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The object of research is the processes of economic evaluation of intellectual and innovative technologies in the context of sustain-
able development. The problem of economic evaluation of such technologies is caused by the insufficiency of the current methodological
[framework, which is substantiated with the use of the VosViewer bibliometric toolkit.

The paper identifies the need to implement intellectual and innovative technologies aimed at achieving the goals of sustainable de-
velopment, as well as their projects, using the example of the “Golden Ducat” Jewelry Company (Ukraine). To substantiate the choice of
intellectual and innovative technologies, a methodological approach has been developed based on a system of parameters for expert assess-
ment of the level of intellectualization of technologies (autonomy, adaptability, machine learning, interactivity, integration). The author’s
approach is proposed to be implemented with the help of a mathematical model based on matrices, using the methods of fuzzy set theory.

The practical results of applying the model have shown that the most intellectualized technology is the interactive jewelry design
studio, which corresponds to the system of parameters by 73.43 %. Other technologies have lower degrees of compliance: 3D visualiza-
tion and virtual fitting — 47.16 %, integration of online platforms — 40.50 %, interactive learning services — 34.09 %, and eco-design of
products — 23.35 %. The article compares the parameters of intellectualization of technologies with the expected economic performance
of a company due to the implementation of these technologies. It is found that the parameters of autonomy” and ‘machine learning’
have the greatest impact on the level of intellectualization. Accordingly, the most effective technologies are an interactive jewelry design
studio (ROI - 64.19 %, payback period - 7.3 months) and eco-design of products (ROI - 69.47 %, payback period — 7.2 months). It is
found that for a reasonable choice of intellectual and innovative technologies it is important to take into account factors such as market

demand, long-term trends and business specifics.
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1. Introduction

Sustainable economic growth involves the efficient use of resources,
minimizing negative environmental impacts, and creating conditions for
social progress. In this context, intelligent and innovative technologies
are becoming a key tool that allows achieving a certain balance between
economic benefit, environmental responsibility, and social significance.
The development of intelligent and innovative technologies based on ar-
tificial intelligence, machine learning, integrated automated systems, etc.,
opens up new opportunities for increasing productivity, reducing costs,
and creating competitive advantages for modern businesses. However,
the integration of such technologies requires significant investments and is
associated with a high level of risk. In particular, according to Statista (1],
in 2022, global spending on digital transformation exceeded 1.8 tril-
lion USD, and by 2025 this figure is predicted to reach 2.8 trillion USD.
According to PwC [2], the implementation of artificial intelligence
by 2030 can add more than 15.7 trillion USD to the global economy.
The analytical documents of the McKinsey Global Institute [3] show
that in 2023 the market for automated systems grew by 20 % (345 bil-
lion USD). The data presented update the issues of the development
of intellectual and innovative technologies and, accordingly, the need

for their economic assessment, designed to determine the feasibility
and effectiveness of the implementation of such technologies in the
long term. At present, there are practically no developments in sci-
ence and practice that would provide answers to the above-mentioned
challenges. The development of intellectual and innovative techno-
logies based on the ideology of sustainable growth mostly occurs as
aresponse to specific market requests, but is practically not mediated by
the methodological justification of its implementation. The importance
of the economic assessment of intellectual and innovative technolo-
gies that contribute to sustainable growth is a key factor in business de-
velopment. In particular, according to Deloitte [4], 76 % of companies
worldwide believe that sustainable development is a key factor for the
long-term success of their business, and by 2030, it is expected that
about 70 % of new business projects will be based on the principles
of sustainable development. At the same time, the current economic
assessment of such technologies does not allow for the effective integra-
tion of environmental and social aspects into business strategies, which
is the basis for the formation of sustainable development ecosystems.

Thus, research aimed at the economic assessment of intellectual
and innovative technologies in the context of sustainable development
and the development of an appropriate methodological framework for
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this are relevant both for enterprises seeking to adapt to the modern
market environment and for the state that determines sustainability
priorities. This will contribute to the optimization of resources, in-
crease the efficiency of business entities and make a significant contri-
bution to achieving the sustainable development goals set by the UN.

Despite a significant amount of research in the field of innovation,
the topic of economic evaluation of intellectual and innovative tech-
nologies has not yet received sufficient coverage in scientific works.
Methodological solutions regarding the cost and value justification of
such technologies have been considered mostly fragmentarily.

From a methodological standpoint, the development of [5] is im-
portant, where scientists substantiated the methodology for synthesiz-
ing indicators of economic efficiency of outsourcing of information
and logistics services of direct and indirect action for the economic
assessment of the efficiency of intellectual and innovative activities of
an enterprise. The author’s method is based on the ratio of indicators
that reproduce the benefits obtained through outsourcing. This ap-
proach can be partially used to form scenarios for the development
of intellectual and innovative technologies, but does not create the de-
sired methodological basis for assessing the economic feasibility of their
implementation. In the same context, the publication [6] is of interest,
where certain aspects of the economic assessment of intellectual and
innovative technologies are considered. In particular, a method for
assessing the level of digital culture embedded in innovative technolo-
gies has been developed. However, digital culture is only one of the re-
sults of the manifestation of the immanent properties of intellectual
and innovative technologies, which were not investigated in this work.

Separate methodological components of the economic assessment
of intellectual and innovative technologies are substantiated in [7]
(within the framework of the approach to pricing R&#D products) and
in [8]. The latter, in particular, deals with the economic assessment of
the potential of innovative technologies that contain an intellectual
component. In part, the methodological issues raised in the publica-
tion [9], in particular, in the context of assessing artificial intelligence
and healthcare technologies. These works are important for the subject
of the study, namely in terms of predicting the market perception of
products manufactured using intellectual and innovative technologies.

The study [10] substantiates the nature of the influence of different
types of capital on the efliciency of innovative companies. The issues
set out in it are considered on the basis of the IV Industrial Revolution,
which caused the rapid progress of intellectual and innovative tech-
nologies. Also, from the above-mentioned positions, the paper [11] ana-
lyzes the category of intellectual potential and its impact on the socio-
economic development of European countries. The publication [12]
highlights the current problems of intellectual property development,
in particular its financing in small and medium-sized technological
enterprises. This is also noted in the work [13], where the authors devel-
oped a framework that explores the joint impact of intellectual capital,
dynamic capabilities and orientation towards innovative ambidexterity.
These developments can become the basis for studying the specifics
of the development of intellectual and innovative technologies and
changes in consumer behavior caused by modern market developments.

Despite the important contribution of scientists and practitioners
to the development of economic theory and methodology of the sub-
ject area, they have not sufficiently described the interaction between
intellectual and innovative technologies and sustainable development
in the field of economic evaluation methodology. In part, this problem
is raised in the paper [14], which discusses the determinants of intel-
lectual capital for achieving sustainable growth goals, as well as in [15],
which describes the impact of Industry 4.0 on environmental sustain-
ability. In [16], it is analyzed whether elements of intellectual capital can
improve business sustainability (the experience of Poland). From such
positions, the publication [17] analyzes the development of smart and
sustainable technologies in the agricultural sector. However, although

the aforementioned works demonstrate the interaction between in-
tellectual and innovative technologies and sustainable development,
they do not provide recommendations for its economic evaluation.

In [18] it is confirmed that for the effective use of intellectual and
innovative technologies on the basis of sustainable development, each
technology should be carefully studied and evaluated, and invest-
ments in such technologies should be based on the relevant priorities.

The analysis of scientific sources showed that, despite the relevance
and importance of the topic, the economic evaluation of intellectual
and innovative technologies remains insufficiently developed. In par-
ticular, the issues of methodological substantiation of the influence of
the parameters of intellectualization of technologies on the economic
feasibility of their implementation are open. At the same time, this is
part of the general methodology for assessing the role of technologies
in achieving sustainable development goals by business entities, which
has also not been developed at present. This creates a significant scien-
tific and practical gap, which determined the subject field of this study.

The aim of research is to develop a methodological approach to
the economic evaluation of intellectual and innovative technologies
in the context of sustainable development. The results obtained, on
the one hand, will provide an opportunity to provide a substantiated
measurement of the economic feasibility of implementing such tech-
nologies on the basis of their impact on the efficiency of the enterprise
and compliance with the concepts of sustainable economic growth.
On the other hand, they will contribute to a systematic understand-
ing of the factors of intellectualization of modern technologies, which
has a practical manifestation in interaction with market actors and the
creation of added value. The developed methodological approach is
designed to serve as a tool for the methodology of evaluating inno-
vative technologies within the framework of a new paradigm of en-
terprise competitiveness in the context of sustainable development.

2. Materials and Methods

The object of research is the processes of economic evaluation of
intellectual and innovative technologies in the context of sustainable
development.

To achieve the aim of research, hypotheses were formed that out-
line the framework of the study and provide an opportunity to substan-
tiate scientific and practical recommendations.

