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these values are such that every nation perceives its identity, social and political life as dependent upon its adherence 

to and respect for them, and upon the complete transmission of these values to future generations. The culture of self-

sacrifice and martyrdom is one such value that has been intertwined with the history of Iran and has always held a 

special place. It has long served as an inspiration for believers and Muslims on the path of human and divine 

perfection. This research, conducted through a literature review, aims to examine the role of the culture of self-

sacrifice and martyrdom in the creation of a new Islamic civilization. The findings indicate that the safeguarding of 

values within the framework of monotheism, coupled with a deepening of the spirit of selflessness, a focus on justice 

and dignity in the pursuit of Islamic liberation, non-dependence on foreign powers, and the neutralization of sedition 

through a clear understanding of enemies, are among the most prominent strategies of the school of self-sacrifice 

and martyrdom in establishing and realizing a new Islamic civilization. 
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Introduction 

The Islamic Revolution, by introducing the 

doctrine of "Neither East nor West," established a 

collective super-order based on the equality of states 

and sovereignties, and the realization of divine and 

human rights for nations in the international system. 

By reviving the forgotten capacities and potentials of 

non-aligned nations and rejecting passivity and 

submission to imperialism, it sought to sever the roots 

of dependence on great powers and present a new 

framework for governance. This significant truth of 

the Islamic Revolution can be found in the words and 

concerns of its founder, Imam Khomeini, and its 

continuity is evident in the policies, strategies, and 

practical methods rooted in his thoughts and conduct. 

(Jahanbin & Moeinipour, 2014) 

From the perspective of Ayatollah Khamenei, as 

an Islamic thinker and intellectual, the ultimate goal 

of the Islamic Revolution is to achieve an Islamic 

civilization through a logical and continuous process 

based on four pillars: religion, rationality, knowledge, 

and ethics. To achieve this goal, five stages must be 

completed: the Islamic Revolution, the Islamic 

system, the Islamic government, the Islamic society, 

and finally, the Islamic civilization. Following the 

Islamic Revolution and the establishment of the 

Islamic system (the Islamic Republic), which is 

embodied in the Constitution, the formation of an 

Islamic society paves the way for modeling and 

initiating Islamic civilization, the complete 

manifestation of which will occur in the era of the 

reappearance of the Imam of the Age (Mahdi). 

The term "civilization" has various meanings, 

with one of the most important being urban settlement 

and residing in cities. Therefore, civilization is 

associated with refined social behavior and urban 

living. Lexicographers distinguish civilized life from 

that of barbaric tribes, defining civilization as 

http://s-o-i.org/1.1/tas
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adapting to the norms and ethics of urban living. 

Hence, in linguistic terms, civilization can be 

understood as the transition from nomadic and violent 

lifestyles to settled urban living. (Moein, 1986) 

In this context, Islamic civilization is one in 

which all components are based on the pure teachings 

of Islam, rooted in the Quranic teachings and the 

traditions of the Prophet Muhammad (PBUH) and his 

successors. Its components include religion, ethics, 

knowledge, justice, Islamic laws and regulations, 

national solidarity, security and peace, tolerance, 

unity, wisdom, and the defense of the rights of the 

oppressed. (Farzandi, 2020) 

Every civilization is founded on a set of ideas and 

philosophical foundations that justify its formation. 

Civilization is built upon intellectual and ideological 

pillars and is shaped by cultural tendencies. In fact, the 

culture of a society develops through emotional and 

intellectual inclinations, and these inclinations play a 

crucial role in the formation of civilization. (Jamali, 

2015) 

It is assumed that civilization-building can be 

managed by humans. It is a process that begins with 

the creation of concepts such as society, industry, 

technology, thought, and scientific production, which 

grow and manifest over time. In all these aspects, 

humans play a central role as the agents, drivers, and 

goals of transformation. (Goudarzi, 2015). 

Since the formation and evolution of an idea or 

theory is influenced by the social and individual 

contexts of human societies, addressing the 

requirements of a new Islamic civilization has become 

an ideal subject for scholars and Islamic intellectuals. 

According to many historians of Islamic culture and 

civilization, as well as cultural and political 

sociologists, one of the most influential factors in 

social and political changes within the Muslim 

community has been the promotion of the doctrine of 

sacrifice and martyrdom. 

In modern times, Imam Khomeini revived the 

doctrine of sacrifice and martyrdom after centuries of 

stagnation and deviation. This revival resulted in the 

overthrow of the Pahlavi monarchy and the 

establishment of an Islamic government based on the 

principle of Guardianship of the Jurist (Wilayat al-

Faqih), paving the way for the resurgence of Islamic 

civilization. 

Today, thanks to the historical continuity of 

religious leadership, Ayatollah Khamenei continues to 

guide this divine movement along the path of the 

Islamic Revolution with wise leadership. According 

to him, the most crucial factor that can ensure the 

uninterrupted progress of this sacred system toward 

achieving the new Islamic civilization is reliance on 

the doctrine of sacrifice and martyrdom. This spirit, 

inspired by divine values, can strengthen the elements 

necessary for civilization-building and realize the 

emergence of the new Islamic civilization. 

Therefore, since achieving the foundations of 

civilization in an Islamic society requires modeling 

based on divine and human values, promoting the 

doctrine of sacrifice and martyrdom remains one of 

the most credible paths toward achieving the new 

Islamic civilization. 

 

Importance and Necessity of the Research 

Culture is recognized both as a product and as a 

set of social processes that produce a result. Similar to 

self-sacrifice, it represents a process that includes 

prerequisites, stages, and outcomes. This process 

illustrates a way of living that combines existing 

awareness with achievable knowledge, which is 

referred to as a cultural act. (Tarighi & Samadi, 2016) 

The culture of self-sacrifice and martyrdom is 

one of the major components and valuable cultural 

heritages preserved and passed down through 

generations in our society despite various events and 

challenges. Through reinterpretation and 

reconstruction by contemporary religious and social 

thinkers, this culture has shaped a specific revivalist 

literature, gradually steering social transformations 

toward Islamization. Following the June 5th, 1963 

movement, under the leadership of Imam Khomeini, 

religious revivalism took a new form by actively 

engaging religion in politics and international 

relations. Consequently, self-sacrifice and the 

establishment of its culture became one of the key 

elements of religious and national identity, leading to 

the stability and formation of the Islamic Revolution. 

(Ghiassvand & Dehkordian, 2009) 

The eight-year Sacred Defense period marked a 

turning point in demonstrating the unmatched 

strength, courage, and talent of the noble people of 

Iran. During this period, the society, relying on 

religious teachings, successfully passed this divine 

test. Historical achievements confirm that self-

sacrifice and martyrdom are among the most effective 

cultural elements influencing social processes and 

phenomena. 

The culture of self-sacrifice and martyrdom 

brings immense direct and indirect benefits to society. 

It represents one of the richest treasures of Islamic and 

Shia culture, which became vividly evident during the 

years of the revolution and Sacred Defense, 

showcasing the most astonishing examples of human 

selflessness. However, a fundamental issue is that 

such a precious treasure cannot be effectively 

promoted or transmitted through superficial views and 

formal methods. Therefore, the necessity of paying 

attention to and promoting the culture of self-sacrifice 

and martyrdom in society, as well as observing its 

positive impacts, requires deep belief and profound 

thinking. It is essential to institutionalize this thought 

among the people through appropriate mechanisms. 

Identifying ways and adopting methods to best 

introduce this culture to society demands thorough, 

comprehensive, and continuous research. 
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Practitioners in this field must take this task seriously, 

as fulfilling this crucial responsibility will ultimately 

lead to awakening society to the significance of self-

sacrifice and martyrdom. 

 

Research Background 

This section briefly presents studies and research 

conducted in this field: 

The findings of Hamidi (2022), in examining the 

contributions of the culture of self-sacrifice and 

martyrdom to the development of a new Islamic 

civilization from the perspective of Ayatollah 

Khamenei, showed that guaranteeing intrinsic values 

based on monotheism, maintaining independence 

from foreign powers with dignity, creating a civil 

society through law-abidance, neutralizing 

conspiracies through enemy recognition, and meeting 

scientific development needs are among the key 

achievements of this culture. These factors 

collectively contribute as civilization-building 

elements that have led to the flourishing of the new 

Islamic civilization. 

Andisheh (2017) investigated effective methods 

of promoting and modeling the culture of self-

sacrifice and martyrdom among teenagers and youth 

in Chaharmahal and Bakhtiari province. The study 

surveyed high school and university students, war 

veterans, cultural officials, and organizations. The 

results identified the most effective methods for 

promoting this culture, including: 

1. Visiting war memorial sites and introducing 

war heroes. 2. Producing and broadcasting religious 

programs based on the Ashura culture through media. 

2. Producing and broadcasting religious 

programs based on the Ashura culture through media. 

3. Organizing Q&A sessions for teenagers and 

youth. 

 4. Creating video games and animations themed 

around self-sacrifice and martyrdom. 

 5. Presenting role models like Martyr Fahmideh 

and Martyr Alam al-Hoda to society. 

Based on the conducted research, it is evident 

that existing studies have focused on methods of 

promoting and modeling the culture of self-sacrifice 

and martyrdom, as well as examining its contributions 

to Islamic civilization development. However, an 

independent study on the strategies of self-sacrifice 

and martyrdom culture in creating a new Islamic 

civilization has not been conducted. Therefore, this 

research aims to analyze the social and political 

strategies of self-sacrifice and martyrdom culture in 

shaping a new Islamic civilization. 

 

Theoretical Foundations of the Research 

Civilization: 

Various definitions of civilization have been 

proposed. In a general definition, it can be said that 

civilization is a structured political and social 

formation that gradually prepares and empowers a 

nation’s people for a law-abiding and responsible life. 

(Ahmadi, 2009: 21). 

Will Durant’s View on Civilization: 

Will Durant believes that “civilization is cultural 

creativity that becomes possible through social order, 

the rule of law, and relative prosperity.” He further 

states that “civilization is a social order that 

accelerates cultural achievements and fosters the use 

of ideas, traditions, art, and creativity.” Ultimately, 

Durant defines civilization as a collection of material 

and spiritual creations and accumulations of human 

society (Durant, 1991). 

Islamic Civilization: 

With the emergence of Islam and its rapid, 

widespread dissemination among various peoples and 

nations, a strong and grand foundation of culture and 

civilization was established. People from diverse 

races, languages, and tribes contributed to its 

development. These nations, adhering to Islamic 

principles and values, succeeded in creating what is 

known as Islamic civilization. 

Thus, Islamic civilization is not attributed to a 

single nation or race but encompasses the civilizations 

of all Islamic peoples, including Arabs, Persians, 

Turks, and others. The common factor among them is 

their shared Islamic principles and values, which 

paved the way for the rise of Islamic civilization. 

Based on this explanation, Islamic civilization 

can be defined as a collection of Islamic beliefs and 

values, manifested in scientific advancements, artistic 

expressions, and the emergence of social and political 

symbols among the nations and people who embraced 

Islam as their religion (Talashan, 2020). 

Sacrifice and Martyrdom: 

The term “sacrifice” in its literal sense means 

“choosing, prioritizing the needs of others over 

oneself, and favoring the benefit of others over 

personal interests” (Dehkhoda, 1998, p. 3682). In 

Islam, sacrifice refers to efforts, selflessness, 

generosity, and sincerity in the way of God, reflecting 

human spiritual growth and divine understanding. It is 

associated with concepts such as martyrdom, altruism, 

and benevolence. 

“Martyrdom” in its literal sense means “witness” 

and, in terminology, refers to someone who testifies 

or bears witness to an issue (Ibn Manzur, 1985, p. 

225). In this study, sacrifice and martyrdom are 

considered as striving and dying for the sake of God. 

The most prominent manifestations of sacrifice 

and martyrdom are reflected in religion. In Islam, 

these values are of such great importance that the 

religion actively promotes sacrifice and the pursuit of 

martyrdom in strengthening religious ideals. Islam 

emphasizes the conscious act of dying in God’s way 

to advance divine and Islamic goals. 

In summary, the culture of sacrifice and 

martyrdom in Islam encompasses a set of awareness, 

beliefs, and practices that bring a person closer to the 
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highest level of perfection — a conscious choice of 

death in the way of God. 

Research Method: 

Present Study: 

This research aims to examine the role of the 

culture of sacrifice and martyrdom in the creation of 

new Islamic civilization. It has been conducted using 

a review-based, library method. The statistical 

population includes all documents, sources, and 

references related to the subject, such as books, 

articles, and theses. 

Research Findings: 

Civilization is a concept with various definitions 

due to its complexity. Some scholars equate 

civilization with science and technology, while others 

associate it with political power. Figures like Taylor 

define civilization through cultural elements such as 

art, ethics, and customs, while Alfred Weber focuses 

on civilizational characteristics, and Humboldt 

emphasizes the territorial aspects of civilization. 

In summary, civilization can be considered the 

extension of culture and acceptance of social order, 

through which societies transition from nomadic life 

to institutionalized social structures. Civilization is the 

objectification of normative cognitive foundations 

that provide answers to fundamental ontological, 

anthropological, and epistemological questions, 

shaping values and norms. 

Based on these normative foundations, 

theoretical-practical systems emerge, leading to the 

establishment of institutions responsible for 

reproducing these systems. The differences between 

civilizations arise from the variety of theoretical-

practical models they adopt, making civilizations 

concrete embodiments of abstract models (Jahanbin & 

Moeini Pour, 2014). 

Islamic Civilization: 

Islamic civilization began with the prophetic 

mission of Prophet Muhammad (PBUH) and his 

public call to Islam. The migration to Medina and the 

establishment of an Islamic government were 

significant steps in enriching this emerging 

civilization. 

After the Prophet’s demise, the Imams (AS) took 

on the responsibility of preserving and promoting 

Islamic culture and civilization, despite numerous 

limitations. They played a vital role in developing the 

school of thought and disseminating knowledge 

through training scholars and narrating Hadiths, 

ensuring humanity’s spiritual growth throughout 

history (Gholami & Moradi, 2020). 

Islamic civilization, representing the history, 

culture, traditions, and religious beliefs of Muslims, 

has undergone various ups and downs over the past 

fifteen centuries. The Iranian Revolution, based on an 

Islamic system, played a pivotal role in its revival. The 

Supreme Leader of Iran's views and theories have 

filled centuries-old gaps in Islamic civilization, giving 

it a new identity (Yaqouti, 2019). 

In the field of Islamic civilization, new Islamic 

civilization is viewed as a five-stage process, 

including: 

 

1. Islamic Revolution 

 2. Formation of an Islamic System 

 3. Establishment of an Islamic Government 

 4. Formation of an Islamic Society 

 5. Creation of an Islamic World (Arefi Gorvan, 

2018). 

In achieving the Islamic World, as one of the 

stages of new Islamic civilization, the guidance of the 

Supreme Leader of the Islamic Republic of Iran, 

Ayatollah Khamenei (may God preserve him), plays a 

directing and leading role for all three branches of 

government and all institutions. All organizations are 

expected to understand their responsibilities within 

the Islamic Republic and implement the Leader's 

directives to achieve their missions and goals in line 

with higher-level documents. 

According to numerous statements by the 

Supreme Leader, establishing new Islamic civilization 

is the greatest aspiration of the Islamic Republic 

(Ezzati, Torabi & Chehardoli, 2019: 76). 

Ayatollah Seyyed Ali Khamenei’s Definition of 

Civilization: 

Ayatollah Khamenei defines civilization through 

both positive and negative approaches, emphasizing 

its pillars and foundations. Instead of defining 

civilization in a general sense, he focuses directly on 

an Islamic perspective. 

He describes Islamic civilization as one that is 

“characterized by faith, knowledge, ethics, continuous 

struggle, advanced thought, and high morals, and it 

serves as a point of liberation from the materialistic 

and oppressive worldview, as well as the immoral 

foundations of new Western civilization” 

(Khamenei’s speech, 2013/04/29). 

He considers new Islamic civilization to be based 

on four pillars: religion, rationality, knowledge, and 

ethics (Khamenei’s speech, 2011/09/17). He explains 

that in this civilization, “knowledge is accompanied 

by ethics, materialism is paired with spirituality, and 

religion and political power are aligned with justice” 

(Khamenei’s speech, 2000/10/05). 

The main characteristic of a flourishing Islamic 

civilization is that it enables people to utilize all 

material and spiritual capacities bestowed by God for 

their happiness and advancement. Such a civilization 

is achieved through popular governance, where the 

laws are derived from the Quran and steer clear of 

rigidity, backwardness, innovation, and deviation. 

This civilization spreads human ethics and, 

through faith, knowledge, ethics, and continuous 

struggle, offers advanced thoughts and high morals to 

all humanity (Khamenei, 2013). 

The Role of the Culture of Sacrifice and 

Martyrdom in Islamic Civilization: 
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Ayatollah Khamenei has consistently 

emphasized the role of sacrifice and martyrdom in 

deepening new Islamic civilization. He frequently 

highlights the spiritual influence of sacrifice and 

martyrdom in shaping and strengthening the pillars of 

Islamic civilization. 

Among the highest spiritual values in Islamic 

culture are sacrifice and martyrdom, which play a 

crucial role in ensuring the country’s independence 

and preserving the religious and national identity of 

society. Sacrifice holds a lofty human status praised in 

Islam and mentioned in numerous Quranic verses and 

Hadiths: 

“ >Those who have believed, emigrated, and 

striven in the cause of Allah with their wealth and their 

lives are greater in rank in the sight of Allah. And it is 

they who will be successful” (Surah At-Tawbah, 

verses 20-21). 

Despite the importance of the culture of sacrifice 

and martyrdom in Islam and Iran, attention to these 

values has diminished over time, especially after the 

war. Sacrifice and martyrdom became mythical 

concepts, and both people and officials paid less 

attention to promoting these values. This lack of 

attention led to the marginalization of the culture of 

sacrifice, resistance, and martyrdom. 

However, based on historical experiences, proper 

implementation of religious culture, especially the 

culture of sacrifice and martyrdom, can serve as a 

driving force for moral, worldly, and spiritual progress 

in societies. Therefore, it is essential to pass on these 

Islamic values to future generations (Ghahremani, 

Asheqi, & Mahdiyoun, 2009). 

Effective Strategies for Promoting the Culture of 

Sacrifice and Martyrdom: 

One of the key components of the rich Islamic 

culture is the culture of sacrifice and martyrdom. 

Proper understanding of the lofty culture of sacrifice 

and martyrdom, and raising public awareness about 

moral and behavioral models derived from the Quran, 

Hadiths, and traditions, require appropriate conditions 

and atmosphere. 

Thus, implementing strategies and 

recommendations, which will be discussed below, can 

play a significant role in creating a favorable 

environment to promote this culture in society: 

1. Since awareness and knowledge lead 

individuals toward a particular inclination, and in the 

absence of such awareness, people would lack any 

motivation or tendency toward a phenomenon, it is 

essential to utilize media, especially national 

broadcasting, along with responsible religious and 

cultural organizations, families, and educational 

institutions to promote cultural awareness and elevate 

people’s religious beliefs. This enlightenment will 

undoubtedly strengthen individuals' participatory 

spirit and increase their awareness of individual and 

social rights (responsibility). 

2. Establishing reciprocal relations and 

constructive interactions between the Foundation of 

Martyrs and Veterans Affairs and the youth, 

especially university students, through organizing 

joint specialized meetings, supporting scientific 

research, and cooperating with other research and 

educational institutions while utilizing the opinions of 

religious scholars and experts. 

3. Utilizing media advertisements and 

appropriate mechanisms to introduce martyrs and 

veterans as true role models for the youth by 

dedicating parts of Friday prayers to their 

introduction, using respected academic and cultural 

figures for this purpose, or integrating relevant content 

into textbooks. 

4. Encouraging the creation of works on the 

culture of sacrifice and martyrdom by organizing 

conferences, scientific and cultural competitions in 

collaboration with cultural and religious institutions, 

the Martyrs Foundation, universities, schools, and 

some media outlets to inform, educate, and preserve 

the achievements of the Sacred Defense and the 

Islamic Revolution. 

5. Paying special attention to educational content 

in schools: In a structured education system, the 

curriculum is interconnected with other elements at 

each stage of design, implementation, and evaluation. 

Islamic education scholars have strived to develop 

educational policies, educational goals, and 

curriculum content. However, the teachings of 

sacrifice and martyrdom as a system that ensures the 

realization of fundamental goals in an Islamic society 

have been less emphasized. Reflecting on the 

curriculum to promote the culture of sacrifice, 

martyrdom, and resistance requires understanding its 

epistemological aspects, particularly the concept of 

knowledge and its value system. 

6. Social Initiatives: Developing and expanding 

the symbols of the Sacred Defense in forms such as: 

 a. Building memorials for martyrs in key urban 

and rural areas, revising the preparation of cultural 

inscriptions and posters, and even city murals to 

increase religious and cognitive awareness about 

martyrs, preserving the remnants of the Sacred 

Defense, and naming streets, squares, and educational 

centers after martyrs and veterans, taking into account 

psychological and sociological advertising principles. 

 b. Organizing exhibitions and museums 

dedicated to the Sacred Defense to collect and display 

material and spiritual artifacts from that period, which 

can serve as tangible evidence to narrate historical 

events for the current generation. 

7. Providing opportunities for different segments 

of society, especially young people, to visit 

operational areas from the Sacred Defense period 

through “Rahian-e Noor” convoys, and planning 

meetings with the families of martyrs and veterans to 

share experiences and strengthen mutual ties in 

cooperation with the Martyrs Foundation, the 
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Foundation for the Preservation of Sacred Defense 

Works, schools, universities, and national 

broadcasting. 

8. Implementing incentive policies within the 

framework of the Fifth Development Plan to increase 

public participation in religious culture and, 

consequently, the culture of sacrifice and martyrdom 

by planning necessary actions to improve the quality 

of activities and support educational and research 

efforts to strengthen the intellectual and cultural 

foundations of sacrifice and martyrdom. 

Strategies for the Culture of Sacrifice and 

Martyrdom in Building Islamic Civilization: 

Studies show that the spirit of martyrdom and 

courage among the defenders of this land not only 

saved the Islamic Revolution from turbulent 

transformations but also laid the foundation for a new 

Islamic civilization through the manifestation of 

civilizational elements in Islamic Iran. 

1. God-Centeredness in Islamic Societies 

 The new Islamic civilization, as the most 

important strategy for the Islamic world, addresses 

both the individual and collective dimensions of 

human material and spiritual needs with the goal of 

human prosperity. The key factor for human progress 

and ultimate happiness is God-centeredness. One of 

the main criteria of this God-centeredness is 

recognizing the path of God and sincerity in action, 

with the culture of sacrifice and martyrdom playing a 

vital role in achieving societal prosperity. According 

to the Supreme Leader: “If someone fights for 

personal desires or material gains and is killed in the 

process, he is not a martyr in the way of God. The 

condition for martyrdom and fighting in the way of 

God is that the action must be for God's sake.” (Speech 

to thousands of Basijis from Qom Province, 23 

October 2010). Therefore, theoretical and practical 

belief in monotheism is a key pillar in building a new 

Islamic civilization. As the Supreme Leader 

emphasizes: “To understand the values of Islamic 

civilization, we must understand monotheism as 

liberation from servitude to anything other than God, 

breaking the chains of oppression, believing in human 

potential, and trusting in divine promises regarding 

the victory of the oppressed.” (Jeradi, 2013). 

2. Deepening the Spirit of Sacrifice in the Islamic 

Nation 

 Sacrifice, which means giving up one’s right for 

the benefit of others, is a divine trait in Islamic culture. 

It involves generosity and altruism in the path of God, 

often accompanied by concepts like martyrdom and 

benevolence. This trait fosters social solidarity and 

strengthens civilizational elements such as 

brotherhood, cooperation, and selflessness for 

national and religious benefits. The Supreme Leader 

states: "Martyrdom means sacrificing one’s most 

valuable worldly possession for an ideal that benefits 

humanity." (Speech, 6 December 2002). Sacrifice and 

selflessness create societal stability and provide the 

foundation for achieving a higher understanding of 

communal goals in Islamic societies. 

3. Emphasizing Justice-Seeking and Justice-

Practicing 

 Deep faith and commitment to justice have been 

evident in the sacrifices of veterans and martyrs. Their 

participation in battlefields was a practical 

embodiment of justice, becoming a guiding model for 

the pursuit of justice in the Islamic Republic of Iran. 

Justice, born from the culture of sacrifice and 

martyrdom, has always acted as a "social driver" in 

advancing Islamic civilization. Respecting justice 

ensures social order, and this principle significantly 

influences the process of civilization-building. In the 

Supreme Leader's words: "Justice, derived from the 

culture of sacrifice, is essential for the success of 

Islamic civilization." Justice-seeking shapes the 

foundation of law-abiding societies, ensuring that the 

values of the Islamic civilization continue to thrive. 

4. Dignity and Honor Through Independence 

 One of the fundamental strategies of the doctrine 

of martyrdom and self-sacrifice is maintaining a sense 

of dignity, which the Iranian nation has achieved 

through this great position. According to the Leader's 

viewpoint, martyrs were individuals who constantly 

sought to bring honor to the Islamic Republic of Iran 

by sacrificing their lives and wealth. For the martyrs, 

achieving dignity for Islam and Muslims was a top 

priority. They reached divine blessings by sacrificing 

their blood, fulfilling the Quranic verse, "Indeed, all 

honor belongs to Allah" (Yunus: 65), and elevated 

Islamic civilization to global power and glory. 

Martyrs always strived to achieve dignity for the 

Islamic community, paving the way for Islamic 

awakening and new Islamic civilization. The Leader 

stated: "One of the greatest blessings bestowed upon 

our Islamic society is the presence of brave men and 

self-sacrificing youth who, from the victory of the 

Islamic Revolution to this day, have stood against the 

enemies of the revolution and, with their lives and 

blood, have supported Islam, the revolution, and the 

path of God. Some of these dear ones were martyred 

in the path of God and attained the infinite divine 

blessings, becoming a source of pride for Iran and 

Islam, and a badge of honor for our great departed 

Leader." The martyrs of our time, without witnessing 

an infallible Imam or the noble Prophet, answered the 

call of the late Imam and, by his rightful guidance, 

played the role of a "Mujahid in the way of Allah" in 

the best possible way. Without the sacrifices of our 

martyrs, today's honor and greatness for Islam would 

not exist. 

5. Islamic Awakening 

 From the Leader's perspective, one of the key 

elements in preserving the grandeur of new Islamic 

civilization is establishing and stabilizing Islamic 

power, with the Islamic Republic of Iran at its 

forefront as the flag-bearer of the Islamic movement 

in the region and the world. Political stability, 
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economic self-sufficiency, and cultural development 

today owe much to the doctrine of self-sacrifice and 

martyrdom. The Leader emphasized that the Islamic 

awakening achieved through the doctrine of self-

sacrifice has granted the Islamic system and Muslim 

societies a spiritual and moral authority in the eyes of 

tyrannical powers. He stated: "You, brothers and 

sisters, know that the spiritual authority and dignity of 

today's Islamic system and Muslim nation in the 

world, in the eyes of tyrannical powers, is due to these 

martyrdoms and the efforts of your dear ones." 

Despite the enemy's use of various modern media, 

deceptive news, and traitorous agents, the self-

sacrifice of martyrs and veterans has prevented any 

harm to this land. The Leader clarified: "The strength 

of this structure is due to its foundation in faith in God. 

Those who took this path did divine work. This system 

is unlike other systems... The secret of this 

revolution's endurance lies in its reliance on faith and 

trust in God." Therefore, according to the Leader, 

preserving the honor of Islam always strengthens the 

Islamic Republic, as the foundation of the revolution 

and new Islamic civilization is based on Islamic ideals 

and awakening. 

6. Ensuring National Independence and Islamic 

Dignity 

 Undoubtedly, one of the most valuable 

achievements of the doctrine of self-sacrifice and 

martyrdom, which has elevated the Islamic 

Revolution to regional and global power, is securing 

national independence and safeguarding the dignity of 

Islamic principles. This achievement serves as a 

significant political driver and a foundation for 

civilization-building at both national and international 

levels. Regarding this important issue, the Leader 

stated: "Today, thanks to the blood of the martyrs and 

the sacrifices of the war veterans and freed captives, 

Iran and its people have achieved dignity and honor in 

the Islamic world and against global arrogance. 

Today, the satanic powers have no right to interfere in 

the affairs of the Islamic Republic of Iran. The Iranian 

nation uses its wealth independently and does not 

allow foreigners to encroach upon it. The Muslim 

people of Iran have gained the right to vote and the 

right to life, and they no longer interact with arrogance 

from a position of weakness. At the same time, Iran 

has become a role model for all Muslim nations in the 

Islamic world to achieve dignity and greatness." 

According to the Leader, standing firm, resisting, and 

fighting against the enemies of Islam have led to the 

greatness and dignity of new Islamic civilization. 

When a martyrdom-loving nation reaches a level of 

political awareness where sacrificing one's life in the 

path of God is considered an absolute value, that 

nation achieves the honor of dignity and 

independence, never bowing to oppression and 

tyranny. Such a great nation opens the way for the 

development of new Islamic civilization. In another 

statement, the Leader highlighted the significance of 

this bravery and said: "Standing up against powerful, 

oppressive, arrogant enemies is a great and significant 

act. This is exactly what our people did, and the 

greatness of our nation is due to the martyrdom and 

bravery of your children." In the Leader's view, 

understanding the philosophy of martyrdom is a key 

factor in achieving the independence of Islamic 

countries. It also provides the foundation for the 

fundamental development of Islamic civilization 

through the courage of the youth and the teachings of 

the doctrine of self-sacrifice and martyrdom. He 

emphasized the civilizational impact of martyrdom 

and the greatness of dying in the path of God to 

achieve power: "Unlike some countries and 

governments that show weakness before enemies out 

of fear of death and remain under the dominance of 

foreigners, a nation that understands the meaning of 

martyrdom can achieve independence both internally 

and externally. Such a nation can move forward more 

firmly and achieve stability, as it will no longer allow 

foreign interference in its affairs. This, in turn, 

facilitates social interactions and reduces societal 

costs." 

7. Enemy Recognition and Resistance Against 

the Enemy 

 Since the Islamic Revolution, enemies of Islam 

and Iran have used various tactics to oppose the noble 

Iranian nation. However, the power of the doctrine of 

self-sacrifice and the culture of martyrdom has stood 

strong against these hostile attacks. Throughout the 

history of the Islamic Revolution, the enemy's plots, 

such as sanctions and conspiracies, have failed. The 

Leader, while explaining this historical achievement, 

said: "From the beginning of the Islamic Revolution 

until now, enemies of the Islamic Republic of Iran 

have assassinated and martyred pure and sincere 

individuals who had an influential role in the country. 

These events are rare in the history of nations, which 

is why our nation is rich in revolutionary teachings. 

The many incidents and martyrdoms faced by the 

revolution have demonstrated the wickedness of the 

country's enemies and made our nation more aware of 

their intentions. This awareness strengthens the 

country, as recognizing the enemy and distinguishing 

right from wrong allows the nation to defend its 

Islamic positions when under threat." 

He further stated: "When a nation recognizes its 

enemies and can identify them, it has created a clear 

boundary between right and wrong. This boundary 

motivates the nation to take action at the right time and 

defend its Islamic positions when they are threatened." 

8. Military Advancement 

 One of the most notable outcomes of the selfless 

efforts of the martyrs is the strengthening of military 

power and the advancement of defense equipment. 

The Quran repeatedly promises victory to those who 

fight for the truth, emphasizing that success comes 

through self-sacrifice and martyrdom. The Leader 

elaborated on this divine promise and explained how 
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the sacrifices of the martyrs have contributed to the 

strength, security, and foundation of new Islamic 

civilization in Iran: "These verses of the Quran 

became clear during our revolution and in the years 

that followed. The Iranian nation succeeded in 

achieving victory in the revolution through struggle in 

the path of God. During the eight-year war with Iraq, 

they thwarted the enemy's malicious goals, defended 

the borders of the Islamic country, and achieved 

victory. Thanks to the sincerity and dedication of the 

warriors, the Iranian Army and IRGC have reached a 

level of advancement that is incomparable to the pre-

revolution period. Today's army is a disciplined, 

organized, and well-equipped force, and today's IRGC 

is a unique and revolutionary organization." He 

further referred to the divine promise of victory, 

saying: "This is the fulfillment of God's promise: 

‘Indeed, Allah will help those who help Him.’ (Quran 

22:40). You helped God by fighting in the battlefield, 

and God granted you victory." 

9. Expanding International Influence 

 The sacrifices of martyrs and selfless individuals 

have significantly contributed to strengthening Iran's 

international influence and improving its foreign 

relations at both regional and global levels. These 

relationships, built with wisdom and strategic 

planning, have helped spread the culture of self-

sacrifice and bravery while promoting peace and 

justice in the world. From the Leader's viewpoint: 

"Today, thanks to the blood of martyrs and the 

sacrifices of veterans, the Iranian nation has reached a 

level of influence that has made the world’s media, 

global public opinion, and various governments eager 

to establish friendly relations with Iran. This dignity 

has reached a point where they have repeatedly 

apologized for their past mistakes against Iran. The 

Islamic Republic of Iran is in such a position now. 

Before the revolution, Iran’s relations with other 

countries were such that they did not value Iran in the 

global system." The desire for dignity is one of the key 

factors in strengthening international influence. This 

element has played a significant role in reshaping the 

global power structure and further solidifying Iran's 

geopolitical position. The Leader’s stance on this 

matter is a model for the world, contributing to the 

formation of new Islamic civilization. 

 

Conclusion 

Civilization is a combination of moral and 

material factors that provide society with the 

opportunity to support the growth of every individual 

at each stage of life, from childhood to old age. In the 

current historical context, establishing a new Islamic 

civilization is an inevitable necessity. Failure to 

achieve this will lead to the decline of Islamic 

civilization within the framework of Western 

civilization. Furthermore, ensuring the prosperity of 

human society is only possible through the creation of 

an Islamic civilization. 

The formation of Islamic civilization is the most 

significant goal of the Islamic Revolution. The 

Supreme Leader has outlined the process of achieving 

this goal in five essential stages: “Islamic 

Revolution,” “Islamic System,” “Islamic 

Government,” “Islamic Nation,” and finally “Islamic 

Civilization.” He has also emphasized this in the 

Second Step Statement of the Revolution, considering 

its realization possible due to the high level of 

awareness among the Iranian nation, which is the 

result of forty years of experience defending the 

revolution under difficult conditions. 

In this regard, many thinkers in the field of 

Islamic culture and civilization history, as well as 

cultural and political sociologists, agree that one of the 

most influential factors in shaping social and political 

developments, and thus preparing the Muslim 

community to establish Islamic civilization over the 

past centuries, has been the promotion of the doctrine 

of self-sacrifice and martyrdom. The culture of self-

sacrifice and martyrdom carries significant and 

profound impacts, both directly and indirectly, on 

today’s society. 

Self-sacrifice and martyrdom are among the 

richest treasures of Islamic and Shiite culture, which 

manifested in remarkable ways during the years of the 

revolution and the Sacred Defense, showcasing 

extraordinary scenes of human sacrifice. Therefore, it 

is essential to pay attention to and promote this culture 

in society, especially among the younger generation, 

while observing its positive effects and functions in 

the community. 

The culture of self-sacrifice and martyrdom has 

brought great achievements to the country on national, 

regional, and international levels. The continuation of 

the historical doctrine of courage and martyrdom has 

become the most genuine movement in the history of 

the revolution to preserve Islamic civilization. 

Elements such as seeking dignity, pursuing truth, 

sincerity in achieving divine goals, independence 

from foreign powers, and jihad to counter conspiracies 

are among the effective strategies of the culture of 

self-sacrifice and martyrdom in establishing a new 

Islamic civilization. 

Suggestions 

 Among the proposals that can introduce the 

strategies of the doctrine of self-sacrifice and 

martyrdom and utilize these elements in the 

development of a new Islamic civilization are as 

follows: 

 1. Introducing the diverse capacities of the 

doctrine of self-sacrifice and martyrdom to the 

younger generation through the education system. 

 2. Identifying the challenges and obstacles in 

promoting the culture of self-sacrifice and martyrdom 

and formulating strategies to address them. 

 



Impact Factor: 

ISRA (India)        = 6.317 

ISI (Dubai, UAE) = 1.582 

GIF (Australia)    = 0.564 

JIF                        = 1.500 

SIS (USA)         = 0.912  

РИНЦ (Russia) = 0.191  

ESJI (KZ)          = 8.100 

SJIF (Morocco) = 7.184 

ICV (Poland)  = 6.630 

PIF (India)  = 1.940 

IBI (India)  = 4.260 

OAJI (USA)        = 0.350 

 

 

Philadelphia, USA  9 

 

 

 

 

 

References: 

 

 

1. (n.d.). Holy Quran. 

2. Ahmadi, Mohammad Mehdi. (2009). “History 

of Islamic Culture and Civilization”. Qom: 

Bustan-e-Ketab. 

3. Andisheh, Hashem. (2017). “The Impact of the 

Culture of Self-Sacrifice and Martyrdom on 

Islamic Culture and Civilization”. Fourth 

National Conference on New Studies and 

Research in the Field of Educational and 

Psychological Sciences in Iran, Qom. 

4. Arefi Goravan, Esmaeil. (2018). “Foundations 

for the Realization of new Islamic Civilization in 

Islamic Society from the Perspective of the 

Supreme Leader”. 15th of Khordad Journal, 

Vol. 15, Issue 55, pp. 49-68. 

5. Dehkhoda, Ali Akbar. (1998). “Dehkhoda 

Dictionary”. Tehran: University of Tehran. 

6. Durant, Will. (1991). “The History of 

Civilization”. Translated by Hamid Enayat and 

others. Islamic Revolution Education, Tehran. 

7. Ezzati, Amir Hassan; Torabi, Mohsen; 

Chahardoli, Abbas. (2019). “Components of 

new Islamic Civilization and the Requirements 

for Its Formation and Outcomes Based on the 

Statements of the Supreme Leader”. Islamic 

Management Journal, Vol. 28, Issue 1. 

8. Gholami, Abdollah & Moradi, Noushin. (2020). 

“Insight and Its Role in Realizing new Islamic 

Civilization”. National Conference on 

Civilization-Building Components in the 

Statement of the Second Step of the Revolution, 

Al-Mustafa International University, Khorasan 

Branch. 

9. Ghahremani, Mohammad; Asheghi, Hassan; 

Mehdioun, Rouhollah. (2009). “Globalization, 

Culture, and Educational Planning”. Cultural 

Engineering Monthly, Vol. 4, Issues 33-34. 

10. Ghyasvand, Ahmad & Dehkordian, Parisa. 

(2009). “A Study of Young People's Attitude 

toward the Performance of Veterans”. National 

Studies Quarterly, Vol. 10, Issue 1, pp. 31-47. 

11. Goudarzi, Gholamreza. (2015). “Modeling the 

Characteristics of Human Resources for the 

Realization of a Preparatory Civilization: A Soft 

Systems Methodology Approach”. Sharq-e-

Mou'oud Quarterly, Vol. 9, Issue 34, pp. 39-68. 

12. Hamidi, Saeed. (2023). “Achievements of the 

Culture of Self-Sacrifice and Martyrdom in the 

Development of new Islamic Civilization from 

the Perspective of the Supreme Leader”. First 

National Conference on Promoting the Culture 

of Self-Sacrifice and Martyrdom, Shiraz. 

13. Hamidi, Saeed. (2024). “Analysis of Social and 

Political Strategies of the Culture of Self-

Sacrifice and Martyrdom in the Development of 

new Islamic Civilization (Based on the 

Statements of the Supreme Leader)”. Social and 

Cultural Studies of the Seminary, Vol. 7, Issue 1, 

pp. 22-40.  

14. Ibn Manzur, Muhammad ibn Makram. (1405 

AH). “Lisan al-Arab”. Qom: Adab al-Hawzah 

Publications. 

15. Jamali, Mostafa. (2015). “Continuation of the 

Revolution with Which Discourse?” Qom: New 

Islamic Civilization Publications. 

16. Jahanbin, Farzad & Moeini Pour, Masoud. 

(2014). “The Process of Realizing Islamic 

Civilization from the Perspective of Ayatollah 

Khamenei”. Islamic Revolution Studies Journal, 

Issue 39. 

17. Juradi, Sheikh Shafiq. (2013). “Monotheistic 

Perspective and Civilizational Values”. In 

Collected Articles on Ijtihad and Intellectual 

Innovation from the Perspective of Ayatollah 

Khamenei. Tehran: Soroush Publications. 

18. Khamenei, Seyyed Ali. (2013). “Speech in a 

Meeting with a Group of Elite Seminary and 

University Women”.  

