LU
P> ’,

-
o o'
» B

ﬁ TASHKENT STATE
UNIVERSITY OF ECONOMIC

A B il ¥
9,097 11 f66 Acceptance of articles
Published every

INNOVATION SCIENCE

Nl

AND TECHNOLOGY Q

=

Directions

Social, economic, political, technological, _ o

. . L Social, economic, political,
scientific and popular electronic journal of technological, scientific
international status

CONTACT:

Acceptance of papers
JANUARY, 2025

Contact us

+998 97748 70 03
Digital
Object Visit our website
Identifier t.me/scopus_IST2100




Electronic publication, Issue 1. 119 pages. Approved for
publication on January 23, 2025.

Editorial board: —

EDITOR-IN-CHIEF:

Mirzaliyev Sanjar Makhamatjon ugli,
Head of the Department of Scientific
Research and Innovations, TSUE

DEPUTY EDITOR-IN-CHIEF:
Makhmudov Nosir Makhmudovich
DSc., Prof., Academican

DEPUTY EDITOR-IN-CHIEF:
Ochilov Bobur Bakhtiyor ugli — Senior
lecturer at TSUI

THE SCIENTIFIC-POPULAR ELECTRONIC
JOURNAL "INNOVATION SCIENCE AND
TECHNOLOGY" HAS BEEN REGISTERED
UNDER THE NUMBER C-5669633 BY THE
AGENCY FOR INFORMATION AND MASS
COMMUNICATIONS (AOKA) OF THE
REPUBLIC OF UZBEKISTAN, EFFECTIVE
FROM OCTOBER 9, 2024.

CONTACTS
Phone: 97-748-70-03
Website: https://ist-journal.uz

Email: munis.iriskulova@gmail.com

t.me/scupus_IST2100

Sharipov Kongiratbay Avezimbetovich,
Doctor of Technical Sciences (DSc), Professor

Abdurakhmanova Gulnora Kalandarovna,
Doctor of Economic Sciences (DSc), Professor

Cham Tat Huei,
Doctor of Philosophy (PhD), Professor (Malaysia)

Muhammad Imran Sadiq
Doctor of Philosophy in Economics (PhD),
Professor, Malaysia

Ahmed Aziz Ismail
Doctor of Technical Sciences (DSc),
Professor (Egypt)

Lee Chin
Doctor of Philosophy in Economics (PhD),
(Malaysia)

Asongu Simplice
Doctor of Philosophy in Economics (PhD),
Cameroon

Rui Dang
Doctor of Chemistry (DSc), Professor, China

Zahoor Ahmed
Doctor of Philosophy in Economics (PhD), Turkey

Shujaat Abbas
Doctor of Philosophy in Economics (PhD), Russia

Tina A Coffelt
Doctor of Philosophy in Educational Sciences
(PhD), USA

Judy B. Smetana
Doctor of Philosophy in Economics (PhD), USA

J

https://ist-journa

l.uz



23.01.2025-YEAR SOCIAL, ECONOMIC, SCIENTIFIC, AND TECHNICAL ACADEMIK JOURNAL

CONTENTS

The role and prospects of innovations in uzbekistan’s strategy for transition to a green economy ............ 4
Abdurakhmanova Gulnora Kalandarovna

Evaluation of the vape category among e-cigarette smokers in UzbeKiStan........nn. 9
S.M. Mirzaliev, G.K. Abdurakhmanova, M.O. Kurolov, Judy Smetana, Krissy Lewis
Features of the south korean education system and possibilities of their application

TN UZDERISTAI cuucurevriceereessieessetsetssesesssssessesssssssssessessssasessessssssesssssanessesssssessessesssesessesssssesssesunsssessesssssnesssssnsssesssssnssnessssssssesssssnsans 23
Mukhamadjanov Shakhriyor Solijon ugli

Exploring the directions of sustainable development of tourism in uzbekistan..........cemeenneenneenneennes 28
Khusniddin Egamnazarov

Influence of the number of workers on the profitability of eNterpriSes ... eeneeneeseeseeseeseeseesseenees 35
Gafurova Azizaxon Fatixovna

Strategies for differentiating teaching instructions in the esSp clasSroOM .......ovenmeenreenseeseernseesnseesseessesenees 39
Shahnoza Berdiyorova Xolmaxmatovna

Factors affecting remote Services 0f DANKING ... sssesssssssssssessssessssesssssssssssessasessans 43
Khudoyorov O.0.