Hypothesis 1. The level of intellectualization of intellectual and inno-
vative technologies introduced by the enterprise determines the quality
of its interaction with customers, which, in turn, leads to an increase in
their loyalty and, accordingly, to a strengthening of its market positions.

Hypothesis 2. The level of intellectualization of intellectual and inno-
vative technologies introduced by the enterprise determines an increase
in the profitability of the enterprise.

The study was conducted on the example of the “Golden Ducat”
Jewelry Company, which specializes in the manufacture of high-quality
jewelry from precious metals and stones, combining traditional tech-
nologies with innovative approaches. In the context of sustainable devel-
opment, the company actively pursues its goals (Goal 12 — responsible
consumption and production), optimizes production processes through
intelligent technologies (Goal 9 - innovation and infrastructure) and
supports social initiatives (Goal 8 - decent work and economic growth).
For the economic evaluation of intellectual and innovative technolo-
gies of the company “Golden Ducat” a mathematical model has been
developed, which is based on the matrix approach and the use of fuzzy
set theory methods. The application of this approach makes it possible
to take into account the multifactorial nature of the evaluation process,
objectify the results and adapt them to different conditions and criteria.

When developing the model, the Saaty pairwise comparison meth-
od was used. This method allows to systematize expert assessments,
determine the weighting coefficients of technology parameters and
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assess the relative importance of each of them. This approach is espe-
cially effective when analyzing complex systems, where parameters have
varying degrees of influence on the overall efficiency of technologies.

The matrix approach significantly simplifies multi-iterative cal-
culations, reducing them to an integral indicator of the level of intel-
lectualization. This indicator summarizes numerous parameters that
characterize intellectual and innovative technologies, and takes into
account their economic efficiency, environmental responsibility and
interaction with other systems.

Thanks to the use of fuzzy set theory methods, the author’s math-
ematical model will provide high flexibility and the ability to work in
conditions of incomplete or subjective information. This is especially
important in the process of strategic planning, where both quantitative
and qualitative aspects of assessment are taken into account.

3. Results and Discussion

3.1. Analysis of the issues of evaluating intellectual and innova-
tive technologies in the context of sustainable development based
on the VosViewer bibliometric toolkit

The need to develop a methodological framework for the economic
evaluation of intellectual and innovative technologies in the context of sus-
tainable development is due to a significant lack of relevant developments
in the subject area, which requires its study in the context of various studies.
For this purpose, the bibliographic analytics tool VosViewer was used in the
work. In particular, a program query for the key term “intellectual and in-
novative technologies” in publications of the scientometric base “Scopus™ (in
the categories: ‘Business, Management and Accounting, “Decision Sciences,
“Environmental Science, “Economics, Econometrics and Finance,, “Social Sci-
ences, Arts and Humanities”) yields the result of 1104 documents. This is a
relatively small number, given that intellectual and innovative technologies
are a subspecies of innovative ones. Such a number of publications in the
subject area indicates insufficient development of the problem.

Based on the obtained data, a network visualization of the term
“intellectual and innovative technologies” was carried out. In particular,
according to publications in Scopus, such visualization showed seven
main clusters (Fig. 1), where it is used most often.

According to Fig. 1, cluster 1 includes 34 contexts, the key of which
is patent analysis (red); cluster 2 — 13 contexts, ecology and green econ-
omy are highlighted as key (green); cluster 3 - 11, the main context
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is intellectual property rights (blue); cluster 4 — 10 contexts, where
bibliometrics is the leading one (yellow); cluster 5 - 9 contexts, where
economy and infrastructure are highlighted (purple); cluster 6 - 7 con-
texts, among which the context of intellectual property stands out by
country (turquoise); cluster 7 — 7 contexts, the key one is innova-
tion (orange). Thus, seven main clusters were identified, demonstrating
the multi-vector nature of research in this field, however, a significant
part of the contexts is related only to legal, economic or environmental
aspects. This, on the one hand, confirms the interdisciplinary nature of
the topic, on the other hand, does not provide answers to methodologi-
cal questions that are based on a combination of the indicated aspects.

Refinement of the query by the key term “intellectual and innovative
technologies in the context of sustainable development” yields the result
of only 48 documents, which indicates a low level of elaboration of the
problems of integrating the principles of sustainable development into in-
tellectual and innovative technologies. Network visualization of this term
showed three main clusters with the largest number of its uses (Fig. 2).

According to Fig. 2, cluster 1 covers 13 contexts, the key of which
are economics and management (red); cluster 2 — 7 contexts, the main
one is digitalization (green); cluster 3 — 6 contexts, among which sus-
tainable development is the most significant (blue).

Thus, according to the results of bibliometric analysis, it is obvious
that the topic of intellectual and innovative technologies in the context
of sustainable development remains insufficiently developed in the sci-
entific and methodological plane. However, given the importance of
such technologies for solving modern challenges related to sustainable
development, digitalization, environmental and economic transfor-
mations, the methodology for the economic assessment of intellectual
and innovative technologies requires an interdisciplinary approach. In
particular, this can be implemented by taking as a basis the real practice
of an enterprise that implements such technologies.

3.2. Research into the need to introduce intellectual and in-
novative technologies at the enterprise (using the example of the
“Golden Ducat” Jewelry Company)

The presented research was implemented using the example of the
enterprise “Golden Ducat” Jewelry Company (Ukraine), the main activ-
ity of which is the production and sale of jewelry from precious metals
and stones. The company is focused on developing exquisite products
for the middle and premium segments of the market.
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Fig. 1. Network visualization of relationships between concepts in the context of the term “intellectual and innovative technologies”, by VosViewer
(in the “Scopus” database)
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Fig. 2. Network visualization of relationships between concepts in the context of the term “intellectual and innovative technologies in the context of
sustainable development”, by VosViewer (in the “Scopus” database)
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The progress of “Golden Ducat” and the trends in the development
of the jewelry industry in Ukraine and the world have demonstrated
the need to transform the company’s current approaches to doing busi-
ness and its communication with consumers. The key problem of the
enterprise is the gradual loss of communication with customers against
the background of intensifying competitive confrontation. The reason
for this is the use of traditional approaches to working with consumers,
in contrast to other market operators who actively use intellectual and
innovative technologies (mostly in online format) in order to maintain
and develop relations with their customers.

The above has led to a decrease in the profitability of the Golden Ducat
company. According to the company, the decrease is 6.5-9.3 % annually; over
the past three years. At the same time, there is an annual decrease in the size
of the average check by 11.57 % in 2024, compared to 2023. An important
negative factor is the companys limited presence in the digital space, com-
pared to other operators in the jewelry market. The Golden Ducat company
faces difficulties in implementing the principles of sustainable development,
in particular due to insufficient integration of environmentally responsible
practices into production processes. These and other negative factors have
led to a gradual decline in the companys financial sustainability indicators.

The challenges that the “Golden Ducat” Jewelry Company is cur-
rently facing in the above context are as follows.

— Personalization of interaction with consumers. Insufficient under-

standing of the needs and interests of certain categories of customers

(in particular, offering promotions and assortments aimed at the general

public, without taking into account the diversity of the target audience).

A study of the opinions of customers of “Golden Ducat” showed that

they do not feel an individual approach, which leads to a decrease in

their loyalty to the brand. According to the results of a study of trends
in the development of the modern market in the context of person-
alization, the analytical company Salesforce found [19] that 65 % of
customers expect companies to adapt to their changing needs and
preferences (in the business customer segment - 78 %). Also, 61 %
of customers believe that most companies treat them as an imper-
sonal quantity, and 56 % of customers often repeat or re-explain in-
formation to different representatives of the same company. Accord-
ing to Marigold analytics [20], 49 % of consumers feel irritated, and

42 % - disappointed, when they receive messages that do not meet

their needs. An analysis conducted by Accenture [21] showed that

91 % of consumers are more likely to buy from brands that recognize

them as a person and provide relevant offers and recommendations.

— Integration with digital platforms to improve sales efficiency. Insufhi-

cient integration with digital platforms (online stores, popular social

networks, mobile applications, etc.) makes it difficult for “Golden

Ducat” to access a significant number of customers who prefer on-

line orders. Digital platforms help analyze customer data to generate

individual recommendations, evaluate the effectiveness of market-
ing campaigns, etc. Competitors that actively use digital channels
for sales and promotion adapt faster to new trends and conquer

the market, leaving the company in the shadows. According to [19],

73 % of customers expect better interaction based on technological

progress, 71 % prefer different channels, depending on the context.

Communication with consumers using various digital platforms al-

lows to increase conversion and average check, frequency of pur-

chases. In particular, according to research by the Ukrainian Retail-
ers Association [22], a recommendation system based on digital
platforms helps companies increase their revenue by 10-15 % (for
example, the largest international online retailer Amazon - 35 %).