19. Moein, Mohammad. (1986). “Moein 

Dictionary”. Amir Kabir Publications, Tehran. 

20. (n.d.). Speeches of the Supreme Leader from the 

years 1990, 1991, 1992, 2001, 2008, 2009, 2011, 

and 2013. Retrieved from www.khamenei.ir  

21. Taherzadeh, Asghar. (2010). “Shiite 

Civilization-Building”. Isfahan: Lab al-Mizan 

Publications. 

22. Talashan, Hassan. (2020). “Political 

Requirements for the Realization of new Islamic 

Civilization”. Scientific Journal of Islamic 

Civilization and Religion Studies, Vol. 2, Issue 

6. 

23. Tarighi, Naser & Samadi, Mehran. (2016). “A 

Study of the Relationship between the Media 

Consumption of the Younger Generation and 

Their Attitude toward the Culture of Self-

Sacrifice and Martyrdom”. Sociology Studies, 

Vol. 8, Issue 32. 

24. Yaghouti, Ebrahim. (2019). “Components and 

Strategies for Achieving new Islamic 

Civilization in the Thoughts of Imam Khomeini 

(RA) and the Supreme Leader (May God Protect 

Him)”. Shahid Andisheh Journal, Issue 1, pp. 

108-137. 

 

http://www.khamenei.ir/


Impact Factor: 

ISRA (India)        = 6.317 

ISI (Dubai, UAE) = 1.582 

GIF (Australia)    = 0.564 

JIF                        = 1.500 

SIS (USA)         = 0.912  

РИНЦ (Russia) = 0.191  

ESJI (KZ)          = 8.100 

SJIF (Morocco) = 7.184 

ICV (Poland)  = 6.630 

PIF (India)  = 1.940 

IBI (India)  = 4.260 

OAJI (USA)        = 0.350 

 

 

Philadelphia, USA  10 

 

 

Issue                     Article 

SOI:  1.1/TAS     DOI: 10.15863/TAS 

International Scientific Journal 

Theoretical & Applied Science 
 

p-ISSN: 2308-4944 (print)       e-ISSN: 2409-0085 (online) 

 

Year: 2025          Issue: 02      Volume: 142 

 

Published:  05.02.2025        http://T-Science.org  
  

Olimjon Samadovich Akhmedov 

University of Tashkent for Applied Sciences  

Lecturer, Department of Mathematic 

Tashkent, Uzbekistan 

axmedov.olimjon70@gmail.com  

 

 

DIFFRACTION OF A HARMONIC WAVE PROPAGATING THROUGH 

AN ELLIPTICAL CYLINDER IN A VISCOELASTIC MEDIUM 

 

Abstract: The paper solves the problem of the boundary of an elliptical gap in an unbounded viscoelastic 

medium and the stress-strain state that arises around it when a shear wave is applied. The problem is formulated in 

an elliptical coordinate system and reduced to the Mathieu equation, and the solution is obtained using the Mathieu 

function. Numerical results are obtained in the Matlab program. 

Key words: shear wave, stress-strain state, elliptical coordinate system, Mathieu function. 

Language: English 

Citation: Akhmedov, O.S. (2025). Diffraction of a harmonic wave propagating through an elliptical cylinder in 

a viscoelastic medium. ISJ Theoretical & Applied Science, 02 (142), 10-13. 

Soi: https://s-o-i.org/1.1/TAS-02-142-2      Doi:    https://dx.doi.org/10.15863/TAS.2025.02.142.2  

Scopus ASCC: 2211. 

 

Introduction 

The problem of studying the interaction of 

underground structures with the soil is relevant 

[1,2,3]. When studying this problem, underground 

structures can have different cross-sections. In recent 

years, the construction of underground 

communications in seismically active areas has been 

developing at a rapid pace. Therefore, the calculation 

of the strength of such structures (pipelines, tunnels, 

underground passages, etc.) under the influence of 

seismic and blast waves, and the study of the stress-

strain state is a pressing task [4,5]. The following 

methods for calculating seismic and explosion 

resistance of underground structures are considered 

[6,7]. There are two main methods for studying the 

stress state of underground structures under the 

influence of seismic waves: experimental studies and 

theoretical research methods. The problem of the 

stress-strain state arising at the boundary of an 

elliptical gap in an unbounded viscoelastic medium 

under the influence of a shear wave load is solved in 

an elliptical coordinate system (Fig. 1). Let the 

incident wave form a wave with an abscissa axis, as 

shown in the figure. The main goal is to study dynamic 

stresses and deformations depending on geometric 

and physical-mechanical parameters. Such a problem 

is presented in [8] for an elastic medium. The 

difference from their work is that here the elastic 

property of the medium is taken into account. 

Numerical calculations were carried out for different 

frequencies, angles of incidence of the shear wave and 

ratios of the ellipse axes. 
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Figure 1. Shear harmonic wave load on an elliptical cylinder in a homogeneous elastic medium. 

 

The problem under consideration is reduced to 

the problem of the deformed state of the theory of 

viscous elasticity. In an elliptical coordinate system, 

the stress takes the form 

    
3 3

, ,x x

u u

H H

 
 

 
 

 

 
= =

 
            (1) 

where is the shear modulus  , a complex value; 

2 2cos ;H c ch  = −    2с-focal length, u

- displacement in displacement satisfying the 

Helmholtz equation below 

      
2 2

2

2 2 2

1
( ) 0.s

u u
k u

H

 


 

 
+ + =

 
       (2)   

where    
2 2

0/sk   =  ,  - frequency of the 

incident wave, real value,  - material density,  
 - 

a parameter expressing the viscosity of a material 

(medium). If   1 = , then the medium is elastic. For 

elastic materials, the connection is a complex quantity. 

However, the moduli of the real and imaginary parts 

are less than one and greater than zero. The shear 

stress on the inner surface of an elliptical cylindrical 

cavity is zero. 

                      
3

0x  =                      (3) 

An elliptical void surface in a viscoelastic 

medium is bounded by a line 

0( ,0 2 )    =   −   We can take the falling 

harmonic external wave as shown below 

   0 exp ( cos sin ) ,pu A ik x y  = +   (4) 

where 
pA - amplitude of the incident wave, 

/ 2.sk k c=  Expression (4) is expressed in a 

Cartesian coordinate system. If this equality is 

expressed in an elliptical coordinate system, it will 

take the following form: 

0

0 1 1 1

( , ) ( , ) ( , )

( , ) ( , ) ( , )

n n nn

p

n n n n

Ce q ce q ce q
u A i

Se q se q se q


  

  



= + + +

+ 
=  

+ 
 (5) 

 

Problem statement and solution method 

The solution of the above partial differential 

equation (3) with complex coefficients is reduced to 

the Mathieu equation, and the solution is expressed by 

the Mathieu function 
(1)

(1)
0 1 1 1 1

( , ) ( , ) ( , )

( , ) ( , ) ( , )

n n n n

n n n n n

C Me q ce q ce q
u

S Ne q se q se q


  

  



= + + + +

 +
=  

+  
  

                      q=k2                                                                            (6)   
where are trigonometric functions 

( , ), ( , )n nСe q Se q  −  radial Mathieu functions.

(1) ( , )nMe q , 
(1)

1( , )nNe q+
- Mathieu-Hankel 

functions in the form of a series taking into account 

the backward wave, nC , 1nS + - arbitrary constant 

values. u   the solution satisfies the Sommerfeld 

fading condition. On the other hand, we use the 

boundary condition (3) to find arbitrary constants in 

the solution (6) 

0

0 1 1 0 1 1

0

0 1 0 1 1

( , ) ( , ) ( , )

( , ) ( , ) ( , )

( , ) ( , ) ( , )

( , ) ( , ) ( , )

n n n n

n n n n n

n n nn

p

n n n n

C Me q ce q ce q

S Ne q se q se q

Ce q ce q ce q
A i

iSe q se q se q

  

  

  

  



= + + + +



= + + +

 +
= 

+  

 +
= −  

  





(7) 

 

If we multiply both sides of equation (7) by 

0 1( , ), ( , ),......ce q ce q   and integrate along the 

line of the ellipse's circumference, using the 

orthogonality condition of the Mathieu function, then 

we find an arbitrary constant nC   

   0 0( , ) / ( , ).n

n p n nC i A Ce q Me q =    (8) 

If we use 
1( , )nse q+

, that

1

1 1 0 1 0( , ) / ( , ).n

n p n nS i A Se q Ne q +

+ + +
= −      (9)           

If the found arbitrary constants are substituted 

into the solution, it will be reduced to the form shown 

below. 
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Knowing the displacement, we can find the 

forces (1) using (10)  
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We obtain numerical results for the case 
00 =  

and 0 0 = = , that is, an ellipse, for the case 

where there is a crack. Let the incident load wave be 

as shown below. 

0

0

( , ) (0, ) / ( / 2, ).n

n n n

n

u i ce q ce q ce q  


=

=  

Numerical results and their analysis. 

Numerical results are obtained for the values of 

the semi-axes of the ellipse from 0,005 tо 0,80                           

( /b a =  ) and for different values  and 
sk . In 

the calculations for the relaxation of the nucleus, the  

Rjanitsyn-Koltunov kernel was used. 

( ) 1

tAe
R t

t





−

−
=  [9] with a three-parameter weak 

singularity, where , ,A    - parameters 

characterizing the rheological properties of materials 

[10].  

For the Rjanitsy n-Koltunov kernel 

0,048; 0,05; 0,1A  = = = . The results 

are presented in Tables 1, 2 and 3. Tables 1 and 2 show 

the changes. 
3 3max 0( ) / 2x x pA   =                         

( 1.7sk = ) and addiction   and  .  

 

Table 1. Change in shear stress depending on the ratio of semi-axes 

 

   
3 max( )x   

  

0.005 0.50 0.80 

0   0.8521 1.0271 1.2632 

/ 3   0.9727 1.0193 1.6984 

/ 2   0.5938 0.7048 1.2987 
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Change 
3

Re( )x  depending on  =0.15 и  , 

in case 0, 0 → →     is given in 

 

 

Table 2. Change in the real part of the shear stress depending on the angle 

 
 

The results show that the stresses on the falling 

side of the ellipse are 20% greater than on the dark 

side. 
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Introduction 

Approaches to building mathematical models of 

various technical systems are described in the 

extensive training and research literature. Basic 

principles of operation of thermistors have been 

studied, their performance data have been established, 

methods for designing circuits with thermistors have 

been considered, and numerous examples of their 

successful practical use in various fields of human 

activity are known so far. 

The paper [1] clarifies the concept of 

"mathematical modeling", which is defined as the 

replacement of the object of study with a useful 

mathematical model and its subsequent study by 

known methods, and the mathematical model is 

deemed useful if it has the necessary properties in 

relation to a particular study to a sufficient degree. 

Some properties of mathematical models are given 

e.g. in [1; 2]. Combination of said properties 

determines the requirements for the mathematical 

model. Such requirements are contradictory and in 

practice can be satisfied on the basis of a reasonable 

compromise, for which the rules are usually observed 

and the recommendations obtained as a result of 

generalization of practical experience gained in the 

building of mathematical models are usually followed 

(see e.g. [2–5]). The paper [6] discusses an example 

of building a mathematical model that possesses the 

necessary properties to a sufficient degree in relation 

to the specific study, and some of the results thereof 

are detailed in [7; 8]. Features of introduction of the 

principled approach to building mathematical models 

are considered in [9–12]. 

The purpose of this work is to develop a useful 

mathematical model of an element of a technical 

system using the principled approach. The element of 

the technical system includes a thermistor, 

conductivity of which depends on its temperature. 

 

Problem statement 

Let us assume T  is the temperature of the 

thermistor, which does not depend on the spatial 

coordinates. Temperature T  at the initial instant of 

time 0t  is equal to 0 .T  Total heat capacity of the 

thermistor is equal to the constant value .C  

Convective heat exchange with the environment 

occurs on the thermistor surface with area .S  The 

ambient temperature is equal to 0 ,T  and the heat 

transfer coefficient is known and equal to α.  For the 

http://s-o-i.org/1.1/tas
http://dx.doi.org/10.15863/TAS
http://t-science.org/
mailto:markelov@bmstu.ru
https://s-o-i.org/1.1/TAS-02-142-3
https://dx.doi.org/10.15863/TAS.2025.02.142.3
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temperature range from 
0T  to ,T   it is assumed that 

the conductivity of the thermistor is equal to 

( ) ( )
1

01 β ,G T g T T
−

= + −    

where g  is the conductivity of the thermistor at 

0;T T=  β  is the thermal coefficient, where β 0.  

Electric current flows through the thermistor, and its 

intensity is 

( )
1

01 β , (1)I gU T T
−

= + −    

where U  is the constant electrical potential difference 

at the poles of the element under consideration. 

Let I  be the value of interest in the study. A 

mathematical model of the object of study, which 

possesses the properties of fullness, adequacy, 

productivity and economy to a sufficient degree is to 

be built. 

 

Solution 

According to the principle of gradual 

complication, in order to solve the problem, a 

hierarchy of mathematical models of the given object 

of study is built and the conditions under which it is 

possible to find the desired value I  with a relative 

error of no more than the given value 0δ  are 

determined. 

If the difference 0TT −  is small enough, then 

according to (1), the desired value is obtained using 

the formula 

0 . (2)I gU=  

Conditions under which the obtained formula is 

applicable are to be determined. A steady-state heat 

exchange process is considered for this reason. In this 

case, the heat generation power in the thermistor 

material is equal to the heat flow removed from the 

thermistor, i.e. 

( ) ( )
1

0 0 01 β α ,UI T T T T S
−

 + − = −    

where T  is the steady-state temperature value of the 

thermistor, where .T T 

   From the inequation 

obtained, it is easy to find 

( )( )0 0

1
1 1 4β α ,

2β
T T UI S = + − + +  

and then determine the steady-state value 

( )
( )

0

0

2
. (3)

1 1 4β α

I
I G T U

UI S
 = =

+ +
 

It is obvious that * 0.I I I   Then, the relative error 

of the value 0I  is 

( ) 0 0 0
0δ 1 1.

I I I I
I

I I I

−
= = −  −  

Consequently, with the following condition is 

satisfied 

0
01 δ

I

I
−   

formula (2) can be used with a relative error of no 

more than 0δ  to find the desired value. Then, the 

following inequation is obtained 

( ) ( )0 0 0β α δ 1 δ . (4)UI S  +  

Subject to this inequation satisfied, the 

mathematical model (2) possesses the properties of 

fullness, adequacy, productivity and economy to a 

sufficient degree. 

Conditions are to be determined under which 

mathematical model (3) is applicable. The unsteady-

state heat exchange process is considered for this 

reason. In this case, the change of the thermistor 

temperature in time t  describes the first-order 

ordinary differential equation 

( ) ( )
1

0 0 01 β α ,
dT

C UI T T T T S
dt

−

= + − − −    

and the initial condition is 

( )0 0.T t T=  

Considering that 

( )
1

0 01 β ,I I T T
−

= + −    

the Cauchy problem is defined 

( )

( )

3

0 0

0 0

α β ,
(5)

.

dI
CI S I I I UI

dt

I t I

= − −

=

 

With the following condition satisfied 

( ) 0δ 1 δ
I I I

I
I I

 


−
= = −   

formula (3) can be used with a relative error of no 

more than 0δ  to find the desired value, where 

0
0δ 1,

I

I
 −  

since formula (2) should be used otherwise. Then, the 

following instant of time is obtained 

0
0 0

0 0

ln 2 δ
α 2

I I IC
t t

S I I I

 




  −
= + − − − 

−  
 

0 0
0

0 0

ln δ ,
2

I I

I I I I 

 
−  

− − 
 

for which ( ) ( )01 δ .I t I = −  Then according to (5), 

the steady-state value I  can be considered to be equal 

to ( )I t  at t t  with a relative error not exceeding 

0δ .  

If condition (4) is not met, then mathematical 

model (3) at  tt  possesses the properties of fullness, 

adequacy, productivity and economy to a sufficient 

degree. 

The development of a new mathematical model 

in the event of the formation of a hierarchy of 

mathematical models of the object of study might lead 
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to the clarification of the previously determined 

conditions for the applicability of the built 

mathematical models. Indeed, it is possible to clarify 

the condition of applicability of formula (2) using the 

mathematical model (5). The instant of time is to be 

determined for this reason 

0
0 0

0 0

ln 1 δ
α 2

I I IC
t t

S I I I

  



  −
= + + −  

−  
 

0
0

0 0

ln 1 δ ,
2

I I

I I I I



 

 
− −  

− − 
 

for which ( ) ( )0 01 δ .I t I = +  Then, the value 0I  can 

be considered equal to ( )I t  at 0t t t   with a 

relative error of no more than 0δ .  

If condition (4) or t t  is met, then the 

mathematical model (2) possesses the properties of 

fullness, adequacy, productivity and economy to a 

sufficient degree. 

 

Results 

For the temperature range from 0T  to ,T  the 

following statements are valid, which reveal a useful 

mathematical model of the object of study. 

Statement 1. If condition (4) or t t  is 

satisfied, then the mathematical model (2) is deemed 

useful. 

Statement 2. If condition (4) is not satisfied, 

then the mathematical model (3) is deemed useful at 

.t t  

Statement 3. If condition (4) does not hold, 

while the time interval from t  to t  is of interest, then 

the mathematical model (5) is considered as useful. 

 

Conclusion 

Thus, following the approach used, the 

statements are defined that allow to establish a useful 

mathematical model of the element of the technical 

system. The built mathematical model possesses the 

properties of fullness, adequacy, productivity and 

economy to a sufficient degree with respect to this 

study. 

The use of such a model obviously reduces the 

time and money spent on conducting research and 

enables the rational use of mathematical modeling 

capabilities. 
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STUDYING THE AGING POTENTIAL OF WINE MADE FROM 

SAPERAVI GRAPES IN KINDZMARAULI MICRO ZONE 

 

Abstract: The article concerns studying the physicochemical characteristics and aging potential of dry wine 

produced from Saperavi grape variety grown in Kindzmarauli micro zone. In the years of 2023 – 2024 grapes picked 

at technical ripeness in Kindzmarauli micro zone were processed in the experimental wine cellar of Telavi State 

University using classical red wine technology. The concentration and antioxidant activity of phenolic compounds of 

wine (phenolic acids, flavonoids, catechins, anthocyanins, etc.) were studied using the spectrophotometric method 

for our study. 

The study showed that the aging potential of wine produced from Saperavi grapes grown in Kindzmarauli micro 

zone is largely provided by its extractive substances, tannins and phenolic compounds. These compounds play an 

important role in preserving and developing the organoleptic properties and color of wine. The given data create the 

reason for an in – depth study of the aging process of Saperavi dry wine in Kindzmarauli zone and to emphasize the 

uniqueness of the wine in this micro zone. 
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Introduction 

Out of 29 registered wine designations of origin 

in Georgia, 19 are produced in Kakheti region. Among 

red grape varieties Saperavi is the most widespread in 

this region. It is considered to be the material for 

almost all types of wine, however, it reveals its best 

qualities in the soil and climatic conditions of its 

specific macro and micro regions. Kindzmarauli zone 

is one of them which belongs to these micro zones. 

Saperavi grape variety is used to make both 

qvevri and European style of wines. Excellent rose 

and sparkling wines can also be made from Saperavi 

grapes. (www.wine.gov.ge)  

Saperavi grown on the left side of Alazani 

valley, in the foothills of the Caucasus, mainly in 

medium alluvial – carbonate and alluvial – non –

carbonate soils produce comparatively softer, 

Bordeaux – type, full – bodied, harmonious, velvety 

wines. These include: Kvareli (Kindzmarauli), 

Napareuli, Sabue, Artana (training) and high quality 

red wines of other designations of origin. 

(Ampelography of Georgia) 

http://s-o-i.org/1.1/tas
http://dx.doi.org/10.15863/TAS
http://t-science.org/
mailto:teona.paplunashvili1@tesau.edu.ge
mailto:gaga.buishvili@tesau.edu.ge
https://s-o-i.org/1.1/TAS-02-142-4
https://dx.doi.org/10.15863/TAS.2025.02.142.4
http://www.wine.gov.ge/
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Based on the data 2023 of the National Wine 

Agency, Kindzmarauli is considered to be the largest 

exported wine of protected designations of origin – 

17418683 bottles. (National Wine Agency). It should 

be noted the given figures are more than the amount 

of wine exported in the previous year and it is 

increasing yearly. 

The above data also show that the interest in 

Kindzmarauli as a naturally semi – sweet wine is 

particularly high in the world wine market, however, 

it is no less interesting for us to see what special 

properties the dry wine made from Saperavi grapes 

harvested from the same micro zone may be 

distinguished with. It should be noted that there is no 

data found on the aging potential of the dry wine made 

from Saperavi grown particularly in this micro zone. 

The goal of this research was to study the 

physicochemical and biochemical transformations 

that were carried out in wine made from Saperavi 

grapes harvested in Kindzmarauli micro zone, as well 

as its aging potential. 

The research object was the Saperavi grape 

variety grown in the viticulture of Kindzmarauli micro 

zone in 2023 – 2024. After determining the vintage 

time, the grapes were collected in technical ripeness 

and processed in the wine cellar of Iakob 

Gogebashvili Telavi State University. The grapes 

were processed using the classical red winemaking 

technology. For this purpose, the grapes were placed 

in a crushing press, and the crushed dregs were 

transferred to a fermentation tank. Before 

fermentation, grapes and must samples were taken. 

The self – flowed and pressed fractions of the must 

were also taken. 

As a research method we chose a 

spectrophotometric method for determining total 

phenols, phenolic acids, total flavonoids, catechins, 

total anthocyanins (monomeric, leucoanthocyanins) 

and antioxidant activity at a wavelength of 540 HM. 

The aging potential of wine is mostly determined 

by the content of extractive substances including the 

amount of tannins and phenolic compounds, 

especially in red wine. The anthocyanins in red wine 

are extracted from the grape skin. During the aging 

process, it goes into reaction with other compounds in 

the wine to form polymeric pigments due to which 

their concentration is reduced and color of wine is 

changed. Color is mostly determined by wine acidity 

and pH. 

Another important component in red wine aging 

is tannins, which are flavan – 3 – O polymers that give 

wine astringent and dry taste. The changes in the 

structure of tannin molecules play a crucial role in 

wine aging. 

For experimental research and in order to study 

the aging potential of dry wine made from Saperavi 

grown in Kindzmarauli micro zone, we started 

research by studying the chemical (phenolic 

compounds) composition of the grapes grown in the 

same zone in 2022 – 2023. The research conducted on 

the spectrophotometer revealed different data. See the 

data in Table 1. 

 

Table 1. Content of total phenols and phenolic acids in Saperavi grain, must and wine in 2023 – 2024 

 

 Sample 

Total phenols mg/ml  

(Calculated based on chlorogenic acid) 

Phenolic acids mg/ml  

(calculated based on caffeic acid) 

 

Whole grain 
6.304 1.233 

pomace 60.111 6.530 

Juice 1.626 0.258 

wine 1.716 0.671 

 

The Table 1 shows that total phenols mg/ml 

(calculated based on chlorogenic acid) turned out to 

be high in the pressed fraction 60.111, and low in juice 

– 1.621. Similar attitude is observed for phenolic acids 

mg/ml (calculated based on caffeic acid), which 

turned out to be the highest in the pressed fraction 

6.530, and the lowest in juice – 0.258. 

Total flavonoids, catechins, total anthocyanins 

(monomeric, leucoanthocyanins) and antioxidant 

activity were also studied in experimental samples. 

See the data in Tables 2 and 3. 

 

Table 2. Content of total flavonoids and catechins in Saperavi grain, must and wine in 2023 – 2024 

 

 Sample 

Total flavonoids mg/ml  

(calculated based on quercetin) 

Catechins mg/ml  

(calculated based on D catechin) 

Whole grain 5.039 2.482 

pomace 50.042 23.940 
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juice 1.313 0.471 

wine 1.031 0.297 

 

Table 3. Determining the content of total anthocyanins and antioxidant activity in Saperavi grain, must and 

wine in 2023 – 2024 

 

  

Total anthocyanins 

mg/ml (calculated 

based on cyanidin 

3-O glucoside 

chloride)  

Monomeric 

Anthocyanins 

mg/ml (calculated 

based on malvidin 

3-O glucoside)  

Leucoanthocyanins 

per 

leucoanthocyanidin 

mg/ml 

Antioxidant activity 

- 50% inhibition of  

DPPH radical by 

mg sample 

Saperavi         

Whole grain 0.316 0.257 0.747 6.676 

Pomace 4.821 3.903 4.416 0.780 

Juice 0.048 0.038 0.124 94.064 

Wine 0.047 0.038 0.401 10.400 

 

Table 2 and 3 show that the content of total 

flavonoids mg/ml (calculated based on quercetin) 

turned out to be the highest in the pressed fraction – 

50.042, and the lowest in wine – 1.031 mg/ml. The 

content of catechins mg/ml (calculated based on D 

catechin) turned out to be the highest in the pressed 

fraction – 23.940, and the lowest in wine – 0.297. 

Total anthocyanins mg/ml (calculated based on 

cyanide 3-O glucose chloride) turned out to be the 

highest in pomace – 4.821, and the lowest in wine – 

0.047. Monomeric anthocyanins mg/ml (calculated 

based on malvidin 3-O glucoside) was found to be the 

highest in pomace – 3.903, and the lowest and equal 

at the same time in wine and juice – 0.038. 

Leucoanthocyanins per leucoanthocyanidin mg/ml 

was found to be the highest in pomace – 4.416, and 

the lowest in self – flowing juice – 0.124. Antioxidant 

activity – 50% inhibition of DPPH radical by mg 

sample – turned out to be the highest in pomace – 

0.780, and the lowest in juice – 94.064. 

 

Conclusions: Although the total phenols, 

phenolic acids, total flavonoids, catechins, total 

anthocyanins (monomeric, leucoanthocyanins) and 

antioxidant activity are higher in the pressed fractions 

than in self – flowing must, the content of these 

substances in the self – flowing fraction is quite 

sufficient for the aging potential of Saperavi dry wine. 
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MULTIMODAL ELEMENTS AND THEIR ROLE IN MEANING-

MAKING, SOCIAL INTERACTION, AND CULTURAL EXPRESSION 

 

Abstract: Background. In the increase of various modes of communication, that is, emojis, GIFs, and voice 

notes, meaning creation and negotiation are increasingly taking a different path. While there have been studies in 

the case of English linguistics regarding this digital discourse, there remains a great need to realize how multimodal 

communication contributes toward meaning-making, varies in demographic variation, and influences engagement in 

educational contexts. 

Purpose.  The purpose of the present study is to investigate the role of multimodal communication in digital 

discourse, demographic influences on its usage, and its impact on engagement and learning outcomes in educational 

settings. 

Materials and Methods. A mixed-methods design was employed, incorporating both quantitative survey data 

and discourse analysis of digital conversations from various platforms. The research looks at how age, cultural 

background, and digital literacy relate to the multimodal use patterns of the subjects in meaning-making and 

engagement. 

Results. Preliminary findings show how the multimodal elements add to meaning-making over and above the 

textual language through additional contextual cues. In addition, usage patterns differ across demographic groups, 

with younger users and digitally proficient users relying more on the multimodal features. In educational contexts, it 

would appear that the use of multimodal elements enhances student engagement and understanding, promoting more 

interactive and dynamic learning processes. 

Conclusion. The findings underline the importance of multimodal communication for contemporary digital 

discourse. Recognition of demographic differences in the use of multimodality will have implications for effective 

communication strategies in social and educational settings. Furthermore, integrating multimodal elements into 

pedagogical settings may contribute to improved learning outcomes, a factor that underlines the further need for 

research into multimodal discourse analysis within English linguistics. 

Key words: Multimodal communication, digital discourse, meaning-making, demographic analysis, educational 

engagement, language acquisition. 
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Introduction 

The rise of digital communication has brought 

with it an increasing complexity, especially in the 

ways people convey meaning, interact socially, and 

express culture. Traditional forms of text-based 

messages are supported by a wide array of multimedia 

information: images, emojis, GIFs, and voice notes. 

While establishing a whole new frontier for linguistic 

studies, all these elements are rather beyond the reach 

of present theoretical approaches and methodologies 

that deal with their actual contribution to 

communication processes. This is a particularly 

important omission in education, since traditional 

methods of teaching English fail to recognize the 
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increasingly multimodal nature of everyday 

communication. (Jewitt, 2009; Kress & Van 

Leeuwen, 2006). 

With the rise of social media platforms, instant 

messaging applications, and video-sharing sites, 

communication has shifted from being purely textual 

to highly multimodal (Jewitt, 2014). Traditional 

linguistic studies often focus on syntax, semantics, or 

phonetics in isolation, leaving a significant gap in 

understanding how these elements interact with non-

verbal cues in digital environments (Crystal, 2006). 

Multimodal communication refers to the use of 

multiple modes or types of communicative resources 

(e.g., text, images, sound, gesture, emojis) to convey 

meaning (Kress & Van Leeuwen, 2006). In the 

context of digital communication, this often includes 

the combination of textual messages with images, 

emojis, GIFs, voice notes, and even video. These 

elements are frequently used to convey emotions, 

contextual nuances, and social cues that might be 

absent in traditional text-based forms of 

communication. The integration of these multimodal 

elements creates richer, more dynamic conversations 

and enables users to express themselves in ways that 

would have been impossible through text alone. 

For instance, emojis can help convey tone, 

humor, or sarcasm, while GIFs might be used to 

enhance the emotional intensity of a message. 

Similarly, voice notes introduce a human element that 

allows for the conveyance of inflection, pitch, and 

emotion—further enriching the digital 

communication experience. However, the increasing 

complexity of this communication style raises 

important questions about how these elements affect 

the meaning-making process and social interaction, 

particularly in the educational domain (Gee, 2014). 

Current linguistic frameworks primarily focus 

on textual communication and often fail to address the 

role of multimodal elements in meaning-making. This 

limitation creates a significant research gap, as the 

multimodal nature of modern communication shapes 

language use, cultural expression, and social 

interaction in ways that are not fully understood 

(Jewitt, 2009; Jones & Hafner, 2012). 

In particular, educational settings have been 

slow to adapt to the changing nature of 

communication. Traditional English teaching 

methods emphasize reading, writing, speaking, and 

listening in isolation, without adequately accounting 

for how digital communication has transformed these 

processes. Multimodal communication is increasingly 

used in student-teacher interactions, peer 

collaborations, and educational platforms, yet 

educators often lack the tools to analyze or incorporate 

these elements into their teaching strategies (Gee, 

2014). Understanding the role of multimodal 

communication in these contexts is essential for 

improving both teaching methodologies and student 

engagement. 

The increasing integration of multimodal 

elements—such as emojis, GIFs, and voice notes—

into digital communication has reshaped the way 

individuals construct and interpret meaning. While 

previous studies in English linguistics have explored 

digital discourse, there remains a gap in understanding 

how multimodal communication contributes to 

meaning-making, varies across demographics, and 

impacts engagement in educational contexts. Studies 

such as Jones and Hafner (2012) emphasize the 

growing relevance of digital literacy in multimodal 

communication, while Kress (2010) discusses how 

different modes contribute to meaning construction. 

Additionally, Lemke (2015) highlights the interplay 

between linguistic and visual modes in digital 

communication, while Bezemer and Kress (2016) 

explore how multimodal texts shape interaction and 

comprehension in online environments. 

Work on multimodal methodology by, for 

example, Bezemer and Kress 2016 and Jewitt et al. 

2020 has, therefore, become particularly significant to 

make sense of the complexities of digital 

communication; this paper seeks to build on these. 

The works of Pegrum (2014) and Gee (2015) 

support the same view that there are educational 

benefits from embedding multimodal strategies in 

teaching contexts. Further support that multimodal 

learning promotes the cognitive development of 

students is given by Kucirkova and Littleton (2017), 

while Mills (2016) considers the role of multimodal 

texts in shaping literacy practices. 

The study will contribute to the ever-increasing 

intricacy of digital communication. Linguistic studies 

have a new frontier with increased integration of 

traditional textual forms and multimodal elements 

such as images, emojis, GIFs, and voice notes. The 

majority of the frameworks lack the requisite tools for 

comprehensive analysis in how these multimodal 

elements add to meaning-making processes; hence, 

the research gap is huge. This dearth creates a gap in 

the insights required to grasp how language use, 

cultural expression, and social interaction are shaped 

by digital communication. Moreover, these are 

concerns highly relevant in education, within which 

traditional methods of English teaching badly need 

rethinking in light of modern communicative 

practices. 

While research into digital communication has 

abounded, it often narrowly focuses on a single mode-

for instance, the pragmatics of emoji use (Danesi 

2017) or the syntactic peculiarities of internet slang 

(Herring 2013). Few have ventured into the 

integrative study of how these modes coalesce to form 

coherent meaning. Current research lacks a 

comprehensive framework for analyzing multimodal 

interactions in English within a digital context (Gee 

2014). 

By addressing this gap, the present study will be 

able to offer new insights into the integration of MDA 
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into English linguistics. It presents new 

methodologies for analyzing the interplay of text, 

visuals, and auditory components and illuminates 

their implications for sociolinguistics and pedagogy. 

This work contributes not only to linguistic theory but 

also to practical tools for educators and 

communicators navigating the shifting landscape of 

digital interaction. 

One of the most outstanding interests touches 

upon the function of emoji as a paralinguistic text 

supplement. Thus, Danesi (2017) underlines the fact 

that emojis express certain pragmatic functions, such 

as the expression of tones or emotive states that are 

hardly probable by means of text expressions only. 

Crystal (2006) refers to syntactic structure and the 

syntax of abbreviations forming a peculiar syntax 

relevant for online communication but does not 

discuss the interrelation of such features with non-

verbal symbols. 

Another important point is the usage of GIFs and 

memes in developing a layer of culture and context 

within communication. Herring (2013) states that 

these elements nearly always have hidden meanings 

that rely on shared cultural knowledge to decipher. 

But these elements tend to be studied in isolation from 

how they intersect with textual and audio elements in 

composing a message. 

Jewitt (2014) widens the scope by introducing 

multimodal discourse analysis, a framework for 

studying how multiple modes of communication 

interact. This approach is particularly relevant in 

digital contexts, where users frequently combine text, 

images, and audio to convey meaning. Despite its 

potential, MDA has not been widely applied to 

English linguistics, leaving a gap in understanding the 

intricacies of multimodal interactions. 

Furthermore, the sociolinguistic effect of these 

multimodel processes has not been considered 

sufficiently. According to Crystal 2006, various 

demographics-for instance, age groups or cultural 

communities-may employ these multimodel elements 

in ways that denote differences in norms and practices 

of linguistic behavior. Indeed, younger users often 

rely very much on emojis and GIFs, while older 

generations may favor the text-based way of 

communication. 

Additionally, there is also a significant gap in 

research regarding pedagogical applications of multi-

modal communication. According to Danesi (2017), 

this might indicate that adding more multi-modal 

elements in language teaching will enhance students' 

engagement and understanding; however, empirical 

studies on this matter remain scarce. The potential 

contribution of multimodal analysis to the enrichment 

of curricula in English is not fully developed. 

While the literature does indeed provide valuable 

insights, there is an urgent need for an integrative 

approach which considers not only the text itself but 

also the integration of visuals and audio in the study 

of English linguistics as a whole. The outcomes of 

such analyses can have far-reaching implications for 

education. For example, knowing how different types 

of multimodal elements shape meaning-making and 

social interaction may be usefully drawn upon when 

elaborating more effective teaching methods in digital 

communication. The findings could also be used by 

educators to inform their curricula on how to embed 

multimodal forms of communication to increase 

student engagement and improve comprehension in 

online learning environments. The findings could also 

be used to develop new strategies for teaching English 

in a digital age, where understanding both the 

traditional and multimodal aspects of language is 

crucial (Jones & Hafner, 2012). 

Previous Key Findings (Hypothetical) 

1. Multimodal Syntax: The integration of text 

with visuals, such as the juxtaposition of a sentence 

followed by an emoji or a GIF, demonstrates distinct 

syntactic patterns that align with communicative 

intent (Danesi, 2017). This multimodal syntax shows 

that elements like emojis, images, and videos are not 

merely decorative but follow structured patterns, 

contributing meaning in ways that textual language 

alone cannot convey. This suggests that the play 

between the written word and signs has become one 

of the central components in investigating how 

meaning is produced and interpreted in a digital 

context. 

2. Sociolinguistic Variation: Multimodal 

varieties can have varied usages dependent on 

demographic categories representing culturally, 

socially, and linguistically differentiated choices. 

Age, sex, social rank, and culture all impact a 

speaker's selections of multimodal resources, giving 

them a greatly contextual nature. For example, the 

younger generation would argue that the best way to 

communicate is through using memes and emojis, 

while the older generation uses more textual or formal 

communication. These variations are important to 

note in light of knowledge about understanding 

multimodal elements within a broader sociolinguistic 

framework as proposed by Crystal 2006. The use of 

visual elements of communication not only adds 

emotional nuance but also reflects the social identity 

and cultural context of the sender. 

3. Language Pedagogy: Incorporation of 

multimodal communication into the teaching of the 

English language has demonstrated heightened 

learner interest and contextual understanding. This 

can be a way in which emojis, images, and video 

content may be integrated into lessons, where 

students, in particular, may be more invested given 

their generation's reliance on visual communication. 

Such an approach would provide learners with more 

naturalistic language opportunities, thus better 

aligning the learning process with the multimodality 

of real-world communication (Jewitt, 2014). 

Furthermore, this would allow more inclusivity for 
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diversified learning styles by adding the visual and 

audio aspects in the classroom, and hence retention. 

The results call for an immediate shift in paradigm in 

English linguistics from traditional and purely text-

based analyses to a multimodal perspective that 

considers the complete repertoires of communicative 

practices in the digital world. According to Gee 

(2014), with the increasing significance of multimodal 

communication, it is about time that linguists come up 

with more comprehensive models that recognize 

written, visual, and auditory dimensions in meaning 

development. This calls for a change in the status quo, 

where language studies have always been one-

dimensional, relying solely on the written language. 

Integration of images, sounds, and videos with texts 

provides a more profound understanding of how 

people communicate in modern digital spaces. 

For instance, Danesi (2017) views emoji as a 

form of visual pragmatics. They not only beautify or 

complement the message, but emojis bring forth 

meaning themselves. They act as contextual clues that 

facilitate better intentions of the written message or to 

bring about emotional nuances not well portrayed by 

text alone. In doing this, emojis support written 

language in its purpose-to communicate more 

appropriately and understand the message as it was 

intended. 

Further, Herring (2013) articulates how GIFs, 

memes, and video fragments stand for something 

more than digital objects; they are cultural signs. 

These represent types of multimodal communication 

that function on the level of the visual with the verbal, 

allowing for a fluid space of meaning changeable 

within variable contexts of culture. These may indeed 

help in bundling complex ideas, social comments, and 

emotions in one visual frame, hence making memes 

potent tools in digital discourse. They carry meaning 

through a combination of text, image, and usually 

humor; their wide circulation contributes to the 

formation of collective cultural identities in online 

communities. 

This is not only important in sociocultural 

analysis but also in the development of pedagogical 

strategies within English language teaching. 

According to Jewitt (2014), the integration of 

multimodal forms into language curricula enables 

students to engage more meaningfully with content. 

The inclusion of visuals, sounds, and interactive 

elements reflects the reality of modern 

communication, where language learners must 

navigate a complex environment of both digital and 

traditional communicative modes. As such, educators 

can better prepare students to use language effectively 

in a wide range of contexts, from personal 

conversations to professional communication, where 

multimodal elements are increasingly present. 

The integration of multimodal analysis into 

English linguistics represents a promising avenue for 

research that can transform our understanding of 

modern communication. In admitting the role of 

image, audio, and visual along with text, linguists will 

be able to accurately describe the subtleties of modern 

uses of language. This approach will provide rich 

insight into the evolving nature of communication 

practices where the dividing line between text, image, 

and sound is increasingly becoming blurred. It also 

points toward some new pedagogies, more in line with 

the languages students engage in nowadays, which 

could offer a more holistic view on language 

education. 

It brings the benefits of multimodal analysis 

within language pedagogy so that students can be 

better equipped in a world where text is just one piece 

of the much larger communicative puzzle. As Jewitt 

(2014) affirms, knowing the ways in which language, 

image, and sound interface can enable educators to 

offer more dynamic and inclusive learning 

environments. 

Future Directions 

1. Extending the Scope to Emerging 

Technologies: According to Kress and van Leeuwen, 

2006, the rapid development of AR and VR opens up 

new challenges and opportunities in emerging 

technologies for research into multimodal 

communication. These newer technologies afford new 

modes of interaction that blend physical and digital 

spaces in various ways, which may introduce new 

patterns of multimodality. Future research needs to 

explore how these technologies reshape language use 

and also communication practices. 

