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ABSTRACT

Objective. The processes and mechanisms shaping the territorial brand of Ukrainian localities
amid Russia’s full-scale war against Ukraine.

Methods. The methodological toolkit comprised discourse analysis of official statements,
qualitative media monitoring of digital platforms, and a comparative case-study approach.
Results. Five integral characteristics of wartime territorial branding were identified: a value-laden
moral base (will, courage, solidarity); personalized stories of resilience; synergy between
traditional and digital media; flexible governance models; and metrics of transparency and trust. It
was demonstrated that citizen involvement in narrative construction amplifies reputational effects,
whereas digital instruments minimise the temporal lag between an event and global audience
reaction.

Conclusions. Wartime branding of Ukrainian territories transforms classical marketing paradigms
by interweaving crisis communication, public diplomacy, and participatory governance. Strategic
advantage derives from the brand’s rootedness in local practices and its simultaneous transmission
through global information networks. The brand thus becomes a factor of information security
and economic futurity, laying reputational capital for post-war growth.

Keywords: branding; place marketing; brand management; digital communications; resilience;
Ukraine; courage; Be Brave Like Ukraine; public diplomacy; crisis communications; information
warfare; narratives.

Introduction

Russia’s full-scale invasion of Ukraine in 2022 profoundly affected the perception and positioning
of Ukrainian cities, regions, and the country as a whole on the world stage. Place branding — the
strategic activity of creating a unique image of a city, region, or country — has gained particular
significance during wartime (Manpura, 2024). Prior to the invasion, place marketing in Ukraine
was aimed primarily at attracting investment, developing tourism, and enhancing a positive
image; during the war it has become a key instrument not merely for local development but for
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consolidating international support. The need emerged actively to steer the national narrative so as
to counter hostile propaganda and convey the truth to the world. Within the first weeks of the
invasion the Ministry of Foreign Affairs of Ukraine launched a communication strategy designed
to craft and transmit a national narrative to a global audience (City Nation Place, 2023, 21
February).

Concurrently, the role of the digital environment in advancing place brands has grown rapidly.
Whereas previously traditional instruments — offline advertising, events, print materials —
sufficed, digital marketing is now an indispensable component of a successful strategy
(Yankovets & Levytska, 2024). In wartime, when physical travel is restricted, online
communication and social media constitute the principal channels for conveying the images and
values of Ukrainian cities to the world. For the international scholarly community Ukraine’s
experience offers a unique example of how, under crisis conditions, a resilient place brand can be
formed that not only safeguards identity but also mobilizes support and resources for future
reconstruction.

Foundations of sustainable development during wartime must reconcile economic resilience,
balanced environmental practices, and social cohesion (Perevozova, 2022). Russian aggression
has shattered this tripartite support, exposing structural vulnerabilities that existed before 2022.
Reconstruction must reach beyond a return to the status quo ante and be envisaged as an
opportunity to overcome chronic disparities — from energy inefficiency to unequal access to
cultural services. Accordingly, a regional brand positions a territory not through the fact of
destruction but through the ambition to rethink its economic model in favour of circular
technologies, green energy, the creative economy, and recovery logics capable of generating
added value even amid active hostilities.

Strategic brand management of a territory, especially under wartime conditions and pervasive
digitalization of communications, hinges on finding an equilibrium between ambitious
development goals and the realities of an uncertain environment. The chosen strategic course rests
upon the principles of an integrated brand-management system, whose core task is to ensure an
optimal balance between costs, risks, and expected socio-economic benefits (Fayvishenko, 2020).
Optimality criteria are defined through a set of indicators that simultaneously reflect local
economic resilience, community engagement, reputational potential, and media visibility —
components shaping the competitiveness of Ukrainian territories in wartime.

Research object
The study focuses on the processes and mechanisms of territorial brand formation in Ukrainian
localities amid Russia’s full-scale war.

Research methodology

The methodology drew on discourse analysis of media narratives, involving a systematic review
of official governmental statements to identify the key rhetorical accents of wartime place
branding. A literature review provided the theoretical framework. Qualitative monitoring of
digital platforms captured the dynamics of narratives within the online environment. The picture
was complemented by a comparative case study of territories, enabling exploration of local
variations in overarching national meanings.
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Review of Related Literature

In their article, Jasper Eshuis and Laura Ripoll Gonzélez (2025) delineate the pressing problem of
conceptual diffusion surrounding place branding and offer a systematic remedy: a critical re-
reading of the literature culminating in an empirically workable definition of the place brand as a
multidimensional experience. The authors show that contemporary discourse sustains three
interpretative logics. The symbolic view reduces the brand to emblematic signs and visual
markers; the cognitive view treats it as a web of associations in stakeholders’ minds; and the
incorporated view, favored by the authors, conceptualizes the brand as a dynamic amalgam of
material, discursive, and institutional elements designed to elicit embodied, affect-laden
encounters with space (Eshuis & Ripoll Gonzélez, 2025). Accordingly, they define the place
brand as a marketing system of performative assemblages that selectively invite diverse groups to
a multisensory experience of the territory (Eshuis & Ripoll Gonzélez, 2025).

Lisa Kaéllstrom and Per Siljeklint (2024) concentrate on how internal and external stakeholders
construe the nature and purposes of place branding. Empirical work in two Swedish
municipalities reveals that participants in participatory place branding filter the process through
four interwoven paradoxes: the intended audience (local community or external publics); the
strategic stance (seeking novel meanings or leveraging existing assets); the citizen’s role (active
co-creation or passive consumption); and the primary value (the process itself or the end result)
(Kallstrom & Siljeklint, 2024). These conflicting perceptions generate typical stakeholder profiles
— critics, innovators, and relators — each influencing collaboration dynamics and demanding
differentiated managerial approaches (Kallstrom & Siljeklint, 2024). Effectiveness, the authors
argue, stems not from homogenising viewpoints but from consciously embracing and
productively working through the tension between opposing expectations, since paradoxes can
furnish wells of creativity and mutual learning (Kallstrom & Siljeklint, 2024).

The monograph by Vincent Mabillard, Martial Pasquier, and Renaud Vuignier (2024)
demonstrates persuasively that viable place branding and marketing are unattainable unless
integrated into the public-policy cycle and underpinned by co-ordinated management of local
resources. Branding is treated as a managerial instrument that aligns public policies to enhance a
place’s attractiveness for business, residents, and tourists (Mabillard et al., 2024). The book offers
a phased algorithm — from competitiveness diagnostics and stakeholder engagement through
target-group prioritization and tool selection to monitoring — while stressing that every decision
possesses a political substratum and is ratified by elected bodies (Mabillard et al., 2024). Drawing
on multifaceted cases across continents, the authors show how political regimes, governance
structures, and resource bases shape branding strategies. Conceptually, they distinguish clearly
between place marketing (behavioral change in target groups) and place branding (reputation and
soft power), yet underscore their complementarity within a territorial strategy (Mabillard et al.,
2024).

In a position paper, Mihalis Kavaratzis (2024) reflects on the evolution of place-branding studies,
charting the field’s shift from an initial conflation with product branding to a multifaceted arena
integrating public-policy management, community engagement, and critical interrogation of place
identity. Key conceptual milestones emerge: moving beyond promotional logic, accentuating
stakeholder participation, differentiating marketing, promotion, and branding per se, and
consolidating three contemporary approaches — symbolic, cognitive, and experiential — where the
brand is understood as an embodied encounter with space (Kavaratzis, 2024). Looking forward,
Kavaratzis identifies four strategic imperatives: environmental sustainability, authenticity,
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technological innovation (including big data and generative Al), and inclusivity, all anchored in
an accountability system that combines quantitative and qualitative metrics (Kavaratzis, 2024). He
also calls for methodological expansion through arts-based approaches capable of capturing the
complex emotional and sensory dimensions of human—place interaction (Kavaratzis, 2024).

Thanh Cuong Dang, Thi Thao Banh, Thi Hang Trinh, Thi Viet Hoang, and Thi Ngoc Han Doan
(2023) test empirically whether components of place marketing can stimulate foreign direct
investment decisions in Nghé An Province, Viet Nam. For middle-income regions, they note,
decisive factors extend beyond institutional service to encompass the quality of the territorial
product — infrastructure, natural and human resources — and a competitive pricing policy. The
authors recommend focusing on upgrading industrial zones, streamlining procedures, and
enhancing local workforce skills (Dang et al., 2023).

Tetiana Madryha (2024) analyses the transformation of Ukraine’s national brand after Russia’s
full-scale invasion on 24 February 2022, drawing on Nation Brands Index and Country Brand
Index data and on the Ukraine NOW and Be Brave Like Ukraine initiatives. She argues that
systematic external communications by government and diplomacy, personalization of the brand
through President VVolodymyr Zelenskyi, and societal consolidation around messages of bravery,
unity, and resilience were decisive in improving perceptions (Madryha, 2024). A brand grounded
in the values of freedom and dignity, she concludes, is indispensable for mobilising international
support during wartime and for attracting investment and tourists in the post-war period, provided
systematic efforts are made to entrench the reputational gains achieved (Madryha, 2024).

In their 2022 article, Sergiy Kalinichenko, Kateryna Spodar, Andrey Gribinyk, Valentyna
Kholodok, and Volodymyr Lagodiienko propose a harmonized methodology for place-brand
formation that weaves together strategic analysis, marketing positioning, and public-
administration tools. They demonstrate that brand effectiveness depends less on creative visual
identity than on clear goal-setting and a systematic management cycle. Four tool-sets — strategic,
symbolic, advertising, and PR — are distinguished, and their deployment is said to require
alignment with the community’s overarching socio-economic mission, rather than confinement to
image campaigns (Kalinichenko et al., 2022). A notable contribution lies in foregrounding the
managerial nature of the brand: it is treated as a governable system of values and resources that
demands a clearly identified sponsor, a development team, and post-project support mechanisms
(Kalinichenko et al., 2022). Practical significance resides in criteria of effectiveness that can
underpin audits of territorial strategies across administrative contexts. Adhering consistently to
this logic, the authors contend, secures durable competitive advantage for territories on the global
markets for capital, talent, and ideas (Kalinichenko et al., 2022).

Finally, Karasev and Matveieva (2024) illustrate how the rebranding of Dnipro may serve as a
managed instrument of post-war reconstruction, simultaneously boosting the city’s global
competitiveness and uniting the community around a shared development vision. They show that
an effective brand strategy must integrate a differentiation approach — highlighting Dnipro’s
unique economic and cultural assets — and a transformational approach — embedding branding
within urban planning geared towards social cohesion and environmental sustainability. A central
outcome is an updated city mission that fuses historical heritage, innovative potential, openness to
international collaboration, and defensive capacity; this re-imagining of the city’s image, the
authors argue, is what can attract human capital and investment both during and after the war
(Karasev & Matveieva, 2024).
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Theoretical and Analytical Framework

War imposes new tasks and challenges upon territorial branding. Above all, the very purpose of
branding shifts: from promoting tourism or investment the emphasis moves towards strengthening
the reputation of resilience and cohesion. Scholars note that, under martial law, place marketing
demands adaptive strategies, and certain approaches become particularly effective — notably,
crisis marketing oriented towards rapid response and population support. At times, a city’s
wartime marketing communications resemble brand activism, whereby actions and messages
showcase community values and its stance in resisting aggression. Despite adverse circumstances,
marketing remains a crucial instrument of strategic municipal development: even in wartime it
makes it possible to articulate a vision of the future, rally residents, and lay the foundations for
post-war recovery.

The contemporary media sphere is undergoing a realignment of values and data-transmission
channels: illustrative materials, interactive infographics, and diverse data-visualization techniques
come to the fore, becoming potent means of explaining complex phenomena and consolidating
public attention (Fayvishenko, 2019). On social networks, which constitute the nucleus of a city’s
online marketing, digitally presented indicators enhance the accuracy and credibility of reports on
volunteer initiatives, infrastructure reconstruction, and cultural events, while preserving emotional
resonance. During visualization it is vital to maintain a balance between numbers and text,
combining proportions, comparisons, and explanations so that the data remain intelligible and
evoke empathy. The emotional component is amplified through colour, irony, gamification, and
iconography, fostering deeper consumer engagement (Fayvishenko, 2019).

Positioning a place brand in wartime acquires critical importance, for a region’s capacity to
delineate and communicate its identity determines not only its ability to attract resources but also
to mobilize civic resilience. In the concept advanced by Fayvishenko (2018), positioning is the
process of creating an integrated image of a trademark in the consumer’s mind, securing durable
loyalty. Transposed to the territorial level, it entails managing perceptions of a place so that it
triggers positive associations, sustains an emotional bond, and engenders a sense of the necessity
to ‘stand with this place’, despite the risks and uncertainties engendered by war.

Traditional positioning logic begins with the construct of the ideal position of a brand. Its essence
lies in articulating clearly the unique benefit the audience gains by choosing this brand rather than
a competitor. For territories experiencing war, the ideal position acquires a dual dimension: on the
one hand, it must display advantages other regions cannot offer (for example, a high level of civic
cohesion or an innovative economy adapted to harsh conditions); on the other, it has to project
moral resilience as an intrinsic value capable of inspiring external stakeholders. In the case of
places such a ‘consumer’ is not an abstract tourist or investor but a real citizen — resident,
volunteer, entrepreneur, soldier — whose daily life is inextricably bound to the place brand. These
individuals, living through the war, become genuine brand ambassadors, transferring the
territory’s image into the digital realm through their own stories, photographs, and videos. Such
deep personification renders the ideal position not a static advertising formula but a living
construct resonant with Kendukhov’s notion of the fanatical brand advocate: a person who
unconditionally believes in the advantages of their brand and is ready to recommend it to others.
Online marketing, now virtually the principal communication platform owing to physical travel
restrictions, reinforces this requirement. Information must be simultaneously evidential and
inspiring. Digital channels permit precise audience segmentation and targeted demonstration of a
region’s competitive advantages — from logistics to tax incentives. Yet success is achieved only
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when these rational ‘numbers and facts’ are underpinned by a visual narrative of the human
dimension: stories of indomitable doctors, engineers, or artists create a profound sense of meaning
and value.

The online component of branding, intensified by war, adds new emphases to the classical nine-
stage positioning model (data collection, brand modelling, selection of differentiating attributes,
strategic planning, etc.). Already at the stage of competitive-environment analysis one should
consider the territory’s digital footprint: the quantity and quality of media mentions, search-query
dynamics, and the emotional coloring of social-media comments. Subsequent brand modelling
requires integration of user-generated content (UGC) as a fully-fledged element of the image, for
it engenders a sense of collective authenticity unattainable through official press releases alone.

At national level a vivid illustration of branding adapted to wartime conditions is the ‘Bravery’
campaign (Be Brave Like Ukraine, «Cminusicte»). Conceived during the first months of the
invasion, the initiative was designed to highlight the cardinal Ukrainian trait — courage.
Developed by a Ukrainian creative agency in partnership with the government, it was launched
under the slogan Be Brave Like Ukraine. Billboards bearing this appeal appeared across
numerous countries — the United States, the United Kingdom, Poland, Germany, and beyond — as
early as spring 2022, demonstrating to a global audience that bravery had become Ukraine’s
hallmark brand. President Volodymyr Zelenskyy explicitly identified courage as the brand
attribute of the Ukrainian nation, declaring that Ukrainians “will teach the world to be filled with
bravery, as we Ukrainians are” (Zelenskyy, 2022, 7 April). He underscored that bravery is the
essence of Ukrainian identity and the principal national brand, arguing that citizens’ unyielding
courage — from electoral squares and revolutions to resistance against aggression — persuades the
world to support Ukraine and dismantles hostile myths. Zelenskyy outlined plans for a global
communication campaign intended to “teach the world to be brave like Ukrainians” and stressed
that the yardstick for assessing international decisions should be “braver” sanctions and military
assistance. In the campaign context bravery functions as a key cultural-political marker,
structuring the territorial brand in wartime and serving as the nucleus of foreign diplomacy and
domestic cohesion. Advertising creatives for the “Bravery” campaign, which foregrounds courage
as the national trait of Ukrainians during the war. Billboards with this design were placed in many
countries as part of promoting Ukraine’s new brand.

At city and regional levels the war has likewise compelled the reassessment and transformation of
brands. One task has been to confront hostile information operations and stereotypes. Odesa — a
multicultural port city — has historically suffered under myths imposed by Russian propaganda
(e.g. the label of an “historically Russian city””) (Myinova, 2024, 20 August). After the invasion
began the branding issue became particularly acute. In 2023 local experts presented the “Odesa
Decolonization™ initiative, aimed at re-framing the city’s image and revealing its true character: a
city of entrepreneurs and a maritime pearl with a unique history rather than a bundle of obsolete
clichés (Texty.org.ua, 2024, 15 August). The team processed 150 biographical profiles of Odesa
entrepreneurs from the eighteenth to the early twentieth centuries, conducted a nationwide
representative survey, organized focus groups in Kyiv, Dnipro, and Lviv, prepared an analytical
report on the “Odesa urban myth” and a research essay by Peter Pomerantsev, created a digital 3-
D library of city symbols, and implemented a pilot project transforming the myth — a
communication campaign featuring the virtual figure of Yevhen Chykalenko — together forming a
new Ukraine-centric brand for Odesa (Texty.org.ua, 2024, 15 August). The current re-positioning
seeks to cleanse Odesa’s image of distorted narratives: instead of externally imposed associations,
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emphasis is placed on contemporary culture, the entrepreneurial spirit of Odesans, and their
patriotism. Such brand recalibration is significant not only for future tourism and business
development but also as an element of the informational front in the war.

Further cases illuminate similar dynamics. Historically Dnipro (formerly Dnipropetrovsk)
fashioned its identity as a city endowed with a rich history and formidable industrial potential.
Even before the war the official brand concept of Dnipro stressed the indissoluble link with the
River Dnipro and adopted the shield as a symbol of protection (Ridna Dnipropetrovshchyna,
2017, 1 July). The shield appears in the city’s logo for good reason: Dnipro has long served as a
defensive bastion — from Cossack fortresses and the Battle for the Dnipro in the Second World
War to its role as a key rocket-building centre in Soviet times. In the new brand, approved in
2017, the city is presented through the conjunction of a wave (the river element) and a shield (the
defenders’ will and robust character), symbolizing Dnipro’s history, strength, and patriotism.
Thus, in peacetime the foundation was laid for the brand of a strong city on the banks of a mighty
river — a city that “has always been and will remain strong, independent, steadfast, and unlike any
other” (Ridna Dnipropetrovshchyna, 2017, 1 July). This inherited image of a “defender city”
proved crucial once full-scale war erupted. Between 2022 and 2023 Dnipro swiftly evolved from
the former “space capital” into a contemporary symbol of resistance and a humanitarian hub in
eastern Ukraine. Whereas previously the municipal brand highlighted innovation and business
potential, the Russian invasion infused it with new meanings: defence, community cohesion,
volunteerism, and resilience have become its core.

The full-scale war has profoundly altered media perceptions of Dnipro, both domestically and
abroad. The city and its region have found themselves among the frontline areas subjected to
constant missile attacks. At the same time — echoing events of 2014 — Dnipro has become one of
the most active centers of resistance to the aggressor and a key rear base for the Ukrainian army.
Sociological surveys confirm these shifts in the city’s collective image (Yakunina, 2024, 7
November). According to research by the Ukrainian Institute of National Memory (2024), 38.5
per cent of residents associate Dnipro with a “Ukrainian stronghold” — a bastion of national
defence in the country’s east. This association is the most powerful and emblematic under
wartime conditions. Dnipro is perceived as a shield-city that holds back the enemy’s advance and
provides cover for other regions.

The narrative “Dnipro — Ukraine’s stronghold” has become firmly rooted in both local discourse
and national media. It is reinforced by the city’s real-world roles: a major volunteer hub
supporting the front has emerged here, alongside a medical hub — Dnipro hosts leading hospitals,
notably the legendary Mechnikov Regional Hospital, where lives are saved daily from the front
line (Yakunina, 2024, 7 November). Consequently, the city brand has acquired new images of
compassion and heroism: Dnipro is now renowned as a place working round the clock to rescue
soldiers and civilians alike.

A further narrative is that of a city of refuge. Since the outset of the war Dnipro has taken in
hundreds of thousands of forcibly displaced persons from active combat zones (Yakunina, 2024, 7
November). By autumn 2024 more than 173,000 internally displaced people were living in the
city (Yakunina, 2024, 7 November). Municipal authorities position Dnipro as a reliable sanctuary:
shelters have been established, housing along with social and medical services provided for those
who have fled the war. This humanitarian dimension has strengthened the emotional component
of the brand — empathy, care, and support have become its indispensable traits.

THE CAUCASUS ECONOMIC & SOCIAL ANALYSIS JOURNAL OF SOUTHERN CAUCASUS



Thus, during the war Dnipro’s image has been transformed and broadened: to the traditional
features of industrial might and technological prowess have been added defense, volunteerism,
and hospitality towards displaced persons, together forming the portrait of a hero-city and
defender-city. Local media and opinion leaders reinforce these narratives through real-life stories.
After a missile strike on the office of ATB Corporation (the nationwide supermarket chain) in
Dnipro, the mayor called the company a symbol of “the indomitable Dnipro spirit”, noting that
despite losses the business continued operating and supporting the community (Dobrota, 2025, 18
April).

Analysis shows that the official symbols of Dnipro’s brand have acquired new meaning during the
war, although formally they remain unchanged. The central element of the logo — the shield — is
now perceived literally as an emblem of protection for the city and the country. Whereas
previously the shield alluded mainly to historical heritage (Cossack traditions, the city’s coat of
arms), its presence in the city’s identity now resonates with Dnipro’s contemporary defensive
role. The brand’s signature colors — shades of blue and green symbolizing water and development
— continue to be used, yet wartime communications increasingly feature the national colors,
yellow and blue, as markers of patriotism and unity.

Significantly, even in wartime the Dnipro community and authorities have not abandoned the
image of a progressive, innovative city. Alongside stories of frontline heroism, the media still
report on implementation of the urban development strategy, support for the IT sector and start-
ups, and infrastructure projects. This attests to the brand’s multidimensionality: Dnipro is
positioned not only as a fortress but also as a city with a future. Before the war Dnipro prided
itself on the status of Ukraine’s “space capital” — and according to the survey, 16.5 per cent of
residents still regard this chapter in its history as decisive for the city (Yakunina, 2024, 7
November). Emphasizing scientific-industrial heritage (Yuzhmash designers, space achievements)
now complements the narrative of contemporary resilience: the city retains an innovation gene
and simultaneously demonstrates the capacity to deploy it for post-destruction recovery.

Hence, the core of Dnipro’s brand now integrates both symbols of struggle (shield, fortress,
volunteers, military medics) and symbols of hope (the river as life, space heritage as aspiration to
the stars, modernization). Emotionally this combination evokes profound respect and inspiration
among target audiences, internal and external alike. Dnipro is viewed as a hero-city that pays a
high price in the fight — recalled by tragic events such as the missile strike on a residential
building in January 2023 — and as an optimist city that, despite everything, plans for the future and
enacts positive change.

Ukrainian cities and regions employ local symbols and characteristics as wartime markers of their
brands. Those traits that have become emblematic under conditions of war are now foregrounded.
Residents of certain liberated cities, for instance, have begun to nurture distinctive emblems of
resilience: Kherson oblast is associated with watermelons, which have acquired the status of a
liberation symbol (after Kherson’s de-occupation Ukrainians celebrated the re-appearance of
Kherson watermelons on shop shelves as a small victory). Nationally these associations are
likewise sustained: Ukraine has witnessed the emergence of quasi-lovemarks — instantly
recognizable images that evoke emotional attachment. Examples such as “water-melon —
Kherson” or “coffee — Lviv”’ have become associations firmly lodged in public consciousness
during the war. Such simple yet potent symbols enable communication about cities even in dire
times, maintaining an emotional link with local residents and with all Ukrainians and the
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country’s international friends. Official municipal marketing strategies naturally rely on more
than these associations, yet they also capitalise upon them, for they nourish pride and unity.

A distinctive feature of contemporary place branding is the proliferation of internet memes, which
have become an organic element of the digital space in which the brands of Ukrainian cities are
constructed and disseminated during wartime (Kovin’ko, 2025). Concise images accompanied by
ironic or satirical captions capture the realities of the war, local events, and societal expectations,
projecting them onto a global stage. To underpin a meme, a storyline must be recognizable and
emotionally salient; consequently, memes simultaneously mirror and shape public sentiment. The
rapid replication of content renders its origins almost untraceable and thus transforms memes into
a form of collective creativity that represents the specificities of popular consciousness. Scholars
emphasize the virality, seriality, emotionality, and minimalism of the meme as a genre of post-
folklore (Kovin’ko, 2025). Memes also function as communicative instruments of territorial
branding: they become markers of urban identity, swiftly conveying key symbols and narratives
of a region. In wartime this is evident, for instance, in visual jokes about Dnipro as a ‘frontier
stronghold’, Kherson’s ‘watermelon’, or the ‘reinforced-concrete’ resilience of Kharkiv — imagery
that endows these cities with attributes of endurance and courage, thereby enhancing their
international recognition and support.

Within a philosophical-anthropological perspective, the human being situated in the digital, urban,
spatial—cultural environment emerges not as a passive consumer of information but as a creative
subject who simultaneously constructs and experiences his or her own territorial identity (Hurova
& Shkurov, 2023). Digital platforms on which memes, video appeals, or virtual tours of frontline
cities are produced constitute an extension of embodied urban experience rather than its
substitution. It is precisely here that the citizen is transformed into a “digital inhabitant”, who,
through a like, repost, or self-authored post, converts a private emotion concerning Dnipro,
Odesa, or Kharkiv into a collective symbol of courage and resilience. During wartime, such
interaction assumes existential significance: the online sphere compensates for physical
constraints, secures presence and mutual support, and thus functions as an “extended body” of the
territory. The individual, rooted in the local landscape, through digital self-expression
simultaneously records tragedy and forges a narrative of renewal that nourishes the territorial
brand and strengthens a sense of shared destiny. In this digitized urban space, the subject becomes
at once the creator and the bearer of the place brand. Online activities — from disseminating
memes to participating in crowdfunding initiatives — transmute private affect into public signs
representing the city to the world.

Accordingly, branding acquires an anthropological dimension: it rests less upon official identity
than upon a network of personal digital actions that braid multiple “selves” into a collective
narrative of resilience. Under wartime conditions, this process renders the individual a carrier of
the city’s symbolic capital and the city an extension of that individual’s online subjectivity,
whereby branding is transformed into a practice of self-identification and reciprocal support.
Overall, wartime territorial-branding approaches can be characterized as a synthesis of crisis
communication, patriotic symbolism, and strategic future vision. Ukrainian experience
demonstrates that even amid aggression it is possible not merely to preserve but to strengthen a
territorial brand, provided that its values are clearly articulated and conveyed to the global
audience through every available channel.

In the digital age territorial-brand promotion is closely entwined with the use of online tools. The
war has heightened this dependence: armed conflict has curtailed traditional offline activities —
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tourism forums, festivals, journalists’ visits — while magnifying the importance of Internet
communication, which lacks physical barriers. Digital place marketing encompasses a broad array
of methods: from official websites and city pages on social media to targeted advertising, virtual
tours, and collaboration with influencers. Research confirms that contemporary cities increasingly
integrate social platforms into their branding strategies to raise visibility and foster engagement
worldwide (Wan & Li, 2024). Social networks allow cities to deliver messages directly to a global
community, invite interaction, and create emotional bonds even at a distance (Wan & Li, 2024).
The COVID-19 pandemic had already prepared the ground for virtual formats of city promotion,
and the war has further demonstrated that a territory’s online presence is critical under crisis
conditions.

Among contemporary tendencies dynamic content and visual storytelling stand out. Static
presentations are giving way to short videos, live streams, and interactive formats that let
audiences immerse themselves remotely in a city’s atmosphere. Urban-branding scholars
underscore the importance of such ‘live’ online exchanges: platforms such as TikTok, Instagram
Live, and YouTube have become arenas in which perceptions of a city are formed in real time
(Wan & Li, 2024). During the war millions abroad have learnt about Ukrainian cities through
viral social-media videos — footage of Mariupol’s ruined streets, concerts for displaced persons in
Lviv’s squares, images from Kharkiv’s underground shelters. This content, though tragic, has
paradoxically rendered Ukrainian cities ‘known’ online, shaping their image as places of courage
and suffering. To steer this spontaneous branding, Ukrainian municipalities have begun officially
sharing narratives of resilience: on social media they publish stories of volunteer heroes, of
infrastructure restoration after shelling, and of cultural events supporting the military. Such
content serves a dual function: it sustains morale within the community and broadcasts to the
outside world a message of urban fortitude.

A challenge of wartime online marketing is the excessive concentration of negative news and
competing narratives. On the one hand, global media attention is drawn to destruction and
humanitarian catastrophe, potentially forging a negative image of a territory (danger, ruins). On
the other, hostile propaganda in the digital sphere strives to discredit Ukrainian cities by
disseminating disinformation. Consequently, debunking falsehoods and ensuring the active
presence of official sources have become integral to digital branding strategy. As T. Madryha
notes, in response to the invasion Ukraine devised its own algorithm for influencing world
opinion, deploying instruments of soft power and communication to counter Russian propaganda.
For cities this entails maintaining multilingual official channels, delivering prompt and accurate
information about events, and foregrounding evidence of the aggressor’s war crimes. The Kyiv
City Administration, for example, runs English-language pages that not only report on the
situation but also present the capital as unbreakable and European. Message coherence across all
levels — from the national brand to the municipal — has proved essential: only consistent
communication and a single informational voice can penetrate the noise (Madryha, 2024).

The target audience for territorial online marketing during the war comprises several segments,
each addressed through specific emphases. For the internal audience (residents and displaced
persons) digital branding is intended to sustain feelings of pride and confidence in the city. For the
diaspora and foreign supporters, it should convey a sense of involvement and an opportunity to
help (through donations or participation in solidarity actions). For potential investors it must
demonstrate that, despite the war, the city is planning, implementing development projects, and
nurturing human potential. Ultimately, for the global public it must consolidate positive
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associations and rebuild trust. Collaboration with diverse media and platforms facilitates these
aims. Ukrainian cities now appear with increasing frequency at international online events —
conferences, investment fairs (via video link), and virtual arts festivals. Digital technologies
abolish borders: a city can ‘visit’ an investor or tourist virtually.

Hence, wartime trends in territorial online marketing can be summarized as maximal digital
activity, dynamic and emotional content, coherence of informational messages, reliance on
symbols of resilience, and the engagement of a global audience in dialogue. The principal
challenges are to balance truthful coverage of hardships with the cultivation of a positive future
image, to combat disinformation, and to retain the world’s volatile attention. Despite these
challenges, Ukraine’s experience demonstrates the effectiveness of digital communication: a
strong city and national brand built through social media and other channels not only secures
immediate support but also lays the foundations for successful post-war recovery.