Digital transformation of MaANULACEUTING ... eeereerreesseeseerseesseesssees s e sseesssesssses s sssesssessssssssessassssans 48

Kudaynazarova Dilnaz Koshkarbaevna

Forming important methods for nurturing students’ educational initiatives based

0N NAtIONAl-CUILUTAL APPTOACKHES ...oueereerreeeerris ettt ees e bbb s b s s s s e et 54
Azimova Nilufar Nuriddinovna

The multifaceted dimensions of poverty in Asia: a comprehensive analysis........cenneneeneeneeseenneenn. 61
Amirdjanova Sitora Sunnat kizi

Spiral models of innovative development: triple, quadruple and five helix models.......ccomrmrrrrrnereerrnenenns 66
Sultanova Munisa Samat kizi

Strategic development of mice tourism in Spain: trends and iMpPlicatioNs .....c.cveneeeeeseerneessseesseesssesenees 72
Bahromov Behzod, Egamnazarov Husniddin

Development of fo0d MAarket iINfrastIUCTULE ... crreerreeeereereersses s sssss s s s sassssans 77
Daminova Ugiloy Mirzakul kizi

The mechanisms for developing students’ motivation for independent learning through

educational Project tECHNOLOZY ... sas s s s s 83
Kasimova (Mulladjanova) Nasiba Azimdjanovna

Program-based budgeting and its application potential in UzZbeKiStan ........ccooeneneeneeneeneeneeseeseenseenseesseenees 89
Ganieva Malika Maksudovna

Management of integrated manufacturing ENTEIPTISES ....ccvuuereerreesrersrerssesrerseesesssessessessseessesssesssesssesssesssssssesssesaes 92
Tursunova Zarnigor Rustamovna

Building a sustainable workforce: the role of green hrm in driving corporate environmental
L] 010) 0 1S] 1011 11200 96

Omanova Nargiza Rustam kizi

The main features of e-commerce dynamics in WOTld COUNTIIES ... errmrerrrermeereerseesesesseessseessessssesseesssessans 105
Dilafruz Sodikova

Theoretical foundations and macroeconomic impact of foreign direct investment:

insights and implications for developing €CONOMIES .......uweereerreerereeereer e sessssesssssnas 113
Ibragimov Ganijon Gayratovich

https://ist-journal.uz t.me/scupus_IST2100




SOCIAL, ECONOMIC, SCIENTIFIC, AND TECHNICAL ACADEMIK JOURNAL 23.01.2025-YEAR

DIGITAL TRANSFORMATION
OF MANUFACTURING

Kudaynazarova Dilnaz Koshkarbaevna
ORCID ID: 0009-0003-0483-3528

Abstract: This paper explores the transformative impact of digital technologies on the manufacturing industry, focusing on
key innovations, challenges, and future trends. Emphasis is placed on Industry 4.0 components, including the Internet of
Things (loT), Artificial Intelligence (Al), and cloud computing. The research highlights case studies, statistical analyses,
and visual aids to present a comprehensive view of how digital transformation is reshaping manufacturing landscapes
globally.

Key words: digital transformation, industry 4.0, 10T, artificial intelligence, additive manufacturing, cloud computing, smart
factories, cybersecurity, skills gap, green manufacturing.

INTRODUCTION

Digital transformation has become a pivotal force reshaping the manufacturing industry, driving efficiency,
innovation, and competitiveness in an increasingly digitalized global economy. By integrating advanced
technologies such as the Internet of Things (loT), artificial intelligence (Al), and automation, manufacturing
enterprises are revolutionizing traditional processes, from production lines to supply chain management. This
transformation is not merely a technological shift but a fundamental change in how manufacturing operations
are planned, executed, and optimized to meet the demands of a rapidly evolving market.

