
, CR =

CI

RI

ãäå λmax � íàèáîëüøåå ñîáñòâåííîå çíà÷åíèå ìàòðèöû, n � å¼ ðàçìåðíîñòü, RI
� òàáëè÷íîå çíà÷åíèå ñëó÷àéíîé ñîãëàñîâàííîñòè. Ïðèíÿòî çíà÷åíèå CR < 0,1 êàê
äîïóñòèìûé óðîâåíü ñîãëàñîâàííîñòè.

4. Íîðìàëèçàöèÿ êîëè÷åñòâåííûõ äàííûõ. Âñå êîëè÷åñòâåííûå ïîêàçàòåëè áûëè
ïðèâåäåíû ê åäèíîìó ìàñøòàáó (íàïðèìåð, îò 0 äî 1) äëÿ îáåñïå÷åíèÿ ñîïîñòàâèìî-
ñòè. Äëÿ ýòîãî ïðèìåíÿëèñü ìåòîäû ëèíåéíîé íîðìàëèçàöèè è øêàëèðîâàíèÿ.

5. Âû÷èñëåíèå ãëîáàëüíûõ ïðèîðèòåòîâ. Èòîãîâûå âåñà àëüòåðíàòèâ ðàññ÷èòû-
âàëèñü ïóò¼ì ñâ¼ðòêè ëîêàëüíûõ ïðèîðèòåòîâ ïî êàæäîìó ïîäêðèòåðèþ ñ âåñàìè
ñîîòâåòñòâóþùèõ êðèòåðèåâ. Àãðåãèðîâàííûé ïðèîðèòåò àëüòåðíàòèâû j:

Pj =
m∑
i=1

wi · pij

ãäå wi � âåñ ïîäêðèòåðèÿ i, pij � îöåíêà àëüòåðíàòèâû j ïî íåìó.

6. Ïðîãðàììíàÿ ðåàëèçàöèÿ. Âñå ðàñ÷¼òû ïðîâîäèëèñü â îíëàéí-êàëüêóëÿòîðå
BPMSG AHP Calculator äëÿ îáåñïå÷åíèÿ ïîëíîé âîñïðîèçâîäèìîñòè ìîäåëè., à äàí-
íûå ñòðóêòóðèðîâàíû è ïðîâåðåíû âðó÷íóþ. Ýòî îáåñïå÷èëî ïðîçðà÷íîñòü è ïîâòî-
ðÿåìîñòü ïðîöåäóðû.

Òàáëèöû äåìîíñòðèðóþòò èñïîëüçóåìûå â ìîäåëè AHP êðèòåðèè è ïîäêðèòåðèè,
à òàêæå ñîîòâåòñòâóþùèå èì âåñà, ïîëó÷åííûå â ðåçóëüòàòå ïîïàðíûõ ñðàâíåíèé.
Âåñ êðèòåðèÿ îòðàæàåò åãî îòíîñèòåëüíóþ çíà÷èìîñòü â îáùåé ñòðóêòóðå ìîäåëè, à
ïåðå÷åíü ïîäêðèòåðèåâ êîíêðåòèçèðóåò åãî èçìåðèìûå àñïåêòû.

Ðåçóëüòàòû îöåíêè ýôôåêòèâíîñòè ðèñê-ìåíåäæìåíòà

Èíòåãðàëüíûå ïðèîðèòåòû ïî ýôôåêòèâíîñòè. Íà îñíîâàíèè ìîäåëè AHP
áûëè ðàññ÷èòàíû èíòåãðàëüíûå ïîêàçàòåëè ýôôåêòèâíîñòè ñèñòåì óïðàâëåíèÿ ðèñ-
êàìè äëÿ ïÿòè êðóïíåéøèõ èíâåñòèöèîííûõ áàíêîâ ÑØÀ. Â òàáëèöå 1 ïðåäñòàâëåíû
èòîãîâûå àãðåãèðîâàííûå çíà÷åíèÿ, ïîëó÷åííûå ïóò¼ì âçâåøèâàíèÿ ëîêàëüíûõ ïðè-
îðèòåòîâ ïî êàæäîìó ïîäêðèòåðèþ.
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Áàíê Èíòåãðàëüíûé ïîêàçàòåëü ýôôåêòèâíîñòè
Goldman Sachs 0.575121629
JPMorgan 0.074256281

Morgan Stanley 0.122693858
Merrill Lynch 0.119233001

Lehman Brothers 0.108695231

Òàáëèöà 1 � Èíòåãðàëüíûå îöåíêè ýôôåêòèâíîñòè ðèñê-ìåíåäæìåíòà
èíâåñòèöèîííûõ áàíêîâ (AHP)

Ðèñóíîê 3. Èåðàðõè÷åñêàÿ ñòðóêòóðà ìîäåëè îöåíêè ýôôåêòèâíîñòè
ðèñê-ìåíåäæìåíòà.

Íàèáîëüøèé ïîêàçàòåëü ýôôåêòèâíîñòè áûë çàôèêñèðîâàí ó Goldman Sachs, ÷òî
ïîäòâåðæäàåò åãî óñòîé÷èâîñòü è âûñîêóþ ëèêâèäíóþ ïîçèöèþ â 2008 ãîäó. Íàè-
ìåíüøèå çíà÷åíèÿ íàáëþäàþòñÿ ó JPMorgan, Merrill Lynch è Lehman Brothers, ÷òî
îòðàæàåò èõ âûñîêóþ óÿçâèìîñòü è íåñïîñîáíîñòü ñâîåâðåìåííî àäàïòèðîâàòü ñèñòå-
ìó óïðàâëåíèÿ ðèñêàìè â óñëîâèÿõ êðèçèñà.

Ðåçóëüòàòû îöåíêè íåýôôåêòèâíîñòè ðèñê-ìåíåäæìåíòà

Èíòåãðàëüíûå ïðèîðèòåòû ïî íåýôôåêòèâíîñòè. Â ðàìêàõ àëüòåðíàòèâíîé
AHP-ìîäåëè áûëè îïðåäåëåíû àãðåãèðîâàííûå ïîêàçàòåëè íåýôôåêòèâíîñòè äëÿ òåõ
æå ïÿòè èíâåñòèöèîííûõ áàíêîâ. Äàííàÿ ìîäåëü ïîçâîëÿåò êîëè÷åñòâåííî îöåíèòü
ñëàáûå ñòîðîíû ñèñòåì óïðàâëåíèÿ ðèñêàìè â óñëîâèÿõ êðèçèñà. Íèæå ïðèâåäåíû
èíòåãðàëüíûå çíà÷åíèÿ, ïîëó÷åííûå íà îñíîâå âåñîâ êðèòåðèåâ è ïîäêðèòåðèåâ íåýô-
ôåêòèâíîñòè.
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Áàíê Èíòåãðàëüíûé ïîêàçàòåëü íåýôôåêòèâíîñòè
Goldman Sachs 0.180992634
JPMorgan 0.181080181

Morgan Stanley 0.222038372
Merrill Lynch 0.22935377

Lehman Brothers 0.186535044

Òàáëèöà 2 � Èíòåãðàëüíûå îöåíêè íåýôôåêòèâíîñòè ðèñê-ìåíåäæìåíòà
èíâåñòèöèîííûõ áàíêîâ (AHP)

Ðèñóíîê 4. Èåðàðõè÷åñêàÿ ñòðóêòóðà ìîäåëè îöåíêè íåýôôåêòèâíîñòè
ðèñê-ìåíåäæìåíòà.

Íàèáîëüøèé óðîâåíü íåýôôåêòèâíîñòè, ñîãëàñíî ðåçóëüòàòàì ìîäåëè, ïðîäåìîí-
ñòðèðîâàëè Lehman Brothers è Merrill Lynch. Íàèìåíüøèé ïîêàçàòåëü íåýôôåêòèâ-
íîñòè çàôèêñèðîâàí ó Goldman Sachs, ÷òî ïîäòâåðæäàåò ðåçóëüòàòû ìîäåëè ýôôåê-
òèâíîñòè.

Èíòåãðàëüíûé èíäåêñ óñòîé÷èâîñòè

Îòíîøåíèå ãëîáàëüíûõ ïðèîðèòåòîâ ïî ýôôåêòèâíîñòè è íåýôôåêòèâ-
íîñòè ïîëó÷åííîå â ðàìêàõ ìåòîäà àíàëèçà èåðàðõèé (AHP), èíòåðïðåòèðóåòñÿ êàê
èíòåãðàëüíûé èíäåêñ óñòîé÷èâîñòè ñèñòåìû óïðàâëåíèÿ ðèñêàìè. Äàííûé ïî-
êàçàòåëü îòðàæàåò áàëàíñ ìåæäó ñèëüíûìè è ñëàáûìè ñòîðîíàìè àëüòåðíàòèâû è
ìîæåò ñëóæèòü êðèòåðèåì å¼ îáùåé íàä¼æíîñòè â óñëîâèÿõ íåîïðåäåë¼ííîñòè è êðè-
çèñíûõ âîçäåéñòâèé.

Ñîïîñòàâëåíèå ðåçóëüòàòîâ äâóõ AHP-ìîäåëåé � îöåíêè ýôôåêòèâíîñòè è íåýô-
ôåêòèâíîñòè � ïîçâîëÿåò âûÿâèòü ñòðóêòóðíûå çàêîíîìåðíîñòè è ïîäòâåðäèòü âíóò-
ðåííþþ ñîãëàñîâàííîñòü ïîñòðîåííîé àíàëèòè÷åñêîé àðõèòåêòóðû.
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Ìîäåëü/Áàíê
Ãîëäìàí
Ñàêñ

Äæåé Ïè
Ìîðãàí ×åéñ

Ìîðãàí
Ñòýíëè

Ìåððèëë
Ëèí÷

Ëåìàí
Áðàçåðñ

Ýôôåêòèâíîñòü 0.575122 0.074256 0.122694 0.119233 0.108695
Íåýôôåêòèâíîñòü 0.180993 0.181080 0.222038 0.229354 0.186535

Èíäåêñ
ó÷òîé÷èâîñòè

3.177597 0.410074 0.552579 0.519865 0.582707

Òàáëèöà 3 � Èíòåãðàëüíûé èíäåêñ óñòîé÷èâîñòè (AHP)

Ñîãëàñîâàííîñòü ðåçóëüòàòîâ

Goldman Sachs çàíèìàåò ïåðâîå ìåñòî ïî ýôôåêòèâíîñòè (0.5751) è îäíîâðåìåííî
äåìîíñòðèðóåò íàèìåíüøóþ íåýôôåêòèâíîñòü (0.1809), ÷òî ïîäòâåðæäàåò óñòîé÷è-
âîñòü åãî ðèñê-ìåíåäæìåíòà êàê ñ òî÷êè çðåíèÿ ñèëüíûõ, òàê è ñëàáûõ ñòîðîí. Â
ïðîòèâîïîëîæíîñòü ýòîìó, Lehman Brothers � íàèìåíåå ýôôåêòèâíûé áàíê è îäíî-
âðåìåííî ëèäåð ïî ñîâîêóïíîé óÿçâèìîñòè, ÷òî ïîëíîñòüþ ñîãëàñóåòñÿ ñ åãî áàíê-
ðîòñòâîì â 2008 ãîäó. Ýòî îòðàæàåò âàëèäíîñòü ìåòîäîëîãèè AHP â óñëîâèÿõ ðåòðî-
ñïåêòèâíîãî àíàëèçà ñèñòåìíûõ ñáîåâ.

Âçàèìîäîïîëíÿåìîñòü ìîäåëåé

Íåñìîòðÿ íà ëîãè÷åñêóþ èíâåðñèþ ìîäåëåé, èõ ðåçóëüòàòû íå ïðîñòî îáðàòíû.
Îíè ïîä÷åðêèâàþò ðàçíûå àñïåêòû: ìîäåëü ýôôåêòèâíîñòè àêöåíòèðóåò âíèìàíèå
íà ñèëüíûõ ñòîðîíàõ � òàêèõ êàê ëèêâèäíîñòü è êàïèòàë, â òî âðåìÿ êàê ìîäåëü
íåýôôåêòèâíîñòè âûÿâëÿåò ñëàáûå çâåíüÿ � íàïðèìåð, ÷ðåçìåðíóþ çàâèñèìîñòü îò
àêòèâîâ 3-ãî óðîâíÿ èëè äåôèöèò ðûíî÷íîãî äîâåðèÿ. Â ñîâîêóïíîñòè îáå ìîäåëè
ïîçâîëÿþò ïîëó÷èòü ñáàëàíñèðîâàííóþ êàðòèíó, ïðèãîäíóþ êàê äëÿ ñòðàòåãè÷åñêîãî
àóäèòà, òàê è äëÿ ñòðåññ-òåñòèðîâàíèÿ.

Çàêëþ÷åíèå

Íàñòîÿùåå èññëåäîâàíèå ïðîäåìîíñòðèðîâàëî âîçìîæíîñòè ïðèìåíåíèÿ ìåòîäà
àíàëèçà èåðàðõèé (AHP) äëÿ êîìïëåêñíîé êîëè÷åñòâåííîé îöåíêè ñèñòåì óïðàâëå-
íèÿ ðèñêàìè â êðóïíåéøèõ èíâåñòèöèîííûõ áàíêàõ ÑØÀ â óñëîâèÿõ êðèçèñà 2008
ãîäà. Ïîñòðîåííûå ìîäåëè � íà ýôôåêòèâíîñòü è íåýôôåêòèâíîñòü � ïîçâîëèëè îáú-
åêòèâíî ñîïîñòàâèòü ïÿòü êëþ÷åâûõ ó÷àñòíèêîâ ðûíêà: Goldman Sachs, JPMorgan,
Morgan Stanley, Merrill Lynch è Lehman Brothers. Ðåçóëüòàòû ïîêàçàëè óñòîé÷èâîå
ëèäåðñòâî Goldman Sachs, çàíÿâøåãî ïåðâîå ìåñòî ïî èíòåãðàëüíîé ýôôåêòèâíîñòè
è ïîñëåäíåå � ïî ñîâîêóïíîé íåýôôåêòèâíîñòè. Â ïðîòèâîïîëîæíîñòü ýòîìó Lehman
Brothers ïðîäåìîíñòðèðîâàë íàèõóäøèå çíà÷åíèÿ â îáåèõ ìîäåëÿõ, ÷òî ñîãëàñóåòñÿ
ñ åãî ôàêòè÷åñêèì áàíêðîòñòâîì è îòðàæàåò óÿçâèìîñòü ïî êëþ÷åâûì ïàðàìåòðàì:
ôèíàíñîâûì ïîòåðÿì, êà÷åñòâó àêòèâîâ è ðûíî÷íîìó äîâåðèþ. Ìîäåëè AHP, ïîñòðî-
åííûå ïî íåçàâèñèìûì êðèòåðèàëüíûì è ïîäêðèòåðèàëüíûì ñòðóêòóðàì, âûÿâèëè
âûñîêóþ ñòåïåíü âíóòðåííåé ñîãëàñîâàííîñòè (îáðàòíàÿ êîððåëÿöèÿ r ≈?0.93), ïîä-
òâåðæäàÿ íàä¼æíîñòü ìåòîäîëîãè÷åñêîãî ïîäõîäà.

Èñïîëüçîâàíèå èåðàðõè÷åñêîé äåêîìïîçèöèè ïîêàçàëî ñåáÿ êàê ýôôåêòèâíûé èí-
ñòðóìåíò àíàëèçà â óñëîâèÿõ íåïîëíîé èíôîðìàöèè, õàðàêòåðíîé äëÿ ñèñòåìíûõ
êðèçèñîâ. AHP îêàçàëñÿ ïîëåçåí íå òîëüêî äëÿ ðàíæèðîâàíèÿ àëüòåðíàòèâ, íî è
äëÿ ãëóáîêîãî ïîíèìàíèÿ äåòåðìèíàíò ýôôåêòèâíîñòè è óÿçâèìîñòè â áàíêîâñêîì
ñåêòîðå. Ðàçðàáîòàííûå ìîäåëè ìîãóò áûòü àäàïòèðîâàíû äëÿ öåëåé ðåãóëÿòîðíîãî
íàäçîðà, ñòðåññ-òåñòèðîâàíèÿ, àóäèòà è ïîñòðîåíèÿ ñòðàòåãèé óñòîé÷èâîñòè â ñîâðå-
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ìåííûõ óñëîâèÿõ ôèíàíñîâîé íåñòàáèëüíîñòè.
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Àííîòàöèÿ

Â èññëåäîâàíèè ïðèìåíÿåòñÿ àëãîðèòì Random Forest äëÿ àíàëèçà ðèñêîâ òðàíñ-
íàöèîíàëüíûõ íåôòåãàçîâûõ êîìïàíèé. Ïîñòðîåíû êëàññèôèêàöèîííàÿ ìîäåëü ñîâî-
êóïíîãî ðèñêà è ïÿòü ðåãðåññèîííûõ ìîäåëåé ïî îñíîâíûì êàòåãîðèÿì. Ðåçóëüòàòû
ïîêàçàëè âûñîêóþ òî÷íîñòü è ïîçâîëèëè âûÿâèòü êëþ÷åâûå ôàêòîðû ðèñêà. Ìîäåëü
ïîäòâåðæäàåò ýôôåêòèâíîñòü ìàøèííîãî îáó÷åíèÿ â ðèñê-ìåíåäæìåíòå.

Êëþ÷åâûå ñëîâà: òðàíñíàöèîíàëüíûå êîðïîðàöèè, ôèíàíñîâûå ðèñêè, ìàøèí-
íîå îáó÷åíèå, Random Forest, ðèñê-ìåíåäæìåíò, áîëüøèå äàííûå, íåôòåãàçîâûé ñåê-
òîð.

Ââåäåíèå

Â óñëîâèÿõ óñèëèâàþùåéñÿ ãëîáàëüíîé íåîïðåäåë¼ííîñòè è âîëàòèëüíîñòè ôèíàí-
ñîâûõ ðûíêîâ âîïðîñû îöåíêè è óïðàâëåíèÿ êîðïîðàòèâíûìè ðèñêàìè ïðèîáðåòàþò
îñîáóþ àêòóàëüíîñòü. Îñîáåííî îñòðî ýòà ïðîáëåìà ñòîèò ïåðåä òðàíñíàöèîíàëüíû-
ìè êîðïîðàöèÿìè (ÒÍÊ), äåÿòåëüíîñòü êîòîðûõ ñîïðÿæåíà ñ âûñîêèìè êàïèòàëü-
íûìè çàòðàòàìè è çàâèñèò îò ìàêðîýêîíîìè÷åñêèõ êîëåáàíèé. Â òàêèõ îòðàñëÿõ,
êàê íåôòåãàçîâàÿ ïðîìûøëåííîñòü, ðèñêè ïðîÿâëÿþòñÿ êîìïëåêñíî � îò ðûíî÷íîé
íåñòàáèëüíîñòè äî âíóòðåííèõ îïåðàöèîííûõ ñáîåâ, è òðåáóþò ãèáêèõ èíñòðóìåíòîâ
äëÿ ïðîãíîçèðîâàíèÿ è êîíòðîëÿ.

Îäíàêî òðàäèöèîííûå ñòàòèñòè÷åñêèå ìåòîäû àíàëèçà ðèñêîâ � òàêèå êàê ëèíåé-
íàÿ ðåãðåññèÿ, äèñêðèìèíàíòíûé àíàëèç è ðàáîòà ñ àãðåãèðîâàííûìè êîýôôèöèåíòà-
ìè � äåìîíñòðèðóþò îãðàíè÷åííûå âîçìîæíîñòè ïðè íàëè÷èè íåëèíåéíûõ âçàèìî-
ñâÿçåé, ìóëüòèêîëëèíåàðíîñòè è ðàçíîòèïíûõ èñòî÷íèêîâ äàííûõ. Ýòè îãðàíè÷åíèÿ
ïîáóæäàþò ê èñïîëüçîâàíèþ èíòåëëåêòóàëüíûõ ïîäõîäîâ, â ÷àñòíîñòè àëãîðèòìîâ
ìàøèííîãî îáó÷åíèÿ, ñïîñîáíûõ ñïðàâëÿòüñÿ ñ ìíîãîìåðíûìè è íåîäíîðîäíûìè ôè-
íàíñîâûìè ñòðóêòóðàìè.

Íàñòîÿùåå èññëåäîâàíèå íàïðàâëåíî íà ýìïèðè÷åñêîå ïðèìåíåíèå îäíîãî èç òàêèõ
àëãîðèòìîâ � Random Forest � äëÿ ïîñòðîåíèÿ äâóõ òèïîâ ìîäåëåé:
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• êëàññèôèêàöèîííîé ìîäåëè äëÿ îöåíêè ñîâîêóïíîãî ðèñêà ÒÍÊ;
• ðåãðåññèîííûõ ìîäåëåé äëÿ êîëè÷åñòâåííîé îöåíêè ðèñêîâ ïî ïÿòè êàòåãîðèÿì:
ëèêâèäíîñòè, ïðèáûëüíîñòè, îïåðàöèîííîãî, ðûíî÷íîãî è õåäæèðóþùåãî.

Îáúåêòîì àíàëèçà ÿâëÿþòñÿ òðè êðóïíåéøèå òðàíñíàöèîíàëüíûå íåôòåãàçîâûå
êîðïîðàöèè � BP, Shell è ExxonMobil. Íà îñíîâå ñîáðàííûõ äàííûõ çà ïåðèîä
2006�2024 ãã. áûëà ñôîðìèðîâàíà ïàíåëü èç 16 êëþ÷åâûõ ôèíàíñîâûõ è ðûíî÷íûõ
ïîêàçàòåëåé, èñïîëüçîâàííûõ äëÿ ïîñòðîåíèÿ îáó÷àþùèõ è òåñòîâûõ âûáîðîê. Â
õîäå ðàáîòû ïðîâåä¼í ðÿä âû÷èñëèòåëüíûõ ýêñïåðèìåíòîâ, à òàêæå âûïîëíåí àíàëèç
çíà÷èìîñòè ïåðåìåííûõ è èíòåðïðåòàöèÿ êëþ÷åâûõ ôàêòîðîâ ðèñêà.

Èññëåäîâàíèå äåìîíñòðèðóåò ïîòåíöèàë ñîâðåìåííûõ àëãîðèòìîâ ìàøèííîãî îáó-
÷åíèÿ êàê ýôôåêòèâíîãî èíñòðóìåíòà ñòðàòåãè÷åñêîãî ðèñê-ìåíåäæìåíòà, ïîçâîëÿ-
þùåãî ïîâûñèòü òî÷íîñòü îöåíêè è èíòåðïðåòèðóåìîñòü ðèñêîâ â òðàíñíàöèîíàëü-
íûõ êîðïîðàòèâíûõ ñòðóêòóðàõ.

Ìåòîäîëîãèÿ

Âûáîð ìîäåëè. Â êà÷åñòâå îñíîâíîãî èíñòðóìåíòà êîëè÷åñòâåííîãî àíàëèçà áû-
ëà âûáðàíà ìîäåëü Random Forest � àíñàìáëåâûé ìåòîä ìàøèííîãî îáó÷åíèÿ,
ïðåäëîæåííûé Ë. Áðåéìàíîì [1]. Àëãîðèòì áàçèðóåòñÿ íà ïîñòðîåíèè ìíîæåñòâà
ðåøàþùèõ äåðåâüåâ, êàæäîå èç êîòîðûõ îáó÷àåòñÿ íà ñëó÷àéíîé ïîäâûáîðêå îáó÷à-
þùèõ äàííûõ ñ çàìåíîé (bootstrap sample), à òàêæå èñïîëüçóåò ñëó÷àéíûé ïîäíàáîð
ïðèçíàêîâ ïðè ðàñùåïëåíèè óçëîâ äåðåâà. Òàêîé ïîäõîä îáåñïå÷èâàåò óñòîé÷èâîñòü
ê ïåðåîáó÷åíèþ è ê øóìó, è ïîçâîëÿåò âûÿâëÿòü ñëîæíûå íåëèíåéíûå çàâèñèìîñòè
ìåæäó ïåðåìåííûìè [2],[3].

Random Forest íå òðåáóåò ïðåäâàðèòåëüíîãî ìàñøòàáèðîâàíèÿ ïðèçíàêîâ, óñòîé-
÷èâ ê ìóëüòèêîëëèíåàðíîñòè è ìîæåò ðàáîòàòü ñ ïðîïóùåííûìè çíà÷åíèÿìè. Îí
òàêæå ïðåäîñòàâëÿåò âñòðîåííóþ îöåíêó âàæíîñòè ïðèçíàêîâ (feature importance),
÷òî ïîâûøàåò èíòåðïðåòèðóåìîñòü ìîäåëè è äåëàåò å¼ îñîáåííî ïðèâëåêàòåëüíîé äëÿ
àíàëèçà ðèñêîâ â óñëîâèÿõ âûñîêîé âçàèìîñâÿçàííîñòè è ðàçíîîáðàçèÿ âõîäíûõ äàí-
íûõ.

Ñòðóêòóðà äàííûõ. Ìîäåëü ïîñòðîåíà íà îñíîâå èñòîðè÷åñêèõ äàííûõ çà
2006�2024 ãîäû ïî òðåì òðàíñíàöèîíàëüíûì íåôòåãàçîâûì êîðïîðàöèÿì: BP,
Shell è ExxonMobil. Äëÿ êàæäîãî îáúåêòà íàáëþäåíèÿ (êîìïàíèÿ â îïðåäåë¼í-
íûé ãîä) áûë ñôîðìèðîâàí âåêòîð èç 16 ôèíàíñîâûõ è ðûíî÷íûõ ïîêàçàòåëåé,
ðàçäåë¼ííûõ íà 5 êàòåãîðèé ðèñêà:

� Ðèñê ëèêâèäíîñòè (Liquidity Risk): Current ratio, Quick ratio, Interest coverage,
Net Debt to EBITDA, Altman Z-score, Debt to Equity;

� Ïðèáûëüíîñòü (Pro�tability Risk): ROA, ROE;

� Îïåðàöèîííûé ðèñê (Operational Risk): Operating Cash Flow, Gross Pro�t
Margin;

� Ðûíî÷íûé ðèñê (Market Risk): Stock Price Volatility, Beta, VaR, CVaR;

� Õåäæåâûé ðèñê (Hedge & FX Risk): Foreign Exchange Exposure, Hedge Ratio.

Âèçóàëèçàöèÿ îáùåé ìîäåëè ïðåäñòàâëåíà íèæå:
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Ðèñóíîê 1. Âèçóàëèçàöèÿ ìîäåëè Random Forest. (ñîñòàâëåíà àâòîðîì)

Ïðèìåð âû÷èñëåíèé çíà÷åíèé 5 ãðóïï ðèñêîâ äëÿ êîìïàíèè BP ïðèâåäåí â íèæå-
óêàçàííîé òàáëèöû. Âñå 16 ïîêàçàòåëåé áûëè ðàçäåëåíû ïî ãðóïïàì ðèñêîâ â çàâè-
ñèìîñòè îò èõ ýêîíîìè÷åñêîãî ñîäåðæàíèÿ è ôóíêöèîíàëüíîé ïðèíàäëåæíîñòè. Êî-
ëè÷åñòâåííûå çíà÷åíèÿ ïî êàæäîé ãðóïïå ðàññ÷èòûâàëèñü êàê àãðåãèðîâàííûå äîëè
íîðìèðîâàííûõ ïîêàçàòåëåé. Ïîëó÷åííûå ðåçóëüòàòû áûëè ðàçäåëåíû íà 4 óðîâíÿ
ðèñêà íà îñíîâå óñòàíîâëåííûõ ïîðîãîâ, ñ öâåòîâîé âèçóàëèçàöèåé: çåëåíûé � íèçêèé,
æåëòûé � óìåðåííûé, îðàíæåâûé � âûñîêèé è êðàñíûé � êðèòè÷åñêèé.

Òàáëèöà 1. 5 ãðóïï ðèñêîâ ïî 16 ôèíàíñîâûì ïîêàçàòåëÿì äëÿ êîìïàíèè BP.
(ñîñòàâëåíà àâòîðîì)

Â êà÷åñòâå öåëåâûõ ïåðåìåííûõ èñïîëüçîâàëèñü:
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� äëÿ êëàññèôèêàöèîííîé ìîäåëè � ñîâîêóïíûé èíäåêñ ðèñêà, îïðåäåëåííûé íà
îñíîâå àãðåãèðîâàíèÿ ïÿòè ãðóïï;

� äëÿ ðåãðåññèîííûõ ìîäåëåé � êîëè÷åñòâåííûå çíà÷åíèÿ ïî êàæäîé ãðóïïå ðèñ-
êà.

Ïîñòðîåíèå ìîäåëåé

Èññëåäîâàíèå âêëþ÷àåò äâà ïîäõîäà:

1) Êëàññèôèêàöèîííàÿ ìîäåëü Random Forest áûëà ïîñòðîåíà äëÿ ïðîãíî-
çèðîâàíèÿ ñîâîêóïíîãî óðîâíÿ ðèñêà, êîòîðîìó ïîäâåðæåíà êîðïîðàöèÿ â êîíêðåò-
íûé ãîä. Â êà÷åñòâå öåëåâîé ïåðåìåííîé âûñòóïàë àãðåãèðîâàííûé èíäåêñ ðèñêà,
ïîëó÷åííûé ïóò¼ì èíòåãðàöèè êîëè÷åñòâåííûõ çíà÷åíèé ïÿòè êàòåãîðèé ðèñêîâ:
ëèêâèäíîñòè, ïðèáûëüíîñòè, îïåðàöèîííûõ, ðûíî÷íûõ è õåäæèðóþùèõ. Ïîëó÷åí-
íûå çíà÷åíèÿ áûëè îòíåñåíû ê îäíîé èç ÷åòûð¼õ êàòåãîðèé ðèñêà (íèçêèé, óìå-
ðåííûé, âûñîêèé, êðèòè÷åñêèé) íà îñíîâå ïðåäâàðèòåëüíî çàäàííûõ ïîðîãîâ, ÷òî
ïîçâîëèëî ñôîðìèðîâàòü êàòåãîðèàëüíóþ ïåðåìåííóþ äëÿ çàäà÷ êëàññèôèêàöèè.
Îáó÷àþùàÿ âûáîðêà âêëþ÷àëà âåêòîðû èç 16 ïðèçíàêîâ, îïèñûâàþùèõ ôèíàíñîâî-
ýêîíîìè÷åñêîå ñîñòîÿíèå êîìïàíèè íà ìîìåíò íàáëþäåíèÿ. Íà îñíîâå ýòîé âûáîðêè
áûëà ïîñòðîåíà êëàññèôèêàöèîííàÿ ìîäåëü Random Forest ñ ïîäáîðîì ãèïåðïàðà-
ìåòðîâ (ntree, mtry) è ïîñëåäóþùåé âàëèäàöèåé ïî ìåòðèêàì Accuracy è AUC.