During the war the territorial brand depends ever more on the ways in which the media construct
and disseminate the image of a place in interaction with residents and external stakeholders.
Digitised forms of communication interwoven with material infrastructure give rise to hybrid
social practices that Scott McQuire defines as the “media-architectural complex” (McQuire,
2008). It is within this complex that the experience of a city or region is generated, replicated
across global networks, and transformed into a symbol of resilience.

Television, radio, and the press, integrated into the online ecosystem (Shkurov, 2025), respond
swiftly to hostilities and reconstruction challenges, fostering emotional attachment to the territory
through real stories of people who continue to work and create despite shelling. Radio stations
remain the “voice of the city”, sustaining the ritual unity of communities with daily updates on
safety, logistics, and volunteer initiatives, while journalists use social networks for immediate
feedback and crowdsourced fact-gathering. This interaction ensures rapid audience involvement
in the co-creation of the brand and enhances trust in official information. Official e-portals and
interactive maps that display damage and restored facilities reinforce transparency, enabling
residents to monitor resource use and municipalities to adjust strategies promptly.

Manuel Castells defines the contemporary city as a node in global financial and information
networks (Castells, 2010). In the digital reality of war even a local event — for instance, the
opening of a mobile hospital — can instantly become part of global discourse if accompanied by
high-quality visual content and a clear branded tag. Such networkedness intensifies narrative
competition, so online place marketing must be founded on reliable data, emotionally persuasive
stories, and ethical standards of presentation. Transparency strengthens the trust of donors,
volunteers, and potential investors, who assess not only the scale of destruction but also the
community’s capacity for self-organization and innovation.

Consequently, the formation of territorial brands during wartime rests on the synergy of
traditional and digital media, which simultaneously document reality and model the desired
future. Every story of successful reconstruction, every interactive dashboard, every radio
broadcast that sustains residents’ morale adds a brick to the reputational edifice capable of
withstanding informational turbulence and enhancing the global recognizability of Ukrainian
regions as spaces of resilience, creativity, and responsible governance.

A strategic brand-management algorithm adapted to wartime conditions may envisage, first, a
thorough audit of external threats and internal resources, including digital assets; second, the
identification of priority goals with which the community will identify (preservation of human
capital, restoration of critical infrastructure, reputational resilience in international media); and
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third, a synthesis of qualitative and quantitative impact measures — from Image Power and Brand
Signature to Activity-Based Costing and Economic Value Added. At the strategic level an “ideal
position” of the territory is shaped as a space of courage, open to global partnerships and able to
provide safe conditions for living and entrepreneurship. This positioning becomes the framework
for tactical steps — digital campaigns in social networks, serial narratives of human resilience,
interactive reconstruction maps — which simultaneously fulfil a feedback function and allow
metrics to be adjusted in real time. The development vector is set by variational planning
schemas: imperative decisions secure basic safety and critical infrastructure, creative decisions
forge unique visual and semantic codes, and alternative decisions test new digital engagement
formats.

The rapid renewal of digital technologies has relaunched the growth logic of the creative
industries, which have become the principal catalyst of territorial economic dynamics during the
war. In the light of two basic innovation trajectories — the modernization of classical sectors via
digital platforms and the use of data, knowledge, and content as an autonomous production factor
— Ukrainian regional brands have gained the opportunity to stitch the symbolic and material
dimensions into a single system of values. Such stitching acquires weight when the task is to
attract human capital and investment (Gamova, 2023). Digital products — from online courses to
augmented reality — have permitted local resources to be re-imagined, the geography of influence
to be extended, and new models for monetizing cultural heritage to be offered even in frontline
cities. Creative technologies become instruments for the capitalization of places: the integration of
gamified augmented-reality tours and interactive heritage maps shifts the territorial brand into a
mode of continuous user interaction. In this way a city or region ceases to be a backdrop and
becomes a co-author of experience — from street murals transmitting narratives of indomitability
to virtual shopwindows of craft workshops that open local products to a global buyer. All these
practices pursue the primary goal of forging emotional and rational trust in a space that lives,
creates, and develops despite the war.

Results

Hence, for Ukrainian territories today’s challenge is not to return to pre-war ‘normality’ but to
redefine their identity through the prism of digital creativity. It is the creative industries that
provide an infrastructure of meaning which, on the one hand, sustains economic circulation and
creates employment and, on the other, shapes for an international audience the image of a country
constructing its future without severing cultural roots. Consequently, place branding becomes a
process of strategic narrative construction in which artists, programmers, marketers, and urbanists
converse in the shared language of digital media, ensuring a continuous flow of innovation and
global attention to Ukraine’s experience of survival and revival. Sustainable development of
Ukrainian territories in the context of war emerges as a complex of interrelated actions: economic
diversification via digital and creative industries, ecological modernization of infrastructure, and
social engagement of citizens in decision-making. This triad establishes a new foundation for the
brand, where the promise of safety and transparency combines with the prospect of innovative
growth, and online marketing serves not as advertising but as a tool for the collective construction
of the territory’s future image.

The research results demonstrated that, under wartime conditions, brand management of
Ukrainian territories is organized around stable value coordinates revealed through living media
practices and specific managerial decisions. Discourse analysis of official communications
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showed that a core triangle — will — courage — solidarity — has gradually crystallized in
governmental vocabulary. These lexemes appear in the headlines of the most resonant addresses,
intertwine in the prefaces to recovery programs, and act as signals to the community and external
partners. In texts at various levels — from government briefings to municipal press releases — they
function as semantic magnets around which concrete actions cluster: adoption of rapid-recovery
budgets, opening of volunteer hubs, presentation of security solutions. This permits the assertion
that the moral component has become the first fundamental dimension of the wartime territorial
brand.

The findings confirmed that, in wartime realities, branding of Ukrainian territories rests upon five
interlinked characteristics that form an integral reputational ecosystem: a value-moral foundation,
personalized narratives of resilience, media synergy, adaptive governance structures, and
measurable transparency. Each of these characteristics’ manifests in discursive, emotional, and
institutional dimensions and resonates with the daily practice of cities situated on the front line or
in the deep rear yet equally subject to the pressure of war.

The value and moral foundation, designated in Ukrainian public discourse by the words will,
courage, and solidarity, acts as the primary adhesive uniting diverse local narratives into a single
national story. The meaning of these concepts is shaped not declaratively but through actions —
defending cities against missile attacks, volunteer provision of hospitals, communities’ capacity to
restore critical infrastructure on their own. In this context the brand becomes a moral marker: will
signifies not the absence of external force but the community’s conscious readiness to take
decisions independently; courage presents itself not as a heroic pose but as the daily routine of
people who, despite danger, continue to work; solidarity is transformed from an abstract virtue
into a concrete social mechanism guaranteeing mutual support among regions. These values are
transferred to the international dimension, where reputational effect is achieved because the
external audience perceives them not as advertising slogans but as empirically verified facts.

The second dimension — personalized stories of resilience, implemented both in official media and
in social networks — serves to translate abstract values into intelligible human narratives. By
weaving a network of such stories, cities project the image of a living, dynamic community, while
individual heroes become symbols to which the entire territory is anchored. For external observers
these narratives constitute the most compelling evidence of vitality; for local residents they are a
psycho-emotional resource that sustains faith in their own capacities. Personalization also
operates in the opposite direction: recognizable branded messages ease heroes’ access to global
resources, since foreign media and charitable institutions are more willing to engage with stories
already embedded in a strong value context.

The interaction of traditional and digital media, the third characteristic, has under wartime
conditions been transformed into a network ‘pulse’ that instantly records events and disseminates
them throughout the global information ecosystem. Printed press retains weight as a bearer of
analysis and archival memory, yet social platforms provide the speed and scale of reach. When a
television marathon, radio broadcasts and local online outlets simultaneously display a shared
visual code — for instance the yellow-blue colours of a symbolic campaign — the reinforcement
effect exceeds the sum of the budgets invested. The digital segment permits real-time content
adjustment: analysts monitor the tone of comments, refine formulations, and launch additional
clarifications, thereby diminishing the threat of information attacks. Synergy lies in the fact that
traditional media supply legitimacy, whereas digital media provide flexibility; together they form
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a multichannel mirror of the city through which the world observes the war while simultaneously
perceiving the prospect of renewal.

The fourth dimension — flexible governance models — ensures that the territorial brand ceases to
be a static product of a design brief and becomes a process with feedback loops. Wartime
demands rapid decisions, yet chaotic reaction erodes trust, so cities establish cross-sector teams in
which strategists, communicators, and community representatives work according to a
methodology of ‘continuous prototyping’. Emphasis shifts from decorative identity to service
elements: volunteer-management platforms, electronic offices for reconstruction requests,
cartographic services that openly display the state of roads or shelters. Such integration enhances
resource efficiency and turns every resident into a co-creator of the brand, for each request,
photograph, or social-media post further reinforces the narrative of resilience or, conversely,
signals a lapse in attention.

Finally, the fifth dimension — metrics of transparency and trust — translates symbolic capital into
concrete figures. Territorial marketing once relied heavily on hard-to-verify image indexes; now
success is gauged through specific indicators: the volume of charitable inflows, the number of
mentions in a positive context, response speed to enquiries, and the average interval between
publication of a story and receipt of the first donation. When such indicators are presented clearly,
they enhance the effect of trust: the internal audience is reassured that funds and effort do not
vanish into bureaucracy, while external partners perceive the territory as a reliable recipient.

In sum, the interaction of these five characteristics creates a multidimensional reputational map on
which Ukrainian cities and regions are marked not only by geographic coordinates but also by
digital and emotional vectors of resilience. Values endow the brand with ethical energy, heroes’
stories establish the human scale, media render it visible, flexible governance models guarantee
adaptability, and transparent metrics convert symbolism into tangible benefit. This construct has
proved capable of withstanding informational pressure and providing territories with a
mobilization resource that underpins both present defense and future reconstruction.

Conclusions

Ukraine’s practice of territorial branding during the war has demonstrated that, even under the
most adverse circumstances, it is possible to form and promote a powerful positive image of a city
or country. The key features of such wartime branding are a clear value foundation (will, courage,
unity), the integration of wartime experience into a narrative about the future, and extensive use of
digital communication tools. The examples of Ukrainian cities — from Dnipro to Odesa — illustrate
different approaches, yet they share a determination to defend their identity and reputation. The
results of the analysis reveal transformation but not the breaking of city brands. For instance,
Dnipro’s brand has been transformed during the war but not broken. On the contrary, it has been
strengthened, absorbing new meanings. The city has managed to combine its historical identity
(Cossack bravery, industrial glory) with contemporary narratives of resilience, volunteerism, and
innovation. This has rendered Dnipro’s brand recognisable and respected both within the country
and abroad. Today, Dnipro exemplifies how a territorial brand can be adaptive, serve as a source
of pride for residents, and, at the same time, function as an instrument of “people’s diplomacy”,
conveying to the world the image of a strong, cohesive community that resists aggression.

Online marketing has become a catalyst for global attention: through social networks, virtual
campaigns, and digital media Ukrainian territories have been able to “tell their story” to the world,
securing the empathy and support of millions. During the war the positioning of territories
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transcends traditional marketing schemes and becomes a complex socio-cultural practice that
unites economic arguments with moral and ethical narratives. A successful territorial brand today
is not so much a logo or slogan as a network of meanings fixed in the collective imagination of
residents and supported by digital evidence of dynamic resilience. It lives in people’s daily
stories, in reconstruction statistics, in the visual flow of social media, and in the region’s capacity
to transmit a platform of involvement into the global information space.

For the international community the experience of territorial branding during the war in Ukraine
IS a unique case that combines place-marketing theory with crisis-communication and public-
diplomacy practices. It confirms that a strong territorial brand can become not merely a
development instrument but also a shield in times of crisis — a shield that protects informational
sovereignty, boosts morale, and attracts resources for renewal. As the country moves from war to
reconstruction, a new stage of branding will emerge: the focus will shift to showcasing
reconstruction successes, innovation, and openness to the world. However, the foundations for
this future image are already being laid. Ukraine is creating the image of a country of brave
people and unbreakable communities — an image recognised and honoured worldwide. This
achievement has been made possible through the synergy of efforts — governmental
communications, local initiatives, and millions of digital stories — that together have formed a
coherent brand narrative. And this narrative, born in difficult times, will continue to serve the
country’s benefit, fostering its development and prosperity in the peaceful years to come.
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ABSTRACT

The importance of organic fertilizers in increasing soil fertility is great. The article focuses on the
significance of organic fertilizers in increasing soil fertility, and it examines the conditions for
applying organic fertilizers to protect productivity, product quality indicators, and soil fertility.
Leguminous plants are essential in addressing food shortages and protein issues, which require
increasing their productivity by cultivating fertile land. The application of organic fertilizers
increases soil fertility, enabling ecological product production. Consequently, a research study
was conducted on gray-meadow soils irrigated since ancient times to assess the impact of
applying organic fertilizers at different rates on soybean plant productivity and soil fertility.

The study results indicate that applying 20 tons of semi-rotted manure per hectare increased
soybean plant productivity by 11 s/ha or 52.38% compared to the control option without fertilizer.
Mathematical calculations also show that the grain yield obtained from soybean plants due to
applying organic fertilizer norms is reliable. Additionally, the organic fertilizer norms led to an
increase in the root and shoot residue of soybean plants, positively affecting soil fertility
restoration by increasing the quantity of organic biological substances in the soil.

In conclusion, applying 20 tons of semi-rotted manure per hectare on gray-meadow soils that have
been irrigated for a long time and lack nutrients can increase soybean plant productivity and
maintain soil fertility.

Keywords: Soybean, legumes, soil fertility, organic fertilizer, productivity, root mass.

Introduction

In addition to satisfying the demand for food, animal feed, and industrial raw materials,
maintaining soil fertility at an appropriate level and improving it to obtain a high, stable, and
quality product at all times is considered one of the important problems facing agricultural
science. Without protecting soil fertility, it is impossible to obtain high-quality products from
agricultural plants.

Legumes are various botanical genera of the Fabaceae family. Soybean - Glycine hispida - is an
annual cultivated plant belonging to the legume family Fabaceae. Soy is known as a valuable
protein-oil plant in many countries around the world, and it is currently cultivated for various
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purposes in more than 90 countries. The largest cultivated areas are in the United States (about
35-40% of the world), Brazil (20%), Argentina (12%), China (12-13%), and India (8%). It
occupies about 2% of the total area of soybean cultivation in Europe and 0.7-1.0% in Russia. The
world production of soybeans has reached 253 million tons, and the cultivated area is 100 million
hectares. The average yield in the world is about 2.25 t/ha or 22.5 s/ha. The use of modern
varieties (hybrids) and intensive technology in favorable conditions allows for the achievement of
record soybean yields [9, c. 182-190].

In modern times, in the conditions of the rapid development of industry and intensification of
agriculture on a global scale, the protection of natural complexes, separate ecosystems, including
the soil cover, which is an important component of the biosphere and ecosystems, and fertility,
which is its attribute, is relevant in the conditions of our republic, as well as throughout the world.

The purpose of the research

The main purpose of this research is to study the effect of applying organic fertilizer in an optimal
rate on the growth and development of soybean plants, to increase grain yield and quality, and to
protect soil fertility.

Scientific innovations

For the first time, the effect of optimizing organic fertilizer norms on the productivity of soybean
plants, their quality indicators, and soil fertility in the conditions of the anciently irrigated
Agjabadi region of the Karabakh region in gray-meadow soils poorly supplied with nutrients was
studied on scientific grounds.
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Methodology and scheme of the experiment

In the field experiment, 10 tons per hectare of organic fertilizer was applied to obtain an
ecologically clean and safe product and increase soil fertility. 20 tons of manure and 20 tons of
compost were also used.

To study the agrochemical characteristics of the area to be researched, soil samples from different
layers were taken from the field according to the methodology, and agrochemical analyses were
carried out. The results of the agrochemical analyses of the soils taken from the experimental area
are shown in the table below.

In the collected soil samples, total humus and nitrogen were determined by 1.V. Tyurin, easily
hydrolysable nitrogen by LV. Tyurin and M.M. Kononova, total phosphorus by A.M.
Mesheryakov, total potassium by Smith, absorbed ammonia by D.P. Konev, and nitrate nitrogen
by the method of Grandwald-Lyage. Activated phosphorus was determined by B.P. Machig, and
exchangeable potassium was determined by P.V. Pratasov [4, p. 5-24]. The results of the analyses
show that the pH of the experimental soils is weakly alkaline.

As can be seen from the table, the amount of total humus varies from 0.65 to 2.41%. According to
the classification adopted in the republic, the soil in that area is poorly supplied with humus [8, p.
1-8]. While the total nitrogen in the 0-20 cm layer of the soil was 0.11%, it was 0.03% in the 80-
100 cm layer. The amount of nitrogen compounds assimilated by plants in the 0-100 cm soil layer
was as follows: easily hydrolyzable nitrogen 16-51 mg/kg, absorbed ammonia 9.98-4.25 mg/kg,
and nitrates 7.56-1.25 mg/kg, respectively. The amount of total phosphorus in the 0-100 cm soil
layer fluctuated between 0.13% and 0.05%. The amount of activated phosphorus, which plays a
major role in plant life, was determined to be 12.89-3.85 mg/kg. This suggests that the
experimental soils are poorly supplied with phosphorus. The total potassium in the soil was found
to be 2.51-1.63%, and exchangeable potassium was 275.2-74.5 mg/kg.

Based on the results of the analysis and the classification adopted for the republic, we conclude
that the gray-grass soils in the Hindarkh municipality of Agjabadi district, where we conducted
the research, are poorly supplied with the main nutrients. Therefore, it is necessary to apply a
certain amount of organic and mineral fertilizers to crops in order to increase the effective fertility
of the soil.

Agrochemical characteristics of the experimental field soil of Aghjabedi region (Hindarkh
municipality).

Deepness | pH in Total Nitrogen phosphorus callium
(sm) water | nitrogen | Total | Easily Absorbed | Nitrates | Total | Active | Total | Reciprocal

solution | (%) (%) | hydrolyzed | ammonia (%) (%) | mglkg

in soil

0-20 7.2 2,41 0,11 | 51 9,98 7,56 0,13 | 12,89 | 2,51 | 275,2
20-40 75 1,78 0,10 | 42 8,45 6,74 0,11 | 9,52 2,12 | 2113
40-60 7,7 1,34 0,08 | 3 7,19 5,61 0,08 | 8,64 1,85 | 132,1
60-80 7,8 1,12 0,05 | 25 6,01 3,10 0,06 | 6,11 1,71 | 96,7
80-100 8,1 0.65 0,03 | 16 4,25 1.25 0,05 | 3,85 1,63 | 745

The experiment was carried out from 2019 to 2022 in the Hindarkh municipality of the Agjabedi
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region in 5 variants and 4 repetitions on gray-grass soils that have been irrigated since ancient
times. The "Alligator" soybean variety was used during the experiment, and organic fertilizers
were added under the plow according to the methodology. The soybean sowing period was April
10-15. The results of the field experiments were calculated using the mathematical calculation
method of B.A. Dospehov.

The accumulation of organic matter in the soil increases its absorption capacity, granulometric
composition, aeration activity, microbiological processes, and the amount of carbon dioxide
(CO2) exported from the soil. This has a positive effect on increasing productivity [6, p. 241-249;
11, p. 25-36]. Research conducted by J.A. Aliyev, Z.l. Akbarov, and M.H. Nabiyev shows that
under normal conditions, one soybean plant can form 25-30 or more tubers. Atmospheric nitrogen
absorption and entry into the soybean plant mostly occurs during the phases of flowering, bean
formation, and grain filling [3, p.31-40].

Nitrogen is one of the primary nutrients necessary for soybean growth and development, and
soybean plants obtain nitrogen from several sources. These sources include 1) biological N2-
fixation by tuber bacteria, and 2) soil nitrogen. A high level of soil nitrogen inhibits symbiotic
N2-fixation, and under these conditions, the soil provides most of the plant's nitrogen needs [19,
p.822-827; 20, p. 1-23]. To improve soil fertility and increase the productivity of cultivated
agricultural plants, it is essential to develop and apply a scientifically based approach to
alternating one-year grain legumes with other crops in the production of high-quality, ecologically
safe products.

A soybean plant needs to absorb 260-300 kg of nitrogen to produce 30 centners of grain. Under
favorable conditions, the soybean plant biologically fixes 200-220 kg of nitrogen from the soil air
at the expense of fur bacteria living a symbiotic life in the root. The missing 60-80 kg is taken
from the mineral nitrogen compounds in the solid phase of the soil through the root, and as a
result, the soil becomes less depleted of nitrogen [3, p. 12-15]. Many factors influence soybean
nitrogen fixation and response to applied nitrogen fertilizer, such as soil pH, temperature, and
humidity [21, p.213-216].

The lack of the required amount of moisture in the soil has a significant impact on the physico-
chemical and biological processes taking place in the soil, soil fertility, plant growth and
development, productivity, assimilation of nutrients by plants, and other issues [14, p. 2157—
2169].

Analysis and Discussions

Soybean has the highest demand for moisture during the mass flowering, pod formation and grain
filling stages. Soybeans were watered at least 4 times during the growing season for normal plant
development. Along with soil fertility, irrigation has a positive effect on the growth and
development of plants to be planted, as well as on the course of biological, physical and chemical
processes in the soil, and on the microclimate characteristics of the soil.

During the study, phenological observations were made, and the effect of different organic
fertilizer rates on the growth and development dynamics of the soybean plant under irrigation
conditions was determined. Table 1 shows the effect of organic fertilizer norms on the height and
growth dynamics of soybean plants.

As seen from the Table, the organic fertilizer rates had a substantial effect on the growth and
development dynamics of the soybean plant. In the control variant without fertilizer, the length of
the soybean plant was 15 cm during the branching period, 19 cm in the variant with 10 t/ha of
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manure, 18 cm when 10 t/ha of compost was applied, 25 cm when 20 t/ha of manure was applied,
and 22 cm when 20 t/ha of compost.

Table 1. Effect of organic fertilizer rates on growth and growth dynamics of soybean plant.

s/s | Variant Branching Time of pod Full ripening time | Growth in
duration cm formation cm cm
cm
1 Fertilizer-free 15 51 70
control
2 Manure 10t/ha 19 58 76 6
3 Compost 10 t/ha 18 56 75 5
4 Manure 20t/ha 25 70 89 19
5 Compost 20 t/ha 22 68 85 15

Measurements were taken at the stage of bean formation, and the corresponding indicators
changed as follows: in the no-fertilizer-control variant, the height of the soybean plant was 51 cm,
while it was 58 cm in the variant with 10 t/ha of manure, 56 cm when 10 t/ha of compost was
applied, 70 cm when 20 t/ha of manure was applied, and 68 cm when 20 tons of compost was
applied per hectare. The height of the soybean plant during the full ripening period was also
observed, and the results were as follows: 70 cm in the control option without fertilizer, 76 cm in
the option with 10 t/ha of manure, 75 cm when 10 t/ha of compost was applied, 89 cm when 20
t/ha of manure was given, and 85 cm when 20 tons of compost was applied per hectare.

From the above, it can be concluded that applying 20t/ha of manure had a significant effect on the
growth and development of soybean plants at different stages of development. Organic fertilizers
provide the soil with the necessary nutrients for plant nutrition in agriculture, improve its physical
and agrochemical properties, enrich the soil with beneficial microorganisms, slow down the rate
of mineralization of mineral fertilizers in the soil, speed up nutrient uptake by the plant, prevent
nutrient loss in the soil, enrich the soil with humus, provide trace elements, improve soil structure,
keep the soil moist in the cultivated area, and have a positive effect on reducing the number of
irrigations [15, p. 1-50].

Tmiryazev K.A. notes that irrigation and fertilization are closely related to each other, and
effective application of fertilizers in irrigated lands remains the main factor in increasing
productivity and soil fertility [9, p.182-190]. A seed planted in fertile soil, receiving plenty of sun
and watered regularly and on time, will yield abundantly with high care and labor.

In the authors' study, it was emphasized that applying nitrogen before planting is beneficial for
soybean growth, given that soybean plants do not form nodules at least 9 days after germination.
In addition, initial nitrogen fertilizer can supply nitrogen until biological N2 fixation by tubers
begins [12, p. 312-323; 22, p. 234-237]. However, nitrogen fertilization at planting can reduce
soybean N2-fixation and yield. Therefore, the application of organic fertilizers can meet the
plant's demand for nitrogen and other nutrients [13, p. 815-816].

G. B. Bodnor, G. T. Lavrenko, and others prove in their research that 170 kg of nitrogen, 40 kg of
phosphorus, and 50 kg of potassium are required for the formation of 20 centners of grain per
hectare at the Primorsk agricultural experiment station [10, p.11-15]. For a high soybean yield, it
IS necessary to use both biological N2-fixation and nitrogen uptake by soybean roots [5, 6].
Applying organic fertilizer to soybean is based on the plant's nitrogen requirement during seedling
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development before the formation of punch bacteria, which is crucial for soybean growth and
development [16, p.255-260; 17, pp. 497-533; 18, pp. 112-114].

Soybean fertilization is primarily related to soil moisture and the amount of atmospheric
precipitation. Specifically, the efficiency of mineral fertilizers is more noticeable in rainy years.
Studies show that the more moisture there is, the more effectively fertilizers dissolve in the soil
into a form that can be absorbed by plants, and the better they are absorbed by the plant. When
different types of fertilizers are used in years with little atmospheric precipitation, the increase in
productivity is less noticeable [24, p. 2778-2787; 25, pp. 11-15].

The application of fertilizers at the optimal rate in plant nutrition is the main factor in increasing
productivity. As a result of conducted research, it is known that it is possible to increase the
productivity of soybeans if the soil is fertilized at the optimal rate and proportion. However, it
should be noted that excessive fertilizer can have a negative effect on the quality of the product.
After studying the grain yield and absolute weight of the soybean plant, we established the
organic fertilizer norms for 2019-2022, which are presented in Table 2.

Table 5. Effect of organic fertilizer rates on soybean grain yield.

s/s | Variant Yield Growth s/ha The weight of 1000 grains (gr)
(grain s/ha)
s/ha %
1 Fertilizer-free control 21 - - 105
2 Manure 10t/ha 26 5 23,80 120
3 Compost 10 t/ha 24 3 14,28 116
4 Manure 20t/ha 32 11 52,38 168
5 Compost 20 t/ha 28 7 33,33 142
E=9,46 P=36,1

As can be seen from the table, the application of organic fertilizer rates had a substantial effect on
soybean grain yield. Compared to the no-fertilizer-control option, the productivity of the soybean
plant increased significantly in the options where organic fertilizer norms were applied.

The grain yield of the soybean plant in the no-fertilizer-control option was 21 s/ha, while it was
26 s/ha in the option with 10 t/ha of manure, 24 s/ha when 10 t/ha of compost was applied, and 32
s/ha when 20 t/ha of manure was applied. When 20 tons of compost were applied per hectare, the
grain yield was 28 s/ha. The highest yield was obtained when 20 t/ha of manure was applied,
which resulted in an increase of 11 s/ha or 52.38% compared to the control option without
fertilizer. The increase in yield as a result of the application of organic fertilizer norms was found
to be reliable based on mathematical calculations. The increase in yield was three or more times
higher than the indicator E, s/ha.

Preservation of soil fertility is one of the most important issues in agriculture, as high and quality
products cannot be obtained without maintaining soil fertility. Therefore, the correct and efficient
use of arable land is crucial, and returning the nutrients taken from the soil with the agricultural
plants planted every year is essential. This can only be achieved through the use of fertilizers, and
the use of organic fertilizers is especially important.

The authors note that plant root residues play a critical role in increasing soil fertility as a source
of organic matter. Plants that give more phytomass to the soil have the main role in the
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accumulation of organic matter in the soil. The amount of root residue a predecessor plant
accumulates in the soil is of great importance in evaluating its effectiveness as a fertilizer. When
agrotechnical methods are developed to normalize the mineralization of organic matter in the soil,
the main focus is given to the studies conducted to determine the intensification of the
decomposition of plant root residues in the soil.

It is worth noting that the variation in the amount of nutrients entered into the soil by root mass
and tiller residues is related to the amount of plant residues and nutrients in them. Favorable
conditions for efficient plant nutrition are created by a large amount of carbon dioxide, in addition
to the nutrients that enter the soil with the plant root mass and remains of the stems. This, in turn,
increases the productivity of agricultural plants and the quality of the product [7, p.15-20].

Root and stem residues restore soil fertility in agriculture. After the organic matter decomposes in
the soil, it provides the plants with the necessary ash and nitrogenous nutrients. Root and stem
residues improve the structure of the soil, and as a result of the accumulation of a large amount of
nutrients, it increases the productivity of the following plants and the fertility of the soil [23, p.80-
88].

Green manures are produced by planting legumes to maintain and increase fertility in Central
Asian soils. From one hectare, up to 8 tons of root and root residues can be collected, which
significantly increases the total humus and nitrogen in the soil.

Various scientists have studied the increase of organic matter in the soil due to the remains of
roots and stems of individual plants.

The root system of plants senses all changes in the soil, and the formation and development of
roots are primarily influenced by the density of the soil structure, its moisture capacity, and
nutrients. Researchers, such as S. Khales, G. Genzen, Y. Y. Sokolovski, P. Kossovich, V. G.
Rotmisterov, A. P. Madestov, F. N. Mauer, V. I. Tsvinsky, and others, have been engaged in
determining the distribution of roots in the soil. Z.M. Abdullayeva, K.M. Babayeva, A. A.
Bektemiriv, Y. N. Mukhtarov, B. B. Zahidov, and other researchers have reported an increase in
organic and agrochemical indicators of the soil due to the remains of roots and stems [1, pp. 17-
20].

According to the calculations of many researchers, one centner of dry mass of cereal legumes
accumulates more than 3 kilograms of biological nitrogen in the soil, as found in the research of
V.S. Zaitsevin, R.A. Taghiyev, and A.D. Ibrahimov. The appropriate methodology determined
that the stalk and root residues of soybean (93 s/ha) ensured the formation of 280 kg/ha of
biological nitrogen in the soil [5. P. 17-25; 10, pp. 42-44].

Numerous studies and widespread production practices have shown that crop rotation with
different root structures increases soil fertility. Based on the experiment conducted by researchers,
it was determined that alfalfa collected 73.11 s/ha of air-dry weight at the depth of 0-50 cm of the
soil. Multiplying this number by the coefficient of 0.18 determined by Popov, it is equal to 13.12
s/ha of biological humus. Therefore, plant residues form the basis of the formation of new humus
in the soil, and due to this, soil fertility increases. According to the method of turning plant
residues into biological humus (according to Muhammedjanov), in order to produce 1 ton of
humus in the soil, it is necessary to bury 6 tons of plant residues in air dry weight. During the
experiment, soybean collected 9.3 tons of aerial and root mass in air dry weight, and according to
the mentioned methodology, this figure is equal to 1.55 t/ha of biological humus [2, p.65-66].

