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THE ENVIRONMENTAL IMPACT OF SILVER NANOPARTICLES
ON MEDITERRANEAN SEA URCHIN EMBRYONAL DEVELOPMENT

Petra Burié, Assistant professor, Juraj Dobrila University of Pula, Croatia

The proliferation of silver nanoparticles (AgNP) across various
industrial and consumer products raises concerns about their potential
environmental impact, particularly in aquatic ecosystems [1, 2, 3]. This study
evaluates the species-specific effects of 60 nm AgNP on embryonal
development in three Mediterranean sea urchin species: Arbacia lixula,
Paracentrotus lividus, and Sphaerechinus granularis. Exposing embryos to
AgNP concentrations ranging from 1 to 100 pg L-1 revealed significant
developmental abnormalities, especially in A. lixula at the lowest
concentrations. Our findings highlight the importance of exposure timing,
with later stages showing greater sensitivity, suggesting additional
mechanisms of AgNP toxicity. This research underscores the need for careful
consideration of developmental stages in nanoparticle toxicity testing.

Engineered nanoparticles (ENP), particularly silver nanoparticles
(AgNP), are increasingly prevalent in various applications, from electronics
to biomedicine. Their release into aquatic environments poses potential risks
due to their stability and toxicity, particularly to marine organisms. AgNP
are highly toxic to aquatic life, with toxicity influenced by their aggregation,
agglomeration, and dissolution behaviors in high ionic strength
environments like seawater. Understanding their environmental fate and
impact is crucial for assessing ecological risks.

Chemicals and AgNP Characterization: Silver nitrate and tri-sodium

citrate were used to synthesize AgNP, characterized by UV absorbance
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spectroscopy, indicating a peak at 435 nm consistent with 60 nm
nanoparticles.

Embryo Exposure: Embryos of A. lixula, P. lividus, and S. granularis
were exposed to AgNP concentrations (1-100 pg L-1) at different
developmental stages (fertilized egg, 4 cell, blastula, and gastrula). Exposure
durations varied, with a focus on determining the impact of first exposure
time on developmental outcomes.

Species-Specific Sensitivity:

- Arbacia lixula: The most sensitive, showing significant developmental
abnormalities at 1-10 pg L—1. Embryos first exposed at 6 and 24 hours post-
fertilization were most affected.

- Paracentrotus lividus: Similar effects occurred at higher concentrations
(50-100 pg L-1), regardless of exposure timing.

- Sphaerechinus granularis: Exhibited moderate sensitivity with

significant abnormalities at 10-50 pg L—1.
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Figure. 1. Fertilisation
Impact of Exposure Timing: Later post-fertilization exposure resulted
in greater developmental changes, suggesting that timing is critical in
evaluating nanoparticle toxicity.
Our findings align with previous studies indicating that heavy metals

and nanoparticles disrupt sea urchin development. The sensitivity
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differences among species and stages suggest that AgNP toxicity involves
complex mechanisms, potentially including Ag+ ion release and
nanoparticle-specific interactions. These effects underscore the importance
of considering both concentration and exposure timing in nanoparticle
toxicity assessments.

Silver nanoparticles significantly impact Mediterranean sea urchin
embryonal development, with species-specific sensitivities and timing-
dependent effects. A. lixula embryos are particularly vulnerable at low
concentrations, while P. lividus and S. granularis show variable sensitivity.
This study highlights the need for nuanced approaches in nanoparticle
toxicity testing, accounting for species and developmental stage specificity.

This thesis highlights the crucial role of nanoparticles' environmental
fate and their species-specific effects on marine organisms, emphasizing the
need for thorough and stage-specific toxicity evaluations to better

understand and mitigate potential ecological impacts.
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THE INTRODUCTION OF VAR TECHNOLOGY IN FOOTBALL:
ENHANCING DECISION-MAKING PROCESSES
Snjezana Babi¢, associate professor Ph.D., Juraj Dobrila University of Pula,

Croatia

Football, often referred to as the beautiful game, has undergone
significant technological advancements in recent years. One of the most
transformative innovations has been the introduction of Video Assistant
Referee (VAR) technology. VAR aims to enhance the decision-making
process for on-field referees by providing them with additional support
from a team of experts located in the Video Operations Room (VOR). This
collaboration is intended to improve the accuracy of critical decisions during
matches, thus preserving the integrity and fairness of the sport. However,
the effective implementation of VAR requires thorough education and
practical experience for all participants involved. This paper explores the
perceptions of Croatian VARs and Assistant VARs (AVARs) regarding the
use of VAR technology, highlighting the benefits and challenges associated
with its application.

VAR technology was introduced to address the limitations of human
refereeing, particularly in situations that are difficult to judge in real-time.
The primary functions of VAR include reviewing decisions related to goals,
penalties, red cards, and cases of mistaken identity. The process involves a
team of VARs and AVARs who analyze video footage and communicate
their findings to the on-field referee. This collaboration is intended to ensure
that decisions are as accurate as possible, thereby reducing the likelihood of

controversial outcomes.
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The introduction of VAR has not only revolutionized the decision-
making process but also sparked debates among fans, players, and officials.
Proponents argue that VAR enhances fairness by correcting clear and
obvious errors, while critics contend that it disrupts the flow of the game
and may lead to inconsistent interpretations of the rules. Despite these
differing viewpoints, the overall goal of VAR is to support referees and
uphold the integrity of football.

Education and Practical Experience in VAR Implementation. The
successful implementation of VAR technology relies heavily on the
education and practical experience of all participants involved. This includes
on-field referees, VARs, and AVARs who must be well-versed in the
technology and its application. Training programs are designed to equip
referees with the skills needed to operate VAR systems effectively and make
informed decisions based on video evidence.

Education programs typically cover various aspects of VAR technology,
including the technical components, operational procedures, and
communication protocols. Referees undergo rigorous training sessions that
simulate real match scenarios, allowing them to practice using VAR in a
controlled environment. This practical experience is crucial for building
confidence and ensuring that referees can seamlessly integrate VAR into
their decision-making process during actual matches.

Furthermore, continuous professional development is essential to keep
referees updated on the latest advancements in VAR technology and any
changes to the rules of the game. Regular workshops, seminars, and
assessments help maintain high standards of performance and ensure that

referees are proficient in using VAR effectively [1, 2, 3, 4].

12
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Research on Perceptions of VAR Technology Among Croatian VARs
and AVARs. To gain insights into the effectiveness of VAR technology and
its impact on football, a study was conducted among Croatian VARs and
AVARs who have received training and education on the use of VAR. The
research aimed to understand their perceptions of VAR, including its
benefits, challenges, and overall impact on the decision-making process.

The study employed a mixed-methods approach, combining
quantitative surveys with qualitative interviews. The survey was designed
to gather data on the participants' experiences with VAR, their confidence in
using the technology, and their views on its effectiveness. The interviews
provided an opportunity for participants to share their personal experiences
and elaborate on their perceptions of VAR in greater detail.

Participants included a diverse group of Croatian VARs and AVARs, all
of whom had undergone formal training in VAR technology. The data
collected from the surveys and interviews were analyzed to identify
common themes and patterns in the participants' responses.

The results of the study revealed several key insights into the
perceptions of Croatian VARs and AVARs regarding the use of VAR
technology in football:

1. Enhanced Decision-Making Accuracy: Participants overwhelmingly
agreed that VAR technology has improved the accuracy of decision-making
in football. The ability to review video footage and consult with a team of
experts allows referees to make more informed decisions, reducing the
likelihood of errors and controversial calls.

2. Increased Confidence: The training and education provided to VARs
and AVARs have significantly increased their confidence in using the

technology. Participants reported feeling more assured in their decision-

13



InterSci 2024: Global innovations in modern science, Juraj Dobrila University of Pula

making abilities, knowing that they have the support of VAR to verify
critical decisions.

3. Challenges and Limitations: Despite the benefits, participants also
identified several challenges associated with VAR technology. One of the
primary concerns was the potential for VAR to disrupt the flow of the game.
The time taken to review decisions can lead to stoppages, which may affect
the momentum of the match and frustrate players and fans.

4. Consistency in Application: Another challenge highlighted by
participants was the need for consistency in the application of VAR.
Different referees may interpret the same incident differently, leading to
variations in decision-making. Standardized guidelines and continuous
training were suggested as ways to address this issue and ensure uniformity
in the use of VAR.

5. Communication and Coordination: Effective communication
between on-field referees and the VAR team was identified as a critical factor
in the success of VAR technology. Participants emphasized the importance
of clear and concise communication to ensure that decisions are made
efficiently and accurately.

The findings of this study highlight the positive impact of VAR
technology on the decision-making process in football, while also
underscoring the need for ongoing education and training. The enhanced
accuracy and increased confidence reported by Croatian VARs and AVARs
demonstrate the potential of VAR to improve the fairness and integrity of
the game. However, the challenges related to game flow disruption,

consistency, and communication must be addressed to maximize the

benefits of VAR.
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The insights gained from this research can inform the future
development and implementation of VAR technology in football. Based on
the findings, several recommendations can be made:

1. Enhanced Training Programs: Continuous professional development
and training programs should be established to keep referees updated on
the latest advancements in VAR technology and ensure consistent
application of the rules.

2. Standardized Guidelines: Developing standardized guidelines for the
use of VAR can help ensure uniformity in decision-making and reduce
discrepancies between different referees.

3. Improved Communication Protocols: Enhancing communication
protocols between on-field referees and the VAR team can streamline the
decision-making process and minimize disruptions to the game.

4. Public Education and Transparency: Increasing public awareness and
understanding of VAR technology can help mitigate criticism and build trust
among fans. Transparency in the decision-making process can also enhance
the credibility of VAR.

5. Technological Advancements: Continued investment in technological
advancements can improve the efficiency and accuracy of VAR systems.
Innovations such as automated offside detection and enhanced video
analysis tools can further support referees in making accurate decisions.

Conclusion

The introduction of VAR technology in football has brought about
significant changes to the decision-making process, providing referees with
valuable support and enhancing the accuracy of critical decisions. The
perceptions of Croatian VARs and AVARs highlight the benefits of VAR,

including improved decision-making accuracy and increased confidence

15
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among referees. However, challenges related to game flow disruption,
consistency, and communication must be addressed to fully realize the
potential of VAR technology. The findings of this research offer valuable
insights for the future development and implementation of VAR in football.
By investing in continuous education, standardized guidelines, improved
communication  protocols, public education, and technological
advancements, the football community can enhance the effectiveness and
acceptance of VAR technology. Ultimately, the goal is to uphold the integrity
and fairness of the game, ensuring that football remains a sport that is both

beautiful and just.
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EFFECTIVENESS OF DEVELOPMENT-LIMITING BOUNDARIES IN
CURBING URBAN SPRAWL IN CHINESE CITIES: A CASE STUDY OF
WUHAN
Ronghui Tan, Huazhong University of Science & Technology, China

Development-limiting boundaries are critical in regulating land use in
Chinese cities, aiming to curb urban sprawl and protect the ecosystem and
environment. China's recent land management laws mandate the
delineation of urban development boundaries in national-territory spatial
planning for each city. However, the effectiveness of these boundaries in
containing urban land growth remains underexplored. This study evaluates
urban land growth inside and outside the ecological redline in Wuhan,
utilizing spatial difference-in-difference models to determine the net effect
of these boundaries. Findings indicate that urban land growth inside the
ecological redline increased by an average of 2.2% post-policy intervention,
suggesting limited effectiveness of the Ecological Baseline Area regulation
compared to pro-growth policies in the Urban Construction Area. The study
identifies inefficient coordination mechanisms, technical limitations, and the
pivotal role of local governments as primary reasons for the policy's
ineffectiveness. Future reforms should focus on differentiated and urban-
rural integrated land use policy design and public supervision mechanisms.

Urban sprawl presents significant challenges to sustainable
development, particularly in rapidly urbanizing nations like China. To
address these issues, development-limiting boundaries have been
implemented to control urban expansion and safeguard environmental
resources. These boundaries are integrated into the land management laws,

requiring cities to incorporate them into their spatial planning. Despite their
17
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widespread adoption, the effectiveness of these boundaries in managing
urban growth has not been thoroughly examined.

This study aims to fill this gap by investigating the impact of
development-limiting boundaries on urban land growth in Wuhan, a major
Chinese city. Using spatial difference-in-difference models, the research
assesses the net effect of these boundaries on controlling urban sprawl.

Urban sprawl is a global issue, with various countries implementing
different policies to manage it. In China, the concept of development-
limiting boundaries, including the ecological redline, has been a focal point
in urban planning. Previous studies have highlighted the potential benefits
of such boundaries in preserving green spaces and promoting sustainable
development. However, empirical evidence on their effectiveness is limited.

Research on similar policies in other countries shows mixed results. For
instance, urban growth boundaries in the United States have been both
praised for preserving farmland and criticized for contributing to increased
housing prices. In Europe, green belts have been effective in maintaining
open spaces but have faced challenges related to urban density.

This study employs a spatial difference-in-difference model to analyze
urban land growth in Wuhan. The model compares areas inside and outside
the ecological redline before and after the implementation of the boundary
policy. The data sources include satellite imagery, land use records, and
policy documents from local government archives.

The analysis reveals that urban land growth inside the ecological
redline increased by an average of 2.2% following the policy intervention.
This suggests that the ecological baseline area regulation was not as effective
in curbing urban expansion as intended. Conversely, pro-growth policies in

the Urban Construction Area appear to have facilitated urban growth.

18
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Several factors contribute to the limited effectiveness of development-
limiting boundaries in Wuhan:

1. Inefficient Coordination Mechanisms: The lack of coordination
between different governmental bodies and stakeholders hampers the
effective implementation of boundary policies. This results in conflicting
interests and priorities that undermine policy objectives.

2. Technical Limitations: The precision of boundary delineation and
enforcement is constrained by technical challenges, such as outdated
mapping technologies and insufficient monitoring infrastructure. This leads
to ambiguities and loopholes that developers can exploit.

3. Role of Local Governments: Local governments play a crucial role in
urban planning and land management. Their pursuit of economic growth
often conflicts with environmental protection goals, leading to lenient
enforcement of development-limiting boundaries.

Policy Implications

To enhance the effectiveness of development-limiting boundaries,
several reforms are necessary:

1. Differentiated Land Use Policies: Policies should be tailored to
address the specific needs and characteristics of different urban and rural
areas. This includes recognizing the varying impacts of development on the
environment and local communities.

2. Urban-Rural Integration: A holistic approach that integrates urban
and rural planning can help balance development needs with environmental
protection. This involves creating policies that promote sustainable
development across the entire urban-rural continuum.

3. Public Supervision Mechanisms: Strengthening public oversight and

participation in land wuse planning can improve transparency and

19
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accountability. Mechanisms such as public hearings, stakeholder
consultations, and independent audits can ensure that policies are
implemented effectively and fairly.