2) Ðåãðåññèîííûå ìîäåëè: ïÿòü îòäåëüíûõ ìîäåëåé Random Forest Regression
� ïî êàæäîé ãðóïïå ðèñêîâ. Çäåñü öåëåâàÿ ïåðåìåííàÿ ïðåäñòàâëÿåò ñîáîé êîëè÷å-
ñòâåííûé èíäåêñ óðîâíÿ ðèñêà, ðàññ÷èòàííûé êàê âçâåøåííàÿ ñóììà çíà÷åíèé êëþ-
÷åâûõ êîýôôèöèåíòîâ ñ ýêñïåðòíûìè âåñàìè.

Ýòàïû ïîñòðîåíèÿ ìîäåëè

1. Çàãðóçêà è èíòåãðàöèÿ äàííûõ ïî ôèíàíñîâûì è íåôèíàíñîâûì ïîêàçàòåëÿì;
2. Óäàëåíèå âûáðîñîâ è î÷åâèäíûõ àíîìàëèé;
3. Ìàñøòàáèðîâàíèå ïðèçíàêîâ, ãäå òðåáîâàëîñü (òîëüêî äëÿ âèçóàëèçàöèè è êðîññ-
ìîäåëåé);
4. Äåëåíèå âûáîðêè íà îáó÷àþùóþ (80%) è òåñòîâóþ (20%);
5. Ïîñòðîåíèå ìîäåëåé Random Forest ñ ïîäáîðîì ãèïåðïàðàìåòðîâ (ntree, mtry) è ñ
èñïîëüçîâàíèåì êðîññ-âàëèäàöèè;
6. Îöåíêà êà÷åñòâà ìîäåëåé ïî ìåòðèêàì Accuracy, AUC (äëÿ êëàññèôèêàöèè), R?,
RMSE è MAE (äëÿ ðåãðåññèè);
7. Àíàëèç âàæíîñòè ïðèçíàêîâ íà îñíîâå Mean Decrease Accuracy è Mean Decrease
Gini;
8. Ýêîíîìè÷åñêàÿ èíòåðïðåòàöèÿ ðåçóëüòàòîâ ñ âûÿâëåíèåì êëþ÷åâûõ ôàêòîðîâ ðèñ-
êà.
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Ðåçóëüòàòû êëàññèôèêàöèîííîé ìîäåëè:

Ðèñóíîê 2. Ìàòðèöà îøèáîê

Accuracy (òî÷íîñòü êëàññèôèêàöèè) ñîñòàâèëà 0.90, ÷òî îçíà÷àåò, ÷òî ìîäåëü
âåðíî ïðåäñêàçàëà óðîâåíü ðèñêà â 90% ñëó÷àåâ íà òåñòîâîé âûáîðêå.

P-value (Acc> NIR) = 0.01074 � ýòî ñòàòèñòè÷åñêè çíà÷èìîå çíà÷åíèå, ïîä-
òâåðæäàþùåå, ÷òî òî÷íîñòü ìîäåëè ñóùåñòâåííî âûøå, ÷åì ïðè ñëó÷àéíîì óãàäû-
âàíèè (No Information Rate = 0.5).

Êîýôôèöèåíò êàïïà (Kappa) = 0.8462 � î÷åíü âûñîêèé ïîêàçàòåëü ñîãëàñî-
âàííîñòè ìåæäó ïðåäñêàçàííûìè è ðåàëüíûìè êëàññàìè. Çíà÷åíèÿ âûøå 0.8 óêàçû-
âàþò íà ïî÷òè èäåàëüíîå ñîãëàñèå, ÷òî ñâèäåòåëüñòâóåò î íàäåæíîñòè ìîäåëè.

Ìàòðèöà îøèáîê ïîêàçûâàåò, ÷òî ìîäåëü:

• ïðàâèëüíî êëàññèôèöèðîâàëà âñå 5 ñëó÷àåâ íèçêîãî ðèñêà (Low),
• ïðàâèëüíî êëàññèôèöèðîâàëà 2 ñëó÷àÿ óìåðåííîãî ðèñêà (Moderate),
• 1 ñëó÷àé âûñîêîãî ðèñêà (High) áûë ïðåäñêàçàí ïðàâèëüíî,
• 2 ñëó÷àÿ êðèòè÷åñêîãî ðèñêà (Critical) áûëè òàêæå ðàñïîçíàíû òî÷íî.

ROC-àíàëèç ïîäòâåðäèë ïðåâîñõîäíóþ äèñêðèìèíàöèîííóþ ñïîñîáíîñòü ìîäåëè:
ïëîùàäü ïîä êðèâîé (AUC) ñîñòàâèëà 1, ÷òî ÿâëÿåòñÿ èäåàëüíûì çíà÷åíèåì.

Îöåíêà âàæíîñòè ïåðåìåííûõ ïî ìåòðèêàì Mean Decrease Accuracy è Mean
Decrease Gini âûÿâèëà, ÷òî íàèáîëüøåå âëèÿíèå íà òî÷íîñòü ìîäåëè îêàçàëè ñëåäóþ-
ùèå ïîêàçàòåëè: îïåðàöèîííûé äåíåæíûé ïîòîê (OCF), CVaR, ND.EBITDA, SPV, à
òàêæå ROA è ROE. Ýòî ïîä÷¼ðêèâàåò èõ êëþ÷åâóþ ðîëü â ôîðìèðîâàíèè îáùåãî èí-
äåêñà ðèñêà. Âèçóàëèçàöèÿ âàæíîñòè ôàêòîðîâ ïîäòâåðäèëà çíà÷èìîñòü ôèíàíñîâî-
îïåðàöèîííûõ ìåòðèê â ïðîöåññå êëàññèôèêàöèè.

Ýêîíîìè÷åñêàÿ èíòåðïðåòàöèÿ ìîäåëè: Ñ ýêîíîìè÷åñêîé òî÷êè çðåíèÿ, ìî-
äåëü ìîæåò ïðèìåíÿòüñÿ äëÿ ðàííåãî ïðåäóïðåæäåíèÿ óõóäøåíèÿ ôèíàíñîâîé óñòîé-
÷èâîñòè, âûäåëåíèÿ êîìïàíèé ñ ïîòåíöèàëüíî êðèòè÷åñêèìè ðèñêàìè è ôîðìèðîâà-
íèÿ ñáàëàíñèðîâàííûõ ñòðàòåãèé óïðàâëåíèÿ. Âûñîêàÿ ÷óâñòâèòåëüíîñòü è ñïåöè-
ôè÷íîñòü, à òàêæå óñòîé÷èâîñòü ìîäåëè ê øóìó äåëàþò å¼ ïðèãîäíîé äëÿ èñïîëüçî-
âàíèÿ â ðàìêàõ ðèñê-àíàëèçà, èíâåñòèöèîííîãî ñêîðèíãà è êîðïîðàòèâíîãî ìîíèòî-
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ðèíãà. Îñîáåííî âàæíî, ÷òî ìîäåëü âûÿâëÿåò êëþ÷åâûå ôàêòîðû ðèñêà, îêàçûâàþ-
ùèå íàèáîëüøåå âëèÿíèå íà óðîâåíü ñîâîêóïíîãî ðèñêà, ÷òî ïîâûøàåò ïðîçðà÷íîñòü
è èíòåðïðåòèðóåìîñòü óïðàâëåí÷åñêèõ ðåøåíèé.

Ðåçóëüòàòû ðåãðåññèîííûõ ìîäåëåé:

Ñðàâíèòåëüíûé àíàëèç ìîäåëåé ïðåäñòàâëåí â ñëåäóþùåé òàáëèöå

Òàáëèöà 2. Êëþ÷åâûå ðåçóëüòàòû ïî ìîäåëÿì (ñîñòàâëåíî àâòîðîì)

Ãðóïïà ðèñêîâ RMSE MAE R2 Êîððåëÿöèÿ
Liquidity Risk 0.1836 0.1392 0.9328 0.967

Pro�tability Risk 0.1814 0.1457 0.9531 0.955
Operational Risk 0.2471 0.1439 0.9149 0.991
Market Risk 0.209 0.172 0.9517 0.966
Hedge Risk 0.4808 0.3485 0.9001 0.919

Íàèëó÷øèå çíà÷åíèÿ RMSE è MAE áûëè ïîëó÷åíû â ìîäåëÿõ äëÿ ãðóïïû ïðè-
áûëüíîñòè (Pro�tability), ãäå ñðåäíåêâàäðàòè÷íàÿ îøèáêà ñîñòàâèëà 0.1814, à ñðåä-
íÿÿ àáñîëþòíàÿ îøèáêà � 0.1457 ïðè êîýôôèöèåíòå äåòåðìèíàöèè R2 = 0.9531. Ýòî
óêàçûâàåò íà âûñîêóþ ýôôåêòèâíîñòü ìîäåëè â òî÷íîé àïïðîêñèìàöèè ïîêàçàòåëåé
ðåíòàáåëüíîñòè è ñòðóêòóðû êàïèòàëà îðãàíèçàöèé.

Ìîäåëü, ïîñòðîåííàÿ äëÿ îöåíêè îïåðàöèîííîãî ðèñêà, ïðîäåìîíñòðèðîâàëà íàè-
âûñøåå çíà÷åíèå êîððåëÿöèè (0.991), ÷òî ïîäòâåðæäàåò ñèëüíóþ ñâÿçü ìåæäó âû-
áðàííûìè ôàêòîðàìè è óðîâíåì îïåðàöèîííûõ ðèñêîâ. Îäíàêî íåñêîëüêî ïîâûøåí-
íîå çíà÷åíèå RMSE (0.2471) óêàçûâàåò íà íàëè÷èå óìåðåííîãî óðîâíÿ îøèáîê ïðè
ïðîãíîçèðîâàíèè. Àíàëîãè÷íî, âûñîêàÿ òî÷íîñòü áûëà çàôèêñèðîâàíà è â ìîäåëè
ðûíî÷íîãî ðèñêà (R? = 0.9517), ãäå êëþ÷åâûì ôàêòîðîì âëèÿíèÿ âûñòóïàëà ðûíî÷-
íàÿ áåòà êîìïàíèè.

Íàèìåíåå òî÷íîé îêàçàëàñü ìîäåëü, ïîñòðîåííàÿ äëÿ õåäæèðóþùèõ ðèñêîâ
(RMSE = 0.4808, MAE = 0.3485, R2 = 0.9001), ÷òî, âåðîÿòíî, ñâÿçàíî ñ áîëåå âû-
ñîêîé âîëàòèëüíîñòüþ ñîîòâåòñòâóþùèõ ïîêàçàòåëåé è òðóäíîñòüþ êîëè÷åñòâåííîãî
ó÷¼òà íåñòàáèëüíûõ ñòðàòåãèé õåäæèðîâàíèÿ. Òåì íå ìåíåå, óðîâåíü R? âûøå 0.9
ïîäòâåðæäàåò ïðèãîäíîñòü ìîäåëè äëÿ îáîáù¼ííîé îöåíêè.

Òàáëèöà 3. Êðîññ-âàëèäàöèÿ

Ãðóïïà ðèñêà Îïòèìàëüíûé mtry RMSE R2 MAE
Market 12 0.331 0.951 0.265

Operational 22 0.277 0.985 0.211
Pro�tability 22 0.329 0.936 0.242

Hedge 22 0.398 0.790 0.361
Liquidity 22 0.333 0.949 0.256

Âñå ïÿòü ìîäåëåé ïîêàçàëè âûñîêèå çíà÷åíèÿ êîýôôèöèåíòà äåòåðìèíàöèè (îò
0.79 äî 0.985), ÷òî ñâèäåòåëüñòâóåò î ñïîñîáíîñòè ìîäåëåé õîðîøî îáúÿñíÿòü äèñïåð-
ñèþ öåëåâûõ ïåðåìåííûõ. Îñîáåííî òî÷íûìè îêàçàëèñü ìîäåëè ïî îïåðàöèîííîìó è
ëèêâèäíîìó ðèñêó (R2 ≈ 0.985 è 0.949 ñîîòâåòñòâåííî).
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Òàáëèöà 4. Îöåíêà íà òåñòîâîé âûáîðêå

Ãðóïïà ðèñêà RMSE R2 MAE
Market 0.211 0.963 0.165

Operational 0.179 0.972 0.149
Pro�tability 0.181 0.953 0.146

Hedge 0.337 0.845 0.268
Liquidity 0.109 0.977 0.085

Íà òåñòîâûõ äàííûõ ìîäåëè ïîäòâåðäèëè ñâîþ âûñîêóþ ïðîãíîñòè÷åñêóþ ñïîñîá-
íîñòü. Îñîáåííî òî÷íîé îêàçàëàñü ìîäåëü ëèêâèäíîñòè: R2 = 0.977 è RMSE = 0.109,
÷òî ãîâîðèò î ìèíèìàëüíûõ îòêëîíåíèÿõ ïðåäñêàçàíèé îò ôàêòîðà liquidity. Ìîäåëü
ïî õåäæèðóþùèì ðèñêàì ïîêàçàëà íàèìåíüøóþ òî÷íîñòü, íî âñ¼ åù¼ ïðèåìëåìóþ
(R2 = 0.845).

Òàáëèöà 5. Ïðîãíîç ïî óðîâíÿì ðèñêà

Ãðóïïà ðèñêà Óðîâíè ðèñêà ìîäåëè Èíòåðïðåòàöèÿ ðåçóëüòàòà

Market
Äèàïàçîí:
îò Low äî Critical

Ìîäåëü õîðîøî
äèôôåðåíöèðóåò âñå óðîâíè

Operational
Ïðèñóòñòâóþò
Low è Critical

Ìîäåëü óëàâëèâàåò
êðàéíèå çíà÷åíèÿ

Pro�tability
4 êðèòè÷åñêèõ,
6 íèçêèõ óðîâíåé

Îòëè÷íàÿ äèôôåðåíöèàöèÿ
êëàññîâ

Hedge
Òî÷íî óëàâëèâàåò
êëþ÷åâûå ïîêàçàòåëè

Íàä¼æíàÿ ìîäåëü,
íî ìåíåå ÷óâñòâèòåëüíàÿ

Liquidity Âñå îáúåêòû = Low
Âîçìîæåí äèñáàëàíñ
êëàññîâ / íîðìàëèçàöèÿ

Ìîäåëè ïî ïðèáûëüíîñòè, ðûíî÷íûì è îïåðàöèîííûì ðèñêàì äåìîíñòðèðóþò óâå-
ðåííîå ðàñïîçíàâàíèå êðèòè÷åñêèõ è íèçêèõ óðîâíåé ðèñêà. Äëÿ ðèñêà ëèêâèäíîñòè
ïðîãíîçû áûëè ñìåùåíû â ñòîðîíó êëàññà 'Low', ÷òî îáúÿñíÿåòñÿ ñòàíäàðòèçàöèåé
è/èëè äîìèíèðîâàíèåì ýòîãî óðîâíÿ â òåñòîâîé âûáîðêå

Ýêîíîìè÷åñêàÿ èíòåðïðåòàöèÿ:

Ïîñòðîåííûå ðåãðåññèîííûå ìîäåëè ïðîäåìîíñòðèðîâàëè âûñîêóþ òî÷íîñòü è èí-
òåðïðåòèðóåìîñòü, ïîçâîëèâ êîëè÷åñòâåííî îöåíèòü âëèÿíèå êëþ÷åâûõ ôèíàíñîâûõ
ïîêàçàòåëåé íà êàæäóþ ãðóïïó ðèñêîâ. Ìîäåëü ëèêâèäíîñòè (R2 = 0.977) ïîêà-
çàëà, ÷òî êîýôôèöèåíòû òåêóùåé ëèêâèäíîñòè, Net Debt/EBITDA è Altman Z-score
íàä¼æíî îòðàæàþò óñòîé÷èâîñòü êîìïàíèè ê êðàòêîñðî÷íûì îáÿçàòåëüñòâàì. Ìî-
äåëü ïðèáûëüíîñòè (R2 = 0.953) ïîäòâåðäèëà çíà÷èìîñòü òàêèõ ïîêàçàòåëåé, êàê
ROA, ROE è ôèíàíñîâûé ðû÷àã, â îöåíêå ñïîñîáíîñòè ãåíåðèðîâàòü ñòàáèëüíóþ ïðè-
áûëü. Â ìîäåëè îïåðàöèîííîãî ðèñêà (R2 = 0.915, êîððåëÿöèÿ 0.991) íàèáîëüøåå
âëèÿíèå îêàçàëè îïåðàöèîííûé äåíåæíûé ïîòîê, óðîâåíü çàäîëæåííîñòè è ÷óâñòâè-
òåëüíîñòü ê ðûíî÷íûì èçìåíåíèÿì, ÷òî ñâèäåòåëüñòâóåò î òåñíîé ñâÿçè âíóòðåííåé
îïåðàöèîííîé ýôôåêòèâíîñòè ñ óðîâíåì ðèñêà. Ðûíî÷íûé ðèñê (R2 = 0.963) îêà-
çàëñÿ íàèáîëåå ÷óâñòâèòåëåí ê âîëàòèëüíîñòè àêöèé, VaR, CVaR è ïðîèçâîäíûì
èíñòðóìåíòàì, ÷òî äåëàåò ìîäåëü ïîëåçíîé äëÿ àíàëèçà óñòîé÷èâîñòè ê âíåøíèì
øîêàì. Íåñìîòðÿ íà îòíîñèòåëüíî áîëåå íèçêîå çíà÷åíèå R2 (0.845), ìîäåëü õåäæè-
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ðóþùåãî ðèñêà ïîçâîëÿåò âûÿâèòü óÿçâèìîñòè â âàëþòíîé è ïðîöåíòíîé çàùèòå,
ïðåäîñòàâëÿÿ îðèåíòèðû äëÿ ñîâåðøåíñòâîâàíèÿ ñòðàòåãèé õåäæèðîâàíèÿ.

Âûâîä

Ïðîâåä¼ííîå èññëåäîâàíèå ïîäòâåðäèëî âûñîêóþ ýôôåêòèâíîñòü àëãîðèòìà
Random Forest äëÿ çàäà÷ àíàëèçà è ïðîãíîçèðîâàíèÿ ôèíàíñîâûõ ðèñêîâ òðàíñíà-
öèîíàëüíûõ êîðïîðàöèé. Ïîñòðîåííûå êëàññèôèêàöèîííàÿ è ðåãðåññèîííûå ìîäåëè
ïðîäåìîíñòðèðîâàëè íàä¼æíûå ðåçóëüòàòû íà òåñòîâûõ âûáîðêàõ, îáåñïå÷èâ âûñî-
êèå ïîêàçàòåëè òî÷íîñòè è èíòåðïðåòèðóåìîñòè. Ìîäåëü ñîâîêóïíîãî ðèñêà ïîçâîëè-
ëà óâåðåííî îòíåñòè êîìïàíèè ê îäíîìó èç ÷åòûð¼õ óðîâíåé ðèñêà, à ðåãðåññèîííûå
ìîäåëè ïî ïÿòè êàòåãîðèÿì (ëèêâèäíîñòü, ïðèáûëüíîñòü, îïåðàöèîííûå, ðûíî÷íûå
è õåäæèðóþùèå ðèñêè) ïîêàçàëè âûñîêóþ ïðîãíîñòè÷åñêóþ ñïîñîáíîñòü, îñîáåííî â
îòíîøåíèè ëèêâèäíîñòè è îïåðàöèîííîé ýôôåêòèâíîñòè. Ýêîíîìè÷åñêàÿ èíòåðïðå-
òàöèÿ ðåçóëüòàòîâ ïîçâîëèëà âûÿâèòü íàèáîëåå çíà÷èìûå ïîêàçàòåëè, âëèÿþùèå íà
óðîâåíü êîðïîðàòèâíîãî ðèñêà, ñðåäè êîòîðûõ � îïåðàöèîííûé äåíåæíûé ïîòîê, êî-
ýôôèöèåíòû ëèêâèäíîñòè, Net Debt/EBITDA, ROA è CVaR. Ïðåäñòàâëåííàÿ ìîäåëü
ìîæåò áûòü èñïîëüçîâàíà â ñèñòåìàõ ñòðàòåãè÷åñêîãî ðèñê-ìåíåäæìåíòà è èíâåñòè-
öèîííîãî àíàëèçà äëÿ ïîääåðæêè ðåøåíèé íà óðîâíå òðàíñíàöèîíàëüíûõ êîìïàíèé,
à òàêæå ñëóæèòü áàçîé äëÿ äàëüíåéøèõ èññëåäîâàíèé â îáëàñòè ïðèìåíåíèÿ ìàøèí-
íîãî îáó÷åíèÿ â ôèíàíñîâîé àíàëèòèêå.
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Â óñëîâèÿõ ñòðåìèòåëüíîãî ðîñòà îáúåìîâ öèôðîâîé èíôîðìàöèè âîçðàñòàåò ïî-
òðåáíîñòü â ýôôåêòèâíûõ ñèñòåìàõ èíôîðìàöèîííîãî ïîèñêà. Ñîâðåìåííûå òåõíîëî-
ãèè èñêóññòâåííîãî èíòåëëåêòà (AI), âêëþ÷àÿ ìàøèííîå îáó÷åíèå, íåéðîííûå ñåòè è
ÿçûêîâûå ìîäåëè, ïîëíîñòüþ èçìåíèëè ïîäõîäû ê ïîèñêó èíôîðìàöèè, îáåñïå÷èâàÿ
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áîëåå ðåëåâàíòíûå, êîíòåêñòíî îñìûñëåííûå è ïåðñîíàëèçèðîâàííûå ðåçóëüòàòû. Â
ñòàòüå ðàññìàòðèâàþòñÿ êëþ÷åâûå òåõíîëîãèè AI, ïðèìåíÿåìûå â ñèñòåìàõ ïîèñêà
èíôîðìàöèè, à òàêæå ïðèìåðû ñîâðåìåííûõ ïîèñêîâûõ ïëàòôîðì è èõ àðõèòåêòóð-
íûå îñîáåííîñòè.

Èíôîðìàöèîííûé ïîèñê [1-5, 8] - ýòî ïðîöåññ íàõîæäåíèÿ ðåëåâàíòíûõ äàííûõ
èç áîëüøîãî îáúåìà íåñòðóêòóðèðîâàííîé èíôîðìàöèè. Ðàííèå èíôîðìàöèîííî-
ïîèñêîâûå ñèñòåìû (ÏÑ) îñíîâûâàëèñü íà èíâåðòèðîâàííûõ èíäåêñàõ è ïðîñòûõ
àëãîðèòìàõ ðàíæèðîâàíèÿ. Îíè îáåñïå÷èâàëè áûñòðûé ïîèñê, íî íå ó÷èòûâàëè ñå-
ìàíòè÷åñêóþ áëèçîñòü òåðìèíîâ. Ðàçâèòèå ìàøèííîãî îáó÷åíèÿ ïðèâåëî ê ïîÿâëå-
íèþ àëãîðèòìîâ, ñïîñîáíûõ îáó÷àòüñÿ íà äàííûõ è óëó÷øàòü êà÷åñòâî ïîèñêà. Ñ
âíåäðåíèåì ãëóáîêîãî îáó÷åíèÿ è òðàíñôîðìåðîâ ñòàëî âîçìîæíûì èçâëåêàòü áîëåå
ñëîæíûå êîíòåêñòíûå çàâèñèìîñòè ìåæäó çàïðîñàìè è äîêóìåíòàìè. Ýòè ñèñòåìû
ñïîñîáíû ó÷èòûâàòü ñåìàíòèêó çàïðîñà, êîíòåêñò ïîëüçîâàòåëÿ è äàæå ïðåäñêàçû-
âàòü åãî íàìåðåíèÿ, ÷òî çíà÷èòåëüíî ïîâûøàåò òî÷íîñòü è ñêîðîñòü ïîèñêà.

Òðàäèöèîííûå ÏÑ ïðèíÿòî íàçûâàòü äîêóìåíòàëüíûìè ñèñòåìàìè � â îòâåò
íà çàïðîñ ïîëüçîâàòåëÿ òàêèå ñèñòåìû âûäàþò ññûëêè íà îòäåëüíûå äîêóìåíòû.
Êàæäûé èç äîêóìåíòîâ ìîæåò áûòü ðàçíîãî îáúåìà è âêëþ÷àòü äîïîëíèòåëüíóþ
èíôîðìàöèþ, êîòîðàÿ ìîæåò áûòü íå ñâÿçàíà ñ çàïðîñîì ïîëüçîâàòåëÿ. Òàêèì îá-
ðàçîì, äîêóìåíòàëüíûå ñèñòåìû â îòâåò íà çàïðîñ ïîëüçîâàòåëÿ ôîðìèðóþò íàáîð
äîêóìåíòîâ èëè òåêñòîâ, à íå íåïîñðåäñòâåííî "îòâåò íà âîïðîñ". Ñèñòåìà ÷àñòî
íå "ïîíèìàåò"ñîäåðæèìîå äîêóìåíòîâ ïîëíîñòüþ � îíà ñêîðåå ñîïîñòàâëÿåò çàïðîñ
ñ ìåòàäàííûìè äîêóìåíòîâ, êëþ÷åâûìè ñëîâàìè, èíäåêñàìè èëè äðóãèì ñïîñîáîì.
Äëÿ ïîèñêà èíôîðìàöèè â òàêîé ñèñòåìå ïîëüçîâàòåëþ íåîáõîäèìî çàòðàòèòü çíà-
÷èòåëüíîå âðåìÿ íà àíàëèç íàéäåííûõ äîêóìåíòîâ, âìåñòå ñ òåì ïîëíîòà òàêîãî
ïîèñêà ÿâëÿåòñÿ âûñîêîé � ìîæåò áûòü íàéäåí øèðîêèé ñïåêòð îòâåòîâ íà çàïðîñ.

Ïðèìåðàìè òàêèõ ñèñòåì ÿâëÿþòñÿ Google, ßíäåêñ, Bing è äð.

Â ïðîòèâîïîëîæíîñòü òðàäèöèîííûì ñèñòåìàì, ñîâðåìåííûå ÏÑ, îñíîâàííûå íà
òåõíîëîãèÿõ AI, â êà÷åñòâå ðåçóëüòàòà âûäàþò ïîëüçîâàòåëþ ïîëíîñòüþ ãîòîâûé îò-
âåò íà çàïðîñ � ðåàëèçóþò ôàêòîãðàôè÷åñêèé ïîèñê èíôîðìàöèè [3, 5, 8]. Òàêèì
îáðàçîì ïîëüçîâàòåëü ïîëó÷àåò îäèí îòäåëüíûé äîêóìåíò â êîòîðîì ñîáðàíû âñå ñà-
ìûå âàæíûå ôàêòû è ñâåäåíèÿ íàéäåííûå ñèñòåìîé AI íà çàïðîñ. Òî÷íîñòü òàêîãî
ïîèñêà î÷åíü âûñîêà, ÷òî ïîçâîëÿåò áûñòðî ïîëó÷èòü îòâåò. Â ôàêòîãðàôè÷åñêîé
ñèñòåìå îñíîâó ñîñòàâëÿåò áàçà çíàíèé, êîòîðàÿ õðàíèò ôàêòû â ñòðóêòóðèðîâàí-
íîì èëè ñåìàíòè÷åñêîì âèäå (íàïðèìåð, â âèäå îíòîëîãèé, ãðàôîâ çíàíèé èëè âåñîâ
íåéðîñåòè). Ñèñòåìà ïðèìåíÿåò àíàëèç ñìûñëà çàïðîñà ñ èñïîëüçîâàíèåì ìåòîäîâ îá-
ðàáîòêè åñòåñòâåííîãî ÿçûêà (NLP) èëè ëîãè÷åñêîãî âûâîäà. Âîïðîñ ïîëüçîâàòåëÿ â
òàêîé ñèñòåìå ìîæåò èíòåðïðåòèðîâàòüñÿ íà óðîâíå ñóùíîñòåé è îòíîøåíèé.

Ïðèìåðû òàêèõ ñèñòåì: MS Bing Copilot, OpenAI ChatGPT, Google Gemini, ßíäåêñ
Àëèñà è äð.

Òàêæå ñëåäóåò îòìåòèòü � â ïîñëåäíåå âðåìÿ àêòèâíî ðàçâèâàþòñÿ ãèáðèäíûå
ñèñòåìû, êîòîðûå ñîâìåùàþò âîçìîæíîñòè äîêóìåíòàëüíûõ è ôàêòîãðàôè÷åñêèõ
ÏÑ: ñíà÷àëà íàõîäÿòñÿ äîêóìåíòû, à çàòåì èçâëåêàþòñÿ èç íèõ ôàêòû è ôîðìèðóåòñÿ
òî÷íûé îòâåò íà çàïðîñ.