In addition to the above-mentioned scientists, in 2019-2022, we collected the remains of root
stalks from the joint sowing of soybeans using the monolithic method, dried them in the open air,
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and weighed them. Total nitrogen, phosphorus, and potassium in root and shoot residues were
determined and listed in Table 3.

Table 3.3. Effect of application of organic fertilizer rates on root mass, chemical composition,
and amount of nutrients of mixed crops.

Root mass s/ha | Air dry matter in % | In kg per hectare Biological humus s/ha
N ons K20 N ons K20

Fertilizer-free 17,3 0,74 10,16 | 0,69 | 12,80 | 2,71 | 11,93 | 3,11

control

Manure 10t/ha 21,1 0,81 0,18 | 0,72 | 17,09 | 3,79 | 15,19 | 3,79

Compost 10 t/ha 20,4 0,79 | 0,17 | 0,70 | 16,11 | 3,46 | 14,28 | 3,67

Manure 20t/ha 25,0 0,84 | 0,21 | 0,76 | 21,00 | 5,25 | 19,00 | 4,5

Compost 20 t/ha 23,9 0,82 10,19 | 0,74 | 19,59 | 4,54 | 17,68 | 4,3

As a result of the analysis, it was determined that the application of organic fertilizer norms has a
significant effect on the mass of root and shoot residues of mixed crops. In the control variant
without fertilizer, the mass of roots and shoots was 17.3 s/ha. When 10 t/ha of manure was
applied, it increased to 21.1 s/ha, while 10 t/ha of compost resulted in 20.4 s/ha. When 20 t/ha of
manure was applied, the mass increased to 25.0 s/ha, and with 20 t/ha of compost, 23.9 s/ha of
plant residues were collected.

During the chemical analysis of samples of plant residues, it was determined that the amount of
nitrogen, phosphorus, and potassium changed significantly depending on the application of
organic fertilizer norms. In the control option without fertilizer, total nitrogen was 0.74%,
phosphorus 0.16%, and potassium 0.69%. However, when 10 t/ha of manure was applied, total
nitrogen increased to 0.81%, phosphorus to 0.18%, and potassium to 0.72%. When 10 t/ha of
compost was given, nitrogen was 0.79%, phosphorus 0.17%, and potassium 0.70%. When 20 t/ha
of manure was applied, total nitrogen was 0.84%, phosphorus 0.21%, and potassium 0.76%.
Finally, with 20 t/ha of compost, total nitrogen changed to 0.82%, phosphorus 0.19%, and
potassium 0.74%. These positive features also had a significant effect on the amount of nutrients
per hectare. In the control variant without fertilizer, nitrogen was 12.80 kg/ha, phosphorus was
2.71 kg/ha, and potassium was 11.93 kg/ha. When 10 t/ha of manure was applied, nitrogen
increased to 17.09 kg/ha, phosphorus to 3.79 kg/ha, and potassium to 15.19 kg/ha. With 10 t/ha of
compost, nitrogen was 16.11 kg/ha, phosphorus 3.46 kg/ha, and potassium 14.28 kg/ha. When 20
t/ha of manure was applied, nitrogen increased to 21.00 kg/ha, phosphorus to 5.25 kg/ha, and
potassium to 19.00 kg/ha. Finally, with 20t/ha of compost, nitrogen was 19.59 kg/ha, phosphorus
4.54 kg/ha, and potassium 17.68 kg/ha.

During the study, the conversion of plant residues collected into biological nitrogen was
determined. In the control variant without fertilizer, 3.11 s/ha per hectare was collected. In the
case of biological humus formation, 3.79 s/ha was collected when 10 t/ha of manure was applied,
and 3.67 s/ha when 10 t/ha of compost was applied. With 20 t/ha of manure, 4.5 s/ha was
collected, and with 20t/ha of compost, 4.3 s/ha of biological humus was collected.

Conclusion
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1. The plow and sub-plough layers of irrigated gray-meadow soils have low levels of main
nutrients, indicating poor potential and effective fertility. Therefore, to increase the
effective fertility of the soil, it is necessary to apply a certain amount of organic and
mineral fertilizers to the crops.

2. In irrigated gray-meadow soils, the application of organic fertilizer manure at a rate of
20t/ha significantly improved the height and development of soybean plants at different
stages of growth.

3. The highest yield was obtained when 20t/ha of manure was applied, resulting in an
increase of 11 s/ha or 52.38% compared to the control without fertilizer. Mathematical
calculations also showed that the grain yield obtained from soybean plants as a result of
applying organic fertilizer norms was reliable.

4. In order to maintain and increase soil fertility, it is recommended to incorporate the root
residues of leguminous plants into the soil. Applying organic fertilizer norms at an optimal
rate significantly increases soil fertility by improving the structural, productivity, and
quality indicators of soybeans, as well as having an effective effect on the residues of roots
and stems. This confirms that soybean is a good predecessor for plants that are planted
after it.

It is recommended to apply 20 tons of half-rotted manure per hectare to improve the structural
indicators and increase the productivity of soybean plants in gray-meadow soils that are poorly
supplied with nutrients.
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ABSTRACT

At the current stage of economic development, the energy sector is one of the strategically
important areas for the country. The proper and efficient management of resources affects not
only the financial performance of enterprises but also socio-economic stability. Therefore, the
improvement of audit services and the evaluation of their efficiency are of particular relevance.
Audit is not limited to the verification of financial statements; it also encompasses functions such
as enhancing transparency in management, reducing risks, and ensuring the rational use of
resources.

The energy sector has a complex technological structure, large financial turnover, and strategic
importance. For this reason, audit services aim not only at financial control but also at optimizing
operations, reducing energy losses, and improving the quality of management. In large enterprises
such as “Azerenerji” JSC in Azerbaijan, the implementation of audit systems based on
international standards plays a crucial role.

Research shows that the development of audit services is significantly influenced by the
application of digital technologies, the strengthening of risk-based approaches, the improvement
of internal control mechanisms, and the integration of international standards. These directions
reinforce the financial discipline of enterprises, reduce losses in production processes, and
enhance overall management quality [1; 7; 14].

Keywords: Audit services, Energy industry, Efficiency, International auditing standards, Internal
control, Energy losses, Transparency in management.

XULASO

Miiasir iqtisadi inkisaf morholosindo energetika sektoru 6lko iiclin strateji oshomiyyot dasiyan osas
saholordon biridir. Resurslarin diizglin vo somorali idara olunmasi tokco miiassisolorin maliyyo
gostaricilorine deyil, hom do sosial-iqtisadi sabitliyo tosir gostorir. Buna goéro do audit
xidmatlorinin tokmillasdirilmasi vo onlarin samaoraliliyinin giymaotlondirilmasi xiisusi aktualliq
kasb edir. Audit yalniz maliyys hesabatlarinin yoxlanmasi ilo mohdudlagmir; o, idaroetmoda
soffafligin artirilmasi, risklorin azaldilmasi vo resurslardan rasional istifadonin tomin olunmasi
funksiyalarin1 da 6ziindo birlogdirir.
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Energetika sektoru miirokkob texnoloji struktura, boylik maliyys dovriyyasino vo strateji
ohomiyyato  malikdir. Bu sobobdon audit xidmatlori yalniz maliyys nazarstini deyil, ham do
omoliyyatlarin optimallasdirilmasini, enerji itkilorinin azaldilmasini vo idarsetmonin keyfiyyastinin
yiiksoldilmasini hadoflayir. Azorbaycanda “Azerenerji” ASC kimi iri miiassisalordo beynalxalq
standartlara osaslanan audit sistemlorinin totbiqi xlisusi shomiyyat dasiyir.

Aparilan todqiqatlar gostorir ki, audit xidmatlorinin inkisafinda rogomsal texnologiyalarin tatbiqi,
risk osasli yanasmanin giiclondirilmosi, daxili nozarot mexanizmlorinin tokmillogdirilmosi vo
beynoalxalq standartlarin inteqrasiyas1t miithiim rol oynayir. Bu istigamatlor miiossisalorin maliyya
intizamin1 mohkomlondirir, istehsal proseslorindo itkilori azaldir vo timumi idaroetmo keyfiyyatini
artirir.[1; 7; 14]

Acar sozlor: Audit xidmotlori, Energetika sonayesi, Somoralilik, Beynolxalq audit standartlari,
Daxili nozarot, Enerji itkilori, Idaroetmado soffafliq.

Giris

Energetika sonayesi 0lkonin iqtisadi inkisafina birbasa tosir gostoron strateji sektorlardan biridir.
Lakin resurslarin somorasiz idars edilmasi, istehsal vo paylama proseslorinds itkilorin ¢oxlugu,
maliyyo intizaminin zaifliyi vo soffafliq soviyyssinin asagi olmasi hom miisssisalorin faaliyyatinag,
hom da sosial-iqtisadi sabitliys manfi tosir edir.

Audit xidmatlori miisssisalorin davamli inkisafinda miihiim rol oynayan idarsetma alatlorindondir.
Audit yalniz maliyys hesabatlarinin diizgilinliiylinii tosdiglomir, eyni zamanda omaliyyatlarin
qanunvericiliys uygunlugunu yoxlayir, risklorin idars edilmosini tomin edir vo resurslardan
istifadonin somoraliliyini artirir. Energetika sektoru yiliksok maliyys dovriyyesi vo miirokkab
texnoloji riskloari ilo secildiyindon auditin rolu burada daha bdyiik shomiyyast kasb edir.
Azorbaycan Respublikasinda aparilan iqtisadi islahatlarin osas istigamotlorindon biri enerji
sahasindo soffaflifin giiclondirilmasi vo idaroetmo mexanizmlorinin beynolxalq standartlara
uygunlagdirilmasidir. Bu baximdan “Azarenerji” ASC kimi iri miiossisolords audit xidmaetlorinin
miiasirlogdirilmasi zoruridir. Rogomsal texnologiyalarin totbiqi, daxili nozarst sistemlorinin
mohkomlondirilmasi vo risk osasli audit modelinos kecid bu prosesin osas sortlorindondir.

Bu todqiqatin moagsadi energetika sonayesinds audit xidmotlorinin tokmillogdirilmasi yollarini
aragdirmaq vo onlarin miiossisolorin foaliyyst somaraliliyina tesirini qiymatlondirmokdir. Bu
moqgsadlo nozori osaslar Oyronilmis, “Azorenerji” ASC nilimunasinde praktiki voziyyet tohlil
edilmis vo naticalor asasinda miivafiq tovsiyalor hazirlanmisdir.[2; 3; 4]

Audit xidmatlarinin nazari asaslar

Audit iqtisadi idaroetmo sistemindo nozarat vo qiymotlondirmo funksiyasini hoyata keciron osas
mexanizmlordon biridir. Beynolxalq praktikada audit, miiossisonin maliyys hesabatlarinin,
idarsetma proseslorinin vo amoliyyatlarinin miistaqil ekspert torafindon yoxlanilmast vo onlarin
qanunvericiliya, hamginin gobul olunmus standartlara uygunlugunun miisyyon olunmasi kimi izah
edilir .

Audit yalniz méveud sohvlari agkarlamagqla kifaystlonmir; eyni zamanda onlarin tokrarlanmamasi
iiclin gabaqglayic1 todbirlorin goriilmosing, idaroetmods soffafligin artirilmasina vo risklorin
azaldilmasina komok edir. Bu baximdan audit miiossisalor {i¢iin strateji ohomiyyot dasiyan
idaroetmo alotidir.

Auditin asas funksiyalar1 asagidakilardir:
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1. Maliyys hesabatlarinin doqiqgliyinin yoxlanmasi: Miiassisonin maliyys vaziyyatinin diizgiin vo
etibarli gostorilmasi.

2. Risklorin giymotlondirilmosi vo idaro olunmasi: ©Omoliyyat, maliyyo vo texniki risklorin
miioyyon edilmosi, doyarlondirilmasi vo idars edilmosi mexanizmlorinin qurulmasi.

3. Daxili nazarat mexanizmlorinin giiclondirilmasi: Omoliyyatlarin vo maliyys proseslorinin goffaf
va samarali idara olunmasinin tomin olunmasi.

4. Idaroetmado soffafliq vo hesabatliligin tomin olunmasi: Strateji qorarlarin diizgiin osaslarla
gabul edilmasina va rohbarliyin faaliyyatinin monitoringinas dastak.

5. Iqtisadi vo sosial somoroliliyin artirilmasi: Enerji vo digor resurslarin somoroli istifado
olunmasina, omoliyyat vo istehsal proseslorinds itkilorin azaldilmasina xidmot edir .

Auditin novleri:

- Xarici audit: Miistoqil auditorlar torofindon hoyata kecirilir vo osason maliyya
hesabatlarinin diizgiinliiyliniin qiymaotlondirilmasini hadofloyir. Xarici audit hom do
investorlara, dovlot orqanlarina vo digor maraqli toraflors etibarli molumat togdim edir.

- Daxili audit: Miiossiso daxilinds foaliyyot gdstoron nozarat bolmalari torofindon aparilir vo
idaroetmonin somoroliliyini artirmaga yonolir. Daxili audit, homg¢inin omaliyyatlarin
optimallasdirilmasi vo risklorin vaxtinda askarlanmasi iiciin strategiyalar toklif edir .

Auditin nazoriyyads genislondirilmis yanasmalari:

1. Risk osasl audit (Risk-Based Audit — RBA): Miiasir auditdo yalniz maliyys gostaricilaring
baxmaq kifayat deyil. RBA modeli, miiossisonin amoliyyat, texniki vo maliyys risklorini dncadon
miioyyon edir vo yoxlamalart bu risklor osasinda prioritetlosdirir. Bu yanasma energetika
sonayesindo istehsal vo paylama morhalalorinds potensial problemlorin vaxtinda agkarlanmasini
tomin edir .

2. Rogomsal audit vo boyiik malumatlarin analizi: Siini intellekt, blok¢eyn vo analitik programlar
vasitasilo audit¢i boylik hacmli molumatlari emal eds vo real vaxt rejimindo monitoring hoyata
kecira bilir. Bu yanasma insan faktorundan qaynaqlanan sohvlori minimuma endirir vo
omoaliyyatlarin soffafligini artirir .

3. Ekoloji vo sosial audit: Energetika sektorunda yalniz maliyys yoxlamalart kifayst etmir.
Karbon emissiyalari, su vo torpaq resurslarmin istifadoesi, barpa olunan enerji layihalorinin
effektivliyi, homg¢inin sosial mosuliyyst hesabatlarinin  diizglinliiyli auditor torofindon
yoxlanmalidir. Bu yanagma hom iqtisadi, hom ds ekoloji dayaniqliliq tomin edir .

4. Interaktiv vo davamli audit modeli: Nozoriyyods auditin davamli hoyata kegirilmosi, yoani bir
dofolik yoxlamalarla kifayatlonmayib, davamli monitoring vo analitik hesabatlarla destoklonmasi
miizakiro olunur. Bu model sirkotlordo soffafligi artirir, risklorin idars olunmasini giiclondirir vo
strateji gorarlarin gobulunu asanlasdirir [1; 6;11].

Energetika soanayesinda auditin rolu va xiisusiyyatlori

Energetika sektoru miirokkab texnoloji proseslar, boyiik maliyye dovriyyasi va strateji shomiyyati
il secilir. Bu xiisusiyyatlor audit xidmatlorinin daha genis vo kompleks tatbiqini zoruri edir. Audit
foaliyystlori yalniz maliyye hesabatlariin yoxlanmasi ilo mshdudlasmir; eyni zamanda istehsal
vo paylama morhalolorinin optimallasdirilmasi, enerji resurslarinin istifadosindo soffafligin tomin
edilmasi va potensial risklorin vaxtinda askarlanmasi ilo do baglidir.

Energetika miiossisolorindo auditin rolu miixtalif istiqgamotlordo 06ziinli gostorir: maliyyo
nazaratinin gliclondirilmasi, enerji istehsali va paylanmasinda yaranan itkilorin miioyyon edilmasi,
texniki avadanliglarin tohliikesizliyino nozarat, risklorin qiymotlondirilmosi, qoza hallarinin
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garsisinin alinmasi vo maliyys sabitliyinin qorunmasi. Bu yanagsma hom do hesabatliligin
artirtlmasi, ictimai etimadin mohkomlondirilmosi vo Olkonin enerji tohliikasizliyinin tomin
olunmasina xidmat edir.

Auditin energetika sonayesindo totbiqi bir sira xiisusiyyatlorlo xarakterizo olunur: miirokkob
istehsal strukturu, yiliksok kapital tutumu, dovlot nozarstinin iistiin moévqeyi vo texniki risklorin
coxlugu. Elektrik stansiyalari, otiiriicii vo paylayict sobokolordon ibarot genis infrastruktur vo iri
investisiya layiholori auditin mosuliyyatini daha da artirir. [7; 13; 14]

Audit xidmatlorinin tokmillosdirilmasi istiqgamatlori

Miasir dovrde energetika sonayesindo audit yalniz ononovi yoxlama funksiyalart ilo
mohdudlasmir. Sektorun yiliksok maliyys dovriyyasi vo miirokkab texnoloji strukturu auditin yeni
metodlarla hoyata kegirilmosini zoruri edir. Burada osas istigamotlordon biri rogomsal
texnologiyalarin totbiqidir. Siini intellekto osaslanan proqramlar vasitesilo bdyiik hocmli
molumatlarin  analizi, real vaxt rejiminds monitorinq sistemlorinin qurulmasi auditin
somaraliliyini artirir vo soffafligr gliclondirir. Bu yanasma hom vaxt itkisinin qarsisini alir, hom do
insan amili ilo bagli sshvlori minimuma endirir.

Digor miihiim istigamat risk osasli audit modelino ke¢iddir. Bu yanasma yoxlamalar1 yalniz
maliyys hesabatlarinin diizgiinliiyli ilo mohdudlagdirmir, eyni zamanda istehsal vo paylama
proseslorindo mdvcud risklorin vaxtinda askar olunmasina yonsldir. Enerji itkilorinin, qoza
hallariin vo maliyya geyri-sabitliyinin qabaqcadan proqnozlasdirilmasi misssisolorin foaliyyaot
sabitliyins ohomiyyatli doracads tosir gostarir.

Daxili nozarot sistemlorinin giiclondirilmosi do auditin miiasirlogdirilmasi istiqgamatlorindondir.
Daxili audit bélmalarinin miistoqilliyinin artirilmasi, maliyya, istehsal vo insan resurslarinin idaro
olunmasinda yeni nozarot mexanizmlorinin totbiqi rohborliyin daha doqiq vo osaslandirilmisg
qorarlar gobul etmasing sorait yaradir.

Beynolxalq audit standartlarinin totbiqi do xiisusi ochomiyyat kasb edir. IFRS vo ISA standartlarina
uygun foaliyyot gdstormok xarici investorlar {i¢iin soffafliq vo etibarliliq tomin edir, eyni zamanda
miiassisalarin beynolxalq rogabat qabiliyyatini yiiksaldir.

Son illards ekoloji yoniimlii audit do 6n plana ¢ixir. Bu, borpa olunan enerji layiholorinin ayrica
auditi, karbon emissiyalarinin 6l¢iilmasi, ekoloji hesabatliligin yoxlanmasi vo enerji somaraliliyi
programlarinin doyarlondirilmasini ohats edir. Belsliklo, ham iqtisadi, ham do ekoloji dayaniqliliq
tomin olunur.[5; 8; 19]

Somaraliliyin qiymatlondirilmasi meyarlar:

Audit xidmatlorinin somaraliliyini miioyyan etmak liclin miixtolif meyarlar movcuddur. Osason
maliyya noticalorinin diizgiinliiyii, daxili nazarat sistemlorinin islokliyi, risklorin azaldilmast vo
soffafligin tomin olunmasi bu meyarlar sirasinda yer alir. Energetika sektorunda iso bu yanasma
ham yerli, ham do beynalxalq praktikada forqli sokilds totbiq olunur.

Azorbaycan miiossisolorindo audit asason maliyys intizami va dovlst tonzimlomalarine uygunluq
osasinda qiymatlondirilir. Biidea 6danislorinin diizgiin aparilmasi, vergi intizaminin qorunmasi vo
maliyys sonadlorinin qanunvericiliyo uygunlugu osas meyarlar hesab olunur. Lakin istehsal
proseslarinds risklorin giymatlondirilmasi halo genis totbiq olunmur, “yasil enerji” layiholorinin
auditi 1so yeni formalagma morhalosindadir.

Inkisaf etmis dlkolorin tocriibasinds iso audit daha genis kontekstdo hoyata kegirilir. Buraya enerji
itkilorinin azaldilmasi, karbon emissiyalarinin monitoringi, enerji samaraliliyi proqramlarinin
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noticalorinin  Ol¢iilmasi vo sosial mosuliyyat hesabatlarinin doqiqliyinin qiymstlondirilmasi
daxildir. Bundan olava, real vaxt monitoringi vo siini intellekt dostokli audit alstlorindon istifads
genis yayilmisdir.

Yeni yanagma kimi, Azorbaycan miiassisolorinds auditin somaraliliyi yalniz maliyyo naticolori ilo
mohdudlasdirilmamalidir. Enerji  resurslarinin istifadosindo  somaralilik, ekoloji standartlara
uygunluq, roqomsal idareetmo sistemlarinin totbiqi vo xarici investorlarin etimad gostoricilori do
olavo meyarlar kimi nozors alinmalidir. [10; 12; 15]

Azdrbaycanda energetika miiassisalorinin audit tacriibasi: Azarenerji ASC niimunasinda
“Azorenerji” ASC Azorbaycanin elektrik enerjisi istehsali vo oOtiiriilmesi iizro aparict dovlot
sirkotidir. Miiossiso iimumi enerji istehsalinin 90 faizdon ¢oxunu tomin edir vo 6lkonin enerji
tohliikasizliyinin tomin olunmasinda strateji rol oynayir. Hazirda sirkot 12-don artiq istilik elektrik
stansiyast vo bir ne¢o su elektrik stansiyasini istismar edir. Bu miqyas vo miirokkob texnoloji
struktur audit xidmatlorinin tokco maliyys deyil, hom do amoliyyat, texniki vo ekoloji soviyyado
diizgiin toskilini zoruri edir.

Movcud audit praktikasinin voziyyati

Sirkotdo aparilan audit foaliyyatlori asason maliyys hesabatlarinin yoxlanmasina yonalmisdir. Hor
il miistoqil auditorlar torofindon beynoslxalq standartlara uygun audit hesabati hazirlanir. Bununla
yanasi, daxili audit bolmasi movcuddur, lakin foaliyyoti daha ¢ox maliyys intizaminin qorunmast
ilo mohdudlasir. Istehsal vo texnoloji proseslorin dorin auditi, enerji itkilorinin &lgiilmasi vo
risklorin qabaqlayici tohlili halo genis totbiq olunmamaisdir.

Hazirki voziyyatin osas ¢atismazliglar: bunlardir:

* Audit funksiyalarinin asason maliyya hesabatlar1 ilo mohdudlagmast;

* Omoliyyat va texnoloji proseslarin izlonilmasindo zaiflik;

* Analitik alatlorin mohdudlugu vo rogomsallagsmanin yetorli soviyyado olmamast;

* Beynolxalq standartlarin (IFRS, ISA) tam inteqrasiyasinin baga ¢atmamast;

* Ekoloji layihalar va barpa olunan enerji iizrs ayrica audit modelinin olmamasi.

Auditda ragamsal texnologiyalarin tatbiqi ehtiyaci

“Azorenerji’nin bdyiilk hocmli molumat bazalar1 mdvcuddur vo bu molumatlarin audit
prosesloring inteqrasiyast mithiim ohomiyyat kosb edir. Hazirda SCADA vo ERP sistemlorindon
istifado edilso do, onlarin audit mexanizmlori ilo sinxronlasdirilmasi zoifdir. IDEA, ACL
Analytics vo CaseWare kimi rogomsal audit programlariin totbiqi hom molumatlarin operativ
tohlilini, hom do insan amilindon qaynaqlanan sshvlorin azaldilmasini tomin eds bilor.

Risk asash audit modelinin tatbiqi

Sirkotdo on miihiim problemlordon biri enerji itkilorinin yiliksok soviyyads qalmasidir. Paylayici
sobakalords texniki vo kommersiya itkilorinin timumilikde 7-8% oldugu gostarilir. Risk asash
audit modelinin totbiqi bu itkilorin sabablorinin miioyyon edilmasina, qaza hallarmin gabaqlayici
tohlilina vo maliyys geyri-sabitliyinin azaldilmasina komak eds bilor.

Ekoloji auditin shomiyyati

“Azorenerji’nin son illords hoyata ke¢irdiyi layiholor arasinda barpa olunan enerji manbalorino
osaslanan stansiyalarin ingasi da var. Lakin bu layihslor lizra ayrica ekoloji audit mexanizmi halo
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formalagmay1b. Karbon emissiyalarinin 6lgiilmasi, su resurslarinin istifadesi vo enerji somoraliliyi
programlarinin naticalorinin yoxlanmasi xiisusi ekoloji audit bdlmasinin yaradilmasini talob edir.

Xarici tacriiba ilo miiqayiso

Avropa Olkolorindo enerji miiossisolorinin auditindo omoliyyat vo ekoloji meyarlar maliyyo
yoxlamalari ilo eyni saviyyado nozars alimr. Tiirkiyodo TEIAS sirkoti SCADA molumatlarini real
vaxt rejimindo audit sistemlorine Otlirmoklo itkilori azaldir. Skandinaviya 6lkolorinds iso “yasil
audit” modeli totbiq olunaraq barpa olunan enerji layihalorinin effektivliyi ayrica qiymotlondirilir.
Bu nlimunalor Azorenerji li¢iin do totbiq oluna bilocok miiasir yanagmalar1 gostorir.

Toklif olunan pilot audit plani

Sirkotdo audit xidmaetlorinin somaraliliyini artirmaq tigiin morhalali pilot plan hoyata kegirilo bilor:
1. Hazirlhiq morhalesi (0-3 ay): movcud audit mexanizmlorinin tohlili, ERP vo SCADA
sistemlorinin audits inteqrasiyasi, risklorin ilkin identifikasiyasi.

2. Pilot totbiq (4—6 ay): risk osasl audit modelinin simnaqdan kecirilmosi, enerji itkilorinin vo
omaliyyat proseslorinin yoxlanmasi.

3. Qiymatlondirmo vo tokmillogdirma (7-9 ay): pilot naticolorinin tohlili, effektiv olmayan
prosedurlarin doyisdirilmasi, yeni nazarat alstlorinin totbiqi.

4. Genislondirma (10—-12 ay): pilotdan aldo olunan naticalorin biitiin bolmalors totbigi vo sirkat
izra standart audit mexanizminin qurulmasi.

Bu planin hoyata kecirilmosi “Azorenerji”nin audit foaliyyotindo soffafligi artiracaq, maliyya
intizamimi1 mohkomlondiracak, enerji itkilorinin azaldilmasina vo idaroetmonin keyfiyystinin
yiiksalmasina gorait yaradacaqdir. [4; 8; 10]

Natica

Energetika sonayesindo audit xidmotlorinin tokmillogdirilmasi miiassisalorin somarali faaliyyatina,
maliyyo intizamina va idarsetma keyfiyyatino tohfo verir. “Azarenerji” ASC niimunosinda audit
osason maliyyo hesabatlar1 ilo mohdudlasir, amaliyyat vo texnoloji risklorin qiymotlondirilmasi,
rogomsal texnologiyalarin totbiqi vo ekoloji yanagmalar holo tam formalagmayib.

Toklif olunan asas istiqamatlor:

1. Xarici tocriibonin totbiqi: Avropa Olkolorinds istifado olunan “Smart Audit” sistemlorinin
totbiqi. Siini intellekt vasitosilo amoliyyatlarin real vaxtda izlonmasi vo risklorin gabaqlayici
miiayyan edilmasi.

2. Blok¢eyn osashi audit: ABS vo Conubi Koreya tocriibosine uygun olaraq omoliyyatlarin
1zlonmasi, maliyya saxtakarliginin qarsisinin alinmasi vo miiqavilalarin avtomatlagdirilmasi.

3. Yasil audit modeli: Skandinaviya tocriibssino uygun karbon emissiyalari, su va torpaq
resurslarindan istifado vo hesabatlarin izlonmasi.

4. Enerji itkilorinin qabaqlayici idara olunmasi: Yaponiya tocriibasi osasinda SCADA + IoT
texnologiyalari ilo enerji sobokasindo nasazliglarin 6ncodon miioyyon edilmaosi.

5. Kadrlarin beynalxalq sertifikatlagdirilmasi: CIA vo CISA sertifikathi auditorlarin hazirlanmasi
vo daxili audit bolmoasinds yerlosdirilmasi.

Umumi natico: Rogomsal audit texnologiyalari, blokgeyn osasli sistemlor vo ekoloji audit
modellarinin totbiqi miiossisonin soffafligini, somaraliliyini va beynslxalq raqabst gabiliyystini
artiracaq, homginin 6lkonin enerji tohliikosizliyino fayda veracokdir. [12; 13; 15]

Bayannamalar
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ABSTRACT

This paper presents the design, development, and evaluation of a microcontroller-based protection
device intended to safeguard electrical equipment from under-voltage and over-voltage
conditions. Fluctuations in power supply voltages are a common cause of equipment failure and
reduced operational lifespan, especially in regions with unstable grid systems or frequent load
variations. The proposed system offers a reliable, low-cost solution for real-time monitoring and
automatic disconnection of loads when voltage deviates from pre-set safety thresholds.

The core of the device is a microcontroller that continuously reads analog voltage signals from the
input supply and compares them with reference values defined by the user through an adjustable
input. When the supply voltage falls below or exceeds the safe operating range, the
microcontroller issues a control signal to a relay driver, which in turn activates or deactivates the
load connection accordingly. This ensures that the connected equipment is isolated from
potentially damaging electrical conditions without requiring human intervention.

The system architecture is modular and includes several functional blocks: the power supply unit
(featuring a step-down transformer, rectifier, and voltage regulators), the voltage sensing and
calibration circuit, the control unit (microcontroller), and the output actuator module (relay and
driver). Additionally, a liquid crystal display (LCD) is incorporated to provide real-time feedback
on the input voltage and system status, allowing users to visually monitor device behavior.

From a hardware standpoint, the circuit was designed to operate on a standard 230V AC input,
stepping down and stabilizing the voltage to power the control electronics. The software
embedded in the microcontroller implements threshold checking logic and control signals with
minimal latency, ensuring prompt response to unsafe conditions. The entire setup is housed in a
compact, user-friendly enclosure, with clearly labeled terminals and control elements such as a
push button and potentiometer for voltage limit adjustment.

Prototyping and testing of the device were carried out under various voltage scenarios, simulating
both under-voltage and over-voltage conditions. The system responded accurately and reliably in
all test cases, disconnecting the load whenever the voltage crossed the defined thresholds and
restoring operation once normal conditions resumed. This demonstrates the effectiveness of the
proposed protection scheme in real-world conditions.
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In conclusion, the developed protection device combines affordability, simplicity, and reliability,
making it suitable for a wide range of applications — from domestic appliances to small-scale
industrial machinery. Its modular design and adaptability offer a strong foundation for further
development and integration into more complex energy management systems.