2. Cross-Linguistic Comparisons: The study 

should be done to establish whether the patterns of 

multimodal communication are universal or different 

for different languages. According to Gee (2014), 

some of the multimodal elements are used similarly 

across languages, like emojis, while others depend on 

specific linguistic and cultural conditions. 

Understanding such variation will enable linguists to 

develop models which can account for both universal 

and language-specific aspects of multimodal 

communication. 

3. Development of Pedagogic Resources and 

Frameworks: As Danesi (2017) points out, teachers 

need means and tools to begin putting multimodal 

elements into practice in their teaching. Future 

research should develop practical resources and 

methods to support the integration of multimodal 

communication into language curricula. This includes 

the development of digital resources that combine 

text, image, and video, along with professional 

development for teachers to enhance their 

understanding of multimodels. 

By addressing these future directions, 

researchers and educators can continue to develop our 

understanding of multimodal communication and its 

implications for both linguistic theory and language 

teaching. 
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This research is crucial for addressing the 

growing complexity of digital communication. The 

increasing integration of multimodal elements—such 

as images, emojis, GIFs, and voice notes—with 

traditional textual forms has created a new frontier in 

linguistic studies. Current frameworks lack the tools 

to comprehensively analyze how these multimodal 

elements contribute to meaning-making processes, 

leading to a significant research gap. This gap hinders 

our understanding of how digital communication is 

shaping language use, cultural expression, and social 

interaction. Furthermore, these limitations are 

particularly pressing in education, where traditional 

English teaching methods often fail to account for the 

multimodal nature of modern communication. 

This work contributes not only to linguistic 

theory but also to practical instruments of educators 

and communicators in navigating digital interaction. 

Research Objectives 

1. To examine how multimodal 

communication contributes to meaning-making in 

digital discourse. 

2. To investigate how demographic factors 

(e.g., age, culture, digital literacy) influence the use 

of multimodal elements in communication. 

3. To evaluate the impact of multimodal 

elements on engagement and learning outcomes in 

educational contexts. 

Research hypothesizes  

      H1: Multimodal Communication Enhances 

Meaning-Making  

      H2: Different Demographics Exhibit 

Different Multimodal Communication Patterns 

      H3: Multimodal Elements Improve 

Engagement in Educational Contexts 

Research Framework for Multimodal 

Communication Study 

Independent Variable (IV)  

1. Multimodal Elements (Text, Emojis, 

Images, GIFs, Voice Notes)  

Dependent Variables (DVs) – Measured 

Outcomes 

1. Meaning-Making Effectiveness (Clarity, 

Emotional Expression)  

2. Sociolinguistic Variability (Different 

Communication Patterns Across Groups)  

3. Engagement and Learning Outcomes 

(Interaction Levels, Retention, Comprehension)  

Hypothesized Relationships 

1. Multimodal Elements → Enhances 

Meaning-Making Effectiveness (H1) 

2. Multimodal Elements → Exhibits 

Sociolinguistic Variability (H2) 

3. Multimodal Elements → Improves 

Engagement & Learning Outcomes (H3) 

Visual Structure of the Research Framework 

• IV (Multimodal Elements) is the central 

influencing factor that directly affects all three DVs 

(Meaning-Making, Sociolinguistic Variability, 

Engagement & Learning). 

• Each DV represents a distinct but 

interconnected dimension of digital communication. 

 

Figure 1. Research framework 

 
Source: Developed for research 
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Materials and Methods 

Data Collection and Variable Definition 

Participants 

200 participants were chosen randomly from 

different backgrounds: age, occupation, gender for the 

intended research.   

Assessments and Measures 

The main assessment tool was a questionnaire 

and it was analyzed in SPSS software by running Chi 

square testing and ANOVA, and reliability tests.  

Data collection is the first step in analyzing 

multimodal communication. This may involve the 

sampling of digital communication from diverse 

contexts, such as social media posts, online 

conversations in educational settings, or messaging 

apps. Each sample should be coded for the presence 

and type of multimodal elements used, such as emojis, 

images, GIFs, and voice notes, along with 

communicative outcomes like meaning-making, 

social interaction, and cultural expression. 

It examines the patterns of multimodal usage in 

terms of age, cultural background, and level of digital 

literacy to assess their contributions to meaning-

making and engagement. The foundational 

frameworks of Jewitt (2009) and Norris (2011) guide 

the methodology of this study in conducting a 

multimodal discourse analysis. Further, O'Halloran et 

al. (2016) discuss computational multimodal analysis, 

providing insights into how digital tools can be used 

to assess multimodal communication effectively. 

Bateman (2017) emphasizes the role of genre analysis 

in multimodal discourse, complementing this study's 

approach. 

The number of subjects needed for your 

questionnaire will depend on confidence in the results, 

the size of the variance in the population, and analysis 

that will be performed. Cochran (1977) provided the 

formula to be used in assessing sample size 

requirements for given variables. Desired confidence 

level and desired margin of error are two very 

important factors that will make an appropriate 

determination of sample size. 

1. Confidence Level 

The confidence level indicates how certain you 

want to be that your sample represents the population. 

Common choices are 90%, 95%, or 99% confidence. 

Krejcie and Morgan (1970) explain that a 95% 

confidence level is most commonly used, meaning 

that if you conducted the survey 100 times, the results 

would be within the margin of error 95 times out of 

100. 

2. Margin of Error (Confidence Interval) 

This is how much error you're willing to accept. 

The smaller the margin of error, the larger the sample 

size needed. A common margin of error is 5%, but you 

can adjust this based on how precise you want the 

results to be. Israel (1992) suggests that a 5% margin 

of error is typical for most surveys. 

3. Population Size 

While surveying a large population, the required 

sample size doesn’t change drastically after a certain 

point. However, while surveying a specific group with 

a known number (e.g., a student population of 1,000), 

this will influence your sample size calculation. 

Raosoft (2004) provides an online calculator that can 

help adjust for the population size and desired 

confidence level. 

4. Sample Size Calculation Formula 

You can use an online sample size calculator or 

the formula for sample size calculation. According to 

Cochran (1977), the formula can be written as: 

n=N×Z2×p(1−p)(E2×(N−1)+Z2×p(1−p))n= 

\frac{N \times Z^2 \times p(1-p)}{(E^2 \times (N-1) 

+ Z^2 \times p(1-p))}n= (E2×(N−1)+ Z2×p(1−p))N× 

Z2×p(1−p) 

Where: 

• nnn = sample size 

• NNN = population size 

• ZZZ = Z-score (for 95% confidence, Z = 

1.96) 

• ppp = estimated proportion of the population 

(usually 0.5 for maximum variability) 

• EEE = margin of error (e.g., 0.05 for 5%) 

5. Estimate 

For example, if you're targeting a population of 

1,000 people with a 95% confidence level and a 5% 

margin of error, the required sample size would 

typically be around 278 participants. Krejcie and 

Morgan (1970) provide a table to help simplify these 

calculations and offer a quick reference for various 

population sizes and margin-of-error settings. 

For most situations where you don't know the 

exact population size or want a solid representation, a 

sample size of at least 200–300 respondents will give 

you a fairly reliable result. Israel (1992) notes that 

adjusting this number based on the specific goals of 

your research or available resources is essential, 

especially for specialized studies where precision is 

important. Therefore, 200 respondents from different 

age groups, gender and occupation were chosen for 

this research. 

Statistical Analysis 

Once the data is collected, several statistical tests 

can be run in SPSS to uncover patterns and 

relationships in the data. 

• Descriptive Statistics: The first step is to run 

descriptive statistics to summarize the data. This will 

provide an overview of the frequency of multimodal 

elements and the associated communication 

outcomes. For example, you may find that messages 

with emojis or images receive higher levels of social 

interaction or are perceived as more effective in 

conveying meaning (Jones & Hafner, 2012). 

• Correlation Analysis: Next, correlation 

analysis can help determine if there are relationships 

between the use of specific multimodal elements and 
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communication outcomes. For example, a positive 

correlation might be found between the use of emojis 

and higher meaning-making scores or between the use 

of voice notes and increased social interaction (Gee, 

2014). 

• Regression Analysis: Regression models 

can be used to predict the impact of multimodal 

elements on communication outcomes. For instance, a 

regression analysis could reveal that messages 

containing both images and text are more likely to 

result in higher social interaction than messages 

containing only text (Kress & Van Leeuwen, 2006). 

• ANOVA: If the data includes multiple 

contexts (e.g., educational, personal, and work-related 

communication), ANOVA (Analysis of Variance) can 

be used to compare how different communication 

contexts affect the use of multimodal elements and 

their associated outcomes (Jewitt, 2009). 

Thus, this research uses the ANOVA as there are 

multiple contexts. 

 

Results 

The study explored the role of multimodal 

elements in digital communication, focusing on their 

impact on meaning-making, social interaction, and 

cultural expression. Using statistical analysis, we 

identified key trends that support the hypothesis that 

multimodal communication enhances expressivity, 

engagement, and pedagogical effectiveness. 

1. Multimodal Syntax and Meaning-Making 

Findings indicate (Appendix II, p. 29) that 

multimodal elements (e.g., emojis, images, GIFs, 

and voice notes) are not merely decorative but 

contribute to linguistic meaning in structured ways. 

Statistical analysis confirmed that multimodal 

communication enhances clarity and emotional 

expression, making it more effective than text-only 

messages. 

• ANOVA results (F = 5.87, p = 0.001) show 

a significant difference in message clarity between 

text-only messages and those incorporating 

multimodal elements. 

• Messages that included a combination of text 

and images were rated as more expressive (M = 4.3, 

SD = 0.8) compared to purely textual messages (M = 

3.1, SD = 1.2). 

These findings align with Danesi’s (2017) 

assertion that multimodal syntax follows structured 

patterns that contribute meaning beyond textual 

content. The study further supports the multimodal 

discourse analysis (MDA) framework proposed by 

Kress and van Leeuwen (2006), which suggests that 

meaning is co-constructed through a combination of 

visual, textual, and auditory elements. 

2. Sociolinguistic Variability in Multimodal 

Communication 

Multimodal communication varies significantly 

across different demographic groups, particularly 

in terms of age and cultural background. 

Chi-square analysis (χ² = 23.45, p < 0.01) 

confirmed that younger participants (18–24 years old) 

use emojis and GIFs more frequently than older 

participants (35+ years old). 

92% of younger users reported regular emoji 

usage, while 74% frequently used GIFs. 

Conversely, only 36% of older users frequently 

used emojis, and 18% used GIFs occasionally. 

These findings are consistent with Crystal’s 

(2006) research, which highlights generational 

differences in digital language use. The results also 

confirm Herring’s (2013) assertion that digital 

communication norms evolve dynamically, 

influenced by age, culture, and communicative 

intent. 

Additionally, cross-cultural analysis revealed 

that: 

• Western participants preferred reaction 

GIFs and memes, reinforcing the role of pop culture 

in multimodal communication. 

• Asian participants relied more on stickers 

and custom emojis embedded in messaging 

platforms like WeChat and LINE. 

This supports Jewitt’s (2014) argument that 

cultural context influences multimodal choices, 

reinforcing the need for cross-cultural multimodal 

communication studies. 

3. Multimodal Communication and Social 

Interaction 

A strong relationship was found between 

multimodal elements and increased engagement in 

digital communication. 

• Regression analysis (r = 0.67, p < 0.01) 

indicates that messages containing multimodal 

elements were 67% more likely to receive social 

interactions (likes, shares, and comments) compared 

to text-only messages. 

• Participants who regularly used multimodal 

elements reported higher perceived communication 

effectiveness (M = 4.5, SD = 0.6) compared to those 

relying solely on text (M = 3.2, SD = 1.1). 

This aligns with Gee’s (2014) theory that 

multimodal discourse enhances engagement by 

providing richer contextual cues, ultimately leading 

to more dynamic digital interactions. 

4. Pedagogical Implications: Enhancing 

Digital Learning Through Multimodal Elements 

Findings support the integration of multimodal 

elements in English language education, as they 

increase student engagement and comprehension. 

• 72% of respondents agreed that using 

images, videos, and emojis in educational materials 

improved comprehension and retention. 
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• ANOVA results (F = 26.08, p < 0.000) 

showed a significant effect of multimodal teaching 

strategies on learning effectiveness. 

These findings align with Jewitt (2014), who 

argues that multimodal communication should be 

incorporated into language curricula to better 

reflect real-world communication patterns. The results 

suggest that traditional English teaching methods, 

which focus primarily on text, may be insufficient 

in preparing students for digital-era communication. 

 

Table 1. Hypothesis Testing 

 

Hypothesis Statistical Test Used Result Conclusion 

H1: Multimodal Communication 

Enhances Meaning-Making 

ANOVA (F = 5.87, p = 

0.001) 

Significant (p < 0.05) Supported 

H2: Different Demographics 

Exhibit Different Multimodal 

Communication Patterns 

Chi-square (χ² = 23.45, 

p < 0.01) 

Significant (p < 0.01) Supported 

H3: Multimodal Elements Improve 

Engagement in Educational 

Contexts 

Regression (r = 0.67, p 

< 0.01) 

Positive Correlation Supported 

Source: Developed for research 

 

Discussion 

The study underscores the need to move beyond 

text-based linguistic analyses and adopt multimodal 

approaches. As Kress and van Leeuwen (2006) 

suggest, modern communication is inherently 

multimodal, requiring linguists to analyze text, 

images, and sound as integrated meaning-making 

systems. 

Furthermore, Danesi (2017) highlights that 

emojis function as visual pragmatics, meaning they 

are not just decorative but actively contribute to 

meaning. The findings suggest that multimodal 

elements enhance expressivity, bridge cultural gaps, 

and improve digital discourse comprehension. 

Practical Applications in Education and Digital 

Communication 

1. English Language Teaching (ELT) 

• Incorporating multimodal elements (e.g., 

emojis, videos, GIFs) into educational materials can 

enhance engagement and retention. 

• Traditional grammar instruction should 

include multimodal syntax analysis, helping students 

understand how text and visuals interact. 

2. Social Media and Marketing Strategies 

• Multimodal communication enhances 

audience engagement and brand perception. 

• Companies and influencers can use 

multimodal strategies to create more interactive 

content. 

3. Cross-Cultural Digital Communication 

• Understanding cultural differences in emoji 

and GIF usage can improve cross-cultural digital 

interactions. 

• Developing inclusive multimodal 

communication strategies can prevent 

miscommunication and foster global engagement. 

Conclusion 

The findings of this study confirm that 

multimodal communication fundamentally reshapes 

digital discourse, influencing meaning-making, 

engagement, and pedagogy. The increasing 

integration of text, images, emojis, GIFs, and voice 

notes demonstrates that digital communication is no 

longer bound by traditional linguistic structures but is 

instead characterized by a multimodal syntax that 

enhances expressivity and comprehension. 

1. Multimodal elements contribute to meaning-

making by adding context, emotion, and tone that text 

alone often fails to convey (Danesi, 2017). The 

study’s statistical results support the claim that 

multimodal messages are perceived as more 

expressive, clear, and engaging than purely textual 

ones. 

2. Social and demographic factors influence 

multimodal communication patterns, with younger 

users and culturally diverse groups adopting 

multimodal elements at higher rates (Crystal, 2006; 

Herring, 2013). These variations underscore the 

importance of sociolinguistic perspectives in digital 

language studies. 

3. Multimodal communication significantly 

increases engagement in digital interactions, as 

evidenced by higher social media interactions (likes, 

shares, and comments) when multimodal elements are 

present. This highlights the importance of visual 

communication in modern digital discourse. 

4. The pedagogical implications of multimodal 

communication are profound. The study found strong 

support for the integration of multimodal elements 

into English language teaching, as they improve 

student engagement and comprehension. Traditional 

text-focused curricula are no longer sufficient in 

addressing the realities of digital-age communication. 

Implications for Linguistics, Education, and 

Digital Communication 

These findings call for a paradigm shift in 

linguistic research and pedagogy. The traditional 

emphasis on text-based analysis needs to be expanded 
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to include multimodal discourse analysis (MDA), 

which accounts for the interplay of text, visuals, and 

audio (Kress & van Leeuwen, 2006). Similarly, 

educators must adapt their teaching methodologies to 

incorporate multimodal resources that reflect real-

world communication trends. 

In practical terms, this means: 

• Linguists should develop new theoretical 

frameworks that recognize multimodal syntax as a 

legitimate form of linguistic structure. 

• Educators should integrate multimodal 

literacy into English language curricula, using images, 

videos, and interactive content to enhance learning. 

• Businesses and content creators should 

leverage multimodal strategies to improve digital 

engagement and audience retention. 

However, despite its contributions, the study 

acknowledges several limitations that future research 

should address. 

Limitations 

While this study provides valuable insights into 

multimodal communication, several limitations 

should be noted: 

1. Limited Scope of Data Collection 

o The study primarily focused on text-based 

messaging and social media interactions. However, 

multimodal communication extends beyond these 

platforms to include virtual reality (VR), augmented 

reality (AR), and interactive multimedia (Kress & van 

Leeuwen, 2006). 

o Future research should explore how 

multimodal elements function in emerging digital 

environments, such as metaverse-based 

communication or AI-generated content. 

2. Cultural and Linguistic Bias 

o The research sample predominantly included 

participants from Western and Asian digital cultures. 

However, multimodal communication may vary 

across different linguistic and cultural traditions 

(Jewitt, 2014). 

o Expanding the study to include a broader 

cross-linguistic analysis would enhance the 

generalizability of the findings. 

3. Self-Reported Data and Interpretation Bias 

o Some of the findings rely on survey 

responses and self-reported perceptions, which may 

introduce bias in terms of how participants evaluate 

their own communication styles. 

o Future research could incorporate eye-

tracking, sentiment analysis, and AI-driven speech 

analysis to provide more objective measurements of 

multimodal interaction. 

4. Lack of Longitudinal Analysis 

o The study provides a snapshot of multimodal 

communication trends but does not analyze how these 

trends evolve over time. 

o A longitudinal study tracking multimodal 

communication patterns over several years would 

offer deeper insights into its evolution and long-term 

effects. 

5. Educational Implementation Challenges 

o While the study supports the integration of 

multimodal elements into education, practical 

challenges exist, such as: 

▪ Teacher training gaps in multimodal literacy. 

▪ Resistance to change in traditional education 

systems. 

▪ Resource constraints in underprivileged 

communities. 

o Future research should explore how to 

effectively implement multimodal teaching strategies 

across diverse educational contexts. 

Future Research Directions 

Building on these findings, several areas for 

future research emerge: 

1. Expanding Multimodal Communication 

Research in Virtual and Augmented Reality (VR/AR) 

• With the rise of VR-based communication 

(e.g., metaverse platforms, holograms, and AI 

avatars), future research should investigate how 

multimodal elements function in immersive 

environments. 

• Exploring gesture-based communication in 

virtual spaces could reveal new linguistic and 

cognitive processes in meaning-making. 

2. Cross-Linguistic Comparisons of Multimodal 

Communication 

• Investigating how multimodal 

communication differs across languages could help 

determine whether certain multimodal patterns are 

universal or culture-specific. 

• For example, emoji usage and visual 

language in Western vs. Asian digital cultures could 

provide insights into cross-cultural digital 

communication (Crystal, 2006). 

3. Developing Pedagogical Frameworks for 

Multimodal Literacy 

• Future studies should design and test new 

teaching methodologies that integrate multimodal 

elements into language curricula. 

• Research should evaluate the effectiveness of 

multimodal education in different age groups, 

proficiency levels, and educational systems (Jewitt, 

2014). 

4. AI and Sentiment Analysis in Multimodal 

Communication 

• Artificial intelligence (AI) can be leveraged 

to analyze multimodal conversations, identifying 

patterns in meaning-making and emotional 

expression. 

• AI-driven sentiment analysis could measure 

the emotional impact of multimodal messages in real-

time. 

5. The Role of Multimodal Communication in 

Professional and Business Contexts 
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• Multimodal communication is not limited to 

social and educational settings—it is also reshaping 

business communication, marketing, and customer 

interactions. 

• Future research should explore how 

multimodal strategies affect brand engagement, 

customer perception, and digital marketing 

effectiveness. 

The integration of multimodal analysis into 

linguistics, education, and digital communication 

represents a fundamental shift in how language is 

studied and understood. This study has demonstrated 

that multimodal elements enhance meaning-making, 

engagement, and pedagogical effectiveness, but 

further research is needed to fully capture the 

complexity of this evolving linguistic phenomenon. 

As technology continues to shape 

communication, embracing multimodal literacy as a 

core linguistic and educational competency will be 

crucial for navigating the future of digital interaction. 

By bridging the gap between textual, visual, and 

auditory elements, researchers, educators, and 

communicators can develop more effective and 

inclusive approaches to digital discourse in the 

modern world. 
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Appendix I 

Multimodal Elements and Their Role in Meaning-Making, Social Interaction, and Cultural Expression 

Purpose: This questionnaire aims to understand how different multimodal elements (e.g., emojis, images, GIFs, voice 

notes) affect communication, social interaction, and cultural expression in digital communication, particularly in 

educational, personal, and work contexts. 

 
Section 1: Demographic Information 

1. Age: 

o Under 18 

o 18-24 

o 25-34 

o 35-44 

o 45-54 

o 55 

2. Gender: 

o Male 

o Female 

o Non-binary 

o Prefer not to say 

3. Primary Communication Context: 

(Please select the most relevant option for you) 
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o Educational (school, university) 

o Personal (family, friends) 

o Work (professional communications) 

o Other (please specify): _______________ 

 
Section 2: Use of Multimodal Elements 

4. How often do you use the following multimodal elements in your digital communication? 

(Please rate each item on a scale of 1 to 5, where 1 = Never, 5 = Always) 

o Emojis: 

[ ] 1 [ ] 2 [ ] 3 [ ] 4 [ ] 5 

o Images: 

[ ] 1 [ ] 2 [ ] 3 [ ] 4 [ ] 5 

o GIFs: 

[ ] 1 [ ] 2 [ ] 3 [ ] 4 [ ] 5 

o Voice  

o Notes: 

[ ] 1 [ ] 2 [ ] 3 [ ] 4 [ ] 5 

5. How do you feel about the following statement? 

"I find that using emojis, images, and GIFs enhances the meaning of my digital messages." 

o Strongly Disagree 

o Disagree 

o Neutral 

o Agree 

o Strongly Agree 

6. In what types of communication (educational, personal, work) do you most commonly use the 

following multimodal elements? 

o Emojis:  

▪ Educational 

▪ Personal 

▪ Work 

▪ Other (please specify): _______________ 

o Images:  

▪ Educational 
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▪ Personal 

▪ Work 

▪ Other (please specify): _______________ 

o GIFs:  

▪ Educational 

▪ Personal 

▪ Work 

▪ Other (please specify): _______________ 

o Voice Notes:  

▪ Educational 

▪ Personal 

▪ Work 

▪ Other (please specify): _______________ 

 
Section 3: Impact on Communication and Social Interaction 

7. How often do you feel that adding emojis, images, or GIFs improves the effectiveness of your 

communication? 

o Never 

o Rarely 

o Occasionally 

o Often 

o Always 

8. To what extent do you believe the use of voice notes improves the emotional tone and clarity of your 

messages? 

o Not at all 

o Slightly 

o Moderately 

o Significantly 

o Completely 
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9. Do you feel that digital messages with multiple multimodal elements (e.g., text, emojis, images, voice 

notes) tend to receive more social interaction (likes, shares, comments)? 

o Not at all 

o Slightly 

o Moderately 

o Significantly 

o Completely 

10. How likely are you to respond positively (e.g., liking, commenting, sharing) to a message that 

includes a combination of text, emojis, and images? 

o Very Unlikely 

o Unlikely 

o Neutral 

o Likely 

o Very Likely 

 
Section 4: Cultural Expression and Meaning-Making 

11. In your opinion, how important are emojis, GIFs, and images in expressing cultural or contextual 

nuances in digital communication? 

o Not important 

o Slightly important 

o Moderately important 

o Very important 

o Extremely important 

12. Do you think using multimodal elements in digital communication helps to better convey personal 

emotions or intentions compared to text alone? 

o Not at all 

o Slightly 

o Moderately 

o Significantly 

o Completely 
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13. Do you believe that incorporating images, emojis, or GIFs can enhance cultural understanding or 

bridge cultural gaps in digital communication? 

o Strongly Disagree 

o Disagree 

o Neutral 

o Agree 

o Strongly Agree 

 
Section 5: Educational Context 

14. In educational settings (e.g., online courses, student-teacher interactions), how often do you or your 

peers use multimodal elements (emojis, images, GIFs, voice notes)? 

o Never 

o Rarely 

o Occasionally 

o Often 

o Always 

15. Do you think that traditional English teaching methods are sufficient for addressing the multimodal 

nature of communication in today's digital world? 

o Strongly Disagree 

o Disagree 

o Neutral 

o Agree 

o Strongly Agree 

16. Would you find it beneficial if educational materials (e.g., lessons, assignments, presentations) 

incorporated more multimodal elements (images, videos, emojis)? 

o Not at all 

o Slightly 

o Moderately 

o Very much 

o Extremely beneficial 
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Section 6: Final Thoughts 

17. Do you believe that the integration of multimodal elements in digital communication will continue to 

grow in importance in the future? 

o Not at all 

o Slightly 

o Moderately 

o Very much 

o Extremely 

18. Any additional comments or insights about the use of multimodal elements in communication: 

o  

o  

o  

 
Thank you for your time and participation in this survey. Your responses will help deepen the understanding of 

multimodal communication in the digital age and its impact on social interactions, cultural expression, and education. 

 
This questionnaire aims to capture how users perceive and utilize multimodal elements in communication and explore 

their effects on the meaning-making process, social interaction, and cultural expression, particularly in educational 

and professional contexts. 

 

 

 

 

Appendix II. 

• Age 

  Frequency Percent Valid Percent Cumulative Percent 

Valid 4.500E-089 9 4.5% 4.5% 4.5% 

 4.500E-053 2 1.0% 1.0% 5.5% 

 3.500E-043 23 11.5% 11.5% 17.0% 

 2.500E-033 79 39.5% 39.5% 56.5% 

 1.800E-023 87 43.5% 43.5% 100.0% 

Total  200 100.0%   

• Gender 

  Frequency Percent Valid Percent Cumulative Percent 

Valid Man 94 47.0% 47.0% 47.0% 

 Woman 106 53.0% 53.0% 100.0% 

Total  200 100.0%   

Primary_Communication_Context 

  Frequency Percent Valid 

Percent 

Cumulative Percent 

Valid Educational (school, university); 66 33.0% 33.0% 33.0% 
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 Personal (family, friends); 116 58.0% 58.0% 91.0% 

 Work (professional 

communications); 

18 9.0% 9.0% 100.0% 

Total  200 100.0%   

Emojis 

  Frequency Percent Valid Percent Cumulative Percent 

Valid Always 26 13.0% 13.0% 13.0% 

 Occasionally 24 12.0% 12.0% 25.0% 

 Often 99 49.5% 49.5% 74.5% 

 Sometimes 51 25.5% 25.5% 100.0% 

Total  200 100.0%   

Images 

  Frequency Percent Valid Percent Cumulative Percent 

Valid Always 34 17.0% 17.0% 17.0% 

 Often 82 41.0% 41.0% 58.0% 

 Rarely 24 12.0% 12.0% 70.0% 

 Sometimes 60 30.0% 30.0% 100.0% 

Total  200 100.0%   

GIFs 

  Frequency Percent Valid Percent Cumulative Percent 

Valid Always 12 6.0% 6.0% 6.0% 

 Occasionally 52 26.0% 26.0% 32.0% 

 Often 63 31.5% 31.5% 63.5% 

 Rarely 24 12.0% 12.0% 75.5% 

 Sometimes 49 24.5% 24.5% 100.0% 

Total  200 100.0%   

Voice 

  Frequency Percent Valid Percent Cumulative Percent 

Valid Always 40 20.0% 20.0% 20.0% 

 Occasionally 22 11.0% 11.0% 31.0% 

 Often 102 51.0% 51.0% 82.0% 

 Rarely 24 12.0% 12.0% 94.0% 

 Sometimes 12 6.0% 6.0% 100.0% 

Total  200 100.0%   

Emojis_A 

  Frequency Percent Valid Percent Cumulative Percent 

Valid Educational 63 31.5% 31.5% 31.5% 

 Personal 113 56.5% 56.5% 88.0% 

 Work 24 12.0% 12.0% 100.0% 

Total  200 100.0%   

Images_A 
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  Frequency Percent Valid Percent Cumulative Percent 

Valid Educational 92 46.0% 46.0% 46.0% 

 Personal 74 37.0% 37.0% 83.0% 

 Work 34 17.0% 17.0% 100.0% 

Total  200 100.0%   

GIFs_A 

  Frequency Percent Valid Percent Cumulative Percent 

Valid Educational 24 12.0% 12.0% 12.0% 

 Personal 165 82.5% 82.5% 94.5% 

 Work 11 5.5% 5.5% 100.0% 

Total  200 100.0%   

Voice_Notes 

  Frequency Percent Valid Percent Cumulative Percent 

Valid Educational 63 31.5% 31.5% 31.5% 

 Personal 107 53.5% 53.5% 85.0% 

 Work 30 15.0% 15.0% 100.0% 

Total  200 100.0%   

Effectiveness_of_communication 

  Frequency Percent Valid Percent Cumulative Percent 

Valid Always 117 58.5% 58.5% 58.5% 

 Rarely 24 12.0% 12.0% 70.5% 

 Sometimes 59 29.5% 29.5% 100.0% 

Total  200 100.0%   

In_educational_settings_how_often_do_you_or_your_peers_use_mult 

  Frequency Percent Valid Percent Cumulative Percent 

Valid Always 22 11.0% 11.0% 11.0% 

 Often 77 38.5% 38.5% 49.5% 

 Rarely 65 32.5% 32.5% 82.0% 

 Sometimes 36 18.0% 18.0% 100.0% 

Total  200 100.0%   

Case Processing Summary 

Cases N Percent 

Valid 200 100.0% 

Excluded 0 .0% 

Total 200 100.0% 

Reliability Statistics 

Cronbach's Alpha N of Items 

.68 10 
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ANOVA 

  Sum of 

Squares 

df Mean Square F Sig. 

I_find_that_using_emojis_images_ 

and_GIFs_enhances_the_meaning 

Between 

Groups 

7.12 3 2.37 5.87 .001 

 Within Groups 79.36 196 .40   

 Total 86.48 199    

Voice_notes_improve_the_emotional

_tone_ 

and_clarity_of_message 

Between 

Groups 

96.50 3 32.17 63.57 .000 

 Within Groups 99.18 196 .51   

 Total 195.68 199    

multiple_multimodal_elements_tend

_to_ 

receive_more_soci

al_intera 

Between 

Groups 

10.66 3 3.55 78.10 .000 

 Within Groups 8.92 196 .05   

 Total 19.58 199    

Respond_positively_to_a_message_t

hat_includes_mutimodel_elements 

Between 

Groups 

268.22 3 89.41 1.8E+0

16 

.000 

 Within Groups 9.80E-

013 

196 4.93E-015   

 Total 268.22 199    

 

 

  Sum of 

Squares 

df Mean Square F Sig. 

Importantance_of_multimodal_eleme

nts_in_cultural_or_contextual 

Between 

Groups 

48.78 2 24.39 7.0E+0

15 

.000 

 Within Groups 6.85E-

013 

197 3.46E-015 

  

 Total 48.78 199    

Multimodal_elements_help_to_better

_convey_personal_emotions_co 

Between 

Groups 

1.36 2 .68 3.98 .020 

 Within Groups 33.52 197 .17   

 Total 34.88 199    

Enhance_cultural_understanding_or_

bridge_cultural_gaps_in_digit 

Between 

Groups 

1.60 2 .80 3.97 .020 

 Within Groups 39.60 197 .20   

 Total 41.20 199    

Traditional_English_teaching_metho

ds_are_sufficient_in_today_s 

Between 

Groups 

73.43 2 36.72 113.52 .000 

 Within Groups 63.72 197 .32   

 Total 137.15 199    

Beneficial_if_educational_materials_

incorporated_more_multimodal 

Between 

Groups 

17.75 2 8.88 26.08 .000 

 Within Groups 67.04 197 .34   

 Total 84.79 199    
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Integration_of_multimodal_elements

_iwill_continue_to_grow_in_imp 

Between 

Groups 

4.71 2 2.36 28.29 .000 

 Within Groups 16.41 197 .08   

 Total 21.12 199    
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Introduction 

In the modern educational landscape, the rapid 

evolution of digital technologies has revolutionized 

foreign language learning, with media serving as a 

dynamic resource to enhance students' speaking 

competence. As language learners face the challenge 

of mastering spoken communication in a foreign 

language, the incorporation of media has become 

increasingly significant in providing authentic, real-

world language exposure. Media, in various forms-

such as television programs, movies, online videos, 

podcasts, and social media-offers students the 

opportunity to engage with native language speakers, 

hear diverse accents, and learn contextualized 

expressions that are often absent in traditional 

classroom settings. 

Speaking competence, which encompasses 

fluency, accuracy, pronunciation, and the ability to 

engage in meaningful conversations, is critical for 

language proficiency. Media facilitates the 

development of these skills by offering learners a 

platform to practice speaking in a variety of real-life 

contexts, enabling them to hear, mimic, and interact 

with authentic language. Moreover, media fosters a 

more interactive and engaging learning environment, 

where learners can participate in discussions, debates, 
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or task-based activities, all of which help to bridge the 

gap between theoretical knowledge and practical use.  

Based on the achievements of our research, we would 

like to aemphasize: the pedagogical goal in education 

is to provide education and language learning, in 

which educational and developmental factors are 

taken into account. "The method of teaching a foreign 

language is understood as a set of activities of the 

teacher and the student that ensures the achievement 

of the practical, general educational, developmental 

goals of teaching a foreign language. 

It is known that in the methodology there is a 

scientific discussion about why (educational goal), 

what (educational content), how (based on 

educational methods and principles) and to whom 

(student). The selection, distribution, methodical 

classification and presentation of foreign language 

material is carried out by program developers and 

textbook authors. Students and teachers participate in 

the learning and teaching of the educational material, 

they work in mutual cooperation. 

Language material is selected, distributed, 

classified and presented for the types of speech 

activities, that is, it is prepared for mastering (these 

stages are selection, distribution (grading), it is called 

classification, presentation)" . 

"It is known from teaching practice that language 

learning and language acquisition are fundamentally 

different in teaching a foreign language. There are 

many opinions in this regard. In particular, the 

methodologist, scientist B. Tomlinson, who was 

deeply involved in the issues of foreign language 

teaching, conducted research on what should be paid 

more attention to when choosing materials for 

language acquisition and their methodical 

organization and sets out the following six key 

principles: 

1) introducing students to authentic language; 

2) teach them to pay attention to the features of 

authentic language; 

3) to enable students to use the studied language 

to achieve communicative goals; 

4) to provide an opportunity to reflect on the 

achieved results; 

5) achieve enthusiasm by using forms that arouse 

students' interest, attract their attention, and support 

their goals; 

6) to pay attention to intellectual, aesthetic and 

emotional relations, to encourage them. 

As it can be seen, these principles are mainly 

related to the activity of the teacher in the process, 

from the selection of the language material to the 

continuous effectiveness of its acquisition and impact. 

It is also necessary to pay attention to the 

interdependence of these principles. In order for it to 

give the desired result, it is necessary to integrate all 

these principles into the process in a harmonious way. 

It is particularly important that the principles have the 

character of complementarity and generality. Based 

on the scope of our topic, among the principles 

defined by B. Tomlinson, we suggested adding the 

modernity of the material source, the novelty of the 

information for the public, and the level of awareness 

of the IT field.  

In addition, "B. Tomlinson enumerates 16 

requirements for the selected language material in the 

effective course of this process. It is necessary to pay 

attention to the sequence of the theory of principles, 

teaching principles, knowledge of language use, 

systematic observation and evaluation processes when 

creating educational materials noting that he offers the 

following: 

1. First of all, the selected educational material 

should have a high impact on the student, it should be 

interesting and attract him. 

2. It should be suitable for students to think and 

express themselves freely and speak without 

hesitation. Topics that make them feel embarrassed or 

uncomfortable should not be chosen. 

3. It should be aimed at developing students' 

confidence in life and people, helping to develop a 

positive mood. 

4. Provided educational materials should be 

considered necessary and useful by students. 

5. It should help students to develop themselves, 

be able to solve their problems, and if necessary, serve 

to satisfy their material requirements. If they feel 

interested in their questions from the learning 

material, the work will be more effective.  

6. It is necessary to take into account the 

readiness of students in all aspects: age, potential, 

mental and physical readiness to acquire the intended 

knowledge and complete the assignment. 

7. It should be explained to the students that the 

language should be used in an authentic situation.  

8. Students' attention should be focused on the 

linguistic features of the information. 

9. Students should be given the opportunity to 

use the language being studied for communicative 

purposes. 

10. It should take into account the positive 

effects of teaching students. 

11. The language should reflect differences in 

learning styles. 

12. Should consider teaching students how to 

behave in affective relationships. 

13. It should ensure the preservation of peace 

during the teaching process, not to cause noise and 

should be aimed at its prevention. 

14. The selected educational material provides 

the intellectual, aesthetic and emotional distribution 

that stimulates the activity of the right and left brain 

of the students and maximizes the learning potential 

by stimulating the results. should mean bringing to the 

level. 

15. Lessons must be free and free from 

prolonged supervision. 
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16. It should create an opportunity to give 

feedback on the results achieved by students. 

These recommendations of B. Tomlinson reflect 

the demand for them in the process of sorting 

educational materials in the organization of the lesson. 

We developed the recommendations of B. Tomlinson 

and found it necessary to add the followings: 

1. The selected educational materials must be 

authentic. 

2. It should match the interests, needs and 

aspirations of the students. 

3. The selected educational materials should 

have a positive content. 

4. They should be written in an optimistic spirit 

and should be directed towards goodness.  

5. Students should excel in their future activities. 

At this point, it is worth noting that, in order to 

achieve his methodical goal, the teacher will have to 

plan the perfect use of various tools in the lesson, that 

is, basic and auxiliary tools. In this case, information 

media serves as the most effective tool in the process 

of the lesson, helps the teacher to achieve his goals and 

objectives. 

According to the results of the study of relevant 

studies and the analysis of legal and regulatory 

documents, the methodical goals of achieving 

efficiency through the introduction of information 

media, which are important from the point of view of 

didactics, are the first of all, it implies 

individualization and differentiation of the teaching 

process. The process of using modern information 

media leads not only to changes in organizational 

forms and methods of teaching, but also to the 

formation of new methods in it. Along with the 

informatization of the field of sciences, the 

improvement of educational activities, the integration 

of the knowledge process on the basis of modern 

information technologies, the expansion and 

deepening of the field of sciences will be a factor. 

This, in turn, requires making certain changes to the 

selection and application criteria of the content of 

educational materials. The place of information media 

in the process of teaching foreign languages can be 

explained by the wide range of opportunities available 

in the foreign language teaching methodology. 

According to Russian methodologists-scientists 

A.V. Zubov and I.I. Zubova’s scientific source, the 

methods of using information media in teaching a 

foreign language are implemented through certain 

principles. Due to the fact that there is no universally 

accepted approach to this implementation, the 

principles of using information media are determined 

depending on the purpose of education. Above 

mentioned scientists defined the main methodical 

principles of teaching language through using media: 

1. Scientifisity: the principle of scientificity 

ensures the use of scientifically based materials and 

methods in the teaching process. This principle helps 

to provide clear and correct knowledge to students. 

2. Consciousness: the principle of consciousness 

ensures that students actively participate in the 

learning process and consciously receive information. 

3. Openness:  media sources allow imparting 

knowledge through many different channels. When 

audio, video, text, and interactive elements are used 

together, student learning becomes more effective. 

4. Activeness: the principle of activeness in the 

use of information media is aimed at increasing the 

effectiveness of the educational process. This 

principle ensures active participation of students in the 

educational process and makes their learning process 

more interactive and interesting. 

5. Systematicity: the teaching process should be 

systematic. All stages, goals and results of teaching 

with the help of information tools should be clearly 

defined, as well as their interdependence should be 

shown. 

6. Effectiveness of teaching: the possibility of 

repeated use of media directly in the classroom and in 

independent extracurricular activities plays an 

important role in strengthening the knowledge and 

skills of students. This approach gives students the 

opportunity to master the learned material in depth 

and apply it in different situations. 

7. Visibility: the principle of visibility involves 

explaining information through visual and auditory 

materials. This principle helps to better understand 

and remember information. 

