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REDAKTORIAUS ZODIS

Gerbiami skaitytojai ir kolegos,

Moksliniy straipsniy zurnalo “InZinerinés ir edukacinés technologijos” atnaujintoji redkolegija
pristatydama Jums 2025 mety antrajj numerj, dziaugiasi, jog §] karta j Jisy rankas patenka atnaujintos
struktiros moksliniy publikacijy leidinys, pristatantis originalius tyrimus ir taikomuosius darbus aplinkos
inZinerijos, inzinerijos moksly bei socialiniy ir edukologiniy moksly kryptyse.

Aplinkos inZinerijos kryptis. Tyrimai atskleidé medziy ir krimy augmenijos plitimo masto ir
pasiskirstymo Lietuvos savivaldybése pagal medziy riiis, struktiirines formas ir skirtingas suirimo klases
ypatumus, galimybe reguliuoti Dysnos upés ir melioracijos sistemos vandens lygj, sickiant pavasario—vasaros
laikotarpiu palaikyti buveinéms palanky hidrologinj rezimga. Atskiras démesys skirtas ir Lietuvos saugomy ir
rekreaciniy teritorijy integruotam vertinimui darnaus vystymosi kontekste, uzstatyty teritorijy plétrai Kauno
rajono savivaldybéje. Pristatyti Siuolaikiniai tyrimy metodai taikant bepilotés skraidyklés RGB kameras, GIS
pagrista erdviniy duomeny analizés, skaitmeniniu modeliavimu pagrjstos sistemos taikyma.

InZinerijos moksly kryptis. Tyrimams taikyta metodika mechatroninés sistemos parametrams
identifikuoti ir optimizuoti, derinant eksperimentinius duomenis, gautus skaitmeniniu osciloskopu, su
MATLAB/Simulink modeliavimo rezultatais. Pateikiamas modifikuotu integriniu valdymo algoritmu pagrjstas
griztamojo rySio valdiklis, leidziantis pasiekti didesnio valdymo sistemos atsparumo elektromagnetiniy
trikdziy sukeliamiems triuk§mo signalams, lyginant su atvejais, kai naudojami proporcinis-integrinis-
diferencinis, proporcinis-integrinis ir klasikinis integrinis valdikliai. Analizuojamas Slaity tvirtinimo
daugiakriterinj inzineriniy sprendimy vertinimas. Praktikoje §laity tvirtinimo sprendimy parinkimg apsunkina
tai, kad sprendimai turi buti vertinami pagal kelis tarpusavyje nesuderinamus kriterijus. Todél dél Sios
priezasties vis dazniau taikomi daugiakriterinio sprendimy vertinimo metodai leidziantys kompleksiskai
palyginti skirtingas alternatyvas ir parinkti racionaliausia sprendimg konkreciomis salygomis.

Socialiniy ir edukologiniy moksly kryptis. Lietuvos viduriniy mokykly mokytojy susipazinimo su
dirbtinio intelekto (DI) sistemomis rodo atsargia, bet atvira pozicija dél DI pagristo vertinimo ir tiksliniy
mokymy bei aiskiy etikos gairiy poreikj, sickiant paremti atsakingg DI pagrjsty vertinimo sistemy diegima.

Lietuvos inzinerijos kolegijoje atliktas atvejo tyrimas parodé, kad studentai daznai naudojasi DI
jrankiais savo mokymosi procese. Tiek studentai, tiek déstytojai pripazjsta DI teikiamus privalumus, tokius
kaip didesnis darbo efektyvumas ir geresné mokymosi pagalba.

Nagrinéjant, kaip ,,ChatGPT* naudojimo patogumas ir naudotojo patirtis veikia universiteto studenty
pasitikéjima sistema ir jy kritinio mastymo elgseng gauti rezultatai pabrézia kompromisus tarp efektyvumo ir
reflektyvaus jsitraukimo, o tai rodo, kad nors ,,ChatGPT* padeda atlikti akademines uzduotis, jis gali netycia
sumazinti studenty kritinio vertinimo jgudzius. Studenty jsitraukimas yra pagrindinis akademinés sékmés
aukstajame moksle veiksnys, o studenty motyvacija yra svarbus veiksnys, darantis jtaka jsitraukimui. Tyrimo
rezultatai rodo, kad motyvacijos formos prisideda prie studenty jsitraukimo ] universiteting aplinka, o tai
pabrézia poreikj atsizvelgti | daugybe motyvacijos veiksniy, siekiant sustiprinti akademin] jsitraukima
aukstajame moksle.

Siy laiky organizacijos veikia nuolatinio neapibréztumo, sudétingumo, spartaus technologijy progreso
ir kintanc¢iy klienty poreikiy salygomis, todél organizacijos sugeb¢jimas greitai prisitaikyti tampa pagrindiniu
konkurenciniu pranasumu. Agile praktiky taikymas organizacijose iSryskina komandos, kaip pagrindinio darbo
efektyvumu ir rezultaty uztikrinimu dinamiskoje aplinkoje. Siy poky¢iy kontekste organizacijose vis pla¢iau
yra taikomas zaidybinimas, kuris laikomas motyvuojan¢iu darbuotojy elgsenos formavimo ir veiklos rezultaty
gerinimo jrankiu.

Tikimés, kad jvairiapusiskai pristatomi tyrimy aspektai paskatins skaitytojus susidométi publikacijomis,
dékojame straipsniy autoriams ir tikimés s€ékmingo tolesnio bendradarbiavimo.

Su pagarba,
vyriausioji redaktoré dr. Lina Girdauskiené
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INTEGRATED ASSESSMENT OF PROTECTED AND RECREATIONAL AREAS IN THE
CONTEXT OF SUSTAINABLE DEVELOPMENT

Vilma Salkauskiené
Lietuvos Inzinerijos Kolegija Higher Education Institution

Abstract

This article presents an integrated assessment of protected and recreational areas in Lithuania in the context of
sustainable development. The aim of the study is to determine the ecological, social, and economic value of selected areas
using a composite sustainable development index (KDI). Ten areas of different types were selected for the assessment
and evaluated according to 11 criteria, including accessibility, inclusivity, biodiversity, terrain, infrastructure, and
accessibility for people with disabilities. The results revealed that the highest scores (50 points) were recorded in the
Palanga Botanical Park, which stands out for its developed infrastructure, ecological stability, and attractive landscape.
High sustainability levels were also demonstrated by the Puskoriai Outcrop, Balbieriskis Outcrop, and the Tree Canopy
Walk complex (45-47 points). Areas with limited infrastructure, such as the Kirkilai Observation Tower or Vente Cape
Ornithological Station, exhibit higher biodiversity but lower visitor convenience. The KDI analysis showed that most
areas have a relatively high level of sustainability (6.5-9.0 points), with the highest results recorded in Palanga Botanical
Park (9.0) and Puskoriai Outcrop (8.7). The study revealed that the ecological value of areas is often associated with
limited infrastructure, while developed recreational zones may have lower ecological uniqueness. The obtained results
emphasize the need for balanced planning of visitor infrastructure, combining nature conservation with sustainable
tourism to preserve the ecological, social, and economic potential of Lithuania’s protected areas.

Key words: Protected areas, recreational areas, sustainable development, landscape.

Introduction

Protected and recreational areas are essential components of a region, as they not only help maintain the
balance of biodiversity but also contribute to the well-being of local communities and the development of the
tourism sector. Over the past decades, increasing attention has been given to environmental protection and
recreation in order to ensure sustainable development and preserve natural heritage. Sustainable tourism
indicators are a crucial component of planning and managing protected areas (Rasoolimanesh et al., 2020).

The relevance of this study is driven by growing public interest in ecological sustainability and outdoor
recreational opportunities. A country's natural resources consist of a clean, healthy environment and a
harmonious landscape, which provide suitable conditions for all forms of life, including humans (Kattumuri,
2018; The Sustainable..., 2020). The state of recreational areas can be defined by multiple parameters —
sensitivity, degree of degradation, capacity, stability, and others (Walker et al., 2006).

However, with increasing visitor flows, challenges arise regarding infrastructure, area accessibility, and
the protection of natural values. This necessitates seeking balanced solutions that ensure both environmental
protection and the sustainable development of tourism and recreation. In Lithuania, the ecological, social, and
economic value of protected and recreational areas, as well as their management effectiveness, are not
sufficiently studied. Consequently, there is a lack of data and recommendations on how to optimally utilize the
potential of these areas while maintaining environmental balance. Increasing visitor numbers pose a threat to
natural assets due to inadequate infrastructure and limited public awareness, highlighting the need for a
comprehensive assessment of these areas and the proposal of sustainable solutions.

Research purpose - to conduct an integrated assessment of protected and recreational areas in the context
of sustainable development.

Research Tasks

1. Identify the role of protected and recreational areas in Lithuanian and European land-use policy

within the context of sustainable development.

2. Assess selected areas according to chosen sustainability criteria.

3. Evaluate the sustainability level of selected protected and recreational areas using the Composite

Sustainability Index (KDI).

A comprehensive evaluation of sites and/or territories allows for the collection of objective data on their
condition, providing the basis for recommendations to relevant authorities. The perspectives of local residents
and visitors regarding these sites are also important. Since the condition of these areas is constantly changing,
it is essential to conduct regular studies that reflect the current state of protected and recreational areas. Such
studies help ensure the long-term conservation and effective use of these territories.



Theoretical background

Protected areas in Lithuania and across the globe play a multifaceted role: they ensure the conservation
of biodiversity, maintain ecosystem stability, and contribute to climate change mitigation, while also providing
social and economic benefits to local communities. Contemporary environmental policy increasingly
emphasizes the need to balance conservation, recreation, and economic activity priorities, which requires
continuous scientific research, adaptive management, and international cooperation.

In recent decades, Europe has been shifting from the traditional concept of protected areas—focused
primarily on restricting human activity—toward integrated landscape and land-use management. Landscape
analysis has become an essential tool for shaping sustainable land-use policies, particularly for optimally
reconciling conservation and economic interests (Solecka et al., 2018; Siltanen et al., 2022). This trend is
evident in many European countries, where the management of protected areas is based on integrating
environmental protection, recreational use, and regional development.

One of the most significant challenges is managing areas within the Natura 2000 network. In these
territories, conservation and recreational interests often conflict, necessitating a multi-criteria planning
approach (Rocchi et al., 2020). From an agricultural perspective, the status of protected areas directly
influences farmers’ land use, as environmental and economic restrictions affect land management practices
(Koemle et al., 2019). The impact of protected and recreational areas on surrounding territories varies
depending on management structures and social and economic conditions (Mingarro et al., 2023). This
highlights that the role of protected areas should be assessed not only at the national but also at the regional
level.

Research highlights that green infrastructure and ecosystem services are key elements for the integrated
assessment of protected and recreational areas. Clear land-use planning policies are essential to preserve green
infrastructure from degradation (McWilliam et al., 2015; Friukalova et al., 2021; Marot et al., 2024; Naumann
et al., 2021). The effectiveness of green infrastructure management increases with the availability of data and
public participation in decision-making processes (Feltynowski et al., 2023). Integrating ecosystem services
into spatial planning is significant because it allows for the alignment of environmental protection with societal
needs (Di Marino et al., 2019; Diaz-Rodriguez et al., 2024; Yao et al., 2025). These studies indicate that the
assessment of ecosystem services should become a central component of protected area policy. Protected areas
drive both ecological and social changes and must be evaluated within the broader context of land-use
transformations. This is particularly relevant as protected areas often serve as zones of both ecological and
recreational potential (Beilin, 2014; van der Zanden et al., 2017).

In Lithuania, protected and recreational areas are regulated through a comprehensive legal framework,
including the Protected Areas Law (1993, 2001), the Tourism Law (1998, 2015), the Forest Law (1994, 2001),
the Environmental Protection Law (1992), and the Land-Use Planning Law (1995, 2014). Together, these laws
ensure environmental protection, sustainable tourism, and the balancing of public interests. At the European
Union level, the Habitats Directive (92/43/EEC) and the Birds Directive (2009/147/EC) establish the Natura
2000 network. Internationally, Lithuania is committed to adhering to the Convention on Biological Diversity
(1992), the European Landscape Convention (2000), and the World Heritage Convention (1972). UNESCO
(2021) emphasizes that the cultural aspect is an inseparable component of a protected area’s value.

Recreational areas, often located within protected area boundaries, are important for public health,
et al., 2020). However, high recreational intensity can create challenges. Large visitor flows may cause soil
erosion and disturb wildlife populations, necessitating visitor management models (Smith et al., 2022).

Economically, recreational areas generate significant added value (Brown et al., 2023; Breiby et al.,
2022; Kalinauskas et al., 2023), as ecotourism produces revenue, but it also raises the risk that economic
objectives could overshadow primary conservation goals.

Technology has become a crucial component of modern protected area management. Research indicates
that such tools enable more effective identification of ecosystem changes, faster response to threats, and more
sustainable management of protected areas. The assessment of protected and recreational areas is based on
ecological, social, economic, and cultural criteria (Zhang et al., 2023; Liquete et al., 2015). The ecological
assessment evaluates condition, biodiversity, and anthropogenic impact; the social assessment examines
accessibility and societal benefits; the economic assessment considers the contribution of ecotourism and long-
term investments; and the cultural assessment addresses landscape and heritage value (Unesco, 2021).

Theoretical insights reveal that protected and recreational areas are central elements of sustainable
development, requiring integrated planning, multicriteria evaluation, harmonization of ecological, social, and
economic dimensions, and active involvement of local communities. Despite rapid advancements, there



remains a lack of integrated empirical studies that simultaneously evaluate the ecological, social, and economic
status of recreational and protected areas using a harmonized multidimensional index at the regional level.

Research Methodology

The study employed a comprehensive, multidimensional methodological framework, encompassing
spatial data analysis, evaluation of recreational areas according to sustainable development criteria, and
calculation of a Composite Sustainable Development Index (KDI). The combination of these methods enabled
a systematic and empirical assessment of the sustainability of selected protected and recreational areas, taking
into account environmental, social, and economic dimensions.

To perform a comprehensive evaluation, the criteria were adapted based on the assessment of public
spaces conducted by Adamonyté et al. (2018) and supplemented with elements of environmental and landscape
quality. Each area was assessed using 11 criteria, categorized into ecological, social, and recreational-
infrastructural dimensions. The evaluation was conducted during the summer of 2025.

To ensure reliability and objectivity, an expert-based assessment method was applied. The evaluation
panel included two specialists from protected area management authorities, three tourists who visited the areas
during the study, and the article's author. Scores provided by all evaluators were aggregated, and the average
was used for the final assessment of each area. A 5-point scale was used, where higher scores indicated more
favorable conditions for recreation and sustainable use (Table 1).

Table 1
Criteria for Evaluating Recreational Areas

Evaluation Possible

Feature Score Explanation

To ensure accessibility, spaces must be integrated into the city street network, with access points
Accessibility 5 aligned with street intersections. The areas should be adapted for everyday human travel and the
use of environmentally friendly transportation.

Public spaces must be adapted for various uses. The area should provide opportunities for play,
Inclusiveness/ resting in the shade, and may include cafés, decorative water features, bicycle paths, sports
Complexity facilities, and more. The assessment considers the current potential for recreational activities,
including general, educational, sports, entertainment, commercial, and therapeutic uses.
Assessment of the area from a biodiversity perspective. The evaluation primarily focuses on

Biodiversity > ecological quality.
The following aspects of the area are assessed: dynamics of landscape changes; integration and
Complexity / 5 display of surrounding views; diversity of natural and anthropogenic structures; and the contrast

Uniqueness between living nature and built elements. Components reflecting the complexity of the local
landscape, as well as natural and cultural heritage, are also evaluated.

The assessment considers naturalness, biodiversity, created ecosystems, and ecological capacity.
This is understood as creating a favorable microclimate, enhancing biodiversity, energy-efficient
site planning, abundance and diversity of greenery, use of healthy and environmentally friendly
building materials, and utilization of renewable energy sources.

The planned spatial structure is assessed visually through field investigations (inspection of

Eco-friendliness 5

Condition of the

area 5 greenery, photographic documentation) and desk-based studies: analyzing orthophotographic
materials and literature sources.
Accessibility for The accessibility of the area for people with disabilities is assessed, with primary attention given
people with 5 to the needs of individuals with mobility impairments.
disabilities
The diversity of natural elements, ecosystem quality, visual attractiveness, and environmental
Landscape . . . . .
diversity 5 naturalness are evaluated. Areas with a variety of natural features and high aesthetic value receive
a high rating.
The evaluation considers whether the area has well-developed and properly maintained
Infrastructure 5 .
infrastructure.
The assessment considers the number and diversity of zones, their accessibility and layout, as
Developed . . .
. 5 well as their quality and maintenance.
recreation areas
Relief 5 The aesthetic and functional value of the terrain is assessed.
Total: 70

Source: compiled by the author

For the assessment, 10 recreational areas of different types and functions across Lithuania were selected:
the Tree Canopy Walk complex, Vente Cape Ornithological Station, Kirkilai Observation Tower area, Puskoriai
Outcrop, Medininkai Hillfort, Balbieriskis Outcrop, Lake Recreation Area, Palanga Botanical Park, Seire
Nature Trail, and Pagramantis Nature Trail. The areas were chosen based on their recreational intensity,
ecosystem service potential, geographic distribution, and representativeness within Lithuania’s protected area
system. The assessment criteria included accessibility, inclusiveness and complexity, biodiversity,
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uniqueness/distinctiveness, ecological quality, site condition, infrastructure, established recreation zones,
landscape diversity, and suitability for people with disabilities.
Additionally, a Composite Sustainable Development Index (KDI) was calculated for the selected areas:

KDI=(A+B+C)/3 (D

where: A — environmental sustainability component (0—10): biodiversity, ecological quality, landscape quality,
relief, B — social dimension component (0—10): accessibility, inclusiveness, accessibility for people with
disabilities, recreational value; C — economic sustainability component (0—10): infrastructure, visitor flow
management potential, availability of services.

All 11 evaluation criteria were treated as equally important from a sustainable development perspective
and were assigned equal weight (1:1:1) when calculating the individual dimensions (A, B, C) and the final
KDI. The KDI was applied to obtain a composite indicator rather than to analyze differences in specific local
characteristics using different weighting coefficients.

The components of the Composite Sustainable Development Index (KDI) (KDI = (A + B + C) / 3),
were calculated based on the sums of normalized criteria to bring the results onto a common 0—10 scale:

e A - Environmental sustainability: 4 criteria, maximum sum =4 x 5 =20 points

e B —Social dimension: 4 criteria, maximum sum = 4 x 5 = 20 points

e  C— Economic sustainability: 3 criteria, maximum sum = 3 x 5= 15 points

The score obtained for each dimension (out of the maximum 20 or 15 points) was converted to a
standardized 0—10 scale using the formula:

obtained points

2

Dimension score (0-10) = —— - - —X
maximum points for the dimension

This normalization ensured that all three KDI dimensions—despite having a different number of
contributing criteria—had equal weight in calculating the final KDI. For example, the environmental
sustainability component (A) (of Palanga Botanical Park received 16 points, which corresponds to a
normalized score of: 16/20x10=8.0).

The Composite Sustainable Development Index (KDI) is applied to comprehensively assess the
sustainability level of territories. The KDI method is important for several reasons.

First, it allows for an integrated evaluation of interconnected environmental, social, and economic
factors that determine the sustainability of an area. Such a summary indicator enables the identification of
strengths and weaknesses within a territory, facilitating targeted planning of future measures and interventions.

Second, KDI provides a basis for comparing territories with each other, as all dimensions are
consolidated into a single standardized metric. This is particularly relevant for setting regional development
priorities, evaluating territorial potential, or analyzing progress over time.

Finally, KDI serves as a useful monitoring tool, allowing the assessment of changes over time and
providing an empirical foundation for management decisions within the context of sustainable development.

Results and Discussion

After evaluating 10 protected and recreational areas, it was found that the best accessibility is observed
at Puskoriai Outcrop, Palanga Botanical Park, and the Tree Canopy Walk Complex. These areas are easily
reachable by both private and public transport, resulting in higher visitor flows. In contrast, accessibility is
more challenging at Kirkilai (narrow, partly worn or gravel roads, no public transport, etc.), Pagramantis
(narrow roads, sections in poor condition, limited public transport access, etc.), and Vente Cape Ornithological
Station (Vente Cape is located on a narrow peninsula in the Nemunas Delta with only one main access road
and no direct public transport routes), especially during the off-season, which limits visitor numbers but may
help preserve ecological conditions.

The highest complexity is observed at Puskoriai Outcrop, Palanga Botanical Park, and Balbieriskis
Outcrop, as these areas combine natural, cultural, and recreational elements, providing a diverse visitor
experience. In contrast, Kirkilai are less complex, being primarily oriented towards nature-based activities and
lacking significant cultural components.

The greatest biodiversity was recorded in the Labanoras Forests, Balbieriskis Outcrop, and Vente Cape
Ornithological Station, which host a variety of forest, water, and bird habitats. Areas such as Palanga and
Medininkai exhibit moderate biodiversity due to more intensive anthropogenic impacts.
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Distinctive relief features were observed at Kirkilai, Balbieriskis Outcrop (Figure 1), Pagramantis, and
Puskoriai Outcrop (Figure 1), where steep slopes, deep river valley outcrops, and karst topography dominate.

2%

7d
.

Fig. 1. Balbieriskis Outcrop (left) and Puskoriai Outcrop (right) — site locations and excerpt from the
protected areas cadastral map
Source: compiled by the author

The Vente Cape Ornithological Station and Palanga Park feature relatively flat landscapes, which are
more favorable for infrastructure development and the organization of recreational activities. The most
developed infrastructure is found in Palanga Botanical Park, the Puskoriai Exposure, and the Tree Canopy
Walk complex, as these locations are strategically important for tourism, easily accessible, frequently visited,
and prioritized for funding. As a result, high visitor numbers encourage continuous infrastructure expansion
and modernization. The Seires nature trail is characterized by a moderate level of infrastructure development,
as it is a protected, environmentally valuable area where the aim is to balance recreation and nature
conservation. Due to moderate visitor flows, limited development possibilities, and sustainability priorities,
the infrastructure is not highly urbanized, yet it remains sufficient for quality recreation and nature exploration.
The least developed infrastructure is found in Pagramantis and Kirkilai, as these areas are rural, sparsely
populated, and located far from major Lithuanian urban centers, resulting in limited economic incentives to
invest in infrastructure.

Palanga Botanical Park and the Tree Canopy Walk complex stand out for their high level of accessibility
for people with disabilities, as their infrastructure is modern, standardized, strategically funded, and designed
in accordance with universal design principles. At the Tree Canopy Walk, elevators installed in the observation
tower allow visitors with mobility impairments to reach the walkway level, and specially adapted ramp systems
ensure smooth movement along the path. Information boards in Braille (or with other adaptations) further
enhance accessibility, enabling all visitors to enjoy elevated forest views and learn about woodland features.
This ensures a comfortable and safe experience for all visitor groups.

Palanga Botanical Park (including the Amber Museum) is also considered highly accessible for visitors
with mobility impairments, as most park paths have been renovated with solid, even surfaces, and the museum
itself is adapted for wheelchair users. This level of accessibility is maintained through ongoing infrastructure
renovation projects aimed at improving the quality and inclusiveness of public spaces.

In contrast, areas with complex terrain such as Kirkilai, Pagramantis, the Balbieriskis exposure, and
Medininkai are less suitable for visitors with disabilities. These territories feature steep slopes, cliffs, hilly or
uneven surfaces, which make movement by wheelchair or with mobility aids significantly more challenging.
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The most ecologically stable areas are the Vente Cape Ornithological Station and Pagramantis, where
strong emphasis is placed on nature conservation and where the impacts of urbanization and industry are
minimal. Most of these territories are natural or semi-natural, which helps maintain high levels of biodiversity.

The greatest visitor pressure is recorded in Palanga and Puskoriai. Intensive visitation in these areas
poses risks to sensitive natural environments for several reasons. First, constant human movement can damage
vegetation—trail edges wear down, rare or sensitive plant species are trampled, and in some places natural soil
layers may begin to degrade. Second, high visitor numbers can disturb wildlife, especially birds and small
mammals that rely on quiet habitats. Third, intensive use often leads to litter accumulation and other forms of
pollution, further degrading ecosystem health.

Therefore, in such territories it is essential to limit visitor flows, install nature trails with protective
measures, or promote responsible nature-based recreation to ensure that sensitive natural areas are preserved
for the future (Table 2).

Table 2
Summary data of recreational area evaluation according to the criteria
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Treetop Walking Path Complex 5 4 5 5 4 5 4 5 5 4 3 49
Vente Cape Ornithological Station 4 4 4 4 5 4 3 5 3 3 4 43
Kirkilai Observation Tower Area 4 4 4 5 4 5 3 5 4 3 3 44
Puskoriai Exposure 5 5 4 5 5 4 2 5 3 4 5 47
Medininkai Hillfort 4 4 3 4 4 4 2 4 3 3 5 40
Balbieriskis Exposure 5 5 5 4 5 4 2 5 3 3 4 45
Bebrusai Lake Recreation Area 4 4 4 3 4 4 3 4 4 5 3 42
Palanga Botanical Park 5 5 3 5 4 5 4 5 5 5 4 50
Seire Nature Trail 4 3 4 4 5 4 3 4 3 3 3 40
Pagramantis Nature Trail 4 4 4 4 5 4 3 5 4 4 4 45

Source: compiled by the author

According to the evaluation data, the highest scores (50 points) were obtained by the Palanga Botanical
Park, highlighting its well-developed infrastructure, diverse ecosystem structure, and visitor convenience.
High results (45—47 points) were achieved by the Pagramantis Nature Trail, the Balbieriskis Exposure, and the
Puskoriai Exposure, which stand out for their ecological stability, landscape diversity, and attractiveness,
although their infrastructure or accessibility for people with disabilities received slightly lower scores.

Territories such as the Vente Cape Ornithological Station and the Kirkilai Observation Tower were
evaluated with 43—44 points, emphasizing their biological diversity and ecological significance, while their
infrastructure and recreational facility indicators were slightly lower.

The overall trend shows that territories with higher ecological value often have more limited
infrastructure, while more developed recreational areas may exhibit lower ecological uniqueness. This suggests
that in Lithuania there is a balance between ecological value and recreational convenience that must be
carefully managed when planning visitor infrastructure.

The sustainability assessment of the territories revealed significant differences among the
environmental, social, and economic dimension scores of individual sites, highlighting areas with high
sustainability potential as well as those where certain structural gaps become evident (Figure 2).
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Seiré Nature Trail

Bebrusai Lake Recreation Area

Medininkai Hillfort

Name

Kirkilai Observation Tower Area

Treetop Walking Path Complex

Evaluation score
KDI Economic dimension Social dimension B Environmental sustainability

Fig. 2. Composite sustainable development assessment data
Source: compiled by the author

After calculating the KDI, it was determined that the territories can be divided into three levels: high
(KDI 8.5-9.0), medium (KDI 7.5-8.0), and lower (KDI 6.5-7.0). The highest KDI (9.0) was obtained by the
Palanga Botanical Park, characterized by a particularly strong economic dimension component and a balanced
environmental and social value. The Tree Canopy Walk in Anyksc¢iai and the Seire Educational Trail also fall
into the high sustainability category (8.5-7.8). The Puskoriai exposure and the Belmontas recreation area (8.7)
likewise stand out for strong alignment among the three dimensions. Meanwhile, the lowest KDI results, such
as the Medininkai Hillfort (6.5) or the Kirkilai Tower (6.8), indicate that sustainability aspects in these
territories are not equally developed. These results are most often influenced by lower scores in the social and
economic dimensions.

An assessment of the individual dimensions revealed that the environmental sustainability component
across the territories ranges from 7 to 9.5 points, indicating that most of the evaluated areas have high natural
value. The highest score (9.5) was given to the Vente Cape Ornithological Station and the Bebrusai Lake
recreation area, both distinguished by exceptional biodiversity and landscape quality. Meanwhile, territories
such as the Medininkai Hillfort (7) or the Balbieriskis exposure (7.5) demonstrate a somewhat lower
environmental potential, although they still remain in the higher part of the scoring scale.

The high environmental scores indicate that all analyzed territories possess a strong natural foundation,
which is a key prerequisite for sustainable development, particularly in the context of nature-based tourism.

The indicators used to assess the social dimension range from 6.0 to 9.0 points, which made it possible
to identify territories with a higher level of adaptation to visitor needs. The highest social value (9.0 points)
was recorded for the Puskoriai exposure and the Anyksc¢iai Treetop Walking Path complex. Their high scores
are linked to exceptional physical accessibility, successfully implemented inclusiveness measures, and a wide
range of recreational opportunities. The lowest social dimension scores were given to the Kirkilai observation
tower and the Medininkai hillfort (6.5 points each), indicating limited infrastructure, lower accessibility for
people with disabilities, and restricted recreational activities. Differences in the social dimension are
particularly significant because they directly influence visitor experience and accessibility.

The economic sustainability component ranges from 6 to 10 points. The highest score (10) was assigned
to the Palanga Botanical Park, which stands out due to its highly developed infrastructure and effective visitor
flow management. A high score (9) was also given to the Puskoriai exposure, which features well-functioning
infrastructure and strong commercial potential. The lowest economic sustainability scores were recorded for
the Medininkai hillfort and the Balbieriskis exposure (6 points each), where infrastructure and service
availability are still insufficiently developed. This may limit economic sustainability and the efficient
management of visitor flows.

The Puskoriai exposure (8.7) also stands out for its high integration of all three dimensions of sustainable
development, reflecting a balanced combination of social, economic, and environmental aspects.

In summary, it can be stated that the environmental dimension is the strongest across most territories,
providing a solid foundation for sustainable tourism. The social dimension shows the greatest variability,
revealing uneven levels of accessibility and inclusiveness. The economic dimension strongly differentiates the
territories, particularly in terms of infrastructure development and the ability to manage visitor flows.
Differences in the Composite Sustainable Development Index (KDI) make it possible to identify territories
that require targeted interventions to achieve balanced sustainable development. The highest KDI scores are
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characteristic of territories where all three dimensions are developed consistently, while the lowest scores
appear in areas where one or two dimensions lag significantly behind.

Conclusions

1. Protected and recreational areas play a crucial role in the land-use policies of both Lithuania and
Europe in the context of sustainable development. They perform multiple functions by ensuring the
preservation of biodiversity, ecosystem stability, and the implementation of environmental protection goals,
while also providing social and economic benefits to local communities and visitors.

2. Based on the evaluation of 10 protected and recreational areas in Lithuania, the highest scores were
recorded for the Palanga Botanical Park, the Puskoriai Exposure, and the Tree Canopy Walk Complex, which
stand out due to their well-developed infrastructure, ecological stability, and attractive landscapes. Areas with
limited infrastructure, such as the Kirkilai Observation Tower or the Vente Cape Ornithological Station, exhibit
high biodiversity but offer lower visitor comfort. The results indicate that, when planning visitor infrastructure,
it is essential to balance nature conservation with sustainable tourism in order to maintain equilibrium between
ecological value and recreational convenience.

3. The Composite Sustainable Development Index (KDI) assessment of the selected areas revealed that
most territories demonstrate a relatively high level of sustainability (6.5-9.0 points). The highest KDI scores
were recorded in the Palanga Botanical Park (9.0), the Puskoriai Exposure and the Belmontas Recreation Area
(8.7), and the Tree Canopy Walk in Anyksciai (8.5), all of which are characterized by high social and economic
dimension values. The lowest sustainability indicators were found for the Medininkai Hillfort and the Kirkilai
Observation Tower (6.5-6.8), primarily due to lower scores in the social and economic dimensions.
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SAUGOMU IR REKREACINIU TERITORIJU INTEGRUOTAS VERTINIMAS DARNAUS VYSTYMOSI
KONTEKSTE

Santrauka

Siame straipsnyje pateikiamas Lietuvos saugomy ir rekreaciniy teritorijy integruotas vertinimas darnaus vystymosi
kontekste. Tyrimo tikslas — nustatyti pasirinkty teritorijy ekologine, socialin¢ ir ekonoming vertg, taikant kompozitinj
darnaus vystymosi indeksg (KDI). Vertinimui pasirinkta 10 skirtingo tipo teritorijy, ivertinty pagal 11 kriterijy, apimanciy
pasiekiamuma, jtrauktj, biologing jvairove, reljefa, infrastruktiirg ir pritaikyma nejgaliesiems. Rezultatai atskleidé, kad
auksCiausi jvertinimai (50 baly) fiksuoti Palangos botanikos parke, i$siskirian¢iame i§vystyta infrastruktiira, ekologiniu
stabilumu ir patraukliu kraStovaizdziu. Aukstg darnumo lygj taip pat parodé Puckoriy atodanga, Balbieriskio atodanga ir
Medziy lajy tako kompleksas (45-47 balai). Teritorijos su ribota infrastruktiira, tokios kaip Kirkily apzvalgos bokstas ar
Ventes rago ornitologiné stotis, pasizymi didesne biologine jvairove, bet mazesniu lankytojy patogumu. KDI analizé
parodé, kad dauguma teritorijy pasiZzymi pakankamai auks§tu darnumo lygiu (6,5-9,0 balo), o auks¢iausi rezultatai fiksuoti
Palangos botanikos parke (9,0) ir Puckoriy atodangoje (8,7). Tyrimas atskleidé, kad teritorijy ekologiné verté daznai
susijusi su ribota infrastruktiira, o i§vystytos rekreacinés zonos gali turéti mazesnj ekologinj unikaluma. Gauti rezultatai
pabreézia biitinybe subalansuotai planuoti lankytojy infrastruktiira, derinant gamtos apsauga su tvariu turizmu, siekiant
i§saugoti Lietuvos saugomy teritorijy ekologinj, socialinj ir ekonominj potenciala.

ReikSminiai ZodZiai: saugomos teritorijos, rekreacinés teritorijos, darnus vystymas, krastovaizdis.
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ASSESSMENT OF URBANIZATION DYNAMICS IN SUBURBAN AREAS USING GIS-
BASED MONITORING: THE CASE OF DIDVYRIAI VILLAGE OF KAUNAS DISTRICT
MUNICIPALITY

Daiva Gudritiené, Vilma Salkauskiené
Lietuvos Inzinerijos Kolegija Higher Education Institution

Abstract

This study analyzes the development of built-up areas in the Didvyriai village territory of Kaunas District
Municipality using GIS-based spatial data analysis. The expansion of built-up areas is assessed as a complex and dynamic
process influenced by natural, political, economic, cultural, and social factors. The aim of the study is to evaluate the
dynamics and sustainability of built-up area development in the Didvyriai village territory through GIS-based spatial
analysis. For monitoring purposes, ORT10LT orthophotos with a spatial resolution of 0.2—0.5 m were used, allowing
precise identification of buildings and their footprint areas. The results indicate that between 2005 and 2025, the number
of buildings in the study area increased steadily, with the highest construction intensity recorded during 2005-2006 and
2021-2023. During the economic crisis in 2008, urbanization processes decelerated, but saw a subsequent re-
intensification from 2020 onwards. The analysis indicated a primary concentration of urban development in the
southwestern part of Didvyriai village. Forecasts suggest that by 2030, the number of new buildings is projected to exceed
275. The study revealed that the current development trend does not fully align with the principles of sustainable
urbanization, as rapid growth of built-up areas may increase infrastructure load, traffic flows, air pollution, and the
demand for demand for social services.

Key words: Urbanization, GIS, orthophotographic maps, sustainable development.

Introduction

The expansion of built-up areas is a complex and dynamic process influenced by various natural,
political, economic, cultural, and social factors. Urbanization not only alters the spatial structure of territories
but also has a significant impact on landscape quality, environmental stability, and infrastructure load,
particularly in peripheral areas where development trajectories are often weakly regulated. Monitoring
(Lietuvos..., 1997) and analysis of these changes are essential to ensure sustainable spatial planning and
sustainable land-use policy.

In contemporary urbanization research, increasing attention is devoted to spatial data and remote sensing
technologies, which enable systematic monitoring of changes in urbanized areas across the landscape. This
approach is based on Geographic Information Systems (GIS) analysis, which allows the identification of the
dynamics of built-up area growth and its impacts on the environment and society. Satellite imagery analysis
provides opportunities to examine land-use changes over long time periods, which is crucial for sustainable
urbanization management (Li, 2025). Land-use and land-cover changes are considered key components of
current natural resource management and environmental change monitoring strategies (Hegazy et al., 2015).

In Lithuania, monitoring of urbanized areas is not distinguished as a separate monitoring category.
Currently, there is a lack of detailed data, as monitoring often relies on satellite-derived datasets with spatial
resolutions of 5—10 meters. For more detailed analysis, ORT10LT orthophoto data, which have been collected
since 1995 (Lietuvos..., 2025), can be used. The spatial resolution of these datasets ranges from 0.5 to 0.2
meters. The rapid development of digital technologies and GIS-based raster image analysis tools enables
detailed identification and analysis of built-up area objects.

The selected research topic is relevant, as recent trends in built-up area changes have been identified in
suburban territories, which require systematic monitoring and analysis to prevent chaotic development and
ensure harmony with the surrounding landscape. The relevance of this study is particularly evident in Kaunas
District, where uncontrolled expansion of built-up areas creates complex challenges, including poor road
surface quality, insufficient street lighting, a lack of social services, and increasing dependence on private
transportation. Furthermore, chaotic development often generates unforeseen and substantial investments in
the subsequent installation of engineering infrastructure networks.

The aim of this study is to evaluate the dynamics and sustainability of built-up area development in the
territory of Didvyriai village, Kaunas District Municipality, using GIS-based spatial data analysis.

The objectives of the study are: 1. To conduct monitoring of built-up area development in Didvyriai
village during the period 1995-2024 using GIS analysis based on ORT10LT raster data. 2. To present a forecast
of built-up area development. 3. To determine whether the expansion of built-up areas in Didvyriai village
complies with the principles of sustainable development.
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Theoretical background

Urbanization is one of the key processes shaping contemporary urban development, influencing both
urban structure and the environment. Urban expansion is often characterized as dispersed and inefficient
territorial growth, particularly in suburban zones where the number of individual residential buildings is
increasing (Blakime et al., 2024; Surya et al., 2021). Rapid population growth intensifies pressure on peripheral
areas, leading not only to infrastructure deficiencies but also to the degradation of ecological systems (Wiwoho
et al., 2023; Gondo et al., 2023). Research indicates that urban development is closely associated with land-
use changes, which frequently transform traditional rural areas into urbanized zones, alter spatial patterns, and
contribute to emerging ecological and social challenges (Mallick et al., 2023; Mallick, 2021).

In rapidly developing regions, such as India, African countries, and Southeast Asia, urbanization often
occurs in an unplanned manner, resulting in challenges related to sustainable urban planning, land suitability,
and urban resilience (Mallick et al., 2024; Blakime et al., 2024; Surya et al., 2021).

Land-use changes and their driving forces can be classified into natural and anthropogenic factors.
Natural factors include climate, soil, and topography, while anthropogenic factors encompass population
growth, technological development, economic activity, political frameworks, and cultural influences (Wiwoho
etal., 2023; Gondo et al., 2023). Studies confirm that anthropogenic factors generally exert more rapid impacts
than natural factors, and their interactions vary depending on spatial and temporal scales (Wiwoho et al., 2023;
Mallick et al., 2023).

To accurately monitor urbanization processes and changes in built-up areas, various spatial data sources
are employed (Gudritiené et al., 2020), including satellite imagery (Georeferencinio..., 2017), GIS, and
orthophoto maps (Li, 2025; Nistor, 2021; Li, 2014). High-resolution data not only enable the identification of
urbanized areas but also allow for detailed monitoring of individual land parcels, transportation infrastructure
expansion, and changes in green spaces (Li, 2025; Li, 2014).

Digital raster orthophoto maps ORT10LT at a scale of 1:10,000 covering the entire territory of the
Republic of Lithuania are available through the Lithuanian Spatial Information Portal (www.geoportal.lt). The
adoption of digital aerial photogrammetric methods in Lithuania has opened new technical possibilities for the
use of orthophoto maps. Following the production of orthophoto maps based on aerial photographs from the
period 1992-1996, the development of GIS technologies in Lithuania expanded significantly. The
advancement of GIS has been and continues to be closely linked to innovations introduced in disciplines such
as geography, cartography, photogrammetry, remote sensing, geodesy, civil engineering, and statistics.
Photogrammetric methods are considered the most efficient for the creation and updating of digital maps.
Orthophoto plans are widely used for interpretation and digitization in the production of digital maps and
spatial datasets at various scales.

The planning and management of green spaces in urbanized areas are becoming an increasingly
important component of sustainable territorial development, as urbanization leads to the expansion of
impervious surfaces, reduces biodiversity, and deteriorates environmental quality (He et al., 2023; Hansen et
al., 2023). Studies highlight that the level of urbanization influences the effectiveness of green spaces (He et
al., 2023; Hansen et al., 2023). Moreover, urban expansion is directly linked to climate change, making
urbanization monitoring a crucial tool in both spatial planning (Mallick, 2021; Mallick et al., 2023) and
environmental protection contexts (Gilbert et al.; Shi, 2023).

Accurate spatial data analysis, land-use change monitoring, and sustainable planning strategies are
essential for ensuring effective urban development and environmental protection (Li, 2025; Nistor, 2021;
Mallick et al., 2024).

Overall, the reviewed studies highlight that urbanization-driven land-use changes require continuous
and methodologically robust monitoring to mitigate negative environmental and social impacts. The
integration of high-resolution spatial data and GIS-based analysis is therefore essential for supporting
sustainable urban planning, informed decision-making, and effective management of urban and peri-urban
territories.

Research Methodology

The study was conducted in Didvyriai village, Kaunas District Municipality, within a 50 ha study area.
This area was selected due to the rapid suburban urbanization taking place in recent decades. The chosen study
area is representative of a typical rapidly urbanizing suburban zone, where urban development is strongly
influenced by proximity to the city of Kaunas.

Spatial orthophoto data from the ORT10LT dataset, which has been collected nationwide in Lithuania
since 1995, were used in this study. The spatial resolution of these data ranges from 0.2 to 0.5 m, making them
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suitable for detailed identification of built-up areas and individual buildings. The analysis period covered
2005-2024.

The data were compiled through the interpretation of ORT10LT dataset layers produced in different
years since 1995. Following desk-based raster image interpretation, polygon and point feature layers were
created to represent built-up areas and individual buildings, respectively (Figure 1).

Fig. 1. Distribution of buildings in Didvyriai village territory during the periods of 2012-2013, 2015-2017,
2018-2020 and 2021-2023

Source: compiled by the authors

To assess changes in building size, the built-up area was calculated for each building and classified into
three categories: up to 100 m?, 101-200 m?, and 201-300 m?. Using GIS, the spatial structure of new buildings
within the territory, their distribution, and development directions were determined. Thematic map
visualizations were created, clearly illustrating urbanization dynamics and facilitating data comparison across
different periods. The collected data were analyzed using statistical indicators and period-to-period
comparisons. The analysis allowed for evaluating changes in the number of buildings, built-up areas, and size
categories during the studied period.

The obtained results were compared with the provisions of the Kaunas District Municipality Master Plan
(Kaunas..., 2025) to assess whether the actual development of built-up areas aligns with the planned functional
zones and principles of sustainable development.

To evaluate the potential development trend of built-up areas in Didvyriai village up to 2030, a linear
trend extrapolation method was employed, based on observed changes in the number of constructed buildings
over the analyzed period. This approach is commonly used in urbanization studies when the goal of forecasting
is to identify general development directions rather than to predict exact future scenarios (Hegazy et al., 2015;
Mallick et al., 2023).

The projection was derived from data covering 2005-2024, during which the number of buildings in
Didvyriai village increased from 3 to 133. The average annual growth rate of buildings was calculated and
subsequently extrapolated for the 2024-2030 period. This method allowed for an estimation of urbanization
growth, assuming that economic and demographic conditions remain relatively stable and that construction
intensity is not affected by potential economic crises.

Results and Discussion

According to the Kaunas District Municipality Master Plan, the majority of the Didvyriai village
territory has been designated as development areas intended for new residential zones with local
(polyfunctional) centers. The plan emphasizes that urban expansion should not increase in environmentally
sensitive areas, giving priority instead to the formation and optimization of existing urbanized structures.

The Kaunas Regional Development Plan for 2022-2030 outlines the development of green
infrastructure in urbanized areas to reduce air pollution and improve residents’ quality of life by establishing
and maintaining parks and increasing greenery in multi-apartment neighborhoods. One of the main drivers of
urbanization in the area is ongoing construction. Newly built structures are modern and comply with current
energy efficiency and environmental standards.

Analysis of data from 2005-2025 revealed that in 2005, the Didvyriai village study area contained only
three residential buildings, whereas during 2021-2023, their number increased to 88. The most recent
orthophotographic map identified an additional 45 new buildings, bringing the total number of buildings in the
study area at the end of the analyzed period to 133 (Table 1).
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Table 1

Changes in the Number of Buildings from 2005 to 2024

Year Number of Buildings Change (units) Change since start of monitoring
2005-2006 3 - -
2009-2010 25 22 22
2012-2013 30 5 27
2015-2017 42 12 39
2018-2020 53 11 50
2021-2023 88 35 85
2024 133 45 130

Source: compiled by the authors

From 2005 to 2023, the number of buildings in the study area increased steadily. The majority of
constructions occurred during the periods 2005-2006 and 2021-2025. It is likely that in 2008, when the
economic crisis began in Lithuania, the urbanization process slowed down, but it regained momentum from

2020 onwards.

Residential construction dominates in this area, accompanied by the necessary social infrastructure,
including scattered plots for commercial and public-use facilities that support the quality of social life and
development of the territory. The planned building type for the area consists of single-family and two-family
houses. Newly formed land plots, taking into account the surrounding established residential areas and

prevailing plot sizes, are no smaller than 0.0700 ha.

Analysis of building footprint data revealed that most buildings occupy an area of 101 - 200 m? (Table2).

Table 2
Building Footprint Areas in the Territory, 2005-2023
No. Built-up Area (m?) Construction Period No. Built-up Area (m?) Construction Period
1 120 2018-2020 45 110 2018-2020
2 194 2015-2017 46 110 2018-2020
3 135 2021-2023 47 110 2012-2013
4 196 2012-2013 48 110 2012-2013
5 145 2009-2010 49 110 2012-2013
6 92 2009-2010 50 110 2018-2020
7 180 2009-2010 51 110 2021-2023
8 212 2009-2010 52 110 2021-2023
9 186 2009-2010 53 110 2021-2023
10 212 2009-2010 54 110 2021-2023
11 212 2009-2010 55 110 2021-2023
12 195 2009-2010 56 110 2021-2023
13 110 2009-2010 57 110 2021-2023
14 102 2009-2010 58 110 2021-2023
15 202 2009-2010 59 110 2021-2023
16 130 2009-2010 60 110 2021-2023
17 130 2009-2010 61 110 2021-2023
18 130 2009-2010 62 110 2021-2023
19 188 2009-2010 63 110 2021-2023
20 190 2009-2010 64 110 2021-2023
21 220 2009-2010 65 110 2021-2023
22 220 2009-2010 66 110 2021-2023
23 130 2015-2017 67 110 2021-2023
24 90 2015-2017 68 110 2021-2023
25 120 2015-2017 69 110 2021-2023
26 90 2015-2017 70 110 2021-2023
27 50 2015-2017 71 110 2021-2023
28 190 2015-2017 72 110 2021-2023
29 155 2015-2017 73 110 2021-2023
30 220 2015-2017 74 280 2009-2010
31 150 2015-2017 75 90 2005-2006
32 115 2015-2017 76 110 2005-2006
33 115 2015-2017 77 130 2005-2006
34 80 2018-2020 78 130 2021-2023
35 260 2018-2020 79 130 2021-2023
36 140 2018-2020 80 130 2021-2023
37 180 2018-2020 81 160 2021-2023
38 140 2018-2020 82 180 2021-2023
39 300 2009-2010 83 110 2021-2023
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No. Built-up Area (m?) Construction Period No. Built-up Area (m?) Construction Period
40 110 2009-2010 84 120 2021-2023
41 110 2009-2010 85 142 2021-2023
42 180 2012-2013 86 143 2021-2023
43 120 2018-2020 87 144 2021-2023
44 110 2018-2020 38 145 2021-2023

Source: compiled by the authors

During the period 2005-2006, the study area contained only three residential buildings: 10-100 m? — 1
building; 101-200 m? — 2 buildings; 201-300 m? — 0 buildings.

In 20092010, there were 22 residential buildings in the study area. From 2006 to 2010, 22 new
buildings were constructed. They are located in the northwestern part of the study area and form a dense cluster.

During 2012-2013, the study area contained 30 residential buildings. From 2010 to 2013, five new
buildings were added, primarily in the western part of the territory. Based on footprint area, the buildings are
distributed as follows: 10-100 m? — 0 buildings; 101-200 m? — 5 buildings; 201-300 m? — 0 buildings.

In 20152017, there were 42 residential buildings in the study area. From 2013 to 2017, 12 new
buildings were constructed. According to their footprint area, the newly built structures are distributed as
follows: 10—100 m? — 3 buildings; 101-200 m? — 8 buildings; 201-300 m? — 1 building.

During 2018-2020, the study area contained 53 residential buildings. From 2017 to 2020, 11 new
buildings were constructed, primarily located in the northern part of the study area. Based on footprint area,
the new buildings are distributed as follows: 10—100 m? — 7 buildings; 101-200 m? — 4 buildings; 201-300 m?
— 0 buildings.

During the period 2021-2023, the study area contained 88 residential buildings. From 2020 to 2023, 35
new buildings were constructed, mostly in the southwestern part of the village. These new buildings primarily
occupy areas of 100-200 m?, indicating a trend toward constructing larger footprint buildings. Based on
footprint area, the distribution is as follows: 10-100 m? — 0 buildings; 100-200 m? — 35 buildings; 200-300 m?
— 0 buildings.

In 2025, the ORT10LT layer again indicated a significant increase in the number of buildings, all of
which are located in the southwestern part of the plots. By 2025, an additional 45 new buildings had been
constructed, predominantly in the southwestern part of the village, occupying areas of 100200 m?.

The analysis shows that throughout the entire period, residential buildings occupying 100—200 m? were
the most frequently constructed in the study area. Between 2022 and 2023, this footprint size was the most
dominant. These buildings allow for more efficient use of land, providing greater living space on the same
plot. Currently, small residential buildings prevail. While buildings larger than 200 m? were popular before
2010, their construction completely lost popularity from 2020 onwards (Figure 2).
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Fig. 2. Distribution of Buildings by Footprint Area in 2005-2023 in Didvyriai Village and Forecast

Source: compiled by the authors

Analyzing development trends, it can be stated that from 2005 to 2010, construction focused on larger
and more diverse houses. In 2010, as many as 10 buildings exceeding 200 m? were recorded, reflecting higher
investment activity and increased income typical of an economic upturn. Between 2013 and 2017, following
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the economic crisis, construction in 2013 dropped drastically. The development of buildings larger than 200
m? completely disappeared. From 2020 to 2024, development became dominated by a single category. In recent
years, the vast majority of buildings fall within the 101-200 m? range, indicating a strong demand for standard,
medium-sized single-family homes.

The forecasts indicate that the pace of development will maintain its upward trend, which may pose
significant challenges for the Didvyriai village region. According to the projections, by 2030, the number of
new buildings in Didvyriai village is likely to exceed 275 (considering only the period from 2024 to 2030).
This growth exceeds the capacity of both existing and planned infrastructure. Expanded water supply, sewage,
and road networks would be required beyond current capacities, directly resulting in inadequate infrastructure
in new residential areas.

The increase in the number of residential buildings will also raise demand for preschool and primary
education facilities. If these projections materialize, at least two new kindergartens or school branches may be
needed within six years, which is not accounted for in any current municipal planning documents. Each new
building implies at least one additional vehicle commuting to Kaunas city center during morning peak hours,
which would drastically increase traffic congestion and air pollution throughout the Kaunas district suburbs.

The forecast data clearly indicate that further development of Didvyriai village, if it continues along the
current trajectory without active municipal intervention, is unsustainable. It may lead to critical socio-
economic losses over the next decade.

Conclusions

1. From 2005 to 2025, the number of buildings in the study area increased steadily. The most intensive
construction periods were 2005-2006 and 2021-2023. During the 2008 economic crisis, urbanization slowed
down, but from 2020 onwards it accelerated. Collected data indicate that urban development has been
concentrated in the southwestern part of the village.

2. Classification of buildings by footprint area revealed that most constructions are residential buildings
with an area of up to 200 m?. In 2005, the study area in Didvyriai village contained only three buildings, one
of which fell into the up to 100 m? category, and two into the 101-200 m? category. By the end of the analyzed
period, the area contained 133 buildings. Of these, 110 buildings fall into the 101-200 m? range; 12 buildings
occupy up to 100 m?, and 11 buildings exceed 200 m?. Forecasts suggest that by 2030, the number of new
buildings could exceed 275. Further development may place a burden on infrastructure, increase traffic and air
pollution, and elevate demand for social services.

3. The analysis showed that the development of built-up areas in Didvyriai village does not fully comply
with the principles of sustainable development. Although buildings are designed for efficient land use, the
rapidly increasing number of residential houses may create social, economic, and environmental challenges if
effective spatial planning and infrastructure development are not implemented.
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URBANIZACIJOS DINAMIKOS VERTINIMAS PRIEMIESTINESE TERITORIJOSE TAIKANT GIS
PAGRJSTA MONITORINGA: KAUNO RAJONO SAVIVALDYBES DIDVYRIO KAIMO ATVEJU

Santrauka

Siame tyrime analizuojama uZstatyty teritorijy plétra Kauno rajono savivaldybés Didvyriai kaimo teritorijoje, taikant
GIS pagrista erdviniy duomeny analizg. Uzstatyty teritorijy plétra vertinama kaip sudétingas ir dinamiskas procesas, kurj
lemia gamtiniai, politiniai, ekonominiai, kultiiriniai ir socialiniai veiksniai. Tyrimo tikslas - jvertinti uzZstatytos teritorijos
plétros dinamikg ir darnumg Kauno rajono savivaldybés Didvyriai kaimo teritorijoje, taikant GIS pagrjsta erdviniy
duomeny analiz¢. Monitoringui naudoti ORT10LT ortofotografiniai zemélapiai, kuriy skiriamoji geba siekia 0,2—0,5 m,
kurie leidzia tiksliai identifikuoti pastatus ir jy uzstatymo plotus. Tyrimo rezultatai parodé, kad 2005-2025 m. laikotarpiu
pastaty skaicius analizuojamoje teritorijoje nuolat augo, o didZiausias statyby intensyvumas fiksuotas 2005-2006 m. ir
2021-2023 m. Ekonominés krizés laikotarpiu (2008 m.) urbanizacijos procesai buvo sulétéje, tac¢iau nuo 2020 m. vél
suintensyvéjo. Nustatyta, kad urbanizacijos plétra daugiausia susitelkusi pietvakaringje Didvyriai kaimo dalyje.
Prognozés rodo, kad iki 2030 m. naujy pastaty skai¢ius gali vir§yti 275 pastatus. Tyrimas atskleidé, kad esama plétros
kryptis nevisiS$kai atitinka darnios urbanizacijos principus, nes spartus uzstatyty teritorijy augimas gali didinti
infrastruktiiros apkrova, transporto srautus, oro tar§g ir didesn;j socialiniy paslaugy poreikj.

ReikSminiai ZodZiai: urbanizacija, GIS, ortofotografiniai Zemélapiai, darni plétra.
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DYNAMICS OF TREE AND SHRUB VEGETATION EXPANSION IN LITHUANIA 2016-2025

Edita Abalik$tiené, Vilma Salkauskiené
Lietuvos Inzinerijos Kolegija Higher Education Institution

Abstract

The article evaluates the extent and spatial distribution of tree and shrub vegetation expansion across Lithuanian
municipalities during the period 2016-2025. The analysis was carried out using data from the Land Fund of the Republic
of Lithuania for 2016, 2020, and 2025, applying comparative and regression analysis. It was determined that spontaneous
expansion of woody vegetation is a widespread process, although its intensity varies spatially. The results show that the
extent of tree and shrub expansion is not directly related to the average land productivity score of municipalities, and
these changes are driven by other factors.

Key words: Woody vegetation, Tree and shrub cover, Land cover change.

Introduction

In Lithuania, changes in tree and shrub vegetation have become increasingly evident since the early
1990s. By around the year 2000, more than one-tenth of former agricultural land had become overgrown with
low-value shrubs and young woody vegetation. The most significant increase in woody vegetation cover was
recorded between 2000 and 2006, when an average of 10,000 to 30,000 hectares of land per year underwent
natural overgrowth, with these areas later inventoried and, in some cases, officially added to the forest land
category (Nacionalinis, 2021). In addition to natural succession, part of the expansion of woody vegetation
resulted from planned afforestation measures. Since 2004, the implementation of Rural Development
Programme measures has encouraged the establishment of new forest stands on former agricultural land.
During the first EU funding period (2004—-2006), approximately 5,000 hectares of private land were afforested;
around 10,000 hectares were planted in 2007-2013, and approximately 7,000 hectares in 2014-2020 (Kryzk
et al., 2024). However, planned afforestation represents only a share of the overall increase in tree and shrub
cover, as natural overgrowth remained a major component of land cover change. International studies show
that the dynamics of woody vegetation expansion vary considerably across regions and depend on biophysical,
socio-economic, and institutional factors. The object of the study is tree and shrub vegetation cover. The study
applies statistical analysis, temporal comparison of reference years and regression modelling.

The aim of this study is to evaluate the extent and distribution of tree and shrub vegetation across
Lithuanian municipalities during the period from 2016 to 2025.

The objectives of the study are: (1) to assess changes in the share of trees and shrubs across Lithuanian
municipalities between 2016 and 2025, identifying those with the highest and lowest relative changes; and (2)
to analyse differences in woody vegetation expansion between urban and rural municipalities, as well as to
examine the relationship between land productivity and the extent of tree and shrub expansion.

The article is structured as follows: the first section presents the introduction; the second section
describes the materials and methods; the third section outlines the theoretical background; the fourth section
analyses the dynamics of tree and shrub expansion on agricultural land; and the final section presents the
conclusions.

Materials and methods

The study evaluated the extent of the spontaneous expansion of tree and shrub vegetation in Lithuanian
municipalities during the period 2016-2025. Municipalities were selected as the unit of analysis to enable a
comparison of the intensity of these processes across the country.

The research employed data from the Lithuanian Land Fund for the years 2016, 2020, and 2025. These
datasets contain detailed information on land-use categories and land cover, allowing the identification of areas
that transitioned to shrub- or tree-dominated vegetation. All datasets were aggregated at the municipal level to
ensure temporal comparability.

Woody vegetation was quantified in two ways: as an absolute area (ha) and as a percentage of the total
municipal land area. The use of both measures allowed the analysis to capture not only the overall scale of
change but also its relative significance in municipalities of different sizes and land-use structures.

Temporal changes were examined through a comparative analysis of the three reference years. Based on
the observed trends, a forecast was developed to estimate the potential continuation of tree and shrub vegetation
expansion under unchanged conditions.

To assess factors associated with the expansion of tree and shrub vegetation, a regression analysis was
conducted. The dependent variable was the change in tree and shrub vegetation area, while the primary
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explanatory variable was the average soil productivity score at the municipal level. Additional indicators, such
as the share of forest land in each municipality, were included to provide contextual information and support
the interpretation of the results.

Theoretical Background

Abandonment of agricultural land is widespread in many European countries (Cartwright, 2022). This
process most often occurs on low-productivity agricultural land where intensive farming activities are not
carried out (Dagiliit¢ & Kazanavicituté, 2024; Mozgeris & Jukneliené, 2021). Studies show that land
abandonment does not occur randomly but most often takes place in areas with unfavourable farming
conditions. A higher probability of shrub and tree growth is observed in hilly areas, on steep slopes, or near
existing forest areas (Kolecka et al., 2015; Pedley et al., 2022). In addition to natural conditions, vegetation
growth is also influenced by social and economic factors. Processes such as rural population decline, labour
shortages, increasing land parcel fragmentation, and changing agricultural markets have contributed to the
reduction of agricultural activity (Jukneliené et al., 2025).

In post-socialist countries, including Lithuania, these trends were further strengthened by economic and
institutional restructuring, when many small farms became economically unviable and remote, low-
productivity land parcels were abandoned (Prokopova et al., 2018). Over time, these areas developed into
shrublands and young forest stands (Tiskuté-Memgaudieneé, 2021; Ivaviciaité, 2023). Such expansion is
associated with various ecological consequences. New areas of woody vegetation contribute to carbon
accumulation and improve soil stability (Fayet et al., 2022; Sujetoviené & Dabasinskas, 2022). These areas
are increasingly recognised as potential sites for habitat restoration and for strengthening ecological networks
(Wang et al., 2023).

However, the expansion of woody vegetation is not evaluated only positively. The loss of open grassland
habitats poses a threat to species, and the abandonment of pastures and meadows is associated with a decline
in herbaceous biodiversity (Prus et al., 2022). In addition to ecological aspects, land-use changes affect cultural
landscapes and rural identity, as long-established agricultural structures are replaced by unmanaged vegetation
(Frei et al., 2020). Reduced agricultural activity may weaken economic resilience, particularly in peripheral
rural regions (Pawlewicz & Pawlewicz, 2023).

The processes observed in Lithuania correspond to general European trends (Liu et al., 2022; Plieninger
et al., 2016). Although afforestation support measures have been implemented in the country since 2004, the
expansion of trees and shrubs on agricultural land still occurs mainly due to spontaneous natural regeneration
rather than planned tree planting (Mozgeris et al., 2021). National land monitoring and forest inventory data
confirm the continued increase of woody vegetation on agricultural land (Petrokas et al., 2025).

This study contributes to the existing body of research by analysing municipality-level changes in tree
and shrub vegetation in Lithuania between 2016 and 2025, using official land fund and land-use monitoring
data (ZISIS, 2025). The study quantifies the extent of spontaneous woody vegetation expansion and examines
the key factors associated with its spatial variation across the country within the broader context of land-use
change processes.

Dynamics of tree and shrub expansion
Currently, forests cover more than one-third of Lithuania’s territory, totaling approximately 2.2 million
hectares. An analysis was conducted of forested areas within the national land fund, providing insights into
their long-term dynamics and changing share within the overall land-use structure (Table 1).
In addition, areas of trees and shrubs not classified as forests, such as isolated stands, groups, or rows
covering at least 0.1 ha, as well as green corridors, parks, and squares, were included in the analysis.
Between 2016 and 2025, the area of trees and shrubs in Lithuania increased markedly, from 158,559 ha
to 218,356 ha. In relative terms, these areas accounted for approximately 2.4% and 3.4% of the national
territory, respectively. The net increase over the study period therefore amounted to to nearly 0.9% of
Lithuania’s total land area. This steady growth indicates a persistent and spatially widespread process of woody
vegetation expansion within agricultural land, rather than short-term or episodic land cover fluctuations.
Table 1
Dynamics of spontaneous woodland and shrub expansion in Lithuanian municipalities

Municipality Area of trees and shrubs land (ha) Municipality Area of trees and shrubs land (ha)
2016 2020 2025 change 2016 2020 2025 change
Akmene 1100 1302 1457 357 Palanga city 246 270 325 80
Alytus city 189 235 215 26 Panevezys city 264 351 417 154
Alytus 4519 5670 6484 1964 Panevezys 2447 3723 3853 1406
Anyksciai 6245 9181 9656 3411 Pasvalys 1831 1757 1669 -162
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Municipality Area of trees and shrubs land (ha) Municipality Area of trees and shrubs land (ha)
2016 2020 2025 change 2016 2020 2025 change
Birstonas 353 377 456 103 Plunge 1984 2517 2869 885
Birzai 2117 2889 2818 701 Prienai 2671 3210 3489 819
Druskininkai 950 1223 1286 336 Radviliskis 2747 3481 3927 1180
Elektrenai 1880 2449 2702 822 Raseiniai 2983 3290 3676 693
Ignalina 4882 6775 6801 1919 Rietavas 630 771 899 268
Jonava 1714 2153 2298 585 Rokiskis 5883 8691 8853 2970
Joniskis 588 988 1074 486 Skuodas 973 1154 1330 357
Jurbarkas 1471 1863 2211 740 Sakiai 1502 1854 2048 546
Kaisiadorys 3750 4667 5147 1398 Salcininkai 5163 6433 6253 1090
Kalvarija 1275 2130 2400 1126 Siauliai city 393 481 592 199
Kaunas city 565 731 722 157 Siauliai 3245 3301 3860 615
Kaunas 2688 3395 3616 928 Silale 1542 1839 2206 664
Kazlu Ruda 1449 1603 1821 373 Silute 2813 3908 4453 1640
Kedainiai 2230 2512 2549 319 Sirvintos 2678 3747 4034 1356
Kelme 5747 7509 8521 2774 Svencioniai 6102 7332 7698 1597
Klaipeda city 645 433 483 -162 Taurage 2190 2950 3368 1179
Klaipeda 2648 2377 2784 136 Telsiai 3011 3694 4192 1181
Kretinga 1054 1140 1395 341 Trakai 5779 6495 6609 830
Kupiskis 1894 2832 3288 1393 Ukmerge 3585 4878 5463 1878
Lazdijai 4705 6108 7361 2656 Utena 4884 7394 7549 2665
Marijampole 813 1016 1071 258 Varena 4379 5035 5390 1011
Mazeikiai 1181 1610 1673 493 Vilkaviskis 2969 3424 3513 544
Moletai 7260 9000 10277 3017 Vilnius city 1208 1623 1968 760
Neringa 1 11 21 20 Vilnius 11460 13818 14402 2942
Pagegiai 1497 1974 2025 528 Visaginas 152 213 312 160
Pakruojis 2275 2673 2588 313 Zarasai 5163 7873 7939 2775
Total in Lithuania: 158559 | 202331 218356 59797

Source: compiled by the authors using data from the Land Fund of the Republic of Lithuania.

An analysis of land-use change at the municipal level reveals a clear and consistent increase in the
natural expansion of shrubs and trees across most Lithuanian municipalities. At the same time, the magnitude
and pace of woody vegetation expansion vary considerably among regions, reflecting differences in
environmental conditions, land productivity, demographic patterns, and local land-use practices. In several
municipalities, the increase in tree and shrub cover was particularly pronounced, exceeding 2,500 ha over the
study period. In contrast, most municipalities experienced more moderate changes, generally ranging from 100
to 1,500 ha, indicating the widespread but gradual nature of land abandonment or low-intensity agricultural
use across the country.

In contrast to this general pattern, a limited number of municipalities experienced stable or slightly
decreasing areas of trees and shrubs on agricultural land. In Klaipéda municipality, for instance, a small
reduction in woody vegetation was observed, most likely linked to urban expansion, infrastructure
development, and construction activities that replaced previously overgrown areas. A comparable trend was
identified in Pasvalys municipality, where the area covered by shrubs and trees decreased by approximately
162 ha.

This decline is particularly noteworthy given the relatively high land productivity in Pasvalys
municipality and the prevalence of intensive agricultural practices. These conditions suggest that active land
use, consistent cultivation, and effective land management can limit or even reverse spontaneous woody
vegetation expansion at the local scale. Such cases underline the importance of human land-use decisions in
shaping land-cover dynamics, in contrast to the dominant national trend of natural vegetation encroachment.
Overall, the findings indicate that spontaneous expansion of woody vegetation continues to affect a substantial
proportion of agricultural land in Lithuania.

To evaluate the dynamics of spontaneous woodland and shrub expansion on agricultural land across
Lithuanian municipalities, several indicators were analyzed (Table 2).