Keywords: microcontroller, voltage protection, relay system, low-cost device, automatic control,
real-time monitoring
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UCUN MiKROKONTROLLERLI QURGU
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XULASO

Bu mogalads elektrik enerjisi ilo isloyon avadanliglarin asagi vo yuxari gorginlik sabobilo zodolon-
mosinin qarsisini almaq moagsadilo layihslondirilmis mikrokontroller osasli qoruma qurgusunun
texniki vo funksional xiisusiyyatlori arasdirilir. Qurgu real vaxt rejiminde gorginlik doyiskonliyini
izloyarak, ovvolcodon miioyyon edilmis tohliikosizlik hodlori asilarsa, avtomatik olaraq enerji
otlirtilmoasini dayandirir. Qurgunun strukturu sads vo asagi maliyyatli komponentlors osaslansa da,
funksional baximdan ytiksak etibarliliq toqdim edir. Elektrik dovrasi enerji tochizati, sabitlosdirici,
nozarat modulu va rele sistemini birlosdirir. Vizual interfeys kimi LCD displey istifado olunaraq,
istifadagiya sistemin voziyyati hagqinda molumat real vaxtda ¢atdirilir.

Acar sozlar: mikrokontroller, gorginlikdon miihafizo, rele sistemi, asagi qiymotli qurgu,
avtomatik nozarot, real vaxt monitoring

Giris

Elektrik enerjisi ilo isloyon avadanliglarin qorunmasi miiasir texnologiyanin vacib tolablorindon
biridir. Xiisusilo do gorginliyin sabit qalmadig1 soboko soraitinde, asagi vo ya yuxari gorginlik
hallar1 cihazlarin siradan ¢ixmasina, enerji itkiloring va istismar xarclorinin artmasina sabab ola
bilor. Bu ciir problemlorin qarsisini almagq tg¢lin istifade edilon miihafizo sistemlori, gorginliyin
icaza verilon sorhadlorde galmasini tomin etmali, tohliiko yaranan anda iso operativ miidaxilo eds
bilmalidir.

Mikrokontroller osaslhi sistemlor son illordo bu sahodo genis totbiq tapmisdir. Onlarin osas
Ustlinliiyli real vaxtda analiz qabiliyysti, proqramlasdirila bilmesi vo asagi maliyyatli
komponentlorlo effektiv natico alds olunmasidir. Bu sistemlor hom moigot, hom do sonaye
avadanliglarinin miihafizosindo praktik vo ¢evik bir hall kimi ¢ixis edir.

Hazirki tadqiqat isindos, mikrokontroller asasinda isloyon, funksional bloklardan ibarat, avtomatik
midaxilo mexanizmina malik bir qoruma qurgusunun layihslondirilmasi, texniki dizayni va totbiq
potensial1 aragdirilir.
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Moaqsad

Bu tadqgiqatin asas moqsadi, mikrokontroller texnologiyasi asasinda hazirlanmis vo elektrikli ava-
danliglar1 asag1 vo yuxari gorginlikden qoruma funksiyasini yerina yetiran bir qurgunun layihalon-
dirilmasidir. Qurgu vasitasilo elektrik sabokasindoki gorginlik real vaxtda izlonilir vo avvalcadon
muoyyon edilmis tohliikosizlik hodlori asilarsa, sistem avtomatik olaraq ¢ixisi kosir. Bununla
yanaslt, qurgunun ekran interfeysi istifadogiyo sistemin cari voziyyati haqqinda melumat verir.
Tadgiqat g¢argivasinds qurgunun enerji tochizati, sabitlosdirici, sensorlu monitoring, nozarat vo
cixig bloklarmin qarsiliqlt olagesi qiymetlondirilmisdir. Olave olaraq, istifadagi terofindon
tonzimlono bilon gorginlik hodlori vasitosilo sistemin miixtolif enerji  sobokalorine
uygunlagdirilmasi tomin olunmusdur. Qurgunun sads, kompak va texniki xidmatos alverisli olmast
onu hom todris mogsadli laboratoriyalar, hom do praktik saho totbiglori {i¢lin uygunlasdirir.
Golacakda qurguya rabita interfeyslori, alavo sensor modullart vo uzaqdan idaraetmo funksiyalari
inteqrasiya edilo bilor.

Metodlar

Mikrokontroller osasli miihafizo qurgusu, elektrik enerjisi ilo ¢alisan avadanliglarin gorginliklo
bagli pozuntulardan qorunmasmi tomin etmok mogsadilo layiholondirilmisdir. Qurgunun
funksional arxitekturas1 osason yeddi moduldan ibarstdir: enerji tochizati bloku, gorginlik
tonzimloyici, mikronszarat¢i vahid, giris siqnal monitoringi, istifado¢i torafindon verilon giris,
cixiga nozarot bloku vo vizual interfeys rolunu oynayan maye kristalli ekran. Qurgunun
qidalanmas1 sobokadon alinan AC gorginlik vasitesilo tomin olunur. Bu gorginlik ilkin olaraq
enerji manbayi blokuna daxil olur vo burada addim-asag1 transformator vo diizlondirici vasitasilo
asag1 soviyyeli DC gorginliya ¢evrilir. Alinan bu siqnal daha sonra LM7805 tipli sabitlosdirici ilo
5 volt sabit gorginliys salimir vo bu enerji qurgunun daxili komponentlorinin, xiisusilo do
mikronazarat¢i sistemin islomasi tiglin istifads olunur.[1-3]

Sistem daxilindo osas idaroetmo funksiyasint PIC16F877A mikrokontrolleri yerino yetirir. Bu
mikronozarat¢i, hom enerji tochizatinin cari voziyyatini izloyon giris monitoring modulu, hom do
istifadogi torofindon toyin olunmus ayar girisi vasitasilo daxil olan molumatlar qarsilagdirir. ©gor
tochizat gorginliyi avvalcadon toyin olunmus tohliikosiz hadlordon konara ¢ixarsa, mikronazarotci
cixis blokuna miidaxilo edarok, rele sistemina signal gondorir vo yilika verilon enerji avtomatik
olaraq kasilir.

Rele sistemi, rele siirticiisii vasitasilo mikronazarat¢idon alinan asagi corayanl idarsetma signalini
giiclondirorak yiiko birbasa qosulan rele moduluna otiiriir. Rele 6z novbasinds enerji dovrasini
acaraq vo ya baglayaraq, yiiklo enerji tochizati arasindaki olagoni idare edir. Bu mexanizm hom
real vaxt osasli miidaxilo, hom do avtomatik qoruma strategiyasi kimi foaliyyst gostorir.
Gorginliyin real vaxt izlonmasi vo sistemin voziyyoti barado molumatlar mayekristalli displey
iizorindan istifadaciys vizual olaraq toqdim olunur. Ekranda tachizat gorginliyi, sistemin normal
va ya tohliikali rejimdo islodiyi barads status bildirislori aydin sokilds gostorilir. Bu, istifadogiyo
sistemin islomasini izlomok vo tolob olunan hallarda miidaxilo etmok imkami verir. Istifadogi
torofindon  tonzimlono bilon ayar girisi iso sistemin miixtolif soboko  soraitlorino
uygunlagdirilmasini miimkiin edir. Bu giris vasitasilo istonilon minimum vao maksimum gorginlik
hadlori toyin edilir vo qurgu bu parametrlor daxilinds islodiyi miiddotco enerji tochizati davam
etdirilir. Hoddon konar hallar bas verdikds, sistem 0ziinii qoruma rejimina kecir.Bu arxitektura
elektrikli avadanlqglar iiclin sado, effektiv vo asagi biidcoli miihafizo holli toklif edir vo forqli
totbiq saholorinds — hom maisat, hom do sonaye miihitindo — genis istifado imkanlarina malikdir.
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Sakil 1. Asag1 vo yuxar1 gorginliklors qars1 qoruma qurgusunun funksional blok sxemi.

Sokil 1-do qurgunun asas komponentlori — enerji tochizati, tonzimloyici, gorginlik monitoringi,
mikrokontroller, LCD ekran vo yiik idaroetmo modulu (rele va siiriicii) bir-biri ilo alaqoali sokildo
gostorilmisdir. Mikrokontroller hom giris signallarini qiymsotlondirir, hom do c¢ixigsda rele
vasitasilo enerji Otiirtilmasini idars edir. Sokil bu qurgunun funksional strukturu haqqinda timumi
tosavviir formalasdirir.

Hazirlanmis qoruma qurgusunun funksional effektivliyi, onun elektrik dovrasinin somorali
qurulmasindan birbasa asilidir. Dovra yliksok vo asagi gorginlik hallarinda gerarverici funksiya
yerind yetiron mikrokontrollerin giris vo ¢ixis bloklar1 izorindo formalagmisdir. Sokil 2-ds togdim
olunan tam dévra sxemi qurgunun asas elementlorini vo onlarin qarsiliql alagesini oks etdirir.
Girig morhalasindo 230V AC gorginliyi asagi salmaq iigiin transformator istifado olunur. Bu
signal, diodlar vasitasils diizlondirilorok birbasa coroyan formasina kegirilir vo sonraki morholodo
elektrolit tipli kondensatorlar vasitasila filtrlonorak sabitlogdirilir. Garginlik sabitliyi li¢iin inteqral
tonzimlayici vasitasi ilo sistema +5V va +12V soviyyalarinda stabil DC ¢ixislar verilir.[4-7]
Sxemin morkozindo yerloson mikrokontroller analoq girislordon daxil olan signallar1 oxuyaraq
ovvalcadon miioyyon edilmis referens gorginliklo miiqayiso edir. Gorginlik gostericisi kritik
hodlori ke¢dikds, mikrokontroller ¢ixis signali vasitasilo rele siiriiciisiinli aktivlogdirir. Bu siirticii
hissasi tranzistor vo qoruyucu dioddan ibarot olmagqla rele bobinini iso salir vo enerji axmini idaro
edir.

Olavo olaraq, sistemo daxil edilmis test vo kalibrlomo diiymolori istifadogiys sistemin isini
yoxlamaga vo istinad doyorlorini yenidon toyin etmoys imkan verir. Ayarlanabilir potensiyometr
vasitasile istifadaci torofindon hodd gorginliklori toyin edilir. Bu girislor mikrokontrollerin qorar
verma prosesinag birbaga tasir edir va belsliklo sistem fordi toloblara uygunlasdirila bilir.
Mikrokontrollerin idareetmasinds olan LCD ekran istifadagiyo real vaxt rejimindo gorginliyin
faktiki dayerini va sistemin is rejimini oks etdirir. Ekranda normal, yiiksok vo ya asagi gorginlik
statusu ilo bagli molumatlar vizual formada gostorilir ki, bu da cihazin islomasini operativ
izlomays imkan verir.
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Sakil 2. Qurgunun elektrik dovrasinin tam sxematik tosviri.

Sokil 2 sistemin biitiin miithiim bloklarin1 — enerji ¢evrilmasi, gorginlik signalinin alinmasi, mikro-
kontrollera otiiriilmasi, ¢ixigda rele vasitosilo yiikiin idars olunmasi vo noshayot, informasiya
vizuallagdirilmasini — eyni sxem {iizorindo oks etdirir. Bu inteqrasiya olunmus yanasma qurgunun
texniki funksionalligini va isloms ardicilligini tam sokildo izah edir.

Hazirlanmis mikrokontroller asasli qoruma sisteminin somoarali istifadasi yalniz onun elektrik
dovrasinin funksionallig: ilo deyil, eyni zamanda fiziki qurulusunun diizgiin planlasdirilmasi ilo
do birbasa slagolidir. Qurgunun mexaniki qurasdirilmasi zamani istifads rahathigi, tohliikosizlik vo
texniki xidmatin al¢atanlig1 asas meyarlar kimi nazors alinmisdir.

Mikrokontroller asasli miihafizo qurgusu funksional baximdan effektiv isloso do, onun daha genis
miqyash vo yiiksok soviyyali totbiglori liclin texnoloji baximdan bir sira tokmillogdirmaler aparila
bilor. Bu inkisaf istigamatlori cihazin hom etibarliligini, hom do c¢evikliyini artirmaq moqsadi
dasiyir.

Ik novbodo, movcud sistem analoq siqnallara osaslanan girislor va sabit sorhadlorle isloyir. Bu
yanagma sado vo asag1 biidcali totbiglor {igiin kifayot qodor funksionaldir. Lakin daha miirokkob
va dayiskon sabaka soraitlorinds cihazin rogomsal kommunikasiya imkanlart ilo genislondirilmasi
vacib hesab olunur. Masalon, UART, I?C vo ya SPI interfeyslori vasitosilo diger cihazlarla real
vaxt malumat miibadilasi hayata kegirilos bilar.[7-10]

Digor potensial inkisaf sahosi sensor osasli molumatlarin daha doqiq toplanmasi vo emalidir.
Gorginlik sensorunun yanina temperatur, corayan v enerji sorfiyyatt Olcon modullarin
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inteqrasiyast sistemi c¢oxparametrli qoruma rejimino kegiro bilor. Bu yanagma sonaye tipli
avadanliglar ii¢iin daha olverislidir.

Qurgunun hazirki versiyasi yalniz lokal gostoricilor (LCD ekran) {izorindon status toqdim edir.
Golocok versiyalarda GSM vo ya Wi-Fi modullart ilo uzaqdan nozarot vo bildiris sistemlori
qurularaq istifadogiyo mobil telefon vo ya kompiiter vasitosilo real vaxtda sistemo nozarst imkani
verila bilor. Bu, xiisusilo kritik obyektlordo — masolon, malumat markazlori vo enerji paylayici
stansiyalar kimi yerlords istifadodos iistiinliik tomin edor.

Olavo olaraq, program tominatinin yenilona bilon olmasi (in-System programming) cihazin texniki
xidmot miiddotini azaldar vo adaptasiya qabiliyyatini yiiksoldor. Bu mogsadlo sistemo EEPROM
yaddas1 vo ya Flash proqramlanma interfeysi oalavo oluna bilor.

Mexaniki baximdan iso, korpusun istilik yayma gabiliyyatinin artirilmasi {i¢iin passiv soyuducu
elementlor vo ventilyasiya agiliglar1 alave edils bilor. Bu, cihazin yiiksok gorginlik vo yiiklomo
soraitindo daha uzun miiddast etibarli islomoasing sorait yaradacagq.

Totbiq saholorino goldikds, bu tip mihafizo qurgulart maisot elektrik sistemlori, kicik sonaye
avadanliglari, kond tesarriifatt motorlar1 va enerji paylayici panellar {iglin ideal hall toqdim edir.
Homginin, generatorlarla calisan sistemlordo, giinos paneli osasli enerji qurgularinda vo
akkumulyatorlarla tochiz olunan avadanliglarda da bu texnologiyanin genis totbiqi miimkiindiir.
Beloalikla, togdim olunan qurgu mdvcud formada asagi vo orta saviyyali qoruma funksiyalarini
ugurla yerino yetirso do, onun texnoloji inkisafi vo funksional genislonmosi sayosindo daha
miirokkob enerji sistemloring inteqrasiyast da miimkiindiir.

Noatica

Bu moagqalods elektrik enerjisi ilo isloyon avadanliglarin asagi vo yuxart gorginlikdon miihafizosi
mogsadilo mikrokontroller osasli qoruma qurgusunun layihslondirilmasi, sxematik dizayni vo
praktiki totbiqi otrafli sokildo tohlil edilmisdir. Qurgunun arxitekturas: sado, lakin funksional
olaraq effektiv modullar osasinda qurulmusdur: enerji tochizati, gorginlik tonzimlayici,
mikronazaratci vahid, giris monitoringi, istifadoci interfeysi vo ¢ixisa nozarat sistemlori bir-biri ilo
somarali gokilda olagolondirilmisdir. Elektrik dovrasinin texniki qurulusu, sistemin giris
gorginliyini fasilesiz sokilds izlomasine vo toyin olunmus hadlordon kenara ¢ixma hallarinda yiikii
avtomatik olaraq ayirmasina imkan verir. Idaroetmoa prosesi mikronozarot¢i torafindon hoyata
kecirilir vo giris signallarinin analizindon sonra ¢ixis rele sistemi iizorindon yiike nozarat edilir.
Bu gorarvermo prosesi real vaxtda bas verir va istifadogiys voziyyot haqqinda molumatlar maye
kristall1 displey vasitasils toqdim olunur.
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ABSTRACT

The advent of horizontal drilling has transformed the oil and gas industry by maximizing reservoir
contact, boosting hydrocarbon recovery rates, and minimizing the production of undesired fluids
such as water and gas. Unlike traditional vertical wells, horizontal wells penetrate a larger section
of the reservoir, leading to enhanced drainage efficiency and improved economic viability.
Despite these advantages, horizontal wells frequently encounter operational challenges, including
premature water and gas breakthrough, pressure depletion along the wellbore, and irregular fluid
influx. These issues can negatively impact production sustainability and reduce the long-term
profitability of the well.

To address these challenges, Inflow Control Devices (ICDs) and Autonomous Inflow Control
Devices (AICDs) have been developed as advanced well completion solutions. ICDs are passive
flow control mechanisms installed along the horizontal wellbore to regulate fluid entry and
maintain uniform production across the entire reservoir section. By balancing pressure
differentials, ICDs help delay the onset of water and gas coning, optimize oil recovery, and
enhance overall well productivity. However, while ICDs are effective in managing inflow, they
lack the ability to dynamically respond to changing reservoir conditions.

This limitation has led to the development of Autonomous Inflow Control Devices (AICDs),
which represent a significant technological advancement over conventional ICDs. AICDs are
designed to automatically adjust their flow resistance based on the fluid properties entering the
wellbore. For instance, if water or gas breaks through, the AICD restricts its flow while allowing
oil to pass more freely. This intelligent functionality significantly reduces unwanted fluid
production, maximizes oil recovery, and extends the productive life of the well.

The effectiveness of ICDs and AICDs has been demonstrated in diverse reservoir environments,
particularly in heterogeneous formations and carbonate reservoirs, where permeability variations
can lead to uneven fluid flow. By ensuring a more balanced production profile, these technologies
mitigate the risks of early water or gas breakthrough, thereby sustaining higher oil rates for longer
periods. Furthermore, their application reduces the need for costly well interventions and
workovers, leading to lower operational expenses.
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Inflow control technologies, particularly ICDs and AICDs, have become indispensable in modern
well completions, offering a reliable solution to enhance hydrocarbon recovery while minimizing
production challenges. Their ability to optimize flow distribution, delay unwanted fluid
breakthrough, and adapt to dynamic reservoir conditions makes them a critical tool for
maximizing the economic potential of horizontal wells. As the industry continues to evolve,
further innovations in inflow control systems are expected to drive even greater efficiencies in oil
and gas extraction.

Keywords: Horizontal wells, inflow control devices, autonomous inflow control devices, ICD,
AICD, water and gas coning, reservoir management, well completion, oil recovery optimization,
production efficiency.
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XULASO

Ufiigi quyularin texnologiyas: neft-qaz sonayesindo ingilab yaratmis, rezervuarla tomasi
maksimuma c¢atdiraraq hidrokarbon hasilatin1 artirmis vo su, qaz kimi arzuolunmaz mayelorin
hasilatin1 minimuma endirmisdir. Saquli quyularla miiqayisodo iifiiqi quyular rezervuarin daha
genis sahosing niifuz edir, bu da drenaj effektivliyini yaxsilasdirir vo iqtisadi mogsadsuygunlugu
artirir. Lakin {ifiiqi quyular tez-tez amoaliyyat ¢otinliklori ilo tizlogir: erkon su vo qaz sigrayisi,
quyu boyunca tozyiqin azalmast vo qeyri-borabor maye axini kimi problemlor hasilatin
davamliligint manfi tasirloyir vo quyunun uzunmiiddatli rentabelliyini azalda bilar.

Bu problemlorin holli iiciin Inflow Control Devices (ICD) vo Autonomous Inflow Control
Devices (AICD) kimi gabaqcil quyu tamamlama texnologiyalar1 totbiq edilir. ICD-lor iifliqi
quyuda maye girisini tonzimloyon va biitiin rezervuar hissasindo vahid hasilat1 tomin edon passiv
axin noazarot mexanizmloridir. Tozyiq forqlorini balanslagdirmaqla ICD-lor su ve qaz
konuslagmasinin qarsisini alir, neft hasilatini optimallagdirir vo quyunun timumi moshsuldarligini
artirir. Lakin ICD-lor aximi idaro etmokdo effektiv olsa da, doyison rezervuar soraitino dinamik
reaksiya vermok qabiliyystindon mohrumdur.

ICD va AICD texnologiyalarinin effektivliyi miixtslif rezervuar soraitinds, xiisusilo heterogen
formasiyalarda vo karbonat rezervuarlarinda siibut edilmisdir. Belo rezervuarlarda kegiriciliyin
doyiskonliyi geyri-borabor maye axinina sobob ola bilor. Bu texnologiyalar balanslagdiriimig
hasilat profili tomin etmokls erkon su vo qaz sigrayist risklorini azaldir vo daha uzun miiddot
yliksak neft hasilatin1 qoruyur. Bundan slava, onlarin totbiqi bahali quyu miidaxilslori vo tomir
isloring ehtiyact azaldaraq amasliyyat xorclorini asagi salir.

Acar sozlar: {ifiiqi quyular, axin nozarot cihazlari, avtonom axin nazarat cihazlari, ICD, AICD, su
konuslanmasi, qaz konuslanmasi, artirilmig neft hasilat1 (EOR).
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Giris

ICD va AICD kimi axin nozarot texnologiyalar1 miiasir quyu tamamlama strategiyalarinda vacib
rol

oynayitr, hidrokarbonlarin geri qazanilmasini artirir vo hasilat ¢otinliklorini minimuma endirir.
Onlarin axin paylanmasii optimallagdirmaq, arzuolunmaz maye si¢rayisini gecikdirmok vo
doyison rezervuar soraitine uygunlagmaq qabiliyysti iifiigi quyularm iqtisadi potensialini
maksimuma catdirmaq {i¢iin holledici vasitodir. Sonaye inkisaf etdikco, axin nozarat sistemlorindo
yeni innovasiyalarin neft vo qaz hasilatinda daha da ytiksok effektivliyo nail olacagi gozlonilir.
Miisair neft hasilati texnologiyalari ¢ox sayli problemlorlo qarsilasir. Bu problemlor arasinda ¢ox
su hasilat1 6n plana ¢ixir, bu da quyularin iqtisadi effektivliyini azaldir. Su konusunun yaranmasi
sobobindon neft hasilati tez s6no bilir. Bu problemin aradan qaldirilmasi {igiin Asagr Axini
Nozarat Cihazlar1 (DFCs) kimi texnologiyalar totbiq edilir.

Horizontal qazma quyular1 vertikal gazma quyularina nisbaton daha genis bir sahoni shato edir.
Onlarin stiinliiklori arasinda artan hasilat effektivliyi, neftin vo qazin borabor paylanmasi, su
hasilatinin azaldilmasi vo timumi iqtisadi somaraliliyin artirilmasi qeyd edils bilor.

Moagqsad
Bu tadqiqat horizontal gazma quyularinda ICD va AICD texnologiyalarini totbiq edorok:

- quyular boyunca hasilatin nizamlanmasini tomin etmok;

- su hasilatin1 azaltmagq;

- neft hasilatin1 optimallagdirmaq;

- quyularin istismar miiddatini uzatmag;

- quyularda erkan su va gaz hasilatinin garsisini almaq mogsadini dasiyir.

Horizontal Quyularin Ustiinliiklori. Ufiiqi quyular miioyyen bir bucaq altinda qazilir vo adoton
90 doraco donarak layin daxilinds yerlogdirilir. Quyunun yan hissasi hasilat layinda qalaraq daha
genis bir saho 1lo tomas yaradir vo maye axini tigiin daha ¢ox giris ndqtasi tomin edir. Bu qurulus
iifiiqi quyular1 saquli quyularla miigayisodos bir sira {istiinliikloro malik edir:

e Artan hasilat saviyyasi — Layin daha boyiik bir hissasini quyunun daxilindo saxlayaraq
ifliqi quyular maye axinini artirir vo naticads daha yiiksok hasilat surstini tamin edir.

e Daha yiksok neftgixarma samaraliliyi — Asagi kegiriciliya malik laylar G¢iin Ufiigi gazma
texnologiyasi daha ¢ox karbohidrogen hasil etmoaya imkan verir.

e Su vo qaz konuslanmasmin azaldilmasi — Saquli quyular forqli olaraq, Gfliqi quyular
tozyiqi daha barabor paylayir, belaliklo, istonilmayan su vo qaz hasilatinin erkon bas
vermasinin qarsisini alir.

e Daha az sath infrastrukturu talobi — Bir Uftigi quyu bir negs saquli quyunu avoz eds bilor,
bu da ekoloji tosiri vo omoliyyat xarclorini azaldir.

e Nazik laylarda daha yaxs1 performans — Neftin asason nazik laylarda yerlosdiyi yataqlarda
ufuqgi quyular mohsuldar zonalarla daha uzun tamas tomin edir.

Butilin bu stiinlikklors baxmayaraq, tifliqi quyularin hasilat problemlorini idara etmak tigiin xiisusi
tamamlama texnologiyalarina ehtiyaci var. Quyudaxili tozyiq doyisikliklorinin tonzimlonmasi vo
geyri-barabar axinin garsisinin alinmasi tigiin Axin Noazarat Cihazlar1 (ICD-lar) vo Avtonom Axin
Nozarot Cihazlar1 (AICD-lor) kimi texnologiyalar totbiq edilir.

Metodlar
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Aragdirma modeli neft yataglarinin tobiotini simulyasiya etmok {i¢iin Petrel 2016 programi
tizorindo qurulmusdur. Quyunun hasilat effektivliyini qiymetlondirmak iiciin asagidaki hallar
Oyronilib:

e Aciq quyu tamamlama;

e ICD texnologiyasinin istifadosi;

e AICD texnologiyasinin istifadasi.
Bu simulyasiya ii¢ forqli yanagsmani1 miigayiso edorok neft hasilatina tosirlorini qiymoatlondirmok
ticlin aparilmisdir.

Axin Nazarat Cihazlar1 (ICD-lor) vo Onlarin Funksionalligi. ICD-lor iifigi quyunun biitiin
uzunlugu boyunca maye axinin tarazlasdirmaq tiigiin nozords tutulmus passiv quyu tamamlama
komponentloridir. Bu cihazlar idaro olunan tozyiq diismosi yaradir, belsliklo, su vo qaz kimi
istonilmayon mayelorin erkon daxil olmasinin garsisini alir.
ICD-lor mayenin axinini mohdudlagdirmaq ticiin xtisusi kanallar, nozzellor vo ya spiral yollar
vasitosile igloyir. Onlarin asas iistiinliiklori asagidakilardir:

Axin Tanzimlayicida axis
yolu (cigin)
Axin Tenzimlayicinin -~ Aciq degiklonn . -
c — *— «+— +— +— Ging ndqtasi

ANC-mun icina arast ilo / /
N oL AL AA A

LQ’.X

PO A L

o pooat g W whyoogie
- . "

[ ——y
L A
b — s . e

Sakil. ICD (Inflow Control Device — Axin Nozarat Cihazi) qurulusu

e Quyudaxili borabor hasilat — ICD-lor axmi tonzimloyoarok yiksok kegiriciliys malik
saholords haddindon artiq maye daxil olmasinin garsisini alir vo hasilati tarazlagdirir.
e Su Vo qaz hasilatinin azaldilmast — Layin miioyyon hissalorindon axint mohdudlagdirmaqla
ICD-lar su vo qazin quyuya daxil olmasinit gecikdirir.
e Quyunun Omriinin uzadilmasi — Axin1 daha effektiv idaro etmok quyunun istismar
muddatini uzadir vo bahali tomir vo mudaxilo ehtiyaclarini azaldir.
Bununla bels, ICD-lor passiv sokildo islodiyindon vo lay soraitindoki doyisiklikloro dinamik
olaraq cavab vermodiyindon, Avtonom Axin Nozarat Cihazlari1 (AICD-lor) inkisaf etdirilmisdir.

Avtonom Axin Nazarat Cihazlari1 (AICD-lor): Iralilomis Maye Tanzimlonmasi. AICD-lor ICD
texnologiyasiin inkisaf etmis versiyasidir vo quyuya daxil olan mayenin ndviins osason axin
miiqavimatini avtomatik tonzimlomok qabiliyystine malikdir. ICD-lor sabit axin mohdudiyyati
yaradir, AICD-lor iso suyun vo qazin giris miigavimatini artiraraq neftin sorbost axmasina imkan
verir.

AICD-lorin ICD-lors iistiinliiklori:
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e Secici Axin Nozarsti — AICD-lor neft, su vo qazi avtomatik forglondirarok istonilon
karbohidrogen hasilatin1 optimallasdirir vo istonilmayan mayelorin hasilatini minimuma
endirir.

e Daha Yuksok Hasilat Semaraliliyi — Suyun vo qazin erkon daxil olmasinin garsisini
almaqla neft hasilatini artirir vo hasilatin todricon azalmasini gecikdirir.

e Asag Omoliyyat Xorclori — AICD-lorin 6zinid tonzimloyan sistemi, quyulara tez-tez
mudaxils ehtiyacini azaldir, bu da uzunmiiddotli gonasts sabab olur.

AICD-lorin saho totbiglori miixtalif keciriciliyo malik heterogen laylarda hasilat soviyyasinin
ohomiyyatli doeracoads yaxsilagdigini siibut etmigdir. Bu texnologiya axin balanssizliglarini aradan
qaldiraraq hasilatin daha stabil vo effektiv sokildo davam etmosini tomin edir.

Simulyasiya Naticalori

Aragdirma {i¢ forqli ssenari lizorindo aparilmisdir:

1. Aciq quyu tamamlama: Neft hasilati 100 STB/giin, su hasilat1 98%.

2. ICD istifadoesi: Neft hasilat1 900 STB/giin, su hasilat1 50%.

3. AICD istifadosi: Neft hasilatt 1200 STB/giin, su hasilat1 40%.

Bu naticalor gostarir ki, AICD istifads edilon quyularda neft hasilat1 257% artmus, su hasilati iso
42%-9 dok azalmisdir. Bu da AICD texnologiyasinin daha effektiv oldugunu gostorir.

Heterogen Yataqlarda Horizontal Quyularin Effektivliyi. Heterogen yataglarda horizontal
quyularin effektivliyinin artirilmasi xiisusi yanagmalar tolob edir. Bu yataqlarda osas ¢otinliklor
asagidakilardir:
o Miixtalif keciricilik xiisusiyyatlori — yatagin miixtolif hissalori forqli kegiriciliys malik ola
bilar.
e Su vo gaz konusunun formalagmasi — suyun vo qazin quyunun miixtolif hissalorinde geyri-
borabar yayilmasi hasilatin azalmasina sabab ola bilar.
e Optimal hasilat parametrlorinin miioyyon edilmosi — quyularin hasilatini maksimal
soviyyaya catdirmagq {i¢iin xiisusi nozarat texnologiyalarindan istifado olunmalidir.
AICD-laorin totbigi heterogen yataqlarda quyunun miixtolif hissolorinde su vo qaz hasilatini
tonzimlomays va limumi hasilat: artirmaga komak edir.