- Development of new channels for attracting customers through in-

teractive services and training programs. Interactive services create

a unique customer experience that forms an emotional connection

with the brand. However, the “Golden Dukat” company does not

implement this to the necessary extent. Ensuring targeted interac-
tion in the subject area on the basis of offering online product design,

3D visualization or virtual fitting, stimulates customers to participate
in creating a product. Training programs (courses on jewelry design
or lectures on precious metals, help increase customer trust and at-
tract an audience that appreciates the brand’s expertise). It should
be noted that the younger generation, which makes up a significant
segment of the jewelry market, prefers interactive and educational
platforms where they can learn new things and be active partici-
pants in the process. At the same time, regardless of where the pur-
chase is made, customers strive for the same quality of service. In
particular, according to the results of the study [23], 74 % of them
expect to be able to do everything online that they can do in person
or by phone, 92 % of customers indicated that a positive service ex-
perience increases the likelihood of making another purchase, and
71 % made a purchase decision based on the quality of service. 88 %
of customers believe that quality service increases the likelihood
that they will make a purchase again, and 75 % would recommend a
company based on excellent customer service. 80 % of respondents
noted that the experience provided by a company is as important as
its product. Therefore, ignoring the above will deprive the “Golden
Dukat” company of promising consumer segments.
= Support for the concept of sustainable development in the companys
activities. Modern consumers are increasingly paying attention to
the environmental friendliness of products and their manufacturing
processes. In the absence of environmental initiatives, the company
“Golden Dukat” risks losing customers who value sustainability and
responsible production. Failure to take into account environmental
aspects in production processes leads to excessive use of resources,
increased costs and increased waste, which affects the economic
efficiency of the company. According to Statista [24], 70 % of con-
sumers are willing to overpay for products manufactured according
to the principles of sustainable development. As evidenced by the
analytical organization McKinsey [25], businesses that actively inte-
grate the principles of sustainability receive 25-50 % higher custom-
er loyalty. According to Deloitte [26], environmentally responsible
production can reduce a company’s operating costs by 10-15 % due
to optimization of resource use.

The above challenges of the “Golden Dukat” company require not
only a technical and technological solution, but also a rethinking of the
role of the brand in forming an emotional connection with customers, in
particular in the current conditions of sustainable economic growth. One
of the ways to achieve this is to introduce intelligent tools for conducting
business processes aimed at increasing competitiveness and improving the
quality of service. These technologies are aimed not only at modernizing
business processes, but also at creating a unique consumer experience,
which will contribute to an increase in their number and, accordingly,
an increase in the size of the average check and overall brand loyalty.

3.3. Review of the enterprise’s intellectual and innovative tech-
nology projects

In order to overcome the above challenges, the management of the
“Golden Dukat” Jewelry Company considered the possibility of imple-
menting a number of technologies that would help improve its interac-
tion with customers and optimize production resources, in particular,
taking into account the principles of sustainable development. To this
end, among the possible technologies, those that are determined by a
high level of intellectualization were selected.

The nature and quality of the value parameters of the intellectual prop-
erty right object invested by the developers in technologies aimed at deep-
ening the company’s targeted interaction with customers. A high level of
intellectualization of technologies, on the one hand, will allow the “Golden
Dukat” company to offer unique solutions and ways of presenting them,
which will distinguish it among competitors, and in particular, achieve the
principles of sustainable growth. On the other hand, to obtain analytics on
customer behavior, which is especially important for interaction with them.
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The valuable parameters of intellectual and innovative technology
are embodied in the opportunities it creates, such as personalized solu-
tions adapted to the individual needs of customers. Accordingly, this
will contribute to the growth of the average check, customer loyalty, the
spread of the image of reliability and professionalism of the brand and
the sustainability of the company’s progress.

Based on the above, an important task is a well-founded choice of
intellectual and innovative technologies for the “Golden Dukat” Jewelry
Company, from a set of possible ones, for its successful establishment
of interaction in the “enterprise — consumer — enterprise” system. The
proposed intellectual and innovative technologies to improve the inter-
action of the “Golden Dukat” company with customers are:

— interactive jewelry design studio;

- 3D visualization and virtual fitting of selected jewelry;

— integration of the online platform with biometric data of the companys

customers;

— eco-design of the companys products;

— interactive training services for the company’ clients.

These technologies are developed on the basis of sustainable devel-
opment goals aimed at finding optimal solutions to economic and envi-
ronmental problems, smart consumption and technological progress.

The economic assessment of these intellectual and innovative tech-
nologies is based on a study of their specifics, which is presented below.

The interactive jewelry design studio is a modern intellectual and in-
novative technology that allows the consumer to create, edit and visual-
ize jewelry in an online format, using integrated digital tools, artificial
intelligence and innovative interfaces. The studio provides active user
interaction with the program through intuitive interfaces, such as touch
screens, virtual and augmented reality devices (VR, AR), generative
design, etc. The interactive jewelry design studio will allow customers
of the Golden Ducat company to fully personalize the jewelry creation
process, choosing materials, shapes, colors and decorative elements ac-
cording to their preferences. Thanks to artificial intelligence and innova-
tive algorithms, the studio will provide automatic recommendations that
will help the client create harmonious and aesthetically perfect designs.
Real-time 3D visualization makes it possible to see the exact appear-
ance of the future product, which increases confidence in its choice and
reduces the likelihood of errors. Integration with digital platforms allows
customers to save their designs, share them on social networks or place
orders directly through the online interface. The interactive studio can
adapt to the needs of a particular user, in particular by configuring the
workspace, style templates or proposed algorithms based on the analysis
of previous projects. The availability of the online format makes this
technology convenient for customers anywhere in the world, provid-
ing a unique experience of creating jewelry with maximum comfort.

3D visualization and virtual fitting of selected jewelry is a modern tech-
nology that opens up the exact appearance of jewelry to customers of the
“Golden Ducat” company in real time. They can try on products without
leaving their home and understand whether the jewelry meets their
expectations. This technology is designed to allow customers to see how
the jewelry fits their skin tone, style or other physical parameters. This
creates a feeling that the product is made just for them. When customers
better understand what a product looks like, the likelihood of post-pur-
chase disappointment is reduced, which reduces the number of returns.

This feature is based on technology that allows each piece of jewelry
to be digitized using sophisticated algorithms that take into account even
the smallest details and ensure the image is realistic. Artificial intelligence
evaluates the user’s physical parameters (for example, through a photo or
video) and adapts the appearance of the jewelry to their individual char-
acteristics. Virtual fitting is performed using AR. The technology is opti-
mized to work on different platforms, which contributes to its accessibility.

The integration of the online platform of the “Golden Ducat” company
with customer biometric data is an advanced intellectual and innova-
tive technology that allows to create a unique customer experience,

ensuring the accuracy and speed of interaction with the company’s
services. Thanks to biometric data (fingerprints, face or hand geometry,
etc.), customers can receive jewelry that exactly matches their physical
characteristics. This guarantees a perfect fit of the product. The use of
biometric data reduces the time for selecting product parameters, as the
system automatically adapts offers to the individual characteristics of
the client. Authorization using biometrics reduces the risk of unauthor-
ized access to the account.

The online platform uses sophisticated algorithms to analyze cus-
tomer biometric data and convert them into parameters for making
jewelry. The system is constantly improving, learning from customer
data to offer more accurate personalized solutions. The accuracy of the
parameters reduces the risk of errors in production and reduces the
level of costs for rework or returns.

The eco-design of the products of the “Golden Dukat” Jewelry Com-
pany includes the use of certified materials that can be recycled. Infor-
mation about the origin of materials and the sustainability of produc-
tion helps to form an emotional connection between the client and the
brand. Eco-design reflects the values of conscious consumption, which
are becoming increasingly important for modern customers, especially
the younger generation.

When implementing a number of intellectually innovative solu-
tions for eco-design and sustainable development, the company will
use algorithms to calculate the exact amount of materials needed to
make jewelry, minimizing waste. At the same time, “Golden Dukat”
will recycle precious metals and stones to create new products without
losing their quality. The production processes use modern energy-efh-
cient technologies that reduce the carbon footprint, as well as artificial
intelligence to create designs that take into account the minimization
of resource use and maximum durability of products. Blockchain algo-
rithms are integrated into the technology to track the supply chain of
materials and ensure their sustainable origin. This will allow attracting
an eco-conscious audience of consumers who are looking for ethical
and ecological brands, and the optimization of resources and the use
of secondary materials is designed to reduce the cost of production. An
innovative approach to environmental friendliness will distinguish the
company from other market operators.

Interactive customer training services of the “Golden Dukat” company
are aimed at increasing customer awareness of the jewelry business,
the processes of creating jewelry and the use of materials. They can
combine educational functions and innovative technologies, creating
a unique customer experience that contributes to the formation of trust
in the brand and increasing loyalty.