Conclusion

The study concludes that while development-limiting boundaries are a
promising tool for managing urban sprawl, their current implementation in
Wuhan is insufficiently effective. The observed increase in urban land
growth inside the ecological redline post-policy intervention highlights the
need for more robust and coordinated efforts. Future reforms should focus
on enhancing coordination mechanisms, addressing technical limitations,
and integrating urban and rural planning to achieve sustainable

development goals.
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DEVELOPMENT OF THE COMMUNICATION SYSTEM IN THE
BUKOVINA IN THE 19TH CENTURY

Ovidiu Bata, Bucovina Institute, Radauti, Romania

The study presents the great progress made by the institution of post,
telegraph and telephone in bukovina, especially in the 19th century, when,
established on solid foundations, these institutions reached the level of
organizations abroad and became important factors of modernization of
society. Postal services emerged from the needle forum long distance
communication, which involved finding quick solutions forum transporting
or transmitting messages.

Since the time of the military administration, a mail service on
horseback was organized in bukovina for military-administrative purposes.
The first regular civilian post office, with regular postal connections to
galicia and transylvania, was opened in chernivtsi on january 1, 1783, by the
viennese johann paul vogel. The postal service has developed at a sustained
pace in relation to population growth and ever-expanding business
relations. In 1908, 213 post offices were operating. Relative to the area and
number of inhabitants, a postal serving covered 49 km 2 and served 3,428
inhabitants.

The steady, thoughtful and consistent development of the postal system
over the decades was supplemented very early on by the introduction of the
telegraph and, somewhat later, the telephone service. The first telegraph
office that included bukovina in the european telegraph network was
established in chernivtsi in 1855. At the end of 1896, the telegraph network
had a total length of 764.34 km and 45 stations. In 1908, there were 104 post

offices with telegraph service and 44 authorized railway telegraph stations.
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The first telephone exchange in bukovina was built in 1883, in chernivtsi,
and then a fixed telephone network was extended in and between the cities
and towns of bukovina.

The postal service arose and existed out of the need for communication.
Development postal and communications networks have given new
dimensions to postal services, which, on in addition to ensuring state and
interpersonal communications, it ensures communications economic,
industrial, scientific etc.

On the importance of postal services, constantin n. Minescu, inspector
to the 3rd postal, telegraph and telephone region, he said in his well-known
work the history of the romanian post office since 1916, the first of its kind
in our country: "post modern is one of the most democratic institutions and
in this capacity serves interests of the highest order, such as: state affairs,
interests the interests of the great merchants and industrialists, as well as of
the humblest tradesmen townspeople, that and on of the from the may small
village; interests the rich, that and of the poor; and by ingenious
combinations, develops and transports all kinds of manifestations of human
activity, all over the world, making everything disappear distance and any
border" 1 .

In an organized form, postal services have been operating since ancient
times. Post a taken living being from need what the have felt people of a
correspond between they after they began to group themselves into different
forms of organization. During the period of in the beginning, the postal
services operated only for the "benefit" of the sovereign, transporting
correspondence and the orders this one. Received organization a posts a
findings in the the training of couriers, the first messages being carried by

couriers on foot or on horseback and building buildings for messaging, for
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rest courrier and a the horses. Horses they were use that middle of transport
in the received phase just with ride, and then harness to wagons, carts (light
carriages with two wheels, pulled by a horse), diligences, etc. To ensure the
permanent operation of postal services, the organizers had in mind that, in
addition to couriers, there would also be post offices, means of transport and
maintenance personnel. Post offices were located in a well-defined postal
network, through them establishing the continuity of circulation shipments,
especially long-distance ones. Also in these post offices place activity and
the staff who oversee network postal.

In the nineteenth century, in the language romanian, through the word
mail it understood:

-the administration and the house/premises where a service was
installed for the presentation and distribution correspondence;

-establishment made from distance to distance, along the roads, where
se he found a number of horses necessary to replace those who brought them
there cart postal which transport couriers, travels and correspondence;

-measure of road equivalent to 20 km, the usual distance between two
stations of mail 2 .

In the romanian principalities, the beginnings of the post office
consisted in the provision of services for transporting princely couriers, but
because the maintenance was too expensive service, the private transport
service was added to it, and more later, as postal networks were organized,
mail transport, the pits with money (pouch sealed, which it expedite through
post), package and so on in the the centuries xvii-xviii, service postal it was
organized of by state and, with authorization of to ruler, could be moved
with carriage postal and people. Fees for the maintenance of the postal

service they were the responsibility of the lower class population, nobles and
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civil servants being exempt. At the beginning of the 19th century they
established post stations called menzils, headed by a menzil captain, where
se they kept the horses and mail carriages (olace) necessary for the transport
of state couriers, official in the mission and people approved of gentleman
to travel.

Moldavia it was related with austria by a single road postal, road which
start from iasi, passing through whisper, beautiful, botosani, goofy, herta,
mihdileni, cernduti, sniatyn, stanislau towards lemberg, a city that was
connected to warsaw, prague, vienna and brno 3 . In the spring of 1869, a
stagecoach left daily postal - the contract for undertaking postal services on
this route was owned by theodore ghica vornicul - from iasi via the iloaiei
bridge, botosani, cucoreni, mihdileni to sinauti, distance from 158 km being
traversed in 34 of 4 hours service postal.

German, the postal service associated with the name thurn and taxis
operated as a service imperial mail for more than 200 years, with regular
connections through post stations fixed throughout the empire and in
neighboring countries 5, in bucovina, at the time of annexation, there was
no well organized postal system and no regular postal traffic. Traffic, with
safety very rare of authority secular, it was done of messengers riding, the
of monastery and the authorities spiritual of special messages church

When the austrian troops entered the country through sniatyn, a point
was established postal campaign between sniatyn and chernivtsi and was
organized, of course more in military-administrative purpose, a regular mail
service, performed at first on horseback, which tie down vienna of
transylvania through lemberg - chernivtsi - campulung moldavian

- vatra dornei - poiana stampei - bistrita. Every 20 kilometers the route

was provided with post-stations, with lodgings for travellers, and change-
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horses. Serving military purposes only, this service was to be replaced by a
permanent institution, which had to serve not only the purposes of the new
administrative bodies but also need commerce and production industrially
and commercial 6 .

The first administrator military of bucovina, general gabriel splény of
mihéldy (september 1, 1774 - april 6, 1778) recommends, in the prepared
report for the vienna court - description of the bucovina district from 1775 7
-, the establishment, as soon as possible, of post offices: “at a service of
postmen we will have to think only when the roads will be built someday
fall of communication with transylvania. Of also, all owners in the cause it
they might be obliged to build every two miles well drawn up inns and
provided for hosting of both people and of cattle" 8 .

The second military administrator of bucovina, karl von enzenberg
(april 6 1778 - 16 september 1786), the which a answered the post of to
general spleen, a given a special importance to the organization of the post
and the establishment of post stations, which on then they were things
unknown in the bucovina. Feeling lack these institutions cultural, enzenberg
sent, in september 1778, a request to the central government, on the basis of
a project by general splény, to organize a postal service - from sniatyn
through chernivtsi, siret, suceava, vama, pojorata, iacobeni, dorna up to
barge (the land nasdudului) - in the which to miss need speeding
organization the service necessary not only for the new administrative
bodies of the state, but also for the needs commerce and industries.
Enzenberg a welcome obstacle available of the room of finance a court and,
may chosen, of command general military transylvanian, which will to make

he link transylvania with bucovina 9 . In the the goal facilitate relationships
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and travel between localities, under the enzenberg to beginning, however,
organization a service postal in bucovina.

The first "ordinary postal service" in bucovina was established by the
viennese johann paul vogel, who came to bucovina in 1782. On january 1,
1783, this first conductor of post bucovina a open, in the chernivtsi, the first
office postal civil from bucovina 10 with regular postal connections from
chernivtsi, on the one hand to galicia through sniatyn, on the other side to
transylvania, through bistrita. Subsequent, entire postal service from
country, such as and from the surrounding areas, it was extended for a it
includes and transport with diligence postal.

Along the main roads, in the buildings that had been built in some
locations and to distances established of administration for the
accommodation military who participated in their construction, inns and
stations or offices were established postage. Post stations were maintained
by a service staff, for which they have houses were built, and housed a
number of change horses, for maintenance to which the imperial
administration endowed them with extensive lands, especially hayfields,
taken through "rooming" some property of locals or of fund church.

In the account of the journey made by an anonymous person in 1819,
from bistrita to lemberg, the post stations on the road section between
mdgura are mentioned calului and campulung - built between 1780 and
1787 with dorne peasants and campulungeni - of the carpathian road
(karpaten- or franzensstrafe) 11 from tihuta, poiana stampei, dorna, valea
putnei, pojorata and a rather comfortable inn in the market field 12 . For the
post office in pojorata, where a certain one was the conductor trnka, in 1788,
245 square meters of land were reserved located in pojorata, fundu

moldovei and campulung, and for the office in valea 25 jaws were given to
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putna, of which 14.5 jaws on mount mestecanis. Office post office in dorna -
whose conductor was, from 1788, the "bear hunter" wenzel kratzerl3 - a
received land in the surface of 53 of yokes and 1 two hundred of hamper
square on mount runcu dornei

The constant, well-thought-out and consistent development of the
postal system in Bucovina over the decades was supplemented very early
by the introduction telegraph and, something more late, a services of
telephony. Telegraph It is a device which Enable the transmission of
information to distance by coded signal. Samuel FB Morse (1791-1872)
conceived, in 1835, a system of ENCODE A THE letters and numbers with
lines and points, known that the alphabet Morse. In 1837 he patented the
electromagnetic telegraph, and the first public use of ITS A former in the 24
May 1844, between Washington and Baltimore (US).

Figure 1. Office postal and telegraph from Chernivtsi
Along with the postal service, the telegraph system was one of the most
outstanding means of promoting economic interests. Use of the Service
telegraph became more and more widespread, as was the business world

convinced of utility of This modal of communication. Minister commerce
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granted careful Maxim this middle of communication through extension the
network telegraphic.

After what the ministerial authorities have former convinced of great
benefits, from a political and administrative point of view, which could be
achieved through enlargement of the use of the telegraph throughout the
monarchy, the physicist Iulius Gintl 52 , began, yet of July 1848, the design
of a state telegraph network to cover the whole Austrian monarchy. The
provincial capitals were to be linked to Vienna, but also between them. It
was envisaged to design and build direct main lines that would connector
the May important points, from point of view administrative and strategic,
of the monarchy with the center (Vienna).

The idea of erecting a new post and telegraph building in Chernivtsi
came from Felix Pinole Freiherr will Friedenthal, President of then A
Bukovina (1887-1890), which A campaigned for endorsement Building TO
Minister commerce FROM Vienna. Minister A approved, in the the year
1887, BUILDING A office postal and telegraph in the Chernivtsi.

The communication system developed quite rapidly in Bucovina and
became one from the May leading factor of upgrade a company in the
century of XIXth.

Established on solid foundations, the postal, telegraph and telephone
services amounted to the level of those abroad, corresponded to the
requirements of the time and functioned in the mod exemplary in all
respects. In the Bucovina calendars one could be found list exact of everyone
state post offices and private.

References
1. Balan, Teodor, Din istoricul Cimpulungului Moldovenesc, Bucuresti,
Editura Stiintifica, 1960.

28



InterSci 2024: Global innovations in modern science, Juraj Dobrila University of Pula

2. Bata, Ovidiu, ,Cédile de comunicatie din Bucovina istoricd”, in
,Analele Bucovinei”, anul XXIX, 2 (59), 2022.

3. Dardald, Ionel, Istoria Campulungului Moldovenesc din cele mai
vechi timpuri pana la Marea Unire, Campulung Moldovenesc,
Editura Fundatiei Culturale ,, Alexandru Bogza”, 2006.

4. Diacon, Vasile, Vechi asezdri pe Suha Bucovineana. Pagini
monografice, lasi, Universitatea ,, Al. I. Cuza”, 1989.

5. Grigorovitza, Em., Dictionarul geografic al Bucovinei, Bucuresti,

Atelierele grafice SOCEC & Co., Societate Anonimad, 1908.

THE PACT OF 1275 BETWEEN PATRIARCH RAYMOND DELLA
TORRE AND DOGE LORENZO TIEPOLO: A HISTORICAL ANALYSIS

Josip Bani¢, Postdoc, Juraj Dobrila University in Pula, Croatia

This article examines a significant historical document—a pact
concluded in February 1275 between the Patriarch of Aquileia, Raymond
della Torre, and the Doge of Venice, Lorenzo Tiepolo. This pact is largely a
confirmation of an earlier treaty from 1254 between Patriarch Gregory of
Montelongo and Doge Reniero Zeno, with minor additions. The study
contextualizes the pact within the early years of Raymond della Torre’s reign
and explores how Venice expanded its rights and prerogatives within the
Patriarchate of Aquileia while offering minimal concessions. The analysis
reveals that the Patriarchs, in dire financial straits and in need of Venetian
support, were compelled to agree to these unbalanced treaties.

The political landscape of Northern Italy in the 13th century was
marked by complex alliances and power struggles among various states and

principalities. The Patriarchate of Aquileia, a significant ecclesiastical and
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temporal power, frequently found itself in need of strong allies. Venice, a
burgeoning maritime republic, leveraged these needs to expand its
influence. This article focuses on the pact of 1275 between Patriarch
Raymond della Torre and Doge Lorenzo Tiepolo, analyzing its contents,
historical context, and implications.

The Patriarchate of Aquileia was a unique entity, holding both religious
and secular authority over a vast territory that included parts of modern-
day Italy, Slovenia, and Austria. By the mid-13th century, it faced numerous
internal and external challenges, including financial difficulties, territorial
disputes, and pressure from neighboring states. Venice, on the other hand,
was expanding its commercial empire and sought to secure advantageous
trade routes and political influence in the region.

Patriarch Raymond della Torre

Raymond della Torre became the Patriarch of Aquileia in 1273. Coming
from a powerful Milanese family, he inherited a diocese in turmoil. His
predecessors had left the treasury depleted, and the Patriarchate was
struggling to assert its authority over rebellious vassals and external threats.
Raymond's reign was marked by efforts to stabilize the region and secure
financial and military support.

Doge Lorenzo Tiepolo

Lorenzo Tiepolo, Doge of Venice from 1268 to 1275, was a shrewd leader
known for his diplomatic and military skills. Under his leadership, Venice
continued its strategy of expanding influence through treaties and alliances.
Tiepolo recognized the strategic importance of Aquileia and sought to secure

Venetian interests through a favorable pact.

The 1254 Treaty
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The 1254 treaty between Patriarch Gregory of Montelongo and Doge
Reniero Zeno served as the foundation for the 1275 pact. This earlier
agreement granted Venice significant privileges within the Patriarchate,
including trade rights, tax exemptions, and territorial concessions. In return,
Venice provided limited military support and economic assistance.