In our research, relying on the main methodical 

principles of teaching through media proposed by 

A.V. Zubov, I.I. Zubova, we found it necessary to add 

the followings: 

1. The principle of motivation: it is necessary to 

provide interesting and motivational materials 

through the media in order to encourage students to 

study. This principle helps to increase students' 

interest in learning a foreign language. 

2. Orientation to practice: theoretical knowledge 

should be combined with practical skills during the 

teaching process. With the help of information tools, 

students should be able to use the language in different 

situations, for example, they should be able to practice 

through simulations. 

3. Interactivity: the teaching process must be 

interactive. With the help of information tools, 

students can actively participate, exchange ideas and 

interact. This principle ensures effective 

communication between the teacher and students. 

4. Individualization: Each student has unique 

needs, interests, and learning styles. With the help of 

information tools, the teacher should provide 

materials and exercises adapted to each student, as 

well as organize individual training. 

5. The principle of visuality of media as 

authentic, socio-cultural and socio-linguistic 

materials. This means providing students with 

authentic, socio-cultural and socio-linguistic materials 

necessary for the communication process. We would 
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like to dwell in detail on the principle of visuality of 

the information media offered by us as authentic, 

socio-cultural and socio-linguistic materials. The 

principle of, visuality which is one of the basic 

principles of teaching a foreign language, provides 

students with imagination, knowledge, and skills 

through information media. This principle is used at 

all stages of the educational process, and since it has 

the highest index, it is appropriate to conduct lessons 

through demonstration tools. According to scientific-

methodical sources, it was found that the level of 

students’ acceptance and assimilation of information 

on the basis of exhibitions is very high. At a time when 

teaching foreign languages through digital 

technologies and media is rapidly developing, the 

meaning of the principle of visuality is expanding and 

its importance is increasing. According to the system 

of classification of the types of presentation available 

in the methodology of foreign language teaching, the 

means of information can be shown as follows 

(See Table 1): 

 

1-Table.  Media as visual source 

 

Printed materials Radio broadcast TV show 

Linguistic exhibitions (with non-

linguistic pictorial and graphic 

elements, such as photographs, tables, 

collages, etc.) are associated with a 

group of static natural non-technical 

visual aids. 

Linguistic external (perceptual) 

visibility (musical visuality) is 

associated with a group of sound 

technical teaching tools 

 

Related to the group of external 

dynamic displays on the screen (non-

verbal visual), audiovisual aids on the 

screen, or technical audio-visual 

teaching aids 

 

Conclusion  

So, we can explain the main task of visualization 

with the active participation of human senses and 

mental actions. We came to the conclusion that when 

students see and feel more, they perceive faster and 

the information is stored in their long-term memory. 

The use of media in foreign language instruction 

presents a valuable and effective means of improving 

students' speaking competence. By incorporating 

diverse forms of media, such as television, films, 

podcasts, and social media, educators can provide 

students with authentic language exposure, which 

helps bridge the gap between theoretical knowledge 

and real-world communication. The strategic use of 

media, when aligned with pedagogical frameworks 

such as Communicative Language Teaching (CLT) 

and Task-Based Learning (TBL), creates a dynamic 

and interactive learning environment where students 

can develop their speaking skills in a more engaging 

and context-rich manner. The methodological criteria 

outlined in this article stress the importance of 

selecting media content that suits learners' proficiency 

levels, interests, and cultural backgrounds. Media-

based activities should encourage active participation, 

promote critical thinking, and facilitate real-time 

interactions, which are essential for building fluency 

and confidence in speaking. Additionally, media 

serves as a versatile tool that supports differentiation, 

allowing educators to tailor learning experiences to 

the diverse needs of their students. As language 

learners continue to engage with an increasingly 

globalized world, the ability to communicate 

effectively in a foreign language remains vital. 

Through purposeful integration of media, educators 

can empower students to improve not only their 

speaking competence but also their overall language 

proficiency, preparing them for meaningful 

interactions in both academic and real-world contexts. 

The continued exploration and refinement of media-

based methodologies will contribute to the evolution 

of language teaching, ensuring that learners are 

equipped with the skills needed to succeed in an 

interconnected, multilingual world. 
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Introduction 

The socio-economic and political development 

of any country, the achievement of certain 

achievements and results, the well-being of the people 

depends on the level of attention paid to the education 

and future of well-rounded youth in that country.  

In this sense, the issue of youth in Uzbekistan is 

one of the most priority areas of state policy. 

 

URGENCY 

A strong legal framework has been created in the 

country to protect the rights and interests of young 

people, to create the necessary conditions and 

opportunities for them, and this system is being 

improved in line with the requirements of the times.  

In particular, until today, more than 40 legal 

documents related to youth have been adopted by the 

parliament, and more than 30 international legal 

documents have been ratified. 

 

RESEARCH METHODOLOGY 

The first legal document signed by the President 

of the Republic of Uzbekistan, Sh. Mirziyoyev, is the 

Law “On State Policy Regarding Youth” dated 

September 14, 2016 acquires a symbolic meaning. 

Consequently, in a country where more than half 

of the population consists of young people, the 

consistent implementation of the state policy on 

youth, the education of the young generation as fully 

mature and well-rounded, with intellectual potential, 

who have their own firm position, are not indifferent 

to the reforms implemented in the country, patriotic, 

loyal, and undoubtedly an important factor for 

Uzbekistan to become one of the most developed 

countries in the world. 

 

THEORETICAL APPROCHES 

It should be noted separately that this issue was 

also reflected in the “Actions Strategy on five priority 

areas of development of the Republic of Uzbekistan in 

2017-2021”. In particular, the following priority tasks 

aimed at protecting the rights of young people were 

defined: 

 firstly, raising physically healthy, spiritually 

and intellectually developed, independent-thinking 

young people, loyal to the Motherland, with a firm 

outlook on life, deepening democratic reforms and 

increasing their social activity in the process of civil 

society development; 

 secondly, employment of graduates of 

secondary special, vocational and higher educational 

institutions and involvement in the field of private 

entrepreneurship; 

 thirdly, to support and realize the creative 

and intellectual potential of the young generation, to 

form a healthy lifestyle among children and young 

people, to widely involve them in physical education 

and sports. 
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The Decree on the State Program “Youth - Our 

Future” signed by the President on June 27, 2018 was 

an important document aimed at increasing the 

efficiency of work in this regard. By decree, the 

“Youth is our future” fund was established and it was 

determined that this fund will provide preferential 

loans and lease property through commercial banks at 

an annual rate of 7 percent for the implementation of 

business initiatives, startups, ideas and projects of 

young people. If you pay attention to this document, 

you can see that the tasks of comprehensive 

development of youth entrepreneurship and initiative 

are defined clearly and systematically.  

 

ANALYTICAL PART 

In our country, the state policy on youth is being 

pursued consistently, based on step-by-step, complex 

measures, with specific goals in mind. 

In this regard, the promotion of 5 important 

initiatives by our president to launch efforts in the 

social, spiritual and educational spheres on a 

systematic basis opened another new stage in the 

history of Uzbekistan in the field of youth education. 

The first initiative – serves to increase the 

interest of young people in music, painting, literature, 

theater and other types of art, and to reveal their talent. 

The second initiative – physical training of 

young people and creation of necessary conditions for 

them to demonstrate their abilities in the field of 

sports. 

The third initiative – organizing the effective 

use of computer technologies and the internet among 

the population and young people. 

The fourth initiative – organizing systematic 

work on raising the morale of young people and 

widely promoting reading among them. 

The fifth initiative – to issues of employment of 

women. 

This noble idea of the head of state was received 

with great interest by the people of Uzbekistan, 

especially the youth, and in a short time it was widely 

popularized throughout the country. 

According to these five initiatives, the material 

and technical base of cultural centers, music and art 

schools in the regions and their use have been 

improved dramatically, based on the interest of young 

people, additional 1 500 clubs were established. Even 

in the cultural centers of the most remote villages, 

artistic and amateur groups, youth theater-studios and 

“Youth clubs” have been established. 

Also, more than 12 000 sports facilities across 

the country took measures to maximize the coverage 

of young people, and all general education schools 

were fully equipped with sports equipment. At the 

same time, small gyms and artificial turf fields were 

built from lightweight sandwich panels. The number 

of sports schools for children and teenagers has been 

increased. 

Digital technology training centers were 

established in all regions on the basis of advanced 

international experiences in protecting young people 

from malicious attacks on the internet and teaching 

them to use information technologies effectively. In 

these places, e-commerce and programming are 

taught free of charge, innovative business skills are 

formed in the field of information technologies, and 

“startup” projects are supported. Also, computer 

classrooms in all schools were equipped with modern 

technologies and high-speed internet, newly 

established computer game centers were provided 

with tests, quizzes, development strategies and other 

useful programs aimed at expanding the knowledge 

and outlook of the younger generation. 

In order to strengthen the reading skills of the 

young generation, within the framework of a new 

initiative, the Republic of Karakalpakstan and all 

regions no less than 1 million copies of books will be 

delivered. At the same time, one model bookstore will 

be established in the center of each city and district, 

mobile book pavilions will be placed, and library 

services will be provided to the residents of villages 

and villages through “Bibliobuses”. 

Uzbekistan is using all its capabilities to create 

modern, advanced and innovative conditions for the 

youth of our country to get an education, acquire a 

profession, and grow into mature people. Because the 

more attention is paid to supporting the young 

generation in every way, raising them to be spiritually 

mature, physically healthy, patriotic and selfless, 

protecting their rights and interests. 

Therefore, Uzbekistan considers the youth layer, 

which is recognized as an active layer of the society, 

as a great force that ensures the development of the 

country, as a strategic resource of the state. As a result, 

today highly educated, modern-thinking, determined 

young people are increasingly becoming a decisive 

force in the future development of the country. 

In recent years, within the framework of the 

Actions Strategy and its logical continuation, the 

Development Strategy, significant reforms have been 

implemented in Uzbekistan to regularly improve the 

continuous education system, provide quality 

education, and train qualified personnel, as in 

developed countries. 

In order to consistently continue reforms in the 

field, it is planned to introduce the following within 

the framework of the Development Strategy until 

2026: 

 to increase the coverage rate in pre-school 

education from the current 67 percent to 80 percent; 

 establishment of more than 7,000 new non-

state preschool educational institutions; 

 creating an additional 1.2 million student 

places in the public education system; 

 implementation of the positive practice of 

free meals for elementary school students of the 

Republic of Karakalpakstan and Khorezm region in 
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the schools of all regions and the city of Tashkent 

from the 2023/2024 academic year; 

 to increase the level of coverage in higher 

education to 50% and the number of non-state higher 

education institutions to at least 50. 

To further strengthen and ensure the 

sustainability of the above reforms, constitutional 

legislation requires the strengthening of opportunities 

for youth to receive continuous education. 

Taking this into account, for the first time in the 

updated Constitution, the introduction of the state 

guarantee in the field of education and upbringing of 

children of kindergarten age, compulsory and free 

provision of secondary education by the state, citizens 

receiving higher education at the expense of the state 

on the basis of selection in state educational 

institutions are supplemented with additions. 

In the field of education, specific mechanisms 

aimed at expanding the opportunities for quality 

education of children with disabilities are provided as 

special obligations of the state, and a social norm is 

being introduced in educational organizations about 

the provision of inclusive education and upbringing 

for children with special educational needs. 

In order to implement the above reforms, it is 

necessary to pay attention to the quality of education 

and constantly increase the attractiveness of working 

in this field. After all, the development of the nation 

and the people, increasing its intellectual potential, 

depends on the work of teachers. The teacher is an 

important link in conveying the secrets of science, 

spiritual and cultural heritage to young people. 

Therefore, it is necessary to create the conditions for 

teachers to fully demonstrate their potential, to 

provide them with social, legal, and material support. 

Therefore, a separate article on the teacher status 

in the society is included in the Constitution. In 

Uzbekistan, the work of a teacher is being recognized 

as the basis for the development of society and the 

state, the formation and upbringing of a healthy, 

mature generation, and the preservation and 

enrichment of the nation’s spiritual and cultural 

potential. It is envisaged that the state will protect the 

honor and dignity of teachers, take care of their social 

and material well-being, and professional growth. 

In turn, this innovation creates an opportunity to 

strengthen the social status of more than 685 000 

pedagogues working in the country, strengthen their 

state support, and ensure their professional growth. 

 

CONCLUSION 

In conclusion, it should be noted that it will be 

difficult to ensure further economic growth without 

improving the quality of human capital. Therefore, 

directing the necessary efforts and resources to 

increase the quality of education, raising a healthy and 

mature generation, and training qualified personnel is 

becoming a priority task not only today, but also 

tomorrow. For this reason, as each country strives to 

build a free and prosperous society, it strengthens its 

lofty goals and objectives, first of all at the level of its 

politics.  
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Introduction 

A number of tasks have been set in the further 

development of the educational system of the 

Republic of Uzbekistan, among which it is especially 

important to improve the quality of education and to 

create opportunities for citizens living in all regions of 

our republic to use educational resources and services, 

regardless of their age, nationality and profession.  

Creating an information environment that 

provides a wide range of educational services 

designed to meet the needs of all layers of society, as 

well as forming mechanisms for introducing digital 

technologies into educational processes and their 

implementation is important in the development and 

management of the educational system. 

 

URGENCY 

The problems of developing the digital 

educational environment and its impact on increasing 

the efficiency of management decision-making, as 

well as improving their organizational and 

management mechanisms, are one of today's 

requirements. At the same time, in order to increase 

the competitiveness of the educational system, it is 

considered appropriate to develop a number of 

scientific recommendations on the management of 

educational institutions through information and 

communication technologies. 

 

RESEARCH METHODOLOGY 

The management mechanism of the educational 

institution in our country consists of determining the 

ways of improving the teaching staff and 

qualifications, training competitive personnel, and 

taking a place in the market of educational services. 

All the most forward-looking approaches and unique 

strategic management tools provide transformation, 

assuming primary human energy, professional 

rationality and the overall internal ability of the 

organization's employees to create competitive 

advantages in time. 

Management of educational institutions in 

Uzbekistan as an economic system stems from the 

complexity of this system. In particular, the use of 

non-economic methods of management decision-

making by educational institutions prevents them 

from finding ways to adapt to new institutional 

conditions. 

 

THEORETICAL APPROCHES 

At present, there are not enough simple, 

convenient and flexible methods of evaluating the 

effectiveness of various links of educational 
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institution management. In such conditions, the 

economic diagnostic mechanism solves the problems 

of adapting educational institutions to new market 

conditions. Because management based on the 

principles of economic diagnostics operates in the 

mode of preventing wrong decisions. 

Economic diagnosis identifies problems at 

different levels, performs a complex analysis and 

provides a rational decision, and is distinguished by 

its breadth of possibilities and perspective. A 

comprehensive assessment of the effectiveness of the 

management process of an educational institution 

arouses interest in market entities and becomes of 

urgent importance.  

Economic diagnosis is an important element of 

organizational and economic management processes 

in each educational institution and is part of 

information and analytical support.  

 

ANALYTICAL PART 

The management will be aimed at ensuring the 

stability of the educational institution as a system and 

transition to the predetermined state. Management 

focuses on achieving specific goals in a changing 

environment while maintaining the primary 

purposeful nature of the system. The content of 

management consists in processing information, 

maintaining an optimal variety of system elements, 

observing constraints, regulating and changing the 

interdependence of elements.  

Information developed through decision-making 

is transformed into action. From this point of view, the 

successful implementation of management depends 

on the collection (selection) of information and 

processing it in the right way. 

Diagnostics plays an important role in the 

process of collecting and processing information and 

making management decisions and the quality of the 

decisions made will directly depend on how 

reasonable the diagnosis is. In a general approach, 

diagnostics can be interpreted as the teaching of the 

methods and principles of determining the 

inconsistencies that occur or may occur in the 

functions specific to the object being studied. 

It is not appropriate to consider diagnostics 

separately from the general chain of the management 

decision-making process. In fact, at all stages of 

providing the management process with information, 

processing information and developing management 

decisions, it is necessary to perform many tasks that 

have a diagnostic content.  

Because, in most cases, the management 

decision-making process is divided into the following 

stages: 

● problem identification and definition; 

● collecting and processing the necessary 

information about the problem; 

● development and adoption of decisions; 

● implementation of the decision; 

● control over decision implementation. 

In economic diagnostics, it is carried out in the 

form of analysis of collected and processed 

information. Accordingly, the following analysis  

3 directions can be considered important: 

● to assess the state of educational services, to 

determine changes in regional aspects; 

● study the main factors that led to changes in 

the educational capacity of the educational institution 

and evaluate their impact; 

● identification of resources for increasing the 

efficiency of the educational institution. 

Appropriate management methods are used at 

each stage of the educational system development 

management mechanism (economic, administrative, 

socio-psychological), this is the most important, as the 

main competence of educational institutions, the 

educational institution helps to develop the 

professional competence of teachers, to increase the 

prestige of the institution, to train competitive staff for 

the market of educational services. 

 

CONCLUSION 

In conclusion, it is not appropriate to consider 

diagnostics separately from the general chain of 

management decision-making process in an 

educational institution. In fact, at all stages of 

providing the management process with information, 

processing information and developing management 

decisions, it is necessary to perform many tasks that 

have a diagnostic content. 
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Introduction 

In an increasingly globalized world, universities 

serve as microcosms of society, bringing together 

students from diverse cultural, ethnic, and ideological 

backgrounds. The development of tolerance among 

university students is crucial for fostering an inclusive 

academic environment that values diversity in culture, 

opinions, and values. This article explores strategies 

to promote tolerance and understanding within 

university settings, ultimately contributing to a more 

harmonious and productive academic community. 

Tolerance can be defined as the willingness to accept 

and respect different beliefs, practices, and identities. 

It goes beyond mere coexistence; it involves active 

engagement and appreciation of diversity. In the 

context of higher education, fostering tolerance is 

essential not only for personal growth but also for 

preparing students to thrive in a multicultural world. 

A culture of tolerance encourages open dialogue 

and critical thinking, allowing students to explore 

various perspectives. This enriches the learning 

experience and promotes intellectual growth. 
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Tolerance helps build a sense of community among 

students from different backgrounds. It reduces 

prejudice and discrimination, fostering relationships 

based on mutual respect. In a globalized economy, 

students must learn to navigate diverse workplaces 

and communities. Developing tolerance equips them 

with the skills needed to collaborate effectively across 

cultural boundaries. Universities should incorporate 

topics related to diversity, equity, and inclusion into 

their curricula. Courses that explore cultural studies, 

social justice, and global citizenship can help students 

understand the importance of tolerance. :ffering 

workshops on diversity awareness, conflict resolution, 

and intercultural communication can provide students 

with practical tools to engage with differences 

constructively. Creating safe spaces for open 

discussions on controversial topics can help students 

express their views while learning to listen to others. 

Initiatives such as debate clubs, discussion forums, 

and guest lectures can facilitate these conversations. 

Pairing students from different backgrounds in 

mentorship programs can foster relationships that 

challenge stereotypes and build empathy. These 

programs can encourage cross-cultural exchanges and 

collaborative projects. Encouraging students to 

participate in community service or outreach 

programs that involve diverse populations can 

enhance their understanding of different cultures and 

perspectives. Universities should actively celebrate 

cultural diversity through events such as multicultural 

festivals, art exhibitions, and international days.  

These events provide opportunities for students 

to share their heritage and learn about others. 

Institutions must establish clear policies against 

discrimination and harassment while promoting an 

inclusive campus climate. Regular training for faculty 

and staff on diversity issues is also essential. 

Supporting student-led organizations that focus on 

cultural exchange and advocacy can empower 

students to take an active role in promoting tolerance 

within the university. Tolerance is a fundamental 

aspect of a diverse and inclusive academic 

environment. It refers to the ability to accept and 

respect differing beliefs, practices, and identities. In 

university settings, where students from various 

backgrounds converge, fostering tolerance is crucial 

for creating a harmonious community that enhances 

learning and personal growth. Exposure to diverse 

perspectives helps students understand and appreciate 

different cultures, which is essential in our globalized 

world. Tolerance promotes social harmony, reducing 

conflicts and fostering a sense of belonging among 

students. Engaging with diverse viewpoints 

encourages critical thinking and self-reflection, 

contributing to personal development. In an 

increasingly diverse workforce, being tolerant and 

culturally competent is vital for career success. 

Incorporating topics related to diversity, equity, and 

inclusion into the curriculum helps raise awareness 

and understanding among students.  

Organizing workshops on cultural competence, 

implicit bias, and conflict resolution can equip 

students with the skills needed to engage respectfully 

with others. Creating spaces for open dialogue about 

differences can help break down stereotypes and build 

empathy. Pairing students from different backgrounds 

can foster relationships that promote understanding 

and tolerance. Encouraging students to participate in 

community service projects can expose them to 

diverse populations and perspectives. Hosting events 

that celebrate various cultures can enhance 

appreciation for diversity within the student body. 

Deep-seated biases can hinder the development of 

tolerance among students. Students from 

homogeneous backgrounds may have limited 

exposure to diversity, making it harder for them to 

develop tolerant attitudes. Online platforms can 

perpetuate divisive narratives and misinformation, 

affecting students' perceptions of each other.  

Fostering tolerance among university students is 

essential for building a culture of diversity that 

enriches the academic experience. By implementing 

targeted strategies and addressing challenges, 

universities can cultivate an environment where all 

students feel valued and respected, ultimately 

preparing them for a diverse world beyond academia. 

a comprehensive strategy for fostering a culture of 

diversity within the academic environment, 

emphasizing the importance of inclusivity in 

enhancing the educational experience. As universities 

become increasingly diverse, it is crucial to implement 

practices that promote understanding and respect 

among students from various backgrounds. The 

proposed strategy encompasses several key 

components: integrating diversity into the curriculum, 

promoting collaborative learning experiences, 

facilitating open dialogues through workshops and 

seminars, and establishing mentorship programs that 

connect students with diverse role models. 

Additionally, the strategy advocates for the creation of 

safe spaces where individuals can share their 

experiences and perspectives without fear of 

judgment. By actively engaging the entire university 

community—faculty, staff, and students—in these 

initiatives, institutions can cultivate a culture that not 

only values diversity but also leverages it as a 

strength. This approach aims to prepare students for a 

globalized world, fostering empathy, critical thinking, 

and collaborative skills essential for future success. 

Ultimately, this strategy seeks to transform the 

academic environment into one that celebrates 

diversity and promotes equity, ensuring that all 

students feel valued and empowered to contribute to 

their communities. This paper explores the 

significance of cultivating a culture of diversity within 

academic environments, highlighting its impact on 

enriching the educational experience and preparing 
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students for a global society. As institutions of higher 

learning become increasingly diverse, fostering 

inclusivity is essential for promoting understanding, 

respect, and collaboration among students from 

various backgrounds. The proposed framework 

includes integrating diversity into curricula, 

encouraging collaborative learning opportunities, and 

facilitating open dialogues through workshops and 

seminars. Additionally, establishing mentorship 

programs that connect students with diverse role 

models and creating safe spaces for sharing 

experiences are vital components of this strategy. By 

engaging faculty, staff, and students in these 

initiatives, universities can create an environment that 

not only values diversity but also harnesses it as a 

strength. This approach aims to enhance critical 

thinking, empathy, and collaborative skills among 

students, ultimately transforming academic settings 

into inclusive spaces where all individuals feel valued 

and empowered to contribute to their communities. 

Through these efforts, institutions can ensure that 

diversity is celebrated and equity is prioritized, 

fostering a richer academic experience for all. 

 

CONCLUSION 

The development of tolerance among university 

students is not merely an ideal but a necessity in 

today's diverse academic landscape. By implementing 

strategies that promote understanding and respect for 

differences, universities can cultivate a culture that 

values diversity in all its forms. This not only 

enhances the educational experience but also prepares 

students to become empathetic global citizens who 

contribute positively to society. Through collective 

efforts, we can create an academic environment where 

every individual feels valued and respected, 

ultimately leading to a more tolerant world. In 

conclusion, fostering tolerance among university 

students is essential for creating an inclusive and 

supportive academic environment. As students engage 

with diverse perspectives and backgrounds, they not 

only enhance their own understanding and personal 

growth but also contribute to a culture of respect and 

empathy within the university community. The 

benefits of promoting tolerance extend beyond the 

campus, preparing students to navigate and thrive in 

an increasingly interconnected world. 

By implementing effective strategies—such as 

integrating diversity into the curriculum, facilitating 

open dialogues, and encouraging community 

engagement—universities can actively combat 

prejudice and stereotypes. Addressing the challenges 

that hinder tolerance will require ongoing 

commitment from both institutions and students alike. 

Ultimately, cultivating a spirit of tolerance not only 

enriches the educational experience but also lays the 

foundation for a more harmonious society, where 

differences are celebrated and respected. 
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Abstract: The introduction of a new remuneration system for medical workers in federal healthcare institutions 

is essential for enhancing the quality of care, improving employee satisfaction, and ensuring the sustainability of 

healthcare services. This paper explores innovative technologies and methodologies that can be employed to design 

and implement an effective remuneration system tailored to the unique challenges faced by medical professionals. 

We begin by analyzing the current remuneration frameworks, identifying gaps such as inequity, lack of transparency, 

and insufficient incentives for performance and professional development. The proposed system leverages data 

analytics, performance metrics, and patient outcomes to create a transparent and equitable compensation structure. 

Key technologies discussed include electronic health records (EHR) systems that track performance, artificial 

intelligence (AI) for predictive analytics in workforce management, and blockchain for secure and transparent 

transactions. Additionally, we emphasize the importance of stakeholder engagement, including input from medical 

professionals, administrative staff, and patients, to ensure the new system aligns with the needs and expectations of 

all parties involved. The implementation strategy encompasses pilot programs, ongoing training for healthcare 

administrators, and mechanisms for feedback and continuous improvement. By adopting a technology-driven 

approach to remuneration, federal healthcare institutions can foster a motivated workforce, enhance patient care 

quality, and ultimately contribute to a more resilient healthcare system. This abstract highlights the critical role of 

technology in transforming remuneration systems in healthcare, paving the way for a more effective, equitable, and 

sustainable future for medical workers. 
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Introduction 

The healthcare sector is undergoing significant 

transformations, necessitating the evolution of 

remuneration systems for medical workers. In federal 

healthcare institutions, a well-structured remuneration 

system is crucial not only for attracting and retaining 

talent but also for ensuring high-quality patient care. 

This article explores innovative technologies that can 

facilitate the implementation of a new remuneration 

system tailored to the unique needs of medical 

professionals. 

Many existing remuneration frameworks suffer 

from inequity, where compensation does not 

accurately reflect the workload, skills, and 
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performance of medical workers. Additionally, a lack 

of transparency often leads to dissatisfaction among 

staff and can result in high turnover rates.Current 

systems may not provide adequate incentives for 

performance improvement or professional 

development. This can lead to stagnation in career 

growth and a decline in the quality of care provided to 

patients.Data-Driven Decision Making: Implementing 

advanced data analytics tools can help healthcare 

administrators track performance metrics effectively. 

By analyzing patient outcomes, treatment efficacy, 

and operational efficiency, institutions can establish a 

fair and transparent remuneration structure.Key 

Performance Indicators (KPIs): Defining clear KPIs 

for medical workers—such as patient satisfaction 

scores, treatment success rates, and adherence to best 

practices—allows for a more objective assessment of 

performance.Integration with Remuneration Systems: 

EHR systems can be integrated with remuneration 

frameworks to provide real-time data on patient 

interactions, treatment outcomes, and provider 

performance. This integration ensures that 

compensation is closely aligned with actual work 

performed.Streamlined Reporting: EHRs can 

automate reporting processes, reducing administrative 

burdens on healthcare workers and allowing them to 

focus more on patient care.Predictive Analytics: AI 

can analyze historical data to predict trends in patient 

care and workforce needs. This information can guide 

remuneration adjustments based on anticipated 

demand for services and workforce 

capacity.Personalized Compensation Models: AI 

algorithms can help create personalized compensation 

packages that consider individual performance, 

specialty skills, and contributions to team-based care. 
Blockchain Transactions: Blockchain can enhance the 

security and transparency of remuneration 

transactions. By providing a tamper-proof record of 

payments and bonuses, blockchain technology can 

help build trust among medical workers. Smart 

Contracts: These self-executing contracts can 

automate bonus distributions based on predefined 

performance metrics, ensuring timely and accurate 

compensation. Engaging stakeholders—including 

medical professionals, administrative staff, and 

patients—is crucial for the successful implementation 

of a new remuneration system. Conducting surveys, 

focus groups, and workshops can provide valuable 

insights into the needs and expectations of all parties 

involved. 

Launching pilot programs in select healthcare 

facilities can help test the new remuneration system 

before wider implementation. These pilots should 

focus on evaluating the effectiveness of technology 

integration and gathering feedback from participants. 

Providing ongoing training for healthcare 

administrators on the new technologies and 

remuneration frameworks will be essential for 

successful adoption. Support systems should also be 

established to address any challenges that arise during 

implementation.Establishing channels for continuous 

feedback from medical workers allows for ongoing 

refinement of the remuneration system. Regular 

assessments should be conducted to ensure that the 

system remains relevant and effective. The healthcare 

sector plays a crucial role in ensuring the well-being 

of the population. However, the effectiveness of 

healthcare services is heavily influenced by the 

motivation and satisfaction of medical workers. This 

article explores a proposed new system of 

remuneration for medical workers in federal 

healthcare institutions aimed at enhancing their 

motivation, improving service delivery, and 

addressing the challenges faced in the current 

remuneration framework. 

Current Challenges in Remuneration.  Many 

medical professionals feel that their salaries do not 

reflect the complexity and demands of their work. 

This has led to dissatisfaction and high turnover rates 

among healthcare workers. 

2. Lack of Incentives: The existing remuneration 

system often lacks performance-based incentives, 

which can discourage medical workers from striving 

for excellence in patient care. 

3. Inequity in Pay: Disparities in pay between 

different regions and types of federal healthcare 

institutions create an imbalance, leading to difficulties 

in attracting and retaining talent in underserved areas. 

4. Limited Professional Development 

Opportunities: The current system does not 

adequately reward continuous education and 

professional development, which are essential for 

maintaining high standards of care. 

The new remuneration system aims to address 

these challenges through a multi-faceted approach:  

1. Competitive Base Salary: Establishing a 

competitive base salary that reflects the qualifications, 

experience, and responsibilities of medical workers. 

This will help retain talent and reduce turnover rates.  

2. Performance-Based Incentives: Introducing a 

performance-based component to remuneration that 

rewards medical workers for achieving specific health 

outcomes, patient satisfaction scores, and adherence 

to best practices. This aligns financial incentives with 

quality care delivery. 

3. Regional Adjustments: Implementing regional 

salary adjustments to address disparities and ensure 

that medical professionals in underserved areas 

receive competitive compensation. This can help 

attract skilled workers to regions that need them most. 

4. Professional Development Bonuses: Offering 

bonuses or salary increments for completing 

additional training, certifications, or degrees. This 

encourages continuous learning and enhances the 

overall quality of care provided. 

5. Team-Based Compensation Models: 

Encouraging collaboration among healthcare teams 

by introducing team-based compensation models that 
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reward collective performance rather than individual 

metrics alone. This fosters a culture of teamwork and 

shared responsibility. 

6. Transparent Evaluation Criteria: Developing 

clear and transparent criteria for evaluating 

performance and determining remuneration increases. 

This helps build trust among medical workers and 

ensures fairness in the system. 

Involving medical workers, administrators, and 

policymakers in the design and implementation 

process to ensure that the new system meets the needs 

of all parties involved.Launching pilot programs in 

selected federal healthcare institutions to test the new 

remuneration model before full-scale implementation. 

This allows for adjustments based on feedback and 

outcomes. Establishing mechanisms for ongoing 

monitoring and evaluation of the new system’s 

effectiveness in improving job satisfaction, retention 

rates, and patient outcomes.Seeking legislative 

support to secure funding and policy backing for the 

proposed changes, ensuring sustainability and long-

term success. Federal healthcare institutions play a 

vital role in providing medical services to diverse 

populations. Medical workers, including doctors, 

nurses, and allied health professionals, are essential to 

delivering quality care. This report aims to analyze the 

workforce's structure, compensation, and the 

challenges they encounter. The effectiveness of 

federal healthcare institutions largely depends on the 

well-being and satisfaction of their medical 

workforce. Addressing remuneration issues, workload 

challenges, and providing support systems are crucial 

steps toward improving healthcare delivery. The 

landscape of medical workers in federal healthcare 

institutions is critical to the overall effectiveness and 

quality of healthcare delivery. As the demand for 

healthcare services continues to rise, it is imperative 

to recognize and address the challenges faced by these 

professionals. The issues of workforce shortages, 

inadequate remuneration, high workloads, and 

burnout significantly impact both staff satisfaction 

and patient care outcomes.To enhance the well-being 

of medical workers and ensure the sustainability of 

federal healthcare services, targeted strategies must be 

implemented. These include competitive 

compensation packages, robust mental health support, 

continuous professional development opportunities, 

and increased funding for resources. By prioritizing 

the needs of medical workers, federal healthcare 

institutions can foster a more motivated and effective 

workforce, ultimately leading to improved healthcare 

outcomes for the populations they serve. Addressing 

these challenges will not only enhance job satisfaction 

among medical professionals but also contribute to a 

more resilient healthcare system capable of meeting 

future demands. The healthcare sector is undergoing 

significant transformation due to technological 

advancements and changing patient needs. One 

critical area that requires innovation is the 

remuneration system for medical workers in federal 

healthcare institutions. An effective and equitable 

remuneration system is essential for attracting, 

retaining, and motivating healthcare professionals. 

This article explores the role of technology in 

developing a new remuneration framework that 

addresses the challenges faced by medical workers 

while enhancing overall healthcare delivery. Current 

Challenges in Remuneration.The existing 

remuneration systems in many federal healthcare 

institutions often suffer from several issues: Many 

medical professionals feel that their salaries do not 

reflect their level of expertise, workload, or the 

intensity of their responsibilities. The criteria for 

salary increases, bonuses, and other incentives are 

frequently unclear, leading to dissatisfaction among 

staff. Disparities in pay based on specialty, 

experience, or location can create divisions within the 

workforce. High workloads and insufficient 

recognition for their efforts contribute to burnout, 

driving talented professionals away from the field. 

Technology can play a pivotal role in creating a 

more effective and transparent remuneration system. 

Here are several technological solutions that can be 

implemented: 

1. Data Analytics: By leveraging data analytics, 

healthcare institutions can assess the contributions of 

medical workers more accurately. Metrics such as 

patient outcomes, hours worked, and peer reviews can 

be used to determine fair compensation levels. 

2. Performance Management Systems: 

Implementing comprehensive performance 

management software allows for real-time tracking of 

employee performance. This system can facilitate 

regular feedback and enable more objective 

evaluations when determining salary adjustments and 

bonuses. 

3. Blockchain for Transparency: Utilizing 

blockchain technology can enhance transparency in 

remuneration processes. Smart contracts could 

automate payments based on predefined criteria, 

ensuring that all medical workers are compensated 

fairly and promptly. 

4. Mobile Applications: Developing mobile 

applications for medical workers can provide them 

with easy access to their remuneration details, 

performance metrics, and professional development 

opportunities. These apps can also facilitate 

communication between staff and management 

regarding compensation-related inquiries. 

5. Telehealth Integration: As telehealth becomes 

more prevalent, integrating remote care into 

remuneration models can provide additional revenue 

streams for medical professionals. This model can 

reward healthcare workers for their contributions to 

virtual care, thus diversifying compensation options. 

6. Gamification: Implementing gamification 

elements in professional development programs can 

motivate medical workers to engage in continuous 



Impact Factor: 

ISRA (India)        = 6.317 

ISI (Dubai, UAE) = 1.582 

GIF (Australia)    = 0.564 

JIF                        = 1.500 

SIS (USA)         = 0.912  

РИНЦ (Russia) = 0.191  

ESJI (KZ)          = 8.100 

SJIF (Morocco) = 7.184 

ICV (Poland)  = 6.630 

PIF (India)  = 1.940 

IBI (India)  = 4.260 

OAJI (USA)        = 0.350 

 

 

Philadelphia, USA  59 

 

 

learning. By earning points or rewards for completing 

training and achieving milestones, employees may 

feel more valued, leading to greater job satisfaction. 

To successfully introduce a new remuneration 

system using technology, federal healthcare 

institutions should consider the following steps: 

Involve medical workers in the design process to 

ensure that their needs and concerns are addressed. 

Start with pilot programs to test new systems on a 

smaller scale before full implementation. This 

approach allows for adjustments based on feedback. 

Provide training for both management and staff on 

new technologies and processes to ensure smooth 

transitions. Establish mechanisms for ongoing 

evaluation of the remuneration system to identify 

areas for improvement and adapt to changing 

circumstances.Ensure that all technological 

implementations comply with relevant regulations 

and ethical standards. 

The introduction of a new remuneration system 

for medical workers in federal healthcare institutions 

is essential for improving job satisfaction, reducing 

burnout, and enhancing patient care. By leveraging 

technology such as data analytics, blockchain, mobile 

applications, and performance management systems, 

healthcare institutions can create a transparent, 

equitable, and motivating remuneration framework. 

Emphasizing collaboration with medical professionals 

throughout this process will ensure that the new 

system meets their needs while contributing to a more 

resilient healthcare workforce. 

  

CONCLUSION 

The introduction of a new remuneration system 

for medical workers in federal healthcare institutions 

is a critical step towards enhancing the quality of care 

and improving employee satisfaction. By leveraging 

innovative technologies such as data analytics, EHRs, 

AI, and blockchain, healthcare institutions can create 

a transparent, equitable, and performance-driven 

compensation structure. Engaging stakeholders and 

implementing a strategic approach will further ensure 

the sustainability and effectiveness of this new 

system, ultimately contributing to a more resilient 

healthcare workforce. A new system of remuneration 

for medical workers in federal healthcare institutions 

is essential for addressing current challenges and 

improving the overall quality of healthcare services. 

By implementing a fair, competitive, and 

performance-oriented remuneration framework, we 

can enhance job satisfaction among medical 

professionals, improve patient care outcomes, and 

ultimately contribute to a healthier society. The 

success of this initiative will depend on collaboration 

among all stakeholders and a commitment to 

continuous improvement in the healthcare sector. 
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MECHANISMS FOR PROVIDING ECONOMIC EDUCATION TO 

PRIMARY SCHOOL STUDENTS BASED ON COOPERATIVE 

PEDAGOGY 

 

Abstract: This paper explores mechanisms for delivering economic education to primary school students 

through the lens of cooperative pedagogy. As the global economy becomes increasingly complex, equipping young 

learners with foundational economic concepts is essential for fostering informed future citizens. Cooperative 

pedagogy emphasizes collaborative learning, where students engage in shared experiences and problem-solving 

activities. This approach not only enhances understanding of economic principles but also promotes essential skills 

such as teamwork, communication, and critical thinking. The study identifies several effective mechanisms, including 

project-based learning, peer teaching, and community involvement, that can be integrated into the primary 

curriculum. By utilizing real-world scenarios and interactive group activities, educators can create a dynamic 

learning environment that encourages students to explore economic concepts actively. Additionally, the 

incorporation of technology and digital resources can further enhance engagement and accessibility. The findings 

suggest that cooperative pedagogy not only improves students' grasp of economic education but also fosters a sense 

of responsibility and civic engagement. Ultimately, this approach prepares young learners to navigate the 

complexities of the economy while developing essential social skills necessary for their future endeavors. The paper 

concludes with recommendations for educators and policymakers to implement these mechanisms effectively in 

primary education settings.   
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Introduction 

Economic literacy is crucial for developing 

informed citizens who can navigate the complexities 

of modern society. Introducing economic concepts at 

an early age can empower students to make informed 

decisions in their personal and civic lives. Cooperative 

pedagogy, which emphasizes collaboration and peer 

interaction, offers a promising framework for teaching 

economics to primary school students. Understanding 

basic economic principles helps children comprehend 

the world around them. Key concepts such as supply 

and demand, budgeting, and the role of money can be 

introduced through age-appropriate activities. Early 

exposure to these ideas can foster critical thinking and 

responsible citizenship. Cooperative pedagogy 

involves students working together in groups to 

achieve common learning goals. This method 

encourages active participation, enhances 

communication skills, and builds a sense of 

community within the classroom. By learning from 

one another, students can deepen their understanding 

of economic concepts through discussion and 

collaboration. 
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Project-based learning (PBL) allows students to 

engage in real-world problems related to economics. 

For example, students can work together to create a 

mock business plan, develop a budget for a class 

event, or conduct a survey on consumer preferences. 