Online platforms and mobile applications provide the opportu-
nity to receive knowledge at any convenient time, which corresponds
to modern trends in distance learning. Using these services, custom-
ers better understand how to choose jewelry, taking into account the
characteristics of precious materials, style and trends. The intelligent
systems embedded in the technology analyze the preferences and level
of knowledge of the client, offering it an individual training plan. The
services will position the brand of the “Golden Dukat” company as
an expert in its field, which increases its authority among customers.
They emphasize the technological and creative component of the brand,
distinguishing it among competitors.

A review of intellectual and innovative technology projects for the
“Golden Dukat” Jewelry Company showed that the implementation
of such solutions will contribute to a significant increase in the level of
interaction with customers and, accordingly, the efhiciency of business
processes and the competitiveness of the company.

3.4. Substantiation of the system of parameters for expert assess-
ment of the level of intellectualization of innovative technologies

Based on the fact that the simultaneous implementation of all the
above intellectual and innovative technologies is a rather expensive
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task, it is necessary to choose those of them that are optimal for the
modern conditions of the enterprise’s functioning. For this purpose,
a system of parameters has been formed, designed to substantiate the
depth and quality of intellectualization of each technology, thanks to
which the company will increase the efficiency of interaction with
customers. Among the array of existing parameters, key ones have
been selected, taken for further economic evaluation, and which are
considered in more detail: autonomy, adaptability, machine learning,
interactivity, integration.

- Autonomy (CONF)is the ability of the system to function without
direct human intervention, performing tasks independently, which
in particular provides for: making decisions based on data analysis,
independent execution of operations, even in cases of variable or
complex conditions, minimal dependence on human actions during
the execution of routine or repetitive processes. Automation is associ-
ated with process autonomy, which includes: monitoring processes,
their automatic correction in case of deviations, finding the most ef-
fective ways to perform tasks, responding to external factors, etc. The
implementation of the autonomy factor in the intellectual and inno-
vative technologies of the “Golden Dukat” company can ensure: the
operation of chatbots that provide customer support 24/7, automatic
processing of requests for the return or exchange of goods, personal-
ization of offers based on customer data, determination of changes in
demand and price dynamics for raw materials or products, substan-
tiation of investment recommendations, etc.

- Adaptability (CONF,) is the ability of the system to change its
behavior, algorithms or operating parameters, depending on changes
in the external or internal environment. It is an important param-
eter of intellectualization, as it allows systems to: respond to new cir-
cumstances, maintain or improve efficiency in changing conditions,
learn based on accumulated experience, etc. By analyzing the level
of demand, the system can change the volume of orders for goods or
redirect them to segments with greater demand. Also, the system can
automatically change the settings of the equipment for manufacturing
different types of products, according to demand. The application of
adaptability characteristics by the “Golden Ducat” company can be
especially important in the case of dynamic assortment management.
If the demand for a certain product changes (for example, due to sea-
sonality, fashion trends), the system automatically adjusts production
or purchases. Based on market analysis, the system changes promotion
strategies, focusing on relevant products or regions. In the event of
changes in customer ratings or purchasing power, the system offers
personalized conditions.

- Machine learning (CONF3). The main feature of machine learning
is the ability of systems to “learn” based on experience (data), rather
than following clear instructions. The system receives and analyzes
large amounts of information, its algorithms use data for forecast-
ing purposes. For the “Golden Ducat” company, this characteristic,
in particular, will help to identify income, expenses, market risks,
fraudulent transactions. By analyzing customer behavior, it will pro-
vide personalization of offers, increasing their loyalty. The system
can predict equipment maintenance, automatically adjust produc-
tion plans and detect product defects, optimize inventory manage-
ment and respond to external changes, determine the target audi-
ence, and increase advertising effectiveness.

— Interactivity (CONF,) — the systems ability to effectively interact
with users or other systems in real time. In the technologies for interact-
ing with customers of the “Golden Ducat” company, interactivity opens
up opportunities for improving their service and optimizing business
processes. Thanks to interactive technologies, the company can create
convenient interfaces for customers, which will allow them to quickly
receive the necessary information, place orders or contact support.
Chatbots and voice assistants ensure 24/7 service availability, respond-
ing to customer requests in real time. Interactivity makes it possible to

create personalized dashboards for analyzing income, expenses and fi-
nancial indicators, which makes resource management convenient and
transparent. Interactive platforms contribute to the effective interaction
of “Golden Ducat” with customers, offering personalized promotions
or recommendations based on their behavior. At the level of produc-
tion and logistics processes, interactivity contributes to quick access to
data on the status of equipment, delivery routes, and warehouse stocks,
which ensures a prompt response to changes.

— Integration (CONF;) - the ability of the system to seamlessly inter-
act with other technological platforms, tools and processes, creating
a single harmonious environment. For “Golden Ducat’, this abil-
ity is a key condition for the effective functioning of the business,
ensuring the coordinated work of all components of the company.
Integration of various systems, such as CRM, ERP, analytical plat-
forms and automated production modules, will allow the company
to significantly increase productivity and minimize costs. For ex-
ample, a single platform can automatically update inventory data,
optimize production capacities and plan logistics processes in real
time. Integration solutions also significantly improve the customer
experience. By using data from various sources, “Golden Ducat”
can personalize services, quickly respond to customer requests and
provide relevant information. In addition, integration contributes to
the effective combination of analytics, social media and e-commerce
for conducting complex campaigns. Integrated systems provide data
from banking systems, accounting and forecasting tools, which con-
tributes to the prompt adoption of strategic decisions. They also in-
crease the level of security, ensuring centralized control of access to
information and effective monitoring.

According to the above parameters, it is obvious that all of them
will provide sustainable development concepts, promoting a balance
between economic efficiency, environmental responsibility and social
well-being. In particular, autonomy contributes to the rational use of
resources. By automating processes and reducing the need for human
intervention, systems minimize energy and material costs, ensuring efh-
ciency and durability. Adaptability allows to quickly respond to changes
in the external environment, in particular economic, environmental or
social. This reduces the risks of excessive resource consumption and
ensures the stability of the company’s functioning even in crisis condi-
tions. Machine learning supports sustainable development through the
analysis of large volumes of data and accurate forecasting. For example,
it helps to optimize production processes, reduce waste, reduce green-
house gas emissions and create more efficient consumption models.
Interactivity leads to an increase in the level of user involvement in
sustainable development. Interactive systems can provide users with
recommendations on reducing energy consumption or using environ-
mentally friendly products and services. Integration provides a single
platform for effective process management, which allows for better
coordination of actions within organizations, support environmental
initiatives, and promote more rational use of resources through data
exchange between different systems.

Despite the value of the above parameters, their use for the eco-
nomic assessment of the level of intellectualization of technologies has
limitations. The main ones are considered.

It is difficult to objectively assess the extent to which a system is
autonomous, since some processes may be partially automated, but still
require minimal human intervention. The lack of clear metrics makes
it difficult to compare the level of autonomy between different systems.
The level of adaptability largely depends on the volume, quality, and
relevance of data. If the data is incomplete, outdated, or unrepresenta-
tive, the system may react incorrectly or inefficiently adapt to changes.
The effectiveness of machine learning algorithms depends on large
amounts of data and computing resources. For the “Golden Ducat”
company, this can be a problematic aspect due to the high cost of creat-
ing and maintaining such systems.

G
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Machine learning models can be biased if they are trained on
irrelevant data. This leads to erroneous decisions or unfair interpre-
tations of results. Interactivity is limited by the level of users: while
interactive systems improve interaction, their effectiveness can be
limited by the technical skills of users who do not fully understand
how the system works. The integration of systems requires significant
resources to configure, combine data, and ensure compatibility be-
tween different platforms.

Individual metrics only assess certain aspects of intellectualization,
leaving out the integral picture. For example, a high level of interactivity
does not always mean a high level of autonomy or adaptability. As-
sessing the level of intellectualization of technologies does not always
directly reflect their impact on business processes. A technology may be
technically intelligent, but its implementation may not justify the costs
due to market specifics or other factors.

The limitations of these metrics do not reduce their importance,
but emphasize the need for a comprehensive approach to assessing
the level of intellectualization of technologies. For the “Golden Ducat’,
it is important to consider these challenges, balancing between the
implementation of innovations, efficiency, cost and real impact on the
business. The above proves the truth of hypothesis 1. Without a doubt,
intellectualization can significantly improve operations, convenience
and personalization. However, it should be noted that not only custom-
er perception is a determinant of the company’s success, other factors
also affect the final result: product quality, emotional connection with
customers, market conditions, as well as the human factor. In addition,
technical failures, high implementation costs or negative perception of
new systems by customers can limit the expected effect. Therefore, suc-
cess depends not only on customer loyalty, which is determined by the
level of intellectualization of technologies, but also on a comprehensive
approach to its implementation, which takes into account the efficiency
of business processes and economic feasibility. Therefore, the proposed
system should be suitable for adjustment in terms of individual pa-
rameters responsible for certain characteristics of intellectualization.