The 1275 Pact: An Analysis

The pact of February 1275 largely reaffirmed the provisions of the 1254
treaty, with some additional articles aimed at expanding Venetian
privileges. Key points of the pact included:

1. Trade Rights: Venice retained and expanded its exclusive rights to
trade within the Patriarchate. Venetian merchants were granted immunity
from local taxes and tolls, solidifying Venice's economic dominance in the
region.

2. Territorial Concessions: The pact confirmed and extended Venice’s
control over strategic territories within the Patriarchate, enhancing its ability
to influence local politics and trade routes.

3. Military Support: Venice pledged limited military assistance to the
Patriarchate, primarily as a means to protect its own commercial interests
rather than out of altruistic support for Raymond della Torre.

4. Political Influence: The pact allowed Venice to exert significant
political influence over the Patriarchate, often interfering in local governance
and succession matters.

Implications for the Patriarchate of Aquileia

The 1275 pact clearly favored Venice, reflecting the unequal power
dynamics between the two entities. For Raymond della Torre, the agreement

was a necessary compromise to secure immediate financial relief and
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military support. The patriarchs before and after Raymond continued to rely
on Venice, often at the cost of ceding substantial autonomy and privileges.

Comparative Analysis of 1254 and 1275 Treaties

While both treaties aimed to formalize the relationship between the
Patriarchate and Venice, the 1275 pact showed a marked increase in
Venetian demands. The additional articles primarily served to expand
Venice's economic and political control, illustrating the gradual erosion of
the Patriarchate's autonomy.

Conclusion

The pact of 1275 between Patriarch Raymond della Torre and Doge
Lorenzo Tiepolo is a testament to the strategic acumen of Venice and the
vulnerabilities of the Patriarchate of Aquileia. By analyzing this historical
document, we gain insight into the broader geopolitical landscape of 13th-
century Northern Italy. The repeated concessions made by the patriarchs
underscore the challenges they faced and the lengths to which they went to
secure necessary alliances. This study not only highlights the dynamics
between Venice and Aquileia but also contributes to our understanding of

medieval diplomacy and statecraft.
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GLOBALIZATION AND THE DIGITAL INFORMATION SOCIETY:
A PSYCHOLOGICAL PERSPECTIVE ON E-LEARNING
Paisi Lazarescu Mihaela, professor, National University of Science and

Technology politehnica Bucharest, Romania

Globalization has profoundly influenced every aspect of contemporary
life, including education. This global interconnectedness has ushered in the
digital information society, which marks a significant shift from traditional
educational systems to interactive, technology-driven learning
environments. E-learning, an essential component of this transformation,
has emerged as a viable alternative to conventional teaching methods. This

paper explores e-learning from a psychological perspective, comparing it
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with traditional learning methods and examining the psychosocial and
educational characteristics of virtual learning environments. It discusses
learning content, interactivity, motivation, and the impacts of new
relationships on the autonomy of learners and their selection of educational
content. Despite skepticism regarding e-learning's effectiveness, this paper
argues that it offers substantial improvements to the educational process.

The Evolution of E-Learning

E-learning refers to the use of electronic technologies to access
educational curriculum outside of a traditional classroom. In most cases, it
refers to a course, program, or degree delivered completely online. The
evolution of e-learning has been driven by advances in technology,
including the internet, mobile devices, and various software platforms that
facilitate remote instruction and learning.

Historical Context

Historically, education systems have relied heavily on face-to-face
interactions in classroom settings. Traditional learning environments are
characterized by direct interaction between teachers and students, which
fosters immediate feedback, discussion, and collaborative learning.
However, these environments also have limitations, such as geographical
constraints, rigid scheduling, and limited access to diverse educational
resources.

The advent of the internet and digital technologies has transformed
educational practices, making learning more accessible and flexible. Online
education began with simple correspondence courses and has evolved into
comprehensive platforms offering a wide range of interactive features. These
include video lectures, discussion forums, virtual simulations, and real-time

assessments, which collectively enhance the learning experience.
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Psychological Perspectives on E-Learning

From a psychological standpoint, e-learning represents a paradigm shift
in how education is delivered and received. The virtual learning
environment offers unique psychosocial and educational characteristics that
differentiate it from traditional classroom settings.

Learning Content

In e-learning, the content is often more diverse and customizable
compared to traditional textbooks and lectures. Digital platforms allow for
multimedia content, including videos, interactive simulations, and
hyperlinked texts, which can cater to different learning styles. This
multimodal approach can enhance comprehension and retention by
engaging multiple senses.

Moreover, e-learning platforms can provide instant access to a vast
array of up-to-date information and resources, which is particularly
beneficial in rapidly evolving fields. This immediacy and breadth of content
ensure that learners are exposed to the latest knowledge and research
findings.

Interactivity is a crucial component of effective learning, and e-learning
platforms offer various interactive features that can enhance engagement
and motivation. These features include discussion forums, live chats,
quizzes, and interactive simulations, which allow learners to actively
participate in the learning process.

Studies have shown that interactive learning environments can improve
critical thinking and problem-solving skills. By engaging learners in
activities that require active participation, such as discussions and
collaborative projects, e-learning platforms can foster a deeper

understanding of the material.
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Motivation plays a critical role in learning, and e-learning environments
can influence motivation in several ways. Self-determination theory (SDT),
which emphasizes the importance of autonomy, competence, and
relatedness in fostering intrinsic motivation, provides a useful framework
for understanding how e-learning can enhance motivation.

- Autonomy: E-learning platforms often offer greater flexibility and
control over the learning process, allowing learners to set their own pace and
choose topics that interest them. This autonomy can increase intrinsic
motivation, as learners feel more in control of their education.

- Competence: E-learning can enhance feelings of competence by
providing immediate feedback through quizzes and assessments. This
instant feedback helps learners understand their progress and identify areas
for improvement, which can boost confidence and motivation.

- Relatedness: Although e-learning lacks face-to-face interaction, it can
still foster a sense of community through discussion forums, group projects,
and social media integration. These virtual interactions can help learners feel
connected to their peers and instructors, which is essential for maintaining
motivation.

The shift to e-learning also changes the dynamics of teacher-student
relationships. In traditional classrooms, teachers often play a central role in
directing the learning process. In contrast, e-learning environments tend to
promote a more learner-centered approach, where students have greater
responsibility for their learning.

This increased autonomy can be empowering for learners, as it
encourages self-directed learning and critical thinking. However, it also
requires learners to be more disciplined and self-motivated. Therefore,

effective e-learning programs often include support mechanisms, such as
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online tutoring and mentoring, to help learners manage their responsibilities
and stay on track.

Challenges and Criticisms of E-Learning

Despite its advantages, e-learning is not without its challenges and
criticisms. Some educators and learners remain skeptical about its
effectiveness, particularly in comparison to traditional learning methods.

Engagement and Motivation

One of the primary concerns with e-learning is maintaining student
engagement and motivation. Without the physical presence of an instructor
and peers, some learners may struggle to stay motivated and focused. This
can be particularly challenging for younger students or those who require
more structured guidance.

To address this issue, e-learning platforms must incorporate elements
that actively engage learners and sustain their interest. Gamification,
interactive content, and regular feedback are some strategies that can help
maintain motivation and engagement in virtual learning environments.

Accessibility and Equity

Another significant challenge is ensuring that e-learning is accessible to
all students. Access to technology and the internet is not universal, and there
are disparities in digital literacy skills. These inequalities can create barriers
to effective e-learning, particularly for students from disadvantaged
backgrounds.

To mitigate these challenges, it is essential to provide resources and
support to ensure that all learners have the tools and skills needed to succeed
in an e-learning environment. This includes providing access to devices,
internet connectivity, and training on how to use digital platforms

effectively.
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Social Interaction and Collaboration

The lack of face-to-face interaction in e-learning can also be a drawback.
Social interaction and collaboration are essential components of the learning
process, and virtual environments can sometimes fall short in replicating
these experiences.

However, advancements in technology are helping to bridge this gap.
Video conferencing, virtual reality, and collaborative online tools are
increasingly being used to facilitate more interactive and social learning
experiences. These technologies can help create a sense of presence and
community, even in a virtual environment.

Quality of Education

There are concerns about the quality of education provided through e-
learning. Some critics argue that online courses may not offer the same depth
and rigor as traditional classroom instruction. Ensuring that e-learning
programs meet high academic standards is crucial to addressing these
concerns.

Accreditation and quality assurance processes are essential for
maintaining the credibility and effectiveness of e-learning programs.
Institutions must adhere to rigorous standards and continuously evaluate
and improve their online offerings to ensure they provide a high-quality
education.

The Future of E-Learning

Despite the challenges and criticisms, e-learning is poised to play an
increasingly significant role in education. The COVID-19 pandemic has
accelerated the adoption of online learning, demonstrating its potential as a

flexible and scalable solution for delivering education in times of crisis.
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As technology continues to evolve, e-learning platforms will become
more sophisticated, offering even more interactive and personalized
learning experiences. Artificial intelligence (AI) and machine learning (ML)
will play a crucial role in this evolution, enabling adaptive learning systems
that can tailor content and feedback to individual learners' needs.

Conclusion

E-learning represents a transformative shift in education, driven by the
globalization and digitization of society. From a psychological perspective,
e-learning offers several advantages over traditional learning methods,
including enhanced interactivity, motivation, and autonomy. However, it
also presents challenges that must be addressed to ensure its effectiveness
and accessibility.

As education systems continue to evolve, it is essential to embrace the
potential of e-learning while also addressing its limitations. By leveraging
technology and adopting best practices, educators can create engaging,
inclusive, and high-quality learning experiences that meet the needs of all
students.

In conclusion, e-learning is not just a temporary solution but a
fundamental component of the future of education. By understanding and
addressing the psychological aspects of e-learning, we can unlock its full
potential and create a more equitable and effective educational landscape for

the digital age.
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DEVELOPMENT OF STEM COMPETENCE OF STUDENTS IN THE
PROCESS OF LEARNING PHYSICS
Verbytska Tetiana, student, Oleksandr Dovzhenko Hlukhiv National
Pedagogical University, Ukraine
In contemporary education, the development of STEM (Science,
Technology, Engineering, and Mathematics) competence is essential to
prepare students for the challenges of the 21st century. As the demand for
skills in science and technology grows, it becomes crucial to integrate STEM
education into the curriculum, particularly in subjects like physics that
naturally lend themselves to interdisciplinary approaches. This article
explores the development of STEM competence in students through the
process of learning physics, emphasizing the relevance of this topic,
theoretical foundations, and practical implementation through research

projects.
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The growing importance of STEM fields in the global economy
underscores the need for a workforce proficient in science, technology,
engineering, and mathematics. Developing STEM competence in students is
not only about imparting knowledge but also about fostering critical
thinking, problem-solving, and innovation. Physics education, with its
foundational role in understanding natural phenomena and technological
applications, provides an ideal platform for integrating STEM principles. By
focusing on STEM competence, educators can better prepare students for
higher education and careers in these critical fields.

The concept of competence in education refers to the combination of
knowledge, skills, attitudes, and values necessary to perform tasks
effectively in various contexts. Competence-based education aims to equip
students with the ability to apply their learning in real-world situations. The
competence approach in education has been influenced by several scholars,
including Benjamin Bloom, who developed Bloom's Taxonomy, and John
Dewey, who emphasized experiential learning and critical thinking.

STEM competences encompass the integrated application of knowledge
and skills from science, technology, engineering, and mathematics to solve
complex problems and innovate. These competences include:

1. Scientific Literacy: Understanding scientific concepts and processes,
enabling informed decision-making and participation in civic and cultural
affairs.

2. Technological Literacy: The ability to use, manage, and understand
technology effectively and responsibly.

3. Engineering Literacy: Understanding engineering principles and

processes, including design, analysis, and problem-solving.
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4. Mathematical Literacy: Applying mathematical reasoning and
techniques to solve problems and analyze data.

STEM competences can be developed through various educational
strategies, including;:

1. Inquiry-Based Learning: Encouraging students to explore, ask
questions, and conduct experiments to discover new knowledge.

2. Project-Based Learning: Engaging students in long-term projects that
require the application of STEM principles to solve real-world problem:s.

3. Collaborative Learning: Promoting teamwork and communication
skills through group activities and projects.

4. Integration of Technology: Utilizing technological tools and resources
to enhance learning and problem-solving.

5. Interdisciplinary Approaches: Combining concepts and skills from
multiple STEM disciplines to address complex challenges.

To investigate the impact of STEM-based approaches on the
development of competences in physics students, a mixed-methods research
design will be employed. This approach combines quantitative and
qualitative data collection methods to provide a comprehensive
understanding of the educational intervention.

The study will use a quasi-experimental design with a control group
and an experimental group. Both groups will consist of 10th and 11th-grade
students from a specialized school, matched based on their prior academic
performance in physics.

The participants will include 60 students, divided equally between the
control and experimental groups. The experimental group will engage in
STEM-based physics projects, while the control group will continue with

traditional instruction.

42



InterSci 2024: Global innovations in modern science, Juraj Dobrila University of Pula

Instruments

1. STEM Competence Assessment (SCA): A standardized test to
measure students' STEM competences before and after the intervention.

2. Physics Achievement Test (PAT): To assess improvements in physics
understanding and application.

3. Student Engagement Questionnaire (SEQ): To evaluate student
engagement and attitudes towards physics and STEM.

4. Project Assessment Rubric (PAR): To evaluate the quality of student
research projects based on criteria such as scientific rigor, creativity, and
collaboration.

Procedure

1. Pre-Test: Administer the SCA and PAT to both groups.

2. Intervention: Over a period of 12 weeks, the experimental group will
participate in STEM-based physics projects. These projects will involve
formulating research questions, designing and conducting experiments,
analyzing data, and presenting findings.

3. Post-Test: Re-administer the SCA and PAT to both groups.

4. Qualitative Data Collection: Conduct interviews and focus group
discussions with students and teachers from the experimental group to
gather insights into their experiences and perceptions.

Quantitative data will be analyzed using statistical methods to compare
the pre- and post-test scores of the control and experimental groups.
Qualitative data will be analyzed thematically to identify common themes
and insights related to the effectiveness of STEM education in developing
competences.

Example of a Research STEM Project in Physics for a Specialized School

Project Title - Designing and Testing a Simple Wind Turbine
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Grade Level - 11th Grade

To develop students' STEM competences and deepen their
understanding of energy conversion and aerodynamics by designing and
testing a wind turbine.

Materials Needed

- Wind turbine kits (including blades, motors, and supports)

- Multimeters

- Anemometers

- Laptops with data analysis software

- Building materials (cardboard, plastic, wood, etc.)

- Project guidelines and worksheets

Project Outline

1. Introduction (1 week)

- Introduction to renewable energy and the principles of wind energy
conversion.

- Overview of the scientific method and research project guidelines.

- Formation of student groups and assignment of preliminary research
topics related to wind turbine design.