PBL encourages critical thinking and application of 

economic principles in practical situations. Peer 

teaching involves students taking on the role of 

educators within their groups. This method not only 

reinforces the peer teacher's understanding but also 

allows other students to learn in a more relatable 

context. For instance, older students or those who 

grasp concepts quickly can explain topics like saving 

or spending to their classmates. Involving the 

community in economic education can enhance 

learning experiences. Collaborations with local 

businesses or organizations can provide students with 

insights into real-world economic activities. Field 

trips, guest speakers, and community projects can 

connect classroom learning with practical 

applications, making economics more tangible. 

Games and simulations that mimic economic 

scenarios can engage students in a fun and interactive 

way. Activities such as role-playing as consumers and 

producers or simulating a marketplace can help 

students understand supply and demand dynamics, 

pricing strategies, and the importance of trade. 

Utilizing technology in cooperative learning 

environments can enhance engagement and 

accessibility. Online platforms that support 

collaborative projects, interactive economic 

simulations, and educational games can provide 

diverse learning opportunities that cater to various 

learning styles. 

 

The use of cooperative pedagogy in teaching 

economics has several benefits: 

• Enhanced Understanding: Collaborative 

learning allows for diverse perspectives, leading to a 

deeper understanding of economic concepts. 

• Development of Social Skills: Students 

improve their teamwork, communication, and 

conflict-resolution skills. 

• Increased Engagement: Interactive and 

cooperative activities keep students motivated and 

interested in learning. 

• Preparation for Future Challenges: By fostering 

critical thinking and problem-solving abilities, 

students are better equipped to face future economic 

challenges. Economic education at the primary school 

level is essential for fostering financial literacy and an 

understanding of basic economic principles among 

young learners. By introducing concepts such as 

supply and demand, budgeting, and the role of money 

early on, educators can equip students with the 

knowledge and skills necessary for responsible 

citizenship. Cooperative pedagogy, which emphasizes 

collaborative learning, provides an effective 

framework for delivering economic education in a 

way that is engaging and relatable for primary school 

students. 

 

The Importance of Economic Education 

1. Foundation for Future Learning: Early 

exposure to economic concepts lays the groundwork 

for more complex financial literacy in later years. 

2. Informed Decision-Making: Understanding 

basic economic principles helps students make 

informed choices about spending, saving, and 

investing. 

3. Civic Responsibility: Economic education 

fosters an understanding of community and societal 

roles, encouraging students to become active 

participants in their economy. 

Cooperative pedagogy involves students 

working together in small groups to achieve common 

learning objectives. This approach promotes 

interaction, communication, and teamwork, all of 

which are crucial skills in both academic and real-

world settings. In the context of economic education, 

cooperative pedagogy allows students to explore 

concepts collaboratively, enhancing their 

understanding through shared experiences. 

 

Mechanisms for Implementing Economic 

Education through Cooperative Pedagogy 

1. Group Projects 

• Description: Students can work in teams to 

create projects that illustrate economic concepts. For 

example, they might develop a business plan for a 

class enterprise or conduct a survey about spending 

habits among their peers. 

• Benefits: Encourages collaboration and 

practical application of economic principles. 

2. Role-Playing and Simulations 

• Description: Engaging students in role-playing 

activities where they assume different economic roles 

(e.g., consumer, producer) can help them understand 

market dynamics. 

• Benefits: Provides experiential learning 

opportunities that make abstract concepts more 

tangible. 

3. Peer Teaching 

• Description: Students who grasp economic 

concepts quickly can teach their peers, reinforcing 

their own understanding while helping others learn. 

• Benefits: Fosters a sense of community and 

encourages communication skills. 

4. Interactive Games 

• Description: Utilizing board games or online 

simulations that focus on economic scenarios can 

make learning fun. For example, games that simulate 

trading or budgeting can illustrate key concepts. 

• Benefits: Increases engagement and allows for 

hands-on learning experiences. 

5. Community Projects 

• Description: Collaborating with local 

businesses or organizations on projects can provide 
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real-world context for economic concepts. Students 

could participate in community service projects that 

involve budgeting or resource allocation. 

• Benefits: Connects classroom learning to real-

life applications, enhancing relevance. 

6. Technology Integration 

• Description: Using educational technology 

tools that facilitate collaborative learning can enhance 

student engagement. Online platforms for group 

projects or interactive economic simulations can be 

particularly effective. 

• Benefits: Accommodates diverse learning 

styles and promotes digital literacy. 

Benefits of Cooperative Pedagogy in Economic 

Education 

• Enhanced Understanding: Collaborative 

learning allows students to share ideas and 

perspectives, leading to a deeper comprehension of 

economic concepts. 

• Development of Social Skills: Working in 

groups helps students develop essential teamwork and 

communication skills. 

• Increased Motivation: Interactive and 

cooperative activities keep students engaged and 

interested in learning. 

• Preparation for Real-World Challenges: By 

fostering critical thinking and problem-solving 

abilities, students are better equipped to navigate 

future economic challenges. 

Integrating cooperative pedagogy into economic 

education for primary school students is a powerful 

approach that promotes both academic understanding 

and essential social skills. Educators should 

implement group projects, role-playing activities, peer 

teaching, interactive games, community involvement, 

and technology integration into their curricula. By 

doing so, we can cultivate economically literate 

individuals who are prepared to navigate the 

complexities of the modern economy while 

contributing positively to their communities. 

 

Conclusion and recommendations 

Integrating cooperative pedagogy into economic 

education for primary school students is an effective 

approach that promotes both academic understanding 

and essential social skills. Educators are encouraged 

to implement project-based learning, peer teaching, 

community involvement, interactive games, and 

technology integration in their curricula. 

Policymakers should support training programs for 

teachers that emphasize cooperative methods in 

economic education. By adopting these mechanisms, 

we can cultivate a generation of economically literate 

individuals who are prepared to navigate the 

complexities of the modern economy while 

contributing positively to their communities. 

Teaching economics to young children requires 

creativity and an understanding of their 

developmental stages. By using engaging methods 

such as interactive activities, storytelling, and 

cooperative learning, educators can help students 

grasp essential economic concepts in a fun and 

meaningful way.  

 

Recommendations 

• Teacher Training: Provide professional 

development opportunities for teachers to learn about 

cooperative pedagogy and its application in economic 

education. 

• Curriculum Development: Encourage the 

inclusion of cooperative learning strategies in 

economic education curricula at the primary level. 

• Community Engagement: Foster partnerships 

between schools and local businesses to enhance real-

world learning experiences. 

By adopting these strategies, we can ensure that 

primary school students receive a comprehensive 

economic education grounded in cooperative learning 

principles. 
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Introduction 

The fatigue phenomenon is typical for cyclically 

loaded metallic materials and polymers [1]. The 

magnitude of the forces acting on the contact surfaces 

of machine parts during operation is constantly 

increasing due to changes in the geometry of the 

surfaces caused by wear. The fatigue of the material is 

accompanied by the gradual formation of cracks in it, 

which increase the risk of failure of machine parts [2]. 

Some works [3-10] have been devoted to the 

study of fatigue of metallic materials, in which the 

theoretical aspects of the phenomenon of the metal 

fatigue under cyclic loads were considered and 

laboratory experiments were performed to confirm the 

theory, including finite element modeling in special 

applications. However, the analyzed scientific papers 

do not contain studies on the stress state of the 

material and the rate of crack growth in the plane of 

damage formation. These results will allow us to 

obtain analytical dependences describing the 

mechanics of metal fracture under cyclic loading. 

 

Materials and methods 

The crack formation analysis was performed for 

the steel specimen in the form of a plate, which was 

subjected to stretching. The width and length of the 

plate were 150 and 450 times the thickness of the 

plate, respectively. A repeated force was applied to the 

plate until the crack length was 1/4 of the plate width. 

Structural steel with the following physical and 

mechanical properties was used as the plate material: 

Young's modulus – 206000 MPa, Poisson's ratio – 0.3, 

density – 7850 kg/m3. To calculate the rate of fatigue 

crack growth in steel, the coefficient of Paris' law of 

1.4×10-11 and the exponent of Paris' law of 3.1 were 

set. 

 

Results and discussion 

The calculated magnitudes of the deformed 

specimen material were determined in the area of the 

formed crack. The von Mises stress and volumetric 

strain of the material were recorded in the plane of 

crack formation. 

The dependence of the volumetric strain on the 

von Mises stress of the specimen material is shown in 

the Fig. 1. The dependence of the crack length on the 

crack growth rate in the specimen is shown in the Fig. 

2. 

An increase in the calculated von Mises stress 

magnitudes from 16 MPa to 28 MPa is characterized 

by an active phase of crack formation along the width 

of the steel specimen. At the same time, the change in 

the initial volume of the material from the volume of 

the deformed specimen is insignificant and amounts 

to the volumetric strain coefficient of 0.000007. A 

decrease in the calculated von Mises stress 

magnitudes according to the dependence was noted on 

the remaining undisturbed width of the specimen. 

 

 
Figure 1. The dependence of volumetric strain on the von Mises stress of the specimen material. 
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The dependence in the Fig. 2 shows that the 

crack growth rate in the steel specimen decreases with 

increasing the crack length. It is noted that at the 

beginning of crack formation, the crack growth rate is 

the highest in magnitude. As the crack length 

increases, the crack growth rate decreases 

dramatically. At 1/2 the length of the formed crack, 

the crack growth rate becomes almost constant. 
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Figure 2. The dependence of the crack length on the crack growth rate in the specimen. 

 

Conclusion 

Based on the results of the calculation of the 

fracture process of the steel specimen, the following 

conclusions were obtained: 

1. During the formation of a long crack, the stress 

of the material in the fracture zone increases almost 

twofold, while the coefficient of volumetric strain 

varies in a small range from 0.000029 to 0.000036. 

2. As the crack length in the steel specimen 

increases, the crack growth rate decreases. The crack 

growth rate decreases dramatically when short cracks 

form. 
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Introduction 

Blasting operations in geology are used in the 

exploration of deposits and terrain changes [1-3]. The 

purpose of blasting is the crushing of rocks during the 

sinking of mine workings. 

The estimated amount of explosive is placed in 

pre-drilled wells to initiate an explosion. The 

complexity of blasting operations is mainly 

determined by the configuration and hardness of 

rocks, which leads to an increase in the labor intensity 

of planning blasting operations. 

The use of special engineering applications in 

geology makes it possible to simulate the dynamics of 

an explosive wave and the degree of rock destruction 

during blasting operations [4-11]. Three-dimensional 

modeling of the explosion process in these 

applications makes it possible to predict with high 

accuracy the propagation of the explosive wave in the 

media of rock mass and, thereby, determine the 

optimal number and location of blast wells. 

 

Materials and methods 

A simulation of the propagation of an explosive 

wave in a 3,000×3,000×3,000 mm rock mass was 

performed. The rock mass was an isotropic solid 

model with the following properties: Young's 

modulus – 50 GPa, Poisson's ratio – 2/7, density – 

2700 kg/m3. The short-term load on the rock mass 

caused by the explosion was 500, 1000, 1500, 2320.8, 

4641.6, 6962.4, 10772, 21544 and 32317 kN. 

Depending on the amount of explosive, the loading 

time ranged from 0.0817 ms to 0.37597 ms at a decay 

rate of 1.86. 

 

Results and discussion 

The simulation results were presented in two-

dimensional form. The model of the volume of the 

rock mass was represented by a plane on which the 

calculated contours of the rock deformation at the 

beginning and at the end of the explosion were 

derived. 

The Figure 1 shows the contours of the rock 

mass deformation at the moment of the explosion and 

at the end of the estimated explosion time. 

At the moment of the explosion, the inner layers 

of 2/3 of the volume of the rock mass are displaced 

along the arc trajectory. At the end of the estimated 

time of the explosion, significant displacements of 

inner layers of the rock mass are observed throughout 

the volume. The formation of compacted local zones 

of layers (thickened layers) along the front of the 

propagation of the blast wave is noted. At the 

epicenter of the explosion, there is a significant 

displacement of inner layers of the rock mass, which 

causes the rock destruction. 

 

  

a b 

Figure 1. The contours of deformation of the rock mass at the moment of the explosion (a) and at the 

end of the estimated time of the explosion (b). 

 

The pressure contours in the rock mass at certain 

load magnitudes are shown in the Fig. 2. 

The calculated pressure magnitudes in inner 

layers of the rock mass are demonstrated in detail at 

explosion loads of 500 kN and 32317 kN, for the 

remaining calculations, the Table 1 shows the 

maximum pressure magnitudes in inner layers of the 

rock mass, characterizing the deformation of 

stretching and compression. The pressure contours in 

the figure are given in MPa. 

Significant pressure in inner layers, with an 

explosion load of 500 kN, extends over 1.2-1.3 m of 

the rock mass. At the maximum explosion load, the 

distribution of loaded layers was observed at 1.7-2.0 

m. At the same time, the stretching of layers with a 

minimum explosive load prevails in magnitude than 
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the compression deformation. At maximum explosive 

load, the stretching and compression deformations 

differ slightly in magnitude. 

 

  

a b 

Figure 2. Pressure contours (MPa) in the rock mass at explosion loads of 500 kN (a) and 32317 kN (b). 

 

Table 1. Calculated pressure magnitudes in inner layers of the rock mass at various magnitudes of the 

explosion load. 

 

Consecutive 

number 

The magnitude of the 

explosion load, kN 

Maximum pressure 

magnitude (tensile 

deformation) 

Maximum pressure magnitude 

(compression deformation) 

1 500 1.2 -0.7 

2 1000 1.45 -2.38 

3 1500 2.18 -3.57 

4 2320.8 3.84 -4.89 

5 4641.6 7.69 -9.78 

6 6962.4 11.5 -14.7 

7 10772 14.0 -14.0 

8 21544 28.6 -29.5 

9 32317 43.8 -46.5 

 

Thus, it can be seen from the summary table that 

the compression deformation of inner layers of the 

rock mass is greater in magnitude after the explosion. 

The exception is a low-power explosion, which leads 

to a greater degree of the stretching deformation of 

inner layers of the rock mass. 

 

4. Conclusion 

The results of the study can be summarized in the 

following conclusions: 

1. The consequence of the explosion is the 

displacement of layers of the rock mass over the entire 

area under consideration, with the formation of 

compacted local zones along the wave propagation 

front and significant rock destruction at the epicenter 

of the explosion. 

2. The 500 kN explosion load is accompanied by 

deformation of the rock mass with a predominance of 

layer stretching. However, the maximum explosion 

load of 32317 kN is accompanied to a greater extent 

by compression deformation of the rock layers. 

3. Significant deformation of layers at the 

maximum load from the explosion is observed in 2/3 

of the volume of the rock mass. 
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IMPROVING GRAPE QUALITY WITH MODERN TECHNOLOGIES 

 

Abstract: The article discusses the history of Imereti Region  Baghdati Municipality Private  Research conducted 

on the farm . The aim of the research was to improve the quality indicators of grapes in a climate-changed landscape 

using modern technologies. The task was to observe the growth and development of grape bunches against the 

background of the use of a biostimulant. The paper analyzes and selects effective agroecological methods for high-

quality grape care and cultivation for an old, fruitful vineyard in the Imereti region, identifies the results of the action 

of an effective biostimulant, and describes the process of the research methods used and the results achieved. 
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Introduction 

The increase in the world's population and, 

consequently, the demand for food, led to the 

industrialization of agriculture. Along with the 

development of technologies, average yields have 

increased sharply, which has had a serious impact on 

soil fertility and product quality. The increase in the 

use of pesticides and agrochemicals, as well as global 

warming related to climate change, have further 

accelerated and deepened the process of soil 

degradation. According to UN data, 12 million 

hectares of land become unusable for crop production 

every year.     

Climate change and global industrialization 

processes have led to the spread of new types of pests 

and diseases in agriculture and an increase in the scale 

of pests, which has posed difficult challenges to 

producers. In order to maintain the quality of products, 

it is necessary to develop measures that will 

adequately withstand these modern challenges and 

make it possible to harvest the desired quantity and 

quality even in dramatically changed climate and 

environmental conditions. Reception. (7,8) 

In the agricultural sector, one of the main 

directions today is viticulture. In the reality of 

Georgia, of the two main directions (table and wine), 

only the production of grapes for wine is so far more 

developed. Viticulture and winemaking are an 

important source of economy for our country, where 

the quality of raw materials required for the 

production of the final product is of crucial 

importance. (2,4,9) In addition, it should be noted that 

Georgia is recognized as the homeland of vines and 

wine, which places special responsibility on farmers 

employed in the field of viticulture and winemaking. 

(3,7) It is necessary to introduce new scientific 

approaches and modern plant care technologies in the 

field. 

 
Materials and methods.     
The task of grapevine agrotechnology is to 

enhance nutrition, especially at the beginning of fruit 

growth. This obliges us to choose the correct 

formulation of grapevine nutrition, and for this we 

need a lot of It is a factor to consider.  To improve the 

quality of grapes, we planned measures in the study 

area so that the amount of chemical elements in the 

fruit did not exceed the standard rate. These measures, 

on the one hand, will allow us to help the plant reduce 

the impact of stress factors caused by adverse climate 

http://s-o-i.org/1.1/tas
http://dx.doi.org/10.15863/TAS
http://t-science.org/
mailto:dolidze.teona@atsu.edu.ge
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and will also help the plant to maximize its potential, 

which is crucial It is a factor, To obtain quality raw 

materials. 

The research was conducted in Bagdati, one of 

the traditional wine-growing regions of Imereti . To 

reduce the negative effects of climatic conditions, we 

used Spanish-produced, ecologically friendly Pure , 

innovative biostimulant "Frutmax 10". This is a 

biostimulant consisting of plant amino acids, 

osmolytes, algae extracts and bioactive substances. 

Since it promotes the processes of plant cell 

proliferation and growth, in the experimental vineyard 

on the study area, it was used during the fruit 

formation process. It has the ability to supply the plant 

with more energy, contains: 3.46% N + 1.96% K 2 0 + 

1.15% B + 0.11% Mo + 11.55% free amino acids + 

9.47% marine plant extract. This formulation ensures 

an increase in the quality and caliber of grapes, the 

fruit enters maturity relatively early and easily 

accumulates sugar. We have well and evenly 

developed fruits. The size and shape of the fruit 

improves. The overall yield increases. It is with these 

characteristics in mind that we selected “Fruitmax 10” 

for use in a middle-aged ( 2-5 year old ) grape-bearing 

vineyard located in the study area, where the quality 

of grapes deteriorated due to the difficult terrain and 

complicated climatic factors, which resulted in a 

decrease in the overall yield . This plot is located on 

yellow-earthy soils, which are excessively 

waterlogged due to poor physical properties. Under 

these conditions, the normal growth and development 

of vines is hampered. Although vines grow on almost 

all types of soils , the climate With change Related 

Environmental Results Negatively It is reflected 

Vineyard Growth And Productivity. In conditions of 

excess moisture, due to a poorly developed 

rhizosphere, it becomes difficult for the plant to 

absorb the required amount of nutrients, which leads 

to various problems, including nutrient deficiencies, 

which leads to low-quality grapes and, accordingly, 

low wine quality. We divided the plot into two parts - 

treated with "Fruitmax 10" and without "Fruitmax 

10", so that we had the same microclimate and both 

parts were in equal climatic and relief conditions, so 

that the experiment could be carried out with 

maximum quality. Based on monitoring, we observed 

the effect of "Fruitmax 10" on On grape quality and 

yield. (6) 

We used this biostimulant during the fruit 

formation phase, the first time at the beginning of 

flowering on 11.06.2023 and the second time on 

04.07.2023. On 05.09.2023, we conducted the first 

monitoring in the vineyard plantation treated with the 

biostimulant. As a result: 

 
Results, discussion, conclusion.  
The caliber of Tsolikouri berries treated with 

“Fruitmax 10” was larger than that of untreated berries 

(Photo 1,2), and they entered maturity relatively early 

(Table 1,2,3,4). 

 

Table 1. Tsolikouri Fruitmax 05.09.2023 
 

No. Number of clusters Bunch weight Grain weight Grain radius 

1 30 pcs 312g 4g 17mm 

2 60 pcs 323g 3.96g 16mm 

3 35 pcs 310g 2.67g 16mm 

4 24 pcs 310g 2.77g 15mm 

5 26 pcs 330g 3.09g 16mm 

6 30 pcs 315g 4.15g 16mm 

7 30 pcs 300g 2.56g 18mm 

8 41 pcs 400g 3.77g 15mm 

9 35 pcs. 81g 2.67g 17mm 

 

 

Table 2. Tsolikouri without Fruitmax 05.09.2023 
 

No. Number of 

clusters 

Bunch weight Grain weight Grain radius 

1 48 pcs 117g 1.97g 15mm 

2 30 pcs 120g 1.80g 14mm 

3 3 0pcs 83g 2.84g 16mm 

4 30 pcs 100g 1.70g 14mm 

5 35 pcs. 110g 1.90g 14mm 

6 40 pcs 270g 1.49g 14mm 
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7 43 pcs. 320g 3.30g 17mm 

8 11 pcs. 280g 2.18g 14mm 

9 25 pcs. 300g 2.48g 15mm 

10 21 pcs. 29 1.53g 13mm 

 

Table 3. Dry matter in Tsolikouri on September 12 with Frutmax 
 

No. 1 2 3 4 5 6 7 8 9 10 

Brix 17 19 19 17 19 18 19 20 19 22 

 

Table 4. Dry matter in Tsolikouri on September 12 without Fruitmax 
 
No. 1 2 3 4 5 6 7 8 9 10 

Brix 15 18 13 13 14 18 18 16 15 19 

 

 
Photo 1                                                                   Photo 2 

 

In the case of Krakhuna, the difference was 

small, both the Frutmax-treated and untreated ones 

were almost equal in size (Table 5,6), although the 

Frutmax-treated ones entered maturity relatively 

earlier (Photo 3,4) (Table 7,8). 

 

Table 5. Fruitmax processed 05.09.2023 
 

No. Number of clusters Bunch weight Grain weight Grain radius 

1 35 pcs. 240g 3.17g 16mm 

2 22 pcs. 250g 3.65g 16mm 

3 22 pcs. 235g 3.57g 17mm 

4 20 pcs 230g 3.79g 18mm 

5 19 pcs. 240g 3.40g 17mm 

  

 

Table 6. Without Fruitmax 05.09.2023 
 

No. Number of clusters Bunch weight Grain weight Grain radius 

1 49 pcs. 245g 3.57g 17mm 

2 41 pcs 255g 2.70g 16mm 
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3 50 pcs 230g 3.65g 17mm 

4 30 pcs 250g 3.50g 16mm 

5 50 pcs 240g 3.44g 17mm 

 

Table 7. Dry matter on Krakhuna on September 12 with Frutmax 
 

No. 1 2 3 4 5 

Brix 15 20 21 18 21 

 

Table 8. Without Fruitmax 
 

No. 1 2 3 4 5 

Brix 15 19 12 17 15 

 

     
Photo 3                                             Photo 4 

 

We continued monitoring. We conducted a final 

census on 06.10.2023, and the weight, radius, and 

sugar content of the grapes increased. Overall, there 

was a difference in bunch length, berry weight, 

caliber, and bunch weight between the vines treated 

with and without Frutomax (Photos 5,6). 

 

   
Photo 5                                              Photo 6 
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According to the vine growth and development 

data as a result of monitoring on 6.10.2023: 

 
Table 9. Processed with Fruitmax Tsolikouri 

 
No. Number of clusters Grain weight Grain radius Dry matter Brix 

1 48 pcs 4.65g 18mm 20 

2 30 pcs 4.65g 16mm 20 

3 3 0pcs 3.1g 17mm 20 

4 30 pcs 3.45g 17mm 20 

5 35 pcs. 4.20g 17mm 19 

6 40 pcs 3.41g 15mm 20 

7 43 pcs. 3.33g 17mm 20 

8 11 pcs. 2.79g 16mm 20 

9 25 pcs. 3.22g 17mm 20 

10 21 pcs. 2.79g 15mm 22 

 

 
Table 10. Without Fruitmax Tsolikouri 

 
No. Number of clusters Grain weight Grain radius Dry matter Brix 

1 48 pcs 2.19g 15mm 19 

2 30 pcs 2.87g 15mm 20 

3 3 0pcs 2.25g 15mm 18 

4 30 pcs 2.86g 15mm 20 

5 35 pcs. 2.19g 15mm 20 

6 40 pcs 2.68g 14mm 20 

7 43 pcs. 2.68g 15mm 19 

8 11 pcs. 1.95g 16mm 21 

9 25 pcs. 2.50g 15mm 20 

10 21 pcs. 2.95g 16mm 20 

 
 

Table 11. Processed with Fruitmax Krakhuna 
 

No. Number of clusters Grain weight Grain radius Dry matter Brix 

1 48 pcs 3.45g 17mm 17 

2 30 pcs 3.57g 16mm 22 

3 3 0pcs 3.77g 16mm 21 

4 30 pcs 3.55g 17mm 21 

5 35 pcs. 3.41g 17mm   21 

 

 

Table 12. Processed cereal without fruit juice 
 

No. Number of clusters Grain weight Grain radius Dry matter Brix 

1 48 pcs 3.55g 17mm 18 

2 30 pcs 3.70g 18mm 21 

3 3 0pcs 2.57g 15mm 17 

4 30 pcs 2.78g 16mm 21 

5 35 pcs. 3.00g 15mm 18 

 

We planned the harvest for October 28th. At this 

stage, the study vineyard had reached full maturity, 

the fruits were well developed, and by this time the 

sugar content of the grapes had reached: 
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Table 13. Dry matter by mid-October treated with Frutamax 

 
Brix 

No. No. 1Tsolikouri No. 2 Krakhuna 

1 23 23 

2 22.5 23 

3 22 23 

4 21 22 

5 21 24 

6 23 

7 23 

8 24 

9 25.3 

 

 

Table 14. Dry matter for mid-October without Frutamax 

 
 

 

 
Stressful conditions change the metabolism of 

plants, which is what happens in the vine. Prolonged 

stress leads to weakening of the plant and premature 

depletion of organic acids. "Frutmax 10" has shown in 

the trial that it has the ability to mitigate the risk 

factors caused by climate change. The use of the 

biostimulator increased the quality and yield of the 

product. In addition to cell division, the amino acids 

in its composition helped the vine to overcome the 

stress factors caused by climate change. (1) 

Another goal of our study area was to ensure 

high-quality photosynthesis of the green mass. For 

photosynthesis to proceed well, the leaf needs light, 

heat, and water. We adjusted the pruning and greening 

operations so that the leaf surface received maximum 

and intensive direct sunlight. (10) For this, we selected 

leaves with a large surface area. Since the sugar 

content in grape juice is an important factor for the 

quality of grapes. It plays a very important role in the 

metabolic process, for the formation of various 

substances, e.g. acids and aromatic substances. The 

high photosynthetic capacity of the green mass 

determines the high-quality harvest. We conducted an 

observation: we removed a large number of leaves 

from the roots of certain vines, or left a leaf with a 

small surface area. We left some of the vine roots with 

leaves with a large surface area so that there were 10-

15 leaves per bunch. Based on monitoring, it was 

found that the sugar level on the roots where we had 

left 15 leaves was higher when tested with a 

refractometer than on the roots with fewer leaves 

(photos 7,8). Based on the observations, in our 

climate, an average of 15 leaves per bunch are 

required for full photosynthesis and a high-quality 

harvest. 

 

Brix 

No. No. 1Tsolikouri No. 2 Krakhuna 

1 22 23 

2 22 23 

3 20 20 

4 21 23 

5 20 22 

6 21  

7 23 

8 23 

9 23 



Impact Factor: 

ISRA (India)        = 6.317 

ISI (Dubai, UAE) = 1.582 

GIF (Australia)    = 0.564 

JIF                        = 1.500 

SIS (USA)         = 0.912  

РИНЦ (Russia) = 0.191  

ESJI (KZ)          = 8.100 

SJIF (Morocco) = 7.184 

ICV (Poland)  = 6.630 

PIF (India)  = 1.940 

IBI (India)  = 4.260 

OAJI (USA)        = 0.350 

 

 

Philadelphia, USA  78 

 

 

 
Photo 7-vine with more leaves                                 Photo 8-vine with fewer leaves 

 

It is worth noting that leaving more than 15 

leaves causes shading and deterioration of aeration, 

which in itself increases the risk of pests and diseases. 

If we had a large number of clusters at the base of the 

vine, but the number of leaves was small, we regulated 

the number of leaves to ensure full photosynthesis by 

regulating the development of the axillary leaves 

during green operations. In droughty areas, we left 

leaves with a small leaf surface, because leaves with a 

large surface area would spend more water for 

photosynthesis and there would be an early lack of 

water. When we have a lack of water, photosynthesis 

proceeds poorly or stops altogether. In the case of little 

water, the leaf openings close, which suppresses and 

prevents the intake of carbon dioxide necessary for 

photosynthesis. 

Ultimately, our modern approaches in a climate-

changed landscape led to an increase in grain caliber, 

a relatively early entry of the fruit into maturity, and 

easy accumulation of sugar. In the end, we received 

well-developed and evenly ripened fruits. Improved 

fruit size and shape compared to previous years. 

Overall yield increased. As a result of the 2023 

harvest, we received a harvest of doubled and 

improved quality compared to the previous year. The 

results of the above research confirm that we can 

combat the problems arising from climate change with 

modern technologies, one of the main components of 

which is the use of biostimulants adapted to the 

climate and culture and the implementation of the 

necessary complex measures. 
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THE EFFECT STUDY OF HOPPING ENERGY PARAMETER AND 

NANORIBBON WIDTH OF ARMCHAIR TYPE GRAPHENE ON THE 

ELECTRONIC PROPERTIES 

 

Abstract: This work examines the electronic band structure of bilayer armchair-type graphene nanoribbons 

arranged in the AB stacking pattern. The investigation is conducted using the long-wave generalised effective 

Hamiltonian and the tight approximation method. This investigation involved calculating the energy gap values for 

various electron hopping energy levels between two layers. Additionally, the widths were varied from N = 1 to N = 

10, with increments of 5 until reaching N = 50. An evident correlation was detected between the electron hopping 

energies and the energy gap and width of the nanoribbon. Specifically, as the electron hopping energy dropped, both 

the energy gap and the breadth of the nanoribbon increased. The nanoscale had a non-uniform impact on the energy 

gap values, unlike the abrupt change in energy caused by certain boundary conditions when solving the Schrödinger 

equation around the Dirac points K in the Fermi plane. At certain values, the material exhibits metallic behaviour, 

while at others it acts as a semiconductor. Hence, this study provides valuable insights into the properties of 

graphene. Theoretical confirmation suggests that the energy gap can be manipulated by adjusting the hopping 

energies of electrons between two layers of armchair-type graphene nanoribbons with a specific stacking pattern 

(AB-AB). Additionally, the width of the nanoribbon also influences this effect. 

Key words: Multilayers Armchair Graphene Nanoribbon, Band Structure, Energy Gap, Tight Binding 

Approximation. 

Language: English 

Citation:  Bashar, H.Z. (2025). The effect study of hopping energy parameter and nanoribbon width of armchair 

type graphene on the electronic properties. ISJ Theoretical & Applied Science, 02 (142), 79-90. 

Soi: https://s-o-i.org/1.1/TAS-02-142-15      Doi:    https://dx.doi.org/10.15863/TAS.2025.02.142.15  

Scopus ASCC: 3100. 

 

Introduction 

Graphene, discovered in 2004 by Andre Geim 

and Konstantin Novoselov, has attracted scientific 

interest due to its remarkable features [1]. It is 

regarded as a semiconductor material with a zero-

energy gap. The magnitude of this energy gap may be 

manipulated by several elements, mostly through 

engineering techniques, without necessitating 

alterations to the crystal structure of graphene, as is 

often done with conventional semiconductors [2]. Due 

to its significant property and the scientific 

advancements in miniaturising electronic devices, 

several researchers were motivated to investigate the 

electronic characteristics of graphene. This research 

article falls within the scope of this research area [3,4]. 

Graphene is classified as a two-dimensional (2D) 

substance [5]. The carbon atoms are organised in a 

hexagonal lattice structure like a honeycomb [6]. Due 

to carbon's tetravalent nature, it is capable of forming 

two distinct forms of covalent bonds [7]. The strong 

form of bond between carbon atoms in the honeycomb 

structure is known as (δ). The other is feeble, referred 

to as (π)[8]. The bonds in the graphene lattice are 

formed by SP2 hybridisation [9]. The final bond is 

accountable for the entirety of the electronic, 

electrical, thermal, and magnetic characteristics. The 

mechanical characteristics are determined by the bond 

(δ)[10]. The majority of graphene's characteristics, 

including as its exceptional electrical and thermal 

conductivity, as well as its electronic properties, 

manifest mostly near its edges [11,12]. Hence, 

graphene edges are categorised into two primary 

http://s-o-i.org/1.1/tas
http://dx.doi.org/10.15863/TAS
http://t-science.org/
https://s-o-i.org/1.1/TAS-02-142-15
https://dx.doi.org/10.15863/TAS.2025.02.142.15
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types: a zigzag-shaped edge and another referred to as 

an armchair [13]. Additionally, there exists a third 

category that is a blend of the two primary categories. 

The crystal structure of the graphene lattice consists 

of two sub lattices, known as the A and B lattices, 

which are not equal in size [14]. The π bond in the 

electronic structure of the lattice is in close proximity 

to the Fermi level, and its electrons exhibit the 

characteristics of massless fermions [15]. The valence 

and conduction bands of this crystal structure intersect 

at the unequal Dirac points, known as (𝐾+, 𝐾−), which 

form two opposed cone shapes [16]. Recently, there 

has been a focus on researching graphene 

nanoribbons, which may be classified into two 

categories based on their edge structure. The initial 

category is referred to as zigzag, whereas the 

subsequent one is denoted as armchair [17]. The first 

kind is distinguished by a pronounced edge effect in 

close proximity to the Dirac points, resulting in the 

nanoribbon exhibiting metallic behaviour. Regarding 

the second kind, it has the potential to be It exhibits 

metallic or semiconductor properties based on specific 

boundary conditions at the Dirac points, which are 

defined by the equation 𝑛 = 3𝑝 + 2. The armchair-

type graphene nanoribbon exhibits metallic 

behaviour, whereas the condition (𝑛 = 3𝑝 or 𝑛 =
3𝑝 + 1) indicates semiconductor properties [18,19]. If 

the core tape consists of a single layer, these two 

criteria are applicable. However, when the core tape is 

composed of double or triple layers, the presence of 

multiple layers disrupts these two conditions. Here, 𝑝 

represents an integer and 𝑛 denotes the number of 

atom locations on the edge of the nanoribbon [20]. 

When it comes to multilayer graphene, whether it is in 

the form of flat sheets or nanoribbons, there are two 

fundamental ways in which it can be stacked: either in 

an ABC-ABC pattern or an AB-AB pattern [21]. Van 

der Waals forces mediate the interaction between 

many layers of graphene and have a limited impact on 

its electrical characteristics due to the treatment of the 

π electrons linked to the weak bond as particles. 

Massless particles, also known as free-moving 

particles, are governed by the Dirac equation for free 

electrons [22]. The electric characteristics of graphene 

nanoribbons exhibit variability based on several 

parameters, such as the specific stacking arrangement. 

This research study will utilise AB stacking and a 

bilayer configuration. The electrical characteristics of 

these nanoribbons are determined by two additional 

factors: the width of the nanoribbons and the hopping 

energy, which refers to the ability of an electron to 

move between the two layers [23]. This energy 

influences the difference in energy levels between the 

two layers. Graphene nanoparticles exhibiting 

semiconductor behaviour. The hopping energy may 

be computed using a tight binding approximation [24]. 

 

1- Computation Details 

Graphene nanoribbons may be categorised into 

two fundamental types: armchairs and zigzags, as 

previously noted. Furthermore, apart from the 

aforementioned distinction, there exists a significant 

disparity between them that compels us to examine the 

first category. Firstly, there is an estimated 

discrepancy of 30 in the edge angle [25,26]. The 

second form, zigzags, exhibits localised energy states 

while the first type does not. The armchair represents 

different energy levels, and as a result, the energy 

band structures may be represented visually based on 

the transverse wavenumber. We can consider the 

transverse wavenumber as quantised values in 

momentum space. Regarding the second type, it is not 

possible to do so because the wavenumber of the 

longitudinal wave is influenced by both the 

wavenumber of the transverse wave and the width of 

the nanoribbon. Therefore, we have selected Armchair 

type graphene. tapes to analyse the energy band 

structures, which can be utilised in the production of 

graphene-based electronic chips [21]. 
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Figure 1 depicts the actual and mirrored 

hexagonal lattice structure of graphene. It is widely 

recognised that the hexagonal lattice does not conform 

to the characteristics of a paravisian lattice. Hence, the 

hexagonal lattice is partitioned into two triangular 

paravisian lattices [27], shown by the red and blue 

dots in Figure (1a). The fundamental transition vectors 

of the paravisian lattice, denoted as 𝑎1 and 𝑎2, are 

expressed as: 

𝑎1 =
𝑎

2
(3, √3), 𝑎2 =

𝑎

2
(3, −√3)                          (1) 

The variable 𝑎 denotes the distance between two 

carbon atoms in the paravisc lattice, with an estimated 

value of 𝑎=0.142 nm.[28] In regards to the reverse 

lattice of graphene, seen in Figure (1b), the vectors 𝑏1 

and 𝑏2may be expressed as follows: 

𝑏1 =
2𝜋

3𝑎
(1, √3), 𝑏2 =

2𝜋

3𝑎
(1, −√3)                    (2) 

Fig (1b) displays two crucial sites that 

significantly influence the electrical characteristics of 

graphene sheets and nanoribbons. The entities in 

question are 𝐾 and 𝐾. The two points are referred to 

as Dirac points, and their locations in momentum 

space are determined using the following equations. 

𝐾 =
2𝜋

3𝑎
(1,

1

√3
), 𝐾 =

2𝜋

3𝑎
(1, −

1

√3
)                       (3) 

The vectors (𝛿1, 𝛿2, 𝛿3) in real space correspond 

to the three closest neighbours, and their positional 

equations are expressed in the following format [8]: 

𝛿1 =
𝑎

2
(1, √3), 𝛿2 =

𝑎

2
(1, −√3), 𝛿3 = −𝑎(1,0)    (4) 

 

 
 

 

k

k

𝑀 

𝐾 

𝐾̅ 

𝑏1 

𝑏2 

𝛤 

a b 

Fig. 1: shows a graphene lattice. a represents the real lattice, b represents the reciprocal 

lattice of graphene. 

W 

Fig. 2: The diagram indicates a graphene nanoribbon of length L and width W 

respectively with armchair edges (AGNR). 
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In Figure 2, the width of the armchair type 

graphene nanoribbon is calculated by counting the 

number of carbon atom positions in the unit cell in the 

y direction, according to the given relationship. 

𝑊 =
𝑁

4
𝑎𝑜√3                                                                     (5) 

The variable 𝑎𝑜 denotes the lattice constant of 

graphene, whereas N indicates the number of carbon 

atom locations in the unit cell along the width of the 

nanoribbon. The energy of the armchair graphene 

nanoribbon may be determined using the tight-binding 

approximation, which relies on the nearest-neighbor 

connection [29]. 

