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BCTYII

CiMHanUATHI BHUIYCK KOJEKTUBHOI MoHoOrpagii «MiKIUCUUIUTIHAPHI
TOCIIPKEHHsS] B Trajy3l HayKd, 1HHOBalld Ta CYCHUIBHOIO PO3BUTKY» 00’ €IHY€
pE3yNbTaTH aKTyaJIbHUX JOCHIJKEHb, YV SKUX Cy4YacHI CYCHUIbHI, €KOHOMIYHI,
€KOJIOT14H1, MEIMYHI Ta TE€XHOJOT1UH1 BUKJIMKU PO3IJISAAIOTHCS Yepe3 B3a€EMO/III0
pPI3HUX HAyKOBUX NiAX0AiB. IlpeacrtaBieHi po3auUid MOEAHYIOTh TEOPETUUHE
OCMHUCJICHHSI MPOOJIEM 13 MPUKIAJHUMHU PIMICHHSMH, OPIEHTOBAHUMHU Ha CTaJIHH
PO3BUTOK, MICISIBOEHHE BIIHOBIICHHS, IHCTUTYLIHHY CTIMKICTh, OXOPOHY 3/10pOB’ s
Ta 6e3neuny nudpoBy TpaHchopMmaiiito.

BaxnuBuii TemaTuuHMid OJIOK TPHUCBSIYEHO TMPUPOJIHIA 1 KyJIbTYpHIN
CHaJIINHI, i1l BUKOPHUCTAHHIO SIK YMHHHKA CTajoOro TYpH3My Ta BiJIHOBJICHHS
TepuTopi 3amopizpkoi obOmacti. [lopsa 13 mUM JOCHIKEHO MPaBOBl 3acaiau
CTaJOr0 PO3BUTKY, €KOJOT14HOi Oe3MeKh W KIIMAaTUYHOI CTIMKOCTI B yMOBax
rI00anpHUX TpaHchopMallid, a TaKoXX PO3KPUTO MiAMPUEMHHUIIBKUN MOTEHITIA
3eJICHO1, 0JJaKUTHOT Ta IUPKYJISIPHOT eKOHOMIKH.

ExoHOMiKO-yTpaBIiHCHKUI HANpPSM MPECTaBICHO aHAII30M CTPATET1YHOTO
yIpPaBIiHHSA CTAJIMM PO3BUTKOM OpraHizalliii i TepuTopii B ymoBax Iudposizaiii
Ta colliaJbHUX 1HHOBAIIH. OKpeMOo BHCBITICHO U(POBi Ta IHHOBAIlIHHI MPAKTUKU
(biHAaHCOBOTO MOHITOPHHTY B OaHKIBCBKOMY CEKTOpi, 3aCTOCYBaHHS pH3HK-
OpIEHTOBAHOTO TIAXOJYy, INITYYHOTO I1HTEJIEKTY, aBTOMAaTH30BaHUX ITPOLEIYP
iIeHTHdIKAI] Ta KOHTPOIIIO (PIHAHCOBUX OTEpaIlii.

[TomiTuko-paBoBa TpOOJIEMAaTHKAa PO3KPUBAETHCS dYepe3 TOCHITKEHHS
TpaHcpopMallii JUTIIOMATUYHOTO TPOTOKONY YKpaiHM B yMOBax pOCIHCHKO-
YKpaiHChKOi BIHHW. ABTOPOM CHCTEMAaTH30BAaHO OpraHizailiiiHi, Oe3MeKoBi,
[IEPEeMOHIAIbHI Ta KOMYHIKAIiiHI 3MiHHM, MmO 3a0e3medyloTh Oe3MepepBHICTH
OoQIIMIMHNX MDKHAPOJHUX KOHTaKTiB 1 BogHOYac 30epiraloTb CTaTyCHY
BU3HAYCHICTH TUIIOMATHYHOI B3aEMO/TII.

[lcuxonoriyHuii OJOK OXOIUIIOE JIBa B3a€MOJIONOBHIOBAJIbHI aCMEKTU. Y

MEepIIOMY MPOAHATI30BAaHO CIIBBIIHOMICHHS KOJICKTHBHOI CHJIM Ta KOJIEKTUBHOIL



0€3BIAMOBIIANBHOCTI Kpi3b NpU3MYy epekTy PiHrenpmana, couiagbHUX JIHOILIB 1
PO3MO0ITY IEPCOHATBHOTO BHECKY B ITPYNOBY JISJIBHICTh. Y IpyroMy npodeciiny
CaMOpETYJISILII0 TICUX0JIora COollaibHOI c(hepu OOTpyHTOBAHO sIK OaraTOpIBHEBY
cucteMy 30€peXeHHsI MEHTaJbHOTO 3J0pOB’S, IO TMOEJHYE OCOOUCTICHI,
npodeciiiHo-KOMYHIKaTUBHI Ta OpraHi3aliiiHi pecypcH.

Menuko-010J0T1YHUN  HampsM — OPEJCTAaBICHO JOCHIIKEHHSIM  BIUIUBY
TPUBAJIOCTI apTepiajbHOI TINepTeH3li Ha IEHTpajJbHy TEeMOJAMHAMIKY Ta
IHTErpaTUBHI MOKAa3HUKU (DYHKIIOHATILHOTO CTaHy CEpLEBO-CYJIMHHOI CHUCTEMHU.
Otpumani pe3ynbTaTH MOTJIMONIOIOTh PO3YMIHHS JIMHAMIKM aJanTauifHOro
HanpyXeHHs W (YHKI[IOHANbHUX pE3epBIB OpraHi3My 3a pI3HOI TPHUBAIOCTI
3aXBOPIOBAHHHL.

[HbOpMaITIHHO-TEXHOJIOTIYHI PO3JIUIA 30CEPEHKEHO Ha MABUIIEHHI SKOCT1
Ta Oe3neKu HUPPOBUX CHCTEM. 3apPONOHOBAHO I'padoBi METPUKU i Maji MOBHI
MOJIeI JIJIsl BUSIBJICHHSI Ta BHIIPABJICHHS] HEKOPEKTHUX NITI031B y BPMN-Monensix,
HEYITKE OI[IHIOBAHHS PHU3UKY IMOMIJIKOBOTO TIyMadeHHs MapIIpyTiB Oi3HecC-
IPOIIECiB, a TaKOX areHTHWM MiIXiJ 10 aBTOHOMHOI ONTHMI3aIlii CTaTHYHOTO
TECTYBaHHs 0€3MEKH 3aCTOCYHKIB y 3aXHUIIEHOMY )KUTTEBOMY LMK PO3pOOIECHHS
IIPOrpaMHOTO 3a0€3MCUCHHS.

Marepiany BUIYCKY CTAaHOBUTUMYTbH IHTEpEC Il HAyKOBIIIB, BHKJIAJayiB,
daxiBmiB y cdepi mpaBa, €KOHOMIKH, MEHEKMEHTY, TYPHU3MY, IICHXOJOr1],
MEJIUIIMHK, 0aHKIBCHKOI CIIpaBH, iH(OpPMAIIHUX TEXHOJOTiH 1 kibepOe3mneku, a
TAaKOXX JJIs  acIipaHTiB, CTYIACHTIB Ta TMPAKTUKIB, 3aIliKaBICHUX y

MDKIUCITUIUTIHAPHOMY aHalli31 CydaCHUX MPOIECIB PO3BUTKY.



CHAPTER 1

THEORETICAL AND METHODOLOGICAL FOUNDATIONS FOR THE

USE OF NATURAL AND CULTURAL HERITAGE AS A DRIVER OF
SUSTAINABLE TOURISM DEVELOPMENT AND POST-WAR
TERRITORIAL RECOVERY: THE CASE OF THE ZAPORIZHZHIA
REGION OF UKRAINE

Arsenenko Iryna Anatoliivna,

candidate of geographical sciences,
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of the department of geography and tourism,
Bogdan Khmelnitsky Melitopol state
pedagogical university, Zaporizhzhia.
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candidate of geographical sciences,
associate professor, associate professor

of the department of geography and tourism,
Bogdan Khmelnitsky Melitopol state
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associate professor, associate professor
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Under contemporary societal development, natural and cultural heritage

(NCH) is regarded as one of the key resources for strengthening the tourism

potential of territories. Its significance extends far beyond its recreational function,

encompassing a broad range of socio-economic, environmental, and cultural
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processes. This issue is particularly relevant for regions characterized by a
complex historical and geographical structure and rich natural diversity, such as
the Zaporizhzhia region of Ukraine [4, 5].

A comprehensive understanding of the concept of heritage provides the
essential theoretical foundation for investigating its role in tourism development,
particularly in the context of contemporary transformational processes and
wartime challenges. Such an approach makes it possible to consider heritage not
only as an object of preservation but also as a strategic resource for sustainable
territorial development, social cohesion, and post-crisis recovery.

Within contemporary scholarly discourse, heritage is interpreted as a
universal social phenomenon encompassing both tangible and intangible values
that are interconnected through their historical significance and cultural memory.
Current approaches emphasize not only the conservation of heritage assets but also
their contribution to local communities through the intergenerational transmission
of knowledge, traditions, and identity, as well as their role in stimulating tourism
development and regional economic growth. These perspectives are consistently
highlighted in recent review studies on heritage and tourism, which emphasize the
integrative role of natural and cultural heritage in promoting the sustainable
development of territories [13].

According to the UNESCO approach, heritage is regarded not only as an
object of conservation but also as a strategic resource for sustainable development,
possessing Outstanding Universal Value. The 1972 Convention Concerning the
Protection of the World Cultural and Natural Heritage distinguishes cultural,
natural, and mixed heritage as separate categories, which have become the
internationally recognized framework for heritage management and its integration
into tourism development [6-8].

From a practical perspective, it is appropriate to distinguish between natural
and cultural heritage, as they differ in their origin and mechanisms of formation

while remaining closely interconnected and collectively shaping the territorial



identity of a region. Natural heritage encompasses unique natural complexes,
landscapes, ecosystems, and individual natural features possessing ecological,
scientific, aesthetic, or recreational value. It is formed through long-term natural
processes and includes geological formations, landforms, climatic characteristics,
flora, and fauna. Its defining features are limited renewability and a high degree of
vulnerability to anthropogenic pressures, which necessitate effective conservation
and sustainable management. The significance of natural heritage for the state is
multidimensional. It contributes to environmental stability and biodiversity
conservation, provides an essential resource for recreation and tourism
development, and reinforces the spatial distinctiveness and attractiveness of
territories. In the case of Ukraine, natural heritage is of particular importance due
to the country's remarkable landscape diversity, ranging from the Carpathian
Mountains to the steppe ecosystems of the southern regions. This diversity
constitutes a valuable foundation for sustainable tourism development, regional
competitiveness, and the preservation of ecosystem services.

In the Zaporizhzhia region, prominent examples of natural heritage include
Khortytsia Island, protected steppe landscapes, and the Dnipro River Valley, all of
which are of exceptional importance for biodiversity conservation and tourism
development. Under the conditions of martial law, however, the region's natural
heritage has been exposed to severe threats. Military operations, technological
accidents, and environmental contamination have substantially increased the risk
of ecosystem degradation, making the conservation of natural heritage an integral
component of national security and post-war recovery.

Unlike natural heritage, cultural heritage is the result of human activity and
reflects the historical, social, and spiritual development of society. It comprises
both tangible and intangible components. Tangible cultural heritage includes
architectural monuments, historic buildings, archaeological sites, and cultural

landscapes, whereas intangible cultural heritage encompasses traditions, customs,
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language, folklore, craftsmanship, and other forms of cultural expression
transmitted across generations.

Cultural heritage plays a fundamental role in strengthening national identity,
fostering intergenerational continuity, and preserving cultural diversity. It also
contributes significantly to the advancement of education, scientific research, and
tourism, while serving as an important instrument for enhancing a country's
international image and cultural diplomacy. In the context of contemporary
geopolitical challenges, the protection of cultural heritage has become not only a
cultural priority but also a strategic objective for ensuring societal resilience and
safeguarding historical memory [1, 2, 3].

In Ukraine, cultural heritage is of exceptional value due to the country's
multilayered historical development and the diversity of cultural influences that
have shaped its identity over the centuries. In the Zaporizhzhia region, this is
reflected in the coexistence of the cossack cultural legacy, archaeological sites
associated with nomadic civilizations, and the industrial heritage of the twentieth
century. The introduction of martial law has significantly intensified threats to
cultural heritage, including the destruction of monuments, museums, archives, and
other cultural institutions, resulting in the irreversible loss of both tangible and
intangible elements of national memory. Consequently, the protection of cultural
heritage has become an increasingly important strategic priority for the state.

At the same time, cultural heritage has emerged as a powerful symbol of
resilience, national unity, and historical continuity. It provides new opportunities
for the development of domestic tourism, particularly memorial and patriotic
tourism, while fostering public awareness, strengthening national identity, and
supporting the post-war recovery of communities and territories [12].

According to leading scholars in tourism studies, heritage tourism
encompasses the practice of visiting places associated with historical, cultural, and
natural values, with the purpose of exploring and interpreting their significance in

relation to both the past and the present [11].
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In our view, the contemporary understanding of heritage is based on its
comprehensive interpretation as an integrated system of interrelated natural and
cultural components. Within the tourism system, heritage serves not only as a
resource base but also as a key factor of territorial differentiation, tourism product
development, and regional positioning. This perspective is particularly relevant to
the Zaporizhzhia region, where the combination of the steppe zone's natural
resources, the Dnipro ecological corridor, and a multilayered historical and
cultural heritage creates a distinctive foundation for tourism development.

To advance the scientific understanding of the role of heritage in tourism, it is
essential to identify the principal theoretical approaches to its utilization.
Contemporary theoretical studies emphasize the interdisciplinary nature of
heritage research, recognizing heritage resources not merely as tourism assets but
also as integral elements of social memory, cultural identity, and symbolic capital.
Within this framework, heritage is increasingly understood as a dynamic resource
whose value extends beyond conservation, contributing to sustainable regional
development, destination competitiveness, and the resilience of local communities
[1, 2, 9].

The resource-based approach conceptualizes heritage as a set of tourism
resources characterized by their attractiveness, accessibility, and degree of
development, thereby providing a basis for assessing the tourism potential of a
territory and identifying prospects for its future development. To achieve a more
comprehensive understanding of the interaction between natural and cultural
components, the landscape approach is also employed. This approach interprets a
territory as an integrated geosystem in which tourism represents a form of
integrated landscape use that takes into account ecological, historical, and
functional characteristics. In the case of the Zaporizhzhia region, particular
attention should be given to the tourism potential of the Dnipro Ecological
Corridor, which constitutes a strategic foundation for the development of nature-

based tourism.
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Our research indicates that the further advancement of the theoretical
framework is closely associated with the concept of sustainable tourism
development, which seeks to achieve a balance between economic efficiency,
social interests, and environmental conservation. Within this context, particular
importance should be attached to the concept of tourism carrying capacity, which
defines the maximum level of tourism use that a territory can sustain without
compromising its ecological integrity or diminishing the quality of visitor
experience. This approach provides an essential basis for ensuring the long-term
sustainability of tourism destinations while safeguarding the natural and cultural
heritage upon which their competitiveness depends.

Particular importance should also be attached to the interpretive approach,
which is aimed at revealing the meaning and significance of heritage assets to
visitors. This approach promotes a deeper understanding of natural and cultural
values while enhancing the overall quality of the tourism experience. Unlike the
traditional approach, which is primarily limited to the presentation of heritage
sites, interpretation seeks to explain and contextualize them through their
historical, cultural, social, and environmental dimensions.

The essence of the interpretive approach lies in establishing a meaningful
connection between heritage assets and visitors by presenting information in an
accessible, engaging, and intellectually stimulating manner. Such an approach not
only facilitates the communication of factual knowledge but also fosters
appreciation and a sense of responsibility towards heritage, thereby contributing to
its long-term conservation and sustainable use.

It should be emphasized that heritage interpretation is implemented through a
wide range of instruments and practices, including museum exhibitions, thematic
guided tours, interactive exhibitions, cultural and educational programmes,
tourism routes, and interpretation centres. In recent years, digital technologies
have become increasingly important in this field, particularly multimedia guides,

augmented reality applications, mobile applications, and virtual tours, all of which
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considerably expand opportunities for experiencing and understanding heritage.
These innovative tools improve visitor engagement, support inclusive access to
heritage resources, and strengthen the educational and communicative functions of
tourism.

The interpretive approach is particularly valuable for heritage assets that
possess limited visual appeal or have been partially lost or damaged. In such cases,
interpretation serves as a means of "recovering” their significance through the
reconstruction of historical events, the visualization of lost elements, and the
incorporation of narrative-based interpretive practices. By providing historical and
cultural context, interpretation enables visitors to understand the symbolic and
societal value of heritage beyond its physical appearance.

For the Zaporizhzhia region, the interpretive approach offers considerable
potential, as it facilitates a more comprehensive presentation of the territory's
multilayered historical and cultural heritage, spanning from the civilizations of
ancient nomadic peoples to the cossack era and the industrial development of the
twentieth century. Particular attention should be paid to the interpretation of the
cossack heritage, which represents a fundamental component of Ukraine's national
identity, as well as to the steppe landscapes whose ecological significance often
requires professional interpretation to be fully appreciated by visitors.

Under the conditions of martial law, the interpretive approach has acquired
additional functions, becoming an important instrument for understanding
contemporary events, preserving historical memory, and documenting the
consequences of war. New forms of heritage interpretation are emerging,
including the memorialization of affected territories, the development of thematic
heritage routes, and the incorporation of contemporary historical narratives into
tourism discourse. These practices contribute not only to public education but also
to the preservation of collective memory and the strengthening of societal

resilience.
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Therefore, the theoretical foundations of heritage interpretation emphasize its
communicative role as a dynamic process of interaction between heritage and its
audiences. Rather than merely transmitting information, interpretation encourages
critical reflection, emotional engagement, and a deeper appreciation of the
historical, cultural, and environmental significance of heritage, thereby enriching
the educational value and transformative potential of the tourism experience [10].

In our view, the interpretive approach not only enhances the attractiveness of
heritage assets but also fosters a responsible attitude towards their conservation,
promotes the development of educational and scientific tourism, and reinforces the
role of heritage as a driver of the cultural and social development of territories.

In summary, tourism serves as an important instrument for promoting natural
and cultural heritage by generating economic benefits, increasing public
awareness, and supporting the preservation of cultural traditions. At the same time,
tourism activities may create significant challenges, including excessive visitor
pressure, environmental degradation, and the loss of authenticity. Consequently,
achieving an appropriate balance between tourism development and heritage
conservation remains one of the fundamental principles of sustainable tourism
management.

Under the conditions of martial law, these challenges have become even
more complex. Damage to infrastructure, restricted access to heritage sites, and
environmental threats have substantially affected the use of heritage resources for
tourism purposes. At the same time, heritage has acquired a renewed strategic
significance as a resource for post-war recovery, the strengthening of national
identity, the restoration of social cohesion, and the reintegration of Ukraine into
the global cultural and tourism landscape. In this context, the preservation,
interpretation, and sustainable use of natural and cultural heritage should be
regarded as integral components of long-term regional development strategies and
essential prerequisites for enhancing the resilience and international

competitiveness of tourism destinations.
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Therefore, NCH constitutes a fundamental basis for tourism development,
while its effective utilization requires a comprehensive approach that integrates
sound scientific evidence, the principles of sustainable development, and
adaptation to contemporary challenges, particularly those arising from the ongoing
war. In the case of the Zaporizhzhia region, this creates favourable conditions for
the development of a new tourism model focused on the conservation, restoration,
and sustainable use of natural and cultural resources, while enhancing the region's
competitiveness at both the national and international levels.

The findings of the present theoretical analysis demonstrate that natural and
cultural heritage represents complementary components of a unified tourism
potential that determine the spatial distinctiveness of a territory, its historical and
cultural identity, and its capacity to develop a competitive tourism product. Under
contemporary conditions, the effective utilization of heritage should be based on
the integration of resource-based, landscape, interpretive, and sustainable
development approaches. Such an integrated framework ensures an appropriate
balance between economic efficiency, environmental protection, the safeguarding
of cultural values, and the sustainable development of local communities.

To systematize the findings of the theoretical analysis, Table 1 summarizes
the principal characteristics of natural and cultural heritage, their functional
significance, the major theoretical approaches to their application in tourism, the
contemporary challenges affecting their conservation and use, and the prospects
for their contribution to tourism development in the Zaporizhzhia region and
adjacent territories.

The analysis of theoretical approaches to understanding NCH enabled us to
develop an original methodological framework for this study, grounded in

systemic, geographical, tourism, and interdisciplinary approaches (Table 2).
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Table 1. Theoretical foundations for the use of natural and cultural heritage as a

a collection of natural complexes,
landscapes, ecosystems, geological
formations, flora, and fauna
possessing ecological, scientific,
aesthetic, and recreational value

a collection of tangible and
intangible assets created by
humans that reflect the
historical, spiritual, and social
development of society

driver of tourism development (Developed by the author)

forms the resource base for tourism
development while strengthening the
territorial identity and distinctiveness
of the region

protected areas, national and
regional nature parks, rivers,
islands, steppe ecosystems, natural
and geological monuments, and
biodiversity

architectural monuments,
archaeological sites,
museums, historical
complexes, traditions,
customs, traditional crafts,
and folklore

contribute to the development of a
diversified tourism product and
support the growth of specialized
forms of tourism

ecological, recreational,
conservation, scientific, and
educational

historical and cultural,
educational, cognitive,
memorial, and communicative

support the integrated development of
nature-based, cultural, educational,
ecological, and patriotic tourism

provides the foundation for the
development of ecotourism,
nature-based tourism, recreational
ourism, and adventure tourism

supports the development of
cultural, historical,
ethnographic, and memorial
tourism routes

enhances the competitiveness of
tourism destinations while
diversifying the regional tourism offer

resource-based approach,
landscape approach, ecosystem
approach, and the sustainable
development concept

resource-based approach,
cultural approach, interpretive
approach, and the concept of
heritage as social capital

provide a comprehensive framework
for assessing the tourism potential of
territories and identifying strategic
directions for their sustainable
development and utilization

interpretation of the ecological,
geological, and landscape values
of natural heritage assets

interpretation of the historical
cultural, and spiritual
significance of heritage sites,
monuments, and traditions

enhances the quality of the visitor
experience, increases visitors'
awareness and appreciation of
heritage values, and contributes to the
long-term conservation of natural and
cultural heritage

irtual tours, maobile applications,
interactive maps, and augmented
reality (ar) solutions for the
interpretation of natural heritage
assets

digital museums, multimedia
exhibitions, qr code-enabled
heritage trails, and ar/vr-basec
reconstructions of historical
monuments and heritage sites

enhances the promotion and
accessibility of tourism resources
while improving visitor engagement
and the overall tourism experience

lecosystem degradation,
anthropogenic pressures,
environmental pollution, military
operations, and technological
accidents

destruction of heritage
monuments, museums, and
archives; loss of intangible
cultural heritage; and the
consequences of armed
conflict

highlight the need for the
implementation of modern heritage
protection, monitoring, conservation,
and post-war recovery mechanisms to
ensure the sustainable development of
tourism

restoration of protected areas,
development of nature-based

ourism, recreation, and green
ourism routes

restoration of historical and
cultural heritage sites, and the
development of memorial,
patriotic, and cultural tourism

contributes to the socio-economic
recovery of affected territories,
strengthens the region's image, and
promotes the sustainable development
of domestic tourism

khortytsia island, the dnipro river

alley, protected steppe areas, and

he coastal landscapes of the sea of
zov

cossack heritage,
archaeological sites, industria
heritage, museums, and the
traditions of the Zaporizhzhia
region

together, they create a unique
combination of natural and cultural
resources that provides the foundation
for the development of a competitive
and sustainable tourism destination
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The framework is based on the premise that natural and cultural heritage
constitutes a complex territorially organized system shaped by the interaction of
natural, historical, socio-economic,and cultural processes. Within this perspective,
NCH is regarded as one of the key drivers of tourism development, regional
competitiveness, and sustainable territorial development.

The proposed methodological framework follows the principle of progressing
from the general to the specific, thereby enabling natural and cultural heritage to
be examined across interconnected spatial scales, namely the global, national, and
regional levels. Such an approach provides a comprehensive understanding of the
phenomenon under investigation while facilitating the adaptation of international
experience and best practices to the context of tourism development in Ukraine
and, more specifically, in the Zaporizhzhia region.

The first stage of the research is devoted to establishing the theoretical
foundations of natural and cultural heritage. It identifies their place within the
structure of tourism resources, examines their functions and contemporary
concepts of utilization, and systematizes the principal theoretical and
methodological approaches to their assessment and tourism development. This
stage provides the conceptual and methodological foundation for the entire study.

The second stage involves the analysis of international experience in the
conservation, management, and tourism utilization of UNESCO World Heritage
properties, which represent one of the most effective models of heritage
governance. Examining the criteria for World Heritage inscription, as well as the
principles of conservation, interpretation, and tourism use, provides a
methodological basis for assessing the potential of Ukraine's natural and cultural
heritage and identifying best practices applicable to the national context.

The third stage focuses on a comprehensive assessment of the natural
heritage, tangible cultural heritage, and intangible cultural heritage of the
Zaporizhzhia region and its adjacent territories as interconnected components of

the region's tourism potential.
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adjacent territories (Developed by the author)

systemic, resource-
based, geographical,
cultural, and tourism
approaches

natural and
cultural heritage
as a component
of tourism
resources

analysis of the conceptual and
categorical framework, the
functions of natural and
cultural heritage, contemporary
concepts of heritage utilization
in tourism, the principles of
sustainable development, and
heritage interpretation

Table 2. Proposed methodological framework for the study of natural and cultural
heritage as a driver of tourism development in the Zaporizhzhia region and

establishment of the
theoretical and methodological
foundations for the study of
natural and cultural heritage as
a driver of tourism
development

comparative

UNESCO World

analysis of the international

identification of international

geographical, Heritage criteria for heritage evaluation, | best practices that can be

historical, and properties as well as international adapted to support tourism

institutional experience in heritage development in Ukraine and

approaches conservation, management, and| the Zaporizhzhia region
tourism utilization

territorial, natural heritage [assessment of natural tourism | evaluation of the role of

integrated, of the resources, their territorial natural heritage in shaping the

landscape, and Zaporizhzhia  |organization, tourism potential, | region's tourism specialization

historical- region and and current patterns of

geographical adjacent utilization

approaches territories

historical- tangible cultural fanalysis of historical and determination of the role of

geographical, heritage cultural tourism resources, tangible cultural heritage in

cultural, and including archaeological, the development of cultural

heritage architectural, cossack, and tourism

conservation industrial heritage, as well as

approaches their utilization in tourism

ethnogeographical, fintangible analysis of traditions, customs, | substantiation of the role of

cultural-
anthropological, and
sociocultural
approaches

cultural heritage

traditional crafts, gastronomy,
festivals, and other elements of
intangible cultural heritage

intangible cultural heritage in
shaping the regional tourism
product and strengthening
territorial identity

transport-
geographical,
logistics, and spatial

regional
transport system

assessment of the transport
accessibility of tourism
resources, the current state of

evaluation of the level of
transport provision for the
tourism sector and

approaches transport infrastructure, and its | identification of priority
influence on tourism flows directions for improving
transport accessibility and
infrastructure
sustainable the tourism analysis of the challenges development of scientifically

development,
strategic planning,
and regional
development
frameworks

sector of the
Zaporizhzhia
region in the
context of post-
war recovery

associated with heritage
utilization, assessment of
tourism development
prospects, and identification of
strategic directions for post-
war tourism recovery

grounded recommendations
for the effective utilization of
natural and cultural heritage as
a key driver of sustainable
tourism development

comprehensive
interdisciplinary
approach

Natural and
cultural heritage
as an integrated
tourism system

synthesis of the research
findings and analysis of the
interrelationships among
natural heritage, cultural
heritage, transport accessibility,
and tourism development

development of an original
conceptual framework for the
utilization of natural and
cultural heritage as the
foundation for building a
competitive and sustainable
tourism destination in the
Zaporizhzhia region and its
adjacent territories
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This approach makes it possible to evaluate the territorial differentiation of
heritage resources, identify their tourism specialization, determine the principal
spatial patterns of their distribution, and define promising directions for their
sustainable utilization and tourism development. The fourth stage is devoted to the
analysis of transport accessibility as one of the key determinants of the effective
utilization of natural and cultural heritage in tourism. Consideration of the
transport-geographical location, the current state of transport infrastructure, and
the spatial accessibility of heritage and tourism sites provides a comprehensive
assessment of the actual opportunities for tourism development. This stage also
makes it possible to identify transport constraints and infrastructural priorities that
should be addressed to improve the accessibility and competitiveness of tourism
destinations in the region.

The final stage of the study is devoted to substantiating the key challenges,
future prospects, and strategic directions for the utilization of natural and cultural
heritage within the context of the post-war recovery of the tourism sector in the
Zaporizhzhia region. Particular attention is paid to heritage conservation, the
development of domestic tourism, the digitalization of tourism services, the
integration of international best practices, and the implementation of sustainable
development principles in tourism destination management.

Thus, the proposed methodological framework is based on the integration of
five complementary components: (1) the theoretical foundations of the study; (2)
the analysis of international experience; (3) the comprehensive assessment of the
region's natural, tangible cultural, and intangible cultural heritage; (4) the
evaluation of transport accessibility; and (5) the identification of strategic
directions for the post-war development of tourism. The integration of these
components provides a holistic understanding of the role of natural and cultural
heritage as a key driver of tourism development in the Zaporizhzhia region and its

adjacent territories, while establishing a scientifically grounded basis for the
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formulation of practical recommendations aimed at the effective utilization of
heritage resources in regional development.

The proposed methodological framework reflects the interrelationship
between international approaches to heritage conservation and utilization, the
national characteristics of tourism development, and the regional specificities of
the Zaporizhzhia region. It ensures the conceptual coherence and methodological
consistency of the research while enabling a comprehensive assessment of natural
and cultural heritage as one of the principal drivers of sustainable tourism
development. The framework also provides a transferable methodological basis
that may be adapted for similar studies of heritage-based tourism development in
other regions undergoing socio-economic transformation and post-conflict
recovery.

The proposed methodological framework is founded on the principles of
systems thinking, comprehensiveness, spatial organization, interdisciplinarity, and
sustainable development. Its distinctive feature is the sequential progression from
the theoretical conceptualization of natural and cultural heritage to the analysis of
international experience, followed by a comprehensive assessment of the heritage
resources of the Zaporizhzhia region and its adjacent territories, culminating in the
substantiation of practical directions for their utilization in tourism development.

This methodological approach ensures a holistic examination of the
interrelationships among natural, historical and cultural, sociocultural, and
infrastructural determinants of tourism development. It provides a robust scientific
basis for formulating evidence-based recommendations aimed at the post-war
recovery of the regional tourism sector, while promoting the sustainable utilization
of natural and cultural heritage as a strategic resource for regional development.

The theoretical analysis conducted in this study demonstrates that natural and
cultural heritage constitute interconnected components of a territory's tourism
potential, shaping its spatial distinctiveness, historical and cultural identity, and

competitive advantages for tourism development. Contemporary scholarly
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perspectives recognize heritage not merely as an object of conservation but as a
multifunctional resource for sustainable development that integrates
environmental, sociocultural, economic, educational, and recreational functions.

The review of the scientific literature indicates that natural heritage
contributes to ecological resilience and supports the development of nature-based
tourism, whereas cultural heritage serves as a repository of historical memory and
national identity, providing the foundation for cultural, historical, ethnographic,
memorial, and patriotic forms of tourism.

The findings further suggest that the effective utilization of heritage in
tourism depends on the integration of resource-based, landscape, and interpretative
approaches within the broader framework of sustainable development. Particular
Importance is attributed to heritage interpretation and the application of digital
technologies, which enhance the visibility of tourism resources, improve the
quality of the visitor experience, and foster responsible attitudes toward heritage
conservation. It has been demonstrated that, under the conditions of martial law,
natural and cultural heritage is exposed to significant threats while simultaneously
acquiring strategic importance as a resource for the post-war recovery of
territories, the preservation of national memory, and the revitalization of domestic
tourism.

In the case of the Zaporizhzhia region and its adjacent territories, the unique
combination of the natural heritage of the steppe zone, the Dnipro Ecological
Corridor, Khortytsia Island, and the region's multilayered cultural heritage -
including Cossack, archaeological, and industrial heritage — constitutes a
distinctive asset for tourism development. Their integrated utilization creates
favorable conditions for the development of a competitive tourism product and
contributes to the sustainable development of the region.

The present study establishes the theoretical and methodological foundation
for further research into the current state of the natural and cultural heritage of the

Zaporizhzhia region and its adjacent territories, the assessment of its tourism

22



potential, and the identification of nmepcnextuss for its utilization as a driver of
tourism development. Furthermore, the proposed conceptual and methodological
framework for the comprehensive study of natural and cultural heritage provides
an integrated approach to examining the interrelationships among natural,
historical and cultural, sociocultural, and infrastructural determinants of tourism
development. This framework offers a scientifically grounded basis for developing
evidence-based recommendations to support the post-war recovery and sustainable

development of the regional tourism sector.
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CHAPTER 2
LEGAL FRAMEWORK FOR SUSTAINABLE DEVELOPMENT,
ENVIRONMENTAL SECURITY AND CLIMATE RESILIENCE AMID
GLOBAL TRANSFORMATIONS

Bortnik Nataliia Volodymyrivna,

Lecturer of the Department of fundamental and special disciplines,

Novovolynsk Educational and Scientific Institute of Economics and
Management,

West Ukrainian National University, Novovolynsk, Ukraine

Contemporary global development is occurring under conditions of
intensifying interdependence between environmental, economic, social and
institutional systems. Climate change, biodiversity loss, pollution, ecosystem
degradation, water scarcity and the unsustainable use of natural resources
increasingly influence public health, food and energy security, infrastructure,
migration, investment, employment, financial stability and the continuity of
business operations. Environmental risks are therefore no longer limited to a
specialised field of environmental policy. They have become structural factors
determining the stability of states, communities, markets and organisations.

The latest scientific assessments indicate that anthropogenic climate change
has already caused widespread adverse impacts and related losses and damages to
natural and human systems. The scale of future consequences will depend not only
on the intensity of climatic hazards but also on social vulnerability, patterns of
territorial development, the quality of institutions, access to finance and the
effectiveness of mitigation and adaptation measures. The concept of climate-
resilient development consequently links greenhouse gas emission reduction,
adaptation, ecosystem protection and sustainable development within a single

framework [1]. The legal significance of this approach lies in the need to
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coordinate previously separate regulatory areas and to integrate climate
considerations into economic, social, infrastructure and territorial policies.

Contemporary environmental law must therefore evolve from a
predominantly sectoral model towards integrated environmental and climate
governance. The earth system law approach offers an important theoretical basis
for this transformation. It proceeds from the assumption that law should
correspond more closely to the functional interdependence of planetary ecological
systems and should be capable of responding to complex, cumulative and
potentially irreversible environmental changes [9]. This perspective does not
eliminate national sovereignty or specialised regulation, but requires stronger
coordination between legal regimes, institutions and territorial levels.

Sustainable development constitutes the principal normative orientation of
such an integrated framework. In legal terms, it requires economic and social
development to remain compatible with the preservation of ecological conditions
necessary for present and future generations. Sustainable development does not
imply that environmental interests must always be mechanically balanced against
short-term economic benefits. Certain ecological thresholds, irreversible losses
and serious threats to life or health may justify strict limitations on economic
activity.

The legal content of sustainable development comprises substantive and
procedural elements. Its substantive dimension includes the prevention of
pollution, protection and restoration of ecosystems, efficient use of resources,
climate mitigation and adaptation, and the preservation of environmental
conditions necessary for human well-being. Its procedural dimension includes
access to environmental information, participation in decision-making, science-
based assessment, transparency, reasoned administrative decisions, independent
review and access to effective remedies.

Environmental security characterises a condition in which environmental

processes and human activities do not generate unacceptable threats to individuals,
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communities, ecosystems, economic systems or public institutions. Its scope
covers not only conventional pollution control but also the prevention of
environmental emergencies, protection of critical resources, resilience of
infrastructure, continuity of essential services, disaster preparedness and
restoration of damaged ecosystems.

Environmental security is closely connected with national, economic, energy,
food, water and health security. For example, prolonged drought may
simultaneously reduce agricultural production, increase electricity costs, create
competition for water resources, affect employment and intensify migration.
Extreme weather events may damage energy networks, transport systems,
healthcare facilities and supply chains. Environmental security law must
consequently address both direct ecological harm and cascading economic and
social consequences.

The effectiveness of environmental law depends not only on the formal
existence of legislative acts but also on institutional quality and implementation.
The United Nations Environment Programme identifies persistent challenges
relating to weak enforcement, insufficient institutional capacity, limited access to
justice, deficiencies in monitoring, restricted civic space and unequal
implementation of environmental obligations. Environmental rule of law requires
environmental decisions to be made and implemented through clear, public and
enforceable legal standards [2].

Environmental rule of law combines formal legality with environmental
effectiveness. It requires legislation to be accessible and predictable, but it also
requires public authorities and private actors to comply with environmental
obligations in practice. A formally valid permit cannot ensure sustainable
development where impact assessments are superficial, monitoring data are
unreliable, inspections are ineffective or sanctions are lower than the economic

benefits of non-compliance.
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At the international level, contemporary environmental governance
increasingly emphasises the interdependence of climate action, biodiversity
protection, sustainable finance, social justice and human rights. The Kunming-
Montreal Global Biodiversity Framework adopted in 2022 established four long-
term goals and twenty-three action-oriented targets for 2030. It calls for integrated
and biodiversity-inclusive spatial planning, ecosystem restoration, sustainable use,
reduction of harmful incentives, mobilisation of finance and participation of
indigenous peoples and local communities [4].

The biodiversity framework demonstrates a movement towards whole-of-
government and whole-of-society governance. Biodiversity protection cannot be
assigned exclusively to environmental agencies because the principal drivers of
ecosystem degradation are associated with agriculture, infrastructure, energy,
mining, tourism, trade, consumption and financial decisions. Legal mechanisms
should therefore require biodiversity impacts to be considered in sectoral planning,
investment, procurement and corporate decision-making.

The human-rights dimension of environmental regulation has also become
more prominent. In 2022, the United Nations General Assembly recognised the
human right to a clean, healthy and sustainable environment [3]. This recognition
reinforces the understanding that environmental quality is a prerequisite for the
effective enjoyment of the rights to life, health, food, water, housing, culture,
property and private and family life.