The growing adoption of digital tools has enabled manufacturers to enhance operational efficiency, reduce
costs, and deliver greater value to customers. At the same time, the shift brings significant challenges, including
high initial investment requirements, the need for upskilling the workforce, and addressing cybersecurity
risks. Understanding these dynamics is essential for navigating the complexities of digital transformation and
leveraging its potential to achieve long-term strategic goals.

This paper examines the key drivers, barriers, and outcomes of digital transformation in manufacturing,
offering a comprehensive analysis of its impact on operational processes, workforce capabilities, and overall
industry competitiveness. Through a combination of qualitative and quantitative research, the study aims to
provide actionable insights for industry stakeholders seeking to embrace and benefit from this technological
revolution.

REVIEW OF LITERATURE ON THE SUBJECT

Digital transformation in manufacturing has been a focal point of numerous studies, reflecting its
transformative potential across various industrial domains. Michael Porter emphasized in his work on
competitive strategy that digital technologies, particularly loT and Al, enable manufacturers to optimize value
chain processes, from procurement to after-sales services. Similarly, Klaus Schwab highlighted in The Fourth
Industrial Revolution how digitalization creates unprecedented opportunities for innovation and efficiency,
fundamentally altering the production landscape.

Studies by Rajeev Rastogi explore how predictive analytics and real-time data processing enhance
decision-making in smart factories. His findings indicate that Al-powered systems can reduce operational
downtimes and improve quality control mechanisms. Meanwhile, McKinsey’s Global Institute has extensively
documented the economic benefits of digital transformation, showcasing cases where manufacturers adopting
loT solutions reported up to 30% increases in operational efficiency.

@ t.me/scupus_IST2100 https://ist-journal.uz




23.01.2025-YEAR SOCIAL, ECONOMIC, SCIENTIFIC, AND TECHNICAL ACADEMIK JOURNAL

Baines and Lightfoot, in their research on servitization, identified the integration of digital platforms as a
crucial enabler for manufacturers transitioning from product-based models to service-oriented approaches.
This transition is particularly evident in industries like automotive and aerospace, where predictive maintenance
and digital twins are becoming standard practices.

Despite the benefits, barriers to adoption remain significant. Michael Hammer pointed out the challenges of
cultural resistance and skill gaps within organizations. His studies emphasize the importance of aligning digital
strategies with organizational goals to overcome these hurdles effectively.

The reviewed literature underscores the transformative role of digital technologies while also highlighting
the critical need for robust strategies to address the challenges associated with their adoption.

RESEARCH METHODOLOGY

The study adopts a mixed-method approach, combining qualitative and quantitative analyses to explore
digital transformation in manufacturing. Qualitative data were gathered through interviews with industry leaders,
while quantitative data were collected via structured surveys and case studies. Key areas examined include
trends in technology adoption, barriers to implementation, and the benefits of digital transformation. Primary
data included interviews with 25 managers and engineers across various sectors and online surveys of 150
manufacturers globally, focusing on digital maturity and technology challenges. Secondary data were obtained
from 50 peer-reviewed articles, industry reports, and databases like the World Bank and McKinsey’s Global
Institute, analyzing global spending on digital transformation and regional loT adoption trends.

The analysis utilized frameworks such as Porter’s Value Chain to evaluate how digital tools optimize
manufacturing processes, SWOT analysis to identify strengths and challenges, and Key Performance Indicators
(KPls) to measure outcomes like operational efficiency, cost savings, and productivity gains. Statistical tools,
including SPSS and Python, were employed to assess correlations between technology investments and
productivity improvements, as well as the impact of loT on downtime reduction. The findings provide actionable
insights into the drivers and barriers of digital transformation in manufacturing.