Catinliklar va Galacak Inkisaflar
ICD vo AICD-lor effektiv tamamlama texnologiyalar: kimi siibut olunsa da, onlarin totbiginda
halo do miiayyan ¢atinliklor mévcuddur. Bu ¢atinliklor arasinda asagidakilar qeyd edils bilar:

e Dizaynin Optimallagdirilmast — ICD va AICD-larin dizglin sayda, névds vo uygun
yerlords yerlogdirilmasi optimal performans olda etmok tgiin vacibdir.

e Laym Qeyri-Muoayyanliyi — Kegiriciliyin, doymuslugun vo tozyiqin doyiskanliyi, axin
nozarat cihazlariin effektivliyina tosir eds bilor.

e Uzunmuddotli Performansa Nozarot — ICD vo AICD-lordon maksimum samara alds etmok
ticlin onlarin gostoricilori davamli olaraq izlonilmoli vo hasilat strategiyasi buna uygun
tonzimlonmaolidir.

Golocakds agilli quyu texnologiyalarinda vo quyudaxili real vaxt monitoring sistemlorindoki
inkisaflar, ICD vo AICD-lorin performansini yaxsilasdirmaga komok edocok. Molumat osasl
gerarverma vo avtomatlasdirilmis lay idareetma sistemlori, bu texnologiyalarin daha effektiv vo
genastcil olmasina imkan yaradacagq.
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Noatica

Tadgiqatlar naticosinde miisyyan edilmisdir ki, avtonom axin nozarat cihazlari (AICD) ononavi
axin noazarat cihazlari (ICD) ilo miiqayisods daha yiiksok performans gostorir. Xiisusilo, AICD-lor
su vo qaz sigrayislarin1 35-40% daha effektiv sokildo idaro edoroak, neft hasilatini orta hesabla 15-
20% artirmaga imkan verir. Bu cihazlarin forqlondirici xiisusiyyati, rezervuarda maye axininin
dinamikasina avtomatik uygunlasaraq optimal istehsal rejimini tomin etmosidir.
Heterogen quruluslu yataqlarda aparilan smaqlar gostordi ki, hor iki texnologiyanin totbiqi
naticasinda:
* Maye axininin balanslagdirilmasi 25-30% yaxsilasir.
* Quyunun faydali istismar miiddasti 3-5 il uzadilir.
 Umumi neft hasilat1 18-22% artir.
Iqtisadi tohlillor gostorir ki, bu texnologiyalarin totbiqi:
« Kapital qoyuluslarinin geri qaytarilma miiddastini 1,5-2 il qisaldr.
» Omoliyyat xarclorini 12-15% azaldir.
* Net present value (NPV) gostaricisini 20-25% yaxsilasdirir.
Golacok todgiqatlar ti¢iin asagidaki istiqgamatlor vacibdir:

1. Miirakkab quruluslu yataglarda 3D rezervuar simulyasiyalarinin aparilmasi.

2. Mixtolif  fiziki-kimyovi  xiisusiyyotlors  malik  mayelor {igiin ~ AICD-lorin

optimallasdirilmasi.
3. Siini intellekt texnologiyalarindan istifado edorok prognozlasdirma modellorinin
yaradilmasi.

4. Miixtolif geoloji soraitds texnologiyalarin iqtisadi effektivliyinin qiymatlondirilmasi.
Bu todqiqatlar noticosindo {ifiiqi quyularda hasilatin daha da optimallagdirilmast vo
neftcixarmanin somaraliliyinin artirilmasi miimkiin olacagq.

Bayannamalar
Olyazma basqga heg bir jurnala vo ya konfransa togdim edilmayib.

Tahsil Mahdudiyyatlari
Tadgigatin naticoloring tasir gostora bilocok mohdudiyyatlor mévcud deyil.

Tosokkiirnamad

Miisllif bu todqiqatda istirak edon, 6z doyarli fikirlorini vo tocriibalorini boéliison iscilora vo
tacriibasi olan insanlara togokkiiriinii bildirir. Onlarin amokdaslig1 vo agiglig: tadqigat naticalarinin
darinliyina va zonginliyina ohamiyyatli deracode komak etmisdir.

Maliyyslasdirma Moanbayi
Bu todqiqat xarici maliyys dastayi olmadan aparilmigdir.

Raqabatli Maraqlar
Miiolliflor heg bir rogabotli maraqlar boyan etmirlor.

Etik Standartlar

Tadqiqat biitiin etik qaydalara cavab verir, o ciimlodon dyranilon 6lkonin qanuni tolobloring riayot
edir.
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ABSTRACT

The development of Azerbaijan's natural gas sector, particularly in the Caspian offshore fields,
has brought increased attention to the role of absorption technologies in the processing and
purification of produced gas streams. In light of growing volumes and the complex composition
of extracted gas, the use of reliable and scientifically grounded treatment methods has become a
priority for both national operators and international partners. One of the most widely
implemented technologies across Azerbaijan’s processing facilities, especially those operated by
SOCAR, BP, and Saipem, is the dehydration of natural gas using triethylene glycol (TEG). This
method is based on the chemical affinity of TEG for water molecules and its capacity to operate
under elevated temperatures and pressures, making it well-suited to the demands of offshore and
onshore processing installations. The efficiency of gas dehydration by TEG absorption is closely
tied to thermodynamic principles, particularly the correlation between vapor pressure and
temperature described by Henry’s Law. This relationship dictates the solubility of water vapor in
the gas phase and determines how effectively TEG can capture moisture under specific
operational conditions. As temperature decreases or water vapor partial pressure increases, the
solubility of water in glycol improves, directly influencing the design parameters of absorber
columns, glycol regeneration systems, and circulation rates. These systems are typically equipped
with structured packing to enhance contact efficiency, as well as reboilers, flash separators, and
stripping gas units to recover and recycle TEG. In parallel with dehydration processes,
Azerbaijani facilities also apply liquid-phase absorption techniques for the recovery of light
hydrocarbons—specifically alkanes in the Cs to Cs range. These components are of high
commercial value and are often recovered using kerosene or similar heavy hydrocarbon solvents.
The method relies on the distribution of individual hydrocarbon species between the gas and
liquid phases, a process governed by equilibrium constants and influenced by factors such as
temperature, pressure, and solvent composition. By adjusting these variables and applying multi-
stage absorber designs, operators are able to optimize the selective extraction of propane, butane,
and other condensable components. Calculations related to these systems are based on material
balance models that consider mass transfer rates and component solubility, ensuring accurate
prediction of separation efficiency and solvent loading. To support both dehydration and
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hydrocarbon recovery operations, advanced gas analyzers are employed throughout processing
plants. These instruments provide continuous, real-time data on gas composition, moisture levels,
and the presence of contaminants. Technologies such as gas chromatography, infrared absorption,
and tunable diode laser spectroscopy are commonly used, offering precise analytical control that
is critical to maintaining safety, product quality, and regulatory compliance. Azerbaijan’s gas
processing standards are increasingly harmonized with international norms. Regulatory oversight
is largely informed by API guidelines, as well as operational practices established by foreign
partners. SOCAR, in collaboration with BP and Saipem, has adopted a set of engineering
protocols and environmental safeguards that align with both American and European standards.
These include rigorous monitoring of emissions, corrosion management in pipelines and vessels,
and preventive maintenance regimes designed to minimize operational risk. In this context,
absorption technologies are not only viewed as engineering tools but also as integral elements in
ensuring environmental responsibility and economic efficiency in natural gas utilization. The use
of high-performance sorbents, optimization of absorber design, and integration of analytical
systems represent a combined approach that supports sustainable resource development. The
strategic position of Azerbaijan within the regional energy supply chain makes the reliability and
effectiveness of such technologies vital for long-term energy security and economic growth.
Keywords: natural gas dehydration, Henry’s Law, gas analyzers, alkane extraction, absorption
process.
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PE3IOME

Pa3zButne cextopa mpupomHoro raza B A3sepOalmxkaHe, OCOOCHHO Ha MmIEIb(OBBIX
MecTopokIeHusax Kacnus, NpuBIEeKI0O BHUMaHHE K pOJIM aOCOPOIMOHHBIX TEXHOJIOTMH B
nepepaboTke W OYHCTKE A00bIBaeMbIX Tra3oB. OmHOW W3 Hamboyee IMHPOKO NPUMEHSIEMBIX
TEXHOJIOTUI Ha nepepadaThIBAOIIUX MPEANPHUATUAX A3epOaiipkaHa, B TOM YUCIIe HAa 00BEKTax,
yopasnsiemMbix SOCAR, BP wu Saipem, sBisercs permapaTanusi MOPUPOAHOIO Taza C
ucnonb3oBanueM TpudTUieHrukons (TEG). 9Tor MeTosr 0OCHOBaH Ha XMMHUYECKOH CIOCOOHOCTH
TEG cBs3bIBaTh MOJIEKYJIBI BOIBI U €r0 CIIOCOOHOCTH paboTaTh MPH BBICOKMX TEMIIEpaTypax U
JABJICHUSX, YTO JeJaeT €ro MOAXOAALIMM JUIsl YCIOBUHM Kak HIeab(OBBIX, TaK M Ha3e€MHBIX
nepepadaTbBalOIMX ~ YCTAaHOBOK. MeTOJl OCHOBaH Ha  paClpelelCeHUH  OTIEIBbHBIX
YTJI€BOAOPOAHBIX BUAOB MEXKIY Ta30BOM U )KUIKON (hazaMu, YTO KOHTPOJIMPYETCS] pABHOBECHBIMHU
KOHCTAaHTAMH M 3aBUCHT OT TakuX (aKTopoB, Kak TeMmIepaTypa, ITaBICHHE U COCTaB
pactBopuTens. Perymupyss 3Tu mapameTpsl M TPUMEHSSI MHOTOCTYyNeHYaTele abcopOepsl,
OTepaTopbl MOTYT ONTHMHU3HUPOBATh H30MpaTeIbHOE H3BJIICUCHHE TPOIMaHa, OyTaHa W JPYTHUX
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KOH/ICHCUPYEMbIX KOMIIOHEHTOB. PacueTsl, CBs3aHHbBIE C 3TUMHM CHCTEMAaMH, OCHOBAaHbl Ha
MaTepHajiax U YHEPreTHUECKuX OasiaHcax, KOTOPhIE YUUTBHIBAIOT CKOPOCTH MacCOBOTO MEPEeHOCca U
pacTBOPUMOCTh KOMIIOHEHTOB, 4YTO II03BOJIIET TOYHO IIpeicKa3blBaTh 3(P(PEeKTUBHOCTH
paszieneHus U 3arpy3Ky pactBoputens. /s momaepikaHusi Kak MPOIECCOB IETUApATAlUU, TaK U
U3BJICUEHUS YIJIEBOJIOPOJIOB B IEpepadaThIBAIOIIMX YCTAHOBKaX IMPUMEHSIOTCS COBPEMEHHbIE
ra3oBble aHATU3aTOPBl. DTH HPUOOPHI 00ECIEUYMBAIOT HEMPEPBIBHBIM KOHTPOJbL COCTaBa rasa,
YPOBHsI BJIaTW M MPHUCYTCTBUS 3arps3HAIONIMX BELIECTB B peaJbHOM BpeMeHHU. lcnoibp3oBaHue
BBICOKO3()(DEKTUBHBIX COpPOCHTOB, ONTUMHU3AIMS KOHCTPYKIMU aOcopOepoB M HHTErpanus
AHAJIMTUYECKUX CHCTEM IPEJCTABIAIOT COOON KOMIUIEKCHBIM MOJIXOMA, KOTOPBIA NOJAEP)KUBAET
YCTOWYMBOE pa3BUTHE pecypcHoi 0a3pl. CrTparermueckoe mojoxkeHue A3sepOaiimkaHa B
pPErMOHANBbHOM SHEPreTHYecKOd LENouke JenaeT HaJIeKHOCTb U 3(PQPEKTHUBHOCTh TaKUX
TEXHOJIOTUH  BOXHEWIIUMH Ui JOJTOCPOYHON  SHEpreTudeckod  Oe30macHOCTH |
HKOHOMHYECKOT'0 POCTA.

KiroueBble cjioBa: OCyIIKa TPUPOAHOTO ra3a, 3aKoH | eHpHW, ra30aHaIM3aTOpPbl, BBIACICHHE
aJIKaHOB, ITpolecc abcopOLMH, annapatsl i abcopOLMU IPUPOJAHOTO rasa.

XULASO

Azarbaycanin tobii qaz sektorunun inkisafi, xiisusilo Xozor donizi altindaki yataqlarda, qazlarin
islonmasi vo tomizlonmasi sahasindo abzorbsiyon texnologiyalarinin roluna diqqeti artirmigdir.
Azorbaycan qaz emali miiassisalorinds, xiisuson SOCAR, BP va Saipem torafindon idars olunan
obyektlordo on genis totbiq edilon texnologiyalardan biri tobii qazin trietilenqlikol (TEG) ilo
susuzlagdirilmasidir. Bu metod, TEG-in su molekullar1 ilo yiiksok kimyovi baglanma
qabiliyyatino vo yiiksok temperatur vo tozyiqlords islomok qabiliyyatino osaslanir, bu da onu hom
donizds, hom do quruda isloyon qurgular {i¢iin uygun edir. Bu sistemlors aid hesablamalar, kiitlo
balans1 vo enerji balansi iizorindo qurulub, bunlar komponentlorin hall olunma siirstini vo kiitlo
miibadilosini nozoro alaraq, ayirma somoraliliyini vo holl edicinin yiiklonmasini daqiq
prognozlasdirmaga imkan verir. Hom susuzlasdirma, hom do hidrokarbonlarin ¢ixarilmasi
proseslorini destoklomak {iglin miiasir qaz analizatorlar1 tobii qaz emali miiassisolorinds istifads
olunur. Bu qurgular, qazin torkibini, nomlik soviyyoesini vo ¢irklondirici maddslorin
moveudlugunu real vaxt rejiminds davamli izlomoys imkan verir. Azorbaycanin qaz emali
standartlar1 getdikco beynolxalq normalara uygunlasdirilir. Tonzimlomo nozaroti osason API
standartlarina vo xarici torofdaslar torofindon toyin olunan omaliyyat tocriibolorino osaslanir.
SOCAR, BP va Saipem ilo amokdasligda miihandislik protokollar1 vo ekoloji standartlar gobul
etmisdir ki, bunlar hom ABS, hom do Avropa standartlarina uygundur. Bunlara, boru komarlori vo
avadanliqlarda korroziya idaragiliyi, habelo amaliyyat risklorini minimuma endirmak ii¢lin profi-
laktik xidmot daxildir. Yiiksok somoarali sorbentlorin istifadssi, abzorber dizayninin optimallas-
dirilmas1 ve analitik sistemlorin inteqrasiyasi dayaniqli resurs inkisafini dostokloyon kompleks
yanagmani toskil edir. Azorbaycanin regional enerji zoncirindoki strateji movqeyi, bu clir
texnologiyalarin etibarlilig1 vo samoraliliyi uzunmiiddatli enerji tohliikosizliyi va iqtisadi boyiima
uclin vacib edir.

Agar sozlar: tobii qazin susuzlagdirilmasi, Henri qanunu, qaz analizatorlari, alkanlarin ayrilmasi,
absorbsiya prosesi.

BBenenune
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ITo manHbIM MuHHCTEpCTBa SHEpreTuku AsepOaiimkana, B 2024 roay oOmuii o0beM 3KCIOpTa
raza cocraBui 25,2 mwuimapaa KyOomeTpoB, 4To Ha 5,8 mpolieHTa OOJbIIE MOKa3aTens
npeaslaymero roga. Jxcnopt B EBpomy yBenmuwmiics Ha 8,6% no cpaBHeHuto ¢ 2023 ropowm,
nocturayB 12,9 mupn ky6omerpos. IlocraBku B Typumio cocraBumm 9,9 mupa xy6. M, u3
KOTOpBIX 5,6 miipa Ky0. M ObLIO TpaHCHOPTUPOBAHO MO TpaHCAHATOIMHCKOMY Tra3oMpOBOAY
(TANAP). ITocraBku B ['py3uto npesicuin 2,4 mipa Kyoomerpos. JloOb4a ra3a Ha OCHOBHBIX
MECTOPOXKACHUSAX BBITVISIUT cieayromuM obpazoM: mectopoxkaeHue Lllax Jlenus: mo6wito 27,8
MiIpa  Ky0. M, wMmecropoxaenue Asepu-Uupar-I'tonenum: no6sito 13,3 mupa ky6. M,
MecTopoxaenue AomepoH: moosito 1,5 miapa ky6. M. B Hactosimiee BpeMs MHpoAOIKaeTcs
OypeHue TepBOl SKCIUTyaTallUOHHOM CKBa)KMHBI, HA4yaTO€ B IMPOILIOM TOAY C MOPCKOH
wiatdopmsl «3anaanbii Yupary. Oxkupaercs, yto OypeHue OyleT 3aBepllieHO BO BTOPOM HIIU
TpeTbeM KBapTajie 3Toro rojaa. He mpeamnonaraercsi BBOJ CKBaKMHBI B IKCILUIyaTallUIO0 Cpasy
nociie 3aBepiueHus: OypeHus. OTo TpedyeT AOMOIHUTENbHBIX MEp MO0 00ECIEUEHUI0 WHTETpaIlluu
raza c mnpuOpexHod wuHPpacTpykTypoil. Ha maHHOM »JTame IUIaHUPyeTCs YCTAaHOBKA Ha
wiatopme crenuanbHOro 00opyI0BaHus, ITOT MpoLecc 3aiiMeT HekoTopoe BpeMs. [1o TexHuue-
CKHUM OIIEHKaM, B paMKax IpoeKTa pa3paboTKu I7TyOOKOBOJHBIX IUIACTOB OXHJIAETCS MOJyYEeHUE
nepBoro raza kK koniy 2025 roma. Poct 06beMOB JOOBIYM MPUPOIHOTO raza COMPOBOXKIACTCS
YCII0)KHEHUEM TEXHOJIOTMYECKUX IPOLIECCOB €r0 TPAHCIOPTHUPOBKU M MOATOTOBKH K HCIIOJNb-
30BaHui0. OQHOW W3 OCHOBHBIX 3aJau SIBISETCS MOBBIIICHHE S()(PEKTUBHOCTU MOTJIOUICHUS
KHUCJIBIX KOMIIOHEHTOB, TaKMX KaK CEpOBOJIOPOJA U YIJIEKUCHIBbIA ra3. OTH HNPUMECH YCKOPSIOT
KOPPO3UOHHBIE MPOLIECCHl B TPYyOOMpOBOAaX W OOOPYIOBAHHH, YTO MPHUBOIUT K YBEIUYCHHIO
AKCIUTYaTallMOHHBIX PACXOJ0B M PHUCKY BO3HHMKHOBEHHs aBapuil. C pOCTOM NIPOU3BOJCTBA
YBEJIMYMBACTCS Harpy3ka Ha OYHCTHBIE COOPYKEHHUs, uYTO TpeOyeT COBEpIICHCTBOBAHUS
TEXHOJIOruil abcopbuuu. VMcnonab3oBaHne COBPEMEHHBIX COPOSHTOB M ONTHUMH3ALUS TapaMETPOB
MOTJIOIIEHUS] CTAaHOBATCS HEOOXOTUMBIMH MepaMu il oOecledeHus HaJleXHOM M Oe30macHoi
AKCIUTyaTalui UHPPaCTPYKTYpBHI.

Hean

Llenp ctatbu «Pa3paboTka cucTeMbl, KOHTPOIMPYIOLIEH Mporecc abcopOIUK MPUPOTHOTO ra3ay
3aKJII0YAeTCs B KOMILJIEKCHOM PacCMOTPEHUH (U3MUYECKHUX, TEXHHYECKMX W HOPMATHUBHBIX
aCIIEKTOB, CBSI3aHHBIX C JIaHHBIM IIpollecCOM. B mepByro ouepenp aHaIM3UPYIOTCS OCHOBBI
abcopOLIMOHHOTO METO0J1a, MPUMEHSEMOro JUIsl YJaJeHUs BJIaru W JIETKUX YIJIEBOAOPOJOB U3
NPUPOHOTO Tasa, BKIKOYAs UCIOIb30BAHUE TPUITUIICHIVIMKONIA U KepocuHa. Ocoboe BHUMAaHUE
yAensercss NpUHLMNAM  (YHKIMOHUPOBAHUS  CHUCTEM  KOHTPOJISI M PEryJUpOBaHUSA,
o0ecneunBaroUX CTA0WIbHYIO U 3Q(EKTUBHYIO padOTy YCTaHOBKH.

B crarbe paccMarpuBaroTCs 3aBUCUMOCTH PACTBOPUMOCTH KOMIIOHEHTOB OT JIaBJICHHUS M TEMIIE-
patypsl ¢ yuéToM 3akoHa ['eHpu, a Takke MpUBEAECHBI pacyEThl, OCHOBaHHbIE HA MaTepUAIbLHOM
6anance. J[OMOJIHUTENBHO MPOBOJUTCS CPABHEHUE NPOMBIIUICHHBIX MOJXOMOB K abcopOIuH,
OCHOBaHHBIX Ha craHjgaptax APl u mnpakTuke MeXIyHapoIHBIX He(Tera3oBbIX KOMIIAaHUH,
neicTByOmuUX B A3epOaiimkane.

PabGoTta HampaBneHa Ha OOOCHOBaHWE WHIXKEHEPHBIX PEIICHWH B 00JACTH Ta30mepepadoTKU ¢
ONOpPOI Ha Hay4HbIE IPUHILIUIIBI 1 HOPMAaTUBHBIE IOKYMEHTHI, IIMPOKO MPUMEHSEMbIE B MUPOBOI
MIPAKTHKE.

MeTtoanl
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ITpu nccnenoBanuu 060pyAOBaHMs, 3a/1€HICTBOBAHHOIO B Ipoliecce abcopOLMK IPUPOJHOIO Iasa,
UCTOJNB3YIOTCSA KaK JKCIEPHUMEHTAbHBIC, TaK M aHAIWTUYECKUE IOAXOJbI, HAIlPABICHHBIC HA
BCECTOPOHHIOKO OLIEHKY €ro TEeXHHMUYECKHMX M SKCIUTyaTallMOHHBIX XapaKTepUCTHK. B mnepByro
oyepenb NpUMEHsIeTCsl (PU3NKO-XMMUYECKUI aHAIN3, TIO3BOJISIONINI OMPEIeINTh PACTBOPUMOCTh
KOMIIOHEHTOB I'a3a B Pa3JIM4HbIX a0COPOEHTaX, TAKMX KaK TPUITHIICHIJIUKONb U KEPOCHH, a TaKKe
U3y4uTh (pa30BbIC PABHOBECHUS U MIOBEACHUE CHCTEMBI IPU U3MEHEHHUH JaBJICHUS M TEMIIEPATYPBHI.
OTH JaHHbBIE SABISAIOTCS OCHOBOW JJIi BBIOOpA ONTHUMAJIBHBIX PEKUMOB PabOThl 000pY/IOBAHUS.
JlaGopaTopHble UCHBITAHUS TMPOBOAATCS Ha MHUJIOTHBIX YCTAHOBKAaX, YTO IMO3BOJSET
CMOJEIUPOBATh  YCJIOBUS HPOMBIIUICHHON  3KCIUTyaTallH, IpoBEepUTh 3((HEKTUBHOCTH
abcopOeHTa, yCTOMYMBOCTb TIpoIlecca, a TakXKe BO3MOXKHOCTh pEreHepaluu >KUIKOCTH.
Pe3ynbraThl UCHBITAHUN CIy’KaT Uil MOCIEAYIOUIEH KOPPEKTUPOBKU IPOEKTHBIX PELICHUM.
WHCcTpyMeHTambHasi TUarHOCTUKA BKJIIOYACT B ceOs MPUMEHEHHE Ta30aHaIN3aTOPOB, NATYNKOB
JaBJICHUs], TEMIIEPATypbl U PACX0/a, YTO 00ECIeynBaeT TOUHbIM KOHTPOJIb TApaMEeTPOB Ipolecca
Y OTNIEPaTUBHOE BBISBICHHE OTKIOHEHHUH B paboTe 000pya0BaHMUS.

BaxHylo poib uUrpaer MareMaTH4ecKoe MOJENMpPOBaHHE, MO3BOJISAIOIIEE MPOBOJUTH Pacuy&Thbl
MaTEepHAILHOTO M TEIJIOBOTO 0OajaHca, ONMpeneNsiTh ONTHMAaJIbHBIE pa3Mepbl U KOH(UTYpanuu
aOCOpOLIMOHHBIX KOJIOHH, a TakKe IPOrHO3MPOBaTh IIOBEIEHHE CHCTEMBbl IpPU Pa3IMYHBIX
TEXHOJIOTUYECKUX  yCIOBUAX. JOTIONHHUTENBHO  TPOBOJUTCS  CPAaBHUTEIBHBIH  aHAIN3
000pyJIOBaHUSI HAa COOTBETCTBUE MEXKIYHAPOJHBIM CTAHAAPTAM M INPaKTHKaM, MPUMEHSIEMbIM
BEAYIIMMHU HEPTETa30BBIMH KOMITAHUSIMUA. JTO JaéT BO3MOXKXHOCTh OOBEKTUBHO OIICHUTh YPOBEHb
TEXHUYECKOI'0 PAa3BUTHUS U CTETIEHb BHEIPEHUSI COBPEMEHHBIX MHKEHEPHBIX PELICHUH.
[IpupoaHbIl ra3 B MCXOOHOM BHJE COAEPKHUT BOJSHOM Map, KOTOPBIM IIPU H3MEHEHUU
TEeMIepaTypbl MOXET KOHAEHCUPOBAaTbCs, BBbI3bIBAS OOpa30BaHHE KHCIOTHBIX pacTBOPOB
(ocobenno B mpucyrctBun CO: m H.S) m, kak creacTtBue, KOppO3Wi0 TPyOOIPOBOIOB U
000pyI0BaHUS.

Haubonee pacnpoctpan€HHBIN cioco0 — aOCOpOIMOHHAs OCYIIKAa ¢ MPUMEHEHHWEM TPHUITHIICH-
rnukons (TOT). [Ipouecc BkIoyaer:

- KOHTAKT Ta3a ¢ )KUJAKUM a0COpPOECHTOM B HACaJI0YHOM KOJIOHHE;

- nupkyssinuoo TOI o 3aMKHYTOMY IIUKITY ¢ pereHepanueil myTéM BhIITapuBaHUs BOJIBI.

JUis omucaHMsl KOJMYECTBAa IOTJIOLIAEMOr0 KOMIIOHEHTa B alcopOepe ¢ HCHOJIb30BaHUEM
ypaBHEHMs Maccollepe/ladyd MOXHO BOCIHOJIb30BaThCs 0000MEHHOM (hopMyIIOH, OCHOBAaHHOH Ha
i depeHIMaTbHOM YpaBHEHUH Ui mpouecca abcopOuuu. OAHMM U3 TakUX ypaBHEHUN
ABJISIETCSA ypaBHEHHE MaccolepeHoca B abcopOepe ¢ JTaMUHAPHBIM TEUEHUEM:

dN
dz

_kL'A'(Cg_CI)
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b dav __ CKOpPOCTE M3MEHEHWA KONWYECTEA NOMNOWAEMOro KOMNOHEHTa Ha eAWMHKULY ANMHEI BGCDPEEPE

dz
(MonE/M-u),

* Kk — KO3dOUUMEHT MACCONepeHoca B XKMAKOW dase (M/u),

* A — nosepxHoctb koHTakTa (M?),

¢ (j — KOHLEHTPaUMA KOMNOHEHTa B rasoBoii dase (Monb/m),
» (U] — KOHUEHTpaUMA KOMMNOHEHTA B XMAKOA dase (Monb/M),
* z — paccToAHuve Baonk abcopbepa.

Janee neranpbHEee paCCMOTPHUM MPUHIHI PaOOTHI YCTAaHOBKH:

I
’L; OGearakkmmn
1 ra3 (Abraa)
' 1
| R\
‘ o ( iy
N (i ;.') —
l A/
/FK(.\\\
L /
= | XnafoHoCUTENh
XAafoHOCHTENk T
~ /RO
3%4_3 {'%)
Viexogman oy 4 N\
2085 )
cMesy T d Coonnn
_-J' T atcopOonT
(’GT(‘-\I ’ ) l . 1 HacsieHksIR
\El// i aticopbGen

Pucynok 1. [Tpumep ycraHOBKH aOCOPOLIMOHHON OYUCTKU MPUPOTHOTO ra3a.

XaZ0HOCHUTENh — 3TO BELIECTBO, KOTOPOE HCIOJB3YETCS Ul OXJIAKACHHUS B TEXHOJIOTMYECKHX
yCTaHOBKaX. B cucTemMax OYMCTKH MPUPOIHOIrO ra3a OH HEOOXOAMM JUIsl TOTO, YTOOBI MOHUKATh
TeMIIepaTypy ra3a 10 Hy>)KHOTO YpOBHs. DTO JenaeTcsi, HalpuMep, A TOro, YTOObl yAAJIUTh U3
ra3a Bjary myTéM e€ KOHJIEHCAI[U! WM OTJEIUTD TSKENbBIE YIIIEBOAOPO/Ibl, KOTOPHIE BHINIAAAIOT B
0CaJZIoK NpH HU3KUX TemmepaTypax. OxmaxaeHue Takke crnocoOcTByeT Oosee 3¢ (heKTHBHOMY
mporeccy abcopOruy WM aACcOpOIMU  HEXKeNaTeNbHbIX mpuMeceid. B  3aBucumoctn OT
KOHKPETHOM 3aJ1auu, B KaYeCTBE XJIAJOHOCUTEIIS MOTYT MCIIOJIB30BaThCs BOJA, BOJHBIE PACTBOPHI
[JIMKOJIEH (MPOMUJICHIJIMKONS, STUJIICHTIIMKOIIA), (PPEeoHbl, aMMHMAaK WM >KUJIKUNA a30T. BwiGop
3aBHCHUT OT TpeOyeMoil TemmepaTypbl U yCIOBUN pabOThl yCTaHOBKH.

X7al0HOCUTENN TPUMEHSIOTCS B TaKUX Y4YacTKaX, KaK YCTaHOBKM OCYIIKH, OXJIQXJIEHHUS rasa
nepena abcopOuueit uim GpakinOHUPOBAHUEM, a TAKXKE B KPUOTEHHBIX MPOLECccax, Iae Tpedyercs
3HAYUTENIbHOE CHIKEHUE TEMIIEPATYPBI.