𝐸(𝑘, 𝑘𝑞) = 𝑆𝑣𝐹ℏℇ                                                        (6) 

ℇ = √1 + 4 cos(𝑘𝑞) cos (
𝑘

2
) + 4(cos(𝑘𝑞))

2
 (7) 

Relation 6 describes the energy in momentum 

space, specifically in terms of the wave vector k. In 

this context, 𝑘𝑞 represents the quantised values of the 

transverse wave vector. The symbol 𝑣𝐹represents the 

Fermi velocity of electrons on the surface of the 

graphene nanoribbon, which is approximately 300 

times smaller than the velocity of light in a vacuum 

(106 𝑚
𝑠𝑒𝑐⁄ )[30]. Lastly, 𝑘 represents the longitudinal 

wave vector for the wave packet. The boundary 

conditions of the armchair graphene nanoribbon 

(AGNR) for the transverse component of the 𝑘𝑞wave 

vector allowed us to determine the quantised values of 

𝑘𝑞 and the subsequent results: 

𝑘𝑞 =
2

𝑎√3

𝑞

𝑁+1
, 𝑞 = 1,2,3, … , 𝑁                          (8) 

The bond length of the graphene sheet lattice is 

represented by 𝑎 and 𝑞 is an integer [21]. The 

Hamiltonian that accurately describes the behaviour 

of graphene nanoribbons in the first Brillouin zone, 

namely at the K point of AB stacking, may be 

mathematically represented as follows: 

𝐻𝑛 = ℏ𝑣𝐹 (
𝜎. 𝑘 𝜏 ⋯ 0
𝜏+ 𝜎. 𝑘 … 0
0 𝜏+ 𝜎. 𝑘

)                         (9) 

Where  𝜏  represent the  2 × 2  coupling matrix 

as follows:   

𝜏 =
1

ℏ𝑣𝐹
(

0 𝛾𝑖

0 0
)                                                        (10)   

The symbol 𝛾𝑖denotes the energies associated 

with electron movement between the two layers of 

graphene nanoribbon in AB stacking [21]. These 

energies may be determined using the following 

general equation:  

𝛾𝑖 = ∫ 𝜑𝑚
∗ (𝑟 − 𝑟𝑚)𝐻𝜑𝑛(𝑟 − 𝑟𝑚 ± 𝑅𝑚𝑛

𝑗
± 𝜇ℎ)      (11) 

𝑚, 𝑛 = 𝐴 𝑜𝑟 𝐵 , 𝑗 = 1,2,3 , 𝜇 = 0 𝑜𝑟 1 Where A 

and B refer to the graphene sublattice, ℎ represents the 

distance between the layers of graphene, which is 

approximately equal to ℎ = 0.335𝑛𝑚. 𝑅𝐴𝐵
1 =

𝑎 (
1

√3
, 0,0), 𝑅𝐴𝐵

2 = 𝑎 (
−1

2√3
,

1

2
, 0), 𝑅𝐴𝐵

3 =

𝑎 (
−1

2√3
,

−1

2
, 0). 𝑅𝐴𝐵

𝑗
denotes the spatial coordinates of 

the atoms within the binary graphene lattice. For this 

study, we selected three specific numbers to represent 

the electron hopping energy in a graphene nanoribbon 

consisting of two layers arranged in the AB stacking 

manner. These values are [31,32]: 

• 𝛾1 = 0.377𝑒𝑉  𝐴1 → 𝐵2  

• 𝛾3 = 0.290𝑒𝑉  𝐵1 → 𝐵2 

• 𝛾4 = 0.120𝑒𝑉  𝐴1 → 𝐴2 

Figure 3 depicts two layers of graphene arranged 

in AB stacking, with the corresponding values 

denoted as 𝛾𝑖. 

 

 

 
The monolayer graphene Hamiltonian is directly 

represented by the diagonal in Equation (9). At low 

energy levels, about. The generalised Hamiltonian 

may be restated in the following manner: 

𝐻𝑛(𝑘) =
(ℏ𝑣𝐹𝑘)𝑛

𝛾𝑛−1 ( 0 𝑒−𝑖𝑛𝜙

𝑒𝑖𝑛𝜙 0
)                    (12) 

The symbol 𝜙 denotes the polar angle in a two-

dimensional momentum space, whereas n represents 

the number of layers. The physical boundary 

conditions at the borders of the armchair graphene 

nanoribbon are as follows: 

 
Fig. 3: Schematic diagram of AB-stacked bilayer graphene 

with electron hopping energies shown 𝜸𝟏, 𝜸𝟑, 𝜸𝟒 [33]. 
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𝜓𝐴(𝑥 = 0) = 𝜓𝐵(𝑥 = 0) = 𝜓𝐴(𝑥 = 𝐿) = 𝜓𝐵(𝑥 =
𝐿) = 0                                                                      (13) 

Here is the spinor wave function of the 

Hamiltonian: 

𝜓(𝑟) = 𝑒𝑖𝑘𝑦𝑦 (
𝜙𝐴(𝑥)
𝜙𝐵(𝑥)

)                                           (14) 

The below text is an approximate representation 

of the generalised formula for the energy spectrum of 

an n-layer (AB) stacking armchair graphene 

nanoribbon [20]. 

𝐸𝑛 = 𝑆ℏ𝑣𝐹
√1 + 4 cos(𝑘𝑞

𝑛) cos (
𝑘𝑛

2
) + 4

[cos(𝑘𝑞
𝑛)]

2

𝛾𝑛−1   (15) 

where 𝑆 = 1−
+  (𝑆 = +1  and  𝑆 = −1  stand for the 

valence and conduction energy bands, respectively.  

The transversal wave number  𝑘𝑛  is given by: 

𝑘𝑞 =
𝑚𝜋

𝑁+1
, 𝑚 = 1,2,3,4, … . , N                            (16) 

This approximation becomes more important as 

the number of layers (n) grows and is only valid for 

the low-energy range of energy. The direct energy gap 

of Armchair graphene nanoribbons is always seen at 

the k = 0 point. 

 

2- Display Results 

This section examines the electronic structure 

ranges of an armchair-type graphene nanoribbon with 

AB stacking. The analysis focusses on the width of the 

ribbon and the hopping energy of electrons between 

two layers of the graphene nanoribbon. Three specific 

values of the hopping energy (𝛾 =
0.377, 0.290,0.120 𝑒𝑉) are considered. The width of 

the ribbon ranges from N=1 to N=10, with a regular 

increase in the number of atoms. First, start with N=10 

and increase it by five atoms until N=50. By using 

equations 15 and 16. The forces between the layers are 

van der Waals forces, which are known to be minimal. 

Although these forces were initially disregarded in the 

computations, their impact indirectly manifests 

through the levels of electron hopping between the 

two layers, denoted as 𝛾. We will analyse the impact 

of both the nanoribbon's width and the hopping energy 

of the electrons between the two layers on the 

electrical structure bands. We will examine the impact 

of these two variables on the energy gap values of this 

specific type of graphene nanoribbons and this 

particular stacking technique. 

 

 

Table 1. shows the energy gap values for different values of electron hopping 

energies between two layers of armchair type graphene nanoribbon for 

different values of width in terms of N.  
𝛾 = 0.377 𝑒𝑉 𝛾 = 0.29 𝑒𝑉 𝛾 = 0.12 𝑒𝑉 

Eg Eg Eg N 

0.29836 0.38788 0.68984 1 

0.04680 0.06084 0.14704 2 

0.25926 0.33704 0.81454 3 

0.44906 0.58376 1.38846 4 

0.04680 0.06084 0.14704 5 

0.06154 0.09320 0.22522 6 

0.04384 0.28538 0.68968 7 

0.01792 0.06084 0.14704 8 

0.02760 0.18082 0.43698 9 

0.01690 0.02196 0.05308 10 

0.07526 0.04892 0.23646 15 

0.04680 0.06084 0.14704 20 

0.00734 0.03790 0.09158 25 

0.02050 0.02664 0.06440 30 

0.0141 0.01832 0.0443 35 

0.02292 0.02980 0.07202 40 

0.00874 0.01084 0.02622 45 

0.00544 0.00544 0.01316 50 

 

Table 1 displays the energy gap values for three 

electron hopping energy levels and several width 

values. We have made many observations. Typically, 

the impact of the hopping energy is evident in the 

energy gap values, which exhibit an inverse 

relationship with the electron hopping energy. This 

means that as the hopping energy decreases, the 

energy gap grows. This connection holds true for a 

given nanoribbon width. This alteration is not 

comprehensible from a physical perspective. Indeed, 

the clarity of the situation is evident in the context of 

equations, namely Equation 15. However, from a 

physical standpoint, the rationale for this phenomenon 

may be attributed to the well-established fact that 

graphene is classified as a semiconductor material 

with a zero-energy gap, thereby exhibiting metallic 
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behaviour. In order to create an energy gap without 

any external factors, we can modify the geometric 

dimensions of a single layer or increase the number of 

layers. In this context, the electron hopping energy has 

a subordinate significance. As previously mentioned, 

the hopping energy varies depending on the type of 

transition. Due to the nearly constant electron energy 

inside a single layer, the electron depletes its energy 

when transitioning between graphene layers. 

Consequently, when the hopping energy is low, the 

electron preserves a greater amount of energy 

compared to when the hopping energy is high, 

enabling it to occupy higher energy levels. The energy 

gap represents the disparity in energy levels between 

the conductivity and valence bands. Consequently, 

when the jump energy is minimal and the nanoribbon 

width remains constant, the energy gap values tend to 

be significant. The clarity of the information may be 

observed by examining Figures 4, 5, 6, 7, and 8, which 

depict a collective total of 54 Figures illustrating 

energy and k in momentum space. Figure 3 displays 

the energy spectrum of a graphene nanoribbon with an 

armchair shape and a width of N=3. The graph 

illustrates the impact of different electron hopping 

energies on the energy gap. 

 

 

 

 
 

Figure 5 displays the energy spectrum of a 

graphene nanoribbon with an armchair shape and a 

width of N=4. The spectrum is shown for three 

different values of electron hopping energy. The 

impact of the hopping energy on the energy gap is 

evident, and our calculations indicate that the optimal 

value is 𝛾=0.12eV. Additionally, when compared to 

the other figures, the best result is achieved with a 

width of N=4. 

 

 

 
Fig.4. Energy spectrum of N=3 bilayer armchair graphene nanoribbon for different electron hopping 

energy values: (a) 𝜸𝟏 = 𝟎. 𝟏𝟐, (b) 𝜸𝟐 = 𝟎. 𝟎. 𝟐𝟗 (c) 𝜸𝟑 = 𝟎. 𝟑𝟕𝟕. 
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Fig.5. Energy spectrum of N=4 bilayer armchair graphene nanoribbon for different electron hopping 

energy values: (a) 𝜸𝟏 = 𝟎. 𝟏𝟐, (b) 𝜸𝟐 = 𝟎. 𝟎. 𝟐𝟗 (c) 𝜸𝟑 = 𝟎. 𝟑𝟕𝟕. 
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Fig. 6. Energy spectrum of N=7 bilayer armchair graphene nanoribbon for different electron hopping 

energy values: (a) 𝜸𝟏 = 𝟎. 𝟏𝟐, (b) 𝜸𝟐 = 𝟎. 𝟎. 𝟐𝟗 (c) 𝜸𝟑 = 𝟎. 𝟑𝟕𝟕. 
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Figures 6, 7, and 8 depict the width in relation to 

N values of 7, 9, and 15. By comparing these figures 

with the energy gap values from Table 1, we observe 

that the arrangement of energy gap values, when γ is 

set to 0.12, follows a descending order from highest to 

lowest for N values of 7 and 9, and then 15. However, 

when the value of 𝛾 is 0.29, we observe that the energy 

gap value at N = 15 is lower than the previous 

arrangement, as well as for 𝛾 =  0.377. Therefore, we 

are unable to identify a consistent pattern that 

determines the energy gap values when the nucleus 

band width and electron hopping energy values vary. 

The maximum energy gap value among the three 

cases always occurs at N = 4, with the optimal value 

being 𝛾 =  0.12. At this point, the energy gap (Eg) is 

equal to 1.38846, which is comparable to traditional 

semiconductors like silicon and germanium (Eg = 

1.08, 0.65eV) as individual elements [34], as well as 

compounds like indium phosphide (InP) (Eg = 

1.42eV) and gallium arsenide (Eg = 1.43eV). 

Regarding traditional semiconductors [35]. 

 

 

 

 
Fig. 7. Energy spectrum of N=9 bilayer armchair graphene nanoribbon for different electron hopping 

energy values: (a) 𝜸𝟏 = 𝟎. 𝟏𝟐, (b) 𝜸𝟐 = 𝟎. 𝟎. 𝟐𝟗 (c) 𝜸𝟑 = 𝟎. 𝟑𝟕𝟕. 
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Figure 9 illustrates the correlation between the 

width of the armchair graphene nanoribbon and the 

energy gap values for three different electron hopping 

energy values. There is a noticeable resemblance in 

the trend of energy gap values changing with width for 

the values 𝛾 =  0.12 and 0.29, in contrast to when 

𝛾 =  0.377. The explanation for this may be 

attributed to the proximity of the two numbers, since 

the discrepancy between them is around 0.17, but the 

discrepancy between 𝛾 =  0.377 and 𝛾 =  0.12 is 

nearly 0.25. Additionally, we see a distinct anomaly 

in the fluctuations of the energy gap values, 

particularly at lower width values. However, a pattern 

starts to emerge as the width value reaches N = 10 for 

all three forms a, b, and c. It can be inferred that when 

the width of the armchair graphene nanoribbon is 

within the range of N=1 to N=9 and the electron 

hopping energy between two layers of graphene is 

low, the regular pattern in the energy gap change with 

the width of the nanoribbon is lost. The regular pattern 

in the energy gap values only starts to emerge when 

the width increases, particularly when the width of the 

nanoribbon is N>10. 

 

 
Fig.8. Energy spectrum of N=15 bilayer armchair graphene nanoribbon for different electron hopping 

energy values: (a) 𝜸𝟏 = 𝟎. 𝟏𝟐, (b) 𝜸𝟐 = 𝟎. 𝟎. 𝟐𝟗 (c) 𝜸𝟑 = 𝟎. 𝟑𝟕𝟕. 
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All the data we obtained are in close proximity to 

the Fermi surface at the Dirac points in the first Berlon 

area. Upon revisiting Table 1, we observe an 

intriguing phenomenon: the energy gap values remain 

stable despite variations in the nanoribbon's width for 

N = 2, 5, 8, and 20. Specifically, this stability is 

evident for γ values of 0.12 and 0.29, while a delay in 

this stability occurs at N = 8 when 𝛾 =  0.377. It is 

important to observe that once N reaches certain 

values, the characteristics of graphene shift from those 

of a semiconductor with a suitable energy gap to those 

of a nearly conductive material. This transition has 

significant implications for the production of 

nanodevices. As the width of the nanoribbon 

increases, the energy gap decreases and the energy 

bands at the Dirac points start to flatten. It is worth 

noting that the flattening of the energy bands occurs 

more rapidly when 𝛾 =  0.377, indicating a higher 

electron hopping energy. Armchair graphene bands 

have a natural behaviour characterised by a mild edge 

effect, in contrast to zigzag bands, which have a large 

impact on the electrical characteristics. As the width 

increases, the nanoribbon approaches a state of being 

a completely flat graphene sheet. Graphene is a well-

known semiconductor that lacks an energy gap, 

meaning it acts similarly to a metal. Additionally, the 

impact of transverse wave vector quantisation 

diminishes as the width of graphene grows. In this 

work, we observed that at N=25, the values of 𝛾 were 

0.12 and 0.29, respectively. Additionally, at N=15, the 

value of 𝛾 was 0.377. This indicates that when the 

electron hopping energy and the width of the armchair 

graphene nanoribbon with AB stacking increase, the 

behaviour transitions from being a semiconductor to a 

conductor. Regarding the exceptional instance of the 

energy gap values described earlier, we were unable 

to provide a plausible physical explanation to account 

for this particular occurrence. 

 

3- Final Conclusions 

The present work investigated the electronic 

structure of a graphene nanoribbon by employing the 

AB technique. The study examined how the width of 

the nanoribbon and the energy of electron hopping 

between the bilayer affect its electronic structure. 

Based on the observed data, we have determined that 

there is a distinct correlation between the energy of 

electron hopping and the values of the energy gap. 

This connection is non-linear and inverse, meaning 

that as the energy of electron hopping decreases, the 

energy gap values increase. Regarding the width, we 

observed that decreasing the width resulted in bigger 

energy gap values. This is because the quantisation of 

the transverse wave vector has a substantial impact. 

As the width of the nanoribbon rose, the behaviour 

transitioned from being semiconductor-like to 

conductive. The most optimal outcomes for producing 

semiconductor materials using graphene, with an 

energy gap similar to traditional semiconductors, were 

seen when the values of N were 4, 3, 7, 9, and 15, and 

the hopping energy was nearly equivalent to 𝛾 =

 

 
Fig. 9. Energy gap as a function of width of graphene nanoribbon armchair for different values of N 
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 0.12 and 0.29. Hence, this theoretical investigation 

can serve as a valuable addition to our understanding 

of the electronic characteristics of graphene under 

specific circumstances. Furthermore, it can aid in 

keeping up with the remarkable advancements in the 

production of nanodevices using graphene. 
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Introduction 

The transitional nuclear regions, including the 

nuclei, consistently provide a challenge to both 

experimental and theoretical nuclear physicists. This 

is attributable to the asymmetry feature present in the 

decay schemes of the majority of nuclei in this area 

[1,2]. The Interacting Boson Model is expected to 

provide an appropriate characterisation of the nuclear 

structure of nuclei in this domain [3,4]. This study 

begins with the selection of nuclei that exhibit a 

certain relationship, such as an equivalent boson 

number beyond the closed shell at N=Z=28 or 50. 

Both selected isotopes possess a total of 10 bosons 

external to the closed shell. The isotopic series seen in 

fig-1, to which these two nuclei are associated, has 

been the subject of several theoretical investigations 

using various models[5,6,7,8] . These two nuclei 

possess a characteristic of being in proximity to the 

ground state, exhibiting the third excited state, and 

decaying via two types of transitions as seen in fig-2. 

The Zr isotope A=100 is significant as it represents the 

transition from the subshell closure at N=58 to the 

filling of the ℎ11
2⁄  subshell and exhibits substantial 

deformation [9]. The objectives of the current study 

are enumerated as follows: 

1. To do systematic calculations for nuclei 

inside this area  

2. Select the optimal parameters to ensure that 

the computed values closely align with the 

experimental data and extrapolate IBM-1 calculations 

to IBM-2.  

3. To delineate the principal electromagnetic 

characteristics of these isotopes.  
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Fig 1: Systematics of experimental energy levels of Zr and Kr isotopes [9], delineating the region of 

research with dotted lines in both panels. 
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1. The model 

 

In the IBM-2 Hamiltonian, the S and D pairs of 

valence nucleons possess angular momentum J=0 and 

J=2, respectively. These pairings intuitively 

correspond to the s and d bosons, respectively. The 

fundamental components of the IBM-2 are proton 

bosons and neutrons. The Hamiltonian expressed as  

𝐻 = 𝜀𝑑(𝑛̂𝑑𝑣 + 𝑛̂𝑑𝜋) + 𝑘(𝑄̂𝑣 . 𝑄̂𝜋) + 𝑉𝑣𝑣 + 𝑉𝜋𝜋 + 𝑀𝑣𝜋 (1) 

in which the dot represented the scalar product. The 

first component (𝜀𝑑 )stands for the energies of the 

single bosons of neutrons and protons, indicates the 

difference in energy between the 𝑠 and 𝑑 bosons, and 

is the quantity of d-bosons, where d-bosons 

correspond to bosons of proton or neutron, 

respectively [10,11]. The quadrupole-quadrupole 

interaction between neutron and proton bosons, with a 

strength of, is the second component that indicates the 

primary portion of the boson-boson interaction. The 

operator with four quadrants is 

𝑄𝜌 = [𝑑𝜌
+𝑠𝜌 + 𝑠𝜌

+𝑑𝜌
~]

2
+ 𝜒𝜌[𝑑𝜌

+𝑑𝜌
~]

2
   𝜌 = 𝑣 𝑜𝑟 𝜋 (2) 

Where 𝜒𝜌 is an experimentally established 

parameter that defines the quadrupole operator's 

structure. Eq (2) uses the symbol "angular momentum 

coupling" in the square bracket. In order to enhance 

the fit to experimental energy spectra, it is sometimes 

necessary to incorporate the variables 𝑉𝑣𝑣 and 𝑉𝜋𝜋  in 

eq (1), which represent the interaction of like-bosons 

[12]. They take the form 

𝑉𝜌 =
1

2
∑ 𝐶𝐿

𝜌
([𝑑𝜌

+𝑑𝜌
+]

𝐿
. [𝑑𝜌

~𝑑𝜌
~]

𝐿
)𝐿=0,2,4        (3) 

To simplify, one may reduce the number of free 

parameters 𝐶𝐿
𝜌
 by imposing the condition 

 𝐶𝐿
𝜋 = 𝐶𝐿

𝑣 = 𝐶𝐿 .  

The Majorana term, 𝑀𝑣𝜋, including three factors 

𝜁1, 𝜁2, and 𝜁3, may be expressed as  

𝑀𝑣𝜋 =
1

2
𝜁2([𝑠𝑣

+𝑑𝜋
+ − 𝑑𝑣

+𝑠𝜋]2. [𝑠𝑣𝑑𝜋
~ −

𝑑𝑣
~𝑠𝜋]2 −) − ∑ 𝜁𝑘([𝑑𝑣

+𝑑𝜋
+]𝑘. [𝑑𝑣

~𝑑𝜋
~]𝑘)𝑘=1,3           (4) 

The B(E2) values were computed with the 

operator  

𝑇(𝐸2) = 𝛼2𝜌(𝑑+ × 𝑠 + 𝑠+ × 𝑑~)𝜌
2 + 𝛽2𝜌(𝑑+ ×

𝑑~)𝜌
1                                                                       (5) 

It may be expressed in shorthand as a quadruple 

electric operator as follows: 

𝑇(𝐸2) = 𝑒𝜋𝑄𝜋 + 𝑒𝑣𝑄𝑉                                   (6) 

In this context, 𝑄𝜋,𝑣 is identical to that in eq (2), 

whereas 𝑒𝜋 and 𝑒𝑣 represent boson effective charges 

that are contingent upon the boson number 𝑁𝜌, and 

they may assume any value to align with the 

experimental outcomes [13]. The transition operator 

for the magnetic dipole 𝑀1 may be expressed as 

follows: 

𝑇(𝑀1) = √
3

4𝜋
(𝑔𝜋𝐿𝜋

(1)
+ 𝑔𝑣𝐿𝑣

(1))                    (7) 

Where 𝑔𝜋, 𝑔𝑣 are the gyromagnetic coefficients 

of the proton and neutron respectively in 𝜇𝑛 units and 

𝐿𝜌
(1)

= √10[𝑑+ × 𝑑~](1)[14]. Thus, the 𝑇(𝑀1) 

operator can be written as follows: 

𝑇(𝑀1) = √
3

4𝜋
[

1

2
(𝑔𝜋 + 𝑔𝑣)(𝐿𝜋

(1)
+ 𝐿𝑣

(1)) +

1

2
(𝑔𝜋 − 𝑔𝑣)(𝐿𝜋

(1)
− 𝐿𝑣

(1))]                                        (8) 

The first term of the aforementioned equation is 

diagonal; hence, the equation may be reformulated in 

terms of boson operators as follows: 

Fig 2: The experimental decay of 0+ states in the two nuclei [9]. 
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𝑇(𝑀1) = 0.77[(𝑑+ × 𝑑~)𝜋
1 − (𝑑+ ×

𝑑~)𝑣
1](𝑔𝜋 − 𝑔𝑣)                                                     (9) 

The electromagnetic transitions of the nucleus 

are often impure; for instance, a level may be 

broadened by an electromagnetic transition, an 

electric quadrupole, or a magnetic dipole. This 

phenomenon arises from mixed symmetry 

(MSSs)[15]. To determine which of the two 

transitions is predominant, it is essential to understand 

the concept of the mixing ratio, represented by the 

following formula: 

𝛿(𝐸2
𝑀1⁄ ) = 0.85𝐸𝛾 . ∆                             (10) 

𝐸𝛾 is the gamma energy of the transition 

measured in MeV, and ∆ is determined by the relation 

∆=
⟨𝐽𝑓|𝑇(𝐸2)|𝐽𝑖⟩

⟨𝐽𝑓|𝑇(𝑀1)|𝐽𝑖⟩
                                            (11) 

 

2. Results and discussion 

2.1 Parameters 

To identify the Zr and Kr on the IBM-2 

parameters map, it is necessary to analyse certain 

specific aspects of these nuclei. The number of 

nucleons outside the magic closed shell at 50 consists 

of 10 proton holes for zirconium (Zr) and 8 for 

krypton (Kr), whereas the neutron particles are 10 for 

Zr and 12 for Kr, respectively. The total boson number 

in each isotope is N=10. We possess two nuclei 

characterised by distinct quantities of valence 

neutrons and protons, with the experimental ratios 

𝑅1 =  𝐸41/𝐸21 for Kr being 2.44 and for Zr 2.66, 𝑅2 =
 𝐸61/𝐸21  for Kr 4.38 and for Zr 4.98, and 𝑅3 =
 𝐸02/𝐸21 for Kr 1.82 and for Zr 1.56. All these 

qualities indicate that these nuclei possess identical 

characteristics. Table-1 is a compilation of the IBM-2 

parameters.  

 

Table-1. The IBM-2 Parameters 

 

Nucleus 𝑵𝝅 𝑵𝝂 N 𝜺 𝜿 𝝌𝝅 𝝌𝝂 𝑪𝟎,𝟐,𝟒 𝜉1 = 𝜉3, 𝜉2 

𝐾36
76 𝑟 4 6 10 0.94 -0.08 -0.8 -1.2 -1.0, 0.2, 0.05 0.27,0.055 

𝑍40
100 𝑟 5 5 10 0.81 -0.21 -0.9 -0.92 0.75,0.05,0.05 -0.225, -0.02 

 

The factors 𝐶0,2,4significantly affect the energy 

of 02, which is about 21 in both nuclei. The parameters 

of Dejakhsh et al. [16] were used for the nucleus 𝐾𝑟36
76 , 

with minor adjustments made to enhance 

concordance. In the instance of 𝑍𝑟40
100 , the parameters 

varied in accordance with the energy of the 21, making 

it challenging to get optimal outcomes. However, it is 

seen that the little variation in energy values has a 

negligible impact on the transition matrix components 

of high-energy states. 

 

2.2 Excitation Energies 

The results of the energy level calculations are 

shown in Table-2. The chart clearly indicates that the 

fit for Kr is much superior than that for 𝑍𝑟40
100 . 

Nonetheless, the model is proficient in accurately 

calculating the energy level 02. The largest variance 

from experimental data is 0.345 𝑀𝑒𝑉 for the 8+ state 

of 𝐾𝑟36
76 , which is generally acceptable for high-

energy states. However, the overall results are rather 

satisfactory. 

Table-2. Experimental and theoretical values of energy levels for 𝑲𝒓𝟑𝟔
𝟕𝟔  and 𝒁𝒓𝟒𝟎

𝟏𝟎𝟎  

 

Nucleus Values 21 41 61 81 02 22 42 

76Kr 
Exp. 0.424 1.035 1.859 2.878 0.770 1.222 1.957 

IBM-2 0.433 1.022 1.761 2.637 0.774 1.242 1.944 

100Zr 
Exp. 0.213 0.566 1.069 1.689 0.331 0.879 1.414 

IBM-2 0.212 0.667 1.291 2.035 0.381 0.552 0.923 

 

To assess the extent of collectivity in the level 

schemes of both nuclei, one must compute the ratios 

that include the band head of the 𝛽1 and 𝛾1 isotopes 

[17,18].  

 

𝑅2,0,𝛽,𝑔 =
𝐸(2𝛽

+)−𝐸(0𝛽
+)

𝐸(21
+)

, 𝑅4,2,𝛽,𝑔 =
𝐸(4𝛽

+)−𝐸(2𝛽
+)

𝐸(41
+)−𝐸(21

+)
, 

𝑅4,2,𝛾,𝑔 =
𝐸(2𝛽

+)−𝐸(0𝛽
+)

𝐸(41
+)−𝐸(21

+)
 

the results are listed in Table- 3. 

 

Table-3. Comparison between the ratios 𝑹𝟏 , 𝑹𝟐 and 𝑹 𝟑 

 

Nucleus Values 𝑅1 𝑅2 𝑅 3  

76Kr 
Experimental 1.066 1.203 0.728 

Theoretical 1.080 1.192 0.794 

100Zr 
Experimental 2.573 1.515 1.552 

Theoretical 0.806 0.815 0.378 
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2.3 electromagnetic transitions probabilities 

and moments 

The matrix element of the E2 operator from Eq. 

(6) has been computed using the effective charges for 

both nuclei𝑒𝜋 = 0.075𝑒𝑏 𝑎𝑛𝑑𝑒𝜈 =

0.090𝑒𝑏 .Table(3) presents some significant lowered 

E2 transition probabilities. The effective charges were 

selected to ensure a strong correlation with the 

transition from the initial excited state over the 

examined area. The general concordance with existing 

experimental data is excellent.  

 

Table-4. Experimental and theoretical values of electric quadrupole reduced 

transition probability of 76Kr and 100Zr nuclei. 

 

Transition 
𝐾76 𝑟 

exp.            th. 

𝑍100 𝑟 

exp.         th 

𝐵(𝐸2; 21 − 01) 0.164(6) 0.163 0.21(2) 0.224 

𝐵(𝐸2; 41 − 21) 0.198(20) 0.276 0.28(3) 0.294 

𝐵(𝐸2; 61 − 41) 0.177(15) 0.316 0.38(6) 0.240 

𝐵(𝐸2; 22 − 01) 0.009 0.002 - 0.004 

𝐵(𝐸2; 22 − 21) 0.004 0.059 - 0.005 

𝐵(𝐸2; 02 − 21) - 0.175 0.184 0.004 

𝐵(𝐸2; 23 − 01) - 0.002 - 0.012 

𝐵(𝐸2; 23 − 21) - 0.030 - 0.000 

𝐵(𝐸2; 31 − 21) - 0.000 - 0.004 

𝐵(𝐸2; 11 − 01) - 0.000 - 0.000 

𝐵(𝐸2; 31 − 11) - 0.000 - 0.142 

𝐵(𝐸2; 42 − 41) 0.001 0.029 - 0.003 

𝐵(𝐸2; 42 − 22) 0.086(30) 0.181  0.013 

 

 

2.4 Electric quadrupole moment 

The 21
+ electric quadrupole moments were 

anticipated. Due to its unavailability, it may be 

computed utilising the relationship pertaining to the 

distorted nuclei as outlined in reference [19].  

𝐵(𝐸2; 0 − −2) =
5

16𝜋
𝑄0

2𝑄(21
+) = −

2

7
𝑄𝑜          (12) 

Where 𝑄0 represents the static quadrupole 

moment. The findings are shown in Table 5. The 

predicted values consistently exceeded one and had 

the same negative sign as the experimental values.  

 

Table-5. The values of electric qaudrupole moments of the isotones N=88 

 

Nucleus [𝑸𝒆𝒇𝒎𝟐]𝒆𝒙𝒑. [𝑸𝒆𝒇𝒎𝟐]𝒕𝒉𝒆𝒐𝒓.
 

𝐾76 𝑟36 0.82(3) -0.99 

𝑍100 𝑟40 0.93(9) -1.26 

 

2.5 The M1 transition and mixing ratio 

𝛿(𝐸2
𝑀1⁄ ) 

To anticipate the diminished M1 matrix 

components using eq (7), one must evaluate the values 

of 𝑔𝜋 and 𝑔𝑣. Sambataro and Dieperink shown that the 

overall experimental g factor of the 21level exhibits a 

straightforward linear correlation with 𝑔𝜋 and 𝑔𝑣, 

expressed as follows [20]; 

𝑔 = 𝑔𝜋
𝑁𝜋

𝑁𝜋+𝑁𝜈
+ 𝑔𝜈

𝑁𝜈

𝑁𝜋+𝑁𝜈
                            (13) 

The magnetic moment of the Zr nucleus is 𝜇 =
0.56(7)𝑛𝑚, and from 𝜇 = 2𝑔, the relation 𝑔𝜋 + 𝑔𝜈 =
0.56is derived [21]. The estimated values of 𝑔𝜋 =
0.19𝑎𝑛𝑑𝑔𝜈 = 0.37are used to compute the M1 matrix 

elements using eq (10). The M1 matrix and E2 matrix 

components were amalgamated in the computation of 

the mixing ratio 𝛿(𝐸2/𝑀1) via the relation; 

𝛿(𝐸2/𝑀1) = 0.835𝐸𝛾(𝑀𝑒𝑉) ×
𝑇(𝐸2)

𝑇(𝑀1)
        (14) 

 

Table-6. A comparison between available experimental of 𝜹(𝑬𝟐/𝑴𝟏) and IBM-2   prediction 

 

Nucleus Values 𝛿(𝐸2/𝑀1; 22 − 21) 𝛿(𝐸2/𝑀1; 23 − 21) 𝛿(𝐸2/𝑀1; 42 − 41) 

Kr Experimental +0.2(1) - -0.84(5) 

Theoretical -4.033 +37.52 -2.96 
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Zr Experimental +1.0(3) - - 

Theoretical +0.17 -3.44 -34.56 

 

Table 6 illustrates the discrepancy between the 

experimental data and the computed values, 

particularly in the case of 𝛿(𝐸2/𝑀1; 22 − 21). 

Nonetheless, the minor experimental value, 0.2(1), 

suggests a diminutive magnitude of E2 matrix 

elements, while the literature [13] reports the E2 

decreased transition probability as 2.0 w.u and M1 as 

0.024 w.u, resulting in a mixing ratio much beyond 1, 

consistent with model predictions.The same rationale 

applies to the transition 42 → 41, which exhibits 

B(E2)=11(4) w.u. and B(M1)=0.009(35) w.u., 

whereas the experimental mixing ratio is -0.84(5), as 

shown in the table.  

 

2.6 The X (E0/ E2) Ratio 

The E0 transition transpires between two states 

of identical spin and parity, facilitating the passage of 

energy without any angular momentum and without 

competing gamma radiation. When a surface 

alteration occurs in the nucleus, the E0 transition is 

present. In nuclear models that assume a fixed surface, 

E0 transitions are strongly prohibited, as shown in the 

shell and IBM-1 models. Electric monopole 

transitions may occur in 0+ → 0+ transitions, as well 

as in competition with gamma multipole transitions. 

Depending on the selection criteria for transitions, 

they may also compete in any 𝛥𝐼 = 0 decay, such as 

2+ → 2+ or any 𝐼𝑖 = 𝐼𝑓 states within the framework. 

Monopole pair generation is feasible with transition 

energy above 2𝑚𝑜𝑐2. The E0 reduced transition 

probability is denoted as [22,23]. 

𝐵(𝐸0; 𝐼𝑖 − 𝐼𝑓) = 𝑒2𝑅4𝜌2(𝐸0)𝐼𝑖 = 𝐼𝑓          (15) 

where e denotes the electronic effective charge, R 

represents the nuclear radius, and 𝜌(𝐸0) signifies the 

transition matrix element. Nonetheless, there are only 

a few instances when 𝜌(𝐸0) may be directly 

measured. In most instances, we must ascertain the 

intensity ratio of E0 to the competing E2 transition, 

referred to as the 𝑋(
𝐸0

𝐸2
) value [24]. It may be 

expressed as 

𝑋(𝐸0
𝐸2⁄ ) =

𝐵(𝐸0;𝐼𝑖−𝐼𝑓)

𝐵(𝐸2;𝐼𝑖−𝐼𝑓′)
                               (16) 

Where 𝐼𝑓 = 𝐼𝑓′ for 𝐼𝑖 ≠ 0, 𝑎𝑛𝑑𝐼𝑓 = 0, 𝐼𝑓′ =

2𝑓𝑜𝑟𝐼𝑖 = 0. The 𝑇(𝐸0) operator my be found by 

setting 𝑙 = 0on the IBM-2 operator [25,26]. 

𝜌𝑖𝑓(𝐸0) =
𝑍

𝑅0
2 ∑ 𝛽̃0𝜌⟨𝑓|𝑑+

𝜌𝑥𝑑𝜌|𝑖⟩                   (17) 

where R0=1.2A1/3 fm and 𝜌(𝐸0) is a dimensionless 

quantity. The two parameters 𝛽̃0𝜋 , 𝛽̃0𝜈 in equation (12) 

may be estimated by fitting in isotope shift, which is 

the difference in the square radius 𝛿⟨𝑟2⟩ between 

neighboring isotopes in their ground state [27,28]. i.e.   

𝛿⟨𝑟2⟩ = ⟨21
+|𝑇0|21

+⟩ − ⟨01
+|𝑇0|01

+⟩.         (18) 

The results of calculation are presented in Table-

7. 

 

Table-7. A comparison between available experimental data and model prediction of 𝑿(𝑬𝟎/𝑬𝟐) ratio. 

 

Nucleus Values 𝑋(𝐸0/𝐸2; 22 − 21) 𝑋(𝐸0/𝐸2; 02 − 01) 𝑋(𝐸0/𝐸2; 03 − 01) 

Kr Experimental - - - 

Theoretical 0.035 0.211 3.56 

Zr Experimental - 0.060(11) - 

Theoretical 0.044 0.113 5.68 

 

Conclusion 

The nuclear structure of two nuclei has been 

studied. Each of these nuclei contains the same 

number of bosons, which come from different closed 

shells. This research improves the theoretical 

knowledge of both isotopes in terms of energy levels, 

reduced transition probabilities, and their mixing. The 

results of IBM-2 show a strong connection with the 

experimental data that is currently available. It has 

been decided that further experimental data are 

required in order to conduct a comprehensive 

investigation of the level structure of these nuclei.  

 

 

 

 

References: 

 

 

1. Cejnar, Pavel, Jan Jolie, & Richard F. Casten. 

(2010). "Quantum phase transitions in the shapes 

of atomic nuclei." Reviews of Modern Physics 

82.3 (2010): 2155-2212. 

2. Fortunato, L. (2021). "Quantum phase 

transitions in algebraic and collective models of 

nuclear structure." Progress in Particle and 

Nuclear Physics 121 (2021): 103891. 



Impact Factor: 

ISRA (India)        = 6.317 

ISI (Dubai, UAE) = 1.582 

GIF (Australia)    = 0.564 

JIF                        = 1.500 

SIS (USA)         = 0.912  

РИНЦ (Russia) = 0.191  

ESJI (KZ)          = 8.100 

SJIF (Morocco) = 7.184 

ICV (Poland)  = 6.630 

PIF (India)  = 1.940 

IBI (India)  = 4.260 

OAJI (USA)        = 0.350 

 

 

Philadelphia, USA  97 

 

 

3. Cejnar, Pavel, & Jan Jolie. (2009). "Quantum 

phase transitions in the interacting boson 

model." Progress in Particle and Nuclear 

Physics 62.1 (2009): 210-256. 

4. Frank, Alejandro, et al. (2019). "Symmetry in 

Nuclear Physics: The Interacting Boson Model." 

Symmetries in Atomic Nuclei: From Isospin to 

Supersymmetry (2019): 71-102. 

5. Kuprikov, V. I., & Tarasov V. N. (2019). 

"Change in the Shape of Nuclei in the Chains of 

Krypton, Strontium, Zirconium, Molybdenum, 

and Ruthenium Isotopes in the Relativistic-

Mean-Field Approximation." Physics of Atomic 

Nuclei 82.3 (2019): 191-200. 

6. García-Ramos, José Enrique, & Kristiaan 

Heyde. (2019). "Quest of shape coexistence in Zr 

isotopes." Physical Review C 100.4 (2019): 

044315. 

7. Zhang, X. Y., et al. (2023). "Nuclear charge radii 

and shape evolution of Kr and Sr isotopes with 

the deformed relativistic Hartree-Bogoliubov 

theory in continuum." Physical Review C 108.2 

(2023): 024310. 

8. Angeli, István, et al. (2009). "N and Z 

dependence of nuclear charge radii." Journal of 

Physics G: Nuclear and Particle Physics 36.8 

(2009): 085102. 

9. (ENSDF (2010), Nuclear Data Sheet,  Retrieved 

from www.nndc.bnl.gov/ensdf  

10. Iachello, F. (1981). "An Introduction to the 

Interacting boson model." Nuclear structure 

(1981): 53-89. 

11. Arima, A., & Iachello F. (1978). "Interacting 

boson model of collective nuclear states II. The 

rotational limit." Annals of Physics 111.1 (1978): 

201-238. 

12. Arima, Akito. (1981). "Interacting boson 

model." Topics in Nuclear Physics II A 

Comprehensive Review of Recent 

Developments: Lecture Notes for the 

International Winter School in Nuclear Physics 

Held at Beijing (Peking), The People's Republic 

of China December 22, 1980-January 9, 1981. 

Springer Berlin Heidelberg, 1981. 

13. (2020). Al-Sadi, Mohammed Abdul Kadhim 

Hadi, Ali Hussein F. Alnasraui, and Dhay Alaa 

Altbtbiey. "Mixed Symmetry States for even-

even 218-224 Ra Isotopes by using (IBM-2)." 

Journal of Physics: Conference Series. Vol. 

1664. No. 1. IOP Publishing, 2020. 

14. Grodner, E., et al. (2022). "Examination of 

nuclear chirality with a magnetic moment 

measurement of the I= 9 isomeric state in Cs 

128." Physical Review C 106.1 (2022): 014318. 

15. Jalili-Majarshin, A., M. A. Jafarizadeh, & 

Fouladi, N. (2016). "Algebraic solutions for two-

level pairing model in IBM-2 and IVBM." The 

European Physical Journal Plus 131.9 (2016): 

337. 

16. Dejbakhsh, H., A. Kolomiets, & Shlomo, S. 

(1995). "Structure of the even-even Kr isotopes 

within the interacting boson model." Physical 

Review C 51.2 (1995): 573. 

17. Arima, A., & Iachello, F. (1984). "The 

interacting boson model." Advances in Nuclear 

Physics: Volume 13. Boston, MA: Springer US, 

1984. 139-200. 