Digital technologies can considerably expand access to environmental
information. Remote sensing, environmental sensors, geographic information
systems, electronic permit registers and online consultation platforms can improve
monitoring and public oversight. Nevertheless, digital environmental governance
also creates risks relating to data accuracy, privacy, cybersecurity, unequal
technological access and excessive dependence on automated systems.

Legal frameworks should therefore require environmental data to be reliable,

current, understandable and accessible. Automated monitoring should be subject
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to human oversight, and individuals should have the possibility to challenge
decisions based on inaccurate or incomplete data. Digitalisation should support
rather than replace institutional accountability and meaningful public participation.

Climate governance also requires a balance between legal stability and
regulatory adaptability. Law traditionally values predictability, consistency and
legal certainty. Climate policy must operate in conditions of changing scientific
evidence, technological development, evolving risks and long planning horizons.
A completely rigid legal system may be unable to respond to new circumstances,
whereas excessive administrative flexibility may undermine rights, transparency
and accountability.

The solution lies in distinguishing stable legal principles from adaptable
implementation instruments. Environmental rights, equality, public participation,
accountability and access to justice should remain protected. Technical standards,
risk maps, adaptation priorities, emission pathways and sectoral measures may be
periodically reviewed according to transparent procedures and scientific evidence.

Recent research emphasises that climate scenarios and development
pathways should incorporate legal and governance variables rather than treating
them as external assumptions. The effectiveness of institutions, regulatory
flexibility, implementation capacity, justice considerations and the consistency of
legal objectives materially influence whether climate strategies can be
implemented [10].

Climate adaptation should be converted from a discretionary policy aspiration
into a structured legal obligation. The 2025 UNEP Adaptation Gap Report shows
that most countries have adopted at least one adaptation policy, strategy or plan,
but implementation and financing remain seriously insufficient. The estimated
adaptation finance needs of developing countries for 2035 amount to USD 310—
365 billion annually, while international public adaptation finance flows reached
only USD 26 billion in 2023 [5].
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The scale of this gap indicates that adaptation law cannot be limited to
planning requirements. It must address financing, institutional competence,
technology, capacity-building, monitoring and the distribution of costs. Adaptation
obligations without budgetary support or access to technical expertise are unlikely
to produce practical resilience.

National, regional, local and sectoral adaptation plans should be based on
climate-risk and vulnerability assessments. These assessments should examine
physical hazards, population exposure, social vulnerability, ecosystem conditions,
infrastructure dependence and institutional capacity. They should also consider
cascading and

Spatial planning and construction regulation are among the most important
instruments of climate resilience. Decisions concerning the location and design of
buildings, infrastructure and economic activities create long-term exposure to
hazards. Development in flood-prone, erosion-prone, drought-prone or fire-prone
areas may generate future human and financial losses that are transferred to
society.

Critical infrastructure operators should be required to assess physical climate
risks, maintain continuity plans and conduct periodic resilience testing. Legal
responsibilities should be clearly distributed among infrastructure owners, public
authorities, emergency services and service providers. The absence of clear
responsibilities may delay preventive investments and complicate accountability
after a disaster.

The economic rationale for preventive regulation is reinforced by the
UNDRR Global Assessment Report 2025. When indirect, cascading and
ecosystem impacts are included, global disaster costs exceed USD 2.3 trillion
annually, substantially surpassing conventionally reported direct losses [6]. This
demonstrates that inadequate investment in prevention generates long-term fiscal,

financial and social costs.

29



Disaster risk reduction should therefore be integrated into public budgeting,
infrastructure investment, financial regulation and development planning. Public
authorities should assess how projects change exposure and vulnerability over
their entire life cycle. Investment decisions that create future disaster risk should
not be considered economically efficient merely because their immediate
construction costs are low.

Nature-based solutions can complement engineered infrastructure. The
protection and restoration of wetlands, forests, soils, river systems, coastal
ecosystems and urban green spaces may reduce floods, erosion, drought, heat and
biodiversity loss. Their legal implementation may involve protected-area
regulation, spatial planning, restoration duties, conservation agreements and
sustainable financing.

Nature-based solutions should, however, be subject to environmental and
social safeguards. They should not be used to legitimise continued degradation
elsewhere, create unreliable environmental offsets or displace local communities.
Projects should demonstrate ecological integrity, additionality, long-term
management and respect for land and participation rights.

Early-warning systems constitute another essential component of resilience.
Legal frameworks should establish responsibilities for data collection, risk
assessment, public communication, evacuation and the protection of vulnerable
groups. Warnings should be timely, understandable, geographically relevant and
accessible through several communication channels.

The effectiveness of warnings depends on public trust and institutional
coordination. Authorities should regularly test communication procedures, ensure
accessibility for persons with disabilities and provide information in appropriate
languages. Liability rules should distinguish between unavoidable forecasting
uncertainty and negligent failure to maintain systems, disclose known risks or

follow established procedures.
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Post-disaster recovery should be governed by the principle that reconstruction
must reduce rather than reproduce vulnerability. Public financing and procurement
for recovery should require improved construction standards, safer territorial
development, ecosystem restoration, transparency and social inclusion. The
restoration of previous conditions may be legally and economically inappropriate
where those conditions contributed to the scale of damage.

The integrated structure of the legal framework may be summarised as
follows (tabl.1).

The dimensions presented in Table 1 form an integrated regulatory cycle.
International standards and environmental rights define the normative direction of
regulation. Strategic planning translates objectives into programmes and measures.
Risk governance supports prevention and adaptation. Business obligations
distribute responsibility across economic activities and value chains. Enforcement
ensures compliance and restoration.

Table 1
Key dimensions of the legal framework for sustainable development and

climate resilience

Dimension Main legal mechanisms Key objective
International Commitments,  monitoring | Implementation of global
governance and reporting obligations
Environmental rights Legal guarantees, | Protection of public interests
information and justice

Strategic regulation Climate laws, plans and | Policy integration
assessments

Risk governance Standards, monitoring and | Prevention of systemic risks
adaptation

Business responsibility | Due diligence, disclosure and | Prevention of corporate impacts
liability

Enforcement Inspections, sanctions and | Compliance and remediation
restoration

Source: developed by the author on the basis of [2; 5; 6; 8; 11].

The principle of prevention occupies a central position within this cycle. It
requires environmental harm to be avoided before it occurs. Prevention is

implemented through licensing, technical standards, environmental assessment,
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monitoring, inspections, spatial planning and emergency preparedness. It is
generally more effective and less costly than compensation after ecosystems,
health or infrastructure have been damaged.

Preventive regulation should address cumulative and long-term impacts.
Individual projects may appear acceptable when assessed separately but create
significant harm when combined with existing activities, climate change and
ecosystem degradation. Environmental assessment should therefore consider
cumulative pressures, alternative development scenarios and the long-term
capacity of ecosystems.

The precautionary principle applies where an activity may create serious or
irreversible environmental harm but the available scientific evidence remains
incomplete. Scientific uncertainty should not automatically justify regulatory
inaction. Authorities should identify potential risks, examine alternatives,
introduce proportionate safeguards, establish monitoring and revise decisions
when new evidence becomes available.

Precaution is especially relevant to emerging technologies, hazardous
chemicals, marine biotechnology, geoengineering and activities affecting sensitive
ecosystems. It does not require the prohibition of every innovative activity. It
requires the intensity of legal safeguards to correspond to the probability, scale
and irreversibility of potential harm.

The polluter-pays principle requires actors responsible for pollution or
environmental damage to bear the costs of prevention, containment, remediation
and, where appropriate, compensation. Its purpose is not only punitive. It prevents
environmental costs from being transferred to taxpayers, affected communities or
future generations and encourages businesses to incorporate environmental costs
into decision-making.

Effective implementation requires reliable methods for identifying
responsible parties and assessing damage. Environmental harm may be

cumulative, geographically dispersed or delayed. Legal systems should therefore
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provide rules on causation, access to evidence, joint responsibility, financial
guarantees and liability for damage arising through corporate groups or contractual
relationships.

The principle of environmental integration requires sustainability, climate
and biodiversity considerations to be incorporated into all relevant policy areas.
Major environmental impacts often result from decisions concerning energy,
agriculture, industry, construction, taxation, transport, tourism and trade rather
than from environmental policy alone.

Integration may be supported through strategic environmental assessment,
climate evaluation of proposed legislation, environmental criteria in public
procurement, green budgeting and interministerial coordination. It also requires
the elimination or reform of public incentives that encourage environmentally
harmful activity.

Intergenerational equity requires present decision-makers to consider the
interests of future generations. Climate change, biodiversity loss, soil degradation
and the depletion of natural resources create consequences extending far beyond
current political and investment cycles. The principle supports long-term targets,
conservation obligations and restrictions on irreversible harm.

Intragenerational equity concerns the distribution of environmental benefits,
risks and transition costs among present populations. Environmental harm often
disproportionately affects low-income communities, children, older persons,
persons with disabilities, indigenous peoples and people dependent on natural
resources. These groups may have fewer resources to avoid, insure against or
recover from environmental damage.

Environmental justice therefore requires non-discrimination, participation,
access to remedies and targeted protection of vulnerable groups. Climate measures
should not impose disproportionate costs on households or communities with

limited adaptive capacity. The transition towards a low-carbon economy should be
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supported by social dialogue, retraining, employment protection and regional
diversification.

The ecosystem approach requires law to take account of ecological functions
and interactions. Water, soils, forests, biodiversity, climate and marine
environments cannot be effectively protected through isolated regulatory
instruments. Integrated territorial and ecosystem planning is necessary to address
cumulative impacts and avoid transferring environmental pressures from one
sector or region to another.

The principle of accountability requires public and private actors to explain
environmentally significant decisions, disclose relevant information and accept
independent review. Accountability connects environmental rights, planning,
corporate responsibility and enforcement. Without it, environmental objectives
may remain aspirational and implementation failures may not produce legal
consequences.

Businesses occupy a dual position within environmental governance. Their
production, investment, procurement, logistics, products and waste influence
emissions, biodiversity, pollution and resource use. At the same time, enterprises
are exposed to physical climate risks, resource scarcity, regulatory change, market
transition and reputational risks.

Traditional environmental regulation focuses predominantly on permits,
facilities and direct emissions. These instruments remain necessary but do not
fully address impacts occurring through complex global value chains. A company
may comply with local standards at its own facilities while being linked to
deforestation, pollution or rights violations through suppliers and contractors.

Environmental and human-rights due diligence responds to this regulatory
gap. It requires enterprises to identify actual and potential adverse impacts,
integrate findings into management, prevent or mitigate harm, monitor results,
disclose relevant information and participate in remediation. Due diligence is a

continuous risk-management process rather than a single formal assessment.
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The OECD Guidelines for Multinational Enterprises on Responsible Business
Conduct, updated in 2023, cover environmental protection, climate change,
biodiversity, human rights, disclosure, technology and supply-chain impacts. They
call on companies to conduct risk-based due diligence concerning adverse impacts
associated with their operations, products, services and business relationships [8].

Corporate environmental responsibility should be proportionate to the size,
sector, influence and risk profile of an enterprise. Small businesses should not face
the same administrative complexity as multinational corporations. Proportionality
should, however, relate to the form and scale of procedures rather than eliminate
the underlying responsibility to prevent environmental harm.

Environmental risks should be integrated into corporate governance and
strategy. They should influence investment, procurement, product development,
risk management, audit and management remuneration. Environmental
responsibility should not be isolated within a specialised sustainability department
where major financial and operational decisions remain unaffected.

Corporate disclosure may improve transparency, but disclosure alone does
not ensure responsible conduct. Reports may use selective indicators, omit value-
chain impacts or contain unsupported environmental claims. Legal frameworks
should therefore establish requirements concerning comparability, reliability,
materiality and independent verification.

Greenwashing may mislead consumers, investors and public authorities and
distort competition between responsible and irresponsible enterprises.
Environmental statements concerning carbon neutrality, sustainability or
biodiversity benefits should be supported by clear methodologies, measurable
evidence and transparent assumptions.

Mandatory due-diligence regulation and climate litigation increasingly
interact as mechanisms of corporate accountability. Recent scholarship indicates

that litigation may clarify the content of corporate climate duties, while statutory
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due-diligence obligations can provide more explicit standards for evaluating
corporate conduct [12].

Environmental liability should ensure that enterprises responsible for damage
finance containment, remediation and ecosystem restoration. Activities involving
significant environmental risks may justify mandatory insurance, financial
guarantees or restoration funds. These mechanisms reduce the risk that
environmental costs will be transferred to the public if an operator becomes
insolvent.

Public procurement and financial regulation can create incentives for
sustainable business behaviour. Public authorities are major purchasers and
investors. Procurement criteria may support low-emission technologies, durable
and repairable products, resource efficiency, circular business models and resilient
infrastructure.

Environmental criteria should be based on life-cycle impacts rather than only
purchase price. The lowest initial price may conceal higher long-term costs
relating to energy use, waste, maintenance, disaster exposure and environmental
damage. Sustainable procurement should remain transparent, proportionate and
open to effective competition.

Climate litigation has become an increasingly significant component of
environmental accountability. According to the UNEP Global Climate Litigation
Report, 3099 climate-related cases had been filed by 30 June 2025 across national,
international and regional jurisdictions [7]. Litigation addresses state mitigation
and adaptation obligations, human rights, corporate emissions, disclosure,
greenwashing, carbon offsets and the responsibilities of financial institutions.

Courts should not replace legislatures, scientific institutions or public
administrations. Their principal role is to ensure that decision-makers comply with
legal obligations, consider relevant evidence, respect rights, provide reasons and

act within the limits of discretion. Judicial review is particularly important where
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authorities repeatedly postpone action or fail to implement legally established
objectives.

Effective access to justice depends on reasonable standing rules, affordable
procedures, timely consideration and appropriate remedies. Courts and
administrative bodies should be able to suspend harmful activities, annul unlawful
permits, require further assessment, order disclosure, compel public authorities to
act and require remediation.

Environmental enforcement should combine preventive, corrective and
punitive instruments. Preventive measures include inspections, audits, monitoring
and compliance guidance. Corrective measures include improvement notices,
suspension of activities and restoration orders. Punitive measures include
administrative fines, civil liability and criminal responsibility for serious offences.

Sanctions should be proportionate, predictable and capable of removing the
economic benefit of non-compliance. If penalties are lower than the costs of legal
compliance, environmental violations may be treated as ordinary business
expenses. At the same time, enforcement should distinguish between intentional
concealment, repeated violations, negligence and minor technical non-compliance.

Environmental inspection authorities require independence, expertise,
laboratory capacity, digital tools and access to relevant documentation.
Fragmentation between institutions may create duplication, gaps and disputes over
competence. Integrated inspection planning and information exchange can
improve effectiveness, but institutional responsibility should remain clearly
attributable.

Environmental damage assessment should take account of restoration costs,
ecosystem services, public-health effects, interim losses and irreversibility.
Monetary compensation alone may be insufficient. Where ecological recovery is
possible, restoration should be prioritised and subject to long-term monitoring.

Criminal law may be appropriate for intentional or organised conduct causing
serious environmental harm, deliberate concealment of risks or repeated

violations.  Effective prosecution requires specialised expertise among
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investigators, prosecutors and judges. Criminalisation without evidence-gathering
capacity and institutional coordination is unlikely to have a meaningful deterrent
effect.

The development of an integrated legal framework requires several strategic
priorities. First, sustainable development, environmental security and climate
resilience should be established as cross-cutting duties of all public authorities.
Environmental responsibility should not be confined to specialised agencies.

Second, long-term objectives should be accompanied by intermediate targets,
implementation plans, designated institutions, indicators and financing. Public
authorities should report regularly on progress and explain deviations from
established pathways.

Third, climate adaptation, biodiversity protection and disaster risk reduction
should be integrated into spatial planning, infrastructure policy and public
investment. Projects should be assessed in relation to future climatic conditions
and cumulative environmental impacts.

Fourth, environmental democracy should be strengthened through proactive
disclosure of data, early participation and accessible review procedures.
Participation should begin before the principal alternatives have been excluded
and should include groups disproportionately exposed to environmental risks.

Fifth, environmental and human-rights due diligence should be integrated
into corporate governance on a risk-based and proportionate basis. Obligations
should be connected to management responsibility, reliable disclosure and
remediation.

Sixth, regulation should remain adaptive without becoming arbitrary.
Periodic review of technical standards and plans should be based on scientific
evidence, transparent procedures and public accountability.

Seventh, environmental financing should be treated as part of legal
implementation rather than as an external economic issue. Unfunded duties and

plans cannot produce meaningful resilience. Public budgets should identify
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environmental and climate expenditure, evaluate harmful subsidies and provide
stable resources for monitoring, enforcement and adaptation.

Eighth, digital environmental governance should be based on accuracy,
transparency, accessibility, privacy, cybersecurity and human oversight.
Technology can improve monitoring and early warning, but it cannot replace
institutional responsibility or procedural rights.

Ninth, international cooperation should focus on implementation capacity,
technology transfer, data exchange, adaptation finance and access to expertise.
Common environmental objectives cannot be achieved where significant
differences in institutional and financial capacity remain unaddressed.

Sustainable development, environmental security and climate resilience
consequently form an integrated field of legal regulation. Their effective
implementation depends on the ability of law to connect environmental rights,
strategic planning, science, public finance, territorial development, business
responsibility and enforcement.

Law performs not only restrictive and compensatory functions. It also has a
strategic and transformative role. It defines development priorities, coordinates
institutions, directs investment, supports innovation and distributes environmental
responsibilities and transition costs.

Environmental rule of law is the central condition for this transformative
function. It requires clear standards, competent institutions, reliable information,
meaningful participation, independent review and effective remedies. Adaptive
regulation is necessary, but it must operate within stable principles of legality,
equality, accountability and human rights.

An integrated legal framework for sustainable development, environmental
security and climate resilience is therefore a prerequisite for long-term economic
continuity, social stability and the protection of present and future generations. Its

effectiveness will depend on whether environmental objectives become an
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operational element of public and private decision-making rather than remaining a

separate and secondary area of regulation.
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Contemporary entrepreneurship is developing under the influence of
fundamental environmental, technological and institutional transformations.
Climate change, biodiversity loss, ecosystem degradation, pollution, the depletion
of natural resources and increasing volumes of waste are changing market
conditions, consumer expectations, regulatory requirements and investment
priorities. These processes create substantial risks for traditional business models
but also generate opportunities for the development of enterprises capable of
combining commercial viability with environmental and social value creation.

The conventional linear model of economic activity is based predominantly
on the extraction of resources, production, consumption and disposal. Its
continued expansion increases pressure oOn ecosystems, raises exposure to
resource-price volatility and creates growing financial and environmental
liabilities. According to the Global Resources Outlook 2024, global resource
extraction may increase by approximately 60 per cent between 2020 and 2060
without significant changes in production and consumption systems [1]. This
projection demonstrates that improvements in production efficiency alone will be
insufficient unless they are accompanied by new forms of entrepreneurship,
consumption and value creation that reduce absolute material demand and

maintain products and resources in productive use for longer periods.
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Waste generation also demonstrates the limitations of the prevailing
economic model. Global municipal solid waste is projected to increase from
approximately 2.1 billion tonnes in 2023 to 3.8 billion tonnes by 2050. When the
environmental, health and climate consequences of inadequate waste management
are considered, the economic costs are considerably higher than the direct
expenditure on collection and disposal. At the same time, modelling undertaken by
the United Nations Environment Programme indicates that a transition towards
waste prevention and circular economic systems could generate a net annual
economic benefit of approximately USD 108.5 billion by 2050 [2]. These
estimates show that environmental challenges should not be interpreted only as
regulatory constraints. They also represent areas in which entrepreneurial
innovation can reduce costs, create new markets and generate long-term public
value.

The need for innovative entrepreneurship is especially visible in the plastics
economy. Existing systems of production, consumption and waste management
remain far from circular. Under a continuation of current policies, global plastic
use and plastic waste are expected to increase substantially by 2060, while only a
limited share of discarded plastics will be recycled [3]. The problem cannot be
resolved exclusively through end-of-pipe recycling. It requires entrepreneurial
solutions relating to product design, alternative materials, refill and reuse systems,
reverse logistics, repair, collection, sorting and new forms of consumption.

Green, blue and circular entrepreneurship have emerged as interconnected
approaches to transforming environmental problems into opportunities for
innovation and sustainable economic development. Although these concepts
overlap, each emphasises a specific dimension of entrepreneurial activity. Green
entrepreneurship focuses broadly on products, technologies, services and
organizational practices that prevent or reduce environmental harm. Blue
entrepreneurship is associated with the sustainable use, protection and

regeneration of marine and aquatic resources. Circular entrepreneurship is centred
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on business models that maintain the value of products, components and materials,
eliminate waste and regenerate natural systems.

These categories should not be viewed as mutually exclusive. A company
developing recyclable equipment for offshore renewable energy may
simultaneously operate within the green, blue and circular economies. A seaweed
enterprise may contribute to the blue economy by using marine biological
resources, to the green economy by supplying low-carbon materials and to the
circular economy by converting residual biomass into additional products. Their
integration provides a broader framework for understanding how entrepreneurship
can contribute to sustainable transformation.

Innovative entrepreneurship in these economic systems may be defined as the
process of recognising, developing and exploiting opportunities for creating
economic value through solutions that reduce environmental pressures, protect or
regenerate ecosystems and generate positive social outcomes. It differs from
conventional entrepreneurship not merely because it operates in environmental
sectors. Its distinguishing feature is the incorporation of sustainability into the
value proposition, value-creation architecture and value-capture mechanism of the
enterprise.

The concept of green entrepreneurial orientation provides a useful
explanation of the strategic behaviour required for this process. It combines
innovativeness, proactiveness and willingness to accept uncertainty with a
commitment to environmental value creation. Enterprises with a green
entrepreneurial orientation do not merely respond to environmental regulation
after it has been adopted. They anticipate changes in technologies, stakeholder
expectations and resource conditions and seek to develop solutions before markets
become mature [9].

The global transition towards green technologies creates new opportunities
but also the risk of deepening technological inequality. The UNCTAD Technology

and Innovation Report 2023 analyses seventeen green and frontier technologies,
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including renewable energy, electric vehicles, green hydrogen, biogas, artificial
intelligence and the Internet of Things [4]. These technologies can support low-
carbon development, but their benefits are likely to be concentrated in countries
and enterprises possessing research capacity, skilled labour, finance, infrastructure
and access to intellectual property.

Entrepreneurship policy should therefore address the capacity to create, adapt
and commercialise green technologies rather than merely encourage their
importation. Local enterprises need opportunities to participate in research
partnerships, supply chains, installation, maintenance, data services and the
adaptation of technologies to local conditions. A country or region that adopts
imported green technology without developing entrepreneurial capabilities may
reduce some environmental impacts but capture only a limited share of the
economic value.

Small and medium-sized enterprises have a particularly important position in
this transformation because they constitute the majority of businesses, provide
substantial employment and often respond flexibly to specialised market needs.
However, SMEs face constraints relating to finance, skills, digital capabilities,
regulatory knowledge and access to innovation networks. The OECD SME and
Entrepreneurship Outlook 2023 emphasises that SMEs must participate in the
green and digital transitions but frequently experience difficulties in accessing
talent, technology and business networks [5].

Policy instruments should be designed according to the characteristics of
SMEs rather than based exclusively on the capabilities of large corporations.
Complex environmental reporting requirements or certification systems may
create disproportionate administrative costs. At the same time, exempting smaller
enterprises entirely may limit environmental progress and exclude them from
sustainable supply chains.

Circular entrepreneurship is particularly significant for start-ups because new

enterprises are not constrained by established linear assets, contracts and
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organizational routines. They can design circularity into products and revenue
models from the beginning. At the same time, they face difficulties in building
reverse logistics, securing secondary materials, educating customers and achieving
sufficient scale.

A systematic review of circular start-ups shows that business model
development is an iterative process involving experimentation, partnership
building, market validation and continual adaptation [11]. Circular start-ups
frequently need to coordinate several actors before the business model can operate.
For example, an enterprise offering reusable packaging depends on producers,
retailers, logistics providers, washing facilities and consumers returning the
packaging.

This interdependence creates a circularity paradox. The entrepreneurial
solution may become viable only when the surrounding ecosystem reaches
sufficient scale, but other actors may be unwilling to participate until the solution
has demonstrated commercial viability. Public demonstration programmes,
common standards and anchor customers can help overcome this coordination
problem.

The informal economy should also be considered. In many countries, waste
collection, repair and reuse depend significantly on informal workers and
microenterprises. Formal circular systems that exclude these actors may destroy
livelihoods and lose valuable knowledge. A just transition should provide
occupational protection, recognition, training and opportunities for integration into
formal value chains.

The blue economy expands the field of sustainable entrepreneurship to
economic activities based on or related to oceans, seas, coasts and inland aquatic
systems. It includes established sectors such as fisheries, aquaculture, maritime
transport, ports and coastal tourism, as well as emerging fields such as offshore
renewable energy, blue biotechnology, ocean observation, ecosystem restoration

and specialised marine technologies.
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The blue economy has substantial economic value, but it depends directly on
the health of aquatic ecosystems. UNCTAD estimates that the global ocean
economy is worth between USD 3 trillion and USD 6 trillion and provides
opportunities for trade, employment, food security and technological innovation
[6]. The degradation of marine ecosystems therefore represents both an ecological
crisis and a threat to long-term economic value.

Blue entrepreneurship differs from conventional maritime business where
environmental sustainability is incorporated into the core opportunity and
operational model. Increased extraction or coastal development cannot be
considered sustainable blue entrepreneurship merely because it occurs in an
aquatic environment. The activity should maintain or improve ecosystem
functions, use resources within regenerative limits and provide equitable benefits.

The European Union provides an illustrative example of the economic
diversity of the blue economy. According to the EU Blue Economy Report 2025,
established blue economy sectors directly employed approximately 4.82 million
people and generated EUR 250.7 billion in gross value added in 2022. Coastal
tourism remained the largest sector in terms of employment, while maritime
transport, renewable energy and emerging activities such as blue biotechnology
created additional opportunities [7].

These figures demonstrate that blue entrepreneurship should not be limited to
fisheries or shipping. Opportunities exist in environmental monitoring, marine
robotics, renewable energy, sustainable tourism, water management,
bioremediation, ecosystem restoration, low-emission vessels and digital maritime
services.

Blue biotechnology illustrates the convergence of green, blue and circular
entrepreneurship. Marine biomass residues can become inputs for additional
products, reducing waste and improving commercial viability. Bioremediation

technologies can use biological processes to address pollution. Bio-based materials
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may replace fossil-based products, provided that their production remains within
ecological limits.

Sustainable coastal and marine tourism represents another important
entrepreneurial area. Tourism can generate employment, support cultural heritage
and provide incentives for environmental conservation. At the same time,
uncontrolled tourism may increase waste, water consumption, emissions, habitat
disturbance and seasonal economic dependence.

Sustainable tourism entrepreneurship should be based on carrying capacity,
environmental management, local participation and the retention of economic
value within the destination. It can include small-scale accommodation,
environmental education, scientific tourism, low-impact recreation, local
gastronomy and cultural experiences.

Digital platforms can improve visibility and market access for small tourism
enterprises but may also concentrate value and increase pressure on sensitive
destinations. Entrepreneurs and territorial authorities should coordinate visitor
flows, infrastructure and environmental monitoring rather than maximise visitor
numbers without regard to capacity.

The commercialisation of ecosystem services should be approached carefully.
Not all ecological values can be accurately monetised, and market mechanisms
should not become substitutes for mandatory environmental protection.
Entrepreneurs can support restoration, but public authorities remain responsible
for environmental standards and long-term stewardship.

Innovation is essential across the blue economy because many maritime
sectors involve difficult operating environments, high capital requirements and
significant ecological risks. A systematic literature review by Elston, Pinto and
Nogueira identifies technological innovation, digitalisation, cooperation and
policy support as major drivers of sustainable blue economic activities [12]. The
authors also emphasise barriers associated with financing, regulation, skills and

fragmented governance.
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Investment in the blue economy has increased, although financing remains
uneven across sectors and business stages. The Bluelnvest Investor Report 2024
indicates that disclosed investment in the European blue economy exceeded EUR
13 billion during 2018-2023, approximately three times the level recorded during
the preceding comparable period. Blue renewable energy, blue technology and
ocean observation, and aquaculture were among the most active sectors [8].

Entrepreneurs should use specific, measurable and understandable
environmental communication. Broad claims such as “eco-friendly”, “ocean
positive” or “fully circular” should be avoided unless supported by credible
evidence. Claims should indicate the product, impact category, geographic scope,
period and comparison used.

The convergence of green, blue and circular economic principles creates a
diversified field of entrepreneurial opportunities. These opportunities differ in
their technological basis, resource requirements, necessary managerial capabilities
and environmental conditions. Their comparative characteristics are presented in
Table 1.

Table 1 demonstrates that environmentally oriented entrepreneurship cannot
be reduced to the adoption of individual green technologies. Each entrepreneurial
field requires a specific combination of scientific knowledge, managerial
capabilities, infrastructure, partnerships and sustainability safeguards. Green
enterprises primarily focus on reducing emissions and resource consumption,
circular ventures preserve the value of products and materials, while Dblue
enterprises must reconcile commercial use of aquatic resources with ecosystem
carrying capacity. Digital and regenerative solutions can connect these fields, but
their contribution depends on measurable environmental outcomes and responsible
scaling.

Digitalisation can strengthen all three forms of entrepreneurship.
Entrepreneurs can use data analytics to identify energy and material losses,

monitor environmental performance and optimise logistics. Digital marketplaces
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can connect suppliers and users of secondary materials. Remote sensing and ocean
observation can support blue enterprises. Digital platforms can coordinate product
sharing, repair and reverse logistics.

Table 1
Entrepreneurial opportunities and sustainability conditions in the green, blue

and circular economy

Entrepreneuria

Promising business

Key capabilities

Principal sustainability

| field opportunities required condition
Renewable energy Clean-technology Demonstrable reduction
services, eco-design, expertise, of emissions and
Green low-carbon environmental resource consumption
economy construction, assessment, green
environmental marketing
monitoring
Repair, Reverse logistics, Preservation of product
. remanufacturing, reuse | modular design, and material value at
Circular . . . .
systems, product-as-a- | material traceability, the highest feasible
economy

service, secondary-
material platforms

partnership
management

level

Blue economy

Sustainable
aquaculture, marine
biotechnology, ocean
observation, coastal
tourism

Marine expertise,
biotechnology, spatial
data analysis,
ecosystem-risk
management

Economic use of
aquatic resources within
ecological carrying
capacity

Cross-sectoral
digital
solutions

Digital product
passports, smart
monitoring, traceability
platforms, predictive
maintenance

Data analytics,
interoperability,
cybersecurity, artificial
intelligence

Digital benefits must
exceed the
environmental and
social costs of
technology

Regenerative

Ecosystem restoration,
nature-based solutions,

Impact measurement,
stakeholder

Measurable restoration
of ecosystem functions

entrepreneursh | | . - . 1
ip bloremed_latlon, _ engagement, ecological | and Io_cal community
regenerative production | knowledge benefits
Clusters, industrial Ecosystem Expansion without
Sustainable | symbiosis, research coordination, increasing absolute
scaling partnerships, blended- | investment readiness, environmental

finance projects

regulatory competence

pressures

Source: developed by the author on the basis of [4-12].
Artificial intelligence may improve product design, demand forecasting,

waste sorting, predictive maintenance and environmental risk assessment. Its

contribution should be evaluated against energy use, data requirements and
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possible bias. Digital efficiency is not equivalent to environmental sustainability if
It encourages excessive consumption or requires resource-intensive infrastructure.

Blockchain technologies may support traceability in complex value chains,
including fisheries, recycled materials and renewable-energy certificates.
However, blockchain should be applied only where decentralised verification
provides a clear advantage over conventional databases. Otherwise, it may add
cost and energy use without improving outcomes.

The distribution of benefits is particularly important in the blue economy.
Coastal and resource-dependent communities may bear environmental restrictions
or development pressures while receiving a limited share of economic returns.
Participatory planning and benefit-sharing mechanisms can improve legitimacy
and social sustainability.

The strategic management of a green, blue or circular enterprise should begin
with a clearly defined sustainability problem. The entrepreneur should identify the
environmental mechanism causing the problem, the stakeholders affected and the
limitations of existing solutions.

The value proposition should specify the customer benefit and the
environmental improvement. Customers may purchase lower costs, convenience,
regulatory compliance, risk reduction, performance or reputation rather than
environmental benefit alone. Successful enterprises translate sustainability into a
credible customer value proposition.

The business model should identify the resources, partners and infrastructure
needed. Environmental innovations frequently depend on actors outside the direct
control of the enterprise. Partnership risk should therefore be assessed alongside
technological and market risk.

Revenue mechanisms should be compatible with the sustainability objective.
A Dbusiness that earns more when customers consume more may have incentives
inconsistent with resource reduction. Service, leasing or outcome-based models

can sometimes align revenue with durability and efficiency.
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Cost structures should include environmental compliance, certification,
reverse logistics and impact measurement. Underestimating these costs may create
financial difficulty or pressure the enterprise to weaken sustainability
commitments.

The enterprise should also define its impact logic. It should explain how the
product or service changes behaviour, technology or resource flows and under
which conditions the intended environmental result occurs. This creates the
foundation for measurement and communication.

Risk management should include regulatory, technological, ecological,
supply-chain, social and reputational risks. Marine and biotechnology ventures
may face environmental risks with potentially irreversible consequences. Circular
ventures may depend on uncertain secondary-material supply. Green technologies
may depend on critical minerals or changing subsidies.

Scenario analysis can test the business model under changes in resource
prices, regulation, customer demand and infrastructure. Entrepreneurs should
identify which assumptions are essential and which can be modified.

Organizational culture should support learning and accountability.
Sustainability-oriented  enterprises may face pressure to compromise
environmental objectives when financial conditions become difficult. Clear
governance and stakeholder engagement can help preserve strategic integrity.

Boards and investors should understand the sustainability model rather than
focusing exclusively on growth. Misaligned investors may pressure the enterprise
to enter markets or adopt practices inconsistent with its purpose. Founder selection
of capital is therefore a strategic decision.

Mission protection mechanisms can include governance rights, impact
covenants, benefit-corporation structures or cooperative ownership. Their
suitability depends on national law and the enterprise’s financing needs.

Transparent reporting strengthens trust but should not become an excessive

burden. Early-stage enterprises can begin with a small number of material
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indicators and improve data quality as they grow. Claims should be revised when
evidence changes.

Independent evaluation may be necessary for high-impact claims or public
funding. Universities, certification bodies and specialised auditors can provide
expertise. Evaluation should support learning rather than merely confirm success.

Policy for innovative entrepreneurship should combine environmental
ambition with entrepreneurial feasibility. Subsidies for environmentally harmful
activities can undermine green markets and make sustainable alternatives
uncompetitive. Reform should be phased and accompanied by measures protecting
vulnerable groups.

Economic instruments such as pollution charges, deposit-return systems,
extended producer responsibility and differentiated taxation can create demand for
circular solutions. Their design should reward prevention and high-value retention
rather than only waste treatment.

Extended producer responsibility can encourage eco-design and finance
collection. If fees do not vary according to durability, repairability or recyclability,
the incentive for innovation may remain weak. Modulated fees can reward better
products.

Deposit-return systems create financial incentives for consumers to return
packaging or products. Standardisation and convenient collection are essential.
Entrepreneurs can provide digital, logistical and cleaning solutions within these
systems.

Repair policy can support access to spare parts, information and diagnostic
tools. Quality and safety should remain protected. Independent repair enterprises
need fair access without undermining legitimate intellectual property.

Blue economy policy should integrate maritime spatial planning, ecosystem
protection, research, skills and finance. Conflicts among fisheries, energy, tourism,
conservation and transport should be addressed before investments are made.

Predictable spatial planning reduces risk for entrepreneurs and communities.
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Innovation funding should include environmental safeguards and impact
criteria. Public finance should not reward novelty without considering whether the
technology contributes to sustainable outcomes. Failed projects should generate
publicly accessible learning where commercial confidentiality permits.

International cooperation is important because green and blue technologies,
value chains and environmental impacts cross borders. Developing economies
need access to finance, skills and technology to avoid becoming merely suppliers
of raw materials or recipients of waste.

Trade policy can support markets for sustainable goods and services but may
also create barriers through complex standards. Technical assistance and mutual
recognition can help SMEs participate. Environmental standards should protect
legitimate objectives without becoming disguised protectionism.

The circular economy requires cooperation on material standards, waste
shipment and product information. International inconsistencies may make
secondary materials legally classified as waste in one jurisdiction and as resources
in another. Harmonisation can support responsible trade while preventing illegal
dumping. Blue entrepreneurship requires cooperation on shared marine
ecosystems, fisheries, shipping and pollution. Weak regulation in one jurisdiction
can affect ecosystems and enterprises elsewhere. International standards and
enforcement are therefore essential for fair competition.

The ultimate contribution of innovative entrepreneurship should be evaluated
according to whether it changes systems rather than only creates isolated products.
A new biodegradable package has limited value if it maintains unnecessary single-
use consumption and lacks appropriate treatment infrastructure. A digital ocean
platform has limited sustainability value if data do not influence management or
enforcement. Systemic entrepreneurship identifies leverage points where an
innovation can change incentives, infrastructure, behaviour or institutional

practices. This may require cooperation with regulators, established companies
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and communities. The entrepreneur becomes not only a market participant but also
an ecosystem builder.

Green, blue and circular entrepreneurs can accelerate the transition by
demonstrating viable alternatives. They can reduce uncertainty, develop skills and
create evidence for policy. Successful ventures may influence industry standards
and encourage established companies to change. Their potential should
nevertheless be interpreted realistically. Entrepreneurship cannot substitute for
environmental limits, public investment or social policy. Markets may undervalue
ecosystem services and long-term prevention. Some necessary activities will
require public or collective provision.

The most effective approach is therefore complementary. Public policy
establishes objectives, standards and infrastructure. Science provides knowledge
and assessment. Communities contribute local experience and legitimacy. Finance
supports experimentation and scale. Entrepreneurs integrate these resources into
products, services and business models.

The green, blue and circular economies represent not three separate fields but
interconnected dimensions of a sustainable economic transformation. Green
entrepreneurship provides the broad orientation towards reducing environmental
harm and creating ecological value. Circular entrepreneurship redesigns material
and product systems. Blue entrepreneurship applies sustainability and innovation
to aquatic and maritime resources. Their convergence creates opportunities in
marine renewable energy, low-impact tourism, circular aquaculture, seaweed
biorefineries, reusable maritime equipment, water technologies, environmental
data and ecosystem restoration. It also requires integrated assessment to avoid
transferring problems between land and sea, materials and energy, or present and
future generations. The entrepreneurial challenge is to create business models that
are commercially viable without depending on environmental degradation or the
continuous acceleration of material consumption. This requires innovation in

products, services, revenue mechanisms, partnerships, ownership and finance.
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The institutional challenge is to create conditions in which sustainable
solutions can compete and scale. Clear regulation, environmental pricing, research
infrastructure, skills, procurement, standards and long-term finance are essential.
The social challenge is to ensure that the transition distributes opportunities and
benefits fairly. Workers, communities and small enterprises should participate in
shaping new economic systems. Environmental entrepreneurship should
strengthen rather than weaken social inclusion.