Ðàññìîòðèì äàëåå ïîäðîáíåå ôàêòîãðàôè÷åñêèå ÏÑ è èõ îñîáåííîñòè, à òàêæå
òåõíîëîãèè AI, ëåæàùèå â èõ îñíîâå.
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Íà îñíîâå èçëîæåííîãî, ôàêòîãðàôè÷åñêàÿ ñèñòåìà äîëæíà ïîíÿòü åñòåñòâåííî-
ÿçûêîâîé çàïðîñ ïîëüçîâàòåëÿ, íàéòè â áàçå çíàíèé (èëè â òåêñòàõ) ðåëåâàíòíûå
ôàêòû èëè âûâåñòè íîâûå ôàêòû ëîãè÷åñêèì ïóòåì. Íåéðîííûå ñåòè, ïðèìåíÿåìûå
â òàêèõ ñèñòåìàõ, óëó÷øàþò êàæäûé ýòàï: ïîíèìàíèå çàïðîñà, ïîèñê ôàêòîâ, èçâëå-
÷åíèå îòâåòà, âûâîä íà çíàíèÿõ.

Òåõíîëîãèè íåéðîííûõ ñåòåé â ñîâðåìåííûõ ôàêòîãðàôè÷åñêèõ ñèñòå-
ìàõ:

• Large Language Models (LLMs). Ðåàëèçóþò ïîíèìàíèå âîïðîñîâ: ìîäåëè ïîçâîëÿ-
þò èíòåðïðåòèðîâàòü ñëîæíûå, ìíîãîçíà÷íûå èëè êîíòåêñòíûå âîïðîñû. Ïåðå-
ôðàçèðîâàíèå çàïðîñà: ïðèâåäåíèå çàïðîñà ê ôîðìå, ïîíÿòíîé äëÿ áàçû çíàíèé.
Matching (ñîïîñòàâëåíèå) çàïðîñà è ïîòåíöèàëüíûõ ôàêòîâ ÷åðåç ñåìàíòè÷åñêèå
âåêòîðû. Ìîäåëè òðàíñôîðìåðîâ îáó÷àþòñÿ íà áîëüøèõ êîðïóñàõ òåêñòîâ, èñ-
ïîëüçóÿ çàäà÷è òèïà Masked Language Modeling èëè Next Sentence Prediction,
÷òî äà¼ò èì ãëóáîêîå ÿçûêîâîå ïîíèìàíèå.

• Neural Information Retrieval (Neural IR). Íåéðîñåòè ó÷àòñÿ íå ïðîñòî íàõîäèòü
ôàêòû, íî ðàíæèðîâàòü ïîòåíöèàëüíûå îòâåòû ïî âåðîÿòíîñòè ïðàâèëüíîñòè.
Èíîãäà èñïîëüçóåòñÿ äâóõýòàïíàÿ àðõèòåêòóðà: ñíà÷àëà áûñòðîå èçâëå÷åíèå
êàíäèäàòîâ, ïîòîì èõ ãëóáîêàÿ ïåðåîöåíêà íåéðîííîé ìîäåëüþ. Äëÿ ðåàëèçà-
öèè ýòîãî ïîäõîäà ïðèìåíÿåòñÿ ìîäåëü ANCE (Approximate Nearest Neighbor
Negative Contrastive Estimation).

• Neural Knowledge Graph Completion. Åñëè ôàêòà ÿâíî íåò â áàçå çíàíèé, íåéðî-
ñåòè ìîãóò âûâîäèòü íîâûå ôàêòû. Ïðèìåíÿþòñÿ ìîäåëè: Graph Neural Networks
(GNNs) è Knowledge Graph Embeddings. Ýòè ìîäåëè ðåàëèçóþò äîïîëíåíèå
íåïîëíûõ áàç çíàíèé.

• Extractive è Generative Question Answering. Extractive QA: ìîäåëü íàõîäèò îò-
âåò êàê ôðàãìåíò ñóùåñòâóþùåãî òåêñòà èëè áàçû çíàíèé. Generative QA: ìî-
äåëü ãåíåðèðóåò îòâåò íà îñíîâå ôàêòîâ èëè òåêñòîâ. Àðõèòåêòóðû òèïà RAG
(Retrieval-Augmented Generation) êîìáèíèðóþò ïîèñê ôàêòîâ (retrieval) è èõ èñ-
ïîëüçîâàíèå â ãåíåðàöèè îòâåòà ñ ïîìîùüþ LLM.

Îäíîé èç íàèáîëåå òåõíîëîãè÷íûõ ãèáðèäíûõ ÏÑ, ðåàëèçóþùèõ ïîèñê íà îñíîâå
AI ÿâëÿåòñÿ MS Bing [6-7]. Â îñíîâå ôóíêöèîíèðîâàíèÿ ýòîé ñèñòåìû íàõîäÿòñÿ
òåõíîëîãèè êîìïàíèè OpneAI (ìîäåëè ñåðèè GPT-4). Äàííîå ðåøåíèå ïîëó÷èëî íà-
çâàíèå Prometheus Model, îíî ñîâìåùàåò: Web Search (ïîèñê â èíòåðíåòå), Large
Language Model (LLM) � ìîäåëü ñåðèè GPT-4), Factual Grounding (ïðèâÿçêà ê ðå-
àëüíûì ôàêòàì ÷åðåç ïîèñê), áåçîïàñíîñòü è êîíòðîëü (ïîñòîáðàáîòêà îòâåòîâ).

Òåïåðü Bing îáðàáàòûâàåò çàïðîñ ïîëüçîâàòåëÿ äâóìÿ ñïîñîáàìè:

• Ïåðåäà÷à çàïðîñà â Web Search. Êëàññè÷åñêèé äâèæîê Bing âûïîëíÿåò äîêó-
ìåíòàëüíûé ïîèñê: ñòðîèò ðåëåâàíòíûå ðåçóëüòàòû, èñïîëüçóÿ òðàäèöèîííûå
ìåòîäû ÏÑ (îáðàòíûå èíäåêñû, ðàíæèðîâàíèå è äð.).

• Ïåðåäà÷à çàïðîñà â LLM. Çàïðîñ îáðàáàòûâàåòñÿ GPT-4, êîòîðàÿ ðàáîòàåò ñ
ó÷åòîì íàéäåííûõ äîêóìåíòîâ â Web Search. Èç íàéäåííûõ äîêóìåíòîâ âûïîë-
íÿåòñÿ èçâëå÷åíèå ôàêòè÷åñêîé èíôîðìàöèè è êðàòêîå ñîäåðæèìîå äîêóìåíòîâ
(àííîòàöèè) ïåðåäàåòñÿ â LLM êàê êîíòåêñò âìåñòå ñ çàïðîñîì ïîëüçîâàòåëÿ.
Ýòî ïîçâîëÿåò äàâàòü LLM áîëåå òî÷íûå îòâåòû è óêàçûâàòü ññûëêè íà èñòî÷-
íèêè ñ èíôîðìàöèåé, ÷òîáû ïîëüçîâàòåëü ìîã ïðîâåðèòü ôàêòû.
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ÏÑ Bing ÷àñòî ðàáîòàåò ëó÷øå êëàññè÷åñêèõ ïîäõîäîâ ââèäó ñëåäóþùèõ îñíîâíûõ
îñîáåííîñòåé. LLM ìîæåò ïðàâèëüíî èíòåðïðåòèðîâàòü ñëîæíûå èëè íåîäíîçíà÷íûå
âîïðîñû. Bing îïèðàåòñÿ íà ðåàëüíûå ðåçóëüòàòû ïîèñêà, ñíèæàÿ êîëè÷åñòâî âûäó-
ìàííûõ îòâåòîâ. Òî÷íûå îòâåòû íà çàïðîñû ôîðìóëèðóþòñÿ íà åñòåñòâåííîì ÿçûêå,
ïîíÿòíîì ïîëüçîâàòåëþ. Óêàçàíèå íà èñòî÷íèêè äåëàåò ñèñòåìó ïðîçðà÷íîé.

Íåñìîòðÿ íà ïðîãðåññ â ñîâðåìåííûõ ãèáðèäíûõ ÏÑ, ñóùåñòâóåò ðÿä âûçîâîâ,
äëÿ êîòîðûõ åùå íåîáõîäèìî áóäåò íàéòè ðåøåíèÿ: íåîáõîäèìîñòü áîëüøèõ îáúåìîâ
îáó÷àþùèõ äàííûõ äëÿ LLM; âûñîêàÿ âû÷èñëèòåëüíàÿ íàãðóçêà è òðåáîâàíèÿ ê
àïïàðàòíûì ðåñóðñàì; ïðîáëåìû èíòåðïðåòèðóåìîñòè ìîäåëåé; ýòè÷åñêèå âîïðîñû:
ôèëüòðàöèÿ èíôîðìàöèè, çàùèòà ïåðñîíàëüíûõ äàííûõ, áîðüáà ñ ôåéêàìè.

Ïåðñïåêòèâû ðàçâèòèÿ ãèáðèäíûõ ÏÑ î÷åíü øèðîêèå è îòêðûâàþò íîâûå
âîçìîæíîñòè äëÿ ïîëüçîâàòåëÿ:

• Èñïîëüçîâàíèå ìóëüòèìîäàëüíûõ ìîäåëåé (îáúåäèíåíèå òåêñòà, èçîáðàæåíèé,
âèäåî) äëÿ îòâåòîâ íà çàïðîñû ïîëüçîâàòåëåé.

• Ðàñøèðåíèå âîçìîæíîñòåé zero-shot è few-shot îáó÷åíèÿ.
• Óãëóáëåíèå ïåðñîíàëèçàöèè è êîíòåêñòíîé àäàïòàöèè.
• Ïîâûøåíèå ïðîçðà÷íîñòè è îáúÿñíèìîñòè ðåøåíèé AI-ñèñòåì.

Ñîâðåìåííûå AI-ñèñòåìû èíôîðìàöèîííîãî ïîèñêà äåìîíñòðèðóþò çíà÷èòåëüíûé
ïðîãðåññ â ïîíèìàíèè åñòåñòâåííîãî ÿçûêà è ïðåäîñòàâëåíèè ðåëåâàíòíîé èíôîðìà-
öèè. Èõ âíåäðåíèå òðàíñôîðìèðóåò ïîäõîäû ê ïîèñêó è âçàèìîäåéñòâèþ ñ èíôîðìà-
öèåé, äåëàÿ èõ áîëåå èíòåëëåêòóàëüíûìè, àäàïòèâíûìè è ýôôåêòèâíûìè.
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Àííîòàöèÿ: Â ñòàòüå ðàññìàòðèâàåòñÿ òåêóùåå ñîñòîÿíèå è ïåðñïåêòèâû ðàçâèòèÿ
íåôòåãàçîâîé îòðàñëè Ðåñïóáëèêè Óçáåêèñòàí. Ïîä÷åðêèâàåòñÿ ñòðàòåãè÷åñêàÿ âàæ-
íîñòü îòðàñëè äëÿ ýêîíîìèêè ñòðàíû è åå âëèÿíèå íà ñîöèàëüíî-ýêîíîìè÷åñêîå ðàç-
âèòèå, âêëþ÷àÿ îáåñïå÷åíèå çàíÿòîñòè íàñåëåíèÿ. Àíàëèçèðóþòñÿ ðåçóëüòàòû äîáû-
÷è ãàçà êîìïàíèÿìè â 2023-2024 ãã. è ðîëü ÀÎ ¾Óçáåêíåôòåãàç¿ â ýíåðãåòè÷åñêîì
ñåêòîðå. Îñîáîå âíèìàíèå óäåëÿåòñÿ äåÿòåëüíîñòè èíîñòðàííûõ êîìïàíèé â íåôòå-
ãàçîâîé îòðàñëè Óçáåêèñòàíà, èõ âêëàäó â ýêîíîìèêó è äèíàìèêå äîáû÷è ïðèðîäíîãî
ãàçà. Òàêæå ðàññìàòðèâàþòñÿ èçìåíåíèÿ â ïîòðåáëåíèè ïðèðîäíîãî ãàçà â ðåãèîíàõ
ðåñïóáëèêè.

Êëþ÷åâûå ñëîâà: Íåôòåãàçîâàÿ îòðàñëü, Óçáåêèñòàí, ýêîíîìè÷åñêîå ðàçâèòèå,
èíâåñòèöèè, èíîñòðàííûå êîìïàíèè, ïðèðîäíûé ãàç, ðåãèîíû.

ÂÂÅÄÅÍÈÅ

Íåôòåãàçîâàÿ îòðàñëü çàíèìàåò ñòðàòåãè÷åñêè âàæíîå ìåñòî â ýêîíîìèêå è èã-
ðàåò êëþ÷åâóþ ðîëü â êîìïëåêñíîì ðàçâèòèè ñòðàíû [1]. Ñ êàæäûì ãîäîì îòðàñëü
ïîêàçûâàåò âñ¼ áîëüøåå âëèÿíèå íà ñîöèàëüíî-ýêîíîìè÷åñêîå ðàçâèòèå ñòðàíû, îáåñ-
ïå÷èâàÿ çàíÿòîñòü ïðèìåðíî 2% íàñåëåíèÿ. Íà ïðîòÿæåíèè âñåõ ëåò íåçàâèñèìî-
ñòè Óçáåêèñòàíà ðàçâèòèå òîïëèâíî-ýíåðãåòè÷åñêîãî êîìïëåêñà (ÒÝÊ) è ïîâûøåíèå
åãî ïîòåíöèàëà ñòàëè ïðèîðèòåòíûìè íàïðàâëåíèÿìè â ðàìêàõ ïðîãðàìì îáùåãî
ñîöèàëüíî-ýêîíîìè÷åñêîãî ðàçâèòèÿ ñòðàíû.

Íåôòåãàçîâàÿ îòðàñëü âûäåëÿåòñÿ àêöåíòîì íà èíâåñòèöèîííûå ïðîãðàììû (ïðî-
åêòû) ðåàëèçóåìûå â ðàìêàõ ïîëèòèêè ãîñóäàðñòâà, íàïðàâëåííûå íà ñîçäàíèå íîâûõ
âûñîêîòåõíîëîãè÷íûõ ïðîèçâîäñòâ, êîòîðûå îñíàùåíû ñîâðåìåííûì îáîðóäîâàíèåì.
Ýòî ïîçâîëÿåò íå òîëüêî îáåñïå÷èòü ãëóáîêóþ ïåðåðàáîòêó óãëåâîäîðîäíûõ ðåñóðñîâ,
íî è áëàãîïðèÿòíî âëèÿåò íà ñîçäàíèå íîâûõ ðàáî÷èõ ìåñò. Ìîæíî ïðåäïîëîæèòü,
÷òî â áóäóùåì ïðèîðèòåò áóäåò îòäàí òåì êîìïàíèÿì, êîòîðûå ñìîãóò âíåäðèòü èí-
íîâàöèîííûå òåõíîëîãèè â íåôòåãàçîâóþ ïðîìûøëåííîñòü è ðàñøèðèòü ýêñïîðòíûå
âîçìîæíîñòè ýòîé ñôåðû.

Äåÿòåëüíîñòü ÀÎ ¾Óçáåêíåôòåãàç¿

ÀÎ ¾Óçáåêíåôòåãàç¿ � êðóïíåéøàÿ ãîñóäàðñòâåííàÿ íåôòåãàçîâàÿ êîìïàíèÿ Óç-
áåêèñòàíà, çàíèìàþùàÿñÿ ðàçâåäêîé, äîáû÷åé, ïåðåðàáîòêîé è òðàíñïîðòèðîâêîé óã-
ëåâîäîðîäîâ. Îñíîâàííàÿ â 1992 ãîäó, êîìïàíèÿ èãðàåò êëþ÷åâóþ ðîëü â ýíåðãåòè-
÷åñêîì ñåêòîðå ñòðàíû, îáåñïå÷èâàÿ çíà÷èòåëüíóþ ÷àñòü âíóòðåííåãî ïîòðåáëåíèÿ
ýíåðãîðåñóðñîâ.

Ñåãîäíÿ ÀÎ ¾Óçáåêíåôòåãàç¿ � ýòî ñîâðåìåííàÿ ìíîãîóðîâíåâàÿ âåðòèêàëüíî-
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èíòåãðèðîâàííàÿ êîìïàíèÿ, îáúåäèíÿþùàÿ ñâûøå 50 ïðåäïðèÿòèé, âêëþ÷àÿ 13 ñîâ-
ìåñòíûõ ïðåäïðèÿòèé, 10 îñíîâíûõ ïðåäïðèÿòèé ïî äîáû÷å è ïåðåðàáîòêå óãëåâîäî-
ðîäîâ, à òàêæå öåëûé ðÿä êóðèðóåìûõ ïðåäïðèÿòèé.

Îáùèé îáúåì äîáû÷è ãàçà êîìïàíèåé â 2024 ã. ñîñòàâèë 29 286 ìëí ì3, ÷òî íà
1 414 ìëí ì3 (+5%) áîëüøå, ÷åì â 2023 ã. Ëèäåðîì ïî ïðèðîñòó äîáû÷è â ðàìêàõ
êîìïàíèè ïðèðîäíîãî ãàçà ÿâëÿåòñÿ Óñòþðòñêîå ÃÄÓ, ïîêàçàâøåå ïðèðîñò äîáû÷è â
32%, ÷òî êîìïåíñèðóåò ñíèæåíèå äîáû÷è íà äðóãèõ ïðåäïðèÿòèÿõ.

Ñíèæåíèå äîáû÷è ïðèðîäíîãî ãàçà, íàáëþäàåìîå â Øóðòàíñêîì ÍÃÄÓ (-4%) è Ãà-
çëè ÍÃÄÓ (-0,4%), òðåáóåò ïðèñòàëüíîãî âíèìàíèÿ íàä ïîäðàçäåëåíèÿìè è ðàçðàáîò-
êè ñòðàòåãèè ïî ñòàáèëèçàöèè èëè êîìïåíñàöèè ïîòåðü, äëÿ óìåíüøåíèÿ íåãàòèâíîãî
ýôôåêòà îáú¼ìàì äîáû÷è ïðèðîäíîãî ãàçà êîìïàíèåé.

Íà÷àëî äîáû÷è ÎÎÎ ¾Uz-Gas Project¿ â 2024 ã. (373 ìëí ì3) ïîä÷åðêèâàåò íåîáõî-
äèìîñòü ðåàëèçàöèè íîâûõ èíâåñòèöèîííûõ ïðîåêòîâ äëÿ ïîääåðæàíèÿ è óâåëè÷åíèÿ
îáúåìîâ äîáû÷è â Ðåñïóáëèêå.

Äåÿòåëüíîñòü èíîñòðàííûõ êîìïàíèé

Â ïîñëåäíèå äåñÿòèëåòèÿ ãëîáàëèçàöèÿ ýêîíîìèêè ñäåëàëà ìåæäóíàðîäíîå ñî-
òðóäíè÷åñòâî â îáëàñòè ýíåðãåòèêè åùå áîëåå àêòóàëüíûì, ÷åì êîãäà-ëèáî. Ðåñ-
ïóáëèêà Óçáåêèñòàí, îáëàäàÿ çíà÷èòåëüíûìè çàïàñàìè ïðèðîäíûõ ðåñóðñîâ, ïðè-
âëåêàåò âíèìàíèå êðóïíûõ èíîñòðàííûõ êîðïîðàöèé òàêèå êàê "ËÓÊÎÉË "Ãàç-
ïðîì "Epsilon "SANEG"æåëàþùèõ èíâåñòèðîâàòü â ðàçðàáîòêó è äîáû÷ó ýíåðãåòè÷å-
ñêèõ ðåñóðñîâ, àêòèâíî ïîääåðæèâàÿ ïîëèòèêó ãîñóäàðñòâà çàêëþ÷àÿ äîëãîñðî÷íûå
êîíòðàêòû î ðàçäåëå ïðîäóêöèè. Óçáåêñêàÿ ãàçîâàÿ îòðàñëü ñòàëêèâàåòñÿ ñ ñåðüåç-
íûìè çàäà÷àìè è íåîáõîäèìî íàðàñòèòü äîáû÷ó ãàçà äëÿ óäîâëåòâîðåíèÿ âîçðàñòà-
þùåãî âíóòðåííåãî ñïðîñà è ïîääåðæêè ýêñïîðòíûõ âîçìîæíîñòåé.

ËÓÊÎÉË ÿâëÿåòñÿ ëèäåðîì ñðåäè èíîñòðàííûõ êîìïàíèé ïî îáúåìàì äîáû÷è (11
408 ìëí ì3 â 2024 ã.), íî ïîêàçûâàåò çíà÷èòåëüíîå ñíèæåíèå äîáû÷è (-21% ê 2023
ã.). Äàííàÿ òåíäåíöèÿ âûçâàíà òåõíîëîãè÷åñêîé àìîðòèçàöèåé è èñòîùåíèåì ìåñòî-
ðîæäåíèé, â ÷àñòíîñòè, ìåñòîðîæäåíèé Êàíäûìñêîé ãðóïïû. Íåñìîòðÿ íà ñíèæåíèå
îáú¼ìîâ äîáû÷è, êîìïàíèÿ òàê æå îñòà¼òñÿ ëèäåðîì ñðåäè èíîñòðàííûõ ïðåäïðèÿ-
òèé.

ÃÀÇÏÐÎÌ òàêæå ñíèçèë îáúåìû, íî íåçíà÷èòåëüíî äî 140 ìëí ì3. Êîìïàíèÿ
âåëà ðåàëèçàöèþ ïðîåêòîâ â îáëàñòè ãåîëîãîðàçâåäêè è äîáû÷è ïðèðîäíîãî ãàçà íà
Øàõïàõòû êîíòðàêò êîòîðîãî çàêîí÷èëñÿ â äåêàáðå 2024 ãîäà.

EPSILON ðåçêî íàðàñòèë äîáû÷ó � ðîñò â 7 ðàç äî 2 102 ìëí ì3, êîìïàíèÿ çàêëþ-
÷èëà íîâûå äîãîâîðû ñ ïðàâèòåëüñòâîì íà ðåàëèçàöèþ èíâåñòèöèîííûõ ïðîåêòîâ â
îáëàñòè äîáû÷è ïðèðîäíîãî ãàçà [2]. Çàïóñê íîâûõ ìåñòîðîæäåíèé è èíâåñòèöèè â
äîáû÷ó ïîêàçûâàþò íàãëÿäíûé ðåçóëüòàò.

SANEG ïîêàçûâàåò ñòàáèëüíûé è óâåðåííûé ðîñò íà 13% äî 1 739 ìëí ì3, ÷òî
ãîâîðèò î ïîçèòèâíîé äèíàìèêå ðàçâèòèÿ êîìïàíèè.

Äèíàìèêà ðåãèîíàëüíîãî ïîòðåáëåíèÿ ãàçà Â Òàáëèöå 1 ïðåäñòàâëåíû äàí-
íûå î äèíàìèêå ïîòðåáëåíèÿ ïðèðîäíîãî ãàçà íàñåëåíèåì â Ðåñïóáëèêå Óçáåêèñòàí
â 2023-2024 ãã., êîòîðàÿ äåìîíñòðèðóåò ðîñò ïîòðåáëåíèÿ ïî âñåì ðåãèîíàì. Ãîðîä
Òàøêåíò ÿâëÿåòñÿ ëèäåðîì ñ îáúåìîì ïîòðåáëåíèÿ ïðèðîäíîãî ãàçà îáú¼ìîì â 2,7
ìëðä ì3, êîòîðûé ðàñòåò åæåãîäíî [3]. Â öåëÿõ îáåñïå÷åíèÿ ïîòðåáíîñòè íàñåëåíèÿ
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ýíåðãåòè÷åñêèìè ðåñóðñàìè àêòóàëüíî íà ñåãîäíÿøíèé äåíü ðàçðàáàòûâàòü íîâûå
èíâåñòèöèîííûå ïðîåêòû â îòðàñëü, ÷òî ïîâûñèò ýíåðãåòè÷åñêóþ ñòàáèëüíîñòü â
îòðàñëÿõ ýêîíîìèêè.

Òàáëèöà 1. Îáú¼ìû ïîòðåáëåíèÿ ïðèðîäíîãî ãàçà â Ðåñïóáëèêå Óçáåêèñòàí â
2023-2024 ãã. áåç ó÷åòà ïðîìûøëåííîãî ñåêòîðà (ìëí. ì3).

ÇÀÊËÞ×ÅÍÈÅ

Èñõîäÿ èç òåêóùåé ñèòóàöèè ðîñòà ïîòðåáëåíèÿ ïðèðîäíîãî ãàçà â Óçáåêèñòàíå è
èñòîùåíèÿ çàïàñîâ òåêóùèõ ìåñòîðîæäåíèé, ñòðóêòóðà ðåàëèçàöèè ãàçà êîìïàíèÿìè
â áóäóùåì ìîæåò ñóùåñòâåííî èçìåíèòñÿ. Ïî ïðîãíîçàì Íåìåöêîé êîììåð÷åñêîé
ãðóïïû (GET) íà 2030 ãîä îáùàÿ ïîòðåáíîñòü â ïðèðîäíîì ãàçå Ðåñïóáëèêè Óçáåêè-
ñòàí âûðàñòåò äî 45,6 ìëðä ì3 â ãîä, ÷òî ïîòðåáóåò ïîëíîãî ïåðåíàïðàâëåíèÿ âñåõ
ïîñòàâîê (âêëþ÷àÿ ýêñïîðòíûå îáúåìû) íà âíóòðåííèé ðûíîê ñòðàíû [4].

Ñïèñîê ëèòåðàòóðû:

1.Ñîâðåìåííîå ñîñòîÿíèå è ïåðñïåêòèâû ðàçâèòèÿ íåôòåãàçîâîãî êîìïëåêñà Ðåñ-
ïóáëèêè Óçáåêèñòàí Ïîëàåâà Ã.Á. � ÐÃÓ íåôòè è ãàçà èì. È.Ì. Ãóáêèíà // [Ýëåê-
òðîííûé ðåñóðñ] � Ðåæèì äîñòóïà: https://cyberleninka.ru/article/n/sovremennoe-
sostoyanie-i-perspektivy-razvitiya-neftegazovogo-kompleksa-respubliki-uzbekistan
2.Îòêðûòèå ãàçîêîíäåíñàòíîãî ìåñòîðîæäåíèÿ â Óçáåêèñòàíå Àìåðèêàí-
ñêîé êîìïàíèåé Epsilon // [Ýëåêòðîííûé ðåñóðñ] � Ðåæèì äîñòóïà:
https://neftegaz.ru/news/Geological-exploration/541502-amerikanskaya-epsilon-otkryla-
v-uzbekistane-ocherednoe-mestorozhdenie-gazokondensatnoe/
3.Ïðîãíîç Íåìåöñêîé êîììåð÷åñêîé ãðóïïû (GET) // [Ýëåêòðîííûé
ðåñóðñ] - Ðåæèì äîñòóïà: https://www.german-economic-team.com/wp-
content/uploads/2022/02/GET_UZB_PB_05_2021_RU.pdf
4.Òîïëèâíî-ýíåðãåòè÷åñêèå ïîêàçàòåëè Ðåñïóáëèêè Óçáåêèñòàí îôèöèàëü-
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íûå äàííûå Àãåíñòâà ïî ñòàòèñòèêå // [Ýëåêòðîííûé ðåñóðñ] � Ðåæèì äî-
ñòóïà: https://www.stat.uz/ru/o�tsialnaya-statistika/energoe�ektivnost-i-toplivno-
energeticheskij-balans

Ïåðåîñìûñëåíèå äîìàøíåãî çàäàíèÿ â ýïîõó ÈÈ: îò
ôîðìàëüíîãî âîñïðîèçâåäåíèÿ ê àêòèâíîìó

ÿçûêîâîìó âçàèìîäåéñòâèþ

Òàäæèáàåâà Ä.

äîêòîð ôèëîñîôèè ïî ïåäàãîãè÷åñêèì íàóêàì (PhD), äîöåíò êàôåäðû èíîñòðàííûõ
ÿçûêîâ ÌÃÈÌÎ-Òàøêåíò

diltadsh@mail.ru

https://doi.org/10.5281/zenodo.15511039

Àííîòàöèÿ Â äàííîé ñòàòüå ðàññìàòðèâàþòñÿ ïðîáëåìû îáó÷åíèÿ èíîñòðàííûì
ÿçûêàì â ýïîõó öèôðîâèçàöèè è èñêóññòâåííîãî èíòåëëåêòà (ÈÈ), àâòîð îáðàùàåò
âíèìàíèå íà íåîáõîäèìîñòü îáíîâëåíèÿ ìåòîäèê îáó÷åíèÿ â ýïîõó ÈÈ è àíàëèçèðóåò
íîâûå òåíäåíöèè ñîâðåìåííîãî óðîêà èíîñòðàííîãî ÿçûêà.

Êëþ÷åâûå ñëîâà: Èñêóñòâåííûé èíòåëëåêò, êðèçèñ òðàäèöèîííîãî ïîäõîäà
îáó÷åíèÿ, ñîâðåìåííûå ìåòîäû îáó÷åíèÿ èíîñòðàííûì ÿçûêàì, Computer-Assisted
Language Learning (CALL), Flipped Classroom.