2. Research Question Formulation (1 week)

- Students brainstorm and formulate specific research questions
related to wind turbine efficiency (e.g., How does blade shape affect the
efficiency of a wind turbine?).

- Teacher approval and feedback on research questions.

3. Experimental Design (2 weeks)

- Students design experiments to investigate their research questions,

including identifying variables, controls, and methods of data collection.

- Teacher review and feedback on experimental designs.
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4. Building and Testing (3 weeks)
- Students build their wind turbines using provided kits and
materials.
- Conduct tests to measure the performance of their turbines under
various conditions using multimeters and anemometers.
- Collect and record data systematically.
5. Data Analysis (2 weeks)
- Students analyze their data using appropriate statistical and
graphical methods.
- Interpretation of results and drawing conclusions based on data.
6. Presentation of Findings (2 weeks)
- Students prepare presentations of their research projects, including
background information, methodology, results, and conclusions.
- Presentation to peers, teachers, and possibly a wider school
audience.
7. Reflection and Feedback (1 week)
- Students reflect on their research process, challenges faced, and
lessons learned.
- Teachers provide feedback on project quality and student
performance.
Conclusion
The development of STEM competences through the process of learning
physics is essential for preparing students for future challenges in science
and technology. By integrating research-based projects and interdisciplinary
approaches, educators can foster critical thinking, problem-solving, and
innovation. This study aims to provide empirical evidence of the benefits of

STEM education in physics, contributing to the development of teaching
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practices that equip students with the competences necessary for success in

the 21st century.
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APPLICATION OF ELEMENTS OF RESEARCH EDUCATION IN
THE PROCESS OF TEACHING PHYSICS
Oleksandra Poltoratska, student, Oleksandr Dovzhenko Hlukhiv National
Pedagogical University, Ukraine

In today's rapidly evolving educational landscape, the development of
critical thinking and research skills in students is essential. Research
education, which emphasizes inquiry-based learning and the scientific
method, is particularly effective in fostering these skills. Physics, with its
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focus on understanding the fundamental principles governing the natural
world, offers an ideal context for incorporating research education. This
article explores the application of elements of research education in the
process of teaching physics, highlighting its relevance, theoretical
foundations, experimental methods, and practical implementation in
specialized schools.

Relevance of the Topic

The relevance of this study is underscored by the increasing emphasis
on developing higher-order thinking skills and scientific literacy in students.
Traditional teaching methods often focus on rote memorization and
procedural knowledge, which can limit students' ability to apply concepts
in novel situations. Research education, by contrast, encourages active
learning, critical thinking, and problem-solving, preparing students for the
complexities of modern science and technology. In physics education,
incorporating research elements can enhance student engagement, deepen
understanding, and foster a lifelong interest in scientific inquiry.

Theoretical Provisions of the Research

Research education involves teaching students how to conduct
scientific investigations, including formulating hypotheses, designing
experiments, collecting and analyzing data, and drawing conclusions. It is
grounded in constructivist theories of learning, which posit that knowledge
is actively constructed by the learner through experience and reflection. Key
components of research education include inquiry-based learning,
collaborative projects, and the use of real-world problems to drive
investigation.

Inquiry-Based Learning
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Inquiry-based learning (IBL) is a pedagogical approach that encourages
students to explore questions, problems, or scenarios, often derived from
their own curiosities. IBL promotes active learning and critical thinking by
allowing students to take ownership of their learning process. In physics,
IBL can involve experiments, simulations, and problem-solving activities
that require students to apply theoretical concepts to practical situations.

Physics Education

Physics education aims to develop a deep understanding of the laws of
nature, fostering analytical and problem-solving skills. By integrating
research education into physics teaching, educators can create a learning
environment that emphasizes scientific inquiry and experimentation. This
approach not only enhances conceptual understanding but also cultivates
skills such as data analysis, critical evaluation, and effective communication
of scientific ideas.

Experimental Methods in Pedagogical Research

To investigate the impact of research education on the learning
outcomes of physics students, a mixed-methods approach will be employed.
This approach combines quantitative and qualitative data collection
methods to provide a comprehensive understanding of the educational
intervention.

Research Design

The study will use a quasi-experimental design with a control group
and an experimental group. Both groups will consist of 10th and 11th-grade
students from a specialized school, matched based on their prior academic
performance in physics.

Participants
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The participants will include 60 students, divided equally between the
control and experimental groups. The experimental group will engage in
research-based physics projects, while the control group will continue with
traditional instruction.

Instruments

1. Physics Achievement Test (PAT): To assess improvements in physics
understanding and application.

2. Critical Thinking Skills Test (CTST): To measure the development of
critical thinking skills before and after the intervention.

3. Student Engagement Questionnaire (SEQ): To evaluate student
engagement and attitudes towards physics.

4. Project Assessment Rubric (PAR): To evaluate the quality of student
research projects based on criteria such as scientific rigor, creativity, and
presentation.

Procedure

1. Pre-Test: Administer the PAT and CTST to both groups.

2. Intervention: Over a period of 12 weeks, the experimental group will
participate in research-based physics projects. These projects will involve
formulating research questions, designing and conducting experiments,
analyzing data, and presenting findings.

3. Post-Test: Re-administer the PAT and CTST to both groups.

4. Qualitative Data Collection: Conduct interviews and focus group
discussions with students and teachers from the experimental group to
gather insights into their experiences and perceptions.

Data Analysis

Quantitative data will be analyzed using statistical methods to compare

the pre- and post-test scores of the control and experimental groups.
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Qualitative data will be analyzed thematically to identify common themes
and insights related to the effectiveness of research education in physics.
Example of a Research Project in Physics for a Specialized School
Project Title -Investigating the Factors Affecting the Efficiency of Solar
Cells
Grade Level -11th Grade
Project Objective
To develop students' research skills and deepen their understanding of
photovoltaic technology by investigating factors that influence the efficiency
of solar cells.
Materials Needed
- Solar cells
- Multimeters
- Light sources (e.g., lamps)
- Variable resistors
- Thermometers
- Data loggers
- Laptops with data analysis software
- Project guidelines and worksheets
Project Outline
1. Introduction (1 week)
- Introduction to photovoltaic technology and the importance of solar
energy.
- Overview of the scientific method and research project guidelines.
- Formation of student groups and assignment of preliminary research
topics.
2. Research Question Formulation (1 week)

50



InterSci 2024: Global innovations in modern science, Juraj Dobrila University of Pula

- Students brainstorm and formulate specific research questions
related to solar cell efficiency (e.g., How does temperature affect the
efficiency of solar cells?).

- Teacher approval and feedback on research questions.

3. Experimental Design (2 weeks)

- Students design experiments to investigate their research questions,
including identifying variables, controls, and methods of data collection.

- Teacher review and feedback on experimental designs.

4. Conducting Experiments (3 weeks)

- Students conduct their experiments, collecting and recording data
systematically.

- Teachers provide support and ensure safety protocols are followed.

5. Data Analysis (2 weeks)

- Students analyze their data using appropriate statistical and
graphical methods.

- Interpretation of results and drawing conclusions based on data.

6. Presentation of Findings (2 weeks)

- Students prepare presentations of their research projects, including
background information, methodology, results, and conclusions.

- Presentation to peers, teachers, and possibly a wider school
audience.

7. Reflection and Feedback (1 week)

- Students reflect on their research process, challenges faced, and
lessons learned.

- Teachers provide feedback on project quality and student
performance.

Conclusion
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The application of elements of research education in teaching physics
has significant potential to enhance students' critical thinking, problem-
solving, and research skills. By engaging students in authentic scientific
inquiries, educators can foster a deeper understanding of physical principles
and cultivate a scientific mindset. This research aims to provide empirical
evidence of the benefits of research education in physics, contributing to the
development of innovative teaching practices that prepare students for the

demands of the 21st century.
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STEM EDUCATION AS A MEANS OF DEVELOPING STUDENTS'
CREATIVE THINKING IN THE PROCESS OF LEARNING PHYSICS
Kuzko Oleksandr, student, Oleksandr Dovzhenko Hlukhiv National

Pedagogical University, Ukraine

In the 21st century, the importance of creative thinking in education
cannot be overstated. As the world increasingly relies on innovation and
complex problem-solving, equipping students with the ability to think
creatively is paramount. Physics, as a fundamental branch of science,
provides a unique opportunity to cultivate these skills. STEM (Science,
Technology, Engineering, and Mathematics) education, with its
interdisciplinary and hands-on approach, is particularly effective in
fostering creative thinking. This article explores the role of STEM education
in developing students' creative thinking skills in the context of learning
physics.

Relevance of the Topic

The relevance of this study is underscored by the growing emphasis on
STEM education globally. Governments and educational institutions are
prioritizing STEM initiatives to prepare students for future careers in an
increasingly technical and innovative world. Creative thinking is a critical
component of STEM education, enabling students to generate novel
solutions, approach problems from multiple perspectives, and adapt to new
challenges. In physics education, which traditionally focuses on
understanding natural phenomena and laws, incorporating STEM elements
can make learning more dynamic, relevant, and effective in developing
creative thinkers.

Theoretical Provisions of the Research
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Creative Thinking in Education

Creative thinking involves the ability to generate new ideas, make
connections between seemingly unrelated concepts, and solve problems in
innovative ways. It is characterized by originality, flexibility, and fluency of
thought. In the context of education, creative thinking is crucial for students
to navigate complex problems and devise unique solutions.

STEM Education

STEM education integrates science, technology, engineering, and
mathematics into a cohesive learning paradigm based on real-world
applications. It emphasizes hands-on, project-based learning, and
encourages students to apply interdisciplinary knowledge to solve
problems. By engaging students in practical and collaborative activities,
STEM education nurtures critical thinking, creativity, and innovation.

Physics Education and STEM

Physics, as a core component of STEM, offers numerous opportunities
for creative exploration. From understanding fundamental principles to
experimenting with real-world applications, physics education can benefit
greatly from a STEM approach. By incorporating technology, engineering
principles, and mathematical modeling, physics lessons can become more
engaging and effective in fostering creative thinking.

Experimental Methods in Pedagogical Research

To investigate the impact of STEM education on the development of
creative thinking in physics, a mixed-methods approach will be employed,
combining quantitative and qualitative data collection methods.

Research Design

The study will use a quasi-experimental design with a control group

and an experimental group. Both groups will consist of students from 10th
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and 11th grades in a specialized school, matched based on their prior
academic performance in physics.

Participants

The participants will include 60 students, divided equally between the
control and experimental groups. The experimental group will participate in
physics lessons that incorporate STEM elements, while the control group
will continue with traditional instruction.

Instruments

1. Torrance Tests of Creative Thinking (TTCT): A standardized test to
measure students' creative thinking skills before and after the intervention.

2. Physics Achievement Test (PAT): To assess improvements in physics
understanding and application.

3. Student Engagement Questionnaire (SEQ): To evaluate student
engagement and attitudes towards physics.

Procedure

1. Pre-Test: Administer the TTCT and PAT to both groups.

2. Intervention: Over a period of 12 weeks, the experimental group will
participate in weekly STEM-based physics lessons. These lessons will
include activities such as physics projects, engineering challenges, and the
use of technology for simulations and modeling.

3. Post-Test: Re-administer the TTCT and PAT to both groups.

4. Qualitative Data Collection: Conduct interviews and focus group
discussions with students and teachers from the experimental group to
gather insights into their experiences and perceptions.

Data Analysis

Quantitative data will be analyzed using statistical methods to compare

the pre- and post-test scores of the control and experimental groups.
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Qualitative data will be analyzed thematically to identify common themes
and insights related to the effectiveness of STEM education in developing
creative thinking.

Example of a Physics Lesson Plan Using STEM Elements

Lesson Objective

To develop students' creative thinking skills and deepen their
understanding of electromagnetism through a STEM-based project.

Grade Level -11th Grade

Lesson Topic

Electromagnetism and Electromagnetic Induction

Materials Needed

- Interactive whiteboard

- Copper wire, magnets, and iron nails

- Multimeters

- Arduino kits and sensors

- Laptops with programming software

- Worksheets and project guidelines

Lesson Outline

1. Introduction (10 minutes)

- Briefly review the concepts of electromagnetism and electromagnetic
induction.

- Explain the project: Students will design and build a simple
electromagnetic generator and use Arduino kits to measure and analyze the
generated current.

2. Project Activity (45 minutes)
- Divide students into small groups and provide materials for building

the generator.

56



InterSci 2024: Global innovations in modern science, Juraj Dobrila University of Pula

- Students design and construct their generators, experimenting with
different configurations of coils and magnets.

- Using multimeters and Arduino kits, students measure the current
generated and use programming software to analyze the data.

- Teachers circulate the room, providing guidance and ensuring that
students understand the concepts.

3. Presentation and Discussion (20 minutes)

- Each group presents their project, explaining their design choices,
challenges faced, and findings.

- Discuss the various approaches taken by different groups and the
creative solutions they developed.

- Encourage students to reflect on how the project helped them
understand electromagnetism and develop their creative thinking skills.

4. Conclusion (5 minutes)

- Summarize the key learning points of the lesson.

- Highlight the importance of creativity and interdisciplinary thinking
in solving complex problems.

- Assign a homework task that involves researching real-world
applications of electromagnetism and proposing an innovative project idea
based on their findings.

Conclusion

STEM education offers a powerful means of developing students'
creative thinking skills, particularly in the context of learning physics. By
integrating science, technology, engineering, and mathematics into cohesive
and engaging lessons, educators can foster a deeper understanding of
physical principles while promoting innovative and critical thinking. This

research aims to provide empirical evidence of the benefits of STEM
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education in physics, contributing to the development of teaching practices

that prepare students for the challenges of the future.
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DEVELOPMENT OF VALUE ORIENTATIONS OF STUDENTS IN
THE PROCESS OF LEARNING PHYSICS
Kremenny Oleksandr, student, Oleksandr Dovzhenko Hlukhiv National
Pedagogical University, Ukraine
Introduction

In the modern educational landscape, the development of value
orientations in students is a critical objective. Value orientations,
encompassing beliefs, attitudes, and behaviors, play a significant role in
shaping individuals' decisions and actions. Physics, as a fundamental
science, offers a unique platform to instill these values by fostering a deeper

understanding of the natural world and the principles governing it. The
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integration of game-based activities in physics education can enhance
engagement, making the learning process more interactive and effective.
This article explores the development of value orientations in students
during physics lessons through the incorporation of game elements.

Relevance of the Topic

The relevance of this study is driven by the need for educational
strategies that not only impart knowledge but also cultivate essential values
such as curiosity, critical thinking, and a scientific worldview. Physics
education, with its focus on inquiry and exploration, provides an ideal
context for developing these values. However, traditional teaching methods
often fail to fully engage students, limiting the impact on their value
orientations. Game-based learning, with its interactive and motivational
aspects, can address this gap, promoting a more holistic educational
experience.