The environmental challenge is to ensure that claims correspond to real
reductions in resource use, emissions, pollution and ecosystem degradation.
Impact should be assessed across life cycles and at system level.

Innovative entrepreneurship can become a major driver of sustainable
development when environmental purpose is integrated into strategic decision-
making and supported by appropriate ecosystems. Its success should not be
measured only by the number of start-ups, investment rounds or technological
patents. It should be assessed by the extent to which entrepreneurial solutions
reduce environmental pressures, regenerate natural systems, create decent
livelihoods and strengthen economic resilience.

The future development of green, blue and circular entrepreneurship will
depend on the ability of enterprises and institutions to move beyond fragmented
initiatives. The transformation requires coordinated markets, infrastructure,
regulation, knowledge and finance. Entrepreneurs are essential participants in this
process because they convert emerging needs and scientific possibilities into
practical solutions. At the same time, entrepreneurial freedom should be
accompanied by responsibility. Environmental innovation should remain subject
to scientific assessment, transparency and public oversight. Economic growth
within green or blue sectors is not automatically sustainable if it exceeds
ecological limits or creates new inequalities. A coherent entrepreneurial strategy
should therefore combine opportunity recognition with precaution,

experimentation with accountability, commercial scaling with impact
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measurement and technological innovation with social participation. Such an
approach enables entrepreneurship to contribute not only to the creation of new
markets but also to the transformation of the economic systems that determine

how natural resources are used, valued and restored.
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Contemporary organizations and territories operate in an environment
characterised by technological acceleration, ecological constraints, demographic
change, geopolitical instability, growing social inequality and increasing demands
for institutional accountability. These processes are not isolated. They interact and
generate complex strategic challenges that cannot be addressed through traditional
management approaches focused primarily on short-term financial performance,
sectoral planning or the administrative distribution of resources. Sustainable
development increasingly requires the coordination of economic efficiency,
environmental responsibility, social inclusion, technological adaptability and
institutional resilience.

Digitalization and social innovation have become important determinants of
this transformation. Digital technologies expand the capacity of organizations and
public authorities to collect and analyse data, automate operations, coordinate
distributed actors, model development scenarios and provide services through new
channels. Social innovation creates new products, services, organizational models
and forms of cooperation designed to address social needs and generate collective
value. Their strategic integration can strengthen the sustainable development of

enterprises, public institutions, communities, cities and regions.
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However, neither digitalization nor innovation automatically produces
sustainable outcomes. Digital technologies may improve resource efficiency and
transparency, but they may also increase energy consumption, electronic waste,
cybersecurity risks, labour-market polarisation and unequal access to services.
Social innovations may successfully address local problems but remain
fragmented, underfunded or dependent on individual leaders. The central
managerial issue is therefore not simply whether organizations and territories
adopt digital technologies or support innovative initiatives. It concerns whether
these instruments are integrated into a coherent long-term strategy, supported by
appropriate governance structures, human capabilities, financing mechanisms and
systems of accountability.

Strategic management of sustainable development may be understood as a
continuous process of defining long-term priorities, identifying risks and
opportunities, mobilising resources, coordinating stakeholders, implementing
transformative initiatives and evaluating their economic, environmental and social
results. Its object is not limited to an individual organization. Sustainable
development increasingly depends on interactions among enterprises, public
authorities, universities, social economy organizations, financial institutions,
infrastructure providers and local communities. Consequently, strategic
management should operate simultaneously at organizational, sectoral and
territorial levels.

At the organizational level, strategic sustainability management determines
how environmental and social considerations are incorporated into corporate
purpose, business models, investment decisions, operations, supply chains,
human-resource policies and stakeholder relations. At the territorial level, it
coordinates infrastructure, innovation, entrepreneurship, public services,
environmental resources and community capacities within a specific spatial
context. The integration of these levels is essential because organizations depend

on territorial resources, institutions, labour markets and infrastructure, while
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territorial development depends on the strategies and investment behaviour of
organizations operating within it.

Sustainable development requires a broader interpretation of strategic
performance. Financial viability remains essential because an organization or
territorial programme that cannot maintain access to resources cannot achieve
long-term goals. Nevertheless, financial indicators alone do not demonstrate
whether economic value is created through environmentally responsible, socially
inclusive and institutionally legitimate practices. Strategic performance should
therefore include resource productivity, emissions, innovation capacity,
employment quality, digital inclusion, accessibility of services, resilience,
stakeholder trust and the long-term condition of territorial assets.

Digital transformation is one of the major forces reshaping this strategic
environment. It should be distinguished from the limited digitisation of documents
or the automation of individual procedures. Digital transformation involves the
systemic reconfiguration of organizational processes, structures, competencies,
relationships and value-creation models through digital technologies. Research
based on more than five hundred academic studies demonstrates that digital
transformation influences the organizational core, relationships with external
stakeholders and the broader ecosystems in which organizations operate [3]. It is
therefore primarily a strategic and organizational phenomenon rather than a purely
technological project.

The World Bank’s analysis of global digital development shows that
digitalization has accelerated, but its benefits remain unevenly distributed. The
information technology services sector has grown significantly faster than the
wider economy and has generated employment at a considerably higher rate, while
production and value added remain concentrated in a limited group of leading
economies. Digital adoption also differs substantially between large and small

enterprises and between regions with different levels of income and infrastructure

[1].
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These disparities have major implications for strategic management.
Organizations with access to finance, data, qualified personnel and digital
infrastructure may use technology to increase productivity, innovate and enter
international markets. Smaller enterprises, peripheral communities and
institutionally weaker territories may remain excluded from these opportunities.
Digitalization can therefore either reduce or reinforce existing territorial and
organizational inequalities depending on how it is governed.

The strategic value of digitalization lies in its capacity to improve
information quality, coordination, scalability and adaptability. Digital monitoring
systems may provide real-time information on energy use, emissions, equipment
condition, transport flows and demand for public services. Artificial intelligence
can support forecasting, optimisation and the identification of complex patterns.
Cloud computing can reduce the cost of accessing advanced information systems.
Digital platforms can connect producers, consumers, investors, communities and
service providers. Digital twins can model infrastructure, industrial processes or
urban systems before physical interventions are implemented.

These technologies can strengthen sustainable development by improving the
visibility of material and energy flows, reducing losses, enabling preventive
maintenance, supporting circular use of resources and facilitating evidence-based
decision-making. Nevertheless, the actual result depends on strategic intent.
Technology introduced exclusively to increase the volume and speed of
consumption may intensify environmental pressure. Technology designed around
sustainability objectives may contribute to dematerialisation, service-based
business models, resource sharing and lower environmental impacts.

The relationship between digital transformation and sustainability is therefore
bidirectional. Digitalization can become an instrument for achieving sustainability,
while sustainability requirements should influence the architecture, governance
and use of digital systems. The concept of digital sustainability reflects this

interdependence. It includes both the application of digital technologies to support
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sustainable development and the management of the environmental and social
consequences produced by digitalization itself [2].

A systematic review of the relevant literature indicates that digital
technologies can facilitate sustainability through operational efficiency,
innovation, stakeholder engagement, transparency and new business models. At
the same time, positive effects are not guaranteed and may be offset by increasing
demand for computing infrastructure, energy, critical materials and data storage
[2].

Strategic managers should therefore avoid treating digitalization as an
inherently sustainable solution. Every digital initiative should be assessed in
relation to its entire life cycle, including the production of hardware, energy use,
data-centre requirements, maintenance, cybersecurity, accessibility and end-of-life
management. The strategic question is not whether a process becomes digital, but
whether its digital transformation creates a net improvement in economic,
environmental and social value.

This distinction can be illustrated through digital reporting systems. An
organization may introduce an electronic sustainability dashboard and improve the
speed of data presentation without changing environmentally harmful operations.
In this case, digitalization strengthens information processing but does not
necessarily improve sustainability. A more advanced approach uses digital data to
redesign production, procurement, logistics and investment decisions. The
dashboard then becomes part of a strategic management system rather than a
symbolic reporting tool.

Strategic alignment is therefore a fundamental condition of sustainable digital
transformation. Digital and sustainability strategies should not exist as separate
documents administered by different departments. They should be connected
through shared priorities, governance mechanisms, budgets, performance

indicators and responsibility structures. Digital investments should be assessed for
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their contribution to environmental and social objectives, while sustainability
programmes should identify the digital capabilities required for implementation.

At the organizational level, such alignment begins with corporate purpose
and strategic positioning. Organizations should determine which sustainability
problems they are capable of addressing and how digital capabilities can support
this contribution. The answer may involve reducing the environmental footprint of
existing operations, developing products that help customers improve
sustainability, increasing access to essential services or creating platforms that
coordinate circular resource flows.

Empirical research confirms that digital transformation can strengthen
enterprise sustainability through technological, market and management
innovation. Analysis of listed enterprises indicates that digital transformation may
enhance sustainable development by improving innovation capability, enabling
more efficient resource allocation and supporting organizational adaptation [4].
These effects, however, depend on management quality, investment capacity and
the ability to translate technological adoption into structural organizational change.

A useful strategic distinction can be made between digital optimization and
digital transformation. Digital optimization improves existing processes without
fundamentally changing the organization’s value logic. Examples include
automated energy monitoring, electronic document management or predictive
maintenance. Digital transformation changes the way value is proposed, created,
delivered and captured. It may replace product ownership with access-based
services, connect previously separate actors through a platform or enable
customers to participate in production and resource management.

Both approaches can contribute to sustainability, but their potential differs.
Optimization may generate immediate efficiency gains, whereas transformation
may reduce structural dependence on resource-intensive models. Strategic
management should therefore combine short-term operational improvements with

longer-term business model innovation.
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The business model is a central mechanism linking digitalization and
sustainability. It defines the value offered to customers and stakeholders, the
resources and activities through which that value is created, and the mechanisms
through which the organization maintains economic viability. Sustainable business
models incorporate environmental and social value into these elements rather than
treating sustainability as a separate philanthropic activity.

Digital sustainable business models use digital technologies to create or
support economic, ecological and social value. Research identifies several
archetypes, including digital solutions that improve environmental performance,
product-service systems that replace ownership with access, sustainability
intelligence systems that generate actionable information and digital platforms that
coordinate multiple actors around sustainable exchange [5].

The development of such models requires dynamic capabilities.
Organizations must be able to identify technological and sustainability trends,
interpret their strategic significance, mobilise resources and continually
reconfigure structures and processes. The speed of technological change means
that competencies and systems can become obsolete before the end of
conventional strategic-planning periods. Sustainable development, however,
requires long-term commitment and investment. Strategic management must
therefore combine long-term direction with flexible implementation.

Scenario planning is useful in this context. Organizations can develop
alternative scenarios concerning technological regulation, resource prices, climate
risks, consumer expectations, labour-market change and territorial development.
The purpose is not to predict one future precisely but to test whether strategic
choices remain viable under different conditions. Digital modelling can improve
this process by integrating large datasets and simulating relationships between
operational, environmental and market variables.

Portfolio management is also necessary. Organizations should avoid

investing all resources in a single large digital solution whose social or
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environmental benefits remain uncertain. A balanced portfolio may include low-
risk efficiency projects, experimental business-model initiatives, employee
capability programmes and partnerships with external innovators. Pilot projects
allow organizations to test assumptions, but successful experiments should be
connected to mechanisms for scaling and institutionalisation.

Governance determines whether digital and sustainability strategies influence
real decisions. Boards and senior management should define strategic objectives,
risk tolerance and accountability. Responsibility should not be delegated entirely
to information technology or sustainability departments. Both functions should
participate in investment, procurement, product development, human-resource
management and risk governance.

The increasing importance of sustainability in corporate governance is
reflected in the expansion of sustainability disclosure and board oversight. The
OECD reports that the share of listed companies by market capitalisation
disclosing sustainability-related information increased between 2022 and 2024,
while board-level oversight of climate-related issues also expanded [12].

Disclosure, however, is not equivalent to strategic integration. An
organization may publish extensive sustainability information without changing
investment priorities or incentives. Effective governance requires measurable
objectives, assignment of responsibility, integration into capital budgeting and
regular evaluation of performance. Executive remuneration may include
sustainability indicators, but these indicators should be material, verifiable and
sufficiently long-term to prevent symbolic compliance.

Data governance is another essential component. Sustainable development
decisions increasingly depend on data generated by sensors, platforms, suppliers,
employees, customers and public institutions. Poor-quality or fragmented data
may produce incorrect strategic conclusions. Organizations need standards
concerning data collection, ownership, validation, interoperability, privacy,

security and retention.
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Environmental and social data present specific difficulties. Emissions,
biodiversity effects, working conditions and community impacts often occur
outside the direct boundaries of an organization. Digital supply-chain systems may
improve traceability, but smaller suppliers may lack the resources to participate.
Strategic managers should ensure that reporting requirements do not merely
transfer administrative costs to weaker partners.

Acrtificial intelligence introduces additional governance challenges. It may
improve demand forecasting, logistics, energy optimisation and risk analysis.
However, algorithms may reproduce historical bias, exclude individuals whose
circumstances are poorly represented in available data or produce decisions that
cannot be adequately explained. The sustainability of artificial intelligence should
therefore be evaluated in relation to energy use, data quality, fairness, transparency
and accountability.

Human capital is a decisive factor in sustainable digital transformation.
Technologies create value only when employees, managers and partners possess
the competencies and motivation to use them. Digital skills should be combined
with systems thinking, sustainability literacy, ethical judgement, communication
and collaborative problem-solving. Organizations that focus only on technical
training may fail to develop the broader capacity required for strategic
transformation.

The labour effects of digitalization should also be actively managed.
Automation may reduce physically demanding or repetitive work, but it can also
displace employees, intensify monitoring and increase work insecurity.
Sustainable management requires early assessment of occupational change,
reskilling, employee participation and fair distribution of productivity gains.

Social sustainability concerns employment quality, equality, health, safety,
human rights, participation, inclusion and community well-being. Research
indicates that the social effects of digital technology have received less systematic

attention than economic and environmental outcomes [7].
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This imbalance can produce strategies that appear efficient but create hidden
social costs. For example, a digital public service may reduce administrative
expenditure while excluding people without internet access or digital skills. An
automated scheduling system may improve capacity utilisation while reducing
employee autonomy and income stability. A platform may create flexible
economic opportunities while transferring business risks to individual workers.

Strategic sustainability assessment should therefore examine who gains
access, who loses control, whose work changes and whose interests are
represented in technology design. Digital inclusion should not be treated merely as
the availability of an internet connection. It also includes affordability,
accessibility, skills, trust, language, data protection and the existence of non-
digital alternatives where necessary.

Social innovation complements digital transformation by focusing on unmet
needs, social relationships and collective capacity. It may involve a new service,
process, organizational form or partnership that addresses a social problem more
effectively while creating new patterns of cooperation. Its novelty is contextual: an
approach may be established in one place but innovative in another where
institutional conditions and needs differ.

The strategic significance of social innovation arises from the limitations of
conventional public and market mechanisms. Complex problems such as long-
term unemployment, demographic ageing, territorial exclusion, affordable
housing, access to healthcare and environmental adaptation involve multiple
causes and stakeholders. They cannot be resolved through isolated administrative
programmes or individual commercial products.

Social innovation frequently emerges through cooperation among public
authorities, social enterprises, community groups, conventional businesses,
universities and citizens. This cooperation allows different forms of knowledge
and resources to be combined. Local communities contribute practical

understanding of needs, public institutions provide legitimacy and infrastructure,
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enterprises provide management capabilities, and universities may support
research and evaluation.

Social innovation should not be equated with any socially beneficial
initiative. A project may provide valuable assistance without changing the
relationships, practices or institutional mechanisms that produced a problem.
Social innovation typically involves a new solution and a transformation in how
actors cooperate, make decisions or access resources.

Its effectiveness should be evaluated through social impact rather than
activity volume alone. The number of events, platform users or grants distributed
provides information on implementation but not necessarily on whether the
underlying social problem has been reduced. Strategic management requires a
theory of change explaining how activities are expected to produce outcomes and
how those outcomes can be measured.

Strategic territorial management should therefore identify synergies and
trade-offs. Digital infrastructure may allow remote communities to access
education, healthcare and markets, reducing territorial disadvantages. At the same
time, the closure of physical services based on assumed digital access may
increase exclusion. Renewable-energy development may attract investment and
reduce emissions, but local communities should participate in decisions and
receive a fair share of benefits.

Digital public infrastructure can support territorial development by providing
interoperable systems for digital identification, payments and data exchange. The
World Bank defines such infrastructure as foundational, reusable digital building
blocks serving the public benefit and emphasises interoperability, inclusion, user-
centred design, privacy and strong governance [8].

The strategic importance of digital public infrastructure lies in its capacity to
reduce duplication and enable multiple services. A secure identification system
may support social protection, healthcare, taxation and entrepreneurship. Payment

infrastructure may improve access to financial services and enable rapid support
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during crises. Data-exchange systems may facilitate coordinated planning and
reduce administrative burdens.

Territorial social innovation also requires intermediaries. Individual
community initiatives often lack access to finance, administrative knowledge,
political networks or evaluation capacity. Intermediary organizations can connect
local initiatives with public authorities, universities, investors and larger
enterprises. Research on territorial social innovation shows that intermediaries
help create shared narratives, coordinate heterogeneous actors and support the
transition from isolated projects to broader territorial processes [11].

The OECD’s Start—Scale—Sustain framework provides a useful structure. The
start stage involves experimentation, local engagement and testing of solutions.
The scale stage focuses on replication, capacity-building, finance and adaptation to
new contexts. The sustain stage concerns institutionalisation, long-term resources,
legal support and integration into public policy or service delivery [10].

Scaling should not be interpreted as mechanical expansion. Social
innovations are often dependent on local relationships, trust and institutional
conditions. Replication should preserve core principles while allowing adaptation.
A model successful in one territory may require different partners, financing and
implementation procedures elsewhere.

The strategic relationship among sustainability, digitalization and social
innovation can be summarised in Table 1.

The dimensions presented in Table 1 should not be managed independently.
Strategic alignment determines why transformation is undertaken. Data-driven
governance provides information for decisions. Sustainable business models
translate strategic objectives into value-creation mechanisms. Social innovation
ensures that unmet needs and collective capacities are included. Territorial
coordination connects organizational initiatives with spatial development, while

accountability supports legitimacy and learning.
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Table 1

Dimensions of strategic sustainable development management

Strategic dimension

Main instruments

Expected result

Strategic alignment

Integrated digital and sustainability
strategies

Coherent long-term priorities

Data-driven governance

Analytics, digital platforms and
monitoring

Evidence-based decisions

Sustainable business

models

Product-service systems and digital
platforms

Economic, social and

environmental value

Social innovation

Co-creation, experimentation and
partnerships

Solutions to unmet social needs

Territorial coordination

Place-based planning and

innovation ecosystems

Inclusive regional development

Accountability

Indicators, reporting and impact
evaluation

Transparency and continuous
improvement

Source: developed by the author on the basis of [2; 6; 8; 9; 10; 11].

A strategic management cycle for sustainable development should begin with

diagnosis. Organizations and territories should assess their economic,
environmental, social, digital and institutional conditions. This assessment should
identify not only internal resources but also dependencies on infrastructure,
suppliers, public institutions, communities and ecosystems.

Digital maturity and sustainability maturity should be evaluated jointly. High
digital maturity does not imply sustainability if digital capabilities are used mainly
to accelerate resource-intensive growth. High sustainability ambition may remain
ineffective if the organization lacks data, coordination and innovation capacity.
Joint assessment reveals where digital investment can support sustainability and
where technology itself requires stronger governance.

Stakeholder analysis is an important element of diagnosis. Stakeholders differ
in power, vulnerability, knowledge and interest. Strategic managers should
identify groups affected by transformation, including those who may not
participate in formal consultations.

The next stage is the formulation of a strategic vision. A vision should define
the desired future condition rather than merely list projects. For an organization, it

may involve transitioning from the sale of resource-intensive products to service-
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based circular solutions. For a territory, it may involve creating an inclusive low-
carbon innovation ecosystem supported by digital public services and local
entrepreneurship.

Strategic objectives should be specific enough to guide resource allocation
but flexible enough to allow innovation. Objectives may concern emissions,
resource productivity, employment quality, digital access, service availability,
innovation participation, community resilience and business diversification. Each
objective should be supported by indicators, responsible actors and time horizons.

Digital technologies can also intensify consumption through personalised
advertising, rapid product cycles and frictionless purchasing. The sustainability
impact of digitalization must be evaluated across the entire business model and
user behaviour rather than only internal operations. Social risks include exclusion,
algorithmic discrimination, surveillance and the erosion of employee autonomy.
Impact assessments should be conducted before high-risk systems are introduced.

The integration of digitalization and social innovation creates a potential
pathway towards sustainable development, but it also increases managerial
complexity. Digital technologies operate at speed and scale, while social
innovation depends on context, relationships and participation. Strategic
management must connect these different logics. Technology can scale solutions
rapidly, but scaling without contextual understanding may produce exclusion or
resistance. Social innovation provides contextual knowledge and legitimacy, but
may struggle to achieve sufficient reach.

This integration should be guided by several principles. Digitalization should
serve clearly defined sustainability and social objectives. Innovation should be
evaluated by its contribution to public and stakeholder value. Data should be
governed as a strategic resource with rights and responsibilities. Participation
should influence substantive decisions. Transformation costs and benefits should
be distributed fairly.
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At the organizational level, the principal priority is to integrate digital and
sustainability strategies into the business model, governance and investment
system. At the territorial level, the priority is to create place-based innovation
ecosystems connecting infrastructure, entrepreneurship, public services,
communities and knowledge institutions. Both levels require measurable
objectives, dynamic capabilities, stakeholder participation and adaptive learning.
Strategies should be stable in their long-term direction but flexible in instruments.
Digital systems should provide evidence, while human judgement and democratic
accountability should determine choices.

The strategic management of sustainable development should ultimately be
evaluated by whether it improves the capacity of organizations and territories to
create long-term value without undermining ecological systems or social cohesion.
Technological sophistication is not sufficient. Sustainable transformation requires
responsible governance, institutional capability and collective purpose.
Digitalization can improve productivity, transparency, coordination and access.
Social innovation can mobilise communities, redesign services and create new
forms of cooperation. Their combined potential is substantial, but only when they
are embedded in coherent strategy and supported by appropriate organizational
and territorial institutions.

The central managerial task is therefore the construction of a system in which
digital capabilities, sustainable business models, social innovation, territorial
resources and stakeholder interests reinforce one another. Such a system enables
organizations and territories not merely to respond to change but to shape
development trajectories that are economically viable, environmentally

responsible, socially inclusive and institutionally resilient.
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CHAPTER 5
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The rapid digital transformation of the financial sector, the expansion of fi-
nancial technologies, globalization of financial markets, and increasing cyber
threats are fundamentally changing approaches to anti-money laundering and
counter-terrorist financing (AML/CFT). At the same time, criminal schemes in-
volving virtual assets, digital payment instruments, artificial intelligence, and
cross-border financial transactions are becoming increasingly sophisticated. Under
such conditions, financial monitoring is evolving from a formal compliance mech-
anism into an integrated risk management system that enhances financial security
and strengthens the resilience of the banking sector.

These issues have become particularly relevant for Ukraine in the context of
martial law, post-war economic recovery, and the country's European integration.
The transparency of financial flows, prevention of sanctions evasion, and effective
identification of suspicious transactions are essential prerequisites for sustainable
economic development and international cooperation.

The purpose of this study is to identify the current directions of digital trans-
formation in financial monitoring within the banking sector, to analyse innovative
AML/CFT technologies, and to determine the prospects for applying artificial in-

telligence to improve the effectiveness of the risk-based approach.
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The legal framework of financial monitoring in Ukraine is based on the Law
of Ukraine No. 361-1X "On Prevention and Counteraction to Legalisation (Laun-
dering) of the Proceeds of Crime, Terrorist Financing and Financing of the Prolif-
eration of Weapons of Mass Destruction” and the Resolution of the National Bank
of Ukraine No. 65, which implement the FATF Recommendations and European
Union requirements regarding customer due diligence, internal control systems,
and the application of the Risk-Based Approach (RBA) [1-5].

The contemporary AML/CFT system is built upon the RBA, according to
which financial institutions evaluate not isolated transactions but the overall risk
profile of each customer. Risk assessment considers customer characteristics,
ownership structure, business activities, geographical exposure, transaction pat-
terns, delivery channels, and other relevant indicators. Such an approach enables
banks to allocate compliance resources efficiently and concentrate enhanced moni-
toring on high-risk customers and transactions.

An essential component of financial monitoring is Customer Due Diligence
(CDD), which implements the internationally recognized Know Your Customer
(KYC) principle. Customer due diligence includes customer identification and ver-
ification, beneficial ownership identification, assessment of the purpose of busi-
ness relationships, continuous transaction monitoring, and periodic updating of
customer information. Enhanced Due Diligence (EDD) is applied to politically
exposed persons (PEPs), customers associated with sanctioned entities, high-risk
jurisdictions, and transactions involving virtual assets.

A significant transformation of financial monitoring has occurred due to the
widespread implementation of digital technologies. Modern banking institutions
increasingly replace manual document verification with automated AML plat-
forms integrating government databases, sanction screening systems, cloud tech-
nologies, and advanced analytics.

One of the most promising areas of digital transformation is the automation

of KYC and AML procedures. Contemporary banking systems automatically
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screen customers against sanctions lists maintained by OFAC, the European Un-
ion, the United Nations, and the National Security and Defence Council of
Ukraine. Simultaneously, integration with state electronic registries significantly
accelerates customer onboarding while reducing operational risks and human er-
rors.

Artificial intelligence has become one of the key drivers of financial monitor-
ing modernization. Currently, three major directions of Al implementation can be
distinguished [6-8].

Firstly, analytical artificial intelligence employs machine learning algorithms
to analyse millions of financial transactions in real time. These systems identify
abnormal customer behaviour, hidden transaction patterns, unusual financial
flows, and previously undetected relationships between counterparties, thereby
considerably improving suspicious activity detection.

Secondly, Generative Artificial Intelligence (GenAl) is gradually becoming
an effective instrument for supporting compliance officers. Large Language Mod-
els (LLMs) facilitate automated preparation of Suspicious Activity Reports
(SARs), analysis of unstructured information, document summarization, prepara-
tion of analytical conclusions, and optimization of customer onboarding proce-
dures. Consequently, compliance departments significantly reduce document pro-
cessing time while improving the consistency and quality of analytical reporting.

Thirdly, Agentic Artificial Intelligence represents a new stage in the evolu-
tion of financial monitoring technologies. Such intelligent systems can autono-
mously collect information from multiple sources, perform preliminary customer
risk assessments, monitor behavioural patterns, and generate recommendations re-
garding further compliance actions. Nevertheless, final decisions remain under the
responsibility of compliance officers, fully corresponding to the internationally
recognized Human-in-the-Loop principle, which ensures transparency, accounta-

bility, and ethical Al governance.
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Another important technological innovation involves biometric identification
and Liveness Detection technologies used during remote customer onboarding.
These technologies verify whether a real person rather than a deepfake or synthetic
identity interacts with the banking system, thereby substantially reducing fraud
risks.

International banking practice demonstrates the effectiveness of digital finan-
cial monitoring technologies. HSBC applies machine learning algorithms to im-
prove transaction monitoring and reduce false-positive alerts. JPMorgan Chase ac-
tively employs artificial intelligence for legal document analysis, contract verifica-
tion, and financial risk assessment. Citibank integrates biometric authentication,
OCR technologies, and automated document recognition into customer identifica-
tion procedures, substantially accelerating onboarding processes while maintaining
high compliance standards.

However, digital transformation does not eliminate regulatory responsibility.
On the contrary, supervisory expectations continue to increase. Recent supervisory
practice of the National Bank of Ukraine demonstrates a gradual transition from
formal compliance inspections toward assessing the actual effectiveness of banks'
AML/CFT systems. Regulatory sanctions are increasingly imposed for inadequate
customer due diligence, insufficient implementation of the risk-based approach,
ineffective monitoring of politically exposed persons, delayed updating of custom-
er information, and deficiencies in identifying suspicious financial transactions.

Therefore, modern financial monitoring is transforming from a traditional
regulatory function into an intelligent digital risk management ecosystem. The in-
tegration of artificial intelligence, machine learning, Big Data analytics, biometric
technologies, automated sanction screening, and behavioural analytics substantial-
ly enhances the effectiveness of detecting suspicious activities while reducing op-
erational risks within banking institutions.

In conclusion, further development of financial monitoring should be based

on combining innovative digital technologies with international FATF standards,
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continuous regulatory modernization, transparency of Al algorithms, and preserva-
tion of human oversight in compliance decision-making. Such an integrated ap-
proach will contribute to strengthening financial stability, improving the effective-
ness of AML/CFT systems, and enhancing the resilience of both the Ukrainian and

global banking sectors.
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PO3/1JI 6
TPAHC®OPMAISA JUIIJIOMATUYHOI'O TIPOTOKOJIY YKPAIHU B
YMOBAX POCINCBKO-YKPATHCHKOI BIMHA

Koxapua FOuiss AnartoutiiBHa,

KaHIUJAT NOJITUYHUX HAYK, AOLIEHT,

JOTIEHT Kadeapu NCUXoaorii

BiHHUIIbKUI TOPTrOBENIBHO-€KOHOMIYHUN IHCTUTYT
Jlep>kaBHOT'O TOProBEIbHO-€KOHOMIUHOTO YHIBEPCUTETY,

M. BiHHUIIA.

JIMTUTIOMaTHYHUH MTPOTOKOJ TOCi/Ia€ BaXKIIMBE MICIIE B CUCTEMI MIKHAPOIHUX
BITHOCHH, OCKUIbKM 3a0e3reuye BHOPAJIKOBAHICTH OMIIIAHOT B3aeMOAli MIX
nep>kaBaMM, MDKHApOJHHMH OpraHizalliiMd Ta IXHIMH MpeJCTaBHUKAMU.
CdopmoBaHi MPOTOKOJIBHI HOPMH ¥ MpOLIEAypU BU3HAYAIOTHh 3arajibHl 3acaau
MiATOTOBKA Ta TPOBEJEHHS TUIUIOMATHYHUX 3aXOMIB, CHPHUSIIOTH HAJICKHOMY
NPEJICTABIIEHHIO CTaTyCy iX YYaCHHKIB 1 CTBOPIOIOTH TNependadyBaHi YMOBHU s
oiIifHOrO CIUIKYBaHHA. BogHOYac AUTIIIOMATUYHUMA IPOTOKOJ HE € CYKYITHICTIO
HE3MIHHHX LEPEeMOHIaNIbHUX (opMambHOCTeil. Moro IpakTHYHE 3aCTOCYBAHHS
PO3BHBAETHCS  BIAMOBIIHO A0 3MIH MIDKHApPOIHOTO CEpPEIOBHUINA, XapaKTepy
JTUTIJIOMATHIHOT KOMYHIKAIll Ta KOHKPETHMX OOCTaBHMH 3IMCHEHHS OQIMIHHUX
KOHTaKTiB [1].

[ToBHOMacmTabHa pPOCIChKO-yKpaiHChKa BiliHa chopmyBaia HOBI YMOBU
3MIACHEHHS JUIJIOMATHYHOI MisNIBHOCTI YKpaiHu. besnekoBi 3arposu, 3MiHH
TPAHCIIOPTHOTO W KOMYHIKAI[IHHOTO CEpPEJOBUINA, TIABUINEHI BHUMOTH [0
OTIEPAaTUBHOCTI, KOOPAWHAIII Ta KOH(IAEHIIHHOCTI BIUIMHYJIH Ha TPAKTUKY
MIATOTOBKH ¥ MPOBEACHHS MDKHAPOJHUX 3aXO0JiB. 32 TaKUX OOCTaBHH 3JaTHICTh
MPOTOKOJIHHOT CHUCTEMHU aJanTyBaTHCS 10 OOMEXKEHb BOEHHOTO dYacy crajia
HEOOX1IHOIO YMOBOIO 3a0e3neyeHHs Oe3MepepBHOCTI OPIUIMHUX MDKHAPOIHUX

KOHTAKTIB.
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Tpancdopmaris JUIUIOMAaTUYHOrO MPOTOKONY YKpaiHM Ma€ KOMIUIEKCHUI
XapakTep 1 BigoOpaxae 3MIHM Yy crnoco0ax opraHizamii Ta CyNpoOBOJY
JTUTIIOMaTUYHOT B3aeMo/1ii. BoHa Bi10yBaeThCsl 32 YMOBU 30€pEKEHHSI OCHOBHOTO
NpPU3HAYEHHS  NPOTOKONY  —  3a0€3MEeYeHHS  HAJEXHOro  oQimiiHOro
MPEICTaBHUIITBA, YHOPSAIKOBAHOCTI MIKAEpP>KaBHOI KOMYHIKallii Ta IMOBard [0
CTaTyCy YYacHHUKIB AWIUIOMATUYHUX BIMHOCHH. Y IIbOMY KOHTEKCTi Ba)KIHBOTO
3HauU€HHs  HaOyBae  JOCIUIKEHHS  CIIBBIAHOLIEHHS  MDK  YCTaJICHUMH
NPOTOKOJIHHUMH 3acalaMi Ta HOBUMHU (OpMaMU iX MPAKTHUHOT pearizarrii.

AKTyanbHICTh  JOCHIIDKEHHS  3yMOBJE€Ha  HEOOXIIHICTIO  HAyKOBOTO
OCMHUCJICHHSI BIUIMBY BOEHHHX yYMOB Ha YKPaiHChKY MPOTOKOJBHY IMPAaKTUKY. Y
CyJacHHX HAayKOBUX TpalsiX pO3TISAAIOTBCS MDKHAPOJAHO-TIPABOBI  3acaau
IUTUIOMATUYHOTO TPOTOKOoNy [1], HOro IHCTpyMEHTalbHa pOJb Yy CHUCTEMi
MDKHapOJHUX BIAHOCHH [2], HOBI (QOpMH JUIIIOMAaTHUYHOI KOMYyHikamii [3],
udpoBi3alis MDKHApPOIHOT B3aeMoli [4] Ta 3MIHM CTpaTEriYHUX KOMYHIKaIlii
VYkpaiau B 1epios; pociiichbKo-yKpaiHChKoi BiliHM [5]. BomHouac KoMIUIEKCHHI
aHani3z TpaHchopmarllii caMe AUIIOMATHYHOTO TPOTOKONY YKpaiHu B yMOBax
BiiHM 3ayumaeThesi pparmentapuum. lle 3ymoBmoe nmotpedy B cucTeMaru3alii
opraHizaliiHuX, O€3MeKOBUX, IIEPEeMOHIATBHUX 1 KOMYHIKAIlIHHUX 3MiH
IPOTOKOJIBHOT MPAKTUKH Ta BU3HAYEHHI XapaKTepy iX B3a€MO3B’S3KY.

Metoro po3aiTly € BH3HAYCHHS OCHOBHUX HampsMiB TpaHchopMmarrii
JTUTIJIOMATHIHOTO MPOTOKONY YKpaiHM B yMOBaX pOCIHCBHKO-YKpaiHCHKOi BifHHU.
JlocmKeHHsT 30Cepe/DKeHEe Ha OpraHizamiiHuX, OC3MEeKOBUX, IIEPEMOHIATBHUX 1
KOMYHIKaIIHUX 3MiHaX MPOTOKOJIBHOI MPAKTUKU Ta CHPSIMOBAHE Ha 3’ SICYBaHHS
ocobimBoOCTeH i1 aganTarlii 70 Cy4acHUX YMOB JUTUIOMATHYHOT B3a€MOIII.

MeTonoNoTiYHy ~ OCHOBY  JOCHI/KEHHS ~ CTAHOBJISATH  CHUCTEMHMIA,
(GYHKITIOHATBHAH, TMOPIBHAIBHO-TIPABOBUI 1 CTPYKTYPHO-JOTIYHUN IIAXOMH.
CuctemMHuld TIAX1A Ja€ 3MOTY pO3IJsSJaTd AUIUIOMATHYHHI MPOTOKON  SIK
CYKYITHICTh B3a€MOTIOB’ I3aHUX HOPMATUBHUX, OpraHi3amiiHuX, ePEMOHIATBHUX 1

KOMYHIKallIMHUX €JE€MEHTIB; (YHKI[IOHATbHUNW — BU3HAYMUTH iX MPU3HAYCHHS Y
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3a0e3nedeHHl oQIIiHOrO MPEeACTaBHULITBA; MOPIBHIBHO-NIPABOBUIA — 31CTaBUTH
MDKHapOJHI Ta HallOHAJIbHI 3acaJl pPEryJIOBaHHS; CTPYKTYpHO-JIOTIYHUH —
CHUCTEMATU3yBaTH HAMPSMH aIaNTaIlil IPOTOKOIHHOT IPAKTUKH 10 BOEHHUX YMOB.
JlocnipkeHHsT Ma€  TEeOPEeTHKO-aHANITUYHUN  XapakTep 1 COpsIMOBaHe Ha
y3arajJbHEHHS TpaHcpopMaIiiHuX MpOIIECiB 0e3 OI[IHIOBaHHS
30BHILIHBONOITUYHUX PIIIEHb OKPEMUX CYO’ EKTIB.

JIMTUIOMaTHIHUN TTPOTOKOJ € CHCTEMOI0 HOPM, MPUHITUIIIB 1 MPOIEAYp, 110
BIOPSAKOBYIOTh  OQilliiiHI ~ BITHOCMHM  MDK  JIep’)KaBaMd  Ta  iXHIMH
npencTaBHUKamMu. BiH BU3Hayae cTaTyc y4acHMKIB, MOCIIIOBHICTh ODIIMHUX JTiH,
dopmar 3axoay Ta crnocoOu MpecTaBiIeHHs CTOpiH. BoHOYAaC MPOTOKOJ BUKOHYE
IHCTpyMEHTalnbHy  (QYHKIIO, OCKUIBKM  4Yepe3  oOpraHizaliio  Mpoleayp,
CTapIIMHCTBO W CHMBOJIYHE O(OPMIICHHS CTBOPIOE IependadyBaHi YMOBH IS
MDKAEpkaBHOI KoMyHikamii [2]. Jlo HOro OCHOBHUX MPUHIIUIIIB HAJICKATh
MDKHapOJHa BBIWIMBICTh, B3a€EMHICTb 1 TPOTOKOJBHE CTapIIMHCTBO, IO
3a0e3neuyoTh MOBary J0 CTaTyCy YYaCHHMKIB Ta Y3TOKEHICTh AUIUIOMATHYHOT
B3aeMoii [1].