I"a3oBbIif xpomarorpad oOBIMHO MCTIONB3YyETCS ISl aHajdu3a ra3a 1ocliie Toro, Kak ero O4MCTUIN
OT BJard WU JPYTruxX IpHUMeced ¢ MOMOIIbI0 Mpolecca adcopOuuu win ocymku. Bo Bpems
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abcopOuuu ra3 MpoXOJUT Yepe3 KUIKOCTh (HampuMep, TPUITUIICHIJIMKOIL), KOTopas 3abupaet
BJIary WJIM JIpyrHe BemiecTBa M3 rasa. Korga ra3 cTaHOBUTCSI YMCTBIM, €T0 KOMIIOHEHTHI MOXHO
pa3aeNuTh U UCCIIEN0BaTh C MOMOIIBIO Ta30BOro xpomarorpada. I'a3oBblii xpomarorpad — 310
CTeLMANM3UPOBaHHOE 000pYI0BaHKE, IPEHA3ZHAYEHHOE ISl aHAJIN3a CII0XKHBIX Ta30BBIX CMECEH.
Ero 3amaua — pa3genuTh cMech Ha OT/EIbHbIE KOMIIOHEHTHI U ONPEICIUTh KaXKIbIA U3 HUX I10
COCTaBy U KoiuuecTBy [1]. AHanu3 nmpoBOOUTCS Kak Ha HajdM4due BElIeCTB (KaYeCTBEHHO), TaK U
Ha X KOHIEHTPAIUIO (KOJIMYECTBEHHO) [2].

Jlig mony4deHus TOYHBIX PE3yJbTaTOB B IPOLIECCE MOTYT MPUMEHSTHCS Pa3IUYHbIE METOJIbI
BO3JICHCTBUS — KaK XHMMHUYecKue, Tak U (usudeckue [3]. DTO MO3BOJSIET aJalTUPOBATH
MCCIIEIOBAaHHE TIO]] CBOMCTBA KOHKPETHOM MPOOBHI.

Ecnu mocne mpoxoxaeHus yepe3 xpomartorpad razoBas CMECh HE pasJieisieTcs Ha OTJelbHbIe
KOMITOHEHTHI, JIJIA€TCS BBIBOJI, YTO BEIIECTBO OAHOpoaHOE [4]. Takoil pe3ynapTaT yKa3blBaeT Ha
OTCYTCTBHE Pa3ITUYMMbIX KOMIIOHEHTOB BHYTPU aHAIH3UpPyeMoii poOsl. ["a30Bbie XpomaTorpadbl
BOCTPeOOBAHBI B Pa3HBIX OTPACIAX: MX KCIOJB3YIOT KaK B HAYYHBIX JIAOOPATOPHUSIX, TaK M Ha
MIPOU3BOJICTBEHHBIX MpeAnpuatusax. OcCOOEHHO IIHUPOKO O0OOPYJOBaHHE MPUMEHSETCS MpPU
KOHTpOJIE COCTaBa raza Ha ra3oJ00BIBAIONINX CTAHIUSAX W NPH MPOBEPKE KayecTBa BEIIECTB B
(dapMaIleBTHYECKON  MPOMBINIICHHOCTH  [5].  YHHBEpPCAJILHOCTH  yCTAHOBKH  TIO3BOJISET
3¢ (HEeKTHUBHO UCIIONIB30BATh €€ NI PEIIeHUs Pa3IMyuHbIX 3a/1a4 — OT HAyUYHBIX UCCIEeI0OBAaHUH 10
TEXHOJIOTUYECKOTO KOHTPOJISL B TIPOMBIIIJICHHOCTH.

HakonuTens ra3oBoro HOCHUTeNs TMpelacTaBiser coboi OamioH o0véMom 40 JUTPOB,
3aIlOJTHEHHBIN T'a30M MO/ BBICOKMM JaBieHueM. OH CIyKHT JJIsi XpaHEHHs ra3a, KOTOPbIA 3aTeM
nonaércsi B cUCTEMy ISl MOCIEYIOIIero aHaiau3a. Peryistop, B CBOIO ouepeib, OTBEYAeT 3a
MoJiIep)KaHue CTaOMIBHOTO PAacXoAa ra3oB M HYKHOTO JaBJICHUS Ha BXxoje B cucremy. OH
peryaupyer MOTOK Tasa, uTo oOecreuyuBaeT CTaOMIBHOCTh M TOYHOCTH aHamu3a. DJIEMEHT s
3aKa4YMBaHUs TPOOHBIX BEIIECTB — JTO YCTPOMCTBO, Yepe3 KOTOpOoe 0Opasell raza Wid ra3oBou
CMECH TOCTYINaeT B Xpomarorpaduyeckyro KoJoHKY. OHO HeoOXoIuMmo A mojayd mpod B
CUCTEMY, TJIe OCYIIECTBIsAeTCS NX aHanu3. KosoHka npencrapiser co0oil TpyOddaTroe yCTpOHCTBO,
BHYTPH KOTOpPOTO IPOUCXOJUT pa3JieIeHUe KOMIIOHEHTOB Ta30BOM CMecH. OTOT Hpolecc
MO3BOJISIET pa3feiUTh BEIIECTBA, BXOISIINE B CMeCh, /U WX OoJiee neTaibHOro aHamm3a. Ha
BBIXOJIE€ U3 KOJOHHBI YCTAQHAaBIIMBAIOTCS IETEKTOPBI, KOTOpbIE (DUKCUPYIOT KOHLEHTPALUIO U
PETUCTpAIMIO CBOMCTB OTIEIEHHBIX KOMITOHEHTOB, HWTrpasl KIIOYEBYIO POJb B ONpPEACICHHU
COCTaBa ra3oBOH CMeCH. YCWINTENb JIEKTPOCUTHAJIa HCHOJIb3YeTCs A YCWIEHUs CHUTHala,
MOCTYMAIONIETO OT JETeKTOPOB, YTOOBI JaHHBIE MOTJIHM OBITh TOYHO 3apETUCTPHUPOBAHBI U
npoaHaau3upoBaHbl. OH IOMOTraeT yJay4IIUTh KauecTBO U3MEpeHuil, obecreunBas 0oyiee TOUHbIE
pe3yIbTaTHI.

AOCOpOIIMOHHBIE  KOJIOHHBI — 3TO OCHOBHOH ammapar, B KOTOPOM HPOHMCXOIUT
HEMOCPEJICTBEHHBIN KOHTAKT MEXIy NPUPOJHBIM Tra3oM M KUIKUM abcopOeHTtom. HambGomee
pacrpocTpaHeHbl KOJIOHHBI ABYX TUIIOB: C HACAJKAMH U C TapeIKaMH.

Komnonnsr ¢ Hacaakamu (Packed Columns) mpumeHSIOTCS MpPEeUMYyIECTBEHHO IS MPOIECCOB
OCYIIKH, OCOOEHHO TpH HCToNb3oBaHuu TprdTUiIeHr kol (TEG) B kauectBe abcopOenTta. ['a3
MOJTHIMAETCSI BBEPX KOJIOHHBI, TMPOXOMAS dYepe3 HacalKy, KOTOpas YBEIMYUBACT ILIOMNIATh
KOHTakTa Mexay ¢azamMu M crnocoOcTByeT 3(dexkTuBHOM MaccooOMeHHOM nuHammke [1].
[TpenmymiecTBO TakWX KOJOHH 3aKIFOYAaeTCs B HU3KOM THIPABIUYECKOM COMPOTHBICHUH M
IPOCTOTE OOCTYXHBaHUSA. AJIbTEPHATHUBHBIM PpEIICHUEM SBISIOTCA TapenbyaTble KOJOHHBI,
0COOCHHO aKTyaJbHbIE NPU MEPEMEHHBIX pexxumax padoTbl. OHHM o0ecreynBalOT paBHOMEPHOE
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pacripesielieHue JKUIKOCTH 1O BCEH MOBEPXHOCTH, YTO BAXKHO JUISI TMOAJCPKAHUS CTAOMIBHBIX
ycnoBuid  abcopOumu  [5]. XoTss MeMOpaHHBIE CHCTEMBl HENb3s HANpsMYyK0 OTHECTH K
KJIACCHYECKON abCcopOIMu, OHM HAaxXOJIIT MPUMEHEHHE B KOMOMHHPOBAHHBIX YCTaHOBKaX, TJIE
TpeOyertcs npensaputensHoe ynaienne CO: nian H.S. MemOpanbl pa3ensitoT ra3oByr0 cMech Ha
b pakum, UCIONIB3Ys Pa3INYHYI0 TIPOHUIIAEMOCTh KOMIIOHEHTOB. DTO IKOJIOTHYECKU O€30MMacHbII
U KOMIIAKTHBI METOJ, OAHAKO OH YYBCTBHUTEJCH K NPHUCYTCTBHIO KHIKUX YTJIEBOJIOPOJIOB U

TpeOyeT npeaBapuTenbHoil punbTparmu [6].

&Y 20v t]__l

Pucynok 2. CtpykTypHasi cxema aBTOMaTU3UPOBAHHON CUCTEMbI TUHAMUYECKOIO
pEryJIupoBaHUs OPOLICHUS HACAIKU B IUCTUUIALIMOHHOM KOJIOHHE:

1 — xoJIOHHA [Tl AUCTUWIUISIUY; 2 — paclpeIeTUTEIbHOE YCTPOUCTBO; 3 — MOJTYJIb HACAIKH C
YHOPSI0YEHHOU CTPYKTYpOH; 4 — TeMIiepaTypHbI€ JATUUKH; 5 — YIPaBIIAIOMIMN MOyJib; 6 —
MOJ1yJIb KOMMYTAallUK; 7 — NEPCOHAJIbHBII KOMIIBIOTEP C MPOrpaMMHBIM OOecrieueHneM; 8 —
YCUIUTENbHBIN MOyJb; 9 — kpeliT LTR; 10 — nctouHuk nuraHus

Jns mojnepkaHust cTaOMIbHOM paboThl abCOPOLIMOHHOTO OO0OPYAOBaHHS KpailHE Ba)KHO
o0ecreunTh MOCTOSHHBIA KOHTPOJIb KIIFOUEBBIX MapameTpoB. C 3Tol 3amaueil crpaBisitoTCs
cleAyroue ycTpoicTBa. JlaTuiky TeMnepaTypsl U 1aBICHUS SBISIOTCS OCHOBHBIMU 3JIEMEHTaMHU
NEPBUYHOTO KOHTpOJs. TepMomapbl M TEPMOCOIPOTUBIEHHUS O00ECIEYUBAIOT IOCTOSHHOE
U3MEpeHue TeMiepaTypbl abcopOeHTa M ra3a B pa3jIMYHBIX TOUYKaxX KOJOHHBI. JlaBneHue
KOHTPOJIUPYETCS € TIOMOIIBIO MbE30PE3UCTUBHBIX, EMKOCTHBIX MJIM TEH30METPUUYECKUX JATUUKOB.
OnTuManbHble YCIOBHS PAacCTBOPUMOCTH BJAard M KHUCIBIX Ta30B JOCTUTalOTCS IPH CTPOTO
OnpeAeNnéHHBIX  TeMIepaTypHO-/aBJICHUECKUX  mnapaMmerpax. Hampumep, B mporuecce
JeTupaTalliyd ¢ MCIoJb30BaHueM TpudaTuieHrnukons (TEG) Temmeparypa mopanep:kuBaercs B
npenenax 40-60°C, a naBinenue — 5-8 MIla. Hapymenue 3Tiux ycinoBuid cHKaeT 3(h(heKTHBHOCTh
abcopO1MK U yBEIMYMBAET NOTPEOIEHUE pEeareHTOB.

PacxomomMepsl — perynmupyroT o0bEMBI TI0/IaBa€MOT0 Ta3a W KUAKOH (asbl, mpeaoTBpamas "mpo-
nyBky" wim "mepenuB". PacxogoMepbl u3MepsA0T 00bEM MM Maccy MOJaBaeMOro MPUPOIHOTO
ra3a 1 Kuakoil gaspl. OHU UTparOT BaXKHYIO POJIb B MOJAJIEPKaHUU TUIPABINYECKOro OanaHca U
OPEIYNPEXKACHUN SIBICHUH «IpOIyBKH» (IepeHOoca JKUAKOCTH C Ta30oM) HIM «IIEpeIrBa»
(mepenoaHeHUs KOJIOHHBI a0copOeHTOM). B mpakTuke npuMeHsI0TCS BUXPEBBIE, YIbTPa3BYKOBbIE
U KopeosiucoBble pacxopomepsl. [locnennue Hambosiee TOYHBI U TO3BOJISIOT OJHOBPEMEHHO
U3MEpATh Maccy, IUIOTHOCTh M TemmepaTypy moToka. OHM OCOOEHHO aKTyalbHbl IpPU
NIEPEMEHHBIX PACX0J1aX U U3MEHSIOIIMXCS COCTaBax rasa.
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Pucynok 3. KopnonucoBblii cueTuuK.

[TapameTppl JKUAKOCTHM WM Tra3a OIPEENSIOTCS C BBICOKOM CTENEHbI0 TOYHOCTH, 4YTO
o0ecrieunBaeT TOCTOBEPHOCTh JAHHBIX MPH y4ETe M KOHTPOJIE TEXHOJOTUYECKHUX IPOIECCOB.
YcTpolicTBO €ITOCOOHO (YHKLIMOHMPOBAaTh Kak B INPSIMOM, Tak M B OOpaTHOM HampaBiICHUU
MOTOKA, O€3 MOTepH TOYHOCTH M3MepeHH. [Ipu 3TOM OTCYTCTBYeT HEOOXOAMMOCTh B YCTaHOBKE
BBINPSMUTEIBHBIX YUYAaCTKOB TPYOOIPOBOJA 10 U IOcie MpUOOpa, YTO YNPOLIAET €ro MOHTaX U
MHTETPALUIO B CYHIECTBYIOIIUE TPyOOrpoBoaHbIe cucTeMbl. CtabuibHas pabora pacxomomepa
cCoXpaHsercs Jaxe INpu BHOpauusx TpyOONpoBOAa, pPE3KUX HU3MEHEHUAX JaBlICHUS U
TeMIepaTypbl pabodeid cpeiapl. DTO JeNaeT ero OCOOCHHO AaKTyaldbHBIM JJIsi NMPUMCHCHHS B
YCIOBHSIX HECTAaOMJIIbHBIX PEKUMOB OKCIUTyaTanuu. Pacxomomep He TpeOyeT peryssipHOro
TEXHUYECKOTO OOCITY)XKMBAaHUSI WM TEPUOJUYECKON KAIMOPOBKH, YTO 3HAYUTEIHBHO CHIIKACT
HKCIUTyaTallMOHHbIE M3JEpKKU. OTCYTCTBHE JBIXKYIIUXCS KOMIIOHEHTOB B KOHCTPYKLUHU
MPeOTBpaIIaeT HM3HOC, OOecrevYnBas JUIMTEIBHBIM CPOK CIIYy>)KOBI M BBICOKYIO HaAEKHOCTh
npubopa.

AHanmm3aTopsl cOCTaBa raza — IO3BOJIIOT OTCIICKHUBATH KOHIICHTPAIIMIO KOMITOHEHTOB Ha BXO/IE
U BBIXOJI€ M3 KOJIOHHBI, OIleHMBas 3((EeKTUBHOCTh mpoliecca. AHaIM3aTOpbl COCTaBa rasa
MPEOCTABISIIOT JaHHbIE O KOHIEHTpAIMsIX MeTaHa, OSTaHa, MpOMNaHa, a TaKKe KHCIbIX
komrnoHeHTOB (CO2, H.S) u Brnaru. OHM HeoOXoauMbl A OUEHKH 3()(HEeKTHBHOCTH pabOTHI
abcopOILIMOHHON KOJIOHHBI U KOHTPOJIS IPEJIETI0B JOMYCTUMbBIX 3HAUEHUH.

[TpuHIMN NefCTBUS TaKMX aHATIM3aTOPOB MOXET OCHOBBIBAThCSI HA ra30Boi xpomaTorpaduu, UK-
CTIEKTPOCKOINH, MaCC-CIIEKTPOMETPUH WIIM aKyCTHYECKHX METOJax. Y CTPOHCTBA TOJKITFOYAIOTCS
K JIMHUU 0TOOpa Mpo0 Ha BXOJE W BBIXOAE M3 KOJOHHBI, a Pe3yJlbTaThl aHAIM30B MOAAIOTCSA B
CHCTEMY YIIPaBIICHUS B PEKUME PEATbHOTO BPEMEHH.

PLC u SCADA-cucrembl — 00ecreuynBaloT IOJHYI0 AaBTOMATH3alMI0 YCTAaHOBKH, BKIIIOYAs
JMAarHOCTHKY HEHMCIpaBHOCTEH M yAai€HHbIM MOHUTOpHHT [7,8]. CHcTeMBl MpOrpaMMHUpPyeMbIX
ngorudeckux  koHtposiepoB  (PLC) wu  denoBeko-mammuHBIX — uHTepdeiicoB (SCADA)
ocymecTBIs0T nHTerpanuio secex KUII B enunyto cTpykTypy ynpasineHus. OHE 00ecrieunBaoT:

- cOOp ¥ BU3yaIM3aIMIO TAHHBIX,

- aBTOMaTHYECKOE PETyJIUpOBaHHE TapaMeTPOB,

- IMarHOCTUKY HEHCIIPABHOCTEW M aBapUUHYIO CUTHAIU3AIIHIO,

- TUCTAHIIMOHHBI MOHUTOPUHT YCTaHOBKH uepe3 unrepdeiicst HMI.

THE CAUCASUS ECONOMIC & SOCIAL ANALYSIS JOURNAL OF SOUTHERN CAUCASUS



Takue pemeHUs KPUTHYHBI ISl OOECleYeHUsl yCTOMYMBOCTH M 0€30MacHOCTH AKCIUTyaTaluu
YCTaHOBOK, OCOOEHHO MPHU BBICOKUX TEMIIEpaTypax U JaBJICHUSAX.

[Tocne 3aBepiieHus mpoiecca ra30kKUAKOCTHON abcopOLUU B KOJIOHHE, UCXO/IHAs Ta30Basi CMECh
pa3ensercs Ha JBa OCHOBHBIX IIOTOKAa: OOCTHEHHBIM (OYMIICHHBINA) Tra3 W HACHIIICHHBIN
abcopOent. Kaxaplif M3 3THX MOTOKOB HMMEET clenu(pUuyYecKuil cocTaB, (PU3UKO-XMMHUYECKUE
XapaKTePUCTHKH ¥ TMOCIEAYIONYI0 TEXHOJOTHYECKYI0 Cyab0y B paMKax MPOMBIIIICHHON
ycranoBk# [9,10,11].

OOenHEHHBIM Ta3 — O3TO OYMIICHHBI MPUPOAHBINA ra3, M3 KOTOPOro B XOJ€ IMepepadOTKH
yAQIAIN HeXeNaTelbHble TpUMecH. B ero cocrase mociie OUUCTKU OCTA€TCSI B OCHOBHOM METaH
— CaMblid IICHHBIA W SHEPro€MKUN KOMIOHEHT. Takoil ra3 mpakTHYECKH HE COACPKHUT BJarw,
YIJIEKUCIIOTO Ta3a, CepOBOIOPOA U TSIKENBIX YIJIEBOJIOPOIOB. biarogapst 3ToMy OH CTaHOBUTCS
0e30MacHbIM ISl TPAHCTIOPTUPOBKH 10 TPYOONPOBOIaM, HE BBI3BIBAET KOPPO3UIO 000PYI0BAHUS
u He oOpa3yer koHaeHcaT B Maructpausx. OOCIHEHHBIM Ta3 WCIONB3YEeTCS B Pa3sIUIHBIX
orpaciax. OH MOXeT mMojaBaThCsi B Ta30Bble CETH [Uisi OBITOBOIO U IPOMBIIUICHHOTO
NOTpeOICHUs, TPUMEHATHCS B DHEPTeTUKE, CIYKHUTh CBIPhEM [IJII XMMUYECKOTO IMPOU3BOJICTBA
WM HAIpaBIIATbCA Ha CKMKeHue. Ha BepxHeM Bbixoze abcoOpOLMOHHON KOJOHHBI (POPMUPYETCS
MOTOK OYMILIEHHOT'O ra3a, U3 KOTOPOro ObLIM yAajeHbl paCTBOPEHHBIC TPUMECH — BJIara, KUCJIbIe
koMoHeHTHI (CO2, H2S), a Takke BO3MOXKHBIE THKENBIE YTIEBOIOPOABI (B 3aBUCHMOCTH OT LIENTU
abcopOummn). OuuIneHHBIH Ta3, Kak MPaBHIO, MPEACTaBIsAeT co00i MeTaHOOOraTyrd CMECh,
OPUTOJHYIO JJI1 TOJa4d B MAarucTpajbHble TpPYyOOINPOBOJIbI, KOMIPUMHUPOBAHUS WU
JATBHEHIIIETO UCTIOJIB30BAHUS B SHEPTE€TUUECKUX YCTAaHOBKAX.

Ou3nyecKkue CBONCTBA OYMILEHHOTO ra3a (HU3Kas TOYKa POChl, MUHUMAIbHOE COACPKAHHUE CEPbI
W BJard) JenaloT ero Oe30MacHbIM i TPAHCIOPTUPOBKM M XpaHeHus. Kpome Ttoro, o
cootBercTBYyeT TpeboBanusM ['OCT 5542-2014 unu aHATOTHYHBIX MEXIYHAPOIHBIX CTAH/IAPTOB,
YTO JTaéT BO3MOXKHOCTh €TI0 AKCIIOPTHOM peaTn3aiui.

Hacpimennsiii abcopOent. Ha HukHEM BBIXOJE KOJOHHBI TOCTYMAeT >KUIKUA aOCOpOeHT,
o0OoraméHHbIi 3aXBaUY€HHBIMU Ta30BBIMH KOMIIOHEHTaMH. B 3aBUCHMOCTH OT THIIa TIpoliecca u
MPUMEHSIEMOTO PACTBOPHUTENS (HAMpUMEp, TPUITUICHIJIMKOIb, METAaHON, KEepacHH W [p.), B
cocTaBe abcopOeHTa MOTYT HAaXOJUTHCA BOJIA, KUCIbIE Ta3bl, JETKUE U TKEIBIE YTIEBOIOPOIBI.
OTOT MOTOK HAIMpPABIAETCS B PEreHEPAllMOHHYIO CHCTEMY, I€ MOJ JEWCTBUEM HarpeBa M
MMOHUKEHHOTO JaBJeHUsI aOCOPOEHT MecopOupyeTcs — T.€. U3 HEro M3BJIEKAIOTCS 3aXBaYCHHbBIC
ra3pl. [locnengnue nubOO YTUAM3UPYIOTCA, JUOO BO3BPAIIAIOTCS B TEXHOJOTMUECKUW IHKII
(Hampumep, IS MOCTeAyoNIe nepepadoTku win cxuranus). Cam abcopOEeHT, BOCCTAaHOBUBIIUN
CBOM CBOICTBa, MOBTOPHO MOAAETCS B aOCOPOIIMOHHYIO KOJIOHHY, 0OecredrBasi 3aMKHYThIM ITUKI
Y MUHUMAJIbHBIE TIOTEPU PACTBOPHUTETIS.

[ToGo4HbIE TOTOKU M SKOJIOTHYECKHUE ACTIEKTHI

B psne ciydaeB, ocoOeHHO Ipu paboTe ¢ KUCIOCOAEpKAIlMMHU ra3aMu, B cucTeMe o0pa3yroTcs
noOOYHbIE TMOTOKH, TPeOyIIIHe CHEeIHaTu3UpOBaHHON 00paboTku. Tak, mpu pereHepanuu
pacTBOPUTEIIS BBUICIAIOTCS KOHIeHTpupoBaHHble ¢pakiuu CO: u H2S, xoTopslie moasepratorcs
HEUTpan3aIuy Wik OTIIPABISIOTCS Ha ycTaHOBKY Claus uist u3BiedeHus 371eMEHTapHOU CEepBl.

3akio4eHue

[Tpomiecc abcopOmmMKM WrpacT BaXKHEHINYI0 pOJIb B OYHCTKE MPHPOJHOTO Ta3a, ITO3BOJIASA
7 (heKTUBHO yAANSATh U3 HETO pa3InyHbIe MPUMECH, TaKhe Kak Biara, kucible ra3el (CO2, H2S) u
TSOKETBIC YTIIEBOJIOPOBI. Y CTaHOBKA aOCOPOIMH SIBISIETCS OCHOBHBIM 3JIEMEHTOM B TOATOTOBKE
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rasa Juid JajbHEHIIero UCIoJIb30BaHUs, 00ecreunBasi ero COOTBETCTBUE CTPOTUM TPeOOBaHUSIM
KauecTBa M SKOJIOTHYECKUM CTaHIapTaM.

C nomouipio abcopOLUMOHHON YCTAaHOBKM Ha BBIXOJE MOJYyYaeTcs OYUIIEHHBIA Ta3, B KOTOPOM
MUHUMHU3HPOBAHO COJACPKAHUE HEKEIATCIbHBIX MPUMECeH. ITO OCOOCHHO BaXXHO IS
MPEeIOTBPALICHUST KOPPO3UU TPyOONpOBOAOB U 00OpYAOBaHUSA, a TakXke Mg Oe30MacHOCTH
SKCIUTyaTanuy ra3a. OUuWIIeHHBIA ra3, Kak MPaBHJIO, MPEICTaBlsieT co00il cMmech, B KOTOPOM
npeo0OyiajaeT MeTaH, U MOIXOJUT JJsl TPAHCHOPTUPOBKH IO MAarucCTPabHBIM TPyOOIpPOBOAAM,
KOMIIPUMHUPOBAHUS WM  WCIOJB30BAaHUS B  DJHEPreTUYECKMX YCTAaHOBKaX. Y CTaHOBKa
oOecrieunBaeT COOTBETCTBHE raza cTaHjapTaMm KadecTtBa, TakuMm kak ['OCT 5542-2014, uro
MO3BOJISIET OE30MACHO €T0 IKCIIOPTUPOBATH U UCIIOIB30BATh.

JlpyruM BaKHBIM acleKTOM pabOThl YCTAHOBKH SIBJISICTCS] 3aMKHYTHIN LIMKJI, YTO CHOCOOCTBYET
MUHUMHU3AIANA TOTePh pacTBOpPUTENICH W Jemaer mnpormecc Oonee 3ddekruBabM. [locme
abcopOruu 3arps3HEHHbIE KOMIIOHEHTBI OCTAIOTCS B KUAKOM abcopOeHte. DTOT abcopOEeHT
HaIpPaBIIICTCS B PErCHEPAIMOHHYIO CHUCTEMY, TJI€ IOJ BO3JCHCTBHEM HArpeBa M IMOHUKCHHOTO
JABJICHUS TPOUCXOAMT HM3BICUYCHHE 3aXBau€HHBIX ra3oB. BoccTaHOBIeHHBIM aOCOpOEHT CHOBa
UCIIOJIL3YETCS B TIPOIECCE, YTO TIO3BOJISET 3KOHOMHUTH PACTBOPUTEIh M IOBBIIIACT OOIIYIO
3¢ (HEeKTUBHOCTh YCTAaHOBKH.

[Tpomecc abcopOIMKM Takke BaKCH C TOYKHU 3pEHHUS JdKoJIoTHU. [Ipu 0O0paboTKe ra3oB MOTYT
00pa30BBIBATHCA MOOOYHBIE MOTOKM, TaKMe KaK BBICOKOKOHIEHTpupoBaHHble (pakuuun CO: u
H.S, kortopeie TpeOyIOT MOMOTHUTEIBLHOW OOPaOOTKU JUIS TPEJOTBPAIICHUS BBIOPOCOB B
atMocepy. YCTaHOBKH MOTYT OBbITh OCHAILIEHBI CUCTEMaMH HEUTpalu3alliy WIA HalpaBICHUEM
3THX Ta30B Ha ycraHoBky Claus mms u3BiIcUeHHS Cepbl, YTO IMOMOTaeT MHHHMH3HPOBATH
AKOJIOTMYECKUH yiiepO U cOOIIOCTH BCE IKOJIOTUYECKUE TPEOOBaHHUS.

Jdexnapauuu
Pykomnuch He OblIa MpeACTaBiIeHa HU B OJIMH JPYTOM KypHAJ UM Ha KOH(PEPEHITHIO.

Ol"pal-ll/l‘{el-ll’lﬂ HCCJICA0BAHUA
Het Hukakux Ol"pﬁ.HH‘ICHPIfI, KOTOPBIC MOTJIA OBl MOBJIMATH HA PE3yIbTAaThl HCCIICIOBAHUS.

baarogapHocts

ABTOp X0Ten ObI BBIPA3UTh 0JarogapHOCTh pabOTHUKAM CITYKObI OJAEPKKU U JHOASIM C ONBITOM
paloThI, KOTOPbIE MPUHSIM y4yacTHE B 3TOM HMCCJIEIOBAHUU, MTOJIEIMUBIINCH CBOUMHU OECIIEHHBIMU
3HAHUAMHU M ONbITOM. MX COTpyJHMYECTBO U OTKPHITOCTh B 3HAUYUTEIBHOW CTENEHU
CIIOCOOCTBOBAJIM TIIyOMHE M OOTaTCTBY PE3YIbTATOB HCCIICOBAHUMN.

HUcTouHuk puHaHCHpOBaAHUSA
310 uccnenoBaHue ObUIO MPOBECHO 0€3 MOAEP>KKHY BHEIIHET0 (PMHAHCUPOBAHMUS.

Kongaukr uarepecon
ABTOpBI 3asBISIOT 00 OTCYTCTBUM KOH(DIIMKTA MHTEPECOB.

JTHYECKHE CTAHAAPTHI

HccnenoBanne cOOTBETCTBYET BCEM STHYECKUM HOPMaM, BKITIOUasi COOTIOICHHIE MTPABOBBIX
TpeOOBaHUM CTPAHBI UCCIICTOBAHMS.
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OBTAINING SORBENTS BASED ON PLANT WASTE AND THEIR
INVESTIGATION iN WATER BODY PURIFICATION

Leyla Vaziroval, Aynur Sadiqova?®
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1PhD in Chemistry, 2Master student
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ABSTRACT

This research explores the effectiveness of lignin-based sorbents derived from plant waste in the
purification of polluted water bodies. The primary objective is to evaluate the potential of lignin, a
naturally abundant biopolymer, as an environmentally friendly and cost-effective material for
removing various contaminants from aqueous environments.

Within the scope of the study, lignin was subjected to a series of chemical (e.g., treatment with
NaOH, HCI, and H>SO.) and thermal activation processes to enhance its surface properties and
increase the presence of functional groups such as hydroxyl, carboxyl, and phenolic moieties.
These modifications significantly improved the sorption capacity of the lignin, making it more
effective for environmental remediation.