Table 2
Indicators of woodland and shrub spontaneous expansion in rural Lithuanian municipalities
. Change in shrubs and o
Municipality Area (ha) Productivity Forest area Fore:t trees area, 20162025 Chan‘ge.: as % of
score (ha) area (%) (ha) municipal area
Akmene 84379 474 26382 313 357 0.4
Alytus 140339 38.7 34699 24.7 1964 1.4
Anyksciai 176411 37.5 57751 32.7 3411 1.9
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Municipality Area (ha) Productivity Forest area Forest g:;nfree;? ;g%liszgg(; Chan‘gc? as % of
score (ha) area (%) (ha) municipal area
Birzai 147579 47.4 40596 27.5 701 0.5
Druskininkai 45301 32.7 31220 68.9 336 0.7
Elektrenai 50870 36.1 16836 33.1 822 1.6
Ignalina 144084 36.2 52707 36.6 1919 1.3
Jonava 94352 42.6 39108 414 585 0.6
Joniskis 115163 50.5 22191 19.3 486 0.4
Jurbarkas 150618 48.0 56531 37.5 740 0.5
Kaisiadorys 108664 38.5 35892 33.0 1398 1.3
Kalvarija 44026 383 5208 11.8 1126 2.6
Kaunas 149548 48.0 48503 324 928 0.6
Kazlu Ruda 55453 38.4 32254 58.2 373 0.7
Kedainiai 167664 51.6 43149 25.7 319 0.2
Kelme 170464 37.6 50817 29.8 2774 1.6
Klaipeda 132336 38.8 34690 26.2 136 0.1
Kretinga 98930 39.2 34171 34.5 341 0.3
Kupiskis 108008 41.8 31539 29.2 1393 1.3
Lazdijai 130609 36.9 45732 35.0 2656 2.0
Marijampole 75486 48.5 11086 14.7 258 0.3
Mazeikiai 121958 433 35689 29.3 493 0.4
Moletai 136682 34.6 42428 31.0 3017 2.2
Pagegiai 53542 37.6 8869 16.6 528 1.0
Pakruojis 131520 47.5 25751 19.6 313 0.2
Panevezys 217712 474 74988 344 1406 0.6
Pasvalys 128887 52.3 21898 17.0 -162 -0.1
Plunge 110549 353 39123 354 885 0.8
Prienai 103254 40.5 28600 27.7 819 0.8
Radviliskis 163406 472 40114 24.5 1180 0.7
Raseiniai 157284 42.1 37474 23.8 693 0.4
Rietavas 58562 359 31270 53.4 268 0.5
Rokiskis 180631 384 53797 29.8 2970 1.6
Skuodas 91095 39.9 18179 20.0 357 0.4
Sakiai 145374 48.5 33764 232 546 0.4
Salcininkai 149261 36.4 68449 45.9 1090 0.7
Siauliai 180687 45.1 61677 342 615 0.3
Silale 118804 34.2 35014 29.5 664 0.6
Silute 168245 34.9 37527 22.3 1640 1.0
Sirvintos 90544 38.6 28756 31.8 1356 1.5
Svencioniai 169149 36.4 94821 56.1 1597 0.9
Taurage 117866 37.9 45145 383 1179 1.0
Telsiai 143858 35.8 48809 339 1181 0.8
Trakai 120734 33.2 58698 48.6 830 0.7
Ukmerge 139479 39.7 45235 324 1878 1.3
Utena 123019 35.1 41765 339 2665 2.2
Varena 221587 34.2 148093 66.8 1011 0.5
Vilkaviskis 126281 452 13690 10.8 544 0.4
Vilnius 212899 36.0 86821 40.8 2942 1.4
Zarasai 133133 35.5 51060 384 2775 2.1

Source: compiled by the authors

The dataset includes the total area of municipalities and the average land productivity score. Forest area
is presented both in hectares and as a proportion of total municipal land, allowing for meaningful comparisons
between regions of different sizes and land use intensity. Attention was given to changes in woodland and
shrubs land between 2016 and 2025, expressed both in absolute values (ha) and as a percentage of total
municipal area. This dual presentation provides a comprehensive understanding of both the magnitude and the
relative importance of spontaneous expansion within local agricultural land.

Based on this trend, a forecast was conducted to assess how tree and shrub encroachment may continue
to increase on agricultural land in the future (Fig. 1).

27




700000 616071
600000

—,//

500000 — 530825
400000 e

300000 == 344835
282838
200000
100000
0

218356
158559

84014

2012 2016 2020 2024 2028 2032 2036 2040 2044 2048 2052 2056 2060 2064 2068 2072 2075

Fig. 1. Forecast of tree and shrub vegetation spontaneous expansion
Source: compiled by the authors

The forecast is based on observed trends in the expansion of developing tree and shrub vegetation
between 2012 and 2025, during which the total area increased substantially. Linear extrapolation of this trend
indicates a continued long-term increase, with the total area projected to exceed 300,000 ha in the mid-term
and approach 600,000 ha in the long term, assuming no major changes in land-use practices.

A regression analysis (Fig. 2) was conducted to examine the relationship between municipal land
productivity scores and the extent of spontaneous expansion of woodland and shrubs on agricultural land across
Lithuanian municipalities. The aim was to determine whether areas with higher agricultural suitability were
more or less prone to spontaneous expansion.
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Fig. 2. Regression of spontaneous woodland and shrub area on municipal land productivity
Source: compiled by the authors

The results indicate a weak positive correlation (» = 0.30) between land productivity and the area of
spontaneous woodland and shrub expansion. This suggests that although more productive land may slightly
increase the likelihood of spontaneous afforestation, the relationship is neither strong nor predictive. Local
environmental and socio-economic factors - such as land abandonment patterns, soil texture, topographic
variability, proximity to existing forest patches, and specific land management regimes - appear to exert a more
substantial influence on the dynamics of natural vegetation encroachment.

Comparative studies conducted in various European regions, including Eastern Europe, indicate that
farmland abandonment and subsequent natural vegetation regeneration are primarily shaped by long-term land-
use trajectories, demographic transformations, governance arrangements, and agricultural policy instruments
rather than by single biophysical factors (Plieninger et al., 2016; Fayet et al., 2022; Prokopova et al., 2018).
Evidence from post-socialist countries, including Lithuania, further demonstrates that agricultural land
productivity on its own provides limited explanatory power for spontaneous afforestation patterns, which are
instead driven by a combination of socio-economic and institutional conditions (Jukneliené et al., 2025).

Conclusions

1. Between 2016 and 2025, the share of trees and shrubs in Lithuania increased from 2.4% to 3.4% of
the national territory, indicating a sustained expansion of spontaneous woody vegetation. The highest relative
increases were observed in Kalvarija, Utena, Moletai, and Zarasai district municipalities (+2.1-2.6%), while
minimal changes (<0.2%) occurred in Kedainiai, Pakruojis, Klaipeda district, and Marijampole municipalities.
Pasvalys district municipality was the only municipality showing a slight decline (-0.1%).
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2. Urban municipalities, including Klaipeda, Alytus, and Siauliai city municipalities, exhibited

consistently low increases (0.1-0.3%), reflecting more intensive land use compared to district municipalities.
Regression analysis showed a weak relationship between land productivity and woody vegetation expansion
(r=10.30).
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MEDZIU IR KRUMU AUGMENIJOS PLITIMO DINAMIKA LIETUVOJE 2016-2025

Santrauka

Straipsnyje vertinamas medziy ir kriimy augmenijos plitimo mastas ir pasiskirstymas Lietuvos savivaldybése 2016—
2025 m. laikotarpiu. Analizé atlikta naudojant Lietuvos Respublikos zemés fondo 2016, 2020 ir 2025 m. duomenis, taikant
lyginamaja ir regresing analizg¢. Nustatyta, kad analizuojamu laikotarpiu medziy ir krtimy plotas padidéjo nuo 2,4 % iki
3,4 % Salies teritorijos. DidZiausi santykiniai augmenijos plitimo poky¢iai nustatyti Kalvarijos, Utenos, Moléty, Zarasy
ir Lazdijy rajono savivaldybése, o Pasvalio rajono savivaldybé¢je fiksuotas nezymus sumazejimas. Miesty savivaldybése,
tokiose kaip Klaipédos, Alytaus ir Siauliy miestai, medziy ir kramy plitimas buvo nedidelis, kas siejama su intensyvesniu
zemés naudojimu. Regresiné analizé atskleidé silpna rysj tarp savivaldybiy vidutinio Zemés naSumo balo ir medziy bei
krtimy plitimo masto, nustatyta, kad Siuos pokyc¢ius lemia kiti aplinkos ir socialiniai veiksniai.
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A COMPUTATIONAL FRAMEWORK FOR EVALUATING SPRUCE SEEDLING QUALITY
UNDER VARIABLE SOIL MOISTURE CONDITIONS

Vilda Grybauskiene, Gitana Vyciene
Lietuvos Inzinerijos Kolegija Higher Education Institution

Abstract

Soil moisture is a critical factor determining the survival and quality of forest nursery seedlings, particularly under
increasingly variable climatic conditions. This study presents a computational framework for evaluating the quality of
Norway spruce (Picea abies) seedlings under different irrigation regimes using a model-based analysis supported by
synthetic data generation. Instead of relying on time-specific field measurements, the proposed approach integrates
statistically reconstructed seedling growth responses to assess irrigation performance across alternative planting seasons
and soil moisture scenarios. Synthetic datasets representing seedling height, stem diameter, and survival probability were
generated for spring and summer planting under three moisture regimes: natural soil moisture, 70 — 100% field capacity,
and 80 — 100% field capacity. The synthetic values were parameterized based on documented growth trends, variability
ranges, and reported correlations between morphological parameters. Seedling quality was evaluated using probability-
based indicators, including the likelihood of meeting minimum height and stem diameter requirements, as well as a
combined quality compliance metric.

The results reveal pronounced differences between irrigation and planting scenarios. Controlled soil moisture
conditions substantially increased the probability of meeting quality requirements, particularly for spring planting.
Summer planting scenarios exhibited higher variability and lower compliance probabilities, even under irrigation,
indicating an elevated risk profile that cannot be fully offset by moisture control alone.

The proposed computational framework enables flexible scenario analysis and clear visual interpretation of
quality-related outcomes, supporting probability based and decision making in forest nursery engineering. This approach
complements empirical studies by providing a transparent, transferable methodological tool for evaluating irrigation
strategies across variable environmental conditions.

Key words: spruce (Picea abies) seedlings; irrigation; soil moisture; synthetic data modelling; seedling quality
assessment.

Introduction

Soil moisture is one of the most influential environmental factors affecting the survival, growth, and
overall quality of forest nursery seedlings. Adequate water availability during early developmental stages
directly influences key morphological attributes such as seedling height and stem diameter, which are widely
used as practical indicators of planting stock quality and post-planting performance (Haase, 2007; Grossnickle,
2012). Increasing climatic variability, manifested in more frequent droughts and irregular precipitation
patterns, has further intensified the need for effective, adaptive irrigation strategies in forest nursery
management (Aliarab et al., 2020; Jeong et al., 2024).

Norway spruce (Picea abies) is among the most economically and ecologically important tree species
in Northern and Central Europe. The quality of spruce planting stock is strongly dependent on nursery
cultivation practices, particularly soil moisture management during seedling growth (Grossnickle &
MacDonald, 2018). Numerous studies have demonstrated that both insufficient and excessive soil moisture
can negatively affect seedling morphology, survival, and physiological stability, ultimately reducing
establishment success after out planting (South et al., 2005; Pinto et al., 2023). Consequently, morphological
indicators especially height and stem diameter remain central criteria for evaluating seedling quality in
operational forest nurseries (Haase, 2007; Dumroese et al., 2020).

Traditionally, the effects of irrigation regimes on seedling quality have been investigated through field
or nursery experiments conducted under specific site and temporal conditions (Dumroese et al., 2020). While
such empirical studies provide valuable insights, their applicability is often constrained by local soil
characteristics, climatic variability, and logistical limitations. Moreover, experimental assessments typically
focus on mean values, which may obscure variability and the risks associated with seedling quality outcomes
across different management scenarios (Grossnickle & MacDonald, 2018).

In response to these limitations, model-based and probabilistic approaches have gained increasing
attention in agricultural and environmental engineering as complementary tools to empirical experimentation.
Such approaches allow systematic exploration of alternative management scenarios and support risk-oriented
decision making by explicitly accounting for variability in system responses (Puoetsile, 2023); Aliarab et al.,
2020). The use of synthetic data, derived from documented growth relationships and variability ranges reported
in the literature, has been proposed as a transparent and reproducible strategy for evaluating system behavior
when extensive empirical datasets are unavailable or impractical to obtain.
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Despite growing interest in modelling approaches, their application to forest nursery seedling quality
assessment remains limited. Few studies integrate probability-based evaluation of morphological quality
indicators with irrigation scenario analysis across different planting seasons. Addressing this gap is essential
to developing decision-support tools that complement empirical nursery studies and assist practitioners in
adapting irrigation strategies to increasingly variable environmental conditions (Saltelli et al., 2020).

Therefore, this study proposes a computational, model-based framework for evaluating the quality of
Norway spruce seedlings under different irrigation regimes and planting seasons. By employing synthetic
datasets parameterized from established morphological relationships, the framework enables probability-based
assessment of seedling quality outcomes and provides a structured basis for comparing irrigation strategies
beyond site-specific experimental constraints.

The aim of this study was to develop and apply a computational, model-based framework for evaluating
the quality of Norway spruce (Picea abies) seedlings under different irrigation regimes and planting seasons
using probability-based indicators derived from synthetic data. The specific objectives were to define
representative soil moisture and planting scenarios relevant to forest nursery practice, to generate statistically
reconstructed datasets describing seedling height, stem diameter, and survival probability, and to compare the
likelihood of meeting minimum morphological quality requirements across scenarios. The scientific novelty
of this study lies in the integration of synthetic data generation with probability-based evaluation of seedling
quality, enabling a systematic assessment of variability and risk associated with irrigation and planting
decisions beyond site and time specific experimental constraints.

Materials and methods

This study applies a computational, model-based approach to evaluate the quality of Norway spruce
(Picea abies) seedlings under different irrigation regimes and planting seasons. The methodological framework
was designed to support comparative scenario analysis rather than site-specific prediction, enabling
probability-based assessment of seedling quality outcomes. The approach complements empirical nursery
studies by enabling systematic exploration of the variability and risks associated with irrigation and planting
decisions (Grossnickle & MacDonald, 2018).

Scenario definition. Six planting and irrigation scenarios were analyzed by combining two planting
seasons (spring and summer) with three soil moisture regimes: (i) natural soil moisture without irrigation, (ii)
moderate irrigation maintaining soil moisture at 70 — 100 % of field capacity, and (iii) intensive irrigation
maintaining soil moisture at 80 — 100 % of field capacity. These regimes reflect commonly applied irrigation
practices in forest nurseries and thresholds reported in nursery management literature (Dumroese et al., 2020).

The distinction between spring and summer planting scenarios was included because documented
differences in water-stress exposure and conifer seedling establishment success across planting seasons
(Grossnickle, 2012; Pinto et al., 2023).

Synthetic data generation. Synthetic datasets describing seedling height (cm), stem diameter (mm), and
survival probability were generated for each scenario. For every planting and irrigation combination, a fixed
sample size was simulated to ensure statistical comparability across scenarios.

Seedling height and stem diameter values were generated using a multivariate normal distribution,
parameterized with scenario-specific mean and standard deviation values derived from reported growth trends
and variability ranges in forest nursery studies (Haase, 2007; South et al., 2005). Correlation between height
and stem diameter was explicitly incorporated to reflect biologically plausible allometric growth relationships
commonly observed in conifer seedlings (Thompson, 1985; Grossnickle, 2012). Lower bounds were applied
to prevent biologically unrealistic values.

Survival probability was modelled separately using a Bernoulli process, with scenario-specific
probabilities reflecting differences in planting season and soil moisture regime. This probabilistic
representation aligns with approaches used to describe seedling survival under variable environmental
conditions (Pinto et al., 2023; Dumroese et al., 2022).

The use of synthetic data in this study follows established principles for transparent and reproducible
modelling, where data are statistically reconstructed from documented relationships rather than generated
arbitrarily. Seedling quality criteria and evaluation. Seedling quality was assessed using morphologically based
criteria widely applied in forest nursery practice. Minimum thresholds of seedling height (= 25 cm) and stem
diameter (> 5 mm) were selected based on their documented relevance for planting stock performance and
early survival (Haase, 2007; Dumroese et al., 2020).

Quality outcomes were evaluated using probability-based indicators, including the probability of
meeting the minimum height requirement, the probability of meeting the minimum stem diameter requirement,
and the combined probability of meeting both criteria simultaneously. This probabilistic formulation allows
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explicit assessment of variability and risk, providing a more informative evaluation than reliance on mean
values alone (Grossnickle & MacDonald, 2018; Mexal & Landis, 1990).

Statistical analysis and visualization. Descriptive statistics were calculated for all simulated variables to
characterize central tendency and variability across scenarios. Differences between planting seasons and
irrigation regimes were analyzed using probability-based quality indicators. Relationships between seedling
height and stem diameter were examined through correlation analysis and visualized using scatter plots to
illustrate structural patterns in the synthetic datasets (Thompson, 1985; South et al., 2005; Dumroese et al.,
2022).

The computational procedure ensures full reproducibility of the analysis by allowing adjustment of input
parameters and scenario definitions, enabling consistent comparison of alternative irrigation and planting
strategies.

Methodological scope and limitations. The proposed framework is intended to support comparative
scenario analysis rather than to replace empirical field or nursery experiments. Site-specific soil properties,
microclimatic variability, and long-term physiological acclimation processes were not explicitly modelled.
Consequently, the results should be interpreted as indicative of relative differences between scenarios rather
than as absolute predictions of field performance. These limitations are consistent with recommended practices
for transparent use of simulation-based methods in environmental and agricultural engineering research
(Puoetsile, 2023).

Results
Overall patterns of seedling quality across scenarios. The probability-based analysis revealed clear
differences in spruce seedling quality between planting seasons and irrigation regimes. Across all scenarios,
spring planting consistently resulted in higher survival and higher probabilities of meeting minimum
morphological quality requirements compared with summer planting (Table 1). Irrigation intensity further
modified these outcomes, indicating a strong interaction between planting season and soil moisture
management. Table 1 summarizes the synthetic descriptive statistics and probability-based quality indicators
for all analysed scenarios.
Table 1
Synthetic summary of spruce seedling quality indicators under different planting seasons and
irrigation regimes

Mean SD Mean SD P (height P (both
height | height | diameter diameter | Survival >25 cm) P (diameter | requirements)
Scenario (cm) (cm) (mm) (mm) (%) (%) >5 mm) (%) (%)
Spring No irrigation 35 7,8 4.9 1.3 91 95 96 91
Spring 70 — 100% FC 43 8,5 5.4 1.2 99 99 98 97
Spring 80 — 100% FC 44,5 8,7 5.8 1.2 99 100 100 99
Summer
No irrigation 21 6,5 4 1.3 72 35 45 38
Summer 70 —-100%
FC 23 6 5 1.2 88 50 59 55
Summer 80 -100%
FC 24,5 6 5.8 1.2 90 75 72 74

Probability-based evaluation revealed pronounced contrasts in combined seedling quality outcomes
between planting seasons and irrigation regimes. While Table 1 summarizes scenario-level indicators, the
comparative structure of these outcomes highlights systematic differences in both performance and risk
profiles across management options. Spring planting scenarios consistently exhibited more stable quality
responses, with high compliance probabilities maintained across varying soil moisture conditions. This
stability indicates that under favourable seasonal conditions, irrigation primarily enhances uniformity rather
than fundamentally altering quality outcomes.

In contrast, summer planting scenarios were characterized by markedly greater sensitivity to soil
moisture conditions. The combined quality response in these scenarios showed stronger dependence on
irrigation intensity, reflecting increased vulnerability of seedlings to suboptimal moisture availability. Even
under controlled irrigation, the spread of quality outcomes remained wider than in spring planting scenarios,
suggesting that seasonal stress factors contribute to persistent variability beyond moisture control alone. This
distinction between seasonal response patterns is further illustrated through the probabilistic representation of
combined quality compliance presented in Figure 1.
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Spring — No irrigation 91
Spring — 70-100% FC g7
Spring - 80-100% FC 89
Summer - Mo irrigation 38
Summer - 70-100% FC 55
Summer — 80-100% FC 74

Fig. 1. Probability of spruce seedlings meeting both height and stem diameter requirements under different
planting and irrigation scenarios

The relationship between seedling height and stem diameter demonstrated a consistent positive
association across all planting and irrigation scenarios, indicating coordinated morphological development of
spruce seedlings (Figure 2). This structural relationship remained evident regardless of moisture regime,
suggesting that the underlying allometric growth pattern was preserved across management conditions. At the
same time, the distribution of data points revealed clear differences in variability and dispersion between
scenarios, reflecting distinct morphological response patterns associated with planting season and soil moisture
management.

e Spring, 70-100% FC
Spring, 80-100% FC
Spring, No irrigation
e Summer, 70-100% FC
84 Summer, 80-100% FC
e Summer, No irrigation ° ° - °

Stem diameter (mm)

T T T T T T

10 20 30 40 50 60 70
Height (cm)

Fig. 2. Synthetic height — diameter relationship of spruce seedlings under different planting and irrigation
scenarios (sampled points)

Spring planting scenarios were characterized by more compact point distributions, particularly under
irrigated conditions, indicating greater uniformity in seedling morphology and reduced variability among
individuals. The clustering of height—diameter values suggests more homogeneous growth responses, which
are typically associated with favourable establishment conditions. In contrast, summer planting scenarios
exhibited noticeably broader dispersion, especially under natural soil moisture conditions, reflecting increased
heterogeneity in morphological development. This wider spread indicates that individual seedlings responded
more variably to environmental conditions, resulting in less uniform growth patterns.

34



Although intensive irrigation reduced dispersion in summer planting scenarios, the variability remained
higher than that observed for spring-planted seedlings. The persistence of broader distributions under summer
planting highlights the influence of seasonal conditions on morphological variability that cannot be fully
compensated by soil moisture control alone. These structural differences in height—diameter relationships
across scenarios provide additional insight into the variability of seedling quality outcomes beyond aggregated
summary indicators.

Survival probabilities exhibited patterns consistent with those observed for morphological quality
indicators, reinforcing the interaction between planting season and soil moisture regime. Spring-planted
seedlings showed consistently high survival across all irrigation scenarios, with relatively narrow variation,
indicating stable establishment conditions. High survival rates were maintained even under natural soil
moisture, while irrigated spring scenarios further reduced variability among seedlings. This pattern suggests
that favourable seasonal conditions support robust survival responses across a range of moisture management
strategies.

In contrast, summer planting scenarios were associated with lower and more variable survival outcomes.
Under natural soil moisture conditions, survival was markedly reduced, reflecting increased stress exposure
during establishment. Irrigation substantially improved survival in summer planting scenarios; however,
variability remained higher than in spring planting even under controlled moisture conditions. The persistence
of variability indicates that seasonal effects extend beyond water availability alone and contribute to
heterogeneous survival responses among seedlings.

Taken together, the probability-based synthesis of survival and morphological quality outcomes
highlights the dominant role of planting season in shaping both performance and risk profiles. While irrigation
consistently improved seedling quality and survival, its effectiveness was strongly modulated by planting
season. The probabilistic framework enabled explicit comparison of these combined effects, revealing
differences in variability and compliance likelihood that would not be captured through mean values alone.
This integrated assessment provides a more comprehensive representation of seedling performance under
alternative management scenarios.

Discussion

The results of this study confirm the central role of soil moisture management and planting season in
determining the quality and survival of Norway spruce seedlings, while also demonstrating the added value of
a probability-based, computational evaluation framework. Morphological indicators such as seedling height
and stem diameter, which are widely recognized as reliable proxies for planting stock quality (Haase, 2007;
Grossnickle & MacDonald, 2018), showed clear and systematic responses to irrigation regimes and seasonal
conditions. The observed differences between spring and summer planting scenarios are consistent with
previous findings that emphasize the importance of favourable environmental conditions during early
establishment for conifer seedlings (Grossnickle & MacDonald, 2018).

The consistently high quality compliance and survival probabilities observed under spring planting
across all moisture regimes align with earlier studies reporting improved establishment success when seedlings
experience lower evaporative demand and reduced physiological stress during planting and early growth
(South et al., 2005; Pinto et al., 2023). In this context, irrigation during spring planting appears to enhance
uniformity rather than fundamentally altering seedling performance, as reflected by the relatively compact
morphological distributions and limited variability observed in the results. This supports the notion that under
favourable seasonal conditions, nursery management practices primarily act to stabilize growth responses
rather than to compensate for severe environmental constraints.

In contrast, summer planting scenarios exhibited markedly lower and more variable outcomes, even
under irrigated conditions. These findings are consistent with literature indicating that increased temperature
and moisture stress during summer planting can negatively affect both morphological development and
survival of seedlings (Grossnickle & MacDonald, 2018; Pinto et al., 2023). Although irrigation substantially
improved survival and quality compliance in summer planting scenarios, the persistence of higher variability
suggests that soil moisture control alone cannot fully offset the influence of seasonal stress factors. This
observation reinforces previous conclusions that irrigation effectiveness is strongly context-dependent and
interacts with broader environmental conditions (Dumroese et al., 2020).

A key contribution of this study lies in the explicit consideration of variability and risk through
probability-based indicators. Traditional assessments of seedling quality often rely on mean morphological
values, which may mask heterogeneity in individual responses and underestimate the likelihood of substandard
outcomes (Grossnickle & MacDonald, 2018). By contrast, the probabilistic framework applied here enabled
quantification of the likelihood of meeting minimum quality thresholds under different management scenarios.
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This approach provides a more nuanced representation of seedling performance and aligns with
recommendations to incorporate uncertainty and variability into environmental and agricultural modelling.

The use of synthetic data further supported flexible scenario analysis without dependence on site-
specific experimental datasets. Synthetic datasets, when parameterized from established growth relationships
and variability ranges, offer a transparent and reproducible means of exploring alternative management
options. In the context of forest nursery research, this approach complements empirical studies by enabling
systematic comparison of scenarios that may be impractical or resource intensive to test experimentally.
However, as emphasized in literature, such modelling approaches should be interpreted as supportive rather
than substitute to field-based experimentation.

Overall, the findings underscore the importance of integrating planting season considerations with
irrigation management when evaluating seedling quality outcomes. The probabilistic, model based framework
presented in this study provides a structured means of assessing both performance and risk, offering practical
insights into nursery management while remaining consistent with established understanding of seedling
physiology and quality assessment. By bridging empirical knowledge and computational analysis, the
approach contributes to the development of decision-support tools suited to increasingly variable
environmental conditions.

Conclusions

1. The proposed computational framework effectively quantified differences in spruce seedling
quality across irrigation regimes and planting seasons, demonstrating its applicability for probability-based
assessment of nursery management scenarios.

2. Under spring planting conditions, the probability of meeting both minimum height (>25 c¢cm) and
stem diameter (>5 mm) requirements exceeded 90% across all irrigation regimes and reached up to 99% under
intensive irrigation (80 — 100% field capacity).

3. Summer planting was associated with substantially lower quality compliance and higher variability.
Without irrigation, only 38% of seedlings met both quality requirements, while intensive irrigation increased
compliance to 74%, indicating that irrigation reduces but does not eliminate seasonal risk.

4. Survival outcomes followed similar patterns, with spring-planted seedlings showing consistently
high survival (91 — 99%) and summer-planted seedlings exhibiting lower survival, particularly under non-
irrigated conditions (72%).

5. The probability-based approach provided clearer insight into variability and risk than mean values
alone, supporting more informed irrigation and planting decisions in forest nursery engineering. While the
framework does not replace empirical field experiments, it offers a practical and transferable tool for evaluating
irrigation strategies under variable environmental conditions.
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SKAITMENINIS METODAS EGLES SODINUKU KOKYBEI VERTINTI KINTANCIOMIS DIRVOZEMIO
DREGMES SALYGOMIS

Santrauka

Dirvozemio drégmé yra vienas svarbiausiy veiksniy, lemian¢iy misko medelyny sodinuky i§gyvenamuma ir kokybe,
ypa¢ didéjant klimato salygy kintamumui. Siame tyrime pristatoma skaitmeniniu modeliavimu pagrjsta sistema, skirta
paprastosios eglés (Picea abies) sodinuky kokybei vertinti taikant skirtingus drékinimo rezimus. Vietoje konkreciu laiku
atlikty lauko matavimy taikomas metodinis sprendimas, leidziantis statistiskai atkurti sodinuky augimo atsakus ir vertinti
drékinimo efektyvuma skirtingais sodinimo sezonais bei dirvoZzemio drégmés scenarijais. Sintetiniai duomeny rinkiniai,
apimantys sodinuky aukstj, stiebo skersmenj ir i§gyvenamumo tikimybe, buvo generuojami pavasario ir vasaros
sodinimui esant trims drégmés rezimams: natiiraliai dirvozemio drégmei, 70—100 % ir 80—100 % lauko drégmeés talpai.
Duomeny parametrai nustatyti remiantis mokslingje literattiroje apraSytomis augimo tendencijomis, variacijos ribomis ir
morfologiniy rodikliy tarpusavio koreliacijomis. Sodinuky kokybé vertinta taikant tikimybiniais rodikliais pagrjsta
metoda, nustatant minimaliy auks¢io ir stiebo skersmens reikalavimy atitikimo tikimybe bei bendrg kokybés atitikties
rodiklj.

Tyrimo rezultatai atskleidé ryskius skirtumus tarp drékinimo ir sodinimo scenarijy. Kontroliuojamos dirvozemio
drégmés salygos reikSmingai padidino sodinuky kokybés reikalavimy atitikimo tikimybe, ypa¢ pavasario sodinimo atveju.
Vasaros sodinimo scenarijai pasizyméjo didesne rezultaty sklaida ir mazesne kokybés atitikties tikimybe net ir taikant
drékinima, kas rodo padidinta rizika, kurios vien drégmés kontrolé visiskai neeliminuoja.

Sitiloma skaitmeniné analizés sistema sudaro prielaidas lanksc¢iai nagrinéti skirtingus drékinimo scenarijus ir aiskiai
vizualizuoti su sodinuky kokybe susijusius rezultatus. Sis metodinis sprendimas papildo empirinius tyrimus ir gali biiti
taikomas kaip skaidrus bei perkeliamas jrankis drékinimo strategijoms vertinti misko medelyny inZzinerijoje esant
kintan¢ioms aplinkos salygoms.

ReikSminiai ZodZiai: eglés (Picea abies) daigai; drékinimas; dirvoZzemio drégmé; sintetinis duomeny modeliavimas;
daigy kokybés vertinimas.
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BEPILOTES SKRAIDYKLES RGB KAMERA GAUTU DUOMENU TAIKYMO
GALIMYBES ARIAMOSIOS ZEMES SAVYBIU NUSTATYMUI

Daiva Gudritiené, Emilé Zemaityté, Darius Pupka
Lietuvos inZinerijos kolegija

Anotacija

Vis populiaréjant nuotoliniams tyrimams, atliekamiems nepilotuojamoje technikoje jmontuotomis kameromis,
didéja ir jy taikymo galimybés, kurias buitina analizuoti bei pristatyti, todél analizuojama tema yra §iuo metu labai aktuali.
Sio tyrimo tikslas — iSanalizuoti bepilotés skraidyklés RGB kamera gauty duomeny galimybes ariamosios Zemés
savybéms nustatyti bei aptarti tiesioginius bei netiesioginius interpretavimo pozymius leidziancius nustatyti ariamosios
zemes savybes. Keturiuose poligonuose analizuojama ariamoji zeme, kurioje dar nepaséti arba pilnai nesudyge paséliai.
Tyrimo uzdaviniai: apzvelgti bepilotése skraidyklése jmontuoty kamery gaunama informacija bei taikymo galimybes;
atlikti 4 tyrimo poligony RGB kamera sudaryty rastriniy duomeny vizualy interpretavimg; aptarti analizuojamy rastriniy
duomeny panaudojimo galimybes ariamosios Zemés biiklés vertinimui. Atlikus visy 4 poligony ortofotoplany sudaryma
ir interpretavima taikant RGB kamera gautus planus nustatyti duomenys apie ariamosios zemés biklg: akmenuotumas;
piktzolétumas; erozijos paveiktos teritorijos; uzmirke teritorijos. Ariamosios Zzemés plotas poligonuose svyruoja nuo 1,5
ha iki 4,1 ha. Visoje iSanalizuotoje teritorijoje geros biiklés ariamoji zemé sudaré 4,7 ha, akmenuota teritorija — 3,7 ha,
paZeista erozijos ir akmenuota — 0,4 ha, uzmirkusi teritorija— 0,1 ha, pazeista erozijos — 0,1 ha ir piktZoléta bei akmenuota
— 0,02 ha.

Reik$§miniai ZodZiai: RGB kamera, bepilotis orlaivis, nuotoliniai tyrimo metodai.

Ivadas

Vienas i§ labiausiai populiar¢janciy fotogrametriniy duomeny gavimo buidy — bepilociai orlaiviai.
Klestint zemdirbystei Europoje, Lietuvos tikiai turi biiti stipriis rinkoje. Siekiant modernizuoti tikininkavimo
vystymasi, ukiuose yra neatsiejamas nuotoliniy technologijy naudojimas. Nuotoliniy tyrimo metody
naudojimas palengvina prisitaikyma prie vis besikei¢ian¢iy meteorologiniy bei gamtiniy sglygy. Surinkti
duomenys nuotoliniy tyrimy metu leidzia tikininkams identifikuoti galimas grésmes ir poreikius bei jspéja,
kada butina taikyti tinkamas priemones. Naudojant bepilocius orlaivius su RGB kamera galima nustatyti
tiriamosios Zemés akmenuotuma, piktzolétuma, erozijos paveiktas vietas, uzmirkusias teritorijas ir t.t, tik tam
reikia atlikti daugiau tyrimy, kad iSskirti rastrinio vaizdo tiesioginius ir netiesioginius interpretavimo
pozymius, sukurti ir aprasyti metodika kuria galéty naudotis Zemés tikio specialistai.

Sio tyrimo tikslas: i§analizuoti bepilotés skraidyklés RGB kamera gauty duomeny galimybes ariamosios
Zemés savybéms nustatyti bei aptarti tiesioginius bei netiesioginius interpretavimo pozymius leidziancius
nustatyti ariamosios Zemés savybes.

Tyrimo uzdaviniai:

1. Apzvelgti bepilotése skraidyklése jmontuoty kamery gaunamg informacija bei jos taikymo galimybes.

2. Atlikti keturiy tyrimo poligony RGB kamera sudaryty rastriniy duomeny vizualy interpretavima.

3. Aptarti analizuojamy rastriniy duomeny panaudojimo galimybes ariamosios zemés biiklés vertinimui.

Tyrimo objektas: 4 tyrimo poligonai i§sidéste pietvakarinéje Lietuvos dalyje. Visi i§analizuoti poligonai
yra skirtingi, juos sudaro skirtingos granuliometrinés sudéties dirvozemiai, kuriems biidingos skirtingos
gamtinés salygos (reljefas, gruntiniy vandeny lygis ir t.t.). Nors tai ariamosios Zemes plotai taciau ir fikinés
veiklos priemonés juose skiriasi. Dalyje ploty vykdomas ekologinis fikininkavimas.

Atliekant tyrima buvo taikyti sekantys mokslinio tyrimo metodai: mokslinés literatiiros Saltiniy analizé;
erdviniy duomeny sudarymas bei jy analizé; erdviniy duomeny statisting analizé; duomeny apibendrinimas bei
aptarimas.

Teorinés jzvalgos

Nepilotuojamomis skraidymo priemonémis su jmontuotomis kameromis gaunami duomenys yra
naudojami pladiai: krasto apsaugoje, zemés tikyje, pramogoms ir kitur. Nagrinéjant galimybes duomenis taikyti
zemes tikyje uzsienio Saliy autoriai teigia, jog naudojamos skraidymo priemonés gali suteikti reikiamg pagalba
stebint ir analizuojant pas¢liy bukle, nustatant Zemés ploty ribas, apzvelgiant zemés plotuose esancius objektus
ir nustatant erozijos bisenas dél gamtiniy reiSkiniy kaltés. Pastaruoju metu nepilotuojamos skraidymo
priemonés su kameromis tapo vis populiaresnémis priemonémis logistikoje, Zemés tkyje, augalininkystéje ir
aplinkosaugoje. Zemés iikyje nepilotuojami dronai yra naudinga pagalbiné priemoné prizifiréti pasélius,
nustatyti dirvos biiklg, o taip pat pasiekti vietas prie kuriy néra tiesioginio patekimo. Skraidantis
nepilotuojamas orlaivis gali biiti naudingas jrenginys analizuojant dirvos ir augmenijos poky¢ius (Huang ir kt.,
2018).
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Pastaruoju metu vis daZniau nepilotuojami orlaiviai traktuojami kaip vertingos priemonés,
palengvinancios tikiy valdyma. Bepilociai orlaiviai pasizymi dydziy jvairove, jy biina labai mazy arba tokiy,
kurie gali skristi ilga laikotarpj. Naudojantis jais galima gauti nuotraukas, kurios yra ryskios ir turi didelg
raiSka, taip pat skaitmeninius 3D vaizdus. (Costa ir kt, 2020).

(Jeongeun ir kt., 2021) teigia, kad surinkus duomenis nuotoliniy tyrimy metu iikininkams leidzia
jvertinti galimas rizikas ir poreikius ar atkreipia démesj kada reikia imtis biitiniy priemoniy. Naudojant termo
kameras galima atpazinti Zemés pavirsiaus sri¢iy drégnuma, atlikti bandos stebéjima. Gali buti atpazjstamos
sumirkusios sklypo dalys, stebima gyvuliy grupé, vandens kiekis girdyklose.

(Gudritiené, 2024) teigia, kad termo duomenys yra naudingi gyvuliy grupés stebéjimui atlikti. Taip pat
termo kameros gerai parodo suaugusiy ir jaunikliy gyvuliy skai¢iy. Sios kameros yra naudojamos kaip
papildoma priemoné ganykly priemoniy, pasary ir vandens kontrolei, $érimo ir girdymo vietose.

Multispektrinis skanavimas padeda atpazinti kritines gyvuliy ganymosi vietas taip pat palengvina
prisitaikyti prie pastoviai besikeiCianCiy gamtiniy ir meteorologiniy salygy bei tkinés veiklos padariniy.
Tinkamu metu atsiradusi galimybé leidzia aptikti intensyviai ganomas ir nepraecinamas augalais apaugusias
vietoves, leidzia i§ anksto numatyti rizikas ar poreikius bei nurodo galima grésme kada reikia priimti reikiamus
sprendimus (Gudritiené, 2023).

Bepilociai orlaiviai su tvirtinamomis kameromis yra naudingas prietaisas reljefo, paséliy, tresimo ir kity
zemés tikio darby stebéjimui. Mokslininkai (Ribera ir kt.,2018) nurodo, kad su bepilotémis skraidyklémis
galima realiuoju laiku stebéti daug tiksliau ir ekonomiskiau, nei anksc¢iau naudoti palydoviniai vaizdai.

Dronai, turintys hiperspektrinius, daugiaspektrinius ar Siluminius jutiklius pagal Silumines savybes
apskaiciuoja vegetacijos indeksg. Autoriy Heap ir kt., (2017) bei Yano ir kt., (2016) teigimu nepilotuojamose
skraidymo priemonése jmontuotomis kameromis galima gauti duomenis, kurie yra atsakingi uz paséliy augima
ir derliy, todél pasak S$iy autoriy Zemés bei paséliy ir ganykly vertinimui yra geriausia naudotis RGB
kameromis, kurios turi tris pagrindines spalvas, kurios pateikia reikiamus duomenis. 1 lenteléje yra pateikiama
$iy autoriy pasteb&jimai, kuriais galima nustatyti naudas, kurias teikia bepiloc€iai dronai su tvirtinamomis RGB
kameromis.

1 lentelé
Bepilo¢iy drony su RGB kameromis duomenys ariamosios Zemés ploty, ganykly ir paséliy stebéjimui
Data from unmanned drones with RGB cameras for monitoring arable land, pastures and crops

RGB duomeny

RGB duomeny taikymo galimybés

rezultatas RGB data applications
RGB data result
Aukstos kokybés Tai yra aukstos kokybés nuotraukos pateiktos i§ oro. Dazniausiai §i funkcija skirta paséliy
ortofotografiniai steb¢jimui, infrastruktiriniams pokyciams.
zemélapiai
Augaly biklés Su RGB kameros pagalba galima nustatyti iSorinius augaly pokycius (pagelte arba pajuodg

stebéjimo statistiniai
rezultatai

lapai), paséliy tankj arba nustatyti ir analizuoti paséliy vystymosi stadijas. Taip pat stebint
ganyklas, Zemés plotus galima nustatyti piktZoliy kiekius ir nustadius neatitikimus daryti
veiksnius, kurie gerinty situacija.

Augaly désningumo

Naudojantis spalvine gama galima nustatyti koks yra augaly pasiskirstymas norimame plote.

ir pasiskirstymo Taip pat remiantis augaly désningumo duomenimis galima nustatyti koks yra augaly
rodikliai pasiskirstymas norimame dirbamos Zemés plote.

Sklype esanciy Naudojantis dirbtinio intelekto ir RGB kameros gautais duomenimis yra galima suskaiciuoti
objekty kiek sklype yra medziy, krimy, koks yra vandens telkiniy kiekis ir visa svarbi informacija.
identifikacija

Erozijos Naudojantis bepilocio drono su RGB kamera duomenimis galima nustatyti ir iSanalizuoti kokie
identifikacija yra erozijos poky¢iai sklype atsirade dél netinkamy gamtiniy salygy. Nustacius buklg galima

suplanuoti gerinimo veiksmus, kurie pagerinty dirvozemio arba paséliy bikle.

Paséliy stebésena

Remiantis bepilocio drono su RGB kameros pateiktais duomenimis yra galima analizuoti
pastoviy zemés ploty ar paséliy pokycius, o nustacius neatitikimus taikyti gerinimo veiksmus.

Saltinis:

sudaré autoriai remiantis Heap ir kt., (2017) ir Yano ir kt., (2016) duomenimis

Remiantis lenteléje pateiktais tyrimy apibendrinimais galima teigti, jog bepilotés skraidyklés RGB
kamera yra gaunama daug svarbiy duomeny, kurie yra naudojami Zemés ploty, paséliy ir ganykly biuklés
vertinimui bei kitai informacijai, tinkamai zemeés tikyje, kaupti.

Metodika
Tyrimui buvo gauti rastriniai duomenys sudaryti bepilote Sens eFlyeBee skraidykle jmontuota SODA
kamera skirta RGB duomenims gauti.
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SenseFly eBee plus bepilotis 1éktuvélis (svoris — 0,73 kg; sparny plotis — 96 cm; struktira — EPP
putplastis, anglies pluostas; varomoji jéga — elektrinis propeleris, 160 W variklis; GPNS/RTK imtuvas — L1/L.2,
GPS ir GLONASS; baterija — 11,1 V; maksimalus skrydzio laikas 40 min; skridimo greitis 40-90 km/h; radijo
rysio atstumas — iki 3 km; maksimalus padengimas vienu skrydziu — 8 kvadratiniai kilometrai).

Bepilo¢iame orlaivyje integruota 20 MP fotokamera, kurios pagalba gaunamas iki 1,5 cm
ortofotografinés nuotraukos tikslumas. Skridimo aukstis galimas nuo 120 iki 974 metry. Tyrimo metu skridimo
aukstis buvo apie 60/80 metry, nes tokiame aukstyje gaunami pacios geriausios kokybés ir skiriamosios gebos
aerovaizdai. Absoliutinis horizontalus/vertikalus tikslumas iki 3/5 cm. Bepilotis orlaivis valdomas paleidziant
1§ ranky ir yra visiSkai susietas su programine bei valdymo jranga, kuri leidZia automatiskai planuoti skryd;.
Bepilotis orlaivis nusileidzia linijiniu bidu 5 m tikslumu.

Prie§ pradedant nuotolinj tyrimg iSnagrin¢jama pasirinkta vietové, kurioje bepilotis orlaivis kaups
duomenis. Pries pradedant skrydj pasirinktoje teritorijoje iSanalizuotas: reljefas, jvertintos nagriné¢jamo objekto
galimos kliiitys bepilo¢iam orlaiviui. ApZvelgus 4 poligony teritorijoje esamus erdvinius objektus yra aptikta,
kad auksciausi objektai yra medziai, kurie yra prie tiriamy poligony, $alia tyrimo poligony yra aukstos jtampos
stulpy. Bepilo€io orlaivio kilimo bei nusileidimo vietos yra parinkta lengvai privaziuojamoje vietoje, kad
nebtty kliti¢iy bepiloCiam orlaiviui pakilti. Skridimo kryptis pasirinkta remiantis esama véjo kryptimi
bandymo metu. Jvertinus Siuos erdvinius objektus, kurie gali trukdyti skrydziui yra parinktos vietos planiniams
konturzenkliams, pamatuotos jy koordinatés GPNS prietaisu. Kiekvienam poligonui parinkti 5 planiniai
konttrzenkliai. Planiniy kontiirzenkliy nuzZyméjimui naudoti dazai draugiski aplinkai (netoksiski).

Atlikus skrydzius su bepilociu orlaiviu toliau analizuojami duomenys kameraliuoju btidu. Duomenys
perkeliami | pasirinktg programg. Atsidarius programinés jrangos langa galima matyti visy nuotrauky gauty
skrendant bepilociu orlaiviu iSdéstymo seka bei sudaryti vientisa plang marSrutams ir jungima skirtinguose
marsrutuose. Duomenys sudaryti atskirais vaizdais buvo sujungti ir sudaryti ortofotoplanai, jie buvo gauti RGB
formatu tam, kad tolimesnis darbas galéty buti vykdomas GeoMap programa.

Braizant su GeoMap programa buvo naudojami $ie braizymo jrankiai: lauzté, legendos sukiirimas,
srities plotas, plotiniy bei linijiniy Zenkly déjimas, rastro jterpimas, koordinaciy tinklelis bei koordinatés, ploty
nustatymas. Naudotas Sablonas yra GKTR 2020. GeoMap programa sukiirus erdvinius duomenis nustatyti ir
rezultatuose pateikiami ariamosios zemés plotai.

Rezultatai

I$ bepiloCio orlaivio RGB kamera gauty duomeny rastriniy plany analizuojamuose poligonuose
nustatytas ariamosios Zemés akmenuotumas. Akmenys laukuose — tai negyvosios gamtos sudétiné dalis, zemés
pavirsiaus moreninés dangos dedamoji. Lietuvos Zemés pavirSiuje dominuoja magmings ir nuosédinés kilmes
uolieny luitai kurie pasitaiko dirvozemio virSutiniame sluoksnyje. Akmenuota ariamoji Zzemé issiskiria tuo, kad
rastriniame jos vaizde matosi nedideli padrikai iSsidéste netaisyklingy formy elementai, kurie dazniau turi
Sviesius atspalvius (1 pav.). Akmenuotoje ariamojoje Zemégje apsunkintas dirbimas Zemés tkio technika, todél
akmenis i§ ariamosios Zemés reikia Salinti.

o O 'y ©®
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1 pav. Akmenuota ariamoji zeme. Stony arable land.
Saltinis: sudaré autoriai

Analizuojant ariamosios Zzemés plotus galima nustatyti erozijos paZzeistas dirbamosios Zzemés vietas,
kuriy rastrinis vaizdas iSsiskiria Sviesesne spalva, netaisyklinga forma, erozijos paZeisti plotai formuojasi
auk$tumose. Erodave dirvozemiai yra nederlingi todél jei paséliai jau sudyge, tai erozijos pazeistuose plotuose
jie biina skurdds, reti reikalauja papildomy agrariniy priemoniy (2 pav.).
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2 pav. Erozijos paZeisti ariamosios Zemés plotai. Arable land damaged by erosion.
Saltinis: sudaré autoriai

Taip pat RGB kamera gautuose vaizduose, pagal interpretavimo pozymius, galima i$skirti piktzolémis
apaugusius ariamosios Zemés plotus. PiktZolémis apaugusios teritorijos issiskiria zalsvos spalvos rastro
elementais, kurie uzfiksuoti dél Zolinei augalijai biidingo atspalvio (3 pav.).

3 pav. Piktzoléta ariamoji Zeme. Weedy arable land.
Saltinis: sudaré autoriai

Analizuojant dirbamosios zemés bei jau suveséjusiy paséliy ploty rastrinius duomenis galima isskirti
uzmirkusias teritorijas, t.y. teritorijas kuriose kaupiasi pertekliné drégmé. Sios teritorijos pasizymi natiiralia
gamtine forma, tamsesne spalva. Siose teritorijose gali telkSoti balos, augti nendrés ar meldai arba kita
sumedéjusi augalija. Jei plotai jau apauge sumedéjusiais augalais labai svarbu, kad fotografavimas biity atliktas
kai medziai yra be lapy, tada gerai matomos uzmirkimo zZymés. Uzmirkima galima nustatyti ir pagal gilias
traktoriy technologines vézes, uzklimpimo vietas bei kitus netiesioginius interpretavimo poZymius (4 pav.).

4 pav. Uzmirkusi ariamoji zemé. Waterlogged arable land.
Saltinis: sudaré autoriai

Apibendrinant galima teigti, kad atlikus visy 4 poligony ortofotoplany sudaryma ir interpretavima pagal
RGB kamera gautus duomenis galima sukaupti daug aktualios informacijos apie ariamosios Zemés savybes
bei bukle, tam reikia iSskirti tiesioginius ir netiesioginius interpretavimo pozymius biuidingus kiekvienai
ariamosios Zzemés savybei.

Pagal jau paminétus tiesioginius ir netiesioginius rastrinio vaizdo interpretavimo pozymius isanalizavus
visuose keturiuose poligonuose esancig ariamgja Zeme gauti duomenys pasiskirsté sekanciai:

e  Pirmajame poligone ariamoji Zemé sudaro 1,71 ha, i§ Sio ploto: 0,17 ha uzmirkusios Zemés, 0,14
ha ariamosios Zemés yra apaugg piktzolémis, 0,15 ha yra akmenuota, 0,1 ha yra paZeista erozijos, 0,02 ha
piktzoléta ir akmenuota ir 1,13 ha geros biiklés ariamoji Zeme. Galima teigti, kad Zemés tikio veiklai vykdyti
yra neigiamy veiksniy, bet daugiau nei puséje analizuojamos ariamosios zemés ploto, pirmajame poligone,
zemes ukio veiklg vykdyti palanku.
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e Antrajame poligone ariamoji zemé sudaro 4,16 ha i$ kuriy: tik 0,24 ha geros biiklés ariamoji zemé,
0,44 ha erozijos pazeista ir akmenuota teritorija, 3,48 ha ( net 84%) akmenuota ariamoji Zemé. Nors ariamosios
zemeés plotas didelis, forma patogi dirbti zemés iikio technika, Zemés iikio veikla Siame plote labai apsunkina
didelis akmenuotumas.

e TreCiajame poligone ariamoji zemé sudaro 1,52 ha, i§ Sio ploto: 0,12 ha akmenuota, 0,49 ha
piktzolémis apauge plotai ir 0,91 ha (tai net 60% viso ploto) geros biiklés ariamoji zemé. Siame poligone
beveik visas ariamosios Zemés sklypas yra palankus dirbti Zemés iikio technika, tik nedidelis plotas yra
piktzolétas ir jam reikalingos papildomos agrarinés priemonés piktzoliy naikinimui.

e  Ketvirtajame poligone ariamoji Zemé sudaro 2,79 ha i$ Sio ploto: 0,24 ha piktzolémis apaugg plotai,
0,06 ha erozijos pazeistos vietos ir 2,49 ha (net 89%) geros biiklés ariamoji zemé. DidZioji dalis ariamosios
zemés ploto yra palanki tikininkavimui.

I8tyrus visus keturis ariamosios Zemés poligonus nustatyta, kad geros biiklés ariamosios zemes yra 51%,
akmenuotos teritorijos yra 41%, paZeista erozijos ir akmenuota teritorija 5%, uzmirke plotai 1%, pazeista
erozijos 1% bei piktzoléta ir akmenuota sudaro 1%. (5 pav.)

5 4.7
4.5
4 3.7
3.5
2z
© 25
g2
o< 2
1.5
1
0.4
0.5
0.1 0.1 0.02
. ] o o
Geros baklés Akmenuocta Pazeista erozijos ir UZmirkusi Pazeista erozijos Piktzoléta ir
In good condition Stoned akmenuota Drowsy Damaged by akmenuota
Damaged by erosion Weedy and rocky

erosion and stony

5 pav. Visy 4 poligony ariamosios Zemés savybiy rezultatai. Arable land characteristics results for all 4
polygons.

Saltinis: sudaré autoriai

I§ viso analizuojamos ariamosios Zemés poligonai sudaro 9,08 ha. Gana didelé jos dalis, beveik pusé
analizuojamo ploto yra probleminiai dél savo savybiy juos taikant Zemés tkio veiklai vykdyti.

ISvados

1. BepilocCiuose orlaiviuose galima jmontuoti keliy tipy kameras. Multispektriniy spinduliy kamera
gauti duomenys padeda stebéti augaly sveikatg ir pastebéti skurdzius bei sunykusius pasélius. Taip pat galima
naudoti termo kameras, kurios tinka stebéti laukinius gyviinus ir gyvulius, gali buti naudojama kaip papildoma
priemoné pasary ir vandens kontrolei $éryklose. IS bepilocio orlaivio su RGB kamera gauty duomeny yra
gaunama daug svarbios informacijos, kuri naudojama labai placiai zemés dangos objekty atpazinimui ir
vertinimui.

2. Atlikus visy 4 poligony ortofotoplany sudaryma ir interpretavimg taikant RGB kamera gautus
rastrinius duomenis nustatyta, kad galima sukaupti daug aktualios informacijos apie ariamgjg zeme. Nustatyti
Sie duomenys apie ariamosios zemés buklg: akmenuotumas; piktZolétumas; erozijos paveiktos teritorijos;
uzmirke teritorijos.

3. Tyrimo metu kartografuota ir sudaryta bei iSanalizuota 9,08 ha ariamosios zZemés i$sidésciusios
keturiuose skirtingose poligonuose. Ariamosios Zemés plotas poligonuose svyruoja nuo 1,5 ha iki 4,1 ha.
Visoje iSanalizuotoje teritorijoje geros buklés ariamoji Zzemé sudar¢ 4,7 ha, akmenuota ariamoji zeme 3,7 ha,
pazeista erozijos ir akmenuota ariamoji zemé 0,4 ha, uzmirkusi ariamoji zemé 0,1 ha, paZeista erozijos ariamoji
zeme 0,1 ha ir piktZoléta bei akmenuota ariamoji Zemé 0,02 ha.
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APPLICATIONS OF DATA FROM THE RGB UAV CAMERA FOR ARABLE LAND AND CROP
ASSESSMENT

Summary

The aim of this thesis is to analyse the potential of the data acquired by the RGB camera of the UAV to determine the
characteristics of arable land and crops. The layout of the five polygons analysed consists of arable land, cultivated
meadows, cultivated pastures, and three surveys with growing crops. The objectives of the work are to provide an
overview of the information provided by the cameras on UAVs and its applications; to carry out a visual interpretation of
the raster data generated by the RGB camera for the seven study polygons; to discuss the possibilities of using the analysed
raster data for the assessment of the condition of arable land; and to determine the possibilities of applying the data
generated by the RGB camera for the identification of destroyed or declining crops.

Data from an unmanned aerial vehicle (UAV) with an RGB camera is used to identify and assess land cover objects.
In this work, the data acquired by the RGB camera were used to assess the condition of arable land and crops. After
orthophotomapping and interpretation of all seven polygons using the RGB camera data, the following conditions of
arable land were identified: stony areas, weedy areas, eroded areas, and waterlogged areas. Crop losses were identified
due to waterlogging, drought, soil erosion, and destruction by wild animals.

In the research part of the final thesis, a total 0f 9.08 ha of arable land spread over four different polygons was analysed.
The area of arable land varied from 1.5 ha to 4.1 ha per polygon. Across the entire analysed area, 4.7 ha of arable land
was in good condition, 3.7 ha was classified as stony, 0.4 ha as both eroded and stony, 0.1 ha as waterlogged, 0.1 ha as
eroded, and 0.02 ha as both weedy and stony. In three polygons, areas of degraded crops were identified. A total of 6.47
ha of crops was analysed. Of this area, 5.7 ha was found to be in good condition, 0.5 ha was identified as dead, and 0.27
ha was found to be in poor condition. The dead crops were the result of waterlogging, soil erosion, drought, and the
influence of wild animals (escape). Keywords: RGB camera, unmanned aerial vehicle.

Key words: RGB camera, unmanned aerial vehicle, remote sensing methods.
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VALSTYBINIU MISKU VALDYMO MODELIO KAITA IR JOS POVEIKIS VEIKLOS
EFEKTYVUMUI

Gintaras Morkiinas
Lietuvos inZinerijos kolegija

Anotacija

Straipsnyje analizuojama valstybiniy misky veikla iki ir po 2018 m. reformos, lyginami pagrindiniai darbo jégos
bei pelningumo rodikliai, siekiant objektyviai jvertinti pokyc¢iy poveikj. Analizé apima darbuotojy skai¢iaus, vidutinio
darbo uzmokescio, darbuotojui tenkancio misko ploto pasikeitimus. Tiriamos pardavimo pajamos, grynasis pelnas,
pelningumas ir medienos kainy jtakg jimonés rezultatams. Tikslas — atsakyti, kaip struktiiriniai pokyciai atsiliepé veiklos
efektyvumui.

Nustatyta, kad per analizuojamajj laikotarpj valstybiniame miSky sektoriuje nuosekliai mazéjo darbuotojy skaicius

reikSmingai kilo, taciau palyginus valstybinio misky sektoriaus vidutinius atlyginimus su Salies vidurkiu matyta, kad
pastaraisiais metais jis Siek tieck mazesnis nei Lietuvoje. Ivertinus pajamy ir pelningumo rodiklius matyti, kad Misky
urédijos veikla buvo efektyvi tik kai kuriais laikotarpiais. Daugeliu atvejy pelno augimas buvo tiesioginé auksty kainy
pasekmé, o ne sistemingo darbo rezultatas

ReikSminiai Zodziai: valstybiniai miSkai, valstybiniy misky valdymo modeliai, misky reforma, veiklos
efektyvumas.

Ivadas

Valstybiniai miskai Lietuvoje yra ne tik svarbus nacionalinis gamtos iSteklius, bet ir reik§minga viesojo
sektoriaus tikio Saka, kuriai keliami auksti ekonominio efektyvumo, skaidrumo bei tvarumo reikalavimai. Iki
2018 mety valstybiniy misky valdymo sistema buvo paremta decentralizuotu modeliu — misky ukj
administravo net 42 pelno siekiancios atskiros misky urédijos, turéjusios jmoniy statusa ir savarankiskus
finansinius ir veiklos sprendimus. Jos administravo 1051,5 tukst. ha valstybinés reikSmés misko zemés plota.
Misky urédijose buvo 339 girininkijos. I viso valstybés misky urédijose dirbo beveik 4000 darbuotojy. 2018
m., nezitirint didelio pasipriesinimo, jvykdyta reik§minga reforma i$§ esmés pakeité §ig struktiirg: visos urédijos
buvo centralizuotos | viena juridinj vienetg — VI Valstybiniy misky urédija (VMU). Dabar jmong sudaro 26
regioniniai padaliniai su 192 girininkijomis. Imonés savininkée yra valstybé, imonés savininko teises ir pareigas
jgyvendina Lietuvos Respublikos Aplinkos ministerija. Valstybiné misky urédija yra viena i$ trijy didziausiy
valstybés bendroviy trejetuke.

Reforma buvo grindziama siekiu padidinti veiklos efektyvuma, sumazinti administracines islaidas ir
uztikrinti skaidresnj valstybiniy misky valdyma. Vienas pagrindiniy urédijy reformos tiksly buvo centralizuoti
sistemas ir standartizuoti procesus visuose regioniniuose padaliniuose. Beveik visose Europos Salyse veikia
viena valstybinius miskus valdanti jmoné, tuo pavyzdziu seké ir Lietuva. Reformai pasirinktas latviskos
jmonés variantas, kur svarbiausias jmonés veiklos prioritetas yra stambaus verslo medienos ruosos ir prekybos
pramonés jmonés. Visgi reformos metu buvo nekalbama apie valstybiniy misky ekologing, aplinkosaugine,
ekonoming, rekreacing bei kitas visuomenei svarbias vertes, tvarkant juos tvaraus ir subalansuoto misky tikio
principais. Kalbama tik apie i§ valstybiniy misky gaunama nauda, stambiam verslui palankias prekybos salygas
ir prielaidas mazinti medienos kainas. Be kita ko, miskininky bendruomen¢ piktino ir tai, kad ministerijos
vadovai negaléjo pateikti objektyvios ir nesaliskos kasty ir naudos analizés. Tad nenuostabu, kad net ir praéjus
keleriems metams nuo pokyc¢iy jgyvendinimo, visuomenéje ir miskininky bendruomenéje vis dar kyla daug
abejoniy — ar reforma i$ tiesy pasiteisino? Kiekviena pertvarka jnesa neaiskumo ir keblumy. Valstybiniy misky
urédija vis dar reformavimosi procese, visgi vienas skaudziausiy reformos momenty — daugybés specialisty
nutekéjimas: nemaza dalis miskininky specialisty i$¢jo i$ darbo, dalis apskritai pasuko j kitas sritis. Tad ar
naujoji sistema veikia efektyviau nei senoji? Ar finansiniai rodikliai rodo realy veiklos pageré¢jima, ar tai tik
laikino palankiy medienos rinkos kainy rezultatas? Sie ir kiti klausimai nagrinéjami straipsnyje.

Darbo tikslas: nustatyti valstybiniy misky valdymo modelio pasikeitimo poveikj veiklos efektyvumui.

Uzdaviniai:

1. I8aiskinti valstybiniy misky valdymo struktiirg Lietuvoje bei pokycius joje.

2. I8analizuoti pokycius darbuotojy, darbuotojy skai¢iaus ir darbo uzmokescio srityje.

3. Nustatyti pelningumo rodikliy kaita.

Tiriamojo darbo objektas — valstybiniy misky urédija veiklos rodikliai.

Siekiant istirti esminius veiklos ir finansiniy rodikliy poky¢ius Lietuvos valstybiniy misky sektoriuje
buvo analizuojamas dvideSimt dviejy mety laikotarpio (2002 — 2024 m.) duomenys. Duomenims surinkti ir
iSanalizuoti buvo vertinami §ie aspektai:
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*  Valstybiniy misky uzimami plotai bei plotai, tenkantys vienam darbuotojui.

*  Valstybiniy miSky sektoriuje dirbantys asmenys, jy skaiCius ir darbo uzmokestis.

*  Valstybiniy misky sektoriaus pateikta pelningumo rodikliy kaita.

Straipsnis susideda i§ santraukos, reik§miniy ZodZiy, teorinés jzvalgos, tyrimo rezultaty ir iSvady.

Teorinés jZvalgos

Valstybiniai miskai apibréziami kaip misko zemeé ir joje esantys iStekliai, nuosavybés teise priklausantys
valstybei ir valdomi vie$ojo sektoriaus institucijy (Forest Europe, 2020). Sie miskai atlieka ne tik ekonomine,
bet ir reikSminga ekologine, socialing bei kultiiring funkcijg. Europos Salyse valstybiniai miskai sudaro
reikSmingg bendro misky ploto dalj, todél jy valdymas laikomas svarbia viesosios politikos ir darnaus
vystymosi dalimi.

Valstybiniai miskai daznai siejami su visuomenés interesy uztikrinimu, biologinés jvairovés apsauga,
klimato kaitos Svelninimu, rekreaciniy paslaugy teikimu bei regiony ekonominiu vystymu. D¢l Siy prieZascCiy
valstybiniy misky valdymas skiriasi nuo privaciy misky valdymo ir reikalauja kompleksinio, daugiakriterinio
pozitirio.

Europos valstybése taikomi skirtingi valstybiniy misky valdymo modeliai, kurie priklauso nuo
nacionalinés teisinés sistemos, administracinés struktiiros ir istoriniy tradicijy (Liubachyna ir kt., 2017;
Lazdinis, Dudutis, 2008). Mokslingje literatiiroje dazniausiai iSskiriami centralizuoto, decentralizuoto ir
miSraus valdymo modeliai.

Centralizuoto valdymo modelis pasizymi tuo, kad valstybiniy misky valdymo sprendimai priimami
vienoje centringje institucijoje. Sis modelis daznas Ryty ir Vidurio Europos $alyse. Decentralizuotas modelis
labiau paplites Siaurés ir Vakary Europoje, kur sprendimy priémimo teisés perduodamos regioninéms ar vietos
institucijoms. Misrus modelis apjungia abiejy sistemy elementus ir siekia subalansuoti strateginj valstybés
vaidmenj bei vietos lygmens lankstuma.

Veiklos efektyvumas valstybiniy misky sektoriuje apibréziamas kaip geb&jimas optimaliai panaudoti
turimus iSteklius siekiant uzsibrézty tiksly (Liubachyna ir kt., 2017; Santopuoli ir kt., 2021). Skirtingai nei
privaciame sektoriuje, valstybiniy misky veiklos efektyvumas negali biiti vertinamas vien tik ekonominiais
rodikliais. Mokslingje literatiiroje pabréziama butinybé taikyti integruotg poziiirj, apimantj ekonominius,
ekologinius ir socialinius aspektus.

Ekonominis efektyvumas siejamas su pajamy generavimu, sgnaudy optimizavimu ir finansiniu tvarumu.
Ekologinis efektyvumas apima biologinés jvairovés iSsaugojimg, misky atsikiirimg ir klimato kaitos
$velninimo priemones. Socialinis efektyvumas vertinamas per visuomenés geroveés didinimg, rekreaciniy
paslaugy prieinamumag ir darbo viety kiirima regionuose.

Siekiant nustatyti valstybiniy misky valdymo institucijy tikslus ir veiklos rezultatus Europos Salyse
Liubachyna, Bubbico, Secco ir Pettenella (2017) atliko tyrima, kuriame atskleidé pagrindinius $iy institucijy
veiklos modelius ir skirtumus. Autoriai rémési daugiakriterine statistine analize ir taiké klastering analize,
leidziancig grupuoti valstybines misky valdymo organizacijas pagal jy ekonominius, ekologinius ir socialinius
veiklos rodiklius. Tyrime nagrinéjami duomenys i§ jvairiy Europos valstybiy atskleidzia, kad valstybiniy
misSky valdymo organizacijos veikia labai skirtingomis institucinémis ir politinémis saglygomis, taciau jy
veiklos tikslai dazniausiai apima ne tik ekonominj pelninguma, bet ir tvary misky valdyma, visuomeniniy
funkcijy uztikrinima bei aplinkosauginius jsipareigojimus. Analizés rezultatai parodé¢, kad organizacijas galima
suskirstyti | kelis klasterius, kuriuose dominuoja skirtingi prioritetai: kai kuriose Salyse labiau akcentuojamas
ekonominis efektyvumas, kitose — socialinés ir ekologinés funkcijos. Autoriai pabrézia, kad valstybiniy misky
veiklos efektyvumas negali biti vertinamas vien tik finansiniais rodikliais, nes tokia praktika neatskleidzia
viso §iy organizacijy kuriamo vie$ojo gério. Autoriai padarée iSvada, jog efektyvus valstybiniy misky valdymas
Europoje pasizymi gebéjimu subalansuoti ekonominius, ekologinius ir socialinius tikslus, o klasteriné analizé
gali biiti naudinga priemoné lyginant skirtingy Saliy valdymo sistemas ir identifikuojant gerasias praktikas.

Paveiksle pateikiami grafikai su pagrindiniy komponenciy analizés (PCA) rezultatais, atspindinciais
Europos Saliy grupavima pagal valstybiniy misky sektoriaus socioekonomines, nuosavybés ir produkcijos
vertés charakteristikas. Pirmoji pagrindiné komponenté (PC1) apibtidina misky sektoriaus socioekonominj bei
nuosavybés kontekstg, o antroji komponenté (PC2) atspindi misky sektoriaus produkcijos verte. Trecioji
komponenté (PC3) atskleidzia misky sektoriaus salygas. Saliy tarpusavio atstumai grafike rodo jy panasumus
ir skirtumus valstybiniy misky valdymo ir veiklos efektyvumo poziiiriu, o iSrySkéjusios Saliy grupés leidzia
identifikuoti skirtingus valstybiniy misky valdymo modelius Europos mastu.