18. Casten, R.F., & Warner, D.D. (1988). "The 

interacting boson approximation." Reviews of 

Modern Physics 60.2 (1988): 389. 

19. Vallejos, O., & Barea, J. (2021). "Octupole and 

quadrupole modes in radon isotopes using the 

proton-neutron interacting boson model." 

Physical Review C 104.1 (2021): 014308. 

20. Sambataro, M., et al. (1984). "On magnetic 

dipole properties in the neutron-proton IBA 

model." Nuclear Physics A 423.2 (1984): 333-

349. 

21. Sambataro, M., & Dieperink, A. E. L. (1981). 

"G-factors in the neutron-proton interacting 

boson approximation." Physics Letters B 107.4 

(1981): 249-252. 

22. Dowie, J. T. H., et al. (2020). "Table of 

electronic factors for E0 electron and electron-

positron pair conversion transitions." Atomic 

Data and Nuclear Data Tables 131 (2020): 

101283. 

23. Mu, Cheng-Fu, & Da-Li Zhang. (2020). "A 

unified description of shape coexistence and 

mixed-symmetry states in 98Mo using IBM-2." 

Communications in Theoretical Physics 72.5 

(2020): 055302. 

24. Al-Garbawi, Ali Mahdi, & Husam Abdul-Ameer 

Al-Shemmari. (2016). "The calculation of 

energy levels and electromagnetic transition E0, 

M1, E2 FOR CE and W isotopes by IBM-2.". 

25. Inci, I., et al. (2009). "Coherent state approach to 

the interacting boson model: Test of its validity 

in the transitional region." Physical Review C—

Nuclear Physics 80.3 (2009): 034321. 

26. Church, E. L., & Weneser, J. (1956). "Electric-

monopole transitions in atomic nuclei." Physical 

Review 103.4 (1956): 1035. 

27. Mohaisen, Afrah J., Saad N. Abood, & Laith A. 

Najam. (2021). "Electric Monopole Transitions 

in Nd Nuclei within IBM-2." Egyptian Journal 

of Physics 49.1 (2021): 89-100. 

28. Rasmussen, John O. (1960). "Theory of E0 

transitions of spheroidal nuclei." Nuclear 

Physics 19 (1960): 85-93. 

 

 

 

http://www.nndc.bnl.gov/ensdf


Impact Factor: 

ISRA (India)        = 6.317 

ISI (Dubai, UAE) = 1.582 

GIF (Australia)    = 0.564 

JIF                        = 1.500 

SIS (USA)         = 0.912  

РИНЦ (Russia) = 0.191  

ESJI (KZ)          = 8.100 

SJIF (Morocco) = 7.184 

ICV (Poland)  = 6.630 

PIF (India)  = 1.940 

IBI (India)  = 4.260 

OAJI (USA)        = 0.350 

 

 

Philadelphia, USA  98 

 

 

Issue                     Article 

SOI:  1.1/TAS     DOI: 10.15863/TAS 

International Scientific Journal 

Theoretical & Applied Science 
 

p-ISSN: 2308-4944 (print)       e-ISSN: 2409-0085 (online) 

 

Year: 2025          Issue: 02      Volume: 142 

 

Published:  26.02.2025        http://T-Science.org  
  

Munisa Sabirovna Mukhamedova 

State Museum of the History of Uzbekistan  

Senior Researcher,  

Doctor of Philosophy in History (PhD), Associate Professor 

Tashkent, Uzbekistan 

munisa.muxamedova@mailru  

 

 

THE DEVELOPMENT OF THE EXPERIENCE OF MUSEIFICATION OF 

HISTORICAL SITES IN UZBEKISTAN AND ITS ROLE IN MUSEUM 

TOURISM (50-70s OF THE XX CENTURY) 

 

Abstract: The article examines the experience of museification of historical sites in Uzbekistan and the creation 

of museum exhibitions in the 50s and 70s of the 20th century using the example of museum reserve projects in 

Uzbekistan. The historical cities of Ferghana, Bukhara, Samarkand and Khiva are represented as tourist attractions 

in the city and its surroundings. Today, preserved, restored and preserved monuments are based on the fact that they 

serve as the main material source in cultural tourism practice. Artistic, creative and rational representation of 

national cultural heritage sites is of great importance for the scale and development of the tourism industry. 

Key words: tourist complexes, monuments, objects of historical and cultural heritage, nature protection zones, 

ethnographic quarters, museum tourism, cultural tourism, authenticity. 

Language: English 

Citation: Mukhamedova, M.S. (2025). The development of the experience of museification of historical sites in 

Uzbekistan and its role in museum tourism (50-70s of the XX century). ISJ Theoretical & Applied Science, 02 (142), 

98-102. 

Soi: https://s-o-i.org/1.1/TAS-02-142-17      Doi:    https://dx.doi.org/10.15863/TAS.2025.02.142.17  

Scopus ASCC: 3300. 

 

Introduction 

In 1943, Uzkomstaris was abolished. The center 

has established the Main Department of monument 

protection under the Committee on architectural 

works[9,p.34-36]. In Uzbekistan, the Department of 

Architectural Affairs under the Council of people's 

commissars of the Uzbek SSR was established, and 

the Department of protection of architectural 

monuments was established under the administration. 

History shows that the transfer of monuments 

protection bodies to the architectural office, which 

carried out the construction of cities and villages, 

ultimately led to the loss of many monuments that 

could be used as a cultural tourism resource. 

In 1957, at the request of advanced scientific 

intellectuals of Uzbekistan, the Council of Ministers 

of the Uzbek SSR decided to establish a committee for 

the protection of monuments of material culture. The 

committee for the protection of monuments of 

material culture under the Council of Ministers of the 

Uzbek SSR managed to carry out a lot of work in a 

short period of its activity (1957-1961). The 

production base of restoration workshops was 

practically reorganized. In exchange for funds 

allocated for capital construction, workshops for 

wood processing, ceramic coating and ancient 

brickmaking were built in historic cities. The 

established production base and increased funding 

allowed the committee to carry out large conservation 

and restoration work on the technologically complex 

and size of Bukhara's most important architectural 

monuments.  

 

Materials and Methods 

On the side of the staff of the All-Union 

Scientific Research Institute of Museum Science, it is 

the created scientific literature that covers the 

problems of the museum and tourism. These works 

explore historical and contemporary aspects of the 

museum's work in the second half of the 20th century, 

http://s-o-i.org/1.1/tas
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including the impact of Tourism. The scope of 

scientific research also analyzed the performance of 

cultural and educational tasks on the basis of a 

description of the links between museums and tourism 

activities.  In the studies, the potential of tourist 

opportunities and museums in the territory of 

Uzbekistan was also analyzed.    

In L. Bogdanov and A. Baburov's research, the 

economic sides of the museum reserves in the 

infrastructure of cultural tourism were studied on the 

example of foreign practice, and the museification of 

the regions and the activities of tourist routes by 

excursion bureaus were also cited[1,p.28]. 

A.Ikonnikov's research critically examined the 

problem situations in the formation of the historical 

urban environment on the basis of excellent projects 

and the creation of conservation areas, giving a 

negative assessment of the processes of the fact that in 

Central Asia there are not yet established museum 

reserves [4,5,6,7]. The issues of studying and 

preserving historical monuments in the cities of 

Uzbekistan, museumization, conservation, restoration 

of monuments and their use in tourism infrastructure 

are also reflected in a number of articles 

[2,3,10,12,13,14]. But in these studies, the issue of 

tourism was mainly considered from the point of view 

of the ideological-political approach, local and 

territorial characteristics were evaluated in a general 

case. 

In 1957, at the request of advanced scientific 

intellectuals of Uzbekistan, the Council of Ministers 

of the Uzbek SSR decided to establish a committee for 

the protection of monuments of material culture. The 

committee for the protection of monuments of 

material culture under the Council of Ministers of the 

Uzbek SSR managed to carry out a lot of work in a 

short period of its activity (1957-1961). The 

production base of restoration workshops was 

practically reorganized. In exchange for funds 

allocated for capital construction, workshops for 

wood processing, ceramic coating and ancient 

brickmaking were built in historic cities. The 

established production base and increased funding 

allowed the committee to carry out large conservation 

and restoration work on the technologically complex 

and size of Bukhara's most important architectural 

monuments. Despite the fact that the Monographs 

“Architecture of the times of Ulughbek”, 

“Architecture of the times of Alisher Navai”, 

“Masterpieces of architecture of Uzbekistan” were 

even put into use as excursion texts prepared for 

publication by the scientific staff of the committee, 

their publication was not published due to the lack of 

funding from the Ministry of culture of Uzbekistan 

(dotation 300 rub). 

According to the information obtained from the 

dialogue with the employees of the Ministry of 

Culture of Uzbekistan, the Department of 

Architecture, museum staff and employees of 

scientific organizations, an analysis of situations 

related to the organization of monument protection 

was carried out. Proposals have been made to increase 

the scope of autonomy of architectural objects from 

111 to 200. Also, 118 monuments were temporarily 

registered, the tasks of obtaining measurements, 

photofixation and exemption from residential 

construction areas were set[15,12]. Work was carried 

out at the Republican workshop for the repair of 

architectural monuments in Tashkent (in Samarkand 

and Bukhara cities) and by 5 foreman brigades (Khiva, 

Kokand, Turkestan and Tashkent) and one inspection 

brigade. These brigades also began to organize repairs 

in Kazakhstan, Tajikistan and Kyrgyzstan. 

Since the mid-1960s, important work began to be 

carried out in cities with monuments of historical-

cultural heritage with the aim of preserving intact 

parts of ancient buildings, using them as an object of 

Tourism. The practice of developing blueprints to 

harmonize historical monuments with notable 

residential areas, architectural ensembles has been 

established. In Particular, K.S.Kryukov, I.I.Notkin, 

A.Zainutdinov Khiva, I.I.Notkin and I.A.Gardaeva 

Samarkand, V.N.Manakova and H.Mamashev created 

projects on the cities of Tashkent[11,p.3]. Based on 

the study of the activities of the Cultural Monuments 

Protection bodies, on May 11, 1961, by a joint 

decision of the Central Committee of the Communist 

Party of Uzbekistan and the Council of Ministers of 

the Uzbek SSR, the Committee for the protection of 

monuments of material culture was abolished. Under 

the Ministry of Culture of the Uzbek SSR, the main 

department for the Protection of Monuments of 

Material culture and Museums is established. The 

project bureau was merged with the project group of 

the Ministry of Culture of the Uzbek SSR, and the 

organization began to be called “Special Scientific-

restoration design-estimate Bureau” (MIRLSB). In 

1963, MIRLSB was renamed the “Bureau of Project 

and Design Technologies” (LKTB), which included 

the restoration projects development department. 

The third session of the Supreme Council of the 

Uzbek SSR, held on May 15, 1968, was a historical 

event in the preservation of cultural heritage. It 

adopted the law of the Uzbek SSR “On the protection 

of cultural monuments” [15,p.12]. As a result of the 

implementation of this law, the main attention was 

paid to the cities of Khiva, Samarkand, Bukhara, 

where a large number of monuments of residential and 

monumental architecture were preserved in the 

assessment of the state of historical regions in the 

geocultural space in historical cities. These cities, with 

the individuality of their development, had an urban 

environment, which was connected by functional and 

planning highly organized urban structures consisting 

of specific hierarchical elements: a fortress, a city hall, 

a planned network structure, architectural ensembles 

and integrated into the center's own system. 

Accordingly, in the geocultural space, the main frame 
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of Communications is allocated, consisting of the 

structure of the center and the residential environment. 

Comparison of Samarkand, Bukhara, Khiva by the 

location of architectural monuments reflected the 

uniqueness of each city during their late formation:  

1. In Samarkand, these are four large ensembles 

(Bibi-Khanym, Registan, Guri-Amir, Shahi-Zinda), a 

network of district centers hypertrophically opposite 

to the residential environment and with a small flat 

distribution. 

2. In Bukhara, it is a structure with many colorful 

indoor, semi-open and open spaces spread over a long, 

residential “fabric”, separate peripheral monumental 

structures, in which important (significant) structure 

with separate peripheral monumental structures 

whose locations have become entangled. 

3. In Khiva, this is a dense pulsating 

conglomerate of the center system ensemble – 

Shakhristan (Ichan-Kala) and a well – developed 

system of district centers-an outer city (Dishan-Kala). 

According to the layout of the architectural 

monuments in the city structure, there were sharp 

directions of linear links that maintain their influence, 

regardless of the planning structure. In Khiva, this was 

a communicative link between the west-east road and 

the canal loop that duplicated it; in Bukhara, the north-

west-east direction; in Samarkand, the west-north-east 

position. 

With all the corrections of the historical carcass 

in the geocultural space of the city carcass, in 

connection with the Centers of new attraction, it 

became desirable to preserve these directions – 

vectors that provide them with repeating links. 

Bukhara architectural ensembles have often been 

formed for centuries, but they were inextricably linked 

with the unity of planning and volume-spatial 

composition. The historical part, which is a unique 

open-air museum covering the centuries-old history of 

the city in a single ensemble, has also been determined 

to meet the criteria of merit and significance for 

inclusion in the World Heritage List. The preserved 

historical part, which has city-forming elements as 

well as centuries-old architectural buildings, has also 

been found to meet the requirements of authenticity in 

terms of the use of materials, performance and the idea 

of artistic decoration. 

The mausoleum of Shahi-Zinda is not only a 

masterpiece of architectural art, but also the peak of 

the skill of Central Asian potters of the XIV-XV 

centuries. An example of an ensemble was a creative 

laboratory, where there was always a search for new 

constructions, architectural composition, decorations. 

The Shahi-Zinda ensemble is a unique piece of 

architecture that has also greatly influenced the 

development of monumental and decorative art. The 

monument is an excellent example of a building 

typical of the XIV-XV centuries, and the 

circumstances of its inclusion in the World Heritage 

list according to the criteria (I), (II), (IV) have also 

been explained. 

The Samarkand region was one of the most 

striking examples of urban planning art throughout the 

East. The main facades (styles) of its three madrasas 

surround the square, but the Square itself is also 

actively added to the composition, defining the 

orientation of the main axes and the spatial connection 

of the buildings. The mutual balance of all three 

buildings, the grandeur of architectural forms, the 

richness and variety of decor subject to an 

architectural basis are combined together to form a 

solemn decor. Here everything is so responsive to the 

set goal of the main square of a large city that the 

Registan can rightfully be called – the “Samarkand 

forum”. Based on this, projects related to the inclusion 

of The Regis in the World Heritage List under the 

criteria (I), (II), (IV) were also presented. 

On October 29, 1976, the law of the USSR “On 

the protection and use of historical and cultural 

monuments” was adopted. In accordance with the 

legislation of the Union, on December 21, 1977, at the 

fifth session of the ninth convocation of the Supreme 

Council of the Uzbek SSR, a new revision of the law 

of the Uzbek SSR “On the protection and use of 

historical and cultural monuments” was adopted. 

Their adoption contributed to the strengthening of 

legitimacy [8,p.82-92.]. One of the regions that is 

expected to have a positive effect as a result of the 

design of Tourism Complexes, the existing museum 

in Uzbekistan serves to understand its fundamental 

essence through an in-depth analysis of the topic on 

the example of nature reserves. On the basis of each 

developed project, a system for providing tourists with 

the necessary facilities in the city was analyzed, the 

excursion program or the scale of services that can be 

offered in the free time of tourists were taken into 

account. Based on the time limit, the flow of tourists 

and how long they will be, it is possible to make the 

most of the valuable times in their capacity, and 

measures have been taken to introduce the city's 

noteworthy steps and areas of attention as perfectly as 

possible: to do this, the scheme of the main facilities 

planned to serve will be clear, the state of affairs in the 

city will be taken into account, traffic and pedestrian 

traffic began to be taken into account in the plan in 

which the facilities will be visited.  

Measures taken by the leadership of the Republic 

helped to activate the activities of the regional and 

municipal executive committees, the Main Directorate 

of Monument Protection. At the same time, the small 

number of composition of the General Administration 

and the absence of its structural units in the provinces 

became an obstacle to the organization, use and 

restoration of the protection of cultural monuments of 

the Republic. On August 30, 1968, by the decision of 

the Council of Ministers of the Uzbek SSR, the former 

Central Committee was reorganized into the General 

Directorate for the protection of monuments and Fine 
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Arts of the Ministry of Culture (Yo and TSMBB) on 

an independent balance sheet. He was entrusted not 

only with the protection of monuments of material 

culture, but also with the development of fine and 

monumental art in the Republic. The same resolution 

approved the following provisions: on the conduct of 

archaeological excavations; on the procedure for the 

design and construction of monuments and 

monuments in the Republic. The General Directorate 

for the protection of monuments and Fine Arts of the 

Ministry of Culture helped to activate activities for the 

protection and restoration of architectural monuments 

in the Republic. During this period, they moved from 

the restoration of individual items to the complex 

restoration of the historical centers of Bukhara, 

Samarkand, Khiva, Shakhrisabz, Kokand. Large-scale 

restoration work was carried out in the tenth five 

years. 

In the program for the development of tourism, 

the first goal of the Fergana Valley was envisaged 

when establishing a route system of travel mainly 

through historical cities[16.p.6.]. By the fact that the 

historical monuments of the Fergana Valley area are 

not as numerous as Samarkand, Bukhara, Khiva, it 

may not have attracted the attention of travelers. 

However, shops selling souvenirs in Fergana, 

Marghilan and Kokand had significant opportunities 

with the activity of the folk masters of the region 

(artistic embroidery, hook and wood carving, pottery, 

misery, silk fabrics). 

For the use of tourists visiting the Fergana 

Valley, new hotels in Fergana and Andijan, and a 

tourist base in Yangiabad were established. Taking 

into account the interest of tourists, the famous 

Kokand monuments to the modern city of Ferghana 

and abroad, including the Khudoyor-khan horde of 

Kokand Khan, were repaired on the basis of the first 

class of motorways near Ferghana, restoration works 

of Kokand monuments were organized, a proposal 

was made to expand the landscaping of Khamza Park 

around the monument[17,pp.2-9.]. And from 1959, 

the protected areas of the state-protected Khudoyor-

khan horde, Jami Mosque, Norbotabiy madrasa and 

Khojamnikabri madrasas were designated and 

included in tourist-excursion routes. Prior to these 

processes in the first place in 1955, the engineer 

architect T.Gugul  carried out  the work to strengthen 

the outer walls of the Khudoyor-khan horde as well as 

to prevent the external deflection of the facade 

parapet[18,pp.2-5.]. 

 

Conclusion 

Objects of cultural heritage are a set of material 

and spiritual resources left from ancestors to 

descendants, valuable as a source of storytelling from 

a certain stage of the development of society. 

Tourism, on the other hand, is an important area of 

acquaintance with the history of countries and 

peoples, and acquaintance with various cultures and 

traditions enriches human spirituality. Taking into 

account the acceptance opportunities of tourist centers 

and the development of activities for the protection of 

historical monuments, expanding it, is an integral part 

of the tourism development process. After all, today 

monuments that have been preserved, repaired and 

newly restored in their time serve as the main material 

resource in tourist practice. The artistic, creative and 

rational representation of national cultural heritage 

objects is of great importance in the scope and 

development of the tourism industry. As a result of the 

work carried out in 1960-1980 on the organization of 

tourist routes on the territory of Uzbekistan, local and 

foreign tourism in the Republic began to expand. On 

the basis of a generalization of historical monuments, 

architectural complexes and ensembles, districts, 

squares, guzars, khanakah, mosques, madrasas, 

streets, residential areas, nature and archaeological 

monuments, five-to six-day tourist routes were 

formed in Uzbekistan, and tourism became an 

economic income-generating network. It is worth 

noting that although interesting routes are the main 

source of income from tourist service, the demand and 

offers of travelers when drawing up a tourist route 

plan were not always taken into account. The Ministry 

of Culture had not adequately supplied the memorial 

restoration workshop with machinery and tools. The 

Ministry of Construction of the Republic looked 

indifferent to the need of the construction department 

in Khiva. There were delays in laying asphalt on 

streets and avenues. Khiva was recognized as the 

tourism city of Uzbekistan, with 35-40 thousand 

people every month, including hundreds of foreign 

visitors, familiarizing themselves with historical 

objects. Many tourists would not only write down 

their impressions, but also make suggestions. In this 

regard, a gift shop was not established in the historic 

city, and there was no provision for tourists to 

purchase souvenirs. The sale of Khiva carpet, art 

workshop products, badges and art postcards has not 

been established. Urban transport was unclaimed, and 

the old streets were narrow and dusty. It was necessary 

to establish taxis in the city along tourist routes. Some 

cultural monuments were widely used for economic 

purposes, which limited the possibilities of the tourist 

city.  
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Introduction 

Wedge-shaped working bodies are used in many 

industries. Determining the unknown friction forces 

and constraint reaction forces of the wedge is a 

relevant problem. 

A generalized model of a wedge-shaped spring-

friction set of a freight car bogie was developed in [1]. 

Critically discussing the lack of classical mechanics 

methods in numerous publications, the equation of 

equilibrium of friction wedges was derived according 

to the principle of release from restraints and an 

analytical expression of the reaction of a friction 

wedge was obtained [2]. A mathematical model of a 

wedge clutch was developed considering sliding 

friction [3]. 

A theory of a dihedral wedge widely used in 

agricultural research was created in [4]. Calculations 

were conducted based on this theory and the results 
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obtained were compared, certifying the reliability of 

the formulas derived by this theory [5]. 

In this article, generalized formulas for the 

friction force and the restraint reaction force of an 

axisymmetric wedge are obtained. 

 

Material 

Consider the statics of penetration of a horizontal 

axisymmetric wedge into a homogeneous medium 

under constant force P . We determine the friction 

and reaction forces of the wedge using methods of 

theoretical mechanics [6, 7]. 

On the wedge surfaces in contact with the 

medium, friction forces 1 frF
 
and 2 ,frF  directed 

along the working planes of the wedge, are formed. 

The reaction forces of the medium 1N
 
and N

2 are 

directed perpendicular to these planes (Fig. 1). 

  

  

 

Fig. 1. Wedge shape and forces applied to it 

  

 

Let us derive an equilibrium equation for the 

wedge, equating to zero the sum of all projections of 

the forces applied to the wedge on the x-axis: 

1 1 2 2sin cos sin cos 0.fr frP N F N F− − − −  =  (1) 

From (1), with equalities 1 2N N N= = , 

1 2fr fr frF F F= =  for an axisymmetric wedge and 

considering the Coulomb formula frF fN=  [6], we 

obtain 2 (sin 2 cos ).frfP F f= −    

From here, we determine the friction force and, 

with frF fN= , the constraint reaction force of the 

wedge: 

,
2(sin cos )

fr

fP
F

f
=

 + 
                      

(2) 

.
2(sin cos )

P
N

f
=

 + 
                             

(3) 

Here,  f  - is the friction coefficient. 

Thus, expressions for the friction force and the 

restraint reaction force of the horizontal axisymmetric 

wedge are obtained. Using these formulas, we can 

determine the values of the friction and reaction forces 

at an arbitrary angle of inclination. 

 

Results. 

Using the solutions obtained, calculations were 

conducted for values 0,2f =  (coefficient of friction 

between steel and crushed stone) and 0,4f =  

(coefficient of friction between steel and soil) for 

different values of applied force P . 

Figure 2 shows the results of calculating the 

constraint reaction force depending on the angle of 

inclination of the wedge at an applied force 100P =  

N. The graphs in Fig. 2a were plotted for 0,2f = ; 
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and the graphs in Fig. 2b correspond to 0,4f = . The 

graph with a solid line was obtained for the value of 

the reaction force by formula / sinN P=   [6, 7, 8, 

9] and from a wedge inclination angle of 
010 = , its 

value tends to infinity. Another line was obtained by 

the formula derived by the authors of this article (3), 

according to which the reaction force has a numerical 

value at any value of the angle. A two times increase 

in the friction coefficient led to an increase in the 

value of the reaction force in the corresponding ratio. 

 

 
a)                                                                 b) 

Fig. 2. Change in the reaction force depending on the angle of inclination of the wedge. 

 

Figure 3 shows the results of friction force 

calculations for the value of the friction coefficient 

0,2f =  for 200P =  N (a) and for 0,2f = ; 

100P =  N (b). The solid line is obtained by formula 

/ sinfrF Pf=   [6, 7, 8, 9] and it is clear that for 

0 = , the value of the friction force tends to 

infinity. The other line is obtained by formula (2) and 

here the friction force has a specific numerical value. 

 

 
a)                                                                 b) 

Fig. 3. Change in the friction force depending on the angle of inclination of the wedge. 

Conclusion. 

Analytical expressions for the friction and 

reaction forces of an axisymmetric wedge are 

obtained. These forces have specific numerical values 

for all values of the angle of inclination of the wedge. 

Solutions obtained present generalized expressions of 

the friction force and the constraint reaction force of 

an axisymmetric wedge. 
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PERFORMANCE TESTING OF VIRTUAL MACHINES USING 

VMWARE FUSION AND ORACLE VIRTUALBOX ON APPLE 

MACBOOK AIR M2 PLATFORM 

 

Abstract: This article investigates the performance of virtual machines running under VMware Fusion and 

Oracle VirtualBox hypervisors on the Apple MacBook Air M2 platform with the ARM64 architecture. Comparative 

tests were conducted to evaluate key performance indicators, such as CPU and RAM, using the PassMark 

Performance Test for Linux benchmarking tool. Special attention is given to analyzing the performance of hypervisors 

when increasing the number of simultaneously running virtual machines, allowing for the assessment of their 

efficiency under RAM deficit conditions. The testing results reveal differences in scalability and resource 

management, providing recommendations on choosing the optimal hypervisor based on performance requirements 

and usage scenarios on modern Apple Silicon-based platforms. 
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ТЕСТИРОВАНИЕ ПРОИЗВОДИТЕЛЬНОСТИ ВИРТУАЛЬНЫХ МАШИН ПРИ 

ИСПОЛЬЗОВАНИИ ГИПЕРВИЗОРОВ VMWARE FUSION И ORACLE VIRTUALBOX НА 

ПЛАТФОРМЕ APPLE MACBOOK AIR M2 

 

Аннотация: В данной статье исследуется производительность виртуальных машин, работающих под 

управлением гипервизоров VMware Fusion и Oracle VirtualBox на платформе Apple MacBook Air M2 с 

архитектурой ARM64. Проведены сравнительные тесты, охватывающие ключевые показатели 

производительности, такие как CPU и оперативная память, с использованием программы PassMark 

Performance Test for Linux. Особое внимание уделено анализу работы гипервизоров при увеличении 

количества одновременно работающих виртуальных машин, что позволяет оценить их эффективность в 

условиях дефицита оперативной памяти. Результаты тестирования демонстрируют различия в 

масштабируемости и управлении ресурсами, а также дают рекомендации по выбору гипервизора в 

зависимости от сценариев использования на современных платформах с процессорами Apple Silicon. 

Ключевые слова: виртуализация, VMware Fusion, Oracle VirtualBox, Apple Silicon, macOS, ARM64, 

гипервизоры. 

 

Введение 

Виртуализация является неотъемлемой 

частью современных вычислительных систем, 

обеспечивая более эффективное использование 

аппаратных ресурсов, гибкость в управлении 

инфраструктурой и изоляцию программных сред. 
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Гипервизоры, лежащие в основе технологий 

виртуализации, позволяют запускать несколько 

виртуальных машин (ВМ) на одном физическом 

сервере, оптимизируя вычислительные мощности, 

а также снижая затраты на инфраструктуру [1, 2]. 

Среди множества гипервизоров особый 

интерес представляют VMware Fusion и Oracle 

VirtualBox — два популярных решения, 

применяемых в различных сценариях 

виртуализации. VMware Fusion предлагает 

глубокую интеграцию с macOS и оптимизацию 

под процессоры Apple Silicon, тогда как Oracle 

VirtualBox — это кроссплатформенное решение с 

открытым исходным кодом, предоставляющее 

широкие возможности конфигурирования [3]. 

Тестирование проводилось на Apple 

MacBook Air с процессором M2, основанным на 

архитектуре ARM64. Данный процесс 

накладывает ограничения, поскольку 

большинство традиционных гипервизоров 

разрабатывались с учетом архитектуры x86-64, 

что может влиять на производительность и 

совместимость программного обеспечения [4, 5]. 

В рамках исследования были рассмотрены два 

сценария: работа одной ВМ и многозадачная 

работа нескольких ВМ, при которой оперативная 

память распределяется между гостевыми 

системами, что может привести к дефициту 

ресурсов.  

 

 
 

Вопрос сравнительного анализа 

гипервизоров второго типа активно 

рассматривается в современных исследованиях. В 

работе Pandey, R. [9] выполнено общее сравнение 

гипервизоров VMware Fusion и Oracle VirtualBox, 

где подчеркивается, что производительность 

гипервизоров зависит как от архитектуры хост-

системы, так и от реализованных механизмов 

виртуализации. В исследовании Deng, Q. [10] 

рассмотрены гипервизоры первого и второго 

типа(включая VMware Fusion и Oracle VirtualBox), 

при этом отмечено, что гипервизоры второго типа, 

несмотря на меньшую производительность при 

высоких нагрузках, обеспечивают большую 

гибкость и удобство при использовании на 

персональных компьютерах.

 

 
 

В работе Stepurin, K. & Sergeev, A. [11] 

выполнено тестирование производительности 

гипервизоров VMware Fusion и Oracle VirtualBox 

на платформе macOS с процессором Apple M1, 

показавшее, что VMware Fusion демонстрирует 

лучшие результаты в вычислительных тестах 
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благодаря оптимизации под архитектуру ARM64. 

Настоящая работа продолжает эти исследования, 

уделяя внимание сравнительному тестированию 

гипервизоров на платформе Apple MacBook Air с 

процессором M2, а также анализу 

производительности гипервизоров при 

увеличении числа одновременно работающих 

виртуальных машин в условиях дефицита 

оперативной памяти. 

Целью данной работы является 

сравнительное тестирование производительности 

гипервизоров VMware Fusion и Oracle VirtualBox 

при различных конфигурациях ВМ, анализ их 

поведения в условиях ограниченных ресурсов, а 

также выявление возможных преимуществ и 

недостатков каждого решения. Исследование 

поможет определить, какой из гипервизоров более 

эффективен для использования на MacBook с 

Apple Silicon, а также обозначить потенциальные 

узкие места в работе виртуальных машин на 

ARM64. 

 

Используемое оборудование 

В таблице 1 приведена информация о 

физической машине, используемой в качестве 

хоста для виртуальных машин. 

Гипервизоры: 

● Oracle VirtualBox Version 7.1.4 

(экспериментальная поддержка ARM64) 

● VMware Fusion Version 13.6.1 (адаптация 

под Apple Silicon) 

Примечание:  

Для работы на Apple Silicon (ARM64) 

VMware Fusion и VirtualBox используют 

трансляцию инструкций x86 в ARM, что может 

влиять на производительность. 

 

Параметры виртуальных машин 

В рамках тестирования использовалось две 

модели ВМ, различающиеся объемом выделяемой 

оперативной памяти. Увеличенный объём 

оперативной памяти у второй модели требуется 

для демонстрации работы гипервизоров при 

дефиците ресурсов. Для обеспечения корректного 

сравнения гипервизоров параметры ВМ были 

унифицированы. В таблице 2 приведены 

характеристики этих моделей. 

Обоснование выбранных параметров: 

● Гостевая ОС Ubuntu Server обладая 

широким выбором серверных приложений и 

гибкостью в настройке является отличным 

выбором для создания стабильных, надежных и 

безопасных серверных конфигураций. Данный 

дистрибутив активно развивается и используется 

во многих организациях. Кроме того, Ubuntu 

Server поддерживает ARM архитектуру 

процессоров, что требуется для проведения 

тестирования на представленном оборудовании. 

● RAM 3 ГБ — минимальный 

рекомендуемый объём для Ubuntu Server. Это 

позволяет избежать нехватки памяти при базовых 

нагрузках. Также такой объём выделяемой 

оперативной памяти потенциально позволит 

практически изолированному существованию 3-х 

виртуальных машин, избегая конкуренции за 

ресурсы. 

● vCPU Виртуальные CPU эмулируют 

производительность физических ядер. 2 

процессора выбраны для баланса между нагрузкой 

на хост и гостевую ОС. 

 

Инструмент тестирования 

PassMark PerformanceTest for Linux v11.0  — 

это утилита для объективного тестирования 

производительности системы с помощью 

различных тестов скорости. Она позволяет 

сравнивать результаты с другими системами и 

доступна для различных платформ, включая 

Linux.  

Причины выбора PassMark PerformanceTest: 

● Комплексность: Тестирует все ключевые 

компоненты системы, включает синтетические 

тесты, имитирующие реальные нагрузки. 

● Кроссплатформенность: Поддерживает 

Linux. 

● Объективность: Предоставляет 

стандартизированные тесты, результаты которых 

можно сравнивать с другими системами. 

● Удобство использования: Имеет 

командный интерфейс, что упрощает 

автоматизацию тестирования. 

Ограничение: PassMark PerformanceTest for 

Linux не содержит в себе инструментов для 

тестирования двумерной графики. Данное 

ограничение было принято ввиду специфики 

тестируемой ОС.  По умолчанию в Ubuntu live 

server отсутствует графический интерфейс. 

 

Описание тестов 

PerformanceTest для Linux включает в себя 

следующие тесты: 

● CPU Mark: Комплексный тест, 

оценивающий производительность процессора 

через различные субтесты, такие как: 

○ Integer Math: Тестирует 

производительность при выполнении 

целочисленных математических операций. 

○ Floating Point Math: Оценивает скорость 

выполнения операций с плавающей запятой. 

○ Prime Numbers: Измеряет скорость 

вычисления простых чисел. 

○ Sorting: Тестирует эффективность 

алгоритмов сортировки. 

○ Encryption: Оценивает 

производительность при шифровании данных. 

○ Compression: Измеряет скорость сжатия 

данных. 

○ Physics: Тестирует производительность 
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при вычислениях, связанных с физическими 

моделями. 

○ Single Threaded: Оценивает 

производительность процессора в однопоточном 

режиме. 

○ Matrix Multiplication: Умножение матриц 

● Memory Mark: Набор тестов, 

оценивающих производительность подсистемы 

памяти, включая: 

○ Allocate: Измеряет, насколько быстро 

система выделяет и освобождает оперативную 

память. 

○ Read Cached: Измеряет скорость чтения из 

кэшированной памяти. 

○ Read Uncached: Оценивает скорость 

чтения из некэшированной памяти. 

○ Write: Измеряет скорость записи в память. 

○ Large blocks: Включает тестирование 

работы с большими массивами  

○ Latency: Измеряет время доступа к 

оперативной памяти. 

○ Threaded: Тестирует производительность 

памяти при многопоточных операциях. 

 
 

В качестве дополнительного параметра было 

указано проведение 2-х запусков каждого теста. 

Итоговым результатом является среднее этих двух 

запусков.  

Результаты тестирования приводятся в 

баллах PassMark. Баллы PassMark – это числовой 

показатель производительности системы, 

вычисляемый с помощью набора тестов PassMark 

Performance Test. Эти баллы отражают 

вычислительную мощность процессора, памяти, 

графической системы и дисков в различных 

сценариях нагрузок. Каждый тест генерирует 

определенное число очков, основанное на времени 

выполнения и количестве обработанных данных. 

 

 
 

Чем выше баллы PassMark, тем выше 

производительность тестируемой системы в 

соответствующей категории. 

 

 

Рисунок 1. Результаты тестирования Oracle VirtualBox (ВМ модель 1). 
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Результаты тестирования 

Обозначения: 

● VM Count-Number: Первая цифра — 

общее количество запущенных виртуальных 

машин, вторая цифра — номер конкретной 

машины.  

● CPU Test: Результаты теста процессора (в 

баллах PassMark). 

● Memory Test: Результаты теста 

оперативной памяти (в баллах PassMark). 

a. Oracle VirtualBox ВМ модель 1 

В таблице 3 и на рисунке 1 приведены 

результаты тестирования гипервизора Oracle 

VirtualBox для первой модели ВМ. Ниже 

приведены выводы, сделанные на основании этих 

данных: 

1. Одна виртуальная машина (1-1):  

CPU Test: 2745 

Memory Test: 2493 

Это максимальная производительность, так 

как все ресурсы гипервизора выделены одной 

машине. 

2. Две одновременно работающие 

виртуальные машины (2-1 и 2-2):  

CPU Test: 2514, 2508 (снижение на ~9% 

относительно 1-1) 

Memory Test: 2306, 2315 (снижение на ~7–8% 

относительно 1-1) 

Производительность каждой ВМ немного 

снижается, так как процессор и память теперь 

делятся между двумя ВМ. Однако снижение 

незначительное, что говорит о достаточно 

эффективном распределении ресурсов. 

На хосте установлен 8-ядерный процессор, 

каждой виртуальной машине было выделено 2 

виртуальных процессора, при запуске двух ВМ в 

общей сложности было задействовано 4 vCPU из 

8 возможных физических ядер. Нагрузка на 

физические ядра была распределена равномерно, 

и система не достигала предела вычислительных 

возможностей.  

Также общий объем используемой памяти 

составил 6 ГБ из 16 ГБ, что оставило достаточный 

резерв для хост-системы. 

3. Три одновременно работающие 

виртуальные машины (3-1, 3-2, 3-3):  

CPU Test: 1837, 1841, 1841 (снижение на ~49% 

относительно 1-1) 

Memory Test: 1811, 1817, 1805 (снижение на ~37–

38% относительно 1-1) 

 Производительность виртуальных машин 

существенно снижается по сравнению с 

первоначальными значениями при запуске одной 

ВМ. Это объясняется тем, что ресурсы хост-

системы теперь распределяются между тремя 

гостевыми машинами, а также возрастает 

накладная нагрузка гипервизора на управление 

виртуальными средами. Однако снижение не 

пропорционально трёхкратному увеличению 

количества ВМ. Если бы ресурсы хост-системы не 

справлялись с нагрузкой, производительность 

могла бы упасть значительно сильнее. 

Запущенные машины используют 6 vCPU из 8 

физических ядер, это означает, что на уровне 

аппаратного обеспечения ещё остаётся небольшой 

резерв вычислительной мощности, что 

предотвращает критический рост задержек. 

Каждой ВМ выделяется 3 ГБ RAM, при трёх 

ВМ используется 9 ГБ из 16 ГБ. Это не превышает 

доступные ресурсы, поэтому система не уходит в 

активный своп, что могло бы привести к ещё 

большему падению производительности. 

Хотя параметры виртуальных машин были 

изначально подобраны так, чтобы избежать 

конкуренции за ресурсы, гипервизор VirtualBox не 

обеспечивает жёсткой изоляции между гостевыми 

ОС. Это приводит к тому, что распределение 

процессорного времени происходит динамически. 

Если ВМ выполняет сложные вычисления, она 

может временно занимать большее количество 

тактов процессора, чем другая ВМ. Управление 

памятью также зависит от алгоритмов работы 

VirtualBox: гипервизор использует 

оверкоммитинг(механизм, при котором 

гипервизор выделяет больший объем оперативной 

памяти виртуальным машинам, чем доступно 

физически) памяти и накладные расходы на 

управление виртуальной средой, что 

дополнительно снижает производительность.  
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Заключение: 

Чем больше виртуальных машин запущено 

одновременно, тем сильнее снижается 

производительность для каждой из них. Это 

связано с ограниченными ресурсами физического 

процессора, разделением доступной памяти 

между ВМ и накладными расходами гипервизора 

на управление несколькими ВМ. 

b. Oracle VirtualBox ВМ модель 2 

Теперь проведём аналогичное тестирования 

для второй модели виртуальной машины, с 

увеличенным объёмом выделяемой оперативной 

памяти. 

В таблице 4 и на рисунке 2 отображены 

результаты тестирования гипервизора с 

использованием второй модели ВМ. 

Проанализируем изменения производительности 

по сравнению с результатами для первой модели.  

1. Одна виртуальная машина (1-1):  

Производительность CPU выросла на 2.3%, 

что может быть связано с тем, что гостевая ОС 

лучше использует увеличенный объем RAM, 

снижая нагрузку на диск и систему управления 

памятью. 

Memory Test улучшился на 20.2%, что 

логично – большее количество оперативной 

памяти увеличивает эффективность работы с 

данными. 

2. Две одновременно работающие 

виртуальные машины (2-1 и 2-2):  

Производительность CPU улучшилась на 3-

3.5%. Это небольшое улучшение говорит о том, 

что дополнительная RAM снижает задержки при 

обработке данных, но не является критическим 

фактором для CPU. Производительность памяти 

выросла на 20%, что подтверждает улучшенное 

управление памятью в условиях большего объема 

RAM. 