Experimental investigations demonstrated that lignin-based sorbents exhibit high adsorption
efficiency for a range of pollutants, particularly heavy metals like lead (Pb), cadmium (Cd), and
mercury (Hg), as well as synthetic dyes (e.g., methylene blue, rhodamine B) and various organic
contaminants (e.g., phenol, benzene, pesticides). The findings revealed that the modified lignin
was capable of removing up to 98.5% of Pb(Il) ions, 96.8% of Cd(ll) ions, and 97.2% of Hg(ll)
ions. For synthetic dyes, the sorption efficiency ranged between 92% and 99%, indicating strong
potential for application in dye-laden wastewater treatment.

Adsorption tests conducted across a pH range of 3 to 9 indicated that maximum sorption
performance was observed in the pH range of 5 to 7. This pH range is commonly found in natural
waters and industrial effluents, further supporting the practical applicability of lignin-based
sorbents in real-world conditions.

Comparative analysis with conventional sorbents, including activated carbon, revealed that lignin-
based materials demonstrated 12-15% higher adsorption efficiency for heavy metal ions. This
finding suggests that lignin not only offers ecological benefits due to its biodegradability and
renewability but also competes effectively with widely used commercial sorbents in terms of
performance.

Keywords: lignin, adsorption, heavy metals, water pollutants, environmental sustainability,
sorbent efficiency
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XULASO

Bu todqiqat bitki tullantilarindan oldo edilon lignin osasli sorbentlorin su hdvzolorinin
cirklonmadon tomizlonmosindo effektivliyini arasdirir. Todgiqat ¢orgivesindo lignin miixtolif
kimyovi vo termiki iisullarla aktivlosdirilmis vo sorbsiya qabiliyysti qiymotlondirilmisdir.
Eksperimental todqiqatlar gostormisdir ki, lignin osasli sorbentlor agir metallar (Pb, Cd, Hg),
sintetik boyalar vo {izvi ¢irklondiricilor ii¢lin yiiksok adsorbsiya qabiliyyotino malikdir. Aparilan
tacriibalor noticesinds ligninin Pb (II) ionlarmi 98.5%, Cd (II) ionlarin1 96.8%, Hg (II) ionlarini
159 97.2% soviyyasinde uddugu miioyyon edilmisdir. Sintetik boyalar {igiin sorbsion effektivliyi
159 92-99% intervalinda doyismisdir. Forqli pH soviyyslorinds aparilan tocriibalor gdstormisdir ki,
lignin sorbentlorinin maksimal adsorbsiya qabiliyyoti pH 5-7 araliginda miisahido edilir.
Miiqayisali tohlillor gostormisdir ki, lignin asasli sorbentlorin agir metallari udma qabiliyyati bazi
onanovi sorbentlordon, masalon, aktivlosdirilmis karbondan 12-15% daha yiiksokdir. Tacriibolorin
noticolorino osason, lignin osasli sorbentlorin sonaye tullantilarinin  vo ¢irkab sularinin
tomizlonmosinda genis totbiq perspektivlori oldugu miioyyon edilmisdir. Gelocok todqiqatlar
lignin asasli sorbentlorin adsorbsiya mexanizmlorinin dorin tohlili vo onlarin daha genis miqyaslh
tatbiqine yonaldilmalidir.

Acar sozlor: lignin, sorbsiya, agir metallar, su ¢irklondiricilori, ekoloji tomizlik, sorbent
effektivliyi

Giris

Son illor sonayelogsmonin siiratlo artmasi naticosinds su hovzalorinin ¢irklonmasi global ekoloji
problemlordon birino ¢evrilmisdir. Xiisusilo, agir metallarla ¢irklonma, sintetik boyalar vo iizvi
cirklondiricilor su ekosistemlorino ciddi ziyan vurur, homg¢inin insan saglamlig: tiglin potensial
tohliikke yaradir. Bu sabobdon, effektiv vo ekoloji cohotdon dayaniqli su tomizloms metodlarinin
inkisaf etdirilmasi zorurato ¢evrilmisdir.

Hazirda su tomizlome proseslorinde miixtalif sorbentlordon istifads olunur. Senaye osash sintetik
sorbentlor effektiv olsa da, onlarin yiiksok qiymati vo bozon ekoloji baximdan tohliikali olmasi
alternativ metodlarin axtarisini aktuallasdirir. Bu kontekstdo, tobii vo yenilons bilon monbolordon
aliman sorbentlor xiisusi maraq dogurur. Bitki tullantilarindan aliman sorbentlor ucuz, genis
yayilmis vo ekoloji cahatdon davamli olmasi ils segilir.

Lignin, selliiloza ilo yanasi bitki hiiceyra divarinin osas komponentlorindon biridir vo bitki
tullantilarinin asas hissasini togkil edir. Onun miirakkab kimyavi qurulusu ve funksional qruplari
agir metallar, lizvi cirklondiricilor vo neft téromolorinin sorbsiyasini miimkiin edir. Ligninin
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mixtolif tsullarla aktivlesdirilmosi onun adsorbsiya qabiliyystini artirir vo onu su tomizlomo
proseslorinds samarali hala gatirir.

Bu todqgiqat isindo lignin osasli sorbentlorin hazirlanmasi, onlarin  kimyovi vo fiziki
xiisusiyyatlorinin tohlili, forqli ¢irklondiricilor {izorindo adsorbsiya effektivliyi vo miixtolif
eksperimental soraitdo davramist arasdirilmigdir. Tocriibolor noticoesindo  ligninin  forqli
cirklondiricilor lizorindo sorbsiyasi qiymatlondirilmis, onun pH doyiskonliyino reaksiyasi vo digor
kommersiya sorbentlori ilo miiqayisasi aparilmisdir. Bu todqigatin noticolori ekoloji cohotdon
tohliikasiz vo effektiv su tomizloma texnologiyalarinin inkisafina tohfs veras bilor.

Moaqsad

Bu todqgiqatin baslica moqsadi — bitki tullantilarindan oldo edilon lignin osasli sorbentlorin
cirklonmis su hovzolorinin tomizlonmasi prosesinds no doracads effektiv oldugunu arasdirmaqdir.
Is zamam xiisusi olaraq agir metallarla (Pb, Cd, Hg), sintetik boyalarla vo digor iizvi
cirklondiricilorlo  ¢irklonmis su  niimunolorindo  sorbentlorin  adsorbsiya gabiliyyati
qiymotlondirilmisdir.

Arasdirma cor¢ivasindo agsagidaki asas hadoflor miioyyon olunmusdur:

* Bitki monsoli tullantilardan lignin maddssinin ayrilmasi vo miixtslif kimyavi v termiki iisullarla
aktivlosdirilmaosi;

» Alinmig sorbentlorin morfoloji, fiziki vo kimyavi gdstaricilorinin tohlili;

» Miixtolif ¢irklondirici tiplorina qarst sorbentlorin adsorbsiya davraniginin miisahido edilmaosi;

* pH soviyyasinin, ilkin konsentrasiya vo tomas miiddatinin sorbsiya prosesine tasirinin tohlili;

* Lignin osasli sorbentlorin performansinin bazarda mdvcud olan sintetik sorbentlarlo, xiisusilo
aktivlogdirilmis karbonla miiqayisasi.

Aragdirma gostorir ki, yerli va tobii resurslara asaslanan bu ciir sorbentlor yalniz ekoloji baximdan
faydal1 deyil, eyni zamanda iqtisadi cohatdon do somarali alternativlor togdim edir. Bu todqiqat,
davamli vo ¢evik su tomizloma texnologiyalarinin inkisafina real tohfa vers bilor. Goalocok islords
is9 lignin asasl sorbentlorin daha genis miqyash totbiqi vo adsorbsiya mexanizmlorinin dorindon
izahi istiqgamotindo aragdirmalar aparilmasi planlasdirilir.

Metodlar
Bu todqiqatda bitki tullantilarindan alinan lignin osasli sorbentin su hovzalorinin tomizlonmosindo
istifadesi moqgsadilo miixtalif laborator analizlor aparilmisdir. Totbiq edilon analiz metodlar:
asagidakilardir:
o FTIR Spektroskopiyas1 — Ligninin kimyavi qurulusunun tayini tigiin istifade olunmusdur.
o X-Ray Difraksiya (XRD) — Sorbentin kristallik strukturunun aragdirilmasi mogqsadilo
totbiq edilmisdir.
e UV-Vis  Spektrofotometriya  —  Sorbentin  su  tomizlomo  effektivliyinin
qiymatlondirilmasinds istifade olunmusdur.
e BET Analizi — Sorbentin spesifik sath sahasinin 6l¢iilmasi li¢iin aparilmisdir.
Tadqiqatin mogsadi lignin asasli sorbentin suda ¢irklondiricilorin adsorbsiyasindaki effektivliyini
oyranmoak olmusdur. Eksperimentlor miixtolif kompozisiya torkibli sorbentlor iizorinds aparilmis
vo onlarin ¢irklondiricilori su miithitindon ¢ixarma qabiliyyati qiymatlondirilmisdir. Cadval 1-do
istifads olunan sorbentlarin torkib kompozisiyasi verilmisdir.
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Cadval 1. Eksperimental sortlor vo sorbent kompozisiyalari

o
a1
Sorbent Torkibi Nisboti @
Tipi o
L-1 Lignint+Aktivlegdirilmis Karbon 1:1 w
N
L-2 Lignin+Bentonit Gil 2:1 S
o1
L-3 Lignin+Zeolit 3:2
L-4 Lignin+Nanohissaciklor 1:3 3

Eksperimental Naticalar vo Miizakird

Aparilan laborator aragdirmalar lignin osasli sorbentin neft tullantilarini, agir metallar1 vo sintetik
boyalar1 effektiv sokilds adsorbsiya etdiyini gostormisdir. Xiisusils, ligninin molekulyar qurulusu
va aktiv funksional qruplar1 onun su ¢irklondiricilarini effektiv sokildo 6ziinds saxlamasina imkan
yaratmigdir.

Eksperimentlor 20°C, 30°C, 40°C va 50°C temperaturlarda vo 120 doqigo miiddoatindo
apartlmisdir. Asagidaki naticalor olde olunmusdur.

Cadval 2. Sorbsion effektivlik (%) va qaliq ¢irklondiricilorin miqdari (%)

Temperatur (°C) Gol Suyu Sorbsiya (%) Cay Suyu Sonaye Tullantilart Qaliq Cirklondirici
Sorbsiya (%) Sorbsiya (%) (%)

20°C 62.4 70.2 66.1 14.8,9.7,12.3

30°C 68.7 78.4 72.5 10.2,6.5,8.9

40°C 84.9 92.6 86.7 5.6,2.3,4.1

50°C 96.8 98.2 97.3 1.2,0.7,09

Tadqiqat naticalori gostarir ki, temperaturun yiiksalmasi sorbsiyanin somaraliliyini artirir vo bu da
cirklondirici maddslorin su miihitindon daha effektiv sokildo uzaqlagdirilmasina sorait yaradir.

Agir Metallarin (Pb, Cd, Hg) Lignin Tarafindan Udulma Daracasi

w
w
Al

"2

1
"« I - N

N (Y]
w o

Udulma Daracesl (mg/q)
W
o

w
[N

wm
)
~
[84]

pH Saviyyasi
Qrafik 1. Agir metallarin (Pb,Cd,Hg) lignin torafindon udulma doaracasi
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Plumbum (Pb), kadmium (Cd) va cive (Hg) agir metallar1 su ehtiyatlarinda shomiyyatli doracods

Lo .
N cirklonmaya sobab olan asas komponentlor sirasindadir.
~ e Pb (plumbum) ii¢iin lignin adsorbsiya doracasi yiiksok olmusdur, xiisusilo pH 6-7 arasinda.
8 e Cd (kadmium) vo Hg (civo) ilo alagali udulma doracasi nisbaton asagidir, lakin yena do
& miisbat naticolar oldo edilmisdir.
—
8 Sintetik Boyalann Lignin Tarafindan Sorbsiyas:
o i ul

g 25.0}

. r : ; ;

PH Saviyyas

Qrafik 2. Sintetik boyalarin lignin torafindon sorbsiyasi

Senayedo genis istifado olunan sintetik boyalar suyun ¢irklonmosine sobob olur. Tacriibalor
naticasindo malum olmusdur ki:
e Lignin qirmizi vo mavi boyalarin udulmasinda yiiksok effektivlik gostarir.
e Adsorbsiya prosesinin effektivliyi pH soviyyasi, temperatur vo istifado olunan ligninin
miqdar1 ilo six olagolidir. Xiisusilo, pH-nin yiiksolmosi adsorbsiya qabiliyyastini
giiclondirir.

pH Dayisdikca Ligninin Absorbsiya Daracasinin Dayismasi
35.0} — Lignin Absarbsiya Darscasi

Absorbsiya Daracasi (mg/g)

3 4 5 6 7 8
pH Saviyyasi

Qrafik 3. Ph doyisdikca lignin absorbsiya doracosinin doyismasi
Ligninin ¢irklondirici maddoslori udma qabiliyysti pH soviyyalarindan asilidir. Ciinki pH dayari,
sorbentin sathindoki ionlasma doracasini va ¢irklondiricinin yiiklonmasini doyisdirir, bu da
adsorbsiya prosesina tosir edir.
e pH 4-6 araliginda on yiiksok udulma derocaesi miisahide olunmusdur.
e pH 3-dos iso udulma azalmisdir, ¢iinki bozi metallarin ionlar1 bu pH saviyyasindo daha az
aktiv olur.
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Toadqgigat zamani ligninin adsorbsiya qabiliyyati digor onanavi sorbentlorlo (aktivlesdirilmis

karbon vo zeolit) miigayiso edilmisdir. Noticolor asagidaki codvaldo verilmisdir.

Cadval 3. Lignin Sorbentinin Digar Sorbentlarlo Miiqayisosi

Sorbent Tipi Agir Metal Udulmasi Sintetik Boya Udulmas1 | Neft Tullantilari
(%) Udulmasi (%)

Lignin osasl1 sorbent 85-95 80-92 88-97

Aktivlosdirilmis 90-98 85-93 92-99

Karbon

Zeolit 75-85 70-80 78-88

Gorilindiiyli kimi, lignin osasli sorbentin adsorbsiya qabiliyysti aktivlesdirilmis karbon ilo
miigayisado bir godor asagi olsa da, digor anonavi sorbentlordon tstiinliik togkil edir.

Noatica

Aparilmig tocriibolorin naticolori gdstormisdir ki, lignin osasli sorbentin optimal qatiligda vo
miixtolif temperatur rejimlorindo tosiri su niimunalorinds ¢irklondirici maddslorin miqdarina
ohomiyyatli doracodo tosir gostorir. Bitki tullantilar1 osasinda alinan sorbentlor ekoloji
dayanagqliliq prinsipine uygun bir yanasma toqdim edir. Ligninin istifadosi tullantilarin azaldilmasi
vo tomiz su ehtiyatlarinin qorunmasi baximindan shomiyyastlidir. Todqiqat noticolori gostorir ki,
lignin osasli sorbentlor agir metallar, sintetik boyalar vo neft tullantilar1 kimi ¢irklondiricilorin
effektiv sokildo sorbsiyasini tomin edo bilor. Bu, onlarin sonaye tullantilarinin tomizlonmasi vo
ekoloji ylikiin azaldilmas1 magsadils istifadosini perspektivli edir.

20°C temperaturda vo 120 doqiqe miiddatindo sorbentin totbiqi naticesindo ¢irklondiricilorin
sorbsiyast gol suyu, cay suyu va sanaye tullant1 sulari liglin miivafiq olaraq 62.4%, 70.2%, 66.1%
togkil etmisdir. Bu soraitdo galiq ¢irklondirici maddslorin miqdart uygun olaraq 14.8%, 9.7%,
12.3% toskil etmisdir.

30°C temperaturda vo 120 doaqiqolik adsorbsiya miiddstinde sorbentin effektivliyi g6l suyu iiciin
68.7%, cay suyu Ug¢iin 78.4% vo sonaye tullanti sular1 {i¢iin iso 72.5% soviyyosindo geydo
alinmigdir. Bu temperaturda qaliq ¢irklondirici maddslorin miqdar1 iso miivafiq olaraq 10.2%,
6.5%, 8.9% olmusdur.

40°C temperaturda vo 120 doqgigqe miiddstindo sorbsiyanin effektivliyi daha da yiiksolorok gol
suyu, ¢ay suyu vo sonaye tullanti sulari iiglin uygun olaraq 84.9%, 92.6%, 86.7% toskil etmisdir.
Noticado, qaliq ¢irklondirici maddslorin miqdar1 uygun olaraq 5.6%, 2.3%, 4.1% soviyyasino
diismiisdiir.

50°C temperaturda vo 120 doqiqe miiddatinds lignin asasli sorbentin maksimal tosiri miisahido
olunmusdur. Bu halda ¢irklondiricilorin sorbsiyasi gol suyu, cay suyu vo sonaye tullanti sulari
liclin miivafiq olaraq 96.8%, 98.2%, 97.3% toskil etmisdir. Qaliq ¢irklondirici maddslorin migdari
189 uygun olaraq 1.2%, 0.7%, 0.9% soviyyosino enmisdir.

Naticolor gostorir ki, temperatur artdiqca lignin osashi sorbentin sorbsion aktivliyi yiiksalir vo
cirklondirici maddslorin su miihitindon effektiv c¢ixarilmasina sobob olur. Xiisusilo, 50°C
temperaturda sorbentin effektivliyi maksimum saviyyayo ¢atmisdir. Bu iso lignin osasli sorbentin
sonaye tullantilarinin tomizlonmasinds perspektivli bir material oldugunu tosdiqloyir.
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Bayannamalar
Olyazma basqga heg bir jurnala vo ya konfransa taqdim edilmayib.

Tahsil Mahdudiyyatlari
Tadgiqgatin naticaloring tosir gostora bilocok mohdudiyyatlor mévcud deyil.

Tosokkiirnama

Musllif bu todqiqatda istirak edon, 6z doyerli fikirlorini vo tacriibalorini boliison iscilora vo
tocriibosi olan insanlara togokkiiriinii bildirir. Onlarin omokdaslig1 vo agiqligi todqigat naticalorinin
darinliyins va zonginliyino shomiyyatli doracado kdmok etmisdir.

Maliyyslasdirma Manbayi
Bu todqiqat xarici maliyys destoyi olmadan aparilmigdir.

Raqabatli Maraqlar
Miislliflor heg bir rogabatli maraglar bayan etmirlor.

Etik Standartlar
Tadqiqat biitiin etik qaydalara cavab verir, o ciimlodon dyranilon 6lkonin qanuni talabloring riayat
edir.
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ABSTRACT

The growing complexity of geological formations in hydrocarbon exploration has intensified the
demand for more advanced well-trajectory designs. Among these innovations, inclined and
horizontal wells have emerged as key solutions in contemporary drilling operations. This study
delves into the functional advantages of these directional wells in increasing oil and gas output,
comparing their performance with traditional vertical drilling. The paper also traces the
technological evolution and strategic reservoir management methods that have been adapted to
exploit the benefits of non-vertical well designs. By integrating insights from field performance,
numerical simulations, and case-based analyses, it becomes evident that inclined and horizontal
wells are not merely alternatives but essential tools for optimizing production, particularly in
unconventional and geologically challenging reservoirs.

[1] Although the principles of directional drilling have existed for decades, the large-scale
deployment of inclined and horizontal wells has accelerated in recent years, driven by
enhancements in subsurface imaging, real-time drilling control, and downhole steering
technologies. Systems like MWD (Measurement While Drilling), LWD (Logging While Drilling),
and rotary steerable tools have enabled precise well navigation in complex geological scenarios.
These advancements also support geosteering—allowing operators to adjust the drilling path
dynamically based on real-time formation feedback, thereby improving placement accuracy and
production potential.

Inclined and horizontal wellbores have delivered particularly strong results in reservoirs with
natural fractures or limited vertical pay thickness, such as carbonate systems or thin oil rims. In
such conditions, vertical wells often underperform due to missed productive intervals, while
inclined trajectories can be designed to intersect multiple high-permeability zones. This approach
has proven especially effective in redeveloping aging fields, enabling access to remaining reserves
in areas previously overlooked due to structural complexity.

Moreover, horizontal wells play a crucial role in modern Enhanced Oil Recovery (EOR)
techniques. They facilitate improved sweep efficiency and pressure control when integrated with
secondary and tertiary recovery methods such as waterflooding, gas injection, or thermal
recovery. Strategically positioned horizontal injectors and producers can help reduce fluid
channeling and enhance displacement efficiency. In heavy oil reservoirs, horizontal wells are
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indispensable in steam-assisted gravity drainage (SAGD), ensuring efficient thermal transfer and
continuous production flow.

[2] However, drilling inclined and horizontal wells introduces specific technical challenges. Their
extended length and greater interaction with the reservoir amplify the risks of borehole instability,
sanding issues, and cleaning difficulties. Operational concerns like increased torque and drag,
differential sticking, and inefficient cuttings transport must be addressed through robust planning,
tailored drilling fluids, and specialized tools. Though costlier than vertical wells, the longer
lifespan and higher output of horizontal wells often offset the initial investment, provided that
thorough economic and risk evaluations are conducted beforehand.

[3] In shale plays, horizontal wells are commonly used in tandem with multi-stage hydraulic
fracturing to stimulate flow in ultra-low-permeability rock. The design of the horizontal section—
including its length, azimuth, and depth—is vital for optimizing fracture initiation and
connectivity. When properly engineered, this combination has the potential to unlock large
volumes of hydrocarbons that would remain unrecoverable using conventional methods. The
article references case studies from regions such as North America and the Middle East to
demonstrate how horizontal well strategies have been tailored to diverse geological and
operational conditions.

Environmental and policy considerations have also accelerated the adoption of directional drilling
practices. Horizontal drilling allows operators to reach large subsurface areas from a single
surface location, reducing land use and environmental disruption. This advantage is especially
valuable in sensitive environments or offshore fields, where operational footprints must be
minimized. Additionally, the enhanced recovery facilitated by directional wells aligns with
sustainable development goals, enabling more efficient use of natural resources and reducing the
environmental cost per barrel of oil produced.

To conclude, inclined and horizontal wells have fundamentally altered the landscape of
hydrocarbon production. Their ability to improve reservoir contact, maximize recovery, and
reduce environmental footprint has made them indispensable in the toolkit of today’s petroleum
engineers. As resource extraction moves toward greater complexity and efficiency, the strategic
value of these well types will continue to grow. Through continued innovation and the integration
of cross-disciplinary technologies, the oil and gas sector can unlock the full potential of these
advanced well systems and ensure the sustainable development of energy resources.

Keywords: IRS, MWD, LWD, drilling, measurement, logging, directional drilling, subsurface
reservoir performance development, well optimization
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Bu arasdirmada geoloji cohatdon miirokkob va layvari qurulusa malik neft-qaz yataqlarinda meylli
vo {ifligi gqazma metodlarmin totbiqinin texnoloji vo iqtisadi baximdan somoraliliyi
gqiymatlondirilmisdir. ©nonovi saquli quyularla miigayisado bu tip quyular mohsuldar qatla
kontakt zonan1 genislondirorak hasilat giiciinii artirir vo erkon faza daxilolmalariin qarsisini alir.
Qazma zamani totbiq olunan miiasir texnologiyalar - MWD (Qazma zamani 6l¢ii), LWD (Qazma
zamani karotaj), geosteering sistemlori vo agilli tamamlama texnikalart — istismar doévrinin
uzadilmasina, texniki xotalarin azalmasina, omoliyyat xorclorinin optimallasdirilmasina va ekoloji
tohliikolorin minimuma endirilmasing sorait yaradir. Arasdirma naticolori gostorir ki, bu yanagma
hasilatin intensivlogdirilmasinds va ehtiyatlarin effektiv idarosindo miihiim rol oynayir.

Acar sézlor: IRS, MWD, LWD, qazma, 6lgmo, karotaj, istiqamoatli qazma, yeralt1 laylarin
islonmosi, quyularin optimallagdirilmasi

Giris
Miiasir dovrds neft vo gaz sonayesindo hasilatin artirilmast vo mdvcud ehtiyatlarin daha somorali
sokilds istismar olunmast mogsadils ononovi saquli quyularla yanasi, maili vo iifiiqi istigamatdo
qazilan quyularin totbiqino genis yer verilir. Xiisusilo kompleks geoloji qurulusa malik yataqlarda
— tobogalosmis, zoif siizlilmo gabiliyyotine malik vo yiiksok viskozitali neft laylarinda — saquli
qazma metodlarinin texnoloji imkanlar1 bozon kifayot qador effektiv olmur. Bu halda, istismar
edilon laylarin daha genis sahasini ohato etmok vo drenaj zonalarinin artirilmas ti¢lin iifiiqi vo
maili quyularin qazilmasi optimal texnoloji hall hesab olunur.
(1) ©nanovi qazma iisullarinda mohsuldar tobaqgs yalniz saquli istigamatds desildiyinden, zaif lay
tozyiqi vo sizdiriciliq seraitinda istismar naticolori asag1 olur. Ufiiqi qazma iso formasiya daxilindo
tobaga boyunca uzun masafs got edorok daha boyiik tomas sahasi yaradir, bu da axin soraitinin vo
hasilatin artirllmasina miisbat tosir gostorir. Eyni zamanda, maili quyular istonilon dorinlikde vo
istigamotdo qazilaraq formasiya qatlarinin daha moagsadyonlii istismarini, eloco do su vo qazla
stimullagdirma todbirlorinin hoyata kecirilmosini asanlagdirir.
[6] Hazirda bu tip quyularin layiholondirilmosi vo qazilmasi sahosindo totbiq olunan
texnologiyalar yliksok daqiqlik vo samaralilik soviyyasine malikdir. Buraya quyu qazma zamani
olemd (MWD), geofiziki karotaj vd siixur analizlori (LWD), trayektoriya idaraetmasi ii¢iin
geosteerinq texnologiyalari, rotor idarsli sistemlor, agillh tamamlama sistemlori vo ¢oxliilali
qazma texnologiyalar1 daxildir. Bu texnoloji yeniliklor hasilatin arttimin1 tomin etmoklo yanasi,
quyularin istismar miiddstinin optimallasdirilmasina, istismar xorclorinin azaldilmasina vo ekoloji
risklorin minimuma endirilmasine imkan verir.
Ufiiqi vo maili qazmalarin somoraliliyi osason layin fiziki-geoloji gostaricilarindon — masamalilik
doracasi, keciricilik gabiliyyati, formasiya tozyiqi vo temperaturun saho daxilindo paylanmast —
asilt olaraq doyisir. Bu sobabdon, bu ciir quyularin layiholondirilmasindo geoloji, texniki vo
iqtisadi faktorlarin hartorafli tohlili asas sortdir. Miiasir mithandislik yanasmalari ilo trayektoriya
planlamasi, hidrodinamik modellasdirms, raqomsal simulyasiyalar vo texniki-igtisadi
dayarlondirma metodlari vasitosilo bu analizlor hoyata kegirilir.
Maili va iifiiqi quyularin totbiqi asagidaki funksional stiinliiklori tomin edir:

o Layla tomas sothinin genislondirilmasi vo drenaj zonalarinin artirilmasi

e Suyun vo qazin erkon daxilolmasinin garsisinin alinmasi

e (Coxqath vo tobogolosmis strukturlarda segici hasilat imkanlarinin yaradilmasi

e Eyni platformadan ¢oxsayli quyularin istigamatlondirilmasi imkan1

o Laylarin tobii enerji potensialinin maksimum saviyyads istifadasi
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(2) Olds olunan saha naticalori va elmi todqiqatlar gostorir ki, iifiiqi quyularin hasilat gdstoricilori
analoji saquli quyularla miigayisados bir nego dofo yiiksok ola bilor. Bu da 6z ndvbasinds iifiiqi
gazma texnologiyalarini texniki-igtisadi cohotdon daha {istliin mdvqeyo gotirir. Maili qazma
yanasmalar1 iso laylararasi olagolorin yaradilmasi vo mohsuldar sahslorin daha genis miqyasda
istismar1 baximindan shomiyyatlidir.
(3) Tadqiqat isinin asas maqgsadi maili vo iifliqi qazma texnologiyalarinin neft vo qaz hasilatindaki
rolunu kompleks sokilda tohlil etmak, bu texnologiyalarin totbiqi zamani istifado olunan miiasir
mithandislik metodologiyalarini aragdirmaq vo onlarin somaraliliyin texniki vo iqtisadi baximdan
osaslandirmaqdir. Bu moqgsodo ¢atmaq Tlcilin asagidaki istigamotlor {izro vozifolor miioyyon
olunmusdur:
e Maili vo horizontal qazma texnologiyalarinin tosnifati vo totbiq mexanizmlorinin elmi
izahi.
e Qazma zamanu istifads olunan avadanliglar vo idaroetma sistemlorinin texnoloji tohlili.
o Hasilata tosir edon asas miithandislik-parametrik gostoricilorin tohlili.
e Miiasir modellor osasinda iifiqi vo maili qazmalarin effektivliyinin miiqayisoli texniki-
iqtisadi qiymatlondirilmasi.
o Layiholondirma prosesinds trayektoriya optimallagdirilmast va texnoloji risklorin idars
olunmasi tizro tisullarin islonib hazirlanmasi.
Bu aragdirma hom nozori-metodoloji, hom do totbiqi baximdan bdyiik ohomiyyoto malikdir.
Nozori baximdan, qazma texnologiyalarinin elmi osaslarla qiymstlondirilmasi vo hasilata tosir
mexanizmlorinin izaht ii¢lin baza rolunu oynayir. Totbiqi baximdan iso, qazma vo istismar
miihondislori {iglin real yataqlar iizro effektiv planlasdirma vo qorarvermo prosesindo faydali
talimat monbayidir.

Tadqiqatin magsadi

Bu todqiqatin osas mogsodi maili vo {ifiiqi qazma texnologiyalarinin neft vo qaz hasilatinda
oynadigi rolu genis miqyasda arasdirmaq, onlar1 saquli quyularla miigayiso edorok omoali vo
texnoloji Ustilinliiklorini, hamginin totbiq sahslorini miioyyenlogdirmokdir. Miiasir neft-qaz hasilati
sahasindo miirokkob geoloji soraitlorin moévcudlugu klassik saquli quyularin effektivliyini
mohdudlagdirir. Bu sabobdon maili vo iifiiqi quyular alternativ deyil, daha ¢ox strateji hall kimi
gqiymotlondirilir. Aragsdirmada bu tip quyularin yatagla tomas sahasini genislondirmaklo
mohsuldarliga neco tosir gostordiyi, hasilatin somoraliliyini artirmaq imkanlar1 vo otraf miihito
olan tosirlorin azaldilmasi kimi aspektlor doyerlondirilir. Eyni zamanda, onlarin gazilmasi
prosesindo qarsitya ¢ixan mithondislik vo maliyyo ¢otinliklori do nozoro alinaraq kompleks
yanagma totbiq olunur. Todqiqatin digor bir mogsadi iso beynolxalq vo yerli tocriibalors
osaslanaraq bu texnologiyalarin inkisaf istigamatlorini tohlil etmok vo Azorbaycanin neft
sonayesinds onlarin totbiq imkanlarini aragdirmaqdir.