Ïîÿâèâøàÿñÿ â îáðàçîâàòåëüíûõ äåáàòàõ 1970-õ ãîäîâ ôðàçà ¾Tod der
Hausaufgabe¿ (â ïåðåâîäå ñ íåìåöêîãî � ¾Ñìåðòü äîìàøíåãî çàäàíèÿ¿) ñòàëà ñèì-
âîëîì íàðàñòàþùåãî êðèçèñà òðàäèöèîííîãî øêîëüíîãî ïîäõîäà ê îáó÷åíèþ. Ýòîò
ëîçóíã îòðàæàë ïðîòåñò ïðîòèâ ðóòèííîé è ôîðìàëèçîâàííîé îáðàçîâàòåëüíîé ïðàê-
òèêè, â êîòîðîé ó÷àùèåñÿ âûïîëíÿëè äîìàøíèå çàäàíèÿ ìåõàíè÷åñêè, íå ïîãðóæàÿñü
â ñìûñë ó÷åáíîãî ìàòåðèàëà è íå âñòóïàÿ â àêòèâíîå âçàèìîäåéñòâèå ñ íèì. [7] Ïåð-
âîíà÷àëüíî ýòà ôîðìóëèðîâêà ïîä÷åðêèâàëà êðèòèêó ìîäåëè îáó÷åíèÿ, îðèåíòèðî-
âàííîé íà óíèôèöèðîâàííûå çàäàíèÿ è èãíîðèðóþùåé èíäèâèäóàëüíûå ïîòðåáíîñòè
ó÷åíèêîâ â îñâîåíèè çíàíèé ÷åðåç îñìûñëåííóþ äåÿòåëüíîñòü. Â óñëîâèÿõ æå ñòðåìè-
òåëüíîãî ðàçâèòèÿ öèôðîâûõ òåõíîëîãèé è îñîáåííî èñêóññòâåííîãî èíòåëëåêòà, äàí-
íàÿ èäåÿ ïðèîáðåòàåò íîâîå çâó÷àíèå. Â ñîâðåìåííîì îáðàçîâàòåëüíîì ïðîñòðàíñòâå,
ãäå ÈÈ ìîæåò âûïîëíÿòü òðàäèöèîííûå çàäà÷è (ïåðåâîä òåêñòà, ñîñòàâëåíèå îòâåòîâ,
ðåøåíèå ãðàììàòè÷åñêèõ óïðàæíåíèé) ñ âûñîêîé ñêîðîñòüþ è òî÷íîñòüþ, ïðàêòèêà
ïðîñòîãî íàçíà÷åíèÿ äîìàøíåãî çàäàíèÿ áåç êîíòåêñòà è ñîïðîâîæäåíèÿ òåðÿåò ñâîþ
ýôôåêòèâíîñòü. Ýòî îñîáåííî àêòóàëüíî â îáëàñòè îáó÷åíèÿ èíîñòðàííûì ÿçûêàì,
ãäå êëþ÷åâûì ñòàíîâèòñÿ íå ñòîëüêî çíàíèå ïðàâèë, ñêîëüêî ñïîñîáíîñòü ïðèìåíÿòü
ÿçûê â ðåàëüíûõ êîììóíèêàòèâíûõ ñèòóàöèÿõ. Îáðàçîâàòåëüíàÿ ñðåäà, â êîòîðîé
îáó÷àþòñÿ ñîâðåìåííûå ó÷àùèåñÿ, íàñûùåíà öèôðîâûìè èíñòðóìåíòàìè è èíôîð-
ìàöèåé. Âîçìîæíîñòü ìãíîâåííîãî ïîëó÷åíèÿ ãîòîâîãî îòâåòà, ïåðåâîäà èëè äàæå ñî-
ñòàâëåíèÿ ýññå ïðè ïîìîùè òàêèõ èíòåëëåêòóàëüíûõ ñèñòåì, êàê ChatGPT, Gemini,
Copilot èëè Google Translate, äåëàåò âûïîëíåíèå òðàäèöèîííûõ äîìàøíèõ çàäàíèé
íå òîëüêî ìàëîýôôåêòèâíûì, íî è çà÷àñòóþ ëèø¼ííûì ìîòèâàöèè. Â ýòèõ óñëîâèÿõ
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âñ¼ ÷àùå ñòàâèòñÿ ïîä ñîìíåíèå ñàìà öåëåñîîáðàçíîñòü äîìàøíåé ðàáîòû â å¼ ïðè-
âû÷íîé ôîðìå. Ñ âíåäðåíèåì èíòåðàêòèâíûõ ïëàòôîðì, ìóëüòèìåäèéíûõ ðåñóðñîâ
è ñðåäñòâ èñêóññòâåííîãî èíòåëëåêòà çíà÷èìîñòü òðàäèöèîííûõ ôîðì äîìàøíåé ðà-
áîòû ñíèæàåòñÿ ïî íåñêîëüêèì ïðè÷èíàì:

� Ñòàíäàðòíûå óïðàæíåíèÿ ÷àñòî íå ðàçâèâàþò ïîëíîöåííîé êîììóíèêàòèâíîé
êîìïåòåíöèè, îñòàâàÿñü íà óðîâíå ðåïðîäóêöèè îòäåëüíûõ ÿçûêîâûõ ñòðóêòóð.

� Ó÷àùèåñÿ íåðåäêî èñïîëüçóþò ñòîðîííèå öèôðîâûå ðåñóðñû, âêëþ÷àÿ ñèñòåìû
ÈÈ, äëÿ àâòîìàòè÷åñêîãî âûïîëíåíèÿ çàäàíèé, ÷òî ñíèæàåò óðîâåíü ëè÷íîãî âîâëå-
÷åíèÿ â ó÷åáíûé ïðîöåññ.

�Ôîðìàëüíûé ïîäõîä ê âûïîëíåíèþ çàäàíèé ïðèâîäèò ê òîìó, ÷òî îñâîåíèå ÿçûêà
ñâîäèòñÿ ê ìåõàíè÷åñêîìó âîñïðîèçâåäåíèþ ïðàâèë è ôðàç, áåç ðàçâèòèÿ ÿçûêîâîãî
ìûøëåíèÿ. [1; 3�5]

Â îòâåò íà ýòè âûçîâû îáðàçîâàòåëüíàÿ ïðàêòèêà ïðåäëàãàåò èííîâàöèîííûå ïîä-
õîäû, ñî÷åòàþùèå àêòèâíûå ìåòîäû îáó÷åíèÿ è öèôðîâûå òåõíîëîãèè. Ñðåäè íèõ
îñîáåííî çíà÷èìû ìåòîäû Computer-Assisted Language Learning (CALL) è Flipped
Classroom (ïåðåâ¼ðíóòûé êëàññ), êîòîðûå ôîðìèðóþò íîâóþ äèäàêòè÷åñêóþ ïàðà-
äèãìó, îðèåíòèðîâàííóþ íà ðåàëüíîå ÿçûêîâîå âçàèìîäåéñòâèå è îñìûñëåííîå óñâî-
åíèå ìàòåðèàëà. Ìåòîä Computer-Assisted Language Learning (CALL) ïðåäñòàâëÿåò
ñîáîé ïîäõîä ê îáó÷åíèþ èíîñòðàííûì ÿçûêàì, îñíîâàííûé íà èñïîëüçîâàíèè êîì-
ïüþòåðíûõ è öèôðîâûõ òåõíîëîãèé. Îí îõâàòûâàåò øèðîêèé ñïåêòð öèôðîâûõ èí-
ñòðóìåíòîâ, íàïðàâëåííûõ íà ðàçâèòèå ðàçëè÷íûõ àñïåêòîâ ÿçûêîâîé êîìïåòåíöèè
[2; 57�71]. Ñðåäè íèõ ìîæíî âûäåëèòü ñëåäóþùèå:

� Èíòåðàêòèâíûå çàäàíèÿ è òðåíàæ¼ðû, ïðåäñòàâëåííûå íà òàêèõ ïëàòôîðìàõ,
êàê Duolingo, Busuu è äð., ïðåäîñòàâëÿþò âîçìîæíîñòè äëÿ èíäèâèäóàëüíîé îòðà-
áîòêè ãðàììàòè÷åñêèõ ñòðóêòóð, ëåêñèêè, ïðîèçíîøåíèÿ.

� Ìóëüòèìåäèéíûå ðåñóðñû, òàêèå êàê âèäåîëåêöèè, ïîäêàñòû, àíèìàöèîííûå ðî-
ëèêè, ïîçâîëÿþò ó÷àùèìñÿ âîñïðèíèìàòü ÿçûê â åñòåñòâåííîì êîíòåêñòå, ÷òî ñïî-
ñîáñòâóåò ðàçâèòèþ íàâûêîâ àóäèðîâàíèÿ è ìåæêóëüòóðíîé êîìïåòåíöèè.

� Ñèñòåìû èñêóññòâåííîãî èíòåëëåêòà, òàêèå êàê èíòåëëåêòóàëüíûå ðåïåòèòîðû
è àäàïòèâíûå îáó÷àþùèå ïëàòôîðìû, ïðåäîñòàâëÿþò ïåðñîíàëèçèðîâàííóþ îáðàò-
íóþ ñâÿçü, àíàëèçèðóþò òèïè÷íûå îøèáêè è ïðåäëàãàþò çàäàíèÿ ñ ó÷åòîì óðîâíÿ
âëàäåíèÿ ÿçûêîì è èíäèâèäóàëüíûõ ïîòðåáíîñòåé ñòóäåíòà.

Ñîâðåìåííûå èññëåäîâàíèÿ (íàïðèìåð, ðàáîòû À. Êàòèíñêîé è äðóãèõ) ïîä÷¼ð-
êèâàþò, ÷òî ïðèìåíåíèå ÈÈ â ðàìêàõ CALL çíà÷èòåëüíî ïîâûøàåò ýôôåêòèâíîñòü
îáó÷åíèÿ. Îñîáåííî âûäåëÿþòñÿ ñëåäóþùèå âîçìîæíîñòè:

� ÈÈ-àëãîðèòìû àäàïòèðóþò ñëîæíîñòü óïðàæíåíèé â çàâèñèìîñòè îò óðîâíÿ
çíàíèé ó÷àùåãîñÿ, ÷òî äåëàåò îáó÷åíèå áîëåå öåëåíàïðàâëåííûì è ìîòèâèðóþùèì.

� Èñïîëüçîâàíèå ÷àò-áîòîâ (íàïðèìåð, Replika) ïðåäîñòàâëÿåò âîçìîæíîñòü òðå-
íèðîâêè óñòíîé ðå÷è â ïîëóôîðìàëüíîé îáñòàíîâêå, ìîäåëèðóÿ æèâîå îáùåíèå ñ
íîñèòåëÿìè ÿçûêà, ÷òî äàåò âîçìîæíîñòü ïðàêèòèêîâàòü ðàçãîâîðíóþ ðå÷ü.

� Èíñòðóìåíòû ÈÈ ñïîñîáíû â ðåàëüíîì âðåìåíè äèàãíîñòèðîâàòü ãðàììàòè÷å-
ñêèå è ôîíåòè÷åñêèå íåòî÷íîñòè, ïðåäîñòàâëÿÿ îïåðàòèâíûå ðåêîìåíäàöèè ïî èõ
èñïðàâëåíèþ. [1; 3�24]
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ÌÅÒÎÄ ÏÅÐÅÂ�ÐÍÓÒÎÃÎ ÊËÀÑÑÀ (FLIPPED CLASSROOM)

Îäíèì èç ÿðêèõ ïðèìåðîâ òðàíñôîðìàöèè îáðàçîâàòåëüíîãî ïîäõîäà ÿâëÿåòñÿ
ìîäåëü ïåðåâ¼ðíóòîãî êëàññà (Flipped Classroom). Âïåðâûå îíà áûëà ðåàëèçîâàíà â
2007 ãîäó ïåäàãîãàìè Äæîíàòàíîì Áåðãìàíîì è Ààðîíîì Ñàìñîì, ïðåïîäàâàòåëÿìè
øêîëû Woodland Park High School (ÑØÀ). Ñòîëêíóâøèñü ñ îãðàíè÷åííûì âðåìåíåì
íà îáúÿñíåíèå òåîðèè â êëàññå, îíè íà÷àëè çàïèñûâàòü êîðîòêèå âèäåîóðîêè ñ ëåêöè-
îííûì ìàòåðèàëîì, êîòîðûé ó÷åíèêè äîëæíû áûëè èçó÷àòü äîìà. Òàêèì îáðàçîì,
àóäèòîðíîå âðåìÿ âûñâîáîæäàëîñü äëÿ ïðàêòè÷åñêîé äåÿòåëüíîñòè, ãðóïïîâûõ îá-
ñóæäåíèé è àíàëèçà ñëîæíûõ âîïðîñîâ.[4; 451-463] Îñíîâíûå ïðåèìóùåñòâà ìåòîäà
Flipped Classroom çàêëþ÷àþòñÿ â ñëåäóþùåì:

• Èíäèâèäóàëüíûé òåìï îáó÷åíèÿ: ñòóäåíòû ìîãóò èçó÷àòü òåîðåòè÷åñêèé ìàòå-
ðèàë â óäîáíîå äëÿ íèõ âðåìÿ è ñ íóæíîé ñêîðîñòüþ, ïåðåñìàòðèâàÿ ïðè íåîá-
õîäèìîñòè ñëîæíûå ôðàãìåíòû.

• Ïîâûøåíèå âîâëå÷¼ííîñòè: çàíÿòèÿ â êëàññå ñòàíîâÿòñÿ èíòåðàêòèâíûìè, âêëþ-
÷àþò ðîëåâûå èãðû, ïðîåêòíóþ ðàáîòó, îáñóæäåíèå ðåàëüíûõ êåéñîâ.

• Ôîðìèðîâàíèå êðèòè÷åñêîãî ìûøëåíèÿ: ó÷àùèåñÿ íå ïðîñòî óñâàèâàþò ìàòåðè-
àë, íî ó÷àòñÿ åãî àíàëèçèðîâàòü, îáñóæäàòü è ïðèìåíÿòü â íîâûõ ñèòóàöèÿõ.

Â êîíòåêñòå ïðåïîäàâàíèÿ èíîñòðàííûõ ÿçûêîâ äàííûé ïîäõîä ïîçâîëÿåò ïåðå-
íåñòè ýòàï îçíàêîìëåíèÿ ñ ãðàììàòè÷åñêèìè ñòðóêòóðàìè è ëåêñèêîé â äîìàøíþþ
çîíó, à íà çàíÿòèÿõ ñîñðåäîòî÷èòüñÿ íà ðåàëüíîé ÿçûêîâîé ïðàêòèêå � äèàëîãàõ, äèñ-
êóññèÿõ, ìîäåëèðîâàíèè êîììóíèêàòèâíûõ ñèòóàöèé. [5; 33] Èíòåãðàöèÿ òåõíîëîãèé
èñêóññòâåííîãî èíòåëëåêòà â ìîäåëü ïåðåâ¼ðíóòîãî êëàññà îòêðûâàåò íîâûå âîçìîæ-
íîñòè äëÿ ïåðñîíàëèçàöèè è ãèáêîñòè ó÷åáíîãî ïðîöåññà. Ïðèìåðû òàêèõ ðåøåíèé
âêëþ÷àþò:

• ÈÈ ñïîñîáåí îòñëåæèâàòü, êàêèå ôðàãìåíòû îáó÷àþùèõ âèäåî âûçûâàþò ó ñòó-
äåíòà çàòðóäíåíèÿ, è íà îñíîâå ýòèõ äàííûõ ïðåäëàãàòü äîïîëíèòåëüíûå ðàçú-
ÿñíåíèÿ èëè çàäàíèÿ.

• íà îñíîâå àíàëèçà ïðîãðåññà ñòóäåíòà ÈÈ ìîæåò àâòîìàòè÷åñêè ôîðìèðîâàòü
çàäàíèÿ, ñîîòâåòñòâóþùèå òåêóùåìó óðîâíþ çíàíèé è îáó÷àþùèì öåëÿì.

• ÈÈ ìîæåò îöåíèâàòü óñòíûå è ïèñüìåííûå îòâåòû ó÷àùåãîñÿ, âûÿâëÿÿ îøèáêè
è ïðåäëàãàÿ ïóòè èõ èñïðàâëåíèÿ, ÷òî óñêîðÿåò ïðîöåññ îáó÷åíèÿ è ïîâûøàåò
åãî ýôôåêòèâíîñòü. [6]

Òàêèì îáðàçîì, â óñëîâèÿõ ñòðåìèòåëüíîãî òåõíîëîãè÷åñêîãî ïðîãðåññà è àêòèâ-
íîãî âíåäðåíèÿ ÈÈ â îáðàçîâàíèå ñòàíîâèòñÿ î÷åâèäíîé íåîáõîäèìîñòü ïåðåîñìûñëå-
íèÿ òðàäèöèîííûõ ôîðì îáó÷åíèÿ, âêëþ÷àÿ ðîëü äîìàøíåé ðàáîòû. Ìåòîäû CALL è
Flipped Classroom, îñîáåííî â ñî÷åòàíèè ñ èíñòðóìåíòàìè èñêóññòâåííîãî èíòåëëåê-
òà, ñîçäàþò óñëîâèÿ äëÿ ïîñòðîåíèÿ áîëåå ãèáêîé, ìîòèâèðóþùåé è ðåçóëüòàòèâíîé
ÿçûêîâîé ñðåäû. Îíè ñïîñîáñòâóþò ïåðåõîäó îò ôîðìàëüíîãî âîñïðîèçâåäåíèÿ ìà-
òåðèàëà ê åãî îñìûñëåííîìó îñâîåíèþ è ïðàêòè÷åñêîìó ïðèìåíåíèþ, ÷òî îñîáåííî
âàæíî â îáó÷åíèè èíîñòðàííûì ÿçûêàì â XXI âåêå.
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Íåñìîòðÿ íà ñîöèàëüíî-çíà÷èìûå öåëè ñîâåðøåíñòâîâàíèÿ äîñòóïíîñòè è êà÷å-
ñòâà îêàçàíèÿ ìåäèöèíñêîé ïîìîùè, èñïîëüçîâàíèå èñêóññòâåííîãî èíòåëëåêòà â ìå-
äèöèíå ñâÿçàíî ñ âûñîêèìè ðèñêàìè ïðè÷èíåíèÿ âðåäà æèçíè è çäîðîâüþ ãðàæ-
äàíèíà. Ðàçðàáîòêà íîâûõ ìåòîäîâ äèàãíîñòèêè è ëå÷åíèÿ ïðåäïîëàãàåò óñòàíîâ-
ëåíèå äîëæíîãî ïðàâîâîãî ðåãóëèðîâàíèÿ, îïðåäåëÿþùåãî íåîáõîäèìûå ïðàâîâûå
ìåõàíèçìû äëÿ ñíèæåíèÿ ðèñêîâ, âîçíèêàþùèõ â ïðîöåññå ïðèìåíåíèÿ òåõíîëîãèè
èñêóññòâåííîãî èíòåëëåêòà (äàëåå - ÈÈ).

Òåõíîëîãèè ÈÈ â ìåäèöèíñêîé äåÿòåëüíîñòè ñåãîäíÿ â îñíîâíîì âûïîëíÿþò ôóíê-
öèþ ¾ïîìîùíèêà âðà÷à¿, ïðåäîñòàâëÿÿ âîçìîæíîñòü áûñòðåå è ýôôåêòèâíåå ïðî-
àíàëèçèðîâàòü áîëüøèå äàííûå äëÿ ïîñòàíîâêè äèàãíîçà. Íî ðàçðàáîò÷èêàìè óæå
ñîçäàíû è íà÷èíàþò âíåäðÿåòñÿ â ìåäèöèíñêóþ ïðàêòèêó òåõíîëîãèè ÈÈ, ðàáîòàþ-
ùèå àâòîíîìíî è íå çàäåéñòâóþùèå ìíåíèå âðà÷à, â ÷àñòíîñòè ðàçâèòèå ïðèìåíåíèÿ
àâòîíîìíîãî ÈÈ ïëàíèðóåòñÿ ðàçðàáîò÷èêàìè â òåõ ñôåðàõ ìåäèöèíñêîé äåÿòåëüíî-
ñòè, ãäå ðèñêè åãî èñïîëüçîâàíèÿ áåç êîíòðîëÿ âðà÷à îöåíèâàþòñÿ êàê ìèíèìàëüíûå.
Òàêèå ðåøåíèÿ áûëè âíåäðåíû â àïðåëå 2024 ãîäà, êîãäà ñòàëî èçâåñòíî î íà÷àëå
ïðèìåíåíèÿ àâòîíîìíîãî ÈÈ â ðåíòãåíîëîãèè.

Íåñìîòðÿ íà àêòèâíîå âíåäðåíèå òåõíîëîãèé ÈÈ â ìåäèöèíñêóþ ïðàêòèêó ñòîèò
îòìåòèòü îòñóòñòâèå ÷åòêîãî çàêðåïëåíèÿ ïðàâîâîãî ðåæèìà èñêóññòâåííîãî èíòåë-
ëåêòà è, â öåëîì, òî ðåãóëèðîâàíèå, êàêîå ìû èìååì íà ñåãîäíÿøíèé äåíü íîñèò
ýêñïåðèìåíòàëüíûé õàðàêòåð [1].
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Ïîêà ïðàâîâîé ðåæèì èñêóññòâåííîãî èíòåëëåêòà íàõîäèòñÿ íà ñòàäèè ôîðìè-
ðîâàíèÿ, òåõíîëîãèè ÈÈ ôàêòè÷åñêè ââîäÿòñÿ â ãðàæäàíñêèé îáîðîò ÷àùå âñåãî â
ñîñòàâå ïðîãðàììíîãî îáåñïå÷åíèÿ è ðåãèñòðèðóþòñÿ Ðîñïàòåíòîì êàê ïðîãðàìì-
íûå ïðîäóêòû ñ èñïîëüçîâàíèåì òåõíîëîãèè ÈÈ [2], à çàòåì ïðîõîäÿò ðåãèñòðàöèþ
â êà÷åñòâå ìåäèöèíñêèõ èçäåëèé äëÿ âîçìîæíîñòè èõ äàëüíåéøåãî èñïîëüçîâàíèÿ
â ìåäèöèíñêîé ïðàêòèêå. Ïðè ýòîì íà íà÷àëî 2025 ãîäà â Ðîññèè çàðåãèñòðèðîâàíî
óæå áîëåå 30 ìåäèöèíñêèõ èçäåëèé (â âèäå ÏÎ), èñïîëüçóþùèõ òåõíîëîãèè ÈÈ è
èìåþùèõ äåéñòâóþùåå ðåãèñòðàöèîííîå óäîñòîâåðåíèå Ðîñçäðàâíàäçîðà. Ïðè ðåãè-
ñòðàöèè ó÷èòûâàþòñÿ ïîëîæåíèÿ ¾Ïðàâèë êëàññèôèêàöèè ìåäèçäåëèé â çàâèñèìî-
ñòè îò ïîòåíöèàëüíîãî ðèñêà ïðèìåíåíèÿ¿ [3], ãäå â ñîîòâåòñòâèè ñ ï. 45 ïðîãðàììíîå
îáåñïå÷åíèå ñ ïðèìåíåíèåì òåõíîëîãèè ÈÈ îòíåñåíî ê ñàìîìó âûñîêîì êëàññó ðèñêà
(êëàññ 3).

Ñåãîäíÿ íàèáîëåå àêòèâíàÿ ðàáîòà âåäåòñÿ â îáëàñòè òåõíè÷åñêîãî ðåãóëèðîâà-
íèÿ òåõíîëîãèè ÈÈ, ÷òî íà íà÷àëüíîì ýòàïå ïðåäñòàâëÿåòñÿ â öåëîì ëîãè÷íûì, íî
àêòèâíîå âíåäðåíèå èñêóññòâåííîãî èíòåëëåêòà â ãðàæäàíñêèé îáîðîò äîëæíî ñî-
ïðîâîæäàòüñÿ ïîíèìàíèåì åãî îñîáåííîñòåé âñåìè ó÷àñòíèêàìè îáîðîòà, à ó÷èòûâàÿ
âîçìîæíûå ðèñêè åãî ïðèìåíåíèÿ äîëæíà áûòü âûðàáîòàíà ñèñòåìà îáùåãî è ñïå-
öèàëüíîãî ðåãóëèðîâàíèÿ, íå òîëüêî èíôîðìàöèîííîãî, íî è ãðàæäàíñêî-ïðàâîâîãî,
ìåäèöèíñêî-ïðàâîâîãî è äð. Ïåðñïåêòèâó ðîñòà îáîðîòà ÈÈ íàì ïîêàçàë Ìèíçäðàâ
â 2024 ãîäó, óñòàíîâèâ ðåãèîíàì ðåêîìåíäàöèè ïî çàêóïêàì è âíåäðåíèþ ìåäèçäå-
ëèé ñ ÈÈ (â ðàìêàõ ïðîåêòà åäèíîãî öèôðîâîãî êîíòóðà â çäðàâîîõðàíåíèè) [4]. Â
÷àñòíîñòè, ðåêîìåíäîâàíî ïðèîáðåòàòü èçäåëèÿ äâóõ òèïîâ:

� èçäåëèÿ, èíòåðïðåòèðóþùèå äàííûå ëó÷åâûõ, ëàáîðàòîðíûõ èëè èíñòðóìåí-
òàëüíûõ ìåòîäîâ äèàãíîñòèêè;

� èçäåëèÿ, èíòåðïðåòèðóþùèå äàííûå ýëåêòðîííîé ìåäèöèíñêîé êàðòû.

Âíåäðåíèå ñèñòåì ÈÈ â ðàáîòó ñ ïàöèåíòàìè äîëæíî ïðåäïîëàãàòü íàëè÷èå ó
âðà÷à äîëæíîãî óðîâíÿ äîâåðèÿ ê íèì. Äåéñòâóþùèå òåõíè÷åñêèå ñòàíäàðòû îïðå-
äåëÿþò äîâåðèå ê ñèñòåìå èñêóññòâåííîãî èíòåëëåêòà òîëüêî â ñëó÷àå íàëè÷èÿ ó
ïîëüçîâàòåëÿ è ðàçðàáîò÷èêà ÈÈ, à òàêæå èíûõ çàèíòåðåñîâàííûõ ñòîðîí óâåðåííî-
ñòè â òîì, ÷òî ñèñòåìà ñïîñîáíà âûïîëíÿòü âîçëîæåííûå íà íåå çàäà÷è ñ òðåáóåìûì
êà÷åñòâîì [5].

Â ñâÿçè ñ ÷åì âîçíèêàåò âîïðîñ � êàê îïðåäåëÿòü êà÷åñòâî ðàáîòû èñïîëüçóåìûõ
â ìåäèöèíå òåõíîëîãèé? Îòâåò íà íåãî ìû ìîæåì ïîïûòàòüñÿ íàéòè ñíîâà â òåõíè÷å-
ñêèõ àêòàõ, ãäå ïîä ïîêàçàòåëåì êà÷åñòâà ñèñòåìû ÈÈ ïîíèìàåòñÿ ¾ñòåïåíü ñîîòâåò-
ñòâèÿ ïðåäñòàâèòåëüíîãî íàáîðà ñóùåñòâåííûõ (çíà÷èìûõ) õàðàêòåðèñòèê ñèñòåìû
èñêóññòâåííîãî èíòåëëåêòà òðåáîâàíèÿì (ïîòðåáíîñòÿì/îæèäàíèÿì), êîòîðûå óñòà-
íîâëåíû, îáû÷íî ïðåäïîëàãàþòñÿ èëè ÿâëÿþòñÿ îáÿçàòåëüíûìè äëÿ ýòîé ñèñòåìû¿.
Î÷åâèäíî, ÷òî òîëêîâàòü ïîêàçàòåëè êà÷åñòâà ìîæíî äîâîëüíî øèðîêî, îñîáåííî åñ-
ëè ïðèìåíÿòü äëÿ îïðåäåëåíèÿ ñîîòâåòñòâèÿ íå ÷åòêî óñòàíîâëåííûå õàðàêòåðèñòèêè
ñèñòåìû, à òå, êîòîðûå ¾îáû÷íî ïðåäïîëàãàþòñÿ¿.

Òóò æå ñòîèò îòìåòèòü, ÷òî ìû ñåãîäíÿ ïîíèìàåì ïîä èñêóññòâåííûì èíòåëëåêòîì
¾ñïîñîáíîñòü òåõíè÷åñêîé ñèñòåìû èìèòèðîâàòü êîãíèòèâíûå ôóíêöèè ÷åëîâåêà, ãäå
êëþ÷åâûì ôàêòîðîì èìèòàöèè ñëåäóåò âûäåëèòü ñïîñîáíîñòü ÈÈ ê ñàìîîáó÷åíèþ
è ïîèñêó ñîáñòâåííûõ ðåøåíèé áåç çàðàíåå çàäàííîãî àëãîðèòìà¿ [6]. Ïåðåä íàìè
âñòàåò çàäà÷à îïðåäåëåíèÿ âîçìîæíîñòè ñî÷åòàíèÿ âûøåíàçâàííûõ êðèòåðèåâ êà÷å-
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ñòâà ñ åãî îñíîâíîé îñîáåííîñòüþ - ñàìîîáó÷åíèåì è ïîèñêîì ðåøåíèé áåç çàðàíåå
çàäàííîãî àëãîðèòìà, ãäå ðåçóëüòàò îáó÷åíèÿ ìîæåò áûòü íåïðåäñêàçóåì, à ñîîòâåò-
ñòâåííî íåïðåäñêàçóåìûì è ðåçóëüòàò åãî ðàáîòû, îñîáåííî â ñëó÷àå ïðèìåíåíèÿ åãî
â ïðîöåññå ìåäèöèíñêîãî âìåøàòåëüñòâà. È ñëåäóåò îòìåòèòü, ÷òî â íîÿáðå 2023 ãî-
äà óæå áûë çàðåãèñòðèðîâàí ïåðâûé ïðåöåäåíò âûÿâëåíèÿ ðèñêà ïðè÷èíåíèÿ âðåäà
çäîðîâüþ. Ðîñçäðàâíàäçîð ïðèîñòàíîâèë ïðèìåíåíèå ìåäèöèíñêîãî èçäåëèÿ ñ ÈÈ �
ñèñòåìû àíàëèçà èçîáðàæåíèé Botkin.AI. Ïðè÷èíîé ñòàëî âûÿâëåíèå îòêëîíåíèé â
õàðàêòåðèñòèêàõ (ðåçóëüòàòàõ ðàáîòû ÏÎ ñ ÈÈ), îòíîñèòåëüíî çàÿâëåííûõ ïðè åãî
ãîñóäàðñòâåííîé ðåãèñòðàöèè.

Ïðè èñïîëüçîâàíèè ÈÈ â ìåäèöèíñêîé äåÿòåëüíîñòè îñîáî îñòðûì âñòàåò âîïðîñ
êàê î ðèñêàõ ïðè÷èíåíèÿ âðåäà æèçíè è çäîðîâüþ ïàöèåíòà, ïîìîùü êîòîðîìó áûëà
îêàçàíà ñ ïðèìåíåíèåì òåõíîëîãèè ÈÈ, òàê è âîïðîñ ðàñïðåäåëåíèÿ ðèñêîâ îòâåò-
ñòâåííîñòè çà ïðè÷èíåíèå âðåäà ìåæäó ðàçðàáîò÷èêàìè è ìåäèöèíñêèìè îðãàíèçà-
öèÿìè, ïðèìåíÿþùèìè ÈÈ â ñâîåé äåÿòåëüíîñòè.