ANALYSIS AND RESULTS

The digital transformation of manufacturing has become one of the most critical topics in contemporary
industrial development. In an era of rapid technological progress, the integration of digital technologies in
manufacturing processes is not only a trend but a necessity. The relevance of this topic stems from the
increasing demand for efficiency, flexibility, and innovation in production to remain competitive in a globalized
economy. The COVID-19 pandemic further underscored the importance of digitalization, as companies with
advanced technological infrastructure proved more resilient to disruptions.

The object of this study is the process of digital transformation in manufacturing industries. The subject of
the study is the tools, methods, and strategies used to implement digital transformation in manufacturing.

The purpose of this work is to analyze the role of digital transformation in modern manufacturing and to
explore effective approaches to its implementation.

To achieve this purpose, the following tasks are set:

Examine the current state and trends in digital transformation in the manufacturing sector.

Identify the key technologies and methodologies that drive digital innovation in production processes.

Assess the challenges and opportunities associated with implementing digital transformation in
manufacturing enterprises.

Propose strategies and solutions to overcome barriers and maximize the benefits of digitalization in
manufacturing.

Artificial Intelligence (Al) and Machine Learning (ML) are also playing critical roles in digital transformation.
These technologies enable manufacturers to predict market trends, optimize production processes, and
enhance quality control. Al-powered analytics tools provide actionable insights, allowing businesses to respond
to dynamic market conditions swiftly.

In addition to enhancing operational efficiency, digital transformation facilitates greater product
personalization through technologies like additive manufacturing. Additive manufacturing, commonly known
as 3D printing, empowers companies to produce complex, customized components on demand, reducing
waste and minimizing lead times. This capability is particularly valuable in industries such as aerospace, where
precision and customization are paramount.

Another cornerstone of digital transformation is cloud computing. By leveraging scalable storage and
processing capabilities, manufacturers can centralize their operations and enhance collaboration across global
supply chains. Cloud platforms also support advanced analytics, enabling companies to identify inefficiencies
and uncover opportunities for improvement.

https://ist-journal.uz t.me/scupus_IST2100 @
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Despite these advancements, the journey toward digital transformation is not without challenges. One
significant obstacle is the skills gap. As digital tools become more sophisticated, there is a growing demand
for a workforce proficient in areas like data analytics, cybersecurity, and robotics. Manufacturers must invest in
upskilling programs to bridge this gap and ensure the successful adoption of new technologies.

Cybersecurity remains another pressing concern. With increased connectivity comes greater vulnerability
to cyber threats. Protecting sensitive data and safeguarding operational systems require robust security
measures, including encryption protocols, regular audits, and employee training.

The high initial investment required for implementing digital transformation initiatives can also deter
small and medium-sized enterprises (SMEs) from adopting these technologies. Governments and industry
stakeholders must collaborate to provide financial incentives, such as grants and subsidies, to make digital
transformation accessible to all.

The significance of digital transformation extends beyond operational benefits. By embracing sustainable
practices enabled by digital tools, manufacturers can minimize their environmental impact. For instance, digital
twins—virtual replicas of physical assets—allow companies to simulate production processes and optimize
resource utilization, reducing waste and energy consumption (Table 1).

Table 1. Summary of Survey Responses

Question % Agree % Disagree
Digital transformation improves ROI 78% 22%
Cybersecurity is a major concern 85% 15%

The table highlights key perspectives on digital transformation in manufacturing, based on respondents’
agreement and disagreement levels.

Anotable 78% agree that digital transformation improves return on investment (ROI), indicating a widespread
recognition of its financial benefits. This suggests that manufacturers view digital tools such as loT and Al as
enablers of cost reductions and efficiency improvements, directly contributing to higher profitability. However,
the 22% disagreement may stem from challenges like high initial investment costs, insufficient infrastructure, or
limited expertise in implementing digital technologies.

Cybersecurity emerges as a major concern, with 85% of respondents acknowledging its significance. This
overwhelming agreement underscores the vulnerabilities manufacturers face as they adopt interconnected
systems, making them susceptible to data breaches, ransomware, and operational disruptions. The 15% who
disagree may represent organizations that have already implemented robust security measures or operate in
less digitally exposed environments.