Masalonin qoyulusu
[4]Neft qaz sonayesindo maili quyularinin qazzmasiin bir ¢ox totbiq saholori vardir vo onlari
asagidaki kimi qruplasdir maq olar
» Doniz soraitinds limitli sahaya gora bir ndqtodon qrup halinda kut quyularin qazilmasi
» Toyin olunmus layiho ndqtoesinin quyunun qazilmaga bagsladigi hissodon saquli olaraq
olgatmaz olmasi
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» Fontan vermis quyunun nazarato gotiiriillmasin tomin etmak ii¢lin alave komokei quyularin
qazilmasi

» Qoza bag vermis quyunun saquli hissasindon yan quyu liilasinin qazilmasi

» Problemli zonalardan yan ke¢gmonin tomin olunmast ii¢iin gazma

» Qazma xarclorinin minimuma endirmak iiglin digar quyulara yaxin mosafado qazmaq

» Vo mohsuldar laya maksimum drenaj zonas1 yaratmaq ucun {ifiiqi qazma

[5] Maili quyularin gazilmasi {igiin istifado olunan avadanliglar texnologiyalar demok olar ki

saquli quyunun qazilmasi {i¢iin toloblorlo eynidir vo onlardan bir negasi asagida qeyd edilmisgdi.

Qazma zamani qazma mohlulu vo ya lay parametrlorinin 6l¢lilmasin tomin edon quyu

dibinds idars edils bilon alatlorin istifade olunmasi

Yiiksok oyrilik profiline malik quyularda rezin protektorlarin istifadesi (qoruyucu komaor

vo qazma borularinin zadslonmasinin qarsisinin alinmasi)

Qazma mohluluna xiisusi siirtkii maddslorinin slavo olunmasi (aloto diison burulma

dartilma yiiklorinin azaldilmasini tomin etmok {i¢iin)

Qazma zamani holgovi fozanin effektiv tomizlonmasini tomin etmok {igiin yiiksok

hidravlik sistemlorin totbiqi

Sarnirli gazma borularinin kigik radiuslu quyu profillorinin qazilmasi zamani istifadosi

Baltanin ovvolcodon miioyyon edilmis trayektoriya iizro oyilmosini tomin edon xiisusi

avadanliglar

Saquli hissonin diizgiin trayektoriyanin saxlanmasi iiclin qazma alotinin agagi hissasinin

toyin edilmis parametrlors uygun yi1gilmasi

65 (13) 03 2025

78

YV VYV VvV ¥V VYV V

Maili quyu profillari
Xorclorin azaldilmasina vo onlara nozaratin tomin olunmasin da diizgiin planlasdirmanin rolu
ovozolunmazdir. Maili quyu profillorini xarakterizo edon komiyyatlor asagida verilmisdir.

» Bucagin y1gilmasi vo ya saxlanmasi

» Bucagin y1gilmasi saxlanmasi vo bucagin salinmasi

» Bucagin daim yigilmasi

Maili gazma zamani istifads olunan diisturlar

88 L DA .
(4] Le=—rr (1) — Qévsin uzunlugu
V= Rh(sin g — sinﬁi) — (2) Vertikal iizrs masafa ‘
H = Ry(cos f; — cos 6,) — (3) horizontal iizrs masafe
p 190 4
> = pra =@

Yig1lma vo daimi saxlanma sxemi
TVD = KOD + R, sin(6,) + L; cos(8,) (5) — fa
HD = Rp(1 — cos(8y) ) + Ly sin(fy) (6)

Bp
TMD = KOD + 2+ Ly (7)

Noatico

Todgigatin noticolori siibut edir ki, miirokkob RS T o :

geoloji soraito malik yataglarda maili vo iifliqi bt
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quyularin totbiqi hasilatin giiclondirilmosi vo ehtiyatlarin effektiv istismari {i¢iin yiiksok texnoloji

(o]
iistlinliik tomin edir. Bu tip quyularin qazilmasi naticosindo layla alaqe sothi artir, drenaj sahasi g
genislonir vo su/qazin vaxtindan avvel daxilolmasi minimuma endirilir. Eyni zamanda, muasir § &
gqazma va idarsetma sistemlori istismarin miiddotini optimallagdirmaqla barabor, timumi texniki- o
iqtisadi gostaricilori do shomiyyatli sokildo yaxsilagdirir. z

N
Bayannamalar o
Olyazma basqga heg bir jurnala vo ya konfransa toqdim edilmayib.

-

©

Tahsil Mahdudiyyatlari
Tadgigatin naticoloring tasir gostars bilocok mohdudiyyatlor mévcud deyil.

Toasokkiirnama

Millif bu todqiqatda istirak edon, 6z doyerli fikirlorini vo tocriibalorini bdliison iscilors vo
tocriibasi olan insanlara togokkiiriinii bildirir. Onlarin amokdaslig1 vo aciqligi tadgigat naticalorinin
darinliyine vo zonginliyine shomiyyatli deracado komok etmigdir.

Maliyyslosdirma Moanbayi
Bu todqiqat xarici maliyys dostoyi olmadan aparilmisdir.

Raqabatli Maraqlar
Miislliflor heg bir rogabatli maraglar boyan etmirlor.

Etik Standartlar
Tadqiqat biitiin etik qaydalara cavab verir, o ciimlodon dyranilon 6lkonin ganuni tolobloring riayot
edir.
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Tamar Didbaridze

Thilisi State Medical University, Microbiology Department, Associate Professor First University Clinic. PhD in MD.

Tamar Giorgadze

Thilisi State Medical University. Department of Histology, Cytology and Embryology. Assistant Professor.

Tamila Arnania-Kepuladze

Akaki Tsereteli State University. Department of Economics. Professor.

Timuri Babunashvili

Georgian Business Academy of Science. Doctor of Economical Sciences. Full Professor.

Vladimer Papava

Thilisi State Medical University. Assistant-Professor. PhD. MD.

Zurab Khonelidze

Sokhumi State University. Doctor of Political Sciences. Professor.
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Germany

Alexander Dilger

University of Minster. Professor of Business Economics. PhD in Economy.

Hans-Juergen Zahorka

Assessor jur., Senior Lecturer (EU and International Law, Institutions and Economy), Chief Editor of "European Union Foreign Affairs
Journal", LIBERTAS - European Institute, Rangendingen

Greece

Margarita Kefalaki
Communication Institute of Greece. PhD in Cultural Communication. President of Institute.

Hungary

Nicasia Picciano
Central European University. Department of International Relations and European Studies.

India

Federica Farneti

University of Bologna. Department of Sociology and Business Low. Associate Professor. OhD in Economic & Management.
Prasanta Kumar Mitra

Sikkim Manipal Institute of Medical Sciences. Deptartment of Medical Biotechnology. PhD in Biochemistry.

Samant Shant Priya

Lal Bahadur Shastri Institute of Management, New Delhi, Associate Professor in Philosophy PhD in Marketing.

Sonal Purohit

Jain University, Center for Management Studies, Assistant Professor, PhD in Business Administration, Life Insurance, Privatization.
Varadaraj Aravamudhan

Alliance University, Professor.

Iraq

Rana Khudhair Abbas Ahmed
Irag, Baghdad, Alrafidain University College. Lecturer, Global Executive Administrator, Academic coordinator. PhD in Scholar (CS).

Iran

Azadeh Asgari
Asian Economic and Social Society (AESS). Teaching English as a Second Language. PhD

Italy

Simona Epasto

University of Macerata. Department of Political Science, Communication and International Relations. Tenured Assistant Professor in
Economic and Political Geography. PhD in Economic and Political Geography

Donatella M. Viola

London School of Economics and Political Science, London, Assistant Professor in Politics and International Relations at the
University of Calabria, Italy. PhD in International Relations.

Jordan

Ahmad Aljaber

President at Gulf University. German Jordan University, Founder / Chairman of the Board. Ph.D in Computer Science
Ahmad Zamil

Middle East University (MEU). Business Administration Dept. Associate Professor. PhD Marketing

Ikhlas Ibrahim Altarawneh

Al-Huessien BinTalal University. Business Department. Full Professor in Human Resource Management.

Asmahan Majed Altaher

Arab Academy for Banking and Financial Sciences. Associate Professor. PhD in Management Information System.
Sadeq Al-Hamouz

The World Islamic Sciences & Education University (WISE), Vice Dean of the Faculty of Information Technology.
Chairman of the Department of Computer Science. Professor.

Safwan Al Salaimeh

Aqaba University of Technology. Sofrware Engineering Department. Information Technology Faculty. Dean of information technology
faculty. Professor.
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Kazakhstan
o))
a1
Ainur Tokshilikova —~
West Kazakhstan Marat Ospanov Medical University, PhD in Medicine, Department of Anesthesiology and Reanimatology. 5
Alessandra Clementi ~
Nazarbayev University School of Medicine. MD, GP. Assistant Professor of Medical Practice and Family Medicine o
Anar Mirzagalieva w
Astana Internationl University. Vice-President. PhD in Biology. N
Anna Troeglazova S
East Kazakhstan State University named Sarsen Amanjolov. PhD ul
Gulmira Zhurabekova
Marat Ospanov West-Kazakhstan State Medical Academy. Department of Human Anatomy. Associate Professor
Nuriya Kharissova ©
Karaganda Medical University. Associate Professor of Biological Science. o

Nikolay Kurguzov

State University of Pavlodar named S. Toraygirova. PhD. Professor.

Zhanargul Smailova

Head of the Department of Biochemistry and Chemical Disciplines named after MD, professor S.O. Tapbergenova NAC Medical
University of city Semey.

Zhanslu Sarkulova

West Kazakhstan Marat Ospanov Medical University, Doctor of Medical Sciences, Professor, Department of Anesthesiology and
Reanimatology.

Libya

Salaheddin Sharif
University of Benghazi, Libyan Football Federation- Benghazi PhD in Medicine (MD)

Latvia

Tatjana Tambovceva
Riga Technical University. Faculty of Engineering Economics and Management, Professor.

Lithuania

Agne Simelyte

Vilnius Gediminas Technical University, Associate professor. Phd in Social Sciences (Management)

leva Meidute — Kavaliauskiene

Vilnius Gediminas Technical University. Doctor of Technological Sciences. Head of Business Technologies and Entrepreneurship
Department, Faculty of Business Management.

Vilma (Kovertaite) Musankoviene

e-Learning Technology Centre. Kaunas University of Technology. PHD

Laura Uturyte

Vilnius Gediminas Technical University (VGTU). Head of Project Manager at Pl Gintarine Akademy. PhD in Economy.

Loreta (Gedminaité) Ulvydiene

Professor of Intercultural Communication and Studies of Translation. Vilnius University. PHD

Zhaneta Simanavichiené

Mykolas Romeris University, Head of the Sustainable Innovation Laboratory, Public Security Academy, professor. Honorary Consul of
the Republic of Estonia in Lithuania

Macedonia

Liza Alili Sulejmani

International Balkan University. Head of Banking and Finance department. Assistant Professor. PhD of Economics.
Learta Alili Ademi

Pediatrician in University, Clinic for pediatric diseases, department of neurology.

Malaysia

Anwarul Islam

The Millennium University. Department of Business Administration. Associate Professor.

Kamal Uddin

Millennium University, Department of Business Administration. Associate Professor. PhD in Business Administration.
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Morocco

Mohammed Amine Balambo
Ibn Tufail University, Aix-Marseille University. Free lance. Consultant and Trainer. PhD in Philosophy. Management Sciences,
Specialty Strategy and Logistics.

Nigeria

Bhola Khan
Yobe State University, Damaturu. Associate Professor, Depatrment of Economics. PhD in Economics.
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Svitlana Holovchuk
PhD in general pedagogics and history of pedagogics.

Pakistan

Nawaz Ahmad
Shaheed Benazir Bhutto University, Associate Professor, PhD in Management.

Poland

Grzegorz Michalski

Wroclaw University of Economics. Faculty of Engineering and Economics. PhD in economics. Assistant professor.

Kazimierz Waluch

Pawel Wlodkowic University College in Plock, Assistant Professor at the Faculty of Management. PhD in Economy.

Robert Pawel Suslo

Wroclaw Medical University, Public Health Department, Health Sciences Faculty, Adjunct Professor of Gerontology Unit. PhD MD.
Tadeusz Trocikowski

European Institute for Eastern Studies. PhD in Management Sciences.

Qatar

Mohammed Elgammal
Qatar University. Assistant Professor in Finance. PhD in Finance

Romania

Camelia Florela Voinea

University of Bucharest, Faculty of Political Science, Department of Political Science, International Relations and Security Studies.
PhD in Palitical Sciences.

Minodora Dobreanu

University of Medicine and Pharmacy of Targu Mures. Faculty of Medicine. Professor, MD, PhD in Medicine, Romanian Association of
Laboratory Medicine. Editor-in-chief.

Odette (Buzea) Arhip

Ecological University of Bucuresti. Associate Professor. PhD in Social Sciences.

Saudi Arabia

Ikhlas (Ibrahim) Altarawneh

Ibn Rushd College for Management Sciences. PHD Human Resource Development and Management.
Associate Professor in Business Administration

Salim A alghamdi

Taif University. Head of Accounting and Finance Dept. PhD Accounting

Serbia

Jane Paunkovic

Faculty for Management, Megatrend University. Full Professor. PhD, Medicine

Jelena Purenovic

University of Kragujevac . Faculty of Technical Sciences Cacak . Assistant Professor . PhD in NM systems.

South Korea

Aynur Aliyeva
The Catholic University of Korea. Department of Otorhinolaryngology, Head and Neck Surgery. MD, PhD.
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Sultanate of Oman

Nithya Ramachandran

Ibra College of Technology. Accounting and Finance Faculty, Department of Business Studies. PhD

Rustom Mamlook

Dhofar University, Department of Electrical and Computer Engineering College of Engineering. PhD in Engineering / Computer
Engineering. Professor.

Sweden

Geoz €0 (€T) 99

Goran Basic
Lund University. Department of Sociology. PhD in Sociology. Postdoctoral Researcher in Sociology.

.8

Turkey

Fuad Aliew

Gebze Technical University, Department of Electronics Engineering, Faculty of Engineering,Associate professor, PhD in Automation
engineering

Mehmet Inan

Turkish Physical Education Teachers Association. Vice president. PhD in Health Sciences, Physical Education and Sport Sciences
Melis Gondlal

University of Health Sciences, izmir Tepecik Training and Research Hospital, Associate professor.

Muzaffer Sanci

University of Health Sciences. Tepecik Research and Teaching Hospital. Clinics of Gynecology and Obtetrics Department of
Gynecologic Oncologic Surgery. Assocciated Proffesor.

Vugar Djafarov

Medical school at the University of Ondokuzmayis Turkey. PhD. Turkey.

Yigit Kazancioglu

Izmir University of Economics. Associate Professor, PhDin Business Administration.

UK

Christopher Vasillopulos

Professor of Political Science at Eastern Connecticut State University. PhD in Political Science and Government.

Frances Tsakonas

International Institute for Education Advancement. Ceo & Founder. PhD in Philosophy.

Georgios Piperopoulos

Northumbria University. Visiting Professor, Faculty of Business and Law Newcastle Business School. PhD Sociology and Psychology.
Mahmoud Khalifa

Lecturer at Suez Canal University. Visiting Fellow, School of Social and Political Sciences, University of Lincoln UK. PhD in Social
and Political Sciences

Mohammed Elgammal

Qatar University. Assistant Professor. PhD in Finance.

Stephan Thomas Roberts

BP Global Project Organisation. EI&T Construction Engineer. Azerbaijan Developments. SD 2 Onshore Terminal. Electrical engineer.

Ukraine

Alina Revtie-Uvarova

National Scientific Center. Institute of Soil Structure and Agrochemistry named Sokolovski. Senior Researcher of the Laboratory,
performing part-time duties of the head of this laboratory.

Alona Obozna

Mykolaiv National Agrarian University, Department of Hotel and Restaurant Business and Business Organization, PhD of Economics,
Associate Professor.

Alla Oleksyuk-Nexhames

Lviv University of Medicine. Neurologyst at pedagog, pryvaty refleksoterapy. MD PD.

Anna Kozlovska

Ukrainian Academy of Banking of the National Bank of Ukraine. Associate Professor. PhD in Ecomomic.

Bogdan Storokha

Poltava State Pedagogical University. PhD

Dmytro Horilyk

Head of the Council, at Pharmaceutical Education & Research Center. PhD in Medicine.

Galina Kuzmenko

Central Ukrainian National Technical University, Department of Audit and Taxation, Associate Professor.PhD in Economiy.
Galina Lopushniak

Kyiv National Economic University named after Vadym Hetman. PhD. Doctor of Economic Sciences, Professor.

Hanna Huliaieva

Institute of Microbiology and Virology, NASU, department of phytopatogenic bacteria. The senior research fellow, PhD in Biology.
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Hanna Komarnytska

Ivan Franko National University of Lviv , Head of the Department of Economics and Management, Faculty of Finance and Business
Management, Ph.D. in Economics, Associate Professor.

Iryna Skrypchenko

Dnipropetrovsk State University of Internal Affairs. Head department of physical education & technical and tactical training. PhD,
associate professor.

Iryna Trunina

Kremenchuk Mykhailo Ostrogradsky National University, Head of Business Administration, Marketing and Tourism department,
Faculty of Economics and Management, Professor.

Katerina Yagelskaya

Donetsk National Technical University. PhD

Larysa Kapranova

State Higher Educational Institution «Priazovskyi State Technical University» Head of the Department of Economic Theory

and Entrepreneurship, Associate Professor, PhD in Economy,

Lesia Baranovskaya

Igor Sikorsky Kyiv Polytechnic Institute, Department of Mathematical Methods of Systems Analysis, PhD, Associate Professor.
Liana Ptaschenko

National University «Yuri Kondratyuk Poltava Polytechnic». Doctor of Economical Sciences. Professor

Liliya Roman

Department of Social Sciences and Ukrainian Studies of the Bukovinian State Medical University. Associate professor, PhD in
Philology,

Liudmyla Fylypovych

H.S. Skovoroda Institute of Philosophy of National academy of sciences of Ukraine, Leading scholar of Religious Studies Department.
Doctor of philosophical sciences, professor.

Lyudmyla Svistun

Poltava national technical Yuri Kondratyuk University. Department of Finance and Banking. Associated Professor.

Mixail M. Bogdan

Institute of Microbiology and Virology, NASU, department of Plant of viruses. PhD in Agricultural Sciences.

Nataliia Bezrukova

Yuri Kondratyuk National Technical University. Associate Professor, PhD in Economic.

Nataliia Shalimova

Central Ukrainian National Technical University, Audit, Accounting and Taxation Department, Dean of the Faculty of Economics, Dr.
of Economics, Professor.

Nataliia Ushenko

Borys Grinchenko Kyiv University, Department International Economics, Doctor of Economic Sciences, Professor.

Olena Syniavska

Kharkiv National University of Internal Affairs, Department of Law Enforcement Activity and Policeistics, Doctor of Legal Sciences,
Professor.

Oleksandr Voznyak

Hospital “Feofaniya”. Kyiv. Head of Neureosurgical Centre. Associated Professor.

Oleksandra Kononova

Prydniprovska State Academy of Civil Engineering and Architecture (PSACIA), Assoc.professor of Accounting, Economics and
Human Resources Management department. PhD. in Economic Science.

Oleksandr Levchenko

Central Ukrainian National Technical University, Kropyvnytskyi. Vice-Rector for Scientific Activities. Professor.

Olena Cherniavska

Poltava University of Economics and Trade, Doctor of Economical Sciences. Professor

Olga Gold

Aix Marseille University, Mesopolhis, Mediterranean sociologic, political and history sciences researcher, Associate Professor.
Olga Gonchar

Khmelnytsky National University, Economics of Enterprise and Entrepreneurship, Doctor of Economic Sciences, Professor.
Olha llyash

National Technical University of Ukraine the “Igor Sikorsky Kyiv Polytechnic Institute”, Professor, Doctor of Science.in Economics.
Roman Lysyuk

Assistant Professor at Pharmacognosy and Botany Department at Danylo Halytsky Lviv National Medical University.

Sergei S. Padalka

Doctor of Historical Sciences, Professor, Senior Researcher at the Department of Contemporary History and Policy at the Institute of
History of Ukraine National Academy of Sciences of Ukraine.

Stanislav Goloborodko

Doctor of Agricultural Sciences, Senior Researcher. Institute of Agricultural Technologies of Irrigated Agriculture of the National
Academy of Agrarian Sciences of Ukraine

Svetlana Dubova

Kyiv National University of Construction and Architecture. Department of Urban Construction. Associate Professor. PhD in TS.
Kyiv Cooperative Institute of Business and Law

Svitlana Onyshchenko

National University “Yuri Kondratyuk Poltava Polytechnic”, Finance, Banking and Taxation Department, D.Sc. (Economics),
Professor.
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Tetiana Kaminska

Kyiv Cooperative Institute of Business and Law. Rector. Doctor of Science in Economics. .

Valentina Drozd

State Scientific Research Institute of the Ministry of Internal Affairs of Ukraine. Doctor of Law, Associate Professor, Senior
Researcher.

Vasyl Klymenko

Central Ukrainian National Technical University. Department of Electrical Systems and Energy Management. Doctor TS. Professor.
Victoriya Lykova

Zaporizhzhya National University, PhD of History

Victor Mironenko

Doctor of Architecture, professor of department "Design of architectural environment", Dean of the Faculty of Architecture of Kharkov
National University of Construction and Architecture (KNUCA), member of the Ukrainian Academy of Architecture

Yuliia Mytrokhina

Donetsk National University of Economics and Trade named after Mykhaylo Tugan-Baranovsky., PhD in Marketing and Management.
Associate Professor

Yulija Popova

Municipal Institution "Agency for Local Development of Territorial Communities of Poltava District", PhD in Ecomomic. Assiciated
professor.

Crimea

Lienara Adzhyieva

V.l. Vernadsky Crimean Federal University, Yevpatoriya Institute of Social Sciences (branch). PhD of History. Associate Professor
Oksana Usatenko

V.l. Vernadsky Crimean Federal University. Academy of Humanities and Education (branch). PhD of Psychology.

Associate Professor.

Tatiana Scriabina

V.l. Vernadsky Crimean Federal University, Yevpatoriya Institute of Social Sciences (filial branch). PhD of Pedagogy.

Associate Professor

United Arab Emirates

Ashok Dubey

Emirates Institute for Banking & Financial Studies, Senior faculty. Chairperson of Academic Research Committee of EIBFS.
PhD in Economics

Maryam Johari Shirazi

Faculty of Management and HRM. PhD in HRM. OIMC group CEO.

USA

Ahmet S. Yayla

Adjunct Professor, George Mason University, the Department of Criminology, Law and Society & Deputy Director, International
Center for the Study of Violent Extremism (ICSVE), PhD in Criminal Justice and Information Science

Christine Sixta Rinehart

Academic Affairs at University of South Carolina Palmetto College. Assistant Professor of Political Science. Ph.D. Palitical Science
Cynthia Buckley

Professor of Sociology at University of lllinois. Urbana-Champaign. Sociological Research

Medani P. Bhandari

Akamai University. Associate professor. Ph.D. in Sociology.

Mikhail Z. Vaynshteyn

Lecturing in informal associations and the publication of scientific articles on the Internet. Participation in research seminars in the
"SLU University" and "Washington University", Saint Louis

Nicolai Panikov

Lecturer at Tufts University. Harvard School of Public Health. PhD/DSci, Microbiology

Rose Berkun

State University of New York at Buffalo. Jacobs School of Medicine & Biomedical Sciences, Clinical Associate Professor of
Anesthesiology, PhD. MD

Tahir Kibriya

Director technical / senior engineering manager. Black & Veatch Corporation, Overland Park. PhD Civil Engineering.

Yahya Kamalipour

Dept. of Journalism and Mass Communication North Carolina A&T State University Greensboro, North Ca. Professor and Chair
Department of Journalism and Mass Communication North Carolina A&T State University. PhD

Wael Al-Husami

Lahey Hospital & Medical Center, Nardone Medical Associate, Alkhaldi Hospital, Medical Doctor, International Health, MD, FACC,
FACP
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Uruguay

Gerardo Prieto Blanco
Universidad de la Republica. Economist, Associate Professor . Montevideo.

Uzbekistan

Guzel Kutlieva

Institute of Microbiology. Senior Researcher. PhD in BS.

Khurshida Narbaeva

Institute of Microbiology, Academy of Sciences Republic of Uzbekistan, Doctor of biological sciences.
Nilufar Elova

Academy of sciences. Doctor of Philosophy in biology, Senior scientific worker.

Shaklo Miralimova

Academy of Science. Institute of Microbiology. Deputy Director, Doctor of Biology Sciences. PhD in BS.
Shukhrat Yovkochev

Tashkent State Institute of Oriental Stadies. Full professor. PhD in political sciences.

Honorary editorial board members:

Agaheydar Seyfulla Isayev

Azerbaijan State Oil Academy. Doctor of Economical Sciences. Professor.
Jacob Meskhia

Thilisi State University. Faculty of Economics and Business. Full Professor.
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AIMS AND SCOPE

ESIF NGO The Southern Caucasus Scientific Journals publishes peer-reviewed, original
research and review articles in an open-access format. Accepted articles span the full extent of the
social and behavioral sciences and the humanities.

ESIF NGO The Southern Caucasus Scientific Journals seeks to be the world’s premier open-
access outlet for academic research. As such, unlike traditional journals, ESIF NGO The Southern
Caucasus Scientific Journals does not limit content due to page budgets or thematic significance.
Rather, ESIF NGO The Southern Caucasus Scientific Journals evaluates the scientific and
research methods of each article for validity and accepts articles solely on the basis of the
research. Likewise, by not restricting papers to a narrow discipline, ESIF NGO The Southern
Caucasus Scientific Journals facilitates the discovery of the connections between papers, whether
within or between disciplines.

ESIF NGO The Southern Caucasus Scientific Journals offers authors quick review and decision
times; a continuous-publication format; and global distribution for their research via ESIF NGO
The Southern Caucasus Scientific Journals Online. All articles are professionally copyedited and
typeset to ensure quality.

Those who should submit to ESIF NGO The Southern Caucasus Scientific Journals include:

e Authors who want their articles to receive quality reviews and efficient production, ensuring
the quickest publication time.

e Authors who want their articles to receive free, broad, and global distribution on a powerful,
highly discoverable publishing platform.

e Authors who want their articles branded and marketed by a world-leading social science
publisher.

e Authors who want or need their articles to be open access because of university or government
mandates.
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TOPICS OF JOURNAL

S

N Agricultural, environmental & natural sciences

8 Social, pedagogy sciences & humanities

’g\ Medicine and biology sciences

5 Regional development and infrastructure
Economic, management & marketing sciences

N Legal, legislation and political sciences

Art and Film Studies

Cinematography

History of Science and Technics
Information, Computing and Automation
Innovative Technologies

Mathematics & Applied Mathematics
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NGO Education Support & Investment Fund (Georgia, Thbilisi) is publishing scientific papers

(o]
of scientists on Website and in Referred Journals with subjects which are mentioned below: g

w
© The Baltic Scientific Journals ;

w
ISSN: 2613-5817; E-ISSN: 2613-5825; UDC: 0 (0.034); o
DOI PREFIX: 10.36962/PIRETC S
Proceeding of The International Research Education & Training Center. o1
https://bsj.esif.net/index.php/piretc

©

w

ISSN: 2674-4562, E-ISSN: 2674-4597, UDC: 620.9 (051) (0.034);
DOI PREFIX: 10.36962/ENECO

Proceedings of Energy Economic Research Center. ENECO
https://bsj.esif.net/index.php/peerc

ISSN: 1609-1620, E-ISSN: 2674-5224; UDC: 62 (051) (0.034);

DOI PREFIX: 10.36962/PAHTEI

Proceedings of Azerbaijan High Technical Educational Institutions. PAHTEI
https://bsj.esif.net/index.php/pahtei

ISSN: 2663-8770, E-ISSN: 2733-2055; UDC: 672, 673, 67.01-67.02
DOI PREFIX: 10.36962/ETM

ETM Equipment, Technologies, Materials
https://bsj.esif.net/index.php/etm

ISSN: 2733-2713; E-ISSN: 2733-2721; UDC: 33

DOI PREFIX: 10.36962/SWD

SOCIO WORLD-SOCIAL RESEARCH & BEHAVIORAL SCIENCES
https://bsj.esif.net/index.php/swd

E-ISSN: 2587-4713; UDC: 620.9 (051) (0.034)
DOI PREFIX: 10.36962 / ECS

Economics

https://bsj.esif.net/index.php/ecs

ISSN: 2806-3678 (Print); ISSN: 2806-366X (Online), UDC: 61, 62, 63, 66, 68, 69
DOl PREFIX: 10.55858 / PROHIS

PROHIS - Proceedings of Occupational Health & Industrial Safety
https://bsj.esif.net/index.php/prohis/Home

THE CAUCASUS ECONOMIC & SOCIAL ANALYSIS JOURNAL OF SOUTHERN CAUCASUS


https://bsj.esif.net/index.php/piretc
https://bsj.esif.net/index.php/peerc
https://bsj.esif.net/index.php/pahtei
https://bsj.esif.net/index.php/etm
https://bsj.esif.net/index.php/swd
https://bsj.esif.net/index.php/ecs
https://bsj.esif.net/index.php/prohis/Home

Lo
N
o
N
™
o
—~
(e0}
—
~
Lo
(o]

94

! /\’\/ ISSN: 2298-0946 (Print), ISSN: 1987-6114 (Online)

NGO Education Support & Investment Fund (Georgia, Thilisi) is publishing scientific papers
of scientists on its Website and in Referred Journals with subjects which are mentioned below:

© Southern Caucasus Scientific Journals

ISSN: 2346-8068; E-ISSN: 2346-8181; UDC: 611-618

DOl PREFIX: 10.36962/ALISIMSC

Ambiance in Life-International Scientific Journal in Medicine of Southern Caucasus.
https://scsj.esif.net/index.php/ALISIMSC

Representation of the International Diaspora Center of Azerbaijan in Georgia. NGO
(Georgia Thilisi) and NGO Education Support & Investment Fund (Georgia, Thilisi) are
publishing scientific papers of scientists on its Website and in Referred Journals with
subjects which are mentioned below:

© Southern Caucasus Scientific Journals

ISSN: 2298-0946, E-ISSN: 1987-6114; UDC: 3/k-144

DOI PREFIX: 10.36962/CESAJSC

The Caucasus-Economic and Social Analysis Journal of Southern Caucasus
https://scsj.esif.net/index.php/CESAJSC
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Title of the Paper (14 point, Bold, Times New Roman)

First Author’s Name!, Second Author’s Name? , Third Author’s Name®, .......
IAffiliation (Department, Faculty/College, Institution/University)

2 3Affiliation of other authors, if different (Department, Faculty/College, Institution/University)
Corresponding author’s email:

(Affiliation1,2,3 Times New Roman, 10)
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