3.5. Development of a mathematical model for economic assess-
ment of the level of intellectualization of enterprise technologies

For economic assessment and selection from a set of optimal
intellectual and innovative technologies for further implementation
by the “Golden Ducat” Jewelry Company, they must be studied us-
ing the parameters proposed above. Given that in such cases the pa-
rameters are of different types, degrees of significance are established
for them, in particular, using the Saaty pairwise comparison method.

The justification of the author’s model for economic assessment of
intellectual and innovative technologies is based on methodological
developments [27-29]. Using the comparison algorithms proposed by
scientists, the basis for expert assessment of the parameters of intellec-
tual and innovative technologies was formed and applied to the situation
with the “Golden Ducat” company.

So, based on the Saaty pairwise comparison method, assessments
of the advantages of the qualitative characteristics of intellectual and in-
novative technologies were made within the framework of a nine-point
scale. The following scores are determined: “1” - the advantage of ele-
ment o; over a; is absent; “2” — almost unstable; “3” — stable; “4” — almost
significant; 57 significant; “6” — almost unconditional; “7” - uncon-
ditional; “8” — almost undeniable; “9” — undeniable. The assessment
should be carried out for one element, and the level of dominance of
others should be established using logical transitivity: if the i-th compo-
nent prevails over the j-th, which, in turn, has a certain advantage over
the k-th, then the only fair thing is that the i-th component prevails over
the k-th more than the j-th. For further evaluation of technologies, it is
necessary to determine the minimum estimates of the advantages of
other parameters over the i-th. The obtained expert assessments are sys-
tematized in the form of a square diagonal inverse-symmetric matrix:

R
R
Q

1 a n
(1 a, aln_
% E 1 ... a
A=a, |a, o (1)
. . co
o (1L 1
L% G J

The choice of a square matrix corresponds to situations when each
element is compared with every other in the system, including itself.
If the analyzed system has n elements, then the size of the matrix will
be nxn. The elements on the main diagonal correspond to the compari-
son of the element with itself. Usually, they are equal to one, because
the influence of the element on itself is always absolute. The property
of inverse symmetry means that if a;; is an estimate of the influence of
element i relative to j, then aj=1/a;; which is consistent with the logic -
if element i is twice as important as j (a; =2), then element j is half as
important as i (a;=0.5). This approach is based on the principle of tran-
sitivity, which ensures logical consistency in comparisons and allows to
identify the consistency of expert reasoning.

The significance parameters (a;) in matrix (1) are determined by
the expression:

1 1
a=

-1
n
= =z (2% @)
a,+a,+..+a, < ([=1 ”j
— a

where ajj+as+...+a,; - the sum of the elements of the j-th column.

Based on the results of comparisons of intellectual and innova-
tive technology projects of the “Golden Dukat” company, using pair-
wise comparison matrices, the degree of compliance pconpi(Qy), is
determined, where Q,, is the m-th technology variant, and CONF;
is the i-th parameter. Comparing intellectual and innovative tech-
nologies by each parameter, the required number of pairwise com-
parison matrices of size MxM are formed (M is the number of
analyzed technologies).

To evaluate intellectual and innovative technologies of the “Golden
Dukat” company;, lets note the following. The evaluated intellectual and
innovative technologies of the company are given by the set:

Q:{Qb Q} QmJ QM},

where Q,, - the m-th technology under consideration. The parameters
by which technologies are compared are given by the set:

CONEF{CONF,, CONF>, ... CONF,, ... CONF,},

where CONF,; - the i-th parameter (described in detail in section 3.4).

The congruence of the intellectual and innovative technologies
of the company “Golden Dukat” to the i-th parameter is determined
through a fuzzy set specified on the set of Q-variants peonr(Qpn):

H(JONE (Ql) l""()()NE (QZ) . u()():\'F, (Qm ) } (3)

CONE = , .
' { Ql Qz Qm

The optimal intellectual and innovative technology according to
the system of developed parameters (section 3.4) is the technology that
will demonstrate the best results in all parameters.
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Fuzzy solutions Des are obtained by crossing partial parameters
based on the expression:

Des—CONE, \CONE, ... ACONF =

Mink o Q) Mink oy Q) Mk @Q,)
_ i=Ln i=Ln i=ln (4)
Q Q Q,

According to (4), in the case of equivalence of technology param-
eters, the best one will be the one with the maximum degree of cor-
respondence:

Des=argmas (K, (Q 1. (Q)b,,.(Q, ) 5)

In the case of unequal parameters, the degrees of correspondence
of the fuzzy set Des are calculated as follows:

My (Q,)=min Q) m=1.M, (6)

where a; determines the weight of the parameter CONF; Zai =1,

i=1
which concentrates the fuzzy set CONF; according to the degree of
correspondence of the parameter CONF;.

3.6. Determination of the parameters of economic fea-
sibility of intellectual and innovative technologies of the
enterprise

Comparing the intellectual and innovative technologies of the
“Golden Dukat” Jewelry Company (clause 3.3), using the author’s system
of parameters (clause 3.4), a number of expert considerations were ob-
tained on the basis of pairwise comparisons of the parameter (CONF)
with others.

The logical expressions used were: indisputable advantage of
CONF, over CONF;; no advantage of CONF; over CONF); almost
significant CONF; over CONF; almost unconditional advantage of
CONF; over CONF,.

Based on the obtained estimates, the scores were determined:

1 1 1
=—a,=La, =la,=4a,=—;a,=6;a,, =—
9 13 31 14 41 4 15

a 5=

1 =950y,

The data were summarized in a matrix:

1 9 1 46
1
1,146
9 99 9
PR A )
191, ¢
404 1 =
T
L
6 6 6 |

Applying expression (2) to each of the rows of the matrix (7), the
significance of the parameters of intellectual and innovative technolo-
gies of the “Golden Dukat” company was calculated. The results are
summarized in Table 1.

Table 1

Significance of parameters of intellectual and innovative technologies of
the “Golden Ducat” Jewelry Company

Parameters Calculation of significances
Autonomy (CONF,) a=——""—""—=0048
1+49+1+4+6
a,= v . 0428
Adaptability (CONF 2T o
aptability ( 2) l+1+l+é+§
9 9 9 9
Machine learning (CONF;) a,=————=0048
1+9+1+4+6
! 0.190
aq=——""——=0.
I ivity (CONF *
nteractivity ( 4) £+2+l+l+é
4 4 4 4
! 0.286
q.=—=0.
I i CONF 5
ntegration ( s) l+2+l+é+1
6 6 6 6

In total, the significance of the parameters will be one:

0.048+0.428+0.048+0.190+0.286=1.

The results of calculating the significance of the parameters showed
that the largest share belongs to the parameters “adaptability” — 42.8 %
and “integration’ — 28.6 %, as well as “interactivity” — 19.0 %. The param-
eters “autonomy” and “machine learning” have a share of 4.8 %.

The obtained values are the basis for further analysis of the level
of intellectualization of technologies proposed by the “Golden Ducat”
company for implementation. The calculated results show that the influ-
ence of the parameter “adaptability” is significant, compared to other
parameters. It is “adaptability” that provides the ability to quickly re-
spond to technology changes in conditions, flexibly adjust processes
in accordance with external factors and user requirements. This is a
key element in ensuring the efficiency and competitiveness of modern
intellectual and innovative technologies.

High values are also characteristic of the “integration” and “interactiv-
ity” parameters. Given that “integration” is responsible for the ability of
technologies to effectively interact with other systems, combining data,
processes and functions into a single intelligent ecosystem, this will allow
“Golden Dukat” to ensure the smooth operation of the technology and ex-
pand its capabilities. “Interactivity” reflects the companys ability to use this
technology to establish convenient and effective interaction with customers.

Regarding the parameters “‘machine learning” and “autonomy’, the ob-
tained values may be subjective due to the limitations of their use in a
specific context. For example, “autonomy’, although it has the potential
to improve the company’s efficiency, may be less in demand in conditions
where constant control or user participation is required. Similarly, “ma-
chine learning’, which is relevant only under conditions of sufficient data
availability and the company’s readiness to implement complex algorithms.

The results of the analysis make it possible to determine priorities
for further improvement of technologies aimed at increasing “adapt-
ability”, “integration” and “interactivity”, while taking into account the
possibilities of gradual implementation of autonomous functions and
machine learning algorithms.

It should be noted that during the assessment, situations may arise
when individual parameters turn out to be only partially relevant for
specific conditions of analysis or their use becomes appropriate only in
a certain period of time. In such cases, it is necessary to review the sys-
tem of parameters, making changes to its composition, in accordance
with the algorithm proposed by the author’s model.

i
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3.7. Establishing the level of intellectualization of innovative tech-
nologies of the enterprise in conditions of sustainable development
To establish the level of intellectualization of innovative technolo-
gies of the “Golden Dukat” company, pairwise comparisons were car-
ried out for each of them, using the author’s system of parameters and

the Saaty method (Table 2).