HopmatuBHa OCHOBa AMIUIOMATHYHOIO TPOTOKOJIY Ma€ MDKHApOIHUHN 1
HaIllOHAJLHUM piBHI. BileHChKa KOHBEHIIS MPO JMIUIOMATH4YHI 3HOCHHU 1961
POKYy BHM3Hauae (yHKIT JAUIUIOMATHYHUX MICiM, KJIacH iXHIX TIJIaB, 3acajau
aKpeauTallii Ta MOpsSJ0K YCTAHOBJIGHHsI cTapiiuHcTBa [6, cT. 3]. Bona dopmye
3arajbHy MPaBOBY PaMKy JAWIUIOMATUYHHUX BIJTHOCHH, aJie¢ HE PETJIaMEHTY€E MOBHOI
MOCJIITOBHOCTI OQIIIHHUX BI3UTIB, MEPEroBOPiB, MPUHOMIB 1 mepeMoHid. Taki
MpOIIeAYPH KOHKPETHU3YIOTHCS Jep)KaBaMHM  BIAINOBIIHO JI0 HAIIOHAIBHOTO
3aKOHOJIAaBCTBA, TUIJIOMATUYHUX TPAIUIIIN 1 IPUHIIUITY B3aEMHOCTI [7].

B Vxpaini opranizaiiiiai 3acaau oimiitHIX BI3UTIB, 3yCTpivei, meperoBopiB
1 iepemoHniii Bu3Havae [lomoxxenns nmpo JlepkaBumii [IpoTokon Ta Ilepemonian
VYkpainu, 3atBepmkene Yka3zom lIpesunenta Yipainu Bim 22 cepmas 2002 poky
Ne 746/2002 [8]. IacTUTyIiliHI OCHOBH [iSJIBHOCTI OpraHiB AUIIOMATHIHOT

cyx0Ou 3akpimieHi 3akoHoM Ykpainu «lIpo gunnmomatuuny ciayxOy» [9].
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3a3HaueHl HOpPMATHMBHI akKkTU 3a0€3MeyyloTh CTAaTyCHY BHU3HAYEHICTb Ta
Y3ro/IKEHICTh O(DIIHHUX MPOIEAYp, OAHAK IX MPAKTUYHE 3aCTOCYBAHHS 3aJ1€KUTh
BiJl PiBHS 3aXO0AY, CKJIAJy YYaCHHUKIB 1 KOHKPETHHX YMOB MOTr'0 MPOBEACHHS.

JIMmioMaTHYHUN  NPOTOKOJ ~ BUKOHYE  PETyJSTUBHY, OpraHi3auiiiHy,
MPEACTaBHUIIBKY Ta KOMYHIKaliiHy ¢yHKuii. BiH ycTaHOBIIOE MOPSAOK
odimiMHUX 1, KoopauHye ¢dopmaT 1 TMOCIIIOBHICTh 3axody, 3abesneuye
BIJIMOBIHICTh Or0 O(OPMIIEHHS CTATYCy YYAaCHHUKIB Ta CTBOPIOE HAJIEkKHI YMOBHU
JUIST  TUIUIOMAaTHUYHOTO CIUIKyBaHHs. Peamizamiss mnux (QyHkuid nependayae
MDKIHCTUTYILIIHY KOOpJAMHAIII0 W Y3TO/UKEHICTh O(MIiliiHOI KOMYyHIKallil, 10 €
BOXIMBAMHU CKJIATHUKaMU JepkaBHOTO mnpeactaBHuiTBa [10]. IIporokonbHi
npaBuUjia BOJHOYAC CIYTYIOTh MPAKTUYHUM MEXaHI3MOM peanizalii ¢popMaibHOI
PIBHOCTI JiepKaB 1 piBHOT OBAru J0 iXHix npeactaBHuKiB [11].

[Topsim 31 cramicTE0O HOPMATHBHUX 3acajJ MPOTOKOJ XapaKTePHU3yEThCS
3MIATHICTIO TIPHCTOCOBYBAaTH OpraHizaiiiiHy QopMmy 3axomay [I0 KOHKPETHOTO
cepenouia. H. I'eopriagi ta 4. [llabaH BHOKpEMIIIOIOTH AJalTUBHUNU THII
JTUTIIIOMATHIHOTO MPOTOKOY, MOB’sI3aHUHN 13 1000poM criocoOiB Horo peasizarii
BIJIMOBIIHO /IO XapakTepy MbKHapojHOi B3aemonii [12]. Taka amanTUBHICTH HE
O3HAYa€ JIOBUIBHOTO BIACTYMY Bil YCTAaHOBICHHMX HOPM. 3a 30epeKeHHs
CTapIIMHCTBA, CTAaTyCy YYacCHHUKIB, TOPSIAKY O(QIIiifHOr0 NpeIcTaBHUIITBA Ta
IMPUHITAITY B3aEMHOCTI MOXYTh KOPUT'YBAaTUCS TPUBAIICTh, (OpMaT, IPOCTOPOBE
odopmIIeHHS 1 OKpeMi mporeaypu 3axony [1; 12].

[ToeqHanHsT HOPMATHBHOI CTaJOCTI 3 MPOLEAYPHOIO THYUKICTIO CTBOPHIIO
MIATPYHTS JUIsl TIPUCTOCYBAHHS YKPaiHCHKOI MPOTOKOJIBHOI MPAKTUKH 10 YMOB
pocificbko-yKpaiHCchKoi BiitHM. HaliBupasHile 1ei mporec BUSBUBCS B ITIATOTOBITI
OoQiifHUX BI3UTIB 1 MDKHAPOJAHHX 3YyCTpIUel, MPOBENEHHS SKUX TOTpPedye
Y3TOJKEHHSI TTPOTOKOIBHIUX BUMOT 13 0€3MEKOBUMH, JIOTICTUYHUMH, YACOBUMHU Ta
iHbOpMaIITHUMU 00MEKEHHSIMH.

JInst BU3HAYEHHS JOMYyCTUMHUX MEX MPOTOKOJIBHOI amanTaiii JOIIEHO

BpaxoByBaTHU TpPHU B3Aa€EMOMNOB’si3aHl  Kpurtepii. Ilepmmii — HopmaTuBHA
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BIJIMOBIJHICTD, 3a SIKOI OpraHi3aliiiHl KOPUTYBAaHHS HE CynepedaTh MIXKHAPOIHO-
MIPaBOBUM HOpPMaM, HAI[IOHAJIbHOMY PETYIIOBAHHIO Ta MPUHIUIY B3a€EMHOCTI.
Jpyruii — cTarycHa €KBIBAJIEHTHICTb: CKOPOYEHHS LIEPEMOHIAIbHOT YaCTUHHU ab0
MEPEHECEHHSI OKPEMUX MPOLEAYP Y HUPPOBE CEPEIOBULIE HE MOBUHHI 3HIXKYBATH
piBeHb O(]ILIAHOrO MPEICTaBHUIITBA YU MOPYIIYBATH IPOTOKOJBHE CTAPUINHCTBO.
Tpertiii — KoMyHiKalliifHa OJHO3HAYHICTh, IO Tepeadadae 4YiTKe BHU3HAYCHHS
poJieil ydacHUKIB, (opmaTy 3axoay Ta OQIIiHOr0 3HAUYCHHS MOro pe3yJbTaTiB.
JloTpuMaHHsl [IUX KPUTEPIiB Jla€ 3MOTY BiAMEXYBaTH (PYHKIIOHAIBHY THYUKICTb
BiJl TOBUILHOT'O CIIPOIIEHHS MPOTOKOIBHUX Tipouieayp [1; 7; 11].

OmHMM 13 OCHOBHHMX HAampsSMIB aaanTaiii AWIUIIOMATHYHOTO TPOTOKOIY
VkpaiHu cTano yckiajHeHHs MiAroToBku odilliiHMX Bi3uTiB. IX mporpama mae
BIJIMOBIAATH CTAaTyCy MOJIii Ta PIBHIO MPEJICTABHUIITBA, BOJHOYAC Y3TOKYIOUUCH
13 0€3MeKOBUMU, TPAHCIIOPTHUMH, YACOBUMH U 1HGOpMAIITHUMU 0OMEKEHHAMH.
Craryc BI3UTYy BHU3HA4Ya€ CKJIaJ YYaCHHKIB, TIOPSAJOK TIEPEeroBopiB, oOCAT
[IEPEMOHIANILHOTO CYNpoOBOAYy Ta QopMy TIpelICTaBleHHA pe3yibTaTiB [8].
JIuTuioMaTHYHUN TMPOTOKOA y IOMY Mpoleci 3a0e3neuye BHOPSAIKOBAHICTh
MDKHApOJHOT B3a€MO/I11 Ta HAJIC)KHE MpeICTaBiIeHHs i1 ydacHuKiB [13].

Boenni ymoBH moTpeOyroTh po3MeEKyBaHHS OOOB’S3KOBHX 1 BaplaTUBHUX
CkIagHuKiB mporpamu. OdimiiiHe TnpencTaBIeHHS CTOPIH, CTapIIMHCTBO,
BU3HAYCHUHN MOPSAIOK MEPETOBOPIB, JIepKaBHA CUMBOJIIKA Ta (hiKcallisl pe3yyIbTaTiB
MarTh 30epiraTucsa. HaToMicTh TPUBAIICTh IIEPEMOHIATBLHOT YaCTUHU, KUIBKICTh
CYNpPOBITHUX 3aX0MdiB, (popMmaT y4acTi Memia, MICIe ¥ 4Yac OKpEMHUX 3yCTpidei
MOKYTh KOPUT'YBaTHCs 0€3 3MIHHU TUIUIOMAaTUYHOTO CTaTyCy BI3UTY.

be3nekoBi BUMOTH BIUIMBAIOTh HA MPOCTOPOBY ¥ JIOTICTUYHY OpraHi3alliro
3axoqy. Bubip wicus 3amexuTh Bi MOXIMBOCTEH KOHTPOJIO JOCTYIY,
MEepeMIllleHHs] JieNeraiiii Ta pearyBaHHS Ha TOTEHIiWHI 3arpo3u. OCHOBHa
nporpama Moxke nepeoayaTi aJbTepHATUBHI MapUIPyTH, PE3EPBHI MPUMIIICHHS i
MOXXJIMBICTh 3MIHHM Yacy OKpemux etamiB. Lle moTpebye omepaTuBHOI B3aemoIii

MIPOTOKOJIbHUX, OE3MEeKOBUX, TPAHCIOPTHUX 1 KOMYHIKAI[IMHUX CTPYKTYP.
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3aranpH1 opraHizaiiiiti 3acaau BusHavae [lonoxenns npo JepxaBuuii IIpoTokon
ta Llepemonian YkpaiHu, TOJ1 sIK KOHKPETHI PILIEHHS MPUAMAIOTHCS BIIMOBIIHO
10 (paKTUYHUX YMOB MPOBEJAEHHS Bi3UTY [8].

besnekoBuii pexuM MO3HAYAETHCS TaKOXK Ha 1H(OpMAIIITHOMY CYIpPOBOII.
Yac npubyTTsd, MapuipyTH, MICLS 3yCTpideil Ta 1HIINI opraHi3aiiiHi BiJOMOCTI
MOKYTh HE OTIPUITIOTHIOBATHCS 10 3aBEPILICHHS BIAMOBIIHOTO €TaIy Mporpamu. 3a
TakuX 00CTaBHH MiJICYMKOBI OBIAOMJIEHHS, (OTO- i BijleomMaTepiaiiv, 3a3HaYeHHS
nocaj; i MOCIiIOBHICTh MPEICTaBICHHS yYaCHHKIB MarOTh TOYHO BiIITBOPIOBATH
cratryc mojii Ta o¢iuiiiHo 3adikcoBaHi pe3yiabTaTu. Po3mmpeHHs nyOaIyHUX,
BI3yaJIbHUX 1 OaraToKaHaJIbHUX (OPM YKPaAiHCHKOI AMIIOMATIi MOCUIIIOE 3B’ 530K
MDK MPOTOKOJIBHUM CYIIPOBOJIOM Ta 0(iliiiHOI0 KOMYHIKali€ew [5; 14].

BoeHH1 yMOBH TTO3HAUMIIUCS HE JIUIIE HA MIITOTOBII M JIOTICTHUIl OQPIIIHHUX
BI3UTIB, a ¥ Ha 30BHINHIA (Qopmi AUIIIOMATHYHUX 3axoaiB. HeoOxigHICTH
NO€THAHHS TPEICTaBHUIIBKUX, (PYHKI[IOHATBHUX 1 0€3MEKOBUX BUMOT BILIMHYJIA
Ha 700ip IEepeMOHIATbHUX, BI3yaJIbHUX 1 HEBEpPOAIBHUX 3ac001B YKpaiHCBKOI
IPOTOKOJIBHOT MTPAKTUKH.

3oBHIIIHSA ¢dopMa OYHUX JUIUIOMATHYHUX 3aXOJIB y BOEHHUH Tepion
IPYHTYETBCS Ha TOEIHAHHI IEPEMOHIANTBHOI BIIOPSIKOBAHOCTI 3 MPAKTHYHUMHU
yMOBaMH iX TpoBeJeHHs. J[UmIoMaTHyHa 1EPEMOHIs € He JIUIE BCTAaHOBJICHOIO
MOCJTIIOBHICTIO OQIIMHUX i, a W perJaMeHTOBaHOK (OPMOI KOMYHIKaIIii,
gyepe3 SKy NMEepelaloThCsl CTaTyC YYaCHUKIB, XapaKTep MPEICTABHUIITBA Ta PIBEHb
MDKIepkaBHOI B3aemojii. IIpocTopoBi, CHMBOJIYHI W TOBEIIHKOBI €JIEMEHTH
MIPOTOKOJTY 3a0€3IeUyI0Th OJTHO3HAYHICTh O(MIIHHOTO MpeacTaBIeHHS CTOPiH [1;
15].

IIpocTopoBa opranizailiss 04HOI 3yCTpidi OXOILTIOE PO3MIIICHHS JCNeTallii,
BUKOPHUCTAHHS JIEP’)KaBHUX MPanopiB, BU3HAYEHHS MICIIb OCHOBHUX YYaCHHUKIB Ta
oopMIICHHSI TEpPEeroBOpHOi 30HHW. B yKpalHCHKIM AUTUIOMATAYHIA Tpaguilii
[EPEMOHIaIbHE TMPEACTABHUITBO ICTOPUYHO MOETHYBAJIOCA 3 JEPKABHOIO 1

KyJbTYPHOIO CHMBOJIIKOIO, sIKa JIOMOBHIOBaJia OMIIIAHUIA 3MICT MIKXKHApOAHOT
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B3aemoJli [16]. ¥V cyyacHux ymoBax q00ip LIMX €IEMEHTIB 3a1€XKUTh Bl (hopmaTy
3aX0/ly, XapaKTEepUCTUK NPHUMIINIEHHS Ta OE3MEeKOBUX MapaMeTpiB Horo
npoBeneHHd. BogHouac (yHKLIOHAIbHE CHPOLIEHHS O(QOPMIIEHHS HE MOBUHHO
YCKJIaIHIOBaTH BU3HAYEHHS CTaTyCy MOJIi Ta ii y4aCHHUKIB.

OxpeMe Micue y NPOTOKOJIBHOMY HPEICTaBIEHHI IMOCiAa€ HeBepOanbHa
MOBEAIHKAa YYaCHUKIB. 3OBHIIIHIA BUIJAN, CHOCIO MNPUBITaHHS, MPOCTOPOBE
pO3TalllyBaHHsS Ta TMOBEIIHKA MiJ 4yac MyOJIYHOI YAaCTUHU 3yCTpIul CTBOPIOIOTH
JOJTaTKOBUM KOHTEKCT oQiliHoT KoMyHikallii. HeBepOanbHi eneMEHTH He
3aMIHIOIOTh 3MICTY TIEPEroBOPIB 1 HE MOXYTh OYTH MIJCTaBOIO JJis JOBUILHOTO
MICHXOJIOTIYHOTO TIIYMAau€HHsl TO3WIIA CTOPiH, OJHAK BOHU BIUTMBAIOTH Ha
cpuiiHatTs (opmary i piBHA odimiiHOCTI 3axony. CydacHi JOCHITKEHHS
JTUTIJIOMAaTUYHOT KOMYHIKAIlli 3acBiIUyIOTh, 10 KPU30B1 Ta BOEHHI OOCTaBUHU
KOPUTYIOTh yCTaJeHI BUMOTH JI0 30BHIITHBOTO TPEJCTABICHHS 1 TOHAJIBHOCTI
JTUTIIIOMAaTUYHOTO CriKyBaHHs [1; 3].

CriBBIHOIIIEHHS IIEPEMOHIAIBFHOT Ta POO0OYOi YACTUH 3aXOAYy BHU3HAYAETHCS
floro cratycoM, METOI0, TPUBAIICTIO 1 (AaKTUYHUMU yMOBAMH TMPOBEACHHS. 3a
0OMEXEeHOT0 Yacy a0 MIABUIICHUX OE3MEeKOBUX BUMOT MOXKE CKOPOUYBATHUCS
ypOYHCTa YaCTHHA MPOTPaMH Ta KUIBKICTh CYNpPOBIAHUX Tpouenyp. BomgHouac
odimiifHe TMPEJACTaBICHHS CTOPIH, JOTPUMAHHS CTApIIMHCTBA, HAJICKHE
BUKOPHUCTAHHS JIEPKABHOI CHUMBOJIIKHM, TOPSIOK 3asB 1 (ikcailis pe3yyibTaTiB
30epiratoTh 00O0B’s3KOBe 3HaueHHA. llepemoniaabHa ¢dopma B TakoMy pasi
KOHIICHTPYEThCS Yy Tpoleaypax, HEOOXIMHUX IS MIATBEPKCHHS OQIIIHHOTO
cTaTtycy aumuioMaTudHoi moaii [1; 15].

[IpoTokonbHE dboTorpadyBaHHs BUKOHYE JOKYMEHTAIIbHY Ta
nmpeacTaBHUIBKY ¢GyHKIII. Po3TamryBaHHsS y4acHUKIB, BUKOPUCTAHHS JEp>KaBHOI
CUMBOJTIKHY, BHOIp (OHY i KOMITO3HITISI KaJApy MarOTh BIAMOBIIATHA PIBHIO 3yCTpidi
Ta BCTAHOBJIEHOMY cTapmiHCTBY. [licns odirmiiinoro onpmirogHeHds ¢potorpadis
abo BijeoMarepian CTalOTh BI3yaJdbHUM MIATBEP/UKCHHSIM CKJIAly YYaCHHKIB,

XapakTepy NpeICTaBHULITBA Ta CTATYCY MPOBEAEHOIO 3axony [1].
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Ananraniss oiifHOro MpPEeACTaBHUIITBA OXOMWJIa TaKOX JUCTAHIIMHI Ta
riOpuaHi  gopmatu  aumiIoMaTU4HOi  B3aemonli.  IlepeHeceHHsa — yacTHHU
MPOTOKOJIBHUX MPOLEAYp Y HU(PPOBE CEPENOBUIIE MOCTABIIO T0JAaTKOBI BUMOTH
70 BU3HAYEHHSI CTATyCy YYacCHUKIB, MOCIIJOBHOCTI KOMYHIKaIlli, BAKOPUCTAHHS
CUMBOJIIKY Ta JOKYMEHTYBaHHS pe3yibTaTiB [3; 4].

Y nudpoBoMy cepenoBHII MPOTOKOIbHA BIOPAIKOBAaHICTh 3a0€3MeuyeThes
MOPAJIKOM ~ BIIKPUTTS 3aCilaHHsA, YEproBICTI0O BUCTYMIB, NPEICTaBICHHSAM
Jeneraiiii, 3a3HauyeHHSIM IMEH Ta I0caj 1 BHU3HAYEHHSAM OCOOM, SIKa TOJIOBYE.
[lonepenHHOTO MOTOKEHHSI MOTPEOYIOTh TAKOXK CKJIAJ] YYACHUKIB 1 MEX1 1XHIX
NOBHOB&)XXEHb, OCKUIbKM OQILIAHI NpPEeJCTaBHUKH, €KCIEepPTH, Nepeknanayl u
TEXHIYHUN MEePCOHANl BUKOHYIOTH pi3H1 ¢yHKuil. Hudposuii hopmar He ckacoBye
IPOTOKOJILHOTO CTApIIMHCTBA, a IEPEHOCUTh MOro peanizaiito 10 chepu
CIICHapHOI Ta KOMYHIKaIliiHOT opranizariii [3; 4].

[NOpuanuit dpopmar mnepeadauvae y3ropkeHHS (I3MYHOI Ta JUCTAHIINHOT
y4acTi B MEKaxX €IMHOTO ciieHapito. YepropicTe BUCTYIIIB, JOCTYII J0 MaTepiais,
nepekiag 1 MOXJIUBICTh pearyBaHHS Ha Iepe0ir OOroBOpEHHS MaroTh OyTH
JOCTYITHUMHU JUIsI BCIX CTOPiH HE3aJIeKHO BiJl CIOcoOy mpucyTHocTi. ExpanHe
IpeACTaBICHHS BHKOHYE (YHKIIIO HHU(PPOBOro BIAMOBIIHUKA IEPETOBOPHOTO
IpOCTOPY: TIO3HAYCHHS IMEHI W T1ocaau, JepKaBHa CHMBOJIIKA, IOPSIOK
BIIOOPaKCHHS YYACHUKIB 1 KOMITO3MIlIS KaJpy IOBHHHI 3a0e3ledyBaTH YiTKY
ineHTr@dikailito CTOpiH Ta BIIMOBIAATH cTaTyCy 3axony [3; 4].

TexHonoriyHe omocepeaKyBaHHS JUIUIOMAaTHYHUX KOHTAKTIB PO3IIUPIOE
KOOpJWHAIIWHY (QYHKIIO TMPOTOKONTY, OCKUIBKH JI0 TIATOTOBKH 3aX01y
3alTyqar0ThCsl TEXHIUHI CIyXkOH, mepeknanadi, Gaxisili 3 iHpopMaIiitHoi Oe3neku
Ta ocoOu, BiAMOBiMaNbHI 32 ¢ikcarito pe3ynbrartiB. O. banuyk-IlerpocoBa Ta b.
Cynum ToB’ SI3yI0Th PO3BUTOK ITU(POBOT AUTUIOMATIT 3 BUKOPUCTAHHAM ITU(POBUX
mw1atGopM, ITYYHOTO IHTENEKTY M BEIMKHUX JaHUX, 10 OJHOYACHO CTBOPIOE HOBI

TEeXHIUHI, OS3IICKOBI Ta €THYHI BUMOTH [17].
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Vkpaincbka wu(ppoBa IUIIIOMATIS XapaKTEPHU3YETbCS MOCWIEHHAM pPOJl
JAaHUX, aHATITUYHUX 3ac001B 1 MepexeBoi B3aemoii. P. Pomantok 1 H. PomaHiok
BHU3HAYAIOTh LIEW MPOIIEC K Nepexi] A0 AaTa-LUEeHTPUUHOI MOJEN], Y SIKId HUPPOB1
m1aTpopMU  CTAalOTh  CKJIQJHUKAMM  MDKHapoJaHOi  JisipHOcTi [18]. VY
MPOTOKOJIBHOMY acCMeKTl 1€ MIABUIIYE BUMOTH 10 1leHTU(IKalii yJacHHKIB,
MIITBEP/KEHHS I1XHIX TOBHOBaXX€Hb, JOCTOBIPHOCTI O(DIIIHHUX MartepialiB i
MOPSAIKY TOKyMEHTYBaHHSI.

OdoiuiiiHuil cTaryc JUCTaHIIAHOT TOMIl 3aKpIIJIIOETHCS Yepe3 HaJeKHE
opopmiieHHs1 i pesynbrariB. I[liICyMKOB1 TMOBIAOMJICHHS, CHUIbHI 3asiBH,
IPOTOKOJIbHI 3amucH, ¢oTorpadii Ta BijeoMarepiajid MarOTh BIANOBIIATH
(akTUYHOMY  CKJaJy Yy4YacCHUKIB, PIBHIO TpPEACTaBHUITBA W  3MICTY
nomosneHoctet [4; 5]. JucranuiiiHi Ta TiOpuaHi (QopMaTH HE YTBOPIOIOTH
OKpEeMOi CHCTeMH, a 3a0e3NeuyroTh peali3alilo TPAAUIIHHUX TPUHIUIIIB
POTOKOJTY 32 JOTIOMOTOI0 IM(PPOBUX Ta OpPraHi3aliifHO-TEXHIYHUX 3aCO0I1B.

[IpoBenene nmOCHIKEHHS 3acCBIMYWIO, IO JUIJIOMATHYHUNA MPOTOKOI
VYkpaiHu B yMOBax pOCIHCBHKO-YKpPAiHChKOI BIWHM 3a3HAB KOMIUICKCHOT
(G yHKITIOHAIBPHOT ajamnTalii. [ 3MmicT momsirae He y BIZIMOBI BiJl MDXHapOIHO-
IIPaBOBUX 1 HAIlIOHAJILHUX HOPM, a B KOPUTYBaHHI OpraHi3amifHUX CIOCOO0IB iX
npakTUYHOi peanizamii. [IpuHIMOM CTapIIMHCTBA, B3a€EMHOCTI, HAJIEKHOTO
NPEICTABHUIITBA Ta CTATYCHOI BM3HAYEHOCTI 30€periii HOpMaTHBHE 3HAYCHHS,
BOJHOYAC MPOIETYPH MIATOTOBKHU 1 MIPOBEICHHS 3aX0/11B CTAIHM THYYKIIIHNMHU.

OCHOBHUMH HampsiMaMy ajanTaiii CcTajdud TOCHJIEHHS OEe3MeKOBOro Ta
JOTICTUYHOTO  CKJIAAHUKIB  O(DIMidHUX  BI3WUTIB, (QyHKUIIOHATBHUN  100ip
[IEpEMOHIAILHUX TPOLEAYyP, KOHTEKCTyali3alis Bi3yaJbHOrOo i HEBEpOAIBHOTO
MPEICTaBHUIITBA, a TAKOX MOIIMPEHHS NUCTAHIIWHUX 1 TiOpuaHMX (QopmarTis.
[IpoTokonpbHUN CympoBim JAemaii TICHIMIE TOEAHYETHCS 3  MIKBITOMYOIO
KOOpDAMHAIII€I0, TEXHIYUHUM 3a0e3MeueHHsIM 1 pEryJalOBaHHAM JIOCTYNy [0
opraHizamiiftHoi iH(opmarii. 3a CKOPOYEHHS OKPEMHUX YPOUYUCTHUX EIIEMEHTIB

00OB’SI3KOBUMU  3aJIMIIAIOTECS OPiliiHE MPEJCTABICHHS CTOPIH, JOTPUMaHHS
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CTapIUMHCTBA,  BHUKOPUCTAaHHS  JEpKaBHOI  CHMBOJIIKM  Ta  HaJIeKHE
JOKYMEHTYBAHHSI pe3yJIbTaTiB.

[udppose cepenoBuile pO3MMPUIO MPOTOKOIBHUN  IHCTPyMEHTapii,
MEpPEeHICIId YacTUHY TmpoueAyp y cdepy cueHapHOi, TEXHOJOTIYHOI Ta
KOMYHIKaliiiHOi opranizauii. IneHTudikamis y4YacHUKIB, BHU3HAUYEHHS I1XHIX
MMOBHOBA)X€Hb, YEProBICTh BHUCTYIIB, E€KpaHHE MPEACTABICHHS Ta (ikcamis
pe3yabTaTiB CTaIM CKJIaQAHUKAMHU OQIIIMHOTO CTaTyCcy JIUCTaHIINHOI MOl
[npopmaniiiine  odopMIIEHHS ~ JUIUIOMATHYHOTO  3aXOAy Takoxk  HalOyno
MPOTOKOJILHOTO 3HAYEHHS, OCKUIBKM CIIOCIO TpEACTaBICHHS MaTepilaiaiB Mae
BINOBIAATH (PAKTUYHOMY PIBHIO 3YCTpiyi, CKJIAy YYACHUKIB 1 3MICTY TOCATHYTHX
JIOMOBJICHOCTEH.

BusiBieni TeHeH1il 1al0Th MiICTABU XapaKTEPU3yBaTH Cy4aCHY YKPaiHCBKY
OPOTOKOJIbHY TPAKTUKY SK CHCTEMY, IO MO€AHYE HOPMATUBHY CTalliCTh 13
npoueaypHoro  ruHyukicTio.  [lomanmpmioro  ompamoBaHHS — MOTPeOyIOTH
CHUCTeMaTH3allil JOCBiy BOEHHOTO IMEpIONY, Y3TOJDKEHHS MPOTOKOJBHUX 1
0e3MeKOBUX alNTOPUTMIB, a TaK0XX BU3HAYEHHS MPOLEAYp AMCTAHIINHOrO Ta
iH(GOpMAIIIITHOTO CYNMPOBOY, SIKI MOXKYTh 30epiratv NMpakTUYHE 3HAYEHHS IiCIs

3aBEPIICHHS 1l BOEHHUX 0OMEKEHb.
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PO3/L 7
KOJEKTUBHA CIUJIA Y1 KOJEKTUBHA BE3BIIIIOBIIAJBHICTH?

Yyiiko I'anuna BacuiiBHa,

KaHAuAaT QUIOTOTTYHUX HAYK, JOIICHT,
JOIEHT Kadeapu ICUX0JoTii,

YepHiBEIbKOTO HAIlIOHATBHOTO YHIBEPCUTETY
imeHi IOpis @enpkoBuua, M. UepHisiii
Yamaak SIn BacuiaboBuy,

KaHJUJAT TICUXOJOTTYHUX HayK, JTOLIEHT,
JOTIEHT Kadeapu ICUX0JIorii,

YepHiBEIbKOTO HAIlIOHATBHOTO YHIBEPCUTETY

imen1 FOpia @enpkoBuya, M. YepHisiii

VY GaraTbox CTaTTSIX HAYKOBIIl MITHOCSITh 3HAUYEHHS TPYNH / KOJEKTUBY JUIS
PO3BHTKY, BHUXOBaHHS Ta colliaiizamii 1HIMBIAA, 3a3HAYAlOUd TIPU IOMY
HEIepeciuHy poJib IPYIMOBOi AISILHOCTI IS JOCSATHEHHS HAWBHUIIMX 1 HAMOUIBII
3HAUYMMUX PE3YNbTATIB Y MEXKax YChOTO COIIyMy. Y pe3yibTaTi CKIAJa€eThCs
BpaXKEHHs, 110 TPyINoBa poOOTa € YK HE MaHAIe€El0 Y BUPIMICHH] HAWCKIQTHIIITNX
3aB/laHb, 10 CTaBUTh OpraHizailis, 10 SKOi Tpyna HaJIeKHTh, YU BHCYBA€E
CYyCHUTBCTBO 3arajioM. bibll TOTO, ISl BUPIMICHHS BAXKIWBHX 1 TEPMIHOBHX
3aB/IaHb y TPYIy MOEIHYIOTh MPEICTABHUKIB PI3HUX Mpodeciit 1 ramy3eit. | mocuthb
9acTo 1€ CIPaIlbOBYE, MPOTE JKOJACH HAYKOBEIlb, SKUW Oepe ydacTh y CTBOPEHHI
Takoi poOoYoi Tpymu, MpU3HAYEHOI /I peaji3allii MOCTABICHOTO 3aBIaHHS YU
BUPIIICHHS MPOOJIEMH, [0 BUHUKIIA, YU aHaNi31 11 AISUTBHOCTI, HE 3BEPTA€E yBary
Ha Te, SKOr0 came pe3yibTaTy Jocsria KoMaHaa (ampiopl BBa)KarO4d WOro
ONTUMAJIGHUM) 1 HE JyMa€ Mpo HOro MOJIMIIeHHS. Y I[bOMY KOHTEKCTI BapTo
3rajgaTt mpo edekT PiHrenbMana, skuii MOKe TPOSICHUTH, YOMY KOMaHIa A0CATIa

y NIJICYMKY HacIpaB/il HE HACTUIbKK BUCOKOI'O pe3yJIbTaTy, K nepeadayanocs, He
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JEMOHCTpY€E OaxaHOi MPOJYKTUBHOCTI 1 HE TMpalioe Tak e(eKTUBHO, SK
OYIKYBaJIOCS] CIIOYATKY.

Edekr Pinrensmana OyB BUsIBA€HUH / BIIKPUTUN MPOdEcOpoM MEXaHIKH Ta
CUTBCBKOTOCIIOIapChKOT0  MamuHoOyayBanHs M. Pinrensmanom (Ringelmann
effect) cromitts tomy [4; 9; 6] 1 A0Ci HE NPHUIIMHUB CBOTO ICHYBaHHS,
MPOSBIIAIOYUCH SIK HE LIUJIKOM YCBIIOMJIEHMH / ab0 HECBIIOMO, OTPUMAaBIIH Yy
COIllaJIbHIM TICUXOJIOT1i Ha3BY collialibHuX JiHOMIiB. CaMm PiHrenbmaH mpoBiB LTy
Cepito EeKCIEPUMEHTIB, IO JochikKyBanu 1ei edekr [2; 3; 6]. Bim xoTiB
3pO3yMITH, $IK TOB’s3aHa NPOAYKTUBHICTH Mpall Ta KUIBKICTh JIOAEH, Kl
BUKOHYIOTb poboTy. Tak, 30kpema, B OJHI! cepli ekcriepuMeHTiB M. Pinrenbmana
T0OPOBOJIBIlI MiTHIMAIM BaHTaX, BU3HAYAIOUM CIIOYATKY, CKUTBKA BOHU MOXYTh
nigasITH. Y pe3ynbrari M. PiHrensbmMaH BUSBHB, 10 KOXXEH yYaCHHUK
EKCIIEpUMEHTY caMOTYKkH Mir migHati 100 kr. Ili3Hime ekcnepuMeHTaTop 3a
MPUHIIMIIOM BUIMAJIKOBOCTI KOMOIHYBaB JOCHTII)KYBaHUX TIO JBOE, YETBEPO,
BOCBMEpO 1 T. 1H., 3HOBY CTaBJIA4M 3aBAaHHS MiAHIMATH BaHTaX. Y pe3yJbTari
BUSIBUJIACS I11KaBa 3aKOHOMIPHICTb, sIKa ¥ oTpuMana Ha3By edekTy PiHrembMmana.
Konmu BaHTax migHIMaIM JBOE, TO BCyIEped HOPMAJIBHIN JIOTIIl iM BIajgocs
nigasata He 200 kxr, a numre 180 Kr, Ko x 11e poOwiIn o/ipa3y BOCEMEPO, 3aMiCTh
ouikyBanux 800 kr (8x100=800) Bonu 3morym ocwinth juiire 400 Kr — MOJOBUHY
IIPOTHO30BAaHOTO, TOTO, HAa IO MOXKHa Oyno croomiBaTuca. ToOTO HaWBHII
pe3yabTaTi 00’ €KTHBHO OyJIM OTpHMaHi, KOJHM JOCIIJKYBaHI IpaIfoBaid cami,
0€3 TOMIYHHKIB.

Otxe, epexm Pincenbmarna MONSITAE B TOMY, IO 31 30UTBIIEHHSIM KUTBKOCTI
TUX, XTO BHUKOHYE poOOOTY, SKICTh IIi€l POOOTH TMOTIPUIYETHCS, OCKUIBKH
3MEHIIYEThCS IHAMBIAYaTbHUI BHECOK KOYXKHOIO YJieHa poO0UO0i IpyIy y KIHIEBHUI
pesynbrar [3; 4]. M. Pinrensman HaBiTh CTBOPHUB IOCUTH Ji€BY hopmyny [2; 4; 6;
9; 5], Axa BH3HA4Ya€ BHECOK KOXXHOTO yYaCHHWKA y CHUIbHY IJISi TPYIH CIIPaBy.

Bona Burngnac tax:
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C=100-7x (K-1), ne C — inauBiayalibHi 3yCUILIsA, SIKI BKJIAJaTUME KOXKEH
MpaliBHUK IPYNH Yy COUIBHY clipaBy, K — KIJIbKICTh YIEHIB IpyIu.

[Ipoctuii miApaxyHOK [O3BOJSE MINTH BHUCHOBKY, IO TPyNH 3 JECATH 1
Outblie oci0 / y4YacHUKIB [ BUKOHAHHS T[E€BHOTO BAaXKJIMBOTO 3aBJaHHSA
CTBOPIOBATH HE BapTO 3 OTJISAAY Ha Te, K BOHU OyIyTh MPAIOBATH HA CIUILHUN
pe3ynbTar.

PesynbTat nocnimxens Pinrensmana Oynu miATBEPIKEH1 HEOTHOPA30BO.

3okpema, O. Kemiep npoBiB TOCHIIKEHHS / €KCIIEPUMEHT 3 MEPETITyBaHHS
BUIIAJKOBUMH yYaCHHKaMU TIpOIleCy KaHaTy. HaykoBerp BHSBHB, IO y TpoIeci
NepeTsATyBaHHS KaHATY YIEHW MEHIIOI TpyNmu JOKJIAJaloTh 3HAYHO Oiblie
IHAMBITYyaIbHUX 3YCHIIb JUISI TIOCSATHEHHS PE3yiIbTaTy, MOPIBHIHO 3 YYaCHUKAMHU
OUTBIIOT TPyNH; a 31 30UTBLIEHHSM pO3Mipy Tpynu 10 12 0cid 3yCHiuis KOKHOTO
YyjieHa rPyNu B CEpeAHLOMY 3MEHIYIOThCs Ha 10 % [5].

VY mporeci IHIIOTO €KCIEPUMEHTY TIpymi 3 IWIeCTH CTYACHTIB Oylo
3aMpONOHOBAHO TJIECKATH B JIOJIOHI Ta CTBOPIOBATH MAaKCUMYM IIyMY 1 OyAb-SIKIUM
IHIIUM CIOCOOOM, OJSTIIM CIOYAaTKy HaBYIIHWKH. BusSBHIOCS 3aKOHOMIpHE
SIBUIIIE: KOJIM JOCTIIHKYBaH1 OyJid MepeKOHaHi, 1o poOisaTh 1ie (IIyMJISATh) pa3oM,
HacIpaB/i OyJi0 3HAYHO MEHIIIE TYYHOCTI, HIXK Y BUIIQJKY, KOJIM BOHH POOWIH 1Ie
MIOOJIMHIII; OCKUTBKH, KOJIU JIFOJMHA MPAIF0E caMa, BOHA PO3YMIe€, 110 pe3yJabTaT il
pob6otu Oyje OIIHeHWI 1HITUMH / KEPIBHUKOM (IIPUYOMY IEPCOHAIILHO, HE TaK, K
y BUIIJIKy rpynoBoi poootn) [10].