Âîïðîñ ðàñïðåäåëåíèÿ ðèñêîâ îòâåòñòâåííîñòè ìîæåò áûòü ðàññìîòðåí ñ ïîìîùüþ
ïðèìåíåíèÿ â îòíîøåíèè òåõíîëîãèè ÈÈ ïðàâîâîãî ðåæèìà èñòî÷íèêà ïîâûøåííîé
îïàñíîñòè (ÈÏÎ), ò.ê. ïîä íèì ìû ìîæåì ïîíèìàòü ëþáóþ äåÿòåëüíîñòü, êîòîðàÿ
ñîçäàåò ïîâûøåííóþ âåðîÿòíîñòü ïðè÷èíåíèÿ âðåäà èç-çà íåâîçìîæíîñòè ïîëíîãî
êîíòðîëÿ çà íåé ñî ñòîðîíû ÷åëîâåêà [7]. Òàêîé æå òî÷êè çðåíèÿ ïîääåðæèâàþòñÿ
è äðóãèå àâòîðû, îïðåäåëÿþùèå ðåæèì ÈÏÎ êàê íàèáîëåå ýôôåêòèâíóþ ìîäåëü â
ïðîöåññå óñòàíîâëåíèÿ îòâåòñòâåííîñòè â ñëó÷àå ïðè÷èíåíèÿ âðåäà ïðè èñïîëüçîâà-
íèè ñèñòåìû èñêóññòâåííîãî èíòåëëåêòà. [8]

Ïðè ýòîì, â ïðîöåññå ïðèìåíåíèÿ ÈÈ ìåäèöèíñêàÿ îðãàíèçàöèÿ êàê ïîëüçîâàòåëü
ìîæåò áûòü ïðèâëå÷åíà ê îòâåòñòâåííîñòè, åñëè îíà áóäåò ïðèçíàíà âëàäåëüöåì èñ-
òî÷íèêà ïîâûøåííîé îïàñíîñòè, è â ñëó÷àå, åñëè äî íåå áûëè äîâåäåíû òðåáîâàíèÿ ïî
ïðàâèëüíîé ýêñïëóàòàöèè òåõíîëîãèè. Íåìàëîâàæíûì ôàêòîðîì îïðåäåëåíèÿ ñóáú-
åêòà îòâåòñòâåííîñòè òàêæå ìîæíî ñ÷èòàòü ïðîâåäåíèå îöåíêè ïðàâèëüíîñòè ñôîð-
ìóëèðîâàííûõ òðåáîâàíèé ïî èñïîëüçîâàíèþ (èõ ÷åòêîñòè, ëîãè÷íîñòè è â öåëîì
ïîíÿòíîñòè ïîëüçîâàòåëþ), ó÷èòûâàÿ îòñóòñòâèå ó ïîëüçîâàòåëÿ äîëæíûõ çíàíèé â
òåõíè÷åñêîé îáëàñòè.

Âîïðîñ îïðåäåëåíèÿ ñóáúåêòà-âëàäåëüöà èñòî÷íèêà ïîâûøåííîé îïàñíîñòè òàêæå
ìîæåò áûòü ñïîðíûì, ìû ìîæåì ðàññìàòðèâàòü â êà÷åñòâå âëàäåëüöà êàê ðàçðàáîò-
÷èêà, òàê è ìåäèöèíñêóþ îðãàíèçàöèþ, êîòîðàÿ ïðèîáðåëà ïðàâà íà ïðîãðàììíûé
ïðîäóêò ñ ïðèìåíåíèåì òåõíîëîãèè ÈÈ. Äàííûé âîïðîñ ìîæåò áûòü ðåøåí â çàâèñè-
ìîñòè îò âûÿâëåíèÿ ïðè÷èííî-ñëåäñòâåííûõ ñâÿçåé ìåæäó äåéñòâèÿìè ðàçðàáîò÷èêà
(÷åðåç îïðåäåëåíèå íàäåæíîñòè ðàçðàáîòàííîãî ïðîäóêòà) è ïðè÷èíåíèåì âðåäà, ëè-
áî äåéñòâèÿìè âðà÷à (ìåäèöèíñêîé îðãàíèçàöèè), íåïðàâèëüíî ïðèìåíÿþùèìè äàí-
íûé ïðîãðàììíûé ïðîäóêò â ñâîåé äåÿòåëüíîñòè è íåãàòèâíûìè ïîñëåäñòâèÿìè â
ðåçóëüòàòå òàêîãî ïðèìåíåíèÿ.

Ââèäó ñïåöèôèêè ðàáîòû ÈÈ è òîãî, ÷òî ðàçðàáîò÷èê íàèáîëåå èíôîðìèðîâàí
î òåõíè÷åñêèõ ñâîéñòâàõ èñïîëüçóåìîé òåõíîëîãèè ÈÈ, ñòàâèòñÿ âîïðîñ î íåîáõîäè-
ìîñòè îñóùåñòâëåíèÿ êîíòðîëÿ íàä íåé â ïåðâóþ î÷åðåäü ñî ñòîðîíû ðàçðàáîò÷èêà,
íî òàêæå ñëåäóåò îòìåòèòü âàæíîñòü îñóùåñòâëåíèÿ êîíòðîëÿ ñî ñòîðîíû ãîñóäàð-
ñòâåííûõ îðãàíîâ.

Â çàêëþ÷åíèå õî÷åòñÿ ñäåëàòü àêöåíò íà íåîáõîäèìîñòè ðàçðàáîòêè ïîëîæåíèé,
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ôîðìèðóþùèõ ïðàâîâóþ îïðåäåëåííîñòü âî âçàèìîîòíîøåíèÿõ ìåæäó ðàçðàáîò÷è-
êîì òåõíîëîãèè è îðãàíèçàöèåé, ïðèîáðåòàþùåé åå. Íà íà÷àëüíîì ýòàïå âèäèòñÿ
öåëåñîîáðàçíûì òàêèå ïîëîæåíèÿ ôîðìóëèðîâàòü íà îòðàñëåâîì è ìåæîòðàñëåâîì
óðîâíÿõ â ðàìêàõ ïîäçàêîííîãî ðåãóëèðîâàíèÿ â ïðîöåññå ìåæâåäîìñòâåííîãî âçàè-
ìîäåéñòâèÿ.

Â öåëîì, äîñòèæåíèå ïîíèìàíèÿ ðàñïðåäåëåíèÿ ðèñêîâ îòâåòñòâåííîñòè ìåæäó
ó÷àñòíèêàìè âîçìîæíî ÷åðåç ðåøåíèå ñëåäóþùèõ çàäà÷:

1. Óñòàíîâëåíèå ÷åòêîé ðåãëàìåíòàöèè ïðàâ è îáÿçàííîñòåé ìåæäó ðàçðàáîò÷è-
êîì ÈÈ è ìåäèöèíñêîé îðãàíèçàöèåé ïóòåì çàêëþ÷åíèÿ îðãàíèçàöèîííîãî (à íå
òîëüêî ëèöåíçèîííîãî) äîãîâîðà îá èñïîëüçîâàíèè ÈÈ. Äàííûé äîãîâîð ìîæåò
èìåòü òèïîâóþ ôîðìó è ìîæåò áûòü ðàçðàáîòàí ôåäåðàëüíûìè îðãàíàìè èñïîë-
íèòåëüíîé âëàñòè (ñîâìåñòíî), ðåãóëèðóþùèìè ñôåðó èíôîðìàöèîííûõ òåõíî-
ëîãèé è ñôåðó çäðàâîîõðàíåíèÿ (â ñëó÷àå ñ èñïîëüçîâàíèåì ÈÈ â ìåäèöèíå).
Â äîãîâîðå â êà÷åñòâå ñóùåñòâåííûõ óñëîâèé íåîáõîäèìî îïðåäåëèòü ïîðÿäîê
âçàèìîäåéñòâèÿ è êîíòðîëÿ çà ôóíêöèîíèðîâàíèåì ñèñòåì ÈÈ â ìåäèöèíñêîé
îðãàíèçàöèè, îáÿçàííîñòü ñèñòåìàòè÷åñêîãî ôîðìèðîâàíèÿ îò÷åòíûõ ïîêàçàòå-
ëåé (ìîíèòîðèíã áåçîïàñíîñòè) â êîíòðîëèðóþùèé îðãàí (Ðîñçäðàâíàäçîð).

2. Ðàçðàáîòêà àëãîðèòìà äåéñòâèé ïðè îáíàðóæåíèè íåòî÷íîé ðàáîòû ÈÈ íå òîëü-
êî â ðàìêàõ òåõíè÷åñêîãî ðåãóëèðîâàíèÿ (äëÿ ðàçðàáîò÷èêîâ). Ñåãîäíÿ íåîáõî-
äèìà ïðàâîâàÿ ðåãëàìåíòàöèÿ ïîðÿäêà äåéñòâèé âðà÷à/ìåäèöèíñêîé îðãàíèçà-
öèè êàê â îáëàñòè ïðàâèëüíîãî ïðèìåíåíèÿ ÈÈ, òàê è â âîïðîñàõ ïðîãíîçèðî-
âàíèÿ ðèñêîâ åãî èñïîëüçîâàíèÿ, äëÿ ÷åãî äîëæíû áûòü ðàçðàáîòàíû ïîðÿäêè
îêàçàíèÿ ìåäèöèíñêîé ïîìîùè ñ èñïîëüçîâàíèåì èñêóññòâåííîãî èíòåëëåêòà.

Èñïîëüçîâàííàÿ ëèòåðàòóðà

1. Ôåäåðàëüíûé çàêîí ¾Î ïðîâåäåíèè ýêñïåðèìåíòà ïî óñòàíîâëåíèþ ñïåöèàëüíîãî
ðåãóëèðîâàíèÿ â öåëÿõ ñîçäàíèÿ íåîáõîäèìûõ óñëîâèé äëÿ ðàçðàáîòêè è âíåäðåíèÿ
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Ðàçðàáîòêà ìåòîäèêè ïîäãîòîâêè äàííûõ äëÿ îöåíêè
ôèíàíñîâûõ ðèñêîâ ïðåäïðèÿòèÿ ñ èñïîëüçîâàíèåì

òåõíîëîãèè Data mining.

Òóðàáåêîâà Ìàëèêà

Òàøêåíòñêèé ôèëèàë ÌÃÈÌÎ ÌÈÄ Ðîññèè
https://doi.org/10.5281/zenodo.15511059

Â ñîâðåìåííîì ìèðå êëþ÷åâóþ ðîëü â óñïåøíîì ôóíêöèîíèðîâàíèè è êîíêóðåí-
òîñïîñîáíîñòè èãðàåò ôèíàíñîâîå ñîñòîÿíèå êîìïàíèè, âíå çàâèñèìîñòè îò äåÿòåëü-
íîñòè. Îäíàêî, çà ñ÷åò íåñòàáèëüíîñòè ðûíêîâ, êîëåáàíèé âàëþò è äðóãèõ ôàêòîðîâ,
ôèíàíñîâûå ðèñêè ïîäðûâàþò ôèíàíñîâîå çäîðîâüå êîìïàíèè. Äëÿ ýôôåêòèâíîãî
óïðàâëåíèÿ ôèíàíñîâûìè ðèñêàìè íåîáõîäèìû èíñòðóìåíòû àíàëèçà è ïðîãíîçèðî-
âàíèÿ, ê ïðèìåðó, òàêîé êàê òåõíîëîãèÿ Data mining. Äàííàÿ òåõíîëîãèÿ ïîçâîëÿåò
àíàëèçèðîâàòü è îáðàáàòûâàòü áîëüøèå îáúåìû äàííûõ, äëÿ àíàëèçà èíôîðìàöèè,
çàêîíîìåðíîñòåé è òåíäåíöèé.

Àêòóàëüíîñòü ïðîáëåìû îáóñëîâëåíà òåì, ÷òî íåòî÷íîñòü äàííûõ ìîæåò èñ-
êàæàòü ðåçóëüòàòû àíàëèçà è ïðîãíîçèðîâàíèÿ ôèíàíñîâûõ ðèñêîâ, ÷òî â ñâîþ
î÷åðåäü ïðèâîäèò ê ïðèíÿòèþ íåïðàâèëüíûõ áèçíåñ ðåøåíèé.

Ïðèìåíåíèå òåõíîëîãèè Data mining ïîçâîëÿåò ïîëó÷èòü òî÷íóþ èíôîðìàöèþ î
ôèíàíñîâûõ àñïåêòàõ ïðåäïðèÿòèÿ, îïòèìèçèðîâàòü îïåðàöèîííûå ïðîöåññû è ïî-
âûñèòü êîíêóðåíòîñïîñîáíîñòü.

Âàæíåéøèì óñëîâèåì ïðèíÿòèÿ ïðàâèëüíîãî óïðàâëåí÷åñêîãî ðåøåíèÿ, ÿâëÿåòñÿ
� îöåíêà ôèíàíñîâîãî ñîñòîÿíèÿ ïðåäïðèÿòèÿ, êîòîðàÿ ñîñòîèò èç òðåõ âçàèìîñâÿ-
çàííûõ ÷àñòåé: àíàëèç ôèíàíñîâîãî ïîëîæåíèÿ, àíàëèç ôèíàíñîâûõ ðåçóëüòàòîâ è
îöåíêà âîçìîæíûõ ïåðñïåêòèâ.

Àíàëèç è ïðîãíîçèðîâàíèå äàííûõ � ýòî òî, áåç ÷åãî íå áóäåò ñóùåñòâîâàòü íå
îäèí áèçíåñ. Ñóùåñòâóåò ðàçäåëåíèå ýòèõ ïðîöåññîâ íà ñëåäóþùèå âèäû:

� Èíôîðìàöèîííî � ïîèñêîâîé è âèçóàëüíûé àíàëèç Êàê ïðàâèëî â ïðîöåññå òà-
êîãî àíàëèçà, íå ïðèîáðåòàþòñÿ íîâûå çíàíèÿ î ïðåäìåòå, ïîÿâëÿåòñÿ âîçìîæíîñòü
ðàññìîòðåòü ïðåäìåò ïî ÷àñòÿì ñ ðàçíûõ òî÷åê çðåíèÿ, èñïîëüçóÿ ÷åòêî ñôîðìóëè-
ðîâàííûé çàïðîñ ê ðåëÿöèîííîé áàçå äàííûõ.
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� Îïåðàòèâíî � àíàëèòè÷åñêèé àíàëèç, OLAP Â îòëè÷èè îò èíôîðìàöèîííî � ïîèñ-
êîâîãî àíàëèçà, îïåðàòèâíî � àíàëèòè÷åñêèé àíàëèç ïîçâîëÿåò îáíàðóæèòü çàêîíî-
ìåðíîñòè â äàííûõ. Ïðè÷åì çàêîíîìåðíîñòè ðàçëè÷íîãî âèäà è êîëè÷åñòâà, êîòîðûå
íåëüçÿ áûëî áû çàìåòèòü äðóãèì ñïîñîáîì.
� Èíòåëëåêòóàëüíûé àíàëèç (Data mining) Èìåííî ýòîò âèä àíàëèçà íàïðàâëåí íà
âûÿâëåíèÿ ñêðûòûõ çàêîíîìåðíîñòåé è àíîìàëèé â äàííûõ. Ê ïðèìåðó, òàêîãî ðî-
äà çàêîíîìåðíîñòè èëè àíîìàëèè ìîãóò áûòü ïðåäñòàâëåíû â âèäå ïîâòîðÿþùèõñÿ
äàííûõ, áîëüøèõ çíà÷åíèé, âûáèâàþùèõñÿ èç îïðåäåëåííîãî äèàïàçîíà äàííûõ èëè
íàîáîðîò ñëèøêîì ìàëåíüêèõ çíà÷åíèé, ïîä êîòîðûìè ïîäðàçóìåâàþòñÿ àíîìàëèè.
Èíûìè ñëîâàìè, èíòåëëåêòóàëüíûé àíàëèç ìîæíî ïðåäñòàâèòü â âèäå ìîäåëè, äëÿ
ëó÷øåãî ïîíèìàíèÿ äàííûõ.

Îñíîâû èíòåëëåêòóàëüíîãî àíàëèçà äàííûõ áûëè çàëîæåíû åù¼ â ñîâåòñêèé ïåðè-
îä, êîãäà ìàòåìàòèêàìè áûë ïðåäëîæåí ìåòîä, èçâåñòíûé êàê îáîáù¼ííûé ïîðòðåò.
Ñóòü ïîäõîäà çàêëþ÷àëàñü â ïîñòðîåíèè íàèëó÷øåé ðàçäåëÿþùåé ãèïåðïëîñêîñòè,
ïðè ýòîì êðèòåðèåì îïòèìàëüíîñòè âûñòóïàëî ìàêñèìàëüíîå óäàëåíèå îáó÷àþùèõ
îáúåêòîâ îò ýòîé ïîâåðõíîñòè. Ïî ñëîâàì ó÷åíûõ ïîïóëÿðíîñòü òåõíîëîãèè Data
mining ñåãîäíÿ ñðàâíèìà ñ òîé æå òåõíîëîãèåé, íî ñ ìåíüøèì ïîòåíöèàëîì â ïðî-
øëîì. Áëàãîäàðÿ òåõíè÷åñêîìó è òåõíîëîãè÷åñêîìó ñîâåðøåíñòâîâàíèþ, òåõíîëîãèÿ
èíòåëëåêòóàëüíîãî àíàëèçà äàííûõ ïðèîáðåëà áîëüøèé ïîòåíöèàë äëÿ ðåøåíèÿ óæå
ñîâðåìåííûõ çàäà÷. Âàæíîå ïîëîæåíèå Data mining çàêëþ÷àåòñÿ â òîì, ÷òî íàéäåí-
íûå øàáëîíû äîëæíû îòðàæàòü íåî÷åâèäíûå, íåîæèäàííûå ðåãóëÿðíîñòè â äàííûõ,
êîòîðûå ñîñòàâëÿþò ñêðûòûå çíàíèÿ.

Îòñþäà ìîæíî ñäåëàòü âûâîä, ÷òî Data mining ýòî è åñòü ïðîöåññ îáíàðóæåíèÿ â
ñûðûõ äàííûõ ðàíåå íåèçâåñòíûõ, íåòðèâèàëüíûõ è äîñòóïíûõ èíòåðïðåòàöèè çíà-
íèé, êîòîðûå â ñâîþ î÷åðåäü ïîçâîëÿþò ïðèíèìàòü ðåøåíèÿ â ðàçëè÷íûõ ñôåðàõ
äåÿòåëüíîñòè. Ïîä íåî÷åâèäíûìè äàííûìè ïîíèìàþòñÿ òå äàííûå, ÷òî íåëüçÿ âû-
ÿâèòü äðóãèìè ìåòîäàìè, ñòàíäàðòíûìè ìåòîäàìè îáðàáîòêè äàííûõ.

Ïîä ìåòîäàìè òåõíîëîãèè èíòåëëåêòóàëüíîãî àíàëèçà äàííûõ ïîíèìàåòñÿ ñïîñî-
áû êëàññèôèêàöèè, ìîäåëèðîâàíèÿ, àíàëèçà è ïðîãíîçèðîâàíèÿ äàííûõ. Ñ ïîìîùüþ
ýòèõ ìåòîäîâ ñòàíîâèòñÿ íå îáÿçàòåëüíûì èìåòü ñïåöèàëüíóþ ìàòåìàòè÷åñêóþ
ïîäãîòîâêó äëÿ èñïîëüçîâàíèÿ èíñòðóìåíòàðèåâ Data mining è íàãëÿäíîãî ïðåä-
ñòàâëåíèÿ ðåçóëüòàòîâ àíàëèòè÷åñêîé ðàáîòû.

Ìåòîäû, ïðèìåíÿåìûå â èíòåëëåêòóàëüíîì àíàëèçå äàííûõ, ïðèíÿòî êëàññèôè-
öèðîâàòü íà äâà îñíîâíûõ òèïà: îáó÷åíèå ñ ó÷èòåëåì (Supervised learning) è îáó÷åíèå
áåç ó÷èòåëÿ (Unsupervised learning).

Â ðàìêàõ ïîäõîäà ñ ó÷èòåëåì ñèñòåìà îáó÷àåòñÿ íà çàðàíåå ðàçìå÷åííûõ ïðèìå-
ðàõ � ýòî îçíà÷àåò, ÷òî êàæäîìó îáúåêòó èç îáó÷àþùåé âûáîðêè çàðàíåå èçâåñòåí
ïðàâèëüíûé ðåçóëüòàò. Íàïðèìåð, ïðè êëàññèôèêàöèè ïðîöåññ âêëþ÷àåò íåñêîëüêî
ýòàïîâ: ñíà÷àëà ôîðìèðóåòñÿ îáó÷àþùàÿ ìîäåëü (êëàññèôèêàòîð), çàòåì îíà ïðîõî-
äèò ýòàï îáó÷åíèÿ. Öåëüþ ÿâëÿåòñÿ âîññòàíîâëåíèå ôóíêöèîíàëüíîé çàâèñèìîñòè,
ïîçâîëÿþùåé ñ âûñîêîé òî÷íîñòüþ ïðåäñêàçûâàòü ðåçóëüòàò äëÿ íîâûõ îáúåêòîâ.
Îáó÷åíèå ïðîäîëæàåòñÿ äî òåõ ïîð, ïîêà íå áóäåò äîñòèãíóòî çàäàííîå êà÷åñòâî èëè
íå ñòàíåò î÷åâèäíî, ÷òî âûáðàííûé àëãîðèòì íåïðèìåíèì ê äàííîìó òèïó äàííûõ,
ëèáî ñàìè äàííûå íå ñîäåðæàò ÷¼òêîé ñòðóêòóðû, ïîääàþùåéñÿ âûÿâëåíèþ.
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Â ïðîòèâîïîëîæíîñòü ýòîìó, ìåòîäû áåç ó÷èòåëÿ ïðåäïîëàãàþò àâòîíîìíîå îáó-
÷åíèå ñèñòåìû áåç ó÷àñòèÿ ÷åëîâåêà. Îíè àêòóàëüíû â ñèòóàöèÿõ, êîãäà íåîáõîäèìî
îáíàðóæèòü ñêðûòûå ñâÿçè, çàêîíîìåðíîñòè èëè ãðóïïèðîâêè âíóòðè íàáîðà äàí-
íûõ, íå èìåþùåãî çàðàíåå çàäàííûõ ìåòîê.

Ñðåäè ñàìûõ ðàñïðîñòðàí¼ííûõ ìåòîäîâ èíòåëëåêòóàëüíîãî àíàëèçà äàííûõ ñòî-
èò îòìåòèòü êëàññèôèêàöèþ, ðåãðåññèîííûé àíàëèç, àíàëèç ïðèçíàêîâ è äèñïåðñè-
îííûé àíàëèç äàííûõ. Âñå ýòè ïåðå÷èñëåííûå ìåòîäû êàê ïî îòäåëüíîñòè, òàê è
ñóììàðíî ïîäõîäÿò äëÿ îöåíêè ôèíàíñîâûõ ðèñêîâ ïðåäïðèÿòèÿ, äëÿ áîëåå äåòàëü-
íîãî ïîíèìàíèÿ áóäåò ïðåäñòàâëåíà òàáëèöà 1.

Òàáëèöà 1. Âàæíåéøèå ìåòîäû òåõíîëîãèè Data mining

Íàèìåíîâàíèå Îïèñàíèå Öåëü

Êëàññèôèêàöèÿ äàí-

íûõ

Çàêëþ÷àåòñÿ â ïîèñêå îáùèõ õàðàêòåðèñòèê
íàáîðà îáúåêòîâ äàííûõ â áàçå äàííûõ è ðàçäå-
ëåíèè èõ íà ðàçëè÷íûå êëàññû â ñîîòâåòñòâèè
ñ êëàññèôèêàöèîííîé ìîäåëüþ. Ê ðàñïðîñòðà-
íåííûì àëãîðèòìàì êëàññèôèêàöèè îòíîñÿòñÿ
äåðåâüÿ ðåøåíèé, ìàøèíû îïîðíûõ âåêòîðîâ
(SVM), ïðîñòûå áàéåñîâñêèå êëàññèôèêàòîðû
è íåéðîííûå ñåòè.

Ñîïîñòàâèòü ýëåìåíòû
äàííûõ â áàçå äàííûõ ñ
âûáðàííîé êàòåãîðèåé ñ
ïîìîùüþ êëàññèôèêàöè-
îííîé ìîäåëè.

Ðåãðåññèîííûé àíàëèç

Îòðàæàåò âðåìåííûå õàðàêòåðèñòèêè çíà÷å-
íèé àòðèáóòîâ â áàçå äàííûõ òðàíçàêöèé, ñî-
çäàâàÿ ôóíêöèþ, êîòîðàÿ ñîïîñòàâëÿåò ýëåìåí-
òû äàííûõ ñ ïåðåìåííîé ïðîãíîçèðîâàíèÿ ðå-
àëüíûõ çíà÷åíèé, è îáíàðóæèâàÿ çàâèñèìîñòü
ìåæäó ïåðåìåííûìè èëè àòðèáóòàìè.

Åãî îñíîâíûå èññëåäî-
âàòåëüñêèå ïðîáëåìû
âêëþ÷àþò â ñåáÿ òðåí-
äîâûå õàðàêòåðèñòèêè
ïîñëåäîâàòåëüíîñòåé äàí-
íûõ, ïðîãíîçèðîâàíèå
ïîñëåäîâàòåëüíîñòåé äàí-
íûõ è êîððåëÿöèþ ìåæäó
äàííûìè.

Àíàëèç ïðèçíàêîâ

Ýòî âàæíûé ýòàï èíòåëëåêòóàëüíîãî àíàëè-
çà äàííûõ, öåëüþ êîòîðîãî ÿâëÿåòñÿ îïðåäåëå-
íèå è âûáîð íàèáîëåå èíôîðìàòèâíûõ ïðèçíà-
êîâ äëÿ ðåøåíèÿ ïðîáëåì èëè ïðîãíîçèðîâàíèÿ
çíà÷åíèé ïåðåìåííûõ. Îí âêëþ÷àåò â ñåáÿ ñòà-
òèñòè÷åñêèé àíàëèç, âèçóàëèçàöèþ è èññëåäî-
âàòåëüñêèé àíàëèç äàííûõ (EDA) ïðèçíàêîâ,
÷òîáû ïîíÿòü âçàèìîñâÿçü è âàæíîñòü ïðèçíà-
êîâ.

Ñíèçèòü ðàçìåðíîñòü,
óñòðàíèòü èçáûòî÷íóþ
èíôîðìàöèþ, ïîâûñèòü
òî÷íîñòü è èíòåðïðåòèðóå-
ìîñòü ìîäåëè.

Äèñïåðñèîííûé àíàëèç

Ýòî ñòàòèñòè÷åñêèé ìåòîä, èñïîëüçóåìûé äëÿ
ñðàâíåíèÿ çíà÷èìîñòè ðàçëè÷èé ìåæäó äâóìÿ
èëè áîëåå ãðóïïàìè. Îí îïðåäåëÿåò çíà÷èìûå
ðàçëè÷èÿ ìåæäó ãðóïïàìè, àíàëèçèðóÿ ðàçëè-
÷èå ìåæäó âíóòðèãðóïïîâîé è ìåæãðóïïîâîé
äèñïåðñèåé.

Ñðàâíèòü, ñóùåñòâóåò ëè
çíà÷èòåëüíàÿ ðàçíèöà
ìåæäó ñðåäíèìè ïîêàçà-
òåëÿìè äâóõ èëè áîëåå
ãðóïï.

Ïî ïðîâåäåííîìó àíàëèçó ìîæíî ñäåëàòü âûâîä, ÷òî ìåòîäû èíòåëëåêòóàëüíîãî àíà-
ëèçà äàííûõ ÿâëÿþòñÿ áåñöåííûì èíñòðóìåíòîì â îöåíêå ôèíàíñîâûõ ðèñêîâ è íå
òîëüêî, ïîìîãàÿ îðãàíèçàöèÿì âûÿâëÿòü, àíàëèçèðîâàòü è ñíèæàòü ïîòåíöèàëüíûå
ðèñêè. Âîò ñëåäóþùèå ìåòîäû, êîòîðûå áóäóò âíåäðåíû â ïëàòôîðìó îöåíêè ôè-
íàíñîâûõ ðèñêîâ è íà îñíîâå êîòîðûõ è áóäåò ñòðîèòüñÿ ìåòîäîëîãèÿ ïîäãîòîâêè
äàííûõ:

• Ðåãðåññèîííûé àíàëèç � äëÿ ïðîãíîçèðîâàíèÿ ðÿäà íåïðåðûâíûõ äàííûõ. Ñ
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åãî ïîìîùüþ ìîæíî ïðîãíîçèðîâàòü ôèíàíñîâûå ïîêàçàòåëè, ê ïðèìåðó, êðå-
äèòíûå áàëëû èëè âåðîÿòíîñòü äåôîëòà.

• Àíàëèç âðåìåííûõ ðÿäîâ � äëÿ àíàëèçà òåíäåíöèé âî âðåìåíè. Ýòî ïîçâîëèò
ïðîãíîçèðîâàòü áóäóùèå ôèíàíñîâûå ðèñêè íà îñíîâå èñòîðè÷åñêèõ äàííûõ,
èëè, èíûìè ñëîâàìè, íà îñíîâå ïðåäûäóùèõ ôèíàíñîâûõ ïîêàçàòåëåé êîìïàíèè
èëè íà îñíîâå âîëàòèëüíîñòè ðûíêà è êîëåáàíèé ïðîöåíòíûõ ñòàâîê.