Theoretical Provisions of the Research

Value orientations refer to the principles and standards that guide
behavior and decision-making. In the educational context, these include
values like integrity, curiosity, responsibility, and respect for evidence.
Developing these values is crucial for students to become responsible and
ethical members of society.

Physics Education and Value Development

Physics education inherently involves critical thinking, problem-
solving, and understanding complex concepts, all of which contribute to the
development of value orientations. By engaging with physical phenomena
and the laws that govern them, students learn to appreciate the importance

of evidence-based reasoning and the pursuit of knowledge.
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Game-Based Learning

Game-based learning incorporates elements such as competition,
collaboration, rules, and immediate feedback, which can significantly
enhance student motivation and engagement. This approach aligns with
constructivist theories, which emphasize active and experiential learning. By
incorporating game elements into physics lessons, educators can create an
environment that promotes both cognitive and affective learning outcomes.

Experimental Methods in Pedagogical Research

To investigate the impact of game-based activities on the development
of value orientations in physics, the Mann-Whitney U test will be used. This
non-parametric test is suitable for comparing differences between two
independent groups, making it ideal for educational research where
assumptions of normality may not hold.

Research Design

The study will employ a quasi-experimental design with a control
group and an experimental group. Both groups will consist of students from
10th and 11th grades in a specialized school, matched based on their prior
academic performance in physics.

Participants

The participants will include 60 students, divided equally between the
control and experimental groups. The experimental group will participate in
physics lessons that incorporate game-based activities, while the control
group will continue with traditional instruction.

Instruments

1. Value Orientation Survey (VOS): A standardized survey to measure

students' value orientations before and after the intervention.
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2. Physics Achievement Test (PAT): To assess improvements in physics
understanding and application.

3. Student Engagement Questionnaire (SEQ): To evaluate student
engagement and attitudes towards physics.

Procedure

1. Pre-Test: Administer the VOS and PAT to both groups.

2. Intervention: Over a period of 12 weeks, the experimental group will
participate in weekly game-based physics lessons. These lessons will include
activities such as physics puzzles, simulations, and competitive problem-
solving tasks.

3. Post-Test: Re-administer the VOS and PAT to both groups.

4. Qualitative Data Collection: Conduct interviews and focus group
discussions with students and teachers from the experimental group to
gather insights into their experiences and perceptions.

Data Analysis

Quantitative data will be analyzed using the Mann-Whitney U test to
compare the pre- and post-test scores of the control and experimental
groups. Qualitative data will be analyzed thematically to identify common
themes and insights related to the effectiveness of game-based learning in
developing value orientations.

Example of a Physics Lesson Plan Using Game Elements

Lesson Objective

To develop students' value orientations and deepen their
understanding of Newton's laws of motion through game-based activities.

Grade Level 11th Grade

Lesson Topic

Newton's Laws of Motion
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Materials Needed

- Interactive whiteboard

- Game cards with physics problems related to Newton's laws
- Tokens for game scoring

- Simulated physics lab software

- Worksheets

Lesson Outline

1. Introduction (10 minutes)

- Briefly review Newton's laws of motion.

- Explain the rules of the game: Students will work in groups to solve
physics problems presented on game cards. Correct solutions earn tokens,
and the group with the most tokens at the end wins a small prize.

2. Game Activity (30 minutes)

- Distribute game cards to each group. Each card presents a scenario
that requires applying Newton's laws to solve a problem.

- Students work together to solve the problems, using critical thinking
and collaborative strategies.

- Teachers circulate the room, providing guidance and ensuring that
students understand the concepts.

3. Simulation Exercise (15 minutes)

- Use simulated physics lab software to visualize and experiment with
scenarios related to Newton's laws.

- Students work in pairs to manipulate variables and observe the
outcomes, reinforcing their understanding of the concepts.

4. Discussion and Reflection (10 minutes)
- After the game and simulation, bring the class together to discuss the

strategies they used.
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- Ask questions such as: "How did applying Newton's laws help you
solve the problems?" and "What values did you find important during the
activities?"

- Encourage students to reflect on how the game helped them think
critically and appreciate the scientific principles.

5. Conclusion (5 minutes)

- Summarize the key learning points of the lesson.

- Highlight the importance of value orientations such as curiosity,
responsibility, and respect for evidence in scientific inquiry.

- Assign a homework task that involves similar problems,
encouraging students to apply the strategies they used in the game.

Conclusion

The integration of game elements into physics lessons holds significant
promise for developing students' value orientations. By transforming
traditional instruction into an engaging and interactive experience,
educators can foster a deeper understanding of physical principles and
cultivate essential values. This research aims to provide empirical evidence
of the benefits of game-based learning in physics education, contributing to
the development of innovative teaching practices that prepare students for

the challenges of the future.
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DEVELOPMENT OF CRITICAL THINKING OF STUDENTS IN
MATHEMATICS LESSONS USING ELEMENTS OF GAME ACTIVITY
Han Xuefan(# % ML), student, Oleksandr Dovzhenko Hlukhiv National

Pedagogical University, Ukraine

In contemporary education, critical thinking is recognized as an
essential skill for students to navigate the complexities of the modern world.
Mathematics, being a discipline that inherently promotes logical reasoning
and problem-solving, provides an ideal platform for cultivating critical
thinking. However, traditional teaching methods often fail to engage
students deeply, leading to a lack of interest and insufficient development
of critical analytical skills. The integration of game elements into
mathematics lessons offers a promising approach to address this challenge.
This article explores the development of critical thinking in students during
mathematics lessons through the incorporation of game-based activities.

Relevance of the Topic

The relevance of this study is underscored by the increasing demand for
educational methods that go beyond rote learning and encourage higher-
order thinking skills. The integration of game elements in education is

supported by constructivist theories, which posit that learning is most
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effective when students are actively engaged in a meaningful context.
Games provide such a context, offering interactive and enjoyable
experiences that can motivate students and foster deeper understanding. In
mathematics education, this approach can transform abstract concepts into
tangible experiences, making learning more relatable and effective.

Theoretical Provisions of the Research

Critical thinking involves the ability to analyze, evaluate, and
synthesize information to make reasoned judgments and solve problems
effectively. It encompasses skills such as logical reasoning, reflective
thinking, and the ability to challenge assumptions. In mathematics, critical
thinking enables students to approach problems systematically, recognize
patterns, and develop innovative solutions.

Game-Based Learning

Game-based learning leverages the motivational aspects of games to
enhance educational experiences. It incorporates elements such as
competition, collaboration, rules, and feedback, which can significantly
increase student engagement and motivation. Research indicates that game-
based learning can improve retention, foster a positive attitude towards
learning, and develop a range of cognitive skills, including critical thinking.

Constructivist Approach

The constructivist approach to education emphasizes active learning,
where students build new knowledge based on their experiences and prior
knowledge. In a game-based learning environment, students engage in
activities that require them to apply concepts in practical, often simulated,
scenarios, thereby constructing a deeper understanding of the subject
matter.

Experimental Methods in Pedagogical Research
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To investigate the impact of game-based activities on the development
of critical thinking in mathematics, a mixed-methods approach will be used,
combining quantitative and qualitative data collection methods.

Research Design

The study will employ a quasi-experimental design with a control
group and an experimental group. Both groups will consist of students from
a specialized school, matched based on their prior academic performance in
mathematics.

The participants will include 60 students from grades 8 and 9, divided
equally between the control and experimental groups. The experimental
group will participate in mathematics lessons that incorporate game-based
activities, while the control group will continue with traditional instruction.

Instruments

1. Critical Thinking Assessment Test (CTAT): A standardized test to
measure students' critical thinking skills before and after the intervention.

2. Mathematics Achievement Test (MAT): To assess improvements in
mathematical proficiency.

3. Student Engagement Questionnaire (SEQ): To evaluate student
engagement and attitudes towards mathematics.

Procedure

1. Pre-Test: Administer the CTAT and MAT to both groups.

2. Intervention: Over a period of 12 weeks, the experimental group will
participate in weekly game-based mathematics lessons. These lessons will
include activities such as mathematical puzzles, strategy games, and
competitive problem-solving tasks.

3. Post-Test: Re-administer the CTAT and MAT to both groups.

66



InterSci 2024: Global innovations in modern science, Juraj Dobrila University of Pula

4. Qualitative Data Collection: Conduct interviews and focus group
discussions with students and teachers from the experimental group to
gather insights into their experiences and perceptions.

Data Analysis

Quantitative data will be analyzed using statistical methods to compare
the pre- and post-test scores of the control and experimental groups.
Qualitative data will be analyzed thematically to identify common themes
and insights related to the effectiveness of game-based learning in
developing critical thinking.

Example of a Mathematics Lesson Plan Using Game Elements

Lesson Objective

To develop students' critical thinking skills through solving complex
mathematical problems using game-based activities.

Grade Level 9

Lesson Topic

Systems of Linear Equations

Materials Needed

- Interactive whiteboard

- Game cards with system of equations problems

- Tokens for game scoring

- Worksheets

Lesson Outline

1. Introduction (10 minutes)

- Briefly review the concept of systems of linear equations.
- Explain the rules of the game: Students will work in pairs to solve
systems of equations presented on game cards. Correct solutions earn

tokens, and the pair with the most tokens at the end wins a small prize.
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2. Game Activity (30 minutes)

- Distribute game cards to each pair. Each card presents a system of
linear equations that needs to be solved.

- Students work together to solve the problems, using critical thinking
and collaborative strategies.

- Teachers circulate the room, providing guidance and ensuring that
students understand the concepts.

3. Discussion and Reflection (10 minutes)

- After the game, bring the class together to discuss the strategies they
used.

- Ask questions such as: "What was the most challenging part of
solving these systems?" and "How did you decide on the method to use for
each problem?"

- Encourage students to reflect on how the game helped them think
critically about the problems.

4. Conclusion (5 minutes)

- Summarize the key learning points of the lesson.

- Highlight the importance of critical thinking in solving mathematical
problems.

- Assign a homework task that involves similar systems of equations,
encouraging students to apply the strategies they used in the game.

Conclusion

The integration of game elements into mathematics lessons holds
significant promise for developing students' critical thinking skills. By
transforming traditional instruction into an engaging and interactive
experience, educators can foster a deeper understanding of mathematical

concepts and enhance students' problem-solving abilities. This research aims
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to provide empirical evidence of the benefits of game-based learning in
mathematics education, contributing to the development of innovative

teaching practices that prepare students for the challenges of the future.
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STOCHASTIC GRADIENT DESCENT AND ITS APPLICATION IN
MACHINE LEARNING
Ivan Kunio, Candidate of Physical and Mathematical Sciences, Deputy
Head of the Research Department, Associate Professor, Optoelectronics
and Information Technologies Department, Ivan Franko National

University of Lviv, Ukraine

In recent years, machine learning (ML) has become a cornerstone of
technological advancements across various domains, including natural
language processing (NLP), computer vision, financial analysis, healthcare,
and many others. As the volume of data and complexity of tasks continue to
grow, the need for efficient algorithms to train large-scale machine learning
models becomes increasingly critical. Stochastic Gradient Descent (SGD) is
one such algorithm that has proven to be fundamental in optimizing
machine learning models. This article delves into the principles of SGD, its
mathematical foundations, and its applications in machine learning [1, 2, 3].

Gradient descent is an optimization algorithm used to minimize the
loss function of a model. The primary objective is to adjust the model
parameters in such a way that the loss function, which measures the
difference between the predicted outputs and actual outputs, is minimized.
The basic idea of gradient descent involves the following steps:

1. Compute the gradient of the loss function with respect to each
parameter.
2. Update the parameters in the direction opposite to the gradient.
The standard gradient descent update rule for a parameter 6 is given by:
Orr1 = 0 —nVgL(6)
where:
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* 0, represents the parameter value at iteration ¢,
* 7 is the learning rate,
* VyL(8,) is the gradient of the loss function with respect to 6 at iteration

t.

While gradient descent is effective, it becomes computationally expensive
for large datasets as it requires calculating the gradient over the entire
dataset at each iteration.

Stochastic Gradient Descent (SGD) is a variant of gradient descent that
addresses the computational inefficiency of standard gradient descent.
Instead of computing the gradient using the entire dataset, SGD updates the
model parameters using a single randomly selected data point or a small
batch of data points at each iteration.

The update rule for SGD is given by:
Orr1 = 6 —NVeL(0 x, y;)
where:
* (x;,¥;)is arandomly selected data point from the dataset.

For a mini-batch of m data points, the update rule becomes:

1 m
Or41 = 0; — Uaz Vo L (et; xij;Yi,-)
j=1

where:
. {(xl-j, yij)}j-"zl represents the mini-batch.
The loss function L(#) measures how well the model with parameters 6

predicts the target values. For a dataset with N samples, the loss function is

given by:
1 N
L(O) = Nz £ (g (), 70
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where:
e {(hg(x;),y;) is the loss for a single data point,
*  hy(x;) is the model’s prediction for input x;.

The gradient of the loss function with respect to the parameters 6 is given

by:
1 N
VoL(6) = = D Vo £ (x), %)
i=1

In SGD, the gradient is approximated using a single sample or a mini-batch,
which leads to faster updates and often better generalization.

While SGD introduces noise in the gradient estimates due to random
sampling, it has been shown to converge to a local minimum under certain
conditions. The noisy updates can also help SGD escape local minima,
potentially leading to better solutions.

While basic SGD is a powerful optimization technique, several
variants and enhancements have been developed to improve its
performance and convergence properties.

Instead of updating parameters with a single data point, mini-batch
SGD uses a small batch of data points. This approach balances the noise
introduced by single-sample updates and the computational cost of full-
batch updates.

Momentum is an enhancement that accelerates SGD in the relevant
direction and dampens oscillations. The update rule with momentum is
given by:

Ver1 = Bve + (1 = BIVoL(6s; %, yi)

Orr1 = 0t — NVpyq

where:

* v, is the velocity (accumulated gradient),
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* [ is the momentum coefficient.
Adaptive methods adjust the learning rate based on past gradients.
Popular adaptive methods include:

AdaGrad

n
Ory1 = 0r — —VGL(Gt; xiiyi)
t,ii

where G; is the sum of the squares of past gradients.

RMSprop

Elg%]e = BE[g%i—1 + (1 — B)(VoL(8, x1,y)"

n
Orr1 =0 — VoL (6 x;,yi)

E[g®]; + €

Adam combines the ideas of momentum and RMSprop. The update

rules are:
my = Byme_q + (1 — B1)VeL(Os; x;,y:)

Ve = Bave_q + (1 — B2) (VoL (B xi!yi))z

~ mg ~ Uy
mg Uy =
1_ﬁ1' 1_.32t
m;
Ore1 =0 —N— N
U+ €

SGD is widely used in training various machine learning models.
Some of the key applications include:

Neural networks, especially deep neural networks (DNNs), require
efficient optimization techniques due to their high dimensionality and large
datasets. SGD and its variants are the de facto standard for training these
models.