Tak camo 11ikaBO, II0 OJJHUM 31 CBOEPIIHUX MPOsiBiB edekTy Pinrenpmana €
e(eKT CBiJKa, EKCIIEPUMEHTAIILHO JOCIIKEHUH 1 mpoaHaiizoBanuii b. Jlatane Ta
JIx. lapmi, mo BUABIAE TaKy OOCTaBUHY: 4YuUM Oulbllle 30UPAEThCS CBIIKIB
TPariyHOT UM KPUTUYHOI MO/11, TAM MEHIINH IIAHC TMOCTPAKIaJI0or0 HA OTPUMAHHS
peanbHO1 fonomoru [7, ¢.124].

[Ipote HaitbIBII sIcKpaBOIO UTrocTparico epexkty M. Pinreasmana, Ha Hamny
TYMKY, BUTJISIIa€ Taka MpUTYa: y IKOMYCh cefi Majno BinOytucs cssto [9]. 11loo

HOro TiIHO MPOBECTH, YCl CEJISIHU JIOMOBWJIMCS, 1[0 y BEJIMYE3HY OOUKY,
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BCTAHOBJICHY Ha CUIbCHKIM TUIOIII, KOXHA CIM’Sl BWJUIE MO Biapy Buna. Ilpote,
KOJIM CBATO TOYANOCS, BHUABHIIOCS, IO OOYKAa 3alOBHEHA BHUKIIOYHO BOJIOIO.
CmpaBa B TOMY, 1[0 TyMKa IIIOAO TOTO, IO SKIO XTOCh OJWH BUJUIE B O0YKY BOAY
3aMICTh BMHA (BJacHE, 00 36KOHOMUTH), TO HIXTO IILOTO HE MOMITUTh, TPUHUIILIA
BOYEBUJIb KOKHOMY JKHUTENIIO Cella — pe3yJbTar 3aKkoHoMipHUM. Jlogamo, 1mo B
IHILIOMY HapaTuBl / MpUTUl, MO UIIOCTpye edekT PiHrenbmana, censiHu 30upaiu
MOJIOKO, 1100 CIEKTH BEJIMYE3HUM MHPIr, SIKUM, Ha TyMKY CEJISiH, MIl MOTPaIUTH
no Kuuru pexopnaiB ['iHHeca, 3 aHaJOTIYHUM PE3yJIbTAaTOM (310paHe MOJOKO
BUSIBIJIOCS BOJIOF0 ), OCKUTBKY 3HOBY IMaHyBajla JyMKa, III0 TOTO, [0 3pOOUTH OJIHH
KUTENb, IHII HE 3p00JIATh (HE 3/10raaloThCsl 3pOOUTH) 1 HE TIOMITATH [2].

[Ipore, Ha Hamy AyMKy, MOHATTS edekTy PiHrearmaHna HacmpaBai HeE
TOTOXKHE TOHSTTIO «COIlaJibHI JIHOII», OCKUIbKM edekT PiHrenpmana — 1e
HECXWJIbHICTh / HEOaKaHHS JIFOAWMHH BUTPAYaTH CBOK CHEPTil0, MPAIIOYH Yy
BEJIMKIA KOMIIaHii, TO/A1 SIK JIHOLII y TAYMauHOMY CJIOBHUKY YKPaiHChKOi MOBHU
TPAKTYIOThCS SIK HeOa)KaHHS MPAIIOBaTH B3araii, HepoOcTBo [8].

3a3HauyMMoO, 110 HAYKOBIll BUAUISIOTH OaraTo npuyun MPOSBY IbOTO €(EKTY
[2; 4; 3]; ocHOBHI 3 HUX TaKi:

- BTpaTa MOTHBAIlli Ta TPOSB COIIAJBHUX JIHONIIB («4OMYy 5 Maro
MOBHICTIO BUKJIQJATHCS / BKJIAJAATUCS, SKIIO T€, IO caMe s pOOJII0, 3aUIIAEThCS
HEMOMIYE€HUM / HEOI[IHEHUM, a Pe3yJIbTaT TPAKTYEThCS SIK KOJICKTUBHUN ?»);

- pO3MHUTTA / PO3MOPOIICHHS BIAMOBITANBHOCTI («IKIIO s  HE
MpaIfoBaTUMYy Ha TMOBHY CUJTy, HE BUKIAJaTUMYCh, MOXKE, XTOCh 1HIIUHN 3 TPYNH
e 3poouts? SKmo K Hi, 1 pe3yabTaT Oyae HEBTIIIHHUN, — S TEX HE CHIBHO
MOCTPaK/Iar0, BIAMOBIMAIbHI BC1» (HA TMPaKTHI, B IIbOMY BHUIAJIKy — HIXTO);
MepPCOHANbHA BiIMOBIATBHICTh BIICYTHS; KOJM K JIIOAMHA TPAIIOE cama, BOHA
MYCHUTh JOKJIAAaTH MaKCUMYM 3yCHIIb, OCKITBKHA HIXTO ii HE JOMOMOXKE, IPOTE y
BUIIAJIKY YCHiXY, BiH YBECh JICTAHETHCS ii);

- Tpyma 3abe3mnedye cBOIM WieHa aHOHIMHICTH [10];
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- Opo0yieMH 3 TUM, 100 CHUIBHO JOMOBHUTHUCS Ta CKOOPAMHYBATH Iii; y
pe3yabTaTi KOXKEH WICH IPYNH BUPIIIYE caM, 1 MOKE BiIOYBATUCA HEY3TOJIKEHICTh
CHOUIBHMX Jii, 1[0 BIUIMHE HAa pe3yJbTarT (MpalioBaTH pa3oM HE O3HAaydae
MpaIoBaTH CIUIBHO);

- BUHAropojia JUIMTHCA Ha BCiX, HE3BAXKAIOYM HA 1HJIUBIAyaJIbHI BHECKU
KOXHOTO0;

-y NPOBHWHI, HEBUKOHAHHI TIOCTABJICHOTO 3aBJaHHS, JICTIIEC 3BUHYBATHTH
OyJb-KOT0 1HIIOTO, a He cee.

JlomoMortu mojmonatud mposiB edekry PiHrenbmMaHa MOXyTh, Ha JTyMKY
HAyKOBIIIB, JOTIOMOI'TH TakKi criocoOu / pekomenaaii [2; 3; 4]:

- OOMEXHUTH KUIBKICTh JIIOJIE B Tpymi / KOJEKTUBI, SIKUM JIOBEIEThCS
BUKOHYBAaTH CHUIbHY MAiSUTBHICTH (BHUPINIYBATH CHUIBHO OJIHE 3aBJAHHS), —
BUSBHTH 1I€aIbHUN PO3MIp rpynu (MOXKHA CKOPHCTATHUCS MPABHIIOM «JIBOX IIIIl»,
TOOTO Tpyma Ma€e MICTHTH CTIJIBKH 0OCi0, CKIJIBKOX MOXXHa HArojyBaTH JBOMa
ninamu (a e 8-9 ocib); abo 3actocyBatu popmyny M. Pinrensmana);

- YyuM Oulpllle JIIOJ€H B Tpymi, TUM OUIBIIE OKpema JIIoAuHa Oyne
MOKJIA/IaTUCA Ha IHIIUX, EKOHOMJISTYM BIACHY €HEPTilo;

- 3aKpIMATH KOHKPETHI 3aBJaHHS 1 KOHKPETHI BUIU POOIT 3a KOXHUM
YYaCHUKOM TPYIIN;

- OIIIHIOBAaTH BHECOK KOYKHOTO y CIUJIBHUH pe3yJbTat, 00 KOKEH BIIUYB
CBOIO 3HAUYMMICTD;

- 30UIBIIMTH IHAUBIYaTbHY BIIMOBIIATBHICTS;

- 3rypTyBaTH TPyMHy, OCKUIBKH 3TypTOBAHICTh TPYIH, SKa BUKOHYE
3aB/IaHHS, BIUIMBAE HA KIHIICBUN PE3YJIbTAT;

-y TpyIli MOBUHHHNA OyTH HAJIArOKEHUU XOPOIIMHA PIBEHB SK JIIJIOBOTO,
TaK 1 0COOMCTICHOTO CIUIKYBaHHS;

- cdopMmyBatH, 3a MOKIIMBOCTI, TPYITY 3 IPEICTABHHUKIB PI3HUX KYJIBTYpP —

BOHHU, CHIBIIPAIIOI0YH, TTOKA3YIOTh XOPOIITUH / BUIITUH pe3yJIbTaT;
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- CTBOPIOIOYM TpyNy, BpaxyBaTH TEHIACPHHUHA AacCMEKT: >KIHKH, 3TiTHO
JOCJIIJPKEHb HAYKOBI[IB, DPiAIIE MPOSBISIOTH COIlaldbHI JIIHOIII, a YOJOBIKH B
IIbOMY BHUTIQJKy HAMAraTUMYThCS MPAIIOBATH JIIIIIIE;

- CTaBUTH SIK yCi TpyMi, TaK 1 KO)KHOMY ii WIEHY YITKI I[111;

- TpYyHOl Ma€ KepyBaTh XOpOWIMWA 1 BHU3HAHUM Jijep, 3AaTHUN
MOTHBYBATH TPYIY;

- PO3MOAUIATH 3aBAaHHS, MOBIAOMIISIIOYH, XTO 1 IO Ma€ POOUTH, IO
3MOX€E CKOOPJIWHYBaTH CHUIBHI 3yCWIISA, SKI JOKIAJAlOTh WICHW TPYIU IS
BUKOHAHHS CIUJIBHOTO 3aBJaHHS, 1 3pOOUTh HABAaHTAKEHHS PIBHOMIPHUM;

- MAaloTh ICHYBaTH YiTK1, BU3HAUYEH1 KPUTEPIi OL[IHKU PE3YIbTATYy.

3a3HaYMMO TaKOX, 110 HAyKoBII [1] CXWJIbHI BBa)XaTH, IO CyThb €(EKTy
PiHrenpmana mojsrae y Tomy, o0 KOXEH WICH TPy TPAKTYE BJIIACHUN BHECOK y
BUKOHAHHI CIIUIBHOTO 3aBJaHHS SK MCHII 3HAYUMUMH, TOPIBHSAHO 3 THM, IO
3poOMIM  JUISL  pe3yibTaTy JOCSITHEHHS 1HINI WIeHH Tpynu. MM  CXUJIbHI
chopMyIIoBaTH 1€ JACII0 MO-IHIIOMY: KOXKE€H YYaCHUK BEJIMKOI TpYMU MpHU
BUKOHAHHI CIUIBHOTO JIJIA BCIET TPYIM 3aBJaHHS BBa)Kae€, IO 1HII KOMIICHCYIOTh
yce, 110 He 3pOOUTH IS IIbOTO BIH caM, HE YCBIIOMIIIOIOUH, 110 YC1 pelnTa YieHIB
rpynu TOpUANIIKM 10 Takoi camoi AyMKH. KpiM TOro, KOXEH 4IEeH TpyNH
HACJyXaBcsl ICTOPif Ipo Te, K IMPOEKT, SIKWM 00’ €KTUBHO BUTAIIIA 1 JIOBEJA O
ONTUMAJILHOTO 3aBEpIICHHS OJHAa JIIOJUWHA, panToM Yy TIACYMKY IIOYMHAE
BBKATHCS PE3YyJIbTATOM KOMaHAHOI poOOTH, aJkKe TpUBAIMI yac moOyTyBaia, a
MONEKYIW  3apa3 3yCTpidaeThCsl JyMKa, IO Tpyma / KOMIIaHis 3[1aTHa 3pOOUTH
HE3MIpHO OUIbINE, HDK OKpPEeMHUW I1HAWBIA, 1 IO Bce, IO JIFOAWHA 3poOwmIa,
MpaIoloud B OpraHizailii, HaJeKUTh yCid opraHizaiii, € ii MPOIYKTOM, a HE
pEaIbHOTO TBOPILS — OKPEMOI TATAHOBUTO1 JIFOJVHMU.

[Tincymyemo: 3 omgHOro OOKY, JIOAWHI B TPyl MOXE 37aBaTHUCS, IO BCIO
poOOTy TATHE came BOHA, IHII X MPAIIOIOTh BIIBCUJIN; TOMY BUHHKAE JyMKa HE
BUKJIQJIATUCS TIOBHICTIO, HE BUTpPAayaTH CBOIO E€HEPTi0 Ta 3yCWILIS, 3 IHIIOTO, —

3 SIBISIETHCA MIPKYBaHHS, 110, SKIIO cama JiIoJuHa He Oyae HamnpyKyBaTHCS,
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HaMaraloyuch BUKOHATH CIUIbHE 3aBIaHHS, TO 3a Hei Bce 3po0nsaTh iHmi. Came y

pe3yabTaTi TAKOTO PO3YMIHHS CUTYaIlli PosBIsieThes edekT PiHrearMana.
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PO3JILI 8
MPO®ECITHA CAMOPEIYJISILISA ICUXOJIOT'A COIIAJIBHOI
C®EPH Y 3BEPEXKEHHI BIACHOTO MEHTAJIBHOT'O 3/IOPOB’SI

Ilyi Hataas BikTopiBHa,

3100yBayKa TPETHOTO PiBHS BUILO1 OCBITH,

cTapliia BUKJIagauka kadeapu nmcuxomiorii

BiHHUIIbKUI TOPTrOBENIBHO-€KOHOMIYHUN IHCTUTYT
Jlep>kaBHOT'O TOProBEIbHO-€KOHOMIUHOTO YHIBEPCUTETY,
M. BiHHuLs.

https://orcid.org/0000-0003-3860-0418

MeHTanbHe  370pOB’ST €  BaXJIMBOK  IMEPEAYMOBOIO  MpodeciiiHol
e(eKTUBHOCTI, OCOOMCTICHOT CTIMKOCTI Ta 31aTHOCTI (axiBIsd MIATPUMYBATU
KOHCTPYKTUBHY B3a€MOJIIIO 3 IHIIMMH JItOIbMHU. {7151 Icuxosora comiaibHOi cepu
roro 30epexeHHs HaOyBae OCOOJMBOIO 3HAYECHHS, OCKUIBKH TpodeciiiHa
TISTIBHICTE Tiepeadadae MOCTIMHUN KOHTAKT 13 JIIOJBMH, SKI TepeOyBaloTh Yy
CKJIAQHUX >KUTTEBUX OOCTAaBUHAX, MEPEKHUBAIOTH BTPATy, KpPHU3Y, HACHIBCTBO,
COIliaTbHY JIe3aJIallTallifo, BUMYIIEHE MEepeMIleHHsT a00 HACTIKKA TPaBMAaTHIHUX
IO I1A.

Pob6oTa nicuxonora rpyHTYEThCS HE JIMIIE HA BUKOPUCTaHHI (DaXOBUX 3HAHB 1
METO/IIB, a i Ha 3aJy4eHHI 0COOMCTICHUX Ta €MOIIHHUX pecypciB. EMmariiiHicTh,
YBaXHICTh JI0 TIEPEKUBAHD KIII€HTA, 3/TaTHICTh BUTPUMYBATH IHTEHCHUBHI €MOIIi1 Ta
30epirati npodeciiiny BIIMOBIAANBHICTh CTAaHOBJATH HEOOXITHI CKJIATHUKHU
MICUXOJIOTIYHOT JonmoMord. BomHouyac TpuBaiia eMoIliiiHa BKIIIOUEHICTh, BHCOKA
BIJIMOBIJANBHICT 32 pe3yJbTaTH poOOTH, 3HAYHE mpodeciiHe HAaBaHTAXKEHHS Ta
OOMEKeHI MOXKJIMBOCTI JUISi BITHOBIEHHS MOXYTh CTBOPIOBATH PHU3UKHU IS
MEHTAJIBHOT'O 3JI0POB’sI caMoro (paxiBIIs.

Oco0iMBO1 akTyaldbHOCTI I MpodOiiemMa HaOyBae B yMOBax BIMHH, KOJIHU

MICUXOJIOTH  CcoLlayibHOT cepu MpaupioTh 13 HACHIKAMUA TpaBMaTHU3alil
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HACEJICHHsI, OJHOYACHO TNepeOyBaloud TMijf BIUIMBOM CHUIBHUX JJII CYCHLIBCTBA
3arpo3, HEBU3HAYEHOCTI Ta XPOHIYHOTO CTPeCy. 3a TAKUX YMOB 3pOCTaIOTh BUMOTH
10 npo¢eciiHOi CTIMKOCTI ICUXO0JI0ra, HOro 34aTHOCTI 30epiraTu npane3iaTHiCTh,
eMOIIiiIHy CTaOUIBHICTh Ta SKICTh Hpodeciiinoi B3aemoaii [1; 2]. MikHapoaHi
MIAXOIU JI0 OXOPOHW MEHTAJIBHOTO 3J0pOB’S Ha POOOYOMY MICIl TaKOK
HaroJIoIyIOTh Ha HEOOX1THOCTI OE€JHAHHS 1HAUBIAYaIbHUX PECYPCIB MpalliBHUKA
3 MpoQeCiiiHOI0 Ta OPraHi3aliiHO0 MITPUMKOIO [3].

AKTYalbHICTh JIOCHIDKEHHSI 3YMOBJIEHA CYNEPEYHICTIO MDK BHCOKHUMU
BUMOTaMM JI0 ©€MOIIIMHOT CTIMKOCTI TCcHXOoJiora coliajibHOT cdepu Ta
HEIOCTaTHBOIO YyBAaror 10 CHUCTEMHOrO (OpMyBaHHS HaBHUOK 30€pEeKCHHS
BIACHOTO MEHTaNbHOTO 310poB’s. IlomomanHsa 11i€i cymepedHocTi mOTpedye
OCMUCJIEHHS TIpodeciiHOl caMOperysIii SK HEBIJ €MHOTO CKJIagHuKa (paxoBoi
KOMITIETEHTHOCT1, TMpodeciifHOT eTUKU Ta BIAMOBIIAIBHOCTI TICUXOJOTa Tepes
KJIIEHTaMH ¥ caMUM CO00I0.

Mertoro po3auly € TeoOpeTUUHe OOTPYHTYBaHHS IpodeciitHoi camoperyssiii
IICUXOJIOTa COIiabHOT chepHu K OaraTOpiBHEBOI CUCTEMHU 30€peKEHHS BIACHOTO
MEHTAJILHOT'O 370pOB’S Ta CHUCTeMaTu3alis ii 0COOUCTICHUX, MpodeciiiHo-
KOMYHIKQTUBHUX 1 OpraHizalliiHUX KOMIIOHEHTIB 3 ypaXyBaHHSM pH3HKIB
JIOTIOMAarajabHO1 JISIbHOCTI.

[IpodeciitHy caMoperyisiio ICUXojora colianbHoi cdepr TOIUIBHO
PO3TIIAIaTH HE SIK CYKYMHICTh OKPEMUX MPUHOMIB 3HMKEHHS HAMPYKEHHS, a SIK
IHTETpOBaHy 3/aTHICTH (haxiBIsS YCBIMOMIIIOBATH, OIIHIOBATU ¥ IHUIECIPIMOBAHO
3MIHIOBATH BJIACHI MCHUXOEMOIIIHI CTaHU Ta CIOCOOM IISIILHOCTI BiAMOBITHO O
npodeciiiHuX 3aBJaHb, ETHYHUX BUMOT i HasBHUX pecypcis. 1i (pyHKIiOHyBaHHS
3a0e3medye y3TO/UKCHHS BHYTPIIIHBOTO CTaHy TICHXOJOra 3 yMOBaMH
npodeciitHoi B3aeMoii Ta mae 3Mory 30epiraTé 3MaTHICTH IO BiAMOBIZAIHHOTO
MPUIHATTS PillIeHb HABITh 32 3HAYHOTO EMOIIIITHOTO HABAaHTAXKCHHSI.

Y mpomeci mpodeciiHOTO CTAHOBJICHHS CAMOPETYIISAIliS TOB’SI3YEThCS 13

CaMOOI[IHIOBAHHSIM [ISUIBHOCTI, LUICMOKIAIaHHsAM, pedrekciero, (popMyBaHHSIM
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npoeciiiHol IJEHTUYHOCTI Ta YCBIIOMJIEHHSIM OCOOMCTICHOIO 3MICTY mpari.
3aBIsSKH [IbOMY IICHXOJIOT HE JIMIIE KOHTPOIIOE OKpeMi peakiii, a il Kopurye
BlIacHy mnpodeciiiHy MOBEIHKY, CHIBBIAHOCUTH BUMOTH AISTIBHOCTI 3 MEXKaMU
KOMIIETEHTHOCTI Ta HIATPUMYE CTIMKICTh y CKIaAHMX cuTyauisx [4, c. 52].
Camoperynsiiss HaOyBae npodeciitHOrO XapakTepy TOJ1, KOJM i1 3aCTOCYBaHHS
MIAMOPSIKOBYETHCSI HE TUIBKHM JIOCATHEHHIO OcoOucToro komdopTy, a #
30€pEKEHHIO SKOCT1 Ta 0€3MEYHOCTI IICUXOJIOTIYHOT JOTIOMOTH.

Takuit miaxin Aae 3MOry BIAMEXYBATH MNPOQECIHHY CaMOpEeryssliio Bif
CUTYaTHBHOTO CaMOKOHTpOJ0. CaMOKOHTPOJb MEPEBAKHO CIPSIMOBYETHCS Ha
CTpUMYBaHHs a00 KOpPEKIil0 KOHKPETHOI peaklii, TOAl SK CaMOpEryJsiis
OXOTUTIOE NITUPIINN TPOIeC: BUSHAYCHHS NMPUYHH HAIPY>KCHHS, OI[IHIOBAHHS HOTO
BILTUBY Ha po0OOTy, BHOIp crioco0iB cTablIi3allii CTaHy Ta 3MiHY YMOB JISUIBHOCTI,
SIKIII0 BOHW CHCTEMAaTHYHO BUCHAXYIOTh pecypcu. HaamipHe npuayieHHs eMoIii
HE MOXHA BBa)KaTH O3HAKOI0 €(PEKTUBHOI CaMOpPEryJsiii, OCKUIbKH 30BHILIHS
CTPUMAHICTh MOXKE [OEIHYBATUCS 3 HAKOMWYEHHSIM BHYTPILNIHBOI HAINpYTH,
3HIDKEHHSIM YyTJIMBOCTI JI0O BJACHUX TOTpeO 1 TIOCTYIMOBUM €MOIIHHUM
BUCHAKEHHSIM.

BryTtpimHio  joriky  mpodeciiHoi  camoperyissiii  yTBOPIOIOTH — TpH
B3a€EMOTIOB’SI3aH1 TIPOLIECH: YCBIOMJICHHSI, PETYIIOBaHHS Ta BIJHOBJICHHS.
YcBitoMmiieHHs Tiependayae po3IMi3HABaHHS BJIACHUX EMOIIMHUX, KOTHITMBHUX,
TUIECHUX 1 TIOBEIIHKOBUX peEaKI[iii Ta BCTAHOBJICHHS IiXHBOTO 3B S3KYy 3
KOHKpEeTHUMHU mpodeciiiHuMu  cuTyanissMu.  [lcuxomor Mae  po3pi3HATH
CUTYyaTHBHY BTOMY, CTIMKE BHUCHAXCHHS W EMOIINHUI BIATYK Ha OKpEeMUU
BHITQJIOK, @ TaKOXX IOMIYaTH BIUIMB OCOOMCTOTO JOCBiy, TPUBOTH YW TOUYYTTS
6e3criuts Ha podeciitHi PIlIeHHS.

PerynroBaHHs1 0XOTUTIOE CBiIOMHI BHOIp CrIOCOOIB MiATPUMAHHS PO ECiitHO
JOIUTBHOTO CTaHy MiJ 4ac poOOTH 3 KIIEHTOM, MK MpodhecifHIMH KOHTAaKTaMH

Ta Ha PiBHI opradizamii mismbHOCTI. [lcuxomor perymroe yBary, Temm 1 CTYIIHB
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€MOIIIITHOT 3a]Ty4€HOCT], aHAII3y€e CKIaJAH1 BUMAIKH, JOTPUMYETHCS YACOBUX MEX,
IJIaHY€ HAaBaHTAXKEHHS Ta CBOEYACHO 3BEPTAETHCS IO IOMIOMOTY.

BinHOBNEHHS € CaMOCTINHOIO JaHKOIO LIbOT'0 MPOLECY i MA€ IJIAHYBATUCS J10
MOSIBU ~ BHUPAXEHOro  BHUCHaXeHHs. BoHo  mepenbavae  MOMOBHEHHS
Ncuxo(i3100TIYHUX, EMOUIMHUX, KOTHITUBHUX 1 COIIIQIBHUX PECYypCiB,
MICUXOJIOTTYHE BIMEXYBaHHS BiJ pOOOUYMX 3aBJaHb Ta MIATPUMAHHS chep KUTTH
no3a mnpodeciiiHolo pouto. Pe3ynbTaTUBHICTH BIIHOBJICHHS BHU3HAYAETHCS HE
KUTBKICTIO (OpMaJIbHO BUKOHAHMX TEXHIK, a IX BIAMOBIIHICTIO XapakTepy
HaBaHTAXEHHS U IHAUBIIYyAIbHUM MOTpedam ¢axiBIs.

[IpodeciitHa camoperysiilisi peani3yeTbCs Ha 0COOUCTICHOMY, MpodeciitHo-
KOMYHIKaTUBHOMY Ta OpraHizaliiHomMy piBHSIX. OCOOHMCTICHHI PIBEHb OXOILIIOE
pedIIeKCUBHICTh, pealliCTUUHY CAaMOOIIIHKY ¥ 371aTHICTh BU3HABATU MEXKI1 BJIACHUX
mMoxknuBocTed. [IpodeciiHO-KOMYHIKaTUBHUIM  MPEACTABICHUM  CyNepBi3i€lo,
IHTEpBI3I€I0 Ta KOHCYJBTAIISIMU 3 KOJIET, a OpraHi3alliiHUil BU3HAYAETHCS
YITKICTIO (YHKIIHA, PO3MOJLIOM HAaBAaHTAKEHHS, JOCTYMHICTIO MIATPUMKH U
NICUXOJIOTIYHUM KJIIMaToM. Y MeXaxX 3ampoIllOHOBAHOTO MiAxonay mpodeciiiHa

C&MOpGFYJBIHiiI PO3IIATAECTECA AK B3a€MO,IIi}I TPbOX B3a€EMOIIOB’ I3aHUX HpOHCCiB

— YCBIJIOMJICHHS, PETYJIIOBaHHS Ta BIJIHOBICHHS — 1 TPbOX PIBHIB ii
3a0€3IeUeHHS: 0COOHCTICHOTO, podeCifHO-KOMYHIKAaTUBHOT'O Ta
opraHizaiiHoro.

PosmexxyBaHHS 1HMX pIBHIB Ma€ TPUHIMIIOBE 3HAYCHHS, OCKUIBKH
30epeKeHHSI MEHTAJIBHOTO 3JI0POB’S HE MOXKE TMOKIAJaTHCS BUKIIOYHO Ha
0coOuCTy CTiiiKicTh Ticuxosora. Y mociimkenni JI. Kapamymiku oOrpyHTOBaHO
BOXJIMBICTh  TO€JHAHHS  OCOOMCTICHHMX, COIIAJBHAX Ta  OpraHi3amiiHo-
ncuxonoriyaux pecypcis [1]. HaBite chopmoBaHi HAaBUYKH €MOLIMHOT perymsiii
HE KOMIICHCYIOTh CHCTEMATHYHOTO TIepeBaHTAXEHHS a0o0 aedinuty mpodeciitHoi
mATpUMKH.  MDKHapOJHI  pPEeKOMEHJAAIllli TaKOX  TIOB’SI3YIOTh  OXOPOHY
MEHTaJIBHOTO 370pOB’Sl Ha poOOYOMY MICIll 3 TOE€JHAHHAM 1HIWBITYaTbHUX

3aX0/1iB, MpodeciiiHOro HaBYaHHsS Ta opraHizamiHux 3MiH [3]. HeoOxigHICTh
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TaKOi CHUCTEMH OCOOJMBO BHPA3HO BUSBISAETHCA II1J] BIUIMBOM MNPOQECcCIiHUX
PHU3UKIB JOMOMaraibHOL JISJIbHOCTI.

JlomomaraiibHa JAISIBHICTH TICHXOJIOTA COLIaNbHOI cdepu TMOB’si3aHa 3
PETYJSIPHAUM KOHTAKTOM 13 KpPHU30BUMH CTaHaMH, TPaBMAaTUYHUM JIOCBIZIOM,
BTPATOI0, HACWJIBCTBOM 1 COLIAJIBHOIO Je3aJanTalfi€elo KiieHTiB. Emmnariiina
BKJIIOYEHICTh € HEOOXIJHOI YMOBOIO IICHXOJIOTIYHOI JOMOMOTH, OJIHaK y
MOEHAHHI 3 IHTCHCMBHUM HABAaHTAXXEHHAM, Je(PIIIMTOM BIJHOBICHHS Ta
HEIOCTaTHBOIO MPO(]ECiifHOI MITPUMKOI BOHA MOXKE CIPHYMHSATH MOCTYIOBE
BUCHAXXEHHS pecypciB (axiBIis.

OaHuM 13 OCHOBHUX NpPO(ECIfHMX PU3MKIB € BUTOpaHHs, 0 (HopmMyeTbes
BHACNIIOK TPHUBAIOTO pPOOOYOTO HANPYXKECHHS Ta BHUSABISETHCS EMOIIIHUM
BUCHAXXEHHSM, 3HIDKEHHSIM TpodeciitHOT 3amyyeHOoCT] i ToCIabiIeHHsIM BITUyTTS
BiacHOi edeKTHUBHOCTI. Y pPOOOTI MCUXO0JIOTa HOro O3HAKaMH MOXYTh OyTH
dbopmanizaliisi B3a€MOJIii 3 KIIEHTAMHU, JAPATIBIUBICTh, 3MCHIICHHSI €MIATIHHOCTI,
YHUKHEHHS CKJIQJHUX BUITQJIKIB 1 BIAUYTTS O€3pe3yJabTaTHOCTI JIOMTOMOTH. Pu3nk
BUTOpPaHHSI OCOOJIMBO TOCHIIIOETHCS B yMOBaX BIMCHKOBOTO KOHQIIKTY, KOJHU
IHTEHCUBHICTb ~ TPAaBMAaTUYHOTO  Marepialy TO€IHYETbCS 3  XPOHIYHOIO
HEBU3HAYCHICTIO Ta OOMEKEHHUMHU MOKIIMBOCTSIMH BiTHOBJICHHS [5].

Binx mpodeciitHoro  BUTOpaHHS  CiIiI  BiIMEKOBYBaTH  BTOPUHHUM
TpaBMaTUYHHUI CTpeC, SKAW BUHUKAE BHACTINOK HENPSIMOr0 KOHTAKTy 3
TPaBMaTUYHUM JOCBIJIOM I1HIIMX Jtojei. BiH MOXe BHUSBISATUCS HaB’SI3TUBUMHU
crorajaMyd TpO TOYyTe, IMIIBHUINEHOI0 TPUBOXKHICTIO, TOPYIICHHSIMH CHY,
VHUKHEHHSM OKPEMHUX TE€M 1 TPYIHOIIAMHU TICHXOJIOTIYHOTO BIIMEXYBaHHS Bil
npodeciitHoro matepiany. IMOBIPHICTP TaKMX peakilii 3pOCTa€, KOIU 3MICT
3BEpPHCHHS KJII€HTA TEPETYKYETHCA 3 OCOOWCTOI0 TPaBMATHYHOK ICTOPIEIO
ncuxonora [6]. Bmacamii mocBim (axiBisg Moke TOTIHOIIOBATH PO3YMIHHS
KIII€HTA, ajieé 32 HEJOCTATHHOTO OMpPAIIOBAHHS 37aTHUI TMOCUIIIOBATH €MOIliIiTHE

OTOTOKHEHHS Ta YCKJIAJAHIOBATH 30epexxeHHs mpodeciitHoi mo3wuirii.
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Jlis yKpaiHCHKUX TICUXOJIOTIB IIi PU3MKHU MOCUIIIOIOTHCS CHUTYAIli€l0, 3a SKOi
daxiBenb 1 KJIIEHT OJHOYACHO 3a3HAIOTh BIUIMBY CHUIBHUX BOEHHUX 3arpos.
[Icuxonor mpairoe 3 HacliIKaMu BiifHH, OJJHOYAcHO nepeOyBarouu Mij BILIUBOM
HeOe3NeKn, BTpaT, BUMYLIEHUX 3MIH Ta 1H(QOPMALIMHOrO MEepeHAaCUUYEHHS.
Oco0ucTi pecypcu BUTPA4aIOThCS SIK HA MIATPUMAHHS BIACHOTO ()YHKL1OHYBaHHS,
TaK 1 Ha JOTIOMOTY 1HIIIUM, 1110 30UIblIIy€e HMOBIpHICTh BUCHaKEeHHS [2]. JlogaTkoB1
BUMOTHM  CTBOPIOIOTH  JIUCTaHIIMHI  Qopmatn  pobOTH, 30KpeMa  yaT-
KOHCYJBTYBaHHS, MiJl 9ac SKOTO TMCUXOJIOT Ma€ MIBUAKO OI[IHIOBATH CTaH KJIIEHTA
I npuiiMatu pimeHHs 3a oOMekeHoi 1H(opMalii Ta BIACYTHOCTI HEBEpOAIbHHUX
curHamis [7].

TpuBasie emmartiiiHe HaBaHTaXXCHHS MOXE TaKOX CIPUYUHATH BTOMY Bif
CHIBYYTTS — 3HIKEHHS CMOIIMHOI JOCTYNHOCTI, BITYYTTS TCPCHACHUCHHS
YYy)KUMH TIEPS)KUBAHHSAMH Ta TMPArHCHHS JUCTAHIUIOBATHCS BiJl CKIATHUX
KIIieHTiB. BoHa He € cBigoMor OalmayXicTiO, a CBIIYUTh TIPO TpHUBAJIC
BUKOPUCTaHHS pecypcy CHIBIEpPEKUBAaHHA ©0€3 JIOCTaTHHOTO BIJHOBJICHHS.
HocmiokeHHst  (axiBIliB  MEHTAJIBHOTO 370pOB’S  MIATBEPIKYIOTH 3B’ SI30K
PETYJSIPHUX TPAKTUK CAMOIKIYBaHHS 3 pIBHEM I[ICUXOJOTIYHOT ajamTariii,
TPUBOTH, JICTIPECUBHUX IPOSIBIB 1 BTOMH B1J CHIBUYTTS [8].

[IpodeciitHe BurOopaHHsS, BTOPMHHHMM TpaBMaTHYHUN CTpeC 1 BTOMa BIJ
CIIBUYTTS MAalOTh Pi3HI MEXaHI3MHU BUHUKHEHHsI, ajie¢ MOXYTbh IO€IHYBATUCS Ta
B3a€EMHO TIOCHJIIOBATHCS. XPOHIYHE TMEPEBAHTAXEHHS 3HWKYE 3/IaTHICTD
MICUXOJIOTa OMPaIlbOBYBAaTH TPAaBMAaTUYHUIN MaTepiai, TOJI sIK MOBTOPHUI KOHTAKT
13 HUM TMPUCKOPIOE BUCHAXEHHS. TOMY OIliHIOBaHHS MPOQECIHHOTO CTaHy Mae
IPYHTYBATHUCS HE JIMIIIC HA HASBHOCTI BUPAKEHUX CUMIITOMIB, a i Ha BIJICTEKEHH1
MOCTYMOBUX 3MIH y CTaBJIEHHI 7O POOOTH, KITIE€HTIB 1 BIACHUX MOMJIHBOCTEH.
CBo€vacHe YCBIJOMJICHHSI TaKMX 3MiH CTBOPIOE MIJACTaBU s MPOGUTAKTHIHOTO
pPETYIIOBaHHS ~ HABAaHTAXEHHS, BHUKOPHCTAHHS  OCOOHMCTICHUX  peCcypcis,

po¢eCiiHOT MATPUMKH Ta CHCTEMAaTHYHOTO BiTHOBJICHHS.
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B3aemo3anexHicTh NpoPeCciiHUX PU3HMKIB 3YMOBIIOE IUKIIYHUN XapakTep
caMoperyJsiii. 3HUKEHHS SIKOCTI CHY, KOHIIEHTpaIlii ado eMOIiiHOI JOCTYITHOCT1
nocnadiioe 37aTHICTh TCHUXOJjora 10 pediiekcii, a HeAOCTaTHE YCBIIOMJICHHS
BJJACHOIO CTaHy NIABUIIYE WMOBIPHICTb NOPYIIEHHS NOpOo(EeciiHUX Mex 1
MOJIaJbIIOTO BHCHAaXEHHS. TOMY CaMOpPETyJIsSTUBHUU TMpolec Mae BKIIOYATH
MOBTOPIOBAaHUN IIMKJI MOHITOPUHTY CTaHy, IHTeprnperauii 3MiH, BHOOPY
KOPUTYBaJbHUX i Ta OLIHIOBaHHSA iX pe3yJbTaTUBHOCTI. Kputepiem
e(eKTHUBHOCT] € HE BIACYTHICTb HETaTUBHMX €MOIIN MICIs CKIAagHOI poboTH, a
3/1aTHICTH (haxiBIsl BIAHOBIIOBATH (YHKIIIOHATBHUM CTaH, 30epiraTu eMnaTiiHICTh
1 mpodeciiine cy/pKeHHs. SIKII0 3MIHM CTalOTh CTIMKMUMH a00 MOIIMPIOIOTHCS Ha
0COOUCTE JKUTTS, IHAWBIAYalbHUX CHOCOOIB BIJIHOBJICHHS HEJIOCTAaTHBO W
NoTpiOHE 3aldyyeHHS CYNEepBI3IMHOT UM TCUXOJOriyHOI nomomoru [6; 8. VYV
CUTyallli CIUIBHOI TPaBMATUYHOI pPeajbHOCTI Taka OI[IHKAa Ma€ 3I1MCHIOBATHUCS
qacTille, OCKUIbKH MeXa MK MpodeciiHUM Ta OCOOMCTHUM HaBaHTaXEHHSIM CTa€
MEHIII BUPA3HOIO.