• Àññîöèàöèè � äëÿ âûÿâëåíèÿ âàæíûõ âçàèìîñâÿçåé ìåæäó ïåðåìåííûìè â
áîëüøèõ áàçàõ äàííûõ. Ýòî ïîìîæåò âûÿâèòü âçàèìîñâÿçè ìåæäó ðàçëè÷íûìè
ôèíàíñîâûìè ïîêàçàòåëÿìè, êîòîðûå ïðèâîäÿò ê ðèñêàì.

• Íåéðîííûå ñåòè � äëÿ ìîäåëèðîâàíèÿ ñëîæíûõ íåëèíåéíûõ âçàèìîñâÿçåé,
õàðàêòåðíûõ äëÿ ôèíàíñîâîé ñôåðû. Îíè îñîáåííî õîðîøè äëÿ ïðîãíîçèðîâà-
íèÿ íåëèíåéíûõ ðèñêîâ, êîòîðûå òðóäíî ïðåäñêàçàòü ñ ïîìîùüþ òðàäèöèîííûõ
ñòàòèñòè÷åñêèõ ìåòîäîâ.

• Îáíàðóæåíèå àíîìàëèé � äëÿ âûÿâëåíèÿ âûáðîñîâ èëè íåîáû÷íûõ ñëó÷àåâ
â äàííûõ. Ýòî ìîæåò ïîìî÷ü â âûÿâëåíèè ìîøåííè÷åñòâà èëè îïåðàöèîííûõ
ðèñêîâ äî òîãî, êàê îíè ñòàíóò ñåðüåçíûìè ïðîáëåìàìè.

Â ñîâðåìåííîì ìèðå ïåðåäîâûõ òåõíîëîãèé íå ìîãëî íå ñóùåñòâîâàòü òàêîé
ñèñòåìû èëè ïëàòôîðìû, ÷òî ïîçâîëèëà áû óïðîñòèòü ðàáîòó ñïåöèàëèñòîâ è óëó÷-
øèòü êà÷åñòâî ðàáîòû â ðàçëè÷íûõ ñôåðàõ äåÿòåëüíîñòè, îñîáåííî â ôèíàíñîâîé.
Äëÿ àíàëèçà óæå ñóùåñòâóþùèõ ñèñòåì è ïëàòôîðì äëÿ îöåíêè ôèíàíñîâûõ ðèñêîâ
áóäåò ïðåäñòàâëåíà òàáëèöà 2.

Òàáëèöà 2. Ïëàòôîðìû àíàëèçû äàííûõ
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Ïîñëå ïðîâåäåííîãî àíàëèçà íàïðàøèâàåòñÿ âûâîä î òîì, ÷òî äà, ñåãîäíÿ äåéñòâè-
òåëüíî îãðîìíîå êîëè÷åñòâî ïëàòôîðì äëÿ îöåíêè ôèíàíñîâûõ ðèñêîâ ñ ðàçëè÷íûì
ôóíêöèîíàëîì, ïðåèìóùåñòâàìè è íåäîñòàòêàìè, íî áîëüøèíñòâî èç ýòèõ ïðîãðàìì
ïðåäíàçíà÷åíû äëÿ ñïåöèàëèñòîâ, èìåþùèõ êâàëèôèêàöèþ â ýòîì.
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Òàêèì îáðàçîì, ðàçðàáîòêà ìåòîäèêè ïîäãîòîâêè äàííûõ äëÿ îöåíêè ôèíàíñîâûõ
ðèñêîâ ïðåäïðèÿòèÿ ñ èñïîëüçîâàíèåì òåõíîëîãèè Data mining äîëæíà ïðåäóñìàò-
ðèâàòü ñîçäàíèå äîñòóïíîãî è èíòóèòèâíî ïîíÿòíîãî èíñòðóìåíòàðèÿ, êîòîðûé ïîç-
âîëèë áû ýôôåêòèâíî èíòåãðèðîâàòü àíàëèòè÷åñêèå ìåòîäû äàæå ñïåöèàëèñòàì áåç
ãëóáîêèõ çíàíèé â îáëàñòè ñòàòèñòèêè èëè ïðîãðàììèðîâàíèÿ. Îñíîâíîå âíèìàíèå
äîëæíî áûòü óäåëåíî ýòàïàì ïðåäâàðèòåëüíîé îáðàáîòêè äàííûõ, âêëþ÷àÿ î÷èñò-
êó, íîðìàëèçàöèþ, êîäèðîâàíèå êàòåãîðèàëüíûõ ïåðåìåííûõ, óñòðàíåíèå âûáðîñîâ
è ïðîïóùåííûõ çíà÷åíèé, à òàêæå êîððåêòíóþ âûáîðêó ïðèçíàêîâ.

Ìåòîäîëîãè÷åñêèé ïîäõîä äîëæåí ïðåäóñìàòðèâàòü óíèôèöèðîâàííóþ ïðîöåäó-
ðó ïðåäâàðèòåëüíîé îáðàáîòêè è àäàïòàöèè äàííûõ äëÿ ïîñëåäóþùåãî ïðèìåíåíèÿ
â çàäà÷àõ ìàøèííîãî îáó÷åíèÿ è èíòåëëåêòóàëüíîãî àíàëèçà. Îñîáåííî âàæíî ôîð-
ìèðîâàòü öåëîñòíûé àíàëèòè÷åñêèé êîíâåéåð (pipeline), â êîòîðîì ýòàïû î÷èñòêè,
ïðåîáðàçîâàíèÿ è ïîñòðîåíèÿ ìîäåëåé ëîãè÷åñêè ñâÿçàíû ìåæäó ñîáîé è ìîãóò áûòü
ïîâòîðíî èñïîëüçîâàíû ïðè ðàáîòå ñ äðóãèìè íàáîðàìè äàííûõ. Òàêîé ïîäõîä ñïî-
ñîáñòâóåò ïîâûøåíèþ òî÷íîñòè ïðîãíîçîâ è ìèíèìèçèðóåò ðèñêè, ñâÿçàííûå ñ âîç-
ìîæíûìè îøèáêàìè ñî ñòîðîíû îïåðàòîðà.

Ñëåäóþùèì ýòàïîì ÿâëÿåòñÿ ïîñòðîåíèå è âàëèäàöèÿ ìîäåëåé, ïðîãíîçèðóþùèõ
ôèíàíñîâûå ðèñêè. Äëÿ ýòîãî íåîáõîäèìî âûáðàòü îïòèìàëüíûå àëãîðèòìû â çà-
âèñèìîñòè îò ñïåöèôèêè äàííûõ è öåëåé àíàëèçà. Èñïîëüçîâàíèå ìåòîäîâ êðîññ-
âàëèäàöèè, íàñòðîéêà ãèïåðïàðàìåòðîâ è èíòåðïðåòàöèÿ ðåçóëüòàòîâ ìîäåëè ñ ïî-
ìîùüþ explainable AI (íàïðèìåð, SHAP èëè LIME) îáåñïå÷àò íå òîëüêî òî÷íîñòü, íî
è ïðîçðà÷íîñòü ðåøåíèé.

Çàêëþ÷èòåëüíûì êîìïîíåíòîì ìåòîäèêè äîëæíî ñòàòü âèçóàëèçèðîâàííîå ïðåä-
ñòàâëåíèå àíàëèòè÷åñêèõ ðåçóëüòàòîâ, êîòîðîå ïîçâîëèò ïîëüçîâàòåëÿì èíòóèòèâíî
ïîíÿòü âûÿâëåííûå ðèñêè, èõ èñòî÷íèêè è âîçìîæíûå ïîñëåäñòâèÿ. Òàêèì îáðàçîì,
òåõíîëîãèÿ Data mining â ðàìêàõ äàííîé ìåòîäèêè ñòàíîâèòñÿ íå ïðîñòî èíñòðóìåí-
òîì òåõíè÷åñêîãî àíàëèçà, à ïîëíîöåííûì ýëåìåíòîì ñèñòåìû ïîääåðæêè óïðàâëåí-
÷åñêèõ ðåøåíèé.

Âíåäðåíèå ïðåäëîæåííîé ìåòîäèêè ìîæåò çíà÷èòåëüíî ïîâûñèòü ôèíàíñîâóþ
óñòîé÷èâîñòü ïðåäïðèÿòèé çà ñ÷¼ò áîëåå òî÷íîãî ïðîãíîçèðîâàíèÿ ðèñêîâ, îïåðàòèâ-
íîãî ðåàãèðîâàíèÿ íà èçìåíåíèÿ ðûíî÷íîé êîíúþíêòóðû è îáåñïå÷åíèÿ àäàïòèâíî-
ñòè áèçíåñ-ìîäåëåé. Ýòî îñîáåííî àêòóàëüíî â óñëîâèÿõ ãëîáàëüíîé ýêîíîìè÷åñêîé
òóðáóëåíòíîñòè, íåñòàáèëüíîñòè âàëþòíûõ ðûíêîâ è âîçðàñòàþùèõ òðåáîâàíèé ê
èíôîðìàöèîííîé áåçîïàñíîñòè è óïðàâëåíèþ äàííûìè.

Òàêèì îáðàçîì, ðàçðàáîòêà ìåòîäèêè ïîäãîòîâêè äàííûõ ñ ïðèìåíåíèåì òåõíî-
ëîãèè èíòåëëåêòóàëüíîãî àíàëèçà íå òîëüêî îòâå÷àåò âûçîâàì ñîâðåìåííîñòè, íî è
ôîðìèðóåò îñíîâó äëÿ ïåðåõîäà ê íîâîìó óðîâíþ öèôðîâîãî óïðàâëåíèÿ ðèñêàìè â
êîðïîðàòèâíîé ñðåäå.
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Âëèÿíèå èñêóññòâåííîãî èíòåëëåêòà, ñîöèàëüíûõ
ñåòåé è ìåäèàäàííûõ íà ôîðìèðîâàíèå

ìåæäóíàðîäíîãî îáùåñòâåííî-ïîëèòè÷åñêîãî
äèñêóðñà

Òóðñèíáàåâ À.

Äîëæíîñòü - íà÷àëüíèê ó÷åáíî-ìåòîäè÷åñêîãî îòäåëà ÌÃÈÌÎ-Òàøêåíò.
https://doi.org/10.5281/zenodo.15511067

Â ñîâðåìåííóþ ýïîõó íàáëþäàåòñÿ çíà÷èòåëüíîå âëèÿíèå ñîöèàëüíûõ ñåòåé è ìå-
äèàäàííûõ íà ôîðìèðîâàíèå ìåæäóíàðîäíîãî îáùåñòâåííî-ïîëèòè÷åñêîãî äèñêóðñà.
Öèôðîâûå ïëàòôîðìû ñòàíîâÿòñÿ èíñòðóìåíòàìè íå òîëüêî ìàññîâîé êîììóíèêà-
öèè, íî è êàíàëàìè âîçäåéñòâèÿ íà îáùåñòâåííîå ìíåíèå, äèïëîìàòè÷åñêèå ïðîöåññû
è ãëîáàëüíûå ñîöèàëüíî-ýêîíîìè÷åñêèå òðåíäû [1]. Öåëü äàííîé ñòàòüè çàêëþ÷àåòñÿ
â àíàëèçå ðîëè ìåäèàäàííûõ è ñîöèàëüíûõ ñåòåé â ôîðìèðîâàíèè ìåæäóíàðîäíî-
ãî äèñêóðñà, îïîñðåäîâàííîé âñ¼ áîëüøèì ïðèìåíåíèåì èñêóññòâåííîãî èíòåëëåêòà.
Âàæíî îòìåòèòü, ÷òî èñêóññòâåííûé èíòåëëåêò (ÈÈ) èñïîëüçóåòñÿ íå òîëüêî äëÿ
îáðàáîòêè è àíàëèçà ìåäèàäàííûõ, íî è äëÿ àêòèâíîãî ôîðìèðîâàíèÿ èíôîðìàöè-
îííûõ ïîòîêîâ è ïðèäàíèÿ äèíàìèêè êîììóíèêàöèè. Ïðè ýòîì ÈÈ èñïîëüçóåòñÿ êàê
äëÿ ëåãèòèìíîãî àíàëèçà îáùåñòâåííîãî ìíåíèÿ, òàê è äëÿ ñêðûòûõ ìàíèïóëÿöèé.

Ïîíÿòèå äèñêóðñà â íàó÷íîé ëèòåðàòóðå òðàêòóåòñÿ êàê ñîâîêóïíîñòü òåêñòîâ,
âûñêàçûâàíèé è ñîöèàëüíûõ ïðàêòèê, êîòîðûå ôîðìèðóþò è îòðàæàþò ñèñòåìó
âçãëÿäîâ è öåííîñòåé â îáùåñòâå [2]. Îáùåñòâåííî-ïîëèòè÷åñêèé äèñêóðñ îõâàòû-
âàåò êîììóíèêàòèâíûå äåéñòâèÿ, íàïðàâëåííûå íà ïðîèçâîäñòâî, âîñïðîèçâîäñòâî è
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òðàíñôîðìàöèþ ïîëèòè÷åñêèõ è ñîöèàëüíûõ îòíîøåíèé [3]. Ìåõàíèçìû ôîðìèðî-
âàíèÿ ìåæäóíàðîäíîãî îáùåñòâåííî-ïîëèòè÷åñêîãî äèñêóðñà âêëþ÷àþò âçàèìîäåé-
ñòâèå èíñòèòóöèîíàëüíûõ àêòîðîâ, ìåäèéíûõ ïëàòôîðì è ïîëüçîâàòåëüñêîãî êîíòåí-
òà, ãäå çíà÷èòåëüíóþ ðîëü èãðàþò àëãîðèòìû è öèôðîâûå ïîñðåäíèêè. Ñðåäè òàêèõ
ìåõàíèçìîâ ìîæíî âûäåëèòü ïðîöåññû àëãîðèòìè÷åñêîé ôèëüòðàöèè èíôîðìàöèè,
èñïîëüçîâàíèå àâòîìàòèçèðîâàííûõ ñèñòåì äëÿ âûÿâëåíèÿ è óñèëåíèÿ ïîâåñòêè, à
òàêæå ó÷àñòèå íåéðîñåòåâûõ ãåíåðàòîðîâ êîíòåíòà. Êàê îòìå÷àþò èññëåäîâàòåëè,
ÈÈ íå ïðîñòî îòðàæàåò ñóùåñòâóþùèå òåíäåíöèè, íî àêòèâíî ó÷àñòâóåò â ôîðìè-
ðîâàíèè îáùåñòâåííî-ïîëèòè÷åñêîãî äèñêóðñà, èçìåíÿÿ äèíàìèêó êîììóíèêàöèè è
óñèëèâàÿ îïðåäåëåííûå íàððàòèâû [4].

Ìåäèàäàííûå ïðåäñòàâëÿþò ñîáîé ñîâîêóïíîñòü öèôðîâûõ ñëåäîâ ïîëüçîâàòåëü-
ñêîé àêòèâíîñòè, òàêèõ êàê ¾ëàéêè¿, êîììåíòàðèè, ðåïîñòû, ïðîñìîòðû, èñòîðèÿ
ïîèñêîâûõ çàïðîñîâ, ìåòàäàííûå ãåîëîêàöèè è äàííûå î âðåìåíè âçàèìîäåéñòâèÿ
ñ êîíòåíòîì, êîòîðûå ìîãóò áûòü èñïîëüçîâàíû äëÿ ìîäåëèðîâàíèÿ îáùåñòâåííûõ
íàñòðîåíèé, àíàëèçà èíôîðìàöèîííûõ ïîòîêîâ è ïðîãíîçèðîâàíèÿ ìåæäóíàðîäíûõ
ïðîöåññîâ. Êëþ÷åâûìè ìåòîäàìè àíàëèçà ÿâëÿþòñÿ êîíòåíò-àíàëèç (èçó÷åíèå ñî-
äåðæàíèÿ ñîîáùåíèé è ïóáëèêàöèé), ñåòåâîé àíàëèç (âûÿâëåíèå ñòðóêòóðíûõ ñâÿ-
çåé ìåæäó ó÷àñòíèêàìè è óçëàìè ñåòè), à òàêæå ïðèìåíåíèå àëãîðèòìîâ ìàøèííîãî
îáó÷åíèÿ (ìîäåëåé, ñïîñîáíûõ âûÿâëÿòü çàêîíîìåðíîñòè è äåëàòü ïðåäñêàçàíèÿ íà
îñíîâå áîëüøèõ ìàññèâîâ äàííûõ). Îñîáîå âíèìàíèå â íàó÷íîé ëèòåðàòóðå óäåëÿåò-
ñÿ ïðîáëåìàì èíòåðïðåòèðóåìîñòè ìîäåëåé ÈÈ è àëãîðèòìè÷åñêîé ïðåäâçÿòîñòè, íà-
ïðèìåð, íåêîððåêòíîìó îáó÷åíèþ ìîäåëåé íà âûáîðêàõ ñ ñîöèàëüíûìè èëè ïîëèòè÷å-
ñêèìè èñêàæåíèÿìè, ÷òî ïðèâîäèò ê óñèëåíèþ ñòåðåîòèïîâ [5]. Íà ñåãîäíÿøíèé äåíü
èñêóññòâåííûé èíòåëëåêò àêòèâíî ïðèìåíÿåòñÿ â ñîöèàëüíûõ ñåòÿõ äëÿ ïåðñîíàëèçà-
öèè êîíòåíòà, àâòîìàòè÷åñêîãî ìîäåðàòîðñòâà, ðàñïîçíàâàíèÿ èçîáðàæåíèé è âèäåî,
à òàêæå äëÿ âûÿâëåíèÿ òðåíäîâ è ïàòòåðíîâ ïîâåäåíèÿ ïîëüçîâàòåëåé [6]. Àëãîðèòìû
ÈÈ ñîçäàþò è ìíîæàò ìåäèàäàííûå, àâòîìàòè÷åñêè ãåíåðèðóÿ ðåêîìåíäàöèè, ïîäáè-
ðàÿ êîíòåíò, óïðàâëÿÿ ðåêëàìíûìè ñîîáùåíèÿìè, îïòèìèçèðóÿ ïîðÿäîê íîâîñòíûõ
ëåíò è òåì ñàìûì âëèÿÿ íà ïîâåñòêó äíÿ. Íàïðèìåð, ðåêîìåíäàòåëüíûå ñèñòåìû
YouTube ìîãóò ïðåäëàãàòü âñ¼ áîëåå ðàäèêàëüíûå âèäåîðîëèêè, óñèëèâàÿ ïîëÿðèçà-
öèþ âçãëÿäîâ ïîëüçîâàòåëåé. Â 2016 ãîäó ïëàòôîðìà Facebook ïîäâåðãëàñü êðèòèêå
çà ñîçäàíèå èíôîðìàöèîííûõ ïóçûðåé, êîòîðûå ñïîñîáñòâîâàëè ðàñïðîñòðàíåíèþ
äåçèíôîðìàöèè â õîäå ïðåçèäåíòñêèõ âûáîðîâ â ÑØÀ. Òàêæå âàæíóþ ðîëü èãðàåò
"ýôôåêò ýõî-êàìåðû"(echo chamber), êîãäà ïîëüçîâàòåëè âçàèìîäåéñòâóþò òîëüêî
ñ åäèíîìûøëåííèêàìè, ÷òî äîïîëíèòåëüíî óêðåïëÿåò èõ óáåæäåíèÿ. Â ðåçóëüòàòå
ñíèæàåòñÿ ðàçíîîáðàçèå ìíåíèé â ìåäèàïðîñòðàíñòâå, à îáùåñòâåííîå ìíåíèå ñòàíî-
âèòñÿ áîëåå ïðåäâçÿòûì [7]. Àëãîðèòìè÷åñêàÿ ïîäà÷à íîâîñòåé â ñîöèàëüíûõ ñåòÿõ
ìîæåò ñïîñîáñòâîâàòü îáîñòðåíèþ êîíôëèêòîâ, óêðåïëÿÿ âðàæäåáíûå íàððàòèâû.
Èññëåäîâàíèÿ ïîêàçûâàþò, ÷òî èñïîëüçîâàíèå ÈÈ óñèëèâàåò ýôôåêò èíôîðìàöèîí-
íûõ ïóçûðåé è ñïîñîáñòâóåò óñèëåíèþ êîãíèòèâíûõ èñêàæåíèé, âëèÿÿ íà âîñïðèÿòèå
ìåæäóíàðîäíûõ ñîáûòèé [8]. Àëãîðèòìû ñîöèàëüíûõ ñåòåé àíàëèçèðóþò ïîâåäåí÷å-
ñêèå äàííûå ïîëüçîâàòåëåé � èõ ëàéêè, ðåïîñòû, ïðîñìîòðû � è ïîäáèðàþò êîíòåíò,
ñîîòâåòñòâóþùèé óæå ñôîðìèðîâàííûì ïðåäïî÷òåíèÿì. Ýòî ïðèâîäèò ê òîìó, ÷òî
÷åëîâåê âèäèò ïðåèìóùåñòâåííî èíôîðìàöèþ, ïîäòâåðæäàþùóþ åãî âçãëÿäû, à àëü-
òåðíàòèâíûå ìíåíèÿ îñòàþòñÿ çà ïðåäåëàìè åãî èíôîðìàöèîííîãî ïîëÿ. Òàêîé ïðî-
öåññ íàçûâàåòñÿ "ôèëüòðàöèîííûì ïóçûðåì"(�lter bubble), è îí óñèëèâàåò ýôôåêò
ãðóïïîâîãî ìûøëåíèÿ, ñíèæàÿ êðèòè÷åñêîå âîñïðèÿòèå è ïðåïÿòñòâóÿ îáúåêòèâíîìó
àíàëèçó íîâîñòåé [9]. Òàêèì îáðàçîì, ÈÈ íå òîëüêî àíàëèçèðóåò è ôèëüòðóåò ìåäèà-
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äàííûå, íî è àêòèâíî ôîðìèðóåò èíôîðìàöèîííóþ ñðåäó, â êîòîðîé îïðåäåëåííûå
íàððàòèâû ïîëó÷àþò ïðåèìóùåñòâî ïåðåä äðóãèìè. Ýòî ñîçäàåò ñåðüåçíûå âûçîâû
äëÿ îáúåêòèâíîñòè ìåæäóíàðîäíîãî îáùåñòâåííî-ïîëèòè÷åñêîãî äèñêóðñà è òðåáóåò
ðàçðàáîòêè ìåõàíèçìîâ, ðåãóëèðóþùèõ ðàáîòó ðåêîìåíäàòåëüíûõ àëãîðèòìîâ.

Êðîìå òîãî, àâòîìàòè÷åñêèå áîòû è ãåíåðàòèâíûå ìîäåëè ìîãóò èíèöèèðîâàòü
ìàññîâîå ðàñïðîñòðàíåíèå ñîîáùåíèé, êîòîðûå â ñîâîêóïíîñòè ìåíÿþò íàïðàâëåíèå
ãëîáàëüíûõ äèñêóðñèâíûõ ïîòîêîâ [10]. Áîòû â ñîöèàëüíûõ ñåòÿõ � ïðîãðàììû, èìè-
òèðóþùèå àêòèâíîñòü ðåàëüíûõ ïîëüçîâàòåëåé, � ìîãóò ïóáëèêîâàòü, êîììåíòèðî-
âàòü è ðåïîñòèòü ñîîáùåíèÿ, ñîçäàâàÿ âèäèìîñòü ìàññîâîé ïîääåðæêè èëè íåãîäîâà-
íèÿ ïî îïðåäåëåííîé òåìå. Ýòî âëèÿåò íà îáùåñòâåííîå ìíåíèå, òàê êàê ïîëüçîâàòåëè
âîñïðèíèìàþò ïîïóëÿðíûå ìíåíèÿ êàê áîëåå çíà÷èìûå è îáúåêòèâíûå.

Ãåíåðàòèâíûå ìîäåëè, òàêèå êàê GPT-4 èëè Gemini, ìîãóò àâòîìàòè÷åñêè ñîçäà-
âàòü òåêñòû, ñòàòüè, êîììåíòàðèè, à òàêæå îòâå÷àòü íà âîïðîñû â ôîðóìàõ è ÷àòàõ.
Èñïîëüçîâàíèå òàêèõ òåõíîëîãèé â ïîëèòè÷åñêèõ èëè ýêîíîìè÷åñêèõ öåëÿõ ñïîñîáíî
íå òîëüêî ïîäñòðàèâàòü îáùåñòâåííî-ïîëèòè÷åñêèé äèñêóðñ ïîä îïðåäåëåííûå íàð-
ðàòèâû, íî è, êàê óæå áûëî çàìå÷åíî âûøå, èçìåíÿòü îáùåñòâåííîå âîñïðèÿòèå êëþ-
÷åâûõ ñîáûòèé. Òàê, àâòîìàòè÷åñêèå áîòû àêòèâíî èñïîëüçîâàëèñü â Twitter (íûíå
X) äëÿ ôîðìèðîâàíèÿ èíôîðìàöèîííûõ êàìïàíèé âî âðåìÿ âûáîðîâ â ðàçíûõ ñòðà-
íàõ, ìàíèïóëèðóÿ îáñóæäåíèåì êàíäèäàòîâ [11].

Òàêèì îáðàçîì, ÈÈ-ñèñòåìû íå ïðîñòî ðåòðàíñëèðóþò îïðåäåëåííóþ èíôîðìà-
öèþ, íî àêòèâíî ó÷àñòâóþò â ôîðìèðîâàíèè ãëîáàëüíîãî îáùåñòâåííî-ïîëèòè÷åñêîãî
äèñêóðñà, ñîçäàâàÿ íîâûå ïîòîêè ñìûñëîâ è âëèÿÿ íà âîñïðèÿòèå ìåæäóíàðîäíûõ
ñîáûòèé.

Ïðè ýòîì îñíîâíûå ðèñêè ñâÿçàíû ñ ïîëÿðèçàöèåé îáùåñòâà â ðåçóëüòàòå äåé-
ñòâèÿ êàê àëãîðèòìîâ ïåðñîíàëèçèðîâàííûõ ðåêîìåíäàöèé, òàê è íåäîáðîñîâåñòíîãî
èñïîëüçîâàíèÿ ÈÈ äëÿ ñîçäàíèÿ deep fake êîíòåíòà è ìàíèïóëÿöèé ñ ìåäèàäàííûìè
[12]. Ýòî ñòàâèò âîïðîñ î íåîáõîäèìîñòè, ñ îäíîé ñòîðîíû, ðàçðàáîòêè èíñòðóìåíòîâ
äëÿ âûÿâëåíèÿ è ïðîòèâîäåéñòâèÿ íåäîáðîñîâåñòíîìó èñïîëüçîâàíèþ ÈÈ â ñîöèàëü-
íûõ ñåòÿõ, è, ñ äðóãîé ñòîðîíû, ðàçðàáîòêè ìåæäóíàðîäíûõ íîðìàòèâíûõ ðàìîê
ïî êîíòðîëþ çà ãåíåðàòèâíûìè ÈÈ-ñèñòåìàìè. Íàðÿäó ñ ýòèì îñîáóþ àêòóàëüíîñòü
èìåþò ïðîáëåìû ðàçðàáîòêè áîëåå èíòåðïðåòèðóåìûõ ìîäåëåé ÈÈ, ðàçâèòèÿ ìåäèà-
ãðàìîòíîñòè ó ïîëüçîâàòåëåé ñîöèàëüíûõ ñåòåé, ôîðìèðîâàíèÿ áîëåå îòâåòñòâåííîãî
îòíîøåíèÿ ê öèôðîâûì èííîâàöèÿì.
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Òåõíîëîãèè êèáåðáåçîïàñíîñòè, îñíîâàííûå íà èñïîëüçîâàíèè ñèñòåì èñêóññòâåííî-
ãî èíòåëëåêòà (ÈÈ) íåïðåðûâíî ñîâåðøåíñòâóþòñÿ è îáëàäàþò â íàñòîÿùåå âðåìÿ
íåñîìíåííûìè ïðåèìóùåñòâàìè ïî ñðàâíåíèþ ñ òðàäèöèîííûìè ðåøåíèÿìè â ýòîé
îáëàñòè. Òåõíîëîãèè èñêóññòâåííîãî èíòåëëåêòà íàõîäÿò øèðîêîå ïðèìåíåíèå ïðåæ-
äå âñåãî â ñèñòåìàõ îáíàðóæåíèÿ âòîðæåíèé (Intrusion Detection Systems, IDS) è
ñèñòåìàõ ïðåäîòâðàùåíèÿ âòîðæåíèé (Intrusion Prevention Systems, IPS) Ïðåèìóùå-
ñòâà òåõíîëîãèé ÈÈ ïðè ýòîì îñíîâûâàþòñÿ íà ñïîñîáíîñòè îáðàáàòûâàòü è ïîäâåð-
ãàòü àíàëèçó áîëüøèå îáúåìû äàííûõ â ðåæèìå ðåàëüíîãî âðåìåíè, ÷òî ãàðàíòèðóåò
áûñòðóþ íåéòðàëèçàöèþ âîçíèêàþùèõ óãðîç.

Îñíîâíûìè ìåòîäàìè èñïîëüçîâàíèÿ òåõíîëîãèé ÈÈ â îáëàñòè ïðîôèëàêòèêè êè-
áåðïðåñòóïíîñòè ÿâëÿþòñÿ:
ìàøèííîå ó÷åíèå � ìåòîä, îñíîâàííûé íà èñïîëüçîâàíèè äàííûõ ïðåäûäóùèõ îïû-
òîâ (ýòè î ïðåäûäóùèõ êèáåðàòàêàõ è íîðìàëüíîì ïîâåäåíèè ñèñòåìû);
ãåíåòè÷åñêèå àëãîðèôìû � ìåòîä îïòèìèçàöèè, èìèòèðóþùèé ïðîöåññ åñòåñòâåííîãî
îòáîðà è èñïîëüçóåìûé îáúåì äëÿ îïðåäåëåíèÿ îïòèìàëüíûõ ïàðàìåòðîâ è íàñòðîåê
ñèñòåì îáíàðóæåíèÿ è ïðåäóïðåæäåíèÿ êèáåðàòàê;
íåéðîííûå ñåòè � îíè ñïîñîáíû îáðàáàòûâàòü ñëîæíûå ýòè, óñïåøíî ðåøàòü ìíîãîïà-
ðàìåòðè÷åñêèå çàäà÷è êëàññèôèêàöèè è â ïðîöåññå ïðåïîäàâàíèÿ ïîâûøàòü ýôôåê-
òèâíîñòü ñâîåãî ïðèìåíåíèÿ äëÿ àíàëèçà ñåòåâîãî òðàôèêà è îáíàðóæåíèÿ àíîìàëèé.
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Äîïîëíèòåëüíûå ñâåäåíèÿ î ïåðå÷èñëåííûõ ìåòîäàõ ïðèâåäåíû â Òàáëèöå 1.