45



Individuals - PCA g idtEes = Plod )
| Ireland
- 1 o
Finland H
. .
Lhtvia - sNorway United Kingdom
2- S .'ed-en Bl:lgena
b | ] -
Estonia H i Poland Bulgaria
|
5 .
2 s—— -—
g i > AR E
= /" Lithuapia Ramania S France . Hyngary
o * and ) = Italy
2 eNorway \Hungary e ® *Croatia 2
2 F 0----n--- Franee - == 74~ Ca e o pac o e D S2ech Republic .o 8 2 Z=eTl
Z b Slovenis, 1 ————— 8 = Croatia ™.
5o . Lo 83, ) s A
= 3 W | - TS S A A Y DU o iy R —. 1 X
% o Italy | @ t; 3
zZ o ! Austria (M} =] Swaden S . Romaniay
] : i £ Te b { Lithuania .
g Finlan e w \ - 25
3 \ . a jrland p Bdgiuriy, .. Czech Republic -
h " ; . - -
E . g Ireland Slovak Republic bl - o Eotta | ‘ i
& Unjted Kingdom,. * e Latvia ,
E LS r -Germany H .
Germ;ny i Slg'uenia
L 1 /
\ »
-2- \Austria -1
N
- .
—4- Belgium i Slovak Republic
! 1 | i . : |
-4 -2 0 2 =4 =2 1] 2
Dim1 (33.2%) Dim1 (33.2%)
PC1: Socio-economic and Ownership PC1: Socio-economic and Ownership

1 pav. Europos $aliy iSsidéstymas pagal valstybiniy misky sektoriaus socioekonomines, nuosavybeés,
produkcijos vertés charakteristikas bei misky sektoriaus salygas
Saltinis: Liubachyna ir kt., 2017

Apjungus paveiksle pateikty grafiky rezultatus, matyti, kad Lietuva nuosekliai patenka j Saliy grupe,
kuriai biidingas stiprus valstybiniy misky nuosavybés dominavimas ir reikSmingas misky sektoriaus vaidmuo
nacionaliniame socioekonominiame kontekste. Tai atitinka Liubachyna ir kt. (2017) apraSyta Vidurio ir Ryty
Europos valstybiniy misky valdymo modelj, kuriam budinga centralizuota valdymo struktiira ir aiskus
valstybés vaidmuo strateginiuose sprendimuose. Pirmojo grafiko (PC1-PC2) rezultatai rodo, kad Lietuvos
misky sektoriaus produkcijos verté yra viduting, lyginant su Siaurés Europos $alimis, pasizymin&iomis
aukstesniu produktyvumu, o tai sutampa su Forest Europe (2020) pateiktais duomenimis apie skirtingg misky
sektoriaus ekonominj intensyvuma Europoje. Tuo tarpu antrojo grafiko (PC1-PC3) rezultatai atskleidzia, kad
Lietuvos misky sektoriaus salygos (PC3) islieka vidutinés ar artimos neigiamoms, kas leidzia daryti prielaida,
jog stiprus valstybiniy misky valdymo modelis savaime neuZtikrina optimalios sektoriaus biklés. Si i§vada
dera su Santopuoli ir kt. (2021) akcentuojamu poreikiu derinti ekonominj efektyvuma su ekologiniais ir
struktiiriniais tvaraus miSky valdymo kriterijais. Todél Lietuvos pozicija PCA erdvéje rodo ne tik valdymo
modelio stiprybes, bet ir potencialg tolesniam veiklos efektyvumo bei misky sektoriaus sglygy gerinimui,
taikant integruota, rodikliais gristg valdymo pozitirj.

Tyrimo rezultatai

Valstybiniy miSky valdymo struktiiros ir Zmogiskuju iStekiu analizé

Mokslingje literatiiroje valstybiniy misky valdymo efektyvumas vertinamas taikant jvairius metodus,
jskaitant rodikliy analize, lyginamajg analize tarp Saliy ar organizacijy, daugiakriterinius vertinimo metodus ir
statistinius modelius. Daznai taikomi veiklos rodikliy palyginimai leidzia identifikuoti gergsias praktikas ir
nustatyti valdymo trakumus.

Empiriniai tyrimai rodo, kad efektyviausios valstybiniy misky valdymo sistemos pasizymi aiskiais
strateginiais tikslais, skaidria valdymo struktiira, reguliariu veiklos vertinimu ir suinteresuotyjy Saliy jtraukimu
1 sprendimy priémimo procesus.

Lietuvoje valstybinius miskus valdo V] Valstybiniy misky urédija (toliau — Urédija). Tai strateginés
svarbos valstybés valdoma jmoné, uzsiimanti miSkotvarkos, miskininkystés, medienos ruosos bei prekybos
veikla ir yra didziausia medienos sektoriaus jmoné Lietuvoje. Urédija siekia pateisinti visuomenés likes¢ius
dél Lietuvos misky iSsaugojimo bei miskingumo didinimo, vykdoma edukaciné veikla jaunimui ir visiems
besidomintiems miskininkystés temomis.

VI Valstybiniy misky urédijos valdomas turtas siekia 301 min. Eur. Didzigja dalj pajamy — 97 proc. —
imoné uzdirba i§ medienos ir misko kirtimo liekany prekybos, taip pat vykdo valstybés specialiuosius
Ipareigojimus naujy misky jveisimo, misko keliy statybos bei prieziiiros, miSko prieSgaisrinés apsaugos,
gamtotvarkos ir aplinkosaugos priemoniy bei kitose veiklose. Kaip buvo minéta teorinése jzvalgose, Lietuva
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uzima viduting - stiprig pozicijg tarp Europos valstybiniy misky valdymo institucijy, ypa¢ nuosavybés apimties
ir veiklos masto pozitiriu. Valdoma misky teritorija (974 tukst. ha), ir bendras jmonés veiklos plotas (1 040,7
tukst. Ha), rodo reik§mingg valstybinio misky sektoriaus koncentracijg ir centralizuota valdymo modelj. Tai
leidzia Lietuva priskirti prie Vidurio ir Ryty Europos Saliy, kuriose valstybiniai miskai sudaro svarbia
nacionaliniy misky dalj.

Lietuvos valstybiniy misky sektorius i§gyveno ne vieng pertvarka, taciau reikSmingiausia ir didziausia
vyko 2018 metais. Vertinant valstybiniy misky valdymo modelio pokycio rezultatus, reikéty paminéti, kad
vena i§ reikSmingy reformos salygy buvo administraciniy iSlaidy mazinimas ir administracinés struktiiros
optimizavimas. To pasékoje darbuotojy skaicius buvo sumazintas bemaz 30 proc. Apibendrinant valstybiy
misky valdymga iki reformos ir po jos, galima sudaryti palyginamaja lentele, kuri parodo pagrindinius skirtumus
tarp valstybiniy miSky valdymo iki reformos ir po jos Lietuvoje (1 lentel¢).

1 lentelé
Valstybiniy miSky valdymo struktiiros palyginimas pries ir po reformos
Kriterijus Iki reformos (iki 2018 m.) Po reformos (nuo 2018 m.)
Organizaciné struktiira 42 anl_ﬂros r_mskq urédijos, kiekviena su 1 Jundlm_s asmuo: VI Vglgt}_/blmq misky urédija
administracija su 26 regioniniais padaliniais

Valdvmo lveis Decentralizuotas, kiekviena urédija veiké atskirai. | Centralizuotas, viska koordinuoja centriné

Y e 42 urédai (vietiniai vadovai) biistiné. 1 generalinis direktorius ir pavaduotojai

. .. L. . . Vieningas biudZetas, centralizuota apskaita,
Finansy valdymas 42 buhalterijos, skirtingos apskaitos praktikos bendra ERP sistema
Pelnas Nedidelé dalis tekdavo valstybei Reik$mingi dividendai valstybés biudzetui (pvz.,
58,9 min. €)
Administracija K@(\{len(ye urédijoje — vadovai, buhalteriai, Optlpnz‘uota — sumazintas darbuotojy
teisininkai dubliavimas
Zmogidkieji istekliai it | Decentralizuotas personalo valdymas > 4000 ;f;;iﬁ‘;‘l’tas HR skyrius: atranka, mokymai,
darbuotojy skai¢ius darbuotojy ~3000 darbuotojy po optimizacijos
Sprendimy priémimas Lokaliis sprendimai Sprendimai priimami centralizuotai
Investicijos Lokaliai paskirstytos, maziau strateginés f;iﬁ;eiil;es’ didesnés apimties, modernizuojama
Efektyvumas Dubliuojamos funkcijos, skirtingi standartai Efektyvumas didéja per masto ekonomija,
standartizacija

Rysys su Stipresnis vietinis rySys, pazino vietinius Daznai kritikuojama dél nutolimo nuo
bendruomenémis miskininkus bendruomeniy
Kritika Pertekliné struktiira, neefektyvumas Baimés dél privatizacijos, darbo viety mazinimo

Saltinis: sudaryta autoriaus, 2025

Kaip matyti i§ 1 lentelés duomeny, po 2018 m. reformos valstybiniy misky valdymas tampa
centralizuotu. Si centralizacija apima ir sprendimy priémima, ir vieSuosius pirkimus, ir finansy valdyma.
Vyrauja vieninga strategija, kur visi regioniniai padaliniai pavaldiis centrinei bistinei. Imoné turi vieninga
finansing apskaitg. Didesné veiklos pelno dalis grazinama valstybei per dividendus. Jmoné vykdo vieningg
finansing apskaita, vyrauja efektyvesnis biudzeto pasiskirstymas ir investicijy planavimas. Vertinant
zmogiSkuosius iSteklius — iki reformos vyravo didelis darbuotojy skai¢ius administracinése grandyse (kas i§
dalies paskatino reforma). Buvo daug pasikartojanciy funkcijy (pvz., buhalterija kiekvienoje urédijoje). Tad
po reformos darbuotojy skaicius buvo sumazintas. Didzioji dalis ZzmogiSkyjy resursy optimizacijos paveiké
specialisty ir vadovy grandj.

Reforma zenkliai pakeité Lietuvos misky valdymo struktiira, taciau jos poveikis ir toliau kelia diskusijas
tiek tarp specialisty, tiek tarp visuomenés, taciau tam, kad vertinti nauda, reikéty Sig informacija paanalizuoti
jvairesniais aspektais. Zemiau esancioje lenteléje (2 lentelé) pateikiami Zmogiskyjy istekliy rodikliai,
atspindintys kaitg valstybiniame misky sektoriuje nuo 2002 m. iki 2024 mety.

Kaip matyti i§ 2 lentelés duomeny, valstybiniame misky sektoriuje vyrauja aiski darbuotojy skaiciaus
mazéjimo tendencija. Nuo 2002, t. y. per 22 metus, darbuotojy skai¢ius sumazéjo mazdaug 62.7 % (2002 m.
darbuotojy buvo 6270, tuo tarpu 2024 m. liko tik 2342). Mazéjimas vyko gana tolygiai, be reikSmingy
atsigavimo laikotarpiy.
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2 lentelé

Valstybiniy misky sektoriaus darbuotojuy skaiciaus, atlyginimy ir mi§ko ploty dinamika 2002-2024 m.

Metai Darbuotojy Vidutinis Vidutinis Atlyginimy skirtumas Valstybiniy Plotas vienam
skaicius atlyginimas, atlyginimas Lietuvoje ir urédijose miSky plotas, | darbuotojui, ha
eur Salyje, eur titkst. ha
2002 6270 352 331,61 20,39 1011,0 161,24
2003 5898 374 349,86 24,14 1016,7 172,38
2004 5341 408 3794 28,6 1029,9 192,83
2005 5211 462 420,82 41,18 1041,8 199,92
2006 4912 557 501,33 55,67 1051,2 214,05
2007 4653 694 594,3 99,7 1054,8 226,69
2008 4418 780 671,63 108,37 1059,5 239,81
2009 3859 570 613,42 -43,42 1065,0 275,98
2010 3811 618 614,28 3,72 1067,7 280,16
2011 4052 654 629,92 24,08 10754 265,40
2012 4106 684 646,43 37,57 1076,5 262,18
2013 4038 720 677,71 42,29 1077,7 266,89
2014 4107 749 714,49 34,51 1080,9 263,18
2015 4013 755 756,9 -1,9 1084,5 270,25
2016 3808 793 822,8 -29.8 1050,2 275,79
2017 3633 1152 884,8 267,2 1051,5 289,43
2018 3070 1283 970,3 312,7 1102,0 358,96
2019 3147 1492 1358,6 1334 1104,7 351,03
2020 2888 1473 1524,2 -51,2 1110,04 384,36
2021 2597 1505 1679,3 -174,3 1114,0 428,96
2022 2491 1793 1900,3 -107,3 1115,1 447,65
2023 2425 2113 2110,3 2,7 1112,0 458,56
2024 2342 2328 2336 -8 10744 458,75

Saltinis: sudaryta autoriaus, 2025, pagal Vidutinj ménesinj bruto ir neto darbo uzmokestj bei Lietuvos misky iikio
statistikq ( https://www.tagidas.lt/savadai/9006/ ir https://amvmt.lrv.It/It/atviri-duomenys- 1 /misku-statistikos-
leidiniai/misku-ukio-statistika/ )

Misky sektorius Lietuvoje nuolat patiria tam tikry pokyc¢iy ir reformy, 2002-2005 metais buvo atsisakyta
savy misko darbininky ir daugiau orientuotasi j misko rangovy imoniy samdyma. Véliau jtakos turé¢jo
modernizacijos ir automatizacijos procesai, galiausiai darbuotojy skaiciaus kritimg 1émé 2018 m. valstybiniy
misky reforma. Kadangi Sios reformos tikslas buvo sutaupyti ~14 min. €/metus, sumazinant administracijg ir
specialistus, tai aiSkiai matoma 2 lentelés duomenyse: 563 darbuotojy atsisake pereiti j naujg struktiirg ar buvo

atleisti, todél liko be darbo. Sis skai¢ius nezymiai padidéjes 2019 metais toliau stabiliai krito.

Kalbant apie tam tikro sektoriaus darbuotojy skai¢iaus kaita, nemazg jtaka tam turi ir $io sektoriaus
darbuotojy atlyginimai: natiiralu, kad paklausiausios darbo vietos yra tos, kuriose Zadamos karjeros galimybés
ir orus darbo uzmokestis.

Valstybiniy misky sektoriaus darbuotojy skaiiaus mazéjimg i§ dalies 1émé po reformos krites
pasitikéjimas miskininkais, jy jvaizdzio sumenkimas ir tuo pac¢iu palyginti nedidelis darbo uzmokestis (2 pav.).
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2 pav. Vidutinio darbo uzmokescio ir darbuotojy skai¢iaus dinamika valstybiniuose miskuose 2002-2024 m.
Saltinis: sudaryta autoriaus, 2025, pagal Lietuvos misky iikio statistikq ( https://amvmt.lrv.1t/It/atviri-duomenys-

1/misku-statistikos-leidiniai/misku-ukio-statistika/ )
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Kaip matyti i§ 2 paveikslo duomeny, Vidutinis atlyginimas VIVMU reik$mingai augo — nuo 352 Eur (2002
m.) iki 2328 Eur. (2024 m.). Vis gi Siuos duomenis vertinti kaip labai pozityvius nederéty. Reikia atkreipti
démesj j keleta fakty:

- Lietuva nuo pat jstojimo j ES (2004 m.) nuolat kelia minimaly darbo uzmokestj, atsizvelgiant j tai
kyla ir vidutinis atlyginimas, ir pragyvenimo lygis, pvz., nuo 2015 m. iki dabar minimali alga padidéjo daugiau
nei 3,5 karto. Nuo pat 2002 mety, pasiruosimo stojimui j ES, padidéjimas siekia daugiau nei 6,6 karto per
laikotarpj. Taigi visiSkai nattralu, kad atsizvelgiant j Siuos faktus augo ir vidutinis darbo uzmokestis;

- Kaip matyti i§ 2 paveikslo duomeny, ypac spartus atlyginimy augimas fiksuotas po 2016 mety (pvz.
2016 m. — 793 Eur, 0 2017 m. — 1152 Eur,). Tai gali buti paaiSkinama tuo, kad tuo metu egzistavusios 42 Salies
misky urédijos jauté artéjancias valstybinio misky sektoriaus reformas, numaté biisimus darbuotojy atleidimus
tad i§ anksto tam pradéjo ruostis, sukeliant darbo uzmokest;.

- Nuo 2019 m. apjungus darbdavio ir darbuotojo Sodros mokescius, pakilo priskaiciuotas darbo
uzmokestis (bruto). Tai neturéjo jtakos atlyginimui ,,j rankas® (neto), taciau statistikos duomenyse gali biiti
matomas ir klaidingai traktuojamas, kaip darbo uzmokescio padidéjimas;

- Politiniai, ekonominiai ir socialiniai jvykiai, tokie kaip COVID-19 pandemija, karas tarp Ukrainos

ir Rusijos turéjo jtakos infliacijos augimui. Auganti infliacija augina produkcijos ir paslaugy kainas, kilo darbo
uzmokestis, taciau reali perkamoji galia zymiai nesiskyreé.
Siekiant nustatyti Valstybiniy misky, kaip svarbaus sektoriaus konkurencinguma, vidutinis darbo uzmokestis
Urédijoje buvo palygintas su Salies vidutiniu darbo uzmokes¢iu. Duomenys pateikti 3 pav. Kaip matyti i§ 3
pav. duomeny, atlyginimai Lietuvos valstybiniame misky sektoriuje mazai kuo skiriasi nuo vidutinio
atlyginimo Salyje. Sesiais i§ dvidesimt dviejy atvejy vidutiniai atlyginimai Urédijoje yra netgi Zemesni nei
Salies vidurkis. Turint omenyje, kad misky sektoriuje dirba specialistai, beveik nebeliko darbininky grandies,
tokie skaiciai vertinti kaip nepalankds ir nepatraukliis. Kartu su 2018 metais jvykusia reforma bei miskininko
jvaizdzio kritimu tai salygoja ir darbuotojy skaifiaus mazéjima. Atliktos studijos rodo, kad miskininko
specialybe renkasi vis maZiau stojanciyjy, valstybiniuose misSkuose pradeda triikti darbuotojy.
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3 pav. Vidutinio darbo uzmokescio Valstybiniy misky urédijose palyginimas su Salies vidutiniu darbo
uzmokesc¢iu 2002-2024 m.
Saltinis: sudaryta autoriaus, 2025, pagal Vidutinj ménesinj bruto ir neto darbo uzmokestj bei Lietuvos misky iikio
statistikg ( https://www.tagidas.lt/savadai/9006/ ir https://amvmt.lrv.1t/lt/atviri-duomenys- 1/misku-statistikos-
leidiniai/misku-ukio-statistika/ )
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Paanalizavus vidutiniy atlyginimy valstybiniame misky sektoriuje ir visoje Lietuvoje dinamikg matyti,
kad misky urédijoje didziausias atotriikis tarp vidutiniy atlyginimy visoje Lietuvoje sietinas su reformos
pradzia, t. y. 2018 metais. Siuo laikotarpiu vidutinis atlyginimas valstybiniuose miskuose buvo 312 eur.
didesnis nei visoje Lietuvoje (3 pav.). Tai i§ dalies galéjo lemti faktas, kad vienas i$ reorganizacijos tiksly buvo
suvienodinti atlyginimus visiems tas pacias funkcijas atliekantiems darbuotojams. Iki valstybiniy misky
sistemos reformos kiekviena urédija darbo uzmokescius nusistatydavo individualiai. Apjungus jas j vieng
struktiirg susidaré tokia situacija, kad skirtinguose regioniniuose padaliniuose dirbantys specialistai uz tg patj
darbg gaudavo skirtingg darbo uzmokestj. Todél, siekiant socialinés lygybés, atlygis buvo padidintas beveik
pusei specialisty, kuriy uzmokestis, lyginant su kitais tg patj darba atliekanciais kolegomis, buvo maziausias.
Po pakeitimo $iy pareigybiy darbuotojy atlyginimas iSaugo vidutiniskai 20 proc. Per metus §is pokytis
Valstybiniy misky urédijai tai sudaré apie 416 tikst. eury.

Dar vienas svarbus pokytis zmogiskyjy iStekiy optimizacijos procese — iSauges prizitirimy misky plotas
vienam darbuotojui (4 pav.). Per analizuojamajj laikotarpj valstybinis misky sektorius iSgyveno ne vieng
reforma. Jy metu nuosekliai mazéjo darbuotojy skaicius (6,6 karto), tuo paciu augo vienam darbuotojui
tenkanciy prizifirimy misky plotai (2,8 karto).
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4 pav. Valstybiniy misky ploto, ir ploto, tenkancio vienam darbuotojui, kaita 2002-2024 m.
Saltinis: sudaryta autoriaus, 2025, pagal Lietuvos misky iikio statistikg (https://famvmt.lrv.1t/It/atviri-duomenys-1/misku-
statistikos-leidiniai/misku-ukio-statistika/ )

Remiantis atliktais valstybiniy miSky valdymo tyrimais (Liubachyna ir kt., 2017), Europos Salys
suskirstytos j 3 grupes, pasizyminéias skirtingu darbo naSumu, kuris iSreikStas darbuotojy skai¢iumi,
tenkan¢ius 1000 ha valdomo misky ploto. Sis rodiklis leidzia jvertinti organizacijy veiklos efektyvuma
zmogiskyjy istekliy panaudojimo pozitiriu — kuo rodiklis didesnis, tuo darbo naSumas yra mazesnis, nes
didesniam plotui valdyti reikia daugiau darbuotojy.

Pirmajg grupe sudaro Siaurés Europos 3alys (Suomija, Norvegija), pasizymin¢ios maziausiu darbuotojy
skai¢iumi 1 000 ha (apie 2 darbuotojus) ir atitinkamai auks¢iausiu darbo na$umu. Sios organizacijos
dazniausiai pasizymi aukStu mechanizacijos lygiu, skaitmenizuotais procesais ir pla¢iu paslaugy pirkimu i$
rinkos.

Antroje grupéje atsiduria Vakary Europos Salys (Vokietija, Pranciizija), kurioms budingas didelis
darbuotojy skai¢ius vienam misky ploto vienetui (6-10 darbuotojy). Tai rodo labiau darbo jéga grindZiamg
valdymo modelj, daznai siejamg su platesniu vieSyjy funkcijy spektru ir didesniu socialiniy bei rekreaciniy
paslaugy teikimu.

Trecia grupé apima Vidurio ir Ryty Europos Salis, kur vidutinis darbuotojy skaiciy 1 000 ha yra mazdaug
4 asmenys. Cia darbo na§umas yra maZesnis nei Siaurés Europos 3alyse, tatiau aukstesnis nei kai kuriose
Vakary Europos organizacijose. Tai atspindi pereinamgjj valdymo modelj, kuriame derinami centralizuoto
valdymo bruozai su palaipsniui efektyvumo didinimu.

Ivertinus Liubachyna ir kt. (2017) atlikto tyrimo duomenis matyti, kad Lietuva po 2018 mety reformos
peréjo i Siaurés Europos $alims badinga valdymo modelj su itin mazu darbuotojy skai¢iumi 1000 ha. Tagiau
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nuo $iy $aliy vis dar atsilickama mechanizacijos ir skaitmenizacijos procesuose, tad darbo kriivis darbuotojams
yra itin didelis.

Apibendrinant galima teigti, kad valstybiniame misky sektoriuje vykstancios reformos tiesiogiai
koreliuoja su darbuotojy skaiciaus kritimu — centrinés struktiiros kiirimas ir regiony optimizavimas reik§mingai
sumazino darbuotojy skai¢iy. Visais laikotarpiais reformy metu administracinés bei techninés funkcijos buvo
redukuojamos, centralizuojamos, o specialistai, kurie nesutiko su pokyc¢iais, liko be darbo. Nors po reformy
ivyko naudingy pokyciy: atlyginimy harmonizavimas, struktiiros atsigavimas, darbo jégos modelio pakeitimas
(taupant léSas valstybé per¢jo i§ samdomy darbininky modelio prie rangos jmoniy, per treciosios Salies
konkursus) visgi nepakankamai apgalvotos socialinés pasekmés, neatlikta socialinio poveikio analizé ir
trukstami sisteminiai vertinimai bei skaidrumo stoka 1émé socialing jtampa, kuri stipriai atsiliepé i§ miskininko
vaizdZziui.

Valstybiniy misky urédijy finansiniy rodikliy analizé

Vertinant Valstybiniy misky urédijos finansinius rodiklius reikia paminéti, kad urédija pagrindines
pajamas gauna i§ apvaliosios medienos pardavimy, kurie priklauso nuo vidutinés metinés medienos kainos.

Siekiant jvertinti urédijos veikos efektyvuma, buvo paanalizuoti 15-os mety vidutinés kainos, pajamy ir
pelningumo rodikliai. Jie apima laikotarpius tiek iki urédijos reformos (2010-2017 metai), tiek po reformos
(2018-2024 metai). Rezultatai pateikiami 3 lenteléje.

3 lentelé
Valstybiniy miSky urédiju pajamos, grynasis pelnas ir vidutiné medienos kaina, 2010-2024 m.
Metai Pardavimo pajamos, Grynasis pelnas, min. Pelningumas, proc. Vidutiné medienos

mlin. eur Eur kaina (€/m>)
2010 metai 120 11 9,2 27
2011 metai 158 7 44 40
2012 metai 143 8 5,6 42
2013 metai 154 11 7,1 43
2014 metai 166 11 6,6 45
2015 metai 156 6 3,8 44
2016 metai 156 7 4,5 41
2017 metai 164 5 3,0 43
2018 metai 180 25 13,9 46
2019 metai 157 5 32 44
2020 metai 150 15 10,0 50
2021 metai 206 38 18,4 63
2022 metai 320 108 33,8 70
2023 metai 289 66 22,8 60
2024 metai 273 41 15,0 55

Saltinis: sudaryta autoriaus, 2025, pagal Lietuvos misky ikio statistikq (https://amvmt.lrv.lt/lt/atviri-duomenys-
1/misku-statistikos-leidiniai/misku-ukio-statistika/ )

Kaip matyti i§ 3 lentelés duomeny, didZiausios pajamos buvo 2022 m. (320 mln. eur), kai ir vidutiné
kaina, ir grynasis pelnas buvo rekordiniai. Pelningiausi metai buvo: 2022 m. (33,8 % pelningumas); 2021 m.
(18,4 % pelningumas) ir 2023 m. — pelningumas 22,8 %

Maziausias pelningumas buvo 2017 m. (3,0 %) nepaisant gana stabilios kainos (43 eur/m?). Tad galima
teigti, kad kainai kylant po 2020 m., stipriai auga ir pelnas bei pelningumas.

Reformos pradzia ir 2018 m. valstybiniam miSky sektoriui buvo labai sudétingi. Reikéjo uztikrinti, kad
sektoriaus veikla nesustoty, kad bty toliau vykdomi jsipareigojimai medienos perdirbéjams, pirkéjams,
rangovams, kitiems verslo partneriams. Véliau, stipriai iSaugusi ir istoriskai auks¢iausia medienos kaina leido
fiksuoti finansiskai itin sékmingus metus. Kaip teigia Valstybin¢ misSky urédija (www.vivmu.lt), Valstybine
jstaiga Valstybiniy miSky urédija vykdoma pagrindiné veikla generavo vidutiniskai apie 40 mln. eur. per metus
graza valstybei. Reikéty paminéti, kad tai tik 2022 mety duomenys. Juos 1émé iSaugusi medienos kaina.

Kaip teigia statistika, po reformos VMU pasieké reikSmingy finansiniy rezultaty:

e  Pajamos ir pelnas: 2023 m. VMU gavo 288,6 mln. eury pajamy ir uzdirbo 66 min. eury grynojo
pelno.

e  Dividendai: 2023 m. j valstybés biudZeta pervesti 58,9 mln. eury dividendy, o papildomai sumokéta
13,1 mln. eury pelno mokescio.

e Investicijos: 2020 m. | medienos ruosos technikos, automobiliy ir darbo priemoniy atnaujinimg
investuota 12,2 min. eury.
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Valstybiniy misky urédijos reforma Lietuvoje atne$é reikSmingy ekonominiy rezultaty, jskaitant
didesnes pajamas, pelna ir investicijas j modernizacija. Sie rezultatai rodo, kad reforma prisidéjo prie didesnés
ekonominés grazos ir efektyvesnio resursy valdymo. Tacdiau svarbu atkreipti démesj 1 galimus socialinius ir
ilgalaikius poveikius, kad biity uztikrintas tvarus ir subalansuotas misky tikio vystymas.

3 lentelés duomenis perkélus j grafika (5 pav.) matyti, kad pajamos, pelnas ir vidutiné medienos kaina
kinta netolygiai.
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5 pav. V] Valstybiniy misky urédijy pajamos, grynasis pelningumas ir vidutiné medienos kaina,
2010-2024 m.
Saltinis: sudaryta autoriaus, 2025, pagal Lietuvos misky itkio statistikq (https.//amvmt.lrv.1t/It/atviri-duomenys- 1/misku-
statistikos-leidiniai/misku-ukio-statistika/ )

Kaip matyti i§ paveikslo duomeny, medienos kaina yra svarbiausias veiksnys, lemiantis tiek pajamas,
tiek pelninguma. Pelningumo augimas néra tiesiogiai proporcingas kainos kilimui, nes priklauso ir nuo kasty
strukttiros, apimties, sanaudy efektyvumo. Labiausiai susij¢ rodikliai: kaina ir pajamos.

Apibendrinant galima teigti, kad urédijos veikloje yra stipri priklausomybé nuo kainy — pelno Suoliai
(2021-2022 m.) tiesiogiai susije su kainy kilimu.

Didziausias neefektyvumo pozymis — 2011 m., kai kaina kilo drastiskai, bet pelnas ir pelningumas krito.

Veiklos efektyvumo jrodymas — 2010 m. (aukstas pelnas prie zemy kainy) ir 2018 m. (didelis pelnas
prie beveik nekintancios kainos).

Kritiniai metai (neefektyviis) — 2015-2017 m. ir 2019 m., kai i$ turimy kainy nebuvo i$spaustas pelnas.

Aukso laikotarpis rinkoje - 2020-2022 m.: kainos iSaugo nuo 50 eur/m? iki 70 eur/m?, o kartu smarkiai
augo ir pelningumas — net iki 33,8 % 2022 m. (rekordinis 108 mln. eur pelnas). Taciau reikia pabrézti, kad
pelno Suolis koreliuoja beveik tiesiogiai su kainy kilimu. Tad didelé dalis gery rezultaty yra rinkos aplinkybiy,
o ne vidinio efektyvumo pasekme.

Tad vertinant urédijos veiklg tiek pries 2018 m. reforma, tiek po jos galima teigti, kad Valstybiniy misky
urédijos veikla buvo efektyvi tik kai kuriais laikotarpiais. Daugeliu atvejy pelno augimas buvo tiesioginé
auksty kainy pasekmé, o ne sistemingo darbo rezultatas. Vertinant veiklos efektyvuma reikéty gilintis j sagnaudy
struktiirg bei iStekliy panaudojima nepriklausomai nuo rinkos svyravimy.

Tyrinédami Europos valstybiniy misky valdymo modelius autoriai Liubachyna ir kt. (2017) atkreipé
démesnj, kad Lietuvos atveju matyti ribota ne medienos veikly jvairové — dominuoja medelyny veikla,
medzioklé ir pavienés papildomos paslaugos (pvz., medienos transportavimas). Tai paaiSkina Lietuvos
viduting pozicijg pagal ekonominio produktyvumo ir misky sektoriaus salygy komponentes, nes ribota veikly
diversifikacija mazina galimybes kompensuoti svyruojancias pajamas i§ medienos rinkos.

Autoriai mano, kad ne medienos verslo veikly plétra yra svarbus veiksnys, lemiantis valstybiniy misky
valdymo ekonominj atsparuma ir bendrg veiklos efektyvuma. Organizacijos, pasizymincios platesniu veikly
spektru, dazniau uzima palankesnes pozicijas, o tai leidzia daryti i§vada, jog veiklos diversifikacija turéty biiti
laikoma strateginiu prioritetu tobulinant valstybiniy miSky valdymo modelius, jskaitant ir Lietuva.
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ISvados

1. Valstybiniy misky valdymo organizacijos pasizymi skirtingais veiklos modeliais, kuriuose jvairiai
derinami ekonominiai, ekologiniai ir socialiniai tikslai, o valstybiniy misky veiklos efektyvumo vertinimas
neturéty buti grindziamas vien finansiniais rodikliais, o turi apimti platesnj tvaraus misky valdymo konteksta
ir socialinius aspektus. Tyrimas atskleidzia, kad 2018 m. jvykdyta valstybiniy misky valdymo reforma
Lietuvoje i§ esmés pakeité sektoriaus organizacinj ir institucinj modelj, pereinant nuo decentralizuotos 42
urédijy sistemos prie centralizuoto vieno juridinio asmens valdymo. Sis pokytis atitinka mokslinéje literatiiroje
identifikuojamus efektyvaus valstybiniy misky valdymo principus — aiskig strategine krypti, vieningg valdymo
strukttra, standartizuotus procesus ir didesnj finansinj skaidrumg. Reformos rezultatai leidzia teigti, kad
centralizacija sudaré prielaidas administraciniy i$laidy maZzinimui ir veiklos efektyvumo didinimui, ypac
finansy valdymo, investicijy planavimo ir administraciniy funkcijy optimizavimo srityse. Zmogiskyjy istekliy
poziiiriu reforma lémé reikSminga darbuotojy skaiCiaus sumazgjimg, daugiausia administraciniuose ir
vadovaujanciuose lygmenyse, taip mazinant funkcijy dubliavimg ir stiprinant masto ekonomijos efekta.

2. Analizuojamuoju laikotarpiu nuosekliai mazéjo darbuotojy skaicius (6,6 karto), tuo paciu augo
vienam darbuotojui tenkanciy prizitirimy miSky plotai (2,8 karto). Nors vidutinis atlyginimas valstybiniy
miSky sektoriuje reikSmingai augo — nuo 352 Eur (2002 m.) iki 2328 Eur. (2024 m.), visgi Siuos pokycius
daugiau saglygojo augantis pragyvenimo bei darbo uzmokescCio lygis Lietuvoje nei pacios urédijos siekis
motyvuoti darbuotojus patraukliu darbo uzmokesc¢iu. Vidutiniai atlyginimai miSky sektoriuje mazai kuo
skyrési nuo vidutinio atlyginimo Salyje. Nors daznu atveju atlyginimai urédijoje buvo didesni nei Lietuvos
vidurkis, visgi skirtumas nebuvo didelis ir pastaraisiais penkiais metais stebima neigiama darbo uzmokesc¢io
kaitos tendencija, kas reiskia, kad atlyginimy vidurkiai Lietuvoje lenkia sitiloma darbo uzmokestj
valstybiniame misky sektoriuje.

3. Valstybiniy miSky urédijos finansiniy rodikliy analizé rodo, kad jmonés pajamos, pelnas ir
pelningumas yra stipriai priklausomi nuo apvaliosios medienos kainy svyravimy, o reik§mingiausi finansiniai
rezultatai pasiekti tais laikotarpiais, kai rinkoje fiksuotos istoriskai aukstos kainos. Nors po 2018 m. reformos
VMU pasieke rekordinj pelna, reikSmingus dividendus valstybei ir padidino investicijas i modernizacija, didelé
$iy rezultaty dalis buvo nulemta palankiy rinkos salygy, o ne vien vidinio veiklos efektyvumo augimo. Ilgalaiké
analizé atskleidzia, kad veiklos efektyvumas buvo netolygus tiek iki reformos, tiek po jos, o kai kuriais
laikotarpiais pelno potencialas nebuvo iSnaudotas net esant palankioms kainoms. Tai leidzia daryti iSvada, jog
siekiant didesnio ekonominio atsparumo ir tvarumo biitina ne tik toliau tobulinti sagnaudy ir istekliy valdyma,
bet ir strategiskai plésti ne medienos veikly diversifikacija, mazinant priklausomybe nuo cikliSkos medienos
rinkos.
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CHANGES IN THE STATE FOREST MANAGEMENT MODEL AND ITS IMPACT ON PERFORMANCE
EFFECTIVENESS
Summary

The article analyzes the performance of state forests before and after the 2018 reform, comparing key indicators of
labor force, wages, and profitability in order to objectively assess the impact of the changes. The analysis will cover
changes in the number of employees, average wages, and forest area per employee. Sales revenue, net profit, profitability,
and the impact of timber prices on the company's results will be examined. The aim is to answer how structural changes
have affected business efficiency.

It was found that during the period under review, the number of employees in the state forestry sector decreased
steadily (6.6 times), while the area of forest managed per employee increased (2.8 times). Salaries also rose significantly,
but a comparison of average salaries in the state forestry sector with the national average shows that in recent years they
have been slightly lower than in Lithuania as a whole. An assessment of income and profitability indicators shows that
the Forest Enterprise's activities were effective only in certain periods. In most cases, profit growth was a direct result of
high prices rather than the result of systematic work.

Key words: state forests, state forest management models, forest reform, operational efficiency.
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PAPRASTOJO BUKO (FAGUS SYLVATICA L.) MEDYNU STRUKTUROS,
REGENERACIJOS IR BUVEINIU SALYGU IVERTINIMAS

Dr. Loreta Semagkiené, dr. Sinilga Cernuliené
Lietuvos inZinerijos kolegija

Anotacija

Paprastasis bukas (Fagus sylvatica L.) pietvakariy Lietuvoje auga uz natiiralaus arealo riby, todél jo
populiacijy biiklés ir regeneracijos vertinimas yra svarbus siekiant suprasti Sios ruSies aklimatizacijos
galimybes klimato kaitos kontekste. Buko islikimas misSriuose medynuose priklauso nuo mikrobuveiniy,
konkurencijos ir lokalios aplinkos salygy, kurios arealo pakra$¢iuose tampa ribojancios.

Sio tyrimo tikslas — jvertinti buko paplitimg, augimo parametrus ir savaiminj atzélimg Kalveliy
girininkijoje, remiantis ilgalaikiais miskotvarkos duomenimis ir detalia lauko inventorizacija.

Analizuoti keturiy miskotvarkos laikotarpiy duomenys parode¢, kad 1989-2024 m. buko plotai isliko
stabilis (10,2-14,9 ha), o pats bukas dazniausiai formuoja antrgji medyno arda miSrivose pusynuose ir
eglynuose. Dendrometriniai rodikliai tarp skirtingy sklypy gerokai skyrési: buko aukstis sieké 19,9-27,0 m, o
skersmuo — 21,2-27,8 c¢m, kas rodo ryskia mikrobuveiniy ir konkurencinés aplinkos jtaka medziy augimui.
Savaiminio atz¢limo vertinimas parodé fragmentiSka regeneracijg — gausus pomiskis aptiktas tik dalyje sklypy,
o daugumoje viety bukas beveik nesidaugina dél riboto apsvietimo, storos paklotés ir konkurencijos su berzu
bei klevu. Zolinio ardo analizé atskleidé aiSkius mikroklimato skirtumus: drégnesniuose sklypuose risiy
jvairoveé buvo didesné, o sausesniuose dominavo mazai rusiy turincios bendrijos.

Tyrimo rezultatai rodo, kad Kalveliy girininkijoje bukas iSlicka gyvybingas ir gerai prisitaikes, taciau jo
natiiralizacijos tempas yra létas ir priklauso nuo lokaliy ekologiniy salygy. Tai svarbu prognozuojant buko
plétros potencialg Lietuvoje ir jo isitvirtinima $iaurés rytiniame arealo pakrastyje.

ReikSminiai Zodziai: Fagus sylvatica, introdukcija, regeneracija, pomiskis, misko struktira.

Ivadas

Pastaraisiais deSimtmeciais Europoje stebimos aiskios klimato kaitos tendencijos kei¢ia misky
ir ekologinis vaidmuo pastebimai kinta, yra paprastasis bukas (Fagus sylvatica L.). Sios rusies natiiralus arealas
istoriskai sieké Piety Skandinavija, Vakary ir Vidurio Europa, taciau klimato Siltéjimas lemia sparty buko
plitima j Siaure ir rytus. Tai fiksuojama tiek Baltijos Salyse, tiek Lenkijoje, Cekijoje ir Vokietijoje, kur bukas
uzima vis didesnes misriy ir gryny medyny buveines. Lietuvoje buko paplitimas vis dar fragmentiskas, taciau
pastaryjy deSimtmeciy inventorizacijos rodo, kad §i rusis s€kmingai auga pietvakariy regione, o kai kuriose
girininkijose pradeda formuoti stabilias antryjy ardy grupes.

Pietvakariné Lietuvos dalis pasizymi palyginti Svelnesniu klimatu, didesniu krituliy kiekiu ir
dirvozemiy, tinkamy bukui, jvairove, todél biitent §is regionas vertinamas kaip potenciali biisimos buko plétros
zona. Tam tikslui aktualu analizuoti lokalias populiacijas, jy amziaus struktiira, paplitima, ardy padétj, atzélima
ir taksacinius rodiklius. Tyrimai maZesniu masteliu leidzia tiksliai jvertinti, ar riisis yra aklimatizavusi, kokios
augavietés jai tinkamiausios ir kokj potencialg turi tolesniam plitimui.

Kalveliy girininkija Jurbarko rajone yra ypa¢ tinkama teritorija tokiai analizei. Tai miskinga (64 %
miskingumas) ir struktiiriSkai jvairi teritorija, kurioje vyrauja spygliuo¢iy medynai, ta¢iau aptinkama ir misriy
medyny su priemaisiniais buky ardais. Nors buko paplitimo plotas girininkijoje santykinai nedidelis (14,9 ha),
natiiralizacijos ir aklimatizacijos fazes. Buko augimas pusyny strukttiroje taip pat sudaro galimybe jvertinti
misriy medyny formavimosi tendencijas, jy produktyvumo ir ekologinio stabilumo potencialg.

Tyrimai, kurie apima nedideles teritorijas, taciau yra orientuoti j konkreciy rusiy ekologines savybes ir
struktiirg, suteikia vertinga informacija apie rusiy prisitaikyma ir plétros galimybes kintan¢iame klimate. Todél
Kalveliy girininkijos atvejis leidzia ne tik charakterizuoti vieting buko populiacija, bet ir pateikti jzvalgas,
aktualias platesniam regionui. Sios jZvalgos svarbios vertinant potencialias miskotvarkos kryptis, migriy
medyny formavimo strategijas ir galima paprastojo buko vaidmenj Lietuvos misky tikio struktiiroje ateityje.

Tyrimo tikslas — jvertinti paprastojo buko (Fagus sylvatica L.) struktiira, paplitimg ir regeneracijos
ypatumus Kalveliy girininkijoje.

Tyrimo objektas — Kalveliy girininkijoje augantys paprastojo buko medynai ir jy savaiminio atz¢limo
populiacijos.
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Tyrimo uzdaviniai — nustatyti buko ardy padétj ir dendrometrinius parametrus, jvertinti savaiminio
atzélimo intensyvuma bei jvairove skirtingose mikrobuveinése ir identifikuoti veiksnius, lemiancius Sios riiSies
jsitvirtinimg pietvakariy Lietuvos saglygomis.

Straipsnis susideda i§ anotacijos, reikSminiy Zodziy, teorinés jzvalgos, metodikos, tyrimo rezultaty ir
iSvady.

Teorinés jZvalgos

Sumedé¢jusiy augaly introdukcija — tai globalizacijos, klimato kaitos ir zmogaus veiklos nulemtas
procesas, turintis didele jtaka misky ekosistemy strukttrai ir funkcionavimui. Europoje egzotiniy sumedéjusiy
rosiy gauséjimas daugiausia siejamas su XIX—XX a. medelyny plétra, sodininkystés ir miskininkystés
eksperimentais (Richardson, Rejmanek, 2011). Intensyvéjanti prekyba augalais ir lengvesnis tarptautinis
judéjimas jgalino riisiy perkélima i naujas biogeografines zonas, o kai kurios i$ jy tapo invazinés, reikSmingai
keiGiangios vietiniy ekosistemy dinamika (Pysek ir kt., 2020). Siuolaikiniai tyrimai pabrézia, kad introdukuoti
medziai daznai pasizymi dideliu plitimo potencialu, prisitaikymu prie skirtingy klimato salygy ir gebéjimu
konkuruoti su vietinémis raSimis, todél jy poveikio vertinimas tampa vienu aktualiausiy misSky ekologijos
klausimy (Essl eir kt., 2020).

Lietuvoje svetimzemiy augaly auginimo tradicijos siekia XIV—-XV a. Istoriniai duomenys rodo, kad
Vilniuje jau tada veike sodai, kuriuose, be vietiniy vaistiniy ir vaisiniy riisiy, tikétina auginti ir dekoratyviniai
medziai bei kriimai. Lietuvos didysis kunigaikstis Vytautas, pasak Saltiniy, i savo rezidencijy sodus
atsivezdavo jvairiy augaly i§ Vakary Europos, taip formuodamas pradines introdukcijos kryptis Lietuvos
teritorijoje (Boguseviciaité ir kt., 1963). Kryptinga, sistemiskai organizuota augaly introdukcija Lietuvoje
igavo pagreit] XVIII a., kai 1775 m. buvo jkurtas Gardino botanikos sodas, tapes vienu pazangiausiy to meto
Ryty Europoje ir turéjes apie 2000 augaly rusiy kolekcijg (Kasperavicius, 2008). Nuo 1781 m., pradéjus veikti
Vilniaus universiteto botanikos sodui, introdukcijos procesas tapo nuosekliai dokumentuotas ir moksliskai
pagristas: XIX a. pabaigoje Lietuvos dvary parkuose ir botanikos soduose jau auginta apie 500-600
sumedéjusiy augaly taksony (Januskevicius ir kt., 2006).

Siuo metu Lietuvoje pagrindinés introdukuoty sumedéjusiy augaly kolekcijos telkiasi botanikos
soduose, arboretumuose, dendrologinése kolekcijose ir istoriniuose parkuose. Botanikos sody ir arboretumy
kolekcijose saugoma apie 2600, individualiose kolekcijose — 1700, o senuosiuose parkuose — apie 350
sumedéjusiy introdukuoty taksony (Januskeviius ir kt., 2006). Sis genofondas yra vienas reik§mingiausiy
Baltijos regione, o ilgaamziai dvary parky medziai pateikia unikalia informacijg apie ilgalaike aklimatizacija,
adaptacijos ribas ir risiy ekologinj plastiSkuma.

Pagal klasikine introdukcijos sampratg, medziy perkélimas uz nattralaus arealo riby vyksta trimis
esminémis fazémis: introdukcijos, aklimatizacijos ir natiiralizacijos (Danusevicius, 2000). Pirmoji fazé apima
pradinj risies perkélimo veiksma, kai rusSies ilgalaikés iSlikimo perspektyvos dar neaiskios. Lietuvos
Respublikos saugomy gyviny, augaly ir gryby risiy bei bendrijy istatyme (1997) introdukcija apibréziama
kaip jvezimas ir platinimas siekiant rsj jkurdinti gamtoje. Aklimatizacijos metu riiSies individai prisitaiko prie
naujy aplinkos sglygy i§ esmés nepakeisdami genetinés struktiiros (Danusevic¢ius, 2000). Naturalizacijos fazg
Richardson ir kt. autoriai (2000) apibrézia kaip procesa, kurio metu raisis tampa savarankiskai plintanti, gebanti
formuoti stabilias populiacijas ir uzimti ekologines niSas priimancios aplinkos bendrijose. Sios trys fazés
atitinka tarptautiniu mastu pripazintas biologiniy invazijy teorijas, kuriose pabréziama, kad natiiralizacija yra
bitina, bet nepakankama salyga invazyvumui, o sékminga introdukcija priklauso nuo klimato panaSumo,
fenotipinio plastiSkumo ir reprodukciniy strategijy.

Lietuvoje sumedéjusiy augaly introdukcijos praktika apima tiek moksliskai pagrjsta, instituciniuose
botanikos soduose vykdoma introdukcija, tiek gausiag mégéjy sodininky veikla, neretai vadinamg ,,stichine
introdukcija® (Januskevicius ir kt., 2006). Formalioji introdukcija paprastai vykdoma keturiais etapais:
potencialiy rusiy atranka, introdukcinés medziagos surinkimas, bandymai ir aklimatizacija bei masinis
dauginimas. Sékly mainai tarp botanikos sody islieka vienu i§ placiausiai taikomy metody, ta¢iau jam budinga
rizika gauti hibriding ar taksonomiskai negryng medziagg, ypac kai s¢klos renkamos misriose kolekcijose, kur
didelé kryzmadulkos tikimybé (Januskevicius ir kt., 2006). Patikimiausiu metodu laikomas dauginamosios
medziagos rinkimas ekspedicijose j natliralias populiacijas, nes tai leidzia jvertinti ekologinius rtsies poreikius
ir atrinkti morfologiSkai bei fiziologiskai perspektyviausius individus. Kita vertus, i§ Vakary Europos jvezti
augalai daznai btina iSauginti Siltesnio klimato saglygomis ir todél maZziau atspariis Lietuvos Ziemoms, kas lemia
apSalimus ir prastesn;j prisitaikymg (Januskevicius, 2000).

Paprastasis bukas (Fagus sylvatica L.) yra viena svarbiausiy Europoje placiai paplitusiy placialapiy
riisiy, kurios natiiralus arealas driekiasi nuo Piety Svedijos ir DidZiosios Britanijos iki Pirény, Alpiy, Balkany
ir Ukrainos (Navasaitis, 2008). Siaurin¢ arealo riba ties Karaliau¢iumi rodo $ios rii§ies jautruma Zemoms
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temperatliroms, ta¢iau pastaraisiais deSimtmeciais fiksuojamas spartesnis buko plitimas j $iaure, kas siejama
su klimato kaita (Danusevi¢ius, 2010). Lietuvoje gryny buko medyny néra, ta¢iau nedidelés misrios buko
medyny grupés aptinkamos Kliosiy, ASpurviy, Giruliy miskuose, Zagarés parke ir Kauno apylinkése
(Pilkauskas, Marozas, 2011).

Buko morfologiniai, fiziologiniai ir ekologiniai pozymiai lemia jo prisitaikymo strategijas. Tai 20-35
(50) metry aukscio, 1,8 (2,5) metro skersmens kamieng galintis iSauginti medis su skéstasake laja, plona pilka
zieve, odiskais lapais ir kas 3—5 metus gausiai deranciais rieSutéliais. Bukas yra vidutiniskai reiklus Silumai
(Kairiiikstis, 1979), labai jautrus pavasario Salnoms (Juodvalkis, 1979), taciau gerai pakelia iiksme ir sudaro
produktyvius medynus derlinguose, vidutiniskai drégnuose priemoliuose ar priesméliuose. Jauname amziuje
augimas létas, ta¢iau 50-60 mety pasiekia maksimuma, o medynai gali sukaupti iki 800-900 m*/ha medienos
(Navasaitis, 2008). Ilgaamziskumas (200-300, retais atvejais iki 500 mety) rodo Sios riuisies ekologinj
atsparuma, taciau tarptautiniai tyrimai fiksuoja jos jautrumg sausroms pietinéje arealo dalyje, kur pastaraisiais
desimtmeciais stebimas populiacijy nykimas.

Sie duomenys rodo, kad paprastasis bukas yra ekologiskai svarbi, ta¢iau aplinkos poky&iams jautri riisis,
kurios introdukcijos ir aklimatizacijos rezultatai Lietuvos salygomis priklauso nuo klimato Silté¢jimo
tendencijy, dirvoZzemio savybiy ir genetinio kintamumo, sukaupto tiek natiiraliose, tiek introdukuotose
populiacijose.

Tyrimuy metodika

Kalveliy girininkijos miskai iSsidést¢ vakarinéje Jurbarko rajono savivaldybés dalyje ir pasizymi dideliu
miskingumu bei pakankamai produktyviais medynais. Inventorizacijos duomenimis, girininkijos veiklos
teritorijoje i§ viso inventorizuota 3018 ha misky, i$ kuriy 60 % sudaro valstybinés reikSmeés miskai, o 38 % —
privatiis ir nuosavybés teisiy atkiirimui skirti plotai.

Kalveliy girininkijos teritorijos erdviné struktiira, kvartaly tinklas ir jy sasajos su saugomomis
teritorijomis pavaizduotos teritorijos schemoje (1 pav.).

\/1eSwIe§'¢fezerv
. R IR
Viesvilésrezérva

1 pav. Kalveliy girininkijos misky kvartaly schema
Saltinis: sudaryta autoriy

Bendras girininkijos veiklos plotas siekia 4,6 tiikst. ha, o teritorijos miskingumas yra 64 %, virsijantis
vidutinj urédijos miskingumo rodiklj (37,7 %).

Kalveliy girininkijos medyny struktiiroje dominuoja spygliuo¢iy medziai, uzimantys 76,5 % viso
medyny ploto. Absoliuciai vyraujanti medziy riisis yra paprastoji pusis, sudaranti 79,1 % spygliuo¢iy medyny.
Pusynams budingas vidutinis 66 mety amzius, 1,1 bonitetas ir 325 m3/ha vidutinis ttris, o brandziy pusyny
taris siekia 403 m*/ha. Eglé uzima 7,4 % medyny ploto ir pasizymi aukstu skalsumu (0,84) bei dideliu brandziy
medyny tiriu (376 m*/ha).

Minkstieji lapuociai sudaro 13,3 % medyny ploto, i§ kuriy didziausi plotai tenka berzynams (10,3 %).
Berzyny vidutinis amzius yra 42 metai, bonitetas 1A, o vidutinis tiiris — 212 m*ha. Juodalksnynai uzima 2,7
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%, drebulynai 0,3 %, o baltalksnynai — tik simbolin¢ dalj medyny ploto, taciau pasizymi didziausiu skalsumu
visoje girininkijoje (0,86). Tai rodo, kad tam tikruose vietovés mikroreljefo ir dirvozemio plotuose formuojasi
tankesni, drégme mégstantys medynai.

Vidutinis Kalveliy girininkijos medyny amzius yra 61 metai, o paprastojo buko — 71 metai, tai rodo
ilgalaikj Sios rusies augima girininkijos medynuose ir santykinai brandzia buko amziaus strukttira. Bendras
girininkijos medyny bonitetas siekia 1,1 ir atspindi auksta teritorijos nasuma. Pusynai ir klevynai pasizymi
auksCiausiais bonitetais, o tai budinga derlingesniems vakary Lietuvos smeélingiems priemoliams ir
priesméliams, turintiems geras augavietés savybes.

Vidutinis medyny skalsumas yra 0,81, rodantis pakankamai uzdarg medyno struktiirg ir optimaly medziy
tankj. DidZiausias skalsumas nustatytas baltalksnynuose ir eglynuose, o pusyny skalsumas atitinka biidingg iy
medyny struktiirai Lietuvos Zemumose.

Kalveliy girininkijoje aptinkamas paprastasis bukas uzima nedidelj — 14,9 ha — plotg ir daugiausia auga
medyny antrajame arde. Si riisis ¢ia aptinkama tik dviejuose kvartaluose, todél jos paplitimas laikytinas lokaliu.
Bukas girininkijoje néra vyraujanti raisis, gryny bukyny neformuoja, taciau jo stabilus augimas misriy medyny
strukttiroje rodo, kad §i riiSis prisitaikiusi prie vietiniy edafiniy ir mikroklimatiniy salygy. Tai ypac reikSminga
vertinant klimato kaitos kontekste daznai aptariama buko plitimo potencialg Siaurés kryptimi.

Paprastojo buko paplitimas Kalveliy girininkijoje nustatytas analizuojant miskotvarkos dokumentus,
medyny taksacinius aprasus ir esamus misko kartografinius duomenis. Tolesniems lauko tyrimams buvo
atrinkti tie medynai, kuriuose bukas sudaro reik§minga priemaisa ir kuriuose §i rusis yra labiausiai jsitvirtinusi.
Atrankos kriterijai apémé buko dalj medyno raiSinéje sudétyje, jo amziaus struktiirg bei ardy padétj.

Lauko tyrimuose kiekviename atrinktame medyne buvo jrengti skrituliniai apskaitos bareliai. Barelio
plotas buvo 500 m? (r = 12,62 m), o jo dydis parinktas atsizvelgiant j vidutinj medyny skersmenj ir skalsuma,
siekiant uztikrinti reprezentatyvig struktiiriniy rodikliy imt;.

Kiekviename apskaitos barelyje buvo registruoti visi >8 cm skersmens medziai. Skersmenys matuoti
zerglémis 1,3 m aukstyje nuo Saknies kaklelio. Nustatyti pagrindiniai dendrometriniai rodikliai: skersmuo,
aukstis ir tankumas. Atliekant paprastojo buko kiekybinius matavimus kiekviename barelyje iSmatuota 7—10
buko medziy auksciy, taip pat jvertinti keli antraeiliai dendrometriniai elementai.

Be medziy ardy struktiiros buvo vertinama ir Zemesniyjy augalijos sluoksniy sudétis. Bareliuose fiksuota
trako (krimy) riiSiné sudétis, tankumas, aukstis ir glaudumas; pomiskio risiné sudétis ir gausumas; taip pat
7olinés dangos ir samany bendrijy sudétis. Sie duomenys sudaré galimybe jvertinti paprastojo buko
konkurencing padét] ir regeneracijos galimybes skirtinguose medyny tipuose.

Savaiminio atzélimo (pomiskio) gausumui jvertinti kiekviename tirto medyno plote buvo nutiesta 50 m
ilgio apskaitos juosta. | apskaitos plota pateko visi savaiminiai medziai, augantys 1 m atstumu abiejose juostos
pusése. Apskaitos juostos vieta parinkta apzitiréjus trako struktiirg ir pomiskio pasiskirstyma, siekiant, kad
apskaita atspindéty viduting medyno situacija. Pagal Siuos duomenis apskaiCiuotas savaiminuky tankumas
vienetais hektare. Apskaitos juosty skaifius derintas su bareliy skai¢iumi ir koreguotas atsizvelgiant ]
konkrecios medyno dalies plota.

Surinkti duomenys suvesti j Ziniara$cius, apskaiCiuoti vidurkiai ir pagrindiniai statistiniai rodikliai.
Duomeny analizei, tendencijy nustatymui ir grafinei interpretacijai buvo naudojama programa ,,Microsoft
Excel®.

Tyrimo rezultatai

Remiantis keturiy miskotvarkos laikotarpiy analize, paprastojo buko uzimamas plotas Kalveliy
girininkijoje per beveik 35 mety laikotarpj kito netolygiai (2 pav.).
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Plotas (ha) / Area (ha)

2004 2014
Metai / Year

2 pav. Paprastojo buko ploto kaita Kalveliy girininkijoje (1989-2024 m.)

Saltinis: sudaryta autoriy

1989 m. inventorizacijos metu bukas uzéme 10,2 ha, daugiausia augdamas antrajame medyny arde. 2004
m. jo plotas padidéjo iki 14,4 ha, t. y. buvo uZfiksuotas apie 41 % teritorijos augimas, palyginti su 1989 m. Sis
pokytis sietinas su medyny amziaus progresija, tankéjancia struktira ir palankesnémis salygomis buko
i§likimui miSriuose puSynuose.

2014 m. inventorizacijoje fiksuotas neZymus sumaz¢jimas iki 14,1 ha. Toks pokytis néra ekologiniu
poziiiriu reikSmingas ir daugiausia gali buti siejamas su misSkotvarkos kvartaly riby bei sklypy pertvarkymu,
del kurio pakito apskaitiniy ploty konfigtiracija. Faktinis buko paplitimas ir jo dalis antrajame arde i§ esmés
liko panasis kaip 2004 m.

2024 m. papildomo vertinimo metu nustatyta, kad buko plotas vél Siek tiek padidéjo — iki 14,9 ha. Tai
leidzia teigti, kad ilgalaiké buko augimo tendencija yra nuosaikiai didéjanti, nors poky¢iy amplitudé nedidelé.
Sis augimas labiau atspindi natiiralia buko stabilizacija esamuose medynuose, o ne spartesnj plitima, nes Sioje
Lietuvos dalyje bukas vis dar auga arealo pakrastyje, kur jam biidingas nepastovus se¢kly deréjimas ir jautresnis
pomiskio islikimas.

Kalveliy girininkijos duomenys rodo, kad bukas per kelis deSimtmecius palaipsniui jsitvirtina, taciau jo
plitimo intensyvuma riboja stora puSyny pakloté, konkurencija su vyraujanc¢iomis rasimis bei klimato
veiksniai, biidingi arealo periferijai. Dél §iy priezas¢iy buko augimo ploto dinamika islieka santykinai stabili,
be staigiy Suoliy ar nuosmukiy.

Analizuojant keturiuose Kalveliy girininkijos sklypuose auganciy paprastyjy buky dendrometrinius
rodiklius (1 lentelé), nustatyta, kad buko populiacija pasizymi dideliu struktiiriniu kintamumu, budingu
introdukuotoms arba arealo pakras¢iuose auganc¢ioms populiacijoms.

1 lentelé
Paprastojo buko (Fagus sylvatica L..) dendrometriniuy rodikliy charakteristika tyrimo sklypuose

Rodiklis Sklypas A Sklypas B Sklypas C Sklypas D
Tankis, vnt,/ha 200-360 140-300 40-240 40-320
Vidurkis + SD 270 + 68 230+ 72 220 + 85 250+ 110
Skersmuo, cm 18,5-24,1 11,0-27,6 21,7-35,1 23,5-35,1
Vidurkis + SD 21,6 42,41 212+7,1 273+6,0 278+55
Aukstis, m 19,8-25.8 9,2-25,2 22,7-30,3 23,5-30,3
Vidurkis + SD 22,7 +2,47 19,9 £6,7 26,95 +3,7 26,0 +3,5
Medyno tiris, m*ha 62,16-200,9 7,11-158,87 44,21-97,63 53,89-131,36
Vidurkis + SD 114,9 + 62,3 101,05 + 64,5 89,77+ 19,5 110,63 + 34,0
Buko tiiris, m*ha 62-200 7-159 44-98 54-131
Vidurkis 115 101 91 111
Santykinis skalsumas 0,23-0,53 0,09-0,43 0,10-0,29 0,14-0,40
Vidurkis + SD 0,35+ 0,145 0,32+£0,14 0,28 + 0,08 0,33+0,11

Saltinis: sudaryta autoriy
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Tankio, skersmens, aukscCio ir tiirio intervalai tarp sklypy rodo, kad bukas Kalveliy girininkijoje dar néra
pasiekes stabilios, savaime susiformavusios struktiiros ir reaguoja ]} vietinius mikroklimatinius bei
konkurencinius veiksnius.

Medziy tankumas tyrimo sklypuose svyravo nuo 40 iki 360 vnt./ha; didziausia buko gausa nustatyta A
sklype, o maziausia — C ir B sklypuose. Toks fragmentiskas pasiskirstymas budingas bukui, augan¢iam uz
natiiralaus arealo riby arba misriuose medynuose, kuriuose Sviesos kiekis ir erdviné konkurencija stipriai
jtakoja séklinj atsinaujinimg (Packham ir kt., 2012; Pilkauskas ir kt., 2011). Bukas yra fiksmin¢ risis, taciau
stabilios regeneracijos pasiekti negali esant pernelyg uzdaram medynui ar storai paklotei — tokios salygos
riboja jo jsitvirtinimg (Packham ir kt., 2012).

Kamieny skersmens ir aukscio rodikliai rodo aiskius skirtumus tarp sklypy. Sklypuose C ir D bukai
pasizymi didesniu vidutiniu skersmeniu (27,3-27,8 cm) ir auksciu (apie 26—27 m), o A ir B sklypuose —
mazesniais matmenimis. Tai leidzia teigti, kad buko augimas labiau priklauso nuo konkrecCios augavietés
S$viesos rezimo ir konkurencijos intensyvumo, o ne vien nuo klimato ar dirvoZzemio. Aussenac (2000) pabrézia,
kad bukas itin jautriai reaguoja | medyno mikroklimato pokycius: pritemdytame antrame arde skersmeny
prieaugiai smarkiai krinta, taciau auksc¢io prieaugis gali islikti intensyvus, dél ko bukai tampa iSsistiebe ir
mazesnio skersmens — tai atitinka ir Kalveliy girininkijos duomenis.

Medyno tiirio ir buko tiirio analizé parodé, kad didziausias buko tiiris (111-115 m3/ha) nustatytas A ir D
sklypuose, kur bukai yra paplite pakankamai gausiai, bei pasizymi didesniais dendrometriniais parametrais.
Tuo tarpu C sklype, nors bukai yra auksti, jy turis iSlieka mazesnis dél Zemesnio tankumo. Tokia struktiiriné
diferenciacija budinga misriems medynams, kuriuose bukas konkuruoja su pusimi ir egle, taigi jo tiiris labiau
priklauso nuo jo dalies medyne nei nuo individualiy medziy augimo tempy (Bauhus ir kt., 2017). Buko augimas
misriy medyny salygomis gali biiti arba skatinamas, arba ribojamas, priklausomai nuo to, ar vyraujanti rasis
uztikrina pakankamg $viesos kiekj apatinio ardo individams.

Santykinio skalsumo wvertés (0,28-0,35) patvirtina, kad bukui Kalveliy girininkijoje dar néra
susiformavusiy optimaliy salygy, biidingy brandesniems bukynams, kuriuose skalsumas daznai siekia >0,5
(Packham ir kt., 2012). Nedidelis skalsumas reiskia, kad bukas daugelyje sklypy auga kaip antraeilé rtsis, o jo
buklé ir struktiira priklauso nuo dominuojanciy risiy dangos. Dél Siy priezasCiy struktiiriniai parametrai
Kalveliy girininkijoje visiskai atitinka uZ natiiralaus arealo riby auganc¢iy buky populiacijy ypatumus, kuriuos
apras¢ Pilkauskas ir kt. (2011): didelis variantiSkumas, reaklimatizacijos pozymiai ir pavienés klestincios
grupes.

Siy duomeny interpretacija sutampa ir su klimato kaitos studijomis, rodangiomis, kad bukas pleciasi j
Siaure ir j aukStesnes platumas, taCiau arealo pakrasc¢iuose medyny struktiira iSlieka nevienoda ir labai jautri
aplinkos veiksniams (Kramer ir kt., 2010; Jump ir kt., 2006). Kalveliy girininkijos rezultatai rodo, kad bukas
jau formuoja stabilius medyny fragmentus, taciau jo plétros potencialas tiesiogiai priklausys nuo konkurencijos
su pusimi ir egle, dirvoZzemio drégnumo bei Sviesos rezimo.

Pomiskio analizé¢ Kalveliy girininkijoje atskleidé didelius tirty sklypy regeneracijos intensyvumo
skirtumus (2 lentelé).

2 lentelé
Pomiskio riiSinés sudéties charakteristika tyrimo sklypuose
) Medziy rasis, vnt./ha
Sklypai
Paprastasis bukas Paprastasis klevas Karpotasis berzas

Sklypas A 0-5600 0-500 0
Vidurkis = SD 2250 +2620 200 + 221

Sklypas B 0-200 0-500 0
Vidurkis £ SD 50 +£94 125+216

Sklypas C 0 2700-3200 8000-9200
Vidurkis = SD 2950 + 353 8600 + 848

Sklypas D
Vidurkis + SD 0 0 0

Saltinis: sudaryta autoriy

Kalveliy girininkijoje nustatyti paprastojo buko (Fagus sylvatica L.) regeneracijos skirtumai rodo, kad
Sios rusies atzélimas labai priklauso nuo vietiniy sglygy — Sviesos kiekio, dirvozemio drégmés ir konkurencijos
su kitomis rii§imis. Misy gauti rezultatai aiSkiai sutampa su mokslinéje literattiroje pateikiamomis jzvalgomis.

Sklype A bukas sudaro didZiausig pomiskio kiekij, o tai rodo, kad ¢ia susidar¢ palankiausios salygos jo
natiiraliai regeneracijai.

Bukas geriausiai atZelia ten, kur yra vidutinis Sviesos kiekis (ne visiSkas pavésis, ir ne visiskai atvira
erdve) ir kur dirvozemis iSlieka pakankamai drégnas (Petritan ir kt., 2013; Madsen, Larsen, 1997). Tokios
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salygos daZniausiai susidaro nedideliuose medyno praretéjimuose ar natiiraliose atvirose vietose po lajomis,
kurios jleidZia Siek tiek daugiau $viesos, bet neuzleidZia teritorijos greitai augancioms pionierinéms medziy
rusims. Tai visiSkai atitinka miisy stebétg situacija A sklype.

PrieSingai, sklypuose C ir D buko pomiskis neaptiktas, o vietoje jo gausiai dygsta berzas. Van
Couwenberghe ir kt. (2013) nustaté, kad bukas daznai pralaimi konkurencing kova su §viesamégémis riiSimis,
tokiomis kaip berzas ar drebulé. Sios ridys greitai jsitvirtina, sudaro tanky sazalyng ir fiziskai bei §viesos
pozitriu blokuoja buko s¢jinuky islikimg. Miisy duomenys tai patvirtina: ten, kur berzo pomiskis siekia 8000—
9200 vnt./ha, buky i§vis néra.