Logistic regression, a linear model for binary classification, benefits

from the efficiency of SGD. When dealing with large datasets, SGD
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significantly speeds up the training process compared to batch gradient
descent.

For linear SVMs, SGD provides an efficient way to optimize the hinge
loss. It is particularly useful for large-scale SVMs where the kernel trick is
not feasible due to computational constraints.

In recommendation systems, matrix factorization techniques like
Singular Value Decomposition (SVD) can be optimized using SGD. This
approach scales well with the number of users and items, making it suitable
for large recommendation systems.

NLP models, such as word embeddings (e.g., Word2Vec, GloVe) and
transformers (e.g., BERT, GPT), leverage SGD for training on massive text
corpora. The scalability of SGD allows these models to learn from billions of
words efficiently.

The choice of learning rate 7 is crucial. If 7 is too high, the algorithm
may diverge; if too low, it may converge slowly. Techniques such as learning
rate schedules (e.g., step decay, exponential decay) and adaptive learning
rates help address this issue.

The size of the mini-batch impacts the balance between the
computational efficiency and the noise in gradient estimates. Small batch
sizes introduce more noise but require less memory, while large batch sizes
provide more stable updates but at a higher computational cost.

Proper initialization of model parameters is important to ensure good
convergence properties. Techniques such as Xavier initialization and He
initialization are commonly used for neural networks.

Regularization techniques, such as L2 regularization (weight decay)
and dropout, help prevent overfitting by adding a penalty to the loss

function or randomly dropping units during training.
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Early stopping monitors the validation loss during training and stops
the training process if the validation loss does not improve for a specified
number of epochs. This prevents overfitting and saves computational
resources.

Stochastic Gradient Descent (SGD) and its variants are indispensable
tools for optimizing machine learning models, especially in the era of big
data and deep learning. The simplicity and efficiency of SGD make it
suitable for a wide range of applications, from linear models to complex
neural networks. By leveraging techniques such as mini-batch updates,
momentum, and adaptive learning rates, SGD can effectively train large-
scale models and achieve state-of-the-art performance in various domains.

As machine learning continues to evolve, further advancements in
optimization algorithms will be essential to handle even larger datasets and
more complex models. Nonetheless, SGD remains a fundamental and
versatile optimization method that underpins many of the breakthroughs in

modern machine learning.
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GALECTIN-3 AS A MARKER OF CARDIOVASCULAR RISK IN
PATIENTS WITH HEART FAILURE AND CONCOMITANT TYPE 2
DIABETES
Borovyk Kateryna, Ph.D., assistant professor of the Department of Internal
Medicine No. 2 and Clinical Immunology and Allergology named after
Academician L. T. Maloy; Prokhorenkova Zoya, graduate of the third
medical faculty, Kharkiv National Medical University Kharkiv, Ukraine

Introduction. According to the latest data from the European Society of
Cardiology in 2022, more than 64 million people worldwide suffer from
heart failure (HF). HF is a multifaceted and life-threatening syndrome
characterized by high prevalence of morbidity and mortality, low functional
capacity and quality of life, and high costs [1]. In addition, it is widely known
that type 2 diabetes is very common in patients with HF. In connection with
the facts listed above, early diagnosis to provide timely treatment plays a
very important role in increasing the duration and quality of life.

For diagnostic and prognostic purposes of HF, natriuretic peptide
(NUP) is currently widely used, a neurohormone secreted by the ventricles
of the heart. However, there is an inverse relationship between the level of
NUP and body mass index, which complicates the diagnosis of HF in obese
patients. Therefore, recent active studies of the galectin-3 biomarker, which
is a chimeric protein from the lectin family, to obtain additional information
about HF is an urgent medical and social problem.

The goal of the work. To study the diagnostic significance of
determining the plasma level of galectin-3 in patients with heart failure and

concomitant type 2 diabetes
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Materials and methods. Literature was searched and analyzed using the
PubMed scientometric database and several domestic medical journals

Results and discussion. Galectin-3 has a variety of biological effects,
ranging from cell adhesion and migration to cell growth, differentiation,
activation and termination of apoptosis, and plays an important role in the
inflammatory response and the development of fibrosis. At the same time, it
should be noted that the opposite effects of this biomarker on cells depend
on its localization: intracellularly - protection of cells from apoptosis,
extracellularly - cell death [2]. As HF progresses, the degree of fibrosis also
increases, so despite the fact that galectin-3 is a fibrinogenic protein
necessary for normal healing, at the same time its persistent expression and
secretion in cardiac tissue leads to adverse remodeling of the heart [3].

Two meta-analyses demonstrated that elevated galectin-3 expression
levels are associated with mortality in acute and chronic HF [4, 5], while
another systematic review showed that galectin-3 is ineffective in predicting
cardiovascular mortality, especially under under the influence of certain
clinical factors, including glomerular filtration rate, left ventricular ejection
fraction and N-terminal pro-B-type natriuretic peptide [6]. In the Valsartan
HF study, for every 1 pg/L increase in galectin-3, an associated increased
risk of mortality, primary morbidity, and HF hospitalization was observed
over a 4-month follow-up [7].

In contrast to NUP, when interpreting the results of determining the
level of galectin-3, it is important to consider the following features [8]:

* the level of galectin-3 is not affected by HF decompensation, as it
reflects the presence or absence of the process underlying the disease;

* the distribution of the level of galectin-3 is shown only in patients with

established CHF;
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* the increased level of galectin-3 is usually very stable over time (the
influence of inflammation and therapy on the concentration of galectin-3 has
not been proven);

* a galectin-3 level above 17.8 ng/ml is associated with an increased
risk of adverse outcome, while there is still no generally accepted
prognostically significant threshold level for cerebral NUP or precursor
brain natriuretic peptide.

The role of galectin-3 in type 2 diabetes mellitus (DM) is ambiguous:
some studies suggest that galectin-3 deficiency is associated with insulin
resistance, and galectin-3 exerts a protective effect in type 2 DM by acting as
a receptor for end products progressive glycation. However, a recent study
found that knocking out the galectin-3 gene in mice fed a high-fat diet
significantly reduced the development of insulin resistance. In addition, this
study also provides preliminary evidence that extracellular galectin-3
directly binds the insulin receptor and attenuates downstream pathways,
suggesting that galectin-3 is a novel target in insulin resistance and type 2
diabetes [3].

Conclusions. The obtained results of galectin-3 measurements should
be interpreted together with the clinical picture and other instrumental
research methods (echocardiography, dopplerography) as an auxiliary
marker in assessing the prognosis for patients with CHF. Since galectin-3 is
causally involved in pathological myocardial fibrosis, it has been suggested
that it contributes to the development of HF, and therefore may become a

target for HF therapy. The role of galectin-3 in type 2 diabetes is ambiguous.
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XAPAKTEPVCTVKA TTEPEBIT'Y TA KOPEKLIISI CTAHY
TTIJIITKIB 3 HEPBOBOIO AHOPEKCIECIO Y BIMICBKOBMX YMOBAX
Kopenrok Ornena, x.T.H., noueHT; Kpamapenko Harasis, kaHgunat
MeIVYHIX HayK, acCTeHT [{HIITpoIIeTpOBCHKOI'O IepKaBHOIO MeIVTYHOIO

yHiBepcurety, [IHinpo, Ykpaina

HepsoBa anopekcigs (AH) — ocobmmBa HO3010TiuHa dopma, sika
3HaXOAWUTBCA Ha CTUKY PI3HMX MeOWYHMX OVICHUIUIIH, TaKMX SK HefiaTpisd,
racTpPOEHTepOoJIOrisl, €HIOKPUHOJIONIs, IICUXiaTpisd, MeAndHa IICHXOJIOTris.
BinnosigHO 1o MixHaponHoOI craTMcTiuHOI Kiacudikariii xsopod (MKX-
10) HepBOBa aHOpEKCis po3mIsAHacThes B pyopurii «I loBeaiHKOBI crHapOMY,
noB'sa3aHi 3 diziostorivanMm i dismuaMMM dpakTopaMu». AH Bu3HadaeThCs
AK PO3Jajl, IO XapaKTepu3ye€TbCd HABMMCHOKIO BTPaTOIO Baru, sKa
CIIpUYMHEHa Ta HiATPUMYETbCS caMMM HallieHToM [1, 2].

Haruacrinre Taki posimagy Xxap4doBOl MOBEOIHKM BUHMUKAIOTh Y
rnepexifiHi mepiomy >KUTTSA, KOJIM IIITKM 3MYIIIeHl aJanTyBaTucs Ta
3MiHIOBaTMCS Bi[IIOBIIHO 4O HOBUX OOCTaBMH, IlepeXuBaTi Pi3Ki 3MiHY,
CTMKaTuUCs 3 HagMipHUM crpecoMm. IIpore HepBoBa aHOpekcia Moxe
PO3BUHYTICS B OyAb-IKOMY Billi Y BiAIIOBiZIb Ha BaXJIMBI XKUTTEBI IOAIT um
MoTpsciHHA [3, 4].

HepsoBa (abo 1micmxoreHHa) aHOpeKCisd € TpeTiM 3a IOUIMPEHICTIO
XPOHIUHVM 3aXBOPIOBaHHAM HipITKiB. AH XapakTepusyeTbcs BaXKyM
cxodi3MUHNM CTaHOM XBOPOI'O, OCHOBHOIO O3HAKOIO $KOrO € BTpaTa
3HayHOI Macu Tijla, fKa BiAIIOBigae BiKy Ta 3pocTy ocobu. Y mallieHTiB
CIIOCTepiraeTbcsl CIOTBOPeHe YsBIeHHs Hpo cBowo ¢isumyHy dopMy Ta
3aHEIIOKOEHHS OO0 BTpaTM BarM, HaBiTh SAKIIO LIbOTO HacCHpaBOi He

criocrepiraerscs [4, 5].
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Bupaxenun pedinmMr wMacu 3yMOBJIIOE KaTaOOJIiUHWMII HaIpsM
MeTabosIi3My, IIBUIKe BUCHa)KeHH: IUIaCTUYHMX 1 eHepreTUYHMX pecypciB
OpraHisMy, IIO MOXe IIPpMU3BecTN 10 AUCTpodii BHYTpILIHIX OpraHiB i
PO3BUTKY IIOjIiOpraHHoil HemocratHocTi. Tomy AH € pyxe Baximsoro
MeIVIKO-COLIiaJIbHOIO ITp0o0JIeMoro, IKa OCTaHHIM YacOM IIpUBepTa€c 3HaYHY
yBary JliKapiB pi3HMX clelliaJibHOCTen [2, 5].

Metoro pocrimkeHHsT Oysi0 BUBUYeHHS (PaKTOPiB PU3MKY PO3BUTKY
HepBOBOI aHOPeKCii y IJIiTKiB, 0coOIMBOCTeVl KIIiHIYHOro Hepediry Ta
KOPEeKIIil cTaHy XBOPMX B YMOBaX BOEHHOTO CTaHy B YKpaiHi.

Marepiasmi ta Metonm. Ilif criocrepexxenusam nepebysasn 10 giBuat
BikoM Bif 13 mo 17 pokiB, SKi cTpaXgajivi Ha HepBOBYy aHOpeKciro. [amienTn
IepeOyBa/IM Ha CTallioOHApHOMY JIKyBaHHI B IlefiaTpUMYHOMY Ta
HcUxiaTpMYHOMY BifgUIeHHAX JIHIIPOBCHKOI OUTAYOL JIKapHi IIPOTATOM
2022 poky. KpwurepismMyu BuxirodeHHs Oy OiTM 3 XPOHIYHMMM
3aXBOPIOBAHHAMIM HUPOK, Ceplisl Ta IUIYHKOBO-KUIIKOBOIO TpPaKTy 3
MOJXJIMIBVIM PO3BUTKOM BTOPVHHOI AUCTPOdii.

Bci xBopi oOcTeXxeHi KIiHIKO-IICMXOIIATOJIOTIYHVIMY MeTOdaMM 3
peTeIbHVM BUBUYEHHAM aHaMHe3y, HepBOBO-IICMXIYHOIO Ta COMAaTUYHOIO
cratycy. OmniHKy @i3sn4HOro poO3BUTKY MAalli€eHTiB IPOBOAWIM [IBOMa
MeToaMM: 3a perioHaJIbHVMM TaOJIUIIAMY CUTMa-BiIXVJIeHb Ta 3a IIKaJIlaMy
BIKOBOI perpecii (Z-score) 3 BMKOPUCTAaHHAM aHTPOIIOMETPUYHOIO
katpKysgTopa (WHO AnthroPlus) [6]. Byso orineHo criBBimHOIIIEHHS
3pOCTy A0 BiKy, Macu Tijla A0 BiKy, iHzgekcy macu Tita (IMT) i Tpodiuroro
iHJIeKCy 1O BiIHOIIEHHIO M0 BidmosigHoi Barm g 3pocry (IT). g
HAiarHOCTVIKI IICUXOTPaBMYIOUX daxkTopis BUIKOPVICTOBYBaJIV
pO3po0IeHNIT HaMM MeTOf, CTPYKTypoBaHOro KiiHiuHoro inteps'to (SCID)

Ta aHkeTu. CraTucTuyHy oOpoOKy IIpoBOOWIM 3a  OIIOMOTIOXO
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CTaTUCTUYHOIO makeTy Statistica 6.1. [HocmimkenHss Oyslo cxBajIeHO
MiCLIeBMM eTMYHMM KoMiTeToM JiikapHi. IHdopmoBana 3ropma Oyiia
OTpMMaHa Bifl KOKHOTO ITTaIfieHTa Ta IXHix 0aThKiB /] 9ac iHTepB'1o0.

Pesynbratit i obrosBopenHs. @isuuHM po3BUTOK XBOopmx Ha AH
XapaKTepu3yBaBcsa BUPaXXeHOW OucHporopuinHicTio. [lokasaukm 3pocry
70% nitevt Oyim B Mexax +16, 1110 BiIIIOBigajIo cepeTHbOMY 3POCTY IJId 1X
BIKY.

OnHa miBunHa Oysia BUIIOKIO 3a cepenHin 3picT (+1,386), a 2 miBumHKM
Masin 3picT Hwkde cepenHboro (-1,1e6 ta -1,296). Bara Bcix xBopmx Oyiia
HVDKYOIO 3a cepeqHIO 3a BikoM. 20% I1aIlieHTiB Masy Macy Tila B Jiara3oHi -
1-26, 30% -2-36, 50% miTevt Masv Macy Tijla HYDKYe HOpMM OUIBII HixX Ha 36.

Y Bcix XxBOpMX Ha HifcTaBi IOKa3HMKIB Tpodiku Ta iHAEKCY Macu Tijla
JiarHOCTOBaHO OilIKoBO-eHepreTuyHy HenocTtaTHicTs (BEH) I-III cTyneHis.
ITEI I crynens ciocrepirascd B 1 giBumHku (10%), II crynens - y 5 (50%) i 111
crynens - y 4 (40%) nisyar.