Ïðèâåäåííûå âûøå ìåòîäû â ðàçëè÷íûõ ñî÷åòàíèÿõ èñïîëüçóþòñÿ â ïðåäñòàâëåí-
íûõ íà ÈÒ ðûíêå èíôîðìàöèîííî-ïðîãðàììíûõ ñðåäñòâàõ îáåñïå÷èâàíèÿ êèáåðáåç-
îïàñíîñòè, ðåàëèçîâàííûõ íà îñíîâå òåõíîëîãèé èñêóññòâåííîãî èíòåëëåêòà.

Ýòè ñðåäñòâà ðàçëè÷àþòñÿ ïî ñîáñòâåííîé ôóíêöèîíàëüíîñòè, ñëîæíîñòè, ñòîè-
ìîñòè ïðèîáðåòåíèÿ, âíåäðåíèÿ è ñîïðîâîæäåíèÿ, ïîëíîìî÷èÿ ìàñøòàáèðîâàíèÿ è
ïî ìíîãèì äðóãèì ïîêàçàòåëÿì.

Â çàâèñèìîñòè îò ðåøàåìûõ çàäà÷, íóæíîé ôóíêöèîíàëüíîñòè, ôèíàíñîâûõ
îãðàíè÷åíèé è äðóãèõ óñëîâèé èñïîëüçîâàíèÿ ñëåäóåò îñòàíîâèòü âûáîð íà òàêîì
èíôîðìàöèîííî-ïðîãðàììíîì ñðåäñòâå, êîòîðîå â ñàìîé áîøëüøîé ñòåïåíè ñîîòâåò-
ñòâóåò ïðåäúÿâëÿåìûì òðåáîâàíèÿì.

Òàáëèöà 1.

Ìåòîäû èñïîëüçîâàíèÿ òåõíîëîãèé ÈÈ â îáëàñòè ïðîôèëàêòèêè
êèáåðïðåñòóïíîñòè.

206



Ê íàèáîëåå ïðèìåíÿåìûì èíôîðìàöèîííî-ïðîãðàììíûì ñðåäñòâàì, îáåñïå÷èâàþ-
ùèì êèáåðáåçîïàñíîñòü è èñïîëüçóþùèì ñïåöòåõíîëîãèè èñêóññòâåííîãî èíòåëëåê-
òà, îòíîñÿòñÿ:Darktrace, Vectra AI, SentinelOne, Cynet, Balbix, CyberRiskAI.

Ðàññìîòðèì íàèáîëåå ïîäðîáíî õàðàêòåðèñòèêè ýòèõ èíôîðìàöèîííî-
ïðîãðàììíûõ ñðåäñòâ.

Darktrace. Ïðîäóêò Darktrace ïðèìåò íà âîîðóæåíèå ìåòîäû ìàøèííîãî îáó-
÷åíèÿ äëÿ ñîçäàíèÿ âíóòðåííåé ìîäåëè ôóíêöèîíèðîâàíèÿ äëÿ ëþáîé ñåòè,
óñòðîéñòâà è ïîëüçîâàòåëÿ Èñõîäÿ èç ýòîãî ðàçâèâàþùåãîñÿ ïîíèìàíèÿ "òèïè÷íî-
ãî"ôóíêöèîíèðîâàíèÿ, ïðîäóêò ìîæåò îáíàðóæèâàòü ïîòåíöèàëüíûå îïàñíîñòè ïî
ìåðå èõ ïîÿâëåíèÿ â ðåæèìå ðåàëüíîãî âðåìåíè Ïðîäóêò âèçóàëèçèðóåò ñåòåâóþ
òåìïåðàìåíòíîñòü â ïîëüçîâàòåëüñêîì èíòåðôåéñå.

Vectra AI. Ïðîäóêò Vectra AI àâòîìàòèçèðóåò ïîêàçûâàíèå óãðîç, èñïîëüçóåò ÈÈ
äëÿ àíàëèçà ïîâåäåíèÿ çëîóìûøëåííèêîâ è àâòîìàòè÷åñêîãî èñïîëüçîâàíèÿ ñîðòè-
ðîâêè óÿçâèìîñòåé Óãðîçû êëàññèôèöèðóþòñÿ, è êàæäîìó èíöèäåíòó çàùèùåííîñòè
ïðèñâàèâàåòñÿ ïðèîðèòåò.

SentinelOne. Ïðîäóêò êîìïàíèè èñïîëüçóåò ìàøèííîå ëèêáåç äëÿ ìîíèòîðèí-
ãà ïåðñîíàëüíûõ êîìïüþòåðîâ, óñòðîéñòâ Èíòåðíåòà âåùåé è îáëà÷íûõ òðóäÿùèõñÿ
íàãðóçîê.

Cynet. Ïðîäóêò Cynet - ýòî óíèâåðñàëüíàÿ ïëàòôîðìà, êîèÿ èñïîëüçóåò ìàøèí-
íîå îáó÷åíèå, èñêóññòâåííûé èíòåëëåêò è àâòîìàòèçàöèþ äëÿ óïðàâëåíèÿ óÿçâèìî-
ñòÿìè è îáçîðà óãðîç, àíàëèçà ïîâåäåíèÿ ïîëüçîâàòåëåé è îáåñïå÷åíèÿ çàùèòû ôè-
íàëüíûõ òî÷åê â ðàìêàõ öåíòðàëèçîâàííî îáúåäèíåííîé ñèñòåìû Îí ïîääåðæèâàåò
SaaS, IaaS, ãèáðèäíûå è ëîêàëüíûå ðàçâåðòûâàíèÿ.

Balbix. Ïðîäóêò Balbix ìåõàíè÷åñêè àíàëèçèðóåò êîðïîðàòèâíóþ ñðåäó ñ èñïîëü-
çîâàíèåì òåõíîëîãèé íååñòåñòâåííîãî èíòåëëåêòà, îáåñïå÷èâàåò òî÷íîå ïðåäñòàâëå-
íèå î ðèñêå âçëîìà Ïðîäóêò âûÿâëÿåò óÿçâèìîñòè, õàðàêòåðèçóåòò ïðèîðèòåòíîñòü
óãðîç, îáåñïå÷èâàåò èõ àâòîìàòè÷åñêîå è êîíòðîëèðóåìîå óñòðàíåíèå Balbix ìîæåò
ïîìî÷ü ñíèçèòü êèáåððèñêè è ïîâûñèòü ýôôåêòèâíîñòü ðàáîòû ñëóæáû çàùèùåííî-
ñòè.

CyberRiskAI. Ïðîäóêò CyberRiskAI ïðåäîñòàâëÿåò òî÷íûé è äîñòóïíûé ñåðâèñ,
äîçâîëÿþùèéé âûÿâëÿòü è ñíèæàòü ñâîè ðèñêè â îáëàñòè êèáåðáåçîïàñíîñòè.

Òàêæå íàõîäÿò ñâîå ïåðîðàëüíîå ïðèìåíåíèå è äðóãèå èíôîðìàöèîííî-
ïðîãðàììíûå ñðåäñòâà, îáåñïå÷èâàþùèå êèáåðáåçîïàñíîñòü íà îñíîâå ñïåöòåõíîëî-
ãèé èñêóññòâåííîãî èíòåëëåêòà: Deep Instinct, SparkCognition, CloudSEK, IronNet,
Cylance, Tessian, Crowd Strike, Sophos, Data Miner.

Òàêèì îáðàçîì, íà ÈÒ ðûíêå ïðåäñòàâëåí ïîðÿäî÷íî øèðîêèé íàáîð
èíôîðìàöèîííî-ïðîãðàììíûõ ñðåäñòâ, ïðåäíàçíà÷åííûõ äëÿ èñïîëüçîâàíèÿ â ðàñ-
ñìàòðèâàåìîé ïðåäìåòíîé îáëàñòè Ñòàíîâèòñÿ àêòóàëüíîé çàäà÷à âûáîðà ðàçóìíîãî,
íàèáîëåå ïðåäïî÷òèòåëüíîãî ñðåäñòâà ñ ó÷åòîì êîíêðåòíûõ óñëîâèé åãî èñïîëüçîâà-
íèÿ Äëÿ ðåøåíèÿ ýòîé çàäà÷è áûë ðàçðàáîòàí è óñïåøíî ïðèìåíåí ïðîãðàììíàÿ
ìîäóëü ¾Âûáîð èíôîðìàöèîííî-ïðîãðàììíîãî ñðåäñòâà çàùèòû èíôîðìàöèè¿ [2].

Â êà÷åñòâå íà÷àëüíîéé èíôîðìàöèè ïðîãðàììíûé ìîäóëü èñïîëüçóåò: íàáîð
âîçìîæíûõ äëÿ èñïîëüçîâàíèÿ èíôîðìàöèîííî-ïðîãðàììíûõ ñðåäñòâ îáåñïå÷åíèÿ
çàùèòû èíôîðìàöèè; íàáîð óñëóã ïîêàçàòåëåé, îïèñûâàþùèõ ðàññìàòðèâàåìûå
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èíôîðìàöèîííî-ïðîãðàììíûå ñðåäñòâà; áàçó ýòèõ, ñîäåðæàùóþ çíà÷åíèÿ ïîêàçàòå-
ëåé äëÿ êàæäîãî èíôîðìàöèîííî-ïðîãðàììíîãî ñðåäñòâà.

Â ïðîöåññå ðàáîòû ïðîãðàììû ïîëüçîâàòåëþ ïðåäúÿâëÿåòñÿ ïîñëåäîâàòåëüíîñòü
ýêðàííûõ ôîðì, êîòîðûå îáåñïå÷èâàþò çàíåñåíèå èíôîðìàöèè â ñèñòåìó è âûïîë-
íåíèå ñëåäóþùèõ äåéñòâèé: âûäåëåíèå äåñÿòè íàèáîëåå âàæíûõ äëÿ ïîëüçîâàòåëÿ
ïîêàçàòåëåé; ïðèñâîåíèå êàæäîìó ïîêàçàòåëþ çíà÷åíèÿ âåñîâîãî êîýôôèöèåíòà ïî
äåñÿòèáàëëüíîé øêàëå; âûïîëíåíèå íîðìèðîâêè âåñîâûõ êîýôôèöèåíòîâ. Â ðåçóëü-
òàòå ðàáîòû ïðîãðàììû îïðåäåëÿåòñÿ èíôîðìàöèîííî-ïðîãðàììíîå ñðåäñòâî îáåñïå-
÷åíèÿ çàùèòû èíôîðìàöèè, íàèáîëåå ñîîòâåòñòâóþùåå îáîçíà÷åííûì ïîëüçîâàòåëåì
óñëîâèÿì åãî ïðèìåíåíèÿ.
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Ââåäåíèå

Ðàçâèòèå òåõíîëîãèé èñêóññòâåííîãî èíòåëëåêòà îòêðûâàåò íîâûå âîçìîæíîñòè
äëÿ àòîìíîé ýíåðãåòèêè - îäíîé èç ñàìûõ òåõíîëîãè÷åñêè ñëîæíûõ è êðèòè÷åñêè
âàæíûõ ñ òî÷êè çðåíèÿ áåçîïàñíîñòè îòðàñëåé. Íà ñåãîäíÿøíèé äåíü ÈÈ âíåäðÿåò-
ñÿ íà ðàçëè÷íûõ ýòàïàõ æèçíåííîãî öèêëà àòîìíûõ ýëåêòðîñòàíöèé: îò ðàçðàáîòêè
ïðîåêòîâ è îïòèìèçàöèè ñòðîèòåëüñòâà äî ïîâûøåíèÿ ýôôåêòèâíîñòè ýêñïëóàòàöèè.
Ýòè ðåøåíèÿ ïîìîãàþò àíàëèçèðîâàòü îãðîìíûå îáú¼ìû äàííûõ (òàê íàçûâàåìûå
Big Data), ñîêðàòèòü ïåðèîä îñóùåñòâëåíèÿ ïðîåêòà, óëó÷øèòü òî÷íîñòü òåõíè÷åñêèõ
ðàñ÷¼òîâ è ïîâûñèòü íàä¼æíîñòü îáîðóäîâàíèÿ. Ïî äàííûì äèðåêöèè ïî öèôðîâèçà-
öèè Ãîñêîðïîðàöèè ¾Ðîñàòîì¿, ïðèìåíåíèå òåõíîëîãèé èñêóññòâåííîãî èíòåëëåêòà â
ïðîåêòèðîâàíèè àòîìíûõ ýëåêòðîñòàíöèé ìîæåò ïîçâîëèòü ñîêðàòèòü ñðîêè ðàçðà-
áîòêè ñ íåñêîëüêèõ ëåò äî íåñêîëüêèõ ìåñÿöåâ [1].

Ìåæäóíàðîäíîå àãåíòñòâî ïî àòîìíîé ýíåðãèè (ÌÀÃÀÒÝ) â 2021 ãîäó ïðîâåëî
ñïåöèàëüíîå ñîâåùàíèå, ãäå îáñóäèëè ïðèìåíåíèå ÈÈ â ÿäåðíûõ òåõíîëîãèÿõ. Ïî
ìíåíèþ ÌÀÃÀÒÝ ïåðñïåêòèâû ïðèìåíåíèÿ ÈÈ â àòîìíîé ýíåðãåòèêå îãðîìíû. Íà-
ïðèìåð, àëãîðèòìû ìîãóò àâòîìàòè÷åñêè ðåãóëèðîâàòü âûðàáîòêó ýëåêòðîýíåðãèè íà
îñíîâå òåêóùåãî ñïðîñà, ïîãîäíûõ óñëîâèé è ñîñòîÿíèÿ îáîðóäîâàíèÿ, îáåñïå÷èâàÿ
ñòàáèëüíîå ýíåðãîñíàáæåíèå [2].

Îñíîâíûå íàïðàâëåíèÿ èñïîëüçîâàíèÿ ÈÈ â àòîìíîé ýíåðãåòèêå

Íà ýòàïå ñòðîèòåëüñòâà àòîìíûõ ýëåêòðîñòàíöèé èñêóññòâåííûé èíòåëëåêò èñ-
ïîëüçóåòñÿ â ïåðâóþ î÷åðåäü äëÿ ñîçäàíèÿ öèôðîâûõ äâîéíèêîâ, óïðàâëåíèÿ ëî-
ãèñòèêîé è êîíòðîëÿ êà÷åñòâà. Öèôðîâîé äâîéíèê, ðàçðàáàòûâàåìûé äëÿ ðåàêòîðà
ÐÈÒÌ-200Í â ðàìêàõ ïðîåêòà ¾Ðîñàòîìà¿, ïîçâîëÿåò ñìîäåëèðîâàòü áóäóùóþ ýêñ-
ïëóàòàöèþ óñòàíîâêè, âûÿâèòü ïîòåíöèàëüíûå òåõíè÷åñêèå ðèñêè è îïòèìèçèðîâàòü
ïîñëåäîâàòåëüíîñòü ìîíòàæíûõ ðàáîò [3]. Êðîìå òîãî, ÈÈ ïðèìåíÿåòñÿ äëÿ àíàëèçà
ïðîåêòíîé è òåõíè÷åñêîé äîêóìåíòàöèè, âûÿâëåíèÿ îøèáîê â ÷åðòåæàõ è àâòîìà-
òè÷åñêîãî êîíòðîëÿ ñòðîèòåëüíûõ îïåðàöèé ñ ïîìîùüþ òåõíîëîãèé êîìïüþòåðíîãî
çðåíèÿ.

Õîòÿ îñíîâíîå ïðèìåíåíèå ìåòîäîâ, òàêèõ êàê ãåíåòè÷åñêèå àëãîðèòìû è ìåòîä
îïîðíûõ âåêòîðîâ, îòíîñèòñÿ ê ýêñïëóàòàöèè, èõ òàêæå ìîæíî ó÷èòûâàòü óæå íà
ýòàïå ïðîåêòèðîâàíèÿ. Íàïðèìåð, ãåíåòè÷åñêèå àëãîðèòìû äîêàçàëè ýôôåêòèâíîñòü
ïðè îïòèìèçàöèè ïåðåãðóçêè òîïëèâà [4], à ìåòîä îïîðíûõ âåêòîðîâ ïðè áûñòðîì
ðàñïîçíàâàíèè àâàðèéíûõ ðåæèìîâ â ñèñòåìàõ ðåëåéíîé çàùèòû [5].

Ñèñòåìû ïðåäèêòèâíîé àíàëèòèêè ïîçâîëÿþò çàáëàãîâðåìåííî âûÿâëÿòü îòêëî-
íåíèÿ â ðàáîòå îáîðóäîâàíèÿ è ñíèæàòü âåðîÿòíîñòü àâàðèé. Îäíà èç ïåðâûõ òàêèõ
ñèñòåì áûëà âíåäðåíà íà Íîâîâîðîíåæñêîé ÀÝÑ. Èíòåëëåêòóàëüíûå ñèñòåìû ïîä-
äåðæêè îïåðàòîðîâ àíàëèçèðóþò äàííûå ñ äåñÿòêîâ òûñÿ÷ äàò÷èêîâ è ïðåäëàãàþò
îïòèìàëüíûå äåéñòâèÿ. Ýòî ñíèæàåò âëèÿíèå ÷åëîâå÷åñêîãî ôàêòîðà è ïîâûøàåò
ñêîðîñòü ðåàãèðîâàíèÿ íà íåñòàíäàðòíûå ñèòóàöèè [6].

Íåñìîòðÿ íà çíà÷èòåëüíûé ïîòåíöèàë ïðèìåíåíèÿ èñêóññòâåííîãî èíòåëëåêòà â
ÿäåðíîé ýíåðãåòèêå, åãî øèðîêîìàñøòàáíîå âíåäðåíèå ñîïðÿæåíî ñ ðÿäîì ñåðü¼ç-
íûõ âûçîâîâ. Êëþ÷åâûì èç íèõ ÿâëÿåòñÿ íåîáõîäèìîñòü îáåñïå÷åíèÿ áåçîïàñíîñòè
è ïðîçðà÷íîñòè ðåøåíèé, ïðèíèìàåìûõ ÈÈ-ñèñòåìàìè. Îñîáîå âíèìàíèå óäåëÿåòñÿ
ïðîáëåìå èíòåðïðåòèðóåìîñòè: ñîâðåìåííûå íåéðîñåòåâûå ìîäåëè ôóíêöèîíèðóþò
ïî ïðèíöèïó ¾÷¼ðíîãî ÿùèêà¿, ÷òî çàòðóäíÿåò ïîíèìàíèå ëîãèêè èõ âûâîäîâ.
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Â óñëîâèÿõ âûñîêîé îòâåòñòâåííîñòè è ïîòåíöèàëüíûõ ðèñêîâ, õàðàêòåðíûõ äëÿ
óïðàâëåíèÿ ÿäåðíûìè ðåàêòîðàìè, îòñóòñòâèå îáúÿñíèìîñòè àëãîðèòìîâ ñ÷èòàåò-
ñÿ íåäîïóñòèìûì. Â ñâÿçè ñ ýòèì, íà òåêóùåì ýòàïå ÈÈ-òåõíîëîãèè äîïóñêàþòñÿ
èñêëþ÷èòåëüíî â ðîëè ðåêîìåíäàòåëüíûõ èëè âñïîìîãàòåëüíûõ ñèñòåì è íå íàäåëÿ-
þòñÿ ïðÿìûì äîñòóïîì ê èñïîëíèòåëüíûì ìåõàíèçìàì àòîìíûõ ýëåêòðîñòàíöèé.

Äëÿ Óçáåêèñòàíà, ãäå ðåàëèçóåòñÿ ïåðâûé ïðîåêò ñòðîèòåëüñòâà ÀÝÑ ñîâìåñòíî ñ
Ðîñàòîìîì, ÈÈ ìîæåò ñòàòü êðèòè÷åñêè âàæíûì èíñòðóìåíòîì. Ïëàíèðóåòñÿ ñòðî-
èòåëüñòâî ìàëîé ÀÝÑ íà áàçå ðåàêòîðîâ ÐÈÒÌ-200Í, ãäå óæå íà ýòàïå ïðîåêòèðî-
âàíèÿ ìîæíî èñïîëüçîâàòü öèôðîâûå äâîéíèêè, ïðåäèêòèâíóþ àíàëèòèêó è èíòåë-
ëåêòóàëüíûå òðåíàæ¼ðû. Èñïîëüçîâàíèå ÈÈ ñìîæåò îáåñïå÷èòü áîëåå ýôôåêòèâíûé
ó÷åò ñåéñìè÷åñêèõ è êëèìàòè÷åñêèõ îñîáåííîñòåé ðåãèîíà, îïòèìèçèðîâàòü ïðîöåññ
ñòðîèòåëüñòâà è îáåñïå÷èòü âûñîêèé óðîâåíü áåçîïàñíîñòè ýêñïëóàòàöèè ÀÝÑ.

Çàêëþ÷åíèå

Ïðèìåíåíèå òåõíîëîãèé èñêóññòâåííîãî èíòåëëåêòà íà âñåõ ýòàïàõ æèçíåííîãî
öèêëà ÀÝÑ îòêðûâàåò çíà÷èòåëüíûå âîçìîæíîñòè äëÿ ïîâûøåíèÿ ýôôåêòèâíîñòè,
áåçîïàñíîñòè è íàä¼æíîñòè ÿäåðíîé ýíåðãåòèêè. Ó÷èòûâàÿ íà÷àëüíûé ýòàï ðàçâè-
òèÿ àòîìíîé îòðàñëè â Óçáåêèñòàíå, èíòåãðàöèÿ ÈÈ-òåõíîëîãèé ìîæåò ñòàòü âàæ-
íûì êîíêóðåíòíûì ïðåèìóùåñòâîì, ñïîñîáñòâóÿ ñîçäàíèþ ñîâðåìåííîé è óñòîé÷è-
âîé ýíåðãåòè÷åñêîé èíôðàñòðóêòóðû. Îäíàêî óñïåøíîå âíåäðåíèå òðåáóåò îñîáîãî
âíèìàíèÿ ê âîïðîñàì èíòåðïðåòèðóåìîñòè, ñåðòèôèêàöèè è êèáåðáåçîïàñíîñòè.
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Ââåäåíèå

Ìèðîâûå ñûðüåâûå ðûíêè èãðàþò êëþ÷åâóþ ðîëü â ãëîáàëüíîé ýêîíîìèêå, îáåñ-
ïå÷èâàÿ ýíåðãîðåñóðñàìè, ìåòàëëàìè, ñåëüñêîõîçÿéñòâåííûìè ïðîäóêòàìè è äðóãè-
ìè áàçîâûìè òîâàðàìè. Íà ïðîòÿæåíèè ïîñëåäíèõ äâóõ äåñÿòèëåòèé îíè ïðåòåðïåëè
çíà÷èòåëüíûå èçìåíåíèÿ, îáóñëîâëåííûå êàê ñòðóêòóðíûìè ñäâèãàìè â ìèðîâîé ýêî-
íîìèêå, òàê è òåõíîëîãè÷åñêèìè èííîâàöèÿìè. Ïðîèñõîäÿùèå èçìåíåíèÿ çàòðîíóëè
è íåôòÿíîé ñåêòîð, êîòîðûé ñòàëêèâàåòñÿ ñ êîìïëåêñîì âûçîâîâ � îò íåñòàáèëüíî-
ñòè öåí è ãåîïîëèòèêè äî óñèëåíèÿ äàâëåíèÿ â ñòîðîíó äåêàðáîíèçàöèè. Â äàííîé
ñòàòüå ðàññìàòðèâàþòñÿ êëþ÷åâûå ñîâðåìåííûå òðåíäû, ôîðìèðóþùèå îáëèê è ðàç-
âèòèÿ ìèðîâîãî íåôòÿíîãî ðûíêà, ÷òî ÿâëÿåòñÿ àêòóàëüíîé çàäà÷åé, òàê êàê íåôòü
ñîõðàíÿåò ñòàòóñ ñòðàòåãè÷åñêîãî ðåñóðñà è èíñòðóìåíòà ãåîýêîíîìè÷åñêîãî âëèÿíèÿ
[1,6].

1. Ïåðåõîä ê ¾çåë¼íîé¿ ýíåðãåòèêå

Òåêóùàÿ ïîâåñòêà êëèìàòè÷åñêîé óñòîé÷èâîñòè îêàçûâàåò ñåðü¼çíîå âëèÿíèå íà
ñûðüåâûå ðûíêè. Ïðàâèòåëüñòâà âåäóùèõ ýêîíîìèê, âêëþ÷àÿ ÅÑ, ÑØÀ è Êèòàé,
àêòèâíî ïðîäâèãàþò ïðîãðàììû ïî ñîêðàùåíèþ âûáðîñîâ ïàðíèêîâûõ ãàçîâ. Ðåà-
ëèçàöèÿ Ïàðèæñêîãî ñîãëàøåíèÿ è íàöèîíàëüíûõ ñòðàòåãèé ïî äîñòèæåíèþ óãëå-
ðîäíîé íåéòðàëüíîñòè ê 2050 ãîäó òðåáóåò ñóùåñòâåííîãî ñíèæåíèÿ çàâèñèìîñòè îò
óãëåâîäîðîäîâ [1,8].

Ñîãëàñíî äîêëàäó IEA, ê 2040 ãîäó äîëÿ íåôòè â ãëîáàëüíîé ýíåðãåòèêå ìîæåò
ñîêðàòèòüñÿ äî 25�30% ïî ñðàâíåíèþ ñ òåêóùèìè 31�33%. Êîìïàíèè, òàêèå êàê BP,
Shell è TotalEnergies, óæå òðàíñôîðìèðóþòñÿ â ýíåðãåòè÷åñêèå õîëäèíãè, èíâåñòèðóÿ
â ñîëíå÷íûå è âåòðîâûå ôåðìû, ýëåêòðîçàðÿäíûå ñòàíöèè, âîäîðîäíóþ ýíåðãåòèêó
è àêêóìóëÿòîðû [6].

Òåì íå ìåíåå, ñïðîñ íà íåôòü â ðàçâèâàþùèõñÿ ñòðàíàõ, îñîáåííî â Èíäèè è Àô-
ðèêå, áóäåò ñîõðàíÿòüñÿ, ÷òî îáóñëîâëåíî óðáàíèçàöèåé, ðîñòîì äîõîäîâ è ïðîìûø-
ëåííûì ðàçâèòèåì. Òàêèì îáðàçîì, ýíåðãåòè÷åñêèé ïåðåõîä áóäåò àñèììåòðè÷íûì
ïî ðåãèîíàì [6].

2. Öåíîâàÿ âîëàòèëüíîñòü è ãåîïîëèòèêà

Íåñòàáèëüíîñòü öåí îñòà¼òñÿ ïîñòîÿííîé õàðàêòåðèñòèêîé íåôòÿíûõ ðûíêîâ. Èñ-
òîðè÷åñêè äîêàçàíî, ÷òî öåíû íà íåôòü ÷óâñòâèòåëüíû ê ïîëèòè÷åñêèì ñîáûòèÿì:
ðåâîëþöèÿì, ñàíêöèÿì, áëîêàäàì è êîíôëèêòàì. Òàê, â 2022 ãîäó ïîñëå íà÷àëà êîí-
ôëèêòà íà Óêðàèíå è ââåäåíèÿ ñàíêöèé ïðîòèâ Ðîññèè öåíû íà íåôòü ìàðêè Brent
ïîäíèìàëèñü âûøå 120 äîëëàðîâ çà áàððåëü, à çàòåì ðåçêî ñíèçèëèñü [2].
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ÎÏÅÊ+ ñîõðàíÿåò êëþ÷åâóþ ðîëü â ðåãóëèðîâàíèè ïðåäëîæåíèÿ íåôòè. Ñòðà-
íû êàðòåëÿ èñïîëüçóþò êâîòû äëÿ áàëàíñèðîâêè ðûíêà, îäíàêî ýôôåêòèâíîñòü èõ
ñîãëàøåíèé çàâèñèò îò äèñöèïëèíû ó÷àñòíèêîâ è ãëîáàëüíîãî ñïðîñà. Êðîìå òîãî,
óâåëè÷åíèå äîáû÷è ñëàíöåâîé íåôòè â ÑØÀ â ïîñëåäíèå ãîäû âíîñèò íåîïðåäåëåí-
íîñòü â öåíîîáðàçîâàíèå, ñîçäàâàÿ êîíêóðåíöèþ òðàäèöèîííûì ïîñòàâùèêàì [7].

Ôàêòîðû íåñòàáèëüíîñòè âêëþ÷àþò: íåñòàáèëüíîñòü íà Áëèæíåì Âîñòîêå, ÿäåð-
íûå ïåðåãîâîðû ñ Èðàíîì, êèòàéñêî-àìåðèêàíñêèå òîðãîâûå îòíîøåíèÿ, à òàêæå ðàç-
âèòèå ðåãèîíàëüíûõ êîíôëèêòîâ â çîíàõ òðàíñïîðòèðîâêè íåôòè (íàïðèìåð, Îðìóç-
ñêèé ïðîëèâ) [10].