Sklype B buko pomiskis buvo aptiktas tik viename i§ keturiy bareliy, todél bendras regeneracijos
intensyvumas Siame sklype vertintinas kaip labai menkas ir fragmentiskas. Literattira rodo, kad tokie pavieniai
atzélimai budingi vietovéms, kuriose salygos trumpam pageréja labai lokaliai — pavyzdziui, atsivérus lajoms
ar susidarius lokaliai drégnesnei mikrobuveinei (Madsen, Larsen, 1997; Petritan ir kt., 2013). Taciau didZiojoje
sklypo dalyje bukas neatsikuria, o tai atitinka GeBler ir kity autoriy (2007) iSvadas apie jo jautrumg sausrai ir
konkurencijai jauname amZiuje.

Dendrometriniai duomenys rodo, kad C ir D sklypuose buky vidutiniai auksciai ir skersmenys yra
didesni nei kituose sklypuose. Tai leidzia manyti, kad brandzios kartos medziai Siuose sklypuose augo
palankiomis salygomis, taCiau tai neatsispindi jy regeneracijoje. Literatliroje toks reiskinys aprasomas kaip
btdingas brandiems buko medynams, kuriuose pavirsiaus mikroklimatas ir konkurencija skiriasi nuo virSutinio
ardo salygy (Nagel et al., 2010). Kitaip tariant, dideli medziai gali augti gerai, bet jy séjinukai neiSgyvena dél
S$viesos stokos, tankios paklotés arba intensyvios konkurencijos pomiskyje.

Misy duomenys tai patvirtina: C sklype regeneracija visiskai blokuoja tankus berzo pomiskis, o D
sklype buko séjinukai neatsikuria dél labai riboto $viesos kiekio ir galimos dirvozemio perdziiivimo rizikos.
Tokios saglygos literatiiroje nurodomos kaip ypa¢ nepalankios buko plitimui (Madsen, Larsen, 1997; GeBler ir
kt., 2007).

Pagrindiné iS§vada yra ta, kad sékminga buko regeneracija priklauso ne nuo to, kaip gerai auga brandi
karta, bet nuo mikrobuveiniy salygy Zzemutiniame arde. Bukas atzelia tik ten, kur Sviesos, drégmés ir
konkurencijos balansas yra palankus — biitent tokia situacija nustatyta sklype A.

Tyrimo sklypuose nustatyta zoliné ir samany danga (3 lentelé) atskleidé rySkius mikrobuveiniy
skirtumus, kurie biidingi vidutiniy platumy buko medynams.

) 3 lentelé
Zolinio ardo risiné sudétis tyrimo sklypuose
Rasis Sklypas A Sklypas B Sklypas C Sklypas D
Dryopteris filix-mas (L.) Schott + + - +
Oxalis acetosella L. + + + +
Maianthemum bifolium L. + - + -
Dicranum scoparium Hedw. + + - -
Dryopteris carthusiana (Vill.) H.P. Fuchs - - + -

Saltinis: sudaryta autoriy

Visuose sklypuose augantis paprastasis kiskiakopustis (Oxalis acetosella L.) rodo stabily pavésj ir
vidutine dirvozemio drégme, nes §i riiSis yra viena budingiausiy brandziy Europos buko misky Zolinio ardo
komponenty (Tessier et al., 2001). Jos nuolatinis pasikartojimas visuose sklypuose leidzia manyti, kad né
viename plote néra ekstremalaus i$dzitivimo ar staigaus $viesos padidéjimo.

Sklypas A i8siskyré didziausia rasiy jvairove: Cia aptiktos kelminis papartis (Dryopteris filix-mas (L.)
Schott), dvilapé medute (Maianthemum bifolium L.) ir Sakotoji dvyndanté (Dicranum scoparium Hedw.). Tokia
struktira btudinga drégnesnéms, maziau trikdomoms ir storesnés paklotés vietoms, kur mikroreljefas ir lajos
sudaro mozaikiskg $viesos rezimg (Brunet et al., 2010). Dvilapé meduté (Maianthemum bifolium L.) laikoma
tikra miSko ri§imi, biidinga pavésingoms vidutinio drégnumo ir riigstesnio, skurdesnio derlingumo dirvoZzemio
augavietéms. Ji taip pat priskiriama seny misky indikatoriy grupei tiek spygliuociy, tiek misriuose lapuociy
miSkuose (Orczewska 2010; Schmidt et al. 2011). Jos aptikimas sklype A leidzia manyti, kad ¢ia iSlikusios
palankios pavésio ir vidutinio dirvoZemio drégnumo mikrobuveinés salygos.

Sakotoji dvyndanté (Dicranum scoparium Hedw.) paprastai aptinkama rigi¢iuose, storesnés paklotés
miskuose, todél $i rusis taip pat rodo, kad A sklypas yra ,,brandesnis* ir mikroklimato pozitiriu stabilesnis.

Sklype B Zoliné danga paprastesné — vyrauja paprastasis kisSkiakopistis (Oxalis acetosella L.) ir kelios
paparciy riiSys. Paprastasis kiSkiakopiistis placiai paplites Europos misriuose ir lapuociy miskuose, jam
btidingos pavésingos ir vidutinio drégnumo buveinés, o po zeme esantys Sakniastiebiai leidzia lengvai
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atsinaujinti ir iSlikti po vidutinio intensyvumo trikdymuy, tokiy kaip kirtimai ar paklotés pazeidimai (Dinca et
al., 2025).

Sklypo C rusiy jvairove, ypac¢ smailialapis papartis (Dryopteris carthusiana (Vill.) H.P. Fuchs) rodo dar
didesng drégme arba reljefo jdubas, nes smailialapis papartis (Dryopteris carthusiana (Vill.) H.P. Fuchs)
dazniausiai aptinkamas drégnesnése vietose, kur dirvozemis iSlieka neuzdzitives net vasara.

Sklypas D pasizyméjo pacia paprasciausia Zoline danga — i§ esmés tik paprastasis kiskiakopiistis (Oxalis
acetosella L.) ir pavienés paparciy rusys. Tai rodo, kad Siame sklype gali tritkti drégmés, o paklotés sluoksnis
tikétina yra plonesnis. MiSko Zolinio ardo jvairové reik§mingai mazgja, kai vasara pavirSinis dirvozemis
perdzitsta ir mikroklimatas tampa vienodesnis (De Frenne ir kt., 2013). Biitent tokie pozymiai tikétini sklype
D, kuriame néra jautresniy rasiy, tokiy kaip dvilapé meduté (Maianthemum bifolium L.) ar Sakotoji dvyndanté
(Dicranum scoparium Hedw.).

Apskritai gauti rezultatai atskleidzia, kad zoliné ir samany danga labai tiksliai atspindi mikroklimato,
drégmeés ir paklotés pokycius tyrimo sklypuose. Rusiy skirtumai tarp sklypy A—D visiskai dera su literatiiroje
aprasomais Europos buko misky ekologiniais principais, susijusiais su §viesos rezimo mozaikiSkumu,
dirvozemio drégme ir buveiniy stabilumu.

ISvados

1. Paprastojo buko paplitimas Kalveliy girininkijoje per 1989-2024 m. isliko stabilus, svyravo nuo
10,2 iki 14,9 ha. Nedideli ploto poky¢iai daugiausia susij¢ su miskotvarkos kvartaly riby kaita, o ne su realiais
ekologiniais poky¢iais.

2. Bukas daugiausia auga antrajame misriy puSyny arde, o j pirmajj ardg patenka tik pavieniai
individai. Tai patvirtina, kad Kalveliy girininkija yra natiiralaus arealo pakrastys, kuriame bukas islieka, bet
néra dominuojanti rusis.

3. Dendrometriniai rodikliai tarp sklypy skyrési, ta¢iau bendros tendencijos rodo, kad bukas geriau
auga sklypuose, kuriuose yra didesnis drégmés prieinamumas ir mazesné konkurencija pirmajame arde.
Auksciy vidurkiai svyravo nuo 19,9 iki 27,0 m, o skersmenys — nuo 21,2 iki 27,8 cm.

4. Savaiminis buko atzélimas buvo labai nevienodas: gausus tik viename tirtame plote (sklypas A), o
kituose praktiskai nefiksuotas. Tai rodo, kad $§viesos ir paklotés sglygos yra pagrindiniai buko atzélimag
ribojantys veiksniai.

5. Skirtinguose sklypuose nustatyta zoliné ir samany danga skyrési, atspindédama mikroklimato ir
dirvozemio drégmés kontrastus. Drégnesni sklypai turéjo didesne riisiy jvairove, o sausesniuose dominavo
viena—dvi riSys.

6. Buko regeneracija riboja misko pakloté ir konkurencija su pirmojo ardo medziais. Net sklypuose,
kuriuose bukas pasieké gerus augimo rodiklius, savaiminuky beveik neaptikta, todél natiiralus plitimas yra
epizodinis ir priklausomas nuo mikrobuveiniy.

7. Kalveliy girininkijoje salygos buko augimui yra tinkamos, taciau daug veiksniy riboja jo plétra,
todél natiiralus arealo plétimas j Siaurg Siame regione vyksta létai ir fragmentiskai.
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ASSESSMENT OF THE STAND STRUCTURE, REGENERATION, AND HABITAT CONDITIONS OF
EUROPEAN BEECH (FAGUS SYLVATICA L.)

Summary

The European beech (Fagus sylvatica L.) grows outside its natural range in southwestern Lithuania, making the
assessment of its population condition and regeneration important for understanding the species’ acclimatization potential
under climate change. The persistence of beech in mixed stands depends on microhabitats, competition, and local
environmental conditions, which become limiting at the range margin.

The aim of this study was to evaluate the distribution, growth parameters, and natural regeneration of beech in the
Kalveliai Forest District, based on long-term forest inventory data and detailed field surveys.

The analysis of four forest management periods showed that between 1989 and 2024 the area occupied by beech
remained stable (10.2—-14.9 ha), and the species typically forms the second canopy layer in mixed pine and spruce stands.
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Dendrometric measurements revealed considerable variation among plots: beech height ranged from 19.9 to 27.0 m, and
diameter from 21.2 to 27.8 cm, indicating pronounced effects of microhabitat conditions and competitive environment on
growth. Natural regeneration was highly uneven - abundant regeneration was recorded only in several plots, whereas in
most areas beech regenerated poorly due to limited light, thick litter, and competition with birch and maple. The analysis
of the herb layer highlighted clear microclimatic differences: species diversity was higher in moister plots, while drier
areas were dominated by low-diversity plant communities.

The results indicate that beech remains viable and well adapted in the Kalveliai Forest District, but its naturalization
proceeds slowly and depends on local ecological conditions. These findings are important for predicting the potential
expansion of beech in Lithuania and its establishment in the northeastern part of its range.

Key words: Fagus sylvatica, introduction, regeneration, understory, stand structure.

AUTORIU LYDRASTIS

Autoriaus vardas, pavardé: Loreta Semaskiené

Mokslo laipsnis ir vardas: daktaras, docentas

Darbo vieta ir pozicija: Lietuvos inZinerijos kolegija, Aplinkos inzinerijos fakultetas, docenté

Autoriaus moksliniy interesy sritys: misko ekologija, dendrologija, augaly introdukcija, Zeldiniy inventorizacija, biiklés vertinimas
Telefonas ir el. pasto adresas: +37068710051, loreta.semaskiene@lik.tech

Autoriaus vardas, pavardé: Sinilga Cernuliené

Mokslo laipsnis ir vardas: daktaras, docentas

Darbo vieta ir pozicija: Lietuvos inzinerijos kolegija, Aplinkos inzinerijos fakultetas, docenté
Autoriaus moksliniy interesy sritys: aplinkotyra, misko ekologija, tvarus gamtos istekliy naudojimas
Telefonas ir el. pasto adresas: +37068584542, sinilga.cernuliene@lik.tech

64


mailto:loreta.semaskiene@lik.tech
mailto:sinilga.cernuliene@lik.tech

NEGYVOS MEDIENOS KIEKIO IR STRUKTUROS IVERTINIMAS LIETUVOS
UKINIUOSE MISKUOSE

Sinilga Cernulien¢, Jurgita Babiliené
Lietuvos inZinerijos kolegija

Anotacija

Negyva mediena yra svarbus misko ekosistemy struktiirinis komponentas, darantis didele jtaka buveiniy jvairovei,
maistmedziagiy apytakai ir saproksiliniy organizmy palaikymui. Sio tyrimo tikslas — jvertinti negyvos medienos kiekius
Lietuvos tikiniuose miskuose ir iSanalizuoti jy pasiskirstyma pagal medziy rusis, strukttirines formas ir skirtingas suirimo
klases.

Tyrimo sklypuose bendras negyvos medienos kiekis svyravo nuo 4,0 m*ha iki 32,0 m3/ha. Didziausi kiekiai
nustatyti sklype, kuriame vyravo stambesné eglés ir uosio negyva mediena (atitinkamai 23,0 ir 8,8 m*ha), o maziausi —
berzo ir juodalksnio plotuose (iki 1,1-2,1 m?/ha). Vertinant struktiirines formas nustatyta, kad virtéliai sudaré apie 63 %
visos negyvos medienos, o stuobriai — 37 %.

Suirimo analizé parodé¢, kad daugiausia negyvos medienos sukaupta II-III suirimo klasése (iki 18,2 m*/ha),
kurioms biidingas pazenges, bet struktiiriskai vientisas irimo tarpsnis. Pradinése ir vélyvosiose klasése nustatyti kiekiai
buvo gerokai mazesni dél maZesnio liekany susikaupimo ir intensyvesnés fragmentacijos.

Tyrimo rezultatai rodo, kad negyvos medienos pasiskirstymas tikiniuose miskuose yra glaudziai susij¢s su risine
sudétimi, kamieny matmeny struktiira ir medyno raidos eiga. Vidutiniy suirimo klasiy dominavimas atskleidzia nuosekly
negyvos medienos kaupimosi procesg, svarby misko biologinés jvairovés palaikymui.

ReikS$miniai ZodZiai: negyva mediena, rii§iné sudétis, medienos suirimo klasé, virtéliai, stuobriai.

Ivadas

Misko ekosistemos yra vienos sudétingiausiy sausumos ekosistemy. Jy didele biologing jvairove palaiko
tiek biotiniai, tiek abiotiniai aplinkos elementai. Negyva mediena — nuo stovin¢iy nudzitivusiy medziy iki
iSvarty, Saky ir kamieno fragmenty — yra neatsiejama misko struktiiros dalis, atlickanti esminj vaidmenj maisto
medziagy apykaitoje, dirvozemio formavime, saproksiliniy organizmy gyvenimo cikluose ir mikrobuveiniy
jvairovés palaikyme.

Natiiraliose misko ekosistemose negyva mediena kaupiasi nuolat. Dél tarpusavio konkurencijos, klimato
poveikio, patogeny, kenkéjy ar kity priezasc¢iy medziai periodiskai ztiva, o jy liekanos papildo misko paklote.
Taciau oikiniuose miSkuose §is natiiralus procesas yra reik§Smingai sutrikdomas. Sanitariniy bei ugdomyjy
kirtimy metu pasalinama didzioji dalis pazeisty ar mirStan¢iy medziy. Dél to negyvos medienos kiekis ir jos
struktiriné jvairové tikiniuose miskuose daznai yra mazesni nei nattralivose miskuose. Tokia situacija kelia
didele grésme saproksiliniams organizmams — vienai labiausiai specializuoty bei nykstanciy rusiy grupiy, kuriy
iSlikimas tiesiogiai priklauso nuo negyvos medienos buvimo.

Atsizvelgiant j susidariusig situacija, ypa¢ svarbu nustatyti, kiek negyvos medienos yra tkiniuose
miskuose, ir iStirti jos struktiirg, t. y. suirimo laipsnius bei tipus. Tokie duomenys leidZia objektyviai jvertinti
misko ekosistemy biikle, iSryskinti esamus buveiniy strukttiros trikumus bei numatyti priemones, galincias
pagerinti buveiniy kokybe ir kartu padidinti ekosistemy atsparumg klimato kaitai.

Sio tyrimo tikslas — jvertinti negyvos medienos kiekj ir pasiskirstymg fikiniuose miskuose, atsizvelgiant
] jos tipus, suirimo laipsnius ir strukttra.

Tyrimo objektas — Tauragés regioninio padalinio tikiniai miskai.

Straipsnj sudaro: anotacija, reikSminiai zodziai, teorinés jzvalgos, tyrimo metodika, tyrimo rezultatai ir
iSvados.

Teorinés jZvalgos

Negyva mediena laikoma vienu svarbiausiy misko ekosistemy elementy, lemianciu biologing jvairove,
buveiniy struktiirg ir ilgalaikius misko vystymosi procesus. Jau klasikiniai tyrimai pabréze, kad negyva
mediena néra ,,atliekos®, bet biitina ekosistemos dalis, atliekanti daugybe funkcijy — nuo buveiniy kiirimo iki
maisto medziagy cikly palaikymo (Harmon ir kt., 1986). Be to, jvairls autoriai nurodo, jog apie tre¢dalj visy
misko organizmy risiy yra vienaip ar kitaip susijusios su negyva mediena (Siitonen, 2001; Jonsson ir kt.,
2005). Tokie organizmai apibiidinami kaip saproksiliniai — jiems vystymosi ciklo metu biitina negyva ar diilanti
mediena (Speight, 1989). Taigi, negyva mediena veikia kaip ekologinis ,karStosios zonos“ elementas,
sutelkiantis ypatingai daug gyvybeés formy miskuose.

Negyvos medienos buvimas tiesiogiai prisideda prie misko biologinés jvairovés. Pavyzdziui, negyvi
medziai, stuobriai ir piivantys rastai sudaro unikalias buveines daugybei riisiy: po zieve ir medienos plySiuose
prieglobstj randa bestuburiai (vabzdziai, voragyviai), drevése peri geniniai pauksciai ir kai kurie zinduoliai, o
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iSvartose tarpsta varliagyviai. Trinijanti mediena yra ir svarbus maisto $altinis — ja minta vabaly lervos, taip
pat grybai, kerpés sudarancios mitybines grandines, kuriomis maitinasi aukstesniy trofiniy lygiy organizmai
(Christensen ir kt., 2005; Siitonen, 2001). Skaidytojai, ardydami negyva mediena, grazina maisto medziagas i
dirvozem] ir gerina jo derlingumga, taip pat prisideda prie anglies kaupimo ekosistemoje. Todél negyvos
medienos irimo procesai yra svarbiis misko dirvozemio formavimuisi ir maisto medziagy apytakos ciklams
(Harmon ir kt., 1986).

Svarbu tai, kad intensyvi tikiné veikla miskuose daznai sumazina negyvos medienos gausg ir jvairove.
Natiiraliose misko ekosistemose negyvos medienos kaupimasis vyksta nuolat — medziai ziiva dél
konkurencijos, klimato veiksniy, patogeny ar kenkéjy poveikio, todél visada yra jvairiy irimo stadijy medienos.
Tuo tarpu iikinés paskirties (tvarkomuose) miskuose §is procesas yra reikSmingai sutrikdytas: sanitariniai ir
ugdomieji kirtimai paprastai pasalina dauguma pazeisty, nudzitivusiy ar virsti pradéjusiy medziy. D¢l to
tokiuose miskuose negyvos medienos kiekiai ir jos struktiiriné jvairové biina gerokai mazesni nei sengirése.
Tyrimai rodo, kad Europos sengirése negyvos medienos susikaupia iki 10-20 karty daugiau negu intensyviai
tvarkomuose medynuose (Christensen ir kt., 2005). Merce ir kt. (2025) lyginamojoje analizéje parodé, kad
natiiraliuose buko medynuose negyvos medienos kiekis (51-57 m®/ha) yra kelis kartus didesnis nei
tvarkomuose miskuose (10—12 m3/ha). Sis skirtumas lemia ir biologinés jvairovés pokyéius: saproksiliniy
organizmy bendrijos tikinés paskirties miskuose yra daug skurdesnés. Daugelis saproksiliniy rusiy, ypac
gyvenanciy tik labai specializuotose buveinése, nyksta negyvos medienos stokojanciuose miskuose (Miiller ir
kt., 2015). IS tiesy net apie 50 % visy nykstanciy misko organizmy (pvz., jtraukty j saugomy riisiy sarasus)
sudaro biitent saproksilinés riiSys, kurioms negyvos medienos trikumas yra vienas pagrindiniy nykimo
veiksniy (Jonsson ir kt., 2005). Dél $iy priezas¢iy negyvos medienos apsauga ir gausinimas jvardijami kaip
vieni didziausiy Siuolaikinés miskininkystés i$siikiy, siekiant iSsaugoti biologing jvairove miskuose (Doerfler
kt., 2017; Poldveer ir kt., 2023).

Negyva mediena yra itin svarbi grybams — ji sudaro substratg daugybei medieng ardan¢iy makro- ir
mikogryby rasiy. Tyrimai rodo, kad ant vieno piivancio buko kamieno Danijos sengiréje galima aptikti per 50
skirtingy gryby rusiy vaisiakiiniy (Heilmann-Clausen, Christensen, 2004). Skirtingos negyvos medienos
frakcijos (stambiis rastai, smulkesnés Sakos, stuobriai) palaiko ir nevienodg gryby jvairove — pavyzdziui,
smulkesné negyva mediena kai kuriais atvejais gali turéti net didesng gryby riiSiy jvairove nei tas pats kiekis
stambiy rasty, todél jvairiy dydziy bei irimo stadijy mediena praturtina misko grybija (Heilmann-Clausen ir
Christensen, 2004). Be to, medieng ardantys grybai inicijuoja kity organizmy (bakterijy, vabzdziy)
kolonizacijg — taip negyvoje medienoje formuojasi nuoseklios sukcesinés bendrijos, prisidedancios prie
ekosistemos dinamikos.

Negyva mediena taip pat padeda palaikyti miSko mikroklimatg ir struktiirinj sudétingumag. Stambiis
nuvirte kamienai ir stuobriai miSko paklotéje sulaiko drégme, mazina temperatiiros svyravimus ir sukuria
Seséliuotas, vésesnes mikrobuveines. Tokiomis salygomis klesti kai kurios drégme mégstancios rasys,
pavyzdziui, kerpés, samanose gyvenantys bestuburiai ar netgi jauni medziy daigai, kuriems reikalinga apsauga
nuo i§dzitivimo. Tyrimai patvirtina, kad uzdaras misko skliautas su gausia negyva mediena lemia stabilesnj
mikroklimatg, kuris $velnina klimato kaitos poveikj pomiskio organizmams (Zellweger ir kt., 2020). Kita
vertus, negyvos medienos jvairové sukuria ir daugybe mikrobuveiniy: drevés, jtrukimai, pusiau iSpuvusi
tus¢iaviduré mediena — visa tai plecia riSiy, galin¢iy jsikurti miske, spektrg (Froidevaux ir kt., 2016; Lachat ir
kt., 2012). Kuo jvairesné negyvos medienos struktiira (jvairas skersmenys, puvimo stadijos, padétis erdvéje),
tuo didesné ir ten randamy organizmy jvairové. Pavyzdziui, nustatyta, kad saulés atokaitoje esanti dziGistanti
mediena pritraukia specifines Silumaméges vabaly risis, o tksmingose, drégnose buveinése randamos visai
kitos riisiy grupés (Lachat ir kt., 2012). Toks mikrobuveiniy mozaikiskumas yra esminis veiksnys, palaikantis
bendra misko ekosistemos biologing jvairove.

Negyvos medienos svarba pasireiskia ir krastovaizdzio mastu, nes jos pasiskirstymas skirtinguose misko
plotuose lemia buveiniy testinumg ir saproksiliniy risiy judéjimo galimybes. Tyrimai Pranciizijos miskuose
parodé, kad misko masyvai, kuriuose yra daugiau saugomy misko ploty su sukaupta negyva mediena, pasizymi
Zymiai turtingesne saproksiliniy vabaly fauna. PrieSingai, intensyviai tvarkomuose miskuose su fragmentiskai
i$sidésciusiais negyvos medienos iStekliais daugelio specializuoty rii§iy populiacijos tampa izoliuotos,
nukencia jy sklaida ir ilgalaikis iSlikimas (Bouget ir Parmain, 2016). Todél siekiant biologinés jvairoveés
i§saugojimo, biitina uZztikrinti negyvos medienos buveiniy testinumg visame krastovaizdyje — islaikant jos
pasiskirstymg ir sgveikg tarp skirtingy misko ploty (Lachat ir kt., 2012). Konkrecios medziy rasys taip pat gali
turéti didele reikSme biologinei jvairovei. Pavyzdziui, drebulé (Populus tremula) borealiniuose miskuose
laikoma kertine rii$imi, nes jos negyva mediena maitina ir sudaro buveines daugybei specializuoty vabzdziy
bei gryby rusiy, kuriy neaptinkama ant kity medziy (Kouki ir kt., 2004; Martikainen ir kt., 2006). Todél
drebuliy iSsaugojimas biologinés jvairovés salelése, formuojamose kirtimy metu, padeda uZtikrinti
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saproksiliniy riiSiy apsauga fragmentuotuose miskuose. Tuo tarpu vidutinio klimato Europos miSkuose
ypatingai svarby vaidmen; atlieka gZuolai ir bukai. Senuose buko medynuose negyvoje medienoje aptinkama
itin daug saproksiliniy vabaly ir gryby rusiy, todél Siy medyny apsauga tiesiogiai prisideda prie regioninés
biologinés jvairovés i§saugojimo (Bouget ir Parmain, 2016).

Negyva mediena yra nepakei¢iamas komponentas, uztikrinantis misko ekosistemy mozaikiskuma ir
gausy organizmy rusiy spektra. Ji sukuria ir palaiko buveines saproksiliniams bestuburiams, grybams,
kerpéms, suteikia maisto ir prieglobsti daugybei riisiy bei padeda vykdyti gyvybiskai svarbius ekologinius
procesus. Negyvos medienos gausa ir jvairové tiesiogiai koreliuoja su misko biologine jvairove visuose
lygmenyse — nuo mikrobuveiniy bendrijy iki viso kraStovaizdzio masto biojvairovés. Dél to Siuolaikingje
gamtosauginéje miskininkystéje pabréziama butinybé iSlaikyti ir atkurti negyva medieng miskuose: palikti dalj
zuvanciy ir nuvirtusiy medziy, formuoti saugomus brandziy medyny plotus, kad biity uztikrintas Sio svarbaus
elemento tegstinumas. Tik taip galima ilgalaikéje perspektyvoje iSsaugoti saproksiliniy organizmy jvairove ir
bendra ekosistemos gyvybinguma.

Tyrimy metodika

Tyrimas buvo vykdomas Tauragés regioninio padalinio miskuose. Lauko darby metu negyvos medienos
apskaita buvo vykdoma tikinés paskirties medynuose.

Tyrimams i§ viso buvo parinkti 3 sklypai, kuriy charakteristika atsispindi 1 lenteléje. Tyrimo sklypo
dydis — 1200 m?, t.y. 20 x 20 m kvadrato formos 3 aikstelés.

1 lentelé
Misko sklypu charakteristika
Sklypo Nr. Augavieté AmzZius, m Medyno riiginé sudétis” Skalsumas
1 Nb 58 5J3B1D1U 0,7
2 Nb 83 4B2J2DI1EIU 0,7
3 Nc 73 8E2D2B+] 0,9

*B — berzas (Betula sp.); D — drebulé (Populus tremula), E — paprastoji eglé (Picea abies); U — paprastasis uosis (Fracinus
excelsior); J - Juodalksnis (Alnus glutinosa); Nb - normalaus drégnumo, vidutini$kai derlinga; Nc¢ — normalaus drégnumo,
derlinga.

Kiekviename tyrimo sklype buvo inventorizuojama negyva mediena — sausuoliai, stuobriai ir virtéliai.
Stuobriu laikomas nuliizes medis, kurio aukstis nuo Saknies kaklelio daugiau nei 0,5 m. Stuobriy aukstis ir
virtéliy ilgis matuojamas tik tos dalies, kur skersmuo yra didesnis uz 10 cm. Virtéliai matuojami tik apskaitos
aikstelés ribose, o jy skersmuo matuojamas tos dalies viduryje.

Virtéliy, stuobriy suirimo laipsnis jvertintas pagal 5 kategorijas:

1 — Sviezias virtélis (su zieve ir Sakutémis), Sviezias kelmas;

2 — virtélis be zievés ir Sakuciy, mediena dar nesupuvusi;

3 — virtélis be zievés ir Saky, mediena piivanti, kelmas be Zievés (ptivantis);

4 — mediena stipriai supuvusi, minks$ta, apaugusi samanomis;

5 — mediena supuvusi, minksta ir biri, kamienas ar kelmas po samany danga (Nevile ir kt., 2006):

Virtéliy ir stuobriy tiris buvo nustatytas naudojantis tirio lentelémis (medziy stieby su zieve tiris).
Sausuoliy turis nebuvo skai¢iuotas, kadangi bareliuose sausuoliy nebuvo aptikta. Duomenys buvo apdorojami
ir grupuojami naudojant MS Excel programa.

Tyrimo rezultatai

Tirtuose sklypuose nustatyti negyvos medienos kiekiai buvo pasiskirste netolygiai (1 pav.). DidZiausias
kiekis buvo uzfiksuotas antrame sklype, kuriame susikaupé apie 32 m*/ha negyvos medienos. Sis tiiris daugiau
nei tris kartus virsijo pirmojo sklypo kiekj (apie 10,4 m*ha) ir beveik aStuonis kartus - treciojo sklypo rodiklj
(apie 4 m*ha). Remiantis Miiller ir Biitler (2010), buitent tokio dydZio negyvos medienos sankaupos virsija
ekologinj minimuma, reikalingg daugeliui saproksiliniy rasiy palaikymui, todél antrasis sklypas gali bati
laikomas ekologiskai palankesniu. Taip pat antrame sklype vyravo stambi negyva mediena - eglés ir uosio
kamienai — ir tai nulémé didesnj bendrg turj, nes tokiy ru$iy mediena yra tankesné ir suyra gerokai léciau.
Tokia tendencija dera su kity Europos regiony tyrimais, rodanciais, kad didesnj negyvos medienos kiekj lemia
bitent stambesnio skersmens ir l1étai yranti mediena, ypac spygliuociy (pvz., eglés) bei kietyjy lapuociy (pvz.,
uosio), kurie miske islieka ilgiau nei greitai yrantys berzai ar juodalksniai (Harmon ir kt., 1986; Weedon ir kt.,
2009; Kahl ir kt., 2017).
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1 pav. Negyvos medienos pasiskirstymas tirtuose sklypuose
Saltinis: sudaryta autoriy

Tuo tarpu pirmame ir treCiame sklypuose dominavo smulkesnés berzo ir juodalksnio liekanos, kurios
suyra grei¢iau, todél jy sukauptas negyvos medienos kiekis buvo maZesnis. Si smulki negyva mediena
pasizymi greitu irimu, todél bendras sukauptas kiekis islieka mazas, o ekologiné verté ribota (Sefidi, Marvie-
Mohadjer, 2010). Tokia strukttira budinga vidutinio amziaus ar intensyviau tvarkomiems medynams, kuriuose
negyvos medienos kaupimasis yra ribotas. Vitkova ir kt. (2018) pazymi, kad butent toks — mazas ir
trumpalaikis negyvos medienos kiekis — yra vienas i§ svarbiausiy veiksniy, lemianciy saproksiliniy rtsiy
nykimg tikinés paskirties miskuose.

Lyginant su Lietuvos nacionalinés misky inventorizacijos duomenimis, 2008 m. Salies miskuose
vidutinis likvidinés negyvos medienos kiekis sieké apie 8,5 m?/ha (KulieSis ir kt., 2008). Taciau svarbu
pabrézti, kad 2008 m. verté atspindi to meto situacija — nuo to laiko, dél kintan¢iy miSkininkystés praktiky ir
natiiraliy procesy, negyvos medienos kiekiai didéjo. 2020 m. valstybinés inventorizacijos duomenimis, $is
rodiklis jau sieké apie 14,2 m*/ha (Aplinkos ministerija, 2021). Sis pokytis vertinamas teigiamai, nes didéjantis
negyvos medienos kiekis sukuria palankesnes salygas saproksilinéms rtsims ir prisideda prie miSko
ekosistemy biologinés jvairovés palaikymo.

Baltijos Saliy kontekste Latvijos miSkuose bendras negyvos medienos kiekis siekia apie 19,6 m3/ha
(Latvian State Forest Research Institute “Silava”, 2019), taciau $i reikSmé apima tiek tkinius, tiek saugomus
plotus. Estijoje atlikty inventorizacijos duomeny analizé rodo, kad 2018 m. bendras negyvos medienos kiekis
miskuose sieké apie 15,7 m*ha (Raudsaar ir kt., 2019). Vertinant Siy Saliy kontekste, Lietuvos rodiklis (14,2
m?/ha) yra artimas Estijos ir Latvijos miSkams, taciau jis virSija Europos misky vidurkj — 11,5 m*ha (Aplinkos
ministerija, 2021). Sie palyginimai rodo, kad Lietuvos {ikiniai miskai pagal negyvosios medienos kiekius
atitinka regiono Salims biidingg intervala, nors skirtingy sklypy viduje nustatyti kiekiai gali zenkliai kisti dél
vietiniy salygy, medyny struktiiros ir miskotvarkos sprendimy.

Negyvos medienos medyne ekologing verte lemia ne tik bendras jos kiekis, bet ir medziy riiSiné sudétis
nuo kuriy priklauso medienos irimo greitis, substrato savybés ir tinkamumas saproksiliniams organizmames.
Negyvos medienos pasiskirstymas pagal medziy rusis, pateikti 2 paveiksle.
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2 pav. Negyvos medienos kiekiai pagal medziy raiis tirtuose sklypuose
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Antrame sklype i$siskyré didelis eglés (Picea abies) negyvos medienos kiekis (23,0 m3/ha), kuris
ekologiniu poziliriu yra ypac reikSmingas. Eglés mediena pasizymi vienais 1éCiausiy irimo tempy tarp misko
medziy rusiy (Weedon ir kt., 2009). Tyrimai rodo, kad eglés rasty irimo pusamzis siekia apie 18 mety, kai tuo
tarpu berzo (Betula spp.) — tik apie 9 metus (Laihonen ir kt., 2024). Dél iy savybiy stambiis eglés stuobriai ir
rastai ilgai i§liks miske, sudarydami stabily ir ilgalaikj substrata specializuotoms saproksilinéms ragims. Sis
ilgalaikis substrato stabilumas leidzia vystytis specializuotoms gryby ir vabzdZziy bendrijoms, prisitaikiusioms
gyventi vélyvose medienos irimo stadijose, taip uztikrinant jy populiacijy iSlikimg (Siitonen, 2001).

Prie 1é¢iau yranciy rusiy galima priskirti ir vosi (Fraxinus excelsior), kurio antrame sklype buvo
nustatyta 8,8 m3/ha. Literattiroje nurodoma, kad uosio rastai yra lé¢iau nei daugelio kity lapuociy — palyginti
su buku, klevu ir berzu. Ten, kur negyvos medienos substratg sudaro uosis, jis iSlieka santykinai ilgiau stabilus
ir prieinamas saproksilinéms rii§ims (Zimmerman, 2004).

Pirmame sklype nustatyti palyginti nedideli negyvos medienos kiekiai: berzo nustatyta 6,1 m?*ha,
juodalksnio — 1,8 m*ha, o uosio — 2,9 m*ha. TreCiame sklype registruotas maziausias negyvos medienos
kiekis, kuriame vyravo berzo (1,1 m*ha) ir juodalksnio (2,1 m*ha) liekanos, o eglés aptikta 0,9 m*/ha.

Remiantis gautais rezultatais didziausias negyvos medienos kiekis pagal tipus tyrimo sklypuose buvo
susikaupes virtéliuose (63 %), o stuobriai sudaré 37 % viso nustatyto negyvos medienos kiekio (3 pav.). Si
struktira yra reikSminga biologiniu pozitiriu, nes biitent virtéliai uztikrina didesn¢ mikrobuveiniy ir substraty
jvairove saproksilinéms ra§ims, o jy gausa paprastai siejama su didesniu rasiy skaic¢iumi (Seibold ir kt., 2015;
Gossner ir kt., 2013).
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3 pav. Negyvos medienos pasiskirstymas pagal tipus tirtuose sklypuose
Saltinis: sudaryta autoriy

Ryskiausiai iSsiskyré 83 mety amziaus antrasis sklypas, kuriame fiksuotas didziausias gulin¢ios negyvos
medienos kiekis (24,7 m%ha), o stuobriai sudaré papildomus 7,18 m3/ha. Brandesniy medyny struktiirai
btdingas didesnis stambiy virtéliy kiekis, nes brandiis medziai dazniau Ziista nuo natiiraliy pazaidy: véjovarty,
Sakny puviniy, sausros sukelty pazaidos ar kity veiksniy, o jy didesnio skersmens kamienai suyra léCiau ir
ilgiau iSliecka misko paklotéje (Harmon ir kt., 1986; Cornwell ir kt., 2009). Tai ypa¢ aktualu eglés atveju — Sios
rusies létai yranti mediena sukuria stabily substratg ir palaiko ilgaamzes saproksiliniy organizmy buveines,
todél antrasis sklypas pasizymi didesniu ekologiniu potencialu.

Tuo tarpu 58 mety pirmame sklype gulin¢ios medienos kiekis buvo santykinai mazas (3,8 m/ha). Tiek
pirmame tiek tre¢iame sklypuose dominavo smulkesni ir greiCiau yrantys lapuociai medziai (berzas,
juodalksnis), kuriy irimo procesas spartesnis, todél jy ekologiné verté trumpalaiké (Sefidi & Marvie-Mohadjer,
2010). Skirtumai tarp sklypy atspindi amziaus poveikj negyvos medienos susidarymui: brandesniuose
medynuose paprastai sukaupiama daugiau gulin¢ios medienos, kuri ilgainiui formuoja didesnj mikrobuveiniy
jvairove saproksilinei faunai.

Su negyva mediena susijusiy rtsiy jvairové priklauso nuo medienos puvimo stadijos. Puvimo stadija
labiausiai lemia gryby bendrijos sudétj. DidZiausias medienos gryby skai¢ius randamas ant vidurinés ir
vélesnés puvimo stadijos negyvos medienos, o maziausias ant Sviezios (Stakénas ir kt., 2016). [vairiy irimo
stadijy negyva mediena svarbi dar ir tuo, jog uztikrina jos testinuma ateityje (Humphrey ir kt., 2012).

Negyvos medienos pasiskirstymas pagal medienos suirimo laipsnj pateiktas 4 paveiksle. 1§ grafiko
matyti, kad pirmos irimo stadijos (§viezios, neseniai nukritusios ar nudzitivusios ir dar nepradéjusios piiti)
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negyvos medienos tyrimo sklypuose buvo maziausiai (5 m*ha) t.y. ji sudaré nezymig dalj visy irimo stadijy
(I irimo stadijos procentai tyrimo sklypuose svyruoja nuo 5,1 % iki 18,3 %) (5 pav.).
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4 pav. Negyvos medienos pasiskirstymas pagal medienos suirimo laipsnj
Saltinis: sudaryta autoriy

DidZiausias negyvos medienos kiekis nustatytas III suirimo klaséje (18,2 m?/ha). Siai stadijai budingas
pazenges irimo procesas, kai mediena jau yra smarkiai paZeista, taciau dar iSlaiko pakankamg strukttirinj
vientisuma. Toks pasiskirstymas rodo, kad miske vyrauja vidutinés suirimo stadijos liekanos, kurios paprastai
susidaro tada, kai medziy zutis vyksta nuosekliai ir néra staigiy, intensyviy pazaidy. Pana$i tendencija
nustatoma ir kituose vidutinio klimato miskuose — vidutinés suirimo klasés sukaupia daugiausiai negyvos
medienos (Christensen ir kt., 2005; Zhou ir kt., 2007; Stokland ir kt., 2012). Tai leidzia teigti, kad tyrimo
sklypai pasizymi nuosekliu, laipsniSku medZziy zuvimu, o ne staigiais pazeidimais.

Daugiausiai III suirimo laipsnio medienos susikaupe pirmame ir antrame tyrimo sklypuose (atitinkamai
38 ir 42,1 % nuo bendro visos negyvos medienos kiekio) (5 pav.).
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5 pav. Negyvos medienos pasiskirstymas pagal medienos suirimo laipsnj, %
Saltinis: sudaryta autoriy

IT ir IV suirimo klasése nustatyti kiekiai buvo panasSts (atitinkamai 10,5 ir 9,7 m3/ha), o maziausias
negyvos medienos kiekis fiksuotas V klasése (3,3 m3/ha). Toks pasiskirstymas atitinka jprasta negyvos
medienos irimo seka: I suirimo klaséje kiekiai paprastai blina mazi, nes ¢ia patenka tik neseniai zuve medziai,
kuriy kiekis dar nedidelis. Didziausi kiekiai sukaupiami II-1II klasése, kuriose laikui bégant susitelkia daugiau
skirtingu metu Zuvusiy medziy. Vélyvose IV-V klasése bendras tiiris mazéja, nes intensyviai yranti mediena
praranda mase, fragmentuojasi ir dalis jos nebejtraukiama j apskaitg (Freschet et al., 2011).
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Ekologiniu pozitiriu didesni II-III suirimo klasés negyvos medienos kiekiai gali sudaryti palankesnes
salygas saproksiliniy organizmy jvairovei (Haeler ir kt., 2021), todél didziausias III klasés kiekis gali turéti
teigiamg reikSme potencialiai riisiy jvairovei tirtuose medynuose.

TreCiame sklype, kuriame vyravo eglé, didZiausia dalis teko II klasei (47,5 %), o III klasé sudaré tik
20,0 %. Spygliuo¢iy mediena pasizymi létesniu irimu, todél vélesnés suirimo stadijos formuojasi létai, o
struktiroje dominuoja ankstyvosios klasés (Stokland ir kt., 2012). Be to, tre¢iame sklype didelis skalsumas
(0,9) mazina stieby ziitj, todél visuose suirimo laipsniuose fiksuotos mazesnés proporcijos.

Sie rezultatai rodo, kad suirimo struktiirg lemia ne tik paZaidy intensyvumas, bet ir rasiné sudétis bei
medienos savybés.

Skirstant atskiras negyvos medienos grupes (virtélius bei stuobrius) pagal medienos suirimo laipsnj,
iSryskéjo, kad jam didéjant, Zenkliai mazéja stuobriy masé, taciau did¢ja virtéliy mortmasé (6 pav.).
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6 pav. Virtéliy, stuobriy dalis bendroje negyvoje medienoje, esant skirtingam medienos suirimo laipsniui
Saltinis: sudaryta autoriy

Regresinés priklausomybés patvirtina Sias tendencijas: stuobriy santykiné dalis pasizymeéjo stipria
neigiama koreliacija su suirimo laipsniu (R? = 0,89), o virtéliy — teigiama (R? = 0,90). Tai rodo, kad virtéliai
sudaro vis didesng¢ vélyvyjy suirimo stadijy dalj, o stuobriai nyksta jiems yrant ir pereinant j gulin¢ios medienos
formas. Gauti rezultatai sutampa su literatiiros duomenimis, teigianciais, kad stuobriai dominuoja ankstyvose
suirimo stadijoje, taciau progresuojant irimui praranda stabiluma, griiiva ir pereina j virtuoliy mediena, kuri
natiiraliai vyrauja vélyvesnése irimo stadijose (Harmon ir kt., 1986; Stokland ir kt., 2012).

ISvados

1. Tirtuose tikinés paskirties miSkuose negyvos medienos kiekis labai skyrési — nuo 4,0 m3/ha (111
sklype) iki 32,0 m*ha (II sklype). Vidutine¢ sklypy reikSmée sieké apie 15,5 m?/ha, taciau tik antrasis sklypas
virSijo ekologiniuose tyrimuose daznai minima >20 m?3/ha riba, laikoma pakankama saproksiliniy rtsiy
buveiniy tgstinumui.

2. Rusiné sudétis turéjo lemiamg jtakg negyvos medienos kiekiui. II sklype didziausig dalj sudaré 1étai
yranti eglés mediena (23,0 m*/ha) ir uosis (8,8 m*/ha). Tuo tarpu I ir III sklypuose vyravo greitai yrantys
lapuociai — berzas (6,1 ir 1,1 m*ha) bei juodalksnis (1,8 ir 2,1 m*/ha).

3. DidzZiausi negyvos medienos kiekiai buvo sukaupti vidutinése suirimo klasése (II-III), kurios
atskiruose sklypuose sudar¢ 2047 % viso tiirio. Tai budinga miskams, kuriuose medziy zitis vyksta tolygiai
ir néra staigiy pazeidimy, paliekant daugiausia vidutinés irimo stadijos medienos.

4. Negyvos medienos formy struktiiroje dominavo virtéliai, kurie sudaré apie 63 % viso tiirio (0,34—
24,7 m®/ha). Stuobriai sudaré apie 37 % (3,7-7,18 m3ha). Tokia proporcija rodo, kad zuvusiy medziy
pagrindiniai zuties veiksniai buvo vé&javartos, puviniai ir natiiralus medziy sen¢jimas.

5. Il sklypas pasizyméjo didZiausiu ekologiniu potencialu saproksiliniy organizmy jvairovei, nes jame
nustatyta ne tik daugiausia negyvos medienos, bet ir didelé 1étai yranciy rusiy (egliy ir uosio) dalis bei stambiy
virtéliy koncentracija (24,7 m*/ha). Si struktiira uztikrina ilgalaikj substrato testinuma, svarby specializuotoms
saproksilinéms rasims.
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6. Sklypuose, kuriuose nustatyti mazi negyvos medienos kiekiai (ypac III sklype — 4,0 m3/ha), greitai
yranti lapuociy mediena sukuria tik trumpalaikes buveines, todél bendras negyvos medienos ekologinis
potencialas yra ribotas.

Rekomendacijos

1. Ukiniuose miSkuose rekomenduojama islaikyti jvairaus skersmens negyvos medienos struktiira,
ypac stambig negyva medieng (eglés, uosio), kuri uztikrina ilgalaikes buveines saproksilinéms riiSims.

2. Rekomenduojama riboti sanitariniy kirtimy intensyvuma ir palikti pakankama virtéliy bei stuobriy
kiekj skirtingose irimo stadijose, kad bty uztikrintas negyvos medienos testinumas ir saproksiliniy risiy
buveiniy jvairoveé.

3. Tolesniems tyrimams sitiloma vertinti ne tik negyvos medienos kiekius, bet ir mikrobuveiniy tipy
jvairove, kuri tiesiogiai siejasi su saproksilinés faunos struktira ir gausa.
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ASSESSMENT OF DEADWOOD QUANTITY AND STRUCTURE IN MANAGED FORESTS OF
LITHUANIA

Summary

Deadwood is an essential structural component of forest ecosystems, strongly influencing habitat diversity, nutrient
cycling, and the maintenance of saproxylic organisms. The aim of this study was to assess deadwood volumes in managed
forests of Lithuania and to analyse their distribution by tree species, structural forms, and decay classes.

Total deadwood volume across the study plots ranged from 4.0 m3/ha to 32.0 m%ha. The highest amounts were
recorded in the plot dominated by large-diameter spruce and ash deadwood (23.0 and 8.8 m3/ha, respectively), while the
lowest volumes occurred in arecas dominated by birch and alder (as little as 1.1-2.1 m3/ha). In terms of structural forms,
coarse woody debris accounted for approximately 63% of the total volume, and snags made up 37%.

The decay analysis showed that most deadwood accumulated in decay classes II-III (up to 18.2 m*/ha), representing
an advanced yet structurally coherent stage of decomposition. Early and late decay classes contained substantially smaller
volumes due to lower accumulation and more intensive fragmentation.

The results indicate that deadwood distribution in managed forests is closely linked to tree species composition, stem
size structure, and stand developmental dynamics. The dominance of intermediate decay classes reflects a gradual
deadwood accumulation process that is crucial for supporting forest biodiversity.

Key words: deadwood, tree species composition, decay class, coarse woody debris, snags
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DYSNOS UPES SALPOS HIDROLOGINES SALYGOS IR JU VALDYMAS TAIKANT 2D
HIDRONAMIN] MODELIAVIMA

Vilda Grybauskiené, Gitana Vyciené
Lietuvos inZinerijos kolegija

Anotacija

Dysnos upés Zemupio deSiniojo kranto uzliejamos pievos ties Didziasaliu (Ignalinos r.) yra svarbios saugomy
pauksciy rusiy, ypa¢ meldinés nendrinukés (Acrocephalus paludicola), buveiniy formavimuisi, ta¢iau esamas hidrologinis
rezimas po pavasario potvynio neuztikrina pakankamai ilgo dirvos uzmirkimo laikotarpio. Sio tyrimo tikslas — jvertinti
galimybes reguliuoti Dysnos upés ir melioracijos sistemos vandens lygj, siekiant pavasario—vasaros laikotarpiu palaikyti
buveinéms palanky hidrologinj rezimg. Tyrimas atliktas taikant kompleksinj metody rinkinj: Dysnos upés baseino
hidrologinés situacijos analizg, vandens balanso skai¢iavimus bei 2D hidrodinaminj modeliavimg naudojant HEC-RAS
6.3 programing¢ jranga. Vandens balansas skaiCiuotas remiantis Kacergiskés vandens matavimo stoties duomenimis,
Utenos meteorologijos stoties daugiametémis krituliy ir garavimo reikSmémis bei infiltravimosi nuostoliy vertinimu
durpiniuose dirvozemiuose. Modeliavimui naudoti charakteringi debitai, atitinkantys skirtingas tikimybes (1-95 %),
apskaiciuoti pagal ménesinj nuotékio aukstj ir statistinius hidrologinius parametrus.

Gauti rezultatai parodé, kad vidutinio vandeningumo metais (50 % tikimyb¢) metinis tiriamos teritorijos vandens
balansas yra neigiamas ir sickia —119,3 mm. Modeliuojant scenarijy su jrengtais vandens lygio reguliatoriais ($andorais)
ir sumazéjusia infiltracija, metinis vandens balanso deficitas sumazéjo 27,36 mm. 2D hidrodinaminio modeliavimo
rezultatai atskleidé, kad esant 6,0 m3/s debitui geguzés ménesj (10 % tikimybé), uzliejimo ir uzmirkimo salygos tiriamoje
salpoje gali biiti palaikomos iki keliy pary, o tai sudaro prielaidas ilgiau iSlaikyti gruntinio vandens lygj arti dirvos
pavirSiaus. Tyrimas parodé, kad taikant palyginti paprastas ir eckonomiskai pagrjstas vandens lygio reguliavimo priemones
galima reikSmingai pagerinti Dysnos upés salpos hidrologinj rezima ir sudaryti palankesnes salygas saugomy uzliejamy
pievy buveiniy palaikymui klimato kaitos salygomis.

Reik§miniai Zodziai: Dysnos upé, salpos hidrologija, vandens balansas, 2D hidrodinaminis modeliavimas,
vandens lygio reguliavimas, vandens lygio reguliavimo jrenginiai (Sandorai), uzliejamos pievos.

Ivadas

Upiy salpos yra vienos ekologiskai vertingiausiy kraStovaizdzio daliy, kuriy hidrologinis rezimas lemia
biologinés jvairovés palaikymg ir specifiniy buveiniy formavimgsi. Natiralus periodinis uZzliejimas sudaro
salygas dirvozemio drégmés balansui, maistiniy medziagy apykaitai ir aliuviniy pievy ekosistemy
funkcionavimui. Taciau daugelyje Europos regiony, taip pat ir Ryty Lietuvoje, salpy hidrologinis rezimas per
pastaruosius deSimtmecius reik§mingai pakito dél melioracijos, upiy reguliavimo ir klimato kaitos poveikio.

Ryty Lietuvos zemumy upéms budingas nedidelis iSilginis nuolydis ir platus salpy tinklas, kurio
funkcionavimas itin priklauso nuo pavasariniy potvyniy. Pastaruoju metu stebimas pavasarinio potvynio
intensyvumo maz¢éjimas ir uzliejimo trukmés trumpégjimas lemia nepakankamg dirvozemio uZmirkima
pavasario—vasaros laikotarpiu. Tai ypa¢ nepalanku aliuvinéms pievoms, kurios yra svarbios saugomy rusiy,
jskaitant meldine nendrinukg (Acrocephalus paludicola), buveiniy palaikymui. Tokiose teritorijose
hidrologinio rezimo valdymas tampa svarbiu uzdaviniu, jungian¢iu vandens iikio ir gamtotvarkos tikslus.

Pastaraisiais metais salpy tyrimuose vis daugiau démesio skiriama ne vien potvyniy dazniui ar
maksimaliems debitams, bet ir vandens iSsilaikymo trukmei, kuri yra kritiskai svarbi buveiniy buklei. Ta¢iau
praktikoje daznai taikomi metodai apsiriboja arba vandens balanso vertinimu, arba hidrodinaminiu
modeliavimu, nepakankamai atskleidziant jy tarpusavio sgveika melioruotose zemumy salpose.

Sio tyrimo mokslinis naujumas grindZiamas integruotu vandens balanso skai¢iavimy ir 2D
hidrodinaminio modeliavimo taikymu, orientuotu ne j potvyniy rizikos analizg, o j uzmirkimo trukmés ir
drégmeés issilaikymo palaikyma buveinéms palankiu laikotarpiu. Tyrime pateikiamas kiekybinis vandens lygio
reguliavimo priemoniy poveikio jvertinimas (mm masteliu), leidziantis pagrjsti, kad palyginti nedidelés,
lokaliai taikomos hidrotechninés intervencijos gali turéti reikSminga hidrologinj ir ekologinj efekta.

Tyrimo tikslas — jvertinti Dysnos upés deSiniojo kranto salpos ties Didziasaliu hidrologinj rezimg ir,
taikant vandens balanso skai¢iavimus bei 2D hidrodinaminj modeliavima, nustatyti vandens lygio reguliavimo
priemoniy potencialg formuojant uzliejamoms pievoms ir saugomoms pauk$ciy buveinéms palankias
hidrologines salygas klimato kaitos kontekste.

Tyrimo uzdaviniai:

Ivertinti Dysnos upés hidrologing situacija, analizuojant nuotékio sezoniSkumg ir charakteringus
debitus, svarbius salpos uzliejimui.

Apskaiciuoti tiriamos teritorijos vandens balansg vidutinio vandeningumo mety salygomis, nustatant
krituliy, garavimo ir infiltraciniy nuostoliy jtakg drégmés issilaikymui.
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Sudaryti ir taikyti 2D hidrodinaminj Dysnos upés ir salpos modelj, leidziant] jvertinti uzliejimo plotus
ir trukme esant skirtingoms hidrologinéms salygoms.

Ivertinti vandens lygio reguliavimo priemoniy (Sandory, lokalaus patvankos formavimo) poveikj salpos
hidrologiniam rezimui ir pateikti hidrologiniu modeliavimu pagrjstas rekomendacijas.

Teorinés jZvalgos

Upiy salpos laikomos vienomis produktyviausiy ir ekologiskai svarbiausiy krastovaizdzio daliy, kuriy
funkcionavimg pirmiausia lemia hidrologinis rezimas. Nattralus periodinis uZzliejimas sudaro salygas
maistiniy medziagy pernasai, dirvoZzemio drégmés balansui ir specifiniy aliuviniy buveiniy formavimuisi, kas
apibréziama potvynio impulso koncepcijoje (Junk et al., 1989; Tockner & Stanford, 2002). Potvyniy daznis,
intensyvumas ir trukmé yra esminiai veiksniai, palaikantys salpy ekosistemy struktiirg ir biologing jvairoveg.

Daugelio Europos regiony salpy hidrologinis rezimas per pastaruosius deSimtmecius reikSmingai pakito
dél upiy reguliavimo, melioracijos ir klimato kaitos poveikio (Opperman et al., 2009; Schneider et al., 2017).
Tyrimai rodo, kad pavasariniy potvyniy intensyvumo mazéjimas ir uzliejimo trukmes trumpéjimas neigiamai
veikia aliuviniy pievy bikle ir su jomis susijusias saugomas rusis (Stonevicius et al., 2014; Kriauciiiniené et
al., 2016).

Ypac jautrios hidrologiniams pokyc¢iams yra aliuvinés pievos, kurios yra svarbios globaliai nykstanciai
meldinei nendrinukei (Acrocephalus paludicola). Siai rii§iai palankus hidrologinis rezimas pasizymi ilgai
iSliekanciu aukstu gruntinio vandens lygiu po pavasarinio potvynio, taciau be ilgalaikio pavirSinio uzliejimo
vasaros laikotarpiu (Tanneberger et al., 2008; Végvari et al., 2015).

Zemumy upéms biidingas nedidelis isilginis nuolydis lemia tai, kad net nedideli vandens lygio ar debito
pokyc¢iai gali sukelti reikSmingus uzliejimo ploto ir trukmeés skirtumus (Neal et al., 2012). Intensyvi melioracija
tokiose sistemose dar labiau sustiprina salpy hidrologinio rezimo jautrumg, nes pagreitina vandens nutekéjimag
ir sumazina natiiralaus vandens sulaikymo galimybes (O’Connell et al., 2007).

Literatiiroje pabréziama, kad vien potvyniy daznio ar maksimaliy debity analizé néra pakankama
vertinant salpy hidrologines salygas. Vis didesné reik§Smé teikiama vandens balanso dedamosioms — krituliams,
garavimui ir infiltracijai — kurios lemia drégmés i$silaikyma po pavasarinio potvynio (Beven, 2012). Vandens
balanso metodai leidzia kiekybiskai jvertinti drégmés deficitg ir identifikuoti laikotarpius, kai salpos tampa
hidrologiskai nepalankios ekosistemy funkcionavimui.

Taciau vandens balanso skaic¢iavimai neatskleidzia erdvinio uzliejimo pasiskirstymo ir hidrauliniy rysiy
tarp upés vagos, salpos ir melioracijos tinklo. Dél Sios priezasties pastaraisiais deSimtmeciais placiai taikomas
dvimatis hidrodinaminis modeliavimas, leidziantis detaliai analizuoti vandens lygiy, tékmés greiCiy ir
uzliejimo ploty kitima sudétingose salpy sistemose (Bates & De Roo, 2000; Horritt & Bates, 2002).

2D hidrodinaminiai modeliai ypa¢ tinkami Zzemumy upéms, kur reljefo nelygumai ir zmogaus
suformuotos hidraulinés strukttiros lemia nevienoda uzliejimo pobtdj. Tokie modeliai leidzia ne tik vertinti
potvyniy rizika, bet ir planuoti aktyvy hidrologinio rezimo valdyma, orientuota j ekosisteminiy funkcijy
palaikyma (Pappenberger et al., 2007; Schneider et al., 2017).

Klimato kaitos sglygomis, kai stebimas pavasariniy potvyniy silpnéjimas ir didéjantis vasaros
garavimas, salpy ekosistemos tampa vis labiau priklausomos nuo lokalaus masto vandens lygio reguliavimo
sprendiniy (Kundzewicz et al., 2018). Todél integruotas vandens balanso ir dvimacio hidrodinaminio
modeliavimo taikymas laikytinas tinkamu teoriniu ir metodiniu pagrindu planuojant salpy hidrologinio rezimo
valdyma melioruotose zemumy upése.

Tyrimy metodika

Tyrimas atliktas taikant daugiameCiy duomeny integruota hidrologinés analizés, vandens balanso
skaiCiavimy ir dvimacio hidrodinaminio modeliavimo metody derinj, leidZiantj kompleksiskai jvertinti Dysnos
upés desiniojo kranto salpos hidrologinj rezimg ties Didziasaliu ir vandens lygio reguliavimo galimybes.
Metodiné schema apémé tris tarpusavyje susijusius etapus: (i) hidrologiniy ir meteorologiniy duomeny analize,
(i1) vandens balanso skaic¢iavimus ir (iii) 2D hidrodinaminj modeliavimga.

Pirmajame etape analizuoti Dysnos upés hidrologiniai ir meteorologiniai duomenys, gauti i$
Kacergiskés vandens matavimo stoties ir regioniniy Saltiniy. Ivertintas daugiametis nuotékio sezoniskumas,
charakteringi vidutiniai ir ekstremaliis debitai bei potvyniy tikimybés, ypatinga démesj skiriant pavasario—
vasaros laikotarpiui, kuris yra kritiskai svarbus uzliejamy pievy buveiniy formavimuisi. Si hidrologiné analizé
sudaré pagrindg tolesniems vandens balanso ir hidrodinaminio modeliavimo skai¢iavimames.

Antrajame etape apskaiciuotas tiriamos teritorijos vandens balansas vidutinio vandeningumo mety (50
% tikimybés) salygomis. SkaiCiavimai atlikti ménesiniu zingsniu, jvertinant krituliy (P), garavimo (E),
nuotékio aukscio (ho) ir infiltraciniy nuostoliy (I) dedamasias. Infiltraciniai nuostoliai vertinti atsizvelgiant j
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vyraujancius durpinius dirvozemius ir zoling augalijg. Vandens balansas apskai¢iuotas dviem scenarijais: (i)
esamomis sglygomis, kai melioracijos sistema funkcionuoja be aktyvaus reguliavimo, ir (ii) reguliuojamu
rezimu, kai melioracijos grioviy tinkle numatomas vandens lygio reguliavimo jrenginiy (Sandory) naudojimas.
Sis etapas leido kiekybiskai jvertinti vandens deficito poky&ius pavasario ir vasaros pradZios laikotarpiu bei
drégmes iSsilaikymo potencialg salpoje.

TreCiajame etape sudarytas detalus skaitmeninis reljefo modelis (SRM), bitinas dvimaciams
hidrodinaminio modeliavimo skai¢iavimams. SRM sukurtas integruojant potvyniy rizikos zemélapiy reljefo
duomenis, Dysnos upés vagos batimetrija ir melioracijos projekty planus, kuriuose pateikta informacija apie
grioviy gylj, nuolydzius ir tinklo struktiirg. Visi erdviniai duomenys suvienodinti LAS07 auksc¢iy sistemoje,
atkuriant tiriamos teritorijos topografinius nelygumus, senvages, melioracijos grioviy tinkla ir upés vagos
geometrijg.

Dvimatis hidrodinaminis modeliavimas atliktas naudojant HEC-RAS 6.3 programine jranga.
Skai¢iavimy tinkle upés vagos ruoze taikytos 5 x 5 m gardelés, salpos teritorijoje — 25 m gardelés, o
pakrastinése ir hidrauliskai jautriose zonose naudotos smulkesnés (4 x 4 m) gardelés. Maningo SiurkStumo
koeficientai parinkti pagal faktines vagos ir salpos pavirSiaus savybes, atsizvelgiant | dugno medziagg ir
augmenijos tipg. VirSutiné modelio pakrastiné salyga apibrézta jtekanciais debitais, atitinkanciais skirtingy
tikimybiy potvynio scenarijus, o Zemutiné — pagal iStekéjimo nuolydj. Modelio kalibravimas atliktas kokybiniu
btidu, vertinant modeliuoty uzliejimo riby atitikima stebimiems potvyniy plotams.

Modeliavimas leido nustatyti vandens lygiy, t€kmés greiciy ir uzliejimo ploty erdvinj pasiskirstyma
esant 1-95 % tikimybés potvynio scenarijams bei identifikuoti melioracijos grioviy tinklo ruozus, jautriausius
vandens lygio reguliavimui. Remiantis gautais rezultatais, jvertintas vandens lygio reguliavimo priemoniy
($andory) poveikis salpos hidrologiniam reZimui pavasario ir vasaros pradzios laikotarpiu. Siame tyrime
geofiltraciniai procesai (gruntinio vandens dinamika ir horizontali filtracija) nenagrinéjami, nes jie numatyti
kaip atskiros tolimesniy tyrimy dalies objektas.

Tyrimo rezultatai

Dysnos upés hidrologinio rezimo ir nuotékio ypatumai. Dysnos upés hidrologinés analizés ir duomenys
apibudinantys nuotékio sezoniSkuma ir charakteringus debity dydzius, lemiancius salpos uzliejimo galimybes
parodé, kad didziausi debitai ir vandens lygiai susidaro pavasario laikotarpiu, sniego tirpsmo metu, taciau
pastaraisiais deSimtmeciais stebima tendencija, jog pavasarinio potvynio intensyvumas mazgja, o uzliejimo
trukmé trumpéja.

Vidutinio vandeningumo mety sglygomis (50 % tikimybé¢) pavasario—vasaros laikotarpiu salpos
hidrologinis rezimas tampa nepalankus ilgalaikiam dirvoZzemio uzmirkimui, kuris yra biitinas uzliejamy pievy
buveiniy palaikymui. Hidrologiné analizé sudaré pagrinda tolesniems vandens balanso ir hidrodinaminio
modeliavimo skai¢iavimams. ApskaiCiuoti metiniai infiltraciniai nuostoliai I yra 102,6 mm, ménesinis
pasiskirstymas pateikiamas 1 lenteléje.

1 lentelé
Dysnos upés ménesinis nuotékio aukstis ir hidrologiniai parametrai
Ménesiai Nuotékio aukstis ho Krituliy kiekis Garavimas Eo Infiltraciniai nuostoliai | Vandens balansas

111 287 46 6 8,55 2,75
v 22,8 39 13 8,55 -5,35
% 18,7 40 28,5 8,55 15,75
VI 14,7 39 56,5 8,55 -40,75
Vil 14,4 57 78 8,55 -43,95
VIII 11,7 84 91 8,55 2725
X 10,7 71 91 8,55 38,55
X 9.4 82 66,5 8,55 2,45
XI 15,6 65 36 8,55 4,85
XII 19,8 58 22,5 8,55 7,15
I 24.6 51 8 8,55 9,85
il 10,3 52 3 8,55 30,15

Mety 200,7 684 500 102,60 -119,30

Tiriamos teritorijos vandens balanso rezultatai rémési vandens balanso skai¢iavimais atliktais vidutinio
vandeningumo mety (50 % tikimybés) salygomis, vertinant krituliy, garavimo, nuotékio ir infiltraciniy
nuostoliy saveika tiriamoje Dysnos upés salpoje. Gauti rezultatai parodé, kad esamomis sglygomis metinis
vandens balansas yra neigiamas, o didziausias vandens deficitas formuojasi pavasario pabaigoje ir vasaros
pradzioje.
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Reguliuojamo scenarijaus, kai melioracijos grioviy tinkle numatomas vandens lygio reguliavimo
jrenginiy (Sandory) taikymas, rezultatai rodo reik§minga vandens balanso pageréjimg. Modeliuojant
sumazgjusius infiltracinius nuostolius ir pailginta vandens iSsilaikymg salpoje, metinis vandens deficitas
sumazgjo 27,36 mm, palyginti su esamomis saglygomis (2 lent.). Tai sudaro prielaidas ilgiau iSlaikyti drégnas
salygas, biitinas aliuviniy pievy buveinéms.

2 lentelé
Debity kreivés parametru reik§més pagal aproksimuotos laipsnine postiimio lygti
Debity kreivés padétis a b c
Ties tasku 1 124.996 -1.0392 0.00674
Ties tasku 5 124.112 2.0183 0,00842

Dvimacio hidrodinaminio modeliavimo rezultatai atskleidé vandens lygiy ir uZliejimo ploty
pasiskirstyma Dysnos upés salpoje esant skirtingy tikimybiy potvynio scenarijams. Modeliavimas parodé, kad
esant nedideliems debitams (> 5—-6 m?®/s) pavasario laikotarpiu, vanduo pradeda sklisti j salpa per Zemiausias
reljefo vietas, taciau uzliejimo trukmé islieka trumpalaiké. Didéjant debitams, uzliejimo plotas ir vandens lygis
salpoje reikSmingai auga, o atskiros reljefo jdubos ir melioracijos grioviai tampa pagrindiniais vandens
kaupimosi elementais. Modeliavimas taip pat parodé (1 pav.), kad tam tikri grioviy tinklo ruozai yra ypac
jautriis vandens lygio reguliavimui ir gali buti efektyviai naudojami vandens sulaikymui pavasario—vasaros
laikotarpiu.