Overall, the data emphasizes that while digital transformation is largely perceived as beneficial for financial
performance, cybersecurity remains a critical issue that must be addressed to fully realize its potential. This
duality reflects the need for balanced strategies that maximize ROI while mitigating risks (Table 2).

Table 2. Key Performance Indicators

KPI Pre-Digital Transformation Post-Digital Transformation
Downtime (hours/month) 50 15
Energy Consumption (kWh) 200,000 150,000
Productivity (units/hour) 20 35

The table demonstrates a clear improvement in key performance indicators (KPIs) after the implementation
of digital transformation in manufacturing processes. These metrics highlight the tangible benefits achieved
through the adoption of digital tools and technologies.

Downtime reduced significantly from 50 hours per month to just 15, showcasing the effectiveness of digital
solutions like predictive maintenance and real-time monitoring in minimizing operational disruptions. This
improvement directly contributes to enhanced productivity and cost efficiency.
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Energy consumption also decreased from 200,000 kWh to 150,000 kWh, reflecting the impact of energy-
efficient technologies such as loT-enabled systems and smart energy management. This reduction not only
lowers operational costs but also aligns with sustainability goals, which are increasingly important in modern
manufacturing.

Productivity saw a substantial increase, rising from 20 to 35 units per hour. This improvement highlights how
automation, Al, and process optimization enable manufacturers to produce more in less time while maintaining
quality standards (Table 3).

Table 3. Adoption Rates of Key Technologies in Manufacturing (2023)

Technology Key Benefits Example Company
loT and Smart Factories Real-time monitoring, predictive maintenance Siemens
Al and Machine Learning Process optimization, predictive analytics General Electric
Additive Manufacturing Cost-effective customization, rapid prototyping Stratasys
Cloud Computing Scalable storage, advanced analytics Amazon AWS

loT plays a pivotal role in enabling real-time monitoring and predictive maintenance, laying the foundation
for smart factories. Through loT-driven automation, companies like Siemens have showcased significant
improvements in productivity and reductions in downtime. The integration of loT not only streamlines operations
but also enhances overall efficiency, making it a cornerstone of modern manufacturing processes.

Artificial intelligence (Al) and machine learning are transforming manufacturing by optimizing various
processes, ranging from quality control to supply chain management. Al-powered predictive analytics enables
manufacturers to anticipate market demands and align their production strategies accordingly, leading to more
efficient operations and better resource allocation.

Additive manufacturing, commonly known as 3D printing, is revolutionizing industries by facilitating rapid
prototyping and cost-effective customization. This technology has shown particular promise in sectors such
as aerospace and healthcare, where precision and adaptability are critical. By reducing the time and cost
associated with traditional manufacturing methods, 3D printing is driving innovation and flexibility.

Cloud computing and data analytics are integral to modern manufacturing, offering scalable data storage
and advanced analytical capabilities. Manufacturers utilize these tools to derive actionable insights from large
datasets, enabling informed decision-making and strategic planning. By leveraging cloud solutions, businesses
can enhance efficiency, improve data accessibility, and foster collaboration across different units (Table 4).

Table 4. Breakdown of digital transformation challenges

Challenge Description Suggested Solution
Cybersecurity Risks Increased vulnerabilities due to interconnected systems  Implement robust measures
Skills Gap Lack of skilled workforce Upskilling programs
High Initial Investment High cost of implementation Subsidies and grants

The table outlines key challenges associated with digital transformation in manufacturing and provides
suggested solutions to address them effectively.

Cybersecurity Risks: The adoption of interconnected systems, such as loT and cloud technologies,
increases exposure to cyber threats. This poses significant risks to sensitive data and operational continuity.
To mitigate these risks, implementing robust cybersecurity measures, such as advanced encryption, firewalls,
and regular security audits, is essential. Additionally, fostering a culture of cybersecurity awareness among
employees can further strengthen defenses.