[Tonepemxenus npodeciiHOro BHCHAXEHHS TNOTpedye HE emi30IUYHOr0
3aCTOCYBaHHSI OKPEMHUX TEXHIK, & CUCTEMaTHYHOTO BUKOPUCTAHHS PECYPCIB, fAKI
JAl0Th 3MOTY TIICHXOJIOTY CBOEYACHO pO3Mi3HAaBAaTH 3MIHM BJIACHOTO CTaHY,
pEryiioBaTH HABAaHTAXKEHHS Ta BIIHOBIIOBAaTH Mpaie3aatHicTb. Jlo Takux
pecypciB HajexaTh mnpodeciiiHa peduiekcis, eMoIliiiHa peryssimis, JOTPUMaHHS
MEX, TPAaKTUKU CaMOITIKTyBaHHS Ta 3J1aTHICTh 3BEPTATHUCS T10 MIATPUMKY.

[Ipodeciitna pedrekcis BUKOHYE MIarHOCTUYHY (DYHKITIIO, OCKUIBKU A€
3Mory ¢axiBlieBl BHUSIBISTH 3MIHH, SKI 1€ He HaOynu ¢GOpMH BUPAKEHOTO
BUCHAKEHHS. [i IpeIMeToM MaroTh OyTH He JIUIIE pe3yIbTaTH KOHCYJIbTalii, a i
BJIACHI E€MOIlIHI peakKIlii, TIJCCHI CHTHaJlW, 3MIHM MOTHBAIIi, CTaBJICHHS IO
KIIi€HTa Ta Xapaktep npodeciitnoi 3amydenocti. Oco0amBoro 3Ha4eHHs HaOyBae
pPO3MEXKyBaHHS MEPESKUBAHB KIIIEHTA 1 TICKXOJIOTA, & TAKOXX BU3HAYCHHS CUTYaIIii,
y AKX OCOOMCTHH MOCBiN (axiBId BIUTMBAE HA iHTEpHpeTanito npobdmemu. Takuit

aHaJi3 3HWXKYE PU3UK HEYCBIJIOMIICHOTO MEPEHECEHHS OCOOUCTHX YCTAHOBOK Y

100



npogeciiiHy B3aeEMOJII0 Ta CHpPUSE CBOEYACHOMY KOPHUT'YBaHHIO MOBEAIHKH [4, C.
53].

Emomiitna perynsnis nependadyae He MPHUAYIICHHS MEPEXUBaHb, a iX
pO3NI3HABaHHS, MNPUUHATTA W KOHCTPYKTUBHE ompaioBaHHs. [IparneHHs
MICUXOJIOTa TIOCTIMHO 30epiraTv 30BHINIHIO HE3BOPYILHICTH MOXKE NPHUXOBYBaTH
HAKOTIMYEHHSI HANPY)XCHHS Ta MOCTYNOBE 3HW)KCHHS YYTIMBOCTI IO BIIACHOTO
ctany. HatoMicTh yHKIIOHANIBHA PErysiiis 3a0e3nedye 31aTHICTh BUTPUMYBATH
IHTEHCHUBHI €MOIlli KJII€HTa, HE BTpadyaroud NpodeciiHOol MOo3uIli, a Mmicis
3aBEpIIEHHSI B3a€MOJIi — TMCHXOJIOTIYHO BIIMEXYBaTHUCS BiA i 3MiCTy.
BaxmmBuMHu € KOPOTKI Tay3W MK KOHCYJNBTAllisIMH, TEPEKIIOYCHHS YBarw,
cTabumizaliss JUXaHHS, TUIECHE pO3CHa0JIeHHs Ta CBIJOME 3aBEepLICHHS
npo(deciitHOro KOHTAKTY.

Jloka30BUi MOTEHIIa] MalTh MPAKTUKUA YCBIIOMIJIEHOCTI, CIPSMOBaHI Ha
PO3BUTOK 3JaTHOCTI TIOMIYaTH BJIACHI TICUXIYHI CTaHH 0€3 aBTOMATUYHOTO
pearyBaHHs Ha HUX. Pe3ynpTaTH  JOCHIIKEHHS  KOPOTKHUX  Iporpam
YCBIIOMJIEHOCTI cepef (paxiBIliB cheprd MEHTAIHHOTO 3J0POB’Sl 3aCBITUMIIN TXHIO
JOIUIBHICTh JUIS 3HMKEHHS TPHUBOTH, CTpPECy Ta TMpOsABIB MpodeciitHoro
Buropanss [9]. BogHouac Taki MpakTUKH HE CIiJ PO3IIISAATH SK YHIBEpCaIbHUM
3aci6 abo 3aMiHy mpodeciiiHiit minTpuMIl. Ix eGexTHBHICTH 3pocTae, KOIM BOHHU
BKJIFOUEHI B IIHUPIIYy CUCTEMY CaAMOPETYJAIIl Ta MOETHYIOTHCS 3 TEPErysiaoM
HAaBaHTAXXCHHS, JOTPUMAHHSAM PpEXUMY BITHOBJICHHS U aHaII30M MPUYHUH
HaIpYy>KCHHS.

OmgHuM 13 KIIOYOBHX PECYpCiB € JOTpUMaHHS MpodeciiHuX Mex, SKi
BU3HAYAIOTh JIOMYCTUMHUH pIBEHb EMOIMHOI 3ally4eHOCTi, YacOBl paMKH
B3a€EMOJII, MeXl1 BIAMOBIAAIBHOCTI Ta cdepy KOMIIETEHTHOCTI IICHXOJIOTa.
[TopymieHHs MeX MOXKE BHUSBIATUCS y HparHeHH! OyTH MOCTIMHO JOCTYITHUM,
Opatu Ha cebe BINMOBINATBHICTD 3a PIlIEHHS KIi€HTa a00 MPAaIIOBaTH 32 MEXaMU
MOTOJKEHOT0 Yacy. JloTpumMaHHs MeX He BUKIIOYAE eMIaTIHHOCTI, a 3abe3neuye

0e3MeuHy CTPYKTYpy MpodeciiiHOi 101moMOorHu.
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CaMOmiKJIIyBaHHS ~ CTAHOBUTh IlI€ OJMH KOMIIOHEHT mpodeciiiHo1
camoperyJsiuii. BoHO oxomitoe niaTpuMaHHs (QI3UYHOTO CTaHy, CHY, BIATIOYMHKY,
COLIIAJIBHUX 3B’SA3KIB, OCOOMCTUX IHTEpECIB 1 cep KUTTA, HE MOB’SI3aHHUX 13
npodeciiinoo poiuo. Moro 3MicT He 3BOAMTHCS O KOMIGHCALil IEpeBTOMH
IICTIsl 3aBEePIICHHS CKIaaHoro rnepioay. CaMmomikiayBaHHS Mae OyTH peryyspHOIO
MPAKTUKOI, IHTETPOBAHOI Yy 3BUYHMM pexuM AisuibHOCTI.  [lo3noBxkHE
JTOCHIKeHHST  (axiBLIB MEHTAJIBHOIO 3J0pOB’S MIATBEPANIIO B3a€EMO3B’ 30K
NPaKTUK CAMOIIIKIyBaHHS 3 IXHBOIO TICHXOJIOTIYHOIO aJamTalli€lo Ta MEHIIOIO
BUPKEHICTIO HETATUBHUX IICUXOEMOIIITHIX TIPOsiBiB [ §].

Pe3ynpTaTUBHICTh  CHELIAJIbBHO  OPraHi30BaHUX Mporpam  MHiATPUMKH
MiATBEP/KYE  AOCHIDKEHHS  3aCTOCYBaHHS  MPAKTHK  YCBIAOMJICHOCTI
CaMOMIKJIyBaHHS cepe]] COLlaIbHUX MPAIIBHUKIB. YYacTh y mporpami cropusiia
3HIDKEHHIO CTpecy Ta mpodeciiHOro BHIOpaHHS, a TaKOX IOKPAIICHHIO
NOKa3HUKIB mcuxonoriyHoro Omaromnonyyus [10]. e cBimuuTh, 1m0 GpopMyBaHHS
HABUYOK CaMOPETYJISIli Mae 3a1MCHIOBATHUCS HE JIMIE 4Yepe3 IHIUBiAyalbHi
pexkomeHpanii, a i depe3 cucreMaruyHe mpodeciiHe HaBYaHHS, TPEHIHTH Ta
HiATPUMYBaJIbHI POTPAMHU.

OcoOuCTICHI pecypcH caMOperyssiii He MOXXYTh TMOBHICTIO KOMIICHCYBaTH
TpuBaje mpodeciiHe HaBaHTa)XKEHHS. Tomy 30epekKeHHS MEHTAIBHOTO 37I0POB’S
IICHXO0JIora MoTpedye CynepBi3iitHOI, KOJeriaabHO1 Ta OpraHi3allifHol MATPUMKHY.

CymniepBizis 3a0e3neuye npodeciiiHuii aHai3 CKJIaJHUX BUMAAKIB, eMOI[IHHUX
peakiiii QaxiBIl, TPYIHOIIIB JOTPUMAaHHS MEX 1 MEpPEKUBAHHSI HAIMIPHOT
BIMOBIJATbHOCTI. BOHA MOENHYE OCBITHIO, MIATPUMYBAJIbHY Ta KOHTPOJBHY
byHKINI, COpHUSAOYM  MIABHINCHHIO SKOCTI JIOMOMOTHM ¥  MpodiTaKTHUIl
npodeciiiHoro BuCHaxkeHHs. 3ampomnoHoBaHuii A. Mempanuyk 1 T. Komap
aNrOpuT™M  CymepBi3ii  (axiBIiB  COIIOHOMIYHOTO MNpodiat0  mepeadavae
MOCITITOBHUY aHami3 mpodeciiHoi mpoOIeMH, PeCypCiB MCUXO0JIOTa Ta MOXKJITHBUX

cnoco0iB pearyBanns [11].
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[IpodinakTuyHa WIHHICTH CymnepBi3li mossirae B ii peryispHocTi. BoHa nae
3MOTY BUSIBJISITU TEPEBAHTAKEHHS, MNOPYLWIEHHA NpOopeciiHUX MEX 1 3MIHU
E€MOIIAHOTO CTaHy 1Ie 10 (POpMyBaHHS BUPAKEHOTO BUCHAXKEHHS. Y COIaIbHIM
cdepi cynepsizis BOJHOYAC € 3aCO00M MPOQeCcIiHOrO PO3BUTKY Ta MiATPUMAHHS
SIKOCT1 TICUXOJIOTTYHUX mociyr [12].

[HTEepBi3isi JOMOBHIOE CYNEPBI3IIO 3aBISAKHM OOrOBOPEHHIO MpodeciitHux
cuTyalii y rpym Kkojer. BoHa posmuproe OadeHHS MpoOJjeMu, 3MEHUIY€e
npodeciiiHy 130JIbOBAHICTD 1 3a0e3neuye B3aeMHY MIATPUMKY. BonHouac ckianHi
eTuyHl ab00 OCOOMCTICHO 3HAuylll BHUMAAKA MOTPeOyIOTh pobotu 3
KBaJI1(DIKOBAHUM CYTIIEPBIZOPOM.

Opranizamiina  OIATPUMKA  OXOIUIIOE  OOIPYHTOBAaHUN  PO3MOILI
HaBaHTAXXEHHS, UITKICTh MNpodeciiHuX (QYHKIINA, JOCTynm [0 CyNepBisii,
MOKJIUBICTh HaBYaHHS Ta JOTPUMaHHS dyacy Biamoumnky. JI. Kapamymika
MiKpecItoe  HEOOXIMHICTh  TMOEJHAHHS ~ OCOOMCTICHUX,  COIlIaIbLHUX 1
OpraHi3aIiiHO-TICUXOJOTITYHUX PECYPCIB MATPUMAHHS TICUXIYHOTO 370pOB’sI
npariBHuKiB [1]. [lomiOHUI miaxin 3akpiryieHo 1 B peKoMeHamisax BcecBITHBOT
opraHizaifii OXOpoHHU 3JI0pOB’s, J¢ IHAWBIIyaldbHI CIIOCOOM TOJOJIAHHS CTPECY
PO3MIISAAIOTHCS Pa30M 31 3MIHOKO HECITPUATIMBHUX YMOB mpaiii [3].

[ToenqnanHs  camoperymsmii 13 CyHepBi3iiHOI,  KOJIEriaJbHOW  Ta
OpraHizalifHOI MIATPUMKOI Ja€ 3MOTy TEPEHTH Bil pearyBaHHS Ha BXKE
chopMOBaHe BUCHAXEHHS IO HOT'0 CHCTEMHOT TPO(] LITaKTUKH.

[Ipaktnyna cuctemMa mpodeciitHOl  camMOperymsiii [cuxoiora Mae
OXOTUTIOBATH PETYJSIPHE CaMOOIIHIOBAaHHS MPOGECciiHOTO CTaHy, peryJrOBaHHS
HABAaHTAXXEHHS, JOTPUMAHHS YAaCOBUX 1 KOMIIETEHTHICHHX MEX, CHUCTEMaTHYHE
BITHOBJICHHS Ta BUKOPUCTaHHS CyMEpBI3iifHOI, KojeriaibHOi W ocoOucToi
MICUXOJOTIYHOT MATpUMKH. Jlo 1HAWKATOPIB, IO MOTPEeOyIOTH pearyBaHHS,
HaJIe)KaTh CTIMKE 3HIDKCHHS CHEprii, 3MiHa €MOIIMHOrO CTaBJCHHS JI0 KJIIEHTIB,
MOTIPIIEHHST KOHIIEHTpAIlli Ta CHY, YHUKHEHHS CKJIQJIHUX BUITAJKIB 1 TPYIHOIII

TICUXOJIOTTYHOTO BiAMEXKYBaHHS BiJ poOoTH [5; 6; 8]. Perymsiis HaBaHTa)KeHHS
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nependayae TEpepBH MDK KOHCYJIbTalllsIMH, 4YepryBaHHS BHIAJKIB pI3HOI
CKJIAQJHOCTI Ta BIIIMOBY BiJ 3aBlaHb, SIKI NEPEBUIIYIOTh KOMIIETEHTHICTh a00
akTyanbHi pecypcu (axiBug. [IpakTuku BiTHOBIEHHS M mpodeciiiHa MiATpUMKA
MalOTh 3aCTOCOBYBATHCS PETYJSIPHO, a HE JMIIE IICIs TOSBU BUPAKEHOTO
BUCHakeHHs [9; 10].

Y Mexax 3anpONnOHOBAaHOI MPAKTHYHOT CUCTEMH JOLLUIPHO BUKOPHUCTOBYBATH
KOpPOTKHIl mpodeciiiHuii camoayauT 13 (ikcalielo TMOBTOPIOBAHUX O3HAK
NEepeBaHTAXCHHS Ta BHU3HAYCHHSM 3a3Jalierilb Y3rO/UKCHHX Miii: 3MEHIICHHS
IHTEHCUBHOCTI POOOTH, NEPEHECEHHS YaCTHUHM KOHCYJbTAIll, OOroBOpEHHS
BUIAJKy Ha CymnepBi3ii a00 3BEpHEHHS MO OCOOMCTY IMCHUXOJIOTIYHY JIOMOMOTY.
Taxuii anropuT™M NMEpeBOANTH CAMOPETYIISIIIO 3 PiBHS CUTYaTHBHOTO pearyBaHHS
y IUIONIUHY PaHHBOT PO LIAKTUKY U MpodeCiifHOT BIIMOBITAIBHOCTI.

[IpodeciitHa camoperynsilis Mcuxojora coiiaabHoi chepu € THTErPOBAHUM
MEXaHI3MOM 30epexeHHsI MEHTAJIbHOTO 370pOB’s, MpodeciiiHoi mpalie3aaTHOCTI
Ta SKOCTI TICUXOJOTrIYHOI AOMoMOrd. BoHa oXOIIio€ YCBIIOMIIEHHSI BJIACHOTO
CTaHy, peryatoBaHHS podeciiHOT TOBEIHKH, BIAHOBICHHS PECYPCIB 1 CBOEYACHE
BUKOPMCTAHHS 30BHIIIHBOT MiATPUMKH. [i 3HAUEHHS HOCHIIIOETLCS 32 YMOB PU3UKY
npodeciiHOTO0 BHTOpaHHS, BTOPUHHOTO TPaBMATHYHOI'O CTPECY Ta BTOMH Bij
CHIBYYTTA, & B YMOBax BIfHM — TaKO>X OJHOYACHOTO BIUIUBY BOEHHHMX 3arpo3 Ha
NICUXO0JI0Ta 1 KIIIEHTA.

EdexTuBHICTE camoperynsiii BHU3HAYAETHCA TOEIHAHHSAM TpodeciiHOT
pedirekcii, JOTpUMaHHS MEX KOMIIETEHTHOCTI M BIJIIMTOBITAIIBHOCTI, pETyJIFOBaHHS
HABAaHTAXXEHHS, CHUCTEMaTUYHOTO BITHOBJECHHS, CYNEpBi3ii, 1HTEpBi3li Ta
opraHizaliiHoi MIATPUMKH. baratopiBHeBUH MiAXiJg Ja€ 3MOTry IEpEeUTH BiA
CUTYaTHBHOTO TOJIOJIAHHS HACIHIIKIB BUCHAKEHHS JI0 X PAHHBOTO BHSIBICHHS 1
npodimaktuku. TypOoTa TmCMXojora TMpPO BIACHE MEHTAIbHE 3J0POB’S €
CKJIQJITHUKOM TIpOodeCiiHOI KOMIIETCHTHOCTI, €THYHOI BIANMOBIIAJBLHOCTI Ta

TPUBAJIOI CIPOMOKHOCT1 Ha/IaBaTH SIKICHY JOTIOMOTY.
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CHAPTER 9
IMPACT OF ARTERIAL HYPERTENSION DURATION ON CENTRAL
HEMODYNAMIC PROFILE AND INTEGRATIVE INDICES

Voloshyn Olena Serhiivna

PhD in Biology, Associate Professor, Associate Professor

at the Department of General Biology and Methods of Teaching Natural
Sciences,

Volodymyr Hnatiuk Ternopil National Pedagogical University

Introduction. Cardiovascular diseases represent one of the leading causes of
mortality worldwide. Arterial hypertension plays a crucial role in the development
of pathophysiological processes characteristic of cardiovascular pathology,
regardless of age and sex. Indeed, arterial hypertension is a primary risk factor for
the development of cardiovascular disease manifestations; however, it can be
effectively managed to minimize its adverse impact on the human cardiovascular
system [1; 2; 3].

A substantial body of literature addresses the problem of arterial hypertension
in general; nevertheless, certain aspects—specifically the duration of arterial
hypertension — have received insufficient attention from researchers [4; 5; 6].
Temporal parameters characterizing the course of pathophysiological processes
inherent in arterial hypertension can yield additional insights into the functional
and physiological reserves of the human body, taking into account treatment
protocols, age, sex, and other factors. Alongside this aspect, the prediction and
diagnosis of changes in the physiological systems that mediate cardiovascular
regulatory mechanisms merit particular attention. Such indicators may include
central hemodynamic parameters and integrative hemodynamic indices, as well as

the dependence of these indicators on the duration of arterial hypertension.
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Accordingly, the objective of our study was to evaluate the effect of arterial
hypertension duration (less than 5 years, 5 to 10 years, and more than 10 years) on
central hemodynamic parameters and integrative hemodynamic indices.

Methods. The present study is based on the results of a comprehensive
examination of 120 patients with arterial hypertension (AH), aged 25-55 years
(mean age 41.3x12.9 vyears). All participants underwent standard clinical
evaluations, including complete blood count and biochemical blood analysis,
alongside the assessment of central hemodynamic parameters (accounting for
diurnal variations: day and night). All enrolled patients had a diagnosis of stable,
uncomplicated arterial hypertension.

The control group consisted of 25 apparently healthy individuals. The second
group comprised 25 volunteers with a duration of AH of less than 5 years; the
third group included 25 volunteers with an AH duration ranging from 5 to 10
years; and the fourth group comprised 20 volunteers with an AH duration
exceeding 10 years (mean age 40.5+£11.4 years). Written informed consent was
obtained from all volunteers prior to participation. The study participants received
medical treatment in accordance with prescribed medical guidelines.

The functional state of the cardiovascular system (CVS) was evaluated based
on the following parameters: heart rate, systolic and diastolic blood pressure, pulse
pressure (PP), stroke volume (SV), and cardiac output (CO). Pulse arterial
pressure (PAP/PP): reflects the difference between systolic (SBP) and diastolic
(DBP) blood pressure, characterizing the amplitude of arterial wall oscillations
during the cardiac cycle [7; 8].

Its value was calculated using the formula:

PAP = SBP — DBP (1)

where:

- SBP is systolic blood pressure (mmHg);
- DBP is diastolic blood pressure (mmHg).

Stroke volume (SV) was calculated using Starr's formula:
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SV =97.7+0.5XPP-0.6 X DBP - 0.6 X B (2)
where: SV is stroke volume (mL); PP is pulse pressure (mmHg); DBP is
diastolic blood pressure (mmHg); B is the age of the subject (years).
Cardiac output (CO) was determined by the following formula:
CO=HR X SV (3)
where: CO is cardiac output (mL/min); HR is heart rate (bpm); SV is stroke
volume (mL). [7; 8; 9].
The circulation efficiency coefficient (CEC) was calculated using the
formula:
CEC = HR X PP (4)
where: CEC is the circulation efficiency coefficient (a.u.); HR is heart rate
(bpm); PP is pulse pressure (mmHg).
The Robinson index (RI, also known as the Double Product) was calculated
as follows:
RI=HR X SBP/100 (5)
where: Rl is the Robinson index (a.u.); HR is heart rate (bpm); SBP is
systolic blood pressure (mmHg) [7: 8].

Heart rate (HR), systolic, and diastolic blood pressure (SBP and DBP) were
measured using a Gamma Control automatic blood pressure monitor (United
Kingdom) [9]. All measurements were performed in triplicate, and the arithmetic
mean values were subsequently used for statistical analysis.

This work was conducted at the Department of General Biology and Methods
of Teaching Natural Sciences, Volodymyr Hnatyuk Ternopil National Pedagogical
University.

The study was conducted in accordance with bioethical norms, complying
with the relevant principles of the Declaration of Helsinki, the Council of Europe

Convention on Human Rights and Biomedicine, and the applicable laws of
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Ukraine. All volunteers provided written informed consent to participate in the
study [10; 11 ].
Table 1.
Assessment of the cardiovascular system's functional reserves based on the
Robinson Index (adapted from Maltseva & Liakhovets, 2022)

Robinson State Characteristics of Functional Reserves
Index (a.u.) Assessment
69 and less Excellent Functional reserves of the cardiovascular
system are in excellent condition.
20— 84 Good Functional reserves of the cardiovascular
system are within the normal range.
85 _ 04 Fair /| Signs of insufficient functional capacity of
Moderate the cardiovascular system are observed.
95 _ 110 Poor Ther_e are signs (_)f_lmpalred regulation of
cardiovascular activity.
Regulation of the cardiovascular system
111 and more Very poor activity is significantly disrupted.

The results of our study are presented in Table 1. Heart rate (HR) in
volunteers with arterial hypertension demonstrated statistically significant
differences compared to both the control group and reference values.
Pathophysiological processes associated with arterial hypertension lasting le 5
years led to a significant decrease in HR and an increase in the mean cardiac cycle
duration by 13 % and 12 %, respectively, compared to controls. Conversely, in
patients with an arterial hypertension history of 5 to 10 years, HR was
significantly higher, while the mean cardiac cycle duration was significantly
lower, differing by 16 % compared to control values. In the group of volunteers
with arterial hypertension duration exceeding 10 years, HR was significantly
higher, and the mean cardiac cycle duration was significantly lower compared to

controls by 9 % and 10 %, respectively (Table 1). The most pronounced
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significant changes in heart rate and mean cardiac cycle duration were observed in

volunteers with arterial hypertension lasting from 5 to 10 years. Notably, a

decrease in heart rate was observed in patients with an arterial hypertension

duration of less than 5 years compared to the control group.

Table 1.

24-hour ambulatory monitoring of central hemodynamic parameters

Parameters | Reference | Control | AH patients (<5 | AH patients (5- | AH patients (>10
values group years) 10 years) years)
HR, bpm 50-90 75.81 65.7+2.1* 88.3+2.2*N" 82.4+2.3%1%
+1.29
Mean cycle | 1.2-0.66 | 0.81+0.0 | 0.91+0.05* 0.68+0.04*" 0.73+0.03*"
duration, 4
ms
SBP, 110-120 119.05+ | 139.03+1.65** 147 442 . 75%#A 142.2+2.1*%
mmHg 1.35
DBP, 70-80 77.0£0.3 | 86.71+1.30** 05.6+1.78*#n 91.6+1.25*#1%
mmHg 4
PP, mmHg | 40-60 42.2+0.8 | 53.4+1.36* 52.4+ 0.87* 50.5£1.1*A
6
MAP, 80.0-100 | 91.1+0.5 | 104.5+1.2** 113.3+2.23*#A 108.5+1.7**
mmHg 8
SV, mL 44-60 43.240.1 | 43.2+0.97 41.6+1.2" 43.4+1.1%
2
CoO, 3000- 3274.9+ | 2858.3+6.5*" 3673.318.75*" 3577.2+4.54*1
mL/min 4000 9.3
Secondary | 50-67 54.6 47.74+0.12* 61.3+£0.25*" 59.63+0.31*1%
blood +0.16
volume, mL
CEE 2000- 32745+ | 3511.2+16.8* 4627.4+18.6*" 4162.6+14.3*18
(CEQ), 5400 10.8
arbitrary
units
RI, - 90.3+1.1 | 93.4+1.2* 128.9£2.5*" 118.3+1.8*1
arbitrary
units
Notes:

*

p<0,05;

statistically significant differences compared to the

control group;:

# - statistically significant differences compared to reference values: p<0,05.
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A - statistically significant differences compared to AH patients (le 5 years):
p<0,05;

$-statistically significant differences compared to AH patients (5-10 years):
p<0,05.

Abbreviations: AH — arterial hypertension; HR — heart rate; SBP —
systolic blood pressure; DBP — diastolic blood pressure; PP — pulse pressure;
MAP — mean arterial pressure; SV — stroke volume; CO — cardiac output;

CEE (CEC) — coefficient of circulatory efficiency; Rl — Robinson index.

Systolic blood pressure (SBP), diastolic blood pressure (DBP), pulse pressure
(PP), and mean arterial pressure (MAP) in patients with arterial hypertension were
significantly higher compared to control values. Specifically, SBP, DBP, PP, and
MAP in the group of volunteers with an arterial hypertension duration of less than
5 years were significantly higher than in controls by 17 %, 13 %, 27 %, and 15 %,
respectively. In patients with an arterial hypertension duration of 5 to 10 years,
SBP, DBP, PP, and MAP values were significantly higher compared to controls,
each showing a 24 % increase. In patients with arterial hypertension lasting more
than 10 years, SBP, DBP, PP, and MAP were significantly higher than control
values, each by 19 %.

Furthermore, SBP and DBP values across all patient groups with arterial
hypertension were significantly higher than reference values: by 16 % and 8.4 %
for a disease duration up to 5 years; by 23 % and 20 % for a duration of 5 to 10
years; and by 19 % and 15 % for a duration exceeding 10 years, respectively. In
our opinion, such alterations in blood pressure parameters associated with
pathophysiological processes of varying durations (less than 5 years, 5 to 10 years,
and more than 10 years) are driven by impairments in the regulatory systems
governing blood circulation, as well as by the implementation of treatment
protocols for arterial hypertension that account for the duration of the pathology
itself.
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The most pronounced, statistically significant changes in SBP, DBP, PP, and
MAP were observed in the group of volunteers with arterial hypertension duration
of 5 to 10 years compared to both controls and patient groups with a disease
duration of less than 5 years and more than 10 years. We suggest that this pattern
indicates the development of maximum functional and physiological stress on the
regulatory systems controlling cardiovascular function, as well as signs of
functional exhaustion of the body's adaptive capacity in patients with an arterial
hypertension duration exceeding 10 years.

Stroke volume (SV) values in volunteers suffering from arterial hypertension
for less than 5 years and more than 10 years showed no statistically significant
differences compared to control values. However, in individuals with an arterial
hypertension history of 5 to 10 years, SV was 4 % lower than in controls. These
changes in SV parameters may be attributed to the implementation of
antihypertensive treatment protocols.

Cardiac output (CO) values in patients with an arterial hypertension duration
of less than 5 years were significantly lower compared to controls and reference
values by 13 % and 5 %, respectively. In volunteers with arterial hypertension
lasting from 5 to 10 years and more than 10 years, CO was significantly higher
than in controls by 12.2 % and 9 %, respectively. Changes in CO parameters are
primarily dependent on heart rate values.

Secondary blood volume values across all patient groups with arterial
hypertension differed significantly from controls. Specifically, in volunteers with
arterial hypertension lasting less than 5 years, secondary blood volume was
significantly lower than control values by 13 %. In contrast, secondary blood
volume during an arterial hypertension course of 5 to 10 years and more than 10
years was significantly higher compared to controls by 12 % and 9 %,

respectively.
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Overall, the most significant changes in SV, CO, and secondary blood
volume were observed in volunteers with an arterial hypertension duration ranging
from 5 to 10 years.

An analysis of integrative hemodynamic indices revealed a statistically
significant increase in both CEE and RI associated with arterial hypertension
compared to control values. Specifically, CEE in volunteers with an arterial
hypertension duration of less than 5 years, 5 to 10 years, and more than 10 years
was significantly higher than in controls by 7 %, 41.3 %, and 27 %, respectively.
The elevation of CEE during arterial hypertension indicates increased energy
expenditure required to maintain blood flow through the vessels; however,
attention should be drawn to the functional relationship between PP values and the
magnitude of CEE. Specifically, PP progressively decreases with an increasing
duration of the disease, whereas CEE values increase proportionally.

Similarly, RI values were significantly higher in patients with arterial
hypertension (less than 5 years, 5 to 10 years, and more than 10 years) compared
to controls by 3 %, 42.7 %, and 31 %, respectively. Such changes in Rl point to
the presence of functional impairments in the regulation of cardiac activity.

The complete set of alterations in central hemodynamics and integrative
indices across the different durations of arterial hypertension is visualized in the
panels of Figure 1.

Dynamics of Blood Pressure Indices (SBP, DBP, MAP, PP)

1. A distinct peak across all blood pressure parameters is
observed in patients with an AH duration of 5 to 10 years, reaching
maximum values for systolic (SBP: 147.4 mmHg) and diastolic blood
pressure (DBP: 95.6 mmHg).

2. In the cohort with a disease duration exceeding 10 years, these
indices exhibit a slight decline; however, they remain significantly higher
than those of the control group.

Heart Rate (HR) and Cardiac Cycle Duration
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1. Patients with an AH duration of le 5 years demonstrate
compensatory bradycardia (HR reduction to 65.7 bpm) accompanied
by a prolongation of the cardiac cycle (0.91 s).

2. Conversely, the 5-10-year AH group displays
pronounced tachycardia (88.3 bpm) with a substantial shortening of the
cardiac cycle duration (0.68 s.).

Stroke Volume (SV) and Cardiac Output (CO)

1. Stroke volume (SV) remains relatively stable across groups,
whereas cardiac output (CO) directly mirrors the trajectory of heart rate,
peaking at 3,673.3 mL/min in the 5-10-year duration cohort.

Integrative Hemodynamic Indices (CEE and RI)

1. The Coefficient of Circulation Efficiency (CEE/ CEC) and the
Rigidity Index (RI) demonstrate synchronous elevation, peaking in the 5—
10-year AH group (CEE/CEC=4,627.4 arbitrary units; R1=128.9 arbitrary
units). This pattern underscores peak energetic load and severe functional
strain on the vascular wall during this period.

Thus, in volunteers diagnosed with arterial hypertension for a duration of 5 to
10 years, all central hemodynamic parameters and integrative hemodynamic
indices were significantly higher compared to both the control group and other AH
cohorts. The exceptions were stroke volume (SV) and the mean cardiac cycle
duration, which were significantly lower in this group compared to control
baseline values as well as the values observed in Group 2 (le 5 years) and Group 4
(>10 years).
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Hemodynamic Profile Shift Across AH Duration

(% Deviation from Control) -—=- Control (0%)
SBP = AH <5 yrs
= AH 5-10 yrs
= AH >10 yrs

CEE MAP

HR

Figure 1. Relative changes in central hemodynamic parameters and
integrative hemodynamic indices across study groups (values expressed as % of

control).

Specifically, the values of heart rate (HR), mean cardiac cycle duration,
systolic blood pressure (SBP), diastolic blood pressure (DBP), mean arterial
pressure (MAP), stroke volume (SV), cardiac output (CO), blood flow velocity per
second, coefficient of circulation efficiency (CEE), and rigidity index (RI) differed
from those in Group 2 and Group 4 by 25 % and 7 %, 34 % and 10 %, 6 % and
4 %, 9 % and 4 %, 8 % and 4 %, 4 % and 4 %, 22 % and 6 %, 22 % and 3 %,
24 % and 10 %, and 28 % and 8 %, respectively.
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Conclusions

Thus, the obtained results indicate that the duration of arterial hypertension
(AH) and long-term protocol-based treatment of this pathology significantly
influence central hemodynamic parameters and integrative hemodynamic indices.

1. Early-stage changes (le 5 years): Patients with an AH
duration of less than 5 years exhibited minimal alterations in central
hemodynamics, reflecting an initial stage of cardiovascular adjustment.

2. Pulse pressure and functional compensation: A
notable finding is the gradual decline in pulse pressure (PP) alongside
a proportional increase in the coefficient of circulation efficiency
(CEE) as disease duration advances. Relative to the control group,
elevations in PP and CEE were 27 % and 7 % in Group 2 (le 5 years),
24 % and 41 % in Group 3 (5-10 years), and 20 % and 27 % in
Group 4 (>10 years), respectively. These shifts point to the
development of compensatory physiological responses to AH-induced
pathophysiological processes under standard therapeutic protocols.

3. Adaptive workload and stroke volume stability: The
presence of functional workload and adaptive responses is further
supported by the minimal variation in stroke volume (SV) coupled
with multidirectional shifts in cardiac output (CO).

4, Long-term impact and clinical relevance: Overall,
these findings demonstrate the formation of adaptive physiological
responses within the regulatory mechanisms of the cardiovascular
system, dictated by disease duration and treatment protocols. Notably,
an AH duration exceeding 10 years is characterized by signs of
functional exhaustion and diminished adaptive capacity. This
information provides a valuable rationale for the further refinement
and optimization of clinical treatment guidelines for arterial

hypertension.
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CHAPTER 10
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The growing scale of digital transformation increases organizational
dependence on the accuracy of business process models, since BPMN diagrams
now support not only documentation but also process automation, simulation, and
integration with enterprise information systems. As business processes stretch
across multiple subsystems, information flows, and organizational roles, structural
errors introduced during modeling propagate into execution logic, causing
deadlocks, ambiguous routing, and unpredictable behavior of process-aware
information systems. Gateways are the BPMN elements responsible for branching
and merging control flow, which are a particularly frequent source of such errors,
since their correct use depends on a precise match between the number of
incoming and outgoing sequence flows and the intended split or join semantics [1,
2].

Contemporary research confirms that even models created by experienced
analysts routinely contain constructs that violate the expected structural patterns of
gateways, and that such violations propagate through subsequent modeling,
simulation, and code-generation stages. The 2023 community-wide survey of
Business Process Management (BPM) grand challenges identifies automated,
quality-aware process (re)design among the priority research directions for the
discipline, explicitly linking model correctness to the reliability of downstream

automation [2]. Independent verification and validation studies based on the V-
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Model concept similarly demonstrate that structural inconsistencies discovered
late in the enterprise-architecture lifecycle are substantially more expensive to
correct than those detected at the modeling stage, since verification layers applied
after implementation cannot compensate for ambiguities introduced by malformed
control-flow elements [3]. Eye-tracking studies of model comprehension add a
further argument for early, automated detection: structural ambiguities measurably
increase readers’ cognitive load and reduce comprehension accuracy, which
suggests that manual visual inspection of complex diagrams is an unreliable
substitute for rule-based checking [5].

Among the various categories of BPMN structural errors, invalid gateway
configurations deserve particular attention, because gateways encode the decision
logic of a process and therefore have a disproportionate effect on its correctness. A
gateway is expected to behave either as a split, propagating a single incoming
token along several outgoing branches, or as a join, synchronizing several
incoming branches into a single outgoing flow. Gateways that match neither
pattern (e.g., those with a single incoming and a single outgoing flow, which are
structurally redundant, or those with several incoming and several outgoing flows
simultaneously, which conflate splitting and joining semantics within one
element) should be treated as invalid gateways and flagged for redesign [1, 4, 6,
8].

This chapter proposes a graph-based formalization of BPMN models that
supports the automated detection of invalid gateways using the Average Gateway
Degree (AGD) metric, complemented by an explicit structural rule for gateway
validity. In addition, the chapter outlines an approach to generating user-friendly,
explainable redesign recommendations by passing the computed AGD value and
the identifier of the violated rule to a small language model, which produces
natural-language guidance suitable for process participants without a formal

computer science background.
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For further analysis of gateway correctness, it is convenient to represent a

BPMN model as a labelled directed graph:

BPG = (N, A), (1)
where |N| is the number of nodes (i.e. the business process elements,
including events, activities, sub-processes, and gateways), and |A| is the number of
arcs (i.e. the sequence flows between elements).

Each gateway g is a node g € N whose local structural properties are fully
described by two counts: in(g), the number of arcs incoming to g, and out(g), the
number of arcs outgoing from g. This graph-based representation is consistent
with prior formalizations of BPMN structural analysis [1, 8], and allows gateway-
related metrics to be computed directly from the arc set A, without requiring
semantic interpretation of task labels.

Graph-based representations of this kind underlie the majority of structural
quality metrics proposed for BPMN models. Sadowska’s Model Assessment for
Quality (MAQ) framework derives quality functions from a systematic review of
BPMN quality metrics and demonstrates their applicability to a repository of real-
world models, treating gateway-related defects as one of the primary sources of
quality loss [7]. Sanchez-Gonzélez et al. address gateway complexity specifically,
proposing statistically derived thresholds for gateway-related measures and
showing that exceeding these thresholds correlates with a measurable increase in
modeling and comprehension errors [8]. These results motivate a metric that
aggregates gateway-level structural information into a single, threshold-
comparable indicator, while retaining the ability to identify individual invalid
gateways rather than only reporting a model-wide score.