1 pav. Dysnos upés salpos uzliejimo schema esant skirtingy tikimybiy debitams
Saltinis: sudaryta autoriy

Vandens lygio reguliavimo scenarijy poveikio vertinimas. Modeliuojant vandens lygio reguliavimo
scenarijus nustatyta, kad reguliuojamos pralaidos (Sandorai) gali reikSmingai pakeisti vandens lygiy rezima
salpoje pavasario ir vasaros pradzios laikotarpiu (Zr. 3 pav.). Reguliuojamomis salygomis padidéja vandens
lygis zemiausiose salpos vietose, o vandens iSsilaikymo trukmé pailgéja, palyginti su esamu rezimu.
Didziausias reguliavimo efektas nustatytas tose salpos dalyse, kurios nattraliai pasizymi nedideliu reljefo
nuolydZiu ir yra hidrauliskai susietos su melioracijos grioviy tinklu. Tai leidZia tikslingai parinkti reguliavimo
jrenginiy vietas, siekiant maksimalios hidrologinés ir ekologinés naudos.
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3 lentelé

Vandens lygiai charakteringuose salpos taskuose esant skirtingiems reguliavimo scenarijams

Ploty pasiskirstymas, ha

Vandeningi metai

Vidutiniai metai

Geguze Birzelis Liepa Geguz¢ Birzelis Liepa
Uzlieta 103.20 38.00 18.00 8.80 8.60 7.40
GVL 0-10 cm 86.00 50.00 21.00 1.80 1.70 1.60
GVL 10-30 cm 121.40 162.00 132.00 9.90 9.70 5.00
GVL giliau 30 cm 56.40 117.00 196.00 346.50 347.00 353.00

3 lenteléje pateikti vandens balanso skai¢iavimy rezultatai parodo bendras drégmés pokyc¢iy tendencijas
tiriamoje teritorijoje. Siekiant Siuos rezultatus papildyti erdviniu vertinimu ir nustatyti uzliejimo intensyvuma
bei trukmg konkreciose salpos vietose, toliau taikytas dvimatis hidrodinaminis modeliavimas (2 pav.).

2 pav. Vandens lygiy pokyciy palyginimas esamomis ir reguliuojamomis salygomis

Vandens greitis m/s
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Saltinis: sudaryta autoriy
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Modeliavimas parodé, kad viena efektyviausiy vandens sulaikymo viety tiriamoje teritorijoje yra
Dysnos upés vagos ruozas prieS Marugos intakg, kuriame galima formuoti lokaly vandens lygio pakélimg be
reik§mingo poveikio aukstutinei vagos daliai. Si vieta pasizymi palankia reljefo konfigiiracija ir hidrauliniu
rySiu su melioracijos grioviy tinklu (zr. 3 pav.).

3 pav. Sitillomos patvankos formavimo vieta Dysnos upéje prie§ Marugos intaka
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Saltinis: sudaryta autoriy
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Hidrodinaminio modeliavimo rezultatai rodo, kad Dysnos upés ruozas prie§ Marugos intaka yra
hidrauli$kai tinkamiausia vieta lokaliam vandens lygio pakélimui formuoti. Sioje atkarpoje upés vagos
nuolydis yra nedidelis, o hidraulinis rysSys su deSiniojo kranto salpa ir melioracijos grioviy tinklu leidzia
efektyviai paskirstyti sulaikomg vandenj salpos teritorijoje. Modeliuojami scenarijai parod¢, kad cia
suformuota patvanka sudaro prielaidas padidinti vandens lygi Zemiausiose salpos vietose ir pailginti
uzmirkimo laikotarpj pavasario - vasaros pradzioje, nesukeliant reik§mingo neigiamo poveikio aukstutiniams
upés ruozams. Tokia lokalizuota vandens lygio reguliavimo priemon¢ laikytina tikslinga tiek hidrologiniu, tiek
ekologiniu pozitiriu, ypac siekiant palaikyti uzliejamy pievy buveinéms palankas salygas.

Diskusija

Gauti rezultatai patvirtina, kad Dysnos upés salpos hidrologinis rezimas yra labai jautrus net ir
nedideliems vandens lygio bei debito pokyc¢iams, o tai bidinga Zemumy upéms su placiomis aliuvinémis
salpomis. PanaSias tendencijas nurodo ir kiti tyrimai, kuriuose pabréziama, jog trump¢jant pavasarinio
potvynio trukmei, salpy ekosistemos tampa labiau priklausomos nuo lokaliy vandens sulaikymo sprendiniy
(Tockner & Stanford, 2002; Opperman et al., 2009).

Siame tyrime nustatytas neigiamas metinis vandens balansas (—119,3 mm) vidutinio vandeningumo
metais atitinka regioniniu mastu stebimas tendencijas, susijusias su didéjanciu garavimu ir mazéjancia sniego
atsargy reikSme pavasariniams potvyniams (Kriaucitiniené et al., 2016; Kundzewicz et al., 2018). Vandens
balanso pageréjimas taikant reguliavimo priemones rodo, kad net santykinai nedidelés hidrotechninés
intervencijos gali turéti disproporcingai didelj poveikj drégmés issilaikymui salpose, ypac pavasario—vasaros
pereinamuoju laikotarpiu.

Dvimacio hidrodinaminio modeliavimo rezultatai patvirtina literatiiroje akcentuojama 2D modeliy
pranasuma vertinant salpy uzliejimo erdvinj heterogeniskumga ir lokaliy sprendiniy efektyvuma, palyginti su
supaprastintais 1D metodais (Horritt & Bates, 2002; Neal et al., 2012). Identifikuotos hidrauliskai jautrios
salpos vietos ir sitiloma patvankos formavimo vieta prie§ Marugos intaka atitinka gamtotvarkos praktikoje
taikoma principg, kai sickiama maksimalios ekologinés naudos minimaliais struktiriniais pakeitimais
(Schneider et al., 2017).

Svarbu pazyméti, kad Siame tyrime nebuvo vertinami geofiltraciniai procesai ir gruntinio vandens
dinamika, kurie gali reikSmingai prisidéti prie ilgalaikio dirvozemio drégmés palaikymo. Ankstesni tyrimai
rodo, kad hidrauliné sgveika tarp pavirSinio ir gruntinio vandens salpose gali sustiprinti arba susilpninti
reguliavimo priemoniy poveikj, priklausomai nuo dirvoZzemio savybiy ir hidrologiniy salygy (Beven, 2012;
O’Connell et al., 2007). Tod¢l tolesni tyrimai, integruojantys 2D hidrodinaminj ir geofiltracinj modeliavima,
leisty iSsamiau jvertinti ilgalaikj vandens lygio reguliavimo sprendiniy efektyvuma.

Gauti rezultatai rodo, kad hidrologiniu modeliavimu pagrjstas vandens lygio reguliavimas gali buti
efektyvi priemoné uzliejamy pievy buveiniy palaikymui ir prisitaikymui prie klimato kaitos, ypac regionuose,
kur nattraltis potvyniai tampa vis retesni ir trumpesni.

ISvados

1. Dysnos upés hidrologinio rezimo analizé parodé, kad vidutinio vandeningumo mety salygomis
pavasarinio potvynio trukmé ir intensyvumas néra pakankami uztikrinti ilgalaikj dirvos uzmirkimg salpoje
pavasario pabaigoje ir vasaros pradzioje, tod¢l natiiralus hidrologinis rezimas neuztikrina uzliejamy pievy
buveinéms palankiy salygy palaikymo.

2. Vandens balanso skaiCiavimai atskleidé, kad esamomis sglygomis tiriamos teritorijos metinis
vandens balansas yra neigiamas ir siekia —119,3 mm, didZiausia vandens deficita fiksuojant pavasario
pabaigoje ir vasaros pradzioje. Taikant vandens lygio reguliavimo priemones ir sumazinus infiltracinius
nuostolius, metinis vandens balanso deficitas sumazéja 27,36 mm, kas rodo reikSmingg drégmés issilaikymo
pageréjimg salpoje.

3. Hidrodinaminis modeliavimas parodé¢, kad Dysnos upés salpos uZliejimas prasideda esant
santykinai nedideliems debitams (apie 5—6 m?/s), ta¢iau be reguliavimo priemoniy uzliejimo trukmé islieka
trumpalaiké. Modeliavimas leido identifikuoti reljefo ypatumus ir melioracijos grioviy tinklo elementus, kurie
yra kritiskai svarbiis vandens kaupimuisi ir i$silaikymui salpoje.

4. Reguliuojamy pralaidy (Sandory) taikymas melioracijos grioviy tinkle ir siilomos patvankos
formavimas Dysnos upéje prie§ Marugos intakg leidzia padidinti vandens lygius Zemiausiose salpos vietose ir
pailginti vandens iSsilaikymo trukme pavasario ir vasaros pradzios laikotarpiu, nesukeliant neigiamo poveikio
aukstutiniams upés ruozams.

5. Tyrimo rezultatai patvirtina, kad integruotas hidrologinés analizés, vandens balanso ir 2D
hidrodinaminio modeliavimo taikymas sudaro patikima metodinj pagrinda lokaliy vandens lygio reguliavimo
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sprendiniy planavimui melioruotose Zemumy salpose, orientuotam ne j potvyniy rizikos mazinimg, o ]
uzliejamy pievy ir su jomis susijusiy buveiniy hidrologiniy sglygy palaikyma klimato kaitos sglygomis.

Rekomendacijos

Rekomenduojama Dysnos upés ruoze prie§ Marugos intaka jrengti lokaly vandens lygio reguliavimo
statinj (patvanka), leidziantj pavasario—vasaros laikotarpiu palaikyti padidinta vandens lygj salpos teritorijoje
be neigiamo poveikio aukStutiniams upés ruozams.

Melioracijos grioviy tinkle tikslinga taikyti reguliuojamas pralaidas (Sandorus), siekiant sumazinti
vandens nutekéjimo intensyvuma ir pailginti drégmeés i$silaikymo laika uzliejamose pievose.

Vandens lygio reguliavimo sprendinius rekomenduojama taikyti adaptuojant juos prie konkreciy
hidrologiniy mety salygy, ypatinga démes;j skiriant pavasario—vasaros pereinamajam laikotarpiui.

Siekiant jvertinti ilgalaikj taikomy priemoniy efektyvuma, ateityje tikslinga integruoti pavir§inio ir
gruntinio vandens sgveikos (geofiltracijos) modeliavima.

Sitlomi sprendiniai gali btiti naudojami kaip metodinis pagrindas planuojant gamtotvarkos priemones
kitose Ryty Lietuvos zemumy upiy salpose.
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HYDROLOGICAL CONDITIONS OF THE DYSNA RIVER FLOODPLAIN AND THEYR MANAGEMENT
USING 2D HYDRODINAMIC MODELING

Summary

Floodplain hydrological regimes play a crucial role in maintaining biodiversity and ecosystem functions, particularly
in lowland river valleys. In recent decades, climate change and river regulation have altered natural flooding patterns,
leading to shorter inundation periods and reduced soil moisture availability in floodplain meadows. This poses a
significant challenge for the conservation of floodplain habitats and associated protected species.

This study assesses the hydrological regime of the right-bank floodplain of the Dysna River near Didziasalis
(Lithuania) and evaluates the potential of water level regulation measures to improve hydrological conditions for
floodplain meadow habitats. An integrated methodological approach was applied, combining hydrological data analysis,
water balance calculations, and two-dimensional (2D) hydrodynamic modelling using HEC-RAS 6.3.

Hydrological analysis based on data from the Kacergiské gauging station revealed pronounced seasonal variability of
river discharge, with decreasing intensity and duration of spring floods under average hydrological conditions. Water
balance calculations for a mean-flow year (50% probability) indicated a negative annual balance of —119.3 mm, with the
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largest water deficit occurring in late spring and early summer. Simulation of a regulated scenario, incorporating water
level control structures (sluices) within the drainage network, reduced the annual water balance deficit by 27.36 mm,
indicating improved moisture retention within the floodplain.

Results of the 2D hydrodynamic modelling demonstrated that floodplain inundation begins at relatively low discharges
(approximately 5-6 m?®s); however, under existing conditions, inundation duration remains short-lived. Modelling
identified hydraulically sensitive sections of the floodplain and drainage network where water level regulation is most
effective. The proposed water retention structure upstream of the Maruga tributary was shown to increase water levels
and prolong water retention in low-lying floodplain areas during the spring—early summer period without causing adverse
effects upstream.

The findings confirm that the integration of hydrological analysis, water balance assessment, and 2D hydrodynamic
modelling provides a robust framework for planning water level regulation measures aimed at sustaining floodplain
meadow habitats under changing climatic conditions. The applied approach supports evidence-based decision-making for
floodplain management and habitat conservation in lowland river systems.

Key words: Dysna River, floodplain hydrology, water balance, 2D hydrodynamic modeling, water level regulation,
water level regulation devices (sluice gates), flooded meadows.
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ZEMES UKIO NAUDMENU IR MISKU POKYCIAI EUROPOS SAJUNGOS SALYSE

Vaiva Stravinskiené
Lietuvos inZinerijos kolegija

Anotacija

Lietuvoje yra atlikta nemazai tyrimy jvairiais Zemés naudmeny pokyciy aspektais, taciau truksta sistemingo
palyginimo su kitomis ES valstybémis, kuo Lietuvos poky¢iai skiriasi nuo kity ES $aliy. Sio darbo tikslas — jvertinti
Lietuvos ariamosios Zemés, pievy ir misky ploty pokyc¢ius Europos Sajungos kontekste. Tyrimo rezultatai atskleidé, kad
Lietuvos misko naudmeny poky¢iai 2009-2022 m. laikotarpiu priskirtini vidutiniskai didéjanéiy teritorijy grupei, kurioje
dominuoja dauguma Vidurio ir Siaurés Europos valstybiy. 2012-2022 m. Lietuva issiskiria ES kontekste itin ryskiais
ariamosios zemes ir pievy poky¢iais: fiksuojamas didZiausias pievy ploty sumazéjimas (-8,8 proc.) ir tuo paciu didziausias
ariamosios zemés ploty padidéjimas (+6,2 proc.). Analizés rezultatai suteikia pagrinda tolimesniems tyrimams, kurie
galéty iSsamiau nagrinéti regioninius skirtumus $alies viduje ir jy poveikj ilgalaikiam tvariam vystymuisi.

Reik§miniai ZodZiai: Ariamoji Zemé, pievos, miskai, zemés naudmeny pasikeitimai.

Ivadas

Zemés naudmenos apibréziamos kaip skirtingi Zemés pavirSiaus naudojimo ir dangos tipai,
susiformuojantys dél gamtiniy procesy ir Zzmogaus tkinés veiklos saveikos (Turner et al., 2007; Lambin &
Geist, 2006). Mokslinéje literatiiroje dazniausiai i§skiriamos tokios pagrindinés Zemés naudmeny kategorijos
kaip zemés ukio naudmenos, miskai, dirbtinés (urbanizuotos) teritorijos, vandens telkiniai ir kitos nattralios
ar pusiau nattralios teritorijos (Land., 2018; Eurostat, 2023).

Temos aktualumas - zemés naudmeny struktira ir jos kaita laikoma vienu svarbiausiy rodikliy,
atspindinciy socioekonominius procesus, aplinkos buklg ir tvaraus vystymosi kryptis (Verburg et al., 2013).
Dél Sios priezasties zemés naudmeny pokyCiy analizé yra svarbi teritorijy planavimo ir krastovaizdzio
ekologijos tyrimy dalis. Moksliné problema — Lietuvoje yra atlikta nemazai tyrimy jvairiais Zemés naudmeny
pokyc¢iy aspektais, taciau tritksta sistemingo palyginimo su kitomis ES valstybémis, kuo Lietuvos poky¢iai
skiriasi nuo kity ES $aliy.

Sio darbo tikslas — jvertinti Lietuvos Zemés naudmeny poky¢ius Europos Sajungos kontekste. Tyrimo
uzdaviniai: 1. Nustatyti misSky, ariamosios zemés bei pievy pasikeitimus 2009-2022 mety laikotarpiu ES
Salyse. 2. Palyginti Lietuvos zemés naudmeny pokycius su ES Salimis. Darbo objektas — Europos Sajungos
Saliy Zemés naudmeny plotai. Tyrime analizuojami tik Zemés tikio naudmeny — ariamosios Zemés bei pievy -
ir misky pasikeitimai. Darbe taikyti literattiros Saltiniy analizés, palyginimo, loginio mastymo tyrimo metodai.
Naudojami Eurostat‘o statistiniai zemés naudmeny 2009-2022 mety duomenys. Siekiant jvertinti misko
naudmeny pokytj Salyse buvo taikyta k-vidurkiy (k-means) klasteriné analizé. Lietuvos zemés naudmeny
pokyciams jvertinti buvo atliktas Laiko eiluciy palyginimas (2009-2012-2015-2018-2022 metai). Pievy ir
ariamosios zemeés pokyciai buvo vertinama 10 mety laikotarpiu (2012-2022), nes nebuvo pakankamai
ankstesniy mety duomeny.

Zemés naudmeny poKy¢iy teoriniai aspektai

Moksliniuose tyrimuose pabréziama, kad zemés naudmeny pokycius lemia kompleksiné veiksniy
sistema, apimanti gamtinius, ekonominius, socialinius ir politinius veiksnius (Lambin et al., 2001; Meyfroidt
et al., 2018). Intensyvéjant Zemés tikiui, dalis maziau derlingy ploty tampa ekonomiskai nepatraukliis ir yra
apleidziami, sudarant prielaidas natiiraliai misky plétrai (Keenleyside & Tucker, 2010). Lietuvos atveju
empiriniai tyrimai rodo, kad pagrindiniai zemés naudmeny pokyc¢ius lemiantys veiksniai yra Zemés ukio
naudmeny apleidimas, urbanizacijos procesai, demografiné kaita ir instituciniai sprendimai. D. Juknelien¢ ir.
kt. (2021) nustaté, kad 1990-2018 m. laikotarpiu Lietuvoje vyko reik§minga Zemés naudmeny transformacija,
pasizyméjusi Zemés uUkio naudmeny mazéjimu ir misko naudmeny plétra, ypa¢ maziau derlingose ir
periferiskose teritorijose. Tyrimo rezultatai rodo, kad Sie poky¢€iai glaudziai susij¢ su socioekonominiais
procesais po politiniy ir ekonominiy reformy, jskaitant Zemés nuosavybés struktiiros kaita ir Zemes tkio
restruktiirizacijg.

Teritorijy planavimo dokumenty analizé taip pat atskleidzia, kad Zemés naudmeny kaita Lietuvoje ne
visada yra nuosekliai valdoma. Tyrimas, atliktas Vilniaus rajono savivaldybéje, parodé, jog Zemés iikio
naudmeny poky¢ius daznai lydi planavimo spragy, interesy konflikty ir nepakankamos integracijos tarp
sektoriy problemos (Challenges., 2022).

Misko naudmeny kaita Lietuvoje yra vienas labiausiai iStirty Zemeés naudmeny pokyciy aspekty. Istoriné
analizé rodo, kad misky ploty pokyciai Lietuvoje pasizyméjo aisSkiomis erdvinémis tendencijomis jau XX a.
antroje puséje. D. Jukneliené ir G. Mozgeris (2015) nustaté, kad miSko dangos plétra vyko netolygiai,
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labiausiai koncentruojantis rytinéje ir pietrytingje Salies dalyse, kur vyrauja mazesnio naSumo dirvoZemiai.
Naujesni tyrimai patvirtina, kad §i tendencija i§liko ir XXI a. pradzioje. D. Jukneliené ir kt. (2021) bei D.
Jukneliené ir kt. (2022) pabrézia, jog misko naudmeny plétra daznai vyksta natiiralaus uzzélimo biidu, o ne
kryptingai vykdant misky jveisimo programas. Tai turi tiesioginj poveikj Zemés dangos nattralumui —
pastaraisiais deSimtmeciais Lietuvoje fiksuojamas bendras natiiraliy ir pusiau natiraliy teritorijy dalies
did¢jimas. V. Sadauskas ir D. TiSkuté-Memgaudiené (2022) nustaté, kad savivaldybése, pasiZyminciose
maziausiu miskingumu, misko naudmeny didéjimas teigiamai veikia krastovaizdzio ekologinj stabiluma, nors
poky¢iy tempai islieka netolygs.

Svarbus vaidmuo tenka ir instituciniams bei politiniams veiksniams, ypa¢ Zemés naudojimo
reguliavimui, aplinkosaugos politikai ir subsidijy sistemoms (Plieninger ir kt., 2016). Europos Sajungos
Bendroji zemés iikio politika bei klimato kaitos Svelninimo strategijos reik§mingai veikia zemés naudmeny
strukttros pokyc¢ius valstybése narése (The European., 2021). Misko naudmeny poky¢iai uzima ypatinga vieta
zemés naudmeny tyrimuose dél misky svarbos anglies kaupimui, biologinés jvairovés i$saugojimui ir
ekosisteminiy paslaugy teikimui (Pan ir kt., 2011; IPCC, 2019). Moksliniai tyrimai rodo, kad daugelyje
Europos regiony pastaraisiais deSimtmeciais fiksuojamas misko naudmeny didéjimas, ypac teritorijose,
kuriose mazéja tradiciné zemés iikio veikla (Navarro & Pereira, 2012). Misko naudmeny plétra daznai siejama
su zemés tikio naudmeny apleidimu, kaimo gyventojy skai¢iaus mazéjimu ir natiiraliu misky uzzélimu (Estel
ir kt., 2015). Tuo tarpu Salyse, pasiZzyminciose dideliu pradiniu miskingumu, stebimas miSko naudmeny
stabilumas arba nedidelis maz¢jimas, kurj lemia subalansuotas misky naudojimas ir grieztas teritorijy
planavimas (Forest Europe, 2020). Mokslinéje literatiiroje pabréziama, kad misko naudmeny pokyciai turéty
biti vertinami ne tik kiekybiniu, bet ir kokybiniu pozitiriu, atsizvelgiant ] misky struktiirg ir ekologing bukle
(Puettmann ir kt., 2015).

Zemés naudmeny poky¢iy tyrimuose pladiai taikomi statistiniai ir erdviniai metodai, leidZiantys
analizuoti ilgalaikes kaitos tendencijas ir regioninius skirtumus (Pontius ir kt., 2008). Klasteriné analiz¢ ir kiti
daugiamaciai metodai daznai naudojami siekiant identifikuoti Saliy ar regiony grupes, pasiZymincias panasSiais
zemés naudmeny pokyciy modeliais (Anseeuw ir kt., 2012). Pastaraisiais metais vis didesnj vaidmen] jgauna
nuotolinio stebéjimo duomenys ir geografinés informacinés sistemos, leidziancios tiksliai stebéti zemés dangos
transformacijas didelése teritorijose (Wulder et al., 2018). Siy metody integravimas su socioekonominiais
duomenimis laikomas viena perspektyviausiy krypciy Zemés naudmeny tyrimuose (Verburg et al., 2015).

Zemés naudmeny poky¢iy reik§mé tvariam vystymuisi Lietuvoje nagrinéjama ir per ekosisteminiy
paslaugy bei klimato kaitos $velninimo prizmg. Kazlauskaité-Jadzevicé et al. (2021) nustaté, kad Zemés
naudmeny transformacija, ypa¢ peré¢jimas nuo intensyvaus zemés iikio prie misko ar pusiau nattraliy
naudmeny, reikSmingai prisideda prie organinés anglies kaupimo dirvozemyje, ypac lengvos granuliometrinés
sudéties dirvozemiuose. Nacionalinio masto zemés fondo analizé taip pat rodo struktiirinius pokycius,
susijusius su zemés naudmeny tvarumu. Puziené (2024) pazymi, kad Lietuvos Zemés fondo struktiira
pastaraisiais deSimtmeciais tapo labiau orientuota j aplinkosauginius tikslus, tac¢iau islieka regioniniy skirtumy,
kurie turi buti vertinami planuojant teritoring plétra. Urbanizuotose teritorijose zemés naudmeny pokyciai
pasizymi specifinémis trajektorijomis. Funkciniy miesty regiony analiz¢, paremta palydoviniais duomenimis,
rodo, kad Klaipédos, Kauno ir Vilniaus aglomeracijose spartéjanti urbanizacija daro reik§minga poveikj Zemés
tkio naudmeny mazéjimui ir krastovaizdzio fragmentacijai (Land use changes., 2025).

Rezultatai

Siekiant nustatyti miSky kitimo tendencijas Europos Sajungos Salyse, procentiniais punktais
apskaiciuotas $iy teritorijy pokytis (1 pav.). 2009—2022 m. laikotarpiu Europos Sgjungos valstybése stebimos
misko naudmeny dalies poky¢iy tendencijos, rodancios ryskius regioninius skirtumus. Daugumoje Saliy misko
plotai didé¢jo, taciau pokycio dydis ir kryptis reikSmingai skyrési tarp valstybiy. DidZiausia miSko naudmeny
dalis viso analizuojamo laikotarpio metu badinga Siaurés ir Baltijos $alims (Suomija, Svedija, Estija, Latvija,
Slovénija), tuo tarpu Vakary ir Piety Europoje pradiniai misko naudmeny rodikliai buvo Zemesni, ta¢iau kai
kuriose Salyse stebétas didesnis misko teritorijy padidéjimas.
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1 pav. Misko naudmeny pokytis 2009-2022 metais (procentiniais punktais) Europos Sajungos Salyse

Saltinis: sudaryta autorés pagal Eurostat duomenis (Land cover., 2025)

ES valstybiy grupavimas pagal misko naudmeny poky&ius 2009-2022 m. atskleidzia aisky Siaurés ir
Piety Europos kontrasta. Piety Europos Salys pasizymi spar¢iausiu misko naudmeny didéjimu: Ispanija (9,2
proc.), Portugalija (8,3 proc.), Graikija (8,1 proc.), tuo tarpu Siaurés ir Vidurio Europoje vyrauja stabilios arba
nezymiai mazéjancios tendencijos: Lietuva (3,1), Austrija (2,7 proc.).

Siekiant identifikuoti bendrus ES valstybiy misko naudmeny kaitos modelius, buvo atlikta k-vidurkiy
(k-means) klasteriné analizé, taikant vieng kintamajj — misko naudmeny dalies pokytj (proc. punktais) 2009—
2022 m. laikotarpiu. Analizés metu iSskirti trys klasteriai atspindintys skirtingas misko naudmeny kaitos
tendencijas. Pirma grupé aliy, kuriose misko naudmeny dalis mazéjo arba isliko beveik nepakitusi. Siai grupei
priskiriamos Svedija, Suomija, Slovénija ir Cekija (1 pav.). Sios valstybés pasizymi labai didele pradine misko
naudmeny dalimi, ribotomis galimybémis tolesnei misky plétrai. Antrgja grupe Saliy sudaro didziausia ES
valstybiy dalis, kuriai biidingas nuosaikus misko naudmeny dalies didéjimas. Siai grupei priskiriamos
Vokietija, Pranciizija, Belgija, Nyderlandai, Austrija, Liuksemburgas, Airija, taip pat Baltijos Salys — Lietuva,
Latvija ir Estija. Sios grupés $alims biidinga vidutiné arba auksta pradiné misko naudmeny dalis, tolygi misky
plétra. Lietuva Siame klasteryje iSsiskiria nuosekliu misko naudmeny didéjimu iki 2018 m., po kurio stebimas
nedidelis sumazéjimas, taciau bendra tendencija iSlieka teigiama. Lietuvos misky pokyciai yra panasis j
Latvijos ir Estijos pokycius, taciau absoliuti misko naudmeny dalis isliecka maZesné nei kaimyninése Salyse.
Tredia grupé apima valstybes, kuriose fiksuotas didelis misko naudmeny augimas. Siai grupei priskiriamos
Ispanija, Portugalija, Graikija, Italija, Lenkija ir Vengrija (1 pav.). Sio klasterio $alims biidingos $ios
tendencijos: santykinai mazesné pradiné misko naudmeny dalis, reikSmingas Zzemés tkio naudmeny
apleidimas, natiiralus misky uzzélimas ir (ar) kryptinga miskininkystés politika. Ypac¢ rySkus misko naudmeny
augimas stebimas Piety Europos Salyse, kur misky plétra daznai susijusi su kaimo depopuliacija ir zemés iikio
veiklos mazéjimu.

Nors misko naudmeny dalis Lietuvoje didéjo, jos augimo tempai yra mazesni nei Piety Europos $alyse,
taCiau didesni arba panasiis | Vakary Europos vidurkj. Tai leidzia teigti, kad Lietuvos miSko naudmeny kaita
atspindi viduting ES tendencija, o ne krastutinius miky plétros ar nykimo scenarijus. Sio tyrimo rezultatai
atskleidé, kad Lietuvos misko naudmeny, pokyciai 2009—2022 m. laikotarpiu priskirtini vidutini$kai didéjanciy
teritorijy grupei, kurioje dominuoja dauguma Vidurio ir Siaurés Europos valstybiy. Tokia Lietuvos pozicija
rodo, jog Salies zemés naudmeny raida i§ esmés atitinka bendras Europos Sajungos tendencijas, taciau kartu
pasiZymi tam tikrais regioniniais ypatumais.

Zemes tikio naudmeny poky¢iai taip pat nemazi visose $alyse. I3analizavus 10 mety laikotarpio pievy
pasikeitimus, nustatyta, kad daugiausia pievy sumazéjo Lietuvoje (-8,8 proc.). Ispanijoj (-7,8), Portugalijoj (-
7,30), Bulgarijoj (-6,90), Graikijoje ir Rumunijoje po (-6,80) (2 pav.).
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2 pav. Pievy pokyc¢iai 2012-2022 metais (procentiniais punktais)
Saltinis: sudaryta autorés pagal Eurostato duomenis (Land cover., 2025)

Nataraliy pievy mazéjimas gali turéti ir neigiamy pasekmiy, kaip biologinei jvairovei, dirvozemio
anglies kaupimui. Salys, kuriose pievy plotas padidéjo — tai Airija (4,30 proc.), Malta (3,10 proc.), Cekija (1,4
proc.), Suomija (1 proc.).

Ariamosios zemés plotas 2012-2022 metais Lietuvoje padidéjo daugiausia (+6,2 %) i$ visy ES saliy.
Portugalijoje, Latvijoje ir Ispanijoje ariamosios Zemes padid¢jo atitinkamai +3,8; +4,0; +5,0 procentiniu
punktu (3 pav.).
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3 pav. Ariamosios zemés poky¢iai 2012-2022 metais procentiniais punktais
Saltinis: sudaryta autorés pagal Eurostato duomenis(Land cover., 2025)
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Kadangi pievy Lietuvoje sumazéjo, o ariamosios zemés padidéjo panaSiu procentiniu dydziu, galima
daryti prielaida, kad Lietuvoje vyko pievy pavertimas ariamaja Zeme, o ne tiesiog bendras Zzemés iikio
plétimasis. Daugelyje Vakary ir Siaurés Europos $aliy tuo paéiu laikotarpiu ariamosios Zemés plotai mazéjo
arba isliko stabilis.

Ariamosios zemes ploty mazéjimas rodo struktiirinius Zemeés naudojimo pokycius, susijusius su
tikininkavimo intensyvumo mazéjimu, aplinkosauginiy priemoniy jgyvendinimu arba Zemés tkio veiklos
perskirstymu. Zemés {ikiui tai reiskia tiek ekologine nauda, tiek galima produkcijos potencialo mazéjima,
priklausomai nuo regioninio ir institucinés aplinkos konteksto. Daugiausia ariamosios Zemés sumazejo
Vokietijoje (-4,8), Belgijoje (-4,1), Danijoje (-3,9), Vengrijoje (-3,1) procento (3 pav.).

2012-2022 m. Lietuva iSsiskiria ES kontekste itin ryskiais ariamosios Zemés ir pievy pokyciais:
fiksuojamas didziausias pievy ploty sumazéjimas ir tuo paciu didZiausias ariamosios Zemés ploty padidéjimas.
Tai leidzia daryti prielaida, kad pievos buvo intensyviai konvertuojamos | ariamaja zeme¢, o $is procesas
Lietuvoje vyko sparciau nei daugumoje kity ES saliy.

Zemés naudmeny poky¢iai yra glaudZiai susije su darnaus vystymosi tikslais, ypa¢ klimato kaitos
$velninimu, biologinés jvairovés apsauga ir maisto saugumu (UN, 2015; IPBES, 2019). Netvariis zemés
naudojimo sprendimai gali lemti dirvozemio degradacija, ekosistemy fragmentacijg ir didesnes Silthamio
efektg sukelianciy dujy emisijas (Foley et al., 2011). Todél moksliniuose tyrimuose pabréziama bitinybé
integruoti Zemeés naudmeny analizg i teritorijy planavimo ir aplinkosaugos politikos formavima (OECD, 2021).
Illgalaiké, duomenimis pagrjsta Zemés naudmeny stebésena, leidzia ne tik jvertinti praeities pokycius, bet ir
modeliuoti galimas ateities vystymosi trajektorijas (Lambin & Meyfroidt, 2011). Nepaisant bendry ES Zemés
naudojimo ir aplinkosaugos tiksly, 2012-2022 m. laikotarpiu kai kuriose Salyse, ypa¢ Lietuvoje, fiksuojami
itin spartlis pievy ploty mazéjimo ir ariamosios Zemés didéjimo procesai, kuriy mastas ir priezastys ES
kontekste iSlieka nepakankamai istirti. Apibendrinant galima teigti, kad Lietuvos Zemés naudmeny raida ES
kontekste pasizymi stabilumu ir nuoseklumu, ta¢iau ateityje reikalaus tikslingesniy politikos sprendimy, ypac
teritorijy planavimo ir misky valdymo srityse. Analizés rezultatai suteikia pagrinda tolimesniems tyrimames,
kurie galéty i§samiau nagrinéti regioninius skirtumus $alies viduje ir jy poveikj ilgalaikiam tvariam vystymuisi.

ISvados

1. ES valstybiy grupavimas pagal misko naudmeny poky¢ius 2009-2022 m. atskleidé aisky Siaurés
ir Piety Europos kontrasta. Piety Europos Salys pasizymi sparc¢iausiu misko naudmeny didéjimu: Ispanija (9,2
proc.), Portugalija (8,3 proc.), Graikija (8,1 proc.), tuo tarpu Siaurés ir Vidurio Europoje vyrauja stabilios arba
neZymiai mazgjancios tendencijos: Lietuva (3,1), Austrija (2,7 proc.). ISanalizavus 10 mety laikotarpio pievy
pasikeitimus, nustatyta, kad daugiausia sumazéjo pievy Lietuvoje (-8,8 proc.). Ispanijoj (-7,8 proc.),
Portugalijoj (-7,30 proc.), Bulgarijoj (-6,90 proc.), Graikijoje ir Rumunijoje po (-6,80 proc.). Salys, kuriose
pievy plotas padidéjo — tai Airija (4,30 proc.), Malta (3,10 proc.), Cekija (1,4 proc.), Suomija (1 proc.).
Ariamosios Zemes plotai padid¢jo tik aStuoniose ES Salyse, tarp juy ir Lietuvoje. Likusiose Salyse ariamosios
zemés plotai mazéjo: Vokietijoje (-4,8), Belgijoje (-4,1), Danijoje (-3,9), Vengrijoje (-3,1) procento.

2.  Tyrimo rezultatai atskleidé, kad Lietuvos misko naudmeny pokyciai 2009-2022 m. laikotarpiu
priskirtini vidutinidkai didéjanéiy teritorijy grupei, kurioje dominuoja dauguma Vidurio ir Siaurés Europos
valstybiy. 2012-2022 m. Lietuva i$siskiria ES kontekste itin ryskiais ariamosios Zemés ir pievy pokyciais:
fiksuojamas didziausias pievy ploty sumazéjimas (-8,8 proc.) ir tuo paciu didZiausias ariamosios Zemés ploty
padidéjimas (+6,2 proc.).
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CHANGES IN AGRICULTURAL LAND USE AND FOREST IN EUROPEAN UNION COUNTRIES

Summary

A number of studies have been conducted in Lithuania on various aspects of land use change, but there is a lack of

systematic comparison with other EU countries to show how Lithuania's changes differ from those in other EU countries.
The aim of this study is to assess changes in Lithuania's arable land, grassland, and forest areas in the context of the
European Union. The results of the study revealed that changes in Lithuanian forest land use in the period 2009-2022 can
be classified as belonging to the group of areas with average growth, which is dominated by most Central and Northern
European countries. In the period 2012-2022, Lithuania stands out in the EU context with particularly marked changes
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in arable land and grassland: the largest decrease in grassland area (-8.8%) and, at the same time, the largest increase in

arable land area (+6.2%) have been recorded. The results of the analysis provide a basis for further research that could

examine in more detail the regional differences within the country and their impact on long-term sustainable development.
Key words: arable land, meadows, forests, changes in land use.
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IDENTIFICATION OF PARAMETERS FOR A DRIVE DYNAMIC MODEL WITH AN
ELASTIC COUPLING IN THE MATLAB/SIMULINK ENVIRONMENT

Igor Iljin
Vilnius Gediminas Technical University

Abstract

This paper proposes a methodology for identifying the parameters of a mechatronic system based on experimental
data obtained using a digital oscilloscope, as well as for optimizing system parameters through simulation in
MATLAB/Simulink. Particular attention is paid to the identification stages, during which the coupling parameters, the
moment of inertia, and the friction and stiffness coefficients for a single-mass dynamic model were sequentially
determined. The research results confirm the practical applicability of the proposed method for diagnosing and improving
industrial equipment.

Key words: Mechatronics, Oscilloscope, Simulation, MATLAB/Simulink, Diagnostics

Introduction

In the context of growing competition and the need to improve production efficiency, the implementation
and adaptation of new technologies, particularly in the field of mechatronic systems, are becoming key factors
for a company's success.

Diagnosis, improvement, and repair of these devices requires knowledge of their dynamic properties,
the patterns of oscillatory processes, and their control principles. A rapid way to solve these problems is by
using mathematical models of systems and processes.

The purpose of this work is to determine the possibility of identifying the parameters of a mechatronic
system by measuring the voltage on the motor armature and the tachogenerator using a digital oscilloscope

Modelling Principles and the Concept of Identification

Mathematical models are approximate representations of reality, useful for solving applied problems,
analysing a system's response to disturbances, and studying dynamics under extreme conditions. Based on
their construction method, the models are divided into three groups:

Theoretical Models: These are based on fundamental conservation laws and principles of physics. They
can simulate processes across a wide range of variable changes.

Empirical Models: These are created solely from experimental data. Their capabilities are limited to the
range within which the experiments were conducted.

Semi-Empirical (Hybrid) Models: These are formed by combining known theoretical laws with data
obtained from experiments.

When the dynamic process itself is unknown and its characteristics are determined solely from its
response to input signals (identification is based on input u(t) and output y(t) data), the method is called process
identification (Augustaitis V. et al., 2011; Iljin 1., 2000).

Discussions on the identification of dynamic systems began around the sixth decade of the twentieth
century. Many theoretical algorithms for system identification and parameter estimation were proposed, but
their potential applications and limitations were less explored. Operational experience with various equipment
confirms the critical importance of understanding the dynamic processes that occur within them (Mikles, et
al;) . Since real objects and their parameters are usually not perfectly known, further research is based on using
mathematical models of these processes.

Simulation not only promotes a better understanding of how systems function, but also allows one to
predict system behaviour (Chaturvedi, D.K., 2017) and to precisely analyse systems under various operating
conditions.

This research employs a method to find the dynamic parameters of a model by minimising the
differences between the output signals of the real object and its Simulink model under identical input signals.
The analysis of dynamic characteristics of similar rotor systems with flexible couplings has been conducted
by many authors (Augustaitis V., 2000; Daunoras J., 2001).

For example, the work (Al-Hussain, K.M., 2003) examines the influence of misalignment on the stability
of two rotors connected by a flexible mechanical coupling and subject to angular misalignment. Stability
conditions are presented graphically for a deeper understanding of the influence of flexible coupling stiffness
and angular misalignment on the stability of rotating machinery.

Furthermore, the study (Mukherjee S., et al., 2024) investigates the influence of a flexible disc coupling
on the dynamics of a misaligned shaft. The coupling is modelled as a set of viscoelastic elements having
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restoring and damping properties. The equation for the composite shaft is derived using the finite element
method.

In the study (Zhou, J., et al., 2025), a model with five degrees of freedom was proposed, accounting for
this interaction and integrated into the "support-bearing-rotor" system.

In a number of studies, the flexible coupling in rotor systems is considered merely as an extension of
the shaft or is ignored altogether, which does not reflect the real system dynamics. A more accurate approach
involves modelling the coupling while accounting for its influence on vibrational characteristics at different
rotational speeds and levels of unbalance. However, this is typically done using the finite element method (
Lingxuan, L., et al., 2015).

The sensitivity analysis of elastic couplings to the frequency characteristics of mechanical systems
remains a relevant task. Research has considered the influence of key parameters, including shaft and bearing
stiffness, as well as coupling characteristics (Bouslema, M., et al., 2022). The sensitivity of the model to
changes in the parameters of the interface has been noted, emphasising the need for their accurate accounting
in structural analysis.

Flexible couplings are used to transmit power between two shafts and can more realistically compensate
for a combination of parallel, axial, and angular misalignments between them than other types. The presence
of a certain degree of misalignment is considered inevitable. The coupling also reduces the transmission of
torque and speed fluctuations from one rotor to another due to its flexibility, ensuring a smoother power
transmission. However, the dynamic behaviour of the rotors also depends on the characteristics of the coupling,
as it incorporates a flexible, damped intermediate element between the connected shafts (Aggarwal, M., et al.,
2019).

In the work (Yu, Y., et al., 2023) , the authors establish a theoretical foundation for the design and
analysis of flexible multi-diaphragm couplings. These couplings are used as power transmission elements and
account for axial and radial misalignment. To account for manoeuvre loads in a non-inertial reference frame,
coupled differential equations for bending, pendulum motion, and axial deformation were formulated using
the Lagrange method.

Optimisation and the Objective Function

The parameter identification process is inherently related to optimisation, the goal of which is to find
the best possible solution. In the context of modelling, optimisation involves searching for parameters that
minimise an objective function.

In this study, the objective function is used to quantitatively compare the experimental results with the
results obtained from the Simulink model.

Experimental Methodology

The research was conducted on a test bench described in (Iljin, I., 2021), which includes an offset
printing machine (3), a DC motor (2), and an adjustable rectifier (1) (Fig. 1). A "Velleman PCSU1000" digital
oscilloscope (4) connected to a computer (5) was used for data acquisition. The oscilloscope measured the
input voltage (voltage across the motor armature) and the output voltage (voltage generated by the
tachogenerator).

Fig. 1. Overview of the equipment used for the research: 1 — adjustable DC rectifier; 2 — DC motor; 3 —
"Rotaprint R40SY" offset printing machine; 4 — "Velleman PCSU1000" digital oscilloscope; 5 — computer.
Source: compiled by the author

The experiment was conducted using a hollow rubber coupling, the coupling rotating and the shaft
stopped. Only the coupling parameters (stiffness and damping) are investigated during the motor-driven
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operation of the mechanism, where motor start-up and shutdown are measured by switching the electric current
on and off. MATLAB/Simulink is used for modelling.

Stages of Modelling in Simulink

Modelling in the MATLAB/Simulink environment involves the following stages:

1. Creating a dynamic model and defining the numerical values of its parameters.

2. Formulating a system of equations and the corresponding block diagram.

3. Creating a Simulink diagram, which is a graphical representation of the block diagram.

4. Iterative verification and adjustment of the model: assigning preliminary numerical values to the
model parameters and modifying them until the simulation output closely matches the oscilloscope data.

5. Verifying the adequacy of the model (ensuring that the simulated processes correspond to the real
processes).

6. Finding the optimal values of the numerical parameters for each experiment.

7. Analyse the results and perform a final adequacy cheque.

In previous stages (Iljin, 1., 2021), the following motor parameters were determined, which were used
as initial data for further modelling.

Stages of Parameter Identification

Identification was carried out sequentially: determining the parameters of the motor winding,
determining the parameters of the motor rotor, determining the parameters of the coupling connecting the
motor to the machine, and determining the parameters of the dynamic model itself.

In the third stage, the coupling parameters were determined: the stiffness coefficient ¢, and the damping
coefficient r,. For this step, the motor armature must rotate freely and be mechanically connected to the
machine through the flexible coupling. The machine is locked so that the motor rotor can only turn as far as
the deformation of the coupling allows. The oscilloscope records the input and output signals. The input signal
is the voltage across the motor winding, and the output signal is the voltage generated by the tachogenerator
(Fig. 2).

For processing the data obtained from the text file in MATLAB, the universal function txt2Uv is used,
which is applied at each subsequent stage. Specifies the location of the input and output signal values and
presents the results graphically:

function y = txt2Uv (filin, U0, ome0, Mt, MUv, Mome, dUv, dome)

%function y = txt2Uv (filin, U0, ome0, Mt, MUv, Mome, dUv, dome)

t = filin (:, 1)*Mt;

Uom = (filin (:, 3)-ome0)*Mome;

obmin = Uom*1000/15;

om = obmin/60*pi+dome; %]1/sec

Uv = -(filin(:, 2)-U0)*MUv+dUv; % Volt

filout (:,1) =t;

filout (:, 2) = Uv;

filout (:, 3) = om;

figure
subplot (311); plot (t, Uv)
grid on;
subplot (212); plot (t, om)
grid on;
= filout;
y = filou -0
A
oD
-20
0 0.5
10
= 8
e
0 0.5

time, s

Fig. 2. Experimental data plots on real scale. Uv - motor voltage plot, ome - tachogenerator voltage plot.
Source: compiled by the author
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The script "Exp3dat9" sets the motor parameters for further modelling and analysis:
clear; clc; format compact

disp ('---Exp3datK9---")

VCL3p = importdata ('K93up.mat');

ome = VCL3p (:, 3);

Uv=VCL3p (:, 2);

t=VCL3p (;, 1);
R2 =[t, ome] ;
S2=1t, Uv];
cml = 3,05
cm2 =4,5

rml =0,033
rm2 = 0,08
gml =0,1285
C=0,7090
Ra=1,4
La=0,0022
Jr=10,00765

The generalised model "Exp3modK9" (Fig. 3) consists of two subsystems: "Drive 001" (the motor
model, Fig. 4 and Fig. 5) and "Mp2" (the coupling model, Fig. 6). These are fragments of the Simulink
programme, designed using grouped blocks. In the figure, the internal structure of the subsystems is not
displayed; only the input and output ports are shown. This simplifies the model representation.

The "From Workspace" block is used to generate an input signal for the model with the required shape
and parameters. The element's parameters are set using a standard format matrix [t, Uv], which is generically
named "S2" in the "Exp3dat9" programme. This signal is fed into the generalised block "Drive 001". A
connection is made from the rotor's angle of rotation (Fir) to the coupling. The other end of the coupling is
fixed (that is, fi2 = 0).

S2 >
From
Workspace Lyl Fir | omr
—» Mp Omr
l Drive_001
Mp fir <_
fiz€4— O
Mp2 Constant

Fig. 3. Model of the object "Exp3modK9" with a locked mechanism (linear friction).
Source: compiled by the author

CL])—P Uv fir il
v r
om———»( 2 )
Omr
Mp

Motor ia

Fig. 4. Subsystem "Drive_001" of the Simulink model "Exp3modK?9".
Source: compiled by the author
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Fig. 5. Subsystem "Drive" of the Simulink model "Drive 001".
Source: compiled by the author

P rmlsgmi du/dt W
firt Gaiti Derivative Mp
P>
Gain —::\__
B .
Swifch
p—> rm2+gm2 du/df]
Gaink Derivative2
—P>
Gainb
b—’du/dr
e Gaink Derivativel

Gain3

Fig. 6. Subsystem "Mp2" of the Simulink model, representing the dependence of the coupling parameters.
Source: compiled by the author

Using the code of the program "PictureE2KA":
figure

subplot (411);

plot (t, Uv)

grid on; axis tight

ylabel ("Uv, V")

subplot (412)

plot (t,omm (:, 3))

grid on; axis tight

ylabel (‘omm model, V')

subplot (413)

plot (t,ome)

grid on; axis tight

ylabel (‘'ome motor, V')

siom = mean (omm (:, 3));

form = (ome-omm (:, 3));

Sform = sum((form)."2);

Forma = sqrt (Sform)/(length (omm))/siom
subplot (414)

plot (t, form)
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axis tight; grid on
ylabel ('ome-omm')
xlabel ('time, s")

Four plots are generated, reflecting the dynamics of the model parameters (Fig. 7):

plot(t, Uv) - a plot showing the change in motor voltage over time (input signal).

plot(t, omm) - a plot demonstrating the simulated tachogenerator voltage over time (model output
signal).

plot(t, ome) - a plot representing the experimentally obtained tachogenerator voltage over time.

plot(t, form) - a plot illustrating the deviation between the experimental and model values of the motor's
angular velocity over time.

Where:

ome is the angular velocity of the motor obtained experimentally.

siom is the average value of the motor's angular velocity according to the model.

The form is the difference between the experimental and model values of the angular velocity.

Sform is the sum of squared deviations.

Forma = sqrt(Sform) / length(omm) / siom is the conformity criterion, calculated as the square root of
the sum of squared deviations, divided by the length of the data series and the average model speed.

The axis labels are set using the xlabel and ylabel commands.

The results of the parameter search are summarised in Table 1.

Table 1
Parameter search results for model ,,Exp3datK9”
Forma
cml cm?2 rml rm2 gml C Ra La Jr 10
3.8 5,00 0,04 0,05 0,1 0,7003 1,44 0,0022 0,006 51,5
34 5,00 0,04 0,05 0,1 0,7003 1,44 0,0022 0,006 38,0
3,1 5,00 0,04 0,05 0,1 0,7003 1,44 0,0022 0,006 29,6
2,9 5,00 0,04 0,05 0,1 0,7003 1,44 0,0022 0,006 25,5
2,9 4,80 0,04 0,05 0,1 0,7003 1,44 0,0022 0,006 25,3
2,9 4,60 0,04 0,05 0,1 0,7003 1,44 0,0022 0,006 25,1
2,9 4,30 0,04 0,05 0,1 0,7003 1,44 0,0022 0,006 24,8
2,9 43 0,03 0,05 0,1 0,7003 1,44 0,0022 0,006 23,2
2,9 4,3 0,025 0,05 0,1 0,7003 1,44 0,0022 0,006 23,9
2,9 4,3 0,025 0,06 0,1 0,7003 1,44 0,0022 0,006 23,8
2,9 4,3 0,025 0,07 0,1 0,7003 1,44 0,0022 0,006 23,8
2,9 4,3 0,025 0,08 0,1 0,7003 1,44 0,0022 0,006 23,8
2,9 4,3 0,025 0,08 0,11 0,7003 1,44 0,0022 0,006 22,4
2,9 4,3 0,025 0,08 0,12 0,7003 1,44 0,0022 0,006 21,5
2,9 4,3 0,025 0,08 0,12 0,705 1,44 0,0022 0,006 21,3
2,9 4,3 0,025 0,08 0,12 0,709 1,44 0,0022 0,006 21,2
2,9 4,3 0,025 0,08 0,12 0,709 1,44 0,0022 0,007 18,1
2,9 43 0,025 0,08 0,12 0,709 1,44 0,0022 | 0,0074 17,5
2,9 4,3 0,025 0,08 0,12 0,709 1,44 0,0022 0,0076 17,3
2,9 4,3 0,025 0,08 0,125 0,709 1,44 0,0022 0,0076 17,2
2,9 43 0,027 0,08 0,1285 0,709 1,44 0,0022 0,0076 17,1

Source: compiled by the author.

The most optimal parameters were obtained from "Exp5datK9": cm1 = 2.9; cm2 = 4.3; rm1 = 0.027;
rm2 = 0.0800; gm1 = 0.125; C=0.7090; Ra = 1.44; La = 0.0022; Jr = 0.0076; Forma=17.1-1073.
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Fig. 7. Plots obtained during the parameter identification stage for model "Exp3modK9".
Source: compiled by the author

- Uv is the plot of the input signal, showing the voltage supplied to the motor.

- omm model is the model output signal, obtained in the Simulink environment, representing the
tachogenerator voltage.

- ome motor is the experimental tachogenerator voltage data, recorded using a digital oscilloscope.

- ome-omm is the plot of the discrepancy between the model and the experiment, constructed as the
difference between the "ome motor" and "omm model" values.

This representation allows for a visual assessment of the model's accuracy and helps identify potential
deviations between the calculated and real data.

Conclusions

As a result of the conducted research, the task of parametric identification of a single-mass dynamic
model for a mechatronic system with elastic connecting coupling has been successfully solved. A methodology
based on the combined use of a physical experiment and interactive optimisation in the MATLAB/Simulink
environment has been developed and tested.

The main results of the work are as follows:

1. A practical methodology was developed: A sequential identification algorithm was proposed, enabling
the determination of electric motor parameters, moments of inertia, friction, as well as key coupling
characteristics (stiffness and damping coefficients) within a structured single-mass model.

2. A verified model was obtained: As a result of an iterative optimisation process, numerical values were
found for the model parameters, achieving a high degree of conformity with the experimental data. The
normalised error criterion was 17.1-107, which confirms the suitability of the single-mass model obtained.

3. Practical significance was confirmed: It was demonstrated that accounting for the elastic-damping
properties of the connecting coupling is critically important even when using a single-mass model. Neglecting
these properties leads to a significant discrepancy between the model and the real object.

4. The scope of application was defined: It was established that the identified single-mass model
possesses sufficient accuracy for practical use and can be effectively employed for tasks such as drive condition
monitoring, analysis of transient processes, as well as for the synthesis and preliminary tuning of control
systems (e.g., PID speed controllers), where the use of more complex two-mass models is not justified due to
requirements for computational efficiency.

Thus, this work demonstrates that a correctly identified single-mass model, which accounts for the
elasticity of the connexion, is an effective tool for engineering analysis and improvement of mechatronic
systems, offering a reasonable compromise between precision, complexity and applicability under industrial
conditions.
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Prospects for further research are associated with the automation of the optimisation process using built-
in MATLAB algorithms and the adaptation of the proposed methodology for real-time model identification
with the aim of developing adaptive control systems.
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PAVAROS DINAMINIO MODELIO SU ELASTINGA MOVA PARAMETRU IDENTIFIKAVIMAS MATLAB/
SIMULINK APLINKOJE

Santrauka
Straipsnyje pristatoma metodika mechatroninés sistemos parametrams identifikuoti ir optimizuoti, derinant
eksperimentinius duomenis, gautus skaitmeniniu osciloskopu, su MATLAB/Simulink modeliavimo rezultatais.
Identifikavimo etapuose nuosekliai nustatyti jungties parametrai, inercijos momentas, trinties ir standumo koeficientai
vienos masés dinaminiam modeliui. Tyrimo rezultatai patvirtina, kad sitiloma metodika yra praktiskai pritaikoma
pramoninés jrangos diagnostikai ir modernizavimui, uztikrinant didesn] sistemos efektyvuma bei patikimuma.
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ELECTROMAGNETIC DISTURBANCE-RESISTANT CONTROLLER BASED ON THE
MODIFIED INTEGRAL CONTROL ALGORITHM

Martynas Sapurov, Vytautas Bleizgys
Vilnius Gediminas Technical University

Abstract

The paper presents a feedback controller based on the modified integral control algorithm, which allows achieving
higher resistance to electromagnetic disturbances compared to cases when proportional-integral-derivative, proportional-
integral and classical integral control algorithms are used. Also the proposed controller guaranties shorter response time
of the control system as compared to the classical integral controller. Distinctive feature of the developed controller is
that the integral constant changes discretely the value at a certain threshold value of the control error. The control system
with the modified integral control algorithm based controller is investigated using the Matlab/Simulink simulation
program.

Key words: Feedback control system, electromagnetic disturbances, integral control algorithm, variable integral
constant.

Introduction

Actual automatic feedback control systems used in industry are often exposed by the electromagnetic
disturbances (Narasimman, 2016: 1167-1176; Ning, 2021: 1686—1693). These disturbances are radiated by
various electrical devices used in technological processes, such as electric motors, switches, relays, etc. Noise
signals generated by electromagnetic disturbances are usually induced in the feedback signal line of the control
system connecting the sensor that measures the controlled parameter with the controller input. The noise signal,
when entering the controller input, can cause fluctuations in the parameters of the controlled plant or even
cause the instability of control system operation. The vast majority of feedback controllers used in industry are
PID (proportional-integral-derivative) controllers, based on the combination of proportional integral and
derivative control algorithms (Yuliawan, 2021: 96—102; Zhang, 2022: 105-109). The derivative term of the
controller is the most sensitive to noise signals, therefore it is often disconnected in actual applications
(Bielskis, 2020: 1-18). The integral term of the controller is the least sensitive to noise signal, because of this
a controller with only an integral term is the most resistant to noise signals. However, a control system
implemented using a controller with only an integral term is slow, i.e. it responds slowly to changes in operating
conditions. Therefore, the response time of the control system, which is the main dynamic parameter, is much
longer in a control system based on integral controller as compared to the case when PID or PI (proportional-
integral) controllers are used.

This paper presents a feedback controller based on the modified integral control algorithm, which allows
achieving faster control system response compared to the classical integral algorithm. Also, the control system
with the modified integral controller is characterized by higher resistance to noise signals caused by
electromagnetic disturbances compared to cases when PID, PI and I (integral) controllers are used.

The control system with the proposed modified integral controller is investigated using the
Matlab/Simulink simulation program. The first section of the paper describes the proposed control algorithm
and presents the structure of the analysed control system. The second section presents the simulation results of
the control system based on the proposed controller, comparing them with cases when PID, PI and I controllers
are used. At the end of the article, based on the obtained research results, the conclusions of the work are
presented.

Modified integral control algorithm

Distinctive feature of the proposed modified I controller as compared to classical I controller is that the
proposed controller is implemented using the modified integral control algorithm, in which the integral
constant in fact is variable because it changes discretely its value at a certain threshold value of the control
error. The proposed I controller with the discrete variable constant (vl controller) guaranties shorter response
time of the control system than when using the classical I controller.

The algorithm of the vI controller is described by the following equation:
t

U(t) = K; f e(t) dt, (D

to
K] = Kn, |e(t)| > etr,
K =Ky, le(®)| < e,
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where U(?) is the output signal of the controller, using which the process or plant is controlled, e(?) is the control
error, which is calculated as the difference between the desired value of the controlled parameter of the plant
Ya(¢) and the actual value of the controlled parameter Y,(f), Kn and K1, are discrete values of the controller
integral constant Ki, e is control error threshold value, at which the integral constant value is switched, ¢ is
time and % is initial time moment, at which the controller starts to operate. The discrete values of integral
constant have to be chosen so that they satisfy the condition Ki; >> Kp,.

It is seen that in the proposed vI control algorithm (1) the value of integral constant is switched from K7
to K and vice versa at a certain threshold value of the control error e,. If the values of the integral constant
are chosen so that they satisfy the condition Ki; >> K, the vl controller guaranties shorter response time of
the control system than when using the classical I control method. This is because in the vI controller the value
of K1 can be significantly higher than the Ki of the classical I controller.

The block diagram of the analysed feedback control system is given in Fig. 1. It consists of controller
and controlled plant. Y4(f) is desired (set point) value and Ya(?) is actual value of the controlled parameter.
D(¢) is the load disturbance and N() is noise signal induced by the electromagnetic disturbances, which adds
up with the feedback signal.
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Fig. 1. Block diagram of the feedback control system [Created by authors]

Investigation results

The control system (Fig. 1) based on the proposed vI controller that implements algorithm (1) has been
investigated using Matlab/Simulink software. The investigation was performed for the plant, dynamics of
which is described by the second order transfer function with the delay G,(s) = e/ (zs+1)?, where T is plant
response delay, 7 is time constant. The investigation was performed for the plant with 7 =2 and z =I.
Additionally the control system was investigated for the cases when PID, PI and I controllers are used. The
parameters of controllers are presented in Table 1.

Table 1
Parameters of controllers
PID PI 1 vl
Kr=0.71 Kpr=0.44 Ki=0.127 Kn=0.235
Ki=0.276 Ki=0.222 Kin=0.07
Kp=0.50 ex=0.90

Firstly, the control system set point Yy4(f) unit step and load disturbance D(¢) positive and negative unit
steps responses were simulated to evaluate the settling time of the control system. The obtained transients are
presented in Fig. 2. The set point and load disturbance step responses settling times #sps and #.ps of the control
system for analysed controllers for = 5% tolerance band of Y,(¢) are given in Table 2. Since the #.ps for positive
and negative step load disturbance practically coincide (Fig. 2), there in Table 2, the #.ps is presented just for
negative step.

The obtained results (Table 2) show that proposed vI controller allows to speed up the control system
response as compared to the case when classical I controller is used. On the other hand, the application of PI
and PID controllers guaranties shorter response settling time as the vI controller provides. However, PI and
especially PID controller are much more noise sensitive in comparison to integral control method-based
controllers.

Table 2
Set point and load disturbance unit steps response settling time of control system
Controller PID PI vl I
fsps, sec 8.3 9.9 12.7 16.7
fLDS, sec 11.5 11.6 18.6 25.0
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Fig. 2. The set point unit step response (a) and load disturbance positive and negative unit steps responses (b)
of the control system based on PID, PI, I and vI controllers
Created by authors

The behaviour of control system based on the v, I, PI and PID controllers in the situation when system
is affected by noise signal N(¢) that ads up with the feedback signal of controller was investigated. The analysis
was provided when N(¢) is band-limited white noise with sampling time =1 sec, seed [23231]. The obtained
set point step responses are given in Fig. 3. It is seen that the lowest fluctuations of the controlled parameter
caused by the noise signal has the control system based on the proposed vI controller, i.e. the application of vI
controller guaranties highest control system resistance to noise signal in comparison to the I, PI and PID
controllers.
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Fig. 3. The set point unit step response of the control system based on PID, PI, I and vI controllers when
controller is affected by the band-limited white noise with sampling time =1 sec and seed [23231] at various
noise power P, (amplitude A4,)
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The maximal amplitudes of fluctuations caused by the noise signal for all analysed controllers are
presented in Table 3. It is seen that the amplitudes of the Y,(¢) fluctuations using vI controller is approximately
2 times lower as compared to the case when I controller is used and 6—9 times lower in comparison when PI
and PID controllers are employed.

Table 3
Maximal amplitudes of Y (¢) fluctuations caused by the noise signal
Noise power
(Noise amplitude)
Controller type 0.005 (0.23) 0.02 (0.43) 0.07 (0.83)

vl 0.01 0.02 0.05

I 0.02 0.05 0.10

PI 0.08 0.15 0.29

PID 0.09 0.17 0.32

Important parameter of control system is robustness, which demonstrates the ability to operate stably
when dynamic parameters of the controlled plant change. The analysed control system based on the proposed
vl controller was investigated when response delay time 7 and time constant 7 of the plant change by values
AT and Ar and controller parameters remain not changed and are adjusted for the case when AT, A=0. The
results of investigation are presented in Fig. 4. They show that control system operates stably even when AT
and Ar increase by 100%, just the response transient settling time increases.
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Fig. 4. The set point and load disturbance unit step responses of the control system based on the vI
controller when the value of plant response delay changes by AT and the value of the time constant
—by At

Created by authors

Conclusions

1. The application of the proposed vI controller with the discrete variable integral constant allows to
speed up the control system response as compared to the case when classical I controller is used. The unit step
set point and load disturbance response settling times of the control system with the second order plant with
the delay using the vI controller was 12.7 and 18.6 seconds, accordingly. Meanwhile, the same settling times
using the classical I controller were 16.7 and 25 seconds, respectively.

2. In the case when band-limited white noise with sampling time =1 sec, seed [2323 1] affects the control
system and adds up with the feedback signal the application of vI controller guaranties highest control system
resistance to noise signal in comparison to the I, PI and PID controllers. The maximal amplitudes of the Y,(?)
fluctuations caused by the noise signal using vI controller are approximately 2 times lower as compared to the
case when I controller is used and 69 times lower in comparison when PI and PID controllers are employed.
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3. The investigation of control system robustness when dynamic parameters of the controlled plant
change show that control system operates stably even when the plant response delay and time constant increase
by 100%. Just the response transient settling time increases in such a case.

4. The disadvantage of the proposed vl controller is that the control system based on this controller has
a longer response settling time as compared with the case when PI and PID controllers are used. However, a
control system based on the PI and especially PID controller is much more noise sensitive as compared to
control system based on the vI controller.
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ELEKTROMAGNETINIAMS TRIKDZIAMAS ATSPARUS VALDIKLIS PAGRISTAS MODIFIKUOTU
INTEGRINIU VALDYMO ALGORITMU

Santrauka

Straipsnyje pateikiamas modifikuotu integriniu valdymo algoritmu pagrjstas grjztamojo rysio valdiklis, leidziantis
pasiekti didesnio valdymo sistemos atsparumo elektromagnetiniy trikdziy sukeliamiems triuk$mo signalams, lyginant su
atvejais, kai naudojami proporcinis-integrinis-diferencinis, proporcinis-integrinis ir klasikinis integrinis valdikliai. Taip
pat sitilomas valdiklis garantuoja trumpesnj valdymo sistemos atsako laika, lyginant su klasikiniu integraliniu valdikliu.
Skiriamasis sitilomo valdiklio bruozas yra tas, kad jame integriné konstanta diskretiskai keicia savo verte, esant tam tikrai
valdymo paklaidos vertei. Valdymo sistema su pasiilytu modifikuotu integriniu valdikliu iStirta naudojant
Matlab/Simulink modeliavimo programa.

Reik§miniai Zodziai: grjztamojo rySio valdymo sistema, elektromagnetiniai trikdziai, integralinio valdymo
algoritmas, kintama integraliné konstanta.
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KELIO SLAITU TVIRTINIMO DAUGIAKRITERINIS INZINERINIU SPRENDIMU
VERTINIMAS

Regina Motiené
Lietuvos inZinerijos kolegija

Anotacija

Itin daznas atvejis, kai kokiame nors kelio objekte suformuotus Slaitus nuolatos plauna lietus. To pasékoje
susiformuoja vandens i§grauztos vietos, o tai trukdo susiformuoti augaliniam sluoksniui. Be to paplaunamos Zemés neretai
uzterSia aplinka molingomis nuosédomis. Pirmiausia reikia sutvarkyti patj §laita. Panaudojant technika yra sutvarkomas
pats Slaitas: i§ naujo suformuojami §laito kontiirai, atstatomas $laito kampas, aukstis ir pan. Norint suzinoti kelio §laity
tvirtinimui tinkantj, inzinerinj sprendima, buvo atlikta Slaity tvirtinimo analizé ir daugiakriterinis jy vertinimas, esant
skirtingam vertinimo kriterijy reikSmingumui.

ReikS§miniai ZodZiai: entropinis ekspertinis vertinimo biidas, porinis ekspertinis vertinimo biidas, daugiakriterinis
vertinimo biidas, Slaitai.

Ivadas

Kelio Slaity stabilumo uztikrinimas yra vienas svarbiausiy keliy infrastruktiros projektavimo ir
eksploatavimo uzdaviniy. Netinkamai parinkti §laity tvirtinimo sprendimai gali lemti nuosliauzas, erozija,
kelio dangos pazeidimus ir eismo saugos sumaz¢&jima.

Daznas, kuris susiduria su §laitais pastebi, jog lyjant lietui Slaito forma keiciasi — prasideda slinkimo
procesas. Sis procesas priklauso nuo daugelio veiksniy, tokiy kaip gruntiniai arba lietaus vandenys, sniegas,
7moniy veiksmai. Sie veiksniai trukdo susiformuoti augaliniam sluoksniui, kuris yra vienas i§ tvirto §laito
indikatoriy. Gruntiniai ir lietaus vandenys, netinkamas gruntas ar Zzmoniy veiksmai labiausiai skatina §laity
slinkimo procesa. Daugeliui $laito tvirtinimas atrodo beprasmis darbas, taciau tik iki tol, kol $laitas pradeda
slinkti, keldamas pavojy paZeisti pastatus, keliy infrastruktiira ir t.t. Norint i§vengti artéjanc¢iy nesklandumy
rekomenduojama atlikti §laity tvirtinimo darbus.

Praktikoje Slaity tvirtinimo sprendimy parinkima apsunkina tai, kad sprendimai turi biti vertinami pagal
kelis tarpusavyje nesuderinamus kriterijus, tokius kaip techninis efektyvumas, ekonominis pagristumas,
poveikis aplinkai ir eksploatacinés savybés. Todél dél Sios priezasties vis dazniau taikomi daugiakriterinio
sprendimy vertinimo metodai leidziantys kompleksiskai palyginti skirtingas alternatyvas ir parinkti
racionaliausig sprendima konkreCiomis saglygomis.

Problema — koks turéty biiti priimtas inZinerinis sprendimas tvirtinant §laitus, kad buty uZztikrintas
stabilumas, sauga ir biity jgyvendinamas konkreciomis ekologinémis ir eksploatacinémis sglygomis?

Tyrimo tikslas — atlikti $laity tvirtinimo daugiakriterinj inzineriniy sprendimy vertinima.

Tyrimo objektas —slaity tvirtinimo daugiakriterinis inzineriniy sprendimy vertinimas.