Table 2

Evaluation of intellectualization of innovative technologies of the “Golden
Ducat” Jewelry Company

Intellectual .
. . Dominance type/value of parameter
and innovative | Parameters . P S . .
cechnologics dominance for pairwise comparison matrix

Stable advantage over Q5 (1/3)

Interactive Autonomy | Almost significant advantage over Q5 (1/4)

jewelry design CONE -

studio (Q)) (CONF)) | Undeniable advantage over Q4 (1/9)
Unconditional advantage over Qs (1/7)

3D visualiza- Almost unstable advantage over Q; (1/2)

tion and Adapt- | Ajmose significant advantage over Q5 (1/4)

virtual fitting ability

of selected (CONFE) Unconditional advantage over Q4 (1/7)

jewelry (Q5) Almost unconditional advantage over Qs (1/6)

Integration Significant advantage over Q; (1/5)

of online . Machine | Almost unconditional advantage over Q, (1/6)

platform with learni

biometric data | AN | Unconditional advantage over Qy (1/7)

of compan (CONE3)

clients [() Qj Almost undeniable advantage over Qs (1/8)
Almost unstable advantage over Q; (1/2)

Eco-design Interactivity Almost unconditional advantage over 0 (1/6)

of company CONE. —

products (Q,) ( %) | Almost unconditional advantage over Q5 (1/6)
Stable advantage over Qs (1/3)

Interactive Almost unconditional advantage over Q; (1/6)

training Integration Almost unsustainable advantage over Q, (1/2)

services for -

company (CONF5) | Unconditional advantage over Q5 (1/7)

clients (Qs) Almost unsustainable advantage over Q; (1/2)

Using the parameters of the advantages of intellectual and innova-
tive technologies, paired comparison matrices were compiled:

L1 11
34 9 7
3 333
49 7
A(CONE)=| 4 4 1 éi;
3 9 7
29 1 9
304 _ =
7 7 727
L L5
| 3 4 |
L1 11
24 7 6
5 1 2 22
17 %
A(CONE)=|4 % | 2 4}
2 7 6
7ZZ17
2 4 =
6 6 6 5 °
° 0o
L 2 4 |

L
5 6 7 8
5, 222
6 7 8
A(CONE)=|¢ & 1 & &}
5 7 8
779y
5 6 o
g ¢ 88
__71
L 5 6 i
L1
2 6 6 3
, 1 2022
6 6 3
A(CONE)=|6 & 1 & &}
2 6 3
9116
62 g
NI
| 2 0 6
1111
6 2 7 2
c 1 & 8¢
2 7 2
A(CONE)=|2 2 1 %2 2|
6 7 2
T
6222
2 l
—171
L 6 i

For the given matrices, the degrees of correspondence of the elements
to the fuzzy set L., (Q, ) are established, according to the expression (3).
The results of the matrix calculations reflect the values of the membership
functions W, (Q,,) of the elements Q; to the fuzzy set CONEF.

The fuzzy sets determine the degree of correspondence of the intel-
lectual and innovative technologies of the “Golden Dukat” company
(Q1...Qs5) to the parameters CONF,... CONFs:

———— ] 0546 0.181 0.136 0. .
CONE:{% 6 0181 0.136 00605 0.0776 |
Q @ Q Q

CONF

0.486 0243 0.121 0.069 0.0809
3 ’ Q4 ) Qs ’

CONF

>

0612 0122 01019 00874 0076
Q Q Q QFf

CONF, =

> >

— 0.4618 0.230 0.0769 0.0769 0.154
Q 'Q Q Q Q)

CON 0433 0.0722 0216’000618)02165 .
Q,  Q Q,
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The obtained results need to be clarified taking into account the
significance of the parameters of intellectual and innovative technolo-
gies. For this, each of the components of the fuzzy sets is raised to the
degree of relative significance of the indicator (a; ... a5):

0.048 0.048 0.048
[0.546] [o.m) 0.136
Q 1 Q 1 qQ ’

CONF" = =

0.048 0.048
0.0605 0.0776
Q, 1 Q

_{0.9714 09212 0.9087 0.8740 0.8845}

> > > >

Q Q Q Q Q

0428 0.428 0.428
(0.486) [0.243j [o.mj
coni* =)\ @ Q Q) L

0428 0428
0.069 0.0809
Q, 1 Q

~ {0.7343 0.5458 0.4050 0.3184 0.3409}

> > > >

Q Q Q Q Q

0.048 0.048 0.048
0.612 0.122 0.1019
Q 1 q 1 qQ ’

CONE" = _

0.048 0.048
(0.0874] [0.076
Q, 1 Q

_{0.9767 09039 0.8962 0.8896 0.8836}

> 5 5 >

Q Q Q& Q Q

0.19 0.19 0.19
04618 0230 0.0769
Q ) \ae ) Lae ) .
0.19 0.19 -
[0.0769 0.154
Q, 1 Q

~ {0.8635 0.7564 0.6142 06142 0.7008}

CONF," =

5 5 > >

Q Q Q& Q Q

0.286 0.286 0.286
(0.433] [0.0722] [0.216]
. Q 1 1 '
CONE, =~ ™ ’ ’ =

0.286 0.286
0.00618 0.2165
Q, 1 Q

~ {0.7871 04716 0.6451 02335 0.6456}

> > > >

Q] Qz Q3 Q4 Q5

The calculated values of fuzzy sets show to what extent the proj-
ects of intellectual and innovative technologies of the “Golden Dukat”
company (Q...Qs) satisfy the parameters of selecting the best of them,
according to the nature of intellectualization CONF,...CONFj5 ( Table 3).

Interactive

clients (Qs)

Table 3

Values of fuzzy sets by intellectual and innovative technologies of the
“Golden Dukat” Jewelry Company

Parameters of technology intellectualization

CONF, | CONF, | CONF; | CONF, | CONF;

Intellectual and inno-
vative technologies

Interactive jewelry

design studio (Q) 0.9714

0.7343 | 09767 | 0.8635 | 0.7871

3D visualization
and virtual fitting of
selected jewelry (Q,)

0.9212 | 0.5458 | 0.9039 | 0.7564 | 0.4716

Integration of
online platform with
biometric data of

company clients (Q3)

0.9087 | 0.4050 | 0.8962 | 0.6142 | 0.6451

Eco-design of com-
pany products (Q4)

Interactive training
services of company

clients (Qs)

0.8740 | 0.3184 | 0.8896 | 0.6142 | 0.2335

0.8845 | 0.3409 | 0.8836 | 0.7008 | 0.6456

Based on the data in Table 3, a petal diagram of the correspondence
of the obtained fuzzy sets was formed (Fig. 3). The diagram confirms
that the parameters “autonomy” and “machine learning” play one of the
most important roles in the processes of intellectualization of technolo-
gies. Since they ensure the ability of the company’s systems to enhance
interaction with customers based on independent data analysis, deci-
sion-making and adaptation to changing conditions without the need
for constant human intervention. In the diagram, the high values of
these parameters are smoothed, unlike the values of other parameters -
“adaptability’, “interactivity” and integration” However, considering in-
novative technologies for intellectualization, it is obvious that the most
intellectualized solutions are the interactive jewelry design studio and
3D visualization and virtual measurement of selected jewelry, which
are characterized by high values of almost all parameters.

Interactive
jewelry design
studio (Qy)

1

3D visualization

i e and virtual fitting
re}mmg services of selected jewelry
or company (@)

Integration of
online platform
with biometric data
of company clients

(Q3)
—— Adaptability

Eco-design of
company products

(Q9)

== Autonomy

Fig. 3. Diagram of comparison of weighted assessments of compliance of
intellectual and innovative technologies with the parameters of justification
of the choice of their optimal option

If to analyze the feasibility of choosing technologies based on the
significance of the parameters, then “integration” (0.286, according to
Table 1) is significantly manifested in the technologies of integrating
online platforms with biometric data of the company’s clients, interac-
tive training services of the company’s clients and an interactive jewelry
design studio. This parameter will allow for the unhindered exchange of
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information between different systems, which will increase the efficien-
cy of the work of the “Golden Dukat” company, as well as a personalized
approach to each client and automation of interaction processes with
them. The parameter “interactivity” has high values for all technologies
of the “Golden Dukat” company, but its significance (0.190, according
to Table 1) is lower compared to others. In practice, the parameter “in-
teractivity” can be compensated by “autonomy” and “machine learning”.
The parameter “adaptability” showed the lowest level of impact on the
intellectualization of technologies.