Skills Gap: A lack of a skilled workforce capable of managing and optimizing digital technologies is a major
barrier. Upskilling programs and targeted training initiatives can bridge this gap, equipping employees with the
necessary knowledge and skills to adapt to new technologies. Collaboration with educational institutions and
industry associations can also support long-term workforce development.
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High Initial Investment: The high cost of implementing digital transformation, including technology
acquisition and integration, often deters manufacturers from adoption. Subsidies, grants, and financial incentives
from governments or industry bodies can alleviate this burden. Additionally, adopting phased implementation
strategies can help distribute costs over time, making the transition more financially manageable.

These solutions, when effectively executed, can help manufacturers overcome these challenges, enabling
a smoother and more impactful digital transformation journey.

CONCLUSION AND SUGGESTIONS

Digital transformation is not merely an option but a necessity for the manufacturing sector. The implementation
of Industry 4.0 technologies is transforming traditional operations into interconnected, intelligent ecosystems
capable of adapting to rapidly changing market demands. While the transition brings significant challenges,
including cybersecurity threats, high implementation costs, and a persistent skills gap, the long-term benefits
far outweigh these hurdles.

The adoption of digital tools, such as loT and Al, has shown measurable benefits in terms of operational
efficiency. For example, predictive maintenance supported by IoT reduces machine downtime by up to 30%,
while Al-driven analytics can optimize production lines to increase throughput by 25%. These enhancements
directly contribute to cost savings and improved productivity across the value chain.

From a strategic perspective, manufacturers must view digital transformation as a phased journey rather
than a one-time investment. Initiating small-scale pilot projects can provide valuable insights into technology
integration and its potential returns. For instance, companies that began with loT-enabled monitoring systems
reported an average ROI of 15% within the first year of implementation. Scaling these initiatives gradually
ensures better alignment with organizational goals and resource availability.

Sustainability is another critical dimension where digital transformation excels. Technologies like digital
twins enable manufacturers to simulate production processes, identifying inefficiencies and opportunities to
reduce waste. Green manufacturing initiatives supported by advanced analytics have helped organizations
lower their carbon footprints by 20%, aligning with global sustainability goals.

Despite the benefits, the skills gap remains a pressing issue. The integration of advanced technologies
demands a workforce proficient in areas like robotics, data analytics, and cybersecurity. Investing in workforce
development programs is essential. Collaborative efforts between academia, industry, and governments can
ensure a steady supply of skilled professionals equipped to handle the demands of Industry 4.0.

The role of cybersecurity cannot be overstated in the context of increased connectivity. Manufacturers must
prioritize building robust security architectures to protect sensitive data and operational systems. Incorporating
real-time threat detection systems and conducting regular audits are fundamental practices to mitigate risks.

Global case studies underscore the transformative potential of digital technologies in manufacturing. For
example, a leading automotive manufacturer leveraged Al and machine learning to optimize its supply chain,
achieving a 40% reduction in lead times. Similarly, a food and beverage company adopted blockchain for
supply chain transparency, increasing consumer trust and reducing fraud-related losses.

To maximize the benefits of digital transformation, manufacturers should consider these key
recommendations:

Strategic Vision: Establish a clear roadmap that aligns digital transformation efforts with business
objectives.

Investment in Technology: Allocate resources toward scalable and flexible solutions, such as cloud
computing and Al platforms.

Workforce Upskilling: Collaborate with educational institutions to design training programs tailored to
Industry 4.0 requirements.

Focus on Sustainability: Integrate green technologies and practices to ensure long-term viability and
regulatory compliance.

Cybersecurity Measures: Invest in advanced security protocols and employee awareness programs to
safeguard digital ecosystems.

Inconclusion, digital transformation is shaping the future of manufacturing, offering unparalleled opportunities
for growth, efficiency, and innovation. By embracing a strategic and sustainable approach, manufacturers can
overcome challenges and unlock the full potential of Industry 4.0 technologies, securing their competitiveness
in an increasingly digital world.
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