Tyrimo uzdaviniai:

1. Identifikuoti alternatyviy $laity tvirtinimo sprendimy variantus.

2. Atlikti Slaity tvirtinimo daugiakriteriniy inZineriniy sprendimy vertinima.

Tyrimo metodai

1. Daugiakriterinis naudingumo vertés metodas taikomas nustatyti racionaliausig $laity tvirtinimo
variantg ir priimti sprendimg pagal pasirinktus kriterijus. (Sileikaité, 2017:104)

2. Entropijos metodas taikomas nustatant S$laity tvirtinimo alternatyviy projektiniy sprendimy
vertinimo kriterijy teorinj reikSmingumg.

3. Ekspertinis porinio palyginimo metodas taikomas subjektyvaus kriterijy reikSmingumo
nustatymui.

Alternatyviy Slaity tvirtinimo inZineriniy sprendiniy analizé

Geokorys Al (1 variantas). Vienas i$ optimaliausiy biidy sutvirtinti §laitg. DaZnas, kuris susiduria su
$laitais pastebi, jog lyjant lietui §laito forma kei¢iasi — prasideda slinkimo procesas. Sis procesas priklauso nuo
daugelio veiksniy, tokiy kaip gruntiniai arba lietaus vandenys, sniegas, Zmoniy veiksmai. Sie veiksniai trukdo
susiformuoti augaliniam sluoksniui, kuris yra vienas i$ tvirto $laito indikatoriy. Norint i§laikyti §laito formas,
sustabdyti slinkimo procesg yra naudojamas geokorys §laity tvirtinimui, kitaip dar vadinamas ,,geocele
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1 pav. Slaitas sustiprintas geokoriu
Saltinis: (https://dekoskalda.lt/slaitu-tvirtinimo-sprendimai/)

Geokorj galima pildyti gruntu ir apzeldinti augalais arba pildyti akmenimis prie§ tai paklojant
geotekstile, kuri apsaugo nuo piktzoliy augimo j pavirsiy, geriausiai tinka skaldyti akmenys, nes jie geriau
sukimba tarpusavyje nei gludinti (2virgzdas, upiniai akmenys). Slaito tvirtinimas geokoriu padeda stabilizuoti
ir sutvirtinti §laita ar krantine, pasiZymi antierozine apsauga, nes yra atsparus neigiamoms oro salygoms.
Pastaba: jei geokorys uzpildomas akmenukais arba dekoratyviniu mulcu, rekomenduojama patiesti geotekstile,
kad neaugty nepageidaujama augmenija. Pildant augalinio grunto sluoksniu geotekstilés kloti nebitina.

2 pav. Slaito stiprinimas Geokoriu
Saltinis: (https://dekoskalda.lt/slaitu-tvirtinimo-sprendimai/)

Geokorys prie grunto tvirtinamas ,,J-formos® kabliukais, o tarpusavyje apjungiamas plastikiniais
(uztraukiamais) dirzeliais. ,,J-formos* kabliuky iSeiga — 2 vnt/m?. Norint i§gauti maksimaly tvirtumg
nerekomenduojama naudoti maziau nei nurodyta, kitaip $laito tvirtinimas geokoriais tampa neefektyvus.
Geokorys montuojamas i§ virSaus j apacia, pradzioje korj sutvirtinus ties inkarine tran$¢ja. Korys privalo biti
gerai jtemptas, kitaip neatliks savo funkcijos. ,,J-formos* kablias tvirtinamas virSus ties inkarine transéja, o
véliau ir visa likusi geokorio ploto dalis. Kabliy iSeiga — 2 vnt/m?. Geokoriai apjungiami tarpusavyje
plastmasiniais uztraukiamais dirZeliais. Paprastas, taCiau efektyvus ir greitas geokoriy apjungimo biidas.
Geokorio juostos yra perforuotos, t.y su pramusStomis skylutémis, todél apjungimas nesukels papildomy
rupesCiy. (dekoskalda.lt/slaitu-tvirtinimo-sprendimai).

Geotekstilé A2 (2 variantas). Geotekstile yra medZziaga, turinti daugybe naudingy savybiy, jos riiSys:
1. Gijiniy sitly audinys (neaustiné geotekstilé): Tai trumpo pluosto medziaga, kuri leidzia vandeniui praljsti ir
dirvozemiui kvépuoti. Ji daznai naudojama stabilizuojant gruntg, atskiriant sluoksnius ir filtruojant vanden;.
Si geotekstilé puikiai tinka jrengiant takus, keliukus ar aiksteles.

2. Split verpaly audimo geotekstilé: Si medZiaga taip pat yra trumpo pluoto ir neaustiné. Ji naudojama
atskyrimui ir filtravimui, ypa¢ po skaldos, mulCo ar dekoratyviniy akmeny sluoksniu. Tai padeda sumazinti
poreikj ravéti ir i§laiko tvarkingg dirvozem;.

3. Plastikiné ploks¢ios vielos pynuté (neaustiné geotekstilé): Si geotekstilé yra pagaminta i§ propileno
su smulkiomis poromis. Ji pla¢iai naudojama didelio masto statyboje, kraStovaizdzio projektavime ir net
augaly auginime. Jos pagrindiné funkcija yra apsaugoti zemés plotg nuo piktzoliy ir uztikrinti tinkamag
dirvoZemio kvépavima.
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4. Trumpy pluosty neaustiné/plausiné geotekstilé: Sios riisies geotekstilé taip pat naudojama filtravimui
ir atskyrimui. Ji yra patvari ir ilgalaiké, todél puikiai tinka jvairioms aplinkoms, jskaitant kapus, komercinius
kiemelius ir kt.

3 pav. Slaitas sustiprintas geotekstilés paklotu
Saltinis: https://www.manostogas.lt)

Geotekstilés montavimas. Sis montavimo procesas tikrai paprastas. Geotekstilé klojama ant pavirsiaus,
krastuose tvirtinama smaigais. Vienam vienetui (apytiksliai 20m?) pritvirtinti prie Zemés rekomenduojama
naudoti bent 10 smaigy, kad rezultatai biity geriausi. Geotekstilé tarpusavyje jungiama isilgai arba Sonu.
Uzdéjus geotekstile, ant virSaus uzpilamas augalinis arba gruntinis sluoksnis, tolygiai skirstant jj po pavirsiy.
Uzpildytame augaliniame ar gruntiniame sluoksnyje galima barstyti Zolés s¢klas, sodinti dekoratyvinius
augalus. Kuo greiciau suzels veja, tuo tvirtesnis pavirSius.

Aziirinés trinkelés A3 (3 variantas). Vienas didziausiy pliusy, kuriuos suteikia aziirinés trinkelés, yra
laisvas vandens nubégimas ir susigérimas j dirva. Kaip ir kitus betoninius grindinio elementus, aZirines
trinkeles taip pat privalu kloti ant specialiai paruosto ir vandeniui laidaus pagrindo. Aziiro tarpeliai dazniausiai
uzpildomi skalda, ta¢iau galimas ir kitas variantas - leisti juose laisvai zelti Zolei. Toks sprendimas tinka tiems,
kuriems nenori savose erdvése daug betono. Kitas labai svarbus betoniniy aziiriniy trinkeliy privalumas yra
tas, kad jos, nors ir su “skylémis”, taCiau yra tokios pat tvirtos ir ilgaamzés (pabréziama — jei sudétos ant
teisingai paruos$ty pagrindy). Aztrines trinkeles galima naudoti ir industrinése erdvése, tikiuose. Ant jy galima
vazinéti tiek su sunkvezimiu, tiek su traktoriumi. Azurinés trinkelés yra puikus sprendimas tiems, kam
reikalingas ypac tvirtas grindinys su dideliu, nattiraliu vandens pralaidumu bei tiems, kurie nori, jog jy aplinka
bty gyvesné ir zalesné.

4 pav. Azurinés trinkelés
Saltinis: (https://www.aZiirinés plytelés | Trinkeliu Mozaika)

Geosintetinis prieSerozinis tinklas A4 (4 variantas). Geosintetinis prieSerozinis tinklas yra specialus
geomatas, pagamintas i§ ekstruzinio polipropileno (PP) sriegiy, sukurian¢iy erdving struktiira su dideliu
tustumy kiekiu. Si daugiakrypté struktiira sudaro palankia aplinka pavir$inés augmenijos $akny augimui, taip
padidindama atsparuma vé¢jo ir hidraulinei erozijai.
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5 pav. Geosintetinis prieSerozinis tinklas
Saltinis: (https://www.MacMat HS - Maccaferri: Engineering a Better solution

Geosintetinis prieSerozinis tinklas yra idealus sprendimas, kai reikia apsaugoti §laitus nuo erozijos ir tuo
paciu sukurti salygas estetiSkam bei stabiliai augmenijai.

Alternatyviy kelio $laity tvirtinimo inZineriniy sprendimy vertinimas

Vertinimo kriterijy sistemos sudarymas ir jy reik§miy skai¢iavimas. Slaito sutvirtinimo sprendimy
vertinimui sudaryta tokia vertinimo kriterijy sistema: Kaina (K1), EUR/10 Om? - tai kriterijus, parodantis 100
m? reikalingy medziagy kaing. Atsparumas Slaito nuslinkimui (K2), balai — kriterijus parodantis $laito
atsparuma esant lietingomis salygomis. Mazai atsparus 1 balas, labai atsparus 4 balai Darby atlikimo laikas
(K3), zm.val./100 m? - parodo kiek laiko reikia 100 m? §laito jrengti. Skaitiné reiksmé nustatyta, remiantis
gamybiniais normatyvais llgaamziskumas (K4), metai — kriterijus, parodantis $laito sutvirtinimo varianty
eksploatacijos terming. Kriterijy skaitinés reikSmés surasomos j 1 lentele.

1 lentelé
Kriterijuy skaitinés reik§més
Kriterijai Atsparumas $laito o .
Medziaga ! Kaina Eur/m? r?uslinkimui Dail;glif;llk/l %%é?gas Ilgaamziskumas
K1 (Balais) - (metai) K4
K2 K3
Geokorys Al 3 3 14 50
Geotekstilé A2 2.8 1 1,5 100
Azurinés trinkelés A3 14,49 4 62,5 80
PriesSerozinis geotinklas A4 4.4 2 1,5 25

Saltinis: sudaryta autorés

Alternatyviy projektiniy sprendiniy vertinimo kriterijy teorinio reikSmingumo nustatymas, taikant
teorinj Entropijos metoda. Vertinimo kriterijy teorinis reikSmingumas nustatomas tokia seka: 1. Remiantis
llenteléje pateiktomis kriterijy skaitinémis reikSmémis, sudaroma pradiniy duomeny matricg P. 2. Atliekamas
pradiniy duomeny matricos normalizavimg j bedimensiniy dydziy matrica — P. 3. Nustatomas kiekvieno
kriterijaus entropijos lygis. 4. Nustatyti kiekvieno kriterijaus kitimo lygis. 5. Apskaic¢iuojamas kriterijy teorinis
reikSmingumas, sudaroma kriterijy prioritety eiluté. 6. SkaiCiavimo rezultatai pavaizduojami grafiskai ir
pateikiamas jy apibendrinimas. Skaic¢iavimo eiga 1. Remiantis 1 lenteléje pateikta informacija, paruoSiami
skai¢iavimui duomenys, sudarant pradiniy duomeny matrica P (2 lentelé).

2 lentelé
Pradiniy duomeny matrica
Kriterijai Matrica P
Variantai Ky K2 Ks K4
Ay 3 3 14 50
A 2.8 1 1,5 100
A3 14,49 4 62,5 80
As 44 2 L5 25

Saltinis: sudaryta autorés

Atliekamas pradiniy duomeny matricos normalizavimas j bedimensiniy dydziy matricag P. Normalizavimas
atlickamas pagal formule (1):
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— X, J— _
P =—"_; i=1,m; j=Ln

m
szy

i=1

(1)

¢ia Py — elemento, kurio eiluté yra i o stulpelis j, normalizuotas pavidalas; ¥ - elementas kurio eiluté i, o
stulpelis j; i — matricos eiluté; j — matricos stulpelis.
Normalizuotos reik§més suraSomos j normalizuota matricg P (3 lentelé).

3 lentelé
Normalizuotos Kriterijuy reikSmés
Kriterijai Matrica P
Variantai Ki K2 Ks K4
Al 0,122 0,300 0,176 0,196
Az 0,113 0,100 0,019 0,392
As 0,587 0,400 0,786 0,314
As 0,178 0,200 0,019 0,098

Saltinis: sudaryta autorés

Nustatomas teorinis kriterijaus reik§Smingumas g

matricag P normalizavimas atlieckamas pagal formule (2)

Pi= X/ ZXi (2)
¢ia Xjj— normalizuojamas matricos P narys, £Xj; - stulpelio, kuriame yra normalizuojamas narys, suma

Rezultatai pateikiami grafiskai 6 paveiksle.

Teorinis kriterijy reikSmingumas

60,80%
21,58%
8,73% 8,89%
K1, kaina, Eur/m K2 atsparumas K3 darby atlikimo K4
$laito nuslinkimui laikas ilgaamziskumas

6 pav. Teorinis kriterijy reikSmingumas apskaiciuotas taikant teorinj entropijos metoda

Atliekamas kriterijy palyginimas poromis pagal pasirinktg skale ir rezultatai suraSomi j kriterijy matricg
(4 lentelé). Skaiciuojami kiekvieno kriterijaus surinkti balai, surasant juos j kriterijy matricg ( 4 lentelé):

4 lentelé
Subjektyvus kriterijy reikSmingumas, nustatytas taikant ekspertinj porinio palyginimo metoda
Matrica K |
Elriterijai K, K=z K K4 Balu suma qj %o
S

K1 x ] | 0 1 1/12 0.08x100
0.08 ]
Kz 2 X 2 1 5 0.42 42
K3 1 ] x 0 1 0.08 )
K4 2 1 2 X 5 0.42 42

3S 1.0 100

Vertinimo kriterijy subjektyvaus reik§Smingumo prioritety skaiCiavimai atitinka grupés nariy eilute.
K2=K4>K1=K3
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Subjektyvus kriterijy reikSmingumas

42% 42%

8%

K1, kaina, Eur/m K2 atsparumas §laito K3 darby atlikimo K4 ilgaamziskumas
nuslinkimui laikas

7 pav. Subjektyvus kriterijy reikSmingumas, nustatytas, taikant ekspertinj porinio palyginimo metoda

Pasirenkama vertinimo skalé, pvz., [0;10], [0;100] ir didZiausiai normalizuotos matricos kriterijaus
reikSmei (3 lentelé) priskiriama maksimali vertinimo skalés reik§mé. Pvz.: 1—100. Kitos normalizuotos
kriterijy reikSmés apskaiciuojamos pagal proporcija. Pvz.: 0,85—85, 0,72—72 ir t.t. Gauti rezultatai surasomi
] kriterijy naudingumo matricg Cij (5 lentel¢). Sumuojami kiekvieno kriterijaus surinkti balai ir uzrasoma
inzineriniy sprendimy prioritety eiluté. Geriausias inZinerinis sprendimas yra tas, kurio kriterijai naudingiausi,
t.y. surenka didziausig baly suma (5 lentelé).

5 lentelé
Kriteriju naudingumas (balais)
Kriterijai Matrica P

Variantai Al Az Az Ag
Ki 93 100 19 64

K> 75 25 100 50

K3 11 100 2 100

K4 50 100 80 25

p3 229 325 202 239

Ivertinus rezultatus sudarome prioritety eilute - A2>A4>A1>A3, pagal kurig matome, kad geriausias
variantas yra A2 — geotekstilé.

InZineriniy sprendimy varianty naudingumas, kai nejvertintas kriterijy reikSmingumas

325
350
300 229 239
202

250
200
150
100

50

0

Al A2 A3 A4

8 pav. InZineriniy sprendimy varianty naudingumas, kai nejvertintas kriterijy reikSmingumas
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Apskai¢iuojamos kriterijy vertés balais, kai jvertintas teorinis kriterijy reikSmingumas. Tam tikslui
kiekviena kriterijaus reikSmé (balais) (6 lentelé¢) dauginama i$ kriterijaus subjektyvaus reikSmingumo (cij X qj).
Gautos reikSmés suraSomos j naujg matrica.

6 lentelé
Kriterijy naudingumas, jvertinus teorinj reikSminguma
Matrica C * E t
o Kriteriju teorinis
Kriterijal e . — o
l'E.’lkSITllI'Ig LUITNAS &f v, S0 Al A2 A3 Ad
K1 21.61% 2017 2161 418 1375
K2 B.77% 658 219 877 439
K3 60.69% 650 6069 146 6069
K4 2.93% A47F 8293 714 223
> 3771 9342 2155 8106
Inzineriniy sprendimy varianty naudingumas
9342
10000 8106
9000
8000
7000
6000
5000 3771
4000
3000
2000
1000
0
Al Geokorys A2 Geotekstilé A3 Azurinés trinkelés A4 prieSerozinis
geotinklas

9 pav. InZineriniy sprendiniy varianty naudingumas

Sumuojami kiekvieno kriterijaus surinkti balai ir nustatomas racionalus inZinerinis sprendimas. Tai tas
sprendimas, kurio surinkty baly suma yra didziausia. Sudaroma sprendimy prioritety eiluté. Visy skaiciavimy
rezultatai pavaizduojami grafiskai (9 pav.).

ISvados

1. Identifikuojant alternatyviy Slaity jrengimo sprendimy variantus buvo parinkti keturi galimi
variantai: Geokorys Al (1 variantas), Geotekstilée A2 (2 variantas), AZzlirinés trinkelés A3 (3 variantas),
Geosintetinis prieserozinis tinklas A4.

2. Atlikus daugiakriterinj $laity tvirtinimo varianty vertinimg A3>A2>A1>A4, ir jvertinus subjektyvy
kriterijy reikSminguma, kur svarbiausias kriterijus buvo K2- atsparumas Slaito nuslinkimui ir K4 —
ilgaamziSkumas, nustatyta, kad racionaliausias, A3 variantas — azurinés trinkelés, ta¢iau lyginant visus varianty
vertinimo rezultatus, nustatyta, kad geriausias yra A2 variantas - geotekstilé.

110



7.

8.
9.

Literatiira

. Automobiliy keliai. Keliy techninis reglamentas KTR 1.01:2008. Patvirtintas 2008 m. sausio 9 d. jsakymu Nr. D1-

11/3-3.

Automobiliy keliy zemés darby atlikimo ir Zemés sankasos jrengimo taisyklés (JT ZS 17). Patvirtintos
2017 m. balandzio 3 d. jsakymu Nr. V-111.

Geosintetinis prieserozinis tinklas. Prieiga per interneta https://www.MacMat HS - Maccaferri: Engineering a Better
solution

Lietuvos automobiliy keliy direkcija. Valstybinés reik§més keliy priezitira ir plétra 2019-2035 metais [zitréta 2025
10 12]. Prieiga per internetg https://bit.ly/2wsnPHt

Lietuvos Respublikos keliy jstatymas. Jstatymas paskelbtas: Zin. 1995, Nr. 44-1076, i. k. 0951010ISTA000I-891
Nauja redakcija nuo 2002-10-23:Nr. IX-1113, 2002-10-03, Zin. 2002, Nr. 101-4492 (2002-10-23), i. k.
1021010ISTAOIX. Keliy jstatymo Nr. I-891 17 straipsnio pakeitimo jstatymas. Patvirtintas 2020 m. lapkri¢io 10 d.
Nr. XII1-3421.

Medeliené V. Taikomyjy tyrimy metodologija. Paskaity pateiktys. https://moodle.ktk.lt/course/view.php?id=258
Sileikaite, I. Daugiakriteris inovacijy vertinimo modelis statyboje ir jo taikymas. (Magistro darbas).- VGTU, 2017,
104 p. Prieiga per interneta: https://vb.vgtu.lt/object/elaba: 22826293.

Slaity tvirtinimo sprendimai. Prieiga per interneta https://dekoskalda.lt/slaitu-tvirtinimo-sprendimai/)

Slaity sustiprintas geotekstilés paklotu. Prieiga per interneta https://www.manostogas.lt)

10. Azurinés trinkelés. Prieiga per internetg https://www.aziirinésplytelés|Trinkeliu Mozaika.lt

MULTI-CRITERION EVALUATION OF ENGINEERING SOLUTIONS FOR ROAD SLOPE
REINFORCEMENT

Summary
It is an extremely common case when the slopes formed in any road object are constantly washed away by rain. As a

result, water-eroded areas form, which prevents the formation of a vegetative layer. In addition, washed-out lands often
pollute the environment with clayey sediments. First of all, the slope itself needs to be repaired. Using equipment, the
slope itself is repaired: the slope contours are reshaped, the slope angle, height, etc. are restored. In order to find out the
most suitable engineering solution for the reinforcement of road slopes, an analysis of the reinforcement of slopes and
their multi-criteria evaluation were performed, with different significance of the evaluation criteria.

Key words: entropic expert evaluation method, pairwise expert evaluation method, multi-criteria evaluation method,

slopes.
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Al IN HIGHER EDUCATION: BENEFITS AND RISKS

Inga Dagiliené
Lietuvos Inzinerijos Kolegija Higher Education Institution

Abstract

Today, universities globally are transforming their curricula to integrate artificial intelligence (AI) across
disciplines. Like many European institutions, Lithuanian universities have also recognised its importance in teaching,
learning, evaluation, and professional development, as Al literacy is now essential for students in engineering, business,
humanities, medicine and social sciences. Nevertheless, the integration of artificial intelligence (Al) in higher education
presents both promising benefits and significant risks. Therefore, it is essential to develop specific guidelines to ensure
the responsible and ethical use of Al

Arecent case study conducted at Lietuvos Inzinerijos Kolegija (LIK) revealed that students frequently use Al tools
to support their academic work. Both students and lecturers acknowledge the advantages of Al, including efficiency and
learning support. However, they also express concerns about potential drawbacks, particularly the risk of academic
dishonesty. The integration of artificial intelligence (AI) in higher education presents both promising benefits and
significant risks.

The study emphasises the importance of integrating Al thoughtfully into the educational process, aligning its
implementation with institutional policies to promote ethical use and prevent misuse.

Key words: Higher education, artificial intelligence, benefits, risks.

Introduction

Information technologies, particularly artificial intelligence (Al), are revolutionising various sectors,
and education is no exception. Artificial intelligence has become increasingly frequent in higher education and
plays a significant role. Al algorithms and educational robots are now integral to learning, providing support
for a wide range of teaching and learning activities (Costa et al., 2017, Garcia et al., 2007). Numerous
applications of Al are reshaping the overall teaching and learning landscape (Popenici & Kerr, 2017). Tools
such as the Al chatbot ChatGPT are now widely used by students to support the study process — answering
questions, assisting with assignments, drafting final theses, generating project plans, and offering ideas. Half
of lecturers also employ Al to develop their lessons.

According to Thorp (2023), Al technologies have significant consequences for universities and their
communities. While Al offers clear advantages and benefits, it also introduces challenges and risks that require
careful consideration. One major concern is the potential for misinformation. Moreover, the integration of Al
into teaching process can weaken core academic ethics. The convenience and accessibility of chatbots may
lead to misuse, including plagiarism and academic dishonesty. These concerns highlight the need for a
thoughtful and ethical approach to Al integration in higher education. Currently, the implementation and
regulation of Al use vary across higher education institutions, with each institution adopting its own policies
to define appropriate Al usage.

The object of the study is the benefits and risks of Al in higher education. The main objective of the
study is to examine the potential and threats related to the use of artificial intelligence in higher education.
Specifically, the study aims to analyse the advantages and challenges of artificial intelligence at the Faculty of
Industrial Engineering and Technology at LIK. It employs an analysis of scientific literature, a quantitative
research approach, and data systematisation.

Theoretical Insights into AI

Artificial intelligence (Al) is the ability of a computer system to perform tasks that normally require
human intelligence, such as learning, reasoning, problem-solving, perception, and understanding language.
According to Russell and Norvig (2016), Al can be divided into two types: weak Al, which is designed to
perform specific tasks, and strong Al, which can perform any cognitive task that a human can do.

The implementation of Al in higher education is relatively new; however, it has expanded rapidly over
the past decade and abruptly changed since the release of GhatGPT (OpenAl, 2022). ChatGPT and other
advanced generative Al models, such as Microsoft Copilot and Google Gemini, have impacted the overall
education process, including lesson planning, teaching material generation, self-direct learning, and
assessment. Al tools allow lecturers create more interactive and engaging lessons. They also support
personalised learning by adjusting content to each student’s needs. Systems like intelligent tutors, automated
grading, and virtual assistants make teaching easier and help keep students engaged. In addition, Al enhances
accessibility and inclusion by offering features like real-time translation, speech-to-text, and adaptive Al can
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also help lecturers monitor student progress and evaluate the effectiveness of the curriculum. As artificial
intelligence continues to evolve, it has the potential to make education more effective for everyone.

Nevertheless, researchers show mixed views on Al in education. While Al can help personalise learning
and support lecturers, it may also cause over-reliance, mistakes, bias, and reduce critical thinking and human
interaction. However, researchers generally agree that students can benefit from using Al chatbots in the
learning process, as these tools offer several academic advantages:

e  Chatbots can efficiently summarise lengthy texts and highlight key concepts, thereby enhancing
independent learning. Tools like ChatGPT are capable of drafting various types of text quickly. Although Al
does not generate original ideas, it assists users in structuring and developing their own. It can support
academic writing by suggesting titles, outlining methodology sections, and explaining data analysis techniques
(Salvagno, Taccone, & Gerli, 2023).

e Al tools can rephrase text while maintaining its original meaning, offering multiple variations to
improve clarity and style (Campbell, 2023). Grammarly, for example, provides suggestions for paraphrasing,
refining grammar, and enhancing writing style in English.

e Al tools are accessible at any time, which increases student engagement and allows for flexible
learning (Cotton, Cotton, & Shipway, 2024). When facing challenges, students can receive immediate answers.
ChatGPT has been shown to enhance learner satisfaction, curiosity, and motivation (Hmoud et al., 2024),
offering a supportive, tutor-like interaction without fear of criticism.

e Al can generate individualised assignments and assessments tailored to a student’s abilities, thereby
supporting more differentiated and student-centred teaching approaches (Cotton et al., 2024).

o  Chatbots are capable of reducing large volumes of educational material into clear, concise
summaries, making the learning process more manageable.

e Al tools help students better organise their work and manage time. For instance, Trevor provides
personalised scheduling by suggesting optimal times for completing tasks (Trevor Labs, 2024)

Al tools offer numerous benefits for higher education. They support both students and lecturers,
speeding up learning processes and increasing motivation and engagement. Text editing, paraphrasing,
summarising, and scheduling features simplify the study process.

Despite this, researchers also admit that Al poses several risks in education:

e Buchanan (2023) warns that researchers should exercise care. Both lecturers and students must
carefully assess Al-generated content, since chatbot outputs may not always be reliable (Hmoud et al., 2024).

e Al can create fake academic articles, and ChatGPT may reference sources that aren’t real.
(Buchanan, 2023). Day (2023) notes that the problem becomes worse when the journals cited are real, but the
articles do not exist. ChatGPT may admit mistakes but still repeat them, which can mislead students using
inaccurate sources.

e  Relying on Al may limit students’ critical thinking and creativity compared to learning with human
teachers (Sarlauskiené, 2023). Academic tasks aim to build understanding and creativity, and using Al just to
get good grades can harm learning.

e The ease of access to chatbots may tempt students to misuse them in academic writing. Since not
all institutions recognise Al as a valid source, citing it can be complicated, giving some students an unfair
advantage. (Cotton et al., 2024).

e Chatbots should be cited when used in written work. Ethically, Al cannot be considered a scientific
author, as it lacks legal responsibility and free will. (Hosseini, Resnik, & Holmes, 2023). Failing to cite Al-
generated content is both dishonest and unethical.

e  Students using Al for their work may give lecturers a false impression of their understanding
(Cotton et al., 2024). If students do not complete the work themselves, the task loses its educational value.

e  Existing plagiarism detection tools don’t reliably recognise Al-generated text. Honest students
might be wrongly punished while dishonest students may go undetected (Sarlauskiené, 2023).

Thus, the benefits of Al come with challenges. Its widespread use in education also brings significant
risks. Students may encounter inaccurate or misleading information and fake sources. Misuse of Al can reduce
academic integrity, fairness, and equality. Additionally, Al can make it difficult to accurately assess students’
competences, creating a false impression of their abilities.

Today, as many European universities offer Al-related study programs, Lithuanian universities are
following their example. Lithuanian universities do not have a unified policy on the use of artificial intelligence
(AI). While students and lecturers may use Al tools to search for information, clarify complex content, or
correct language, Al should not be the primary source. It is intended to serve only as a supplementary resource.
Reliable academic sources must be used in studies, and Al-generated content (text, images, audio) cannot be
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submitted as original work. Citations must clearly indicate which tools were used and what content was
generated by Al. Each higher education institution has a Code of Academic Ethics, which outlines core values
such as academic integrity, responsibility, fairness, equality, and transparency. Submitting Al-generated work
violates academic integrity and ethical principles. At Lietuvos Inzinerijos Kolegija, Al tools may be used
during studies, following their plagiarism prevention policy.

Results and Discussion

Recently, it has been observed that students and lecturers at Lietuvos Inzinerijos Kolegija (LIK) are
increasingly using artificial intelligence (Al) tools in the learning process. To examine the benefits and risks,
a quantitative study was conducted from September 2024 to May 2025.

The object of the study was to explore the benefits and risks posed by artificial intelligence in higher
education. The survey link was sent to first-year students and lecturers from all study programs. Participation
in the study was voluntary and anonymous. Respondents were informed about the purpose of the research and
how the results would be used.

A total of 107 students from various study programs and 13 lecturers who teach them participated in the
survey. The questionnaire contained seven questions. The questions for students and lecturers were formulated
in a very similar way to ensure the comparability of the collected data.

The first survey question aimed to determine how frequently students and lecturers use artificial
intelligence (Fig. 1).

VERY FREQUENTLY  FREQUENTLY mStedents W LegHi@SARELY DO NOT USE

Fig 1. Frequency of Al application
Source: Compiled by the author

Figure 1 shows that only 11 % of students and 10 % of lecturers reported not using artificial intelligence
at all in the study process. Among students, 20% use Al tools very rarely, and 29% use them rarely. More than
half of the lecturers (51%) use Al tools rarely, while 12 % use them very rarely. Frequent use of Al was reported
by 30% of students and 21% of lecturers A smaller proportion—10% of students and 6% of lecturers—reported
using Al tools very frequently in their academic activities. The findings suggest that students use artificial
intelligence more frequently than lecturers.

The second question aimed to identify which specific Al tools respondents use in the study process (Fig.
2).
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76%

CHATGPT GEMINI COPILOT GAMMA DEEPL

m Students m Lecturers

Fig 2. Al-based tools
Source: Compiled by the author

According to the survey results, 76% of students and 71% of lecturers identified ChatGPT as the most
commonly used Al tool in the study process. Other tools mentioned included Gemini (used by 4% of students
and 5% of lecturers), Copilot (5% of students and 8% of lecturers), Gamma (4% of students and 7% of
lecturers), and DeepL (11% of students and 9% of lecturers).

Respondents were asked to indicate whether the use of Al tools is permitted within the study process

(Fig. 3).

PERMITTED PERMITTED ONLY PERMITTED DURING FORBIDDEN LECTURERS DON’T
EXCLUSIVELY DURING DURING BOTH LECTURES AND MIND WHETHER THE
LECTURES INDEPENDENT WORK WHEN DOING WORK WAS
INDEPENDENT WORK COMPLETED USING Al

TOOL

m Students m Lecturers

Fig 3. Use of Al tools by students and lecturers in academic setting
Source: Compiled by the author

According to the survey results, 42% of students and 17% of lecturers stated that the use of Al tools is
not permitted in the study process. While 40% of lecturers reported that they allow students to use Al tools
during both lectures and independent work, only 11% of students confirmed this. Additionally, 9% of lecturers
indicated they do not object to the use of Al tools for task completion, a view shared by 30% of students.
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Furthermore, 26% of lecturers said that Al tools may be used only for independent work, although just 7% of
students reported the same. Finally, 8% of lecturers stated that Al tools may be used during lectures, which
was confirmed by 10% of students.

The next question aimed to explore respondents’ opinions on the broader integration of artificial
intelligence into the study process (Fig. 4).

Al IS NEEDED AllS NOT NEEDED NO OPINION

m Students ® Lecturers

Fig 4. The need for greater Al integration in the study process
Source: Compiled by the author

The majority of students (68%) believe that Al tools should be used more in the study process. This
view is shared by 57% of the lecturers who participated in the survey. However, 14% of students and 13% of
lecturers disagree with this idea. Additionally, 18% of students and 30% of lecturers expressed no opinion on
the matter.

Respondents were also asked whether artificial intelligence helps students achieve better academic
results (Fig. 5).

YES NO SOMETIMES NO OPINION

m Students m Lecturers

Fig 5. Students’ and lecturers’ perceptions of Al’s usefulness in enhancing learning outcomes
Source: Compiled by the author

39% of students and 30% of lecturers believe that Al helps students achieve better results in their studies.

However, 9% of students and 14% of lecturers disagree with this statement. Additionally, 44% of students and
42% of lecturers feel that Al helps students achieve better results only occasionally. 8% of students and 14%
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of lecturers reported having no opinion on the matter. Overall, most respondents believe that Al is beneficial
in the study process and helps improve academic outcomes.
Respondents were asked to identify the benefits of using Al tools in the study process (Fig. 6).

FASTER TEXT WRITING FASTER INFORMATION TEXT PARAPHRASING ERROR CORRECTION, SUMMARY CREATION
SEARCH POSSIBILITY TEXT EDITING

m Students m Lecturers

Fig 6. Students’ and teachers’ opinions on the benefits of Al in the study process
Source: Compiled by the author

More than half of the respondents—76% of students and 65% of lecturers—believe that Al helps find
necessary information more quickly. Additionally, 54% of students and 26% of lecturers see Al as useful for
paraphrasing texts, while 48% of students and 26% of lecturers value it for creating summaries. Al is also
considered helpful for correcting and editing texts (32% of students and 30% of lecturers) and for writing texts
more quickly (42% of students and 31% of lecturers). Both students and lecturers see Al as useful, but students
see more benefits than lecturers.

The study also aimed to identify the risks respondents see in using Al tools for learning (Fig. 7).

ACADEMIC FAILURE TO TAKEIN ~ ETHICAL VIOLATIONS INACCURATE OR LACK OF STUDENTS’
DISHONESTY INFORMATION WHEN LISTING Al AS INCORRECT CREATIVITY AND
THE AUTHOR INFORMATION CRITICAL THINKING

PROVIDED BY Al

m Students m Lecturers

Fig 7. Students’ and lecturers’ perceptions of the risks posed by Al
Source: Compiled by the author

The majority of students (66%) and lecturers (78%) view inaccurate or incorrect information from Al
as a major risk. Additionally, 71% of lecturers and 55% of students believe that Al use can lead to academic
dishonesty. Using Al tools may also hinder learning, with 36% of students and 44% of lecturers reporting that
information is not fully absorbed. Furthermore, 48% of students and 69% of lecturers feel that Al can inhibit
creativity and critical thinking. Ethical risks, such as improper author attribution, were also noted by 38% of
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students and 30% of lecturers. The results show that students and lecturers recognise the risks of using Al tools
in the study process.

Conclusions

The use of artificial intelligence (Al) in the study process has both positive and negative aspects. Al
tools can enhance academic activities by assisting with writing, editing, and paraphrasing texts, creating
summaries, planning individualised learning, and personalising assignments. However, Al also poses risks to
academic integrity and the depth of knowledge acquisition, particularly when it generates inaccurate or
misleading information. In response to the growing use of Al, higher education institutions are developing
guidelines and policies for its responsible use. Lietuvos Inzinerijos Kolegija, for example, provides Al usage
guidelines as part of its plagiarism prevention procedures.

The research results show that only a small number of students and lecturers completely avoid using
artificial intelligence technologies. Students use Al tools more frequently than lecturers, with ChatGPT being
the most popular platform. However, Al use in the study process can be seen as giving an unfair advantage,
hindering objective assessment of knowledge, reducing motivation for independent learning, and creating
ethical risks. As a result, not all lecturers allow Al tools during studies. Despite these concerns, both students
and lecturers recognise the benefits of Al and support its broader integration into the academic environment.
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Santrauka
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INTRINSIC AND EXTRINSIC MOTIVATION AS PREDICTORS OF ACADEMIC
ENGAGEMENT IN UNIVERSITY STUDENTS

Lina Girdauskiené, Miglé Girdauskaité
Lietuvos Inzinerijos Kolegija Higher Education Institution

Abstract

Student engagement is a key determinant of academic success in higher education, and student motivation is an
important factor influencing engagement. Grounded in Self-Determination Theory, this study examined the relationships
between intrinsic motivation, extrinsic motivation, and academic engagement among university students. A quantitative
correlational design was used, with data collected from 20 higher education students via a self-report questionnaire.
Intrinsic motivation, extrinsic motivation, and engagement were measured using three items each on a seven-point Likert
scale, with motivation items adapted from the Work Extrinsic and Intrinsic Motivation Scale. Pearson correlation analysis
revealed that both intrinsic motivation (r = 0.26) and extrinsic motivation (r = 0.32) were positively associated with
student engagement, although the relationships were weak. Extrinsic motivation showed a slightly stronger association
with engagement than intrinsic motivation. These findings suggest that both forms of motivation contribute to student
engagement in university settings, highlighting the need to consider multiple motivational factors when seeking to
enhance academic engagement in higher education.

Key words: intrinsic motivation, extrinsic motivation, student engagement, university students

Introduction

“Student engagement can be seen as the glue that holds together all aspects of student learning and
growth” (Sutton, 2025). It is widely recognized that student engagement is a key determinant of academic
success in higher education (YouScience, 2024). Engaged students are more likely to invest effort in their
studies, participate actively in learning activities, and persist in the face of academic challenges. As universities
increasingly emphasize active learning and student-centered education, understanding the factors that
contribute to student engagement has become an important area of educational research.

One factor consistently linked to engagement is student motivation. Motivation influences not only
whether students engage with academic tasks, but also the quality and persistence of that engagement. Among
the various theoretical frameworks used to examine motivation in educational contexts, Self-Determination
Theory (SDT) has been particularly influential (Deci & Ryan, 1985; 2000). Prior research has highlighted the
importance of distinguishing between intrinsic motivation, which is driven by interest and enjoyment, and
extrinsic motivation, which is driven by external goals and outcomes (MSEd, 2025). Both forms of motivation
have been shown to play a role in shaping students’ academic behaviors and levels of engagement.

This research examines the relationship between intrinsic motivation, extrinsic motivation, and student
engagement among university students. By exploring these relationships, the study aims to contribute to a
better understanding of how different motivational factors are associated with engagement in higher education.

Based on previous research, the following hypotheses were proposed:

HI: Intrinsic motivation is positively associated with student engagement.

H2: Extrinsic motivation is positively associated with student engagement.

H3: Intrinsic motivation is more strongly associated with student engagement than extrinsic motivation.

Theoretical background

According to Deci and Ryan (1985; 2000), Self-Determination Theory (SDT) is a way of understanding
human motivation and personality that relies on standard research methods, while emphasizing that people
have natural, inner resources that help them develop their personality and manage their own behavior. This
theory is useful in the current study, as it explains how each type of motivation (intrinsic and extrinsic) is
affected by environmental factors. Here that factor could be student engagement.

Motivation is the energy, direction, persistence and equifinality, all aspects of activation and intention
(Deci & Ryan, 1985; 2000). Although motivation is often seen as a single concept, it’s clear that people are
driven by many different factors, which lead to very different experiences and outcomes. For example, people
can be driven by a value in activity or oppositely because of an award tightly linked to completing said activity.
Therefore, few types of motivation are differentiated.

Firstly, there is intrinsic motivation. It is the inherent tendency to seek out novelty and challenges, to
extend and exercise one's capacities, to explore, and to learn (Deci & Ryan, 1985; 2000). Intrinsic motivation
is a type of autonomous motivation, where people do an activity simply because they find it enjoyable and
choose to do it freely (Gagné, & Deci, 2005). Developmental experts recognize that, from birth, healthy
children are naturally active, curious, and playful, even without any specific rewards, however research now
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shows that keeping and strengthening this natural tendency needs supportive conditions, because it can easily
be disrupted by unsupportive ones (Deci & Ryan, 1985; 2000). Consequently, factors, such as student
engagement can influence that innate intrinsic motivation with ease.

Extrinsic motivation, on the other hand, is the performance of an activity in order to attain some
separable outcome and, thus, contrasts with intrinsic motivation, which refers to doing an activity for the
inherent satisfaction of the activity itself (Deci & Ryan, 1985; 2000). Extrinsic motivation comes from outside
a person, such as rewards or pressure from others, and can be especially helpful for encouraging someone to
complete tasks that they find unpleasant or uninteresting (MSEd, 2025b).

Both intrinsic and extrinsic motivation are highly influenced by the environment in which an individual
operates. While intrinsic motivation thrives when conditions support curiosity, autonomy, and challenge,
extrinsic motivation can be shaped by the way external incentives are presented and perceived. In educational
contexts, one of the most important environmental factors that can affect both types of motivation is student
engagement.

Student engagement refers to how involved or interested students appear to be in their learning and how
connected they are to their classes, their institutions, and each other (Axelson & Flick, 2011). Student
engagement is a key factor in determining academic success in higher education, and the factors that affect
engagement can have significant and lasting effects on student performance and learning outcomes (Li & Xue,
2023). Engaged students are more likely to participate and go through challenges, and take ownership of their
learning, which directly supports intrinsic motivation (Le & Sang, 2023). When students feel interested,
competent, and connected in the classroom, their natural curiosity and desire to learn are reinforced. Similarly,
engagement can influence extrinsic motivation by shaping how students perceive external rewards and
expectations (Saeed & Zyngier, 2012). Engaged students are more likely to see grades, feedback, or recognition
as meaningful incentives rather than mere obligations. In this way, fostering student engagement creates an
environment that nurtures both intrinsic and extrinsic motivation, enhancing overall learning outcomes.

Methodology

The first step in testing the raised research question was drawing up a questionnaire, which would
provide quantitative data. The questionnaire assessed all three variables, which were intrinsic motivation,
extrinsic motivation and engagement, based on three questions each. The questions for intrinsic and extrinsic
motivation were based on the Work Extrinsic and Intrinsic Motivation Scale (WEIMS), as it measures the work
motivation grounded in Self-Determination Theory (SDT) (Work Extrinsic and Intrinsic Motivation Scale
(WEIMS) — selfdeterminationtheory.org, n.d.).

The questions chosen were adapted to the current research, thus “work™ was replaced with “studies.”
From the total WEIMS list, questions 4, 8 and 15 were adopted for intrinsic motivation, as seen in Table 1.
These inquiries work well together and are widely used in SDT based research. Questions 7, 11 and 14
represented extrinsic motivation (Table 1), as they capture external goals and performance pressure without
over-emphasizing money. The engagement part’s questionnaire was built independently, with questions, such
as “I actively participate in my courses,” as they show cognitive, behavioral and attention dimensions of
engagement.

The next step was acquiring the participants for the questionnaire. The sample consisted of 20 university
students recruited using convenience sampling. All participants were currently enrolled in higher education at
the time of data collection (Table 2). Participation was voluntary and responses were collected anonymously.
The research participants came from a large scope of countries, which allowed for unbiased responses not
based on a single study country (Table 2).

Intrinsic motivation, extrinsic motivation and engagement were measured using a 7 point Likert scale,
which reflected the correspondence of questions with the participants (1 being “Does not correspond at all”
and 7 being “Corresponds exactly”). Mean scores for all three items were calculated by averaging the relevant
items for each participant (the questionnaire was flooded with mock and filler questions to improve data quality
and validity. Meade and Craig’s (2012) research “Identifying Careless Responses in Survey Data” showed that
including attention checks significantly improves the reliability of self-report data). The mean scores were then
included in the correlation calculation, using Pearson's correlation coefficient (Mathematical formula 1) to test
the relationship between student motivation and academic engagement.
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Table 1

Chosen questionnaire questions, answering the inquiry “Why do you study?” and showing

engagement
Questions Intrinsic motivation (IM) Extrinsic motivation (EM) Engagement (E)
4. Because I derive much 7. Because I chose this type of | I actively participate in my
pleasure from learning new work to attain my career goals | courses
things.
8. For the satisfaction I 11. Because | want to be very | I put a lot of effort into
experience from taking on good at this work, otherwise I | understanding the course
interesting challenges would be very disappointed. material.
15. For the satisfaction I 14. Because it is the type of I stay focused and attentive
experience when [ am work I have chosen to attain during lectures or study
successful at doing difficult certain important objectives. sessions.
tasks.
Table 2
Examples of participants’ demographic data
Participant Age / study year Study country Study sphere
1 21 years old / 3rd year Lithuania Law
3 20 years old / 3rd year France International Relations and
International Organizations
7 22 years old / 3rd year The Netherlands International Relations
8 21 years old / 3rd year The Netherlands International and European
Law
14 20 years old / 2nd year Lithuania Law

Mathematical formula

Pearson's correlation coefficient
r=X[(Xi—X)(Yi—-Y)]/ \/[Z(Xi - X - X(Yi— Y)]

(M

Here Xi — individual participant’s score on variable X (intrinsic / extrinsic motivation mean score for 1st
participant), Yi —individual participant’s score on variable Y (Engagement mean score for 1st participant), X —
mean of all X scores (mean of all intrinsic / extrinsic motivation scores), Y —mean of all Y scores (mean of all
engagement scores), £ — sum across all participants.

Results

Table 3 represents examples of the participants’ answers in the three areas of intrinsic motivation,
extrinsic motivation and engagement on a 7-point scale. Overall, responses indicated moderate to high levels
of engagement across all participants.

Table 3
Participants’ answers regarding intrinsic and extrinsic motivation and engagement
Participant IMI (4) | IM2(8) | IM3 (15) | EM1 (7) | EM2(11) EM3 (14) El E2 E3
1 4 2 3 4 5 4 5 6 5
2 6 4 4 4 5 4 4 5 4
3 6 4 6 5 6 6 6 6 5
4 7 5 6 5 7 6 7 6 7
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Participant MI@) | IM2@®) | IM3(15) | EM1(7) | EM2(11) EM3 (14) El E2 E3
5 7 5 7 6 7 7 7 7 6
6 7 6 7 6 7 7 6 7 4
7 4 5 7 5 6 4 5 6 5
8 7 5 7 4 5 6 4 5 7
9 7 6 6 6 7 4 6 6 5
10 6 4 7 6 7 7 4 5 6
11 4 2 6 6 7 4 5 4 6
12 7 6 6 6 5 5 5 4 4
13 6 6 5 5 4 5 5 6 5
14 3 7 4 5 5 6 7 7 6
15 4 5 7 4 5 7 6 6 5
16 5 5 7 5 5 5 6 5 4
17 6 2 3 6 6 5 5 4 4
18 6 5 4 6 7 6 6 6 6
19 7 6 6 3 7 7 5 6 4
20 4 4 6 6 7 7 6 5 3

Mean scores for intrinsic motivation, extrinsic motivation, and engagement were calculated by
averaging the relevant items for each participant. These values are shown in Table 4. Overall, mean scores
indicated moderate to high levels of intrinsic motivation (M = 5.4), extrinsic motivation (M = 5.6) and
engagement (M = 5.4).

Calculated mean scores for intrinsic and extrinsic motivation and engagement

Table 4

Participant IM mean score EM mean score E mean score
1 3.00 433 5.33
2 4.67 433 433
3 5.33 5.67 5.67
4 6.00 6.00 6.67
5 6.33 6.67 6.67
6 6.67 6.67 5.67
7 5.33 5.00 5.33
8 6.33 5.00 5.33
9 6.33 5.67 5.67
10 5.67 6.67 5.00
11 4.00 5.67 5.00
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Participant IM mean score EM mean score E mean score
12 6.33 5.33 433
13 5.67 4.67 5.33
14 4.67 5.33 6.67
15 5.33 5.33 5.67
16 5.67 5.00 5.00
17 3.67 5.67 433
18 5.00 6.33 6.00
19 6.33 5.67 5.00
20 4.67 6.33 4.67

Pearson correlation coefficients were calculated to examine the relationships between intrinsic
motivation, extrinsic motivation, and student engagement. The results are presented in Table 5. Intrinsic
motivation showed weak positive correlation with engagement (r = 0.26), indicating that higher intrinsic
motivation was associated with slightly higher levels of engagement. Extrinsic motivation was also positively
correlated with engagement (r = 0.32), with a small to moderate association. Both relationships are positive,
meaning that motivation is associated with engagement, but neither forms are strong. The relatively weak
correlations observed may be attributable to the small sample size and reliance on self-reported measures.

Table 5
Correlation results between variables
Correlation
Intrinsic motivation and engagement r=0.26
Extrinsic motivation and engagement r=0.32

Discussion and conclusions

The research tested the relationship between intrinsic motivation, extrinsic motivation, and student
engagement among university students. Consistent with expectations and hypothesis derived from Self-
Determination Theory (Deci & Ryan, 1985; 2000), both intrinsic and extrinsic motivation were positively
associated with student engagement, suggesting that motivated students tend to be more engaged in their
academic activities. However, the strength and nature of these relationships differed, providing useful insight
into how different forms of motivation may relate to engagement in higher education contexts.

Self-Determination Theory distinguishes between intrinsic motivation, which is driven by satisfaction
of behaving “for its own sake,” and extrinsic motivation, which is driven by external goals, outcomes, or
pressures. From an SDT perspective, intrinsically motivated students are expected to display higher-quality
engagement, as their behavior is self-endorsed and sustained by interest in learning itself. The weak positive
correlation observed between intrinsic motivation and engagement in the research aligns partially with this
theoretical expectation. While students who reported higher intrinsic motivation tended to be more engaged,
the relationship was modest, suggesting that intrinsic enjoyment alone may not fully account for engagement
levels in this sample.

Interestingly, extrinsic motivation demonstrated a slightly stronger association with engagement than
intrinsic motivation. Although SDT often emphasizes the superiority of intrinsic motivation, the theory also
acknowledges that certain forms of extrinsic motivation, particularly those that are internalized and aligned
with personal goals, can support adaptive outcomes. Many extrinsic items used in this study reflected goal-
oriented and achievement-related motives (for example, striving to succeed or attain important objectives),
which may be especially important in university settings where performance, assessment, and future career
prospects play a central role. As such, extrinsic motivation may have functioned as a meaningful driver of
engagement in this academic context.
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These findings highlight the contextual nature of motivation emphasized by SDT. In structured
educational environments, external demands such as grades, evaluations, and long-term goals may encourage
students to invest effort and remain engaged, even when intrinsic interest fluctuates. This may help explain
why extrinsic motivation showed a comparable and slightly stronger relationship with engagement in the
present sample. Rather than contradicting SDT, these results underscore the theory’s assertion that motivation
exists along a continuum, and that internalized forms of extrinsic motivation can be functional and supportive
of engagement.

Despite these insights, the observed relationships were relatively weak, indicating that motivation alone
does not fully explain student engagement. Engagement is a multifaceted construct influenced by numerous
factors, including teaching practices, course design, peer interaction, and institutional support. The modest
correlations found in this study suggest that motivation should be considered as one of several contributing
factors rather than a sole determinant of engagement.

Several limitations should be acknowledged. First, the study relied on a small convenience sample,
which limits the generalizability of the findings. Second, all measures were based on self-report data, which
may be subject to response biases such as social desirability or overestimation of engagement. Additionally,
the cross-sectional design prevents any conclusions about causality. Future research could address these
limitations by using larger samples, longitudinal designs, or incorporating behavioral indicators of
engagement.

In conclusion, the research provides preliminary evidence that both intrinsic and extrinsic motivation
are positively related to student engagement in higher education. In line with Self-Determination Theory, the
findings suggest that while intrinsic motivation remains important, extrinsic motivation, particularly when
aligned with personal goals, may also play a significant role in supporting student engagement. These results
emphasize the importance of considering multiple forms of motivation when seeking to understand and
enhance student engagement in university settings.
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VIDINE IR ISORINE MOTYVACIJA KAIP UNIVERSITETO STUDENTU AKADEMINIO JSITRAUKIMO
PROGNOZAVIMO VEIKSNIAI

Santrauka
Studenty jsitraukimas yra pagrindinis akademinés sékmés auksStajame moksle veiksnys, o studenty motyvacija yra
svarbus veiksnys, darantis jtaka jsitraukimui. Remiantis apsisprendimo teorija, Siame tyrime buvo nagriné¢jami vidinés
motyvacijos, iSorinés motyvacijos ir akademinio jsitraukimo rySiai tarp universiteto studenty. Buvo naudojamas
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kiekybinis koreliacinis modelis, kuriame duomenys buvo surinkti i§ 20 aukstojo mokslo studenty naudojant savianalizés
anketa. Vidiné motyvacija, iSoriné motyvacija ir jsitraukimas buvo matuojami naudojant tris elementus pagal septyniy
baly LIKERTO skalg, o motyvacijos elementai buvo adaptuoti i§ Darbo iSorinés ir vidinés motyvacijos skalés.
PEARSONO koreliaciné analizé parodé, kad tiek vidiné motyvacija (r = 0,26), tiek iSoriné motyvacija (r = 0,32) buvo
teigiamai susijusios su studenty jsitraukimu, nors rys$iai buvo silpni. ISoriné motyvacija parodé Siek tiek stipresnj rysj su
jsitraukimu nei vidiné motyvacija. Sie rezultatai rodo, kad abi motyvacijos formos prisideda prie studenty jsitraukimo j
universiteting aplinka, o tai pabrézia poreikj atsizvelgti | daugybe motyvacijos veiksniy, siekiant sustiprinti akademinj
isitraukima auks$tajame moksle.
RiekS$miniai ZodZiai: vidiné motyvacija, iSoriné motyvacija, studenty jsitraukimas, universiteto studentai
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TEACHERS’ PERCEPTIONS AND USE OF AI-BASED GRADING SYSTEMS IN
LITHUANIA

Lina Girdauskiené, Rugilé Girdauskaité
Lietuvos Inzinerijos Kolegija Higher Education Institution

Abstract

Academic performance assessment is essential in education, yet traditional grading practices are often criticized
for subjectivity, time consumption and potential bias. In response, artificial intelligence-based grading systems have
gained increasing attention, particularly following the expansion of digital learning after the COVID-19 pandemic.
Despite this development, research on high school teachers’ use of and attitudes toward Al-based grading systems in
Lithuania remains limited. This study examines Lithuanian high school teachers’ familiarity with, use of and perceptions
of such systems. A quantitative survey survey was conducted among 42 high school teachers from three Lithuanian cities
using an anonymous online questionnaire. Descriptive statistical analysis was applied to examine teachers’ familiarity,
current and intended use, perceived benefits and concerns, related to fairness, transparency and teacher autonomy. The
findings indicate limited current use of Al-based grading systems, alongside moderate willingness to adopt them in the
future. Teachers perceived time efficiency as a key advantage, while concerns regarding bias and transparency persisted.
These results suggest a cautious but open stance toward Al-based grading and highlight the need for targeted training and
clear ethical guidelines to support responsible implementation of Al-based grading systems in secondary education.

Key words: Artificial intelligence, Al-based grading systems, teachers, attitudes

Introduction

Academic performance assessment plays a crucial role in education, as it helps identify students’
weaknesses and strengths, as well as their level of knowledge and skill development. Through assessment,
educators are able to provide meaningful feedback on students’ learning outcomes (Tosuncuoglu, 2018;
Wojtczak, 2002; Taras, 2005; Arter & Stiggins 1992). However, performance assessment, as the classic and
conventional grading practice presents several limitations. Subjectivity in grading can introduce bias, with
teacher perceptions sometimes influenced by students’ behavior or demographic characteristics (Link &
Guskey, 2019). For instance, research suggests that white teachers are more likely to perceive black students
as more troublesome than their white peers, which may influence the grading outcomes (Downey & Pribesh,
2004). Additionally, the manual evaluation of assignments is both time-consuming and costly.

In response to these challenges, alternative grading approaches have emerged, including Artificial
Intelligence-based (Al) automated grading systems, which have become increasingly relevant in the post-
COVID-19 period due to rapid expansion of online learning.

Although digital learning has been present in education since the early 1980s, when personal
computers were first introduced into schools for instructional purposes, its role in Lithuania expanded only in
the 2010s. During this period, digital technologies, such as computers and mobile devices, along with learning
management systems, including Blackboard, were widely adopted to support information sharing,
presentations and feedback provision. However, digital learning in Lithuania became firmly established as “the
new normal” in 2020, when the COVID-19 pandemic led to widespread school closures and forced educators
to transition rapidly to fully online instruction. As a result, teachers heavily relied on platforms, such as
Microsoft Teams, Zoom, Google Meet, Google Classroom and Turnitin to deliver lessons and assess student
work (Moskvina, 2021). At the same time, students increasingly incorporated Al-based tools, including
ChatGPT and Grammarly, into their learning practices to support writing, comprehension and academic
performance. As Al-based programs improved through advancements in algorithmic design and machine
learning, their use within the education landscape increased accordingly. However, even if the use of Al in
education increased, there is still a limited amount of research done on the high school teachers’ adoption of
Al-based educational tools and grading systems.

Furthermore, the integration of artificial intelligence into the educational assessment raises additional
concerns, including issues of bias, lack of transparency and ethical and privacy concerns, which in some cases
may outweigh the limitations associated with the classic grading systems, such as performance assessment or
traditional grading methods (Kakungulu, 2024).

Nevertheless, even if there is a higher adoption of Al-based grading, there is limited information on
teachers’ attitudes towards these systems. Therefore, this paper examines the position of the teachers on the
challenges and advantages posed by Al-based grading systems for assessment of student performance, with
particular attention to their implications for fairness and bias, efficiency and autonomy in education.
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By drawing quantitative data from high school teachers from different cities in Lithuania, this research
aims to provide an insight into the use of Al-based grading systems in Lithuania and the attitude of teachers
towards it.

Theoretical Background

Teachers’ Perception of Al-Based Grading Systems in Prior Research

Research on high school teachers’ perspectives and use of Al-based grading systems in Lithuania is
currently lacking. Evidence from Estonia, another Baltic country, however, suggests that while teachers
recognize efficiency benefits of Al, their confidence in its educational value remains moderate, leading to
limited adoption (Granstrom & Oppi, 2025). Nearly half of surveyed teachers reported not using any Al tools.
Factors influencing this low adoption include teachers’ readiness, perceived usefulness, which in this case was
low due to scarce amount of knowledge, absence of confidence and narrow access to necessary resources
(Aynwale et al., 2022; Granstrom & Oppi, 2025; Sanusi et al., 2024).

These findings highlight the importance of understanding contextual factors, such as training,
accessibility and attitudes, when examining teachers’ adoption of Al-based grading systems. They provide a
foundation for investigating the current perceptions and experiences of Lithuanian high school teachers.

Benefits and Challenges of Al Grading

While Al-based grading systems can address some limitations of traditional assessment, they also
introduce new challenges. One major concern is algorithmic bias. Al systems rely on data and programming
provided by humans, if these sources reflect bias related to race or gender, the Al may produce biased or unfair
grading outcomes, especially if this bias is not corrected during evaluation (Murphy, 2019). In this way, human
prejudice can be inadvertently encoded into automated grading systems.

Reliability is another challenge. Current Al systems often struggle to interpret connotative meanings
in student work, such as essays, which may result in misjudged or unfair scores (Huang, Zou, Cheng & Xie,
2023). Additionally, Al’s access to large datasets raises concerns regarding ethical use, transparency and
privacy, as some sources of data may be inappropriate or violate personal confidentiality (Bofill, 2022).

Despite these challenges, Al-based grading offers advantages. Al can provide personalized learning
experiences, adapting feedback and content to individual student’s levels and preferences (Huang, Zou, Cheng
& Xie, 2023). Unlike teachers, who may be limited in the time they can devote to each student, Al systems
can deliver timely, individualized feedback, enhancing both efficiency and support student learning.

Artificial Intelligence in Education

The Regulation 2024/1689 of the European Union defines Al system a “machine-based system that is
designated to operate with varying levels of autonomy and that may exhibit adaptiveness after deployment,
and that, for explicit or implicit objectives, infers, from the input it receives, how to generate outputs such as
predictions, content, recommendations, or decisions that can influence physical or virtual environments”
(European Parliament, 2024). This definition shows that artificial intelligence systems operate with some level
of independence from human control, are self-learning, use machine-learning rather than solely fixed human-
defined rules and can either be programmed with clear goals or develop those goals from patterns in the data
(Murphy, 2019).

Al in education is highly used for evaluating assessments. Al-based grading systems rely on a
combination of machine learning techniques, including supervised learning, unsupervised learning,
reinforcement learning, deep learning, natural language learning (NLP) and hybrid approaches (Hussein,
Hassan & Nassef, 2019; Misgna, 2025). Among these, supervised learning is the most commonly used, as it
allows the system to predict grades based on examples of previously scored student work (Bofill, 2022). In
this approach, the model is trained on datasets of assignments or essays paired with human-assigned scores,
enabling it to learn patterns that correspond to different performance levels (Verma, Nagar & Mahapatra, 2021).
Automated scoring systems, such as ETS’s e-rater, employ this technique to evaluate student writing efficiently
(Attali & Burstein, 2005). Another widely used approach is NLP, which enables the system to analyze the
syntax, semantics and structure of the student submissions. NLP allows Al to assess meaning, coherence and
relevance, going beyond basic grammar and spelling checks. Tools, such as GPT and Word2Vec use NLP
techniques to interpret and evaluate textual content (Uyar & Biiyiikahiska, 2025). Deep learning is also
frequently applied, as it can capture complex patterns and subtle features within text or structure responses
(Misgna, 2025). By modelling the relationships between words, sentences and overall structure, deep learning
systems can approximate holistic evaluations of writing quality, a task traditionally considered subjective
(Misgna, 2025). Common deep learning architectures include Recurrent Neural Networks (RNN), Long Short-
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Term Memory Networks (LSTM) and Convolutional Neural Networks (CNN) (Misgna, 2025). When
combined with supervised learning and NLP, these techniques enable Al-based grading systems to assess both
the form and content of student work, supporting more comprehensive and consistent evaluation.

Methodology

The research was done through carrying out an anonymous questionnaire, providing quantitative data.
A survey approach was chosen, as it allows for the compilation of data from multiple participants efficiently
and enables the analysis of trends in teachers’ familiarity, attitudes and concerts towards Al-based grading.

Participants of the questionnaire were high school teachers from three different schools in Lithuanian
cities of Vilnius, Kaunas and Jonava, which were randomly chosen. The sample consisted of 42 teachers,
representing various subjects, such as Physics, Arts, Information Technology (IT) and Lithuanian Literature,
and a variety of teaching experience levels, from five to 20 years of experience. Participants were invited via
school emails. In addition, participation was voluntary and responses were anonymous, ensuring the
confidentiality of the participant teachers.

Data was collected using a self-administered online questionnaire (Google Forms) developed for this
research. It consisted of 2 sections: demographic information, including age, gender, city, teaching experience,
subject taught and prior experience with educational technology. The second section, perceptions and use of
Al-based grading systems, included 12 Likert-scale arguments, where answers were given on a scale from 1
(strongly disagree) to 5 (strongly agree). The second section assessed familiarity with Al-based grading
systems, current use and intention to use the systems, perceived benefits (efficiency and consistency) and
concerns and limitations (bias, transparency and teacher autonomy).

Responses from the questionnaire were exported to Microsoft Excel for analysis. Descriptive statistics
(percentages and means) were calculated for all arguments to draw conclusions on teachers’ familiarity,
attitudes and concerns. Data was presented in tables where appropriate.

Results
Provided below (Table 1) is an example of participants’ demographic data, showing diversity in
teachers who took part of the questionnaire.

Table 1
Examples of participants’ demographic data
Participant Age Group Gender City Teaching experience Subject taught Prior experience
(in years) (in years) with educational
technology
3 40-50 Female Kaunas 5-10 Maths Yes
15 20-30 Female Kaunas 1-5 Biology Yes
28 30-40 Male Vilnius 5-10 Biology Yes
33 40-50 Female Jonava 15-20 Foreign Languages Yes

The given results show that the majority of questioned teachers, from different schools, of different ages and
teaching a variety of subjects, are aware and have prior experience with educational technology (76,2%).
However, the mean answer to whether educators are familiar with Al-based grading systems is neutral, and
most of the teachers neither agree or disagree that they have received training on Al-based educational tools.
The mean answers in regards to familiarity, calculated from the data, are presented in the table below (Table
2).

Table 2

Average answers in regards to familiarity of Al-based educational tools

Argument Average answers
(Likert scale, from 1 to 5)

“I am familiar with Al-based grading systems” 2.9

“I have received training or professional development on Al- 2.5
based educational tools”
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When asked about the use of Al-based grading systems, teachers on average posed a negative position,
with zero of teachers currently using Al-based tools. Nevertheless, the majority of the teachers would consider
using the mentioned systems in the future (66,6%). The mean answers in regard to the use of Al-based grading
systems, calculated from the data, are presented in the table below (Table 3).

Table 3
Average answers in regards to the use of Al-based grading systems

Argument Average answers
(Likert scale, from 1 to 5)

“I currently use Al-based tools for grading student work™ 2.4
“I would consider using Al-based grading systems in the 4.1
future”

With respect to the attitude towards the Al-based grading systems, teachers found some benefits in the
use of Al specifically time efficiency, however, they disagreed that such systems can provide a fair evaluation
of student work. Furthermore, the mean answers concerning the limitations and challenges of Al were neutral,
showing that from the educators’ perspective the limits of Al do not outweigh the benefits. The greatest worry
was put towards possible bias and lack of transparency. The mean answers in regard to the benefits and
concerns related to the use of Al-based grading systems, calculated from the data, are presented in the table
below (Table 4).

Table 4
Average answers in regards to the benefits and limits of Al-based grading systems
Argument Average answers
(Likert scale, from 1 to 5)
“Al-based grading systems save time compared to traditional grading” 3.5
“Al-based grading systems provide consistent and fair evaluation of student work” 2.9
“I am concerned that Al-based grading systems may be biased or unfair” 34
“I am concerned that Al-based grading systems lack transparency” 34
“I am concerned that Al-based grading systems may reduce teachers’ autonomy in assessment” 3.1

To summarize the given results, while the greater number of teachers are familiar with artificial
intelligence and its tools, they are not using them currently to evaluate students' work, posing a neutral position
on the benefits and concerns of Al-based grading systems.

Discussion

The present study examined high school teachers’ familiarity with, use of and perceptions of Al-based
grading systems in Lithuania. The findings indicate that although most participating teachers have prior
experience with educational technology, their familiarity with Al-based grading systems remains limited and
none of the respondents currently use such systems for assessing student work. These results suggest that the
integration of Al into grading practices in Lithuanian high schools is still at an early stage. Furthermore, the
limited adoption indicates that technological availability alone does not ensure pedagogical uptake, particularly
in high-stakes practices, such as student assessment.

Consistent with prior research conducted in other educational contexts, teachers in this study perceived
time efficiency as a potential benefit of Al-based grading systems. Similar findings have been reported in
studies from Estonia, where educators acknowledged the efficiency of Al tools while expressing uncertainty
about their pedagogical value (Granstrom & Oppi, 2025). This indicates that efficiency alone may not be
sufficient to encourage adoption without adequate understanding and trust in the technology.

At the same time, teachers expressed moderate concerns regarding fairness, bias and transparency. These
concerns align with the existing literature highlighting ethical and accountability issues associated with Al-
based assessment systems (Aynwale et al., 2022; Sanusi et al., 2024). The neutral positioning observed in the
results suggests neither strong resistance nor strong acceptance, but rather a conscious stance towards Al-based
grading.
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Despite limited current use, a majority of teachers reported willingness to consider Al-based grading
systems in the future. This finding implies that with appropriate training, institutional support and clear ethical
guidelines, acceptance of Al-based grading in secondary education may increase.

Conclusion and Limitations

This study explored high school teachers’ familiarity with, use of and perceptions of Al-based grading
systems in Lithuania. The findings indicate that while most teachers have prior experience with educational
technology, their familiarity with Al-based grading remains limited and none currently use these systems for
assessing student work. Teachers recognized potential benefits, particularly in terms of time efficiency.
However, concerns regarding fairness, bias and transparency were also noted, reflecting ongoing ethical and
practical considerations.

Several limitations of this study should be acknowledged. First, the sample size was relatively small (42
teachers), which may limit the generalizability of the findings to the broader population of Lithuanian high
school teachers. Second, data was collected through a self-administered survey, relying on teachers’ self-
reported familiarity, perceptions and intentions. Such responses may be influenced by social desirability or
subjective interpretation. Additionally, the study focused on teachers from three cities (Vilnius, Kaunas and
Jonava), so perspectives from educators in smaller towns or rural areas were not captured and may differ.
Future research should aim to include larger, more diverse samples and employ complementary methods, such
as interviews or observational studies (qualitative data), to gain a more comprehensive understanding of
teacher perspectives on Al-based grading systems.