IMT cranosus 13,41+0,87 3 pianasonom 10,8-16,3 B cepenHboMy Iipu
HOPMaJIBHVX IOKa3HMKax I Li€l BiKkoBoi Kareropii — 18,9-20,5. Hedinut
Macy TUla B JOC/IKyBaHIV IpyIi giTevt craHoBuB Big 13 1o 43 %.

CoMaTMuHMII CTaTyC XBOPMX XapaKTepus3yBaBcd (PyHKIIOHAJIBHUMU
po3JIagaMy Ty HKOBO-KUIIIKOBOI'O TPaKTy, CepLieBO-CYIMHHOI Ta HEpBOBOT
cucteM opranismy. Hambinem wactmu ckapramm Oynm samop (y 70%
BUMaKiB), 6116 y xmBoTi (50%), HynoTa (40%). AMeHOpesi criocTepiraiach y
50% pisgar. HamOuiein BupakeHMMM Oy CHUMIOTOMM IIOPYILIEHHS
HepPBOBO-IICMXIYHOIO CTaHY IiUIITKIB Y BUIJIsA/I O€3COHHS, TOJIOBHOIO OOJIIO,
APpaTiBJIMBOCTI @00 CXVIJIBHOCTI.

CXWIBHICTD 110 i30JIa11ii, cuMIirromu genpecii. 1li ckapru BigzHaumm

60 % TIa1Ti€HTIB.
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3HVDKeHHS Macy TiJla Y XBOPMX OCHOBHOI I'PyIM CIIOCTepirasocs B pisHi
TepPMIiHI: y 7 — IPOTSATOM POKY, a 3 OiBUMHKM criocTepiranvcs 3 npusony AH
IIPOTATOM [IBOX POKIB 13 3arocTpeHHaM y 2022 pomi.

Anayii3 TpurepHmx d@akTopiB po3Burky AH y pocmimpkyBaHMX
HAaIi€HTIB [1aB 3MOTY BIA3HAUWUTV MOEIHAHHS SK IHOMBIOyaJIbHMX, Tak 1
ciMertHuUx aKToOpiB, a TaKOX COLaJIbHUX ¢aKTOpiB, IIOB'g3aHMX i3
IIOTOYHOK CUTyalielo B KpaiHi. [lopsam i3 3aHVDKeHOIO caMOOLIHKOIO,
IIparHeHHM J10 ifeastbHOI irypm Ta cTpaxom HaOpatu Bary 60 % IifTiTKiB
Bi/I3HAUWIV 3HAUHUI CTpax Ilepel BiVICBKOBMMM [isIMV, BTPaTOIO >XUTIIA,
CMepTIO OJIM3BKMX Ta CTPaX CaMOTHOCTI.

KombinoBana Teparrisi XxBopux BK/IIOUaIa Ji€TOTEPATIiIO 3 PO3POOKOI0
IHOVBIAYJIBHOTO PEXVIMY Xap4yBaHH:, MeAVNKaMeHTO3HY TeParliio 3 MEeTOIO
KOpeKIIil MeTaOOJIiYHMX HOPYIIIeHb Ta BifHOBIeHHs Barv. OcoOIMBYy yBary
Oysio npuaUIeHO AWPUTYBAaHHIO IICMXOTepalliss 3 BUKOPUCTAaHHSAM
IHIVBiyaJIbHOTO IICMXOaHaJIi3y Ta CiMerTHOI Tepariil. Yci JIiKyBaJIbHi 3aX0u
CYIIPOBOIKYBaJIVICSL PeTeJIbHMM MOHITOPVMHIOM COMaTUYHOIO CTaTyCy
TIaITi€HTIB.

Coocrepirajiacsi TIO3MTMBHa JMHaMika 30UThIIIeHHS Macu Tija
MallieHTiB TIicjIsi KoMOiHOBaHOI Tepamii. 3a Imlepion mnepeOyBaHHS B
cTallioHapi (B cepeqHbOMY A0 2 TVDKHIB) TPOiuHMUI ITOKA3HVK 30UIBIIMBCS
B cepenHbomy Ha 6,07%, IMT - xHa 1,16. IloBTropHe obcTexxeHHs di3MIHOTO
PO3BUTKY JITeV II0Ka3aJIo ITO3UTVBHI 3MiHM B Xap4OBOMY CTaTyCl XBOPUX i
paso nipcrasy mrst sminy crynens I1EI 3 1T crynensa na Il y 4 niBuaTok.

Binmiueno snaunmmi edekt 10-meHHOro ceaHcy IcmxoTepartii y BUIIAI]
HOpMaJIi3allil  IICMXOHEBPOJIOTIYHOIO  CTaTyCcy, 3HIVDKeHHd  piBHA
TPUBOXKHOCTI Ta cradirizarii rcMxoeMoIimHOTro CTaHy Halli€HTIB.

Buicrosxku.
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1. IlcuxoTpaBMyrodi pakTopu B yMOBax BiViHWM CIIPVIAIOTH PO3BUTKY
HEepBOBOI aHOPEKCIl y M TKIB.

2. Kiniuanin nepebir AH y mifyIiTKiB XapaKTepu3yeTbCs IIBUIKM
possutkoM [IEI, dyHKUOioHaIBHMMM po3lagaMy COMATUYHWMX CUCTEM
OpraHi3My Ta IIOTipIlIeHHAIM HepPBOBO-IICIXiYHOI'O CTaHYy.

3. KombOinoBana Tepamis AH mnoBumHHa BKIIOYaTM KypPCOBY
IICUXOJIOTIYHY peabimiTarito, ska [O3BOJIISIE He TUTBKU CTa6iJIi3yBaTM
IICXOEeMOLIVIHMUY CTaH IiUITKIB, a " IomepenuTn 3aroctpeHHss AH Ta

riepexiji Ioro B XpOHIYHY CTaIilo.

References

1. International Statistical Classification of Diseases and Related Health
Problems 10th Revision (ICD-10) Version for 2010.

2. Demeshkina L. V., Serdyuchenko O. N., Ptushkina D. A., Petishko O.
P. Nervnaya anoreksiya: obzor i klinicheskij sluchaj.
Gastroenterologiya. 2015; 3 (57).

3. Fomenkova N., Shlenchak E. Doroshenko V. Andreeva O.
Komorbidnye sostoyaniya pri nervnoj anoreksii. Z turbotoyu pro

ditinu. 2016; 1(55). https:/ /extempore.info/blogs/9-joornal /563

87



InterSci 2024: Global innovations in modern science, Juraj Dobrila University of Pula

RESEARCH ON THE ARRAY OF MEMS MICROPHONES FOR
SOUND SOURCE LOCALIZATION
Andrii Riabko, associate professor, Oleksandr Dovzhenko Hlukhiv

National Pedagogical University, 24 Kyivska Str., Hlukhiv, 41400, Ukraine

This article presents a comprehensive study on the array of MEMS
microphones, emphasizing the mathematical rationale behind their
construction and operation for sound source localization. The work details
the theoretical underpinnings, including the derivation of key formulas and
principles governing the array’s performance. Furthermore, practical
aspects such as connecting the array to a Raspberry Pi and modeling the
system in MATLAB (Simulink) are discussed. This study aims to provide a
thorough understanding of MEMS microphone arrays’ functionality and

practical implementation.
Introduction

Micro-Electro-Mechanical Systems (MEMS) microphones have
revolutionized acoustic sensing due to their small size, low cost, and high
performance. When arranged in arrays, these microphones can effectively
determine the direction of sound sources, making them valuable in various
applications such as voice recognition, surveillance, and acoustic mapping.
This paper explores the mathematical foundation of MEMS microphone
arrays, their practical implementation with a Raspberry Pi, and the

simulation of the system in MATLAB (Simulink).
Mathematical Rationale for MEMS Microphone Arrays

Sound Wave Propagation and Time Difference of Arrival (TDOA)

88



InterSci 2024: Global innovations in modern science, Juraj Dobrila University of Pula

The basis of sound source localization using microphone arrays is the
Time Difference of Arrival (TDOA) method. Consider an array of N
microphones placed at known positions. The sound wave from a source
located at (xg, ys) propagates and reaches each microphone at different times

due to their spatial separation.

The TDOA between two microphones i and j is given by:

where:
7;; is the time difference of arrival between microphones i and j,
d;; is the distance between the microphones,

c is the speed of sound in air (approximately 343 m/s at room

temperature),
r; and r; are the position vectors of microphones i and j.
Localization Algorithm

To determine the sound source position (xs, y;), we solve a system of
equations derived from the TDOA measurements. For a two-dimensional

space, the equations for N microphones can be expressed as:
(xs —x)*+ (s —y)? = c?(1; —1)* Vi=23,..,N

where (x;,y;) are the coordinates of the i-th microphone, and 7; is the
arrival time of the sound wave at the i-th microphone. By solving these

equations, we can estimate the coordinates of the sound source.

Array Geometry
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The geometry of the microphone array significantly affects the
accuracy and resolution of sound source localization. A common
configuration is the linear array, but more complex geometries like circular
or planar arrays can provide better localization performance. The array’s
aperture (the maximum distance between any two microphones) determines

the array’s resolving power.

Connect each MEMS microphone module to the Raspberry Pi's GPIO
pins. Ensure that each microphone has a distinct channel for data

communication.

Install necessary libraries such as PyAudio or ALSA for audio

processing.

Write Python scripts to initialize the microphones, capture audio data,

and perform TDOA calculations.

Example Python code snippet for initializing the microphones and

capturing audio data:

Example Python code snippet for initializing the microphones and capturing audio data:

import pyaudio
import numpy as np

# Initialize PyAudio
p = pyaudio.PyAudio()

# Configuration parameters
CHANNELS = 4

RATE = 44100

CHUNK = 1024

# Open stream
stream = p.open(format=pyaudio.palnt16,
channels=CHANNELS,
rate=RATE,
input=True,
frames_per_buffer=CHUNK)
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print("Recording...")

while True:
data = np.frombuffer(stream.read(CHUNK), dtype=np.int16)
# Process data for TDOA and localization

Data Processing
Capture and digitize the audio signals from the microphones.

Apply digital signal processing (DSP) techniques to filter and extract

relevant features from the audio signals.
Compute the TDOA using cross-correlation methods.

Simulating the MEMS Microphone Array in MATLAB (Simulink)

Create a Simulink model with blocks representing the MEMS

microphones, sound source, and signal processing components.

Simulate the sound source and its propagation to the microphone

array.
Implement TDOA estimation using cross-correlation blocks.
Solve the localization equations to estimate the sound source position.

Example MATLAB code snippet for cross-correlation:

N =4;

% Sample rate

fs = 44100;

% Time vector
t=0:1/fs:1-1/fs;

% Generate synthetic signals
signals = zeros(N, length(t));
fori=1:N
signals(i, :) = sin(2 * pi * 1000 * (t - i * 0.001));
end
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% Compute cross-correlation

fori=2:N
[c, lags] = xcorr(signals(1, :), signals(i, :));
[~, I] = max(abs(c));
TDOA(i-1) = lags(l) / fs;

end

disp('TDOA:");
disp(TDOA);

Simulation and Analysis

Run the simulation to analyze the array’s performance under different

conditions.

Evaluate the accuracy of the sound source localization and the effects

of noise and other environmental factors.
Conclusion

The study of MEMS microphone arrays for sound source localization
involves both theoretical and practical considerations. This article has
provided a mathematical foundation for understanding the array’s
operation, detailed the steps for interfacing with a Raspberry Pi, and
described the simulation process in MATLAB (Simulink). Despite challenges
such as environmental noise and computational complexity, MEMS
microphone arrays offer significant potential for precise and reliable sound

source localization in various applications.

By leveraging advanced digital signal processing techniques and
robust hardware setups, MEMS microphone arrays can be effectively
integrated into modern acoustic sensing systems, providing valuable
capabilities for both consumer and industrial applications. Future research
will focus on enhancing the array’s performance through improved

algorithms, better hardware integration, and real-world testing.
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E®EKTVBHI AJTITOPUTMU TSI MOIEJIEVI MAIIIMHHOI'O
HABYAHHISI
Minana IlysiHo, crypmenTka HanionansHoro yHiBepcureTy "JIbBiBCcbKa

royritexHika", JIbBiB, Ykpaina

Y cyuacHoMy cBiTi MammHHe HaBuaHHs (ML) craso HapiXHUM
KaMeHeM 0araTbOX TeXHOJIOTiV, IO BUKOPUCTOBYIOTBCS B Pi3HUX TajIy3six,
TaKMX SK OOpoOKka IPMPOAHOI MOBM, KOMIT'IOTEpHUI 3ip, piHaHCOBUM
aHaJli3, OXOpOHa 3J0POB'd Ta Oarato iHmMx. 3i 30UIbIIIEHHIM 00CATIB JaHMX
i cKJIaHICTIO 3a7ad4, siKi HOTPiOHO BUpIlIyBaTH, BMHMKAE HEOOXiAHICTD y
PO3BUTKY edeKTUBHUX aJIrOPUTMIB I HaBYaHHS BeJIMKMX Mopesien
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MAaIllMHHOTO HaB4YaHH4A. Llg craTTs posmsagae  KIIOYOBI  HAIIPSAMKU
OOCIIiIKeHb y 1int cdpepi, BKIIIOYAIOUM CTOXaCTUYHUI I'PAJi€HTHUI CITYCK,
po3mofiyleHe Ta IapajiellbHe OOYMCIIeHHs, aBTOMAaTWM30BaHe MalllfHHe
HaBYaHH:, METOOV peryspusanii Ta 3HVDKeHHS PO3MIPHOCTI, a TaKOX
OITTMMI3allilo ITAroTOBKM JaHmx [1].

Croxactunmint rpagieatHun ciyck (SGD) € ocHOBHMM MeTonoM
ONTVMIi3allii [UIsi HaBUAHHS MOIEIell MAIIVHHOTO HaB4yaHHs. Vloro
IIOIYJIAPHICTb 0OyMOBJIeHa IIPOCTOTOIO peastisaliil Ta edeKTMBHICTIO IS
BeJIMKMX HaOopiB maHmx. [Ipote, cranmaptamint SGD mae nesiki oOMexxeHHH,
TaKl 4K BMCOKa BapiaTMBHICTb OHOBJIEHb Bar, L0 MOXe IIPU3BECTU 10
MOBUTbHOI KOHBepreHriii [2]. i BupimeHHs nmx mpoOieM Oyim
po3pobiieHi pi3Hi BapiaHTi SGD:

- Mini-6atu SGD: 3amMicTb OHOBJIEHHS Bar IIiCJIsi KOXKHOTO IIPUKJIIazy,
MiHi-0aTu SGD oOHOBIIOE Barm ITicjs OOpOOKM HeBeIMKOI ITiIMHOXVHU
maHux (MmiHi-OaTua). lle MO3BOJIslE 3MEHIIIUTIM BapiaTUBHICTh OHOBJIEHb Ta
HOKpaIInTy e(peKTVBHICTh HaBYaHHSI.