3. Ïåðåîðèåíòàöèÿ òðàíñïîðòíûõ è ëîãèñòè÷åñêèõ ìàðøðóòîâ

Ãëîáàëüíàÿ ëîãèñòèêà ñûðüÿ ñòàëêèâàåòñÿ ñ âûçîâàìè, ñâÿçàííûìè ñ ñàíêöèÿìè,
ïàíäåìèÿìè è òðàíñïîðòíûìè êðèçèñàìè. Òàê, â 2021 ãîäó áëîêèðîâêà Ñóýöêîãî êà-
íàëà ïîêàçàëà óÿçâèìîñòü ãëîáàëüíûõ öåïî÷åê ïîñòàâîê. Ñàíêöèè ïðîòèâ Ðîññèè â
2022 ãîäó èçìåíèëè ìàðøðóòû ýêñïîðòà å¼ íåôòè: îñíîâíûå îáú¼ìû ñòàëè íàïðàâ-
ëÿòüñÿ â Èíäèþ, Êèòàé è äðóãèå ñòðàíû Àçèè [3]. Êðîìå òîãî, íàáëþäàåòñÿ ðîñò
÷èñëà ¾òåíåâûõ¿ òàíêåðîâ, èñïîëüçóåìûõ äëÿ îáõîäà ñàíêöèé. Ýòè ñóäà, êàê ïðàâè-
ëî, ñòàðøå, ïëîõî çàñòðàõîâàíû è ÷àñòî ìåíÿþò ôëàã, ÷òî óâåëè÷èâàåò ðèñêè äëÿ
ìîðñêîé áåçîïàñíîñòè.

Â îòâåò íà ðèñêè ñòðàíû ñîçäàþò ñòðàòåãè÷åñêèå ðåçåðâû, ðàçâèâàþò æåëåçíîäî-
ðîæíóþ è òðóáîïðîâîäíóþ èíôðàñòðóêòóðó, óñèëèâàþò ðåãèîíàëüíîå ñîòðóäíè÷å-
ñòâî (íàïðèìåð, Êèòàéñêàÿ èíèöèàòèâà ¾Îäèí ïîÿñ � îäèí ïóòü¿) [9].

4. Öèôðîâèçàöèÿ è àâòîìàòèçàöèÿ â äîáû÷å è òîðãîâëå ñûðü¼ì

Òåõíîëîãè÷åñêèå èííîâàöèè ñòàíîâÿòñÿ íåîòúåìëåìîé ÷àñòüþ ñòðàòåãèé ðàçâèòèÿ
ñûðüåâûõ êîìïàíèé. Èñïîëüçîâàíèå öèôðîâûõ äâîéíèêîâ, ñåíñîðîâ, èñêóññòâåííîãî
èíòåëëåêòà (ÈÈ), òåõíîëîãèé Big Data è ïðåäèêòèâíîé àíàëèòèêè ïîçâîëÿåò çíà-
÷èòåëüíî ïîâûñèòü ýôôåêòèâíîñòü äîáû÷è è ñíèçèòü ïðîèçâîäñòâåííûå èçäåðæêè
[4].

Âíåäðåíèå öèôðîâûõ ïëàòôîðì ñïîñîáñòâóåò ìîíèòîðèíãó è ïðîãíîçèðîâàíèþ
öåí, îïòèìèçàöèè ñêëàäñêèõ îñòàòêîâ è ëîãèñòèêè. Áëîê÷åéí èñïîëüçóåòñÿ äëÿ ïðî-
çðà÷íîãî äîêóìåíòîîáîðîòà è îòñëåæèâàíèÿ ïðîèñõîæäåíèÿ íåôòè â óñëîâèÿõ ñàíê-
öèîííîãî äàâëåíèÿ. Àâòîìàòèçàöèÿ òàêæå îõâàòûâàåò áóðåíèå, äîáû÷ó è òåõîáñëó-
æèâàíèå ñêâàæèí. Ðîáîòû-ìàíèïóëÿòîðû è äðîíû îáåñïå÷èâàþò êîíòðîëü â òðóä-
íîäîñòóïíûõ ðàéîíàõ. Ýòî îñîáåííî àêòóàëüíî â óñëîâèÿõ Àðêòèêè è øåëüôîâûõ
ïðîåêòîâ, ãäå ÷åëîâå÷åñêîå ó÷àñòèå ñîïðÿæåíî ñ âûñîêèìè ðèñêàìè [9].

5. Ðàçâèòèå ôüþ÷åðñíûõ ðûíêîâ è íîâûå ôèíàíñîâûå èíñòðóìåíòû

Ôüþ÷åðñíûå ðûíêè îñòàþòñÿ îñíîâíûì èíñòðóìåíòîì õåäæèðîâàíèÿ äëÿ ñûðüå-
âûõ òðåéäåðîâ è ïðîèçâîäèòåëåé. Ðàçâèòèå öèôðîâûõ òîðãîâûõ ïëàòôîðì (íàïðè-
ìåð, ICE, NYMEX, DME) ïîçâîëèëî óâåëè÷èòü ëèêâèäíîñòü è ïðîçðà÷íîñòü ñäåëîê
[5]. Îäíàêî íà ôîíå ðîñòà ãåîïîëèòè÷åñêîé íàïðÿæ¼ííîñòè ïîÿâëÿåòñÿ òåíäåíöèÿ
ê äåäîëëàðèçàöèè òîðãîâëè ñûðü¼ì. Òàê, Êèòàé àêòèâíî ïðîäâèãàåò ðàñ÷¼òû â þà-
íÿõ íà Øàíõàéñêîé íåôòÿíîé áèðæå (INE), à â 2023 ãîäó ÎÀÝ è Èíäèÿ ïîäïèñàëè
ñîãëàøåíèå îá èñïîëüçîâàíèè äèðõàìîâ è ðóïèé â ðàñ÷¼òàõ çà íåôòü [5].

Êðîìå òîãî, âíåäðÿþòñÿ èíñòðóìåíòû óñòîé÷èâîãî ôèíàíñèðîâàíèÿ: ¾çåë¼íûå¿
îáëèãàöèè, ESG-ôîíäû è ñòðàõîâêè îò êëèìàòè÷åñêèõ ðèñêîâ, ÷òî âëèÿåò íà äî-
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ñòóïíîñòü êàïèòàëà äëÿ íåôòÿíûõ ïðîåêòîâ [9].

Çàêëþ÷åíèå

Ãëîáàëüíûå ñûðüåâûå ðûíêè ïåðåæèâàþò ãëóáîêóþ òðàíñôîðìàöèþ, è íåôòÿ-
íàÿ îòðàñëü � íå èñêëþ÷åíèå. Îíà íàõîäèòñÿ â òî÷êå ïåðåñå÷åíèÿ ýêîíîìè÷åñêèõ
èíòåðåñîâ, ïîëèòè÷åñêèõ ðåøåíèé è ýêîëîãè÷åñêèõ îáÿçàòåëüñòâ. Îñíîâíûå âûçîâû
âêëþ÷àþò â ñåáÿ ïåðåõîä ê íèçêîóãëåðîäíîé ýêîíîìèêå, öèôðîâèçàöèþ ïðîöåññîâ,
ãåîïîëèòè÷åñêóþ íåñòàáèëüíîñòü è ïåðåîñìûñëåíèå ëîãèñòè÷åñêèõ ñõåì [1,4,10].

Ýôôåêòèâíîå ðåàãèðîâàíèå íà ýòè âûçîâû òðåáóåò îò ó÷àñòíèêîâ ðûíêà âûñî-
êîãî óðîâíÿ àäàïòèâíîñòè, òåõíîëîãè÷åñêîé ãîòîâíîñòè è ñòðàòåãè÷åñêîãî ïîäõîäà.
Íåôòÿíîé ñåêòîð ïî-ïðåæíåìó îñòà¼òñÿ êëþ÷åâûì ýëåìåíòîì ìèðîâîé ýêîíîìèêè,
îáåñïå÷èâàÿ ýíåðãåòè÷åñêóþ áåçîïàñíîñòü, ïîääåðæêó èíôðàñòðóêòóðû è ìåæäóíà-
ðîäíóþ òîðãîâëþ [6,10].

Íåôòÿíûå êîìïàíèè è ñòðàíû, ñïîñîáíûå àäàïòèðîâàòüñÿ ê íîâûì óñëîâèÿì, ïðè-
ìåíÿòü èííîâàöèè è ýôôåêòèâíî óïðàâëÿòü ðèñêàìè, áóäóò â ÷èñëå ëèäåðîâ â óñëî-
âèÿõ íîâîé ýêîíîìè÷åñêîé ðåàëüíîñòè. Îñîáîå âíèìàíèå â ñòðåìèòåëüíî ìåíÿþùèõ-
ñÿ óñëîâèÿõ êîíêóðåíöèè äîëæíî áûòü óäåëåíî óñòîé÷èâîìó ðàçâèòèþ, âíåäðåíèþ
íîâûõ öèôðîâûõ òåõíîëîãèé è äèâåðñèôèêàöèè äîõîäîâ [4,9].
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òåõíîëîãèè îáðàáîòêè áîëüøèõ äàííûõ äëÿ

áëîê÷åéí-òðàíçàêöèé

ßðàøîâ È., Áóðèåâ À., Ñóáõîíîâ Ì.

Óíèâåðñèòåò ìèðîâîé ýêîíîìèêè è äèïëîìàòèè
https://doi.org/10.5281/zenodo.15511097

Àííîòàöèÿ. Â ýòîé ñòàòüå ïðåäñòàâëåí ñèñòåìàòè÷åñêèé àíàëèç òåõíîëîãèè áëîê-
÷åéí è ðàññìàòðèâàåòñÿ åå ïðèìåíåíèå â ñîâðåìåííûõ öèôðîâûõ ñðåäàõ. Îñíîâíîå
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âíèìàíèå óäåëÿåòñÿ ïðîáëåìàì, ñâÿçàííûì ñ ðàñïðåäåëåííûìè àðõèòåêòóðàìè áëîê-
÷åéíîâ, à òàêæå âûÿâëåíèþ êëþ÷åâûõ îáëàñòåé ïðèìåíåíèÿ. Â èññëåäîâàíèè èçó÷à-
þòñÿ ìàòåìàòè÷åñêèå ìîäåëè è àëãîðèòìû ðåàëèçàöèè äëÿ îñíîâíûõ êîìïîíåíòîâ
áëîê÷åéíà, à òàêæå äàåòñÿ ñòðóêòóðèðîâàííûé àíàëèç âíóòðåííèõ ïðîòèâîðå÷èé â
òåõíîëîãèè, âêëþ÷àÿ êðàòêèé îáçîð åå âíóòðåííèõ ìåõàíèçìîâ, òàêèõ êàê àëãîðèòìû
êîäèðîâàíèÿ äàííûõ è êîíñåíñóñà. Â ñòàòüå ïîä÷åðêèâàåòñÿ ïîòåíöèàë ðàçâèòèÿ ñåð-
âèñîâ íà îñíîâå áëîê÷åéíà, â ÷àñòíîñòè, ïîñðåäñòâîì êîíöåïöèè ñìàðò-êîíòðàêòîâ,
êîòîðûå ïîçâîëÿþò îñóùåñòâëÿòü àâòîíîìíûå òðàíçàêöèè ìåæäó ó÷àñòíèêàìè ñåòè.
Ýòè ñìàðò-êîíòðàêòû îáëåã÷àþò ñîçäàíèå äåöåíòðàëèçîâàííûõ, íåçàâèñèìûõ îðãà-
íèçàöèîííûõ åäèíèö, êîòîðûå ôóíêöèîíèðóþò â ñîîòâåòñòâèè ñ âíóòðåííèìè ïðà-
âèëàìè è ðàáîòàþò ñ ìèíèìàëüíûì âíåøíèì âìåøàòåëüñòâîì. Òàêèå äåöåíòðàëè-
çîâàííûå ïðèëîæåíèÿ (dApps) ïðåäëàãàþò çíà÷èòåëüíûå ïðåèìóùåñòâà ïî ñðàâíå-
íèþ ñ òðàäèöèîííûìè ïðîãðàììíûìè ñèñòåìàìè, îñîáåííî ñ òî÷êè çðåíèÿ ãèáêî-
ñòè, ïðîçðà÷íîñòè è áåçîïàñíîñòè. Èñïîëüçóÿ ïðèíöèïû îäíîðàíãîâûõ (P2P) ñåòåé,
â êîòîðûõ âñå ó÷àñòíèêè ðàññìàòðèâàþòñÿ êàê ðàâíûå, òåõíîëîãèè áëîê÷åéíà ïîç-
âîëÿþò îñóùåñòâëÿòü ïðÿìûå òðàíçàêöèè ìåæäó ïîëüçîâàòåëÿìè áåç ïîñðåäíèêîâ.
Ýòà âîçìîæíîñòü ïîääåðæèâàåò ôîðìèðîâàíèå áàçîâîé ñòðóêòóðû îáðàáîòêè äëÿ
äåöåíòðàëèçîâàííûõ àâòîíîìíûõ îðãàíèçàöèé (DAO) � íîâîé ôîðìû öèôðîâîãî
ïðåäïðèÿòèÿ. Ðåøåíèÿ, îñíîâàííûå íà òåõíîëîãèè áëîê÷åéíà, îáåñïå÷èâàþò áåçîïàñ-
íóþ è èçíà÷àëüíî äåöåíòðàëèçîâàííóþ èíôðàñòðóêòóðó äëÿ îáðàáîòêè òðàíçàêöèé
è óïðàâëåíèÿ äàííûìè. Îòëè÷èòåëüíûì ïðåèìóùåñòâîì áëîê÷åéíà ïî ñðàâíåíèþ ñ
òðàäèöèîííûìè ìîäåëÿìè áàç äàííûõ ÿâëÿåòñÿ åãî àëãîðèòìè÷åñêîå óïðàâëåíèå, ðå-
àëèçîâàííîå ÷åðåç óíèôèöèðîâàííûé ïðîòîêîë. Â çàêëþ÷åíèå â ñòàòüå ïðåäëàãàþòñÿ
ðåêîìåíäàöèè ïî ïðèíÿòèþ áëîê÷åéíà â êà÷åñòâå ñðåäñòâà âåäåíèÿ óíèôèöèðîâàí-
íîãî ðååñòðà äàííûõ, îñîáåííî â ñðåäàõ, òðåáóþùèõ ñèíõðîíèçèðîâàííûõ ñèñòåì
îáðàáîòêè è óïðàâëåíèÿ äàííûìè.

Êëþ÷åâûå ñëîâà: áëîê÷åéí, ïðîáëåìû, îáëàñòè ïðèìåíåíèÿ, êîíñåíñóñ, ñèí-
õðîííûå òåõíîëîãèè îáðàáîòêè áîëüøèõ äàííûõ.

Ââåäåíèå

Â ïîñëåäíåå âðåìÿ âîïðîñû íàäåæíîñòè ñèñòåìû ñòàíîâÿòñÿ âñå áîëåå çíà÷èìûìè,
ñîçäàâàÿ íîâûå òðåáîâàíèÿ ê òåõíîëîãèÿì îáðàáîòêè è õðàíåíèÿ äàííûõ. Òåõíîëîãèÿ
áëîê÷åéí, êîòîðàÿ âêëþ÷àåò â ñåáÿ öåïî÷êó áëîêîâ òðàíçàêöèé, ñîçäàííûõ â ñîîòâåò-
ñòâèè ñ îïðåäåëåííûìè ïðàâèëàìè, èãðàåò êëþ÷åâóþ ðîëü â îáåñïå÷åíèè âçàèìíîãî
ñîòðóäíè÷åñòâà ìåæäó áîëüøèì êîëè÷åñòâîì ïîëüçîâàòåëåé áåç íåîáõîäèìîñòè â äî-
âåðåííûõ ïîñðåäíèêàõ [1]. Îäíàêî íàäåæíîñòü õðàíåíèÿ äàííûõ â ñèñòåìàõ áëîê÷åéí
äîñòèãàåòñÿ çà ñ÷åò ñêîðîñòè îáðàáîòêè. Íàïðèìåð, â ñèñòåìå Bitcoin [2] âðåìÿ, íåîá-
õîäèìîå äëÿ äîáàâëåíèÿ îäíîãî áëîêà, ñîñòàâëÿåò îêîëî 10 ìèíóò, âî ìíîãîì èç-çà
äåöåíòðàëèçîâàííîé ïðèðîäû ñèñòåìû. Ýòà çàäåðæêà âîçíèêàåò èç-çà òîãî, ÷òî èí-
ôîðìàöèÿ î íîâûõ òðàíçàêöèÿõ äîëæíà áûòü ðàñïðîñòðàíåíà ïðèìåðíî íà 80Íà âû-
ñîêîì óðîâíå ïðîòîêîëû áëîê÷åéíà ïîñòðîåíû âîêðóã êîíöåïöèè ¾ñìàðò-êîíòðàêòà¿,
ïðåäñòàâëÿþùåãî ñîáîé ýëåêòðîííûé àëãîðèòì, êîòîðûé îïðåäåëÿåò óñëîâèÿ âûïîë-
íåíèÿ òðàíçàêöèé è õðàíèòñÿ âî âñåõ ñåòåâûõ óçëàõ áëîê÷åéíà. Òðàíçàêöèÿ îòíî-
ñèòñÿ ê ëþáîìó âçàèìîäåéñòâèþ ó÷àñòíèêîâ ñ äàííûìè ñèñòåìû. Ïîñëå ñîâåðøåíèÿ
òðàíçàêöèè îíà äîëæíà áûòü çàïèñàíà â áëîê÷åéíå ïóòåì ïîìåùåíèÿ åå â áëîê. Îä-
íàêî äîáàâëåíèå íîâîãî áëîêà â áëîê÷åéí òðåáóåò êîíñåíñóñà îò äðóãèõ ó÷àñòíèêîâ
ñåòè, ïðîöåññ, èçâåñòíûé êàê ¾êîíñåíñóñ¿. Òåõíîëîãèè áëîê÷åéíà îòêðûâàþò áîëü-
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øèå ïåðñïåêòèâû äëÿ ðàçâèòèÿ êîðïîðàòèâíûõ èíôîðìàöèîííûõ ñèñòåì. Òåêóùèå
ñèñòåìû áýê-îôèñà ÷àñòî î÷åíü ñëîæíû, íåïðîçðà÷íû è çàâèñÿò îò èçîëèðîâàííûõ
âíóòðåííèõ áèçíåñ-ïðîöåññîâ. Ñïðîñ íà áëîê÷åéí â ñîâðåìåííûõ ñèñòåìàõ îáóñëîâ-
ëåí ïîòðåáíîñòüþ â ýôôåêòèâíîì îáìåíå äàííûìè è èõ õðàíåíèè [4-6]. Îñíîâíàÿ
ïðîáëåìà âîçíèêàåò èç-çà òîãî, ÷òî êàæäûé ðûíîê èëè îðãàíèçàöèÿ âåäåò ñâîé ñîá-
ñòâåííûé ðåãèñòð äàííûõ, ÷òî ïðèâîäèò ê íåýôôåêòèâíîñòè. Ïðîáëåìû, ñâÿçàííûå
ñ èñïîëüçîâàíèåì íåñêîëüêèõ ðåãèñòðîâ, âêëþ÷àþò:

� Êàæäàÿ ñòîðîíà äîëæíà âåñòè ñâîé ñîáñòâåííûé ðåãèñòð äàííûõ.

� Íåñîãëàñîâàííîñòü äàííûõ è îøèáêè, ÷òî ïðèâîäèò ê ñëîæíûì îïåðàöèÿì ïî
ñîãëàñîâàíèþ.

� Îòñóòñòâèå ñòàíäàðòèçàöèè.

Òåõíîëîãèè áëîê÷åéíà ïðåäëàãàþò íåñêîëüêî ðåøåíèé:

� Îáùèé äîâåðåííûé ðåãèñòð, îáùèé äëÿ âñåõ ó÷àñòíèêîâ.

� Öåíòðàëüíûé êîíòðàãåíò äëÿ óïðîùåíèÿ òðàíçàêöèé.

Óñòðàíåíèå íåäîâåðèÿ ìåæäó êîíòðàãåíòàìè çà ñ÷åò îáåñïå÷åíèÿ íåèçìåííîñòè
äàííûõ è èñïîëüçîâàíèÿ ðàñïðåäåëåííîãî àëãîðèòìà äëÿ äîáàâëåíèÿ íîâîé èíôîð-
ìàöèè. Çà ñ÷åò îáåñïå÷åíèÿ íåèçìåííîñòè äàííûõ è ðåàëèçàöèè ðàñïðåäåëåííîãî êîí-
ñåíñóñà áëîê÷åéí ñîêðàùàåò êàê âðåìåííûå, òàê è ôèíàíñîâûå çàòðàòû. Áîëåå òîãî,
ñïîñîáíîñòü áëîê÷åéíà äåëàòü áèçíåñ-ïðîöåññû áîëåå ïðîçðà÷íûìè è áåçîïàñíûìè
ïðèâåëà ê åãî âñå áîëüøåìó âíåäðåíèþ â ðàçëè÷íûå ïðèëîæåíèÿ, âêëþ÷àÿ:

� Öèôðîâûå êîðïîðàòèâíûå ñèñòåìû.

� Öèôðîâûå íîòàðèàëüíûå óñëóãè.

� Òîðãîâûå ïëàòôîðìû áåç ïîñðåäíèêîâ.

� Ìåæáàíêîâñêèå ïëàòåæíûå ñèñòåìû.

� Ýëåêòðîííîå ãîëîñîâàíèå (e-voting).

Â ïåðñïåêòèâå îñíîâíîå âíèìàíèå, âåðîÿòíî, áóäåò óäåëÿòüñÿ:

� Ïèëîòíûì ïðîåêòàì, èñïîëüçóþùèì òåõíîëîãèþ áëîê÷åéíà, òàêèì êàê FireChat,
PopcornTime, Lighthouse, Gems è CanadaCoin.

� Èññëåäîâàíèÿì äåöåíòðàëèçîâàííûõ àëãîðèòìîâ êîíñåíñóñà.

� Ðàçðàáîòêå ðàçëè÷íûõ ïëàòôîðì ïðèëîæåíèé, òàêèõ êàê Bitcoin, Ethereum, Eris,
Ripple, Dogecoin è Hyperledger.

� Äàëüíåéøåé óíèôèêàöèè è ñòàíäàðòèçàöèè òåõíîëîãèé áëîê÷åéíà.

� Ðàçðàáîòêå ìåõàíèçìîâ îöèôðîâêè ôèçè÷åñêèõ àêòèâîâ è èõ èíòåãðàöèè â ñè-
ñòåìû áëîê÷åéíà.

Öåëü ýòîé ðàáîòû � ñèñòåìàòèçèðîâàòü îñíîâíûå ïðèíöèïû òåõíîëîãèè áëîê÷åé-
íà, çàëîæèâ îñíîâó äëÿ êîíêðåòíûõ ïðàêòè÷åñêèõ ðåêîìåíäàöèé ïî âíåäðåíèþ è
ïîääåðæàíèþ åäèíîãî ðååñòðà äàííûõ â êîíòåêñòå ñèíõðîííûõ òåõíîëîãèé, ïîääåð-
æèâàþùèõ ïðîöåññû æèçíåííîãî öèêëà ïðîäóêòà.

215



ÌÀÒÅÐÈÀËÛ È ÌÅÒÎÄÛ

Ýòà ñèñòåìà ðàáîòàåò â çàêðûòîé ñåòè, êîòîðàÿ íå èñïîëüçóåò êðèïòîâàëþòó. Îíà
ïîääåðæèâàåò èñïîëüçîâàíèå ñìàðò-êîíòðàêòîâ è ðîëåâîãî äîñòóïà äëÿ ó÷àñòíèêîâ,
à òàêæå êîìïëåêñíûé SDK è ìîäóëüíóþ ñòðóêòóðó. Ýòà ìîäóëüíîñòü ïîçâîëÿåò çàìå-
íÿòü îòäåëüíûå ìîäóëè ñèñòåìû, ÷òî ïîçâîëÿåò ïîâòîðíî èñïîëüçîâàòü ïðåäûäóùèå
íàðàáîòêè êîìïàíèè. Îáùèé àëãîðèòì ðàáîòû ñèñòåìû ìîæíî îïèñàòü ñëåäóþùèì
îáðàçîì:

1. Ïîëüçîâàòåëü ïîñåùàåò îðãàíèçàöèþ, êîòîðàÿ ÿâëÿåòñÿ ÷àñòüþ êîíñîðöèóìà
áëîê÷åéí-ñåòè, è ïðîõîäèò ïðîöåññ àóòåíòèôèêàöèè.

2. Ïîñëå óñïåøíîé àóòåíòèôèêàöèè äàííûå ïîëüçîâàòåëÿ âíîñÿòñÿ â áàçó äàííûõ,
è ïîëüçîâàòåëþ íàçíà÷àåòñÿ ýëåêòðîííûé êëþ÷, ñâÿçàííûé ñ åãî çàïèñüþ.

3. Ïîëüçîâàòåëü âõîäèò â ñåòü è ãåíåðèðóåò çàïðîñ íà îáðàáîòêó äàííûõ. Çàòåì
êîíòðîëëåð çàïðàøèâàåò èäåíòèôèêàöèîííûå äàííûå, êîòîðûå ïîëüçîâàòåëü ðàíåå
ïðåäîñòàâèë ñåòè.

4. Ïîëüçîâàòåëü ââîäèò ñâîé ýëåêòðîííûé êëþ÷ è âûáèðàåò àòðèáóòû ñâîåé çàïè-
ñè, êîòîðûå ñëåäóåò ïðåäîñòàâèòü ðåãóëÿòîðó. Ýòî ïîçâîëÿåò ïðîâîäèòü óäàëåííóþ
èäåíòèôèêàöèþ ñ èñïîëüçîâàíèåì ýëåêòðîííîãî êëþ÷à.

Â ýòîé çàêðûòîé ñåòè, ñîñòîÿùåé èç ðàçðàáîò÷èêîâ, ìåíåäæåðîâ ïðîåêòîâ, ïîä-
ðÿä÷èêîâ è äðóãèõ ñîîòâåòñòâóþùèõ ñòîðîí, òåõíîëîãèÿ áëîê÷åéí ãàðàíòèðóåò, ÷òî
òðàíçàêöèÿ ðåãèñòðèðóåòñÿ òîëüêî â þðèäè÷åñêè îïðåäåëåííûå ìîìåíòû âî âðåìÿ
âûïîëíåíèÿ ðàáîòû. Äî ýòèõ ìîìåíòîâ äåéñòâèÿ äîëæíû ïîëó÷èòü îäîáðåíèå îò ìå-
íåäæåðà ïðîåêòà è äðóãèõ ðàçðàáîò÷èêîâ. Ïîñëå ïîëó÷åíèÿ îäîáðåíèÿ èíèöèèðóåòñÿ
ñëåäóþùàÿ òðàíçàêöèÿ. Ýòà ñòðóêòóðà îáåñïå÷èâàåò ÷åòêèå è ðàâíîìåðíî ðàñïðåäå-
ëåííûå ñòèìóëû äëÿ âîâëå÷åííûõ ñòîðîí äëÿ ðåãèñòðàöèè ýòèõ ñîáûòèé â áëîê-
÷åéíå. Ïî ñóòè, ó÷àñòíèêè ìîòèâèðîâàíû ïðàâèëüíî ðåãèñòðèðîâàòü ýòè äåéñòâèÿ,
ïîñêîëüêó íåâûïîëíåíèå ýòîãî òðåáîâàíèÿ ïðèâåäåò ê íåïîëó÷åíèþ çàïðîøåííûõ
èìè ðåñóðñîâ.

Çàêëþ÷åíèå

Ïóòåì àíàëèçà âíóòðåííèõ ìåõàíèçìîâ, âêëþ÷àÿ ìîäåëè êîäèðîâàíèÿ è êîíñåí-
ñóñà, ïðîâîäèòñÿ ñèñòåìàòè÷åñêàÿ îöåíêà ïðîòèâîðå÷èé òåõíîëîãèè áëîê÷åéí. Äå-
öåíòðàëèçîâàííûå ïðèëîæåíèÿ (DApps) ïðåäëàãàþò áîëüøóþ ãèáêîñòü, ïðîçðà÷-
íîñòü è áåçîïàñíîñòü ïî ñðàâíåíèþ ñ òðàäèöèîííûìè ïðèëîæåíèÿìè, ïîñòðîåííû-
ìè íà îáû÷íûõ àðõèòåêòóðàõ. Èñïîëüçóÿ ïðåèìóùåñòâà ñåòåé peer-to-peer (P2P), ãäå
âñå ó÷àñòíèêè ðàññìàòðèâàþòñÿ îäèíàêîâî, òåõíîëîãèè áëîê÷åéí îáëåã÷àþò ïðÿìûå
òðàíçàêöèè ìåæäó ÷ëåíàìè ñåòè. Ðåøåíèÿ íà îñíîâå áëîê÷åéíà ñîçäàþò áåçîïàñíóþ,
íåèçìåííóþ è äåöåíòðàëèçîâàííóþ ñòðóêòóðó äëÿ îáðàáîòêè òðàíçàêöèé. Îäíèì èç
êëþ÷åâûõ ïðåèìóùåñòâ áëîê÷åéíà ïî ñðàâíåíèþ ñ äðóãèìè ñèñòåìàìè áàç äàííûõ
ÿâëÿåòñÿ åãî ñïîñîáíîñòü ðåàëèçîâûâàòü àëãîðèòìè÷åñêîå óïðàâëåíèå ïî åäèíîìó
ïðîòîêîëó. Îñíîâíîå âíèìàíèå çäåñü óäåëÿåòñÿ ðàñïðåäåëåííîé ïðèðîäå òåõíîëîãèè
áëîê÷åéíà è ðàçëè÷íûì îáëàñòÿì, ãäå îíà ìîæåò ïðèìåíÿòüñÿ. Â çàêëþ÷åíèå, â êîí-
òåêñòå òåõíîëîãèé ñèíõðîííîé îáðàáîòêè è óïðàâëåíèÿ äàííûìè äàþòñÿ ðåêîìåíäà-
öèè ïî ïðèíÿòèþ áëîê÷åéíà äëÿ âåäåíèÿ åäèíîãî ïðîçðà÷íîãî ðååñòðà äàííûõ.
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