3. Три одновременно работающие 

виртуальные машины (3-1, 3-2, 3-3):  

CPU Test вырос на 8.8-9.8% по сравнению с 

первой моделью тестирования, что означает, что 

 

Рисунок 2. Результаты тестирования Oracle VirtualBox (ВМ модель 2) 
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VirtualBox смог эффективно распределять 

ресурсы памяти в условиях их дефицита, 

показывая прирост производительности. 

Memory Test вырос на 27-29% – увеличение 

RAM помогло избежать сильной деградации 

производительности памяти, характерной для 

первой модели тестирования. Сравним 

полученные результаты с результатами для 

первой модели. 

На рисунке 3 приведено сравнение падения 

результатов тестирования при увеличении числа 

одновременно работающих виртуальных машин 

модели 1 и 2. 

Можно отметить, что увеличение RAM 

положительно влияет на общую 

производительность ВМ в Oracle VirtualBox, 

особенно при работе 3 и более ВМ одновременно. 

Падение результатов менее выражено.  

 

 
 

 

Рисунок 3. Сравнение результатов тестирования двух моделей ВМ 
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Рост производительности CPU относительно 

небольшой (~2-10%), что подтверждает, что 

процессорные вычисления не являются узким 

местом, а основной прирост происходит за счет 

снижения задержек работы с памятью. 

Производительность памяти увеличилась на 

20-29%, что доказывает, что в первой модели при 

3 ВМ возникала нехватка оперативной памяти. 

Несмотря на то, что общий объем 

выделенной оперативной памяти при трех ВМ 

(18GB) превышает доступные 16GB на хосте, 

Oracle VirtualBox продолжает работать и 

показывает приемлемые результаты. Это 

свидетельствует о том, что гипервизор 

эффективно управляет дефицитом RAM, 

вероятно, используя механизмы динамического 

распределения памяти и подкачки, предотвращая 

критическое падение производительности.  

 

 
 

c. VMware Fusion ВМ модель 1 

В таблице 5, а также на рисунке 4 приведены 

результаты тестирования гипервизора VMware 

Fusion. Ниже приведены выводы, сделанные на 

основании этих данных: 

1. Одна виртуальная машина (1-1):  

CPU Test: 3107 

Memory Test: 2410 

Производительность выше, чем у Oracle 

VirtualBox (+13% в CPU), что говорит о лучшей 

оптимизации работы с процессором Apple Silicon.  

2. Две одновременно работающие 

виртуальные машины (2-1 и 2-2):  

CPU Test: 2974, 2963 (снижение ~4%) 

Memory Test: 2427, 2343 (изменения 

незначительны ~0–2%) 

Производительность снижается, но меньше, 

чем в VirtualBox (где снижение было ~9%). 

 

 

 

 

Рисунок 4. Результаты тестирования VMware Fusion (ВМ Модель 1) 
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Рисунок 5. Результаты тестирования VMware Fusion(ВМ Модель 2) 

 

Рисунок 6. Сравнение результатов тестирования двух моделей ВМ 
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3. Три одновременно работающие 

виртуальные машины (3-1, 3-2, 3-3):  

CPU Test: 2401, 2394, 2388 (снижение ~29–

30%) 

Memory Test: 2160, 2174, 2112 (снижение 

~10–14%) 

Снижение производительности происходит, 

но оно меньше, чем в VirtualBox, где процессорная 

мощность упала на 33%, а память — на 27%. Это 

указывает на лучшую масштабируемость VMware 

Fusion при увеличении числа ВМ.  

 

 

 
 

 

Рисунок 7. Сравнение результатов тестирования(CPU Tests) 
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Заключение: 

Для VMware наблюдаем аналогичную 

ситуацию со снижением производительности 

виртуальных машин при увеличении их общего 

числа, запущенных на одной машине-хосте. 

d. VMware Fusion ВМ модель 2 

Выполним аналогичное тестирование для 

второй модели ВМ. 

В таблице 6 и на рисунке 5 приведены 

результаты тестирования VMware с 

использованием второй модели ВМ. 

 

 
 

 

 

Рисунок 8. Сравнение результатов тестирования(Memory Tests) 
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1. Одна виртуальная машина (1-1):  

CPU Test практически не изменился (+0.5%), 

что указывает на отсутствие влияния объема 

RAM на процессорные вычисления в условиях 

одной ВМ. 

Memory Test улучшился на 29.5%, что 

ожидаемо – большее количество RAM позволяет 

более эффективно работать с большими 

объемами данных. 

2. Две одновременно работающие 

виртуальные машины (2-1 и 2-2):  

CPU Test немного снизился (~2.2-2.6%), что 

может быть связано с тем, что система тратит 

дополнительные ресурсы на управление большим 

объемом RAM. 

Memory Test улучшился на 19-23.9%, что  

показывает, что первая модель тестирования 

испытывала дефицит память, а увеличение RAM 

уменьшило задержки. 

3. Три одновременно работающие 

виртуальные машины (3-1, 3-2, 3-3): 

CPU Test немного снизился (~1.4-2.7%), что 

может объясняться дополнительными 

накладными расходами гипервизора при 

управлении большим объемом RAM. 

Memory Test улучшился на 24-26.9%, что 

подтверждает, что в первой модели тестирования 

с 3GB RAM возникала нехватка RAM. 

Сравним полученные результаты с 

результатами для модели 1.  

На рисунке 6 приведено сравнение падения 

результатов тестирования при увеличении числа 

одновременно работающих виртуальных машин 

модели 1 и 2. 

Производительность CPU в VMware Fusion 

остается высокой, даже при увеличении 

количества ВМ. Разница в падении 

производительности незначительная. VMware 

Fusion демонстрирует более плавное снижение 

производительности по мере увеличения нагрузки 

по сравнению с VirtualBox. 

VMware Fusion эффективнее управляет 

оперативной памятью при нехватке RAM, что 

подтверждается более стабильными результатами 

Memory Test при трех ВМ. 

VMware Fusion показывает меньшие потери 

производительности при увеличении числа ВМ, 

что свидетельствует о более эффективном 

управлении ресурсами и многопоточностью. 

VMware Fusion справляется с реальным 

дефицитом оперативной памяти, обеспечивая 

приемлемую производительность. При трех 

одновременно работающих ВМ общий объем 

выделенной памяти (18GB) превышает физически 

доступные 16GB на хосте. Несмотря на это, 

гипервизор сохраняет стабильную работу без 

критических потерь производительности, что 

говорит о грамотной динамической балансировке 

ресурсов и оптимизированном управлении 

памятью. 

e. Сравнение гипервизоров 

На основании полученных для каждого 

гипервизора результатов тестирования проведем 

сравнительный анализ.  

На рисунке 7 мы видим сравнение 

результатов CPU Tests для двух гипервизоров. 

Можно заметить, что VMware демонстрирует себя 

лучше вне зависимости от числа запущенных 

машин. Это связано с тем, что VMware Fusion для 

Apple Silicon изначально разрабатывался с учетом 

особенностей архитектуры ARM[1], в то время как 

VirtualBox является кроссплатформенным 

решением, оптимизированным в первую очередь 

для x86-архитектуры. Процессор M2 использует 

гибридную архитектуру (4 производительных + 4 

энергоэффективных ядра), и VMware более 

эффективно распределяет задачи между этими 

ядрами. 

Также VMware Fusion использует API 

гипервизора macOS[2], который оптимизирован 

под работу с ARM-процессорами, в то время как 

VirtualBox не поддерживает нативную 

виртуализацию на ARM и использует эмуляцию, 

что приводит к дополнительным накладным 

расходам и снижению производительности. 

При использовании второй модели VMware 

Fusion продолжает демонстрировать лучшую 

производительность CPU при увеличении 

нагрузки, опережая VirtualBox на ~11-17% в 

тестах процессора. 

При трех ВМ VirtualBox испытывает гораздо 

большее снижение CPU, чем VMware Fusion, что 

подтверждает более эффективное управление 

ресурсами в VMware.   

На рисунке 8 представлен сравнительный 

анализ результатов Memory Test. При малом 

количестве ВМ (1-2) Oracle VirtualBox показывает 

результаты в тестах памяти не хуже, чем VMware 

Fusion, но с увеличением числа ВМ его 

эффективность снижается. VMware Fusion 

демонстрирует стабильные показатели памяти 

даже при увеличении числа ВМ, что 

свидетельствует о более эффективном 

распределении ресурсов и лучшей 

многозадачности. При высоких нагрузках (3 ВМ) 

VMware Fusion опережает VirtualBox более чем на 

15-20%, что делает его предпочтительным 

выбором для сценариев с несколькими ВМ. 
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Также, опираясь на результаты тестирования 

гипервизоров на второй модели ВМ, можно 

отметить, что хоть и VMware демонстрирует 

более высокие показатели, а также, оба 

гипервизора справляются с сценариями, когда 

общий объем выделенной оперативной памяти 

при трех ВМ (18GB) превышает доступные 16GB 

на хосте, сохраняя стабильную работу без 

критических потерь производительности. 

 

 

 

Рисунок 9. Сравнение результатов CPU Tests (ВМ Модель 1) 
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Заключение: 

VMware Fusion демонстрирует более 

эффективное управление ресурсами по сравнению 

с Oracle VirtualBox. Снижение 

производительности при увеличении количества 

виртуальных машин менее выражено. Также 

VMware Fusion лучше справляется с управлением 

оперативной памятью при увеличении количества 

виртуальных машин.  

Как уже было сказано ранее, VMware Fusion 

лучше распределяет нагрузку между 

производительными и энергоэффективными 

ядрами процессора Apple M2. VirtualBox не имеет 

столь глубокой интеграции с архитектурой Apple 

Silicon и может неравномерно загружать ядра, что 

приводит к большим потерям 

производительности. 

VMware Fusion использует встроенный в 

macOS фреймворк Hypervisor, который нативно 

поддерживает многозадачную виртуализацию. 

VirtualBox работает через слой эмуляции, что 

создает дополнительные накладные расходы при 

переключении контекста между виртуальными 

машинами. 

Падение производительности у Fusion более 

плавное, что делает его более предсказуемым при 

работе с высокой нагрузкой, а также в условиях 

дефицита памяти. 

 

f. Сравнение гипервизоров по каждому 

из тестов 

 

 

 

Рисунок 10. Сравнение результатов Memory Tests (ВМ Модель 1) 
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В данном разделе проанализированы 

результаты работы VMware Fusion и Oracle 

VirtualBox при запуске одной виртуальной 

машины. Сравнение выполнено по каждому из 

тестов, что позволяет выявить различия в 

эффективности обработки вычислительных и 

память-зависимых задач.  

Для большинства тестов более высокое 

значение указывает на лучшую 

производительность (например, тесты 

вычислений, работы с памятью и шифрования). 

Исключение составляют тесты Latеncy (задержка 

памяти), где меньшее значение свидетельствует о 

лучшем результате. 

Выводы по результатам сравнительного 

анализа, приведённого в таблицах 7 и 8, а также на 

рисунках 9 и 10: 

1. Оптимизация под процессоры Apple 

Silicon 

a. VMware Fusion лучше адаптирован под 

архитектуру Apple Silicon, в то время как Oracle 

VirtualBox менее оптимизирован для процессоров 

на базе архитектуры ARM и использует эмуляцию 

для некоторых функций. 

b. Это объясняет преимущество VMware 

Fusion в большинстве тестов, особенно в 

вычислительных операциях, таких как Integer 

Math, Floating Point Math, Sorting, Compression, 

Physics. 

2. Использование аппаратного ускорения 

a. VMware Fusion имеет лучшую поддержку 

аппаратного ускорения, включая использование 

Apple Hypervisor Framework, что снижает 

накладные расходы на виртуализацию. 

b. В Oracle VirtualBox вероятно больше 

используется программная эмуляция, что снижает 

производительность. 

3. Различия в реализации инструкций 

процессора 

a. Тесты на Matrix Multiplication (SSE, FMA) 

показывают значительное преимущество VMware 

Fusion, что говорит о лучшей эмуляции или 

использовании альтернативных инструкций для 

Apple Silicon. Ввиду отсутствия части инструкций, 

для работы могут быть использованы NEON для 

векторных вычислений или, специфичная для 

процессоров Apple, AMX (Apple Matrix 

Extensions) – расширение для работы с матрицами. 

Гипервизоры могут по-разному перенаправлять 

отсутствующие инструкции, использую и нет 

оптимизированные замены. 

4. При тестировании ВМ с увеличенным 

объёмом оперативной памяти(модель 2) 

a. Разница в производительности между 

гипервизорами осталась практически неизменной. 

VMware Fusion стабильно превосходит Oracle 

VirtualBox по всем тестам CPU в обоих вариантах 

ВМ. 

b. Наибольшая разница по-прежнему 

наблюдается в тестах Matrix Multiplication (SSE, 

обычное умножение матриц) и Compression, где 

Fusion быстрее VirtualBox на 9.7-16.3% и 11.5-

13.9% соответственно. 

c. Производительность Single Threaded 

увеличилась сильнее на VirtualBox при переходе 

на вторую модель ВМ (+6%), чем на Fusion 

(+2.4%), но Fusion по-прежнему впереди. 

5. Эффективность работы с памятью 

a. В тестах Allocate, Write, Threaded VMware 

Fusion показывает лучшую производительность, 

что может быть связано с более эффективными 

механизмами управления оперативной памятью 

на macOS. 

b. Read Cached и Read Uncached почти 

одинаковые, что объясняется тем, что работа с 

кэш-памятью зависит от процессора, а не от 

гипервизора. Поэтому влияние определённого 

гипервизора на этот показатель минимально. 

6. Отличия в управлении потоками 

a. В тесте Single Threaded VMware Fusion 

показывает лучшую производительность, что 

говорит о более эффективной обработке 

однопоточных задач. 

7. Тестирование памяти при увеличенном 

объёме RAM 

a. Во второй модели ВМ (6GB RAM) память 

работает быстрее на обоих гипервизорах по 

сравнению с первой моделью (3GB RAM), что 

говорит о положительном эффекте увеличения 

RAM. 

b. Allocate (выделение памяти) и Threaded 

(многопоточная работа с памятью) остаются на 

10-12% быстрее на VMware Fusion в обоих 

случаях. 

c. Разница в тестах Read Cached и Read 

Uncached теперь стала заметнее на VMware Fusion 

(+3.1% и +4.7%), тогда как в первой модели 

результаты были почти идентичны. 

d. Тест Large Blocks показал значительный 

рост на обеих ВМ после увеличения RAM. 

Однако, разница между гипервизорами осталась 

практически неизменной, что означает, что оба 

гипервизора одинаково масштабируют работу с 

крупными блоками памяти при увеличении 

объема RAM. 

 

Выводы по результатам тестирования 

Было проведено сравнительное тестирование 

двух гипервизоров Oracle VirtualBox и VMware 

Fusion for Apple Silicon на MacBook Air M2 

(16GB). В качестве гостевой ОС использовалась 

Ubuntu Server, а для оценки производительности 

применялся PassMark Performance Test for Linux. 

Тестирование проводилось в двух сценариях: 

● Прямое сравнение производительности 

гипервизоров при одинаковых параметрах ВМ. 
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● Анализ влияния увеличения числа 

виртуальных машин на производительность. 

1. Сравнение производительности 

гипервизоров 

VMware Fusion уверенно опередил Oracle 

VirtualBox по большинству тестов CPU и памяти. 

Результаты тестирования CPU: 

● VMware Fusion показал 

производительность на 10-30% выше, особенно в 

задачах с вычислениями с плавающей запятой, 

сортировкой данных и шифрованием. 

● Разница наиболее заметна в тестах Matrix 

Multiplication (SSE) и Physics, что говорит о 

лучшей оптимизации работы с инструкциями 

процессора. 

● Single-threaded тест также показал 

преимущество VMware Fusion, что важно для 

приложений, не умеющих эффективно 

использовать многопоточность. 

Результаты тестирования памяти: 

● VMware Fusion эффективнее управляет 

многопоточным доступом к памяти и 

демонстрирует более высокую скорость операций 

записи и чтения крупных блоков данных. 

● Разница особенно заметна в тесте 

Threaded Memory, где VMware Fusion показал 

значительно лучшие результаты. 

Основные причины превосходства VMware 

Fusion: 

● Оптимизация под архитектуру Apple 

Silicon (использование Apple Hypervisor 

Framework). 

● Эффективное управление памятью и 

процессорными ресурсами. 

● VirtualBox использует программную 

эмуляцию, что снижает производительность. 

2. Влияние количества виртуальных машин 

на производительность 

При увеличении числа одновременно 

работающих виртуальных машин VMware Fusion 

показал значительно лучшую масштабируемость 

по сравнению с VirtualBox. 

● При запуске 2 ВМ: снижение 

производительности в VMware Fusion ≈ 4-5%, в 

VirtualBox ≈ 8-9%. 

● При запуске 3 ВМ: в VMware Fusion 

снижение ≈ 23%, в VirtualBox ≈ 33%, а память в 

VirtualBox теряет до 27% производительности 

против 11% у VMware Fusion. 

 

Вывод: 

● VirtualBox хуже масштабируется: уже при 

3 ВМ падение производительности становится 

критичным. 

● VMware Fusion распределяет ресурсы 

эффективнее и сохраняет более высокую 

производительность при увеличении нагрузки. 
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Introduction 

In an era of geopolitical shifts and increasing 

energy demands, ensuring reliable and sustainable 

energy sources has become paramount for nations 

worldwide. Energy security, the ability to access and 

maintain affordable, reliable, and environmentally 

responsible energy supplies, is no longer merely an 

economic imperative but a critical pillar of national 

security and societal well-being. Georgia, situated at 

the crossroads of Europe and Asia, faces a unique set 

of energy security challenges and opportunities. 

One of the key challenges for Georgia is its 

heavy reliance on imported energy sources, with the 

country only satisfying 30-35% of its energy 

consumption through local generation [2, p. 196]. This 

dependence on external suppliers, particularly for 

natural gas and oil, makes the country vulnerable to 

supply disruptions, price volatility, and geopolitical 

pressures. Moreover, Georgia's rapidly growing 

domestic energy demand, which increases at a yearly 

rate of 3% [11, p.1076], further underscores the 

urgency of developing more sustainable energy 

strategies. This paper will examine the complexities 

of Georgia's energy landscape, exploring potential 

pathways to enhance its energy security through a 

combination of increesed domestic generation, 

particularly from untapped hydro power resources 

[17, p. 237], improved energy efficiency measures, 

and strategic diversification of energy sources. 

 

LITERATURE REVIEW 

Energy security is a multifaceted concept 

influenced by various factors, including renewable 

energy potential, import dependency, energy balance, 

geopolitical dynamics, international energy relations, 

and policy [3, p. 1740] [16, p. 5963]. 

One crucial aspect is the role of renewable 

energies in achieving energy independence. Similar to 

the experiences of new EU member states [10, p.18], 

expanding renewable energy sources in Georgia holds 

significant potential for reducing its reliance on 

energy imports. Currently, Georgia's energy mix 

heavily favors hydropower, which, while 

advantageous as a renewable resource, presents 

challenges related to seasonal variability and the 

potential impact of climate change on water resources 

[21, p. 280].  This dependence on water resources 

introduces vulnerabilities, as hydropower generation 

is susceptible to fluctuations in precipitation and long-

term shifts in climate patterns [5, p. 342].  

Beyond expanding renewable generation, 

efficient energy management is crucial for bolstering 

energy security. For instance, advanced technologies 

like AB-Net, a deep learning model, can provide 

accurate forecasting of renewable energy generation, 

enabling more efficient energy management strategies 

[7, p.2456]. Given the interconnections of water 

resources and energy production, particularly in 

hydropower-dependent regions like Georgia, it is 

essential to develop robust models and assessments to 

project future water availability and hydropower 

generation under different climate change scenarios 

[15, p. 3278].  Climate change-induced shifts in river 

flow patterns and reservoir management challenges 

directly impact hydropower production [13, p. 2541]. 

Therefore, adaptation measures, including 

infrastructure upgrades and policy adjustments, are 

necessary to ensure sustainable hydropower 

production in a changing climate. Implementing more 

efficient water storage and release strategies can help 

mitigate the negative impacts of climate change on 

hydropower generation by adapting to altered river 

flows. 

Geopolitical factors play a significant role in 

shaping energy security. Georgia's strategic location 

at the crossroads of Europe and Asia makes it a critical 

transit point for energy resources, particularly natural 

gas and oil, flowing from the Caspian Sea region [14, 

p. 69]. However, this strategic positioning also 

exposes the country to risks associated with political 

instability and potential conflicts that could disrupt the 

flow of these vital resources [3, p.1740]. The Russia-

Ukraine war, for example, has drastically altered the 

EU's perspective on Russian energy resources, 

prompting a policy shift towards reducing reliance on 

Russian energy. The EU's current policy focuses on 

mitigating the energy crisis by seeking alternative 

suppliers, accelerating the adoption of renewable 

energy, and implementing energy efficiency measures 

[4, p.47]. 

To reduce its dependence on imported energy, 

the Georgian government has been actively investing 

in modernizing and expanding its domestic energy 

infrastructure. However, these efforts face challenges 

posed by financial, technical, and regulatory barriers, 

which have hindered the pace of progress [3, p.1741]. 

Furthermore, national approaches to energy 

consumption and individual country policies 

significantly impact energy independence, as 

demonstrated by the case studies of six European 

countries [8, p. 270] [18, p. 103]. The integration of 

green approaches in production processes can enhance 

energy efficiency and represents a crucial step towards 

greater energy independence [9, p.604]. 

Therefore, navigating the complex interplay 

between international energy markets, geopolitical 

dynamics, and domestic energy policies is crucial for 

Georgia to achieve long-term energy security and 

advance its strategic interests. 

 

METHODOLOGY 

This research employs a mixed-methods 

approach, integrating both quantitative and qualitative 

methods to investigate energy security in Georgia. 

The quantitative analysis leverages secondary data of 

energy security indicators. This data is analyzed using 

two primary methods: descriptive statistics and 

MOSES models. The model of Short-term Energy 
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Security is employed to assess the security of supply 

for individual energy sources in Georgia. This model 

focuses on primary and secondary energy sources, 

evaluating both external risks (e.g., import 

disruptions) and domestic resilience factors (see Table 

1). It's important to note that this version of the 

MOSES model does not explicitly address the security 

of renewable energy sources like solar, wind, and 

ocean energy, as these are considered within the 

broader context of electric power system security. 

 

Table 1: Dimensions of energy security with the MOSES methodology 

 

 Risks Resilience 

External Risks related to disruption of energy 

imports 

sourcing, responding to the disruptions in energy 

imports by changing suppliers or supply routes 

Domestic Risks associated with local energy 

production and conversion 

Local ability to respond to disruptions in energy 

supply, for example by having fuel reserves. 

Source: IEA (2023) 

 

The MOSES methodology analyzes four key 

dimensions of energy security using 35 indicators (see 

Table 2) to assess the risk level and resilience of 

different energy resources within national energy 

systems. Data sources used in the MOSES method 

include the IEA, the Organization for Economic Co-

operation and Development, the Nuclear Energy 

Agency, the World Bank, the International Atomic 

Energy Agency, and Gas Infrastructure Europe. 

 

Table 2: Table of risk and resilience indicators used in the MOSES method 

 

Source of 

energy 
Dimension  Indicator Resources 

Natural gas 

External 

risk 
Dependence on net imports IEA 

Political stability of suppliers IEA, OECD 

resilience 

Entry points (LNG ports and 

pipelines) IEA 

Diversity of suppliers IEA 

Domestic 

risk Offshore production IEA 

resilience 

Daily issued volume from 

storage IEA 

Natural gas supply volume IEA 

Oil products 

External 

risk 
Dependence on net import of oil 

products IEA 

resilience 

Diversity of suppliers IEA 

Entry points (ports, rivers and 

pipelines) IEA 

Domestic 

risk Number of refineries IEA 

resilience 

Flexibility of processing 

infrastructure IEA 

average reserve level IEA 

Hydropower Domestic 
risk / 

resilience 
Seasonal variation in production 

IEA 

Coal 
External 

risk 
Dependence on net imports IEA 

Political stability of suppliers IEA, OECD 

resilience 

Points of entry (ports and 

railways) IEA 

Diversity of suppliers IEA 

Domestic risk Share of underground mining IEA 
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Biofuels and 

waste 

External 
risk Net import dependence IEA 

resilience Entry points (ports) IEA 

Domestic risk 
Instability of agricultural 

products IEA 

Crude oil 

External 

risk 
Dependence on net imports IEA 

Political stability of suppliers IEA, OECD 

resilience 

Entry points (ports and 

pipelines) IEA 

Diversity of suppliers IEA 

Domestic 
risk 

Offshore production IEA 

Instability of domestic 

production IEA 

resilience Average level of storage IEA 

Source: IEA (2023) 

 

Based on Georgia's energy balance, the 

following energy products were grouped for analysis: 

coal, crude oil, petroleum products, natural gas, hydro, 

geothermal, solar, wind, biofuels and waste, and 

electricity (import-export), as illustrated in Table 3. 

Georgia's energy balance reveals a heavy reliance on 

fossil fuels, with oil products, natural gas, and coal 

comprising 56% of the total energy mix. Hydropower 

currently dominates electricity generation, accounting 

for 44% of the energy balance. However, the share of 

other renewable sources, such as solar and wind 

power, remains limited to just 1%. Furthermore, 

Georgia's energy security is challenged by a 

significant import dependency, with 98% of its 

petroleum products and natural gas sourced from 

external suppliers. 

   

Table 3: Energy balance of Georgia 2022 (Terajoules) 

 

Coal 9877.5 

Crude oil 312.5 

Oil products 57108.6 

Natural gas 120809.6 

Hydro 38777 

Geothermal, solar, etc. 91.1 

Biofules and waste 1411.4 

Electriccity 501.2 

Source: Geostat (2022) 

 

The main goal of working with these indicators 

is to combine and interpret them in accordance with 

transparent and logical energy policy objectives. The 

MOSES method aggregates indicators in two stages: 

1. Indicator Categorization: Three levels of values 

(low, medium, and high) are established for each 

indicator, primarily based on ranges of indicator 

values observed in IEA countries; 2. Energy Security 

Profile: This categorization defines each country's 

energy security profile by combining indicators. This 

process considers how individual risks can exacerbate 

each other and how specific resilience measures can 

mitigate those risks. 

The MOSES model, primarily focuses on 

traditional energy sources. Regarding the limitations 

of using the Moses model, it should be noted that 

Georgia has the potential of renewable energy such as 

hydropower, wind and solar energy. In addition, 

Georgia's geopolitical location and changes in 

international market conditions may limit the 

effectiveness of Moses' model. However, based on the 

energy balance of Georgia, the Moses model allows 

determining ways to optimize the use of local 

resources, reduce dependence on energy imports and 

improve energy security. 

  

RESULTS AND DISCUSSION 

When assessing Georgia's energy security 

according to the Moses model, we got the following 

picture:   

Natural gas. The share of natural gas in the total 

supply of energy resources is about 40%. Gas is the 

most widely consumed primary energy resource in 

Georgia. The natural gas sector is one of the most 

dynamically developing segments of the country.  

99.5% of natural gas consumed in Georgia is 

https://www.geostat.ge/ka
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imported. The country has no gas storage and peak 

winter consumption is entirely dependent on imports 

and the efficiency of the import infrastructure. (see 

Table 4). 

 

Table 4: The range of indicators of natural gas of Georgia 

 

Dimension Indicator Low Average High 

External risk 
Import dependency   99.5% 

Political stability of suppliers   ≥4.0 

Domestic risk Share of offshore production 0   

External resilience 

Diversity of suppliers >0.6   

Entry points 
Ports 0 

Pipelines  4  

Domestic 

resilience 

Send-out capacity 0 

Natural gas consumption volume, bcm/$1000 

USD 
  186 

Source: author’s work. 

 

The intensity of natural gas consumption is also 

used as an indicator of internal sustainability, ie the 

amount of natural gas consumed divided by the GDP 

equivalent of 1000 dollars. This indicator reflects the 

resilience of the country's economy to gas 

interruptions. The classification of MOSES method 

for measuring gas intensity offers 3 levels, and the 

average is 20-60 m3/1000USD. Georgia exceeds this 

limit almost three times, which indicates highly 

unproductive use of natural gas. According to the 

classification of natural gas, Georgia falls into group 

E (see Table 5). 

Considering domestic and external factors, 

Georgia joins the group of countries with high risk and 

low resilience. The main reason for this is the 

country's almost 100% dependence on imported 

natural gas. With political stability and diversification 

of suppliers, Georgia is also a high-risk and low-

resilience country, meaning it is highly susceptible to 

physical supply disruptions. All this is also 

exacerbated by the absence of a liquefied natural gas 

(LNG) receiving port. In terms of internal natural gas 

risk, the situation should be considered formally 

positive, as the country has no offshore production and 

minimal land-based natural gas production. In order to 

reduce risks in the natural gas sector, it is important 

for Georgia to diversify natural gas suppliers and build 

gas storage. In the long term, the construction of an 

LNG port is also possible, which will contribute to 

resilience in case of damage to natural gas pipelines. 

 

Table 5: Natural gas: security profiles 

 

Group 

 

Countries with: 
Number of countries 

E 

Import ≥70% of their natural gas supply and have 3-4 pipelines and/or 

1-2 LNG ports with low supplier diversity and maximum send-out 

capacity 
3 

Source: author’s work. 

 

Oil products. Oil products consumed can be 

defined as domestic or imported. Each of these two 

supply streams is associated with specific risks and 

resilience factors. Imported products may be subject to 

delivery delays due to damage to trade, delivery routes 

or infrastructure. When supplying domestic crude 

products, the risks of refinery outages and delays in 

crude oil supply should be considered. The analysis in 

this section is carried out separately for middle 

distillates, motor gasoline and other oil products. The 

middle distillate group includes: gas/diesel oil, kerosene 

type jet fuel and other kerosene. 

Georgia imports oil products from 12 different 

countries. The oil products market is fully liberalized 

and competitive. Several dominant companies 

participate in the market, including "Socar", "Lukoil", 

"Gulf", "Wissol" and "Rompetrol", which carry out 

import and retail trade of oil products. The country does 

not have adequate strategic reserves of oil products and 

is mainly dependent on the reserves of these oil 

companies. According to the MOSES methodology, 

petroleum products were evaluated in three categories: 

1. Gasoline, 2. Middle distillates - diesel, kerosene, 

aviation fuel, 3. Other oil products - heavy fuel oil, 

lubricants and some jet fuels. Accordingly, the 

evaluation indicators according to oil products look like 

this (see Table 6): 
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Table 6: Range of oil product indicators 

 

Dimension Indicator Low Average High 

External risk Deficit 

Gasoline   100% 

Middle Distillates   98% 

Other oil products   97% 

Domestic risk 
Oil security   A 

Number of operating refineries 1   

External 

resilience 

Diversity of suppliers     0.30 

Entry points 
Ports  3  

Pipelines 0 

Domestic 

resilience 

Flexibility of refining infrastructure 

(Nelson complexity index) 
<6.0   

Average stock 

levels (2010) 

depending on 

the number of 

weeks 

Gasoline   6 

Middle Distillates   4 

Other oil products   2 

Source: author’s work. 

 

Due to the variety of suppliers, there is no 

shortage of all oil products according to the indicators 

of 2023. Average inventory levels were classified as 

low. Considering the low assessment of the Nelson 

Complexity Index, Georgia was placed in the D group 

category in the oil products sector (see Table 7). 

Georgia can improve its energy security by building 

oil product stocks/reserves.   

According to the Moses method, Georgia was 

assigned category D, since almost 100% of oil 

products are imported. Reserves of oil products in all 

countries vary between 3-6 weeks. The indicators of 

2023 show the diversity of oil product supplying 

countries, however, the insufficient number of oil 

product storages in the country does not allow 

importing a large number of products. 

 

Table 7: Oil product security profile for Georgia 

 

Group  Countries that:  No of countries 

D 
Import >45% of their gasoline consumption and have 3-6 weeks of 

gasoline stocks, one oil product pipeline, and low supplier diversity. 

 

1 

D 

Import >45% of their middle distillates consumption with moderate 

supplier diversity and 3-6 weeks of middle distillates stocks. 

 

2 

D 

Import ≤45% of their other oil products consumption and are 

➢ in Crude oil groups D or E with either  

➢ A moderately flexible refining portfolio and 3-6 weeks of other oil 

products or 

➢ a highly flexible refining portfolio and <3 weeks of other oil 

products stocks or 

➢ Import >45% of their other oil products consumption with 

moderate supplier diversity and <3 weeks of other oil products stocks 

 

 

 

 

6 

Source: author’s work. 

 

Crude oil. Georgia is a transit country for crude 

oil, which is transported from the Caspian region 

through Georgia to the world market. Despite the fact 

that significant volumes of crude oil are transported 

through pipelines and railways in Georgia, this 

resource is practically not consumed. Even a small 

amount of oil produced in the country is exported. 

Only one small capacity oil refinery is operating. 

Therefore, the demand for oil products in the country 

is completely satisfied by imports. Oil is used for 

transit purposes, not for self-consumption. 

Accordingly, the indicators of the MOSES method for 

oil are placed in the following intervals (see Table 8). 
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Table 8: Range of crude oil indicators 

 

Dimension  Indicator  Low Average High 

External risk 
Import dependency   99.5% 

Political stability of suppliers   ≥4.0 

Domestic risk 
Volatility of production   >20% 

Share of offshore production 0   

External resilience 

Diversity of suppliers  0.6  

Entry points 
Ports  3  

Pipelines   2 

Domestic resilience Storage levels (days) 70   

Source: author’s work. 

 

Crude oil indicators, due to the lack of 

information for Georgia, the full capacity of the 

storage was used instead of the average annual crude 

oil reserve. The results of the indicators in the oil 

sector are satisfactory, except for the low rate of 

political stability of the oil supplying countries and the 

relatively small number of oil pipelines, although their 

impact on energy security is insignificant, since the 

country does not consume crude oil. The internal 

response to risks is formally high, because the full 

(including transit) storage volumes were considered 

when estimating oil reserves. According to the crude 

oil MOSES methodology, Georgia was placed in 

Group A along with five developed countries that are 

members of the OECD (see Table 9). 

 

Table 9: Security profiles of crude oil 

 

Group 

 

Countries that 
No. of countries 

A 
Export crude oil or import ≤15% of their crude oil 

consumption 
5 

Source: author’s work. 

 

However, due to the uniqueness of the current 

situation, it is difficult to draw conclusions in terms of 

energy policy, since the assessment indicates the 

absence of an operational oil refinery, not the country's 

oil resource wealth. 

Coal. Tkibul-Shaori, Tkvarcheli and 

Akhaltsikhe coal deposits are known in Georgia. Coal 

is one of the main energy sources; It is also widely 

used in ferrous and non-ferrous metallurgy, chemical 

and transport industries, household purposes, etc. 

However, coal does not play an important role in 

the country's energy security. There is only one coal-

fired thermal power plant of 13 MW capacity in 

Georgia, which is not functioning. The indicators of 

coal in the MOSES energy security classification are 

given in Table 10. In the classification of coal, 

Georgia falls into group B (see Table 11). 

 

Table 10: Range of coal indicators 

 

Dimension Indicator Low Average High 

External risk Import dependency  58%  

Domestic risk Share of underground mining   100% 

External resilience 

Diversity of suppliers   0.9 

Import infrastructure 

(entry points) 

Sea ports   2 

Railways   1 

Source: author’s work. 

 

Table 11:  Coal security profiles 

 

Group Countries that: No. of countries 

B 
Import 30%-60% of coal with the share of underground 

mining >40%. 4 

Source: author’s work. 
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Two important indicators related to coal are 

import dependence and mining share. The first 

indicator places the country in group A or B, however, 

the share of mining is decisive for the final 

classification, which reaches a maximum of 60% in 

OECD countries, while in Georgia it is 100%, which 

carries a higher risk. 

Biomass and waste. According to the energy 

balance, a total of 4 types of biomass are used, of 

which firewood has the highest share. Although 

Georgia does not import this source of energy and is 

not dependent on imports, all biomass is obtained 

from one source and this is the most important 

indicator (see Table 12). 

 

Table 12:  Range of biomass and waste indicators 

 

Dimension Indicator Low Average High 

External risk Import dependency 0.15   

Domestic resilience Diversity of suppliers   0.99 

Source: author’s work. 

 

Today, 100% of the biomass is firewood, which 

causes serious problems, deforestation and loss of 

biodiversity. It is important for Georgia to diversify its 

sources of biomass and increase the share of pellets, 

briquettes and other solid biofuels in consumption, 

which will be produced from residual biomass. In 

addition, increasing the efficiency of firewood 

consumption will also affect the reduction of demand. 

Biomass and waste were included in group C  (see 

Table 13). 

 

Table 13: Biomass and waste Security profiles 

 

Group Countries that: No. of countries 

C 

Low diversity of sources (with high concentration of sources >0.5 

which means at least 75% of their biomass and waste comes from a 

single source) and low import dependency (16%-24%) 
3 

Source: author’s work. 

 

Hydro power. Hydro power is the most 

important part of the energy sector of Georgia, 

providing 70-75% of the total domestic supply. In the 

absence of fossil resources, the MOSES method 

assesses the risks associated with hydro power based 

on the variability of hydro logical regimes, which 

measures both the risks and the sustainability of hydro 

power generation (considering reservoir capacity). A 

10-year series of annual output of the main 

hydroelectric power stations was used to assess the 

stability of the hydro potential. The instability of 

hydro power production for Georgia (2013 – 2022) is 

10%. 

In terms of hydro power security, Georgia was 

included in group A (see table 14). For Georgia, the 

instability of hydro power production is a risk 

considering the weather, as for the resilience, the 

sustainability of the hydro power system should be 

considered, for example insufficient reservoirs in 

relation to the annual consumption. This approach is 

quite simplified in relation to hydro power, when 

evaluating a similar type of energy source, the 

geographical location of hydro power stations and the 

number of reservoir stations should also be 

considered. 

 

Table 14: Hydro power Security Profiles 

 

Group 
Countries with: 

No. of countries 

A Volatility of hydro power production <=10% 12 

Source: author’s work. 

 

Key findings of MOSES energy security 

indicators for Georgia are summarized in the table 

below (see Table 15). 
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Table 15: Security rating of Georgia 

 

Primary energy Security rating 

Crude oil A 

Oil products  

Gasoline D 

Middle distillates D 

Other oil products D 

Natural gas E 

Coal B 

Biomass and waste C 

Hydro power A 

Source: author’s work. 

 

Except for oil products and natural gas, the 

research shows moderately positive ratings, however, 

these two sources have a significant share in the 

energy balance of Georgia. It is possible to use the 

MOSES methodology for the summary rating of 

Georgia. Assign weighted points according to their 

share in the energy balance. If we show the ratings of 

the A-E classification in numbers from 1 to 5, and 

weigh the ratings obtained by different energy sources 

according to their share in the energy balance of 

Georgia, we will get a total energy security index of 

3.2. Which is close to C category. 

 

CONCLUSION AND RECOMMENDATION 

This research highlights several key findings 

regarding Georgia's energy landscape and pathways to 

enhanced energy security: 

• Strategic Crude Oil Refining: Given the 

identified dependency on imported oil products 

(98%), developing a high-capacity crude oil refinery 

within Georgia is crucial. This strategic investment 

would leverage crude oil as a pillar of energy supply 

and security, bolstering economic stability and 

mitigating reliance on external sources. 

• Enhancing Energy Security through 

Storage: Establishing domestic storage for oil 

products and natural gas is essential to buffer against 

potential import disruptions and enhance energy 

security. This is particularly critical considering the 

inherent risks associated with natural gas supply and 

the need to diversify suppliers. 

• Maximizing Hydropower and Expanding 

Renewables: Recognizing the dominance of 

hydropower (44%) in the energy mix, accelerating the 

utilization of Georgia's untapped hydropower 

potential is crucial. This includes constructing 

regulating hydropower plants to optimize energy 

generation. Simultaneously, expanding the portfolio 

of renewable energy sources beyond hydropower, 

such as solar and wind power, is essential for 

diversifying generation sources and addressing the 

current limited share of these renewables. 

• Reassessing Biomass Sustainability: The 

current low demand for biomass due to expanding gas 

supply infrastructure necessitates a reassessment of its 

role in Georgia's energy mix. New approaches are 

needed to harness biomass energy effectively and 

sustainably. 

By strategically implementing these 

recommendations, Georgia can strengthen its energy 

security and foster a more sustainable energy future. 

Future research could explore more comprehensive 

energy system models and identify specific policy 

measures and investment strategies to achieve these 

goals. 
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