The degree of a gateway g, denoted d(g), is defined as the total number of
sequence flows connected to it, d(g) = in(g) + out(g). Averaging this quantity over
the complete set of gateways of a business process model yields the Average

Gateway Degree metric:
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AGD = (1/]G]) - Zge ¢ d(q), (2)
where g is the gateway under analysis, g € G, and G € N is the set of
BPMN model gateways.

AGD summarizes, at the model level, how heavily gateways are used for
branching and merging; elevated AGD values typically indicate either genuinely
complex decision logic or the presence of structurally invalid gateways that inflate
the arc count without contributing meaningful routing semantics.

According to BPMN modeling rules, a gateway is used correctly only if it

behaves either as a split or as a join, that is, if it satisfies the following condition:

(Iin(@)[ =1 A Jout(g)| > 1) v (lin(g)|> 1 A |out(g)| = 1). 3)

A gateway that satisfies neither disjunct of expression (3) is considered
structurally invalid. This covers two typical anomalies observed in real-world
BPMN repositories: gateways with in(g) =1 and out(g) = 1, which perform no
actual branching or merging and should be removed or replaced with a direct
sequence flow, and gateways with in(g) > 1 and out(g) > 1, which simultaneously
merge multiple incoming branches and split into multiple outgoing branches,
conflating join and split semantics within a single element and making the
intended execution order ambiguous. The set of invalid gateways in a model is

therefore defined as:

Ginvatia = {g € G [ =[(lin(g)| = 1 A Jout(g)| > 1) v
Vv (lin(@)| > 1 A Jout(g) = 1)]}, 4)

and the corresponding Invalid Gateway Ratio (IGR) is given by:

IGR = |Ginvatid| / |G. (5)
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While AGD (2) provides an aggregate, threshold-comparable indicator of
gateway-related structural complexity, IGR (5) quantifies the proportion of
gateways that fail the validity condition (3) and therefore require redesign. The
two measures are complementary: a model may exhibit a moderate AGD value
while still containing individual invalid gateways masked by the averaging
procedure, which is why the detection procedure evaluates condition (3) for every
g € G rather than relying on AGD alone. This dual-metric approach follows the
general BPMN quality assessment logic of complementing global structural
indicators with rule-based validation of individual elements, similar to the
modeling-rule checks proposed for other BPMN element types [6], and to the
algorithmic error-detection and correction procedures developed for gateway-
heavy models [1, 4].

Beyond purely structural metrics, recent research increasingly investigates
how automated verification and Al-assisted techniques can support the detection
and correction of business process modeling errors in complex, multi-subsystem
environments. Formal verification and validation using the V-Model concept has
been applied to business processes described within a broader enterprise
architecture, transforming process descriptions into layered test artifacts and
demonstrating that many structural defects (including malformed gateways) are
traceable to the absence of a systematic verification stage between business and
technology layers [3]. This finding is consistent with the community-wide
identification of automated, quality-aware process (re)design as one of the priority
open problems in BPM [2].

The consequences of leaving such defects undetected are not merely
computational. Eye-tracking evidence shows that ambiguous process constructs,
including inconsistently used gateways, significantly increase readers’ cognitive
load and reduce comprehension accuracy across pragmatic, semantic, syntactic,

and lexical categories of ambiguity [5]. Because gateways are visually compact
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yet semantically dense elements, an invalid gateway is particularly likely to be
misread, which strengthens the case for flagging such elements automatically
rather than relying on visual inspection by process participants without formal
training.

Prior software tools developed for BPMN structural analysis already
operationalize related rules for other element types, including start, end, and
intermediate events, tasks, and sub-processes, and combine them into a single
weighted quality measure computed as the weighted sum of individual element
assessments [1], [6]. Algorithmic solutions for business process model analysis
and correction extend this line of work by proposing concrete redesign actions for
detected structural violations, rather than merely reporting a numeric quality score
[4]. The AGD-based detection rule proposed in this chapter, expressions (2)—(5), is
intended to complement this toolchain specifically for the gateway element
category, for which general element-level rules do not fully capture the split/join
distinction central to correct BPMN execution semantics.

Detecting an invalid gateway is only the first step of quality improvement;
the detected violation must also be communicated to the model’s author in a form
that supports an informed redesign decision. Purely numeric output, such as
reporting that a gateway violates condition (3) with in(g) =2 and out(g) = 2, is
unambiguous for a modeling tool but rarely actionable for a business analyst
without a formal computer science background. Conversational process modeling
research demonstrates that natural-language interaction with generative Al can
substantially lower this barrier, both for creating and for refining process models
under human supervision [10], and prompt engineering studies confirm that
carefully structured, minimal prompts are sufficient to elicit targeted semantic
improvements from a language model without requiring it to reprocess the entire
diagram [11]. Recent benchmarking of large language models on business process

modeling tasks further shows that output quality on such structured tasks depends
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less on raw parameter count than on the precision of the input prompt and the
narrowness of the requested output [12].

These findings motivate an explainable recommendation layer built on small
language models (SLMs) rather than large, cloud-hosted LLMs. Because the
AGD-based detection procedure already isolates the exact cause of the violation
(i.e. the gateway identifier, its computed degree d(g), and the specific disjunct of
condition (3) it fails) the language model does not need to analyze the full BPMN
diagram or reason about global process semantics. It only needs to translate a
compact, already-diagnosed structural fact into a clear, non-technical explanation
and a concrete redesign suggestion, for example replacing a single gateway with
in(g) > 1 and out(g) > 1 by a pair of gateways of the same type, one performing
the join and the other performing the split. A prompt of this kind, containing only
the gateway identifier, the value of d(g), and the identifier of the violated rule, is
well within the capability of instruction-tuned SLMs in the 1-4-billion-parameter
range, which additionally offer three practical advantages over larger, general-
purpose LLMs for integration into a BPMN modeling tool:

— they can run locally or on-premises, avoiding the transfer of potentially
confidential process models to third-party services;

— they respond with substantially lower latency, which matters for interactive,
diagram-editing workflows;

— they can be deployed on standard workstation or CPU-only hardware after
guantization, removing the operational cost associated with cloud-hosted
inference.

Two publicly available instruction-tuned SLMs are considered representative
candidates for this task:

1. Qwen2.5-1.5B-Instruct is a compact part of the Qwen2.5 model family,
tuned for instruction following at a size suitable for near-real-time, on-device

inference [13].
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2. Gemma 3 4B-it, the instruction-tuned 4-billion-parameter variant of the
Gemma 3 family, offers a larger capacity that may improve the fluency and
consistency of generated explanations at a still-modest hardware footprint [14].

These two models are compact enough to be embedded directly into a BPMN
modeling tool or its plugin, and their comparative evaluation on the invalid-
gateway explanation task, measuring the correctness, clarity, and actionability of
generated recommendations against expert-authored reference explanations, which
constitutes a natural extension of the intelligent technology outlined in this
chapter.

To illustrate the proposed detection and recommendation pipeline, consider a
simplified order-approval fragment of a larger enterprise process, in which a single
Exclusive Gateway simultaneously receives two incoming sequence flows from
parallel validation tasks and produces two outgoing flows toward different

approval branches (Fig. 1).

Approve
Standard

O

Standard
Order
Approved
4 Standard
Order?

Validate
Payment

Approve
Expedited

Order Received Expedited

—
Order Approved

S

\alidate Stock

—

Fig. 1. Example BPMN fragment with a gateway violating condition (3) —
in(g) = 2, out(g) = 2.

Applying condition (3) shows that in(g) = 2 and out(g) = 2 for this gateway,
so neither disjunct holds, and the gateway is added to Ginaig according to
expression (4). The computed local degree, d(g) = 4, together with the identifier of

the violated rule, is passed to considered SLMs, which return plain-language
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explanations together with suggested redesign by splitting the element into a join

gateway followed by a separate split gateway (Fig. 2).

The following BPMN gateways are structurally
invalid. Explain why in plain language and suggest
a fix for each:

1. "Standard Order?" — in(g)=2, out(g)=2 —
Mixed gateway: 2 incoming and 2 outgoing
flows — conflates join and split semantics.

(a)

A BPMN (Business Process Model and Notation)
gateway labeled as "Standard Order?" is
structurally incorrect because it has two inputs
(in(g)=2) and two outputs (out(g)=2). This creates
what's called a mixed gateway, where there
should be either only one input or one output.
Explanation of the problem:

« A standard BPMN gateway requires exactly one
input to receive data before processing can begin.
« It also needs to have exactly one output after
processing is complete, so that any results can be
sent downstream.

« Having both an input and an output at once
violates these fundamental rules of BPMN.

To correct this, you would need to remove one of
the inputs or outputs from the gateway. If you
want to keep both as inputs, then the gateway
type must be changed to something else that
aligns with its purpose, such as a sequence flow
(SFC), which allows multiple entries but only one
exit point.

This gateway is a real mess! It's trying to do two things at
once — join and split incoming flows. Here's what that means:
« Incoming Flows (in(g)=2): Two different paths are trying to
join together at this gateway. Think of it like two separate
rivers merging into one.

* Outgoing Flows (out(g)=2): Two different paths are splitting
off from this gateway. Imagine that single river splitting into
two separate streams.

« The Conflict: A gateway should either join incoming flows
into one, or split one outgoing flow into multiple. You can't
have both happening simultaneously. This causes ambiguity
and confusion in the process flow. The BPMN engine doesn't
know which path to take for the incoming flows.

You have a few options, depending on the intended logic.
Here are the most likely solutions:

1. Exclusive Gateway (Recommended): This is usually the
best approach. An Exclusive Gateway (also often called a
Diamond Gateway) forces the process to make a decision
based on a condition. You'd add a condition related to the
"Standard Order?" question. For example:

« In(g)=1: The process flows only if the answer to "Standard
Order?" is 'Yes'.

« Out(g)=1: The process flows only if the answer to "Standard
Order?" is 'No'.

This is the most common and cleanest way to model a
branching decision.

2. Parallel Gateway (Less likely, but possible): If the process
truly needs to handle both scenarios ("Standard Order?" is
Yes and it's not) simultaneously, you'd use a Parallel
Gateway. This is rare because it often indicates a need to
rethink the process design. This would effectively split the
flow into two branches.

(b)

(c)

Fig. 2. Prompt, SLM-generated explanations and redesign recommendations
obtained: (a) used prompt; (b) Qwen2.5-1.5B-Instruct; (¢) Gemma 3 4B-it

A preliminary qualitative comparison of two representative SLMs on the
invalid-gateway explanation (Fig. 1) illustrates both the promise and the current
limitations of the proposed approach. Given the minimal, issues-only prompt
described above, containing only the gateway identifier, in(g), out(g), and the
violated disjunct of condition (3), for the mixed gateway of Fig. 1 (in(g) = 2,
out(g) = 2), Qwen2.5-1.5B-Instruct [13] and Gemma 3 4B-it [14] produced quite
different explanations (Fig. 2).
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1. Qwen2.5-1.5B-Instruct inverted the underlying validity rule, describing a
correctly configured gateway as one requiring exactly one incoming and one
outgoing flow, which is precisely the redundant-gateway anomaly rather than the
valid split/join pattern defined by condition (3).

2. Gemma 3 4B-it, by contrast, restated the validity rule correctly and in
accessible language, framing the gateway’s fault as an inability to simultaneously
merge and branch. Its proposed redesign, however, addressed only the outgoing
side of the violation, converting the element into a single-input, single-output
decision gateway while leaving the two incoming flows unresolved. The resulting
redesign therefore still violates condition (3), even though the explanation
preceding it reads as complete and self-consistent.

Neither model reproduced the redesign implied by the detection procedure
itself, assuming decomposing an invalid gateway into a dedicated join
immediately followed by a dedicated split of the same type. These observations
suggest that model scale alone does not guarantee redesign correctness — the larger
Gemma model improved rule articulation but did not close the gap on prescriptive
completeness, and its well-organized, confident output arguably makes an
incomplete fix harder to detect than Qwen’s more visibly flawed one. This points
to two directions for the evaluation planned as future work:

— scoring redesign completeness against expert-authored corrections, in
addition to explanation correctness;

— testing whether naming the target join-then-split decomposition explicitly
in the prompt closes the omission observed for Gemma 3 4B-it without
reintroducing the verbosity the minimal prompt design was intended to avoid.

The results discussed in this chapter demonstrate that gateway-related
structural errors remain a persistent and consequential category of BPMN
modeling defects, whose detection benefits from combining a graph-based
formalization of business process models with an explicit, rule-based definition of

gateway validity. The proposed Average Gateway Degree metric (2), together with
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the split/join validity condition (3) and the derived invalid gateway set (4) and
ratio (5), operationalizes the detection of invalid gateways in a form directly
implementable within existing BPMN analysis toolchains [1, 4, 6]. Because purely
numeric detection results are of limited value to process participants without a
technical background, the chapter further outlined an explainable recommendation
layer that passes the diagnosed AGD value and the violated rule to a compact,
instruction-tuned small language model, allowing near-real-time, on-premises
generation of user-friendly redesign guidance.

Future work includes the empirical evaluation of the proposed detection rule
on large-scale BPMN repositories, such as the Camunda GitHub collection of
business process models used in related studies [6], as well as a comparative
assessment of the two considered SLMs (Qwen2.5-1.5B-Instruct and Gemma 3
4B-it) against expert-authored redesign recommendations, in order to select the
configuration offering the best trade-off between explanation quality and
deployment cost for integration into intelligent information technology for
business process model quality assessment.

Declaration on the use of generative Al. During the preparation of this
chapter, the author used Grammarly for grammar and spell checking, as well as
Claude Sonnet 5 for literature search support, reference formatting, and rephrasing
of the text. After using these tools, the author reviewed and edited the content as

necessary and takes full responsibility for this content.
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The related works formalize a BPMN model as a labelled directed graph and
derives the Average Gateway Degree metric as a threshold-comparable indicator
of gateway-related structural complexity, together with an explicit split/join
validity condition for individual gateways [1 — 6].

That formalization is deliberately crisp — a model either exceeds the adopted
threshold or it does not, and a gateway either satisfies the validity condition or it is
added to the invalid set. Crisp thresholds are convenient for automated flagging,
but they discard information that a process participant actually needs, namely how
confidently a given decision or synchronization point can be read at a glance.

A gateway with an average degree of 3.1 and one with an average degree of 9
are both, in binary terms, “above threshold”, yet the second is self-evidently
harder to trace through than the first. This chapter attaches a fuzzy membership
function to the AGD metric so that the degree of structural ambiguity is expressed
on a continuous 0-1 scale rather than as a “pass” or “fail” flag, and specifies the
algorithm that turns this graded estimate, together with the enumerated set of
individually invalid gateways, into an explainable diagnostic report.

The resulting construction is intended to answer a single, practically
motivated research question: how likely is it that participants will routinely
misread which paths are active because the typical decision or synchronization

point in this process is connected to many flows?
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Framing the question this way shifts the unit of analysis from a binary model
defect to a graded, human-centred risk estimate, which is consistent with eye-
tracking evidence that structural ambiguity in process diagrams increases
cognitive load and lowers comprehension accuracy in proportion to its severity
rather than as an all-or-nothing effect [5].

Consistent with the graph-based representation adopted in the existing

studies, a business process model is represented as a labelled directed graph:

BPG = (N, A), (@)
where |N| is the number of nodes, i.e. the business process elements (events,
activities, sub-processes, and gateways), and |A| is the number of arcs, i.e. the
sequence flows connecting them.

Each gateway g is a node g € N whose local structural profile is fully
captured by in(g), the number of arcs entering g, and out(g), the number of arcs
leaving g; the degree of the gateway is d(g) = in(g) + out(Q).

Averaging the gateway degree over the complete gateway set of a model

yields the Average Gateway Degree metric:

AGD = (1/]G]) - Zge ¢ d(Q), (2)
where g is the gateway under analysis, g € G, and G € N is the set of
BPMN model gateways [1].

Statistically derived thresholds for closely related gateway-complexity
measures have been shown to correlate with a measurable increase in modelling
and comprehension errors once exceeded [8], and comparable quality functions
built from repository-wide metric distributions treat gateway-related defects as a
primary source of structural quality loss [7].

A gateway is used correctly only if it behaves either as a split or as a join, i.e.

if it satisfies:
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(Iin(@)[ =1 A out(g)| > 1) v (lin(g)[> 1 A |out(g)| = 1). )

A gateway satisfying neither disjunct of (3) is structurally invalid — the set of

invalid gateways in a model is:

Ginvalia = {9 € G [ =[(lin(@)| = 1 A fout(g)| > 1) v
vV (lin(@)[ > 1 A Jout(g)| = 1)]}- (4)

The minimal degree admitted by (3) is d(g) =3, attained either by the
smallest valid split (in(g) =1, out(g) =2) or the smallest valid join (in(g) = 2,
out(g) = 1); any gateway degree below 3 is structurally impossible under (3), and
this analytically derived lower bound is adopted below as the threshold AGDinreshold
=3.

Because AGD aggregates degrees across the whole gateway set, it can remain
moderate even while individual gateways in Ginvalid inflate it substantially, and
because the transition from an unambiguous to an ambiguous decision point is
gradual rather than abrupt, a crisp comparison against AGDinreshold 1S replaced with

a fuzzy membership function:

WAG D) =1, AGD < AGDthreshold; AGDthreshold / AGD, else. (5)

The value of u(AGD) is interpreted as the degree of membership of the model
in the fuzzy set “gateway connectivity remains within an easily traceable range”:

— it equals 1 for AGD at or below the analytically derived threshold of 3;

— it decreases hyperbolically as AGD grows beyond it, asymptotically
approaching, but never reaching, zero.

The complementary quantity, 1 — u(AGD), operationalizes the likelihood
posed in the research question above — the estimated probability that a participant

misreads which paths are active at a typical decision or synchronization point of
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the model — and is the value reported to the model’s author alongside each flagged

gateway:

Lerror = 1 — w(AGD). (6)

Fig. 1 plots this relationship: W(AGD) is flat at 1 for AGD < 3, drops sharply
immediately above the threshold, and flattens into a long tail for large AGD. This
shape is deliberately conservative, since it penalizes a model that only marginally
exceeds the threshold less harshly than one with genuinely dense gateway

connectivity, while never declaring a heavily overloaded model perfectly safe.

0.00 5.00 10.00 15.00 20.00
AGD

Fig. 1. Fuzzy membership function u(AGD) derived from expression (5), with
AGDthreshold = 3.

Detecting individually invalid gateways and estimating the model-level
misreading likelihood are complementary diagnostics, for the same reason the
related works treat its aggregate and per-element measures as complementary [1]:
a model may sit safely below AGDinreshold While still containing individually invalid
gateways masked by the averaging in (2).

The procedure below accordingly restricts the more expensive per-gateway

scan of condition (3) to the case AGD > AGDunreshoid, accepting a small risk that a
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model at or below the threshold masks an occasional invalid gateway whose effect
on the average is offset by adjacent well-formed gateways; this trade-off favors
computational economy on large model repositories over exhaustive per-element
coverage of every model.

To illustrate Algorithm 1 (Fig. 2), consider a purchase-to-pay fragment with
|G| =6 gateways of degree 3, 3, 4, 3, 6, and 9, respectively, the last two
corresponding to two mixed gateways: one with in(g) = 3, out(g) = 6, the other
with in(g) = 4, out(g) = 5.

Algorithm 1 Fuzzy-based invalid-gateway diagnosis with likelihood-aware
recommendation generation

Input: business process graph BPG = (N, A), gateway set G C N,
threshold AG Dinreshold = 3
Output: natural-language diagnostic report R.
1: Compute d(g) for every g € G and the model-level AGD
according to expression (2).
2: if AGD < AGDinresholda then
R+ 0 > the model’s average gateway connectivity does not exceed
the minimal degree admitted by (3), and the model is treated
as unambiguous at the model level
return R > terminate
3: else D> AGD > AGDinreshold
3.1: Compute u(AGD) according to expression (5) and the misreading
likelihood 1 — p(AGD).
3.2: Evaluate condition (3) for every g € G and assemble Gipyalia
according to expression (4).
3.3: For every g € Ginvaia, record its identifier, d(g), in(g), out(g),
and the disjunct of (3) it fails.
3.4: Assemble R as a natural-language report stating 1 — u(AGD)
as the estimated model-level misreading likelihood, followed
by one line per member of Gi,yaid, €ach proposing decomposition
into a dedicated join immediately followed by a dedicated split
of the same gateway type [1].
4: return R.

Fig. 2. Fuzzy-based invalid-gateway diagnosis with likelihood-aware

recommendation generation
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Step 1 gives AGD =28/ 6 =~ 4.67; because AGD exceeds AGDihreshold = 3, Step
3 applies.

Step 3.1 yields uw(AGD)=3/4.67 ~0.64, i.e. a misreading likelihood of
approximately 36%.

Step 3.2 flags both mixed gateways as members of Ginvalid, since neither
in(g) = 3, out(g) = 6, nor in(g) = 4, out(g) = 5, satisfies either disjunct of (3).

Step 3.4 assembles the report in condensed form:

R = Rmodet @ Ryateway(91) D Rgateway (92) D ... D Rgateway (9k), (7)

where € denotes text concatenation (sentence-level join), k = |Ginvaiid|, Rmodel
is a model-level template:

Rmodel = “Model-level assessment. average gateway degree ( AGD)
exceeding the unambiguous-reading threshold of ( AGDinreshold) . EStimated
likelihood that a participant misreads the active path at a typical decision or
synchronization point: ( 100 - Lewor)) %. Thus, ( k)  gateway(s) require
redesign.”,

Rgateway(Q) IS a gateway-level template:

Roateway(9) = “Gateway  ( id(g)) (in=(in(g)) ,  out=( out(g))

degree = ( d(9)) ) ( ¢(9)) ~,
and @(Q) Is a case-dependent verb phrase selecting between the two anomaly

patterns excluded by (3):

— ¢(g) = “simultaneously merges ( in(g)) branches and splits into ( out(g)) :
replace it with a dedicated join (in = ( in(g)) , out = 1) immediately followed by a
dedicated split (in=1, out=( out(g)) ).”, if in(g) > 1 A out(g) >1 (conflated
split/join);

— ¢(g) = “neither merges nor splits any branches: replace it with a dedicated

activity or remove it.”, if in(g) = 1 A out(g) = 1 (redundant gateway).
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The output R of Algorithm 1 is intended to feed the same class of algorithmic
redesign toolchains already proposed for BPMN structural correction [4], and its
natural-language report format follows the conversational-modelling rationale
established for making structural diagnostics accessible to process participants
without a formal computer science background [9 — 11].

Because the report requires only the diagnosed AGD value, the identifier of
each invalid gateway, and the violated rule as input, it is compact enough to be
produced either by a fixed textual template, as illustrated in details by Algorithm 2
(Fig. 3), or by delegating step 3.4 to a small instruction-tuned language model, or
even by passing the output R of step 3.4 to a small language model to improve the
recommendation formulated for a user. Recent benchmarking confirms that output
quality on such narrowly scoped structured tasks depends more on prompt
precision than on model scale [12], which favors the minimal, already-diagnosed

input used here over reprocessing the full diagram.

Algorithm 2 (step 3.4 expanded) Building the natural-language report R

Input: Ginvaiia = {0192, .-, 9%}, d(g), in(g), out(g), AGD, AGDinresholds Lerror
Output: Natural-language diagnostic report R
3.4.1. k+ |C"in\‘ulid‘
3.4.2. [Initialize the report with the model-level sentence:
Riodel +— “Model-level assessment: average gateway degree {AGD)
exceeding the unambiguous-reading threshold of {AGDyreon)-
Estimated likelihood that a participant misreads the active path
at a typical decision or synchronization point:
(100 - Leprory %. Thus, (k) gateway(s) require redesign.”
3.4.3. For each g € Gipvana, construct the gateway-level sentence:
3.4.3.1. Let in, < in(g), out, < out(g), deg, + d(g).
3.4.3.2. Select the verb phrase (g) (depending on the anomaly pattern):

“simultaneously merges (in,) branches and splits into (out,):

AR : D, 5 ; ifin, > 1A out, > 1
replace it with a dedicated join (in = {in,), out = 1) g %

elg) =91 . / ; g »  (conflated split/joi
immediately followed by a dedicated split (in = 1, out = (out,)).”, (conflated split/join)
“neither merges nor splits any branches: ifing =1A out, =1
replace it with a dedicated activity or remove it.”, (redundant gateway)

3.4.3.3. Form the gateway sentence:
Rgateway (9) + “Gateway (id(g)) (in = (in,), out = {out,), degree = (deg,)) (¢(g))

3.4.4. Concatenate all sentences to assemble the final report:

R+ -Rmudcl @ Rgat(‘wa}' (gl) @ Rgateway(g'Z) @ “ee @ Rgatewu_\' (gk) (7)

where @ denotes text concatenation (sentence-level join).

Fig. 3. Building the natural-language report R
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Fig. 4 outlines the proposed computational model: the left panel covers steps
1-3 of the Algorithm 1 — computing AGD, branching on the threshold comparison,
and, when triggered, computing u(AGD) and assembling Ginvaiia — While the right
panel expands step 3.4 elaborated by Algorithm 2 into its four constituent sub-
steps, 3.4.1 — 3.4.4, following the template introduced above.

Alongside the conflated split/join anomaly (in(g) > 1 A out(g) >1), a
redundant gateway (in(g) =1 A out(g) = 1) is routed through a separate branch of
¢(g), since a gateway with no actual branching or merging role does not admit the
join-then-split decomposition and is instead resolved by replacing it with a single
activity or removing it outright.

The two panels of Fig. 4 correspond directly to the boundary already drawn
between AGD-level and gateway-level diagnostics in the discussion of Algorithm
1: the left panel is a deterministic function of expressions (2)—(5) alone, while the
right panel is a text-generation layer that consumes only the compact tuple (id(g),
in(g), out(g), d(g), ¢(g)) per invalid gateway — the same minimal input profile
argued earlier to be within reach of either a fixed template or a small instruction-
tuned language model.

Because the two stages communicate through a single, fully specified
interface (the set Ginvaia together with the scalar AGD and w(AGD)), either stage
can be modified independently: the diagnosis stage could be re-implemented
against a different graph representation without touching the report templates, and
the report-construction stage could be swapped from template text to an SLM-
generated one, as discussed above, without altering the diagnostic logic on the left.

Embedding a graded likelihood estimate into the detection pipeline also
responds to a broader, repeatedly identified gap in BPM research: automated,
quality-aware process (re)design remains an open community priority [2], and
independent verification studies built on layered enterprise-architecture models

confirm that structural defects, including malformed gateways, are cheapest to
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correct at the modelling stage itself, before they propagate into execution or
simulation layers [3].

STAGE 1-3: DIAGNOSIS & ANALYSIS STAGE 3.4: REPORT CONSTRUCTION (EXPANDED)

INPUT ( h
3.4. Assemble the natural-language report R
S BPG = (N, A) ) - - r 2
& 3.4.1 Compute k Giovatid = {91:92, -5 9k}
ateway set
GC A.y k= IGlnqudl
AGD =3
thoetheld | 3.4.2 Build model-level sentence R .qe1
AN
J Model-level assessment: average gateway degree (AGD)
o % exceeding the unambiguous-reading threshold of (AGDveskoia) -
Compute d(g) for g € G Estimated likelihood that a participant misreads the active path
and model-level AGD (Expr. 2) at a typical decision or synchronization point: (100 * Leryer)%.
: : : | Thus, (k) gateway(s) require redesign.”
l 3.4.3 For each g € Gjpeatia, build gateway-level sentence Rateway (9)
A\
G
5 X Select ¢(g) based on in(g) and out(g)
P Is = ~N F
< > orm gateway
YES \AGD < AGDuresno2” For gateway g. “sionultaneously merges in(g) branches | . spptence
\\\ ’// i iin(g) > 1 Aout(g) > 1-» and splits into out(g): replace it with R (g):
' N * id(g) (conflated split/joiny | * dedicaved join (in = in(g), out =1) Lt
h \ NO e in(g) - immediately followed by a dedicated “Gateway (id(g))
R«~@ o omlte) split (in = 1, out = out(g)).” (in = (in(g}},
Model is treated as| | out = {oue(g)},
unambiguous at | 6 AGD > AGD yeshola * d(g) ifin(g) =1nou(g)=1 “neither merges nor splits any L) degree = (d(g)})"
the model level. (mdundant gateway) > branches: replace it with a (elgh."
3.1 Compute u(AGD) (Expr. 5) dedicated activity or remove it.”
l and misreading likelihood
\ 1— u(AGD)
RETURN R N . l
3.2 ‘
Evaluate condition (3) for all | | 3.4.4 Concatenate all sentences to form the final report
g € G and assemble G4
(Expr. 4) R= Rmvdel @ Rgulc\na_v (gl) $ Rgalcway(g'.’) @ @ R.gulcwzy(gk)
; R Rpini(@) | . [ Bosomnt) Rpuewe (51)
3.3 Forevery g € Giaana, record: | model ateway (91 ® gateway (92 il wateway \Jk
id(g). d(g), in(g). out(g), (T | o — = = =
and the disjunct of (3) it fails sentence) — — —
[1Dg) [ inig) [outeq)| dig) | Faved cispnce
& | 3 2 5 m(ﬁ)>l(\o-{m>l‘
S ) B P B ) L S 25 P  Text concatenation (sentence-level join)
AT e * |
’ ‘ N OUTPUT
Natural-language diagnostic report R
Ginvatid = {91:92,---19¢) U
k = | Gipvanial
AL it / e ——— I i —
\ \
A : g ; ; c
. Task / Action (> Decision = Terminal / Return £ | Intermediate Result / Data Text/ Sentence

Fig. 4. Computational model of the gateway diagnosis and likelihood-aware report

construction
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A likelihood estimate attached directly to the model, rather than surfaced as a
downstream test failure, moves detection closer to that earliest and least costly
stage. It also complements repository-scale quality functions that score BPMN
models against a broad catalogue of element-level rules [9, 13]: while such
functions establish whether a model is acceptable overall, W(AGD) and the
accompanying per-gateway report target specifically the subset of defects most
strongly implicated in participant misreading, which prompt-engineering studies
on process models identify as a distinct failure mode from purely structural
incompleteness [11].

The proposed extension of the AGD metric replaces its binary threshold
comparison with the fuzzy membership function w(AGD) (5), grounded in the
analytically derived minimal valid gateway degree of 3, and pairs it with
Algorithm 1, a four-step procedure that computes u(AGD), evaluates the split/join
validity condition (3) for every gateway once the aggregate signal is triggered, and
assembles a natural-language report expressing both the estimated model-level
misreading likelihood and a concrete redesign action for each individually invalid
gateway. Because the algorithm’s output depends only on quantities already
produced by the graph-based formalization — AGD, the members of Ginalid, and
the violated disjunct of (3) for each — it can be adopted by any BPMN analysis
toolchain implementing that formalization without additional instrumentation.
Future work includes calibrating AGDuhreshoid and the shape of W(AGD) empirically
against the Camunda GitHub model repository used in the related works [1, 6],
and validating the reported misreading likelihood against controlled
comprehension experiments of the kind used to study ambiguity effects in process
diagrams [5].

Declaration on the use of generative Al. During the preparation of this
chapter, the author used Claude Sonnet 5 for literature search support, reference
formatting, and rephrasing of the text. After using this tool, the author reviewed

and edited the content as necessary and takes full responsibility for this content.
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Embedding security measures within the Software Development Lifecycle
(SDLC) has become an essential requirement for contemporary software engineer-
ing. Secure SDLC (S-SDLC) frameworks seek to embed security aspects from the
initial design phase through deployment and upkeep, thereby lowering the chance
of vulnerabilities in production systems [1]. A cornerstone of these frameworks is
Static Application Security Testing (SAST), which analyzes source code for po-
tential security flaws without executing the program. Despite their widespread
adoption, SAST tools are persistently troubled by high false positive rates and in-
flexible, static rule configurations that cannot adapt to the changing nature of a
codebase [2]. The discord between static analysis and dynamic development envi-
ronments frequently results in alert fatigue for developers, which consequently
leads to the oversight of actual vulnerabilities and compromises the software’s
overall security stance.

Recent advances in artificial intelligence have opened new avenues for

automating and optimizing various phases of the SDLC. For instance, generative
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Al models have been proposed to assist in threat modeling and security task
generation [3], while multi-agent systems have been designed to orchestrate
security operations across the development pipeline [4]. However, these
approaches typically rely on supervised learning with manually annotated datasets
or require explicit reward engineering, both of which are labor-intensive and
difficult to scale across diverse codebases. Furthermore, they frequently treat the
SAST engine as a black box, and consequently fail to exploit the rich structural
information embedded in the code changes themselves.

To address these limitations, we propose a Contrastive Preference-Aligned
Agent (CPAA) that transforms conventional SAST into a self-optimizing, context-
aware subsystem. The CPAA consists of three novel modules: a Code
Transformation Encoder (CTE) that learns structural representations of
vulnerability patches from version control history, a Preference Alignment Module
(PAM) which establishes a contrastive embedding space where secure code states
are preferred over vulnerable ones, and a Proximal Policy Optimization Scheduler
(PPOS) that dynamically adjusts scanning thresholds and rule category selections.
The CTE applies a graph convolutional network (GCN) [5] to the abstract syntax
tree (AST) and control flow graph (CFG) transformations between pre-patch and
post-patch commits, depending on known methods for learning distributed code
representations [6]. The PAM then jointly optimizes an InfoNCE contrastive loss
[7] and a direct preference optimization (DPO) objective [8] to encode both
structural similarity and security preference ordering. Within a reinforcement
learning framework, the PPOS employs these embeddings as state features, and
the reward function penalizes false positives while rewarding true positive
detection of high-risk modules [9].

The central contribution of this work is the introduction of a self-supervised
paradigm for learning security preferences directly from version control diff
histories, which obviates the need for manual annotation. Through a comparison

of benign refactoring edits with security hardening modifications, the CPAA
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autonomously constructs a preference dataset that captures the semantic margin
between vulnerable and secure code states. This approach is distinct from prior
methods that depend on supervised vulnerability datasets [10] or manually crafted
reward functions [11]. Furthermore, the CPAA functions as a microservice inside
the CI/CD orchestrator, where it accepts commit events via webhooks and
refreshes the SAST engine via its REST API, thus supporting smooth integration
into existing development workflows. Initial simulations indicate that this method
cuts false positive rates by up to 40% while sustaining high detection rates for
critical vulnerabilities.

Related Work. The refinement of Secure SDLC operations via Al agents has
recently drawn considerable research interest. A number of works have proposed
multi-agent frameworks for automating security tasks across the development
pipeline. For instance, one study introduced a generative Al-assisted framework
that optimizes and secures the SDLC via specialized Al agents collaborating on
code review, threat modeling, and vulnerability remediation [12]. Similarly, a
multi-agent security framework was designed for Al-assisted software
development, which includes seven specialized agents that operate autonomously
to enforce security policies across the SDLC [13]. Although these frameworks
indicate the promise of agent-based approaches, they generally depend on
predetermined security rules and fail to adjust their conduct in response to the
changing codebase or developer input. Conversely, our CPAA derives a dynamic
scanning policy directly from version control history and developer interactions,
thereby achieving continuous self-optimization without manual intervention.

A different research direction examines Al-based vulnerability detection with
deep learning. Self-supervised contrastive learning has become a potent method
for learning code embeddings that capture semantic similarities and differences.
For example, ContraCode introduced a contrastive pre-training task that learns
code representations invariant to semantics-preserving transformations [14]. VuL-

MCBERT proposed a self-supervised pre-trained model that acquires vulnerable

139



code representations via contrastive learning, which consequently boosts
vulnerability detection performance [15]. S2Vul presented a self-supervised
information integration framework for vulnerability analysis that merges multiple
code representations [16]. These methods, however, are designed for static
vulnerability detection tasks and do not address the dynamic configuration of
SAST tools. Our CTE module similarly employs contrastive learning but is
specifically designed to capture the structural transformations between vulnerable
and patched code states, which we then adopt as state features for reinforcement
learning.

The use of reinforcement learning in security testing has been examined
across multiple contexts. For example, reinforcement learning has been applied to
direct fuzzing strategies by determining which program inputs are more prone to
triggering vulnerabilities [11]. Within intrusion detection, online self-supervised
deep learning frameworks have been proposed to adapt detection models to
changing network traffic patterns [17]. A self-supervised machine learning
framework was also developed for online container security attack detection,
which employed outlier detection and self-supervision to generate training labels
[18]. These works show the viability of applying reinforcement learning to
adaptive security, yet their emphasis is on runtime detection as opposed to static
analysis configuration. Our PPOS module extends this paradigm to the SAST
domain, where the action space consists of threshold adjustments and rule
category selections, and the reward signal is derived from developer feedback on
flagged findings.

Preference alignment has emerged as a central topic in large language model
(LLM) research, with methods such as Direct Preference Optimization allowing
models to acquire human preferences without explicit reward models [8].
Although DPO has been predominantly applied to text generation tasks, the core
concept of learning a preference ordering between output pairs is directly relevant

to our problem. In our PAM module, we adapt DPO to the code domain by
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defining a preference margin between vulnerable and patched code embeddings,
where the patched state is preferred over the vulnerable state. This formulation
permits the acquisition of a continuous preference space that captures the degree
of security improvement in each commit, which is then employed to guide the
PPOS’s decision-making.

Prior research has also examined the refinement of SAST tools via rule
tuning and threshold adjustment. For example, researchers have proposed methods
to automatically tune SAST rule severities based on historical vulnerability data
[19]. Nevertheless, these methods regularly depend on static optimization
strategies that do not adjust to changes in the codebase. The Al-DevGuard
framework introduced an artificial intelligence framework for automating and
securing the SDLC, but it focuses on general SDLC automation rather than SAST-
specific optimization [20]. Our work differs from these approaches by introducing
a closed-loop system in which the SAST configuration is continuously updated
based on the current codebase state and developer feedback, thereby establishing a
self-optimizing cycle that improves over time.

Preliminaries and Problem Formulation. To establish a rigorous foundation
for our proposed method, we first define the key components of the SAST
configuration problem and introduce the necessary mathematical preliminaries.
This section addresses the depiction of code modifications, the definition of the
adaptive scanning challenge, and the reinforcement learning framework that
underlies our method.

Code Change Representation. Modern software development relies on
version control systems to track code evolution through commits. Each commit
constitutes a series of changes applied to the codebase, which generally include
additions, deletions, and modifications to source files. For security analysis, we
focus on commits that address security vulnerabilities, i.e., patches converting a

vulnerable code state into a secure one.
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For a commit ¢ altering a source file, the code state before the patch is
denoted s, and the code state after the patch is denoted s, Each code state can
be described through its AST and CFG, which respectively capture the syntactic
structure and execution flow of the program. The AST is a tree-like structure in
which nodes correspond to language constructs (e.g., function definitions, variable
declarations, conditional statements), whereas the CFG is a directed graph where
nodes denote basic blocks and edges indicate control flow transitions.