Overall, this research contributes to the limited body of knowledge on Al-based grading in secondary
education, particularly within the Lithuanian context, providing a foundation for future studies aimed at
supporting the effective and equitable implementation of Al in educational assessment.
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MOKYTOJU DIRBTINIO VERTINIMO SISTEMU SUVOKIMAS IR NAUDOJIMAS LIETUVOJE

Santrauka

Akademiniy pasiekimy vertinimas yra labai svarbus $vietime, taciau tradiciné vertinimo praktika daznai kritikuojama
del subjektyvumo, laiko sanaudy ir galimo SaliSkumo. Reaguojant j tai, dirbtiniu intelektu (DI) pagrjstos vertinimo
sistemos sulaukia vis daugiau démesio, ypac po skaitmeninio mokymosi iSplitimo po COVID-19 pandemijos. Nepaisant
Sios tendencijos, tyrimy apie viduriniy mokykly mokytojy naudojimasi DI pagristomis vertinimo sistemomis ir pozilrj j
jas Lietuvoje vis dar nedaug. Siame tyrime nagrinéjamas Lietuvos viduriniy mokykly mokytojy susipazinimas su tokiomis
sistemomis, jy naudojimas ir suvokimas. Kiekybiné apklausa buvo atlikta tarp 42 viduriniy mokykly mokytojy i$ trijy
Lietuvos miesty, naudojant anoniming interneting ankets. ApraSomoji statistiné analizé buvo taikoma siekiant iStirti
mokytojy susipazinimg su DI pagristomis vertinimo sistemomis, dabartinj ir numatomg jy naudojima, suvokiama nauda
ir susiripinima, susijusj su saziningumu, skaidrumu ir mokytojy autonomija. ISvados rodo ribota dabartinj DI pagrjsty
vertinimo sistemy naudojima ir vidutinj norg jas diegti ateityje. Mokytojai laiko efektyvuma jzvelgé kaip pagrindinj
privaluma, tagiau i§liko susiripinimas dél $aliskumo ir skaidrumo. Sie rezultatai rodo atsargia, bet atvira pozicija dél
dirbtiniu intelektu pagrjsto vertinimo ir pabrézia tiksliniy mokymy bei aiskiy etikos gairiy poreikj, siekiant paremti
atsakingg dirbtiniu intelektu pagristy vertinimo sistemy diegima viduriniame ugdyme.

RiekSminiai ZodZiai: dirbtinis intelektas, dirbtiniu intelektu pagrjstos vertinimo sistemos, mokytojai, pozitiris
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HOW CHATGPT’S USER EXPERIENCE ENCOURAGES OVER-RELIANCE AND
REDUCED CRITICAL THINKING AMONG UNIVERSITY STUDENTS

Lina Girdauskiené, Miglé Girdauskaité
Lietuvos Inzinerijos Kolegija Higher Education Institution

Abstract

This article examines how the usability and user experience of ChatGPT influence university students’ reliance on
the system and their critical thinking behaviors. Using a questionnaire with both likert-scale and open-ended items,
findings indicate that high usability and authoritative responses encourage frequent use, reduce verification of information
and may promote cognitive offloading and automation bias. The results highlight trade-offs between efficiency and
reflective engagement suggesting that while ChatGPT supports academic tasks, it may inadvertently diminish students’
critical evaluation skills.

Key words: ChatGPT, user experience, Al systems, critical thinking, university students.

Introduction

The rapid introduction of large language models (LLMs), such as ChatGPT into higher education and
everyday problem solving contexts has transformed how university students access information and complete
academic tasks. These artificial intelligence (Al) driven conversational systems offer highly usable interfaces
that facilitate rapid generation of responses, fostering perceptions of efficiency and ease of use (Zhai et al.,
2024). However, this enhanced usability may have unintended consequences for critical thinking and cognitive
responsibilities in academic contexts. While such systems can support learning and efficiency, a growing body
of research suggests that high usability and smooth user experience may also encourage over-reliance on
automated outputs and reduce users’ inclination to critically evaluate information (Zhai et al., 2024).

Within the literature on automatic and human-computer interaction, the concept of automation bias
describes the human tendency to trust and rely on automated systems even when they provide inaccurate
information (Hoffman, 2024). This bias emerges when users defer to machine recommendations over their
own judgment, a form of behavioral dependence that has been shown to undermine the critical verification
behavior in decision contexts (Benda et al., 2021). Although automated systems can improve efficiency and
reduce certain errors, they may fail to account for critical information, resulting in inaccurate recommendations
(Hoffman, 2024).

At the same time, ChatGPT’s conversational style and authoritative tone may further strengthen users’
trust in the system (Noh et al., 2025). Responses are presented fluently and confidently, which can make them
appear reliable even when they contain inaccuracies. For university students, who often use ChatGPT under
time pressure, this combination of speed, clarity and perceived competence may discourage cross-checking
information or engaging deeply with the material (Wang & Fan, 2025). As a result, the convenience offered by
ChatGPT may unintentionally promote superficial engagement rather than reflective learning.

This situation points to a broader trade-off between usability and responsibility in Al system design.
While tools that are easy to use and are efficient can save time, they may also encourage users to rely on the
system instead of thinking independently (Hoffman, 2024). Over time, this dependence could influence how
students approach problem solving, learning and independent reasoning. Although previous research has noted
these potential risks, there is still limited empirical evidence specifically examining how ChatGPT’s user
experience affects students’ reliance and critical thinking.

Therefore, this article aims to address this gap by examining the relationship between perceived
usability, reliance, critical thinking and trust in ChatGPT among university students. The central research
question is how does the usability and user experience of ChatGPT influence user reliance and critical thinking
behavior? To explore this question, this study will focus on students’ self-reported experiences and behaviors
in the areas of four variables: usability measured by ease of use and clarity, reliance tested through frequency
and dependency, critical thinking measured by verification of behavior and trust evaluated by perceived
accuracy.

Theoretical background

Understanding how ChatGPT’s usability affects reliance and critical thinking requires a closer look at
the cognitive mechanisms underlying the human interaction with Al systems. One key concept is cognitive
offloading, which refers to the reliance on external tools that can help reduce the demands on an individual’s
working memory, freeing up mental resources for other tasks (Gerlich, 2025). However, this convenience may
also decrease active cognitive engagement and hinder the development of critical skills (Gerlich, 2025). The
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widespread access to Al tools, which provide quick answers and ready-made information, can discourage users
from performing the mental processes necessary for deep analysis and critical thinking (Gerlich, 2025). In the
context of this article, cognitive offloading provides a useful framework for understanding why students might
heavily rely on ChatGPT and engage less in critical evaluation.

While cognitive offloading explains how students reduce mental effort, it does not fully account for why
users often trust Al generated responses without questioning them. This is where the concept of automation
bias becomes relevant. It is the tendency for individuals to rely on suggestions from automated decision making
systems, while disregarding the contradictory input from non-automated sources, even when the input is
correct (Romeo & Conti, 2025). Automated systems are frequently seen as highly reliable, sometimes even
more than human judgement, which can result in two main types of mistakes: errors of commission, where
users follow an incorrect recommendation from the system, and errors of omission, where users fail to act
because the system did not provide a suggestion (Hoffman, 2024). Here, automated bias helps explain why
students may accept ChatGPT’s outputs without verifying them. Because ChatGPT provides a clear, fluent and
seemingly authoritative response, students may perceive the answers as highly reliable and defer to the system
even when the alternative sources offer correct information.

Another aspect that influences the user experience while using ChatGPT is the design of it, which
sometimes, whether intentionally or not, could incorporate dark patterns. Dark patterns are design elements
that deliberately manipulate users into taking actions they had not intended (Kitkowska, 2025). In the context
of ChatGPT, such design features can subtly encourage users to rely on the system’s outputs without
questioning them. For example, the interface’s fast response time, clear formatting and persuasive language
may make answers seem more authoritative, nudging students towards accepting information at face value. By
considering dark patterns, alongside cognitive offloading and automation bias, this article can better understand
how ChatGPT’s usability and design may contribute to over-reliance, reduced verification and diminished
critical thinking among university students.

Methodology

To address the research aim, a quantitative research design was conducted using a self-administered
questionnaire. The questionnaire was developed to measure participants’ perceptions and behaviors related to
ChatGPT use across four key variables: usability, reliance, critical thinking and trust. Each construct was
assessed using three statements, resulting in a total of twelve items. In addition, a few open-ended questions
were presented too, which complemented quantitative questions, with a qualitative value and deepened the
analysis of ChatGPT. This structure allowed for a focused yet comprehensive assessment of participants’
interactions with the Al system.

The questionnaire items were informed by existing literature on technology acceptance, automation
reliance and trust in artificial intelligence systems. While no single standardized scale was adopted in full,
several items were conceptually adapted from prior studies examining the perceived ease of use, reliance on
automated systems (frequency and dependency) and trust in Al-generated information (perceived accuracy).
All statements were phrased to reflect the participants’ personal experiences with ChatGPT in academic
problem-solving contexts. One item in the critical thinking variable (“I usually verify ChatGPT’s answers
using other sources”) was reverse-coded to reduce response bias and better capture reflective evaluation
behavior (Table 1).

Participants responded to all items using a 5 point Likert-scale (1 being “strongly disagree” and 5 being
“strongly agree”), which indicated the extent to which each statement reflected their views. Likert scaling was
chosen due to its widespread use in research and its suitability for measuring subjective perceptions and
behavioral tendencies.

Data was collected from 40 participants using convenience sampling, specifically university students.
All responses were recorded anonymously to encourage honest reporting and reduce social desirability bias.
All participants had prior experience with ChatGPT usage, ensuring that responses were grounded in actual
use rather than hypothetical assumptions.

The mean scores were then calculated, which provided a clear summary of results from the questionnaire
and more importantly it showed comparisons across questions.

Table 1
Key variables and their statements
Variable Usability Reliance Critical thinking Trust
Questions ChatGPT is easy to use [ use ChatGPT as my first [ usually verify I trust ChatGPT’s
for most tasks. option when facing a ChatGPT’s answers answers to be accurate.
problem. using other sources.
I can get answers quickly | Irely on ChatGPT even for I accept ChatGPT’s I am aware that ChatGPT
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Variable

Usability

Reliance

Critical thinking

Trust

for most tasks.

tasks I could do myself.

responses without
questioning them.

can make mistakes.

The responses feel I feel less motivated to ChatGPT reduces the I feel confident
natural and authoritative. | search for alternative need to think deeply identifying when
sources. about a problem. ChatGPT is wrong.

Results
The likert-scale responses show distinct patterns across the four measured variables: usability, reliance,
critical thinking and trust, as seen in Table 2 (detailed answers are provided in the appendix). Overall, the
participants’ answers show generally positive perceptions of ChatGPT’s usability, accompanied by moderate
levels of reliance and trust. Critical thinking showed the most mixed responses.
Table 2
Variables and examples of participants’ answers on a likert-scale
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The mean scores seen in Table 3 suggest that ChatGPT is perceived as highly usable and efficient,
encouraging frequent reliance. However, this reliance is accompanied by only moderate trust and reduced
critical thinking, indicating that users may prioritize convenience over deep evaluation. These findings
highlight the dual role of ChatGPT as both a supportive tool and a potential influence on users’ critical
engagement and learning behaviors.

The usability items, as recorded on Table 3, received the highest mean scores overall. This could indicate
a strong perception of ChatGPT’s functionality. The highest mean score (M= 4.58) for “ChatGPT is easy to
use for most tasks” suggests that participants overwhelmingly find ChatGPT intuitive and accessible for most
tasks. Similarly, the mean score of “I can get answers quickly without much effort” (M= 4.28) reflects the
efficiency and convenience of the tool. The lowest of the three, yet still positive, was the mean score for “The
responses feel natural and authoritative” (M= 3.93). It could indicate that while participants generally perceive
ChatGPT’s outputs as coherent and credible, this perception is somewhat more cautious than their assessment
of usability and speed.
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Mean scores for reliance fall within the moderate to high range, suggesting that participants often turn
to ChatGPT when facing problems. The mean score for “ I use ChatGPT as my first option when facing a
problem” (M= 3.93) indicates frequent initial reliance, while the mean score for “ I rely on ChatGPT even for
tasks I could do myself” (M= 3.75) suggests partial but not complete dependence. The relatively high score
for “I feel less motivated to search for alternative sources” (M= 3.95) points to a potential narrowing of
information-seeking behavior, reinforcing the previous concerns on reliance.

The critical thinking items in Table 3 revealed a mixed pattern. The low mean score for “I usually verify
ChatGPT’s answers using other sources” (M= 2.65) suggests that participants do not constantly engage in
cross-checking information. This finding could indicate a risk of diminished evaluative behavior. Moderate
scores for “I accept ChatGPT’s responses without questioning them” (M= 3.28) and “ChatGPT reduces the
need to think deeply about a problem” (M= 3.80) suggest that while ChatGPT does not fully replace critical
thinking, it may reduce the depth of cognitive engagement for many users.

Lastly, the trust related items in Table 3 show moderate levels of confidence in ChatGPT. Participants
reported a neutral degree of trust in accuracy in the statement of “I trust ChatGPT’s answers to be accurate”
(M= 3.50), while simultaneously acknowledging its potential to make mistakes “I am aware that ChatGPT can
make mistakes” (M= 3.48). The lowest trust related mean score concerned “I feel confident identifying when
ChatGPT is wrong” (M= 3.03), indicating uncertainty in the user's ability to detect inaccuracies. This
combination reflects a cautious trust stance, where users rely on ChatGPT while remaining aware of its
misjudgment.

Table 3
Mean scores by statement
Usability Mean scores
ChatGPT is easy to use for most tasks. 4.58
I can get answers quickly without much effort. 4.28
The responses feel natural and authoritative. 3.93
Reliance Mean scores
I use ChatGPT as my first option when facing a problem. 3.93
I rely on ChatGPT even for tasks I could do myself. 3.75
I feel less motivated to search for alternative sources. 3.95
Critical Thinking Mean scores
I usually verify ChatGPT’s answers using other sources. 2.65
I accept ChatGPT’s responses without questioning them. 3.28
ChatGPT reduces the need to think deeply about a problem. 3.80
Trust Mean scores
I trust ChatGPT’s answers to be accurate. 3.50
I am aware that ChatGPT can make mistakes. 3.48
I feel confident identifying when ChatGPT is wrong. 3.03

Responses to the open-ended questions about reliance and incorrect answers indicate that participants
are aware about the limitations that ChatGPT poses. Multiple participants reported having trusted ChatGPT in
the past, only to later discover errors, such as incorrect sources, as seen in Table 4 (“It gives me wrong sources
or references to questions”). This awareness appears to contribute to a more cautious form of trust, where
ChatGPT is viewed as useful but not fully reliable.

The second open-ended question in Table 4 highlights participants’ concerns about over-reliance and
reduced critical engagement. Several respondents explicitly stated that ChatGPT has weakened their problem
solving abilities (““/ feel like it’s broken my brain”). This Al system also reduced the need to think deeply and
shortened the attention spans when working tasks (“/ don t have to think as much’). These responses suggest
that while ChatGPT increases efficiency, it may also encourage sustained cognitive effort.

At the same time, the answer showed the instrumental benefits of using Al, particularly in terms of speed
and convenience. Statements, such as “ChatGPT provides quick assistance” and “it immediately generates the
text I need” reflect the high usability scores observed in the likert-scale results. However, these benefits are
often framed alongside concerns about over-reliance and reduced independent thinking, indicating
compromises between efficiency and cognitive engagement.

Table 4
Open-ended questions and examples of participants’ answers
Question Answers
Have you ever relied on “Yes, it gives me wrong sources or references to questions.”
ChatGPT and later realized | “Yes, unfortunately.”
the answer was incorrect? “Yes, I have relied on ChatGPT in the past and later discovered errors in its responses, which made
me more cautious about fully trusting its answers.”’
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Question Answers

Do you think ChatGPT “It has weakened my problem solving and ability to work on a task for an extended amount of time.”’
affects how you think or “It makes me complete tasks quicker. I don't have to think as much.”
learn? How? “It reduces obstacles in producing a passable answer. You no longer need to think critically or do

your own research.”
“I think ChatGPT provides quick assistance, but it also makes me dependent on it instead of seeking
out diverse sources and fostering deeper understanding.”

Discussion and conclusions

The results of this article suggest that ChatGPT’s high usability and efficient interface encourage
frequent reliance among university students, while concurrently reducing opportunities for critical evaluation.
Participants generally found the system easy to use and appreciated its speed and clarity, yet many reported
limited verification of its outputs, reflecting a tendency towards cognitive offloading. Automation bias likely
reinforces this pattern, as students perceive ChatGPT’s responses as authoritative and trustworthy, even when
errors are present. Additionally, elements of the system’s design, such as the generation of fast responses, may
act as subtle dark patterns, nudging students to accept information without questioning it.

The mean scores from the likert-scale responses further support the role of cognitive offloading and
automation bias in students’ interactions with ChatGPT. High usability scores, particularly for items like
“ChatGPT is easy to use for most tasks” (M= 4.58) and “I can get answers quickly without much effort” (M=
4.28) suggest that the system’s efficiency encourages students to delegate mental effort to the Al rather than
engaging deeply in with the material. Moderate reliance scores, combined with relative low critical thinking
scores indicate that students frequently accept outputs without verification, reflecting the influence of
automation bias. Together, these patterns suggest that ChatGPT’s ease of use and authoritative responses make
cognitive offloading more likely, while simultaneously fostering trust in the system that may override
independent evaluation of information.

Overall, these findings indicate that while ChatGPT can be a valuable tool for academic tasks, its
usability and design may inadvertently promote over-reliance and reduced critical thinking (Murshidi et al.,
2024). Students benefit from the efficiency and convenience provided by the Al, but these advantages come
with trade-offs in independent problem solving and verification behaviors (Mogavi et al., 2023). Educators
and system designers should be aware of these potential risks and consider strategies to encourage reflective
use, such as prompting cross-checking practices or integrating prompts that stimulate critical engagement.

In conclusion, this article highlights the dual role of ChatGPT in higher education. On the one hand, it
is a supportive tool that enhances productivity. On the other hand, it is a system that can diminish the students’
engagement with cognitive processes essential for learning. Further research with larger and more diverse
samples could clarify the long-term impacts of Al assisted learning on critical thinking skills.
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KAIP CHATGPT NAUDOTOJO PATIRTIS SKATINA PERDIDEL]J PASITIKEJIMA IR MAZINA KRITINI
MASTYMA TARP UNIVERSITETO STUDENTU

Santrauka

Siame straipsnyje nagrinéjama, kaip ,,ChatGPT* naudojimo patogumas ir naudotojo patirtis veikia universiteto
studenty pasitikéjima sistema ir jy kritinio mastymo elgsena. Naudojant klausimyna su Likerto skalés ir atvirojo tipo
klausimais, gauti rezultatai rodo, kad didelis naudojimo patogumas ir autoritetingi atsakymai skatina dazng naudojima,
mazina informacijos tikrinima ir gali skatinti kognityvinj perkrovima bei automatizavimo $aliskuma. Rezultatai pabrézia
kompromisus tarp efektyvumo ir reflektyvaus isitraukimo, o tai rodo, kad nors ,,ChatGPT* padeda atlikti akademines
uzduotis, jis gali nety¢ia sumazinti studenty kritinio vertinimo jgidzius.

RiekS$miniai Zodziai: ,,ChatGPT*, naudotojo patirtis, dirbtinio intelekto sistemos, kritinis mastymas, universiteto
studentai.
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Appendix I
Table 5
Variables and participants’ answers on a likert-scale
Questions / Usability Reliance Critical thinking Trust
participants’
answer 4. 5. 6. 4. 5. 6. 4. 5. 6. 4. 5. 6
1. 3 2 2 2 2 2 1 1 2 1 1 1
2. 4 3 2 2 2 3 1 1 2 1 2 1
3. 4 3 2 2 2 3 1 1 3 2 2 2
4. 4 3 3 2 2 3 1 1 3 2 2 2
5. 4 3 3 3 3 3 1 2 3 2 2 2
6. 4 3 3 3 3 3 1 2 3 2 2 2
7. 4 4 3 3 3 3 1 2 3 3 2 2
8. 4 4 3 3 3 3 1 2 3 3 3 2
9. 4 4 3 3 3 3 1 2 3 3 3 2
10. 4 4 3 3 3 3 1 2 3 3 3 2
11. 4 4 3 3 3 3 1 3 3 3 3 4
12. 4 4 3 3 3 5 2 3 3 3 3 4
13. 4 4 4 4 5 5 2 3 3 3 3 4
14. 4 4 4 4 5 5 2 3 3 3 3 4
15. 4 4 4 4 5 5 2 3 3 3 3 4
16. 4 4 4 4 5 5 2 3 5 3 3 4
17. 5 4 4 4 5 5 2 3 5 3 3 4
18. 5 4 4 4 5 5 2 3 5 5 3 4
19. 5 4 4 4 4 5 2 3 5 5 3 4
20. 5 4 4 4 4 5 2 3 5 5 4 4
21. 5 4 4 4 4 5 2 4 5 5 4 4
22. 5 4 4 4 4 4 3 4 5 5 4 5
23. 5 5 4 4 4 4 3 4 5 4 4 3
24. 5 5 4 4 4 4 3 4 5 4 4 3
25. 5 5 4 4 4 4 3 4 4 4 4 3
26. 5 5 4 4 4 4 3 4 4 4 4 3
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AKADEMINIO RASYMO AUTENTISKUMO VERTINIMAS: STILOMETRINIU
POZYMIU ANALIZE IR INTEGRACIJA SU KITOMIS DI APTIKIMO STRATEGIJOMIS

Gabrielé Ivanovaité, Sonata Paulauskiené
Lietuvos inZinerijos kolegija

Anotacija

Siame tyrime nagrinéjamas stilometrinés analizés taikymas, kaip papildomas jrankis, skirtas lietuviy kalba rasyty
akademiniy teksty autentiSkumui nustatyti, ypa¢ situacijose, kai esami DI aptikimo jrankiai pasizymi ribotu patikimumu.
Tyrime siekta jvertinti dabartinius DI aptikimo jrankius ir jy ribotumus bei pritaikyti stilometrija studenty rasytiems
tekstams Lietuvos aukstosiose mokyklose. Buvo analizuojama 50 baigiamyjy darby imtis, sickiant nustatyti lingvistinius
rodiklius, budingus Lietuvos kolegijose studijuojancio inzinerija studento (zmogaus autoriaus) akademiniam raSymui.
Stilometriné analizé atskleidé tam tikrg stilistinj nuosekluma, biidingg tiriamai teksty imciai, taciau kartu iSryskéjo ir
automatizuotos analizés ribotumai. Kai kurie rodikliai buvo klaidingai interpretuojami dél techninio ar zanrinio konteksto,
o tai parodé¢, kad vien kiekybiniais duomenimis grista analizé gali biiti nepakankama ir jai reikalinga papildoma
kontekstuolizuota kokybiné interpretacija.

Reik§miniai ZodZiai: stiliometrija, akademinis raSymas, dirbtinio intelekto nustatymas, akademin¢ etika.

Ivadas
dirbtinio intelekto (DI) technologijoms ir joms vis aktyviau jsiliejant j akademinj raS§yma, autentiSkumo patikra
tampa ypac aktuali, tac¢iau kartu vis maziau veiksmingi tampa tradiciniai autorystés nustatymo biidai, kadangi
technologijos daznai pranoksta jy galimybes. Siuo metu taikomi DI sukurty teksty aptikimo jrankiai, tokie kaip
Turnitin ar GPTZero, daznai pasizymi ribotu patikimumu ir gali generuoti klaidingus rezultatus (Giray,
Sevnarayan ir Ranjbaran Madiseh, 2025), kas mazina pasitikéjima tarp déstytojy ir studenty (Weber-Wulff ir
kt., 2023; Perkins ir kt., 2024). Be to, pazangiis DI modeliai, tokie kaip GPT-4, geba generuoti tekstus, vis
labiau artimus zmogaus raSymo stiliui, pranokdami esamy aptikimo sistemy galimybes.
gristiems metodams, kurie leisty ne tik automatizuotai, bet ir kontekstualiai interpretuoti teksty autentiSkuma.
Vienas i§ tokiy metody — stilometriné analizé. Tai statistiniais ir lingvistiniais principais pagrjstas rasytiniy
teksty analizés buidas, apimantis sintaksés, leksinés struktiiros, sakiniy ilgio, kalbos daliy pasiskirstymo ir kity
kiekybiniy bei kokybiniy pozymiy vertinima, leidziantj identifikuoti raSymo stiliy, biidingg konkreciam
autoriui ar autoriy grupei (Holmes ir Kardos, 2003).

Stilometriné analizé jau kurj laikg taikoma autorystés identifikavimui ir plagiato aptikimui jvairiomis
kalbomis. Taciau jos potencialas skirti Zzmogaus ir DI sugeneruotus tekstus, ypa¢ maZziau tyrinétomis kalbomis,
vis dar iSlieka menkai istirtas. Lietuviy kalbos (kaip ir kity kalby i§skyrus angly) atveju $i problema tampa dar
aktualesné dél riboto kalbiniy duomeny kiekio, menko jrankiy pritaikomumo ir tyrimy stokos (Orenstrakh,
Karnalim, Suarez ir Liut, 2024; Li ir kt., 2024).

Svarbu pabreézti, kad stilometrinis pozitiris iSsiskiria gebéjimu ne tik pateikti vienareikSmiSka
automatizuotg rezultata, bet ir suteikti jzvalgy apie priezastis, dél kuriy konkretus tekstas gali biiti vertinamas
kaip autentiSkas ar jtartinas. Pavyzdziui, nejprastas skyrybos zenkly ar kalbos daliy pasiskirstymas, ribotas
arba, prieSingai, neproporcingai jvairus zodynas, nenatiiralus sakiniy ilgis ar sintaksiné struktiira gali atskleisti
stilistinius nukrypimus, nebidingus Zzmogaus sukurtiems tekstams.

Sio tyrimo tikslas — i3analizuoti stilometrinés analizés taikymo galimybes, vertinant akademiniy teksty
autentiSkuma lietuviy kalba.

Tyrimo uzdaviniai:

1. Teoriskai iSanalizuoti esamus DI sukurty teksty aptikimo jrankius ir jy ribotumus akademinéje
aplinkoje, taikant juos ne angly kalba paraSytiems tekstams bei jvertinti stilometrijos, kaip alternatyvaus
metodo, privalumus.

2. Atlikti stilometring analiz¢ Lietuvos aukStyjy mokykly studenty parengtiems akademiniams
tekstams, siekiant jvertinti $io metodo praktinj taikymg autentiSkumo nustatymui ir jo integravimo galimybes
1 DI aptikimo strategijas.

Dabartiné DI aptikimo situacija akademiniame kontekste
Spartus generatyviniy DI modeliy, tokiy kaip GPT-4 ar Claude, vystymasis i§ esmés transformavo

v —

technologijos leidzia per labai trumpa laikg sukurti stilistiSkai taisyklingus, logiskus ir akademiniam diskursui
budingus tekstus, kurie daznai yra sunkiai atskiriami nuo zmogaus sukurty darby (Cotton, Cotton ir Shipway,
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2023). Dél to tampa vis sudétingiau nustatyti, ar konkrety tekstg paras$é Zmogus, ar jis buvo sugeneruotas DI,
o tai kelia grésme¢ tradicinéms kontrolés praktikoms akademingje aplinkoje (Giray, Sevnarayan ir Ranjbaran
Madiseh, 2025).

Reaguodamos j Siuos pokycius, aukstosios mokyklos pradéjo taikyti jvairius DI teksty aptikimo jrankius
— tiek komercinius (pvz., Turnitin Al Writing Indicator, GPTZero), tiek atvirojo kodo sprendimus. Visgi esminé
$iy sistemy problema — jy uzdaras, vadinamasis ,,juodosios dézés* veikimo principas. DaZniausiai tokie
jrankiai pateikia tik bendrg tikimybés jvertinimg, jog tekstas galéjo buti sugeneruotas DI, taciau nesuteikia
iSsamios lingvistinés ar strukttirinés analizés. Tokia praktika mazina vertinimo skaidrumg ir riboja galimybe
déstytojams pagrijsti sprendimus akademinio nesaziningumo atvejais (Perkins ir kt., 2024; Weber-Wulff ir kt.,
2023).

Kita aktuali problema — technologinés pazangos disbalansas tarp naujausiy DI modeliy ir juos aptikti
siekian¢iy detektoriy. Dauguma Siy jrankiy buvo apmokyti naudojant senesnius modelius, tokius kaip GPT-2
ar GPT-3, taCiau Siuolaikiniai modeliai, pavyzdziui, GPT-4, geba generuoti itin sudétingus, struktiiruotus ir
stilistiskai jvairius tekstus. Todél net pazangtis aptikimo jrankiai daznai nesugeba identifikuoti tokiy teksty.
Giray, Sevnarayan ir Ranjbaran Madiseh (2025) atvejo analizé parodé, kad tokie jrankiai kaip Turnitin, Quetext
ir Grammarly nesugebéjo atpazinti visiSkai DI sugeneruoto teksto kaip neautentiSko. Tai kelia klausimy dél
realiojo $iy jrankiy efektyvumo, kuris neretai bina pervertintas. Taip pat butina paminéti, kad daugelis DI
detektoriy yra lengvai apeinami, pasitelkiant parafrazavimo jrankius ar specializuotas ,,anti-detektavimo*
platformas, tokias kaip Undetectable Al (Wang ir kt., 2023; Sadasivan ir kt., 2023, cit. Giray, Sevnarayan ir
Ranjbaran Madiseh, 2025). Nors kai kurie nauji sprendimai, pavyzdziui, Originality.ai, deklaruoja 100%
aptikimo tiksluma, kity — tokiy kaip Turnitin — efektyvumas svyruoja. Pavyzdziui, Turnitin sugeba atpazinti
tik apie 30% perrasyty DI teksty (Liu ir kt., 2024, cit. Giray, Sevnarayan ir Ranjbaran Madiseh, 2025).
Priesingai, patyre déstytojai gali atpazinti net iki 96% tokiy teksty, tad ekspertinis vertinimas vis dar islieka
itin svarbus. Vis délto dalis déstytojy vis dar vengia naudoti DI technologijas arba neturi pakankamy
kompetencijy, todél nesugeba patikimai jvertinti studenty darby (Giray, Sevnarayan ir Ranjbaran Madiseh,
2025).

Egzistuoja ir prieSinga problema — Zmogaus paraSyti tekstai klaidingai identifikuojami kaip DI sukurti.
Tokie atvejai ypac dazni, kai tekstas turi kalbos klaidy ar netradicing strukttirg. Tokie teksty pozymiai (rasant
angly kalba) daznai fiksuojami tarp studenty, kuriy gimtoji kalba néra angly (Katsamakas ir kt., 2024, cit.
Giray, Sevnarayan ir Ranjbaran Madiseh, 2025). Pastarieji autoriai taip pat pabrézia, kad DI detektoriai dazniau
klaidingai pazymi kaip neautentiSkus tekstus, paraSytus ne gimtaja angly kalba, taip pat nejgaliyjy ar
kultiriskai jvairiy grupiy studenty darbus, taip kurdami diskriminacine ir nelygybe stiprinancia vertinimo
sistema.

Papildomy sunkumy kelia $iy jrankiy kalbiniai apribojimai. Dauguma jy sukurti angly kalbai, todél
premti specifinémis Sios kalbos gramatinémis savybémis — pavyzdziui, artikeliy vartojimu, tam tikra sakinio
struktira ar skyrybos normomis — kurios néra universalios. Dél to taikant detektorius tekstams kitomis
kalbomis, jy patikimumas tampa abejotinas (Orenstrakh ir kt., 2024). Si problema dar labiau isryskéja
daugiakalbiuose kontekstuose, kur DI geba generuoti tekstus jvairiomis kalbomis, o dauguma aptikimo
priemoniy vis dar orientuotos tik j vienakalbe analizg.

Be technologiniy ir kalbiniy ribotumy, dabartiniai DI aptikimo jrankiai daznai prasilenkia su Svietimo
vertybémis. Vietoje to, kad atlikty ugdomaja funkcijg ir padéty studentams tobulinti akademinio ra§ymo
igtidzius, Sie jrankiai nepateikia griztamojo rysio apie teksto stilistika, logine struktiirg ar turinio nuosekluma,
todé¢l studentai ne ugdo savo raSymo stiliy, o rizikuoja ji prarasti (Giray, Sevnarayan ir Ranjbaran Madiseh,
2025; Al Hosni, 2024).

Atsizvelgiant | Siuos problemos aspektus, akivaizdu, kad dabartiniai DI teksty aptikimo jrankiai ne tik
atsilieka nuo generatyviniy modeliy technologinés pazangos, bet ir gali lemti klaidingus, diskriminacinius bei
pedagogisSkai neproduktyvius vertinimus. Siekiant iSlaikyti akademinio sgziningumo principus ir kartu
uztikrinti Svietimo teisinguma bei jtrauktj, biitina ieSkoti naujy, kalbiSkai pagrjsty ir su akademinés aplinkos
vertybémis suderinty sprendimy.

Ne angly kalbomis paraSyty teksty analizés isStuikiai

Didzioji dalis DI aptikimo tyrimy iki $iol buvo sutelkta j tekstus parasytus angly kalba. Tai suprantama,
nes angly kalba dominuoja akademinéje erdvéje, be to, pasizymi placiai istirta lingvistine struktiira, gerai
iSvystyta skaitmenine infrastruktiira bei prieinamais dideliais, kokybiskai anotuotais tekstynais. Dél Siy
priezasciy dauguma Siandien egzistuojanciy DI aptikimo jrankiy kuriami, treniruojami ir testuojami biitent
angly kalbai. Vis délto jy veiksmingumas kitomis kalbomis daznai zenkliai sumaZzéja dél fundamentaliy
gramatiniy, sintaksiniy ir stilistiniy skirtumy.
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Kaip pazymi Orenstrakh ir kt. (2024), ,,visi LLM (didieji kalbos modeliai) grjsti teksto detektoriai
susiduria su sunkumais analizuodami kitas kalbas nei angly“ (p. 15). Kitaip tariant, tai, kas veikia angly
kalboje, nebiitinai gali buti perkeliama | kitas kalbines sistemas. Tokiose kalbose kaip lietuviy, kurioms
budinga sudétinga morfologija, turtinga zodziy darybos sistema ir lanksti sakinio stuktira, j angly kalbos
strukttirg orientuoti modeliai neretai pasirodo esantys netinkami.

Li ir kt. (2024) taip pat akcentuoja, kad net taikant bendrg DI aptikimo metodologija, kiekviena kalba
reikalauja specifinio pritaikymo. Aptikimo jrankiai daznai remiasi angly kalbai biidingais struktiriniais
bruozais — fiksuota Zodziy tvarka, artikeliy vartojimu, pasikartojanCiomis frazémis ar tipinémis sakiniy
konstrukcijomis. Sie pozymiai yra esminiai analizés parametrai angly kalboje, tagiau kitose kalbose — kur tokie
elementai neegzistuoja arba veikia visiskai kitaip — jie gali buiti klaidinantys arba neinformatyvis.
paraSytiems tekstams. Tokie darbai daznai pasiZymi gramatinémis ar stilistinémis ypatybémis, kurios skiriasi
nuo standartinés akademinés angly kalbos. DI detektoriai Siuos bruozus gali neteisingai interpretuoti kaip
dirbtinio teksto indikatorius. Tai kelia rizika, kad autentiski studenty darbai — ypac tarptautinéje, daugiakalbéje
akademinéje aplinkoje — bus klaidingai priskirti DI generuotiems (Stanford Institute for Human-Centered
Artificial Intelligence, 2023).
kalbos morfologinius, sintaksinius ir stilistinius ypatumus. Tokie modeliai turéty buti grindziami vietiniais
duomenimis, paremti skaidria analize ir pritaikyti prie konkreciy lingvistiniy struktiiry. Tik taip galima
uztikrinti patikimg DI generuoty teksty identifikavimg ir kartu sumazinti rizika dél neteisingy, akademinés
aplinkos pasitikéjimg silpninanciy sprendimy.

Stiliometrijos kaip metodo privalumai

Stiliometrija — tai kiekybiné rasSytinio teksto analizé, pagrjsta individualiy raSymo stiliaus pozymiy
identifikavimu ir jy palyginimu. Sis metodas taikomas jvairiuose kontekstuose — nuo literatiiros tyrimy ir
teismo lingvistikos iki akademinio sgziningumo vertinimo. Integravus kompiuterinius metodus, stiliometring
analizé leidzia objektyviau vertinti teksty autentiSkuma, aptikti galimus plagijavimo atvejus ar net jtarti
dirbtinio intelekto generuota turinj. Be to, ji leidzia sieti kalbinius bruozus su autoriaus psichologinémis ir
socialinémis savybémis bei nagrinéti, kaip jos atsispindi tekste.

Teismo lingvistikos srityje stiliometrija taikoma tiriant ginCytinus tekstus — grasinimus, anoniminius
laiSkus ar kitus dokumentus, kuriy autorius nezinomas (Chaski, 2005; Grant, 2007). Literattiros tyrimuose $is
metodas naudojamas jau daugiau nei §imtmetj — juo remtasi, pavyzdziui, analizuojant Viljamo Sekspyro
ktryba ar nustatant ,,Federalisty dokumenty autorius (Mendenhall, 1887; Mosteller & Wallace, 1964, in
Stamatatos, 2009).

Vienas praktiniy §io metodo taikymo pavyzdziy akademingje aplinkoje — vidinés institucijos teksty
duomeny bazés kiirimas. Jtraukus ankstesnius studenty darbus, galima lyginti naujus tekstus su anks¢iau
pateiktais ir jvertinti stilistinj nuoseklumg ar galimus neatitikimus. Tai itin aktualu tais atvejais, kai pateiktas
tekstas aiSkiai skiriasi nuo ankstesniy darby stilistikos ir kelia pagrjsty klausimy dél autorystés.

Akademiniame kontekste stiliometrija tampa vis svarbesniu jrankiu vertinant teksty originaluma.
Stamatatos (2009) pabrézia, kad autorystés nustatymas gali biiti grindziamas tokiais mazai samoningai
kontroliuojamais kalbiniais bruozais kaip funkciniai Zodziai, sakiniy struktiira ar Zodyno vartojimo jprociai.
Dél Sios priezasties Sie pozymiai daznai laikomi raSytojo ,,stilistiniu parasu‘. Tokia analizé padeda ne tik aptikti
plagiata ar DI sukurta teksta, bet ir giliau suprasti individualy raSymo stiliy bei jo raida.

Stiliometriné analizé apima jvairias pozymiy kategorijas, kurios atspindi skirtingus lingvistinius ir
struktiirinius teksto aspektus. Sie pozymiai apibendrinti 1 lenteléje.

1 lentelé
Stilometriniy poZymiy iSskyrimo kategorijos ir metodai
PoZymis Aprasymas Matavimo biidas
Jodziy ilgis, sakiniy .Zodi.iq 'ir sakiniy ilg%o analizé l'eidZia' Ma}tg(?ja'mi Vi(.iut?niai Zo@iiq bei.sakiniq
ivertinti teksto sudétinguma bei autoriaus ilgiai ir jy pasiskirstymai, naudojant teksty

ilgis

8 raSymo stiliy. analizés bibliotekas.

2 . S Atliekama n-gramy analizé, n jan
2 ¥ . Vertinama, kiek jvairus yra tekste Atlickama n-gra 4 anatize, au(.10Ja“t
3 Zodyno turtingumas . . iprastus teksto analizés ar vizualizacijos
& vartojamas zodynas. ‘ .

2 jrankius.

g Y . . . Nustatomi dazniausiai pasitaikantys Atliekama n-gramy (tekste daznai kartu
Z Zodziy daznumas ir « qw s . - s N o S TN .

o -eTAMOS zodziai ir frazés, atskleidziantys raSymo pasitaikanciy Zodziy, simboliy seky)

= & jprocius. analizg.
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PoZymis Aprasymas Matavimo buidas
Ortografinés klaidos AlvlallzuOJamS)s'ras_y b.os klaldos a saviti Naudojamos rasybos tikrinimo bibliotekos
o raSybos bruozai, budingi konkre¢iam T e e
ir raSyba autoriu arba individualiai kuriami klaidy modeliai.
Kalbos dalies Gramatinés strukttros analizé padeda . . o
B S U “ P .. Atliekamas kalbos daliy (POS) Zyméjimas.
2 nustatymas suprasti, kaip autorius konstruoja sakinius.
Z .. . Atspindi ra$ i ziui, t L
3 Sakinio struktiira ir P l.ndl rasymo €83, p aV}CZdZIul’ Tumpy Analizuojami sakiniy ilgiai ir skyrybos
o sakiniy ar dazny skyrybos zenkly . .
8 skyryba i, zenkly daznumas.
£ vartojima.
] Sintaksinio medzio Parodo sakiniy sudétingumg ir raSymo Vert.l namt s1ntaks'131.1a1 'med21a1, IlaldeJ ant
g L. . analizatorius, skai¢iuojamas struktiiry
n gylis ir sudétingumas | formaluma. aylis
T o SV Atliek lygini inoni
o Padeda jvertinti zodyno jvairove ir zodziy \ekamas palygimimas su smonimy
» Sinonimy vartosena s . duomeny bazémis arba naudojami tekstyny
-6 pasirinkimo samoninguma. . .
K= analizés metodai.
g = Analizuojami sakiniy loginiai rySiai, Naudojami sintaksiniai priklausomybi
% Z Semantiniai rySiai parodantys minéiy struktiirg ir teksto dojami sinta priciausomyoly
n 3 organizacija. analizatoriai rySiams tarp Zodziy nustatyti.
o @ . Nustatomas dokumento organizacinis | Naudojami dokumenty analizés
s Struktiirinés . . . L _
8255 2| cavvbes stilius — nuo formalios strukttiros iki jrankiai struktiiros elementams
QO .. . . v v - qv> . . .
= *qé g2 y atsitiktiniy uzrasy pobiidzio. identifikuoti.
8 g Evs = Vertinama temos iSmanymo raiska Analizuojamas terminy
a2 = Turinio specifika pagal specifiniy sgvoky ar terminy pasiskirstymas, naudojami bendri
= e vartojima. statistiniai rodikliai.

Saltinis: sudaryta autoriy pagal Stamatatos (2009); Manning, Raghavan ir Schiitze (2008);
Jurafsky & Martin (2023); Juola (2008)

Tyrimo metodologija ir eiga

Remiantis jvairiy autoriy stilometriniy tyrimy metodika (zr. 1 lentele), Sio tyrimo tikslas — itirti raSymo
stiliaus ypatumus Lietuvos kolegijy inZineriniy studijy studenty baigiamuosiuose darbuose, pasitelkiant
automatizuotg lingvisting analizg. Atsizvelgus ] lietuviy kalbos strukttirinius bruozus — sudétinga morfologija
su septyniy linksniy sistema, veiksmazodziy kaitybos jvairove ir laisva zodziy tvarka — taikyti analizés metodai
bei pozymiy atranka buvo pritaikyti Siems kalbos ypatumams.

Tyrimo duomeny baze sudaré 50 inZinerijos bakalauro baigiamyjy darby, parasyty Lietuvos kolegijy
studenty. Sios srities tekstai pasirinkti tikslingai dél savo Zanrinio nuoseklumo, formalios struktiiros bei
profesinés leksikos, kuri dera su akademinio raSymo konvencijomis. Toks pasirinkimas uztikrina santykinj
teksty homogeniskuma, biiting stilometrinei analizei. Nors stilometriniuose tyrimuose néra universaliai priimto
optimalaus imties dydzio, pasirinkta apimtis atitinka daznai praktikoje taikomus modelius ir leidzia atlikti
statistiSkai pagrista analizg.

Analizei visi darbai buvo suskirstyti | penkias (kai kur SeSias) struktiirines dalis: jvada, literatiiros
apzvalga, metodologija, tyrimo rezultatus ir iSvadas. Nors S$ios dalys nebuvo vertinamos atskirai,
segmentavimas palengvino teksty paruoSima analizei. StrukttriSkai nuosekliis ir trumpesni teksto vienetai
leido sumazinti triukSmo lygj ir uztikrinti didesnj sintaksiniy bei leksiniy rodikliy stabiluma, kas yra ypac
svarbu automatizuotoje analizéje.

Pries pradedant analize, dokumentai buvo standartizuoti: i§ jy paSalinti netekstiniai elementai —
iliustracijos, lentelés, nuorodos, metaduomenys — kad buty iSlaikytas tik kalbinis turinys. Visi darbai
nuasmeninti laikantis akademinés etikos principy. Véliau atlikta teksty normalizacija — dokumentai
konvertuoti | mazgsias raides, segmentuoti j Zodzius ir lematizuoti, pasitelkiant lietuviy kalbai pritaikyta
modelj. Lematizacija ypac svarbi lietuviy kalbos analizei, nes leidzia apibendrinti skirtingas Zodzio formas.

Stilometriniy pozymiy atranka rémési teoriniais stilistikos ir skaitmeninés lingvistikos principais bei
praktiniais tyrimo tikslais. Buvo siekiama atsirinkti tokius pozymius, kurie biity automatiskai identifikuojami,
patikimi bei nepriklausomi nuo konkretaus teksto turinio. Pagrindinis démesys skirtas rodikliams, kurie sudaro
vadinamajj stilistinj parasg: analizuotas zodziy ir sakiniy skaicius, vidutinis Zodziy ilgis ir Zodyno jvairove.
Pastarasis rodiklis (type-token ratio; unikaliy ir visy Zodziy santykis) leidzia spresti apie autoriaus polinkj
kartoti tuos pacius Zodzius ar vartoti jvairesng leksika. Taip pat buvo skai¢iuojamas hapax legomena — Zodziy,
pavartoty tik kartg — daznis, kuris atspindi raS§ymo individualumg ir novatoriSkuma.

Vertinant sintaksinius ypatumus, atlikta kalbos daliy (part-of-speech, POS) analizé ir sakiniy
sudétingumo vertinimas. POS struktiira padeda nustatyti, ar autorius linkgs vartoti tam tikras gramatines
formas — pavyzdZziui, dominuoja veiksmazodziai ar budvardziai. Sakiniy sudétingumas buvo jvertintas pagal
jy ilgj bei kalbos daliy jvairove.
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Analizei atlikti sukurta sistema, leidzianti vienu metu jkelti kelis dokumentus, automatiskai apskaiciuoti
stilistinius rodiklius ir perzitiréti jy kontekstines iStraukas. Sistema pateikia kiekvieno dokumento ataskaita,
kurioje apzvelgiamas Zzodziy bei sakiniy skaicius, vidutinis zodziy ilgis, zodyno jvairové, hapax legomena
daznis bei kalbos daliy pasiskirstymas. Internetiné sgsaja leidzia lankscCiai perzitiréti rezultatus ir pritaikyti
analize pagal konkrecius pedagoginius ar kokybés vertinimo poreikius.

Sugeneravus kiekvienam tekstui stilometrinius rodiklius, kitas analizés etapas buvo susijes su Siy
duomeny apibendrinimu ir interpretacija. Pirmiausia iSnagrinéti pagrindiniai statistiniai parametrai — kiekvieno
rodiklio vidurkiai, minimumai, maksimumai ir dispersijos. Tai leido susidaryti bendra vaizda apie stiliaus
pozymiy pasiskirstyma imtyje. Toliau taikyta z-reikSmiy analizé, kuri padéjo nustatyti dokumentus, statistiskai
reikSmingai iSsiskiriancius savo stilistiniais bruozais. Galiausiai pritaikyta pagrindiniy komponenty analizé
(PCA) — statistinis metodas, leidziantis sumazinti analizuojamy rodikliy skaiciy, iSlaikant svarbiausia
informacija. PCA padeda nustatyti pagrindines dimensijas, kuriose skiriasi tekstai. Siy analiziy rezultatai buvo
interpretuoti siekiant atsakyti j klausima, ar tarp Lietuvos kolegijose studijuojanciy inzinerijos studenty rasto
darby iSryskéja nuoseklis stilistiniai bruozai, biidingi ,,tipinio Zmogaus autoriaus raSymui Siame kontekste.

Rezultatai
Atlikus stilometring 261 struktiirinio segmento i§ 50 Lietuvos kolegijose rasyty inZinerijos bakalauro
baigiamyjy darby analizg, iSrySkéjo keletas reikSmingy tendencijy.

2 lentelé
ISanalizuoty teksty stilometriniai poZymiai
PoZymis MaZiausias Didziausias Vidutinis
Zodziy skaitius 28 4495 813,264
Sakiniy skaiius 3 441 66,253
Vidutinis zodZio ilgis 6.32 7.98 7,156
Vidutinis sakinio ilgis 2.96 28.77 13,317
Tipy ir tokeny santykis 0.358 0.895 0,59
Hapax legomena 18 1092 294,816
Funkciniy zodziy santykis 0.007 0.158 0,097

Zodziy skaiGius segmentuose labai skyrési — nuo 28 iki 4495, vidutiniskai siekdamas apie 813 ZodZiy.
Sakiniy skaicius svyravo nuo 3 iki 441, o vidutinis segmentas turéjo apie 66 sakinius. Tokie rodikliai rodo itin
nevienoda segmenty ilgj, kas gali biiti susije su skirtingu skyriy pobtidziu ar studenty darbo stiliumi.

Kalbant apie vidutinj zodZio ilgj, rezultatai rodo gana nuosekly vartojima — daugumoje segmenty zZodziai
buvo 6,32-7,98 raidziy ilgio. Sakiniy ilgis, matuojamas Zodziy skai¢iumi sakinyje, taip pat buvo jvairus: nuo
labai trumpy sakiniy (vos 2,96 zZodzio) iki gerokai sudétingesniy (iki 28,77 zodzio), o vidutinis ilgis sieke 13,32
zodzio.

Vertinant Zodyno jvairove, type-token santykis (TTR), kuris parodo, kiek tekste yra unikaliy zodziy
santykyje su bendru zodziy skai¢iumi, vidutiniSkai sieké 0,59. Tai laikoma pakankamai auksta reikSme — ji
rodo, kad autoriai naudojo gana jvairy Zodyna. Sj jspiidj sustiprina hapax legomena (ZodZiy, pavartoty tik viena
kartg segmente) skaiCius, kuris vidutiniskai sieké beveik 295, o kai kuriuose segmentuose virsijo 1000.

Funkciniy (ne prasminiy) zodziy — tokiy kaip jungtukai, jvardziai, prielinksniai — vartojimo santykis
sudaré apie 9,7% visy Zodziy. Sis rodiklis laikomas gana stabilu stilometriniu pozymiu, nes funkciniy zodziy
naudojimg sunku samoningai kontroliuoti. Todél jy pasiskirstymas gali buiti naudingas siekiant nustatyti
raSymo stiliaus pastovuma arba autoriy individualuma.

3 lentelé
Skyrybos Zenkly pasiskirstymas iSanalizuotuose tekstuose
Zenklas Maziausias skaiCius Didziausias skaicius Vidurkis

4 563 78,40
) 1 428 69,59
( 0 187 10,22
) 0 199 10,33
: 0 101 8,43
! 0 185 7,94
; 0 33 4,97
[ 0 41 2,05
1 0 41 2,05
! 0 15 0,21
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Zenklas Maziausias skaicius DidZiausias skaicius Vidurkis
' 0 5 0,16
? 0 1 0,01

Atlikus skyrybos zenkly analize, paaiskéjo, kad taskai ir kableliai buvo dazniausiai vartojami Zenklai.
Taskai, zymintys sakinio ribas, segmentuose pasitaikeé vidutiniskai 78 kartus. Kableliai taip pat buvo dazni —
ju vidutinis kiekis sieké apie 70.

Kiti Zenklai, tokie kaip skliaustai, dvitaskiai, kabutés ar kabliataskiai, buvo gerokai retesni, taciau vis
tieck parodé specifinius stiliaus niuansus. Reciausiai naudoti zenklai buvo Sauktukai (vidutiniskai 0,21),
apostrofai (0,16) ir klaustukai (vos 0,01), kas atitinka lietuviy kalbos akademinio teksto stiliaus normas.

4 lentelé
Kalbos daliy pasiskirstymas iSanalizuotuose tekstuose
Kalbos dalis Maziausia dalis Didziausia dalis Vidurkis
Daiktavardis (bendrinis) 34,43% 66% 43,76%
Veiksmazodis 7,87% 32,95% 20,02%
Biidvardis 0 16,75% 9,78%
Jungtukas 0 12,71% 6,47%
Ivardis 0 13,07% 4,36%
Skaitvardis 0 15,62% 3,78%
Prielinksnis 0 6,56% 3,29%
Prieveiksmis 0 5,19% 2,55%
Daiktavardis (tikrinis) 0 14,61% 1,16%
Dalyvis 0 4.17% 1,15%
Simboliai 0 6,02% 0,89%
Jaustukai / iStiktukai 0 0,52% 0,05%
X 0 10,13% 2,74%

Kalbos daliy analizé parodé, kad segmentuose dominavo bendriniai daiktavardziai, kurie sudaré
vidutiniSkai 43,76% visy zodziy. Veiksmazodziai uzémé antra vieta pagal daznj (vidutiniskai 20,02%).
Biuidvardziy (9,78%) bei jungtuky (6,47%) dalis rodo vidutinj sakiniy iSplétojima ir apraSomaja kalba.

Reciau pasitaiké jvardziai, skaitvardziai, prieveiksmiai. Beveik nepasitaiké jaustuky, simboliy ir
neklasifikuoty Zodziy, o tai rodo, kad analizuoti tekstai i§laiké standartinj, taisyklingg Zodyna, be Snekamosios
kalbos ar netipisky elementy.

Diskusija

Aptariant rezultatus, matyti, kad stilometriné analizé leidzia nuosekliai atskleisti akademiniy teksty
lietuviy kalba, ypac inzinerijos srityje, kalbinius bruozus. Nors dauguma rodikliy atitinka moksliniam stiliui
budingas normas, tam tikri nukrypimai leidzia daryti prielaidg apie specifinius disciplinos stilistikos ypatumus
ar individualius raS§ymo jproc¢ius.

Zodziy ir sakiniy skai¢iaus analizé atskleidé reik§minga segmenty jvairove: zodziy kiekis svyravo nuo
28 iki 4495, sakiniy — nuo 3 iki 441. Tokie skirtumai yra suprantami, atsizvelgiant j inzineriniy darby strukttira,
kur kai kurie skyriai daznai grindziami lentelémis, schemomis ar skaiCiavimais, todél juose gali buti maziau
iStisinio teksto. D¢l Sios priezasties trumpi ar sintaksiskai fragmentiSki segmentai neturéty buti laikomi
neautentiskos autorystés pozymiu.

Vienas reikSmingiausiy rodikliy — vidutinis sakinio ilgis, svyraves nuo 2,96 iki 28,77 zodzio (vidurkis —
13,3 zo0dzio), gerokai maZesnis nei jprasta moksliniuose tekstuose. Pasak Zuperkos (1997), sakinio ilgis
akademiniuose tekstuose paprastai siekia 18-36 zodZius, o itin formalizuotose disciplinose dazni dar ilgesni
sakiniai. Santykinai trumpa sakiniy ilg] galima aiskinti keliais veiksniais: procediriniu, segmentuotu
inZineriniy darby stiliumi, nekalbiniy elementy (lenteliy, schemy, iliustracijy) pasalinimu apdorojant teksta,
bei galimu studenty kalbinés kompetencijos skirtumu, ypac bakalauro studijy etape.

Vidutinis zodzio ilgis (7,15 simbolio) atitinka techniniams ir moksliniams tekstams budingg stilistikg —
dazng daugiaskiemeniy, terminologiniy ar tarptautinés kilmés ZodZiy vartojima (Bitinien¢, 1997). Sis rodiklis
rodo vidutinj kalbos sudétinguma ir formaly stiliy.

Tipy ir tokeny (t.y. unikaliy ir visy Zodziy) santykis, kurio vidurkis sieké 0,59, bei pakankamai aukstas
hapax legomena — zodZiy, pavartoty tik vieng kartg — vidurkis (apie 295), rodo vidutinj leksinj jvairumg. Nors
mazesnés TTR reik§més daznai siejamos su pasikartojancia ar formalia kalba, Siuo atveju gana aukStas rodiklis
leidzia daryti prielaidg apie kalbos turtinguma ir Zzmogiska autoryste.

Funkciniy zodziy vartojimas (vidutini§kai 9,7%) taip pat pateikia vertingy jzvalgy. Stilometriniuose
tyrimuose Sie Zodziai — jungtukai, prielinksniai ir kt. — laikomi patikimais autoriaus identifikavimo rodikliais,
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nes jy vartojimas daZznai nesgmoningas (Kestemont ir kt., 2014; Stamatatos, 2009). Nuoseklus jy
pasiskirstymas analizés metu leidzia manyti, kad darbai paraSyti zmoniy, o ne sukurti automatiskai.
Automatizuoti teksty generavimo modeliai daznai manipuliuoja S§iais elementais mechaniskai arba
nenuosekliai.

Daznas ir taisyklingas kableliy (vid. — 69,6) vartojimas atitinka akademinio raS§ymo standartus, ypac
inzinerijos srityje, kur sakiniai daznai yra gramatiniu pozitriu sudétingi. Tokie skyrybos zenklai, tokie kaip
Sauktukai, pasitaiké itin retai (vid. — 0,21), taCiau jy vartojimas pateikia vertingy kontekstiniy jzvalgy.
Detalesné analize atskleidé, kad Sauktukai buvo naudojami ne emociniam tonui sukurti, o standartizuotuose
techniniuose kontekstuose, pavyzdziui, frazése ,,!!! PAVOJUS* ar ,!!! DANGER®, budingose saugos
zenklinimui, daznai pasitaikan¢iam statybos ar pramonés objekty apraSymuose ir neturéty biiti laikoma
akademinio stiliaus pazeidimu.

Pastebétas ir apostrofy vartojimas, kuris, nors lietuviy kalboje nelaikomas taisyklingu, analizuotuose
dokumentuose atsirado dél anglisky nuosavybés formy, ypa¢ techniniy terminy ar prekiy Zenkly
pavadinimuose (pvz., ,,Atmel's AVR serija“). Tokie atvejai budingi kalbant apie tarptautinius technologinius
komponentus ir atspindi nei§vengiama jvairiakalbiy elementy integracija akademinéje kalboje. Sie pavyzdziai
pabrézia, kad analizéje svarbiis ne tik kiekybiniai rodikliai, bet ir jy konteksto vertinimas. Vien kiekybiniai
duomenys gali sudaryti klaidinga jsptdj apie stiliaus nukrypimus, todél biitina atlikti ir kokybine¢ analizg,
apimancig Zenkly funkcijos bei semantinio-pragmatinio konteksto jvertinima.

Analizuotuose tekstuose dominavo nominalinés konstrukcijos — daiktavardziai sudaré didziausig kalbos
daliy dalj (vid. 43,76%). Nors semantinés jy kategorijos nebuvo nustatytos, toks pasiskirstymas atitinka
inZineriniams tekstams biidinga fakty pateikima, objekty apra§yma ir terminologijos vartojima. Si leksiné
strategija leidzia autoriams perteikti informacija tiksliai, objektyviai ir formaliai. Veiksmazodziy vartojimas
(vid. 17,52 %) daugiausia susijgs su procesy, veiksmy ir metodiky apraSymu. Budvardziy (vid. 9,78 %)
vartojimas buvo zymiai retesnis, o jy ribotas skai¢ius rodo tendencijg vengti vertinimo bei i§laikyti objektyvy
tona, budinga akademiniam diskursui.

Istiktuky / jaustuky analizé pareikalavo daugiau metodologinio démesio. Nors pradzioje manyta, kad jy
tekstuose nebus rasta, automatizuota analizé parodé, kad §i kalbos dalis pasitaiké, nors ir labai retai (vid.
0,05%, max — 0,52%). Taciau detalesnis vertinimas atskleidé, kad Sie atvejai buvo analizés modelio klaidos:
interjekcijomis klaidingai laikyti techniniai simboliai, santrumpos ar formuliy komponentai (pvz., ,,B —...“, ,,i
—...°), neturintys nei emocinés, nei pragmatinés funkcijos. Todél Sie rezultatai neatspindi tikro turinio, o rodo
modelio ribotuma techniniuose kontekstuose. Sis atvejis iliustruoja dazna automatizuoty kalbos analizés
jrankiy problemg — netikslius Zym¢jimus, kai modelis néra pritaikytas specifiniai kalbai ar Zanrui. Vienas i$
galimy sprendimy — modeliy tobulinimas naudojant lietuviy kalbos duomenis, apimancius akademinius ir
techninius tekstus. Taip pat rekomenduojama taikyti postanalitines strategijas, kai nejprasti atvejai perzitirimi
kontekste ir koreguojami rankiniu badu.

Atlikus stilometring analize, statistiSkai analizuoti lingvistiniai rodikliai — zZodZio ilgis, sakinio ilgis,
leksinis jvairovés santykis (TTR), funkciniy zodZziy proporcijos. Jie pasiskirsté aplink aiskias vidutines
reik§mes, o jy standartiniai nuokrypiai buvo gana nedideli. Tai rodo, kad dauguma teksty pasizymi palyginti
panasiu leksiniu ir sintaksiniu sudétingumu. Sis stilistinis vienodumas leidzia manyti, kad imties vidurkiai
atspindi tipiskag stiliy, kuris susiformavo akademinio raS§ymo situacijoje. Jis greiiausiai atspindi ne tik
uzduoties struktiirg, bet ir bendras Zanro normas bei akademinio diskurso liikescius.

Standartizuoty reik§miy (z-score) analizé parod¢, kad tik 147 tekstuose bent vienas stilometrinis rodiklis
perzengeé £2 z ribas. Labai reikSmingy nukrypimy, kai daug rodikliy vienu metu virsijo $ia riba, buvo labai
mazai —tik vienas dokumentas i$siskyré daugiau nei 10 parametry. Tai rodo, kad didzioji dalis teksty stilistiskai
artimi bendroms normoms, o iSsiskiriantys atvejai — reti.

Pagrindiniy komponenty analizé¢ (PCA) identifikavo du reikSmingus komponentus, kurie kartu paaiskina
43,5 % bendros stilistinés dispersijos. Pirmoji komponenté (PC1), kuri paaisSkina 25,8% dispersijos, yra
susijusi su teksty apimtimi — ZodZiy ir sakiniy kiekiu bei sakiniy ilgiu. Sis matmuo leidzia diferencijuoti
iSsamesnius, iSpléstus darbus nuo glaustesniy. Skirtumai gali biiti susije¢ tiek su asmeniniu raSymo stiliumi, tiek
su darbo dalimi (pvz., analitiné dalis ir i§vados). Antroji komponenté (PC2), paaiskinanti 17,6% dispersijos,
atspindi leksinius ir gramatinius skirtumus. Ji koreliuoja su TTR, hapax legomena skai¢iumi ir kalbos daliy
proporcijomis (ypa¢ veiksmazodziy, biudvardziy ir daiktavardziy). Cia atsiskleidzia skirtingi stiliaus
pasirinkimai: kai kuriuose tekstuose dominuoja daiktavardziai, kituose — didesnis veiksmazodziy kiekis. Tokie
skirtumai gali rodyti jvairius pozitirius j informacijos pateikimg: vieni studentai labiau akcentuoja veiksmus ir
procesus, kiti — objektus ir apibréztis. Siy dviejy komponenty sankirtoje galima apibrézti tam tikra stilistine
erdve, kurioje dauguma studenty teksty iSsidésto gana nuosekliai. ISsiskiriantys tekstai gali biiti tiriami toliau,
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taCiau svarbu pazymeéti, kad stilistiniai nukrypimai nebiitinai rodo nenatiiralig autorystg — jie gali biiti susije ir
su individualiais raSymo jprociais, temos interpretacija ar kontekstiniais veiksniais.

ISvados

1. Tyrimo metu nustatyta, kad egzistuojantys dirbtinio intelekto (DI) generuoto turinio aptikimo
jrankiai, tokie kaip Turnitin, GPTZero ar ZeroGPT, daznai veikia kaip ,,juodosios dézés* — t. y. pateikia
rezultatg be aiskios paaisSkinamosios logikos. Tai ypa¢ problemiska akademinéje aplinkoje, kur svarbus
skaidrumas, jrodymai ir objektyvumas. Be to, daugelis $iy jrankiy sukurti angly kalbai, todél jy efektyvumas
kitomis kalbomis — ypac¢ lietuviy — iSlieka ribotas ar net klaidinantis.

Stilometrija pasizymi tuo, kad leidZia aiskiai pagristi teksty analizés rezultatus, remiantis konkreciais
kalbiniais rodikliais, tokiais kaip sakiniy ilgis, Zodyno jvairoveé, kalbos daliy pasiskirstymas ar skyrybos zZenkly
vartojimas. Sie poZymiai yra interpretuojami ir paaiskinami, o tai didina skaidrumga ir sumazina nepagristy
kaltinimy rizika. Stilometrijos privalumas ypac iSryskéja mazosioms kalboms, kur tradiciniai DI detektoriai
gali buti nepatikimi arba netinkami.

2. Atlikta stilometriné analize 50 lietuviy kalba parasyty inzineriniy studijy studenty baigiamyjy darby
parodé, kad tam tikri kalbiniai pozymiai — ZodZiy ir sakiniy ilgis, Zodyno jvairove, kalbos daliy proporcijos,
hapax legomena daZnis bei skyrybos Zenkly vartojimas — gali bati naudingi vertinant teksty autentiskuma. Sie
rodikliai padeda atpazinti individualius raSymo stiliaus bruozus, kurie gali skirtis esant kopijavimui, DI
generavimui ar kitam neautentiSkumui. Tyrimo metu taip pat buvo sukurta ir iSbandyta sistema, automatiskai
skaiCiuojanti minétus rodiklius ir generuojanti interpretacijai palankias ataskaitas.

Taciau analizé taip pat parod¢, kad stilometriniai pozymiai reikalauja kruopstaus aiskinimo. Pavyzdziui,
netikétas skyrybos zenkly vartojimas gali biiti saglygotas techniniy standarty. Todél kiekybiniai rodikliai turi
buti vertinami atsizvelgiant j konteksta, teksty pobiidj ir discipling. Tokia interpretaciné analizé reikalauja
kalbinio ir pedagoginio pasirengimo, todél sistema turéty biiti naudojama kaip pagalbinis, o ne automatinis
vertinimo jrankis.
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ASSESSING THE AUTHENTICITY OF ACADEMIC WRITING: ANALYSIS OF STYLOMETRIC
FEATURES AND THEIR INTEGRATION WITH OTHER AI DETECTION STRATEGIES

Summary

This study explores the potential of stylometric analysis as a complementary method for assessing the authenticity of
academic texts in the context of increasing use of generative Al tools. The research was conducted in response to growing
concerns about the limitations of existing Al detection systems, which are often trained on English-language data and
produce unreliable results when applied to texts in smaller languages like Lithuanian.

The study had two main objectives: (1) to critically evaluate currently available Al detection tools and their
applicability in academic settings, particularly for non-English texts, and (2) to assess the practical value of stylometric
methods by analyzing a sample of 50 Lithuanian student theses. Stylometric features such as sentence length, vocabulary
richness, part-of-speech distribution, and hapax legomena were extracted and interpreted using both quantitative and
qualitative approaches.

The findings show that while stylometric indicators alone do not provide definitive evidence of authorship or Al use,
they can reveal stylistic anomalies that, when combined with contextual analysis, help identify potentially inauthentic
writing. The study concludes that stylometry should be used alongside other tools and integrated thoughtfully into
academic integrity strategies especially in linguistic and educational contexts where traditional Al detectors are less
effective.

Key words: stylometry, academic writing, artificial intelligence detection, academic ethics.
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DARBUOTOJU JSIDARBINAMUMO UZTIKRINIMO PRAKTIKOS KOLEKTYVINIU
ATLEIDIMU METU: INZINERINIO PROFILIO DARBUOTOJU ATVEJIS

Ugné Savaneviciiité, Gabija Savaneviciité, Lina Girdauskiené
Lietuvos inZinerijos kolegija

Anotacija

Straipsnis analizuoja darbuotojy patirtis kolektyviniy atleidimy metu, kai uzdaromas jmonés padalinys, ir vertina,
kaip organizacijos komunikacija bei taikytos pagalbos priemonés siejasi su darbuotojy pasirengimu pereinamajam
laikotarpiui. Remiantis empiriniais duomenimis, straipsnyje aptariamos jsidarbinamumo uztikrinimo praktikos, kurios
gali padéti darbuotojams persiorientuoti ir planuoti tolimesnius karjeros zingsnius.