The intersection of fuzzy sets CONE helps to determine the opti-
mal intellectual and innovative technology for the company “Golden
Ducat”. According to the degrees of correspondence of the fuzzy so-
lution Des, this characterizes the degree of optimality of each of the
analyzed technologies:

1,,.Q, =min(0.9714;0.7343;0.9767;0.8635:0.7871) = 0.7343;
1, Q, =min(0.9212;0.5458;0.9039;0.7564;0.4716) = 0.4716;
i, Q, =min(0.9087;0.4050;0.8962;0.6142;0.6451) = 0.4050;
1, Q, =min(0.8740;0.3184;0.8896;0.6142;0.2335) = 0.2335;

W, Q, =min(0.8845;0.3409;0.8836;0.7008;0.6456 ) = 0.3409.

So, the fuzzy set of optimal solutions:

> > > >
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The analysis made it possible to determine the nature of the influ-
ence of intellectualization parameters in the enterprise’s innovative
technologies on their interaction with customers, in particular, tak-
ing into account the conditions of sustainable development. However,
among the analyzed technologies, there is no one that would fully
satisfy the conditions of the developed system, since there is no element
with a degree of correspondence close to unity in the fuzzy set.

An interactive jewelry design studio satisfies the intellectualiza-
tion parameters by 73.43 %, 3D visualization and virtual measurement
of selected jewelry by 47.16 %, integration of online platforms with

biometric data of the company’s customers by 40.50 %, eco-design of
the company’s products by 23.35 %, interactive training services for the
company’s customers by 34.09 %.

3.8. Comparison of the parameters of the company’s technology in-
tellectualization with the expected economic indicators of the enterprise

The determined levels of technology intellectualization indicate the
nature of the impact and depth of the company’s interaction with custom-
ers, however, to substantiate the economic feasibility of their practical
implementation, a number of additional economic indicators should be
taken into account. For this purpose, investment options for the specified
technology projects were considered, based on research conducted by the
“Golden Ducat” company (in terms of financial indicators) and average
market indicators (in terms of forecasting consumer behavior in the sub-
jectarea). A number of the most important indicators are given in Table 4.

So, according to Table 4, it is obvious that among the analyzed tech-
nologies, the most appropriate from an economic standpoint should be
considered an interactive jewelry design studio (the ROI of the project of
this technology is 64.19 %) and the introduction of eco-design of prod-
ucts (ROI - 69.47 %). The payback periods in both cases are quite short
- 7.3 and 7.2 months, respectively. However, the first of these technolo-
gies is characterized by a significantly higher level of intellectualization
- 73.43 %, compared to the second - 23.35 %. The annual growth rate of
the average check size and client base for the technology of introducing
eco-design are also significantly lower than for the technology of the
interactive design studio. When choosing a technology implementation
project, it is necessary to additionally study long-term trends and patterns
of market progress and make strategic decisions. In particular, the stabil-
ity of the growth of sustainable development trends indicates that the
decision to introduce eco-design will not lose its relevance in the coming
years. On the other hand, the digitalization of the economy determines
the need for interactive interactions with customers, and therefore the
implementation of an interactive design studio also looks promising.

Other types of analyzed technologies — 3D visualization and virtual
fitting of jewelry and integration of an online platform with biometric
data of customers of the “Golden Dukat” company showed a significantly
lower level of ROI: 38.34 % and 38.09 %, as well as a slightly longer pay-
back period, 12.8 and 8.6 months, respectively. These innovative tech-
nologies are less consistent with the parameters of the intellectualization
system (47.16 % and 40.50 %), compared to the others described above.
However, they are also promising for implementation by the company
in the current conditions.

Table 4
Indicators of economic feasibility of implementing intellectual and innovative technologies of the “Golden Ducat” Jewelry Company
Intellectual and innovative technologies
Indicators, units of measurement | [neeractive iewelr 3D visualization and Integration of online plat- | Eco-design of Interactive training
desion st dJ' ( Q_l}; virtual fitting of selected | form with biometric data | company products | services for company
esigh studio jewelry (Qy) of company clients (Q3) (Qq) clients (Qs)
Level of compliance of technol-
ogy with the parameters of the 73.43 47.16 40.50 23.35 34.09
intellectualization system, %
I“‘l’f;;‘ﬁ:; f;’trig?};‘j‘;’ggy 25,000 16,700 5,240 19,050 5,000
Expected annual growth in the
average check size, % 15.0-17.5 12.5-15.0 4.5 2.0-4.0 2.3-3.5
Expected annual growth in the
customer base, % 5.7 34 4.0 3.0 2.0
Company income (due to the
corresponding technology), USD 231,533.35 23,056.54 7,233.30 32,518.60 7,701.75
Other expenses, USD 238.10 238.10 238.10 238.10 238.10
ROIL % 64.19 38.34 38.09 69.47 54.03
Expected payback period, months 7.3 12.8 8.6 7.2 7.8
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The implementation of interactive customer training services by the
company is promising for implementation, compared to other technol-
ogy projects. The ROI indicator is 54.03 %, and the payback period is
7.8 months, which confirms the expected effectiveness of such a solution.

The calculations presented in Table 4 have shown that hypothesis
2is not fully confirmed. The level of intellectualization of the analyzed
technologies does not always determine the increase in the profitability
of the enterprise. After all, individual technologies demonstrate a high
level of intellectualization and profitability, but other technologies, with
a significantly lower level of intellectualization, show no less profitable
economic results. This dictates the need to take into account additional
factors, in particular, such as market demand, long-term trends and
features of business functioning.

3.9. Discussion of the results of the economic evaluation of intel-
lectual and innovative technologies of an enterprise in the context of
sustainable development

To study the issues of the economic evaluation of intellectual and
innovative technologies in the context of sustainable development, a
bibliometric analysis was carried out based on the scientometric da-
tabase “Scopus” and on the basis of the VosViewer tool, which showed
a significant lack of developments in the subject area. The term “intel-
lectual and innovative technologies” is mentioned in 1104 documents,
of which only 48 relate to the topic of sustainable development. Dur-
ing such an analysis, several main clusters in the use of this term were
identified, among which contexts related to the economy, intellectual
property rights, ecology and digitalization dominate. At the same time,
this demonstrated the interdisciplinary nature of the problem, and
therefore, solving the issues of the economic evaluation of intellectual
and innovative technologies requires a comprehensive approach that
combines economic, environmental and social components. There-
fore, this vision was applied during further justifications in this work.

To study the specified issues, the “Golden Dukat” Jewelry Com-
pany, which specializes in the production and sale of jewelry for the
middle and premium segments, was selected. The study showed that
the company faces a number of challenges, in particular, the loss of
communication with customers, a decrease in profitability, and insuf-
ficient integration of innovative technologies and principles of sustain-
able development. The main problems are the low level of personal-
ization of interaction with consumers, weak integration with digital
platforms, the lack of interactive services and training programs, as
well as insufficient attention to environmental responsibility in pro-
duction processes. Therefore, the company served as a basis for con-
sidering projects for its implementation of intellectual and innovative
technologies (digital platforms, personalization systems, interactive
services, environmentally responsible practices, etc.). The study of this
topic using the example of the “Golden Ducat” company showed that
intellectual and innovative technologies open up prospects for creating
new business models based on the digitalization of processes and the
integration of modern approaches to customer service. Their imple-
mentation makes it possible to reduce operating costs through automa-
tion and optimization of work processes, which is especially important
in conditions of increasing competition in the market. In addition, such
technologies contribute to obtaining valuable analytics that help make
informed strategic decisions, adapting to rapidly changing market con-
ditions and customer needs. This provides the company with long-term
stability, sustainable growth and an increase in its market positions.

However, the study made it possible to prove that the implementa-
tion of intellectual and innovative technologies is usually accompanied
by financial, technical, personnel, market, environmental and social
risks. The main challenges are high costs, possible technical failures,
lack of qualified personnel, resistance to change, cybersecurity threats,
rapidly changing consumer trends, and insufficient environmental
friendliness of solutions.

To overcome the problems associated with the insufficient level of
interaction of the “Golden Dukat” company with the market environ-
ment, optimization of production resources and implementation of
sustainable development principles, the company was offered solu-
tions. Namely, interactive design studio, 3D visualization, integration of
biometric data, eco-design and interactive training services, which are
aimed at creating a unique customer experience, increasing consumer
loyalty and strengthening the company’s competitive advantages. Par-
ticular attention was paid to the implementation of environmentally
responsible practices that not only contribute to reducing costs, but also
form a positive brand image among conscious consumers.

The study showed that the economic and strategic effect of such tech-
nologies is to increase the average check, reduce the number of returns,
expand the customer base and improve interaction with the target audi-
ence. Successful implementation of these solutions can not only mod-
ernize business processes, but also ensure stable growth of the company,
meeting modern market trends and customer expectations. At the same
time, the above will be accompanied by a number of limitations and risks
associated with financial costs, technical difficulties of integration, possible
personnel resistance, cybersecurity threats, as well as uncertainty of market
perception and economic efficiency. In addition, there are risks associated
with the implementation of environmental practices and their compli-
ance with customer expectations. To reduce these risks, careful planning,
employee training, ensuring data protection and adapting solutions to
changing market conditions are necessary, which will ensure the successful
implementation of innovations and stable development of the company.