We define a code transformation 7, = (spre, Spost) as the pair of code states

before and after applying commit c. The purpose of our CTE is to learn a function
fore: T = R4 that maps each transformation to a d-dimensional embedding
vector, such that transformations with similar structural changes are mapped to
nearby points in the embedding space. This embedding captures the semantic
nature of the code change, thereby differentiating benign refactoring edits from
security-critical modifications.

To process the graph-structured code representations, we employ a GCN [5].
For a given code state s, let G, = (I, E) denote its CFG, where 1} is the set of
basic block nodes and E; is the set of control flow edges. A feature vector x,, is
linked to each node v € V1, derived from the AST subtree whose root is that block.

The GCN operates by iteratively aggregating information from neighboring nodes:
Y = o (WO - AGGREGATE (h:u € N(w) ) + b®) \(1)

where h{? is the hidden representation of node v at layer ¢, N(v) denotes the
set of neighbors of v, w® and b® are learnable parameters, and o is a non-linear
activation function (e.g., ReLU). After L layers of message passing, we obtain
node-level embeddings {hf,”},,e,,s, which are then pooled to produce a graph-level

representation:
zg = POOL ({h"}yer, ) \(@)

where POOL can be a simple mean or sum operation, or a more sophisticated

attention-based mechanism. The transformation embedding is then computed as:
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ze, = fore(re) = MLP (|zg 2, sz, — 2, ) \BY)

where [-;-] denotes vector concatenation, and MLP is a multi-layer perceptron
that projects the concatenated representation into the final embedding space.

Adaptive SAST Configuration Problem. A SAST engine operates by applying
a set of rules R = r, 1, ..., 7¢ 10 the source code, where each rule r; detects a specific
class of vulnerabilities (e.g., SQL injection, cross-site scripting, buffer overflow).
Upon activation, each rule generates a finding, which is defined by a severity
score and a confidence level. The SAST engine’s behavior is controlled by a con-
figuration vector 6 € ©, where @ is the configuration space. In this work, we con-
sider two types of configuration parameters:

e Threshold multiplier « € [0,1]: A worldwide scaling factor applied to each
rule confidence threshold. A lower a makes the SAST engine more sensitive
(detecting more findings but potentially increasing false positives), while a higher
a makes it more conservative.

eRule category mask g € {0,1}%: A binary vector that indicates which rule
categories are in an active state. Setting p; = 0 disables rule r;, while g, = 1 enables
it.

The adaptive SAST configuration problem is then defined as follows: Given
a sequence of commits cy, c,, ..., cp arriving over time, we aim to learn a policy n: Z
— O mapping the current codebase state (given by the transformation embeddings
of recent commits) to an optimal configuration 6, = n(z,) at each time step t,
where z, is the aggregated embedding of the code changes since the last scan.

The objective is to maximize the expected cumulative reward:

J(m) = Erop \(4)

T
Z yt_l R(Qt; Ft; Gt)

t=1

where D is the distribution of commit sequences, y € [0,1] is a discount factor,
F, is the set of false positive findings generated under configuration 6., and G, is
the set of true positive findings (genuine vulnerabilities) detected. The reward

function R is designed to penalize false positives while rewarding true positives:
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R6LFG) = ) w() =24 ) w(H)\S)

JEG; fEF;
where w(-) is a weighting function that assigns higher importance to critical
vulnerabilities, and 2 > 0 is a penalty coefficient that controls the trade-off be-
tween detection rate and false positive rate.
Preference Learning from Code Transformations. A central insight of our
method is that version control history inherently contains implicit preference in-
formation: for each security patch commit, the post-patch state s, is favored over

the pre-patch state s,. from a security standpoint. This observation permits the
construction of a preference dataset D, = {(Tgﬂ, y@)}{.":l, where each transfor-

mation " is paired with a preference label y® =1 indicating the preference of
Seo OVEr s&.

However, not all commits are security patches. Numerous commits are
harmless restructuring, new features, or corrections of errors that do not affect
security. To  distinguish  between  security-critical and  non-security
transformations, we introduce a contrastive learning objective. Given a batch of
transformations, we treat security patches as positive pairs (where the
transformation direction matters) and non-security patches as negative pairs
(where the transformation is semantically neutral). The InfoNCE loss [7] is
defined as:

Lintonce = —E

where sim(-,-) is a similarity function (e.g., cosine similarity), ¢ is a tempera-
ture parameter, and B is the batch of transformations. This loss encourages the
CTE to learn embeddings where security patches are distinguishable from non-
security changes.

Extending the contrastive representation, we then adopt a DPO objective [8]
to explicitly embed the preference ordering between pre-patch and post-patch
states. For each security patch transformation t., we define the preference margin

as.
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A(t,) = sim (Zspost’ zsecure) — sim (zspre,zsecure) \(7\)

where z... IS @ learned reference embedding representing an idealized se-
cure code state. The DPO loss then encourages this margin to be positive and
large:

Lppo = —Erc~Dpref[loga (B -AG))]\@®Y

where ¢ is the sigmoid function and g is a scaling parameter. The total loss
for the PAM module is a weighted combination:

Lpam = Linfonce + MLppo OV

where n controls the relative importance of the preference alignment objec-
tive.

Reinforcement Learning Formulation. The adaptive SAST configuration
problem is naturally formulated as a Markov Decision Process (MDP) [21]. At
each time step t, the agent observes the current codebase state z; (derived from the
CTE embeddings of recent commits), selects a configuration 6, = (a;, S;), and
receives a reward R, based on the SAST scan results. The state transition is
determined by the arrival of new commits and the developer’s response to the
generated findings.

We employ Proximal Policy Optimization (PPO) [9] to learn the policy 7
parameterized by ¢. PPO is a policy gradient method that optimizes a clipped
surrogate objective to guarantee stable updates.

Lppo (@) = E; [min(rt(¢)A\t,CliP(Tt(¢): 1-¢1+ G)A\t)] \(10Y)

T (CIAD)
71'¢0|d (B¢Vzy)

where r.(¢) = is the probability ratio, 4, is the estimated advantage

function, and ¢ is a clipping hyperparameter. The advantage function is computed
via a learned value function v, (z,) which estimates the expected return from state
Zg.

The action space O is a composite space formed by a continuous part a; €

[0,1] and a discrete part 5, € {0,1}. To handle this, we parameterize the policy as
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a product of a Beta distribution for the continuous action and a Bernoulli

distribution for each binary action:

K
75 (0, V 2,) = Beta (ay; ag (), by(2)) - 1_[ Bemnoulli (B¢ i s, (2)) \(11Y)
i=1

where ay(z,), by (2,), and {py,;(z,)}iC, are outputs of the policy network.

This formulation yields a principled framework for learning an adaptive
SAST configuration policy that balances detection accuracy with false positive
reduction, with preference-aligned code representations serving as state features.

SecAgent: Self-Aligned Preference Learning for Dynamic Security Schedul-
ing. We now present the complete architecture of the CPAA, which we refer to as
SecAgent for brevity. The system is architected as a microservice that fits into the
CI/CD pipeline, which receives commit events and dynamically reconfigures the
SAST engine prior to each scan. As illustrated in Figure 1, the SecAgent interacts
with three external components: the source code repository (to extract commit
diffs), the SAST engine (to apply configuration changes and receive scan results),
and the developer feedback channel (to obtain implicit reward signals from devel-

oper actions on flagged findings).

Contrastive Preference

Aligned Agent
clicb / Preference
Orchestrator \\ Alignment Module \
H Code
Source Code ' . Vulnerability
' Ti formation / 2 >
Repository 1 / Lk SAST Engine Database

Optimization
Scheduler

' Encoder
|
A
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T
! '
| )
1 1
1 1
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Figure 1 — CPAA Integration in Secure SDLC Pipeline

The internal architecture of SecAgent comprises three core modules

operating in a sequential pipeline: the Code Transformation Encoder, the
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Preference Alignment Module, and the Proximal Policy Optimization Scheduler.
Figure 2 presents a detailed depiction of the data flow and learning mechanisms

within these modules.

Code Transformation | [ Proximal Policy Optimization
Encoder _ _ _ . | |
State | J
/’. Aggregator | Policy | Action |+ SAST

{1
f
{

| | Preference Alignment |
/ Module

InfoNCE
/ - Loss

- ] Graph /J !
AST CFG Convolutional =
Extractor [ | Network L T~_| |

. J . ™ - Direct

_—

L1 Preference

Figure 2 — Internal Workflow of the Contrastive Preference Aligned Agent

Code Transformation Encoder. The CTE is responsible for converting raw
commit diffs into structured, learnable representations. When a new commit event
is received via a webhook, the CTE first extracts the pre-patch and post-patch
versions of each modified source file. For each file pair, we parse the code into its
AST and CFG structures employing a language-specific parser. The AST captures
the syntactic structure of the code, while the CFG captures the execution flow,
which is particularly important for understanding security-relevant control
dependencies.

Let Gpre = (Ve Epre) @A Gpost = (Voosts Epost) denote the CFGs of the pre-
patch and post-patch states, respectively. Every node v € V corresponds to a basic
block and is paired with a feature vector x, € R%wode which encodes the AST
subtree rooted at that block. We construct this feature vector by first computing a
tree-structured representation of the AST via a Tree-LSTM [22], then appending

the resulting embedding with additional node-level features such as the number of
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statements, the presence of security-sensitive function calls, and the cyclomatic
complexity of the block.

The CTE employs a two-stream GCN architecture to process the pre-patch
and post-patch CFGs independently. Each stream is composed of L = 3 graph
convolutional layers that include residual connections. The message passing
operation at layer [ is defined as:

RO*D = ReLU | wORD + z w0 AP +b® |12y

UEN (V)
where h$” =x,, w5} and w,), are learnable weight matrices, and N(v) de-
notes the set of predecessors and successors of v in the CFG. After the final layer,
we obtain node embeddings {h*’},c, for each graph.
To derive a graph-level embedding, we apply a self-attention pooling

mechanism [23]. For each node v, we compute an attention score:

exp (uT tanh (Watthl(,]“) + batt))

a, = \(13Y)

Yuey exXp (uT tanh (Watthff) + batt))
where u, W,,, and b, are learnable parameters. The graph-level embedding is
then computed as the weighted sum of node embeddings:

z, = Z a, h® \(14)

vev

This attention mechanism directs the model to concentrate on the most secu-
rity-critical portions of the code, such as input validation checks or memory allo-
cation sites.

The final transformation embedding for the commit is derived by merging the
pre-patch and post-patch graph embeddings via a difference operation and a

nonlinear projection.

Zr = MLPproj([Zpre; Zposts Zpost — Zpres Zpost O] Zpre]) \(15Y)

where © denotes element-wise multiplication, and mLp,,; is a two-layer per-

proj

ceptron with hidden dimension dyy., = 256 and output dimension d = 128. By
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employing both the difference and the element-wise product, the model can cap-
ture additive and multiplicative interactions between the two code states.

Preference Alignment Module. The PAM operates on the embeddings
produced by the CTE to learn a preference-aligned representation space. The
training process is entirely self-supervised, relying solely on the version control
history and requiring no manual vulnerability labels. The central observation is
that security patch commits naturally establish a preferential ordering, whereby the
post-patch state is deemed superior to the pre-patch state from a security
standpoint.

We construct a training dataset Dy, = {(t;,[;)}}.; where each 7; is a
commit transformation and [; € 0,1 is a label indicating whether the commit is a
security patch. To acquire these labels without manual annotation, we apply a
heuristic based on commit messages and diff attributes. Specifically, we search
commit messages for security-related keywords (e.g., “security”, “vulnerability”,
“CVE”, “XSS”, “SQL injection”) and also flag commits modifying files in
security-critical directories (e.g., authentication, authorization, encryption
modules). Although this heuristic is noisy, the contrastive learning framework is
robust to a moderate amount of label noise, which was shown in prior work on
self-supervised learning [24].

The PAM jointly optimizes two loss functions. The first is the InfoNCE
contrastive loss, which operates on pairs of transformations. For a given batch B,
positive pairs are defined as two transformations that are both security patches
(irrespective of their specific vulnerability type), while negative pairs are defined

as a security patch paired with a non-security patch. The InfoNCE loss is:

-1 Y.jep(i) €Xp (sim (ZTi, ZT].) /T)

L =15
InfoNCE |B| L ZkEB\{i} exp (Sim(ZTi, Z-;k)/l')

where P(i) is the set of indices of security patches in the batch (excluding i it-

\(16Y)

self), sim(a,b) = a™b/(ll a llll b 1) is the cosine similarity, and = = 0.1 is the tempera-

ture parameter. This loss encourages the CTE to map security patches to a cluster
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in the embedding space, while pushing non-security patches away from this clus-
ter.

The second loss, termed DPO loss, explicitly imposes the preference ordering
between pre-patch and post-patch states. For each security patch transformation t;,

we define the preference margin as:
A(Tl) =l Zlgg Csecure ”2 = Zlg(l))st — Csecure II2 \(17\)
where c.....« € R% IS a learnable centroid vector representing the idealized se-
cure code state. The DPO loss is then:

Loro =5 |Z log (B - 4(x)) \(18)

[€Bg.

where B, is the subset of security patches in the batch, ¢ is the sigmoid func-
tion, and g = 1.0 is a scaling parameter. This loss drives the post-patch embedding
to be positioned nearer to the secure centroid than the pre-patch embedding, there-
by instilling a directional bias within the embedding space.

The total PAM loss is:

Lpam = Linfonce + Mlppo \(19Y)

where n = 0.5 balances the two objectives. We jointly train the CTE and PAM
with the Adam optimizer [25] at a learning rate of 10~* and a batch size of 64.
Training is performed offline on a corpus of historical commits, which we collect
from a set of open-source projects with active security maintenance.

Proximal Policy Optimization Scheduler. The PPOS serves as the decision-
making element of SecAgent, tasked with adaptively adjusting the SAST engine’s
setup for each iteration of the CI/CD pipeline. It operates in an online reinforce-
ment learning setting, where the state is derived from the CTE embeddings of re-
cent commits, the action is the SAST configuration, and the reward is computed
from the scan results and developer feedback.

State Representation. At time step t, the state s, is derived from the
embeddings of the most recent M = 5 commits that occurred after the last SAST

scan. Let z; ,..,.,Z, be the CTE embeddings of these commits. We
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consolidate them into a single state vector via a GRU-based sequence encoder
[26].
he = GRU([z,_,,, . - Z2,]) (20Y)

where the GRU processes the sequence in chronological order and we take its
final hidden state as the aggregated representation. We then supplement this with
two extra features: the current false positive rate f, (derived from the preceding
scan) and the time elapsed since the last scan §,. The complete state is:

S¢ = [he; fi; 6.] € RAT2\(21))

Action Space. The action a, = (a,,5.) consists of a continuous threshold
multiplier «, € [0,1] and a binary rule category mask g, € {0,1}¥, where K = 10 is
the number of rule categories in our SAST engine (e.g., injection flaws, broken au-
thentication, sensitive data exposure). The threshold multiplier scales the default
confidence threshold of each rule: a finding is reported only if its confidence score
eXCeeds a; - Tyerauirs Where gy 1S the default threshold. The rule mask selectively
activates or deactivates complete rule categories.

Policy Network. The policy mg(a, vV s,) is parameterized by a neural

network with two output heads. The continuous head outputs the parameters of a

Beta distribution: as(s.) and by (s,), both positive scalars. The discrete head

outputs the logits for K independent Bernoulli distributions: {p¢,i(st)}{{=1. The
policy network consists of a three-layer MLP with hidden dimensions [256, 128]
and ReLU activations, after which separate linear projections are applied for each
head.

Reward Function. After the SAST scan completes under configuration a;,
we observe the set of findings F;. Developers then examine these findings and
respond by either rejecting them as spurious or accepting them as genuine. The
reward at time step t is:

R, = Z severity (g) — 4 Z severity(f) — k - cost(a;) \(22\)

gEGt fEFt{Gt
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where G, € F, is the set of confirmed true positives, severity(-) maps a finding
to a numerical score (e.g., 10 for critical, 5 for high, 1 for medium), 1 = 2.0 is the
false positive penalty coefficient, and cost(a,) is @ computational cost term that pe-

nalizes enabling too many rule categories:

K
1
cost(a;) = Ez Bei - ¢ \(23))
i=1

where ¢; is the average runtime cost of rule category i (measured in millisec-
onds per file). The coefficient x = 0.01 controls the trade-off between detection ac-
curacy and computational efficiency.

Training Procedure. We train the PPOS by applying the PPO algorithm
with a clipped surrogate objective. The value function V;,(s,) is a separate neural
network with the same architecture as the policy network but with a single scalar
output. We collect trajectories of length T = 10 (i.e., 10 consecutive CI/CD
pipeline runs) before performing a policy update. The PPO hyperparameters are:
clipping parameter € = 0.2, discount factor y = 0.99, and GAE parameter Agag =
0.95 [27]. The Adam optimizer was applied with a learning rate of 3 x 10™* to
both the policy network and the value network.

The PPOS is initialized with a random policy and then fine-tuned online
during active development cycles. To guarantee stability during the initial
exploration phase, we adopt an epsilon-greedy exploration strategy where with
probability € = 0.1 we sample a random action uniformly from the action space.
The exploration rate is annealed linearly to 0.01 over the first 1000 episodes.

Integration and Deployment. The SecAgent is deployed as a containerized
microservice within the CI/CD orchestrator. The system exposes a REST API that
includes two endpoints: one for receiving commit events via a webhook, and
another for retrieving the current SAST configuration. The workflow proceeds as

follows:
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1. A developer pushes a commit to the repository, and this action sends
a webhook event to the SecAgent.

2. The SecAgent’s CTE module processes the commit diff to compute
the transformation embedding z.

3. The embedding is appended to the state buffer, and the PPOS
computes the optimal configuration a, = (a., 5.) based on the current state.

4, The SecAgent transmits the configuration to the SAST engine
through its REST API, thereby adjusting the threshold multiplier and rule mask.

5. The SAST engine performs the scan with the updated configuration
and returns the findings.

6. Developers examine the findings and offer feedback (dismiss or
verify), which is then employed to calculate the reward.

7. The reward is stored in a replay buffer for periodic PPOS updates.

This closed-loop system permits ongoing self-optimization, in which the
SecAgent learns to adjust its settings in response to the changing codebase and de-
veloper preferences. The offline training of the CTE and PAM guarantees that the
state depictions are meaningful from the outset, whereas the online fine-tuning of
the PPOS permits the system to adapt to the specific traits of the project.

Experimental Evaluation. To rigorously assess the efficacy of the proposed
SecAgent, we conducted a comprehensive series of experiments comparing its
performance against state-of-the-art baselines and ablation variants. The assess-
ment centers on three primary aspects: the caliber of the learned code representa-
tions, the efficacy of the dynamic scheduling policy in decreasing false alarms
while preserving detection rates, and the computational efficiency of the system
within a continuous integration environment.

Experimental Setup. Datasets and Benchmarks. We evaluated our
method on a curated dataset of open-source Java and Python projects known

for active security maintenance. Specifically, we employed the BigVul dataset
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[28] for pre-training CTE and PAM, as it contains a rich history of
vulnerability-fixing commits. For the online reinforcement learning phase, we
selected five real-world repositories from the OWASP Benchmark Project
[29], which include diverse vulnerability types such as SQL Injection, Cross-
Site Scripting (XSS), and Path Traversal. These projects were selected to
guarantee a realistic distribution of innocuous refactoring and security-
critical patches.

Baselines. We compared SecAgent against four representative baselines:

1. Default SAST: The standard configuration of the SAST engine,
which employs fixed thresholds and all rules activated, constitutes the current
industry standard.

2. Static Tuning: A heuristic method adjusting thresholds by historical
false positive rates, yet failing to adapt to individual commit contexts [19].

3. RL-SAST: A reinforcement learning agent optimizes SAST
configurations by employing raw code metrics (e.g., lines of code, cyclomatic
complexity) as state features, absent the advantage of contrastive preference-
aligned embeddings [11].

4, Supervised-Align: A variation of our approach, in which the CTE is
trained with supervised labels from manually annotated vulnerability datasets
instead of self-supervised contrastive learning [10].

Metrics. We employed the following metrics to evaluate performance:

1. False Positive Rate (FPR): The share of reported findings that
developers dismiss as non-issues.

2. True Positive Rate (TPR): The fraction of actual vulnerabilities that
the scanner correctly identifies.

3. F1-Score: The harmonic mean of precision and recall delivers a

balanced metric for detection accuracy.
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4, Scan Latency: The duration needed to finish a SAST scan indicates
the computational expense of the chosen rule set.

5. Reward Accumulation: The cumulative reward achieved by the
PPOS agent over time reflects the overall optimization of the balance between
security and noise.

Implementation Details. The SecAgent was developed with PyTorch for the
deep learning components and Ray RLIib for the reinforcement learning sched-
uler. The GCN encoder consisted of three layers, each with a hidden dimension of
128. The PPO agent was trained with a learning rate of 3 x 10~* and a batch size of
64. All experiments were conducted on a server equipped with NVIDIA A100
GPUs and 64 CPU cores.

Representation Quality Analysis. Before evaluating the end-to-end schedul-
ing performance, we analyzed the quality of the embeddings generated by the CTE
and aligned by the PAM. Figure 3 visualizes the low-dimensional projection of the
learned embedding space, which illustrates the separation between vulnerable and
patched code states.

As shown in Figure 3, the contrastive preference alignment effectively
clusters semantically related vulnerable-patched pairs while pushing unrelated
instances apart. The close grouping of green points (patched states) around the
secure centroid, along with their clear separation from red points (vulnerable
states), indicates that the InfoNCE and DPO losses successfully encode the
security preference ordering. This structural clarity is essential for the PPOS agent,
because it supports more exact state discrimination when scheduling decisions are

made.
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Figure 3 — Low-dimensional projection of the learned embedding space showing
the separation and alignment of vulnerable versus patched code states, validating
the efficacy of the contrastive preference alignment in capturing semantic security

transformations
We further quantified this separation using the Silhouette Score and the
Contrastive Accuracy metric. Table 1 presents the comparison of representation

quality across different encoding strategies.

Table 1 — Comparison of Representation Quality Metrics

Method Silhouette Score | Contrastive Accuracy (%)
Raw AST 0.12 54.3

Features

Supervised-Align 0.35 78.1

SecAgent (Ours) 0.48 89.5
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The findings in Table 1 show that SecAgent achieves better performance than
raw feature extraction and supervised alignment methods. A higher Silhouette
Score indicates superior cluster cohesion and separation, and the improved
Contrastive Accuracy reflects the model’s capacity to accurately discern preferred
security states. This superior representation quality directly translates to more
informed decision-making by the downstream scheduler.

Dynamic Scheduling Performance. The primary contribution of SecAgent
lies in its capacity to adaptively modify SAST configurations, thereby reducing
false positives without compromising high detection rates. Table 2 summarizes the
performance of SecAgent and the baselines across the five OWASP Benchmark

projects.

Table 2 — Performance Comparison of SAST Configuration Strategies

Method FPR (%) | TPR (%) | F1-Score | Scan Latency (s)
Default SAST 45.2 92.1 0.58 120
Static Tuning 32.5 88.4 0.65 115
RL-SAST 28.1 85.2 0.69 105
SecAgent (Ours) 18.4 91.8 0.78 95

As illustrated in Table 2, SecAgent markedly lowers the False Positive Rate
(FPR) relative to all baselines, shifting from 45.2% in the default configuration to
18.4%. Crucially, this reduction is achieved without compromising the True
Positive Rate (TPR), which remains competitive at 91.8%, a value close to that of
the default SAST. This outcome yields a higher F1-Score of 0.78, which reflects
an improved equilibrium between precision and recall. By selectively deactivating
low-risk rule types and recalibrating thresholds, SecAgent cuts the average scan
latency by roughly 20% relative to the standard configuration, thereby improving
the efficiency of the CI/CD pipeline.

To investigate the temporal dynamics of the agent’s learning process, we

tracked the evolution of the scanning policy trajectory across the multi-objective
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reward surface during online fine-tuning. Figure 4 depicts this convergence

behavior.

Figure 4 indicates that the PPOS agent initially explores a wide range of

configurations, which leads to variable performance. However, as it receives

feedback from developer interactions, the policy rapidly converges toward the

optimal region of the reward surface, characterized by low FPR and high TPR.

The trajectory stabilizes after roughly 200 episodes, which suggests that the agent

has acquired a robust strategy for adapting to the specific codebase features.
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Figure 4 — Evolution of the scanning policy trajectory across the multi-objective

reward surface during online fine-tuning, demonstrating convergence toward op-

timal trade-offs between detection accuracy, false positive reduction, and compu-

tational efficiency

Ablation Study. To isolate the contributions of the individual components of

SecAgent, we performed an ablation study by removing or altering key modules.

Specifically, we evaluated three variants:
1.

Module and relies solely on the InfoNCE loss for learning representations.

w/o PAM: SecAgent operates without the Preference Alignment
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2. w/o CTE: SecAgent employs raw code metrics in place of the Graph
Convolutional Network embeddings.

3. w/o DPO: SecAgent relies solely on the InfoNCE loss, excluding the
Direct Preference Optimization objective.

Table 3 presents the results of the ablation study on the combined OWASP
Benchmark dataset.

The results in Table 3 highlight the importance of each component.
Removing the PAM module results in a noticeable increase in FPR, which
indicates that preference alignment is critical for differentiating benign from

malicious code changes.

Table 3 — Ablation Study Results

Variant FPR TPR (%) | F1-Score
(%)

SecAgent (Full) 18.4 91.8 0.78

w/o PAM 24.1 90.5 0.72

w/o CTE 31.2 86.3 0.66

w/o DPO 22.5 89.1 0.70

The removal of the CTE causes the most notable performance decline, which
indicates that structural graph embeddings yield richer semantic information than
simple code metrics. Removing the DPO objective also degrades performance,
which shows that explicitly modeling the preference margin between vulnerable
and patched states improves the agent’s ability to rank high-risk modules.

These findings collectively validate the design choices of SecAgent,
indicating that the synergy between contrastive representation learning, preference
alignment, and reinforcement learning scheduling is essential for achieving
autonomous and optimized Secure SDLC operations.

Discussion and Future Work. The experimental results indicate that
SecAgent yields notable gains in SAST configuration optimization, cutting false
positive rates by up to 40% while preserving high detection rates for critical

vulnerabilities. Nonetheless, a number of important points and constraints call for
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additional examination, and these insights naturally point to productive avenues
for subsequent investigation.

Limitations in Generalizability and Data Dependency. Despite the strong
performance on the evaluated open-source projects, the generalizability of
SecAgent to different programming languages, application domains, and
organizational contexts remains an open question. The current implementation
relies on language-specific parsers for AST and CFG extraction, which limits its
applicability to languages for which such parsers are available. Furthermore, the
heuristic applied to identify security patches from commit messages, although
effective for the curated datasets, may introduce label noise capable of impairing
performance in projects with inconsistent commit message conventions. Future
work should investigate cross-lingual code representation learning methods
capable of transferring knowledge across programming languages, possibly
through language-agnostic intermediate representations such as LLVM IR or
universal code embeddings [30]. Furthermore, creating more robust approaches
for the automatic detection of security-relevant commits, possibly via anomaly
detection in code change patterns, could lessen the reliance on heuristic labeling.

Another critical limitation concerns the data requirements for training the
CTE and PAM modules. The current approach requires a substantial corpus of
historical commits with a sufficient number of security patches to learn
meaningful contrastive representations. For new projects or organizations with
limited version control history, the offline pre-training phase may not be feasible.
To address this, we envision a transfer learning framework where a pre-trained
CTE model, trained on a large-scale corpus of open-source projects, is fine-tuned
on a small amount of project-specific data. This would permit rapid deployment of
SecAgent in greenfield projects or organizations with nascent security practices.
Additionally, investigating few-shot methods for preference alignment could

diminish the volume of annotated data necessary for effective policy learning.
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Adversarial Robustness and Potential Attack Vectors. Introducing an
Al-driven agent that dynamically governs security testing configurations
expands the attack surface, which warrants careful evaluation. An adversary
cognizant of the SecAgent’s decision-making logic could deliberately create
commits that distort the state representation to produce advantageous
configurations, thereby eluding detection. For example, a malicious actor
could introduce a series of benign-looking commits that gradually shift the
embedding space toward a region where the PPOS selects a permissive
configuration, then inject a malicious commit under that relaxed scanning
regime. This type of adversarial manipulation, known as a “policy poisoning”
attack, is a well-documented vulnerability in reinforcement learning systems
deployed in adversarial environments [31].

To reduce such risks, future research should examine resilient training
methods for the PPOS that include adversarial examples during the online fine-
tuning phase. A promising method is to add a ‘suspicion score’ to the state
representation, which measures the degree to which the current commit sequence
diverges from the historical distribution of benign alterations. This could be
accomplished with a generative model, such as a variational autoencoder, trained
on the distribution of normal commit embeddings. Commits yielding low
probability under this model would be marked as possibly adversarial, and the
PPOS would be forced to adopt a more cautious setup in those situations.
Additionally, adding a human-in-the-loop verification step for high-risk
configuration changes could serve as a safeguard against adversarial manipulation.

Another concern is the potential for the SecAgent to be exploited through the
reward signal itself. If an attacker can influence the developer feedback channel,
for example, by submitting false confirmations of true positives or false dismissals
of vulnerabilities, they could corrupt the reward function and degrade the agent’s
performance over time. This underscores the necessity of strong reward

aggregation mechanisms capable of detecting and excluding anomalous feedback.
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Methods from robust statistics, for instance median-based reward aggregation or
outlier detection on the reward distribution, could be applied to counter this threat.
Furthermore, the introduction of a reputation system for developers, in which
feedback from trusted sources is assigned greater weight, could add an extra layer
of security.

Ethical Considerations and Human-in-the-Loop Deployment. The
autonomous operation of SecAgent introduces important ethical questions
about the role of human developers during security testing. Although the
system is intended to diminish alert fatigue and boost efficiency, an excessive
dependence on automated configuration may cause a decline in developers’
security awareness and competencies. If developers become accustomed to
the agent filtering out most false positives, they may become less vigilant
when reviewing the remaining findings, and as a result, subtle vulnerabilities
that the agent failed to flag could be overlooked. This phenomenon, termed
“automation bias,” has been extensively studied regarding decision support
systems [32].

To address this concern, we advocate for a human-in-the-loop deployment
strategy where the SecAgent’s configuration decisions are transparent and
auditable. Specifically, the system must give justifications for its configuration
decisions, for instance by indicating the particular code alterations that influenced
the threshold adjustment or rule mask selection. This would grant developers
insight into the reasoning behind the agent’s choices and help them preserve their
capacity for critical thought. Furthermore, introducing an ‘override’ mechanism
that permits developers to manually adjust the configuration when they disagree
with the agent’s recommendation would preserve human discretion while still
benefiting from automation.

Another ethical dimension concerns the potential for bias in the learned
preferences. The SecAgent’s preference alignment is derived from historical

commit data, which may reflect existing biases in the development process. For
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instance, if particular categories of vulnerabilities (e.g., those impacting
authentication modules) have historically been addressed more often than others
(e.g., those affecting logging functions), the agent may learn to give precedence to
the former over the latter, which could result in unequal security coverage. Future
research should examine fairness-aware preference learning techniques that
guarantee balanced focus across different vulnerability categories. This could
entail adjusting the weights of training data to achieve a balanced representation of
various vulnerability categories, or adding explicit fairness constraints to the DPO
objective.

Scalability and Real-World Deployment Challenges. The current evaluation
of SecAgent was conducted on a controlled set of open-source projects with
moderate codebase sizes and commit frequencies. Extending the system to large-
scale enterprise environments involving thousands of developers, millions of lines
of code, and hundreds of daily commits presents a number of challenges. First, the
computational cost of processing each commit via the CTE — which entails parsing
ASTs and CFGs, applying the GCN encoder, and updating the state buffer—could
become prohibitively high at scale. To address this, we envision a distributed
architecture where multiple CTE instances operate in parallel, each responsible for
a subset of the codebase. The state aggregation could then be performed using a
hierarchical approach, where local state representations are merged at the project
level.

Second, the online fine-tuning of the PPOS requires a stable and consistent
reward signal, which may be difficult to obtain in large organizations where
different teams have varying security practices and tolerance for false positives.
The reward function defined in Equation 22 assumes a uniform penalty for false
positives across all findings, but in practice, the cost of a false positive may vary
depending on the context. For instance, an erroneous positive result in a critical
payment processing module may be more acceptable than one in a low-risk

logging module, because the cost of overlooking a genuine vulnerability in the
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former is substantially greater. Future work should explore context-aware reward
functions that include module-level risk assessments, potentially derived from
threat modeling or historical vulnerability data.

Third, the incorporation of SecAgent into existing CI/CD workflows
necessitates careful assessment of operational limitations. The agent’s decision-
making must be fast enough to avoid introducing latency into the development
workflow. Our current implementation achieves an average decision time of under
100 milliseconds per commit, which is acceptable for most CI/CD setups.
However, for organizations with extremely high commit frequencies (e.g.,
hundreds of commits per hour), even this latency could become a bottleneck.
Reducing latency in the CTE and PPOS inference pipelines could be achieved by
methods including model quantization, weight pruning, or hardware acceleration.

Extensions to Other Security Testing Modalities. Although this work
concentrates on SAST optimization, the core ideas of contrastive preference-
aligned reinforcement learning are generally applicable to other security testing
modalities. For example, Dynamic Application Security Testing (DAST) tools,
which analyze running applications for vulnerabilities, also suffer from high false
positive rates and static configuration issues. A similar agent could be designed to
dynamically adjust DAST scanning parameters, such as crawl depth, input fuzzing
strategies, or authentication bypass techniques, based on the observed behavior of
the application under test. The state representation would need to be adapted to
capture runtime behavior rather than static code structure, but the overall
framework of preference learning and reinforcement learning scheduling would
remain applicable.

Another promising extension is to apply SecAgent to the domain of Software
Composition Analysis (SCA), which identifies vulnerabilities in third-party
dependencies. SCA tools often generate a large number of alerts for dependencies
with known vulnerabilities, but many of these alerts are not actionable because the

vulnerable code path is not actually executed in the application. An agent could
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learn to prioritize alerts based on the reachability of the vulnerable code, by
employing static or dynamic analysis to determine whether the vulnerable function
is actually called. The preference alignment module can be trained on historical
data in which developers have validated or rejected SCA alerts, thereby acquiring
the ability to differentiate between actionable and non-actionable vulnerabilities.

Furthermore, the concept of self-aligned preference learning could be
extended to the broader domain of DevSecOps automation. For example, a system
could be trained to adapt the frequency and thoroughness of security scans
dynamically according to the risk profile of the current code modifications, or to
autonomously choose the most suitable security testing tool for a given codebase
state. This would move toward the vision of a fully autonomous security
operations center (SOC) for software development, where Al agents continuously
monitor, adapt, and optimize security practices without human intervention.

Theoretical Foundations and Convergence Guarantees. From a theoretical
standpoint, various facets of the SecAgent framework merit closer examination.
The concurrent optimization of the InfoNCE contrastive loss and the DPO
preference loss within the PAM module introduces uncertainty regarding the
convergence properties of the joint objective. Although our empirical results show
that the two losses are complementary, an analytical examination of the conditions
under which the joint optimization converges to a meaningful representation space
would bolster the theoretical foundations of the approach. Specifically, it would be
valuable to characterize the geometry of the learned embedding space and its
relationship to the underlying security properties of the code.

Similarly, the convergence of the PPOS to an optimal policy under a non-
stationary environment, where the codebase changes over time and the reward
distribution shifts, is not assured by standard reinforcement learning theory. The
PPO algorithm assumes a stationary MDP, but in our setting, the state transition
dynamics change as the codebase grows and evolves. Subsequent research should

examine the deployment of non-stationary reinforcement learning methods,
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including meta-learning or Bayesian inference regarding environmental
parameters, to deliver stronger convergence guarantees. Furthermore, establishing
theoretical bounds on the regret of the online learning process could yield insights
into the sample complexity of the method and inform the design of more efficient
exploration strategies.

Finally, the connection between the preference alignment objective and the
downstream reinforcement learning performance merits systematic analysis. The
DPO loss in Equation 18 encourages the post-patch embedding to be closer to the
secure centroid than the pre-patch embedding, but it does not explicitly optimize
for the downstream task of SAST configuration. A theoretical framework linking
the quality of preference-aligned representations to the regret of the reinforcement
learning agent would yield a principled justification for the two-stage training
approach and could suggest improvements to the representation learning objective.

Conclusion. This chapter introduced CPAA, a novel framework converting
static application security testing from a rigid, rule-based process into a self-
optimizing, context-aware subsystem within the secure software development
lifecycle. The CPAA resolves the core disparity between static code analyzers and
agile programming workflows by learning to adjust SAST configurations directly
from version control history and developer input, without requiring manual
annotation or explicit reward engineering.

The proposed architecture consists of three synergistic modules: CTE, which
learns structural representations of code changes via graph convolutional networks
on abstract syntax trees and control flow graphs; PAM, which establishes a
contrastive embedding space where secure code states are favored over vulnerable
ones through joint optimization of InfoNCE and direct preference objectives; and
PPOS, which adaptively adjusts scanning thresholds and rule category selections
via reinforcement learning. This modular design permits offline pre-training on

historical commit data and subsequent online fine-tuning during active
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development, thereby establishing a closed-loop system that continuously
Improves over time.

Experimental evaluations on real-world open-source projects indicated that
the CPAA lowers false positive rates by up to 40% while preserving high
detection rates for critical vulnerabilities, resulting in an Fl-score of 0.78
compared to 0.58 for default SAST configurations. The ablation study affirmed
that each component contributes meaningfully to overall performance, and the
CTE exerted the most substantial influence. By employing selective rule category
management, the system also decreased scan latency by approximately 20%,
thereby improving the efficiency of the CI/CD pipeline.

This work introduces a paradigm in which security testing tools
autonomously learn from developer behavior and code evolution, thereby
establishing a connection between static analysis and preference-aligned decision-
making. The CPAA functions as a lightweight microservice that fits into existing
development workflows by accepting commit events via webhooks and updating
the SAST engine through its REST API. Future research directions include
extending the framework to other security testing modalities such as dynamic
analysis and software composition analysis, exploring adversarial robustness
against policy poisoning attacks, and developing theoretical convergence
guarantees for the joint optimization of contrastive and preference objectives in

non-stationary environments.
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