ReikSminiai Zodziai: kolektyviniai atleidimai, jmonés padalinio uzdarymas, atsakingas atleidimas, komunikacija
atleidimy metu, jsidarbinamumas, darbuotojy patirtys.

Ivadas

Masiniai darbuotojy atleidimai, susije su jmoniy restruktiirizacija ar padaliniy uzdarymu, Lietuvoje néra
pavieniai ar iSskirtiniai atvejai. Uzimtumo tarnyba duomenys rodo, kad 2015-2025 m. laikotarpiu kasmet buvo
fiksuojami grupés darbuotojy atleidimai, apimantys nuo 1,8 tiikst. iki beveik 6 tiikst. darbuotojy per metus
(Uzimtumo tarnyba, 2023). Didziausias atleidziamy darbuotojy skaiCius per deSimtmetj uzfiksuotas 2018 m.,
kai 109 darbdaviy praneSimuose numatyta atleisti apie 5,8 tiikst. darbuotojy. Ryskus Suolis matomas ir 2020
m. pandemijos pradzioje - 113 praneSimy apie grupés darbuotojy atleidimus ir apie 4,9 tiikst. jspéty darbuotojy
(Uzimtumo tarnyba, 2025).

Pastaraisiais metais reikSmingg poveikj darbo rinkai turéjo ir pavieniy dideliy darbdaviy sprendimai.
2022 m. didziausi grupés atleidimai buvo susij¢ su nacionaliniais ir stambiais darbdaviais, tarp jy LTG grupé
(apie 1 950 darbuotojy), AB ,,Lietuvos pastas® (apie 592) ir AB ,,KaiSiadoriy paukstynas‘ (apie 395). 2023 m.
kolektyviniy atleidimy praktika isliko aktuali - per metus gauta apie 70 pranesSimy, numatant atleisti daugiau
kaip 3 tukst. darbuotojy, tarp kuriy buvo ir vir§ 230 ,, TransUnion’ darbuotojy. 2024 m. uzfiksuoti kolektyviniai
atleidimo atvejai, kai Uzdaroji akciné bendrové ,,VISATEX* informavo apie daugiau nei 320 darbuotojy, o
Telia Global Services Lithuania, UAB apie 153 darbuotojy atleidimg (Uzimtumo tarnyba, 2024). 2025 m.
uzimtumo tarnybos duomenimis per devynis ménesius 46 darbdaviai pranesé apie grupés darbuotojy
atleidimus, kuriy metu buvo jspéta apie apie 1,6 tiikst. darbuotojy, o tai rodo, kad didesni atleidimy srautai
ilieka ryskiis net po pandemijos laikotarpio(Uzimtumo tarnyba, 2025)

Sie skaitiai rodo, kad masiniai atleidimai Lietuvoje yra darbo rinkos realybé, tatiau statistika
neatskleidZia, kaip Sie procesai jgyvendinami praktikoje ir kaip juos patiria darbuotojai. Butent todél tampa
aktualu analizuoti ne tik atleidimy masta, bet ir darbdaviy taikomas darbuotojy pereinamojo laikotarpio ir
jsidarbinamumo uZztikrinimo praktikas, kurios perzengia formaliy teisiniy reikalavimy ribas.

Tyrimo tikslas yra istirti, kaip kolektyviniy atleidimy metu taikytos darbuotojy isidarbinamuma
uztikrinimo praktikos yra vertinamos inzinerinio profilio darbuotojy ir kokios organizacijy taikytos praktikos
darbuotojams buvo naudingiausios persiorientuojant darbo rinkoje, kokios laikytos neefektyviomis, ir kaip
Sios patirtys siejasi su darbuotojy suvokimu apie atleidimo proceso kokybe.

Teorinis pagrindimas

Ankstesni tyrimai rodo, kad darbuotojy reakcijas i kolektyvinius atleidimus labiau lemia ne pats darbo
netekimo faktas, o tai, kaip organizacija suvaldo procesa: ar jis suvokiamas kaip teisingas, aiSkus ir pagarbus,
ir ar darbuotojams suteikiama reali pagalba pereinamuoju laikotarpiu (Datta ir kt., 2010; van Dierendonck ir
Jacobs, 2012). Si logika siejasi su procediirinio teisingumo tradicija organizacijy tyrimuose, kuri akcentuoja,
kad darbuotojai vertina ne tik sprendimo rezultata, bet ir sprendimo priémimo bei jgyvendinimo bida
(Greenberg, 1987; Brockner, 1992). McLachlano 2021 metais pasiulytas atsakingo atleidimo modelis i$skiria
keturias kolektyviniy atleidimy dedamasias. (zr. 1 pav.).

Modelis grindziamas prielaida, kad atsakingas atleidimas néra vien formali teisiniy reikalavimy
laikymosi procediira. Tai procesas, kuriame organizacija prisiima skirtingus atsakomybés lygius darbuotojy
atzvilgiu, iSskiriant reguliacing, procediiring, komunikacing ir uZimtumo (employment) atsakomybeg
(McLachlan, 2021).
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Atsakomybés tipai

I Reguliaciné |'—I Procediiriné | Atsakomybiy
igyvendinimas Atsakingas
taikant tinkamas atleidimas
- : geriausias
I Komunikaciné I—I UZzimtumo | praktikas

1 pav. McLachlano atsakingo darbuotojy skai¢iaus mazinimo modelis

Reguliaciné ir procediiriné atsakomybé

Kolektyviniy atleidimy procesas organizacijose pirmiausia remiasi formaliu teisiniu ir procediiriniu
pagrindu, kuris apibrézia, kaip sprendimas turi biiti jgyvendinamas, kad biity laikomas teisétu ir nuosekliu.
Darbo santykiy nutraukimas darbdavio iniciatyva neiSvengiamai reikalauja laikytis nustatyty taisykliy dél
informavimo, konsultavimo ir terminy, o grupés atleidimy atveju Sios pareigos tampa ypac aktualios, nes jos
struktiiruoja viso proceso eiga ir riboja darbdavio diskrecija (McLachlan, 2021). Mokslingje literatiiroje
pabréziama, kad net ir esant ,neiSvengiamam® sprendimui mazinti darbuotojy skaiCiy, procesas gali biiti
suvokiamas kaip teisingesnis, jei sprendimy priémimo ir jgyvendinimo tvarka yra nuosekli, skaidri ir pagrjsta
aiskiais kriterijais, nes buitent procediirinis teisingumas (procedural justice) formuoja darbuotojy pasitikéjima
organizacija ir jy reakcijas j pokycius (Greenberg, 1987; Brockner, 1992).

Taciau darbuotojy patirtys ir proceso vertinimai labiausiai siejami su komunikacijos kokybe ir darbdavio
taikomomis pagalbos priemonémis pereinamuoju laikotarpiu (Datta ir kt., 2010; van Dierendonck & Jacobs,
2012; McLachlan, 2021).

Komunikaciné atsakomybé

Informacijos pateikimo btidas ir dialogo su darbuotojais kokybé viso atleidimo metu apibréziama
komunikacine atsakomybe. Tai apima kada buvo pranesta apie sprendima, kokiu kanalu, ar darbuotojai galéjo
uzduoti klausimus ir gauti aiSkius atsakymus. McLachlan (2021) pabrézia, kad komunikacija tampa tarpine
grandimi tarp formaliy procediiry ir darbuotojy patirCiy, nes biitent ji formuoja teisingumo, pagarbos ir
pasitikéjimo organizacija suvokima.

UZimtumo atsakomybé

Praktiné pagalba pereinamuoju laikotarpiu dazniausiai siejama su papildomomis darbdavio
iniciatyvomis, kurios perZengia teisinio minimumo ribg ir yra orientuotos j darbuotojy jsidarbinamumo
didinimg po atleidimo (McLachlan, 2021). Tokios priemonés gali apimti outplacement paslaugas, karjeros
konsultacijas, pagalba darbo paieskai, perkvalifikavima ar vidinj darbuotojy perkélima, o literattiroje jos
iSskiriamos kaip viena reikSmingiausiy dimensijy, daranciy jtaka darbuotojy subjektyviam atleidimo proceso
vertinimui. Sios priemonés organizacijose daZniausiai jgyvendinamos dviem bidais: dalis jmoniy jas vykdo
vidiniais resursais, kai HR ar vadovai organizuoja darbo paieskos seminarus, konsultuoja del CV strukttiros ir
turinio, padeda jsivertinti kompetencijas ir suteikia laiko darbo paieskai dar iki faktinio atleidimo (ILO, 2010;
Eurofound, 2019), o kita dalis pasitelkia iSorinius paslaugy teikéjus (outplacement ar karjeros konsultavimo
jmones), kurie teikia strukttiruota prakting pagalbg - CV ir motyvaciniy laisky rengimg, darbo pokalbiy
simuliacijas, individualias konsultacijas, profesinio profilio formavima bei kai kuriais atvejais papildomas
paslaugas, tokias kaip profesionaliy CV nuotrauky parengimas ar kandidaty pristatymas potencialiems
darbdaviams (Gowan ir Lepak, 2007; CEDEFOP, 2010). Sios priemonés paprastai finansuojamos darbdavio
1¢Somis ir laitkomos uZimtumo atsakomybés dalimi, nes jos néra nustatytos teisés aktuose, taciau tiesiogiai
prisideda prie darbuotojy persiorientavimo ir greitesnés reintegracijos j darbo rinka.

Atsakingas kolektyviniy atleidimy valdymas yra sudétingas procesas, kuriame susijungia teisinis
atleidimo pagrindas, procediirinis jgyvendinimo nuoseklumas, komunikacijos kokybé ir reali pagalba
darbuotojy pereinamajam laikotarpiui. McLachlan (2021) modelis leidzia Siuos elementus analizuoti kaip
tarpusavyje susijusias organizacijos atsakomybés sritis, kuriy bendras jgyvendinimas lemia, ar atleidimo
procesas darbuotojy akimis bus suvokiamas kaip teisingas ir socialiai atsakingas
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Tyrimo metodika

Tyrime taikytas kokybinis tyrimo dizainas, pasirinktas pusiau struktiiruoty interviu metodas, leidziantis
derinti i§ anksto apibréztas temas su galimybe lanksc¢iai gilintis j individualias respondenty patirtis. Informacija
apie tyrimg ir atviras kvietimas dalyvauti buvo platinami per profesinj socialinj tinklg ,,.LinkedIn®, kuris leido
pasiekti tikslineg tyrimo dalyviy grupe. Tyrimo dalyviams buvo nustatyti Sie atrankos kriterijai. | tyrima buvo
kvieCiami tik tie asmenys, kuriy darbo sutartis buvo nutraukta darbdavio iniciatyva be darbuotojo kaltés
vykdant kolektyvinius atleidimus, susijusius su jmonés likvidavimu ar struktirinémis pertvarkomis, apie
kuriuos darbdavys, vadovaudamasis galiojanciais teisés aktais, privalé¢jo informuoti Uzimtumo tarnyba.
Apklausoje dalyvavo darbuotojai, kurie jmonéje dirbo inZinerinio pobtidzio darba.

Pusiau strukttiruoti interviu buvo orientuoti j kelias pagrindines temines sritis: darbuotojy informavimas
apie atleidima, organizacijos taikytos priemonés darbuotojy jdarbinamumui uztikrinti. Interviu klausimy
struktura leido atskleisti tiek organizacijos vaidmenj atleidziant darbuotojus ir uZtikrinant jy tolimesnj
jsidarbinamuma, tiek ir darbuotojo pozitirj j taikytas organizacineés priemones ir jy veiksmingumg. Interviu
struktiira pateikta 1 lenteléje.

1 lentelé
Interviu klausimynas
Tema Klausimai

Bendprieji klausimai Papasakokit apie savo karjeros kelig organizacijoje, kurioje vyko masiniai atleidimai:
kokios buvo jiisy pareigos, kiek laiko joje dirbote

Darbuotojy informavimas apie Kaip suzinojote apie atleidimg?

atleidimqg Kokia buvo jisy reakcija/ kaip jautétés?
Kaip vertinate darbuotojy informavimg apie atleidimg? Kas buvo gerai? Kas buvo
blogai?

Organizacijos taikytos priemonés Kokias priemones organizacija pasiiilé darbuotojy jsidarbinamumui uztikrinti?

darbuotojy jdarbinamumui uztikrinti | Kokiomis pasinaudojote ir kaip vertinate jy veiksmingumgq. Pateikite pavyzdzius.

Saltinis: sudaryta autoriy

I§ viso tyrime dalyvavo 24 respondentai. Interviu trukmé svyravo nuo 32 iki 97 minuciy. Tyrime
dalyvavo 16 vyry (67%) ir 8 moterys (33 %). Dalyviy amziaus struktiira pasiskirsté taip: 5 dalyviai buvo
jaunesni nei 25 mety, dazniausiai dar tik pradedantys savo karjera ir ja derinantys su studijomis; 5 dalyviy
buvo 26-30 mety, 6 — 31-35 mety, o 8 dalyviy — 3640 mety.

Interviu buvo jraSomi gavus informuota tyrimo dalyviy sutikimg ir véliau transkribuojami. Duomeny
analize atlikta taikant teming analize, leidziancia identifikuoti pasikartojancius prasminius vienetus, temas ir
ju tarpusavio sasajas. Kodavimas ir duomeny vizualizavimas buvo atliktas su MAXQDA 25 programine
jranga.

Rezultatai

Apklaustieji savo karjeros kelig jmonéje, i§ kurios buvo atleisti, apibudino skirtingai. Jauniausioje
amziaus kategorijoje (iki 25 mety) 3 respondentams §i darbo vieta buvo pirmasis darbas, j kurj jie jsidarbino
po studijy metais atliktos praktikos jmonéje. Kity amziaus kategorijy respondentai pasiskirsté pagal darbo
stazg jmong¢je. Ilgamecus darbuotojus, kurie jmongje dirbo penkerius ir daugiau mety, save jvardijo 43 %
apklaustyjy. Dar 38 % respondenty nurodé, kad jmonéje dirbo nuo trijy ménesiy iki penkeriy mety, o 19 %
apklaustyjy — trumpiau nei tris ménesius (buvo atleisti dar esant bandomajam laikotarpiui). Taip pat, dauguma
apklaustyjy (N = 13) imonéje, kurioje dirbo, bent karta buvo paaukstinti pareigose.

Darbuotojy informavimas apie atleidimqg

Apie art¢jant] darbuotojy atleidima respondentai suzinojo skirtingai. Vyriausiajai amziaus kategorijai
priklausantys respondentai teigé: ,,Buvo galima nujausti apie artéjanCius atleidimus, nes nevyko naujy
darbuotojy samdymas, jei iSeidavo esami darbuotojai“ (R7, Pos 5). Taip pat jie teigé, kad jautési sumazéjgs
darbo kruvis: ,,Pus¢ mety negavome jokiy direktyvy dél naujy projekty, visos sitilomos idéjos buvo tarsi
»isaldytos™* (R11, Pos 7).

Kity apklaustyjy patirtys buvo skirtingos: ,,Buvome sukviesti j gyva susitikimg, kurio metu jmonés
vadovas pranesé apie planuojamus atleidimus™ (R2, Pos 2). Kitiems darbuotojams buvo inicijuotas tg pacia
dieng nuotolinis skambutis: ,, Tiesiog visi gavome pakvietima darbo dienos pabaigoje prisijungti prie nuotolinis
skambucio, kurio metu ir buvo pranesta“ (R17, Pos 9). Taip pat buvo atvejy, kuomet apklaustieji apie atleidima
suzinojo 1§ elektroninio laisko: ,,Nebuvo jokiy susitikimy, gavome laiSkus su prieraSu sekti tolimesng
informacijg* (R21, Pos 9).
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Kaip matyti, kai kurie darbuotojai i§ anksto, prie§ gaunant informacijg apie atleidimus, nujauté, kad
jmonéje vyksta pokyciai, kurie daro jtaka jy darbui ir ateities perspektyvoms jmonéje. Pastebima, kad jmonés
taike skirtingas praktikas, praneSdamos informacijg apie atleidimus. Vertinant respondenty atsakymus galima
teigti, kad priimtiniausia buvo gyvi susitikimai, kuriy metu buvo pateikiama informacija ir leidziama
darbuotojams 1§ karto uzduoti jiems riipimus klausimus: ,,Manau, kad jmoné pasirinko labai humaniska
komunikacija, rengiant gyva susitikima ir leidziant i§ karto uzduoti kilusius klausimus* (R15, Pos 8). Ne taip
teigiamai darbuotojai jvertino pastu atsiystg informacija su skatinimu sekti tolimesn¢ informacija: ,,Buvo
baugu, visi pradé¢jo kalbétis, aptarinéti, kas toliau vyks. Vadovai tarsi atsiribojo nuo miisy, galbiit ir jie buvo
pasimete” (R17, Pos 9).

Organizacijos taikytos priemonés darbuotojy jdarbinamumui uZtikrinti
2 lenteléje pateiktos taikytos priemonés atleidziamy darbuotojy jsidarbamumui remti.

2 lentelé
Priemonés atleidZiamy darbuotojy jsidarbinimui remti
Kodas: Veiksmingos priemonés Kodas: Neveiksmingos priemonés
Darbo paieskos ir atranky pasirengimo mokymai su konsultantu Vienkartiné psichologiné pagalba
(N=13) (N=3)
CV ir motyvacinio laisko rengimo pagalba Online mokymai ,, Kaip pasiruosti interviu
(N=9) (N=9)
Karjeros mugés Bendrinis darbo rinkos pristatymas
(N=14) (R=11)
Psichologiné ir emociné parama
(N=2)
Kompetencijy tobulinimo ar perkvalifikavimo galimybés
(N=10)

Saltinis: sudaryta autoriy

Veiksmingos priemonés taikytos atleidZiamy darbuotojy jsidarbamumui remti

Viena i§ veiksmingiausiy priemoniy respondenty buvo jvardyti darbo paieskos ir atranky pasirengimo
mokymai su konsultantu (N = 13); tokios programos buvo taikytos keliose respondenty atstovaujamose
jmonése. Apklaustieji teigé, kad tokio tipo mokymai buvo orientuoti biitent j jy profesijg ir turimg patirtj:
,,Labai vertinu, kad buvome sugrupuoti mokymuose pagal savo darbo pobudj, tai leido visiems produktyviai
ir koncentruotai jsisavinti gauta informacijag“ (R15, Pos 8).Taip pat galima teigti, kad vienas i§ priemonés
veiksminguma lemianciy veiksniy buvo programos testinumas. Respondenty teigimu, programa buvo sudaryta
i3 keliy sesijy, o po kiekvienos i3 juy buvo skiriami pasiruo§imo darbai kitai sesijai (R2, R15, R24). Si priemoné
leido respondentams geriau suprasti ir persiorientuoti prie pakitusios darbo rinkos bei jZvelgti vyraujancias
tendencijas: ,,Jmonéje pradirbau 15 mety, nezinojau, kaip viskas vyksta dabar, mokymai padéjo suprasti, kur
ir kaip ieskoti darbo, i ka atkreipti démesj, kad atrodyciau kuo patrauklesnis kandidatas* (R24, Pos 13).

Dalis apklaustyjy taip pat turéjo galimybg gauti CV ir motyvacinio laisko rengimo pagalba. Vieniems
i$ apklaustyjy Sia pagalba suteiké vidiniai jmonés darbuotojai i§ personalo skyriaus (R9, R17, R22), kitiems
tokias paslaugas teiké iSoriniai partneriai (RS, R8, R13, R15, R24). Visi apklaustieji, kurie dalyvavo §ioje
darbuotojy jsidarbinamumui remti skirtoje programoje, teigé, kad jos metu patobulino savo gyvenimo
apraSyma, padaré jj aktualesnj ir labiau atspindintj savo darbing patirtj: ,,Mano CV iki §iy mokymy buvo tik
darbovietés ir darbo laikas jose, mokymy metu gavau jzvalgy, kurios leido suprasti, kad turiu pateikti ir savo
pasiekimus“ (R18, Pos 10).Si programa suteiké darbuotojams daugiau pasitikéjimo savimi, nes jy gyvenimo
apraSymai buvo perzitréti ir suformuluoti padedant $ioje srityje dirbantiems profesionalams: ,,Jauciausi drasi
siysti CV net | aukStesnes pozicijas nei tuo metu uzimta, CV mokymai leido perzvelgti ir savo pasiekimus per
darbo metus“ (R13, Pos 7).

Padia veiksmingiausia priemone respondentai jvardino karjeros muges (N = 14). Apklausoje
dalyvavusiy respondenty nuomone, tai yra itin efektyvus biidas susipazinti su naujomis karjeros galimybémis:
,Per meénesj laiko jmongje apsilanké net trys jmonés, turé¢jau galimybe pabendrauti su jy atstovais ir
i$sigryninti, kuri jmoné man labiausiai tinkama* (R14, Pos 8).Taip pat respondentai paminéjo, kad tokio
formato iniciatyvose kai kurios jmonés sililé supaprastintg atrankos procesa: ,,Mums buvo pateiktas
paprastesnis atrankos procesas, nereikéjo pildyti jokiy kandidatavimo ankety, savo gyvenimo apraSymus
siuntéme tiesiai atrankos specialistams jy nurodytu elektroniniu pastu* (R24, Pos 13).Greitesnis ir efektyvesnis
atrankos procesas leido darbuotojams be papildomo streso ir ilgo planavimo derinti darbo pokalbius su juos
dominanciomis jmonémis. Be to, karjeros mugiy metu respondentai tur¢jo galimybg ne tik suzinoti apie tuo
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metu sitlomas pozicijas, bet ir apie ateityje planuojamas darbo vietas, kas prisidéjo prie jy didesnio
uztikrintumo planuojant tolimesnius karjeros Zingsnius.

Kaip veiksminga priemoné buvo jvardinta ir psichologiné bei emociné parama. Respondentai pabrézé,
kad Sioje priemonéje buvo svarbu tai, jog jie tur¢jo testing galimybe gauti psichologing parama, o ne tik vieng
sesija (R4, R12). Vienas i$ respondenty pabréze, kad personalo skyriaus darbuotojai priminé darbuotojams
apie galimybes pasinaudoti $ia parama ne tik patiems darbuotojams, bet ir jy Seimos nariams, i$siysdami
informacija apie valstybés teikiamas psichologinés pagalbos priemones ir esamas galimybes (R4, Pos 3).

Respondenty nuomone, kompetencijy tobulinimo ar perkvalifikavimo galimybiy iSsigryninimo
programos taip pat suteiké daugiau tvirtumo ir uztikrintumo, renkantis karjeros kryptj po atleidimo: ,,Mokymy
komanda mums pravedé ,,PRINT* sesijas, kurios padéjo geriau pazinti savo stiprybes ir ugdytinas sritis“ (R11,
Pos 3). Respondentai taip pat paminéjo, kad jmoné siunté priminimus apie esamus mokymus, kuriuos dar buvo
galima isklausyti dirbant jmon¢je (RS, R18), taip pat buvo organizuojami susitikimai su Uzimtumo tarnyba,
kurios metu buvo pristatytos persikvalifikavimo galimybés (R15, R22). Sie veiksniai padéjo pasiruosti
tolimesniems karjeros pokyciams.

Neveiksmingos priemonés taikytos atleidZiamy darbuotojy jsidarbamumui remti

Respondenty teigimu, neveiksminga priemone buvo vienkartiné psichologiné pagalba: ,,Nejauciau, kad
suorganizuotas susitikimas atnes$é nauda, kurio metu mums buvo pateikta, kokias emocines stadijas pereisime
ir kad tai yra normalu* (R6, Pos 5). Anksciau pateiktose teigiamai vertinamose priemonése respondentai teige,
kad psichologinés pagalbos naudg jauté dél to, jog tai buvo ne vienkartinis susitikimas, o tgstiniai susitikimai
esant poreikiui (R4, R12). Dél Sios priezasties galima daryti prielaida, kad §i priemoné buty buvusi vertinama
kaip veiksminga, jei biity turéjusi testinuma ir biity personalizuota, o ne bendrinio pobidzio.

Online mokymai ,,Kaip pasiruosti interviu®, respondenty nuomone, taip pat nepadéjo pasiruosti darbo
pokalbiams ir nebuvo jvardinti kaip veiksminga priemoné: ,,Tai buvo labai bendriniai mokymai visai jmonei,
visiskai nebuvo orientuoti | mano darbo profilj* (R1, Pos 1). Respondentai (R10, R16) taip pat nurodé, kad
tokiy mokymy bty tikéjesi arba individualiai, arba labai maZose, struktiruotose grupése, kuriose galéty
uzduoti kilusius klausimus ir vystyti diskusija. Kadangi mokymai buvo skirti labai placiai auditorijai ir dalyviy
skaiCius buvo didelis, respondentai neturéjo galimybés uzduoti klausimy mokymy metu. Nors buvo galima
pateikti klausimus rastu ir sulaukti atsakymy po mokymy, gauti atsakymai nepateisino respondenty poreikiy ir
lukesciy, nes jie buvo labai bendriniai ir pavirSutiniski.

Labiausiai neveiksminga priemone jsidarbinamumui skatinti respondenty buvo jvardintas bendrinis
darbo rinkos pristatymas. Respondenty teigimu, bendrinis darbo rinkos pristatymas, neakcentuojant
konkretaus sektoriaus ir pateikiant tik bendruosius nedarbo rodiklius bei paskelbty darbo pozicijy skaiciy,
nepadeda darbuotojams pasiruosti naujam karjeros zingsniui (R20, R23).Respondenty nuomone, siekiant, kad
tokio pobiidzio programa biity veiksminga, svarbu tokius mokymus organizuoti sugrupuojant darbuotojus
pagal jy darbo pobiidj. Taip pat turéty biiti pateikiama informacija apie tai, kokios tendencijos Siuo metu
dominuoja rinkoje, ko galima tikétis bei kokig derybing galig turi kandidatai darbo rinkoje, o ne apsiribojama
vien bendry statistiniy duomeny pateikimu.

ISvados

Tyrimo rezultatai parodé, kad darbuotojy patirtys kolektyviniy atleidimy metu buvo glaudziai susijusios
su organizacijy taikytomis informavimo ir palaikymo praktikomis. AiSkus, savalaikis ir dialogu gristas
informavimas, ypa¢ gyvy susitikimy metu, buvo vertinamas palankiausiai ir prisidéjo prie maZesnio
neapibréztumo bei didesnio pasitikéjimo organizacija. Analizuojant darbuotojy jsidarbinamumui skatinti
taikytas priemones nustatyta, kad veiksmingiausios buvo testinés, personalizuotos ir j konkrety profesinj
konteksta orientuotos iniciatyvos, tokios kaip karjeros mugeés, individualiis konsultaciniai mokymai bei CV
rengimo pagalba.

PrieSingai, vienkartinés ir bendrinio pobiidZio priemonés, jskaitant pavienes psichologinés pagalbos
sesijas ar apibendrintus darbo rinkos pristatymus, buvo vertinamos kaip riboto veiksmingumo. Tyrimas taip
pat atskleidé, kad priemoniy testinumas ir galimybé gauti individualizuota griZtamajj rySj yra esminiai
veiksniai, padedantys darbuotojams pasirengti tolimesniems karjeros poky¢iams. Apibendrinant galima teigti,
kad tikslingos ir darbuotojy poreikius atliepiancios organizacinés priemonés gali reikSmingai prisidéti prie
s¢kmingesnés darbuotojy reintegracijos j darbo rinka po kolektyviniy atleidimy.
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OUTPLACEMENT AND EMPLOYABILITY SUPPORT PRACTICES IN COLLECTIVE REDUNDANCIES:

THE CASE OF ENGINEERING PROFESSIONALS

Summary
This article investigates organizational employ-ability support practices in the context of collective redundancies

following organizational restructuring and unit closure. Drawing on empirical findings, it identifies how transition support
initiatives may contribute to employees’ labour market adaptation, re-employment readiness, and longer-term career
decision-making within the engineering workforce.

Key words: collective redundancies, closure of a company unit, responsible dismissal, communication during layoffs,

employability, employee experiences.
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ADAPTYVAUS ZAIDYBINIMO TAIKYMO POVEIKIS AGILE KOMANDOS VEIKLOS
EFEKTYVUMUI

Dovilé Valantiejiené, Lina Girdauskiené
Lietuvos inZinerijos kolegija

Anotacija

Agile praktiky taikymas organizacijose iSryskino komandos, kaip pagrindinio darbo organizavimo vieneto, svarba,
taCiau kartu 1émé ir naujus i8ukius, susijusius su komandos veiklos efektyvumu ir rezultaty uZztikrinimu dinamiskoje
aplinkoje. Siy poky¢iy kontekste organizacijose vis pladiau yra taikomas zaidybinimas, kuris laikomas motyvuojanéiu
darbuotojy elgsenos formavimo ir veiklos rezultaty gerinimo jrankiu. Vis délto mokslingje literattiroje truksta tyrimy,
kurie nagrinéja adaptyvaus zaidybinimo taikymo poveiki Agile komandy veiklos efektyvumui, todél §iuo straipsniu yra
siekiama atskleisti adaptyvaus zaidybinimo ir Agile komandos veiklos efektyvumo sasajas. Sistemin¢ literatiiros analizé
leido suformuoti konceptualy modelj, kuris paaiskina, kaip adaptyvus Zzaidybinimas siejasi su Agile komandos veiklos
efektyvumu. Siuo straipsniu yra prisidedama prie Zaidybinimo taikymo Agile komandy kontekste tyrimy, pasitlant teorinj
pagrinda tolesniems empiriniams tyrimams $ioje srityje.

ReikS§miniai ZodZiai: adaptyvus zaidybinimas, Agile komandos veiklos efektyvumas.

Ivadas

Siy laiky organizacijos veikia nuolatinio neapibréztumo, sudétingumo, spartaus technologijy progreso
ir kintan¢iy klienty poreikiy salygomis, todél organizacijos sugebéjimas greitai prisitaikyti tampa pagrindiniu
konkurenciniu pranaSumu. Agile praktikos, kilusios programinés jrangos kiirimo srityje, vis placiau yra
taikomos jvairiose organizacijose kaip priemon¢ didinti lankstuma ir greitj bei kurti verte klientui (Denning,
2016). Agile pabrézia autonomija, saviorganizacijg, komandy bendradarbiavimg ir nuolatinj grjztamajj rysj,
taCiau peréjimas nuo individualaus darbuotojo prie komandos, kaip pagrindinio darbo organizavimo vieneto,
kelia i88tikiy uztikrinant tvary komandos veiklos efektyvuma ir rezultaty siekima.

Antroji spariai auganti tendencija organizacijy vadyboje yra zaidybinimas. Tyrimai rodo, kad
zaidybinimas gali turéti teigiamg poveikj darbuotojy motyvacijai, jsitraukimui ir elgsenai (Gerdenitsch ir kt.,
2020; Miri ir Macke, 2022), tac¢iau empirinés iSvados apie zaidybinimo poveikj veiklos efektyvumui islieka
nevienareikSmés (Behl ir kt., 2022), ypa¢ komandos lygmeniu. Be to, daugumoje tyrimy buvo analizuojamas
standartizuotas Zaidybinimas, laikantis pozitrio, kad vienas sprendimas tinka visiems, o ne adaptyvus
zaidybinimas.

Moksliniuose tyrimuose vis daugiau démesio yra skiriama adaptyvaus Zaidybinimo koncepcijai, kuri
démesj sutelkia j besinaudojancio zaidybinimu poreikius, kontekstg ir tikslus (Codish ir Ravid, 2014; Klock ir
kt., 2020). Vis délto adaptyvaus zaidybinimo taikymo poveikis Agile komandy veiklos efektyvumui islicka
mazai istirtas, todél Siame darbe yra keliama moksliné problema, kokios yra adaptyvaus zaidybinimo ir Agile
komandos veiklos efektyvumo sgsajos?

Straipsnio tikslas yra atskleisti adaptyvaus zaidybinimo ir Agile komandos veiklos efektyvumo sasajas.
Siekiant Sio tikslo keliami Sie uzZdaviniai:

1.  Apibendrinti adaptyvaus zaidybinimo teorines prielaidas organizacijy kontekste;

2. Apibendrinti Agile komandos veiklos efektyvumo charakteristikas;

3. Suformuoti konceptualy model;j, atskleidziantj adaptyvaus zaidybinimo ir Agile komandos veiklos
efektyvumo sasajas.

Tyrime taikomas sisteminés literatliros analizés metodas. Straipsnis susideda i§ anotacijos, reik§miniy
zodziy, teoriniy jzvalgy, teorinio modelio aptarimo ir iSvady.

Teorinés jZvalgos apie adaptyvy Zaidybinima

Zaidybinimas organizacijy kontekste apibréziamas kaip Zaidimy elementy taikymas ne zaidimo, o
realaus darbo aplinkos kontekste, siekiant paveikti darbuotojy motyvacija, elgseng ir veiklos rezultatus
(Deterding ir kt., 2011; Koivisto ir Hamari, 2019). Analizuojant zaidybinimo literatiirg galima pastebéti, kad
publikacijose aptariama skirtinga zaidybinimo tipologija. Moksliniy publikacijy analizé parodé, kad
zaidybinimo tipologija gali buti skirstoma remiantis Zaidybinimo taikymo tikslu, atlygio tipu ir remiantis
zaidybinimo strategija. Zaidybinimo skirstymas pagal taikymo tikslg leidzia identifikuoti ir nusistatyti
tinkamiausig Zaidybinimo kryptj, aiSkiai apsibréziant tiksling Zaidéjy grupg. Mokslinése publikacijose
zaidybinimas daZniausiai yra skirstomas j vidinj, iSorinj ir elgesj kei¢iantj (Werbach ir Hunter, 2015). Pagal
atlygio tipa zaidybinimg galima skirstyti | grista iSoriniu atlygiu ir prasmingg zaidybinimg (Stansbury ir
Earnest, 2017). Pagal strategija zaidybinima galima klasifikuoti, kaip adaptyvy. Adaptyvus Zaidybinimas
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grindziamas lankstumu ir pritaikymu jvairiy tipy Zaidéjams, taip pat dinamika, kuri skatinama unikalig saveika
(Codish ir Ravid, 2014).

Literattros apzvalgos rodo, kad Zzaidybinimo poveikis néra universalus ir labai priklauso nuo taikymo
konteksto bei naudotojy charakteristiky (Hamari ir kt., 2014; Koivisto ir Hamari, 2019), todél jvairiy sri¢iy
zaidybinimo tyréjai vis daugiau démesio skiria biitent adaptyvaus zaidybinimo koncepcijai nagrinéti. Codish
ir Ravid (2014) pabrézia, kad adaptyvus zaidybinimas leidzia pritaikyti zaidybinimo sprendimus prie
zaidybinimu besinaudojanciyjy poreikiy, tiksly ir aplinkos, taip padidinant jy poveikj. Klock ir kt. (2020)
teigia, kad Zaidybinimo pritaikymas atsizvelgiant | konteksta ir uzduoties pobiidj yra bitina, kai siekiama
ilgalaikiy elgsenos poky¢iy. Adaptyvaus Zaidybinimo svarba ypac iSrySkéja komandos kontekste. Ayastuy ir
kt. (2021) sisteminé analizé parodé, kad adaptyvios Zaidybinimo strategijos yra efektyvesnés kolektyvinése
sistemose, kuriose rezultatai priklauso nuo koordinuotos veiklos. Empiriniai tyrimai taip pat rodo, kad
adaptyvus Zaidybinimas gali didinti saviveiksminguma, ziniy dalijimasi ir darbo rezultatus (Bitrian ir kt., 2024;
Capatina ir kt., 2024), todél jis gali buti laikomas veiklos procesus palaikancia priemone, o ne vien motyvaciniu
jrankiu. Adaptyvus zaidybinimas mokslingje literatiiroje apibréziamas kaip dinamiskas Zaidybiniy sprendimy
taikymas, kai zaidybinimas veikia taip, kad yra prisitaikoma prie individualiy naudotojy ar komandy poreikiy,
konteksto ir veiklos rezultaty, siekiant uztikrinti didesnj sistemos veiksminguma (Codish ir Ravid, 2014; Klock
ir kt., 2020). Tyrimai rodo, kad adaptyvios zaidybinimo sistemos remiasi darbuotojy ar komandy sgveikos su
sistema, jy elgsenos, jsitraukimo ir veiklos rezultaty duomenimis, kurie leidzia identifikuoti veikimo pokyc¢ius
ir galimus elgsenos nukrypimus ar procesy iSderinima (Ayastuy ir kt., 2021; Koivisto ir Hamari, 2019).
Rodriguez ir kt. (2022) sako, kad adaptyvaus zaidybinimo sistemos turi ne tik fiksuoti tokius poky¢ius, bet ir
juos interpretuoti kaip signalus, rodancius poreikj keisti zaidybinimo strategija ar taikomus sprendimus. Tai
leisty atliepti kintancias darbo proceso salygas ir skirtingus dalyviy poreikius bei palaikyti siekiama
psichologinj ir elgsenos atsakg (Codish ir Ravid, 2014; Hong ir kt., 2024). Klock ir kt. (2020) teigia, kad
adaptyvis sprendimai gali uztikrinti stabily veiklos efektyvuma, motyvacijg ir pageidaujama elgsena, nes
zaidybinimo sprendimai yra nuolat derinami prie realios organizacinés aplinkos. Apibendrinant mokslinius
darbus galima teigti, kad adaptyvaus Zaidybinimo veikimas yra grindziama trimis pagrindiniais principais:

e nuolatiniu veiklos ir elgsenos stebé&jimu;

e poky¢iy aptikimu ir interpretavimu;

e  dinamiSku Zaidybinimo parametry reguliavimu (Codish ir Ravid, 2014; Ayastuy ir kt., 2021; Klock
ir kt., 2020; Rodriguez ir kt., 2022).

Mokslingje literatiiroje pateikiamos jvairios zaidybinimo klasifikacijos, taiau empiriniais tyrimais
dazniausiai remiamasi Koivisto ir Hamari (2019) pasiiilyta Zaidybinimo klasifikacija. Sioje klasifikacijoje
igskiriamos trys pagrindinés kategorijos: pasinérimo, pasiekimy ir socialumo Zaidybinimas. Sios kategorijos
daznai taikomos tyrimuose, nes yra empiriSkai pagristos (Xi ir Hamari, 2020) ir placiai taikomos tiriant
zaidybinimo poveikj organizacijose (Huang ir Zhou, 2020). Nors Siame tyrime nagrinéjamas adaptyvus
zaidybinimas, $i zaidybinimo klasifikacija naudojama kaip zaidybinimo konceptualizavimas, nes adaptyvumas
Siame kontekste suprantamas kaip zaidybinimo taikymo budas, kai pasinérimo, pasiekimy ir socialumo
kategorijos taikomos lanksciai, atsizvelgiant j komandos veikla ir situacija.

Teorinés jZvalgos apie Agile komandos veiklos efektyvuma

Mokslinéje literatiiroje Agile komandos veiklos efektyvumas apibréziamas kaip konstruktas, apimantis
ne tik produktyvuma ar darbo greitj, bet ir komandos gebéjima mokytis, bendradarbiauti, spresti konfliktus bei
palaikyti auksta jsitraukimo ir pasitenkinimo darbu lygj. Mokslininkai Igbal, Omar ir Yasin (2019) pabrézia,
kad Agile komandos veiklos rezultatai apima efektyvuma, produktyvuma, mokymasi, koordinavima,
komandos sanglauda, bendradarbiavima, pastangas, subalansuotg nariy jnasa ir tarpusavio paramg. Freire ir kt.
(2018) teigia, kad komunikacija, koordinavimas, pasitikéjimas ir susitelkimas j komanda yra esminiai
veiksniai, kurie lemia Agile komandos veiklos efektyvumg (Pfliigler ir kt., 2018). Ramirez-Mora ir Oktaba
(2018) nurodo, kad efektyvios Agile komandos pasizymi geb¢jimu identifikuoti pokycius aplinkoje, greitai
pritaikyti veiklos strategija, dalintis ziniomis ir uztikrinti nariy geb¢&jima keisti vienas kita, kas leidzia palaikyti
veiklos testinumg ir koordinuotg uzduociy atlikimg net esant kintan¢ioms saglygoms. Agile komandos veiklos
efektyvumas Siame tyrime suprantamas kaip komandos gebéjimas efektyviai dirbti kartu, aiSkiai atskiriant
komandinio darbo kokybe nuo galutiniy veiklos rezultaty (Strode, Dingseyr ir Lindsjern, 2022). Remiantis
mokslininkais Strode, Dingseyr ir Lindsjern (2022) Agile komandos veiklos efektyvumas suprantamas kaip
komandos gebéjimas palaikyti aukstos kokybés komandinj darbg vykstant veiklai, kuris pasireiskia efektyvia
koordinacija, dalijimusi atsakomybe, nuolatiniu griZtamuoju rySiu ir gebéjimu prisitaikyti prie pokyciy, o ne
vien galutiniy veiklos rezultaty pasiekimu.
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Agile komandos veiklos efektyvumo tyrimuose daznai remiamasi bendrais komandinio darbo modeliais,
kurie identifikuoja universalius komandinio darbo veiksnius, ta¢iau néra pritaikyti specifiniam Agile darbo
kontekstui. Strode, Dingseyr ir Lindsjern (2022) pasiiilytas modelis issiskiria tuo, kad yra sukurtas Agile
komandoms ir grindziamas empiriniais tyrimais Siame kontekste. Agile komandos efektyvumo modelis
(ATEM) konceptualizuoja Agile komandos veiklos efektyvuma ne kaip galutinj rezultata, bet kaip efektyvaus
komandinio darbo procesa, kuris leidzia komandai nuosekliai siekti tiksly ir prisitaikyti prie poky¢iy. Siame
Strode, Dingseyr ir Lindsjern (2022) modelyje Agile komandos veiklos efektyvumas aiskinamas per penkis
pagrindinius komandinio darbo komponentus: pasidalyta lyderyste, susitelkima j komanda, funkcijy
perimamuma, prisitaikymg ir tarpusavio griztamajj ry$j, kuriuos koordinuoja bendri mastymo modeliai,
tarpusavio pasitikéjimas ir komunikacija (1 lentelé).

1 lentelé
Agile komandos veiklos efektyvumas pagal ATEM modelj (Strode, Dingseyr ir Lindsjern, 2022)
Modelio dedamoji PaaiSkinimas
Komponentas Pasidalinta lyderysté Komandos gebéjimas dalytis atsakomybe uz sprendimy priémima, problemy

sprendimg ir darbo organizavima, kai lyderystés vaidmenys néra centralizuoti,
bet paskirstyti tarp komandos nariy.

Susitelkimas | komanda Komandos nariy orientacija j bendrus tikslus, prioritety derinima ir tarpusavio
parama, kai individual@is interesai derinami su komandos interesais.

Funkcijy perimamumas Komandos geb¢jimas perimti vienas kito uzduotis ir atsakomybes, uztikrinant
darbo testinumag ir lanksty reagavima j nenumatytas situacijas ar pokyc¢ius.

Prisitaikymas Komandos gebéjimas atpazinti vidinius ir iSorinius pokycius, koreguoti darbo

eiga, sprendimus ir prioritetus, siekiant iSlaikyti veiklos efektyvuma
kintanc¢iomis sglygomis.
Tarpusavio  griZtamasis | Nuolatinis, atviras ir konstruktyvus griztamasis rySys tarp komandos nariy,

rySys skatinantis mokymasi, savirefleksija ir veiklos tobulinima.
Koordinuojantis | Bendri mastymo modeliai | Bendras komandos nariy supratimas apie tikslus, uzduotis, vaidmenis ir darbo
mechanizmas procesus, leidziantis efektyviai koordinuoti veikla.

Tarpusavio pasitikéjimas | Pasitikéjimu grjsti santykiai tarp komandos nariy, sudarantys prielaidas atvirai
komunikacijai, rizikos prisiémimui ir bendradarbiavimui.

Komunikacija Reguliarus, savalaikis ir aiSkus informacijos keitimasis, palaikantis
koordinacija, problemy sprendimg ir bendra komandos veikima.

Saltinis: sudaryta autoriy pagal Strode, Dingsayr ir Lindsjorn (2022)

Toks poziiris leidZia aiSkiai atskirti komandos veiklos efektyvuma nuo veiklos rezultaty ir iSsamiai
paaiskinti Agile komandos veiklos efektyvuma.

Adaptyvus Zaidybinimo ir Agile komandos veiklos efektyvumo modelio pagrindimas

Siame darbe Zaidybinimas nagrinéjamas kaip priemoné, kuri gali daryti poveikj Agile komandos veiklos
efektyvumui. Zaidybinimo konceptualizavimas remiasi mokslingje literatiiroje pladiai taikoma Zaidybinimo
klasifikacija, o adaptyvumas suprantamas kaip zaidybinimo taikymo budas, leidZiantis sprendimus pritaikyti
prie komandos situacijos. Agile komandos veiklos efektyvumas apibréziamas remiantis ATEM modeliu, kuris
apima pagrindines komandinio darbo dedamasias Agile komandoje ir jas palaikancius mechanizmus.

Pasidalytoqi lyderyste
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1 pav. Tyrimo modelis
Saltinis: sudaryta autoriy
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Kadangi zaidybinimas organizacijose taikomas siekiant palaikyti komandos veikimg ir
bendradarbiavimg, Siame tyrime laikomasi prielaidos, kad adaptyviai taikomas zaidybinimas gali daryti
poveikj Agile komandos veiklos efektyvumui per ATEM modelio dedamasias. Sios sasajos vizualizuojamos
siilomame konceptualiame modelyje (1 pav.), kuris sudaro teorinj pagrindg tolesniems empiriniams tyrimams.

Mokslingje literatiiroje zaidybinimas apibréziamas kaip jrankis leidziantis formuoti naudotojo patirtj
sukeliant tam tikra psichologinj poveik] ir skatinant pageidaujama elgesj saveikoje su sistema (Koivisto ir
Hamari, 2019; Huang ir Zhou, 2020). ATEM modelyje Agile komandos veiklos efektyvumas aiskinamas per
penkias pagrindines komandinio darbo dedamasias, kurios yra apibréziamos per stebimus komandos nariy
elgesio modelius, tokius kaip aktyvus dalyvavimas, informacijos dalijimasis, bendras sprendimy priémimas,
uzduociy perémimas ir reagavimas j pokycius (Strode, Dingseyr ir Lindsjern (2022). Tuo remiantis galima
teigti, kad zaidybinimo sprendimai gali turéti poveikj elgsenos formoms, kurios ATEM modelyje laikomos
veiksmingo komandinio darbo pagrindu. Pasinérimo, pasiekimy ir socialumo kategorijos apima skirtingus
zaidybinimo budus, kurie formuoja darbuotojo sgveikg su sistema ir sukuria tam tikra patirties konteksta
(Huang ir Zhou, 2020). Sios patirtys literatiiroje siejamos su didesniu jsitraukimu, informacijos dalijimusi,
dalyvavimu veikloje ir socialine saveika, kurie ATEM modelyje jvardijami kaip svarbiis komandinio darbo
elgesio pozZymiai (Strode, Dingseyr ir Lindsjern, 2022). Taigi, Siame tyrime laikomasi prielaidos, kad
adaptyvus Zaidybinimas gali daryti poveikj Agile komandos veiklos efektyvumui per ATEM modelio
dedamasias ir sitilomas konceptualus modelis, kuris praplecia supratima apie zaidybinimo ir Agile komandinio
darbo efektyvumo sasajas.

ISvados

1. Atlikta sisteminé literatiiros analizé parodé, kad adaptyvus Zaidybinimas mokslingje literatiiroje yra
nagrinéjamas kaip dinamiskas Zaidybinimo taikymo biidas, leidziantis pritaikyti Zaidybinimo sprendimus prie
kintan¢io konteksto ir naudotojy poreikiy, taciau jo taikymo poveikis Agile komandy veiklos efektyvumui
iSlieka nepakankamai iStirtas.

2. Agile komandos veiklos efektyvumas literatiiroje suprantamas kaip efektyvaus komandinio darbo
procesas, pasireiskiantis per tokias dedamasias kaip pasidalinta lyderysté, susitelkimas j komanda, funkcijy
perimamumas, prisitaikymas ir tarpusavio griztamasis rySys, kurias palaiko bendri mastymo modeliai,
tarpusavio pasitikéjimas ir komunikacija.

3. Remiantis zaidybinimo ir 4gile komandinio darbo literatiira, straipsnyje suformuotas konceptualus
modelis pagrindzia prielaida, kad adaptyvus zaidybinimas gali buti siejamas su Agile komandos veiklos
efektyvumu per ATEM modelio dedamasias ir sudaro teorinj pagrinda tolesniems empiriniams tyrimams $ioje
srityje.
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THE IMPACT OF ADAPTIVE GAMING APPLICATION ON AGILE TEAM PERFORMANCE EFFICIENCY

Summary

The application of Agile practices in organizations has highlighted the importance of the team as the main unit of work

organization, but at the same time has led to new challenges related to the effectiveness of team performance and ensuring
results in a dynamic environment. In the context of these changes, gamification is increasingly being applied in
organizations, which is considered a motivating tool for shaping employee behavior and improving performance.
However, there is a lack of research in the scientific literature that examines the impact of adaptive gamification on the
effectiveness of Agile teams, therefore this article aims to reveal the links between adaptive gamification and Agile team
performance efficiency. A systematic literature analysis allowed us to form a conceptual model that explains how adaptive
gamification is related to the effectiveness of Agile teams. This article contributes to the research on the application of
gamification in the context of Agile teams, offering a theoretical basis for further empirical research in this area.

Key words: adaptive gamification, Agile team performance.
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DELEGAVIMAS SAVIORGANIZUOTOSE AGILE KOMANDOSE: ATVEJO ANALIZE

Dovilé Valantiejiené, Lina Girdauskiené
Lietuvos inZinerijos kolegija

Anotacija

Populiaréjantis Agile poziiiris versle ne tik sustiprino komandos vaidmenj organizacijy darbo organizavime, bet ir
iSkélé naujus klausimus apie tai, kaip saviorganizuotose Agile komandose pasiskirsto sprendimy priémimas ir
atsakomybé. Vienas i reikSmingy aspekty Sioje temoje yra delegavimas, taciau jis dar néra sulaukes pakankamo démesio
moksle. Siame darbe yra sickiama atskleisti delegavimo raiika saviorganizuotose Agile komandose. Tyrime yra taikoma
kokybiné atvejo analizés prieiga, remiantis vienos organizacijos Agile komandos atveju. Tyrimo rezultatai parodé, kad
delegavimo raiska saviorganizuotoje Agile komandoje priklauso nuo abipusés vadovo ir komandos saveikos, kai vadovas
perduoda ne tik uzduotj, bet ir sprendimy priémimo galig, kuria sglygas pasitikéjimui bei ugdo komandos gebéjima
prisiimti atsakomybe, veikti kolektyvinio identiteto pagrindu ir reflektuoti apie savo veiklg. Siuo darbu yra pateikiamos
empirisSkai pagrjstos jzvalgos ir taip prisidedama prie moksliniy diskusijy apie delegavima saviorganizuotose Agile
komandose.

ReikS§miniai ZodZiai: Agile komanda, delegavimas, saviorganizavimas.

Ivadas

Organizacijos visame pasaulyje vis dazniau susiduria su sudétingais, kompleksiskais ir sunkiai
prognozuojamais aplinkos poky¢iais, kurie kvestionuoja tradicinius darbo organizavimo ir valdymo budus.
Pastaryjy deSimtmeciy i$sukiai, kaip pasauliné finansy krizé bei pandemijos laikotarpis parodé, kad
organizacijy geb¢jimas prisitaikyti prie neapibréztumo, greitai mokytis ir lanksciai reaguoti j pokycius tampa
kritiniu veikimo ir iSlikimo versle veiksniu. Tyrimuose pazymima, kad bitent Agile pozitrj taikancios
organizacijos istoriSkai pasizyméjo didesniu prisitaikymu sudétingais ar net kriziy laikotarpiais, nes jy
veikimas grindziamas lankstumu, decentralizuotu sprendimy priémimu ir nuolatiniu mokymusi (Denning,
2018; Grass ir kt., 2020; Imam ir Zaheer, 2021; Steegh ir kt., 2024). Atsizvelgiant i tai, delegavimas tampa
vienu i§ esminiy, ta¢iau mazai empiriskai pazintu reiskiniu $iy komandy specifiniame kontekste.

Ankstesni tyrimai atskleidé, kad delegavimas Agile komandy kontekste dazniausiai analizuojamas
zvelgiant tik i§ pacios saviorganizuotos komandos perspektyvos arba tik i§ vadovo taikomos lyderystés
perspektyvos. Tyréjai delegavimg analizuoja per uzduoCiy pasiskirstymo, saviorganizacijos ir jgalinimo
prizme (Masood, Hoda ir Blincoe, 2020; Imam ir Zaheer, 2021; Miheli¢ ir kt., 2024; Johannessen ir Karlsen,
2024). Masood, Hoda ir Blincoe (2020) nustateé, kad uzduociy prisiskyrimas néra savaime veikianti praktika,
o priklauso nuo kontekstiniy salygy, vadovo elgsenos, komandos patirties bei taikomy strategijy. Miheli¢ ir kt.
(2024) nustaté, kad delegavimas Agile komandose keicia savo jgyvendinimo formg, nes atsakomybé ir
sprendimy galia paskirstoma komandos viduje, o ne perduodama hierarchijos principu. Imam ir Zaheer (2021)
nustaté, kad Agile komandose sprendimy priémimas tampa kolektyviniu procesu. Tyréjai nustate, kad formalus
atsakomybés perdavimas be realios sprendimy galios nesukuria saviorganizacijos (Imam ir Zaheer, 2021).
Johannessen ir Karlsen (2024) teigé, kad delegavimas Agile komandose yra glaudziai susijes su organizacine
kultiira ir pasitikéjimu.

Apibendrinant galima teigti, kad esami tyrimai atskleidé atskirus delegavimo aspektus, taciau
literatiiroje stokojama empiriniy tyrimy, kurie delegavimg analizuoty kaip dinamiska reiskinj, kuris priklauso
nuo komandos vidiniy procesy ir saveiky ne tik tarp komandos nariy, bet komandos sgveikos su vadovu, todél
Siame darbe yra keliama moksliné problema, kaip formuojasi delegavimas saviorganizuotoje Agile
komandoje?

Straipsnio tikslas - atskleisti delegavimo raiska saviorganizuotos Agile komandos kontekste. Siekiant
Sio tikslo keliami Sie uZdaviniai:

1. Atskleisti delegavimo reiskinj saviorganizuotos Agile komandos kontekste;

2. Pateikti tyrimo metodika;

3. Pristatyti tyrimo rezultatus, identifikuojant veiksnius, lemiancius delegavimo raiska
saviorganizuotoje Agile komandoje.

Tyrime taikomas kokybinés atvejo metodas. Straipsnis susideda i§ anotacijos, reik§miniy Zodziy,
teoriniy jzvalgy, tyrimo metodikos pristatymo, tyrimo rezultaty ir diskusijos bei iSvady.

Teorinis saviorganizuotas Agile komandos, akcentuojant delegavimo aspekta, apibuidinimas

Organizacijoms siekiant prisitaikyti prie poky¢iy, mokytis ir nuolat tobuléti vadyboje yra pasirenkama
remtis Agile pozitriu, o0 komanda tuomet tampa pagrindiniu darbo organizavimo vienetu (Grass ir kt., 2020).
Agile komanda literatliroje apibréziama jvairiai, nes dalis autoriy apibrézimuose akcentuoja komandos

161



charakteristikas, o kiti mokslininkai démesj sutelkia j darbo organizavimo principus ir praktikas (Junker ir kt.,
2024). Agile komandy apibrézimuose dazniausiai akcentuojama saviorganizacija, autonomija, jgalinimas ir
kolektyvinis sprendimy priémimas. Hoda ir kt. (2011) Agile komanda apibrézia kaip saviorganizuojancia
komanda, kuri pati valdo darbo kriivj, perskirsto darbus ir dalyvauja priimant sprendimus. Moe ir kt. (2021)
akcentuoja, kad tai autonominé komanda, turinti autoriteta ir didele atsakomybe priimti su savo darbu
susijusius sprendimus. Grass ir kt. (2020) Agile komanda sieja su tuo, kad komanda savarankiskai valdo
procesus, sprendzia, kaip pasiekti tikslus, ir deleguoja atsakomybe uz uzduotis skirtingiems komandos
nariams. Siuo apibrézimu yra remiamasi §iame darbe.

Agile komandos iSskirtinumas yra ir tai, kad ji tampa ne tik darbg atliekanciu vienetu, bet ir socialiniu
vienetu, kurio veikimas grindziamas kolektyvinémis praktikomis, tarpasmeniniais santykiais ir bendrais
susitarimais. Dél Sios priezZasties Agile komandos kontekste ypa¢ aktualus tampa delegavimo aspektas.
Delegavimas Agile komandoje negali biiti suprantamas vien kaip uzduociy perdavimas i§ vadovo darbuotojui,
nes Agile komandos veikimas i§ esmés remiasi pasidalinta atsakomybe, pasidalyta lyderyste ir kolektyviniu
sprendimy priémimu (Imam ir Zaheer, 2021; Steegh ir kt., 2024). D¢l Siy priezasCiy delegavimas
saviorganizuotose Agile komandose tampa kritiSkai svarbiu reiskiniu, kuris apima ne tik uzduoties priskyrima
ar prisiskyrimg, taciau ir atsakomybés bei sprendimy teisés pasiskirstyma komandos viduje (Steegh ir kt.,
2024; Alami ir kt., 2023).

Nors tradicingje hierarchinéje organizacijy vadyboje delegavimas dazniausiai reiskia vadovo
kontroliuojamg uzduociy paskirstyma, kai atsakomybé perduodama zemyn hierarchijoje, taciau sprendimy
teisé islieka aukstesniuose valdymo lygmenyse, darbg atlickant Agile komandomis §i logika i§ esmés keiciasi.
Masood, Hoda ir Blincoe (2020) pabrézia, kad Agile komandose uzduociy paskirstymas dazniausiai vyksta per
savarankiska uzduociy prisikyrima (angl. self-assignment), kai patys komandos nariai pasirenka, kurias
uzduotis atliks. Autoriai tai apibrézia kaip savivaldy darbo paskirstymo mechanizma, kai tiek visa komanda,
tiek atskiri individai aktyviai dalyvauja sprendZziant, kas imsis konkre¢iy uzduociy, o ne pasyviai laukia vadovo
nurodymy (Masood ir kt., 2020). Delegavimo sampratg papildo ir Mihelic ir kt. (2024), remdamiesi situacinés
lyderystés teorija. Jie delegavimg apibiidina kaip lyderystés stiliy, kuris yra tinkamiausias tada, kai komandos
nariai yra pakankamai kompetentingi ir motyvuoti prisiimti atsakomybe. Autoriai pabrézia, kad Agile
kontekste delegavimas jgauna kitokig formg, nes atsakomybé néra perduodama per hierarchinj vadova, bet
paskirstoma pacios komandos viduje, taip skatinant pasitikéjima, savininkiSkumo jausma ir viding motyvacija.

Svarbus delegavimo ypatumas saviorganizuotose Agile komandose yra ir tai, kad jis tampa ne vien
vadybine technika, bet ir organizacinés kultiiros dalimi. Johannessen ir Karlsen (2024) pazymi, kad
autonomisky Agile komandy veikimas reikalauja lyderystés, gristos pasitikéjimu, jtraukimu ir aiSkia
komunikacija, nes tik tokiomis salygomis Agile komandos nariai gali savarankiskai priimti sprendimus ir
prisiimti atsakomybe uz rezultatus.

Tyrimo metodika

Siekiant giliau suprasti delegavimo rai§ka saviorganizuotos Agile komandos kontekste, Siame tyrime yra
pasirinkta kokybiné tyrimo prieiga ir taikoma atvejo analizé. Tyrimo atveju pasirinkta viena 4Agile komanda,
veikianti organizacijoje, kurioje yra taikomos Agile darbo praktikos. Duomenys buvo renkami taikant du
kokybinius duomeny rinkimo metodus: (1) sutelktosios grupés interviu su 7 Agile komandos nariais ir (2)
pusiau strukttiruotg interviu su komandos vadovu. Tokj pasirinkimg lémé tyréjy siekis uzfiksuoti kolektyving
komandos patirtj komandos lygiu bei papildyti atveji vadovo perspektyva. Abu interviu buvo pusiau
struktiiruoti. Surinkti duomenys buvo analizuojami taikant kokybing turinio analiz¢. Tyrimas buvo vykdomas
organizacijoje, komandos darbo aplinkoje.

Tyrimo rezultatai ir diskusija

Remiantis atlikta literatiiros analize ir empiriniu tyrimu, buvo suformuotas tyrimo empirinis modelis (1
pav.), kuris atskleidzia delegavimo raiska saviorganizuotos Agile komandos kontekste. Modelis parodo, kad
delegavimas formuojasi kaip dvikryptis procesas tarp vadovo ir komandos. Sis modelis leidzia sistemiskai
atskleisti, kaip sgveikos tarp vadovo ir komandos nariy lemia sprendimy galios ir atsakomybés pasiskirstyma
komandos viduje.

Atliktas kokybinis tyrimas atskleidé, kad delegavimas Agile komandoje pasireiskia ne kaip vienkryptis
vadovo veiksmas, o kaip dvikryptis procesas, kuriame svarby vaidmenj atlieka tiek vadovo sprendimai, tiek
pacios komandos gebéjimas prisiimti atsakomybe ir sprendimy priémimo galig. IS vadovo pusés delegavimas
pasireiSkia per uzduoCiy perdavimg, sprendimy priémimo teisés suteikimg ir sglygy pasitikéjimui bei
psichologiniam saugumui kiirima. 1§ komandos pusés delegavimas pasireiskia per atsakomybés prisiémima,
kolektyvinio identiteto ir kolektyvinio veikimo pasirinkimg bei gebéjima reflektuoti ir adaptuoti savo
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veiklag komandoje. Tokie rezultatai dera su Agile komandy samprata, kur saviorganizacija laikoma
kertiniu sekmés veiksniu (Hoda ir kt., 2013), o sprendimy priémimas ir atsakomybé yra paskirstomi
komandos viduje (Moe ir kt., 2021; Grass ir kt., 2020), tac¢iau parodo, kad vadovo gebé¢jimas
deleguoti, ne tik uzduotj, bet ir atiduoti komandai galig priimti sprendimg ir autoritety taip pat yra
svarbus.

Vadovas

perduoda uzduoti,

perduoda sprendimy priémimo teise,

perduoda atsakomybe uz sprendima,
sukuria pasitikéjimo ir saugumo
salygas
Agile komanda /\
prisiima atsakomybe,

veikia remiantis kolektyviniu identitetu,

reflektuoja, mokosi ir adaptuoja
sprendimus

1 pav. Tyrimo empirinis modelis
Saltinis: sudaryta autoriy

Atliktas tyrimas taip pat parodé, kad delegavimas tiesiogiai siejasi su vyraujanc¢iu komandos identitetu.
Kai komandoje dominuoja kolektyvinis identitetas, t.y. komanda save suvokia, kaip vieng vieneta, aiskiai zino
ir siekia bendro tikslo, tada sprendimai priimami kartu, atsakomybé suvokiama kaip bendra, o vadovo vaidmuo
iSlieka palaikantis. Tuo tarpu komandose, kuriose vyrauja individualus identitetas, t.y. komanda save supranta,
kaip pavieniy nariy suma, kurie atlieka savo uzduoties dalj, sprendimo teisé dazniau grazinama vadovui,
vengiama rizikos, o atsakomybé irgi prisiimama tik uz savo atliktos uzduoties dalj. Tokj rezultata galima
paremti kity autoriy tyrimais, kurie nustaté, kad kolektyvinis identitetas Agile komandose padeda sutelkti
démes;j | bendrus tikslus, stiprina pasitikéjima ir palaiko saviorganizacija (Johnson ir Chang, 2006; Beheshtifar
ir Rahimi-Nezhad, 2012; Luu ir Narayan, 2017).

Empiriniai duomenys taip pat atskleidé psichologinio saugumo svarbg delegavimo raiskai. Jeigu Agile
komandoje egzistuoja saugi aplinka, tada sprendimy priémimas natiiraliai ,,nusileidzia“ j komandos lygmen;.
Jeigu yra prieSingai, kai psichologinis saugumas silpnas, tada 4gile komanda linkusi laukti aiSkiy nurodymuy,
kaip tiksliai jgyvendinti uzduotj, net jei formaliai ji turi suteikta autonomija. Alami ir kt. (2023) bei Steegh ir
kt. (2024) irgi pateiké panasias jzvalgas, kad psichologinis saugumas yra biitina sglyga pasidalytai lyderystei
ir kolektyviniam sprendimy priémimui. Taip pat, Johannessen ir Karlsen (2024) tyrimas atskleide, kad be
psichologinio saugumo ir aiskiy tarpusavio susitarimy delegavimas nejvyksta.

Tyrimo duomenys leidzia daryti i§vada, kad i§ vadovo pusés delegavimas Agile komandoje turi apimti
ne tik uzduoties perdavima, bet ir sprendimo galia bei su ja susijusio autoriteto perdavima. Tik tokiu atveju
komandos nariai gali veikti savarankiskai, daryti jtaka vieni kitiems ir koordinuoti veikla kolektyviniu
lygmeniu. Sis radinys gali biti pagrjstas ir mokslininky darbu, kur delegavimas buvo siejamas ne su kontrolés
praradimu, bet su kolektyvinés atsakomybés stiprinimu (Imam ir Zaheer, 2021; Spiegler ir kt., 2021). Si jzvalga
dera su Steegh ir kt. (2024) apibrézta jgalinimo biisena, kai komanda turi realig kontrole pasirinkti darbo buidus
ir priimti sprendimus, bei su Hoda ir kt. (2013) teiginiu, kad saviorganizacija neatsiejama nuo sprendimy
priémimo galios komandoje.

ISvados

1. Atlikta literatiiros analizé parodé, kad delegavimas saviorganizuotoje Agile komandoje apima ne
tik uzduociy paskirstymg komandos viduje, bet ir atsakomybés bei sprendimy galios pasidalijima per nuolating
sgveikg tarp komandos nariy ir vadovo. Delegavimo raisSka priklauso nuo pasitikéjimo, komunikacijos ir
vadovo gebéjimo sudaryti sglygas komandos savarankiSkumui.

2. Tyrimui buvo pasirinkta kokybiné atvejo analizé. Duomenys rinkti taikant sutelktosios grupés
interviu su komandos nariais ir pusiau struktiiruotg interviu su komandos vadovu. Duomeny analizé atlikta
pasitelkiant kokybing turinio analizg.

3. Tyrimas atskleid¢, kad delegavimas saviorganizuotoje Agile komandoje yra dvikryptis procesas,
kuris jvyksta tada, kai vadovas perduoda uzduotj, sprendimy galig ir kuria pasitikéjimo salygas, o komanda
tuo paciu metu prisiima atsakomybe, veikia kolektyviai ir jsitraukia j sprendimy priémimg. Empirinis modelis
parodo, kad delegavimo raiskg lemia nuolatiné sgveika tarp vadovo ir komandos.
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DELEGATION IN SELF-ORGANIZING AGILE TEAMS: A CASE STUDY

Summary

The increasing adoption of the Agile approach in organisations has strengthened the role of teams in work organisation
and raised new questions about how decision-making and responsibility are distributed in self-organising Agile teams.
One of the key issues in this context is delegation; however, this phenomenon remains insufficiently explored in academic
research. This article aims to reveal the manifestation of delegation in a self-organising Agile team.

The study employs a qualitative research approach, utilising a case study design. Data were collected using two
qualitative methods: a focus group interview and a semi-structured interview with the team manager. The collected data
were analysed using qualitative content analysis.

The findings show that delegation in a self-organising Agile team emerges as a mutually constituted process between
the manager and the Agile team. From the manager’s perspective, delegation involves not only assigning tasks but also
transferring decision-making authority and creating conditions for trust and psychological safety. From the team’s
perspective, delegation is manifested through the assumption of responsibility, a collective identity, active participation
in decision-making, and continuous reflection on team practices. The study contributes to the understanding of delegation
as a dynamic and relational process rather than a formal managerial technique and provides empirically grounded insights
into delegation in self-organising Agile teams.

Key words: Agile team, delegation, self-organization.
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