For the effective implementation of intellectual and innovative tech-
nologies in the activities of the “Golden Ducat” company, they were
carefully assessed for intellectualization and its expected impact on the
company's economic indicators. The key parameters proposed by the
author’s system, such as autonomy, adaptability, machine learning, inter-
activity and integration, provide various aspects of intellectualization,
including personalization, automation, analytics and system integration.
Unlike the known ones, their implementation allows to optimize re-
sources, improve interaction with customers and support the principles
of sustainable development. At the same time, the objectivity of evalu-
ating justified parameters is complicated by the lack of clear metrics,
dependence on data quality, high implementation cost and the risk of
technical failures. It should be noted that hypothesis 1, about the positive
impact of technology intellectualization on operations, convenience and
personalization, is confirmed, but the success of the enterprise depends
not only on customer loyalty. Practical study of the topic of this work al-
lows to assert that important factors are also product quality, emotional
connection with customers, market conditions and the human factor.
Thus, the proposed system of parameters requires a comprehensive
approach to evaluation, taking into account not only technical aspects,
but also economic feasibility and real impact on business processes.

The system of parameters for economic evaluation and selection of
optimal intellectual and innovative technologies is based on the Saaty
paired comparison method. This approach made it possible to assess the
qualitative characteristics of technologies by the degree of their signifi-
cance, in particular: autonomy, adaptability, machine learning, interac-
tivity and integration. The assessment was carried out through expert
comparisons, the results of which were entered into a square inverse-
symmetric matrix that takes into account transitivity between elements.
The degree of compliance of each technology with the given parameters
was determined using fuzzy sets, which ensures objectivity and consis-
tency of assessments. The optimal technology is defined as one that dem-
onstrates the highest compliance with all parameters. In cases of unequal
significance of parameters, weighting coefficients are used, which allow
taking into account their different impact on the effectiveness of the as-
sessment. Unlike the known ones, the proposed approach provides a com-
prehensive analysis of intellectual and innovative technologies, contribut-
ing to the adoption of well-founded decisions on their implementation.

s
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Comparison of intellectual and innovative technologies of the “Gold-
en Dukat” company based on the author’s system of parameters showed
the priority of development of “adaptability”, “integration” and “inter-
activity” to ensure the competitiveness of the company’s technologies.
At the same time, “autonomy” and “machine learning” remain less in
demand due to limitations in the context of specific implementation
conditions, such as data availability or the need for constant monitoring.
For effective improvement of technologies, it is important to take into
account the relevance of parameters in specific conditions and periodi-
cally review the evaluation system, adjusting it in accordance with the
needs of the business and the algorithm of the author’s model. This will
ensure the integrity of the approach and adaptation to changing market
conditions. The results of the analysis demonstrate that the most intel-
lectualized technology is the interactive jewelry design studio, which
meets the parameters by 73.43 %. Other technologies have lower degrees
of compliance: 3D visualization and virtual fitting — 47.16 %, integration
of online platforms — 40.50 %, interactive learning services — 34.09 %,
eco-design of company products — 23.35 %. The study showed that the
greatest impact on the level of intellectualization is exerted by the “au-
tonomy” and “machine learning” parameters, which ensure the ability
of technologies to adapt to changing conditions and automatically make
decisions. The parameters “integration” and “interactivity” are also im-
portant for ensuring effective interaction with customers and creating
integrated ecosystems. In contrast, “adaptability” demonstrated the least
impact on the overall level of intellectualization. However, among the
technologies considered, there is no solution that would fully satisfy all
the parameters of the intellectualization system. At the same time, the
results allow to identify priorities for further improvement of technolo-
gies and their adaptation to the conditions of sustainable development,
which will contribute to increasing the efficiency of the company’s work.

A study of the economic feasibility of implementing intellectual and
innovative technologies of the “Golden Dukat” company showed that
the most effective from an economic point of view are the interactive
jewelry design studio (ROI - 64.19 %, payback period - 7.3 months)
and eco-design of products (ROI - 69.47 %, payback period — 7.2 months).
At the same time, a comparison with the intellectualization parameters
indicates that the interactive design studio has a significantly higher level
of intellectualization (73.43 %), which makes it more promising in the
conditions of digitalization of the economy. Other technologies, such
as 3D visualization and virtual fitting of selected jewelry, integration of
online platforms with biometric data and interactive learning services,
demonstrate lower ROI indicators (38.34 %, 38.09 % and 54.03 %, re-
spectively) and a longer payback period. However, they also have the
potential for implementation, given their ability to improve customer
interaction and optimize business processes.

The study findings confirm that a high level of technological in-
tellectualization does not always correlate with maximum economic
effect, which shows incomplete confirmation of hypothesis 2. The ef-
fectiveness of technology implementation depends on many factors,
including market demand, sustainable development trends and busi-
ness specifics. This emphasizes the need for a strategic approach to
technology selection, taking into account not only economic, but also
long-term perspectives and current market needs.

4. Conclusions

A number of intellectual and innovative technologies with a high
level of intellectualization were considered. Among them: interactive
jewelry design studio, 3D visualization and virtual fitting of jewelry,
integration of online platforms with biometric customer data, eco-
design of products and interactive customer training services. The study
confirmed that the implementation of the above-mentioned intellec-
tualized technologies can increase the efhiciency of business processes,
improve the competitiveness of the company and create a unique cus-

tomer experience that will meet modern market trends and principles
of sustainable development.

The work developed a system of parameters for assessing the level
of intellectualization of the proposed technologies for the “Golden
Ducat” Jewelry Company, among which the key ones are: autonomy,
adaptability, machine learning, interactivity and integration.

The developed theoretical and methodological basis in the subject
area contributed to the development of a methodology for the economic
evaluation of intellectual and innovative technologies for the “Golden
Ducat” Jewelry Company. The application of the Saaty paired compari-
son method is proposed to determine the degrees of significance of key
parameters and compare technologies. The developed evaluation system is
based on the formation of a square inverse-symmetric matrix, which takes
into account logical transitivity and consistency of expert assessments. The
optimal technology is defined as the one that has the maximum degree of
correspondence for all parameters, taking into account weight coefficients.

A comparative analysis of intellectual and innovative technologies
of the “Golden Dukat” company using the author’s system of parameters
and the paired comparison method showed that the most significant
parameters are “adaptability” (42.8 %), “integration” (28.6 %) and “inter-
activity” (19.0 %). Of lesser significance are “autonomy” and “machine
learning” (4.8 % each). According to the results of the analysis, adaptabil-
ity turned out to be a key parameter that ensures an effective response to
changes in external conditions, process adaptation and increased com-
petitiveness. Integration contributes to the creation of a single ecosystem
for the integration of data, processes and functions, ensuring the smooth
operation of technologies. Interactivity improves interaction with us-
ers, creating a convenient and personalized customer experience. Au-
tonomy and machine learning, although important, are less in demand
due to the limitations of their use in a specific context of the company.

The level of compliance of each analyzed intellectual and in-
novative technology with the parameters of intellectualization was
determined. In particular, the highest compliance was shown by the
interactive jewelry design studio (73.43 %), followed by 3D visualiza-
tion (47.16 %) and the integration of online platforms with biometric
data (40.50 %). Thus, the interactive jewelry design studio and 3D vi-
sualization and virtual jewelry fitting are the most intellectualized solu-
tions that provide a high level of personalization and effective interac-
tion with customers. The integration parameter (0.286) significantly
affects the efficiency of technologies, ensuring seamless interaction
between systems and personalization of services. Interactivity has
a significant impact, but its effect can be enhanced due to autonomy
and machine learning. Other technologies (eco-design - 23.35 % and
training services — 34.09 %) also have prospects for implementation,
but their level of intellectualization is lower. None of the technologies
fully satisfies all the intellectualization parameters, which indicates the
need for further improvement of models and assessment processes.

The analysis of the economic feasibility of implementing intellectual
and innovative technologies in the “Golden Ducat” company showed
that the most profitable solutions are an interactive jewelry design stu-
dio (ROI - 64.19 %, payback period - 7.3 months) and eco-design of
the company’s products (ROI - 69.47 %, payback period - 7.2 months).
Despite similar payback periods, the design studio has a significantly
higher level of intellectualization (73.43 %), which makes it a priority
choice for implementation. 3D visualization and integration of an online
platform with biometric data demonstrate a lower ROI (38.34 % and
38.09 %) and a longer payback period (12.8 and 8.6 months), but remain
promising in the conditions of modern market requirements. Interactive
customer training services showed an ROI of 54.03 % with a payback
period of 7.8 months, which confirms their economic feasibility. The
results shown indicate that a high level of intellectualization does not
always guarantee higher profitability. When choosing technologies, it is
important to consider factors such as market demand, long-term trends,
and business specifics.
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