- ApantusHi MeToau: Metoan, taki sk Adam, RMSprop ta AdaGrad,
aBTOMATUYHO PeryJIIOIOTh IIBUOKICTh HaBYaHHS Ha OCHOBI maHMX. BoHu
BPaxOBYIOTh ICTOPIIO I'paJi€HTIB JIsI KOXHOIO IapaMeTpa, IO J03BOJISE
IIBU/IIe JOocATaTyi KOHBEpPreHIl Ta yHMKaTM HIpoOiieM 3 BuOOpoOM
OIITVIMaJIbHOI IBUIKOCTI HABYaHHS.

3pocTtaHHsA pPO3MipiB AaHMX Ta Mopeslell IIOTpedye BUKOPUCTaHHS
PO3IOAUIeHNX Ta IapaleIbHNX o0umcIiIeHb I epeKTMBHOIO HaBYaHHSL.
IcHye KiyTbKa IIIXOMAIB 0 IIHOTO:

- Hani ITapanemnism: Y pmanoMy migxofl HaHl PO3HOMUISIOTBCS MK

KiJIbkoMa Iporiecopamy abo MammHamyu. KoxeH Ipoliecop HaBYae CBOIO
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KOITII0O MOMeIl Ha CBOEMY MIIMHOXMHI [JaHMX, a IIOTIM OHOBJICHHH
00'ennytoThCs. e mo3B0IIsI€ 3HAUHO 3MEHIIINTY Yac HaBYaHHS.

- Mopesnpant [lapasernism: B miboMy Bumanky pisHi 4acTVHM MOl
PO3HOAUIAIOTECS MiX ITpoliecopaMm ado MarHaMu. Lle ocoOmBo KopmcHO
JUI BEJIMKMX HeVIPOHHUX MepeX, Jle KOXKeH IIap ado rpymna Iapis MOXYyTb
Oyt 06pobIIeHi OKpeMo.

s 3a0esneueHHsT edeKTMBHOI pPoOOOTM PO3IOAUIEHMX CUCTEM
HeOOXiTHO BpaxoByBaTy IIpoOJieMM KOMYHIKaIlili MiX IIpoliecopamm Ta
CUHXpPOHI3allil OHOBJIeHb. ICHYIOTH pi3HI METOAM CHMHXPOHI3allli, Taki gK
CMHXpOHHUM Ta acHXpoHHUM SGD, KOXeH 3 gK1x Ma€ cBOI ImepeBary Ta
Hemoiikm [3].

AutoML € BaxmBooO 00J1acTIO JOCITIKEeHb, SKa CIpsIMOBaHa Ha
aBTOMaTM3allilo IIpolecy I100YyI0BM Mojieslell MalllVHHOIO HapuaHHS. Lle
BKJIIOYA€ aBTOMaTWMUYHUI BUOIp apxXiTeKTypu HeMPOHHOI Mepexi Ta
OIITVMIMi3allio rinepriapamMeTpis. OCHOBHI HiAXOIV BKIIIOYAKOTh:

- Neural Architecture Search (NAS): NAS asroMaTmuHO IIyKae
HaVIKpallly apxiTeKTypy HeMpPOHHOI MepeXi I maHoro sabmaHH:A. Lle
JIOCSITAEThCS  IIUIIXOM OOCTEXXEHHS BEeJIMKOTO IIPOCTOPYy  MOXJIVIBUX
apxiTeKTyp 3 BMKOPWCTaHHAM PI3HMUX METOMIB OIITMMI3allli, TaKux sK
eBOJIIOLIIVIHI aJITOPUTMM a00 METOAM ITiICVIIeHHS.

- lnepnapamerpruna OnrTmmisartis: Bxirouae aBTomMaTaHMI BUOIp
TaKMXx IapaMeTpiB, 4K IMIBMUIOKICTb HaBYaHHH, po3Mip MiHi-OaTuis,
KoedpillieHTN peryssipusalii Ta iHmi napamerpu Mopesti. Cepern MeTOMIB,
1110 BUKOPUCTOBYIOThCS, MOJKHA BUIUINTY BUIIaZIKOBU IIOIIYK, Oalle€CiBCbKy
OIITMMI3allilo Ta rireprapaMeTpuyHi CiTKMN.

AutoML no3Bosisie 3HaYHO 3MEHIINUTH Yac Ta pecypcy, HeoOXigHi 11t

PO3pO0OKM MoOIernen:, Mo € O0COOIMBO BaXXIJIMBVUM IS POOOTHM 3 BEIMKVIMMU
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Habopamu gaHux. Lle poOuTe MalIMHHe HaBYaHHS OUIBII JOCTYIIHUM JIJIS
IOCIIITHVIKIB Ta iHXXeHepiB, 1110 He MalOTh IJIMOO0KMX 3HaHb Y LIiVl TayIysi.

JJ7IsT moKpalleHHs y3araJbHIOBAJIBHOI 30aTHOCTI MoOAesIeVl BaKJIVIBO
BUKOPWCTOBYBaTV MeTOIV peryJiIpu3allii Ta 3SHVDKeHH po3MmipHocTi. Born
J0IIOMaraoTb YHUKHYTW IepeHaBYaHHsd Ta INABUINUTU CTaOUIbHICTD
Mopesten [4].

- Dropout ta DropConnect: Dropout BuitagkoBo BUMMKAa€E HEVIPOHM ITif,
Jac HaBYaHH:, IO AOIIOMarae€ 3MeHINUTH IlepeHaBdaHH:A. DropConnect
AHAJIOTIYHO BUIIAJIKOBO BUMMMKA€E 3B'd3KM MDK HempoHamu. Lli Meromm
J03BOJIAIOTh MOMeJIi CTaTu OUIBII CTIMKMMM [0 3MiH Yy [JaHUX Ta
HOKPaIyIOTh IX y3araJIbHIOOYY 31aTHICTE.

- Perynsapusanis Bar: L2 peryrapwsartiia gomae mrpad 3a BeJIMKY
BeJIMYMHY Bar, 110 JolloMara€ YHUKHYTH IlepeHaBuaHHA. Lle nocdaraerescs
IUIIXOM JofdaBaHHA [0 YHKII BTpaT [JOOATKOBOIO WJIeHa, SKUM
POHOPIIIVIHUI CyMI KBaJIpaTiB Bar.

MeTtoan 3HVDKeHHSI pO3MIPHOCTI TaKOX BIIIPamOTh BaXXJIMBY POJIb Y
MiOBUINEeHH]I edeKTMBHOCTI HaBYaHHS Ta Yy3araJlbHIOBaJIbHOI 3IaTHOCTI
MOJIeJIen:

- Principal Component Analysis (PCA): MeTtop 3HV>KeHHS pOo3MipHOCTI,
SIKUV 3HAXOAWUTb HOBI 3MiHHI (KOMIIOHEHTM), III0 € JIHIMHUMN
KOMOiHaIifIMM MOYaTKOBMX 3MiHHMX i 30epiraroTp HaViOUIBIIY YacTKy
OVCIIePCil JaHVIX.

- T-SNE Tta UMAP: Hemninivini MeToan 3HVDKEHHS PO3MipHOCTI, IIO
30epiratoTb JIOKaJIbHI CTPYKTYpM [aHMX 1 BUKOPUCTOBYIOTbCS [IJISt

Bi3yaJli3aliil BUCOKOBVMIPHMX JaHMX.
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EdexTrBHa MiATroTOBKA JaHMX € KJIIIOUOBOIO Il YCIIIIIHOIO HaBYaHHA
Mopestent. lle BK/IIOYa€e Taki acIleKTy, sIK 3aBaHTaXKeHHd J1aHMX, 0OpoOka
JaHMX Ta 1X 30U IbIITeHHS.

- OnstanHoBe 30utbIIeHHs aHvix: [IHaMigHO reHepye€ HOBI 3pa3Ku IIif,
Jac HaBYaHH#, IO IIOKpallye CTinKicTe mopernen. Hampuxiianm, g
300pakeHb 1Ile MOXe BKJIIOYATM TaKi oOIlepallil, 4K IIOBOPOTH,
BiflZI3epKaJIeHH:], MacIITaOyBaHHS Ta 3MiHa SICKPaBOCTi.

- Orrmwmizartis Kouseepis 3aBanTakeHHs anvix: 115 Bermkmx oOcsTiB
JaHVX BaXIMBO MaTu edeKTMBHI MexaHi3MM 3aBaHTa’KeHHS Ta 0OpoOKwy,
100 YHUKHYTM 3aTpMMOK. BukopucraHHs 0araToIlOTOKOBOCTI Ta
aCMHXPOHHOI'O 3aBaHTaXKeHHs MOXKe 3HaUHO INOBUILUTU IIPOLYKTUBHICTE.

OkpiM 3a3sHaueHMX BuUIle METOMIB, ICHYIOTh HOBITHI TeXHOJIOIIl Ta
IJIXOMM, $IKi CTalOTh BCe OUIBII HOMYJIIPHMMM y KOHTEKCTI HaBUaHHS
BEJTMKMX MOJIeJIeV MAaIllTHHOTO HaBUaHHSI.

- Federated Learning: Llevt MmeToz1 103BOJIsIE HAaBYATM MOl Ha TAHMX,
pO3MOIiJIEHNX M0 Pi3HMX IIPUCTPosix abo cepBepax, 0e3 HeoOXiTHOCTI
lLIeHTpasli30BaHoOro 30epiranns maHmx. Lle migBuIye KoHQiIeHLIIHICT Ta
Oe3rleKy [JaHMX, a TaKOX MIO3BOJIIE BUKOPVCTOBYBATM OOUMCITIOBAJIbHI
pecypcu pisHUX HPVICTPOIB.

- Meronn InkpemenTHoro Hasuanusa: BoHu 103B0OJISAI0T OHOBIIIOBATH
MOJIeJIl B PeXXVMI peasIbHOI'O Yacy, KOJIV HOBI JJaHi CTaloTh JocTynHuMu. Lle
0CcOONMMBO BaXJIMBO IS [OMHAMIUHMX CEePEeIOBUII, Jie HaHi MOXYTb
3MIHIOBATWCS 3 YAaCOM.

- Kommt'torepHe 3opieHtyBanHs Ta Emx OOuncienns: BukopucranHs
crieljiasrioBaHux anapaTHux 3aco0is, Takux gk GPU, TPU ta FPGA, mia

IIPUICKOPeHHsT o0umcieHb. Emkx  oOumciieHHsT 103BOJISIE  BUKOHYBATU
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YacTMHY 00YNMCcIIeHb Ha IIPUCTPOX, 10 3HAXOAATbC OJIvpK4e 10 IKepeiia
JaHMX, 3MEHIIIYIOYV 3aTPVIMKY Ta HiIBUIILYI0UN e(PeKTVBHICTb.

J1JIsT KpaIoro po3yMiHHs, pO3IJITHEMO KUIbKa IIPaKTUYHMX IIPUKIIAIiB
3acTocyBaHHS eeKTUBHUX aJITOPUTMIB I HaBYaHHS BeJIMKMX Mojlesient
MaIlVHHOTO HaBYaHHSL.

- O6pobxka ITpuponnoi Mosu (NLP): Buxkopucranus mopeseit TUILy
BERT Tta GPT mis 3amady oOpoOKM TeKCTy, TaKMx SIK aHasli3 TOHaJIbHOCTI,
MaIIMHHUI IepeKiIaj, Ta reHepauis Tekcry. Lli momeni mnorpebyroTh
BeJIMYe3HMX 00CATiB JaHMX Ta 00YMCIIIOBAJIBHUX PecypciB, ajie edpeKTUBHI
MeTOIM OITMMIi3allil Ta HapaIeJIbBHOrO OOUMCIIEHHS I03BOJISIOTh 10CATaT
BUCOKVIX Pe3yJIbTaTiB.

-  Komn'rorepuwn  3ip: HaBuaHHSA BeIMKMX  KOHBOJIIOLIIIHMX
HevtpoHHMX Mepex (CNN) 1 3ama4 posnisHaBaHHS 00'€KTiB, cerMeHTarlil
300pakeHb Ta aBTOMATMYHOIO BOOiHHY. BuKopucTaHHsS MeTO/IB, TaKMX SK
Dropout Ta posmomisieHi o004YMCIeHHS, A03BOJISE 3HAYHO ITJIBUIINATH
edeKTBHICTb MOJIeJIel.

- inaHcoBuii AHaii3: BukopwcraHHS MaIIVMHHOTO HaBYaHHSA I
IIPOTrHO3YBaHH IIIH Ha aKliii, OI[IHKM KPeOUTHUX PU3MKIB Ta BUSIBIICHHI
Iaxparncrsa. Beymki Habopu JaHMX Ta CKJIaJHICTH MOjeslel BUMAararoThb
BUKOPWUCTaHHs PO3IIOAUICHNX CHCTeM Ta MeTOMIIB peryssapusanii i
HTOCATHEHHs HaliTHMX Pe3yJIbTaTiB.

Po3BUTOK edeKTMBHVX aJITOPUTMIB I HaBYaHHS BeJIMKMX Mozeslei
MAaIlVIHHOTO HaBYaHHSA € KPUTWYHO BaXIVBMM HaOpPsAMKOM Cy4acHMX
OOCIpKeHb. BukopucTraHHA BOOCKOHaJIeHMX MeETO[iB  OITMMIi3arliii,
pO3HOAUIeHNX Ta  HapaJleJIbHUX  004YNMCcIeHb, aBTOMATW30BaHOIO
MaIlIMHHOTO HaBYaHHS, METO/IB peryJisipusariii Ta OIITVMIi3allil IMiaAroTOBKM

HaHMX ITO3BOJISIE 3HAYHO ITOKPaIllITI HpO,ZLYKTT/IBHiCTB Ta y3araJlbpHIOBaJIbHY
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30aTHICTE  Mopenent. Lli HanpaMu AOOCTIDKeHb  BiIKpMBAIOTh HOBI
MOXXJIVIBOCTi [JIS1 3aCTOCYBaHHS MAIITHHOTO HABUAHHS Y Pi3HUX TaTy3sX,
poOIIsTUM T10T0 OB JOCTYITHUM Ta €(peKTMBHUM.

3 momaJIbIIMM PO3BUTKOM TexXHOJIOriN, Takux gk federated learning,
iHKpeMeHTHe HaBYaHHS Ta CIlelliajli3oBaHe arlapaTHe 3a0e3IreueHHs], MOJKHa
OuiKyBaTy, IO edeKTMBHICTh Ta MOXJIMBOCTI MaIIVMHHOIO HaBYaHHS
OyZyTh IIPOIOBXYBaTM 3pPOCTaTV, BiIKPMBAIOYM HOBI TOPM3OHTU IS

,Z[OCJIi,[L)KeHB Ta IIPaKTNUYHMX 3aCTOCYBaHb.
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